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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.
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Abstract. This article addresses the urgent issue of coal dust explosion hazards
in underground coal mines and focuses on optimizing dust control and explosion
safety. Based on a comprehensive analysis of current suppression methods, the
study evaluates the effectiveness of various dust control techniques—including
pre-wetting of coal seams, shale protection using inert materials, hydroprotection
via water curtains, and fogging systems—under real-world mining conditions.
Experimental data indicate that pre-wetting reduces dust concentration by 20-30%,
while shale-based protection reduces the risk of explosion propagation by 40—50%
when inert dust with proper composition is used. Hydroprotection methods such as
water curtains demonstrate up to 90% explosion localization efficiency but require
regular maintenance and sludge control. Fogging systems reduce airborne dust
concentration below 1 mg/m?, significantly improving air quality. The combination
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of these methods provides an overall reduction of explosion risk by 60-70%. A
key finding is the necessity of calculating optimal retreatment intervals based on
dust deposition rate, methane concentration, and protective material properties. For
instance, when dust generation exceeds 2.5 g/m? per day and methane levels rise
above 2%, retreatment must occur every 1-3 days depending on the protection
coefficient. The study proposes a system of adaptive protection planning that
incorporates real-time monitoring, dynamic parameter modeling, and material
optimization. The findings contribute to enhanced mine safety by enabling more
accurate control of explosive atmospheres, particularly in high-risk conditions, and
support the development of more effective, site-specific dust suppression protocols.

Keywords: Coal dust, explosion hazard, dust suppression, safety, mines,
hydraulic protection, shale protection.
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AHHOTanus. Makanaja >kep acThl KOMIp OHJIIpY KaraailapblHIaFel KOMIp
IIAHBIHBIH JKapbUIBIC KAyl MOCeNeCi KapacThIPhUIAbl JKOHE IAH PEKHMIH
OHTaWIaHIBIPY MEH JKapbUIBIC KayilCi3iriH KamTamachl3 eTyre Oaca Hazap
aynapeutaabl. Kazipri TaHa KOJJaHBLIIATHIH MIAHABI 0acy oMiCTEepiHIH KeIIeHIl
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Talnjaybl HeTi3iHAe KeMip Ka0aThlH aNJblH aia BUIFANIAHIBIPY, HWHEPTTI
MaTepuaigapasl KOIAaHy apKbUIbI CIAHENTIK KOPFaHBIC, Cy TepAenepi apKbLIbl
THJIPOKOPFAHBICKOHE TYMaHIaH IBIPY )KYHeNIepi CUSKTHIOPTY PITi TEXHOIOT HSLTAP IBIH
THiMIUTITT Oaranmasapl. Byn omicTep HaKTBI IMIaxTa KardaiapblHIA CBHIHAJJIBL.
OKCIIEPUMEHTTIK JiepeKTep KeMip KadaThlH alfblH aja BUIFAaHIbIPy IIaH
koHIeHTpanuschia 20—30% TeMeHIeTETIHIHKOPCETT], AT MHEPTTI IIaH KOJIIaHbIIIFaH
CJIAaHELTIK KOPFaHbIC Kapbulblc Tapaiy Kaymi 40-50% azaiitaasl. Cy nepaenepin
Kongany apksuibl 90% aeiiiH >KapblIbICTBI OKIIAyJay MYMKIHIITI O0ap, Oipak Oy
o/lic YHEMi BUTFAIIBUIBIKTEI OaKbUIAY/bI )KOHE MUIAMIBI Ta3apTyIAbl KOKET eTel.
TyMmaHgaHIBIpY KyHenepi ayafarbl MaH KOHIEHTPAIUSICHIH | MI/M® JeHreiiHeH
TOMEH TYCIpIIL, aya canachlH edyip jkakcapTanbl. by omicrepmi OipikTipe KonmaHy
XKanmbsl xKapbulbic KaymiHn 60—70% TeMenzaereni. 3epTTey HOTHXKEIEPl KOPFaHBIC
IapajxapelH KaiTaman KOJIJaHy Mep3iMiH IaH TY3UTy >KbUIIAaMBIFbIHA, METaH
KOHIICHTPAIIMSACHIHA JXKOHE KOJIAaHBUIATBIH MaTepUajiap/blH CUIaTTaMajlapbiHa
0aifIaHBICTBl €CeNTey KAXKETTINITiH KepceTTi. MpIcambl, MIaH TY3iTyl TOyIiriHe
2,5 T/M3-TeH ackaHJa jKoHE MeTaH KOHIICHTpaIwsichl 2%-/aH JKOFapbl OOIFaH/a,
Kaiita eHjey op 1-3 KyHJe XKypri3inyi THic. ABTOpIap HAKTHI YaKbIT PEKUMIHIIE
MOHHTOPHUHT, TIapaMeTpIIep/AiH JTUHAMHKACHIH MOJIENIbBJIEY KOHE MaTepHasIapibl
OHTaWIaHIBIPYIbI KaMTUTHIH OCHIMIENeTiH KOpFaHBIC XYWECIH YChIHAIBL by
HOTIDKENep IaxTa KayilCi3miriH apTTBIPBIN, XOFAphl TOYEKeN KaFaaiiapbIHa
KapbUTBIC KAyIliH JoN OaKpulayFa MYMKIHIIK Oepefi jkoHe jkeke OeHimuenreH
MBUIETIOAABIICHUE CTPATETUSTIAPBIH d31piieyTre Heri3 OoJa anabl.

Tyiiin ce3mep: KeMip IIaHbBI, XapbUIbIC Kaylli, MIaHIBI 0acy, KayilcCi3mik,
maxranap, THIPOKOpFay, udepaeH Kopray.

© U.E. Hekpacosa', P.B. Kononenko?, M.A. Ilonos?, M.H. Yaxkaes?,
C.C. Xynoépos?*, 2025
'TocynapcTBeHHBII MOPCKOH YHUBEpCUTET nMeHH aamupana ©.d. Vimakosa,
Hosopoccuiick, Poccus;
MpkyTckuii HalmoHaIbHBIN MCCIEI0BATEILCKUI TEXHMYECKUN YHUBEPCHUTET,
UpxkyTtck, Poccus;
SYeuyeHCKUIA TOCYIapCTBEHHBIN YHUBEpCUTET UM. A.A. Kaabiposa,
I'po3nsiit, Poccus;
*TalIKeHTCKU TOCYIapCTBEHHbIM TEXHUUCCKHI YHHUBEPCHUTET,
TarikeHT, Y30ekucTaH.
E-mail: ira.necrasova-i@yandex.ru

OIITUMUBALUSA IIBIJTEBOI'O PEXKUMA U
B3PBIBOBE3OIIACHOCTH YI'OJIBHBIX INAXT

HekpacoBa Upuna EpnamMmnueBHa — cT. npenozgasatens, [ 0cynapcTBEeHHbBIN MOPCKOM YHUBEPCUTET
nmenn anmupana @®.0. Ymakosa, HoBopoccmiick, Poccusi, e-mail: ira.necrasova-i@yandex.ru,
https://orcid.org/0000-0001-9271-3523;

141



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Kononenko Poman BuagumupoBudy — KaHIMJAT TEXHUYECKUX HAyK, NOLCHT, MpKyTckuii
HanmonansHBI McclieoBaTeNbcKuil TeXHUIecKui yHuBepceuteT, UpkyTck, Poccus, e-mail: iistu
politeh@mail.ru, https://orcid.org/0009-0001-5900-065X;

Honos Makcum AuiekceeBH4 — acnupadT, Mpkyrckuil HanuonanbHbIA HCCIen0BaTEIbCKHM
TEeXHUYCCKUI yHuBepcureT, pkyrck, Poccus, e-mail: popovma@ex.istu.edu, https://orcid.org/0009-
0002-0468-122;

Yazxkaes Mycaum HOparmMoBHY — JOKTOp SKOHOMHYECKHMX HayK, Hpogeccop, YedeHcknit
rocynapcTBeHHBIH yHuBepcnteT UM. A.A. Kaxpiposa, I'po3nsrit, Poccus, e-mail: mchajaev@mail.ru,
https://orcid.org/0009-0000-7744-3510;

Xynoépos Capaop Cabaymnaesnd — PhD, nonenrt, TamkeHTCKui roCy1apCTBEHHBIH TEXHIUECKAIT
yHuBepcuTeT, Tamkent, Y36ekucran, e-mail: xudoyorov0703@mail.ru, https://orcid.org/0009-0008-
8341-8926.

AnHotanusi. B craree  paccMmarpuBaeTcsi  aKkTyajbHas — mpoOiema
B3pBIBOONACHOCTH YTOJBHOH MBI B YCJIOBHUSX IOI3EMHOH IOOBIMHM YIS U
AKIEHTUPYETCs] BHUMAaHUE HA ONTHMH3AIMU TBUICBOTO PEKUMa M 00eCIedeHust
B3pbIBOOE30MmacHOCTH. Ha 0CHOBE KOMITJIEKCHOTO aHalii3a COBPEMEHHBIX METOAOB
MBUICTIONABICHNSL  OLIGHUBACTCS  A(PQPEKTUBHOCTh  PA3TUUHBIX  TEXHOJOTHIA,
BKJTIOUas MPeIBapUTEIbHOE YBIAKHEHHE YTONbHOTO TIACTa, CIAHIEBYIO 3aIIUTY
C UCIIOJIb30BaHUEM MHEPTHBIX MaTepHalioB, THIPO3AIIUTY MOCPEICTBOM BOASHBIX
3aBEC M CUCTEMbI TYMaHOOOPa30BaHMUs1, UCTIBITAHHBIX B PEaJIbHBIX TOPHBIX YCIOBHUSIX.
OKCHiepyUMEHTalIbHbIE JTaHHBIC MO0 HCCIENOBAHUIO 3TUX PA3IMUYHBIX TEXHOIOTUH
MOKa3ajk, 4TO MpPEABAPUTEIILHOE YBIa)KHEHHWE CHW)KAET KOHLUEHTPALWIO MbUIN
Ha 20-30%, a ciaHieBas 3alldTa CHIKAET PUCK PACIpPOCTpaHEHHs B3pbIBa Ha
40-50% mnpu ycnoBuM coONmoneHus TpeOOBaHWK K COCTAaBY WHEPTHOW MBUIH.
luaposzamumra ¢ WCMIONB30BaHUEM BOJSHBIX 3aBec obOecreunBaeT o 90%
3 PEKTUBHOCTH JIOKAJIM3alUK B3pbIBA, OAHAKO TPeOyeT peryssipHOro KOHTPOJIS
BIXHOCTH W yrnaneHuss muiama. CucTeMbl TyMaHoOOpa3oBaHHS MO3BOJISIOT
CHHM3WUTh KOHICHTPALHUIO MBUIM B BO3AyXe HIKE | MI/M?, 3HAYUTENBHO YaydIas
KauecTBO BO3AYIIHOW cpenapl. KoMOMHUpOBaHHOE TNPUMEHEHHE YKa3aHHBIX
METOJIOB CHIXaeT oOmmi puck B3pbiBa Ha 60-70%. KiroueBbIM pesyiasraroMm
ABISICTCSL  HEOOXOAMMOCTb pacuéra ONTHMAIbHBIX HHTEPBAIOB IOBTOPHON
00pabOTKM Ha OCHOBE CKOPOCTH MbUICOOpa30BaHUs, KOHIEHTPALMU METaHa M
CBOMCTB 3allMTHBIX MarepuanoB. Hampumep, npu mbeuieoOpa3zoBaHuH BeIIe 2,5
r/M® B CYyTKH M COAEp)KaHMM MeTaHa Oonee 2%, MOBTOpHast 00pabOTKa JOHKHA
MPOBOANUTHCS Kaxple 1—3 1OHS B 3aBHCUMOCTH OT KOO((UIMEHTa 3alIHTHI.
[Ipeanoxkena cucreMa aJaNTHBHOTO IJIAHUPOBAHHUSI MPOTHBOB3PHIBHOM 3allUTHI,
BKJTIOUAIOIAsi MOHUTOPUHI B PeajbHOM BpPEMEHH, MOJCIUPOBAHUE ITUHAMUKU
mapamMeTpoB ¥ ONTUMH3ALMUIO TNPHMEHSEMbIX MaTepuaioB. [lomydeHHBIC
Pe3yNbTaThl COCOOCTBYIOT MOBHIIICHUIO OS30MACHOCTH Ha LIaxTax 3a cuéT Oosee
TOYHOTO KOHTPOJISI B3PBIBOOIIACHON Cpellbl, 0COOCHHO B YCIIOBHSAX MOBBIILICHHOTO
pucka, 1 GOpMHUPYIOT OCHOBY Jisi pa3paboTKu 3()(HEeKTHUBHBIX, HHAMBHUIYAIEHO
aIaliTUPOBaHHBIX MEP MbIICTIOJABICHHUSI.

KioueBble cjioBa: yroimbHas TbUIb, B3PBIBOONACHOCTb, MBUICTIONABICHHE,
0e30MacHOCTh, AaXThl, TUAPO3AIHUTa, CJIaHLeBasl 3alUTa
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Introduction. In the mining industry, especially in the conditions of
underground mining of coal deposits, the problem of coal dust explosion hazard
remains one of the key issues and still does not lose its relevance. Coal dust is a
finely dispersed suspension of solid particles formed by mechanical impact on coal
during drilling and blasting operations, mining, transport and processing. Coal dust
particle size is usually less than 75 microns, which makes it extremely explosive
at air concentrations in the range of 20-300 g/m®, depending on the characteristics
of the seam (Alborov, et al., 2021; Efremenkov, et al., 2022). At the same time,
the critical concentration of the explosive mixture is, on average, about 50 g/m?,
and the ignition energy is only 20-60 mJ, which makes it possible to initiate an
explosion even from a spark arising during the operation of electrical equipment
or from the friction of metal against rock (Golik, et.al., 2019; Klyuev, et. al., 2025;
Trrad, et. al., 2019).

Analysis of statistical data shows that on average up to 30% of all accidents with
severe consequences in coal mines are related to dust explosions, and more than
60% of them are accompanied by secondary explosions caused by uncontrolled
propagation of the dust wave. According to Rostechnadzor, over 70 cases of dust
explosions have been registered in Russia over the last 10 years, at least 20 of which
resulted in mass casualties. In the world practice the number of such incidents is
80-100 cases annually, which confirms the need to improve dust and emergency
protection systems (Isametova, et.al., 2022; Kapanski, et.al., 2025).

The peculiarity of coal dust as an explosive component is its ability to accumulate
in hard-to-reach areas of mine workings and retain explosive properties for a long
time. In addition, coal dust tends to accumulate. It settles on supports, cables, and
ventilation. These areas are especially vulnerable to fouling. Dust often builds up
in hard-to-reach places. In such zones, it may contact methane. Methane is another
explosive mine gas. This combination increases the explosion hazard. Methane is
present in almost all coal mines. Its concentration varies across different locations.
In Russian mines, it ranges from 0.5% to 2.5%. Some high-risk mines exceed 3%
methane. These values require strict dust control. Safety rules become much more
demanding. High methane levels raise explosion risk sharply. Dust control must
meet higher standards. Regulations limit dust to safe levels. If methane exceeds 1%,
dust must stay low. The limit is set at 10 g/m*. Exceeding this value increases danger
significantly. Strict monitoring and control are essential. Both dust and methane
must be managed. Together, they create critical safety challenges. Meeting these
rules prevents major accidents. Otherwise, the probability of synergetic explosion
of dust-methane mixture sharply increases (Nussipali, et. al., 2024; Gryazeyv, et. al.,
2018; Efremenkov, et al., 2023; Bosikov, et.al., 2022).

To effectively manage the dust regime and prevent explosions in mines, various
methods of dust suppression and protection are used: coal seam moistening,
dust suppressing curtains, oslantsing, fogging systems and automatic wetting
installations. Their effectiveness varies depending on the specific operating
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conditions (Manevich, et. al., 2024; Cherkashin, et. al., 2024; Bosikov, et.al., 2023;
Karlina, et.al., 2024). For example, pre-moistening of coal allows to reduce dust
concentration by 20-30%, and the use of water curtains - to localise the spread of
dust explosion in 80-90% of cases at water consumption of 70-90 1/m? of mine
cross-section. At the same time, shale protection reduces the probability of an
explosion by 40-50% if the inert material dispersibility standards are met (95% of
particles < 0.09 mm). The combined application of several methods, including inert
powders and aerosol wetting systems, provides an overall explosion risk reduction
of up to 60-70%.

However, the practical application of these methods is often faced with the
problem of untimely renewal of the protective layer, as well as the lack of accurate
calculation of the time of action of protective compositions and retreatment
intervals (Shutaleva, et.al., 2022; Malozyomov, et al., 2023; Martyushev, et al.,
2023). Failure to take into account the dust generation rate (which can reach 2.5-
3.5 g/m3 per day in congested areas) and methane concentration leads to reduced
efficiency of even the most reliable systems. In addition, there are still no universal
models allowing to adapt the dust suppression strategy in real time to the current
conditions (Zaalishvili, et. al., 2023; Yelemessov, et al., 2023).

In this regard, the development of a methodology for calculation of optimal
protection parameters, taking into account not only local parameters (dust
deposition rate, humidity, mine geometry), but also the dynamics of methane
formation, efficiency of the materials used and ventilation operation mode, remains
an urgent task. This study focuses on dust control in mines. It analyses current
safety approaches in detail. The goal is to improve dust regime management.
Researchers also tested protection methods experimentally. Tests were carried out
under real conditions. Practical recommendations were developed from the results.
These help choose protection parameters correctly. Each method was matched to
operating conditions. Special focus was placed on key relationships. Dust formation
rate and methane levels were analysed. Their impact on system efficiency was
evaluated. This helped justify how often systems are used. It also allowed material
volume calculations. Proper planning of resources became possible. The findings
improve workplace safety directly. They support safer working environments in
mines. Results are useful for new mine design. They also aid in mine modernisation
projects. Existing facilities can benefit from these results. The approach supports
both planning and operation. It helps ensure stable and safe conditions.

Materials and methods. This paper studied safety methods in dusty mine
conditions. It analysed techniques used in coal mines. The focus was on dust
reduction and explosion control. The research included several practical approaches.
These aimed to lower coal dust concentration. It also studied ways to stop ignition.
Explosion localisation methods were also investigated. Experiments tested various
dust suppression tools. Water injection and spray nozzles were examined. Ejection-
based suppression was tested as well. Inert dust and water curtains were also studied.
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The study used multiple research techniques. Visual inspection was part of the
process. Dust concentration was measured systematically. Containment system
effectiveness was also evaluated. All experiments took place in real mines. Field
testing ensured practical relevance of findings. Conditions were close to actual
working environments. This helped check real-world method performance. Special
focus was on explosion protection types. Shale protection was one of the methods.
It used inert dusts like shale and dolomite. Coquina was also applied for similar
purposes. These materials reduced combustible dust content. Hydroprotection used
water-based solutions. Dust was moistened to reduce spread. Water curtains served
as blast barriers. Combined methods used several tools together. They included both
fogging and oslanzation. These offered a layered protection system. Equipment
settings varied with method used. Operation modes depended on mine conditions.
Fogging systems worked all through the shift. Water curtains were triggered when
needed. In oslanzation, dust was applied by machines. These units treated different
mine layouts. They covered various lengths and cross-sections. Each setup matched
specific working conditions. This flexible approach improved safety outcomes.
Results confirmed the importance of complex systems. Simple measures were less
effective alone. Only integrated protection gave stable results.

Results. The analysis of explosion control in mines gave results. It showed which
suppression methods work best. Various systems were tested in real conditions. The
most effective approach was using multiple methods. Integrated protection gave the
highest safety levels. Combining techniques reduced both dust and explosion risk.
Simple methods alone gave weaker protection. Pre-moistening of coal seams was
especially effective. It was applied before mining operations began. This treatment
significantly lowered dust levels. Airborne dust dropped by 20-30% in treated
zones. In untreated zones, dust stayed much higher. Pre-moistening proved to be
a reliable method. It worked well as part of a larger system. Results confirm the
need for complex solutions. Layered protection prevents dust from spreading. It
also stops explosions from propagating further. The research highlights the value
of preparation. Early action leads to better safety outcomes. Evaluation of the
effectiveness of different types of protection against dust explosions demonstrated
that shale protection based on the use of inert dust provides a 40-50% reduction in
the risk of explosion propagation, provided that the requirements to the composition
and dispersity of inert material are met (Table 1). It was experimentally established
that the optimal content of combustible elements in inert dust should not exceed
0.9%, and at least 95% of particles should pass through a sieve with a mesh size
of 0.09 mm (technical sieve No. 6). When the yield of volatile substances in the
coal seam exceeds 25%, it is necessary to ensure that the inert dust content in the
mixture with coal dust is not less than 75% by weight to prevent explosion.
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Table 1. Effectiveness of different dust suppression methods (to be included after the paragraph
on the effectiveness of different types of protection against dust explosions)

Dust suppression | Reduction of dust concentration Notes
method in the working zone (%)
Pre-moisturisation Pre-moisturisation of the coal seam was
20-30 .
of the coal seam carried out
. If inert material composition and dispersion

Shale protection . .

(inert dust) 40-50 requirements are met (combustible elements
<0.9%, 95% of particles < 0.09 mm)
t a water flow rate of 70-90 litres/m? cross-

Waterproofing . . .

. 80-90 section. Requires moisture control and

(water curtains) .
sludge cleaning

Fogging systems Reduction to < 1 mg/m? At a water flow rate of 0.1-0.15 1/m? of air.

Hydroprotection, consisting of water curtains and wetting of dust deposits, has
been shown to be effective in localising explosions, but requires constant monitoring
of humidity levels and regular cleaning of surfaces from accumulated sludge. Studies
have shown that the use of water curtains with a water flow rate of 70-90 litres per
square metre of mine cross-section can stop the spread of an explosion in 80-90% of
cases. At the same time, the optimal distance between water curtains depends on the
speed of air flow in the mine and should be no more than 20 metres at an air velocity
of more than 2 m/s.

Combined methods of protection, combining oslantsing and fogging systems,
have demonstrated the best results, providing a 60-70% reduction in the risk of dust
explosions. Using fogging systems improves air safety significantly. These systems
consume 0.1-0.15 litres per cubic metre. Water is sprayed directly into the air space.
This lowers dust concentration in the working zone. The level drops to below 1 mg/
m?. Such concentration meets all safety standards. It helps to protect workers from
inhaling dust. Experimental results confirm this effect. When dust deposition exceeds
2.5 g/m? per day, simple methods are not enough. In such conditions, fogging units
become essential. They must be used continuously in crushing areas. Constant
wetting prevents dust from spreading. Coal deposits remain damp during operation.
This reduces airborne dust effectively. Without fogging, dust levels become critical.

To set proper protection parameters, dust rate matters most. The key factor is
dust deposition speed. It varies across different mine workings. This rate influences
pollution levels directly. It also affects explosion risk intensity. High dust rates mean
higher danger. The type and amount of dust matter. Results from measurements
confirm this pattern. If deposition stays below 1.5 g/m? per day, simple methods work
well. Regular wet cleaning is effective in such cases. Whitewashing surfaces also
gives good results. These actions stop dangerous dust buildup. They prevent reaching
critical concentration levels. No advanced systems are needed in these conditions.
Basic maintenance keeps the environment safe. These measures should be carried
out at least once every 5-7 days, provided that methane concentration is stable at the
level of less than 1%.
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If the dust deposition rate exceeds 1.5 g/m® per day, and especially if it reaches
values of 2.5-3 g/m* and more, standard preventive measures are insufficient. In
such cases it is necessary to implement additional engineering and technological
solutions. The most effective of them are aslanting of mine workings with inert dust
having high adsorption properties and low content of combustible components (not
more than 0.9%), and application of fogging systems capable of maintaining dust
concentration in the air at the level below 1 mg/m?. When using fogging systems
with water flow rate of 0.1-0.15 I/m? of air, dust reduction efficiency reaches 80-
90%, especially in coal crushing zones and transshipment areas.

Frequency of surface treatment with whitewashing solution, inert dust or
special mixture of potassium salt and wetting agent is selected individually and
is calculated on the basis of several parameters: protection action time coefficient
(Kt), methane hazard coefficient (Kmet), depending on the average concentration
of methane in the air, and dust formation rate (Vp). For example, consider using
whitewash with Kt = 1. If dust generation is 2 g/m? per day, the retreatment interval
can be calculated. The formula used is Tob = (Kmet - 5)/2 days. If Kmet equals 7,
this gives 1 day. This value matches methane levels of 1.4—1.6%. If methane hazard
rises to Kmet = 10, the situation changes. This corresponds to methane above 2.2%.
The interval then shortens to 2.5 days. This applies even with low dust formation.
Higher hazard leads to more frequent treatment. Additional results support this
conclusion. At dust rates of 3.5 g/m? per day and Kmet = 8, inert dust was tested. It
had a surface coverage factor of 0.85. With proper application, retreatment can be
delayed. The interval extends up to 3 days. This works only if coverage is even. The
dust layer must reach 200 g/m?. These parameters ensure stable protection. In very
humid conditions, extra measures help. If humidity is over 85%, standard dusts lose
effect. Surfactants improve adhesion in such cases. They help dust stick to surfaces
longer. This extends the active protection period. Such mixtures perform better in
moist air. Their use can reduce treatment frequency.

Thus, an effective protection strategy needs monitoring. It requires control of
dust and methane levels. Dust formation rate must be tracked constantly. Methane
hazard should also be assessed regularly. Conditions in the mine can change quickly.
The protection system must adapt to these changes. Technology should respond to
current conditions. Static solutions are not effective long-term. Control systems
must be flexible and responsive. Especially useful are integral monitoring systems.
They help evaluate the dust regime in real time. Predictive tools improve safety
planning. These systems adjust protection methods automatically. They also set the
right application frequency. Timing and type of measures are both important. Fast
adaptation improves explosion prevention results. The use of mathematical models
that take into account not only the current dustiness, but also its dynamics, provides
increased accuracy in predicting explosive conditions and minimising risks.

Evaluation of the efficiency of different types of baffles used for localisation
of dust explosions has shown that the highest efficiency is provided by baffles
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containing both inert dust and water (Table 2). It was found that the optimum
amount of inert dust or water per one cubic metre of face cross-section is 350-450
kg. At the same time, the total length of the water barrier should be at least 30
metres, and of the oil shale barrier - at least 20 metres. The baffles should be placed
in straight sections of the mine workings without voids behind the support, at a
distance of no more than 300 metres from the preparation and cleaning faces.

Table 2. Placement and performance parameters for dust explosion barriers (to be included after
the paragraph on evaluating the effectiveness of different types of barriers)

Parameter Value Justification/Note

A general rule of thumb to ensure
effective explosion containment. More
precise value may depend on specific
mine conditions (fugitive yield, dust
deposition rate). Adjustment based on
monitoring data is recommended.

Quantity of inert dust/
water per 1 m* of 350-450 kg
longwall face

Distance between water | Maximum 20 metres (at air

curtains velocity > 2 m/s) Reduction

Material of water/dust Polyethylene Ensure leak tightness and prevent
containers (seamless bags) leakage. Seamless packs reduce leakage
Checking the condition Regular inspection, check inert Ensuring that the shutters are ready for

dust/water quantities, record in

of the baffles
plans and emergency plans.

operation

Discussion. The analysis of the data shows a clear link. Using dust suppression
methods reduces explosion risk. This relationship is direct and statistically
confirmed. The impact of each method is different. It depends on many working
conditions. Coal seam properties also affect performance. No single method works
best in all cases. Results change with seam type and depth. The most effective
strategy is using several methods. An integrated approach ensures maximum
safety. For instance, pre-wetting the coal seam helps. It lowers dust but doesn’t
stop explosions. As a single method, it has limits. Better results come from using
combinations. Adding oslantisation boosts the overall effect. Water curtains also
increase protective efficiency. Together, these methods offer stronger defense. This
agrees with previous scientific research. Other studies confirm the same trend. They
highlight the role of multiple measures. A complex system gives better explosion
control. Inert dust is one of the best tools. It shows high effectiveness in many
tests. But it works only with correct material choice. The composition of inert dust
matters. Wrong material lowers safety significantly. Proper selection improves
explosion resistance. This confirms the importance of informed application. Every
detail affects final safety performance.

Conclusion. This study helped to organise existing knowledge. It systematised
data on dust control methods. The focus was on coal mine safety. Key factors
affecting effectiveness were identified. Various suppression methods were carefully
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compared. Explosion protection techniques were also analysed. Results showed
the value of combined approaches. Using several methods gives better results. An
integrated system increases safety levels. The analysis confirmed this important
conclusion. Pre-wetting the coal seam reduces dust. On its own, it gives moderate
results. Its effect grows when combined with others. Adding aslazing makes
suppression more effective. Water curtains further improve explosion resistance.
These methods work better in combination. Shale shielding showed high protective
potential. It stops explosion propagation in key cases. But this requires proper
application conditions. The inert material must be well chosen. Its composition
affects the final outcome. Dispersion characteristics also play a big role. Meeting
these conditions improves safety greatly. Without them, shielding becomes less
effective. These findings confirm earlier research results. A complex and informed
approach is necessary. Only then can risks be fully controlled. Hydro-protection
implemented in the form of water curtains has proven to be able to localise
explosions, however, the period of treatment of the surfaces and the amount of
inert dust or water in the curtains may vary.

References

Alborov 1.D., Zaalishvili V.B. Influence of wind conditions and pressure the influence of
atmospheric air on the reliability of mine ventilation and the human body [Vliyaniye vetrovykh
usloviy i davleniya, vliyaniye atmosfernogo vozdukha na nadezhnost’ raboty shakhtnoy ventilyatsii 1
organizm cheloveka]. Geology and Geophysics of South Russia. — 2021. — Vol. 11(3). — P. 148-159.
DOI: 10.46698/VNC.2021.17.27.012 (in Russian)

Bosikov LI, Klyuev R.V., Mayer A.V., Stas G.V. Development of a method for analyzing and
evaluating the optimal state of aerogasodynamic processes in coal mines [Razrabotka metoda analiza
i otsenki optimal’nogo sostoyaniya aerogazodinamicheskikh protsessov v ugol’nykh shakhtakh].
Sustainable Development of Mountain Territories. — 2022. — Vol. 14(1). — P. 97-106. DOI:
10.21177/1998-4502-2022-14-1-97-106 (in Russian)

Bosikov LI, Klyuev R.V,, Silaev L.V., Stas G.V. Comprehensive assessment of formalized
ventilation difficulty and technological processes in coal mines [Kompleksnaya otsenka
formalizovannoy slozhnosti ventilyatsii i tekhnologicheskikh protsessov v ugol’nykh shakhtakh.
Sustainable Development of Mountain Territories. — 2023. — Vol. 15(3). — P. 516-527. DOI:
10.21177/1998-4502-2023-15-3-516-527 (in Russian)

Cherkashin V.I., Zaalishvili V.B., Mamaev S.A., Ataev Z.V., Ibaev Zh.G., Suleimanov V.K.
Geoecological state of the upper reaches of the Avarskoye Koisu river basin. Geology and Geophysics
of South Russia. —2024. — Vol. 14(4). — P. 100-112. DOI: 10.46698/VNC.2024.77.35.009 (in Eng.)

Efremenkov E.A., Shanin S.A. Development of an Algorithm for Computing the Force and
Stress Parameters of a Cycloid Reducer. Mathematics. — 2023. — Vol. 11. — P. 993. DOI: 10.3390/
math11040993 (in Eng.)

Efremenkov E.A., Skeeba V.Y., Grechneva M. V., Olisov A.V., Ens A.D. Research on the Possibility
of Lowering the Manufacturing Accuracy of Cycloid Transmission Wheels with Intermediate Rolling
Elements and a Free Cage.Applied Sciences. — 2022. — Vol. 12. — P. 5. DOI: 10.3390/app12010005
(in Eng.)

Golik V.I., Gabaraev O.Z., Kachurin N.M., Stas G.V. Influence of the binder preparation mode
in the concretes manufacture [Vliyaniye sposoba prigotovleniya vyazhushchego pri proizvodstve
betonov]. Sustainable Development of Mountain Territories. —2019. — Vol. 11(3). — P. 315-320. DOI:
10.21177/1998-4502-2019-11-3-315-320 (in Russian)

Gryazev M.V., Kachurin N.M., Stas G.V. Dust and gas emissions from the dumps surfaces of

149



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

the liquidated mines of the Moscow Coal basin [Pylegazovyye vybrosy s poverkhnosti otvalov
likvidirovannykh shakht Moskovskogo ugol’nogo basseyna]. Sustainable Development of Mountain
Territories. — 2018. — Vol. 10(4). — P. 500-508. DOI: 10.21177/1998-4502-2018-10-4-500-508 (in
Russian)

Isametova M.E., Nussipali R., Isametov A. Mathematical Modeling of the Reliability of Polymer
Composite Materials. Mathematics. — 2022. — Vol. 10. — P. 3978. DOI: 10.3390/math10213978 (in
Eng.)

Kapanski A.A., Hruntovich N.V., Klyuev R.V., Boltrushevich A.E., Sorokova S.N., Efremenkov
E.A., Demin A.Y., Martyushev N.V. Intelligent Methods of Operational Response to Accidents in
Urban Water Supply Systems Based on LSTM Neural Network Models. Smart Cities. — 2025. — Vol.
8. —P. 59. DOI: 10.3390/smartcities8§020059 (in Eng.)

Karlina A.IL., Balanovskiy A.E., Kondratiev V.V., Romanova V.V., Batukhtin A.G., Karlina Y.I.
An Investigation into the Behavior of Cathode and Anode Spots in a Welding Discharge. Applied
Sciences. —2024. — Vol. 14. — P. 9774. DOI: 10.3390/app14219774 (in Eng.)

Klyuev R.V., Zaalishvili V.B., Muzaev 1.D., Gavrilova A.A. Operation mode in the spent fuel
pool of the Bilibino nuclear power plant under the implementation of various unfavorable scenarios
[Rezhim raboty basseyna vyderzhki otrabotavshego yadernogo topliva Bilibinskoy AES pri realizatsii
razlichnykh neblagopriyatnykh stsenariyev]. Geology and Geophysics of South Russia. —2025. — Vol.
15(1). — pp. 194-207. DOI: 10.46698/VNC.2025.80.31.016 (in Russian)

Malozyomov B.V., Sorokova S.N., Qi M. Mathematical Modeling of Mechanical Forces and
Power Balance in Electromechanical Energy Converter. Mathematics. — 2023. — Vol. 11. — P. 2394.
DOI: 10.3390/math11102394 (in Eng.)

Manevich A.l,, Dzeboev B.A., Gvishiani A.D., Kaftan V.I., Tatarinov V.N., Dzeranov B.V.,
Zaalishvili V.B., Losev L.V., Akmatov D.Zh., Shevchuk R.V., Gabaraev A.F. Development of the
deformation GNSS monitoring network for the eastern branches of the Vladikavkaz fault [Razvitiye
seti GNSS-monitoringa deformatsiy vostochnykh vetvey Vladikavkazskogo razloma]. Geology and
Geophysics of South Russia. — 2024. — Vol. 14(3). — P. 41-56. DOI: 10.46698/q3386-6383-8155-b
(in Russian)

Martyushev N.V., Kozlov V.N., Qi M., Tynchenko V.S., Kononenko R.V., Konyukhov V.Y., Valuev
D.V. Production of Workpieces from Martensitic Stainless Steel Using Electron-Beam Surfacing and
Investigation of Cutting Forces When Milling Workpiece. Materials. — 2023. — Vol. 16. — P. 4529.
DOI: 10.3390/ma16134529 (in Eng.)

Nussipali R., Konyukhov V.Y., Oparina T.A., Romanova V.V., Kononenko R.V. Combined Power
Generating Complex and Energy Storage System. Electricity. — 2024. — Vol. 5. — P. 931-946. DOI:
10.3390/electricity5040047 (in Eng.)

Shutaleva A., Nikonova Z., Savchenko I., Abramova S., Lubimova V., Novgorodtseva A.
Environmental Behavior of Youth and Sustainable Development. Sustainability. — 2022. — Vol. 14. —
P. 250. DOI: 10.3390/su14010250 (in Eng.)

Trrad 1., Smadi T.A.L., Al wahshat H. Application of fuzzy logic to cognitive wireless
communications. International Journal of Recent Technology and Engineering. —2019. — Vol. 8(3). —
P. 2228-2234. DOI: 10.35940/ijrte.B2065.098319 (in Eng.)

Yelemessov K., Sabirova L.B., Bakhmagambetova G.B., Atanova O.V. Modeling and Model
Verification of the Stress-Strain State of Reinforced Polymer Concrete. Materials. — 2023. — Vol. 16.
—P. 3494. DOI: 10.3390/ma16093494 (in Eng.)

Zaalishvili V.B., Kanukov A.S., Korbesova K.V., Maisuradze M.V. Determination of air pollution
levels caused by the road transport in urbanized areas. Geology and Geophysics of South Russia. —
2023. - Vol. 13(2). — P. 133—148. DOI: 10.46698/VNC.2023.76.91.011 (in Eng.)

150



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

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 National Academy of Sciences of the Republic of
Kazakhstan 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 National
Academy of Sciences of the Republic of Kazakhstan 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
National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[TpaBuiia opopmileHHs CTAThU JUIsl ITyOJIMKALIMK B )KypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Jupexrop oraena nzganus HayuHslx xkypHaioB HAH PK 4. bomanxwizer
Penaxropsr: /.C. Anenos, JK.I1I.O0en
Bepctka na xommnstiorepe I /. JKadvipanosa

[Tonmucano B mevatrs 15.06.2025.
®opmar 70x90'/, .. Bymara opcernas. Ileuars — pusorpad.
14,5 n.i1. 3akas 3.

POO «Hayuonanvnas akademus nayk PK»
050010, Anmamet, ya. Llleguenxo, 28, m. 272-13-19





