415
2025 42 H

2 SR
Sustainable Mining and Metallurgy

Vol. 41 No. 1
Feb. 2025

3 A L8 B ST 77 AT

®OB, IRE, I

R -

(1. R F AL RAEHARLIE, FA24F 010020 2. P EAEEF L = LB E | J6 T 100089)

[ E]

UTAER SR AT L BT T B, AR A 22 3 1T W ) s A P2 O R A 5 A L T i s 45 [

XIBR A i S R L BTN b, A 5 20 0 O (GO R &k T LA, AN T A A Tt mak
W IR RCE AR O LAY . AR SO T @8 LGB B B HTIE 3 B 20K BP0 LR ik AR B R AR
PRIPSE S SRR e B S I TR D R A il L, BRSR A Hr 1 2R (™ LB SR I 9 T AR HLER, S0 AT T e e
IAER™ XA A PREE BEURTT & 05 X BEIRER S I (o (MR 55 I X R AN, I AR FR Sk (0™ L 2R e B BEVEARAE
IR T LR AT L ER BT | 391 S0 0 2 St e, DA T 5 B PR 8 s 32 1) AL L ) A

[RR] il BRI PP R
[FESHES] TD676 [ XEPRERRL] A
DOI;10. 19610/j. enki. enl0 — 1873/tf. 2025.01.012

0 55

SROHT IS AN B & R IR, 2011 4K
R g K S TR 2017 AEG AT I TN
ER AT 8, BLJa, H RS RAHLRED & T
(O LT SRR TSRO0 138855 = 7 TEAG
TAEERY! RN AL T S L g AT
£ ,2022 4F LS00 T G a5 1L WL B 478,
P T AT AL AR, Rk 2023 4R, e E A E R
g il 1073 A W7 T —HRE R TR ARG et
LRI LA 2004 4 4 A ASRIRE AL
EREEN A& T (T E—20 nsm st n™ L a5 i 38 A1)
(FARTERL[ 2024 11 5 )  F2 1 T A ifEEaR T L
FBTEERACHT T ) An s B LR e 1B A4

LA, ARGk R AR U TR sk, (2

[WFsEHA] 2024 - 10 - 11

[(BEE&TE] W5 815X 1L 55325 8 R
M S AR XA I B R S

[TEE® ] KB (1987—) , 5, S P TR, FZNH
BEURSG PRBE RSN IR 5T A LMl 5T R 58 ] A 5 M 4 L
BRI SBE Say s TAE,

[SIAREC] kT EAR T« S0, 55, g™ LI e g
HEPF[]]. GG ,2025,41(1) .71 -76,87.

ZHANG Yong, WANG Kunfei, GUO Bin, et al. Research
and application of remote sensing monitoring methods for green
mines [ J ]. Sustainable Mining and Metallurgy, 2025,41 (1)
71 -76,87.

[XEHE] 2097 -2423(2025)01 —0071 - 06

ALAFAE 22 BT DI [R] M 4 M B R 5 41 o L B e
SRR, 3k A ] k] 24 45 4 (.07 1 L0 B AR Y gk —
ATFIERIRCR T, NI, X AR 28 5 4 (™ 1 4
BT E bR, R o 0 BRI B BOT & @A 1L
VAL AL AR X TR R sk T LAl K
AL sk @A 1L T B A AR X

1 EEEORB 2k @ I

SR 1L W B A P — I EL R AR RBOR M
(A B A A8 SORTEAG T ik A B 7
ORI 3 AR TE PR A TR I BE R St
AR A — B SR )T, £ 328 378 TG 35 96 Je 38 sl 300 00 o A2
PETEL, eAh AR = O A S SR A B2
PR Z EE, Fo 40 & A58 B AR IR G [l 3k
HOECH R 300 RS B8 v A 3, e o R
WPt I B B0, 2 UL A A A AE 1Y
) R0, S € A L W A AR R AT ] S ) B AR T B

2006 4, Hh [ i o i A e 5 B T R T 4 [ A
WA X B L BRI ) R0 IX %) 38 S s ) T/ 2015
AR B RE T 4 [ 77 BRI A PR 1 B T
1B, H A T 2 E RS IR & T L H B
B BRI AT RIS, 2017 4, AR
TR 25 W St O e A5 6 E R G e Lk s By
PEAT T ShAS W0 T4, S o 4 il A i T 4 4
O™ LT J25 I R PR R ) (A el e 5 4 1 3 R
I TAEHR S ) 2548, 2019 4F 7645 —f b B 28
IRV B A TR R R Y am™ 1 B ek



.72 = =

OF&T Wl

W ILTF R T AT R R b A B S Y
TR, 2019 47 2020 4 SR TR IR ERAE [ A M 4%
A L 28 6 X 25 S AR A FE BB LU SEBE T A
TEIBIOEAL . 2022—2023 4F [ AR IRES A5 H AR
IR AT I ISR m 1l ]Sk 7 < 52 il A %
A TAET 2 R 8 B AR TR A ap e 1, &R
T A A IR FREER R BN AR
SIS BRI A b A R AL,

FI 8 B AR, 7850 1 S H I LU B I
VAL 2R, TR K G o3 B8 G AR g
WL A A | H R W TR A S TARE R 2 W
FAERGE , XIFR 2B P P8 b, K 7 X AR | R
TRk BEZEA R gl BB BRE 5HER
PHAFETTIH , A4 R B2 AT A e ™ 1L R ER
[J R B2 45 I AL 111 44 B, B £ S R ) R & AR DSk
fRAEIR Sk A R E e e I APES SR, KR
T AATHUE PEA

2 I AR

2.1 EREIEE

Sy 1L S W T A R W R R e
WL R B R 50 DX AR R | R SR R TS
BT SR FH S IR 40 B R i 25 ) 43 B R AL (0
BEE S e IR el i, TR, A
7 TR ER AW A, i 4r =5 &b
SAtE =S b =S RS m R BRI
—5 BT ORI | 5 A 6] 43 HE R A 1 K
BN RS T, B T ATt R A AT 1L
TN T A, 45 H T ARFE 2 7 1 [ 4 98 U5 T AL 1
FAH s | 4 v A BRI 55 MUK e 3 R RS H
A Ll s 1 1 7 2R 90 T AR AR Sk e

U5, Al T35 T AR SR b Sk B
2.2 HIEALE

B Ak PR 2t B 1L S 0 £ i R AT SR A
ASCH g T A HE AT B B A BN A 6T A H
TEAERSY, WRARsk e L ny RERE, Al Z
A s AR R AR B X 52 R A A A ek
Wb & /s DX, AT 4 BE DX a3 P B AR b B 7 T 53
KAE GEARRG A1 EER R SEARTICHE AR 8T 5 48
A 3A PR, B G R FERE R A
B EIG T JE E SE i B R T AR 2,
2.3 ERMEF

Hil, 5T @ Bse Ry H sh B e e iR IR 2
WG TR H 5 SRR 0 BRI A 22
Bl U HOR T 2R 5 4 B2 e I, 42 K
Y TR K| E N e iy [T v e S R I A =S
FREE W N 25, AALAE B P2 H AT Aol B
PERE, A L R A 0 8 PR R, B T
AR RIS B R 25 A T e e ko
WIS A TR R R ot R Y
AR HUEZ RGO, s P sk  ILAER™ X | BRI T
KRR RSB S R O, sk,
T IR PPAL B PR LR AR R
() AT HEAF FE AR BE R 43, X T3 s 1 e 1
A3 A R AR PR A S R 2 R N R R
XFTHEBEIRAE P 1 e SR R W A8 7 2, AT 3 > ]
FESARIO TR I [A] R SR 4

3 &R RN

3.1 ERMNITS
TR SBAG I X G2 WL 1, R BETF SRR FFRTT
5 W P2 7 S 1 B e w7 s A LR Ay 3= R AR |

x1 ERBENITS
DB ]
HE-£35 (GfE I 5h 155 SMHE£ 55 Je b0 A 00 1 JREET M M)
TS (RN A K RIS SIVEIX  ERIES BRI YEh BB T B e
T HERHS M2 ROk TSRS B R R )
HHHHRX R (Bl LA PR
ST S R
BIK WG S 0 ASE U K
X PR

ABBEKX BEKX

TR BB R AE X IRE T O, R R | S A T O




2025 4E2 A1 M SRt 1L Oy A

s B OEMRE Ok =73 -

MREFEFT IR HEL5 T B PE st @ I BLRFTE A B0, 6145 16 100, Horp ik 5%
BB SE I N AR R AR e EN G 1R 4 T PEO R RS 12 i

ROR TS BRI AN R BRAER O AGE R 3.2.1 Jedk & At

N, BB AG HE MR XH FeRZRAF IR TR PRI, X 4 (A L B ITAG 256

3.2 ERENAE HEL, P A R PP I B Ak A R AT AL
AR EEAR NS A F 51 MRl % ) T L 20K B X A et 261 (32 2) o

®2 EBITMARE(KREH)

SEMAAE ok A
BRI CROVFATIE) ST A F Ry s R A A8 SRy A
ey SRS FAVE LSRR RURR, SRR DL AR AR AT RAT I TR D 785 - S
TR S R , M 7 RO RO 3090 PRSI 1), L) B o TS
LT = 4 4 IF 2 A2 7
i PR s, i i R A
pEY=4
IX 1 PR o o e e A
X 122@*& EER s B WAL U B B S A T
3.2.2 P iELS H Br O ARRR A A58 5 PR BEA BAE 12 T H 4

PR AR PR R SR O IR BOKFBST 20, R AR, 3 6 IRARIERS IR A 6 TS TR bR (% 3) .
TE A PRl 7 X ERBE | BT IRTT R B LR A A

R3 EBATEAE (ENIEHR)

L TV X LB 21X A DX % 7 T X (9 ] 4 D6 U 7 5 A A
FRERECQ ) TR I B R A R A
K G - X S BRI A=K GERA A & 8E KTFRIX ) B A 1A T - B K
FERAEH—1 TR BTG B R IFR A, 7 Fil A TFR
e DFETTEF AL IR SR B A HE. - 53 1 R A7
TR g pim a0 JERHA T I B
QU T TFR « AT TS BUAR , S A MR L
D2l T 5 ah A W
W5t A 5 5K
S 7 FHBEAT AR [ SO X 03 b 6 9155 1 L
G AR R e gy PP PV LG S SO A SRR
) PR R PR A
QWH KIS A
[ 2 P = - R B A2 A P 55 O PR 52
I 5 774 T A S 1 D P8, 260 - A
P AT, 45 7 1 5 R ok A A 4
BT FRA i T AT HEvhb 6 T A 35 e BUBAR ; J2 75 77 2 I 9 s 50
BepndiC- | B R S BT BRI e RS S
ﬁ@ﬁﬁ))&@ Iﬁ) Bﬂgi,tﬁ;ﬁi,ziﬂkﬂiﬁu E'Eliﬁl \lgiim%@j*ﬂuﬁ‘ﬁ ,757 j:("?*):!’?um ,ZiEJC %ﬁ
BT HEE b SRS I A A7 K T B B | B R R () TR
S &iﬂ 55 SRS A TR A5 T 0 ) TR S
JU=
R RS SUIGRA, S N TR
AR RTE Y R X e
B R IR R S e R -5
S EAR JEE S 3 1l 7 2 o B B B 25 0 S B SR T B R 3T
S IR s g IR SO BSIR S UATN O R

JRHL(2 T)

= W X EAEAERLIA A IR K
AT

TRBEOR -1 AU A IX 3 o ] 25 IR BRI 2207 BE XA Wi T8 DX R 1 S 17




74 - a B W A

OF&T Wl

4 R INESh S G I B

TESREW LA AN R BB, A7k =48 T 1%
SR I B G AT SR SR TR 2 Ja W i
(AN B S5 A AN AR ]

4.1 Zay LEiEwE

TESR O 1L B ETI , 5 ORI R B
AU, 7853 1] FH 7 SRR RUBE Wl % B AR AR 35, i 4
s Il r SRS O, BB e A 1L & R A B R
R0, RIBCR™ X M 5 B B AS IS B4 | Jal o A= 7= IX AR
TG A XA RE S XL (K1) o Bk, N 5 A
KRS IAT R — B A R =, e T
FERA LR S AT 88 KRG (K 2) , 88 KIFRA™ 1L
AR R OB S5 TR 5 ; 2 AT
FAT R, B PR T DX AT R ] e AR AR O, 928 )
U2 T B 3 L Bl B A ([T 3) L i B R
B FE SRS = 2B AT SEW D7 A [ AR
SR AT A AT I AR R A R
] 2 [ — sk fF S R AR S T EELL
A A g bR I R4 e DX R KK JRR A
XEELEAENGEX (K 4),

(AR

E1 NEgEsX

o1y
SR TD

£

B2 HTARHR
4.2 ZBH LEEFH
ey L P SO E AR T & B
I8, ORI NRE B G A T X AR, [F ]
LIV S R0 2 IO L) e o] 8 S S R R )

B4 f2HHH

T, (AN, 88 KT SRA L 2 75 A7 7 i LT R A 17 2
(F5)  JIWeRYTES A LG BIrR, 2w
PR — " TR R ARAFAEA TR AN HE, &
A it b U B ] | BT HER (18] 6) 554708, &
MK T B A A L, B O A A I ] A
OL R B RIE RIS N G 5 R xR 3 A T
28 W HE KR TR KA 2 (R S S {5
Bo XEFHTO™ I, P8 B X (B 7) Koaf B
oL, TR KA I RS W s L (1 8) , A
B L BRI 5 g (R 205 G KRS 34 ) 19 22 L 1K
R OEREE S | R e B NI S S e )
B X, Andsear B ik g TS B (9 (a) ) AT AR
AL, BB A R T ) R AT T e FIK A4S Bt (&1 9
(b)) A Ba KUK AR S AR & i 0 i A 2 ¥
(E9(e)) %

i

A

Bs5 EMAFE




2025 4£2 1551 1] 2R 1L R IEME DN 7 5

S A I .75 -

B8 HtimnEE

4.3 #eyLEEEH

Ay IR, HAOCH SR BE .,
I FH 22 30 3 S AG A o3 B LU A B B R, H
BB T SRR, g KRR G T A+
P (E 10 (a)) GOBEEIE (K 10(b) ) | &
S L BRI (B 10 () ) 55 [R)I 2 22 el
L AE BB AP O, W HE 1 37 48 Bl 7 55 5 R0 i T
R A (1) SRRGL B X % BRI,
SRR LT RRSE & 0 TR I, MR A D M B
8 Ji ), 2 AR 7 2O BR P i A B (B 12
(a)) ESMIRX (K 12 (b)) DGR (& 12

\h. T -

Elo BE=HM

B7 1BEax

(a) AERT Ak e (b) K AAI5 % (c) Brin
B9 IMETH

‘r‘
- 2
A { f‘ J

(b) PRI (o) R
El10 %=&BE

AN

(a) P A7 Bl

(c)) WITiREX Bty Bk, FIE I SRR IKIA T,
SIEIERAREUR T VORGSR B Lot
TR R R (] 13) , A bR “HAS

At b A S — R R R e 1 TR Bl AR i 2 @8 LR BRI 2 (8™ 1 4



.76 - = =

OF&T Wl

(a) B 124 e

(b) EZSFIHEIX

TR B R, S R P i T s M A e |
BB BT AR IR B D RAAIE o b B S
F 3 R AR AT F AR PR A2 , AR SO AR [X A
858 RO R 07 3 SIS A A I BEIHE S PR 4
PREHERE TR T e s S F AR B T = 2R
BB T e s B N A, AR
P LB BOERAIE, 1838 T4 G LA
I s e e ) B AT S5 B PR 8 7 30 ) A
B H Y, 20 R AR S T2k T L B

B

(OP /N

12 HEFAAK

13 RIF/FEAA(THEERE)

SRR BL R AERTIN: B E TR E Ak T 1L
BRI | 00 1) 4 T 4 a2 | 3o R AR A AR e
RIS T R KRR, gty g
PR D R Y S R R T L

[ &% 30Hk]

(1] E5 WA, 2230, 55, RS 1L MR 52
S[T]. SaTE ,2024,40(3) .20 - 25.

[2] kKb, T55, IR ER, 5. w0 a2k i 6 291k v
WS RR[T]. SO0 16,2024,40(2) . 14 - 17,
40.

[3] BWrs, T3, AN, % RES AT IL#EEUR, [
T RRIFFEL ) ] E R T, 2023 ,35(3) 163 - 66.

[4] Zhitug yit 4w, 5% B wEREG A HA TR
RAR BRI SB[ )]. o E R A, 2016, 3
(5):1-6.

(5] Wkdeld VFsciE Amd b o R LT 2 3R 08 8 JE  )
R [J]. AEdbE %55 ,2018(6) 106 - 109.

(6] ZEZ EZINE, kAL, 55 5 XA A5 E i B
MPFNHARMER SR A [T]. 7Rk 22 4k, 2022,7
(1):9 -25,88.

(7] JAEEAE, 423 sk, 5. 9 L0 R IP AR R S
BhRARLT]. B ERIRER,2014,26(2) :1 - 4.

[8] H=W. U XASHENviRERSESE)]. W
2R ,2017,46(10) ;1705 - 1716.

(F#%8T W)



2025 4E2 A 1 ETCORBAR + WA + TONBER NEM BRI A — 0 BRT REEF - 87 -

system is put into operation, the operation rate without manual intervention can reach 96. 53% , the oxy-
gen content decreased from 6. 8% to 5.6% , the furnace temperature increased from 911.9 °C t0 977.4 C ,
and the main steam flow increased from 28. 1 t/h to 32. 8 t/h. Compared with manual control, the stand-
ard deviation of the operation data of the main control indexes after the system was put into use can be re-
duced by more than 10% , which significantly improved the operation stability of the grate furnace. The
intelligent combustion control system can not only make the operation index meet the requirements of en-
vironmental protection and safe production, but also realize the stable control of the main parameters.
This technical solution can provide strong technical support and guarantee for the sustainable development
of the waste disposal industry.

Key words: waste incineration; big data; machine learning; intelligent combustion control
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Research and Application of Remote Sensing Monitoring Methods
for Green Mines

ZHANG Yong', WANG Kunfei’, GUO Bin', WANG Liang’

(1. Inner Mongolia Autonomous Region Geological Survey and Research Institute, Hohhot 010000, China;
2. Zhongguancun Green Mine Industry Alliance, Beijing 100089, China)

Abstract: In recent years, great achievements have been made in the construction of green mines, but
there are also problems such as the difficulty of multi-sectoral collaborative supervision and the high pro-
portion of qualitative indicators. Benchmarking the new evaluation indicators of green mine construction,
using high-resolution remote sensing images to carry out green mine assessment, review and supervision,
is conducive to improving the level of green mine assessment and strengthening green mine supervision.
Based on the new stage, new situation and new requirements of green mine, aiming at the characteristics
of mine mining, ecological restoration, environmental protection and other scenes, this paper expounds
and analyzes the working mechanism of remote sensing monitoring of green mine on the basis of combing
the working process of remote sensing monitoring. This paper analyzed the monitoring objects and con-
tents of remote sensing monitoring in the ecological environment, resource development mode, compre-
hensive utilization of resources, green low carbon and so on. According to the stage characteristics of
green mine construction, this paper discusses the key points of remote sensing monitoring in the early,
middle and late stages of green mine construction, so as to realize the purpose of rapid filtering and
screening of problem mines.

Key words: green mine; remote sensing monitoring; evaluation index



