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FHRIN B RARHE R IR KRGS . ERRH: (1) FERREKEESME“IE > BFE. X > &
7 K F, RUX., RS &ICEE S AR KRERX, 1995~20244F K 1 AR HL X B K TEH
FEKIEIN; (2) 1965~20244E 8], #HIEHXPRCPTOT. Rxlday. Rx5day. SDII. R10. R20FICWD3
2 &Y, CDDE TFH##ES, HHPRCPTOT LAEHA R ANEE(5.27 mm/10a), CDD | FE#h EE
(-0.233 d/10a); (3) ZAFBXFEE &R, 1995~20244F 8] & Rk K e BB W IRE 5 B E M HniE
1965~19944F, KRR LY. AN A K 5 58 4 20 A% o PR K 22 4b B B3 BOA% O X385 (4) Hurstig 3
AHr#E, R10. CWDFIPRCPTOTHIHIE 2 H150.66. 0.86F10.71, HirmASeiEHh X Kk R¥ Lt
Bk Rk, BEEDEEILES, HCDDHHEAN0.74, KRR SBX T EABREHKFTFLE. (5)
2020~2024F K /K EBEE MR . 18I KK RT A REFE, FHBEASRAFEEZMEX, XF
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Abstract

Based on the daily precipitation data of the CHM_PRE dataset from 1965 to 2024 provided by the
National Meteorological Science Data Center, eight extreme precipitation indices defined by ETCCDI
were selected. Using methods such as the Mann-Kendall test, Sen slope estimation method, and Hurst
index, a systematic analysis was conducted on the temporal and spatial variation characteristics and
future trends of extreme precipitation events in Xinjiang. The results show: (1) The spatial distribu-
tion of extreme precipitation in Xinjiang follows the pattern of “North Xinjiang > South Xinjiang,
mountainous areas > basins”, with the Tianshan mountainous area, the Ili River valley, and the west-
ern part of North Xinjiang being the high-value areas of extreme precipitation, and a large-scale in-
crease in precipitation appeared south of the Tianshan Mountains from 1995 to 2024; (2) From 1965
to 2024, PRCPTOT, Rx1day, Rx5day, SDII, R10, R20, and CWD all showed an upward trend. Among
them, the upward trend of PRCPTOT was the most significant (5.27 mm/10a), and the downward
trend of CDD was significant (-0.233 d/10a); (3) Comparisons by time periods indicate that the
changes and significance of each extreme precipitation index during 1995~2024 exceeded those
from 1965~1994, suggesting that the northern slope of Tianshan Mountains, the Ili River valley, and
the western part of South Xinjiang are the core areas with the most significant changes in extreme
precipitation; (4) The H values of R10, CWD, and PRCPTOT are 0.66, 0.86, and 0.71 respectively, in-
dicating that the upward trends of moderate rain days, consecutive wet days, and total precipitation
will continue in the future, showing a trend of wetting. but the H value of CDD is 0.74, indicates that
the trend of drought in some marginal areas will continue. (5) Extreme precipitation from 2020 to
2024 showed a sudden enhancement with accelerated growth rate and increased amplitude, and the
western part of South Xinjiang became a new significant humidification area, which significantly
strengthened and locally adjusted the long-term trend. This study can provide scientific basis for wa-
ter resource management and disaster prevention in Xinjiang.
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1. 5|8

B2 R D19 S 1914 4F)LISK, SRRSRER ETF, SRR — ot ARtk &77
AESRZU M A AR G, JUHAEIR LR AP [ 1], IPCC 7SV R 5 (ARG) TR 1, 43k
P2 IR BEAE 2011~2020 AEAHEL 1850~1900 4 EFF 147 1.09°C,  H AFEIEE % R G200 o2 B
BRI REE2], EREEIEE ST, SEOKIEHINRE, W PR, 5 fRram [y 2008 2%
BEIEaTA(3]-[5], X AT LE AR SNEARBE AIE 5 T REEHE[6] . B PR /KA 5 e 5 oK (o W
Pz —, FEAREM XA FFE R H AR AN N4 E22[7] (8], E5IRBUK. SBURERT™ . HLELae
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ARG, TTEEI N SEMERR[9].  (h ESURAALIE K2 H5(2024)) F5iH, 2023 BRI E R8T H
s AR AR R A G AR, DRI, 387 75 BRI e AR s B /K o (0 D17 SR AR R AR #5101

A [ G b X R J S BROR R i, LR B R AU X, B KA > B3 (] A A AR AN Y 20 1
WrERAEE /R BYA XAE A E AR KA AT, H R K 2 mEA &R “dbsE > msE. X >
Wt A JRAFFAE12]0 WX B K SR X IR A E R —J7 T, 8 X 3K 5 IR 2 B SRR,
PR R IX A S PAT A EEE N 57, B Bk 2 51 R ity Ve A it S b i e 5 1R DG B [
K, 0 DX 5 ek 5 Al B IR Bk K[ 13] [14]

(] Py 71273 S5 3 bt IX AW ity B /K SR LR R T KRS AL A o MG 1510 FE I, I sl o e /K
()b R Ly DR ity B /K DT R 6 Fe 11 (41.9%), 1961 4 LUK M s P /K B Ak 52 B THEa 3, 1980 4 LA R
B GBS0 TR, AL FRZR 1L ok L BOR i B K R X, B HEO s b &K
H B K S, Bom iR et 2. Tk, BRI T BIBN[17] (18] T Hh B R HRM A A5 BRI 58 R R, 3R T
TR 2 ST B X Rm MoK BN i E N 2=, ORI BEEADCFEMRERESIR T — &
FIRFE SR, W8 7 b [ P AL X KR % . AR, CAMFRZHEF T 1961~2020 EHE, X HoH
I B (2020~2024 4F )il ity B 7K AR ARFAE SCTEAS AL LS Wl i g 7K AR SRR 452 (1) S0 AP AR X 55

BT, RSO A E KRB PO R R AT CHM_PRE V2 85 4(1965~2024 4F), M5
AR 5 18805 K ZH(ETCCDI/CRD) & Hi ¥ 27 AN 45 ik ML 8 AN H i 4 7K 45 %4, R A Mann-Kendall
FESHG I Sen REZEALTIHEM Hurst FEE /775, R0 M8 58 DR i B /K 4R R B S AR AREAE, JF
TR AR T . AR TR T EEH (R5E: (1) 73 b7 Bt DR s 38 7K S 4 1K) 2 1) 2 A A% S S AR AL
#: (2) FIH Sen &2 Mann-Kendall A5 5 &AL I P K SEAF 0 Ge i 22V (3) R Hurst F8 203000008
SEEH [X R SR i B K I IR] BB AE A, (4) 48R 2020~2024 4E BB B s B 7K nf K A 34 ity sk 15 8 3
YERL, st XK BURARAL B ks o 55 U B AR A5 TR AP SR W o s R LR 2 A 3
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Figure 1. Topographic map showing elevation in Xinjiang region (Unit: meters)
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BT R AR X AL T E PE B #E(73.3°~96.2°E, 34.4°~49.1°N), &I 166 JIF AR, HdEE
MRz — BRI “ =R FIMRER R AEHCNRTRZR L, FEEN Bl Rl B
i, R E A R 5 bl S g el AbEOAHERE /R, RS BRI 19]. WL 1, ZHIX
J& MY A R PR, ABEELAVR IR TR - FREAEA T, MENRIES TR - e RAU%, B
Ol X e B AR . K2 o B3, X ZEPYEKES 140 mm, JLEMFKEEZ T
e aR, L ACERVE A Rl X BEK eI, R R SR T VD B X A B K BN R 100 mm, R T RO
[X[20],

2.2. BUERIE

AT R S K BERERIE T B KGR EEdE 10 CHM_PRE V2 5 %(<-URL->), H.7%[H7E
s, R . B 2 BRI T 1965 EE 2024 A WA R E K& HIAIX 3746 N Rk
14 H WL AR FVE T R, SR AR S S I Las 5 I E 7%, 2RI HERON 0.25° % 0.25°, BRI HIN
1965~2024 (3 60 a), L UFERARIIFEAZIR, o5 BN LR A Befirds, fRuESs Rnr ik,
ZAR A B XIS 0 ORI R mE — 8, R mERET 0, Xfulh s B FRE v 211, & H
GRS ATHEAT B s R (e A EE RN S e kb

ARSCIEEL ETCCDI & S5 8% it 7K S 2 AH 5G 1) 8 AWl B4 7K 8 250 3 W W it B /K AR AHRFAIE [ 22]
[23], IXECFRHRT o3 e MK B AR 4. W P K I Hra BORn il B /K et FE R B = K3, Bike ULk 1.
B o JRUPEE SR 5 3 6 X AR o P K AR A, AT 5 S A i 2 7K PR 23 A8 A SRR AE

Table 1. Definition of ETCCDI extreme precipitation index
# 1. ETCCDI b7k 6 8UE X

Y WS fed RHE X LA
PRCPTOT R E A BEK B SR mm
et B 7K B Rx1day K1 HEEKE SN B H B KK & mm
Rx5day  fKIES: 5 HEEKE RN S T H KRR K B mm
ity B2 7K B L R 4 SDII H B 7K i A R K B 5 K H B0 el mm/d
R10 T H 2 HBg&/KE > 10 mm 19 H 3L d
M 7K H 4
R20 Kl H HB&KE >20 mm [t H % d
CWD R e H % HBEK R > 1 mm #5 KRRSE H 4L d
CDD FREF H 2 HBE/KE <1 mm 1 5CRRRSE H# d

2.3. MRF*®

2.3.1. Sen $l &A% F Mann-Kendall 138
AWK Theil-Sen FALREE AL T 77 1L 24150 W s e K AR (1 ) 8] PP 510 AR A e 3%, R A Mann-
Kendall (M-K) 7 EH g @H KR E . X2—FESGirmin s, HEERA_AERER LM
1), WAEREI RN ES A0, BASZHRAE R G K520 [25]
BRI X, (1 =1,2,---,n) » FFIIKIEN no S GiiHEE SCN:
=33 san(x, ) (b

i=1 j=i+1
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Lif x,—x,>0
sgn(xj—xl.)z 0,if x; —x, =0 2)
=1, if x; —x, <0

=10 B, Gt EE R IES 240, HPEN ES) =0, FTEN

Var(S)= n(n—1)(2n-5)-3 " #; (i-1)(2i-5) )
18
Kb, ¢ MR RS, Y0 100, Z TR ES MG, IR T U5
S
[Var(S)}E
Zc = O,S = 0 (4)
_ S+l o
[Var ()"

RIAH G R, EEEN o BERT L #|z | 2 2, BEREBH,, BFE o« BERT L,
I 18] 7 S B A7 AE B (1 BT BT B %S .z NIE(EN R &%, FaERmm A E%s . vz s

HEIEAS AT (1-a/2) DAL o ARISHIEEKT. )z, | 21.64. 1.96. 2.58 I 2R sdililid | &
fEZ a=0.1. 0.05. 0.01 FEZFMAGK. LA IIR/NATH Kendall BIREZ g RFoR, HiHHA N

ﬁ:Median{xi x’},Vj<i,1<j<i<n (5)

1=J

Forr x, A o, SEF LR SE 0 FEE j ANWMEG <), 20 BEARS RS, 205 AR IR R 40
A, AU, B P ALECE R R, A5 AR, [EII O IR A B A T I AR
Hfrs®om@a®hirm, IEEXREERN 2 EAESE, fERRARRN A2 TN EES, 454 Mann-
Kendall £, ZaXfE K/ B H B IR TR, AXHMEBCEHREIE, #2050 f{ER RSB HHEEEL
T REH[26].

2.3.2. Hurst 5%

Hurst $550H T £ TR 78 g SR AR [R] 7 5 R e VA AR O PE[27]. WAL 2, B0 <H <05
i, WP AIARR B ES Sid , H H AT 0, REFEFEMEEE; 205 <H<1K, W]
KRN EH ST -8, HEBEGE 1, FFErg: 2 =058, BEFFCIENTH, HArE2e
WK o AW TR BEARRZE (RIS) AT 5 Hurst $8E0, 1% 5 1ELE /K SCR G 18] 7 51 KRR S 50
S HTTIZ[28]

Table 2. Hurst index persistence level classification

3% 2. Hurst 15 BUFE M F AR o

31 H WUE 5 FRofPEsg e R H WUE 5 FRof b sg e
1 0.50 <H<0.55 RS9 -1 0.45<H<0.50 RS9
2 0.55<H<0.65 LS -2 035<H<045 LT
3 0.65<H<0.75 L -3 025<H<035 L
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g%k

4 0.75<H<0.80 G —4 020<H<0.25 G

5 0.80 <H<1.00 1R -5 0<H<0.20 1R

3. BRE S
3.1. HumbEKIERTBTHAFE
3.1.1. FEIFREARIREKIEHZE S H REFESH
2 JEoR T R EEIX 8 A PR KR BAE 1965~1994 4E 5 1995~2024 4EHAS 30 4RI AR A%
() o0 AT S H 22 7 238 o SR FEFRFRRAE , PRCPTOT Ry ff X 3= BEAE Hh 78 5 58 7E 50 LB 1L X, S mifiik 3855.2
mm, SEFEEAM . AR ER R R X T R A X, BN 0mm. 454 % RE A L, PRCPTOT 7£
HTER VG0 AL 1L X K 2 2 . Rx 1day R RxSday 2517434 5 PRCPTOT HE AT AHAUFAE, (HJ& 1995~2024
SEFHXS T 1965~1994 FEAE R 1L LR i X HE IR Y B K B K 00, e ds 70%, b0 X YR B 7K 2 4 [ 7K
WD B RIE 30%. 1995~2024 FAHNT 1965~1994 4, SDIT 7E K 1l L B th—a5 3 nka s
MIRZSE R RE, R10. R20 2520 A WAL m MK POm RIS, BRI B kb, ksl
PEES. JEESILX A R10. R20 BA R & T RE sl 2 5 AR i IX ek, 5 39 588 17 XU I e /K R AR AR A o A 22 3
2, R10, R20 7EALHEAHE K UL X 5 BAH#ass, /N4 X B K s BO K o MRFSEER ARG, CWD
A XA TR SR pa AL B0 X AL %%, ZHiH X CWD fRff; CDD FifE X 4 76 Sl A 5 R BT i X,
X CDD ¥R fR{K. 4542 FREW, HEILI. FHELX CWD AN, CDD 7 &4 X 45k £ T %
s, U X R K R ISR AR A
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Figure 2. Climatological distribution and difference ratio of extreme precipitation indices (The first column represents
the mean values for 1965~1994, the second column represents the mean values for 1995~2024, and the third column
represents the difference ratio)

2. RIRPEKIEBNSIES D HREREE—IIA 1965~1994 FFI1E, F N 1995~2024 FFH)ME,
FEZFIRERE)

3.1.2. 1RImPEIKIBBHREAIFIE

B3 BB T s b X A PR K TR BE 1965~1994 4F5 1995~2024 PR 30 4B ()51 171 28 2% [A] 43
ARHIE, B B AR EE 0.05 S R I X k. AR B(1965~2024 )k, HiEilm e K Ta
AR a3 B W3 B X 3 FAFME . Rxlday. Rx5day. SDII. CWD 2 PRCPTOT 7 5758 A5 70 [X 1
8RS, HoRildb, RANTR L R BRI A0 B BT IX, X R AR U A,
PEIE I W A S . R10 A1 R20 FAS A AL rh AR P ik, R LB 5 B L T 4 3 X 52 W 5 4
s, Higwid 0.05 SR . CDD MARES S FIR BT S FrE, bsE R EH X 2 b
A, T R R R A IR D EEaA, TER bR A AR R .

SR B LG A AT s, R SR AR B K R AR A A AR AR B R AR 22 S, 1995~2024 AR IR (1) AR Ak
e JE 5 2 25 PR IR 1965~1994 4F . 7F 1995~2024 4Fi B, K lidbd . AL 23 J #g 88 VG 40 ¥ PRCPTOT.
Rxlday. Rx5day. SDII. R10. R20 fl CWD st —0 e, B E 3 & Ty, Hiaid 0.05
S MR B0 (0 DG K IE ik, A T R KIS O . 1T 1965~1994 AERFEE, Stk P K HR 4L
(AR b AR 55, AN P AN 25 SR 30 X ST 2 B 1) S 3 S X3, R 2 Ml X [ 34 P AR Tk B Bt
THREKT . W E SRS, Ribdbi . BRI K R 58 G 350 2 9 sl A o 4 /K A A0 e 2 3 A% 0
X3, Rl kAR AR it s B 42, b3 5 f A Var 25 b Ak G XU /K VA 2 BLIEIE, MR 46 FHE A
=, GREKIREELE Y % K [29].
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Figure 3. Spatial distribution of trend slopes for extreme precipitation indices (The first column represents trend slopes for
1965~1994, the second column represents trend slopes for 1995~2024, and the third column represents trend slopes for
1960~2024; black dots indicate regions passing the 0.05 significance test)

B 3. kKB RIREERZ B S H(E—FNHR 1965~1994 FEMiE=ER, EFIA 1995~2024 FfiEE, F=5K
1965~2024 FiE%E; RBELFRTEILT 0.05 HEE ML)
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3.2. ARimBeEsk G ¥R E) 3L ML AFE

3.2.1. WImbEKIERERTILEB R

4 JEIN T HTEEHLIX 8 MR PR K FRBUAE 1965~2024 4E (R IAERR AR (b 7 41 Je Ze M ka B . AT P 4 b
KE, HTEEHLIX ) Rx1day Fl Rx5day 7F 1965~2024 (a3 ) _F T, Hr Rxlday () EFHER LN 0.034 78
1965~2024 “F[AIPEBHEN, RS ETHEH, HEA 0.004 mm-d /102, FFEK H P35S A 32T
PRCPTOT M| 2 &% bt ZMEHA208 5.27 mm/10a, FREKSEREEM.

AR bR KT, R10 il R20 7F 1965~2024 48] 3 & H, R10 1) EFHEZEZN 0.009 d/10a,
R20 1) EFHEARZ) )y 0.001 d/10a, AR50 E K I K LLsR oK R K BN B35 . MRSt FR bRk
E, CDD 2R FE#as, TRHERLN-0233d/10a, HiBd 7 EFERK, CWD 259 ETHEa%,
TR LN 0.007 d/10a, 6T SR X T R RS (R AT T4 R . 25 BTSN, BRI IX R K AR EAE
SR, B PEIERR . FREE R IR R R .
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Figure 4. Interannual variations and trend tests of extreme precipitation indices in Xinjiang region

[ 4. #heE it XARumbEsk e M PRAT B (L R S5 1050

3.2.2. WRIRPEKIERUE 5 FERYFES I
SR W i B B AR i P K Ot K IR 38 (R TR KF 2020~2024 4E 5 1965~2019 4255 A BEAT X EL (0L %
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3. W 5). MiEHAGRRE, 2020~2024 4 PRCPTOT #J{H 121.37 mm, % 1965~2019 4£_E Tt 10.47%,
TR ST 5.27 mm/10a BRI S, SRR R R AR MY K. Rxlday. RxSday 43050 BTt
12.97%-. 10.68%, i [ /K AE 58 B2 R TH 2, R WK DR AN i 48 7K o P8 4 i () s S AE A ik — 28
K. R10v R20 7350 EFF 23.90%. 53.81%, KR HEOEIREAL PR H AT, o bk m 3 s S8 g 4R
o, IR RS . CDD R P 10.62%, - 5-RFEEI [A) 4 o 26 0 2 v TRAIME, X0 1h ik
TR

MR, 2020~2024 F R SRTTHES . KL HIGIEEE TR, &0 KIRIGHRIE 70%, T8 714
G AR A E SRR R, R KK E SRR R E Y . SUER, iR
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Table 3. Annual mean and its rate of change

F3. BEHERETMHAE

R 1965~2024 1965~1994 1995~2024 XA (%) 1965~2019  2020~2024  FHXTABE(%)
R20 (d) 0.13 0.10 0.16 54.05 0.13 0.20 53.81
RxIday (mm) 11.59 11.04 12.14 10.00 11.46 12.95 12.97
Rx5day (mm) 18.73 17.62 19.83 12.53 18.56 20.54 10.68
R10 (d) 125 1.10 1.41 28.33 1.23 1.52 23.90
CWD (d) 3.57 3.43 3.70 7.83 3.56 3.68 3.42
CDD (d) 82.60 86.45 78.75 -8.90 83.34 74.49 -10.62
PRCPTOT (mm) 110.83 103.52 118.14 14.12 109.87 121.37 10.47
SDII (mm/d) 3.14 3.09 3.19 3.32 3.13 3.26 4.20
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Figure 5. Spatial distribution and difference rate of extreme precipitation index (the first column is the average from

1965~2019, the second column is the average from 2020~2024, and the third column is the difference rate)
B 5. HRimkEkisH= BN HREZRE—TIN 1965~2019 FFI{E, FF1K 2020~2024 F£FHE, =5k
ERE)

3.3. Hurst 58547

Table 4. Hurst indexes of extreme precipitation of Xinjiang region

T 4. FEMXIRIKPEIK Hurst 3530

Hurst 844
R20 0.6026
Rx1day 0.6260
Rx5day 0.6419
R10 0.6647
CWD 0.8606
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CDD 0.7448
PRCPTOT 0.7068
SDII 0.6215

Hurst $5 %5073 Hr 45 S0 T T R ket B K 840 BF B . 5 4 A &1, R20. R10. Rxlday.
Rx5day. CWD. PRCPTOT. SDII &P /K Fa 40/ Hurst $54053 714 0.60. 0.66. 0.63. 0.64. 0.86.
0.71. 0.62, ¥JKT 0.5, RIFRNKHIRHX PR ARG RSN, BRKREIIEAGRS:, BiAE
PRI . A CWD 1) H &1L 0.86, RUIFFSHRIE AN &S LA R RREt: . [HERNZ,
CDD #5501 HH N 0.74, RUIARGL 73t X T PG DORFLE, X 55 CDD 2 F &3 2 8]
IIATRFAER) A o
4. i1ig

A FEE T 1965~2024 4K [A] 7 51 B /K B, 38 T S AN B RIOPE RO I R T LG, JERR R
2020~2024 AT BT, RGU AT T HT R b DX AR i B K A B SRR, AR RS B N AME
KW EA B — 80, R R 7 — L R e R

M A SRR, ASHE TR A CHM. PRE V2 35 48 DU A5 5k 200 A SRt 1, 2t pl
I, H Sk SO ) B I SO B, e X SEE S . RAmEDN, TR
CilimEh X B I Ty B S AR X Sk, I LA IRk, R A K I SR A SR R
FIF, S5 DA XIS o .

MR Ak e ok, Hrslin K 230 “Jbsl > mEgE. (LUIX > 27 MORRE, X5 X L
SRR SIS S5 A 2 DDA DR [30] o B 58 (1 7K VR SRR 22 TR A T 76 XUy s iR R P PR AL K ZKVR, X oK
R B b B ) P A A AR SR T A EN B SR AL 31 [32]. AWK, 1995~2024 HEAH X T
1965~1994 4, K 1L DARE i X H IRV Bl ) B /K39 0, Semnik 70%, XA AR A RARIE L 5t T KA RRK
RE 73858 DL K 78 U AL H6 A 5% [33] . [RIRH R I 5 4F 5 58 76 30 M K e SB35 oK, SR XUy 5 K KR
WL RS R FE YR, e TR ERAR i P K s A AR A

M A AR a4 R G, B Sl b DX A ot B K A S BT, XS PEIETRIX “RRBAL” Ay &
FH—3[34] [35]. TKIRZF[36]RFFTHE H, 2000 FF LK PG LK HEIE 1961~2000 1 8 £%, 1T 20 FPhdL
SARBRRAC A R AR MR S FTRFIE . B H PRCPTOT LA 5.27 mm/10a [ 2 E 160, Rx1day F
Rx5day tH 235 bAHES, FEH 0 P KSR o BEAE S o o IX — 25 R S5 R IE T HIBA[3 7] T 1961~2022
SERE R TE SR AR R . AR AR, AFUAIL CDD 2583 T FF#4(-0.233 d/10a), X 5ESTLHK
/K H #(CDD) &4k /> 0.65 KT 7t 45 38 PR, BT 5 X BRI 7R R AR Ak, B K AR 15
EIIETE SEREESRiNGIE T

Hurst $8 505341 45 F R 37 b X R SRR ity B /K AR A0 TR0 S 4L 7 B8 B 53 . ARHIE 7 rp 5 Wt B /K i £
HAEIRT 0.5, 3B RHT 58 1 DX R o B4 /K S8 a3 A B s IRt X 5 A BRARIE A 50 T M B /K
AT A i P A ) K A — R [39] [40]. #ATM, CDD 1) H {HRIA 0.74, RUHE 5 HX T 20K
Ve Frs:, PRoRTEBARBRIRALTS 5T, 7 585 3 1 DX AT TR I S5 o o ) R 41

MIRENHLHIKE , Hramak FK B2 2 N A . g RIEE R 2 FEE LT RIX, JUH
2 P RV VI DX AR o B K R I R R3O B BEVERIR P IR e 51 R T — RPN R
B T 1) A E P AL HB X (KK IR B i%[42] [43]. ARFE Zhang ZEAT Sun Z5E[44] [45]IHF 7T, 1990 SEAR ISR, b
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A3 T 5 5P . R B T R (WASWI) R E LR R Y, SEH M5 - WOK/Rm 8 B2 T R
J, R T 13 B R 0 /K VIR R, [ A G RSP R A = R (WPSH) 2 25 a4, 3858 T PEIEK
S22 S RO ) R E PG A KRS, 51 RS KR N R SR [46] [47]. PRI, R EEE A HLIX
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AL TEHE T3 0 B 7K, L ] 5 500 588 74 S B T 350 0

M CWD 5 CDD HJAERTFRPEA KT, B ARSI I ARSI (A48 R X — I R & BRS¢ T
T-FE X K “ AR - 5 I R AE, KRR Clausius-Clapeyron S5 &, KA /K BE S 5E(4) 7%/°C)
FEEEAHERE A, ARG BT, (R R B K S R L (Rl AR, R PRI 2, #F
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