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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
TakKbIPBINTBIK OAFBITHI: [ €on02us, 2udpoceonousl, 2eocpagus, may-KeH ici, MYHat, a3 JcaHe Memanioapobly
XUMUATIIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. The article analyses the environmental condition of territories adjacent
to abandoned coal mines in Russia based on long-term monitoring data. The study
demonstrates that despite the restructuring of the coal industry, the accumulated
problems related to water, soil and air pollution remain relevant. The causes
and consequences of intensive coal mining, mass mine closure and insufficient
land reclamation are described. The paper discusses in detail the environmental
monitoring methods used in the production and environmental safety centres of
various coal basins in Russia, including traditional methods such as water, soil and
air sampling, gas, geodetic and thermal monitoring. Special attention is paid to
modern technologies, including the use of quadrocopters for aerial surveys, thermal
imaging and remote monitoring of gas emissions.
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The results of the research showed significant pollution of water bodies with
heavy metals, phenols, hydrogen sulphide and bacteria, as well as deformation of the
earth surface in areas of slump zones. The most problematic region is the Kizelovsky
coal basin, where extreme levels of pollution have been identified. Despite the
presence of positive changes in the 2020s, due to the introduction of modern
monitoring technologies and some methods of reclamation, the environmental
situation remains difficult and requires further efforts to solve the accumulated
problems. Recommendations are offered on how to use the monitoring results to
develop environmental safety management strategies, including the application
of modern cleaning and reclamation methods, as well as raising environmental
awareness among the population.

Keywords: environmental monitoring, coal mines, reclamation, water pollution,
heavy metals, quadrocopters, mine workings, Kizelovsky basin, geodynamic
monitoring.
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AnHOTanus. Makanaga KeOIDKbUIABIK MOHHUTOPHHT JIepeKTepi HeTiiHze
Peceiinig >xaObIK KeMip IIaxTajapblHa ipreiec ayMakTapblH SKOJIOTHSUIIBIK
Karadbl TanjaHaabl. 3epTTey KeMip ©HEepKaciOiH KaiTa KypbUIbIMIayFa
KapaMacTaH, Cy peCypCTapbIHbIH, TONBIPAKTHIH >KOHE ayaHbIH JIAaCTaHybIMEH
0aiiIaHBICTBI KUHAKTAJIFAH MOCEJIeNIep ©3€KTi OOJBIN Kajila OepeTiHIH KepceTe.
KapkbiHabel kemip eHIIPYIIiH, HIaXTaaap/blH Karmai *KaObUTybIHbIH KOHE JKepIli
KaJITIbIHA KENTIPYAiH JKeTKUTIKCI3/ITiHIH ceOenTepi MEH caljapbl CHITaTTAJIFaH.
YKympicta Peceliiig opTypiti keMip OacceHAepiHiH OHIIPICTIK XKOHE IKOIOTUSIIBIK
KayiMci3liK OpTalbIKTapblHAa KOJJaHbUIATHIH SKOJIOT USUTBIK MOHUTOPUHT SicTepi,
COHBIH ILIIHJE CY, TOTBIPAK KOHE aya ChIHAMaJlapblH aiy, Ta3, FeoAe3UsUIbIK KOHE
KBUTy MOHHTOPHHI1 CHSKTBI JIOCTYPI SJICTEp erKeH-Ter kel KapacThIpbUIFaH.
Abdpotycipinim, KbUTy TYCIpiTiMi JKOHE ra3 IIBIFApPBIHABIIAPBIH KAIIBIKTHIKTaH
Oakpulay YLIIH KBaJpoOKONTEpiepAi MaijagaHyabl Koca alFaHjaa, 3aMaHayd
TEXHOJIOTHsIIAPFa epeKIle Ha3ap ayaapbliajbl.

3eprTey HOTHKENEpl Cy OOBEKTUIEpiHIH ayblp MeTajnapMeH, (eHongapMeH,
KYKIpPTTI CyTeriMeH jKoHe OaKTepusuIapMeH aWTapibIKTall JlJacTaHYbIH, COHJai-
aK Kyi1ay Kaymi Oap alimMaxTappaarbl xkep OeTiHiH aedopmanusicelH kepceTTi. EH
npobnemainsl aiiMak — KnuzenoB kemip Oacceiiti, OHa JTacTaHyAbIH YKCTPEMaJ bl
neHreii anpikTanapl. 2020 xKbpUlgapAarsl OH e3repicrepre KapamacTaH, 3aMaHayd
MOHHUTOPUHT TEXHOJOTHsJIAphl MEH KeHOip KajmblHa KENTipy SICTEpiH EHTri3y
ApKBUTBI SKOJOTHSUIIBIK Karaald Kypaeni OonbIn Kama Oepeli >KoHe JKMHAKTaJFaH
MoceeNepi MeNnly YIIH KOCHIMIIA KYII-KIrepAl KaKeT eTeil. DKOJOTHUSIIBIK
Kayinci3mikTi Oackapy CTparervsuiapblH o3ipiiey, COHBIH ILIiHIE Ta3apTy MEH
PEeKyIBTUBALMSIIAY/IBIH  3aMaHayd OIICTePiH KOJJAaHy, COHJai-aK XaJbIKThIH
SKOJIOTHSUIBIK ~ XaOapAapiblFbIH  apTThIPy  VIIIH MOHHTOPHHT  HOTHIKEIIEPiH
naianany OOibIHILA YCBIHBICTAP Oepini.

Tyiiin ce31ep: SKOIOTUSIIBIK MOHUTOPHHT, KOMIp MIaXTalapbl, peKyIbTUBALIUS,
CYIBIH JIACTaHYBbI, aybIp MeTajiap, KBaApOKOIITepIIep, Tay-KeH Kaz0anapsl, KUCEIIOB
OacceiiHi, reoAnHaMHUKaJIbIK MOHUTOPHUHT.
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AHHoTaums. B cTaThe aHamM3UpyeTCs SKOJIOTHYECKOE COCTOSTHUE TEPPUTOPHA,
MPUWIETAIOIIUX K 3aKPbITBIM YTOJbHBIM IHaxTtaM Poccuu, Ha OCHOBE [aHHBIX
MHOTOJIETHETO MOHUTOpUHTra. lccienoBaHue AEMOHCTPUPYET, YTO, HECMOTPSA
Ha PECTPYKTYpPHU3ALMIO YTOIBHOW IMPOMBIIUICHHOCTH, HAKOIUIGHHBIC MPOOJIEMBI,
CBSI3aHHbIE C 3arps3HCHHEM BOJHBIX PECYpPCOB, IOYB U BO3[yXa, OCTAIOTCS
aKTyajabHbIMU. OTHMCAaHBI IPUYUHBI U TOCICACTBUS UHTCHCHUBHON TOOBIYU YIS,
MacCOBOTO 3aKPBITHS ITaXT M HEAOCTATOYHOW PEKYIbTHUBAIIMU 3eMelb. B padote
oIpOoOHO PACCMOTPEHBI METOIBI YKOJIOTHYECKOTO MOHUTOPHHTA, MPHUMCHICMBIC
B IEHTPax TIPOU3BOACTBEHHOW W JKOJIOTUYECKOH OE30MacHOCTH PazIUIHBIX
YTOJBHBIX OacceiHOB Poccuu, BKITFOYas TPaJUIIMOHHBIC METOIbI, TAKHE Kak 0TOOp
po0 BOJIBI, OYBBI M BO3/1yXa, I'a30BbIH, T€0IC3MYSCKUN U TEIJIOBOM MOHUTOPHHI.
Oco60e BHUMaHHE YCICHO COBPEMEHHBIM TEXHOJIOTHSIM, BKJIFOUAs MCIIOJIH30BAHNE
KBaJIPOKOIITEPOB JIJIsl a3POCHEMKH, TEIJIOBU3MOHHOM CHEMKH M JUCTAHIIMOHHOIO
MOHHUTOPHUHTA Ta30BBIX BEIOPOCOB.
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Pesynbrarel ncclienoBaHU TOKa3and 3HAYUTEIBHOE 3arpsi3HEHHE BOIHBIX
O00BEKTOB TSDKEIBIMH MeTalljlaMH, (DeHOJaMH, CEpOBOAOPONOM M OaKTEepHUAMH,
a Takke JedopManiy 3eMHOW MOBEPXHOCTH B palilOHaX MPOBAJIOOMACHBIX 30H.
Hawnbomee mpobOiaeMHBIM pernoHOM Ha3BaH KW3eMOBCKHMIA YrombHBIN OacceifH,
IJe BBISBICHBI DKCTpEMajbHbIE YPOBHM 3arps3HeHus. HecmoTps Ha Hannume
NO3UTUBHBIX clIBuros B 2020-x romax, Onaromaps BHEOPEHHIO COBPEMEHHBIX
TEXHOJIOT'MH MOHHTOPHHTA U HEKOTOPBIX METOIOB PEKYJILTUBAIIMH, KOIOTHIECKast
CUTyallusl OCTaeTcs CIOKHOW W TpeOyeT NalbHeWIIMX YCWIMH AN PELICHUs
HAaKOIUICHHBIX MpobneM. IIpeuioxkeHbl peKOMEHJALMU 10 HCIIOJIb30BAHUIO
pe3yNbTaTOB MOHUTOPHUHTA [T pa3pabOTKU CTpaTeruii ynpaBieHus! SKOIOTHIeCKON
0€301aCHOCTBIO, BKJII0Yast IPUMEHEHHUE COBPEMEHHBIX METOI0B OUHUCTKH U PEKYJIb-
THBAIUH, @ TAK)KE MOBBIIIIEHNE IKOJIOTUYECKON 0CBEJOMIEHHOCTH HACEJIEeHHUSI.

Ki1roueBble cjioBa: 3KOJOrMYCCKHIT MOHUTOPHUHT, YTOJIBHBIC IAXThI, PEKYIbTH-
BaIlysi, 3arps3HEHHE BOJBI, TSDKEIbIE METAJUIbl, KBaJPOKONTEPhI, TOPHBIC
BBIpaOOTKH, KU3EJIOBCKHUI OacceiiH, reoMHaMU4eCKU MOHUTOPHHT.

Introduction. In the process of restructuring the Russian coal industry,
which began in the 1990s, one of the key areas of focus was the creation of an
environmental monitoring system. This system is designed to track and assess the
consequences arising in the territories of former mine workings and liquidated
mines. This step was necessary because the socio-economic development of the
20th and 21st centuries, with its emphasis on rapid economic growth, has led to
significant damage to the environment and generated a whole range of environmental
problems. The technogenic model of economy based on continuous consumption
of natural resources has caused the formation of global environmental challenges,
which can be conditionally divided into several interrelated groups.

Firstly, environmental problems arise. Continuously growing anthropogenic
load reduces the ability of ecosystems to preserve their structure and functional
integrity. This manifests itself in the depletion of biodiversity, pollution of soils,
water and the atmosphere, and disruption of natural cycles of substance cycling. In
Russia and Kazakhstan, for example, vast areas are subject to degradation due to
intensive land use in agriculture and extractive industries, leading to desertification
and loss of fertility (Gladkov, et.al., 2024; Volneikina, et.al., 2023; Tynchenko,
et.al., 2023). Pollution of rivers and lakes by industrial effluents and emissions
from industries has become a serious problem in many regions, including large
river basins such as the Volga and Ural in Russia and the Syr Darya and Irtysh in
Kazakhstan.

Secondly, economic development is achieved through constant consumption of
natural resources and development of new territories, which leads to the depletion
of natural reserves and creates the problem of environmental pollution by industrial
waste. In Russia, especially in regions with developed extractive industries, there
is an accumulation of huge amounts of waste, which negatively affects the soil
cover and groundwater (Klyueyv, et.al., 2022). In Kazakhstan, which is also a major
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mineral producer, the situation is similar, with the added problem of waste disposal
from radioactive materials. Improper management of mining and processing wastes
leads to land contamination with heavy metals and other toxic substances (Suprun
et.al., 2024; Chernykh, et.al., 2023; Tynchenko, et.al., 2023).

Thirdly, urbanisation intensifies all negative processes affecting the environment
due to the concentration of transport, industrial plants and a large number of
people in cities. This leads to increased air pollution, noise pollution and more
household waste. Large cities in Russia and Kazakhstan face problems of smog
and air pollution from motor transport and industrial emissions, especially during
the heating season. The problem is aggravated by insufficient implementation
of environmentally friendly technologies and lack of effective waste treatment
systems (Skeeba, et.al., 2016; Vidayev, et.al., 2014).

The realisation of the catastrophic consequences of the current situation in
the 1990s led to the development of environmental management strategies that
provided for a change in priorities: subordination of economic and political interests
to environmental ones (Ardashkin, et.al., 2014; Pashkov, et.al., 2014). To ensure
sustainable development of mining production in the context of environmental
safety and socio-economic prosperity, the need to restructure the coal industry has
arisen. The environmental impact of the coal industry remains one of the most
significant in the mining sector. Key areas of negative impact include pollution of
water bodies by mine, open pit, industrial and domestic wastewater, which also leads
to disruption of the hydrological regime of surface water and the hydrodynamic, as
well as hydrochemical regime of groundwater. In addition, the air basin is polluted
by emissions from mining and transport equipment, industrial and municipal boiler
houses, aspiration systems and from burning rock dumps (Kondratev, et.al., 2020;
Kondratev, et.al., 2019; Gurov, et.al., 2019). Land withdrawal from land use and
its subsequent disturbance and pollution by coal mining and processing wastes are
also serious environmental problems. In both countries, Russia and Kazakhstan,
these factors are pressing issues that require close attention and implementation of
modern methods of environmental monitoring and reclamation of disturbed lands.
The need to transition to more sustainable development models and the introduction
of green technologies is an obvious challenge for both countries.

Materials and methods. The analysis presented in this article is based on data
collected during the long-term work of the industrial and environmental safety
monitoring centres established in various coal basins of Russia. These centres, such
as the Kuzbass Monitoring Centre, the Eastern Donbass Monitoring Centre, the
Urals Monitoring Centre and others, have accumulated information on the state of
the environment in the areas of abandoned coal mines. The main data set used in
the analysis includes the results of observations and studies in the following areas:
hydrogeological, gas, geodynamic, land resources monitoring, thermal survey of
waste dumps, microelement analysis of soil, hydrogeomechanical and geochemical
monitoring (Kulikova, et al., 2024).

Hydrogeological monitoring included measurements of the flooding level
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of the mine workings and analyses of mine, ground and surface water quality.
Wells located near or directly within abandoned mines were used to determine
flooding levels. Water samples were taken from wells, boreholes, rivers and lakes
for subsequent laboratory analysis. Indicators such as pH, suspended solids, iron,
sulphate, chloride, phenols, and the presence of bacterial contamination were
analysed (Kukartsev, et.al., 2023). These data allowed assessing the degree of water
pollution and the risk of waterlogging in the areas.

Gas monitoring included control of the surface release of harmful gases such
as methane and carbon dioxide (Kulikova, et al., 2023). Measurements were made
both in open areas and in residential and industrial buildings located near abandoned
mines. Gas analysers were used to determine the concentration of gases in the air.
Particular attention was paid to monitoring gas emissions in slump zones.

Geodynamic monitoring was conducted to identify deformations of the earth’s
surface that may be caused by the collapse of mine workings. Observations were
carried out at life support and livelihood facilities, as well as in areas at risk of
failures. Geodetic measurements and levelling methods were used to determine
vertical and horizontal displacements of the earth’s surface. Land resources
monitoring included identification of failures and defects in the insulation of
previously closed excavations, as well as assessment of disturbed land areas. Visual
surveys and remote sensing, such as aerial surveys, were conducted to identify
disturbances. Soil sampling was also carried out to analyse for contaminants such
as heavy metals and petroleum products.

Thermal surveys of rock dumps were carried out to identify burning centres that
are a source of air pollution. Thermal imaging cameras were used to detect anomalous
temperatures. Microelement analysis of soil around the dumps was carried out to
determine the degree of contamination with heavy metals and other toxic elements
that may have migrated from the dumps into the soil. Hydrogeomechanical
monitoring was aimed at determining the chemical contamination of soils in
the territories of industrial sites of abandoned mines. Soil samples were taken
and analysed for the presence of pollutants. Geochemical monitoring included
observation of geochemical parameters of natural and anthropogenic landscapes,
for which water, soil and air samples were analysed.

The methods of environmental monitoring used in the article include: water,
soil and air sampling for laboratory analysis, gas monitoring using gas analysers,
geodetic measurements to track earth surface deformations, remote sensing,
thermal imaging using thermal imaging cameras. In addition, statistical analyses
of collected data are used to identify trends and patterns in environmental changes.

As a modern method of environmental monitoring, this paper proposes
monitoring with the help of small autonomous vehicles (SAV) in the format of
copter-type unmanned aerial vehicles (UAVs) of serial production, used and
modernised for effective solution of special environmental monitoring tasks in the
field of life safety and technological processes:

* Aerial survey and mapping: Quadcopters with high-resolution cameras can
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create orthophotos and 3D terrain models. These data are used to monitor land
surface deformations, identify failures and landslides (Klyuev, et al., 2023), and
estimate the area of disturbed land (Anisimov, et al., 2024). The use of quadrocopters
provides up-to-date data with high accuracy and timeliness.

* Thermal imaging: Quadcopters equipped with thermal imaging cameras can
detect burning areas of waste rock dumps and heaps, as well as assess thermal
pollution of water bodies. This is especially important for monitoring spontaneous
combustion of waste dumps and identifying sources of thermal pollution.

» Gas monitoring: Some quadcopter models can be equipped with gas analysers,
allowing remote monitoring of harmful gases such as methane, hydrogen sulphide
and carbon dioxide. This is particularly relevant for monitoring areas of abandoned
mines, where hazardous gases can escape to the surface.

* Air and water sampling: Specialised quadcopters can be equipped with devices
for air and water sampling in hard-to-reach locations. This allows air and water
pollution to be monitored without the need for personnel access to these locations,
reducing risks and increasing efficiency.

» Multispectral imaging: Quadcopters with multispectral cameras can capture
information on vegetation conditions. Multispectral imagery data can be used to
assess plant establishment during remediation of disturbed land, determine the extent
of vegetation degradation and identify areas susceptible to anthropogenic impacts.

* Video monitoring and inspection: Quadcopters can be used for visual
monitoring of infrastructure such as pipelines, dams and canals, as well as for
assessing the condition of industrial facilities, detecting violations and illegal
activities such as unauthorised dumps.

The authors investigated and improved the technology of AMTS modernisation
from the position of meta-subject approach, which includes consideration of typical
processes and associated motion parameters, providing effective solution of special
tasks of environmental monitoring; the study of modern component and element base
used by serial manufacturers of UAVs of copter and aircraft type was carried out;
digital and full-scale prototyping of the device was implemented, providing rational
choice of technical, technological, interoperability and design elements of AMTS.

Analysed by the degree of practical applicability and technological feasibility, the
perfected elements of the meta-technology of modernisation of hardware-software,
component and constructional parts of AMTS in the format of customizable UAVs
of copter and aircraft type, including typical processes and associated motion
parameters, constructive and functional components contribute to both rational
operation and resource-efficient maintenance of MATS, used in solving special
tasks of monitoring the environment

Results and discussion. The environmental situation in the areas of abandoned
coal mines in Russia continues to be extremely tense despite the completion of
the main phase of coal industry restructuring in 2015. Decades of intensive coal
mining followed by massive mine closures accompanied by insufficient attention
to environmental aspects have resulted in significant and long-term negative
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environmental impacts (Zinovieva, et al., 2023). Studies conducted by various
monitoring centres covering regions such as Kuzbass, Eastern Donbass, Kizelovsky
coal basin and others have revealed a set of serious environmental problems that
continue to worsen over time. These problems are caused not only by the direct
impact of mining operations, but also by the consequences of mine flooding and
insufficient reclamation of disturbed lands, which creates long-term environmental
risks (Fig 1 a,b).

The situation was aggravated by the fact that in the period from 1993 to
2000, under conditions of economic crisis and insufficient funding, dynamically
changing environmental parameters were practically not controlled. This led to the
fact that in the following years, after 2002-2004, as a result of mass flooding of
mine workings and lack of proper control, new environmental problems began to
manifest themselves, which became evident and widespread in the 2010s. One of
the most acute manifestations of environmental disadvantage is the pollution of
water bodies. Analysis of monitoring data, conducted both by traditional methods
and using modern technologies such as drones and quadrocopters, has shown that
all abandoned mines are classified as ‘potentially hazardous’ in terms of surface and
groundwater pollution. Traditional methods of water sampling from wells, rivers
and lakes, as well as analyses of drone samples, confirm that the concentration of
suspended solids in water reaches extreme values - up to 61 mg/l. Exceedances
of maximum permissible concentrations (MPC) for iron are more than 5 times,
which leads to deterioration of water quality. Also, a significant excess of MPC for
hydrogen sulphide was recorded, while its MPC is 0.003 mg/l, and in the studied
samples the concentrations significantly exceeded this indicator. Practically in all
investigated mine wastewaters phenol is present, with maximum concentrations
reaching 5 MPC. In addition to chemical pollution, bacterial pollution is observed
in the surface waters of rivers, indicating a disturbance of the biological balance.
Mine waters spontaneously pouring to the surface through boreholes and workings
enter natural watercourses, aggravating the already difficult situation (Kulikova, et
al., 2024).

a b
Fig.1. Impacts of mining activities on the ecological state of the environment: a - Rock dumps in the
Kizelovsky coal basin; b - Acidic rivers in the Kizelovsky coal basin
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In the Kizelovsky coal basin, the environmental situation is characterised as
extremely unfavourable, as mine conservation has not been carried out properly
and attention to this region was insufficient until the 2010s (Fig. 1 a,b). In addition
to traditional methods, drone and quadrocopter data are being actively used in this
region, allowing for more accurate assessment of the extent of contamination and
disturbance. Drones equipped with high-resolution cameras and thermal imaging
sensors survey the terrain to accurately define the boundaries of spoil heaps, estimate
the area of disturbed land and identify burn areas. The total area occupied by spoil
heaps and waste rock dumps is about 15 hectares, with more than 2 million tonnes
of rock. Dumps have either not been rehabilitated or insufficiently rehabilitated,
resulting in the leaching of harmful substances by rainwater into local water
bodies. Analyses of water samples in the region show that iron and manganese
concentrations exceed the MAC by a factor of 10,000, which is extremely high
and indicates heavy pollution. In addition, other hazardous metals such as zinc,
lead, nickel and cadmium are also significantly above the MAC, posing a serious
threat to public health and ecosystems. Studies using modern methods show that
concentrations of harmful substances, including iron and aluminium, exceed MAC
by two thousand times, turning water into a toxic liquid unsuitable for supporting
biological life. This is evidenced by the chemical layering at the mouth of the North
Vilva River, where more than 50,000 tonnes of sediment containing iron hydroxide
have accumulated. Contaminated mine water seeping from the depths of flooded
mines brings to the surface sulphuric acid, which is formed as a result of chemical
reactions of sulphur.

Geodynamic monitoring, conducted using both traditional geodetic methods
and modern technologies such as laser scanning with drones, reveals deformations
of the earth’s surface. In the Kizelovsky basin, 796 hectares of fall-prone areas
have been recorded, which is a significant figure. In the 2020s, thanks to more
active introduction of remote sensing technologies and geoinformation systems,
it became possible to monitor the dynamics of these processes more effectively,
although the problem of their occurrence is still not solved.

In the 2010s, the environmental situation in the areas of abandoned coal mines
remained extremely unfavourable, which was confirmed by numerous studies and
publications, both scientific and socially significant. This decade was the period
when the accumulated consequences of inadequate conservation and reclamation
of mines began to manifest themselves in full measure. The impact of these
processes on water, soil and air resources was catastrophic, and monitoring data
collected by various centres indicated serious exceedances of maximum permissible
concentrations (MPCs) for a number of hazardous substances. During this period,
despite the efforts of individual organisations, there was no significant improvement
in the overall environmental situation.

In particular, in the Kizelovsky coal basin, which was one of the most problematic
regions, the situation was close to an ecological disaster. Analyses of water
samples, conducted both by traditional methods and using modern technologies,
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revealed extremely high concentrations of heavy metals that pose a serious threat to
human health and the environment. The concentration of iron in mine water during
this period exceeded the MAC by 10,000 times, and at some points where water
seeped to the surface, values exceeding the MAC by 12,000 times were recorded.
This made the water completely unusable and posed a serious threat to aquatic
ecosystems. Manganese, another toxic metal, was also present in mine water at
concentrations 8,000 times the MPC, and some samples were above 9,000 times. In
addition, significant concentrations of zinc, lead, nickel, and cadmium were found
in mine water, exceeding the MAC by hundreds or thousands of times. For example,
zinc concentrations in some water samples were as high as 50 MAC, while lead
exceeded MAC by 150 times and nickel and cadmium exceeded MAC by 200
times in some places. Such pollution levels indicated that mine water was actively
dissolving and leaching heavy metals from rock dumps and mine workings.

In addition to heavy metals, high concentrations of sulphates and sulphides
were recorded in mine waters and soils near mine dumps. Chemical reactions in
the rocks and dumps produced sulphuric acid, which, when released into water
bodies and soil, changed the pH of the environment, leading to the death of living
organisms and rendering the areas unusable. Measurements of pH in water samples
in the 2010s showed values ranging from 2.5 to 3.5, which corresponds to an acidic
environment and is destructive to most species of flora and fauna.

The situation was aggravated by the fact that as a result of the lack of an effective
system of reclamation of rock dumps and slag heaps, hazardous substances with
precipitation were released into local rivers and water bodies. Studies conducted
in the 2010s showed that the content of heavy metals in the bottom sediments of
the rivers flowing near the Kizelovsky coal basin exceeds the MAC by tens and
hundreds of times. In particular, in the bottom sediments of the Kosva River the
concentration of iron exceeded the MPC 800 times, manganese 500 times, zinc 70
times, lead 40 times and cadmium 20 times.

In general, the environmental situation in the areas of closed coal mines in the
2010s was critical, which was confirmed by monitoring data. High concentrations
of heavy metals, acid pollution and vast areas of disturbed land created serious
risks to public health and the environment. During this period, in spite of localised
measures, there was no significant improvement of the situation, which indicated
the need for a comprehensive and systematic approach to solving environmental
problems. The increase in the level of pollution by toxic substances affected not
only the state of water resources, but also soil resources, making them unsuitable
for agricultural use. In addition, hazardous gases such as methane and hydrogen
sulphide continued to be emitted from the mines, creating additional risks for the
population living near the closed coal mines.

In the 2020s, although the environmental problems accumulated in previous
decades have not been fully resolved, there have been some positive changes in
the areas of abandoned coal mines, including the Kizelovsky coal basin. These
changes were made possible by a number of factors, including increased attention
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to environmental issues, the introduction of new monitoring technologies and some
targeted actions to mitigate the effects of pollution. While a dramatic turnaround
has not yet been achieved, some progress, particularly in monitoring and localising
pollution sources, has certainly been made.

One of the key factors contributing to positive changes has been the wider
adoption of modern environmental monitoring technologies. In particular, in the
2020s, drones and quadrocopters equipped with high-resolution cameras, thermal
imagers and gas analysers were actively used. This made it possible to conduct
more detailed and rapid surveying of territories, identify pollution hotspots and
failures, and obtain information on the state of vegetation and water bodies in
hard-to-reach areas. The use of drones significantly reduced the time and costs of
monitoring surveys, as well as increased the accuracy and completeness of the data
collected. As a result, it became possible to react more quickly to changes in the
environmental situation and take necessary measures.

Another important aspect has been the introduction of improved methods of data
analysis. In the 2020s, geographic information systems (GIS) are being actively
used to visualise and analyse monitoring data, identify trends and patterns, and
forecast developments. GIS allow the overlaying of different layers of information
(e.g. pollution data, terrain, location of settlements), which makes analyses more
complete and informative. In addition, mathematical modelling techniques for
predicting the spread of pollutants and simulating different scenarios have become
more common during this period. This allows for more effective planning of
measures to localise and eliminate pollution.

In addition to technological advances, some practical steps were taken in
the 2020s to reduce the negative environmental impact of abandoned mines. In
particular, some regions have begun to apply artificial geochemical barrier methods
to reduce the acidity of mine water. These methods include the use of alkaline wastes,
such as soda waste, to neutralise acid mine waters and reduce the concentration
of heavy metals. Experimental studies have been conducted that have shown the
effectiveness of using these wastes to treat mine water, raising pH to neutral values
and reducing pollutants to acceptable concentrations. In some cases, attempts have
been made to localise the spread of pollutants with surface runoff and groundwater.
For this purpose it was proposed to use barium compounds and crushed carbonate
rocks placed in trenches in the runoff zone from dumps. The use of limestone, as a
relatively inexpensive reagent, was also considered as a promising option.

Also, in the 2020s, biological remediation methods for greening waste heaps
and spoil heaps began to be used more actively. These techniques include the
planting of contaminant-resistant plant species that help to consolidate soil, prevent
erosion and reduce leaching of contaminants. Studies have been conducted that
have shown the effectiveness of using microbiological remediation to restore soil
cover on disturbed land.

Modern research, including visual, multispectral and intelligent study of large
territories is expedient to be carried out using small AMTS in the format of copter-
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type UAVs. For these purposes, the technology of rational UAV acquisition is
proposed, taking into account the required flight characteristics and operating
conditions of the device that optimally realises the monitoring objectives. The
acquisition scheme includes the achievement of the device parameters to solve
the tasks of geoinformation modelling, spatial scanning and remote sensing. The
efficiency of geo-information modelling tasks depends on the UAV’s positioning
accuracy and flight duration, for which the kitting scheme has been rationalised to
include a sealed body for weather protection, an electric motor for quiet operation,
fixed wings for stability and placement accuracy, high energy density lithium-
ion batteries, a digital video transmitter for high quality images and, optionally,
high bandwidth fibre optic connectivity for transmission of large amounts of data
to the UAV. The tasks of spatial scanning, requiring high manoeuvrability and
uninterrupted operation in hard-to-reach places, determined the rational equipment
of the UAV with heavy duty electric motor, folding beams for easy transportation,
flexible blades for better manoeuvrability, analogue video transmitter to simplify
and lighten the apparatus and radio frequency communication device for operation
in the absence of ground infrastructure. The tasks of remote sensing are more
rationally solved by using an aircraft-type UAV, which is resistant to atmospheric
loads and operates at high altitudes. For this purpose, a hull adapted to the extreme
environment, a high-power internal combustion engine for high heading speed
and range, rigid blades for flight stability in a thin atmosphere, a digital video
transmitter for high-quality images, and a high-speed communication channel for
the transmission of large amounts of data were proposed. The UAV’s attachments for
monitoring tasks include a lidar (laser rangefinder) used to create three-dimensional
models of objects and surfaces, optimised in terms of resolution, operating distance
and data transmission speed; a thermal imaging camera that searches for thermal
anomalies and temperature changes, rationalised in terms of the range of recorded
temperatures, sensor resolution and temperature sensitivity; a multispectral camera
that collects data in several wavelength ranges and is adapted to the needs of the
UAV; and a multispectral camera that collects data in several wavelength ranges.

Despite all these positive developments, it must be emphasised that the
environmental problems resulting from the closure of coal mines remain serious
and require further efforts to fully address them. Pollution levels, although reduced
in some places, remain high and pose risks to public health and ecosystems. Further
improvement of environmental monitoring methods, the introduction of effective
water and soil treatment technologies, and the development of comprehensive
programmes for the remediation of disturbed land are required. In addition,
continuous monitoring of the situation and timely response to emerging problems
are required, as well as strengthening of state control over the implementation of
environmental protection measures. Overall, the 2020s was a period in which the
path to a more sustainable and environmentally friendly future was charted, but there
is still much work to be done to achieve significant results and full rehabilitation of
the areas affected by the coal industry.
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Conclusion and recommendation

Analysis of the environmental condition of the territories adjacent to abandoned
coal mines has revealed an extremely complex and multifaceted problem that
continues to have a negative impact on the environment and public health. Decades
of intensive coal mining and subsequent mass mine closure have resulted in
significant pollution of water resources, soil and air. The main factor aggravating
the situation is insufficient conservation and reclamation of disturbed lands, which
leads to long-term negative consequences.

The use of both traditional methods of environmental monitoring and modern
small AMTS in the format of UAVs of copter and acroplane type allowed to
obtain a detailed picture of the scale of pollution. Traditional methods, including
water, soil and air sampling for laboratory analysis, gas monitoring, geodetic
measurements and thermal surveying, provide fundamental data on the state of
the environment. At the same time, modern technologies such as remote sensing
and the use of quadrocopters allow for more rapid and detailed assessment of the
condition of large areas, including hard-to-reach locations. These methods make it
possible to identify pollution hotspots, assess the area of disturbed land and monitor
deformations of the earth’s surface.

Monitoring data show that the most serious problem is the pollution of water
bodies, where the concentration of suspended solids, iron, manganese and other
heavy metals, as well as phenols and hydrogen sulphide, significantly exceeds the
maximum permissible concentrations. In some cases, the exceedance of MPCs for
certain elements reached ten thousand times, which makes water unfit for use and
threatens aquatic ecosystems. In addition, bacterial contamination is observed, as
well as the release of hazardous gases such as methane, creating additional risks.

The introduction of modern monitoring technologies, such as copter- and
aircraft-type UAVs with adaptable technical characteristics and attachments, has
made it possible to identify pollution hotspots more quickly and assess the scale of
disturbance. Geo-information systems and mathematical modelling methods have
contributed to more accurate data analysis and forecasting of pollutant distribution.
In addition, practical steps have been taken to reduce the negative impact of
abandoned mines, including the use of artificial geochemical barrier techniques to
reduce the acidity of mine water, the use of alkaline waste to neutralise acidic mine
water, and biological reclamation for landscaping.

The developed methodologies can be used to develop environmental safety
management strategies in areas with similar problems. This includes the use of
monitoring data to identify priority areas for remediation, the application of modern
methods to conduct more accurate environmental assessments, and the use of new
technologies to clean up contaminated water and soil. In addition, the research
results can be used to develop educational programmes and raise environmental
awareness among the population, as well as to develop a regulatory framework
for environmental protection. The tested technology of customisation of UAVs of
copter and aircraft type, rationalised for varying in a wide range of parameters of
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technical and flight assignments when solving industry monitoring tasks allows
to reduce the resource intensity of material support of monitoring, increase the
frequency of its production, reliability of the received data flow, relevance of
the formed information flow and automation of documentation of the results of
monitoring work, providing a basis for the creation of automated monitoring
systems with the following features.
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