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Abstract

The stability control of surrounding rock during coal mining directly affects both workface safety and production efficiency. With
increasing mining depth, elevated geostress levels, and intensified mining activities, the challenges of surrounding rock control have
significantly intensified. Traditional empirical support methods struggle to adapt to deep, high-stress conditions. This study utilizes
field monitoring, theoretical analysis, and numerical simulations to reveal the mechanical mechanisms of surrounding rock instability
and their synergistic relationship with mining-induced disturbances. A systematic control model integrating “zoned management,
dynamic support, and information-based management” is proposed. Research demonstrates that surrounding rock deformation
exhibits spatiotemporal variations and dynamic nonlinear characteristics. Scientific zoning combined with real-time monitoring
and feedback can effectively reduce roadway deformation rates and roof delamination risks. Engineering validation shows that this
coordinated system significantly reduces support costs, improves mining efficiency, and enhances safety factors, providing theoretical
support and practical evidence for safe and efficient deep coal mining.

Keywords

coal mine recovery; rock control; dynamic support; safe production

By ERIIEFEESENSZESNETHMEHR
pUEle
ST B BREH AT, FRE - HIR S 744201

mE

WA mREZPE SR EHNAEX R TG E A FE, MAETRREE M, p hKFREEARDREMK,
B s R R ERI, HREE XI5 XAEAE LRI G B Frh, AR TAG B, byt LKA, BFE
BRI NFNEREEE RO WFE X Z, 3 P REFN—FEXP I ENEE” FRMAEMNEX. ATENA,
Bz X WARN Tt E 3 A &marie, FF o RS S MR8 T AR SRS L X BERETRE ERKE, TREIE
27, ZHRARFEFEKIP RA RITORFERELAMTAHAREE, ARIET LB RARBEA IFL SR

KR
aw R, BEiEd; Sy ZeL”

i, SR DUE B SRR acdc e r s, DAV
0] 3R TARSR BE ARG ROR S S SCRR A2

2 By ORESNFHESTRANE
2.1 RN S S Hm e

B RIS RE T, REAEAF TS B 2 P,
1SR D EH A IR R R SEIEX . T/EHRT
7520 ~ 60 m JEEEETERCR AN DR, R TEREI
FAZIIX, o ANy B BB, BElA S M A E A,
W& TVEmHEdE, TSI ERRREtas, HEEmEH
8, TR “RN TR o HISTHES FLAC3D 28
BLEREIE, NP RE—MEA 2.0 ~ 3.5, JHEBER

158

HMAIE B 2 T BR v LB BB R e 4t PO T
RIHAL, b4 R TARSSRORF ST AR, E
ShEELERTIR A . B AT IR S A G
FHESTEEUHE LR, $RH T 2R S 5 R 55
B SRI, KRS TR T RS A
fAl, X B 2 et e G e B A A R
i, ASCMEE— P — A= E R AL,
BEAEHEIRR, SRR 2 A FHE RN

[fEEEMT] MFH (1969-) , B, PESIHRINA, &
B, SRIREM, MBRY 2L 8EBAR.

16

EFRBEXIEAIR 5.0 DL RN DIER, BaimeEs .
AR IAShARAR R B, RO ikt U



TiEFHRALA

<5 02% - 08K - 2025 £ 08 A

BRI 2 n 5P I B0, TR 25N 5
B AN A A B BT U sl W N 93
B, RIASHPZEORT AP R BER S
2.2 BlE TRAFES KISHE

ZRENN AP SRS R A, Eia RO
EAIYT B S AR ATORFIE . WIRE BT, W
DHERERG EATREN B, BEXTEEY R, B
FaLe; TERERAVSIRAEERT, BERAE A INEIA
BrBro DU, RaVHIABET N IUEELYA 10 ~ 15
mm/d, FEEEHGEE 15 ~ 20 mm/d, FEIATIE A
fE=2: —RENAERNTIEIIA, FHRKIE A58
B “RERGCSEDERIESEBIEIA; 2T
IR E KRS RS TR S (R I .
2.3 MBS 5 N HFE A T

Ho PRI AR E T R A RE MR, W2 L FEAE
TR SR DR N A S B P BT AR Y BBy,
RIAITTEAECE A, W S EORE 2 KRR A 1
SR DBING, STEABERNEETCATER Sk (E
X", fEEZERAKRS, T55 kKBTS, WEHE
Rl ST DR OE TIBEM AT diE, thHSs TH =
RIRRIEE SRR ). B A IER, Bl 30m Y5
BT R IR ARG X IR 40%, SLRKIT AT
50%. Kb, HBFTHAES(E BN A RIRE B RTITED & S
RAFRMERTT, BT N S ML,
SEER, RS — XS X — DS s e R,
N/ Sl S BV A S AL G S DS =D 8

3 BIREARTBEXSHAREREIIE
3.1 MEEES S EEENS

[ RARBD 0 N DR ARBER, AR S M sk
SIVERN LIRS IR TR BERSXIENK, EEEE
fEEHESEENEER T T E, B, BEWk
Eek =ik, U EE R RER AR, a R
R R RS R, MESHLIENSEREN, SEEE
ZAE0.8 ~ 12m i), 5 M 2IEMH P
BEEEEAT 6m/d I, TR ST ARG, SCAEAT oS
130% ~ 40%, S FEGRIESIRKAREIIRE &, Bifsk
SECET RAN RS R A A o E N, i e
B SZAPPRBIES E AR R, A ERZE X DA B
fL, SEBUEIE SR 2.
3.2 BEBN N REHIRL S155 & HHIE

TR D S e RERE ST, A RNRER
SEVEREECNTHEC, MRS SRR R, R
BEESRHLER, R d R E sl K E . s ieE
BRI AR, IG5 BB RS RTER, X4
Rz S A ECE T 3.0, SEIEREREECT 15 Kim® i), il

HEMEREDE L, SiREGaucsiE, BEWE, WEIER
EEEMEIES s TSP IEiR . Rk, HEF A2 bR
BT, DRI T m e I . TSR TR
FFRGIER T, R R GE I S e R4 AN
RESHEIE T, SCBUR DI BERE i S A LR
33 EMTER &Rz

JERARAE RANE R N AZ BN 77, Frsk i T fEE G 52
M, HEFEHIOEA RS . BN S, RGN
FEF AR D5 TR, LREe B
I, BIEIASTS R R, FERERndR, TAREEITE R
CEOHENE . R ES IR, a1
R SEF X NGRS, O “R—EE—B5E BeS
R, WA ILBTRIER R LS T,

4 EEEFINHEZIPS S X KREE
41 SREPEEETESHER

ET RIS T AR A7 m ik 5 Rahthsh &N
R EIAES SN D ES RS B ATRHIE, A
HEHRE “EEig X —RERSERX —faE KX =50
XA AR FR, ST AT e Es A vt i g =R
AT, ERAIRIS XN, BiEBEASRY REE SR
TR PE A, R AR LEE A SR AT 5 S i
WAL E &R, BT A5 | A ERE: (EIR
fafd 120 ~ 180kN ) A% /I (=300kN ) , fifi BBl 75 SR Hil
N IS BERE RS AT Z IR L EE S BRBIEAR R, BRI
T FiE B 5 IR R B AR RIS
43220 ~ 260kN, BRI EHBE R R & DS
RERZR X NSRS IR A RVAE VR RERE /D, 18T ERRUFE
. ERAGT SREENUCE EE AL EE—FERE—E
o PEEALE], (FEETE 50 ~ 90 mm HIBEEBIEI ST N
SERRRERRENCRIN DF68s , TR A E X . ALE
el 2s 53R (A, 51 ABENNTEE RCI ( AR
e | MERES Bs. SURY TR AR CEIMBUARL) 1EAZI
SHETEIERSE, TR R rTRYE RCL 2R (L7100
W, RAREE SR E g, ST “RREE . A%, RS
TR FRRREAL A X SZAP stk T SE I8 B R R sl
Bl N AT R A 2 R
4.2 Wit E 55 IPRthE A A

45 i B NI i A S AP e i i D5 N
DRI 29 R S TS & BBl s i Ay . TS 2 W 24 B el
EnE e K farE A, Ak BTN 5 “F
BN 295" ZIARFIE, ARFsTiasE “alikE—anma
BT = ESIMER . TREN A, EBEE
TR B RS A R B — ik, FHREER oI RE
SERRImARS A ; e RIS SRa s o P FE T iR B kR,
FEABLL A SR RN, AT, Se BRI RR e At

17



TiEFHRALA

<5 02% - 08K - 2025 £ 08 A

ghi, RIS R TR, (ERLTRAS A B a] LT 5
AR, SRR B N FPIS IR S, Bl
YAV R R B SRR, TR R IURD 2 51%, (IR
SEPFIRLY 43%, SRR R/ DT 75%. HiEaETE
HEZE IR ISR B h “EIE—E S
AR, BHESE SRR Z RN DS RIT
SIASVCED, R TR NI AR, BERA T
PR RN A S SR ENHIRED, A “FrhitsE—
NI B E— A PR
4.3 T 5 BE I 5e iE

AL X S S ER AT S R E R R~
FHERIME, BT3RS EUERE 587 2 22 1m0
[ IEARSE & BRI R e BUE R R FZE T GeoFEM HY5H
YAV - REEAROIEA, 5 | AGSRTEAERT R S5 e sh
AESEL, DB RN DA SIRREA A . R Rk
Tl R . AR SN 7B R X I TR R N
OYHRFRIEE A 0.20 ~ 0.25 m, AERfRE S Bk b R
B SHRBPE ST SRR R A S SR G
HHZRMAEE 0.8 ~ 1.0m ., AJLEERHTFEIREILE 0.6 ~ 0.8m I,
BBl = BRI (AR RRUR D28 55%, BRI 4 2 BRI 2 2.1,
ISR FEAT FBG 24 . 437 558 L SR
T RIENSHEERERE OIS A%, TGRSR ER
EHITE +8% LIN, WiFSHELE NI e 52 MR R
R —FEERFE . BiEEfr =G, SR ERRKIR
EMCT 2.0mm/d, APRPEIALAL oM TR, IEBIZ Y
PR ATEGSRE MR A R B RO OME.

S5 RE/UMEEFSEENEERLER
5.1 RN B LB BA ST

A SIS R AN E ST, i 2R
V—1D5 G — i IEIAR R £ TIEERTT . 8t
JESEMAERN I Wst . FLETT . BUESE L5851,
FEADFERIELT (DAS/FBG ) FaEEAK L 25 1 2R ) 2452 i
Wy IPBNCSER AN . IEIEP SRHIERSE, BERES
JER/ N R R . RN RZ IR S SRR S 4
4 LSTM 5 GBDT &7 “ B E—A B —Hir” FEF A,
HLLROC 4L 5 F1 EILCRIESIRATR. ASORKIES
PEEFRGE, LBNEEY R, S5 Et
() 48h ZLHIIETUE SIHENER:, TiB “ Rah—Wan—sH]”

Ltk

18

5.2 (EERIRIEENMIZhE PR EE

N TR RR— SR — TP AR,
KRN S IS B B TR
TS SRR R E R O F(E, i
I EE SRRz (MPC ) hRIRSE, # “sbfafs.
JEIIE . B RSB S N AR, R
= PR . EAE LS R S AE S E, HA]
Beahifde sz 2y D ST, LB RUUITHETE B IE
ZHER, PR TRPRE A R MR R | Al (]
TR GBI EEE . SRR, 2R IBWLIHIAA Sz 2s
PEASTE, SRS — S 2 R X ]
5.3 ZEBVEF RV HIEE

L “Esll—thif— e AELL, WEREEfRESE
FEHAA—AAAEZE . RATD R — 5 X UL S
PR EENS , RAP R A RN LR A R i L, 15 T
LS NRATIHY, HORS SR SiE % St SETAE L E O
EH, TR SRR RIGUIESCE | E TR,
PR S Pt R VRS B PRI A s TR 24 5
MPE-EEECE R, JERL U RI—HT—3E—E" 0E)
P WA XA TR, PhENLHEISLHE G S TRGEA2Y
25%, HAPER AP RIEEL) 18%, HHHUR T 40%, {527
SRR LI E R R SRR AL

6 &iE

B ORGSR 52 a4 B | SR,
VAW ER SRS D A PR & 4r . v R, E
ERFGETRAIN )T MIEE RSP R A5 5emm, H
PEHIFTHAE S XA, AILEEREAR R E R RIRR S @it
i X —EIEEERT —IRMsER R, A EE S
SRS, BRI ERE, PREd 3R . ARNAE
GEBIEIEIEAGE Nt — P e B 2R AR, s R
SHMEIREERE G, AR TFRNES e 5rHRs:
KRR
Sk
[1] AP S BE 3203 TR 0] RAEHE B S A B A 5

M [J].44E,2024,33(12):78-80+88.

[2] (T8 R R R A E B S s BRI 905 7 FH ]85 AR
1£,2023,32(04):42-46+51.
[3] ZEEAR TR [ RS S I HI RS )] 6ER 5 79 68,2021,

(02):25-26.



