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Abstract: Based on the systematic synthesis of previous studies, main aquifers in inland catchments in northwestern China were

summarized, groundwater circulation in mountains, plains and deserts were described, and groundwater flow systems in plains were
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specifically analyzed. Due to the tight connection between groundwater and surface water, aquifers and rivers are hydraulically
connected to form a system. Therefore, either groundwater or surface water exploitation in the upper stream can result in significant
changes in water resources in the entire catchment. Groundwater resources assessment shows that the total groundwater resources
are 78.3 billion m*/a, of which it is 48.7 billion m*/a in plains, 19.9 billion m*/a in mountainous areas and plains, and the current
mining rate is 12.8 billion m*/a. Groundwater resource potential analysis indicates that groundwater potential is limited except the
Cadam basin and the southern marginal areas of the Tarim basin. Hence, groundwater carrying capacity can only be increased by
enhancing groundwater utilization efficiency. In the further, saline or brackish water utilization, research on underground water
reservoirs, studies on groundwater ecological function and ecological water requirements should be enhanced to provide technical

support for the rational development of water resources.

Key words: hydrogeological conditions; groundwater resources; development potential; groundwater flow system; hydrogeological
survey engineering; inland catchment of northwestern China
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Fig. 1 Main basins, mountains and deserts of inland river catchments in northwestern China (after Qian Zhengying et al., 2004)
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Fig.2 Groundwater types of inland river catchments in northwestern China
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Fig.4 Schematic diagrams showing groundwater recharge of piedmont plain (after Li Baoxing, 1982)

Pz— Paleozoic; Mz+R—Mesozoic and Cenozoic; Q—Quaternary; a—Direct contact between rocky mountains and Quaternary (east and west part of

southern and northern food of Tian Mt.); b—Mountains and Quaternary separated by Mesozoic and Cenozoic layers (east part of northern food of
Kunlun Mt.); c—=Mesozoic and Cenozoic uprising in front of rocky mountains (middle part of southern and northern food of Tian Mt.); d—Hidden

uprising in front of piedmont plains (in front of Altai Mt.); e—Multi—row uprising in front of mountains (west part of northern food of Kunlun Mt.);
f—From southern basin to northern basin (Hexi Corridor)
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Fig. 5 Water table contours and flow directions in the Tarim Basin

T r S R R R ELAT LK B AR
S REE ALK K RS r Al T /K REMTE
TR AL T K252 Y 1 R R AK A B FIR L R K
TOFCANZ, M T 7K p ]2 00 1L g 3 b o B 3T
L s TRAR T /K AE VPSR 10 L X 42 32 A L R it
TKANE AR VD R MR R K ) EARR, LR Y
T 3 1) WA R, O e 28 5 i K 28 R i (Hp
ME45,2019; EABTFEE,2019) . Jb3#HL R K R Ge4E
PR KBS JE 40 mm, oK A B AbA LR K43
55 , Hb T K AT BE S EEk [ 5% TG L XA RN K kb
2 1) VG VT 1 RN L R 45 W8 e A
HRYE T RN Z5 3, EL PR35 AR UD T X b K B b
RN 1.940 mfa, FEER HAREILIX 1R RE
5 2R T T T A ok e T S D 4 VD X
IKABENG o
2.3 FERMTKFRS

XoF PG At Ak VT 38T S DX KK I R G
MIESE , 28 Mg A 2 (b B PG b S 7 T 52 X R K

RGN (ZESCME%5,1995) . il i A Afr ek AR Zth |
YENE IR 7 MR dek A M R OK R R 48, s TN
Bk T S EL AT DU T K IR R S (K 6) , BILRT =)
W R KRS (1) XM F KRR ARG (D) i
MR KR R e (D) AR Ui 5 728 ey b T 7K i &R 46
(V) (ZECBAE,1999) o W HFE45 (2003 ) M X 5k bl
TR R LR AT PR A AR DD AR R MR K IR R G
KR T X MG BEE Fhoris B ad 72 DL R B ]
FAE RS T T, R KR R SR 53R R L R K
TR G XS T KR S, i — R4 6 4
W2 FE R K I R G Lk W b &) o A I X
N5 AE XK I R G b, WA 2200, % s 4
(2003 ) (K] 32 T RE S i Bk HR A T4, TS 2
ML FTB R 4

LR 30 v 7 AR B I 2 34 T R LRI R M
TAKMARSGE, M —RIEEEBKSKZHB., ZFR
Gt N KAEIABI , b 7K B AR 1~3 ka, &b
TGS UEAT 0 ARG, 20/ NT 1 g/L IRIK
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Pl 6 PYAL PRt I sty K R S8 (46245 SIS 452, 1999)
1—Eh TR I 2—/KIRRGEI I 5 3— KR RGN 4—58i5 K
S5t 5— 5 6— AR IK: AT UGS, B—iERSAE C— TR
Fig. 6 Groundwater flow systems of inland river catchments in
northwestern China (after Li Wenpeng et al., 1999)
1—Salt transport zones; 2— System type;3— System boundary ;

4—Aquitard; 5— Spring; 6—Tongue—shaped freshwater bodies;
A-Dissolution zone ; B—Transport zone ; C—Accumulation zone

PEIX AN R G0 K IR & BB IX, LR RE
ittt . XA RGN BRI ]
IKEI B RN A2 PR, 5 R 1 DA i T 3 3
AN B FE S 2 SR K HFF L4 B e ) (22
SCHIBAE , 1999) , A AR X X6 7K B8 PR A T R AR T
S ) FH 43 0 5 S sk 1] A %o SR K B HE TR Rl B A S &R
G5 1 L R o L] P JER Y A 2
R, AR T K BB K T A i, LA AR 1)
SRR B , oS AR R T K IR R g b R
TF& 1AL m® 7K IR, Ak I8/ 0.23 42 m*, Bl R
JE AT R 1 AZ m® B3R 7K SR KK T s A
D7 3503240 m* (T A4 ,2002) o

A L2 TR R IX 3 R /KR RS, X RS
RS A HZRNZERE KRG, %RSE
MR 7K AR I AR S o 22 0%, JL T A T AR
A, UC AR —EAE 10~30 ka, D 3T LAGA F] 50 ka,
IR — WA 25 o K AE 8 5 “CARB XS LU E |, 2
CHERY R F30kafif , Hl e A — & R &
(Cartwright et al., 2017) , PR I HE BT DX S8l b 7K A9 4
WA N S AR BLR 25 M LS Tl e 40 2 BORE £
BRI T3 — A5, # 7 /K A9 K 45140 182
ka, M “CAE W 3 J7 Z4F (FF S0 45, 2020) o s i
R KR G0 BT T E g R HOK R 2%, L
PR EOK SRR A R AR (1 5) o ARAE E AL T
KR ZR GEAE T ) 5B JE , I N K 43 2 BURE 530

T K ST AR AR R TR 2 R KA
75 REAIONINT A

TR KR RS, A WA 52 iDL
(AR, — 25K RGN A LA L2 A
WG (] S) (HAERm L AT . DIERER
I 8 AR B o, X6 IR I, A DRI L1 T Ry 0 M
KRG R I AR KT LLR 300 m X T/
W, A THAE LA R B EOR Z (0], 13X 5 1] A (AR
UL A S IR 14T G R SRy K I R B S A AE K
I 100~150 m 2 F 34— G 25 ,2002) . X
F XK R G R T KR R RE A, R
A BR T (253008, 19955 25 B4, 1999 ; ik ke
85,2002) . Bl o3 )2 BUREROR A9 & e, i it 43 )22
FE IR MR ALK A2 (R AL &, A RS ik
PRI . 0 KU R G0 A B A RE T e L X Ml
KEA IR AR, A P Rh g R, — o2k
R X I T KR R GAE IR R AR , 52 KR 1%
AR AR EOR K AR T W A% R 2 T, B
BT R N K BT B IR s 5 — R
P M T KW T 5B 4 )2 o 10 3 430 iy 51
B S NI =N R =3 A N1 95 A Ol AR ]
AT
3 MR AKE RPN 5 0B
3.1 FBiFEEN
3.1 MR o 5R N T &

Hi R K B PR A DL R K B UR X R A R
J6, HR o FEURAK S T KR R HER A, F
JEF T K -5 b KA AT 43 E Y 56 & FE TR
SRR, — P S B K SO R PR TR 43 M
TARBERIX o BT R P b P e s 4
DUAS— 2 T K GE R DX, RIS K it | o v R 4
Hiu JAT VG T JBR RN 48 TR R Z M, A L BE A B SR A
TAS AT IX (A AE, 2004 ) .

H L e DXORIF JRE X B 25 AR A L S R fig
FEEMARR PR BRI . PR TR, —
P A v 2R T SRS A3 AR R JEX T L
(B /N Ml | L[] J) 201 S e 1 B X 28 i L Fre X
KGR BT R AR AR S Bk G, —
FHHEM AT R (XL 555, 1999) , HEt A 4%
FEARI L5 | LR AN 1o 30 M B L LRz SR K
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T Hor SR )1 3 R FH L 9 40 1 i 2
TR BO A L vE A e 3 A LR SR K
FRAE S BRI 5 . 78 TAER AR A X, I
CHOR S b SR RN 25 R s AR AR R L
Fr X TR GE &, AR A U, TR AR
ik, WrR AR R

R IR — R P A 4 B VR T RIS A
i, KM TR s . FIRIX R A B2
FEFEAK S HTI N2 KB kb 28 (A5
Wi RR YU HEAB S, HPREKABE
o5 MFKB AN  H B AB R A B ZECK
5, LRI [ 24 R A LB X8 2R, 7 L X
X R KSR A R R R R
() o — TR AR ALEE 1 LA O ) 428 3 o A 23 v
Tt s IR I X ACE BRI K R — R Eb G 3
ittt , P A B AR IR X AR R Hl R K A
J& T HEE R AR BT L DRI B X b T 7K
PR, FEANBR I A, R AT A 2] — S I
KB
312 MR

ARUR F BRI S — UK B ORI AR =K
4 [E MR K BEIR IR (85 SR T 00T . B —
K BEUEIEA Y BAR 35 S WLAE 1987 4F A (rh
EK GEIEPEN ) (KT HLF-EBK SRy, 1987) , 55 Ik
R ACF RN R T R0 & s 2L A5
i 5 (IR EAh 25, 2004) o AL, FHEA A X L
KBS BT H I 2 T H R K S IR RN T AR, I
o o A R O k£ o el i ke [ A | R R 4
R ACH IR PR SRR A LR R S R
I AR A (P I A i 2 b b K ] ) R
HAMRBFSE) (RAEAE ,2001) (b PG AL 4 X 0 T
AKGEIR ) (32 B, 2002 ) [ P 0 b X K 9% R
BRI (R EAE4,2002) o MR % BEPA 15 , By
NERTEARHFEARIBC(FE 4, 1982; 1%k

¥E,1992; XML B2, 1999 AR AEAE 2001 5 B4 B4
2002; T 74,2004 4R 2155, 2007 ; FE{EAE 20095
kI8 L, 2009) , B KB PR R £, XK R
AT AR R D o LASE R LR 7K SR 1 &5
TR IR R T 45 E A T KB PR (R
1) o $E5 R R K GEEPEM 25 5, v5 b PI BT 3
S MR K B R 77442 mi/a, s HLK G R
YENE 7R b i L R /K SRR R K, 292 30042 m/a,
HR AT E A R 8442 m/a, SEIA AR bR/ N A 61
fZma,

WA ML T KRR ES SR (R 1), R B
TRVEH A MR K B R A A — U B, A
65612 m*/a ¥ N3] 77442 m/a, F-IA3E R K 18%. M
% FEIRIRE IR T 8%~100% , Hrp 38 i 5k
)2 0] G R R B X, 3T 7K B YR AR A A i P 2
EHMFRKB T RFHA I, B R AR T
IK BB SR, s F K A i 205 B X R
TKAMA ) 60%~88% (FRI4RLT ,2007) o 5 — kML T
RGN 25 Tt Fe W, i b F K EE A 10 1 T 7KCkb
SEFE LA R B R o5 21 T 70% A b AR i 2 T
MABEMEEAB ERREENHAT(E2),
T 3 ] Bl T PR T, AR R o R A R AR
ATV S JBR P ST G S b AR 0 T3 10 7 hm?
(B4R, 2019) , 35 S H X A0 AR 3t T AU i T 24 32
T hm? GRS, 2014) , SEHE B 2 Kokig
THE IR G, Bt 2 B b 1 1 N R T A 5 2 R [E) A
B RN, R R T A g R RN A =
o AEAEBLIIIE] , B AR M T /KO0 IR ARG T, 5
FEIE T U R (LS T il A ) R /K 93 TR A
AN LR A, F B RNl T KR kY
Z N LR K I8N B (XIAE 545 ,1999) o Hedn
2000 4EHi 5 WA 45 3R, 5 20 that 70 4EARORAH T,
T LS K SR, AR Tl B 8 2 A SR
Ui SR RN R R UE X, R KR 4 i

&1 P BRI S8 — R A1 S R Tk B IRITEM &SR

Table 1 Results of first and second groundwater resources assessments for the inland river catchments in northwestern China

XA B L/ (10°m’/2)

PR X RME B R/ (10°m’/a)

SR E/(10°m/a)

X PR P PR P PR pr—
F— IR Bk IR HFIk B
IR A Y 195.5 221.8 2273 333.4
e 370.9 579.5
THENES 7R 28 213.9 130.7 158.0 296.2
TAI 7 R 14.2 27.5 45.66 56.7 41.8 83.7
SEIEA L / 498 35.1 44.9 35.0 61.0
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Table 2 Components of groundwater recharge in plains from the second groundwater resources assessment of inland river

catchments in northwestern China

M Hb KA/ (10°m/a) K
FK TR PSS FH Ji1] Y b RIS H Ak g
B EAR 5.5 68.3 80.2 18.9 6.4 8.7 39.2 80%
THEMES /R 2 b 11.4 62.6 32.7 9.0 4.4 42 33.8 71%
0] 5 7 5.5 21.0 9.7 6.8 / 4.6 5.9 79%
WL 52%~69% 1E A 7 TE Y 52 T TS e T NI

H T, MKFFRA U 55 =50 i R /K BRI Hr
A RE , REB A W5 RE/NESR, 25
S Bt 2 A TE AT WK PR W 1=, 7K B IR A4OF
FABAE AR WE =, B AT PG A6 N Rl Sk
PR A R B  EE Y . HEE IR 7 F 4
Wi A s 25 R R B B E A H R g = — A
B, MR A IS D 800 T ma (X 4L & 45,
1999) . 55 M T K BEIR A A LL B 0 i
BRI/ T 20 240 m'a, [FIN, 2 4R w2k
5P A TN T & E AT Nt/ =e: N i ) VA 0] 5 I PN
B IR AB S B A R ZE

PEZAR S L RO RN L 2
B 2 £ % LR Z AR, 308 5K B A 2
P, BRIP4 At AT — 2 PN o M BT IR
2002) . Hb R IKGEIRIEAN BTG ST 4 S Rk
— R GFICA XS, RS 8KER X
ISH, IRBGX B S5 T B R 2RI AMA R =
PIAM A S o P 0 A R R I S 5 (an e
KB ZEL HRIAE R FEBOR R ) B2
WA FR I 25 (M DL 5E 4 5 P AR 2= 1l 2%
—H, EFKZESHEFEW, HZ 3K & T
FAFIRTE], Ha g ST LU= AR i 22 57

MK RAEYE, /NF 2 g/ B 2 5Bk
PGS AT 5B 0 2 3 7K (RO T K R 2 R TR
KO RV Y EE A5, AT 228 % 2~5 g/ B TUsK
KT 5 g/L BJSUKIEAT TIEMY, PR i 6K 6] pa b
XA LA — 5 1 & (RIAE 5 45, 19995 5K S5 4 45
2004) . EE R HL T KK T, I~ 2K R
R 18% , IV 28K BT i 5 1 59% , V 2R /K B s o L
23% (7)o 7K JPi 22 B fh 28 HUR g 15 I KSR
JE PR 7 ), NS Bl i ¥ Y 32 B % A TR AH

NZEFF K BRI, A2 5% R KK 5 7= A

K, MR KA B, 25 A0S , KR S5 T iRt fk
DX W 7K K BT 1) 26 48 7 1) e, 3 PR3 BUR b AL
FE TR A A B B (IR R 5, 2021) . A
FIA S M A BLAE S b IX, —J& 7 A 288 SR
B X, 1R OK R ZUER , & R ECE m A T,
WAL 38 K, V5 Y 4 0 R TS e AR 1A o (R 4
2017) s SR AE TS R i X, A T K A E
SETF R A, SRAK RN, SR KR AT A
Bl 2 98/, FESR LA 28 R MR AR VE T IR 2 H T K
(7K Sk 0k, anyeT v JR 1) R h 2 vk 2 e
KB AE B iy 20 T4 50—60 4ECHY 2 g/ | T3]
90 4FAR ) 4~6 o/L( T M4 ,2002) .

3.2 FREHSWH

FE VAL P Bl ATk, bR KB R OR WU
S HPTE AT JRIX, — R b K TSR R ABGA T
(L 55,2003 ; BRIEAESE,2009) . #2019 4F 4>
FE FUH R T K BRI 2, P Ik P i Tl S
TR R A 128.1 42 m?, Herb 1 B R 235 1 R o4 WS 7 4%
AT 106.444 m®, I PEEJER 19.942 m’, 5835 AR A Hh
1.842m*, 555 "M R K PEM B AR L, 8 A0 T
T 544 TR i . MR K IR EEUE T4
b, 5 B IT R AR 80% LA, Hvk S Tolk AR 3%
FHK . MR AR AR 16 /K 9 SRR, Wy Bhsm s
TG AR 47140 m?, B A TG K R 1Y 43.8% 5 78
TA] P JBR b DX AR K o0 1.06 /2 m?, s A i 43t
JKEE 1Y 88.3%. HHUKH T KGR PEAN A (1K) ] TR
i SRR AT R S L3R 3.

X H R K FF R TIPS, — R IR AR
(RIS, AR AN A S, B SR AL E=100%x T
SRt/ FFR R o TR T 100% 1 1 X 2
SURHR X, 80%~100% K A5 X, /INF 50% h HAT
WX (PS5 55 1998 5 FRFEAE4E,2009) . M H I
I SE R , R AR A A B T PR A 7 7 I
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Fig.7 Groundwater quality of inland river catchments in northwestern China

— B Hb T K AT R B R BB E BAT RN E T, BV
J B R T #R T oK 5 o BT AE B IR R S AR Z
S N Ve v (R 2 A R 3 (B = 3 e a1 o
AW AL I HE A (5 B, 1996) , H RiTHL /K FF%
TR VA A R R (R AR SE,2006) . —EHLTH
IKIFR I GETH /N, A 25 A A 26 b XA ] g
T/ IN30%~50% PRI, G THI A D 38 S 35O R AR
AR L SE BRI /0N , 3 B — R 13k LE R
FERAE &, FTE 20 T4 80—90 4EAL, A 2 A
Sk VA b L X 0] G A JEG | o S R L R 3 LR
FEHOAER A HL X, I T R KO R R A S
IRBE IR (2R 5%, 1982 1R JEHE,1992) o T AFIH
TR sl ()57 28 7k, % P b P s B AR i S R A T T
PR, K B4 b X L AL TR AT RR 22 RS (E

BESE,2019) , ESMEFEME T 23k R 2 5K)Z
fitt e B TH B AR BE AR 52 6B T, AR 38 IR 4 JE T
N P g b R v T B LA b 1) b T K T R B ™
&, K B BE 1155 (Richey et al., 2015) . FI/H 2019
A 2020 4F [ R KGRI LR, 254 D s R K
AR, ZEP AL PRl B o T 21 bR
KX (e 4), AL 3.03 77 km* (K 8) , tHIESE T
543 HbL DX i T K EL A T AR

XF TR BRI 5, P i 50 XK 3 R )
TRHELR 2 AR B IR FZKAS RRAIR T B R 119 50% ,
1 g N 2R K A g i 50% (8% IF 9 4§
2004) o, {HXF T4 R KA TF & R AR E LRR , i G
FERMEEIE . I ARG IR SE SR IE X R ],
L IX 7K & 70 240 m’, H KRN 1 40 244 m*, 1T

&3 FEACABEAAIEM Tk B R K& N

Table 3 Groundwater potential of inland river catchments in northwestern China

B — MR KPR/ (10°m*/a)

BB R R KPEAN/(10°m/a)

1 [X — — - — — —
AR FFR %7 A FF R FFR& FER#% 7
PR G 149.1 . 144.4 27.0 117.4
- 26 202.2
HENES /K b 79.1 90.4 243 66.1
ATV E R 19.0 / 41.1 23.6 17.5
LRI AR T Hh 21.1 / 31.0 1.4 29.6

TE RS F KR AIZE2IZE (2005)
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Table 4 Groundwater depression zones of inland river catchments in northwestern China
NN T B IX TR km? TiE
ARG I TR A 5~10m 10~20m 20~30m 30mblE  &itF  /UZm®  FE4
1 VORI S RO RBEIX 15062 43.80 19442 2.36 2000
2 VO HELT AR T K TR IX 16.12 16.12 0.17 2000
3 FiRo R B R K X 256.49  83.08 339.57 613 2000
4 BEEARFM ML s N AKX 378.90 378.90  5.88 2000
5 o R KR BEIX 8.13 8.13 0.13 2000
6 EEH KX 1520.10 3133.51 4653.61  120.87 1961
7 FLAR R T REIX 32721 92144 56094 70535 251495 121.12 1971
8 TN — I I BE R X 1769.39  2239.42  1390.74 51894 5918.50 143.46 2008
9 VST REIX 169.44  73.68 17.73 260.86  3.80 2008
10 " L%jﬁ?ll%lz 1859.56  1424.87 328443  45.13 2008
11 REETFREKX 1729.82 253324 103431 39649 5693.87 130.86 2008
12 e N EX 164.17  262.09 24.12 0.62 451.00  7.55 2008
13 SRR 143.84  36.76 180.59  2.17 2008
14 HMIX e HE—f K REX 185 313 498 9.12 1999
15 A BTN — R T REIX 328 328 2.46 1999
16 Effz PN DX — T T RFIX 220 150 370 390 1999
17 AT SRR RE—KET FHIX 293 194 487 511 1999
18 G EA IS AR T REIX 250 250.00  1.88 1999
19 A8 T EEX 120 396 381 207 1104 3544 1999
20 ﬂﬁﬁiﬁ X KRR 1260 413 1673 1874 1999
21 SR SR BEIX 778 528 253 129 1688 57.02 1999
M 11927.8 127459  3661.8 1957.4 302929 7233

FRE 2740 m*  (HIF R &R 5] 642 m* B CRIREMNG
I 15%A A7), 10 4[] R KRR 0.54 m, 3=
B R it O O K (R RS, 2006) o EE ORI IR
5 R A T Y AR A R g, TP AL N i
S e L N A 1 DR o [V N R o 7 s )
25% VASLAPRIE, BRSLIA AR Z 10 5 R 4 1 g 2%
B3 b X AP A i DX TSR] 8 2 b DX A A X E
Toit— IR I,
4 g W

FEVG A A BT, i - E K2 R A %
VIR Ik 22, I A R BT 5 e 1 /K 9 0 40 L
— e X HE A SR B, 5 HLF & R B AR K, 7K
YR 3 L P5 B b DGR, SE 22 () B R G  A
A GOS0 i B I s T i . PRk, A I P L
DAY B 90T L 38 5 2 — 2B R ARK B IR B A R, <RI
5 I, 3 R K TR A R R ORI
HoREBE ST o AV 78 4 1) A A8 At R i 7K o

621 1 W o 7 /= I W 7 TR e S RIS N B S R
e, I naE s T K A A TR S5 AR A T K & AT
5, KRS ESRIEE
41 FiESTRHIZE
4.1.1 ik d 58 0 KK TR TR H AR

Jnss R (G0 8K B B IRA R o Pa b P B
TRl A2 A T SRS, AETE R TE AR T (730
JK o DA SR X R ], el B R K (R 2~7
/L, BE B2 5 0] 922 T A b HE R 1% b T 7K ) 43 A 1T
UM 9.2 J7 ko, 8 3 HLOKR 430 b P i IX R T AR Y
30.6%, MAMAE IR E 11.16/0 m¥/a, F— W i
JBR AR B 23 A AR A S H B PR ATL B 45 T ) 0]
5T, K 08 U5 43 R A8 RN DEA , s el oK B ¢
TEAEAI
4.1.2 hmig A% KA i B T KR £ KR,

Z AT IZ BNEZ R, VAL P B A X R AL
AHTE] O RA EARRAE o MY K M) 3 A DU R, (g
i M A 7R T 1L (1] T 5 7 b it 7K ) 2 L L ) 9
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Fig.8 Groundwater depression zones of inland river catchments in northwestern China

(111 ¢4 i 7K ) 3 R0 LT 1M 87 ol i 7K ) s (2 SIS 452
1996; XREHVTAE,2014) o 2B A AR LR UTFEAE IS
M), s N 2 HEARR T R A AR U , SR R T 3
Tk A AR RS KR A2 S AR R, i L e
A3 A VR 