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Abstract

The precise assessment of wind energy resources is of great significance for the site selection of
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wind farms, the design of wind turbines and the optimization of their operation. This paper takes
Ulanqab City, Inner Mongolia as the research area and selects three typical sites, namely Huade
County, Jining District and Siziwang Banner. Based on the hourly wind speed and direction data
from 2015 to 2024, statistical modeling and joint analysis are systematically carried out. Regarding
the wind speed distribution, five models, namely Weibull, Gamma, Lognormal, GEV and Burr, were
introduced and compared through AIC, RMSE and RZ. The results showed that the Gamma distribu-
tion performed best in Huade County and Siziwang Banner, while the Lognormal distribution was
more suitable in Jining District. The wind direction distribution adopts a high-order hybrid von
Mises model to characterize its multimodal features. The joint model of wind speed and direction
was further established by using the Frank, Gumbel and Clayton Copula functions. The results
showed that Frank Copula had the optimal fitting performance at all three stations. Research shows
that the statistical characteristics of wind speed and direction vary significantly under different
landforms, and the joint distribution model can more accurately reflect their dependent structure.
The achievements of this paper provide methodological support and theoretical reference for the
assessment of wind energy resources and regional wind power development in complex terrain ar-
eas.
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1. 5]

JRHENE A BB ) o] P AR T AR, RS A BRAEIREE AL A . SRR TR B AR i R FEE AN T B AR
e D28 TS SR, HERER. ERESHAT 2, HREERIERM R, ZEZRKX
HTTF R (R B A X e IXURE PR 80T 5 B AN T o XU AT XU ) 45 4% 0 R S B e 20, T e 5 4435
SRR, B S IR B AR SR AR R S PR A

48 G B4R 72, Weibull 434 DR FL % 2 fa19 . S50 BE 2 SO AT )32 S 1 X 37 ik 5 2h
VPG o (ELBEAE WL A AR SRR R R RS R BT, R R R 22 I 90 R LS B XU o A R
RYH 20, R B S E AR, Weibull BEAIRLA RORZ . Kk, SFFCEA4H 7 2R EBR S
A5 EGH AL, G e S5 (1] A AP 7 LA B b X R (B3 A, 4R 70 KU R ) B 5 % o A, S5t
FE R Gumbel 73 A7 BEE A AR 12 DX XU R s 0 ) Tl i ek A S g e B TR von Mises 43 Aii 5
AL SRR A MR B A, 45 2 AL BERLS 3 0 R B & ROR BE M. Jia Junmei Z5[2]#2 H Topp-
Leone Lindley (TLL)Z i A] LAB RS A Z0 I Y 2520 10 ik S XGRSV ARE, BE T14% 0. Yang
Zihao %5 [3]-[5] 2% T X E B ] 43 21 Bt 440 52 IR 5 XU ) BB B 23 A AR, S 2 Hh AH R P Dy BEATLBOAE A BV
FIFIXBER FT A EA,, FF AR R T R KGR 5 XIS A B &R, 42 R A R A A
PAL G FLIGE Sy AT E B A A R IS FL M 108, 2 54 5T Vine Copula BLE IS5 — oA, K2R
PG NAAELE, RLIHIE RS T G - KA - 2SS A R AR, R T 2R IR AR AR
IR [6]45 A i AL B, RS AT 5 PUFY von Mises 43 Ai @85 X ], I Frank Copula #4)

Tk
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HEE - KRG AT, BE T RSO IR AR AR o 5 o B A s X (B i, Huang
Shiji Z£[7] [8]5% 5 K AN [F] Copula R EPFAl KU - XU I (1 5% -G M 256 2% FE AARAEL A% 1 in) i, $2 HY Bernstein
Copula 5 Frank Copula 73 AIFES T LLTRANT i XIS R A SR LA VERE, S X -5 XA A RS AE ST
B RBE 25 B2 AL vh i S48 E ] . Wang Lingzhi 25[9]3F— 42 H1 51 N Gumbel 4377 BrE 1% R B3tk
HiRZE, BT (SO) SR M /N —SRIE(NLS)BE AR IR S K, SRS B . Ul Hag %5[10]
D76 P 2 T B Y Marshall-Olkin 5 i 4 48 5 (MOLBE) 23 Aii , 19 Weibull 234 (i B AA T2, $RTHHHX
M ) ZIE B8 /7 . Dong Sheng S5 [11]4H X #iy SUhE T 5t N AR ARl )UBRHE, 7E GAMLSS #iE
RGNS HR L, F2H T S GEV BAUME SRm, X HAPE v Th U Ak TR AL 775308 . Luo
Ying SF[12]i# i ¥4  Copula BXAHREAL, 434 1 IR AR it SR 23 A il H s, 538 T XU 23 [X SR
X U PPAT AU . Xu Fei SF[13]0 BLVE L NG, £G4 Weibull #2284, 7SKr von Mises 43 Afi il
Gumbel Copula, RGEEMXE - KIABLAMEREBAL, s X ARE BHIEVEAL PRt 7 kRt

U A A a] P SR A LA R R, (R 3 IR AR AR OC R AV D IR AN T . SEBR R,
P AN R A AT HF AR RS AR B, FLBRA 20 A0 RURE BT P A A XA AR ZE G B 2. Copula R ¥U7E A
— PRI G AR TR, e RG2S & W AR A1, IEERAE 2 e R SR A B
HER KW 1. 28 BATR, ARBFFALAN S S 2 S E E (S R PR X)) DU E T FE P 5 X)) f e T
X (T TP ) AR G, KFE 2015~2024 AF3Z/INI IR 5 RG] U0 500 5 440 8 SR 4 A 11 22 B8 L ¢
T F, FRZ von Mises 2 M B 78 XU m] A5 R R B %, JF 51N Copula BREIGEAT KUE — XU G e A5
it AIC. RMSE 5 R2ZZ MG fabniPAS I AL M §E, AT 7~ XURE B2 R 7EAS R b 30 2% A1 MR 5 45 44
ZE 5, SRS XX R R R P SR U

2. BEEERE
2.1. BERBESHRXE

AWFFAIENL 2015 4F 1 H 1 H % 2024 4712 H 31 H S22 SAT TR E . DY 1 S 4R 7 X 1) XU R
B E BT FREAS, Biiiae s . WA S AR E R . B2 HT P XGE S 3.0~32 mfs, &
FRATERES S PEAER, RBERIESESRIL | Fo WA=l R 1 s . S22 mmiab N 5d BiG
X, WARIEEME R, Hr Bt 2 AT ARACES, B A I Los JER o,
SR AR, ME A S IR R0 X, G & R, Hoar R R DY AL
T2 A pEAGH, Jb 55 B, mEE Lt S L AT R, bR 3P R ) N S
ETXMBUMRIL AT, HAE RO, TS, £ @ RE a4 X EdE 1w .
BT AR RGP B SRR A R R, R UE T SR BRI, R
NCDC (3£ [ % A f% ¥4 0>, National Climatic Data Center), #(#E>KEH NCDC AT FTP ARS8
ftp://ftp.ncdc.noaa.gov/pub/data/noaalisd-lite .

Table 1. Locations of three stations

Tl ZHhEME
prgy 23553 2 R
A E 41.9 114 1484
£ 41.033 113.067 1416
V0¥ ik 42.4 112.9 1152
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2.2. FiHEE

221 RiEER

JRGH SR RVRE SRR PPN R A% O AR B, MR SRR AE BRI XU L3 R B Re T . LR AL e e &
G . BT REEAIERYE, WA DA REF IR RO 20, &R Bim S RE, Rt
B 6 8 38 HO 2R A A A R Lk AT & A B o N T AT VP Al AN [F) XU R A 7 VA ) 22 A T
TR S SRR IE A, A SO AR L RGE AR A [1]-[5] [13] AT LA R b, B R AT A S 2L 8 A
2015~2024 4 RUH 4 1) 53 A1

Weibull 734 MEZR% B2 sR N

f(x k(x)™ ~(x/2)
(xkA)=={~] e (1)
R R EUE XN
F(x;k,/l):l—e'(x/‘)k 2
Hok BIRSE, 1 _RESEG
Gamma 73 fii: MR %5 PR EUA
. _ 1 a-1,-x/B
f(x,a,ﬁ)_—ﬂar(a)x e ©))
SRR UE SN
1 X
o, f)=——r| o> 4
F(xa B) F(a)y[a’ﬂj 4)

Hrpa ZIERSH, pRRESH

Burr 70 Afi: MERZE RECN
o 22X L
f(xa,c1)= 2 (/J {1+[1J } 5)

a

F(xumc,l):l—{1+(§)0} (6)

Hra, cEZERSH, 1—-RRESH, =25 R, T ERHE; s
GEV i MER % RN

f(,0,8)- ﬂu 5[%"]}% exp H1+ 5(*%‘]}%} )

SRR EUE SUA
Ve
F(xuo,&)= exp{{h 5()(_—ﬂﬂ }
o

Hrp e RIBIRSH, o RRESH, wRMEZH, ERIWEBGHR, 5 5 m Xk

B e EUE SCN

~
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Lognormal 73 4fi: REZR% RN

. 1 _(Inx—,u)2
f(X,ﬂ,G)—XO_ mexp( ot } ©)
SR A R AUE N
F(X;y,a)sz(lnx_ﬂj (10)
o

Hor p RNBRENESE, o ARBRERRSE, G T A R L .

22.2. REtRE
URAE N ARE BTN I RBE R R 2 —, FA WL U RRAE o 7EXE XU REAT A, H Ak
P ARUNIERS . Gamma 73 A1 SE, ME AR 2 ELIRRRE P, DR ZER S A T AR R & T A
Hrf, von Mises 7 Afi A& 43R 7 PRSI o S L RER AR 2 — o o Al I N T A e S
JRBERE T3 PEAG TR . I REXT 22 5 KU B U 50 A7 (1 SR A RFAE, A SCiE—28 5| NI von Mises 731
FERI[14], DARTHREALLL & 1 R 1 5 HER 1
{5 von Mises 73 Afi IR < %5 BE bR UM 70 A1 R B [6] 7] 2o N :
N (3

) 2n|0|(ki ) exp(k; cos(6— ) (11)

vas(g;/u'l*klla)l"”uuN'kN’wN)zz

N ; (4 .
izlm.[o exp (k; cos(t— 4 ))dt (12)
Hrp o FoR W m A, BUETER[0,2r), 4 RMUESH, kKERESH, o SERE N EERH
o1, () NEMZIERES | 25 Bessel B4l

FVMS(H;:LLl'kl’wl""UuN'kN’a)N):z

1 n . 1 t 2K
Io(t):ﬁ_l.oz exp(tcos@)d&zzk_ow(zj (13)
1E& von Mises #3405 3N MG S EL, AT MATLAB - & 1 fittype() 2 ZU6H X m i 26 25
HHTAERMEILA RS, TEMASSEVIGE, J+ H RS BIGE e 5 e m il AR AR [1].

2.2.3. Copula EB¥

R 5 ) Z [AAFAE B 25 K GRS R, UHAE RS R MTE SRS FA T, HBRET K
REBTURVPA FAT SR mA . AR SRR & AR TT 12K 2 R M G BROR R R AR A, X DA 22 i) L7
TEMRAEL M S5 1 . ik, ASCGIN Copula BRI, F g G 5 KU e IS 70 A AL, 725 B34
GOy A SWEE SRR b, SBT3 HOBURRE RS HE 24 . Copula BT T Hiliid 2 oL AR &
Z B RIARMR S5 4, 12 B8 0K 22 TR AL 1) B 30 G 00 A JERE DU SR S ME R 70 Al o ASCIREN 1 =FhH I
Copula i %4> 7l /& Gumbel, Clayton, Frank, AT — 7o FEHLAS & R R R A B AR KOS & [7] [8] [12]
[13], WL 2.
Table 2. Binary Copula functions
£ 2. —3T Copula BB

eS| G35 B AT ZHIE

Clayton max{(ul‘“ +U,“ —1)7 ,0} l(t-a _1) [1,00)
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gk
Frank T [+ (eXp(—aUl)—l)(exp(—auz)_1)J o e‘_"‘ 1 -
“ exp(~a)-1 e % -1
Gumote Ll cmr T} (-In(1))” [1,00)

£ Copula B ZHUAG T30, 241 3377 3 EA ARG THE(MLE) AL 2873 Aii HE % (1IFM)
o o, MLE J59 DR LA AR BE vy 4R AU A b BT B B TR BB AR e 1k, ORI 2R
o ASCRAMKARAETHEX A Copula R EEATS AT, Ik — BRI et s B AHENI (AIC) X %
2% Copula BRI R EEHEAT LU S i -

2.2.4. MEEITETSE

HERSA I JRGBE BEIRVT Al AN O KRBT (0 1T 47 P SO 3R SRR SR, I8 B A ik ik . UL
A R R R T R SR B B T AN AR G0 R B SR . RUBE BR IR VR A% O H A S AL B
A THIAR _E AT I FH RS [ D2 %5 B (WPD) . WIPD S 5 JXUfi B2 VR ) B EL 48 A, B IOV VR A A B THE R A
[7] X 31 JRUBETE 7, AT XT3 E B pe e E i 4

JR 5 35 2 7 T — DX Sl L R A Py IR T 6 T R LR (A% o Pl de s LR RIA UM

l 0
WPD =Epj0 vif, (v)dv (14)
Hep, p NEREE, BHI1.225kgime; v RIE: f, (v) I ROE MR 2 E R AL 1% SR B

BIo3A L A IE A KBESRIUI R, AAE € R B KA IRE L T, KAeE Ry
JERERE R A [2]:

WPD = % I v 5 (v.6)av (15)
Horr, oA, o (v,0) FIBE REAR5 BEpR B, 1252 B 8 B 4 10 M PPy Uy Hh A ) XL ) 5 IR 45 5 i 7= A 1 s

B XLBETE: 17 .
225 HAMRERE

5 I PUAN TR AR 8 BV Pk Ge i H A R e, B P40 HR 2 (AAE). BT R Z(RMSE).
TE RBU(R2)FFRAE EHEN] AIC [2]. FRIAX R

AAE =%Z‘”N:l|si —si*| (16)

RMSE = /%Zil(si -s) 17

R’ zl_m (18)
Zizl(si _§)

AIC =2k —2In(L) (19)

3. GREHH
3.1 RESHUE
R0 A BB FIA T, R T, AT 5 280 T = ok s 4 0 A e B 2 50

DOI: 10.12677/aam.2025.1410427 143 N H it e


https://doi.org/10.12677/aam.2025.1410427

gE Rk 3.

Table 3. Estimates of five distributed parameters

3. AMSHERAITHE

il ZH s B £TX VY5 T
Weibull K 4.109 2.991 5.258
A 2.163 1.986 2.463
Lognormal i 1.166 0.842 1.443
o 0.505 0.500 0.447
Gamma o 4.247 4.081 5.426
p 0.854 0.646 0.858
GEV K 0.058 0.199 0.022
o 1.339 0.884 1.622
u 2.769 1.929 3.747
Burr o 4.817 2.147 6.310
c 2.772 3.649 3.133
K 2.240 0.856 2.464
PG RO E e 1
0.3 T T 0.45 T T
—Weibull —Weibull
025 ——Lognormal| | %[ ——Lognormal
Gamma 035 F Gamma
- —Burr . —Burr
Z o2f —GEV 13 03 —GEV
g g
'i 2025
=015 1=
:—E 3 0.2
z 3
2 o1 1€ 015
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Figure 1. The wind speed fitting effect diagram, which are respectively for Huade County, Jining District and Siziwang
Banner
1 MEMEHRE, 23AKER. £TX, MNFEHE

o BRI A AT RS B, R N A SRR AT 70 AT B S LA R, #5325k A
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LFhA AT BRI R2. AAE. RMSE, 458 4.

Table 4. Test values of goodness-of-fit for five distributions

F® 4. AMOHUEMEREE

g R2 AAE RMSE

1L Weibull 0.949 0.013 0.020
Lognormal 0.981 0.008 0.012

Gamma 0.986 0.007 0.010

GEV 0.976 0.009 0.013

Burr 0.974 0.009 0.014

FETX Weibull 0.909 0.021 0.036
Lognormal 0.994 0.005 0.010

Gamma 0.973 0.012 0.019

GEV 0.981 0.009 0.016

Burr 0.976 0.010 0.018

VY7 £ Weibull 0.969 0.009 0.013
Lognormal 0.972 0.008 0.012

Gamma 0.993 0.003 0.006

GEV 0.983 0.006 0.010

Burr 0.984 0.006 0.009

R B ER AR, E T DT F =0l 5 KGR SR 58 AL B XGE LA
Gamma 73 fii; #7°[X: Lognormal 434fi; PUF FjE: Gamma 4> 4fi .

R S0P B IR AN [F R 0 AT B 0 RO HHE I G 8OR, A St — 2B I N T a8 - o3
(Quantile-Quantile, Q-Q)EIfE Az T A . H5HEIIrAFE, Q-Q KRN B M HH it 43 A7 5 Wil B 72
AR AT XA A ) — Bk, JCH AR 7 (2 B 0 AR ) AL UL S ZE 15 O o 2 WL 73 (87 25 55 PR 7 A B0
R B IPAGAE 45° 22 EA M, WRWIBADS A A0 IR E B 785 A A RS A7 B R 4
P S, SRR AR AL AR AR o KU ()4 & EARAEAS L

2 Jen THET X RN T AR AR TR Q-Q K. BAARILA:

{1 B (Gamma 730 Ai7): BEARINE R AT, B = o X Ta) Y B AR A 25, 3% BH Gamima 4341 75 21 i A o
RIRFHAFIAFLE— € 1 3E PR R

&7 X (Lognormal 3 4i): mAS5SEHA L ES, hie R R?21AF) 0.9935, RMSE 14 0.0095,
i B EIOE 7S 20 A7 RE RS S5 0 A AR I 7T P X U R AS R AE,  HLAE A oAy [ N 38 R B B s (i A e
.

V4 F i (Gamma 43 A7) A& ROR BN IRAE, S8 L F R 2R AESH HL b, Yo Z2EEE 0.9927,
RMSE {X 0.0063, #HH7ETF i FJ5 X I%H Gamma 4377 A& 05 78 734 41 X 14 B (A M =R 45 g % BB S RFAIE o

gi BRTid, Q-Q WIESS R E gt fatrrtrds g —3, #—2PILE T Lognormal 434 5 Gamma
IIATEAFEIMS A T &R . EE TR, Q-Q KR 1 AN AL R I ZE R, e SR EE
BEURVPAL i o ATE XU A4tk 1 AT S S KA
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Figure 2. The optimal fitting Q-Q graph, which represents Huade County, Jining District and Siz-
iwang Banner respectively
B2 RMHEQQE, NAALER. &£TX. MFEM
T %o B 7 248 H R X AR ST 34 I B X T S A0 5 BSOR BT K o3 A, FE A O X T B AT X EE ik
.

32. RESHUE

FEA A 73 AT A T, von Mises B8 A28, AR SCR AR R DL 23 17 1 22 5247 17 =3 U] A o
Nk — PR FEA RN B LGB, XL T 2 Fry 3B, 4 B k& 5 B & von Mises BEAUCR, H
MATLAB H 7] fittype BRECTHAET S 4, 450 0% 5.

Table 5. Comparison of goodness of fit of models with different components

5. NEHESERBSMELR

K850 FT U Ey i
N R2 RMSE R? RMSE R? RMSE
2 0.987 0.0152 0.921 0.0291 0.973 0.0225
3 0.991 0.0128 0.921 0.0292 0.983 0.0179
4 0.991 0.0127 0.901 0.0326 0.993 0.0111
5 0.990 0.0133 0.984 0.0130 0.960 0.0274
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B ERATUUES, N=4K, 1h#EE(R?=0.991). MFFiER?=0.993)l&&ML, HE7 XK ER
FHITE N=5245r(R>=0.984), X =ik S A TAFIN L von Mises 1578 S 505115 2] R 4 6:

Table 6. Comparison of estimated values of parameters for different component models
% 6. PEATRESHHIHER

Al £TX Y+ F i
N @ k; H @ k; i @ k; H
2 0.720 1.098 4.187 0.640 0.702 3.142 0.919 1.753 4.364
0.273 5.705 5.037 0.363 4.166 4.686 0.078 8.122 0.799
3 0.281 0.300 3.142 0.363 4.151 4.686 0.037 23.826 3.142
0.408 4,789 5.029 0.610 0.708 3.142 0.090 6.750 0.801
0.311 2.633 3.970 0.030 0.596 3.156 0.864 1.992 4.402
4 0.280 2.958 3.986 0.329 3.897 4.689 0.136 6.707 3.143
0.417 4.777 5.024 0.006 0.381 4.394 0.636 3.747 4.374
0.055 1.748 3.193 0.324 0.605 3.386 0.111 7.556 5.494
0.248 0.161 3.158 0.348 0.608 3.383 0.114 5.118 0.794
5 0.300 5.683 5.073 0.142 17.309 5.266 0.301 1.922 4.463
0.112 2.775 4.424 0.155 21.460 4,182 0.125 7.471 4411
0.198 0.002 3.725 0.243 0.076 3.717 0.195 1.894 4.043
0.192 1.235 4.028 0.136 42.641 4.612 0.183 1.749 4.612
0.201 1.952 3.997 0.326 1.874 2.778 0.199 0.974 4,574

NFEEA I, 32 n B Von Mises NS HCA Q = (1, Ky, @1, gy, Ky @05+, gty Koy @0, ) > ACHEEL L 27 XA
VU7 RE A7) Von Mises A5 78 5345 BB N Fygs Faes Foves » TRAE ERSHEATSEE R AT 50, = 3fi

RSB
Fa (6:2) :% [ exp(2.958c0s(0-3.986))d@
+% [/ exp(4.777cos (6 -5.024))de o
+%Jjexp(l.?%cos(&—3.193))d0
(L
+#04§61) [/ exp(0.161c0s(0 - 3.158))do
Favsz (6:02) = % [/ exp(17.309co0s (6 - 5.266) )6
+% [{'exp(21.460c05(0 - 4.182))d0
+#£7®j:exp(o.o7ecos(a—3.717))d9 21)
+%Ijexp(42.64lcos(0—4.612))d49
+% j:exp(1.874cos(9—2.778))d0
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Figure 3. The wind direction fitting effect diagram, which are respectively for Huade County,

Jining District and Siziwang Banner
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3.3. Copula 8 &

IS AR R AR 7532543 Tl vh BB T =BT HE KA Copula bR HICEE 7 1 =3k il KGE XU RV 520 A1 2 A

THE, g5RmFE7,.

Table 7. Estimated values of Copula function parameters and AIC test
% 7. Copula ERESHEITER AIC 13

GumbleCopula FrankCopula

ClaytonCopula

1 B a=1.127 a =1.506 a=0.345
AIC = -629.310 AIC = -1512.602 AIC =-1407.360
HETX a=1.127 a=1.150 a=0214
AIC = —683.296 AIC =-780.583 AIC = -439.842
V-7 F i a =1.049 a=1.199 a=0.214
AIC =-110.596 AIC = —975.652 AIC = —625.292
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(exp(~1.506) 1+ (exp(—1.506U, ) ~1)(exp(~1.506U,) 1))
F(10)= In[1+ exp(-1.506U, ) - )(exp(—1.506U2)—1)j ”
1506 exp(~1.506) -1
f (v.60)= ~1.150(exp(~1.150) —1)u,u, exp (- 1.150U1)exp(—1.150U2)2 25)
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Figure 4. The three-dimensional graph of the joint probability density, which are respectively
Huade, Jining and Siziwang Banner
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3.4. X geSRiRITAH
1E 58 13 AGE 5 XU ] A3 250 A B4 ). Frank Copula BEE0 Aite B RO 3EAE T, 83— D1 R XU RE B
A FT, DL XBER 18 1. XUBE 25 P H i S48 SN 32 8 o

Table 8. Wind energy density W/m?
8. KBEEE Wim?

s B ETKX V7t
WPD 60.65 22.41 109.88

LB KUBE S (WPD) R, 5 22 541 13 (1 KU BE B UL AE T R MR R XA S5 M (K2, B
Rz ez WIS R BEBTIREON FE X, R R, AR 7 Xl i m,  XURE
BEPAR AR DY 7 A KB BT D BOR, 3& A AT I

4, Z5ig

AL G g mi R X, T EERE, KA Gamma A6 KU/ fifh &, HH von
Mises 7347 X R AR HEAT R FE, 15BN LS A0 iU 25T Copula BREU B AN 5 VL T KGE AN
AR R BB RE R AT o 45 KB : Gamma 4747 Al Lognormal 43 A5 48L& 74 SC ATt B ) = 3l 551 X 4341
AR R i TR G A R A, T KA 4R A von Mises 23 AT 89T,  $-G LR BRI &
B, PULH 5 A1 FLZH 53 von Mises HERY e i RCGRAE B2 25 U] 73 AT o R B =i LK) Copula bR £5R i KU X
A MEZ AT, Hoh BT Frank Copula R 7 FIRAY (1) AIC [EIE B/ o Rz BBk G M % =
YEP L RTH R BT B A N T TSI o L BSHRR 6 Bl 2 A o BT I AT T B IR XU RE 5
(WPD)&E R, S22 Ammifb i B . 485 XY 7 L0 =N SR X /) WPD 4373 4 60.65 W/m?, 22.41
W/m? 55 109.88 W/m?2, 785343 1 A [0 TE A R\I7 45 K 0 URE B2 U5 ) 25 (8] 22 e Pk o AH AL 4 1) B AR XL
WL TTVE, BREEEOTEAMUAERIS BN 5E &, 1 H RES B S0 e B A R R 254 T IV RE B IR
SRR, AR RIREE AL HLAAR RO & R R TSR AL T S T SRR SR . AU AN
R B IRVPAG TR AL T — P i 2%, oA R R I B R A S A R SR e i T S

E&WE

5% [ SRRl #3400 H (12361058); N 521 H 1A X H AR R £ 345 (2024LHMS01015) .
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