AHOTANIA

bouiuenko [''E. KomruiekcHe OOIPYHTYBaHHS 3axOJiB I0J0 CTBOPEHHSA
0e3MeYyHrnX YMOB Ipalli TipHUKIB NPU MIATPUMAHHI MiJTOTOBYUX BUPOOOK KPYTHUX
BYT'UIbHMX IIacTiB. — Ha mpaBax pykornucy.

Jucepraliiss Ha 3100yTTS HAYKOBOTO CTymHeHs JokTopa ¢ditocodii 3a
cnemianpHicTIO 263 IluBinmpHa Oe3meka: ranxy3b 3HaHb 26 l[luBinpHa Oe3meka. —
Hepxapuuit BH3 «/loHeupkuil HamioHanbHUM TexHIYHUN yHiBepcuTeT» MOH

VYkpainu, JIynbk-Ilokposesk, 2023.

VY aucepraiii BUpILIEHO aKTyajlbHE HAYKOBE 3aBJIaHHS IIOJ0 KOMILJIEKCHOTO
OOIpYHTYBaHHSI 3aXO/IIB /I CTBOPEHHS O€3[€YHUX YMOB Ipalll y BYT'UIbHHX IIAaXTax
3 KpyTUM 3aJISiTaHHSIM ITUTACTIB 32 PaXyHOK PO3KPHUTTS OCOOJMBOCTEH MEXaHIYHOTO
TpaBMyBaHHS T1PHHUKIB BHACIIJIOK T€OMEXaHIYHUX MPOIIECIB, 110 MPOSBIAIOTHCSA TPU
pPO3BaHTAXEHHI  BYTJIEMOPOJHOIO MAacMBY Ta BHU3HAUYEHHI 3aKOHOMIPHOCTEH
nedopMyBaHHS MIAJATIMBUX OXOPOHHHUX CHOPYJl 3 ypaxyBaHHSIM TOTO, IO y TpoIleci
iX CTHUCHEHHS Ta 3POCTAaHHS >KOPCTKOCTI BiAOYyBa€TbCAd 3MEHIIEHHS IIBUAKOCTI
KOHBEpIeHIlli O1YHUX TMOpij, M0 3arnodirac 0OBajJeHHSM Ta MPUPOCTY 3MIIIEHb HA
KOHTYp1 MIATOTOBYMX BUPOOOK $IKI MIATPUMYIOTHCA T033Jy OYMCHOTO 320010, IO
JI03BOJISIE€ 30€pErTH 1X eKCIUTyaTallliHUM CTaH Ta MIABUIIUTH €(PEKTUBHICTH 3aX0/IIB 31
3HIDKEHHSI BAPOOHUYOTO TPAaBMATU3MY.

[nest poGoTH mosisirana y oOrpyHTYBaHHI 3aXO/I1B II0JI0 CTBOPEHHSI OE3MEUHUX
YMOB Ipall y IaxTax, Kl po3po0IsitOTh BYTIbHI IUIACTU KPYTOT'O Ma{IHHSA 33 PaXyHOK
BUKOPHUCTAHHSA TE€OMEXaHIYHUX MPOIECIB, L0 MPOSBISAIOTHCA Y BYTJIEHOPOJHOMY
MacuBl Ta 3aKOHOMIPHOCTEH ne(pOopMyBaHHA OXOPOHHHUX CHOPYA MIATOTOBYUX
BUPOOOK SIK1 MIATPUMYIOTHCS, 10 JO3BOJUTH 3a0€3MEUNTH X eKCIUTyaTaIlliiHuN CTaH
M0 JIOBXKWHI BUIMKOBOI JUIBHUIN 4Yepe3 OOMEKEHHs MepeMillleHb OIYHUX MOpia Ha

KOHTYp1 Ta 3ano0IrTH 0OBaJICHHSIM Ta MEXaHIYHOMY TPaBMYBaHHIO TpPHUKIB.



Metorw poboTtn Oyi0 KOMIUIEKCHE OOIPYHTYBaHHS 3aXOIB IOJAO CTBOPEHHS
OC3MeYHNX YMOB TMpalll TIPHUKIB MpU MATPUMAHHI MMATOTOBYUX BHUPOOOK Ha
BUIMKOBHX JUTBHUIX BYTUIBHUX IIAXT, K1 PO3POOIIAIOTH IJIACTH KPYTOTO M iHHS.

VY poGoTi Oynu mocTaBiieHl 1 BUPIIIEH] HACTYMHI 3aBAaHHS: BUKOHAHO aHaIi3
BUPOOHHUYOTO TPaBMaTHU3MYy BiJl 0OBaJieHb OIYHUX IMOPIJ Y BYTJICIOPOTHOMY MACHBI 1
BCTAHOBJICH1 HATIPSIMH JJIs1 OOTPYHTYBAHHS 3aXO0/I1B III0JI0 CTBOPEHHS 0€3MEYHNX YMOB
mparll TIpHUKIB MPU MiATPUMAaHHI MIATOTOBYUX BHUPOOOK HAa BUIMKOBHX IUIBHHIIX
BYTUIbHUX IIIaXT; TEOPETHUYHO 1 E€KCIEPUMEHTAIbHO BH3HAUYE€HO YMOBH CTIMKOCTI
O1YHUX TOPIA Ta X HaNpyKeHO-Ie(HOpPMOBAaHUN CTaH HABKOJIO MiJATOTOBYMX BUPOOOK
3 ypaxyBaHHSM CHOCOOy OXOpPOHH JUIsl TIJIBUINCHHS OC3MEeKU Ipalll TIpHHUKIB,
BUKOHAHO JA0OpATOpHI JOCHIKEHHS CTIMKOCTI OIYHUX TMOpiAg 3 ypaxyBaHHSAM
nedopmaliiHuX XapakTepUCTUK OXOPOHHMX CIOPY MIATOTOBYMX TPHUYKUX BUPOOOK
JUI 3aro0iraHHs  OoOBajJeHb, BHMKOHAHO IIAXTlI I1HCTPYMEHTAJbHI JOCIHIIKCHHS
CTIMKOCT1 MIJATOTOBYUX BUPOOOK HA BUIMKOBUX IIBHHUISIX JJI OIIHKK O€3MEYHUX
YMOB Tipailli TIpHHMKIB; BCTAaHOBJIEHO OIIIHKY CTIMKOCTI BIAKAaTHUX IITPEKIB 3
BUKOPUCTAHHSAM CTAaTUCTUYHOTO aHaTi3y BIIMOB apKOBOTO MiJATIMBOIO KPIMJICHHS
Ta po3pOo0JIEH] TEXHIUHI PIIIEHHS Il CTBOPEHHS O€3MeYHUX YMOB Mpalll TIPHUKIB Ha
BUIMKOBUX TUTHHHUIISIX.

O0'exToM AOCHIHKEHHST OYyJIM TMPOIIECH YIMPABIIHHA CTAHOM OIYHUX TOPIT y
BYIJIETIOPOJJHOMY MACHBI 3 IIATOTOBYMMH BUPOOKaMHM J1Jisl 3a0€3MEeUEHHs X CTIMKOCTI
Ta 3a1100iraHHsa OOBaJIEHb I10 JOB)KWHI BUIMKOBOI J1JIbHHIIL.

[IpeameTrom  nmocmipkeHHS OyiM  3aKOHOMIPHOCTI  3MIHHM  HaIpy>KEHO-
ne(opMOBAHOTO CTaHy OIYHHMX TOPIJ Ta CHOPYA MPHU PI3HUX CIOCOOAX OXOPOHU
M1JITOTOBYMX BUPOOOK.

Y po6oTi BUKOPHUCTAHO KOMIUICKCHHH IMAXiJ, IO BKIIOYAB: aHam3 1
y3arajJlbHeHHs BIJOMHMX JOCHIIKEHb, aHAJIITA4YHI Ta J1abopaTOpHi JOCIIIKEHHS
CTIMKOCTI OIYHUX TOpIA; METOAM MATEMAaTUYHOI CTAaTHUCTHKW Ta IUIaHyBaHHS
EKCIIEPUMEHTIB,  IIaxXTi  IHCTPYMEHTaJbHI  CIIOCTEPEKEHHS 32  MPOIECOM
nedopMyBaHHS BIJKATHUX LITPEKiB; 0OpoOKy, aHali3 Ta 1HTEPIPETALII0 OTPUMAHUX

pe3yJIbTaTIB.



besneka mpaiii TipHUKIB y BYTUIBHUX IIaXTax 3 KPYTUM 3aJIATaHHSIM ILJIACTIB,
JIOCATAETHCS 32 YMOB 30€pEeKEHHSI €KCILTyaTaliifHOTO CTaHy MiATOTOBYMX BUPOOOK Ha
BUIMKOBUX JUIBHHUIIX, KOJM TIpH BHOOPI CMOco0y OXOPOHH BPaxXxOBYETHCS
nedopMaIliiHuil pecypc OXOpPOHHHX CHOPYJ y MeXaxX SKOro 3a0e3medyeThes
CTiMKICTh O1YHMX MOpia. Briepiiie Ha 0CHOBI MOIE/TIOBaHHS BCTAHOBJICHO, 1110 B YMOBaX

OJIHOBICHOT'O CTUCHEHHS HaJIITPEKOBUX IUIMKIB BYT1JUISI ITPH BIAHOIICHH] iX IOBKUHU
a . . .
0 IIHPHHH — = (1—2) Tta nedopmyBanni Big 10 % mo 25 % MK BEIUYHHOIO

BiqHOCHOI medopMaii A i 3MiHOIO ILIONIi ITONEPEYHOro NePeTUry S (M?) OXOPOHHMX
CIOpPYJ WIO0 BHKOPHUCTOBYIOTHCS Ta KOHTAKTYIOTb 3 OIYHMMH TOPOAAMH Y
BUPOOJICHOMY TMPOCTOpPI BYIJICIOPOJHOTO MAacHBY TIIPH PO3BAHTAXKEHHI ICHYE
jorapudMivHa 3aJeKHICTh, AKa JI03BOJISIE BU3HAYUTH KPUTHYHI PiBHI MOTEHIIAIBHOT
eHeprii 1eopMOBaHOTO Tija Pi3HUX PO3MIPIB, HA AKUX PEATI3ZY€ThCA HOro CTIMKHMA
CTaH, a iX Mepexij MOB'sI3aHui 13 pyHHYBaHHSIM LIUTHKIB, 3MIHOIO iX hopMu Ta 00'emy,
3HIDKCHHSIM HECy4YOi 37aTHOCTI, BHACTIJOK YOro BiJIOyBA€ThCS pO3JTaMyBaHHS Ta
oOBaJICHHSI TIOKPIBJIl, YUM CTBOPIOIOTHCS HEOE3IeuHI cUTyallii Ha poOOYUX MICISX,
K1 OB’ s13aH1 3 MEXAHIYHUM TPABMYBaHHSM T'PHUKIB I11]1 4aC PEMOHTHUX 3aX0/I1B Ha
BUIMKOBOT TUTHHHIII.

CtBOpeHHs 6€3MeYHNX YMOB Ipalli TipHUKIB Ha POOOUYNX MICIISIX Y MIATOTOBYUX
BUPOOKaX KPYTHUX IUIACTIB JOCITAETHCA 32 paxXyHOK 30€peKeHHS LUTICHOCTI MOKPIBIII
y BYIJIETIOPOJIHOMY MAacCHBi, KOJM TpU BHUOOPI CrOCOOy OXOPOHU BPaxOBYIOTHCS
ocoO0nMuBOCTI  AeOpPMYBaHHS OXOPOHHUX CHOPYD, IO JO3BOJIIE OOMEXHUTH
nepeMimieHHsi O1YHUX TMOpiA Ha KOHTYpl Ta YHUKHYTH iX OOBaJieHb MO JOBXKHHI
BUIMKOBOI AUIbHULI. EXClIEpUMEHTaNbHO BCTAHOBJIEHO, 110 Y 30H1 BIUIMBY OYMCHHX
POOIT IpH 1111 CTAaTUYHOT'O HABAHTAXKEHHS HA OXOPOHH1 CIIOPY/IH MiATOTOBYMX BUPOOOK
y BUIJISIAI LUIMKIB BYruuig a0o KyHIiB 13 JAepeB'sHUX CTOSKIB (1 1X BIJHOCHIM
nedopmartii y mianazoni 0,1 < A < 0,22), HacTae BTpaTa CTIHKOCTI HAAIITPEKOBUX
KOHCTPYKLINA, KOJIM OJHOYACHO 31 3MEHIIEHHSM IX MOPCTKOCTI BiIOyBa€ThCs
30UTBIIIEHHST MIBUKOCTI KOHBepreHuii (mounan 4,5 — 5,6 Mm/no0y) OlyHUX TIOpiJ HA

KOHTYP1 BUPOOKH, KOTPE CYIPOBOIKY€EThCS HEKOHTPOILOBAHUM MPUPOCTOM 3MIIlICHb,



10 MPOAOBKYETHCS JI0 MOBHOTO PYHHYBaHHS OXOPOHHUX CIIOPY/[l, Y PE3YJIbTATI HOTO
CTBOPIOIOTHCSI YMOBH JIsl 00BaJIEHb TOKPIBIIl, MEXaHIYHOTO TPABMYBAaHHS T1PHUKIB Ta
aBapiifHOI CUTYyaIli 1 AepeB'sHUX KOCTPIB, KoJu y mporieci ix aepopmysanus (0,1 <
A < 0,4) mBUAKICTH KOHBEPIEHIIIT O1YHUX MOP1J T0CATaE MAaKCUMaIbHUX 3HaYeHb (5,1
MM/100y), a mpu BiaHOcHIN nedopmanii 0,4 < A < 0,65, ToOTO michsi MOETATHOTO
VIIIJIbHEHHSI OXOPOHHUX CITOPY]T 1 30UIBIIEHHS 1X JKOPCTKOCTI 3HMKYeThes Ha 80-90
%, 1O 03BOJIAE OOMEKUTHU TEPEMIIIEHHS MOKPIBIi, 3a0e3MeYnTH ii IUTICHICTD Y
BUPOOJICHOMY MPOCTOpl Ta CTBOPUTH O€3MeuHl YMOBHU Tpalll TIpHUKIB Ha pOOOYHX
MICIISIX BUIMKOBUX JiIBHHUIIb BYTUIBHOI IIAXTH.

3HIKEHHS aBapiiiHOCTI HA BUIMKOBHUX AUIBHUISX BYTUIBHUX IIAXT 3 KPYTHUM
3aJIATaHHSIM TUIACTIB JIOCATAETHCS 32 PaXyHOK 30€peEeHHS CTIMKOCTI MiATOTOBYMX
BUPOOOK TMPHU PI3HUX CIOCOOAX OXOPOHM Ta HAJICKHIA HATIWHOCTI 1 Mpaie3gaTHOCTI
apKOBOTO METAJIEBOr0 TPHJIAHKOBOTO MiAATIMBOTO KpiruieHHs. ExcriepuMeHTanbHO
OOrpyHTOBaHO, 110 y BYIJIENOPOJHOMY MacuBl 3 OIYHMMHM IOpPOJaMHU CEPEIHbBOT
ctifikocti (f = 3 — 5), Komu cTaTUCTHKAa OMHO(DAKTOPHOTO AWCICPCIMHOTO aHAJI3y
BIJIMOB apKOBOTO IIJIJIATIMBOIO KPIIUICHHS IO JOBXXKHHI BHUIMKOBOI JIJBHHUIN Ma€
CTaHJapTHE HOpPMaJbHE PO3MOJUIEHHS, 3MiHa Iwiomn (moHan 50%) momepedyHoro
NEPETUHY BIJKATHOTO IITPEKY y Yaci B 30HI BIUIUBY OYMCHHUX POOIT MpH crocoOi
OXOPOHU KYIIaMU 13 JIEPEB'SHUX CTOSIKIB 3MIHIOETHCS 32 JIHIHHOIO 3aJICKHICTIO MPU
YacTOTI BIMOB apKOBOTO KpimieHHS w = 0,56 1 CympoBOMIKYIOTBCS BTPATOIO
CTIMKOCTI BUPOOKH, a PIBEHb 3arpo3ud OOBaJCHHS OIYHMX MOPiA HAOTMKAETHCS OO
KPUTUYHOTO CTaHy Ta JEPEB'SHUX KOCTPIB, KOJM Tpu AehOpMyBaHHI apKOBOTO
KpIIUIEHHS 3 4acToTol BiAMOB w < 0,29 3miHa 1o 30 % mnepeTuHy BiAKAaTHOTO
MITPEKY BIIOYBAETHCS 3a JIOTAPU(PMIYHOIO 3aJIEKHICTIO, IO JO3BOJISAE 3aro0IrTu
OoOBaJICHHAM OIYHMX TMOpPiA y BUPOOKY, 30epertu ii eKkclyaTaliiHui cTaH Ta
OOrpyHTYBaTH 3aX0JM 3a0e3MeueHHs Oe3MeYHUX YMOB Ipalll TIPHUKIB Ha POoOOYMX
MICIISIX.

OOrpyHTOBaHICTh 1 JOCTOBIPHICTH HAYKOBUX IIOJIOKE€Hb, BHCHOBKIB 1

peKOMEHalllil MIATBEPIKYETHCSI aHAII30M JOCBIAY BIANPAIIOBAHHS BYTUIBHUX



IJ1acTiB, MIATPUMAHHAM MPOTSDKHUX —MIATOTOBYMX BUPOOOK, BHUKOPUCTAHHAM
(byHAaMEHTAIBHUX MOJIO0KEHb KJIACUYHOI MEXaHIKH, TEOPIi MPYKHOCT1, T€OMEXaHIKH,
7a00paTOPHUMHU Ta MIAXTHUMH JIOCHIKCHHIMH XapakTepy Ae(popMyBaHHS OIYHHX
nmopig 1 KOHTYPY BHUPOOKH, KOPEKTHHUM BHKOPHCTAHHSIM METOIIB 0OpOOKH
EKCIIEPUMEHTAJIbHUX JaHUX, 3aJ0BUIBHOIO 30DKHICTIO TEOPETUYHUX Ta HATYPHHUX
TOCITIKEHB (pO301KHICTh HE TiepeBunrye 12 %).

HaykoBe 3HaueHHs poOOTH MOJISITa€ y KOMIUIEKCHOMY PO3KPHUTTI 0COOTUBOCTEMN
MEXaHIYHOTO TpaBMYyBaHHsI TIPHUKIB BHACTIJOK TI'E€OMEXaHIYHUX IIPOIIECIB, Kl
OPOSBISIOTECS  TPH  PO3BAHTAXKEHHI BYIJICMIOPOJHOTO MAacHBY Ta BH3HAYCHI
3aKOHOMIpHOCTEH nedopMyBaHHS MiAATIMBAX OXOPOHHHUX CIIOPY] 3 ypaxXyBaHHAM
TOro, II0 Yy TIpoIeci iX CTHUCHEHHs Ta 3POCTaHHS KOPCTKOCTI BiJ0yBa€ThCs
3MEHILECHHS IIBUJIKOCTI KOHBEPIeHIl OIYHUX MOpiJ, M0 3anolirae OOBaJEHHSIM 1
MPUPOCTY 3MIIEHbh HA KOHTYpl MIATOTOBYUX BUPOOOK SIKI MIATPUMYIOTHCS 0331y
OYMCHOTO 320010, 32 PaXyHOK 4YOTo 3a0e3MeuyeThcsl iX eKCIUTyaTallliHUil cTaH Ta
0e3meyH1 yMOBH Ipalll Ha poOOYMX MICHSIX BUIMKOBHUX JUIBHHIIb Y IIAXTaX 3 KPYTHM
3aJISITaHHSM BYT'UIBHUX TJIACTIB.

BukoHaHi JOCHIKEHHS CKJIaJId OCHOBY pPO3pPOOJICHMX TEXHIYHHMX pIIICHb,
COPSIMOBAaHUX Ha MIJABUIICHHS pIBHSA O€3MEeKW Mpail TIPHUKIB MPH MIATPUMAHHI
HiATOTOBYMX BUPOOOK 3a PaxyHOK 3HMKEHHsSI TpaBMAaTU3MYy BiJ 0OBajieHb OIYHHMX
MOPiJl HA BUIMKOBUX JIJTBHUIIAX TITIMOOKUX BYTIJIBHUX IIAXT, SIKI PO3POOJISIIOTH MJIaCTH
KpYyTOro naaiHHs. [|J1g 3HIKEHHS PiBHS TpaBMaTH3MYy Ta CTBOPEHHS OE3MEYHUX YMOB
mpaii TIpHUKIB Ha poOOYMX MICHSAX BUIMKOBHUX JUIBHULSAX TIAUOOKHMX IIAXT IJis
OIATPUMAHHS MPOTSHKHUX BHUPOOOK TMPOMOHYETHCA 3aCTOCYBaHHS MIANATIMBHUX
OXOPOHHUX CIIOPY/I, 110 JJO3BOJUTH BUKJIFOUUTH OOBaJICHHSI Ta 3a0€3MEUUTH rabapuTH1
po3mipu BupoOok 3rigHo I1b ta . [lnsa nigBumneHHs piBHA Oe3Meku mparli TipHUKIB Ha
BUIMKOBUX JUIBHUISIX TIMOOKUX BYTUIBHMX IIAXT PO3pOOJIEHI CIOCOOM OXOpOHU
BUpoOoK (ITatentn Ykpainu Ha kopucHy Mojeab u 2020 02441;u 2020 04458; u 2020
07784; 12021 00893 ta u 202102600).



BuxopucrtanHs oTpuMaHUX NPAKTUYHUX PE3yJibTATIB AOCIIIKEHb IIJBULIYE
piBeHb Oe€3MeKu mpar TipHHUKIB MpU MIATPUMAHHI TIPHUYUX BHUPOOOK y TIMOOKHX
BYTUTbHUX [IaXTaX, 10 PO3POOISIOTH IUIACTH KPYTOTO 3aJISITaHHS.

Pe3ynapTatn AOCHIIKEHb BHKOPUCTAHO MPU PO3pOoOII pEeKOMEHAALINA I0A0
I1ABUIICHHA Pi1BHS O€3MEKH Mpalli TIpHUKIB Ta 3a0€3MeUeHHs eKCIUTyaTalliifHOTO CTaHy
MPOTSHKHUX BUPOOOK MPH iX MiATPUMAaHHI Ha BUIMKOBHUX JUTBHUIISAX BYTUIBHUX IIaXT
JIT «TopebKBY TS

HayxoBi 1 mpakTu4Hi pe3yJbTaTH AOCHIIKEHb BUKOPHUCTaHI B HaBYAIHLHOMY
nporieci JIBH3 «JloHenpkuil HallOHAJIbHUN TEXHIYHUM YHIBEPCUTET» I dac
BUKJIaJIaHHs JucUUIUIiH «OXopoHa mpartll B raimy3i» ta «MexaHika TripcbKUX Nopio,

cTyJeHTaM crienianbHocTl 184 I'ipaunTo Ta 263 L{uBiibHa Oe3nexa.

Kmowosi cioa: BE3[IEYHI YMOBH TIPAILIl TIPHUKIB, BYTUILHA
[IIAXTA, BUIMKOBA JUILHUIIS, CIIOCIE OXOPOHHM, IIJITOTOBYA
BHPOBKA, BUPOBHUUMII TPABMATH3M, BUPOBHUUNI PU3NK



ABSTRACT

Boichenko H. Comprehensive substantiation of measures to create safe working
conditions for miners while supporting preparatory workings of steep coal seams. —
Qualifying scientific work as a manuscript.

Ph.D. thesis in specialty 263 Civil security: area of knowledge 26 Civil security.
— State Higher Education Institute «Donetsk National Technical University» Ministry
of Education and Science of Ukraine, Lutsk-Pokrovsk, 2023.

The dissertation solves an urgent scientific task regarding the comprehensive
substantiation of measures to create safe working conditions for miners while
supporting the preparatory workings of steep formations based on the disclosure of the
features of geomechanical processes manifested during the unloading of a coal-bearing
massif and the regularities of the deformation properties of flexible protective
structures, when during the management of the condition of the roof in the process their
compression causes a change in the speed of convergence of side rocks and a decrease
in displacement growth on the contour of the preparatory workings, which are
supported behind the cleaning pit, due to which their stable condition is ensured along
the length of the excavation section, which prevents the collapse of side rocks in the
excavation sections of coal mines.

The idea of the work was to substantiate the measures to create safe working
conditions for miners in mines that develop coal seams of steep descent due to the use
of geomechanical processes manifested in the coal-bearing massif and the laws of
deformation properties of the protective structures of the preparatory workings that are
supported, which will ensure their stability along the length excavation site due to
limiting the movement of lateral rocks on the contour and preventing the collapse of
rocks.

The purpose of the work was comprehensive substantiation of measures to create
safe working conditions for miners while maintaining preparatory workings in
excavation areas of coal mines that develop steeply falling layers.



In the work, the following tasks were set and solved: an analysis of industrial
injuries from side rock collapses in the coal massif was performed and directions were
established for substantiating measures to create safe working conditions for miners
while maintaining preparatory works in the excavation areas of coal mines;
theoretically and experimentally determined the conditions of stability of side rocks
and their stress-deformed state around the preparatory workings, taking into account
the method of protection to increase the safety of miners; laboratory studies of the
stability of side rocks were carried out, taking into account the deformation
characteristics of protective structures of preparatory mine workings to prevent
collapses; mine instrumental studies of the stability of preparatory workings at
excavation sites were carried out to assess the safe working conditions of miners; an
assessment of the stability of roll-back sections was established using statistical
analysis of failures of arch flexible fasteners, and technical solutions were developed
to create safe working conditions for miners at mining sites.

The object of the research was the processes of managing the state of the roof in
the coal massif with preparatory works to ensure their stability and prevent the collapse
of side rocks along the length of the excavation section.

The subject of the study was the patterns of changes in the stress-strain state of
side rocks with different methods of protection of preparatory works.

The work used a comprehensive approach, which included: analysis and
generalization of known research; analytical and laboratory studies of the stability of
side rocks; methods of mathematical statistics and planning of experiments; mine
instrumental observations of the process of deformation of rollback stretches;
processing, analysis and interpretation of the obtained results.

The safety of miners in coal mines with a steep occurrence of seams is achieved
under the conditions of preservation of the operational condition of preparatory
workings at excavation sites, when the deformation resource of protective structures is
taken into account when choosing a protection method, within which the stability of
side rocks is ensured. It was experimentally established that under the conditions of
uniaxial compression of over-stretched coal aggregates in the ratio of their length to
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width % = (1 — 2) and deformation from 10 % to 25 %, between the amount of relative

deformation A and the change in cross-sectional area S (m?) of protective structures
used, which are in contact with lateral rocks in the produced space of the coal massif
during its unloading, there is a logarithmic dependence that allows determining the
critical levels of potential energy of the deformed body of various sizes, at which the
steady state of the protective structures is realized, and their transition is associated
with the destruction of the wholes, a change in their shape and volume, a decrease in
the load-bearing capacity, as a result of which the roof breaks and collapses, which
creates dangerous and emergency situations along the length of the excavation site, and
the operation of the preparatory works becomes impossible.

The creation of safe working conditions for miners at workplaces in the
preparatory workings of steep seams is achieved by preserving the integrity of the roof
in the coal massif, when choosing a protection method, the peculiarities of the
deformation of protective structures are taken into account, which allows limiting the
movement of lateral rocks on the contour and avoiding their collapse along the length
of the excavation area. It has been experimentally established that in the zone of
influence of cleaning works, under the action of a static load on protective structures
of preparatory works in the form of whole coal or bushes from wooden risers (and their
relative deformation in the range 0,1 < A < 0,22 of there is an increase in the rate of
convergence (more than 4,5-5,6 mm/day) of side rocks on the working contour, which
Is accompanied by an uncontrolled increase in displacements, which continues until
the complete destruction of protective structures, as a result of which conditions are
created for roof collapses and deterioration of the stability of the roll-back stretch and
wooden bonfires, when in the process of their deformation ( 0,1 < A < 0,4) the rate of
convergence of side rocks reaches maximum values (5,1 mm/day), and with relative
deformation 0,4 < 1 < 0,65, i.e. after gradual compaction of protective structures and
increase in their rigidity, decreases by 80-90 %, which allows you to limit the
movement of the roof and ensure its integrity in the created space of the excavation
site.
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The reduction of accidents in the excavation areas of coal mines with a steep
occurrence of layers is achieved due to the preservation of the stability of the
preparatory works with various methods of protection and the proper reliability and
performance of the arched metal three-link flexible fastening. It was experimentally
established that in a coal-bearing massif with side rocks of medium strength
(f = 3 —5), when the statistics of one-factor variance analysis of failure of an arch
flexible fastener along the length of the excavation section has a standard normal
distribution, the change in the area (more than 50 %) of the cross-section of the roll-
back stretch over time in the zone of influence of the cleaning of works with the method
of protection by bushes made of wooden risers varies according to a linear dependence
with the frequency of failure of the arch fastening w > 0,56 and is accompanied by a
loss of stability of the product and wooden bonfires, when the arch fastening is
deformed with a failure frequency w < 0,29, a change of up to 30 % of the cross
section of the roll-back stretch occurs according to a logarithmic dependence , which
allows you to prevent the collapse of side rocks into the production and preserve its
operational condition.

The validity and reliability of scientific statements, conclusions and
recommendations is confirmed by the analysis of the experience of working out coal
seams, the maintenance of long preparatory workings, the use of the fundamental
principles of classical mechanics, the theory of elasticity, geomechanics, laboratory
and mine studies of the nature of the deformation of side rocks and the working
contour, the correct use of experimental data processing methods, satisfactory
convergence of theoretical and natural studies (discrepancy does not exceed 12 %).

The scientific value of the work lies in the disclosure of the features of
geomechanical processes that appear during the unloading of the coal massif and the
regularities of the deformation properties of flexible protective structures, when
controlling the state of the roof during their compression, there is a change in the rate
of convergence of the lateral rocks and a decrease in the increase in displacements on
the contour of the preparatory works that are supported behind cleaning pitting, due to
which their stable condition along the length of the excavation section is ensured,
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which prevents the collapse of side rocks and creates safe working conditions for
miners in mines with steep coal seams.

The conducted research formed the basis of the developed technical solutions
aimed at increasing the level of occupational safety of miners in support of preparatory
workings by reducing injuries from collapses and collapses of side rocks in excavation
areas of deep coal mines that develop steeply falling layers. In order to reduce the level
of injuries and create safe working conditions for miners in the excavation areas of
deep mines, to maintain long workings, it is proposed to use flexible protective
structures. In order to increase the level of safety of miners in the excavation areas of
deep coal mines, methods of protection of workings have been developed (Patents of
Ukraine for a utility model u 2020 02441; u 2020 04458; u 2020 07784; u 2021 00893
and u 202102600).

The use of the received practical results of research increases the level of safety
of miners' work when supporting mine workings in deep coal mines that develop
steeply lying layers.

The results of the research were used in the development of recommendations
for improving the level of occupational safety of miners and ensuring the operational
condition of long workings during their maintenance at the excavation sites of the coal
mines of the State Enterprise «Toretskvugilliay.

The scientific and practical results of the research are used in the educational
process of the State Higher Education Institute «Donetsk National Technical
University» during the teaching of the disciplines «Occupational Safety in the
Industry» and «Rock Mechanics» to students of the specialty 184 Mining and 263 Civil
Safety.

Key words: SAFE CONDITIONS OF MINERS, COAL MINE,
EXCAVATION DISTRICT, METHOD OF PROTECTION, PREPARATORY
WORK, INDUSTRIAL INJURIES, PRODUCTION RISK
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