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Abstract

The stability of mine slope is the key factor affecting mine safety production. The slope instability may lead to landslide, collapse
and other disasters, resulting in casualties and property losses. Aiming at the stability problem of metal and non-metal mine slope,
this study systematically analyzes the mechanism of slope instability, discusses the current mainstream monitoring technology and
prevention measures, and puts forward a comprehensive technical system integrating monitoring, early warning and prevention. The
accuracy and applicability of different monitoring techniques were evaluated by combining field monitoring data with numerical
simulation, and the effects of various control measures were compared. The experimental results show that the monitoring technology
based on GNSS (Global Navigation Satellite System) and InSAR (Synthetic Aperture radar interferometry) can realize millimeter
displacement monitoring, and the early warning accuracy rate is more than 90%. The safety factor of slope can be increased by
30%~50% by adopting the integrated control measures of anchor cable (pole) + metal mesh + vegetation protection.

Keywords
mine slope; Landslide warning; Prevention and control technology; GNSS; InSAR

ERIIFERY BB ESEN SHiaRARERFR
e
BB L L EBARENARAT, FE - Fifg PU7* 810000

m =

Bl AIRAE R A e A R A B, R AR TR TR, MMERE, BRARGTRM ML, AHF
KA BAEERBA WA R, REPH T AIREBIE, FiTT SN EZAGBMNBERKEHEHEE, FRET
—FrE BN | FREL LS TR AR E, FFRRAIG BN KEL BAAAEMANLE A0 7 ik, 746 T AR K
AEESE R, AT SRS HEENAR, FBEREN, K TGONSS (4 FAMEE R4 ) #InSAR (S RILEE
BFHAE) UM RS ZIE KRB YN, FEEHFIERI0%A L TR E (FF) +2 5 NI i 254
[ v #3048 34 3% % 4 R AR 3 30%~50%.

KA
By, BT, Bis#EH AR, GNSS; InSAR

1518 2 & LA RSB 2 4T
SRAFSEI IR LS, WHREEREHEY 21 LRk RE RSN
T, RHRIGEIR , SEMRE . . BERE 211 A B E

XERERWE, 555 L8N, Rz BRE, D%
SRR b = e N TR DA K (i S e, XEDIBRA IR
R ERTR, PEEEREOR . WERAI A TERER
B, LSRRI S R T E R AU, AT B
PRRARTT Y N LR R SBTA R SR, 4T
Hib S, BRE—MEGMIEARER, St
Yot 2 ETRIIR

[fEEBNT] FEE (1993-) , B, PES/EERA, &
&, Tielh, MBERFZEY ULZEMR.

oL R E o R S R T e, SRS
figge, W2k s . TSRS IHWRE, #Br]8es il
WML, ARG AIAR. BRNISTE, WESTTE
EIHEBIRGR, il AR IR B R L, |
AT e Ra R LR
212 KXLHAE

BEIMNBR R KGR, WA a
W, AT T /K55 v SECE A K G UK . B El
9, 5SS AR N, SR TE S RE AR ST, H
KT EEREORAE S A AR PIRSSAS, Iiclsi sk
TR L,

151



ML SR - %607 % - 5 038 - 2025 £ 05 A

213 AA4AE

AHREF SRR AER TR,
I RE 245 i kb AR SR DS, 5 e aRsd
BRUEE, 5 RHSRERER, AiRITRFR, BRI
TEOTT KA ES, SR SRR A, Il e Fany
JLE,
2.2 iy ktEdiR

WL AR AT B 0 it kR, R dRi
FEMIESNBERE R IR, WA TSRS
T2, DR — SRR T GAEETE . DR AT AR A =
ML, ERERIITR SN SIS T, AIa8ERRE
RO, RIS EE, RN ER S, g
M. HUE. THESIEK, 5HNERR 7 fsds, i
WA B K, KRR AN R~ ER4% | 55D
HFG, X—BOR IR RS RS, RN
FERINER, JHRTEMEE, INTRE—BEFFEE,
DISNERII R R R, AT ek, b B 34 |
HERhEN R — IR, IR E RIS N, X —
WYEE, I ES RS S, EiEe . Wi,
U ST RRTOIE B4, B NEORL s IR O 2D
AR, P — N FHIIR, EamE . nEEl
R, XN BRI KA ORI, — S5 | EE KRR
sk P,

3 MR M I A

3.1 R g a7k
3.1.1 AshAn &

JINVE Rl AT S A A b SR X — R, PR
W RER SR, 120 el O s R T
RGN, REDROTUTES . IR LS,
SRR —E AR, AubGUERE LA AT
W E, W E AN IR R AR S s b
3 T R R U, B AT
AR R,

3.1.2 AL |

VENNRMERE HARAIFE e, AR ER . 2L
PRECSCRT R, 125 B R O T RS, 5
IHAE AR AR, MM IFE R — e RRR,
MEM O 2EETDR — R AACE, T HRAR S ; B
BIMAMLIOMSL | 22358 N A E e A — B 4, [RIbEY
— BT AR S R TAEIAE , Hon A — R ESZpR B,
3.2 MR EE MR A
32.1GNSS (A% FMEEE%)

VEA—RAEH R E AR, GNSS I SeHI i A
SEINFIRI, BB ST, 2 BEOREEDE .
HREDIATEE R, AR EIERIE S e R TE.

152

3.2.2 InSAR (& RILZFETFHmE )

KU, SRS A RS AR A InSAR HOK, 1%
FORMEID BRGS0, BERIG I R mIE AR RS 4R s
kL, MmSAR FASZRS,, WEENENE+OHE, Wil
R REZ IR
3.2.3 TABLATM]

T NN AR = A E R &, mT DATVE R S
PSR AE, TANEEREINERIEM:, "8 FdH
TEFFREIGIN T E, =4, B RN EE
T, AR L Hes B .

&1 FREMEARREREXTLE

TR A R i Sk EAGE
ERG /INVEH Imm 1% SRR
GNSS FRYEE 3mm = SR
InSAR K 5mm i S
TNHUTI KT 10mm B ESESUCins
4 IR AR

ERIHERARGHR () + I8N FESERHE, b
THEKSE . BRIAE R AR5 P, RS B
ERORIEERS & = M PTERR I 2 R,

LRI, B3R (FF) + B + PG 745
HnERASES , S AT AR L, KPR .

5 MU ENSERARER

ARFFHRE T —FE “El-ME—-piE” T—1Er
FAREZR, BASKSHMIERS (GNSS) | FHERKIL
251K (InSAR) DR TEANE ARG ETIEMFE, i
W2 R ZMENEURELEE, IR AR,
PGSR 5T 3ACE, ARSI E5RRATH
IS4 (RGN e S, M m T R X 77
DEIRETR, B SR A SCRT ZINT, ERETRE A 5E ]G
HEFIWr IR R R, R RIS S, TR
IR KRG RGP SRR, PR A R RER
AGUEHIEE, B OEISE FE, SRR
FEtESEBRIEE, XINE S 2= TR, SRS,
TRRER a7, ST EERRGE

& EIESEN IR EEFoAm, il
LA — B L IR e R IR, A S L s
MAERE RS, TR NEAKE, 20 LkiEE A
ZIFEER G ORI AR E i R S 576 TR

TR E 0% F GNSS FEISAL, SIS LU i An
BRI S = 4EARFRIE L, AT RS RE e iR et
AR, RA ImSAR HOR, SREE L0 T R AR5,
T ATE R, FRNEERRE, (RSP
HURITEAAL, G 1L Fe i S PR A R S 4
A1 GNSS TR AFRL A, SEIU 203 R AR R 1 ]



ML SR - %607 % - 5 038 - 2025 £ 05 A

R 2 ¥ LMK IREERNE R AR T R

o - ‘ PR
NVAS K N i==§
Sk HoR e B ammw | 8
N . e <o BT | TR, Ao <o | RN . B
A T e oL T i el
I | T, BURREE <o | B0, AR <o | SR . TR
HI Yt
FEAREl A G SRR ST R B ookl
 E T )
ALK, i | PR O A
BTk gy | CRRILRATED. BUPEE e o sy | OCUIIEER e
B <br> BRI Ei3puapssd
KE
\ CENTREm D | \
SRR, B e > | g I
Bt h Wi %hﬁﬂsgﬁfgﬁ@ SN <br> 5D ﬁgﬁ%ﬂ”ﬁ% * kK
i IR
» [Tk, ARl <bm B | A EERE b | A VR
PR e FEL TR x oxo
. . AT, MOOKETE | TRlE, TR <o | \
.. , é\rjj . jji‘
e el o KIRGEME | REmTEbEambE | o0 TN ool
b <or> (R R + AR oo & | o
FHA s = l=se 52K iy
CFF) + R+ 1 | £+ Wz | T SFRBNET <bro- 10 mﬁﬁgﬁ%;fﬁﬂ IR akwan
APy BT o g
e EIES B S IRATIS, B WSEAa AR, (4) LHRECEIITE Tl WA

PR S ELE R R A RS FTR R , W Liaase
W, SR K IRBERAN I A TS T R AR, xS
PR TEYE . Tk, SRR, BRREER TR
AP, ARSI R B n] o BRI . (RARET L
BHYSEBRISTE , Tt SR E ARG RAFIE, T
FI, & LIRS EHIE . H KR ERE
el PR, ERIE TR, SEaRBmisinicr,
RS A NSTRIAEDK, Plkts 4 L SI80E,
VEUSCRFIFEAL (SVM) | DRI (DT ) | BEFLARHFK (RE) |
HRZEIAS (NN) S5 WWELE, fETes e ARSI 7
MRS, RAVIZRESRENLAIZ, KA
RRSEOMGE, B> IENMC AR, HEsmtk
RIRIPHEREACE o BRSSO R T, SKEY
RIS ERTRIASEE . AQlalE . F1 EFER, R
R XEEING, PREEIEAE X REUES EAZ(ERET], 1T
S IZRRI RN FBSCRE L Lidsse, FIZ 203 R A X
ML, (RIBTTGEE R, REOSRIMGIEINE, BRIk
RIS o

FHICHS PR A2 S BE S HAM R U e B Ta R B
e, Bl —EReNeRIFeREY ILFE RS
AR, ZERASH: (1) ERDIENARS:
AAEEER: . TANL. BEFBE, W LT s
IHERIN, FREE R ATE . R, IREpEdE. (2) i
WA RS, FEAETRIIERL, S0 R G T R e,
S — TR ARG JRE5i6175h,  (3) S3Rpa7NE:
IR RBRFINES, SRR (FF) + SR + E g

TESEHE R HSRTT RIS, Aagut— P ittt iR,
B ERIBOAFARE DI, SR SRR | HEKFRE |
INE AP TFBE, iR RN S, s AR E M
ACF, FERRRMNICRAVEE, RSN e N,
PREDSEATIENE, RARVEAE THOR, ET. 5
R, DEREE TR, MAONE S AR AT
TR IREE] 95%, HAPRIIERARL) 20%.

6 &it

GNSS+InSAR ZH & W M AR1E AT K21
(FF) + SEN + WA LR G PHIR T SSURREE;
THE RG] BESR A I I EEE K, RKFE A
5G+ YIRS EL B S SER s N TR BETE AT
MRS EAE KB . AW A0 i 2 e PRt

THEAZ%, GETHER TR AR

S 2% ik

[1]  FIa. A s B s R e o SOl F R AR (1] AP ]
2,2024,(19):56-57.

FEPH G T F T MidasGTSNX F R L i hzfa et
IR BETR SERH,2024,46(09):50-56.

SR EE R LYY R R R N T ] R s
J&,2024,(17):220-222.

BT (AT AT 28 AN HORAER L AR W e iy g [
FEERF,2024,(04):142-144.

ZRHAPH, SN, A A L T O B TRRIE R R AR
[0].+P [ 42 i8412,2024,(08):195-197.

LH
R
PRSP
ERe

[2]
B3]
(4]

[3]

153



