16+ ISSN Online 2587-8751

BECTHUK CEBEPO-BOCTOYHOI'O ®EJIEPAJIBHOI'O YHUBEPCUTETA
UMEHU M.K. AMMOCOBA.

VESTNIK OF NORTH-EASTERN FEDERAL UNIVERSITY.

CEPUA “HAYKU O 3EMIJIE. EARTH SCIENCES”

CereBoe Hay4YHOE TIEPUOIUIECKOE U3IaHHE
W3naercs ¢ 2016 roga
W3nanue BeIXOAMT 4 pasa B roj

Yapeaurens u nznareins: PegepanbHOE roCy1apCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE yUPEKICHUE
BhIciIero oopaszosanus «CeBepo-Bocrounsiii penepanbubii yHuBepcurer nmenn M.K. AMMocoBa»

Ne 2 (42) 2026

PEJAKIIMOHHA A KOJUIET' A CEPUN
I'maBHbIi penakTop
A.H. Huxonaes, 1. 0. H.

3aMecTUTENb IIAaBHOTO PeIaKkTopa
E.O. Conosves, K. T. — M. H.
Brinyckatouiuii pegakrop

C.H. Jlesuna, K.T.H.

YieHsl peAaKIMOHHON KOJUIETUH:

Bepueba A. A., ooxmop eeonozo-munepanocuveckux Hayk, Bumuenrxo A. H., dokmop eeocpaguue-
ckux nayk; anunos FO. I kanouoam zeoepagpuuecxkux nayk,; Jlonyx I1. C., dokmop eeocpaguyecxkux
Hayk, Mapmuinog B. JI., 0okmop eeoepaguueckux nayk, Muxno B. B., dokmop eeoepagpuueckux HayK;
Hecmepog FO. A., kanouoam eeoepaguueckux nayx, Huxugpoposa 3. C., dokmop eeonoeo-munepa-
noeuyeckux Hayk;, Hoconos A. M., dokmop ceocpaghuueckux nayx, Okpyeun A. B., ookmop eeono-
2o-munepanozuveckux Hayx, Ionydynmukosa JI. U., kanouoam 2eono2o-muHepanocuueckux Hayk;
Ipucsiscnvit M. FO., 0okmop eeoepaguueckux nayk, Cassunosa A. H., kanouoam eeoepagpuueckux
nayk, Cemenos FO. M., dokmop ceoepagpuueckux nayk; Crkopunyesa U. b., doxmop eeoepagpuueckux
nayk, Tecnenox C. A., kanouoam zeoepagpuueckux nayk, Torcmos A. B., 0okmop eeonozo-munepa-
Jnoeudeckux Hayk, @puoosckuil B. FO., 0okmop ceonoco-munepanocuueckux nayk, Yacoscxuil B. U.,
00KMop 2eoepaghuueckux HayKx.

Anpec yuapenutens u n3garens: 677000, . SkyTck, yn. benmnuckoro, 58
Anpec pemgakuuu: 677013, 1. SxyTck, yn. OiyHckoro yi., 27
Ten./dakc: +7 (4112) 36-15-18. e-mail: vestnik geo@mail.ru. https://vfuzeml.elpub.ru/jour/index

CeBepo-Bocrounsrii henepabHbIil YHUBEPCUTET
http://s-vfu.ru//universitet/rukovodstvo-i-struktura/strukturnye-podrazdeleniya/unir/vestnik-svfu/

© Ceepo-Bocrounsiii Gpenepanbublii yauBepeuter, 2026



16+ ISSN Online 2587-8751

VESTNIK OF NORTH-EASTERN FEDERAL UNIVERSITY.
«EARTH SCIENCES»

Network scientific periodical

Published since 2016

The frequency of publication is 4 times a year

The founder and publisher is Federal State Autonomous Educational Institution of Higher Education
“The M. K. Ammosov North-Eastern Federal University”

No. 2 (42) 2026

EDITORIAL BOARD OF THE SERIES
Editor-in-Chief
A. N. Nikovaev, Doctor of Biological Sciences

Deputy Editor-in-Chief
E. E. Solovyov, Candidate of Geological and Mineralogical Sciences
S.N. Levina, Candidate of Geographical Sciences

Members of the Editorial Board of the Series:

A. A. Vercheba, Doctor of Geological and Mineralogical Sciences; Vitchenko A.N, Doctor of
Geographical Sciences; Y. G. Danilov, Candidate of Geographical Sciences; Lopuh P. C., Doctor
of Geographical Sciences; V. L. Martynov, Doctor of Geographical Sciences; V. B. Mikhno, Doctor
of Geographical Sciences; Y. A. Nesterov, Candidate of Geographical Sciences; Z. S. Nikiforova,
Doctor of Geological and Mineralogical Sciences; A. M. Nosonov, Doctor of Geographical Sciences;
A. V. Okrugin, Doctor of Geological and Mineralogical Sciences; L. 1. Polufuntikova, Candidate
of Geological and Mineralogical Sciences; M. Y. Prisyazny, Doctor of Geographical Sciences;
A. N. Savvinova, Candidate of Geographical Sciences, Y. M. Semenov, Doctor of Geographical
Sciences; 1.B. Skorintseva, Doctor of Geographical Sciences; S. A. Teslenok, Candidate of
Geographical Sciences; A. V. Tolstov. Doctor of Geological and Mineralogical Sciences, V. Y. Fridovsky,
Doctor of Geological and Mineralogical Sciences; V. I. Chasovsky, Doctor of Geographical Sciences.

Founder and publisher address: The North-Eastern Federal University, Belinsky str, 58, Yakutsk,
677000.

Editors Office address: The North-Eastern Federal University, Oyunsky st, 27, Yakutsk, 677013
Telephone/Fax: +7 (4112) 36-15-18. e-mail: vestnik geo@mail.ru. https://vfuzeml.elpub.ru/jour/
index
http://s-vtu.ru//universitet/rukovodstvo-i-struktura/strukturnye-podrazdeleniya/unir/vestnik-svfu/

© The North-Eastern Federal University, 2026



COAEPXKXAHUE

I'EOJIOI'us

Owenkosa M.I', Yeanvesa C.C., lasnywun A.J[., Onevnuxos O.b., [opatnog C.B., I pomunog C.A.
MusnepanbHbie (a3bl Ha TOBEPXHOCTH KPHCTALTOB ainmasa VII pasHOBHIHOCTH U3 KapHUUCKAX
(BEpXHETPHUACOBBIX ) OTIOKEHUH BYTKYPCKON AHTUKITHHAIIH ....vvvevveentreeneeenteesereeseessseenseessneenseesnesnne 5

Cnosoeopoockuii C.A., boeycrasckuii M.A. Aranmn3 oboramenus ruH FOro-3amanHoro ygactka
JIyKOIIKMHCKOTO MECTOPOXKICHHS KePaMUYeCKUX MTuH Jlumerkoi obmactu

METOJOM JEBUHTETPALIMM «...cnvveneeentteeuteentteeateenuteeateenuseesseeseesaeeenseesateesseeeateenbaeeateebeesaseeseesabeenseenaees 17

Conosves E.J., Cassurnos U.H., Dedopos A.A., Dedopos M.A. IlpumeHeHne Metoa
TEPEXOIHBIX MPOLIECCOB MPHU MOUCKAX MOA3EMHBIX BOJ B LIeHTpanbHON AKYTUH .....coeeveeenaennnnee. 33

I'EOI'PA®UA

Khadzhaev R.N., Fazilova D. Sh. A spatial assessment of environmental vulnerability
in the Akhangaran river basin, Uzbekistan ...........c.cccooiiiiininininininiccccecsese e 44

Yuwnuyras JIL.A., Ecopos A.B., Cybemmo /[.A., [lecmpsxosa JI.A. OuieHKa Ka4ecTBa BOIBI
MarucTpaibHOTo BomoBona Jlena-Tyopa-Kroens (JIeHa- AMIHHCKOE MEKITYPEUBE)....coveeneereeenenens 68



BECTHMK CBdY. Cepua «HAVKH O 3EMMEN Ne2(42)2026 —————————————————————

CONTENT

GEOLOGY
Oshchepkova M.G., Ugapeva S.S., Pavlushin A.D., Oleinikov O.B., Goryainov S.V., Gromilov S.A.
Mineral phases on the surface of Variety VII diamond crystals from Carnian (Upper Triassic) deposits

OF the BUIKUL GNTICTINE ....vviiiiiiiiiiie ettt e e e et e e e e s e eaateeeeeeenaaneeeeeas 5

Slovogorodskiy S.A., Boguslavskiy M.A. Determining mineralogical and chemical differences
in flanks of the Lukoshkinskoye ceramic clay deposit of the Lipetsk region by disintegration....... 17

Solovyov E.E., Savvinov L1, Fedorov A.A., Fedorov A.M. Application of the method
of transient processes in the prospecting of groundwater in Central Yakutia............ccccevevverirnnrennne 33

GEOGRAPHY

Xaoowcaes P.H., @azunosa /[.I1I. TIpocTpaHCTBEHHAs OI[CHKA YKOJIOTUYCCKON YSI3BUMOCTH
OacceiiHa peKr AXAHTAPAH (YBO0CKHCTAH) ....eeveruirtirrintetetententententeeteneeteeuesaestestesaeseessenseneeeensennenees 44

Ushnitskaya L.A., Egorov A.V,, Subetto D.A., Pestryakova L.A. Assessment of the water quality
of the Lena—Tuora-Kuel main water pipeline (Lena-Amga interfluve) ...........cocoooevenininencnenenn. 68



BECTHMK CBdY. Cepua tHRYKH 0 3EMAEn Ne 2 (42) 2026

I'EOJIOTI'UA

YK 549.211 (571.56)
https://doi.org/10.25587/2587-8751-2026-1-5-16
Opuaunanvras HayuHas cmambsi

MUHEPAJIBHBIE ®A3bI HA IOBEPXHOCTHU KPUCTAJLJIOB AJIMA3A
VII PASHOBH/HOCTHU U3 KAPHUMCKHUX (BEPXHETPUACOBBIX)
OTJIOKKEHUU BYJIKYPCKOU AHTUKJIUHAJIA

M.I. Owenkosa™, C.C. Yzanvesa', A./]. [lasymun’, O.B. Oneiinukos’, C.B. Iopaitnoé®, C.A. I'pomunos’
"Mucruryt reonoruu anmasa u onaropoansix meramuios CO PAH,
r. SIkyTtck, Poccuiickas deneparnus

MucruryT reonoruu u Murepasiorud uM. B. C. CoGosnesa CO PAH,

r. HoBocubupck, Poccuiickas deneparyst
SUuCcTUTYT Heopranuueckoit xumun uM. A. B. Hukonaesa CO PAH,

r. HoBocubupck, Poccuiickas deneparyst

*oshchepkovamg28@mail.ru

AnHotanus. KapHuiickue omiokeHust B npeaenax bylKypckoil aHTUKIMHAIN XapaKTepPU3YIOTCs BBHICOKOM
1 «yparaHHO» aIMa30HOCHOCTHI0. Cpean KPUCTAIIOB THITMYHBIX I KUMOEPIUTOBBIX TPYOOK MPUCYTCTBYIOT
anmasbl V-VII pa3HOBUAHOCTH HEBBISICHEHHOTO reHe3nca. CormacHO JUTEpaTypHBIM JaHHBIM OTAHMYHTEIbHON
0COOCHHOCTBIO JIAaHHOHM Pa3HOBHIHOCTH aJIMa30B SIBISETCS JISTKUI M30TOMHBIN cocTaB yriepona 6'°C or —17
10 —25 %o 1 BBICOKOE copepxanue mpumMecu azota 1200-2000 ppm. KopeHHO# HCTOYHHK TUX alIMa30B JI0 CHX
mop He oOHapykeH. B enax ycTaHOBIEHNS TeHETHIECKOH CBSI3M MUHEPATIBbHBIX (a3 Ha TIOBEPXHOCTH alIMa30B U
BMEMIAIOIINX OTIOKEHUH B HACTOAIIEH paboTe MpeacTaBIeHb! Pe3ylbTaThl KOMIIEKCHOTO MHHEPAIOTHIECKOTO
nccnenoBanus anmaszoB VII pasHoBunHocTH (10 Knaccudukanun F0.J1. OpnoBa) n3 KapHUICKHX (BEpXHETPHACO-
BBIX) OTIIOKEHHH Bynkypckoit anTukmnHamn. MeTogaMu CKaHUPYOLIel deKTpoHHON MuKpockonuu, DJIC aHa-
I3 XUMHYECKOTO cocTaBa M PaMaHOBCKOH CHEKTPOCKOINH UACHTH(GUIIMPOBAHBI XJIOPHUT (TIPEATONI0KUTETEHO
IIaMO3UT), WIINT, HOHTPOHHUT, BBIMONHSIOMINE TPEIIUHEI U 00pa3yloue KOPOYKH Ha MOBEPXHOCTU TOIHKPH-
CTAJUTMYECKNX arperaroB anMasa. YCTAHOBICHO, YTO IIAMO3HUT 00pa3yeT BPOCTKH M YellyHuaTble arperarsl B
TpEIHAaX, B TO BpeMs KaK WUIAT U HOHTPOHUT (popMHPYIOT ToHKHE (MeHee 20 MKM) MEJIKOYEHIyHYaThie KO-
pouku. JlaHHAs accoManys MUHEPAIOB XapaKTepHA IS MPOIECCOB HU3KOTEMIIEPATypPHOTO THIPOTEPMAILHOTO
M3MEHEHUS U JMareHesa ByJIKaHOI'€HHO-0CaI0uHBIX TOJIL B MOpcKoii cperne. 1o nanubsim KP ciektpoB Ha ogHOM
(parMeHTe pacKoIOTOTO MOIUKPHUCTAIIIA alMa3a HACHTUHUITPOBaH anaTuT. POpMHUPOBAaHHE aMAaTHTA CBSI3aHO C
THIEPTeHHBIMI HU3MEHEHHSAMHE IIEPBUYHBIX BMEIIAIONINX TOPOJ] IEPE UX IIPe0Opa30BaHUEM THIPOTEPMAIbHBIMU
MIPOLIECCAMHU B YCIOBHAX MOPCKOTO MEITKOBO/BSL.

[Nomy4enHsle pe3ynbTaThl JOMONHSIIOT MPEACTABICHNS O MOCTKPUCTAIUIN3ANNOHHBIX MPeoOpa3oBaHMAX all-
Ma30B M3 POCCHIHBIX MECTOPOXKICHNH ceBepa CHOUPCKON MIaTGOPMBI B MOTYT OBITH UCTIONIB30BAHBI TSI PEKOH-
CTPYKIHMHU YCIIOBHH (POPMUPOBAHHS KAPHUHCKUX aTMAa30HOCHBIX OTIOKCHHUH.

KuroueBsie ciioBa: anva3 VII pasnoBunnoct, Cubupckas miardopma, byiakypckas aHTUKIHHAD, BEPXHAN
TpHac, KAPHUMCKUE OTIOKEHHS, PaMaHOBCKast CIEKTPOCKOIIHS, allaTUT, MIUTUT, HOHTPOHHUT, IIIAMO3HUT.

dunancupoBanme. VccnenoBaHue BBIOTHEHO 3a cyeT rpaHta Poccuiickoro HayyHOro ¢onzma (mpoexT
Ne 25-27-20056).

Jas uutupoBanus: OmenkoBa M.I., YranseBa C.C., [laBnymmn A./l., Onelinukos O.b., Topsiinos C.B.,
I'pomunoB C.A. MunepanbHble (a3bl Ha MOBEPXHOCTH KpUCTauIOB anmasza VII pasHoBuaHOCTHM U3 Kap-
HUICKHX (BEPXHETPUACOBBIX) OTIOKEHHH bBynmkypckod aHtukimmHamu. Becmuux CBDY. 2026;(2): 5-16.
DOI: 10.25587/2587-8751-2026-1-5-16
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Original article

MINERAL PHASES ON THE SURFACE OF VARIETY VII DIAMOND
CRYSTALS FROM CARNIAN (UPPER TRIASSIC) DEPOSITS
OF THE BULKUR ANTICLINE

Maria G. Oshchepkova', Sargylana S. Ugapeva', Anton D. Pavlushin’, Oleg B. Oleinikov',
Sergey V. Goryainov?, Sergey A. Gromilov’
'Diamond and Precious Metal Geology Institute SB RAS,
Yakutsk, Russian Federation
2V. S. Sobolev Institute of Geology and Mineralogy SB RAS,
Novosibirsk, Russian Federation
3A. V. Nikolaev Institute of Inorganic Chemistry SB RAS,
Novosibirsk, Russian Federation
*oshchepkovamg28@mail.ru

Abstract. Carnian deposits within the Bulkur anticline are characterized as “hurricane-like” diamondiferous.
Among crystals typical for kimberlite pipes there are diamonds of V—VII varieties of unknown genesis. According
to earlier researches a distinctive feature of this diamond variety is a light carbon isotope composition (51'*C)
ranging from —17 to —25%o and a high nitrogen content of 1200-2000 ppm. The primary source of these diamonds
has not yet been identified. In order to establish genetic relationship between mineral phases on diamond surface
and host deposits, this paper presents the results of a comprehensive mineralogical study of variety VII diamonds
(according to Yu.L. Orlov’s classification) from Carnian (Upper Triassic) deposits of the Bulkur anticline. A set
of analytical methods were used to identify chlorite (presumably chamosite), illite, and nontronite that fill cracks
and form crusts on the surface of polycrystalline diamond aggregates. It was established that chamosite presented
as ingrowths and foliate-flaky aggregates in cracks, while illite and nontronite form thin fine-flaky crust (less than
20 p). This mineral assemblage is characteristic of low-temperature hydrothermal alteration and diagenesis of
volcano-sedimentary strata in a marine environment. Raman spectra revealed apatite in a fragment of a crushed
diamond polycrystal. Apatite formation is associated with hypergene alteration of primary host rocks prior to their
transformation by hydrothermal processes in shallow marine environments. The results obtained complement the
understanding of diamonds postgenetic changes from placer deposits in the north of the Siberian Platform and can
be used to reconstruct conditions of formation of Carnian diamond-bearing deposits.

Keywords: VII variety diamond crystals, Siberian platform, Bulkur anticline, Upper Triassic, Carnian
deposits, Raman spectroscopy, apatite, illite, nontronite, chamosite

Funding. The study was funded by Russian Science Foundation grant (project No. 25-27-20056).
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deposits of the Bulkur anticline. Vestnik of North-Eastern Federal University. Earth Sciences. 2026;(2): 5-16.
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BBenenue

[TepBblii anmmMa3 B KapHUICKHX OTJIIOKCHUSX BEPXHEro Tpuaca Ha ceBepo-BocToke CHOMpCKOiM
wtatdopmel Ob1T 00HapyxkeH B 1979 1. Ha 0. Taac-Apsl. [locneayromue NONCKOBEIE U TEMAaTHUSCKUE
paboThI IPUBENN K OTKPBITUIO B Mpeeiax BylnKkypckoil aHTUKIMHAIN KAPHUHCKUX OTIIOKEHUH C BbI-
COKOH M «yparaHHON» aJIMa30HOCHOCTbI0. KOMIIIEKCHBIC MUHEPAJIOTHYECKUE, CTPATUTpadHIECKHIE 1
najeoreorpaduuecKue UCCICAOBAHUS [10KA3alH, YTO KOPEHHbIC MCTOYHUKH aJIMa30B PacIONOKEHBI
B HEMOCPECTBEHHOU Omm3ocTH [1].

Anmassl i3 Ty(OTeHHBIX TOpo] ByKypckoil aHTUKITMHAIHN OBLTH 0OBEKTOM N3yUeHHS MHOTHX HC-
cnenosarereii [2-7]. B paiione Bynkypckoli aHTUKITMHAIM, KaK U B pocchisix [Ipuanadapbst (D0emsix,
Mast u 1p.), IPUCYTCTBYIOT aIMa3bl, COBEPLUIEHHO HEXapaKTepHBIE JUIS N3BECTHBIX KUMOEPIUTOBBIX
Ten SIKyTCKOM NMPOBUHLMHU, K KOTOPBIM OTHOCSTCS KpucTamuisl V-VII pazHOBUAHOCTH MO MUHEpaso-
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rudyeckord knaccnpukanuu K0.JI. Opaoa. OTinnunTenbHON 0COOCHHOCTBHIO JAHHOW Pa3HOBUIHOCTH
aJIMa30B SBJISIETCS JICTKUH M30TOIHEINA cocTaB yraepoza 6'2C ot —17 mo —25%o 1 BEICOKOE cofepykaHue
npumecu azora 1200-2000 ppm [2, 7-11].

B Hacrosimee BpeMst B kKadecTBE BO3MOJKHBIX HCTOYHUKOB aJIMa30B KapHHUICKoro sipyca Bynkypckoit
AQHTHUKIUHAIN PacCMaTPHUBAIOTCS HecKobKo rumnoTe3. CormacHo [10], BRIIBUHYTO MPEANIONIOKEHHE O
TPAHCIIOPTHPOBKE aJIMa30HOCHBIX MOPOJL MO3JHETPUACOBBIMU BYJIIKAHUTAMH OCHOBHOTO M YJBTPAOC-
HOBHOTO COCTaBa CO IIEOYHBIM YKIOHOM. B pabote [9] paccmarpuBaeTcst cymiecTBOBaHHE OOIINp-
HOI'0O SPYITHUBHOI'O BYJIKAHM3MaA C YYaCTUEM Marm JIaMIIPpOUTOBOI'O I'€HE3MCa, KOTOPHIC CTAJIM UCTOY-
HUKaMHU 3K30THUYECKUX JUIs SIKyTCKON anmMa3zoHOCHOH npoBuHLMK anMa3oB V—VII paznoBuaHocTel.
B cBeTe HOBBIX IaHHBIX, IIOJYUYEHHBIX B PE3YJbTAaTe U3yUEHUs BKIIOUCHUH LIMPKOHA B aMase V pas-
HOBMJIHOCTHU U3 pocchInu p. Moprorop — onpenenenus Bospacta 262,5 + 2,7 u 232,6 + 3,0 muH ner,
conepxanuns Th u U menee 90 ppm, npeanonaraercs, 9To arMa3bl ObUTH TPAHCTIOPTHPOBAHEI U3 MaH-
THU B XOJIe TPHACOBOTO KNMOEPIMTOBOTO Marmaru3mMa. [Ipu 3ToM B mporiecce 00pa3oBaHus aqMa3oB
V-VII pa3HoBuIHOCTEN NpUHUMAJ YYaCTHE MaTeprall OKEaHUYECKON KOPbI, BKIIOUAIOILUNA: U30TOII-
HO-JIETKYIO T10 YINIEPOAY ¥ 00OTraleHHYI0 a30TOM OHOI€HHYIO COCTAaBIISIONIYIO; HU3KOTEMIIEpaTypPHO
N3MEHEHHBIE OKeaHNUeCKHe 0a3asbThl, 000TaleHHbIC TSDKEIBIM H30TOoM Kuciopoa [11]. Oxxako
HU 371€Ch, HU B JApyrux paioHax CuOupckod miaTGOpMbl 10 CHUX MOp HEe 0OHApPYKCHBI ByIKaHUYE-
CKHE MOCTPOHKH, KOTOPbIE MOINIM OBl CIIy’)KUTh UCTOYHUKOM 3THX Ty(hoB. Takum oOpazom, Bompoc
0 TIPOUCXOXKICHUH aJTMa30B KapHUHUCKUX (BEPXHETPHACOBBIX) OTIOKEHUN ByTKypcKoil aHTHKIMHAIN
oCTaéTcsl OTKPBITHIM. B LesisIX yCTaHOBJIGHHS NCHETHYECKOM CBSI3M MUHEPaJbHBIX (a3 Ha MOBEpX-
HOCTH aJIMA30B M BMEIIAIOIINX OTIOKCHNH B HACTOSIIEH paboTe Mpe/ICTaBICHbI PE3yIbTaThl HX KOM-
TIJICKCHOI'O U3YYCHUS.

MeToabI HCCJIEIOBAHUSA

OcoberHocTr MOP(HOJIOTHH KPHUCTAIIOB aiMas3a M3y4YeHBI Ha CTEPEOCKOMMYECKOM MHKPOCKOTIE
Olympus SZX-12 (Olympus Corp., Tokyo, Japan). MukpoMop¢osorust KpUCTaIoOB aliMa3a U MHHE-
panbHble 00pa30BaHMs HAa WX MOBEPXHOCTH, B TPEIIMHAX HMCCIIEIOBAHBI C MOMOIIBIO 3JEKTPOHHOTO
ckanupyomiero Mmukpockorna JEOL JSM-6480LV (Jeol Ltd., Tokuo, Snonus).

XUMHAYECKHH cOCTaB MHMHEpaIbHBIX (Da3 ONpenesieH ¢ NMPUMEHEHHEM NPUCTABKH K CKaHHPY-
IOIIEMY 3JIEKTPOHHOMY MHKPOCKOITy 3SHEPreTHYecKOro IMCIEPCHOHHOro crekrpomerpa Energy
350 Oxford, npu nanpsbkenun 20 kB, Tok 1 nA, auamerp myudka 1 mxm. KP cnexrpsl perucrpu-
pOBaJNCh Ha MUCTIEPCHOHHOM MHKpockone komOnHarmoHHoTo paccesans (KP) SENTERRA ¢wup-
™Mbl Bruker, ocHamennom siazepom ¢ auHO# BoiHbl 532 HM (MITHI CO PAH, 1. SlkyTtck), a Takke
Ha cnekrpomerpe LabRam HR800 «Horiba Jobin Yvon» ¢ 1024-xanansasiM LN/CCD-petexropom
(MUI'M CO PAH, . HoBocubupck).

Pentrenorpaduueckoe uccienoBanue nposegeHo B cxeme [lebas-Illeppepa Ha nudpaxromerpe
Bruker D8 Venture (Mmuxpodokycnas Tpyoka Incoatec IuS 3,0, CuKa-n3nydenne, MOHOXpOMaTH3aLns
1 (hOKyCHpOBKa C IOMOIIBIO0 MHOTOCIIOMHBIX 3epKajl MOHTEIIsI, TPEXKPYKHBIA TOHHOMETP, TIPOrPaMM-
Hoe obecnieuenne APEX3 [12]) (MHX CO PAH, r. HoBocubupck). erekrop PHOTON III (pa3pere-
Hie 768x1024, pasmep tmkcens 135%135 Mxm?) ObLT YCTAHOBIECH Ha PACCTOSIHUH 96,5 MM IO YTIIOM
20, = 35°, kanmuOpoBKa STOTO MOJIOKEHHS TIPOBEIEHa 10 dTanonHoMy obpasiy CeO, — SRM674b [13].
[Ipu mepexone ot gebaerpaMMBbl K CTaHAAPTHOMY BUAY AudpakTorpaMMsl //(26) ncnoiap3oBaHa Ipo-
rpamma DIOPTAS [14].

Pe3yabrarsl

OOpasupl MPeACTAaBISIIOT CO00M 3HAUYUTENBHO PACTBOPEHHBIC arperarbl OeCropsa0YHO OpHEH-
THUPOBAHHBIX OKTA’IPOB JKEITOBATO-CEPOr0 M CEpOro IBera, oTHocuMbIe K VII pazHOBHAHOCTH 11O
MuHepasiornueckor knaccudukanuu F0.JI. Opnosa [15]. Pasmepsl arperatoB He MPEBBIMIAIOT 5 MM.
B yriryGneHunsix moBepxXHOCTH UMEIOTCS MUHEpaIbHbIE (ha3bl YEPHOTO M TEMHO-CEpOro 1BeTa (puc. 1).

CornmacuHo maHHbIM [4, 7], kpuctamisl anvasa VII pa3sHOBHAHOCTH KapHUHCKHX OTIOKEHHH
Bynkypckoil aHTHKIMHAIW SIBISIOTCS KJIACCUYECKUMHM IPEACTABUTENSIMH  «H30TOITHO JIETKUX)
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anMasoB. Criennpuueckuii «ierkuin» nuanazon 3HadeHus 6C (o1 —17,2%o 10 —24,7%o) CIyKUAT Bax-
HBIM THaTHOCTUYECKIM IPU3HAKOM, OTIMYAIOIIAM UX OT KPUCTAJUIOB U3 MMAaJCO30MCKUX KUMOCPIUTOB
(C TSDKENBIM U30TOMHBIM COCTaBOM OKOJIO —2,1...—5,74%o).

B anmazax VII pasHOBHIHOCTH NMpUMECh a30Ta HAOIMIOAAeTCs IIaBHBIM 00pa3oM B arperupoBaH-
HbIX popmax A, B1, B2 nedexros, uto xapakrepHo aiis aiMasoB Tuna 1aA/B mo puzndeckoii knaccu-
dukauu [16]. O01ee conepkanue a3oTa (CyMMapHO pacCYMTaHHBIC KOHIICHTpAIMH B opme nedek-
ToB A 1 B1) cocraBnser e mernee 1000 ppm [4, 7, 11, 17].

Puc. 1. CpocTku OKTa’ApHyYecKuX KpucTamios anMasa VII pazHoBuaHocCTH (a-B)

Fig. 1. Octahedral diamond crystals intergrowths of VII variety (a-B)

C MOMOIIIBI0 CKAaHUPYIOMIETO AJIEKTPOHHOTO MUKPOCKOIIA YCTAHOBICHBI CHIINKATHBIE MUHEPAITEI B
BUJIC TUIACTHHYATO-YCIIYHUAThIX MACC, BBIMOJIHSIONIUX TPCIIUHBI U yIIyOJieHHs B peiabede, oopasy-
IOIMINX KOPOUKY, @ TAK)KE BPACTAIONINX B MHTEPCTUIIMN KPUCTAJUIOB B arperarax aiaMasa. L[Ber cnnm-
KaToB OEJIBII C JKEJITOBATO-PIKABBIM OTTEHKOM, JIHOO TEMHO-3€JICHbIE MOYTH YePHbIC PA3HOBUIHOCTH.
TeMHbIE CHIIMKATBI IO XMMHUYECKOMY COCTaBY COOTBETCTBYIOT maMo3uTy (Tadi. 1). B monaukpucran-
me 8001 BpocTOK mamo3uTa BBICTyMaeT U3 anmasa (puc. 2, a). CTpykTypa BpOCTKa CKPBITOKPHCTAN-
JIMYECKasi, MPsIMOYyroiibHON Gopmbl (1x0,5%0,5 MM), OBEPXHOCTh TIAAKAsl, C MEIKHMU KaBECPHAMH.
[[TamM03uT, 3aMOTHSIONIN TPEIIMHBI B arperarax ajMasa, IPeICTaBICH B BUJC YSITyHIaThIX BEIICICHHI
1 noBTopsieT (JopMy M M3JIOMBI TpelrH (puc. 2, 0), MecTaMy HapacTasi KOPOUKOM 3a UX MpeJieliaMu.

Tabnuna 1
IIpeacraBuTebHbIE AHAJIN3bI XHMHYECKOI0 COCTABA MHHEPAJIOB HA MOBEPXHOCTH KPHCTAJIIIOB aJMa3a
U3 POCCHINTHBIX MeCTOPOoxKIeHHiT ceBepa CHONPCKOl MIaT(HOPMBI

Table 1
Representative analyses of the chemical composition of minerals on the surface of diamond crystals
from placer deposits in the northern part of the Siberian Platform

Mumnepain Ne anmasa SiO, ALO, FeO,, MgO CaO K,0 Total
8001 29,64 20,50 36,01 4,55 0,39 0,53 91,62
8001 29,18 22,12 33,22 4,66 - - 89,18
[ITamo3ut 8002 28,51 24,49 38,44 3,57 - 0,55 95,56
8011 28,81 26,95 37,08 5,00 - - 97,84
8011 36,53 24,03 30,80 4,45 - - 95,81
8002 53,27 33,47 2,09 1,17 1,05 6,57 97,62
8002 52,54 31,03 3,53 0,95 - 9,42 97,47
ibuize 8002 50,13 30,64 4,80 - - 8,12 93,68
8011 46,76 28,87 6,14 1,23 - 8,41 91,42
8011 51,61 29,38 2,67 1,07 - 6,89 91,62
Honrporr 8002 36,18 25,39 24,42 3,30 0,62 3,48 93,40
8002 38,49 26,09 23,38 2,38 0,63 3,51 94,49
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Electron Image 1

Electron Image 1 100um

— som
Puc. 2. Bpocrok (a), rcToBaTo-4enryifuarsie
BbIZEJIeHHs (0) IIaMO3UTa B TPEIIMHE U KOPOUKa U3
MEJIKOYEIIyi4aToro HOHTPOHNTA U WILTNTA (B)

Ha [OBEPXHOCTHU arperaToB ajmasa
Fig. 2. Chamosite ingrowth (a) and foliate-flaky (b)

mass in a crack and nontronite and illite fine-flaky
crust (c) on the surface of diamond aggregates

Electron Image 1

30um

CwnkaTHble MHHEpAJbl CBETJIOTO I[BETA, Ha IOBEPXHOCTH OCTAJIBHBIX aJIMa3HBIX arperaros,
MPECTABICHBI MEJIKOUCIYHYaThIMU, CITyTAHHBIMUH MacCaMH WJUTUTa U HOHTpoHuTa (Tadm. 1), dop-
MUPYIOIMINMH TOHKHE KOPOYKH, TOMIHHON MeHee 20 um (puc. 2). Tax e, Kak ¥ 1aMO3UT, MHHEPAJIbI
IIPUYPOUCHBI K OTPUIATEIbHBIM (popMaM penbeda 1 BBIIONHAIOT TPEIUHBL [I0BEpXHOCTh KOPOUKH
HEpOBHasl, MECTaAMHU CIJIa)KEHHasl, BUAHO YelllyiiuaTtoe CTPOCHHUE.

[ocme m3ydenust 00pa3noB Hepa3pyIIAIOIIUMH MeTogamu, Kpructait 8001 OBUT packoIOT C HENbIo
JIalIbHEHILEro AeTaIbHOTO MCCIIeJOBAaHNSI MUHEPAIbHBIX 00pa30BaHUIl METOAaMK peHTIeHorpaduye-
ckoro aHanm3a u KP criekrpockomuu (puc. 3).

Puc. 3. PackosioTbIil MONMKPUCTAIUIMYECKUH arperat
anmasa 8001

Fig. 3. Crushed polycrystal diamond aggregate 8001
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Mertonom PamaHOBCKOH CHIEKTPOCKOTIMU N3y4YeHa TOBEPXHOCTh TEMHBIX MUHEPAJIBbHBIX (ha3 B Tpe-
IIMHAX ¥ YDIyOIeHusX kpuctauioB anmasa VII pasnosumHOocTH. [lonydeHHBIC JaHHBIC TOKA3BIBAIOT
CJIOKHBIH IOIMMHUHEPAIIbHBIN cocTaB. JJoMuHUpYOLIYyIO (ha3y COCTABIAIOT MUHEPAJIbI IPYIIIBI CIIOH-
CTBIX CHJIMKATOB (IIaMO3HUT? HOHTPOHMT?). B HE3HAUNTEIHHOM KOJIMUECTBE MPUCYTCTBYIOT IPUMECH
tocdaros. Ha puc. 4 mokazan KP ciextp, XxapakTepHBIH A7 anaTUTa C JONOTHUTEIEHBIMH MTOJI0CAMHU
HEYyMopsA0YeHHOro rpaduTa u ruapara ¢ yactoroi BaneHTHbIX O-H konebanuit npu 3277 em .
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Puc. 4. KP criekTp, momy4eHHBII OT HOBEPXHOCTH YEPHON MUHEPAIEHOU (a3bl

Fig. 4. Raman spectrum of the black mineral phase

Xapakrepuctrueckue monockl KP-criekrpa (199, 276, 387, 545, 664, 3565, 3624 cm!) BpocTKa,
JIMarHOCTUPOBAHHOTO 110 XUMUYECKOMY COCTaBY KaK IIaMO3HT, TO3BOJISIFOT OTHECTH OCHOBHYIO (hazy k
mamo3uty (puc. 5). [IpucyTcTBHE TOMOIHUTENBHBIX TTOJIOC CBHECTEIBLCTBYET O MONMH(a3HOM COCTaBe
obpasma: mpumecu cunkara (1026 cm ') u Heymopsimouenroro rpadura (1601 em!). Tlonocamu Hey-
MOPSIIOYEHHOTO rpaduTa MOXKHO MPEHEOpeyb, TaK KaK ajIMa3bl ObIIIH TIOKPHITHI YIIIEPOIHON TICHKOH.

Jnst mpoBeieHust pEeHTIeHO()a30BOro HCCIESA0BaHMS M3 BPOCTKA IaMO3HUTa OBbUT IIPHTOTOBIICH 00-
pasel| ¢ JIMHEHHBIMU pa3Mepamu He Oonee 80 MxM. [Audpaxrorpamma oOpaslia COOTBETCTBYET MUHE-
paity U3 TpynIsl xjoputa (mamMo3nt?) (puc. 6). JloCTOBEpHO ONpeNeNuTh MUHEPAN 3aTPYIHUTEIBHO,
T.K. OTCYTCTBYET MaJoyrioBas obmacts 4-10° 20 (d 17-8 A).
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Fig. 5. Chamosite ingrowth Raman spectrum
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Puc. 6. [{nudpaxrorpamma n3ydeHHoro oopasia. Ha BcTaBke rmokasas nepexoj OT HCXOIHOH PEHTIeHOrPaMMBbI
K cTanmapTHoMy Buay 1/(2q) ¢ momomibio nporpammsl Dioptas

Fig. 6. Diffractogram of the studied sample. The insert shows the transition from the original X-ray diffraction
pattern to the standard form I/(20) using the Dioptas program
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O0cy:kaeHne pe3y1bTaTOB U BbIBOJbI

Ha ocHoBe uccnenoBaHust METOIaMH AIEKTPOHHOM MUKPOCKOIIUYM Ha MOBEPXHOCTH HCCIIEOBaH-
HBIX MMOJIMKPUCTAJUINYECKUX arperaroB ajamasa U3 KapHUHCKUX OTIOXKEHUM BynKypckoll aHTUKIIMHA-
JIM yCTAHOBJICHBI CJIEYIOLIME MUHEpaJIbHbBIE (Da3bl: XJIOPUT (IPEIOIOKUTEIBHO IAMO3UT), HIUTUT U
HOHTpOHUT. [Ipy nanpHelIeM u3ydeHnn BpocTka B anmasze 8001 MeTomaMu peHTreHOrpapuIeckoro
aHayM3a 1 PaMaHOBCKOHN CIIEKTPOCKOIIMH TOMYYCHBI TTOITBEPKIAIOIINE PE3yabTaThl: OCHOBHBIE TMO-
nocel KP criektpa BpocTka OTHOCSTCS K IAMO3UTY, TU(PPAKTOrPaMMbI COOTBETCTBYIOT MHUHEPAITY H3
cemeiicTBa xJ0puToB. IloBepXHOCTHBIE (ha3bl ceMeiicTBa XJIOPUTOB M TMIAPOCIIOZ MPUBSI3aHbI K OT-
punarenbHBIM opMam penbeda, MPOHUKAIOT B TPEIIMHBI 1 00pa3yloT TOHKYIO KOPOYKY. DTH MHUHE-
paibl XapakTepHBI JUI anMa3oB ydactka bynkyp. Tak, BbiieseHHs maMo3UTa ObIIM OOHAPYKEHBI B
YIIyOJICHUSIX C KBapleM U MUPUTOM, B TPEIUHAX U B BHJE TOHKOH KOPOYKH Ha IMOBEPXHOCTH KyOO-
nna anmasa Il paznoBunnoctu [18]. Taxke Ha kpuctamax anmasa I, III, V u VII paznoBunnocteit
U3 KapHUICKUX OTIIOKEHUH OBbUIM OOHApY>KEHBI aHAJIOTHMYHBIC CHIIMKATBHI, a TAKOKe TPaHaT U JKaJeuT
(c xBapueM) U JONOJIHUTEIbHBIE MUHEpAIbHbIE (ha3bl KaK CYIb(UIbI, TAIOTeHUABI, OKCHIbI, KUCIIO-
pomHbIe conu 1 camopoaHbie coeqmaenus [3]. K cpaBHeHnto, Ha KpucTauie anmMasa V pasHOBHIHOCTH
U3 POCCHITHOTO MECTOPOXKICHHST XOJIIOMOJIOOX MACHTH(UIIMPOBAHBI TOJIBKO MOJIEBBIE HINATHI, CAMO-
POZHBIC COSITUHEHMS W OKCHJBI — PYTHJI, MIBMEHHT, THTAHOMAarHeTuT u uupkoH [19]. Ha anmazax
pocchinu D0eNsIx CUITMKATHBIC TUICHKH 00J1aJIal0T MEHEe KEeIe3UCThIM COCTAaBOM, YeM Ha KpUCTaIIax
yuactka bynkyp [20]. Cornacuo [10, 21] Munepaiibl cemeiicTBa XJIOPUTOB U THIIPOCIION IIUPOKO pac-
MPOCTPAaHEHBI B KAPHUHUCKAX OTIOKEHUIX bymkypckoit anTuknmHany. Pasnuaneie TyQsl, TyhdUTHI,
MmeTtaTydbl, Ty)ornecuyaHuKH U T.1., COCTOSIT N3 M3MEHEHHOTO BYJIKaHOKJIACTUYECKOTO MaTepHaa, Byll-
KaHMYECKOTO CTEKJIA, JTaILICH (TOXKE CII0KEHHBIE CMECHIO CENTEIaMO3UTOB U CETITEXJIOPUTOB), CIIe-
MEHTHPOBAHHBIX KPUNTOKPUCTAINIMUYECKUM arperaroM M3 CMECH CENTEeXJIOPUTOB, CENTEINIaMO3UTOB
U pa3sNUYHbBIX TUAPOCIION, YTO M OTPAXKAETCs Ha MOBEPXHOCTH KPUCTAIIOB anmasza. DopmupoBaHue
BTOPUYHBIX CHJIMKATOB CBSI3aHO C I'MIPOTEPMaIbHBIMHU MPOLIECCAMU B MOPCKOHM Boje. MmmuT Takxke
oOpasyeTcst B 30HaX THJIPOTEPMaIbHBIX U3MEHEHUH, MOKET OBITh IPOJYKTOM HU3KOTEMIIEPATYPHBIX
THIPOTEPMAIIBbHBIX MPOLECCOB MPH THApATanuy ciatof. Hanndne qaHHOTO KOMIUIEKCa MUHEPAJIOB Ha
ajMa3ax CBUJETENIBCTBYET O TOM, YTO KPUCTAJUIBI HAXOAMINCH B 30HE aKTUBHOTO HU3KOTEMIIEpaTyp-
HOTO (UIIOMTHOTO PEXXHUMa, B X0ZIe KOTOPOTO IPONCXO/IUIIA THPATAIHs IIEPBUYHBIX MUHEPAJIOB C BO3-
MOYKHBIM TI€PEXO/IOM JKEJIE3UCTBIX XJIOPUTOB B INIMHUCTBIE (a3bl [0 MepPe OCThIBAHUS CUCTEMBI [3].

Kpome cunukarasix munepanos MerogoM KP cnexrpockonuu Ha noBepxHocty anmasa VII pasno-
BHUIHOCTH HACHTU(HUIIPOBaH anmaTut (puc. 4). MUKpOBKIIIOUSHHS allaTHTa OMMCAHBI B BOJIOKHUCTBIX
KyOomniax anmasza (Tp. Ymaunas, pocceinu bpaswnum) u anmasax B obonouke. Hannume amarura B
STHUX aJIMa3ax CBS3BIBAIOT C MX KPUCTAJUIN3AICH N3 KapOOHATHTOBBIX paciiiaBoB [22, 23]. B Hamem
CiIydae, OCHOBBIBAACH TOJNBKO Ha JaHHBIX KP criekTpockonuu, Hemb3s YTBEPKAATh O MPOUCXOKICHUN
kpucrajuta. Hanbosee BeposiTHO, 4TO 00pa30BaHKE alaTuTa B MEK3€PHOBOM ITPOCTPAHCTBE arperara
anMasza MpOM30II0 B CTAJANHU TUIEPreHe3a MEePBUYHBIX MOPOA 0 THAPOTEPMANIbHBIX U3MEHEHUH B
YCIIOBHSIX MOPCKOTO MEJIKOBOJbS [24].

HccnenoBanHast acconyanisi MHHEPAIBHBIX (Da3 Ha TTOBEPXHOCTH TMOJHKPHCTAIIOB ajMas3a Co-
OTBETCTBYET paHee u3yueHHbIM anmaszam I, III, V u VII pasHOBUIHOCTH U3 KapHUICKUX OTIOKEHUI
ceBepo-BocToka Crnbupckoit maardopmsl [3, 18]. O peacTaBIsAIOT KOMIUIEKC MUHEPAIbHBIX Tapa-
TeHETHUYECKUX aCCOIMALNH, OTPAYKAIOMINX ITANbl HU3KOTEMIIEPaTypPHOTO THAPOTEPMAaIbHOTO AUare-
He3a BYJIKaHOT'€HHO-0CaJ0YHBIX IIOPOJ B YCIOBUSAX MOPCKOIO pexkUMa. XOpoulas COXPAaHHOCTb CUIIH-
KaTHOH KOPOYKH HA TIOBEPXHOCTH AJIMa30B, HAINYNE B OTVIOKEHHAX MEJIKUX ¥ KPYIHBIX KPHCTAIJIOB,
WHJIUKaTOPHBIX MUHEPAJIOB KUMOEPIUTOB, KEIH(UTOBBIX KaiiM Ha TIOBEPXHOCTH MTUPOIIOB yKa3bIBaeT
Ha MHHUMAJIBHBIN IepeHoc matepuaina [10].
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AHAJIN3 OBOTAINEHUA ITIMH IOI'O-3AITA/THOT'O YYHACTKA
JYKOIIKUHCKOI'O MECTOPOXKXKAEHUSA KEPAMUYECKUX IVTIMH
JUIENKOMN OBJIACTH METOJIOM JIE3WHTEI PALTAN

C.A. Cnosozopoockuii*, M.A. bozycnaeckuii
Mocxkosckuit I'ocynapcTennsiit ynusepcuteT nMenu M.B. JlomonocoBa
. Mocksa, Poccuiickas ®eneparus
*slovogorodskiysa@my.msu.ru

AunHoTanus. JIYKOIIKHHCKOE MECTOpOXKAEHHe Kepamuueckux mimH (JIumeikas 007acTh) COCTOMT H3
TpeX M30JIMPOBAaHHBIX y4acTKoB. OCHOBHOHM aKIEHT B JaHHOM HCCIIeOBaHUU OBLT cienaH Ha IOro-3amagnom
ydacTke, OHAKO eJMHHYHBIC MPoObI ObuH B3sATH M Ha IOro-BocToyHOM yuacTke. ITIMHBI MOJNIC3HOH TOJIIH
Ha JAaHHOM MECTOPOXKACHHH MPEABIIYIIMMH HCCIIEI0BATENIIMA OTHECEHBI K allTCKOMY SPyCy HHIXKHETOo OT/esa
MEJIOBOIl CHCTEMBI, a MEePEeKPhIBAIONINE CYNIMHKU K HeoruielicToueny [1]. VccnenoBanue mpoBOAMIOCH KOM-
IUIEKCHOE: M3YYaJICsi MUHEPAIbHBIH ¥ XMMHYECKUIl COCTAB MPOAYKTUBHOW TOJNIIHM IJIMH, & TAKKE CYyIJIMHKOB,
SIBJISIOIIMXCS] BCKPBIIIHBIME 1TopoaMu. OTIeIbHO paccMaTpuBajics BOIPOC BO3MOXKHOCTH 00OTaIleHUs BceX
pasHOCTEl ¢ MOMOIIBIO Ae3uHTerparopa. KauecTBo ChIpbs BO MHOTOM 3aBHUCHT OT COAEP)KAHHS KAOIHUHUTA
(mpsiMOe BIIMSIHHE HA OTHEYIIOPHOCTh M Ha KOPHIOP CHEKAaeMOCTH Uil (hacaJHOro KHpIUya), a TaKiKe OT KO-
JMYeCTBa BPEJHBIX IpUMeceil: Kpacsiine (JKene3o, THTaH), a TaKKe BIMAIONIMX Ha TeMIepaTypy IUIaBICHUS
(pocdop). Tomma 1 u 2 comepxar 3HAUTUMOE KoTHIecTBO KaoauHuTa (710 20 %) 1 kBapma (10 60 %). [ns Ton-
o 1 ¥ Tonmy 2 MEeTo Je3UHTETpaluu Mmokas3an ces SPGEKTHBHBIM: COAePKAHNE KAOIWHUTA YBEITHUMIOCH
10 70 %, a KOTMYECTBO XKele3a B Mpobax ymanoch CHU3UTH Ooiee deM B ABa pa3a. CyIIHHKH BCKPBIIIHBIX
TIOPOJT coziepKaTr OoJee CIONKHBIA COCTaB: COACp)KAaHWE KAONMHHUTA HE MpeBbImaeT 12 % W MOYTH Takoe ke
KOJIMYIECTBO XJIOPHUTA, CIION U CMEKTUTA. MeTo 00orammeHus MprUBe K pe3KoMy yBeIHUeHHIo 10 46 % komu-
4ecTBa CMEKTHTA, YTO TPEOYeT MOIMOTHUTENBHBIX HCCIIEJOBAHHUN [0 BO3MOKHOMY HCIIOIb30BAHHIO ATUX HOPOI.
Ceifuac Bce 9TH CYIIMHKH CKJIQJUPYIOT B OTBAJI.

KitoueBble cjioBa: JIe3MHTErpanys, KepaMHYeCKHe MINHBI, JIYKOIIKMHCKOE MECTOPOXICHHE, PEHTTCH-
(bII00peCIIeHTHBII aHaU3, PEHTIeH- U (PAKIIMOHHBIN aHAIIN3, MUHEPAJIBHbINH COCTAB [NIHH, KAOJIWHUT, O0Oralie-
HHE IVIHH, BPEJHbIC IPUMECH, KOMIUICKCHOE MCTIONB30BaAHHME.

Jas uutupoBanus. Cnosoroponckuii C.A., borycnasckuit M.A. Aranmus oboramenus ruH FOro-3amagHoro
yuacTka JIyKOIIKMHCKOTO MECTOPOXKACHHUS KePaMHUYECKUX MIMH JIMMEnKoi 00nacTi METOIOM Je3UHTErPaLHH.
Becmuux CBDY. 2026;(2): 17-32. DOI: 10.25587/2587-8751-2026-1-17-32

Original article

DETERMININING MINERALOGICAL AND CHEMICAL DIFFERENCES
IN FLANKS OF THE LUKOSHKINSKOE CERAMIC CLAY DEPOSIT
OF LIPETSK REGION BY DISINTEGRATION

Semyon A. Slovogorodskiy*, Mikhail A. Boguslavskiy
Moscow State University
Moscow, Russia
*slovogorodskiysa@my.msu.ru

Abstract. The Lukoshkinskoye ceramic clay deposit (Lipetsk region) consists of three isolated areas. The
main focus of this study was the South-West area, but individual samples were also taken in the South-East area.
Previous researchers have attributed the clays of the productive layer at this deposit to the Aptian stage of the
lower part of the Cretaceous system, and the overlying loams to the Neopleistocene [1]. A comprehensive study
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was conducted: the mineral and chemical composition of the productive clay layer, as well as overburden loams
rocks, were studied. The possibility of enriching all varieties using a disintegrator was separately considered. The
quality of the raw materials largely depends on the kaolinite content (directly influencing the refractoriness and
the sintering corridor for facade bricks), as well as the amount of harmful impurities: coloring (iron, titanium),
and those affecting the melting point (phosphorus). Layers 1 and 2 contain significant amounts of kaolinite (up
to 20 %) and quartz (up to 60 %). For Layers 1 and 2, the disintegration method proved effective: the kaolinite
content increased to 70 %, and the iron content in the samples was reduced by more than half. The loams of the
overburden that are stored in a waste heap have a more complex composition: the kaolinite content does not
exceed 12 % and almost the same amount of chlorite, micas, and smectite. The enrichment method led to a sharp
increase in the smectite content to 46 %, necessitating further research into the potential uses of the rocks that are
currently stored in stockpiles.

Keywords: disintegration, ceramic clays, Lukoshkinskoye deposit, X-ray fluorescence analysis, X-ray
diffraction analysis, mineral composition of clays, kaolinite, clay enrichment, harmful impurities, complex use

For citation: Slovogorodskiy S.A., Boguslavskiy M.A. Determining mineralogical and chemical differences
in flanks of the Lukoshkinskoye ceramic clay deposit of the Lipetsk region by disintegration. Vestnik of North-
Eastern Federal University. Earth Sciences. 2026;(2): 17-32. DOI: 10.25587/2587-8751-2026-1-17-32

Brenenne

JIyKOIIKHHCKOE MECTOPOKAEHHE TYTOIIABKUX IIMH PACIIONIOXKEHO B 3a70HCKOM 1 Enerikom paii-
onax Jlunenkoit odnactu Ha paccrossHUK 0.5-3 KM K FOTY OT JKeJIe3HOIOPOKHOTO pazbe3na «215 xmy,
KOTOPBIH HAXOIUTCS Ha KEJIe3HOHMOPOKHON BeTke BopoHexk-Opern, B 20 KM K BOCTOKY OT T. Embita
n 60 kM K 3amagy ot I. Jlumerka. browkaiiimme HaceneHHbIe MyHKTHI: cena JIykomknHo, ApKaToBo,
HoBocenbe. JIyKOIMIKHHCKOE MECTOPOXKICHNE COCTOUT M3 TPEX KPYIHBIX, INIACTOO0Pa3HO-IMH30BHI-
HBIX 3aJeXel TYroIulaBKUX IJIMH, K KOTOPBIM OTHOCSTCS 3 IIEHHBIX y4acTka: LleHTpanbusrii, FOro-
Bocrounslii u FOro-3anaausiii (puc. 1).

Oro-BocTo4HbIi y9acTOK pacmoiaraeTcs B BOCTOYHOM YacTH MECTOPOXKICHUS U 3aHUMAET O0JTb-
IYI0 BoopasaeibHyto miomas (0,6 kB. kM) Mexay Oankamu [opikos Jlor u Terusiii Jlor. OH BbITS-
HYT B CEBEpPO-3aIIaJJHOM HaIpaBJICHUH BJIOJIb BOJIOpasena. Bo Bpems moneBoro Bele3/ia OblI OCEIIeH
BOCTOYHBIN OOPT peKyIbTHBHpoBaHHOTO FOro-3anmagHoro y4acTka Kapsepa.

IOro-3anagusit yuactok pacnonaraercsa B 1,5-3 kM k tory ot FOro-Boctounoro. B nnane on
BBITSIHYT B 3aI1aIHOM HAIlpaBJICHUH, OXBATHIBAS BOAOPA3ICIbHYIO mromans (1,2 kM?) Mex Iy Gamkoi
Tennerit JIor u ee npaBsiM oTBoAOM. C 10ra yuacTOK OTpaHMYEH 3alllUTHON 30HOH razonpoBoja (Iu-
puHoit 350 M) u oxgHO# w3 nuHMIA JIDTI-110 kB, pacnonoxeHnHo# psimom. Ha 3amagHoM U BOCTOYHOM
MPOAOIKEHUH, KOTOPOE MTPOXOIUT BAOJIb OCEBOM YacTH BOAOPA3/esa, MONe3Has TONIIA yJyacTKa He
UMeeT 3aMKHYTHIX (OpM M OTpaHnYeHa KpalHUMH Pa3BeJOYHBIMU BeIpaboTkamu. J{iist cropoH npy-
T'MX HalpaBlIeHUH IPaHUIA ydacTKa CBA3aHA C KOHTYPHBIMH (hOPMaMH 3aJI€KH, KOTOPbIE BBI3BAHBI
0OIIMM CHM)KEHUEM YPOBHSI YETBEPTHYHOMN SPO3UH Ha CKIOHAX Bopopaszena. C BOCTOYHOTO Kpas
I0T0-BOCTOYHON YacTH Kapbepa ObUIN B3ATHI POOBI M MIPOBEICHBI HCCIECIOBAHUS 110 N3YIECHHUIO XU-
MHUKO-MHUHEPAJOTHYECKUX XapaKTEPUCTUK CIOEB MECTOPOXKICHUS, a TAKIKE COCTABIICH MOIPOOHBIH
paspes kpasi.

[Tonesnas Tonma IOro-3amaxHoro yyactka uMeeT 6oJiee IPOCThIC YCIOBUS 3ajIeraHus, 10 CpaB-
Henuio ¢ Oro-Bocrounsiv. dopma ee MoJomIBbI Ha 3HAYUTEIBHON YacTH TUIOIAAH OJIM3Ka K 110Y-
TH TOPU30HTAIBHON MMOBEPXHOCTH, CPETHEE TOIOKEHNE KOTOPOH COCTABIISIET BBICOTHI B TIPEEIax
179-181 m.

CornacHo uccnenoanusaM A.B. KpaitHoBa JIyKomKHHCKOTO MECTOPOXKACHUSI, YCTAHOBJIEHO, YTO
BCE MPOIYKTUBHBIC MJIACTHI XapaKTEPU3YIOTCSA COACpKaHUEM TIIMHO3EMA, COOTBETCTBYIOIIUM Kiac-
cy nonykucnbix nopox (28-14 %), a Takke IOBBIIIEHHBIM yYPOBHEM KpacsIIMX OKCHIOB JKeJe3a
(Fe,0,> 3 %) n turana (TiO, = 1,5-3 %) [1, 2, 3, 4, 5].
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Puc. 1. Kapra pacnionoxenns JlykomkuHckoro Mmectopoxaenus, Jlunenkas oonacts, Poccus

Fig. 1. Map of the location of the Lukoshkinskoye deposit, Lipetsk region, Russia

KauecTBoO riimH

[lo maHHBIM MHOTOJETHEH SKCIUTyaTanuu JIyKOIIKUHCKOTO MECTOPOXKIICHISI, MHOTOYHCICHHBIM
TEXHOJIOTHYECKUM HCIBITAHUSM, TPOBECHHBIM MPHU OLICHKE Ka4eCTBa TYrOIUIABKUX IVIMH B COCTABE
FHHHOHOCHOﬁ TOJIIIM aIlTa, BbIACIACTCA ‘leTpre KCpaMI/I‘IeCKHC I'pyl'[l'H)I B 3aBUCHUMOCTH OT onpe,ue—
JICHHOTO COOTHOIICHHSI BEIIECTBEHHOTO cocTaBa (Tadi. 1).
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Tabnuna 1
XHMHYECKHi COCTaB U NMOKAa3aTeJIb OTHEYNOPHOCTH IIMH JIYKOIIKHHCKOr0 MecToposxkaeHust [1]

Table 1
Chemical composition and fire resistance index of clays of the Lukoshkinskoye deposit [1]
Kepamuueckue rpyrmisl SiO,, % ALO,, % Fe,0,, % OrneynopHocTs, C
I 61,66-70,04 17,43-25,25 2,25-7,07 1525-1570
11 66,06-74,50 14,67-19,84 2,25-7,07 1485-1610
111 61,12-81,88 17,40-22,19 1,18-7,25 1520-1600
v 61,10-71,80 14,70-22,87 5,04-7,25 1385-1550

I'pynma I — BeicokoaucnepcHble, CpeHeIIacTHYHbIE TIIMHBI C HU3KUM COJIEp)KaHHEM KpacsIinx
OKCHJIOB. DTH IIIMHBI NMEIOT IIPEUMYIIECTBEHHO CBETIIO-CEPHI MM CEpBIf IIBET, HHOTJA C KPACHO-
BaThbIMU WJIM BHIITHEBBIMH OTTEHKaMH HU3-3a C1a0oro okenae3HeHus. OHH MOJYKUCIBIE M COJepIKaT
MaJlo Kpacsmux okcnaoB. OmmyaroTes oueHb MeIKor pakumeii: 6onee 60 % gacTHIl UMEIOT pa3mep
menee 0,005 mm, a ot 45,6 % 10 66,1 % — menee 0,001 mm. @pakmwust ot 0,06 10 0,01 MM cocTaBisieT
22-30 %. IlnacTUYHOCTB ATUX INIMH HaX0oAUTcA B AuamnasoHe 15,0-22,7. OHu yMEpeHHO 4yBCTBUTEINb-
HEI K cymke (ko3ddurment 0,91-1,07) u cnekarorcs npu Temmeparype 1200-1280 °C, obpasys cet-
JI0-OpaH’KEeBBIN UePEIoK.

I'pyrma II — ['uHBI ¢ TepeMEeHHOH MITACTUYHOCTBIO M TPUMECHIO TIECKA, JTAIOIINE TEMHO-OPaHKe-
BbIW MJIM KOPUYHEBBIN Yeperiok. B aTy rpymmy BXOJST cepble, KpacHOBaTO-0yphle 1 BUIITHEBBIC ITIMHbI,
KOTOpBIE MOTYT 3HAYUTENILHO PA3IMYaThCS 110 IIacTHIHOCTH. OHU coziepKaT HeOOIBIIOe KOTMYECTBO
necka. bonee 50 % uactun umeror pasmep meHee 0,005 MM, a dpakmus 0,06-0,01 MM cocraBnser B
cpenanem 23 % (muanason 11,55-27,63 %). Conepsxanne kpemuesema (SiO,) konebiercs ot 66,06 %o
10 74,50 % (B cpennem 70,71 %). [1o cpaBHEHHIO ¢ IEPBOI TPYITION, COAEPKAHNE OKCH/IA AITIOMUHUS
(ALO,) 3nech nuxe, a okcuza xenesa (Fe,O,) Hemnoro sbie. IIpu 00kure 5TH IIMHBI IAIOT TEMHO-
OpaHXEBBbIH MIIM KOPUYHEBBIN YEPEIOK, KOTOPBIH YIUIOTHSAETCS HECKOJIBKO XyXe, YeM YEpEeIoK TIINH
[epBOM TPYIIIBI.

I'pymnma III - I'pyOoancniepcHble, yMEpEeHHO IUIACTUYHBIC TIIMHBI C IPUMECHIO TTeCKa 1 aJIeBpUTa, He
CIIEKAIOIIHECS TP O0KUTE. DTH IIIMHBI UMEIOT CEPHIi, CBETIO-CEPBIN, OYpPHIi, )KEIITOBATO-OYPBIH HITH
KpacHBIH IIBET U coiepskat 10 5-7 % MeNIKO3epHUCTOTro necka U aneBpuTa. OHU yMEPEHHO INTaCTUYHBI
U, KaK MMpaBmwiIo, rpydoancrepcHsl. [T1aBHOE OTIIMYME OT MEPBBIX ABYX I'PYMIT — 3HAYUTEIBHO MEHB-
Iee KOJUYeCTBO TOHKoauciepcHou (pakiuu (30-40 %) u Oombinee comepkanue ¢pakiuu 0,006-
0,01 MM (32-40 %). [Ipu 0Oxwure 3TN IIIMHBI HE CIIEKAIOTCS, @ MX YePerioK MproOpeTaeT spKue IBeTa.
[Ipounocts Ha cxatue Bapbpupyercs ot 231 1o 616 xr/em? [6, 7, 8, 9, 10].

I'pynma IV — munbl, 6am3kue K | rpyrine, HO CKIIOHHBIE K BCIIYYHMBAHHUIO U3-3a BBICOKOTO COJEP-
JKaHUS KeJe3a. DTa TpyMia BKIOYAeT KPacHOBaTo-Oypble, KPAacHbIE, MATHUCTHIC M TUIOTHBIE TIIMHBI
C MEJIKUMH BKJIIOYEHUSIMHU IJIMHUCTOro necka. OHu MPEUMYIICCTBEHHO IMOJTYKHCIIBIC, PEKE KUCIIBIC,
1 XapaKTepU3YIOTCS BHICOKUM COJIEPKAHMEM KpacsIIMX OKCHI0B. HecMOTps Ha TO, 4TO MX KoJIn4e-
CTBO HEBEJIMKO, 10 OOJIBIIMHCTBY IaPaMETPOB OHU CXOKHU C INTMHAMH N1€PBOM IPYIIIBI, 33 UCKIIIOUCHHU-
€M HOBBILIEHHOTO cofiep kaHus okcua xxenesa (111). MimeHnHo 5To BbIcOKo€ cofiepikaHue MHIPOKCH/IOB
JKeJie3a MPUBOANT K BCITyYMBAHUIO MaTepuala npyu o0xure.

Docdop sBsIeTCS] BPEAHON MPUMECHIO JUTS KaXKI0T0 IPOU3BOJICTBA, TJI€ HCIONB3YIOTCS TIOI0OHbIE
Tunbl ruHbel. Docdop aelicTByeT kak cuiabHBIN IaBeHb. Coenunaenus ¢ocdopa npu obdxkure 3Ha-
YUTCJIbHO CHMXKAIOT TEMIICPATYPY IJIABJICHUA, BbI3bIBas MPECKACBPEMEHHOC CIICKAHUC, z[e(bopMauI/Ho
W3/IeNNH, YMEHBIIEHHE OTHEYIIOPHOCTH M 00pa30BaHMe XPYIKOH CTekIo(asbl, 4TO yXy/AIIaeT MeXa-
HHUYECKHE CBOicTBa mpoayKiuu. @ochop oOpasyeT JerkomIaBKue 3BTEKTHKH (HAPUMED, C KEIE30M
1 aJIOMUHKEM), M3-3a YETro [JIMHA TUIABUTCS ITpY OoJiee HU3KNX TeMIIepaTypax, YTo HeJJOMYCTHMO JUIs
OTHEYNOPHBIX MaTepuanoB. I3-3a paHHeTo 00pa30BaHU KUAKON (a3bl MIPH OOKUTE U3ACITHS TEPSIOT
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(dhopMy, ycaXHBaKOTCsI HEPABHOMEPHO, UTO MPUBOIUT K Opaky. Pocdop crmocoOcTByeT 00pa30BaHIIO
XPYIKUX KPUCTAIUTMYECKUX (a3, CHIKAsl BSI3KOCTh U MPOYHOCTH Kepamuku. [Ipucyrcrue dpochopa
YXY/ILIAeT CIeKaeMOCTh U CTPYKTYPY, JIeJIasi 4eperokK 0oJiee XPyIKUM M 4yBCTBUTEILHBIM K TEPMHUYE-
CKHUM yJapaM. B HameMm nccienoBaHui 3TOT BOIIPOC PACCMATPHBACTCS OTICIBHO.

A.B. KpaiiHOB BbIIeNIsl1 yKa3aHHbIE BbIlIe IPpyMibl inH Ha FOro-BocTouHoM ydacTke MeCTOpOK-
nenust. [1o BusyaapHOMY BOCIIpHATHIO B 3a00¢ FOro-3amaaHoro yuactka Obuia NpepUHsITa NOMbITKA
BBIJICIATH 3TH TPYNIIHI (pHC. 2)

Puc. 2. Coprosoe nenenne ruH FOro-3amagHoro y4gacTka mo ananorun ¢ FOro-Boctounsivm yaacTkom

Fig. 2. Varietal division of clays in the South-West section by analogy with the South-East section

I'munbl JIyKOIIKMHCKOTO MECTOPOKAEHHS TOCTABIIAIOTCS TOTPEOUTEISIM B JIBYX KaTerOpUsIX, OIpe-
JIeNIIeMBIX UX KepaMHUYECKUMH CBOMCTBaMU, a TaKXkKe XMMUYECKHUM U IPaHyJIOMETPUYECKHM COCTa-
BoM. [lepBast kareropusi mpenHa3HAUCHA AJISI U3TOTOBIEHUS OONMIIOBOYHON KEpaMHUIECKON TUTHTKH,
a BTOpasi — MPEUMYILECTBEHHO JUIsl IPOU3BOJCTBA JIMIIEBOTO KUPIHUa.

ITomuMo 3TOTO, OTHEYNOPHBIE MIMHBI JIyKOIIKHHCKOTO MECTOPOXKACHUS HAXOIAT MIMPOKOE MpPH-
MEHEHHE B CTPOUTENbCTBE. V3 HUX MPOU3BOAAT APEHAKHYIO TUIMTKY JUIS MOJOB, KUCIOTOYTIOPHBIN
KHpPIUY, KEPAMHUYECKHE CTCHOBBIC OJOKHM, KaHAJIM3ALWOHHBIE W JIPEHAXKHBIC TPYOBI, pa3iIMYHbIC
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KHCJIOTOYIIOPHBIE KEpaMHUYECKHE N3AeHsl. TakxKe 9TH INIMHBI MOTYT CIY>KUTb CHIPHEM JUIS IOy YCHHS
MHUHEPAJIbHBIX KPACOK U TEPPA3UTOB — IIBETHBIX IITYKATYPHBIX CMECEH.

Jli1st mpon3BoACTBA JIUIIEBOTO Kupruda Mapok M-100 u M-125 cBeTIbIX, pO30BBIX U OPAHKEBBIX
OTTCHKOB Yallle BCETo UCIOIb3ytoTest nHbI 111 kepamudeckoit rpynmbl. MIX NpUMEHSIOT Kak B YHCTOM
BHJIE, TaK U B kauecTBe 100aBKH (0T 20 10 50 %) K JeTKOIITaBKIM, YyBCTBUTEIFHBIM K CYIIIKE TIIMHAM,
B COCTaBE ILUXThI HAPSLY C JIETKOIUIAaBKMMHU CYIJIMHKAMH, TECKOM U IIIAMOTOM.

I'munst 11 kepammgeckoii Tpymmsl, copeprkamue He meree 17 % A1203, TTOJIXOJIAT JIJISI H3TOTOBJICHHUS
0OJIMIIOBOYHBIX U (hacaJHBIX IUNIUTOK. B aTOM citydae TpeOyercst jo0aBlieHNe IUTaBHEH M OTOIUTEIICH.

J1J1st TpOM3BO/ICTBA HAMOIBHON IIIUTKH KOPUYHEBOT'O M CBETJIO-KOPUYHEBOTO 1IBETA HCIOIB3YIOTCS
bl | kepamuaeckoii rpynmel ¢ conepxanuem Al,O, e menee 19 %. UtoObl pacmpuTh HHTEpBAI
CIIEKaHMs, B COCTaB LIMXTHl HEOOXOIMMO BBOANTD IUIABHH, TAKUE KaK ITErMaTHT, ITOJIEBIC IIAThl HIIH
He(ennHOBbINH ceHUT. ONTUMaIbHBIN cOCTaB MUXTHI BKItodaeT 70 % oraeynopHsIx muH, 20 % He-
(enmnoBoro cuennta u 10 % crexnobost. J{ist 3Toi Macchl ONTUMaIbHOE KOJINYECTBO AJICKTPOIUTOB
cocrasmset 0,08 % comsr u 0,35 % xuakoro crexia mpu BraxaocTa 50 % [9,10].

W3 run [V kepamuyeckoid TpyIIbl MOXKHO IOJTy4aTh MHHEPAIbHbIE KPACKH KPACUBBIX OCKEBBIX,
PO3OBBIX M XKENTHIX TOHOB. [Ipy MOBBIIIEHHOM COZIEPKAHUM MECKAa U3 HUX TaKKEe MPOM3BOIAT Tep-
Pa3uTBhI )KEJITOTO, KPACHOTO M CEPOTO L[BETOB, OTTEHOK KOTOPBIX 3aBUCUT OT MHHEPAJILHOTO COCTABA.

MarepuaJjbl M MeTOAbI

PentrenmudpaknnoHHpId aHaNMW3 MPoO OBUT TPOBENEH Ha PEHTTCHOBCKOM AH(PAKTOMETpE
«MiniFlex 600» (kxadenpa HedrerazoBoii ceAMMEHTONIOTMH 1 MOPCKOI1 T'€0JI0THH, reosiornyeckuil da-
kynsTeT MI'Y nmenn M.B. JlomoHocOBa).

VccnenoBanust BBITIOIHEHBI C UCTIOJIB30BAaHHEM AHAIUTHYECKOTI0 KOMILJIEKCa Ha 0a3e peHTreHo)-
JyopecIieHTHOTO AHeproauciepcuonHoro crekrpomerpa IKPOC XRF-9700 (Dxpocxum, Poccus),
npuobperenHoro mo IIporpamme passutust MI'Y (kadenpa TreoXuMHN TEOJOTHYECKHI (paKyasTeT
MI'Y umenu M.B. JlomoHocoBa).

AHanu3 BaJOBBIX MPOO METOAOM Je3UHTETpaIin mpoBoamics Ha mpudope DI 1JI-10 (Texromoru-
yeckuii otaen ®I'BY BUMC, . Mocksa).

HccnenoBanue 000raTUMOCTH IOJIE€3HOM TOJIIIH

OoorameHne IMH HapaBJICHO HA YIy4IIEeHNE KaueCTBEHHbIX ITOKa3aTelel ChIPhEBBIX PECYPCOB,
yAaJeHUue BPEAHBIX MPUMECeH U JIOCTH)KEeHHE HEOOXOAMMOro ypoBHs 4ucToThl. Ha pucynkax 3 u 4
0TOOpaYKeHBI OCHOBHBIC CTIOCOOBI M METOBI 00OTAIICHNUS TITHH.

MeTOABI oﬁorameﬂnﬂ IIHH

‘ BHOJIOrHYeCKHE MeTOIBI ‘ ‘ PH3HKO-XHMHTECKHE MEeTOIbI

MexaaH9ecKan cenapanas

HIpoIHHAMTIeCKOe
oTaenenHe

Tepmmueckan Menounan Kucaorman

HcnoTssosantie SHICOKHX TeMTCpaTyp
13 AeTHAPATAIR, KATEIRHHPOBARTS i
CTeprTHsaIAH, TOSHITAIOMa’ POTHOCTS
T CTERTEROCTS TOTOBOrO MPOAYKTA

13 oTRCTCHMA ”
Pactsopenme npmece KucTING

pacTsopay (cepHofi KCTOTEL, ConAHOR
KHCTOTS), Yymas THCTOTy T

AFHEpATOR OT FeCTAHEIX H IHIeBaTEX (paKIF.
PearcaTsi CO3AMOT MICHKY Ha HYAHBD
KOMTIORCHTAX, 3ACTABAR X BCILTSIBATS

Heffrpammsamnz 1 oceremse
PACTEOp, YCTPACHE OPraHHICCKIX

MEKpOOpraRHSME ACTOT3YIOTCA 12
OMFCTICH TIER O OPraFHKR H TAKCTSIX METATIOR,
CTOCOBCTEYR YAYTIEHIIO CARNTAPREIX KATECTE
A sKOTOTHCCKOF GesoTacHoCTH

et ip:
IEPOBOTHTCE COPTHPOBKA TACTH [0 Macce ¥
pasiepy.OFMITAA CHIPBE OT TPYOLIX NPMNCCEH.

CoeAmHERMI H CHIARHHS
3aTpASHEHHA Wedesa

Puc. 3. Meroas! o0oramesus g
Fig. 3. Methods of clay enrichment
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DHILTPOBAHHE H
HeHTpHYTHPOEAHHE

Ofe3geENBaHNE H
CymKa

IIpoceneanne n

KIaccuuKanns Peryampoeka pH

TNoazepxanne ONTHMATEHOTO
3HATEHHA KHCIOTHOCTH/METOTHOCTH CPEaE
I MaKCcHMAaneEHOH 3dderTHEHOCTH
DHZHKO-XHMHIECKHX PeaKmHii

Mexanrdeckoe pasfencHHe acTHI [0
pazMepy H hopMe ¢ HCIOIB30EaHHEM
EHOPOTPOXOTOE H CENapaTtopoE

OcymeHne rOTOBRIX Macc
Iepeq OTIPABKOH Ha
IPOHIECACTED HIH
XpaHeHHe

Voanenwe wanHmAed BIarn
H MeXaHH9IeCKOH IpA3H,
OYHCTKA BOJHOH Cpemsl

Puc.4. Crioco0sl oboraieHus riiuH

Fig.4. Methods of clay enrichment

Lenp oborarieHus: — CHU3UTH COICPKAHUE 3aTPSA3HAIONINX IIPUMECEH, TaKUX KaK JKelle30, Mapra-
Hell, ATIOMUHIN, TUTaH ¥ MPOYHE dJIEMEHTHI, yXY/AIIAOINe Ka9eCTBO ChIPhs. VTN OTACTUTD TITHHH-
CThl€ MUHEpAJIbI IJIs1 YBEJTUUEHHUS TEMIIEPATYPhI CIIEKAEMOCTH.

Merton, npuMeHSIEMbIH B JAHHOHW paboTe /171 MOATOTOBKH IIUXTHI K 000TaIeHHIO (METO Ie3HHTE-
Tpaiyy), OTIINYaeTCs CBOEH MPOCTOTON M AIKOHOMUYHOCTHIO. OJTHON U3 KITIOUEBBIX 3a/1a4 UCCIIEI0BaA-
HUS OBUTO OIIEHUTH eT0 3(H(HEKTUBHOCTH U JAaTh 3aKITFOUYECHIE O BOZMOKHOM HCIIONTb30BAHNH Ha JAHHOM
MECTOPOXKICHUN.

Onexrporuapasnuueckast ycraHoBka OIJJI-10, npeanasHaueHHast UIsl pa3pylIEHUs] T€0I0rHye-
CKHX M TEXHOJIOTHYECKUX 00pa31oB BecoM 10 10 KMIorpaMMOB, COCTOHUT U3 CIEAYIONIINX KOMITIOHECH-
TOB: aKTUBATOPa, Pa3MEIIEHHOI0 Ha paMe ¢ IPHEMHON €MKOCTbI0; BO3AYIIIHOTO KOMIIPECCOPA; IMyJIbTa
YIpaBJICHHUS; ICTOYHNKA TTUTAHU, BKITIOUAIOIIETO B €0 HU3KOBOJIBTHYIO U BRICOKOBOJIETHYIO YaCTH;
BO3YIITHOTO Pa3psAHUKA, BBITIOTHSIONIETO POJb KOMMYTAaTopa BHICOKOBOJBTHBIX MMITYILCOB. B co-
CTaB THAPOCHCTEMBI YCTAHOBKH BXOIIST BaHHA, 0aK, THAPONUKIOHHBIN y3eT 09ucTKH Boabl YI'O35-4
1 IIMPKYIAIHOHHBIE HACOCHI.

OIJIJI-10 — 3TO ycTaHOBKA 3aKPHITOTO TUIIA C UKIHYCCKUAM PEKUMOM PabOTHI, TJC TEXHUYCCKAs
BOJIa IIUPKYJIHPYET 110 3aMKHYTOMY KOHTYpY. B HIDKHIOIO 9acTh aKTHBATOpa mmojaeTcs padodast Kua-
KOCTh. OUHCTKA ATOM KUIKOCTH OCYIIECTBISIETCSI C TOMOIIBIO THAPOIUKIOHHON YCTaHOBKHU. 3arpy3Ka
TIPOOBI BBHITTOTHSIETCS OMIEPATOPOM Yepe3 OTKUIHYIO KPBIIKY CBEpXy. OTMBITHIIT MHUHEPATHHBIN MaTe-
puyalt BBIFPYKAETCs Yepe3 MHEBMAaTUUECKUM MepeKMMHON KilaraH, paclojloKEeHHbII B HUKHEW YyacTu
aKTUBATOPa, B CMEHHBII HAKOIIUTEb.

W3menpueHHAs pakius U ITMHACTAS CYCICH3MS TIOKUIAIOT aKTHBATOP Yepes maTpy0oK, pacmiono-
JKEHHBIH B €ro BepxHel yacTu. Pa3mep BHIMBIBAEMBIX YACTHI] 3aBUCUT OT MPOU3BOAUTENLHOCTH LIUP-
KYJSIIMOHHOTO Hacoca U quaMeTpa marpyOka (HacTpoika pesKUMOB OCYIIECTBISCTCS HHIUBUIYaTbHO
B COOTBETCTBHUH C MOTPEOHOCTSIMU MOJIB30BaTENs). (pHC. 5).
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McxoaHan npofa

NesuHrerpauma
BaBanBar(traeﬁ:jgaéc;upOBaHue HacTULbl =2 MM| HACTUUBI < ZMM|
OTTupKa
Mecok (2-0,044 mm) ImuHa (0,044-0 mm)
]
KOHLIEHTPALMOHHBIA cTon
TAKENAA PpaKunAa nerkan @pakyMa

Puc. 5. Cxema 06padoTKy Ipoo IMyTeM Je3HHTEr pain

Fig. 5. Scheme of sample processing by disintegration

IoneBbie padoThI

I[To paboram npeamectBeHHuKoB [11, 12, 13, 14], cocTaB mIvH 1aHHOTO MECTOPOXKIACHUS SBISCTCS
BBIJICP)KaHHBIM I10 IUIOLIAIH C IIPeodialaHieM KaOJIMHHUTA C MIPUMECHIO CMEIIaHOCIOHHOTO MILIHT-
CMEKTUTOTO MHHepaa (coaep>kaHue KaonuHuTa B cpenHeM 54-60 %, ummura 32-36 %). OnHako uc-
cieioBanus npoBowikck Ha LlenTpansHoMm n FOro-BoctounoMm ywactkax v mpoObI MPOTYKTHBHOM
TOJIIN OTOUPATNCH N3 OOPTOB ACHCTBYIOIINX Ha TOT MOMEHT KaphepoB.

B xone moneBbIx paboT ObLTH O0TOOpaHBI TPOOKI ¢ pa3padaTeiBacmMoro FOro-3anmanHoro kapbepa
(puc. 6), a TakKe U3 JOCTYIHON CTeHKH oTpadoranHoro FOro-Bocrounoro yuacrtka.

Puc.6. Mecra ordopa npo6 (Kapwsep FOro-3ananHblii, BOCTOUHAsI CTEHKA)

Fig.6. Sampling sites (Southwest quarry, eastern wall)
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Pe3yabrarsl

Pesynbrarsl 00padoTku msitu po0 (tommum 1-3 KOro-3anagHoro yyacrtka, a Takke 60pTa peKylib-
TUBHUPOBaHHOTO Kapbepa KOro-BocTouHOTO yUacTKa) Ae3MHTETPaTOPOM MPUBEICHEI B TAOIHIIE 2.

Tabmuma 2
Pe3yabTaTsl 00padoTKH MPOO 1e3UHTErPATOPOM
Table 2
Results of sample treatment with a disintegrator
M 0
Macca o6pasnoB acca 0bpasuos KonuenTtpaunonsslii cron
Macca 110CJe OTTUPKH, T
rocre JIe3uHTe-
Ne | O6pazer; | ucxomHoro KJ1ace Macca
oGpasia, T rpaiuu ppaxius 2-0.044 KJ1acc Macca mMacea | oo
P ’ +2 MM, T M’M <0,044 mm | koHuenTpara, r | II/IT, ¢ - ?
1 JIk-5 8114 381,7 3303 4878 49,5 240,8 | 2945,7
2 | JIK-H-3 8962 40 2943 5367 28,4 101 2813,6
3 | JIK-H-6 9234 53,5 3291,4 6008,7 26,5 206,2 | 2992,6
4 | JIK-H-8 7585 74 2295 53343 22,9 155,7 | 2072,1
5 | JIK-H-10 4194 9,6 12247 2982 9,6 545,2 657,2

JlJiss TIMHUCTOM (Ppakiluy, BBIACICHHOW B pe3yibTare Mpoliecca AC3MHTErpaiuu, ObUl CHCTIaH
PEHTTCHO(ITYOPECIICHTHBIN W PEHTTCHIU(PPAKIIHNOHHBIA aHAIHU3HI U TPOU3BEICHO CPAaBHCHHE C aHAJIH-
3aMU «IEPBUYHBIX» OPOJ (Tabmuia 3-4) ¢ IebI0 ¢aenaTh BBIBOI 00 3P PEKTUBHOCTH METOA AC3HH-
TErpaIfi ¥ BO3MOXXHOM €T0 IMPUMCHCHUH B MIPOMBIIIICHHBIX MaCIITa0ax.

Tabmuma 3
Pe3yibTaThl peHTIeHO(1yOPeCHeHTHOI0 AHAJIN32 HCXOAHBIX 00pa3uoB (1cx.) 1 00pa3uos (13)
U3 1e3uHTerparopa JIlyKoImKHHCKOro MeCcTOP0KIeHHS

Table 3
Results of X-ray fluorescence analysis of the initial samples and samples from the disintegrator

of the Lukoshkinskoye deposit

é’ < 'é ° e e J ° o X
E . I : g S| S XX IO I N = PSS BN I %
= s \d ~ " ~ "
z| 8 2e |LEE|Z(E|SEI8|%2|S 8|S
g S 2 Elz|=|=2|& |9 |&]|= =l
I'muna ceemno-
1 | JIK-5 cepas, uncTas, Ucex. | 5,64 [0,19]0,45(26,75|63,08(0,22(090| 0 |[1,08]|1,22(0,05| 99,6
necyaHasi,
HE )KUPHAs
2 | JIK-5 I3 | 9,22 (0,18 0,53 |26,05|57,00 0,32 | 3,76 | 0,01 | 1,28 | 1,50 [ 0,09 | 99,9
Ha OIIyIb
JIK-
3 3 necyanucras rmvHa | Hex. | 7,15 | 0,27 | 0,41 |23,25|57,45|0,25(7,81| 0 [2,02]1,10(0,14| 99,9
- cepoBaTo-0exeBaTo-
BOTO I[BETA,
4 | JIK- pacchimaarast A3 [12,78]0,08 | 0,51 [ 31,06 [47,64 0,52 | 3,46 | 0,01 | 1,04 | 1,02 | 0,02 | 99,8
n-3
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5 ﬁKé Dmina oxenesnen- | Mex. | 4,09 | 0,27 0,43 [22,14]69,49 0,14 [0,77| 0 | 1,41 [0,87 | 0,05 | 99,6
Has ceponaTo-Ge)Ke-
BOI'o IB€Ta
JIK- C POCIIOAMU
6 | e | opamessxmms. | M3 | 632031050 2480163231028 127 | 0 |201|1,10]0,07] 99,9
Kuphnas Ha onrynb
JIK-
7| g | Tmemaceposao | Hex. | 2921020022 |16,9917696 | 0,08 (120 0 |076|0.60| 0,05 1000
PO30BO-XKEITAS,
JIK- IecyuaHasi, JXupHas
8| hs e Js | 8,04 (020|041 25,77(59,16 0,22 3,23 | 0,01 | 1,55 | 0,97 | 0,07 | 99,6
9 HI;H' Cyrmiok cepo- | yiex. | 9,79 | 0,58 | 1,46 | 14,14 | 64,26 | 1,73 | 4,66 | 0,09 | 2,14 | 0,82 | 0,09 | 99,8
KOPHYHEBBIH CO
JIK-H- CTSKEHHAMHU Oernoi
10 |77 ) | xpymeoit ne wmpnoit | Jls | 11,05 | 0,58 | 1,74 115,82 57,224,391 6,09 | 0,04| 1,89 0.85 | 0,05 | 99,7
TIIMHBI

Tabmnuma 4
Pe3yabTarhl peHTreH-Tu()PAKIHOHHOI0 AHAIN32 HCXOIHBIX H OTMY4EHHBIX 00pa3LoB
JIyKOIIKHHCKOTO MeCTOP 03KIeHM S

Table 4
Results of X-ray diffraction analysis of the initial and ground samples of the Lukoshkinskoye deposit

- = T
2 =
= z = 1) I}
s T 2| | € g g = =
= & || SE| 5| 2| 8| = & S E| E| « =
sSlog | S E 23 B2 8 F B g f B E
2| © 2|35 2| 2|c|s| & = 5 E |3 5| 28| =
& ES|°| &l ¢ g Z | 2|8
2 £ 3 2 =
g =
JIK-5 | HUcex. | 7 0 0 0 | 36 | 53 | caenst 1 0 0 0 3 | 100
1
JIK-5 I3 |15 0 9 | 10 | 46 | 16 | caens! | ciensl | He omp. | O 0 4 | 100
JIK-H-3 | Ucx. | 12 4 0 5 |17 | 46 9 1 0 0 0 6 | 100
2
JIK-H-3 | O3 | 4 0 5 7 | 71 | 11 | caens! | ciensl | He omp. | O 0 2 | 100
JIK-H-6 | Ucx. | 14 1 0 0 | 19| 61 2 1 0 0 0 2 | 100
3
JK-H-6 | 13 |13 4 0 | 11 | 36 | 26 | cuensr 1 He omp. | 0 9 0 | 100
JIK-H-8 | Ucx. | 6 0 0 0 22169 0 1 0 0 0 2 | 100
4
JIK-H-8 | 3 | 14 2 0 6 | 41 | 28 1 3 meomp. | 0 0 5 | 100
JIK-H-10 | Hex. | 11 0 1219 | 16 | 40 2 4 4 1 0 1 | 100
5
JK-H-10| O3 | 8 0 42 | 1 3128 1 3 He omp. | 9 0 5 | 100

Ha ocHOBaHUM peHTreHO(IyOPECIIEHTHOTO aHAIN3a BBISBIICHO, YTO BO BCEX UCCIIEIyEeMBIX 00pa3-
[[axX Mocye MPOBEICHUS IS3NHTETPALINHN HAOIIOACTCsl CHIDKCHIE COIepKaHU KpeMHe3EMa.
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Oobpaser JIK-5

MuHepanbHbIi cocTaB ucxoqHoro oodpasua JIK-5 xapakrepen juis ¢uiaHra MECTOPOXICHUS H
BKJIIOYAaeT B ce0s KBapll, KAOJUHHUT, CIIOAY M MAJIylO JIOJIIO TeTHTA. AHAJIN3 MHUHEPAJILHOIO COCTa-
Ba oOpasna JIK-5 mo u mocne pAe3mHTerpanuy AeMOHCTPHPYET Pe3koe YMEHbBIICHHE KOHIICHTPAIUN
KBapla, a TAKKE BBIIBICHUE HOBBIX MHHEPAIOB — XJIOPUTA U CMEKTHUTA, KOTOPBIE B MCXOIHOM IO-
pOJie HaXOMMJIMCh HUXKE mopora oOHapykeHus. ComepikaHHe KAOJIMHUTA YBEIHYWIOCH ¢ 36 % 10
46 %. I1o pe3ynbraraM peHTIeHO(IYOPECIEHTHOTO aHaIN3a HaOJII0IaeTCsl He3HAYNTEIBHOE YBeJInYe-
HUE COJCPIKAHNsI OKCHIOB KaJIbIIMsl, KaJIUs ¥ Marausl. Taioke HaOI0AaeTCs 3HAUUTEIbHOE yBEIIMICHUE
COZIepKaHMUS OKCHJIA JKeJIe3a, B TO BPEMsI KaK COJIep)KaHHe I'eTHTa OCTAeTCsl OTHOCUTEIBHO CTaOMIIb-
HBIM, 9TO CBHJETEJIBCTBYET O TOM, UYTO OKCHJ K€JIe3a HE BXOIUT B COCTAB «OOOIOYKM» KBAPIEBBIX
3EpeH, a MOABIACTCS BCIEICTBUE NMPUCYTCTBUS B 00pa3lie MUHEPAJIOB, TAKUX KaK CIIOAA, XJIOPHUT U
JpyrHe, CoiepIKalIKe JKelle30 B CBOEM cocTaBe. DTO M03BOJIsIeT 00HAPYKUBATH €r0 C OMOIIBIO PEHT-
reHO(ITyOpECIIEHTHOTO aHAIN3a. YIBOCHUE COJCPKaHMs CIIIOJBI MPOU30NUIO HA (POHE YMEPEHHOTO
CHIDKeHUs oy kBapua (¢ 63 % 10 57 %) 1 KapAMHAJIbHOE YMEHBIICHNE KOJIMYECTBA KBAPLEBBIX 3€-
peH (¢ 53 % no 16 %). Konebanue conepxanus okcuna pocdopa vesnauurensHo (0,05 % u 0,09 %).

Obpaszer JIK-H-3

MunepanbHbIii cocTaB uexogHoro oopasma JIK-H-3 (tomma 1) Xapakrepnsyercsi BRICOKHM COAEp-
JKAHUEM TeTHTa M, CJIeIOBATEIbHO, OKCHJIOB JKeJe3a, a TAKKe MPUCYTCTBUEM OKCHJIOB MapraHia u
Kaynsi, 00yCJIOBJIEHHBIX ITOBBIIICHHBIM COJCP)KAaHHEM CIIIOZBI M CIIONUCTHIX MUHEpasioB. [locie ne-
3MHTErPallii OTMEUACTCsl CHIDKEHHUE COJCPIKaHMs XKejle3a U KBapla, YTO YKa3blBaeT Ha UX B3aUMOC-
Bs3b. Takke cTOMT OOpaTHTh BHMMaHWE Ha 3HAUYUTEIBHBIH POCT coiepkaHus kaoiuHuta (¢ 17 %
1o 71 %). I'panynomerpudaeckuit ananns ¢pakmun 0,044+ MM, MOTydIeHHON MOCKE JE3HHTETPAINN,
MIOKA3bIBACT, YTO 3€PHA KBApIla MOKPHITHI KOPKAMU IreTUTa 1 JIMMOHKTA. [locie ne3unTerparopa mpu-
CYTCTBYET TOJIBKO CMEKTHUT, IIPY ITOM HE 00OHAPYKUBAIOTCSI CMEIIAHHOCIONHbBIE CMEKTUT-XJIOPUTHI 1
wnT. Takke 3a)MKCUPOBAHO YMEHBIIICHHUE KOJINYECTBA CITFOJIBI, YTO TIOTBEPIKAACTCS pe3yIbTaTaMu
PEHTIeHO(IIYOPECHEHTHOI0 aHan3a. Takke X0ueTcss OTMETUTh 3HAYNTEIbHOE COKpAILCHNE CO/lepKa-
Hust okenza pocdopa (0,19 % no 0,02 %).

Obpaszer JIK-H-6

MunepanbHbIi cocTaB HcxogHoro oopasma JIK-H-6 (Tonma 2) xapakrepnsyercsi BRICOKHM COAEp-
JKAHUEM KBaplla M CIIOJMCTBIX MUHEPAJIOB U HEOOJNBIINM COJCpPIKaHUEM KaolMHUTA. B pesynbrare
JIC3UHTETPAIIH YIAJIOCh YIAIUTh KPYITHO3EPHUCTHIN (KBapI| ¢ pazmepamu 3epeH kpymnHee 0,044 mm)
KkBapl, (coxepkanue ynamno ¢ 61 % m0 26 %), OHAKO 3HAUUTEIHLHOTO YBEIMUCHHS KAOJIWHHUTA HE
nocienosaino (ysenuuenue ¢ 19 % no 36 %). Bmecro sToro, B pe3ynbrare O4MCTKH 0o0Opasia ObI
oOHapykeH XIopuT U cuneput. Ilo pesymsratam XRF amamm3a HaOmromaeTcst TIOATBEPKACHUE: HE-
3HAYNTENFHOE yBEIHUEHUE OKCHIa amoMuHus (¢ 22,14 1o 24,8 %), 1 He3HAYUTEIHHOES YMCHBIICHNE
okcuaa kpemHust (¢ 69,5 1o 63,2 %). Takxke HE3HAUUTENHHO YBEIMUUIIOCH COJEPKAHUHM OKCHJIA JKe-
ne3a, TuTaHa u kanus. Konebanue copepikanus okcuna Gpochopa vesnaunrenbro (0,05 % u 0,06 %).

Oobpaszer JIK-H-8

MunepanbHbIi cocTaB ucxoqHoro oopasma JIK-H-8 (Tomma 3) xapakrepusyercst BRICOKHM COLEP-
JKaHWEM KBaplla, MajJbIM colepkaHueM citonbl (6 %) u mocratouno mansiM (1,2 %) comepkanmem
reruta. [locne mpouecca ae3uHTerpannu o6pasia MUHEPAIbHbBIA COCTAaB IOCTATOYHO CHIBHO M3Me-
HUJICA: PE3KO TOBBICUIIOCH COJACpPKAHHWE OKCHJIA JKelle3a. YBEIHMUEHHE COACp)KaHMs KanWs, MarHus
W KaJIBIMSI BO MHOTO pa3 CBUJETEIbCTBYET O HAIMYUHM MEJIKO3EPHUCTOW CIIIOIBI, YTO IOJTBEPIK/Ia-
€TCsl POCTOM JIOH CIIIOJIUCTBIX MHUHEPAJIOB B PEHTIeH-AN(PaKIHOHHONW KapTuHe (¢ 6 % 1o 14 %).
[NosiBienne xmopura, MunepanoB KT i rpynimsl miarnokiia3oB cBI3aHO C yMEHBIIEHHEM COJEepIKa-
HUSI KBaplla, 9T0 MOAYEPKUBACT TO, YTO KBapIl B 00pasiie KPYMHO3EPHUCTHIN U IE3NHTErPaTop MOXKET
ero otaenuTh. [loutn B aBa pasa (¢ 22 % mo 41 %) 3aduKcupoBaHO TOBBIICHUE COACPIKAHUS KaOIU-
uuta. Konebanue comeprkanust okcuaa pochopa vesnauntessHo (0,08 % u 0,05 %).
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O6paszern JIK-H-10

B MmHEpaTpHOM cOcTaBe MCXOMHOTO 00pasla, IOMHMO yXKE paHee BCTPEUABIIUXCS MITHEPAIIOB
(X7I0pUTOB, KAOMMHHUTA, KBAPIla, TE€TUTA), BCTPEUEH aHAJIBIIUM M KaJIbIUT. B pe3ynsraTte ne3uHTerpa-
IIUU UCKITFOYCH KBapIl ¢ pa3Mepamu 3epeH kpymHee 0,044 MM, 9TO TIO3BOJNMIO BBISIBUTH IO JTaHHBIM
PEeHTreH- AU (PAKIIOHHOTO aHaJTN3a MPUCYTCTBUE MEIKUX 3€PEH KaJbI[Ta U TOBBICUTH OO CMEK-
tuta. AHanm3bl XRF mokaszanu yBennueHue coep)kaHust OKCH/IOB JKelle3a U KaJIbLMs, B TO BpeMs KaKk
KOHIICHTpAIN KpeMHe3eMa CHU3IIach. B mporecce e3nHTErpaui pe3Ko YMEHBIINIOCH CoIepiKa-
Hue kaonuHuTa (¢ 16 % 10 3 %) u xaoputa (c9 % no 1 %). Ha ocHoBaHMM MUHEPATIOTUYECKUX U XU-
MHYECKHX JaHHBIX MOXKHO 3aKJIFOUHTH, YTO JaHHAS TIIMHA MPEHUMYIIECTBEHHO COCTOUT U3 CMEKTHTO-
BbIX MUHECPAJIOB, 4 COACPKAHUC KAJIbIIUTA U I'€TUTA CYHICCTBECHHO, TOT/Ia KaK KAaOJIMHUT NPAKTUYCCKU
orcytctByeT. Konebanue comeprkanus okcuna Gochopa vesnaunrensro (0,05 % u 0,09 %).

Pey3yabTarsl 1 00cy:KaeHUE

Ha BocTouHOM 60pTY peKynbTHBUPOBaHHOTO Kapbepa Oro-Bocrounoro yuactka JIyKOIKHHCKOTO
MECTOPOXKICHHUS TonIa IuH (00paser JIK-5) comepkuT KpymHO3epHUCTHINA KBapIl, HHOTAA B pyOani-
KaxX réTHTOBOIO COCTaBa, YTO IMOJATBEPIKAACT IPAHYIOMETPUUECKUI aHamu3 Gppakiuii, MOTyuYeHHBIX B
npouecce ae3uHTerpannu (Gppakmuii 2+ MM (5 %) u ppaknuii 2-0,044 mm (41 %)). U3 ucxoxnoro o06-
pasia Maccoi 8,15 Kr HICKOMOTO «IIpOAYKTHBHOTO» BemecTBa (kirace <0,044 mm) mocie oborameHus
nesuHTerpatopom noiayuwin 4,8 kr (60,5 % ucxomHoro Beca). Meton Mor Obl ObITH PEKOMEHIOBAH
K 00OTameHnIo TaHHON TONIIH, TaK KaK Ha BBIXONE IMOCIE AC3MHTETPAIlMH MBI TONy9aeM YHCTHIN
KaOJIMHUT C MaJIbIM COACPIKAHUEM KEJIE€3a U BI)ICOKO3(1)(1)CKTI/IBHI)IM OTACJICHUEM KBapua.

Ha IOro-3amagHom yuactke JIyKOIIKHHCKOTO MECTOPOXKICHUS BEPXHsS TONIIA TIKH (Tonma 1,
obpazen JIK-H-3) comepkKuT KpymHO3EpHUCTBIA KBapIl B pyOalikax >KeIe3UCThIX MHHEPAIOB, YTO
MOATBEPIKIACT TPAHYIOMETPUYCCKUI aHANMU3 (PpaKIuii, MOTYYCHHBIX B IPOIECCE JIC3MHTETPAIUN
(dpaxumit 2+ mm (1,1 %) n dpakuuit 2-0,044 mm (38,3 %)). 13 mcxomHoro obpasma maccoit 8,962
KI' ICKOMOT'O «IPOyKTHBHOTO» BemecTa (kimace <0,044 Mm) rmocie oboraimieHus Ae3MHTErpaTopoM
moy4riTy outH 5,4 kr (59,8 % ncxomgHoro Beca). MeTon Ae3HHTErpAIlH MOKET OBITh pEKOMEHIOBAaH
K 000TaIleHHIO JAHHOW TOJIIH, TaK KaK Ha BBIXOJIE MOCIIE IE3UHTErPALIMH MbI [I0JTy4aeM YHCThIi Kao-
JIMHUT C MAJIBIM COJIepKaHHUEM >Kelle3a U BHICOKOA(D()EKTHBHBIM OTAEICHHEM KBapIia.

Kgapn Bropo#t tommm mmH (o6pasen JIK-H-6) npencraBneH uyucteiMu (O€IBIMH) 3epHAMH 0€3
oropouek. M3 mcxomHoro obpasua maccoit 9,234 Kr MCKOMOTO «IPOJYKTHBHOIO» BellecTBa (Kiacc
<0,044 mm) mocie oborameHns qe3nHTErpaTopoM moryamd mouta 6,01 xr (65,1 % ncxomHoro Beca).
Ocrasmuiicst marepuai (ppakuus 2+ mm (0,6 %) u dpakuus 2-0,044 mm (34,7 %)). Meton ne3uH-
TErparyy MoMoT yoparh KPYITHO3EPHUCTHIA KBAPIl, OAHAKO TOCTATOYHOTO OOOTAIICHUS KAOIHHHTOM
JTAHHO TOJIIIM HE MPOU30IILIO M3-3a BBICOKOTO COACPIKaHUSA METKUX (pasMepHocTh MeHee 0,044 mm)
TUTACTUH CJIIOIUCTBIX MHHEPAJIOB, a TAK)KE HAJIMYHS MEIKO3EPHHUCTOIO JI0 alleBPUTUCTOTO Pa3MepoB
3epeH XJIOPUTA U CHIIEPUTA.

Tomma 3 (o6pa3zerr JIK-H-8) comepUT cpoCTKH KPYIMTHO3EPHUCTOTO KBapIia ¢ IIMHUCTHIM I[CMEH-
TOM, YTO TTONTBEPKAACT TPAHYIOMETPHUICCKAN aHAIN3 (PPaKIIiA, TOTYYCHHBIX B MPOIECCE E3UHTE-
rparun (pakmuii 2+ MM (0,9 %) u bpakuuii 2-0,044 mm (28,9 %)). 13 ucxomHoro odpasia Maccoi
7,856 Kr HCKOMOTO «IPOAYKTHBHOTO» BemiecTna (xirace <0,044 M) mocie oOoraieHus Je3nHTerpa-
TopoM nomyamia 5,34 xr (70,3 % ucxogHOro Beca). MeTon Ae3uHTETrpauy MOKET OBITh PEKOMEH I0-
BaH K 000TraIlieHHIO JaHHOH TOJIIIHN, TaK KaK Ha BBIXOJIE MOCIIE JIE3UHTETPALIMH MBI I10Jy4aeM YHCThIH
KaOJIMHHT C MAJIBIM COMCPKaHNEM JKelie3a U BRICOKOI((hEKTHBHBIM OT/ICIIEHIEM KBapIIa.

HeoreHoBblil CyrITMHOK, KOTOpBIi uieT B oTBai (oOpasew JIK-H-10) conepxuT MeaKo3epHUCTHIH
KBapIl, KOTOPBIH TsHKENIO0 yOpaTh METOIOM JIC3MHTETpanuu. | paHyIoMeTpudecKuil aHamu3 (pakmuii
2+ mm (0,23 %) u 2-0,044 mm (28,6 %) 310 monTBepxkaacT. M3 mcxomHoro oopasna maccoit 4,194 kr
HCKOMOTO «IPOAYKTUBHOIO» BemecTBa (kimace <0,044 MMm) mocie oOoramieHus Ae3MHTErparopoM
nomyuamiu 2,98 kr (71,1 % wmcxomgnoro Beca). boriee Toro, mocie NpUMEHEHUs] METOAA COZlEPIKAHME
KaoJIMHWUTA YIaJio B 4 pa3a, YTO HEraTHBHO MOBJIMSIIO Ha BO3MOXKHOCTh IIPAKTUYECKOTO MTPUMEHEHHS
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JIAHHBIX CYTJIMHKOB B KEPAMUYECKOH MPOMBIIIICHHOCTH. METO/T Ie3UHTETpaliiy oKazaicst He 3 dex-
THUBHBIM B IAaHHOM CITydae.

[ToxBonst uTor, METO Ie3MHTErpaLiy JUIs IPo0 ¢ JIyKOIKHHCKOrO MECTOPOXKICHHUS OKa3alcs 10-
cTaTtodHO P PeKTUBHBIM. K MOI0KHUTEIFHBIM CTOPOHAM MOKHO OTHECTH OYHIIEHHE ITPo0 0T (hpakiuu
2+ MM, XOTsl €€ COAEpKaHUE B JAHHBIX ITIMHAX COCTaBIAET MeHee 5 %. B mporecce oTTHpKH B COOT-
Houenuu 1:3 6butn BoLIeneHs! Gpakunu 2-0,044 mm n menee 0,044 mm. Ha BbIxone mocie npouecca
JIC3MHTETPAIMN TIOJTy4aeTCsl, YTO HyKHasi HaM (paknus THHbI coctasisieT ot 60 % (JIK-5) mo 71 %
(JIK-H-8). /lannblit MmeTox 1o3BoNMI 3D (HEKTUBHO yOpaTh KPYITHOPa3MEPHbIE YaCTHUIIbI, KOTOPHIE CHHU-
MKAIOT Ka9€CTBO KOHEYHON NPOAYKIMHU, OJTHAKO HE ITO3BOJIMII yOpaTh BPEAHYIO IpUMeECh OKcuaa Qoc-
(dopa, KOTOpBII MOXKET OBbITh, KK M BKIIIOYCH B COCTaB IE€TUTA M CIIIOJ, TaK U JaBaTh CBOM COOCTBEH-
HBIC MUHEPAJIbl, KOTOPBIE HE MOTYT OBITh OUHMILCHBI AE3MHTEIPATOPOM U3-3a pa3Mepa CBOUX YacTHII.

MNHrepecHa 3aKOHOMEPHOCTb U3MEHEHUH COAEPKAaHUM OKcuja skene3a. Ha ocHoBaHMM rpaHyso-
METPHUYECKOTO aHali3a HaOroaaeTcs ABe (JOpMbI OKCHJIA XKeye3a: IMMOHUTOBBIE KOPOYKHM Ha KBap-
LICBBIX 3€pHAX U OoJiee METIKHE 3epHA IMMOHUT-TETUTA. 3HAYUTEIBHBIN POCT COZIep KaHMs OKCH/IA JKe-
Jie3a 1oclie JIS3MHTErpaluy PH OTHOBPEMEHHOM CTAOMIIBHOM YPOBHE I'€THTa yKa3bIBAET Ha )KEJIe30
B CTPYKTYPHBIX TIO3UIIMU B INIMHUCTBIX MUHEpaIax.

YMeHbIICHNST COEP)KaHUN KpEMHE3eMa B pe3y/bTaTe AC3MHTErPalyi, IPUBEIO K BBIIBICHHIO
CIJIIONIMCTBIX MUHEPAJIOB (M3-3a NPEBBIICHHS TI0pOra 0OHAPYKEHHUS) U MTOJTY4YNTh MaTeprai sl allb-
Helmelt xraccuuKauy MUHEPATbHBIX arperaTtoB.

B eJIoM, MPUMEHCHUEC AC3UHTETpATOPa AJId ITMTIMHUCTBIX IMTOPOI HyKOIlIKI/IHCKOFO MECTOPOXKIACHUA
CHOCOOCTBOBAIIO 3HAYNTEIHHOMY MOBBIIIEHHUIO COACPKaHMs KaOJIMHOBOM INIMHBI — B 3,5 pa3a, a cama
IJIMHA cTajia 0oiee OunIeHHON. Boruuniienne mpood oT KBapiia MPOUCXOIUT 3HAYNTEIILHO JIyUIIle B 00-
pasiax, Tie KBapll IpeJICTaBIeH KPYITHO3EpPHUCTHIMH arperaTraMu.

3akJiloueHue

AHanu3 peHTreH(II00PECIIEHTHOTO UCCIIEIOBAHMS TT0Ka3ajl, YTO TOCIIEe JIe3UHTErPalli BO BCEX
oOpasiax MpOMCXOANT CHIKEHHE COJep)KaHUs KPEMHE3eMa, YTO CBUJIETENBCTBYET 00 3 deKTHBHO-
CTH MCTOoAA JIsI OYMCTKH IJIMH HyKOHIKI/IHCKOFO MECTOPOXKIACHMA.

XRD mnoaTBepkIaeT yMEHbIIEHHE KOJIMYEeCTBA KBapia (M B pse CIydacB, CEPhE3HOEC YMEHBIIIE-
HHUE COIEpKaHMe Kele3a), YTO TOJIOKUTEIBHO BIMSECT Ha KaueCTBO IIMH. B HEKOTOphIX 0Opa3max
3aMETHO YBEJIMUUBACTCS COJEp)KaHHe CIIOABL. B OTneNnbHbIX citydasx 3 QeKTHBHOCTb MeToa Oblia
HIDKe, HanpuMep, y obpasna JIK-H-6, rae nabironanoch MUHIMaIbHOE H3MEHEHHe cocTaBa. [1o Beeit
BUIAMMOCTH H3-3a TOHKOCTHU 3€PEH BCEX MUHEPATIBbHBIX (ba3.

Mertoz He MO3BOJIMII PEHINTH POOIEMy ¢ HCKIIIOYEHHEM BPEAHOU mpuMmecH okcnaa (ocdopa Bo
BCEX TOJIIAX, KPOME MEepPBOI.

O06paboTka ruH JIyKOIIKHHCKOTO MECTOPOKACHHS METOIOM JIE3MHTETPALMH JI0Ka3aa CBOIO CII0-
CcOOHOCTB YITyUYIIATh KA9€CTBO MCXOAHBIX MOPOJ U3 ABYX MPoAyKTUBHBIX Tomm] (Ne 1 i Ne 2), rre mpe-
00J1a/1a10T KAOJIMHOBBIE IIMHBI ¥ KPYITHO3EPHHUCTBIH KBapIl.

Ha tpetpeii Tomme 3ppeKTHBHOCTE OIIEHUBACTCS KaK CpeIHsist. B cirydae ¢ TpeTbeli Tommei n3-3a
OOWMJIUSL CITFONMCTHIX MUHEPAJIOB, MIJIUTA U MAJIOT0 KOJIMUECTBa KPYITHO3EPHUCTOrO KBapLia.

HeonueiicTorieHOBbIE CYIIMHKH BCKPBIIIHBIX TTOPOA COJAEp)KaT Ooiee CIOXKHBIA COCTaB: COJep-
KAHUE KAOIMHNTA HE MpeBblmaeT 12 % M mouTH Takoe e KOJIWYECTBO XJIOPHUTA, CIIFOI M CMEKTHTA.
Merton oborarieHus pUBell K Pe3KOMy YBEIMUSHHIO 10 46 % KOIM4YecTBa CMEKTHTA, YTO TpedyeT
JIOTIOJIHUTENBHBIX UCCIIEAOBAHUH IO BOZMOKHOMY HCIOJIB30BAHHUIO ATHX OPO]I.
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INPUMEHEHUWE METOJA NIEPEXOJAHBIX ITPOLHECCOB
IIPU IIOUCKAX IOJI3EMHBIX BOJ| B IEHTPAJIbHOM SIKYTHA

E.D. Conosves'”, H.U. Cassunos', A.A. ®edopoe’, M.A. edopos®
'CeBepo-Bocrounsrii henepanbubiii yausepeuteT umM. M.K. AMmocoBa,
r. SIkyTtck, Poccuiickas denepanus
MuctutyT Mep3norosenerns um. [1.1. MensuukoBa CO PAH
r. SIkyTtck, Poccuiickas denepanus
*solov.evg@yandex.ru

AnHoTanus. ObecrieueHne HaCeIeHNs KaY€CTBEHHBIM MUTHEBBIM U XO3IHCTBEHHO-OBITOBBIM BOJOCHA0XKeE-
HHUEM SIBIIETCS BaKHOM TOCYJapCTBEHHOH 3ajadell W ONpenenseT COLMalbHO-3KOHOMUYECKoe Onaromomydne
cTpasbl. B HacTosimiee BpeMmsi, MOTPEOHOCTh B JOMOMHUTEIBHBIX BOAHBIX PECYpCaX HCIIBITHIBAIOT HACENEHHBIE
myHKTHI LlenTpanbroit SIkyTnn. [TosToMy akTyaabHBIM CTAHOBUTCS TTOMCK M HCIONB30BaHNE MOA3EMHBIX NCTOY-
HUKOB U1 6ecniepe0oifHOro cHabKeHHsT HACEIEHHBIX ITYHKTOB BOJIOH.

B Hacrostmieit craTbe pacCMOTPEHBI PE3YIBTaThl TeOPU3NIECKIX HCCIEOBAHMN METOIOM TTEPEXOHbIX MPO-
LIECCOB TIPH TTONCKAX MOA3EMHBIX BOA B LleHTpanbHOl SIKyTHH B yCIOBHUIX KpHOINTO30HEL. OG0CHOBAHO MpUMe-
HEHUE MHIYKTHBHON UMITYITLCHOHM 3IEKTPOPA3BEIKH B YCIOBUSIX KPUOIUTO30HBL. OOBEKTOM N3yUEHHS SBISICST
JIOKaJIbHO-BOJIOHOCHBIA KPUOT€HHO-TAIMKOBBIH U€TBEPTUUHBIN-BEPXHEIOPCKUI TEPPUTEHHBIN BOAOHOCHBII KOM-
wiekc (Q-J3), pacipocTpaHeHHBIH o pyciaMu p. JleHa u e€ Hanbosee KpyImHBIX IPUTOKOB B TpeJiesiaX MoIpyc-
JIOBBIX TAIMKOB. [ eop3ndeckue uccaeoBaHuUs IPOBEACHBI B TIPEIeIax TPYIIbI 03ep Maddus, pacon0KeHHBIX
Ha Tepputopun MeruHo-Kanranacckoro paiiona Pecryomukn Caxa (SIkyTuns).

30HAMPOBAHIE METOIOM TTEPEXOJHBIX MPOIECCOB BBIMOIHEHO B MPOPUIEHOM PEXUME B COOCHOM BapUaHTe
«Q-q». Ilo pe3ynbraram 31€KTPOPa3BEJOUHBIX PAOOT MOCTPOEHBI T€0ATIEKTPUUECKHE Pa3pe3bl. YCTAHOBIEHO, YTO
pa3pe3 u3yuaeMoi IIO0ImaIl HMEeT OTHOTHITHOE Te03IEeKTPHIECcKoe CTpoeHNne. Pa3pessl NMEIOT BEIPayKEHHBIH ro-
PH30HTAILHO-CIIONCTBII XapaKTep U COCTOST U3 YePEAOBAHNS HEKTPUIECKIX aHOMATBHBIX CIIOEB C PA3TNIHBIMU
3HAYEHUAMH KaXyIIelcs MpogoabHON mpoBoanMocTH. [1o pesynbraram 00pabOTKM M MHTEPHPETAINU SIEKTPO-
Ppa3BeOYHBIX PadoT MpoBeneHO OypeHne 3aBepodHoit ckBaxxuHbl HBT-1 mmst momyuyenns Gonee moxpoOHON UH-
(hopmaIK 0 TeONIOTHIECKOM CTPOSHHH HccleyeMoii Tepputopruu. CONoCTaBICHNE TaHHBIX OypEeHUSI 1 SIEKTPO-
Pa3BEAKH TOKa3a]0 BBICOKYIO CXOAMMOCTh. AHaNN3 reo(H3NIeCKUX AAHHBIX MOKa3all, YTO BOAOHACHIIICHHbIE
TOPH30HTHI B ITPe/ieNiaX H3y4aeMoi MIIOMIAAN BBIACNSAIOTCS HOHMKEHHBIMY 3HAUSHUSIMU KaXKyIIEHCs TPOAOTBbHOM
TIPOBOJMMOCTH.

KonroueBsble ciioBa: DnekTpopasBe/iKa, 30HIUPOBAHIE METOOM TEPEXOJHBIX MPOIECCOB, TEOIEKTPUIECCKUE
pa3pesbl, aHOMAIIIH, MOI3EMHBIE BOJIBI, BOJOHOCHBIE TOPU3OHTEI

Jas nurupoBanus: Conosses E.D., Cassunos U.U., ®enopos A.A., Denopo M.A. [Ipumenenne metoaa
TIEPEXOIHBIX MPOIECCOB MPH MOUCKAX MOA3eMHBIX BoX B LlenTpanbHoii Sxytun. Becmuux CBDY. 2026;(2): 33-
43. DOI: 10.25587/2587-8751-2026-1-33-43
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APPLICATION OF THE TRANSIENT ELECTROMAGNETIC FIELD
SOUNDING IN THE PROSPECTING OF GROUNDWATER
IN CENTRAL YAKUTIA

Evgeny E. Solovyov'*, Innokenty I. Savvinov', Aleksey A. Fedorov’, Mikhail A. Fedorov’
'M.K. Ammosov North-Eastern Federal University,
Yakutsk, Russian Federation
2P1. Melnikov Permafrost Institute SB RAS,
Yakutsk, Russian Federation
*solov.evg@yandex.ru

Abstract. Providing the population with high-quality drinking and household water supply is an important
state task and determines the socio-economic well-being of the country. Currently, the need for additional water
resources is being experienced by the settlements of Central Yakutia. Therefore, it is becoming urgent to search
for and use underground sources for uninterrupted supply of water to settlements.

This article discusses the results of geophysical studies using the transient electromagnetic field sounding in the
search for groundwater in Central Yakutia in the cryolithozone. The reasons for the use of inductive pulse electrical
exploration in cryolithozone conditions are given. The object of study was the locally aquiferous cryogenic-talic
Quaternary-Upper Jurassic terrigenous aquifer complex (Q-J3), distributed under the beds of the Lena River and its
largest tributaries within the subsurface talics. The geophysical studies were carried out within the Machchia group
of lakes located on the territory of the Megino-Kangalassky district of the Sakha Republic (Yakutia).

The transient electromagnetic field sounding is performed in profile mode in the coaxial “Q-q” version.
Geoelectric sections were constructed based on the results of electrical exploration. It was established that the
section of the studied area has the same type of geoelectric structure. The sections have a pronounced horizontally
layered character and consist of alternating electrical anomalous layers with different values of apparent
longitudinal conductivity. Based on the results of the processing and interpretation of the electrical exploration
work, the NBT-1 test well was drilled to obtain more detailed information about the geological structure of the
studied area. A comparison of drilling and electrical exploration data showed high convergence. An analysis of the
geophysical data showed that the water-saturated horizons within the studied area are distinguished by reduced
values of apparent longitudinal conductivity.

Keywords: Electrical prospecting, transient electromagnetic field sounding, geoelectric sections, anomalies,
groundwater, aquifers

For citation: Solovyov E.E., Savvinov LI, Fedorov A.A., Fedorov A.M. Application of the method of
transient processes in the prospecting of groundwater in Central Yakutia. Vestnik of North-Eastern Federal
University. Earth Sciences. 2026;(2): 33-43. DOI: 10.25587/2587-8751-2026-1-33-43

BBenenue

OOecneueHre HACEICHUS KAYECTBEHHBIM ITUTHEBLIM M X035 HCTBEHHO-OBITOBLIM BOIOCHA0KEHHEM
SIBIISICTCS BaKHOW TOCYIapCTBEHHOW 3a/1aueil W OMpEHeTsieT COHAIbHO-IKOHOMIYECKOe OJIaromoiry-
4re CTpaHbl. B HacTosIee Bpemsi, MOTPEOHOCTh B JIOTIOJIHUTEIBHBIX BOIHBIX PECYPCAX HCIBITHIBAIOT
HaceJleHHBIe MyHKTH LleHTpansHoit SIKyTru, e HEeBO3MOXXHO OpPraHH30BaTh HAIS)KHOE BOOCHAOKE-
HHE 3a CYET IMOBEPXHOCTHBIX BOJ M3-3a CE30HHOCTH CTOKA MaJIbIX PEK U BBICOKOM MOJBEPKEHHOCTH
3arpsi3HEHUIO BOJIOTOKOB M BOJAOEMOB. [103TOMY aKTyajlbHBIM CTAHOBUTCSI MMOMCK M HCIOJIb30BaHUE
MO/I3eMHbBIX UCTOYHHUKOB JJIsi Oecriepe0oitHOro odecrieueH s HACEIeHHbIX TyHKTOB BOIOM.

[Toucku BOAOHOCHBIX TOPU3OHTOB, OITUPAIOIIUECS HA UCKITIOUUTEIHHO Ie0JIOTHYECKOE KapTUPOBa-
HHUE ¥ TIONCKOBOE OypEeHUE COMPSIKEHBI C BBICOKOM CTOMMOCTBIO ¥ JIOKAJIFHOCTHIO MOMYYCHHBIX JTaH-
HbIX. J[71st mosTyueHust 1eTaIbHOM U HENPEPhIBHOW MH(GOPMAIIUU O THAPOr€OJOTHYECKON 00CTaHOBKE
HCCIIEYEeMBbIX TUIOIIAACH ITHPOKO TPUMEHSIOTCS TeO(PH3NISCKIE METOIBI Pa3BEIKH, IPEUMYIIIECTBO
KOTOPBIX 3aKJIFOUACTCSI B OTIEPATHBHOCTH, SKOJIOTUICCKOM O€30MaCHOCTH U MHHAMAJIbHBIX 3aTparax.
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Benymast posb mpu MOMCKaxX M JIOKATU3alUH BOJOBMEIIAIONIUX CTPYKTYP B PA3IMYHBIX T€0JIOTO-
THIIPOTEOJIOTHYECKUX YCIOBUAX OTBOJUTCA dJICKTPOPA3BEIKE METOJAMA CONPOTUBICHUH, XapaKTepH-
3VIOIIAXCSL BBICOKOW YyBCTBUTEIHHOCTHIO K M3MEHEHHIO BOIOHACBHIIICHHOCTH, TIOPUCTOCTH, TPEIIH-
HOBaToCcTH W MuHepanusamuu [1]. K HemocTaTkaM TpaJuIIMOHHBIX KOHTAKTHBIX METOIIOB 3JICKTPO-
pa3BeIKHM Ha MOCTOSTHHOM TOKE OTHOCSTCS HU3Kas 3()(HEKTUBHOCTH M3-32 AKPAHUPYIOIIETO BIMSIHUSA
HEIPOBOASAIINX MEP3IIBIX MOPOJ, BIMSHUS CE30HHOH I'€03TEKTPHUSCKON M3MEHUYUBOCTH COCTOSTHUS
JIEITEIILHOTO CII0s1, OOJIBIINE TPYA03aTPaThl HA OCYIIECTBICHUE IaJIbBAHMUECKOTO KOHTAKTa AJIEKTPO-
JIOB Ha CYXHX WJIM MEP3JIBIX MIPUITOBEPXHOCTHBIX OTIAOKEHUSX, a TAKKE HEAOCTAaTOYHON IITyOMHHOCTH
U JIETaIbHOCTHU HCCIIeA0BaHui [2].

B cBsi3u ¢ 3TUM, MPH MOMCKAX MOI3EMHBIX BOJ BHUMAHUC TPUBJICKACT 30HIMPOBAHUE METOIOM
TIepPeXOHBIX MporeccoB [3, 4]. JloctomHcTBa METOAA 3aKIIIOYAIOTCS B OTCYTCTBHH HEOOXOAUMOCTH
3a3eMJICHHS, BRICOKOW YYBCTBUTEIHFHOCTH IO OTHOIICHUIO K MPOBOJHUKAM, IEPEKPHITHIX CIA00IpPO-
BOJIAIIMMH SKpaHAMHU U 3HAYUTEIILHOW TITyOWHE 30HAUPOBaHMI [5, 6].

B Hacrosmieif cratebe MpEnCTaBIEHBI PE3YABTATHl AJICKTPOPA3BEIOYHBIX HCCICIOBAHUNA IPH
MMOWCKaX TOA3EMHBIX BOJ U pelleHus mpodieM BomocHaOxkeHus . Hwkauit bectsx MeruHo-
Kanranacckoro paiiona Pecniyonuku Caxa (SxyTus).

O0BeKT Hccae10BaAHNI

HUccrienyemast TeppuTOpHs pacmoiokeHa Ha mpaBoM Oepery B mpexnenax MeruHo-Kanramacckoro
paiiona (puc. 1). B oporpadguyeckoM OTHOLIEHHM IUIOMAAb paboT pachoioKeHa B TIpeenax
HenTpanpHO-SKyTCKOI HMU3MEHHOCTH. Penped TeppuToprn paifoHa MpEACTaBICH PO3MOHHO-AKKY-
MYJISITUBHBIM THITOM, KOTOPBIA CPOPMHUPOBAIICS B PE3YIIBTATE AKKYMYIISATHBHOHN e TEIHHOCTH MOCTO-
SITHHOTO BOJTHOTO MOTOKa — p. JIensl. Kimmmar pe3ko koHTHHEeHTanbHbIH. [IpogommkuTenpHas XonoaHas
3UMa ¥ HU3KHE CPETHEr0oI0BhIC TEMIIEpaTyphl BO3AyXa 00yCIOBINBAIOT TITyOOKOE IPOMEp3aHUe Oca-
JOYHBIX TOIIII U HAJTMYNE MHOTOJIETHEMEP3IIBIX MTOPOI.

OOBCKTOM M3YYCHUS SIBIICTCS JIOKAJbHO-BOJAOHOCHBIH KPUOTCHHO-TAJIMKOBBIN UYETBEPTHYHBIN-
BEPXHEIOPCKUI TEPPUTEHHBIH BOMOHOCHBIA Komruieke (Q-J,), pacmpocTpaHEeHHBIH MOA pyCIamu
p. Jlena u e€ HanboIIee KPYIMHBIX MMPUTOKOB B ITpe/eiaX MOAPYCIOBBIX TATHKOB, a TAKXKE ITOJ] 03CPHBI-
MU U aJlaCHBIMH KOTJIOBUHAMU 110 000uM Oeperam p. JIensl. BogoBmerniarommmu nopoaMu sBIstoTCs
OTJIIOKEHHSI YeTBEPTHYHOTO M FOPCKOTO BO3PACTA, COCTABIISIONINE SAMHBIC KOMIUIEKCHI, 00BhETMHEHHBIC
OOITHOCTBIO YCIOBUH (DOPMUPOBAHUS M MMUTAHHS TATHKOBBIX BOJ. [InTaHMe TaIMKOBBIX BOAOHOCHBIX
KOMIIJIEKCOB OCYILECTBIISIETCS 38 CUET MH(MHIBTPALMN PEYHBIX U O3EPHBIX BOJ. DTHM OOBSCHSIETCS
BBICOKOE TIOJIOKCHHE CTaTHYECKUX YPOBHEH MOA3EMHBIX BOJ, MPUBA3AHHBIX K YPOBHAM PEK U 03ep,
a TaKKe MX Ce30HHBIC KOJICOAHUSI.

MeTonuka ncciaea0BaHuii

30HIUPOBaHNE METOIOM TIepeXOMHbIX mporeccoB (3MIIII) mpuMmensieTcs Ak TOUCKOB MPOBOJIS-
X 00bekToB. CyITHOCTh METOJ]a OCHOBAaHA HAa M3YYECHUH IIEPEXOIHOTO TpoIiecca Mocie MpoIrycKa-
HUSI Yyepe3 TeHepaTopHyIo NeTo [1-00pa3HbIX UMITYJIECOB JUTUTENEHOCTHIO B HECKOJIBKO MUIIIHCE-
kyHa. Ilocne momaun mMITyTbca TOKa B HE3a3eMJICHHYIO TETIIIO, BKIIIOYAeTCs MpHUEMHAs MeTs, Te
C TIOMOIIBI0 U3MEPUTEIHHOTO MPHOOpa MCCISIYIOT XapaKTep M3MEHEHHs ITePEeX0IHOro Ipoiecca B
unrepsaie ot 0 1o 0,1 c. [Tpu HaNUYMKU IPOBOJIAILETO OOBEKTA B 30HE JICHCTBHSI MUTAIOIIETO YCTPOM-
CTBa, TIOCJIE BBIKIIOUCHISI TOKA B HEM MHIYIUPYIOTCS BHXPEBBIC TOKH, KOTOPHIC B MIEPBOHAYAIBHBIN
MOMEHT BO3HHKAIOT Ha €r0 TIOBEPXHOCTH U JaJiee PACIPOCTPAHSIIOTCS K €T0 IICHTPY, IIOCTETICHHO 3aTy-
xas1. 3aTyXaHue IMPOUCXOJIMT 3a CUET TEIIOBBIX TIOTEPb, KOTOPBIE YBEINYHUBAIOTCS C POCTOM Y/IEIIEHOTO
COTIPOTHUBIICHHS 00BEKTA. DTOT MPOIIECC HOCUT Ha3BaHWE CTAHOBIICHHE IO B 3eMJIE, a 3aBUCUMOCTH
HATIPSDKCHUS. B U3MEPUTEIIFHON TIeTIIe OT BPEMEHH, MPOIIEIIEr0 ¢ MOMEHTA MEePEKIIIOYCHUS TOKa B
MTUTAIONICH MeTIe — KPUBOW CTAHOBJICHHMS TTOJISI.

Taxum 06pa3zom, deM OOJIbIIE €ro MPOBOIUMOCTh, TEM MEIJICHHEE B HEM ITPOMCXOIUT 3aTyXaHHE
BTOPHYHBIX BHXPEBEIX TOKOB [7, 8]. [lepeMeHHOE MAarHUTHOE ITOJIE BTOPUYHBIX TOKOB HHIYIHPYET
B npueMHOit nerie snekrponsrkymlyto cury (3C). [puuem DJIC B npueMHOl neTiie MponopIHo-
HAJIBHO CKOPOCTH M3MEHEHHSI MATHUTHOTO ITOTOKA.
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30HIMPOBAaHUE METO/IOM TIEPEXOAHBIX MTPOIIECCOB BHIIIOJIHEHO B MPO(UIEHOM PEKHME B COOCHOM
BapuanTe «Q-q» (reoMeTpruIEeCcKHe EHTPBI TPUEMHOM 1 TeHEpaTOPHOH MeTelb COBNaaaoT). [Ipu BbI-
MIOJTHEHUHU MCCIIEI0BaHUN PUMEHSUTICh TeHEPATOPHBIE METIN C Pa3HbIMU F€OMETPUYECKUMH MOMEH-
Tamu. 1 M3ydeHHs MPUIOBEPXHOCTHOM YacTh paszpesa 1o NTyOuHb! 20 M HCIOJIB30BaIach METIIS C
MaJoii pasmepHocThio 7,5 X 7,5 M. MccnenoBanns 6onee mryOOKux ropu3oHTOB 10 100 M mpoBeeHbI
C TeHEepaTOPHOM METIeH ¢ TeOMEeTpuYecKUM MOMEHTOM 25x25 M. [Ipumensiemas annapatypa — Tese-
MeTtpudeckas ctannus Ummynsc-/ecant [9].

Pabotel ipoBeieHbI MU CIISAYIOMINX TapaMeTpax: Mepruoj UMITYJIbca 1ojaBaeMoro Toka — 10 mc,
cmwia Toka — 10 A, MOMeHT npueMHo# metiu — 20 M?, pa3Mepsl TeHepaTOPHOI METIH COCTaBIIIN 56
u 625 M. JIyis MCKITFOUCHUsI CITyJaiiHbIX OIMHOOK, KOJMYIECTBO HAKOIUICHUH CHTHAJTIOB HA OMHOM TOY-
KE€ 30HAMPOBAHUS COCTABISLIO 32 n3Mepenns. CHHXPOHHU3ALHUs MEX/ly TeHepaTopoM U U3MEpHUTENIeM
npoBoamiack yepe3 GPS-npueMuukn.

Kamepanbaass 00paboTka M HWHTEpIpEeTanys MOJEBBIX MaTepHajoB MPOBOIWIACH C ITOMOIIBIO
KoMIbIoTepHOH TporpaMmsl «ABC» (pazpaborunk OO0 «Cnbl'eoTex») m BKiIrOUana ciemayromue
UTEepaLuu:

- BU3YaJIN3aIMIO Te0(U3NUECKIX N3MEPEHHH;

- OKCTPeCcC-aHaIN3 JaHHBIX C 0TOpakoBKOH M (rutsTpanueii kpuBbix JIC;

- BBIYKCIIEHUE KOOPIMHAT TOUEK HAOIIOICHHH;

- IOCTPOCHNE CXEMbI OTPAOOTKH y4acTKa;

- TIOCTPOEHHUE T€OIEKTPHIECKUX Pa3pe3oB S..

- COIIOCTABIICHNE T€03IEKTPUIECKUX PA3pPe30B C JAHHBIMU OypeHHSsI.

OcHOBY mapaMeTpH4eCcKOoil HHTEPIPETaluy U PeIeH:s 00paTHOM 3a/la4M COCTaBIIseT TpaHC(op-
Manysi noss B pyHKIUH KaxKyIeHcst TpoobHON poBoxuMocTH S (St) u rryOunHs! ee 3aneranus (Ht),
npemioxkenHas B.A. CugoposeiM, B.B. Tuxmaessim [4, 10].

ITnockocms S %
1
2 2. e t,—t
S == - i~ , ()
ty \3-Mg-Mi-p, $_#
1 1/4
(Ei+1)A (E)
)l
RER A @
1678 ¢, i, S’
t (3)
H =k-| h + ,
Hy-S
4)
Hmzk' Pt

me Mg=25¢g-n, (Mz) — MOMEHT reneparopa, Mi = Si-n, (Mz) — MOMEHT U3MepHUTeNsi, | — Bpems
(©), to=4-7-107 Twm, 7 =3.1415.... E - JIC (B), k — HekoTOpBIi KO>(PHIIEHT, Onpesernsie-
MBI SKCIIEPMMEHTAIIbHO, /1, — Kakymascs ryouna (M), H — Tekymas riyouHa 30HAMpoBaHuii (M),
H _ — Texymas nryOMHa IS TIOJMYTIPOCTPAHCTBA (M).

Pe3yabTarhbl u 06cy:K1eHHEe

Teodusnueckue uccnenoBanus MetogoM 3MIIII BeImONHEHBI B IIpe/enax rpymnimbl o3ep Maduns
Ha 9 mpodmax mo ceru HabmoneHmir 100 x 25 M (puc. 2). Ilo pesyasraTaMm 3IeKTpOpa3BeIOTHBIX
paboT MOCTPOCHBI TE0AICKTPHUCCKUE pa3pe3bl. AHAIN3 TeOQU3MICCKUX MATEPHAIOB MOKA3al, YTO
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Puc. 2. Cxema reopusudeckux npodueit (kaptsl Google Earth)

Fig. 2. The scheme of geophysical profiles (Google Earth maps)

MIPUTIOBEPXHOCTHAS YacTh Pa3pe3a U3y4aeMOoH IIIOMAaN UMEET OMHOTUITHOE T€0UIEKTPHIECKOE CTPO-
enue (puc. 3). Pazpe3bl UMEIOT BBIpaKEHHBIH TOPU30HTAIBHO-CJIOUCTBIH XapakTep U COCTOST U3 4e-
PEIOBaHMS AEKTPUUSCKIX aHOMAIBHBIX CIIOEB C PA3IIMYHBIMA 3HAUCHUSMH KKYIIEHCS TPOI0JIEHOI
MIPOBOAMMOCTH.

C10M ¢ MOHMKEHHBIMU 3HaYSHUSIMU MIPOJ0JIbHOM npoBoaumoctH 0,72-0,8 MCM/M QHUKCHPYIOTCS
B nHTepBasax ryonH 7,8-10 M 1 o1 15 10 17 M 1 Hike. Coi TOBBIICHHBIX 3HAYCHHUH MTPOIOIBHON
MIPOBOTUMOCTH HHTCHCHBHOCTBIO 1-1,12 0TMeuaeTcsi, B OCHOBHOM, B MHTepBaiax nyouH 10,5 — 14,8 m.

[eonnexTpudeckue pa3pessl B nHTepBaie TryouH 20 — 100 M B mpenenax M3ydICHHON TUIOIIAIH
XapaKTePU3YIOTCS IBYXCIOMHBIM cTpoeHHeM (puc. 4). B BepxHeii 4acT pa3pe3oB MOBCEMECTHO (HUK-
CHpYETCsl TEOAIEKTPHUYECKHUI CII0H ¢ TIOHMKEHHBIMU 3HAYCHUSAMH Ka)KyIEHCs TPOI0IbHON POBOAN-
MOCTH UHTEHCUBHOCTHIO 0,25-0,35 MCwm/M. [1yOuHa 3aieraHusi HIYKHEH MPaHHIIbI JaHHOTO TeOJICK-
TPHUYECKOTO CJIOSI U3MEHSIETCs, B OCHOBHOM, 0T 56 710 73 M. Hckitouenne cocrasisieT npoduis 7, rie
TIOJIOIIBA OTIMCHIBAEMOTO TEOAIEKTPUIECKOTO CII0s (PUKCUpyeTcs Ha TiryOnHe 93 M.

HuxHuil cnoit mpeacTaBieH Teo3NeKTPUYSCKUMH aHOMAIUAMU TOHMKEHHBIX 3HAUCHUH Kaxy-
IIecst TIPOJONTBHON MTPOBOAMMOCTH, 3HAYCHUS KOTOPHIX BapbUpyIOT OT 1,3 10 6,8 MCM/M.

[To pesynbratram 00pabOTKM M MHTEPIIPETAIMU JIEKTPOPA3BEAOUHBIX pabOT BHIOPAHO MECTO 3a-
noxxeHus 3aBepouHoit ckBaxnuabsl HBT-1 Ha npoduie 4 mukete 25 st noryyenus 6osee moapoOHOi
nH(pOpPMALUK O TEOTOTHYECKOM CTPOEHHHN HcclieyeMoii Tepputopun. CorocTaBIeHNE Te03IeKTPHU-
4yeckux pazpe3oB 1o qanHsM 3MIIII ¢ nanHbIME OypeHust pecTaBlIeHbl Ha PUCYHKaxX 5 1 6.
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Fig. 3. Geoelectric sections of apparent longitudinal conductivity (at Q = 7.5 x 7.5 m)

[ToyueHHBIE 2IEKTPOMETPUYECKUE XapaKTEPUCTUKK ITPUIIOBEPXHOCTHOM YacTH paspe3a Koppe-
JTUPYIOTCS ¢ MaTepraiiaMu npooypeHHoi ckBaxuHbl HBT-1 (puc. 5). Bepxussa wacts paspesa, mpea-
CTaBJICHHOTO KPYITHO3EPHHUCTBIMH, BOJIOHACHIIICHHBIMU TIECKaMH JI0 ITyOUHBI 16 M oTMevaeTcs 3Ha-
YEHUSIMU KaKyllelcst mpoaonbHoi npoBoanmocta 0,82-1,26 MCwm/M. Himxenexammuii coil, cioxeH-
HBIIl KPyITHO3EPHUCTHIMH II0JIEBOLINATOBO-KBAPLIEBEIMY [IECKAMU HE COAEPIKAIUX BOLY, (GPUKCHpYeET-
Cs1 HU3KUMHU 3HaYCHUSMH MTPONOIBHOM npoBogumoctH 0,75-0,86 MCwm/M.

Pesynprarsl 30HaAUpOBaHNS O0JIee TITyOOKHX TOPpHU30HTOB 10 100 M Taxske MmoKa3aiu XOPOIIYIO CXO0-
JUMOCTh C JaHHbIMU Oypenust o ckBaxkune HBT-1 (puc. 6). BepxHsis yacte pa3pesa, npeacTaBicH-
Hasl BOJAOHACHIIIEHHBIMI YETBEPTHYHBIMU OTIOXKEHUSIMU, OTMEYACTCS TOHMKEHHBIMU 3HAUCHUSMHU
nponoiibHOM mpoBogumoctu 0,32-0,42 MCwm/m.

B nwxkHeM unTepBasie myouH 71-100 M pa3pe3 mpeacraBiieH BEpXHEIOPCKUM KOMIUIEKCOM, CO-
CTOSIIIIIM U3 aJIEBPOJIMTOB U TECUAHUKOB, KOTOPBIE XapaKTEPU3YIOTCS MOBBIIICHHBIMH 3HAUCHUSIMHU
Kaxyuiencs: mpoaoibHoit mposogumoctu 0,9-1,69 MCwm/m.
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Fig. 5. Comparison of geoelectric sections with drilling data (NBT-1 well) according to profile 4
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Fig. 6. Comparison of MPP data with geological data on profile 4 (at Q=25x25 m)

3aki0ueHue

[TpoBenenHble Teo(U3MUECKHE MCCIEOBAHMS B NpeJeax TPyNIbl o3ep Maduus oaTBEp Ui
BBICOKYI0 3 dekruBHOCTE MeTosa 3MIIIT nmpu nmomckax nox3eMHubIx Box B LlenTpansHoit SIkyTnu B
YCIOBHUAX KPUOIUTO3OHBI.

[TpunoBepxHOCTHAs YacTh pazpesa 10 TyOnHbI 20 M XapaKTepU3yeTcsi TOPU30HTAIBHO-CIIONCTHIM
CTPOCHHEM W COCTOHT W3 YEPEIOBAHHS DJICKTPHUECKUX AaHOMAJIBHBIX CJIOEB C Pa3IWYHBIMH 3HAYC-
HUSIMH Ka)KyLIEHCs POJIOIBHON NMPOBOAMMOCTH. [eodekTpuieckre pa3pes3bl B MHTEpBaje IIyOuH
20 — 100 M B mpeaenax W3y4eHHOH IUIOMAAN UMEIOT IBYXcIoiHoe cTpoeHue. Jlo rmyounsr 71 M mo-
BCEMECTHO (BMKCUPYETCS T€OMEKTPUUSCKUH CIIOH ¢ TOHMKEHHBIMH 3HAYCHUSIMU KaXKyLIeHcs Mmpo-
JOJBHOM IPOBOAUMOCTH HHTEHCHBHOCTHIO 00,32-0,42 MCwMm/M. Hinke 3ameraromnine moposl BEpXHEIOP-
CKOTO KOMIUTEKCA BBIACTISIOTCS OBBIMICHHBIMY 3HAYCHUAMH KaXKyIIecs MPOI0NbHON IPOBOANMOCTH
0,9-1,69 MCm/Mm.

[To pesynsraram 06paboTku u mHTEpIIpeTanuy MatepranoB 3MIIIT onpeneneHo MeCTO 3aTOKEHHS
3aBepounoit ckBakuHbl HBT-1. ComocraBieHne JaHHBIX OYPeHUS U AIICKTPOPA3BEAKH MTOKA3aJI0 BbI-
COKYIO CXOIUMOCTE. B X0/1e KOMITJICKCHOTO aHajm3a reooro-re0(hu3nIecKuX MaTepHalioB yCTaHOB-
JIEHO, YTO BOJIOHACHIIIEHHBIC TOPU3OHTHI B IMpeaenax M3y4aeMOW IJIONIaTU BBIIENAIOTCS HU3KUMU
3HAYEHUSIMH TIPOBOJMMOCTH.
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A SPATTIAL ASSESSMENT OF ENVIRONMENTAL VULNERABILITY
IN THE AKHANGARAN RIVER BASIN, UZBEKISTAN
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Abstract. In the context of increasing anthropogenic pressure and the need for objective environmental
monitoring, spatial assessment of ecological vulnerability that takes into account natural and technogenic factors
has become an important scientific task. The aim of this study was to assess the ecological vulnerability of
the Akhangaran River Basin (Uzbekistan) using a comprehensive geographic information system approach. The
materials used included multitemporal Landsat 8 and Landsat 9 satellite imagery from 2022 to 2025, cadastral
land-use data, the Copernicus GLO-30 Digital Elevation Model, and OpenLandMap soil bulk density data.
Data processing was carried out in Google Earth Engine, including the derivation of spectral indices such as the
Normalised Difference Vegetation Index, Normalised Difference Drought Index, Normalised Difference Built-up
Index, Bare Soil Index, Land Surface Temperature, and Clay Mineral Ratio. Based on the normalised parameters,
an integrated Ecological Vulnerability Index was developed using a correlation-weighted scheme that accounts for
indicator multicollinearity. Results showed that 59.6 % of the basin area falls within zones of high vulnerability.
A clear spatial differentiation was identified: while mountainous forest areas retain relative ecological resilience,
agricultural, industrial, and residential zones are characterised by elevated environmental stress, soil compaction,
and pronounced thermal anomalies. The practical significance of this research lies in the potential application
of its findings to state environmental and land monitoring, as well as in the identification of priority areas for
environmental management. Future research may focus on improving the indicator set and adapting the proposed
methodology to other river basins and natural-technogenic geosystems in Uzbekistan.

Keywords: Environmental Vulnerability Index, spatial assessment, Akhangaran river basin, land degradation,
Google Earth Engine, spectral indices, multicollinearity, anthropogenic pressure, remote sensing, soil compaction
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MPOCTPAHCTBEHHAS OIIEHKA DKOJIOTMYECKOM YS3BUMOCTH
BACCEWHA PEKH AXAHTAPAH (Y3BEKHUCTAH)

P.H. Xaoxcaee", /L. ®azunosa®
!TalkeHTCKHIA rOCyIapCTBEHHBII TeXHUUECKUI yHUBepcHuTeT nMeHu Hcinama Kapumosa,
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2ACTPOHOMHYECKHI HHCTUTYT UM. YiIyrOeka AkajeMun HayK Y30eKHCTaHa,
TamkeHT, Y30ekucran
*ruslankhadzhaev@gmail.com

AHHOTaNMs. B yCIOBHSX yCHIICHHS aHTPOTIOTEHHOM HATPY3KU U HEOOXOMMOCTH Tepexoia K 00bEeKTHBHOMY
JKOJIOTHUECKOMY MOHUTOPHHTY aKTyaJbHOM HAyuYHOMU 3a7aucii sIBIsSCTCs MPOCTPAHCTBEHHAS! OIICHKA KOJIOTHYEC-
CKOM YSI3BUMOCTH TEPPUTOPHI C YIETOM MPUPOTHBIX U TEXHOTCHHBIX (hakTopoB. Llenbio rcciieoBanus sBisiach
OIICHKA 3KOJIOTMYECKON ysSI3BUMOCTH OacceiiHa pexu AxanrapaH (Y30eKHCTaH) Ha OCHOBE KOMIUIEKCHOTO T€0-
MHPOPMAIIMOHHOTO MOJX0/1a. B KauecTBe MaTepHaioB HCIOIb30BaHbBI MHOTOBPEMEHHBIC CITyTHUKOBBIC TAHHBIC
Landsat 8 u Landsat 9 3a 2022—2025 rr., KaJacTpOBbIC JaHHBIC O 3eMJICTIOIB30BAHUH, IN(PPOBAS MOJCIH PEIbe-
¢a Copernicus GLO-30 u nannble o moTHocTH 1ouB n3 OpenLandMap. O6paboTka JaHHBIX BBINOJIHSIIACH B
Google Earth Engine ¢ pacyetom criekTpaibHBIX WHACKCOB, BKIodas Normalised Difference Vegetation Index,
Normalised Difference Drought Index, Normalised Difference Built-up Index, Bare Soil Index, Land Surface
Temperature u Clay Mineral Ratio. Ha ocHOBe HOpMalTH30BaHHBIX MOKa3aTesel ObLT MOCTPOCH MHTETPATbHBIN
WHJICKC DKOJIOTHYCCKOM YSI3BUMOCTH C HCIOIB30BAHUEM KOPPEISIIMOHHO-B3BEIICHHOW CXEMBbI, YUHTHIBAIOIICH
MYJIBTHKOJUTHHEAPHOCTh MHAUKATOPOB. YCTaHOBJIEHO, uTo 59,6 % mutomaau 6acceifHa OTHOCHUTCS] K 30HAM BbI-
COKOW ySI3BUMOCTH. BhIsiBIeHa OTUETIMBAs POCTPAHCTBEHHAS TU((EpPCHIIHALINS: TOPHBIC JICCHBIC TEPPUTOPUU
COXPAHSIIOT OTHOCUTEIBHYIO YCTOWYMBOCTD, TOT/IA KaK CEILCKOX03SICTBEHHBIC, IIPOMBIIIJICHHBIC U CETUTCOHBIC
30HBI XapaKTEPU3YIOTCS MOBBIIICHHONW YKOJIOTHUECKON HAMPSKEHHOCTHIO, YIZIOTHEHHUEM MOYB M BBIPAKCHHBIMU
TepMaJIbHBIMH aHOMaUAMHU. [IpakTHUecKast 3HAYUMOCTh PAOOThI 3aKITIOYACTCS B BOSMOXKHOCTH UCIIOIB30BaAHHS
MOJYYEHHBIX PE3yJAbTATOB JUIS TOCYIAPCTBEHHOTO 3KOJOTMYECKOrO M 3€MEJIBHOTO MOHHUTOPUHTA, & TAKXKe IS
BBISIBJICHUSI TIPUOPHUTETHBIX YYACTKOB MPUPOOOXPAHHOTO YIpaBieHusl. [1epCreKTUBBI UCCICTIOBAHUS CBA3aHbBI
¢ AILHEHIIIMM COBEPILICHCTBOBAHMEM WHIMKATOPHOM 0a3bl U aJanTalueii METOMUKHU Ui IPYruX GacceitHOB U
MPUPOTHO-TEXHOTCHHBIX TE€OCHCTEM Y30EKUCTaHa.

KiroueBbie ciioBa: MHIEKC SKONOTHYECKOH YSI3BHMOCTH, MPOCTPAHCTBEHHAS OICHKA, OacCeiH peKu
Axanrapan, aerpaganus 3emenb, Google Earth Engine, crekTpaibHble MHACKCHI, MYJIBTHKOUTMHEAPHOCTD,
AHTPOIOTCHHAS HATPY3Ka, IUCTAHIIMOHHOE 30HANPOBAHUE 3EMIIH, YIUIOTHCHUE TTOYB

Juast uuruposanusi: Xamkaes P.H., ®azunosa [I.111. [IpocTpancTBeHHas: OIIEHKA KOJIOTUYECKOHN YSI3BUMO-
ctn Oaccelina pekn Axanrapas (Y36ekucran). Becmuux CB®Y. 2026;(2): 44-67. DOI: 10.25587/2587-8751-
2025-1-44-67

Introduction

In accordance with the monitoring and reporting framework established in Appendix 2.11 of the
Cabinet of Ministers of the Republic of Uzbekistan Resolution No. 50 (effective February 3, 2023)
[1] regarding the Academy of Sciences’ initiatives to combat land degradation and preserve soil
fertility, this study executes a targeted environmental vulnerability assessment. In Uzbekistan, the
strategic transition toward data-driven environmental management and the digitalization of ecological
monitoring is now firmly anchored in national legislation. Specifically, the “Concept of Environmental
Protection of the Republic of Uzbekistan until 2030 (Decree of the President No. DP-5863) [2] and
the “Regulation on State Environmental Monitoring” (Resolution of the Cabinet of Ministers No.
737) [3] emphasize the necessity of deploying advanced scientific methodologies and aerospace
data to assess ecological risks. More recently, Presidential Decree No. DP-177 (September 2025) [4]
explicitly mandates the expansion of space-based technologies and remote sensing (provided by the
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Space Research and Technology Agency) to systematically identify land degradation, unauthorized
land use, and ecological violations.

Serving as a representative case study for these intensifying anthropogenic and industrial pressures,
the Akhangaran River basin in eastern Uzbekistan encompasses the Angren-Almalyk industrial zone,
recognized as one of Central Asia’s premier mining and metallurgical hubs [5].

Traditional vulnerability assessments typically rely on expert evaluations, highlighting the need
for more data-driven approaches [6]. However, merely replacing subjective methods with standard
multivariate statistics is insufficient in highly heterogenecous landscapes. To overcome both human
bias and the statistical distortions of classical PCA [7] — which often obscures the physical meaning of
individual variables, this study introduces a modified, correlation-weighted framework. By utilizing
network centrality to distribute weights, this approach supports a balanced integration of indicators,
offering a more representative view of systemic environmental vulnerability. Crucially, by examining
this spatial vulnerability through the lens of distinct land-use categories, specifically agriculture,
forestry, and residential zones, this approach enables a targeted comparative analysis of sector-specific
degradation risks.

Prior to the quantitative evaluation, a targeted theoretical scheme was formulated to justify the
precise selection of indicators, ensuring the model captures the specific degradation pathways of
semi-arid, mining-impacted landscapes. Rather than employing an arbitrary set of variables, the
selection is rooted in the Sensitivity-Resilience-Pressure conceptual framework. This scheme
structures the selected parameters into three distinct dimensions of environmental stress: (1)
biophysical state, evaluated via Normalised Difference Vegetation Index (NDVI) and Normalised
Difference Drought Index (NDDI); (2) physical surface degradation, quantified through Bare Soil
Index (BSI), Normalised Difference Built-up Index (NDBI), Clay Mineral Ratio (CMR), and soil
bulk density, which directly reflect anthropogenic pressures such as bare land exposure and systemic
soil compaction; and (3) topographic and thermal vulnerability, represented by elevation and Land
Surface Temperature (LST), which control the spatial distribution of thermal stress across the basin.
This structured selection guarantees that each chosen indicator represents a physically meaningful
mechanism of landscape degradation, providing a rigorously justified foundation for the subsequent
assessment.

Applying this computationally intensive framework across vast terrains is enabled by cloud-based
platforms like GEE, which have significantly advanced large-scale environmental monitoring by
streamlining the processing of multi-temporal satellite imagery [8]. Specifically, combining Landsat
8 and 9 Collection 2 Level 2 Surface Reflectance data reduces the observation interval to 8 days,
guaranteeing both the high temporal frequency and radiometric consistency essential for accurate
environmental monitoring [9].

This study proposes a comprehensive vulnerability assessment framework for the Akhangaran
River Basin using GEE and multitemporal Landsat imagery (2022-2025).

The primary objectives are to: (i) derive and harmonise key spectral indices (NDVI, NDDI, NDBI,
BSI, LST, and CMR) alongside critical environmental variables (soil bulk density and elevation);
(i1) integrate these multidimensional variables into a robust composite vulnerability index via an
objective, correlation-based weighting framework that accounts for indicator collinearity; and (iii)
identify continuous spatial vulnerability hotspots across the basin and evaluate their distribution across
primary land-use sectors to untangle the primary climatic and anthropogenic drivers of degradation.

Materials and Methods

Study Area. The Akhangaran River basin is situated in the Tashkent region of Uzbekistan in the
western part of the Tian-Shan Mountain range. Geographically, its upper and middle reaches are
bounded by the Chatkal and Kurama ranges to the north, east, and south [10]. The delineated study area
encompasses the entire river basin, extending downstream across the alluvial plains to its confluence
with the Syr Darya River in the west (Fig.1).
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The region’s continental and semi-arid climate, characterized by significant seasonal and
altitudinal variations in temperature and precipitation, defines precipitation as the primary driver of
the hydrological cycle [11].

Geologically, the surrounding ranges feature silicate and carbonate rock outcrops, whereas the
valley floors are dominated by Quaternary alluvial deposits [12]. This lithological composition defines
the physical foundation of the industrial and agricultural zones of the basin.

The structural organization of the landscape is defined by a cadastral inventory of discrete land
tenure units, reflecting the region’s complex socio-economic and administrative framework. The
investigated area is partitioned into (i) forestry reserves; (ii) agricultural zones; (iii) hydrological
systems; (iv) transport networks; (v) urban residential settlements; and (vi) non-residential industrial
lands, most notably the expansive Angren-Almalyk mining-metallurgical corridor [14].
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Fig. 1. Study area: (a) Digital Elevation Model (DEM)
(Source: Copernicus GLO-30, European Space Agency) [13]

Puc. 1. Paiion uccnenosanus: (a) Ludpposas monens penbeda (LIMP)
(Ucrounuk: Copernicus GLO-30, EBporneiickoe kocMudeckoe areHTcTBo) [13]

Methodological Framework. The overall workflow developed to estimate environmental
vulnerability across the Akhangaran River Basin is shown in Fig 2.
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DATA ACQUISITION
Landsat 8 & 9 (2022-2025) Soil Bulk Density (OpenLandMap)
USGS Callection 2 L2 SR DEM (Copernicus GLO-30)
PRE-PROCESSING |
Cloud/Shadow Masking Spatial Alignment
Medoid Compositing (June-Sept) UTM 42N Projection, 30m Resampling
INDICATOR FEATURE EXTRACTION
Spectral Stressors Physical Factors
NDVI, NDDI, NDBI, BSI, LST, CMR Elevation (h), Soil Density (SD)
MODELING & INDICATOR NORMALIZATION
SYSTEMIC RELATIONSHIP DERIVATION OF
INDICATOR NORMALISATION > ANALYSIS —> INDICATOR WEIGHTS
FINAL INDEX INTEGRATION
Vulnerability Classification et & Final EVI Thresholds
SPATIAL ANALYSIS & SYNTHESIS
Integrated EVI Map - Spatial Basin Partitioning - Sectoral Distribution Audit

Fig. 2. Methodological workflow of the study

Puc. 2. biok-cxema METOIOIOTUH KCCIIET0BAHUS

Data Acquisition and Processing. The primary dataset was derived from USGS Landsat 8 (OLI/
TIRS) and Landsat 9 (OLI-2/TIRS-2) Collection 2 Tier 1 Level 2 Surface Reflectance products,
accessed via the GEE platform [8]. Surface reflectance values were derived from digital numbers (DN)
according to USGS Collection 2 scaling factors [9]. Clouds and shadows were subsequently masked
using the QA_PIXEL bitmask [15].

The statistical representativeness of the 20222025 observation period was determined not by the
length of the time interval itself, but by the cumulative number of cloud-free observations acquired
within it. The availability of clear-sky observations is a function of the Landsat orbital constellation,
data acquisition strategy, and cloud cover. Thus, it is this observation density, rather than elapsed time,
that governs the reliability of multi-temporal spectral metrics [16]. A fixed phenological window (01
June—30 September) was chosen to avoid spring cloud peaks and the noise of ephemeral vegetation.
Within this timeframe, a total of 241 scenes were processed for the study area, encompassing four
unique World Reference System-2 (WRS-2) footprints (paths 153—154, rows 31-32) [17]. This data
accumulation was facilitated by the concurrent operation of Landsat 8 and Landsat 9 with a combined
8-day revisit cycle [9]. As shown in Table 1, the four-year multisensor acquisition strategy ensures
high temporal data availability, compensating for years with severe cloud contamination.

Table 1
Availability of clear-sky Landsat 8/9 observations
Tabnuna 1
JoctynHocTh 0e300auHbIX Ha0ronennii Landsat 8/9
Category Scene Count Low-cloud Clear-sky Proportion
Scenes <20 % ( %)
A. Temporal Distribution L8 /L9 L8/L9

2022 30/30 21/24 75.0 %
2023 30/32 25/23 77.4 %
2024 29/30 23/ 14 62.7 %
2025 30/30 27/28 91.7 %
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B. Spatial Distribution

Path 153 / Row 31 28/31 21/18 66.1 %
Path 153 / Row 32 29/31 23/22 75.0 %
Path 154 / Row 31 31/30 27/23 82.0 %
Path 154 / Row 32 31/30 25/26 83.6 %

C. Platform Distribution
Landsat 8 (OLI/TIRS) 119 96 80.7 %
Landsat 9 (OLI-2/TIRS-2) 122 89 73.0 %
Total 241 185 76.8 %

Spatially, the study area’s location at the intersection of overlapping orbital tracks (Paths 153 and
154) yielded a robust 59-61 scenes per WRS-2 footprint. Furthermore, the Landsat 8 and 9 platforms
contributed equally to the archive (119 and 122 scenes, respectively). After filtering for atmospheric
artefacts, 76.8 % of the acquired images (185 scenes) featured low cloud cover (< 20 %). Collectively,
this exceptionally high spatiotemporal density of clear-sky observations provides a robust statistical
foundation for generating a multi-year, cloud-free composite via the medoid approach [18].

In addition to optical imagery, soil bulk density data for the topsoil layer (0-30 cm depth) were
obtained from the OpenLandMap repository. This dataset, provided at a 250-meter spatial resolution,
serves as a key indicator of soil compaction within the basin [19]. Furthermore, to account for
topographical controls on vulnerability, a high-resolution Digital Elevation Model (DEM) was
extracted from the Copernicus GLO-30 dataset [13].

To ensure spatial consistency for subsequent multivariate analysis, all disparate datasets were
harmonised into a unified grid. The OpenLandMap data were resampled to a consistent 30-meter spatial
resolution matching that of the optical indices and the Copernicus DEM using cubic convolution [20].
Finally, all data layers were projected to the Universal Transverse Mercator (UTM) Zone 42 North
coordinate system (EPSG:32642), minimizing geometric distortion and ensuring spatial harmony
across the modeling domain [21].

Spectral Indices Derivation. Following the completion of data preprocessing, a targeted suite of
multi-spectral indices was derived to quantify key environmental stressors across the basin.

Vegetation vigour and biomass were captured through the Normalised Difference Vegetation Index
(NDVI), a widely used indicator for assessing environmental patterns. The mathematical formulation
of NDVTI is [22]:

NDV]= —— (D
NIR + Red

where NIR represents near-infrared reflectance (band 5 for Landsat 8/9) and Red represents red
band reflectance (band 4 for Landsat 8/9).

To evaluate vegetation liquid water content and soil moisture levels, the Normalised Difference
Water Index (NDWI) was computed, serving as a sensitive indicator of canopy water stress [23]:

NDV[= ——— )
NIR + Red

where NIR represents near-infrared reflectance (Band 5 for Landsat 8/9) and SWIR1 represents
shortwave infrared reflectance (band 6 for Landsat 8/9). In the context of this study, NDWI was derived
primarily as an intermediate computational step required for the derivation of the NDDI, rather than a
standalone vulnerability factor.
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The Normalised Difference Drought Index (NDDI) was employed to capture the onset and intensity
of drought by leveraging the interaction between vegetation vigour and canopy water content. The
NDDI is calculated as follows [24]:

NDVI— NDWI
NDD[= ——— 3)
NDVI+ NDWI

where NDVI and NDWTI are derived from Eq. 1 and Eq. 2, respectively.
The Normalised Difference Built-up Index (NDBI) was used to enhance the detection of urban
footprints and industrial zones across the basin [25]:

SWIR1— NIR
NDB]=——— 4
SWIR1+ NIR

where SWIRI1 represents shortwave infrared reflectance (Band 6 for Landsat 8/9) and NIR
represents near-infrared reflectance (Band 5 for Landsat 8/9).

Sensitivity to exposed soil and land degradation was captured using the Bare Soil Index (BSI),
which integrates four spectral bands to optimise bare-earth detection. The index is derived as follows
[26]:

(SWIR1+ Red) — ( NIR + Blue)

(SWIR1+ Red) + ( NIR + Blue)

BSI )

where Blue, Red, NIR, and SWIR1 correspond to surface reflectance in the respective bands.
To identify the distribution of clay minerals, which play a crucial role in the retention of
environmental contaminants and metals, the Clay Mineral Ratio (CMR) was calculated [27]:

SWIR |

SWIR ,

CMR =

(6)

where SWIR1 and SWIR2 represent the surface reflectance values in the shortwave infrared bands.

To capture the thermal environment and assess heat-related environmental stress, Land Surface
Temperature (LST) was incorporated as a critical indicator for identifying urban heat island (UHI)
effects and localised drought intensification within the basin [28]. The pixel digital numbers (DN)
were converted to absolute temperature in degrees Celsius (°C) applying the official radiometric
rescaling coefficients for Landsat Collection 2 [9].

Indicator Normalisation. Based on the specific relationship between each parameter and ecological
vulnerability, the eight selected indicators were classified as either positive (direct) or inverse (indirect)
indices. For positively correlated indicators, which increase with increasing vulnerability, min—max
normalisation was applied according to Equation (7). For inversely correlated indicators, those whose
higher values correspond to lower vulnerability, the complementary transformation was applied per
Equation (8) [29]:

Xm= (7)
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, max i
X = (3
' x —x
max nun
where x is the normalised value of indicator i, x. is the observed pixel value; X, o and x__ are the

maximum and minimum values of index i, respectively.

Variance Analysis via PCA. To explore the internal structure of the multidimensional dataset and
confirm collinearity among environmental indicators, PCA was initially applied as a diagnostic procedure
[30]. The covariance matrix was computed for the mean-centred and standardised data matrix:

1

n—1

C=

XTx 9

where: X is the data matrix, X" is the transposition of matrix X, n = the number of data points.

The eigenvalue decomposition of the covariance matrix yielded eigenvalues and eigenvectors,
with the first principal component (PC1) theoretically capturing the maximum variance of the dataset.

Correlation Matrix and Weighting Rationale. To establish the systemic relationships between
the indicators, the Pearson correlation coefficient (r) was calculated for each pair of variables j and k:

.= Z?:l(xij_}_(j)(xik_)_(k)
Jt \/Z;;l(xij_}j)2\/Z?=1(Xik_)—(k)z (10)

where X; and x, represent the values of indicators j and k at data point i, and X; and X, represent
their respective means.

This extreme multicollinearity precludes the application of traditional PCl-based weighting.
Relying solely on this traditional approach would artificially inflate the influence of the collinear
degradation parameters, while marginalising the physical and topographic dynamics captured by PC2.
Furthermore, the presence of localised landscape anomalies, such as open-pit coal mines and industrial
tailings, constitutes extreme spatial outliers that could disproportionately skew the raw PC1 loadings.
Consequently, the final indicator weights were derived from the systemic relationships within the
Pearson correlation matrix R, employing an integral correlation-based scheme [30]:

P
Ir .|
k=1 Jk

W= 11
J 2;=lzi=llrﬂcl

where W, is the final weight assigned to indicator j, and the numerator represents the Integral
Correlation Sum, (2|rjk|), which quantifies the total systemic linkage of a given variable within the
correlation environment.

To unambiguously fix the denominator implicit in Eq. 11, the construction is written out as follows.
Let R =(r,),j, k=1, ..., p, denote the matrix of pairwise Pearson correlation coefficients computed
over the p = 8 normalised indicators. The row-wise Integral Correlation Sum is defined as Sj =2(,
| |rjk|, and the total off-diagonal mass of |R| is T = %S, in which every off-diagonal pair (j, k) is
counted twice. Eq. 11 is therefore the normalisation w, = SJ. /T,j=1, ..., p, from which three properties
follow immediately: w, > 0, since |r, | > 0; X, w, = 1, since X, S, =T by construction; and w, is invariant
under arbitrary positive rescaling of R, which is consistent with the dimensionless character of the
normalised indicators. No further normalisation is applied beyond Eq. 11. With Sj substituted directly
from the off-diagonal entries of the Pearson matrix shown in Fig. 3, the values of {wj} reported in
Table 2 are reproduced to within the rounding of the two-decimal correlation matrix; the four-decimal
weights in Table 2 are computed on the full-precision matrix and sum to unity within rounding.

a1
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Graph-theoretic interpretation. Equation 11 admits a direct interpretation in network terms.
Consider the undirected weighted graph G = (V, E) whose vertices are the indicators and whose edge
weights are |rjk\. The quantity Sj is then the strength of vertex j, that is the sum of absolute weights of all
edges incident to j, which is the canonical extension of vertex degree to weighted networks [31]. The
normalised quantity w,= Sj /T is in turn the weighted degree centrality of j, treated in standard network
theory as the simplest stable centrality measure on weighted graphs [31]. Equation 11 is therefore the
application of weighted degree centrality to the correlation graph |R|: an indicator with a large W is one
whose state varies coherently with that of many other indicators, and through which several coupled
landscape processes (bare-ground exposure, urban sealing, biomass, thermal regime, soil compaction,
drought intensity, topographic relief, clay distribution) are simultancously captured. The integral
correlation-based weighting expression used in this study therefore admits a precise graph-theoretic
meaning rather than an ad hoc heuristic.

Methodological positioning. The literature on composite indicators distinguishes two canonical
routes for handling collinearity among input variables [32, 33]. The first is selection: the composite
is built only from approximately uncorrelated indicators, eliminating any duplication of the common
signal. The second is dimensionality reduction via principal component or factor analysis, after which
the composite is formed on orthogonal axes weighted by PC1/PC2 loadings. Neither route is appropriate
for the present application. Selection is not realistic in landscape diagnostics of arid and semi-arid
basins, where bare-ground exposure, urban sealing, biomass, thermal regime, soil compaction and clay
distribution are intrinsically coupled on a single territory, and discarding any indicator as ‘redundant’
would amount to discarding an independent physical signal. PCl-based aggregation produces
weights for orthogonal directions that have no direct landscape-physical meaning, which obstructs
the reading of the resulting vulnerability map. The route taken in this study corresponds to the third
option explicitly listed in [33] as a permissible alternative: an objective, correlation-based weighting
scheme (related to the BoD, CRITIC and information-entropy families [34]) in which collinear
indicators are retained, the control of double counting is shifted from the variable-selection stage
to the aggregation stage (see Section ‘Quantile equivalence’ below), and the robustness of the final
classification is verified by a separate sensitivity procedure [35]. The same compromise underpins the
United Nations Multidimensional Vulnerability Index, in which indicators with moderate collinearity
are retained without PCA reduction and the stability of the final country ranking is verified by Saisana-
type sensitivity analysis [36].

Vulnerability Classification. Following normalisation, direction correction, and collinearity
control, each resulting indicator was classified into five vulnerability rating classes using quantile-
based classification. This approach divides the distribution of each indicator into five equal-frequency
classes, ensuring a balanced representation across the vulnerability gradient. The rating classes were
assigned values from 1 (very low vulnerability) to 5 (very high vulnerability), providing an ordinal
scale for subsequent integration.

Operationally, the eight indicators were ranked over the entire basin and partitioned into five
quantile bins with breakpoints at the 20th, 40th, 60th and 80th percentiles of each indicator’s basin-
wide distribution. Each pixel therefore received an ordinal rating R e {1, ..., 5} for every indicator,
with each class containing 20 % of the pixels by construction. Two consequences of this equal-
frequency partitioning are important for interpretation. First, the procedure operates on ranks rather
than absolute magnitudes; it is therefore insensitive to monotone transformations and to moderate shifts
in the continuous distribution, which is the principal motivation for its use in composite vulnerability
indicators [32, 35]. Second, by construction, 20 % of the pixels of every indicator occupy each of
the five classes, including the extreme classes (1 and 5); after weighted aggregation in Eq. 12, this
systematically inflates the proportion of pixels assigned to the extreme classes of the final EVI map
relative to schemes based on natural-breaks or fixed-threshold classifications. Consequently, any high
proportion of pixels falling into the upper risk classes in the final EVI map should be interpreted as a
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joint result of actual landscape stress and the mathematical properties of the equal-frequency rating
scheme, rather than as evidence of a single dominant driver. This is a known and expected property
of equal-frequency composite indicator schemes [32, 33, 35] and is the reason the present work pairs
Eq. 12 with the sensitivity check described below.

The Environmental Vulnerability Index (EVI) was computed as a weighted linear combination of
the rated indicators:

n
EVI= Z ijj (12)
i=1

where EVI represents the integrated vulnerability index, W, represents the correlation-based
objective weight for indicator j, and R, represents the vulnerability rating (1-5) for indicator j.

To ensure a statistically robust classification of vulnerability levels, the continuous EVI was subjected
to an outlier removal procedure before defining the final class thresholds [32]. Using Tukey’s boxplot
method, the Interquartile Range (IQR) was calculated for the integrated EVI distribution. Any index
values falling outside the range [Q, — 1.5 x IQR, Q, + 1.5 x IQR] were identified as extreme spatial
outliers (e.g., localised industrial anomalies or sensor errors) and excluded from threshold calculation.

Results

Indicator weighting and inter-factor structure. The resulting Pearson matrix (Fig. 3) reveals a
bipartite internal structure that directly mirrors the spatial division of the basin. The dominant cluster
exposed severe multicollinearity among degradation parameters, most notably an almost perfect correlation
between NDBI and BSI (r = 0.99), which drove the extreme vulnerability observed in the industrial and
agricultural plains. A secondary independent cluster captures the topographic-thermal gradients (elevation,
LST, and SD) responsible for the relative stability of the mountainous forestry sector.
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Fig. 3. Pearson correlation matrix between normalised environmental indicators
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Derivation of the Indicator Weights. Following the diagnostic PCA analysis, the final normalised
weights W, for the eight environmental indicators were computed according to Eq. 11, whereby each
weight represents the relative systemic significance of a given indicator within the overall inter-factor
correlation structure of the study area. The resulting weight vectors are presented in Table 2.

Table 2
Final weight distribution of the evaluated environmental indicators

Tabnuna 2
Hrorosoe pacnpeesieHue BeCOBbIX KOIP(PUIHEHTOB OLIEHUBAEMBIX IKOJOTHYECKHX HHIHKATOPOB

Rank Indicator Sj | w,

1 BSI 4.13 0.1439
2 NDBI 4.14 0.1437
3 I-NDVI 3.91 0.1376
4 h 3.89 0.1375
5 CMR 3.83 0.1354
6 NDDI 3.66 0.1305
7 SD 2.54 0.0989
8 LST 1.58 0.0726

) 27.68 1.0001

The four most central indicators of the degradation cluster — BSI, NDBI, I-NDVI and h — jointly
receive 56 % of the total weight, with weights tightly grouped in the range 0.137-0.144; CMR and
NDDI receive 0.135 and 0.131 respectively; and the two indicators most weakly connected to the rest
of the system (SD and LST) receive markedly lower weights of 0.099 and 0.073. This concentration
of weight in the degradation cluster is consistent with the topology of the correlation graph in Fig. 3
and with the structural-physical interpretation of these six indicators as the dominant proxies of bare-
ground exposure, urban sealing, vegetation decline, soil compaction, clay accumulation and drought
intensity in the basin. For comparison, the first principal component of R captures 55-60 % of the
total variance, and its loadings on the eight indicators are proportional to the eigenvector associated
with the largest eigenvalue. For collinear indicators these loadings are close in absolute value, while
indicators weakly correlated with the dominant cluster (LST, SD) carry small loadings; the qualitative
distribution of importance under PC1-based weighting therefore resembles that produced by Eq. 11.
The difference between the two schemes is interpretive rather than quantitative: PC1 loadings refer to
an abstract orthogonal direction that mixes semantically distinct indicators into a single axis, whereas
the weights produced by Eq. 11 are assigned to the original indicators and retain a direct landscape-
physical meaning, allowing each contribution to be read off the final vulnerability map [31, 37].

Quantile equivalence and absence of double counting. The pair BSI and NDBI exhibits a basin-
wide Pearson correlation of r = 0.99 (Fig. 3) and consequently receives near-identical weights of
0.1439 and 0.1437 in Table 2. A natural concern is whether this introduces a duplicated count of the
same underlying landscape signal in Eq. 12. The answer is negative, and the reason lies in the order of
operations within the EVI definition. Equation 12 is a weighted sum of quantile ratings Re {1,...,5},
not a weighted sum of the continuous indicator values themselves. Quantile ranking is a monotone
transformation that preserves order; for two variables linked by a monotone relationship with rank
correlation close to unity, the pixel-wise ratings coincide almost everywhere: R, (x) = R, (x) for
almost every pixel x. The joint contribution of the pair to the EVI then reduces to wg, - Ry +w o
Ry pm ® W + W) * R=0.288 - R, where R denotes the common quantile rating of the pair. The
structure of Eq. 12 is therefore mathematically equivalent to one in which BSI and NDBI are replaced
by a single consolidated indicator with weight 0.288. The scheme does not double the influence of
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a single latent process; rather, it distributes the total weight assigned to that process between two
spectrally distinct sensors (BSI is sensitive to bare ground, NDBI is sensitive to built-up surfaces),
each of which contributes an independent measurement-noise channel, so that the average of their
ratings is more stable than the rating of either alone. The same argument applies to the moderately
collinear pair h—-CMR (r = 0.65): the weight is split between the two members of the pair (0.1375 and
0.1354 in Table 2), but the joint quantile rating enters the EVI as a single consolidated term. In Eq. 12
the threshold r > 0.6 that delineates ‘collinear’ indicators is therefore not used to discard variables but
to flag clusters whose total weight effectively represents a single landscape process.

Sensitivity to indicator selection. To probe the robustness of the weighting scheme against the
choice of input indicators, Eq. 11 was recomputed after removing NDBI, the most strongly collinear
partner of BSI (r = 0.99). The reweighted values w’, for the reduced seven-indicator set are reported
in Table 3.

Table 3
Weight distribution of the environmental indicators (excluding NDBI)

Tabnumna 3
Pacnpenesnenne BecoBbIX K03(pUIHEHTOB IKOJIOTHYECKHX HHIUKATOPOB 0e3 yuera NDBI

Rank Indicator Sy’ w'j

1 h 3.36 0.1732
2 CMR 3.17 0.1634
3 BSI 3.14 0.1619
4 I-NDVI 3.01 0.1552
5 NDDI 2.87 0.1479
6 SD 2.28 0.1175
7 LST 1.57 0.0809

) 19.40 1.0000

As expected from a globally normalised scheme, the new weight vector {w’j} differs measurably
from {wj}: BSI rises from 0.1439 to 0.1619, while h and CMR each increase by roughly 25-30 % (to
0.1732 and 0.1634). The scheme is therefore not stable at the schema level under the removal of a
collinear partner, a property that is structural and intentional, since Eq. 11 by construction distributes
weight in proportion to systemic centrality. What is stable, however, is the final classification: more
than 98 % of basin pixels retain their EVI class under {w’j}, and the redistributions are essentially
confined to *1 class transitions on the boundaries of adjacent quantile bins. Repeating the test by
removing, in turn, [-NDVT and h yields an analogous pattern, with more than 95 % of pixels preserving
their class assignment in each case. This pixel-wise stability is a joint property of the classification
model — the combination of quantile rating in Eq. 12 with the narrow spread of W, in the range 0.07—
0.15 — rather than evidence of weight-vector invariance to indicator removal. The result is consistent
with the robustness-based composite construction framework of [35] and provides the sensitivity
verification required by [33].

The integrated assessment of environmental vulnerability in the Akhangaran River Basin, covering
atotal area of 7,303.81 km?, revealed a landscape under significant systemic stress (Fig. 4). The findings
elucidate a clear spatial partitioning of risk, where the mountains retain a geomorphological baseline
of stability, whereas the built-up and agricultural plains have been subjected to intense thermal and
anthropogenic forcing. This leaves the Akhangaran basin’s primary socioeconomic hubs in a state of
chronic environmental tension, where natural resilience has been almost entirely replaced by structural
and artificial vulnerability.
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Fig. 4. Spatial distribution of Environmental Vulnerability Index (EVI) across the Akhangaran River Basin
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Basin-wide statistical analysis demonstrated that vulnerability is widespread across the basin, with
a combined 59.6 % of the total area classified as being under «Major» (32.9 %) or «Critical Risk»
(26.7 %) (Fig. 5a). Only a marginal fraction of the basin (8.8 %) retains a «Minimal» or «Minor»
vulnerability status, underscoring the severe ecological pressure on the region’s land resources.
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Fig. 5. Comparative analysis of environmental vulnerability degrees in the Akhangaran River Basin:
(a) spatial distribution by total basin area; (b) statistical distribution by total evaluated land use plots
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When analysed through the lens of individual land-use plots (n = 78,838), the severity of the
situation is further amplified. Nearly half of all evaluated plots (47.4 %) were categorised as «Major»
vulnerability, while 19.1 % fall under «Critical Risk» (Fig. 5b). This indicates that 66.5 % of the
basin’s functional land units are operating under high environmental stress. The relatively higher
proportion of individual plots in high-risk categories compared to the area-based percentage suggests
that smaller, more fragmented land parcels, often associated with intensive agricultural and industrial
use, are disproportionately affected by degradation drivers.

The investigation into sector-specific environmental dynamics begins with the forestry sector,
where the landscape is primarily defined by the vertical zonation of Western Tian-Shan. Spatial
vulnerability mapping (Fig. 6) and baseline statistical indicators (Table 4a) collectively demonstrate
that the high-relief forestry sector maintains a largely intact natural baseline.
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Fig. 6. Environmental vulnerability classification in the forestry sector

Puc. 6. Kitaccudukanus 3KoJI0rn4eckoii yI3BUMOCTH B JIECHOM CEKTOpe

Spanning the Chatkal and Kurama ranges, the sector encompasses a diverse topographical spectrum
where environmental vulnerability, predominantly manifesting as ‘Moderate’ and ‘Major’ degrees, is
governed by geophysical constraints rather than direct anthropogenic transformation. As the area is
distributed across a broad altitudinal range, extending from lower-altitude valley margins at 259 m to
alpine peaks reaching 3,838 m, its internal ecological resilience intrinsically tied to its highly varied
relief.

91



BECTHMK CBdY. Cepua «HAVKH O 3EMMEN Ne2(42)2026 —————————————————————

Table 4a
Raw forestry sector indicators (pre-normalisation)

Tabmnuua 4a
Mcxonnbie nokasare/u JeCHOI0 CEKTOpa (10 HOpMaJIU3aLuH)

Indicator min max mean
BSI -0.47 0.36 0.07
NDBI -0.91 0.33 -0.07
NDVI -0.17 0.88 0.37
h 259.0 3838.7 1043.7
CMR 0.87 2.27 1.46
NDDI -533.8 691.7 1.29
SD 910.0 1550.0 1358.3
LST 12.7 57.2 38.2

This topographic influence was most apparent in the thermal regime of the sector. The mean LST is
maintained at 38.2°C, a condition dictated by the adiabatic lapse rate combined with the high thermal
inertia of the montane ecosystem. Furthermore, dense biomass acts as a radiative shield; by reducing
the surface heat flux, this vegetation canopy ensures a stable energy balance. Such cooling effectively
buffered 19.5 % of the sector, maintaining its ‘Minimal’ vulnerability status (Table 4b).

Table 4b
Distribution of vulnerability degrees within the forestry sector
Tabnuna 46
Pacnipenesienne cTeneHy ysi3BHMOCTH B JIECHOM CeKTOpe
Degree Plot Count Area (km?) Percentage

Minimal 10 279.3 19.5 %
Minor 2 0.21 0.01 %
Moderate 15 800.7 56.0 %
Major 47 3333 233 %
Critical Risk 15 16.1 1.12 %

Despite its biophysical stability, the sector presents a geophysical anomaly: a slightly positive
mean BSI of 0.07. Rather than indicating anthropogenic degradation, this value reflects the inherent
lithological signature of the Middle Tian-Shan, representing natural petrographic exposure on steep
slopes where high relief energy limits soil development. Crucially, systemic ecological collapse is
absent within this montane core; the marginal 1.12 % classified as ‘Critical Risk’ is localised, confined
almost exclusively to the lower-elevation transitional margins.

Extending directly from these margins, the agricultural sector, occupying the low-altitude alluvial
plains of the basin, represents the most environmentally precarious domain. As evidenced by the
spatial distribution of risk (Fig. 7) and raw indicators (Table 4a), this sector operates in a state of highly
unstable ecological equilibrium.

From a geoscientific perspective, the vulnerability of this lowland sector is heavily driven by
severe soil compaction and high physical resistance. The mean soil bulk density (SD of 1,414.5 kg/m?)
was the highest within the basin, indicating a critical reduction in total porosity. In these fine-grained
alluvial deposits, such elevated density directly translates to a diminished volume of macropores, which
are essential for aeration, hydraulic conductivity, and unimpeded root proliferation. This structural
degradation has profound geohydrological consequences. Severely reduced water infiltration rates
generate elevated surface runoff, increasing the landscape’s susceptibility to erosion while actively
hindering the natural recharge of the Akhangaran Alluvial Aquifer [12].
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Fig. 7. Environmental vulnerability classification in the agricultural sector
Puc. 7. Kitaccngukanms S5KoJI0orniecKor ysI3BUMOCTH B CEIILCKOX035HICTBEHHOM CEKTOpe
Table 5a
Raw agricultural sector indicators (pre-normalisation)
Tabmuma 5a

HcxonHbie noKa3aTe CeJibCKOX0351iICTBEHHOI0 ceKTOpa (10 HOPMAaJIM3alUH)

Indicator min max mean
BSI -0.55 0.50 -0.05
NDBI -0.69 0.56 -0.14
NDVI -0.15 0.93 0.46
h 257.5 3314.8 469.5
CMR 0.72 2.34 1.50
NDDI -544.2 499.3 0.68
SD 1149.0 1541.0 1414.5
LST 18.8 58.3 39.2

Furthermore, elevated CMR exacerbates this condition. The prevalence of fine-grained particles,
combined with a high calcium carbonate (CaCO3) content [34], triggers a complex hydro-chemo-
mechanical degradation pathway. During periods of moisture deficit, these clay-rich soils harden
significantly, restricting plant water uptake. Conversely, under intensive agricultural irrigation, the
expanded capillary fringe renders the topsoil highly susceptible to structural collapse and salinisation.

Beyond soil physics, the sector exhibits a “green paradox”. Its high biomass masks extreme
environmental vulnerability, with over 83.7 % of the land concentrated in the ‘Major’ (43.7 %) and
‘Critical Risk’ (40.0 %) degrees.
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Table 5b
Distribution of vulnerability degrees within the agricultural sector
Tabnuma 56
Pacnpenesnenne creneHu ya3BUMOCTH B CeJIbCKOXO03SIiiCTBEHHOM CEKTOpe
Degree Plot Count Area (km?) Percentage

Minimal 4526 192.3 548 %
Minor 4714 105.7 3.01 %
Moderate 8 846 274.8 7.83 %
Major 17 370 15322 43.7 %
Critical Risk 7 526 1405.5 40.0 %

High temperatures (mean LST of 39.2°C, reaching up to 58.3°C) and drought signatures indicate
severe tension within the soil-plant-atmosphere continuum. Consequently, this “greenness” is an
artificial stability maintained exclusively by irrigation, leaving the Akhangaran lowlands acutely
sensitive to even minor hydrological perturbations. Without this external input, the terrain would face
rapid desertification.

This profound vulnerability of the cultivated plains sets the stage for evaluating the most heavily
modified ecosystems in the region. The environmental assessment culminated in the analysis of the Complex
Urban-Industrial and Buffer Zones (Fig. §), which encompass the basin’s primary urban centres and the
expansive Angren-Almalyk industrial-mining corridor, and their adjacent mountain reserves. Defined by a
stark physical contrast between the higher-elevation undeveloped reserve buffers of ‘Moderate’ risk and the
heavily built lowlands, this sector functions as a massive urban heat island (UHI).
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Fig. 8. Environmental vulnerability classification of the complex urban-industrial and buffer zones
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Manifestation of this phenomenon is most evident in its extreme thermal anomalies, demonstrating
the highest mean surface temperature in the basin (LST of 41.3°C), with localised thermal peaks
reaching a staggering 58.3°C (Table 6a). This intense radiative forcing is a direct consequence of the
drastic modification of surface energy balance. The widespread replacement of natural vegetation with
impervious, low-albedo industrial materials and asphalt fundamentally negates the natural cooling
effect of moisture evaporation, instead channelling solar energy into the direct heating of artificial
surfaces.

From the perspective of soil physics, the vulnerability of the built-up sector is characterised by
systemic surface impermeability. The high mean soil bulk density reflects pervasive anthropogenic
compaction. Unlike the agricultural sector, where compaction is periodic and related to tillage, the
density in the residential-industrial zones indicates permanent occlusion of pore spaces.

Table 6a
Raw indicators of the complex urban-industrial and buffer zones (pre-normalisation)

Tabmuma 6a
Hcxoanbie moka3areau KOMILIEKCHBIX YPOAHN3HPOBAHHBIX, IPOMBILIJIEHHBIX H OydepHBIX 30H
(10 HOpMAJIM3ALUH)

Indicator min max mean
BSI -0.50 0.49 0.03
NDBI -0.99 0.47 -0.07
NDVI -0.03 0.83 0.33
h 258.5 4072.5 533.9
CMR 0.64 2.26 1.30
NDDI -538.5 495.7 0.88
SD 780.0 1613.3 1409.9
LST 9.37 58.3 41.3

The statistical distribution of degree of vulnerability revealed a distinct spatial bifurcation driven
by this mixed land use (Table 6b).

Table 6b
Vulnerability distribution in the residential and non-residential zones
Tabnuia 66
PacnpenesieHne yi3BUMOCTH B sKHJIBIX H HEKHIIBIX 30HAX
Degree Plot Count Area (km?) Percentage

Minimal 813 43.7 1.85 %
Minor 1616 17.7 0.75 %
Moderate 5903 1230.8 52.1 %
Major 19951 541.4 22.9 %
Critical Risk 7484 530.2 22.4 %

Over half of the sector (52.1 %) is classified as «Moderate», representing the higher-elevation
mountain undeveloped buffers, where some biogenic stability persists. Conversely, nearly half of the
landscape (45.3 %) is concentrated in the «Major» (22.9 %) and «Ceritical Risk» (22.4 %) categories.
This concentration of extreme risk reflects the irreversible ecological transformation of the industrial
floor, marking a point at which anthropogenic pressure has fundamentally overridden the region’s
natural resilience.
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Discussion

Significant methodological caveats are highlighted when urban thermal stress is quantified using
standard spectral metrics. As evidenced by the correlation matrix (Fig. 3), the NDBI exhibited no
meaningful correlation with LST (r=-0.01). This decoupling occurs because NDBI fails to differentiate
actual built-up zones from the surrounding bare soil owing to their profound spectral homogeneity in
moisture-deficient dry climates. This limitation is the exact driver of the severe collinearity (r = 0.99)
observed between NDBI and BSI in the dataset. Consequently, substantial classification errors are
introduced when indices designed for humid environments are applied to dryland cities [39].

This spectral confusion severely skews urban vulnerability assessments by distorting the true
anthropogenic thermal footprint. For instance, while the residential-industrial sector is characterised
by extreme thermal anomalies (highest basin mean LST = 41.3°C) and severe physical compaction
(mean Soil Density = 1409.9 kg/m?), these extreme alterations are completely missed by the index
(mean NDBI = -0.07). Therefore, to accurately evaluate actual urban ecological stress, where nearly
half of this landscape faces ‘Major’ (22.9 %) or ‘Critical Risk’ (22.4 %) levels, it is imperative that
standard metrics are replaced with climate-optimised indices capable of disentangling true impervious
surfaces from the semi-arid background.

Accurate delineation of these degraded industrial surfaces is critical not only for spatial planning but
for epidemiological risk assessment, as these overheated, compacted zones act as primary generators of
toxic aerosols. The severity of this airborne threat is rooted in the specific physicochemical properties
of local topsoil. According to Shukurov et al. (2005) [40], heavy metals stably accumulate in the
topsoil of the region because the alkaline lithosols (pH 8.2) and high carbonate content limit pollutant
mobility via increased chemisorption. Consequently, extreme concentrations of heavy metals are stably
trapped in the uppermost 0—10 cm soil layer near the emission source, where mean values reach up to
1605 mg kg™ for copper and 303.8 mg kg™ for lead. The extreme ecotoxicity of this contamination is
evident within the soil itself, where the accumulation of toxic metals inhibits microbial diversity and
enzyme activity and has a direct inverse relationship with the health of soil nematode populations [41].

In a semi-arid continental climate characterised by intensely hot and dry summers, this desiccated
topsoil allows pollutants to easily become airborne as dust, a situation further exacerbated by thermal
inversions in the valley [40]. Upon inhalation by the local population, this biologically hostile cocktail
of heavy metals and polycyclic aromatic hydrocarbons (PAHs), carried as emissions and dust, results
in severe synergistic toxic effects. This threat is particularly acute in vulnerable demographic groups,
such as individuals with pre-existing cardiovascular conditions. For example, patients with heart
failure, for example, exhibit altered respiratory dynamics, characterised by higher respiratory rates and
tidal volumes, which result in a 12.9 % higher probability of fine particulate matter (PM2.5) bypassing
the upper respiratory tract and penetrating deeper into the lungs [42].

Once this toxic, aerosolised dust is deposited deep within the pulmonary system, it acts as a direct
trigger for systemic inflammation and endothelial cell apoptosis [39]. Inhalation of these particles
initiates a severe immune response, driving a cascade of pro-inflammatory cytokines (including
TNF-a, MCP-1, and IL-8) and establishing a harmful antiangiogenic blood profile [43]. Ultimately, this
PM2.5-induced disruption of vascular integrity and the corresponding increase in platelet-monocyte
aggregates significantly aggravate the atherothrombotic process, placing the exposed population at a
severe risk for atherogenesis, thrombosis, and acute coronary events.

Conclusion

This study evaluated environmental vulnerability across the Akhangaran River Basin using a
correlation-weighted index and multi-temporal Landsat imagery (2022-2025). The results indicate
that 59.6 % of the basin area is classified under high vulnerability levels. The spatial analysis identified
a distinct partitioning of risk governed by land-use and topography. The forestry sector remains
relatively stable, with vulnerability primarily driven by natural geomorphological factors. In contrast,
the agricultural and industrial-residential sectors exhibit significant degradation. The agricultural zone
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is characterized by an unstable equilibrium maintained through irrigation, while the Angren-Almalyk
industrial corridor demonstrates extreme thermal anomalies and high soil bulk density. As this
research relies exclusively on open-access aerospace and cadastral land-use datasets, its findings offer
an independent result that can be cross-referenced against and used to supplement spatial coverage
reports for the national “Land Degradation” geoinformation portal.
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AHHoOTanus. B cenbckux moceneHuax SIKyTuu ocTpo CTOHUT mpoOieMa KauecTBa MUTHEBOW BOIBI M3-3a Je-
rpaganun o3ep. s pemenus 3Toit mpoOaeMbl MOCTPOEHBI BOAOIPOBOABI U3 peku JIeHa. B crarbe onennBaercs
KauecTBO BOIBI o Tpacce «Jlerna — Tyopa-Kroensy, moctpoenHoro B 2001 roxgy. OH obOecrieunBaeT BOAOH TpU
yayca (6onee 57 Teic. yenoBek) mo 130 kM BomonpoBoaa u 26 kM KaHana. McTouHuk Boxsl — peka JleHa, Bomo3a-
60p pacnonoxken Boie Hmkaero bectsixa. Boma mogaetcs ¢ pacxogom 120 gmeit, uto cocrasnsiet menee 10 %
OT MUHUMAJIBHOTO CTOKA JIeHBI.

Llens paboTsl — M3yunTh BIMsTHKE BonoBoAa «Jlena — Tyopa-Kroensy Ha kauecTBO BOJBI B 03€pax U B 03epax-
BOZIOXPAHUIIHIIAX, KOTOPBIE PACTIONOKEHBI B0 €T0 MAPIIPyTa.

B xome paboTs! ObIT MPOBEAEH aHANN3 THAPOXMMHUYECKOTO COCTaBa BOJA PA3TMYHBIX BOIOEMOB, PACIIONO-
JKEHHBIX TI0 MyTH CJIE0BAaHMS MaruCTPaIbHOTO BOAOBOAA. B GombmImHCTBE 03ep 3aMKCHPOBAHO TPEBBIIICHHE
[NAK MHKpO3IEMEHTOB, YTO HETATWBHO CKa3bIBaeTCA Ha KaueCTBE BOABI. BBISABIECHBI MPEBBIIICHUS MO OOmIeH
JKECTKOCTH, MarHuio, ¢ocdaram, KpeMHHIO, jKelle3y, aMMOHUITHOMY a30Ty W HuUTpaTaM. OCOOEHHO 3aMETHBI
3HAUUTENbHBIC TpeBBIIIeHNs 10 (peHonaMm (B 9,6 pasza), aMMOHHIHOMY a30Ty U >xenesy (B 10 pa3), HUTpUTam
(B 50 pa3), pocdaram (8 1,8 paza), pH (B 1,1 pa3za) u obmeii sxectroctu (B 1,3 pasa). C 2002 mo 2017 rox Habmro-
JTaeTcsl 3aMETHOE YBEJIMYEeHHEe MUHEpAIH3auuu 03epHbIX BoJ (0T 1,3 10 3,1). OCHOBHBIM (haKTOPOM, BIHSIOLIHM
Ha MUHEPAIU3aIuIo U XUMHUUECKHI COCTaB BOJBI B BOAOXPAHIINIIAX JIeHO- AMTHHCKOTO MEKTypedbs, SIBISETCS
AHTPOIIOTEHHOE BO3JEHCTBHE.

Kunrouessie coBa: Bonosox «Jlena — Tyopa-Kroenby, 03epo, BOTOXpaHUIHNIIE, KaIeCTBO BOJBI, 3aTPA3HSIO-
[IMe BEUIeCTBa, MpeAeibHO gomycTuMast konnentpamust (I1J1K).

I uurupoBanus: Yiuauikas JILA., Eropos A.B., Cy6erto I.A., [lectpsikoBa JI.A. OnieHKa KauecTBa BOJIBI
MaructpansHoro Bogosoza Jlena-Tyopa-Kroens (Jlena-Amrunckoe Mexaypeuse). Becmuux CBDY. 2026;(2): 68-
75. DOI: 10.25587/2587-8751-2026-1-68-75
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Abstract. In rural settlements of Yakutia, the problem of drinking water quality is acute due to the degradation

of lakes. To solve this problem, water pipelines from the Lena River have been built. The article evaluates the
water quality along the Lena—Tuora-Kuel water pipeline built in 2001. It provides water to three villages (more
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than 57 thousand people) with 130 km of the water pipeline and 26 km of the canal. The source of the water is
the Lena River; the intake is located above Nizhny Bestyakh. The water is supplied with a flow rate of 120 days,
which is less than 10 % of the minimum flow rate of the Lena River.

The aim of the work was to study the influence of the Lena—Tuora-Kuel water pipeline on the water quality in
lakes and in reservoir lakes located along its route.

In the course of the work, an analysis of the hydrochemical composition of the waters of various reservoirs
located along the route of the main water pipeline was carried out. In most lakes, the maximum permissible
concentration of trace elements was recorded, which negatively affects water quality. Exceedances in total
hardness, magnesium, phosphates, silicon, iron, ammonium nitrogen and nitrates were revealed. Especially
noticeable are significant exceedances in phenols (9.6 times), ammonium nitrogen and iron (10 times), nitrites
(50 times), phosphates (1.8 times), pH (1.1 times) and total hardness (1.3 times). From 2002 to 2017, there was
a noticeable increase in the mineralization of lake waters (from 1.3 to 3.1). The main factor influencing the
mineralization and chemical composition of water in the reservoirs of the Lena-Amga interfluve is anthropogenic
impact.

Keywords: Lena — Tuora-Kuel water pipeline, lake, reservoir, water quality, pollutants, maximum permissible
concentration (MPC)

For citation: Ushnitskaya L.A., Egorov A.V., Subetto D.A., Pestryakova L.A. Assessment of the water
quality of the Lena—Tuora-Kuel main water pipeline (Lena—Amga interfluve). Vestnik of North-Eastern Federal
University. Earth Sciences. 2026;(2): 68-75. DOI: 10.25587/2587-8751-2026-1-68-75

Brenenne

B cenpckux nmocenenusx Pecnyommku Caxa (SkyTust) mpoOiiema obecrieueHust HaceIeH s 100po-
KaueCTBEHHOM BOIOH CTOMT 0COOEHHO OCTPO. ITO CBSZHO C TE€M, YTO UCTOPUYECKU U reorpaduuecKu
OONBIIMHCTBO TAKMX ITOCEJICHUH PACHONIOXKEHB! BOIU3M KPYMHBIX 03ep. OHAKO B pe3yabTare B3au-
MOJICHCTBUSI TIPUPOAHBIX M aHTPONOIEHHBIX (haKTOPOB 03€pa, UCIOIb3yEeMbIe JJIsl BOJOCHAOKEHNS,
OBICTPO AErpagupyIoT. B CBsI3M ¢ 9THM IIPUXOANTCS TOCTaBaTh BOAY M3 BOJOEMOB, HAXOISAIINXCS Ha
3HAYNTEIFHOM PACCTOSHUM OT HaceJIeHHBIX MyHKTOB [14]. B Pecny6nmke Caxa (SIkyTus) ans pere-
HUsI IPpoOJIeMbl eUITa BOJIBI M YXYALICHUS €€ KauecTBa II0CTPOEHBI TPyOOITPOBO/IbI 3aKaYKH BOJIBI
u3 peku Jlena no mMarucrpainsm «Jlena — Miopro» u «Jlena — Tyopa-Kroens». B nannoii crarbe one-
HUBACTCS Ka4eCTBO BOBI BIOJIb Tpacchl nmocieanero. B 2001 roxy ObLI10 3aBEpIICHO CTPOUTEILCTBO
Bogonposoja ot Jlens 10 Tyopa-Kroens, oOecrieunBIIero MUTHEBOM BOJON HACEICHHS TPEX YIIyCOB:
Meruno-Kanranacckuii, Uypamuunckuii u Tartuackuii. beiio moctpoero 130 kM BogompoBoma u
26-TUKUIIOMETPOBBIN KaHall. COITacHO TEXHUKO-3KOHOMHYECKOMY 000CHOBAHHUIO IPOCKTA OPOIICHHS
1 BOJOCHAO)KEHUS B TPYIIIE MOCETKOB 3apeubs, IICHTPATN30BaHHBIE BOIOCHAOKEHIE JOIDKHO OBITH
obecrieueHo /1t 30 HaceNEeHHBIX ITYHKTOB U 18-TH JIETHUX JIarepeil B 9THX TpexX yiycax, Tie IpoXHu-
BaeT Ooree 57 THICSY YENOBEK. B KauecTBe MCTOYHMKA BOJBI BEIOpaHa peka Jlena. OCHOBHOM Boz03a-
00p Ul MAaruCTPalIbHOTO TPYOOINPOBO/IA B BH/JIE TUIAByUei HACOCHOW CTAHIMHM HAXOAMTCS BBILIE 110
TedueHuto Mexay nrr. Huwkuuit bectax u ¢. Xanrarait Meruno-Kanranacckoro yiayca. Peunas Bona
MOJIaeTCs C HAYaJIbHBIM pacxonoM 1,8 kybomerpa B cexyHay (20 MUIUTHOHOB KyOOMETPOB B CYTKH)
Ha paccrosHuM 128 kM B Teuenue 120 nHell ce3oHHON nepexauxu. Pacxon Boas! u3 JIeHsl cocTaBuil
Mmeree 10 % 0T MUHUMaIbHOTO CPEAHETO CTOKA PEKH.

OcHOBHas 1ienb UCCIeI0BaHUS — OIIGHUTH Bo3/eicTBHE BogoBofa «Jlena—Tyopa-Kroens» Ha Ka-
YECTBO BOJIBI B 03€pax M 03€PaxX-BOAOXPAHHIIMIIIAX, PACTIONOKEHHBIX BIOJIb €ro MapupyTa. B pamkax
JAHHOTO HCCIIEA0BAaHMS OBUI IPOBEACH aHAIN3 THIPOXUMUYECKOI0 COCTaBa BOJ BOZOEMOB II0 ClIe0-
BaHUIO MarucTpaabHoro Boposozaa Jlena — Tyopa-Kroens.

Marepuajbl H MeTObI HCCJIIOBAHUS

Jnst u3yueHHs IPUPOAHBIX MPOIIECCOB U OIPEAEIECHHs COCTOSHHS BOABI BOJOEMOB HaMHU OBLIH
OpraHu30BaHbl CTBOPHL. CTBOP — 3TO YCIOBHOE MONEPEYHOE BOAOEMA MIIM BOJOTOKA, IJI€ TIPOBOIMT-
csl KOMIUIEKC padoT jjisi cOopa JaHHBIX O KayecTBE BOJbI. PacrosioxeHne CTBOPOB ONPENeIsuIoch C
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YYETOM THAPOMETEOPOJIOTHYECKUX U MOP(OJIOrNYeCKUX OCOOCHHOCTEH BOJHOTO OOBEKTa, a TakK-
JKe OJM30CTH MCTOYHHUKOB 3arps3HeHMs. B pamkax mccienoBaHmii ObIIM OXBaueHbI 03€pa-BOIOXpa-
HWJININA, PACTIONIOKEeHHbIE BIOIbL Tpacchl BomoBoaa Jlena-Tyopa-Kroens: B Mernno-Kanramacckom
yayce (Mynnynaax, Tonmo, Tabara u Bepxuuit broteiinsx); B Uypamannckom yiyce (Katur-Kroens,
FOpronr-Kroens, Jupun, Usraaac, Jlamma, Moromioit u Uypamya).

Ha xaxoii u3 n30paHHBIX CTaHIIMU IPOU3BOAMICS COOp MaTepHajIoB IO THAPOOUOIOT Y, BKIIIO-
4ast (pUTOTIIAHKTOH, 300IUIAHKTOH M 3000€HTOC, a TAKXKE aHAJIM3MPOBAIN XUMHUIECKHE TOKa3aTeln
BOJIbI M JIOHHBIX OTJOKeHnH. CTaHuuu Jyist oTOopa nMpod HaMu BBIOMPAJIHMCh HA XapaKTepHBIX OMOTO-
I1ax BOZOEMOB C Y4€TOM HEOOXOMMOCTH BBISBIICHHSI CTETIEHH TpaHC(OPMAIMN OHOLIEHO30B B PE3YJlb-
TaTe aHTPOTIOTEHHBIX U TEXHOTCHHBIX HAarpy30kK (puc. 1).
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Puc. 1. Cxema maructpanbHoro Bogosoaa Jlena — Tyopa-Kroens

Fig. 1. Scheme of Lena — Tuora-Kuel main water pipeline

B nanHolt paboTe mpeacTaBieHbl MaTepUalbl THAPOXMMUYECKOIO COCTAaB BOJ BOAOEMOB BJIOJb
tpaccsl «Jlena — Tyopa-Kroenb». Ananntudeckue paboTsl ObUIN MpoBeeHbl B Jabopatopusix PI'Y
«IenTp roccamymuanaazopa B PC(), I'VII PC () «llenTpreoananuTuka» U B XUMHUECKOH J1abopa-
topun BonHbIX sKocucteMm UIIDC AH PC () mo obmenpunstoit metonuke [1; 2; 6; 7; 8].

Pe3yabTaThl u 00cy:KAeHTE

Ozepa y BomoBoaa Jlena — Tyopa-Kroensb pacmonokeHbl B LeHTpasibHOM Sxytun, Ha JleHo-
AMIUHCKOM MEXIypedbe. JTa aJulioBHANbHas paBHHHA copmupoBaHa pekamu JIeHOH M AMTIOM.
Teppuropust orHOcHTCsI K Oacceiinam pek Cyouna u TarTa, 17151 KOTOPBIX XapaKTepeH allaCHbIN pelibed
¢ OyrpucTo-3anaanHHbIM MUKpopenbedom. [myonHa anacoB gocturaet 40 M. B ueTBepTHYHOE BpeMs
penbed MeHsUICS U3-3a KoneOaTeNbHbIX IBIKCHNH, 9TO ITPUBEINIO K 00pa30BaHHIO TPSIJOBOTO U XOIMH-
cToro penbeda, a TaKkKe K pacuIeHEHUIO PEYHOU ceThio. B paHHeueTBepTHUHOE BpeMs (OpMHUpOBa-
much peku Amra u Amgas [10].
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SIKyTHS JenuTCesl Ha apKTHYeCcKue, CyOapKTHUeCKHe ¥ YMEPEHHYIO KiiMMaTthuueckue 30HbI [3; 13].
JleHO-AMTIHHCKOE MEXKITypeube OTHOCUTCS K YMEPEHHOW 30HE C pe3KOKOHTHHEHTAIBHBIM KIIMMATOM:
OOJIBIIIME TEMIIEPATYPHBIC KoJIeOaHH s, MaJlo 0CaIKOB, Cyxoi Bo3ayx. Kimumar gpopmupyercs mox Biu-
SIHEEM BBICOKHX LIMPOT M TOPHBIX XpeOToB. [omosas pagnanms 90-100 kkan/cm?, MAKCHMyM B HIOHE,
MHHHMYM B Jiekabpe. PamnanuonHblii Gamanc nonoxutensHeiii (30-32 kkan/cm?) [5]. 3uMoit BO3MOK-
Hel noterienus 1o -10 °C [11]. Becna (1,5 mec.) HaunHaeTcst ¢ iepexoia tremneparypsi uepes 0 °C
1 CBs3aHA ¢ IOKHBIMH BeTpaMu. B XX Beke TemriepaTypa Bo3ayXa MOBBICHIACH, 0COOCHHO 3UMOH [5;
9]. B mapTe pajimannoHHbIi OanaHC MOJI0KUTENICH, B OKTIOpe — oTpuliaresneH. Jletom ucnapenue npe-
BBIIIAET OCAJIKH, BBI3bIBAsI MCCYIICHHUE TOYBBI. 3UMa MPOJOJIKUTENIbHAS, XOJI0IHAs U MaJIOCHEKHAS
(-35...-45 °C), pourcs oxono 220 nueil. MuoronetHsst Mep3nora B LlenTpansHoit SIkyTnu, BKIIrouas
TeppuTopruu JIeHO-AMIHHCKOTO MEXKIypeubsl, HIMEET NEPEMEHHYIO0 MOIIHOCTh ¥ HHU3KYIO TeMIIepa-
Typy. IIpUCYTCTBYIOT BCe THITBI MOA3EMHBIX JIBJOB. [ TyOMHA CE30HHOTO MPOTAUBAHUS BapbUPYETCs
(1,6-2,8 M B HH3MHAX, 2,4 M B anacax), 3aBUCs OT 3aTeHeHHOCTU. Ce30HHOE MPOMEp3aHue TITyoKe
MIPOTaMBaHUs, BEPXHSSA TPaHUIAa MeP3IOTHI (1—4 M) cMbIKaeTcs ¢ HUM. Temriepatypa Mep3IIbIX TTOPO.T
Ha ryoune 10 m koneonercs (ot -1,0 °C no -3,8 °C). Paiion ucciienoBanus 60rat TepMOKapCTOBBIMU
03epaMy, KOTOpBIE B ITOJIOBO/IBE M TP OOMIIBHBIX OCaJKaxX COCTUHSIOTCS. TpyOompoBoa, MepeKphl-
BAIOIINI €CTECTBCHHBIC BOIHBIC MTyTH, MOXKET M3MECHUTH HAIIPABJICHHUE MTOTOKA, BBI3BIBAS BHICHIXaHHE
MaCTOMIL HIDKE M 3aTOIJIEHUE BBIIIE TOUKU MEPEKPBITHS. [l COXpaHeHNUs THAPOJIIOTHYECKOTO PEXH-
Ma MOCTPOEHBI MOCTHI Yepe3 MOCTOSHHBIC BOJOTOKH. TakKe CO3MaHBI CAHUTAPHO-3aIIUTHBIC 30HBI
JUTS. OXpaHbl BOMOUCTOUHUKOB. O0cenoBanbl 12 BomoeMoB: peka JIeHa (B TOYKe ITaBHOW HACOCHOU
craniun) u 11 ozep. Tpacca BogoBoza peka Jlena — m. Tyopa-Kroenb mpoxoauT yepes HaceleHHbIE
myHkTel: HiokHnit bectax, Maits, Uroiis, Tabara, Broteiinax, Tyopa-Kroens.

Munepam3zanus BoIbl B 00CIe0BaHHBIX BojoeMax coctaBmia 84 — 730 mr/in. bombIIMHCTBO BOA
OTHOCSTCA K THAPOKapOOHATHO-MarHUEBOH M THAPOKapOOHATHO-HATPHEBOI KaTEropusM, a BOABI B
Mynnynaax u Tanms — Kk rApokapOOHAaTHO-KaIblUeBbIM. KOHIIEHTpalysi Marius, OCHOBHOTO KaTH-
OHa, CHJIFHO BapbHPOBATACh C YBEIMUCHHEM IO BOMHOMY ITyTH. HaumHas ¢ BogoxpaHwimiia Tabara,
HaOmonanoch npesbinenne [1JIK no nByx pas. JKecTKOoCTh MOBEPXHOCTHBIX BOJ BapbHpYeTCs OT
«ouenp Msrkoi» (1,32 °XK) na pexe Jlena no «kectroin» (7,16 °XK) B 03epe FOpronr-Kroens. Bosbr
TUTABHO MEPEXOAT OT OYCHBb MATKON K YMEPEHHO JKECTKOH U anee K Ooree xecTkoi rpymme (puc. 2).
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Puc. 2. ITokazarenu o0111eli )KeCTKOCTH BOABI B HCCACIOBAHHBIX BOIOEMAX

Fig. 2. Indicators of total water hardness in the studied reservoirs
Bona B Bomoemax mmMeeT crnabomenounyro cpeny (pH ot 7,3 mo 8,2), uTo nemaet ee HEMHOTO 00-

Jiee 1eJIOYHOH 1o cpaBHeHHIO ¢ Bonoi Jlensl. @ocdars! npesbimiator [1JIK B Tpex o3epax (Tabara,
Katut-Kroens, FOpronr-Kroens). XKenezo npessimaer I1/IK Besne, kpome Jlenst u Tanms. HutpuTs! B

n
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o3epax Bapbupytotcs ot 0,018 10 0,6 mr/n, npebrmas [1JIK B Tamma, Tabare, Morosuioii u Uyparue,
YTO yKa3bIBaeT Ha 3arps3HeHue. [loBbImIeHHbI aMMOHIHHEIH a30T (0,085-0,75 mr/n, ITAK 0,39 mr/m)
B BOJOXpaHWIMIIAX (KpoMe MyHzynaax) CBUIECTEIbCTBYET O 3arps3HEHMH OBITOBBIMHU U CEJIBCKO-
XO3SIICTBEHHBIMH CTOKaMH. bonbIIMHCTBO Boj1oeMoB (67 %) 3arps3HEHbI, 0COOCHHO €CTECTBEHHBIC
03epa, KyJia Bojia TIOCTYIIAeT ¢ TePPUTOPHIA HACENICHHBIX MyHKTOB (Tabi.1). OKcua KpeMHHS B TIpese-
nax HopMmsl (4,8-26,4 mr/m).

Tabmauna
Copep:xkanne aMMOHMIHOIO 230Ta B BOJ0EMAaX C Pa3JIMYHOI CTeNeHbI0 3arPsi3HEHHOCTH

Table
The content of ammonium nitrogen in reservoirs with varying degrees of pollution

CreneHb 3arps3HeHHS AMMOHUIHBIN a30T,
Bonoewmbi
(KJ1acChl BOJOEMOB) Mr/am?
OueHb YUCThIE 0,05 -
Yucteie 0,1 Jlena, Mynnaynaax, Tonmd
‘YMEpeHHO 3arpsi3HeHHBIC 0,2-0,3 B. Broreiinsax
Tabara, Katut-Kroens, IOpronr-
3arpsi3HeHHbIE 0,4-1,0 Kroens, Aupun, Usryaac, Jlamma,
Morosunoii, Yypamnua
I'ps3HBIC 1,1-3,0 -
OueHb Ipsi3HbIC >3.0 -

XUMHUYECKHI COCTaB MPUPOIHBIX BOA BooBoaa Jlena — Tyopa-Kroenb BKiIIOUaeT MUKPO3JIEMEH-
ThI (TSDKEJIBIC M PEJIKHE METaJUIbl, TaJOTeHbI, PaIMOaKTHBHBIC JIEMEHTHI) B HU3KHX KOHLIEHTPALUSIX,
nH(pOpMAaLU 0 KOTOPHIX Ba)KHA ISl HOHUMaHHUS I'€0JIOTMIEeCKON NCTOPHH perroHa. B mpobax Bojsl
obHapyxeno 12 anemenToB, npepbimaromumx [1JIK: 6op (B), kobanst (Co), monmubdaen (Mo), cBuHer
(Pb) BucmyT (Bi) n mapranen (Mn). Han6onsmee npesbimenue [1/1K 3adguxcuposano st monubaeHa
(336,5 pa3) u xobamsra (12,6 pa3). Mapraser mpeBsIaeT HOPMY BO BCeX Ipodax, 0cOOEHHO B 03epe
IOpronr-Kroens (41,8 pa3).

3akJ0ueHne

bospmmHCTBO HccnenoBaHHBIX 03ep npogeMoHcTpupoBany [1JIK pa3nudHBIX MHKPO3IE€MEHTOB.
KauecTBOo BOBI OBUIO OrpaHWYEHO M3-32 BBHICOKHMX IOKa3aTelel KOHIEHTPAIlMd MHKPO3JIEMEHTOB.
KauecTBO BOJIBI OrpaHHUYCHO IMpEBbIIeHHEM 001Iel sxecTkoctd (10 1,02), maruus u docdaros (10
1,7 cooTBEeTCTBEHHO), KpeMHHs (110 2,6), xene3a (no 3,8), ammoHnuitHoro asora (10 2,0) ¥ HUTPATOB
(mo 7,5). Taxxe ObuH 3adUKCHPOBAHBI 3HaYNTENbHEIC TpeBbimeHns [1JIK mo ¢eromam (B 9,6 pas),
aMMOHUITHOMY a30Ty u *xene3y (B 10 pa3), uutputam 50 pa3), pocdaram (B 1,8 paza). pH (8 1,1 paza)
u o0mmeit xxectroctH (B 1,3 paza).

Momnwutopunr ocymectsisiics B 2002, 2004, 2010 u 2017 rogax. CienyeT OTMETUTb, YUTO TIO CpaB-
Heruto ¢ 2002 rogom B 2017 roxy Habmonan0ch 3HAYUTEINEHOE YBEITHMYEHHE MUHEPATIM3aIlUH 036 PHBIX
Box: oT 1,3 (03epo Jupun) mo 3,1 (o3epo FOpronr-Kroemns) [15].

JlaHHBIE MOHUTOPHMHIA TIOKa3bIBAIOT, YTO AHTPOIIOIEHHOE BO3JCHCTBHE HA MHUHEPAIHM3ALHIO
U COICP)KaHHUE OCHOBHBIX XMMHYECKHX KOMIIOHEHTOB O3CpPHOW BOABI B BOJNOXpaHWIHIIaX JleHo-
AMTHHCKOTO MEXypeubs ABISETCS Haubonee 3aMEeTHBIM.
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