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N3MeHeHUA 3KOMoro-reoxmMmn4yeckom o6CcTaHOBKU B npeaenax
06beKkTa HaKOMNJIeHHOro Bpeaa oKpyXakLwen cpene — NpoMbILLNeHHON
nnowaaku obiBwero 3aBoga «BocrcnoanemeHT» (2021-2024 rr.)

B.B. TpycoBa®", A.C. Anekceen®, O.J1. Kauop®, 3.J1. UkpamoB*®

acdipkymekull HayuoHasbHbIl uccrnedosameribCKkull mexHudYeckul yHusepcumem, Upkymck, Poccusi
ablHemumym aeoxumuu um. A.l1. BunHoepadosa CO PAH, Upkymck, Poccusi
bUpkymckul Hay4Ho-uccrnedosamernbckuli uHcmumym 651a2opo0HbIX U peOKUX Memarios u anmasos, Mipkymck, Poccus

Pe3srome. BaxHbim ans akonorum [Npubarikanba pesynstatoMm 2024 r. aBNgeTCa BKMOYEHWe Takoro obbekrta Ha-
KOMMNEeHHOro Bpeda OKpyXxallwen cpefe, Kak npomblluneHHas nnowagka ObiBwero 3aBoga «BocTtcmbanemeHT»
(r. CBupck), B rocynapCTBEHHLIN peecTp O0ObeKTOB HaKOMMEHHOrO Bpeda OKpyXalolleh cpefle C OLEHKOW 3Hadve-
HUs obLero BNusAHMS obGbekTa Ha COCTOsSHME 3Korormyeckon 6esonacHocTn, cocTaBnstowen 6,35. Takaa Bbicokas
oLeHKa onpefensieT NpUOpUTET B OoYepean Ha PeKynbTMBAUMIO U B 3HAYUTENbHOW cTeneHn b6asupyeTtcs Ha 6onb-
LWOM OB6beMe KOMMIEKCHbIX UHULMATUBHBIX 3KONOro-reOXMMUYECKNX U MHXEHEPHO-reoNnormyecknx MccneaoBaHun,
npoBeAeHHbIX Ha npomnnowaake B 2021-2022 rr. uccnegoBaTenamMm M CTyadeHTamMu VIpKyTCKOro HauMOHanbHOro
NccnefoBaTenbCKoro TEXHUYECKOro yHMBepcuTeTa, KOTopbiMu 1 Bblna BnepBble JaHa BbICOKas OLEHKa OnacHOCTH
JaHHoro obbekta. OgHako BCreacTBUE TOMO, YTO XO3ANCTBEHHAs AEeATENbHOCTb Ha NMpoMnowazke, B TOM 4yucne
aKTUBHAsA HEKOHTpoOnupyemas AeATENbHOCTb MO BbIEMKE METANMOKOHCTPYKUUIA CTEH N hyHOAMEHTOB, NPoOayLMpPYHO-
Lwas nepepacnpegeneHve 3arpsa3HeHnii Ha TeppuTopuu, BCe 3TW rofdbl He Mpekpallanacb, BCcTan BONpoc o Heobxo-
OMMOCTMN aKTyanu3saunmn 3HaHuin 0 cuTyauun Ha obbekTe. Llenblo NpoBeAeHHOro cCcneaoBaHns ABMsnoCh U3yYeHne
COBPEMEHHOW Fe03KONMOorMyeckor cutyauum Ha TeppyuTOpUM MPOMBbILINEHHON nnowankn beiBlwero 3asopga «BocT-
cnbanemeHT». Onga atoro B 2024 r. 6610 NpoBeAeH KOMMNEKC NOoneBbiX Y NabopaTopHbIX UCCreaoBaHun: oTobpaHa
1 npoaHanuaupoBaHa 81 npoba TexHOreHHoro rpyHTa. o uTory ObINO faHO CpaBHEHME pe3yrnbTaToB 3KOOro-reo-
XumMmyeckmx pabot, npoBeaeHHbix B 2021 n 2024 rr. NokasaHo, YTO Opeosbl pacCcesiHsi OCHOBHbIX 3arpsi3HEHUN
MbILUBSKOM W TSXKENbIMU MeTannamm 3aMeTHO U3MEHUNNCh, YBENNYUITUCh KOHLEHTPALMM MbILLbsiKa B MOBEPXHOCTHOM
Crnoe TEeXHOreHHOro rpyHTa, 4YTo cnefoBano Obl y4ecTb npu paspaboTke NpoekTa UHXEHEPHO-reonornyecknx pabor
n NUKBMAaumm ncecnegyemoro obbekra.

Knroveenle cnoea: reoakonormyeckas oueHka, HakonneHHbI Bpea, 9KONOorMyeckuin MOHUTOPWHE, 3arpsi3HeHne, TsKernble
MeTanbl, TEXHOreHHOe Bo3aencTeume, MNMpubarikanbe

Ans yumupoearusi: Tpycosa B.B., Anekcees A.C., Kauop O.J1., Mkpamos 3.J1. IameHeHMs 3Konoro-reoxmmmuyeckomn ob-
CTaHOBKM B npefenax obbekTa HAaKOMMEHHOro Bpeaa OKpyXatoLLen cpeae — ObiLiero 3aBoga «BoctcmbanemeHT» (2021—
2024 rr.) // Haykun o 3emrnie n Hegpononb3oBaHue. 2025. T. 48. Ne 2. C. 134—145. https://doi.org/10.21285/2686-9993-2025-
48-2-134-145. EDN: HGQAYH.

GEOECOLOGY
Original article

Changes in the ecological and geochemical situation
within the object of accumulated environmental damage — the former
Vostsibelement plant industrial site (2021-2024)

Valentina V. Trusova®“, Ayaal S. Alekseev®, Olga L. Kachor¢, Ziyoviddin L. Ikramov®

acdirkutsk National Research Technical University, Irkutsk, Russia
abA.P. Vinogradov Institute of Geochemistry of the Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia
bIrkutsk Research Institute of Precious and Rare Metals and Diamonds, Irkutsk, Russia

Abstract. Inclusion in 2024 of the former industrial site of the Vostsibelement plant (Svirsk) in the state register of objects
of accumulated environmental damage with the assessment of the amount of its general impact on the environmental

© Tpycosa B.B., Anekcees A.C., Kayop O.J1., Mkpamos 3.11., 2025
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safety state of 6.35 is an important result for the ecology of the Baikal region. Such a high assessment determines the
priority in the queue for reclamation and is largely based on a large volume of comprehensive initiative ecological-geo-
chemical and engineering-geological studies carried out at the industrial site in 2021-2022 by researchers and students
of the Irkutsk National Research Technical University, who were the first to qualify this object of the accumulated damage
as highly dangerous. However, due to the continuous economic activity at the industrial site, including active uncontrolled
activity on removing metal structures from walls and foundations, which caused redistribution of pollution on the territory,
the question arose about the need to update knowledge about the situation at the site. The purpose of the study was
to examine the current geoecological situation on the territory of the industrial site of the former Vostsibelement plant.
To accomplish the set goal a set of field and laboratory studies was carried out in 2024: 81 samples of technogenic soil
were collected and analyzed. Based on the results of the work performed, a comparison was made of the results of eco-
logical and geochemical works conducted in 2021 and 2024. It was shown that the dispersion halos of the main arsenic
and heavy metal contamination have noticeably changed. Arsenic concentrations in the surface layer of technogenic soil
have increased, which should be taken into consideration when developing a project for engineering and geological works
and the liquidation of the studied object.

Keywords: geoecological assessment, accumulated damage, environmental monitoring, contamination, heavy metals,
man-made impact, Baikal region

For citation: Trusova V.V., Alekseev A.S., Kachor O.L., [kramov Z.L. Changes in the ecological and geochemical situation
within the object of accumulated environmental damage — the former Vostsibelement plant industrial site (2021-2024).
Earth sciences and subsoil use. 2025;48(2):134-145. (In Russ.). https://doi.org/10.21285/2686-9993-2025-48-2-134-145.

EDN: HGQAYH.

BBepeHue

Mo HakonneHHbIM BPEAOM  OKpyXXatoLlen
cpede MNoOHMMaeTcs Bpen OKpyxatowen cpefe,
BO3HUKLWNA B pesynbrate MNPOLUoW 3KOHOMMU-
YECKOW W WHOW [edATenbHOCTU, 06A3aHHOCTU
MO YCTPaAHEHMIO KOTOPOro He 6biny BbIMOMHEHbI
nn6o Obiny BbINOMHEHbI HE B NMOMHOM obbeme’.
OObekTbl HAKOMIIEHHOrO Bpeda OKpyXatoLlen
cpede He TOMbKO ABMAITCA UCTOMHUKaMU Hera-
TMBHOMO BO3OEWCTBUS Ha OKpYXatoLlyto cpeay,
HO M HeraTMBHO BMUSIIOT Ha 300pPOBbe Hacere-
HUSI, NPOXMBAIOLWLEro Ha AaHHbIX TEPPUTOPUAX
[1-15]. Mo paHHbIM Ha 7 mapTta 2025 r. rocy-
OAPCTBEHHBIA peecTp OObEKTOB HAaKOMMEHHOMO
Bpena okpyxatolen cpene Bkntoyaet 1075 o6b-
ekToB, 90 13 HMUX pacnonoXeHbl Ha TepPpPUTOPUU
MpkyTckon obnactu.

YeTblpe HOBbIX OObekTa ObinM  BKITHOYEHDI
B peecTp B 2024 r.2 OgHUM U3 HMX cTana npom-
nrowagka obiBLero 3asoga «BocTtcnbanemeHT»
(r. Ceupck), koTopas sBNsieTcd 0OLEKTOM BHUMA-
HUS pasnuyHbIX WUCCReaoBaTenbCKUX KOMneKTu-
BOB VpKyTCKOro HauMoHanbHOro uccrnegoBaTtenb-
ckoro yHuBepcuteta ¢ 2021 r. Ha obwekTe, koTo-
PbIl M3HAYaNbHO HE cuYMTancs CKOMbKO-HUOYOb
CYLLIECTBEHHbIM, Obinl NPOBEAEH 3HAYUTENbHbIN
06bEM  UHXEHEPHO-3KOMOrMYECKMX, MHXeHep-
HO-reoU3NYECKnNX, reofesnyeckmx, IKonoro-re-
oxmmMmmnyeckux pabor [16, 17], 6binm oOHapyXeHbl

OTX0dbl BNIIOTb A0 BTOPOrO Kracca OnacHOCTU U
obocHoBaHa HEOOXOAMMOCTb BKIHOYEHUS O0bek-
Ta B peecTp 06bEKTOB HAKOMSIEHHOIO BPEAA OKPY-
Xarowen cpege [16]. MNpukazom ot 19.12.2024
Ne 742 npombilwnieHHas nnowanka obiBLiero 3a-
Boga «BoctcmbanemeHT» («OcTtaBlumecs uexa
6biBwero BoctcubanemeHTt B . CBupck (MpkyT-
ckasi obnacTtb)») Oblna BHECEHA B rOCYAapCTBEH-
HblA pPEeecTp CO 3Ha4YeHWeM OoOLUero BrUSHMS
oObeKkTa HaKOMMEHHOro Bpeda OKpyXKaroLen cpe-
[e Ha COCTOsIHMe 3Kororn4yeckon 6e3onacHoCTU
6,35%. [1ns cpaBHeHUs: 3Ha4YeHne oOLLero Brus-
HUs1 oObEeKTa HAKOMMEHHOIO BPeaa OKPY KatoLLEN
cpede Ha COCTosiHME 3Korormyeckon 6esonacHo-
CTM TaKMX OBLLEN3BECTHLIX N PEKYNBTUBUPYEMbIX
B HacTosiLee BpeMs 06bEKTOB, Kak barkanbckuii
LLeNIIoNo3HO-0yMaXKHbIN  KOMBUHAT 1 «Yconbe-
XUMMPOM», COrNacHO 3TOMY Xe peecTpy, CocTaB-
naet 2,25 n 3,25 cooTBeTCTBEHHO. Takum obpa-
30M, HEOOXOAMMOCTb CKOPENLLEN peKYNbTUBALUA
AaHHoro obbekTa bbina npu3HaHa oduumnansHo.
Ha npoTskeHum Bcero ykasaHHOro BpPEMEHMU
NPOMbILLNIEHHAsA Nfolagka ocTaBanacb He npo-
CTO 00LEeaoCTYNHOM — Ha HeWn nNpodormkanu pado-
TaTb HECKOIMbKO OEeNCTBYOLLMX NPeanpuUaTAin, no-
MMMO 3TOrO, MPOM3BOAUIICA HeneranbHbI pa3dop
KOHCTPYKUMIA, 30aHUA N COOPYXeHun. BnuvsHue
BETPOBOrO NnepeHoca obpasyoLLenca BcrieacTane
OaHHOro hakTa NbINn Ha 3KONOro-reOXMMNYECKYHO

" O6 oxpaHe okpyxatoLen cpeabl: dpenep. 3akoH ot 10.01.2002 Ne 7-3 // KoHcynbtaHTlntoc. Pexxum goctyna: https:/
www.consultant.ru/document/cons_doc_LAW_34823/?ysclid=m6r7foam27754083617 (gata obpaweruns: 20.02.2025).

2 Hanpaenenusi pabotbl MuHnpupoasl Poccun. JIkBnpgaums HakonneHHoro Bpega okpyxatowen cpege // MuHuctepcteo
NpYpoaHbIX pecypcoB 1 akonorumn Poccunckon ®epepauun: odpuumansbHbein cant. Pexxkum goctyna: https://www.mnr.gov.ru/
activity/directions/likvidatsiya_nakoplennogo_vreda_okruzhayushchey_srede/. (nata obpaiyeHus: 05.04.2025).
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0OCTaHOBKY OKpy>arLmx 00bekToB ObiNo OTMeE-
YeHO Ha 3aMETHOM PacCTOSIHUM OT NpoMnowaa-
kv [18]. BesycrnoBHO, 3TO HE MOIMO He MPUBECTU
K UBMEHEHUNIO FEOXMMUYECKOW CUTyaumn n Ha ca-
MOM oObekTe. /3yyeHne cTeneHn aTnx M3meHe-
HWA C COOTBETCTBYIOLLEN NEPEOLEHKON TEKYLLErO
COCTOSIHMS1 TEPPUTOPUN NPOMMNoLWaak ObiBLUe-
ro saBoga «BoctcnbanemeHT» SBMANOCH LENb
NpoBeaeHHOro UCCrieaoBaHus.

3aBog nNo MNpPOM3BOACTBY aKKyMynsiTOPOB
OAO «BocTtcnbanemeHT» 6bin ocHoBaH B 1939 1.
n npocyuwiecteoBan Ao 1999 r., nocne 4ero Ha
HebOombLLIOM y4YacTke OCHOBHOW TeppUTOpuK 3a-
KpbITOro 3aBoga Ha 6ase ObiBLIEro Liexa cepe-
OpsiHO-UMHKOBBLIX OaTapen co3gaHa KomnaHus
«AKKYMYNSTOPHbIE TEXHOMNOMMMY», KOTOpas no Ha-
CTosILLIee BPEMS 3aHMMAETCH BbIMYCKOM XUMMUYE-
CKUX MCTOYHMKOB TOKa. Takke yacTb nnowiagen
ObiBLLIEN NPOMMMOLLAAKA 3aHUMAOT OENCTBYHO-
Wne Manble Npeanpuatms, Ybs OeATenbHOCTb
He cBsi3aHa C AesATenbHOCTb ObiBLIEro 3aBoaa
«BoctcubanemeHT» [16].

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

Ha cerogHaWwWHWI geHb 3abpolleHHas npoMm-
nrowaaka npeacraBnseT cobon paspyLleHHble
B pas3HOM CTEMNeHu uexa U Nnpou3BOACTBEHHbIE
nometleHuns (puc. 1), oTxoabl HEYCTaHOBEHHOIO
NPOUCXOXOEHUA U TEXHOTEHHbIN TPYHT, KOTOPbIA
B CUJy CBOEIO BbICOKOrO 3arpsi3HEHUs1 MpaBusb-
Hee ObINo Obl XxapakTepu3oBaTb Kak TEXHOrEH-
Hble NOBEPXHOCTHbIE 0bpa3oBaHus [19].

B nocnegHne pgBa roga Ha 3abpoLLeHHON
npomnnowiagke ObiBliero 3aBoga «BocTtcmba-
NEMEHT» BEOETCHA aKTMBHAsA HEKOHTponuMpyemas
[eATeNbHOCTL MO BbIEMKE METANOKOHCTPYKLNNA,
B TOM 4ucrie ¢ ry6unHbl pyHAaMEHTOB, C COOTBET-
CTBYIOLLMM pa3bopoM MMEILLNXCS 34aHUA U CO-
OPYXEHUN, YTO BEAET K 3HAUNTEINbHOMY MOBbILLE-
HUIO NbinenepeHoca. PaHee GbINo NokasaHo, YTo
Ha rmy6uHe oT 1,5 M 3aneraeTt MMUHSHbIA CITOWN,
CMOCOOCTBYHOLINIA HAKOMMEHNIO U 3aKPENSIEHNIO
Ha HEM 3Ha4YUTENbHOrO0 KONMYEecTBa TOKCUKaH-
ToB. Tak, cogepaHue CBUHLA Ha OTAENbHbIX
Wypdrax okasanocb CONOCTaBUMbIM C €ro Coaep-
XaHMeM Ha NOBEPXHOCTU U HUXE, a CoaepKaHne

Puc. 1. Pa3pyweHHble yexa Ha npomrioujadke 6biewez20 3agoda «BocmcubaniemeHm», okmsibpb 2024 2.
(dpomo aemopoe)
Fig. 1. Workshop debris at the industrial site of the former Vostsibelement plant, October 2024
(authors’ image)
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MblLUbsIKa MPEBLICMIO NPUNOBEPXHOCTHbIE 3Ha-
yeHuns [16]. B pesynbrate uccrnenoBaHus bbina
BblABUHYTa rMnotesa o TOM, YTO B CBA3M C MOBbI-
LLEHHOW aKTMBHOCTbIO Ha TeppuTopun ObiBLLEN
npomnnowagkn «BocTcmbanemeHTa» OGonbluoe
KONMUYECTBO 3arpsi3HSOLLMX BELLECTB BMECTE C
N3biIMaeMbiMn C NYOUH METanmnOKOHCTPYKLUUS-
MM CHOBa OKa3anocb Ha MOBEPXHOCTU, NU3MEHMB
Opeorbl MoKanuM3aLmm TOKCUKAHTOB U YBENUYMB
UX COOEPXXaHNe B MOBEPXHOCTHOM Crl0€.

MaTtepwmanbl n metoabl
nccneaoBaHuA

OceHbto 2024 r. Ha TeppuUTOpPUKX NpoMNIoLWaa-
K ObliBLLIErO 3aBoAa «BocTcubanemeHT» B COOT-
BetcTBUM ¢ FOCT 17.4.3.01-2017° 6bIn npoBeaeH
ouepegHon oTbop MNpPo6 TEXHOTEHHOro rpPyHTa.
CocTaBneHune cxembl NPOGHBIX NNOLWAA0K OCHO-
BblBAsfioOCb Ha pesynbratax paHee NpoBeAeHHbIX
nccneqoBaHUn U KOPPEKTMPOBANoCh yXXe Ha ca-
Mol Tepputopum obbekTa (He BCce MecTa Ha Mo-
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MEHT NpoBedeHUs mnccnegoBaHWin Gbinn NPOXo-
anmbimmn) [16]. ObLuee KonmM4ectBo OTOBPaHHbLIX
00pasLLB TEXHOMEHHOrO rpyHTa cocTtaBuno 81 Wr.
lMocne otbopa 1 gocTaBkM B flabopaTtopuio npo-
Obl NpownM NpobonoaroTOBKY B COOTBETCTBUM C
MOCT 17.4.4.02-2017* n ObINMK NpoaHanMa3npo-
BaHbl C NMOMOLLbIO MNOPTATUBHOIO PEHTreHOdNyo-
pecLeHTHOro aHanuaaropa SciAps cepumn X B pe-
Xnwme «lMNouBax». [aHHbIN MeToa obnagaeT psaom
NpenMMyLLECTB, CPEAMN KOTOPbIX MOXHO BbIAENUTb
SKOHOMMYECKYHO LIeNecoobpasHOCTb, a Takke Obl-
CTpOe 1 TOYHOE onpeaeneHne coaepXXaHus XmMmu-
yecknx anemeHToB [20].

B xone ot6opa npob ObIfI0 OTMEYEHO, YTO Ha
TEPPUTOPMM NPOMMSIOLWAAKA MOABMAOCH O0rMb-
LIOE KONMMYeCTBO OTXOOOB OT pa3bopa 3agaHum
N COOPYXXEHWI, CTPOUTENBHOIO Mycopa, a Takke
pacnonaralTcsi MecTa HeCaHKLUOHWPOBAHHO-
ro pasmeLleHnsi TBepabiX KOMMYHasbHbIX OTXO-
pos (B 2021 r. B TakoM MacwTtabe nogobHoe He
oTMeyarnocsb) (puc. 2).

% g

Puc. 2. OmxodbiI npou3zeodcmea u nompebsieHus1 Ha npommnaow,adke 6biewez20 3agoda «BocmcubanemeHm»
(¢dpomo aemopos)
Fig. 2. Production and consumption waste at the former Vostsibelement plant industrial site
(authors’ image)

3 TOCT 17.4.3.01-2017. MexrocynapcTBeHHbIi cTaHaapT. OxpaHa npupofbl. Mousbl. O6Lwwme TpeboBaHms k oT6opy nNpob //
Tunadzor.ru. Pexxum goctyna: http://tunadzor.ru/upload/doc/departments/298/gost_17.4.3.01-2017.pdf (aaTa obpaLueHus:
25.03.2025).

4 TOCT 17.4.4.02-2017. MexrocynapCTBeHHbIn ctaHaapT. OxpaHa npupodbl. MNouBbl. MeTogbl otGopa M NoaroTOBKM
npo6 Ans xuMm4yeckoro, 6akTepronorMyeckoro, renbMUHTONOIMYECKoro aHanusaa // PoccenbxosHaasop. Pexxum gocTyna:
https://fsvps.gov.ruffiles/gost-17-4-4-02-2017-mezhgosudarstvennyj-standart/ (agata obpawuenns: 25.03.2025).
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[ns BU3yanbHON OLEHKM U3MEHEHUS Teppu-
TOpWM B CBA3W C HECAHKLMOHNPOBaHHbIMK pabo-
Tamu No pa3bopke 3gaHui U COOPYXKEHUN Bbinu
N3yYeHbl CHUMKKN CO crnyTHMKa (puc. 3).

M3 puc. 3 BuaHo, 4to ¢ 2021 r. 6GonbLluas YacTb
3abpoLUEeHHbIX LEXOB B LEHTparnbHOW, Horo-3a-
NagHoOWM M HOro-BOCTOMHOM YacTAX npomniowas-
kn Obina pasobpaHa. lMonHOCTbO paspyLUeHbl
CKnaf rotToBoWM NpOAYKUMU, KOTENbHAsi, NoACTaH-
LUS, YrofnbHO-MPECCOBbIN LEeX, MeLlasnbHO-Menb-
HUYHOE OTAEeNneHne, 3aroTOBUTESNbHLIN y4acToK
Mo NPecCcoBaHMWIO arnomMepaToB AN ranbBaHnye-
CKUX 3N1EMEHTOB U3 arfilomepaTHoOn macchbl, cbo-
POYHbIN LiEX NO N3rOTOBMEHWUIO PA3IMYHbIX Mapok
ranbBaHWYECKNX JNEeMEHTOB, NPeccoBO-Nassb-
HbI Y4aCTOK, Y4aCTOK 3MIEMEHTHOro Mpou3BOa-
CTBa, Liex Mo nepepaboTke cBMHLA 1 Ap. To ecTb
3TO cneunanuampoBaHHbIe Liexa, CTPOUTENbHbIE
3MeMeHTbl KOTOpbIX (KMpnuy, GeTOHHble nepe-
KpbITMA U T. 4.) 3a gecatunetus paboTbl 3aBoda
Obinn cnocobHbl agcopbupoBaTh B ceba maccy
3arpsAsHSAOLLMX BELLECTB.

Pa3bop 3gaHun npoucxoauT B OCHOBHOM
©eCKOHTpPONbHO M 6e3 paspelnTensHOM OOKy-
MEeHTauun, COOTBETCTBEHHO, N 6e3 npoBeaeHUs
MeponpusTUA No nbinenogasneHuto. Mycop ot
pa3bopa 34aHui U COOPYXKEHUI OCTaeTcsa Ha Me-

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

CTe M TakkKe MOXET SABMNSATLCSA CepPbe3HbIM NUCTOM-
HUKOM BTOPUYHOTO 3arpsi3HEHUs1 OOBbEKTOB OKpY-
xarowien cpeabl.

Pesynbrathl uccnenoBaHus
n ux obeyxaeHue

Mo pesynbTaTtaM npoBedeHHbIX UccreaoBa-
HUN BbINU MOCTPOEHbI KapTbl pacnpegeneHus
TSKEMNbIX METannoB U MbllbsKa B TEXHOMEH-
HbIX FPyHTax npomnsowanku. Ha puc. 4, 5 B
KayecTBe npumepa NpuUBEAEHbI KapThbl pacrnpe-
JeneHnsa KOHUEeHTpaunn cBMHLUA U MbllbaKa B
BEPXHEM FOpU30OHTE MPOMMNOLWAAKK, Bbloene-
Hbl 4 30HbI (nonuroHbl A, b, B, ). Pa3buBka
Ha OaHHble Y4acCTK/ Npou3BOAUIIachb C y4eToM
pacrnpedeneHns KOHLUEHTpauui MeTansoB B
TEXHOreHHOM rpyHTe No AaHHbIM 2021 1. (y4acT-
KM C OTHOCUTENBbHO HEBLICOKMM COAepXXaHueM
1 ¢ HambonbLWNM cogepxaHmem metannos) [16]
ans onpoboBaHUA TEXHOMOrMU U3BMEeYEeHUs
MEeTannoB M MbllbsKa Ha y4acTKax C pasHomn
CcTeneHblo 3arpsisHeHus. onuroH A xapakTte-
pu3oBancs Kak y4acToK C HEBbLICOKAMU OTHO-
CUTENbHO OCTallbHOW TEeppPUTOPUU KOHLEHTpa-
umsamu ceuHua (o 2000 Mr/kr) m Mblwbsika
(8o 70 mr/kr). MonuroH b — co cpeaHum cogep-
XaHveMm cBuHua (8000-10000 mr/kr) n cpea-

Puc. 3. KocmocHuMKU meppumopuu npommiowadku 6bieuwe2o 3agoda «BocmcubanemeHmy»:
a—2021e.;b—-2024 2.
Fig. 3. Satellite images of the industrial site of the former Vostsibelement plant:
a—2021;b— 2024
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HUM cofgepXaHnem mbliwbaka (100-200 mr/kr).
MonuroH B xapakTepu3oBancsa Kak y4acTok C
BbICOKOW YCpeHEHHOW KOHLIeHTpaLnen cBnHLa
(okorno 20000 MrI/Kr) N HU3KOM KOHLEHTpaLunen
MblWwbsika (ycpeaHeHHo o 70 mr/kr). MonuroH I
Obll OTMEYEeH OYeHb BbLICOKMM CoAepXaHuem
ceuHua (30000 mr/kr) n BbICOKMM YCPEAHEHHbLIM
3Ha4YeHneM Mo coAepkaHuo Mbilbsaka (OKOMOo
400 mr/kr). Ecnn ot6op npob k 3anagy oT nonu-
roHa B 6bin 3aTpygHeH B CBA3W C MIOXOW Npo-
XOOMMOCTbIO yyacTka M3-3a pasBanuH 30aHui
N MeTannokoHcTpykumn B 2021 r., 7o B 2024 1.
BesonacHO NpoBeCTM ero BoobLe He npeacTaBs-
Nanock BO3MOXHbIM. Takxe u3-3a Manoro oob-
ema npob (okomno 2 Kr), 4OCTaTOYHOrO TOMbKO
OIS NpOBEeAEHNSA XMMUYECKOro aHanuaa, Ho He
ANsa uccnenoBaHns Ha oboraTMMocTb, 3TOT 3a-
nagHbln y4dacTok He Bowen B nonuroH . Kpo-
Me TOro, M3 MccnegoBaHUN, MNPOBEAEHHbIX B
2024 r., a Takke M3 KOHTYpPOB MOMUIOHOB BbIN
WCKIMIOYEH y4acTOK, PacrnonoXeHHbln 6amxe K
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LEeHTpy nnoLwiagku, KOTOpbIA BKtoYaeT B cebs
YronbHyt0 aMy, rae cenvac BeAeTCHd aKTMBHas
OeATenbHOCTb MO  MPOM3BOACTBY  YrOMbHbIX
B6pukeToB (k aTOMy yyacTky B 2024 r. He 6bIno
poctyna). I3 nccnegoeaHum Ha o60raTuMoCTb
3TOT y4acToK ybpanu Ha OCHOBaHMK pes3ynbTa-
TOB, nonyyeHHbix B 2021 ., TaKk Kak yxe B TO
BpeMsi AeATenbHOCTb MO NMPOU3BOACTBY Yrofb-
HbIX 6prKkeTOoB Habupana 06opoThbl, XOTS U C OT-
KPbITbIM OOCTYNOM Ha TEPPUTOPUID, HO NPOOGHI
TEXHOreHHOro rpyHTa yxe Oblnu KpavHe 3arpss-
HEeHbl yrnem.

Ha puc. 4 BuaHO, 4TO OTCYTCTBUE KaKOro-nu-
60 poga oeaTenbHOCTM B CEBEPHOWN YacTu NPOM-
nnowagkm (nonuroHsl A 1 B) cnocobcTeoBano
COXPaHEHUIO MPaKTUYECKM NepBOHAYanbHOM (Ha
2021 r.) kKapTuHbI 3arpsisHeHns. Hu opeonel pac-
NPOCTPaHEHNS, HN KOHLEHTpaLun CBUHLA CyLle-
CTBEHHO He U3MeHUNUcb. Yero Hemnb3s ckas3aTb
O KOXKHOW YacTu npomnnoLwiagkn. Ha nonvroHax
B n ' ycpegHeHHble KOHLEHTpauumn 3amMeTHO Mo-
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Puc. 4. Kapma pacnpedeneHusi codepxaHusi CBUHUA 8 MeXHO2eHHOM 2pyHme rpoMrIowaoku
6biswez0 3a8o00a «Bocmcubanemenm» e 2021 (a) u 2024 (b) 2e.:
1 — epaHuya npomnnowadku; 2 — moyku ripoboombéopa; 3 — nonueoH A; 4 — nonueoH b; 5 — nonuzox B; 6 — nonuzoH I
Fig. 4. Map of lead content distribution in the technogenic soil of the industrial site
of the former Vostsibelement plant in 2021 (a) and 2024 (b):
1 — boundary of the industrial site; 2 — sampling points; 3 — polygon A; 4 — polygon B; 5 — polygon B; 6 — polygon I
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Huaunmeb (go 10000-20000 mr/kr), a opeosnbl UX
nokanusaumm cMecTUI1Ch.

M3ameHeHne xapakTepa 3arpsi3HeHUs MblLLIbS-
KOM MOBEPXHOCTHbIX TEXHOreHHbIX 0Opa3oBa-
HWUIA MMEET COBEPLUEHHYIO APYryl KapTUHy (CM.
puc. 5). NaMeHeHMs1 KOCHYIUCb BCEX NOSIMIOHOB,
TO €CTb Aaxe TeX, Ha KOTopbIX MacliTabHas ges-
TEeNbHOCTb MO pas3bopy 30aHu U COOPYKEHNIN He
npoBoaunack. Ha nonuroHe A cpeaHsast KOHLEH-
Tpauus mbiwbsaka yeenuyunack ¢ 70 go 130 mr/kr,
Ha nonuroHe B co 100-200 go 400-500 mr/kr.
BeposaTHO, Ha Takoe M3MEHEHWEe MOITO OKa3aTb
BNUSAHNE MNbINIEHNE C HXKHbLIX MOSIMFOHOB MPOM-
nnoLuagku, a Takke ¢ cocegHux tepputopun [18].
Ha nonuroHax B n [T opeornbl BbICOKMX KOHLEH-
TpauMN MbllbsiKa MOBCEMECTHO 3aMETHO yBENU-
ynnuceb. Ha nonuroHe B obGHapyxunacb HoBas,
paHee He bukcupyemasi aHoMarnus ¢ cogepxa-
Huem 6onee 880 mr/kr.

[MpocnexnBas AMHAMUKY N3MEHEHUS XapaK-
Tepa 3arpsisHeHWsa Ha npomnioLllagke, MOXHO
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OTMETUTbL Cneaylolee: OpPeosibl pacnpocTpa-
HEeHMs1 00OUX MNPUOPUTETHBLIX 3arps3HUTENEN
WU3MEHUMNCb U, YTO KpaWHe BaxHO, B pe3ynb-
Tarte HOBLIX MUCCnegoBaHWi ObiNo BbISBMEHO,
YTO y4acCTKM C HaMbOmMbLIMMM KOHLEHTPaLNAMM
CBMHLA M Mbllbsika COBMNaZatT U NPaKTUYECKM
NOBTOPSIIOT APYr Apyra, Yero He oTMeYarnoch pa-
Hee. C y4eToM TOoro, 4To Ha rnybuHe okono 1,5 m
cogepXaHue CBUHUA ObINO HWXKEe MpUNoBeEpX-
HOCTHBbIX KOHLEHTpaLWii, a MbllLbsika, HA0BOPOT,
Oonbue [16], ObIN caenaH cneayroLWnn BbIBOA!
npu NpoBeLEHNN HECAHKLMOHNPOBAHHbIX paboT
Nno BbleMKe METaINTOKOHCTPYKLUIA 1 KOMMYHUKa-
UM Cc rmybBuHbl CO 3HaAYUTENbHLIM Nepemelle-
HUEM 3eMIsiHbIX MacC (Ha HEKOTOPbIX yYacTkax
n ¢ rmy6uHel okono 1,5 m) (puc. 6) cnou TexHo-
FEHHOro rpyHTa nepepacnpeaenunmnchb, YacTuy-
HO MepeKpbIB HMXHMM CHOEM rpyHTa c bonee
HU3KNM COofepXaHMeM CBUHLA, HO OOMbLUNM CO-
OepXaHneM MbllbsAKa rPYyHT, ob6crnegoBaHHbIN
B 2021 r.
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Puc 5. Kapma pacnpedeneHusi co0ep)xaHusi MblUWbsIKa 8 MeXHO2eHHOM 2pyHmMe NMpomMnou,adku
6blewez0 3a8o00a «Bocmcub6anemeHm» e 2021 (a) u 2024 (b) 22.
YcrnogHbie 0603Ha4YeHuUs1 CM. Ha puc. 4
Fig. 5. Map of arsenic content distribution in the technogenic soil of the industrial site
of the former Vostsibelement plant in 2021 (a) and 2024 (b)
The symbols are shown in Fig. 4
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Puc. 6. U3mepeHue 2ny6uHbl 8bIKOMaHHOU MpaHweu npu HecaHKYUOHUPOBaHHOU 8bleMKe KOMMYHUKayul
(okosio 1,7 M) (pomo aemopos)
Fig. 6. Measuring the depth of a trench dug during unauthorized removal of utilities
(about 1.7 m) (authors’ image)

3aknroyeHue

OOGbeKTbl HaKOMMEHHOro Bpeda OKpY’Kato-
Lwen cpefe npeacTaBnsioT CEpPbe3HY Yrposy
0N 300POBbS HACENEHUS Y SKOCUCTEM B LIENOM.
CBoeBpeMeHHas NMKBMOAUUSA TakMx OOBLEKTOB
ABMNAETCA OOHWM M3 YCMNOBUW YMydlIEeHUs Ka-
4yecTBa OKpyXXaloLwen cpenbl U 3KONOrm4ecKoro
onaronony4us.

B xopoe npoBeneHHOro mccnegoBaHus ObIo
BbISIBMIEHO, YTO TE03KONOrM4eckoe COCTOsIHUE
TepputTopuM npoMnnowagku ObiBLIEro 3aBoaa
«BocTcnbanemeHT» nogBeprnocb CreayloLwmm
N3MEHEHMUAM: BblNn BECKOHTPOSbHO pa3obpaHbl
MHoOrve 3abpolleHHble Lexa 3aBoaa, Hernocpea-

CTBEHHO CBSi3aHHble C OCHOBHbIM MNPOU3BOA-
CTBOM U 3arpsA3HEHHbIE OCHOBHbIMW TOKCUKaHTa-
MW aKKyMynsiTOPHOro Npon3BoacTBa, NpomsoLuna
BbleMKa (DyHOAMEHTOB C LIENbIO U3bATUS MeTarn-
NOKOHCTPYKUMIA. Bce atm genctsmna npusenn K
3HaYMTENBHOMY NepeMeLLEeHUI0 3eMMSHbIX Macc
Ha paHee obcnemoBaHHoOM TeppuTopun. B xoae
paboTbl 6bINO BbIIBNEHO CMELLEHWE Opeorbl
pacnpocTpaHeHusl Mblllbsika U CBUHUA, YBEnu-
YNIIUCb KOHLEHTPALMKN MbILUbsIKA B MOBEPXHOCT-
HOM Cl0€ TEXHOTEHHOTO rPpyHTa. YCTaHOBMNEHHas
CUTyauus C UISMEHEHNEM XapaKkTepa W riokanuaa-
Lnn 3arpsisHeHns JormkHa 6bITb y4TeHa npu pas-
paboTke npoekTa No nukeMaauumM obbekTa.
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Abstract. Geoparks are special areas combining geological and geomorphological features with cultural and environmen-
tal components such as geotourism, scientific and educational activities, and local economic development. This research
adopts a comparative case study methodology to analyze the management structures, geotourism strategies and conser-
vation outcomes of geoparks in China and Russia, two countries with contrasting political, cultural and environmental con-
texts. By examining historical trajectories, policy architectures and socio-economic dynamics, the paper identifies systemic
similarities, such as the integration of geoparks into UNESCO Global Geopark networks, and key differences, including the
centralized, state-led management model in China compared to the decentralized, regionally adaptive approach in Russia.
While China’s top-down management system delivers rapid infrastructure development and standardized conservation
practices, it faces challenges of over-commercialization and environmental fragmentation. In contrast, Russian geoparks
benefit from local decision-making but face funding inconsistencies. Comparing the geoturism and geopark systems
in China and Russia the paper describes best practices and lessons learned that can be applied to enhance geoturism and
conservation efforts in both countries.
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FEO3KONOIMA

O630opHas cTaTbA
YOK 502.4

CpaBHeHuMe cuctem ynpaBrieHUsl U cTpaTernn pasBuTUA
reonapkoB B Kutae u Poccuu

C.A. NaHtnmypoBa®, A.K. KapaeBa®, E.A. CnagHes®, 0. Yxand, 10. AHbe, K. Y*
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“HankuHckul yHusepcumem, HaHkuH, Kumad

Pe3rome. [eonapku npeacTaBnstoT cobon ocobble TEPPUTOPUN, HA KOTOPbIX reornornyeckne n reomopdgonorndeckme
00BbEKTbl COYETAKTCS C KYyNbTYPHBIMU U 3KONTOTMYECKMMWU KOMMOHEHTaMMU: re0TYPU3MOM, Hay4YHO-NMPOCBETUTENBCKON
0eATenbHOCTbI0 U pa3BUTUEM MECTHOW SKOHOMUKKW. B xome npoBeneHHOro mccnepoBaHust Obin MpUMEHEH MeTo[,
CpaBHUTENbHOIO aHanuaa CTPYKTYyp YNpaBrieHus, cTpaTerni reotypmama u pesynstatoB co3gaHusa reonapkos B Ku-
Tae n Poccunm — OByx CTpaHax C KOHTPACTHbIMU MOMUTUYECKUMMU, KYNBTYPHBIMU U 3KONOTMYECKUMU KOHTEKCTaMMU.
Ha ocHOBe M3y4eHUs UCTOPUYECKUX TPAEKTOPUN, NMOMUTUYECKON N COLManbHO-3KOHOMUYECKOW AVHAMUKU B CTaTbe
onpefeneHbl CUCTEMHbIE CXOACTBA, TaKMe Kak MHTerpaums reonapkoB B rnobanbHble cetu reonapkos HOHECKO,
M KIYEBbIE pasnuyns, BKIOYAKLWME LIEHTpanM30BaHHYO roCyaapCTBEHHYO MoAenb ynpasneHus Kutas no cpas-
HEHUIO C AeUeHTpanM30BaHHbIM perMoHanbHoO-aganTMBHbIM noaxoaom Poccun. XoTa HUCXoAsWwas cuctema ynpas-
nenunsa Kutasa obecneuvBaeT GbICTpoe pa3BUTUE MHPPACTPYKTYpPbl U CTaHOAPTU3ALMIO NPUPOLOOXPAHHBIX METOA0B,
OHa noapasyMeBaeT Hanuyne Takux Npobnem, kak YpeamepHas KOMMepLUnanusaums 1 MIHTEHCUBHAsA aHTPOMOreHHas
Harpyska Ha okpy»atoLyto cpeny. JlokannsoBaHHoe NpUHATHUE peLlleHuin B Poccuun, HanpoTuBe, Nogpa3yMeBaeT BbIroay
B OTHOLUEHWM pPa3BUTUSA reonapkoB, HO B TO e BPeMs BrieyeT 3a cOOO0lM HernocrneaoBaTenbHOCTb (PMHAHCMPOBaHUS.
B npencrtaBneHHon pabote Ha NpuMepe CpaBHEHUS reoTypuamMa u cuctemsl reonapkos B Kutae n Poccumn ocBelleH
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Introduction

Geological and geomorphological features
have historically been viewed as less fragile than
other environmental values, receiving less atten-
tion from conservationists compared to cultural
and biological heritage [1]. Geological tourism
(geotourism) is a relatively young branch of re-
search. However, with increasing awareness of
the importance of preserving geological sites,
there is growing interest in promoting geotour-
ism as a sustainable form of tourism that benefits
both local communities and the environment.

In some regions, Earth’s dynamic process-
es are so well represented that they function as
natural “temples” or open-air museums. These
sites are termed geoheritage. The preservation
of geoheritage, coupled with its use for scientif-
ic education and public engagement, is the core
mission of geoparks. The late 20" century saw
the emergence of geoparks as a response to the
need for integrated conservation strategies that
extend beyond traditional protected areas. Unlike
national parks or UNESCO World Heritage Sites,
geoparks adopt a bottom-up approach, involving
local communities in decision-making and em-
phasizing the interconnectedness of geological,
ecological, and cultural assets [2].

The development of geoparks represents a
transformative approach to safeguarding geo-
logical heritage while fostering sustainable so-
cio-economic growth [3]. For years, people loved
visiting geological features such as mountains
and caves but did not think they needed saving
like forests or historic sites. After all, how fragile
can a mountain be? Modern geoparks changed
the game. UNESCO stepped in with a simple
idea: save these places, teach people about
them, and use tourism to boost local economies.
Imagine a park where you hike through a canyon
and learn how it formed millions of years ago —
that is a geopark. Scientists now see that “geodi-
versity” — the variety of landscapes and rocks —is
as vital as biodiversity. Think of it like this: without
unique geology, we would not have the ecosys-

tems or cultures we cherish today [1]. Geoparks
are designated areas that use geoconservation,
education and sustainable tourism to protect
geological heritage, raise public awareness of
the Earth’s history and support local economies
through responsible geotourism".

There are a number of research concern-
ing the establishment and the maintenance of
geoparks in China, as well as some papers de-
scribing the concepts of planning and develop-
ment geoparks on the territory of Russia. How-
ever, comparative case studies between the two
countries remain scarce. The authors argue that
such analyses could yield valuable insights into
understanding geotourism and conservation
practices on an international scale.

China commences ground-breaking initia-
tives to incorporate sustainable development
with geological conservation in response to
UNESCO'’s establishment of the Global Geoparks
Network in the early 2000s [4]. First national
geopark in China — Zhangjiajie Sandstone Peak
Forest Geopark, was established in 2001 in re-
sponse to the global movement towards geocon-
servation and the country’s recognition of its ex-
ceptional geological heritage [5]. Over the years,
the geopark concept gained momentum, sup-
ported by government policies that linked geo-
logical conservation to regional economic growth
[6]. By 2020, China had established more than
200 national geoparks and 41 UNESCO Glob-
al Geoparks, cementing its position as a global
leader in this field' [7].

In Russia, the history of the emergence of
geoparks began with the development of environ-
mental protection activities and geology. Howev-
er, Russia followed the path of creating national
parks and specially protected natural areas, as in
the United States, where geoparks still do not ex-
ist. With the creation of the Geological Commit-
tee in 1882, a systematic study of the geological
structure of the country’s territory began. During
the work of the committee, discoveries of unique
geological objects were made, geological maps

" UNESCO global geoparks. En.unesco.org. Available from: https://en.unesco.org/global-geoparks [Accessed

22 April 2025].
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were created, and geological surveys were con-
ducted to detect mineral deposits. However, in
Soviet times, priority was given to the economic
development of the state, geological exploration
and mining prevailed over environmental protec-
tion. It was only in the second half of the 20th
century, with the growth of environmental aware-
ness and the development of international pro-
grams such as the UNESCO Geoparks network,
that ideas about the creation of protected geo-
logical areas began to take shape in Russia. The
turning point was the post-Soviet period, when in
the 1990s Russia faced the need to rethink ap-
proaches to natural resource management. In
the 2000s, the country began to integrate into
international initiatives. The first significant step
was the inclusion of the Yangan-Tau Geopark in
Bashkortostan in the UNESCO Global Geoparks
Network in 2017. This event was the result of
many years of work by local authorities, scien-
tists, and the Russian Geographical Society, who
have been promoting the idea of preserving geo-
logical heritage since the late 1990s2.

The organisation of geoparks in Russia took
place in stages and depended on the interaction
of the state, the scientific community, and local
initiatives. The process began with the identifica-
tion of unique geological objects. The All-Russian
Research Geological Institute played a key role
by systematising data on almost 3,000 geological
natural monuments. For example, in Bashkorto-
stan, the Yangan-Tau Geopark was established
around such sites as the Mechetlino open-pit
mine and Mount Yangan-Tau, which are of in-
ternational significance. The establishment of a
geopark required not only a scientific justification
but also a sustainable development plan. In the
case of Yangan-Tau, the regional branch of the
Russian Geographical Society was actively in-
volved in defining the boundaries and preparing
the application to UNESCO.

However, in Russia this process has its own
characteristics, historical background and chal-
lenges. Based on the analysis of available infor-
mation, key moments in the history of the cre-
ation of geoparks in Russia, as well as problems
associated with their organization and regulation,
are highlighted. The purpose of given research is
to analyse and synthesize similarities and differ-
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ences across the two countries geological tour-
ism and conservation systems.

Materials and methods

Data were analysed through two primary
sources: policy documents (national and region-
al legislation, UNESCO reports, and geopark
management plans) and field observations col-
lected during site visits to UNESCO-designated
geoparks in South China, focusing on infrastruc-
ture and conservation practices.

This study uses a comparative case study
design [8] to analyse the development and man-
agement of geoparks in China and Russia. A
qualitative comparative analysis approach is par-
ticularly suited to systematically explore the con-
textual factors and sociocultural dynamics that
influence geopark management, allow research-
ers to identify similarities and differences in insti-
tutional structures, stakeholder engagement, and
conservation strategies across the two countries.

Comparative analysis is to highlight that dis-
tinctions in cultural and historical values, public
engagement and policy implementation among
studied countries affect nature conservation ap-
proaches and geopark system development. For
instance, China’s emphasis on harmony between
humans and nature contrasts with Russia’s focus
on scientific rigor inherited from Soviet-era prac-
tices [9]. Cases were selected based on their
designation as UNESCO Global Geoparks, en-
suring alignment with international standards.

Results and discussion

Authors examined geoparks of southeastern
China that were visited during the field trip in No-
vember 2024.

Changxing Geopark. Changxing Geopark in
China contains sections that have been designat-
ed as Global Stratotype Section and Point. This
location is of particular significance because it
marks the global boundary between the Permian
and Triassic periods, also known as the “Great
Dying”, which occurred about 252 million years
ago [10]. Visitors can see the Permian zone,
composed of dolomites and mudstones, and the
Triassic zone, composed of limestones (Fig. 1).
This boundary not only marks the transition be-
tween two geological periods, but also separates

2 Russian National Committee for International Geoscience Programme (IGCP). Igcpc.ru. Available from: http://igcpc.ru
[Accessed 221" April 2025] / Poccuitckuin komuteT MexayHapogHow nporpammbl KOHECKO no reoHaykam 1 reonapkam.
YacTb 4. MexagyHapogHasa nporpamma no reoHaykam (MIIK) // Igcpe.ru. Pexxum goctyna: http://igepe.ru (aata obpatue-

Hus: 22 anpens 2025).
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Fig. 1. Permian-Triassic boundary on the territory of the Changxing Geopark (photo by authors)
Puc. 1. (paHuya nepmu u mpuaca Ha meppumopuu 2eonapka YaHcuH (gpomo aemopos)

the Paleozoic from the Mesozoic. This region
contains well-preserved stratigraphic layers that
contain critical information about the climate and
environmental conditions of the ancient Earth3.
The geopark serves as a research base for ge-
ologists and paleontologists. Various studies are
conducted here, aimed at studying paleoclimat-
ic changes, ancient ecosystems and extinction
dynamics. The territory is represented by a park
zone, which allows for the effective demonstra-
tion of unique geological features. It includes in-
formation stands (Fig. 2), exhibition spaces that
help to study and improve the understanding of
the significance of geological processes of the
population to increase public awareness and in-
terest.

Qiyun Mountains National Geological Park.
The Qiyun Mountains National Geological Park,
located in Huangshan City, Anhui Province, is a
natural and cultural heritage site.

This park is famous for its unique Danxia
geomorphology type found in China (Fig. 3). Red
sandstones and conglomerates mainly of Cre-
taceous age form the Danxia relief. The relief is
very similar to karst relief, which is formed in ar-
eas underlain by limestone, but since the rocks
that form Danxia are sandstones and conglomer-

Fig. 2. Information stand on the territory
of the Changxing Geopark (photo by authors)
Puc. 2. UHchopMmayuoHHbIlU cmeHO Ha meppumopuu
e2eonapka YaHcuH (¢pomo aemopos)

3 China has received two more “Golden nails”. Ammonit.ru. Available from: https://www.ammonit.ru/new/686.htm [Accessed
22 April 2025] / Kutaid nonyunn elle aBa «3omnoTbix reo3ga» // Ammonit.ru. Pexxkum goctyna: https://www.ammonit.ru/

new/686.htm (nata obpalueHus: 22 anpens 2025).
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ates, they are called “pseudokarst” reliefs. They
were formed by endogenous (including uplift) and
exogenous forces (including weathering and ero-
sion). The geopark has developed infrastructure
for tourists, including trails, observation platforms
and information stands. The park is of particular
interest for the study of geology.

Huangshan World Geopark. Huangshan
World Geopark is located in Huangshan City,
Anhui Province, China. The park is famous for
its granite terrain with sharp peaks. In 1990, this
area was included in the list of UNESCO natural
sites. The main geological characteristic of this
area is granite formations formed from magma
solidified underground millions of years ago [11].
The Huangshan Mountains show the effects of
tectonic movements that contribute to the forma-
tion of the mountain range and pronounced fault
structures (Fig. 4).

The relief of Huangshan was formed large-
ly under the influence of erosion and weathering

Fig. 3. Danxia relief of the Qiyun Mountains National
Geological Park (photo by authors)
Puc. 3. Penbegh flaHbcsi 8 2eonapke Mopbi LuroHb
(dpomo aemopoe)
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processes acting on granite formations. In addi-
tion, the main geomorphological characteristics
were formed in the Pleistocene and are due to the
action of glaciers. These processes contribute to
the formation of characteristic geological struc-
tures. The study of these processes is of consid-
erable scientific interest. Despite the remoteness
of the territory, the geopark has a well-devel-
oped infrastructure. There are designed walking
trails with recreation areas, as well as lifts, which
makes tourism in this area easy and accessible
(Fig. 5).

Luhe Geological Park. Luhe Geological Park,
located in Luhe County of Guangdong Province,
China, is a significant geological and natural her-
itage site.

The volcanic group in the Luhe area of Nan-
jing is very dense, there are as many as 25 large
and small volcanoes, and the ancient Guizishan
volcano is one of them, and the eruption time is
the Pliocene of the Neogene (5 million years ago),

Fig. 4. Fault structures of the Huangshan UNESCO
Global Geopark (photo by authors)
Puc. 4. CmpykmypbI pa3siomoe 8 2eonapke XyaHulaHb
(dpomo aemopoe)
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Fig. 5. Hiking trail to the peak of the Huangshan UNESCO Global Geopark (photo by authors)
Puc. 5. lNewexodHass mpona K eepwuHe 8 2eonapke XyaHwaHb (gpomo aemopoe)

at the same time, the most powerful subduction
movements occurred. The heat release during
the eruption was uneven, so the structure was
formed columnar and fan-shaped; the basalt col-
umns have regular pentagonal and hexagonal
shapes (Fig. 6). The park is equipped with trails
and observation decks.

In the Russian Federation, the development
of geotourism lags behind global trends, being,
like ecotourism, at the initial stage of develop-
ment. There are five geoparks on the territory
of Russia: “Altai”, “Baltic-Ladoga Clint”, “To-
ratau”, “Undoria” and UNESCO Global Geopark
“Yangan-Tau”.

Toratau Geopark. The Toratau Geopark is lo-
cated at the junction of the southern Ural Moun-
tains and the eastern edge of the East European
Platform, in the Republic of Bashkortostan. The
territory is rich in unique geological objects. It is
a candidate for inclusion in the UNESCO Global
Geoparks network. The territory of the Geopark
includes the Usolka and Dalniy Tyulkas geological
sections, the only “Golden nails” in Russia. These
sections serve as an international standard for de-
scribing similar sections in other countries.

In 2019, the International Commission offi-
cially recognized the Usolka section on Stratigra-
phy as the first “Golden nail” of the International
Stratigraphic Chart in Russia. The standard of
the Sakmarian stage of the Permian system of
the ISS, an additional standard (paralimitotype)
of the Asselian stage of the Permian, a candidate
for the “Golden nails” of the Gzhelian stage and
one of the best sections of the lower boundary
of the Kasimov stage of the Carboniferous in the
world. Scientists have proven that these rocks
were formed 294 million years ago, and can
now serve as a standard when describing sim-
ilar objects in other regions and countries. The
Usolka geological section is composed of terrige-
nous-carbonate rocks with interlayers of volcanic
tuffs and numerous skeletal remains of various
animals®.

The Dalniy Tyulkas section is represented
by a powerful series of terrigenous-carbonate
rocks (siltstones, sandstones, limestones) of the
Sakmarian and Artinskian stages of the Permian
with interlayers of volcanic tuffs (Fig. 7)°.

Yangan-Tau Geopark. Yangan-Tau Geopark,
the first UNESCO Global Geopark in Russia

4 Tourist guide to Bashkortostan. Visit-bashkortostan.ru. Available from: https://visit-bashkortostan.ru [Accessed
22" April 2025] / Typuctuyeckuii nyteBoamTens no bawkoptocTaHy // Visit-bashkortostan.ru. Pexum goctyna: https://visit-

bashkortostan.ru (nata obpaiyerus: 22 anpens 2025).

5 Geopark “Toratau”. Geopark-toratau.ru. Available from: https://geopark-toratau.ru [Accessed 22" April 2025] / Neonapk
«Topatay» // Geopark-toratau.ru. Pexxum goctyna: https://geopark-toratau.ru (aata obpalueHus: 22 anpens 2025).
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Fig. 6. Luhe Geopark columnar fault formed as a result of a volcanic eruption (photo by authors)
Puc. 6. Cmon6yamsili pa3nom e 2eonapke Jlyxa, o6pasoegaewulicsi 8 pe3ysibmame
u3eep)xeHusi sysikaHa (pomo aemopos)

(designated in 2017), is renowned for its extraor-
dinary geological and cultural heritage (Fig. 8).
At its heart lies Mount Yangan-Tau, a rare “warm
mountain” where natural thermal vents release
steam and gases up to 150 °C, caused by exo-

thermic reactions in Permian-era bituminous
limestone — a phenomenon unique to Eurasia
[12]. The park also preserves Devonian fossil-
ized coral reefs (380 million years old) and the
globally significant Mechetlino Section, which

Fig. 7. Dalniy Tyulkas geological section in the Toratau Geopark as a standard (“golden nail”) of the lower
boundary of the Artinskian stage of the Permian system of the International Stratigraphic Chart®
Puc. 7. leonozu4eckuli paspe3 JanwHuli Tronbkac e 2ceonapke Topamay — amaJioH (“3o01omoli 28030b")
HUWXHel 2paHuybl apMUHCKO20 sipyca nepmckoli cucmembi MexxdyHapoOdHol cmpamuzpagudeckoli kKapmbi®

6 Usolka geological section. Visit-bashkortostan.ru. Available from: https://visit-bashkortostan.ru/geologicheskiy-razrez-
usolka [Accessed 22" April 2025] / l'eonornyeckuii paspes Ycorka // Visit-bashkortostan.ru. Pexxum goctyna: https://visit-
bashkortostan.ru/geologicheskiy-razrez-usolka (gata obpatiueHuns: 22 anpens 2025).
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reveals critical layers from the Permian-Triassic
mass extinction. Culturally, the mountain holds
sacred status for the indigenous Bashkir people,
who associate its warmth with spiritual forces,
while nearby Bronze Age burial mounds and me-
dieval settlements reflect millennia of human-na-
ture interaction. The geopark pioneers sustain-
able geotourism through educational trails (e. g.,
“Path of Ancient Seas”) and collaborates with lo-
cal Bashkir communities, who lead tours sharing
traditional ecological knowledge’.

Main advantages of geopark governance in
China are centralized coordination and strategic
integration. China’s geopark governance frame-
work is distinguished by its top-down model,
which has facilitated rapid institutionalization and
standardized conservation practices [13]. “The
top tier is the National Forestry and Grassland
Administration, the second is the provincial De-
partment of Forestry and Grassland, the third is
the municipal people’s government of Forestry
and Grassland, the fourth is the geopark admin-
istrative committee, and the fifth is the geopark
management bureau, which is responsible for
geoparks. The government has a crucial role

I 2025;48(2):146-159

in decision-making and management of the
geoparks, which is most likely, the main differ-
ence between Chinese geoparks and any oth-
er geopark in the world” [14]. The integration of
geoparks into national ecological civilization poli-
cies and UNESCO Global Geopark networks has
enabled cohesive resource allocation and regu-
latory enforcement. For instance, the Zhangjiajie
UNESCO Global Geopark exemplifies China’s
success in leveraging centralized governance
to balance tourism development with geological
preservation, supported by strict zoning regula-
tions and state-funded infrastructure [14]. The
government’s emphasis on “ecological red lines” —
legally binding boundaries to protect critical hab-
itats — has further strengthened conservation
outcomes [15]. Additionally, China’s ability to
synergize geoparks with cultural heritage, such
as the Huangshan Geopark, which intertwines
geological wonders with UNESCO World Heri-
tage status, underscores its holistic approach to
geotourism. Stakeholder collaboration between
central ministries, local governments, and aca-
demic institutions has also fostered innovation in
geo-education and community engagement.

Fig. 8. Yangan-Tau Geopark scenic area®
Puc. 8. )KueonucHbIl palioH 2zeonapka sIHzaH-Tay?®

” Yangan-Tau UNESCO Global Geopark. Globalgeopark.org. Available from: http://www.globalgeopark.org/GeoparkMap/

geoparks/Russian [Accessed 22" April 2025].

8 7t BSEC month of culture. Icbss.org. Available from: https://icbss.org/event/monuments-russia-2023 [Accessed

22" April 2025].
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The main challenge in geopark develop-
ment is balancing growth and sustainability. That
means ensuring that geoparks not only thrive
economically but also preserve their unique geo-
logical and cultural heritage [13]. Despite prog-
ress, China’s geoparks face persistent issues,
including over-commercialization, environmental
degradation, and uneven regional development.
Early phases of geopark expansion prioritised
economic gains, leading to issues like overcrowd-
ing and habitat fragmentation in sites such as the
Shilin Stone Forest Geopark, where unregulated
tourism imperils karst ecosystems [16]. Further-
more, overlapping administrative jurisdictions —
such as conflicts between forestry, tourism, and
environmental agencies — have occasionally re-
sulted in fragmented governance. As a result,
overall progress in environmental conservation
may be significantly hampered [17].

Russian geoparks creation was associated
with the global UNESCO initiative to develop a
network of geoparks, launched in 1998. Howev-
er, in Russia this process has its own character-
istics and historical background. Initially, Russia
followed the path of creating national parks, like
the United States, where geoparks do not exist to
this day. The UNESCO International Geoscienc-
es and Geoparks Programme was adopted at the
38th session of the UNESCO General Confer-
ence in November 2015. To coordinate Russia’s
activities in creating geoparks, by order of the
Minister of Foreign Affairs of the Russian Fed-
eration S.V. Lavrov on April 25, 2018 approved
the Russian Committee of the UNESCO Interna-
tional Geosciences and Geoparks Programme
under the Commission of the Russian Federa-
tion for UNESCO, under the Earth Sciences De-
partment of the Russian Academy of Sciences?.
Then, in parallel with the policy of national parks,
geoparks began to be created.

Russia faced numerous challenges, begin-
ning with financial constraints. At the initial stag-
es, projects relied heavily on state support, but
post-Soviet budgetary cuts to geology — such as
reductions of 5-6 times in Yakutia — severely lim-
ited opportunities for development. Compound-
ing this was the lack of a clear legislative frame-
work: geoparks lacked a defined legal status as
protected areas, unlike national parks or nature
reserves, which hindered effective management
and protection. Competition with subsoil use fur-
ther complicated efforts, as geologically valuable
areas often overlapped with resource extraction
sites. For instance, in 2010, the Ministry of Eco-
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nomic Development raised concerns that es-
tablishing entities like Rosgeology could disrupt
competition in the subsoil sector. Additionally,
Russia lagged behind China in expertise and
awareness, lacking specialists in geotourism and
sustainable development, which had been ac-
tively cultivated elsewhere since the 2000s.

After geoparks were established, new chal-
lenges emerged. Management and control be-
came fragmented due to the absence of a central-
ized governing body, forcing responsibility onto
local authorities with limited resources — unlike
centralized systems in China. Financial self-suffi-
ciency also proved difficult, as transitioning from
state funding to tourism-driven revenue was
hampered by underdeveloped geotourism and
ineffective marketing strategies, leaving many
geoparks financially unsustainable. Balancing
preservation and use remained contentious,
with excessive tourism posing risks to fragile
geological sites, a problem noted globally. Final-
ly, despite participation in UNESCO programs,
Russia’s limited integration into international
networks hindered knowledge and resource ex-
change, restricting the growth of new geoparks.

According to the article by E.V. Luneva, there
are four ways of geoparks organization in Russia
[18]. The first way is its recognition as a tourist
and recreational zone, within the boundaries of
which specially protected natural areas (SPNA)
are located with the preservation of their legal
regime, as well as other natural, cultural and rec-
reational objects. According to this type, the Altai
Geopark was created in 2015. The second way
of geopark organization is a geopark without the
legal regime of a tourist and recreational zone
and without the legal regime of a SPNA, when
SPNA, geological and other natural objects, cul-
tural heritage objects, etc. are located within its
boundaries. The Yangan-Tau Geopark was cre-
ated according to this model based on the order
of the Government of the Republic of Bashkor-
tostan on July 10, 2020, at the 209th session of
the UNESCO Executive Board, the Yangan-Tau
Geopark received the status of a UNESCO Glob-
al Geopark’. The third way is a geopark with the
legal status of a protected area in the form of a
state paleontological, mineralogical or geologi-
cal reserve. This is currently the case with the
Undoria regional geopark, which was created in
2018 [19].

The fourth type of organization of geopark,
possible within the framework of the current
legislation, is a geopark as an independent cat-
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egory of protected area, introduced by regional
regulatory legal acts. In order to eliminate legal
uncertainty, to normatively consolidate the legal
regime of such a category of protected area as a
geopark, on September 22, 2022, the State As-
sembly of the Republic of Bashkortostan adopt-
ed the Law of the Republic of Bashkortostan “On
Geoparks in the Republic of Bashkortostan”. The
draft Law of the Republic of Bashkortostan on
Geoparks establishes the concept of “geopark”,
regulates the procedure for creating geoparks
in the Republic of Bashkortostan and approving
their boundaries, defines the main tasks and ar-
eas of activity for the development of geoparks,
and also provides for the implementation of state
support for the development of geoparks and
their management.

In many countries, geoparks are part of
protected areas and are their structural units.
The Russian law on protected areas does not
provide for such a category as a geopark, but
allows for the organization of “other” nature
conservation categories. In order to expand the
network of geoparks in Russia, changes are
needed in the regulatory framework in terms of
defining the concept of a “geopark” as a special
territory [20].

The notable gap in geopark numbers be-
tween China and Russia arises from a mix of
factors, including geological resources, govern-
ment approaches, economic conditions, and cul-
tural perspectives. By tying geoparks to national
economic plans, China has funded infrastruc-
ture, marketing, and local training, transforming
sites into popular destinations that balance tour-
ism revenue with heritage preservation. Russia,
despite its vast landscapes and unique features
like Yangan-Tau’s thermal mountain or critical
fossil sites, faces hurdles. Remote areas like
Siberia deal with extreme climates and limited
access, making large-scale tourism difficult to
sustain.

Policy priorities further widen this gap. Chi-
na’s centralized strategy integrates geoparks into
broader goals for sustainable growth, backed by
UNESCO partnerships that boost global recogni-
tion and funding. Russia, however, has tradition-
ally focused on strict nature reserves, prioritizing
ecological protection over geotourism. Bureau-
cratic challenges and fragmented governance —
holdovers from the Soviet era — often side-line
local communities, clashing with UNESCO’s em-
phasis on grassroots involvement. Culturally, Chi-
na’s philosophical traditions, which emphasize
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harmony with nature, align neatly with geopark
ideals, fuelling public interest through schools
and media. Russia’s conservation efforts, while
scientifically rigorous, tend to overlook public en-
gagement, leaving initiatives like Yangan-Tau’s
thermal tours niche and academic.
Economically, China’s targeted investments in
rural tourism — roads, visitor centres, digital cam-
paigns — draw millions of visitors to its geoparks,
creating jobs for local citizens and revitalizing
regions. Russia’s underfunded tourism sector,
especially in remote areas, faces challenges due
to seasonal closures and sparse infrastructure.
Limited accessibility and a lack of touristic fa-
cilities allow only small groups of people to visit
some nature sites, mostly for scientific purposes.

Conclusion

The main goal of the Global Geoparks pro-
gram is to create a model of sustainable econom-
ic development of the territory based on the use
of geological objects of international significance
in their direct connection with nature, culture and
other aspects of people’s lives.

With a balanced combination of conservation,
community engagement, and education, China’s
creative approach to geotourism and geopark de-
velopment offers valuable insights. The primary
goal is to preserve distinctive geological and geo-
graphical features, such as fossil sites and karst
landscapes, which are explored and proven to at-
tract geotourists. This strategy is strengthened by
active community involvement, especially locals,
in decision-making and economic activities de-
velopment. By combining science, tradition and
innovation, China’s model demonstrates how
geoparks can thrive as dynamic spaces.

Russian geoparks have deep historical roots
dating back to the early days of geological sci-
ence, but their development as organized enti-
ties are relatively recent, driven by international
trends. The main challenges — lack of funding,
weak legislation, conflict with subsoil use, and
management difficulties — are holding back the
process. However, the success of Yangan-Tau
and interest in new projects such as Toratau
demonstrate Russia’s potential in this area.
Overcoming these challenges requires a unified
government policy, active involvement of the
scientific community, and the development of
geotourism as an economically sustainable mod-
el. Today Russia is at an early stage of forming its
geopark network, and the future depends on how
these challenges are addressed.
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Palaeomagnetic correlation of Tunguska syneclise traps
of Siberian platform with Permian-Triassic global stratotype
of Zhejiang Province, Southern China
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Abstract. The purpose of the International Chinese-Russian Geological Expedition of students and teachers in Nanjing
and the Yangtze River Delta (China) from October 26 to November 9, 2024 was to establish common connections and pat-
terns in the geological structure and development of the Siberian and South China platforms. The group visited a number
of sites of high scientific importance in order to understand the formation patterns of the modern appearance of East Asia
beginning from the Late Permian-Early Triassic period (about 250 million years ago). Based on palaecomagnetic data, it was
revealed that at the Permian-Triassic boundary these lithospheric blocks were located more than 1,500 km apart separated
by the Mongol-Okhotsk Ocean, which closed at the end of the Early Cretaceous period (about 125 million years ago). That
was the time when Siberian platform featured active tectonic and magmatic processes related to the Tunguska syneclise
trap formation while calm sedimentation of terrigenous-sedimentary strata in marine conditions took place on the South
China platform. These geological processes have become the main objects of the research presented in the article. The
methodology consisted of collecting and analyzing quantitative data indicating the synchronicity of specified events in time,
which will find application in solving a wide range of geological problems including interregional correlations of stratigraphic
sections, tectonic-magmatic processes, study of catastrophic phenomena, etc. Materials from paleontological, isotopic, pa-
leomagnetic and other studies (authors’ and published by other researchers) were used as a factual basis. The conducted
research has shown that the deposition time of the Katangsky volcanic complex basites of the Tunguska syneclise corre-
sponds to the Permian-Triassic boundary of the Meishan section D (Changxing District, Zhejiang Province, South China).

Keywords: Siberian platform, South China platform, Tunguska syneclise, Permian period, Triassic period, trap magma-
tism, palaeomagnetic reconstructions
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ac—elipKymckull HayuoHarbHbIU uccredosamerbCKull mexHuYeckul yHugsepcumem, Vipkymck, Poccusi
bHemumym 2eonoeuu anmasa u 6riaeopodHbix memarinoe CO PAH, Sikymck, Poccusi
"sHankuHckul yHusepcumem, HaHkuH, Kumad

Pesrome. Llenbio npoBegeHns MexayHapoaHOW KUTaNCKO-POCCUACKON reornormyeckon akecneamumm B r. HankuHe v genesre
pekn AHusbl (Kutan) B nepuop ¢ 26 oktabpsa no 9 Hosiopsa 2024 r., cocTosLen n3 CTyAeHTOB W npenogasaTtenen, ABnanoch
yCTaHOBMNEHME OBLLMX CBSA3EN U 3aKOHOMEPHOCTEN B reoriorMyeckoM CTPoeHUn u passutum Cubupckoit n KOxHo-Kutarckon
nnatcopm. [pynna nocetuna psig 06LEKTOB, MMEIOLLMX BbICOKOE HAay4YHOE 3Ha4YeHUe Ans NoHMMaHust GOpMUPOBaHKS CoBpe-
MeHHoro obnuka BocTtouHon A3nm, HaumnHas ¢ No3AHENepPMCKOro-paHHeTpuacoBoro nepuoaa (okorno 250 mnH neT). Ha ocHose
naneomarHUTHbIX JaHHbIX ObINO BbIABNEHO, YTO Ha rpaH1LE NepMm — Tpraca ykadaHHble nutocdepHbie 6rokm 6binm yaaneHsb!
Apyr ot Apyra Ha 6onee yem 1500 km. B 310 Bpemst mexay Humm cyLiectBoBan MoHrono-OxoTCKkui okeaH, KOTOPbIN 3aKpbIncs
B KOHLIe paHHero menosoro nepuoga (okorno 125 mnH net). B 10 Bpemsa Ha Cubupckon nnatopme npotekany akTuBHble
TEKTOHO-MarMaTmnyeckme nNpoLecchbl, CBA3aHHble ¢ POpMUPOBaHMEM TpanmoB TyHryCCKOM CUHEKNM3bI, a Ha KOxHo-Kutainckomn
nnatgopmMme NpoXoaurio CroKOWMHOE OCaAKOHAKOMMeHWe TeppUreHHO-0Cafo4HbIX TOMLW, B MOPCKUX YCroBusX. MeHHO aTu
reorormyeckne npoLecchl Ctarnm OCHOBHbIMM OObEeKTamMu NpeAcTaBNeHHOro B cTaTbe uccnenoBaHus. Metoamka coctosina
B cObope 1 aHanm3e KONMMYEeCTBEHHbIX AaHHbIX, CBUOETENbCTBYIOLLMX O CUHXPOHHOCTM YKa3aHHbIX COObITUIA BO BPEMEHM, KO-
TOpble HaWQyT NPUMEHEHVE B PELUEHUN LUMPOKOTO Kpyra TakMX reorormvecknx 3afad, Kak MexXpervoHasnbHbie Koppensumm
cTpaTurpadnyeckux paspe3os, TEKTOHO-MarmMaTUYeCKnx NpoLIeCcoB, N3yveHre KatacTpodunyieckux sisneHui n ap. B kavectse
chakTorpadpmyeckort OCHOBbI ObINN MCNONbL30BaHbl MaTepuarbl Mo NaneoHTONOrMYECKUM, U30TOMHBLIM, NaneoMarHUTHBIM U
[pyrM “ccneaoBaHnamM (Co6CTBeHHbIE 1 onyBrMkoBaHHbIe ApyrMmn asTopamu). briarogaps nposeaeHHOMY UCCNeaoBaHuIo
6bINo NoKasaHo, YTO BpeMs BHeApeHUst 6a3nTOB KaTaHICKOro BYIIKAHNYECKOro Kommekca TyHryCCKOWM CUHEKINI3bI KOPPECTIOH-
OVipyeTcs ¢ MepMo-TpracoBom rpaHuLen paspesa Meviwanb D (okpyr YaHcyH, npoBuHUmMS YxauasH, KxHeii Kutan).

Knroyeenle cnoea: Cnbupckas nnatcgopma, KOxHo-KuTarickast nnatdopma, TyHrycckasi CMHeKnm3a, nepMckuii nepvog,
TPUaCOBhLIN Neprog, TPannoBbIi MarmaTuam, NaneoMarHUTHbIe PEKOHCTPYKLUNA

QduHaHcupoegaHue: ViccnenoBaHusa NpoBefeHbl B paMKax nporpamMmbl COTPYAHUYECTBA CTYAEHTOB VIPKyTCKOro Hauwmo-
HanbHOro MccneaoBaTenbCKoro TeEXHUYeckoro yHusepcuteta (Poceus) u HaHkmHekoro yHuBepcuteta (Kutan) «bavikan —
xemuyxunHa Mupar.

BriazodapHocmu: ABTOpPbI BblpaXkatoT OrpOMHYH0 GrarogapHOCTb COTPYAHUKAM MHCTUTYTa « Cnbupckas wKona reoHayky
MpKyTCKOro HaumoHarnbHOro MccrneaoBaTenbCKkoro TEXHUYECKOro yHUBEpCUTeTa: KaHaMAaTy reornoro-MMHepanormyeckmnx
Hayk J1./. AyauHol, Hay4YHOMY pyKOBOAUTENO MHCTUTYTa KaHAMAATY reornoro-MvHepanormdeckmx Hayk A.B. MapLumny, py-
KOBOAMTENIO OTAENa BHYTPEHHMX U BHELLHUX KOMMYHMKauuii C.A. XprucToBon, a Takke npodeccopy HaHKMHCKOro yHmBep-
cuteta FOHWKaHb YKaHy 3a OrpOMHYIO MOMOLLIb, OKa3aHHYI0 B MPOBEAEHNN MEXOAYHaPOOHbIX reofIorMyYeckmx aKCneamumn
Ha 03. bavikan n B genbre p. AHU3bI.

Ans yumupoeaHusi: KoHctaHTuHoB K.M., TomwuH M.[., KoHctantmnHoB U.K., Monoe A.H., MNMo3gHsikos B.E., N L. [u gp.].
ManeomarHuTHas koppensaums TpannoB TyHrycckon cruHeknmabl Cnbupckon nnatdopmbl ¢ rnobanbHeIM CTPaTOTUMNOM nep-
Mo-Tpuraca npoBuHUMK YxaussaH KOxHoro Kntas // Haykmn o 3emne n Hegpononb3oBaHue. 2025. T. 48. Ne 2. C. 160—184.
https://doi.org/10.21285/2686-9993-2025-48-2-160-184. EDN: OTFBNN.

Introduction

At the Permian-Triassic boundary in the Sibe-
rian Platform, a unique outpouring of basites (ba-
salts, dolerites, tuffs, etc.) occurred on a unique
scale. These rocks of basic composition, called
Siberian traps, are now developed mainly with-
in the Tunguska syneclise [1-6]. The total thick-
ness of lavas and tuffs here reaches 3000 m in
some places. Intrusive traps are predominantly

distributed in the eastern part of the platform in
the territory of the Republic of Yakutia, which are
represented by extended fields of sills and rare
dykes marking zones of large crustal rifts on the
eastern margin of the Tunguska syneclise, on
the southwestern and northeastern slopes of the
Anabarsky anteclise.

Magmatism began with the introduction of
sills and dykes, then intrusive-effusive activity
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with the outpouring of a huge volume of lavas,
formation of eruptive apparatuses and accumu-
lation of tuffogenic-sedimentary strata becomes
the leading one [6, 7]. On the eastern margin of
the Tunguska syneclise, tiered hypabyssal sills
are formed, extending eastwards for many tens
and even hundreds of kilometres from the mag-
ma-supplying zones. Near the latter, the thick-
ness of sills reaches 500 m with its gradual de-
crease to 10—15 m at the frontal parts of deposits.
Dikes usually represent magma-supply channels
and are generally few in number. Multilayered
sills with a total thickness of several hundred me-
tres were discovered by drilling along the sides of
the syneclise in the Paleozoic cover.

The concept of the Siberian traps province in-
cludes the area of distribution of close in age mag-
matic rocks of different composition — from ultra-
basic rocks, for example (meimechites), to acidic
rocks (rhyolites and granites) [4, 6—10]. Tholeiitic
basalts prevail among traps, petrochemical and
geochemical features of which are determined by
the processes of initial magma formation. Com-
pared to basites of rift zones, they are character-
ised by reduced and usual for tholeiites contents
of TiO,, P,O5 and high concentrations of Ni and
Cg. They are steadily depleted in V, Sr, Ba and B.

The age of trap magmatism of the Siberian
Platform, according to geological data, is usu-
ally determined as late Permian-early Triassic.
K-Ag dating (hundreds of determinations) gives
a wide range of values: from 270 to 220 Ma, i. e.
from the beginning of the Permian to almost the
end of the Triassic. A special geochronological
study of traps in the Norilsk region with dating
of zircons and study of their paleomagnetism
leads to the conclusion that trap magmatism is
confined to the Permian-Triassic boundary and
lasted less than 1 Ma (almost instantaneous in
the geological time scale) [11]. This type of mag-
matism is best explained by a mantle jet (plume)
[7, 12, 13]. According to the data, the Siberian
Platform in the late Permian-early Triassic (about
250 Ma) was located in the northern polar region
and passed over the Icelandic hot spot (Fig. 1).
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The eruption of the Siberian traps was one of
the largest terrestrial volcanic eruptions in the Pha-
nerozoic history of the Earth. The total volume of
volcanic material is estimated at 2x10%-3x10® km?
[11, 14]. As a result of volcanism, which occurred
in an exceptionally short time, the SO, and vol-
canic dust (the ash) content in the Earth’s atmo-
sphere increased dramatically, leading to acid rain
and global climate cooling. The Permian-Triassic
boundary in Earth’s history is notable for the ex-
tinction of many groups of organisms and abrupt
changes in global sea level (up to 280 m), which
include two periods of abrupt sea regression and
two periods of more intense transgression over
several million years. These changes are attribut-
ed to rapid climate fluctuations due to the increase
in polar ice and its subsequent melting.

Active tectono-magmatic operation has deter-
mined the metallogeny of the Siberian traps, with
which deposits of copper, iron, platinum and other
minerals and building materials can be associated.

In this regard, the study of the Siberian traps is
of high scientific and applied importance. One of the
priority issues is to establish the sequence of for-
mation of basites, which determines the relevance
of their comprehensive study. Despite the fact that
extensive literature has been devoted to the solution
of this question, this problem is still debatable.

Thus, the purpose of our research is to select
a basite reference object, relative to which re-
gional correlations of traps of the Tunguska syn-
eclise, Norilsk region, Molodo-Popigai fault zone
and other tectono-magmatic structures of West-
ern and Eastern Siberia can be made. The main
condition for determining such a reference point
should be its reliable connection with the glob-
al stratotype'’. One of the nearest such objects
is the Permian-Triassic terrigenous-sedimentary
rock sections in southern China? [17].

According to the palaeogeographic reconstruc-
tion (see Fig. 1), in the Early Triassic (approximately
250 Ma), the Siberian, North and South China Plat-
forms were located in the northern hemisphere, but
were separated by the Mongolian-Okhotsk palaeo-
ocean [15, 16]. At this time, the Siberian Platform

' Global Stratotype Section and Point (GSSP — Global Stratotype Section and Point) or “Golden Nail” is an internationally
agreed reference point on the stratigraphic section, which defines the lower boundary of the stage on the geochronological
scale. The work of defining the GSSP is carried out by the International Commission on Stratigraphy (ICS), part of the
International Union of Geological Sciences. Many, but not all, global stratotypes are based on palaeontological variations.
For this reason, GSSPs are usually described by reference to transitions between different faunal stages, although many
more faunal stages have been described than global stratotypes. Work on defining GSSPs began in 1977. As of 2024, 79
of the 101 tiers that require global stratotypes have a ratified GSSP.

2 Murphy M.A., Salvador A. (eds). International stratigraphic guide: an abridged version. Moscow: GEOS; 2002, 38 p.
(In Russ.) / MexgyHapogHbIi cTpaturpadmyecknini CnpaBoOYHUK: CokpalleHHas Bepcusa / otB. ped. HO.b. MmageHkos.

M.: TEOC, 2002. 38 c.
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Fig. 1. Paleogeographic reconstruction of the Pangaea supercontinent emphasizing the relative position
of main blocks in Eastern Asia in the Early Triassic based on palaeomagnetic data [15, 16]:
1 — subduction boundaries; 2, 3 — localization of the studied objects: 2 — Meishan Province, China,
3 — Western Yakutia, Russia
Abbreviations for blocks (using present-day boundaries):
EU — European craton; KAZ — Kazakhstan block; NA — North America; SA — South America; AF — Africa;
IN — India; AN — Antarctic; AU — Australia; AR — Arabian block; IR — Iranian block;
QT — Qiangtang block; IC — Indo-Chinese block; LH — Lhasa block
Puc. 1. lNaneozeozpaghuyeckasi peKOHCMpyKyusi cynepkoHmuHeHma llMaHzesi, nod4epkusarouwjasi
OmHocumesibHOe MoJiIo)XeHUe OCHOBHbIX 6510k0e 8 BocmoyHol A3uu e paHHeM mpuace Ha OCHoge
naneomMazHUMHbIX 0aHHbIx [15, 16]:
1 — epaHuupbl cy6dykyuu; 2, 3 — nonoxeHue udy4eHHbIx 06bekmos: 2 — nposuHyus MetiwaHb, Kumad,
3 — 3anadHas Akymus, Poccusi
CokpaweHusi 0151 6510K08 (C UCMosb308aHUEM COBPEMEHHbIX epaHuUL):
EU — Esponetickuti kpamoH; KAZ — KazaxcmaHckul 6r10k; NA — CegepHasi Amepuka; SA — lOxHasi Amepuka;
AF — Agppuka; IN — MIHdus; AN — Aimapkmuka; AU — Aecmpanusi; AR — Apasutickuli 6510k; IR — MipaHckul 6r10k;
QT — UsaumaHckuli 6nok; 1C — UHdo-Kumadicku 6nok; LH — Jlxacckul 6510k

was undergoing active trap outpouring associated
with the impact of the Icelandic hot spot, and ma-
rine sediments were forming on the South China
Platform. Clockwise rotation of the Siberian and
South China Platforms relative to the North China
Platform in the Mesozoic led to the final closure of
the Mongolian-Okhotsk Ocean and Paleo-Tethys at
the end of the Early Cretaceous (about 125 Ma).
Taking into account the palaeogeographic sep-
aration of the regions at the time of formation of the
objects under consideration, the main task is to ob-
tain independent isotopic and palaeomagnetic data
on the basites of the Siberian Platform and com-
pare them with the available materials on one of
the global stratotypes of the South-China Platform.

Materials and methods
Our studies are based on the materials ob-
tained from the Permo-Triassic basites of the
eastern side of the Tunguska syneclise (Fig. 2, a)
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over the last 25 years [18-22 and others].
At present, it is established with a high degree of
reliability for the traps:

1. Multistage trap magmatism in time [18, 23].
The scheme adopted by geologists identifies
three phases: | — intrusive yBP;, || — volcanic-sub-
volcanic B,-yBP,-T, and Il — intrusive yBT,, which
correspond to the Olenek-Velingninsky, Katang-
sky and Kuzmovsky complexes of trap magma-
tism. The Permo-Triassic age of the considered
phases of basites of the eastern side of the Tun-
guska syneclise is accepted by geologists condi-
tionally.

At the end of the Permian, multistage trap sills
of Phase | (moderately ferruginous-titanic group,
TiO, = 1,5 gram/tonne) were intruded; their out-
crops are preserved at the watershed of the
Morkoka and Allara-Delingde Rivers and on the
slopes of the Morkoka River valley. Characteristic
features of phase | sills are the predominance of
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subhorizontal intrusions and their strike-slip sta-
bility. Precontact changes in the host rocks are
weakly expressed. The structure of sills is rath-
er simple, petrographically they are represented
by fine- and medium-grained dolerites, less fre-
quently by gabbro-dolerites.

The most widespread in the area are Phase
Il (magnesia-limestone group, TiO, = 1,0 gram/
tonne) basites observed in the near-surface hori-
zons of Middle Paleozoic sediments and in the
roof of the carbonate basement (Fig. 2, b). The
trap sills of the Phase Il traps are very unstable
along strike, form overhangs and blowouts, often
split, and form numerous ‘windows’. Cases of
detachment and transport of blocks of carbonate
rocks and kimberlites (Yubileinaya, Podtrappo-
vaya pipes, etc.) by basite intrusions have been
noted. Synchronously with the dolerite sills of the
intrusive facies characterised above, rocks of the
tuffisite and tuff facies, as well as chert-shaped
bodies (rootless volcano facies) were formed.
Tuffisites are found on low watersheds and ba-
sin-like depressions, and are quite widely devel-
oped. They have lithoclastic structure and con-
sist of fragments of basalts and hypobasalts of
sharp-angular shape. Their formation is associat-
ed with certain thermodynamic processes in the
near-surface chambers of the forming sills (near
eruptive apparatuses or with subvolcanic sills
giving local explosion centres in the roof, which
then inject into the host rocks) as a result of the
breakthrough of gas-saturated tholeiitic melt into
the watered coal-bearing strata of terrigenous
Permo-Carboniferous rocks. At the same time,
the surrounding terrigenous strata contain car-
bon-containing substances or water-carbon diox-
ide fluid, due to which secondary boiling increas-
es manifold. This causes a high-power chemi-
cal chain reaction and explosive processes, as
these components of coal-bearing sediments
significantly enhance the physicochemical reac-
tions of phreatomagmatic brecciation and retro-
grade boiling. This mechanism of tuffisitisation
produces peculiar cryptovolcanic structures —
explosive calderas and sometimes open vents —
explosion funnels with lapilli and conglobreccias.
Stokes occur above intrusions of the second fa-
cies or among tuffisites (Teguryuk River). Tuffs
(Alakit Formation, P,-T,al) differ from tuffisites by
the presence of admixture of terrigenous materi-
al in their composition. The tuffs are dominated
by coarse clastic varieties, with medium- and fine
clastic varieties occurring less frequently. Thus,
the Katangsky volcanic-subvolcanic complex
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(the Phase Il) could most likely be the source of a
wide range of volcanic ashes and chemical com-
pounds released into the atmosphere during its
formation. The consequence of this effect can be
anoxia (complete depletion of oxygen reserves)
of the atmosphere, oceans and, as a conse-
quence, mass extinction of organisms.

The Phase Il (ferruginous-titanic group,
TiO, = 2,0 gram/tonne) manifestation of trap mag-
matism in the Daldyno-Alakitsky area is associated
with the Phase lll manifestation of trap magmatism
in the Daldyno-Alakitsky area, which is associated
with shelf-sectional and stratabound basite bod-
ies of various thickness observed mainly among
the Lower Paleozoic carbonates (see Fig. 2, b).
Near the feeder channels, intrusions often form
injected uplifts, rejects of carbonate rocks and
kimberlite bodies (Komsomolskaya, Krasnopresn-
enskaya pipes, etc.), and sometimes break through
second-phase bodies. Intrusive bodies are, as a
rule, secant to the host rocks, their dip angles to the
surface are flattened, they are localised mostly in
the east and north-east of the area. In the near-con-
tact zones, the host rocks are metamorphosed.

Feeding channels for sills are dikes, which are
distributed throughout the territory, but are mapped
only in open carbonate fields (see Fig. 2, a). Dike
intrusions are reflected on magnetic field maps by
both positive linear anomalies and negative anom-
alies. Anumber of geological features indicate that
the negatively magnetised dikes formed at a lat-
er stage. Dyke intrusions are rectilinear in plan
or arcuately curved, and lie subvertically. Their
thicknesses vary from the first metres to the first
tens of metres, their length can reach 50-60 km.
The most extended dikes have north-western and
meridional strike. Dikes with northeastern and lat-
itudinal orientations are less common and do not
exceed 10 km in length. Many dikes are abundant
with apophyses formed along the fractures dip-
ping the feeder channel. Apophyses of the dikes
in the host rocks are developed in the peripheral
space (1-2 km) at different depths, as indicated by
aeromagnetic survey and drilling data.

2. Each phase has a strict hypsometric (strati-
graphic) confinement (see Fig. 2, b), from top to
bottom: | — armours watersheds, Il — intrudes P;-C,
terrigenous-sedimentary sediments, Il — intrudes
rocks of carbonate Early Paleozoic PZ, basement
(boundary of O, ;kl and S,In formations).

3. Diversity of forms of occurrence (dikes,
sills, etc.), variability of mineralogical, chemical
and petrographic compositions (differentiation,
contamination, etc.) [18, 24].
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Fig. 2. Trapps of the Daldyn-Alakit diamondiferous region (eastern side of the Tunguska syneclise):
a — position of the studied kimberlite bodies on the summary map of the local component of the magnetic field
AT, (red/yellow asterisk — known diamond deposits / off-balance ores)
1-7 — mapping of igneous formations: 1, 2 — sills of trap intrusions reserving watersheds: 1 — Olenek-Velingninsky
and Katangsky intrusive complexes (non-separated), 2 — KuzmovskKy intrusive complex; 3 — kimberlite pipes;
4, 5 — dolerite dikes of the Vilyui-Kotui fault zone (supply channels): 4 — positively magnetized,
5 — negatively magnetized; 6 — near-dike crosscutting and substratal dolerite intrusions; 7 — accumulation zones
of trap formation destruction products in the floodplains of watercourses;
AMF — Alakit-Markha kimberlite field; DF — Daldyn kimberlite field
b — geological section of the southern northeastern side of the open pit of the Komsomolskaya pipe diamond deposit:
1 — petromagnetic heterogeneities of the firing zone; 2 — zone of increased fracturing;
1l, 1l — basite sills of the second and third introduction phases, respectively
Ag, — gravity field anomaly; AT, — magnetic field anomaly;
PZ1 — terrigenous-sedimentary rocks of the carbonate basement (Early Paleozoic); SA — structural type anomaly
Puc. 2. Tpannsi JandbiHo-AnlakumcKo20 aJiMa3oHOCIMHO20 palioHa
(8ocmoyHbIli 60pm TyH2ycCKOU CUHEKU3bI):
a — ronioxeHue u3y4yeHHbIX KuMbepnumosbix mes Ha c80OHOU Kapme /10KanbHOU cocmasnsowel MagHUMmHOZ0 rons
AT, (kpacHas/)xenmas 36e3004Ka — U38ECMHbIE MECMOPOXOEHUSs anmMa3os/3abanaHcosble pyobl):

1—7 — KapmupogaHue MaaMamu4eckux obpasosgaHull: 1, 2 — cusnnbl mpanmnosbix UHMpy3uti, 6poOHUpPYOUWUX
8o0opa30eribl: 1 — OfeHeK-8e/TUH2HUHCKUU U KamaHaCKUU UHMPY3UBHbIE KOMIIEKChI (Hepa3derneHHbie), 2 — Ky3bMOBCKUU
UHMpY3usHbIl Komriekc, 3 — kumbeprnumosbie mpybku; 4, 5 — datiku donepumos Burtolicko-Komytickol 30HbI
pasnomos (nodeodsiwyue KaHarsbl): 4 — MonoXuUmernsHO HaMagHU4YeHHbIe, 5 — ompuyameribHO HaMagHUYeHHbIe;

6 — okornodalikosbie cekywue u cybrnnacmossie UHmpy3uu 0o1epumos; 7 — 30Hbl akKyMynsyuu npodyKmoe paspyLeHusi
mpannosbix 0bpasosaHuli 8 rotimax 8000MOKO8
AMF — Anakum-MapxuHckoe kumbeprumosoe rnone; DF — [JandbiHckoe Kumbepiumoasoe rnose
b — eeonoauyeckuli pa3pes tXXHO20 cesepo-80CmMoYHO20 bopma Kapbepa
mecmopoxdeHusi anmasos mpybku Komcomornbckas:

1 — nempomacHuUmHble HEOOHOPOOHOCMU 30HbI 0bXU2a; 2 — 30Ha MO8bILIEHHOU MpPeuuHo8amocmu;

Il, Il — cunnel 6asumos, coomeemcmeeHHO, 8mopoli U mpembel ¢ha3 8HEOPeHUsI
Ag, — aHomarnus epasumayuoHHoe0 rons; AT, — aHoMarnusi MazHUMHOEZ0 r1osis
PZ1 — meppueeHHo-ocado4yHble nopodsbl kapboHamHo20 YoKorss (paHHUU naneo3ol);

SA — aHomanus cmpykmypHo20 mura
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4. High-latitude palaeogeographic (see Fig. 1)
and present-day positions of the Siberian Plat-
form [25].

5. Inversions of the Earth’s magnetic field at
the time of the trap introduction [19, 20]: early
phases | and Il were magnetised by a positive
magnetic field, and phase Ill — by a negative one.

The combination of the last two factors (items
4 and 5), according to the fundamental principle
of paleomagnetology of the «central axial dipole»
[26], predetermined the characteristic steep posi-
tive and negative directions of the vectors of the pri-
mary natural remanent magnetisation (NRM, /n)3
in the traps 250 Ma ago [19, 20].

We can judge about the time of basite intru-
sion in the Tunguska syneclise only from the gen-
eral picture of “°Ar/**Ar and U-Pb isotopic dating
data (Fig. 3). Against the background of 30 Ma
of trap magmatism, the most reliable are two
peaks within, respectively: 2505 and 2433 Ma.
At present, there are only relative correlation

| A total of 47 dates

5.
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schemes of basitic magmatism in separate re-
gions of the Siberian Platform, which dock with
each other ambiguously.

Given the complex geological structure of the
Tunguska syneclise, in order to unite different
tectono-magmatic events into a logical chain, it
is necessary to have an age reference, in which
the main role was played by precision methods®
of global importance. These include, first of all,
isotopic and palaeomagnetic studies.

The Permian-Triassic boundary, which was
approved by IUGS, can serve as the most suit-
able repartee for correlation of the traps of the
Tunguska syneclise; it was defined in Changxing
County, Zhejiang Province, South China (Fig. 4)
at the base of the Hindeodus parvus horizon, at
the base of layer 27¢ of the Meishan D section
[17, 44-50]. ICS recognised it as a global strato-
type' based on the following criteria:

— GSSP must define the lower boundary of
the geological stage;

Atotal of 18 dates

Bolgochtosh
intrusion

T

Number of dates

260 250 240 230 220
Uranium-lead method age, Ma

b

Fig. 3. Age of Siberian traps*:

a — distribution histogram of “Ar/°Ar dating (the grey field shows the Permian-Triassic boundary determined by dating
sanidines from ashes in the layer 28 of the section D in Meishan Province, China [27-35]); b — dating distribution
histogram (uranium—lead method) (the grey field shows the Permian-Triassic boundary determined by dating zircons
from ashes in the layer 28 of the section D in Meishan Province, China [14, 36—43])

Puc. 3. Bo3pacm cubupckux mpanmnoe*:

a — eucmoepamma pacripedeneHus “CAr/°Ar 0amuposok (cepbiM nonem obo3HadyeHa rnepMo-mpuacosas epaHuya,
8bi0erieHHas 8 pesynbmame damuposaHusi caHUOUHO8 U3 rernsos 8 crioe 28 paspesa D e nposuHyuu MetiwaHb
8 Kumae [27-35]); b — aucmoepamma pacripedeneHusi 0amupos8oK (ypaH-C8UHU08bIU Memod) (cepbiM rnosnem
0bo3HayeHa nepMo-mpuacosas epaHuya, 8bi0eneHHas 8 pesyrnbmame damuposaHusi UUPKOHO8 U3 nersios
8 crioe 28 paspesa D e nposuHyuu MeliwaHb 8 Kumae [14, 36—43])

3 The positive direction of the In vector is downward, the negative direction is upward.

“lvanov A.V. Intracontinental basaltic magmatism (on the example of mesozoic and cenozoic of Siberia): dis. ... of doctor
of geol.-min. sciences. Irkutsk; 2011, 382 p. (In Russ.) / iBaHoB A.B. BHYTPUKOHTMHEHTamNbHbIA 6a3ansToBbIN MarMaTuam
(Ha Nnpumepe mMe3030s1 1 kanHo308 Cubupwn): auc. ... A-pa reon.-muHeparn. Hayk. MpkyTck, 2011. 382 c.

5 Precision method — is a method that allows measurements to be carried out with very high accuracy, i. e. with record
low error. It determines the degree of proximity of independent measurement results obtained under specific regulated
conditions to each other to an accepted reference value (the reper).
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Fig. 4. Geological map [44] and location of the global stratotype park of the Meishan area:
a — geological map: 1 — Holocene; 2 — Pleistocene; 3 — 17 — formations: 3 — Tongshang; 4 — Nanlinghu; 5 — Helongshan;
6 — Yinkeng; 7 — Changxing; 8 — Longtan; 9 — Gufeng; 10 — Qixia; 11 — Chuanshan; 12 — Huanglong; 13 — Gaolishan;
14 — Jinling; 15 — Wutong; 16 — Tangjiawu (Upper mixed bed); 17 — Tangjiawu (Lower mixed bed); 18 — granite-porphyry
dike; 19 — conformity boundary; 20 — parallel/angular unconformity boundary; 21 — normal/reverse stratigraphic bedding;
22 — normal/reverse fault; 23 — strike-slip fault; 24 — Meishan, section D
b — park position: A-D — Meishan Geopark quarries (Global Stratotype Section and Point)

Puc. 4. leonozuyeckas kapma [44] u nonoxeHue napka 2no06anbH020 cmpamomuna patioHa MeliwaHb:

a — eeornoauyeckasi kapma: 1 — 2onoueH; 2 — nneticmoueH; 3 — 17 — caumsi: 3 — TyHwaH; 4 — HaHbIUHXY;

5 — XenoHewaHb,; 6 — IHbK3H, 7 — YaHcuH,; 8 — JlyumaH; 9 — ygbaH; 10 — Lucs; 11 — YyaHnbwaHs, 12 — XyaHnyH;

13 — MaonuwaHe, 14 — LauHbnuH,; 15 — BymyH; 16 — TaHy3sa8y (8epxHuli cmewaHHbIU criol); 17 — TaHy3sssy
(HWxHUU cMewaHHbIU crol); 18 — epaHum-nopghuposas dalika; 19 — epaHuya coomeememeusi;

20 — napannensHas/yanosas epaHuya Hecoanacus; 21 — HopmanbHoe/obpamHoe cmpamuzpaguyeckoe 3anesaHue;
22 — HopMarlbHbIlU/0bpamHbIl paznom; 23 — cdeuzoebil pasnom; 24 — MeliwaHb, paspes D
b — nonoxeHue napka: A—D — kapbepbi eeonapka Meliwarb (FnobanbHbIl cmpamomurnuyYeckul pa3pe3 U moyka)
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— the lower boundary must be defined by a
primary marker (usually data on the first occur-
rence of a fossil species);

— there should also be secondary markers
(other fossils, chemical, geomagnetic inversions);

— the horizon in which the marker appears must
contain minerals that can be radiometrically dated,;

— the marker must have regional and global
correlation in outcrops of the same age;

— the marker should be facies independent
(without any changes in facies);

— sedimentation must be continuous;

— the outcrop must have sufficient thickness;

— the outcrop should be unaffected by tectonic
and sedimentary movements and metamorphism;

— the outcrop must be accessible and readily
available for research: it must be quickly accessible
(international airport and good roads), well main-
tained (ideally in a national reserve), in an acces-
sible area, extensive enough to allow repeat sam-
pling, and open to researchers of all nationalities.

The participants of the international expedi-
tion visited this stratotypic outcrop (see Fig. 5)
and collected important information on it, neces-
sary for global correlation with the Siberian traps.
At present, the global Permian-Triassic boundary
stratotype is characterised by a wide range of sci-
entific information [17, 44-50].

The Permian-Triassic boundary runs along lay-
er 27, composed of argillic micrites (see Fig. 5, b)
[45-50]. The main fossils of the Early Triassic sole
(layers 27¢ and 27¢) are the extinct conodont genus
Hindeodus parvus, Ellisonia and Isarcicella isarcica
(see Fig. 5, ¢, d). Most likely, the demise of Perm-
ian conodonts is due to global anoxia, as indicated
by the &"*C peak of the Protein Data Bank (PDB)®
plot [51]. This zone has been recorded in 27 local-
ities of 11 provinces of South China, as well as in
Selong (Tibet, China), Guryul Gorge (Kashmir),
Spiti (India), Abad and Kuh-e-Ali Bashi (Iran), Nar-
mal Nala (Pakistan), Gartner Kofel (Austria), Tesero
(Italy), Western America, Arctic regions of Canada,
Australia, Timor and other localities [44].

Based on radioisotope studies (Table 1), the
age boundary of the Permian and Triassic is es-
timated to be 252.17+0.06 Ma. The results of re-

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

cent radioisotopic ages of both U/Pb and “°Ar/*°Ar,
according to the dating of volcanic ash, the age of
Permian-Triassic boundary in marine strata and
the age of mass extinction are indistinguishably
252.5+0.2 Ma [35, 53].

Studies [568—62] have shown that the Meishan
C and D sections can be divided into five subzones
of normal polarity and four subzones of reversed
polarity (Fig. 6). The lower part of the Changxi
Stage has normal polarity, and the upper part has
both normal and reverse polarity. In general, the
Permian-Triassic boundary is characterised, with
a high degree of probability, by the direct polarity
of the Earth’s magnetic field (MS5n).

To solve the problem of regional paleomag-
netic correlation of the traps of the Tunguska
syneclise of the Siberian Platform with the global
stratotypic section of the Permian-Triassic terrig-
enous-sedimentary formations in the Zhejiang
Province of South China (see Fig. 4), we select-
ed basites of three phases of intrusion of the Al-
akit-Markha kimberlite field (see Fig. 2, a). One of
the important objects for studying the sequence
of basite formation is the Komsomolskaya pipe
diamond field, in the quarry of which two sills of
dolerites of Il and lll phases of intrusion are ex-
posed [10, 18] (see Fig. 2, b). The dolerite sill of
the Il phase lies horizontally on the watershed,
while the dolerite sill of the Il phase is emplaced
in the Early Paleozoic carbonate basement. The
Phase Ill sill, rising in the area of increased frac-
turing to the footwall of the Phase Il sill, forms a
sigmoid and thereby cuts the northwestern block
of the diatreme to form a kimberlite detachment.

Studies of basites of the Tunguska syneclise
included:

1. Field work on selection of oriented pieces
[26]. In total, more than 600 pieces were sampled;

2. Sample preparation — making 3—4 cubes
with 20 mm rib from the samples. In total about
2000 cubes were obtained;

3. Laboratory research of physical properties
(density, magnetisation), petro- and paleomag-
netic analyses. The investigations were carried
out with modern equipment: magnetic suscepti-
bility && meters (KLY-3s and MFK1-FA, AGICO,

¢ Protein Data Bank (PDB) — is a data bank of three-dimensional structures of proteins and nucleic acids. Information
obtained by X-ray crystallography or nuclear magnetic resonance (NMR) spectroscopy, and increasingly by cryo-electron
microscopy, is entered into the database by biologists and biochemists from all over the world and is available free of
charge through the websites of its member organisations (PDBe, PDBj, RCSB). The PDB is one of the most important
resources for scientists working in structural biology. Most scientific journals and some research funding foundations, e. g.
NIH in the USA, require authors of articles and grantees to have all structural data posted on the PDB. The PDB contains
mainly primary data on the structure of biological molecules, while there are hundreds of other data banks categorising
primary data or identifying patterns between molecular structure and evolutionary relatedness.
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Fig. 5. Meishan D geological section, Changxi County, Zhejiang Province, South China, China [44]:
a — view of Meishan section D with indicated lithostratigraphic units; b — “Golden Nail” (a bronze disc in the middle
of the image) or ‘type section’ of the global boundary stratotype section and the point for the formation
of the Permian-Triassic boundary; ¢ — Hindeodus evolutionary lineage at the Permian-Triassic boundary:
Ccy — Clarkina changxingensis yini Zone, H. lati. — C. mei. — Hindeodus latidentatus — Clarkina meishanensis;
d — detailed stratigraphy for the Permian-Triassic boundary interval at Meishan (South China) with indicated ash layers
and assigned ages, three extinction levels (horizontal arrows) and 8"°C curve Protein Data Bank [51].

The column to the left shows the stratigraphic sequence exposed at the proposed Permian-Triassic boundary stratotype,
section D and section AW, with volcanic ash layers (black bands) and samples collected for isotopic age dating
(D16, D10/15, D3t, AW3 and D1) [52]

Puc. 5. leonozuyeckul paspe3 MeliwaHb D, okpye YaHcuH, npoeurHyust Yxay3sH, KOxHbil Kumat (Kumad) [44]:
a — eud MeliwaHbckozo paspesa D ¢ ykazaHuem numocmpamuepaguyeckux nodpasoeneHudi;

b — «30r10moti 28030b» (6pOH308bIl OUCK 8 CpedHeli Yacmu u30bpaxkeHus1), unu murnosoul pa3pes
2r106asnbHO20 MogpaHUYHO20 CMPamomunUYecKoeo pa3pesa U moyku 0151 OCHO8aHUsI MEPMO-mpuacosozo pybexa;
C — 380/110UUOHHas TuHUsI Hindeodus Ha nepmo-mpuacogoll epaHuye:

Ccy — 30Ha Clarkina changxingensis yini, H. lati. — C. mei. — Hindeodus latidentatus — Clarkina meishanensis;

d — nodpobHas cmpamuzpacghusi 07151 NepMo-mpuaco8o2o rnoepaHU4Ho20 uHmepsana e MatiwaHe (FKOxHbit Kumadt)
C yKa3aHueM crioes rera u rnpuceoeHHo20 8o3pacma, mpex yposHel 8bIMupaHusi (20pU3oHmMarsbHble CMpesKu)

u 0°C kpueasi baHka OaHHbIx 0 b6ernkax [51]. B cmonbue crniesa nokasaHa cmpamuepaghuyeckasi nocredosamesisHoCMhb,
obHaxxeHHasi Ha npedrioflazaeMoM repMo-mpuaco8om cmpamomurne, paspese D u paspesze AW, co cnosamu
8yrfIKaHU4YeCcKo20 neria (YepHbie nonockl) u obpasyamu, cobpaHHbIMU 01 0amuposaHUsi U30MmMOornHO20 8o3pacma
(D16, D10/15, D3t, AW3 u D1) [562]
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Table 1. Radiometric dating of the Permian-Triassic boundary at Meishan section
Tabnuua 1. PagnomeTpuyeckoe gatupoBaHue rpaHulbl NnepMu 1 Tpuaca paspesa MenwaHb

References
Bed
[54] [55] [56] [57] [52]
36 - - 250.2+0.2 (U) 252.6+1.2 (S) -
34 _ _ _ 253.6+£1.3 (S) _
249.2-253.5 (U)

33 - - 250.4+0.5 (U) - -

8 B B 250.7+0.3 (U) 251.7+1.4 (S) 3
— 251.6%0.3 (U)

25 251.2+3.4 (S) 249.91+0.15 (Ar) 251.4+0.3 (U) - 253 (U)
20 - - 252.3+0.3 (U) - -

7 - - 253.4+0.2 (U) - -

Note. S — SHRIMP U/Pb; U — ordinary U/Pb (zircon); Ar — “°Ar/*°Ar.

rVGP lat. (%) Polarity
P.00 45 0 45 90

\
2\ 3% o
\Go\wo' \.‘\\0' U-Pb data
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o
othe®

e
0%

251.04 £ 0.16 Ma

251.42 + 0.08 Ma

Triassic

Induan

251.495 % 0.064 Ma

Yinkeng Formation

rVGP lat. (°)  Polarity
90 -45 0 45 90

Yinkeng Formation
Induan

252.104 £ 0.089 Ma

252.56 £ 0.16 Ma
252.85+0.11 Ma 252.60%0.17 Ma
MS2r

Changhsing Formation
Changhsingian

253.49 £ 0.05 Ma
253.57 £ 0.07 Ma

25377+ 0.14 Ma

a b

c d

Fig. 6. Magnetostratigraphic results for the Meishan sections (southeastern China) [62]:
a — Meishan section lithology; b — Meishan section C; ¢ — Meishan section D; d — composite magnetozones
Conodont zones are modified from the source [63]. Data (blue and red triangles)
are taken from the sources [64, 65], respectively (uranium-lead method)
rVGP — rotated virtual geomagnetic pole; Wu. — Wuchiapingian; C. — Clarkina; I. — Isarcicella
1 — limenstone; 2 — argillaceous limenstone; 3 — clayey rocks; 4 — mudstone; 5 — maximum interval
of the end-Permian mass extinction; 6 — reverse polarity; 7 — normal polarity; 8 — no data;
9 — “Golden Nail” (Global Stratotype Section and Point)
Puc. 6. MazHumocmpamuzpaghudeckue pesynbmamsl rno paspeszam MeliwaHb
(FO20-BocmoyHbili Kumati) [62]:
a — numornoeus paspesa MelwaHb; b — MetiwaHbckull pa3pes C; ¢ — MelwaHbckuli paspes D;
d — cocmaerneHHble MagHUMO30HbI
30HbI KOHOOOHMO8 MOdUUUUPOBaHbI CO2racHo UCMOYHUKY [63]. [JaHHble (CuHue u KpacHble mpey2orbHUKU)
83s1mbl U3 pabom [64, 65] coomeemcmeeHHO (ypaH-Cc8UHL08bIU Memod)
rVGP — nosepHymbili eupmyarnbHbil 2eoMazHUMHbIU romoc; Wu. — Wuchiapingian,; C. — Clarkina; I. — Isarcicella
1 — usBeCmHsIK; 2 — apausriumoskil U38eCMHSIK; 3 — anuHUcmble Mopoodsbl; 4 — apaunnum; 5 — MakcumMarbHbIl
UHMepesas KoHUa NMepMcKo20 Macco8o2o 8biMuUpaHusi; 6 — obpamHasi nonsipHocmb,; 7 — HopMaribHas rnosisiPHOCMb;
8 — Hem daHHbIX; 9 — «30/m0moU 28030b» ([To0banbHbIU cmpamomunu4Yeckul paspes u moyka)
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Czech Republic), spin-magnetometers for mea-
suring NRM vectors (JR-6, AGICO, Czech Re-
public), demagnetising units with alternating
magnetic field (AF-Demagnetizer, Molspin LTD,
UK) and temperature (MMTD80, Magnetic Mea-
surements LTD, UK), vibro-magnetometers and
magnetic fraction meters (Kazan, KFU, RF), etc.

4. Complex interpretation of geological and
geophysical materials.

Results and discussion

The main results of petrophysical, palaeo-
magnetic and analytical studies of Permo-Trias-
sic basites studied within the eastern side of the
Tunguska syneclise (see Fig. 2, a) can be sum-
marised as follows:

1. The spectrum of density and magnetic pa-
rameters in “natural occurrence” was obtained (Ta-
ble 2). The values of magnetic parameters of ba-
sites have a wide enough range of dispersion. Tuffs
and microdolerites have minimum values of mag-
netisation: e&e = 40...50x10° SI, In=1...10x103 A/m,
factor Q = 0.05...0.50 units. The magnetic suscep-
tibility of dolerites of the Il phase is relatively high-
er than that of the | and Il phases of embedding,
which is determined by the increased iron content
[10, 18]. At the same time, the values of NRM vec-
tors and Q factor of phase Ill basites are relative-
ly lower than those of the early phases of basites.
This effect is related to the demagnetising effect of
the geomagnetic field on the primary magnetisation
of phase Il basites.

The In vectors, which have both positive and
negative directions (see Table 2), regardless of
the time of phase introduction (the same phase
of basites can be magnetised both positively and
negatively), deserve special attention. In terms of
the time of formation, the /n vectors can be both
primary (synchronous to the formation of rocks)
In° and metachronic (secondary, superimposed)
In™. The latter, as a rule, can form different types
of petromagnetic inhomogeneities [20]: remag-
netisation by the geomagnetic field (type 1), “fir-
ing” (type 2); “self-turning” (type 3), thunderstorm
strikes (type 4), and “stress” (type 5).

In this connection, it is necessary to establish
the palaeomagnetic nature of those and other
NRM vectors on the basis of the study of their
component composition.

2. Massive palaeomagnetic studies with alter-
nating magnetic field and temperature have shown
that the first two phases at the time of their formation
were magnetised by the Earth’s magnetic field of
positive polarity (close to the present-day direction),
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while phase Ill was negatively magnetised [20, 21].

This conclusion was confidently proved at the
diamond deposit of the Komsomolskaya kimber-
lite pipe (see Fig. 2, b). According to the data of
the component paleomagnetic analysis, the sill of
phase lll basites (Kuzmovsky intrusive complex),
rising along the zones of increased fracturing, re-
magnetises the sill of phase Il dolerites (Katang-
sky volcanic complex) in the endocontact. For
example, obr. Kom03-143t5 from the sill of phase
[l dolerites, after removal of the low-temperature
(less than 250 °C) component A, has the primary
component B of the In° vector of reversed polarity
(Fig. 7, c). At the same time, in the overlying doler-
ites and tuffs of Kom01-24t14 of the Il phase, the
same component B is isolated in the medium-tem-
perature region (from 250 to 450 °C) and is meta-
chronous In™, while the high-temperature (more
than 450 °C) component D is primary of direct po-
larity (Fig. 7, b). At a distance from the contact with
Phase Ill, only one primary D component is estab-
lished in the dolerites of the Katangsky complex
of the Kom04-236t2 cluster (Fig. 7, a). Thus, the
paleomagnetic materials (Table 3) clearly indicate
a relatively young age of the phase Il basites.

Simultaneously, a structural type anomaly is
formed above the sigmoidal shape of the sill of
phase lll associated with its ascent to the footwall
of the sill of phase Il and remagnetisation of the
primary In° vectors of the latter in the endocontact
from direct to reverse polarity with the formation of
In™ (see Fig. 2, b) [20, 66]. As a result of firing of
dolerites of Il phase by sillom, petromagnetic het-
erogeneity of the second type is formed in the en-
docontact of basites of Il phase. In the process of
«temperature» influence, the petromagnetic bound-
ary shifts up the section by 25-30 m relative to the
geological (petrodensity boundary). Thus, struc-
tural type anomalies are formed on the flanks of
such diamond deposits, which are characterised by
positive gravity Ag, (amplitude up to 1.5 mGal) and
negative magnetic AT, (amplitude up to -1000 nT)
effects. Similar anomalies may reflect diatreme as-
sociation structures and, therefore, indicate areas
promising for the search for kimberlite bodies.

3. “Ar/*Ar geochronological studies of dolerites
by the step heating method [67] performed at the
V.S. Sobolev Institute of Geology and Mineralogy
Siberian Branch of the Russian Academy of Sci-
ences (Novosibirsk) showed that the introduction of
sill dolerites of phase Il (Katangsky volcanic com-
plex) of the kimberlite pipe diamond deposit of the
Komsomolskaya kimberlite pipe corresponds to the
Permo-Triassic period and is 255.5+4.3 Ma [66].
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Table 2. Magnetic parameter spectrum of Permian-Triassic traps of the eastern side

of the Tunguska syneclise

Tabnuua 2. CnekTp MarHMTHbIX NapamMeTpPoB NepPMO-TPUACOBbLIX TPannoB BOCTOYHOro 6opTa
TYHrycckom CUHeKNu3bl

& (¢) ln Q)
Site, rock type n 10° S jnte pm,° | Jm° | K units/des, © units
First phase (Olenek-Velingninsky complex), YBP»
Morcoca, 1890 5495 6.09
dolerites 25 (1.03) (1.07) 150 85 49.1/4.0 (1.08)
Morcoca, 1445 4848 7.10
dolerites* 3 (1.06) (1.06) 100 -80 2036.6/2,7 (1.01)
Trace, 1765 4100 4.86
dolerites 130 (1.03) (1.06) 345 80 10.9/4.0 (1.06)
Second phase (Katangsky complex), Bo-YBP4-T,

Aikhal, 1130 2800 5.1
dolerites 140 (1.03) (1.05) 80 82 294/2.2 (1.03)
Bistriy, 1490 4550 6.39
dolerites 95 (1.02) (1.09) 35 5 4.417.9 (1.09)
Yubileinaya, 1800 4050 47
dolerites 110 (1.02) (1.03) 35 83 48.91.9 (1.04)
K°m§’§|r2ﬁt'§'§aya‘ 130 (11:.382) (11784(1)) 4 82 38.0/2.1 (12.&)95)
Komsomolskaya, 1155 570 1.03
dolerites* 60 (1.05) (1.08) 275 -60 13.7/5.2 (1.07)
ot @ | 50 (1‘.‘84) (11.10 5) 85 85 15.8/5.3 ((1):‘112)
Komsct)le]szSkaya' 55 (1‘.183) ( ¥ 4) 290 -60 16.3/5.0 ((1):‘113)
Alakit, 1600 10445 13.66
dolerites 45 (1.02) (1.18) 60 70 3.30114.3 (1.17)
Chukuka, 1420 3590 5.30
dolerites 40 (1.05) (1.05) 45 85 41.0i3.5 (1.06)
Cherniy, 1600 5130 6.72
dolerites 105 (1.02) (1.06) 55 70 6.3/6.0 (1.06)
Trace, 65 5 0.14
microdolerites 40 (1.01) (1.28) 355 60 6.1/10.1 (1.27)
Microdoleritoviy 850 1715 4.24
dolerites 80 (1.05) (1.07) 50 80 13.5/4.5 (1.06)
Microdoleritoviy 65 5 0.15
microdolerites 40 (1.01) (1.20) 90 85 49.5/3.2 (1.20)
Sytikanskaya, 1200 470 0.82
dolerites* 45 (1.09) (1.11) 320 45 3.712.8 (1.06)
Vodorazdelniy, 1005 3210 6.68
dolerites 40 (1.12) (1.15) 65 85 40,9/3,5 (1.07)
Vodorazdelniy, 65 1 0.04
microdolerites 140 (1.01) (1.14) 40 75 4.58/6.5 (1.12)
vodoeEeem: | 55 (1?82) (1 .%9) 95 85 26.0/3.8 ((1):(1)2)

Third phase (Kuzmovsky complex), yBT,

Komc?glrgrci)tlzls(aya' 180 (11\?82) (18 .Z)%) 285 -60 11.5/3.3 (11.615)
Sytikanskaya, 1260 1015 1.66
dolerites 195 (1.03) (1.04) 290 -45 6.8/4.2 (1.07)
Alakit, 1370 1405 215
dolerites £ (1.09) (1.11) 500 60 3.0/11.5 (1.11)
Bistriy, 2065 1020 1.03
dolerites 30 (1.02) (1.07) 330 -10 2.1/24.5 (1.09)
Chukuka, 1740 1900 228
dolerites 105 (1.02) (1.13) 345 -40 1.9/14.5 (1.13)
Sohsolooch, 2070 1020 1.03
dolerites 50 (1.02) (1.07) 330 -10 2.1/245 (1.09)

_ 1948 _ _ - _ Z _

Note. n — number of samples participating in the statistics; In — absolute values of vectors In; Dm — mean declination;
Jm — mean inclination; k — heaping; ays — confidence angle with 95 % probability of In vectors; the standard multiplier is
in parentheses; * — petromagnetic inhomogeneity of type 2 (heating on the sill side of dolerites of third phase).
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Fig. 7. Paleomagnetic studies of basites of the Katangsky (a, b) and Kuzmovsky (c)
volcanic complexes of the Komsomolskaya kimberlite pipe diamond deposit:
a — Katangsky volcanic complex dolerites (phase Il); ¢ — Kuzmovsky volcanic complex dolerites (phase Ill);
b — Alakit suite tuffs (see the article for other designations)

Puc. 7. NaneomazHumHbIe uccrnedogaHuss 6azumoe kamaHackozo (a, b) u Kky3abMmoeckozo (c)
8yJIKaHU4YeCKuUX KOMIIJIeKCO8 Mecmopo)x0eHus1 asiMa3oe kumbeprnumosol mpy6ku «Komcomornbckasi»:
a — donepumbl kamaHackozo (Il ¢hasa) 8yrikaHUYECKO20 KOMIIeKca; ¢ — 0osiepumsi Ky3bmosckoeo (Il gpasa)
8YyJIKaHUYeCK020 Komririekca; b — mygbbl arnakumckol ceumsi (Opyaue 0b03HadyeHuUs1 CM. 8 mekcme)

Table 3. Paleomagnetic directions of different-phase basites of the Komsomolskaya

kimberlite pipe diamond deposit

Tabnuua 3. NaneomarHMTHbIE HanpaBneHusi pasHoda3HbIX 6a3MTOB MECTOPOXAEHNA anMa3oB
KuMbepnutoBomn Tpyo6ku «Komcomonbckasa»

Objects n Dm,° Jm, ° k Qys, °

Dolerites, phase Ill, In° (component B) 32 259 -75 12.5 7.5
Dolerites, Il phase, In™ (component B) 41 254 -66 9.3 7.7

Tuffs of the Alakit Formation, Phase Il, In™ (component B) 1 245 -68 15.9 11.8
Tuffs of the Alakit Formation, Phase Il, In° (component D) 17 42 80 10.0 11.9
Dolerites, Il phase, In° (component D) 57 65 82 25.4 3.8

Note. n — number of samples; parameters of NRM vectors grouping; Dm — mean declination; Jm — mean inclination;
k — heaping; ay; — confidence angle with 95 % probability of /n vectors.
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Correlation of the composite section magnetostratigraphies of the Shangsi, Junggar, and Langdai

localities with other Permian-Triassic marine records from around the world [69]:
1 — possible short polarity chron, 2 — reverse polarity, 3 — normal polarity, 4 — no data
T — terrestrial sections; M — marine sections; M/T — paralic” sections
Puc. 8. Koppensayus mazHumocmpamuezpaghuu cocmaeHbix pa3pe308 U3 MecmoHaxoxoeHul LllaHcu,
UkyHeap u JlaHa0al ¢ Opy2umMu MOPCKUMU OaHHbLIMU repMu — mpuaca co ecezo mupa [69]:
1 — 803MOXXHOE KOPOMKOEe 3aMbIKaHUe XpoHa,; 2 — obpamHasi nonspHOCMb, 3 — HopMaribHasi MonssPHOCMb,; 4 — Hem 0aHHbIX
T — HazemHble paspesbl; M — mopckue paspesbl; M/T — napanudyeckue’ pa3pesbi

Thus, according to isotopic and palaesomagnetic
studies of basites from the eastern side of the Tun-
guska syneclise, we have for the Katangsky com-
plex (phase Il) an age from 259.8 to 251.2 Ma and
the direct polarity of the primary magnetisation of
In° vectors. The data obtained for the Siberian Plat-
form agree well with the geochronological (252.17+
0.06 Ma) and palaeomagnetic (direct polarity) data on
Permian-Triassic boundary of the Meishan section of
the South China Platform (see Table 1, Fig. 6).

Since the basites of the Kuzmovsky intrusive
complex remagnetise the basites of the Katang-
sky complex, they are relatively younger and, ac-
cording to [68], may belong to the second stage
of magmatic activity of the traps of the Siberian
Platform — approximately 24415 Ma (see Fig. 3).

Fig. 8 shows the magnetostratigraphic correla-
tion of geological sections of the world [69]. The
Permian-Triassic boundary is characterised with a
high degree of probability by the direct polarity of
the Earth’s magnetic field [58, 59, 69-78].

Conclusion
In the course of the Sino-Russian geological
expedition in Nanjing and the Yangtze River delta,
the following results were obtained on the basis of
comparison of modern isotopic, paleontological,
bio-, chemo- and magnetostratigraphic, etc. data

on the Permian-Triassic boundary of the Meishan
section of Zhejiang Province, South China Plat-
form (see Fig. 4, 5) with the basites of the east-
ern side of the Tunguska syneclise of the Siberian
Platform (see Fig. 2):

1. The spectrum of values of petrophysical pa-
rameters (see Table 2) and palaeomagnetic direc-
tions of NRM vectors of basites (see Fig. 7, Table 3).

2. The Katangsky complex may have been
a major source of volcanic ash and gases that
were transported in the Earth’s atmosphere over
great distances. Their traces were recorded in the
Permian-Triassic Meishan stratotypic section on
the South China Platform (see Fig. 5). The abrupt
climatic changes associated with its introduction
caused the extinction of old organisms and the ap-
pearance of new ones (e. g., the conodonts under
consideration).

3. The age of basites of the Katangsky volcanic
complex (phase ), which corresponds to the Perm-
ian-Triassic boundary — approximately 252+2 Ma,
was determined. Thus, the basites of this complex
can be considered as a Permian-Triassic bound-
ary reper, with which other volcanic complexes of
the Tunguska syneclise of the Siberian Platform
can be correlated.

4. The age of formation of basites of the Kuz-
movsky volcanic complex (phase lll) corresponds

" A paralitic horizon is a weathered layer of bedrock. The term comes from the Greek words para, meaning “similar”,

and lithic, meaning “rocky”.
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to the second stage of magmatic activity of the
traps of the Siberian Platform — about 244+5 Ma
(see Fig. 3).

5. The structural type anomalies, the na-
ture of which is related to the nature of basites
behaviour on the flanks of kimberlite diatre-
ms, were substantiated, which is reasonable
to use for their search by geophysical meth-
ods [79].

| 2025;48(2):160-184

The results obtained about the sequence of
formation of Permo-Triassic basites of the Tungus-
ka syneclise will be in demand for solving a wide
range of scientific and applied geological issues,
such as geodynamic reconstructions of lithospher-
ic plates, clarification of the time of mass extinction
of some groups of organisms, petromagnetic cor-
relation and mapping of Siberian traps, mineralo-
gy and prospecting for mineral deposits.
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Structural mapping and prospects identification
in Otio oil field, Niger Delta

Mohammed A. Mohammed?
alrkutsk National Research Technical University, Irkutsk, Russia

Abstract. This research presents a detailed structural mapping and prospects identification study of the Otio Field located
in the Niger Delta. The study integrates 3D seismic data and well logs to delineate subsurface structures and assess the
hydrocarbon potential of the field. Five key horizons were evaluated using petrophysical analysis, revealing porosity values
ranging from 18 to 27 %, water saturation levels between 20 and 31 %, and Net-To-Gross ratios of 59 to 96 %. Time-depth
structure maps were generated for each horizon, allowing for the identification of two prospects, namely the North-Eastern
and South-Eastern prospects. The North-Eastern prospect was ranked higher due to its larger estimated hydrocarbon
volume, with Sand E2 identified as the most promising reservoir based on volumetric analysis. This study underscores
the importance of integrating seismic and petrophysical data for effective exploration and field development, providing
a basis for future drilling decisions in the Otio Field. The research method started with the subsurface evaluation of the
“Otio Field” integrating well log data from the field and seismic data spanning the field. The databases used for this project
are three Dimensional (3D) seismic cube, base map, six well data in LAS format and check shot data for only one well. The
results show the identified hydrocarbon bearing zones are Sands D, E1, E2, H and J as interpreted from gamma-ray and
resistivity logs. The sand correlation across the field showed uniform sand development from well to well. The checkshot
is interpreted as good because of the absence of outliers or spurious values. The plot is a gentle slope that eventually
steepens because of com-paction of the underlying units that causes Two-Way Time to decrease. The results from the
structural Interpretation, sixteen faults (F1-F16) were interpreted across the field as seen on seismic section. Faults in the
field trend in the East-West direction with majority of them dipping north except for faults F4 F6, F7 and F9 dipping south.
In the conclusion, the 3D structural analysis of Otio Field in the Niger Delta enhanced understanding of its structural styles
and hydrocarbon traps. Eight reservoirs were identified, with five hydro-carbon-bearing sands (D, E1, E2, H, J) mapped,
consisting of sands sealed by shales.

Keywords: Niger Delta, structural mapping, seismic interpretation, petrophysical analysis, hydrocarbon prospects,
Otio Field
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FTEOPNI3UNKA
HayuyHas ctaTbs
YOK 550.3
CprKTypHoe KapTupoBaHue n onpegerieHne nepcrnekTuBHbIX 3anexeu
MecCTOopOXaeHusa yrnesogopoanoB OTuo B genbre PeKu HMrep

M.A. Moxammep?
aMpKkymckul HayuoHarbHbIl uccrnedo8amernbCKul mexHuyeckul yHueepcumem, Wipkymck, Poccust

Pesrome. Lienbio JaHHOTO UCCneaoBaHns ABNSNOCh AeTalnbHOE CTPYKTYPHOE KapTUPOBaHWE 1 onpeaeneHne nepcnekTne
HedbTeHOCHOro MectopoxaeHus OTMO, pacnonoXeHHOro B aenbte pekn Hurep. B xoge paboTtel ncnonb3oanuncek 3D-gaH-
Hble CENCMOpa3BeaKM 1 KapoTaXHble guarpaMMbl 4518 BblAENEHUS NOANOBEPXHOCTHBLIX CTPYKTYP M OLIEHKM YrMeBOA0OPOa-
HOro noTteHuunana mectopoxaeHus. MNaTe KN4eBbIX TOPU3OHTOB ObINKY OLIEHEHb! C MOMOLLLbIO NETPOU3NYECKOro aHanusa,
BbISIBMBLLErO 3HA4YeHWs1 NOPUCTOCTU B AvanasoHe oT 18 po 27 %, ypoBHu BogoHacbiweHHocTn oT 20 go 31 % u oTHo-

© Mohammed A.M., 2025
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LLEHNE MOLLHOCTM HedhTeHACbILEHHOro nnacta K ero ap@eKTMBHOM MOLHOCTH OoT 59 0o 96 %. [ns kaxgoro ropusoHTa
ObININ NOCTPOEHbI CTPYKTYPHbIE KAPThl 3aBUCUMOCTU BPEMEHM OT rMyOMHbI, YTO MO3BONUIIO BbIAENUTL ABA NEPCMNEKTUBHbIX
yyacTtka — CeBepo-BocTouHbiv n KOro-BoctouHbin. CeBepo-BoCTOYHbBIN NEPCNEKTUBHBIN y4aCTOK Obln OLIEHEH Bbille 13-3a
bonbLllero npegnonaraeMoro obbema yrneBogopoaos, a yyactok Sand E2 6bin onpegeneH kak Hanbonee nepcnekTUBHbIN
pe3epByap Ha ocHOBe 06bEMHOro aHanuaa. [JaHHoe uccrneoBaHue NoAYepKUBaEeT BaXXHOCTb MHTErpaLmMm cEMCMUYECKNX
N NeTPOU3NYECKNX OAHHbIX ANs 3hdEKTUBHON pa3Beaku 1 pa3paboTky MECTOPOXAEHUI, Tak kak obecneyrBaeT OCHOBY
AN NPUHATUS OyayLWmX pelleHnii no 6ypeHnto Ha mectopoxaeHun OTno. MiccnegoBaHne Havanochb C OLEHKU Heap He-
pTeHocHoro mectopoxaeHusa OTNO, MHTErPUPYIOLLEN AaHHbIE KapOTaXa CKBaXKMH U CEMCMUYECKME AaHHbIe, OXBaTbIBakO-
Lwme mectopoxaeHue. [Ins npoekTa ncnonb3oBanucb TpEXMEpPHbIN cencMuyecknn ky6, 6asosas kapTa, AaHHbIE NO LWeCTn
ckBaxvHam B cpopmate LiDAR Aerial Survey n gaHHble ceicmokapoTaxa (Mo 04HON CKBaxkuHe). Pesynbrathbl nokasanu,
YTO BbISIBIIEHHbIMW YIMEBOAOPOAOHOCHBIMU 30HamMu aBnsoTcs neckn D, E1, E2, H n J (N0 AaHHbIM ramma-kapoTtaxa u
Pe3NCTMBHOTO KapoTaxa). Koppensiumsa neckoB No MECTOPOXAEHUIO NOKasana paBHOMEPHOE X Pa3BUTUE OT CKBaXKMHbI K
ckBaXxkmHe. CelicMokapoTax Oblfl OLeHEH MOMOXMUTENBHO M3-3a OTCYTCTBMS BbIGPOCOB UMK NTOXHbLIX 3Ha4YeHUi. Mogorpad
npencrtaenseT cobow Nonornin HakmnoH, KOTOPbIA B KOHEYHOM UTOre CTAHOBUTCS KPy4Ye 13-3a YNITOTHEHWUST HDKENexalmx
CMnoeB, YTO NPUBOANT K YMEHbLLEHUIO NOMHOIO BpeMeHn npobera. B pesynbrate CTPYKTYPHOW MHTEPNpeTaumMm Ha MecTo-
poxaeHun ObINo BbISIBNEHO WecTHaauaTk pa3nomoB (F1-F16), kak noka3asHo Ha cerlcMmnyeckoM paspese. Pasnombl Ha
MECTOPOXAEHMN NPOCTUPAOTCS B HanpaBfeHUy C BOCTOKA Ha 3anag, npuyeM OOnbLUMHCTBO M3 HUX XapaKTepuaykTcs
nageHnem nnacrta K ceBepy, 3a ucknioyeHnem pasnomos F4 F6, F7 u F9, nagatowmx Ha tor. TpexMepHbI CTPYKTYPHbIV
aHanun3 mectopoxaeHus OTno B AenbTe peku Hurep no3Bonuin ny4lle NOHATb ero TEKTOHUYECKY CTPYKTYPY WU YraeBOao-
poAHble NOBYLUKW. BbINo BbISBNEHO BOCEMb KOMMEKTOPOB, NATbL HedTerasoHocHbIX neckos (D, E1, E2, H, J), cocTosawmx
13 MeCcKOoB, 3anevyaTaHHbIX CrnaHuamu, Obinin HaHEeCEHbl Ha KapTy.

Knroueenie cnoea: pgensra peku Hurep, CTPYKTYpHOE€ KapTupoBaHue, nHTepnpetTauna AaHHbIX CENCMMNYECKON pas3BeaKu,
neTpogU3NYECKNn aHanms, NepcnekTuBbl MECTOPOXOEHNS YINEBOLOPOLOB, MECTOPOXAEHME Otuno

BrazodapHocmu: ABTOp BhbipaxaeT brarogapHocTb cBoeMy avpektopy A.B. MNaplumHy, konneram u cotpygHukam WH-
ctutyta «Cubupckas Lwkona reoHayk» VIpkyTCKOro HauMOHanbHOro UccrneaoBaTenbCKoro TEXHUYECKOrO yHMBepeuTeTa (r.
UpkyTck, Poccus), kadenpbl reonorum 1 ropHoro aena YHueepcuteta AGymxm (r. AByaxa, Hurepus) n uccnegoBaTensbckoi
rpynne B coctaBe N.4. Odhma, C.J1. Moxammen, M.I. Moxammen n ee rpynne, a Takke A.M. AGyGakapy 3a Ux BCECTOPOH-
HIOK NOAAEPKKY M MOMOLLb BO BPpEMS 1 MOCIEe NPOBEAEHUSA AAaHHOTO UCCNef0BaHUS.

Ansa yumupoeaHusi: Moxammeg M.A. CTPYKTYpHOE KapTMpOoBaHMWe 1 onpeaeneHne NeperekTUBHbIX 3anexen MecTopoxae-
Husa yrnesogoponos OTuno B aenste pekn Hurep // Haykn o 3emne n Hegpononb3oBaHue. 2025. T. 48. Ne 2. C. 185-203.
https://doi.org/10.21285/2686-9993-2025-48-2-185-203. EDN: TIYEQF.

Introduction

Hydrocarbon reservoirs are found in geologic
traps, that is, any combination of rock structure
that will keep oil and gas from escaping verti-
cally or laterally [1]. Most known traps in Niger
Delta fields are structural although stratigraphic
traps are not uncommon'. The goal of oil and
z exploitation is to identify and delineate these
traps suitable for profitably exploitable accumu-
lations and delineate the extent of discoveries
in field appraisals and development [2]. In this
study, three Dimensional (3D) seismic data were
integrated with well logs to delineate geologic
structures and prospects in “Otio Field” onshore
Niger Delta. Majority of traps in the Niger Delta are
structural [1]. Examples of these structural traps
are rollover anticlines, flanks of shale domes and
traps related to faulting. Identification and proper
classification of these traps as prospects form the
basis of further exploration and economic deci-
sions. Otio Field is located onshore Niger Delta

Field (Fig. 1). Due to proprietary reasons and
confidentiality agreement with the data, exact lo-
cation of the field cannot be provided.

The Niger Delta has an aerial extent of
75,000 km? (28,957 mi%) and is located be-
tween longitude 3o and 9o E, latitude 40 30’ and
50 20’ N (Fig. 2) [3]. The northern boundary is
the Benin Flank (see Fig. 2) — a northeast trend-
ing hinge line south of the West Africa Basement
Massif. The north-eastern boundary is defined
by outcrops of the Cretaceous on the Abakaliki
High and further southeast by the Calabar Flank
(see Fig. 2) — a hinge line bordering the adjacent
Precambrian. The offshore boundary of the prov-
ince is defined by the Cameroon volcanic line to
the east, the eastern boundary of the Dahom-
ey Basin (the eastern-most West African trans-
form-fault passive margin) to the west. During the
Tertiary it built out into the Atlantic Ocean at the
mouth of the Niger-Benue river system, an area
of catchment that encompasses more than a mil-

" Tuttle M.L.W., Charpentier R.R., Brownfield M.E. The Niger Delta petroleum system: Niger Delta Province, Nigeria,
Cameroon, and Equatorial Guinea, Africa: U.S. Geological Survey Open-File Report 99-50-H // USGS Science for a
changing world. 1999. Available from: https://pubs.usgs.gov/of/1999/0fr-99-0050/OF99-50H/OF99-50H.pdf [Accessed
12t March 2025].
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Fig. 1. Location of Otio field location onshore Niger Delta’:
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1 — province 7192 boundary; 2 — bathymetric contour, m; 3 — sediment thickness, km; 4 — center of gas or oil field;

5 — minimum petroleum system; 6 — maximum petroleum system

Puc. 1. PacnonoxeHue mecmopoxdeHusi Omuo Ha nobepexse desibmbi peku Huzep':
1 — epaHuuya nposuHyuu 7192; 2 — bamumempu4eckuli KOHMyp, M; 3 — MOWHOCMb OMIIOXEHUU, KM;

4 — yeHmp 2a308020 UNU HEGhMSIHO20 MECMOPOXOEHUS;

5 — MuHumarnbHas Hegpmeeaa3oHOCHasi cucmema, 6 — MakcumarbHasi Hegpmeaa3oHOoCHasi cucmema

~ M
<€ ’ o Southem Lobe * gg

Fig. 2. Location of the Niger Delta [7]
Puc. 2. PacnonoxeHue denbmbi peku Huzep [7]
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lion square Kilometres of predominantly savan-
nah covered lowlands [4]. The Cenozoic Niger
Delta is situated at the intersection of the Benue
Trough and the South Atlantic Ocean where a
triple junction developed during the separation
of the continents of South America and Africa in
the late Jurassic?. The two arms that followed the
southwestern and southeastern coast of Nigeria
and Cameroon developed into the passive conti-
nental margin of West Africa, whereas the failed
arm formed the Benue Trough. Other depocen-
ters along the African Atlantic coast also contrib-
uted to deltaic build-ups [5]. After an early his-
tory of rift filling in the late Mesozoic, the clastic
wedge steadily prograded into the Gulf of Guinea
during the Tertiary as drainage expanded into the
African Craton with consequent subsidence of
the passive margin [6].

Syn-rift sediments accumulated during the
Cretaceous to Tertiary, with the oldest dated sed-
iments of Albian age. Thickest successions of
syn-rift marine and marginal marine clastics and
carbonates were deposited in a series of trans-
gressive and regressive phases [8]. The Syn-rift
phase ended with basin inversion in the Santo-
nian (Late Cretaceous). Renewed subsidence
occurred as the continents separated and the
sea transgressed the Benue Trough. The Niger
Delta clastic wedge continued to prograde during
Middle Cretaceous time into a depocenter locat-
ed above the collapsed continental margin at the
site of the triple junction. Sediment supply was
mainly along drainage systems that followed two
failed rift arms, the Benue and Bida Basins. Sed-
iment progradation was interrupted by episodic
transgressions during Late Cretaceous time.

During the Tertiary, sediment supply was
mainly from the north and east through the
Niger, Benue and Cross Rivers. Cross River and
Benue River provided substantial amounts of vol-
canic detritus from the Cameroon volcanic zone
beginning in the Miocene. The Niger Delta clas-
tic wedge prograded into the Gulf of Guinea at a
steadily increasing rate in response to the evolu-
tion of these drainage areas and continued base-
ment subsidence. Regression rates increased in
the Eocene, with an increasing volume of sedi-
ments accumulated since the Oligocene [4]. Del-
ta progradation occurred along two major axes,
the first paralleled the Niger River, where sedi-
ment supply exceeded subsidence rate. The Se-
cond, smaller than the first, became active during

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Eocene to early Oligocene basinward of the Cross
River where shorelines advanced into the Olum-
be-1 area [9]. This axis of deposition was sepa-
rated from the main Niger Delta deposits by the
Ihuo Embayment, which was later rapidly filled by
advancing deposits of the Cross River and other
local rivers [9]. Late stages of deposition began
in the early to middle Miocene, as these sepa-
rate eastern and western depocenters merged.
In Late Miocene the delta prograded far enough
that shorelines became broadly concave into the
basin. Accelerated loading by this rapid delta pro-
gradation mobilized underlying unstable shales.
These shales rose into diapiric walls and swells,
deforming overlying strata. The resulting complex
deformation structures caused local uplift, which
resulted in major erosion events into the leading
progradational edge of the Niger Delta. Several
deep canyons, now clay filled, cut into the shelf
and are commonly interpreted to have formed
during sea level lowstands. The best known are
the Afam, Opuama, and Qua Iboe Canyon fills.
Three major depositional cycles have been
identified within Tertiary Niger Delta deposits [9,
4]. The first two, involving mainly marine deposi-
tion, began with a middle Cretaceous marine in-
cursion and ended in a major Paleocene marine
transgression. The second of these two cycles,
starting in late Paleocene to Eocene time, reflects
the progradation of a “true” delta, with an arcuate,
wave- and tide-dominated coastline. These sed-
iments range in age from Eocene in the north to
Quaternary in the south [4]. Deposits of the last
depositional cycle have be divided into a series
of six depobelts separated by major syn-sedi-
mentary fault zones [4]. These depobelts formed
when paths of sediment supply were restricted by
patterns of structural deformation, focusing sed-
iment accumulation into restricted areas on the
delta. Such depobelts changed position over time
as local accommodation was filled and the locus
of deposition shifted basinward (Fig. 3) [4].
Normal faults triggered by the movement of
deep-seated, overpressured, ductile, marine
shale have deformed much of the Niger Delta
clastic wedge [8]. Many of these faults formed
during delta progradation and were syn-deposi-
tional, affecting sediment dispersal. Fault growth
was also accompanied by slope instability along
the continental margin. Faults flatten with depth,
known as growth faults, onto a master detach-
ment plane near the top of the overpressured

2 Obaje N.G. Geology and mineral resources of Nigeria. Berlin: Springer, 2009. 221 p.
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Fig. 3. Structural types of the Niger delta and associated depobelt [4]:
1 — northern delta; 2 — Greater Ughelli; 3 — central swamp 1; 4 — central swamp 2; 5 — coastal swamp;, 6 — offshore
I — anticline; Il — faulted anticline; Il — collapsed crest; IV — footwall closure; V — k-type footwall closure;
VI — hanging-wall closure; VIl — stratigraphic component
Puc. 3. CmpykmypHbie munbi Oesibmbi peku Huzep u cesizaaHHO20 ¢ Hell nosica 3anexeu [4]:
1 — cesepHas Oenibma; 2 — bonbwol Yeennu; 3 — yeHmparnbsHas 3abonodyeHHass meppumopus 1; 4 — yeHmparbHas
3aboroyeHHas meppumopus 2; 5 — npubpexHas 3aboroyeHHass meppumopusi; 6 — wenbg
| — aHmuknuHane, Il — HapyweHHass aHmuknuHanb, Il — obpywuswuticsi 2pebeHsb, |V — 3aMkHymasi cmpykmypa
nodowsbl; V — mun k 3aMKkHymoU cmpykmypbi nodowssl; VI — cmpykmypa eucsise20 Kpbina cbpoca;
VIl — cmpamuepacghuyeckuli KOMIOHEeHM

marine shales at the base of the Niger Delta
succession. Structural complexity in local areas
reflects the density and style of faulting. Simple
structures, such as flank and crestal folds, occur
along individual faults. Hanging-wall rollover an-
ticlines developed because of listric-fault geom-
etry and differential loading of deltaic sediments
above ductile shales. Growth faults and associ-
ated anticlinal closures form the primary traps for
oil and gas, with major fields often located along
faulted rollover structures (Fig. 4) [10]. More
complex structures, cut by swarms of faults with
varying amounts of thrown, include collapsed
crest features with domal shape and strongly an-
tithetic (opposing) fault dips at depth. The inter-
action between extensional and compressional
regimes is particularly evident at the delta’s toe,
where compressional folds and thrust faults de-
velop in response to gravitational sliding on the
continental slope [11].

The thick wedge of the Niger Delta sedi-
ments can be considered to consist of three
stratigraphic units (Table 1) [9]. The basal unit
primarily compose of marine shales [12] is called
the Akata Formation with Imo Shale as its sur-

WWW.Nznj.ru

face equivalent. During the Paleocene and ear-
liest Eocene times, marine shales were depos-
ited (Fig. 5) [13]. This unit also comprises some
sand beds, which are thought to be continental
slope channel fills and turbidites. The Akata For-
mation ranges in thickness from 600 to proba-
bly over 6000 meters. The overlying paralic se-
quence, forming the Agbada Formation consists
of interbeded sands and shales with a thickness
of 300 up to about 4500 meters. The Agbada
Formation consists of alternating sandstones
and shales deposited at the interface between
the lower deltaic plain and the marine sediments
of the continental shelf fronting the delta [12].
The Agbada Formation is built up of numerous
offlaps cycles of which the sandy parts consti-
tute the main hydrocarbon reservoirs and the
shales the caprock, the topmost unit. The Be-
nin Formation is composed of fluviatile gravels
and sands. The sandstone is coarse grained,
commonly very granular and pebbly to very fine
grained with few shale intercalations [9]. This
unit has a maximum thickness of about 2100 m
[14] where there is maximum subsidence
of the basement. Advanced seismic imaging

I 189


www.nznj.ru

2025;48(2):185-203 | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £
’ ’ | Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

S

Fig. 4. Typical Niger delta structures [4]:
a — simple rollover; b — growth faults; ¢ — antithetic fault; d — colapsed crest
Puc. 4. Tunu4Hble cmpykmypbl Oenbmbl pexku Huzep [4]:
a — npocmol cbpoc; b — pasnombl pocma; ¢ — aHmumemu4eckul cbpoc; d — obpywuswuticsi epebeHb

and structural modeling have become essential In the building of the Akata Formation, rap-
tools for mapping these complex features, en- id sand deposition along the delta edge on top
abling better prediction of reservoir distribution  of the undercompacted clay has resulted in the
and trap integrity [15]. development of large number of syn-sedimen-

Table 1. Showing formations of Niger Delta area, Nigeria (adapted from [9])
Tabnuua 1. ®opmauum panoHa aenstbl pekn Hurep (Hurepus) (cornacHo nctouHuky [9])

Subsurface Surface outcrops
Youngest B Oldest Youngest B Oldest
known age known age known age known age
Benin formation . Plio/ . . .
Recent (Afam shale member) Oligocene Pleistocene Benin formation Miocene
Miocene Ogwashi-Asaba Oligocene
Recent Agbada formation Eocene formation
Eocene Ameki formation Eocene
Recent Akata formation Eocene L. Eocene Imo Shale Paleocene
formation
Paleocene Nsukka formation Maestrichtian
Maestrichtian Ajali formation Maestrichtian
Campanian Mamu formation Campanian
Camp/Maest Nkporo shale Santonian
Eqiuvalents not known
q Coniacian/ Awgu shale Turonian
Santonian
Turonian Eze aku shale Turonian
Albian Asu river group Albian
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Fig. 5. Schematic representation of the diachronous nature of major lithofacies units, and the stratigraphic
relationships of clay filled channels on the delta flanks [4]:
1 — extent of erosional truncation
Puc. 5. Cxemamu4eckoe uzobpaxeHue QuaxpoHHOU rnpupoOdbl OCHOBHbLIX TumMogayuli u cmpamuzpaghuyeckux
83auMOOmMHoOWeHuUll 3aroJIHeHHbIX 2/IUHOU KaHasl08 Ha CKiloHax desnbmbli [4]:
1 — cmeneHb 3pPO3UOHHO20 cpe3a

tary gravitational faults. These so-called “growth
faults” are also well known from the US Gulf
coast. The spacing between successive growth
fault decreases with an increase in the rate of
depositional slope or an increase in the rate of
deposition over the rate of subsidence.

The main control on the depositional system
in the Niger Delta Clastic wedge is enforced by
the continental margin collapse structures. These
structures extends laterally along depositional
strike across nearly the entire Niger Delta group
up to hundreds of Kilometres and are thus defined
as mega structures [13], and the associated de-

pobelts which are perpendicular to the shorelines,
ranging tens of Kilometres [4]. From early Miocene
to present, six depobelts have been deposited,
namely; Northern delta, Ughelli, Central, Coastal 1,
Coastal 2 and Offshore. The depobelt tend to be
fine grained laterally away from areas of most del-
tas progradation and basinward away from most
rapid growth faults developments [4]. They are de-
fined by syn-sedimentary faulting formed as a re-
sult of variable rate of subsidence and supply and
correspond to break in regional dip of the delta,
bounded landward by growth faults and seaward
by large counter-regional faults (Fig. 6) [13, 4].
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Fig. 6. Syn-sedimentary structures of the Niger delta [13]:

MSB — major structure — building fault separating megaunits; SB — structure — building fault separating macrounits;
Cs — crestal fault (synthetic); Ca — crestal fault (antithetic); F — flank faults; K — closely spaced flank faults typified
by offshore K block; CR — counter-regional fault
Puc. 6. CuHceOQumeHmMayuoHHble cmpykmypbi 0enbmbi pexku Huzep [13]:

MSB — ocHosHasi cmpykmypa — cmpoumerbHbIl pasiomM, pasdensrouultl MeeaedOuHUUbl; SB — cmpykmypa —
cmpoumernbHbIl pasnoM, pa3dendowull MakpoeduHuubl; Cs — epebHegoli pa3nom (cuHmemuyeckull); Ca — epebHesnbil
pasnom (aHmumemudyeckull); F — cbrnaHzoeslie pasnombi; K — 651U3K0 pacronoxeHHble ¢hriaHe08ble pasriombl,
murnuyHble 05 wenbgoeo2o broka K; CR — cekywul pasnom

These syn-sedimentary structures include
simple non faulted anticline roll over structures,
faulted roll over anticline with multiple growth
faults, complicated collapse crest structures,
sub-parallel growth fault and structural closures
along back of major faults [13, 6]. Small scale
faults and associated structural deformation
tends to be more complex near the prograda-
tion axis of the delta than at its margin. Armen-
trout et al. [16] and Hooper et al. [17] stated
that this pattern of deposition with extensional
development of growth faults on the modern
shelf and slope, and compressional uplift near
the toe of the slope of the Niger delta still con-
tinues today. As sediment supply filled available
accommodation space, new depobelts formed
seaward, separated by major fault zones that
accommodated differential subsidence [18].

Materials and methods
The principal databases used for this proj-
ect are three Dimensional (3D) seismic cube,

base map (see Fig. 1), six well data (Table 2)
in LAS format and check shot data for only
one well, Otio-2, that was shared for the rest
of the wells in the Field. The 3D seismic data
is a high-resolution Post-Stack Time Migra-
tion (PSTM) in SEG-Y format. The base map
covers an approximate area of 55 square ki-
lometres with Inlines range of 5800—-6200 and
Crosslines range of 1480-1700.The six wells
used for the project are named Otio-1, Otio-2,
Otio-3ST, Otio-4, Otio-5 and Otio-6. Otio-3ST
and Otio-6 are deviated wells and their devia-
tiondatawere available. Theywellswere drilled
to depth of 13020 ft, 11669.10 ft, 12090 ft,
11440 ft, 11700 ft, and 13310 ft respective-
ly. The main software packages used for this
project are the Openwork Suites with appli-
cations such as Siesworks and Zmap used
for structural, stratigraphic interpretation
and map generation. Powerlog software was
used for well correlation and petrophysical
analysis.
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Table 2. Showing available wells and logs
Tabnuua 2. OTo6paxeHne AOCTYMHbIX CKBaXXWH U KapoTaxewn

Log data Otio-1 Otio-2 Otio-3ST Otio-4 Otio-5 Otio-6
Gamma ray v v v v v v
Resistivity v v v v v v
Neutron X v X v v v
Density X X X v v v
Sonic X v X v v X
Caliper v X v v v v
Checkshot v X X X X X

Note. v — available; X — unavailable.

The project reported here started off with the — structural and stratigraphic interpretation;
subsurface evaluation of the “Otio Field” integrat- — time and depth map generation;
ing well log data from the Field and seismic data — volumetric estimation.
spanning the field. The following method and The seismic data was loaded into Openwork
workflow were adopted for the evaluation phase  software, while the log data were loaded into the
(Fig. 7): Powerlog software. Benin base of Niger Delta
— loading of well log data and seismic data; was first established using the first thick shale as
— QA/QC of loaded data; marker corresponding to the first major drop in
— hydrocarbon bearing zones identification; resistivity interpreted as the change from the Be-
— sand to sand well log correlation; nin fresh water to salt water of Agbada were loop
— petrophysical analysis; tied to assure consistency across the wells.
— integration of correlation with seismic data Geological interpretation was done every 5"
(well-to-seismic tie); Inline and Crossline. Arbitrary lines were taken

[ Data loading & QA/QC ]

A\ 4 3D seismic data

)
! l

] Structural & stratigraphic

o
J

A

interpretation
\, /
l \ 4
{ Y
Time map
Petrophysical analysis \

Y

[ Well correlation

Time — depth conversion

l

[ Petrophysical parameters ] > [ Volumetric analysis ] —_— Depth map

\

[ Integration ] [ Prospects ]

Fig. 7. Workflow for evaluation phase
Puc. 7. [TocnedosamenbHocmb paboyez0 npouyecca Ha amarne oueHKU
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where necessary to overcome interpretation
challenges such as interpretation across fault
planes. The faults as seen on the seismic In-
line section were interpreted using consistent
abrupt terminations of reflection across Inlines
first. This is necessary to fully understand the
structural style and setting of the Field. The con-
sistency of the faults was viewed in Coherence
time display (Fig. 8). The faults were interpret-
ed as normal faults showing varying degree of
throw as would be expected in onshore Niger
Delta. The faults were mapped based on the fol-
lowing criteria:

— abrupt termination and discontinuity of
events across fault planes;

— vertical displacement of reflections;

— change in pattern of events across fault
planes.

After mapping the faults, the fault heaves
were traced out on the basemap to establish the

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

fault polygons (Fig. 9). Posting the faults on the
basemap also helped in identifying and correlat-
ing the faults on the seismic sections (Fig. 10).
The heaves were observed to be directly related
to the throw of the faults. The dip direction was
indicated.

There are six steps involved seismic horizon
interpretation adopted in this project:

— horizon picking;

— timing;

— time maps generation;

— time-depth conversion;

— contour;

— depth maps generation.

Horizon picking: A horizon is a mappable re-
flection representing a geologic event on a seis-
mic section. It is the interface between two differ-
ent rock layers with different density and velocity
(Fig. 11). Five horizons were picked which mar-
ked the tops of five hydrocarbon bearing sands:

Fig. 8. Coherence time slice showing interpreted fault trend (Openworks, 2011)
Puc. 8. BpeMeHHolI cpe3 ko2epeHmMHOCMU, NMokKa3blearowjuli UHmMeprnpemupoeaHHyr0 MeHOeHUUo pa3sioma
(Openworks, 2011)

Fig. 9. Interpreted faults polygons on base map (Openworks, 2011)
Puc. 9. UumepnpemupoeaHHbie Nosu2oHbl pa3siomos Ha 6a3oeoli kapme (Openworks, 2011)
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TRACE 1580
b

Fig. 10. Post-stack time migration seismic section along inline 5910 (a) and crossline 1580 (b)
(Openworks, 2011)
Puc. 10. Celicmu4eckull pa3pe3 Muzpayuu o epeMeHHol obsacmu rnocsie cyMMupogaHusi
edosib siuHuu 5910 (a) u nonepeyHou uHuu 1580 (b) (Openworks, 2011)

Sand D, Sand E1, Sand E2, Sand H and Sand J.
The horizons were picked using the time equiv-
alent of the sand tops on the wells displayed on
seismic using check shot data. Checkshots were
used to convert depth to two-way time (Fig. 12).
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The events corresponding to these sand tops were
mapped based on reflection continuity on Inlines
and Crosslines honouring terminations due to fault
planes already interpreted. Corresponding events
were mapped across the faults using the “cor-

Ty
e "

ot

Fig. 11. Interpreted faults and identified horizons of interest on seismic Inline 5910 (Openworks, 2011)
Puc. 11. UumepnpemupoeaHHble uly4aeMmbie pa3fioMbl U 8bIsi8/IeHHbIe 20PpU30HMbI
Ha celicmuyeckol nuHuu 5910 (Openworks, 2011)
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Fig. 12. Data (a) and plot (b) of the Otio-2 control image used to tie wells to seismic data (Powerlog, 2014)
Puc. 12. flaHHble (a) u epaghuk (b) kKOHMpPOSILHO20 CHUMKa Omuo-2, ucnonb3yeMbie OJisl MPUBS3KU CK8aXUH
K celicmu4eckum daHHbIM (Powerlog, 2014)

relation polygon” and reflection count techniques
identifying seismic facies in the seismic section.
The horizons were mapped round the whole

seismic volume by looping and phantoming. The
looped interpretation resulted in seeded maps.
Seeded maps have interpreted data gaps that
were filled by interpolating.

Results and discussions
Hydrocarbon bearing zones: the identified hy-
drocarbon bearing zones are Sands D, E1, E2,
H and J as interpreted from GR and resistivity
logs. These zones are shown in Figures 13-16.
These zones are the units of interest for further
evaluation.

| Sand D Top
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Water

Curve

Fig. 13. Sands D in Otio-1 with high resistivity interpreted as hydrocarbon zone (Powerlog, 2014)
Puc. 13. lMecku D 8 Omuo-1 ¢ 8bICOKUM Kapoma)XeM conpomueJieHuUsi, paccCMampueaembie
Kak yeneeodopodHasi 3oHa (Powerlog, 2014)
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Fig. 14. Sands E1 and E2 in Otio-1 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 14. Mecku E1 u E2 8 Omuo-1 ¢ ebICOKUM Kapomaem cornpomueJsieHusl, paccMampusaemMble
Kak y2neeodopodHbie 30HbI (Powerlog, 2014)
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Fig. 15. Sands H in Otio-4 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 15. Mecku H 8 Omuo-4 ¢ ebICOKUM Kapoma)eM cornpomueJsieHusl, paccMampueaemMbie

Kak y2rneeo0dopodHbie 30HbI (Powerlog, 2014)
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Fig. 16. Sands J in Otio-4 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 16. NMecku J 8 Omuo-4 ¢ ebICOKUM Kapoma)XemM COrnpomueJsieHusl, paccMampusaemMble
Kak y2reeodopoOdHbie 30HbI (Powerlog, 2014)

Sand to sand correlations: Sand correlation
across the field showed uniform sand develop-
ment from well to well (Fig. 17). Sand H appears
missing in Otio-5 due to possible faulting. The
sands vary from blocky, progradational and ret-
rogradational depicting variation in environment
of deposition. Sands E1 and E2 are separated
by a thin shale unit capable of impeding commu-
nication between both reservoirs, which necessi-
tated the units to be mapped independently. The
correlation shows that the reservoirs is of good

continuity as the wells saw all of the reservoirs
except sand Otio-5 that has a missing section be-
cause it crossed a fault.

Checkshot loading: The result of the third (3)
order plot of the checkshot data is shown in (see
Fig. 9). The checkshot is interpreted as good
because of the absence of outliers or spurious
values. The plot is a gentle slope that eventually
steepens because of compaction of the underly-
ing units that causes Two-Way Time to decrease.
Otio-2 checkshot was shared for other wells
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Fig. 17. Sand to sand correlation of the “Otio Field” (Powerlog, 2014)
Puc. 17. B3aumoces3b mexdy neckamu mecmopoxdeHusi Omuo (Powerlog, 2014)
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(Fig. 18) and a multipanel seismic section (Fig. 19)
was taken across the wells to check the consis-
tency of sand top picks across the seismic (see
Fig. 10).

Structural Interpretation: Sixteen faults (F1-
F16) were interpreted across the field as seen
on seismic section. All the faults were interpret-
ed as normal faults with fault F6 and F7 the ma-
jor faults in the field listric in nature. Coherence
Timeslices were used to guide in fault interpreta-
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tion. Litho-units on the down-thrown block of the
major faults appear to be thicker compared to
the up-thrown block. F6 and F7 were therefore
as listric growth faults which are syn-sedimenta-
ry evident in the Niger Delta. Faults in the field
trend in the East-West direction with majority of
them dipping north except for faults F4 F6, F7
and F9 dipping south. Rollover anticlinal struc-
ture (Fig. 20) is seen on the down-thrown block
of fault F9.

Fig. 18. Otio-1 and Otio-2 well section displayed on seismic section (Openworks, 2011)
Puc. 18. Pa3pe3 ckeaxkuH Omuo-1 u Omuo-2, omobpaxeHHbIl Ha celicMu4yeckom paspese (Openworks, 2011)

b -
A

Fig. 19. Multipanel display of all well sections (Openworks, 2011)
Puc. 19. MHo2onaHensHoe omo6paxeHue ecex pa3pe3oe ckeaxuH (Openworks, 2011)
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-3 The two major faults

—

Antithetic faults

Rollover Anticline

Fig. 20. Seismic section showing the two major faults in the “Otio Field” (Openworks, 2011)
Puc. 20. Celicmu4eckuli pa3pes, nokasbiearoujuli ea OCHOBHbIX pa3sioMa MecmopoaxdeHusi Omuo
(Openworks, 2011)

The structural styles as observed from
depth structure map of Sand D (Fig. 21) top
show rollover anticlines on fault F9 assisting
in hydrocarbon accumulation. This was also
observed at deeper levels on Sands E1 and
E2 tops. On Sand H top structure map, fault
F9 has grown bigger latching on fault F6. This
new configuration makes accumulation totally
dependent on faults F9 and F6 (see Fig. 20).
Appearance of new faults (F15 and F16) is ob-
served on Sand H top and disappearance of

fault F11 is noted. The same structural setting
is observed on Sand J, however, there is the
disappearance of fault F15 on the up-thrown
block of fault F6 and the appearance of another
small fault F14 which plays no role in hydrocar-
bon accumulation. From seismic section, Sand
H appears missing due to obvious faulting
which corroborates the missing unit in Otio-5
as seen in the well correlation panel. Otio-5 en-
counters pay zone in another fault block after
crossing fault F9.

Fig. 21. Interpolated sand D on the base map (Openworks, 2011)
Puc. 21. UumepnonupoeaHHsbIli necok D Ha 6a3oeoli kapme (Openworks, 2011)
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Conclusion

The 3D structural analysis of Otio Field in the
Niger Delta enhanced understanding of its struc-
tural styles and hydrocarbon traps. Eight reser-
voirs were identified, with five hydrocarbon-bear-
ing sands (D, E1, E2, H, J) mapped, consisting of
sands sealed by shales. Wells Otio-1, Otio-3ST,
Otio-4, and Otio-6 hit pay zones, while Otio-2 was
wet, and Otio-5 found pay deeper after crossing
fault F9. Petrophysical analysis showed porosity
of 18-27 %, water saturation of 20-31 %, and
Net-To-Gross of 59-96 %. The field features
moderate faulting with two major south-dipping,
east-west trending growth faults (F6, F7) and a

| 2025;48(2):185-203

fault-assisted closure (F9) down-thrown of F6,
critical for deeper traps. Six wells targeted this
closure, with Otio-1, the deepest, testing all res-
ervoirs near the structure’s crest. Anticlinal struc-
tures and fault-dependent closures are key trap-
ping mechanisms. Volumetric analysis identified
Sand E2 as the most prolific (24.72 MMBO) and
Sand H the least (3.77 MMBO). Two prospects,
North-Eastern (NE) and South-Eastern (SE),
were defined, with NE being more economical
(STOIIP 49.42 MMBO vs. 37.63 MMBO for SE).
Integrating seismic and well log data was vital for
mapping and prospect identification, guiding fu-
ture exploration.
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Pa3paboTtka meToaMKku n ontumaribHOro Komnrekca reopmsnyeckmnx
nccnenoBaHUKM NpU BblaereHUn nepcnekTUBHbIX obnacren
Ha Hanuuue pyaHoro 3onoTa B npegenax KacnuHckoro pyaHoro ysna

N.B. Tpodnmos?, E.[l. BanbkoBaP®, A.B. JlazypueHko®, A.ll. CtenaHoBY, A.10. [laBblaeHKO®

el pkymckull HayuoHarbHbIl uccriedosamernbckull mexHu4Yeckul yHugsepcumem, Vipkymck, Poccusi
eUpkymckul eocydapcmeeHHbIl yHusepcumem, Mipkymck, Poccusi

Pe3rome. B ctatbe npegcrtaBneHbl pesynbtatbl MPUMEHEHUS KOMMNeKca reodusnyeckmx MetogoB Ans usydenHuns Kac-
NMHCKoro pyaHoro yana B KpacHosipckom kpae. Llenb nccnepoBaHus 3akntoyanach B oueHke adheKkTMBHOCTM pasnnyHbIX
COBPEMEHHbBIX METOAO0B MPU PELUEHNN 3a4a4n BblAeNeHNs rpaHuL, MHTPY3MBHBIX MaccyBOB M aHanmae TeKTOHUYEeCKUX
HapyLLUeHWI, KOTOpble UrpatoT KIoYEeBYo Ponb B hOpMMPOBaHMK 30M0TO-CynbdUAHO-KBapLIEBOrO opyAeHeHus. leoduau-
YecKuiA KOMMIEKC BKIoYan B cebs 6ecnunoTHyo MarHntopasseaky (komnnekc SibGIS UAS), 6eckoHTakTHOE n3amepeHme
anekTpuyeckoro nong (annapatHeii komnnekc BUKC) n anekTpomarHiTHoOe 30HAMPOBaHUE C BbI3BAHHOW nonspusauunen
(annapatHo-nporpammHbI Komnneke «Mapcy»). MarHuTopasseaka no3sonuna BblAeNUTb Marble AUOPUTOBbIE MacCuBbI
OnbXOBCKOro KOMMIEKCa U UX KOHTaKTbl C KapOOHATHLIMY OTIIOXKEHUSAMM, a TakKe BbIIBUTb TEKTOHUYECKNE HapyLUEHNs.
OnekTpopa3sBedoyHble paboTbl CNOCOOCTBOBANM aHanNU3y Mefknux pasnomMoB 1 pacnpeeneHns BblaBaHHOW nonspusaumm,
YTO BaXKHO AN MOMCKAa 30H MUHepanusaumn. Takke B paMKax UCCrnefoBaHns Obina BbiNMOMHEHA TPEXMepHas KackagHas
WHBEPCUSA MarHMTopas3BedoYHbIX AaHHbIX AN1A NoKanusauny MHTPY3uBHbIX Ten. B pesynerate npoBegeHHon paboTbl 6bin
CAenaH BbIBOA O TOM, YTO NPeACTaBlieHHas METOAUKa He SBMAETCS ONTUMAanbHOW, KOMMMEKC reonsn4ecknx MeToaoB
ABMseTCa n3bbIToYHbIM. B AanbHenwmnx nccrnefoBaHnsX npeanaraetcs UCKMYUMTb MeTod GECKOHTaKTHOroO M3MepeHust
3MEKTPUYECKUX MOMen 13-3a Manoro Konmyectsa nonesHon nHdopmauum n npobnem B MHTEpPNpeTaLumM No CpaBHEHUIO
C METOAOM 3MEKTPOMArHUTHOrO 30HAMPOBAHUS U BbI3BAHHON nonspu3auuy. NMomMMMo 3TOro, OCHOBHbIM M3MEHEHUEM B
MeToAVIKe ABNSETCSA NOCNefoBaTeNnbHOCTL 3TanoB BbIMOMHEHNS paboT. [NonyyeHHble B peaynsTaTe NpoBeAeHHOro uccre-
[0BaHUS JaHHbIe NMOCMYXXWUIN OQHOW U3 OCHOB ANsi MOCTAHOBKM BypOBbIX paboT NOMCKOBOro aTana.

Knroyeeble crnoega: mMeToq SNEKTPOMarHUTHOIO 30HAMPOBAHUSI U BbI3BAHHONM Nonsipu3auuun, 6ecnunoTHas MarHMTopas-
Beaka, KpacHosipckui kpam, KacnnHCKUM pyaHbIA y3en, TpexMepHas kKackagHas UHBepcus

Ans yumuposeaHusi: Tpopumos N.B., Banbkosa E.[., NasypyeHko A.B., CtenaHos A.l., asbigeHko A.KO. Paspabotka
METOAMKM 1 ONTUMarbHOrO KOMMIeKca reouan4ecknx NCCcneoBaHUin Npy BblAENEHNW NePCNEKTUBHBLIX obnacten Ha Ha-
nn4ne pygHoro 3ornota B npegenax KacnuHckoro pygHoro yana // Hayku o 3emne n Hegpononbe3oBaHue. 2025. T. 48. Ne 2.
C. 204-223. https://doi.org/10.21285/2686-9993-2025-48-2-204-223. EDN: KWATNN.

GEOPHYSICS

Original article

Development of a methodology and an optimal complex
of geophysical studies when identifying ore gold promising areas
within Kaspinsky ore cluster

llya V. Trofimov?~, Evgeniya D. Valkova®, Anton V. Lazurchenko®,
Aleksandr P. Stepanov?, Aleksandr Yu. Davydenko®

a*|rkutsk National Research Technical University, Irkutsk, Russia
elrkutsk State University, Irkutsk, Russia

Abstract. The article presents the application results of a set of geophysical methods to study the Kaspinsky ore cluster
in the Krasnoyarsk Krai. The purpose of the study was to evaluate the efficiency of various modern methods when solving
the problem of identifying the boundaries of intrusive massifs and analyzing tectonic disturbances that play a key role in
the formation of gold-sulfide-quartz mineralization. The geophysical complex included unmanned magnetic exploration
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(SibGIS UAS complex), non-contact electric field measurement (BIKS non-contact measurement of electric field hardware
complex) and electromagnetic sensing with induced polarization (Mars hardware and software complex). Magnetic explo-
ration allowed to identify small diorite massifs of the Olkhovsky complex and their contacts with carbonate deposits, as
well as to identify tectonic faults. Electrical exploration contributed to the analysis of small faults and distribution of induced
polarization, which is important when searching for mineralization zones. Also, the study included a three-dimensional
cascade inversion of magnetic exploration data for intrusive body localization. Conducted work resulted in the conclusion
that the presented methodology is not optimal and the complex of geophysical methods is redundant. It is proposed to
exclude the method of non-contact measurement of electric fields in further researches due to the small amount of useful
information and interpretation problems as compared with the method of electromagnetic sensing and induced polariza-
tion. In addition, the main change in the methodology is the sequence of work stages. The data obtained as a result of the
conducted research served as one of the bases for setting up drilling operations at the exploration stage.

Keywords: electromagnetic sounding and induced polarization method, unmanned magnetic exploration, Krasnoyarsk
Krai, Kaspinsky ore cluster, three-dimensional cascade inversion.

For citation: Trofimov I.V., Valkova E.D., Lazurchenko A.V., Stepanov A.P., Davydenko A.Yu. Development of a methodol-
ogy and an optimal complex of geophysical studies when identifying ore gold promising areas within Kaspinsky ore cluster.
Earth sciences and subsoil use. 2025;48(2):204-223. (In Russ.). https://doi.org/10.21285/2686-9993-2025-48-2-204-223.
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BBepeHue

KpacHospckuin kpai 3aHMMaeT ogHo U3 nuau-
PYIOLLMX MECT cpeaun pernoHoB Poccum no obbe-
MaM 40ObIuM 30M10Ta. ATOT PErMOH TPaAULIMOHHO
cYMTaeTCca OAHMM U3 CaMblX NEPCNEKTUBHBIX AN
pa3paboTKM KaK POCCHINHOrO, Tak U KOPEHHOro
3onota’'. OgHow 13 3HaYMMBbIX pyaHbIX obnacren
ABNAETCA BogopasgenbHas 30Ha KacnuHckoro
pyOoHOro yana, rge 3KoHoMuYeckas AesTerib-
HOCTb NMPEMMYLLIECTBEHHO CBSA3aHa C ropHOA00bI-
BalOLLMMMN NpeanpuaTusaImMmn®.,

Mepen passutMeM nOBOro HamnpasneHus,
Oyob ato reodwusnka unu gpyrag cdepa ged-
TEeNbHOCTM YernoBeka, CTaBUTCH Lernb, KoTopas
3aKNYaeTcs B onTMMm3anmm paboyero npouec-
ca, YTO MPUBOOUT K CHWKEHUO cebecToMMOoCTu
KOHeYHoro npogykTa. Takum obpasom, ropHoao-
ObiBaloLLasd KOMMaHUA MOXET Mno3Bonutb cebe
pasBeablBaTb NepPCrneKkTnBHbIE 0BnacTu n BBECTH
B 9KCnryaTtaumio 3a KOPOTKUN CPOK.

AKTyanbHOCTb MpoBeAeHHON paboTbl 06y-
cnoeneHa HeobXoAMMOCTbI MNOBbIWEHUA 3d-
(HPEeKTUBHOCTU reornoropasBefoyHbix paboT B
CXOXUX reonorm4ecknx cuTyaumsax sa cuyeT uc-
Nonb30BaHNSA COBPEMEHHbLIX METOAOB reodm3mn-
kn. Llenb nccnegoBaHus 3akrntoyanach B OLEeHKe
3P PHEKTUBHOCTN PA3NUYHBIX COBPEMEHHBIX Me-
TOAOB MNP peLleHnn 3aja4um BblAeNeHns rpaHny,
WNHTPY3UBHbBIX MacCUBOB M aHanuse TeKTOHuYe-
CKMX HapyLweHun. Ana 4OCTUXEeHUsA NnocTaBneH-
HbIX Lenen Obin NpUMeHeH KoMnnekc reounam-
Yeckux MEeTOAOB, BKMNYawWmMi 6ecnunoTHyo
MarHuTopasBenky, OeCKOHTaKTHOe u3MepeHune

anekTtpuyeckoro nonsa (BU3IT) n anektpomar-
HUTHOE 30HOMPOBAaHWE C BbI3BAHHOW Nonsapusa-
LMEen.

PanoH nccnegoBaHui pacnonoxeH B npeae-
nax toro-3anafgHbix otporoB BoctouHoro CasiHa.
Penbed xapakTepusyeTrcd HU3KOTOpPHbIM pac-
yneHeHvemMm ¢ abcomnoTHbIMKU BbicoTamn OT 450
no 750 m Hag ypoBHem Mops. OTHOCUTENbHbIE
BbICOTbl Bogopa3sgenoB gocturatoT 250—400 wm,
a KpyTuM3Ha CKIOHOB Konebnetcsa ot 5-10° B
BepxHen vyactn oo 20-35° B cpeaHen N HUXKHeN
yacTax. TeppuTopus NOKpbITa XBOWHbIMM, Mpe-
UMYLLECTBEHHO MNWUXTOBbLIMU, Necamun C rycTbiM
NoAneckom 1 MHOrouMcneHHbIMu 3aBanamu. O6-
HaXXEHHOCTb MOpOoA, B paliOHe OrpaHudeHa, 4to
YCITOXHSET BU3yanbHoe HabntogeHue 3a reono-
rmdecknmm obbektamu (puc. 1).

B reonornyeckom OTHOLIEHUU paccMmaTpu-
BaeMasi nnowanb nNpeacTaBneHa OTNOXEHUAMU
pasnnyHbIX BO3PacToB: pUdENCKUMU, KeEMBPUIA-
CKMMW, OPLAOBUKCKUMU U YeTBepTUYHbIMU [1, 2].
Hanbonee nepcnekTnBHOM AN opygeHeHust aB-
ngaetca G6anaxtucoHckas csuta (€1bl). OHa co-
CTOUT U3 PUPOreHHbIX M3BECTHSKOB CBETIO-Ce-
PbIX MaCCUBHbIX MOPO[, peXe TEMHO-CepbIX Cro-
UCTbIX N3BECTKOBO-IMMNHUCTbIX CITAHLUEB M necya-
HUKOB. HWXHAS YacTb CBUTbI XapakTepusyeTcs
npocrnanBaHMeM TEMHO-CEPbIX W3BECTHSIKOB,
FMUHUCTBIX W3BECTHAKOB, arneBponuToB, Torga
KaK BepXHss YacTb npefctaBrneHa MacCUBHbIMU
CBETNbIMW M3BECTHsAKaMU. OTNOXEeHUA OaHHOW
CBUTbI OTNNYAKTCH HEYCTOMYMBOCTBIO M 4acTo
draumansHO 3ameLLaroT Apyr gpyra.

' [obblva 3omnota B Poccun: OCHOBHblE pervoHbl M komnanuu-nivaepsl // Dprom.online. Pexum poctyna: https://
dprom.online/popular/dobicha-zolota-v-rosseeee-ryegeeoni-kompaneee/ (nata obpaiyenus: 27.03.2025).

2 N-46-XVI (ApTemoBck). locyaapcTBeHHas reonornyeckas kapta Poccuiickon Pefnepaummn macwtaba 1:200000. MspaHne
BTOpoe. MuHycunHckas cepusi. ObbsicHuTensHas 3anucka. Cl16.: N3ap-so BCEMEW, 2006. 215 c.
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OI’I. KpacHokameHck

O6nactb pabot

KBAPTEP
1

b

a

BepxHsis 4acTb ronoueHa. AKKeMCKUIA TOPU3OHT. ANMIOBUIA NOM FOPHbIX pek — BanyHHO-raneyHble OTOXEHNs ¢ rpaBueM, neckom (1-12 m). TexHoreH nepembiBHON (tp) —
webeHb, ranbka, BanyHbl TEXHOreHHbIX OTBAnNoB; Apecsa, rpaBuii adenen (3—10 m). Bmellaet pocceinu 3onota

SOI'IJ'IBVICTOLleH. KacnuHckas cauta. ﬂenroamaanble W NposntoBnanbHble OTNOXEeHUss KapCToBbIX 3anafuH, Nonorux CKIoHoB. KpaCHOLLBeTHbIe nNacTU4HbIe MMUHbI, CYrMUHKN
¢ 06romMKammn pasfnnyHbIX NOPO/, OOSNIMTOBLIMU CTSHKEHWUSIMW TMOPOOKVUCIOB MapraHua v xenesa (1-30 m). Bmelyaet poccbiny 3omnota, hochopnToBbie pyabl v InHbI
OrHeynopHble
MWHYCUHCKO-BOCTOYHO-CAAHCKASA ®A3A
Byenxynbckuil rab6po-MOHOLNT-CUEHUT-TPAHOCUEHNTOBBIN KOMMNEKC

MeTacomaTtutel, MeTacomaTnyeckne N3MeHeHHbIe Nopofbl: CKaHUPO- Mopopam komnnekca COMnyTCTBYHOT METacoMaTtuThbl,

_Op,uoswkcme ?) y
UHTPY3UBHbIE MNepsas da3sa. Ma66po, AnopuThl  BaHWe, anbbuTnsaums (al’), HepacuneHeHHble CMIOXHOro cocTasa (Mt);  ckapHbl KBapLEBbIE U KBAPLI-CYrbMUAHBIE XUkl CO
| o6pasosatms BHeMacLUTabHble: HepacuneHeHHbIE CIOXHOTO COCTaBa CkapHbi (sk). CKapHOBO-MarHeTUTOBbIM, 30110TO-KBaPLIEBbIM, 30710TO-
@ TapoTepmanbHbie XUnbl: KBapLEBble, KBapLi-CynbduaHble (gs) cynbduaHO-KBapLIEBLIM 11 MONMGEHOBbLIM OpyeHEHNEM
[e] “ o
E V|MVIpCKVIVI BYJTIKQHMYECKMUM KOMMNIIEKC
(] BepxHeumupckasi nogcauta. [auutbl, puogauunThl, TpaxuaaumuThl, TpaxuTsl, Mopoabl NOACBUTLI ABNSIOTCS GNaronpusaTHON cpedolt Ans obpasoBaHus

TPaXUpWONUTbI, PUONUTLI, UX TYMbl, aHAE3UTbI, TY(OKOHINIOMEpaThl, TyconecyaHuku,
necyaHuku, aneBponuThl, eUHNYHbIE NOTOKW GasanstoB (MeHee 1800 M)

MEeTacoMaTUTOB CO CKapHO-MarHeTUTOBbLIM OpyAeHEeHMEM B npefenax passutus
VHTPY3Wit NepBoii thasbl 1 aaek Byeaxynbckoro komnnekca

BOCTOYHO-CAAHCKAA CTPYKTYPHO-®OPMALIMOHHAA 30HA

M OcuHoBCKas ByNKaHOreHHO-0CaA04HbLIE NOpoaAbl accouuaLms
€,208 OcuHoBckas ceuta. KoHrnometapsl, TyokoHrmoMepaTsl, puogauunThbl, Ux Tydbl, TydonecHaHnku, pexe anaesnbasansTel, aHAE3UTbI, AaLUTbI, NecyaHnku (MeHee 1800)
< Mopopk! cBUTHLI SiBNsiOTCA BnaronpusTHOI cpeaoi Ans 06pa3oBaHWs POrOBUKOB, METACOMAaTUTOB C 30/10TO-CYNb(UAHO-KBAPLIEBLIM W MarHETUTOBbLIM OPYAEHEHEM B 30HaX pa3BUTUS
= WHTPY3ui ByexynbCcKoro Komnnekca v pyAoKOHTPONMPYIOLLMX Pa3nomMoB
I
= & OCMHOBCKNI raBBpo-AYopUT-rpaHOANOPUTOBbINA KOMMNEKC
z 5 MeTacomaTtuTbl, METacoMaThieckn N3MeHeHHbIE NOpo/bI: Mopoziam KoMnnekca ConyTCTBYIT METACOMATHTbI, CKapHbI,
g Mepeas chaza. [ab6po, Auoputhl  CKBHUPOBAHNE, BHEMACILTAGHbIE: HEPACUTIEHEHHBIE KBapLieBbIe 1 KBaPL-CYTb(UAHbIE XNIbl CO CKAPHOBO-
f} CNOHOTO COCTaBa CKapHbl, GepeanTel (br), rpeiiseHsl (gr). MarHeTUTOBbIM, 30/10TO-KBApLIEBLIM OPYAEHEHUEM, MeaHON,
> MapoTepmarnbHbie XUnbl: KBapLeBble, KBapLi-CynbduaHble BOMbpam-MonnGeHOBO-TPe3eHOBOV MUHEpanu3aumei
< KY3HELIKO-BOCTOYHO-CAAHCKAA CTPYKTYPHO-®OPMALIMOHHAA 30HA
§ BanaxtucoHckas cauTa. MI3BeCTHsIKM pucoreHHble, Mopoap! CBUTLI ABNAKOTCA BGriaronpuATHO cpefoit Ans 06pa3oBaHWst POroBMKOB, CKapPHOB, METACOMaTUTOB CO CKapHOBO-
I €1bl necYaHuku, cnaHubl MU3BECTKOBO-IMUHUCTbIE, MarHeTuToBbIM U 30ﬂOTO*CyJ'Ibd)VI,[lHO*KBapLLeBbIM opyAeHeHueM B 30Hax pasBuTus VIHprSVIIZ 6ye/:()KyanKoro W ONbXOBCKOro
<L E KOHrnomeparts! (MeHee 700 m) KOMIMMEKCOB 1 PYJOKOHTPOMNMPYIOLLIMX Pa3fioMOB, a Takke 30/I0TOHOCHbIX KOp BbIBETPUBaHNSA
= - .
ﬁ BAXTUHCKUWN BYNKAHUYECKWM KOMIMNEKC
&
8 R | BaxTHckas ceua. Nagbi 1 naBoGpek-Mi GasankToe, Ux Tychbl, NPOCIOM U3BECTHsKOB (Gonee 1800 ) VeR.bh CySBynKaH_quCKgg obpasosaHus,
= 3 [Mopofbl CBUTHLI ABMAIOTCS BNIAroNpUSTHOI CPEAON /NS Pa3BUTMS METAaCOMATUTOB C 30110TO-CyNb(UAHO- 3 cunnbl, Aaitku rabepo-nopdrpuTos
I-IeJ L KBapLIEBbIM 1 MArHETUTOBLIM OPYEHEHUEM B 30HaX Pa3BUTUSI PYAOKOHTPONMPYIOLLMX Pa3roMoB
=
o

Puc. 1. O630pHas (a) u 2eonoz2uyeckas (b) kapmbi uccrnedyemoli naow,adu:

|\| 4

ls

1 — nyHKmM MuHepanu3ayuu monubdeHa; 2 — marioe rposisrieHue 3o01oma; 3 — Masble MecmopoXX0eHUs1 POCChINHO20

30510ma; 4 — pydokoHmponupyrouwue pa3pbieHble HapyweHus; 5 — 2eonoaudeckue epaHuubl Mexoy ghayuarnibHo
pasHbIMU 0bpa3osaHUsMU ¢ nocmeneHHbIM nepexodom; 6 — IKcriTyamupyemMoe MecmopoxoeHue
Fig. 1. General (a) and geological (b) maps of the area under investigation:
1 — molybdenum mineralization point; 2 — minor gold occurrence; 3 — small gold placers; 4 — ore-controlling
faults; 5 — geological boundaries between facies-different formations with gradual transition; 6 — producing field

Ocobbili UHTEPEC NPEACTaBNSAET 9K30KOHTAKT ~ POBaHWU. JIMTOreoxmmudeckme uccneaqoBaHus

KapboHaTHbIX NMopoa GanaxTUCOHCKOW CBUTLI C
WHTPY3UBHbIMK Tenamu. 3aecb nopoabl noasep-
raloTcs MpamopusauuMm M YacTUMHOMY CKapHM-

MoKasbIBakT, MOMUMO NMPUCYTCTBUSA 30510Ta, MO-
BbILLEHHOE coAepXXaHne MapraHua Bonman atmx
KOHTaKTOB [3, 4].
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Martepumanbl n metoabl
nccneaoBaHuA

MarHuTopassegoyHas cbeMka omkHa Obina
NO3BOMNUTL BbIAENUTb Manble ANOPUTOBLIE Mac-
cvBbl OrfbXOBCKOrO KOMMEKca M UX KOHTaKThbI
Cc kapboHaTHbIMW OTNOXeHUsMKM BanaxTucoH-
CKOW CBUTbl. TN KOHTaKTbl ABNATCA BaXXHbIMN
KOHTpOnupyowmmmn aktopamm Ans 3010TOro
opyaeHeHus. Kpome TOro, metoq nomMoraeT Bbl-
SIBNSATb OCHOBHbIE TEKTOHWYECKME HapyLUeHus,
KOTOPbIE UrpatoT KIYEBYHO porb B hOpMMpoBa-
HUK MMHepanusauuu [5, 6].

[ns BbINONMHEHMS ManoBbICOTHOM MarHuTo-
pa3BefoYHOM CbEMKM B YCIOBUSAX MepeceveH-
HOro penbeda MPUMEHANCS MYNbTUPOTOPHbIN
fecnunoTHein komnnekc SibGIS UAS ¢ marHm-
TopasBefoYHbIM 0bopygoBaHveM [7-9] (puc. 2).
B kadecTBe MoOMNesHOM Harpysku UCMnosnb3oBasics
BbICOKOTOYHbBIA MPOTOHHbIA OBEpPXay3€pPOBCKUI
marimtomeTp POS [10, 11].

Ona obGecneyeHnss cbemMku c obTekaHWeM
penceda 6Obina cosgaHa umcpoBass Moaernb
penbeda Ha OocHoBe rmobanbHOro uHopmaum-
OHHO-KapTorpaduyeckoro npogykra Intermap
NextMap ¢ paspeweHnem 5 M Ha nukcenb u
BepTUKanbHon TodHocThio +3 M (LE90). BeicoTa
cbeMku coctasuna 50 M Hag MOBEPXHOCTbIO C
Y4ETOM BbICOTbI PACTUTENBHOCTH.

[MoneTHble MUCCUMKM NIIaHUMPOBANMChL C NMOMO-
Wb creunanbHO CO34aHHOr0 MPOrpaMMHOro
obecneuyeHns UAV Waypointer (aBTopamun mMogy-

@Tpodmmos WU.B., BanbkoBa E.[l., llTasypuyeHko A.B. u ap. PazpaboTka METOAUKM U ONTUMArbHOTO... |
Trofimov L.V, Valkova E.D., Lazurchenko A.V., et al. Development of a methodology and an optimal...|

2025;48(2):204-223

na aensattca C.A. Tepewkun n A.H. Koctepes),
YTO No3BONUMNO obecneynTb perynsipHyto ceTb
npodunen ¢ NorpeLHOCTbI0 BbICOTbI He Bornee
10 % OT HOMMHAamNbLHONM N NogaepXaHMem NnocTo-
SIHHOW CKOpOCTM noneta (puc. 3).

MarHutomeTpuyeckne U3MepeHus npoBOaAU-
nucb ¢ vactoton 2 Iy (war mexagy Tovykammn no
npocunio 4 ™). BapmaumoHHble HabnogeHus
BbINOMNHAMNNCH C MEPUOOOM ABa pa3a B MUHYTY,
YTO COOTBETCTBYET TpebOBaHUAM MArHUTHOM
CbEMKN psiA0BOM TOYHOCTH [12].

[nsa obecneyeHnss 6onee TOYHOM reoMeTpu-
3auun OMOPUTOBLIX MacCUBOB Kak B NriaHe, Tak
n B 3D, Gbina BbINONHEHA KackagHas BEKTOpHas
WHBEPCUSA OaHHbIX MarHUTHOM cbemku. CyTb Ta-
KOro noaxofa 3akni4yaeTcsl B pelleHun obpar-
HbIX 3ajady C onpegeneHueM WHOYKTUBHOW W
OCTaTO4HOM COCTaBNALWMUX HaMarHU4eHHOCTM
Ona nocnepoBaTernbHO BblAENseMbIX B UHTEp-
npeTupyemMomM MarHMTHOM Mofe foKarnbHbIX aHO-
mManum [13, 14].

BbligeneHne aHomanui npousBoamTcs Mo
0000LEeHHOMY MOKa3aTento, KOTOpbIN ABMNSIETCS
B3BELLUEHHOW XapaKTepucTMKon (NepBow rna.-
HOWM KOMIMOHEHTON) NoKa3aTernen aHoMarbHOCTMH,
nony4YeHHbIX AN nnowagn MHOXeCTBOM CKOIb-
35LWMX OBYMEPHbIX OKOH PasnuyHOro pasmMepa.
B kayecTBe nokasartens aHOManbHOCTM UCMOfb-
3yetcq L, — HOpMa BeKTopa 3Ha4YeHui nons, no-
Ny4eHHOro BbIGOPKON B OKHE 3HAYEHWUN LIEHTPU-
POBaHHOrO OTHOCUTENBHO (ooHa nonst AT .

Puc. 2. MynsmupomopHbIl 6ecrnusiomHsil kommnekc SibGIS UAS
8 sapuaHme Masio8bICOMHOU MazHUMOpa3eeoKu
Fig. 2. Multirotor unmanned complex SibGIS UAS in the low-altitude magnetic exploration version
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Puc. 3. lMpoepammHbili modyns UAV Waypointer dnsi coz0aHusi nonemubix mucculli c obmekaHueM penbega
Fig. 3. UAV Waypointer software module for creating flight missions with terrain flowing

OnpegeneHne BekTopa OCTaTOMHOW Hamar-
HUYEHHOCTU MO BblAeneHHOoM aHoMarm BO3MOX-
HO MNPV M3BECTHOW reoMeTpun obbekTa, npea-
NonoXeHusix 06 ogHOPOAHOCTU €ero OCTaTo4YHOM
HaMarHW4YeHHOCTU N O BO3MOXHbIX 3HAYEHUAX
MarHUTHOM BOCMPUMMYMBOCTU, OMpeaensitoen
WHOYKTUBHYIO cocTaBnsitoLlyto nonsi. [ns cosga-
HUS 3TUX YCINOBWUIA B anropuTMe KackagHOoW WH-

BEPCUM UCMONb3YKOTCA CETOMHble MOAEenu, 4To
no3BoMnsieT No BblAENEeHHOW aHOManuu fokanu-
30BaTb 0ObeM f4eek, BKMYaloLWmiA MOTEeHUU-
anbHbIN MarHUTHLIM OOBLEKT.

[anee opraHusyeTcs BEKTOPHOE CKaHUPO-
BaHWe, a MMeHHO: nepebop Mo perynspHon
pelleTke MapamMeTpoB BeKTopa OCTaTOYHOW
HamMarHndeHHocTn (KoadpdpunumneHT KéHunrcbep-
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repa Q, cknoHeHve D, n HaknoHeHue /). Ons
KaXgoro anemMeHTa MHOXeCTBa BO3MOXHbIX
3Ha4YeHu 3TUX NapameTpoB MPOBOAUTCH MH-
BEPCUSA JOKaNbHOW aHOManuum B COOTBET-
CTBYHOLWMIA el OObeM CETOYHOW MOLENU, YTO
Nno3BonseT ANs KaXaoro BeKTopa oCTaTOYHOW
HaMarHW4YeHHOCTU OnpeaenuTb reoMeTpuio
W MarHUTHYH BOCMPUMMYMBOCTb MHOXECTBa
slYeeK, COOTBETCTBYHOLMX MNOTEeHUManbHOMY
MarHMTHOMY OB6BLEKTY.

Ona nokanusaumm OOGBLEKTOB MCMONb3yeTcs
okycupytoLas MHBEPCUA MarHUTHOrO Mors Ha
OCHOBe anroputMma pobacTHOM perpeccum no me-
TOOY 9nacTUYHOW CETU, KOTOPbIN OCHOBAaH Ha MU-
HUMU3aUMn pyHKLMOHaNa 1 ABnseTcsl B3BELLEH-
HOWM kOMOWHauuwen Hopm L, n L, [11]. BapuaHT
WHBEPCUM, COOTBETCTBYIOLLMA MUHUMYMY HEBS3-
K/ NOKanbHOW aHOManuuv U MOLEeNu WHBepcuu,
onpegensieT 3HadeHWe MapamMeTpoB BeKTopa
OCTaTOYHOM HaMarHM4eHHOCTU (KoadpbnUNEHT
Kénurcbeprepa Q, cknoHeHue D, v HaknoHeHue /)
obbekTa, BblAEneHHOro B oobeme ceToMHON MO-
aenw.

YTO4YHEHUe pelleHnss MpousBoanTCH ny-
TeM nocrnefoBaTenbHOro CryleHus y3nos 3a-
daHusa Q, D,, I, npnyem Ha Kaxgow utepaumm
LeHTpanbHbIA y3en onpesensiT 3HavyeHus
napaMeTpoB, HaWAEHHble MO MNONyYeHHOMY
B pes3ynbraTe WMHBEPCUMM BEKTOPY CYMMapHOW
HaMarHW4YeHHOCTU U ero WHOYKTUBHOW Co-
CTaBndaoLLEen, COOTBETCTBYKOLIEN cpeaHemy
3HAYEHUI0 MarHUTHOW BOCMPUUMYUBOCTU fO-
KanbHoro obwvekrta. HavanbHoe npubnuxeHue
LEeHTpanbHOro y3na 3agaeTcs yrioBbiMu napa-
METpaMn HOPManbHOro Mo U OrpaHNYEeHNEM
CBepXy 3HayeHus koapduumneHTa Q (B 4aHHOM
cnyyae npv MHBepcun BbINU NPUHATBI: MaKCcu-
ManbHoe 3HadeHne Q = 3; Ananas3oH BO3MOX-
HbIX 3HAQYE€HWW MarHMTHOW BOCNPUUMYUBOCTU
10°-0,1 CW).

B cBA3M C TEM YTO reOMEeTpUsi U1 MarHUTHbIE
CBOWCTBa BblAensembIx nocrnenoBaTenlbHON WH-
Bepcuen ob6bekToB B TOW WKW MHOW Mepe OcC-
MNOXHEHbI HEeMonHbIM Y4EeTOM BMUSHUA elle He
BblOeNeHHbIX OOBLEKTOB MMM olmnbkamu 3TON
e NpuUpOAbl, BHECEHHbIMU YXe MNpOBEeAEHHbI-
MW WHBEPCUSIMU, MPOBOAUTCS aBTOMaTU4eckas
KOppeKuunsa nonyveHHbIX pesynsraTos. [Mpu aTom
Takxke cobntogaeTtcs PUHUUN MOHOTOHHOTO YObl-
BaHUS HEBA3KM A9 NOCnefoBaTeNbHO KOPPEKTU-
pyembIx Mogenen otaenbHbIX 06bEeKTOB.

B npouecce wuHTepnpetauMm nUMHEWHbIE
pa3mepbl MCMOMb3YyEMbIX CETOYHbIX MoAenewn
U UX A4eek nocrnegoBaTenbHO YMEHbLUAKTCH,

2025;48(2):204-223

YTO NO3BOSISIET C NOMOLLI BOMbLUNX MOLENEN
ncknovate adpdekTbl rnybokosaneraowmx u
3aKOHTYPHbIX MarHUTHbIX HEeOoOHOPOAHOCTEN,
dopmupyowmx obwmn oH nonsa ans obpaba-
TbiBaemon nnowaan. 0na kaxgon cnegyoLlen
MOAENN pasMep SYEenKn ymeHbllaeTcs B [Ba
pasa, 4TO NO3BOMAET nonyyatb 6onee gertanb-
Hble Modenu pacnpeaeneHns MarHUTHbIX 00b-
€KTOB B W3y4yaeMoM OObeMe reonormyeckom
cpenbl.

OnekTpopasBenoYHble paboThbl, Kak 1 mar-
HUTOpa3BeAOYHAs CbeMKa, OOMMKHblI Crnocob-
CTBOBaTb AeTanbHOMY aHannady 6onee Menkux
pPasfnoMOB, a TakKXe MPOCTEeXNBaHUIO pacnpo-
cTpaHeHua 6HanaxTucoHckon ceuTbl (€1bl) n
NCCNeaoBaHUID pacnpeaerieHnss Bbi3BaHHON
nonapusaunn. [llocnegHee 0COBEHHO BaX-
HO, TaK KaK 30Hbl MOBbILEHHON BbI3BaHHON
nonapusaunmn, NpeanonoXnTenbHO, NPOCTPaH-
HCTBEHHO COBMagatT C ydyacTKkaMu opydeHe-
Hus [15].

B pamkax gaHHoro npoekrta obinv anpobupo-
BaHbl ABa MeToda anekTtpopassenkun: bBASI kak
ObICTPbIV 1 HEAOPOroW cnocob M3yyYeHnss conpo-
TUBIEHMS TOPHbBIX NOPOA BEPXHEWN YacTu paspe-
3a, n 6onee rMyoOVHHLIN, MEeAMEHHbIA U OOPOrown
MEeTOo 3NEeKTPOMarHUTHOrO 30HAMPOBAHUS C Bbl-
3BaHHOW nondpusaumnen.

Mpeumywectea Metoga bBW3I  3aknto-
yalTcss B OTCYTCTBMM HeoOXOAMMOCTM 3a-
3eMIeHNss U BO3MOXHOCTM paboTbl Ha CHery,
Kypyme, Mep3noTte 1 T. 4., B NOCTOAHHOW reo-
METPUN YCTAHOBKMK, ONpeaenstoulen npocTo-
TY U CKOPOCTb 06paboTKM OaHHbIX, a TaKkKe B
HebonbLIOM KONMMYecTBe 3a4elCTBOBaHHbIX
cneunanuctoB (oT Tpex 4enoek). [Mpownsso-
OVTENbHOCTL TaKOW CbEMKM MOXET COCTaB-
NATb 40 5 NOr. KM B AeHb AaXe B He cambiX
OGrnaronpusTHbIX YCNOBUAX, BCreacTBUE 4ero
CTOMMOCTb paboT HeBbicoka. CriegoBaTernbHO,
B Crydae nory4YeHuns NonoXnTenbHOro pesyrib-
Tata anpobauun metoga bBUAIT Ha yyacTke, B
Gonee TpyaAOEMKUX U AOPOroCTOALLNX METOAAX
anekTpopasBeakn Het HeobxoaumocTn. OgHa-
KO Hebonblwas rmyouHHOCTbL KUccnegoBaHui B
COBOKYMHOCTU C OTCYTCTBMEM OOHAa)KEHHOCTM
KOPEHHbIX TOPHbIX NMOPOA4 C anpuopu HesICHON
MOLLHOCTbIO MepeKpbIBAKOLLNX OTNOXEHUA HEe
nossonsna ObiTb yBEPEHHLIM B 3O (EKTUBHO-
CTW U OOCTATOYHOCTM OAHHOro Metoda B KOH-
KpPeTHbIX naHawagTHO-MOPdONOrMyecknx wu
reoiormMyecknx yCroBusx.

Pabotbl meTogom B3I BbINONHANUCH C UC-
nonb3oBaHneM annapartHoro komnnekca BUKC
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[16—19], npeaHa3Ha4YeHHOro ANs peLueHusa re-
0noro-pasBefoyvHbiX U MHXEHEPHO-reonorun-
yeckmx 3agad. AnnapaTtHbin komnnekc BUKC,
KpaTkasi xapakTepucTuKka KOTOpOro npeacTaBs-
neHa B Tabnuue, No3BONSET NPUMEHATb METOAbI
3ANeKTPonpoUNMpoBaHMa N reoMeTpu4ecKoro
30HAMPOBaHUSA C AUMONbHBIMU €MKOCTHBIMU MNn-
HUAMM.

LWar mexgy nuketamn coctasun 10 M, a Mex-
ay npodpunamu — 100 M. [InnHa vcnonb3yembix
aunonen pasHanacb 10 M, paccTosiHne mexay
reHepatopoMm n npuemHukomMm coctasmno 100 m.
PaccTosiHusa mexay gunonsimm (oukcMpoBanmchb ¢
NMOMOLLIbIO HEpPaCTArMBaloLLLECS BEPEBKM (pUc. 4).
HaHHas koHdurypaumss obecneynna nonyye-
HME 3HAYEHUN KaXKYLLEerocss COMpPOTUBIIEHUS B
BEPXHEN 4acTu paspesa Ha nceBpornyovHe Oo
50 m [20].

OcobeHHOCTbI0O Takoro mMetofda 3rnekTpo-
pasBedKku, Kak 3reKTpOMarHUTHoe 30HAUPO-
BaHMe W Bbi3BaHHas nonspusauus, asnsercs
coyeTaHue B OOHOW CUCTEME U3MEPEHUN Me-
TOAaMU NMepexodHblX NPOLECCOB U OObIYHbIX
ranbBaHUYeCKUX N3MepeHUin Ha NPAMOM TOKe.
YcTaHoBKa uMeeT 3akpenneHHbln reHepaTop-
HbIl UCTOYHUK N NepemMeLLarLMnca oTHOCK-
TenbHO Hero namepuTens, NogobHO meToaam
CPeaVHHOro rpagueHTa, Ho Gnarogaps BO3-
MOXHOCTU MOOENMUPOBAHUS MOXHO U3MEPSATb
GonblIMI NNaHLWeT C O4HOW packnagku nuta-
owen nuHun. [aHHbln MeToa npegnonaraet
ranbBaHUYyecKkoe 3a3eMIieHMe W NUTaLmnXx,
N MPUEMHbIX 3MEeKTpPoOOB, B CBHA3M C 4YeM,
HECMOTPS Ha UCMONb30BaHWE MPUEMHbIX MO-
aynen ¢ BbICOKOOMHbIM BXOAOM, MPOM3BOA-
CTBO U3MEPEHNN Ha Kypymax, Ha CHery 1 T. 4.
ropasgo 6onee Tpyaoemko, Yem B MeTogax
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BU3I. Paspes B03OyxgaeTcda mmnynbcamu
TOKa 4yepes3 3NeKTpuUYeckui gunonb, a pas-
HOCTb MNOTEHUManoB W3MepsieTcsa Ha npu-
eMHbIX anekTpogax. Meton obGecneuunBaer
rmyounHHocTe go 500 m 1 6onee B Gnaronpu-
ATHBIX reonorn4Yecknx ycrnoBusax, OAHAKO WH-
BepCUs AaHHbIX A9 CUCTEM HECTauMoHapHOM
reomeTpun Tpygoemka, Nnpou3BOaUTENbHOCTb
nornesbIX paboT NPMMEpPHO B ABa pa3a HUXe B
meTtogax B3I, cooTBeTCTBEHHO, CTOMMOCTb
CYLLECTBEHHO BbILLE.

Ona peanusaumy gaHHOro metoga WCMonb-
30Barcy annapatHo-NporpamMMHbIA dNeKTpopas-
BegouyHbin komnriekc (AMN3K) «Mapc» (puc. 5),
cocToAWmn 13 cneayowwmx érnokos [19]:

1. leHepaTop pPasHONOMSAPHLIX MMMYNbLCOB
ToKa, (hOPMUPYIOLLMIA 3adaHHY0 UM NOCNeaoBa-
TENbHOCTb (BKIOYaeT B cebst NCTOYHMK cTabunum-
3MPOBaAHHOMO TOKa M KOMMYTAaToOp pas3Hononsp-
HbIX UMMYNbCOB).

2. Peructpatop pasHOCTM MNOTeHuManos
3neKkTpopasBefoYHbI, obecneunBarowmnn cbop
OaHHbIX W BKIOYaKOLWMA  aHanoro-undgposon
npeobpasoBaTtenb, 610K CNyTHUKOBOW CUHXPOHM-
3aLuMKn, MOAyrMb COXPAHEHUS NEPBUYHBIX AAHHbIX
n USB-uHTepcenc ons nogknoydeHnss nepco-
HanbHOro KOMMbKOTEPA.

3. bnok GPS-cuHxpoHmM3auun ansi koopau-
HauuMn paboTbl NPUEMHOM 1 CUITOBOW annaparty-
pbl MPU pa3HEeCEHHbIX UCTOYHMKaX BO3OYyXaAeHUs
n npuema.

4. Ynpaengwwasa nporpaMmma, Mo3BOMsHo-
LLlasi KOHTPONMPOBATb Ka4eCTBO 3annCK Ha aKpa-
He MoneBoro KOMMbHTEPA.

Lar mexagy nuketammn coctaBun 25 m, a Mex-
ay npocovnammn — 100 M. [na goctuxkeHus rny-
OuHHOCTM wuccnepoBaHu go 500 m m Bonee

KpaTkun cnucok xapaktepucTuk annapatHoro komnnekca BUKC
Brief list of characteristics of electric field non-contact measurement hardware complex BIKS

AnnapatHbii komnnekc BUKC

leHepaTop M3meputenb
Paboyas yacTtoTa 16,610,2 k'Y, Paboyas yacTtoTa 16,610,2 k'
AMNAUTYAHbIE 3HAEHNS 1, 3, 10 MA Monoca nponyckaHus He 6onee 20 'y,
BbIXOHOIO TOKa
To4HOCTb cTabunusauum +5 9 B _
BbIXOHOIO TOKa

leHepaTtop

10

80

Oatumk

10m

Puc. 4. Cxema paboyeli ycmaHoeku
Fig. 4. Working installation diagram
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Puc. 5. Cxema annapamHo-npo2paMMHO20 3/1eKmpopa3eedoyHo20 Kkomsiekca «Mapc»
Ha npumepe ¢ YembIpexKaHallbHbIM pe2ucmpamopoM pa3HoCmu MomeHyuaa0e
Fig. 5. Diagram of “Mars” hardware and software electrical exploration complex

on the example of four-channel potential difference recorder

NpYMeHsNack TEXHOMOrMs perncTpaumm Hecrta-
LMOHAPHOIo 3nekTpoMarHuTHoro nons. [OnuHa
nutatowen nuHum AB coctaBuna 2905 m, a ne-
pYOA NPSAMOYrONbHOMO Pa3HOMONAPHOIO NMMYIb-
ca pasHsanca 1 ¢ (umnynec — 250 mc, naysa —
250 mc).

[Ona oueHKkM KayecTBa BbIMNOMHEHHbLIX WC-
cnefoBaHui GbiNM NpoBeAeHbl KOHTPOIbHbIE
n3mepeHus B obbeme 5 % ot obuiero obbema
paboT. MNony4yeHHble pe3ynbTaThl NoKasanu crie-
ayowee:

1. CpegHekBagpaTMyeckoe OTKIMOHEeHWE Mo
meTtony B3I coctaBmno meHee 5 Om-m.

2. Mo meToay GecnmMnoTHOM MarHnTopasBea-
KN OTKINOHEHME He NPeBbLICUNO 5 HTI.

3. Mo meTogy 3NeKTPOMarHUTHOro 30HAUPO-
BaHWA U BbI3BAHHOW MonapusaLmm CpeaHsas Cxo-
OMMOCTb, paccyMTaHHas no BCEMY BpEMEHHOMY
OnanasoHy KpUBOW CTaHOBMEHUS, ocTanacb B
npegenax gonyctumbix 5 %.

Pe3ynkrathl UCcriefoBaHuUA
M X obcyxaeHue

Ha HavanbHOM aTane obpaboTku MCXopHble
OaHHble MarHUTOMETPUYECKON CbLEMKMK, MNOsy-
YeHHble C UCMNonb3oBaHneM 6ecnnnoTHOro neta-
TernbHOro annapara, obIIM NpoaHanM3npoBaHbl 1
OTCOpPTUPOBaHbI. [lanbHenLasi oopaboTka BKIto-
Yyana cnegytowme waru:

1. BHeceHne BapmauUMOHHbIX 1 annapaTHbIX
NnonpaBokK A5 KOPPEKLMM AAHHbIX.

2. BblgeneHue knaccoB NogneTHO-pasBopoT-
HbIX MapLUPYTOB, PAOOBbLIX U KOHTPOSbHbIX NPO-
dunen.

3. YBsA3ka 1 pas3dpakoBka MapLUPYTHbLIX Ha-
ontogeHun.

[ns BbIABNIEHUss 0COOEHHOCTEN reonornye-
CKOro CTPOEHUSI N OEeTanbHOro aHanmsa Toveu-
HbIX aHOManuin Obina paccyMTaHa fokanbHas
cocTaBnswllaa marHutHoro nons. Meton pas-

AeneHust nonsi OCHOBaH Ha pacyeTax CcpefHux
3HaYeHM B CKONb3SLLEM OKHE W3MEHSEMOrO
paguyca, OCyLLEeCTBNSAET YaCcTOTHYI0 Cenekumto
NCXOOHOro Mons W AaeT BO3MOXHOCTb Bblae-
NeHns pernoHarnbHOM M NOKanbHOW COCTaBns-
IOLKMX 3adaHHOM 4YacToThl. B 3aBucumoctn oT
paguyca cKonb3siwero okHa obecneyumBaeTcs
BO3MOXHOCTb BblOOpa aHoManum un3 cnekTpa
yactoT uccrnegyemoro nons nmbo uvHTepBa-
na rmybuH 3aneraHus ropHbix nopog. MarHuT-
HOe nosfie pasfeneHo Ha pernoHanbHyK U Jo-
KanbHYyl0 COCTaBnsolne nyteM OCpeaHeHus B
CKONb3sLLEM OKHe, pagnyc ocpegHeHus 150 m.
PesynbraT nepsuyHon 06paboTkm AaHHbIX Npes-
CTaBneH Ha puc. 6.

KapTa nokanbHOW COCTaBnsAOLWEN MarHUTHO-
ro nons Aaet npeacTaBrneHne O CTPOEHUM BEPX-
Hen YyacTu paspesa. OHa akLeHTUPYET 30HbI Han-
OornbLIero N3MeHeHUs1 NOoNs, YTO yKasblBaeT Ha
Hanuyne BepTMKanbHbIX rPaHnL, B pa3pese (pas-
NNYHbIE LUTOKBEPKU U T. A.).

Ha kapte 4yeTko BMAOHbI Menkue getanu re-
orornyeckoro ctpoeHus. KoHTypbl NOKanbHbIX
MarHMTHbIX aHOMasnu OTpaXakwT W3MEHEHUS
NNTONOIMMYECKOro CoCTaBa Nopos, a TakkKe 30Hbl
TEKTOHNYECKNX HApYLLUEHWIA.

[Mepen moCTpoeHWem KapT pacnpepeneHuvs
KaXKyLLerocs ygenbHOro afekTpuyeckoro conpo-
TnBneHusn (YOC) BbINONHAETCA NpuBA3Ka BCEX
N3MepeHnn K abCoNTHLIM KOOpANHaTaM. ITO
obecnevnBaeT TO4YHOE reorpadunyeckoe Mnosu-
LMOHMPOBAHNE TMOSYYEHHbIX AOaHHbIX. [anee
npoBoAuTca dunbTpauus Bcero obbema WH-
dopmaumm aonsa UCKN4YeHUs 3abpakoBaHHbIX
TOYEK W3MEPEHUs, YTO MNOBbILWAET AOCTOBEP-
HOCTb MONYyYEeHHOW KapThl. [Mpn ncnonb3oBaHUK
ofHoro pasHoca gnunHon 100 m metogom B3I
CTPOUTCA KapTa pacnpegerneHnsa Kaxyllerocs
YOC Ha rnybuHe, paBHOW MNONOBUHE pasHoca
(50 m) (puc. 7).
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Puc. 6. Kapmbi nosiHo20 eekmopa Ma2HUMHO20 oJisi (a) u 1oKanbHOU cocmaeJsisirouweli MazHUmMHoz2o rnois (b):
1 — KOHMyp y4acmka rnpumMeHeHuUs Memoda 3/1eKmMpoMagHUMHO20 30HOUPOBaHUS U 8bI38aHHOU Monspusayuu;
2 — KOHMYyp y4acmka rnpuMmeHeHus Memoda 6eCKOHMaKmMHo20 U3MEePEHUS 3/1IEKMPUYECKO20 oIS, 3 — KOHMYyp yvacmka
MagHUmopa3seeoKu; 4 — nepcrneKkmueHble aHOMarlbHbIe 30HbI 110 OaHHbLIM MagHUMopa3eeoKu;
5 — npednonaeaembie pa3noMHbIe 30HbI
Fig. 6. Maps of the full magnetic field vector (a) and the local component of the magnetic field (b):
1 — contour of the application area of the electromagnetic sounding and induced polarization method;
2 — contour of the application area of the non-contact electric field measurement method; 3 — contour of the magnetic
exploration area; 4 — promising anomalous zones according to magnetic exploration data;
5 — assumed fault zones
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Puc. 7. Kapma pacnpedeneHusi Kaxyu,e20csi yO0esibHO20 3JIeKIMPUYECKO20 CONpPOomMuesieHus
(Memod 6ecKOHMaKmMHO20 U3MEPEHUST 3/IEKMPUYECKO20 r0Jisl):
1 — npednonazaemMbie pa3pbiHble HapyweHus; 2 — 3aborodyeHHasi obrnacmb
Fig. 7. Map of apparent specific electrical resistance distribution
(method of non-contact electric field measurement):
1 — assumed faults; 2 — swampy area

Ha nony4eHHoOM kapTe YeTKO NpoCcnexuBaroT-
CSl CTPYKTYPbI C pasnmyHbiMK 3Ha4YeHnsMmn YIC:

— 30Hbl C BbICOKUMMW 3HAYEHUSIMU COMpPOTUB-
fieHus, KOTopble MOryT yKasblBaTb Ha Hamuuue
MaronopucCTbIX UM ManoOBOAHbLIX MOPOL, TAaKUX
KaK MHTPY3NBHbIE MACCUBbI;

— 06bractu ¢ HU3KUMK 3HaAYEHVSMU COMPOTMB-
NEeHns1, KOTopble acCoLMUPYIOTCH C rugpoTepmarnb-
HO U3MEHEHHbIMU NopogamMu, TPELLUMHOBATLIMN 30-
HaMu UNnn y4acTKamu, HaCbILLEHHbLIMW BOLOW.

Takum ob6pasom, metogq BWOBI nossonun
KapTMpoBaTb MNPUMOBEPXHOCTHbLIE pPasfoMmbl W,
BO3MOXHO, MPOCMNEeAnUTb 30HY paspyLlUeHUs WH-
TPY3MBHOIro MaccuBa.

CoBmecTHas vHTepnpeTaums metoga becnu-
notHom marHuTopassegkm u BU3IT, kotopble
OCHOBBIBAIOTCS Ha pasHblX 3aKOHaXx, SABMSETCS
OYeHb BaXHbIM 3Tanom. Takon aHanua no3song-
€T y4eCTb BCe OCOBEHHOCTUN CTPOEHMS yvacTka.
Tak, 6onee rmMyGuHHbIN MeToa (MarHMTopasBen-
ka) BuanT 60MbLUMHCTBO pa3pbiBHbIX HAPYLLIEHUN,
KOTOPbIE CKPbITbl MOLLHbIM CITOEM YETBEPTUYHbBIX
OTNOXEHWI, HO MOXET MPONYyCTUTb HapyLUEHUS
B CaMoW BepxHeln 4dactm yyactka (10-30 m). B
TakoM cnyyae wucnonb3oBaHne metoga BUSM

No3BONUT BbIAENUTbL NPOMYLUEHHbIE Pa3NOMHble
30HbI (puc. 8).

Pasnombl, KoTOpble BblAENSOTCA MO MeToaaMm,
VUMEOLLMM PasHyto IMyOUHHOCTb, MOMYT HE CXOOUTb-
CS1 TOYb-B-TOUb. DTO MOXET ObITb OOYCMOBMNEHO YITIOM
nageHus pasnoma. lNMeperyHast obpaboTka AaHHbIX
3NeKTPOMarHUTHbIX 30HANPOBAHWI C BbI3BAHHOM MO-
nspy3aumen BKtodaeT B cebs YeTbipe aTana.

1. OuncTka paHHbIX: yaaneHue UCnopyveH-
HbIX peanusauui, KOTOpble He COOTBETCTBYHOT
KpUTEPUSAM KayecTBa.

2. MNopgaBrieHne LWYMOB: CHWXEHWNE BITUAHUSA
NPOMbILLIIEHHBIX MOMEX ANsi NOBbILUEHUSA TOYHO-
CTW pe3ynbTaToB.

3. PobactHas dunbTpaums: npuMeHeHue
OBYXMEPHOIO CKOMb3ALLEro OkHa Ans BblpaBHU-
BaHMS OAHHbBIX U UCKIOYEHWS aHOMasni.

4. NHTerpaumsa: obbeguHeHne obpaboTtaH-
HbIX AaHHbIX B Pe3ynbTUPYIOLLYI0 KPUBYHO ONS
nocneaywLlero aHanusa.

Ha ocHoBe nonyyeHHbIX nocrie nepBUYHON
00paboTKM AaHHbIX CTPOSITCA KapThl KaXyLLUX-
Csl MapameTpoB, KOTOpble MO3BOMSKT OLEHUTb
aneKkTpuyeckne CBOWCTBA MNOA3EMHbIX cped Ha
pas3nunyHbIX rybuHax (puc. 9).
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Puc. 8. CoemecmHasi uHmepnpemauyusi 0aHHbIX, MO/y4eHHbIX C MOMOWbIo 6ecnusomHoll MazHUmopa3eeoku
u Mmemoda 6eCKOHMaKMHO20 U3MePeHUsT 3JIEKMPUYECKO20 MoJIs:

1 — nepcrnekmueHble aHOMarslbHbI€ 30HbI, 8bI0E/IE€HHbIE M0 OaHHbIM Ma2HuUmopa3eedku; 2 — npedrnonazaemMbie
pa3spbleHble HapyuweHuUsl, 8bi0eneHHble Mo 0aHHbIM MagHUumopa3ssedku, 3 — npedronazaemMble pa3pbl8HbIe HapyUWeHUsI
110 OaHHbIM, MO1YYeHHbIM C MOMOWbI0 Memoda 6ECKOHMaKmMHO20 U3MepeHUSsI AIIEKMPUYECKO20 MOrs
Fig. 8. Combined interpretation of data obtained using unmanned magnetic exploration
and non-contact electric field measurement method:

1 — promising anomalous zones identified according to magnetic exploration data; 2 — assumed faults identified
according to magnetic exploration data, 3 — assumed faults according to the data obtained
using the method of non-contact electric field measurement

MNpeanonoXuTeneHO, BbICOKOOMHbIE aHO-
Manuu cBsi3aHHblI ¢ Tenamu rabbpo-anopuTos
OnbxoBCKOro Kommnsekca B BEpXHEN YacTn pas-
pesa. [NonspusyeMocTb, Kak yxe 6bino ckasa-
HO, BblaensieT 3K30KOHTaKT OnNbXOBCKOro KOM-
nrekca ¢ kKapOoHaTHbIMU OTNOXEeHNAMM Ganax-
TUCOHCKOW CBWUTbl M MOKa3blBaeT CTeneHb €ero
NPosiBEHUS.

B oTnnyme oT npeablayLLero cnyvyas aHanmsa
MarHuTopassegoyvHbIX AaHHbIX 1 MeToga B3I,
ofHa 13 3agad, kotopas 6bina noctaBneHa npu
COBMECTHOW WMHTEpnpeTaumn AaHHbIX MeToaoB
B3I n anekTpoMarHUTHOrO 30HAMPOBAHUSA U
BbI3BaHHOW nondpuaaumm, 3aknivanacb B noa-
TBEPXKOEHUN UNN ONPOBEPXKEHUN BblOENEHHbIX
paspbIBHbIX HapyLleHu paHee meTtogom BU3I
(puc. 10). Cxoxme pasnomHble obnactu, KoTo-
pble OblnM NONyYeHbl ABYMS SMeKTpopa3Benoy-

HbIMW MeTOAaMW, UMetoLLMe pasHbIi NPUHLUN
aencteusa, GyayT sBNATbCA MNOATBEPXKAEHUEM
HanMunsa pasnoMHbIX CTPYKTYP.

PesynbraThl, NonyyYyeHHble C MNOMOLLBIO Me-
TOOOB 3MNEKTPOMarHUTHOrO 30HAMPOBAHUS U
BbI3BaHHOWN nonspusauum n bU3I, nemoHcTpu-
pytoT criabyto Koppensauuio mexay cobown. o
BCEN BUAMMOCTU, 3TO CBA3AHO C Hannivem Ha
nnowaau rmuH G0nbLION MOLIHOCTU, KOTOpble
CrnocobCTBYIOT HakonneHuo Brarn. B pesynsra-
T€ HU3KOOMHbIN CITOW BbICTYMaeT B pOrn CBOEO-
©OpasHoro akpaHa ansa metoga bUAIT, uto cyule-
CTBEHHO CHMXaeT rmybnHHOCTb nccrnegoBaHus.
MeTon anekTpoMarHMTHOro 30HOMPOBAHUA W
BbI3BaHHOW nonspusauuu, B OTAMYMe OT MeTOo-
Aa BUW3T, nossonun nsyunte 6onee rnybokve
FOPU30HTbI Y NOMYYUTb OAHHbIE O CTPOEHMM KO-
PEHHbIX NOPOA.
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Puc. 9. Kapmbi pacnpedeneHusi Kayuyuxcsi napamempoe, nosiy4eHHbIX Memooom
3/1eKMPOMa2HUMHO20 30HOUPOBaHUS U 8bI38aHHOU MoJsipu3ayuu:
a — Kaxyuweecs yo0eribHOe 3rieKmpuyecKoe conpomuerneHue; b — Kaxyuasics 8bI38aHHasi nonspu3yemMocms
1 — nepcrniekmugHble pyOOKOHMPONUpyowUe aHoMaslbHbI€ 30HbI 10 0aHHbIM 31IEKMPOMagHUMHO20 30HOUPOBaHUS;
2 — npednonazaemMbie pa3ioMHbIE 30HbI
Fig. 9. Distribution maps of apparent parameters obtained by electromagnetic sounding method
and induced polarization:
a — apparent specific electrical resistance, b — apparent induced polarizability
1 — promising ore-controlling anomalous zones according to electromagnetic sounding data;
2 — assumed fault zones

WWW.Nznj.ru | 215


www.nznj.ru

Hayku o 3emne 1 Heapononb3osaHue / ISSN 2686-9993 (print), 2686-7931 (online) £

2025;48(2):204-223 I

Kaxyieeca YOC, Om'm

200 800 1400 2000 2600 3200

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

3800 0 100 200 300m

= P = P

Puc. 10. CoemecmHasi uHmepnpemauusi nosly4eHHbIX 3J1IeKmpopa3eedoYyHbIx OaHHbIX:
1 — pa3pbl8Hble HapyuweHUs1 Mo 0aHHbIM, MOyYeHHbIM MEMOOOM 3/1eKMPOMagHUMHO20 30HOUPOB8aHUSs
U 8bI3eaHHOU nonspusayuu; 2 — paspbiHbIe HapyweHUs Mo OaHHbLIM, oyYeHHbIM MemodoM
6eCKOHMaKMHO20 U3MepeHUsI 3[1eKMPUYECKO20 Mosis
Fig. 10. Combined interpretation of the obtained electrical exploration data:
1 — faults according to the data obtained by the electromagnetic sounding method and induced polarization;
2 — faults according to the data obtained by the non-contact electric field measurement method

[MockonbKy OAHMM M3 KIOYEBbIX Napa-
MeTPOB MNPU MOUCKE UHTPY3MBHLIX MaCcCUBOB
ABMNANCA UMEHHO NapamMeTp Bbl3BaHHOW nong-
pusauun, oH 6bI MCNONb30BaH NS Bblgene-
HUS NEPCMNEeKTUBHbIX 30H Hapsady C OaHHbIMU
MarHuTtopasBegku. OTo obecneunno 6Gornee
KOMMIIEKCHbIN noaxon K UHTepnpeTauuun reo-
NOrn4Yeckon CTPYKTYpbl UccriegyemMon teppu-
TOpUN.

OpHVMM M3 3aknoynTENbHbBIX 3TanoB paboTbl
cTana paspaboTtka cxembl MHTeprnpeTauuu, Ha
koTopown 6binn o6o3HayeHsb! (puc. 11):

— 30Hbl NUWHEWHbLIX aHOManumn, CBS3aHHbIX
C TEKTOHMYECKMW HapyLUEHUSMU;

— npegnonaraemMas rpaHvLa MHTPY3uu;

— nepcnekTuBHbIE 0bnacTu Ans gansHenwwe-
ro uccrnegoBaHus.

MoMumMo cxembl MHTepnpeTauun, Obina Bbl-
nornHeHa TpexMepHasi WHBEpPCUS MarHuTopas-
BEAOYHbIX OaHHbIX B nporpamme QDI Kappa.
Llenbto BbINOMHEHUS MHBEPCUUN SBASNACh NOKa-
nn3aumsa MHTPY3UBHBIX Ter B BEPXHEN YacTu pas-
pesa (Ha rmy6uny go 350 m).

B npouecce BbINOMHEHWS KackagHOW WH-
BEPCUM MarHUTOpasBefouvHbiX AaHHbiXx B QDI
Kappa B grMana3soHe ropnaoHToB 215-570 M uc-
nonb3oBanacb CeTodHasd Mogernb C pasMepoMm
Ayeek 25x25%x25 M, a BepxHa4 4acTb B gvana-
30He 380-570 m pgetanuavpoBanacb MOAENbIO
C aAvenkamm 12,5%x12,5x12,5 m. Pasamepsbl s4eek
noabuparTca MHTEPNPETaToOpoOM, UCX0Ad U3 3a-
[auvM 1 MOHMMAaHUSA TreosIorMYeckon CUTyaunuu.
Tak, ona peweHunsa 3agayn no noucky Hebonb-
WKX Ten HeobXoaAMMO NMPUNTU K MaKCUManbHO
ManblM pasmepam syeek. Ecnu xxe Tena nvetot
Oonblne pasmepsbl, TO HET CMbICMAa NPUXOANTb
K TaKMM e f4yeinkam, KoTopble onucaHbl B pabo-
Te (ana coxpaHeHus paboyero BpemeHn).

Pesynbtatbl MHBEPCUMM MOKa3biBalOT BO3-
MOXHOCTb BbIOENEHNA NepcrnekTUBHbIE 30H
(puc. 12, 13) NOBbLIWEHHLIMU 3HAYEHUAMU KO-
appuumneHta Keénurcbeprepa, 4TO, B CBOW
oyepenb, OTpaxaeT CylLleCTBOBaHWE reonoru-
yecknx hakTopoB (rMapoTepmanbHble Npouec-
Cbl), NOBMMABLUMX HA OCTATOYHYI HaMarHu4yeH-
HOCTb NMOPOA 3TUX 30H.
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Puc. 11. Cxema uHmepnpemayuu 2eoghusuyeckux 0aHHbIX:

1 — nepcrniekmueHble 30HbI Mep8o2o ropsidka; 2 — nepcriekmugHasi 30Ha 8mopozo nopsioka,; 3 — ebl0enIeHHbIe

pa3pblgHble HapyuweHUe Ha OCHO8e 2e0U3UYECKUX 0aHHbIX; 4 — epaHuya 6ecnunomHol MagHUMopa3eeoKu;
5 — epaHuya 6eCKOHMaKMmMHO20 U3MEPEHUS 3NIEKMPUHECKO20 o71s; 6 — epaHuya 3/1eKmpoMagHUMHo20 30HOUPO8aHUsI

U 8bi38aHHOU nonspu3ayuu
Fig. 11. Diagram of geophysical data interpretation:
1 — first-order promising zones; 2 — second-order promising zone; 3 — faults identified on the basis of geophysical data;
4 — unmanned magnetic exploration boundary; 5 — boundary of non-contact electric field measurement;
6 — boundary of electromagnetic sounding and induced polarization

Puc. 12. lpocmpaHcmeeHHbIe 83aUMOOMHOWEHUSI MO8bIWEHHbIX 3Ha4YeHul napamempa Q,
nony4eHHbIX Mo pe3ysbmamam uHeepcuu QDI Kappa ¢ nokanbHbIMU Ma2HUMHbBLIMU aHOManusimu
U pyOOKOHMPOUPYWUMU 30HaMu
Fig. 12. Spatial relationships of elevated Q parameter values obtained from QDI Kappa inversion
with local magnetic anomalies and ore-controlling zones
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Puc. 13. TpexmepHasi eudyanu3sayusi obnacmeli noebiweHHbIX 3Ha4eHull napamempa Q
8 corocmasJsieHuU ¢ JlIokaslbHOU cocmasJsisirtowell MagHUMHO20 MoJis
Fig. 13. Three-dimensional visualization of the areas of increased Q parameter values
in comparison with the local component of the magnetic field

TpexmepHass MHBEpPCUS MarHMTopasBenoud-
HbIX JaHHbIX MO3BONUNa NOATBEPANTL NepChekK-
TMBHOCTb BblAeneHHbIx obnacten (cm. puc. 9)
3a CYeT fnoKanua3auum MHTPY3MBHbIX Ten y4acT-
Kamn MoBbIWEHHbIX 3HayeHun napameTtpa Q.
Bo3MoXHOCTb Mogob6HOM nokanu3auuu Mnoka-
3bIBaET, YTO BbINOSIHEHME KaCKaaHOW UHBEPCUU
MarHMTHOro Nons AOMKHO NpeALlecTBoBaTh Bbl-
Oopy y4acTkOB AN BbINOMHEHWS ANEKTpopa3Be-
OOYHbIX paborT.

3aknryeHue

BbINOMHEHHbI KOMMMNEKC UCCrneaoBaHur Mno-
3BONNN OMNPEAEnUTb MECTOMOSMOXKEHME MarnbIX
anoputoBbIX MaccuBoB OrbXOBCKOrO KOMIIEKca.
Tem He MeHee anga 6onee TOYHOro YCTaHOBMEHUS
XapakTtepa 3aneraHms u napamMeTpoB 3TUX Ten
TpebyoTca AONOMHUTENbHLIE NCCNEAOBAHUS.

lNpoBegeHHass paboTa nomorna BbIABUTH
KroyeBble OCOBEHHOCTU CTPOEHUSA panoHa,
CBSI3aHHbIE C TEKTOHUYECKUMU HapyLUEHUAMU,
WHTPY3UBHBIMX TenamuM W 30HaMu rMapoTep-
ManbHOW METacoMaTO3HOW MWUHepanmaaunu.
lMonyyeHHble JaHHbIE NOCYXUTM OCHOBOW ANS
JanbHenWwen [fpeTanbHOW pasBeaKkn nepcnek-
TUBHbIX Y4aCTKOB.

[NpencraBneHHbIN reon3NYeCKUIn KOMMIIEKC
METOOOB, XOTb M MO3BONWI BbIABUTbL BCE MNep-
CMEeKTMBHbIE 30HblI Ha MccregyemMon nrowaaun,
HO He sBnsieTCA OKOoH4YaTeNbHbIM. 1o pesynbra-
TaM NpoBeAeHHbIX paboT BbINK caenaHbl creay-
loLLMe MeToanyeckmne BbiBOAbI:

1. Ha ocHoBe KayecTBEHHOW U KONNYECTBEH-
HOW WHTepnpeTaunm AaHHbIX adpPOMarHUTHOM
CbEMKWN C MCMONb30BaHNEM OeCnuUoTHbIX NeTa-
TeNnbHbIX annapaToB ObINX BblAeneHbl Npeanona-
raemMble rpaHuLbl MHTPY3MBHOIO Tena OrnbX0oBCKO-
ro KOMMJIEKCA, He BbIXOASILLErO Ha MOBEPXHOCTL. B
3TOWM 061acT OTMEeYatoTcs NloKarbHble aHoManmm
C MNOBbILUEHHbIMN 3HAYEHUAMN MarHUTHOIO MOJSIs,
BbISIBIIEHbl 30HbI TEKTOHUYECKUX HapyLUEeHWUn ce-
BEpO-3anafgHoro npoCTUpPaHusi, KOTOpble MrparoT
KIOYEBYIO POIib B KOHTPONE pacnpoCTpaHeHUs
OonblwMHCTBA WHTPY3MBHBIX Ter  OrnbXOBCKOro
komnnekca. lNpegnonaraetcsi, YTo BOOMb TEKTO-
HUYECKMX HapyLUEHUI NPOTATMBAOTCA NIMHENHbIE
30HbI T<MaPOTEPMAarbHO M3MEHEHHbIX NOPOA, KOTO-
pble CBsi3aHbl C 30110TbIM OPYAEHEHWEM.

2. Metogbl ManornybuHHONM anekTpopasees-
Kn, Takne kak BU3II, He pekomeHayoTcs K no-
CTaHOBKE B NMOAO0OHbIX YCMNOBMSX BBUAY Marnoro
Konu4yecTBa MnoresHon MHdopmaumm n npobdnem
B MHTEpnpeTaunn, CBA3aHHbIX C MAacCUBHbLIM Ha-
NNYnemM NpPUNOBEPXHOCTHLIX 0OBOAHEHHLIX 30H.
HecmoTpsi Ha To, 4TO Takme MeTtodbl ObICTPbI U
HepoporK, reonornyecknn adpdekT OT HUX MU-
HumaneH. bonee npegnoYTUTENLHBIM B JAHHOM
cnyyae gaBnsieTca 6onee OPOrocTosILLNN MeToa
3MEeKTPOMAarHMTHOrO 30HANPOBAHUSA U BbI3BaH-
Hon nonspusauuu. MNpu aToM crnegyeTt OTMETUTD,
YTO HeobxoauMmble BbiBOAblI He TpeboBanu npo-
BeLAEHUs uHBepcun. Takum oOpasom, crneayet
NMB0o BbINOMHATL TPEXMEPHYIO MHBEPCUIO 3rEK-
TpopasBeaoYHbIX AaHHbIX, MO0 3aMeHUTb Me-
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TOO 3NEeKTPOMarHUTHOro 30HOAMPOBaHUSA U Bbl-
3BaHHOM Nongpu3auunu, No3BOMSOLWNA NONYyYnTb
UYNCIIEHHYIO XapaKTEPUCTUKY 3HAYEHWU Bbl3BaH-
HOW nonsgpusaumm, Ha MeTod, KoTopbIn ByaeT no-
3BOMATb MOMyyaTh NULb KAYEeCTBEHHYK Xapak-
TEPUCTUKY. DTO NO3BOMNUT YMEHbLUUTL CTOUMOCTb
anekTpopasBefoyHbIX paboT 1M Mo CpaBHEHUIO C
BbINONIHEHMEM JanbHENLLEN TPEXMEPHOM NHBEP-
CWM COKPaTUT CPOK NpoBedeHust pabor.

3. CtaguiHocTb paboT u rpad obpaboTkm
OOIKHa ObITb CneayroLLen:

1) npoBegeHne aHanmsa reoriorm4eckon u
reomsnyeckon MHopMaumm ¢ nocnegyoLen
©ecnMnoTHOM MarHMTopas3BEaKOM;

2) BbINONHEHUe 6ecnunoTHLIX MarHUTopas-
BEOYHbIX paboT, pJanbHenwasi TpexmepHas
KackagHasi MHBEPCUS OAHHbBIX M MHTepnpeTauus
AaHHbIX, BblAerneHne NepcnekTMBHbIX obnacren c
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NMONOXKNUTENbHbLIM 3HAKOM B FTOKarnbHOM COCTaBMsA-
toLLEN MOoNA M NONOXUTENbHLIM NapameTpom Q,
noMmMMo BblaeneHus obnacten, Tpebyerca Bbl-
OENVUTb pasfnombl (BaHHbIN 3Tan SBASIETCA OCHO-
BoMnormarawwum Ana ganbHenwen noCTaHOBKU
3reKTpopasBedoyHbIX paboT, Tak Kak MMEHHO Ha
OCHOBE MOfyYeHHbIX AaHHbIX Bblbupaetcs 6y-
ayuwasa nnowanb Ansi BbIMOMHEHWST SMeKTpopas-
BEOKN);

3) BbINOMHEHME 3NEKTPOpa3BegoYHbIX paboT
N NpoBedEHNe COBMECTHOIO reomanyeckoro
aHanmsa C nosfyYeHnem pesynsTaTtoB MarHuTo-
pas3Benku, BblaeneHne obnacrern ¢ NoBbILLEHHON
BbI3BaHHOW Nonsipu3aumein 1 paspbiBHbIMU Hapy-
LEeHUAMN;

4) NOCTpPOEHME CXEMbI MHTEpMNpeTauun reo-
dusnyecknx padoT Ans AanbHENLWEro N3yyeHus
nepcrnekTUBHbLIX obnacTen.

Cnucok ucmo4yHuUKo8

1. Epodpees J1.4., OpexoB A.H. leonoro-reodusmyeckrie ycnosus Ha 30M0TopyaHbIX nonsx Cubupm // N3secTtusa Tom-
cKoro nonutexHudeckoro yHusepcuteta. 2014, T. 324. Ne 1. C. 80-86. EDN: RWQLIZ.

2. Tyce A.N. Teonoro-renetnyeckas mogenb CUHIOXMHCKOrO 30/10TO-MEAHO-CKapHOBOIo MecTopoxaeHus // MNMownckm
1 pasBefKka MeCTOPOXAEHUM NOMEe3HbIX MCKoMaeMbIxX: Matepuansl Hay4. KoHd. Tomck: N3g-Bo TI1Y, 2000. C. 104—-108.

3. Conosbes l"A. MNMeTpodmranyeckas knaccudukauus pygHbix mectopoxaerun // Feonorna un passegka. 1991. Ne 6.

C. 22-29.

4. Epodees J1.4., OpexoB A.H. MarHuTo-reonormyeckme Mogenu 3oroTopyaHbIX TeN U BO3MOXHOCTU MarHUTOMETpUn
npu nx passegke // MuHepareHunss CeBepo-BoctouHon Asuu: matepuans || Bcepocc. Hayy.-npakT. KoHd. YnaH-Yaa: Jkoc,

2011. C. 46-47.

5. Mpwuxogpko A.1O. YcnoBus hopMUpOBaHNS 301OTOPYAHBIX MECTOPOXAEHUI MO reousnyecknm AaHHbeim // Meo-
dmsnyeckme nccnegoBaHnsa Ha TBepAble MornesHble NcKonaemble: Te3nchl Aoknagos MexayHap. reodrsnyeckon KoH.
(r. CaHkT-letepbypr, 2—6 okTabpsa 2006 r.). Cl16.: N3gatenbctBo Welcome, 2006. C. 284-285.

6. YynposB.B. [nap.]. Feonoro-reocuranyeckas knaccudukaums pyaHbIXx 06bEKTOB Npy 00X U AeTarnbHbIX nouckax //

CoBeTtckas reonorus. 1982. Ne 4. C. 24-28.

7. MapwwuH A.B., Byask A.E., brimHoB A.B., Koctepes A.H., Mopo3sos B.A., Muxanes A.O. [n ap.]. H13koBbICOTHas
BGecnunoTHasi aspoMarHMTopasBefKka B peleHun 3agad KpynHomacwTabHOro CTpyKTypHO-reonormyeckoro KapTupoBaHus
1 MOUCKOB PYAHbLIX MECTOPOXAEHWIN B CMOXHBIX NaHAwadTHbIX ycrnosusax. YacTs 2 // Meorpadmsa v npupogHsie pecypcebl.
2016. Ne S6. C. 150—-155. https://doi.org/10.21782/GIPR0206-1619-2016-6(150-155). EDN: XQRZBR.

8. MapwwuH A.B., MNpebeHkmH H.A., Moposos B.A., Pxesckas A.K., LLnkaneHko ®.H. MNepBble pe3ynbraTtbl MeTOAMYE-
CKu1X paboT No NpYMeHeHN0 6ECNUNOTHBLIX a3poreoU3NYECKNX TEXHOMOMMIA Ha CTaany MONCKOB MECTOPOXAEHUI YpaHa //
PasBepgka n oxpaHa Hegp. 2017. Ne 11. C. 59-64. EDN: YTHJUE.

9. CHerupés H.B., layexko C.B., MapwwuH A.B. CpaBHUTENbHbIN aHann3 MHMOPMAaTUBHOCTM MaroBbICOTHOW Mar-

HUTOpa3BEeAKN C NPMMEHeHneM GecnunoTHbIX feTaTernbHbIX annapartoB U Ha3eMHoW marHuTopassegku // Hayku o 3em-
ne n Hegpononb3oBaHue. 2023. T. 46. Ne 2. C. 182-189. https://doi.org/10.21285/2686-9993-2023-46-2-182-189.
EDN: CLAMAG.

10. CanyHoB B.A., eHncos A.1O., CasenbeB B.B., Kucenés C.E., Hapxos E.[l., Ceprees A.B. [n ap.]. MogepHu3auus
Ha3eMHbIX OBepxay3epoBCkuMx marHutometpoB POS anst ucnonb3oBaHusa Ha 6eCnuNOTHBIX adPOHOCUTENSIX KOMTEPHOro
Tuna // NimxeHepHasa n pyaHas reocdumsuka 2020: matepuansl 16-1 Hayy.-npakT. KOH®. COBMECTHO C CeMUHApoMm «WH-
XeHepHas u pygHasa reonorus 2020» (r. Mepmb, 14-18 ceHtabpsa 2020 r.). MNepmb: EAIE «leomopens», 2020. C. 99.
https://doi.org/10.3997/2214-4609.202051124. EDN: DQTTXQ.

11. Sapunov V., Bondarev E., Denisov A., Narkhov E., Sergeev A., Fedorov A., et al. UAV overhauser sensors and
magnetometers: results and development prospects // Developments and Advances in Defense and Security. Proceedings
of MICRADS 2024 / eds A. Rocha, A. Vaseashta. Springer, 2025. Vol. 423. P. 331-345.

12. Parshin A.V., Tsirel V.S., Rzhevskaya A.K. Guidelines for low-altitude aeromagnetic surveys (Russian Federal
Agency for Subsoil Use, 2018) —the main points and the authors’ comments // GeoBaikal 2018: conference materials (Irkutsk,
11-17 August 2018). European Association of Geoscientists & Engineers, 2018. P. 1-7. https://doi.org/10.3997/2214-
4609.201802012.

13. OaBbigeHko A.KO. OnpepneneHve ocTaToOMHOW M MHOYKTMBHOW HaMarHW4eHHOCTW OOBbEKTOB Ha OCHOBE Kackaf-
HOWM MHBEPCUW AaHHbIX MarHUTHbIX CbEMOK // Bonpockl Teopun 1 NpakTUKM reoriormyeckon MHTepnpeTaunm rpaBuTaum-

Www.nznj.ru | 219



www.nznj.ru
https://elibrary.ru/rwqliz
https://doi.org/10.21782/GIPR0206-1619-2016-6(150-155)
https://elibrary.ru/xqrzbr
https://elibrary.ru/ythjue
https://doi.org/10.21285/2686-9993-2023-46-2-182-189
https://www.elibrary.ru/clamag
https://doi.org/10.3997/2214-4609.202051124
https://elibrary.ru/dqttxq
https://doi.org/10.3997/2214-4609.201802012
https://doi.org/10.3997/2214-4609.201802012

Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

2025;48(2):204-223 !

OHHBIX MarHUTHbIX U 3NEKTPUYECKUX Monen: cbopHuk Hayd. TpyaoB. Mepmb: M3g-so ' YpoPAH, 2025. Bein. 1. C. 95-99.
EDN: XTVUJG.

14. OaBbigeHko A.FO. ViHBepcns MarHMTHOrO MOMs Ha OCHOBE 3MaCTUYHOM CETWM U BEKTOPHOTO CKaHMPOBAaHWUS Anis
OLEHKN MarHWTHOM BOCMPUMMYMBOCTM M OCTAaTOMHOW HaMarHMYeHHOCTW TpexmepHbix obbekToB // Bonpockl Teopun u
NPaKkTUKN reonornyeckon nHTepnperaummn reopumsnyeckux nonen: matepuansl 47-n ceccun MexayHap. Hayd. ceMuHapa
[.T. YcneHckoro — B.H. CtpaxoBa (. BopoHex, 27—-30 siHBaps 2020 r.). BopoHex: WML «Hay4Has kHuray, 2020. C. 105-
110. EDN: SSQCEL.

15. Zou H., Hastie T. Regularization and variable selection via the elastic net // Journal of the Royal Statistical Society
B. (Statistical Methodology). 2005. Vol. 67. Iss. 2. 301-320. https://doi.org/10.1111/j.1467-9868.2005.00503.x.

16. BobayeB A.A. OCoBEHHOCTUN 3NEKTPUYECKOTO NMOMs B BO3AYXe MPU HN3KOYACTOTHLIX BECKOHTaKTHbIX aneKkTpuye-
CKMX 30HAMpoOBaHUsAX // Passegka n oxpaHa Hegp. 2002. Ne 10. C. 36—40.

17. Tpy3neB A.W., BobayeB A.A. OcobeHHOCTU NpUMEHEHNst BECKOHTAKTHBLIX M3MEPEHUIA B METOAE COMPOTUBIEHWIA //
MHxeHepHas, yronbHast n pyaHasi reogusmka-2015. CoBpeMeHHOe COCTOSIHME M MEepPCreKTUBbI PasBUTUS: MaTepuansbl
KOH®. (. Coun, 28 ceHTAbOps — 2 okTs6psa 2015 1.). M.: U3g-Bo EAIO, 2015. C. 178-183. EDN: UMRFSR.

18. IpysneB A.V. CpaBHeHMe pasnuyHbiX METOAUK KOHTaKTHbIX U BECKOHTaKTHbIX U3MEPEHUI B YCMOBUAX CpedHen
nonockl Poccun // xeHepHble nabickanus. 2014. Ne 9-10. C. 32-37. EDN: TEGEUV.

19. Tpodmmor U.B., balukeeB A.C., CaByeHko B.A., KoHwuH M.O. OnbIT koMnnekcupoBaHust 6ECKOHTAKTHOWM TeXHO-
noruy mMetoa CONpPOTUBIIEHUIA U re0PU3NYECKON CbEMKM C NMPUMEHEHNEM BGECMUIOTHbBIX NeTaTenbHbIX annaparoB npu
nomckax KopeHHoro 3onota B bogarnbuHckom cuHknmMHopuu // Haykm o 3emne n Hegpononb3oBaHue. 2024. T. 47. Ne 3.
C. 248-261. https://doi.org/10.21285/2686-9993-2024-47-3-248-261. EDN: PQZKDA

20. Mat. Ne 2574861, Poccuiickaa ®epepaunsi, GO1V 3/08. Cnocob namepeHus n o6paboTkn nepexoaHbIX npo-
LLeCCOB C 3a3eMNEHHON NIMHUEN NpYU UMMNYNIbCHOM BO30YXAEHWUM NOMSA 3MEKTPUYECKUM AUMONEM C LeNbi NOCTPOEHNs
reoaneKkTpuYeckmx pa3pesos 1 YCTPOMCTBO AJ1S1 OCYLLECTBNEHUS 3TOr0 cnocoba ¢ MoOMOLLLI0 annapaTHO-NPOrpaMMHOro
anekTpopa3ssegoyHoro komnnekca (AN3K « MAPCy) / KO.A. asbiaeHko, A.FO. dasbigeHko, W.1O. MNectepes, C.B. Akos-
nes, M.A. faBbigeHko, A.B. KomsiruH [n gp.]. 3asen. 01.08.2012; ony6n. 10.02.2016. bron. Ne 4.

References

1. Erofeev L.Ya., Orekhov A.N. Geological and geophysical conditions at Siberian golden ore fields. Bulletin of the
Tomsk Polytechnic University. 2014;324(1):80-86. (In Russ.). EDN: RWQLIZ.

2. Gusev A.l. Geological and genetic model of the Sinyukhinsky gold-copper-skarn deposit. In: Poiski i razvedka
mestorozhdenii poleznykh iskopaemykh: materialy nauch. konf. = Prospecting and exploration of mineral deposits:
Proceedings of the scientific conference. Tomsk: Tomsk Polytechnic University; 2000, p. 104-108. (In Russ.).

3. Soloviev G.A. Petrophysical classification of ore deposits. Geologiya i razvedka. 1991;6:22-29. (In Russ.).

4. Erofeev L.Ya., Orekhov A.N. Magnetogeological models of gold ore bodies and magnetometry potential in
their exploration. In: Minerageniya Severo-Vostochnoi Azii: materialy Il Vseross. nauch.-prakt. konf. = Minerageny of
North-East Asia: proceedings of the 2" All-Russian scientific and practical conference. Ulan-Ude: Ekos; 2011, p. 46-47.
(In Russ.).

5. Prikhod’ko A.Yu. Formation conditions of gold ore deposits according to geophysical data. In: Geofizicheskie
issledovaniya na tverdye poleznye iskopaemye: tezisy dokladov Mezhdunar. geofizicheskoi konf. = Geophysical research
for solid minerals: abstracts of the International geophysical conference. 2—6 October 2006, St. Petersburg. St. Petersburg:
Izdatel'stvo Welcome; 2006, p. 284-285. (In Russ.).

6. Chuprov V.V, et al. Geological and geophysical classification of ore objects in general and detailed exploration.
Sovetskaya geologiya. 1982;4:24-28. (In Russ.).

7. Parshin A.V., Bydyak A.E., Blinov A.V., Kosterev A.N., Morozov V.A., Mikhalev A.O., et al. Low-altitude unmanned
aeromagnetic survey in management of large-scale structuralgeological mapping and prospecting for ore deposits
in composite topography. Part 2. Geografia i prirodnye resursy. 2016;S6:150-155. (In Russ.). https://doi.org/10.21782/
GIPR0206-1619-2016-6(150-155). EDN: XQRZBR.

8. Parshin A.V., Grebenkin N.A., Morozov V.A., Rzhevskaya A.K., Shikalenko F.N. The first results of methodological
work on the application of bespilot airborne geophysical technologies at the stage of prospecting of uranium deposits.
Prospect and protection of mineral resources. 2017;11:59-64. (In Russ.). EDN: YTHJUE.

9. Snegirev N.V., Gachenko S.V,, Parshin A.V. Comparative analysis of low-altitude magnetic survey sensitivity using
unmanned aerial vehicles and land magnetic survey. Earth sciences and subsoil use. 2023;46(2):182-189. (In Russ.).
https://doi.org/10.21285/2686-9993-2023-46-2-182-189. EDN: CLAMAG.

10. Sapunov V.A., Denisov A.Y., Savelyev V.V, Kiselev S.E., Narkhov E.D., Sergeev A.V.,, et al. Modernization of
ground-based overhauser POS magnetometers to use on small unmanned copter-type aerial vehicles. In: Inzhenernaya
i rudnaya geofizika 2020: materialy 16-i nauch.-prakt. konf. sovmestno s seminarom «Inzhenernaya i rudnaya geologiya
2020» = Engineering and ore geophysics 2020: proceedings of the 16" scientific and practical conference in combination
with the seminar “Engineering and Ore Geology 2020”. 14—18 September 2020, Perm. Perm: Geomodel; 2020, p. 99.
(In Russ.). https://doi.org/10.3997/2214-4609.202051124. EDN: DQTTXAQ.

11. Sapunov V., Bondarev E., Denisov A., Narkhov E., Sergeev A., Fedorov A,, et al. UAV overhauser sensors and
magnetometers: results and development prospects. In: Rocha A., Vaseashta A. (eds). Developments and Advances
in Defense and Security. Proceedings of MICRADS 2024. Springer; 2025, vol. 423, p. 331-345.

220 I WWW.Nnznj.ru


https://elibrary.ru/xtvujg
https://www.elibrary.ru/ssqcel
http://doi.org/10.1111/j.1467-9868.2005.00503.x
https://elibrary.ru/umrfsr
https://elibrary.ru/tegeuv
https://doi.org/10.21285/2686-9993-2024-47-3-248-261
https://elibrary.ru/PQZKDA
https://elibrary.ru/rwqliz
https://doi.org/10.21782/GIPR0206-1619-2016-6(150-155)
https://doi.org/10.21782/GIPR0206-1619-2016-6(150-155)
https://elibrary.ru/xqrzbr
https://elibrary.ru/ythjue
https://doi.org/10.21285/2686-9993-2023-46-2-182-189
https://www.elibrary.ru/clamag
https://doi.org/10.3997/2214-4609.202051124
https://elibrary.ru/dqttxq

@Tpoqmmos WU.B., BanbkoBa E.[l., llTasypuyeHko A.B. u ap. PazpaboTka METOAUKM U ONTUMArbHOTO... | 2025;48(2):204-223

Trofimov L.V, Valkova E.D., Lazurchenko A.V., et al. Development of a methodology and an optimal...|

12. Parshin A.V., Tsirel V.S., Rzhevskaya A.K. Guidelines for low-altitude aeromagnetic surveys (Russian Federal
Agency for Subsoil Use, 2018) — the main points and the authors’ comments. In: GeoBaikal 2018: conference materials.
11-17 August 2018, Irkutsk. European Association of Geoscientists & Engineers; 2018, p. 1-7. https://doi.org/10.3997/2214-
4609.201802012.

13. Davydenko A.Yu. Determination of residual and inductive magnetization of objects based on cascade inversion
of magnetic survey data. In: Theoretical and Practical Issues of Geological Interpretation of Gravitational Magnetic and
Electric Fields: Collected scientific papers. Perm: Ural Branch of the Russian Academy of Sciences, Mining Institute; 2025,
vol. 1, p. 95-99. (In Russ.). EDN: XTVUJG.

14. Davydenko A.Yu. Magnetic field inversion based on elastic net and vector scanning to estimate 3D object magnetic
susceptibility and remanent magnetizatio. In: Materialy 47-i sessii Mezhdunar. nauch. seminara D.G. Uspenskogo —
V.N. Strakhova = Materials of the 47" session of D.G. Uspensky — V.N. Strakhov International scientific seminar.
27-30 January 2020, Voronezh. Voronezh: Nauchnaya kniga; 2020, p. 105-110. (In Russ.). EDN: SSQCEL.

15. Zou H., Hastie T. Regularization and variable selection via the elastic net. Journal of the Royal Statistical Society
B (Statistical Methodology). 2005;67(2):301-320. (In Russ.). https://doi.org/10.1111/j.1467-9868.2005.00503.x.

16. Bobachev A.A. Electric field features in the air during low-frequency contactless electrical sounding. Prospect and
protection of mineral resources. 2002;10:36-40. (In Russ.).

17. Gruzdev A.l.,, Bobachev A.A. Application features of non-contact measurements in resistance method.
In: Inzhenernaya, ugol’naya i rudnaya geofizika-2015. Sovremennoe sostoyanie i perspektivy razvitiya: materialy konf. =
Engineering, coal and ore geophysics-2015. Current status and development prospects: conference proceedings.
28 September — 2 October 2015, Sochi. Moscow: Interregional Public Organization Euro-Asian Geophysical Society; 2015,
p. 178-183. (In Russ.). EDN: UMRFSR.

18. Gruzdev A.l. Comparison of different methods of contactand non-contact measurements in the midland of Russi.
Engineering Survey. 2014;9-10:32-37. (In Russ.). EDN: TEGEUV.

19. Trofimov I.V., Bashkeev A.S., Savchenko V.A., Konshin I.O. Integration experience of resistivity method
contactless technology and unmanned aerial vehicle measurements in primary gold prospecting in Bodaibo synclinorium.
Earth sciences and subsoil use. 2024;47(3):248-261. (In Russ.). https://doi.org/10.21285/2686-9993-2024-47-3-248-261.
EDN: PQZKDA.

20. Davydenko J.A., Davydenko A.J., Pesterev I.J., Jakovlev S.V., Davydenko M.A., Komjagin A.V., et al. Method of
measuring and processing transient processes with grounded line during pulse field excitation with electric dipole to
construct geoelectric sections and apparatus for carrying out said method using hardware-software electrical logging
system (APEK «MARS»). Patent RF, no. 2574861; 2016. (In Russ.).

UHdopmauma o6 aBTopax / Information about the authors

TpocdmmoB Unbs Bnagumuposuy,
MIIaALWLNA HayYHbIN COTPYAHMUK,

MHCTUTYT «Cnbupckas wkona MeoHayk»
MpKyTCKMIA HauMOHarnbHbIN nccreqoBaTenibCkUn TEXHUYECKUI YHUBEPCUTET,
r. pkyTck, Poccug,

P4 itrofimov@geo.istu.edu
https://orcid.org/0009-0008-3888-5779

llya V. Trofimoy,

Juinior Researcher,

Siberian School of Geosciences,

Irkutsk National Research Technical University,
Irkutsk, Russia,

P4 itrofimov@geo.istu.edu
https://orcid.org/0009-0008-3888-5779

BanbkoBa EBreHusi leHMCOBHa,

MHXeHep aenapTameHTa reouHdopMaTUKN,
MHCTUTYT «Cnbupckas Lwkona reoHayky,
VMpKyTCKMIA HaumMoHarbHbIN UccreqoBaTenbCkMn TEXHUYECKUIN YHUBEPCUTET,
r. pkyTck, Poceug,

evalkova@geo.istu.edu
https://orcid.org/0009-0007-7394-1978
Evgeniya D. Valkova,

Engineer of the Geoinformatics Department,
Siberian School of Geosciences,

Irkutsk National Research Technical University,
Irkutsk, Russia,

evalkova@geo.istu.edu
https://orcid.org/0009-0007-7394-1978

Www.nznj.ru | 221



www.nznj.ru
mailto:itrofimov@geo.istu.edu
https://orcid.org/0009-0008-3888-5779
mailto:itrofimov@geo.istu.edu
https://orcid.org/0009-0008-3888-5779
mailto:evalkova@geo.istu.edu
https://orcid.org/0009-0007-7394-1978
mailto:evalkova@geo.istu.edu
https://orcid.org/0009-0007-7394-1978
https://doi.org/10.3997/2214-4609.201802012
https://doi.org/10.3997/2214-4609.201802012
https://elibrary.ru/xtvujg
https://www.elibrary.ru/ssqcel
http://doi.org/10.1111/j.1467-9868.2005.00503.x
https://elibrary.ru/umrfsr
https://elibrary.ru/tegeuv
https://doi.org/10.21285/2686-9993-2024-47-3-248-261
https://elibrary.ru/PQZKDA

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

2025;48(2):204-223 |

NasypyeHko AHTOH ButanbeBuy,

MI1aALLNA HaYYHbIW COTPYAHWK AenapTaMeHTa reonsuku,
MHCTUTYT «Cnbupckas wkona reoHayky,

MpKyTCKMIA HaLMOHanbHbIN NCCNEfOoBATENbCKUN TEXHUYECKUA YHUBEPCUTET,
r. pkyTck, Poccus,

alazurchenko@geo.istu.edu
https://orcid.org/0009-0000-2806-1954

Anton V. Lazurchenko,

Junior Researcher of the Geophysics Department,
Siberian School of Geosciences,

Irkutsk National Research Technical University,

Irkutsk, Russia,

alazurchenko@geo.istu.edu
https://orcid.org/0009-0000-2806-1954

CrtenaHoB AnekcaHpp lMeTpoBuy,

BeOyLUMI NHXEHEP AenapTaMeHTa reoMHpopMaTrku,
MHCTUTYT «Cnbupckas Lwkona reoHayky,

VpKyTCKMUIA HaUMOHarnbHbIN UccrenoBaTenbCKUN TEXHUYECKUIN YHUBEPCUTET,
r. UpkyTck, Poccug,

stepanovap@geo.istu.edu
https://orcid.org/0009-0000-5271-1128

Aleksandr P. Stepanov,

Lead Engineer of the Geoinformatics Department,
Siberian School of Geosciences,

Irkutsk National Research Technical University,
Irkutsk, Russia,

stepanovap@geo.istu.edu
https://orcid.org/0009-0000-5271-1128

DaBbiaeHko AnekcaHgp lOpbeBuy,

OOKTOP (PM3NKO-MaTEMaTUYECKUX HaYK,
npodheccop genaptameHTa reopusmnku,
MHCTUTYT «Cnbupckas LwKona reoHayky,
VpKyTCKMIA HaUMOHarnbHbIN UCCregoBaTeNbCKUN TEXHUYECKUIN YHUBEPCUTET,
r. pkyTck, Poccus,

npodeccop kadenpbl JUHAMUYECKON reonormu,
VIpKyTCKMIA rocyfapCTBEHHbIN YHUBEPCUTET,

r. pkyTck, Poccus,

davydenko@gmail.com
https://orcid.org/0000-0002-1751-6682
Aleksandr Yu. Davydenko,

Dr. Sci. (Phys. & Math.),

Professor of the Geophysics Department,
Siberian School of Geosciences,

Irkutsk National Research Technical University,
Irkutsk, Russia,

Professor of the Department of Dynamic Geology,
Irkutsk State University,

Irkutsk, Russia,

davydenko@gmail.com
https://orcid.org/0000-0002-1751-6682

Bknap aBTopoB / Contribution of the authors

W.B. Tpocumos — paspaboTka koHuenummn, obpaboTka AaHHbIX, peAakTMpoBaHne pyKonucu.
E.[l. BanbkoBa — HanncaHve YepHoOBMKa PYKOMUCH.

A.B. JlasypyeHko — Busyanusauusi, obpaboTka gaHHbIX.

A.T1. CtenaHoB — KypvpoBaHue AaHHbIX.

A.10. [laBblaeHKo — MpoBefeHVe NCCrefoBaHus.

llya V. Trofimov — conceptualization, data analysis, writing — editing.

Evgeniya D.Valkova — writing — original draft.

Anton V. Lazurchenko — visualization, data analysis.

Aleksandr P. Stepanov — data curation.

Aleksandr Yu. Davydenko — investigation.

222 | Www.nznj.ru



mailto:alazurchenko@geo.istu.edu
https://orcid.org/0009-0000-2806-1954
mailto:alazurchenko@geo.istu.edu
https://orcid.org/0009-0000-2806-1954
mailto:stepanovap@geo.istu.edu
https://orcid.org/0009-0000-5271-1128
mailto:stepanovap@geo.istu.edu
https://orcid.org/0009-0000-5271-1128

@Tpoqmmos WU.B., BanbkoBa E.[l., llTasypuyeHko A.B. u ap. PazpaboTka METOAUKM U ONTUMArbHOTO... | 2025;48(2):204-223
Trofimov L.V, Valkova E.D., Lazurchenko A.V., et al. Development of a methodology and an optimal...| ’ ’

KoHdonukT nHtepecoB / Conflict of interests

ABTOpbI 3a9BNAT 06 OTCYTCTBUM KOH(MMKTA NMHTEPECOB.
The authors declare no conflict of interests.

Bce asmopsbi npodumarnu u 000b6puniu OKoHYamersHbIU 8apuaHm pyKonucu.
The final manuscript has been read and approved by all the co-authors.

Uudopmaums o ctatbe / Information about the article
CraTtbsi noctynuna B pegakumio 27.03.2025; ogobpeHa nocne peueHanpoBaHus 14.05.2025; npuHsata k nybnukauum

27.05.2025.
The article was submitted 27.03.2025; approved after reviewing 14.05.2025; accepted for publication 27.05.2025.

WWW.Nznj.ru |

| 223



www.nznj.ru

2025;48(2):224-236 | Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £
’ ' | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

FOPHOMPOMBIWWIEHHAA N HESTETA30MNPOMbICINIOBAA N'EONOIMA,
FEO®U3NKA, MAPKLIEMOEPCKOE OENO Y TEOMETPUA HEQP

HayuyHas ctatbs

YIIK 556.3+556.5
EDN: FXZJSX

DOI: 10.21285/2686-9993-2025-48-2-224-236

YcnoBusa chopMmupoBaHua NpUpPOAHbIX BOA B AOSNIMHE peKu AHL3bI
M Ha npuneraowux tepputopusax (Kutan)

A.A. CymkuH®, Y. YaHbP, 4.C. MaTioke, J1.U. Ayannad, 0. YUxaHe

acdlipkymcekull HayuoHarbHbIlU uccrnedosamerbCKUll mexHudYeckul yHusepcumem, Ypkymck, Poccusi
bHaHkuHckul nedacozudeckuli yHugepcumem, HavkuH, Kumad
eHaHkuHckul yHueepcumem, HaHkuH, Kumad

Pesrome. Lienbio nccneoBaHus SBNSANOCh U3yYeHWe YCroBUI (POPMMPOBaHUSA MPUPOAHBLIX BOA BOCTOYHOM YacTu HOx-
Ho-KnTarickon nnatgopmbl B 30He BNMSHWA CyOayKUMM Nog BO3AEWCTBMEM SHOOTEHHbBIX M 9K30MeHHbIX MPOLIeCCOB Npu-
POAHOIO U TEXHOMEHHOTO reHe3ncoB. MonyyeHHbIN B Xo4e NpoBeAeHHoN paboTel MaTepuan no3BonseT NpoaHanM3npoBaTh
CTPYKTYPY XO3SMCTBEHHO-MUTHEBOTO BOAOCHAOXKEHUSA B BOCTOYHbIX pernoHax Kutas, AOCTYNHOCTb M KavyeCTBO BOAHbIX
pecypcoB. AKTyanbHOCTb UCCMNENOBaHNSA 3aKNoYaeTcs B TOM, YTO B HACTOsILLEe BpeMs CTpaHa UCMbITbIBAET OCTPbIN Ae-
rLMT NpecHo BoAbl, KOTOPbLIA OOYCMNOBIEH PSAOM MPUYKUH, B TOM YMCE 3KOHOMUYECKUM POCTOM, MHAYCTpUanmn3aumen,
pa3BMTMEM rOPOAOB, MHTEHCUBHBIM (4acTO HEpPErynMpyeMbIM) UCMOMNb30BaHNEM BOAHbIX PECYPCOB B CENIbCKOM XO3SNCTBE
1 NPOMBILLMEHHOCTU Pa3HOro TUNa, a Takke 3arpsi3HeHNEM, Bbi3BaHHbIM Ype3mepHo aBTpodmKkaumen. OgHum 13 nytewn
peLleHnsi NpobnemMbl BOAOCHABXEHMSA ABMNSIOTCA OCMbICIEHME YCNOBUI (POPMMPOBaHWSA NMPUPOAHBLIX BOA Y aHanv3 auHa-
MUKKN pexrnmMoobpasyoLnx hakTopoB, KOTOPble BKMOYatoT B cebs NprpoaHO-KNMMaTnyeckne, reonoro-CTpyKTypHble, Tex-
HOreHHbIe XapakTePUCTUKN, ONpeaenstoLLmMe pasnuyHbIe areMeHTbl BoAHOro 6anaHca pernoHa. Ha ocHoBe CTpyKTYpHO-Tu-
[pOreonorM4yeckoro aHanunsa npeanoXeHol pekoMeHaauum, HanpasneHHbIe Ha ONTUMK3ALMIO CTPYKTYPbl BOLOCHAOXEHMS,
paLMoHanbHOe UCMNonb3oBaHMe NMOBEPXHOCTHBIX U MOA3EMHbIX BOA. Pesynsratbl MpoBeAeHHOro aHanm3a MoryT sSiBMATbCA
OCHOBOW Ansi AanbHENLMX UCCNEeaOoBaHNA, UMEILLIMX CBOEW LIeNblo pa3paboTKy 3hheKTUBHOM CTpaTernn ynpaBrneHus
BOAHbLIMW pecypcamu NpoBuHLUMI Li3sHcy, AHbxow, Yxeu3sH.

Knroyeenle cnoea: Kutaii, BogocHabxxeHue, nog3eMHble BoAbl, MOBEPXHOCTHbIE BOAbI, CTPYKTYPHO-TMAPOreosiornyeckoe
panoHnpoBaHue

Ans yumupoesaHnusi: CymkuH A.A., YaHb Y., MHatiok A.C., AyanHa J1./., YUxan 0. Ycnosust dopMmpoBaHus NpupoaHbIX
BOZ, B ONMNHE pekn AHU3bl 1 Ha npuneratowmnx tepputopusax (Kutan) // Hayku o 3emne n Hegponone3oaHue. 2025. T. 48.
Ne 2. C. 224-236. https://doi.org/10.21285/2686-9993-2025-48-2-224-236. EDN: FXZJSX.

APPLIED MINING AND PETROLEUM FIELD GEOLOGY,
GEOPHYSICS, MINE SURVEYING AND SUBSOIL GEOMETRY

Original article

Formation conditions of natural waters in the Yangtze river valley
and its adjacent territories, China

Andrei A. Sumkin®“, Zhangchi Chen®, lana S. Gnatyuk®, Larisa l. Auzina’, Yongzhan Zhang®

acdirkutsk National Research Technical University, Irkutsk, Russia
bNanjing Normal University, Nanjing, China
eNanjing University, Nanjing, China

Abstract. The purpose of the research is to study the formation conditions of natural waters of the eastern part of the South
China Platform in the subduction influence zone under the effect of endogenous and exogenous processes of natural and
man-made genesis. The material obtained during the study enables the analysis of the structure of domestic drinking wa-
ter supply in the eastern regions of China as well as the availability and quality of water resources. The relevance of the
study is determined by the fact that the country is currently suffering an acute shortage of fresh water, which is caused by
a number of reasons, including economic growth, industrialization, urban development, intensive (often uncontrolled) use
of water resources in agriculture and industry of various types, as well as pollution caused by excessive eutrophication.
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One of the solutions of the water supply problem is understanding of the formation conditions of natural waters and anal-
ysis of the dynamics of regime-forming factors. The latter include natural, climatic, geological, structural, and man-made
characteristics that determine various elements of the regional water balance. Based on the structural and hydrogeological
analysis, recommendations are proposed in order to optimize the structure of water supply and provide rational use of sur-
face and groundwater. The results of the conducted analysis can serve the basis for further research aimed at developing
an effective water resources management strategy in Jiangsu, Anhui, and Zhejiang provinces.

Keywords: China, water supply, groundwater, surface water, structural-hydrogeological zoning

For citation: Sumkin A.A., Chen Zh., Gnatyuk |.S., Auzina I.L., Zhang Y. Formation conditions of natural waters in
the Yangtze river valley and its adjacent territories, China. Earth sciences and subsoil use. 2025;48(2):224-236.
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BBeneHune

26 okTsa6psa — 9 HosAbps 2024 r. cocToAnach
MeXxayHapogHasi HaydyHOo-NMpakTuyeckas akcne-
ONumnsa ¢ yyacTmem CTYOEHTOB U COTPYOHUKOB
HaHkunHckoro yHuBepcuteTa (Kutam) n uHCcTUTYTa
«Cubupckas wkona reoHayk» VpKyTckoro Haum-
OHarnbHOro MCCneaoBaTenbCKOro TEXHUYECKOro
yHuBepcuTteta (Poccus). PaboTbl npoBoannucs B
BOCTOYHOM YacTu Kutasi, oxsatblBas AeNbTY peku
AHu3bl 1M npuneratowme Tepputopun. Obuias
NPOTSKEHHOCTb NyTW cocTtaBuna 1165 kv, Obino
npongeHo 14 mapLpyToB. ccrniegoBaHue BKIO-
yano 42 Toyku HabnogeHns. Obbektamu ctanm
BYNKaHWYECKME CTPYKTYpbl, peku, 03epa, BoOO-
XpaHuUMLa, WUCTOYHMKM noasemMHbix Bog (M1B)
pasnuyHoOn Temneparypbl U COCTaBa, rpaBuTaum-
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OHHble npoLecchl (OCbINu, OMON3HW), KAPCTOBbIE
00pa3oBaHns, BbICOKOTOPHbIE 30HbI TPELUMHOBa-
TOCTM 3K30TE€HHOMO U TEKTOHMYECKOro reHesunca.

OOHUM M3 OCHOBHbIX OOBEKTOB Mccneaosa-
HUSA ABWNUCH NpUPOAHble BoAbl (21 ToOvka Ha-
ontogenust) (puc. 1), dbopMuMpoBaHME KOTOPbIX
TECHO CBA3AHO C 3HOOMEHHbIMU U 3K30reHHbIMU
npoLeccamu NpUpPOLHOro U TEXHOrEHHOro Xapak-
Tepa, MpoTeKawLWwMM1 B HOrO-BOCTOYHOM 4acTu
KOxxHO-KuTarickoro kpatoHa B 30He BNUSIHUS Cy0-
aykumun. MNonyyeHHbIN B npoLiecce aKkcneamummn, a
TakKe U3 apXMBHbIX N NIUTEPATYPHbIX UCTOYHMKOB
mMaTepuan no3BonuI NpoaHanuM3npoBaTb CTPYK-
TYPY XO3SIMCTBEHHO-MUTLEBOIO BOAOCHaAOXEHUA
B BOCTOYHbIX permoHax Kutas, OOCTynHOCTb U
Ka4yeCTBO BOOHbIX PECYPCOB.
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Puc. 1. Kapma ¢ghakmuyecko2o mamepuasia uccriedoeaHusi:
1 — MOHUMOpPUHe08ble cMaHyuu; 2 — mo4Yku ombopa rnpob nodzemHbix 800; 3 — moyku ombopa rpob
108epPXHOCMHbIX 800; 4 — abpuc d8UXKeHUs1 aKcreduyuu; 5 — 800HbIe 06LEKMbI
Fig. 1. Map of actual research material:
1 — monitoring stations; 2 — groundwater sampling points; 3 — surface water sampling points;
4 — expedition route outline; 5 — water bodies
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Llenbto nccnegoBaHus SBNSNOCh U3yyYeHne yc-
noBur OPMUPOBAHNS MPUPOAHBLIX BOL BOCTOMHOM
yacTtn FOxxHo-Kutanckoro nnatcopmbl € nocnenyto-
LLIe OLIEHKOM CTPYKTYPbl XO35NCTBEHHO-NUTLEBOIO
BOOOCHADXEHUSI HEKOTOPbIX PEMMOHOB BOCTOYHOW
YacTn Kutad, Haxodawmxca B pasfnyHbIX reoro-
FO-CTPYKTYPHbIX YCNOBUSX. ITO CBA3AHO C TEM, YTO
B HacCTosILLiee BPeMs CTpaHa UCMbITbIBAET OCTPbIiA
aeduumnt npecHon Boabl [1], obycrnoBneHHbIn psi-
OOM MPUYMH, B TOM YMCIIE S3KOHOMUYECKUM POCTOM,
WHOycTpuanmsaumen, passutnem ropodos [2, 3],
WHTEHCUBHBIM, 4acTO HeperynmpyembIM, UCNOrb30-
BaHVWEM BOAHbIX PECYPCOB B CEMbCKOM XO3AMNCTBE
W MPOMBILLIIEHHOCTU, @ Takke 3arpsi3HEeHVEM, Bbl-
3BaHHbIM Ype3MepHON aBTpodonkaLmen [4].

OpHOM M3 NpPUYMH HEXBATKM BOAbI SBMSETCSH
NCTOLLIEHNE BOLHbIX PECYPCOB NPENMYLLECTBEHHO
n3-3a UHTEHCMBHOW ypbaHunsaumm. B 2023 1. B ro-
pogax Kutas npoxmano okoso 66,2 % ot obLe-
ro umcna Hacenenus. B 400 ropogax (Ha 2022 r.)
HeJOoCTaToOYHO BOAbl HEOOXOOUMOro KadecTBa,
B KPYMHbIX ropogax Ha 1 4yenoBeka npuxogutcs
mMeHee 500 m3/roal, TO eCTb MEeHbLLEe KpUTUYECKO-
ro nokasarerns, yctaHoBneHHoro BcemmpHbiM BO-
OHbIM KoHrpeccoMm B 1977 1. K npumepy, B lNeknHe
3TOT NokasaTtenb coctasndeT 128 m%/yen, B TAHb-
usbliHe — 105 m3/uen B rog [5].

Ewe ogHa npuymHa BogHoro geuumrta — ato
HepauMoHarbHOE NCMNOMb30BaHNE U Ype3MepHas
akcnnyataums NB. B KoHUe npoLunioro Beka B Lie-
NSX  XO3ANCTBEHHO-NMUTLEBOrO BOOOCHABXEHUS
3a cyet 1B Ha BocToke Kntag ogHOBpeEMEHHO
3KCMNNyaTMpoBanocb OKOMO 2 MIH CKBaXWH, Npu
3TOM ypoBeHb [1B Ha TeppuTtopun LLaHxas cHu-
3unca Ha 20 M, BOpPOHKa genpeccun gocrturna
oKeaHa, Hayanacb MHUNLTPaLUa ConeHbIX BOA,
Tuxoro okeaHa B BOOOHOCHbIE FOPU30HTbI, KOTO-
pble NCMOMb3YTCH AN XO39WCTBEHHO-NNTHEBO-
ro BogocHabxeHus'. NMoBepXHOCTb B HEKOTOPbIX
MecTax ropofa Hadana npocefarb [6].

B 2021 r. MUHMCTEPCTBO BOAHLIX PECYpPCOB
Kutas Belgenuno 6onee 150 30H ¢ 4pe3mMepHoi
aKcnnyaTtaumen BogHbIX pecypcoB (Xaban, LLaHb-
AyH, XoHaHb, CyHbL3aH 1 ap.). K 2030 r. npasu-
TEMbCTBO CTPaHbl NpegycMaTpuMBaeT CHUXEHne
noTpebnenns Bodbl Ha 5 %?. He meHee BakHbIM
hakTopoM, OnNpeaenMBLUNM OrPaHNYEHHOCTb BOA-
HbIX PECYPCOB, ABNAETCA X 3arpasHeHue. BogHble
pecypcbl Kutas cocraensior 2876,1 mnpg M3,
13 HMx bonee 70 % NOBEPXHOCTHbIX BOA, SIBMSIHO-
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LLIMXCA OCHOBHbIM WMCTOYHMKOM BOOOCHabGXeHWUs,
Ha ©OonblUer 4YacTM BOCTOYHbIX TeppuTopun Ku-
Tas 3arpsisHeHbl. [0goBoM COpoOC B 3HaAYMTENb-
HOM CTEMNEHN HEOYMLLEHHBbIX CTOKOB COCTaBMisSeT
63,1 mnpg m*rog (86,7 % — pesynbrar CenbCKo-
XO3ANCTBEHHON AEATENbHOCTU, NPU KOTOPOM MC-
MONb3yTCA XMMMYeckne yaoobpeHusi, nectuumabl
1 apyrne aaoxmmmkarhl) [5]. CyLuecTBEHHbIV BKNaa
BHOCSIT MPeanpuaTus XMMUYECKOW, LENmHoro3Ho-
OyMaXkHOW, TEKCTUITbHOW, YrOfNbHON MPOMBILLIEH-
HOCTW, PacrnonOXeHHbIE B AONMHAX KPYMHbIX peK
B TOM uucrie AHusbl (puc. 2). Kadectso Bodbl Ha
MHOMMX BogHbIX oObekTax Kutas gocturmo 4 v 5
CTeneHen 3arpsi3HeHusi, MNpu KOTOPbIX BOOOEM
yTpaumBaeT cBOK BroctepHyto pyHkLmto [5].

Puc. 2. O630pHasi kapma pacrnoJsioxeHus Haubosnee
KPYMHbIX MPOMbIWIIEHHbIX 20p0008
e dosiuHe peku SIHU3bI:

1 — YepHas Memarnnypeus; 2 — ygemmHasi Memarsiypaus;
3 — Hegbmenepepabamebigarowiasi MPOMbIUIEHHOCMb;
4 — xumuyeckasi MPOMbILWLIEHHOCMb;

5 — mawuHocmpoeHue u memarnnoobpabomka;

6 — MPOMbIWIIEHHOCMb CMPOUMesbHbIX Mamepuaros;
7 — meKkcmuribHasi IPOMbILWIIEHHOCMb;

8 — nuwesasi NPOMbIWIIEHHOCMb,

9 — mennoable anekmpocmaHyuu;

10 — eudpoanekmpocmaHyuu;

11 — xene3opydHasi MPOMbIWIIEHHOCMb;

12 — medHasi NPOMbIWIIEHHOCMb
Fig. 2. Overview map of the location of the largest
industrial cities in the Yangtze river valley:

1 — ferrous metallurgy; 2 — non-ferrous metallurgy;

3 — oil refining industry; 4 — chemical industry;

5 — mechanical engineering and metalworking;

6 — building materials industry; 7 — textile industry;

8 — food industry; 9 — thermal power plants;

10 — hydroelectric power plants; 11 — iron ore industry;
12 — copper industry

' BogHoe xo3siicTBo Kutaiickot HapogHoi Pecrny6nvkun: nHdopMaLmoHHbIn coopHuk. TawkeHT: M3g-so HWLL MKBK, 2013.

Ne 37.64 c.

2 Mo LUmH. MexaHnam hopMrpoBaHnsi U NEPCNEKTUBLI Pa3BUTUSI BOAHOIO pbIHKA: AMC. ... KaHA. 3KkoH. Hayk: 08.00.05. M.,

2015. 156 c.
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[Mpn 3TOM KOHTPOSb 3@ UCMNONIb30BaHNEM BO-
OHbIX PECYpPCOB 3aTpydHEH, MOCKOMbKY OH OCy-
LeCTBNAETCH pasnUYHbIMU  roCcyAapCTBEHHbLIMN
jenaptameHTaMmn, B 4acTHOCTM, 3a 3arpsiHe-
HMe BOAbl OTBEYaloT NPUPOLOOXPaHHbIE OpraHbl,
CTPYKTYpa BOAOCHAOXeHMs1 BXOAUT B 30HY OTBET-
CTBEHHOCTM MuHMCTEpCTBa BOAHOMO XO3AMCTBA,
OYMNCTKON CTOMHBLIX BOA 3aHMMaeTcs MuHuctep-
CTBO CTPOUTEMNBLCTBA, PerynupoBaHue UCMonb30-
BaHus 1B Haxogutcsa B BegeHun MuHucTepcTBa
3eMerb U Pecypcos.

MaTtepuansi u metoabl
uccnenoBaHus

McxoaHble gaHHble ObiNM nNonydeHbl B Npo-
Lecce 3KCNeauLUMOHHbIX paboT npu rmaporeono-
rmyeckux 3amepax u onpobosaHum MNB 1 noeepx-
HOCTHbIX BOA C WCMOMb30BaHWEM MOPTaTUBHOIO
npubopa ProQuatro. CymmapHbIn obbem onpo-
©oBaHusa BKo4Yan B cedbsa 21 oObekT, B TOM Yucre
pekun, o3epa, Bbixoas! 1B.

B npouecce npoBedeHus nccrieqoBaHust Obin
npopaboTaH 3HAYUTENBHLIN OOHLEM APXMBHBIX U
nuTepaTypHbIX WUCTOYHWKOB, COAepXalumx Takke
CpeAHeMHOroreTHVe AaHHble O KormyecTBe aTMOoC-
depHbIX 0CaaKoB, MOMyYEHHbIE HA METeopOoriorv-
Yyeckmx cTaHumax LlaHxar u XyaHwaHb, a Takke
Ha reonopTane Kutanckon reonornyeckon cnyxobl
(aHen.: China Geological Survey). Busyanusaums

KasaxcTtaH 0 500
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NCXOOHbIX AaHHbIX NPOBOAMUMACH C UCMOMNb30BaHN-
eM nporpammHoro komnnekca QGIS 3.14.

Pesynbrathl UccregoBaHuA
M nx obcyxaeHue

B npouecce 06paboTkm ncxogHon nHdopma-
uun 6bINn BblgeneHbl OCHOBHbIE PaKTOPbI, Onpe-
Jensilowmne ycrnosus opMmMpoBaHMa U pacnpe-
aeneHus NB 1 NOBEPXHOCTHbLIX BOA: HEOTEKTOHU-
4yecKkoe pasBuTME pernoHa, penbedy), MAOTHOCTb
PEYHOW CETU, Freosnlormyeckoe CTpPOeHME, Knnma-
TUYeckMe nokasatenu (BenuumHbl aTMocdepHbIX
0cajikoB, Temrnepartypbl, UCNapeHns).

Hanbonee 3Haunmoe BnvsiHMe Ha popmmnpoBa-
HWe NPUPOaHbLIX ycnoBun BoctouHoro Kutas, Bkrto-
Yyasi BOOHbIE Pecypchbl, OKasanu CTPYKTYPHO-TEKTO-
HMYeckne 0COBEHHOCTU TeppuUTOpUM, 0BYCINOBMEH-
Hble ee MPUYPOYEHHOCTBLIO K BOCTOYHOW YacTu KOx-
Ho-Kutanckoro 6rioka. PopmmpoBaHMe BOCTOYHOW
yactn Kutas npousowno B pesynbrate Konnmaum
WHoo-AscTpanuinckon n EBpasuinckon nnuT, Havas-
Lencsa B naneoreHe 1 MPOOOoHKarLLencs 0o Ha-
CTOSILLIErO BPEMEHM, KOTOopas npueena k gedopma-
UMM BEpXHEW YacTu 3eMHOMN KOpbl 1 0Opa30oBaHmio
OCHOBHbIX TEKTOHUYECKMX U reoMOpdOriormyeckmnx
3NIEMEHTOB MCCneayeMon TeppuTtopun (cm. puc. 2)
[7]. ParioH npoBeaeHns paboT oxBaTbiBan KpaToH
AHu3bl 1 Gnok Katanaus, rpaHuua mexay KoTopbl-
MU chukeupyeTca pasnomom LizaH-Lao (puc. 3).
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Puc. 3. Cxemamuyeckasi cmpykmypHo-mekmoHu4yeckasi kapma Kumas [8]:
1 — dokembpulickasi KpamoHu4yeckas rniuma, 2 — ¢ghaHepo3olckas cknadyamasi obrniacme,; 3 — cmpyKmMypHbIe 30HbI;
4 — ocHosHoU pa3anom; 5 — KoHmyp uccnedyemou rioujadu
Fig. 3. Schematic structural-tectonic map of China [8]:
1 — Pre-Cambrian cratonic plate; 2 — Phanerozoic folded area; 3 — structural zones; 4 — main fault;
5 — outline of the area under investigation
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Meradopmbl penbeda BOCTO4HON YacTn Ku-
Tas MpeuMyLLeCcTBEHHO NPeacTaBnsaioT cobon
OBa Tuna: paBHUHY CPEAHETO U HXKHEro TeveHus
pekn AHU3bI (lokHasa YacTb Benukon Kutanckon
PaBHWHbI) M TOPHbIN Nosic (rpsiga) XyaHLwaHb®, n3-
MEHSASACh C BbICOKOrOPHOro 3anaja K BOCTOYHOMY
HW3MEHHOMY MOPCKOMY nobepexbto (CM. puc. 1).

B uenom nonoxeHve TeppuTOpPUN HaL YpPOB-
HeMm Mops konebnetca ot 5-50 go 1864 m (nuk
Jlotoca, ropa XyaHwaHb). Pe3kopacyneHeHHbI’
penbed wnccrnegyemMon TeppuUTopuUn KOHTPOSK-
pyeT obnactv n MHTEHCMBHOCTb MUTaHUA 1 pas-
rpPy3Ku NPUPOAHbIX BOA.

Cneayowmn HemanoBaHbIA haktop — 3TO
atMocdepHble Ocafku, onpegendioime obbem,
OVHaMUKY MATaHUSA W, B 3HAYUTENbHOW CTEMNeHw,
XUMUYECKMI cocTaB Boabl. KonnyecTBo Bbinaga-
IOLLMX aTMocepHbIX OCagKoB Ha paBHUHE U B
ropHOCKnagyaron obnactu pasnuyHo. B xoage pa-
00Tbl MCMONb30BanUChb pesynbraTbl HAbNAeHWIN
Ha OBYX METEOPONOrMYeCKUX CTaHLMSAX, OOHON 13
KoTopbix aBnsietcs LlaHxarckasi, Haxogsuwascs
Ha PaBHVMHHOW TEPPUTOPUM CPELHENO U HKHETO
TeyeHus pekn AHU3bl (CM. puc. 1), rae ocagkm He
npesbiwatoT 1250 mm/rog (puc. 4). MNpu npoasu-
XXEeHUW Ha 3anaf nog BnMsiHWEM ropHbIX 6apbepoB

a
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npoucxoouT Bocxodsllee ABWXEHUEe BO3OYLLHbIX
Macc, yCunuBaeTcsi KoHAeHcaums Bnaru, noaTomy
KONMYeCTBO OCaKOB Ha4YMHaET BO3pacTaTb, O YEM
CBUOETENbCTBYIOT JaHHble METEOHabMaEeHUA Ha
BTOPOW METEOPOriorMyeckon cTaHummn (XyaHLwaHb-
CKOW), pacnosioXKeHHOW B ropHOM nosice (cm. puc. 1)
N 3aUKCMpOBaBLLEN 3HaYeHUs1 BblNagatoLLmx
ocagkoB o 2400 mm/rog (cm. puc. 4). MNpu oueHke
pecypcoB NPUPOAHLIX BOA, HE MEHEE BaXKHbI CE30H-
Hble konebaHus 0cakoB, MaKCMMaIbHOE Konudye-
CTBO KOTOpPbIX BbINafgaeT B BECEHHE-NETHUI Nepu-
o (Mai, UoHb 1 MIOMb), MUHUMAaSTbHOE — OCEHbIO U
3umon (OKTA6pb, HOAGPL, Aekabpb) (cM. puc. 2, 3).
TemnepaTtypHbI pexnM Takke ABNSETCA Of-
HUM 13 BaXKHENLLIMX (PaKTOpOB, BANSIIOLLNX Ha ¢oop-
MUPOBAHME BOLHbIX pecypcoB. [Ans uccrieayemMomn
TEPPUTOPUM XapaKTEPEH CYOTPONMYECKUIA KNUMAT.
OrpomHyto pornb 3aecb urpatot 6nmsocte Tuxoro
okeaHa 1 MyccoHbl [9]. CamMble HU3KMe Temneparty-
pbl 06bIMHO HabMogalTCs B Aekabpe, sHBape n B
deBparne, a camble BbICOK/E — B MIONE 1 aBrycTe.
JleTom Temnepatypa BO3gyxa Ha TeppuTo-
PUN PaBHUHbLI CPEAHETO Y HUXKHETO TEYEHUS PEKK
AHusbl gocTturaet 28-35 °C. Tennble 3uMbl 06y-
CNOBIEHbI 3aLLMTON rOPHbIX XPeBTOB OT NPOHMK-
HOBEHWS CeBEPHbIX XONOAHbIX BO3AYLIHbIX Macc,
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Puc. 4. BHympuzodoeoe pacrnpedesieHue Konu4ecmea ammocghepHbIX ocadkoe
(cpedHeMHO201emHue 3Ha4eHuUs1 Mo 0aHHbIM cmaHyul 3a nepuod 2018-2023 e2.):
a — llaHxatickasi cmaHyusi; b — XyaHwaHbcKasi cmaHyus
Fig. 4. Annual distribution of precipitation amount
(average long-term values according to station data for the period from 2018 to 2023):
a — Shanghai station; b — Huangshan station

3 MNetyxoB B.B. leorpacusi Kutas: yue6. nocobue. YnesiHoBck: N3g-so YnlTY, 2021. 236 c.
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cpeaHsast Temnepatypa coctaensetr 3-6 °C.
B ropHom panoHe XyaHLlaHb TeMnepaTypa B feT-
HUA nepuoa pasHa 18,3-20,8 °C, 3umon kone-
onetcs ot -1,8 0o 0,1 °C. TemnepaTypHble Kone-
OaHuns NpMBOOAT K CYLLECTBEHHBIM N3MEHEHUAM
B KONMMYeCTBE U WMHTEHCUMBHOCTU aTMOCKEpPHbIX
0CaflkOB U MCMapeHus, a Takke K NoBblLLEHHON
Temnepartype B 1 noBepxXHOCTHbIX BOA.

PeuHas ceTb B OCHOBHOM MpUHaAANEXUT
bacceriHy pekn AHu3bl. Hambonee KpynHbiMK
npuToKammn ABNSAOTCA pekn XyaHny u LinHbxyan
(puc. 5). B HacTosiLee BpemMsi NOBEPXHOCTHbIE
BOObl — 9TO OCHOBHOW WCTOMHWUK XO3AWCTBEH-
HO-MUTLEBOIO BOAOCHABXEHNS HaceneHms nccne-
Oyemoro pervoHa. XyaHny — camasi bonbLuasi peka
B UeHTpanbHon vactn LaHxaa gnuHon 113 Kwm,
wupuHor o 400 m n my6uHon go 9 m [10]. Oc-
HoBHOM nNpuUTOK XyaHny — peka Cywkoy-Kpuk,
onpoboBaHHas B NpoLecce aKCNegULMOHHbIX pa-
6oT1. Peka LiMHbXyan npoTekaeT no TeppuTopumn
rOpOACKMX OKPYroB “YxeHbu3siH 1 HaHKMH NpOBUH-
unun LizsHey, ee anvHa coctaensiet 36,6 kM, nno-
Wwaab BogocbopHoro GacceriHa — 2631 km? [11].

Hensra AHU3bI NpeacTaBnser cobor oauH 13
OCHOBHbIX 03epHbIX peroHoB KuTas n BKoYaeT
MHOXeCTBO HeborbLLMX 03ep, NPYyaoB, NPOTOK U UC-
KYCCTBEHHbIX KaHaroB, B TOM Y1CIE KPyMHENLLUA B

118°0" 119°0’
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MUpe cyaoxoaHbii Benukuii kaHan (Grand Canal)
AnivHon 1782 km, a ¢ oTBeTBneHnsaMu B [NekunH, XaH-
Yxoy 1 HaHstyH — 2470 kM. B Liernom Ha paBHUHHON
TeppuTOpUM AenbTbl AHL3bI HACUUTLIBAETCS bonee
200 o3ep o6Lel nnoLaabo 3159 kv?.

CambIM KpynHbIM 03epOM, KOTOpOe pacriorno-
XeHO B npegenax uccrieoyemMon TeppuTopumn n muc-
nonb3yeTcs AN BOAOCHAOXeHUs, ABNseTcs Tanxy
(cm. puc. 5), ero anvHa cocTaensaeT 68 KM, LUMprHa —
35,7 km. O3epo HaxoaMTCsa Ha BbICOTE OKOMo 3 M
Ha[ ypOBHEM MOpsi, €ro cpeaHsis rmybuHa — 3,33 m2.

B pesynbrate aHanusa uMetloLLerocd mate-
prnana [12-17] cocTaBneHa KpaTkasi Xxapakre-
pUCTUKA XMMUYECKOro COCTaBa MOBEPXHOCTHbIX
Bo4, OOYCNoOBMEHHOrO MpPeMMYyLLECTBEHHO ar-
MocdepHbIMM ocagkamm (Tabn. 1). Xumuyeckuii
cocTtaB BoAbl B o3epe Tanxy rugpokapboHaT-
HO-CynbaTHbIN KarnbLUMEBO-MarHMeBbIn, B 03e-
pax wuccnegyemon TteppuTopuu npeobnagaroT
yneTpanpecHble Bogpbl [12]. B AHL3bI 1 ee npuTo-
Kax COCTaB BOA aHaroruvyHbli: rugpokapboHar-
HO-Cynb@aTHbIA Kanbuuesbli. [MOBEPXHOCTHbIE
BOZbl XapaKTePU3yTCHA NPENMYLLECTBEHHO HEW-
TpanbHOW cpeaon. XMMUYECKNA COCTaB BOL, Me-
HAETCS B HanpaBneHu OT MOPCKOro nobepexbs
BrMybb MaTepuka, Bo3pacTtaeT MUHepanusaums,
yBENUYMBAETCS KONMMYECTBO MOHA XIopa.
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Puc. 5. Cxema 2udpocemu eocmoyHol meppumopuu Kumas:
1 — 03epa; 2 — peku; 3 — 8000moku; 4 — abpuc 08uXXeHUs1 3Kcrieduyuu
Fig. 5. Diagram of the hydrographic network of the eastern territory of China:
1 — lakes; 2 — rivers; 3 — watercourses; 4 — expedition route outline
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Tabnuua 1. Xapakrepuctmka XMMU4eCKuxX nokasartesiem NoBepXHOCTHbIX BOA,
Table 1. Characteristics of surface water chemical parameters

MecTo oT60pa Nnpob BoAbl
[MokasaTenb
O3epo* Pekn** Peka PyqyHbL3AH***

AbcontoTHas BbicoTa, M 8-109 3-127 5
CopepxaHne KaTMOHOB, Mr/f:

K* 5 2,29-9,65 6,95/64,89

Na* 8,7 5,45-23,1 52,43/779,9

Ca 48,7 10,7-76,3 10,37/68,25

Mg?* 42,3 3,81-12,4 4,07/67,14
CopepxaHue aHNMOHOB, Mr/n:

N 771 8,9-119 3,35/107,68

CL 53,2 6,76-20,3 42,26/1773,8

HCO3 159,3 51,3-137 124,9/1026
MuHepanusaums, r/gm® 0,07-0,21 0,18-0,35 0,3/5,6
pH 6,48-7,48 6,15-7,31 7,22
Eh 100,7-288,1 250,8-484 206/3837

lpumeyvaHue. * — cogepxaHne aHMOHOB N KAaTMOHOB NPMBEAEHO ANS 03epa Tavixy; ** — coaepaHne aHMOHOB 1 KaTVOHOB

*kk

npuBegeHo Ans peku AHU3bI U ee NPUTOKOB;

CnenyeT nogvyepkHyTb, YTO NMOBEPXHOCTHbIE
BOAbl MOABEPXEHbl 3arpsi3HEHWUIO  Pa3nUYHO-
ro xapaktepa u TpebyrT YCUIEHHOIO KOHTPOSS
KayecTBa, YTO CYLUECTBEHHO OCINOXHSET UX UC-
nonb3oBaHWe Ans BogOCHabXeHNS.

Cnegylowmin 3HaunMbIA hakTop — reonoru-
yeckoe CTpoeHue Tepputopumn (puc. 6), Bnusto-
LLlee Kak Ha cocTaB NpUPOOHOMW BOAbI, Tak MU Ha
€e KOnn4yecTBO B 3aBUCMMOCTU OT MYCTOTHOCTU
BmeLlatoLmx nopogd. CesepHasa 1 BOCTOYHaAs Ya-
CTVU npeacTaBrneHbl TepPPUreHHbIMU OTNOXEHU-
MU 4YeTBepTUYHOro Bospacta. C cunypumnckoro
nepvoga OO cpedHero Tpyaca B 9TOM pervoHe
npeobrnagana Mopckasi cpefja ocafkoHakorne-
HWS, B CBA3W C YeM 30EeChb LUMPOKO pasBUThbI Kap-
OoHaTHbIe Nopoabl: N3BECTHAKM U JONOMUTLI. C
nosgHero Tpuaca [0 YeTBepTUMYHOro nepuoga
yCTaHOBUNACb KOHTUHeHTanbHas obcTaHoBKa 1
chopMMpoBanMCb OCafouvHble MOpPOAbl: necya-
HWUK, aprunmnuT u np.

[opHOCKagyaTas toro-3anagHas Yactb pam-
OHa npeacTaBneHa obpas3oBaHMsIMM Maneo3om-
CKOro BO3pacTa, MpopBaHHbIMW Ha psae yvacT-
KOB, B TOM 4uCrie Ha nnowagu pacrnornoxeHus
rop XyaHwaHb, rPaHUTHbIMU UHTPY3USIMU, CBU-
OeTenbCcTBYOLWMMN O MPOAOMKatLlWemMcss npo-
uecce hopmMmpoBaHNS rOpHON CUCTEMBbI.

lMepeuyncneHHble Bbile ghakTopbl Npegonpe-
genunu - popmupoBaHme CTPYKTYPHO-TMAPOreo-
NOrMYecKnx yCroBum TEPPUTOPUN UCCHEeqOBaHNN.
AHanma ncxogHoro martepuvana o KnMMaTuyeckmx
OCOBEHHOCTSAX, CTPYKTYPHO-TEKTOHUYECKUX U Te-
OMOPONOrNYecKMx YCnoBusaX MO3BONNUN Bblge-

— [10 NpUnvBa MOPCKOW BOMHbI / NOCIe NpunveBa MOPCKOWN BOJHBI.

Puc. 6. Neosocuyeckas kapma Kumasi
(macwma6 1:20000000):
1—6 — 8o3pacm 20pHbIX MOPo0d: 1 — yemeepmMuyHbIU,
2 — HeozeH — naneozeH, 3 — me3o3olcKull,
4 — naneoaodckud, 5 — npomepo3sotickuli, 6 — apxelckud;
7—9 — cocmaes 20pHbIx Mopood: 7 — epaHum, 8 — 6asanbm,
9 — OCHOBHbIE — YrIbmpPaoCcHO8HbIE Mopo0dbI; 10 — pasrnomsb!
Fig. 6. Geological map of China
(scale 1:20000000)*:
1-6 — rock age: 1 — Quaternary, 2 — Neogene — Paleogene,
3 — Mesozoic, 4 — Paleozoic, 5 — Proterozoic,
6 — Archean; 7-9 — rock composition: 7 — granite,
8 — basalt, 9 — basic — ultramafic rocks; 10 — faults

NNTb OCHOBHbIE MMOPOreorIorMyeckne CTPYKTYpbI:
rMaporeoniornyeckin 6accerH, rugporeornormye-
CKUIn MaccuB, 06BOAHEHHbIE pa3nomsbl (puc. 7).
Mmoporeonormyeckun 6accerH NpUypoYeH
K MOHWXEHHbIM YyyacTkam penbeda, pacnona-
ralowuMcst NPenMyLLEeCTBEHHO B JOMNUHE PEKu
AHusbl. BogosmelLaowmmMmn sBRASOTCA YeTBep-
TUYHbIE OTNOXEHUS!, MOLLHOCTb KOTOPbIX YBENu-

4 Ma L.F. Geological atlas of China. Beijing: Geological Publishing House, 2002. 356 p. (In Chinese).
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Puc. 7. CmpykmypHo-2udpozeosiocuyeckasi Kapma meppumopuu uccriedoeaHusi:
1 — mecmo ombopa npob u3 No03eMHbIX UCMOYHUKOS; 2 — Mecmo ombopa rpob u3 Mo8epxXHOCMHbIX UCMOYHUKOS8;
3 — 800HbIE 06BEKMBI; 4 — 2udpo2eooaudeckuli baccelH; 5 — audpozeorioeudeckuli Maccus;
6 — 06800HEHHbIE pa3rnombi; 7 — audpocems; 8 — abpuc d8UxeHUs1 3Kcrneduyuu
Fig. 7. Structural-hydrogeological map of the area under investigation:
1 — sampling site from underground sources; 2 — sampling site from surface sources; 3 — water bodies;
4 — hydrogeological basin; 5 — hydrogeological massif; 6 — flooded faults; 7 — hydrographic network;
8 — expedition route outline

YMBaeTCs C 3anaja Ha BOCTOK U U3MEHSIeTCs1 OT
250 po 350 m. NMopoBo-nnacToBble BOAbI BCKPbI-
BatoTCcs Ha my6uHe 3,3—17 M, BebnUT OOUHOYHBIX
ckBaxuH coctaensiet 300-5000 m3/cyT, MMHepa-
nusaums paBHa 0,4—(1,36-9,69) am? (. LLaHxan),
XUMUYECKMIA COCTaB BapbUpPyeTCs OT rMapokap-
GoHATHOro HaTpMEeBOro OO XNOopuaHO-cynbgar-
HOro HaTpMeBO-MarHMeBo-KanbLMEBOro, U3MeHSI-
SICb B BOCTOYHOM HanpasfieHMn B CTOPOHY MOp-
ckoro nobepexbs, pH paseH 6,99, Temneparypa
MB coctaBnset 18 °C (tabn. 2) [13].

MB rugporeonormnyeckoro 6accerHa MoryT mnc-
Monb30BaTbCsl AN XO3MCTBEHHO-NUTHEBOIO BOAO-
cHabxeHusi. Ha npedbloylumx atanax akcnnyarta-
LMK B pesynsTate ANUTENbHOIO U HepaLMOoHarIbHO-
ro BOAOOTOOpa B BOAOHOCHLIV FOPU3OHT Ha4anoch
WHTEHCMBHOE MOCTYMIEHNE MOPCKMX BOA, B CBA3N
C 4YeM pes3ko yxyaLumock kadectso MB.

moporeonorMyeckMii MaccuB MNPUYPOYEH K
ropHockragyarton obnactu U npeacTaBneH rpa-
HUTaMM U kKapbGoHATHBLIMW MOPOAAMMU FOPCKOIO BO3-
pacta. NoBcemecTHO 0O6BOAHEHA MOLLHAsi 30Ha
9K30reHHOW TpeLmHoBaTOCTU. BoaoobunbHOCTb

WWW.Nznj.ru

30Hbl HEBbICOKA, TPELUMHHO-TPYHTOBbIE BOAbI
BCKpbIBalOTCA Ha rnybuHe 2,3-9,42 M, MuHepa-
nunsaums coctaenset 0,17-0,21 r/am®, pH 5,93—
7,92, Temneparypa paeHa 20 °C (cm. Tabn. 2).
B aToro TMna ncnomnb3yrTca A58 HanormHeHUs
eMKOCTEeN ANA NOXapoTyLeHUS U MENKOro Xo-
3ACTBEHHO-NUTLEBOrO BOAOCHABXEHNS.

Tpetuii TUN rMaporeonornyecknx CTPYKTyp —
06BOAHEHHbIE PAa3fOMbI, LUMPOKO pacnpocTpa-
HEeHHble B FOpHOCKNag4vatbix obnactax (puc. 8).
Yacto OHM uMmeloT xapaktep cOpPOCO-CABUIOB
[19], oTpaxatowmxcst B Buge z-00pasHbIX CTPYK-
Typ B penbede (ropbl XyaHwaHb (CM. puc. 8, a)),
YTO HepeaKo BcTpevaeTcd B [1pnonbxoHbe Ha 3a-
nagHom bepery bavikana (CapmuHckoe, KypMuH-
ckoe yuenee (cm. puc. 8, b, ¢)).

B 3aBMcMMOCTM OT cocTaBa nopop, HapyLUeH-
HbIX AW3bIOHKTMBHbLIMW OUCNOKAUMAMMU, BbloeNs-
IOTCA TPELLMHHO-XKUMbHbIE U TPELLUMHHO-KapCTo-
Bble 1B, xapakTepucTuka KOTOpbIX NpuBeneHa
B Tabn. 2. B cootBeTCcTBUMN C rMYyBGUHON MPOHWK-
HOBEHUSA B 3EMHYH KOPY BblgeNeHbl MpUnoBepx-
HOCTHbIe 1 rny6okne pasnomei.
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Ta6bnuua 2. KpaTtkasa xapakTtepucTuka nog3eMHbIX BoA TeppUTOpPUMU UccnesoBaHUsA
Table 2. Brief characteristics of groundwater in the area under investigation

mpporeonornyeckme CTpyKTypbl
MokasaTenb = =
anporeonor}/lquKmm maporeonoruyecknii OBBOMHEHHbIE Pa3NoMb
6accenH MaccuB
TpewwyHHo- TpeLmHHO-XnMbHbIE TpewwyHHo-
Tun konnekTopa MopoBo-nnacToBble MpunoBepx-
rpyHTOBbIE p p ny6okue | kapcToBble
HOCTHblE
YpoBeHb NOA3EMHbIX BOA, M 3,3-17 2,3-9,42 2,1 71 12
Pbixnble necyaHo- M3BecTHSsIKN, Kap6oHaTtHble | 3BecTHsIKN,
['opHble nopoabl Tydbl, Opekymn
IMVHUCTbIE OTINOXEHUS! rpaHnTbI nopogpl JONOMUTBI
Copep»kaHune KaTMoHOB, Mr/I:
K* 1,1-1,83 - - 14,4 0,28-0,37
Na* 32,1-154,64 - - 25,6 2,79-5,88
Ca* 3,97-62,20 - - 420 6-93
Mg?* 8,37-69,19 - - 52 6,48-41
CopepxaHne aHMOHOB, Mr/n:
S0%- 0,2-0,67 - - 1171 25,5-53,2
ClI- 3,83-550,24 - - 15 7,48-15
HCO3 15,74-78,72 - - 16 237-367
MuHepanusaums, 0,4-(1 ,36—9:69) 0,21 0,305 175 0,411
r/om® (r. WaHxan)
pH 6,99-8,36 6,1-7,42 6,16 6,7-7,4 6,94
Temnepartypa, °C 18-19 20 21,3 32—-60 u BbiLe 20,8

Puc. 8. C6poco-cdsuau, ompaxaroujuecsi 8 aude z-o6pa3Hbix cmpykmyp e pesnbege:

a

a — eopbl XyaHwaHb, b — CapMmuHckoe yujernbe; ¢ — KypMuHckoe yujerbe
Fig. 8. Strike-slip faults reflected as z-shaped structures in the relief:
a — Huangshan Mountains; b — Sarminskoe Gorge; ¢ — Kurminskoe Gorge
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Hanbonee un3yyeHbl rmybokne OU3bIOHKTUB-
Hble CTPYKTYPbI, MO KOTOPbIM Pa3rpy>atoTca Mu-
HeparbHble U TepMarnbHble Bogbl [19], dopmupy-
owmecsa B kapboHaTHbIX Mopogax v MMerLue
CcynbartHbIn Kanbuuesbln coctas. 1o xumunye-
ckoMy coctaBy [1B, npuypoyeHHble K rpaHuTam,
XapaKkTepusyTcsa Kak ruapokapboHaTHble Karnb-
uueBble. [locTaTovHO BbICOKas CTeneHb U3yYeH-
HocTu NB rny6okux pasnomos obycrnosneHa Lwin-
POKMM pa3BUTUEM CaHATOPHO-KYPOPTHOM 1 Typu-
cTmyeckon 6a3 B ctpaHe [20].

Tem He MeHee HanbornbLLIMIN NHTepeC ANns no-
NCKOBO-OLIEHOYHbIX paboT ¢ uenbio nocriegyto-
LLIero X03AMCTBEHHO-NNTLEBOrO BOAOCHABXEHNS
npeacTaBnsAlT HauMeHee n3yyeHHsle B npuno-
BEPXHOCTHbIX 06BOAHEHHbIX PA3NIOMOB, KOTOPbIE
BCKpbIBAKOTCA Ha rnyobuHe 2,1 M, UMeT MUHe-
panusaunto 0,305 r/gm®, pH 6,16, TemnepaTtypy
21,3 °C (cm. Tabn. 2).

3aknioyeHue
lMpoBeaeHHoe uccrneqoBaHWE  MO3BOMUIO
caenaTtb BblBOO O TOM, 4YTO, BEPOSITHEE BCErO,

2025;48(2):224-236

cuUTyaumo co cHabxeHnem BOOOW XO3AWCTBEH-
HO-NMNTbEBONO Ha3HaYeHUs MOXeT YNyudluTb
BbIOOp OMNTMMAarbHOM CXeMbl BOAOCHAOXeHUs
B PasfUYHbIX CTPYKTYPHO-TMAPOreonormyeckmx
ycnoBusix. B paBHMHHbIX 0bractax cpegHero u
HWXHEro TedeHun pekn AHu3bl Hanbonee pauu-
OHarnbHbIM SBMNSAETCA MWCMOMb30BaHWE MOBEPX-
HOCTHbIX BOA W NopoBo-nnacTosbIxX B rugpore-
ornoruyeckoro ©6acceviHa. B ropHo-cknagyartbix
obnactax nepcnekTUBHbIM WUCTOYHUKOM BOAO-
cHabxeHus npeacrasnsaTcsa 1B npunosepx-
HOCTHbIX OOBOAHEHHbIX Pa3fOMOB, YTOYHEHWe
pacrnonoXeHns KOTOPbIX BO3MOXHO Mpu npoBse-
AeHun bonee AetarnbHbIX reonoro-pas3BeaoyHbIX
ncernegoBaHuUn.

Ona BblpaboTkM ONTUMAnbHbLIX PEeLUEHUN,
HanpaBreHHbIX Ha 3dEeKTUBHOE YyrpasreHne
BOOHbIMW pecypcamn, Heobxoanma KoopauHa-
una paboTbl genapTaMeHTOB, 3aHUMaloLMXCA
pasnMyHbIMK acrnekTamu 3Ton npobnemel. Takon
NMOAXO4 MO3BONMUT B AallbHEWWeM COBEepLUEH-
CTBOBaTb CTPYKTYpPY YNpaBrieHUs BOOHbIMU pe-
CcypcamMu BOCTOMHbIX panoHoB Knutas.
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PacyeT KOMNOHEHTHO-(hPaKUMOHHOIo cocTaBa A0ObLIBaeMoro
nnacroBoro dnonga KOBLIKTUHCKOro MeCcTopoOXaeHUs

M.J1. BenbkoBUY?
aWpkymckul HayuoHarnbHbIl uccredosamernbCKull mexHuyeckul yHueepcumem, Mipkymck, Poccust

Pe3rome. Llenbto paboTbl SBMSMCS pacyeT KOMMOHEHTHO-(DPaKLMOHHOMO cocTaBa Ao6bIBaeMOro NacToBoro dorromaa npu noMo-
LM KOMIIIEKCHBIX NTabopaTopHbIX UCCreaoBaHUN. AKTYyarbHOCTb COCTOsINA B MOMyYEHUM OCTOBEPHBIX AaHHbIX O XapaKTepUCTu-
Kax nnacTosoro criromza Ansi obecneyeHns ahdeKTUBHOIO yrpaBneHns npoleccamun fobblum 1 06paboTku yrmesogoponos. B
pesyrnbrate nabopaTopHbIX MccreaoBaHuin Gbin onpeaeneH hasoBblii cocTas MMyBUHHBIX NPOG, KOTOpble ABNATCA NIACTOBLIM
rasoM. [nsi Kaxgon 13 npob Gbiny YCTaHOBMEHb! 3aBUCHMOCTM NMIOTHOCTU U BASKOCTY OT JaBMEHs, YTO MOMOraeT fyydLle oLe-
HUBaTbL NMoBefeHve doronaa Npu PasfmyHbIX YCroBusxX Aobblun. Kpome Toro, NpoBeAEHHbIE MCCreaoBaHNS NO3BONUMN BbISIBUTb
BMUSIHWE reorornyeckyx (haKkTopoB Ha COCTaB M CBOMCTBA (HITHOMIOB, YTO SBMSIETCS BaXKHBIM A5 ONTYMM3aLIMM MPOLIECCOB A00bI-
yun. [nsa nnactoBoro rasa Gbina NpoBeaeHa Aerasauysi, onpeaeneH noapobHbIi KOMMOHEHTHO-OPaKLIMOHHDIN COCTaB rasa ferasa-
LMK 1 ferasvpoBaHHOro koHaeHcaTta. CocTaBbl BCEX MCCIEAO0BaHHbIX ra3oB NPeLCTaBneHbl B ABYX BUAAX: B PA3BEPHYTON KOMIMO-
HEHTHO-(OPaKLMOHHOW (hopme (Koraa HeyrneBoLopPOaHbIE KOMIMOHEHTbI U YIMEBOAOPOAL! OT METaHa 40 NEHTAHOB NpeACTaBneHbI
WHAMBMAYanbHO, a YrneBogopoabl TshKeree NeHTaHoB CrpynnupoBaHbl B y3kMe AecsTurpagdycHble dopakumn, paHxmMpoBaHHbIe
Mo TemnepaTtypam KvneHus yrieBoaopOa0B) U B CTaHAAPTHOM chopme (Koraa KOMMOHEHTbI TshKeree NeHTaHa NprBefeHb! B BUAE
chpakumii Mo uncny atoMoB yrriepoaa ¢ 6oree unn MeHee TsbkenbiM octatkoM). CoCcTaB NiacToBOMO rasa paccymTaH Ha OCHOBE
COCTaBOB rasa [erasauum 1 ferasupoBaHHOTO KOHAEHcaTa Mo NpUHLMY MatepuarbHoro 6anaHca. MNonyyeHHble AaHHble MoryT
ObITb UCTONBb30BaHbI AMs aHanm3a npolecca A0bbluK YrNeBOAOPOAOB M AANbHENLLETO NOBbILLEHWS 3¢hheKTUBHOCTM pa3paboTku
KOBBLIKTMHCKOMO MecTopoXaeHusl. Pesynstatel paboTel cnocobeTByOT Goree rmy6oKoMy NOHMMaHWUI0 XapaKTEPUCTVK MIiacTOBOMO
dprironaa 1 OTKPLIBAKOT HOBbIE MEPCMEKTUBLI A1 YIyYLLEHWs] TEXHOINOMI 061U 1 NepepaboTky YIeBOAOPOLOB.

Knroveenle cnoea: ckBaxuvHa, rnmybrnHHasa npoba, NnacToBbIii ra3, KOMMNOHEHTHO-OPAKLUNOHHbIV COCTaB, (PUINKO-XUMUYE-
CKne CBOMNCTBA
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Original article

Calculation of component-fractional composition
of extracted Kovykta field formation fluid

Mikhail L. Belkovich?

alrkutsk National Research Technical University, Irkutsk, Russia

Abstract. The purpose of the work is to calculate the component-fractional composition of the produced formation fluid using
complex laboratory studies. The relevance of the study is determined by the obtaining of reliable data on formation fluid char-
acteristics in order to ensure effective management of hydrocarbon production and processing. The laboratory studies resulted
in the determination of the phase composition of downhole samples, which were presented by formation gas. Dependences of
density and viscosity on pressure were determined for each sample, which enabled better assessment of fluid behavior under
various production conditions. In addition, the conducted studies allowed us to identify the influence of geological factors on fluid
composition and properties, which is important for optimizing production processes. Formation gas was subjected to degassing
and a detailed component-fractional composition of degassing gas and degassed condensate was determined. The composi-
tions of all the gases studied have been presented in two forms: an expanded component-fractional form (non-hydrocarbon
components and hydrocarbons from methane to pentanes are presented individually, and hydrocarbons heavier than pentanes
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are grouped into narrow ten-degree fractions ranked by hydrocarbon boiling points) and a standard form (components heavier
than pentane are presented as fractions by the number of carbon atoms with a more or less heavy residue). The composition of
formation gas was calculated based on degassing gas and degassed condensate composition using the material balance prin-
ciple. The data obtained can be used to analyze the hydrocarbon production process and further enhancement of the efficiency
of the Kovykta field development. The research results contribute to deeper understanding of formation fluid characteristics and
open new prospects for improving hydrocarbon production and processing technologies.

Keywords: well, downhole sample, formation gas, component-fractional composition, physical-chemical properties
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BBeneHune

Ha KOBbLIKTMHCKOM ra3oKkOHAEHCATHOM Me-
CTOPOXOEHUN MNPOAYKTMBHbBIE OTNOXEHUS OT-
HOCATCA K NapeHOBCKOMY FOPU3OHTY YOPCKOM
CBUWTbI BeHAA (ero nnowagb COCTaBNAEeT Nopsaka
7 TbIC. KM?), KOTOPLIN NpeacTaensieT cobown nepe-
cnavBaHue Nec4aHMKoB 1 aprMnaMToB C NPOCIo-
MW aprmnnnToB. B 1oro-BoCcTo4HOM 1 ceBepO-3a-
NagHOM HanpaBreHUsax FOpuU3oHT aumanbHO
nepexoguT B 6onee rmuHUCTble pa3HoCTU. B Hem
BblAENSAT ABa MNPOAYKTUBHbLIX nnacta — M1 u
M2, mexay KOTopbIMKW 3aneraet navka aprunnm-
TOB, TOSMLIMHA KOTOPOW BapbupyeTcs, JocTuras
15 m [1]. JlaHHbIE O KOMMOHEHTHO-PaKLMOHHOM
cocTaBe NnractoBoro gniounaa sBASTCA OCHO-
BOM OS99 pacyeToB B CUCTEMAX rMapoauHammnye-
CKOrO M TEXHOIOrM4eckoro MogenMpoBaHus [2].

Pac4eT KOMMOHEHTHO-(hbpaKUMOHHOIo cocTa-
Ba [oOblBaemMoro nracrtoBoro dovga npea-
crtaBnsieT cobon KknoyeBoW atan B HedTeraso-
BOV MPOMBbILLUNEHHOCTU, ONpPeaensowWmii cocTas
N cBOWCTBA O0ObIBaeMbIX HedpTM U rasa. [o-
CTOBEPHOCTb MPOTrHO3HbIX PACYETOB BEMUYUHBI
YIMeBOAOPOA00TAauMN B BOMbLIOM CTENEHM npe-
aonpeaensaeTcst 3HaHNMEeM COCTOSIHUSA 1 da30BOro
noBefeHWst NNacToBbIX ONOMO0B, HACILLAKLLMX
NPOAYKTUBHBIW Kornektop [3].

B paHHOM cTaTbe paccMOTpeHa MeToamka
pacyetTa KOMMOHEHTHO-(PPaKLUMOHHOIO COCTaBa
A00bIBaEMOro MracToBoro critonaa Ha OCHOBE pe-
3ynbTaToOB KOMMJIEKCHBIX TabopaTopHbIX aHann3oB
npo6. OCHOBHbIE 3Tanbl UCCNEAOBAHUI BKITHOYAKOT
B cebs1 hU3UKO-XMMUYECKME W Fra30Bble aHanm3bl,
Nno pesynsratamM KOTOPbIX ONpedenstoTcs coaep-
XXaHue 1 NPornopLmnm Taknx KOMMOHEHTOB, Kak yrre-
BOOOPOAbI, CEPOBOAOPOL, YITIEKUCSIbIV ra3 u np.

KntoyeBbIM 9Tanom paccMmarprMBaemMoro npo-
Luecca sBNANOChb onpeaeneHne metoguk obpa-

60TKKn (BbluMCrneHnss 06bLEMHOro cocTtaBa, raso-
BOro cpaktopa v cTteneHun AONONHUTENbHOM KOH-
JeHcaumn Hapsay ¢ OpyrMMin nokasatensamn) v
aHanusa gaHHblX. [JoCTOBEPHOCTb MOMyYeHHbIX
pes3ynsTaToB MMEET peluarllee 3HayeHue ans
3hbdeKkTMBHOCTM  SKCMyaTauun MecTopoXae-
HUSA, onpeneneHnss 06bEMOB 3anacoB YrNeBoao-
POAOHOIO Chipbsi U MNaHUPOBaHWUS OyaoyLMX O0-
OblYHbIX onepauuin’.

OnpegeneHne KOMMOHEHTHO-GPAKLMOHHOIO
cocTaBa ob6biBaeMoro crovaa siBNAeTCs K-
YeBbIM 3TanoM B paboTe MHXEHEPOB 1 reorioroB.
lMonyyeHHble OaHHble O €ro coCcTaBe OKa3blBa-
0T CYLLECTBEHHOE BNUSIHME Ha 3PPEKTUBHOCTb
npoueccoB Aob6bI4M 1 nepepaboTkun yrneBogopo-
poB. ToyHoCTb MHdopmauun cnocobecTByeT on-
TMMM3ALMN UCTNONBb30BAHUSA PECYPCOB U1, Criego-
BaTernbHO, COOENCTBYET YCTOMUYNMBOMY Pa3BUTUIO
HedhTerasoBom oTpacnu.

MaTepuanbl u meToAbl
uccnegoBaHus

KOoMMOHEHTHO-(paKLMOHHBIM COCTaBOM ra-
30KOHAEHCaTHOM cmecn (pobbiBaemoro nnacro-
BOro rasa) SIBMsieTCs COCTaB, B KOTOPOM ra3o-
obpasHas 4YacTb npeacrtaeneHa B Buae MHAMBU-
AyarnbHbIX YrMeBO4OPOAHbIX M HeyrneBoaopoa-
HbIX KOMMOHEHTOB, @ KOHOEHcaTHas 4acTb — B
Buae cpakuuin BblKMNaHus KoHAeHcaTtoobpasy-
IOLLMX KOMIMOHEHTOB B onpefeneHHbIX Temne-
paTypHbIX rpaHuuax, B MOSbHbIX (0O6beMHbIX) U
MaccoBbIX Aonax unu npoueHTtax?. OCHOBHOM
ob6beM npupogHoro rasa, gobbiBaemoro Ha ra-
30BbIX M FA30KOHOEHCATHbIX MECTOPOXAEHMSX,
COCTaBnsieT MeTaH, JONs KOTOPOro MOXET [o-
cturatb 90 npoueHToB. NMpoune yrnesogopoabl 1
HeyrneBogopoaAHbIE KOMMOHEHTbI BCTPEYanTCs B
3HaAYNTENBbHO MEHbLLEN cTenenn [4, 5].

" CTO lasnpom 5.5-2007. O6ecneyeHne equHcTBa n3amepeHnii. KoHgeHcar ra3oBblin HecTabunbHbIA. MeToamka onpeaene-
HMS1 KOMMOHEHTHO-(PAKLMOHHOIO 1 FPyNMnoBOro yrineBogopogHoro coctaea. M.: [asnpom, 2007. 86 c.

2 CTO lasnpom 2-3.3-1258-2021. [JokyMeHTbl HOPMaTUBHbIE AN MPOEKTUPOBAHUS, CTPOUTENLCTBA U AKCMyaTaumm obb-
ektoB OAO «[asnpomy. Mouck, pa3seaka n paspaboTka MECTOPOXAEHWI YINIEBOAOPOAOB. DKCNepuMeHTanbHble uccrneio-
BaHWs Ha ycTaHoBKax ha3oBoro paBHoBecwusi. MasokoHaeHcaTHble cuctembl. Cl6.: Masnpom 3keno, 2021. 24 c.
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HecTtabunbHbI ra3oBbI KOHAEHCAT, eXeroa-
Has fobblya koToporo B Poccuuy B nocnegHue rogbl
npesblwaeT 25 MNH T, BbIAENSAT U3 MracToBOro
rasa (Cblpbsi ra30KOHAEHCATHbLIX MECTOPOXAEHWUIA)'.
[laHHbIe MO XMMMYEeCKOMY COCTaBy HECTabUIBHOIO
ra3oBOro KoHgeHcata HeobxoauMmbl Ans peLleHns
TaKUX OCHOBHbIX 3a4ad, Kak MOACYET U yyeT U3-
MEHEHWI 3anacoB ra3a M KoHAeHcaTa, a Takke —
TpaHCMOPTMPOBKa W ero nepepaboTka [6, 7].

Kak npaBuno, cpegun yrneBogopOOHbIX KOM-
NMOHEHTOB BbIAENSAOTCA ABe rpynnbl. B nepsyto
BXOAAT MHAMBUAOYalbHbIE KOMMOHEHTbl (MeTaH,
3TaH, NponaH 1 np.), BO BTOPYHO — rPymnbl KOMMO-
HEHTOB, MpeACTaBfneHHble NeHTaHamu u Gonee
TSKenbIMKU coegnHeHmamun. BelgeneHme nocnea-
HUX B OTOENbHYK KaTteropmo obyCcroBneHo TeMm,
YTO U3 BCEX KOMMOHEHTOB A00ObIBAEMOrO NacTo-
BOrO rasa B npotecce pa3paboTkn MecTtopoxae-
HUS Hambornee CyLleCTBEHHO MEHSIeTCs coaep-
XaHue KoHAeHcaTta, npeactasnswoLwero cobown
yrnesogopoabl rpynnbl Cs,, M HeyrmeeBogopoa-
HbIX KOMMOHEHTOB (CMoOr, accansTreHoB, cepo-
coepkalmnx coeguHeHun u 1. g.) [8—10].

Herazauunen HeCcTabUNbHbIX XUOKUX YrrneBo-
O0pOAOoB ABMSETCH NpoLecc UX nNpuBedeHus ns
Tepmobapunyecknx ycnoesum otbopa npobbl, npu
KOTOPbIX OHa SBMseTCcs 0aHOGA3HOM XMOKOW K
CTaHOAPTHLIM YCIMOBUSIM C pasferneHnem Ha ra-
30BYI0 M XUOKyH hasbl C Lenblo onpegenenns
KOMMOHEHTHO-(hbpakUMOHHOro coctaBa npobbi®
[11-13]. lMazoBas xpomartorpadusa HaxoauT LUK-
pOKOE MPUMEHEHUEe B U3yYeHUM KaK XUAOKMX, TaK
1 ra3oobpasHbIX yrneBoaopoaoB. dTta MeToamnka
cTana npegMeToM MHOXeCTBa WCCregoBaHunm,
KOTOpble 3HAYMTENbHO paclmpunu obnacte ee
npumeHeHus [14-18].

AHanua asbl nnactoBoro rasa rnyouH-
HbIX MPO6 C uUenbk onpegeneHns KOMMNOHEHT-
HO-PpaKLIMOHHOTO cocTaBa Obln NpoOBEAEH METO-

| 2025;48(2):237-248

aowm, otpaxkeHHblM B CTO [asnpom 5.5-20077, n
BKModan B cebsa criegytowmne atanbl:

1. MNpoeegerne ferasaumm asbl NIacToBOro
rasa npu NOCTOSIHHbIX TEPMOBAPUNYECKNX YCITOBUSAX
(Temnepatype 1 gasneHun), B NpoLiecce KoTopou
MCXOOHBIN MNAcTOBbIA ra3 pasgensnca Ha ras ge-
rasauum (3aMepeH CHETYMKOM) U OerasmpoBaHHbIN
KoHOeHcaT (B3BeLleH). bbino onpegeneHo obbem-
HO-MaCcCOBOE COOTHOLLIEHWE npoLecca aerasaumm
(rasoBbIi dhakTop). 3HayeHMs ra3oBoro ghakTopa
gerasaummn pasbl MrIacToBOro ra3a  MyoOuHHBIX
npob npeactaeneHbl B Tabn. 1. MonyyeHHble npo-
Obl rasa gerasaumu 1 gerasvpoBaHHOrO KOHAEHca-
Ta 6bInm 0TOBPaHbI ANA NPoBeAEHUS SanbHENLLMX
Xpomatorpaguyeckmx nccregoBaHum.

2. OnpegeneHne KOMMOHEHTHO-GPaKLWOH-
HbIX COCTaBoB Npob rasa gerasaumm MeTOAOM
rasoBol xpomaTtorpadum. AHanus yrneBogopoa-
HbIX KOMMOHEHTOB MNPOBOAUTCS Ha KanunnsipHon
KOMOHKE C UCMOMb30BaHNEM MflaMeHHO-NOHN3a-
LUMOHHOIO [eTekTopa, aHanu3 Heyrnesogopon-
HbIX KOMMOHEHTOB — Ha HACaZOuYHbIX KOFOHKaXx
C perucrpaumern Ha OeTeKkTope no TennonpoBo-
AHOCTU. MIToroBbin cocTtaB nNpob rasa gerasaumm
nonyyarT nytem obbeguHeHNs yrneBogopOaHO-
ro U HeyrneBogoOPOAHOro COCTaBOB.

3. OnpegeneHne KOMMOHEHTHO-PPAKLMOH-
HOro coctaBa nNpob AerasvpoBaHHOINO KOHAEH-
cara, Kotopoe 6biflo NpoBeAeHO METOAOM ra3o-
BOM Xpomartorpadum (MMUTUPOBaHHAs OUCTWUII-
naums) ¢ NPUMEHEHWEM KanurnsipHOW KONOHKU
annHon 30 m.

4. PacyeT cocTtaBa ¢pasbl NnacToBOro rasa
Obln NpoBeaeH Mo NPUHLMNY MaTepuanbHoro 6a-
fnaHca, PacCUYNTaHHOrO C UCMONb30BaHUEM raso-
BOro chaktopa gerasaumm gasbl NNacToBoro rasa.

OueHka 3anacoB yrneBodopoaoB NPOBOAUT-
ca otgenbHo and nerkmx (CH,, C,H,, C;Hy 1 T. 4.)
N TsKenbIX yrneBogoponoB. Ha ocHoBaHuu no-

Tabnuua 1. Pe3ynbTtaTthl NPOBEePKU KayecTBa rMyOMHHBLIX NPo6 KOBLIKTUHCKOro MeCcTopoXaeHuUs
Table 1. Results of quality control of Kovykta deposit downhole samples

MapameTp oTbopa MapameTp OTKpbITUSA O6bem a3 .
[[asoBbIN
. npoo6bl 6annoHa npu yCrioBmsx
KoHTenHep, dakTop
s nepenycka 3aknodeHne
obbem, cM® | Temnepartypa, | Jasnenue, | Temnepatypa, | dasnexve, B Na6OpaTOpHbIE Aerasauuu,
) o 3
c Mria c MMa KOHTeWHepbl, cm® ME/T
Ne 3365, [MnacToBbIN ras — Mpoba
420 58 66,77 58 65,88 100 % 187262 KayecTBeHHa
Ne 3542, [MnacToBbIN ra3 — Mpoba
420 o8 66,47 58 65,22 100 % 18136,9 Ka4yeCcTBeHHa
Ne 5092, MnacrtoBebIli ras — Mpoba
420 58 66,47 58 61 100 % 151243 KayecTBEeHHa

3 CTO lasnpom 5.40-2011. MNnacToBelii ra3. OnpegeneHne KOMNOHeHTHO-pakLmoHHoro coctasa. M.: [asnpom, 2011. 193 c.
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CnegHuX, B YacTHOCTM MO AaHHbIM COAEpXKaHUA
NMEeHTaHOB, pPacCYMTbLIBAOTCA 3anacbl rasoBoOro
KoHOeHcaTa*s.

B pesynbrate Obin onpegeneH KOMMOHEHT-
HO-PPAKLIMOHHBIV COCTaB rMyOUHHbBIX Npob nna-
CTOBOrO rasa OT Jierkux yrrneBogopoaoB (MeTaH,
3TaH, NponaH) A0 KOHUAa KUMNEeHWs, BKoYas He-
YrMeBOAOPOAHbIE KOMMOHEHTLI, Takne kak N, u
CO,. OTobpaHHble Npobbl B nabopaTtopun Obinm
NpOBEpPEHbl HA Ka4yecTBO MO METoAy, ONMCaHHO-
my B CTO Masnpom 2-3.3-1258-20212.

Y KOHTENHEPORB C rMybuHHLIMK Npobamu nna-
CTOBOrO hromaa 3amepeHo gaBneHne OTKPbITUA
npu Temneparype otéopa 1 NpoBeEpPEHO Hann4mne
nnn oTcyTcTBME rasoBor dasbl. Ecnv gasneHune
B KOHTEMHepe OOCTaTOYMHO BbICOKOE W rasoBasi
(hasa oTcyTCTBYET, TO OTOOPAHHLIE NPOOLI SABNSA-
HOTCA Ka4eCTBEHHbIMW, TO €CTb WX KOMMOHEHT-
HO-(PpaKLMOHHLIN COCTaB COOTBETCTBYET COCTa-
BY uccnegyemoro npogykra [10].

Pesynkratbl NpoOBEPKM KadecTBa rMyOUHHBLIX
npob nnacToBoro dnovaa NpeacTaBneHbl B Tabn.
1. NpoBepka Nokasana, YTo Bce OTOOpaHHbIE IMy-
OWHHbIE NpPOObI Ka4yecTBEHHLI. B koHTelHepax
copepxutcs dasa nnacTtoBoro rasa. Bce npobbl
ObINn Nnepegaxbl Ans ganbHENLWNX NCCNEaoBaHUN.

OnpeneneHne NNOTHOCTU dhasbl NNacTOBOro
rasa rmybuHHbIX Npo6 ObIO NMpOBEdEeHO C Mo-
MOLLLbIO MNOTHOMEpPa BbICOKOro AasrieHust Anton
Paar DMA 512 P BnbpaunoHHOro Tuna MeToAoM,
oTpaxkeHHbIM B cTaHgapte ASTM D 5002-198,
KOTOpPbIA OMUCLIBAET METOAMKY pacveTa KOM-
NMOHEHTHO-PPaKLUMOHHOIO COCTaBa TSXKEmNbIX U
OCTaTOYHbIX HEPTENPOAYKTOB MPU MOHKEHHOM
OaBMEeHUN, a TaKkke METod, MUCMOoNb3yeMbld Ons
onpegeneHns guanasoHa Temnepatyp KUneHus
HedTENPOAYKTOB, KOTOPbIE MOMYT YaCTUYHO UNK
MOMHOCTLIO MCMApATbLCA NpU  MakcUMarbHOM
Temnepartype xuakoctu B 400 °C.

YKasaHHbI MEeToq, NPUMEHSAETCS AN OLEHKM
ONCTUMNSILMOHHDBIX XapaKTePUCTUK HEDTENPOAYK-
TOB U dopakumii, KOTOpble MOryT pasnaratbCs BO
BPEMS MEPEroHKN Npy aTMOCHEPHOM LaBMEHUMN.
[MonyYeHHbIN gManasoH KUNEeHUs, pacCuUTaHHbIN

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

B yCrnoBusx, obecneyvvBatolumMx pasgeneHve Ha
O[HOWN TEOPETNYECKOM Taperike, MOXET UCMOSb30-
BaTbCA B TEXHUYECKUX pacyeTax Ans npoekTupo-
BaHWsI NEpPEroHHoro obopyaoBaHus, paspaboTku
COOTBETCTBYIOLUX CMECen Ansi NPOMbILLIIEHHbIX
HY>X M NPOBEPKN COOTBETCTBUS HOPMATUBHLIM
TpeboBaHMAM, a Takke OIS OLEHKN BO3MOXHOCTU
NCNOSb30BaHNSA KOHKPETHOrO MpOAyKTa B nepe-
paboTke nnu gpyrux uensax. MHTepsan kuneHus
TECHO CBSI3aH C TakMMM XapaKTepucTukamu, Kak
BA3KOCTb, YNPYroCcTb MapoB, TEMMOTBOPHAs CMo-
COOHOCTb, cpeHuin MonekynsipHbi Bec. Kaxaoe
N3 3TUX CBOMCTB MOXET CTaTb KMOYEBbLIM (hakTo-
poMm B onpeeneHum NpurogqHocTn Npoaykra ans
€ro npegnonaraemMoro ncrnorb3osaHud [19].

OnpepneneHne BA3KOCTU hasbl NNacTOBOro
rasza rmyobuHHbLIX NPob MPOBEAEHO C MOMOLLbIO
Buckosnmetpa EV 1000 cornacHo pykoBoacTtsy
no akcnnyaTtaumn’. B ocHoBe paboTbl AaHHOMO
npubopa NexuT sIBNEHWe anekTpoMarHeTuama.
[lBa coneHomnga ynpaenstoT ABMXKEHNEM MOPLLHS
BBEPX M BHM3 MOA BO3OENCTBMEM MOCTOAHHOIO
MarHuMTHoro nons. CneuumanbHas anekTpuyeckas
cxema aHanuaupyet BpeMS OBMXKEHUSI MOPLUHSA
Ans onpefeneHns BA3KOCTU XUAKOCTU. Namepe-
HMe NoKasaHun TemMnepaTtypbl NPON3BOANTCH NpU
NOMOLLIM BCTPOEHHOro gatynka RTD.

BuckosumeTpuyeckas cuctema  BKITOYaeT
3NEKTPOMarHUTHbIN BUcko3umeTp SPSL 440 un
Habop 13 WwecTn KannMbpoBaHHbLIX NOPLUHEN Ans
n3mMepeHns BA3KOCTM B AmanasoHe ot 0,02 go
10000 cfll3, gatynk gaBneHnsa ¢ uMdpoBbLIM anc-
nneemM, AaTyvk TemnepaTypbl WU HarpesaTenb-
Hyt0 pyOaLuky. HarpeB ocyLlecTBnseTcs nocpea-
CTBOM BHELLUHEro HarpeBaTerbHOro TepmocTaTa
C CUCTEMOW pPeuunpKynsummn.

Pe3ynbrathl uccnenoBaHus
M ux obcyxaeHue
OnpegeneHne MAOTHOCTU M BA3KOCTU dhasbl
nnacToBoro rasa rmybuHHbIX Npo6 Obino npose-
AEHO B AvanasoHe AaBfeHuin npu nnactoBOu U
ctaHgaptHon Temnepatypax (20 °C). Pesynbra-
Tbl NOKa3aHbl Ha puc. 1-3.

4 TOCT P 56539-2015. NpoekTpoBaHMe pa3paboTkn U OCBOEHME ra3oBbIX M ra30KOHAEHCATHbIX MecTopoxaeHui. MNoa-
CYET 3aracoB rasa 1 ra3oBoro KOHaeHcaTa Ha OCHOBE YpaBHEHUSA MaTepuarnbHoro 6anaHca. OCHOBHbIE TEXHMYECKME Tpe-
6osaHusa. M.: CtangaptuHdopm, 2016. 28 c.

5 Botoa INA., AnueBa 3.C. VIHCTPYKUMS MO KOMMNEKCHOMY MWCCREAOBaHUIO Fa30BbIX W ra30KOHAEHCATHbLIX CKBaXKWH.
M.: Hegpa, 1980. 301 c.

8 ASTM D 5002-2019. CtaHgapTHbIN MeToA onpeaeneHns nnoTHOCTU, OTHOCUTENbHON NITOTHOCTM M NITOTHOCTM B rpagycax
API cbipon HebTK ¢ noMoLLbio undposoro nnotHomepa. M.: Mutepctangapt, 2019.

7 EV 1000. 3nekTpomMarHUTHbIA BUCKO3UMETP BbICOKOIO AaBneHust n Temnepartypsbl // MpegcraBuTens NMHUM npubopos
VINCI Technologies B ctpaHax CHI. Pexum pgoctyna: http://www.vinci-technologies.ru/node/491 (pnata obpalieHus:
03.03.2025).
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Puc. 1. 3agucumocms niIomHocmu u 8si3kocmu om 0aeJsieHus1 Os1s1 2/1y6uHHOU nNpobbI n1acmoeo2o 2asa
(koumedtinep Ne 5092):
1 — nnomHocme npu memnepamype 20 °C; 2 — nnomHocme npu memnepamype 58 °C;
3 — ea3kocmb npu memnepamype 20 °C; 4 — ea3kocmb ripu memnepamype 58 °C
Fig. 1. Density and viscosity vs pressure for a formation gas downhole sample
(container no. 5092):
1 — density at 20 °C; 2 — density at 58 °C; 3 — viscosity at 20 °C; 4 — viscosity at 58 °C
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Puc. 2. 3agucumMocms nomHocmu u esi3kocmu om 0aeJsieHusi 0nsi 271y6uHHOU NPo6bI NIacmoeo20 2asa
(koHmetiHep Ne 3542)
YcnosHble 0603HavyeHUs1 cM. Ha puc. 1
Fig. 2. Density and viscosity vs pressure for a formation gas downhole sample
(container no. 3542)
See Fig. 1 for legend
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Puc. 3. 3asucumocms niiomHocmu u esi3kocmu om OaesieHusi Onsi 2s1y6uHHoU npobbI naacmoeozo 2asa
(koHmetiHep Ne 3365)
YcrnosHble 0603HavYeHuUs1 cM. Ha puc. 1
Fig. 3. Density and viscosity vs pressure for a formation gas downhole sample
(container no. 3365)
See Fig. 1 for legend

KoMMOHEHTHO-(ppakUMOHHbIE COCTaBbl y-
OMHHBIX MpPO6 MMNacTOBOro rasa MNpuBEAEHbI B
Tabn. 2, 3 n Ha puc. 4.

Pacuetr MonsipHOM Macchl Kaxgown npobbl
M, npoBoguTcs no chopmyne

HIK
X

MHFK = z m X Miy

HI'K

roe ‘i — mondpHas [gonda j-ro KOMMOHEH-
Ta unn dpakumm HectabunbHOro rasoBoro
KoHaeHcaTta, %; M, — monspHas macca i-ro
KOMMOHEHTa uNnuM dpakunm HecTabunbHO-
ro ra3oBoro KoHgeHcaTta, r/monb (Kr/KMonb);
100 — koahdbumumeHT oNs nepeBoda AONEN B
NPOLEHTHI.

MaccoByto J0rH0 i-FO KOMNOHEHTa U dpaKkLmm
B ra30KOHAEHcaTHOW cmecn w; ¢, %, BbluMCTISIOT
no cpopmyne

X

I"KC

wik¢ = —— x 100,
TKC

roe m;““ — macca KaXaoro j-ro KOMMOHEH-
Ta, dpakuMmM B ra3okOHAEHCATHOW CMECHU, Kr;
My — Macca rasokoHAeHcaTHOW CMecWu, Kr;
100 — KoahpuMUMEHT oNsa nepesoda Aofen B
NPOLEHTHI.

MonspHyto OO0 j-r0 KOMNOHEHTa, dopakumnm
B ra3oKoHAEeHcaTHoW cMecy X[, %, BbIUMCRSIOT

no cpopmyne
I"KC

n
[
Npye
TKC__

rae n; KONMNYECTBO KaXAOro i-r0 KOMIMOHEHTA,
dpakumm B ra3oKOHOEHCATHOM CMeCW, KMOIib;
Npge KONMYeCTBO ra30KOHAEHCATHOW CMeCH,
kmosb; 100 — koadbdmumMeHT ana nepesoga no-
nen B NPOLEHTbIS.

dopmaT npeactaBneHns KOMMOHEHTHOMO CO-
cTaBa [00ObLIBAEMOro Cblpbsi onpedensdeTrcs Lue-
NAMU NPOBOAMMBIX aHanUTUYECKMX UCCrenoBa-
HUA. [ns pelueHns GONbLUMHCTBA 3adad, Takux
Kak npeaBapuTernbHasi OLEeHKa, OOCTaTO4YHO WUC-
nonb30BaTh YNPOLLEHHbIN bopMat, orpaHu4vBa-
towminca komnoHeHtamu C,—C,; n Gy, nn C,—C,,,
C,s.. Mpn HeoBxoanmocTn 6onee agetansHoe pac-
npegeneHne pakumMi TSHKENON XMAOKOW YacTu
KOHOeHcaTa MOXET ObiTb MOSTyYEHO C MOMOLLIbHO
mMogenupoBaHua. OgHako Npy MPOEKTUPOBAHUMN,
NMaHMPOBAHNN N NPOrHO3NPOBaHUM MEPCMNEKTUB-
HOro pa3BUTUSA CUCTEM TpaHcMnopTa U nepepaboT-
KM XXMOKUX YrneBogopoaoB Tpebyetcsa bonee Tou-

x 100,

8 TOCT P 57851.4—2017. Cmecb rasokoHgeHcaTHasi. Yactb 4. PacyeT KOMMNOHEeHTHO-hpakLmoHHoro coctaea. M.: Ctan-

paptmHdopm, 2017. 50 c.
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Tabnuua 2. KomnoHeHTHO-thpaKLMOHHbIEe cOoCTaBbl MyOUHHbIX NPO6 NNacToBOro rasa,
audpdepeHUnpoBaHHbIe MO TeMnepaType KuneHus

Table 2. Component-fractional compositions of boiling temperature-differentiated
downhole samples of formation gas

KoHTenHep
3365 | 3542 5092
KoMnoHeHT Temneparypa MonsipHast macca, r/monb
KUNeHus,
¥ cpakuns °C 19,09 19,14 19,36
MaccoBasi MonbHas MaccoBas MonbHas MaccoBasi MonbHas
nons, % nons, % nons, % nons, % nons, % nons, %
N, -195,8 3,1525 2,1482 3,2334 2,2096 3,1316 2,1640
Co, -78,5 0,2215 0,0961 0,3605 0,1568 0,2655 0,1168
CH, -161,5 75,5838 89,9349 75,2905 89,8440 74,3807 89,7487
C,Hg -88,6 7,3922 4,6927 7,3114 4,6548 7,2525 4,6688
C;Hg -42.1 2,7047 1,1708 2,6721 1,1600 2,6547 1,1653
i-C,H,, -11.7 0,7613 0,2500 0,7525 0,2478 0,7483 0,2492
n-C,H,, -0.5 1,1171 0,3669 1,1058 0,3642 1,0995 0,3662
i-CgH,, 27.9 0,6804 0,1800 0,6733 0,1787 0,6753 0,1812
n-C;H,, 36.1 0,5338 0,1412 0,5291 0,1404 0,5327 0,1429
F 45-60 52.5 0,1233 0,0272 0,1219 0,0270 0,1247 0,0279
F 60-70 65 0,8000 0,1662 0,7998 0,1666 0,8257 0,1739
F 70-80 75 0,0453 0,0090 0,0483 0,0096 0,0482 0,0097
F 80-90 85 0,1265 0,0240 0,1358 0,0258 0,1345 0,0258
F 90-100 95 0,6094 0,1103 0,6326 0,1148 0,6818 0,1251
F 100-110 105 0,1615 0,0279 0,1691 0,0293 0,1845 0,0324
F 110-120 115 0,3895 0,0644 0,3954 0,0656 0,4613 0,0774
F 120-130 125 0,1967 0,0311 0,1999 0,0317 0,2361 0,0378
F 130-140 135 0,1557 0,0235 0,1592 0,0241 0,1887 0,0289
F 140-150 145 0,2763 0,0400 0,2800 0,0407 0,3388 0,0498
F 150-160 155 0,2353 0,0327 0,2370 0,0330 0,2891 0,0407
F 160-170 165 0,2684 0,0358 0,2693 0,0360 0,3285 0,0444
F 170-180 175 0,2719 0,0348 0,2734 0,0351 0,3314 0,0430
F 180-190 185 0,2366 0,0290 0,2367 0,0291 0,2869 0,0357
F 190-200 195 0,2617 0,0309 0,2611 0,0309 0,3165 0,0379
F 200-210 205 0,2485 0,0282 0,2470 0,0281 0,3001 0,0345
F 210-220 215 0,3122 0,0341 0,3118 0,0341 0,3744 0,0414
F 220-230 225 0,2752 0,0288 0,2748 0,0289 0,3285 0,0349
F 230-240 235 0,3497 0,0353 0,3495 0,0353 0,4150 0,0424
F 240-250 245 0,2844 0,0276 0,2853 0,0278 0,3362 0,0331
F 250-260 255 0,3231 0,0302 0,3255 0,0305 0,3811 0,0362
F 260-270 265 0,2680 0,0242 0,2722 0,0246 0,3160 0,0289
F 270-280 275 0,2714 0,0236 0,2784 0,0243 0,3211 0,0283
F 280-290 285 0,2277 0,0191 0,2363 0,0199 0,2704 0,0230
F 290-300 295 0,1709 0,0138 0,1798 0,0146 0,2040 0,0168
F 300-310 305 0,1890 0,0148 0,2011 0,0158 0,2257 0,0179
F 310-320 315 0,1639 0,0124 0,1774 0,0134 0,1980 1,5 E-02
F 320-330 325 0,1048 0,0076 0,1155 0,0084 0,1291 9,6 E-03
F 330-340 335 0,1098 0,0077 0,1230 0,0087 0,1371 9,8 E-03
F 340-350 345 0,0880 0,0060 0,1000 0,0068 0,1129 7,8 E-03
F 350-360 355 0,0853 0,0056 0,0984 0,0065 0,1121 7,5 E-03
F 360-370 365 0,0550 0,0035 0,0647 0,0041 0,0746 4,8 E-03
F 370-380 375 0,0532 0,0033 0,0634 0,0039 0,0741 4,6 E-03
F 380-390 385 0,0400 0,0024 0,0485 0,0029 0,0573 3,5 E-03
F 390-400 395 0,0278 0,0016 0,0343 0,0020 0,0410 2,4 E-03
F 400-410 405 0,0172 9,6 E-04 0,0217 0,0012 0.0262 1,5 E-03
F 410-420 415 0,0103 5,6 E-04 0,0136 7,4 E-04 0,0163 8,9 E-04
F 420-430 425 0,0077 4,0 E-04 0,0105 5,5 E-04 0,0119 6,3 E-04
F 430-440 435 0,0056 2,8 E-04 0,0080 4 E-04 0,0086 4,4 E-04
F 440-450 445 0,0034 1,7 E-04 0,0053 2,6 E-04 0,0058 2,9 E-04

Www.nznj.ru | 243


www.nznj.ru

2025;48(2):237-248 I

Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

F 450-460 455 0,0017 8,2 E-05 0,0033 1,6 E-04 0,0033 1,6 E-04
F 460-470 465 6,0 E-04 2,8 E-05 0,0020 9,1 E-05 0,0015 6,9 E-05
F 470-480 475 — — 6,2 E-04 2,8 E-05 4,9 E-04 2,2 E-05
Cymma 100 100 100 100 100 100
Tabnuua 3. KoMnoHeHTHO-(hpaKUMOHHbIE COCTaBbl MTYOUHHbLIX NPO6 MNJIACTOBOrO rasa,
anddepeHLMpOBaHHbIE MO KONMYECTBY aTOMOB yrrepoaa
Table 3. Component-fractional compositions of carbon atom number-differentiated
downhole samples of formation gas
KoHTewnHep
Temnepa- 3365 3542 5092
KoMnoHeHT Typa MonsipHast macca, r/monb
1 cpakums KUNEHUs, 19,09 19,14 19,36
°C MaccoBas MonbHas Maccosas MonbHas Maccosas MonbHas
pons, % pons, % nonsa, % nons, % nons, % nons, %
N, -195,8 3,1525 2,1479 3,2334 2,2094 3,1316 2,1637
CO, -78,5 0,2215 0,0961 0,3605 0,1568 0,2655 0,1168
CH, -161,5 75,5838 89,9249 75,2905 89,8339 74,3807 89,7378
C,Hq -88,6 7,3922 4,6922 7,3114 4,6543 7,2525 4,6682
C;Hg -42.1 2,7047 1,1707 2,6721 1,1599 2,6547 1,1652
i-C,Hyo -11,7 0,7613 0,2500 0,7525 0,2478 0,7483 0,2492
n-C,H,, -0,5 1,1171 0,3669 1,1058 0,3642 1,0995 0,3661
i-CsH,, 27,9 0,6804 0,1800 0,6733 0,1786 0,6753 0,1812
n-CgsH,, 36,1 0,5338 0,1412 0,5291 0,1404 0,5327 0,1429
F Cq 52,5 0,8044 0,1775 0,8027 0,1776 0,8274 0,1851
FC, 83,8 0,8007 0,1524 0,8324 0,1589 0,8760 0,1691
F Cq 112,2 0,7833 0,1312 0,8027 0,1349 0,9160 0,1556
FC, 138,4 0,5102 0,0761 0,5189 0,0776 0,6225 0,0941
FCi 162,7 0,6005 0,0807 0,6036 0,0814 0,7356 0,1003
F C 185,2 0,5483 0,0672 0,5490 0,0675 0,6651 0,0827
FC,, 206,3 0,5520 0,0623 0,5498 0,0623 0,6653 0,0762
FCis 226 0,5815 0,0607 0,5808 0,0608 0,6934 0,0734
FC., 2447 0,5585 0,0543 0,5600 0,0546 0,6605 0,0651
F Cis 262,3 0,4971 0,0453 0,5034 0,0460 0,5862 0,0542
FCi 279 0,4201 0,0360 0,4327 0,0372 0,4976 0,0433
FC,, 2949 0,2780 0,0225 0,2922 0,0237 0,3315 0,0272
FCis 310,1 0,2705 0,0208 0,2901 0,0223 0,3245 0,0253
FCi 324,6 0,1579 0,0115 0,1737 0,0127 0,1941 0,0144
F Cy 3384 0,1403 0,0098 0,1578 0,0110 0,1764 0,0125
F C,, 351,8 0,1133 0,0075 0,1301 0,0087 0,1479 0,0100
FC,, 364,6 0,0725 0,0046 0,0850 0,0054 0,0979 0,0063
FC, 376,9 0,0624 0,0038 0,0746 0,0046 0,0872 0,0054
FC, 388,8 0,0409 0,0024 0,0500 0,0030 0,0593 0,0035
F Cy 400,3 0,0249 0,0014 0,0311 0,0018 0,0373 0,0021
F Cy 411,3 0,0134 7,3 E-04 0,0174 9,6 E-04 0,0210 0,0012
F C,, 4221 0,0087 4,6 E-04 0,0118 6,3 E-04 0,0137 7,3 E-04
F Cy 432,5 0,0063 3,2 E-04 0,0088 4,5 E-04 0,0096 5,0 E-04
F Cy 4425 0,0039 1,9 E-04 0,0059 2,9 E-04 0,0064 3,2 E-04
F Cy 452,3 0,0021 9,9 E-05 0,0036 1,7 E-04 0,0038 1,9 E-04
F C,, 461,8 8,6 E-04 4 E-05 0,0022 1 E-04 0,0019 8,7 E-05
F Cs, 471 1,4 E-04 6,5 E-06 0,0010 4,7 E-05 7,3 E-04 3,4 E-05
FCs 480 - - 1,7 E-04 7,9 E-06 1,6 E-04 7,2 E-06
Cymma 100 100 100 100 100 100
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Puc. 4. KomrnoHeHMHo-ghpaKkyUOHHbIe cocmaesbl 251y6uHHbIX MPo6 niacmoeo2o 2a3a:
1 — koHmelHep Ne 3365; 2 — koHmelHep Ne 3542; 3 — koHmedlHep Ne 5092
Fig. 4. Component-fractional compositions of formation gas downhole samples:
1 — container no. 3365; 2 — container no. 3542; 3 — container no. 5092

Has nHdopmauust 0 KOMMOHEHTHO-(PPAKLMOHHOM
coctaBe cbipbsi. B Takux cnydasx HeobxogmMmo
nony4aTb AeTansHoe npeactasrneHve coctasa 4o
OoTAenbHbIX yrnesogopoaos C,; 1 ganee y3kummn
dpakumnsamu go C,, unmn TemnepaTyp KAneHus no-
psaaka 500 °C v Bbiwe [20].

CoctaBbl Bcex uccneqoBaHHbIX rasoB npen-
CTaBreHbl B OBYX Buaax: B pasBepHyTOW KOMMO-
HEHTHO-hpaKkUMOHHOM bopme (Korga HeyrneBono-
pPOAHbIE KOMMOHEHTLI U YIeBOAOPOAbl OT MeTaHa
00 MNeHTaHOB MpeAcTaBneHbl UHAMBMAYanNbHO, a
YIMeBOAOPOAbl TSKernee MeHTaHoB CrpynnupoBa-
Hbl B y3Ku1e aecaTurpagycHble dopakumm, paHxmpo-
BaHHble MO TemnepaTtypam KUNEeHUs YrineBoaopo-
00B (cM. Tabn. 2)) n B ctangapTHom copme (korga
KOMMOHEHTbI TSXKeree neHTaHa npeacTaBnsoTcs B
BMAe hpakuuii no ymcny atomos yrrepoga ¢ 6o-
niee UnNmn MeHee TsKerbliM OCTaTKoM (CM. Tabn. 3)).

Pesynbratbl nccnegoBaHus nokasanu, 4To
KOMMOHEHTHO-(PPaKLUMOHHbLIA COCTaB MNNacToBO-
ro dpnonga KoBbIKTUHCKOMO ra3oKOHO4EHCATHOIo
MECTOPOXOEHNS XapaKkTepuayeTcsl BbICOKUM CO-
JepXaHveM MeTaHa W Nnerkux yrrneBogoponoB.
AHanm3 @uU3nyYecknx CBOWCTB MOATBEPXKOAET
BO3MOXHOCTb  3(PEKTMBHOIO MCMNOSIb30BaHUS
CYLLIECTBYHOLUNX TexHonorum ang gobblun rasa.
Mony4eHHble faHHble NOAYEPKMBAKOT BaXKHOCTb
KOMIMIEKCHOro MoAxoda K aHanuay nnacToBbIX
nongoB B YCNoBUAX COBPEMEHHOIO HedTera-

30BOro NPOM3BOACTBA M MOTYT CIY>XUTb OCHOBOW
ANs ganbHenLWwnx nccnegoBaHnin B obnactu pas-
pabOTKM ra30KOHOEHCATHbLIX MECTOPOXKAEHWIA.

3aknoyeHue

Mpn wuccneposaHn KOBBIKTUHCKOTO MECTO-
POXOEHNA NPOBOAMIMCL nabopaTopHble uran-
KO-XMMMYECKME N aHanUTU4eCcKne WCCrneaoBaHus
rmyOuHHBIX NPo6 nnactosoro dnovaa. B xoae pa-
00TbI 6bIN0 onpeaeneHo, YTo No asoBoOMY COCTa-
BY NpoObI SABNSOTCA NNACTOBLIM ra3oMm.

[na nnactoBoro rasa Obina npoBegeHa Ae-
rasaumsi, onpegeneHbl MoapPOOHbLIA KOMMOHEHT-
HO-PPaKLUMOHHbIA COCTaB rasa gerasauumn mn ge-
rasvpoBaHHOIO KOHAEHCAaTa, 3KCNepUMEHTanbHO
rnoKasaHo BRMsIHME AaBreHus 1 TemnepaTypbl Ha
NNOTHOCTb U BA3KOCTb Npo6 nnactoBoro rasa. B
npouecce MccneaoBaHus Obin AeTanbHO paccyu-
TaH coCTaB MMacToBOro ra3a Ha OCHOBE COCTaBOB
rasa gerasaumm u OerasmpoBaHHOrO KoHAeHcata
Mo MPUHLMMNY MaTtepuanbHoro 6anaHca.

Pesynbratbl pacyeTtoB KOMMOHEHTHO-(bpak-
LLMOHHOIO cocTaBa [Jo0ObiIBaeMOro nracTtoBOro
dortonga KoBbIKTUHCKOrO ra3oKOHAEHCaTHOro Me-
CTOPOXOEHUSA NPEAOCTABNAT BaXKHYL WMHAOP-
Maumo ans onTMMmusaumm NpoLeccoB ero paspa-
GOTKM 1 MOTyT BbITb UCMONb30BaHbI AMsi NOBbILLE-
HUS 9P PEKTUBHOCTIN A00bIYM YINEeBOAOPOLAOB Ha
AAaHHOM MECTOPOXAEHUN.
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3aKOHOMEpPHOCTU pa3BUTUA NpoLecca nepepadboTku
GeperoB paBHMHHbIX BOOOXPaHUNULL

M.B. CtenaHoBa*", B.H. 9k3apbaH®
abPoccutickuli 2ocydapcmeeHHbil 2eonozopaldeedoyHbill yHusepcumem umeHu Cepao OpdxoHukudse, Mocksa, Poccus

Pe3srome. [pobnema aktusm3aumy nepepaboTki GeperoB BOOOXPaHWUMMLL, PaBHUHHOMO TWMa Ha CEroOAHSLLHUIA AeHb SBMsSeTCs
aKTyarnbHOW, NMOCKOMbKY EKEroAHO B OMacHy 30HY NMomnagaroT HacemneHHbIe MyHKTbI, CENbCKOXO3ANCTBEHHbIE Yroabsl, NECHbIE
MaccuBbl U MPOMbILLIIEHHbIE NpeanpusaTus. CoBpemMeHHasi cutyauusi B obnacty usydeHns nepepabotkm 6eperoB BogoxpaHu-
nuwy TpebyeT yCoBEpLUEHCTBOBaHUS CYLLIECTBYIOLLMX U CO3AaHMSA HOBbIX METOAOB. Lienbio BbIMOMHEHHOIO NCCneaoBaHUs ABNs-
NOCb BbISIBIEHVE Havbornee 3Ha4MMbIxX (DaKTOPOB U YCIOBUIA, ONPEAENSAOLLMX MHTEHCUBHOCTBL NpoLecca nepepaboTkn 6eperos
BofoxpaHunnuLy,. B npouecce pabotbl 6binm cobpaHbl 1 npoaHanvavpoBaHbl AaHHbIE NPeablayLLIMX CcreaoBaHui, NpoBeaeHbI
HaTypHble HabnogeHns Geperos Bonrorpagckoro BogoXpaHWUnuLLA, ONpoc MECTHOTO HacerieHust Ha NpegMeT NPOSIBREHNS U
CTeneHn akTUBHOCTYM MpoLiecca nepepaboTkn 6eperoB, MHXEHEPHO-TEONONMYECKOe paioHNPOBaHWE NPUBPEXXHON TEPPUTOPUM,
NpYMeHEeHbI METOAbLI PAaCYETOB CyMMapHol aHeprum BonHeHus E.IN Kavyruna n H.E. Kongpatbesa. [Ins o6paboTku nony4yeH-
HbIX MaTepmarnoB MUCMOMNb30BaNMCb METoAbl MaTeMaTUYECKON CTaTUCTUKK. [peameTom nccrneqoBaHvs SBnAnca npouecc ne-
pepaboTku GeperoB BogoxpaHunuL, oObekToM — npubpexHasa 3oHa Bonrorpagckoro BogoxpaHunumiia. beinm onpeneneHbl
OCHOBHbIE 3aKOHOMEPHOCTU pasBUTUA nepepaboTkn Geperos Bonrorpaackoro BOAOXpaHUIMLLA Y KOHKPETU3NPOBaHbI (hakTo-
pbl, BAMSIIOLLME Ha STOT NpoLecc (dhakTopbl-ycnosws, dakTopbl-npoueccsl). Hanbonee npocTbie BpeMeHHble 3aKOHOMEPHOCTH
npovecca nepepaboTkv 6eperos NpeacTaBneHbl B BUAE KMHemMaTuieckon Mmogenu. Mo pesynsratam pacyeToB, 6a3vpyroLLmxcs
Ha MPUMEHEHN KOPPENSALMOHHOIO aHanunsa, Havbonblluee BNMsIHME Ha npouecc nepepaboTku GeperoB Bonrorpaackoro Bo-
[OXpaHunuLLa okasanu 3Heprus BOIrH, KornebaHne ypoBHSI BOAbI, NMoKa3aTenb pa3MbliBaEMOCTM FOPHbIX MOpPOA, CriararoLmx
OeperoBovi CKMoH. MonyyeHHble B Xx04e UCCMNeaoBaHNs AaHHble OyayT MCMoMb30BaHbl AN AaNbHENLWEro MoaenMpoBaHus 1
NPOrHO3MpoBaHKs npouecca nepepaboTkv 6eperos Bonrorpaackoro BOAOXpaHMMLLA.

Knroueenie crioea: nepepa60TKa 6eperoa BOOOXpPaHUINLL, 3aKOHOMEPHOCTUN pa3BUTUA MpoLecca, (baKTOpr-yCJ'IOBVIH,
drakTopbI-NpoLEeCcChl, METOALI MaTeMaTUYECKON CTaTUCTUKN

Ans yumupoeaHusi: CtenaHoea M.B., 3k3apbsH B.H. 3akoHomepHOCTM pas3BuTusi npouecca nepepaboTkn Gepe-
roB paBHWHHbIX BogoxpaHunuw, // Haykn o 3emne u Hegpononb3oBaHue. 2025. T. 48. Ne 2. C. 249-259. https://doi.org/
10.21285/2686-9993-2025-48-2-249-259. EDN: MDZVJW.

APPLIED MINING AND PETROLEUM FIELD GEOLOGY,
GEOPHYSICS, MINE SURVEYING AND SUBSOIL GEOMETRY

Original article
Development regularities of plain reservoir shore marginal erosion

Maria V. Stepanova®”, Vladimir N. Ekzarian®
abSergo Ordzhonikidze Russian State University for Geological Prospecting, Moscow, Russia

Abstract. The problem of intensified marginal erosion of lowland reservoir shores is relevant today, since settlements,
agricultural lands, forests and industrial enterprises fall into the danger zone every year. The current situation in the field
of studying the marginal erosion of reservoir shores requires to improve the existing methods and to create new ones.
The purpose of the study performed is to identify the most significant factors and conditions that determine the intensity
of the marginal erosion of reservoir shores. The research involves collection and analysis of data from previous studies,
field observations of the Volgograd reservoir shores, a survey of the local population regarding the manifestation and
activity degree of marginal erosion, as well as engineering and geological zoning of the coastal area. E.G. Kachugin and
N.E. Kondratiev’'s methods for calculating the total energy of waves are applied. The obtained results have been processed
using the methods of mathematical statistics. The subject of the study is marginal erosion of the reservoir shores, the
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object of the study is the coastal area of the Volgograd reservoir. The main development patterns of marginal erosion of
the Volgograd reservoir shores have been identified and the factors influencing this process (condition factors, process
factors) have been specified. The simplest temporal patterns of the marginal erosion process are presented in the form
of a kinematic model. According to the calculation results, which are based on the correlation analysis, the wave energy,
water level fluctuation, and the erosion index of rocks composing the coastal slope had the greatest impact on the process
of marginal erosion of Volgograd reservoir shores. The data obtained during the study will be used for further modeling and
forecasting of the marginal erosion process of the Volgograd reservoir shores.

Keywords: marginal erosion of reservoir shores, process development regularities, condition factors, process factors,
methods of mathematical statistics

For citation: Stepanova M.V., Ekzaryan V.N. Development regularities of plain reservoir shore marginal erosion. Earth
sciences and subsoil use. 2025;48(2):249-259. (In Russ.). https://doi.org/10.21285/2686-9993-2025-48-2-249-259.
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BBepeHue

E>xerogHo B CBSI3N C aKTUBHbIM MPOSBIIEHNEM
npouecca nepepaboTkun 6eperos yBenmymMBaeTcs
00beM Tak HasblBaeMbIX MOTEPSHHbIX 3eMenb
BONM3n 6eperoBor 30HbI KPYMHbIX BOAOXPaHU-
. MMeHHO noaToMy AeTarnbHOe u3dydeHue u
MoenMpoBaHne SaHHOTo npoLecca, a Takke co-
30aHne 6onee CoOBEPLUEHHbIX METOLOB MPOrHO3a
ABMNAITCA B HacCTosLee Bpemsa akTyarbHbIMU
3agadvamu MHXeHepHoW reonorum [1, 2], 4to noa-
TBEpPXOaeTcsl MHOroYMCreHHbIMU UCCnegoBaHu-
amun [3—7]. H.B. KonomeHckun nog nepepabot-
Kor 6eperos BOOOXPaAHUMNULL MOHMMAET NpoLecc
OTCTynaHnss GeperoB MCKYCCTBEHHbIX BOJOEMOB
BrnNyOb Cylwn BCNeAcTBME BOMHOBOMO BO3AEN-
ctus'. lNepen aBTOpamu HacTosien cTaTbu
cTosna 3ajaya onpegenvTb 3aKOHOMEPHOCTU
npouecca nepepaboTkn 6eperoB BOAOXPaHMMNLL
ANg  ONTUMM3auun BeOeHUs MOHWTOPUHIOBBIX
HabnogeHun n Bblibopa METOOOB MOAENMpOBa-
HWUS M NPOrHO3UPOBaHUA rpoLecca.

lMepepaboTka GeperoB BOAOXpPaHUNUL, SIB-
ngetcsa NonugakTopHbIM, HEOOHOPOOHbIM B
NPOCTPaHCTBE M HECTALMOHAPHbLIM BO BPEMEHM
MPOLLECCOM, KOTOPbIN XapaKTepusyeTcs Kymy-
NATUBHBLIM 3P PEKTOM 3anasgbiBaHUS MO OTHO-
LLUEHWNIO K BO3OENCTBUIO haKTOPOB, YTO OCOBEH-
HO OLLYTMMO BHYTpW rogosoro uukrna. CambiM
BaXHbIM U NPUHLMNUANbHBIM Pe3ynbTatoM 13-
yuyeHusa nepepaboTku 6eperoB BOOOXPaHUMNLL
ABNANOCh YSCHEHME CTOXacCTMYEeCKOW MpUpOoAbl
npouecca.

OcHOBbI M3y4yeHUA akTopoB M Mpouecca
nepepabotkn OGeperoB BOAOXPaAHMAWLY Obinn
3anoxeHbl B KoHUe 1920-x — Hayane 1930-x rIT.
akagemukom ®.I. CaeapeHckum [8]. C cepegu-
Hbl 1930-X IT. B CBA3N C MHTEHCMBHbLIM CTPOM-
TENbCTBOM IMAPOSMEKTPOCTAHLUMA 1 CO3OaHNEM
BOAOXpaHUNULY, 6binn pa3BepHyThbl LUMPOKNE UC-
cnegoBaHunsa akToOpoB U npouecca nepepaboT-

K1 Geperos BoAgoOXpaHWUuL, HadaTta paspaboTka
KONMYEeCTBEHHbIX METOA0B MPOrHo3a u ynpaene-
HWUst aTuM npoueccom. OcoBeHHO WHTEHCUBHbI-
MW N pe3ynbTaTuBHbIMK Obinn MccnegoBaHus B
1950-x n 1970-x rT.

K coxanenunto, ¢ 1990-x rr. no HacTosllee
BpeMs BenyTcsl 6eccucTeMHbIE PEXUMHbIE Ha-
OntogeHns 3a npoueccoM nepepaboTkn deperos
BogoxpaHunuwy, Bormkckoro kackaga [9]. OTtcyT-
CTBME [AHHbIX O MPOSABMEHUN N aKTUBHOCTU MUC-
cnepyemoro npouecca B 6nwxkanwem bygyuiem
MOXET NPUBECTM K HEraTUBHbIM MOCNEACTBUSAM B
OTHOLLEHNN COCTOSIHNA OKpPYXatoLLer NpUpoaHoOn
cpenbl NPUOPEXHbIX TEPPUTOPUIA.

MaTepumanbl 1 meToabl
uccnegoBaHuA

M3yyeHne npouecca nepepaboTtkn Geperos
npoBoaunock B npeaenax Bonrorpagckoro Bogo-
xpaHunmwa. OCHOBHOW Lenblo SABMASNOCH onpe-
AerneHne 3aKOHOMEpPHOCTeN pasBUTMA npouecca
nepepaboTkn 6eperoB BogoxpaHunuw,. Ona go-
CTUXKEHMS NOCTaBMEHHON Lenu 6binm cobpaHbl 1
npoaHanM3npoBaHbl apXMBHbIE LAHHbLIE PEXUM-
HbIX (MOHUTOPUHIOBBIX) HAbrAEHWI, BbINOMNHe-
HO VHXXEHEepPHO-reonornyeckoe paoHNMpoBaHUe
npubpexHon Tepputopum Bonrorpagckoro Bo-
OOXpaHunMWa n u3yyeH KoMNnekc ¢akTopos,
obycnaBnuBaroLLMX akTUBM3ALMIO UCCreayemoro
npouecca [10].

CuCTEMHBIN MOAXOA NPV U3Yy4YeHuM nepe-
paboTkn OeperoB MO3BOMNUIT BbIABUTb OCHOB-
Hble hakTopbI-NpoLecchl 1 (PaKTOPbl-yCNoBUS,
onpegensioLime cTeneHb akTMBHOCTU npoLecca.
B xoge pabotbl 6bINo BbISABNEHO, YTO (PYHKLMO-
HUPOBaHWE W 3BOSIOLMA BOOOXPAHMUIULL, @ Tak-
Xe pasBuTMe npouecca nepepaboTkn Geperos
ONpeaensITCa  perMoHanbHO-reoNorMYeCKUMMU,
30HamNbHO-KMMMATUYECKUMN U TEXHOTEHHbIMU
dakTopamu [11, 12] (puc. 1).

" KonomeHckuii H.B. MHxxeHepHas reonorus: yuebHuk. M.: Focreontexmagart, 1956. Y. 2. 320 c.
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Puc. 1. KnaccugpukayuoHHasi cxema cucmembl ¢hakmopoe, ornpedesisiroujux cmerneHb aKmueHocmu
npouecca nepepabomku 6epezoe [12]
Fig. 1. Classification diagram of the system of factors determining the activity degree
of marginal erosion [12]

PervoHanbHo-reonornyeckMe ycnoeusi BO-
JoxpaHunuuwa o0yCnoBneHbl MNpUHaANEXHo-
CTbl0 K TEKTOHUYECKOMY 3NIEMEHTY 3EMHOMN
Kopbl — nnatgopMe WM TFeOCUHKNUHANMU, K
onpeneneHHon reonornyeckon dopmarmm n co-
OTBETCTBEHHO NMUTONOMMYECKMM YCITOBUSIM J10XKa
n 6eperos BOAOXpaHMNULLA, a Takke K reoMop-
PONOrMyecknum, rmaporeosiorm4yeckmm, 3HAO- U
3K30reogMHaMN4YeCKNM yCIroBMAM pernoHa. Tak,
Hanpumep, SIBMSIeTCA OYEeBMAHbLIM pasnuyve B
WHTEHCUBHOCTM npolecca nepepaboTkn bepe-
roB nnaTopMeHHbIX (PABHUHHBIX) N OPOrE€HHbIX
(ropHbIX) BogoxpaHunuwy, 6epera KOTopbIX CIo-
XXEeHbl XapaKTepHbIMW NapareHeTUYeCKUMM KOM-
nnekcamm marmaTU4yeckmx, metamopdU4ecKnx
N ocafo4HbIX nopon, onpedensowmx Hapsay ¢
HEOTEeKTOHMKOMN N COBPEMEHHOW reogMHamMnKomn
reomopdonornyeckne ocobeHHocTn ©Oeperos
BOAOXPaHUMMLLA.

30oHanbHO-KNMMaTU4eckasi XapakTepucTuka
BOAOXpaHUNULLIA onpedensieT ero ruapornoru-
Yyeckne M BOSIHO3HepreTMyeckne 0cobeHHOCTH,
KITMMaTUYECKUI PEXMUM TEPPUTOPUM N XapaKTep
pa3BUTbIX NO4YB 1 BuoreoueHo3oB. O6LEN3BECT-
HbIM SIBASIETCS TOT doakT, YTo DOonbLLOE 3Ha4YeHne
ans npouecca nepepaboTkn ©OeperoB UMerT
0COOEHHOCTN YPOBEHHOIO, MAPOAMHAMMUYECKO-
ro, TEMMOBOrO, NMAPOXUMNYECKOrO U Bruonornye-
CKOro PEXMMOB BOOOXPaHMMLLA.

TexHOoreHHble YCIOBUS XapaKTepusyTcs
npexzae BCero ueneBbiM HazHa4YeHneM Bogoxpa-
HUNULLA N CTPYKTYPOM ero BOOOXO3SANCTBEHHOMO
Komnrnekca. Hapsagy ¢ 30HanbHO-KNumaTude-
CKMMW YCNOBUAMU KOHTPONUPYIOT €ro ypoBeEH-
HbI pexuM (BbIGOP HOPMANbHOMO NOLMNOPHOrO
YPOBHS, MEPMOL, PErYNMPOBAHNA U T. A4.) U, cne-
AoBaTernbHO, MHTEHCUMBHOCTbL npoLecca nepe-
paboTkn 6eperoB U MHXEHepHO-reoguHamMuye-
CKue ycrnosus B UernoMm. B cBssm ¢ npobnemon
KOMMITEKCHOrO MCMNOMNb30BaHUSA BOAOXPaHUNMLL,
N 3alNTbl reonorm4yeckon cpefbl TEXHOMeHHbIN
dhakTop Kak perMoHasnbHbIn MexaHn3m ynpasne-
HUS BCEM reo4MHaMUYECKUM PEXMMOM B 30HE
BMUSHWUS BOAOXPaHUNuLa CTaHOBUTCA OCOBeH-
HO BaXXHbIM.

Mockonbky nepepaboTka GeperoB BO4OXpa-
HUNULW, npeacTaBnseT cobon CroXHbIA B MNpoO-
CTPAQHCTBEHHO-BPEMEHHOM U FEHETUYECKOM
(nonndpakTopHOM) acnekTax MHXeHepHO-reono-
rMYecknuin npouecc, 3aKOHOMEPHOCTU pasBUTUSA
npouecca nepepabotkun 6eperos BOAOXPaHUNNLL
cnegyeT paccmatpuBaTtb B TPEX [MaBHbIX U3Me-
PEHNAX: MPOCTPAHCTBEHHOM, BPEMEHHOM, reHe-
TUYECKOM, a TaKKe B UX PasfnyHbIX COHYETaAHUAX.
Hawnbonee npocTble NpOCTPaHCTBEHHO-BPEMEH-
Hble 3aKOHOMEpPHOCTU npouecca nepepaboTku
Geperos MoryT ObITb NpPeAcTaBrieHbl B BUAE Ku-
HemaTudeckon mogenu [12, 13]
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y=f(t),

rae y = (Y4, -, Y ) — BEKTOP XapaKTePUCTMK NPo-
uecca; t — Bpems; /- HekoTopas yHKLUMS.

OCHOBHbBIMK  XapakTepucTUKamu npoLecca
nepepaboTkn OeperoB BOLOXPAHUNULL, ABMSAOT-
csi: y, — BenuumnHa nepepabotku Gepera, unm Be-
N4YMHa NMHENHOro oTcTynaHnsa 6poBku Bepero-
BOro cknoHa (knudpa), M; y, — BbicoTa knuda, Mm;
y;— 00beM pa3mbITbix Nopog, M3; ¥, — MOLHOCTb
HaAHOCOB Ha NPUOPEXHON OTMENU, M.

daktop nepepaboTkn GeperoB BOAOXPaHU-
nnL, — 3TO YCNOBME WM MPOLECC, KOTOPbIA He-
NocpeacTBEHHO MM KOCBEHHO onpeaensieT BO3-
HWUKHOBEHMS N CTeneHb akTMBHOCTU Geperoob-
pywweHud. [No Bnay BRvsHUS akTopbl pa3BuTUs
npouecca nepepaboTkn GeperoB BOAOXPaHMMNLL
YCITOBHO MOXHO pasgenutb Ha hakTopbl-yCro-
BUA 1 (pakTopbl-npouecckl [14, 15].

K dakTopam-ycnoBusim OTHOCATCS reosno-
ro-nUTONornyeckoe cTpoeHne Geperos, reogu-
HamMuyeckue ycrioBus, mopdonorus npudpex-
HOM 4acTu GeperoBOro CkrnoHa (BbicoTa Oepe-
roBOro cknoHa (knudpa), WupuHa HagBOOHOW
N NOOBOAHOWM YacTu OTMENM, KPYyTU3HaA OTMENn
n gp.). Paktopbl-npoLecchbl MOryT 6biTb TMAPO-
reHHbIMW (BONTHOBOM pexuM, korebaHune ypoBHS
BOAbl B BOOOXPaHUMNLLE, TeYEHUS), KnuMmaTuye-
CKMMU (BETPOBOMN PEXMM, PEXUM aTMOCEHEPHbIX
0CajKoB, NEeOOBLIN pexum), npodne (CymoBoe
BOJTHEHME, XO3SMCTBEHHAs [OEeATENbHOCTb Ye-
noBeka, pacTuUTernbHOCTb U Ap.). PakTopbI-nNpo-
Lueccbl B3aMMOEWCTBYIOT ApYr C OpyroMm w
no-pasHoMy BIUSOT Ha nepepaboTky Geperos
BOAOXpaHUnMLa.

Mpouecc nepepaboTkm GeperoB Bogoxpa-
HUNULL, NPOTeKaeT B [Be CTaguu: HeycTaHo-
BMBLLUErocs U KBa3WyCTaHOBMBLUErOCH pexuma.
Ha nepBow ctaguu pasmbiB OCYLLECTBISIETCH B
OCHOBHOM 3a CYET yOapHO-MEXaHU4ecKoro, Au-
HaMmmnyeckoro BO34eNCTBMS BonH. Ha BTopon
cTtagum 6eperoobpyLUeHne nNponcxoauT 3a cyeT
BO3OENCTBUSI KOMMIeKca (pakTopoB U B 3HAYM-
TeNbHOW CcTeneHu onpeaensieTca reonorm4eckum
CTpoeHnem 6eperoBoro CkroHa u copMmnpoBaH-
HOW HaBOOHOM U NOABOAHOM YacTu OTMESN.

OHeprvs BOMH ABMASIETCA OCHOBHbIM (haKToO-
pPOM-MPOLECCOM, OMpenenswnM  MHTEHCUB-
HOCTb nepepaboTkn OeperoB. JHepruss BOSH
npeacrtaBnsaeT cobon PyHKLNIO OT BbICOTbI BOJTH,
NOBTOPSIEMOCTU BOMH U AMWHbI pasroHa BOMHbI.
[na pacuyeta aHeprum BOSMHEHUSI MUCMONb3yeTcH
metoq H.E. KoHgpatbesa [16].
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Pexum ypoBHsi onpeaensieTcst Kak eCTeCTBEH-
HbIMKU (BOAHbIN ©anaHc), Tak U UCKYCCTBEHHbIMU
npuYnHaMm (Nonyckm BoAbl Unu hopcupoBaHmne
ypoBHs). KonebaHne ypoBHS BOAbl BOOOXPAHU-
nMa B OCHOBHOM 3aBUCUT OT rpadmka padoTbl
rMAPO3NEKTPOCTaHLUN U CYAOXOACTBA.

Pe3ynbrathl uccnenoBaHus
M ux obcyxaeHue

OCHOBHbIMK (hakTOpaMn-ycnoBmusiMu, onpe-
AENSIOWNMN aKTUBHOCTb NepepaboTkn beperos
Bonrorpagckoro BogoxpaHunuuia, SBngaTcs re-
Ororo-nMTonornyeckoe CTpoeHne, Bbicota bepe-
rOBbIX CKINOHOB, LUMPWUHA HA4BOAHOW 1 NOABOLHOWN
yacTn oTMenu (4em GonblLue LWNpMHaA HagBOAHOM
1 NOABOAHONM YacTu OTMENU, TeM BENMUYUHA Me-
pepaboTkn bepera meHblue). Ha nesom Gepery
Bonrorpagckoro BogoxpaHunuwia npouecc ne-
pepaboTkn BeperoB nNposBnseTcs Hanbonee ak-
TMBHO, B OTNn4YMe oT npasoro 6epera (puc. 2, 3).
B nepByto ouepeab 3TO CBSA3AHO C reonoro-nmTo-
NIOrMYECKUM CTPOEHMEM: NMpaBbli Geper CrnoxeH
nonyckanbHbIMWU KOPEHHbIMW NMopodamu, a re-
Bbll — NECYaHO-TMUHNCTBLIMWU OTIOXEHUAMM MON-
MEHHbIX Teppac p. Bonru [17].

Mo metoay E.IL KauvyrnHa [18] 6binn onpene-
neHbl Ko3ahduumeHTsl (Nokasatenu) pasmMbiBae-
MOCTM nopop. PanoHbl pacnpocTpaHeHus YeTBep-
TWUYHBIX OTNIOXKEHUI, 3aHMMalOLNE NeBobepexbe
Bonrorpagckoro  BogoxpaHunuwia, obnagatot
BeCbMa HW3KOW COMPOTUBISIEMOCTbIO  pPa3Mbl-
By. [NpaBobepexHasa Tepputopusi NpeacTaBrneHa
OTNOXEHNSIMU HIDKHErO M CpegHero naneoreHa,
HXXHErO 1 BEPXHEro mena (310 NpenmyLLecTBEH-
HO BTOpada HagnorMeHHas Teppaca p. Bonru (xea-
nblHCKasA), LOKOMb KOTOPOW CrOXEeH [OO0BOMbHO
YCTONYMBBIMM K pa3MblBY KOPEHHbIMU Nopogamm)
[19]. B xome wuccnemoBaHWsi pacCMOTPEHbI ABE
rpynmnbl 3aKkOHOMEpPHOCTEN npouecca nepepaboT-
kn GeperoB Bonrorpagckoro BOgoXpaHunuLLa:

1) n3yyeHne TeCHOTbl CBA3W BENUYUHBI Me-
pepaboTkn Gepera ¢ BaxHenWwWMMKU dpakTopamu
nepepaboTky;

2) oueHKa MH(OPMaTUBHOCTU rmaponoruye-
CKMX 1 reomopdonorn4yeckmx akTopos nepepa-
60TKn BeperoB Ha yyacTkax C pasfnyHbIM reoro-
rO-SINTONOrMYECKNM CTPOEHMEM.

B pacdeTbl BXOAWNM XapaKTepUCTUKU MNpo-
uecca nepepabotkn GeperoB Bonrorpagckoro
BOOOXpaHUNULWA ¥ (hakTopoB, OMNpeaensitoLLmX
€ro MHTEHCUBHOCTb (BENUYMHA NMHENHOTO OTCTY-
naHus GeperoBoro ycryna, M; nokasaternb pas-
MbIBAaEMOCTM FOPHbIX NOPOA, cnararwux bepera,
M3/[K; cymmapHasi SHeprusi BOrHeHus, [x; no-
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Puc. 2. Jlesnili 6epe2 Bonzozpadckoz2o eodoxpaHunuuwja (pomoepagpusi M.B. CmenaHoeoli)
Fig. 2. Left shore of the Volgograd reservoir (photo by M.V. Stepanova)

Puc. 3. lpaesbiii 6epez Bonzozpadckozo sodoxpaHunuuwa (¢pomozpaghusi M.B. CmenaHoeoli)
Fig. 3. Right shore of the Volgograd reservoir (photo by M.V. Stepanova)

WWWw.nznj.ru | 253


www.nznj.ru

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £

2025;48(2):249-259 |

BTOPAEMOCTb YPOBHSI Ha HOpMarbHbIA Noanop-
HbI ypoBeHb A0 1 M/CYT.; KpyTu3Ha NoaBOLHOWM
oTMenwu, rpag.; BbicoTa knuda, M; Makcumanb-
Has BbiCOTa BOJH, M; MOBTOPSEMOCTb BOJIH Bbl-
coton 6onee 0,5 m/cyT.; amnnuTyda konebaHus
YPOBHS, M; yron nogxofa BonH kK 6epery, rpag.).

Mo metoay H.E. KoHapatbesa npu BbIGpaHHON
BbICOTe BOSHbI 6onee 0,5 M/cyT. Ha BOgOXpaHUK-
LWax paBHWHHOMO TUMa aKTUBM3UPYETCS MpoLecc
nepepaboTkn 6eperos 1 yBenmuMBaeTCcsa SHeprus
BONH. PacueTbl BETPOBOrO BOMHEHWST BKIOYAKOT
NMOBTOPSEMOCTb BOSH BbicoToM 6onee 0,5 m/cyT?.

C nomoLLb METOAOB MaTteMaTUYECKOW CTaTu-
CTMKN pacCyYUTbIBaNUCb KO3IMMULMEHTbI NapHOU
Koppensuun, KoadMULMEHTbI YacTHOW Koppens-
UMM 1 KpUTEPUM UX 3HAYUMOCTU. MOXHO OTMETUTL
XOPOLLYI0 KOPPEnMpyeMocTb MokasaTens pasmbl-
BAeMOCTM NOPOZ U BbICOTbl abpa3voHHOro ycTyna.
OtpuuarenbHble 3Ha4eHUs KO3 ULIMEHTOB Nap-
HOW KOppensLun ykasbiBatoT Ha Hanuune obpaTtHom
CBs131 BbICOTbI Bepera U pa3mbiBaeMOCTU TOPHbIX
nopod. Yem npoyHee ropHble nopogdbl (MeHbLue
nokasartenb pa3MblBAaeMOCTH), craratrowime bepera
BOAOXpaHUNMLLA, TeM BbllLe GeperoBon ycTyn.

Hawnnyuwyto koppenupyemocTb (rno koadpdu-
LUMeHTaM YacTHOW Koppensauun) npy nobon wu-
pUHEe OTMeNnu ¢ BenuunHon nepepaboTtkm bepera
NPOSIBNSAT XapaKTEPUCTUKN YPOBEHHOIO PEXM-
Ma BogoxpaHunuwa. KonebaHue ypoBHsi BOAbI B
BOAOXpaHUNULLE SBNAETCA OOHUM M3 OCHOBHbIX
(haKToOpOB, BNMSIOLLMX Ha NpoLecc nepepaboTku
Beperos. Ha ero BeayLuyto porb yKasblBatoT NOY-
TV BCe nccnegoBaTtenu gaHHoro npouecca. Ponb
konebaHun ypoBHS BOAblI UMEET ABONHOE 3HaYe-
HWe: aMnnuTyda KonebaHun ypoBHs onpegenseT
BEPXHIO M HWXKHIOK FpaHuLbl BO3MOXHOro Ge-
peroobpyLueHnsa (M3ameHaa rmybuHy noaBoOLHOM
yactTm oTMenu, 3atn konebaHus yBenuuMBaroT
ONUTENbHOCTb M MHTEHCUMBHOCTb MNpouecca ne-
pepaboTkun); konebaHue ypoBHS BOAbI, CO34aBas
NnornepeMeHHOe CMavMBaHWE — BbICYLUMBAHUE
FOpPHbIX MOPOA, CrnararoLLMX HXKHIOKW YacTb bepe-
rOBOrO CKIOHA, CHMXaeT UX COMpOTUBMASEMOCTb
pa3MbIBY U YCTONYMBOCTb CKIOHA B LIENOM.

[Mpn paccmoTpeHun ykasaHHbIX 3aKOHOMeEp-
HOCTel nopofkl, cnaratwwime 6epera Bonrorpaa-
CKOro BOAOXpaHMnvLia, Obinv pasgeneHsl Ha Tpu
rpynmnbl NO AUTONOMMYECKOMY COCTaBy: NecyaHble
annoBuanbHble OTIOXEHUSA CaprvMHCKOW, XBa-
NbIHCKOW 1 Xa3apckown Teppac p. Bonru (alQ;spr,
alQ;hv, alQ;hz); rMUHUCTbLIE MOPCKME OTMNOXEHUS
XBarnbIHCKOW Teppachl p. Bonrn (mQ,;hv); necya-

2 BHaueHusa gnst pacyeToB Gpanvce B Pocruagpomere.
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HWKMW, OMOKW, IMWHbI NaneoreHoBOro U MernoBoro
BOo3pacToB. Ha puc. 4 nokasaH reonoro-nuTosno-
rMYecknin Npodunb, XapakTepHbIN A5s LLOKOMb-
HOW XBaIbIHCKOW Teppachkl MpaBobepexbs.

[ns kaxgoro Tuna nopoA 6binu nogodpaHsbl
cnegyolme xapakTepucTuku pakTopoB U Npo-
uecca nepepaboTkm Geperos, KOTOPblE MOXHO
cunTaTb NpenctaBuUTENbHLIMU: BENMWYMHA nepe-
paboTkn Bepera, M; SHeprusa BonHeHus, [x; no-
BTOPSIEMOCTb BOMH BbicoTOon Gonee 0,5 m/cyT;
MOBTOPSIEMOCTb YPOBHS Ha HOPMarnbHbIA MOA-
MOPHbIA YPOBEHb U BbIlle, CYT.; LUMPUHA NOABO-
JHOW oTMenu, M.

AHanms nostiy4eHHbIX KOIPPULNEHTOB YacT-
HOW Koppenaunnm u Ko3(PMOUUNEHTOB MHOXe-
CTBEHHOW AeTepMuHauMM No3BONUIT caenatb
cneayoLLme BbIBOAbI:

1. B nerkopasmbliBaeMbIX Nec4aHbIX Nopoaax
(nepBon rpynnbl) Hauny4wasi KoppPenMpyemMocTb
BeNU4YMHbI NnepepaboTkm bepera 3a BeCb nepuos
CyLLLeCTBOBaHUSA BOOOXPaHWUNMLLE OTMeYaeTcs
C 9Hepruen BOMHEHWS U LUMPUHOW OTMENn. JTu
ABa nokasaTens aBnsTca Hanbonee MHopma-
TMBHbIMW (hakTopamu, onpegensaowumMm akTmuB-
HOCTb nepepaboTkn Geperos B yKasaHHbIX yCIlo-
BuaX. BennunHa nepepaboTtkn 6epera B nepsble
rogbl cyllecTsoBaHusa Bonrorpagckoro Bogoxpa-
HUNUWa cocTasnana 8—15 m/roa, B HacTosiLee
BPEMs1 NPOLECC pa3BMBAETCA KBasucTauMoHap-
HO (puc. 5) n coctaenset B cpegHeM 25-30 M 3a
10 neT C y4eTOM YPOBEHHOIO pPeXMMa.

2. Ins BTOpPOW rpynnbl nopog Hanbonee uH-
opMaTUBHBIMX  OKa3anuCb MOBTOPAEMOCTb
BONMH BblcoToM ©Oonee 0,5 M 1 NOBTOPSIEMOCTb
YPOBHSI Ha HOpMasibHbIA NOAMOPHBIA YPOBEHL U
Bbllle. CnegoBaTtenbHO, Ha BenUYMHY nepepa-
B60TKM BeperoB, CMOXEHHbIX MUHUCTLIMU YeT-
BEPTUYHBIMWN OTIIOXKEHUAMMW, OCHOBHOE BIUSIHNE
OKasblBalOT TaKk Ha3blBaemble paboyne BOMHbI
BbicoTon Gonee 0,5 m. KonebaHusa ypoBHS BOObI
B BOOOXPAHWUIULLIE MPUBOAMUT K CHUXXEHMIO COMpPO-
TUBNAEMOCTWN FOPHbIX MOPO4 pasMbIBy U UHTEH-
cundpmkauunmn BonHoBoro sosgencteus. H.B. Kono-
MEHCKUA OTMeYan, YTo Ha BENUYMHY U CKOPOCTb
pasMmbiBa OeperoB, CHOXEHHbIX XBarbIHCKUMMU
rmHamMmuy, 60MbLUIOE BNSHME OKa3bIBatoT NpoLec-
Cbl BbIBETPUBAHMS, KOTOPbIE 3HAYUTENBbHO One-
pexartoT npouecc pasmbiea [20]. BennumHa nepe-
paboTkn BGepera Ans BTOPOW rpynnbl NOPOA nep-
Bble 10-20 net coctaBnsna He bonee 7—8 m/rog
(puc. 6), B nocnegyoLwme rogbl He npesbilana
12—-15 m (3a nocnegHue 10 ner).
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Puc. 4. lNonepeyHbIi 2e051020-11umosio2udeckuli npoghusib c. 30510Moe, KOmMopoe PacriosIoKeHO Ha Npagom
6epeay p. Bosieu (eopuzoHmanbsHbIl macwmab6: 1:1000, eepmukanbHbIl Macwmab: 1:200):
1—-4 — 2eonoesuyeckue ycroeHble 0603Ha4eHuUs: 1 — MOKPOBHbIE OMITOXEHUSI omdesia Yemeepmu4yHoOU cucmemsl,
2 — MOPCKUe OMIIOXeHUS X8allbIHCKO20 spyca eepxHe20 omadesia Yemeepmuy4yHoOU cucmemsl, 3 — anmosuarbHble
OMJIOXKEHUSs Xa3apCKoao sipyca cpedHe20 omdesia Hemeepmu4YyHoOU cucmembl, 4 — mypoHCKUl sipyc eepxHeao omaoerna
meriosoli cucmemsl; 5—-8 — nnumornio2u4yeckue ycrio8Hble 00603Ha4YeHUs: 5 — MoYeeHHo-pacmumeribHbil criol, 6 — ennuHbl,
7 — recku ¢ epasuem u 2anbKol, 8 — mepeernu
Fig. 4. Transverse geological and lithological profile of the village of Zolotoye located on the right bank
of the Volga River (horizontal scale: 1:1000, vertical scale: 1:200):
1-4 — geological symbols: 1 — cover deposits of the section of the Quaternary system, 2 — marine deposits
of the Khvalynsky stage of the upper section of the Quaternary system, 3 — alluvial deposits of the Khazar stage
of the middle section of the Quaternary system, 4 — Turonian stage of the upper section of the Cretaceous system;
5-8 — lithological symbols: 5 — soil and vegetation layer, 6 — clays, 7 — sands with gravel and pebbles, 8 — marls
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Puc. 5. 0606uweHHbIl 2paghuk u3MeHeHUs1 8esIuYUHbI nepepabomku 6epeza Osisi nepeoli 2pynmnbi MOPood
3a eecb nepuod cyuiecmeosaHusi Bonzozpadckozo eodoxpaHunuu,a
Fig. 5. Generalized graph of changes in the amount of marginal erosion for the first group of rocks
over the entire period of Volgograd reservoir existence

3. Ha BennuunHy nepepabotkn Geperos, cno-
KEHHbIX Oornee MpoYHbIMKM NopodamMu TPeTbewn
rpynnbl, U3 nccnegyembix pakTopoB OKa3biBalOT
BMUSIHWE LUMPUHA OTMENW, 3HEeprusi BOITHEHUS U
NoBTOPSIEMOCTb BOJTH BbicoTon 6onee 0,5 M. Tak
Kak NMoBTOpPSieMOCTb BOSH BbicoTon 6onee 0,5 m
SIBMNSIETCS COCTABHOW YaCTbi0 SHEPrMM BONHEHUS,
BKITHOYAIOLLIEN BbICOTY BCEX BOSIH, TO MOXHO CYu-

TaTb, YTO Ha BENMYNHY nepepaboTkun 6eperos, cro-
YKEHHbIX MNOTHLIMX NOPOAAMM, OKa3bIBaKOT BINS-
HMe BOMHbI NH060M BbICOThI. [ns TpeTben rpynmbl
nopon BenuuMHa nepepaboTkn Oepera 3HaYU-
TenbHO MeHbLLe U B nepable 10—20 neT cywecTso-
BaHMS BOAOXpaHMnMLa coctaensana 4-6 m/rog,
Aanee — B cpegHeM 5-8 M 3a gecaTuneTHun ne-

puoa (puc. 7).
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Fig. 6. Generalized graph of changes in the amount of marginal erosion for the second group of rocks
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Fig. 7. Generalized graph of changes in the amount of marginal erosion for the third group of rocks
over the entire period of Volgograd reservoir existence

BbiiBNEHHbIE 3aKOHOMEPHOCTU MO3BONAT
ONTUMMN3NPOBATL NPOBEAEHNE MOHUTOPUHIOBbLIX
HabnOeHUn Ha CyLIeCTBYWOLWMUX AnuTenbHoe
BPEMSI PaBHWHHbLIX BOAOXPaHWUMMLLEAX U NATyT B
OCHOBY BblGOpa MPOrHO3MPOBAHUSI U3y4aEMOrO
npouecca.

3aknryeHue

lMpoBeoeHHoe uvccriegoBaHMe — Mokasano,
4YTO MPU M3y4YeHUU npouecca nepepaboTkn OGe-
peroB BOAOXPaHUMMULL, PaBHWHHOIO Tuna Heob-
XOAUMO MCMoNb30BaTb CUCTEMHbIM noaxond. Ha
[JaHHbIA NPOLIECC BNUSIET OFPOMHOE KONMYeCTBO
(haKTOpOB: pPErvoHanbHO-reonorn4yeckme, 30-
HanbHO-KNMMMAaTUYeCcKne U TEXHOreHHble. BbisaB-
NEeHHble 3aKOHOMEPHOCTU pasBUTUS npouecca
nepepaboTkn Gepera Ans OTAENbHbIX Yy4acTKOB
Bonrorpagckoro BogoxpaHunuiia otpaxaroT no-
nndakTopHOCTb npolecca. NoaTeBepxaeHo, YTo

WMHTEHCMBHOCTb npolecca nepepaboTkn Gepe-
roB Bonrorpagckoro BogoxpaHunuia 3aBUCKT
OT crneayoLmnx akTopoB-yCNOBUIA: Fre0oro-nu-
TONOrMYeCcKoro CTpoeHusi Bepera, BbICOTbI Oe-
peroBoro cknoHa (knuda), WMpUHbI HagBOOHOW
M NOABOAHOM 4YacTu OTMENU. TakkKe WHTEHCUB-
HOCTb MnpoLiecca nepepaboTkn Geperos 3aBUCUT
OT (paKTOpPOB-NPOLIECCOB: BOSTHO3HEPrETUYECKO-
ro pexuma, konebaHuss ypoBHSI BOAbl, CyOOBO-
ro BofnHeHuna n ap. lNMpuyem konebaHne ypoBHS
BOObl SIBNSAETCA Bedywum akTopoM, BhWSIHO-
MM Ha npouecc nepepaboTkn beperos.

B nocneayowmx nccnegoBaHusax 6ydeT pas-
paboTaH anropuTM MOHWUTOPUHIOBLIX Habntoge-
HUA 3a npoueccom nepepaboTkn Geperoe pas-
HUHHBLIX BOOOXPaHWIULL, CYLLECTBYyHOLINX Oonee
wecTtugecatu nert. [NonyyeHHble AaHHbIE HEOOXO-
ANMbI AN AanbHenLWwero MoaenmpoBaHus U npo-
rHO3MPOBaHUSA npoLiecca nepepaboTkm Geperos.
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YBaxaemble aBTOpHbI!

TpeboBaHus K 0OPMIIEHNIO HAYYHBIX CTaTEN, U3NTOXKEHHBLIE HXKE, pa3paboTaHbl pegakunen xyp-
Hana ansa Toro, 4Tobbl NOMoYb Bam npepoctaBuTb BCe HEOOXOAMMbIE ANA NyOnukauumn cBeaeHUs v
nsbexaTtb Hanbonee pacnpoCTpaHeHHbIX OLLNBOK.

1. Hay4Hbin xxypHan «Hayku o 3emne n Hegpononb3oBaHMe» NPUHUMAET K NybrnvkaLmm Hay4Hble
MaTepuvanbl B Buae crtateun no criegyowum cneymanbHOCTSM:

—1.6.9. leopusmka (TexHU4ECKNE HAYKK);

—1.6.9. leodunsnka (reonoro-MMHepanornyeckme Hayku);

— 1.6.10. 'eonorus, nouckn 1 passegka TBepAbIX NOME3HbIX UCKOMAEMbIX, MUHepareHus (reono-
ro-MMHepanornyeckne Haykm);

— 2.8.1. TexHonormsa n TexH1Ka reorioro-pa3BefoyvHbIX paboT (TEXHUYECKNE HAYKN);

— 2.8.3. TopHONpoMbILWSIEHHasa U HedTerasonpoMbICIOBas reornorus, reoguanka, Mapkwengep-
cKoe [eno 1 reoMeTpusi Hegp (TEXHUYECKne Haykm);

— 2.8.3. TopHOMpOMBILWNEHHas U HedTerasonpoMbICNoBas reonorus, reouanka, MapkLiengep-
CKOe [eno 1 reoMeTpust Hegp (reornoro-MuHepanormyeckne Hayku).

2. MNpvopuTeTHBIMK ANS NyGnMKaumMn SBRSKOTCA CTaTbi B 00NacTy MEXANCUMNIMHAPHbBIX U MYyMbTU-
OVCLMNIMHAPHBIX MCCNEeO0BaHWUI, a Takke pesynbratbl paboT C UCMONb30BaHNEM LIMPPOBBIX TEXHOIOMMN.

3. CtaTbV NPUHUMALOTCS HA PYCCKOM, @aHTTIMNCKOM, KNTAUCKOM M MOHIOSTbCKOM S13blKax OT aBTOPOB,
paboTaloLmx B POCCUNCKNX U MHOCTPaHHbIX By3aX, akageMUYecKMX 1 OTpacneBblX Hay4YHO-Uccneao-
BaTeNbCKUX MHCTUTYTaX, a Takke NPON3BOACTBEHHbIX FOPHO-TEONOMMYECKUX OpraHu3auunsXx.

4. CTaTbs conpoBOXaaeTcs:

— 3NEKTPOHHLIMU BEPCUAMU BCEX AOKYMEHTOB (CKaH), B TOM 4uchne:

aBTOPCKOrO 3asIBMEHUS, 3aMOfIHEHHOIO 1 NOANUCAHHOIO BCEMU COaBTOpamMM CTaThy;

aBTOPCKOro A0roBopa;

cBefeHni 060 BCex aBTOpax Ha PYCCKOM WM aHIMMACKOM fA3blkax C yKa3aHWEM Ha3BaHusi MecTa
paboTbl, AOMKHOCTM U CTPYKTYPHOIO MOApasneneHnsi, Hanmunus y4eHoW CTeneHu, yY4eHOro 3BaHus,
MOYTOBOrO W 3rIEKTPOHHOIO agpecoB KaXJoro aBTopa CTaTbW, a Takke HoMepa TenedoHa aBTopa,
OTBETCTBEHHOI0 3a KOMMYHUKaLUWIo;

aKTa 3KCMNepTHOro 3akmntoyeHns 0 BO3SMOXHOCTM OTKPbITOW Nybnvkauum matepuanos;

— UBETHbIMY MNOPTPETHbIMKU poTOorpacmsamMm aBTOPOB Ha CBETIIOM (POHe (4enoBON CTUMb) B XOPO-
wewm kavectee B popmate PNG/JPEG;

— MO XEeraHu aBTopa B CTaTbe MOryT ObiTb yKasaHbl ero Npounn B cuctemax LUTUPOBaHUS U
apyrve ceegexus (npocunm B PUHL, ORCID, Scopus, B Opyrux cuctemMax LUTUPOBAHUS, MOXHO
NPEeAOCTaBUTb CChINIKY Ha NMMYHYI0 CTpaHuLy B VIHTepHETe, BKMoYasa CTpaHULbl B COLMAnbHbIX CETSIX).

Obpawaem Bawe sHuMaHue, 4mo 8C5 nepeyucrieHHas ebiue UHgopmayus rnybrnukyemcs 8 Xyp-
Harne 8 omkpbimom docmyrne!

5. Ctatby NpMHUMAIOTCA OTBETCTBEHHBIM CEKPETapeM B 3reKTPoHHOM Buae B chopmate Microsoft
Word gns Windows no anektpoHHon no4vte nzn@istu.edu. Lpundt — Arial, paamep wpundgta — 12 (cTpoku
yepes 1 MHTepBarn), NepeHoc CroB — aBToOMaTMYeCKUin. llapameTpbl CTpaHULbl: OTCTYMbI CBEPXY U CHUY —
2,5 cm, cneea v cnpaea — 2 cM, ab3auHbin otcTyn — 0,6 CM, OpreHTauus CTpaHuLbl — KHIDKHaS.

6. B XXypHarn npuHMMaroTcs CTaTtbu Tpex TUMNoB:

HayyHas cmambs. HaydHas ctaTtbsi npefctaBnsaeT cobov opurmHanbHy UCCregoBaTeNbCKYH py-
konuck. Takoro poga pabota gomkHa coobliate 0 pesynsratax NpoBeAeHNss Hay4HO 06O0CHOBAHHbIX
3KCMNEepMMEHTOB U COoAepXKaTb 3HAYNTENbHbIN 06bEeM HOBOW MH(popMaumu. [NoarotoBka opurmHarnbHOM
cTaTbM NoapasyMeBaeT UCMONb30BaHME CaMblX CBEXUX U aKTyanbHbIX UCTOYHUKOB B AaHHOW obna-
ctn. CTpykTypa nogobHon paboThl BKNtoYaeT pasaensl «BeeaeHney, «Matepuansl U MeToAbl Ucche-
poBaHusay, «Pesynbtatbl uccnegosaHus», «O6cyxaeHue MnonyyYeHHbIX pesynsratoBy» M «3akmove-
Hue». PekomeHayembii MUHUManbHbIM 06bem HayyHon ctatbu — 3500 cnos.

0O630opHas cmampbs. Ob30pHas cTaTbd NpegnonaraeT NpoBeaeHe BCECTOPOHHENO aHanmaa cylle-
CTBYIOLLEV NUTEpaTypbl B 06NMacTh UCCregoBaHnst, KOTOPbIV BbISBIISIET TEKyLLME Npobenk! nnm npoobrne-
Mbl. Takasi paboTta gomkHa 6biTb KPUTUHECKON 1 KOHCTPYKTUBHOWM M coaepXaTb pekomeHaaumn ans by-
Aywmx nccriegosaHuin. B Hen He cnedyeT NpeacTaBnaTh HUKAKMX HOBbIX HEOMYONMKOBAHHbLIX AAHHbIX.
CrpykTypa 0630pHOM CTaTby MOXET BKIOYaTb BBEAEHWE, Apyrie Heobxoanmble pasaernsl, obcyxaeHve
nornyyYeHHbIX pe3ynsTaTtoB, a TakkKe 3akrioveHne ¢ ykasaHveM ByayLmx HanpasneHun Aris BO3MOXHbIX
nccrnegoBaHuii. PexomeHayeMbln MMHUMAarbHbIN 06beM 0630pHoN ctatbn — 4000 cros.
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Kpamkoe coobuweHue. KpaTkoe coobLieHne NnpeacTaBnsaeT cobom KpaTKyo CTaTbio, MOCBSLLEHHYH
HOBOMY 06BbeEKTY, TexHornoruu, metogy. OHO Takke MOXET coaepxaTb nNpeaBapuTenbHble pedynsraThl
nccrnegoBaHnst MMBO KpaTKoe M3IOXEHWE MOSTHOro MccrefoBaHus. B kpaTkoM COOBLLEHUN OOIMKHbI
ObITb ONMcaHbl BaxHble MoaAMUKaLMN NN YHUKaNbHbIE NPUMEHEeHUs onucaHHoro metoga. Kpar-
Kne coobLueHns obbIYHO coaepKaTt ABa-TpU pUCyHKa u/unu Tabnuuy; pasgen «Matepuanbl U MeTo-
Obl UCCMNEeOBaHMsI» B HUX OOJDKEH OblTb OeTanv3npoBaH, 4ToObl 00ecneunTb BOCMPOM3BOAMMOCTb
npeacTaBneHHon paboTbl, a 0630pHasa YacTb cokpalleHa. CTpykTypa nogobHon paboTbl aHanormyHa
CTPYKTYpE Hay4HOW CTaTbM M BKIIOYAET Takue pasgensl, kak «BeegeHuey, «Matepuansl n metogbl
nccnegoBaHusi», «Pesynerathbl nccregoBaHusay, « OBcykaeHne nomnyvyeHHbIX pe3ynsTaToBy U «3aknto-
YeHuney. PekoMeHayeMbli MUHMManbHbIM 06beM KpaTkoro coobLueHmst — 2500 cnos. [lonyckaeTcs no-
cnegytollas nybnukaums pacluMpeHHOro matepuarna, U3noXeHHOro B KpaTtkoM CooBLLEeHUN, B HALLEM
nmMbo MHOM M3gaHum ¢ 06s1I3aTerNbHON CCbISIKOM Ha NEPBYHO CTaThHO.

7. CTaTby AOMKHbI ObITb CTPYKTYPUPOBAHbI U BbINOSHEHBLI MO MexayHapoaHomy ctaHgapty IMRAD.
CtpykTtypa ctatbu: nHgekc YK, Ha3BaHue ctatbu, hamunus, nms, oT4ECTBO aBTOPOB, Ha3BaHWE yu-
pexneHuvsi, rae BbiNoSIHEHA paboTa, aHHOTaUUA M KIOYEBbIE CIIOBa Ha A3blke opuriMHana (pycckom/
KMTaNCKOM/MOHIOMNbCKOM) U aHIMMACKOM S3blKax, BBeAeHWe, Lenb NCcCcreqoBaHus, Mmatepuyarn u MeTo-
bl MccnegoBaHug, pesynstaTbl UCCNEAOBaHNS 1 UX obCcyxaeHue, 3aknoyeHne, bubnuorpaguyeckmmn
crnucok u references, KpUTepun aBTOpPCTBa, KOHQIUKT MHTEPECOB U CBeaeHusa o6 aBTopax (BCS MH-
hopmauusa npeaocTaBnsaeTcs ogHMM dannom, HasBaHHbIM criegyowmmMm obpasom: Pamususi Nepeozo
asmopa — lNepsble mpu-4emsipe crioea Ha3eaHus.doc).

8. PekomeHayemas anuvHa HaseaHus ctatby — 0o 100 3HakoB ¢ npobenamu. HasBaHue ctatbu
OOMKHO BbIThb NULLIEHO COKpaLLeHunin, abbpeBmaTyp, ONUCbIBaTb COAEPX)XaHMe CTaTb TOYHO U KOHKpEeT-
HO, MPX 3TOM OHO JOSMKHO BbITb 4OCTATOYMHO ANWHHBLIM, YTOOLI OQHO3HAYHO BbIPA3UTh MMAaBHYIO NAED
CTaTbM, U KOPOTKMM HACTOJSbKO, YTOObI HM OOHO CITOBO HENb3s ObINo BLIGPOCUTL 6€3 NoTepn cMbicna.

9. AHHOTaUWs OOMKHA OTpaxaTb OCHOBHYI MAEK CTaTbW, NOCKOMbKY AN BOnbWMHCTBA YnuTaTe-
ner oHa SIBMASIETCA MaBHbIM UCTOYHUKOM MHGOPMaUUM O NpeacTaBneHHoOM nccriegosaHmn. Obbem
aHHoTauumn — 1500—2000 3HaKkoB, NMpMMepHas CTPYKTypa: Lenb, MeToapbl, NpeaMeT, 06bekT n pesyrb-
TaTbl UCCreqoBaHuWs, BbiBOAbl. He criegyeT cebinatbeca Ha Tabnuvubl U/VMAKM PUCYHKW, NpUBEOEHHble
B OCHOBHOM B TEKCTe CTaTbW, a TaKkKe MCMONb30BaHHY NUTEPATypy, NOCKOMbKY aHHOTaLMK Takke
nNyGNUKyTCS OTAENbHO OT CTaTbW. He vcnonb3ynte B aHHOTaAUUKM COKpalleHusi, abbpeBuatypebl, a
Takke opMyIbl, Tak Kak aHHOTauumn B 6onblumMHCTBE 6a3 faHHbIX, HadnHasa ¢ PUHLL, nybnukytotea B
dopmare, ucknovarowem otobpaxeHne dopmyr.

KntoueBble crioBa QOIMKHbI OTpaXaTb CyTb MCCNeaoBaHUs, cnocobcTBOBaTb paboTe MOUCKOBLIX
CUCTEM, MO KonnyecTsy He npesblwaTtb 10 eguHUL, crioBocoveTaHus — He Bornee 3 eanHuL.

10. ®opmynbl B TEKCTE OOMKHbI BbITb HabpaHbl B cneumansHoM pegaktope dopmyn Microsoft
Word nocpencTtBom onumm «BCTaBKa» — «ypaBHEHUEY.

11. Tabnuupl JOMKHBI CoaepXaTb TONbKO HEOOXOAMMbIE AaHHbIE U NpeacTaBnaTb cobon 0600LLeH-
Hble 1 cTaTUCTUYeckn obpaboTaHHble MaTepuarnbl C ykasaHueMm 06o3HadveHus nepeMeHHbiX. Kaxaas Ta-
bnvua cHabxaeTcs 3aronokoM. PopmaTt Tabnumuy, — KHDKHBIW, HanpaeneHme WwpnudTa — Mo ropusoHTanu.

12. Ipadhmnyeckne matepmansl K ctatbe (PUCYHKM K dhoTorpachmm) NPEACTaBNSTCA B MUHUMATIbHOM
KonuyecTBe (He 6onee 6 eaMHNLL) 1 OOMKHBI ObIThb BbINOMHEHLI B COOTBETCTBMU C TPEOOBAHUSIMI K reOrnoru-
yeckon rpadovke. BribrpaeTtcs maclutab, NpurogHeIn Ans TMpaXkMpoBaHus, a pasmep — He bornee 170%245
MM. padbrueckne matepuarns! AOMKHbI AONycKaTb NepeMeLLEHNE B TEKCTE Y BO3MOXHOCTb M3MEHEHUST pa3-
MepoB. Kaxablin prcyHOK COMPOBOXOAETCA HAANNCAMM B CoAepXKaTefibHOM YacTu 1 NOOPUCYHOYHOW Noanu-
Cbl0, B KOTOPOW MPeaCTaBnsieTcsi 0OObACHEHNE BCEX €0 3NIEMEHTOB. Ha3BaHMsA pYCYHKOB Y MOZPUCYHOYHbIE
noanucy JOIMKHbI BbITb MakcUMarbHO KpaTkue, OCHOBHas MHAOpMaLms NPeocTaBnsercs B TEKCTe.

Bce Hagnucu Ha pycyHKax OOMmKHbI ObiTb peaakTupyemMbIMn U BbINOMHEHHbIMK 8 Kernem wpudTa
Arial (OCHOBHOM) Ha A3bIKe TEKCTA CTaTbW. B HEKOTOPBLIX Cny4vasx pasMmep WpudgTa MoXeT ObiTb YMEHb-
WweH o 5-6 pt. Ecnu Ha pucyHke nmetoTcs yCrioBHble 0603HaYeHUs, OHM AOIMKHbI BbITb NPOHYMepoBa-
Hbl, @ UX pacLMdPOBKY CTOUT BbIHOCUTb B 3KCMNMKALMIO K PUCYHKY. BykBeHHas Hymepaumnsi pycyHKOB
BblnorHsaeTca 10 kernem wpudpta Arial (NOMyXMpHBIA KypCcUB) Ha aHIMUMCKOM a3blke. MNomumo npea-
CTaBIeHWsI B TEKCTE CTaTbW PUCYHKM OOMKHbI ObITb OMONHUTENBHO NPefoCcTaBneHbl OTAeNbHbIMU han-
namun. BekTopHas rpadpmka gononHutensHo npegocraensercs B popmatax CDR, Al ¢ BO3MOXHOCTbIO
pedakTMpoBaHus, Npu 3KCnopTe 13 Apyrux NporpamMm crieqyert ucnonb3osaTth hopmat PostScript (EPS)
¢ paspeLueHnem 300 dpi. Potorpadmm, ckaHMpoBaHHbIE MaTepuansl npeacrasnserca B popmare TIFF
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unn PNG/JPEG (coxpaHeHue B oopmaTte PNG/JPEG HeobxoamMmo npon3BOL4MTb B MakCUMarnbHO Bbl-
COKOM KayecTBe). PaspelueHne pacTpoBon rpadhmkin OOIMKHO COCTaBnAaTk He MmeHee 600 dpi gnsa yep-
Ho-0enbIx pucyHkoB 1 He MeHee 300 dpi ans dotorpaduin. Cxemsbl, rpadunkm, gnarpaMmmbl NpegocTas-
nawTesa ¢ pacwmpenmem Jxis (MS Excel).

13. Ccbinkn Ha nuTepaTypHble UCTOYHUKM MPUBOAATCS B KBaApaTHbIX CKOOKax B mopsiake Bo3pac-
TaHud. bubnuorpadunyecknii CnMcok PopMUPYETCA NO Mepe YNOMUHAHUSA NCTOMHUKOB B TEKCTE.

PekomeHayemMoe Konnm4yecTBo UCTOYHUKOB B O1bnuorpadurdeckom cnucke — He MmeHee 20, npy 3Tom
MUHUMYM 50 % cnucka pekoMeHOyeTCs 3aHuMaTh MatepuanamMu, BollUeAWnMn B Te4eHre nocnegqHmnx
5 nert, B TOM 4ncne He MeHee 5 UCTOYHNKOB LOIMKHbI COCTaBMATb CTaTbM U3 UHOCTPAHHbIX XXYPHAIIOB.
CamouuTupoBaHmne aBTopa He JOMKHO npeBbiwath 25 % oT obuiero KonnyecTsa NCTOYHUKOB, CaMo-
LUUTUPOBaHME XypHana pekoMeHOyeTcs CBECTU A0 MUHUMYMa.

B cnucke nutepaTypbl SOMYCKAKTCHA CCbIIKA Ha CTaTbM M3 HAy4YHbIX KypHanoB, U3 COOPHUKOB
MaTepuanoB Hay4HbIX KOHEPEHLUUIA, N3 Henepnognyecknx COOPHUKOB Hay4vHbIX CTaTen, Ha KHUMU,
NoOCBSLLEHHblE Hay4HbIM MCCNedoBaHUAM, a Takke aBTOpCKUe naTeHTbl. PegakumMoHHasa kornerus
pekomMeHayeT B CrMcKe nuTepaTypbl CCbINaTbCa Ha CcTaTbW U3 XypHanos, Bxoadwmx B aapo PUHL
(Russian Science Citation Index, Web of Science Core Collection, Scopus).

He ponyckaroTcs CCbINKM Ha HOPMAaTMBHbIE MPABOBbLIE aKTbl (3aKOHbI, KOOEKCHI, YKa3bl, MONIOXEHUST U
np.), y4ebHble n3gaHns (y4ebHukn, y4ebHble Nocobus, KOHCMEKTbI NIEKUMIA, METOANYECKME YKasaHWsa U T. 4.),
CnpaBoyHblE N3OaHKA (CMPaBOYHMKM, CIOBaPU U SHLMKIONeaMK), AMccepTaummn U asTopedepartsl, reornoru-
Yyeckue KapTbl, @ Takke CTPaHWLbI ANeKTPOHHbIX PECYPCOB, HE UMELOLLME KOHKPETHOro asTtopcTaa. [pu He-
06x0AMMOCTH OBpaLLEHNs K 3TUM UCTOMHUKaM CCbISIKY Ha HUX CriedyeT pasMeLlaTb B MOACTPOYHON CHOCKE.

14. Cnucok nuTepaTtypbl COCTaBMSETCS B ABYX BapuaHTax. [lepBbiii BApMaHT (CMMCOK UCTOYHU-
KOB) 0dhopmIsieTcsl Ha s3blke UCTOoYHMKa B cootBeTcTBUM ¢ TOCT P 7.0.5 2008. Btopow BapuaHT
(references) odpopmnseTcs B BUAE TpaHCNUTEPaLMU PYCCKOro TeKCTa B TaTUHULY C NepeBodoM Ha aH-
FMUNACKUI A3bIK U CAYXUT AN OTCNeXnBaHus LMTMPYEMOCTM aBTOpPOoB. [NMprmepsbl ohopmMIieHns nctou-
HWKOB B CMMCKax MOXHO MOCMOTPETb Ha HalleMm canTe B pasgene « TpeboBaHUS K cTaTbsMy.

15. nga Kaxkgoro M3 CoaBTOPOB B KOHLE CTaTbW MPONUChIBAeTCA MHANBUAYANbHbIN BKNag, KOTO-
pbivi BbIOMpaeTCca U3 criegyloLwero cnucka: paspaboTka KoHuenuuu; paspabotka MeToAonormm; Kypu-
poBaHWe AaHHbIX; PopMarnbHbIN aHanus; nonyyeHne UHaAHCUPOBaHWS; NPOBeAeHNe NCCreqoBaHUs;
aZlIMUHUCTPaTUBHOE PYKOBOACTBO MCCIeAoBaTeNbCKMM NPOEKTOM; NpefoCcTaBeHne pecypcoB; pas-
paboTka nporpamMmHoro obecnevyeHus; HaydHoe pyKoBOACTBO; Banvaauns pesynsraToB; BU3ya-nmsa-
LMS; HAannMcaHMe YepHoBKKa PYKOMNUCU; peakTUpoBaHne pyKomnmcuy.

16. Npu nogaye ctatbn aBTOPaMm NPEeLOCTaBASATCH Ha aHINIMUCKOM A3blke credytowme afeMeHThbl
paboTbl: Ha3BaHWe cTaTbu, cBeAeHUs 006 aBTopax, aHHOTaUMs, KroYeBble crnosa, bnarogapHoOCTH, Ha-
3BaHWUA Tabnuy, 1 NoApUCYHOUHbIE NoanucK, Gubnuorpadus, KOHIVKT MHTEPECOB.
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MwuHepanoro-rexHonorn4yeckme Tunbl pya
TomuHckoro mectopoxaeHusa meaum (KOxxHbIn Ypan)

E.M. KypueBckas?, M.B. fAxHo"*, A.E. CeH4yeHKO®

aHWulN « TexHonoauu oboeaweHuUsi MUHepansHO20 Cbipbsi», Mpkymck, Poccus
bUpkymckul HayuoHarnbHbIU uccrnedosamernbCKuli mexHu4eckul yHusepcumem, Upkymck, Poccusi

Pestome. Llenb. Llenb faHHOro nccnenoBaHns 3aKio4aeTcs B U3yHeHUM TEXHOMOTMYECKMX TUMOB pyA TOMWHCKOrO MecTo-
POXAEHMSA Meaw, a Takke MYHepanbHOro CocTaBa BMELLaoLWMX MOpoa U pya KaXaoro n3 Tpex TUMoB, BbISBIEHUN MUHEpPa-
NOrNYECKMX N CTPYKTYPHO-TEKCTYPHBLIX OCOBEHHOCTEN pya, BbISBNEHNW B3aMMOCBA3W U3MEHEHUS PYAHOW MUHEpanm3auum
N cTeneHn MeTamopdmama Ans kaxgoro tuna pya. Metoabl. PygHble Tena TOMWMHCKOrO MeAgHO-NopdrMpoBOro MecTto-
poOXAeHWs, 3aneratome B AUOpUTax 1 KBapLEBbLIX ANOPUTaX, NPeacTaBnsioT COBON NPOXMUIKOBBIE U MPOXUIIKOBO-BKpa-
MMAeHHble CKOMMEHWs B 30Hax ApobrneHus. Ha MecTopoXAeHWM LUMPOKO Pa3BUTbl METAacOMaTUTbl KBapLi-CEPULMTOBON
dopmauumn. N3yyeHre TMNOB pya NPOBOAUIIOCH C UCMOMb30BaHNEM MUKpockonoB. PesynkTaTthl. B pesynsrarte BbigeneHo
TPW reornoro-TeXHONOrM4YeCcknx Tuna pya B npegenax TOMUHCKOro mMectopoxaeHus. MepBbii TUM nNpeacTaBneH nepBud-
HbIMU CynbUOHLIMW pyAamun, KoTopble HabngaTcs B cpegHeM Hke rmyouHsl 50-55 m. o coctaBy 31O XnopuT-My-
CKOBWT-KBapLieBble MeTacoMatuTbl. Bmelyatowime nopogel npeacraBreHbl CepUUMTU3MPOBaHHBIMW, XIIOPUTU3UPOBAHHbI-
MW 1 kapboHaTu3nMpoBaHHbIMK AvopuTtamu. B coctase pya npeobnagatoT xaneKonuput u nupuT. MNpaktuyecku Bcs Medb
CoAdepXMTCA B Xanbkonupute. BTopon Tmn — 3TO pyAHble 30Hbl BTOPUYHOIO CynbMUAHOrO oboralleHusi. ATOT TN CIOXeH
NepBNYHLIMN 1N BTOPUYHbIMK Cynbdugamvu mean. Bece nopoabl aprmnnmanpoBaHHble U NpeacTaBneHbl MeTacoMaTtnutamm
pa3snunyHoro coctasa. Bce Buapl nopoa HecyT B cebe pyaHyto muHepanm3aumio. K TpeTbemy Tvny OTHOCATCS OKUCTIEHHbIE
pyAbl, KOTOpble 06pa3syloT 30HY OKUCNEHUS MecTopoxaeHus. OHM OenaTcs Ha Tpu NOATUNA: IMUHUCTbIE, MMUHUCTO-LLEBHN-
CTble ¥ WebHUCTble pyabl. [MUHUCTBIE Pyabl 3anerarT B CaMbIX BEPXHUX YacTsX KOPbl BbIBETPUBAHUS, MMUHUCTO-LLEOHN-
CTble pyAbl cnaratoT LeHTparnbHYyH ee YacTb, a PyAbl B LLEOHNCTbIX 06pa3oBaHMAX OTMEYEHbI B HUXKHUX ropu3oHTax. MNpea-
CTaBMeHoO nerporpaduyeckoe onncaHne Kakaoro M3 TUMoB. BbisiBNeHbl MUHepanornyeckne u CTpyKTYPHO-TEKCTYPHbIE
ocobeHHoCTV pyA. B pesynerarte nsyveHns netporpadmyeckoro coctaBa Kaxaoro Tuna py4 yCTaHOBMeHa pasnuyHas cre-
neHb MeTamopdunsmMa 1 BCneacTBue 3Toro — M3MeHeHne pyaHou MyuHepanusauun. BeiBogbl. MNMpocnexuBaeTcs BnnsHue
MeTacoMaTUYeCKUX NPOLECCOB, M3MEHUBLLMX CTPOEHNE N MUHEParibHbIV CcoCTaB pya. [Ana nepsoro Tvna pyabl XapakTepHo
Hanuyve NepBUYHbIX NOPOA — ANOPUTOB C HACLILLEHHOW CyrnbMWUAHON BKPANSIEHHOCTbIO U C HE3HAYUTENbHBIMM MeTaco-
MaTU4eckMMn uamMeHeHnsiMu. B 30He BTOpuuHOro oboralleHust nopodbl NpeTepneny MHTEHCMBHOE MeTacomaTnyeckoe
nameHeHune. MNopoabl 3TOM 30HbI HAChILEHbI TMAPOKCMAAMM Xxernesa. [Ina 30Hbl MHTEHCUBHOTO BbIBETPMBAHUSA XapakTep-
Hbl MMIVHUCTBIE W XNOPUTU3UPOBAaHHbIE NopoAbl. PyaHas MUHepanusaumsa npeactasiieHa UCKIIOYUTENbHO OKUCIIEHHbIMM
MuHepanamu. Cynbunapl eAMHNYHBL. Pasnuunsa B MMHepanbHOM COCTaBe Tpex TUMOB pyA BMAMSIOT Ha BbIGOp cnoco6os
nepepaboTku pyapl B npegenax TOMUHCKOTO MECTOPOXOEHNS.

Knroyeeble crioea: TOMUHCKOE MeCTOPOXAEHWE, MeLHO-NopcMpoBOe OopyaeHeHUe, MeTamMopdmr3M, TEXHOMOormyeckme
TUNbI pya

QduHaHcupoeaHue:

BnazodapHocmu:

Mineralogical and technological types
of Tominskoye deposit copper ores (Southern Ural)

Elena M. Kurchevskaya?, Marina V. Yakhno**, Arkady Y. Senchenko®

acNIPI TOMS (Scientific Research and Design Institute “Technologies of Minerals Separation”), Irkutsk, Russia
bIrkutsk National Research Technical University, Irkutsk, Russia

Abstract. Purpose. The purpose of the article is investigation of the technological types of Tominskoe copper deposit ores;
examination of the mineral composition of the host rocks and ores of each of the three types; identification of mineralogical
and structural-textural features of ores, research of the relationship of mineralization and metamorphism intensity alteration
for each type of ore. Methods. Ore bodies of the Tominskoye porphyry copper deposit occurring in the diorites and
quartz diorites are veinlet and porphyry-stringer clusters in crush zones. The deposit is characterized with the predominant
metasomatic rocks of quartz-sericite formation. Results. Three geological and technological ore types are distinguished
within the Tominskoye field. The first type is represented by primary sulfide ores, which occur on average lower than
50-55 m depth. By composition they are chlorite-muscovite-quartz metasomatic rocks. The host rocks are represented
by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
sition. Chalcopyrite contains carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore composition.
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Chalcopyrite contains almost all of the copper. The second type includes the ore zones of secondary sulfide concentration.
This type is composed of primary and secondary copper sulfides. All the rocks are dirty argillaceous and are represented
by metasomatic rocks of different composition. All types of rocks feature ore mineralization. The third type covers oxidized
ores, which form the oxidation zone of the deposit. They are divided into three subtypes: clay, claydetrital and detrital
ores. Clay ores occur in the uppermost parts of the crust of weathering. Clay-detrital ores compose its central part, while
ores in detrital formations have been found in the lower horizons. Each of the type is given a petrographic description.
Mineralogical and structural-textural features of ores are identified. The study of the petrographic composition of each
type of ores showed a varying degree of metamorphism that resulted in changes in ore mineralization. Conclusions. The
influence of metasomatic processes is indicated. The last have changed the structure and mineral composition of ores. The
presence of primary rocks — diorites with saturated sulfide impregnation and insignificant metasomatic alterations is typical
for the first type of ore. The rocks in the zone of secondary concentration have undergone intense metasomatic alteration.
These rocks are saturated with iron hydroxides. The presence of clay and chloritized rocks characterize the zone of intense
weathering. Ore mineralization is represented exclusively by oxidized minerals. Sulfides are rare. Variations in the mineral
composition of the three types of ores influence the choice of ore processing methods at Tominskoye ore deposit.

Keywords: Tominskoye field, porphyry copper mineralization, metamorphism, technological ore types
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