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OpurnHanbHas ctaTbs

BUOPUABHBIE MUKDOSAEMEHTHLI N YTAEPOA
B COMOYHbIX MAQX MO$13€BbIX BYAKOHOB
CeBepo-3anaaHoro Kaskasa

A.B. Macnos21, .M. CrapogbimoBa‘>2, B.I. LleByeHko 22, A.1O. Bbiukos 23

'Teonornyecknii ntHctutyT PAH, Poccus, 119017, r. Mocksa, MNbbxeBckuii nep., 7, ¢Tp. 1,
e-mail: amas2004 @ mail.ru;

2WHcTuTyT okeaHomnorum um. MN.MN. Lnpwosa PAH, Poccusi, 117997, r. Mockea, HaxnumoBckuii
np-T, 36, e-mails: d.smokie @ gmail.com, vshevch@ ocean.ru;

3leonoruyeckuin hakynstTeT, MOCKOBCKWIA rocyaapCcTBEHHbIN YHUBEPCUTET
nm. M.B. JlomoHocoBa, Poccusa, 119991, r. Mockea, JIeHuHcKune ropebl, 1,
e-mail: andrewbychkov66 @yandex.ru

Crartss nocrynuna: 07.12.2023, nopaboraHa: 24.02.2024, npuHsita k nybamkauum: 28.02.2024

Pestome: AKTyanbHOCTb paboTbl. [PA3eBOI BYIIKaHU3M BbI3bIBAET 60MbLUIOA UHTEPEC Y CMeLnanncToB pas-
HOro npocpuns. Ero uccnenoBaHus UMeKT 3Ha4eHne 415 OLLEHKI 3HEPreTUYecKUX PecypcoB, aHanmsa cencmmy-
HOCTHW, NPOrHO32a COAEPXXaHUs NapHUKOBLIX ra3oB B aTMOCAepe, B TOM YUCIIe YTO4YHEHUs rno6anbHoro 6anaxca
MeTaHa. B To e Bpems, UccnefoBaHunin B 061acTu HEOPraHN4ecKon reoXummn NPoLyKTOB rpsi3eBOro BYNKaHu3-
M, @ TaKXe paboT, HanpaBJieHHbIX HA N3y4eHNe B3aUMOCBA3U PEAKMX U PACCESHHBIX, B TOM 4ucIie 6MOGNIbHBIX
(Cu, Go, Zn, V, Ni, Mo 1 Aip.) 3neMeHTOB COMO4HbIX UNOB C 00LLMM (Cogy,), KapGOHATHBIM (Cy,pg) 1 OPraHuye-
ckum (Cyp) yrnepofiom Bce ee mano. Llenb uccnepoBanus. Hactosias ny6nukauns npussaHa B Kakoii-To,
Mepe 3anonHUTb YKa3aHHbIil Npo6en Ha OCHOBE aHanu3a AaHHbIX O COAepXKaHun 6MOMUNbHBLIX 3NEMEHTOB,
a TaKkxe yrnepoga B COMOYHOM Mne psfja rpssesbix BynkaHoB Cesepo-3anafHoro Kaekasa (AXTaHW30BCKWIA,
Cemuropckuit, aakosckui, Lyro, Mucka, LLUkonbHblit 1 Tedpect). Metoabl. Onpefenenne coaepxxanus 6mo-
(UNbHBIX, Kak 1 ApYrix, MUKpoanemeHToB nposeaeHo metonom ICP-MS. Conepxatue Cyg, 1 G YCTaHOBNEHO
MEeTO[IOM MHGppakpacHoml cnekTpockonuu Ha npuéope METABAK CS-30. Ctatuctuyeckas 06paboTka AaHHbIX
BK/0Yara ConocTaBneHne CoflepXKaHns 3/1eMeHTOB C WX COLepXXaHWeM B TakuX pedepeHTHbIX 06bekTax, Kak
CPefHUIA NOCTaPXeNCcKMii aBCTPANMIACKUIA TNUHUCTLINA cnaHel, (PAAS) 1 Mailkonckue ruHbl, KOPPensaLnOHHbIN
aHann3 Ha 0CHOBe KO3(O(PULIMEHTOB MapHOI Koppenauun CnupMeHa 1 aHanu3 MeToOM 1aBHbIX KOMMOHEHT.
Pe3ynbTatbl. YCTAHOBMEHO, YTO CPeHEe COAepXaHne 6MOMUbHBIX 3NIEMEHTOB, 3a UCKITHO4YEHNEM Sr, COCTaB-
nset o1 50 1o 90% ot ux copepxanus B PAAS. Copepxanue G, BapbupyeT B U3y4eHHbIx npobax ot 0,41 no
1,49 mac. %. Mexnay KOHUEHTpauusmi psaa 6MocunbHbIX daNemMeHToB U Gy B COMOYHBIX WUNax HabmnoaaeT-
€Al CTATUCTMYECKMN 3HAYMMas MOSI0XKUTENbHAA B3aMMOCBA3b. ITO MpPeanonaraeT, YT0 HEKOTOPble 6UONSTbHbIE
3/1eMeHTbI B COMOYHOM Wile MepeymCcrieHHbIX BbIle IPA3eBbIX BYIKAHOB A0CTATOYHO MPOYHO CBA3aHbI C Opra-
HMYeCKM BeLiecTBOM. AHanM3 B3aMMOCBA3eA MUKPOINEMEHTOB, Copr 1 Cyype MPU MOMOLLM METOAA MABHbIX
KOMMOHEHT MOKa3asn, 4To Ha nepBble /1B rMaBHble KOMMOHEHTbI NpuxoauTcs 58,8% o6Len ancnepcuit. Gyyys
NMeeT NonoXUTeNbHYI0 Harpysky Ha K1, B T0 Bpems Kak G, IMEeT 0TpuLaTeNbHble Harpy3ku. BbisiBNeHHbIe
(hakTopbl MOTYT OTPAXATb KaK COCTaB MCTOYHMKOB COMOYHbIX U10B, TaK U CBUAETENIbCTBOBATbL O TOM, YTO COLep-
XaHne MUKPO3NIEMEHTOB B HUX SIBJISETCS CIELCTBUEM U3MEHEHWUS BMELLAKOLLMX NOPOJ B rPA3EBYIKAHUYECKOM
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Abstract: Relevance. Mud volcanism is of great interest to specialists in various fields. Its research is impor-
tant for assessing energy resources, analyzing seismicity, forecasting greenhouse gas levels in the atmosphere,
including refining the global methane balance. At the same time, research in the field of inorganic geochemistry
of products of mud volcanism, as well as work aimed at studying the relationship of trace elements, including
biophilic (Cu, Co, Zn, V, Ni, Mo, etc.), elements of silty-pelitic sediments with total (Cyy), carbonate (C,,) and
organic (G,y) carbon is still insufficient. Aim. This paper is intended to fill this gap to some extent based on the
analysis of data on the content of a wide range of elements, as well as Cyy; and C,, in the silty-pelitic sediments
of a number of mud volcanoes in the Northwestern Caucasus (Akhtanizovsky, Semigorsky, Gladkovsky, Shugo,
Miska, Shkol'ny and Hephaestus). Methoeds. The determination of the content of biophilic elements was carried
out using the ICP-MS method. Analysis of the Gy, and C,, content was carried out using infrared spectroscopy
on a METAVAC CS-30 device. Statistical data processing included comparison of the content of the trace elements
with their content in Post-Archaean Average Australian Shale (PAAS) and Maikopian clays, correlation analysis
based on Spearman pair correlation coefficients and Principal Component Analysis (PCA). Results. The average
content of biophilic elements, with the exception of Sr, was found to range from 50 to 90% of their content in
such a reference object as PAAS. The average G, content varies in samples from 0,41 to 1,49 wt %. A statisti-
cally significant relationship is observed between the concentrations of some biophilic elements and C,,, in the
silty-pelitic sediments of mud volcanoes. This suggests that the biophilic elements in the silty-pelitic sediments
of the mud volcanoes listed above are quite strongly associated with organic matter. Analysis of the relationships
between trace elements, C,, and G, using the PCA showed that the first two principal components accounted
for 58,8% of the total variance. C,, has a positive loading on PC1, while C,, has negative loadings. The identified
factors may reflect both the composition of the sources and indicate the some extraction of the several elements
during changes in the host rocks in the mud volcanic process.

Keywords: Northwestern Caucasus, mud volcanoes, silty-pelitic sediments, biophilic trace elements, total,
carbonate and organic carbon.
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BeepeHne

B 0630pe [Mazzini, Etiope, 2017] rpsi3eBoii ByJKaHH3M paccCMaTpUBAETCs KaK OIHO
U3 UHTPUTYIOIIMX T'€0JIOTUYECKUX SIBICHUMH, PE3YJIbTaThl UCCIEA0BAaHUS KOTOPOrO BaXK-
HBI JUUIsl MHOTUX 00JacTel (OLleHKa S3HEPIeTUYECKUX PECYPCOB, aHAIN3 CEICMUYHOCTH U
JPYTUX T€0JIOTUYECKUX OMACHOCTEH, MPOTHO3 COAEPKAaHUS TAPHUKOBBIX I'a30B B aTMOC-
depe u np.). ['ps3eBbim Bynkanam (I'B), n3BecTHbIM Ha OOJBIIMHCTBE KOHTHUHEHTOB, B
HOCJIEHUE TO/IbI y/esieTcsl 00IbII0Ee BHUMAaHKUE Pa3HBIMU CclielMaIucTamMu. B enTpe nx
BHUMAaHUS HAXOAATCS KaK KJIacCUYECKHE, TaK U MOSBUBILINECS HEaBHO BOIpockl. Cpenu
MOCIIEAHUX — MOJIEKYJISIPHBIM U U30TOIHBIN COCTaB BbiAenseMbIX I'B razos, BiusHue ['B
Ha 100anpHBIN Oananc arMmocgepHoro Merana u ap. K coxxanenuto, B MpUBEICHHOM Tie-
peyYHe He HAIIOCh MECTa HEOPIraHUYECKOM F€0XUMHUHU MPOTYKTOB I'PSA3EBOI0 ByJIKaHU3Ma
¥ BO3MO)KHOM B3aMMOCBSI3U PEIIKUX M PACCESIHHBIX, B ToM 4ncie ouoduasHbX (Cu, Co,
Zn, V, Ni, Mo u np. [['eonoruueckwii..., 1978; Poccuiickas..., 2010]) anemeHTOB comou-
HBIX WIOB C IPUCYTCTBYIOIIMM B HUX yrieponoM. Llens HacToseit paboThl — B KaKoii-To
Mepe 3aroIHUTh 3TOT MPOOET.

B nureparype nmeercs HEMHOTO JaHHBIX O pacnpeaeneHuu B mpoaykrax I'B paccma-
TPUBAEMOIO PETHOHA PEIKUX U PACCESHHBIX AIEMEHTOB. YKa3bIBaeTCs (IPEUMYILECTBEH-
HO Ha OCHOBAHMM JAHHBIX CIEKTPAJIBHOIO aHAJIM3a), YTO COMOYHBIE OTIOKEHUS MOCTO-
STHHO 3apakeHbl B 1 Mo, KOHLIEHTpalluyi KOTOPBIX HE 3aBUCAT OT FTEOXUMUYECKOH CIIECIU-
anm3anuu nopon pyuaamenta ['B. OrmedaroTcs noBeiieHHbIe KoHIIEHTpawu B, Hg, As
u Li, 4To nmpeanonaraer 3HaYUTENBHYIO ITyOUHY 3ajeranus ux KopHei [ XoabkoBa, ['em,
1970; InxtokoB u ap., 1992]. Ha ocnose manubix ICP-MS B myOnukarmu [Denopos u ap.,
2011] mpoananu3upoBaHbl KOHLIEHTPALNUN PEAKUX U PACCESIHHBIX JIEMEHTOB B COIIOYHOM
une ['B yro, Tuznap u Cemuropckuii. JlaHHbIE 0 XUMHUYECKOM COCTaBE TIIMHUCTBIX
¢dpaxuit nponykroB I'B Ceepo-3anagnoro KaBkaza npuseneHsl B padore [JlaBpymuH,
2012]. BeickazaHo peInoioKeHHe, 4TO OH onpeaensercs nojoxenuem I'B oTHocuTenb-
HO CTPYKTYPHBIX JIEMEHTOB PETHOHA U KOHTPOJIHUPYETCsI Cenn(UKoi cocTaBa HCTOUHH-
KoB BemiecTBa. B padore [Sokol et al., 2018] mokazano, 4To BajoBbIE IPOOBI COTIOYHOTO
una [I'B bynranak (Kepuenckuii n-oB) oboramensl Na u B otHocutensHo PAAS. B Hux
Takke Oosblie, yeM B BepxHel koHTruHeHTansHoi kope (UCC [Rudnick, Gao, 2014]) Li,
Cs, U, Zn, Co, V, As, Se, Sb, Hg u Cd.

Kak ycranomneno panee [Macinos, IlleBuenko, 2020], comepskanue OOIBITMHCTBA
PEAKUX M pacCesHHBIX JIEMEHTOB B BaJIOBBIX Npobax comouHoro wia I'B Cesepo-3a-
nagaoro KaBkaza Hike, uem B PAAS [Taylor, McLennan, 1985] u maiikornckux rinHax,
paccMaTpUBAKOIINXCS KaK OCHOBHOM MCTOYHMK CJAararoiiero npoaykrel I'B marepuana.
Tak, cpennee coaepxkanue Sc, V, Cr, Co, Ni, Zn, Rb, Y, Hf u U cocrasnsier menee 0,80
OT UX COJIepKaHus B TNIMHAX MAaWKOTICKOH cepuu, o [Sokol et al., 2018]. ConmocraBumebI-
v (0,8—-1,2*C ) CpeIHUMH KOHIIEHTpanusaMu xapakrepusytorcst Cu, Nb, Mo,

cpeqHUi Maiikon



Geology and Geophysics of Russian South 14(1) 2024 ['eonorus u reogumanka fOra Poccim 9

P35 u Th, u Tonbko cpennee conepxanue St, Cs u Ba npeBbimaet 1,2*C e it waiicon ITO
MO3BOJISIET CUUTATh HE BIIOJIHE OOOCHOBAHHBIM BBIBOJ O TOM, YTO OCHOBHBIM MCTOYHH-
KOM MaTepualia Jjisi CONOYHbIX WiIoB ['B sBiIsuIMCh UMEHHO MAaKOINICKUE TIMHBI, OJHAKO
KOPPEKTHO PEUIUTh ATy MpobIeMy, He UMesl TPEICTABUTEIbHBIX TEOXUMUYECKUX TaHHBIX
JUTSL IPYTUX BO3MOYKHBIX MCTOUHHMKOB, CEHYaC HEb34.

KpaTtkmm reoAorm4eckmm odepk, MATEPUAA 1 METOADI
NCCAEAOBAHMSI

I'B KaBkasa u npuiiexaliux perioHOB SIBISIFOTCSI XOPOIIO W3BECTHBIM U 3PEIUIITHBIM
Te0JIOrMYeCcKiM (DEHOMEHOM, U3YYEeHHEM KOTOPOTrO 3aHUMAIIUCh M 3aHMMAaIOTCSI MHOTHE
cneuuanuctel [IIIHrokoB 1 np., 1986, 1992; Xononos, 2012; Jlapywmun, 2012; ®deno-
poB, 2012; Oscrouenko, Criconun, 2016; AnueB, Etupmunum, 2021; Etupmuminu, Ka-
3pIMOBa, 2023 u ap.]. Toasko Ha CeBepo-3anagnom Kaskase pacnonoxkeno 6onee 40 I'B,
U3 KOTOPBIX IPUMEPHO YETBEPTh JAeHCTByroMME. VX KOpHU JTOKAIU30BaHbI, IO MHEHUIO
MHOTHUX CIEIUAINCTOB, HA TITyOWHAX 6—7 KM B INIMHUCTBIX TOJIAX MaWKOICKON cepuu
OJIUTOIIeHa—HM)XKHETO MHUOIleHa. B To ske Bpems B BbiOpocax psna I'B unentudunupo-
BaHbI MTOPOJIbI FOPCKOTO M MesioBoro Bo3pacta [KomaeBud u ap., 2022 u CChUIKK B ATOU
pabote]. I'B mmpoxo pacnpocTtpanens! u B mpuierawoieii k CeBepo-3anaanomy Kaskazy
akBatopuu YepHoro u A30BCKOTO Mopel, o0pa3ys eanHyo A30B0o-YepHOMOPCKYO Tpo-
BuHIMIO [[IIHIOKOB U 1Ip., 1992].

CeBepo-3anaansiii KaBkas, BKiIroUaronyMii BOCTOUHYI0 4yacTh KepueHcko-TamaHckon
o0nacTu, pacnoyiokKeH Ha CThIKE albIIMUCKUX CKJIaa4yarbix coopyxenuid Kpeima u Kas-
kaza. OH XapaKkTepu3yercs CIOXKHBIM I'eOJOrHYecKUM cTpoeHueM. Ha oTHOoCHTENnbHO
HEOONBIION TeppuTopuu 37ech BblaemsatoTcss KaBka3ckuil MerantukivHopuid, Mumono-
Ky6anckuit npenropusiii nporu0, Kepuencko-Tamanckuii nmonepedHslii mporud u apy-
rue cTpykrypsl [[IHIoKOB 1 Ap., 1986; Mapunun, Pacuseraes, 2008; TpuxyHkoB u Ap.,
2019].

CaMbIMH IpEBHUMHU, BBIXOASIIMMHU Ha TIOBEPXHOCTh WIIH 3aJICTAIOIIUMH MO/ YETBEP-
TUYHBIMHU OCAJIKAMH, SIBIISIOTCS MEJIOBBIE OTJIOKEHUS, a TAK)KE MOPOJIbI MMaNeolleHa U D0-
neHa. [Iupoko pacmpocTpaHeHbl OTIOKEHHS OJUTOIIEHA M HUYKHETO MHOIeHa (Maikom-
CKas cepusl, cepbie M OypoBaro-cepbie uHbI ¢ conepxanueM C,, <0,5 mMac. %), a Takxke
CPEIHET0 ¥ BEPXHEro MUOIIeHA (M3BECTKOBBIE U MTECYAHbIE [TIMHBI, IECYAHO-aJIEBPUTOBbIE
OTJIIOKEHUS, U3BECTHAKH B T.Y. MIIAHKOBBIC M PAKYIICYHHUKH, IE€CYAHUKHN) U TIHOLICHA.
[Tocnennue BKIIOYAIOT U3BECTHSIKH, IECUAHUKU U TJIMHBI, IECYAHO-AJI€BPUTHUCTHIE OTIIO-
KEHHSI C TIPOCIIOSMU JKETIE3HBIX PY/ U MECKOB, U 3aHUMAIOT OOJBIIYIO YacTh TaMaHCKOTO
OJyOoCTpoBa. UeTBepTHUHBIE OTI0KEHHUS (TIECUaHUCThIE TIIMHBI C IPOCIIOSMHU aJIeBPOITHU-
TOB U KBAapLEBbIX MECKOB U Jp.) UMEIOT 3HAYUTEIbHYIO MOILITHOCTh B IIPUYCTHEBOI YacTH
p. KyGans.

Ocanounoe BbinonHenue Munpono-Kybanckoro mpenropHoro mporu6a, 3amajHble
palioHbl KOTOPOTO OXBaThIBalOT TaMaHCKON MOJIYOCTpPOB, CJAraloT MEeCUYaHO-TITUHUCTHIC
TOJIIIM OJIMTOLIEHA, MUOLICHA U ILUIUOIICHA, MOJACTHIIaeMbIe TePPUTeHHO-KapOOHATHBIMU
KOMIUIeKcamMH 10pbl U Mena. CyMmapHas X MOIIHOCTh JOCTUraeT 6—12 KM; 3HAYUTEIb-
Hasl 4acTh OCAJOYHOTO BBIMOJIHEHHUS MPOruda MPUXOAUTCS HA MeCYaHO-IIIMHUCTHIE T10-
ponbl Maiikorickoit cepuu [I1IHrokOB U 11p., 1986].

[Tonasmnstoniee 6onbmmHCTBO I'B CeBepo-3amannoro KaBkasza nmpuypodeHo K sapam
AQHTUKJIMHAJNICH, TPOSIBISIONIUXCS BO BCEH TOJIIE KANWHO30HCKUX M TPUACOBO-IOPCKUX
OTJIIOKEHUH. Pe3ynbTaTbl CTPYKTYPHBIX HCCIENOBAaHHM W Teo(pU3NYECKHUe MaTepHalibl



10 Geology and Geophysics of Russian South 14(1) 2024 ['eonorvs n reogmanka KOra Poccim

CBUJIETEJILCTBYIOT O TOM, 4TO ['B TArOTEI0T K pa3phIBHBIM HapyIIEHUSIM IIyOOKOTo 3a-
noxenus [IHrokoB u ap., 1986]. bonbmmHcTBO I'B XapakTepusyroTcss HAJIMYUEM LIEH-
TPaJILHOTO Kparepa C JAECHCTBYIOIIMMHU WM MOTYXIIUMH IpU(OHAMU U BYJIKAaHUYECKHUX
KOHYCOB/COIIOK (Cajb3), CIIOKEHHBIX COMTOYHON OpeKdHrei.

B nacrosmell paborte paccmarpuBaeTcs pacmpezeneHue OnopUIbHBIX 3JIEMEHTOB
U ynieposa B BaJIOBBIX IpoOax comouyHoro uia ['B AxranuzoBckuit (45°18,72° c.m.,
37°491" B.n.), Cemuropckuii (44°54,06°, 37°35,84"), ImankoBckuit (45°0,33",
37°43,417), yro (45°4,21°, 37°36,67"), Mucka (45°16,54", 37°23,34"), llIkonbHbIit
(45°1,697, 37°35,12") u l'edpect (I'nmnas comka) (45°15,17, 37°26,15") (puc. 1). Ilepe-
yucieHHele I'B pacnonoxeHsl BIOJIb BUPTYaJbHOrO MPOQMIIs, OPUEHTHUPOBAHHOTO C
OB na C3 ot ropHoii o6mactu kK moOepekbio A30BCKOTO MOPS, U MEPECEKAIOIIEro Psij
KPYIHBIX Teojiorudeckux crpykryp Cesepo-3anannoro Kaskaza. [IpoOsl Obliu oTo-
Opanbl B Mae 2016, mae 2017 rr. u B urone 2019 . Ha xaxqom U3 ByJNKaHOB paboTa-
JM B TEYEHHE OHOTO JHs. B GonbumIMHCTBE citydyaeB OTOMpaIl BOAOTPSA3EBYIO CMECh U3
rpu¢oHoB, Tonpko Ha I'B Illyro oroOpaiu AONOIHUTENBHO 5 CyXHX KOPOK TOJIIMHOMN
3-5 MM 1 ogHY npoOy pa3KMKEHHON TIIMHBI Ha KpasxX TeX ke TpU(OHOB (KOTOPHIX Ha
lyro B neHs oTO0pa ObLIO MeHblIE, YeM Ha ['edecTe, HO B pasbl OoJblle, yeM 5); BCero,
TaKUM 00pa3oM, MPOAYKTHI TPSI3E€BOr0O BYJIKaHU3Ma HA3BAHHOTO ByJIKAaHA MPECTABICHbI
B Hamel koyutekuuu 11 mpo6amu. [IpoObl comouHOro miaa oToUpanuch U3 JIEHCTBYIO-
IIMX TPUPOHOB B MOJMMEPHBIE CTEPUIIbHBIE KOHTEHHEPHI JUIsi OMOMaTepHanoB, UCIOIb-
3ysl OTHOPa30BbIe MOJMATUICHOBBIE NlepuaTku. B mabopatopun npoObl XpaHWINCH NPU
temneparype 4°C. Ilo naHHBIM HU3yuYeHHsI CMEpCIIaiioB, BO BCEX MpoOax mpeodiagatoT
NEJIUTOBBIE YACTULIBI C IPUMECHIO AJIEBPUTA.

A30BCKOE MOPE / SEA of AZOV

Kepuenckuit
TIOJTyOCTpPOB /
Kerch

Peninsula

2
TamaHckuit %3

TOITYOCTPOB
/ Taman

e, o
' /BLACK SEA \“'11/";'*«;-@* 6 !
. -~y P o 3 45°N

a 4 S,
/ O%essa - Ju’ |
7 Hosopoccuiick
Kpacuonap / / Novorossiysk
CeBacTononb Krasnodar
Koncranma / Sevastopol g G
/ Constanta 2 20 kv / 20 km ‘
o (}00:3 » Y
opEa YEPHOE MOPE _ 5 38'E
g /BLACK SEA } 51
o
CramGyn Cszl\:rfzé{n/ ~ Tpa63on /
/ lst:énbul o Tragzon

Puc. 1. O630pnas cxema (a) u nonoscenue I'B Cegepo-3anaonoeo Kaexasza (1), eeoxumuyecxue
XapaxmepucmuKy CONOYHuIX Ul08, KOMOpble PACCMAMPUBAIOMCsL 8 OanHOU pabome (0)
1 — I'B Axmanuszoeckuil, 2 — I'B Mucka, 3 — I'B I'e¢pecm; 4 — I'B Illyeo,; 5 — I'B IlIxonbHulil;
6 — I'B Inaoxosckuil;, 7 — I'B Cemueopckuii /

Fig. 1. Overview map (a) and position of MVs in the North-Western Caucasus (1), the geochemical
characteristics of the silty-pelitic sediments of which are considered in this work (6)
1 — MV Akhtanizovsky; 2 — MV Miska; 3 — MV Hephaestus; 4 — MV Shugo; 5 — MV Shkol 'ny;
6 — MV Gladkovsky; 7 — MV Semigorsky
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Ilepen BbICyIIMBaHMEM AJIMKBOTHI, IPEIHA3HAYCHHOW Ha JIEMEHTHBIM aHAU3, eIu-
HUYHBIE 3¢pHA, BUUMbIC HEBOOPYKEHHBIM ITIa30M, YIAJISUTH C TIOMOIIbIO MJIACTUKOBOIO
nuHuera. [IpoOsl BeicymmBamy npu Temmeparype 100°C u pactupanu B araToBoi CTyII-
Ke; MHOM IpeaBapUTeIbHON 00paboTke OHU He mojBepranuck. OnpeneneHue coaepxa-
HUS PENIKUX U PACCEsIHHBIX, B TOM 4Hclie OMO(UIBHBIX, 37IeMeHTOB (Tabm. 1) mpoBeaeHo
metonioM ICP-MS na macc-ciekrpomerpe ELAN 9000 (Perkin Elmer Instruments) B UT'T
¥YpO PAH (1. ExatepunOypr) mo metoauke, OMu3Kol K onucaHHoW B pabore [MacioB u
ap., 2011]. Paznoxenue mpod 0CymecTBIsIIOCh B MUKPOBOJIHOBOM MEYU CMECHIO KUCIOT
HCI + HNO; + HF c ucnone3oBanuem cucremsl Berghof Speedwave MWS 3+. TIpenenst
oOHapyxeHus 3nemeHToB coctaisuiu 0,005-0,1 r/1, Tounocts — 3—7 %. KauectBo aHa-
JM3a KOHTPOJIMPOBAJIU C UCIIOIb30BAHUEM CTaHIaPTHBIX 00pa31ioB ropHex nopog OY-10
u MI'T-1. OTHOCUTENBHBIE CTAHAAPTHBIE OTKIOHEHUS PE3yIbTaTOB U3MEPEHUI He mpe-
Beimanu 30%; cucremarnyeckre ouMOOKH He BBISIBICHBI. AHAJIN3 COACP)KaHUS B COIOY-
HpIX uinax Cogy U Cypr TPOBENEH METOOM MH(PAKPACHON CNIEKTPOCKONMHU Ha NpUOOpe
METABAK CS-30 (UuctutyT okeanonorun PAH, r. Mocksa). [TorpeniHocts aHanmu3oB
cocrasiisiia HUke 6% B M3MepsAEeMOM Juana3oHe 3HaueHui. CXOAMMOCTH pe3yJbTaToB
M3MEpPEHUs CTaHJapTHBIX 00pa3I0B ¢ NaclOPTHBIMU 3HaYeHUAMHU cocTaBuia 100-120%
s CO «IlouBa crangaprHas necuanas» u «Ilousa co cpeaHUM coaepKaHUeM OpraHu-
k. Coneprxanue kKapOboHaTHOro yriepoaa (Cy,,s) BBIYUCIEHO Kak pasHOCTh MEKLY Cgyy
" COpI"

Tabnuya 1/ Table 1

Conep:xanne 0M0puILHBIX 31eMeHTOB (1/T), C5, H Cp (Mac. %) B Ipodax comouHoro
WJ1a IPA3EBbIX BYJIKAHOB /
Content of biophilic elements (ppm), Cy, and C,,, (Wt %) in samples of silty-pelitic
sediments from mud volcanoes

I'psizeBoit Bynkan / Mud volcano

28

KommoneHTs! / Hlyro /Shugo E §
Components E <
<<

Oo6pazer / Sample
MI-1-1| OI-1-2 {[I-2-1|10-2-2 {I1I-4-1|10-4-2| [I-5-1 | -5~ |I-6-1 | I1I-8-1 | I1I-8-2 K-19-4
@) | © | )| (© | ® | © | x |20 ® | x | ()

A% 62 74 63 62 77 72 85 85 | 66 58 61 100

Cr 52 58 50 49 62 59 68 67 | 53 46 47 70

Co 10 10 9 9 10 10 12 11 9 8 8 16

Ni 33 33 30 31 36 34 40 37 | 32 28 29 40

Cu 37 39 36 36 43 39 48 45 | 38 39 35 50

Zn 56 61 56 55 66 71 72 71 56 52 54 120

Sr 208 | 271 | 230 | 227 | 222 | 299 | 278 | 250 | 240 | 230 | 262 140

Mo 0,84 | 0,76 | 0,55 | 0,60 | 0,59 | 0,66 | 0,71 | 0,77 | 0,62 | 0,42 | 0,58 | 2,00

Sn 236 | 2,71 | 2,92 | 2,63 | 2,88 | 2,64 | 3,08 | 2,78 | 2,98 | 2,83 | 2,82 1,90
Cosu ! Ciot 2,671 | 2,183 {2,030(2,060|2,172| 1,916 | 2,010 [1,917| 1,986 | 1,986 | 1,905 | 1,044
Copr/ Corg 0,675 | 0,800 | 0,863 | 0,806 | 0,865 | 0,666 | 0,750 {0,685|0,721| 0,742 | 0,676 | 0,556
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I'psizeBoii Bynkan / Mud volcano
Mucka / Cemwuropckwuii / Iecpect / xonpHbrii / | [mankoBekuii /
KommoneHTs! / Miska Semigorsky Hephaestus Shkol’ny Gladkovsky
Components
O6pazer / Sample
I'BM-1|I'BM-2 [I'BC-1|I'BC-2|TBC-3|T'BI'-1| I'BI'-2 |['BI'-3['BIL-1|I'BIL-2 [K-19-13|K19-14-1
v 136 | 135 | 90 | 120 | 110 | 100 | 87 94 | 141 | 155 80 70
Cr 94 94 68 88 75 81 62 74 | 85 94 80 60
Co 19 17 14 16 17 15 13 13 | 17 17 14 12
Ni 48 42 49 | 41 45 35 35 33 | 45 46 40 35
Cu 43 36 63 30 | 44 | 27 50 23 | 41 45 90 50
Zn 82 80 95 61 61 62 71 51 | 64 78 150 120
Sr 165 | 131 | 402 | 113 | 196 | 177 | 514 | 153 | 98 92 80 110
Mo 3,89 | 3,06 | 0,97 | 1,04 |12,57| 1,06 | 0,60 |2,83|13,51| 12,76 | 0,80 | 0,40
Sn 1,99 | 2,20 | 1,85 2,02 | 1,80 | 1,89 | 1,76 | 1,77 | 2,20 | 2,84 | 2,00 | 1,70
Coouw / Crot 1,889 | 2,009 | 2,517(2,554|2,903 1,338 1,415 {1,091|1,844| 1,807 | 0,694 | 0,875
Copr/ Corg 1,278 | 1,339 10,978 1,122 0,868 | 0,433 | 0,512 |0,411|1,491 1,405 | 0,502 | 0,706

[Mpumeuanue. st npod conounoro mia I'B Illyro B ckoOkax yka3zaHo cOCTOsIHUE MPOO: (3K) — KUAKOE,

(c) — cyxoe, (B) — BIIaXKHOE.

INote. For samples of silty-pelitic sediments from MV Shugo, the state of the samples is indicated in parentheses:
(k) — liquid, (c) — dry, (B) — wet

Cratuctuueckas 0o06pabOTKa MOTYYEHHBIX JAHHBIX BBHITIOJHEHA C HCIOJIB30BAaHUEM
nporpaMMmsl Statistica 7 u BKiItoyana koppensiuuonsblil ananu3 (KA) na ocHoBe koaddu-
IUEHTOB MapHOU koppensiuu CrnupMeHa MEKIy dJEMEHTaMH U aHallu3 METO/IOM IVIaB-
HbIX komnoHeHT (MI'K).

PAKTUYECKUIN MATEPUAA N €r0 OBCYKAEHME

Coneprxanue V B Hamieit BeIOopke (n = 24) coctapisier 91 £ 28 /1 (MuHuMYyM — 58,
MakcumyMm — 155 1/1). Comepxxanne Co BapeupyeT oT 8 g0 19 r/T (B cpemnem — 13 +
3 r/1). Conepxanue Ni paBHo 37 + 6 1/T (28-49 r/1). Conepxanue Cu u Zn HaxXOAUTCS B
npenenax 23-90 u 51-150 1/t (Cugpepyee — 43 £ 13, Zngpepyee — 73 + 25 1/1). Conepxanue
Sr paBuo 216 + 102 r/T (80-514 r/1), a Mo — 2,61 £+ 4,10 1/t (Muaumym — 0,40, makcu-
MyM — 13,51 r/T). D10 MOKa3bIBaeT, uTo cpeanee coaepxkanue V, Co, Ni, Cu u Zn B uc-
CJIeIOBaHHBIX HaMH MpoOax MeHbine, yeM B PAAS (coorBercTBeHHO — 150, 23, 55, 50
u 85 1/t [Taylor, McLennan, 1985]). Conepxanue Mo JeMOHCTPUPYET CyIIECTBEHHBIE
Bapuaiuu: B conoynsix miax I'B Mucka, AxranuzoBckuii u ['epect (1 mpoba u3 2x) oHO
cocrasiser 2,00-3,89 r/t, B conounsix miax ['B IlkoneHeiii 1 Cemuropckwuii (1 mpobda
u3 2x) npesbimaeT 12 1/1, Torma Kak B ocTalbHBIX 17 mpobax coaepskanue Mo ~1 /T u
menee. ToNbKo BEMUYMHA STy yee B MCCIEN0BAHHON KOJIEKIMM HEMHOIO BBILIE, YEM B
PAAS (216 ipotus 200 1/T), 94TO CBSI3aHO C MIPUMECHIO KapOOHATHOTO BemecTBa. Mak-
cumansHoe coaepxkanue V (I'B Ilkonpnsiif), Cu u Zn (I'B I'maakoBckuit) Bbilie, yeM B
PAAS; nnsa npyrux 6uoUIBHBIX JIEMEHTOB, KpoMe Mo, OHO HE TIPEBBIIIACT COMEpKa-
HUE B YKa3aHHOM pedepeHTHOM 00beKTe (puc. 2).
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Puc. 2. Hopmuposannoe k PAAS cooeporcanue 6uounbHolx 21eMeHmos 6 uccied08anHol Kowlekyuu
CONOYHBIX UN06 pAda eps3esvix gyiKanog Cesepo-3ananozo Kasxasa
1 —I'B Illlyeo; 2 —I'B Mucka, 3 — I'B Cemucopckuii; 4 — I'B I'epecm,; 5 — I'B IlIkonvHulil,
6 — I'B Axmanuszoeckuii; 7 —I'B [naoxoeckuii /

Fig. 2. The content of biophilic elements normalized to PAAS in the studied collection of silty-pelitic
sediments of some Northwestern Caucasus mud volcanoes
1 — MV Shugo; 2 — MV Miska,; 3 — MV Semigorsky, 4 — MV Hephaestus; 5 — MV Shkol 'ny;
6 — MV Akhtanizovsky, 7 — MV Gladkovsky

Conepxanue Cg, B UCCIENOBaHHBIX 1pobax cocrasiseT 1,87 + 0,55 mac. % (Mu-
aumym — 0,69, makcumym — 2,90 mac. %). Conepxanne C,,. Bapbupyer ot 0,41 mo
1,49 mac. % (0,83 + 0,30 mac. %). Makcumansroe coxepxanue C,. (1,41-1,49 mac.
%) cBoiicTBeHHO como4HbIM uiaaMm ['B IIkonbHBIA. DTH JaHHBIE B 1IEJIOM COIVIACYIOTCS
C TeMH, 4TO MPUBEICHBI i conouHor Opexunu ['B KepuyeHckoro momyoctpoBa paHee
[Ershov, Levin, 2016].

AHanu3 BeIMYuH K03()(HUIIMEHTOB MApHOM KOppessauuu (7) KOHIEHTpauuii Onoduis-
HBIX 271eMeHTOB U C,,. B CONOYHBIX MiIax uccnenoBanubix Hamu I'B CeBepo-3anaHoro
KagBkaza nokazan oTCyTCTBHE 3HAUMMOW B3aUMOCBSI3U MEK/y HEKOTOPbIMU U3 HUX. Tak,
st Cu n Cy,. Benmmuuna 7 cocrasisteT — 0,08, it Zn u C,,. JaHHBIA TTapaMeTp paBeH
= 0,09, st Sn u Cg,. — 0,11, a uist Sr u Ci,. — 0,34 (B 1aHHOM Cllyyae, Kak OTMEYEHO
BBIIIIE, COJIEPKAHUE St KOHTPOJIUPYETCS CKOpee cojiepsKaHneM KapOOHATHOM MpuMecH, a
HE OpraHuyecKoro ymiepona). B o xe spems mis V, Co, Niu Mo u C,,. OH paBeH cooT-
BerctBeHHo 0,71, 0,51, 0,61 u 0,61 (puc. 3), yTo MOKa3bpIBaE€T NPEBBIIICHUE BETUIHMHON
7 €€ KpUTUYECKOro 3HaueHus npu 5% yposHe 3Hauumoctu [ConoBos, Marsees, 1985].
Mexny Cr u C,,. B CONOYHBIX WIIAX TAKXKE CYIIECTBYET 3HAYMMas IIOJIOKUTEIbHAsT KOP-
pemsius (» = 0,55). DT0 1aeT OCHOBaHME CUUTATh, YTO TOJBKO HEKOTOpPbIe Ono(uIbHbIE
AJIEMEHTHI B COITOYHOM HJI€ UCCIIeN0BaHHbIX HaMu ['B oOpa3yloT ycToitunByto accomma-
o ¢ Cp,.

AHaM3 KOpPEISIMOHHBIX CBS3EH ¢ MOMOIIbI0 KA 103BOIHIT BBIICTUTH IBE OOJIBIITHE
TPYIIIBI 3JIEMEHTOB, CBA3aHHBIX MEKY CO00M 3HAYMMBIMH KOppessauusmMu (OnoduiabHbie
3JIEMEHTHI Cpelld HUX 3[eCh U Jlajiee MOKa3aHbl KypCUBOM): nepBasi oovenaunser V, Cr,
Co, Ni, Mo, Cd, Sc, Cu u Zn, Bropas — Rb, P33, Th, Ba, Sr u C,,;. Mexny rpynnamn
MMEIOTCSl CTAaTUCTUYECKH HE3HAYMMbIE OTPULIATEIIbHBIE KOppessuuu. Jias MHOTHX 3iie-
MEHTOB M3 NIEPBOH TPYIIIbI XapaKTePHa MOIokKUTeNbHas Koppensius ¢ C,,. (cMm. puc. 3).
Jlyis niepBoOii Ipynmbl YCTAHOBJICHA IOJIOKUTENIbHAS KOPPEIsLs, Al BTOPOil — ciabast
OTpHULIATEIbHAS.
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Puc. 3. Koppenayus cooeparcanus C,,, u HeKomopoix OUODULHBIX D1EMENMOE
6 conounblx unax zpasesuvix gynxkanos Cesepo-3anaonozo Kaskaza
1 — I'B Axmanuszoeckuii; 2 — I'B I'epecm; 3 — I'B Illyeo; 4 — I'B Inadkosckuii; 5 — I'B Cemueopckuil,
6 — I'B Mucka; 7 — I'B IlIxononouii /

Fig. 3. Correlation of the C,,, and a content of the some biophilic elements

in the silty-pelitic sediments of the Northwestern Caucasus mud volcanoes
1 — MV Akhtanizovsky; 2 — MV Hephaestus, 3 — MV Shugo; 4 — MV Gladkovsky; 5 — MV Semigorsky;

6 — MV Miska; 7 — MV Shkol ny

MI'K no3BosnsieT onpeneauTb XUMHUYECKHUE AJIEMEHTHI, KOTOpPbIE JEMOHCTPUPYIOT
CXOJIHBIE T€OXMMHMUYECKHE 3aKOHOMEPHOCTH PACIPENEICHUS WM MOBEJEHUS B 0CaJ0U-
HOHW Cpelie, a TaKXKe BBIIBUTH OCHOBHBIE (DAKTOPHI, KOHTPOJIHPYIONINE TEOXUMUIECKHIE
Bapualuuu B o0Opas3nax. ITO MOXKET MMOMOYb B BBISBJICHHHM I€OXMMHUYECKUX MMPU3HAKOB,
CBS3aHHBIX C ONPEJECICHHBIMU I'€OJOTUYECKUMHU MPOLIECCAaMU WM XapakTEPOM MUHE-
panuzanuu. Ha mepBbie nBe miaBHble kommnoHeHTHl (I'K) mpuxomutcs 58,8% (42,0%
I'K1+16,8% I'K2) o6meii nucnepcun. Habmiogaercs KOHTpacT MeXAy JBYMs rpyniamMu
3JIEMEHTOB, IPOCLUPYIONINXCA Ha npoTtuBononoxHeie ctopoust ['K1: V, Cr, Co, Ni, Sc,
As mpotu Rb, Th u P33 (puc. 4a). C,,,; nMeeT nonoxuTenbHyro Harpysky Ha I'K1, B To
Bpems Kak C,,p, KaK IPaBUIIO, HAXOAUTCS Ha IPOTHBOIIONIOKHON CTOPOHE 9TOTO (hakTopa.
Takue snemenTsl, Kak Sr u Ba pacnonoxkenst BOm3u 10uku Cy,,6 Ha rpapuxe I'K1-T'K2.
BrisiBnenHbsle (pakTopbl MOTYT OTpa)kaTh KaK COCTaB MCTOYHUKOB MOCTYIUIEHHUS, TaK U
HAKOIJICHHE METAJUIOB B Pe3y/ibTaTe U3MEHEHHsI BMELIAIOUINX MTOPOJI B XOJI€ BYJIKaHUYeE-
ckoro mporecca [Talas et al., 2015; Carvalho et al., 2018]. OuieHKH TTaBHBIX KOMIIOHEHT
1utst ipo6 comnounoro mia I'B [llyro mokazanu nonoxutenbHbie 3HadeHus ' K1 B otuune
OT Apyrux Mect otoopa npob. Haubomnbimue orpunarensusie 3HadeHus ['K1 nonydenst
st conoyHbIX WioB I'B Mucka u IlIkoneHbii. OcTanbHbIe TPOOBI paCIIONIOKEHBI MEXKITY
3TUMH KpaitHumu 3HaueHussMu 1o ocu I'K1 (puc. 46). Conounsie uinsl I'B Illyro xapak-
TEPU3YIOTCS JOCTATOYHO KOHTPACTHBIM COCTaBOM IO CPaBHEHHUIO C IPYTUMH 00pa3liaMu.
Ecnu He cunrtath conounsix wioB I'B Ilyro, To Hanbosaee KOHTPACTHBIMH IO COCTaBY
apisitorces conounsle wibl ['B Cemuropckuii u I'B ['magkoBckuii (¢ onHoM ctoponsl) 1 I'B
[ xonpHbIH (¢ apyroii). [IpoObI comounoro mina octanbHbiX I'B pacnonoxxens! Ha rpadu-
ke ['K1-I'K2 mexny 3TuMu AByMSI OObEKTaMH.
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Fig. 4. The results of principle component analysis: (a) Projection of the trace elements, C,,, and C,,,,
loadings on the Factor 1 vs. Factor 2 plot; (6) Biplots of the first two PCs scores: PC1 vs PC2.
Red circles in part (a) — biophilic elements.

Legend see fig. 3.

BbiBOADI

B pesynbprare npoBeIeHHBIX UCCIEI0BAHUN YCTAHOBIEHO, YTO CPEIHEE COAECpKAHUE
onodunpHbIX 31eMeHTOB (V, Co, Cr, Ni, Cu, Zn u Mo) B rccleI0BaHHBIX POOAaX MEHb-
1€, Y€M B TakoM pe)epeHTHOM 00bekTe, Kak PAAS, M TONBKO BENMMYMHA ST peyec HE-
MHoOTO BbllIe, yeM B PAAS. Takum oOpa3oM, pacnipeneneHie OnOQUIbHBIX JIEMEHTOB B
conouHbIX uiax Cesepo-3amaaHoro KaBkasa B 11€JI0M HE OTJIMYAETCS OT pacCpeeICHUs
JPYrUX MUKPO3JeMEHTOB B HUX [Macnos, llleBuenko, 2020].

Cpennee conepxkanue C,g, B MCCIEI0BaHHBIX pobax coctasiseT 1,87 + 0,56 mac. %,
a conepxanue C,,. Bappupyet ot 0,41 10 1,49 mac. %. Mexty KOHIEHTPAIMAMU TAKUX
Oono(uIBHBIX 1eMeHTOB, Kak V, Co, Ni, Mo u Cr u copepkanneM Copr B CONOYHBIX MITAX
HaOJIOMAETCA CTATUCTUYECKU 3HAYUMAs MOJIOKHUTEIbHAS B3aUMOCBSA3b. JTO MPEAroa-
raeT BO3MOXHOCTh 00pa3soBaHus Ha3BaHHBIMU OMOQUIbHBIMU dieMeHTaMu U C,, B €O-
noyHoM mie ['B 1ocTaTouHo yCTOWYMBBIX COSTUHEHHI.

AHanu3 B3aUMOCBSI3EH MEXIy IIMPOKUM CIIEKTPOM PEIKUX U PACCESHHBIX (B TOM
qmciie U OMOQUIBHBIX) 271EMEHTOB, C, 5 ¥ C,, METONOM IIIABHBIX KOMIIOHEHT IOKas3all,
4TO HA MEPBBIE JIBE IVIABHBIE KOMIIOHEHTHI puxoautcs 58,8% obwen pucnepcun. C, g
MMEET TOJI0KUTENbHYI0 HAarpy3Ky Ha I'K1, B To Bpems kak C,,,, KaK NpaBUiIO, HAXOAUTCS
Ha MTPOTUBOIIOIIOKHOM CTOPOHE ATOTO (paKTOpa; 3/1€Ch K€ MPUCYTCTBYIOT U OMO(PUIHHBIC
3JIeMEHTHI. BhIsiBIIeHHBIE (haKTOPhl MOTYT OTpa)kaTh KaK COCTaB MCTOYHMKOB COMOYHBIX
WJIOB, TaK U CBUIETEIBCTBOBATh O TOM, YTO COAECPKAHUE MUKPOIIEMEHTOB B COMOYHBIX
nnax I'B Cesepo-3anagnoro KaBkasa siBiisieTcs B TOW WIM HHOM Mepe CIIEACTBUEM U3MeE-
HEHUSI BMEIIAIOIIUX TTOPOJI B TPA3EBYIKAHUYECKOM Tporiecce. OaHAKO HAa CETOIHSIIHUAN
JI€Hb TTOCJICTHUMA BBIBOJ OCTACTCS TUIIOTETUYCCKIM.

CrienpanaycTaM XOpoIlo U3BECTHO, YTO MPOUCXOKIEHUE MTPOAYKTOB I'PA3EBOTO BYJIKa-
HU3Ma JUCKYCCUOHHO: TUOO0 3TO Pe3yabTaT PadKMKEHUS INTMHUCTHIX TOPOJI B TPSA3EBYJIKA-
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HUYECKOM ovYare Ha nTyOuHe (MpUYMHBI — TpaHC(POPMAIUS CMEKTUTA B UJUIUT UJIH TOSIB-
JIEHHE 30H AaHOMAJIbHO BBICOKHMX JABJIEHUH B IJIaCTaX, MEXaHU3MOB KOTOPBbIX HACUUThIBA-
0T 70 2X JIECATKOB), JINOO 3TO CIEICTBHE CMEUICHUsI MaTepHralia IPH ero MepeMEeIeHUN K
JTHEBHOM MOBEPXHOCTH (IIPUYMHA — BO3/IEHCTBHE TOTOKOB (DIIOMOB U BBIHOCUMBIX UMU
00JIOMKOB Ha OKPY>KarOIIUE MOPOJIbI), JIMOO OTPaKEHHE CKBO3HBIX TTyOMHHBIX MTOTOKOB
yIIIE€BOAOPOIOB U3 MaHTUH. OIHAKO, TOCIIEIHss THIIOTE3a, IPENoIaraonas, 4ro rpsse-
BbI€ BYJIKaHbI BJISIFOTCS CBOCOOPA3HBIMU «TpyOaMu Jera3aliiy MIaHeThD», UMEIOIUMUCS
y HaC JIAHHBIMU HE noaKperiseTcs [Macnos u jp., 2021]. Hesbicokue conepxkanust C,
B conouHblx uiaax I'B Cesepo-3anagHoro KaBka3a HECKOJIBKO HE COOTHOCSITCS TAKXKE C
KJIACCUYECKUMHU NPEJCTABICHUSIMU O B3aMMOCBS3M IIPOLECCOB TPSA3EBOr0O ByIKaHU3Ma U
(hopMHpOBaHUS YITIEBOJIOPOJOB, HO CUYMTATh 3TO OKOHYATEJIBHBIM BBIBOJIOM y HAc IOKa
MaJjio OCHOBaHUH.

BeinonHeHHble HMcCIeJ0BaHUS HE ObUIM HAllEJCHbl Ha PEIICHUE MepPEeYHCICHHbIX
BhIIIE MpoOieM. X OCHOBHOW 3amavell SIBISUICS aHAIU3 BO3MOXHBIX B3aWMOCBS3EH
MEK]y KOHLIEHTpanusaMu OMOQHIbHBIX 371eMeHTOB M C,,,. ONHaKo, U MONYyYEHHBIE IPH
9TOM pe3yJbTaThl OKa3aJdiCh JUCKYCCHOHHBIMHU, TaK KaK Ha MHTErPAJIbHOE COJEp)KaHUE
JTIOOBIX PEIKUX M PACCESTHHBIX JIEMEHTOB B OCAJOYHBIX MOPOAAX OJHOBPEMEHHO WIIU
HOCJIeIOBATENILHO BIUSET JOCTATOYHO MHOTO (haKTOPOB, YUECTh KOTOpPbIE UM MUHUMHU-
3UpOBaTh BIMSHUE KOTOPBIX BECbMA TPYAHO. DTO, NO-BUAUMOMY, TpeOyeT JaibHEHIINX
HCCIIEI0OBaHUN 1 IIPEIoIaraeT KOMIUIEKCUPOBAHUE CaMbIX Pa3HBIX JIaHHBIX.
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UM NHOW KOHKPETHOI nnowianke. OgHUMN U3 CamblX BCEOOLEMITIOLMX 6a3 AaHHBIX ABMAKOTCA ANOHCKME 6a3bl
AaHHbIX K-NET n KiK-net. Lienbto pa6oTbl SBNS10CH YCTAHOBEHWE COOTHOLUEHMSA A1 nepecyeTa MHTEHCUBHO-
cten no JMA (noHuns) B — MSK (Poccus). MeTtogbl. ConocTaBneHune 1 aHann3 pearnbHbiX JaHHbIX, TPUBEAEHHbIX
B NUTEPATYPHBIX UCTOYHUKAX W UX UHTepronauns. PesynbTarbl. BbinonHeH aHann3 n3BecTHbIX Coco60B nosny-
YEeHNS COOTHOLLEHUA MeXTY PasnuyHbIMU CENCMUYECKUMU LIKanamiu mMupa. YCTaHOBJIEHbl HEPABHOMEPHOCTM
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Abstract: Relevance. Adequate assessment of the effect of certain strong earthquakes is one of the main
tasks of engineering seismology. At the same time, despite the achievements in this area, certain aspects of this
task still remain unclear. The use of global strong motion databases containing instrumental records of earth-
quakes involves the unification of not only earthquake data, such as magnitude, but also the macroseismic effect,
or the seismic effect corresponding to the record, at a particular site. Some of the most comprehensive databases
are the Japanese K-NET and KiK-net databases. The aim of the paper was to establish a relationship for convert-
ing intensities from JMA (Japan) to MSK (Russia) scale. Methods. Comparison and analysis of real data given
in literature sources and their interpolation. Results. An analysis of known methods for obtaining relationships
between various seismic scales of the world was performed. The unevenness of these scales was established,
due to the peculiarities of the reaction of indicator objects. The most reasonable relationships have been identified
for converting intensity values obtained in various ranges of the JMA seismic scale into values of the MSK or MMI
seismic scale (USA, Europe).

Keywords: macroseismic intensity, instrumental records, strong motion database, seismic scale, relation-
ships, analysis.
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BesepeHre

Onpenenenyue cCeMCMUYECKUX BO3ICHCTBUM SBISETCS aKTyaJIbHOM 3a/1a4ei HMHKEHE-
HOM ceiicmornorun. [TockonmbKy 3Ha4eHHsT 0aIOB HEMOCPEICTBEHHO HE MCTIOIB3YIOTCS
B MHXXCHEPHBIX pacyeTax, TPeOYIOTCS MPOIEIyphl MPEACTABICHUSI BO3ICHCTBHIA, COOT-
BETCTBYIOIIUX Pa3IMYHBIM ceilicMuYeckuM 30HaM. [lepecder OaIioB B yCKOPEHHS 10
mkaine MSK-64, ucnonszyemoii B CII 14.13330.2018, moxkeT npUBOAUTH K 3aHUKEHHBIM
3Ha4eHusiM. Kpome Toro, mpu 3ToM He0OX0IMMO YUUTHIBATH JOMOIHUTENbHBIE (PAKTOPHI,
TaKue Kak MpeoOialatolfi Ieproa U JIMTEILHOCTh BO3IeUCTBUS [AnTrkaeB, 2021a,
20216]. Takum 06pa3omM, Jaxke MOCTPOCHUE KapT B €IMHUIIAX YCKOPEHUI HE rapaHTUPyeT
TOYHOCTH OIIEHKH celcMudeckoro 3(dexra, MOCKOIbKY HHTCHCHBHOCTD SIBIISICTCSI KOM-
IJIEKCHOM BeMYMHOM. C 0JTHOM CTOPOHBI, €CTh 3aIPOC MPOEKTUPOBLIMKOB UMETh YETKUE
MapaMeTpbl CEUCMUYECKUX BO3JICUCTBUN JJIsI PACUETOB 31aHUN U COOPYKEHUH, a C ApYy-
rOll CTOPOHBI, YBSA3KA 3TUX MapaMETPOB ¢ MAKPOCEHCMUYECKUMU JTAHHBIMU MPUBOIUT K
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HEOOX0IMMOCTHU Pa3pabOTKH MHCTPYMEHTAIbHON Mepbl CEHCMUYECKONH MHTEHCUBHOCTH,
YAOBJIETBOPSIOLICH TPeOOBAHUSAM BCEX CTOPOH MPOLIECCa U OTPAXKAIOLIEH MPOUCXOIINE
(u3nyeckue Npolecchl, NPUUEM, Ha OCHOBE COBPEMEHHBIX HHCTPYMEHTAJIbHBIX JaHHBIX.

HeobOxomumocTh mepecuera ceiicMuyeckoii MHTEHCMBHOCTH JMA BO3HUKIA B CBS-
31 C pa3pabOTKONl MHCTPYMEHTAIbHOW Mephbl CEMCMHUYECKOM MHTEHCHUBHOCTH Ha OC-
HOBE 3amuceil 6a3 JaHHBIX CUIBHBIX ABW)XKECHUU [3aanmumBuid u ap., 2022; dugaposa
u zp., 2023]. B I'eopuznueckom uncrutyre BHI] PAH eme B 2003 roxy 1o uHUIMAaTUBE
B.b. 3aanumBunu Oblia co3nana 0aza JaHHBIX CHIIBHBIX JBM)KEHHM, BKIIOYAIOLIast 1aH-
Hble nipakTHuecku co Bcero mupa (CILIA, SAnonus, TaiiBans, I'peuns, Apmenus, ['py3us)
[3aamumBunm u ap., 2002, 2013]. [ns aHanm3a coOpaHHOTO Marepuaia B MPOLEecce Bbl-
MIOJTHEHHUS TAHHOM paboThl ObLTM OTOOPAHBI 3alMCH 3eMIICTPACEHUH, 3aperucTpupOBaH-
HBIX CHUCTEMOW MHCTpyMeHTanbHbIX Habmonenuit K-NET, co3nanHoil 3a oguH roj, cpa-
3y mocine paspymuTensHoro semierpsicenus B Kode (Amonus, 1995) [Kinoshita, 2003;
National Research..., 2019]. ba3za nannsix ['®U BHI] PAH, chopmupoBanHas mno 3a-
MUCAM CUJIBbHBIX JBYKeHUU cetu K-NET u Ipyrum 3anucsam CUIbHBIX 3€MIICTPSCEHUN,
copepxut Oosee 80 000 3anuceit Ha 1000 cTaHIMiA, paCHIONIOKEHHBIX HAa y4acTKax C pas-
JMYHBIMU TPYHTOBBIMHU YCIIOBUSIMU. 3[1€Ch MHTEHCUBHOCTb MPOSIBICHUS 110 CEHCMUYE-
ckoii mkane MSK mensiercst ot 5 6anmioB u Beille, HaYMHAS ¢ Mast 1996 r. mo nexkadpb
2013 r. Kpome Toro, B 0a3e 1aHHBIX COJEPIKATCS 3aMUCH 3EMIICTPACEHUI ¢ MaJIbIMU 311U~
LEHTPAJIBHBIMU paccTosiHUAMU OT 0 110 3 KM.

Paznuuus B nuddepeHnmanum ceicMuYecKX IIKajl, OYeBUIHO, CBSI3aHbI C pa3Inyu-
SIMM B TUIIAaX 3aCTPOMKH, KyJIBTYPHBIMU U UCTOPUUECKUMHU PA3IUUUAMU, B LIEJIOM, ITPOSIB-
JSIFOILMMHUCS B PA3JINYMAX MPEIMETOB ObITa, 0COOEHHOCTHU JIBUKEHUSI KOTOPBIX, JTOJIKHbI
MIPOSIBIIATHCS IIPU CONOCTABICHNUHU OMMCAHUH C1a0bIX BO31eHCTBHMA. TaKkxke clenyer oxu-
JaTh, YTO sMOHCKas mkana JMA (1kana sMOHCKOTO METEOPOJIOTHYECKOr0 areHTCTBA)
uMmeeT OoJIbllle OTIIMYUM MO CPAaBHEHHUIO C OCTaJIbHBIMU HIKasiaMu. Onupasich Ha paboTy
[Musson et al., 2009] mbI paccmarpuBanu mkaisl cemerictea MSK, MMI u EMS, kax
6nuskue npyr apyry. Ilpu 3ToM M3BECTHO, UTO MEXIy HUMH, TEM HE MEHEe, UMEIOTCS
3aMEeTHbIE pa3INyusl, [FIaBHBIM 00pa3oM, B CHIIy MX OOJIbIIE MM MEHBIIEH CTeleHH He-
PaBHOMEPHOCTH B CPAaBHEHMM C MHCTPYMEHTalbHbIMU napamerpamu [Llebanun, 1975;
Antukaes, lllebanun, 1988]. Tak ceficmuueckas mikaina JMA okazanach HEpaBHOMEPHOI
U B HACTOALIEE BpPEMs MOJIEPHU3YETCs: TaK, HalPUMEp, JHMaNa30Hbl COOTBETCTBYIOIINE
5 u 6 Gannam noneneHsl nonojam [Antukaes, Jptenesa, 2016]. IlosTomy, B mepBoM
npubmmkenun mkansl MMI (MCS), MSK MOXXHO NpUHATH PaBHOMEPHBIMH, XOTS MX
BHYTPEHHS HEpaBHOMEPHOCTh MoxkeT jocturare 0,2—0,3 6amna [AnTtukaes, lllebanuH,
1988].

IIpu 3TOM cam aHanIM3 COOTHOLIEHUM CEHCMMUYECKHMX IIKaj IO3BOJSAET yCTAHOBUTH
pa3UYHbIe aCMEeKThl MPOSABICHUS MakpoceiicMuyeckoro s¢gexra ¢ 1enpo pa3padbor-
ku Oonee o01eld, paBHOMEPHON 1 00BEKTHUBHOMN IIKabl. Takyke Ba)KeH STOHCKUI OTBIT
pa3paboTku HHCTpyMeHTanbHOM 1mKaisl JMA [Yamazaki et al., 1998], kotopas u npen-
CTaBJIeHa B COBPEMEHHBIX AMOHCKHX 0a3ax JaHHBIX CUJIbHBIX ABMKeHHHA. DopmalibHOE
IIPUMEHEHHE IPOLEAYPBI pacueTa JaHHONH MHCTPYMEHTAJIbHOW HHTEHCUBHOCTH AJIs 3€M-
nerpsicennit Kanudopuuu BeinonneHo B padbote [Shabestari, Yamazaki, 2001].

MeTtoabl. [NepecyeTt nHreHcmsHocT JMA B MSK (MMI)

I/ITaK, B YXKC OTMeYeHHOM 0Oa3e JaHHBIX CHUJIBbHBIX IIBI/I)KGHI/Iﬁ MMPUBOAUTCA MaKCH-
MaJlbHass MTHTEHCUBHOCTH B BEJIMUMHAX SITIOHCKOM IITKAJIBI. I[JISI MMPAKTUYCCKOT'O IMPUME-
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HeHUs TpeOyeTcsi mepecyeT B UCHOIb3yeMylo Hamu mkamy MSK (¥, COOTBETCTBEHHO,
HICU-17).

[TepBoe cooTHOIIEHHE, KOTOPOE MOIJIO OBITH IMOJIYYECHO JJIS IIepecueTa HHTEHCHUBHO-
cTeil mpuBoguTcs B padore [Hirono, Sato, 1971] u ocHOBBIBaeTCsl Ha CBSA3M WHTEHCHUB-
Hoctu MMI ¢ yckopenueM, omyonukoBanHOUW ['yrenOeprom u Puxtepom B 1942 romy
[Gutenberg, Richter, 1942; Richter, 1958; Puxrtep, 1963]:

Ly 1 (1)
32

u uHTeHCHBHOCTH JMA ¢ yckopenneM, nonyueHHon KaBacymu [Kawasumi, 1943]:

lga =

a=0_8-10%m 032 (2)

I7Ie YCKOPEHUS @ BBIPAXKEHEI B CM/C.
Torma cooTHOIIEHNE MEX Ay MHTEHCUBHOCTRI0O MMI u JMA, OyneT uMeTh ciemyro-
AN BU:

Ly =151,,,+0,5 3)

JlanHOE BBIpakeHHE MOXKHO BCTPETUTH B HEKOTOPBIX pab0Tax, B YaCTHOCTH, B paboTe
9O.E. Xauusna [XauwusH, 2008].

PaGoroii, B KOTOpO# maeTcs comocraplieHue ceiicMudeckux mkan MMI u JMA, a
Takxe nepeoi cericMuueckoi mkansl C.B. MenBeneBa, U3BEeCTHOM, Kak celicMUUecKas
mkaia [EO®UAH, sBisercss oT4eT, BBIOJIHEHHBIN 110 3aka3y KoMuccuu 1o aroMHoM
snepruu CIHIA [Barosh, 1969]. ConocraBnenue ObUIO BBIITOJHEHO COTJIACHO OITUCAHUSIM
mikain (puc. 1).

[Tozxke, B pabore samoHckux uccienonarenei [Hirono, Sato, 1971] Obut0 BBITIONTHE-
HO COIIOCTAaBJIEHHE OLIEHOK MHTEHCUBHOCTEH 3€MJIETPSICEHUH, BBIIIOJIHEHHBIX IO 00EUM
mkanaMm JMA u MMI. B 1964 rony MexmnpasutenscteeHHoe coenjanne JOHECKO mo
cetricmonoruu u cericmocroiikoctu (Ilapmwk, 1964 1.), mpu3HAIO BaXKHOCTHh pa3pabOTKH
€IMHOM MEXTyHApOJHOW IIIKaJIbl NHTEHCUBHOCTH U PEKOMEH0BAJI0O BPEMEHHOE IpuMe-
Henue cericMuyeckor mkainsl MSK 1964 . K tomy BpeMmenu B SlnoHun ceiicMmudeckas
mkanga JMA ucnonbs3oBanack yxe 6onee 70 jeT.

B 1967 rony B SlmoHuu ObUT HauaT MPOEKT, HAPABICHHBINA HA CPAaBHUTEIBHOE OIpE-
JIeJIeHNe MTHTEHCUBHOCTEH C MOMOIIIBI0 00EUX CEHCMUYECKUX KA, 1o JaHHBIM 106 Me-
TEOCTaHIMH SIMOHCKOrO METEOPOJIOTrHUECKOT0 areHTCTBA, KOTOPhIE ObLIN pacpeIeIeHbI
10 BCeM SIMOHCKUM ocTpoBaM. Ommcanue mkansl MSK-64 Obi10 mepeBeieHo Ha SIIOH-
CKHI 53BIK, YTO MO3BOJIMJIO POU3BOIUTE OLIEHKY HEMOCPEICTBEHHO MO KaXJI0M IIKaJIe.
Jliis HaceneHus ObUIM CO3/1aHbl ONPOCHBIE JINCTHL. HE00X0AMMO OTMETHUTD, UTO IO CTPAH-
HOMY CTEYEHHIO OOCTOSTENBCTB 3HAYUMBIE KOJIeOaHHs, TPAAUIMOHHO aKTUBHO OLIYII[aB-
mMecs Ha CTaHnusx, B 1967—-1968 rr. He HaOmonanuck. B To jxe BpeMsi, B IOCIEAYIOLUE
JIBA TO/Ia HAONIONATUCh UCKIIOYUTEIHHO TOJBKO CHIIbHBIC 3emuieTpsiceHus (M > 6.0).
NuTtencuBnocts MSK, 1o pesynbraram 00paOOTKU JaHHBIX K10 OMPOCHOW aHKETHI,
ompenensinachk Mo 10 CUIBHBIM 3eMJIETpsACEHUsAM, BKiItodas 3emuerpsicenue Tokachi ot
1968 rona [Hirono, Sato, 1971].
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Puc. 1. Coomnowenue mesncoy wrxanamu MMI, GEIOFIAN u JMA, npusedennoe ¢ pabome
[Barosh, 1969] /

Fig. 1. The relationship between the MMI, GEIOFIAN and MSK scales, given in [Barosh, 1969]
B pesynbrare ananu3a OblTH OJTyYeHbI clieAyoiue BeipaxkeHus [Hirono, Sato, 1971]:
IMSK = I’SIJMA +15 4)
- 111 nHTeHcuBHOCTEer MSK oT 3 1o 5 0aiios;
Iy =151, +0,75 (5)

- 11 uaTeHcusHoctet MSK ot 5 10 8 Oamios.
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B pab6ote [Wong, Trifunac, 1979] 6s1110 BeimonHeHO cpaBHeHHE o1leHOK MMI u JMA
CO 3HAYCHHMSIMH MAaKCUMaJIbHBIX YCKOPEHUH, MONYYSHHBIX WICHTHYHBIMH aKceIeporpa-

damu SMAC, u 151 uanasona uHTeHcuBHOCTel MMI o1 4 10 8 GamioB Obula mony4YeHa
cienytomas popmyrna:

I =201, 2.2 (6)

[Tomyuennsie B pabore [Wong, Trifunac, 1979] cooTHOmeHUsI MEXIy IIKaJIaMd B
cpaBHeHuU ¢ gaHHbIMU [Barosh, 1969] npuBenens! Ha puc. 2.

7/JMA Scaled to MMI
IN I m v v {\\\1% \\\\Tfﬁ
X

II m v v VI vl | vill | X

—

I I III v A" VI v

/J(MA Scaled to MMI (Barosh, 1969)

Puc. 2. Conocmasnenue wxan MMI u JMA npusedennoe 6 pabome [Wong, Trifunac, 1979] /
Fig. 2. Comparison of MMI and JMA scales given in [Wong, Trifunac, 1979]

Jlns mepecueta B 6a3e maHHbIX niepeBoy B mkany MSK 6b11 mpoussenen no [Kramer,

1996], rne O6v110 IpUBEACHO (pUC. 3) COOTBETCTBHE Pa3HBIX IIKad MO JaHHBIM [Richter,
1958; Murphy, O’Brien, 1977].

MMI I |O | (IV|V |VI|VI|VII|] X| X | XI |XI
RF I Iy or |ivi v | vl v VIl X X
JMA I o|mj|iv A VI VI
MSK | I |m| 1o V| v ivi|vo|vim| X| X | X1 | X1

Puc. 3. Coomeemcmaue wixan usmepenusi UHMeHCUBHOCTNU CEUCMUYECKO20 B030eUCMBUSL

[Kramer, 1996] /

Fig. 3. Correspondence of seismic intensity measurement scales,
given in [Kramer, 1996].

B coorBerctBuM ¢ pabotoi [Kramer, 1996] mepeBoa maHHBIX, ONPEACICHHBIX TIO
MIKaJIe ITOHCKOTO MeTeoposornaeckoro odmectsa (JMA), B mkairy MSK npouzBonuics
C HCIIONIb30BAaHUEM CIEIYIOMMX KO3 uieHToB — tabnuna 1. JlanHHoe cooTHoIIeHUE

UCTIOJIB30BAJIOCH TIpH (hopMHUpoBaHUU Oa3bl JaHHBIX [eodusmueckoro mucturyra [3a-
aTuImBWIK U 1p., 2002, 2013].
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Tabnuya 1/ Table 1

Koz dunuentsl nepeBona us mraasl JMA B MSK /
Conversion coefficients from the JMA to MSK scale

JMA MSK Bripa:keHnue nepeBoaa
Convertation expression
0-0,2 05-1 IMA*2,5+0,5
0,2-04 1-2 IMA*5+0,0
0,4-1 2-3 1,67*IMA+1,33
1-4 3-6 1,0 *JIMA + 2,0
4-7 6-12 2,0 *IMA -2,0

B pa6ote [Shabestari, Yamazaki, 2001] BbIIIOJIHEHO CpaBHEHHE JTaHHBIX 00 MHTEH-
cuBHocT MMI 3anuceil 3emnerpsacennit Kanudopauu ¢ MHCTpyMEHTAIbHON IIKaJIOi
JMA, u B pe3ynbrare aHaiau3a ObLJIO MOITYYEHO BhIPAKEHUE C IOCTATOUYHO BBICOKHM KO-
s puenrom nerepmunaiu (R? = 0,7). I[Ipu 3TOM ClieyeT UMETh B BUJLY, YTO OHO I10-
JYYEHO JJIsl CPEAHUX 3HAUEHUN UHCTPYMEHTAIbHOW MHTEHCUBHOCTH, COOTBETCTBYIOIINUX
NeJbIM 3HaueHusM MMI:

L, =1951,, -291 (7)

CokonoBbiM 1 DypymMypoit ObUIO MOJTYYEHO COOTHOIIEHHWE MEXay mkaiamu MMI
u JMA Ha ocHoBe aHanu3a 598 3anucell yCKOpEeHUl J1eBATH 3eMieTpsiceHuil SnoHun c
Marautyaou ot 6.3 1o 8.0, momyuenHsix B 1999-2007 rr. [Sokolov., Furumura, 2008]:

Iy =1,7431,,,—0,584 (8)

B pabote [Musson et al., 2009] paccMOTpeHO COOTHOIIEHHE OCHOBHBIX COBPEMEHHBIX
mkain ¢ EMS-98, B Tom uucne, u coBpemennas Bepcus mkaiasl JMA 1996 roga. Otme-
YeHbl OINYHUTENbHbIE 0coOeHHOCTH 1Kanbl JMA. ITpu unreHcuBHocTH 3 mkainsl JMA
C OJTHOM CTOPOHBI «OOJBIIMHCTBO JIO/IEH, HAXOAIIMXCS B MIOMEIIEHNH, OIIYIIAl0T 3eM-
JETPSACEHNE, HEKOTOPBIE M3 HAaXOMAAIIMXCS BHE MMOMELIEHUI OLIYIIAIOT 3eMJIETPSCEHNUE,
OOJIBLIIMHCTBO U3 T€X, KTO CIIUT, IPOCHINAIOTCS», YTO cOOTBETCTBYET 5 EMS («omymaer-
cs1 OOJBIIMHCTBOM JIIO/IEH B IOMEUICHUSIX, BHE TIOMEIICHUI TOJIbKO HEMHOTUMU, MHOTHE
CIISIIIIUE JIFOAX MTPOOYKAAI0TCS, HEKOTOPBIE UCITYyTaHbl»), HO IPU TOM MHTEHCHUBHOCTH 3
SBJIIETCS TAK)KE TIOPOTOM, IIPU KOTOPOM HAUMHAETCS PEAKLUS JIETKUX NPEAMETOB — II0-
Cy/la Ha MOJIKaxX MHOT/IAa U3JJaeT KaKo-TO 3BYK» ([IOCIIOBHBINM EPEBO/), YUTO COOTBETCTBY-
eT uHTeHcuBHOCTH 4 EMS — «OKHa M /IBepH CKPHIIAT, ApeOeIKUT MOCYaa», a HHOTAA U
3 EMS — «Haxopsmuecs B IOKOE B IOMEIIECHNN JIIOAW OLIYIIAIOT paCKauMBaHUE WIIU
nerkoe apoxanuey). B mkane MSK «apebeskanne OkoH, CTEKOJ mKagoB, MOCYIb Ha-
Omronaercs npu 4 Oammax (BKIIOYAIOMIMX Takke Takue 3()(EKThl, KaK «JIETKUH CKPHII
MIOJIOB U CTE€H; 3aMETHO JIETKoe KojeOaHHe KUAKOCTU B OTKPBITHIX cocynax»). lllkama
JMA HeoObluHa TeM, YTO UMEET HYJEBYIO CTEIEHb — 3eMJICTPACEHHE HE OIyIaeTcs,
B OOJIBIIMHCTBE IIIKAJ 3TO COOTBETCTBYET MHTEHCHBHOCTH paBHOM enuHHIE. B Bepcuun
1996 roma KOMUYECTBO CTENEHEH OBLIO YBEIMUYEHO C CEMU JI0 AEBSTH MyTEM pa3ieleHHs
MHTEHCUBHOCTH 5 Ha JBe Kareropuu «SL» u «SU», U aHAJIIOTMYHO /111 HHTEHCUBHOCTH
6. B nacrosmee Bpems mxkana JMA ucrons3yercs myTeM Mpeodpa3oBaHusi HHCTPYMEH-
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TaJbHBIX MAPAMETPOB JBM)KEHUS I'PYHTA B 3HAYECHUS MCEBJAOMHTEHCUBHOCTH [ Yamazaki
et al.,1998]; moaToMy HEM3BECTHO, COOTBETCTBYET JIM YKa3aHHOE 3HAYEHUE UHTEHCUBHO-
CTH 3eMJIETPSICEHUsI OnMCcaHuIo 3(pdekToB i 3TON cTeneHu Hal/IoAaeMoro Macuradba
WIN HET.

ITo pe3ynpraram aHanM3a pa3MYHbIX IIKad B pabore [Musson et al., 2009] npuso-
JUTCS COOTHOIIEHUE PA3IMUYHBIX CeCMUYECKUX MHTeHcHBHOcTel ¢ EMS-98 — Tabnu-
na 2. BonbIIMHCTBO IIKaJd UMEIOT MAaKCUMAJIbHYIO CTENEHb, KOTOpas B TOH WJIM MHOM
(dopme onpenenseTcs Kak «Bce paspymeHoy». CMBICI 3TOr0 HEOJHO3HAUYEH U 3aBUCHUT OT
COCTOSIHUS 3aCTPOMKHU, OITOMY MOJIHOE Pa3pyLICHUE MOXKET MPOU30HTH MPU MEHBIINX
3HAUEHUSIX MHTEHCUBHOCTH. B Takux ciydasx HIKaJbl MHTEHCHUBHOCTH HACBHIIAIOTCS
npu 3HaueHuH okosio 9 EMS. 3to ocobas mpobiema co mkanoii Poccu-®opens (RF), B
KOTOPOHM MPUCYTCTBYET CKauK0OOpa3HOe U3MEHEHHE MOBPEKACHUN OT YMEPEHHOTO MpH
9 RF no nonuoro paspymienus npu 10 RF. JlononHuTenbHble MPU3HAKY, HE CBSI3aHHbIC
C TOBPEXICHUSMHU 37JaHUN, HAlpUMeEp, KpyINMHOMACIITaOHble M3MEHEHUs JaHamadTa,
HPOSIBIISIIOTCS. TOJBKO MPU MaKCHUMAaJIbHBIX BO3JEHCTBUSAX M HE MOMOTarOT ONPEICIUThH
CTENeHb MHTEHCUBHOCTH IPU COMOCTABJIEHUH LIKasl. Tak, cormacHo Tabmuiue 2 B 00Jb-
IIMHCTBE CIIy4yaeB BBICIIAs CTENEHb CTAPBIX LKA HE ONpeseseHa ¢ ToUkH 3peHuss EMS
(HO MOXKeT IMpeanonaraTbCsi BICOKOM). Borpoc He siBisieTcss KpUTUYECKUM, OCKOIBKY
9TH BBICIINE CTETIEHU Pa3pyLIeHUN PeKH, €Clid BOOOIEe Koraa-1100, HCIOIb3YIOTCS Ha
npaktuke [Musson et al., 2009].

Tabnuya 2 / Table 2

PexoMeHIaIUM 110 TEePeXoy ¢ NSITH OCHOBHBIX IIKaja Ha EMS-98, npuBeneHHbie
B patdote [Musson et al., 2009] /
Recommendations for the conversion from the five main scales to EMS-98,
given in [Musson et al., 2009]

RF | EMS-98 | MCS | EMS-98 | MMI 56 | EMS-98 | MSK | EMS-98 | IMA-96 | EMS-98
0 1
1 1 1 1 1 1 1 1 1 2or3
2 2 2 2 2 2 2 2 2 4
3 3 3 3 3 3 3 3 3 4ors
4 4 4 4 4 4 4 4 4 5
5 5 5 5 5 5 5 5 5L 6
6 5 6 6 6 6 6 6 5U 7
7 6 7 7 7 7 7 7 6L 8
8 | 7ors 8 8 8 8 8 8 6U 90r10
9 9 9 9 9 9 9 9 7 11
10 a 10 10 10 10 10 10
11 11 11 - 11 11
12 - 12 - 12 -

- MHTEHCUBHOCTb OMpeAcCIsACTCd Ha OCHOBC IMPU3HAKOB, KOTOPBIC HE OTPAKArOT CUIIY BO3-
,E[eﬁCTBPISI I JOCTUTAXOT HACBIIICHU .
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Jnist onpeienieHust COOTHOIICHUH 1Mo cxeMaTU4yHbIM (puc. 1, 3) u TabanyHbIM (Tabau-
1a 2) 1aHHBIM HaMH pacCMaTpUBAIIUCh IPAHUIbI 0aJUIOB Ka)KJOW IIKAJIbl KaK MPOMEXKY-
TOYHOE 3HadeHue +0.5 COOTBETCTBYIOLIETO 11eJ0ro Oamia. DTOT MeToA ObUT MPUMEHEH
JUTSl TaHHBIX, pUBeIeHHbIX B [Barosh, 1969], [Kramer, 1996] u [Musson et al., 2009]. B
MIOCJIEAHEM Cllydae, AJIs yTOUHEHHOU 1mKkanbsl JMA-96, 3Hauenusam SL u SU npunuceisa-
Juch 3HadeHus 5.25 u 5.75, npennonaras paBHOMEPHOCTD IIKaJbl B MPEJEIax Kaxa0ro
Oayuta 1 aHaoruyHo jurst 6L u 6U.

Ha puc. 4 npuBezeHo conocTaBiIeHHE BCEX PAaCCMOTPEHHBIX 3aBUCHMOCTEH MHTEH-
cuBHocT MSK ot IMA.

Gutenberg, Richter, 1942;
Kawasumi, 1951

Barosh, 1969

Hirono, Sato, 1971

LebanuH, 1975 / Shebalin, 1975
Wong, Trifunac, 1979

12 o
- -
— =
—g—
A
9 | —@— Kramer, 1996
—
——
—i—

11

10

Shabestari, Yamazaki, 2001

Sokolov, Furumura, 2007
Musson et al., 2009

MSK

0 1 2 3 4 5 6 7
JMA

Puc. 4. Ilepecuem unmencusnocmu JMA ¢ MSK no paznuunvim ucmounuxam /

Fig. 4. Conversion of JMA to MSK intensity from various sources

CootsercrBue mkan MMI u MSK cornacHo Tabi. 3 mo3BosisieT UCHOoIb30BaTh MpHU-
BEJICHHBIE BBILIE 3aBUCUMOCTH, MOIXy4YeHHbIE 111 MMI, HenocpencTBEHHO Ui OLIEHKU
nHTeHCcuBHOCTH 10 mkane MSK. HeoOxoqumo oTMeTuthb, uTo 1j1si CTpoK 2, 4, 9 Hamu
ObUIN BIIEPBBIE MOTYUYEHbI BBIPAXKEHUsI, 110 IPUBEACHHON METOMKE, I MepeBoja J1aH-
HBIX U3 OJHMX ILKal B JIpyrue. B cTpoke 6 nmpuBeneHO BbIpakeHHE, NOIYyYEHHOE HaMU
panee [3aanumBuian u 1p., 2002]. Beipaxenust 11 nepeBojia, MPUBEIECHHBIE B CTPOKAX
1, 3,5, 7, 8 Tabnuiipl 3, MOTy4YEeHBI COOTBETCTBYIONIMMHU aBTOpaMu. B cBsizu ¢ Tem, 4To
C MPaKTUYECKOM TOYKU 3PEHUS] HAM HEOOXOIUMBbI UCKIIFOUUTEIIBHO CHUIIbHBIE JABMIKEHHS
(ucnonb3oBanue 6a3bl AaHHbIX K-NET nis 3amanus ceficMuueckux BO3JIEHCTBUI) Bce
COOTHOILIEHUSI TPUBEICHBI JUIsl HHTEHCUBHOCTH Oosiee 6 MSK.
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Tabnuya 3 / Table 3
CoorHomenust Mexxay mkagamu MSK (MMI, EMS) u JMA 1Jis1 CHIbHBIX
3emJteTpsicenuii (MSK > 6) /
Relationships between the MSK (MMI, EMS) and JMA scales for strong
earthquakes (MSK > 6)
Wcrounuk / COOTHOIIIEHHE HHTEHCUBHOCTH Hcnonp30BaHHBIE METO/IBI /
Source JMA ¢ MSK (MMI) > 6/ used mehods
Relation of JIMA with MSK
(MMI) > 6
Yepes Beipakenus anst PGA, mno-
1 Gutenberg, Ri(?hter, 1942; I,y =151, +0.5 Jy4eHHBIE IS Kax’moﬁ IIKAJIBI
Kawasumi, 1951 Through expressions for PGA
obtained for each scale
I, =1951,, —224 CornocTaBieHue ONUcaHui mIKa

2. Barosh, 1969 (interpolation, this study) Comparison of scale descriptions
OnHOBpeMeEHHas! OlleHKa TPOsIBIIE-
HUA 3EMIICTPSACCHUS JBYMs IIKa-

3. Hirono, Sato, 1971 Tysx =151 5, +0,75 H?MH
Simultaneous  assessment  of
earthquake manifestations using
two scales
[IpsiMoe cpaBHEHHE TEKCTa KA,
METOJ] aHajK3a OTHOCHUTEIIbHBIX

1o =1581,,, +0,12 i i
4. Shebalin, 1975 (inA:ZK ati ”ﬁ. d TUIOMAJCH H30CCHTT
rpolation, this study) Direct comparison of scale text,
method of analysis of relative
isoseismal areas
. Iy =2,00,,, -22 Comnocrasienne PGA
5. Wong, Trifunac, 1979 4 < MMI <= 8 PGA matching
Kramer, 1996, I =201, —2,0 ComnocTaBieHHE OTMCAHUH IITKAIT
6. after Richter (1958) and (interpolation [3aamumiBmmy u Comparison of scale descriptions
Murphy and O’Brien (1977) ap., 2002])
[IpumeHeHre METOIUKH HHCTPY-
MeHTaIbHOHN mkaiel JMA k 3amu-
CAM, JUUISl KOTOPBIX U3BeCcTHBI MMI
(105 3amuceit 3emuerpsicennii Ka-
: ) Iy, =1951,,,-291 auOpHUHN)

7. | Shabestari, Yamazaki, 2001 4 <= MMI <= § Application  of  the  IMA
instrumental ~ scale  technique
to records for which MMIs are
known (105 California earthquake
records)

Amnanus 3anmceit yckopenuit (598
3anuceil yCKOpeHU! JEBSITU 3€M-
neTpsceHui SImoHuM ¢ MarHuTy-
nou ot 6.3 1o 8.0, 1999-2007)
1,,, =1,7431,,, —0,584 . ’ .
8. Sokolov, Furumura, 2008 e S Analysis of acceleration records
MMI > 5.5 .
(598 records of accelerations of
nine Japanese earthquakes with
magnitudes from 6.3 to 8.0, 1999-
2007)
1y =2,251,,,—4,75 CorocTaBiieHHe OTIMCAHUN TITKAJT
9. Musson et al., 2009 (interpolation, this study) Comparison of scale descriptions
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Pe3yAbTaTbl 1 OBCYXKAEHME

B pe3ynbrare uccienoBaHusl MOXKHO BBIICIUTH HECKOJIBKO CIIOCOOO0B nepecyera cefic-
MHYECKUX HHTEHCUBHOCTEM:

1. ComocraBiieHre ONMCAaHMK celicMuueckux Ikai [Barosh, 1969; Ille6anun, 1975;
Kramer, 1996; Musson et al., 2009]. 3necs BO MHOTOM pe3yJIbTaT 3aBHCHUT OT OIbITA, a
WHTEpIpeTalusi HOCUT aBTOPCKUM XapaKkTep, KaK, HalpuMep, 3TO MPUHSATO MPU CO3/IaHUU
reojoruyeckux kapt. [Ipm 3ToM JOCTAaTO4YHO CIIOKHO OLIEHUTh TOYHOCTH PE3YJIbTATOB.
s hopmanu3anyu mporeayp nepecyera uCroab30BaINCh CXEMbI, IIPUBEACHHEBIE B CO-
oTBeTCTBYrOIMX MyOmukanusx. s nuanazona MSK > 6 BeIOTHEHA MHTEPIOISIUS.
Koaddunment perpeccuun nepen JMA uiMeeT 3HAYUTENBHBIA TUANIA30H 3HAYEHUN — OT
1,58 no 2,25.

2. ComnocTapiieHHEe 3aBUCUMOCTEH MHCTPYMEHTAJIbHBIX TapaMETPOB OT UHTEHCUBHO-
CTH, B TIEPBYIO odepenb, yckoperuii [Wong, Trifunac, 1979]. [lepBsiii BapuaHT Takoro
nepecueTa MOXHO czenaTh mo ganHbM [Gutenberg, Richter, 1942] u [Kawasumi, 1951].
OTtnenbHO cienyeT OTMETUTh pacdyeT MHCTPYMEHTalIbHOM MHTeHcuBHOCTH JMA 1o 3a-
MUCSM, JJI1 KOTOPBIX UMETUCh 3HaueHus: naTeHcuBHOCTe MMI [Shabestani, Yamazaki,
2001] m npyrux MHCTpYMEHTAIBHBIX Mep ceiicMuueckoi nHTeHcuBHocTU [Sokolov, Fu-
rumura, 2008]. Koaddunuent perpeccun nepex JMA 1no pa3HbIM UCTOYHHKAM COCTaB-
aser 1,5, 2,0 m 2,25.

3. Ouenka makpoceiicMuueckoro 3dexra mo o06eum IIKaxaM Mo JTaHHBIM IPOUCXO-
JTUBIIHAX 3eMJICTPSICCHHUI 110 COOTBETCTBYIOLIUM METOAMKAM Jjisi obeux mikan [Hirono,
Sato, 1971]. Koaddurument perpeccuu nepen JMA cocrasun 1,5.

4. CnenyeT OTMETUTh MPUHIUI CPABHEHUSI PAIUYCOB MOCIIEIOBATEIIBHBIX U30CEHUCT
WM TUIOLIAJIEH MOCIEA0BATENbHBIX U30CEUCT. JlaHHBIA METOJ MPEICTABIEH UCKIIIOYU-
TEIBHO B OTeuecTBeHHBIX pabotax [lllebamun, 1975; Epmos, lebanun, 1984; Antu-
kaeB, [llebanun, 1988] 1 0OCHOBAaH Ha COMOCTABICHUHN YPABHEHHSI MAKPOCEUCMHUUECKOTO
T10JIs1, TOCTPOEHHOTO JIJIsl TAaHHOM 11Kasbl. [1o1x0/1 m03BoJII€T HEMOCPEICTBEHHO OLIEHUTD
PaBHOMEPHOCTh IIKAJIbI, OMPEACIISIONIYI0 BO3MOXXHOCTH €€ MPUMEHEHHUS JJIsl BhIUUCIIE-
HUS PUPAIICHUI HHTEHCUBHOCTEH.

B pesynbrare comnocraBieHMs BBIPAKEHUI IepecueTa UHTEHCUBHOCTEHN, HE 0OHapy-
KUBACTCS KAKUX-THOO CIICUPUIHBIX IS KQXKI0TO METOa 3HAYCHUI MacIITaOHPYFOIIIe-
ro ko3 durmenra. B nenom 1i1st 3emierpsiceHnid ”HTeHCUBHOCTHIO MSK > 6 ko3 duriu-
€HT perpeccuu COOTBETCTBYET 2.

Crnenyer OTMETUTh, YTO Mbl MCIOJIb30BaJIN PErPECCHOHHBIE COOTHOIICHUS, BBITOJI-
HUB MPUBSI3KY LEIBIX U IPOOHBIX OAJIJIOB 3HAUEHUSM KA. [10CKOIbKY HHTEHCUBHOCTh
SBIISICTCSI UHTETPAJILHON XapaKTEPUCTHKOMN ceiicMuuecKux 3((PEeKTOB, OHA KaK pa3 4acTo
BBIPAKAETCS B IPAKTUKE HAMMMCAHUS MHTCHCUBHOCTH PUMCKUMU 1U(pamMu, 9TOOBI MO/~
YepKHYTb, YTO OHU Liesble U Heaenumble [Musson et al., 2009]. B To e Bpemsi, HHOTIa
OTMEYaeTCs MPAKTUKA JOOABICHHS ICCSITHUYHBIX 3HAKOB K apaOCKuM 1udpam nocie uH-
TEHCUBHOCTH, 3allMCaHHOW puMckumu nudpamu (Hanpumep, B padore [Klugel, 2005]).
CoBpeMeHHAsI TCHIICHITUS COCTOUT B TOM, YTOOBI 3allMChIBATh MHTEHCUBHOCTH apaod-
CKUMU 1U(pamMu, TOCKOJIBKY ¢ HUMH Jierde paboTark, HO OHU, TEM HE MEHEE, SBISIFOTCS
LETIOYUCICHHBIMU Ki1accamu. CienyeT OTMETUTh, YTO 3TH OIPAaHUYCHHUS IPUMEHUMBI K
WHTEHCUBHOCTH, OI[EHUBAEMOW Ha OCHOBE HAONIONEHUH, a HE K MPOTHO3UPYEMOW HH-
TEHCUBHOCTH, BBIBEICHHOM 13 Mozienu. IMEHHO H3y4eHHe MaKkpoceiHcMIuaecKnX dQdek-
TOB I10 PaJNyCaM WU TUIOIIA ISIM PA3JIMYHBIX 30H MO3BOJISIET YCTAHOBUTH OJIM30CTh 3TUX
nByx BennuuH [Lllebamun, 1975].
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B npneane npeoGpa3oBaHue BooOIIE HE TOHKHO NMPpou3BoaAnThCs. [IpaBunbHas u myd-
miasi mpoleaypa — BEPHYTbCA K UCXOAHBIM JIaHHBIM U MEPEHA3HAUNUTh 3HAUYECHUS B BbI-
OpaHHOI1 mKane nHTeHCUBHOCTH [Ambraseys et al., 1983; Grunthal, 1998]. 3auactyto 310
HEBO3MOKHO [TOTOMY, YTO MCXOJHBIX JIaHHBIX OOJIbIlIE HE CyIIECTBYeT. B Takux ciryuyasx
HeoOxoauma Hekotopasi (popma nmpeodpazoBanusi. B 3toii cBs3u ¢pusznueckoe 000CHOBa-
HHE MEpbl CEHCMHUECKONH HHTEHCUBHOCTH JOJKHO MO3BOJIMTH MPOU3BOAUTE Oojiee TOY-
HBIW IepecueT CEHCMUYECKUX MHTEHCUBHOCTEM MEXKIY pa3iUYHbIMM IIKajgaMu. EnuH-
CTBEHHOM paloToii, B KOTOPOH HE3aBHCHMO 10 0OEUM IlIKajaM OLICHHWBAJICS HMCXOAHBIN
marepuan, spisiercs pabora [Hirono, Sato, 1971] u roe gocTaTouHO MpEaCTaBUTENbHBIN
Marepua OTCyTCTBYET.

[Ipumep COOTHOLIEHUI MEXAY OJHUMM ILIKajJaMH I03BOJISIET IPOBOJUTH COIOCTAaB-
JeHue A Apyrux mkai. Crnemyer 0co60 OTMETHTh, UYTO 3[€Ch Mbl IPEAINoaraeM co-
Bnajaenue mkan MSK, MMI u EMS, uro orpaskeHo B pabore Myccona [Musson et al.,
2009]. bonee neTaibHOE COMOCTABICHUE KA MOXKET OBITH BBIIMIOJIHEHO MPH MEPEXOAE K
IIKaJJaM HOBOT'O MOKOJICHHsI, B KOTOPBIX BBIMOJIHEHO JIEJICHUE Ha OOBEKThI-UHIUKATOPHI
U OMHCaHbl UX peakiuu, kak 31o caenano B ILIICHU-2017 (IOCT P 57546-2017). [Ipu
9TOM HIKAJIbl MOT'YT OTPa)kaTh PErHOHAIbHBIE 0COOEHHOCTH CTPOUTEILCTBA — Pa3INYHbIE
TUTBI KOHCTPYKIUN XapakTePHBIX IS TOW WM WHOW TEPPUTOPUU U MPEIMETOB ObITA.
Hannblie mkansl LHICHU-2017 moru Ol ObITH AOTIOTHEHBI 00bEKTAMU-UHIUKATOPAMH, Ha
OCHOBE AMIIMPUYECKUX JaHHBIX U JAHHBIX MOJAEIUPOBAHUS, YTO MO3BOJIUT BBIIOJHUTH
COIIOCTABJICHUE PA3JIMYHBIX IIKAJ HA OCHOBE CpaBHEHUs 3(h(hEeKTOB, KaKk B IEPBOM BapH-
aHTe BBEeJCHHON Hamu Kkiaccudukanuu. Ho 310 cpaBHEHHE BBINOIHUTD KOJINYECTBEHHO
C BO3MO)KHOCTBIO OLICHKH TOYHOCTH PE3YJIbTAaTOB, UTO B JAJILHEHIIEM MOXKET MOCITYKUTh
OCHOBOM /17151 pa3pabOTKU YHUBEPCAIbHOM MEXyHapOIHON IIKaJIbl CeiCMUYEeCKOM MH-
TEHCUBHOCTH.

31ech TakKe CIEeNyeT UMETh B BUY, YTO TOT WJIA MHOM MHINKATOP KaU€CTBEHHO MO-
JKET MPOSBIATHCS B Pa3HbIX JUAla30HaX MHTEHCUBHOCTEH, B 3aBUCUMOCTH OT 4aCTOTbI
BO3/eicTBUA. JlaHHbIC HAOIIOACHUH B COBOKYITHOCTH PEAKIMHA Pa3IMUHBIX 0OBEKTOB I10-
3BOJIMJIM OBl MOBBICUTH TOYHOCTh MAaKpOCEHCMUYECKHX 00CIEeJ0BAaHUI U TOUHOCTH ITPO-
THO30B U OLIEHKHU pUCcKOB. CoBpeMeHHbIE TPeOOBAHUS CEHCMOCTOMKOrO NPOEKTUPOBAHUS
Y CTPOUTEJILCTBA MPEAIOIAraloT He0OX0MMOCTh OOJIBbIIEH AeTaau3aluy OLIEHOK BO3/IeHi-
CTBHIA, YTO IPUBOJUT K HUCIIOJIH30BAHUIO B IIPAKTHKE IPOOHBIX 3HAYCHUH OaJIJIOB celicMu-
YEeCKOM MHTEHCUBHOCTU. OIHAKO TaKO€ NPENCTaBICHHUE MPEANOJIAracT paBHOMEPHOCTh
M3MEHEHUS «BO3JICUCTBUSY, UM UHBIMU CIIOBAMU — «MAKpOCEUCMHYECKas IIKaja J10JIK-
Ha SIBIIATHCS HE LIKAJIOHN Mmopsaka, a mkanoil uurepsanos» [Epmos, [llebanun, 1984].
OO11ast HepaBHOMEPHOCTD IIKaJl OAJUIBHOCTH U, BO3MOXKHO, B Oosbieil crenenn B MMI
orMeuaercs B paborax [Illebanun, 1975; Antukaes, lllebanun, 1988]. ConocraBnenue
mkan MSK (mkana Measenesa, [EO®UAH) u MMI no pa3HbIM HUCTOYHHKAM Tpe.-
cTaBieHo Ha puc. 5. Crnenyer uMeTh B BUIY, 4TO B pabote [Barosh, 1969] Beimonusanocs
corocTaBJeHHe Bepcuil mkan Mepkamm u Mensenesa, 1eiCTBOBaBIIMX HA TOT MOMEHT,
U KOTOpbIE MHOTOKPAaTHO J0padaThiBajIiCh B JaibHeleM. TeM He MeHee, B 11eJI0M Ha-
OmroaeTcs COOTBETCTBUE C JIAHHBIMU, MPHUBEACHHBIME To31Hee B [Kramer, 1996]. Ha
puC. 5 TakXe MPUBOJIUTCSA COOTHOLIEHHE MexAy wkainod MSC, ncnonb3yemMol Ha TOT
MOMEHT [yl OLIEHKH MakpoceHcMuueckoo 3¢ ¢dexra U «paBHOMEPHOH LIKanoil», moy-
yeHHoe 1Mo marepuanam 29 semnerpscennii Makenonun H.B. [llebanuubim [I1lebanuH,
1975]. ®opmanuzanus npusHakos, BeinonHeHHas B LIICH-2017, no3Bonsier onpenensrsb
I'PaHUIIBI YYBCTBUTEIBHOCTH KaKI0TO 00BEKTa-UHANKATOPA (KOTOPBIE MOTYT OBIThH APOO-
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HBIMHU), U B MIEPCIEKTHBE MOBBICUTh «PABHOMEPHOCTbY» 3HAUEHUI LIKaJIbl IPU YCIOBUHU
HaJIMYMS IPEJCTABUTEIBHOIO (PaKTUUECKOTO MaTepuania.

ComnocraBiieHue COOTHOLICHUNA MeXay IiKamamu cemelictBa Mepkawu (MMI) u
Mengsenesa (MSK), momyueHHBIMH pa3IUYHbIMU aBTopamu [Barosh, 1969; Kramer,
1996] ¢ nanubiMu IllebannHa o pacnpeneneHuto U30CeHCT 3eMieTpsiceHu Make1oHIH
[[Ie6amun, 1975], mo3BosseT caenarb BBIBOJ, UYTO cericMuyeckas mkaga MSK sBiser-
cs1 HauOoJiee paBHOMEPHOM, BO BCSIKOM Cllyyae, B Juamna3oHe or 3 1o 5,5 Gamnsos, T.e.
LIKaJIOW «MHTEPBaJIOB». BO3MOXKHO, 3TO MOCITYKHUJIO OHUM U3 (PAKTOPOB Pa3BUTHUS HUH-
CTPYMEHTAJIBHOTO METO/1a CEMCMHUYECKOTO MUKPOPAOHUPOBAHUS, IOCKOJIBbKY MO3BOJISIET
HCII0JIb30BaTh MHTEHCUBHOCTD KaK BEJIMUMHY, @ HE KAK KaT€rOPUAJIbHBIN IPU3HAK.

0.1 1
0.0
o
% —0.1 -
=
8 —0.2 A
2
S o034
s 0.3
—0.4 1 = Barosh, 1969
-@- Kramer, 1996
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Puc. 5. Coomnowenue mesxncoy wrxanramu MMI u MSK no danuwvim [Barosh, 1969; Kramer, 1996] u
«pasromeprocmoy wxanvt MCS (MMI) no mamepuanam semnempacernuti Maxeoonuu [Illebanun, 1975] /

Fig. 5. Relationship between the MMI and MSK scales according to [Barosh, 1969; Kramer, 1996]
and the “uniformity” of the MCS (MMI) scale based on materials of earthquakes in Macedonia
[Shebalin, 1975]

Takoke oTMeuaeTcst HeCOOTBETCTBUE BCEX LIKAJ PU MAKCUMAaJIbHBIX 3HAYCHHUSX UHTEH-
CUBHOCTH, MTOCKOJIbKY MPHU3HAKH, OCHOBAaHHbIE HA MOBPEXACHUU U pa3pyLICHUU 3/1aHUM,
JIOCTHTAIOT HACBIIIEHUS, a TAK)KE B CHITY OCOOEHHOCTEH pa3BUTHs KAkl JMA, TOCKOJIb-
Ky BEpXHUH Ipe/iell MOBbILIANCS Mocie Oosee pa3pylIUTENbHbIX 3eMIIETPACEHUN U PaKTh-
YeCKM MaKCUMyM He ompenerneH [Musson et al., 2009]. Ha nam B3 31ech HET HE00X0-
JMMOCTH IPUPABHUBATh MAKCUMAJIbHbIE 3HAYEHUSI MHTEHCUBHOCTEHN MO Pa3HbIM LIKaJaM,
a MPOAOJIKUTD MOTYUYSHHBIN TPEH ISl UHTEHCUBHOCTEW, OM3KUX K TPAHULIAM ILIKaJ.

«IudpoBuzanusy» mIkai1 TakKe M03BOJIAET MIPUOTUZUTHCS K YCTAHOBIECHUIO CBSI3U Ma-
KpOCEHCMUYECKON HHTEHCUBHOCTH U MMAPAMETPOB CEHCMHUUECKOTO Bo3aercTBUs. U 31ech
MOJIE€3€H OIBIT MHCTPYMEHTAIbHOM KAkl JMA, MOCKOJIbKY YUUTHIBAET MPOAOTKUTEIb-
HOCTh W CIEKTpaJibHbIe OCOOEHHOCTH BO3ACHCTBUA. DOpmMaIbHOE NMPUMEHEHHE ITOU
IIKaJIBI K IPYTOM TEPPUTOPUH, KaK 3TO caenaHo B padbote [ Shabestari, Yamazaki, 2001] ne
JacT 0ObEKTHUBHBIN PE3YIIbTAT, T.K. 3/1€Ch CTOUT 3a/1a4a OIPE/IeJICHNs YACTOTHOTO (hujIbTpa
JUISL TOW WJIM UHOM TeppuTopru. OAHAKO MPAKTUYECKOE UCTI0JIb30BAHUE TAHHOW METOIU-
KU SIBJIIETCS JJOCTATOYHO TPYIOEMKHUM U SIBHO HE OTpa)kaeT peaibHble GU3NYECKUE MTPO-
LIECCHI U HE HAILIO pacnpocTpaneHus. MHCTpyMeHTalbHy0 Mepy JMA nosrydeHHyro 11s
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TEeppUTOPUH SIMOHHH, 11O TPEACTABUTEILHOMY HAOOPY HHCTPYMEHTAIBHBIX JAHHBIX IS
TeppUTOPUH ATMOHUU, MOKHO CUUTATh COOTBETCTBYIOIIEH OJJHOMMEHHON MaKpOCEeUCMHU-
yecKoi MHTeHCUBHOCTH JMA U B mepBOM MPUOIMKEHUN HUCTIONB30BaTh AJIsl pa3paboTKu
UHCTPYMEHTAJILHON MEpbl CEHCMUYECKONH MHTEHCHUBHOCTH MO 0azaM JNaHHBIX SMoHUU.
J1J1st TOHATHOTO U MPAKTUYECKU IIEHHOTO pe3ybTara (KOTOpbIii MOXHO OyzeT Bepuduiim-
POBATh 110 BCEMUPHBIM JIaHHBIM ) YIOOHO UCIIOIB30BaTh MAaKPOCEHCMHUUYECKYIO HHTEHCHB-
HocTh MSK (coBpemennoii LIICH-2017), kotopas siBnsieTcst 6ojiee paBHOMEPHOIA.

BbiBOADI

1. BoimonHeH aHanM3 U3BECTHBIX CIIOCOOOB IMOJIYyYEHHUs COOTHOILIGHUN MEXIy pas-
JUYHBIMH CEMCMUYECKUMHU HIKaJIaMHU MUpPA. YCTAaHOBJIEHBI HEPABHOMEPHOCTH YKa3aH-
HBIX CEHCMHUYECKHUX IIKaJ, 00yCIOBIECHHbIE OCOOEHHOCTAMH pEaKIUU O0OBEKTOB-UH/IHU-
KaTopoB. BrisgBrnensl HanbOonee 000CHOBaHHBIE COOTHOILIEHUS Ui MepecdyeTa BeJIUYUH
WHTEHCUBHOCTEH, MOJIYYSHHBIX B Pa3IMUHBIX JIMana3oHax celicMuueckoii mkansl JMA, B
BeIMYMHBI cericmuueckon mkainsl MSK nin MMI (CIIA, Epora).

2. AHann3 MHOTOYHCIIEHHBIX UMEIOMIMXCS padOT MOKa3bIBAET Pa3iNyus B 3aBUCUMO-
CTSIX, TIOPOM JIOCTUTAIOIIUX JIBYX 0ayioB; HanOOobIIeH HepaBHOMEPHOCTHIO HIkaia JMA
oOmajaeT B MHTEepBaje HHTeHCUBHOCTEH oT 4 10 6 MSK, oHako, MOXKHO OTMETUTH, YTO
B nuanazone MSK > 6 3aBucumocts Mexay mkantamMu JMA u MSK MoxHO cuuTars Jin-
HEIHOMU, MpH 3TOM KOA(D(PUIIMEHT perpeccuu, OnpeieiIeHHbIN M0 Pa3HbIM HCTOYHHKAM
IPUMEPHO OJIMHAKOB U PaBeH 2.

3. OTmeueHO pa3nuyuue B BEpXHEH rpaHHIle LIKajl, B JaHHOW oOnactu BMecCTO (op-
MaJbHOTO MPHUPABHUBAHUS MAaKCHUMAaJIbHBIX 3HAYCHUN MPEATIOKEHO MPOJOHKUTD TOY-
YEHHBIN TpeH T (K03 PUIMEeHT perpeccun).

4. IlIxkana MSK (coBpemenHo# Bepcuenn kortopoi siisiercss [IICHU-2017) sBnsieTcs
Haubosee OIM3KOM K paBHOMEPHOH IIIKalle, OATOMY MOJyUYEHHBIE Uil Hee 3aKOHOMEp-
HOCTH (CBSI3b MHTEHCUBHOCTH C MHCTPYMEHTAIbHBIMU MapaMeTpaMH, ypaBHEHUE MaKpPO-
ceficMUYecKoro mnoust) OyayT ¢puznyecku 6oaee 000CHOBAHHBIMHU.

5. @opmanuzanus npusHakoB, BeinogHeHHass B LIICK1-2017 no3BossieT onpeaeisTh
TPaHUIbI YYBCTBUTEIBHOCTHU KaXKJI0TO 00bEKTa-UHANKATOpa (KOTOPhIE MOTYT OBIThH APOO-
HBIMU), ¥ B MEPCIEKTUBE MOBLICUTh «PABHOMEPHOCTBH)» 3HAYCHHH IIKajbl, HA OCHOBE
NpeIoKeHHOr0 MeaBeeBbIM METO/la CPaBHEHHS TUIOUIa/Iel MOCIeI0BaTeIbHbIX H30-
CEHCT MpH YCIOBUM HAJMUHUSA MPECTABUTEIBHOTO (PaKTUUECKOTO MaTepuana.
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Abstract: Relevance. In many regions of the world, the concentration of oil and gas and large hydrocarbon
deposits is observed in the nodal zones of active faults, as well as in neotectonic block structures. A change in
the stressed state of mountain structures can cause activation of seismic geodynamic processes accompanied
by tectonic disturbances. In addition, it should be noted that the main danger of seismic impacts on the territory
of the Absheron Peninsula comes from the Caspian Sea, the seismic activity of which is increasing every year.
The aim of these studies is to study modern geodynamic and seismic activity within the Absheron oil and gas
region. Methods. Maps of earthquake epicenters for the period 2003—-2023 were built on the ArcGIS10.5 program
and analyzed. Based on the catalog data and maps of seismic activity were constructed for two periods. Based on
the method of inversion of waveforms and the first arrivals of a longitudinal wave, the earthquake source mecha-
nisms were constructed, maps of the compression and tension axes, as well as maps of the distribution of the
Lode-Nadai stress state coefficient were constructed. Results. The analysis of seismicity showed that within the
Absheron oil and gas region there are two active seismic zones. The first zone is located in the northern part of
the peninsula, and the second is below Absheron on the southern side. Most earthquake hypocenters are located
within the basalt layer and upper mantle. The northern focal zone is located at a depth of 0-25 km and has a
width of 35 km. The northern zone is associated with the rupture system of the Absheron—Pribalkhan deep fault.
In 2003-2012 seismic activity in the northern part of Absheron varies from Act = 0.8 to 1.3, and in 2013-2023.
—from 0.45 to 0.65 with a background level of 0.1. On the distribution maps of the Lode—Nadai stress state coef-
ficient, it is clear that the zone of the Absheron Peninsula is mainly characterized by compression stresses.
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Pestome: AKTyanbHOCTb paboTbl. Bo MHOrMX permoHax mMupa KOHUEHTpauus HeqTerasoBbIX U KpYMHbIX
MECTOPOXXAEHUA YrNeBOAOPOAOB HABMIOAABTCA B 30HAX MEPEeCeHeHMs aKTUBHbLIX Pa3fioOMOB, a TaKXKe B HEOT-
EKTOHMYECKNX BMOYHBbIX CTPYKTYpax. I3MeHeHNe HanpsHKeHHOr0 COCTOSHNS TMYOUHHbIX CTPYKTYP MOXKET CTaTb
NPUYNHOI AKTUBU3ALNN CEACMOre0AMHAMMYECKIX MPOLECCOB, CONMPOBOXAAKLLNXCA TEKTOHNYECKIMM HapyLLe-
HusIMU. Kpome TOr0 HY>XHO OTMETUTb, YTO OCHOBHAst OMACHOCTb CEICMUYECKMX BO3AEICTBUIA N1 TEPPUTOPNN
AnLIEPOHCKOro NolyocTpOBa UCXOAMT CO CTOPOHBI akBaTopui Kacnniickoro Mops, Ha [iHe KOTOPOro U3 roaa B
rofi BO3pacTaeT CeMcMmyeckas akTUBHOCTb. LIeNIbld AaHHbIX WCCIef0BaHUi ABNSETCA U3Y4UTb COBPEMEHHYIO
reoanHaMM4ecKyto 1 CeiiCMMYeCKyt0 aKTUBHOCTb B npefenax AnlepoHCKOro HedpTera3oHOCHOro paiioHa. Me-
TOAMKA. bbiny NpoaHanu3npoBaHbl KapTbl ANULEHTPOB 3emneTpacenui 3a nepuof 2003-2023 rr., NOCTPOEHHbIE
B nporpamme ArcGIS10.5. Mo faHHbIM KaTanora 6biin NOCTPOEHbI KapTbl CEAICMUYECKON aKTMBHOCTW 3a ABa
nepmoaa. Ha 0CHOBe MeTOfja MHBEPCMMN BOJTHOBLIX (DOPM 1 MEPBbIX BCTYNEHWA MPOAOCLHOA BOSIHbI 6bIIN NO-
CTPOEHbI MEXaHN3Mbl 04ar0B 3eMIIETPSICEHNIA, KAPThbl OCEN CXATWs 11 PACTSHKEHNS, a TaKXe KapTbl pacnpeqene-
HUS KO3dhdoMLMeHTa HanpsKeHHOro cocTosHNA Jloge—Haaan. Pe3ynbTatbl. AHanm3 CeMcMUYHOCTY NoKasas, YTo
B npeaenax AnLIepoHCKOro HethTerasOHOCHOrO paioHa CyLLECTBYHOT ABE aKTUBHbIE CEACMMYECKME 30HbI. [1epBas
30Ha PacrnonoXeHa B CEBEPHOM 4aCTu MOJTy0CTPOBA, a BTOPAs — HYXKE AMLLEPOHA C HXKHOI CTOPOHbI. bornbLuas 4actb
TUNOLEHTPOB 3EMIETPACEHIIA PACcON0XeHa B Npeaenax 6a3ansToBoro Cos U BepxHeit ManTui. CesepHas 04aro-
Bas 30Ha pacnosioXeHa Ha rnyébuHe 0-25 km, ¢ wupuHon 35 km. B 2003-2012 rr. ceiicMuyeckas akTUBHOCTb B
CeBepHON YacTu AnwwepoHa Bapbupyertcs oT A,=0,8 no 1,3, a 8 2013-2023 rr. — o1 0,45 g0 0,65 npu poHOBOM
yposHe 0,1. Ha kapTtax pacnpeaeneHus KoadduumeHTa HanpspKeHHOro coctosHusa Jloge-Hapgaw, BuaHo, 4to
30Ha ANLIEPOHCKOro N-Ba B OCHOBHOM XapaKTepuayeTcst HanpsHXKeHSAMU CxKaTUs.

KnioueBble €oBa: MeXaHW3Mbl 04ar0B 3eMJIETPACEHWIA, KapTa 3NULEHTPOB, rMyOUHHOE pacnpegeneHne
3eMJIETPACEHMIA M0 NPOCOMII0, OPUEHTALMUS OCEI CXKaTUA U PaCTHXKEHUs, CENCMUYECcKas akTUBHOCTb, HedpTera-
30Bble MECTOPOXAEHNA.

Ins uutuposanus: Kasbimoa C.3., l'ycenHsage I.3., Mammagosa [1.[x. CoBpeMeHHas ceiicMoreomnHa-
MUK AMLLIEPOHCKOro HepTerasoHoCHOro pervuoHa. feosnorus n reogmsuka Hra Poccun. 2024. 14(1): 36-48.
DOI: 10.46698/VNC.2024.77.24.003

Infroduction

The formation and evolution of the stress—strain state, geophysical processes and
seismicity of the Earth’s crust are determined by its structure, natural dynamics and the
totality of impacts on the geological environment. The heterogeneity of the structure of
the Earth’s crust leads to a non—uniform distribution of stresses and to their concentration
at the points of contact between blocks. Slow deformations of the Earth’s crust, caused by
natural and man—made causes, lead to movements along tectonic faults. As a result, stress is
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reduced and seismic energy is released. Finding out the specific reasons for their occurrence
presupposes knowledge of the features of the geological structure of the territory in terms
of its historical formation [Nesterenko et al., 2018; Nesterenko et al., 2019].

For many decades, leading petroleum geologists and many other researchers have been
studying the oil and gas potential of the Mesozoic deposits of Azerbaijan. The patterns
of formation and location of oil and gas accumulation zones in the Mesozoic deposits of
the republic were studied as the basis for assessing the prospects for oil and gas potential
and developing directions for prospecting and exploration work. The search for oil and
gas deposits in the Mesozoic deposits of Azerbaijan began mainly in the post—war years
[Gurbanov, 2019].

Like many old oil and gas producing provinces in the world, Azerbaijan has largely
exhausted the possibilities of discovering easily accessible oil and gas fields at shallow
depths in anticlinal traps, as well as at shallow sea depths. In Azerbaijan, despite the
wide stratigraphic range of oil and gas content, its two floors are mainly distinguished:
the upper — Pliocene and lower — Mesozoic, separated by a thick clayey strata of the
Paleogene—Miocene, in the section of which in some cases small accumulations of
oil are found. As a result of the analysis and interpretation of geological-geophysical
and petrophysical materials, it was established that oil and gas—bearing reservoirs are
mainly fractured volcanic—sedimentary and carbonate rocks of the Cretaceous sediments
[Gurbanov, 2019].

As aresult of intensive exploitation of gas and oil fields due to a decrease in reservoir
pressure, natural geophysical and, accordingly, geodynamic equilibria in the geological
environment containing them and adjacent groundwater systems are significantly
disturbed. This leads to the formation of dangerous geodynamic processes and a manifold
increase in the number and intensity of seismic events in oil and gas production areas
[Yushkov et al., 2013]. The Absheron—Balkhan threshold, in the Azerbaijani sector of the
Caspian Sea, is a connecting link between the Middle and Southern Caspian Sea, where
giant oil fields are concentrated, and to the southwest in the Baku archipelago — the giant
gas condensate field Shah Deniz. The intensity of tremors on the Absheron Peninsula
from the Baku earthquake sources reaches VII points, from the Mashtagin earthquakes
—up to VIII points. The intensity of earthquakes, the epicenters of which are located in
the North Absheron water area, reached VIII points, and in almost the entire rest of the
peninsula — VII points [Karagezova, 2015].

In this regard, we analyzed the geological structure and geodynamics of the upper part
of the Earth’s crust in the Absheron oil and gas region, refined its geodynamic model and
analyzed the stress—strain state, which largely determines the response of the geological
environment to technogenic impacts.

Geological structure of the district

The Absheron oil-gas region is tectonically a continuation of the southeastern dip
of the Great Caucasus megaanticlinorium. The land area of the region consists of the
Absheron peninsula extending in the latitude direction and covers an area of 2059 km?.
The region includes the Absheron peninsula, the Absheron archipelago located east of
it, and the islands of the Baku bay belonging to it. The territory of the Absheron oil
and gas region is located in the northwestern part of the South—Caspian basin, and its
geological structure consists of Upper Cretaceous to Anthropogenic sediments. Lower
Cretaceous sediments were studied up to 700 m thick in exploration wells dug in Khazri
(well 4), Gilavar (well 2) and Arzu (well 2) areas of the northern tectonic zone of the
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Absheron archipelago [Aliyev, 2003]. Faults and mud volcanoes play an important role in
the complexity of the structure of the Absheron region. Both transverse and longitudinal
fractures are noticeable in this structure. The Meso—Cenozoic complex (8.5-9 km) of
terrigenous carbonate sediments is involved in the geological section of the Absheron
oil and gas field. Of these, there are more than 30 oil-gas horizons with a thickness
of 10-80 km in the section of the Middle Pliocene (alternation of sand, sandstone and
clay). The tectonic units of the Western Absheron anticlinorium, the Western Absheron
anticlinorium, the Western Absheron synclinorium, the Central Absheron anticlinorium,
the Eastern Absheron synclinorium and the anticlinorium of the Absheron archipelago are
separated in the area. There are 7 anticlinal zones with more than 50 free folds. 26 of these
mixtures are processed. All anticlinal zones are complicated by tectonic disturbances
and mud volcanoes. The future of the field is mainly related to Oligocene—Miocene and
possibly Upper Cretaceous sediments [ Yusifov, 2018].

Absheron oil and gas field

There are many oil fields, gas condensate oil fields, and condensate fields in the
Absheron oil and gas field. Millions tons of oil, gas and condensate are produced from
these fields every year. A different picture of oil and gas formation and oil and gas
accumulation is established for the Absheron—Balkhan threshold with a near—latitudinal
strike (more than 300 km), which is a protrusion of the continental crust of the Eurasian
plate (the Epi—Hercynian Turanian plate is located to the north), covered by a platform
Mesozoic—Eocene—Pliocene cover [Vorobyov, 1999]. In the northwestern part of the
threshold (Neft Dashlary), Eocene deposits are established directly under the layers of the
productive strata, overlying Cretaceous rocks with a significant break and unconformity
[Agayev, 2004]. A thick complex of Pliocene sediments, reaching 6—7 km in the South
Caspian basin, sharply thins along the Absheron—Balkhan threshold, to the north, where
in some places it lies directly on the sediments of the Mesozoic complex. The change
of complexes along the threshold is accompanied by the replacement of oil fields
with gas and gas condensate fields. Oil fields along the Absheron—Balkhan threshold
— Neft Dashlary, Gunashli, Chirag, Azeri, Kapaz — are confined to arches of anticlinal
sedimentary coverings in the productive strata, which are hydrocarbon traps [Kazimova,
2020]. The zone of the Absheron—Balkhan threshold in the north is limited by the North
Absheron trough, with a maximum thickness of the Pliocene sedimentary up to 7 km, and
in the south, during the transition in the South Caspian basin, by the Caucasus—Kopet
Dag fault—slip fault, which apparently was a consequence of what took place in the early
Pliocene failure of the South Caspian depression [Ismail-zade, 2013; Mamedov, 2008].

Formed in the post—Pliocene period, the giant gas condensate field Shah Deniz in the
productive strata at a depth of 6.5—7.0 km corresponds in composition and physicochemical
parameters to hydrocarbons — high—temperature methane, characteristic of depths of 10—
12 km. The lack of proper combinations of phase transformation conditions — excessively
high pressure and relatively low temperature, as well as a relatively short development
period did not contribute to their transformation into the liquid phase. All this allows us to
consider the Shah Deniz gas condensate field as an independent gas condensate stage of
the hydrocarbon manifestation in the Caspian basin, which has no direct connection with
earlier oil fields in the region. According to the author in the article [Ismail-zade, 2013;
Mamedov, 2009], the main source of gigantic oil inflows into the Absheron—Balkhan
threshold could be the oil and gas complexes of the Middle Caspian Sea, in which the
Epi—Hercynian plate with a platform Mesozoic—Cenozoic cover is capable of creating
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the conditions of a screening layer capable of accumulating hydrocarbons with their
subsequent transformation within the cover in the phase of liquid hydrocarbons.

Research methods

The earthquake source mechanism is one of the most important parameters
characterizing a seismic event. In modern seismology, it is associated with sudden
movement of rocks, accompanied by the emission of seismic waves along a surface
of weakened strength, and simultaneously reflects the spatial orientation of the axes of
the main stresses, possible planes of ruptures and movements in the earthquake source.
Since earthquakes have not been recorded on the territory of the Absheron Peninsula, we
analyzed the sources of Caspian earthquakes [Etirmishli, 2019].

Earthquake source mechanism were established in the “Dynamics of earthquake
source” department of RSXM based on the signs of P waves of 52 digital stations of
earthquakes with mI>3.0 in “Fa_major” and MomentTenzor software [Dreger, 2002;
Etirmishli, 2019]. During the years 2003-2023, an analysis of 54 earthquakes with
magnitude ml>3.0, depth h=2—69 km in the Absheron territory was carried out, and the
source mechanisms were established (Fig. 1).

@ Reverse fault
e Normal fault

@ Strike slip

'ﬁ”“\ﬁ: faults

Fig. 1. The map of earthquake source mechanism with mi>3.0 for the period 2003—2023

As can be seen from the map, the Absheron region is dominated by, normal faults and
horizontal displacement.

Ten earthquakes with a magnitude ml>4.0 were recorded in Absheron territory in
2003-2017. Three of these earthquakes are horizontal strike—slip, four are reverse fault
and three earthquakes with normal fault type movements and they coincide with Shakhov—
Azizbayov, Krasnopolyansky—Zengi—Sangachal-Ogurchi, Makhachkala—Krasnovodsk,
Central-Caspian, Siyazan faults. This sources they are located in the depth interval 7-69 km.

On October 24, 2003, at 20:47:24, an earthquake (ml=4.2) felt 43 km northeast of
Absheron was recorded. Several aftershocks were recorded after the earthquake. It should
be noted that the earthquake that occurred in the Absheron area extends along the Siyazan
deep fault. As can be seen from the table, the direction of the compression axis P is
directed to the horizon (PL=4), and the direction of the tension stress axis T is directed to
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the plane close to the horizon (PL=7). A sharp drop was determined for the nodal plane
(DP=87-82). It is shown that the value of displacement at the source is (SLIP=—8—(178)).
Based on the above, as a result of the stress states, it was determined that the earthquake
has normal fault type. On February 6, 2017 at 13:46:39, an earthquake (ml=4.4) felt
60 km southeast of Absheron was recorded. Several aftershocks were recorded after the
earthquake. As can be seen from the table, the direction of the compression axis P is
directed to the horizon (PL=7), and the direction of the tension stress axis T is directed to
the plane close to the horizon (PL=9). A sharp drop was determined for the nodal plane
(DP=88-79). It is shown that the value of displacement at the source is (SLIP=—169—(2)).
Based on the above, as a result of the stress states, it was determined that the earthquake
was of displacement-rupture—fall type.

Thus, having analyzed the data on the source mechanisms of all earthquakes, it was
established that for the territory of the Central Caspian Basin, small values of the angles of
the tension axes are characterized by large angles of the compression axes, which indicates
the predominance of normal—slip movements there (Table 1). Given the choice (according
to geological data) of preferred fault planes, both right— and left-lateral strike—slip faults
occur [Kazimov et al., 2016]. The earthquakes occurred under conditions of compressive
and tensile stresses that were close in magnitude (shear type of movement). The fault type
of movement mainly prevails in the central part of the study region. Reverse faults are
also found on the territory of the Northern Caspian [Etirmishli et al., 2019]. Comparative
analysis of the earthquake source mechanism that occurred in 2003—2023. showed that,
in general, the tendency for the predominance of fault—slip movements within the study
region remains unchanged. In order to study how the orientation of the main axes of
compression and extension changes with depth, we constructed a distribution diagram of
the orientation of the main axes of compression and extension of the Caspian region in the
depth intervals of 20-30 km, 30—40 km, 40-55 km, 55-70 km. As can be seen in Fig. 4,
with depth, the tendency for the SW—NE orientation of the tension axes and the NW—SE
orientation of the compression axes becomes more and more clearly evident.

Table 1
Earthquake source mechanism that felt in Absheron territory in 2003-2023 mI>4.0
Coordinates Principal stress axes Nodal planes ml I;I(’
m
Ne Date Time
T N P NP1 NP2
o°N | A°E
AZ AZ ST SLI D | SLI
PL | PL |\ PL | AZM | o |DP |} STK | p | p
1 2003072 | 23:59:2 | 40.0 | 50.2
5 8 0 5 66 | 210 |16 | 339 |17 |74 332 | 64 72 187 |31 [ 122 |42 |41
, | 2003100 [ 09:10:5 | d0.1 [ 49.8
4 8 9 4 27 |35 6 302 | 62 | 200 300 | 72 —97 | 141 19 | =70 |43 |35
5 | 2003102 | 20:47:2 | 406 | 50.1
4 4 8 5 4 243 |82 [360 |7 153 198 | 87 -8 288 |82 | 178 | 42 | 43
4 2009060 | 14:20:0 | 40.4 | 50.6
4 3 0 4 16 |57 |23 [320 |61 |180 309 | 65 115 | 178 [ 35 | 47 |42 | 44
5 2010060 | 04:53:3 | 40.4 | 50.4
3 0 7 2 56 207 [ 20 82 25 342 269 | 73 111 35 27 |39 42 | 57
¢ | 2011111 [ 19:33:5 [ 400 | 50.1
5 4 5 3 60 | 124 |28 | 285 |7 20 267 | 58 56 138 |44 | 132 |4 |55
, | 2013060 | 08:33:0 | 405 | 50.8
7 0 2 1 17 | 195 [ 15 | 290 |66 | 60 118 | 64 72 | 262 [30 | 121 | 4.1 |69
8 2013090 | 04:35:4 | 40.6 | 499
9 7 8 8 62 66 9 319 27 225 142 | 72 99 295 20 | 64 4 7
o | 2016102 [ 10:12:5 | 404 | 50.8
7 2 6 3 41 170 | 20 60 41 311 60 90 —110 | 330 20 [ O 4.1 [ 55
1 | 2017020 | 13:46:3 | 403 | 50.2
0|6 9 0 3 7 170 | 79 | 45 9 262 36 | 88 -169 | 306 |79 | 2 44 | 60
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Seismicity of Caspian sea water area.

The Caspian Sea occupies a special place in the seismic life of Azerbaijan. Strong
(M >6.0) earthquakes that occurred here in 1910, 1935, 1963, 1986, 1989 repeatedly
shook the bottom of the Caspian Sea, the city of Baku and other coastal areas with high
intensity V-VIII points.

The first information about an earthquake in the Caspian water area coincides with
957. The earthquake registered in 957 was felt in the Caspian coastal regions with inten-
sity VII point. There was destruction in the Caspian coastal regions. The main param-
eters of the earthquake: ¢=42.10; A=49.00; magnitude M=5.5 (+ 1.0); the depth of the
hearth was h=7-60. This earthquake in the Caspian Sea is believed to be two earthquakes.
After the earthquake, the sea retreated from the coast by 150 m. So far, the strongest
earthquake in the Caspian Sea was recorded on January 2, 1842 at 22:00 (1 hour). The
earthquake was felt with intensity VIII point. The main parameters of the earthquake:
¢=40.50; 2=50.0; magnitude M=4.3 (% 0.5); the depth of the source was h=3 (2-5). 700
houses were destroyed in Mashtaga, and 5 were seriously injured. After the Mashtaga
earthquake, aftershocks continued until January 12.

The last strong earthquake (M=6.2) in the Azerbaijani part of the Caspian Sea oc-
curred on November 25, 2000, 50-60 km south of Absheron, and shook the bottom of
the Caspian Sea with intensity VIII point. This earthquake also occurred in Baku and a
number of coastal areas with intensity VI-VII points. In Baku, 34 houses were partially
destroyed, 7350 houses were damaged [Ismayilova, 2021]. The magnitude of the first
shock was M=5.2. According to the instrumental data, the main parameters of the earth-
quake: ¢ =40.15; A = 50.15; depth of the source h=25 km. At 1.5 intervals, the second
impulse occurred. The magnitude of the second shock was M=6.2. The main parameters
of this earthquake: coordinates of the source — ¢=40.05; A=50.35; the depth of the source
varies between h=40-45 km.

In 20032023, 75 earthquakes of mI>3.0 were registered in Absheron territory and a
map of epicenters was created. Earthquakes are located at a depth of 2—70 km. (Figure 2.)
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Fig. 2. Absheron oil and gas field during 2003—-2023 map of epicenters of earthquakes on faults
Faults: I — Agrakhan—Krasnovodsk, Il — Krasnopolyansk—Zangi — Sangachal-Ogurchi; 1 — Makhachkala—
Krasnovodsk; 2 — Siazan; 3 — Ajichay—Alat; j — Shakhov—Azizbeyov (The fault map was compiled by:
Musayev Sh. [Gasanov, 2006; Gurbanov, 2019; Khain, 2005])
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The map of earthquake epicenters that occurred in the Absheron oil and gas field has
been created. There are several oil fields in this area. A large amount of oil is produced
in these fields during the year. We can give an example of Oily Rocks (Neft Dashlari),
Palchyg pilpiles, Chilov, Bibiheybat, Buzovna, Balakhani—Sabunchu—Raman, etc., which
are important deposits of the Absheron oil and gas field [Gurbanov, 2019].

Oily Rocks is the world’s first oil platform. Oily Rocks is an urban—type settlement
and is included in the territory of Baku’s Pirallahi district. Located 42 km southeast of
the Absheron peninsula, this settlement was built a few meters above sea level on stilts
on metal poles attached to the bottom of the sea. Mud Pilpilesi field is located in the
Absheron archipelago of the Caspian Sea, 110 km east of Baku and 50 km southeast of
Artyom Island. In the area where the deposit is located, the depth of the sea varies from 10
m to 25 m. The deposit belongs to the brachyanticnal fold, complicated by a large number
of transverse and longitudinal fractures [Abdullayeva, 2016]. The bed is 9 km long and 3
km wide according to the ceiling of the Kirmaki layer set. The Chilov field is located in
the southeastern part of the Absheron archipelago in the Caspian Sea, 62 km from Baku,
20 km from Pirallahi Island, in the northeast direction. The bed is connected to the island
of the same name, which is 7 km long and 5 km wide. Chilov Island, which is 6 km long,
is the second largest island in the Absheron archipelago. The island stretches from the
northeast to the southwest and is in the form of a thin long strip that gradually narrows
[Agayev, 2006; Gadji—Kasumov, 2012]. The depth of the sea is up to 10 meters near the
island, and it varies in the range of 5-25 meters along the structure. The Chilov structure
belongs tectonically to the Khali—Neft Stones anticlinal belt.

In recent years, the level of seismic activity in certain areas of the Caspian Sea has
changed. The amount of seismic energy released in the Central Caspian Sea has increased
several times. Along with strong seismic events, a large number of weak earthquakes
occur in the study area, which make it possible to study the seismicity of this region in
connection with its deep structure [Abdullayeva et al., 2016].

Note that the formation, migration and accumulation of hydrocarbons in the Caspian
region occur in the sedimentary cover. Although various geological and geophysical
studies have been carried out so far, no geological exploration work has been carried out
in the region, taking into account the seismic geodynamic conditions of oil and gas and
their patterns. To do this, in order to clarify the nature of seismic geodynamic and dynamic
changes in the region, we analyzed the distribution of earthquake source mechanism over
area and depth, which determines the geodynamic energy status of the sedimentary cover.

The seismological sequence of earthquakes with mI>1 km in the Absheron oil and gas
field has been established (Fig. 3). The number of earthquakes with magnitude mI>1.0 was
319, and the depth was distributed in the range of 1-70 km. 4 earthquakes with magnitude
ml>4.0 were recorded [Kazimova et al., 2020; Magomedov, 2021; Kazimov, 2021;
Yetirmishli, Kazimov, 2022]. These earthquakes are distributed at a depth of 662 km.

A map of the earthquake’s epicenters showed that within its boundaries there are two
active seismic zones with a 100—year return period for magnitude 8 earthquakes. The first
zone is located in the northern part of the peninsula, and the second one covers Absheron
from the south. Most earthquakes occurred within these two seismically active zones.

As can be seen in the profile, two focal zones are distinguished to the north of Absheron
and to the south (Fig. 3). The northern focal zone is located at a depth of 0—25 km and a
width of 35 km. The northern zone is associated with the system of ruptures of the Main
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Caucasus and the Absheron—Pribalkhan deep fault, which passes through the northern
coastline of the Absheron Peninsula and the territory of the Caspian Sea to the west of
Turkmenistan. The destructive Mashtaga earthquake of 1842 occurred precisely in this
zone [Ismayilova, 2021]. In addition, less strong earthquakes with a magnitude below
6.0 are confined to it (1983, 1989). In addition, a series of sources are observed at depths
of 40-50 and 50-60 km. The southern seismogenic zone is concentrated at a depth
of 20—62 km, with a width of 25 km.

S‘DV 20 40 G:I;ﬂ i 20 1 120 NE

hikm)

11

Fig. 3. Seismological cross—section of earthquakes with mi>1.0 of the Absheron zone
on the I-I and II-II profiles in 2003-2023

Earthquakes in the seismological section of the II-II profile are mainly distributed at
a depth of 3—70 km. Earthquakes with magnitude mI>4.0 were accumulated at a depth of
30-62 km. This zone coincides with the eastern continuation of the Vandam zone. The
epicenter of the Caspian earthquakes were located in it (35 km south of Baku, November
25, 2000 with magnitudes 5.8 and 6.3). The last Caspian earthquake on November 25,
2000, with a foreshock (magnitude 5.8, focal depth 50.4 km) and with a main strong
shock (magnitude 6.3, focal depth 33 km) had a strong impact on the entire Absheron
Peninsula and, of course, on Baku (35 people died, 1292 buildings were destroyed and
damaged). The source of the November 25 earthquake had a large magnitude and was
located close to the study area.

The scheme of compression—tension axes was established based on the data of
earthquake source mechanism with mI>3.0 in the Absheron zone during the years 2003—
2023 (Figure 4).
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Fig. 4. The scheme of compression—tension axes of earthquake source mechanism mi>3.0
in the Absheron region during 2003-2023

On the map, blue indicates compression arrows, red indicates tensile stress. The direction
of the compression axis of earthquakes is observed in the Absheron zone in the NE-NW
orientation, while the direction of the stress axes is in the NE-SW direction (Fig. 4).

As aresult of the orientation of the compression and tension axes, a distribution map of
the Lode—Nadayi coefficient was constructed. On the map, the blue color shows the tensile
stress, the red color shows the compressive stress. As can be seen from the map, the stress
in the Absheron zone is mainly characterized by compression stress. The level of the stress
in the years 2003-2007 is 0.1-0.3, in the years 2008—2012 0.1-0.4, in the years 2013-2017
0.2-0.6, and 1n the years 2018-2023 in the range of 0.3—0.8 higher (Fig. 5).
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Fig. 5. Distribution map of the Lode—Nadayi coefficient as a result of the orientation of compression and
tension axes of earthquake source mechanism mi>3.0 in the Absheron territory during 2003—2023.
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As a result of the research carried out in the Absheron area in 2003—2013, a map
of seismic activity was created based on the catalog and map of epicenters. During the
years 2003—2023, changes are observed in the northern, southern and eastern parts of the
Absheron territory. As can be seen from the map, the activity in the southern part is 1.2-2,
compared to the background level of 0.1 in 2003-2012, and in the range of 0.75-1.1 in
2013-2023, compared to the background level of 0.05.

During the years 2003-2012, the activity in the northern part of the Absheron area
varies from 0.8 to 1.3, and from 2013 to 2023, it varies from 0.45 to 0.65, compared to the
background level of 0.1. In the years 2003—2012, the activity in the northeastern part of
the Absheron area varies between 0.4—0.7, compared to the background level of 0.1, and
in the years 20132023, it varies in the range of 0.25-0.4, compared to the background
level of 0.05.

Results of the study

Thus, the analysis of seismicity showed that within the Absheron oil and gas region
there are two active seismic zones, with a 100—year return period for earthquakes of
magnitude 8. The first zone is located in the northern part of the Absheron peninsula,
and the second one covers from the south. Most earthquakes occurred within these two
seismically active zones. The largest part of the hypocenters is observed in the consolidated
layer and upper mantle and was formed as a result of active tectonic movements at the
junction of the two largest structures of the Earth’s crust (Turanian and Kopetdag ridges).
The northern focal zone is located at a depth of 0—25 km and has a width of 35 km.
The northern zone is associated with the system of ruptures of the Main Caucasus and
the Absheron—Pribalkhan deep fault, which passes through the northern coastline of the
Absheron Peninsula and the territory of the Caspian Sea to the west of Turkmenistan. The
southern seismogenic zone is concentrated at a depth of 20—-62 km, with a width of 25 km.
This zone coincides with the eastern continuation of the Vandam zone. The epicenters of
the Caspian earthquakes were located in it (35 km south of Baku, November 25, 2000
with magnitudes 5.8 and 6.3).

In order to study zones of stress and deformation of the Earth’s crust, the parameters of
the earthquake source mechanism, the conditions for their formation, and the stress zones
of the Earth’s crust were analyzed. Displacement values at the source indicate that strike—
slip and normal fault movements predominate. But in the area of the Central Caspian Sea
and oil fields, movements such as reverse faults and reverse faults are formed. Analysis
of the compression and extension axes shows that the compression axes of earthquakes
are oriented in the SW—-NE direction, while the extension axes are predominantly oriented
in the NW-SE direction. The stress state in the study area changes over the years and is
characterized mainly by tensile stresses.

Geological interpretation of materials from earthquake sources shows that in this
uplift zone, corresponding to the intercontinental accretion zone. This activation occurs
as a result of the subduction of the South Caucasian microplate under the Middle Caspian
segment of the Scythian—Turanian epihertzian platform, i.e. pseudosubduction.

Conclusions

Oil and gas intensification in regions characterized by large oil and gas fields leads
to changes in the natural (geological) environment, including changes in hydro—gas—
geodynamic and geodynamic processes in large areas of ten kilometers or more (10,000
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km?) in the Earth’s crust, and causes environmental problems. Those changes can be
considered as one of the factors affecting the development of nature in the region and
lowering the quality of life of the population.

As a result, the rate of occurrence of natural and man—made processes in oil and gas
regions increases, and the seismic activity causes an unexpected event with a wide range
of dangers. The solution of this problem is one of the important factors of conducting
seismological research in a complex manner, it is possible to study the processes occurring
at depth under the influence of hydrocarbons, including the state of technological
processes. Thus, the study and analysis of these processes provides an opportunity to
answer many questions. It will be possible to increase economic activity in the region by
forecasting oil and gas production of Absheron region and increasing the efficiency of oil
and gas production, ensuring their safety through pipelines.
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Summary: Relevance. The Eastern Caucasus region is the most seismically active in the European part of
Russia. The relevance of the research carried out within the framework of state tasks for assessing the seismic
safety of the region is beyond doubt. The potential level of seismic hazard of the Earth’s crust blocks is an impor-
tant indicator of assessing the seismic hazard level of the studied region. It makes it possible to identify the seis-
mogenerating structures of the region and get closer to drawing up a detailed map of the zones of possible earth-
quake sources (PES). The aim of the study. Assessment of the level of geoseismic hazard of the crustal blocks of
the studied region and identification of potential waiting areas for possible sources of catastrophic earthquakes
in the historical perspective. Research methods. The main research methods are the analysis of the spatiotem-
poral distribution of seismicity over the instrumental observation period, the analysis of the catalog of historical
earthquakes, studies of traces of paleoseismicity, as well as expert assessment of the level of geoseismic hazard
of crustal blocks by a set of geoseismological indicators. These indicators are the thickness of the Earth’s crust,
the extent of disjunctive zones of the foundation and sedimentary cover, the presence of traces of paleoseismic-
ity, the power of the seismoactive layer, seismic activity and b-parameter of the magnitude-frequency graph, the
maximum marked (observed) magnitude, the period of the last activation and tectonic activity. The results of the
study. As a result of the conducted research, a quantitative assessment of the seismic hazard of the territory of
the north-eastern segment of the Eastern Caucasus was carried out for the first time. The conducted studies make
it possible to identify seismogenerating structures, map (in conventional units) the potential level of geoseismic
hazard of the studied territory and get closer to drawing up a detailed map of PES zones. It is established that
the areas with the maximum values of the geoseismic hazard potential spatially coincide with the zones of pos-
sible sources of strong earthquakes having historical activity and are confined to the zone of intersection of the
Subcaucasian deep faults with the main Caucasian structural element — the Agrakhan-Tbilisi-Levantine left-thrust
zone of the 1st order.
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BeseaeHre

[MoreHnManbHBINA YPOBEHb CEHCMMUYECKON ONMACHOCTH OJIOKOB 36MHOM KOPBI SIBIISICT-
Cs1 BAKHEHIIIUM II0KA3aTeJIEM OLICHKU CTEIIEHU CEHCMUYECKON OITACHOCTH UCCIIEAYEMOT0O
pernona. OHa O3BOJIAET MPUOIU3UTHCS K COCTABIICHHUIO JETAIBLHON KapThl 30H BO3MOX-
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HBIX o4aroB 3emuerpsicenuit (BO3).

3a mpeapIIyInid 3Tan UCCleOBaHUN HaMH pa3paboTaHbl IB€ METOAMKH IO OILEHKE
TeOIMHAMUYECKOTO U CEICMOTEKTOHUYECKOTO MOTEHIIUATIOB CEBEPO-BOCTOYHOTO CEIrMEH-
ta Boctounoro Kaskaza. [IpogomkeHreM MpOBOAUMBIX MCCIIEOBAHUN SBHIACH pa3pa-
00TKa HOBOTO METO/Ia OLIEHKU YPOBHS F€0CEMCMUYECKOM OMaCHOCTH HAa OCHOBE CHHTE3a
JIBYX BBILIEYTTOMSIHYTBIX METOAMK M C YYETOM M3BECTHBIX MeTo10B [Heuaes u ap., 1998;
Peiicuep u ap., 1998, 2002; Poroxun u ap., 2001, 2013, 2019; 3aanumsuiu u ap., 2011;
Tumkun, 2006; Ynomos, 2008; 3aukanos u 1p., 2019; Croruuii u ap., 2022; Zaalishvili et
al., 2011; Babeshko et al., 2021; Blinova, 2019; Mammadli, 2022; Mammadli et al., 2023
u 1p.]. [Ipu 3TOM cTosna 3amaua neTanbHO OKOHTYpUTh 30HBI BO3. C 3710i1 11enbi0 mpo-
BEJICHO IPOOHOE JIEIICHNUE K8A3UOOHOPOOHBIX ceoounamudeckux onoxkos (KOI'b) pernona
[MaromenoB u 1p., 2021] (puc. 1).

Venosnbie 0603HaueHus / Legend

po®]-1 ]2 -3 (T4

Puc. 1. Cxema pazbuenus K8a3u00HOPOOHBIX 2e00UHAMUYECKUX DIOKO8 Ce8epO-80CMOUHO20
ceamenma Bocmounozo Kaexasa. /

Fig. 1. The scheme of division of quasi-homogeneous geodynamic blocks
of the northeastern segment of the Eastern Caucasus.

I'panuyer bnokos mecmmnozo nopsoka: 1 — nepeoeo (6 cepedune 610Kka — e2o Homep),
2 — 8mopoeo (8 cepedune boKa — e2o OyKeeHHOe 0003Hauerue), 3 — mpemve2o (HauMeHbULe20
nopsioka, 6 cepedure OJ0Kka — e20 byKeeHHOe 0DO3HAUEHUe ¢ UHOECKCOM),
4 — epanuya pecnyonuxu Jacecman. Ilonymonamu evioenen 610K 0Jist HA2ISOHOU WITIOCMPAYUU
OpOOHO20 OeneHUst KA3UOOHOPOOHBIX 2e0OUHAMUYECKUX OJLOKOE /
The boundaries of the local order blocks: 1 — the first (in the middle of the block — its number),

2 — the second (in the middle of the block — its letter designation), 3 — the third (of the smallest order, in
the middle of the block — its letter designation with an index), 4 — the border of the Republic of Dagestan.
A block is highlighted in halftones to illustrate the fractional division of quasi-homogeneous
geodynamic blocks.
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ITon TepMUHOM «K8A3UOOHOPOOHDIL 31€Ch UMEETCS B BUAY, KOOHOPOOHBIU B T€O-
JIOTHYECKOM, TEKTOHHYECKOM U T€0IMHAMUYECKOM OTHOIIEHUU 00beM reocpensl. biok
HaMMEHbIIIEro nopsAka no [Maromenos u ap., 2021] pazaenunu Ha 4 4acTu ¢ IpUMep-
HBIMU MONIEPEUYHBIMU pazmepamu B 30 KM Kaxk/1ast, B COOTBETCTBHH C IIPOSIBIICHUEM TIPE]I-
BECTHUKOBBIX aHOMAJMH BBICOKOUACTOTHOW YACTH CIEKTPA M3IYYEHHUH CeCMUYEeCKHUX
BOJIH, KOTOPbI€ TPUMEHSIOTCS MPU YTOUYHEHUH MECTOIOJIOKEHUSI oyara 3eMJIeTpsSICeHUs
Ha 3aKJIIOYUTEIHHON CTaJUU PAa3BUTHUS CEHCMHUECKOTO Mpoliecca. BeibpaHHbIl criocod
neneHus (pa3oueHus) TapaHTUPYET OT 3aBBIIICHUS CTETIEHH Te0CEHCMUYECKON OmacHo-
CTH paccMaTpuBaeMoro 0JI0Ka, KOTOPOE MOXKET MPOU3OUTH 3a CUET BIHSHUS «ITOTCHIHA-
J12» CMEXKHBIX OJIOKOB.

[lon monsTHEM «2eocelicmMuyeckas OnacHocmvy 31eCh MOAPa3yMEBAETCs YPOBEHb
MaKCUMAaJIbHON MOTEHIMATBHOU SHEPTUH, 3aKIIOYEHHBIH B CTPYKType (O10Ke) 3eMHOi
KOPBI [10 COCTOSTHUIO HAa COBPEMEHHBIH MEPUOJT €r0 Pa3BUTHSI U OIIPEACIIIEMbld HA OCHOBE
pacuera reoceicMOJIOTMYECKUX TTOKa3aTeeil B yCIOBHBIX equHuIax. B 3aBucumocTu ot
JUTOJIOTO-CTPYKTYPHOTO CTPOCHHUS, BEIIECTBEHHOTO COCTaBa, Ire0JOro-reopu3ndecKux
YCJIOBHUM U UCTOPUHU T€OJIOTHYECKOTO Pa3BUTHS TOTO WJIM MHOTO y4acTKa 3€MHOM KOPBI,
MOTEHIMATbHAS] SHEPTUS SMU30ANUECKH MPeodpasyeTcss B KUHETUUYECKYIO B MPOIecce
CEHCMUYECKUX COOBITHI B HACTOSAIIEM HII B OyIyIIEM.

Teoceticmonoeuueckue noxazamenu XapakTepu3yloT YPOBEHb MOTEHIMATBHOU HEP-
TUU COCTOSIIEH HE TOJNBKO M3 TOM €€ 4acTH, KOTopas 3aK/II0u€Ha B T€0JIOrMYECKOU
cTpykType (Onoke) Ha aToMapHOM (BEIIECTBEHHOM) YPOBHE, HO M 3allaCEHHON T'€OTeK-
TOHUYECKOW (TeHETUYEeCKH OOpEeTEeHHOW B MPOIleCCe UTUTEIBLHOTO JIUTOTEHE3a U B MPO-
[[ECCe UCTOPHUH €r0 TeOJOTHYeCKOTO Pa3BUTHS), a TaK)Ke — HAKOIJICHHOW B pe3ysbTare
COBPEMEHHBIX T€OJJUHAMHYECKIX U F€OTEKTOHUYECKUX MpoiieccoB. Kaxplil 6ok 3em-
HOM KOpbI UMEET CBOM YPOBEHb 3aKIIFOUCHHOW MMOTEHIHUAIBHON SHEPTUH, 3aBUCALLINN OT
JUTOJIOTO-CTPYKTYPHOTO CTPOCHHUS, BEIIECTBEHHOTO COCTaBa, re0JOro-reopu3ndecKux
YCJIOBHM M UCTOPUM €0 I€OJIOTMYECKOrO pa3BUTHS. 3amaceHHas MOTEHIMaIbHask YHEP-
TUSl MOXKET IPOSIBUTHCS B 3aBUCUMOCTH OT Pa3HbIX IPUUUH: OT CHATHUS JIMTOCTATUUYECKOTO
JIABJICHUS B PE3YJIbTATE HK30M€HHBIX F€OJOTMYECKUX MPOLECCOB (IPO3Usi, Pa3MBbIB U T.1.)
C «pacKOHCepBalre) TeHeTUIECKNU OOPETEHHBIX U HAKOIJICHHBIX B COBPEMEHHBIN MEepH-
O]l TEOHATIPSHKEHUI; B pe3yabTare TeKTOHMUECKHX MOJIBIDKEK; B pe3yibraTe (PU3UKO-XU-
MHUYECKHUX MPOLIECCOB B cCaMOi reosiorndeckoi cpezie ((ha30BbIX MepexoI0B B MUHEpaIax
Ha OO0JBII0M ITyOuHE Mpu OONBIINX 3HAYEHUSIX P-T-yCIOBHI CO CKauKOOOpa3HBIM HU3Me-
HEHHUEM YIPYTHX U MPOYHOCTHBIX XapaKTEPUCTUK) U T.JI.

Martepunan n MeToabl

B Hacrosiieit pabote ompeneneH HaOOp eeocelicMoniocuyueckux nokazamenet, Xa-
paKTEepU3YIOIIUNA B HAaUOOJbIIEH CTENEHU MOTEHIUAIBHBIN YPOBEHb I'€0CEMCMUYECKOM
onacHoctu KOI'b (ceiicMuyeckuii MOTEHIIMAM) HA COBPEMEHHOM HCTOPUYECKOM JTare:
a) MOIIHOCTh 36MHOU KOPBI (1, KM); MPOTSHKCHHOCTh JU3BIOHKTUBHBIX 30H ()yHIaMEHTA
¥ 0caZo4yHoro yexyua (/, km); HaIMYue CJIEeI0B MajJeoCEHCMUYHOCTH (IUIOIIAlb PacIpo-
CTpPaHEHHs CJIE/IOB MAICOCEUCMUYHOCTH, S, KM’) — 2eono2uveckue kpumepuu, 0) MOII-
HOCTh CEMCMOAKTUBHOTO ciost (hg, Km); ceicMuuecKasi akTUBHOCTD (A4 ;,); MaKCUMallb-
Hasi oTMeueHHas (HaOmioneHHas) MarHutyna (M,,,.); mepuoa mocienHeld aKTUBU3ALUU
() u TeKTOHHWYECKasi aKTUBHOCTH (@,) — celicmonocuieckue kpumepuu. IloTeHIIMATBHBIN
YpOBEHb reocericMuueckor omacHoCTH (Gg) OJIOKOB 36MHOM KOPBI MPEICTABISAETCS KakK

(GyHKIWS, 3aBUCSIIAS OT IPUBEICHHBIX 31€Ch MTOKAa3aTeIeH:
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Gs =f(m, |, My a, 7,5, hs, A1) (1)

[TpuBenennslii HAOOp re0ceHCMOIOrMYECKUX TOKa3aTelleil 0 COBPEMEHHOM CTpoe-
HUH U COCTOSTHUU 3€MHOU KOPBI SIBJII€TCS] UCUEPIBIBAIOIINM, ITIOCKOJIBKY MHOTHE IPYTHE
napaMmeTpsl (B YaCTHOCTH, KOJIMYECTBEHHBIE XapaKTEPUCTUKU TAHT€HLIUAJIbHBIX TEKTO-
HUYECKHUX HaNpsOHKEHUH, COIIACHO CYIIECTBYIOIIEH CXeMe Pa3IOMHO-OJIOKOBOM CTPYyK-
TYpBl PETHOHA; CKOPOCTh UX COBPEMEHHBIX IBIIKEHHIA; JIMTOIOTO-CTpaTUrpaduyeckas
XapaKTEPUCTHKA C BEILIECTBEHHBIM COCTABOM; ONPEECIICHUE IIPEEIIa IPOYHOCTH TOPHBIX
MOPOJ B KOHKPETHBIX T€0JI0T0-Te0(U3NIECKUX YCIOBUAX U T.]I.) HEBO3MOXKHO MCTIONB30-
BaTh U3-3a UX HEIIOJIIHOTHI.

Kasx1p1i1 mokazarens rpayupOBaH ¢ yCIOBHBIM BECOM, OIPEIEICHHBIM 3KCIIEPTHBIM
nyteM (ot 0 10 1) 1 yuTeH B cymmapHOii olieHke (Tadi. 1).

Tabnuya 1/ Table 1
IJKCcHIepTHAsA rPagyHPOBKA re0CceiicMoJIOrH4ecKnX MmoKasaresnei

B ycJOBHBbIX equHunax (ot 0 xo 1) /
Expert grading of geoseismological indicators in conventional units (from 0 to 1)

Nen/m/ | TeoceiicMmonoruueckue OKcnepTHas rpaJyMpoBKa YcnoBHbIE
numbers MOKa3aTesn / Expert grading Emunuuer /
in order / Geoseismological Conventional
indicators units
1 2 3 4
Mo1HOCTb 3¢ MHOM MaKcHMaJbHas MOIIHOCTH / Maximum thickness — 1
1 KOPBbI, B kM / 100%
The thickness of the N
Earth’s crust i;{km ot 80 % 1o MakcuManbHo / from 80 % to the 0,5
’ maximum
Hiwke 80 % / below 80 % 0,1
2 [TpoTsHKEHHOCTh MaKCHMaJIbHasi CyMMapHas IPOTSKEHHOCTD U35~ 1
JIM3HIOHKTHBHBIX 30H IOHKTUBHEIX 30H ¢hyHoamenma / maximum total
dyHamenTa u oca- length disjunctive zones of the foundation
ZIOMHOrO Yexna, B K. / ot 1/2 MakcuMaIbHOU 10 MakcuMabHol / from 1/2 0,7

Length disjunctive zones

. maximum to maximum
of the foundation and

sedimentary cover, in MeHee 1/2 makcumanbsHol / less than 1/2 of the 0,3
km. maximum
MaKCHMaJIbHasl MPOTSKEHHOCTh JU3bIOHKTHBHEIX 0,5

30H B ocadounom uexie / maximum length disjunc-
tive zones in the sedimentary cover

oT 1/2 MaKCHMMaJIbHOM MPOTAKEHHOCTH JI0 MaKCH- 0,2
ManbHOM / from 1/2 of the maximum length to the
maximum

MeHee 1/2 makcumanbHo# / less than 1/2 of the 0,1
maximum

MaxkcumanbHas ot- celicMuyeckoe coObITHE B O110Ke ¢ M > 6.6 / seismic 1
3 MeueHHas (Habmonen- | event in the block with M > 6.6

Has) MarHUTYA, M,

J Maximum marked | Mmax B TIpEaEnax ot 6 10 6.5 / My, in the range 0,9
(observed) magnitude, from 6 10 6.5
M, -//- B mpenenax ot 5.5 mo 5.9 / in the range from 0,8
5.5t05.9
-//- B mpenenax ot 4.5 mo 5.4 / in the range from 0,7
45t054
-//- B mpenenax ot 3.8 mo 4.4 / in the range from 0,5
3.8to4.4

-//-  wmenee 3.8 / less than 3.8 0,1




54 Geology and Geophysics of Russian South 14(1) 2024 ['eonorvs n reogmanka KOra Poccim

IIpoooncenue mabnuywl 1

1 2 3 4
4 TexkroHWYecKast akTHB- | COBpEMEHHAsI aKkTHBHOCTH (3a mocienane 100 ier) 1
HOCTb, 4, / / modern activity (over the last 100 years)
Tectonic activity, a, ucropuyeckast akTuBHOCTH / historical activity 0,7
YeTBEPTUYHAS M HOBEHIIAsi aKTUBHOCTH / quaternary 0,2+0,1

and recent activity

[lepuoa nocnennei CHWIIbHOE celicMuueckoe coOwite B Omoke XVIII- 1
5 akTuBH3anmy, T/ The XIX BB. / a strong seismic event in the block of the
period of the last activa- | XVIII-XIX centuries.
tion,
ton. XVII Bex / XVII century 0,5
¢ VII mo XIII Beka / from the VII to the XIII cen- 0,1
turies
6 Hanuuue creioB nasieo- | MakCUMaibHasl TUIONIAb PACIPOCTPAHEHHS CIIEI0B 1
CEWCMUYHOCTH, nmajgeoceicMuunocTr / maximum distribution area
SBxn’/ traces of paleoseismicity

Presence of traces of

. . oT 1/2 MakCHMMaJIbHOM TUTOIIAIH JIO MAKCUMAJIbHOM / 0,5
paleoseismicity, S in

from 1/2 of the maximum area to the maximum

km?
MmeHee 1/2 makcuManpHOM 1Tomanu / less than 1/2 0,3
of the maximum area
MOIITHOCTh CEWCMOAKTUBHOTO ciosi > A, / the 1
7 MommHocTb ceficmoak- | thickness of the seismically active layer > hmax
TUBHOTO CJ10s1, It B kM / 075h <h<h, 0.8
The power
of the seismoactive 0,50 A0 <h < 0.75 B,y 0,5
l hink
aver f i K 025h, <h<050h, 0,3
h <0.25 h,,,, 0,1
IIpu orcyterBum ouara / In the absence of a hearth 0
MaKcHMaJbHOE 3HaueHue / maximum value — 1,77 1
8 Celicmrieckasn aKTH- B mipeaenax ot 1,50 mo 1,77 / in the range from 1.50 0,9
HOCTb, A,/ t0 177
Seismic activity, Ay, o
-//-//- ot 1,00 10 1,49 / from 1.00 to 1.49 0,7
-//-//- ot 0,50 5o 0,99 / from 0.50 to 0.99 0,5
-//-1/- ot 0,30 10 0,49 / from 0.30 to 0.49 0,3
-//-//-  menee 0,30/ less than 0.30 0,1
TIpH OTCYTCTBUH WH(popManuu 1o 0moky / if there is 0

no information about the block

Bces nndopmanus CBOAUTCS B UTOTOBYIO TaOJHIL, I7le OTOOpa)XaeTcs MOTEHIMAIb-
HBIM YPOBEHBb T€OCEHCMUYECKON OMacHOCTH Kaxkoro BeiieneHHoro KOI'b (ceticmuue-
CKUI NOTEHLIMAJ) B YCIOBHBIX eAuHMIAX. [Ipy olileHke ypoBHS reoceiicMuyeckoil omnac-
HOCTH MPUHSTHI JOMYIICHUS:

1. TopuzoHTanbHBIE pa3Mepbl OIOKOB MPUMEPHO OMHAKOBEIE.



Geology and Geophysics of Russian South 14(1) 2024 ['eonorus u reogumanka fOra Poccim 55

2. Ilpu oneHke NPOTSKEHHOCTU JU3BIOHKTHUBHBIX 30H (YHAAMEHTa U OCaJ04YHOTO
yexJjia He YUUTHIBAIOTCS IPaHUIbl KBa3HOJAHOPOAHBIX OJI0KOB (MCKYCCTBEHHBIE I'PAHULIbI).
PaccmarpuBasi rpaHuIibl OJI0KOB Kak 00J1IaCTH NPOCTPAHCTBA U AU3BIOHKTUBHBIE CTPYKTY-
PBl, OTHOBPEMEHHO MPUHA/IIEKALNE ABYM CMEXHBIM OJIOKaM, MbI Cpa3y CTaJIKHUBaeMCs
C BOIPOCOM: I7i€ B 3TOI 00JIaCTH MPOCTPAHCTBA MPOBECTU JMHUIO, OT KOTOPOH ClemayeT
CUMTATh IPOTSHKEHHOCTH AU3bIOHKTUBHBIX 30H U pa3Mepsl 010ka? OT 3TOro B 3HAYUTEIb-
HOM Mepe 3aBUCAT PE3YNbTaThl NOCIEAYIOIMX PacueToB U X uHTepnperauuu. [loatomy
MIPUHUMAEM JIOTYIIEHUE HE YUYUTBIBATh UCKYCCTBEHHBIE IPAHUIIBI.

3. [IpuauMaeTcsi, 4To OJIOKH, Ha JAHHBI MOMEHT, U3Y4YEHBI IPUMEPHO C OJTMHAKOBOM
HOJIHOTOM.

[Ipu rpanyupoBKe reoceicMOIOTHYECKUX MMOKa3aTeyied B YCIOBHBIX €MHULIAX TTPU-
JIEPKUBAINCH CIEAYIOLIETO PEITIAMEHTA:!

1. Bo1bop MakcHManbHOTO 3HAYEHHUS MTOKA3ATENs MIPOU3BOIMIICS MOCTIE PacueTa Ul
BCEH MccleayeMoil TeppuTopHH (T.€. TOCKe pacyeTa MoKa3aTens Ui BCeX KBa3HOIHO-
POJHBIX F€OJUHAMHYECKHUX OJIOKOB).

2. Iokazaresnb «mMouHOCmMb 3eMHOU KOpbLy ONIPEACIISIICS MO KapTe MOIITHOCTH 3€MHOM
KOPBI UCCIIEAYEMOM TEPPUTOPUHU U C IPUBJICUEHUEM JAHHBIX IITYOMHHOI'O CEHCMUYECKOTO
3ouaupoBanus (I'C3) u uHTEpIpeTalluy rpaBUMETPUUYECKUX MaTepUasIoB MPHU UX HaJIU-
HUH.

3. [IpoTsiKEeHHOCTh TU3BIOHKTUBHBIX 30H (PyH/IaMEHTa U 0CaJ0YHOI0 YexJja U3Meps-
Jach Ha reoJIOrO-TeKTOHMUECKUX KapTax COOTBETCTBYIOIIEIO MacIiTada KypBUMETPOM.

4. Makcumanvnas ommeuennas (Habn0OenHas) macHumyoa OMPEACIsIach 1Mo pe-
3yapTaTaM aHajau3a o0Iero karajora semieTpsacenuid EnquHoii reogusndeckoit ¢y Obl
PAH (EI'C PAH) ¢ y4eToM CHJIbHBIX UCTOPMUYECKHX 3€MJIETPSICEHUI Ha HCClexyeMOoil
TEPPUTOPUH.

5. lns uenet onpeneneHus ypoBHS re0CeCMIUECKON OMacHOCTH OJIOKOB | OTpeie-
nenust 300 BO3 cospemennas u ucmopuueckas akmusnocms nMeeT HauOOJbIIEe 3HaUe-
HUE U yCJIIOBHBIN (yIeIbHBIN) BEC MO CPABHEHUIO C Yem8epmuuHol U Hogeuwel aKmueg-
HOCMbIO.

6. Ilepuoo nocneoneti akmuguzayuu ONPEAEISIICS M0 KaTaJIoTy HCTOPUUECKUX 3eMIle-
TPSICEHUI UCCIIENYEMON TEPPUTOPUU U UCTOPUUYECKOH JIeTonuCH. MaKkpocelcMu4eCcKue
JTaHHBIE O CWJIBHBIX 3€MJIETPSCEHMSX Ul KaBKAa3CKOro pernoHa umerorcs ¢ VII Beka Ha-
uieit apsl. B nouncrpymentansubiii nepuon (VII-XIX BB.) umerorcs cenenus o 18 3eM-
JETPSICeHUSAX, BECbMA CYIIECTBEHHO OTIIMYAIOLIUXCS 10 cBoel nHpopmaruBHoCTH [JIeB-
KOBUY U J1p., 1977]. HecoMHEHHO, JIHIITL TO, YTO O OMUCAHUSM OHU OTPAKAIOT TIOCTICICTBUS
CWIBHBIX U pa3pyLIMTEIIbHBIX 36MIIETPICEHUN.

7. llokazarenb «Hanuuue cnedo8 naneoceucMudHoCmuy OIPENeNsIcs Ha OCHO-
BE aHaju3a pe3ylbTaToB IMyOJMKAIMil MO HMCCIEI0BAHUIO CIIENOB IMajeocercMocoObl-
Tui. [Ipon3BOAUTCS HANOKEHUE MOCTPOEHHBIX KapT U CXEM PaCHpOCTPAHCHHS CJIEIOB
MajgeocecMoCcoOBITHI HccaenyeMoil Tepputopun Ha cxemy KOI'B ¢ mociemyromum
OTIpe/IeTICHUEeM WX TUIOIIATU PACIPOCTPAHCHUS IS Kaxaoro Oioka. MakcumallbHOM
IUIOUIAIM PACHpPOCTPAHEHHsI CIIEZOB Male0CEHCMOCOOBITUI MPUCBAUBACTCS yCIOBHAs
eauHuna — 1.
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UccnenoBarenn KaBkaza HEOIHOKPAaTHO OTMEYAIM MPU3HAKK JIPEBHUX 3€MJIETPSICEHUM
B peruone [ Tuxomupos u np., 1947; Munanosckuii, 1973; T'eonornueckast u3y4eHHOCTS .. .,
1989; I'eonorust u HePTEra30HOCHOCTS. .., 1959; I'aBpunos, 2017 u ap.].

Mmorue kaBkazckue reosiort, B Tom yncie Anapyco H.U., llarckuit H.C., 'epacumos
A.IL, Yenenckas H.YO., Boccaesuu H.b., bpon N.O., Mupsoes JI.A., [Tupdynaros B.M.,
[Hapadpytmuaos @.I, llapadpyrmuro B.®., Maromenos P.A. u mMHorue npyrue B CBO-
UX OTYEeTaX M PYKOMUCHBIX paboTax MPHUBOIAT MHOKECTBO PUMEPOB HAXOXKICHUS CIIE/IOB
nayieocericMuaHocTy B peruone. Hampumep, H.FO. Yenenckoii B cBoMX oT4eTax BIEPBBIC
OBLTH ONKCAHBI TTOJIBOIHO-OTIO3HEBBIE SIBIICHUS B (POPaMUHU(EPOBBIX OTIOKEHHUSIX, HA HO-
BBIX IUIOIMIASX B MUATIIMHCKOM CBHUTE (MAWKOIICKWMN BEK — BEpXHWH OiHroreH). OneHkon
IUIOIIA/ICH PacpOCTPaHEHUs! CIIEIOB Male0CEHCMUYHOCTH B Tpoliecce paboThl HaJl CBOU-
MU Juccepranusamu 3anumaics [Hapagyraunos B.®., koTopblil BiepBble COCTaBUI KapTy
pacnpOCTpaHEHUsI ONMUCTOCTPOMOBBIX TOJI M YCTAaHOBWJ OOIIME 3aKOHOMEPHOCTH pac-
NPOCTPAHEHUSI OJIMCTOCTPOMOB B MAaJICOL[EH-I0LIEHOBBIX OTIOKEHHUSIX U KIMHO(OPMHBIX
o0pa3oBaHMi MaiiKoma, KOTOpble 00pa3yloT cBOEOOpa3HbIE TOPU3OHTHI, POCIICKUBAIOIIHN-
ecst yepe3 BCro Tepputopuio perunona Ha 250-300 kM Broib npoctupanus U Ha 30-40 km
B HAlpaBJlIeHUM MajieHus cioeB. Creapl maneoceiicMUIecKuX CoObITUH (CeHCMUTBI) ycTa-
HOBJICHBI B ME3030MCKO-KalTHO30MCKUX MOPCKUX ocanouHbix Tommax CeepHoro Kas-
ka3a [['aBpunos, 2017]. B npenenax aHTUKIMHANBHBIX CTpyKTyp CnanueBoro [larecra-
Ha HAMM OTMEYEHO ILIMPOKOE MPOSBIECHHE MPHU3HAKOB MajeocecMUYHOCTH [Maromenos,
2017 u gp.].

8. Tlokazarenb «mowHOCMb CelcMOaKmMugHO20 C10sy OIpeNessuics Mo pacrpe-
JICJICHUIO THUIOIEHTPOB OIIYTUMBIX 3eMIIeTpsiceHui mo rmyOmHam. OHO JaeT cBene-
HUS O CEICMOAKTHUBHOM CJIO€ W €ro niyOuHe 3aneraHus. MonHOCTh CeiiCMOaKTHBHO-
ro clos B OJIOKE C OJMHOYHBIM M HAa OJMHAKOBOM ypPOBHE OuaramMH MPUHHUMAETCS Kak
S KM.

9. 3HaueHue cercMUYEeCKO aKTUBHOCTH A ;) 1151 UCCIIEyEMOU TEPPUTOPUN BBIUUCIISI-
70ch 10 u3BecTHOU (hopmyne [Pusnnyenko, 1979 u np.; Apednes u ap., 1980]:

Kmax

2107(1(*10) 'NK
_ STy ik 2)

© ST K, K, +1

10

IJie Y — HaKJIOH rpaduka NOBTOPSIEMOCTH; S, — €AMHUIIA HOPMUPOBAHUS 1O TUIOLIAAN
(Sp = 1000 xm?); T\, — enununa Bpemen (T, = 1 rox); S — mwioma s BEIOpaHHbIX; T — T1€-
pHoz HaOMIOACHUS 3eMIIETPSICEHUH.

Jliig onpeneneHus 3Ha4e€HUS! CeCMUUYECKOM aKTHBHOCTH KaXkJ10To OJI0Ka B YCIIOBHBIX
€IMHNLAX POU3BOIUTCS HAJIOKEHHUE MTOCTPOEHHON KapThl A ;) HCCIELyeMON TEPPUTO-
puu Ha cxemy KOI'b ¢ nocnenyromum onpezeneHneM 3Ha9eHNs YCIOBHOTO NToKa3aTes
Ui Kaxaoro Onoka. Onpernensercss MakCUMaJbHOE €€ 3HaueHHe, KOTOpOMY NpHCBanBa-
etrcst — 1. Mex 1ty MakCHMaIbHBIM U MUHUMAJIbHBIM 3HAYSHUSIMHU TTPOU3BOIUTCS JpOoOHOE
neneHue (B TabnuIe MpuBeIeH NpUMep JpOoOHOTO AeTIeHNUs).

Bcest nHbOpMAaIisi CBOIUTCSI B UTOTOBYIO TaONUILy 2, T 0TOOpakaeTcsi OTSHITNAIb-
HBIIl YPOBEHb I€0CEHCMUYECKON OnmacHOCTH Kaxkaoro BbiieneHHoro KOI'b B ycnoBHBIX
eIMHUIaX.
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Pe3yAbTaTbl 1 OBCYXKAEHNE

Ha ocHoBaHMM pe3ysbTaTOB MPOBEACHHBIX UCCIIEI0BAaHUN COCTABIEHA CXeéMa IOTEH-
[IMAJILHOTO YPOBHSI T€0CEHCMHYECKOM OMTacCHOCTH (pHUC. 2), KOTOpasi MO3BOJISET UIICHTU(DH-
LUpOBaTh aKTUBHbIE, HA COBPEMEHHOM 3Talle I€0JI0IMYECKOI0 Pa3BUTUS PETrHMOHA, CEHc-
MOTEHEPHUPYIOIIUE CTPYKTYPbI U J1aTh JI€TaJIbHYI0 KapTUHY pacnpenenenus 30H BO3, T.e.
BBIJICJIUTH (BBISIBUTH) TIOTEHIIMAIBHBIE CEHCMOOIIAacHbIE 30HbI (OJI0KH), T/Ie BEICOKA BEPO-
SITHOCTb CBEPIIEHUS CHJIBHBIX 3€MJIETPSICEHUI B UCTOPUUYECKOM NEPCIIEKTUBE HA UCCIIe-
ZlyeMOH TEPPUTOPUH.

Yenosuele 0003Hauenus / legend

B R N+ [ 20

2T [s3%]7 [ww -8 [ge® ] [~]-10

Puc. 2. Cxema OYEHKU nomeHyuata 2e0celcMULecKoll ONacHOCmu Cesepo-60CNOUHO2C0 ceemernma
Bocmounoeo Kaexasza /

Fig. 2. A scheme for assessing the potential of geoseismic hazard in the northeastern segment
of the Eastern Caucasus

1 — 6nok, umerowull MaKCUMAaIbHOe 3HaYeHue NOMEHYUANA 2e0CeUCMULECKOoll ONACHOCMU,

2 — 30Hbl 0HCUOAHUA BOZMOICHBIX 0UA208 CUNLHBIX 3eMIEMPACEHULl 8 UCTNOPUYECKOU NePCNeKmuse;

3 — broku, umerowue kpumuyeckuti (npesviwiaiowuil 50 % bapwvep) yposenv nomenyuaia
2eocelicmuieckoll onachocmu; 4 — npouue O10Ku, uMerowue NOMEHYUAL 2e0CeUCMU4eckoll ONacHoCmu
HUDICEe KPUMUUECKo20; 5 — enyOunHble pasiomsl (a4 — 00cmogepHule, O — npeononazaemvie); 6 — paziomvl
0cadouroeo yexaa (a — docmosephvie, 6 — npeononazaemvie), 7 — Aepaxaro-Tounuccko-Jlesanmutickas

J1e80co8uUe08as 301a 1-20 nopsoka.
Ocmanvhvie oboznavenus npusedensvl Ha pucynre 1/

1 — a block having the maximum value of the potential of geoseismic danger,; 2 — waiting zones
for possible foci of strong earthquakes in the historical perspective; 3 — blocks having a critical
(exceeding 50% barrier) level of potential geoseismic danger; 4 — other blocks having a potential

geoseismic danger below critical; 5 — deep faults (a — reliable, b — assumed); 6 — faults of the sedimentary
cover (a — reliable, b — assumed); 7 — Agrakhan-Tbilisi-Levantine left-thrust zone of the 1st order.
The remaining designations are shown in Figure 1
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Pe3ynbprarhl OLEHKH MOKa3bIBAOT, YTO MAaKCHMaJbHOE 3HAYEHHE YPOBHS IOTEHIIMA-
Jla Te0CeUCMUYECKON OMACHOCTH B YCJIOBHBIX enuHunax (5,1) umeer 610k Jg; (puc. 2),
MIPUYPOUYCHHBIN K 30HE MepecedeHns: CyOKaBKa3CKMX ITIYOMHHBIX Pa3jioMOB C OAHHUM M3
IJIABHBIX KAaBKA3CKUX CTPYKTYPHBIX JIeMEHTOB — ArpaxaHo-TOwminccko-JIeBanTuiickoit
JIEBOCJIBUIOBOM 30HOM 1-ro nmopsinka. K 310 ke 30He IPUMBIKAET U TUAarOHaJIbLHO OPUEH-
TUPOBaHHBIN AHAUICKO-Cylakckuil pa3ioM, KOTopbii oTaenseT CylakCKUi BBICTYI OT
Kanuyraiickoro rpadena. [Tomrumo oTMeueHHOro 6J0Ka ¢ BBICOKMM YPOBHEM MOTEHIIMAA
reoceiicMMYeCKOl ONTaCHOCTH BBIJIECISAIOTCS OJI0KHU, BXOJSILUE B cospemennyio J{acecman-
ckyto 30y BO3, BBIICTIEHHYIO TP OLICHKE F'€OIMHAMUYECKOTO U CEHCMOTEKTOHMYECKOTO
noreHuuanos [Maromenos u np., 2017], a taxxe, npurpanuuHas ¢ YeueHckol pecimy-
OJMKOM 30Ha, KOHTpOIUpyeMasi INTyOMHHBIMUM CyOKaBKa3CKUMU paznomamu. [locnennss
TAK)KE€ BXOAUT B 30HY BIMSHUSA OTMEUEHHOTO INIABHOTO CTPYKTYpHOTO 3nemeHTa KaBkasa.
Bce BblenieHHBIE 30HBI OTMEUEHBI BBICOKOM COBPEMEHHOW M MCTOPUYECKOW CelcMHUYe-
CKOH aKTUBHOCTBIO.

VYpoBeHb reoceiicMMUYECKOM OAaCHOCTH (CelcMUYeCcKOro NoTeHIMaia) O10ka sBiaseT-
Cs1 BEJIMYMHOM HETIOCTOSHHOM, MIOCKOJIBKY €TI0 MOKa3aTeIu MEHSIOTCS B UCTOPUYECKON U
re0JIOrMYECKOM MEPCIIEKTHUBE.

BbiBOADI

B pesynbprare npoBeIeHHBIX UCCIEN0BAHUN YAAIOCH 3aKapTUPOBATh B YCIIOBHBIX €/11-
HULAX TOTEHIUAJIbHBIN YPOBEHb I'€0CEHCMUYECKON ONIACHOCTH (CEHCMUYECKOTO MTOTEH-
[yaJa) uCcciaeIyeMol TEpPUTOPUH, U MPUOIU3NUTHCS K COCTABICHUIO Oosee AeTaabHOM
kapThl 30H BO3.

YcTaHOBJIEHO, YTO 00JIACTH ¢ MAKCUMAJIbHBIMU 3HAYCHUSIMU TTOTEHIHAIIA T€0CEeHCMU-
YECKOM ONIaCHOCTH IMTPOCTPAHCTBEHHO COBIAJAIOT C 30HAMU BO3MOXKHBIX O4aroB CUIIbHBIX
3eMJIETPACEHUH, UMEIOIIMMU UCTOPUYECKYIO aKTUBHOCTD, U IIPUYPOUYEHBI K 30HE IIepece-
YEeHHUsI CyOKaBKa3CKUX ITYOMHHBIX Pa3JIOMOB C IJIAaBHBIM KaBKAa3CKUM CTPYKTYPHBIM 3Jie-
MEHTOM — Arpaxano-Tounmccko-JIeBaHTHIICKO JIEBOCABUIOBOM 30HOH 1-T0 mopsika.

[TpoBeneHHBIC MCCIIEAOBAHUS TIO3BOJIAT CENaTh OOOCHOBAHHBIN BEIOOP OOBEKTOB U
MeTO10B A (PEKTUBHBIX YIPABISAIOMINX BO3ICHCTBHI HA T€OJOTMYECKUE CUCTEMBI C Iie-
JIb}0O MUHUMM3UPOBATh HEraTUBHBIC MTOCIIEACTBUSA OT BO3ACUCTBUS IOTCHIIMAJIBHBIX KaTa-
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Pe3tome: AKTyanbHOCTb PaboTbl ONPeAeNseTcs Ha3peBLLei He06X0AUMOCTbH0 Pa3paboTKN MPUHLMNUANBHO
HOBOI CECMOTEKTOHUYECKO Mofenn bonbLioro KaBkasa, B COAepXaHue KoTopoi, NOMUMO NPOCTPAHCTBEHHbIX
napameTpoB U CEiCMMYECKOro MnoTeHUMana 30H BO3MOXHbIX 04aroB 3eMETPSACEHWIA, AOMKHbI BOWATK
MOBTOPSEMOCTb 3eMNeTpAceHUin ¢ MMaKC 1 KWHeMaTiKa npOrHo3HbIX CMELLEHUA B 04are Ha 0CHOBE MPSMbIX
JaHHbIX. Llenb pa6oTbl 3akn04aeTcs B NOMYYEHUM 03BYYEHHbIX MapameTpoB A/ 04aroBOW 30HbI B HXKHOM
nogHoxuu Ckanuctoro xpe6ta. MeTofabl uccnefoBaHus: reopafapHoe NpounupoBaHne, MeToabl naneo-,
apxeo- U MCTOPUYECKOM CECMONOrni, COPUEHTUPOBAHHbIE HA MOJSyYeHUE KOHKPETHLIX NapameTpoB 04aros
naneo- 1 WUCTOPUYECKMX 3EMNETPACEHMA. ITW METOofbl MO3BONSAOT MOAOWTU K Mpo6neme PeKOHCTPYKLUK
JONITOBPEMEHHOI0 CEMCMINYECKOr0 PeXXMMa Ha OCHOBE MPSAMbIX JaHHbIX 0 BO3pACcTe U MacluTabax nposBneHns
KOHKPETHbIX CEACMUYECKMX COObITUI 32 NPeACTaBUTENbHbIA UHTEPBaN BpeMeHW. Pe3ynbTatbl paboTtbl. B pyu-
Hax 3a6POLUEHHOro ceneHns AloHara 06HapYXXeHbl Credbl MOMHOO PaspyLUeHns, UMetoLLMe YeTKne Npu3Haku
CUMbHbIX CEICMNYECKMX BO3AEICTBUIA C UHTEHCUBHOCTbIO 9-10 6annoB. O6HapYyXeHbl NEPBUYHbIE CEACMOTEK-
TOHUYECKNE Pa3pbiBbl, KOTOPbIE 06PA3YHOT 3aKOHOMEPHbIN NPABOCABUIOBbIA CTPYKTYPHbIA aHCaM6/1b U ABAXAbI
cmeLuanm fpesHtoto gopory Ha 0.9-1.1 m (npegnocnesHee cobbitue) u 0.6-0.8 m (nocnefHee cobbiTne). 1o aTux
[BYX NOCNEAHNX NOABWXEK CMELLEHMS B FONIOLEHE NPOMCXOAUAN HEOAHOKPATHO W NPUBENN K NPaBOMY CABUTY
1-01 HAANOMMEHHON Teppackl A0NUHbI P. ®nargoH Ha 8—11 m. Imetolmecs aaHHbIe NO3BONAKOT Nofiaratb, 4To
3a nocnegHue 600-700 neT Npon30LWN0 ABa CUNbHbIX 3eMneTpsceHns ¢ M>6.8, M>6.6 1 nonoxeHuem oyara
B NOAHOXMN CKanuctoro xpe6Ta. B ony6nnKoBaHHbIX MCTOYHIKAX U MaTepuanax U3 LeHTpanbHbIX apxMBOB CO-
Jepxxarca cBefieHUs 0 CUNbHOM 3emneTpsaceHun 23 despans 1785 r. Quar 3emneTpsceHus pacnonarancs B
ropax bonswioro Kaekasa, k tory ot Mo3goka, rae 6bi1m 3aMKCUpOBaHbl MaKCUMaNbHbIe MaKPOCENCMUYECKINE
apdexTbl — 7-8 6annos. MpeanonoXunTesibHo, JaHHbIA 04ar 1 6bi1 U3y4eH B 0CETUHCKOM ceneHnn AuoHara. Mc-
CNefoBaHNs B COCEAHUX KOTNOBMHAX CeBepo-topcKOi BHYTPUIOPHOM BNAAMHbI 1 NPUBNIEYeHMEe 60J1ee LWMPOKOro
Kpyra UCTOPUHECKNX UCTOYHINKOB, BMOJHE BEPOATHO, YTOYHAT NapaMeTpbl NOCNELHEro 3eMIeTPACEHUS.

Kniouesbie cnoBa: bonbuwoin Kaekas, GesepHas OceTusi, OLEHKA CEACMMWYECKOi ONacHOCTM, aKTUBHbIE
pa3noMbl, NaneocencMonorus, apxeoceiicMonorus, NCTopuyeckas CeincmMonorns.
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Summary: The relevance of the paper is determined by the urgent need to develop a fundamentally new
seismotectonic model of the Greater Caucasus. Its content in addition to the spatial parameters and seismic
potential of zones of possible earthquake sources, should include the recurrence of earthquakes with Mmax and
the kinematics of predicted displacements in the source based on direct data. The aim of the work is to obtain
parameters for the source zone at the southern foot of the Skalisty Range. Research methods: georadar profiling,
methods of paleo-, archeo- and historical seismology, focused on obtaining specific parameters of the sources of
paleo- and historical earthquakes. These methods make it possible to approach the problem of reconstructing a
long-term seismic regime based on direct data on the age and scale of occurrence of specific seismic events over
a representative time interval. Results. In the ruins of the site Atsonaga, the effects of complete seismic destruc-
tion were found; intensity — IX-X. Primary seismotectonic ruptures were discovered, which form a regular right-
lateral strike-slip structural pattern and twice displaced the ancient road by 0.9—-1.1 m (the penultimate event) and
0.6-0.8 m (the last event). Before these last two events, displacements occurred repeatedly in the Holocene and
led to a dextral displacement of the 1st terrace of the Fiagdon river at 8—11 m. Available data suggest that over the
past 600-700 years there have been two strong earthquakes with M>6.8, M>6.6 and the location of the source at
the foot of the Skalisty Range. Published sources and materials from central archives contain information about
a strong earthquake on February 23, 1785. The source of the earthquake was located in the Greater Caucasus
Mountains, south of Mozdok, where the maximum macroseismic effects were VII-VIII were recorded. Possibly,
this seismic source was studied in the Ossetian ancient village Atsonaga. Research in the neighboring basins of
the North Jurassic intramountain basin and the use of a wider range of historical sources will likely clarify the
parameters of the last earthquake.
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BeseapeHre

JU1 1OATOCPOYHOrO CEHCMUYECKOT0 MMPOTHO3a MPUHIUIINAIBHO BaKEH BOIPOC O TI0-
BTOPSIEMOCTH CWJIBHBIX 3€MJIETPACEHUH M HAJEKHOCTU PETHMOHAIBHON CEMCMOTEKTOHU-
4eCKOM MOJIeIH, MTOCKOIbKY (POPMUPOBAHUE CEHCMUYECKHUX 04aroB BCeria 00yCIOBIEHO
KOHKPETHBIMHM TEKTOHUYECKUMU ycloBUsAMU. Onpeensroniee 3HaYeHUe UMEET MOJIHOTa
KaTaJIOroB 3€MJIETPSACEHUI 3a IIPEICTAaBUTEIIbHBIN HHTEPBAJl BPEMEHHU.

CelicMOTEKTOHNYECKHUE UCCIIEOBAHNS JIJIsl TOCTPOEHUs KapThl 30H BO3 (BO3MOXHBIX
ouaroB 3emiieTpsiceHuil) Ha bonbiom Kaskaze, Bkiatouas CeBepHyro OceTnro, IpoBOIAT-
cs naBHO. IlepBble Takue uccaenoBanus ObUTH BBINOIHEHHI yxke B 1930-x rr. JI.A. Bap-
nansaiem [1935] B macmrabe Becero KaBkasa. CnenpansHo aiis Tepputopun CeBepHOit
Ocerun nocnenHss kapta 30H BO3 6bu1a cocraBiena Bo Bropoi nonosuHe 2000-x rT.
[Poroxun, 2009; 3aanumBunu, Poroxun, 2010]. IIpoTsxkeHHbIe CUCTEMBI JINHEAMEHTOB
IpU 3TOM UACHTU(GHUIMPOBAIHNCH C U3BECTHBIMH PAa3IOMaMH, a 3TU Pa3ioMbl ObUIM KBa-
A(UIIPOBaHBI B KAYECTBE AKTUBHBIX HAa COBpeMeHHOM 3Tarne. CelicMuyecKuii MoTeHIu-
an (Mmakc) s BeiensieMbix 30H BO3 orieHuBascs 1o pesyibraraM BHEPETHOHAIBHOTO
celicMoTekToHM4eckoro Mmerona Juisi KaBkasza B uenom [Poroxxun u ap., 2001].

Ceityac CTAaHOBHUTCS OYEBHIHBIM, YTO C T€X MOP ObUIN MOJTyuYeHbl HOBBIE Pa3HOOOpa3-
HbIE PE3yJbTaThl U pa3paboTaHbl METOAUYECKUE TTOIXO/Ibl, KOTOPbIE MO3BOJISIOT MPUCTY-
OUTh K CO3JAAHMIO NMPHUHLIUIHNAIBHO HOBOW CEHCMOTEKTOHMYECKON Moaenu bosbioro
KaBkaza. HoBu3Ha 3akirouaeTcsi B COIEP)KaHUN MOJIEIH, KOTOpasi, IOMUMO MPOCTPAH-
CTBEHHBIX MapaMeTpoB U ceficMuyeckoro norennuana 300 BO3 (MwMakc), gomkHa co-
JIEpKaTh TIOBTOPSEMOCTD 3eMJIETPSICEHUM ¢ MMaKkC U KHHEMATUKYy ITPOTHO3HBIX CMEIlle-
HUH B o4are Ha OCHOBE MPSMBIX JaHHBIX. [0 MpAMBIMU TaHHBIMH 00 OuYarax CHUJIbHBIX
3eMJIETPSICEHUI TOHUMAIOTCS TapaMeTphbl CEICMOTEKTOHUYECKOTO pa3pbiBa B O4are, oc-
HOBaHHBIC Ha TOJIEBBIX 3aMepax M JaHHbIE O celicMudecKuXx sdeKTax Mo Bcel CoBO-
KyITHOCTH UCTOYHUKOB MH(OpMAIMH, TPH KOHKPETHOM JaTUPOBAaHHOM COOBITHH. CTaThs
MOCBSIIIEHA [IEPBBIM pE3yJbTaTaM UCCIIEJOBAHUM B 3TOM HAllpaBIeHUU Ha npumepe Ou-
argoHCcKol komioBHHEI B CeBepHoi OceTuu.

MeTtoabl UCCAEAOBOHUN

CormacHO COBPEMEHHBIM CEHCMOJIOTMYECKUM IPEICTaBIEHUSIM U HOPMaTUBHBIM JI0KY-
MEHTaM CTPOUTEIILHOM OTPaCii, CEMCMUYECKas ONAaCHOCTh ONPENENIAETCS BEPOSTHOCTBIO
JOCTHKEHHSI HEKOTOPOTO YPOBHSI CEHCMUYECKUX BO3JCHCTBUIA HA JAHHON TEPPUTOPUU B
TEYEHUE 3aJ]aHHOTO TepHoja NMOBTOpsieMOCTU. B cooTBercTBHU ¢ MeTononorueii Oomiero
cericMuueckoro paiionupoBanus Poccuiickont deaepanuu Mpu OLEHKE BEPOSATHOCTH 3€M-
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JIETPSICEHNI UCTIONB3YIOTCSI IEpUoAbI oBropsieMocTH corpscenuii B 500, 1000 u 5000 ner.
[Ipu 3TOM, OYEBHIHO, YTO MEPUOJ WHCTPYMEHTAJBHBIX CEHCMOJIOINYeCKUX HaOMIOIeHUI
(50-100 mer) HemocTaTodeH Jyisi OOECIICUCHHS KAaTaJIOTrOB 3E€MIICTPSCEHUH JTaHHBIMHU O
CHJIBHEMIIINX CEHCMUUYECKUX COOBITHUSX 32 TAKME OIPOMHbBIE TPOMEKYTKU BpeMeHH. B aTnx
YCIIOBUSIX Ha IIEPBYIO POJIb BBIXOAAT METO/IbI [1AJIE0-, APXEO0- U HICTOPUYECKON CEHCMOIOTHH.

B HacTos1ee BpeMs naneoceicMoorus npeacTapisieT co0oi KpyrnHoe HayqyHOe Ha-
npaBjieHue ¢ IyOOKo MpopaboTaHHBIMU METOAMYECKUMU nprueMamu [ ConoHeHko, 1973;
McCalpin, 2009]. Mcnionp3oBaHue reoMopQOIOrHYecKuX METO0B B TAKHX HMCCIIE0Ba-
HUSIX TIPUBENIO K pa3paboTke BechbMa IPPEKTUBHOTO METOIUYECKOTO MOAX0/Na — CTPYK-
TypHO-reomopgoniornyeckoro ananusza [@nopencos, 1978; Burbank, Anderson, 2012].
VYcnoBus BOSHUKHOBEHMSI CUIIBHBIX 3€MJIETPSICEHUI HAITU KOJIMUECTBEHHOE BhIPAXKEHUE
B BHJI€ KOHKPETHBIX MOP(OJIOTHUECKUX MTapaMeTPOB CEHCMOTEKTOHUYECKHUX Pa3pbIBOB —
JUIMHBI, BEJTMYMHBI cMelleHui u ux HanpasieHHoctu [Wells, Coppersmith, 1994; Ctpowm,
Huxkonos, 1997 u np.], KOTOpBIE MOXHO 3aMEPHUTH 1O AePOPMAIIUSAM MOJIOABIX OTIOXKE-
HU, popM penbeda 1 MaMATHUKOB apXEOJIOTHH, a C UCIIOIB30BAHUEM METOIOB a0COIIOT-
HOTO JJaTHUPOBAHUS, apXEOJIOIMH U UCTOPUUYECKONU CEHCMOJIOTMN — OLEHUTh UX BO3PACT.
1o oTHOLIEHMIO K CEMICMUYECKOMY Ouary Takue HapyllIeHUs SBISIOTCS nepBUYHbIMU. He
MEHee BaXKHbI HCCIIEIOBAaHUS BTOPHUYHBIX 3(P(PEKTOB 3emiieTpsiceHu, BbI3BaHHBIX COO-
CTBEHHO CEHCMHUYECKUMHU COTPACEHUAMH. Bce 3TH naHHbIE MO3BOJISIOT NOIYy4YaTh KOH-
KpEeTHBIE ITapaMeTphl 0YaroB Nale03eMIIETPICEHUN.

Pa3pes MonopIx OTIOKEHNH Ha y9acTKaX TEKTOHUYECKUX Aedopmanuii GopM perbe-
(a u3yyeH METOI0OM reopaJapHOro Mpo(UIMpOBaHMs, F€OpagapoM MOBBIILIEHHONW MOIII-
Hoctu «JIO3A-By» [Berkut et al., 2017], koTopblii MPpUMEHSIICS JIs PEIICHUS Pa3TMYHbIX
3aja4. AMIUIMTY/a 30HIMPYIOLIETO MMITylbca cOCTaBiseT 5 KB, a mmupuHa ummynasca
7—-10 HC. AHTeHHa ¢ neHTpanbHOI yacTtoTol 50 MI'11 cnocoOHa obecneunBars ITyOUHY
30HAMpoBaHus mopsika 20-25 M npu paspematomieii cnocoonoctu ~ 0.5 M. O6padboTka
reopaIapHbIX TaHHBIX BKJIIOYala B ce0s moadop koddduimenTa ycuieHus cCurHana, mpu-
MEHEHHUE TOJI0COBOM (DUIIBTpalliy CUTHAIA U (PYHKIIUN YCPEIHEHHs, a TAaKKe 0TOOpaxke-
HUE Pe3yJbTaToB B BUJE (DyHKIMU aMIUTUTY/Ibl WJIM IIPOU3BOIHON BOJIHOBOM (POPMBI IIpU-
HATOro curHana. J{is mpeoOpa3oBaHus reopaJapHbIX pa3pe3oB U3 BPEMEHHOIo MacuiTada
B MacIuTal MTyOMH 1 OLIEHKU ITyOHHBI 3aJIeraHusl OT/IENIbHBIX JIEMEHTOB pa3pesa, mprume-
HEHa yCpeIHEHHAsl CKOPOCTh PACIPOCTPAHEHUs HJIEKTpOMarHuTHOM BosiHbI V = 0.12 M/Hc,
KOTOpasi MOJy4eHa METOA0OM OOIIel ITyOMHHON TOUKHM, a TaKKe B pEe3yNbTaTe aHajH3a
reopajapHbIX Mpoduse, oTpaxeHni 30HAUPYIOLIET0 UMITYJIECA OT JIOKAJIbHBIX 00BEKTOB.

Brimonaennas a3podoTocheMKa Mo3BOJINIIA TOCTPOUTH TU(POBYIO MOAENH penbeda,
KOTOpasl UCTIOJIb30BaHa AJIsl ONpeAeaeHus MOpHOIOrUY U BEIUUUH MOJIOABIX TEKTOHUYE-
ckux aedopmanuii B penabede, a Takxke MOCTPOSHHs TeopaapHbIX npoduiei ¢ yuerom
penbeda MECTHOCTH.

B nensx natupoBaHMs M MapaMeTpHU3alMM CEMCMMUYECKHX COOBITMH B MOCIEIHUE
20-30 et GbICTPO U MIOAOTBOPHO Pa3BUBAIOTCS METOABI apxeocericMonioruu [Nikonov,
1988; Stiros, Jones, 1996; Korzhenkov, Mazor, 1999 u ap.]. Uzy4gaemsbie pu 3Tom aedop-
Mallii, 110 CBOEH MPHUPOJIe TAKXKE PA3AEINIAIOTCS Ha MIEpBUYHBIE (CEHCMOTEKTOHUYECKHUE)
Y BTOpHYHBIE (celicMUUYeCcKU HaBeieHHbIe). Hanbomnee nokasarenbHbl CEHCMOTEKTOHUYE-
cKkue aeopMalium, u3y4eHHbIe B ociennue rojasl 1 Ha bonbimom Kaskasze [['mbipst u ap.,
2019; OBcrouenko u ap., 2020], mpu KOTOPBIX O4aru CUIbHBIX 3eMJIETPSICEHUN TOCTUTA-
10T MIOBEPXHOCTH, Pa3phIBAIOT U CMELIAIOT CTPOUTEIbHBIE KOHCTPYKIIUU UIIH KYJIbTYPHbIE
ciou. PacriozHaBaHue celiCMUYECKH HaBECHHbIX MOBPEKACHNUN apXUTEKTYPHBIX MaMsT-
HHUKOB Hanbosee 10CTOBEPHO NPH BBISBICHUU CUCTEMAaTHUECKU HAIIPABICHHBIX 00py1Ie-
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HU, HAKJIOHOB, N3rMOO0B, BPALICHUH U BBIBM)KEHUH CTPOMTEIbHBIX J1€MEHTOB. Takue
nedopMaum, XapakTepHbIe JJIs CTEH OINpPEeNICHHBIX MPOCTUPAHUHN, IPEACTABISIOT CO-
00l KHHEMaTUYEeCKUE WHAUKATOPHI JUIS ONPEICIICHUS MOJOKEHUSI OTHOCUTENFHO ovara
3eMJIETPSICEHMSI.

MeToabl HICTOPUYECKON CEMCMOJIOTUH Jal0T HE3aBUCUMBbIE JJAHHBIE O pAaCpeIeICHUI
U MHTEHCUBHOCTH 3(P(EKTOB 3eMIIETPSICEHUH, YaCTO C TOUHOW JaTUPOBKOW celcMmuue-
ckux coObiTuit [TareBocsH, 2013 u ap.]. OHu HampaBiaeHbI Ha OJYyYSHHUE U TapaMeTpH-
3alMI0 UCTOPUYECKUX CBEACHUH 00 A(deKTax 3eMIECTPSICEeHUN U3 MEePUOTUYECKUX U3-
JTaHWI, apXUBOB, PAIIOPTOB, THEBHUKOB, JIETOIUCEN, ONUCAHUN MYTEIIECTBUM, HAYYHBIX
TPaKTaToB U T.JI.

OTH METOABI MO3BOJISIOT MOJOUTH K MPOOIEMaM PEKOHCTPYKIMH JO0JITOBPEMEHHOTO
CeICMUYECKOro pexxuMa U pa3padOTKU CeHCMOTEKTOHMUYECKONH MO/ Ha OCHOBE Ipsi-
MBIX JaHHBIX O BO3pacTe M MacuTadax MpOsBICHUS KOHKPETHBIX CEHCMUYECKUX COObI-
TUU 32 NPEJCTAaBUTEIbHBIN UHTEPBAJI BPEMEHH.

Pe3yAbTATbl MICCAEAOBOHUM

@duarnoHcKas KOTJIOBHHA PACIIONIOKEHA B IIpeJienax CyOIIMpPOTHON LEMOUYKH JPYyTUX
MOIOOHBIX KOTJIOBHH, OOBEIMHSIONINXCS B MPOTSHKCHHYIO BHYTPUTOPHYIO BIAJAUHY, 110-
JYUYMBIIYIO CPeIX TeosoroB Ha3BaHue CeBepo-ropcKas Jenpeccus. JTa BIaJAUHA UMEET
SPKO BBIPAKEHHYIO CEBEPHYIO I'PaHUIly ¢ MOHOKIIMHAIBIO CeBEepHOro Kpblia, IpeICTaB-
JICHHYIO TPaHHO03HBIM 00pbIBOM CKaaucToro xpedra, B KOTOPOM OOHaKEHBI O3 THEIOp-
CKO-MEJIOBBIE MACCHBHBIE U3BECTHSIKHU U JOJIOMUTHI. BI0Ih TOAHOXKHS OOpbIBA CTUIOIIHOM
MI0JIOCON MPOTATUBAETCS MOLIHBIN HIIEH{( KOJTFOBHUATIBHO-IIPOIIOBUAIBHO-OIIOJI3HEBBIX
HAKOIJICHHH, MOBCEMECTHO CKPBIBAIOIINX 30HY paszsioma Ckanucroro xpedta. 1o pasno-
My kapOoHaTHbIe TonmK CKaaucToro xpedTa B30poIIeHbl HIIM HAIBUHYTHI C aMILTUTYI0M
710 6.5 KM Ha [1eCYaHO-INIMHUCTBIE TOJIIIH CPEAHEN — HMXKHEH FOpbl, a Koe-Te — MarMaro-
TeHHO-MeTaMOppUIeCcKue 00pa3oBaHus KpUcTaIndeckoro gpynmaamenta [OnbXOBCKUM,
Tubumos, 1998].

Xapakrep TOJIOICHOBBIX TEKTOHUYECKUX Je(OpMaliii OTpaXkaeT MOJOKEHUE O3/~
HETJICHCTOLIEHOBBIX JICTHUKOBBIX 0OpazoBanuii. [1o monmunam pex ®uarnon, ['mzenpaon
u ['eHanoH y mogHokust CKaaucToro xpeOTa Mmo3HEeNIeHCTOIEHOBBIE MOPEHBI ClIararoT
JTHUIIIA TPOTOB U MOTPEOEHBI TONIIAMU aJUTFOBHAIBHBIX OCAJKOB MOIIHOCTBIO B IECSITKU
— COTHU METPOB, UTO CBHUJIETEIBCTBYET 00 OTHOCUTEIHHOM OITyCKaHUH BIAJIUHBI B TOJI0-
ueHe [[lucemennsiit u ap., 2006]. B oceBoit yacTu BajiuHbl TPACCUPYETCS 30HA PETHO-
HanbHOro Ilyiickoro pasnoma, npeacrasieHHoro Ha teppuropun CesepHoit OceTuu He-
ckonmpkumu cermeHTamu (Hy3ansckuii, [[3yapukayckuii, Jlannarkay-JlapraBckuii u mip.).

CeBepo-topckasi JIerpeccus TPeCcTaBisieT coboi oOpameHHyr0 MOphOCTPYKTYPY.
TekroHMUECKOEe CTPOEHUE ICTIPECCUH MOAYEPKUBACTCS CUCTEMOM TpabeHOB, N3yUYEHHBIX
B fonuHax pek ApaoH u ®@uarnos [lleBuenko, 1985], Han0KEHHBIX HA CEPUIO KPYITHBIX
AQHTUKIMHAJIBHBIX CKJIAJIOK B IOPCKHUX OoTIoKeHUsAX [OnbxoBckuid, Tubunos, 1998]. I'pa-
OCHBI CEKyT paHHEAJBITMICKHAE CKIAJIKNA B IOPCKUX OTIOKEHHUIX U UMEIOT (hOpMy CXOIsi-
IIMXCSl BHU3 KIMHbEB IIUPUHON B HECKOJIBKO KHMJIOMETPOB, YTO, BEPOSITHEE BCETO, O0Y-
CJIOBJICHO CABHUTOBBIM MOJIEM Je(pOpMaIIHii.

Mosozaple celicMOreHHbIe HapylIeHHUs] paHee ObLTN BBISBJICHBI [0 MaTepraiaM a’spo-
(hoTocheMKH U a3pOBU3YATbHBIX HAOMIOACHU B I0MHE p. ApIOH, oA Ha3BaHueM Ca-
JIOHO- YHAIIbCKOWM CHUCTEMBbI CEHCMOPa3phIBOB CYOIIMPOTHON OPUEHTUPOBKH, YBS3aHHOMN
¢ Hyzansckum (Ilyiickum) paznomom [Hukutun u ap., 1993]. [Tozxke cucrema ceiicMo-
TEKTOHUYECKHUX Pa3pbIBOB JIETAIBHO U3y4allach B OCHOBHOM B KapMaJOHCKOI KOTJIOBUHE
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[Poroxun u np., 2014]. OHa npeacraBiieHa CUCTEMOM OTKPBITBIX TPEIIMH PACTKECHMUS,
BBIPAQ)KEHHBIX B penbede TMHEHHBIMU JIOKOMHAMU, U COTPSDKEHHBIX ¢ HUMH CTPYKTYD
ckarus — BaJIoB ckaTusl. CucreMa pa3pblBOB YKIIAJbIBAETCS B IPABOCABUIOBBIN CTPYK-
TYpHbII aHcaMOib. KpoMe nepBUYHBIX HapyIlIEHHH, B KaueCTBE BTOPUYHBIX CEHCMOIeH-
HBIX 00pa30BaHuil ObUIM KBATM(DULIMPOBAHBI 00BAJIBI, ONIOI3HH, KAMEHHBIE JIABUHBI U 00-
pasyeMble MMH MTOAIIPYAHBIE 03€PA B JOJIMHAX PEK.

Apxeo- u naneoceticmonozuyeckue uccie0o8aHus

Crnenpl CUITBHBIX CEMCMUYECKUX TTOBPEKIeHN B DUArIOHCKON KOTIIOBUHE OBLIN HC-
cnenosansbl B ¢. JI3usruc [Kopskenkos u np., 2023], Hamnarkay, [{ptmerra (Uimmes u ap.,
B neyatu; Kop>keHKOB u Jip., B ieyatn), ['ynu u Aronara (puc. 1).
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Puc. 1. Ocnosnvie Mop@ocmpykmypbol u NOI0ACEHUE U3YUEHHO20 PALIOHA (8blOENEH KBAOPAMOM).

1 — usyuennvie OpesHie Nocenenust co CrLedami 3eMiempaceHuil; 2 — ceticMOmeKmMOHUYecKue paspolébl,
UBVUEHHbIE 8 MOLOOBIX OMILONCEHUAX, PopMax penveqha u apxumeKmypHuIxX NamMsamHUKax OpegHoCmu,
3 — celicmomexmonuyecKue paspvlvl, nPeonoiazaemvie no CMpYKMypHO-2eOMOPPON0SUYECKUM
OUCMAHYUOHHBIM OAHHBIM /

Fig. 1. The main morphostructures and position of the studied area (square).
1 — studied ancient settlements with traces of earthquakes, 2 — seismic ruptures studied in young
sediments, landforms and architectural monuments of ancientry; 3 — seismic ruptures inferred from
structural-geomorphological remote sensing data

B pyunax 3a06pornieHHoro ceneHusi AlioHara HaONIOIaroTCs CaeIbl MOJHOTO pa3pyliie-
Hus. Pa3pylieHHBIMU OKa3aluCh OUY€Hb IPOUYHbIE CTPOCHUS U3 PA3HOPA3MEPHBIX U3BECT-
HSIKOBBIX OJIOKOB Ha M3BECTKOBOM IIEMEHTE, UMEIOIIUE CeiiCMUUEcKHe Mosica U Apyrue
aHTHCecMUYeCKHe KOHCTPYKTUBHBIE 0COOEHHOCTHU. biioku rpy0o oTecaHbl, HO TIATEIb-
HO NOJOTHAHBI APYT K ApyTy. MccnenoBapummii B 1977 1. naMATHUKN NCTOPUKO-aPXUTEK-
TypHOTO Hacneaus 3toro paiiona B.X. Tmenos [1984, c. 105], B ienTpe 3a0po1ieHHOro 1
pa3pylLIeHHOTO K TOMY BPEMEHH CEJIeHHUS, 3aMEPUJIT U OTIMCall PyHHbI 00€BOil OalllHu U Ta-
Haxa (moMa-kpernoctu) XamapueBbix. KO)kHast yacTh GalllHU MOJHOCTHIO 00pyiieHa. B 7
M K 3amajy ot OalrHH pacroyiokeH raHax XaJapIleBbiX, COXPaHUBIIHUICS Ha BBICOTY JBYX
spycoB. ['aHaX AJOMUHUPYET HaJ LIEHTPAIbHBIM KOMIUIEKCOM KUJIBIX U XO3HCTBEHHBIX
COOPY’KEHUM, OTrPAKICHHBIX BHEIIHEW CTEHOM, COXpaHUBLIEHCS Ha BbICOTY 10 2.5 M. K
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BOCTOKY OT OaIlTHU PacMoI0KEHO HECKOIBKO JJOMOB C XO3SIICTBEHHBIMU COOPY>KEHUSIMH,
OTOPO’>KEHHBIMU BHEILIHUMH CTEHAMM.

CeBepHasi U IO)KHAas CTEHBI TaHaxa, OPUCHTHPOBAHHBIC B CYOIIMPOTHOM HaIlpaBlie-
HUH (275-280°) coxpaHUIKCH HAa BBICOTY A0 6 M, TOT/Ia KaK CTEHBbI CyOMepHInOHAIBHON
OPUEHTUPOBKH MOYTH MOJTHOCTBIO pa3pyuieHbl. KOHasg cTeHa U30rHyTa BHYTPb OMeE-
LIEHUS, UCIIBITAB BhIMsiurBaHue 10 40 cM B ceBepHOM HanpasieHud. LlenTpanbHas, Hau-
0oJiee BOTHYTast 4aCTh CTEHBI B pe3yJIbTaTe OKa3aaach HAKJIOHEHA Ha ceBep moj yrom 10°
(puc. 2a). AHanmOTUYHBIA U3rHO BHYTPh MOMEIIEHUS, TOJIBKO YK€ B FOXKHOM Hampaslie-
HUH, UCTIbITANIa IPOTHBOIIOJIOKHAS, CEBEpHAs CTeHa raHaxa (puc. 2b).

Puc. 2. Jlechopmayuu cmen cyouupomuoii opueHmuposxu.
a, b —1oicnas (a) u cesepnas (b) cmenvl eanaxa c npuneearoweli ¢ 3anaoa enewnet cmenou (b), m. 1, 2.
€ — cmeHa Ha 3anaoHoll OKpauHe YeHmpaibHo20 KOMNIEKca coopyxceHuul, m. 3/

Fig. 2. Deformations of sublatitudinal walls.
a, b —southern (a) and northern (b) walls of the ganakh with the external wall (b) adjacent to the west, p.
1, 2. ¢ —wall on the western outskirts of the central complex of buildings, p. 3
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PacrnionokeHHas K 3anajay OT TaHaxa BHEIIHSS CTEHA LIEHTPAJIBHOIO KOMILUIEKCA CO-
OpY’KeHHI ucnplTana U3rud Hapyxy, B ceBepHOM HarpasieHuu Ha 40-50 cMm (puc. 2b).
B MecTe MakcuManbHOTO M3ruda cTeHa MOJHOCTHIO pa3pylleHa — OJIOKH BBIBAJIMIIMCH HA
ceBep, OTJIIETEB Ha PACCTOSIHUE JI0 3 M.

E1e otHa cyOmmpoTHas cTeHa ¢ 00LM npocTupaHueM 275°, pacronioxkeHHas Ha 3a-
MaHOM OKpanHe IEHTPAIBHOTO KOMITJIEKCA COOPYKEHHH, UCTIbITana S-00pa3Hyro (B Tu1a-
He) nedopmanuto (puc. 2¢). Ee 3amaaHas yacTh BeITHYJIach Ha ceBep A0 20 cM, a royKHas
—Ha 20 cM Ha tor. Takyto gedopmaiuio nosydniIu BEpXHUE PsJibl KIaJIKH, B pe3yJbTrare
Yero BBITHYTHIC B Pa3HbIe CTOPOHBI (PparMeHTHI CTEHBI OKa3aluCh pa3opBaHbl Ha 20 cM
1 UCTIBITAJIM HAaKJIOH B pa3Hble cTopoHbl Ha 10—15°. HuxHUi psaa kiagku ocTancs Moyt
MPSAMOJIMHEMHBIM. BOCTOUHBIN CTBIK C COCEHEW CTEHOW B BEPXHHUX psiAax KIAJAKU OKa-
3aJICs OTOPBAH OT CBOETO MEPBOHAYAIBHOIO MOJIOKEHUS U CMEILIEH B F0)KHOM HaIlpaBlie-
Huu Ha 20 cM. MakcuMaabHOE CyMMapHO€E CEHCMUYECKOE BO3IEHCTBUE B JAHHOM CIIy4ae
OBbLIO HAMPaBJIEHO NEPIIEHIUKYISIPHO MPOCTUPAHUIO CTEHBI.

Crenbl cyOMepUIMOHAIBHOW OPUEHTUPOBKU TAKXKe MOJYUYHIIM CUIIbHBIE TOBPEXkKIE-
HUS B BUJIE HAKJIOHOB C OOPYIIEHUEM BEpXHUX PSAIOB KIaAKu. Boliie Obulo ynoMsHYTO
MOYTH TIOJIHOE pa3pylIeHHe CyOMEepHUIMOHAIBHBIX CTeH raHaxa. IIpum 3TomM BOoCTOuHas
CTEHa B CTBIKOBOYHOM YaCTH C COCEHEN CTEHOM MOJTy4nsia HaKJIOH /10 8° B BEPTUKAJIbHOMN
IUIOCKOCTH Ha 3amnaj (puc. 3a). [IpoTuBononoxHas, 3amajaHas CTeHa TakKe UCTIbITalla Ha-
KJIOH ¢ 00py1ieHueM BHYTpb nomenieHus. Haxnon g0 10° Ha BOCTOK MOTyYMIIM HUKHUE
PS/IbI CTEH, COXPaHMBIIMECS Ha BBICOTY 10 1.5 M Ha 3anagHoii (puc. 3b) u roro-3anaaHoi
(puc. 3c) okpamHax IEHTPAIBHOTO KOMIUIEKCA. BepxHue psiibl 0OpyIIMINCH B TOM JKe
(BOCTOUHOM) HaMpPaBICHHH.
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Puc. 3. Jlechopmayuu cmen cyomepuouonanbHol opuenmuposKi: a — 60OCMOYHAsL CMeHA 2aHaxd, U0
Ha 102, m. 4. b — cmena Ha 3anadnoll OKpauHe YeHMpPAIbLHO20 KOMNILEKCA COOPYHCeHUl, U0 HA 102, M. 5.
€ — CMeHa Ha 1020-3ana0HOU OKpauHe YeHmpaibHO20 KOMIIEKCd COOpYydcenull, ud Ha cesep, m. 6 /

Fig. 3. Deformations of walls of submeridional orientation: a — eastern wall of the ganakh, view to the
south, p. 4. b —wall on the western edge of the central complex of buildings, view to the south, p. 5.
¢ —wall on the southwestern outskirts of the central complex of buildings, view to the north, p. 6

Crenpl CB opueHTHpOBKM NOIYYWIN BBINYKJbIE (B IUIaHE) U3THOBL. B pesynbrare
OHM TpuodOpenu ayroodpasnyto Gopmy c BeinssunBanueM Ha 20—40 cMm, OpUEHTHPOBAH-
HbIM Kak B C3 (puc. 4a), tak u B FOB (puc. 4b) HanpaBieHusx.

m. 7., b— enewnsn cmena ooma 6 60cmounotl yacmu cenenuss, m. 8/

Fig. 4. Deformations of walls of NE orientation: a — external wall of a house in the eastern part of the
village, p. 7., b — external wall of a house in the eastern part of the village, p. 8
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Crenbl 3C3 OpHEHTHPOBKU MOBPEX/ICHBI IPABOCABUIOBBIMU PA3phIBAMU CYOILIUPOT-
HOW OPUEHTUPOBKH, MOJYYMIN HAKJIOH U oOpymmiich B CB HampaBienuu. Tak, BHeII-
HSsl CTEHA LIEHTPAJIbHOTO KoMIuiekca coopyskenuit 3C3 opuentupoBku (295-300°), co-
XpaHMBILASICS HAa BBICOTY 10 1, McmbITana oOmuil HakiIoH Ha 6—7° ¢ oOpyieHueMm B CB
HanpasiieHuH. B 1Byx MecTax oHa Oka3ajiach pa3opBaHa Ha BCIO BUJIUMYIO BBICOTY (puC.
5b). Pa3pbIiBBI IMEIOT CyOITMPOTHOE TPOCTUPAHKE M ITPABOCABUTOBYIO KUHEMATUKY CMe-
meHnit Ha 10-20 cM. FOxHbI (ac cTeHbI Ha 3TUX y4acTKax oOpyLIMIICS. AHATOTUYHbIE
nedopmaruu Habmonatorest B 30 M k CB ot 6amnu, B crene 3C3 opuentupoBku (305—
310°) (puc. 5a).

Puc. 5. lepopmayuu cmen 3C3 opuenmupogiu.
a — enewinan cmena ooma ¢ CB uacmu cenenust, m. 9. LLImpuxoevimu aunusmu
NOKA3AHbI CMeujeHHble (Packl cmen 6 60pmax NPagocoOBULOBbIX PA3PbIEOS,
b — 6HewHAA cmena YeHmMpaIbHO20 KOMNAEKCA COOpyrcenul, m. 4/

Fig. 5. Deformations of walls of WNW orientation.
a — the outer wall of the house in the north-eastern part of the village, p. 9.
The dashed lines show the displaced faces of the walls on the sides of right-shear faults,
b — the outer wall of the central complex of structures, p. 4

PyuHBI ceneHnst UMEIOT cUcTeMaTH4YecKue 1ehopMaIiy, XapakTepHbIe JIsi CTEH OTIpe-
JICJIEHHOM OPUEHTUPOBKH — HAKJIOHBI C HANPaBICHHBIMHU OOpYIIEHUSMH, S-00pa3Hbie U
BBIITYKJIbIE M3THOBI, @ TaK)KE CIBUTOBBIE Pa3pbIBBI HA BCIO BBICOTY CTeH. TpynHO cebe
MIPEJICTaBUTh, YTO CTEHBI TaK OBLIM MOCTPOEHBI U3HAYaIbHO. YeTKnit Habop MPU3HAKOB
MOKA3bIBAET, YTO OHM JAe(POPMUPOBAIUCEH B PE3YNIbTaTE CUIBHOTO 3€MJIETPSICEHUS C WH-
TEHCUBHOCTHIO 9—10 Gamios.

[To oTHOWIEHHIO K OYary MOYTH BCE ATH AePOpPMAIUK, BO3SMOXKHO 32 UCKIIOUYCHHEM
MpaBbIX CABUTOB B cTeHaX 3C3 OpUEHTUPOBKH, SBISIOTCS BTOPUUYHBIMU. OHAKO, 371€Ch
oOHapyXeHbl M TepBUYHbIe nedopmanuu. OHHM TPEACTABICHBI MPABBIMU CABHTaAMH
cyommpotHoro (3C3) npocTupaHus B ApeBHEH J0pore, KOTopas ceprlaHTUHAMH Bejia B
Anonary. CymMmmapHO€ CMEIIeHHE MTOATIOPHBIX CTEH JApeBHEH noporu B T. 10 paznensercs
Ha JBe ctaguu (puc. 6a). B pesynbrare mpeanocieaHei NoABMKKH MPOU3OILIO CMeIlle-
Hue — 0.9—1.1 m. [Tocne sToro crena 6puta oTpeMoHTHpOBaHa. [locnenHss moABIKKa Ha
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0.6-0.8 M mpousomnuia B 1 M roxHee. OHa npuBena K CMEIICHUIO TIBIObI B HIDKHEH MOI-
TIOPHOW CTEHE U MEKOJIOKOBOMY CMEIICHUIO CO CBEXHUM, C1ab0 3aJepHOBAHHBIM YCTY-
noM B BepxHeil. [locne 3Tolt moABMKKHM BEPXHAS 4acTh JOPOTH MPUIIJIA B HETOIHOCTH,
ObLi1a 3a0poliieHa, a Ha Hell BO3BE/ICHA CeIbCKOX03sMCTBEHHAs Teppaca (mexay 1. 10-11,
puc. 7). [Tozxe Teppachl ObLIN 3a0pOIICHBI, M MTOBEPX HUX MPOJIOKEHA COBPEMEHHAs J10-
pora.

Cwmenenune Haceimu apeBHe goporu B T. 11 — 0.6-0.8 m (puc. 6b). bonee npesnsist
CKaJIbHAas HUIIA 3/IECh K€ CMeleHa nmpuMepHo Ha 1.5-2 M. Takas pa3Huia B BelIUYnHE
CMEIICHUS TaKKe MOXKET CBUACTEILCTBOBATH O IBYX PA3HOBO3PACTHBIX MOJIBHKKAX, TIPO-
M3OIIEANINX B TEYCHUE OTHOCUTEIHFHO KOPOTKOTO MHTEpBaJIa BpeMeHu. [0 3TUX JByX T0-
CJIETHUX TMOJIBIYKEK CMEIICHHSI B TOJIOIIEHE MMPOUCXOININ HEOAHOKPATHO. B mpoTuBomo-
JI0’KHOM, JIEBOM OOPTY J10JIMHBI p. PUATIOH ThUIOBOM 1IOB 1-0i Ha/IONMEHHOMN Teppachl
CMEIIIeH B TOPU30HTAIbHOM MI0CcKOCTH Ha 8—11 M (puc. 6b).

cméLyeHme 1-oi - ocnepHas
HaAANONMEHHOV TEppaChl/ ‘ > NoABUXKa/
offset Istterrace

Puc. 6. Ilpasocosucosoe cmewenue opesretl dopoeu 6 Ayonacy ¢ m. 10 (a) u e m. 11 (b) /
Fig. 6. Dextral offset of the ancient road to Atsonaga at point 10 (a) and at point 11 (b)

Teoguzuueckue ucciredosanus

I'eopamapHbie Hcce0BaHuUS BBIMOIHEHBI MO MTPOMUIISM, MPOTIOKEHHBIM BKPECT MPO-
CTUpaHUS MPEANOIaraeMbIX JUHUN pa3ioMoB ¢ maroM o npoduiio 0.2—0.5 m (puc. 7).
[Ipu uHTEpIpETAlINK TEOPATAPHBIX TAHHBIX B IEPBYIO OYEPEIh BHUMAHUE YIIEICHO 0CO-
OEHHOCTSIM BOJHOBOM KapTUHBI OTPAKEHHOTO CUTHAJIA, @ UMEHHO — KOH(UTYypaluuu oceit
cuH(}a3HOCTU OTPAKEHHBIX BOJIH; MHTEHCUBHOCTH Oceil cuH(]a3HOCTH (aMIUTHTYIE OT-
paxxeHui); MPOTHKEHHOCTH OCe CHH(A3HOCTH M WX HEMpephIBHOCTH. Kpurepusmu
HaJM4YUs TeKTOHUYECKUX Pa3pbIBOB M CMEIICHUN Ha TeopaliapHOM MPOQUIIe SBISFOTCS:
HapylLIeHUs] TEOMETPUU CIIOMCTOCTU OTIIOKEHUH; pa3phIBbl oceil cuH(pa3HOCTH (MapKU-
PYIOIIKX TOPU30HTOB) C X CMEIICHHEM WM U3MEHEHHEM YIJIa HAKJIOHA IO JIMHUU Pa3-
pBIBa; U3MEHEHUE TEKCTYPhl BOTHOBOW KapTUHBI OTPAXKEHUHN BJIOJb MPOPMIIL TO JIMHUU
paspsiBa. [Ipu nHTEpIIpETAIIK YITSHBI HAPYIICHUS, CMEIIAIOIINE HECKOIILKO CIIOEB pa3-
pe3a, YTO UCKIII0YAET BIMSHUE HA BOJIHOBYIO KapTUHY HAKJIOHHBIX U BEPTUKAIbHBIX JIH-
TOJIOTUYECKUX Pa3HOCTEMN.
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Puc. 7. Aspopomonnan paiiona c. Ayonaea.
1 — mouxu, ynomsinymule 8 mexcme,; 2 — mouku 6001b 2e0pA0APHbIX NPopuetl;
3 — celicmomexmonuyeckue paspulgvl /

Fig. 7. Aerial photo plan of the Atsonaga area.
1 — points mentioned in the text;
2 — points along georadar profiles; 3 — seismic ruptures

B cTpoenun paszpesa npuHUMAIOT y4acThe CHIIbHO Je(OpMUPOBAHHBIE PAHHECPEIHE-
IOPCKHUE TJIMHUCTBIE CIAHIBI C JIMH3aMHU, IJIaCTaMU M MTauKaMu aJIeBPOJIUTOB, PEXke Tec-
YaHHUKOB, IPy0000IOMOYHBIE OOBATIBHBIE OTIOKECHHSI, CIIOKEHHBIEC TIBIOAMH U KPOIIKOI
WU3BECTHSAKOB TOJIIMHON A0 15 M, 4exos MOKPOBHBIX JIECCOBUIHBIX CYDIMHKOB. Ha mo-
JY4EHHBIX T€OPaJapHbIX pa3pe3ax OTIOKEHUS XapaKTepU3YIOTCs OTCYTCTBHEM MHOTO-
CIIOHOM CyOTOPU30HTAIBHON CTPYKTYpBI C PaJUOKOHTPACTHBIMH TPAHUIIAMH MEXITY
CJIOSIMU M OTCYTCTBHEM MapKHUPYIOIIUX CJIOEB, IO KOTOPHIM MOKHO OLIEHUBATh TEKTOHU-
YeCKHe CMeIeHus. V3BeCTHIKOBBIE TPYOO0OIOMOUHBIC OTIIOKEHHUS M TTEPEKPHIBAOIITNE
WX CYyTJIMHKH — OTHOCUTEIBLHO MSATKUI MaTepHall, KOTOPBIN B pe3ylbTare TEKTOHUYECKUX
CMEIIIeHUH Yale BCero He popMHUPYyET YeTKO OUepUEeHHBIX pa3pbiBoB. [locneanue Ha reo-
paapHBIX pa3pes3ax MPeACTaBISIOT COO0H HEKYIO 30HY pa3pyIIeHUsI.

I'eopanapusie mpodunu 254-261 u 243-234 nponoxeHsbl BAOIb MOJIOTOr0 YCTyIa Ha
CEBEPHOM CKJIOHE TPsAbl, HA KOTOPOM PACIIONIOKEHBI pa3BaJIMHBI MOCENeHUsl AlloHara
(puc. 8). [Tpodumu pacmonokKeHbl MapaJICIbHO APYT APYTY U pa3HECEHBI MKy c000it
He MeHee yeM Ha 10 m.
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Puc. 8. I'eopaoapnvie npounu 254-261 u 243-234.
1 — mexmonuueckue paspoigul; 2 — Maprupylowue 20pu3oHmol; 3 — NUKenvl 2eopadapHuix npoguiet /
Fig. 8. Georadar profiles 254-261 and 243-234.
1 — tectonic faults; 2 — marking horizons, 3 — pickets of georadar profiles

I'eopanapusiii npoduns 254261 amunoit 100 M npoiigen ¢ marom 0.25 M. B nauane
npodwmisa Ha orpe3ke 0-50 M Ha pagaporpaMme HaOIIOAETCsl OTCYTCTBHE PETYISPHON
CyOrOpU30HTATIBLHON CTPYKTYPhI OTPAKEHUA W HAJIMYUE JTOKAIBHBIX HEOTHOPOIHOCTEH,
YTO MOXET FOBOPUTH O HAJTMUMH YEXJIA PBHIXJIBIX OTIIOKEHUN ¢ PUMECHIO TPy0000I0MOY-
Horo marepuaina. Ha orpeske 50-100 M reopagapHoro npoduis xapakrep OTpa)xeHui
WHOW M UMEET PETYSPHYIO CyOTOPH3OHTANBHYIO CTPYKTYPY OTpPaKEHUH, HAPYIICHHYTO
pa3pbIBaMH C BEPTUKAIbHBIMU cMemeHusiMu (65 M, 80 M, 87 M nipodwist). Pa3pbiBbl BbI-
pakeHbl B peibede ycTynaMmu, o0pa3yroIuMi CTYIIEHYaTyI0 CTPYKTypy Ha Kparo Ipo-
¢uns (70-100 m). Ilo Bceit BUAUMOCTH, TOHM)KEHUE HA CKIIOHE UMEET TEeKTOHUYECKOe
MIPOUCXOXKICHHUE C BBIXOJIOM JIMHUH Pa3ioMa Ha MOBEPXHOCTh U (POPMUPOBAHHEM B BEPX-
HEH 4acTH CTPYKTYpHI mpocenanus — rpadeHa (80—-87 M), orpaHUYEHHOTO pa3pbIBaMU
cOpOCOBOTO THTIA.
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Ha npodune 243-234 (orpe3ok 0—18 M, puc. 8) HabmonaeTcst aHamoruuHas npogu-
710 254-261 TeKkcTypa BOJHOBBIX OTPAKEHUN C OTCYTCTBUEM PETYJISIPHOU CTPYKTYpPhI U
HaJIMYHEM JIOKaJIbHBIX HeoqHopoaHocTel. Ha otmeTke 20 M Ha TiTyOMHY YeXJa PBIXITBIX
OTJIIOKEHUH HAONIOaeTCsl 30Ha JIOKAJBHBIX HApYIIEHUN MapKUPYIOLUX TpaHull (oceit
cuH(pazHOCTH). XapakTep HApYIICHUH, TEKCTypa OTPAKEHUM, CYIIIECTBEHHO OTINYACTCS
OT TEKCTYPHI BOJTHOBBIX OTPAXXEHUH BIIOJH BCero Mpoduisi. JlaHHOE ToKanpHOE HapyIie-
HUE C U3MEHEHUEM TEKCTYPbI OTPAXKEHHUM HA Y3KOM y4acTke mpoduis (IHpUHOM 2—3 M),
¢ OOoJBIION J0JIeH BEPOSTHOCTH, MOKHO OOBSICHUTH TEKTOHMYECKUM cMmerieHuem. Ha-
guHast ¢ 20 M 1 10 96 M ipoduis HAOTIOTAETCS OTHOCHTEIBHO PETYIsIpHAs CyOrOpH30H-
TallbHas CTPYKTypa OTpa)keHWi, kotopast Ha ydyactke 40—55 M HapyuieHa cepuei pas-
PBIBOB Ocell cMH(Aa3HOCTH MO BCEH TOJIE pa3pe3a, KOTOPble Mbl HHTEPIPETUPYEM Kak
JMHUY TEKTOHUYECKHUX Pa3pbIBOB. DTOT BHIBOJI OCHOBAH HAa CMELICHUN /WM U3MEHEHUHT
yIlla HaKJIOHA Ooceil CMH(}A3HOCTU MO JMHUAM Pa3pbiBa U U3MEHEHUU TEKCTYPbl BOJIHO-
BOM (hOpMBI OTpaKeHHM B 30HE HAPYIICHUH, OTPAaHUYCHHOW JIMHUSAMH pa3pbiBoB (40 u
55 m). Ha otpeske 60-96 M npodwist HaOIIOIAIOTCS CHIIBHBIC BO3MYIIHBIC TIOMEXH OT
pa3BaJIMH IOCTPOEK NOCENIeHUs ALlOHAra, 4To 3aTpyIHsAET aHaJIu3 IeopaJapHOro paspesa
Ha JJAHHOM Y4YacTKe.

I'eopanapusiii mpodmins 296284 mponoKeH HHUXKE, Ha TePPACHPOBAHHOM CKIIOHE
yCcTyna B CTOPOHY pe4HOil JnoiuHbl (puc. 9). BepxHsas yacTe reopagapHoro npoguis
MIPEACTABISIET COOOM YEXOJ PHIXJIBIX CKIIOHOBBIX OTJIOKEHUN MOITHOCTHIO 5—10 M. AHa-
JIM3 BOJHOBOM KapTHHBI [MOKa3aj HAJIMYME CEPUM pa3pblBOB Ha oTMeTKax 15 M u 30 M,
MaJaKIKUX MPAKTUYECKH BEPTUKAJIBHO B 3alaJHOM HampaBlieHUU. Pa3pbiBbl MpOHUKA-
10T B Y€XO0JI MOJIOZIBIX OTJIOKEHHM, MPEANONIOKUTENBHO SBIISIOTCS PA3HOBO3PACTHBIMU U
00pa30BaIMCh MIPU Pa3HBIX MUMITYJIbCHBIX MOABMKKAaX. MaKCUMallbHOE CMEIICHUE YeX-
Ja PBIXJIBIX OTJIOKEHUI OTMEYaeTcCs BJIOJIb HAJIBUIa B HMKHEH yacTu paspes3a. Ciou B
€ro BHUCSIUEM Kpbljie 00pa3yoT aHTUKIMHAIBHYIO CKJIaIKy — CTPYKTYpY IPHUHAIBUTOBOTO
C)KaTusl, HapyLEeHHY0 cOpocamH.

Hwuxe Ha ~ 100 M 10 CKJIOHY OTHOCUTENIBHO pa3BaJIMH MOCEICHUs AlloHara, Ha Hajl-
MMOMMEHHOHN Teppace BAOJIb PEKU, MPOJIOKEH reopanapHbii mpoduis 224-202 niuuHOM
285 M (puc. 9). B nemom Ha reopagapHOM mpoduiie HaOIIOMAETCs OTHOCUTEIBHO Pery-
JsipHasi CyOTrOpH30HTANIbHAsL CTPYKTYpa OTpa)KeHUH, kotopas Ha otmerkax 100, 185 u
260 m HapylieHa cepueil pa3pbhIBOB, a B paiioHe 260 M — pe3KUM W3MEHEHUEM TEKCTYPbI
BOJIHOBOM KapTUHBI OTPAKEHUM.

1o Bcelt BUAMMOCTH, JaHHbIE HAPYIIEHNS UMEIOT TEKTOHMUECKOE IIPOUCX0XKIEHUE C
BBIXO/IOM JIMHUH Pa3joMa Ha MOBEPXHOCTh. Tak B paitone 185 M HabmomaroTcs HapyIie-
HUS ¢ OPMUPOBAHUEM B BEPXHEH YaCTH CTPYKTYpPbI IPOCeIaHus — rpabeHa, orpaHudeH-
HOTO pa3pbiBaMH cOpocoBoro tuna. ¥ ormerku 100 M TMHUM pa3pbiBa B LIEJIOM 00pa3yoT
CTPYKTYPY «LBETKa», XapaKTepHYIO JUIsl MPUCABUTOBBIX 30H pacTsukeHus. [lepsoie 50 m
npouIIs MPOJIOKEHBI TI0 KPYTOMY CKIJIOHY, M Ha TreopajapHoM mpoduie B paiioHe 25 M
HaOII0At0TCs CIe/lbl OMOI3HEBOM CHUCTEMBI ¢ (POPMUPOBAHHEM KOHTPACTHBIX IUIOCKO-
CTEH CKOJIbKEHUSI.
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Puc. 9. l'eopaoaprvie npounu 296284 u 202—224.
1 — mexmoHuueckue papuievl, JICUPHOLL TUHUEH NOKA3AH CMECMUMENb OCHOBHO20 HAO8U2A,
2 — mapkupyroujue eopu3onHmsl, 3 — nuKemvl 2eopadapruix npoghuneti /
Fig. 9. Georadar profiles 296—284 and 202-224.
1 — tectonic faults; 2 — marking horizons; 3 — pickets of georadar profiles

B 1ienom, coOpaHHBIe TaHHBIE TTO3BOJISIFOT COCTABUTh HETPOTUBOPEYMBOE MPEICTAB-
JICHHE O TJIAHOBOM CTPYKTYPHOM PUCYHKE MOJIOJBIX TEKTOHUYECKHUX pa3pbiBoB. OHM 00-
pa3yloT DIIEIOHUPOBAHHYIO CUCTEMY COPOCOB U MEIIKUX TPaOCHOB B pa3pese, a B IUIaHe
HUMEIOT JIOMUHUPYIOIIYIO TOPU30HTAIBHYIO KOMIIOHEHTY — IpaBblil ciBur. C HUIMHU cOMpsi-
JKEHBI 00JIee KOPOTKHE CTPYKTYPHI CKaTus. Takast CTpyKTypa Oblia u3yueHa Ha mpoduie
296-284. B 1ienom pa3pbIBbl pa3HbIX TUIIOB 00pa3yloT 3aKOHOMEPHBIH MPaBOCIBUTOBBII
CTPYKTYPHBIA aHCaMOJIb KYJTHCOOOpa3HOTO YepenoBanus caBuro-copocos 3C3 opueHTH-
POBKH — CTPYKTYP PAaCTSKEHHSI C TIPABBIM CIBUTOM, U ITOTIEPEYHBIX 110 OTHOIICHHUIO K HUM
HAJ/IBUTOB — CTPYKTYP COKaTHSL.

Hcmopuko-ceticmonocuueckue uccie0o8anus u apxeono2uieckue OaHHbvle

MoXHO Tonarark, 4To cejieHue AIoHara ObLJIO OCTaBJICHO JKUTENSIMH B pe3yibTa-
Te MmoHoro pazpymieHus (9—10 6anmoB) B ovare MocaeaHET0 CUIBHOTO 3eMJIETPSICEHUS.
Korna mpowusomwno 3to 3emuerpsicenne? CornacHo 6a3oBomy karanory B CeBepo-rop-
CKOM NIeTIPECCUM U OKPECTHOCTAX (Mexaypeube Tepek — ApHIoH) CHIIBHEHIINM ObLIO
Hapsbsinbekoe 3emmnetpsicenue 14.01.1915 . (M = 5.4, I, = 7 6amioB B gonune p. Tepek,
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h =19 km) ¢ adrepmokom 21.01.1915 . (M = 5.2, [, = 6 6annoB B nonune p. Tepek,
h = 30 km) [HoBblit..., 1977]. [lomumo Hero umMen mecto psn Oonee cinadbIx COOBI-
tuit: 13.03.1854 (M = 4.4, I, = no 6 6annoB B gonuHe p. ApaoH, h = 15 km); 3.07.1902
(M =47, 1, =7 6annoB B BepxoBbsiXx HoauHbI p. Puargon, h = 10 xkm); 18.10.1903 r.
M =44,1, =5 6amnos, h = 20 km); 6.04.1932 . (M = 4.7, I, = 6 GamioB B J0IUHE
p. Tepek, h =20 xm) [HoBbwiii..., 1977]. MoxxHo nonarars, uto A XX B. 3eMJIETPSCEHUs
napaMeTpU30BaHbl OTHOCUTEIBHO HAJIEKHO, @ CUIIbHBIX CEHCMUYECKUX COOBITHI B A1l0-
Hare He BO3HHUKAJIO.

BbI3piBaeT BOMPOCHI HAJEKHOCTb OMNPEAETICHUS MapaMeTpoB 3eMIIETPSICEHUs
13.03.1854 r. B karanore [MymikeroB, OpnoB, 1893] 3anucano: «B mom owce [1854] 200y
1-20 (13) mapma, 6 9 u. 45 mun. ympa, 00801610 cunrvHoe semaempscerue ¢ CadoHCKoM
yuenve (42°52' c.w. u 41°4' 8.0.), weowee ¢ NO na SW». Ccblika naetrcst Ha (ppaHKosi-
3bI4HBIN Katanor A. Ileppest ¢ HIEHTUYHBIM TEKCTOM M YKa3aHHueM B ckoOkax (M. Moritz)
[Perrey, 1866, p. 16]. Umeetcs B Buny (Mecbe) A.®. Mopun — aupextop Tudamcckoit
¢dusnueckoit odcepBaTopuy, AJaHHbIe HAOMIOACHNH KOTOPOil nepecbutanuch B [letepOypr
U TIOMEIAINCh B €XKEroJHUKax [ 1aBHON pu3nueckoil o0cepBaTopuu, XOTs TAKOBbIE CBE-
neHus 3a 1854 . B uCKOMOM ekerofiHuke He oOHapyskeHb! [CBoA HAOMIOACHUH. . ., 1856].
JlonoiaHUTeNbHO 00cie10BaHbl peruoHanbHble ra3etsl 1854 1. «CraBpomnosibckue ry-
OepHCKHME BeIOMOCTH», TU(IHMCCKUE «3aKkaBKa3CKUil BeCTHUK» U «KaBka3y», HO Takxke
6e3pe3ynbTaTHo. BrioiHe BeposaTHO, uTo B Karanore A. Ileppest momymieHa ommuOka B
JATUPOBKE COOBITHS, MIEPEKOUEBaBIlas B COBpeMEHHbIe Karajoru. CiaenoBaTenbHo, A7
paccMaTpuBaeMoro paifoHa OTCyTCTBYIOT CBEJCHHUS O CUIIbHBIX CEHCMUYECKUX COOBITUSAX
u B XIX B.

OOparumcsi K UMEIOIIUMCST UCTOPHUKO-apXeoJIOTHYecKUM MarepuaiaMm. Mccaeno-
BaBIIMKA B 1977 I. MaMATHUKM HCTOPUKO-apPXMTEKTYPHOIO HAclelus 3TOro paioHa
B.X. Tmenos [1984, c. 105] ormeTu, 4To ceneHrne AJoHara NOKMHYTO KUTEISIMU, a I104-
TH BCE CTPOEHUS pa3pylLleHbl. B onucannu KoT10BUHBI B paiioHe c. Jlannarkay rpaduneit
I1.C. YBapoBoii, ormeueHo «...Ayn [annackay, 6 Kypmamuu, na pexe @uazoon, pacno-
JIOJICEH HA HECKONbKUX XOIMAX U HUSUHAX, CEA3AHHBIX MedcOy coD010 0OWUMU 80CNOMU-
Hanuamu... Mecmnocmu negee, mam, 20e pacnonodcen oom éraoenvya Yepexosa, Hazvi-
saemcs Papovieoon, nocenok eénusy — Ayonaea; na bepezy pexu — nocenok /lannazkay;
vlute, 3a pexou — xoam Tayzum ¢ 6auHaMU, O2POMHBIMU KOIYMOAPUAMU U MOSUTILHUKOM,
ewe oanvue ayn Iynu; u Hao écero MeCmHOCMbIO — 8bICOKULL, BETUKONENHbIN NO CBOUM
pasmepam u yeemam uzeecmkoguviil kpasxc Kapuy...» [YBaposa, 1900, c. 60]. Cenenue
Anonara, Hapsiny ¢ cenamu bapsukay, J[3yapukay, lamnar Kapua, [xnusu, @apasirioH,
I'yebipa, J{3uBruc u I'ynu, nepeuuncieno B cocrase KypraTuHCKON OOIIMHBI C IIEHTPOM B
c. Jlamnarkay npu aHaJIMTUYECKOM PAaCCMOTPEHHMM apXUBHBIX JOKyMeHTOB 1820-1860-x
rT. [b3apos, 1988]. IIpu aTom Xanapuessl, OCHOBaTeau ALIOHary, ylioMMHAIOTCSl B YU CIIE
nepeceseHleB Ha paBHUHY B niepBoii nonoBuHe XIX B. ComtacHo «Onucu 0CETUHCKUX
U MHTYHICKHMX Ce€J C yKa3aHHeM KOJIMYeCTBa JIBOPOB M YHCIa JIHL, NpUHsBIIKX oT Oce-
TUHCKOM koMuccuu xpuctuanctBo» ot 1780 . (https://www.vostlit.info/), B Arjonare 3a-
(UKCHPOBAHO: YUCIIO ePEeBEHb — 3; B KaX /101 JepeBHe 1BOpoB — 10; B KaXKI0M 1epeBHE
kpemeHbix — 23. Ilo «Cnucky HaceneHHblx MecT Tepckoi obnactu: Ilo cBeneHusM k
1 suBaps 1883 r» (https://www.prlib.ru/), B Anionare 6su10: 9 1BOpOB; 61 My*X)uuHa;
58 JKeHIIMH.

Omnwucanus cnabo COBNAAAIOT C YCIOBUSAMHU M3YyYEHHOTO HAaMHM rocesieHus. B neppyto
odepe/lb BO3HUKACT NMPOTUBOpPEUUE C MOJOKEHHEM AILIOHATH «BHU3Y» OTHOCHUTEIBHO
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c. Jlamnarkay B onucanuu I1.C. YBapoBoii. MI3yueHHbIE pyHHBI PACIIOIOKEHBI IPUMEPHO
Ha 100 M Beilie Jlamiarkay. He coBnagaer Taxke U OnMcaHue MO CBEINEHUSM K 1 siHBaps
1883 r. — HaMM M3y4Y€HO KOMIIAKTHOE BJIaJIeIbUECKOe MoceleHne (peosanbHOro Tuma ¢
3-Ms TECHBIMU KBapTaJlaMU U 5—06-10 IBOpaMH, TOTlAa KaKk B ONIMCAHUU yKa3aHO 9 IBOpOB.
B onucu 1780 r. purypupytot 3 nepesuu ¢ 10-1o 1Bopamu B Kax10i. B HacTosiiee Bpemst
HIKE CTapoil AITOHArH (K 10ry), Ha BHIPOBHEHHOM OyJb103€pOM IUIOIIA/IKE, PACHIOI0KEHO
nBa 31anus. [1o Beeil BuIumMocTH, 371ech ObLIa pacroiokeHa o/lHa U3 TPeX JiepeBeHb, YKa-
3aHHBIX B onucu 1780 1. MoxkHO nosnararh, 4to B koHIE XIX B. U3y4eHHOE HAMU BEPXHEE
noceseHue ObII0 yke 3a0poIleHo, a Gpurypupyromias B OMMCaHUSAX TOr0 BpeMeHH Allo-
Hara Obl1a pacroyioKeHa B IpyroM MecTe, HikKe cTapoil AroHarn. OKoHYaTeIbHO JKUTe-
a1 ALIOHaru nepeceawsiuch Ha paBHUHY B IE€pBbIE ro/ibl coBeTCKOM Biactu (1920-e rr.)
[{araesa, 2010].

Jl1 BBISICHEHHS BO3pacTa CTapoil AIJOHaru MOKHO IIPUBJIEYb JINIIb KOCBEHHBIE apXe-
ojornueckue ceeeHus. Hanbomee panHue apxeonornyeckue naMaTHUKU Kypraruncko-
ro yuienbs garupytorcs VI-VIII BB. [YBaposa, 1900, c. 60]. 3ToT BpeMeHHOI MHTEpBa
6bu1 yrounen VII-VIII BB., kak nepuos popmupoBanus KypraruHckoit u ap. oOLIMH B
pesyJbTare nepecesieHus ajlaHoB ¢ paBHUHBI Ha (poHe apabo-xazapckux BoitH [Ky3Henos,
2016]. Btopoii xpoHONIOrHYecKHi Nepruoa ObITOBaHHS APEBHOCTEH yllenbs HauOosee
mmpoko parupyerca XI-XIX BB. [Ky3neuos, 2014]. MacuraGHoe CTpOUTEIBCTBO Ha-
YHHAETCS B MOHTOJIbCKYIO 210Xy (XIII-XV BB.), B CBSI3U ¢ HOBBIM MacCOBBIM IIPUTOKOM
AJIAaHCKOT'0 HAaCEJIEHUs, TECHUMOI'O 3aBOEBaTeNIIMU Ha paBHUHE. lepnon crpourenscTBa
60eBbix OamieH Kyprarunckoit o6munsl gatupyercst X VI-XVII BB. [Tmenos, 1984; Cna-
HOB, 2004].

B nenom, nMmeromuecs apxeoIornyecKrue JaHHbIE HE TAl0T MaTepuasia s MoJy4YeHus
OoJiee-MeHee ONpeIeTICHHOM 1aThl 3eMIICTPSACEHUS JJaKe HAa YPOBHE CTOJIETHS. 32 IEpUOJ
¢ VII no XVIII-XIX BB. B JI3uBruce, pacoinokeHHOM B 1.2 kM Kk ceBepy OT AlOoHary,
IIPOU30LLIIO0 HE MEHEE YEThIPEX CUIIBHBIX 3eMIIETpsACeHUH, nocnennee — B X VIII-XIX BB.
[KopxenkoB u n1p., 2023]. McTopuko-apXeoaorn4eckue JaHHbIE MOYKHO HMCIIOJIb30BATh
JUIsL OTIPENIEICHMS] IIMPOKUX MHTEPBAJIOB IMOBTOPSAEMOCTH 3eMieTpsceHuil. K panHemy
nepuony (VI-VIII BB.) oTHOCATCSA CKIEMNBI, TOTJA KaK KHUIIbIE COOPYKEHHs B LIEHTPE
Kyprarunckoii o0muHsl, cenenun [lannarkay, narupyrorcs HauuHas ¢ XIV BB. [TMeHOB,
1984; Cnanos, 2004; Ky3neuos, 2014].

PaccmoTpuM MMeroLecs KaTaloru 3eMIIeTPSCEeHU, OmyOIMKOBaHHbBIE UICTOUHUKH U
MaTepualbl U3 LEHTPAJIBHBIX apXUBOB. B karanore 3emiuerpsicenuii CeBepHoil EBpasun
[CK3 OCP-2012] umeercs 3emnerpsicenue 15.01.1769 . ¢ Ms=5.6, anuieHTp KOTOPOTo
nomMenieH B 17-20 kM k ceBepy oT @UarnoHCKON KOTJIOBUHBI, B 30HE BiiaankaBka3ckoro
pasyioma. 3eMIIeTPSACEHUE MOIIIO OBbITh BOCCTAHOBJIEHO TOJBKO IO MUCHbMEHHBIM HCTOY-
HHUKaM, OJTHAKO B KaTaJore CChIJIKM Ha UCTOYHUKU OTCYTCTBYIOT. COOBITHE HE MpeICTaB-
JeHo u B 6a30BbIX Karanorax [Hossii. .., 1977; Shebalin, Leydecker, 1997]. Bonee Toro,
OHO HEe OOHApy)KEHO M B pe3yJbTaTe HeJaBHEro ClelUaln3UpPOBAHHOIO U3yUEHUs rase-
Tl «Cankt-IletepOyprckue Benomoctu» 3a 1728—1800 rr. [Hukonos, 2017; HukoHOB,
2020], B KOTOpOi1 MyOINKOBAIMCh CBEIEHUS O 3HAYMTEIbHBIX 3€MIIETPSICEHUSX.

Jo Bropon nonosunsl XVIII B. cBenenus o 3emnerpscenussx Bocroynoro u lLlen-
TpasibHOro Kaskaza nocrynanu n3 Kusnsgpa m kazaubux cranul Ha Tepeke. M3 sToro
nepuojia uMeeTcs cooOIIeHNnEe O CUIBHOM 3emieTpsiceHuu 1767 I., onucaHue KOToporo
nomeineHo B razere «Cankr-IlerepOyprckue Begomoctu» (1767. Ne 20): «H3 Acmpaxa-
Hu, om 13 ¢espans. B npuciannvix om Kusisipcko2o KOMEeHOAHmMa 20CNOOUHA 2eHepail-
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matiopa Ilomanosa penopmax onucvigaemcs npoucuieouee censaps ¢ 20 na 21 uucno
Houvlo, 6 12 uacy, 3emnempscenue 6 Kuznapcxot kpenocmu u 6 ghopumaljojme, maroice
npu pexax Kapeune u Boposoe 6 pacnonosxicennvix ¢popnocmax u 6 cemeunvlx Kazaubux
2opookax. TlomsaHymulil 20cnOOUH 2eHepan-matop 8 mo 8pems He Chajl, KaK HAYdl0Chb
cnepea ymepenHoe O08udceHue 3eMIU, Om KOMOopo2o 8 NOKOSX CMONbL U CMYJbs NOua-
MBIBANUCH, YMO NPOOOIAHCANIOCH ceKyHO ¢ 50; nomom eocnocnedosano Konebanue mak,
YUMo 0OMbl MPACIUCS, HAXOOUBUIUECS 8 KDENOCMU YACO8ble HA HO2aX CMOsimb He MO2lu,
a cnawue dxcumenu naoanu ¢ Kposamet, 00Haxko oHoe upe3 20 ceKyHO MUHOBANIOCH U
bonvue épeda ne npuuununo». CooOLUICHHE U3 Ta3eThl BIEPBBIC MPOKOMMEHTHPOBAHO
B pabore [Huxonos, 2017]. /lannas myOnukanust npeaocTaBiseT Oosee coiepikarelb-
HBI UCXOJIHBIA MaTepuall U MOKa3bIBAET, YTO MPUBEAEHHAs B Karanore [MymikeToB, Op-
noB, 1893] mara «12 dheBpasi» sBIsICTCS OMMOOYHOM — IBAXIBI TICPEBEACHHON B HOBBII
CTHJIb JATUPOBKOW COOBITHSI, MIOCKOIBKY €r0 COCTABUTENH CChIIAIOTCS HA UCTOYHUKH Ha
(hpaHILy3CKOM SI3bIKE, B KOTOPBIX KaJIEHAAPHBIM CTUIIb YKe ePeBOAMICA. DTO 3eMIIETPSI-
cenue B Kusisipe BHeceHO B 0a30BbIi katanor [Hoserii..., 1977] ¢ ommbo4uHOM naroit
«12 ¢espans» Bmecto 31.01.1767 1. (0 HOBOMY CTHIIIO, YUUTBIBAasE MECTHOE BpeMsl), a
CHJIa TJIaBHOTO ToJTYKa orieHeHa B 7 (+1) 6amioB. A.A. Hukonos [2017] Ha ocHOBe mep-
BUYHBIX JJAHHBIX MMOBBICHJ 3HAU€HUE UHTEHCUBHOCTH 10 7—8 (+0.5) Oamios.

Croycrst ecaTUIIeTHE CIEAYIOUINE 3eMIETPSICEeHNsT ObUIN 3apEerMCTPUPOBAHBI MO CO-
OOIEHUSIM U3 CTAaHUI] TPEOEHCKHUX Ka3aKOB — COBPEMEHHBIX CeNIbcKUX nocenenuid len-
KOBCKOTO paiiona YeueHckoit PecrmyOmuku. WX ommcanue Takke MOMELICHO B Ta3eTe
«Cankr-IlerepOyprckue Bemomoctu» (1778. Ne 7): «B Cauxm-Ilemepbypee, eensaps
23-20 ous. Om acmpaxanckoeo eocnoouna 2ybepuamopa u kasanepa Meana Bapgonome-
esuua Hrxoous nonyueno 30ecv uzgecmue, umo 6 Kuznapckom kpaio I pebenckozo 6oiicka
ovLI0 3emaempscenue, a umenHo: 8 Hogoznaokoeckoii u Cmapo2nadkosckol cmanuyax,
paccmosinuem 6 10-mu eepcmax, munysueeo nosaops 30, a ¢ Yepnencrou [Hepsnennoii]
cmanuye u na Jlhomenckou 3acmage — oexabpsi 1 ous [1777 2.]. Onoe nauunanoco 8
4-m yacy nononiyHouu cnepea muxum Koiedaruem, nomom mpu paza 8ecoMa CUIbHO Oeli-
CMBOBANIO0 U NPOOONHCANOCHL ONU3 Yemsepmu 4aca; OOHAKO Huzoe, HUKOMY U HUKAKO20
epeoa He npuyununo». CooOIeHre BIIEpBbIe MPOKOMMEHTHPOBAHO B padbote [HukoHOB,
2017], B KOTOpOIl MHTEHCUBHOCTH 3eMJIETpsiceHU oueHeHa B 45 (£0.5) GamioB u or-
MedeHo, 9To coObITus 11.12 n 12.12.1777 1. (10 HOBOMY CTHJIIO) OTCYTCTBYIOT BO BCEX
CEMCMUYECKHX KATaJIOrax.

B 1763 r. HaunHaeTcst BO3BeIeHUE KPEnoCTH MoO3/10K, U3 KOTOPOH CTajIM MOCTYIaTh
CBE/ICHUS B IIeHTpajbHble YupexaeHus. OIHO U3 TaKUX ONUCAHUMN MOMEIICHO B ra3ere
«Cankr-IlerepOyprckue Begomoct» (1785. Ne 27): «B Canxm-Ilemepbypee, anpens 4-20
OHs. B nucomax uz Acmpaxanu ygedomnsarom, yumo ce2o 1785 2ooa gpespans 12 ous d6wvino
6 Mo3ooxke 3emnempscenue, Komopoe npoucxoouno maxkum oopazom: OHo HAuaIOChb NO-
noAYOHU 8 22-1i MUHyme 8mopoco uaca om 10H#CHOU CMmopousl, mo ecmb om Kaexka3zckux
2op, usz-3a pexu Tepeka, c NOO3eMHbIM CHIYKOM, HANOOOOUEe 2POMY, 8 BEIUKOU OMOAIEHHO-
cmu npoucxooawe2o,; mpscenue dOuL1o culbHoe 8 yenom Mo3ooke u 8 OKpYIHCHOCIU OHO20
U NPOOOAHCANOCH MUHYMUbL ¢ 06e. [[pyeoti yoap cavluien Ovll 6 mpembem yacy 6 22 dce
MUHYmMbL U ¢ MOU JHce CIMOPOHDL, HO ¢ DOILUUM NPOMUE NEPBO20 2y0eHueM, Hanoooobue
Nn003eMeNbHO20 8UXPs; NpuYem 3vlOleHue 3eMIU nepeoco Oblio bonvue, MaK Ymo cmosi-
wue y KazeHno2o evixooa yacogvie nonaoanu. Ceii 6mopou yoap He 0onee npoooaHCaics,
Kax u nepeulil. Tpemuii yoap coenancs no eeyepy 8 0CbMOM YAcy, HO cllabee 08YX Nepablx.
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Yemeepmuiti yoap 6vin 6 nepgom uacy nonoaynouu ¢ 12 na 13 yucno u 6vin nepsbim 08ym
no0obeH, HO 8peda Om HUX HUKAKO20 He 80CNOced08ano. To i camoe u 6 mo e 8pems.
ovi10 6 Kusnape: semis konebanacs, 8 0omax mMHozue nedu nonaoanu, u pexa ITepex om
3b10IeMOCmU UMeld Ha cebe makue BOJHbl, KaKue HA NPOCMPAHHBIX PEeKAxX Oblearomy.
Coo01ienne BBeICHO B HAy4YHBIH 000poT B padote [Hukonog, 2020]. B karanore [Mymi-
keToB, OpnoB, 1893] uCKIIOUNTENTFHO HA OCHOBE MyONMKAaIMi B 3apyOeKHBIX Ta3eTax
YKa3bIBACTCsl, YTO 3eMJIETPSICEHUE OTPA3UIIOCh TakXke U B AcTpaxaHH, XOTS B JIeHCTBU-
TEIbHOCTU OTTYJa ObLIU OTIpaBieHbl cBeaeHus B [leTepOypr o 3emierpsiceHun B Mo3-
noke u Kusnspe, kak BuaHO u3 myonukanuu B «CasHkr-IleTepOyprckux BeIOMOCTSIX).
A.A. Huxonos [2020], akueHTHpys Ha TOM, YTO 3€MJIETPACEHHUE HAYalI0Ch «OT KXKHOMN
CTOPOHBI, TO ecTh OT KaBka3ckux rop» — ¢hakre, OTCYTCTBOBABIIEM B IPYTUX ONMHUCAHUSAX,
YKa3bIBa€T Ha PACIIOJIOKEHUE NCTOYHHMKA KOJI€OaHUH B yIaJIeHUH OT Ha3BaHHBIX ITyHKTOB,
a UHTEHCUBHOCTH coTpsiceHudt 23.02.1785 r. (mo nHoBomy ctuito) B Moznoke u Kuznspe
orieHuBaeTcs uM B ~7 (£0.5) 6anos.

VYyenble myOnukanuu B akagemMuueckoil razere «Cankr-IlerepOyprckue Be1oMocT»
npeaABapUTEIbHO 00Cyk1anuch Ha 3aceqanusax Kondpepenuu Axanemun Hayk. B CaHkT-
[TerepOyprckom dunuane Apxusa PAH (®. 1. Om. 2. 1785. En. xp. 3. JI. 25-25 06.)
0OHapyKeH PYyKOIHUCHBIM TEKCT, UJIEHTUYHbII ra3eTHOM MmyOnMKaluu, U COOTBETCTBYIO-
il npoTokoii: Ha 3acenanuu 31 mapra 1785 r. akanemuk H.S. O3epenkoBckuii 3aunTan
OTPBIBOK M3 MHUCHbMa, B KOTOPOM cooOmianock o 3emierpsiceHuu B Mo3znoke u Kuzmns-
pe; Kondepenuus couna 3Tu CBeIeHUS TOCTATOYHO HHTEPECHBIMHU ISl TOTO, YTOOBI OHU
6butn omyOnukoBanbl B rasete [[Ipotokomnsl..., 1900, c. 808]. Kparkoe n3pneueHue u3
ATOTO MTPOTOKOJIA OBIIO OMYOIIMKOBAHO B aKaJIEMUUECKOM JKypHaJIe Ha (DPaHITy3CKOM SI3bI-
ke [Nova Acta..., 1788, p. 29]. DTu UCTOYHUKHU, TIPEK]IE BCETO, CBUETEIBCTBYIOT O TOM,
YTO OMHMCAHUE 3eMJIETPSCEHUs OBbLJIO MOTYYEHO OT OYEBHU/LIA.

bnaromaps hopmMupoBaHHIO COTpYIHUKAaMU POCCHIICKOTO TOCYIapCTBEHHOTO apXHuBa
JPEBHHUX aKTOB JICKTPOHHBIX omnucei ¢orna «KaBkasckue nena», oOHapykeH 00CTOsI-
TEJIbHBIA panopT reHepan-maiiopa npu KaBkasckom kopmyce A.A. IleymiuHra xaBkas-
ckomy reHepan-ryoepraropy I1.C. [Toremkuny (®. 23. Om. 1. Y. 5. Ex. xp. 13. Y. 14.
JI. 146-146 00.) 00 3TOM k€ 3eMJICTPSICEHUH C TIEPEUUCIICHUEM JIOTIOIHUTEIILHBIX TyH-
KTOB: «...B Haype uyscmgyemo 6vlno nepsoe [3emnempscenue] nononyonu 2-2o uaca 8
25-11 munyme, npooondicaioujeecst 08e xce MUHYmMbl, OM KOMopazo 8 HeKOMOPbIX CMpo-
EHUAX PAa3PYULUIUCL Nneyu, U 08epu U3 C8oUx mecm npunyscoenno eviuinu. Pexa Tepex
N0 NPUMEYAHUIO CYHUBUIUXC MO020a HA Hell todell om 3bl0NeHUs 3eMau UMeNd 80JIHbI,
MOYHO MAKoBble, KAK HA NPOCMPAHHBIX PEKAX OM CIYYAIOWUX IHCECMOKUX OYPb Obl8arom.
Bmopoe — 6 nonosune mpemusco uaca ciabee nepeazo u NRPOOOANCALOC, OOHY MUHYIY.
Tpemue — 4-20 uaca 6 35-u munyme. OHoe u yemgepmoe, nociedosaguiee 8 Hauaue 8-2o
yaca, e08a MoibKo yyecmeyemo dwvino. B peoyme I pucopu [lonuca npumeueno osoekpam-
Hoe 3emiempscenue; nepeoe — NONOAYOHU 8 HAYAle Yemeepmazo 4aca npoooa#CanioCh
OO0HY MUHYMY, CRYCMsL Yemeepmsb Yaca — Opy2ol pa3 ¢ noimurnymol. B Examepunozpaoe,
6 Ilasnoeckoui, Mapvunckou, I eopeuesckotl Kpenocmsx u noCeieHHbiX c10000ax maxice
080eKpamHoe 3emiempscenue 4yecmeyemo Obll0: nepeoe — & NON0BUHE MPembs20 Yacd,
a opyzoe — Cnycmis HeCKOIbKO MUHym, Ho eecoma ciabo. Ilo bnacocmu bBooicel onoe Hu-
20e 8peda HuKaxkoeo He 30enano». B ynomsnytoir Haypckolt ctanuiie (COBpeMeHHOE T10-
CeJIeHUE OJTHOMMEHHOTO paiioHa YeueHnckoit PecryOnuku) mo COBOKyITHOCTH TTOBPEXKIe-
HUSI CTPOCHUH U BO3MYILEHHSI BOZBI B p. Tepek HHTEHCUBHOCTH OLIEHUBAETCS HE MEHee
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6—7 GannoB. OcTanbHbIe IEPEUUCICHHBIE ITYHKTHI Pacojaraiuch Boib A30B0-Mo310k-
CKOM JINHUU U COOTBETCTBYIOT COBPEMEHHBIM NOCEIEHUAM U ropogam CTaBpOInoIbCKOro
kpast Poccun (I'puropunonucckas cranuia, «MapbsuHckas — noc. @azannsiid, rr. HoBo-
naBioBck U ['eopruesck) u Kabapnuno-bankapckoit Peciyonuku (Exarepunorpaackas
CTaHMIIA), YTO CBUIETEIBCTBYET O 3HAUUTEILHOM 00JIaCTH pactpocTpaHeHus 4—5-0amib-
HBIX COTPSICEHUI B OTAAJECHUH OT SIULIEHTPA.

B compoBoaurenbHoil 3amucke k cBoemy pamnopty (Tam xe. JI. 143 00. — 144)
A.A. IleytnuHr coobmraet o ayBcTBUTENbHOM adrepiinoke 15.03.1785 r. (mo HoBoMy CcTH-
10), HabmronaBmemcs: B Haypcekoit cranune: «/lo coopanuu om ecex mecm uzgecmuu o
Ovisulem 30ech Ha aunuu 12 espans zemnempscenuu 06CMoOAMeNbHO20 ONUCAHUU, HbIHE
K 8auiem)y 8blCOKONPEBOCX00UmenbCmay nocoliaro, npu mom umero 4ecms OOHeCmyb, 4mo
4-20 yucna cezo mecsaya nononyonu 6-20 yaca 6 50-moti munyme ¢ Haype onoe onamo
uyecmeyemo 0vl0 He bonee Kak 08e CeKYHObI, Ka3a8uieecs ¢ NOmyOHs.

[To Bceit BUAMMOCTH, MPOU3OLIEINIEE 3EMIIETPSACEHUE OKA3aJI0 CEPhE3HOE BIMSIHUE HA
BHYTPHUIIOJIUTUYECKYIO HECTAOUIBHOCTh PETUOHA U, BO3MOXHO, CTaJIO OAHON U3 IPUYUH
Hayaja HapOAHO-OCBOOOAMTENHHOTO NBIKEHUS ropueB B 1785-1791 rr., kak 3akIrouni
npodeccop H.A. CmupnoB: «B 80-x romax XVIII B. mouBa /1j1s1 BCIBIMIKKA CTUXHIHHOTO
nekeHnst Ha CeBepHoM KaBkasze Obla J10CTaTo4HO MOATOTOBJIEeHA. Hampspkenue emne
6oJiee yCHITMIIOCH MTOCIIE 3eMJIETPSICEHHS], MpOUCHIeero B Hayaue 1785 r. OT1o 3emie-
TPSICEHUE U TTOCTY)KUIIO TTIOBOJIOM K BBICTYIUICHUIO YIIypMblI (11eiixa Mancypa)» [Cmup-
HOB, 1958, c. 138].

3emneTpsiceHre BHECeHO B 0a3oBble kaTanoru [Hoeril..., 1977; Shebalin, Leydecker,
1997] ¢ ykazanueM AByX TONYKOB 23 (peBpasis (B ToM uncie Ha (HOPIIOK, KOTOPHIH, Ha-
000pOT, JOJDKEH CYMTATHCS TIAaBHBIM yIapoM). B 3TuX karanorax mapameTpsl JaHbI C
O0JIbIIMM Pa30pOCOM BEIMYMH M HETOYHOCTHIO B ONPEACICHUM KOOPAMHAT SIUIEHTpa
1 0aJNIbHOCTH, YEMY CIIOCOOCTBOBAJIO UCIOIb30BAHUE BTOPUYHBIX HCTOYHHUKOB. Tenepn
SICHO, YTO MCXOIHbIE TaHHbIE, TOPa3/I0 OoJiee HaeKHBIE U MOIPOOHbIE, OBUIH OITyOIHNKO-
BaHbI CITyCTs MecsIl rociie coobITus B «CaHkT-IleTepOyprckux BeA0MOCTIX», a MOJIHOTY
KapTHHBI JO0ABIISIIOT MaTEPHUAJIbI U3 HEHTPAJIBHBIX APXUBOB. 3€MJIETPSICEHHE OIIYIIAIOCh
B Mosnoke u Kusnspe, Haype, a Takke B HECKOIbKUX ITyHKTaX CTaBpOIOIBLCKOTO Kpast
u Kabapauno-bankapuu. CambiM CUIIBHBIM OTMEUYEH MEPBbIN TOTUOK B Mo3noke B 13 u.
22 MUH. IO MECTHOMY BPEMEHHU: HAa HHTEHCUBHOCTh 7—8-0allIIbHBIX COTPSICEHUN YKa3bl-
BaeT najieHue yacoBelx. UHTeHcuBHOCTH B Haype u Kuzmsipe onenuBaercst B 6—7 6aisios
(mapenue nevei (meuHsIx Tpy6?), BoaHbI Ha p. Tepek). IlpuHiunuansHoe 3HaueHue nme-
€T COOOIIEeHNE O TTPUXO/IE KOJICOAHHUH «OT I0KHOM CTOPOHBI, TO €CTh 0T KaBKa3CKux ropy,
U MIOJI3EMHOM CTYKE, «B BEJIMKOM OTIaJE€HHOCTHU Mpoucxosiuiem». Bmecre ¢ npogomku-
TEIBHOCTBIO TYIIa, TPOSBICHUEM 3eMIIETPSICEHUS Ha OOJBIIION TEPPUTOPHUH, TIPSIMBIE YKa-
3aHMS Ha IPUXOJ KOJIeOaHUH € 10ra YKa3blBalOT Ha PACIOI0KEHHE OUara 3eMJIETPSICEHUS
B ropax bombmoro Kapkaza. MOXHO MPEANONIOKNATE, YTO OYar 3TOr0 COOBITHS U OBLI
U3y4YEH B CEJICHUM ALlOHAra.

Ob6CyxXAEHNE PEe3yAbTATOB

B pyunax 3a0porieHHOro ceneHusi ArjoHara HaOJIIOJAIOTCS CIEbl TOJIHOTO pa3py-
meHus. PynHel UMEIOT cucteMaruyeckue aedopMaiu, XapakTepHble Uil CTE€H OIpe-
JIEJIEHHOM OPHUEHTUPOBKH — HAKJIOHBI C HANPaBJICHHBIMU OOpYILIEHUSMU, S-00pa3Hble U
BBIITYKJIbIE U3THOBI, @ TAKXKE CIABUIOBBIE Pa3pbIBbI HA BCIO BBICOTY CTEH. UeTkuil Habop



84 Geology and Geophysics of Russian South 14(1) 2024 ['eonorvs n reogmanka KOra Poccim

NPU3HAKOB TIOKA3bIBACT, YTO Je(hOpMallii BO3HUKIIM B PE3ybTaTe CUIBHOIO 3eMIIETpsi-
CEHUS C MHTEHCUBHOCTHIO 9—10 6asioB.

OOHapysxeHbl Takxke nepBuuHble Aeopmarun. [1o naHHBIM reopagapHoro npodu-
JMPOBAHUS U TEOJIOr0-reoMop(oIOrn4ecKix HaOMOIEHUH pa3pbIBbl Pa3HbIX TUIIOB 00-
pa3yloT 3aKOHOMEPHBIM TPABOCABUTOBBIN CTPYKTYPHBIM aHCaAMOJb KYIHCOOOpPa3HOTO
YyepenoBaHus cABUro-coOpocoB 3C3 OpUEHTHPOBKH — CTPYKTYP PACTSKEHHS C MPABBIM
C/IBUTOM, U TIONEPEYHBIX 110 OTHOIIEHUIO K HUM HaJIBUTOB — CTPYKTYP CoKaTHsL.

[IpaBelii cABUT CMECTUII IPEBHIOIO AOPOTY, KOTOpas Bella B IIEHTPajJbHOE BJaJeHUE
¢ 60eBoii OamHel 1 JOMOM-KpenocThio (TanaxoM) XanapueBbix. B pe3ynbrare npearno-
cieqHell moaBMKKK mpousonuio cmemnienue Ha 0.9—1.1 m (omun 3amep). [locne atoro
HOJIIOpHAs CTeHa J0poru Oblla OTPEMOHTHPOBAHA, T.€. )KM3Hb B LIEHTPAJIbHOM BIajle-
HUU U MOCeJIeHnH npojoiikuiack. [locneanss moasuxkka cMectriia gopory Ha 0.6—-0.8 m
(mo nByM 3amepam). B pesynbrare, BepxHss yacThb JOpPOru ObLIa 3a0pollieHa, a Ha Hel
BO3BEJICHA CEJIbCKOXO3siicTBeHHas Teppaca. [lo3xke u Teppachl ObLIM 3a0pOoLIeHbI, a Mo-
BEpPX HUX MPOJIOKEHA COBPEMEHHAs I0pora Ha ceHokoc. [1o Bcelt BUAUMOCTH, MPUYHHOMN
OCTaBJICHUS CTapOil ALIOHAru CTAJO TAK)KE MUCUE3HOBEHHE UCTOUYHMKA BOJBI, YTO MOIJIO
OBITH CBS3aHO C MOJBUKKOM IO Pa3yioMy, B 30HE KOTOPOTO PACHOI0KEHBI MHOTOYHCIICH-
HbI€ COBPEMEHHBIE UCTOYHHUKHM Ha TOPHBIX CKJIOHAaX. Pa3HOBO3pacTHbIE MMOJBUKKU IPO-
U301 B TEYEHHE OTHOCUTEJIBHO KOPOTKOIO MHTEpBaja BpeMeHM. Jlo 3THX IByX Io-
CJIETHUX TOJIBMKEK CMEILEHUS B TOJIOLIEHE MPOUCXOIMIN HEOAHOKPATHO U MPHUBENIU K
npaBoMy cIABUTY 1-0i1 HaAMOMMEHHOH Teppackl 10auHbl p. PuargoH Ha 8—11 M.

ITo apxeocelcMOIOrMYECKUM JIaHHBIM IIOCIIEAHEE CUIIBHOE 3€MJIETPSCEHNE NIPOU30-
1o B XVIII-XIX BB. 1 IpHUBEJIO K pa3pyLICHUSIM ITOCTPOEK B CE€EHUM [[3UBruc, pacmo-
noxeHHOM B 1.2 kM k ceBepy oT AnoHaru [Kopsxkenkos u nip., 2023]. Ilpensiaymiee 3eM-
JeTpsiceHue B AlloHare mpoMu30LUI0 Ha MOCIEeJHEM 3Tare ObITOBaHMS, HA4yaJlo KOTOPOIo
[0 apxeoJorudyeckuM nanHbiM gatupyercs XIV B. B JI3uBruce nepuonom XI-XV BB.
JaTHUPOBAHO JIBAa CUJIbHBIX 3€MJIETPSCEHUSI C MHTEHCUBHOCTBIO 8 1 9 GansoB. He uckito-
YEHO, YTO 3TO OBLIO OJTHO COOBITHE, OYar KOTOPOTO U3yUYeH B ALlOHAre.

B ony6nuKkoBaHHBIX HCTOUHUKAX U MaTe€pHaliaX U3 HEHTPAJIbHBIX apXUBOB COAEpKAT-
Csl CBEJICHHS O CHIIBHOM 3emJieTpsicennu 23 ¢eBpaist 1785 1., ¢ TpeMst oce10BaBIIUMH
TOJYKAMH B TEYCHME MOJICYTOK U Topas3io 0ojiee MO3JHUM UyBCTBUTEIbHBIM a(TepIIO-
koM. OcyI1eCcTBIEHHBIA TOUCK UCTOPHUECKUX JOKYMEHTOB M UX KOMILIEKCHOE paccMo-
TPEHHE MO3BOJIMIIO OINPENEIUTh HHTEHCUBHOCTD MPOSBIEHUS 3TOTO 3€MJIETPSICEHUS, 110
KpaifHell Mepe, B BOCBMHU HACEJICHHBIX MyHKTax. O4ar 3eMJIeTpsCEHUs pacroarajics B
ropax bonbmroro Kaskasa, k rory ot Mo3aoka, riae 0puti 3a)MKCUPOBaHb MAKCUMAJTbHBIC
Makpoceiicmuueckre 3¢ dekTsr — 7—8 6amtoB. [IpearnonoxxuTenbHO, TaHHBIH odar U ObLT
U3y4Y€H B OCETMHCKOM CeJIeHUU AlloHara.

[To Bcelt BUAMMOCTH, MPOU3OLIEIICE 3eMIIETPSICEHNE OKa3aJl0 CEPbE3HOE BIIMSHUE
Ha BHYTPUIIOJIUTHYECKYIO HECTAOMIBHOCTh PETHOHA M, BO3MOXKHO, CTaJI0 OJHON U3 MPH-
YHH Hayajla HapOIHO-0CBOOOAUTENHHOTO IBMKEHUS ropues B 1785-1791 rr. moxn pyxo-
BOJICTBOM YIIIypMHI (mieiixa Mancypa).

C ucnonp30BaHUEM YpaBHEHUS U KOA(PPHUIIMEHTOB IS CEHCMOTEKTOHUYECKON TO/I-
BIKKH c1BUroBoii kunematuku [ Wells, Coppersmith, 1994] nomyueHs! O1leHKM MarHuTy-
Il IBYX TIOCJICTHUX 3emiieTpsicenuit — M=6.8—7.1 (mpeanocnennee) u M=6.6-6.9 (mo-
cienHee). B aTHX onieHKax HE yUMTHIBAETCS BEPTUKAJIbHAsi KOMIIOHEHTA MOABM)KKH, UYTO
XapaKkTepu3yeT MOJyUYeHHbIe HUPPbI KAK MUHUMAJIbHbIC BETMYUHBI 10JTyY€HHOT'O HHTEp-
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Bajia MarHuTyl. MccnenoBanus B coceHuX KOTIOBUHAX CeBepo-IOpCKON BHYTPUTOPHOM
BIIAJIMHBI U MpUBJIEYEHHE O0Jiee MUPOKOT0 Kpyra UCTOPUYECKUX MCTOUHUKOB, BIIOJTHE
BEPOSATHO, YTOUHAT MapaMeTPhI MOCIETHETO 3eMIIETPSICEHUSI.

BbiBOADI

Nwmeromuecss njaHHble TO3BOJISIOT IOJarark, 4to B duarnqoHcKoil KOTIOBUHE 3a I0-
cineguue 600—700 neT mpou301UIO ABA CUIIBHBIX 3€MJIETPSACEHUS ¢ MUHUMAJIbHBIMU 3Ha-
yeHussMu M>6.8, M>6.6 u nonoxxenueMm oyara B nogHoxxuu Ckanucroro xpeora. [Ipu
9TUX COOBITHAX IMOJBUXKKA B o4yare CyOIIMPOTHOM OPUEHTHPOBKH MMeEJa MPaBOCABUIO-
BYIO KHHEMATUKy cMmelleHui. [locnennee cuiibHOE 3eMIIETPSCEHUE C UHTEHCUBHOCTBIO B
SMMILEHTPaIbHOM 30He 9—10 GannoB, BeposiTHee Beero, aatupyercs 23 ¢espans 1785 .
B GmkaiiieM KpynmHOM HaceslleHHOM IyHKTe Mo3nok npu coobitin 23 despanst 1785 .
ObUTH 3a(pMKCHPOBAHBI COTPSICEHUS MHTEHCUBHOCTBIO 7—8 OasioB. Kpome Mo3noka, 3em-
JETPSACEHNE OLIYLIAJIOCh, 10 MEHBIIEH MEpPEe, B CEMU HacelIeHHbIX IMyHKTaxX. [lomydeHsl
IpsIMble JTAaHHBIE 17151 pa3pabOTKU ceCMOTeKTOHHUeCKor Mozien CeBepo-IopCKOil 30HbI
BO3, xoTopast, TOMHMO NIPOCTPAHCTBEHHBIX MAPAMETPOB U CEHCMUYECKOTO MOTEHIINAIA,
COZEPKUT MOBTOPSIEMOCTD CUJIbHBIX 3€MJIETPSICEHUI U KUHEMATUKY CMEILLIEHUI B o4are.
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transverse resistance, and transmissivity) were derived from aquifer resistivity and thickness. Hydraulic con-
ductivity ranged from 6.55 m/day to 6.80m/day, transmissivity from 228.5 m2/day to 538.6 m2/day, longitudinal
conductance from 0.031Q ' to 0.076€2~', and transverse resistance from 37385.1Q2m? to 129016.8Q2m>. Zones
with contrasting parameter values were identified. Conclusion. The overburden protective layer was rated as
having poor capacity, rendering the aquifer highly vulnerable to contaminants. Conversely, the aquifer demon-
strated potential for providing portable water, reflecting subsurface heterogeneity and ample hydraulic pressure.
A recommended hydrochemical study will further assess water portability.
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Pestome: AKTyanbHOCTb pa6oTbl. llccneaoBaHne NOCBALLEHO OLIEHKe NOTeHLKMana noA3eMHbIX B4 1 ad-
(heKTUBHOCTI BOAOYMOPHOrO Cosi BCKPbILUHBIX NOPOJ B NPeAoTBPALLEHUN NPOHUKHOBEHUS 3arpsa3HSOLLINX
BELLECTB B BOAOHOCHbIA rOPU3OHT NOA3EMHbIX BOA Ha TEPPUTOPUM MyHUUMNANUTETa B AenbTe 3anagHoro Hu-
repa. Llenb. BepTukanbHoe anekTpuyeckoe 3o0HAMpoBaHue (BI3), AByXMepHas pe3avCTUTUBHAS BU3yann3aums
1 napameTpbl [lap-3appyk Ncnonb30Banuch Ans UCCReA0BaHNs NOTEHLMana rPYHTOBbLIX BOA W MPOYHOCTM MO-
poA BogoynopHoro cnos. Metogbl. [1esatb npodpunert B3 6binn nccnefoBaHbl ¢ UCMOMNb30BAHUEM U3MeEPU-
Tens conpotuenenus Mini-Res yctanoskoi Schlumberger. JanHble B33 6b1n 06pab0TaHbl ¢ NOMOLLBK NPo-
rpamMMHOro obecnevenus IPI2win, KOTOpOe OKOHTYPMNO OT CEMW A0 BOCbMU re03aNeKTPUYECKMX cnoes. Bomo-
HOCHBbI FOPU3OHT, PACTIONOXEHHbIA MEXY NATbIM W LWECTbIM CMOAMM, MOKa3an BapMaLmio CONPoTUBNEHNS OT
924,9 Om-m o 1629 Om-m, mowHoCTb 0T 34,52 no 79,20 m u rny6uny ot 55,95 o 106,00 M. Pe3ynbTatbl.
Mmapasnuyeckue napametpsl [Jap-3appyka (ruapasnuyeckas npoBOAUMOCTb, NPOAOSbHAS NMPOBOAUMOCTb, MO-
nepeyHoe CONPOTMBIIEHNE 11 MPOMYCKatoLas CNOCOBHOCTb) BbINN NMOMY4YeHbl HA OCHOBE YAENTbHOTO CONPOTHBAE-
HUS 1 MOLLLHOCTM BOAIOHOCHOrO ropu3oHTa. [mapasnnyeckas npoBOAMMOCTb BapbupoBanach 0T 6,55 M/aeHb A0
6,80 M/aeHb, NponycKatoLLasa cnocobHOCTb — 0T 228,5 M2/neHb A0 538,6 M2/[eHb, NPoAobHAA NPOBOAUMOCTb —
070,031 OM™* 10 0,076 OM™~" 1 nonepeyHoe conpoTueneHne — ot 37385,1 OM-M? 1o 129016,8 OM-M2. BbisiBNEHb!
30HbI C KOHTPACTHbIMM 3HA4eHMSMI NapameTpoB. 3aknoyeHue. 3alluTHble CBONCTBA BOJOYNOPHOMO FOPU30HTA
ObINN OLEHEHbI KaK HU3KME, YTO [eN1aeT BOAOHOCHbI FOPU3OHT 04eHb YSA3BUMbIM NS 3arpsisHeHnii. 1 Hao6o-
POT, BOAOHOCHbIN rOPM30HT MPOAEMOHCTPUPOBAN NOTEHLMAN ANs 06eCneveHNs NMTbEBOI BOJOIA, YTO OTpaXKaeT
HEOLHOPOJHOCTb HeAp M JOCTAaTOYHOE rMAapaBNMYecKoe AaBfieHne. PekoMeHayeMoe rnpoXuMmnyieckoe ncene-
J0BaHKe NO3BOUT AOMNOMHUTENbHO OLEHUTb BOSMOXHOCTb NEPEHOCA BELLECTB BObI.

KntoueBble cnoBa: BOAOHOCHbIN FOPU3OHT, NapameTpbl [lap-3appyK, ruapasnuyeckas npoBOAUMOCTb,
3alLNTHbIE CBOICTBA NOPOA BOAOHOCHOTO rOPU30OHTA, KO MULIMEHT PULTpaLuy.

Ina uutuposanus: Orsy [.A., Monya 0.C., pynkeop T.C., Araman [x.0., 3no6op M., YkneHe A.O., 3re-
Hekm A.O. Te0aneKTprnYeckas oLeHka noTeHumana noL3eMHbIX BOA U YA3BUMOCTY K 3arpsA3HUTENsaM Ans ycToii-
4MBOrO YnpasneHns BOAHbIMU pecypcamm B YTya-0ryme, wrar [ensta, Hurepus. feonorus v reogpuanka rOra
Poccun. 2024. 14(1): 90-101. DOI: 10.46698/VNC.2024.47.37.006
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The United Nations’ sixth agenda for Sustainable Development Goals emphasizes
access to clean water and sanitation, as waterborne diseases are linked to unsafe, polluted
water and poor sanitation. Around 1.1 billion people worldwide lack access to safe water,
with 67% of'the rural population lacking a safe water supply [Pandya, 2018]. Groundwater,
a clean and portable water source, is under pressure due to regional population growth and
urbanization. Around 2 billion people worldwide depend on underground water for daily
consumption, and it can contribute to regional water crises if used sustainably [Owoyemi
et al., 2019]. Groundwater promotes living standards, economic growth, food security,
and livelihoods. However, less than 5% of the population has access to public water,
and many rely on untreated water from shallow boreholes and dug wells [Ugbaja, 2021;
Chinyem, Ovwamuedo, 2023; Mahdi, Khayyun, 2019]. Groundwater contamination from
surface contaminants poses a significant challenge, and indiscriminate disposal of waste
can harm the environment and health [Adimalla et al., 2020].

Electrical geophysical surveys are crucial for investigating potential geologic
units and avoiding drilling abortive boreholes/wells. These surveys from primary
electrical resistivity data estimate geo-hydraulic parameters like hydraulic conductivity,
transmissivity, porosity, longitudinal conductance, and transverse resistance. The method
involving vertical electrical sounding (VES) is helpful in groundwater study, determining
depth to the water table, aquifer geometry, and groundwater quality [Eke, Ekpelu, 2021;
Chukwudi et al., 2022]. This study uses surface electrical resistivity measurements for
sustainable water management in Utue-Ogume, Delta State, Nigeria.

The Utue-Ogume community in Delta State, Nigeria, is underlain by the Benin
Formation, a sedimentary rock formation deposited during the Cretaceous and Tertiary
periods. The area is part of the Niger Delta Basin, a large sedimentary basin that covers
parts of Nigeria, Cameroon, and Equatorial Guinea. The area’s geology is characterized
by sedimentary rocks deposited in marine environments, mainly sandstones, shales, and
claystones. The Ndokwa area, which comprises Utue-Ogume, is underlain by modern and
Holocene delta top deposits, which resulted in various physiographic landforms [Mgbolu
et al., 2019]. The deposits of the Freshwater Swamps and the Sombreiro-Warri Deltaic
Plain are considered recent expressions of and a continuation of the Benin Formation,
which resulted from sediment-laden discharges of the River Niger. The sediment is an
admixture of medium to coarse-grained sands, sandy clays, silts, and clays that settle
in fluvial/tidal channels, tidal flats, and mangrove swamp environments. The Benin
Formation, the youngest of three significant formations, is usually described as consisting
of massive continental/fluvial sands and gravels [ Anthony et al., 2019].

The hydrogeology of Utue-Ogume, located in the Ndokwa West Local Government
Area of Delta State, Nigeria, is influenced by the area’s geology. The sedimentary rocks
are permeable, allowing for easy groundwater movement. The water table is shallow,
and groundwater is recharged by rainfall and runoff from nearby hills. Groundwater
flows generally towards the coast, where aquifers discharge into the Atlantic Ocean
[Egbueri, Igwe, 2020; Salufu, Aigbedion, 2021]. The aquifers in the area are primarily
unconfined, composed of unconsolidated sand and gravel deposits. Groundwater quality
in the Niger Delta Basin is generally good, but concerns about contamination from
agricultural activities and poor sanitation practices have been raised [Owoyemi et al.,
2019]. Additionally, there have been reports of saltwater intrusion in some parts of the
region due to excessive pumping.
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Utue-Ogume is part of the physiographic province described as the Low Deltaic Plain
and Freshwater Swamps, coinciding with the Upper and Lower Floodplain [Shaari et al.,
2020]. The province is further subdivided into three distinct landform assemblages: the
combined Ase River, River Niger floodplain, Sombreiro-Warri, and low ridged plain.
Utue-Ogume is drained by four central river systems: the Adofi River to the north, the
Ethiope River and Okumeshi River (Warri River) to the northwest, and secondary tropical
lowland forests due to the loss of original primary forest due to farming and timber
exploitation [McLachlan et al., 2020].

In conclusion, the geology and hydrogeology of Utue-Ogume are crucial factors that
influence the availability and quality of groundwater in the area. Sustainable groundwater
resource management and water supply protection are essential for the community’s well-
being.

Materials and methods

The electrical resistivity method involves injecting current into the subsurface via two
current electrodes, AB. The potential difference created due to the passage of the electric
current through the earth’s materials is measured across a pair of potential electrodes,
MN. The Schlumberger array was employed for the survey, and the data was acquired
using the Mini-res Resistivity Meter, where consecutive readings are taken automatically
and the results are averaged continuously. The continuously updated running average is
displayed as resistance automatically.

Vertical Electrical Sounding (VES) was conducted in the NE-SW and NW-SE directions
using random spot sampling of nine points. A maximum current electrode spread (AB/2)
of 300m was used using the Schlumberger array due to its speed, cost-effectiveness, and
sensitivity to lateral variation. A reading of resistance R of the earth material within the
electrical space of the electrode configuration was obtained at each resistivity station.
These values were converted into apparent resistivity (pa) by multiplying with a geometric
factor (K). The resulting apparent resistivity values were used to generate sounding
curves interpreted qualitatively and quantitatively. Quantitative interpretation was done
using partial curve matching and computer iteration techniques using the 1-D inversion
IPI2WIN software. The software uses the least-squares optimization technique to adjust
the starting model until the difference between field data and model output is minimized.
The software also converts apparent resistivities obtained as a function of field spacing to
true resistivities as a function of depth. The resulting true resistivities represent the best
average bulk resistivity for the given layer.

Knowledge of aquifer hydraulic characteristics or parameters (also known as Dar-
Zarrouk Parameters) is essential to ensure excellent and proper groundwater resource
management. The Dar-Zarrouk parameters are hydraulic conductivity, transmissivity,
permeability, longitudinal unit conductance and transverse unit resistance. These Dar-
Zarrouk parameters are used to estimate aquifer hydraulic characteristics.

Moreover, [Hasan et al.,, 2018] and [Sanuade et al., 2018] opined that the
hydrogeological characteristics of a site that is useful in the simulation of groundwater
flow and in evaluating overburden protective capacity and transmissivity of an area are
the Dar-Zarrouk parameters (i.e. longitudinal conductance (SL) and transverse resistance
(Tr). The Dar-zarrouk parameters are calculated from the field values of the resistivities
and thicknesses of the subsurface layering units. Thus, the derived values for hydraulic
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conductivities and transmissivities are used in evaluating the overburden rock’s protective
capacity and the aquifer’s vulnerability to surface contaminants.

The longitudinal conductance of a geologic formation refers to its ability to conduct
electrical current along its length. The electrical resistivity geophysical method is used
to measure the electrical conductivity of these underground formations. The longitudinal
conductance is also regarded as the medium’s ability to retard and filter percolating fluid,
which is considered the protective capacity of the aquifer overburden and is expressed as:

Longitudinal unit conductance,

SL = chi (1)

Where o is the aquifer conductivity and hi is the aquifer thickness

According to [Ahmed et al., 2020] and [Oguama et al., 2019] transverse resistance
is a parameter that describes areas with high potential for groundwater exploration/
exploitation such that high values of transverse resistance indicate that the area has a high
potential for groundwater exploration and vice versa. The transverse resistance (Tr) in
this study was computed using this relation as expressed:

Tr=h.p (2)

Where h is the thickness of the aquifer and p is the aquifer resistivity.

The hydraulic conductivity (k) is a hydrogeologic property of the medium, which
refers to the ease with which a fluid can flow through the medium. It depends upon
the porous medium and flowing fluid [Oborie et al., 2018]. Apart from characterizing
the dynamic behaviour of the hydrogeologic units that allow the groundwater flow, the
hydraulic conductivity also affects the yield of wells and contaminant spread. [Tijani et al.,
2021; Idris et al., 2018] opined that in areas with few or sparse pumping test information
(spatial distribution of aquifer properties), applying the surface resistivity method can
provide helpful information on aquifer properties. Thus, arising from a dearth of pumping
test information in the research area, the hydraulic conductivity data was estimated from
empirical relationship using the exponential law function by [Tartakovsky et al., 2020]
and it is given as:

Lnk=0.068Inpi + 6.02 3)
Where pi is the aquifer resistivity, K is the hydraulic conductivity.

Results and Discussion

The 1D resistivity survey results show an AHK lithology in the area, with seven to
eight geoelectric layers delineated. The first layer is ferrugenised topsoil, with resistivity
ranging from 286.8Qm to 3236Q0m. The layers include dried sand, sandy clay, clayey
sand, dried sand/indurated, saturated sand (aquifer), clayey sand, and sandy clay. Primary
aquifer parameters (resistivity and thickness) were determined from Table 1 and used
to estimate Dar-zarrouk (hydraulic) parameters. The lithologic pseudo section of the
aquiferous layer comprises saturated sand, with resistivity ranging from 924.90Qm to
1629Qm, similar to the reports of Enebeli et al., [2021]. This layer is less conductive.
Figure 7 shows the variation of resistivity with depths, while Figure 8 shows the spatial
distribution of the resistivity of the aquifer. The superposition of 1D and 2D cross-
correlation along the NW-SE transverse line perfectly correlates the conductive zone,
unsaturated vadose zone, and aquiferous phreatic zone with resistivity values and depth.

This study’s hydraulic conductivity (k) ranges from 6.55m/day to 6.80m/day, which is
high compared to Kransny’s transmissivity standard rating. The conductivity value falls
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within the range of 4.6m/day to 8.8m/day, as found in previous studies on groundwater
flow in Isoko South Local Government Area of Delta State and 6.8m/day in Ozoro,
Nigeria, as determined by pumping test results. These results align with previous studies
on aquifer hydraulic characteristics.
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The hydraulic conductivity (k) estimated from equation 5 ranged from 6.55m/day to
6.80m/day (table 2). The hydraulic conductivity is rated high (table 6) when compared
to the transmissivity standard rating by Dewandel et al., [2017] as shown in table 5
since the transmissivity rating is between 100m-1000m?/day. The hydraulic conductivity
value of this study falls within the range from 4.6m/day to 8.8m/day in the works by
Assouline and Selker [2017] on the hydraulic conductivity of modeled groundwater flow
in Isoko South Local Government Area of Delta State. It is also in agreement with the
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hydraulic conductivity value of 6.8m/day calculated from the pumping test result in the
works of Asfahani [2016] and Oguama [2020] in the determination of aquifer hydraulic
characteristics from surface electrical and borehole measurements in Ozoro, Nigeria.

Table 1
Aquifer Hydraulic Parameters in the Study Area
VES Aquifer | Aquifer | Aquifer Aquifer | Longitudinal | Transverse | Hydraulic Tr;lil;l]si?lls-
Points Resistivity, | Thickness, | Depth, | Conductivity, | Conductance,| Resistance, |Conductivity, T Igil
p (Qm) h (m) d(m) [o=1/p(Qm)'| S=ch(Q") [R=hp(Qm?)| K (m/day) (m?/day)
VES 1| 1499 45.93 67.37 | 6.67x10* 0.031 68849.1 6.77 310.9
VES2| 1276 43.25 64.69 | 7.84x10* 0.034 55187.0 6.69 289.3
VES3| 1083 3452 | 55.95 | 9.23x10* 0.032 37385.1 6.62 228.5
VES 4| 1020 41.70 | 63.10 | 9.80x10* 0.041 42534.0 6.59 274.8
VES 5 942 64.60 86.10 | 1.06x1073 0.068 60853.2 6.56 423.8
VES 6| 1340 60.00 81.50 | 7.46x10* 0.045 80400.0 6.71 402.6
VES 7| 1629 79.20 | 106.00 | 6.14x10* 0.048 129016.8 6.80 538.6
VES 8| 1010 75.18 | 102.00 | 9.90x10* 0.074 75931.8 6.59 495.4
VES 9| 9249 70.45 92.49 | 1.08x103 0.076 65159.2 6.55 461.4
Table 2
Aquifer Protective Capacity and Vulnerability Ratings
Sum of Longitudinal Overburden Protective Vulnerability Rating
Conductance Capacity Rating (Oladapo, and (Van Stempvoort et. al, 1992;
(mho or Q1) Akintorinwa, 2007) Ofomola, 2014)
>10 Excellent Extremely low Vulnerability
5-10 Very good Low Vulnerability
0.7-0.49 Good Moderate Vulnerability
0.2-0.69 Moderate High Vulnerability
0.1-0.19 Weak . .
01 Poor Extremely High Vulnerability
Table 3
Aquifer Overburden Protective Capacity to Surface Contaminants in the Study Area
VES Aquifer | Aquifer | Aquifer | Longitudinal | Transverse Aquifer Aquifer
Points Resistivity, | Thickness, | Depth, |Conductance,| Resistance, Protective Vulnerability
p (Qm) h (m) d(m) | S=ch(Q") | R=hp(Qm? Cﬁg?iggy Rating
Extremely High
VES 1 1499 45.93 67.37 0.031 68849.1 Poor Vulnera ilit}%’
Extremely High
VES 2 1276 43.25 64.69 0.034 55187.0 Poor Vulnera ilit}%’
Extremely High
VES 3 1083 34.52 55.95 0.032 37385.1 Poor Vulnera ilit}%’
Extremely High
VES 4 1020 41.70 63.10 0.041 42534.0 Poor Vulnera ilit}%’
Extremely High
VES 5 942 64.60 86.10 0.068 60853.2 Poor Vulnera ilit}%
Extremely High
VES 6 1340 60.00 81.50 0.045 80400.0 Poor Vulnera ilit}%
Extremely High
VES 7 1629 79.20 106.00 0.048 129016.8 Poor Vulnera ilit}%
Extremely High
VES 8 1010 75.18 102.00 0.074 75931.8 Poor Vulnera ilit}%
Extremely High
VES9 | 9249 70.45 92.49 0.076 65159.2 Poor Vulnerability
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Table 4
Standards for Transmissivity (Krasny, 1993)
Transmissivity | Designation Groundwater Supply Potential
(m?/day)
1000 Very High Withdrawal of great regional importance
100-1000 High Withdrawal of lesser regional importance
10-100 Intermediate | Withdrawal of local water supply (Small community, plants, e.t.c)
1-10 Low Smaller Withdrawal for local water supply (Private consumption)
0.1-1 Very Low Withdrawal for Local water supply (Private consumption)
<0.1 Impermeable | Sources of Local water supply are difficult
Table 5

Summary of Results of Aquifer Properties of VES Stations in the Study Area

VES Hydraulic Transmis- | Transmissivity | Designation Groundwater Supply
Stations | Conductivity, siVityi T=Kh (m?/day) Potential
K (m/day) (m*/day) | {Kransny, 1993}
: Withdrawal of Lesser Regional
VES 1 6.77 310.9 High Importance
: Withdrawal of Lesser Regional
VES 2 6.69 289.3 High Importance
: Withdrawal of Lesser Regional
VES 3 6.62 228.5 High Importance
: Withdrawal of Lesser Regional
VES 4 6.59 274.8 High Importance
. Withdrawal of Lesser Regional
VES 5 6.56 423.8 100-1000 High Importance
: Withdrawal of Lesser Regional
VES 6 6.71 402.6 High Importance
: Withdrawal of Lesser Regional
VES 7 6.80 538.6 High Importance
: Withdrawal of Lesser Regional
VES 8 6.59 495.4 High Importance
VES 9 6.55 461.4 High Withdrawal of Lesser Regional

Importance
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Fig. 4. 3-D surface Elevation Model with Random Spot sampling Points
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Fig. 6. Hydraulic Conductivity in the Lateral Electro-Facies from Cross Correlation
of 1-D, 2-D and 3-D Earth Model

The study focuses on the hydraulic conductivity of a 3-D surface elevation model of
an area, which was mapped using random spot sampling (RSS) points. The resistivity at
10m depth was observed to be erratic, indicating a near surface effect, while at 30m, the
erratic effect became low with high conductivity, likely due to the effect of clay material.
At 50m, a fairly uniform effect was observed, indicating profiling within the aquiferous
unit.

The hydraulic conductivity of the Earth Model from Correlation of 1-D, 2-D and 3-D
Surface Elevation showed consistency with the 1-D, 2-D, and 3-D dicer models within
the study area. It was concluded that hydraulic conductivity becomes poorer towards the
North-East section of the mapped area.

Transverse resistance is another important factor in determining areas with high
potential for groundwater exploration. The values of transverse resistance ranged from
37385.1Qm? at VES 3 to 129016.8Qm? at VES 7, with the maximum at VES 7. High
transverse resistance values correspond to high groundwater transmissivity, suggesting
high potential yield of the groundwater in the area.

Longitudinal conductance varied from 0.031Q"' to 0.076Q!, with low values
indicating high permeability, hydraulic conductivity, and low clay volume. These low
values were compared to the Standards for rating aquifer overburden protective capacity
and vulnerability ratings, revealing that the aquifer’s protective capacity is rated poor/
extremely high vulnerability, indicating it is unprotected from pollution and prone to
contamination risk from surface contaminants.

Transmissivity values in the area ranged from 228.5m?/day to 538.6m?/day, with the
maximum at VES 7. High transmissivity values indicate that the probability of good yield
of groundwater is high, encouraging sinking of productive boreholes in the area. High
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transmissivity values also indicate that the area is underlain by relatively thick aquifer
materials, and as transmissivity is a function of thickness, it increases with thickness.

The study found that regions of high hydraulic conductivity and transmissivity, such
as VES 7, VES 6, VES 1, VES 2, and VES 5, have good aquifer productive potential but
poor overburden protective layer, corresponding to regions of high transmissivity values.
Portable groundwater can be harnessed sufficiently within the depth range of 40m -65m,
but the distal end should be given preference to ensure better transmissivity.

Conclusion

The VES field data revealed that the subsurface lithology of the area is characterized
by seven to eight geoelectric layers of topsoil, dried sand, sandy-clay, clayey sand,
dried sand/indurated, saturated sand, clayey sand and sandy clay. Computer modeling
software programme was used to obtain values of the subsurface resistivity, thickness and
depth. The layer thickness, depth and their corresponding resistivity values were used to
determine the Dar- Zarrouk parameters in order to estimate the hydraulic conductivity,
longitudinal conductance, transverse resistance and transmissivity of the aquifer in the
area. The results of the longitudinal conductance were used to characterize the aquifer
overburden protective capacity which was rated as poor and extremely high vulnerability
to contaminants. The area is characterized with high transverse resistance and high
transmissivity values indicating a good groundwater yielding material that is capable
of promoting adequate recharge from precipitation as well as having high groundwater
supply potential to satisfy the needs of people living in the region. The VES gave the
range of hydraulic conductivity from 6.55m/day to 6.80m/day and this would affect the
direction and magnitude of groundwater velocity, groundwater flow as well as pollutants
transport. The results of the aquifer hydraulic characteristics estimated from the Dar-
zarrouk parameters revealed that the aquifer in the area contain adequate quantity of water
sufficient to meet economic needs in the region and has enough hydraulic pressure to
release portable water to serve the people living in the region. Thus, portable groundwater
can be harnessed sufficiently within depth range of 40m to 65m but the distal end should
be given preference to assure for better transmissivity. This is because a slice through
the 10m, 30m and 50m geometrically showed variation in earth resistivity structure with
hydraulic conductivity becoming poorer within the North-East section of the mapped area.
Arising from the poor rating of the overburden protective capacity resulting to extremely
high vulnerability to surface contaminants, it is recommended that a comprehensive
hydrochemical study be carried out to determine the portability of the water. It is also
advised that the groundwater be treated after abstraction before supply to the inhabitants
in the area for consumption.
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Pestome: AkTyanbHocTb pabotbl. Ha CeBepHOM KaBkase onucaHbl pasnnyHble TUMbl OPYAEHEHMS, CBA3aH-
Hble C rpaHuToMaamu. MpaHUTHbIE nermaTuTbl Basa-Xoxa He Nony4unm AOMKHOIO OCBELLEHUS B OTKPLITOI neva-
TN, XOTS OHW COZIeP>KaT BbICOKOKOHLIEHTPUPOBAHHOE OPYAEHEeHe cTpaTernyeckux metannos: Li, Cs, Ta, koTopble
B MUHEPanbHO-CbIPbeBOIi 6a3e Poccum OTHOCATCA K 0CTpoAeuumMTHbIM. CneaoBaTeNibHO, akTyannaaums coBpe-
MEHHbIX CBEJEHMA 0 NermaTuTax yKa3aHHoro paioHa He Bbi3biBAeT COMHEHWIA. Lienbo uccnegoBanus sensercs
nosy4yeHne KOMNNEeKCHON NeTPOsIOrnyeckoin 1 reoXnMnYecKom XapakTepucTuKI rpaHUTHbIX nermaTutos Basa-
X0xa 1 MX TMNn3auns Ha COBPEMEHHOM ypoBHe. 06bEKTOM N1 UCCNeA0BaHUIA Obinn BbIOPAHbI TENA NerMaTuToB
Basa-Xoxa, BblieNeHHbIe B Ka4eCTBE MOTEHLMANbHOTO PEAKOMETaNnbHOr0 pyaHoro nons. Marepuansi uccnego-
BaHus. Martepuarbl, UCNONb3YeMbIe B CTaTbe, N0y4eHbl aBBTOPOM B MPOLIECCE NPOBELEHNS CreLnani3anpoBaHHbIX
MeTannoreHn4ecKnx nccneaoBaHunin, nposeaeHHbIx B 1989, 2021-2022 rogax Ha nermaTutoBom none Basa-Xox.
Metoabl. MeToapbl N3y4eHMs, KDOME reosiorM4eckoro 1 neTporpadouyeckoro onNucaHus NermaTuToB, BKIOYam
MnoJsly4eHne KOMUYeCTBEHHbIX XapakTepucTK coctaBa NopoA. CUMNKATHbIA aHanm3 Nopoj Ha rfaBHble KOMMOo-
HEHTbI ONPefeNnéH PEHTreHO-CNeKTpanbHbIM PyopecLeHTHbIM MmeTofoM, Go, Ni, Zn, Pb, Li, Sc, Cu — ISP-AES,
0CTaNnbHble 3NeMeHTbl, B ToM 4ucne P33 — metopom ISP-MS B nabopatopuu VHCTUTYTa MUHEpanoruu, reo-
XUMWUU 1 KPUCTANAOXMMUN PEAKUX 3neMeHTOB (r. MockBsa). [osy4eHHble pe3ynbTaTbl U BbIBOAbL. B pe3ynbrate
KOMMIEKCHbIX MCCMeJ0BaHNA NONy4YeHbl HOBbIE [AHHblE MO NETPO-FEOXMMWUM NErmMaTuTOB C OTHECEHWEM KX K
nnTuiA-Leanin-tantanosomy (LCT) Tuny u BbiaeneHMeM HECKONbKNX CTaauii MUHepanu3aumn. B BepTukanbHom
30HANbHOCTW NErmMaTMToBOr0 NONs, Haubonee NPOAYKTUBHLIMU HA PEAKOMETaNbHOE OPYAEHEHME, SABNSIOTCA
Camble BepxHWe Tena nermatutos. Bnepsble B COCTaBE NMErmMaTtuTOB ONUCAHbl MUHEpasbl: CNOAYMEH, NONMYLNT,
NUPPOXIO0P, LIMPKOH, annaHuT. B nopogax nposiBrieH TeTpagHbIn 3PMeKT (pakunoHMpoBaHus peLKo3emesib-
HbIX 3aneMeHToB M — Tuna. MeHsBLUnecs ON3NKO-XUMUYECKIE YCIIOBUS NErMaTUTOBbIX (PNIHOMA0B NPUBOAUIN K
npeanoYTUTENIbHOMY 060ralLeHNto MOCAEAHUX PYAHbIMU KOMMOHEHTAMM B YCITOBUAX MOBbILLEHUS KNCIIOTHOCTH
cpefpl.

KnioueBble cnoBa: CeBepHblii KaBkas, rpaHUTHbIE NerMaTuTbl, CMOAYMEH, NOAMYLMUT, TAHTANUT, TETPaAHbINA
3D DEKT (PPaAKLMOHNPOBaHNA P33, KUCNOTHOCTL-LUENOYHOCTb CPeabl.

Insa yutupoBanus: 'yces A.U. Jlutnii-uesunin-tanTanosble nermatutbl ropbl Basa-Xox (CesepHblit Kas-
Kas). leonorns n reogpmsnka Hora Poccun. 2024. 14(1): 102-113. DOI: 10.46698/VNC.2024.79.74.007
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Abstract: Relevance. Different types ore mineralization related with granitoids on the Northern Caucasus are
described. A granitic pegmatites of Vaza-Khokh did not received elucidating in public press although they contain
high concentrate ore mineralization of strategic metals: Li, Cs, Ta, that are in very short supply for mineral-raw
materials base of Russia. Consequently, the updating of modern information about the pegmatites of the indi-
cated area is beyond doubt. The aim of the study is to obtain a comprehensive petrological and geochemical
characteristic of the Vaza-Khokh granite pegmatites and their typification at the modern level. The objects for
research were the bodies of the Vaza-Khokh pegmatites, identified as a potential rare metal ore field. Materials.
The materials used in the article were obtained by the author in the process of specialized metallogenic studies
carried out in 1989, 2021-2022 on the Vaza-Khokh pegmatite field. Methods. Research methods, in addition to
the geological and petrographic description of pegmatites, included obtaining quantitative characteristics of the
composition of the rocks. Silicate analysis of rocks for the main components was determined by the X-ray spec-
tral fluorescence method, Co, Ni, Zn, Pb, Li, Sc, Cu — ISP-AES, other elements, including rare earth elements — by
the ISP-MS method in the laboratory of the Institute of Mineralogy, Geochemistry and crystal chemistry of rare el-
ements (Moscow). Results and conclusions. As a result of complex studies, new data on the petro-geochemistry
of pegmatites were obtained, assigning them to the lithium-cesium-tantalum (LCT) type and identifying several
stages of mineralization. In the vertical zoning of a pegmatite field, the most productive rare metal mineralization
is the uppermost bodies of pegmatites. For the first time, the following minerals have been described in pegma-
tites: spodumene, pollucite, pyrrrochlore, zircon, and allanite. The rocks exhibit a tetrad effect of fractionation of
M-type rare earth elements. The changing physicochemical conditions of pegmatite fluids led to the preferential
enrichment of the latter in ore components under conditions of increasing acidity of the environment.

Keywords: Northern Caucasus, granitic pegmatites, spodumene, pollucite, tantalite, tetradic effect fraction-
ation of TEF, acidic- alkali of environment.
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BeepeHe

Hentpanwhueiii cextop bonpioro Kapkasza xapakrepu3syercst pa3sHOOOpa3HBIMH U pa3-
HOBO3PACTHBIMHU I'PAHUTOUAAMH, C KOTOPBIMHU IMMPOCTPAHCTBEHHO U MTAPareHeTUUECKH CBSI-
3aHbI pa3nu4uHble TUIBI opyaeHeHus [[lapana u ap., 2015; [apana, 2021; ['azeeB u ap.,
2022]. HexkoTopble TUIIBI PEIKOMETANIBHOTO OpY/A€HEHNUs B 3Toi yacTu KaBkasa cBs3aHbI
¢ ITmum-Bazaxoxckum KoMIwiekcoMm mo3aHero maneosos [['yces, 2023]. Penkomeramib-
Hasi MUHepanu3alus B Baza-XoXcKkoM pylHOM 10Ji€ MpeACTaBlIeHa IPAaHUTHBIMU MIerMa-
TUTaMH U aTOUTUTAMU. YKa3aHHBIC TIETMATUTHI HE M3YYaIHCh CO BPEMEH MPOBEICHUS
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paboT MOMCKOBO-PEBU3NOHHOMN MAPTHEH HA PEIKKE U pacCesTHHBIC 3JIEMEHTHI B 60-¢ ro/ib
pouwIoro Beka, Bosmanisiemoil KyznenossiMm K.M. U3BecTHO, 4TO rpaHUTHBIE MerMa-
TUTBl XapaKTEPU3YIOTCSI CHIIBHBIM OOOTallleHHEM HECOBMECTUMBIMHU JMTOPUIBHBIMU
aneMeHTaMu, TakuMu kak Rb, Cs, Li, Be u Sn u yacto accouunpoBansl ¢ Nb—Ta—Sn—W
MuHepanu3anuei [Simmons, Webber, 2008; Linnen et al., 2012]. [(paHuTHBIC IETMaTUTHI
SIBIISIIOTCS. BaXKHBIM MCTOYHHUKOM CTPAaTErMYECKHX METallIoB, Takux Kak Li, Be, Nb, Ta,
Rb, Cs, Zr, Hf, REE (penxo3emensnbix amementoB), Th and U, a Takke remmosorude-
ckux munepanos [Cerny” et al., 2012]. ITerMaTHTOBBIE TOJISL X POM PACIIPOCTPAHEHBI B
I'maBrom KaBkasckom xpebte Ha Kaprammnu-tay, Jlabapnan-cy, Kioren-kae, Baza-Xoxe,
[Mmme, Tysane, AkcayTe, Iie OHU TECHO aCCOLUUPYIOT C MO3HENAIC030MCKUMHU IPAHU-
tonaamu. Baza-Xoxckoe nerMaruToBO€ MOJI€ — OJTHO U3 CAMbIX KPYIIHBIX U B HEM Hac4M-
ThIBaeTcs Oosiee 60 MerMaTuTOBBIX TEJ, UMEIOIIUX PA3IUYHBINA COCTAB, @ B HEKOTOPBIX U3
HUX U BbicOokue KoHIeHTpaluu Li, Cs, Ta, Nb, Be, W. B nocnennue ronusl B CBsi3u ¢ pe3-
KUM BO3pacTaHHWEM MPOU3BOJCTBA JJUTHEBBIX OaTapeil MOSIBUIIOCH MOHSATHE «OaTapeHbIi
JUTHI», T.€. 0CO00 YHCTHIN THAPOOKCUA 3TOro Merasuia. Ero, kak oka3anaoch, HE MEHEe
peHTa0eNbHO MOJIy4aTh HAMPSIMYIO U3 CIIOIyMEHA, a He TOJNBKO U3 JCIIEBOM, HO 3arps3-
HEHHOM paribl COISIHBIX 03ep. [10aTOMy MHTEpEC K JIMTUEBBIM ITErMaTUTaM OISATh BO3pac-
taeT. Tak B HacTosiiee Bpemsi TOTOBUTCS K 0TpaboTke Koiamosepckoe MecTopokaeHue
mutust ¢ nonyTHeIMUA Nb, Ta u Be [Mopo3oBa, 2018]. OHo siBisieTcs KpYMHEUIITUM Me-
CTOPOXKJIEHUEM PEIKOMETAIILHBIX IErMaTUTOB Poccuu, Ha A0IH0 KOTOPOTo MPUXOAUTCS
26% 3anacoB auTHA cTpanbl [berxoBekuii, Apxunosa, 2016]. YkazanHble (hakThl HE BbI-
3bIBAIOT COMHEHUM B aKTYaJIbHOCTH M3y4YeHUs nerMarutoB Baza-Xoxa.

MeToAbl UCCAEAOBAHUN

BemecTBeHHBIN cOCTaB MErMAaTUTOB M3Yy4aJics ¢ MCIIOJIb30BaHUEM arperarHo-haso-
BOT'O aHAJIN3a, BKJIFOYABIIIETO B CE€0sI CTPYKTYPHO-TEKCTYPHbBIE B3aUMOOTHOIICHUSI MUHE-
paJIbHBIX arperaroB M OTHEJIbHBIX MUHEpasoB. [locTpoeHHas aBropom nuarpamma Ta —
TE, 3, ycranasnuBaroniasi 3aBUCMMOCTb KOHLIEHTpALUi TaHTajla U TeTpaaHoro sddexra
(paKIMOHUPOBAHUS PEIIKO3EMENBHBIX AJIEMEHTOB IMErMaTUTOBOTO apealia, TMO3BOJISET
OIICHUBAThH KUCJIOTHO-IIEIIOYHBIC YCIIOBHSI CPE/IBI KPUCTAUTH3AINH B T€OJIOTHUECKHIX 00-
pa3o0BaHUSAX, YTO OYCHBb BAXKHO JJIsI MIOHUMAHHUS CBSI3U (MIFOMTHOTO PeXUMa ¥ JINTUI-11e-
3WI-TaHTAT-HUOOMEBOTO OPY/ICHEHUS B KOHKPETHBIX IETMATUTOBBIX MPOIIECCaXx.

[eonornyeckoe CctTpoeHme Basa-XoxCcKkoro y4acTka
nermaTuToB

Poii merMaTuTOB pAcroNOKEH B JIEBOM OOpPTY p. YpyX IOrO-BOCTOYHEE BEPIIMHBI
r. Baza-Xox (3529,4 m) (puc. 1) cpenu KpucTayIMueCKUX CJIaHIIEB U THEHCOB U pa3THEM-
COBaHHBIX KBapLEBBIX JUOPUTOB B HATUHTPY3MBHOHM MO3UIUH TO3HE-NAIC030HCKUX
TPAaHUTOMJIOB MIIHUIII-BA3aX0XCKOTO KoMILIeKkca. Poil HacuuThiBaeT Gosee 60 mermaruto-
BBIX TeJ JAMKOOOPa3HOM, )KUI000pa3HOU U JIMH30BUIHOU GopM (puc. 2). [TpoTskéHHO-
ctu Ten BappupyroT ot 0,3 10 2,5 kM, MoutHocTH OT 1 110 45 M B paznyBax. [Ipeumyiie-
CTBEHHOE MaJIeHUE ceBepo-3anaanoe mnoa yrnamu 40-50°.

Pe3yAbTATbl PABOTHI U UX OBCYXKAEHME

[Termarutsl Baza-Xoxa BecbMa pa3HOOOpa3HbI IO COCTaBY U CTENEHH X M3MEHEHUs
B pPE3y/bTaTE HAIOKEHHBIX NporeccoB. OCHOBHAs Macca IerMaTUTOB, PACTIONOKEHHBIX K
I0r0-BOCTOKY OT Topbl Baza-Xox, npencrapisieT HauOoIbIIyI0 HEHHOCTh, TaK KaK B HUX
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OTMEUYAIOTCS HAaMOOJIbIIINE KOHICHTpAlUH CIOAYMCHA, MMOJUTYIHUTAa U TaHTAJIUTA. KpOMe
OTUX paSHOCTeﬁ K 3araay JJOKAJIU3YHTCA PEAKHUC ICTMATUTBI C WHTEHCUBHOM aJIbOMTH3a-
10055 pa3sBUTHEM pe;u(0171 BKPAIJICHHOCTHU KOJ'IYM6I/IT3 " TaHTaJiiTa. HpOTH)KéHHOCTI/I n
MOIIHOCTH 3TUX IIETMATUTOB HC3HAYUTCIILHBIC.

p. Moakymok/
R.Podkumok

Anbbpyc/
M.Elb%s

25 0 25 50
—

Puc. 1. Cxema noxanuzayuu neemamumos Baza-Xoxa na Bonvuiom Kaskasze
1 — Ilecnamumur Baza-Xoxa /

Fig. 1. Scheme of localization pegmatites of Vaza-Khokh on the Greater Caucasus
1 — Pegmatites of Vaza-Khokh

M. Vaza-Khokh | Q |1 |".'."PR|4|A *Ig
FEEew32 [ZPR| 5 [==]10
Ehds[."]e6[~—]1
=] 7 [e==] 12
T [ 71813
[=—=114

Puc. 2. Cxemamuueckas zeonoeuueckas kapma yuacmia eopuvl Basa-Xox (no A.U. Iycesy
¢ yuémom oanuvix K.M. Kysneyosa).
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1 — uemeepmuunvle 06pazoeanus; 2 — U36eCMHAKY GepXHell opbl, 3 — 2IUHUCTbLE CIAHYbL PAHHEl-
cpeonetl 1opbl; 4 — co0siHbLe CLAHYbL NPOMEPO30s; 5 — OUOMUMOBbLE SHELICbL NPOMEPO303L;
6 — oeneticosanmvie Keapyesvlie OUOPUMbL PAHHE20 NALe0305; 7 — albOUmuU3UPOBaHHble 1etKoSPAHUNbL
NUULUL-BA3AXOXCKO20 KOMNLEKCA NO30He20 Nale0305, 8 — anaumol NUULU-8A3AXOXCKO20 KOMNIEKCA,
9 — epanum-neemamumsi; 10 — cnoOymMeH-noaLyyumosgsle necmamumsl ¢ MaHmaiumom,
11 — unmencusHo anbbumusuUposantvie neemamumsl,; 12 — ueerumoHocHble CKApHblL,
13 — anvOoumumer ¢ manmanumom, 14 — paznomor /

Fig. 2. Scheme geological map of tract mountain Vaza-Khoh
(after A.1. Gusev with discount of data K.M. Kuznetsov).

1 — Quaternary deposits, 2 — limestones of Last Jurassic, 3 — clay shall of Early-Middle Jurassic;,
4 — micaceous shalls of Proterozoic, 5 — biotite gneiss of Proterozoic, 6 — gneissing of quartz
diorites of Early Paleozoic; 7 — albitization leucogranites of Pschish — Vaza-Khokh complex of Last
Paleozoic, 8 — aplites of of Pschish — Vaza-Khokh complex; 9 — granite-pegmatites; 10 — spodumen-
pollucitic pegmatites with tantalites; 11 — intensive-albitization of pegmatites; 12 — scheelite skarns;
13 — albitites with tantalite; 14 — faults

[To KOMIUIEKCY TEKCTYPHBIX NMPU3HAKOB BBIJCICHBI 3 CTAUU MUHEPATU3AINH B HAW-
Oornee oOOTamEHHBIX MErMaTHTAaX CIOIYMEHOM, MOJUTYIIUTOM U TAaHTAIUTOM, KOTOpPBIE
JIOKAJTU3YIOTCSl B CAMBIX BEPXaxX paclpOCTpaHEHUs POsi IETMATUTOB.

[TocnenoBarenbHOCT, MUHEpAIM3aLUU U MUHEpaJIbHBIM cOCTaB merMaTtuToB Basza-
Xoxa mpeJCTaB/IeH Ha MapareHeTHYeCKOr cXeMe Moce10BaTeIbHOCTH (puc. 3).

MuHepanbl/Minerals Ctaauu muHepanmsaumm/Stages of mineralization
1] 1

Keapu/Quartz
Mvckosut/Muscovite
Onuroknas/Olgoclase
MukpoknuH/Microcline
CnoavmeH/Spodumene
Nonnvuut/Pollucite
Anbbut/Alnite
bepunn/Bervl
IbaHaT/Garnet
TaHTanut/Tantalite —_—
Mupoxnop/Pyrochlore =

l

Anbbututbl/Albitites

LinpKoH/Zircon
Anatut/Apatite
Nnbmenut/Inmenite ——

Cvnbduabi/Sulfides -

Puc. 3. Cmaouu u nocnedosamensnocmu munepanooopazosanus  neemamumax Baza-Xoxa /

Fig. 3. Stages and sequences of mineral formation in pegmatites of Vaza-Khokh

Hamu BBIZIeNIEHBI 10 BEMIECTBEHHOMY COCTaBY JBE Pa3HOBHIHOCTH PEIKOMETAIUTb-
HBIX TETMATUTOB: TAHTAJIUT-TPAHAT-CIIOAYMEH-MYCKOBUT-KBapIleBass U TAHTAIUT-CIIO-
JTyMEH-TIOJUTYITUT-MYCKOBHT-KBapIeBasi, XMMHUYECKHA COCTaB KOTOPBIX IPEICTABICH
B Ta0O. 1.
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Tabnuya 1/ Table 1

CocTaB nerMaTUTOB € TAHTAJI0BOI MUHepaau3anuei (okcuabl B %, 31eMeHThI — B 1/T) /
Composition of pegmatites with tantalium mineralization (oxides in %, elements in ppm)

KomnonenTsl/ Homepa mpo6/Numbers of probes
Components i 2 3 Y, 3 6
SiO, 73,9 74,63 74,4 74,08 75,1 75,7
TiO, 0,45 0,42 0,02 0,03 0,05 0,02
AlL,O, 14,9 15,02 13,2 14,2 12,3 12,0
FeOt 0,44 0,42 0,91 0,45 0,7 0,6
MnO 0,07 0,05 0,1 0,07 0,01 0,02
MgO 0,3 0,25 0,77 1,96 0,2 0,1
CaO 0,11 0,13 0,06 0,05 0,3 0,2
Na,O 6.3 6,22 5,93 6,97 7.1 7,0
K,0 2.2 2,38 2,97 1.4 3.4 4.1
P,O4 0,17 0,16 0,13 0,13 0,22 0,22
ITo/Loi 0.9 0,45 1,53 0,55 0,3 0,2
D 99,67 100,07 100,02 99,92 99,68 100,16
Li 432 235 914 859 10100 8250
Be 154 145 82 91 119 97,8
Cs 98 65 84 101 434 542
Rb 908 895 969 864 6300 9147
Ba 44 41 24 22 35 40
Sr 8 6 4 7 31 43
Ga 19 15 13 16 24 26
Tl 123 121 134 54 195 203
Cu 17 20 18 21 19 14
Zn 43 54 62 50 66 32
Pb 16 21 25 17 18 14
Th 6 4 5 4 3,7 2.8
U 42 22 31 27 28 29
Zr 142 133 121 118 121 143
Hf 15 12 11 9 12 16
Nb 64 55 80 53 67 71
Ta 195 154 162 187 327 325
Sn 40 33 34 28 133 270
Y 15 17 12 15 3 2.5
La 14 15 4,02 6,09 1,61 1,88
Ce 33 35 7,88 10,5 2,68 3,32
Pr 3,0 423 1,05 1,06 0,27 0,35
Nd 10,2 25,0 3,84 3,51 0,86 1,03
Sm 5,0 22.0 0,89 0,73 0,22 0,35
Eu 0,17 4,0 0,07 0,17 0,03 0,02
Gd 10,5 63,0 0,65 0,55 0,18 0,26
Tb 4,99 30 0,14 0,12 0,05 0,08
Dy 32,9 328 0,73 0,66 0,25 0,46
Ho 6.8 98 0,1 0,08 0,05 0,05
Er 19,96 385 0,27 0,24 0,13 0,13
Tm 3,39 78 0,04 0,05 0,03 0,03
Yb 24,99 670 0.4 0,33 0,16 0,17
Lu 3,37 107 0,05 0,04 0,02 0,02
Y REE 187,27 1856.,2 32,1 39,1 9,51 10,65
(La/Yb)y 0,38 0,01 6,8 12,8 6,87 7,55
Eu/Eu* 0,07 0,3 0,27 0,78 0,44 0,19
TE,; 1,42 1,14 1,2 1,24 1,15 1,47

[Ipumeuanue. B Tabnuue coxepkanus pIeMEHTOB HOpMaian3oBaHs! 1o XoHIpuTy C1 [McDonough,
Sun, 1995]. Eu*= (Smy+Gdy)/2. TE, ; — TeTpanuslii s ekt ppaxunonnposanus REE xak cpennee Mexmy
mepBoil U TpeTher Terpamamu 1o [Irber, 1999]. 1-2 — TaHTaMUT-rpaHaT-CIIOAYMEH-MYCKOBHUT-KBaPIICBEIH
[IerMaTuT; 3-6 — TAHTAINUT-CIIOAYMEH-TIOJUTY LIUT-MYCKOBUT-KBAPLIEBBIH IIErMaTHT /

Note. Contents of elements normalized on chondrites C1 (McDonough, Sun, 1995). Eu*=(Smy+Gdy)/2.
TE, ; — Tetradic effect fractionation of REE, as middle between first and third tetrads after (Irber, 1999).
1-2 — tantalite-garnet-spodumen-muscovite-quartz pegmatite; 3-6 — tantalite-spodumen-pollucite-musco-
vite-quartz pegmatite
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[To xumMu3My u3ydyaemble MErMaTUThl OTHOCSTCS K YJIBTPAKUCIBIM U YMEPEHHO-IIIe-
JIOYHBIM MOPOAAM, 32 MCKIIOYEHHEM MPO0 5 U 6, KOTOphIE CIeAyeT paccMaTpUBATh Iiie-
JIOYHBIMHU PA3HOCTAMU. B mpoaHanM3UpOBaHHBIX MPOOAX OHU XapaKTEPU3YIOTCS MOBBI-
HICHHBIMH KOHIIEHTpausiMu 3emMeHToB (1/T): Li ot 325 mo 10100, Be ot 82 mo 154,
Cs ot 65 1o 542, Rb ot 895 o 9147, Ta ot 154 no 327, Nb ot 53 no 80. B Hux Hatmo-
JIAI0TCS 3HAUYMTENIbHbIE BapUALIMM CyMMBI pelkuX 3emenb — oT 9,51 1o 1856 r/t. Hopmu-
poBaHHble oTHOIIeHHs La k Yb konebmrores ot 0,01 go 12,8, ykas3biBas Ha pa3inyuHyIO
cTerneHb (PPaKIMOHUPOBAHUS JIETKUX U THKENBIX PelKO3eMeNbHBIX dneMeHToB (P33).
OHa 3HaYUTENIBHO BBIIIE Y TAHTAIUT-CIIOAYMEH-IOJUTYLIUT-MYCKOBUT-KBApLIEBBIX METMa-
tuTOB. OTHOMEHUs Eu/Eu* ycToitunBo Huke XOHAPUTOBBIX 3HaYeHUi. Bo Bcex nmpoana-
JU3UPOBAHHBIX MPOOAaxX MErMaTUTOB MPOSBICH TETPagHbiid dPPeKT PppakinoHUpOBaAHUS
(TO®) P35 M-rtuna, Bapsupytomuii ot 1,14 10 1,47. Oco0o oTnnyaroTcs aHaTU3bl 5 U
6. OHU npeACTaBIsAIOT COOO0M YIBTPAKHUCIIBIE U BEICOKOIEIOYHbIE IOPOBI, B OTIUYHE OT
KHCJIBIX ¥ YMEPEHHO IIEJIOUHBIX MPEAbIAYIINX 4-X aHaI130B. IMEHHO B IByX MOCIEIHUX
cofiepkaHue TuTus pocturaetr 1%, conep:kanue pyouus Ha MOPsIIOK, a 1e3us B 5 u 6o-
Jiee pa3 BhIIIE, YEM B MEPBBIX 4-X aHAIU3aX.

Ha cnaiigep-nuarpamme pa3HOBHIHOCTU PEIKOMETAIbHBIX NermMaTuToB Ba3za-Xoxa
KOHTPACTHO PA3JIMYAIOTCS MO KOHIIEHTPALMIM PEIKO3EMEIbHBIX AJIEMEHTOB C OTYETIIN-
BBIM €BPOIMUEBLIM MUHIUMYMOM U BBIMTYKJION KpUBOi pactipenenenus B oonactu Gd-Ho,
noaTBepxkaas npossiaeHue TOD P35 M—runa [Masuda, Ikeuchi, 1979] (puc. 4).

Ha muarpamme Ta — TE, ; oOmmii Tpen konueHTpauuii Ta B mermarurax cBsizaH ¢
yBenmuueHueMm 3HadeHuid TOD P35 M-tuna (puc. 5). Tak kak mposisnenne TOD P35
M-tuna cBsizaHO ¢ aKTUBHOCTHIO ¢Top-komruiekcoB [['yces, I'yces, 2011], To, cieno-
BaTEJIbHO, MOXHO CZEJIaTh BBIBOJ O TOM, YTO BBICOKME 3HAUECHMSI TaHTaja B MErMaTuTax
00yCTIOBIIEHBI BEICOKMMH COJIEpPKaHUsAMHU (PTOpa B IETMAaTUTOBOM PAacIliaBe.

B nameit ctpane B kiaccu(UKalMU PEIKOMETAIIBHBIX TETMAaTUTOB BBIJACIACTCS
2 nmoagopmanuu; MeTaauToBast U CIIOJYMEHOBAS C BBIICTICHUEM I€OXUMHUYECKUX HBOJIIO-
LIMOHHBIX PSIJIOB M NAapareHeTU4eCKUX TUIOB [3aropckuil u ap., 1997]. CornacHo 3toit
kinaccudukanuy nmerMatuThl Baza-Xoxa ciemayer oTHOCHTH K CIIOIyMEHOBOW mojadopma-
L[MY, KOMIUIEKCHOMY L€3UN-TaHTaJ-IMTUEBOMY T'€OXMMUYECKOMY SBOJIIOLIMOHHOMY DSy
U CIOAYyMEH-KaIHUIINaT-aJh0UTOBOMY MapareHeTUYeCKOMY THUITY, (HhOPMHUPOBABIIEMYCS
IpU MOBBIIIICHHOM HauaJlbHOM JIaBieHUU 5-3 kOap. TUNMUYHBIMU MPEACTABUTENSIMU ITOTO
TUIIA SIBJISIOTCSA MPOMBIIUIEHHBIE MecTopoxaeHus [onbroBoe (Bocrounslit Casn), Kok-
toraii (Kurait) [Makaron, [lImakun, 1988; Zhang et al., 2004], a Taxxe KpynHeime B
mupe MmectopoxaeHus IlapyHckoro mermarutoBoro mons Adranuctana [PoccoBckuit
u ap., 1976].

Puc. 4. Cnatioep-ouaecpamma pacnpedenenus
PEOKO3EMENbHBIX INEMEHINOE8 8 Ne2MAMUMAX
100 Basza-Xoxa. 1 — mawmanum-epanam-cnooymen-
MYCKOBUM-KEAPYEBbLU NecMamum,
2 — manmanum-cnooymeH-noiLy yum-mycKoeum-
Keapyeaulli necmamum /

S
-
o
o
o

Mopona/XoHaput/

Rock/Chondrite
-

Fig 4. Spider-plot of distribution rare earth elements
i . — in pegmatites of Vaza-Khokh
La Pr SmGd Dy Er Yb 1 — tantalite-garnet-spodumen-muscovite-quartz
Ce Nd Eu Tb Ho Tm Lu pegmatite; 2 — tantalite-spodumen-pollucite-
S a2 muscovite-quartz pegmatite.

o
-
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Puc. 5. Quaepamma Ta — TE, ; 0na neemamumos Basa-Xoxa.
Cooeporcanus Ta 6 xonopumax no [Wasson, Kallemeyn, 1988].
Codepoicanus manmana 6 uzeepiceHHvlx nopooax no [Bunoepaoos, 1962].
Teemamumer yyacmxa: 1 — manmanum-epanam-cnooymeH-mycKo8um-Kkeapyesovie, 2 — maHmaium-
CHOOYMEH-NONYYUM-MYCKOGUM-KEapyesvle /

Fig. 5. Plot of Ta — TE ; for pegmatites of Vaza-Khokh.
Pegmatites of tract: 1 — tantalite-garnet-spodumen-muscovite-quartz, 2 — tantalite-spodumen-pollucite-
muscovite-quariz.

B pacnipeneneHnn pa3nmuuHBIX IO COCTaBYy erMaruToB Baza-Xoxa HaOmomaercs Bep-
TUKAJIbHAS 30HAJbHOCTh OTHOCUTEIIFHO KPOBJIH BBICTYIIAa PYJIOTCHEPUPYIOIIHNX aIbOUTH-
3MPOBaHHBIX JICMKOTPAHUTOB. BONIM3KM KPOBIM yKa3aHHBIX TPAHUTOMIOB JIOKAIH3YIOTCS
MPEUMYIIECTBEHHO MUKPOKJIMHOBBIC PA3HOCTH TIETMATUTOB, BBIIIE PACIIONATAlOTCS MU-
KPOKIIMH-aJIbOUTOBBIC U HA CAMOM KpailHEeM yIaJICHHH OT KPOBJIA PaCIPOCTPAaHEHBI Hau-
0oJiee IPOYKTUBHBIC CITOyMEH-aJIbOUTOBBIC MIETMATHTHI, B KOTOPBIX 00OHAPYKUBAIOTCS
MOJUTYITUT ¥ TaHTAIHT (pHC. 6).

Puc. 6. Cxema 30nanbrocmu pacnpeoenenus paaiudnblx no cocmasy neemamumos Basa-Xoxa
OMHOCUMENLHO KPOBIU PYOOLEHEPUPYIOUUX SPAHUMOUOOS.

1 — pyooeenepupyrowue anbOumu3upo8antvie 1etikoepanumol, 2 — pyooemewaowue pazeHelico8anHoie
Keapyegvle ouopumol; 3 — nezmamumul u ux cocmag (Mi — muxpoxaunosvie, Mi-alb — mukpoxnun-
anvbumosvie, Spod-alb — cnodymen-anbbumosvie); 4 — nomerHyUaL UOHUZAYUU COCIMABO8 NE2MAMUNO8
u e2o snauenus no [XKapukos, 1967] /

Fig.6. Scheme of zoning distribution different on composition pegmatites Vaza-Khokh
relatively roof of ore generation granitoids.
1 — ore generation albitization leucogranites; 2 — ore containing gneissic quartz diorites;
3 — pegmatites and it composition (Mi- microcline, Mi-alb — microcline-albitic, Spod-alb — spodumene-
albitic); 4 — potential ionization of composition pegmatites and it values after [Zharikov, 1967].
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Kak BUIHO U3 cXeMBI CHU3Y BBEpPX IMPOMCXOAUT BO3PACTAHUE 3HAYCHMN MOTEHIMAIA
MOHM3AIIMH, YKa3bIBAIOIIEE HA YBEIIMUEHUE KUCI0THOCTH cpeabl [JKapukos, 1967] nerma-
TUTO-00pa30BaHUs B YKa3aHHOM HallpaBJICHHH.

MOXXHO onpenenuTh PU3MKO-XUMHUYECKUE YCIOBHS MErMaTuTo-00pa3oBaHus U JIpy-
TUM METOJIOM, MCIIOJIB3ys cooTHomenust Eu/Eu* u TE, ;. Ha aBropckoii 1uarpamme yxa-
3aHHBIX COOTHOILEHUH OTYETIIMBO BUAHO, UTO C yBeauueHueM 3HaueHuid Eu/Eu* B mer-
maruTax Basa-Xoxa npoucxoaut noseinienne u TE, 5 (puc. 7).

& 1.00 Co,qep»(alrmq B XOlepMTa)VContents in chondrites
|_|:Js B Yeenuuenve TOP P33 M- tnna/Increasing of TEF REE M-Type o1
3 - o A 2
Ll B Ao
0,10 a -
2 °
0,01 [enneTnpoBHue
g Eu 295% /
B Depletation
Eu=95%
0,001 . =
o6 0,7 08 09 1,0 11 1,2 1,3 1.4 15

TE13

Puc. 7. Quaepamma Ev/Eu* — TE; ; ons neemamumos Basa-Xoxa.
Cooeporcanus Eu no [McDonough, Sun, 1995]. Ycroenvie obosnauenus na puc. 5/

Fig. 7. Plot Eu/Eu* — TE, ; for pegmtites of Vaza-Khokh.
Contents of Eu after [McDonough, Sun, 1995]. Legend on fig 5.

W3BecTHO, uTO yBenuueHue Benuunnel Eu/Eu* npu nposeiaennn TO® REE M-tuna
COITIACHO psiiaM KUCJIOTHOCTU—IIETOYHOCTH 3JIEMEHTOB 1o [Mapakyies, 1976] criektpa
anemeHToB Sm, Gd, Eu (ygactBytomux B cootHomennn Eu/Eu*) B BogHO-cepoBOmOpOI-
HBIX pacTBOpax IMPH CTaHJAPTHBIX YCIOBMUSX OTBEYAET MOBBIIIEHUIO KHUCIOTHOCTHU Cpe-
nel. CrietoBarenbHO, (POPMHUPOBAHUE Pa3HBIX MO COCTaBy NerMatuToB Baza-Xoxa mpowc-
XOJIUJIO B YCJIOBUSIX MOBBILLIEHUS KUCIOTHOCTH CPEJIBL.

3a py0ekoM CyIIeCTBYIOT 2 TUIa KilacCU(UKalUU IPaHUTHBIX nerMaTuToB. IlepBas
U3 HUX OCHOBAaHA HA COAEPIKAHMSIX ITIABHBIX PYIHBIX KOMIIOHEHTOB B MErMaTUTax, B KO-
Topoii BeizesioT 3 cemeiicta [Cerny, 1991]: 1 — HuoGuii-urrpuii-propucroe (NYF);
2 — nutnit-uesuit-ranranosoe (LCT); 3 — cmemannoe NYF-LCT. Ilermarutsr Baza-Xo-
Xa CJIEAYEeT OTHOCHUTD IO 3TOH KIIACCU(PHUKAINU K CEMEUCTBY JINTHH-11€3UH-TaHTATIOBOMY
(LCT). Apyras knaccuduxamnms, OCHOBaHHasI Ha KOMIUIEKCHON OIICHKE I'€0JIOr0-MUHEe-
paoTHYECKUX, (PU3MKO-XMMUYECKUX M TEOXMMHUYECKHX HNpu3HakoB [Sanchez-Miinoz
et al., 2016], nmpemycmMaTpuBaeT BBIACICHHE 2-X TPy MErMAaTHTOB: TIEPBOM TPYIIITHI
«Bpicoko-T° HU3KO-(DIIOUTHBIX» ¢ ABYMS MOATpyNmamMu: | — KpeMHHCTO-00eTHEHHBIX,
2 — KpEMHUCTO-000TalIEHHBIX; BTOPOU TPYIIIBI «HU3KO-T° BBICOKO-(MIIOMIHBIX)» C IByMsI
MOATPYIIIaMU: 3 — KPEMHHCTO-000TamEHHBIX, HU3KO-(POCHOPUCTHIX U 4 — KPEMHUCTO-
oOoraméHHbIX BBICOKO-(hocopucThiX. [1o 310l Kinaccudukanun nermaruthl Basza-Xoxa
CJIeZlyeT OTHOCHUTH K 4 TIOArpyIIe — KPeMHHCTO-000TaIlEHHBIX U BEICOKO-(OCPOPHUCTHIX.
Taxue merMaTUTHI CBA3aHbI C MU30HATHLHBIMA—ME3030HAIbHBIMYU TPAHUTHHIMU MaCCHBa-
MU B CHHKOJUTM3MOHHBIX OOCTAHOBKAaX B YCIOBHUSAX pacTshkeHus [Sanchez-Miunoz et al.,
2016].
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3HauuTeNbHbIC MAcIITa0bI MerMaTuToB Basza-Xoxa 1 mpoMBbIIIITIeHHbIE KOHIIEHTpalun
B Hux Li, Cs, Ta mo3BossT B Oy1y1iem npu poBeieHUH Ooliee JeTaabHbIX padoT OLEHUTh
JUISL TIOTEHLIMAJIbHOTO PYHOTO IOJISl IPOTHO3HBIE PECYPCHI CTPATErMUECKUX METAILIOB.

BbiBOADI

[lermaruter Baza-Xoxa ¢hopMHpOBaINCh B TPU CTAIMU U OTHOCATCS K JIUTHHA-1IE3UIi-
TaHTaJOBOMY TUIly. B BepTHUKaIbHOM pa3pe3e CHU3Y BBEPX BbLAEISAIOTCS TPU 30HBI IET-
MaTHUTOB: MUKPOKIMHOBAs,, MUKPOKJIMH-aJILOUTOBAsI M CIIOIyMeH-ansouToBas. [locnen-
Hsisl 30HA HamOoJiee MPOAYKTHBHA M B HEW BBIJEIICHBI IBE PA3HOBHIHOCTHU METMATHTOB!
TaHTAJIUT-IPaHaT-CII0lyMEH-MYCKOBUT-KBaplieBasi U TAHTAJIUT-CIIOyMEH-IIOJTYyLIUT-MY-
CKOBHUT-KBapIeBas. B coctaBe mocnenHeil e mpoObl, XapaKTepu3yIOIHecs MOBbIIICH-
HOM MIEIOYHOCTRIO CPEJIbl, IMEIOT U Oojiee Bhicokue KoHieHTpanuu Li, Cs, Rb, Sr, Ga,
Ta, Sn. ®opmupoBanue Hanbosee NPOTYKTUBHBIX IETMAaTUTOB HAa CTPAaTErnYecKue Me-
TaJUTBl XapaKTEPHU30BAIOCH BHICOKOW HACHIIIEHHOCTHIO (PIFOUI0B (PTOP-KOMILIEKCAMH U
IIPOUCXOJIMIIO B YCIIOBUSX MOBBIIIEHUS KUCIOTHOCTH U IIETOYHOCTH CPEbl MUHEPAJIO0-
OpazoBaHwUsI.
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Pe3tome: AKTYanbHOCTb pa6boTbl. [1151 NOBbILIEHNS YPOBHS J06bI4M YrNEBOAOPOAHOIO Chipbs B 06LLEM 6a-
NaHce TOMJIMBHO-3HEPreTMHECKOro Kommnekca Poccum BaXXHbIM (DAKTOPOM ABNAETCA 060CHOBAHHASA OLEHKA K
NPOrH03 HedTera30HOCHOCTN He TOJIbKO HOBbIX NMEPCMNEKTUBHbIX PANOHOB, HO 1 BOBMEYEHWE B NPOMbILLNEHHOE
0CBOEHUE HEBbIPABOTAHHbIX OCTATOYHbIX 3aMaCOB U NPONYLLEHHbIX Heopa3BeaHHbIX y4acTKoB paspabartbiBae-
MbIX MECTOPOX/EHUI B CTapbIX HE(PTEra3000bIBAOLLMX palioHaX, B TOM 4ucre U Ha BocTo4HoM lMpeakaBkasbe.
O06bLEKTOM UCCNef0BAHUS ABAIOTCA 3anexXu HedTU B KAPOOHATHBIX TPELUNHHBIX OTIOXEHNAX HeTEKYMCKOIA
CBUTbI HXHEro Tpuaca BocTo4HO-be3BoLHEHCKOr0 MeCTOpPOX/eHUs, KOTOPOe HAXOLMTCSA HA 3aBepLuatoLLen
cTaguu pa3paboTku. [laHHbIe 3anexXu XapakTepusyrTCs reosiorm4eckor 1 TeXHONOrM4eCKoi HeOAHOPOLHOCTIO.
[Tpennaraemble UCCNeA0BAHMSA CTAHYT HEOOXOAUMbIM LLIATOM A1 0TPABOTKN HAay4HO-METOANYECKON OCHOBbI Bbl-
JeneHus fonoNHUTENbHbIX 06bEKTOB 17 Jopa3paboTKu yriesoA0po0B Ha npuMepe BocToyHoro lMpefkaBkasba
1 aganTauyum noNy4eHHbIX Pe3ynbTaToB K UX re0sorMYeckuM aHanoram B npefeniax Apyrux HepTera3oHoCHbIX
npoBuHUNiA. Llenbio uccnefoBanus ABAAETCA OLEHKA BNIUSHUS TEKTOHUYECKOro (PakTopa Ha (OpMMpoBaHue
30H NOBbILLIEHHON NPOLYKTUBHOCTU HE(PTAHBIX 3aexXeil B KAPOOHATHbIX OTI0XEHMAX HE(DTEKYMCKON CBUTLI Ha
npumepe Bocto4Ho-be3BoaHeHCKOro MectopoxaeHus. MeTtoabl uccnegosanus. B xofe vccnenosanus npume-
HANUCb CchefytoLlne MeToabl: c6op, aHanua, cuctemarusauns 1 06paboTka reosioro-reou3nyecknX AaHHbIX.
icnonb3oBanuch Takxe cneuuanu3MpoBaHHbIe METOAbl, TaKMe Kak a3pOKOCMOreosiormyecknii MeTod n KoM-
MNEKCHbIA aHanN3 NMHEAMEHTOB 1 reonoro-nPOMbICI0BbIX JaHHbIX. Pe3ynbTatbl pa6oTbl. BoisBrieHa BbiCOKas
CTeneHb 3aBUCMMOCTY BEJIMYUHBI HAKOMIIEHHON J06bI4N HETU OT MHAUKATOPOB BUAHUSA TEKTOHUYECKOr0 (hak-
TOpa. YCTaHOBNEHO, YTO AOMUHMPYOLLMM (PAKTOPOM (DOPMUPOBAHMS MOBLILLIEHHON TPELLMHOBATOCTU KOMNEK-
TOPOB He(HTW HA MCCNEJyeMOM MECTOPOXAEHUMN ABNAETCA TEKTOHUYECKUIA. 10y4eHHbIe pe3ynbTaThbl N03BONAT
pa3paboTaTb HOBbIE MHAMKATOPbI BAUSAHWNA TEKTOHNYECKOr0 (DAKTOPa Ha NPOAYKTUBHOCTb CKBXUH, BHELPUTb UX
B LMPOBbIE re0siornieckne MoAenu B yCnoBuax Aeuumta JaHHbIX 0 napameTpax TPeLLMHOBaTOCTH.
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Abstract: Relevance. To increase the level of hydrocarbon production in the overall balance of the fuel and
energy complex of Russia, an important factor is a reasonable assessment and forecast of the oil and gas po-
tential. This refers not only to new promising areas, but also to the involvement in the industrial development of
unprocessed residual reserves and missed undiscovered areas of developed fields in old oil and gas producing
areas, including in the Eastern Caucasus. The object of the study is oil deposits in carbonate fractured rocks of
the Neftekumsk suite of the Lower Triassic of the Vostochno-Bezvodnenskoye field, which is at the final stage
of development. These deposits are characterized by geological and technological heterogeneity (the degree of
development of objects and sites). The proposed research will be a necessary step to develop the scientific and
methodological basis for the allocation of additional facilities for the further development of hydrocarbons on the
example of the Eastern Caucasus and the adaptation of the obtained results to their geological analogues within
other oil and gas provinces. The aim of the study is to assess the influence of the tectonic factor on the formation
of zones of increased productivity of oil deposits in the carbonate rocks of the Neftekumsk suite on the example of
the Vostochno-Bezvodnenskoye field. Metheds. The following methods were used in the course of the study: col-
lection, analysis, systematization and processing of geological and geophysical data. Specialized methods were
also used, such as the aerospace geological method and complex analysis of lineaments and geological-field
data. Results. A high degree of dependence of accumulated oil production on indicators of the influence of the
tectonic factor has been revealed. It has been established that the dominant factor in the formation of increased
fracturing of oil reservoirs in the studied field is tectonic. The obtained results will allow us to develop new indica-
tors of the influence of the tectonic factor on the productivity of wells, to introduce them into digital geological
models in conditions of a shortage of data on fracture parameters.
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BeepeHme

3HaUNTENFHOE YUCIIO HEPTAHBIX MECTOPOXKICHUN HAa POCCUHCKON TEppUTOPHH Ha-
XOIUTCS Ha CTaJMU NaJaromel JOOBIYM WM K€ 3aKOHYEHO pa3palbOoTKOH, CyIIeCTBYET
ocTpasi HeOOXOAUMOCTh B IPUPOCTE YIIIEBOJOPOAHOTO MTOTEHITHATIA.

[lo pa3nu4HbIM OLIEHKaM 3amachl yIJIEBOJOPOIOB B KapOOHATHBIX KOJUIEKTOpax J0-
cturatoT ot 40 % 10 60% ot mupoBsix [Mycun u ap., 2013]. Ha Cesepnom Kaskaze
OZTHUM M3 TaKHX OOBEKTOB SBJIAIOTCS HEPTEKYMCKHE OTIIOKECHUS HIPKHETPHUACOBOTO BO3-
pacTta, KOTOpble BXOJAT B COCTAaB IEPMO-TPHUACOBOTO HEPTETa30HOCHOTO KoMILIeKca. Mc-
CJIIOBAHUIO 3TOTO O0BEKTa B TOCIEIHHUE TOAbI MOCBSIICHBI padoThl [Tomares, 2012;
VYnemacBait u ap., 2013; Xacanos u ap., 2020; Yepnenko u ap., 2022; [Tonkos B.U., ITon-
koB 1.B., 2023a; [Tonkos B.N., ITonnkoB U.B., 20236]. D10 0a1H K3 OCHOBHBIX 00BEKTOB
POMBIIIUICHHOH pa3paboTku Boctounoro [IpenkaBkasbs. J{ns BceX MpOIyKTUBHBIX IL1a-
CTOB XapaKTepHa reoJoruueckast U TEXHOJIOTMYeCKas HEOJHOPOJHOCTbD.

Bocrouno-be3Boanenckoe HeTsiHOE MECTOPOXKAEHUE TPUYPOUCHO K BennuaeBcko-
MaxkcUMOKYMCKOH 30HE He(Tera30HAKOIJICHUS, KOTOpas HAaXOAMUTCS B 3alaJHOW 4acTH
[Tpukacnuiickoil HU3BMEHHOCTH. B aIMUHUCTPAaTHBHOM OTHOUICHUU HCCIETYEeMbIH 00b-
€KT pacIoyiokeH B BOCTOYHOM yactu CraBpomnonbckoro kpast PO na teppuropun Hedre-
KyMCKoro paiiona. Pazpaborka mectopokaenus Hadara B 1965 rony. Hedrsiabie 3anexu
B TPUACOBBIX OTJIOKECHHUAX NMPHypoueHsb! K cpeanemy (T,) u vmwknemy (T nf) Tpuacy. He-
(TeKyMCKasi CBUTa MPE/ICTaBICHA TOJTOMUTAMU M U3BECTHSAKAMU C IPOCIOSIMUA Mepresei
¥ aprusuinToB. KoJIeKTOphI ATUX 3aJI€KEH OTHOCATCS K TPEIIMHHO-KAaBEPHO3HOMY U Tpe-
IIMHHOMY TUIIaM, UMEIOT pU(OTEHHBII TeHE3HC.

W3 ocHOBHBIX 3aiexeil He(hTEKYMCKUX OTIOKeHUH Bocrouno-be3BogHeHckoro me-
CTOPOXJICHUSI BCETO 8 CKBaXWH O0TOOpanmu 45 % Bceil HaKOIUIEHHOW J0ObYM HEe(TH,
13 ckBaxun otobpanu 35 %, ocranbHble 28 cKBaXuH — octaBimecs 20 %, npuuem Bce
CKBA)XMHBI PACIOJIOKEHBl MPEUMYIIECTBEHHO Ha MaKCHMaJbHBIX He(TEHACHIIIEHHBIX
TOJIIIIMHAX. DTO TOBOPUT O CIIO)KHOCTH I€OJIOTUUECKOTO CTPOCHHUS 3aJI€XKEN, UTO B 3HAUU-
TEJIbHON CTENEHU 3aTPyIHSET UX pa3paboTKy. PakTopsl, BIUSAIOLIME HA UHTEHCUBHOCTh
TPEIIMHOBATOCTH, U KaK CJEJICTBUE, MPOJYKTUBHOCTb, A0 HACTOSIIETO BPEMEHHM HE B
IIOJIHOM MEPE YCTaHOBJICHBI.

OO1Ien3BECTHO, YTO OMPEICISIONIMM MPOIYKTUBHOCTh B KapOOHATHBIX KOJUIEKTO-
pax, sSBIAETCS TEKTOHMYECKUi (axTop. OmHAKO, HEJOCTATOYHO HMCCIIEOBAHUM, MO3BO-
JSIOUIMX KOJIMYECTBEHHO OXAapaKTEpHU30BaTh CTENEHb €ro BiusHusA. Pa3zpaborka mHau-
KaTOPOB BIIMSHUS TEKTOHUYECKOTO (PaKTOpa Ha MHTEHCHUBHOCTH TPEIIMHOBATOCTH, U KaK
CJIEJICTBUE, ITOBBILLIEHUE NPOJYKTUBHOCTH CKBAaYKUH, I103BOJIIET IOBBICUThH KAYECTBO, UH-
(OpMATUBHOCTB M JIOCTOBEPHOCTH JOPA3BEIKU M Pa3pabOTKH 3aJIeKeil yrIeBOAOPOIOB.
370 ompenesieT akTyaIbHOCTh 0003HaYEHHON MPOOIEMbI M IMEET OTPOMHYIO Hay4YHYIO
3HAYMMOCTb.

MaTtepunaAbl U METOABI MICCAEAOBOHUN

JUi1st OLIeHKH BIIMSHUS TEKTOHMUECKOTO (pakTopa Ha (hOpMUPOBAHNE 30H MOBBIIIIEHHON
POAYKTUBHOCTH HE(TAHBIX 3a/IekKel B KaApOOHATHBIX OTIOKEHHUIX HE(PTEKYMCKOI CBU-
ThI BBITIOJIHEH COOp, aHAIM3, CUCTeMAaTH3alusl U 0000IIEeHNEe Te0I0rO-TIPOMBICIIOBON 1
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reopu3nueckoil HHpOpMALMK O HAKOTJICHHOH 100b14e He()TH U JaHHBIX IO pa3paboTKe
0omee 55 TTyOOKHX CKBa)KHH.

ABTOPOM U151 IPOBEACHUS JINHEAMEHTHOTO aHalu3a ObUTH OTACIIU(DPUPOBAHBI U UH-
TEpIPETUPOBaHbl KOCMUYECKUE CHUMKHM BoctouHoro IlpenkaBkasbs pernoHaabHOroO U
JIOKaJIBHOTO YPOBHEW TeHEepaIn3aluy BUAUMOTO U HH(PAKPACHOTO CIIEKTPOB.

Cy11ecTByIOT MHOTOYHMCIICHHbIE PA0OThl POCCUHCKUX M 3apyOeXkHbIX HMCCieoBaTe-
Jieil, MOCBsILEHHbIE U3YUEHHIO (DAaKTOPOB POPMHUPOBAHUS TPELIMHOBATOCTH B TOPHBIX T10-
poaax, B TOM 4Hciie B KapOOHAaTHBIX KOJJIEKTOpax. TpelnmHoBaToCTh, KOTOpasi B LI€JIOM
olpeesseT MPOLyKTUBHOCTb 3aJI€KeH yIIeBO0pOJOB B KAPOOHATHBIX OTIOXKEHUAX, MO-
JKET OBITh UCCIIE0BAHA CIIEYOIIMMHU IPyIIIaMi METOJ0B:

- a9POKOCMOTe0I0OINYECKUE METObI (JIMHEAMEHTHBIN aHanu3). BeinmonuseTcs cTpyk-
TypHOE Jemn(ppUpoBaHNE U HHTEPIIPETAIUS KOCMUYECKUX CHUMKOB Pa3HOTO Maciradba
U reHepanuszanuu [Mycud u ap., 2013]. MeToauka no3BoJisieT U3yunTh TEKTOHUUECKYIO
HaNpsHKEHHOCTh KapOOHATHBIX OTJIOKEHUN Ha OOJBIIMX TUIOIIAAX, BBISIBUTH 30HBI UH-
TEHCUBHOM MOBBIIIEHHO!N TPEILIMHOBATOCTH IIPU 3aJ10KEHNHU cKBakuH [['onoBaHoB, [Ipo3-
noB, 1997; Kopuyranosa, Kopcakos, 2009; Narr et al., 2006; Ynemacaii u ap., 2013;
Huxonos, 2019; Miloserdova et al., 2021; Ammari et al., 2022];

- reoU3nUECcKre METOAbI UCCIIEA0BaHMs TpelMHoBaTocT — 3D ceiicmopasBenka u
CKBaKMHHBIE MeTonbl. [Ipu uHTEepnperanuu ceiicMopa3BeKu pa3joMbl U MPUpPa3IOM-
HbIE MAKPOTPEINHBI OTMEYAIOTCSI B BU/I€ 30H HEKOTEPEHTHOCTH CEICMUUECKOTO CUTHAJIA
U YTOUYHSAIOTCA Ha KapTax akycThdeckoro mmnenanca [Mycun u np., 2013; 3eneHkoB,
1997; bembens u np., 2006; I'ymues u ap., 2013]. CkBaXMHHBIE METOJIBI HCCIICTOBAHUI
HeonHopoaHocTH macta [Narr et al., 2006; Hennings et al., 2012; Kus3es, Hekpacos,
2019; A6xymmuH, Paxmarymmmna, 2018; Fapudymmma u gp., 2018; CumoHeHKo U Ap.,
2018; Ozkaya, 2018; OpexoB, AManu Manrya, 2019] n03BOJISIFOT IPOCIEKHUBATH PA3HbIE
CTPYKTYpHBIE 0COOEHHOCTH Ha OOJIbLINX HHTEPBAJaX B CKBAXKUHE;

- MCCIJIEZIOBAHUS TPEIIMHOBATOCTH IPSIMBIMU METOJAaMH — Ha KEPHOBOM Marepuase
[Narr et al., 2006; Nelson et al., 2001; Ozkaya, 2018; Panza et al., 2019; Hu et al., 2022]
MIO3BOJIAIOT MOJTy4aTh XapaKTEPUCTUKN MUKPOTPELIUH (110 HUTH(aM), MaKpOTPEIIUH — Ha
HOJTHOPa3MEPHOM KEpHE;

- UCCJIEIOBAHMSI TPEIIMHHBIX KOJJIEKTOPOB NMPOMBICIIOBBIMM METOAaMH (TUIPOAUHA-
MUYECKNE, NHIUKATOpHbIE U npyrue ucciuenosanus [Kpusosa, 2014; Mopo3oBckuil u
ap., 2014; Maprromes, [Tonomapesa, 2016; Du et al., 2019]). Hapsanay ¢ reoduszndeckumu
METOJJaMH MCCJIEI0BAHUIN CKBAYKUH SIBJISIIOTCS OCHOBHBIMU MCTOYHHMKAMM JIAHHBIX BBICO-
KOH JI0CTOBEPHOCTH.

Bce nepeuncieHHble METOIBI U3yUEHUS! TPEIIMHOBATOCTH UMEIOT CBOM IPEUMYIIEe-
CTBa M orpaHnyeHus. B nanHoii pabore npearaercs UCIOIb30BaTh KOMIUIEKCHPOBaHHE
METO/IOB, UTO MO3BOJIUT 00JIee TOYHO U J0CTOBEPHO IPOBOIUTH OLIEHKY JIOMUHUPYIOILIETO
(akTopa, BIUAIOLIETO Ha (POPMUPOBAHUE 30H MOBBIIICHHOHN MPOAYKTUBHOCTH HE(TIHBIX
3aexell B KapOOHATHBIX OTIOKEHUSX.

Pe3yAbTaTbl PABOTHI M X OBCYXAEHNE

3anexu He(hTH HE(PTEKYMCKOM CBUTHI HIDKHETO TPHUACA PACTIONOKEHBI Ha IBYX TTOJISX:
Bocrounoe u be3Bopnenckoe. 3amacsl HehTH HE(YTEKYMCKONW CBHUTHI HIDKHETO TpHaca
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BocTouHOrO 1mosisi OTHOCATCS K TPEM 3ajiexkaM, UMEIOIIMM CaMOCTOSITEIbHbIE BOJJOHE(-
TsiHbIe KOHTAKTHI: 3a1exb | ([Tymkapckas), 3anexs 11, 3anexs IV (paiton cks. 1cp). AHa-
T3 CTPYKTYPHI GOHIA CKBAXKHH U TMOKA3aTeNeH X SKCIUTyaTalluy OKa3all Cleyrolee.

3agexs I (Ilymkapckasi) sBIseTcsSi COCTABHOM 4YacThi0 M MPOAOJIKEHHUEM COOT-
BeTCcTByromero miacrta Ilymkapckoit tuomaan 3umne-CraBkuHCKO-IIpaBoOepexHo-
ro MectopoxkaeHus. Becero B pa3zpaboTke 3ajnexxu nepeObiBano 5 ckBaxuH. HakoruieH-
Hasi 7100b1Ya He(TH HA OJHY AKCIUIyaTallUOHHYIO CKBAKMHY B CPEIHEM COCTaBISIET
34,8 Tic. T. DaKkTHUECKHE HAKOIIIEHHbIE 0TOOPHI HE(DTH Ha OIHY CKBAXKUHY U3MEHSIOTCS
oT 26,1 TBIC. T. 10 49,1 THIC. T.

3angexb Il HedTeKkyMCKON CBUTBHI HMKHETO Tpuaca BocroyHoro monst BBeneHa
B NpoOHY0 3Kcmutyaranuio B 1976-1977 1. Beero B pa3paboTke 3aiexu nepedbiBaia
21 moObIBaromias ckBakuHa. HakoruieHHast 100bI9a HEQTH Ha OJHY IKCILTyaTaI[HOHHYIO
CKBa)XXMHY B CpeZiHEM cocTaBiseT 55,2 Toic. T. DakTHueckre HaKoIIeHHbIE OTOOPHI Hed-
TH Ha OJJHY CKBaXKMHY U3MEHAOTCS OT 0,7 ThIC. T. 10 182,9 ThIC. T.

3anexnb IV (paiion ckB. lcp) pazpabarbiBaeTcs CKBaXHHOM 1cp, mepeBeeHHON ¢
BBIIII€3JIETAIONIETO MPOAYKTUBHOIO IJIacTa IOPCKOro Bo3pacta. CKBa)kMHA BCTYIWJIA B
sKkcIuTyaranuto B ceHTssope 2002 1. ¢ nedbutom Hedtr 43 T/CyT. ipu oOBogHEHHOCTH 27 %0.
Haxkonnennas no0baa et — 17,3 ThIC. T.

3amnacel He(TH HEPTEKYMCKOW CBUTBI HUYKHETO Tpraca be3BoJHEHCKOro 1mosisi OTHO-
carcs k 3anexu I

3agexsb Il HedTexkymMCcKoOl CBUTHI HIDKHETO Tpuaca be3BOMHEHCKOTO TOJis BBEICHA
B MIPOOHYIO HKCIUTyaTalMI0 OTHOBPEMEHHO C 3aJiekbio 11 HeTeKyMCKO# CBUTHI HIKHE-
ro Tpuaca Bocrounoro momns. Beero B pa3pabotke 3anexu nepedbiBano 19 modniBaro-
mux ckBakuH. HakorieHnHast 1o0pua HEQTH HaA OJIHY SKCILTyaTallMOHHYIO CKBa)XKMHY B
cpeaneM coctasiseT 41,5 Teic. T. @akTHYECKHEe HAKOIUIEHHbIE OTOOPHI HEPTH HA ONHY
CKBaXWHY n3MeHstoTes ot 0,5 teic. T. 10 191,5 ThIC. T.

AHanu3 cTpyKTypsl OHIa CKBAXKHH U TIOKa3aTeeii UX SKCIITyaTalluy 0Kasall, YTo
XapakTepHOW 0COOEHHOCTHIO 3ajiekeil HePTU B KapOOHATHBIX TPEIIMHHBIX KOJIEKTO-
pax sBISETCS OTHOCHUTEIBHOE PaBHOMEPHOE paCIpeiesIeHHE CKBAXKHUH [0 IJIOIAIu
U HEpaBHOMEpPHbIC 3HAUCHMsI HAKOIUIEHHOW Mo0biun HedTu. OHM XapaKTepusyrTCs
CJIOHBIM T'€0JOTMYECKUM CTPOEHUEM M aHM30TpONued (UIbTPAMOHHO-EMKOCTHBIX
CBOMCTB.

Jlanee ObUT IPOBEJCH aHAIN3 BIUSHUS PA3IUYHBIX T€OJOTUUYECKUX U TEXHOJIOTHYe-
CKuX (haKTOPOB Ha 3HAYCHUS HAKOIICHHOH T0OBIYM He(hTH B CKBaXKUHAX (pHc. 1).

Haubonee 3HaunMbIM W3 TpOaHATM3UPOBAHHBIX (DAKTOPOB sIBISETCS 3HaUEHUE d(-
(exkTrBHON He(TEHACKHIIIEHHOW TONIIUHBI — TecHOTa cBs3u mo Yemmoky (R=0,48) yme-
pEHHasL.

OctanbHble QakTopbl — aOCONIOTHAS OTMETKA KPOBJH IJIACTa, JUIUTEIbHOCTh NEpU-
07la SKCIUTyaTallik, HAaKOIJICHHAs J0ObIYa BOJIBI — UMEIOT 00Jiee HU3KYIO TECHOTY CBSA3H
¢ HakorieHHO# noobrueit HedTu (R ot 0,04 10 0,39). DTO TOBOPUT O TOM, YTO JIAHHBIS
(akTOpHI HE ABISIOTCS TOMUHUPYIOIIUMHI (PaKTOpaMU BBICOKOW HAKOIUIEHHOW TOOBIYH
HEe(TH B CKBOXKHMHAX HE(PTEKYMCKUX OTIOKEHHI BOCTOYHOTO OKOHYaHHs BennuaeBcko-
MakcumokyMckoro Bana Bocrounoro [IpenkaBkasbs.
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Jlanee ObuT MpOBEJEH aHAIW3 CBSI3U HANpABICHHUM JMHEAMEHTOB, BBISBICHHBIX Ha
KOCMOCHHUMKAX PErMOHAJIBHOTO M JIOKaJbHOrO MacmTtaboB [Uepnenko u mp., 2022], c
MPOAYKTUBHOCTBIO CKBaXHUH 3asiexeil HedTtu HedTekymckoil cBuThl Boctouno-besBo-
JTHEHCKOTO MecTopoxieHus. [IpuMeyarenbHO, YTO OCHOBHBIE HAlpaBJICHUs JIMHEAMEH-
TOB COBIMAJIAIOT C 30HAMU MOBBIIICHHON MPOAYKTUBHOCTU HE(MTSHBIX 3aJIeXkKEH, KOTOphIE
B CBOIO OUEpE/b XapaAKTEPU3YIOTCS IMHEHHOCTBIO U OINIPE/ICIEHHON HAIIPaBIEHHOCTHI0. B
pe3yibTaTe MOCTPOeHa cXeMa HAKOIJICHHON 100bIYH He()TH, COBMEIICHHAs C 30HAMU T10-
BBIIIEHHOM MPOJYKTUBHOCTH, C YYETOM IOJYUYEHHBIX JIaHHBIX JTUHEAMEHTHOIO aHalIu3a
BocTouno-be3Boanenckoro mectopoxeHus (puc. 2).

zZ>

\ Boctounoe nosie /

HOE field
O

be3BoaneHckoe moe /
Bezvodnenskoye field

0 2500 5000

}--l-,ﬁ-i--q

NN 20~ sl e [ @ 5[ @ s

Puc. 2. Cxema naxonnennotl 0oovluu Heghmu, cogMeujeHHAsl C 30HaAMU NOBbIUEHHOU NPOOYKMUBHOCTIU,
€ yUemom noIyHeHHbIX OaHHBIX TUHEAMEHMHO20 aHanusa Bocmouno-be3go0nencko2o mecmopoxcoeHus.
Venosuvie obosnauenus: 1 — konmyp negpmenocnocmu; 2 — 00CmosepHas IUHeUHAs 30HA NOBbIUEHHOU
npoodykmugHocmu, 3 — npednonazaemMas TuHeliHas 30Ha NOGbLIWEHHON npodyKmusHocmu. L{eemom
U pasmMepom YKazauvl 6eIUUUHbL HAKONAEHHOU 000bIYU Hemu 3anedxcell HeghmeKyMCcKol Ceumol:

4 — Huskue (cunue); 5 — cpedHue (3enenvie); 6 — maxcumanbHsie (Kpacuie) /

Fig. 2. The scheme of accumulated oil production combined with zones of increased productivity, taking
into account the obtained data of the lineament analysis of the Vostochno-Bezvodnenskoye field.
Symbols: 1 — oil content contour; 2 — reliable linear zone of increased productivity; 3 — assumed linear
zone of increased productivity. The color and size indicate the values of the accumulated oil production
of the deposits of the Neftekumsk assise: 4 — low (blue); 5 — medium (green); 6 — maximum (red)

JJ1s KOMM4YeCTBEHHON OLIEHKH BIIMSHUS TEKTOHMYECKOTO (pakTopa Ha (hopMUpOBaHUE
30H MOBBIILIEHHON MPOYKTUBHOCTH HEPTSIHBIX 3aJIeKel B KapOOHATHBIX OTI0KEHHSIX HE-
(TeKyMCKOH CBUTHI, a TAKXKE MOITYYSHHs TapaMeTPOB TPEIIMHOBATOCTH B YCIOBHSIX Jie-
¢unuTa 1aHHBIX (OTCYTCTBHE OPUEHTHUPOBAHHOTO KEPHA U JAHHBIX MUKPOUMHIIKEPOB)
JUISI TOCTPOEHUS TPEXMEPHBIX HU(POBBIX T'€0JIOTHYECKUX MOJIETICH MPUMEHSIICS YCOBEp-
IIICHCTBOBAHHBIN MTOTOBBIH KO3(PPHUIIMEHT WHTEHCUBHOCTH TpenuHoBarocTu [CanmoBa
u 11p., 2022]. 10T K03 HUIHEHT OIpeesICa KaK TPOU3BEACHUE TPEX YCIOBHBIX KOA(-
(bUIIMEHTOB, TPUCBOEHHBIX TOUYKAM PACIIOJIOKECHHS CKBKUH (pHC. 3).
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Puc. 3. I'pagux npouszeederus koaghuyuenmos bauzocmu u nepeceyeHuust 30H NOBbIULEHHOU
npOOYKMuBHoCmu (@) u epapux 3a8UCUMOCHU UNO208020 KO3PDUYUEHMA UHIMEHCUBHOCTIU
MpewuHO8amMoCcmuy 6 NIAcme om HAKONJIeHHOU 000bluU Hedhmu 3anexcetl
Bocmouno-Bbezgoonenckozo mecmopoxcoenus (0) /

Fig. 3. The graph of the product of the coefficients of proximity and intersection of zones of increased
productivity (a) and the graph of the dependence of the final coefficient of the fracturing intensity
in the formation on the cumulative oil production of deposits of the Vostochno-Bezvodnenskoye field (b)

Ha ocHoBaHuM cxeMbl HaKOIJIEHHON MO0OBIYM HE(TH, COBMEIICHHOW C 30HAMH TI0-
BBIIIIEHHOM MPOIYKTUBHOCTH BocTouHO-be3BomHEeHCKOTO MecTopokieHus (puc. 2), mo-
CTpOeHBI J1Ba Tpaduka: (a) — rpaduk mpousBeaeHUs KOIOPHUITUEHTOB OIU30CTH U TIepe-
CEYCHHS 30H TOBBIMIEHHON MPOIYKTUBHOCTU M (0) — rpad)uk 3aBUCUMOCTH HTOTOBOTO
K03(pPUIMEeHTa WHTEHCUBHOCTHU TPEIIMHOBATOCTH B IJIACT€ OT HAKOIJICHHOW HOOBIYU
HedTH 3anexeit Boctouno-besBogaeHckoro mectopokaenus (puc. 3).

Texuomorust onpeneneHuss kKodpduimeHToB (K03PGUIMEHT OTHOCHTEIBHONW HaKO-
TJICHHOM 100BIYM HePTH, KOADPHUITUEHT YIaIEeHHOCTH CKBAXUH OT JIMHUMN MTOBBIIIICHHON
MPOAYKTUBHOCTH, KOA(PPUIIMEHT, YUUTHIBAIOIINNA KOJMYECTBO TOUEK MEPECeUeHus Jin-
HEWHBIX 30H TOBBIIIEHHON MTPOAYKTUBHOCTH CKBa)KMH) MpHUBeIeHa B padore [CaunmgoBa u
ap., 2022].

3ametHas TecHoTa cBs3u 1o Yenmoky (R=0,68) mns BepxHero rpaduka (a) cBuje-
TEJNIbCTBYET O MPeoOIIaatoieM BIUSHUU TEKTOHMYECKOTO (PakTopa Ha BEJIUYUHY HAKO-
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IUIEHHOHN 00BN HEPTH MO0 CPABHEHUIO C reo0orndeckKumMu (3 PpekTuBHOM HedTeHACHI-
IIEHHOW TOJIIMHOM; aOCOMOTHON OTMETKOW IJIACTa) M TEXHOJIOIMYECKUMH (HAKOIJICH-
HOM 100bI4€el BOJIBI; JUTUTEIBHOCTBIO SKCIUTyaTallui CKBAXXHUH) (pakTopamH.

Becbma Bbeicokas TecHoTa cBsizu no Yennoky (R=0,96) no rpacuky (6) roBoput o
BBICOKOH CTENEHM KOPPEJSILHUU HCCIeyeMbIX MapamMeTpoB, BO3MOKHOCTH HCIIOJIb30Ba-
HUSI UTOTOBOTO KOA(PPHIIMEHTa TPEIIMHOBATOCTH IPU MOJIEIMPOBAHUY TPEIIUHOBATOCTH
B IIU(POBBIX I'€OIOTUIECKUX MOJIEIISX.

IIpoBeieHHOE aBTOPOM HCCIEOBAHUE IMOKA3aJI0, YTO JOMHHUPYIOLIMM (aKTOpOM,
OTIpeIeIIAIOLINM MPOAYKTUBHOCTh CKBaXXHH 3ajexeil Hedhtu BocTouHo-be3BoiHEeHCKOro
MECTOPOXKICHUS, ABIsIeTCS TeKTOHUYecKui haktop. [IpuMeHeHne KoMITJIEKCHOTo aHaJu-
32 JINHEaMEHTOB U I'€0JIOTO-TIPOMBICIIOBBIX JIAHHBIX TTO3BOJIIET YCTAHOBUTH OCOOEHHOCTH
JIOKaJIM3allMy 30H MOBBIIIEHHON NMPOAYKTUBHOCTH HE(PTAHBIX 3ajeKeil B KapOOHATHBIX
TPELIMHHBIX KOJUIEKTOpaX. DTO HEOOXOAUMO YUUTHIBATh IPU MOCTPOCHUN T'e0I0Tr0-TeX-
HOJIOTMYECKUX MOJIeNIeil MECTOPOXKICHHUH YITIEBOAOPO/IOB.

BbiBOADI

[IpoBeneHHBIE HCCIEA0BAHNS IPUBEIIN K CIECAYIOLIUM PE3YyJIbTaTaM.

1. Ilpu ananmse cTpykTypsl GoHma CKBaXXUH BoCcTOYHO-BE3BOTHEHCKOTO MECTOPOXK-
JICHUs W TIOKA3aTeJIed MX JKCILTyaTallMy BBISBICHA KPanHssA CTEIEHb HEOJHOPOIHOCTH
JIOKAJIM3aLUX 30H MTOBBIIICHHON POAYKTUBHOCTH ITPYU OTHOCUTEIIBHO PABHOMEPHOM pac-
NpeAeTIeHUN CKBAXHUH 110 TUIOMIAAN HEPTECHOCHOCTH.

2. C 1enplo YTOYHEHUSI TApaMETPOB HEOJJHOPOJHOCTH U3Y4aEMbIX KOJIJIEKTOPOB pa3-
paboTaH HOBBIHM MOAXO/ K UCCIIEIOBAHUIO M TPOTHO3UPOBAHHIO TPEIIMTHOBATOCTH KapOo-
HATHBIX KOJUIEKTOPOB HA OCHOBE BBISIBICHHBIX OCOOCHHOCTEH pacIpeesieHHs U HalpaBs-
JICHUSI TEKTOHUYECKOIO CTPECCa C MCIOJIb30BAHMEM KOMIUIEKCHOTO aHAJIN3a JIMHEAMEH-
TOB U I'€0JIOr0-IIPOMBICIIOBBIX JaHHbIX.

3. Tlokazana >(QQEeKTHBHOCTh NPUMEHEHHS HHIUKATOPOB (KOX(PQHIMEHTa OTHO-
CUTEJIbHON HAKOIUIGHHOW J00bIuM He(TH JUIs CKBAXXHH; KOX(PPHUIMEHTa yTaJeHHOCTH
CKBA)XMH OT JIMHUH MOBBIIIEHHON MMPOAYKTUBHOCTH; K03(h(UIIMEHTA, yIUTHIBAIOIIETO KO-
JMYECTBO TOYEK MEPECEUEHUS JTMHEUHBIX 30H MMOBBIILIEHHOW MPOYKTUBHOCTH CKBa)KHH)
JUTSL OLEHKH BIIMSIHUS TEKTOHHMYECKOTO (DakTopa Ha MPOAYKTHBHOCTH CKBAYKUH 3aJICKEH
HedTH BocTouno-be3BogHEHCKOTO MECTOPOKICHUSI.

4. IlpemiokeHHBIN MOXO0/ MO3BOJIUT MOBBICUTH JI0CTOBEPHOCTb LIU(PPOBBIX I'€OJI0-
THYECKUX MOJIENICH B YCIIOBHSIX Je(huiuTa JaHHBIX O apaMeTpax TpeuirH. PaccranoBka
CKBKUH JIJISl YIIOTHSIOIIETO OypeHus u npoBeaeHus | TM B y31ax 30H MOBBIIICHHON
NPOIYKTUBHOCTH OyZeT CIOCOOCTBOBATH YBEIMUCHHIO CTETICHH BBIPAOOTKH OCTAaTOYHBIX
3aracoB yIJIEBOIOPOAOB HA MECTOPOKICHUAX, UMEIOIINX aHAJIOTUYHOE CTPOCHUE.
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Pe3tome: AKTyanbHOCTb pa6oTbl. DyHKLUNOHMPOBAHME MECT 6a3UPOBAHUS ABMALMOHHOIO TPAHCMOPTA,
KaK npasuno, JOCTAaTOYHO 3aMETHO BO3JENCTBYET Ha TeKYLLee COCTOSIHINE OKPYXatoLLEen cpeabl. B nepsyto o4e-
pefib, 3TO BbIPAXKAETCH B 3arpsi3HEHUN TPYHTOB, ABNSIOLIMXCA FPYHTAMU OCHOBAHWA Ans acanbTo6eTOHHOMO
MOKPbLITUS NETHON NioLwaaku. HedpTenpoaykTbl (KEPOCKH U Ap.), CMa304Hble Macna U NpPoayKTbl MX pacnaja,
XapaKTepu3yLLMecs BbICOKUM YPOBHEM MPOHWULAEMOCTH, (DOPMUPYIOT B FPYHTAX OCHOBAHWS 3HAYUTENbHbIN
3arpsA3HeHHbIN CNON. TeXHOreHHOe 3arps3HeHne NPUPOLHONA cpefbl CeBepo-3anafgHon Yactu r. Mosgoka He-
(bTenpoaykTaMu, KOTOpoe NpOLO/KAaeT akTUBHO pa3BKBaTbCs, 00YCNABIMBAET aKTyalnbHOCTb MCCIEA0BaHMS.
Lenb pa6otbl. OLgHKA 3KONMOrMYeCKON CUTYaUyu U rmapoxXnMnUYecKoro COCTOSIHIS MOA3EMHbIX BOA, a Takxe
N3y4eHne OMHAMUKN HEePTenpoLyKTOBOrO 3arps3HeHNs NoYB U FPYHTOB 30HbI a3pauui Mo3aoKckoro paiioHa.
MeTopab! uccnepoBanuii. B pabote 1CMonb30BaH KOMMEKCHBIA NOAXO0[, BKMNHOYALOLLMIA NONEBble UCCef0BaHUSA
W MX aHanus, a Takxe pas3paboTky nyTeld ux npoefeHus. ConocTaBfeHne AaHHbIX MO OTHOLLEHWIO K onpefe-
NEHHbIM rofam Mo3BOJNIAET CTPOUTL A4ONITOBPEMEHHbIe psabl. PesynbTatbl uccnegosanmii. o Mo3sgokckomy
paioHy CKIaJblBaeTCA 04€Hb CNOXHAA IKOJIOTMNYeCcKasn CUTyaLmns, CBA3aHHAsA C 3arpA3HEHNEM MOYB U FPYH-
TOBbIX BOA HedTenpoaykTamu. O6Las nnowans apeana HlM-3arpsa3HeHUs rpyHTOBbLIX BOJ COCTABNAET OKOMO
160-200 KM? npu cofepXaHuu pacTBOPeHHbIX yrnesogopoaos ot 10 go 1800 ep. NAK (MOK kepocuHa —
0,01 mr/gm?3, TH 2.1.1315-03). B pesynbtate UccneaoBaHuin yCTaHOBMEHO, YTO FPYHTOBbIE BO/bI HA NNOLIAAM
Mo30KCKOro NoauroHa NoABeprakoTCs 3HaYMTENbHOMY 3arps3HEeHN0 PACTBOPEHHBIM aBUALMOHHBIM Kepocu-
HOM. TOJIbKO KOMMNEKCHbIA N MHTEHCUBHBIN NOAXOA K peLleHnto npo6sembl Mo340KCKOro HedpTenpoayKToBoro
3arpsa3HeHns No3BOUT BbipaboTaTb PernameHT peMeanauny apeana HeraTUBHOIO BO3MECTBUSA YTEYKN HeddTe-
MPOJYKTOB B MNOYBEHHbIA TOPU3OHT.

Kntouesbie cnosa: Mo30K, OKpyXatoLas cpefa, HedpTenpoLyKThbl, aBUALMOHHbIA KEPOCUH, NINH3bI 3arps3-
HEeHWS, KaTacTpoPUyecKoe 3arps3HeHne, peMeananns TeppuTopui.
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Abstract: Relevance. The operation of aviation transport bases typically has a significant impact on the
current state of the environment. Primarily, this is expressed in the contamination of soils, which serve as the
bases for the asphalt concrete covering of the airfield. Petroleum products (kerosene, etc.), lubricating oils, and
their breakdown products, characterized by a high level of permeability, form a significant contaminated layer
in the base soils. Technogenic pollution of the natural environment in the northwest part of the city of Mozdok
by oil products, which continues to actively develop, determines the relevance of the study. The objective of
the work. Assessment of the ecological situation and hydrochemical state of groundwater, as well as study of
the dynamics of oil contamination of soils and ground in the aeration zone of the Mozdok district. The aim. To
assess the ecological situation and hydrochemical condition of groundwater, as well as to study the dynamics
of oil product pollution of soils and soils of the aeration zone of Mozdoksky district. Methods. The study utilizes
a comprehensive approach, including field research and analysis, as well as the development of ways to resolve
them. Comparing data for specific years allows for the construction of long-term series. Results. A very complex
ecological situation related to the pollution of soils and groundwater by oil products is forming in the Mozdok
district. The total area of the oil contamination halo in groundwater is about 160-200 km? with dissolved
hydrocarbon contents ranging from 10 to 1800 units of the MPC (maximum permissible concentration) (the
kerosene MPC is 0.01 mg/dm? according to GN 2.1.1315-03). Research has shown that groundwater in the
Mozdok landfill area is significantly contaminated with dissolved aviation kerosene. Only a comprehensive and
intensive approach to solving the problem of oil product pollution in Mozdok will allow for the development of a
remediation plan for the area affected by the leakage of oil products into the soil horizon.

Keywords: Mozdok, environment, oil products, aviation kerosene, pollution lenses, catastrophic pollution,
territory remediation.

For citation: Alborov 1.D., Burdzieva 0.G., Zaks T.V., Kanukov A.S. Geo-ecological monitoring and remedia-
tion of the Mozdok area polluted by oil products. Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of
Russian South. (in Russ.). 2024. 14(1): 127-140. DOI: 10.46698/VNC.2024.10.67.009

BeeapeHme

B nocnenHue rogpl CTpPEeMHUTETHHO PACTET 3arPsS3HEHHOCTh YPOAHH3UPOBAHHBIX TEP-
PUTOPHI, MEHSISI UX DKOJIOTHYEcKyto cocrapisitonryro. Ha CeBeprom KaBkaze Tpaauim-
OHHO B TOPHBIX PETMOHAX OCHOBHOUM MPUYHHON 3TOTO ObLIa aKTUBHO (PYHKIIMOHHUPYIO-
m1as FOpHOIIOGBIBaIOH_IaSI IMPOMBITIVICHHOCTD. B HJaCTHOCTHU, 6BIJIO YCTAHOBJICHO BJIUSAHUC
3arpsA3HEHHOCTH TEPPUTOPUH, HAIPUMED, THKEIBIMU METaJUIaMU, Ha OHKOJIOIUYECKYIO
3aboneBaeMocTh HaceneHnus [bypmasuesa u ap., 2019]. C nagana 90-x rogoB — Bpeme-
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Hu pazBaia 6. CCCP — ropHogoObIBaroIIas MPOMBIIIIEHHOCTh BeCbMa OBICTPO, B YCIIO-
BHUSIX OTCYTCTBUSI TOCYJAPCTBEHHOU MOJICPKKU U MaJION PEHTAa0eIbHOCTH, TPUIILUIA B
MOJIHEUIUN yHaJ0K; MOCIEACTBUS €€ JIEATeIbHOCTH B BUJIE 3HAYUTEIHHOTO 3arpsi3He-
HUS TEPPUTOPUN PA3IMUHBIMU MPOTYKTAMU JOOBIUM U TIEPEPAOOTKH, 3aMETHO Pa3HATCA
B 3aBHCHMOCTHU OT BHUJA 3arpsi3HEHUS MO peruoHaM. Tak, 3arps3HeHHe TEPPUTOPUH T-
KenpIMU MeTaliamu xapaktepHo st CeBepHoit Ocetnn u Kabapauno-bankapun. Jlns
UYeyHn xapakTepHO 3arpsi3HeHUE HePTEenpoayKTamMu U T.A. TeM He MeHee, HeOOXOAUMO
OTMETHTb, YTO 32 MPOUIEAIINE TPUILATH JIET, KOIJa UMEIa MECTO MPAKTUUECKHU MOJTHAs
OCTaHOBKA MPEANPHUSATHH, BO3IEHCTBHE COOTBETCTBYIOIIUX HCTOYHUKOB 3aMETHO OCJIa0-
710. [Ipu 3TOM, SKOJIOTHYECKast HAMPSHXKEHHOCTh Ha YKA3aHHBIX TEPPUTOPHUSIX COXPaHSIETCS
U MECTaMHU JIa)Ke YBEJIMUHNBAETCS.

AHanu3 pe3ynpTaToB 00CIe0BaHUS TEPPUTOPUI TTOKA3aII, UTO HA SKOJIOTUYECKOE CO-
CTOSTHUE TEPPUTOPHI, B HACTOSIIEEC BpeMs, Bce OOblliee BIUSHUE OKA3bIBAIOT JIPYTHE
(akTophl. beIIO yCTaHOBIEHO, YTO OOMNBIION BKJIA B 3arpsi3HEHUE TEPPUTOPUH BHOCUT
TPAHCIIOPT, KaK HA3eMHbBIM, Tak U Bo3ayIIHb [MBanoB u ap., 2020; Kobpuna, 2016;
Bypnsuesa u np., 2019; Calori et al., 2006; Silva et al., 2006]. B 3To# cBsi31, HEOOXOAUMO
OTMETUTh, BO3/ICUCTBHE HA HHTETPAIbHYIO 3arPS3HEHHOCTh TEPPUTOPUH aBTOTPAHCIIOP-
Ta, KOJIMYECTBO KOTOPOTO B MOCJEAHNE TObI YABOUIOCH U MPOAOIKAET CTPEMUTENBHO
pactu. [Ipu 3TOM, B cuiy pa3nuyHbIX 0ObEKTUBHBIX IPUYNH, HAOIIONAETCs CKaYKooOpas-
HOE MOBBIIIEHUE UHTEHCUBHOCTH €r0 3KCIulyaranuu [3aanumBuiun u jap., 2022]. K co-
KAJICHUIO, KPOME YKa3aHHBIX ()aKTOPOB CYIIECTBYIOT M JIPYTHE BeChbMa HEOXKUIaHHBIC.
JleficTBUTENBHO, €ClU 3arpsA3HEHHOCTh HedTenpoaykraMu /uid YeueHCKol peciyOanKy,
r7e HeTh aKTUBHO J00bIBAIach, ObLJIa BIOJHE OOBSICHUMA, TO TIOJO0OHAS CUTYAIIUS IS
JPYTUX, CBOOOAHBIX OT TaKOM TOOBIYU, TEPPUTOPHIA BHIXOUIIA 32 PAMKH TOHUMaHUSI.

B 1990 rogy Ob11n 06HApYKEHBI IEPBbIE TPU3HAKU CEPHE3HOTO 3arPS3HEHMSI Ha CEeBe-
po-3anaze ropona Mosnoka (Cesepnast Ocertusi) u3-3a He(hTEIPOIYKTOB, OOHAPYKEHHBIX
B ObITOBBIX Kosoauax no ynuue [lonesoit. MccnenoBanus, nposenennsie B 1999-2001
rojax, MoKa3ajiu, 4To 00111ee KOJINYeCTBO HE(TEIPOTYKTOB, IMOMABIINX B MIOA3EMHBIE BO-
JIOHOCHBIE TOPU30HTHI U3-3a JIEATEIBHOCTH OOBEKTOB, TAKUX KaK adpoIpOM, MOJ3EMHbIE
He(TEenpoBOIBl U CKIAAbl roprode-cMa3zouHblx MatepuanoB (I'CM), mpuOnu3uTensHo
OBLJIO OLIEHEHO B 1uamna3oHe oT 1,5 10 4,5 ThIcsSY TOHH.

Xopolio H3BECTHO, YTO (YHKIMOHUPOBAHUE MECT Oa3MpOBaHHs aBHAIIMOHHOTO
TpaHCIOPTa, KaK MPaBUiIO, JOCTaTOYHO 3aMETHO BO3JCHCTBYET Ha TEKYILEE COCTOSTHUE
OKpYyXarolen cpepl. B mepByro ouepenb, 3TO BhIpaKaeTcs B 3arpsi3HEHUU TPYHTOB, SIB-
JISIIOUIUXCS] TPYHTAMU OCHOBAHUS 7151 ac(anbTOOETOHHOTO MOKPBITHS JIETHOM TUIOIaI-
ku. HedrenpoaykTsl (kepocHH 1 Ap.), CMa304HbIE Macia ¥ MPOAYKTHI UX pacraja, XapakK-
TEPU3YIOLIUECS BHICOKUM YPOBHEM MPOHUKHOBEHUS, (OPMUPYIOT B TPYHTAX OCHOBAHHS
3HAYUTENbHBIM 3arpsi3HeHHbIN ciioi. Ha aTom mpouecc He 3aBepuiaercs. JIBurasce mo
TOPHU30HTANIM U CMEIINBAsICh €CTECTBEHHBIM 00Pa30oM C TPYHTOBBIMU BOJAMHU, YKa3aH-
HbIE€ 3arpsi3HUTENIN OOYCIIaBIMBAIOT 3HAUYUTEJILHOE pacIIMpeHue 00JacTH 3arps3HEHUs
[BaanmumBunm u ap., 2022; Croruuii u np., 2021]. Ecinu psanoM pacnoyioKeHbl CeJIbCKO-
XO34MCTBEHHBIE YTO/bsl, TO 3arps3HAIONINE BEIIECTBA MOSBISIIOTCS B CKOPOM BpEMEHU
U B COOTBETCTBYIOIIEH CEIbCKOXO35MCTBEHHOM mponaykuuu [bekysaposa u np., 2020].
Heobxomumo nipu 3TOM OTMETHUTH, YTO COBPEMEHHBIE a9POMOPTHI, BKITFOUAs BCE COOPYKE-
HUS U CITYKOBI, MPOCTUPAIOTCA HA TUIOMIAAN B ACCATKH KBaJIPATHBIX KMJIOMETPOB. 3/1€Ch
HEOOXOAMMO JT00aBUTh, UTO IIIYMOBBIE 3arpsI3HEHUS, HAPSAY C XUMUYECKUMH 3arpsi3HH-
TeJSIMH, POPMUPYIOT B OKPY>KaIOIIEl cpeie MPOCTPAHCTBO, HEraTUBHOE I HACEICHUS
1 €r0 HOpMaJIbHOU >ku3HenesTenbHoCcTH [Can, 2008; Ohrstrom et al., 2006; Zaks et al.,
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2019]. OTO NPUBOIUT K TOMY, UTO COBPEMEHHBIE a3PONOPTHI KAaK MPOU3BOACTBEHHBIE
CTPYKTYpbI, GOPMHUPYIOT 3HAUUTEIbHBIA MCTOUHUK 3arps3HEHUS OKPYXKAIOLIEH Cpeabl.
BonHble, mouBeHHbIE, paCTUTENbHbIE U aTMOC(EpPHBIE CPEbl CHIIBHO MOCTPAJadd OT
IIPOMBILIUIEHHBIX U IPEHAKHBIX CTOKOB J0XKJIEBBIX, TAJIBIX U MOJIMBOYHBIX BoJ [Normatov
etal., 2021], B pe3yabraTe 4ero MoBepXHOCTHbIE CTOKU C TEPPUTOPUHU a3POIOPTA, 3arpsi3-
HEeHbI He(TENpPOLyKTaMH, XUMUYECKMMHU BEIIeCTBAMH, UCIOIb3YEeMbIMH JUIsl OOpPBOBI €
oOJieieHeHNEM, M Pa3IMYHbBIMU XMMUYECKUMH COCIMHEHUSMH, KOTOpbIe 00pa3yroTcs B
nporecce pabotsl asurareneit [UYepkacosa, Bepkees, 2018; Roy et al., 2019], uro ¢op-
MUPYET BBICOKMI ypPOBEHb PUCKA U1 310pOBbs HaceseHus [ bepues, 3aanumsuiy, 2015;
Bypnzuesa u ap., 2014; bepues u ap., 2013; Burdzieva et al., 2016; Mcclellan, 1986].

MeToANKA NCCAeAOBOHNI

B pabore ucnonb3oBaH KOMIUIEKCHBIM MOAXO/, BKJIIOYAIOLIMM M0JIEBbIE UCCIIENO0BA-
HUS U MX aHaJu3, a TaKkkKe pa3paboTKy nmyTel ux rnposeaeHus. ConocraBlieHUE JaHHBIX
10 OTHOLIEHUIO K OIPEJIETICHHBIM I0JIaM I03BOJISIET CTPOUTH AOJITOBPEMEHHBIE PSI/IbI.

Kak ormeuainocs Beiiie, B 1990 romy crano U3BECTHO O KaTacTpO(hUIECKOM 3arpsi3HEHUN
HedTernpoayKTamMu rpyHTOBBIX BOJI roposia Mo3znoka. Heo0XomimMo 0TMETHTB, YTO TIPEIeTIbHO
nomycrumast kKortenTpanust (I111K) kepocuna cocrasnser — 0,01 mr/om?, I'H 2.1.1315-03.
Wcrounnkom 3arpsi3HEHUs MOCITY KU MECTHBIN a3poapoM. BonocHabxenue Mo3nokcko-
ro paifoHa OCYUIECTBIISIETCS, B OCHOBHOM, 3a CUET HallOpPHO-CyOHanopHbIX BoA Tepcko-
Kymckoro apresmanckoro 6acceiiHa. MO3J0KCKO€ MECTOPOXKACHHUE HCIOIB3YETCs JUIs
X034MCTBEHHO-IIUTHEBOTO BOJIOCHAOXKEHMsI, JIeBoOepekHOe — Uil OpOLIEHUS! 3EMEIlb.
VYyuuteiBas, 4T0 MO370KCKUN palioH siBisieTcs sxuTHUIel Pecnyonuku CesepHasi Oce-
TUs—AJaHus, ¢ HaceJIeHueM okoJio 120 ThIC. YeIOBEK, BOMPOC 3arps3HEHUsT 3eMETbHBIX
pecypcoB BbI3Bajl CEPbE3HYIO 03a00UEHHOCTh U TPEBOTY CPEIN HACEJIEHUS U CHEeLUaIn-
CTOB, 0COOCHHO KOJIOTOB M paOOTHUKOB 3PAaBOOXPAHEHHUSL.

ABHalIMOHHBIE KEPOCHHBI NPEAICTABISAIOT COOOM CMeCh YITIEBOAOPOI0OB, BKIIIOUAs Ma-
paduHbl, HAQTEHBI U APOMATUUECKUE COEAUHEHHUS, IPUYEM COZIEP)KAHNUE OCIEAHUX MO-
xeT gocturarb 20-22%. HecmoTpst Ha TO, YTO M3-32 HEBBICOKOM JIETY4ECTH KOHIICHTpPA-
115 TAPOB KEPOCHHA B BO3YXE PEIKO OBIBACT JTIOCTATOYHO BHICOKOM IS BBI30BA OCTPOTO
OTpaBJICHUs, ONACHOCTh BO3pAcTaeT IPH IOBBILIEHHBIX TEMIIEpaTypax OKpY’Karolei
cpensl [ Yiakos, 2007].

Bormpoc obecrnieueHust HaceneHHs MUTHEBOM BOJIOH Ha JieBOM Oepery ropoga Mo3zo-
Ka OCTaeTCsl aKTyaJbHbIM M3-3a MPOIOJKAOLIEroCcs 3arpsA3HEHUs MOJ3EMHBIX BOJ He-
¢renponaykramu. Bo3neiicTBre TeXHOTEHHBIX (PaKTOPOB Ha OKPYKAIOIILYIO CPEIy B ITOM
o0nactu 00yCI0BIEHO MPOMBIIIJIEHHBIMU MPEANPUITUSIMU M03/10Ka U a3poIpOMOM, I/Ie
nOTpeOIISIOTCS OOMbIINEe 00bEMBI ABHALIMOHHOTO KEPOCHHA U MOCTABIISIOTCS MO JKEJe3-
HOM J0pore Ha pa3rpy30uHbIe IUIOIIAIKH, OTKY/a Yepe3 MPOAYKTONPOBO/IbI JOCTABISIOT-
Csl B XpaHWIMILA Ha TEPPUTOPUU a’pojpoma. B sxuioil 30He ropoaa npoioKUTEIbHOE
BpeMs HaOMIOAAaeTCsl HAaNlPsDKEHHAs: CAHUTaPHO-3KOJIOTHYECKasi 0OCTaHOBKA, CBA3aHHAS C
KpaifHe HeOIaronpusaTHON SKOJIOTHYecKor cutyaruei. [Iponomkurensnoe Bpems Pecry-
omka CeBepras OceTusi—AJaHUs 110 YUCTY 3a00JIEBIIMX OHKOJIOTHYECKHMH 3a00JeBa-
HUSIMH 3aHuUMasia nepBoe Mecto B CeBepo-KaBkasckom enepanbHoOM OKpyTe.

ABHAIMOHHBIE KEPOCHUHBI BHI3BIBAIOT OOIIYI0 MHTOKCUKAIIMIO U HAPKOTHYECKOE JICH-
CTBUE, UX UCHAPEHUs pa3pa)kaloT CIM3UCTbIE 000JIOUKH IV1a3 U BEPXHUE AbIXaTEJIbHbIE
nyT [Aptiox u ap., 1990]. ['oproue-cmazounsie marepuanst (I'CM) nomnanaiot B MOYBY,
B OCHOBHOM, Onarofapsi Cuijie TSKECTH U MOBEPXHOCTHO-aKTUBHBIM cuiiaM. Pacripoctpa-
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HeHue ['CM 3aBUCHT OT MHOXKECTBA TapaMETPOB: HEMOCPEACTBEHHON CTPYKTYpHI MOYB,
THJIPOJIOTHYECKHUX YCJIOBUM U Takux cBoicTB I'CM, Kak MIOTHOCTB, BA3KOCTb, CIIOCO0-
HOCTh K CMAa4MBaHUIO, COJEPXKAHUE M TUIIBI NPUCANOK B HUX M Jp. [Xa3ues, darxues,
1981]. IIpu aTOM, 11OUBa, KaK CAMOCTOSITEJILHOE IIPUPOHOE TEIIO, B IIPOLIECCE CaAMOpPa3-
BUTHSI HAKaIUIMBAET COBOKYITHOCTb T€X WJIM MHBIX CBOWCTB, NP Pa3IMYHBIX COYETAHUSIX
¢dakTopoB nmouBooOpaszoBanus [Andrade et al., 2010]. B Mo3nokckoM paiioHe, B COOT-
BETCTBUHU C YCIOBUSIMH IT0YBOOOPA30BaHUS PACIPOCTPAHEHbI KallITAHOBbIE, TEMHO-KAIII-
TAHOBBIE, JIyTOBO-KAIITAHOBBIE, AJTIOBUAIBHO-/ICPHOBBIE [TOYBBI, YSPHO3EMBbI FOXKHbIE U
oObIkHOBeHHbIE [bsicoB u ap., 1999]. lns MonenupoBaHus U U3y4YEHUS! YPOBHS 3arpss-
HEHMS M0YB B MOCJIEHEE BPEMsl IIUPOKO MPUMEHSIOTCS METO/Ibl T€ONH(OPMALIMOHHOTO
mozaenupoBanus [Wang et al., 2012; Zhang, 2006].

CoAEPXKAHNE NCCAEAOBAHMSI M OBCYXAEHNE

ITo pe3ynbraraM MOJEBBIX MCCIEIOBAHUN, KOTOPBIE OXBATHIBAIM ILIOMIAIL OKOJIO 20
KkM? ObUIM, B YaCTHOCTH, BBISIBIICHBI 4 JIMH3bI, BKIOYAIOIINE aBUAIIMOHHBIN KepocuH. B
9TOM CBSI3M HEOOXOIMMO OTMETHUTb, YTO PACTIOJIOKEHUE JIMH3 COBIAAAIIO C MPOCTHPAHUEM
TOIIMBHBIX KOMMYHUKAIMI a3pogpoMa u MecropacnonoxkenueM ckiana I'CM. He ocra-
HaBJIMBASICh HA JIETAIISAX, OTMETHM, YTO MOIIHOCTH JTMH3bI Nel, Haxosmieicst BOJIHM3H CKIla-
na I'CM, cocrasmiia 60 cM nipu o01ei miomniau jun3st 430 Teic. M2, B ceBepo-3amaHoit
yacTu . Mo3/10Kka BOIM3HM CKIIaia aBUAIIMOHHOTO TOIUIMBA pacnoiaraiack JuH3a No2 rio-
mwaapr0 130 Thic. M2, MOIIHOCTE €105 KepocHHa coctaBmiia 26 cM. B min3e No3 MOIIHOCTE
KepocuHa cocTaBuia 2 cM, a B JTUH3€ Ne4 — MOIIIHOCTH CJ10 KEPOCHHA cocTaBmia 63 cm
(1995 ).

B npouiecce nanbHeHmmMX HaOI01€HNH ObUIO YCTAHOBIIEHO, YTO JIMH3bI aBUATOILINBA
(NeNe 1,2) nmenu ycToiiuMBbI€ MPOCTPAHCTBEHHBIE MMAPAMETPbI, HO OTMEUAJIUCh PE3KUE
KoJIe0aHHUs MOIIHOCTH CJIOS, CBSI3aHHBIE, OYEBHU/IHO, C PEKUMOM IKCILTyaTanuu Tepcko-
Kymckoro xanana. PexxumHast, HabmonareabHas CETh Ha MOJUTOHE OblJIa OKOHYATEIBHO
chopMmupoBaHa U BKJIOUana 45 CKBaXMH, 53 koonna ¥ 12 MyHKTOB Ha €CTECTBEHHBIX
BOJIO€MaxX M BOJOTOKAX.

O6mas rutomanps apeana HedrenpomykroBoro (HIT) 3arpsizHeHus B rpyHTOBBIX BOJax
cocrasisiia okosio 160-200 kM? pu COEP)KAHUU PACTBOPEHHBIX YIJIEBOIOPOIOB OT 10
1o 1800 ex. ITJIK.

B pe3synbrare paboT, BBITOTHEHHBIX B TIOCIEYIOIINE TOIbI, YCTAHOBIIEHO, YTO He(Te-
NPOIYKTOBOE 3arpsi3HEHUE TTOYB, TPYHTOB 30HBI adpalliy Mpopoinkaercs. B Tedenne 3-x
[IUKJIOB PEKUMHBIX HAOIIOIEHHUH coslepKaHust HE(PTEPOITyKTOB JOCTUT AN KaTacTpoQu-
yeckux 3HaueHuu (10 2000-5000 ITAK).

Bo Bcex CkBaXMHAX C BBICOKHMMHU COJCPKAHUSAMHU HEPTETPOAYKTOB HA TOBEPXHOCTH
IPYHTOBBIX BOJl OTMEUAJICS CJIOM CBOOOAHOIO KEPOCHHA MOIIHOCTBIO OT 2 70 65 cMm.

B HacTosiiee BpeMsi MOHUTOPHHT TTO/I3€MHBIX BOJ| PETMOHAIBLHOTO YPOBHS Ha Tep-
pUTOpUU peciyOIMKNA MPOBOJUTCS IO CIEIUATBHOM, BeCbMa OTPaHUYECHHON, TOCynap-
CTBEHHOU oropHo# HabmonarensHo cetn (TOHC), cocrosieli u3 13 HabmoaaTebHBIX
CKkBakuH B mpenenax OcetnHckoil HakioHHON paBHUHBI (OHP) n 17 nHabmonarenbHbIx
CKBa)XMH Ha y4acTKe He(hTenpoIyKTOBOTO 3arpss3HEHNUs B paiioHe T. MO30Ka B Ipe/ennax
[IpuTepeuHo paBHUHBL.

[IponomwxkurensHOE GYHKIIMOHUPOBAHHE HA TEPPUTOPHHA MO3JOKCKOTO paiiloHa Maru-
CTpaJIbHBIX MPOYKTO- M Ta30IMIPOBOIOB, MPOMBIIUICHHBIX MPEANPHUATHH U APYTHX 00BEK-
TOB B pe3yNbTaTe HAPYIICHUs IETOCTHOCTH KaHAJIM3aMOHHBIX COOPYKEHHI C y9acTHEM
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4eJI0BEYECKOro (pakTopa rnpuBesno K 0Opa3oBaHMIO OOLIMPHOTO TEXHOTEHHOIO apeaa He-
(TEnpOyKTOBOIO 3arpsi3HEHUS OKPYIKaIOIIEH Cpelbl.

B 1990-1992 rr. no 3amanuto Munnpupoasl PCO—Ananus B neBoOepexHO yacTu
Mo310KCKOTO paiioHa Obli1a BBINOIHEHA CIeMaibHas TeMaThnyeckas padbora «Vccnenopa-
TEJILCKUE PAOOTHI [0 U3YUECHUIO 3arps3HEHHs Te0JI0rn4eckoi cpebl B MO3I0KCKOM paiio-
He CO ACCP HedTenpoayKTaMu U IpyruMHu TOKCUYHBIMU BetecTBamMu (1991-1992 rr.)»,
OXBaThIBAIOLI[Asl BCE JIEBOOEpexkbe paiioHa. B pe3ynbrare ObUIO yCTaHOBJICHO, YTO HedTe-
NPOAYKTHI (BKJIFOUAsl aBUALMOHHBIN KEPOCUH) SBIISIOTCS HAauOoJee paclpoCTPaHEHHBIM U
OIAaCHBIM 3arpsI3HUTEIIEM T'€0JOTMUYECKON Cpelbl. DTH MCCIEOBAHUS MTO3BOJIMIN TAKKE
B OOIIMX YepTax OLIEHUTh MaclITadbl HE(PTENPOAYKTOBOTO 3arps3HEHHsI Ie0JOrMYEeCKOM
Cpelbl.

B coorBerctBun ¢ ®enepansHont «IIporpammoil cnieruanu3upoOBaHHBIX HCCIIEA0BA-
HUI He(pTenpoayKTOBOTO 3arpsi3HeHUs o3eMHbIX Bojl Ha CeBepHOM KaBkasze», coracHo
npoekTy, npennpuarueM «Ceocreodko» ¢ 1993 mo 1996 rr. Obi1 cozgan «Mo3m0KCKuit
HOJIUTOHY» JUISL U3yUYCHUs] TapaMeTpoB HE(PTENPOIYKTOBOIO apeasia i MOHUTOPUHTA AUHA-
MUKH €70 Pa3BUTH.

HaGmronarenbHas ceTh MOJMIOHA BKIIOYaia 45 ckBakuH, 53 konoaua, 12 Touyek mo-
BEPXHOCTHBIX BOAHBIX 00beKTOB (p. Tepek, Tepcko-Kymckuii kaHas, KOTIOBaHbI 100BIYH
CTPOUTENbHBIX MAaTepUaiOB, BCKPBIBIIINE I'PYHTOBBIC BOJIBI).

B nporecce npon3BojicTBa pabOT U3ydascs peKUM MOA3EMHBIX BOJ, TUHAMUKA 3arpsi3-
HEHUS U MUTpalys He(TENPOILyKTOB B MpeJiesiaX 30HbI a3palluy, IPYHTOBBIX BOJIAX U Ha-
IIOPHOM BOJIOHOCHOM TOPU30HTE, HIMPOKO UCIOJB3YIOUIEMCS ISl YAOBIETBOPEHUS HYXK]
XO35IICTBEHHO-TTUTHEBOTO BOJIOCHAOXKEHUs I. MO3/I0Ka U JIpyruX HACEJIEHHbIX ITyHKTOB
paiiona.

B nocneyonpe rojisl Ha paccMaTpUBAEMON TEPPUTOPUH, TUIOIIA B0 OKOJIO 17 kM2,
ObuIa BBINIOJIHEHA CHielualibHasi padoTa, B pe3ysbTare KOTOPOH C MOMOILIbIO reodu3nye-
CKUX MCCIIEIOBaHUI ObUIO JETAJBHO HM3YYEHO JIUTOJOIMYECKOE CTPOCHHUE OTJIOKEHHM
BEPXHETr0 IUIEHCTOIIEHA U OLIEHEH MacIuTal 3arpsi3HEHUS aBUAILIMOHHBIM KEPOCHHOM.

B nenom no Mo3nokckoMy paiioHy CKIIaJIbIBA€TCsl OUEHD CII0KHAsL SKOJIOTUYECKas CH-
Tyallusi, CBA3aHHasl C 3arpsi3HEHUEM IOYB U TPYHTOBBIX BOJ HEPTENPOIYKTAMH, a TAKXKE C
UMEBILIMMHU MECTO (haKTaMU YTEUKHU He(YTETPOTYKTOB U3 TPAH3UTHBIX IPOTYKTOIIPOBO/IOB,
HPOXOJAIIUX 110 TEPPUTOPUH paiioHa. MicTouHMKaMu HauboJsiee CyIeCTBEHHOTO 3arpsi3He-
HUS 1104B MO30KCKOTO paiioHa SIBIISIOTCS:

— He(renpoBo «Manrobek-Tuxopenx»;

— K\ cTanius «Mo3aok» — Hedrebaza aspoapoma;

— npoxaykrornposoy «I po3Hblit-Tpynosas»;

— npoxyKronpoBoz «I'po3HbIi-ApMaBupy.

B Hacrosiiiee BpeMs nepekauka HeTEenpoayKTOB OCYIIECTBISETCS HE MOCTOSHHO, a
nepuoguuecku. Tem He MeHee, TH IPOLYKTONPOBOABI B CBOE BPEMSI ITOCITYKUJIA MOLIHbI-
MU UCTOYHMKAMH 3arpsI3HEHUS.

Tak, Hanpumep, ObLIO MOJCYUTAHO, YTO B PE3YNIBTATE YACTBIX 3aCBEPIOBOK MTPOLYKTO-
IPOBOJIOB C LIEJIbIO XMUIIEHUSI HE(PTENPOAYKTOB, B CPEIHEM, TOJIBKO B pE3yJIbTaTe OAHOM
3aCBEPIIOBKH MTPOMCXOAMI PO3MB 21,2 TOHHBI HE(TENPOLyKTa Ha HE3AIUIIICHHYO TIOUBY.

I'mapoxuMHuuecKoe COCTOSHUE MOA3EMHBIX BOJ Ha MO3/JOKCKOM y4acTKe yCTOMYMBOTO
3arpsi3HeHNs] HePTENPOIYKTaMH OLICHEHO Ha OCHOBE aHaJIM3a JaHHBIX BEJEHUs HaOlo-
JICHUH 32 TUHAMUKON 00JacTH 3arps3HEHHs MEPBOTO OT MOBEPXHOCTU TOPH30HTA I'PYH-
TOBBIX BOJI (BEpXHE-HEOIJICHCTOIIEH-TOIOIEHOBBIN BogOHOCHBIN ropu3oHT aQIlI-IV) mo
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14 nabmomarensHbM konoauam ['OHC um pesynbratam aHalu3o0B, HPEIOCTABIEHHBIX
MVII «M0300KCKHI1 BOAOKAHAID).

IIpu onpoboBanuu nepsoro nukia (B ampene 2021 r.) — B HaOMOAATENBHBIX KOJIOJ-
1[aX Ha y4acTKe yCTOWYMBOIO 3arpsi3HEHUs He(hTeNpoiyKTaMu B paiioHe I. Mo3znoka u3 10
po0 B 4 ormeueHo npesbienue [1JIK no kepocuny (ot 1,2 1o 5 en. ITJIK).

IIpu onpoGoBanuu Broporo 1ukia (B oktaope 2021 r.) — B HaOmroAaTe bHbIX KOJIOALAX
Ha y4acTKe YCTOMYMBOIO 3arpsi3HeHus: He(hTenpoayKTaMu B paiioHe I. M03/10Ka BO BCEX
10 npo6ax ormeueno npesbiienue [1JIK no kepocuny (ot 5,5 no 9,6 I1J1K). Pe3ynsrars
aHanu30B (Tabnuna 1, pucyHku 1, 2), CBUIETENBCTBYIOT 00 YBEIMUEHUH UHTCHCUBHOCTH
3arpsasHeHus B 2021 rogy no cpaBHeHHto ¢ 2020 rogom U COXpaHEeHHUHU pa3Mepa I'paHMILIbI
apeaJa 3arps3HEeHHUs.

o pe3ynpraTaM COKpalleHHOI0 XUMHYECKOIO aHaJIu3a MO HAOII0AaTeIbHOMY KOJIO/-
iy Ne 1 ormedeHO mpeBbllieHUe coziepkanust HurparoB (50,0 Mr/aM3, 4to cocraBisieT
1,1 en. TIJIK), sxectkoctu (8,4 mr/nm?). ConepkaHue TKEIbIX METAIUIOB (HHKENb, KO-
6ansT) He npebimaet [1IK. IIpu 3TOM Ha/0 OTMETHUTH, YTO 3TOT BOAOHOCHBIN TOPU30HT
B paiioHe I. M03/10Ka He IpeHa3Ha4YeH ISl XO3sIHCTBEHHO-ITUTHEBOIO BOJOCHAOKEHNUS, a
B B0JI03a00PHBIX CKBa)KMHAX, KANTUPYIOIINX CyOHAIIOPHBIN HHUXKHE-CPEeIHEHEOIIeHCTOo-
LIEHOBBII AJUIIOBUAJIbHBIN BOJOHOCHBIN TOPU30HT, MCIIONB3YyEMBIN Ul IUTHEBBIX LIENIEH,
10 HECKOJIbKMM aHaJIM3aM, IIPEJOCTABICHHBIM HEIPOIOIb30BaTENsAMH, PEBBIIIEHUS 110

HUTpATaM U )KECTKOCTU OTCYTCTBYIOT.
Tabnuya 1/ Table 1

JlanHble pe3yabTaToB onpoooBaHust M0 M0310KCKOMY y4acTKY
He(TeNnpoayKTOBOI0 3arpsiznenust 3a 2020-2021 rr. /
The data of the test results for the Mozdok oil product contamination site
for the years 2020-2021

Mecrononoxenue/ 2020 /2020 . 2021 r./2021y. OTHolIeHUE
P Location HUHTEHCUB-
= HOCTH 3a-
z IPS3HEHUS
g 2020 .
g Hara Conepxxanue Jata Conepxanue k2019 r./
g orbopa | HedTenponykToB/ | orbopa |HedrenpoaykToB/ | The ratio
8 npo6sl/ | The concentration| mpoGel/ | The concentration| of pollution
9 Sampling | of oil products | Sampling | of oil products | intensity in
= date date 2020 to 2019
g ~ wv ~ w
g =g =&
= : O : O
2 Mmr/om3/ ) E Mmr/om3/ o E
mg/dm? mg/dm?3

1 2 3 4 5 6 7 8 9
1 | Teppuropus 15.06. 0,009 0,9 27.04 0,011 1,1 0,2

CBHHOKOMILIEKCA,

B 500 M Ha 10-B

a’pojpoma /

The territory of the

pig complex within 12.10. <0,005 <1 25.10. 0,076 7,6 7,6

500 meters to the

southeast of the

aerodrome
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2 | Teppuropus 15.06. 0,106 10,6 H.O. - - H.C.
depmMepcKoro
xo3siicTea / 12.10. 0,005 <1 H.O. - - H.C.
Farm territory
3 | ¥Yn. Ilonesas, 87 / 15.06. 0,01 1 27.04. 0,03 3 2
Polevaya st., 87
12.10. 0,011 1,1 25.10. 0,06 6 4,9
4 | Yn. 3aBoxckas, 160 / 15.06. 0,015 1,5 27.04. 0,03 3 1,5
Zavodskaya st., 160
12.10. 0,019 1,9 25.10. 0,064 6,4 4,5
5 | Yn. 3aBoxckas, 17/ 15.06. 0,12 12 27.04. 0,05 5 -7
Zavodskaya st., 17
12.10. 0,029 2,9 25.10. 0,095 9,5 6,6
6 | Yn. Ilonesas, 18/ 15.06. 0,031 3,1 27.04. 0,03 3 -0,1
Polevaya st., 18
12.10. 0,02 2 25.10. 0,077 7,7 5,7
7 | COT «CanoBony, 15.06. 0,009 0,9 27.04. 0,008 <1 0
yuactok Ne 384 /
DC «Sadovody, plot 12.10. 0,01 1 25.10. 0,096 9,6 8,6
Ne 384
8 | COT «CanoBon», 15.06. 0,011 1,1 27.04. 0,006 <1 -1,1
yuactok Ne 105 /
DC «Sadovody, plot 12.10. <0,005 <1 25.10. 0,056 5,6 5,6
Ne 105
9 | COT «CamoBoay, H.0. - - 27.04. 0,005 <1 H.C.
yuactok Ne 155/
DC «Sadovod»’ H.O. - - 25.10. 0,055 5,5 H.C.
plot Ne 155
10 | COT «CanoBony, 15.06. 0,029 2,9 27.04. 0,006 <1 -2,9
yuactok Ne 127 /
DC «Sadovody, plot 12.10. 0,027 2,7 25.10. 0,068 6,8 4,1
Ne 127
11 |COT «CanoBony, 15.06\ 0,007 0,7 27.04. 0,006 <1 -0,7
y4acTok Ne6 /
DC «Sadovody, 12.10. 0,08 0,8 25.10. 0,061 6,1 53
plot Ne 6

B B0103200pHBIX CKBaKUHAX, IKCILTYaTHPYIOIINX HEOTUICHCTOIIEHOBBIM 1 COBMECTHO
J0ILIEHCTOLEH-HEOIIEHCTOLICHOBBII BOOHOCHBIN ropu3oHT B 2021 I 0 AaHHBIM aHa-
JM30B HEIPOIOJIB30BATENEH CONEPIKAHUE 3arpsi3HEHUS (110 aBHALIMOHHOMY KEPOCHHY)
nocturaet 2,6 [TJIK. TTo nanubM pesxumabIX HaOmonennii MYII « Mo3mokckuit Bogoka-
Ha» 3a 2021 1. conepkaHus 3arpsiI3HEHUS] HAXOAWINCH B IIpeJieaxX CPEJHEMHOTOIETHUX
nokasareneit 11K, u cocraBnsnu ot 5—-6 B ceBepHOM yacTH yyacTka A0 1-1,5 B roxHOI
4acTH, Ti€ MPOUCXOIUT pa3rpy3Ka 3arps3HEHHBIX BOJ B p. Tepek.

OOm1ast mIomaas JUH3 TEXHOTEHHOTO HEe()TENpOIyKTOBOTO 3arpsi3HEHUsI CEBEPO-3a-
najHoN yactu . Mo3noka B 1990 romy Oblia oneneHa B nuamna3one ot 60 mo 100 ra.
O macmrabax HIT — 3arpsizHeHust MPUPOAHOM CpeIbl B 3TOM 30HE MOYKHO CYIUTH O TIPO-
Be/IeHHBIM B/4 62467 B 1990 r. kpatkoBpeMeHHBIM oTKaukam HII B paitone yiu. [ToneBoii
U3 OBITOBBIX KOJOMIEB, TPAHILIEH M KOTIOBAHOB, U3 KOTOPBIX BCETO OBLIO JOOBITO OKOJIO
130 T HedrenpoayKTOB.
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YcnoeBHblie o6o3HavyeHUn K kapTam [/ Conventional symbols on maps

1. Nywre: vabnwaatensHoi cemn f
Observation network points

® Cig ckesEvHe HalnKgaTeNsKeE TOHE,

WIHTEHCHBHOCTL 3arpASHEHHA TPYHTOBLX B04 & ed. MOK
Nk = 001 mrigu3) / Groundwater pollution intensity
in MPC units (MPC unit = 0.01 mg/dm3)

=500

T OPHIOHTANN NOBEMHOCTH &
ABEONOTHER OTMETKEX, M [
Surface horizentals in
absolute elevations, m

T ebleaeHHb narOHC ' 2016: / - T —
SRMN cbservation Qe =y
removed from SRMN In 2016

BOA NUH3 KEPOCUHE) Ha
o Emosbie konoaus 100500 ooy waBniogenui (2015r)
._2-3 Lpppet 'iaha::uua o (The cantour of "floating”
2 = 50-100 kerosene plumes on surface
ROAZERHENK ao,n B NOK, groundwater) at the end
© CKOBKEI - TONUMHE COA KEPOCHHa, cM | :l 10-50 of observations (2015).
Household wells
Numbers at the sign: o
in the numerator - the observation point number;
in the denominator - the intensity of groundwatar
pollution in MPC; <1

in brackets - the thickness of the kerosene layer,
in cm
Undbpbl ¥ 3HakaE:
BBE[XY - HOMEP BbITOBOTD KONOAUA
CNPaea - yporeHs MEB Ha moment oThopa npofisl
ENEEA - WHTEHCHBHOCTE 3arpREHEHHA MNB
HEGTENpOAYKTaMN (8 ea MOK),
Numbers at the sign:
At the top - number of the household well
On the right - level of SW at the time of sampling
On the left - intensity of pollution of SW with
petroleum products in MPC units
2.C [
- Il monyroaue 202".] !

Watear well (sampling data for the 2nd half of 2021)
Undpel ¥ 3HaKa:
BE2DXY - HHOSKE BOAOHOCHOM FOPHIONTE,
CNEEA - HOMED CKBAKEHI,
CNPAE3 - MHTEHCHEHOCTE 3arpAsHEHNA B
HEQTenpOXTaMI (6 84, MAK),
& ckofiKa] - JaHHsE HEAPONONbI0BATENS,
BHI3Y - MYGHHA CRBKEHBI, M
Numbers at the sign
At the top - index ul ﬂ‘|E aquifer
On the left - well number
On the right - intensity of pollution of SW
with petroleum products in MPC units
In brackets - subsoil user data;
At the bottom - the depth of the well in m
cpens |

Buir. kon.1
pr3 2%

hakeap
501@25
420

Snun:e: of of the

gl{//ﬂ CRNARE! SEMALMOHHOT TonHea /

Aviation fuel depots

,,,,,,, NPoRYKTONROEOA BOBHHHOID 33p0APoMa ,f
Product pipeline of a military airfield

{1 - YCTAHOBNEHHER; 2 - NPEANONAraeMan)
(1 - established, 2 - assumed)

4. Twaponsorunce! rpykTossIx Bop, (all ),
BT — B aBCONOTHBIX OTMETKAX, M |
4 Hydroisohypses of groundwater (aQ),
in abselute marks, m
5. [pyrue amakn / Other symbols
KOHTYD, 0rpaHiieHHIR ANA
MBYHEHMA BNMAHNA HEBTENPD-
AYKTOROO 3aIpASHEHNA Ha B [
The contour limited for studying
the impact of oil pollution
on surface waters.

P i

mw
Railways

KOHTYR #Mnoi

M NPOMBILNEHHOR 3ACTRORKH
rMosgoxa u e Myrosckod /[
The outline of the residential
and industrial buildings of
the town of Mozdok and

the village of Lukovskaya

KOHTYD “NNasa0wWwme” NHHS KEPOCMHE
(no cocToAHMD Ha 1995 1)
The contour of floating kerosene
lenses (as of 1995).

KOHTYR “nnasanwp nuH3

(NO COCTOAHMIO Ha 2004 1)

The contour of floating lenses
{as of 1995)

VckyrcTeeHHLE Bogoembl
(OTHEDOTAHHEIS KAPEERE!
ETPOAMATEDHANOE,

BCKPBIBLUME TPYHTORbIE BOARI)
Artificial reservoirs (spent
quarries for building materials,
exposing groundwater)

Tepcro- Kymckwd kanan /

The Terek-Kuma canal
HKeneaHoaopoRMan cTaHuA |
Railway station

TuHKA pazpesa A-A [
Cross section A-A line

Puc. 1. Kapma unmencusHocmu 3a2psisHerust 2PYHMOBbIX 600 HA YUdACmKe
Hedhmenpodykmoeoeo 3azpaznenus 6 patione 2. Moszooka /

Fig. 1. Map of groundwater pollution intensity at the site of oil product contamination near

the city of Mozdok
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OO6mas omanp apeana HII-3arps3HeHust B rpyHTOBBIX BOAAX COCTaBISIET OKOJIO
160200 kM? mpu coziepsKaHuM PacTBOPEHHBIX yreBoaopoaos or 10 mxo 1800 ex. ITJIK
(ITIK xepocuna — 0,01 mr/am?, I'H 2.1.1315-03).

ITpo6bI BozibI, OTOOpaHHBIE B pPaCCMAaTPUBAEMBIN MEPHUOJI, TTOKA3aJIH, YTO KOHIICHTpa-
111 KEPOCUHA JI0JITO€ BPEMsI OCTAETCsI BCE €l1e BHICOKOH. boee Toro, oHa yBeanunBaer-
cs. Tak, B 2013 1. KOHIIEHTpaUs aBUallMOHHOTIO KEPOCHHA U3MEHsuIach oT 3 1o 122 en.
ITIJK, aB 2015 r. B Tex ke cKBa)KMHAX OHA BapbUpoBasia B nipezeinax ot 3 1o 240 ex. IT1K.

AY
23]
=

(2] (=] [&]

| 61 #3.76
}Q’ 56 ®A3
,O‘J,M/

A
/ /l's,s 478

YecnoBHbie o603HaYeHUA K KapTam/ Conventional symbols on maps

- konogel, Homep 1 / well number 1

Puc. 2. Pacnonosicenue nabnooamenbuvlx Koiooyes (coenacrho maon. 1)/

Fig. 2. Location of observation wells (according to Table 1)

Taknm O6p8,30M, Ha6J'IIO,Z[aCTCH YBCIIMUYCHUEC KOHICHTPAIHNHN 3aIpA3HCHUA KEPOCUHOM
NEpBOTr0 OT IMMOBCPXHOCTU I'PYHTOBOI'O BOJOHOCHOT'O I'OPU30HTA, YTO HCIIPCMCHHO IIpU-
BCACT K YBCIIMYCHUIO HHTCHCUBHOCTHU 3arps3HCHUS HanopHo-cy6Hanopme BOJ TepCKO-
KYMCKOFO APTC3UAHCKOI'O OaccelfHa — OCHOBHOTO MCTOYHHKA BO,I[OCHa6)KeHI/I$I MOB,I[OK—
CKOT'O paﬁOHa. OCHOBHBIMHM O00BEKTAMU 3arpsA3HCHUs CTAJIN ITOYBLI U TPYHTOBBLIC BOJbI



Geology and Geophysics of Russian South 14(1) 2024 ['eonorvs n reopuanka fOra Poccnt 137

pailoHa, a Takxe JApeHaxxHble KaHajbl p. Tepek. Bogocnabxenne Mo3nokckoro paiioHa
pecmyOIMKH OCYIECTBIISIETCS, B OCHOBHOM, 3a CUET HAllOPHO-CyOHANOpHBIX BoJ Tepcko-
Kymckoro apre3uanckoro OacceifHa. Mo0310KCKOE MECTOPOXKAECHUE HCIIONb3YeTCs s
XO35HCTBEHHO-ITUTHEBOIO BOAOCHAOXKeHus, JleBoOepexHoe — Al OpOLICHHsS 3eMEllb.
[IpuponHoe kauecTBO (ecTecTBEHHBIN (DOH) KCIUTyaTHPYEMbIX MOJ3EMHBIX BOJ XOPO-
1ee, MUHEpan3alus He npesbimaet 0,6 r/mam>,

Tonbko KOMITJIEKCHBIM M MHTEHCUBHBIH MOJIX0/] K PEIICHUI0 po0ieMbl MO3JOKCKOTO
HEPTENPOAYKTOBOTO 3arpsiI3HEHUs TO3BOJIUT BhIPA0OTaTh pErlaMeHT peMelualiy apea-
Jla HEraTUBHOI'O BO3ACHUCTBUS YTEUKU HE(PTEMPOILYKTOB B [IOUBEHHBIN TOPU3OHT.

BbiBOADI

B 1990 roxy Obutn 0OHapy>keHBI MEpBbIE MPU3HAKH CEPHE3HOTO TEXHOTEHHOTO 3a-
TpSA3HEHUS Ha CeBepo-3arajie ropoaa Moznoka n3-3a HeTernpoayKToB, 00HAPYKEHHBIX B
ObITOBBIX Koo1ax o ynuie [lonesoit. [1o Mo3nokckomy palioHy CKIabIBA€TCsI OYCHB
CJIOXHAs KOJIOTMYECKasl CUTyalusl, CBA3aHHas C 3arpsi3HEHUEM I0YB U TPYHTOBBIX BOJ]
HEe(TEPOAYKTaAMH.

OOmast ruomaas apeaina HeTEPOAYKTOBOTO 3arpsi3HEHUS] B TPYHTOBBIX BOJIaX CO-
crasiseT okosio 160-200 kM? npu CoiepKaHuy PACTBOPEHHBIX YIIIEBOAOPOA0B OT 10 10
1800 en. ITAK, xorga ITJIK kepocuna cocrasmsier 0,01 mr/am®, T'H 2.1.1315-03.

Pacnipoctpanenue I'CM B kauecTBe 3arps3HUTENCH 3aBUCUT OT MHOXECTBA ITapaMe-
TPOB: HEMOCPEACTBEHHOM CTPYKTYPbI IOYB, I'MIPOJIOTUUYECKUX YCIOBUM U TAKUX CBOMCTB
I'CM, kak mi10THOCTb, BI3KOCTh, CHIOCOOHOCTh K CMAauMBAaHUIO, COACPKAHUE U THUITBI TIPH-
CaJIoK U Jp.

ITo pe3ynbraram HOJIEBLIX UCCIIEN0BAHMUI, KOTOPBIE OXBATHIBAJIM ILIONIA b OKOJIO 20 KM?
OBLIIM BBISIBJICHBI 4 TUH3bI, BKIIOYAIOIINE aBUAIMOHHBIN KepOCHH. B 3T0M CBsi3u HEOOXO0-
JMMO OTMETHUTh, YTO PACIIOJIOKEHNE JIMH3 COBIA/IAI0 C IPOCTUPAHUEM TOIUIMBHBIX KOM-
MYHHUKallMi asposipoMa U MecTopactosoxenueM ckiaga ['CM.

B pe3synbrare paboT, BBITOTHEHHBIX B TIOCIIEYIOIINE TO/IbI, YCTAHOBIICHO, YTO HE(Te-
IIPOIYKTOBOE 3arpsi3HEHUE NI0YB, TPYHTOB 30HbI a’palluu mpojaospkaeTcs. B Teuenue 3-x
IIUKJIOB PEKUMHBIX HAOIIOIEHHH coslepKaHust HE(PTEPOITyKTOB JOCTUT AN KaTacTpoQu-
yeckux 3HaueHuu (g0 2000-5000 ITAK).

Tonbko KOMIIJIEKCHBIM M MHTEHCUBHBIN MOAXO] K PELIEHUI0 IpoOaeMbl MO310KCKOTro
HEePTETPOAYKTOBOTO 3arpsi3HEHHUS TTIO3BOJIUT BHIPA0OTATh pPErlaMeHT peMeInaliy apea-
J1a HETaTHBHOTO BO3ACUCTBUS YTEUKU HE(PTEIPOILYKTOB B IIOUBEHHBIN TOPH3OHT.
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Pestome: AKTyanbHocTb pa6oTbl. [po6iema OUeHKM NOrNoTUTENBHOMO NOTeHUMana NnaHaLwadgToB B OTHO-
LIEHU AnoKcuaa yrinepoaa npuobpetaeT Bce 60NbLUYH0 aKTyanbHOCTb B CBA3MW C rM06anbHbIMU N3MEHEHUAMN
Knumata. Pa3BopadnBatoTcs UCCNe0BaHNs, UCNONb3YHOLLNE BOSMOXHOCTY CNYTHUKOBBIX CHUMKOB [ OLIEHKN
NOrMOTUTENbHOI CNOCOBHOCTM NaHALIAdTOB M 3anacoB yrnepoaa. Llenb paboTbl — BbISIBUTL 0COOGEHHOCTM NpPO-
CTPAHCTBEHHO-BPEMEHHON AMHAMMUKI MOMNOTUTENbHON CNOCOGHOCTI POCCUIACKIMX FOPHOMECHBIX, TECOCTEMHbIX
1 CTEMHbIX NaHAWAdTOB B OTHOLIEHUN aTMocepHOro anokcuaa yrnepoaa. 06bekTbl. B Ka4ecTBe pernoHoB
nccnenoBaHmns BbibpaHbl YeveHckas Pecnybnnka u LeHTpanbHas 4acTb OpeHO6Yprckoi 0651acTi, rAe BblAeNeHbl
B 06LLE/ CNOXHOCTW CEMb KIHO4EBbIX Y4aCTKOB, LLUECTb 13 KOTOPbIX BXOAAT B COCTaB Kap6OHOBOr0 MOMMroHa
«\Way Carbon». Tpe60Banoch, 4To6bl KMOYEBbIE YHACTKM OTANYANMCL Pa3HO0OPA3NEM Fe03KONOrMYECKIX XapakK-
TEPUCTUK, 0XBaTbIBasi FTOPHONECHYHO, TECOCTENMHYH U CTEMHYH NPUPOAHbIe 30HbI. MeTofbl. BbinonHeHa TemaTti-
yeckasn 06paboTkKa NPOAYKTOB CNYTHUKOBOro cnektTpopaanometpa MODIS, 4To N03BONNIO paccyuTaTh €XXeroj-
Hblil NoKa3aTesib nornowieHus yrnepoga (MMY) sa nepuog ¢ 2000 no 2020 rr. MponsBeaeHo NPOCTPAHCTBEHHOE
30HWUPOBaHKE TEPPUTOPUM U3y4aeMbiX pernoHoB no MY, npoaHann3npoBaHbl BPEMEHHbIE TPEH[bI 3HAYEHNIA
MMY. OnpeaeneHbl XapakTepUCTUKM PaCTUTENIbHOMO MOKPOBA C MOMOLLbK) HOPMan30BaHHOMO BEreTaLNoHHOM0
nHaekca NDVI, BbINONHEHA KOPPeNaUuUs BPeMeHHbIX psfoB 3HadeHnid MNMY co 3HaveHusmu NDVI. Pe3ynbTatbl.
MornotutenbHas cnocobHOCTb NaHAWAdTOB Ye4eHCKoit Pecny6nmki yBenn4BaeTCs N0 HanpaBneHnio ¢ ceBepa
Ha 10T, 0TpaXKas 30HamnbHyt CMeHY NPUPOAHO-KANMATUYECKIUX YCNIOBUIA: OT CTENeil N NOMYMYCTbIHb B CEBEPHbIX
pafoHax 40 NpefropHbIX NyroBbIx CTEMeN 1 rOpHbIX NIECOB Ha tore, Yepe3 NecoCTeNnHbIe NaHAWwadThl B LIEHTPE.
B 30Hax ¢ npeo6nagaHnemM necoB MHOrONETHUA NPUPOCT 3Ha4eHui MNIMY MuHumaneH. MornoTuTenbHas cnoco6-
HOCTb NaHAWAdTOB LEHTPanbHOIA YacTn OpeHOYprekoi 06nacTi Bo3pacTaeT Mo HaNpaBeHUIO C tora Ha CeBep:
0T CYXOIi TUM4aKOBO-KOBbINIbHOI CTENU Ha tore 40 Pa3HOTPABHO-KOBbINIbHON 11 Pa3HOTPaBHO-3MaKOBOI CTENU Ha
cesepe. [pocTpaHCTBEHHO-BPEMEHHbIe TpeHAbl MY B LeHTpanbHOM YyacT OpeHBYprckoin 06nacT He AeMOH-
CTPUPYIOT 3HAYUMbIX KonebaHwii. AHanm3 3aBUCUMOCTEN MEX[Y eXErofHbIMU CpeaHUMM 3HaveHuaMu MY n
NDVI ons Kn4eBbIX Y4aCTKOB He BbISIBUM TECHOIA MONOXMTENbHON KOPPENALMOHHOI CBA3W, 0[|HAKO ANs Nec-
HOro yyacTka Neb nMpoCnexuBaeTcs cpefHas OTpuLaTenbHas KOpPPenauus, Y4To YKnaaplBaeTcs B pamKi Teopun
cTabunmaauun n NOCTENEHHOTO CHKEHUS NOKa3aTeNs NornoTUTenbHON CNOCOGHOCTI B BO3PACTHBIX Necax.

KnioueBble ¢noBa: CTeNHbIe, NECOCTENHbIE U FOPHONECHbIE NAaHAWAMTbI, NOTEHLWAN NOrMOLLIEHUS Yrnepo-
Ja, NPOCTPAHCTBEHHO-BPEMEHHAs MHAMUKA, JaHHbIE ANCTAHLIMOHHOrO 30HANPOBaAHMSA, HYeueHckas Pecny6nuka,
OpeH6yprckas 0651acTb.
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Abstract: Relevance. The problem of assessing the absorption capacity of landscapes for environmental
dioxide seems relevant in connection with global climate change. Study is being launched, using the capabilities
of satellite images to assess the absorption capacity of landscapes and carbon reserves. The aim of the paper
is to identify the features of the spatio-temporal dynamics of the absorption capacities of Russian mountain for-
est, forest-steppe and steppe landscapes in relation to atmospheric dioxide. Objects. The Chechen Republic and
the central part of the Orenburg region were chosen as the study regions, where a total of seven key plots were
identified, six of which are part of the North Caucasus carbon test site “Way Carbon”. It was required that the key
plots are distinguished by a variety of geoecological characteristics, covering mountain forest, forest-steppe and
steppe natural zones. Methods. Thematic processing of MODIS products was carried out, which made it possible
to calculate the annual carbon absorption rate (CAR) of landscapes for the period from 2000 to 2020. Spatial
zoning of the studied regions according to CAR was carried out, and time trends of CAR values were analyzed.
The characteristics of the vegetation cover were determined using the normalized vegetation index NDVI, and the
time series of CAR values were correlated with NDVI. Results. The absorption capacity of the Chechen Republic
landscapes increases from north to south, reflecting the zonal change in natural and climatic conditions: from
steppes and semi-deserts in the northern regions to foothill meadow steppes and mountain forests in the south,
through forest-steppe landscapes in the center. In areas with a predominance of forests, the long-term increase
in CAR values is minimal. The absorptive capacity of the landscapes of the Orenburg region central part increases
from south to north: from the dry fescue-feather grass steppe in the south to the forb-feather grass and forb-
grass steppe in the north. The spatiotemporal trends of CAR in the central part of the Orenburg region do not
show significant fluctuations. An analysis of the relationships between the annual average values of CAR and
NDVI for key plots did not reveal a close positive correlation. However, for forest plot No. 5 an average negative
correlation is traced, which fits within the framework of theories of stabilization and a gradual decrease in the
absorptive capacity index in aged forests.

Keywords: steppe, forest-steppe and mountain forest landscapes, carbon sequestration potential, spatio-
temporal dynamics, remote sensing data, Chechen Republic, Orenburg region.
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BeepeHune

ImobanpHas nmpobieMa OIEeHKU MOTIOTUTENFHOTO TOTEHIMAIA TaHAMA()TOB B OTHO-
HICHUU AUOKCHUA yIiiepoa MpruodpeTaeT Bce OOMBIIYI0 aKTyalbHOCTh. V3yueHue uKia
YIJIEPOACOAEPIKAIIMX Ia30B B PA3IMYHBIX MPUPOAHBIX U AHTPOIIOT€HHBIX YCIOBHSIX, aHa-
mu3 (pakTopoB BapuadbenbHOCTH 00BEMOB AMOKCHIA yIiepoaa B atmocdepe, onpeserne-
HUE JCTIOHUPYIONICH CIIOCOOHOCTH TUTIOB TIOYBCHHO-PACTUTEIIEHOTO TIOKPOBA SBIISIFOTCS
MIEPBOOYEPETHBIMH YKOJIOTO-3KOHOMUYeCKUMU 3anadami [Lewis, Maslin, 2015; Gleckler
et al., 2016; Guo et al., 2017]. loka3zaHo, 4TO 1moka3zaresid noriomenus u smuccun CO,
00yCTIOBIIEHBI, B OCHOBHOM, TaKUMH (DaKTOpaMu, Kak MPUPOIHO-KINMaTHUYECKHE YCIIO-
BUSI MECTHOCTH, B MIEPBYIO OYEPEh — 0COOEHHOCTAMHU MTOYBEHHO-PACTUTEIHLHOTO TOKPO-
Ba [Raich, Schlesinger, 1992; Lal, 2007; Maxubikuna u ap., 2020]. ®orocunTe3 Ha3eM-
HOM (huTOMaccoil cunTaeTcss Ha JaHHBII MOMEHT HauOojiee peHTaOeIbHBIM CIIOCOOOM
ynaBimuBaHus quokcuna yrinepona [Chen et al., 2020; Lv et al., 2020].

B nacrosiiee BpeMsi pa3BOpaYMBAIOTCS MCCIECIOBAHUS, UCIIONB3YIONINE BO3MOXKHO-
CTH CITyTHHKOBBIX CHHUMKOB JUIS OIICHKH MOITIOTHUTENBHON CIOCOOHOCTH NaHAmA(TOB
U 3aIacoB yIiiepoja. YCTaHOBIEHO, YTO CHIEKTpajbHble MHACKCHI, OTpakarolue Ouo-
(u3nyeckue napaMeTpsl paCTUTEIbHON OMOMACCHI, MOJOKUTEIIBHO KOPPEIUPYIOT C Jie-
noHupoBaHueM yriepoaa [ Yusandi et al., 2018; Wani et al., 2021] u oTpumarensHo — ¢
coneprxkanuem yriepoaa B armocdepe [Lv et al., 2020; Marelign, Mekonen, 2022]. Cy-
IIECTBYIOIIUE PEKUMBI M ITUKJIBl KOCMUYECKON CHEMKH MO3BOJISIOT 00ECTIEYUTh TOYHBIE
peryasipHbIe 3aMepbl IPUPOCTa HA3eMHOW (PUTOMACCHI M pacueThl 3HAYCHUH (POTOCHHTE-
3a. [lomydyennast uHpopMaIys UCHOIB3yeTCs JIs BHIYMCICHUS MOKa3aTeNel MOorole-
HUS yITIEPO/ia B Pa3IMYHBIX IPUPOAHO-KIMMaTHYECKHX ycinoBusx [Schubert et al., 2010;
Gelybo et al., 2013; Kross et al., 2013].

Lenb paboTHI — BBISIBUTH 0COOEHHOCTH MTPOCTPAHCTBEHHBIX N3MEHEHHH 1 BpEMEHHON
JTUHAMHKYU TOTJIOTUTEIHHOU CIIOCOOHOCTH POCCHUUCKHUX TOPHOJIECHBIX, JIECOCTEITHBIX U
CTEMHBIX JAHIIAPTOB B OTHOIIEHHH aTMOC(epHOro AuOKcuaa yriaepona. Pesynbrarsl
OyayT o0nafaTh HAy4YHOW HOBH3HOM U MOTEHIIMAJIOM B acIlleKTe pacHIMpPEHUs U JAeTalu-
3allMM HaIpaBJIEHUS MCCIIEI0BAaHUN CBSI3M 30HAJIBHBIX XapaKTEPUCTUK JIAaHAIMA(TOB C UX
BO3MOXKHOCTSIMH TTOTJIONIATE YIIIEPO U3 aTMOCHEPHI.

MeToabl NCCAEAOBOHMS

B kauecTBe pernoHoB uccienoBanus BeIOpansl YeueHckast PecriyOnnka u ieHTpalib-
Hast yacTh OpeHOyprckoi obmactu. Tepputopust UeueHnckoit PecryOnmuku HaxomuTes B
npezenax JByX KpPyHHBIX (u3HKo-Teorpaduueckux crpan — Boctouno-EBpomneiickoii
paBHuHbl U KpbiMcko-KaBka3ckoit ropHOW CTpaHbl U XapaKTepU3yeTcs OOJbIIUM pa3-
HOOOpa3ueM MPUPOIHBIX JaHIMA(TOB: OT MOMYMYCTHIHHBIX — HA CEBEPE J0 HUBAIBHO-
DISIUATBHBIX — Ha tore [['yHs u ap., 2022]. HenTpanbhas yacte OpeHOyprcekoit odnactu
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pacroioKeHa B CTEMHON 30HE, IJI€ CMEHSIOT IPYT Ipyra KJIacCU4eCKHUE NOA30HbI, BKIIIO-
Yasi TUIIMYHYIO CTEMb U F’KHYIO CyXYIO CT€Ib. DTH OCOOEHHOCTH TaKXke MpenoaaraoT
HOBU3HY M IIPAKTUYECKYIO 3HAYMMOCTD PE3YJIBTaTOB UCCIICIOBAHHUA.

Jlj11 OOBbEKTHBHOCTH U J€TAJIN3AlMU BBIBOJIOB B PETMOHAX MCCIIEI0BAaHUS BbIIEICHBI
KJIIOUEBbIE YUACTKHU: IIECTh yUYaCTKOB Ha Tepputopun YeueHckoil PecryOnnku, BXOASIINUX
B cocTtaB kapboHoBoro nonurona «Way Carbon» [I'yust u np., 2022; I'yus u ap., 2023;
Kepumos, Dnpxaes, 2023], u onun yuactok B OpenOyprckoit obmactu. TpeboBanocs,
YTOOBI BbIJICJIEHHBIE KJIFOUEBbIE YUACTKH OTINYAINCH PAa3HOOOpa3ueM Ire03K0JI0THUIeCKUX
XapaKTEPHUCTHK, OXBAThIBasi TOPHOJIECHYIO, JIECOCTEITHYIO M CTEITHYIO 30HBI (Ta0.1).

Tabnuya 1/ Table 1

Kparkasi xapakTepucTHKA KJII0YeBbIX YYACTKOB HCCJAeJ0BAHMS /
Brief description of the key study plots

Ne yyacTka, Ha3BaHUeE, ITnomane, ra [Ipeobnamaromue Tumsl taHgmadpToB / The
MectomnonokeHue / Plot number, / Area, ha prevailing types of landscapes
name, location

1. «Xankama» (Kammyc),

Yeuenckas Pecmybnuka / 18 Hwuzkoropasie JecocTenHbie TaHAmaPTH /

“Khankala” (Campus), Chechen Low-altitude forest-steppe landscapes

Republic

2.«KapboHnoBas pepmay, TopabIe cTenn ATXaHIypTCKOH JTOTHHEI,

Yeuenckas Pecmybmmka / «Carbon 73 pa3HOTpaBHO-37IaKOBBIE cTer / Mountain

Farmy», Chechen Republic steppes of the Alkhanchurt valley, grass-grass
steppes

3.«Tonctoit-tOpt», UeueHckas Huzkoropable lecocTenHbie JaHImapTh Ha

Pecny6mnmka / «Tolstoy-Yurty, 04 ceBepHOM ckioHe Tepckoro xpedra / Low-

Chechen Republic mountain forest-steppe landscapes on the
northern slope of the Tersk ridge

4.«CtaponpOoMBICIIOBCKUNY, EcTtecTBeHHBIE U 3aJI€KHBIE CTEITH

Yeuenckas Pecniyonuka / MEXTOPHOM KOTJIOBHHBI Tepcko-CyHKEHCKOM

«Staropromyslovskiy», Chechen 41 Bo3BbieHHocTH / Natural and fallow steppes

Republic of the intermountain basin of the Tersko-
Sunzhenskaya upland

5.«Pournu-Yy», UeueHnckas TopHo-n1ecHast 30Ha HU3KOTOPHBIX JIaHAIIa(TOB

Pecniyonuka / «Roshni-Chuy, Ha CEBEPHOM MakpockioHne Jlecuctoro

Chechen Republic 243 (Uepnoropckoro) xpedra / Mountain-forest zone
of low-mountain landscapes on the northern
macroslope of the Forested (Chernogorsky)
ridge

6.«Canan4oxy, YedeHckast ['opHO-JTyroBoIeCHBIE U TOPHO-JIyTOBOCTEIHBIE

Pecnybnuka / «Galanchozhy, nanamadTel Mexy orporamu CKalucToro u

Chechen Republic 51 BoxoBoro xpedToB / Mountain-meadow forest
and mountain-meadow steppe landscapes
between the spurs of the Rocky and Lateral
ridges

7 Hukomnbckas CTels, CyxocTenHble JaHAma(Thl ¢ TOIBIHKOBO-

OpenOyprckas odmacts / 190 TBHIPCOBO-THITYaKOBO-KOBBUIEHOM

Nikolskaya steppe, Orenburg pacturensHocThIO / Dry steppe with

region polynkovotyrsovo-tipchakovo-kovyl vegetation
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B mepByto ouepens, ¢ yuetom umerommuxcs pekomengauuii [Heinsch et al., 2015],
ObuIa BBIIIOJIHEHA TeMaTH4eckas 00paboTKa JOCTYIHBIX JAHHBIX JUCTAHI[MOHHOTO 30H-
JTUPOBaHUS 3eMJIM — IPOJYKTOB CIIyTHUKOBOTO criekTpopaguomerpa MODIS, uyto no3Bo-
JIMJIO paccUMTaTh €XKETOAHBIN Mmoka3arens norouieHus yriaepoaa (II1Y) pacturenbHbIM
MOKPOBOM B peruoHax uccieaoanus 3a nepuoj ¢ 2000 mo 2020 rr. Ha ocHoBe nosty4yeH-
HBIX 3HAQUEHUI MPOU3BEIEHO MPOCTPAHCTBEHHOE 30HUPOBAHNUE TEPPUTOPUN H3YUAEMBIX
perunonos 1o IIITY, a Takke nmpoaHanu3MpOBaHbl BpEMEHHBbIE TpeHbl 3HaueHuil I1I1Y
JUISL CEMU KJIFOUEBBIX y4acTKOB. JlJI1 pErHOHOB MCCIIEAOBAHUSA M Y4aCTKOB OIPEIECIICHBI
XapaKTEPUCTUKH PaCTUTEIHHOTO IIOKPOBA C OMOIIbIO HOPMAJIN30BaHHOTO BETETAI[MOH-
Horo unaexca NDVI [Rouse et al., 1974], paccuuTaHHOTO IO CHUMKaM CIYTHUKOB Land-
sat, BBITIOJIHEHA KOppEsLMs BpeMEHHBIX psaaoB 3HaueHuil [1I1Y co 3HaueHusiMu psigoB
NDVI.

Pe3yAbTaThl 1 OBCYXKAEHNE

[IpocTpaHCTBEHHOE pacnpeiesIeHHe CPETHUX 3a UCCIENYEMbIN MTEPUOJ 3HAYEHUH T10-
Kaszareys MONIOIIEHUs YIVIEpoJa PacTUTEIbHBIM MOKPOBOM B PETMOHAX MCCIEIOBaHMS
IIPEJICTABICHO HA PUCYHKaX 1, 2.
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Puc. 1. Ilpocmpancmesennoe pacnpedenenue na meppumopuu Yeuencxoii Pecnyonuxu:
a) cpednux snavenuti nokazamens noziouenus yenepooa (keC/m?/200),
b) mperoos sHauenuili nokazamens noenowerus yenepooa 3a nepuoo ¢ 2000 no 2020 ze.;
1 — ouanasonel 3navenuil IV, 11 — uepno-benviti epaduenm mpenoa II1Y; 111 — kniouegvie yuacmiu
uccneoogarust NeNe 1-6, IV — nacenennvie nynkmot /

Fig. 1. Spatial distribution on the territory of the Chechen Republic:
a) average values of the carbon absorption index (kgC/m?/year),
b) trends in the values of the carbon absorption index for the period from 2000 to 2020,
1 — ranges of values of the carbon absorption index; Il — black-and-white gradient of the carbon
absorption index trend; Il — key study plots No. 1-6; IV — settlements
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Puc. 2. I[Ipocmpancmeennoe pacnpedenenue 8 yenmpanvrou yacmu Opendypeckoul oonacmu:
¢) cpednux snauenuti noxazamens noanowenus yanepooa (k2C/m’/200), d) mpendos snauenuii noxazamens
noanowenust yenepooa 3a nepuoo ¢ 2000 no 2020 ze.; 1 — ouanasonwl snavenuii I111Y,; I — ysemosoti
epaouenm mpenoa I1I1Y; 11l — knouesotl yuacmok ucciedosanusn Ne7; IV — nacenennvle nynkmol /

Fig. 2. Spatial distribution on the territory of the Orenburg region: a) average values of the carbon
absorption index (kgC/m?/vear), b) trends in the values of the carbon absorption index for the period
from 2000 to 2020, I — ranges of values of the carbon absorption index, II — black-and-white gradient
of the carbon absorption index trend; 11l — key study plot No.7; IV — settlements

PucyHok 1 B 4acTu a AeMOHCTpUPYET, UTO B MaciTabe peruoHa NorIoTUTEIbHAsS CII0-
coOHOCTh Ha3eMHOU puToMacch JanamadToB Yeuenckon PecryOnuku yBeIuanBaeTCst
10 HalpaBJIEHHUIO C CEBEpa Ha IOT, OTPakas 30HAJIbHYIO CMEHY NMPHUPOIHO-KIMMaTHYe-
CKHX YCJIOBUH: OT CTENEHW M IMOJIyIMYCThIHb B CEBEPHBIX palioHax, rae 3HadeHus IIITY
npenacrasiensl B quanazone ot 0,5 1o 1 krC/m?/rox, 10 NPeAropHbIX IYrOBLIX CTENEH 1
TOPHBIX JIECOB Ha ore, rue 3uadenus IIITY mpessimaror 3 krC/m%/roa. B To xe Bpems,
B 4acTH b pucyHka 1, BU3yanu3upyrolei nmpocTpaHCTBEHHO-BpeMeHHble TpeHab! [1I1Y,
BHJIHO, YTO B 30HAaxX C MpeoOialaHueM JIECOB MHOTOJETHUN mpupocT 3HadeHuit [1ITY
MuHMMaseH 1 He npesbimaet 0,5 krC/m?/roa. CylecTByOIIE TMIOTE3bI O0BACHSIIOT 3TO
KaK CHIPKEHHEM MOINIOTUTEIbHOM CIOCOOHOCTH B BO3PACTHBIX Jiecax 3a CUeT cTa0uiIn3a-
LMY BaJOBOM NEPBUYHOMN MPOAYKTUBHOCTH U HENIPEPHIBHOTO MOBBIIIEHHS aBTOTPO(PHOIO
neixanus [Kira, Shidei, 1967], Tak ¥ TeéM, 4TO CHM)KCHHE ITOIVIOTUTEILHON CIIOCOOHOCTH
B MHOT'OJIETHHX JIecax B IIEPBYIO ouepe/ib 00yCIIOBIEHO CHUKEHHUEM BaJIOBOM NEPBUYHOM
MIPOIYKTUBHOCTH, KOTOpPasi C BO3PACTOM YMEHBIIIAETCsl ObICTpEE, YeM aBTOTPO(HOE Jbl-
XaHHUe, HO COOTHOIICHUE TMOTIOTUTENIBHON CIOCOOHOCTH U BaJIOBOW TIEPBUYHOM MPOITYK-
TUBHOCTH OCTaeTCs MPUMEPHO MOCTOSHHBIM B Ipezenax skocuctemsl [ Tang et al., 2014].
Tak unu nHaue, 0COOEHHOCTH MOIVIOTUTENBHOM CIIOCOOHOCTH JIECOB — €€ CHUKEHHE Y
BO3PACTHOTO Jieca Ha ()OHE MOBBIIICHHUS UM OYEHB c1ab0e CHIKEHHE aBTOTPO(GHOTO JIbI-
XaHMs — HEJIb3sl HE IPUHUMATh BO BHUMAHME MPU ITIOCTPOECHUHU NPOTHO3HBIX MOJEIEH U
CLICHAapHEB YJIABIUBAHUSA YITIEPOJa B JIECHBIX, CTEITHBIX U CMEIIAHHBIX YKOCHCTEMAX.
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PucyHok 2 B 4acTM ¢ MOKa3bIBAET, YTO MOIVIOTUTENbHAs CIOCOOHOCTD JaH/IadTOB
HeHTpanbHOM yacTu OpeHOyprckoit 061acTi BO3pacTaeT Mo HapaBJIEHUIO C I0ra Ha ce-
BEp, OTpakas 30HAJIbHYI CMEHY IIPUPOJHO-KIMMATUYECKUX YCIIOBUM: OT CYyXOM THUITYa-
KOBO-KOBBLIBHOM crenu Ha tore ¢ ITITY ot 0,5 g0 1 krC/M?/roj 10 pa3HOTPaBHO-KOBbLIb-
HOW M pa3HOTPaBHO-3JIaKOBOM cTenu Ha ceBepe, rae makcumyM I1ITY nocruraer 1,5 krC/
m?/ron. ITpocrpancTBeHHO-BpeMeHHbIe Tpen bl ITITY B neHTpanbHoii yactu Openoypr-
CKOH 0011aCTH HE IEMOHCTPUPYIOT KaKHX-JTMO0 3HAYMMBIX KoJleOaHu# (puc. 2 B 4actu d).
Takasi OAHOPOIHOCTH (32 UCKJIFOYEHUEM JIOKAJIbHBIX MUKOB, MPUBS3aHHBIX K 30HAM aH-
TPOIOT'€HHOTO BO3/IEMCTBUS), CBsI3aHa, MPEXKIE BCEro, C YCIOBHBIM OJIHOOOpa3ueM pac-
TUTEJIBHOTO IIOKPOBA, COXPAHAIOLIUMCS, HECMOTPS HAa CMEHY ITOA30HAIbHBIX BAPUAHTOB.

Oco0blil nHTEpeC NMpeacTaBIsAoT BpeMeHHble TpeHabl [TITY Ha kitoueBbIX ydacTkax
uccienoBanus (PUCYHOK 3).
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Puc. 3. Bpemennvle mpenovl 3nauenuti nokazamens NO2IOUeHUs yenepooa pacmumenbHOCbIo
HA KIHOUEBBIX YUACKAX Ucciedosanust NeNe 1-7 /

Fig. 3. Time trends in the values of the carbon absorption index by vegetation
in key plots of the study No. 1-7

Habnronaercst sBHast TEHACHIUS K CHUKEHUIO 00BEMOB IMOIIONIAEMOTO YITIepOoaa Ha
obneceHHoM yuacTtke Ne5. DTo coracyeTcst ¢ BBIICTIPUBEICHHBIMH TEOPUSMH CTa0H-
JM3alMM ¥ CHU)KEHUS TOKa3aTessl MOTIOTUTENIHONW CIIOCOOHOCTH B BO3PACTHBIX JIeCax
3a OIHO U Oosee mecstuneTrii. Ha ¢oHe MakcuManbHON MOTIIOTHTEIBHONM CIIOCOOHOCTH
JIECOB aKTyaJIM3UPYETCS BOIIPOC O TOM, KAKOB HMKHUH IOPOI, 10 KOTOPOI'O MOTYT OILy-
ctutbes 3HayeHus 1Y Ha necHoM ydacTke NeS5 npu HEM3MEHHOM COCTOSIHUM JIECHBIX
MacCHUBOB B CJICAYIOLIUE 1ECATUIIETHSL.

He menee mHrepecHa Hucxopsmas juHus TpeHaa IIIIY Ha cyxocTenHoOM ydacTke
Ne7. Cynst mo Bcemy, Ha ydacTKax 3aJI€KHBIX WM €CTECTBEHHBIX MHOTOJIETHUX CTENei
JeMCTBYET aHAJIOTUYHBIM MEXaHNU3M CTAOMIN3AIMH M TIOCTEIICHHOTO CHUKEHUS MTOTJIOTHU-
TEJIbHON CIIOCOOHOCTH.

Ha ocranpabix yuactkax uccienoBanust NeNel-4 u Ne6 nuHMM TpeHIOB OO CTa-
OunbHBI, MO0 crabooTpuuaTeabHbl. MOXXHO OOBSICHUTH TO Pa3HOPOAHOCTHIO PACTH-
TEJIBHOI'0 IOKPOBA U CUCTEMATUYECKO-NIEPUOINYECKUM aHTPOIIOI€HHBIM BO3/IEHCTBUEM,
CHOCOOCTBYIOIIMM OOHOBJICHHUIO PACTUTEIHHOTO IIOKPOBA.

Junamuka mokasareneid ND VI o KiIroueBbIM y9acTKaM 3a EPHoJI HAOMIOIeHUH 0TO-
OpaxeHa Ha puc. 4.
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Puc. 4. Juuamuxa noxazameneit NDVI na kniouegwix yuacmkax uccieoo8anus /
Fig. 4. Dynamics of NDVI indicators in key plots of the study

MOXHO BBIETUTH CIEAYIONME OCOOCHHOCTH M3MEHEHHS BEreTallMOHHOTO MHJIEKCa
Ha KIIFOYEBBIX YYacTKaX:

- Ha jecocTenHbIX yuacTtkax Nel, Ne3 u myroBom ydactke Ne6 HaOmromaercs yCTom-
yuBas aMIUTUTYya nokaszareneit (£0,4) u ctpemiieHne K UX CTaOUIN3alluu B MOCIIETHUE
3—4 roja n3yyaeMoro rnepuoja;

- CTEIHBIE, CXOXKHUE T10 YCIOBHAM YBIAXKHEHHS U PACIIOIIOKEHHbIE HEJJAJIEKO IPYT OT
npyra ydyactku No2 u Nod, oTiinuaroTcs cxoke nMHaMUKou nokasareneit ND VI u Bbico-
KUMHU aMIUTHUTyIaMH KoJieOaHUH UX 3HAUYCHUM;

- HU3KOTOPHBIN JIeCHOM yyacTok NoS XapakTrepusyeTcss MAaKCUMaIbHbIM OTHOCHUTEIb-
HO JIPYTUX YYacCTKOB CpeAHUM 3HaueHueM NDVI co cTaOuIbHBIM TPEHIOM Ha MOBBIIIE-
HUe U Hanbonee Hu3Koi B YeueHckoit PecryOnuke aMrumnTyoi koeOaHuii mokaszaresnei
(£0,3);

- cyxocrenHoi yyacTok Ne7 B OpeHOyprckoil o0nacTu UMeeT HauMEeHbIIee CpeHee
MHOTOJICTHEE 3HAUE€HHE BETeTAIMOHHOTO MHJEKCA MPU HU3KOW aMIUTUTYIE KoyeOaHuit
€ro 3HaueHUil — B ocneanue 14 et n3yd4aeMoro nepuoja OHU MOYTH CTAOUIBHBL.

AHanu3 3aBUCUMOCTHU MEK]Ty CPETHUMHU €xXeroHbIMU 3HaueHusmu [II1Y u NDVI nns
Ka)X/I0T0 y4acTKa He BBISBHIII TECHOM MOJ0KUTEIbHON KOPPETSIIUOHHOM CBSA3H (3HAYCHUS
ko3¢ dunrenta koppensauun [lupcona Haxoasares B auama3one ot 0,23 mo 0,41), omHako
JUIs IecHOTO yuacTka NoS mpociekuBaeTcs cpensist oTpuniarenbHas koppensuus (-0,52).
Takum o0Opa3oM, MpeaCTaBISIeTCs, YTO HEOMPABIAHHO JeNaTh BBIBOABI 00 M3MEHEHUSIX
CIIOCOOHOCTH PACTUTENLHOTO MOKPOBA MOMIONMIATH YIIIEPO/I, OCHOBBIBASICH JIUIIH HA KOJIe-
Oanusix 3HaueHui nHaekca NDVI. DTOT BereTallMoHHBIN UHAEKC, XapakTepusys odiee
COCTOSTHME Ha3eMHON (UTOMAcChl, HE YYUTHIBAET MHIUBUIYAJIbHYIO MOTIOTUTEIHHYIO
CIIOCOOHOCTh PAaCTUTENBLHBIX (PUTOIIEHO30B. TeM He MeHee, B cy4yae OJHOPOIHOIO Jiec-
HOro yyactka No5, rie He MpOUCXOJUT CUCTEMATHUYECKUX aHTPOIOI€HHBIX HapyLICHUN
U U3MEHEHUH PEXMMOB MPUPOAOIOIB30BaHUS, HEOObIIAs OTPUIIATEIbHAS KOPPESIIHs
nokazareneit NDVI co 3nauenusimu [II1Y yknaapiBaeTcsi B paMKu BBILIEITPUBEACHHBIX
TEOpUH CTaOMIN3aIMK U TOCTETIEHHOTO CHIDKEHUS MIOKa3aTesl MOMIOTUTEIHHON CI1oco0-
HOCTH B BO3PACTHBIX JIECaX.
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BbiBOADI

B macmtabax pernoHOB MOITIOTUTENIbHASL CTIOCOOHOCTH JTAHIIIAPTOB U3MEHSIETCS, OT-
pakasi 30HAJIbHYIO CMEHY MPUPOAHO-KIUMATHUECKUX YCJIOBUN: MUHUMAIbHAs TIOTIOTH-
TEJIbHAS CIIOCOOHOCTH OTMEYAETCSI B 30HAX CTEIeH 1 MOIYITyCThIHb, MAKCUMAJIbHAS — B 30-
HaxX HU3KOTOPHBIX CMEMIAHHBIX JIecoB. OTHAKO CIIOCOOHOCTH MOMIIOIIATh YIIIEPO] Ha JieC-
HOM y4acTke OyJIeT CO BpeMEHEM CHUXKAThCS, U TO HEOOXOAUMO MTPUHUMATH BO BHUMaHUE
IIPU MIOCTPOCHUU MPOTHO3HBIX MOJIEICH U CLIEHAPHUEB YJIABIMBAHMS YIVIEpOJa B JIECHBIX,
CTETHBIX M CMEIIAHHBIX dKocucTemax. [yt onpenenenus: GyHKIIMOHATBHON 3aBUCUMOCTH
TaKOTO CHI)KEHUS OT BO3pacTa jieca TpeOyIOTCs TOTOTHUTEIbHbIE NCCIICI0OBAHMUS.

[TomyyeHHbie aBTOpaMU JIMHUM BPEMEHHOTO TPEHAA MO3BOJISIFOT MPEANOI0KUTE, YTO
Ha CTEMHBIX y4acTKax MOTIOTUTEIbHAsI CIIOCOOHOCTh TaKXke OyIeT cO BpeMEHEM CHH-
KaTbCs aHAJIOTUYHO CUTYAIlMH C BO3PACTHBIM JIECOM.

Pesynbrarel nccnenoBaHus MPU3BaHbI TOMOYB B pa3pabOTKe pENICHHIA 110 ONITUMHU3a-
WU TIPUPOIOTIONH30BAHUS B CTEITHBIX, JIECOCTEITHBIX M TOPHBIX JIaHIIIa(Tax.
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Pe3tome: AKTyanbHOCTb TEMbI WCCIEfOBaHUA OOGbACHAETCH HEOOXOLMMOCTbIO MOMCKA WHHOBALMOHHBIX
Cnoco60B U3BMEYEHUs METaNI0B U3 Y6Ororo Chipbs U XBOCTOB NepepaboTku pyd, B TOM YUCNE, C aKTUBALMEN
NPOLLECCOB M3BNEYEHNS METANIOB NyTeM KOMOUHUPOBAHUA XUMUYECKOR 11 MeXaHn4eckom aHeprun. MeToamka
JOCTIKEHNS NOCTAB/EHHOIA LN NO3BONSET OLEHUTb BOSMOXHOCTY ry60KOi nepepaboTKm B YCIIOBUAX FOPHbIX
NPeLnpusTiA Pa3nuYHbIX 0TPACcNen 1 OnpesennTb 9KON0r0-3KOHOMUYECKUIA 9(HHEKT peann3aLmm HOBbIX Tex-
Honorwii. PesynbTatbl. ChopmynmpoBaHa koHLenuus rny6oKoi nepepaboTki HEKOHAMLMOHHOMO MIUHEPANTLHOTO
CbIpbs, peLlaroLLas 0fHOBPEMEHHO U 3KOJIOTMYECKIUE U SKOHOMUYECKIUE NpobnemMbl pa3paboTku MeCTOpOXae-
HUIA. [peanoxeHa MatemaTuyeckas MoLeNb NpOLecca Bbillena4nuBaHns MeTaoB U3 HEKOHAULMOHHBIX pya 1
XBOCTOB UX 060ralleHuns ¢ NoBbILIEHNEM UX TEXHONOTMYECKUX CBONCTB aKTUBaLMei B fesuHTerparope. Mpenso-
)KEHA MHTerpasibHas 3KOHOMUKO-MaTeMaTU4eckas MOJenb NPoLLecca U pacyeT SKOHOMUYECKOro apdpekTa Bapu-
AHTOB BOBJEYEHUS HEKOHLMLIMOHHOIO MUHEPANbHOMO Cbipbsi B MPOU3BOACTBO. IKCMEPMMEHTaNbHO NOATBEPXKe-
HO, YTO WHTEHCU(UKALMA NPOLIECCOB BbILLENA4YNBAHUSA METANIO0B LJOCTUrAeTCA UCMNONb30BAHNEM BOSMOXHOCTEN
JesnHTerparopa. [okasaHo, 4TO YMeHbLUEHWE COLEPXaHUs METansoB C YBEIMYEHUEM rny6uHbl paboT oyner
yA0pOXaTb CTOMMOCTb TOBApHbIX NPOAYyKTOB. ONpejenieHo, YTo NepcrneKTUBHbIM HanpaBieHUeM M3BNeYeHus
METas10B N3 HEKOHANLMOHHOTO ChIPbS ABNAETCH KOMOMHUPOBAHHOE XUMUYECKOE 060raLLeHNe 1 MexaHnyeckas
aKTMBauus B paboyem opraHe fesuHTerparopa. Boilenaynsanue B Le3UHTErpaTope CyLLEeCTBEHHO YBENNYMBAET
U3NEYeHNe METannoB B PacTBOP U OTKPbIBAET BO3MOXHOCTb 6E30TXOAHOIO NPOWU3BOACTBA METANIOB MPU He-
OBHOKpaTHON nepepaboTke cbipbs. MeTofbl M3BNIeYeHNs METaNN0B BbILLeNa4BaHNEM HEKOHLMLMOHHOIO Chipbs
MOJSy4aK0T Pa3BUTUE HA pALe FOPHbIX NpeanpuaTuit. KoHuenuus rny6okoii nepepaboTkm HEKOHLULUOHHOTO Mu-
HEepPanbHOro Cbipbs PeanuayeTcs nyTeM NPUMEHEeHWs MaTemMaTu4ecKux MoZJesnei n naketa nporpaMmMHoro obe-
CneYeHus.

KntoueBbie cnoBa: meTans, U3B/eYeHNe, aKTUBALMSA, MaTemMaTnyeckas MOAESb, e3UHTerpatop, UHTeHCH-
hukaums, 3O DEKTUBHOCTb.
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Abstract: The relevance of the research is explained by the need to find innovative ways to extract metals
from low-grade raw materials and tailings of ore processing tailings, including activation of metal extraction pro-
cesses by combining chemical and mechanical energy. Methods. The methodology for achieving this aim makes
it possible to assess the possibilities of deep processing in the conditions of mining enterprises of various indus-
tries and determine the ecological and economic effect of the implementation of new technologies. Results. The
concept of deep processing of substandard mineral raw materials has been formulated, which simultaneously
solves both environmental and economic problems of field development. A mathematical model of the process of
extracting metals from substandard ores and enrichment tailings with an increase in their technological properties
by activation in a disintegrator is proposed. An integrated economic and mathematical model of the process and
calculation of the economic effect of options for involving substandard mineral raw materials in production are
proposed. It has been experimentally confirmed that the intensification of metal leaching processes is achieved by
using the capabilities of the disintegrator. It is shown that a decrease in the content of metals with an increase in
the depth of work will increase the cost of commodity products. It is determined that a promising direction for the
extraction of metals from substandard raw materials is combined chemical enrichment and mechanical activation
in the operating device of the disintegrator. Leaching in the disintegrator significantly increases the recovery of
metals into solution and opens up the possibility of waste-free metal production with repeated processing of raw
materials. Methods for extracting metals by leaching substandard raw materials are being developed at a number
of mining enterprises. The concept of deep processing of substandard mineral raw materials is realized through
the use of mathematical models and a software package.

Keywords: metal, extraction, activation, mathematical model, disintegrator, intensification, efficiency.
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BeseapeHre

JloObI4a MoJIe3HbIX UCKOMAEMBIX OTIMYAETCS MACIITAOHOCTHIO U IPUMEHEHUEM BbI-
COKOTIPOM3BOIUTENbHON TeXHHUKH. J00BbIYa CTpaTernuecky BaXKHBIX W IEHHBIX PyJ Xa-
paKTepu3yeTcsl AMHAMHYHOCTBIO, OOYCIOBIEHHOW KOHBIOHKTYPOH CBIPbSi Ha PBIHKE.
D¢ dexTuBHOCTH Pa3pabOTKH PYIHBIX MECTOPOXKICHUH CBs3aHA C pa3MeIleHHEM Ipe-
MPUATHIM Ha MaJIOOCBOEHHBIX TeppuTopusx [[mutpak u ap., 2019; Banues u np., 2020;
lNanaunena u np., 2018].
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N3BneueHHOE U3 HEIP HEKOHIMIIMOHHOE MUHEPAIBHOE ChIPhE MOABEPIKEHO JE3UHTE-
Tpamyu, TPOAYKThl KOTOPOH (OPMHUPYIOT KOHIIEHTPAIIUHU THKEIBIX METAJUIOB M TOKCHY-
HBIX DJIEMEHTOB C HETAaTUBHBIMU MOCIEACTBUIMHE 715 (IIOpHI, ayHbl U cormyma [MrHa-
TheBa u Jp., 2021; JIsmenko u ap., 2020; 3aanumBunm u 1p., 2021; Hypees u np., 2022;
Bypnzuesa u ap., 2023; Doifode, Matani, 2015].

XpaHeHre U3BJICYCHHOTO U3 HEAP HEKOHIUIIMOHHOTO CHIPhSI IPUHOCUT OKPYKAIOIIEH
cpele MOKa elle HEeJOCTaTOYHO OIICHMBAEMbIN YIIEpO, MOATOMY paJUKalIbHONH Mepoit
CHWKEHUSI OMACHOCTH SBIISIETCS €ro 0e30TXO/Has yTuiausanus. TpaauimonHsie obora-
TUTENBbHBIE MPOIIECCHI MO3BOJISIFOT BBIACIATH U3 XBOCTOB TOBaPHBIE MPOAYKTHI, HO OCTaB-
ns1t0T mocye cedst Bropuunbie XBocThl [Hulelidze et al., 2016; beiBanbues u np., 2019;
Banues u np., 2019].

VYBenudyeHne 00beMOB XBOCTOB B XPAaHUJIUIIAX SIBIISETCS CJICICTBUEM KOHIICTIIIUM Ba-
JIOBOHM BBIEMKH PYJI B pacdyeTe Ha MPOrpecc TEXHOJIOTUN WX 0OOTaleHHs] Ha 3eMHOM T0-
BEPXHOCTH, KOTOpasi ce0si He oIpaBiaa.

D dexTUBHOCTD MPENIOKEHHOM KOHIENIUN TpeOyeT SIKCIIEPUMEHTAIBLHOTO J10Ka3a-
TEJhCTBA, IPEIJIaraéMbIX K MPUMEHEHUIO, TEXHOJIOTHIA.

[IprOpUTETHBIM HampaBIEHUEM CTAHOBUTCS ONTHMH3AIUS MapaMeTPOB aKTHUBALIUU
JUTS MAKCUMAJIBHOTO M3BJICUEHHUS METAJUIOB MMPU MUHUMAJIBHBIX 3arparax sHepruu [by-
HUH ¥ 11p., 2017; Pei6ax u ap., 2021; Yantypus, 2017]. 1o ocymiecTBaseTcss MyTeM Uc-
MOJIb30BAHUSI AKTUBATOPOB MPOIIECCA, HEPEIKO KOMOUMHUPYEMBIX. Tak, B MPOMBIIIUICHHOM
ycranoBke (IlencunbBanus, CIIA) xomOuHupoBanu G6apabaHHYIO MENbHUIY (UPMBI
«Fuller» u Bubpanumonnyto MenbHuLy ¢upmsl «Micro Grinding Systems, Inc.», CILIA

(puc. 1).
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Puc.1. Ilpombiutnennas ycmanogka ¢ KOMOUHUPOBAHUEM AKMUBAMopos /

Fig. 1. Industrial plant with activator combinations

Criocobom perieHust TpodaeM O0E30TXOMHOTO M3BJICUCHHSI METAJUIOB M3 HEKOHIHIIH-
OHHOTO TIO CONIEPYKAHHIO METAIIOB CHIPhS SBJISIETCS MEXaHOXMMHYECKAs TEXHOJOTHS,
OCHOBY KOTOpOfI COCTAaBJILICT KOHLCIINUA BBIIICIaYMBAHUSA B 6BICTp0XO,Z[HOI71 MCJIBHHUIIC
— nesunrterparope [ Xunt, 1981; Golik et al., 2020; Golik et al., 2023].

Orta KOHICTIIUA HYXIACTCS B IPAKTUYCCKOM U TCOPECTUUCCKOM O6OCHOBaHI/II/I, ucmy
Y TIOCBSIIIIEHA CTaThsl, COJepIKAIIasi pe3yIbTaThl IIEPBOTO B MPAKTHKE TOPHOTO JIeJia TPH-
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MEHEHUSI PEarceHTHOI'O BBIIIEIAUNBAHUS METAIJIOCOAEPKAIUX MUHEPAJIOB B JIE3UHTE-
rparope, OCyIIEeCTBICHHOTO B [ eodu3nueckoM HHCTHTYTE BiiankaBKa3cKOTO HAYYHOTO
uenrpa PAH (Otaen reonoruu, ruiporeosiorny U re03K0JI0TUH).

MeToANKO NCCAEAOBOHUS

Jlist 060CHOBaHMS 11€J1€CO00Pa3HOCTH TPUMEHEHHsI HOBOW TEXHOJIOTUHU UCII0JIb30Ba-
Ha BBIITyCKaeMas POMBIIIICHHOCTBIO JIe3UHTerparopHas ycranoska JIE3-11 (puc. 2).

B ocHoBy MeToauku uccnenoBanuii nojoxensl nporpamma CKTbB «JlesnnTerparop»
Y TIPAKTUKA MPOMBIIIJICHHOTO MCIIOJIB30BAHUS JC3UHTETPATOPHON YCTAHOBKU HA MECTO-
poxaenuu «Illoknak» (CeBepnbiii Kazaxcrtan).

DTanbl KOMITIEKCHBIX UCCIIEIOBAHNH CTIOCOOOB PEareHTHOTO BBIIIEIAuNBaAHHS:

- B arurartopax (6a30Bblif crioco0);

- B JIe3UHTErpaTope (HOBBIN croco0).

CBoiicTBa py 1 mapaMeTpbl UX NepepadOTKU UCCIIEN0BaHbI B X0/I€ IepepadOTKU XBO-
ctoB oboramennst Musypckoit padpuku (PCO-Ananns).

XBOCTBI IPOCEUBANIM U MOAABAIN B paboumii opraH ae3uHrerparopa. Tyna xe 103u-
POBaHO NOAABAJIA PEAreHTHI.

Puc. 2. Jlabopamopnuuii 0esunmeepamop /esz-11/

Fig. 2. Laboratory disintegrator Des-11

[To BenMYMHE M3MEHEHHS COACPKAHHS B XBOCTaX Cyawin 00 3()(EeKTHBHOCTH BBI-
HIeJIaYMBAHUS CBUHIIA U IIMHKA. [[pUHIIMITHAIEHOE YCTPOUCTBO JAC3UHTErpaTopa JIjIs Bbl-
IIETaYMBaHUS METAJIJIOB MOSICHSCTCS pUC. 3.
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Fig.3. Principle of metal leaching in the disintegrator

9(1)(1)6KTI/IBHOCTB HU3BJICYCHUS MCTAJIJIOB MCCIICJOBAJIM CPABHCHHUCM MoKa3areiaeH BbI-
mejra4yMBaHus B aruTaTope v B ACSUHTCTPATOPEC B TCHCHUC 60 MHUHYT. PGSYJ'IBTEITBI OIIBITOB
HHTCPIIPECTUPOBAIN Fpa(l)I/I‘leCKI/I, a MapaMeTpbl BbIIICIAYMBAHWA OIMUCbIBAJIU MATCMAaTH-
YCCKHU.

[NopsAOK NPOBEAEHMS SKCMNEPUMEHTOB:

1. OT60p 50 r BeICYIIEHHOTO MaTepuaia Jiyisl eTMHUYHOIO SKCIIEPUMEHTA.

2. [IpuroroBrieHne BBILIEIAYMBAIOIIETO PACTBOPA 33JaHHOTO COCTaBa JJis €AMHUYHO-
ro dKCIEpUMEHTa Ipu AaHHOM cooTHOIeHUH X:T.

3. [IpuroroBrieHne MyJbIIbI CMEILIEHUEM PACTBOPA C PYAHBIM MaTepHalIOM.

4. ITpomyck MmysbIbl Uepes3 Ie3UHTETrPaTop, POTOPI KOTOPOTO BPAILAIOTCS € 3aJaHHON
CKOPOCTBIO.

5. @uibTpanus TPOAYKIIMOHHOTO pacTBOpA.

6. AHanu3 coaepkaHusl METAJIJIOB B PacTBOpPE.

7. DUKCUPOBAHUE PE3YABTATOB AHAIN3A.

8. BrInonHeHne perpecCMOHHOIO aHAJIN3a € OIIPEIEIIEHUEM PALIMOHAIIBHBIX 3HAYCHU I
HE3aBUCHUMBIX ITapaMeTPOB MPOIECCa BhIILEIAYUBAHUS.

DHepreTuvecKue rnokasarenu onpeaesnsin npudopom H 339 u amnepHbiMu kiiemamu
Ha 3JIEKTPOABUTATEIIAX I€3UHTErpaTopa Ha X0JIOCTOM X0y U BO BpeMs paOOoThI JIe3UHTe-
rpatopa.

PGSY/\bTCITbI NCCAeAOBAHUSI

HccnenoBanHbie BAPHUAHTHI BbINICIAYUBAHUS PA3JINIAOTCA TEM, YTO IMPOAOJIKUTCIIb-
HOCTb aruTallMOHHOT'O BBIIICIAYMBAHUA JJIA M3BJICUCHUA OJMHAKOBOT'O KOJIMYCCTBA MC-
TAJUIOB Ha ABa MOPsAAKa MPEBBIIIACT MPOAOJIKUTCIIBHOCTD BbhIIICIAYUBAHUA B IC3UHTC-
rparope. M3 3TOro MoXXHO clienaTh BBIBOJI O TOM, YTO BBIIICIIAYUBAHUC B JAC3UHTCIPATOPC
Bq)(l)eKTI/IBHCC, 4YCM B aruTarope. HpI/I 9TOM HeO6XOI[I/IMO OTMCTUTD, YTO BO BCCX BapHUaH-
TaX NUHK BbIMICTIAYUBACTCA JICTUC, YEM CBHUHCII.

HpI/I6BIJ'IL OT U3BJICHCHHA MCTAJIJIOB U3 HCKOHAUIHUOHHOTO ChIPbs MOXKCT OBITh orpe-
AcCJICHa IPUMCHCHUCM AKOHOMMKO-MaTeMaTHY€CKON MOJICIIH:
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rae I1 — npubsuib, py0./T;

C — peanu3anus NpoLyKTOB MepepaboTKH XBOCTOB, PyoO./T;
3 — 3arparsl Ha epepaboTKy XBOCTOB, pyO./T;

1 — HOMEHKJIaTypa KOMIIOHEHTOB XBOCTOB;

O — Macca XBOCTOB, T;

¢ — IPOJIOJKUTEIBHOCTD NIepepadOTKu;

I — mtpadsl 3a XpaHeHHE XBOCTOB, py0./To.

[Toxazarenu KOHKYpPUPYIOIIMX TEXHOJIOTMH BBILIEIAYUBAHUSA METAJUIOB OIPEIeSICHbI
s ycnoBuii CaioHckux mectopoxkaeHuii (CeepHblit KaBkas) myTem conoctaBieHus 1o-
Ka3aTeJie W3BJICUCHUS METAJUIOB U3 Oorareix pya Ha (adpuke (1), BrIIeIauMBaHUs
OeIHBIX Pyl B TOA3EMHBIX OJIOKax (2) U XBOCTOB (uioTaninoHHOTO oboramenus (3). Mo-
JIEIMPOBAHUE PE3yAbTaTOB IPUMEHEHHUS TEXHOJIOT U pa3pabOTKH OCYIIIECTBICHO MIPH yC-
JIOBUM MIPOM3BO/ICTBA OJJMHAKOBOTO KOJMYECTBA METAJJIOB B €IMHUILY BpeMeHH (Tadu. 1).

Tabnuya 1/ Table 1

CpaBHHUTeJBbHBIE 0KA3aTeJIN BAPHAHTOB ITPOM3BOACTBA METAJLJIOB /

Comparative indicators of metal production options

. Eaunuis: / Oranbl / Stages

TTokaszarenu / indicators Units 1 5 3
Jlo6b1T0 pynst / Ore mined tghz/;(;fégr 130 240 -
ITepepaborano XBOCTOB oboramieHus / T. T/Toq / ) ) 1000
Tailings processed tons t/year
CojeprkaHne METaJUIOB B ChIpbe /
Metal content in raw materials rr/gh > 3 !
KonmyecTBo MeTaioB B ceIpbe /
Metal volume in raw materials xr/kg 623 718 1010
H3BnevyeHre B KOHIEHTpAT /
Extraction into concentrate % 80 70 >0
J106bITO MeTaIoOB B KOHIIEHTpaTe /
Metals extracted in concentrate kr/ kg >10 >00 500
Ilena xonuenrpara / Concentrate price py0./xr / rub./kg 300 300 300
€ TOMMOCTS KOHLEHTpa1OR / *.pye./ 150000 150000 | 150000
O6BeM ropHOit Maccel / T. M*/rox / 51 47 )
Volume of rock mass t. m*/year
O0pa3oBaHO XBOCTOB / T. T/TO7 / 96 164 )
Tailings produced tons t/year
CTONMOCTB TIOITyTHBIX TOBAPOB / T. py0. / ) ) 30000
Cost of by-products t. rub.
Bcero cromMocTh IpOIyKTOB / T. py0./Tox /
Total cost of products t. rub./year 150000 150000 180000
%Igcerr‘;tﬁ;aé‘g;‘t’:“m pacxoet / py6./1 / rub./t 1000 500 170
Pacxomp! Ha 100bIUy 1 oOoramieHue / T. py0. /
Mining and milling costs t. rub. 125000 142000 170000
[TpuObLIL HA 00BbEM TPOM3BOACTBA / T. py0./roz / t.
Profit per volume of production rub./year 25000 8000 10000
[Tpu6sLTs Ha 1 T TOBapHON POTYKIHH /
Profit per 1g of marketable product py6./ 1/ rub./g 40 18 20
D¢ddexTuBHOCTH TIPOHU3BOACTBA /
Production efficiency % 145 100 i
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1. DddekTuBHOCTH MpeaIaraeMoil TEXHOIOTUU OMPEIENISIETCS YYETOM COBOKYITHOCTH
TEXHOJIOTMYECKHX, IKOHOMUYECKUX U IKOJIOTHYECKUX (DAaKTOPOB.

2. DKOJIOTO-?KOHOMHUYECKass MOAEIb JUIsl onpeaeneHus 3p(EeKTUBHOCTH yTHIN3ALUN
HEKOHUITMIOHHOTO CBHIPhSI OOBEANHSIET IKOJIOTMUECKHI U SKOHOMUYECKHI KOMITOHEHTHI B
paMKax €IMHOU CUCTEMBI.

DddexTruBHOCTH TIEpepabOTKH B I€3MHTETPATOPE MOBBIIIAIOT COBMEIIIEHUEM MEXaHU-
YECKOM aKTUBAIMH C yBEIMYECHUEM TeMIIeparyphl npoiiecca (puc. 4).

B paboueii kamepe Je3UHTErpaTopa ChIpbe CMEIINBACTCS C KUKOCTHIO, MMOIOTPETON
no temnepatypsl 90...95 °C, mon aeiicTBHeM HEHTPOOEKHBIX CHII MPOHUKAET CKBO3b
pSABI TANBLIEB U OTOpPACchIBAETCS HA BHEIIHUN JHCK, TNI€ YaCTUIIBI HY)KHOW KPYIMHOCTH
yaansroTcst. YacTuilsl ske O0NBIIEro pa3Mepa U3MENbUaloTCs JUCKaMU ¥ BHOBbD IOCTYTIA-
IOLTUMH YaCTHUIAMH.

D PexkTUBHOCT MEXaHOXMMHUYECKON aKTHUBAIMU MPOIECCOB BHIMICTAYUBAHUS J0-
Ka3aHa YKCIEPUMEHTAJIbHO MPH U3BJICUCHUH METAJJIOB M3 XBOCTOB OOOTAIIeHUs MOJH-
metamnudyeckux pyn Canona, yreit Poccuiickoro Jlon6acca u »Kene3ucThIX KBaplUTOB
Kypckoit MarHUTHOW aHOMaJHH, I71€ U3BJIEUEHUE METAIUIOB B pacTBop Aocturaino 70%
OT UCXOJHOTO cofiepkaHusl. BakHO, YTO CHMIKEHUE COIePKAHMS METaIOB 10 (POHOBOTO
YPOBHS BO3MOXKHO MPH YBEIHMUEHUH IIUKJIOB MEPEPAOOTKH.

10

Puc. 4. Ycosepuwencmeosannas koncmpykyus oezunmezpamopa: 1 — kopnyc; 2 — nanvysi;
3 — enympennuil Ouck; 4 — eHewHull OUCK; 5 — Mexanusm ynpasienus; 6 — oopcyuru; 7 — nampyoox,
8 — emkxocmp ¢ srcudkocmoio; 9 — Hazpesamenvhbill snemenm, 10 — gvinycknoe omeepcmue /

Fig. 4. Improved design of the disintegrator: 1 — body, 2 — load pins, 3 — inner disk; 4 — outer disk;
5 — control mechanism,; 6 — nozzles; 7 — pipe; 8 — reservoir with liquid; 9 — heating element,
10 — outlet opening.

OcHoBomnosararomue NpUHIMIBI PAlMOHAIN3AMY TEXHOTEHHOTO IIUKJIa TOPHO-Me-
TAJUTypTUYEeCKOT0 MPEANPUATHS U3TI0KEHBI B psijie padot crieranuctoB Poccun [[letpos
u 1p., 2020; bpuruna u ap., 2020; Xaiipytaunos u ap., 2020] u 3apybexsbs [Lagneau
etal., 2019; Loow et al., 2019].
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BbiBOADI

Bo03MOXXHOCTB BbIIlIETIaYMBAaHUS METAJNIOB U3 HEKOHIWLIMOHHOIO CBIPbsl BIIEPBBIE B
TOPHOM MpaKTHKE JOKa3aHa SKCIIEPUMEHTAMH B JIe3UHTErparopHoi ycranoBke JIE3-11
B OTene reosoruu, THAPOreosorun u reoskonoruu ['eopusznyeckoro nacruryra BHI]
PAH.

[TokazaTenn MEXaHOXMMHUYECKOTO BBILIEIAYUBAHUSA MOTYT OBbITh YJIyULIEHBI 332 CUET
YBEJIUYEHUS BPEMEHH NepepadoTKH.

[TapameTpbl 6€30TX0JHOM MePepabOTKH CHIPBS B IE3UHTETPATOPE C UCTIOJIb30BAaHUEM
KOMOMHUPOBAaHHOW MEXaHOXMMHUYECKOW aKTMBALIMU ONMUCBIBAIOTCS SKOHOMHUKO-MaTeMa-
TUYECKON MOJEIIBIO.
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Abstract: Relevance. Geothermal energy offers a clean and sustainable alternative to fossil fuels for electricity
and heat generation. This study explores the potential for utilizing geothermal energy alongside existing oil produc-
tion in the Bibiheybat field, Azerbaijan. The aim of this work is to assess the geothermal energy potential of the
Bibiheybat field and evaluate its feasibility for electricity generation. Methods. The study analyzes well flow rates,
temperatures, and pressure distributions within the X stratum of the field. Temperature and pressure distribution
models are developed using Surfer software. Geothermal energy potential is calculated based on well data and for-
mula application. Binary cycle technology is proposed for electricity conversion. Results. The X stratum exhibits an
anticlinal fold structure with varying well depths and temperatures (46-24°C). The geothermal energy potential of
the field is estimated at 307,578.56 kWh, with 25,090.15 kWh carried by oil and 282,488.41 kWh by water. Utilizing
a binary cycle power plant, approximately 107,652.49 kWh of electrical energy could be generated.
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Cratbs noctynuna: 25.08.2023, nopabotana: 15.02.2024, npuHsta k nybankaumm: 16.02.2024

Pestome: AKTyanbHOCTb paboTbl. [eoTepManbHas SHepPrus npefacTaBnseT co60M IKONOrNHECKN YUCTYHO U
YCTOMYNBYIO anbTepHATUBY UCKOMAeMOMy TOMIUBY AN NPOM3BOLCTBA 3/1IEKTPUYECTBA M Tenna. B gaHHom uc-
CNeJjoBaHNN paccMaTpuBaETCs NOTEHUMan UCMNosib30BaHUSA re0TepMaibHON HEPrun Hapaay C CyLLeCTBYIOLLEN
[06bl4eil Heg)TI Ha MeCTOpOXaeHUM Brbuxeinbat, AsepbaiigxaH. Lienbto gaHHoi paboTbl ABNISETCA OLIEHKA reo-
TepPMasibHOro SHePreTMYeckoro NoTeHUnana MecTopoXaeHns bubuxeinbar n ero LeecoobpasHoCTH Ans Npoms-
BOJCTBA 3NeKTpoaHeprun. MeTogbl. B uccnenoBaHum aHanmaunpyoTes 1e6UTbl CKBaXIUH, TeMnepatypa 1 pacnpe-
JieneHune aasneHus B nnacte X mectopoxxaeHus. Moaenu pacnpefenerns Temnepatypbl 1 AaBneHus paspadora-
Hbl C MOMOLLbI0 Nporpammbl Surfer. MoTeHUKMan reoTepManbHOI 3HEPriA PaccyUTaH ¢ NPUMeHeHneM opmyn Ha
OCHOBE [laHHbIX CKBXUH. [Ins npeo6pa3oBaHNA 3NEKTPOIHEPrin NPeanoxXeHa TEXHONOrus 6UHAPHOro LK.
PesynbTartbl. [1nact X AeMOHCTPUPYET aHTUKIIMHANBHYIO CKNag4aTyto CTPYKTYPY C PasfUyHON ry6uHON CKBa-
XXMH 1 Temnepatypoii (24-46°C). FeoTepMarbHbIi SHEPreTUYeCcKUin NOTeHLMan MecTOpOXaeHNs OLEHNBAETCs B
307578,56 kBT 4, n3 kotopbix 25090,15 kBT 4 npuxoantcs Ha HedTb, a 282488,41 kBT 4 — Ha Boay. [Mpu ncnonb-
30BaHNM ANEKTPOCTAHLMN BUHAPHOIO LKA MOXET ObITb BbipaboTaHo 0koo 107652,49 KBT 4 aneKTpoaHeprum.

KnioueBble cnoBa: reotepmasibHas aHeprus, pacnpegeneHue Temneparypbl, pacnpegenexue AasseHus, no-
TeHLUMan reoTepManbHO 3HEPrm, 3MeKTPOCTaHLMA 6UHAPHOMO LMKNa, NPOU3BOACTBO ANEKTPOIHEPTUN.

Ina uutuposanus: Mamepos [1.4. ccrenoBanne reotepmManbHOro 3HEPreTM4eckoro noteHynana Ante-
POHCKOro panoHa Ans npou3BoACcTBa ANEKTPOIHEPTIM C UCMOSTb30BAHNEM TEXHONIOMMN BUHAPHOIO LMKNa. [eo-
norns v reogomsnka Hora Poccun. 2024. 14(1): 162-171. DOI: 10.46698/VNC.2024.56.13.012

Infroduction

Geothermal power plants. Geothermal energy is a renewable source of electricity
and heat that can meet base load demand. As a result, they can help reduce greenhouse
gas emissions by replacing fossil fuel energy sources in heat and electricity generation
[Ugochukwu, 2013; European Commission, 2012; Quick et al., 2010; Lundin et al.,
2014]. The potential for geothermal energy is enormous, as 99% of the Earth’s surface is
hotter than 1,000°C and 99% of the remaining 1% has temperatures above 100 °C [Quick
et al., 2010]. Thermal energy stored beneath the Earth’s crust has the potential to supply
all of humanity’s energy needs today [Koroneos et al., 2013]. The most appealing aspect
of geothermal power plants is their high dependability and ability to run at high load
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and capacity factors, with system reliability averaging 95% and an average load factor
of more than 95% [Kabeyi et al., 2021a; Kabeyi, 2019]. However, geothermal power
plants account for less than 1% of worldwide electrical capacity and have a much slower
rate of capacity expansion than other renewable energy sources [Kabeyi et al., 2020a;
Kabeyi et al., 2020c]. For example, between 2005 and 2020, average annual capacity
growth was only 4.01% [Kabeyi et al., 2021a; Kabeyi, 2019]. High temperature and
enthalpy geothermal resources can be utilized to generate energy, but they require the
extraction of geothermal fluid from depths typically greater than 3 kilometers beneath
the Earth’s crust. The conversion technology varies from steam field to steam field, and
in the case of wellhead power generation, it may differ from well to well, depending on
well characteristics and use.

Following the successful drilling and testing of an exploratory well, a decision must
be taken regarding the number of production wells to be dug in a specific geothermal
steam field to completely exploit the available resource. In a vapor-dominated geothermal
system, producing wells are drilled, tested, and connected to a common power plant
via a network of insulated steam pipes to supply steam to the power plant. According
to output well capacity, tens of geothermal wells may be linked to a line for a 50-55
MW unit, with one or two more wells kept on standby [Windrem et al., 1982]. Drilling
wells is costly and time-consuming because wells are frequently drilled one or more at
a time, depending on the number of drilling rigs [Ahmadi et al., 2020]. This frequently
results in successfully dug and tested geothermal wells sitting idle while other wells
required to maintain central power plant operations are completed [Kabeyi et al., 2020a;
Kabeyi et al., 2020b]. This provides an opportunity to establish a temporary wellhead
power plant.

Material and methods

Geothermal conversion technologies. There are three types of geothermal power
plants based on thermodynamic cycles and conversion technology. These include dry
steam power plants, flash power plants, and binary, hybrid, or combination cycle power
plants. The geothermal fluid parameters dictate the conversion method used [Cao et al.,
2021]. The conversion technologies used are common to both central and wellhead power
plants [Kabeyi et al., 2020a; Kabeyi, 2019; Cao et al., 2021]. Geothermal resources are
classified into three categories: high temperature (>150°C), medium temperature (90°C to
150°C), and low temperature (<90°C) [Cao et al., 2021]. Over 70% of global geothermal
resources are in the form of low-enthalpy geothermal fluid. Organic Rankine cycles
(ORC) technologies are widely used to convert low-temperature geothermal energy to
electricity [Bruhn et al., 1999; Liu et al., 2016; Islamzade, Mammadov, 2023].

The thermodynamic parameters of the steam or geothermal fluid are used to
determine technology selection [DiPippo et al., 2007]. The thermodynamic parameters
of the resource, particularly temperature, determine its application and energy conversion
technique. Non-electrical applications can employ geothermal resources at temperatures
ranging from 40°C to 180°C (100-350°F) depending on the application [Windrem et al.,
1982; Kabeyi et al., 2021b]. Conventional Rankine cycle steam turbines typically operate
above 180°C (350°F). The operational design of geothermal power plants is similar to
that of fossil fuel and nuclear power plants, both of which use the Rankine cycle, with
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the exception of the heat source, which is geothermal fluid from the earth transported by
production wells and a system of pipes [Dincer et al., 2020].

Binary power plants. Binary and Kalina cycles are mostly employed to convert
medium-low temperature geothermal resources to electricity [Meng et al., 2020].
In a closed loop cycle, binary cycles use two fluids: geothermal resource fluid and
organic fluid [Kabeyi, 2019]. The geothermal fluid passes via a heat exchanger,
which transfers heat to a low-temperature boiling fluid that serves as a working fluid
[Kabeyi et al., 2020a]. The working fluid vaporizes and expands through a turbine,
which rotates and turns a generator to produce electricity. The working fluid is then
condensed and circulated through the heat exchanger multiple times. The geothermal
fluid that exits the heat exchanger in a single pass is frequently reinjected back into
the reservoir [Windrem et al., 1982]. The organic Rankine cycle has been recognized
as the optimal cycle for low-temperature thermal energy sources [Herath et al., 2020;
Kabeyi, 2020].

Geothermal power plants use various binary cycles depending on the working fluid.
They are divided into Organic Rankine cycles, which employ refrigerants or organic
fluids, and Kalina and Goswami cycles, which use ammonia mixes [DiPippo et al., 2007].
In organic Rankine power plants, the geothermal fluid heats and pressurizes a secondary
fluid with a low boiling temperature and pressure, such as penta-fluoropropane and
isobutane, which is typically in a closed cycle with no mixing.

Binary plants are designed to run on two thermodynamic cycles, a geothermal fluid
loop and a power cycle loop, and are categorized as organic Rankine Cycle plants or
Kalina plants depending on the working fluid [Bonalumi et al., 2017]. Kalina cycles,
which use a working fluid of 70% ammonia and 30% water, have a better efficiency and
exergy potential than Organic Rankine cycles [Koroneos et al., 2013]. The Kalina cycle
is a modified Rankine cycle that incorporates a distillation separator and an absorption
recuperator. Alex Kalina invented the cycle back in the 1980s. These power plants are
more secure, have fewer capital costs, and are simpler, with applications ranging from 50
to 100 megawatts [Marugun et al., 2008; Shehata, 2019].

Advanced types of organic Rankine cycles include the organic flash, regenerative, and
supercritical cycles.

Geothermal energy potential of Absheron ail
and gas region

Geothermal energy utilization is critical, as is the exploitation of oil resources near the
border. To evaluate geothermal energy potential, it’s important to measure the flow rate
and temperature of fluids (oil, water, gas) exiting wells in the area.

Determining the distribution of pressure and temperature relative to the X stratum is
also a critical challenge in the field. To accomplish this, it would be appropriate to first
investigate the depth structure of the Bibiheybat deposit in relation to the X stratum.

A two-dimensional and three-dimensional model of the area was created to visually
observe the depth structure of the Bibiheybat field X layer and obtain more detailed
information about it. These models were created using the Surfer application after
examining the wells’ coordinates and depth (in m).
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Fig. 1. Three-dimensional model of the depth structure of the Bibiheybat deposit

If we examine the three-dimensional model, we can see that the X layer is geologically
an anticlinal fold. Wells here range in depth from 450 to 670 meters.

Looking at the two-dimensional model, we recognize that the X strata is an anticlinal
fold.
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Fig. 2. Two-dimensional model of the depth structure of the Bibiheybat deposit
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In general, in order to evaluate the potential of geothermal energy available throughout
the field, the flow rate and temperature of the fluid (oil, water, gas) retrieved from the
wells must be determined.

In this process, we will need to determine the temperature and pressure measurements
for each well, which are calculated and recorded in the Bibiheybat Scientific-Research
and Production Department’s monthly reports. The production department conducts field
measurements using a device known as a manometer, which also includes a thermometer.
This enables us to measure both pressure and temperature in the borehole simultaneously.

In addition to the previously described measurements, we used specific devices to
determine the temperature of the fluid that enters and departs the wells and pipes. It is
known that as the fluid passes along the wellbore and is impacted by the surroundings, it
loses some of its temperature. The goal of taking these measurements was to determine
the temperature differential between various points.

Special algorithms are utilized to generate a temperature and pressure distribution
model for the Bibiheybat field’s X layer based on the measurement results. This model
enables us to visually monitor the temperature distribution over the area.

Temp (C)
Pres (atm)

0 100 200 300 400

b)

Fig. 3. Temperature and pressure distribution models of the Bibiheybat field

In the first model (a), the temperature distribution map in the X stratum is shown. The
temperature in the producing wells across the field ranges from 46 to 24 degrees Celsius.
If we look attentively at the image, we can notice that the temperature falls in the center
and increases in the wings. Observing at the subsequent model (b), we are able to see that
both pressure and temperature decrease as we move from the wings to the center. The
pressure across the X layer fluctuates between 46 and 4 atm.

The Bibiheybat deposit has geothermal energy potential that is worth exploring. The
goal is to evaluate the geothermal energy potential of the Bibiheybat deposit and identify
the energy distribution law across the field.
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To accomplish this, we must first determine the flow rate and temperature of the wells
in that area. The heat energy delivered from the subsurface to the surface by the wells is
calculated using their production flow rate. If we describe the flow rate as q = m3/day, the
mass of the fluid, m, provides energy up to q times. The heat quantity, Q = mcAT, can
also be represented as Q = qtcAT. From here, we may calculate the amount of heat (heat
power) produced by the oil wells over a given time period.

W=Q/t=qcAT (1)

After determining the flow rate and temperature of each well, the geothermal energy
(for oil and water) is estimated in a laboratory setting using the formula 1. After the
calculations were finished, models were created with the Surfer application to visualize
the distribution of geothermal energy across the field.

Fluid (ton)

a) b)
Fig. 4. Distribution model of flow (a) and geothermal energy potential (b) of Bibiheybat field

Figure 4 shows the flow rate of oil wells drilled in the Bibiheybat field and distribution
models of geothermal energy potential on the field. If we look at the first model (a), we
can see that the discharge of the wells located in the north and south wings is higher than
the wells located in the center. Flow rate of fluid varies from 5 to 862 tons/month. In the
second model (b), mainly the regularity of distribution of geothermal energy is visually
described. This model is based on the results obtained during laboratory calculations. The
geothermal energy potential of the deposit varies from 0.129 to 24.789 kWh.

In conclusion, the total geothermal energy capacity of the 70 wells was calculated as
307,578.5578 kWh. Of this energy, 25,090.14518 kWh is the geothermal energy carried
by oil, and 282,488.4126 kWh is the geothermal energy carried by water.

Following evaluating the geothermal energy for the X stratum of the Bibiheybat
deposit, one of the most significant aspects to address is the computation of the electrical
energy that can be extracted from it.
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Results

As we know, in order to convert geothermal energy into electricity, it is necessary
to build circuits consisting of special devices. It is advisable to use the binary cycle
geothermal power plant technology to convert the calculated geothermal energy into
electricity. The recommended scheme is as follows:

Turbine Generator | ¥ , Egﬂ%

Cooling Tower

g R &) Condenser
i —_—)
LA
&) (boiler)

Oil well

TN

Fluid

Fig. 5. Scheme of binary cycle geothermal power plant technology for converting geothermal energy
into electrical energy

As seen in this diagram, there are two circuits. The first circuit is the fluid transport
circuit, and the second is the working fluid circuit. The first circuit cannot be considered
a circuit in the traditional sense. This is because the fluid extracted from the oil well will
be used for oil production.

The fluid from the oil wells enters the heat exchanger and transfers its heat to the
working fluid. This causes the working fluid to vaporize, resulting in high pressure and
temperature steam. The hot steam transports through pipes at high pressure and enters the
gas turbine. As the steam turns the turbine’s rotor, a generator connected to the turbine
converts the mechanical energy into electrical energy. Afterward, the working fluid enters
the condenser, where it condenses back into a liquid. The liquefied working fluid then re-
enters the heat exchanger, completing its cycle.

In general, the overall efficiency of this scheme can be up to 35%. In other words, it
1s possible to convert 35% of the calculated geothermal energy into electrical energy. For
the calculated geothermal energy of 307,578.5578 kWh (~308 kWh) for the 70 wells, we
can obtain approximately 107,6524952 kWh (~108 kWh) of electrical energy using this
scheme.

With the proposed scheme, it has the potential to supply 2 operating wells (power
40-50 kWh), all offices and equipment in the production area, as well as 388 residential
apartments with a consumption of 200 kWh/month located near the Bibiheybat field, with
full uninterrupted electricity.

Conclusion

This study investigated the potential of utilizing geothermal energy alongside existing
oil production in the Bibiheybat field, Azerbaijan. The X stratum was identified as a
promising target and its temperature, pressure, and flow rate distribution were analyzed.
Key findings include:
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1. The X stratum exhibits an anticlinal fold structure with well depths ranging from
450 to 670 meters.

2. Temperature within the producing wells varies from 46 to 24°C, decreasing towards
the center and increasing in the wings.

3. Pressure also decreases from the wings towards the center, ranging from 46 to
4 atm.

4. The total geothermal energy potential of the 70 studied wells was estimated at
307,578.5578 kWh, with 25,090.14518 kWh attributed to oil and 282,488.4126 kWh to
water.

5. Utilizing a binary cycle geothermal power plant, approximately 107,652.4952 kWh
of electrical energy could be generated from this potential.

6. This generated electricity could power two operating wells, all field offices and
equipment, and even supply nearby residential areas.

In conclusion, the Bibiheybat field possesses significant geothermal energy potential
that can be harnessed for electricity generation alongside oil production. Implementing
the proposed binary cycle power plant scheme would contribute to a more sustainable
and diversified energy mix for the region. Further studies are recommended to refine the
estimations and assess the economic and technical feasibility of large-scale geothermal
development in the field.
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NHOOPMALLVIST AAST ABTOPOB

B xypnane «l'eonorus u reopusuka lOra Poccun» myOmuKyroTcsi OpUTrHHaIbHbIE
CTaThU TEOPETUYECKOTO M METOIUYECKOTO XapakKTepa IO BOMPOCAM I'eOJOTHH, reodu-
3UKHM U TEOXMMMH, Pe3yJIbTaThbl U3yUYEeHHUSI COCTaBa U CTPOCHHS KOPHI U MAaHTUH 3EMIIH,
nporeccoB GOPMUPOBAHUS U OOIMX 3aKOHOMEPHOCTEH pa3MeleHHs OIEe3HbIX CKOMa-
€MBIX, a TaKXKe Pe3ybTaThl Pa3paOOTKH U MPUMEHEHHUS Te0JIoro-reo(hu3nuecKux MeTo-
JIOB UX BBIsSABIEHUS. TemaTuka )KypHanaa COOTBETCTBYET CIEAYIOIIUM OOJIaCTSIM 3HAHUI
no nericTBytonielt Homenknarype BAK: 1.6.1 O6mas u peruonanpHas reosorus. ['eoTek-
TOHMKA U reoHaMuKa; 1.6.4 Munepanorus, kpuctamiorpadus. [ eoxumus, reoxummye-
CKHE€ METOIbl TOMCKOB MOJIE3HBIX UCKomaeMbIX; 1.6.6 Tunporeonorus; 1.6.9 'eodusuka;
1.6.10 I'eosmorusi, MOMCKU U pa3BelKa TBEPABIX MOJIE3HBIX UCKOIIAEMBIX, MUHEPArCHHUS;
1.6.11 T'eomorusi, MOMCKH, pa3BeaKa U IKCILTyaTaluss HEPTIHBIX U Ta30BBIX MECTOPOXK-
nenuit; 1.6.12 ®usnueckas reorpadust u 6moreorpadusi, reorpadusi TOYB U TEOXUMUS
nanamadTos; 1.6.20 I'eoundpopmaruka, kaprorpadus; 1.6.21 I'eoskonorus; 2.8.6 ['eo-
MeXaHHUKa, pa3pyllieHne TOPHBIX OPOJ, pyAHUYHAs a3pora3oiMHaMuKa U TOpHas TeIulo-
¢u3nka; 2.8.8 ['e0TeXHOIOTHs, TOPHbIE MAIIMHBI, & TAKXKE CMEKHBIM HAay4YHBIM Hallpas-
JICHUSM.

Jl71s paboT pernoHaIbHOTO XapakTepa MPEeANnouYTeHUue OTIAeTCsl CTAaThsIM, PACKphIBa-
IOLIUM pa3lInyHble BOMPOCH reojoruueckoro crpoenus FOra Poccun u mpuneraromumx
TEPPUTOPHIL.

B cooTBeTcTBUM ¢ Tpasanye HayK, IPUHATON B MEXKAYHAPOAHBIX CUCTEMAX LIUTHPO-
BaHus Scopus 1 Web of Science crarbu 11 myOnukanuu B xxypHase «l'eonorust u reo-
¢u3uka FOra Poccum» npuHUMAaOTCS 1O CIEAYIOIIMM OTPACISM U TPyIIaM Hayk:

1. Earth and Planetary Sciences (Hayku o 3emJie U IJIaHeTApHbIE HAYKH);,

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

B xypnane «['eonorus u reopusuxa FOra Poccum» neuaratorcs:

— CTaTby C U3JI0KEHUEM HOBBIX HAy4HBIX PE3yJbTaToB, 00beMOM He Oonee 10 mamm-
HOIMCHBIX CTPAHUI], BKJIIOYAsl WILTIOCTPAIMH U TaOIUIbI;

— KpaTKue cOooOIIeHUs, CoieprKalire HH(OPMAIIMIO O BaKHBIX pe3yJbraTax Ipe/Ba-
PUTENBHBIX HCCIEN0BaHU, 00beMOM 3—5 cTpaHuI] (3TH MaTepuabl BIOCIEACTBUUA MO-
T'YT UCIIOJIb30BAaThCS B TEKCTE MOJHOM CTaThu);

— 0030pBI MeUaTHBIX PabOT MO AKTYaJbHBIM T€0JIOTO-T€O(OU3NISCKIM M IKOJIOTHYEC-
ckuM npobnemam FOra Poccnn u mpusieraronmx Tepputopuii, oobemom 20-25 cTpaHui
I10 3aKa3y pelaKlUH.

Bce paGoThl 10KHBI COOTBETCTBOBAaTh TEMaTHKe KypHana. IlpenocraBieHHble py-
KOTIUCH MPOXOMASAT JTAIlbl MPEIBAPUTEIHLHOTO U UTOTOBOTO PEIICH3UPOBAHUS, U B CIy4yae
HEOOXOAMMOCTH, HAMpaBJSIIOTCS aBTOpaM Ha HCHpaBieHHe U AopaboTky. Pykomucu B
KypHaJse MyOlIuKyIOTCsSl Ha PyCCKOM JIMO0 aHIJIMHCKOM f3bIKaX, pe3toMe (aHHOTAllUK) Ha
PYCCKOM M aHINIMHMCKOM si3bIKax. JKypHan MmyOnMKyeT UCKIIOUMTENIbHO OpPUTMHAJIbHBIE
CTaThu. ABTOp HECET MOJIHYIO OTBETCTBEHHOCTD 3a COOMIOZIEHNE 3TOro TpeboBanus. Py-
KOITUCH, HE MIPUHATHIE K OMYOJIMKOBAaHUIO, aBTOPAM HE BO3BpallatoTcs. Pefakuus Takxe
HE BO3BpalllaeT MpUChLIaeMble MaTepuanbl. Pegakius ocraBnser 3a coboit mpaBo mpo-
U3BOJIUTH COKpAIICHHE M PEJaKTOPCKYIO MPaBKy TEKCTa cTaThu. VcmpaBiieHus: B TEKCTE
U WUTIOCTPALMSIX aBTOPbl MOTYT BHOCUTH TOJBKO HA CTaJMU MOJATOTOBKH CTAaThU K Ha-
6opy. Hecobmtonenue npaBui opopMIIEHUSI PYKOIIMCH MPUBENIET K OTKJIOHEHHUIO CTATHU.
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[TyGnukanus 6ecriatHa /Ui aBTOPOB CTaTel, HAMCAHHBIX MO 3aKa3zy PeAaKIMU, U I
acniupanToB. [lepeneyarka 10MycKaeTCs TONBKO € pa3pelieH s peJakuy U ¢ 00s13aTesb-
HOM ccbuIKo Ha ypHaun «Il'eonorus u reopusuka FOra Poccuny.

VIHCTRYKLNS AAST OBTOPOB

[Tpuem MarepHuanoB K pacCCMOTPEHUIO OCYIIECTBISIETCS TIOCPEICTBOM JIEKTPOHHOTO
cepsuca http://www.geosouth.ru umu o moute Ha anpec M3narenscrea: 362002, Poccus,
r. BmanukaBkas, yin. Mapkosa 93a, penakius xxypHana «l eonmorust u reopusuka FOra Poc-
CHUI».

B penakiyro He0OX0AMMO MPETOCTABUTH CIIEAYIONINE MATEPUAIIBL:

— cTaThs (CTPYKTYpY U IpaBuiia o(pOpMIICHHUS CM. HIKE);

— Ha OT/ICTILHOM CTpaHUIIE: CBEJCHUS 00 aBTOpax, CoAepiKalie PaMUIIHIO, UM, OT4Ye-
CTBO, yUEHYIO CTEIICHb, 3BaHHE, HA3BAHNE OPTaHU3ALINH, CITy>KEOHBIN 1 JJOMAITHAN aipec
u TenehoHbl, e-mail 1 ykazaHue, ¢ KeM U3 aBTOPOB IPEANIOYTHTEIbHEE BECTH ITEPETIHCKY;

— HarpaBJIeHHE OT OPTaHU3aIlUH, €CIIU MPEJOCTABIIEMbIE MaTepUAIIbI SBISIOTCS pe-
3yJBTATOM Pa0OTHI, BEITIOJIHEHHOH B 3TOW OpraHU3alliy; B HAIPABICHUH CIIEIYET YKa3aTh
Ha3BaHHUE PyOPHKH KypHaa;

— DKCIIEPTHOE 3aKJIFOYCHUE WITH JIPYTOi TIOKYMEHT, pa3penIatonifii onmyoJInKoBaHHE B
OTKPBITOHN TI€YaTH, YTBEP)KIACHHBIC PYKOBOAMTEIEM OpPTraHU3aIMK U 3aBEpEHHbIE TepOo-
BOI1 1evarpto (IIPEACTaBIISIIOT TOJBKO aBTOphl U3 Poccun).

Ecnm MaTepuainsl moaroTes MOCPEACTBOM IEKTPOHHOTO CEPBUCA, OyMa)kKHBIE K3EM-
IUISIPBI PYKOIIMCH B PENAKIUIO MIPEIOCTABIATh He TpeOyercs. [lpu oHnaifH peructpanuu
HEOOXOIMMO PYKOBOJICTBOBATHCSI MOLIATOBBIMH MHCTPYKLHUSIMHU IO 3arpy3ke (ailsios.
[Ipu oTmpaBKe MaTepuaIoB MOYTON HEOOXOAMMO MPUIOKUTH ABA OYMasKHBIX dK3EMILIS-
pa cTaThy, MOAMMCAHHBIX BCEMHU aBTOpaMu. [1oAroTOBICHHBIN B COOTBETCTBHH C OOIIUMHU
TEXHUYECKUMHU TPEOOBAaHUSIMH TEKCT M€UaTaeTCsl Ha OTHOW CTOpOHE JrcTa ¢popmara A4.
Pesrome (aHHOTaIMA) C IPUBEICHHBIM B Hauajle Ha3BaHUEM, aBTOpaMu, UX addunmanneit
neyataeTcsl Ha OTAelNbHOM Jucte. [loanucen K pucyHkaMm TakkKe MPeIoCTaBISIOTCS OT-
nenpHO. Kaxkmas Tabnuiia 1 puCyHOK JOJDKHBI OBITH HAlleuaTaHbl HA OTACIHHOM JIHCTE.
BHuU3y cTpaHUIIBI ¢ WILTIOCTpAIMel HEOOXOMMO yKa3aTh HOMEp PHUCYHKa. Taxke HeoO-
XOJUMO TIPHJIOKHUTH SJICKTPOHHBIM BapUaHT Ha JIFOOOM MTOPTAaTHBHOM HAKOIMTENE HIIHU T10
COITIACOBAHMIO C PEAAKIIMEH HAIIPABUTh COOTBETCTBYIOIIME MAaTEPUAIBI 110 SJICKTPOHHOM
noure.

[MpaBMAQ ODOPMAEHMST CTATLU

Ha mepBoii crpanuiie m1omKHBI ObITh yka3aHbl: YJIK; Ha3BaHue cTaThi HAa PYyCCKOM
A3bIKE (CTPOYHBIMU OyKBaMHU C KalUTaJIW3allel HayadbHOU OyKBBI TOJIBKO IEPBOTO CJI0-
Ba B MPEAJIOKEHUH U UMEH COOCTBEHHBIX, 0€3 KaBbIUEK, MEPEHOCHl HE JOIMYCKaIOTCH,
TOYKa B KOHIIE HE CTaBUTCS, MOIYEPKUBAHUE HE UCIIONB3YETCs ), Kerib 20 MOMyKUPHBIH,
BBIPABHUBAHME IO LIEHTPY; MHUIMAIBI U (aMUIMK aBTOPOB (Kerib 14 momyKUpHbBIH, BbI-
paBHUBaAHUE TI0 LIEHTPY), Ha3BaHHUE YUPEKJICHUS, TIOYTOBBIN aapec, ropoj, CTpaHa Mpe-
CTaBJISIIOIINX PYKOIMCH Ul OMyOIMKOBaHMs. YKa3arh e-mail A mepenucku U OTBeT-
CTBEHHOTO aBTOpA.

Pestome (anHoTarus) nomwkHa ObITh 00beMoM 250-300 croB. B Hell He pekoMeHTy-
€TCSl UCIONIb30BaTh (hOPMYJIbl M CCHUIKM Ha JuUTeparypy. Eciau pykomnuch momaercs Ha
PYCCKOM $I3BIKE, TO Pe3toMe (aHHOTAITUS) JODKHA OBITH MPOIyOIUpPOBaHA HAa AaHTITMHCKOM
C yKa3aHHEM Ha3BaHUS CTaThH, (haMUJIMI U MHUIIMAJIOB aBTOPOB Ha ATHX si3bIKax. Ecmu
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PYKOITUCH MOJAE€TCs HA aHIIIMICKOM SI3bIKE, HEOOXOMMO NMPHUBECTH TaKXe pe3toMe (aH-
HOTAIIMI0) Ha pycckoM. Pe3toMe (anHoTanus) nevaraercs mpudrom Times New Roman
(12 xernp). B koHIEe pe3tomMe (aHHOTAIMK) 0053aTENIbHO YKa3bIBAIOTCS KIIIOYEBbBIE CIIOBA
(5-8), kOTOpBIE OTpaXKAIOT TEMATHKY CTAaThH.

bnarogapnoctu/Acknowledgements. B aTom paszaene cieayer ynoMuHarh JroaeH, Ko-
TOpBIE TIOMOT'aJIU NP padoTe HaJl CTaTheH; NCTOUHUKU (PMHAHCUPOBAHMUS.

TekcT crarbu Habupaercs mwpudrom Times New Roman pazmepom 14 nrt uepes oau-
HapHBIA MHTEpBa, BbIpaBHUBaHHE 10 (opmary. [log3aronoBok — mpudT KypCcUBHBIH,
BbIpaBHMBAHUE TI0 JIEBOMY Kparo. [Ipu HamucaHuM cTaTbyu MCHONB3YIOTCS OOLIETPUHS-
ThI€ TEPMUHBI, €TUHUIIBI U3MEPEHUS U YCIOBHbIE 0003HaUEHMsI, €TMHOOOpa3HbIE M0 BCei
crarbe. PacmmdpoBka Bcex MCIOIb3yEeMbIX aBTOpaMH 0003HAUYCHUN JJaeTCsl IPU IEPBOM
ynoTpebiaeHun B TekcTe. BykBbl JlaTMHCKOTO andaBuTa HAOMPAIOTCS KypCHUBOM, OYKBBI
rpedeckoro andasura — npsmMbIM mpudpTomM. Maremarndeckue cuMBoisl lim, 1g, In, arg,
const, sin, cos, min, max M T.I. HabuparoTcs npsAMbIM mpUpTOoM. CUMBOJI HE JOJKEH
CJINBAThCS C HAJCHUMBOJIBHBIM 3JIEMEHTOM B XUMHUecKux aneMmeHTax (H,O) u equannax
v3mepennii (MBT1/cm?) — npsmbiM (00bI9HBIM) mpudTom. He ciemyer cMemmBarh ou-
HAKOBBIE 10 HAMTMCAHUIO OYKBBI JATUHCKOT'O, IPEYECKOr0 U PyCCKOro an(aBUTOB, UCIIOIb-
30BaTh coOCTBeHHBIe Makpochl. bykBol [uJ, viuv,eulLhun,qu g, Vu U, O (Gyksa)
1 0 (HyZb) TOJDKHBI pa3iavyarhes MO HauepTaHuio. Mex 1y uuppoBbIM 3HAYUEHUEM BEJIH-
YHUHBI M €€ Pa3MEPHOCTBIO CIIEyeT CTaBUTh 3HAK Hepa3pbeIBHOTO mpoberna. [lepeHocs! B
cyoBax b0 He ynorpebnsaTs. He ncronb3oBarh B TekcTe i GOpPMATUPOBAHUS 3HAKH
npodena. @opMyIIbl CO3JAIOTCS ¢ TOMOIIBIO0 BCTPOSHHOTO penaktopa Gpopmyin Microsoft
Equation ¢ Hymepanueil B KpymibIx ckoOKax — (2), BIpaBHUBAIOTCS IO MPaBOMY Kparo,
pacmmdpoBka Bcex 0003HaueHU (OykB) B (hopMynax JaeTcsi B MOPsAIAKE YIIOMUHAHUSA B
¢dopmyne. Bo nzbexxanue HemopasyMeHUH U OMIMOOK pelaKlys PEeKOMEHIYET aBTOopam
UCII0JIb30BaTh B (hopMyIiax OyKBBI IATUHCKOTO, TPEYECKOTo U JPYTUX (HE pyccKux) anda-
BUTOB; IIpU Habope (hopMysl HEOOXOIUMO COOIIOCTH pa3Mepsl 1o yMoauaHuto. bonbme
(opmynel HeoOXonMMO pa3duBaTh Ha OTAEIbHbIE (pparMeHThl. PparMeHTsl (HOpMyIl MO
BO3MO)KHOCTH JIOJDKHBI OBITh HE3aBUCHUMBI (IIPU HMCHOJIb30BAaHUHM (POPMYIBHOTO PEAaK-
TOpa KaXk/1as CTpOKa — OT/eNbHbIN 00bekT). Hymepanuio u 1o BO3MOXXHOCTH 3HAKHU TIpe-
NUHAHUS CJIeyeT CTaBUTh OTAEIBHO OT (POPMYJT OOBIYHBIM TEKCTOM. TaOmuIbl, pUCYHKH,
¢dororpaduu pazMeIarTcs BHYTPU TEKCTA M UMEIOT CKBO3HYIO HyMEPAIMIO MO CTaThe U
coOcTBeHHBbIE 3aroyioBKU. Ha3BaHus Bcex pucyHKoB, hororpaduii u Tabiui NpuBOIATCS
Ha pycckoM si3bike 11 kerem, kypcuBoM. Bee Haamucu Ha pyccKoM sI3bIKE Ha PUCYHKaX
U B Tabnuuax n1yonupyrorcs Ha anmuiickuil. Hymepanus o00o3HaueHni Ha pUCYHKax Ja-
€TCsl [0 MOPSAKY HOMEPOB I10 YaCOBOW CTpEJIKE MIIM CBEpXY BHU3. PUcyHKH HE0OX01umo
110 BO3MOXHOCTH BBINIOJHATH B BEKTOPHOM (opmare, kenareiabHo B mporpamme Corel
Draw unm ananorax mno cieayroIIMM IpaBUaM: IIUPHUHA pUCYHKa He Ooiee 16,5 cw;
TOJIMHA JIMHUM: OCHOBHBIX — 1 nT, BcomorarenbHbiXx — 0,5 nT; a1 0603HaueHui B
1oJIe pUCYHKa Hcrnoib3oBaTh mpudT Times New Roman pazmepom — 9 nt. BektopHbie
PHUCYHKH 3allMCBhIBAIOTCS B OT/AEIbHbIE (Pailiibl JOKyMEeHTOB. DPOTOCHUMKH JOIKHBI OBITh
KOHTPACTHBIMH U BBITIOJIHEHHBIMU Ha MaToBoi Oymare. OTckaHupoBaHHbIE (oTorpadpuu
3anucsiBatoTcs B ¢aitnel B popmare TIFF, JPEG. CkanupoBars n3o0pakeHue ciaeayeT C
paspemtenuem 300 dpi st KOHTPACTHBIX YE€pHO-0ebIX pucyHkoB 1 600 dpi — i moy-
TOHOBBIX. [[BeTHBIE HMJUTIOCTpALIMU JIOMYCKAOTCS IO COIIACOBaHUIO ¢ peaakuuen. O60-
3HAUEHUsI, TEPMUHBI, WUTFOCTPATUBHBIA Marepuai, CIUCOK JUTEPATYPhl JOJIKHBI COOT-
BeTcTBOBaTh AckicTByromuM ['OCTam.
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Ilepedyenp nuTEepaTypHBIX UCTOYHHKOB MPHUBOAUTCS OOLIMM CIIMCKOM B KOHIE CTa-
ThH (Harvard Style). Cincox cocrapisiercs no andaButy, CHadaaa CIeAyI0T UCTOUHUKU
Ha PYCCKOM, 3aTeM - Ha aHIIuicKoM. Jluteparypa fqomkHa ObITh 0hopMIIEHA COINIACHO
I'OCT P 7.0.5-2008. OTCbUIKM Ha IUTEPATYPY B TEKCTE MPUBOJATCS B KBAAPATHBIX CKOO-
KaxX B CTPOKY C TEKCTOM JOKyMeHTa. ECIM CChUIKY MPUBOAAT HA JIOKYMEHT, CO3JJaHHBIN
OZIHUM, JIByMs WJIM TPEMsl aBTOPAMH B OTCBUIKE YKa3bIBAIOT (paMUJIIMIO IEPBOTO aBTOpa U
COKpalleHue «u ap.» («et al.» 17 JOKyMEHTOB, Ha SI3bIKaX, MPUMEHSIONUX JaTHHCKYIO
rpaduKy); €Clid aBTOPbI HE YKa3aHbl — YKa3bIBAIOT Ha3BaHHE JIOKYMEHTA; Jajiee yKa3blBa-
0T IO/l U3AaHUS U IPU HEOOXOJMMOCTH CBEICHUS JIOTONIHAIOT yKa3aHueM cTpanuil. Cae-
JICHUS B OTCBUIKE Pa3/IeNIsIoT 3ansaTol. Ecim oTchlKa COAepKUT CBEICHUS O HECKOJIBKUX
CCBUIKAX, TPYIIIBI CBEICHUH Pa3elisioT 3HAKOM TOUKa C 3ansaToil. B oTchuike gomyckaert-
Csl COKpalIaTh JUIMHHBIE 3aIy1aBus, 0003Hayasi OMyCKaeMble CJI0Ba MHOTOTOUYHMEM C IPO-
6€eJ10M 10 1 TI0CJIe ITOro MPEANHMCAHHOTO 3HAKA.

AApec peaaKUUn:

Poccusi, PCO-Ananus, 362002, r. Brmagukaskas, yin. Mapkoa 93a, I'eodusuue-
ckuit uactutytT BHL] PAH, Penakmus sxypuana «l'eonmorust u reodusuka FOra Poccumy.
Ten: 8 (8672) 76-19-28; dhakc: 8 (8672) 76-40-56, e-mail: southgeo@mail.ru

The journal “Geology and Geophysics of the South of Russia” publishes original ar-
ticles 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: 1.6.1 General and regional geology. Geotectonics
and geodynamics; 1.6.4 Mineralogy, crystallography. Geochemistry, geochemical meth-
ods of prospecting for minerals; 1.6.6 Hydrogeology; 1.6.9 Geophysics; 1.6.10 Geology,
prospecting and exploration of solid minerals, minerageny; 1.6.11 Geology, prospecting,
exploration and exploitation of oil and gas fields; 1.6.12 Physical geography and biogeog-
raphy, soil geography and landscape geochemistry; 1.6.20 Geoinformatics, cartography;
1.6.21 Geoecology; 2.8.6 Geomechanics, rock destruction, mine aerogasdynamics and
mining thermal physics; 2.8.8 Geotechnology, mining machines 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 Geo-
physics of the South of Russia” are accepted by the following branches and groups of
Sciences:

1. Earth and Planetary Sciences;

2. Environmental Science.

The journal “Geology and Geophysics of the South of Russia” publishes:

— articles interpreting the new scientific research results of volume not more than 10
typewritten pages including illustrations and tables;
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— 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 ab-
stracts 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 the South of Russiay.

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 the South of Russia».

The following materials should be presented:

— an article (structure and rules see below),

— 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.
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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 (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 in-
formation in 2 lines in the same sequence in English. The abstracts are also published in
the journal site (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 mathemati-
cal 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
(H20) and measurement units (MW/cm2) 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, q 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 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 enumera-
tion and punctuation marks should be put into an ordinary text separately from the for-
mulas. The tables, pictures and photos are placed inside the text and must have a through
numeration along the text 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 com-
puter 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 Romany 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
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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 cor-
respond 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. Refer-
ences 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 Str.,, Vladikavkaz, Russia 362002, Geophysical Institute of VSC
RAS, the editorial office of the journal « Geology and Geophysics of Russian Southy.
Phone +7 (8672) 76-19-28; fax: +7 (8672) 76 40 56, e-mail: southgeo@mail.ru
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