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2 Clarivate
Analytics

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 Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences,
Nebraska University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
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Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.
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© N.D. Spatayev', G.S. Sattarova', A.D. Nurgaliyeva!, L.Kh. Balabas', F.K. Batessova®’, 2023
"Non-profit Joint-stock Company Abylkas Saginov Karaganda Technical University, Karaganda,
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2Satbayev University, Almaty, Kazakhstan.

E-mail: sattarovags@mail.ru

ENSURING HEALTHY AND SAFE WORKING CONDITIONS IN BREAKAGE FACE WITH
DIRECT-FLOW VENTILATION SCHEME

Spatayev Nurbek Dairbekovich — Candidate of technical sciences. Associated professor of the Department of Mine
Aerology and Occupational Safety. Abylkas Saginov Karaganda Technical University NJSC. 100027. Ave. Nursultan Nazarbayev, 56,
Karaganda, Kazakhstan

E-mail: spatayev.nurbek@bk.ru, https://orsid.org/0000-0003-1967-7698;

Sattarova Gulmira Saparovna — Candidate of technical sciences. Associated professor of the Department of Mine
Acrology and Occupational Safety. Abylkas Saginov Karaganda Technical University NJSC. 100027. Ave. Nursultan Nazarbayev, 56,
Karaganda, Kazakhstan

E-mail: sattarovags@mail.ru. https://orsid.org/0000-0002-9764-2311;

Nurgaliyeva Assel Danialovna — Candidate of technical sciences. Associated professor of the Department of Mine
Aerology and Occupational Safety, Abylkas Saginov Karaganda Technical University NJSC. 100027. Ave. Nursultan Nazarbayev, 56,
Karaganda, Kazakhstan

E-mail: a_nurgaliyeva@inbox.ru, https://orsid.org/0000-0003-3382-4463;

Balabas Lidia Khizirovna — Candidate of technical sciences, Associated professor of the Department of Mine Aerology
and Occupational Safety. Abylkas Saginov Karaganda Technical University NJSC. 100027. Ave. Nursultan Nazarbayev, 56,
Karaganda, Kazakhstan

E-mail: .balabas@yandex.ru, https://orsid.org/ 0000-0002-1744-4412;

Batessova Firuza Kaisarbekovna — Candidate of technical sciences, Associated professor of the Department of
Engineering Systems and Networks. Satbayev University, 50013, 22a Satpaev Street, Almaty, Kazakhstan

E-mail: firuza 78@mail.ru, https://orcid.org/0000-0003-3784-1009.

Abstract. One of the most dangerous production factors of coal enterprises is the methane gas
emission when performing technological processes for the extraction of coal seams. This hazardous production
factor is directly related to the risk of gassing underground mine workings. Such an aero-gas situation can lead
to ignition, and further explosion of the methane-air environment that will lead to significant human and
material losses. In order to ensure safe working conditions in coal mines, it is necessary to organize and to
ensure ventilation of all mine workings. However, not all methods of controlling gas evolution are effective.
To solve this problem, the authors of this paper propose to take into consideration the leakage of air supplied
to the breakage face through the collapsed coal-rock massif of the mined-out space when controlling gas
emission of the extraction area. For this purpose, there was studied the stope and the supported ventilation
working gas state, depending on the conditions of ventilation and air leakage through the mined-out area of
the longwall face. In addition, the aerodynamic parameters of the stope and maintained workings and the
dynamics of air leaks through the worked-out space massif were studied. There were carried out experiments
in the mines of the Karaganda region, where, alongside with the adverse ventilation scheme, the direct-flow
ventilation was also used. Thus, this paper presents the results of studies of the aero-gas-dynamics features for
extraction areas with the straight-through ventilation scheme of the stope. As a result of the research, a quasi-
network model of the production area was built and an algorithm was developed for determining air leaks
through the collapsed massif of mined-out space.

Keywords: quasi-network model, worked-out space, air leaks, depressions residuals, straight-through
ventilation scheme

Acknowledgments. The authors of the article express their gratitude and deep recognition to Dr. Eng.,
Professor Zh.G. Levitsky for valuable advice and assistance during this study.

© H.J. Cnaraes!, I'.C. Carraposal, A.JI. Hypramuesa', JI.X. Baaxa6ac!, ®.K. Barecosa®’, 2023

! «O6inkac CarslHOB aThIHAaFbl KaparaH/bl TEXHUKAIBIK YHUBEPCHTETD» KOMMEPIHAIBIK eMeC aKIHOHEPIIiK
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AnHoTtamus. KeMip KocIiMOpBIHIAPBIHBIH €H KayilTi OHIIpIiCTIK (aKTOpIaphIHbIH Oipi KeMip
KabaTTaphiH Ka3y OOWBIHIA TEXHOJIOTHSIIBIK MPOIECTEPIl KYPri3y Ke3iHae MeTaH Tra3bIHbIH OeliHyi O0JbIT
TabbutaAbl. byn KayinTi eHIipicTik (akTop *epacThl Tay-KeH Ka3OalapbIHbIH Ta3laHy KayIliMeH Tikenen
OaiinaHpIcThl O0Mapl. MyHIalt a3pora3 OpTachIHBIH OONYBI TYTAHYFA, &l KEJICIIEKTE MeTaH-aya OpTaChIHBIH
XKapbUTyblHA, aJ]aM IIBIFBIHBI MCH MaTEePHAJJIBIK IIBIFBIHFA OKEIIN COFYBl BIKTHMaN. KeMip ImaxranapbiHia
Kayirci3 eHOeK >karaiiiapblH KaMTaMachl3 €Ty YILiH OapJbIK Tay-KeH Ka30aiapbIH KenaeTy i YHBIMAACTEIPY
XKOHE KaMTaMachl3 €Ty KaxeT. JlereHMeH, ra3 IbiFapyasl 0ackapyablH OapibIK oaicTepi THIMOI emec. by
MOceJIeHI MIeNTy YIIH Makaja aBTOpJapbl Ka3blll aly ydYacKeCiHIH Ta3naelH OelmiHyiH Oakpluay Ke3iHIe
Ka3bUIFaH KEHICTIKTiH OMBIPBUIFAH KOMIP-TayKBIHBIC MACCHBI apKBUIBI TA3apTy KEHKaphIHA OCpiICTiH ayaHbIH
KeMYyiH eckepyi ycbiHaabl. OChl MaKcaTKa opaii JTaBaHbIH Ka3bUIFaH KeHICTIT1 apKBUTBI KEIJIETY dKOHE ayaHbIH
KeMyl IKaFmaiiapbiHa OaHmaHBICTBI Ta3apTy KEHXKAPBIHBIH JKOHE KYTINl VCTauFaH KEJISTYIII
Ka3bIHABUIAPEIHBIH Ta3 KaFmaiblHa 3epTTeyJiep KYprisimmi. byman Oacka, TazapTy oHE KYTIIl YCTajaFaH
Ka30aJapbIHBIH a3pPOAMHAMUKAIIBIK MMapaMeTpiiepi ®oHe Ka3bUIFaH KEHICTIK MacCHBI apKbLIbl ayaHBIH KeMyi
OUHAMHUKACHl 3€pTTeNAl. ODKCIEePUMEHTTIK 3eprreynep Kaparanapl kemip OacceiHiHIH IIaxTanapblHIa
KYPTi3uimi, MyHZa Kepli aFbIMABl JKEIACTY CXEMachIMEH KaTap Typa aFbIMIbBI JKCIIETy CXEMachl na
Kosmanbeuiaael. COHBIMEH, OYJ1 MaKaiaja Ta3apTy KEHXKaphIH XKEIACTYAIH Typa aFbIMIbI CXeMachl 0ap Ka3bill
ally yJackeJiepiHe apHallFaH a’pora3oJUHaMHUKa €PeKLICTIKTepiH 3epTTey HOTIKeNepl KeNnTipiired. 3epTrey
HOTIDKECIHJIE Ta3apTy YIACKECIHIH KBA3MKEIUTIK MOAEII KYPBIIABI J)KOHE Ka3blIFaH KEHICTIKTIH OIBIPBUIFaH
MacCHBI apKbIIBI ayaHBIH KEMYIH €CeITey aJTOPUTMI JKacallpbl.

Tyiin ce3mep: KBa3WKEIUTIK MOJENb, Ka3bUIFaH KCHICTIK, ayaHBIH KeMyi, JCTPECCHUSHBIH
YHJIECTICYITLIIT, XKEIETYNIH Typa aFbIMIIBI CXEMacChl
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AnHotanus. OgauM U3 HanOoJee OMAaCHBIX MPOU3BOACTBEHHBIX (DaKTOPOB YTOJBHBIX MPEAIPUATHI
SIBIISIETCS BBIICTICHHUE Ta3a METaHa IIPY BEJIEHUH TEXHOJIOTHYECKHX MPOIIECCOB MO BRIEMKE YTOIBHBIX TIACTOB.
JlaHHBIN OMACHBIM TMPOU3BOJCTBEHHBIN ()aKTOp HEMOCPEACTBEHHO CBSI3aH C PHCKOM 3ara3OBHIBaHHS
MOJ3EMHBIX TOPHBIX BBIpa0OTOK. Hanmuume Takol al’pora3oBoil OOCTAHOBKM MOXET IPUBECTH K
BOCIUIAMEHEHHIO, a B JAJbHEUIEM M K B3PBIBY METAHOBO3AYIIHOMN Cpelbl, TPUBOASIINM K 3HAYUTEIHHBIM
JIOJICKUM U MaTepUANBHBIM MOTepsM. B mensx obecrieueHrss O€30MaCHBIX YCIOBHH TpyJa Ha YTOIbHBIX
maxrax HeoOXOUMO OPTaHU30BBIBATh U 00ECIICYNBATH IPOBETPUBAHUE BCEX TOPHBIX BIpaO0TOK. OHAKO HE
BCE CHOCOOBI YIPaBICHUS Ta30BBIICICHHEM SIBISIOTCS Y(QQEKTHBHBIMU. [ pelieHus NaHHOW 3agadu
aBTOpaMH CTaThH MpeasiaracTcs Mpy YIpaBIeHUH Ta30BbIICTICHIEM BEIEMOYHOTO Y9aCTKA YUUTHIBATH YTEUKH
M0/IaBaeMOr0 B OYHCTHOHM 3200l BO3ayXa uepe3 OOpYIICHHBIH YTJICTOPOJHBIA MacCHUB BBIPaOOTaHHOTO
npoctpancTBa. C 3TOM Lenbi0 OBUTM TPOBEACHBI HCCIICIOBAHHS Ta30BOTO COCTOSIHAS OYMCTHOTO 3a00s U
MOAEPKUBAEMON BEHTWIILIMOHHON BBIPAOOTKHM B 3aBHCHMOCTH OT YCJIOBHH IPOBETPHBAHHUA M YTeUeK
BO3/lyXa 4epe3 BhIpaOOTaHHOE MPOCTPAHCTBO J1aBbl. KpoMe TOro, OBLIM MCCIICOBAaHBI a’pOJAMHAMUYCCKHC
MapaMeTpbl OYMCTHOW MW TMOMJACPKUBACMON BBHIPAOOTKM W JMHAMHKA YTEUSK BO3/JyXa Yepe3 MacCUB
BBIPa0OTaHHOTO  TIPOCTPAHCTBA. OKCIEPUMEHTAIbHBIE HCCIEAOBAaHUS IMPOBOAWINCH HA  IIaxTax
Kaparangmackoro yroipHOro OacceiiHa, TIe HapsAy C BO3BPAaTHOTOYHOM CXEMOW TPOBETPHBAHUS
MPUMEHSETCS U MPsAMOTOYHas. Tak, B TaHHOW CTaThe MPUBEICHBI PE3yIbTaThl UCCIICOBAHUN OCOOCHHOCTEH
a’pOra30AMHAMUKH TSI BRBIEMOYHBIX YYaCTKOB, MMEIOIINX MPSIMOTOYHYIO CXEMY MPOBETPUBAHUS OYNCTHOTO
3a00s1. B pesynbrare mccieoBaHHN TOCTpOEHA KBa3WCETEBask MOJIENIb OYMCTHOTO y4acTka W pa3paboraH
QITOPUTM pacueTa yTeuek Bo3yxa uepe3 0OpyIICHHBIN MacCUB BEIPA0OTAHHOTO IPOCTPAHCTBA.

KuroueBblie cJ10Ba: KBAa3UCETEBAas MOJICNb, BRIPA0OTAHHOE MPOCTPAHCTBO, YTEUYKH BO3/1yXa, HEBS3KU
JETPECCHH, TPSIMOTOYHAS CXeMa MMPOBETPHUBAHUS

BaarogapHocTh. ABTOPBI CTaThU BHIPaXArOT OJarogapHOCTh W TIIYOOKYHO MPHU3HATEIBHOCTH J.T.H.
mpodeccopy K.I. JleBurkomy 3a IieHHBIE COBETHI W OKA3aHHYIO IIOMOIIL TP TPOBEICHUU JAHHOTO
HCCIIEZIOBAHUSI.

Introduction

Accidents that have occurred in coal mines indicate that the most dangerous in terms of methane
emission are production areas, where the highest concentration of mining operations and the likelihood of
gassing the extraction areas workings take place. The increased content of methane in the workings adjacent
to the stope creates a risk of ignition and explosion of the gas-air mixture causing injuries to workers of varying
severity, up to death, destruction of the mine working supports, mechanisms and equipment (Y ermakov et al.,
2018: 6). The analysis of literature sources has shown that the measures used in various coal basins to eliminate
gassing the underground mine workings are not always sufficient to ensure safe working conditions for miners.
Formation of the aero-gas situation in the bottomhole area of the longwall face largely depends on the filtration
properties of the collapsed massif. At the same time, permeability of the mined-out area of the longwall face
is affected not only by mining and geological factors but also by the rate of the stope advance and the main
roof of the formation step of collapse.

The main initial data for substantiating methane emission control methods is the information of the
state of the gas and aerodynamic situation of the stope, adjacent workings that outline the excavation area,
including the worked-out space.

In order to develop the most effective aerodynamic methods of preventing gas contamination of the
stoping and supported ventilation workings, it is necessary to study their gas state depending on the conditions
of ventilation and air leakage through the collapsed coal-rock massif of the mined-out area of the longwall
face; in addition, to study the aecrodynamic parameters of the stoping and supported ventilation workings of
the excavation area, as well as the dynamics of air leaks through the collapsed coal rock massif of the mined-
out area of the longwall face.

The actual aerodynamic parameters of mine workings and the state of their ventilation were studied in
the mines of the Karaganda region that is located in the Republic of Kazakhstan and is one of the largest coal
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basins in the world. The Karaganda coal deposit is distinguished by a rather high natural methane content of
the seams. All the mines of the Karaganda basin are classified as super-category for methane in terms of
relative methane abundance, which directly affects the safety of mining operations. To provide healthy and
safe working conditions for workers, it is first of all necessary to ensure effective ventilation of mine workings
in development and excavation areas.

The main scheme of ventilation of the working faces in the mines of the Karaganda basin is a adverse
ventilation scheme. In order to increase the volume of coal mined in longwalls, to reduce the cost of preparing
excavation areas by reusing supported ventilation workings, in some mines of the basin, alongside with a return
flow, a straight-through ventilation scheme of excavation areas is also used. As a result of mining coal seams
using a direct-flow ventilation scheme, a significant size and volume goaf area of the collapsed rock massif
are formed behind the stope, which affect the aerodynamic parameters and the ventilation mode of the
excavation area (Assainov et al., 2021: 6).

At the same time, developing the coal seams using a straight-through ventilation scheme in the
Karaganda region showed its rather high efficiency and the possibility of providing safer working conditions
for miners (Kaliyev et al., 1987: 2; Drizhd et al., 1991: 2).

One of the main factors in the efficiency of ventilation of the excavation area is the flow rate of air
supplied to the stope and its leakage through the collapsed coal massif (Cao et al., 2017: 4). Air leaks through
the goaf carry a significant amount of methane from the longwall to the ventilation opening, but at the same
time reduce the amount of air to ventilate the bottomhole area of the stope. In the area where the longwall face
mates with the ventilation opening, the air flow can change its speed and even change the direction of its
movement. As a result, this can lead to increasing the methane content at the junction of the longwall with the
ventilation working, that is, the gassing of the junction area. (Liang et al., 2018: 11). Considering the potential
danger of air leaks through a fractured coal-rock mass to the formation of gas contamination in the areas of a
stope and ventilation supported working when using a direct-flow ventilation scheme, it is necessary to have
a clear idea of the methods and results of controlling the acro-gas situation in the extraction areas of coal mines
(Shevchenko et al., 2020: 5; Levin et al., 2018: 8).

The effect of goaf on the formation of air leaks through the collapsed massif is not unambiguous.
Conventionally, two areas can be distinguished that affect the air flow into the ventilation opening.

The first area is associated with the processes occurring during the main roof caving, and corresponds
to the step of roof collapse. This process is periodically repeated, cyclically changing the filtration
characteristics of the collapsed massif. Air leaks from the stope into the ventilation opening can change their
size and direction, which has a negative impact on the ventilation mode of the bottomhole area of the longwall
in the zone of junction with the ventilation opening.

The second area is a part of the goaf massif from the place of complete collapse of the main roof of
the seam that extends further into the massif. In this area, there are no longer any extreme values of air leakage
from the stope into the supported ventilation opening. This is due to the fact that caking and compaction of the
collapsed roof rocks leads to gradual decreasing the voidness of the mined-out space, which has a decisive
effect on changing the filtration characteristics of the collapsed coal-rock massif.

In the conditions of the operating Kostenko and Stakhanovskaya mines, gas-air surveys were carried
out in the workings of the excavation areas with measuring such indicators as the volumetric content of
methane in the mine atmosphere, the speed of movement and air consumption, as well as the depression
between points. In addition, measurements were made of the amount of air inflows into the ventilation opening
through the collapsed massif of the longwall.

Analyzing and processing the obtained data made it possible to establish a certain dependence of
changing air inflows into the supported working, which satisfactorily agrees with the experimental data.

The stope working is located in an unstable ventilation zone and is a diagonal element with a straight-
through ventilation scheme of the excavation area. Thus, studying and analyzing the process of air leaks
passing through the goaf is important (Zhou et al., 2018: 4, F-1 Wu et al., 2019: 10). To study the effect of the
acrodynamic parameters of the workings of the excavation area and the collapsed coal rock massif on the
formation and nature of the distribution of air flows, a quasi-network model of the mined-out area of the stope
was used, which reflected the real state of the rock massif.

The purpose of this article is to familiarize with the quasi-network model of the excavation area, which
makes it possible to simulate various methods of controlling gas release in the case of a straight-through
ventilation scheme of the excavation area. The presented calculation algorithm allows managers and specialists
of coal mines controlling the aerodynamic parameters of the stope and ventilation workings, as well as the
goaf space to provide healthy and safe working conditions for miners.
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Materials and basic methods

The nature of distribution of air flows in the excavation area with a straight-through ventilation scheme
depends on the aerodynamic characteristics of the collapsed coal-rock massif of the mined-out area of the
longwall and the contour workings.

The straight-through ventilation scheme of the excavation area is a simple diagonal connection (Figure
1), where the stope (element 3—4) is a diagonal element in which the unstable ventilation zone is located. The
direction of air movement through the stope and air leaks from the longwall through the collapsed massif of
mined-out space to the supported ventilation opening is possible if the following inequality is fulfilled:

Ri2 +Rp3 R3s
e (1)
Ri4 Rys
where

Ri2, Ri4, Ro3—1is the aecrodynamic resistance of the conveyor and ventilation workings of the extraction
area with an air intake, daPa s?/m°®;

R; 5 —is the aerodynamic resistance of the worked-out space of the breakage face, daPa s?/m°;

R4 s—is the aerodynamic resistance of the supported ventilation working with the air upcast, daPa s?/m°.

Figure 1 — Straight-through ventilation scheme of the extraction area

The values of aerodynamic resistances of expression (1) are not constant values. Changes in
aerodynamic resistance as the coal seam is mined and the line of the stope advances can lead to equality of the
ratios in the expression or even a change in the inequality sign. In this case, there will be a change in the
direction of air movement along the excavation area and an overturning of the air jet at the area where the
longwall meets the supported ventilation opening.

To study the effect of the acrodynamic characteristics of the collapsed massif and the existing workings
on the nature of gas-air flows distribution, it is proposed to use a quasi-network model of the mined-out space
of the longwall (Levitsky, 2012) shown in Figure 2.

The point of the breakage face junction with the supported ventilation working is taken as the origin
of the coordinate system. The X-axis passes along the supported ventilation working, the Y-axis along the line
of the stope, and the Z-axis perpendicular to the plane of the coal seam. The number of branches of air leaks
from the stope to the supported ventilation working from 1 to n depends on the length of the longwall and the
size of the goaf. Thus, we have a complex ventilation scheme with 3n branches, 2n+1 nodes and n independent
contours.
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Figure 2 — Quasi-network model of the longwall goaf

The system of equations describing the quasi-network model with the set direction of bypassing the
contours, has the form:

s n n
2 2 )
zRy,i Qy,i + ZRx,i Qx,i —nq; = 0;

n n
2 2 .
ZRy,i Qy,i+sz,i Qx,i — g, =0,

N

n n
2 2
ZRy,i Qy,i +2Rx,i Ori — 1395 =0; o

n n
2 2
ZRy,i Qy,i + ZRx,i Qx,i — Wy = 09
Li=n i=n

where

Qy.i is the air flow rate in the i-th section of the breakage fact, m%/s;

Q.. is the air flow rate in the i-th section of the supported ventilation working, m%/s;

q is the air leakage in the i-th direction through the collapsed massif of the worked-out space, m?/s;

Ry, is the aerodynamic resistance of the i-th section of the breakage face, daPa-s*/m®;

Ry is the aerodynamic resistance of the i-th section of the supported working, daPa-s?/m®;

r; is the aerodynamic resistance of the i-th direction through the collapsed massif of the worked-our
space, daPa-s/m’.

Provided that the air leaks from the longwall through the collapsed goaf are independent, the amount

of air entering the corresponding section of the quasi-network model is determined by:
— for the longwall:

Q1 =Qu—qs;
Qy2=Qa—(q1 + q);

Qu3=Qa—(q1 + 2+ @3);
o 3)
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i N
leQﬂf qua i:Ln;
Jj=1

— for the supported ventilation working:

Qx1 = (Qi+Qp) —qi;
Qx2=(Qi+ Qun) — (q1 + q2);

Quy=(Qi+Qp)—(q1 +q+@); “)
i N

Qui=(Q+Q- D q;, i=1n,

j=1
where
Q, is the air amount supplied for the longwall ventilation, m%/s;
Qp is the air amount supplied into the supported ventilation working for the upcast fresh, m’/s.
When substituting (3) and (4) into expression (2), there is obtained a closed system of equations for

unknown independent air flow rates qi, i=1,n, which satisfies the first and second laws of ventilation networks
(Levitsky, 2012; Levitsky et al., 2018):

. 2 r 12
iRy,i Qﬂ—zl‘,qj + in,i 0,+0,) Zq, —nq, = 0;
p _,':1 2 o | !
_Zn:Ry,i Q,,,—qu + in,,. (0,+0,) qu -rq, =0;
h - 2 h - 2
Z::Ry_[ Q_,,—Z;q i+ Z::ij 0,+0,) qu —rgy =0; (5)
= /= = L

2 2
2R, (Qﬂ —Zq,} + 2R, {(Qﬂ +0,) —Zq,} 1,4, = 0.
i j=1 i=n Jj=1

The solution of this non-linear system of equations using the Newton linearization method makes it
possible to determine the calculated air flow rates for each section of the breakage face. The calculated values
may not always coincide with the actual values of the air flow in the longwall. This is caused by the fact that
air leaks through the worked-out space significantly affect the degree of turbulence of air movement and the
coefficient of aerodynamic resistance of the workings, which, with a direct-flow ventilation scheme, leads to
changing the air flow along the length of the stope. Thus, the calculated values of the air flow require
adjustment.

To determine depression residuals, there were set approximate values of the air leaks ¢; , I = I,n

under the condition that sz > q{k +(]>2k + q;k + -+ q:. Having substituted them in (5), there are

determined depression residuals Ah;, Z = 1,7 on all the contours of the quasi—network model.

Formation of the linear system of equatlons for calculation corrections Ag, I 1 n to the accepted

approximate values of the air flow rates for leaks q i 1 n is made according to (Levitsky et al., 2018) on

the basis of (5). After necessary transformations, there will be obtained the linear system of equations of the
form:

183



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

(C,+0,57,)Aq, + C,Aq, + C;Aqy +---+C,Ag, = 0,5Ah;
C,Aq, +(C, +0,51, )Aq, + C,Aq, +---+C,Agq, = 0,5Ah,;
C,Aq, + C;Aq, +(C, +0,51, )Aq, +---+ C,Aq, = 0,5Ah;; ©)

C,Aq, +C,Ag, +C,Aq, +---+C,Ag, +(C, +0,57, )Aq, = 0,5Ah,,

where Ahj, Ah,, Ahs, -, Ah, are depression residuals on the corresponding contours of the calculating
scheme, daPa.

From system (6), there are found the required corrections Aq;, I = 1,7 . Taking into account the

* .
corrections, there are corrected the accepted before values of air leaks ¢; , 1 = 1,7 using the formula:

4 =q; +Aq;,i=1n. @)

Figure 3 shows how to calculate air leaks through the goaf.

Initially (block 1), the actual values of the working sections and the amount of air passing through
them are determined.

Next, the approximate values of air leaks q; through the goaf space (block 2) are set and the fulfillment
of the condition for the total number of leaks > qi < Qy is checked.

If the condition for the amount of leaks is not met, then it is necessary to check the correctness of the
originally set leak values and, if necessary, to correct them (block 3).

If the condition on the amount of leaks is met, then the air flow rates are determined in the areas of the
treatment Qx; and the maintained ventilation Qy; of the quasi-network model and the corresponding
aerodynamic resistances Ry, Ry; as well as the acrodynamic resistances of the directions of movement of air
leaks through the collapsed massif ;.

Block 5 involves formation of a system of equations for unknown independent air flow rates q; based
on the first and second laws of ventilation networks.

After solving the specified system of equations, the depression residuals Ah; are determined for all
contours of the calculation scheme (block 6) and their evaluation is carried out with a given calculation
accuracy (block 7).
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Increasing the amount of air to ventilate the longwall and decreasing the amount of air for fresh into
the ventilation working to the ratio of 1.5 ensured further normalization of the ventilation mode of the breakage
face and the potentially dangerous section of the longwall with the ventilation working and bringing it into line
with the established norms and industrial safety requirements.

As the coal seam is mined and the line of the stope advances, the immediate and main roof of the seam
collapses in the mined-out area of the longwall. The process of collapse of the seam roof rocks entails
increasing rock pressure on the supported ventilation working, which ultimately leads to decreasing the cross-
sectional area of the working, soil heaving and deformation of the lining elements.

The second way to control gas release in the extraction area is aimed at reducing aerodynamic
resistance of the supported ventilation opening by increasing the cross-sectional area. When using this method
of controlling gas release, the swollen soil of the supported ventilation working is blasted (removed) with the
replacement of deformed elements of the arched metal support at the distance of up to 1000 meters from the
junction with the stope. As a result of demolition, air leaks increase through the collapsed coal rock massif of
the mined-out area, which decreases the amount of air passing through the longwall and deteriorates ventilation
in the area where the longwall mates with the ventilation working.

The negative effect of undermining on the ventilation of the area as a whole also takes place when it
is used in combination with changing the air supply to the longwall and additional air supply to the supported
ventilation working, as well as with partial isolation of the goaf. However, soil undermining is necessary to
solve technological problems and it should be taken into account in the analysis process to obtain objective
data of the air distribution in the excavation area.

When using the third method of controlling gas release, work was carried out to reduce the filtration
properties of the mined-out area of the longwall by isolating the sides of the supported ventilation working at
the distance of up to 200 meters from the stope using binders. The specified method of gas emission control
allows increasing the amount of air involved in the ventilation of the bottomhole part of the stope working and
reducing the total amount of air leakage through the collapsed coal rock massif of the mined-out area of the
longwall. Basically, air leaks in the zone of isolation of the ventilation working are reduced. In other directions,
air leaks are redistributed with their slight increasing.

As a result of using the third method of gas emission control, stable ventilation of the potentially
dangerous section of the longwall junction with the ventilation working is achieved and the risk of gassing the
workings of the excavation section is eliminated with a direct-flow ventilation scheme.

Results and discussion

Based on the analysis of the experimental results, there can be concluded the following.

Undermining a supported ventilation opening to increase the cross-sectional area cannot be
recommended as an effective way to control gas release in an excavation area. As a result of undermining the
ventilation working, air leakage through the coal-rock massif of the goaf increases and the amount of air for
ventilation of the working face decreases, which negatively affects the ventilation mode of the area where the
longwall meets the ventilation working. It is possible to recommend changing the ratio of the amount of air
supplied to ventilate the working face and the amount of air supplied to illuminate the outgoing air stream from
the longwall as an effective way to control the gas release of the extraction area.

An efficient way to control the gas release of the excavation area is isolation of the mined-out area of
the longwall from the side of the supported ventilation opening.

The use in combination of all the above methods of controlling the gas release of the excavation area
also did not lead to an improvement in the ventilation mode of the unstable ventilation zone. Thus, undermining
the soil of a supported ventilation working cannot be used as a way to improve the ventilation of an excavation
area, but can only be used to solve any technological problems.

Conclusions

In this paper, it is proposed to use the developed quasi-network model of an excavation area with a
straight-through ventilation scheme and an algorithm for calculating air leaks from the breakage face into a
supported ventilation working to select the most effective ventilation modes and to control methods of gas
release in the excavation area.

The calculation algorithm makes it possible to predict the air and gas situation in the existing workings
of the excavation area with a straight-through ventilation scheme using various methods of gas release control.
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