EaEEI0H oo iR Vol.41, No.10
2022 4E 10 A GEOLOGICAL BULLETIN OF CHINA Oct., 2022

doi1:10.12097/5.1ssn.1671-2552.2022.10.011

EHRHERERRBESH HEREHERE
EEA,ERA L RER KHE, KT E

WANG Fengxiang"*’, LI Xiaoming *, LUAN Zhuoran’, ZHANG Weibo’, ZHANG Wanyi’ "

l

AL BERERENRA HRT EERBRE/NREH BB ERTAER, A RE %8 0100205

2.0 B A F SRR AR TIRIBART AR L FRIFMNEEZRE, LT 100037;

3.Tdbh KRes X A FRRE SRR E/ TR RSF, T &R E 050031

4. 7B RN, T B R E 050021 ;
5.9 B3 RAE B AR P, 6R 100037
1.Inner Mongolia Key Laboratory of Magmatic Mineralization and Ore—Prospecting, Geological Survey Institute of Inner Mongolia, Hohhot 010020,
Inner Mongolia, China;
2. Institute of Mineral Resources, CAGS, Beijing 100037, China;
3.Key Laboratory of Regional Geology and Mineralization/Hebei GEO University, Shijiazhuang 050031, Hebei, China;
4.Hebei Geological Environmental Monitoring Institute, Shijiazhuang 050021, Hebei, China;
5.Development Research Center, China Geological Survey, Beijing 100037, China

HE . B 44370 A& (Platinum group elements, PGEs) &7 = TR 61 % K& Z IR B 3G ey 2 4 stIMRA B 5k 98% , HFLEE X
BB R, MAER PGEs &7 = R 69 = B 303% A ar A fe i B £ AR A 263 10 £ 4 PGEs # = R R T A5 H %,
B3| B PGEs = 4k 097K % W %At A8 RASH A B PGEs /= R 69 R R X B A Y R BRI FE PGEs
TG A R A TS, A I PGEs KR A4k SRS BB R, MR AM, DA PGEs T R4 sk, & R o A 4k
P EESHEHE FOCAF RN LEFARIME, F BV PGEs TR ZH &L ERLEFRFTRZH 1%, 4F5MR
BB 98% ;@4 R PGEs AR B £ R S 4 12l = THUFT—REB R KK R ELE NG ERLE PGEs #ARA L, E4R
PGEs & K4 10% 09 R A —A R A 7 R & 48 T # % PGEs FR 49 85% , @& 3 5,4 5AF B PGEs #)& LA NS
W HAATREY , AR 10 FL2FMEEHFRRLCZNNINEK, SWAN, & TLHRPGE HEE L LHKRE HIEF
T MFH L E KR P E XA PGEs & kLB RE 4 AMT455;, @k k 10 5+ B PGEs § KT H & & 160~185 ¢, F
W IGR BN A 2.67% , T RUAL & A o IRAL B o3RG KA BB L AT,

KGR ST TRSA BB TR AT s b 557 F A& T4z

HEDES:P618.53  XEIREMD:A  XEHS:1671-2552(2022) 10182918

Wang F X, Li X M, Luaa Z R, Zhang W B, Zhang W Y. Global PGEs resource distribution, supply and demand and
consumption trends. Geological Bulletin of China, 2022,41(10):1829-1846

Abstract: The demand for PGEs mineral resources in China shows an increasing trend, and the external dependence is as high as 98%

which is a huge supply risk. This paper summarizes geological environment, distribution, and genetic type of the world —class PGEs
deposits, and we also count supply and demand date of PGEs in China and the world in recent ten years(2011—2019), such as the
exploration, consumption and the industrial chain.And then, we forecast the PGEs consumption, supply patterns and trends of China in

next few years, and we also offer reasonable suggestions. Research shows that: D Global PGEs reserve is scarce, but the distribution is
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more concentrated, mainly distributed in South Africa, Zimbabwe, Russia and North America.China’s proved PGEs resources accounted

for < 1% of the world’s resource, therefore external dependence is very high; @ the genetic types of the PGEs deposit is various, but the

magmatic PGEs deposits, especially outputed in mafic —ultramafic volcanic rocks, is the most important, with 10% large —superlarge

deposits accounting for 85% of the world’s PGEs resources; ) The world’ s and China’ s PGEs exploration is at low ebb, and the

increasing of PGEs resources and supply is not obvious.Especially, most of the world—renowned mining companies are mainly controlled

by European and American, South African and Russian mining oligarchs, and China s large PGEs mining are relatively weak in

international competitiveness; @ China has established a relatively complete PGEs industrial chain, and the demand for PGEs in China in

the next ten years may be as high as 160~ 185 t, with an average annual growth rate of 2.67% . Therefore, it is imperative to establish

strategic reserve, stabilize global supply and strengthen recycling.

Key words: PGEs; resource distribution; supply and demand situation; trend research; mineral exploration engineering
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Table 1 The table showing world’ s large intrusion provinces with known PGEs deposits
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Table 2 PGEs deposit type and representative PGEs deposits
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Fig. 1  Graphs showing the percent of contained metal against percent of deposits(a) ,the number vs.size(b) ,

the number vs.metallicity( ¢) and the ore—forming age vs.number of deposits(d)in the world

(W’ 1-d), @A BT mTErE, % T 2R
PGEs 1" R 3 A iU & Ja A i A% 1) i 26
P A BT F AR A X EL A BT SR 55 I
Wk, AT RE S T3 2 A s A — &R 8 i 9E
20 i HR ORI RS SRk (& 1)
1.3 REBEHESHHEE

BE 2019 4F)K, 2R A W] PGEs % Ui it Flfiff i
Ay Rk 9.27 %10 ¢ F15.31x10" ¢ YO0 Horp 40 40
SRR 4.97x10* ¢ f11.93X10% ¢, FEE /MG
FEARE U e &8 L A6 58 A0 BROM—i AR 556 11X, #5 I 1Y
ERAmIE HEA S R 252 s KR
B, BRUCLIAN, E RORE BN R LA
PELAT DA (K 318 2 K 3)

4ER PGEs B 7= W8 Ui 43 A i AN 3440, 4 v B
PR B X e e, R AR e R
W RS P AL SE (B 2 B 35K 3) . HAK
15, ALY R 3 PGEs WE TR 4E b B B v, 3 B A

HRT 7.46x10" ¢, S HEA IR R 74.69% (3 35
B2 3) o i, s R 112 x10°
t, AR IRE K 17.29% (P W7 pd WIHRE 42
BRIEE R IR 1Y 46.83% ) ;LML X Aif
J& tHEFEAE = A0, H8 W Pe + Pd fif i 5025 ¢( & E AN
ERAE R4 BN 3646 ¢ Fl 1379 t) , i 2 FR PGEs
HIHE7.40% (K 2 K 3), Mtems, HE
PGEs BF Al H 3% = | S W 9% 5 o A o 53 0 ok
954.49 ¢ Ml 134 ¢, A2 2 ERE WM 21 1%
(%£3),

2 TR A R B

BhEFE

43K PGEs F2A 2 MR, 43 BT 1L 3 X
PGEs( —¥ M PGEs) Al WK [ PGEs, fif & i s it
MR 72% ~78% , ARIEIT 10 4F(2010—2019 4F)

21



1834 H ST i IR

GEOLOGICAL BULLETIN OF CHINA

2022 &

®3 2KEEPGM REEME RBEENTHK(R) HIHERY

Table 3 Proven reserves and resources of the main PGM resource countries in world
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Fig. 3 The major regions and countries of Global PGEs( Pt+Pd) resources and their share
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Fig. 4 this statistical histogram showing the global exploration budget
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Table 5 Table showing the major PGEs mining company in world and China ,and also showing their production in 2019

Pt 4@ Pd &)@
AE(ER)
Fei/t AR L akHE4 JEHL/ EFRILE 2ERHEA

FERTIY PGEs #7122 7]
Sibanye—Stillwater Ltd. ( BE) 52.81 27.52 1 26.45 12.69 3
Anglo American Platinum Led. ( F3E) 42.59 22.20 2 32.48 15.58 2
Impala Platinum Holdings Ltd. 27.42 14.29 3 14.45 6.93 4
PJSC MMC Norilsk Nickel ( % ) 20.35 10.60 4 84.14 40.37 1
Lonmin Plc( 3 ) 17.20 8.97 5 7.35 3.53 7
Northam Platinum Ltd. ( F§E) 9.26 4.83 6 5.26 2.52 10
Zimplats Holdings Led. (HEELAT ) 8.40 4.38 7 6.66 3.19 9
Royal Bafokeng Platinum Ltd. 7.43 3.87 8 3.08 1.48 12
African Rainbow Minerals Led. ( FFE) 4.69 2.44 9 417 2.00 11
Vale S.A.( 27) 4.20 2.19 10 6.78 3.25 8
Incwala Resources( Pty) Ltd. 3.78 1.97 1 1.61 0.77 14
Glencore Plc( Fi1:) 3.46 1.80 13 9.42 4.52 5
Impala Canada Ltd. (I K) 0.51 0.27 22 7.55 3.62 6

PR 5 PGEs 5L
SN R BRAA & 1.28 0.67 18 0.75 0.36 18
= MBS AR R A IR AT 0.49 0.25 24 0.83 0.4 17
BT A A FR A 0.12 0.06 34 0.02 0.01 29

@ PJSC MMC Norilsk Nickel, %2\ %5 #
X A E BT Polar Division Fl Taimyr 5, #4 tHA
R Pd B E: BRI I 23R K Pd A7 R
A A A BRES UK Pe 424 77 R, 2018 4F %A
F) Pd Hl Pe P20 5K 84.14 ¢ F120.35 ¢, 40 54
BRECEAY 35.10% F1 9.22% (3 5) . %2 7 N PEA
FIVAY Noril® sk —Talnakh #8[X 3] Kola 2 & A4 57
BAL &7 PR v A2 72 1) PGEs 24 5 k2 7 i 95%
Polar Kola I Finland & HZ= A F= i H |

3 HE PGEs B A RAAE M A A HTBLAR

3.1 MEZRE RS HMNE

Uk 2019 4E0%, T E BB PGEs &7 77 9% 5 5 X
954.49 t, AN EEFERIFIH IR B 1% , I ARER 2 &
TrRJRINTFE | fECH A PGEs fiif& 1, Pe+Pd
KT 370 «, i EAEE I 38.76% , i fE 1 FLER S
B, FE AT, Rk =m0 s 2 e
DA 5 B I R 2l = B B U S | it o
B, o E PGEs A7 PR 3222 77 th 78 il 488 i 11147

ISP E— LR AR Y (1] 1 W hr il
TE) FLPLIE PR O S 1) S — R bR R R A A
T, LUK oo S A R KA KA (& E L B
iy L0A%) N, FEZS Ml or A b, R E—E A
AR Cu NiL Cr, Ti &A (0485 1R A A
I E

R RIS 5, h [ PGEs B IR B AR5 T
FHA PRGN DI 3 B RS, 95% DL Y
fift it S A RA Y (KR 6) . MAEIET PR
RHE A K0T R ] 4l 43 S BB i Ab o (n & 11) 4%
R B (AN B AR5 ) FELER RE R B (B i 20A% )
(F6), Hrh B RN PR A6 & b7 b E A i
I XS S A7 (< 90% ) , 5% th FR BLAE b [ Y
PGEs " PR 152 o 5 FE P —8 JE v 5 AR A O A i
AL AL IR, 5t g K A —8 KA PGEs AH [F]
(AN N1 Al W s R S LRI A 5 BT
&, E PGEs PR A9 b A B AR G, 73 A R
0.796x10"°  iAIK FH F 9% PGEs 7 PR, 5l ALH IR,
M5, W E PGEs B R B IR 5 8, DA 98 ik
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w—prERI A . &5 ERriR, T E PGEs #7)7
GRIRIG oA R IR A . BRI A /N, P B2
HAEA R = BA—f PGEs B K, M ASREVE A T
AP A R A AT ISR, A g D) A% B @ v [ R %
T2 1l 5T 40y A R 9 R ARG, X AR R A
PE— R FEPE R T B & PGEs PEZE &M TAEA
s RIS K, B B T, S R g
PGEs " JRAH Lb, B0 BHA AT P ik 25 5%

3.2 HEEZEF il

RAEHE PGEs 07 IRRBIZHE AT iz A H
G LR T B PGEs B R 43 i Bk, KR
PGEs #" LA PR H 4 )1 Al = B 4 52 1, 3258 DA A
WK FF & 254 [k PGEs, [ ik, [ 2L OF g 7
PGEs iR & TG T &I s Em A v, H
R4 1] PGEs 7 IR 42 & fiff 129 5 4 A & 1
50% , & E i A PGEs fE JEHh, 2018 4F | H
Pt Il Pd P2 1.28 ¢ f10.75 ¢, 7E BRI HER 18 fif
(%£5), nEEEV T ES K PGEs 9 kA
A, EEEEEH T E VR A 1L, 2018 4 Pe fil Pd
PN 0.49 ¢ F10.83 ¢, LA, BTSEATEE ML AL
—SETE MY PGEs,2018 4F Pt 1 Pd P2 &40 9 200.12 ¢
F10.02 ¢, TEAE MR, JFRAIG IR T, #4707
FEIRZR AR, 2 [ e 4 AR AR S 2 PGEs 5777
IR0 =2 %

SRS, E N P K8 PGEs B R /D, 2 i
W4T PGEs L=k i & e, it or g s, B
I, PGEs B P= 98 R A 7= e 1 52 3] — 52 1 BRIz 32t
WA T E IS 2@ K i, FoRBN Y PGEs 4™
LN 2T Rms B HE T PGEs AR BE )
VIR e

4 IE PGEs BRI 28 IR S #

4.1 F[E PGEs HEEMEFEH OIR

10 48, P EZEAA B A A B, o 2 aki
KT B FEANE ) X AMERAT R ik 98% (£ 4)
HAKIME ,2016—2019 4EWA1H] , H [ Pe Al Pd )8 1Y
TH PSR 193.93 ¢ A1 229.73 ¢, X I AR 7
i A 64.64 ¢ f176.57 ¢ Hm TR AL ES , H
P 4 BT TR AR AR — ) Bk Pl 2R
Y 26.65% 5 PA 19 2% T L 2 L X (4R
81.37 t), it Pd W i 1Y 23.57% , K ARIE
PGEs [T , e R 28 K ik 10 PGEs @7 7= %¢

P53k O E AR P H AT AT
42 FEHBTR

Hi[E PGEs 7k o638, L34 T 2R E 2
) PGEs A, L 2047l =24 OV 4 i
2, 3 10 4F %47\ PGEs T4 A 5L bR i K
MR 2010 4E1Y 38.8 ¢ BEE] 80.5 ¢, # i T
107.47% , It o7 L HE H JROR Y 33.25% 3 2£56.65% ,
FEUTHE AP YT 2K (59.88% ) o Q1 i Bk 52 A
BEEATL AT I HE PGEs 2 B AR T B iy a3
H 2010 4E19 60.4 ¢ FIER] 2019 4511933.8 ¢, AL T
44.04% i THEFCFENE 9K (16.12% ) . Ofk
TATN, iZAT IS HE PGEs i 2 BN W8 K i
FHER 4.1 ¢ 92 13.3 ¢ K T 3.24 4%, fr b LL
PEER] 9.36% , % A 4% 3Tt B YK F (13.89% )
@ FA7 M, Z AT T 10 4F PGEs 14 #E 1t 5 145
“UFIE T, 2013 4F T 10 FFIEME (8.1 t)
OB EE I %47 PGEs 1HAER 23 “ v 7K
JEAT AF BT P AR IO AR BE TR AE 2Ol 4.24 ¢,
O©IMAREST (B, MACEE ST PGEs 1H#E &) /D,
2015 FELSRIEFERESE/NT 1 o KT I ASE 7 35K
Vo @QHMATE, PGEs ;=P BEIE 10 4R A BT ZE | L
ATV IHFER T 1.4 ¢ BEINE] 4.3 ¢ BRI 207.14%
(El6-b),
43 HBHEBSH

2020 S = HICE Z A, Gl Il COVID -
19 et i 2 tH SR GA T FH A T ) g = 3, Hh
ST RMOIE SRR £, K, T 3 AR R RE
FEAEZ N 2 30 W A SC BT 3, 55 PGEs 14 9%
AHOCHVR AT 2 Al A5 AT 5%
P T I 7 0 2 B TR A P (2020—2023
AE), B AT AL T 55 T Bh B B, 2024 4E 5 6
TFJS B — %6 WK PGEs 9T 2t iRyl
S IR PRGN

()RR Tk PGEs Wi P, i E
JEABR AR K T BT S AR A TR 4
PGEs fix K ) 2 g 7 2R G 88K, 2010—2018 4F, K %
A% PGEs TH 9% i S A WG i #a %, B 2010 4R
) 1.964 o/ Wi N E] 2019 4E 9 3.130 o/#, BlE
China 6 {54 R HEUbR 1E 09 520 , B % PGEs JH#E
WATRER A TG, BRI F VR RS KR
BN H LR 204 PGEs 75K (DSE A
R BN E ST AR K IR I, PGEs
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Table 6 The major PGEs deposits in China
RIS FEHERE RS (B [N IREEEN W WAt @i B BEORSR IR
filf 18 %5 L1 3 200.67 t PGEs @
&)1 a0 G —Ni—PG 509~15
T &N CHm) M A Cu—Ni—PGE;s . 1509~1526 Ma [ 46]
TR I JE 1L
(AZEC 4 ,H - SEIN(EM) WA PGEs—Cu—Ni 48.4t @ 1.5%107° 255+4 Ma [47]
il 78 & 1 3 -
PLB’?FM!L‘ WERLE e CGHTE ) AN KA Cu—Ni—PGEs 3.9t@ 2.3x107° 281~290 Ma [48-50]
S S
Uk JE 101 b 9.6 1.22X10 7 ~
ALK m.: i (nmE) BEME SEME Cu—Ni—PGEs @ o 250~259 Ma [51-52]
g 2.56X10
I JE L M g
?}LE © et (ER) MRS JHHERE  Cu-Ni-PGEs 5.34(PGEs@0.88X10°°  250~259 Ma [51-52]
% JE L M i 51
I m; Kfi(nrg)  BHEMA HMEIME Cu—Ni—PGEs 5.92t @ 0.95%107° 259~261 Ma [5t]
ek
BB sl REREIT) SRR Cu—Ni—PGEs  8.33 t PGEs@0.78X10™°  35~40 Ma  [51,53]
I Ll M s 27.98 t PGE
m; BMIEE ) BB EEPE SRS Cu-Ni—PGEs o 4;x1o*‘s> @ 249~251 Ma [51]
Ik J& 1l b s
e Wi A Rk CuNi-PGEs A A L 260 Ma  [54]
BERR I — R B R T
Lk S A %J g " CrFe-Cu-Ni-PGEs AT, #li™ PEAER [55]
il 78 & 1 2
fﬁﬂij)\w KR CH#) LS oot Cr—Fe—Cu—Ni—PGEs NA 463+1 Ma [55]
pNa
EXL (VTG | .
o SR K R ‘( *) TP A TEBE B B )
AR ESV/AQLE N B e Cu—Au—PGEs 0.01X107°~0.03%107° NA [56]
BUE3 . A AR N
ZFI(NSF)
momm . HIFL R RS R A ) )
[0 =R BN BUEZ e [ Cu—Au—PGEs 0.17%X107°~1.8X107° NA [57]
L RE (397 ESRITE DN
- PNGBIUE S ;u:((‘iﬂﬁ)) AR ATk Au—PGEs  0.5X107°~3x107%( =iHy)  #eliy [58]
ms K A BRIEE A (RE) R
el 7 Au—PGE 0.04X107°~0.43%107° NA 58
s R it MRS BT e 58
" e T Au-PGE X107 0~004x10°  FER
(O I Rl LT IARTRT IR | u—PGEs 0.006X107°~0.04%10 Hr [56]

ARG 5~10 g, X A S R 2R 5 30
BRSEIR A W 3 4 B 4 PGEs T AR it BEACAH 2 ;
FRGE IR 2 LR Xk L B4 4 v CRIR 45 30 ) 42 B
FIHFE PGEs 8 2~5 g, HIERIHARI L, Kok

10 4%, Hfv 4890 AR 42 R 73 B % PGEs T #E i
TAE 2.7 ~3.6 ¢ Z [0, H PGEs i #& i #l il &
83.24~110.99 ¢ ZIa], WIRLIAGIEFERE 3 g 1153,
PGEs JHFE SR 92.49 «(£ 7). QiIFIERRIEER,
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Table 7 Forecast of PGEs consumption in China’s automobile industry in the next decade

T B 7 PGEs HAER/ (g - W)

A0 e kL
2.7 3 3.2 3.4 3.6
S ANV ZE R THFE PGEs /¢
2026 4F 3083 83.241 92.49 98.656 104.822 110.988
2030 4E 3112 84.024 93.36 99.584 105.808 112.032
T TR BEIR % R THFE PGEs /¢
i T A ke (g - W)
G
T3 75 12.5 15 17.5 20
2026 4F 30 2.25 3.75 45 5.25 6
2030 4E 60 45 75 9 10.5 12
At e kL
2026 4F 3113 85.491 96.24 103.156 110.072 116.988
2030 4E 3172 88.524 100.86 108.584 116.308 124.032

T KRR 4 PGEs I FE 1t BUN AR IR 275 @@

LS4 (BEV) , MIGHRBIRERZ —, AR
TH#E PGEs; #OBHHL MR 42 H 42 PGEs AE R Nt T
G220, B 7T #E PGEs 7t 10~20 g, HRT,
WHAR KT AEFETE P PGEs 0 0.3 o/kW ik
THEHEETHR ESNRL AL ER R 0.17g/kW
(2520 g/) ] AN IE 5T R [ 0.06g/kW (2
7.06 g/%) 1, LA I 35 [ R IR R B & B B A RE
[0.125 g/kW (14.7 g/) ], BRI ERLR 15
TERESCI 3 H A B KT, 4 PGEs #E
HoN 7.5~27.5 o/, H: PGEs A3k 10 A=A #E R
H45~12 (7).

ZE LTIk, Wit 2026 AR, VR4 4R A
3183 T (% 100 TR RENR ) , LS I ANARIM %= &
PAZE PGEs WHAERE N 3 g 1145, PGEs JH #E M &>
92.49 ¢ JETHREIR = R P AIHAE R 125 g(BIER
0.05% ), W IS FE & 3.7512.5 ¢, & Z FI N
96.24 t, FLALL L REHUM , 2030 4, H[E PGEs 1H
N 100.86 (£ 7)

(2)ERFEE M5 PGEs BT T im, BRE I
JEHE PGEs H 2% B fie K4k, — EL4EFRAE 40% LU
Lo BRITIE 10 Ak, H R AT = B
(T e o7, FLTH 2 o ) 2 B R Bk S SE HOAR
FRIBER, A EMm” MES 5 A% Gbr A1
S 20~30 B AR R B YD, HIEFIhE
BRI A GF B AR S AT R S, 20~ 30 & N
BEE R, T BOR MR BT SR ER T E

PRI FE PGEs Y% AT fE M1 21 Iy s for . Tl
112026 4EH1 2030 4 )E, HE AW 9 PGEs
THEER TR 40 ¢ 160 ¢,

(3 TATIL S PGEs YW #h i, S 2%
A7 AR H, R EAL T ATl PGEs 11 2% 52475 8 D 41
TP E H 558 R P ECR , T E AL ATk PGEs
TH P EaE I KO, Rk, DU 3 AF4F 2476 2%
O FEE AR 10 4 HIHFERIEAE 16~20 ¢,

(4) BEEE S L BT Tl 5 PGEs BT 2 i,
VT 10 4, E B S 58 . PGEs THAE R S BLH v
FIRAG W FE RN 4.24 o« BEE LR
BB r [ B B i b PGEs B 7 #E T g S
TR R 10 R EEARE, RE TR ER
T 3 AE I T R RS iR K RL
il 7 S Al A PR 2 | PGEs TH R 7E R K 10 4F
P EIH —E IR (HHE 2 S AT RER A 10
t, FEARYEREAE 4~5 ¢,

5 g5

510 & it

(1) 4Bk PGEs %% I 5 & 5 i, H 25 (8] 43 4 A
Yy, i E S PGEs YR /NE | U SMK AR H 5
(23 98%) .

(2) B B, 4Bk PGEs B 7= W YR it 45 if
A TEEETE ], 30 B 2 BRI 3, 46 7R Aok 10
AR LR T REAN A B K
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(3) PEH KT PGEs 7 RECRFR B, ™ 5 i 2
HE PGEs L™ i & &, Bk A3k KAl —iE K
PGEs A" R PR S MU R 287800 75, oh [ oA T
RS AR s HON E I )1 S

(4) 1 PGEs Pl fif 58 8, KoK 5 4EF 10 4F
F14) 5 SR B S8 4 o, 9 2 R R IR ) 160 ~
185 t, it 2030 4, T ENR 447 PGEs IHFEE A
K100 ¢, BRE EILERFAE 40~60 ¢, 46 T ATV N3 55
il 3 b A TH FE B 43 ITE 16 ~20 ¢ R 4~5 ¢ Z[H],
SR, E PN PGEs 7 L 1) 7 f i LA 76 6 B 1] 9 1T
LTS S — 2R,

52 B %

PGEs 8" /= BT (1) 4 4= 0 ] 8 1 A v [ Ik s
PEF 7 b AT HE2 & R 0 S SRR Y S A I Y [
%K PGEs iBS AL AR HEAT [ 50 25 A R T
it AL G 38 0B, 4 il 55 B, IR Sl Al A
7%, LAB Ik E R i 548 35t [ PGEs 1 [ N
HER ORI RE T3, 5 HE AR A AH LG, B PGEs
R E 5 375 2 S B AR % S0, DRI R N5 PGEs
W= 1 VR A PE A 5 R, B s IR
SR PR A B b BT RORL

PNRE P PGEs %5 ) £ i) [A] i, o [ 77 B 4
OB BN, SR A W, e iR K
£ PGEs RHUJ7 0 1Y 454, JU AT DU B 4 % B 5K
AR B AR s, g 502 B w3k Fg e
H Z A& AE, AR PGEs %8 I8 {1k 0 1 22 42
B B R E HA EFRSE 4 I8 PGEs 4k, 13
TEAFR PGEs ¥4 5 1 A& , J0HAE AR P v e 3 Fi
R M D A RO L 4 R SR X R R
W JF R BRI F LGV, 25 5is T
B B, 4 Al AE 2 P BOR B, LB 4 PGEs 07
7 U R A )

i . A BKEFAEL R TR, FE] T
HIFKRFIHREF LR AR, B RFTRIAZE
POELAMILE S I LFMT K ESK, £
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