R

\Y YU

LI

www.chinacaj.net

B SR

F50%& FH3H 202243 H
B xR
A LR
HE R W S e £ T 22 G ML R AL 2 B AT TEAL T <oeeeeeeeeeeeeereemnererie e
........................ AEH, % K, B O#, TAE, FMF, RELE, B K&, FZTE, BRAEE (1)

FUREETE
1. 0 m LA T HHZEH

ﬁg’ﬁ(;@ﬂ kﬁﬁﬂi%%ﬁﬁﬁmﬁ .....................

PSR R N AR AL R SR B IR RIF ST vvvveerrreneeerennee e et e e e
............................................. kAR, MUY, AR, AR L E A, E 2 (46)
A AR TAE T 25 R B B IR BIFIT.  cevveeremeeemeeee e, I A&, R34 (53)
HE TR A H AU 28 L IPAL v A Akik, Euei (61)
HE A& 45 ) TSR SR [A] AL A BESE RE B VEAIFIY -ovveevererrememm e Lirzh (69)
WS B AR TR 2 YR NPT -ooeeeeeeeeeemeeennen WAk, k%, 4 A, Kk I (78)
DRALIRREAE /MR E R R e FEA, RER, FOR, EEA, FEE (85)
S Y SR V25 B B M AT BV G0 FEALIIFSE wvvvvveeerrrnnneeesnnone e ettt e e et e
................................. BAAA, B =, £&E, X B, sLiE&P, £ &, TEK, I I (92)
R T L (Y N I S A A VR (1R T LT PSPPI FNA, TEX (102)
VR VR 6 AR B (AR oo FHAT, BB, BWA, o, BRE (111)
REMFEETRE
REERARI LB BEARBTE oveeveeeeeeees XBAE, AR, AREAE, G R, Fom, FLF (118)
2 A B 2 K S 4 BT SR T AR T B B TR ZEHIFIY <oevvverrerernnnereeni e e e e
......................................................... Mk, TR, MMA, =LA, T R, FBRZK (127)
KBl A SRR IE AL R RORBLFIBETT veeemeeeneeenes KoM, KRFE, IR, B M, B B (136)
A LB AR PAEZ FTHORBITE oo evveeeemeeennes wk, L8, KT, FARE, FOR(144)
IR S FLAE RS 7 R AR IR IRTIFSE - vvveoemeeemeeemseee RRE, M5, BLF (152)
B E S5
[ Ik LR =T L A S Th e 98 A 2ot 5 T PP
......................................................... # o F OF, B 42, 2 OR, M FH, & 3K (161)
P25 SR HESR HP R R I HLE T & W 2 G 2 RE R PRI <oevveeerrrneerne e
............................................. = M, & M, WAL, Faos, B, BAF, 2 B (169)



www.chinacaj.net

I s 2K VP A R BRSO BT B e —— i AR S A A

--------- fLpwm, A TAMK, ITE, A O#®, A K, FPEN,

BT LB RAE 09 125 B LR 4% B 43 A1
............................................. StHE, RkEE, K OB, & R,

SRR SR AN IO S N T L i | A 1 O R
..................................................................... IER, BRF,

BT GIS FIBENLARMR R 3 X I FH LR B oo I, E R,

BEF SBAS HIAR RIS R Zs KA SREMIT e ko F, T EM,

FET I R R0 B R A DX A B 2 I —— AR b =5 DX g 49

.............................................................................. *FEF,

11 m WAL R REAL TR G HEROAR B e s —— DIBRAL R % 28 B T A 491

% R, 2R, KER, TRIK, BRI, & W, F F, Kek,
B SE8el
A [ N e ST el = N T T WiEE,
SR K B RE L i KR AR AL NS R 5 o0 by
......................................................... T %, TR, &
T AKPCA BT WLAN [ BFELLTENL ovvrereverreneeniiinin.
BLT R BT 2R G R ALt Sk i 7 SR W S v AR ST
..................................................................... & gk, T
SR LS AR BFSE IR L R BT <o WA
TG B Bl AR e AR 1L A 45Ul 1) 197 BAR
......................................................... A, MAE, BwE,
i TSIRMR
e i~ SRR G RN T N AL AR 5 AR 5T
......................................................... x|, 3R AL, BAF,
VO DX @ A BE A K B ZE AL B AR e e TR, FoRE, k4,
AR R B RR PR 1L K b Cu® | Zn® B9IRER ST
------------------ WER, FAML, ZRE, # @, R ok, ZUE,
HERT 7 2 AT AT L RZ B REFIRIFSE - vvvvvrvrnrmnnnnnmnnniiieinsnneeneeeaneeaeeaeeeens

R AE,
#isE,
T,
%R,
RUE,
Bk,
| R,
Bk,
n A,
o,
A
ES T

WIFIZEARSE. CN 11-2402/TD * 1973 * m * Ad % 315 % zh * P % ¥ 40. 00 * 15000 * 35 % 2022-03

P, RIEOE EHERIES. BB 02

ERET

B

AR



www.chinacaj.net

COAL SCIENCE AND TECHNOLOGY
Vol.50 No.3 March 2022

CONTENTS
Special Review

Geochemistry characteristics and resource utilization of strategically critical trace elements from coal-related
FESOUICES -+ ce e eeentmeneenentnnenenenennenaneenenenemeenenennmeenemenneneneeennen QIN Shenjun, XU Fei, CUI Li, et al (1)
Mining Science and Engineering

Research on key technology of intelligent coal ploughing mining in thin coal seam below 1.0 m -+-eseeeeeeeeens
.................................................................. FAN Zhizhong, PEI Yinchang, LIU Tianxi, et al (39)

Study on failure characteristics of stope overlying rock considering strain hardening characteristics of caved rock

INMASS <+ v e e nre e et et e e aen ZHANG Guangchao, TAO Guangzhe, CAO Zhiguo, et al (46)
Study on ground pressure behavior law of fully—mechanized top—coal caving mining in shallow buried two—way
inclined working face ««+««everereeeeerreiiii GUO Tao, ZHANG Kunming, et al (53)

Support optimization of ultra—large cross—section chamber in underground coal mine based on numerical simulation
............................................................................................. SI Linpo, WANG Xiaoging (61)
Research on reasonable width of coal pillars between caverns of Wongawilli mining ----«--eeeeeeee MA Jingong (69)
Analysis of actual measurement of cracks in overlying rock on roof of gob—side entry retaining during secondary mining
..................................................................... GAO Yongge, ZHANG Qiang, NIU Chu, et al (78)
Application of deep hole blasting in roof control of small coal pillar roadway — =+-eeeeeeeerreeeieaieiiiii..

..................................................................... BI Huijie, DENG Zhigang, LI Shaogang, et al (85)

Study on optimization of coal pillar width of gob—side entry driving in thick coal seam with gas outburst ------
............................................................... ZHOU Lijie, CHEN Liang, CHENG Zhiheng, et al (92)
Mechanical response analysis of rock pillar under the impact loading — «-eereeeerereeeeeeieieiiiiiiii..

................................................................................. DONG Chuanlong, NING Zhangxuan (102)

Study on vibration propagation law of frozen clay blasting in deep mine shaft «-«+eeeeeeeereeeeieiiiiiiiii..

........................................................................ YU Jianxin, GUO Min, GAO Shuaijie, et al (111)
Safety Science and Engineering
Study on safe tunneling penetration technology for large diameter rescue wells «oeceeeeeeeereeiiiiiiiiii..
.................................................................. LIU Mingjun, HAO Shijun, ZHENG Yuzhu, et al (118)
Study on influencing factors of gas emission in horizontal sub—level mining face of steeply inclined and extra—
thick coal seam ««++vverereeiiiiiiiii CHEN Jiangiang, WANG Shibin, LIU Xudong, et al (127)
Study on mechanism of delayed water inrush caused by mining—induced filling fault activation «+-e+eeeeeeeeeees
.................................................................. ZHANG Peng, ZHU Xuejun, SUN Wenbin, et al (136)
Research on damage effect of compound perforating technology on soft coal seam — +++ceeeereeeeeeneeaiiiiiii..
............................................................ YANG Zhaozhong, WANG Nailu, ZHANG Ping, et al (144)

Experimental study on effect of water on creep acoustic emission characteristics of coal containing pores

..................................................................... ZHANG Tzanjun, CHEN thyun s PAN Hongyu (152)
Earth Science and Surveying

Distribution and geological controls of tar—rich coals in Yushen mining area of Northern Shaanxi = «+e-eeveeeeees



www.chinacaj.net

.............................................................................. XU Ting, LI Ning, YAO Zheng, et al (161)
Stability analysis of fractured coal reservoirs under different stress mechanisms in coalbed methane well drainage
.................................................................. ZHANG Peng, MENG Ya, LIU Chaoying, et al (169)
A new gas—accumulation theory of tight sandstone gas accumulationin Turpan—Hami Basin—proximal —generation
and proximal-—storage type and self—generation and self—storage type — «eoeeereeereenreiiiiiiii...
............................................................ NI Liangtian, ZHONG Jianhua, WANG Guilin, et al (176)
Prediction of residual resource distribution of high—order coal based on fracture characteristics «+-eereeeeeeeeees
............................................................ CHAO Weiwei, ZHANG Jianguo, ZHANG Cong, et al (187)
Effects of brittle/ductile deformation of coal measure shale on pore structure in Juhugeng Mining Area, Qinghai
............................................................... WANG Anmin, CAO Daiyong, WEI Yingchun, et al (193)
Comprehensive evaluation of building damage in mining area based on GIS and random forest —+-«+veeeeeeeeees
..................................................................... WANG Wenna, WU Kan, CHEN Ranli, et al (201)
Exploration and stability evaluation of coal mine goaf based on SBAS technology «««+tceeeeeeeeeeeeeenianiiiiieiin.
............................................................... ZHANG Feng, DIAO Xinpeng, TAN Xiuquan, et al (208)
Dynamic monitoring of cultivated land changes in loess mining areas based on time series remote sensing;
a case of Dafosi Mining Area «--eeeeeeeereeeeeneeieenee. GUO Qianhuizi, TANG Fuquan, MA Ting, et al (215)
Key technology and equipment of intelligent mining for 1. 1 m hard and thin coal; Jurassic coalfield in

Northern Shaanxi as an example -e--eeeeeeeeeneeennn. HOU Gang, WANG Guofa, ZHANG Jian’ an, et al (224)
Mechatronics and Intelligence

Design and key technology analysis of coal—gangue SOI'til’lg TODOL  toveeseeeoseeeereteetiiniiitieitneireeserecsncncnnss
.................................................................. SHANG Deyong’ JHANG Lin’ NIU YanqL, et al (232)

Modeling and analysis of attitude regulation system of underwater inspection robot for coal mine pumped-storage

POWET SEAHON  +++ s sesrmmmemsrersressntiiiiiitiir i HE Tao, WANG Chuanli, GAO Bo, et al (239)
Location fingerprint positioning of underground WLAN based on AKPCA algorithm «-«+eeeeeeeeeeeieiiieniiiaie.
.................................................................. SONG Mingzhi, QIAN Jiansheng, HU Qingsong (248)

Study on positioning strategy and technology at end of shearer based on ultra—wideband system ««+-eceeeeeeeeeees
........................................................................ CAO Bo, WANG Shibo, GE Shirong, et al (257)

Research status and development trend of cantilever roadheader navigation technology =~ +«--ereereeeeeeeeneannns
........................................................................... TIAN Weigin, TIAN Yuan, JIA Qu, et al (267)

Permanent magnet driving technology and its application status in the field of mining equipment — +++eceeeeeeeee

..................................................................... ZHANG Lei, BAO Jiusheng, GE Shirong, et al (275)
Coal Processing and Environment Engineering

Simulation study on temperature field expansion of surrounding rock in underground coal gasification considering
coupling effect of l’llgh temperature—thermal PATAINELETS ++ v +v v cvsersrennententnttotoutetiittitiitotettanoinentnes
............................................................ LIU Xiaopeng, GUO Guangli, DONG Zhiyong, et al (285)

Technology of membrane distillation treatment for highly—mineralized mine water in western mining area

Experimental study on adsorption of Cu®* and Zn>* in acid mine wastewater by modified lignite
.................................................................. DI Junzhen, LI Mingwei, WANG Xianjun, et al (301)
Study on stability of gangue mountain in discharging method -+------- LI Jianhua, CHEN Tao, YANG Mulin (308)



(AERES K B A
F £ EEE

B ER E I
RENM

w3

W
pali

THEA
TR
Him
XA
IEH
fal24 ¢
Bk A
ik
PR

EEE

Pinnaduwa H. S. W. Kulatilake (USA)

www.chinacaj.net

(ERMEFRAR) ZERBEZRS

E
HRlsE
RIAAT

T Ol
EXE
SR
XG5
PN
At
b g X
Bt
L

BYIL
HIRB
MR
XU
M
ik A
K%
GG
Ha
FMA

it

E
XU
e
FSiies
DAV
L%
E T

Wi &

A.J.S. (Sam) Spearing (USA)

F & EREE

Bl E & R
#uTES N

Sl o
LN
X
ZERNI
HSRIN
JiatE
i

L

VAT EAFREE, A YEIEREL)

COEbR R XS AR
KEET KER KEE T R
RRAE T AR g
i3

BER
BUER
XU
FHE
SKPZE
JEAE I
2 #
BEIR
HER

Ke LIU (USA)

REHE W K KRB WNW R

(BRRBFERARY

(UKL E AN FH)
RUMESTREL

oM & ERMH
Xt bt
NI Q- QS
(L 3 N
REMZESTREEW

oW £ ow £ oK
ZIOH B
JI%F - JHERE B

& X R

K

MESEELEL
EXRIINLE 'S
e SCH#E - Wi
WREESEW
T | E F
A 2rg

LR

2R

AR 4tk

i S

il
s

A
e

JA K

TEA
e
KR
%%FS\

BRI
GRS
H M

L fh
PR

5yl
IR
R R

PR
KA
J& B

i
e
/]

A

TR
TREH

eSS
i
e
W

pdjiis)
KRR
R

INE =

Rz
Wk

i

BN
TIEE
AR
XU &
¥ B
S/
JiEte
Bqckn
i F

W1l

s A
R A

¥
P
S
FPH
]
sk

T
FRA
AN
bk
7jiads
HiE

i JAER
TN %ﬁj‘}ﬁb

Led

Y. Paul Chugh (USA)

SHE R

Lt
(70
P

XK o
SRR B
xR

Al
R
ity
#h

X%
Wil
W

it
&

PURR
.
# A

ki
RINE
fEEARES
w7

X
HE

b

XA
R
5

ZEBAR

=

o

T
FHide
WL
Rt
sRE G
KTt
HATL
MR R

Argyle Douglas Stewart GILLIES ( Australian)

Y NILER
B
B
fir LA

PN
W

HRE

EISAE

X PR
ik dl
Uik

Bk
%
LB
I
L2
o
THT

s

A

b
USTAN

R IE

Ry

Xl
KEE
AR

BRI
O BRE HISE

T
M5
Xl 5
VFEM
e
PRI
55338
LI
i

X it
ENi
FE |

% 5
MRl
Rl

Pritt A

VRAe
st
W



(1

% 50

MR EAL
MEITAN KEXUE JISHU

BF (1973 A7)
£ 3R 569 ) 2022 4E 3 H

www.chinacaj.net

COAL SCIENCE AND TECHNOLOGY

Monthly (Started in 1973)
Vol. 50 No. 3( Series No. 569) March 2022

* T ExTULULREMUESD Responsible Institution National Mine Safety Administration
£ B IEREIEFAR SR Sponsor China Coal Research Institute
H R UEREIESRAR) RiEs Publisher Editorial Office of Coal Science and Technology
* w ITEX Editor in Chief WANG Guofa
> eputy Editor in ie uanchen,
B * 4 Kienk D Editor in Chief ZHU Sh heng
hiETTHE KRB Executive Chief Editor DAI Yanling
B £ £ 52 5 Deputy Director CHANG Chen
BERE = 5 ABEX B=0E Responsible Editor
7 CHANG Chen ZHU Enguang HUANG Xiaoyu
ZHOU Zibo
BFrREB =)W EER . . : -
£ Bl e EETENRIERAS Digital Editor HUANG Xiaoyu GONG Zaiqin
_ puly Domestic Distributor
BRRT (RRNZRA) RITH Editorial Office of Coal Science and Technology
B & 1% 80-337 Overseas Distributor
i [ EEFIHE China International Book Trading Corp.,
B % 21T TEEMESRZEEERAT (P.0.Box 399, Beijing, China)
(bt 399 f54#) Overseas Subscription Code M189
BoaRS Mo Address Coal Tower,Hepingjie District 13,Chaoyang,Beijing,,China
r- .
PERE s as 20000056 5 Price
gic 8 RMB 40 Per Issue in China
ith b TR 13 KA US $ 10 Per Issue for Overseas
R R - ISSN 0253-2336 =:| & : (010) 87986431
* CN 11-2402/TD EB MBS : mikxjs@ vip. 163. com
BT : 40.00 5T $RERILE : www. mikxjs. com. cn





