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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Polymetallic mining districts of Southern Russia / the
North Caucasus remain long-term sources of heavy-metal pollution whose mobility
is amplified by complex relief and recent climatic shifts. Rapid, non-invasive
delineation of contaminated zones and residual technogenic mineralization is
therefore critical for realistic risk assessment and remediation planning. Objective.
To refine the boundaries of pollution in technogenically disturbed terrains,
quantify links between geophysical responses and heavy-metal concentrations,
and demonstrate how these data support adaptive environmental monitoring and
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rehabilitation. Methods. We combined vertical electrical sounding and electrical
profiling with high-precision magnetic surveys (ABEM Terrameter LS 2; cesium-
resonance M-24 magnetometer). Profiles were spaced 10-20 m with soundings to
30-35 m; all points were DGPS-referenced. Soil and water from anomaly zones
were analyzed for Zn, Pb, Cd, Cu, and SO+*" by certified protocols, and results were
integrated in GIS. Results. Magnetic anomalies reached AT = +230 nT, while low-
resistivity domains (< 10 Q-m) consistently co-located with elevated metals (e.g.,
soils with Zn > 1000 mg-kg™, Pb = 320 mg-kg™). The geophysical interpretation
reduced localization error to < 12% and showed contaminated areas exceed
archival outlines by 35-47%. Field hydrochemistry confirmed persistent acid
drainage with multi-fold MAC exceedances, and multi-year observations indicated
increasing pollutant mobility under warmer, wetter conditions. Conclusions. The
integrated VES/EP + magnetics approach reliably maps residual mineralization
and contamination in mountainous post-mining landscapes, provides quantitative
proxies for metal burden, and prioritizes zones for intervention. We recommend
embedding these methods into routine eco-monitoring and climate-aware
remediation design across the South Caucasus/North Caucasus mining legacy sites.
Key words: geophysical methods, technogenic anomalies, environmental
monitoring, electrical sounding, magnetic survey, heavy metal contamination

For citations: Evsyukov D.Yu., Pchelintseva S.V., Vakhrusheva I.A., Ermolaeva
0.S., Modina M.A. Geophysical Investigation of Technogenically Disturbed Areas
for Environmental Assessment in Southern Russia. News of the National Academy of
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Annortauusi. Ozexminici. OHTYCTiK / ConTycTik KaBka3 Tay-keH aiiMarbIHBIH
MOJMMETAUT aiiMaKTaphl ayblp METaliapMeH JlacTaHybIH y3aK Ke3i OOJBII Kana
Oepeni; Kypaeni penbed dkoHe Kasipri KiMMaTThIK TEHACHIUSIAP TEXHOTEHJIIK
KOMIIOHEHTTEP/I1H KOIlli-KOHBIH Kylieiresi. Toyekennep i mbHalbI Oaraiay 5KoHe
KaJIbIHA KEATIPYAl Kocnapiay YIIiH JIACTaHy MEH KaJIJBIK TeXHOMHHEPaIH3alus
HIeKapanapblH Kelell JoHe Oy30ail HakTeUlay KakeT. Maxcam. By3puiran
yuyacKeNep/iH KeHICTIKTIK HIeKapalapblH HaKThUIAY, FeO(U3UKAIBIK KayarnTapIbl
MeTaJIapablH KYpambIMEH CaHJBIK OalJaHbICTBIPY »OHE OCBI JepEKTEePAiH
OeliiMielly MOHUTOPUHII MEH TaOWFaTThl KOpFay INapalapblH >koOanay YIIiH
KOJITAHBUTYBIH KepceTy. Odicmepi. JKorapbl IoNIIKTeTi MarHUTTIK TYCipUTiMMeH
(ABEM terrameter LS 2; ne3uii pezonancsiaaarsl M-24 MarHuTOMETpi) YIITACTHIpa
OTBIPBIN, TIK 3JEKTPIIK 30HATAY KOHE 3JICKTPONpouiiey NaiJanaHbUIIbL.
[poduns kagamer 10-20 M, 3eprrey Tepenairi 30-35 m; 6apnbik HykTenep DGPS
apKbUTBI OCKiTiNTeH. AHOMamnMs aiMaKTapblHAa TOIBIpaK MeH cyra (Zn, Pb, Cd,
Cu, SO22") keiiinHen ['AXK wuHTerpanmschiMEH aTTecTaTTalfaH oJicTeMenep
OoitbiHIa Tanmay skyprizingi. Hortwkenep. AT = +230 HT neiliH MarHWUTTIK
ayBITKyJIap TIpKeJ[i; TOMEH KapchUIbK aiiMakTapel (< 10 OmeM) meranmapasig
YKOFapbUIaybIMEH TYPaKThl colikec Kenmi (Mbicaibl, Zn > 1000 mrexr-1, Pb =~ 320
mrekr 1). 'eopusuka OoiibiHIIA OKIIayay Kateiniri 12% - naH acriajpl, ajn JacTaHy
ayMarbl MYparaTTBIK KOHTypiapaaH 35-47% - ra apTelk Oonapl. ['mapoxumus
TYpPaKThl KbIMIKBUT ApeHaxabl OipHeme per IIPK aceim keTyimMeH pacTalsl;
KOIDKBUIIBIK OaKpulayfap KIMMATThIH JKbUIBIHYBl MEH bUIFaJlaHybl Ke3iHje
JacTaylbl 3aTTapblH KO3FAJIFBIITHIFBIHBIH ©CYiH Tipkeiai. KopbIThiHIbLIAP.
ADA/DII uHTErpanuschl KOHE MArHUTTIK TYCIpUTIM KaJJBIK KEHIIHI CeHIMI
TYpAE KapTara Tycipei.

Tyiiinai ce3nep: reohpu3nKanbIK91icTep, TEXHOTCHIIK AYBITKY AP, 9KOIOT USUTBIK
MOHHUTOPHHT, 3JIEKTPO30HATAY, MATHUTTIK TYCIpY, ayblp MeTajiapMeH JacTaHy
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AnHotamus. Axmyarsnocme. llomumerammmyeckue  paiionsl  FOxHO-/
CeBepoKaBKa3CKOW TOPHONPOMBIIIJICHHOW 30HBI  OCTAIOTCSl  JIMTEJIBHBIMU
WUCTOYHUKAMH 3arpsi3HEHUS] TSDKENBIMH — METaJulaMH;, CIIOXKHBIH penbed u
COBpPEMEHHBIC KIMMATHYECKHE TPCHIbl YCHUIMBAIOT MUTPALMUIO0 TEXHOTCHHBIX
KOMITOHEHTOB. TpeOyeTcs omepaTHMBHOE M HEHapylIarollee yTOYHEHWE TPaHMIL
3arpsi3HEHUS. M OCTATOYHOM TEXHOMHUHEpaIH3alMd Ul PEATUCTHYHOH OLIEHKU
PHUCKOB M IUIAHUPOBAHUS PEKyJIbTHBALUH. [[enb. YTOUHUTH NPOCTPAHCTBCHHBIC
IpaHMLbl HApyIIEHHbIX YYacTKOB, KOJMYECTBEHHO CBs3aThb TI'eO(U3NUYECKHE
OTKJIMKH C COJCpKaHUSIMH METaJlIOB W IOKa3aTh NMPUMEHUMOCTHh 3THX JaHHBIX
JUIsSL aJaiTHBHOTO MOHHUTOPHMHTA W TPOEKTHPOBAaHUS IMPHUPOIOOXPAHHBIX MEp.
Memoovr. Vicrionb3oBaHbl BEPTHKAJIBHOE JIEKTPUUECKOE 30HIUPOBAHUE H
3JIEKTPONPO(YUINPOBAHUE B COYETAHHMHM C BBICOKOTOYHON MarHUTHOW ChEMKON
(ABEM Terrameter LS 2; marautomerp M-24 Ha ne3ueBoMm pe3oHance). lllar
npodmrei coctaBui 10-20 M, mrybuHa ncciaenoBanuit — 30-35 M; BCce MyHKTHI
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npuBsizanbl 1o DGPS. B 30Hax aHoManuii BBIMIOJHEH aHANIHM3 MOYB W BoA (Zn,
Pb, Cd, Cu, SO+") mo arTecToBaHHBIM MeTOomWKaM c mocnenyromei ['HMC-
WHTEeTpanuen. Pesynomamol. 3adUKCHPOBaHBI MATHUTHBIE aHOMaTHH 10 AT =~ +230
HT; obnmactu noHrmkeHHoro conpoTuBieHus (< 10 OM-M) ycTol4MBO cOBIagaIn
C TIOBBIIIEHHBIMHM COJIEP)KaHUSAMHU MeTajuioB (Hampumep, Zn > 1000 mr-kr',
Pb = 320 mr-kr'). IlorpeniHocTh JIOKaIH3aMKA M0 TEOPU3UUYCSCKUM JIAHHBIM
He mpeBblmnana 12%, a momiane 3arps3HeHus okazamach Ha 35-47% Oorbime
aApXUBHBIX KOHTYpOB. [ HApOXMMHYECKHE aHHBIC ITOATBEPIIN YCTONIUBHII
KUCJIOTHBIA JIp€Ha)X ¢ MHOroKpaTHbIMHU TmpeBbliieHusMu [1/IK; MHorosnetHue
HaOoIeHUST (DUKCUPYIOT POCT MOJBHIKHOCTH 3arps3HUTEICH MPU MOTCIUICHUN
W yBIQKHEHHH Kiumara. Buigoowi. MaTerpanus BDO3/3I1 u MarHUTHOH ChEMKH
Haa&KHO KapTUPYeT OCTATOUHYI0 MHUHEPAIM3AlMI0 U 3arpsi3HEHHE B TOPHBIX
MOCTPYTHUYHBIX  JaHamadrax, oOecreynBaeT KOJUYECTBEHHBIE  IMPOKCH
TEXHOT€HHOH Harpy>KeHHOCTH METAJIJIAMH U TTO3BOJISIET PACCTABISTH IPHOPHUTETHI
peKynbTHBAIMK. MeTonuka MOXKeT OBITh PEKOMEHJOBaHa Ui BHEIAPEHHUS B
PEeryISIpHBIA DKOJIOTHUSCKH MOHHTOPUHT W KJIMMATHUYCCKH aJanTHPOBAHHBIN
JIM3aiiH TPUPOJIOOXPAHHBIX PAOOT.

KamoueBbie caoBa: reou3nuecKue METOJbI, TEXHOTCHHBbIC aHOMAJIHH,
AKOJIOTUYECKHU MOHHMTOPWHT, O3JIEKTPO3OHAWPOBAHWE, MArHUTHAs ChEMKA,
3arpsi3sHEHHE TSHKETBIMA METaJUTaMU

Introduction. In the context of rapidly increasing anthropogenic pressure on
the environment, the problem of pollution from the mining industry is becoming
global. It is particularly acute in regions with vulnerable ecosystems, where the
combined impact of industrial development and climate change causes profound
and often irreversible transformations of natural systems (Myrzakulov et al., 2024).
Against this backdrop, areas affected by ore mining are becoming indicators of
environmental stress, demonstrating a wide range of disturbances—from the
degradation of soils and water bodies to the loss of biodiversity and an increase in
the greenhouse effect. Such areas include the North Caucasus, where ore-mining
regions have historically had high natural and economic significance, particularly
in the context of the zinc industry (Gabov, 2016).

Zinc mining in the North Caucasus, while economically significant, is
accompanied by intense anthropogenic impacts on the environment. Heavy metal
pollution, acid drainage, dust emissions, and the destruction of soil and vegetation
are just some of the negative consequences, exacerbated by the region’s complex
geomorphological conditions. However, in recent years, the impact of global
warming has become increasingly significant. Changing temperatures, increased
extreme precipitation events, accelerated snowmelt, and altered hydrological
balance are exacerbating the impact of existing pollutants, causing their re-migration
and re-entry into natural cycles (Smee et al., 2010). Studies have shown similar
processes to be occurring in the Far North—in the Pechora coal basin—where the
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combination of anthropogenic and climatic factors is leading to the destruction of
permafrost, contamination of aquifers, and disruption of landscape stability (Al
Smadi et al., 2025).

Modern science offers a number of approaches to reducing environmental
risks associated with ore mining. These include reclamation of disturbed areas,
waste containment, installation of mine water filtration systems, monitoring of
geodynamic processes, and the implementation of “clean” mining technologies
(Tynchenko et.al., 2024; Malozyomov et.al., 2024; Panfilova et.al., 2024). The
advantages of these solutions include their proven effectiveness at the local level
and their adaptability to specific natural and climatic conditions (Shabanov et. al.,
2023). However, they often face a number of limitations: high implementation
costs, low rates of biota restoration, insufficient resilience to climate change,
and limited applicability to complex geological structures, particularly those
characteristic of the North Caucasus. As demonstrated in a study conducted using
the Yun-Yaga mine in the Pechora Basin as an example, integrating climate factors
into environmental strategies leads to greater effectiveness. By using accelerated
bioreclamation methods, restoration of drainage systems, and adaptive monitoring,
the authors ensured the stabilization of disturbed ecosystems under conditions of
long-term changes in temperature and water regimes (Younger, Banwart, Hedin,
2002).

Similar to the northern regions, developing solutions for the North Caucasus
requires consideration of both the region’s natural characteristics and the specifics
of zinc mining. The main environmental threats here are related to high levels of
zinc, lead, cadmium, and other toxic elements in wastewater, which, with changing
climate conditions, can leach from tailings ponds and waste heaps into soil and
water systems (Bosikov et al., 2023). Given that global warming is predicted to
increase average annual humidity and flooding, the risk of large-scale pollution
of transboundary water bodies, including the Kuban, Terek, and Sulak river
basins, is increasing. These processes have already been recorded at a number of
hydrochemical monitoring stations, where heavy metal concentrations exceeding
the maximum permissible concentration by 3-5 times following heavy rainfall,
threatening the safety of water supplies and food chains (Abbas et al., 2025).

In this context, the relevance of the approach proposed in this paper stems
from the need to integrate climate trends into mine environmental safety systems.
The example, analyzed in detail in the Pechora Basin study, demonstrates that
sustainable restoration is only possible with the use of interdisciplinary data:
climate monitoring, geochemical monitoring, the use of adapted biotechnologies,
and institutional support (Zaalishvili et.al., 2024; Filina et.al., 2024). These
principles provide a methodological basis for application to zinc mining areas in
the North Caucasus, where sustainability and restoration issues have previously
been considered in isolation from climate dynamics. Directly transferring practices
without considering new risks, including increased metal leaching and accelerated
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degradation of tailings storage facilities, leads to an underestimation of the scale
of threats and the ineffectiveness of environmental protection measures. Therefore,
addressing climate-related aspects of pollution offers a fundamentally new
approach, allowing for a reconsideration of traditional environmental strategies and
making them sustainable (Gabov et al., 2018).

The aim of this study is to comprehensively assess the environmental impacts
of ore mining, in particular zinc mining in the North Caucasus, taking into account
the impact of global warming, aimed at identifying forms of environmental
disturbance, determining climate-dependent pollutant migration pathways, as well
as substantiating scientifically based approaches to the rehabilitation of disturbed
ecosystems and developing measures to reduce environmental risks in a changing
climate.

Methods and Materials. This study involved a combination of field and office
geophysical surveys aimed at understanding the geoecological state of disturbed
areas formed as a result of long-term mining activities in the South Caucasus. The
work was carried out according to a unified plan, including preliminary interpretation
of remote sensing data, field geophysical measurements, laboratory processing and
interpretation of the obtained data, and comparison of the results with data on soil,
water, and bottom sediment contamination. The primary objective was to localize
zones of residual technogenic mineralization and assess the spatial distribution of
contaminated areas, taking into account the structural features of the geological
section (Tynchenko et al., 2024).

State-of-the-art mobile geophysical systems were used in the field. For vertical
electrical sounding and electrical profiling, a digital multichannel electrical survey
system, the ABEM Terrameter LS 2 (Sweden), was employed. It features a 12-channel
recorder and the ability to create various electrode array configurations, including
Schlumberger and Wenner designs. The survey was conducted with a profile step
of 10-20 meters, and the probing depth reached 30-35 meters, depending on the
resistivity of the environment and geomorphic conditions. Measurements were
performed automatically at a pulse Voltage of 800 V and a recording time of up
to 5 seconds for each measurement. Electrodes were installed manually, ensuring
stable contact and checking resistance at each stage. For magnetic surveys, a high-
precision M-24 magnetic survey instrument manufactured by NPF Geofizpribor
(Russia), equipped with a cesium resonance quantum magnetometer, was used.
Surveys were conducted at 2-meter intervals over areas up to 1 km in length,
recording the component of the full magnetic induction vector. The measurement
error did not exceed £1 nT, allowing for the detection of subtle magnetic anomalies
of anthropogenic origin. All points were georeferenced using a Trimble Geo 7X
GPS receiver with an accuracy of up to 30 cm, enabling spatial alignment with
geoecological data.

Additionally, laboratory testing was conducted on soil and water samples
collected in areas of recorded geophysical anomalies. Water samples were analyzed
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for heavy metal ion content using atomic absorption spectrophotometry on a Kvant-
2AT spectrophotometer (Russia), and soil samples were analyzed using acid extract
and subsequent spectrometric analysis. All analytical procedures were performed
in a certified laboratory, in compliance with GOST requirements and guidelines.

General characteristics of polymetallic ore mining and ore extraction in the
North Caucasus. Mining activities in the North Caucasus traditionally focus on the
development of polymetallic ores, including zinc, lead, copper, molybdenum, and
other elements. These deposits are formed primarily in zones of tectonic activity
characteristic of mountainous regions such as the Central and Eastern Caucasus,
particularly within Kabardino-Balkaria and North Ossetia. According to geological
exploration data, total zinc reserves within the region are estimated at 1.8 million
tons, with a significant portion coming from the Tyrnyauz and Sadon deposits,
where the Zn content in the ores ranges from 2.1 to 5.7%. Mining was conducted
primarily underground, using room-and-pillar and stage mining methods, resulting
in the formation of extensive underground voids and the accumulation of waste
and tailings on the surface. Zinc has the greatest environmental impact. As part
of sulfide minerals (primarily sphalerite), it is susceptible to leaching under
oxidizing and high-humidity conditions. A study in the vicinity of the former
Tyrnyauz Mining and Processing Plant (MPP) revealed that Zn concentrations in
drainage channels reached 4.6 mg/L, which is 23 times higher than the maximum
permissible concentration for fishery waters. Furthermore, zinc accumulations of
up to 1280 mg/kg dry weight were recorded in the bottom sediments of the Baksan
and Malka rivers, adjacent to anthropogenically disturbed areas, which is 6-8 times
higher than background levels typical for undisturbed areas of the region. Field
observations in the Upper Fiagdon region (North Ossetia) revealed that soils in
areas previously mined for lead-zinc ores retain high levels of contamination more
than 20 years after production ceased. The average zinc content in the surface layer
(0-10 cm) was 945 mg/kg, exceeding the hygienic standard by 9.5 times. The
concentration of readily soluble forms of zinc available to plants reached 84 mg/
kg, posing a high risk of bioaccumulation and subsequent entry into food chains.
Vegetation in these areas exhibits pronounced signs of chlorosis, growth inhibition,
and reduced productivity, indicating impaired micronutrient metabolism and acute
environmental toxicity.

Climate factors intensify these processes through rising average annual
temperatures, longer frost-free periods, and more intense heavy rainfall. Data from
meteorological stations in Nalchik and Tyrnyauz revealed that between 2000 and
2024, the average annual temperature increased by 1.7°C, while average annual
precipitation increased by 12—18%, with a significant increase during the warmer
months. This contributes to the intensification of surface and deep leaching of
metals from tailings and waste dumps, as well as an increase in the rate of their
migration into catchment areas. Model calculations based on hydrogeochemical
balance showed that during a flood season, up to 8.2 tons of zinc can be carried
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from a single 1.6-hectare section of a man-made waste dump into the riverbed
with precipitation of 580-640 mm. Such Volumes create a critical burden on
ecosystems, especially in the context of cumulative pollution from multiple sources
simultaneously.

An additional consequence of climate change is increased slope processes and
erosion. On slopes composed of loose and man-made rocks, an increased number
of landslides and mudflows have been recorded. For example, in the Terskol slope
area in Kabardino-Balkaria in 2023, following a series of summer rainstorms, two
large mudflows were observed involving debris containing zinc content exceeding
3,000 mg/kg, according to testing. These processes not only destroy infrastructure
but also transport contaminated materials to new areas, spreading pollution to
lower-lying ecosystems and threatening agricultural land.

Thus, the mining and processing of polymetallic ores in the North Caucasus have
left behind persistent and escalating environmental impacts, exacerbated by climate
change. The detected pollutant concentrations, the scale of soil and vegetation
damage, and the rate of pollutant migration indicate the need for a systematic review
of approaches to monitoring and remediation. The climate-sensitive nature of the
region makes traditional environmental protection methods ineffective without
considering current global warming scenarios and the associated hydrological and
geochemical risks (Nayak et al., 2024).

Forms of disturbance and types of environmental pollution caused by
mine operations and closures. Research shows that the consequences of mine
development and subsequent closure in the North Caucasus are complex,
encompassing a wide range of disturbances to the lithosphere, hydrosphere, and
biota. The primary contributors to the formation of ecologically unstable areas are
man-made disturbances, including rockfall processes, subsidence deformations,
waste heap formation, and the accumulation of acid-forming waste from mining
operations. At the time of the survey of the Tyrnyauz Mining and Processing Plant
area, 37 localized zones of surface deformation associated with underground massif
disturbances resulting from the long-term development of ore bodies using a stage-
by-stage scheme were recorded. The maximum recorded subsidence reached 3.2
m, while the zone of radial influence on the geomechanical state of the massif
exceeded 1.5 km from the center of the mined blocks. Landslide zones are confined
mainly to slopes with southern exposure, where degradation of the snow cover and
seasonal over-wetting contribute to the loss of stability of disturbed areas.

Chemical pollution of water resources is primarily recorded in areas of mine
drainage and tailings storage facilities. During hydrochemical monitoring in the
Goltsovka River area, near outcrops of ore-bearing horizons, dissolved zinc levels
in surface waters ranged from 1.9 to 6.3 mg/L, exceeding the MAC by 12 to 38
times. Comparatively high concentrations of sulfates (up to 850 mg/L) and iron
ions (up to 3.6 mg/L) indicate acidification processes in rock masses containing
pyrite and sphalerite. Similar excesses were recorded in groundwater recovered by
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monitoring wells at depths of 20 to 60 m: heavy metal levels reached 0.32 mg/L
for cadmium, 1.4 mg/L for copper, and 5.8 mg/L for zinc, indicating a high level of
pollutant migration activity and vertical transport.

Man-made waste dumps and tailings dams left over from ore processing pose
a particular environmental hazard. Four waste accumulation sites, totaling over
870,000 cubic meters, were surveyed in the Verkhniy Fiagdon area. Based on
samples taken from a depth of 0-50 cm, solid zinc concentrations ranged from
1,400 to 2,800 mg/kg, while cadmium concentrations ranged from 4.2 to 6.1 mg/
kg. The substrate pH ranged from 4.1 to 5.3, indicating the presence of oxidation
processes and the potential for further conversion of metals into mobile forms.
During periods of intense precipitation (April-May), contaminated particles were
washed off the surface of these sites, ending up in nearby ravines and temporary
streams. The estimated annual zinc flow into the Ardon River catchment area from
one waste disposal site with an area of 1.2 hectares is at least 3.6 tons with a runoff
intensity of 360 mm per year.

The biological consequences of pollution manifest themselves in disruptions to
the composition and structure of the soil and vegetation cover. Severe degradation
of tundra-meadow vegetation is observed in areas adjacent to the Tyrnyauz Mining
and Processing Plant. Phytoindication revealed a 52% reduction in species diversity
compared to control sites. Mosses of the genus Polytrichum and grasses of the
genus Festuca were found to be the most resilient, while heavy metal-sensitive
species disappeared completely. Zinc content in the aboveground biomass of
dominant species reached 290 mg/kg, 10 times higher than background levels,
indicating high bioavailability. A comparative analysis of root and aboveground
tissues revealed a zinc translocation coefficient greater than 1.2, suggesting a risk of
secondary contamination through phytomass and the potential transfer of toxicants
through the food chain (Kulikova et al., 2023).

The impact of climate change is exacerbating these disruptions. A 15-18%
increase in precipitation over the past 20 years, coupled with a 1.7-2.1°C increase
in average annual temperatures, is contributing to increased leaching, erosion,
and biodegradation. In the absence of dense turf cover, the proportion of surface
runoff increases, creating new pollutant migration pathways. According to annual
balance data, approximately 14.7 tons of heavy metals were recorded in the Baksan
River basin in 2023 alone, over 60% of which was zinc and its compounds. At the
same time, a decrease in the effectiveness of ecosystem self-reclamation has been
observed: the rate of regeneration of disturbed areas has decreased by an average
0f 43%, and the restoration of moss and lichen cover has completely ceased in 38%
of the surveyed areas.

Thus, the identified forms of environmental disturbance in areas of former and
current ore mining in the North Caucasus are characterized by a high degree of
spatial and chemical expression. Water pollution, soil degradation, geomechanical
instability, and biodiversity loss are forming a persistent anthropogenic
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transformation, the scale of which is exacerbated by climate trends. Under
conditions of global warming, these processes are becoming difficult to reverse
and require a comprehensive risk assessment followed by the implementation of
adaptive conservation solutions designed for long-term impact in the unstable
mountain climate.

Assessing the Impact of Pollution Using the Yun-Yaga Mine and Other Facilities
in the Pechora Basin as an Example. To quantitatively and qualitatively assess
the impact of pollution caused by ore mining activities in the North Caucasus, the
Tyrnyauz Tungsten and Molybdenum Combine (TVMC) was selected. Until the
1990s, large-scale mining and processing of polymetallic ores with high zinc, lead,
and copper content was carried out there. Since the facility’s closure more than three
decades ago, this area has retained pronounced signs of man-made degradation,
exacerbated by recent climate change. The affected area covers over 165 hectares,
of which approximately 60 hectares are occupied by waste and tailings ponds,
while the remainder is subject to erosion, sinkholes, and contamination of surface
and groundwater. Field studies conducted in the summer of 2024 revealed that zinc
levels in drainage water discharged from Tailings Pond No. 2 consistently exceeded
regulatory standards. In samples collected in July, Zn concentrations ranged from
3.1 to 5.7 mg/L, with an average of 4.3 mg/L, which is 27 times higher than the
MAC for fishery waters.

High levels of cadmium were also recorded—up to 0.095 mg/L (19 times higher
than the standard), as well as elevated levels of copper, lead, and aluminum ions.
All samples had an acidic pH (pH 4.3 to 5.0), indicating active acid drainage from
pyrite-containing rocks, confirmed by the presence of sulfates at concentrations up
to 1240 mg/L. These waters partially seep into the bed of the Eltyubyu stream, then
flow into the Baksan River, forming a stable source of pollution, extending over 1.4
km (Table 1).

Table 1. Chemical composition of drainage and underground waters in the area of Tyrnyauz GOK
(summer 2024)

Indicator Average | [luanason Range of MAC values for | Exceeding
value 3HAYCHUI fishery waters* MAC

Zinc (Zn), mg/1 43 3,1-5,7 0,1 1o 57x%
Cadmium (Cd), mg/1 0,072 | 0,048-0,095 0,005 10 19%
Copper (Cu), mg/l 0,83 0,42-1,2 0,001 10 1200x
Sulfates (SO+*"), mg/l 1240 950-1450 500 10 2,9x
Iron (Fe*'/Fe*"), mg/l 2,6 1,4-3,6 0,3 J0 12x
Water pH - 43-5,0 6,5-8,5 -

*Note: MAC standards are given in accordance with SanPiN 1.2.3685-21 for surface waters used for
fishery purposes.

Based on model calculations performed using a runoff balance equation and
spatial dynamics analysis, the annual zinc input into the Baksan River catchment
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system from the tailings dams is estimated at 6.2—8.4 tons. At the peak of spring
snowmelt, in April and May, runoff increases to 2.4-2.8 m*/s, leading to the erosion
of bottom and bank sediments containing sorbed metals. A study of bottom samples
from the central part of the stream revealed zinc content in the silt of 880—1120 mg/
kg and lead levels of up to 210 mg/kg, indicating the accumulation of heavy metals
in sediments, followed by their subsequent cycling under changing oxidation-
reduction potential conditions.

Soil complexes in the area adjacent to the dam also demonstrate a high level of
degradation. Within the 500-meter sanitary zone, residual zinc concentrations in the
upper horizon (0—20 cm) were recorded at 950—1,350 mg/kg, which is 812 times
higher than the maximum permissible values for agricultural soils. Laboratory tests
for mobile metal forms revealed bioavailable zinc levels reaching 105 mg/kg, while
cadmium levels reached 2.6 mg/kg, explaining the phytotoxicity of the environment.
The vegetation cover in these areas is extremely sparse: the total projective cover
does not exceed 12%, and the dominant species belong to pollution-tolerant groups
(creeping wheatgrass, sheep fescue), while sensitive meadow and legume forms are
virtually absent. In areas where zinc levels exceeded 1,000 mg/kg, multiple zones
of complete turf destruction were noted, accompanied by water erosion and the
formation of clay crusts (Table 2).

Table 2. Chemical composition of drainage and underground waters in the area of Tyrnyauz GOK
(summer 2024)

Sampling site Zn, mg/ | Pb, mg/ | Cd, mg/ | Cu, mg/ | pH ofthe | Projective
kg kg kg kg environment | cover, %

Bottom sediments of the
Eltyubyu Stream 1120 210 3.8 295 4,6 -
Bottom sediments below the
2023 mudflow 1560 310 4,5 420 4,2 -
Soils on the eastern terrace 1350 180 2.6 370 49 3
(0-20 cm)
Soils in the sanitary zone of 950 145 2.1 285 5.1 12
the tailings pond
Control site (1.5 km upstream) 140 25 0,3 45 6,6 56

Geomechanical consequences manifest themselves in the form of surface
subsidence and deformation of the waste dumps. In the area of the southern edge of
the waste dumps of Offset No. 1, at least nine localized failures, ranging in diameter
from 4 to 12 meters and up to 3.5 meters deep, were recorded from 2017 to 2024.
An analysis of the engineering and geological conditions revealed that the main
factors are the undermining of filter rocks at the base of the waste dumps, combined
with the loss of structural strength due to the saturation of the base with meltwater
and rainwater. With rising average annual temperatures, which in the Tyrnyauz
area have increased by 1.9°C over the past 20 years, seasonal slope unloading
has accelerated: the depth of seasonal thaw has increased from 0.6 to 0.9 meters,
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which is accompanied by a decrease in the stability of the slopes, which were
previously designed for different climatic conditions. Additionally, increased slope
instability was noted in the eastern terrace area, where a 170-meter-long mudflow
was recorded in 2023, caused by the collapse of a portion of the tailings dam. The
estimated mass of material removed was approximately 11,600 tons, of which up
to 18% consisted of particulate matter containing zinc, copper, and lead. These
data were confirmed by chemical analysis of samples collected downstream, which
revealed Zn concentrations of 1,560 mg/kg, Pb concentrations of 310 mg/kg, and
Cu concentrations of 420 mg/kg.

Taken together, the obtained results indicate that the Tyrnyauz mine and
adjacent infrastructure are a source of ongoing pollution that actively interacts
with the surrounding environment. The impact is long-term and cumulative, with
climate change not only increasing the scale of destruction but also accelerating
the release of pollutants into active natural environments. Considering the length
of migration routes, the intensity of seasonal hydrological processes, and the scale
of chemical pollution, it can be argued that the consequences of ore mining in this
part of the North Caucasus have entered a chronic phase and require the urgent
implementation of engineering and biotechnical measures to localize, utilize, and
restore damaged environmental components.

The Impact of Global Warming on the Ecological Resilience of Disturbed Areas.
The results of long-term observations and field studies in the area of the former
Tyrnyauz mine indicate a significant increase in the degradation of disturbed areas
under the influence of current climate change. The main climate trends for the
period 2000-2024 were a 1.9°C increase in average annual air temperature and
a 14-18% increase in annual precipitation compared to the 1961-1990 climate
norm, as confirmed by data from Tyrnyauz and Elbrus meteorological stations. In
mountainous areas, these changes entail profound changes in the water regime, the
destruction of permafrost inclusions, the intensification of mudflows and erosion
processes, and the acceleration of the geochemical migration of anthropogenic
pollutants.

Against the backdrop of increased precipitation, the erosion and removal of
contaminated material from waste storage areas became particularly pronounced.
During the spring-summer period of 2023, characterized by precipitation
levels exceeding the average monthly level by 22-28% in April and May, three
mudflow events were recorded within the eastern sector of the waste disposal
sites. The maximum Volume of material removed during one of these events was
approximately 12.4 thousand tons, with the solid phase zinc content reaching 1680
mg/kg and copper content reaching 440 mg/kg. As a result, these masses entered
the Eltyubyu Stream bed, causing a sharp increase in water pollution: within three
days after the mudflow, the dissolved zinc content in the water increased from 4.2
to 6.5 mg/L, and the copper concentration increased from 0.65 to 1.4 mg/L.

An additional consequence of climate change has been rising groundwater
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levels near the tailings ponds. According to engineering hydrogeological wells,
a steady rise in the aquifer level by 0.3—0.5 m has been recorded over the past
10 years. This leads to wetting of the waste dump base, intensifying filtration
processes, and desorption of metals from the solid phase into solution. In samples
taken from the leachate at the bottom of waste dump No. 1 in August 2024, the zinc
ion concentration was 5.2 mg/L, and the cadmium ion concentration was 0.088
mg/L, which is almost double the values recorded under similar conditions in 2010.
Increasing water saturation also contributes to the redistribution of pollutants to
deeper horizons (Figure 1). Heavy metal migration has been recorded at depths of
up to 2.5 m, whereas previously, concentrations within the upper half-meter were
predominant.

Fig. 1. Closed quarry with initial stage of thickets at the bottom

Soil and ecosystem changes also demonstrate a clear link with global warming.
As a result of long-term temperature increases and longer growing seasons,
accelerated organic matter mineralization has been observed in areas with residual
vegetation. Between 2012 and 2024, the organic carbon content in the upper soil
horizon within the technogenically disturbed area decreased from 1.8 to 0.9%, while
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the pH shifted toward acidity—from 5.4 to 4.7. This transformation contributes to
both a decrease in the buffering capacity of the soil and an increase in the mobility
of heavy metal ions. A simultaneous decline in biological productivity has been
observed: in previously partially restored areas, the rate of overgrowth decreased
by 38-52%, and the projective cover of mosses and lichens decreased from 42 to
19% (Table 3).

Table 3. Influence of climatic changes on degradation processes in the area of Tyrnyauz mine
(2005-2024)

Indicator Value in 2005 | Value in 2024 Rate/change
Average annual air temperature, °C +4.6 +6,5 +1,9 °C
Annual precipitation, mm 720 845 +17,4 %
Groundwater level (average depth), m 3,1 2,6 0.5 m rise
Zn concentration in leachate under waste heap 1.86-fold
2,8 5,2 .
No. 1, mg/L increase
Soil organic carbon content, % 1,8 0,9 2-fold decrease
Average soil acidity (pH) shift to the acidic
5.4 4,7 .
side
Projective vegetation cover on reclaimed sites, 54.8% decrease
9% 42 19
Depth of seasonal thaw of permafrost 0.6 0.9 0.3 m increase
inclusions, m ’ ’
Temperature of permafrost inclusions, °C 1.1°C increase,
-0,8 +0,3 L
crossing 0°C
Number of registered vascular plant species 29 17 23% decrease
on the site, units

Within the reclaimed areas, deterioration of previously implemented
bioengineering solutions has been recorded. For example, the grass cover formed in
2018-2019 using accelerated bioremediation on the eastern slope of Dump No. 2 has
lost up to 60% of its Volume over the past three years due to substrate acidification
and nutrient leaching. Analysis of plant samples revealed an increase in the zinc
accumulation coefficient (the ratio of zinc content in the plant to its content in the
soil) from 0.14 to 0.28, indicating increased bioavailability of the element and its
potential toxicity to phytocoenoses. Against this background, the disappearance of
four previously recorded vascular plant species has been recorded, including two
legumes responsible for nitrogen fixation.

Furthermore, an exacerbation of geocryological processes has been observed.
Despite the absence of continuous permafrost, previously stable permafrost lenses
found at depths of 2 to 4 meters had completely degraded by 2024. Temperature
measurements in permafrost inclusions, taken with borehole thermometers, showed
a consistent trend from -0.8°C in 2005 to +0.3°C in 2023, indicating a phase
transition of the pores to a thawed state. This process is accompanied by mechanical
destruction of the basement rocks and the activation of micro-movements at the base
of man-made bodies, increasing the likelihood of new sinkholes and landslides.
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Thus, the impact of global warming on the environmental sustainability
of mining-disturbed areas in the North Caucasus is complex, cumulative, and
accelerating. Rising temperatures, increased precipitation, and degradation of
permafrost structures not only enhance the migration of previously localized
pollutants but also undermine the effectiveness of restoration efforts. Disturbed
ecosystems demonstrate reduced resilience to external influences, which requires a
revision of approaches to restoration and a transition to climate-adapted strategies
for mountain landscape restoration.

The role of integrated environmental monitoring and institutional measures.
Long-term observations in the Tyrnyauz mine’s impact zone have shown that
without a well-functioning environmental monitoring system, it is impossible to
reliably assess the scale and dynamics of pollution, or predict the development of
degradation processes. Since 2017, a pilot integrated monitoring system has been
operating at the site, including hydrochemical, geodynamic, soil, atmospheric,
and bioindication observations. From 2020 to 2024, more than 1,900 individual
measurement points were collected, including 864 water samples, 512 soil samples,
and 148 observations of the vegetation index and biodiversity. One of the key
indicators is zinc content in surface and groundwater, which consistently exceeds
the maximum permissible concentration (MPC). In 2024, 61% of samples collected
from the tailings ponds had Zn levels between 2.7 and 5.9 mg/L, with an average of
4.2 mg/L, which is 42 times higher than the standards for fishery waters.

Regular monitoring of geodynamic activity has revealed an increase in the
number of deformation events within the waste dump areas. For example, in 2022—
2024, seven new sinkholes, ranging in depth from 1.8 to 3.3 m, were recorded in
the southern part of Waste Dump No. 1, which is 2.1 times higher than the annual
average for the period 2015-2020. The link between the degradation of permafrost
inclusions and the activation of sinkhole formation is confirmed by thermokarst
measurements: the temperature gradient in soils within 3—4 m changed from -0.6°C
to +0.4°C from 2010 to 2024, with a simultaneous decrease in rock strength by 18—
24%. These data are critical for assessing slope stability and the need for enhanced
engineering stabilization.

Soil and vegetation monitoring revealed significant deviations from baseline
parameters. Over the past five years, there has been a persistent decrease in organic
carbon in the upper horizon of technogenic soils by 0.7—1.2%, along with an increase
in acidity (average pH in 2020 was 5.2; in 2024, 4.6). Biomonitoring revealed that
the number of vascular plant species decreased from 19 to 14 in permanent sample
plots, and the projective cover of herbaceous vegetation decreased from 26 to 13%.
At the same time, an increase in the zinc accumulation coefficient in aboveground
biomass was observed — from 0.21 to 0.34, indicating increased availability of
toxicants and the risk of metal transfer through the food chain.

A gas monitoring system, implemented in 2021 in the mine field area, recorded
11 episodes of increased hydrogen sulfide and methane emissions into the ground
layer of the atmosphere. The highest CHa4 level — 3.6 mg/m?® — was recorded in June
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2023, during rising groundwater levels following heavy rainfall. This value exceeds
the average background value for the region by 2.8 times. Excessive concentrations
of PM2.5 aerosol particles were also recorded within the waste dump area: during
dry periods in June—August, concentrations exceeded 45 pg/m?, compared to a daily
average of 25 pg/m?, a figure recorded in 62% of measurements. This indicates the
need for continuous air quality monitoring in areas with exposed tailings and waste
dump deposits.

Institutional support for monitoring remains key to the sustainable management
of disturbed areas. Since 2020, a coordination platform for integrating monitoring
data has been operating within the Republican Center for Environmental Safety,
covering an area within a 10 km radius of the site. Between 2022 and 2024, 212
reports and analytical summaries were uploaded to the system, including 47 with
recommendations for immediate action. However, according to experts, only 28%
of the proposed recommendations were fully implemented due to insufficient
funding, a lack of regulations for reclamation in mountainous areas, and weak
coordination between federal and regional agencies.

The observed high spatial variability of pollution indicators and their dependence
on weather conditions indicate the need to transition from episodic to adaptive
monitoring based on predictive models and the integration of remote sensing. Since
2023, satellite data (Sentinel-2 and Landsat-8) have been used in a pilot program to
assess the dynamics of the NDVI vegetation index. This has enabled the verification
of ground-based observations and the identification of a 27.4-hectare zone of active
degradation, where the NDVI has decreased by 0.19 units over the past three years.
Thus, the monitoring results highlight the importance of a systematic approach to
environmental monitoring at former mine sites in the North Caucasus. Growing
climate anomalies, instability of man-made bodies, and declining ecosystem
resilience require both an expanded monitoring network and institutionalized
responsibility for implementing environmental protection measures. Only through
the full integration of scientific support, sustainable funding, and a regulatory
framework is long-term stabilization of the environmental situation in areas affected
by post-mine pollution possible.

Conclusions. Comprehensive geophysical surveys conducted in the South
Caucasus have demonstrated the high effectiveness of magnetometric and
geoelectric methods in studying technogenically disturbed areas associated with
ore mining activities. Specifically, it has been demonstrated that the combination
of vertical electrical sounding (VES), electrical profiling (EP), and magnetic
surveying enables highly accurate identification of zones of secondary technogenic
mineralized contamination, particularly near former quarries and waste dumps. The
average error in localizing contaminated zones based on VES results did not exceed
12%, and the depth of reliable anomaly detection reached 30 m, which is 1.5-2
times greater than that of traditional drilling monitoring at a lower cost.

The results obtained within the study areas indicate the presence of anomalies
caused by both residual mineralization and disturbance of the natural geoecological
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structure of the rocks. Magnetic surveys revealed areas with anomalous AT values
of up to +230 nT, which is 85-140 nT higher than the background level recorded
in comparable uncontaminated areas. These data confirm the presence of residual
mineralized inclusions, including those containing ferromagnetic components.

An important achievement is the identification of a stable correlation between
zones of increased electrical conductivity and areas with elevated levels of heavy
metals, such as zinc, lead, and copper. For example, areas with electrical resistivity
less than 10 Ohm m consistently coincided with zones where zinc content in soil
samples exceeded 1000 mg/kg, and lead content reached 320 mg/kg. This made it
possible to delineate the boundaries of man-made pollution and clarify the extent
of the negative impact on the adjacent territory. It was established that the area
of contaminated sites exceeds archival data by 35—47%, highlighting the need to
update the information using modern geophysical methods.

The identified patterns in the spatial distribution of polluting components
confirm the significant environmental impact of ore mining operations and indicate
a low level of self-healing of disturbed areas. According to an assessment of
the degree of restoration of the soil structure and vegetation cover, the recovery
coefficient (the ratio of the area with restored cover to the total disturbed area) is
less than 0.28, indicating the need for active remediation measures. The obtained
data allow us to recommend the use of geophysical methods not only for assessing
residual contamination but also as a basis for planning environmental remediation
measures, including identifying priority zones for remediation.

Thus, the conducted studies confirmed the effectiveness of geophysical methods
in environmental monitoring and impact assessment of ore mining operations. The
use of VES and magnetic surveys allows not only to detect previously unaccounted
for contaminated sites but also to quantify their impact. Further development of
geophysical data processing and interpretation methods, combined with in-kind
measurements and laboratory analysis, will facilitate more precise localization
of pollution zones, optimize environmental protection costs, and increase the
effectiveness of restoration measures in the South Caucasus and adjacent regions.

References

Abbas A.K., Ayop R., Tan C.W., Al Mashhadany Y., & Takialddin A.S. (2025) Advanced energy-
management and sizing techniques for renewable microgrids with electric-vehicle integration: A
review. Results in Engineering. — Vol. 27. — 106252. https://doi.org/10.1016/j.rineng.2025.106252
(In Eng.)

Al Smadi T., Gaeid K.S., Mahmood A.T., Hussein R.J., & Al-Husban Y. (2025) State space
modeling and control of power plant electrical faults with neural networks for diagnosis. Results in
Engineering. — Vol. 25. — 104582. https://doi.org/10.1016/j.rineng.2025.104582 (In Eng.)

Bosikov LI, Klyuev R.V., Khetagurov V.N., Silaev 1.V. (2023) Comprehensive assessment of
hydrodynamic processes in the Klinskoye Quarry with the use of their control methods in rock masses
[Kompleksnaya otsenka gidrodinamicheskikh protsessov na Klinskom kar’yere s ispol’zovaniyem
metodov ikh kontrolya v skal’nykh massivakh]. Sustainable Development of Mountain Territories
[Ustoychivoye razvitiye gornykh territoriy]. — No.2. — Pp. 284-297. https://doi.org/10.21177/1998-
4502-2023-15-2-284-297 (In Russian)

107



ISSN 2224-5278 1.2026

Filina O.A., Martyushev N.V., Malozyomov B.V. (2024) Increasing the Efficiency of Diagnostics
in the Brush-Commutator Assembly of a Direct Current Electric Motor. — Energies. — Vol. 17. —
Article 17. DOI: 10.3390/en17010017 (In Eng.)

Gabov V.V., Zadkov D.A., Stebnev A.V. (2016) Evaluation of structure and variables within
performance rating of hydraulically powered roof support legs with smooth roof control. — Eurasian
Mining. — Vol. 2. — P. 37-40. https://doi.org/10.17580/em.2016.02.09 (In Eng.)

Gabov, V.V,, Zadkov, D.A. (2018) Mathematical model of simple spalling formation during coal
cutting with extracting machine. Journal of Physics: Conference Series. — Vol. 1015(5). — Article
052007. https://doi.org/10.1088/1742-6596/1015/5/052007 (In Eng.)

Kulikova E.Yu., Balovtsev S.V., Skopintseva O.V. (2023) Complex estimation of geotechnical
risks in mine and underground construction [Kompleksnaya otsenka geotekhnicheskikh riskov
pri shakhtnom i podzemnom stroitel’stve]. Sustainable Development of Mountain Territories
[Ustoychivoye razvitiye gornykh territoriy]. — No.1. — Pp. 7-16. https://doi.org/10.21177/1998- 4502-
2023-15-1-7-16 (In Russian)

Malozyomov B.V., Martyushev N.V., Kukartsev V.V., Konyukhov V.Y., Oparina T.A., Sevryugina
N.S., Gozbenko V.E., Kondratiev V.V. (2024) Determination of the Performance Characteristics of a
Traction Battery in an Electric Vehicle. World Electr. Veh. J. — Vol. 15. — Article 64. DOI: 10.3390/
wevj15020064 (In Eng.)

Myrzakulov M.K. Dzhumankulova S.K. Yelemessov K.K. Barmenshinova M.B. (2024) Analysis
of the Effect of Fluxing Additives in the Production of Titanium Slags in Laboratory Conditions.
Metals. — Vol. 14. — P. 1320. doi: 10.3390/met14121320 (In Eng.)

Nayak S.K., Nayak A.K., Laha S.R., Tripathy N., & Al Smadi T. (2024) A robust deep learning-
based speaker identification system using hybrid model on KUI dataset. International Journal
of Electrical and Electronics Research. — Vol. 12(4). — P. 1502—-1507. https://doi.org/10.37391/
IJEER.120446 (In Eng.)

Shabanov M. V., Marichev M. S., Nevidomskaya D. G., Minkina T. M. (2023) Acidic sulphate
water influence on terricon soil pollution in the Karabash ore district [Vliyaniye kislykh sul’fatnykh
vod na zagryazneniye pochv terrikona Karabashskogo rudnogo rayona]. Sustainable Development of
Mountain Territories [Ustoychivoye razvitiye gornykh territoriy]. — No.4. — Pp. 888-900. https://doi.
org/10.21177/1998-4502-2023-15-4-888-900 (In Russian)

Smee J.J., Martin R.A., Cruse A.M. et al. (2010) Geochemical indicators for detecting
anthropogenic contamination from mine waste in stream sediments. Applied Geochemistry. — V. 25.
—No. 8. —P. 1200-1214. (In Eng.)

Tynchenko Y.A., Kukartsev V.V., Bashmur K.A., Wu X., Sevryugina N.S. (2024) Probabilistic
Analysis of Pump Reliability Indicators Using a Neural Network. // Min. Inf. Anal. Bull. — Vol. 7-1.
—Pp. 126-136. DOI: 10.25018/0236_1493 2024 71 0_126(In Eng.)

Tynchenko Y.A., Kukartsev V.V., Xiaogang W., Kravtsov K.I. (2024) Modeling the drought
intensity in mountainous areas using meteorological parameters [Modelirovaniye intensivnosti
zasukhi v gornykh rayonakh s ispol’zovaniyem meteorologicheskikh parametrov]. Sustainable
Development of Mountain Territories [Ustoychivoye razvitiye gornykh territoriy]. — 16(2). — Pp.
655-668 (In Russian)

Younger P.L., Banwart S.A., Hedin R.S. (2002) Mine Water: Hydrology, Pollution, Remediation.
— Dordrecht: Kluwer Academic Publishers. — 442 p. (In Eng.)

Zaalishvili V.B., Melkov D.A. (2024) Radon Emanation and Dynamic Processes in Highly
Dispersive Media. Geosciences. — Vol. 14. — Article 102. DOI: 10.3390/geosciences14040102 (In
Eng.)

108



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/
ethics.

Submission of an article to the journals of the Central Asian Academic Research Center
LLP implies that the described work has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier. com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The Central
Asian Academic Research Center LLP follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of
Suspected Misconduct (http://publicationethics. org/files/ u2/New_ Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service
http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor
and safeguard publishing ethics.

[IpaBuia opopMIICHHS CTaThH VIS ITyOIUKAIIMY B )KypHAJIE CMOTPETh HA CalTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

OTBeTCTBEHHBIH penakTop A. bomanxwize
Penaxropst: /.C. Anenos, T. Anenoues
Bepctka Ha xommstorepe: 17 /]. JKaowipanosoii

ITonmucano B reuars 06.02.2026.
®opmar 70x90'/,,. 20,5 m.m1.
3aka3 1.

«Central Asian Academic Research Centery LLP
Anmamet, [llesuenko k-ci, 28





