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hrE 233 | 15.9% 255 | 16.0% 257 | 17.4% 137 | 10.1% 158 | 10.0%
—a—hHLE=7 103 7.0% 125 7.8% 103 6.9% 93 6.9% 130 8.2%
24VEY 59 4.0% 80 5.0% 35 2.4% 119 8.8% 119 7.5%
FE 69 4.7% 68 4.2% 68 4.6% 79 5.9% 79 5.0%
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Ry 30 2.0% 35 2.2% 35 2.4% 32 2.4% 32 2.1%
Bm7I2Uh 42 2.8% 38 2.4% 31 2.1% 35 2.6% 40 2.5%
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20014 20024 20034 20044F 20054F
fE 50 4.3% 54 4.5% 65 5.4% 73 5.8% 98 7.7%
av7y 252 | 21.7% 239 | 20.2% 263 | 22.0% 263 | 21.0% 248 | 19.4%
BA 154 | 13.2% 158 | 13.3% 165 | 13.8% 170 | 13.5% 166 | 13.0%
Hhr5 141 | 12.1% 145 | 12.2% 124 | 10.4% 152 | 12.1% 140 | 11.0%
= 128 | 11.0% 132 | 11.1% 116 9.7% 123 9.9% 131 | 10.3%
JIL9I— 68 5.9% 69 5.8% 77 6.4% A 5.7% 85 6.7%
242K 55 4.7% 55 4.7% 51 4.3% 50 4.0% 41 3.2%
aavE7 38 3.3% 44 3.7% 48 4.0% 49 3.9% 53 4.1%
Za—hLR=7 46 3.9% 49 4.1% 51 4.2% 43 3.4% 47 3.7%
F1—/\ M 3.5% 39 3.3% 36 3.0% 39 3.1% 39 3.0%
04 240 | 20.6% 256 | 21.6% 265 | 22.2% 293 | 23.4% 327 | 256%
& &t 1,163 — 1,185 — 1,197 — 1,251 — 1,274 —
L55EEt 743 | 63.9% 742 | 62.6% 746 | 62.3% 780 | 62.3% 781 | 61.3%
20064 20074 20084 20094 20104

FiE 137 | 10.1% 199 | 13.9% 199 | 14.2% 254 | 19.1% 332 | 23.0%
av7 286 | 21.1% 272 | 19.0% 258 | 18.3% 254 | 19.1% 262 | 18.1%
BHA 153 | 11.2% 162 | 11.3% 161 | 11.5% 144 | 10.9% 166 | 11.5%
hr5 154 | 11.3% 163 | 11.4% 177 | 12.6% 117 8.8% 105 7.3%
=M 114 8.4% 111 7.8% 116 8.2% 129 9.7% 102 7.1%
I I— 82 6.0% 88 6.1% 89 6.3% 89 6.7% 92 6.4%
242528 47 3.5% 55 3.8% 57 4.1% 41 3.1% 47 3.3%
a0VvE7 51 3.8% 49 3.5% 42 3.0% 51 3.8% 49 3.4%
Za—hLR=7 49 3.6% 45 3.1% 38 2.7% 38 2.9% 40 2.8%
F1—/\ 42 3.1% 42 2.9% 36 2.5% 33 2.5% 33 2.3%
Z Dt 379 | 28.0% 443 | 31.0% 433 | 30.8% 433 | 32.6% 547 | 37.9%
& & 1,357 — 1,429 — 1,405 — 1,329 — 1,444 —
54 EE 843 | 62.1% 907 | 63.4% 911 | 64.8% 898 | 67.6% 967 | 67.0%

<t BERZ v 7 LHRE>

— 5 —
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226 =y, ANV OERE - G - MiEEEE BAH X4 —E %85
#3 HRO=vF LR
(B : T t)
20014 20024 20034 20044 20054
| & 83 7.1% 94 7.9% 125 | 10.4% 150 | 12.0% 189 | 14.8%
BA 162 | 13.9% 191 | 16.1% 193 | 16.1% 193 | 15.4% 173 | 13.6%
FAUH 129 | 11.1% 121 | 10.2% 118 9.8% 129 | 10.3% 135 | 10.6%
R4y 110 9.5% 107 9.0% 100 8.3% 100 8.0% 100 7.8%
75 6.5% 83 7.0% 98 8.2% 103 8.2% 100 7.8%
ZDith 545 | 46.8% 580 | 48.9% 586 | 48.9% 572 | 45.7% 547 | 42.9%
& &t 1,104 — 1,175 — 1,219 — 1,246 — 1,243 —
L5 EE 5592 | 481%| 5952 | 502% 6331 ] 529%| 6739 [ 53.9% 6965 54.7%
20064 20074 20084 20094F 20104
| & 255 | 18.8% 330 | 23.1% 360 | 25.6% 443 | 33.3% 575 | 39.8%
BA 183 | 13.5% 169 | 11.8% 158 | 11.2% 121 9.1% 149 | 10.3%
FAUH 145 | 10.7% 135 9.4% 127 9.0% 90 6.8% 120 8.3%
A4y 106 7.8% 97 6.8% 91 6.5% 80 6.0% 86 6.0%
93 6.9% 63 4.4% 56 4.0% 67 5.0% 74 5.1%
ZDith 620 [ 45.7% 530 | 37.1% 495 | 35.2% 440 [ 33.1% 461 | 31.9%
& &t 1,401 — 1,323 — 1,286 — 1,241 — 1,464 —
L5 EE 7815 57.6%| 7926 | 555% 7911 [ 56.3% 801.1 [ 60.3% 1,003.2 | 69.5%
<H#:EBRZvTILHRR>
ES = it
#£4 HARO= v 7 VEHRHER (B F D
2005 £ | 2006 £ | 2007 4 | 2008 £ | 2009 £ | 2010 &
—wbLihE |EEE 29.8 29.3 30.3 3438 29.3 40.2
HAE 49.7 47.3 49.8 40.4 26.1 43.2
&t 795 76.6 80.1 75.2 55.4 834
ZIO0=v4o)l |4AFES 76.4 66.1 68.3 58.9 58.9 67.5
MAS 135 125 154 11.9 75 12.7
it 89.9 78.6 83.7 70.8 66.4 80.2
Blt—wr)L |%£ES 56.7 53.8 60.3 49.5 53.6 53
MAS 0.6 0.8 04 05 0.5 5
&t 57.3 54.6 60.7 50 54.1 58
=L BiAE 9.3 9.4 8.7 4.6 49 55
&5t 236 219.2 233.2 200.6 180.8 227.1
(JOGMEC & #)
#5 HAOGBER=vA 7NV (AFZNV=vrV, 7Zz0=v7)l, Bt=v ) EER
(B - t)
19994 | 20004 £ | 2001 ££ £ | 20024 £ (2003 4E £ [ 20044 F£ | 20054 £ | 2006 FE £ | 2007 4E & | 20084 £ | 2009 FE &
= = 213,675 227,665| 222,541 226,472| 244,560| 253, 718] 241,062| 230, 304| 226,827| 204,803] 211, 834
N E 149, 966[ 153, 083[ 147,676 160, 457 163,411 167, 875 142, 033[ 150, 878[ 139, 332[ 109, 435 111, 230
kedi sl 123,479| 129,180 130,078| 145,710 149,545 151,799] 127,406| 135,6589| 124,771 95,094] 97, 850
W 3,534 2,480 1, 381 2,063 1,878 2,212 1,892 2,482 2,399 1,938 2,255
GEEET 3,929 3, 505 1,919
HoE 5,495 5,309 3,714 2,679 2,970 2,790 3,306 2,450 2,452 2,082 1,831
i 55 497 355 433 390 448 416 439 321 358 37 350
EEiM 4,316 4,082 3,593 3,906 3,152 4,487 2,903 3,690 3,610 2,945 2,345
Z D 8,716 8,172 6,558 5,709 5,418 6,171 6,087 6, 346 5, 742 7,005 6,599
L] 36,431 46,102] 52,529 42,933 52,151| 55,6397 63,401| 56,679 57,096 58,6131| 78,6344
HRERE 27,278 28,480] 22,336) 23,082 28,998| 30,446 35,628 22,747 30,399 37,6237 22,260
(B8 BARSERS MRl
DERHDHER, =y T VOHEESFTFE L TEHBERE LK 20094F D EREERE I X % 90 2 B TR SRVE T & W
ERfEs 5, Ck#ED, ZNLLEICHBEL T 5,
1.2 HEOHEHB/IRR T/, THNEEECE BHEEIELRHETH D
FAICHAROFEN = v 7 VoA R i AR (2005 A%, wEMEA R D 2000 ~ 3000t/4E & BREMICHERE L Tw»
~ 20104F), ES5ICHADGH =y r VRER (1999 b —), Ho %, ERBIBTFIBDENICH S, T/,
~ 20094E) ZRTo 20104FEDOHAD = v 7 VA ER I 20094E O AT B~ O = v 7 IV EEIX1999FE DK 2
— 6 —
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#6 WHO=v rVEREES

FTELEES E HERE
FEREREHIL - H [ REHAT BA —whLithE JTA=vir)L
z—L Sy BA gt =)L
BARBETE BA Zz0=v47)L
AEEERE BHA JzO=v4 )L
Vale HFF AFIR it AR GARS A—
XSTRATA JIoxA —wir Lt
SHERRITT International hr5 LIk
ERAMET IS5V AR, Za—hLEZ7F —yLithE, JzA=—v)L
Norilsk Finland(OMG) 24208 —wirLithE
BHP Billiton A—RESVT7. . OOVET —w VI yb, TIO=vT )L
Queensland Nickel F—RSUT FEXH AR A—, ZyF)La gk
MINARA Resources F—RESUT —yT LIk
Anglo American E7IUAARRXIS, TS5V —wiLihE JzO=v4s )L
IMPALA Platinum mrIUh LIk
PT ANEKA TAMBANG (ANTAM) AVERLT Zz0=v4)L
Votorantim (Tocantins) IJ52IL —yiLihE
PT International Nickel Indonesia (PTI) |AVKRI T —v LI vk

(USGS T'Minerals Information, Stastistics and Information by Country] [E5")

#7 LME= v 7 Ulitg OET3oMiRgHERE (N, 1b)

2002 & | 2003 &£

2004 & | 2005 £ | 2006 & | 2007 &

2008 &£ | 2009 & | 2010 £

3.07 4.37

6.27 6.69 11 16.89

9.58 6.65 9.89

HERFRICHER L TBY, PEZIECO LSS, Pt FEPOIZE A LIIIALIE (7774 ML) TH b,

DOWERER = r VIRETEEPHARD = v rIVERZ T

7794

b SRR LAY <

PEk, REFENZR =Y 7V

AT AWK >TWwD,

%8B, ENoAERIERSESIL, Yr—1L - Ty
Ny, HRBETE, KRPFPEERTEIC 7=y I
SEREHELTWS, (F£6),

2. {H&

Oy Fry&BRWEIH (LME) = 7 U iligix, wb
WBIT AR TH - 7220014F % JEIZ L5128 U, 20064

WKIEC B S, 20074F 5 H 2 H HISF192367 KV o e
ﬁ (H¥Y) 258 L7. Lo LZENLIRIEIERm
A X, 200844 X BGRIERICE D R4 FYRET
TH L7z Tk, SBEE»ELE S HEH LD HIE
T 5 & L HIZ20094E 20 5 T LAICEE L, 20104E1% 8 ~
I2FVTHERB L7,

3. BE
S IIVEROTRTI, B EE T R
P IR S I TB Y, KRNI ZFNS DR

L BRD DB, TER=y T VEKRIE, RDIZAT

RSN,

(DRI IR I B D SRALW SR (Kambalda B
SER)

(2 Atk - B AR E A SIS b R
(Sudbury % g5)

(395794 ME= v 7 VK (New Caledonia FIgLIR)
T s & BBILEE (97 94 ME) O AidHIg S &1

BRI TW b KEDICIE, AREMTICEILES

SR ORI (754 ML) PHFEELTBY, KB
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WD & ST E 72, L LaE4E, RS RIbss 2
ka2 b TS ZHPAL (BIEMMEL) EoRIE
HAH, SHRITMERILZ T T T4 MEOHBE»ERE
T AREMEATE V. FRIC, PAZEMNTIX, Murrin Murrin
(1999 4F A FE R 48) ‘Cawse (19984 ) - Bulong (1999
E) O 3FHINIBWTHPALEICE T, =y, 3
NV EIEPEEEINTVWS, L2LIhbso7Tuad s b
IZBWT, HTA R EE X 5 S EERD51C B2 S §4
EPPUORA TS, ZHIZHLTT74 Y EIIBNT
ERERIILRIHED TS Coral Bay7a ¥ =22 M T
&, FEHREAEIZBASE L7-HPALE: 7 0 & 212 X 0 K4
NS = v v, TNV s DEEDHIE S MBI
BEAUD TN Do [AFEATHM BN 72 5T > T
52l SHHARO= Y 7 VERESOEIKICE 5T
WELEREZHOLEZONL, EHICHETIE, i
ElEE T RIS 754 MERAS = v 7OV E R
HLT7 0=y 7V a AT 555 20065E 620 O i
FoTWb, COFKIEEIXMNFBDOT, =vr
IS R IS B 2 = v o VAT & 72 o 7228, RO
DOfikE TR T, TOEERZBPLTWD, 7272
L, FETIE, HBCERFEZEAL, LVEKI A
Ty VSt E BT HETH DI T > TV B BT,
=y VREEE, SBRLPEICE s TEER=v )
WVIECEE 7 BT REVEDS B % 6

F 8 1220104E, AR D= v 7 vgilghf LR O EAT
2085111 2 7R $ o b AE208 1L oD A pE 1 13939.2 Tt (20104F)
THY, 2010FEDMF DI EDRI60%% DTV 5,
WAy 4 TR, EA200H T, BRALEE S A Ttk



228 Zylb, ANVADOEE - s - MiREEE

AA#AR2-—EZER0

#8 20104 MR D= v o Vg A i A7 2085 0

D52%, TT7I4 MF A TH48% (20104F) = 5O TH
D, 2009412, FT T4 NF A TS OERENEEN
LTwab,

HEMERE 1 A/ED L EETAIAEE T Y 27 b
&, WAL #E ¥ 4 7 T, Oktyabrsky, Taimyrsky,
Talnakhskoye, Kola, 77 74 b % A4 7 TlXAntam,
Soroako®F 43 % o

KR o=y FVHERZRT, o=y v
M 1376000t T, +—A& b+ F Y 712#30% (24,000
Tt), 79V, Z2a—AL F=T7IZE&bLETH20%
(15800Ft) & 3 A ENCHFE D) F 55 DI & AAFEAE L
TWh,

E el

=y rVOFERMERICBWT, 5855754 v 54T
O ORFF DM T B W REHEATH WA, FO729I121F
= VI ASBAR A HE L v & S s R L EE o LB B
WDHTESL ENLRLENDH L, T, BFE LTOBENE
DEET, = v rVOSAERETIE, uy 7, £V FE
VT, A=AVNIUT, AFF, Za2a—HhLF=TD5
M EDERDRI50%% o T A4, HERIZHBWTD
F—AFFVT, TIVN, Za—HL F=ZT7DI3INE
THROHIS0%D = v F VEREZHRE L TV 5,

- -

Bt L% FEE RE GEs(T e WOTEER
1 | Antam Nickel/Cobalt Mines Indonesia |OP L 134.0 155.0
2 |Sorowako Nickel Mine Indonesia |OP L 69.0 78.0
3 |Oktyabrsky Nickel/Copper Mine Russia UG S 75.0 75.0
4 | Taimyrsky Nickel/Copper Mine Russia UG S 73.0 75.0
5 |Jinchuan Nickel/Copper Mine China UG S 60.0 60.0
6 |Manitoba and Ontario Nickel/Copper Mines |Canada UG S 60.0 52.0
7 |Montelibano Nickel Complex Colombia |OP L 51.8 49.4
8 |Talnakhskoye Nickel/Copper Mines Russia OP,UG S 43.0 45.0
9 |Voisey's Bay Nickel/Copper Mine Canada OP S 40.0 42.0
10 |Kola Nickel Mines Russia OP,UG S 36.8 37.0
11 | Adlay-Cagdianao-Tandawa Nickel Mines Philippines |OP L 61.0 36.0
12 | Leinster (Agnew) Nickel Mine Australia |OP,UG S 30.0 35.0
13 |Mount Keith Nickel Mine Australia |OP S 30.0 35.0
14 |Moa Nickel Mine Cuba OP L 33.0 34.0
15 |Murrin Murrin Nickel Cobalt Mine Australia |OP L 33.0 28.4
16 |Raglan Nickel Mines Canada UG S 29.3 28.2
17 |Rio Tuba Nickel Mine Philippines |OP L 21.0 20.0
18 |Hinatuan Nickel Mine Philippines |OP L 10.9 18.7
19 | Taganito Nickel Mine Philippines |OP L 7.5 18.0
20 | Coral Bay Nickel Mine Philippines |OP L 17.0 17.5
INEF 915.3 939.2

IL:F7 Ik et (m57 540 438.2 455.0

1S BHMEEE [ et (mmmicsn) 4771 484.2

THEEE (FTI4H) 43.8 45.5

FIg4ES (BR1LHE) ar7 484

HRARE 1346.0 1578.0

(JOGMEC # #})

#9 HRoO= v VHEEE

E £ HEE (Ft)
F—RArS7 24000 | 31.6%
TV 8,700 [ 11.4%
Za—hALK=Z7 7,100 9.3%
av7y 6,000 7.9%
Fa—Nn 5,500 7.2%
AVRERIT 3,900 5.1%
hT+45 3,800 5.0%
m72)h 3,700 4.9%
FE 3,000 3.9%
Z D4 10,300 [ 13.6%

i 76,000

_8_
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jm DAY/ N
ITU&IC

290 M B omEomWER T, bEWe LT
HIAFIZEN R FOZ T HEE I Ao monT
Wz, BAETY, #HehrFaoZITH LT “anNuvh
Th=""L VW) RABPELHOLNS, BHEL LT,
173B4FEICA Y 2 =T Vv OLEHRGC T T ¥ M B L7
DTH b,

TNV ML, EICEWER, /-y arEoy s
LA Y ZREBICHET SN TWS, Zoftio)s R
mELTIE, MZBEOYzy b Yy, HAF—EY
HOA— =704 (Bi#G4E), 77 MEIMHH
ENDEHEMRLWES, TV oAt~ YT -

TNV MREASFEORARA, €T T — 75 OB

ALy ¥ 7 AT v L OEE X B BMEESEORE MRS
Wb, 7z, AMFR - BRFEOMEE LTHMHHE
NTHY, BRMKICRIRPERVEMERo>TWVA,

1. BE - #is
1.1 HROFHRRR

a9V ME, SFERESy A VAEEORIER E LA
FESND 280, fFE2E=y rVOMiEIRIIC & 0 A4
BOPLEAINAEZLELHY, LT L OLEE L A Ab]
WZHBERT AR\,

KI0ICHF O I MEADEERE RS, R0
2NV MEAOEERIE, 1990F IR E L Tw 7z
A3, 20004EACIC A - TH B IdhE, HAZHLE L4

MR Y F o544 v ZREMFTFLEOH %2 L,
HAMIIZIML CT&72, ZOM, HOEHIRILE £
TR N A EREE LA S EOEREIR, 20014FED
76.3% 2 5 20084E12131383.8% & o » TR ELAE (1H
A =) DT [DRC) &) ToOAEERZTEIC
FRL7 20, 2000FEDERERIZ X 5 IE 2T,
20104E1ZI1EDRC, Y E7 TOME L Z17798% L 7 -
TWwb, 72, KREBIEAR DM R % WDRCASHLA
EEOIMT DY, ChIMKHATALEE AHND
—ODEFEL R > TVD, 51, KRESEC GEHIGI
B%) I L CDRCIEDOKSEM (&, 77,
, ¥ YITATUOAGM) T AIEHRAREE Y
HIIEEMFLTBY, EERDPLOFHEZEDTK
%o

KINZHR O a0V METFRERT RO
MEFEIE, 2005 ~ 20074E 12 1354,000tH £ TLE IR
VIRTE T - 7228, 20084E 12 1356,618t & 38 - i i o fit
MEERE L. T/, 20104E1Cid R E, DRCTOH
i FIZ63 350t G R Th o 7o L PRHEIN TV S,

2005 ~ 200741, AL 1 MO A LEEETH 5
DRCIZHEWF ¥ aF+ Y XLABHEL IV MEA -
W o2 fTbhiZE, MEAIZLDERD
BB EALZZE (R4 A - Xstratall L A H F % -
Falconbridge® B, 75 YNV - Valelc kX B A+ % -
Inco®EHIL, © > 7 - Norilsk Nickelic k%74 v 5 ¥
K- OMGOEIINE), H#Hl 7oy s b ORRRLES
OFERICL Y, HHEIIHIVIRETH 720 LAL,

#10 MHROINV NEGEER

(4L : 15 t)

20014 20024F 20034 20044 20054

DRC 4700 | 12.8% 12500 | 26.3%| 12000 | 24.8%| 16,000 305% 22,000 38.0%
hrs 5300 | 14.4%| 5100 | 10.7%| 4,300 8.9% 5200 9.9% 5500 9.5%
HYUET 8,000 | 21.8% 10,000 | 21.0% 11,300 | 23.3% 10,000| 19.1%| 9,300 | 16.1%
=L 6,200 | 16.9% 6,700 | 14.1% 6,900 | 14.3% 6,700 | 12.8%| 6,000 | 10.4%
ov7y 3,800 | 10.4% 4,600 9.7%| 4,800 9.9% 4,700 9.0%| 5,000 8.6%
Fa—/N\ 3,400 9.3% 3400 7.1%| 3,000 6.2%| 3,600 6.9% 3,600 6.2%
Z Dtk 5300 | 144% 5300 | 11.1% 6,100 | 12.6% 6,200 | 11.8% 6,500 | 11.2%
& &t 36,700 — | 47600 — | 48400 — | 52400 — | 57,900 —

54 EE 28,000 | 76.3%| 38,900 | 81.7% 39,300 | 81.2% 42600 | 81.3% 47,800 | 82.6%

20064 20074 20084F 20094F 20104F

DRC 28,000 | 41.5% 25300 | 38.6% 32,000 | 44.6% 25000 | 40.3% 45000 | 51.1%
hrs 7,000 | 104%| 8300 | 12.7% 8300 | 11.6% 5000 8.1%| 2500 2.8%
HYUET 8,000 | 119% 7600| 11.6% 7,800 | 10.9% 2500 40% 11,000 | 12.5%
=L 7400 | 11.0% 5900 9.0% 6,300 8.8% 6,300 | 10.2% 4,600 5.2%
av7 5,100 7.6% 6,300 9.6%| 5,800 8.1% 6,200 | 10.0% 6,100 6.9%
Fa—/N\ 3,800 5.6% 3,800 5.8%| 3,900 54% 3500 5.6% 3,500 4.0%
Z Dtk 8,200 | 12.1% 8,300 | 12.7% 7,700 | 10.7%] 3,200 5.2% 4,700 5.3%
& &t 67,500 — | 65500 — | 71,800 — | 62,000 — | 88,000 —

EiI55EE 55500 | 82.2%| 53400 | 81.5% 60,200 | 83.8% 46,000 | 742% 70,200 | 79.8%
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K11 ROV M ST - BEA T M GRS
(B $153)

20004F | 20014 | 20024 | 20034 | 20044 | 20054 | 20064 | 20074 | 20084 | 20094 2{;2;5

EEE SEE
thE — 1,200 1,470 1,842 4576 8,000 12,700 12,700 13,245 18,239 23,138 | 23,000
745K |OMG 7,700 8,100 8,200 7,990 7,893 8,170 8,580 9,100 8,950 8,850 8,500
/)L™ I— |Xstrata (Falconbridge) 3433 3,314 3,993 4,556 4,670 5,021 4927 3,939 3,719 3510 3,000
5 ICCI (Sheritt) 2,855 2,943 3,065 3,141 3,325 3,391 3,312 3573 3,428 3,721 3,500
AN)LF¥—  |Umicore 1,110 1,090 1,135 1,704 2,947 3,298 2,840 2,825 3,020 2,150 2,000
= Murrin Murrin 925 1,452 1,838 2,039 1,979 1,750 2,096 1,884 2018 2,350 1,800
Queensland Nickel 1,520 1,818 1,863 1,800 1,900 1,400 1,600 1,800 1,600 1,700 1,500
Bulong 192 203 200 — — — — — — — —
DRC Katanga Mining = = = = = = = = 749 2,535 5,500
Gecamines 4,320 3,199 2,149 1,200 735 600 550 606 300 415 300
TITI Vale Inco 1,470 1,450 1,480 1,000 1,562 1,563 1,711 2033 2,200 1,193 1,200
Votorantim 792 889 960 1,097 1,155 1,136 902 1,148 994 1,012 1,000
av7 Norilsk 4,100 4,600 4,200 4,654 4524 4,748 4,759 3,587 2,502 2,352 2,500
HUEF  |Chambishi 2316 2,789 4344 4570 3,769 3,648 3,227 2,635 2,591 1,000 2,500
Mopani Copper 1,026 1,876 1,800 2,050 2022 1,774 1,438 1,700 1,250 1,300 1,250
EOva CTT 1,200 1,200 1,354 1,431 1,593 1,613 1,405 1591 1,711 1,600 1,700
BA EREREIIL 311 350 354 379 429 471 920 1,084 1,071 1,332 1,800
FDMEES 1,150 1,335 1,152 721 1,501 2,352 2371 2,290 2,076 2278 2,100
T ) HEREE (I 3,083 1,893 1,284 1,987 1,632 1,199 294 617 200 180 200
s &t 38,703 39,971 41213 44,895 49,636 54,834 53,632 53,657 56,618 60616 | 63350
A& 8,700 8,200 9,400 11,000 12,600 13,000 14,000 14,500 15,000 14,000 [ 15,000
hE 3,800 4,000 5,000 6,400 8,500 11,400 12,400 14,700 14,400 16,000 [ 18,000
XE 11,600 11,800 9,800 10,000 10,000 11,000 11,000 9,600 10,700 7,338 9,000
R 7,800 8,000 7,200 7,800 8,200 8,600 9,400 9,800 9,500 8,000 8,800
ZDih 2,900 3,400 4,400 5,100 5,700 6,600 7,600 8,000 8,200 6,962 7,500
EFE &it 34,800 35,400 35,800 40,300 45,000 50,600 54,400 56,600 57,800 52300 | 58300
FHNTUR 3,903 4,571 5413 4595 4,636 4,234 -768 -2,943 -1,182 8,316 5,050

< THELT7 A%/ ANUAL REVIEW, B%EBE 0P ) FEERKREE RESEREDS. EREDERAEBRABRR). B>

F12 350 kO F R H i E
(B4 : f )

20004F 20014 20024 20034 20044

242508 1,116 95% 1583 | 175% 2383 | 205% 3,480 | 22.9% 4339 | 255%
Hhrs 1,942 | 165% 1789 | 19.8% 2040 | 175% 2016 | 133% 2318 13.6%
=l 986 8.4% 995 | 11.0% 1,781 | 153% 2938 | 19.3%| 3370 | 19.8%
/)Ly — 1,144 9.7% 914 | 10.1% 912 7.8% 1,054 6.9% 1,272 7.5%
HUET 1,427 | 12.1% 873 96% 1458 | 125% 1512 99% 1,712 | 10.1%
KE 95 0.8% 176 1.9% 211 1.8% 242 1.6% 392 |  2.3%
~)L¥— 2892 | 246% 1368 | 151% 1,702 | 14.6% 1,967 | 12.9% 1,735 | 10.2%
Z D 2174 | 185% 1347 | 149% 1,146 98% 1995| 13.1%] 1.855| 10.9%
& &t 11,776 — 9,045 —| 11632 — | 15204 —| 16993 —

L Ri5sEET 8521 | 72.4%| 6649 | 735% 9,364 | 80.5% 11,914 | 784%| 13475 | 79.3%

20054 2006 4F 20074 20084F 20094

242508 4259 | 29.9%| 4442 | 205% 4674 32.8% 5127 | 32.8% 3,847 | 35.2%
hrs 2203 | 15.4% 1995 | 132% 1,997 | 140% 2722 | 17.4% 2069 | 18.9%
= 2431 | 17.0% 2487 | 16.5% 2032 | 142% 2568 | 16.4% 2,186 | 20.0%
Iy — 943 6.6% 908 6.0% 1,148 8.0% 1,602 | 10.2% 810 7.4%
HUETF 1,279 9.0%] 1,170 7.8% 1,003 7.0% 847 5.4% 186 1.7%
KE 601 4.2% 830 5.5% 560 3.9% 0 0.0% 0| 0.0%
N)L¥— 832 5.8% 714 | 4.7% 568 4.0% 645 4.1% 313 | 2.9%
Z Dt 1,716 | 12.0% 2519 | 16.7% 2281 | 16.0% 2136 | 13.7% 1515 13.9%
& &t 14,265 — | 15,064 — | 14263 —| 15,647 —| 10926 —

LRi55EE 11,115 | 77.9%| 11,001 | 73.0%| 10,854 | 76.1%| 12,866 | 82.2%| 9,225 | 84.4%

<Hi#: BH#HE &Y JOGMEC 5 >

—10 —
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20084F 1213, WEMEZESRYIZHIC L YDRCOGL A -

K2 ET A X9 ko728 (L LAKEOLR
BWZR B E L o72), DRC - Katanga Mining® 4
FEBRME FICX D BEREOMBEE o720 2009413

BEAF S5 1L 2 & O PRSI A 2 D126 L, Katanga
MiningZE O F L Wil A & o G258 m L 722 &2
A, WETOMEEEIEH L-F 2T RICEHEIR
60000tz 720 GHDORAFAENELTIX, 77
) A FHESEOBFEF Y a ) X L0FEOEBILEEN
WZHED S - AL R, R ORI AR & L S
N5 HEEROEINMELL, §id L72REISEC GEZREGE
&) WX ADRCEMF LM T L) B EZ S
Nad, £7:, 79 AERE LT, FH 7T =7 b
GLHb L) OB BEESNS) ICL A HHEEN, 78
BiFoh b,

—F, TEIX, 20064135 Ew54,400t THIE K75 %
4, 20074E 13 55 B 556,600t THI4E L #94.0% 3, 20084E
R EEES7800t TRIELAI21 %3 &, IFFICHER L C
Eizo TNIE, ZKEETHL, VF LA+ EMFE
ZREEMINT T ORCERE AT R — X —T 1 f [HEDS
IR MERE L T2 TH B, LA L, 200840
KREYTT I 4 20— FEICHEZ 5 L - SRlfaigicfk
I RABZBOREIZL D, 20094 O F E1352,300t (Hi
A5 %IH) L h, RELELALRKERL L7
20104F K EREE O, FEZIZCD & §2HREET
D FBE % 5 51220084 % 8 2 558,300t D 7 EASF 41
ShTwb,

1.2 BHAEOFEHIRR

HAE, 23V b, e, SRMnE By, K
BILWEDOETIA L T\Wb, 2B, EHNOLEERIX
R EBILILFE D AT, FIFEIS S0 BRI o 4
o VIMIZT, Sy A VORIERE LTan M
EDEEXIT> TV 5,

1212 M eERo FESF HEINE 2R3, 3N
Vb &R o X H i E o b A5 E 4 dEE 1220004 0

NV N EEENE, 20084F 121315,580t & 20004F 1545 12

B L 72238, 20094F ot FLY S Rl e % & 52 1713,000t F
TWA L7z F72, 20104E 13 HI4FE LE300tHE 013,300t 25 F

HMENTWAS, 20084EF TOFEEEMOEERE LT
VF T AL Y ZREATREORIAETON S,
20004F 04,440t %> 5 20084E1310,820t & #2452 7% v, H
ROV NEEOK 35D 2% 505 KE RTHEGE

NEBELTETWS, 4B, 20104E1%, RGO
KEWZIZMEL 2 WETH, REMEEOBINZ I
14,000t & FHEEINTW 5D,

2. {H&

I 3)v b i320104F 2 H22H ICZLME (London Metal
Exchange : ¥ ¥ F Y &RBIGIFT) B IhTw b,
CHUZDOWTIE, [THHAEEALT 2] [~y VHRENT
X5 LRYVT A TIHOZBFEND BT, [HHD
HBA/NES WD, 77V FEOBEIZL 5EEIKE
s (HHEICHEVWEDOLNS)] L WnIHIBREDORLH
PNb, ZD, FAIRTIIRFEDOFEERIZILMED
BN ZHER L CWAIREZEEZONSL, Lo T—HK
M2 1ZMetal Bulleting§®d 285V M40 I — 1 v &
P A& ASEEE E L THW BN TW S,

a9V M, TISEBEBESIEN /NS v GRS BT
t), BRI ORNZENE (BUSAL D B 5 E 25 T 2 A 5
THY, POoWMELEI=v T VORIEWTH L7208 %
WENTERV) SOME,IS, BEHOEWEDRK
il B W G R R I B 1 B WS ALEE I & B ik e %
ZHVESbI TV,

I8V M OMig X, 19904 1E ¥ Tk, DRC
OBIBARIIKIE L TEZLEEoTHBRETIE RV,
1977, 19784ED ¥ ¥ NHFIZ X D 545 (10 US $ /kg
59—50 US $ /kg¥9) 12, 19914 D REYI X 5 EFEAE
2 #3465 (F920 US §/kg—60 ~ 70 US §/kg) (2
i EmE Lz 72, 19944 IR EOBIGAZRIC L
LRWEZ T TR, MOFEAEZIZHHESETD D,
ZOREDLH 35 ($20 US $/kg—60 ~ 70 US $ /kg)

724 % H 5200947 13844 % & LA L 7225,

g LN IR B
80% T DI E WL NIV THER LT b,
FKISICHADO T I NV VEEREZ/RT, HAD O

c:%%bf:o

Ho72dbOD, itkiZw bR
121310 US $ /kgBEFTFH L7z L22L, HAER, WE

K13 HAOGEH v b FEE

F0%k, FHMICAEEED A N T4 FEIL
TASY HElF, 20024

(B4 - fi55t)

20004 | 20014 | 20024 | 20034 | 20044 | 20054 | 20064 | 20074 | 20084 | 20094 | 2010&(FH)

—REM 4,440 4,200 5,300 7,300 8,400 8,700 8,750 9,400 | 10,820 9,100 9,800
LEd Y] 1,045 1,000 700 800 870 850 890 770 1,030 910 980
R 520 320 240 240 300 320 470 490 590 520 560
BETE 780 650 550 600 680 680 560 570 590 520 560

i g 260 250 300 300 360 390 420 440 520 390 420
%0)1& 1,655 1,780 2,310 1,760 1,990 2,010 2,140 2,250 2,030 1,560 1,680
HEE &% 8,700 8,200 9400 | 11,000| 12600 12,950 | 13230 | 13920 15580| 13,000 14,000
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232 Zogl, ANIVROEE - #iG - ERERE

HA#AR2-EZER0

BRI F AL F Yy RBROFEES KL, 4t
MARERY, T/, HEEOANIAFOME T,
20034E 14 212 & [EI BRI A% 13 2 L, 20044840 12138
60 US $/kgF Tl L7z WX, —H%EBHE VLT
W7z b 0o, 20064 A A 5285 (40 US $ /kgii—
#5110 US $ /kg) (25l L, 20084F L1121 i
G Z T Lz T 72, 20004E121%, EREHEICEED
WMABBOREECLY, KIICHER (40 US §/kghi
%) L, BAELHHEILL S 0&EMZ 2, 1ZIFFAL
KETHR LTS, Eldvi, 77 hEFRSORNE
F 3+ XL 08 & OWEFALK OMRARE, 22k
I A - FESL ORI & v ) IR 2 RIS, 2003
FEVU L D IEEVLRVTHER LTV 5,

3. A%

TREBMSIE, HATRBEROHETH D, 20084
BV TRENINV MEFEEON3HTD 22 HDHTW
Ll EIN TG, KBTI, IV MEYF
LA F VEM, = v 7 VKFEM, =7 FEBICEHS
NTWBER, Y FI a4 vy ElZhoRE BRI ) 2
ISV ORERRIENRELL RoTwd (UFT7A 440
16%, =9 7 VKFE4%, =HF3%)o VF7LAF
VIREMIE, BIANVFE-HEOREEREL, HEEE
e/ — WXy a vEONNY - BEALICKRECFLS LT
Wb,

Rk B O KB &5 BT, A—s=78uA4 (B
MEGE 4, BEAE, SHE THMSICHHSN TS
D, A—=28=70a41% 1000CLUEOFERIZESSHh
BV VIV TURHAY—E O E LTS
N5b, 7z, BHEE REETHEH SERETT
R EE OB T & YO - U1 A U0 TR & LT
INb,

WASWTIE, 7ThVZafa (X Vv FETL T,
=y, SEORE) FOFHEBAR, T T A -
TNV MEASOR TERA  BET AR E LT
LBRTWD, TSN Mk ARBAOIE, BSITi

WE I, RCROSEOME A Y, SHE— S —,

WA - FHE - HEEEE, EERGOEREAY - —,
NIy FR VBRI ST 5,

FOMOFELEGFE T, EFtF—7HIMEHENS
WA R, AR - SRR O ML, BURHE 0L
MERRITF SN S,

4. A7FE - R

NV s OREEE KT S L, O - 290 b O
L8R, BRfbsin & OB, @= v 7 VRO B A
OB @F IV MEEKILA S OB, BHbH, O
OXAE, TNV MISAOREIEITH HH, Z OXFHEL
WEARMP AL, - a NV OGRS TH
%o DRCEUHF Y ET7TIRZOOQOBEEIFH SR

TWb, @QOBEHETIZ, = vk anNikofbEn
PEE IR ITBTIB Y, BB b BT BE O el
LKALDTH A, Bz 1 MEKEREILINZL, Coral Bay
NickellZ B\ T, HPALE: (HEMERERE) 2k =y
v —an)v Mt e AR L, ZotE HADR
L THIER L CHE BT, =y 7y, an
FEAEELTWD, 72, @O, Outokumpu
(BIOMG) ORIl & FEH SN TW72E 3730 b gkl
OBFICHWON D, B, ThOHOWA, av)L M
=y VORIER L %2> T,

ZOEHIZ, TNV MNIRFEZIE=y rVORIED &
LTHEEINTVS, BIEYWTH LIS, TOEMERIC
HEEI @ KPP VE SR D TH 5,

5. BiR

IV hERELTHREIN TS 3 DIX, DRCK
O v €7 ORISR (H v =XV 1), &
F¥, MR Y 7TOIES < W - = v A VR
PIZF 2=, Z2—HVF=TEHEOE=Y TV - T
G4 MERTH D, ZOMIZF—2 T —F—H@RE
SRALELIE (74 9 Y F), 4Btk (€
Ty a%) E3H 5,

K4 HR O a ) MEEREERT RO I
MR RE127302TtT, DRCERUHF Y ET (v /8=
VM) 123670t ($9503%), HF ¥, MR 7
(8 - = 7 VEEE) 121800t (#9247%), F 2 —N
R =a2—=hVLF=7 (H=v7)l - 55754 MER)
12870Ft (119%) FAELTH Y, BFROMWAETEIZR
HHN5,

FROBREOFTH, MEBT7T 7Y HDDRC- A ¥~
HIMPHF P ETIZE DL H v 83—V ME, EE
500kmiZ b MUY, ZOHEEASW RN TH S Z L, s
DOENZ EPOMFOMERE B TERELMEL 5O
TX7o TOEHRIITINIL FA0] ~ 02%FEEEE F
N, SIEEORERE LTanV s EELTBY, #

#14 ROV FEERE

ESlE BEE (fnTt)
DRC 3,400 46.6%
=M 1,400 19.2%
1N 500 6.8%
Za—hHLR=7 370 5.1%
HFUET 270 3.7%
aovy 250 3.4%
HhT45 150 2.1%
D) 89 1.2%
FE 80 1.1%
XE 33 0.5%
EOva 20 0.3%
Z Dt 740 10.1%

& F 7,302
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EHWRTHLEILENOLEELRINVMERLE STV
5o

BB, @S, ansvh, vrhY, ZvrLvEoL
TAINVEBEIZEETL YA VEB, ansu k-
Uy T - 75 A NEOREREEIR D MR LI
LTWwb, INHOEFRITVTID B LERICITH
HEOWOHEENH LD LRI N TS5, Bl - #
BHax b, BREMEEZVTLETRERL RV ANA—TF
VITEWDHDO0H 5,

6. £&£H
TNV MZBWTIE, REPBEALRDH 2 72 WDRC
DR RO AEEEOMRIME R -TEBY, 2

NBHIBHTOY A Lo TW5DH, EBIZ, FET
EEHR (PR 034 E%2DRCOASIALTH

D, ZRUITIR TEAER, W%@%‘?ﬁ‘}“‘/a‘i") ZAFN
DB & OIEFEAL K OARE, AU Sid - FEE o
PR IRDL AL E%f%’ib’(lﬂ%ﬁ((ﬁ WX oTnb, —

Ji, WHEMTIE, SRfERICM ) R REBORBESE TR
Elpolztk, ) F T A4 F VEME RKEMINTFHER

OWZERRIN T 2 — /3= 7 0 A FEPEGHR EORERE L
TV DPPREGERERDEEZEZOND, T2, VT

Y AAF v IRE
FRBEBOBHISRBIZOWVTIZIFEHR L T L LERH 5,

R OERELOAR L 2 B IEa v

INLHINIZL 5T, FROEBHENT VADBERSNS

boLEZOLNS,

BEXBE

(1) World Nickel Statistics FEBz=» 7 V55

(2) World Bureau of Metal Statistics

(3) Mineral Commodity Summaries U. S. Geological
Survey

(4) T.¥EL 7 A% ) ANNUAL REVIEW (2006 ~ 2010)
7V 2 H R

(5) WHEE Ty =7 Ml E (P17 ~ 199EE)  GDf:
BER A

(6) “FH0FEEN k&R 70y = 7 Mk 20104E 3 H
(W) ET B S & 0 B S T Ot

(7) JOGMEC&EEWHLAR—1t 20104E 1 A% mMiEE[=
PNV RO T OFE - AU - AR B

(8) HALZER 2 #5111 ]
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st » B —

B H A —E VI L TWALT AT, LTT—A

EVTTFY,

F—J—-K:®2)7Fr, L=va, B

[EUTF]

BT UL, 1200 ST R SNz FRIRIZF) Vv
D “Molybdos” T, “$rO X9 RW” v ) BEIKTDH
%o —MEIICIX, FAVEETHD “BYVTT V" HBED
FFHEE L TbhLTWwa (JEETIE “BY 75
2 Molybdenum” ). BV 75 %, $LE10 THE W #k
HodH 24T, FiRTEIBRIRERINR VA, HEHN
600CLLEICZ B ERBEL, BLEY 77 v &b,

F72, BV ST VUL, BER2600C & HLEATE W
Z &, BMABREARE VW L, WIERWC L, &
SR, BSEARWT E, LA SHRBUII TSR T,
WD L eEONEEL L, =y, zunkip
A CTHEBRE OBREE, THEM 2 E O M2 B 5720148
WRZERTH LD, Fo, KA 9k, EEH (2
WALE) 77 0) L LTHHENS IH, B THER

L= ADE

- PkiE - A B I 3

BIE ROR

HAMAI Takaya

ETHNA TR E L THAICTHEEPMH TS,

1. BE - #H5

1.1 HROFHKR

1R o®) 77 RER, K2 ICHROEY 7
T VR E R T

RoE) 757 VAR, 199945 520094F F T,
HEZPLE L2AT v L AR Z L (%
B, TV TFUBEIIZAT VL Ak k0 %
HHIT0% % O 57280, FTORBIIEFICREV), i
AWML C& 7z 2B, BHEOFE LR E £ TR
e E B4 5 o E o EH L, 20004F D87.5% % 5 2006
AE1X932% 12 A L, 20104F121389.8%IC T LT\ 5
AIEE I B IR IR W EINC D B o

—7J7, FEIL, 20074 T TUIMEERICHIIN L T & 724,

*1 WHoT) 77U EER
(BEAsr - B Ft)

20004 200148 20024 20034 20044F
KE 411 | 319% 376 | 289% 326 | 265% 336 26.9% 415 | 29.4%
FU) 291 | 226% 330| 254%| 295| 240% 300 | 24.0% 415| 29.4%
FE 289 | 224% 282 | 21.7% 293 | 238% 306 | 245% 29.0| 20.6%
~)L— 7.2 5.6% 15 5.8% 9.5 7.7% 9.6 7.7% 9.6 6.8%
el 6.8 5.3% 7.0 5.4% 75 6.1% 75 6.0% 5.7 4.0%
A¥ia 6.9 5.3% 7.0 5.4% 34 2.8% 35 2.8% 3.7 2.6%
Z Db 9.0 7.0% 9.7 75%  11.2 9.1%) 102 8.2% 10.0 7.1%
& & 129.0 — | 1300 — | 1230 — | 1250 —| 1410 -
L5 EE 112.9 | 87.5%| 112.8 | 86.8% 1084 | 88.1% 1113 | 89.0% 127.3 | 90.3%

20054 20064F 20074 20084 20094F 20104

580 | 31.4% 59.8 | 32.5% 57.0 | 27.8% 55.9 | 25.6% 478 | 216%| 560 | 23.9%
47.7 | 25.8% 433 | 23.5% 449 [ 21.9% 33.7 | 15.5% 349 | 15.8%| 390 | 16.7%
40.0 | 21.6% 43.9 | 23.9% 598 | 29.2% 81.0 | 37.2% 935 | 423% 940 | 40.2%
17.3 9.4% 17.2 9.3% 16.7 8.1% 16.7 1.7% 12.3 56% 120 5.1%
7.9 4.3% 7.3 4.0% 12.0 5.9% 1.7 3.5% 8.8 4.0% 9.1 3.9%
4.2 2.3% 2.5 1.4% 2.5 1.2% 7.8 3.6% 7.8 3.5% 8.0 3.4%
9.9 5.4% 10.0 5.4% 12.1 5.9% 15.2 7.0% 15.9 7.2% 15.9 6.8%

185.0 - 184.0 - 205.0 — 218.0 - 221.0 — | 2340 -

170.9 92.4% 1715 93.2%| 1904 92.9%| 195.0 89.4%| 1973 89.3%| 210.1 89.8%
<H# : USGS Mineral Commodity Summaries 2011>

g2+ 201146 H 8 H
* 1 () AMRIRA A - SRS E AT S i A
T105-0001 ¥&X)E /[ 2-10-1

— 14 —
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2 MRoOETYTFUER G

(B : 53 Ft)

20014 | 20024 | 20034 | 20044 | 20054 | 20064 | 20074 | 20084 | 20094 | 20104

s &5 1300 | 1230 1250 1410| 1850| 1840 2050 2180 | 221.0| 2340
FRN 49.3 49.9 535 57.6 59.4 61.7 61.7 59.9 417 49.9
KE 326 31.8 32.7 344 38.1 39.9 39.9 38.6 25.4 32.7
BA 236 23.6 236 27.2 28.1 29.0 29.9 29.5 20.4 24.0
Z0Hh 225 22.7 236 243 26.6 29.0 31.8 30.8 24.9 31.8
EE fit 1280 | 1280 | 1334| 1435 1522| 1596 1633 | 1588 | 1124 | 1384

<tHE : USGS Mineral Commodity Summaries 2011, #B¥FEEL>

20084F 134 TR A 1588 T-t THIAELLRIT0% K & 72 - 720
20094E &, SIS ETOHRKDE) 77 v BHE
EORBITEN, REEEIEH30% DA L TH1124
Ft& 7o 7275, 20104 1 IE AR AR IC B b #140Tt
ERBEFEBHE L2,

EBY) 7T L, WRAEES SELLE (MEZKEL) A
SAEEORIEWE LTEEIND D, TV TTVZFOD
bODOFER - M TIE R K WOFTH - WX ) s
WEASNLZELHY (72720, SKRPIcEY 757
VOREBEIRHBGIET DA, BY 7T VI EL
THREDWEEE DR 5 5), LT LLLELLME
HRHNCH 2 EITE R Ve 72, WILEFE THAOREHE
RATO A, BREERTED O REBERR G OB ik - WD &
o TETWD I LIZXBRBERET ORI & WA M E
(&, 2007, 20084FEDFMILIHRIC L D 5D L ZAEHL T
WBH, Rk, FROBRDSEIMOTW S, AT
<A FADKEE JFT—DODOEHE % DR D 5.

F72, £IIGBEOEY 77 Y OMERREERG 2 RS,
FAGLILTORA b T A F - Hiffe - MWRESFI X 2 900E, A
T v VA OEER AR ) REH RO b b, AR
T, fMofifs s FEk, BORBIMD GO T, WEOEE
NREL ZoTW5D,

1.2 BEROEHLIRR

HARZ, ®V77Fy4®%, V7TV, 720
EY) 77Ty (FeMo : $kEEV 77 0&4), B,
KLY, &REGHEORETHAL TS, 2B, H
WNORFO AR E, BRIz D filifg 29
KL TWBRE (19824E7 520024E X T CTOM) ICEEE
BN RS L CEREATIELTBY, BEENTRA
BY)TTFUHAEFRNCL T 20 ) 77 O
MOEFEELFT > TWD DL, KRBT 2 WpHEEEo 2 1
DH”RTH b,

F4I2®) 77 v eRko EE A EE R,

HARBEDWHNNOMERILEL, TV TTY - T4
< =8I RAE, WA DA F % - Endakodh I~ D
Hi% (Thompson Creek75%, MH25%) 1{FOATH
bo 12721, HNOHETIED 528, /N4 Tagiili~
HEZToTWAREIIZ V., FdboL LT, F
1) - Los Pelambres#i Il (JXH 8k H A1 &J815%, =%
<FUTNVI0%, MK875%, =S5 %, —IHWiE
125%), F ) - Collahuasi (ZH-WiE7.43%, JXHELH
H4&IE36%, —=H4EHE3£097%), ~V— - Antamina
il (ZZEWEH10%), #H F % - Huckleberry8illl (=

#£3 @BFEox) 77U oMGREE

i =z [EER R
1967. 7-12 KE : EFAKFClimaxdD R k HiaE D
(64 BRE)
1987 KE : Amax R UCyprus® iEi & E Pl #& AV =
# R DMoE EE D #10% 5 (HE)
1994-1995 HRE RFULRAMEERBICLIHETRE [ PR 4% AN K051 (2 = B
AFHE
1996 dbk : Climax#EIL k1L, Hendersondi L% ) iF & HEDMEEZEDH20%E
2002 HRWAE/N TOIL DR E E R B A2 5 C S

2003. 10-2004. 4

HE: BEHBUERICLSEERLE

EI Rl 18 AN 592 SFE IS

2004. 7-2005. 1

HMATFEOBRICMA ., BREEITRICK MM
HWOEBNICKYRMLATE (FITHE)

| P 4% Y9215 (S S B
(Q002FFTHOHIEETERE)

2006. 1-2007. 5

hE  BHIOFHBRORLEES
Bk SN TOILOBEC & B EHHET R IER

ERR &A1 OIS B
(BOMICEZERLT)

<HH# :  BAAZLVBREREFTHREE F>
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EVTTY, LIVLDEER - s - MikEmE

BAHZXZ—E>

24 A Sk
F=ao

F 4 B HEHE

(BT : i L)

20004 200148 20024 20034 20044
FU 8962 | 380%| 7671 324% 8514 | 37.6% 7,866 | 31.2%| 12660 | 44.5%
KE 3,179 | 135%| 2176 | 92% 1089 | 48% 1455| 58% 2395| 84%
A¥Sa 2480 | 105% 2,611 | 11.0% 2,760 | 122% 3,733 | 14.8% 2991 | 10.5%
FE 5167 | 21.9%| 6,706 | 28.3% 5324 | 235% 7,032 | 27.9% 5171 | 18.2%
Hh+5 1,676 |  7.1% 1,971 8.3% 2394 106% 2275 90%| 2042| 7.2%
ZDfth 2,104 | 89% 2547 | 10.8% 2567 | 11.3% 2830 | 11.2% 3,161 | 11.1%
& & 23,568 — | 23682 — | 22648 — | 25191 — | 28420 -
20055 20064 20074 20084 20094
13,590 | 44.8%| 13,165 | 43.1% 14150 | 47.6%| 13,112 [ 445% 12,239 | 56.3%
2,286 7.5% 2,995 9.8% 3,397 | 11.4% 4718 16.0% 3,949 | 18.2%
3587 | 11.8% 3,930 | 12.9% 3512 | 11.8% 2,890 9.8% 1,891 8.7%
4661 | 153% 4576 | 15.0% 3,141 | 10.6% 2,389 8.1% 378 1.7%
2,445 8.1% 2,687 8.8% 2,178 7.3% 1,965 6.7% 1,523 7.0%
3,797 12.5% 3,168 [ 10.4% 3,331 11.2% 4,362 | 14.8% 1,741 8.0%
30,366 — | 30,521 — | 29,709 — | 29,436 — | 21,721 —

FP55i3125%, DOWAX ¥ V<A »625%, it i HEms
£)86.25%, MAL625%) HENBITOHND,

7B, HRIZBIF L) YA 2 VoBIKE g ic iz
LMt I3 AE LR v as, Sk80 - Seski o ir <, T
NTHOAZ Ty TIFIFIFERFANSNTWSIED,
FAETE %o 72880 5 b HEIAP LM S T
Wb FoM, EESETHITEAESHINENLTYS
37, &/EV) 77T, BUSREM RSSO R
MRS TELLAICIZIEEAEETHINEINRT WS,

2. &

fif& B L ClE R & < BRI 2 Atk e B A2
9, —HIZiEMetals Weekii €Y 77 ¥ §DDealer
Oxidefli#% (CIF) » g & L CTH W LN T w7275,
20104F 2 H22HIZLME (92 » F ¥ EI51HT : London
Metal Exchange) 2 E¥ L 720 LMELS#EMb 22
En, TITIRZENE TOMBKEINOWTIEET 5,

®Y 7T UHOMIE, 1980/ IO REIIC XL Y,
19824E 72 520024E 18 F TRMICH /20 10 US $ /kgk
Thalo TR L TWiz, FOM, 19944E % 5 DR FA
OEBHED B8, JFlca—a v SICBIFA ATV LA
SHAEPEDOKIEHIC L 28 ) 77 VIR ARICE D, 1994
AEED H1995FEPNT 0T T30 US §/kgirEFCTLALZ
ZEbhotbon, IRIE - EE L WA ER DY E
L7728, 19954111 R < $10 US $/kgZ Tl D
BEERIREBIZE L Z & olze LAL, 20024E 21212,
S NA TGN BT BE ANE L 72720) 12X
DG ENEA L, PEFRERSLEEH ORMPE I X
D, fli#%1X10 US § /kgta P EF CLA L7zs DI,
20024EFK D # F % - Endakod 112 L 57 % i, 2003
FomE (BRVWEA) - SHEIREIL O WE, 2003420 5
20044F 12 CoHEESER DL g, BREEESC

<H# : BH#HET &L Y JOGMEC 5 >

XBEERDEEEILEFICLVETOMBARE Lo/
ZEh 5, 20044EH:1FX121330 US $ /kgtr F Trills, H
12, 20044E 7 520054512 A0 Tk, 91 kil = Ear
L60 ~ 80 US $/kg% THMlE L 72 2004, 20054 1% L
BT BB % > TW B A, hEEHL & T B8
- BRI EEOMKICE LT, £ TF V0K
BERE AN X 0 258 WA 509, ERMEA L DIk
RICho72ERONTWS, F72, 20054ED BtV T
B RS 7 R IX S L o PRl (DS HRIME %
BAIICT Y Pa— VL) LI BEITES D) b
FO—HEEZEZBNTWE, 2D, 20065EICA D ET
EEL, 50 US $/kgBECTTH LD O, FEOD
iy N BOR L O B R O FNICET 288, Bk
D NA TGN ORI X BB A L EE (F) -
CODELCO® E N ARG SR ORI £ 2 2E R ik b
&) HIZX VBRI ER, 20084E121270 US $ /kg
BETMHZRELZ. 20084E10H i, £RlfagIciE )
REABBORBEICLY, MitkH20 US § /kghift T
KELTFHLIZA, 20004E55 2 UEHICA D, Skiilysk
S HZETOHRMOTFLEDOBFEITEN TS DDOD, H
] D 55 B AV B T A 1 AR L 72

3. A&

TYTF R, BYTTF VRS (BEEED),
JxavYTFY, BV TFY Ty N, BRE
V7 FrE LTIASN, SHEHHERINS,

RO - KBRS ETIX, HADOAZSTHRDOEY 75
YOREGBHELTHRATHS (FRD L) ICHASE
ROKI80% 238k - FFEkM B OFE) e AT ¥ L A
MerE A4, SiEIM, 548 T, M, X—
N—T7ufEQFERE LCRMS N, MEE, WmE, Wik
DD E L LI AR O EMEE S5, LIE

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



Vol.39 No.4 2011.7

EVTTY, LIVLDEER - s - MikEmE 237

Lidzuas, =%7, vV, ¥OTARATY, NFY
TAEOEREFHEINTVS, 72, TAOSFEEON,
Z CHHBHENTTH Y, HBHEOAER I X ) B
FRELZIIDHEADN SV, T, LR, R, B
WEAREDIZD, T4 V8 7EOEIC LR I Tw
5o

ALF BT, Ml R OSSR R R o ekt & L TH
WHNb, TO) BfilfEEEL, EMPGEREE R H B
PEAT A QPR Al I, A fo 0 55 oD AN BB IR AT BRI BT
HEEREHZ R LT D, iz BwCida v,
=N, TI5FF, FEUVEOMOTTELMHINT
WALY, FNHLOHRTHEY 77 VIEML TE A b iwn
W& o T\Wb,

SR, TIE, BV TTUOM, EVTTUR, VT
TUM, BRI g, A mEORRBIIN LS, B
HHCIEHEBIEONT T 5 THOBB O, T
TR~ 74 ba sfBah, CEEAE, BERS, &
T FE BRI OSSCHRIR, iR, T EGh B
MELTLLHWLNRTWS,

ZOMOHELSEFTIE, ALEY 77 ¥ 28 LEM M
¥l LTHWSNRTWS,

4. &7FE - WEF

Y TTFVEALE, BV TTF Y - T T4 <) =i,
fioNA Tagiil e HiT, BRI (MoS:) 725 % %8k
ALLTRIESN TS, WETav 1%, T3,
L 728540 D IR EE 4TV, MoShndv 3585 ~ 90% 0
WALE) 7 AT A ETANDLIETE S, ZDEY
TT UM, B T T UG L TRIS0% IR E 7 B,
ZO%, WHERBEL, Bl T, =BtV 77
(MoOsk§8k) & LCTHTTAZ81%5b, 209 bt
FEOZBALE) 7F I2onTi, e8RSy (&

®BYTTFUOEME) THESN,

K5I RAOEELRE) 7TV HADEEE - Sl %
NERS

7 xaEY T UL, B TRILEY 7T R
AR, M, SRIRSEEZ A Tl RO
FiRFmE, TV vy MATZELEY 77 VICERE,
Jxzuay)ary (FeSi:gtvvarobss), ER7
WIERAL, 73y bEICLTHEL N EREZMND
HbHo 7x0EF) TFUIAXFIEE - B0 E T
s,
FOIHADEE L7 2O TF Y OEEE 7T,
LY 7770y M, ZRbE) 7T R 8
BN U CTHiSEH 2R 70 b iR e Tihon s
LT, FITHM - FFRMSE THE I NS,
EEE) 7T, SRRV T T UABICT VES
TCHH L, AW RELME) 77T VBT v E U
wEL, RNSE)VTTFUVMT VRV ERLIIBEE) T
VBT VEVERTKEZRILLTHONG, 7272L 2D
RHTRELZEY 7T UM KOEBTHY, HIZT—7
BHLTEYV 7T A Ty be§25% FERO=—
AW U TRk A 2 TERE FR, B, SR 1SN LEns,

5. B

EBY) TT UL, M O ERIZ13ppm T, S
& LTI Mikes8: (Molybdenite, MoSy), 7877 TV §;
(Powellite, Ca (Mo,W) O4), K& (Ferrimolybdite,
Fe:03-3Mo03+8H.0), ¥ /K #¢ 45 (Ilsemannite,
MoO;-nH.0), ##i#h (Wulfenite, PbMoOs) 243 %
A, BEEICHREIN TV 201%, HKSIETH 5, HE
KERFLD AL, B T T ¥ - TI4 =) —HEILDFIK
T02 ~05%, /N4 7 agilioghkc0.02 ~ 0.08% T
5o

#5 WROTUELRE) 7TV HEADAER - SLL

2 20104
E4% g ] ik W & EER(F)
KEH Freeport McMoRan Henderson P 13.6
Copper & Gold Sierrita C 8.2
Bagdad B 54
Kennecott (Rio Tinto) Bingham Canyon B 11.3
Thompson Creek Thompson Creek P 9.0
Z Dt 03
Eil 47.8
F1) CODELCO Codelco Norte, Andina B 22.7
Aznéo;aﬁg—la)s;aﬂ/ E{iﬂ?%ﬁ.‘ Los Pelambres B 12.2
El 34.9
R)L— _Br:i\B;h;)%,;strata\ Antamina B 54
Ell 123
hr5 Thompson Creek, H _|Endako P 45
Eil 8.8
& &t 221.0

<HH RFERE >
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HA#HR2-—EFR0

#6 TrOEYTFUAEY

-~ HBEShD

PE &t 32,000
AFXR Climax Molybdenum 6,820
FMP Metallurgical 3,410

Eil 10,230

N F¥—  [Sadaci 6,200
KEH Thompson Creek 1,800
Shieldalloy 2,500

Bear Metals and Alloys 1,240

&t 5,540

F) Molymet 5,000
EHES| Korvan 3,600
Woojin 2,250

&t 5,850

=P ppep R 3,000
A& T 2,500

&t 5,500

TILAZF |[Yereven Pure Iron Plant 1,500
Armenian Molybdenum 3,000

it 4,500

a7 Soyuzmetal 10,600
AR &t 1,650
s Aimcor 650
& & 119,340

<H# REEFRLE>

T TF VMBI RL, A AV R ARIREL, N
Iy A M UL SIS E NS DY, REBE
EHGRP S DR TH B,
R7TICHROE) 77 U HEEZ RS,
BEARSRIE, FISAHAF S, KE, FUEIREL
ek, wAKEOT I AANbay F— 7 rF Ak
HEREL, WROE) 77V EROKT % HO T
Wh, TDHL, BYTFrEREONAL T ak LThEIL
LT B BEAMEROSIIOREN RO E LTI, F

xRT WHoOE) 7T UMEE

E £ HEE(Ft)
= 4300 | 43.7%
P S 2,700 | 27.5%
F1) 1,100 | 11.2%
~R)L— 450 4.6%
ov7 250 2.5%
FILAZT 200 2.0%
hr5 200 2.0%
EUOI)L 160 0.3%
A& o 130 1.3%
hYFIRE 130 1.3%
FILEXR 100 1.0%
PARFRAY 60 0.6%
A5 50 0.5%

& &t 9,830

<H# : Mineral Commodity Summaries>

)« CODELCO ® Chuquicamata#l 11 X El Teniente$i
1, Y - Antofagastafi®Los Pelambres#illl, K -
Kennecott®Bingham Canyon#i %525 5, F 72, ¥
FHEY T T VHRITEALIER R L 2B AE OMES
WX iEmAaR L ARE Yy Y =g SN 5, It
KiZOWTHL L, fEERIZaas PSS =2 —
AF T aMiTb iz g (8511 Tid KE - Freeport
McMoRan Copper & Gold? Henderson#iIll) 12, F72
AT ZFGRUNIT T A A 06 AN N7z 5 Hils,
(51 Tix# + % - Thompson Creekfth ®Endakod 1)
2% AL T 5o

A RUGERIIAE R e A e & Ak e OF il &
DB EN72d DT, MKERE % IKE AR OB b &
EBIEI LTS, PE, [HY Ex b E S A
19 %o

HAIZBWWTIL, BEKENIE % & & EIRSLIRAEAE L,
EARERIFETRORI - EA - WILFLIL, Ik 5L o S gk
1% (EEAFHCHKERSE - 1 TtRIELZ ER) 290D
THATL T2, BUERETIRILIREETH 5.

6. &8

EBYTF AL, WMFREEO SHLLE (FEEZKRL) A8
SEEORIER E LTEREINSL LW R ELD 5.
—7, WMREESETH H8M - FEHEHTITICBVT,
REBEVED N 720, FHRMETY A2 B LML S 2
5o

¥ 72, MOHHE RIS, RIfEERICHED RE%BD
WEEIZXY, S - MO COFERI;H KL
HFLZKRELEDBIAATWS, T2, HiBl7ayc s b
RSN OIEIRFTE b AR TREY] - MEIRREER] - rp
WrZBVIAENTBY, PRI TR mE L
DTN L 72 BRI S IR T & 5720 &9 A
L7 o5TL b,

B, PENIEEICHEAEE 2oTBY, 220, I
VG ENC 380 2 i I RIBOR o 9206, 8510 o Rk
(i, BRBEMIE, BORLoBH) Mk & o kK
D=2, oT0h, LIzh-T, 4#HbhEOBMIZ
IR L TB2 2 TER S v,

SEEF

(1) World Metal Statistics Yearbook 2011 World Bureau
of Metal Statistics

(2) Mineral Commodity Summaries U. S. Geological
Survey

(3) TZL 7 % %) ANNUAL REVIEW (2006 ~ 2009)
TV 2 R

(4) JOGMEC&EEWHLR—1bt 20065E9 A7 & [
2NV OTFEE - A - TG B S

(5) JOGMEC&)®&EWH L R—1 20064E11H % i [
V7T OFTE - A - ik E LS
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(L= 4]

Lo A, BN AT U OWICE L, kR
LELABETOMEZLDLT, 7)) —THEIMENE V)
LS, WBHA—/S—7af & LTHERH Y Y
VDY =T L= R, WAV RS OUUE K
Il L LTS Tw b,

1. E= - #ti5

1.1 HROBHRR

K8 ICHADOL = A FERZRT

L=y 2OFERIIHARERO 6 ELD LEFbILTn5
ROV 2y My —E v T L — FHIBBRESEHOE
TR K& BB 2T 5. MERTEEIZ) —~< v
vav I lmk s LR RAGRROREE 2, KT
FTHRIAATEY, 20126ELIREIC 2 & R ITIUETRED
WA A D 72\ & D R A% R

B T, S HROFTEERNAEERARIGTE B H9A
HEE 5 Twb, 7Y DOCODELCOtLIX, €V 77~
EEOBIZL= A% ML AW &AL, RO
B T VEGERMTL = AT 22 Th e wn
LA EIHD B L, FITHI2UREDO L =7 A1
FEDTREE DR H 5o

1.2 HAEAOFEHIRR

HARZBITA Loy AEEoT I, AV y#ED
YEMEETd - 72A%, 1980 AL T s de FR A= 7' 1
LA E N TR, L= 2 0ilEERITIRAEIC
Hbo B, BTIHEEETIE, v—5F—HWEMICY
SITAT Y LT ABENPEEINTWIN, EED
FHRPEEZ EIRATL, ENTOEET» 2 )L
Twb,

2. {HE&

&IE L = A ORI, 20074E 2> 520084F 12 221 T
AT AL v OEIMEILMET, 2 Z304ETIRRESD
10,000 Fv/kgx Wz 2 /KEETHEBE L. LAL, £
DBIBEHETH HMEBOFEEMETL, Fhick’
ik F#H2 e THB Y, 20114E 6 HBAET3,000 ~ 4,000
FIV/kgB THRE L T2,

3. A&

L= 20FE &L, WHEN X — =701,
AV CHTIV I FHEEE, L= 2 {bEW R LT,
R, R, S A, AP, AT
UAOAEIINC X D EEYGER 0, ENTOME
2, BT ATFY - Loy afE L LTI EAES,
IR AEAR L EOBFEMICH SN S,

Lo aGd (VT AFY - L) 1%, EHEA
Xy =2y b, FLEDH Y —Fe—%—7 4 YH,
HEJE BRI EEIRK 7 1 9 2 ¥ bR EICHw SR TW
%o

SIE L = DIBRRENE A LB e L LR T
SV NN T WA IED, AL TIE, WL EA
FUYTATURE) T T VAL A RRINT A
ETHMNEEMS Z E LREI STV S,

V) VEGETIER, TVIFHEAICHSE LY A%
THER U722 g A 2 & liA Y ) v ByE o Fefil
SRl LTV B DS, 19804FAR 1L i A 5 1
ETa e ADPFEINTLk, L= 2O 3
WD B LA L, 20055EE D 5 RRA A % FEEHC
AR S N2 BB e O BBl e AR AR T H AGTL (F
A Y= UFy ) HOGHEMBEANOTESNIL 720
VINVRIY YV - B— UV EOSKHBU RN & R L
TWwh,

19984ELH 2 AL ZERH R E DO H Ay — L v T L —
POV = AE5EOFHAEIMLTE /2o TRV F—
DEE L TSR R o722 YN, ¥ R A 2 )L LI
ENZHEROEREKIIHESY — U ~OFEIL, &
BOAWMT A ENRATNG, T2, 20084E A 121
KDFEE L FMEREEHT, MERA Y2y b Y v
PRBESE ) FACTN T 7B A L7248, V—~r T ay
ZIZEBMBEARICE > TEEIIRE BB L

4. REHLERE

B 7T VRN A b L =7 & (ReS: F 72
ERe2S?) &, EY 7T VKGO WAL RS BERF 1 BRLIE
L, SOz # AMNIKATT B A%, # AL 2 7
T5o OB SEEA F Y RHIT L o TMIL, T
YESTHERCTEMEL, Bl AT VE= YA

#8 MHROL = AkjER

(B - 55 Ft)

20044 20054 20064 20074 20084 20094 20104
FU 18,100 49.3% 20,500 44.7% 19,800 41.9% 22,900 44.9% 27,600 48.8% 25,000 54.1% 25,000 52.1%
KE 5,900 16.1% 7,100 15.5% 8,100 17.2% 7,100 13.9% 7,900 14.0% 5,580 12.1% 6,000 12.5%
~N)L— 5,000 13.6% 5,000 10.9% 5,000 10.6% 5,000 9.8% 5,000 8.8% 5,000 10.8% 5,000 10.4%
B IREZ 2,600 7.1% 8,000 17.4% 8,000 16.9% 7,700 15.1% 7,700 13.6% 3,000 6.5% 2,500 5.2%
h+5 1,700 4.6% 1,700 3.7% 1,700 3.6% 1,700 3.3% 1,600 2.8% 1,800 3.9% 1,800 3.8%
a7 1,400 3.8% 1,400 3.1% 1,400 3.0% 1,500 2.9% 1,500 2.7% 1,500 3.2% 1,500 3.1%
Z Dt 2,000 5.4% 2,200 4.8% 3,200 6.8% 5,100 10.0% 5,200 9.2% 4,320 9.4% 6,200 12.9%
& &t 36,700 = 45,900 = 47,200 = 51,000 = 56,500 = 46,200 = 48,000 =
<H{8 : USGS Mineral Commodity Summaries 2011>

— 19 —
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



240 EVITF, LZOLDOEE - #i4 - MikEmE

HA#HR2-—EFR0

(APR) & LTRINS DL Ko 7z ALt

& LT L7cfk, Mehiiie 7 > &= 7 PE el L,

APR & LTS EL D H 5. M1ICERL =
LMK OBGE TR 2R,

5. AR

Loy AR HMCTEAT AL, Bia it
W R SRS E SR T 5o Lo AT EIC, §H, €
V7T S GENLT-0, TRODEEEINL =Y
2 DEIEICEET 5,

ROV =y ZER I, TAVA, FU, RV—DIF
o TNAZT, WELLEE, 452, AT RS L,
Oy7, DARFRAY v EOFE L THRESHLKDE
)7 FFA MRICHEET b, RIWCHADEY) 77 VL
[ RN

6. ZOft
6.1 RE - UHAUILIRR

L=y 28O H 6T, FERCCE ML, AR
TS5 NTESY - A 7 i)V BEHNC R
WCHHE LTSRN, AL IZIZFAMSORIEE HE
N5, HHFAEE2 S, B - MRS HEZEICE ST
BbL = A BWLZTART VE=ZTLELTY YA
JNVENDL,

HHENZ WA= =74 OEELTIE, THNT
VA7 NVENTVWE EEZONLDS, EEHEEEIEAR
WThb, BIEBWMEHE, BEOEZAYF L 7 LK
Wi,

Low 28U ofHETE, A—=—T7aA[Fo
oV Lo LAAER, BTEHRINTOY Y S AT
Ve VEZOLABRERENEINTALEEZONLD, )Y
A7 NVOEBIHREL %25,

6.2 REDIEYIZ

Lo AORRKITGIEMZERH Y = v b2 v I Vi
ANDWINT, 20074 F TGEZL L2 BT 5 A pEDNF# T,
A& B % 48\ 728, 20084E 1421 0 T R R| REAS I D 52 28
TR EDZTE, L= AMiiEd FHE Lz LaL,
Lo AZRINLzY 2y b2y Y oI, ek
Dl I & 2 S EO LI & > TRIER IR E L%
M52 EHBHEIC 2 530, BRI OFEHA5HE T

#F9 L= roMEE

E 4 HEE (b)
F) 1,300 | 52.0%
KE 390 | 15.6%
av 7 310 [ 12.4%
hYFIREZ 190 7.6%
FILAZTF 95 3.8%
R)L— 45 1.8%
NTF 32 1.3%
Z D1t 91 0.3%

& &t 2,500

<HH# : Mineral Commodity Summaries 2011>

SEL =0 LHARORETER

ZRe, Mo¥& il

iy

#1kMo Soz# A

#HAPR

¥ B | KEHTX
| R T
APR Refi &

<HH L7 AZINY ETvH2010>

M1 4Bl =y 2 Ro8E TR™
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X5, &5, Lo AZ ) —7Uaimd, Ak
EEATD Y MG R CE A A A LT

Who v T IVIEREEIZ3~6 BIRMTHZ LI2LoT,

IV VPR E QYEET 5 2 & A b HZERTIEO W
FIZE b RoT, TY Y VTOTFENEET S LA
RiAFhTw2,

—7J, R oFEEE L2009 £12H 1 HIZF ) D
CODELCO Norte 74 ¥ ¥ 3 ~1&, Chuquicamata L =
7 LRBRETCOEEEZ TR T 5720077 » FEBIZHR
5 BRI RSB AHI S H 2 4 L 7o [WBRBRPT TI1991
~19964E D], L= AEEE LTV, L= A
TR S A PEZ IR L Tn/ze FfIC X A&, 2009

FIZAD L= 2ilikg 433300 BV~ kgl EA-§ 5 7% &,

TR %2 2 TR WE S iz,

L= AL, HERERTOE) T FURMET IV O
PEA A S E D S DT, BRI AR
REND L20104E5 2 - VR & B EHBE OFHE T,

L=y AR 2 1UEET 5 2 L2 IAA TS,
3, 20224EDREDEFERIZ2StEHEL TWD, T
L s, FUVENOL =y 2 AERIERAEEDIZIT
58 % 6 B RIUT Z 10ERED ) B3RS, 515D
bl bhs,

LT ONAMDSAE L Tl Oz 8 7l T,
20104E 72 B20294E ST CTT V7 ICBIT KT A MitZe
SHLOIEK, W HBELOMERE, PEAREGHR O il 2238 i &
DOWEMEDOHIIT LY, #26,0008% 0 7 3 k% 1% & O
RSB B e FRENTWD, BHINARHELTI,
RN TENRLAENS,

SENE
(1) Mineral Commodity Summaries U. S. Geological
Survey

(2) JOGMEC L7 X% N> K7 v 72010
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BTHrlArDLTAIVDOEET, WhIZ LT X%
VOB THEH, PEOEBHBIFECHEELE 2721
TT—Ab Y —CVEOMEE LTHEBEH SN TS,
T, FUTAT VIR, BEPEROPTRLEVE W
IR AP LT, ¥ —EVEREDII), T—FRMH%
BRI D M SN T2,

ZITIE, VT T—ARDY VAT Y OERBIRR
iR BE & 2N S %2 KD EROBLIKIZOWTHRRS,

I. L77—XI[ZDOWT
1. L77—ZADHEE

L7 7—2A (M3 &%, JCEEUHERSE IRR
FTERTHFZIHENLLTIFRDT 5 7 4 Fl5tE (9
v& v (Lay, YL (Ce), 79tFTY 2 (Pr), &
VA (Nd), 7axF7 24 (Pm), ¥~VU 7 2A (Sm),
ayua¥y Al (Buw, #RFJ)=27A4 (Gd), TIET L
(Tb), YA7ua¥ A (Dy), s3I A (Ho), T
v (Er), YU 74 (Tm), £ v FNVETL (Y,
VTFoh (Lw) 12, MUBITEDANFDORAS VI
L (Sc) KUBIFEDA v M)A (Y) OD206FEEMZ
721TIE ORI TH 5.

L7 7 — A%, 17944E127 4 ¥ 5 ¥ FD2H].Gadolin
B, 1T8TAEICTE R ST W28 L Wi ic Rmo s
OB o “FlLwl" 2RHEL, #hE “Het —
rare earth” &7 LB E Lo TWVWh, 2D
BAEWZI7974E12 A4 v VU T e, F72, 1803
HIZRF UL AT 2 —=F o TRYTERIRAH LT
VBREEENT, IooH L, wOD) BidEh
HAME 2 TROBILW EZEZ bNTWD, ZOHD
e DGR, FIZENENIEFILENEE OB TS
W OPDTLHEDOBREM TH D L b TE/ZDT,
DX ALFERTEE O T VB —HDOTHE 2RI LT

gzt 20114E6 H 1 H
* 1 MOATEIEN  FlRERAT A - SIm SR B I
T105-0001 ¥&X)E /[ 2-10-1

R k™!

HIROKAWA Mitsuya

[LTT—A2 (HTH)] EPREI %5725 DTH b,
B, MECED LT T =AML DILEITTRR
ENDF20MHALEIETH Y, wADFE L S K504
DFAXEL TV 5,

L7 7 —RAILHEE, FNENOCEMIEEAHD L T
BY, WA TAREESE . T2, FHEE N
% T OB DN 7% 72 DM O EIE 1213 7 W O B RE
IR 5, TOR0, MR, AABA GHEEA),
7T AMREEH] - A, i, SRS LIRIA <, Rk
UHEESE, FRICHAROFEMENEEZ EL L TBENAL T2
FEESTTHEIIKR L TV 5,

¥/, L7 7 —A170HE I, TR INBERIC
FTEHHET ABOIRRICE 5T, BAT (55>,
L)Y LA, TIkIFVL, AF VL) Lh#EAGL (B
W, 2—a¥w A HRKYZIA FVETL U
ATRYT A, Ay M) TLALRE) IZHHEINTWS,

2. L77—ZADFEE - s

2.1 HROEHKR
M1EELIZHROL 77— AR OMERZ R,
ROV 77— A, ED0%LL % HIED D
TBEY, ZOMBESRIIGEETT I IMmED, 2009
FITII7% Z O TV, FFIZ, TMliRKDOL 77— A
511 TdH o727 A1) H - Mountain Pass#li 11135755 [
FICX DI ICAERZ K E A &7 (20024F
Rik) S sk, PENCX B EnEEICHEA
2o TOENE, VTT—R, FrTAT LM
2, BB ERE Y = 7 2R R El OB A5 R o B)h)
WCRECHEL ITT &) BEIOMHEHESE & 2o T
%o 1o T, HEUNOMKGIFEEZ KD 28 & AR T
AlfThbhTwbs, SHREZVPIGFEINEG 70y o
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BN B T HENS) TOBEANE Y 7 FEETW5,

WKIEOENTFEEEZBELT HHEHR L LT, Wil
T RE 58 R M o i/ (20034F ¢ 18,100t—20064F :
15,800t—20104F : 14,300t), i M 34 fil Bl 3= 1 o & /) -
W (% v 7 25 VK8 20041.11213% — 0 %, 4
&% v 7 X7 ¥ 2005511213 % — 8 % - 2006.1.112
8%—5% - 20069.15125%—= 0%, ¥ T AT Ui

P - = . - -
F£ 15 1320004F 0 82.9 % A 52004412920 %~ & AL 72 20055.11217% —13% - 2007.7.11213% —~ 5 % etc.), Wi
#£6 MWHROY Y I7RAT EAEER

(B4 - f 5t

20004 | 20014 20024 20034 20044 20054 20064 | 20074 20084 20094 |
E 29575 | 82.9% 34645 : 84.4% 45305 84.0% 45630 82.1%] 75595 92.0% 65000 89.1%) 56,700 i 83.6%) 52000 : 80.8% 52300 80.7%| 65,000 : 84.5%|
=P 3,000 8.4% 3,000 7.3% 3,000 5.6% 3,000 5.4% 3,000 37% 3000| 41% 3000| 44% 3000 4.7% 3,000 4.6% 3,000 | 3.9%
AT - - - - 2,295 43% 3636 6.5%) - - 565 08% 2612 3.8% 2700 4.2% 2,608 40% 2501 | 3.3%
Pz 144 0.%' 163 0.4% 324 | 0.6% 120 0.2% 156 0.2% 557 08% 1436 21% 1,673 26% 1,700 26% 1,650 | 2.1%)
RUET 496 1.4%) 671 1.6%) 474 | 0.9% 556 1.0%) 508 0.6% 669 09% 1,094 1.6% 1,395 22% 1,430 22% 1,290 | 1.7%)
A—REUT 1420 | 40% 1429 3.5% 1377 26% 1381 2.5% 1335 1.6% 1,280 18% 1,153 1.7% 1117 1.7%) 887 14% 1,122 | 1.5%
RILRAHIL 743 2.1% 700 1.7%) 693 1.3%) 715 1.3%) 720 0.9% 735 1.0%) 740 1.1%) 847 1.3%) 983 1.5% 1,037 | 1.3%
Z Dt 300 O.SM 433 1.1%) 488 0.9% 541 1.0%| 873 11% 1,131 16% 1127 1.7%] 1,623 25% 1,911 29% 1,298 | 1.7%)
a & 35,678 — | 41041 — | 53,956 — | 55579 —| 82187 — | 72,937 — | 67862 — | 64355 —| 64819 —| 76,898 =
b5 EEH | 35234 | 98.8%| 40445 | 98.5% 52,670 | 97.6% 54362 | 97.8% 81,158 | 98.7% 70,684 | 96.9% 64,901 [ 95.6%| 60,768 | 94.4% 61,038 | 94.2%| 73441 | 95.5%
< Hi #2:World Metal Statisatics Yearbook™>

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



Vol.39 No.4 2011.7

HAZ—ENFRTALTARIL (LT T—X, 2LTRF2) OEE

249

HEBLO BRI (WO3 & OFAPT : 2007.1.112 0 %—5 % -
2008.1.112 5 % —10% - 2009.7.11210% —= 5 %, 7 = O
¥ o7 A5 1200611102 0 % —10% - 2008.1.11210 %
—20% etc.), BREIGHAHRE L CIE, REREILEL
LK LCEEILoA A L T b, ZOKE, T
FRHZBW T HHENIHROMBEDITEA L Z 5D DHE
wELoTWh,
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DR EESIEE 22 L2k, BiEmcH b5, H
FElid, B IR0 1 oTwD (E7),
20064F 12DV THE, FHEFBEIEM TRK L &5 72,
20074E LIRS, iSRRI T ER A 2 7o K O (e
DFIENRA 72720, FHEMEL->Tnb, T2, ¥
VITRAT VEBELHINTIER L, Bk O20084FE % o0&
SHRBIZE D REEBEZZIT TS, 2009E1I2200WT
(&, PEFEZEIG BN HER T 5 A8, bR ek L
T, HEHEAEOKIEREAMMILD, 2% ) 0L
ol

F72, RBITBEDY 7 AT v ORI ERG] % R
o HEENOIRY KB RERAL, 5110 8L =48
PBIBAZESLILNOFHHEES) [CKRESAEHASIN TV S,

TATVH—=INA KR, /gy v 7T AT ETHA A LRIEE
THALTWA,

£y v 7 AT RO EE A E %R T,

¥ v T AT v EROR B EO AT 5 H E 4R E
1320004F 096.1 % 7 5 20094E 1389.6% & R R TF L 72 3
DO, ZOH HPRELH)EHEHEIZ19995E D79.2% 20 5
20094E1381.3% & R LA L, HAERIZBWTYH, HEIC
LB OFEHIZT L) —BEVLRXVIIH L, HAT
X, WOs, APT, 7 x0a¥% v 7 A5 vS%phEEIC
DWTIHAEEDHE S (BT FR OB b g hE o ZE
WL WL e ol2), VT ATy H—N4 FR4
BY VT AT VEORBKEMIIOVTIIEEZIT-> T
HREND 5

B, HARBED T, A HD20074 12 KU1
RN ABEAM T (TOB) Z2%EML, Ry sFu-
Panasqueiradli [11 % AF &5 9 % Primary Metaltl % B X
L7 F72, BRBERILEROT 4 P57 TV,
19954F 12 ER B O S BHRBR G A R AFRNICTHE L
¥ TAT VH =N FOZEMK, 72, 200041213
FULSREEDTEAZ V7 AT VICHEL, APTO
TEMRER > TWb, HAOFEIL, KIOWRLAZE
BYTH5b,

1.2

WO, APT,

BADERIRR
HARDY Y 7257 HBERIZO% T, TOLET%
Ty AT VERHER»S Y v

20024ELARRIE, BAD Y v 7 AT v D KELESHT
& A8 T H (H B R S ) U A T
r— WD NA T 7 IIFPCB K1) V&),

#7 WMROY U ITATF UER

(B3 40 t)
20004F | 20014F | 20024 | 20034 | 20044 | 20054 | 20064 | 20074E | 20084 | 20094
FE 35550 | 43000 | 33100] 42900]| 42800 49,100] 51,400 48550] 51,300 | 38,000
ov7 5,350 3,950 1,850 3,600 3,600 4,600 4,850 43001 2000 11150
ZDEE 3,200 3,550 5,350 5,700 5,250 6,100 9,550 | 10,600 ' ’
DLAJRH 2,600 2,500 1,800 900 1,050 2,750 3,700 1,150 1,600 750
s A&t 46,700 [ 53,000 | 42,100| 53,100 52,700 | 62,550 69,500 | 64,600 66,100 | 49,900
E 12,900 | 14550 | 16,000] 17950 21450 | 25150 29,800 | 28800 32,700 32,250
R 12,350 [ 17,600 8,050 15150 11,700 16,150 16,650 | 13,850 12,050 5,850
TAUAh 8,950 9,700 8,300 8,850 7,400 8,800 | 10,200 8,400 9,250 7,100
SN 8,000 6,850 5,450 5,950 7,150 7,950 7,900 6,850 7,750 2,500
ZOMEE 4,500 4,300 4,300 5,200 5,000 4,500 4,950 6,700 4,350 2,200
HE At 46,700 | 53,000 | 42,100 | 53,100 | 52,700 | 62550 | 69,500 | 64,600 66,100 | 49,900
<HH#:TELT7AZIIL>
%8 BEOY LT AT R
B H = fl [EEKiR
1989 HE  XREMABHICK > TEREE BAAND AfHEE
(64 A&
1991. 1-4 HE : ShAOF RGP E R @ H 1. B IS ke
44 AR
1994 HE  FRMILRAREE. BIFMILOMERSEICL SEER. k|ERMEASH2EICSEH
BRBEFIZLS—HBEL
2001 HPE : BRI OFREHHIRIC & SR E R A1, EICS
2004-2008 FE: RFERILOMEMBICESEHAL. FEIX FOLRE. BRN|EEMEN4EICS5EHE
FEDEX

<t BARAZLVRFFRFHREE >
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250 HAZ—EN(FRTALTARIL (LT T—X, 2LTRF2) OEE BAHZX 2 —E L F55E
#£9 ¥ 7 AT rOFEERHiE
B4 S HE)
20004F 20014E 20024F 20034F 20044 20054F 20064F 20074 20084E 20094F
FE 52146 i 79.2% 3912.1 77.6% 26949 741% 3,2334: 785% 3,7105: 86.5% 3,999.2: 78.9% 3561.7: 83.2% 3,013.8: 857% 3,470.1 85.6% 2,652.0 81.3%
TAH 51.4 0.8%| 62.0 1.2%) 46.9 1.3% 71.8 1.7%) 120.2 2.8% 557.6 | 11.0% 3271 7.6%| 111.0 3.2%| 150.7 3.7%) 51.0 1.6%
2E 135.8 2.1% 237.3 4.7% 104.6 2.9%| 126.2 3.1%| 109.9 2.6% 223.7 4 4% 1134 2.6% 111.7 3.2%| 149.6 3.7%) 131.0 4.0%
F—RLUT 108.2 1.6% 78.3 1.6%) 415 1.1%| 52.1 1.3%| 88.2 2.1% 66.3 1.3% 83.7 2.0% 94.7 2.7%) 89.0 2.2%) 76.6 2.3%
K4y 1774 2.7% 131.0 2.6% 100.7 2.8%| 67.5 1.6%| 90.7 2.1% 56.4 1.1% 1184 2.8% 129.9 3.7%) 54.6 1.3% 11.2 0.3%
av7 618.2 9.4% 466.4 9.2% 472.2 13.0%| 382.8 9.3%| 78.6 1.8%| 3.6 0.1% 0.2 0.0%| 0.8 0.0% 0.2 0.0‘Bﬁl 1.0 0.0%|
IV IL 1824 2.8% 90.6 1.8%| 48.0 1.3%| 72.0 1.7%| = = = = = = = = = = = =
ZDih 98.5 1.5% 66.4 1.3% 126.4 3.5%| 110.9 2.7% 91.8 2.1% 159.8 3.2%| 76.2 1.8% 55.4 1.6% 138.0 3.4%| 337.2 10.3%
& &t 6,586.5 — 5,044.0 — | 36352 — | 41166 — | 4,289.9 — | 5,066.6 — | 4,280.6 — | 35173 — | 4,052.3 = 3,260.0 =
ERi545FEE| 6,3284 | 96.1%| 4,837.3 | 95.9%| 3,420.4 | 94.1% 3,886.1 94.4%| 4,1195| 96.0% 4,903.2| 96.8% 4,204.2| 982% 3,461.1 98.4%| 39141 96.6% 2,921.8 89.6%|

<3 B SHfEt &Y JOGMECHRE >

MV OYFERG % i & LT, FEIEImE & 2 - CTw
bo 72721, 20094F IR OF R L FARIZKE < HA
ATZs

B, HERIZBTALY YA 7 VoOBURE 2210k
L7=MeH I L 2w, SEEFR~T7 Y 7V 71—
2009 (JOGMEC) Ti, @M1 HT300t, &lmA7 T v
T3 A TV EN, EHEEON2T%H) A
IJNVENTW5D,

2. {HE&

¥ 2T AT VT B R 2 il kg g BRRE 1 AT A
T, ¥ TATF UM (YA NVT5<A M), APT, 7=
Oy yry A7 T, —#WIZIEMetal Bulletini @
CIFfi#s 2538 HE & L THWONT WA, ¥ ¥ 7 AT Ui
L, 68T 53ILy 727y (WO O N vH
. MTU) TEREND, IMTUIZ10kgDWO3% & A
TBY, IND, ¥ U7 AT R EOERER 2 R AL
THbo

Y UTAF UL (YT IA M) Ofikkix, HIE
BT B R - itk DREHISEIC & D 19804 AT £ T
13100US$/MTUZ 8 2. 5 i Wliks THERS L 720 2D

ENE, SMEERE HE LTEERZINSE:720,

ZeAilli 2 v LR S K ISR O TSI B2 K912k
L980AEAC IR 1 X T ¥ L7ze ZLLLBE, 20004E4%
T2 TOR20MERM, & v 7 A5y oRiE, hEORE
JE —> PR 8 ) — [EIBRAT RS T 9% — P EEIN IR & 5 (i
W EIBR MRS A — P E O EE & ) A1 TV

oo Twize SO, itk & L Tid30 ~ 70USS/MTU
DEAETHR L, BARIZIZFR 7 1R LR E &
BY, PEEPERD (19894F O RELMFHFIC & % HEL
EC - RENCBIF 2 5 v ¥ v ZF3EHR%1C X 519914 D8
FHHER R D1k, 19944E O F S I PSSR AE, BE
S DA VE AL X A MG, 20014F o i i FFr] RE D
FERPHIRC X 2 S B 12 X BRI D - 725
AR ESEIANC S o 720 & 2 ADY, 20044E LLREI,
ERRASA IS Z L LT LWIRIIC A - 720 2004
UL AR, RO T ZER,  FEENSL Lo P
FIZLVABL, ZOBRLRLTA-725 00, 150US$/
MTUHI # O IEF itk 2 BAEE TR TWwd, F
7z, APTOili#% & 20044F LLFE, S & MRS 20 L
Z OB AT %L, 20094E1212200USS/MTUES & 72 -
7275, 201042 SRS L, 2011485 Hicix Lo
400USS/MTURIZA > T b,

iR B < b P EEPLR O EEIZIER IR E L, &

BROFAMTHLEER LN,
3. A%

AT UEA SR, WOs, APT, 7xa% >
TATVEORMERR Y Y TAT =N K, &)E
5 TAT VEOREEMPEESN, T, YU TR
TYHANEREH SN LELH 5,

BRA4 - THAEE, HRDSY V7 AT v OFEsS
BELTIIRKRTHY, VT AF I =14 FOET
YIHl, WYEERE, WAk, SRR THEE LCL SIS

*K10 % v 7 AT v OENTER

Mot

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

s R — ) | 8,062 | 6,052 4,602 | 5,448 | 5,778 | 7,096 | 6585 | 5525 6,231 2,016

ENIYA v 9 240 100 207 199 194 333

A5t 8,062 | 6,052 | 4,602 | 5,457 | 6,018 7,196 | 6,792 | 5,724 | 6,425 | 2,349

EE O OBEm A 5,118 | 4,154 | 3,908 | 4,642 | 5,466 | 5566 | 5,427| 5,262 | 4,980 | 2,471

kR 63 30 55 55 47 63 44 146 45 23

AR 534 444 256 319 361 346 334 340 267 107

R 191 203 83| 4,794 197 162 114 133 154 31

Z it 153 170 47 48 56 54 53 49 60 46

A 6,058 5,001 | 4,350 9,857 6,126 6,191| 5972| 5,931 5,507 2,677

i 2 — G -2,004 | -1,051 -253 | 4,400 108 | -1,005 -820 207 -919 329
HHHL - AR PE 248 SR8 - FEER BB R
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TWb, iz, 8|y v 7 A5 0TI, HEEL -
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T, G&ESEN, WEMTHEM, AR KR
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E—7u4 ) FIMHIN TS,
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ENRBTFTONS,

4. HE - REF

T UTATVHAD) BT VT T4 MEEKFIC
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NS ERMHICEBRELSTICHASNS, ZThUSOH
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AP Sy =%, REEY —FI12X 57V A Hhil
BEROCT VA VEBBEICIY Y YT AT VBRI Y
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T %, S@APT% 225 T2 L TWOs% 21t
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YO TAT VR REET b, 2OFIEY VT AT VB
WEEMZ, M- ALY Y T AT V=4 K&k
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FRTAED 2O R B - REFEM T OBER
THREVRH Y, FNENLLHLDY ¥ 7 AT VM
HMEINDZ LIl b, b, WHGPE LTI, i
Y7 AT VT M) Y AER OB SR A 4+ &
Wikddb, ¥V 7 AT UKL, 70y Y TAT Y,
APTOAEREIX, T2 FEFTRELFVLLEBYHEDOKR
FERMEZHOTEY, 4Bk LEAONTVWS, F
Tz, YT AT A=A NI, HBWEEEOILDNY
EH DA, SHPEOENEIREZ T ERLNATWES,

5. BiF

5V TAT v OEREALEIE, IKEH (—F4 b
Scheelite (CaWO.), W638%), $k~ > v #fe (7 +
V7 9<4 b Wolframite (FeMn) WO, W605%),
$kE A (Ferberite (FeWOs), W605%), ~ ¥ ¥ V&
41 (Hubnerite (MnWO4), W60.7%), ® 4 TH 5,

v 7 AT VHRESENRBLER, A AV RUGRR, £
BE IR, BEARIEOR, EREIREICX G SN, R
DY 2T AT Y DRIT0% I — SRR 2> 5, 20
~25%FA BN CRIGIRMSEREINTBY, Thb
VDA OSER TSRS, EREREE ISP R v,

HNRBI LR DR EB OO ED L LTIE, HENLEE D
PIELEEIRASA L HIHbNT WD, T OHKRITIE, Fel
DACR AR D 725925 D SR — 5 2K P SEIR 25
HY, INHOHIRIE, TERSEO I~ Tl
EARSE AR OMUBAH 8 B Tl b H i &
T, FESASEWEITY AL TIRA MT, SEOY—
A4 MEEZMNES SAD TP RALIEWOs 1 %, KL
P IEWO; © 65% T b,

¥ v 7 AT v OMFOMEEIZ2905t L HEE S LT
%o MEmE I E (655%), B¥ 7 (86%), T A
# (48%), hF¥ (41%) WCHEBLTBY, ZH»TDH
HE O I ERE L FBRICERNZ DL R 5T,
L, F Y TAT VEESHEEZ RO E L REEOR
FEICRAELTWwWAZI EEZRLTWS,

RN ERIH R %R T,

F11 WROY v 725 VA EE

E & BEE (#HFt)
PE 1,900 65.5%
Hhr7 120 41%
oyv7y 250 8.6%
FA)H 140 4.8%
RUET 53 1.8%
F—AN)T 10 0.3%
RILEH L 4 0.1%
Z Dt 423 14.6%

& &t 2,900

< {88 : Mineral Commodity Summaries2011>

HAREWNO Y ¥ 7 A5 V81N, 0¥ — 27 ED1955
2RI 2 B 2 7278, HEOZAER SN X B Atk D
R O OB X ) BREDEAL Lk 4 & PHILNCE
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ROIEL T THITL TV 225, 199245 18RIk & 22 1,
1993%FICITBEED KT L, ThUBHAD Y v 72X 57 v
YA DEPEIIIE L T o 720
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BWHTH b,
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stability is frequently required.” & Ftd &N Tw 5B,
W& B &)EIEFe, Ni, Con 3HDOERERETH D,
K& IFZFedt, Nik, CoXkllinfizhsd, ThETho
HBRTROONDFFERL I A M EMZEL, EHEELE
E, EHINTYED, HEOTZMINIETHY, Pk

R 20114 5 H16H
%1 MMCA— 8S—7 A PABAZEE
T364-0023 i EWRALART T4 )7 F476

ORBEEINIEBEEEIRT,

F—EyAOMBICRESNE T A Y -V OFERIL
(L RREHEAT & R BN AT G & 2o o> THEIASINTE /2L
BONBY, ZOBEOMEEIN & INISBEEEDOEE
B%E & BT 2 BEEM OBRBICH - TE 2L 2AH DK
v, NiEEASEEET L PO s Lz FEMICEH S
., # 2 \¥Boeing 747, 767X Airbus 300, 310, 330%
BRI N RFENLRGE AviationftdCF6L > ¥ B
X U'Pratt & Whitney#t ®PW4000L > ¥ » 12 B 1) 5 Ni
LBEEOBBEILBEIERILTENZENA’%, 39%123E
L, MDA O b BE DA R AR & ff
BTSN 6, BEPFAAY - TIEVzy b
VIV EOBIEE L 1T o TR wds, NiFBEE
B FEICRE S N EIREE 2 H O S, RBER
JEDERALIZPE - TIRE Z B THEMICH 5o

ES IR B R D 5 A A b o0 BRI B (& e R
Rk, WERBRME & Fh o Rk oEREEN T, FEMA LRI
BEERL I X PAMEK I N NIESR S RS, Nidk
BEEIIBEAMNEINT V 2END Z LN, HOIRE
ELTHASINTEALZEOBERELES>TWD, R1IZ
RN 2 BB AN &S0 R 5 %R §, 1987
RIS YIEO MR FEE R O IR, SERHEKIL T X
F VKA RN NER SN EDZ LT A 5 V3G %
EHICT S L, RUSHERLZZLED I B, Al Fe, C
PAMIETL T A7 IVICHE SN DY, M B AWK
B 2 DA AR ImER B, TR L, WA, T
PEFIZOWTHEE L § 2 K8EZ FBI§ R MES S 7ok
RTHb, FMimBERFEOMNG 22355 &, Nid#
BEFEMELLERE LCREIEL, fEEoRE
k% & ANiz BEIL, Mo, WHIZ X 2B y Mo [
EIRALHIE, p M (NBAD, y M (NGNb) SFi2X 2
Hr A LAH A & b SR EE A O ML A CTHT O %
B2 ERIERE L CHEERFNREINTE 2, TN
ZNIEBAE£ICB T A OREEREEEZX 1 IR,
LIS EE R LRINDGR A 4031 & L T Alloy600
& AlloyX#%, #rihmsfbEINiEBAESEOMRERE LT
Alloy718 & Waspaloy D45 B L T %, P& TH
# L 7RI 2 i 2 Alloy304H & Lb#k$ % & FATRL
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HEaTHls ~ 2 /B8E, rhEtia4TiEs~7
BREOBRMBEFALTRBY, B LTosR
ZEHLLTH S, K1LICRRBLALIIZLTAYVE
RO BIHERUI I 1SR S N2 iR 2 7 5 72
DIZ, 4 DTLHEOMPELZFONT VA EHFERL T
TAERLEE 2 5. T EMA LT A 5 VKL
T AMERNE, R LICHEB SNBSS X 0 b EiRs
AT E2BER L7 — VY BRSNS TIX
EHICHFICRD, Ta, Re, Rubk oz uZ A
NBLE5Whb, LPLTHHAEEEZTIF TN Z L
fFehood, FRkHERLH LOBEEITNZ 512135] &
HEBWHERILRTL T X2 V2 E0ET 2% S
HTWIRIIZH 5o

1200

Alloy 718

1000 -

(o<}
o
o

Waspaloy

0.2% vield strength / MPa
[=2]
o
o
T

O Alloy X
400 |- Alloy 600 A Alloy 600
Alloy X
@® Aloy 718
200 - A Waspaloy
Alloy 304H [0 Alloy 304H
o L | L | L | L | L
0 200 400 600 800 1000
Temperature / °C
BT R ANIE A 4 B 2 ) ORI

3. L7 X RIEROEE

2 1IN A 4B b 5 & i B g % B3
, BWHBBEDHEtOMEtmERE,r S EPLE L
TeFEMOEmARMMER ZHIR LD D TH LY, ke
B O FE#E & L CTlZLondon Metal Exchange (LME)
2B 5 LMEffitg 235 b 4 CTHEIBRW 2 B HAE D &w»

3, Co, Mold20104F 2 AICHG I ZBR L7235 0 Th
5 X918, KL aNUIMmENIERZILEBTEZ S D

OO, NFEBEEOMRL T ETELBHET 572001
MERETHIOTII RV 0D, BBOBZED W
LT 2 M BE-— BT X > T20024E DR O fili i 472
EEMRLI, B, HEFHTEZANITRS EHESL
B omtat o 6 8 S - A Bl & LMEAfikS & (365
fil, ZEMHIE HITHMARRV—FE/RLTEY, HAK
FFENHVEBICOWTIIMBEE ST — 5 128D
WONIEBEGEOMEGEHERZHML THEXL LW
bDEEZEZ D, M2 TEIHANLTEORT ) 2HRI
L 7= kel 70 B o LA & A e E, #iiRkToEFES
X OHE L LR il I BRE QBRI X o THUfiA K X

CE#T AP R THNLE, NiIEBEEOP TR D

SN TS y-y BT IILE S Alloy718 & MY
7y -y BHTHERIL A & WaspaloylZ DWW T, Nid‘K 2

TEI I N WIHN TRZEE & % - 7220024 1 A &

R % B8R L 7220074F 6 F IRf 5 T o b A8 Bl 2 5
T 5 &, 20074F 6 H B oM A-8 Al IX20024F 1 A BRERT
OWERHEAOFNEN6TH, S57ffeHlishs, B
M A MSEHD B FEREOLENB0%E 7 5 B 23H -

e blE, BRI A MR IFBHREOKEII RS2 L%
BT 5%, B0 MOANHWHEOBES, WA TE

2 RS DO EN D DITH S &2 & & v ) Fi
bdH Do MZHRAMBOLNHKE LTRDLESALN
% Aerospace Material Specification (AMS) IZ BT 5%

Alloy718 D b= Bk 2 BIIZHL S &, Ph, Bi, Se @
FBRIZZFNZN5ppm, 0.3ppm, 3ppmEBEINTED,
Pb, Bi, Se, Ag, S, Ptuw oA tHEoGHEIT
g L IR S TV 57 Al o fill 13 J50RHE 2 & i
TREAMOMERFIZ L > TEESIND S DO THEEOATH
FLRTIELVA, FlRD L) RERLARNVIZR D LH
FHIA T EHIR S NS, Mz Ttk & EEH L, ok

WAL E LT, FRICX > TIE, $2bbHlE
WA 5 W7z AFEICRIED TS AT A HEME S k3 5 4

2 Cr, W, TiZ Vo &RRIHHNRE2->THES  Ehdd,
F 1 RN LB HANISE G SO F 55
Alloy Chemical composition (mass%)

Ni Cr Co Mo W Nb Al Ti Fe C B Zr  Others
Alloy X bal. 22.0 1.5 9.0 0.6 - - - 185 0.10 - - -

Alloy 230 bal. 22.0 - 2.0 14.0 - 0.3 - - 0.10 - - La:0.02

Alloy 214 bal. 16.0 - - - - 45 - 2.5 - - - Y:0.01
Alloy 600 bal. 15.5 - - - - - - 8.0 0.08 - - -
Alloy 617 bal. 220 125 9.0 - - 1.0 0.3 - 0.07 - - -
Alloy 625 bal. 21.5 - 9.0 - 3.6 0.2 0.2 2.5 0.05 - - -
Tomilloy bal. 220 8.0 9.0 3.0 - 1.0 0.3 - 0.07 - - -
Alloy 706 bal. 16.0 - - - 29 0.2 1.8 400 0.03 - - -
Alloy 718 bal. 19.0 - 3.0 - 51 0.5 09 18.5 0.04 - - -
Alloy X750  bal. 155 - - - 1.0 0.7 25 7.0 0.04 - - -
Alloy 263 bal. 20.0 20.0 59 - - 0.5 2.1 - 0.06 0.001 0.02 -
Alloy 41 bal. 19.0 11.0 1.0 - - 1.5 3.1 - 0.09 0.005 - -
Alloy 720 bal. 18.0 147 3.0 1.25 - 2.5 5.0 - 0.035 0.033 0.03 -
Alloy 720L1  bal. 16.0 14.7 3.0 1.25 - 25 5.0 - 0.01 0.015 0.03 -
Waspaloy bal. 195 135 4.3 - - 1.4 3.0 - 0.06 0.006 0.05 -

— 42 —
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B2 Nifb#EEGEIBDb 2 SR O A BALHERC

PEDXdicvoy by, BRBHAAY YV
AR e NiZEE A& IR AR E L 7 2 5 v oflitk
PR DWE LR ZTED 2B, L lZAMRE
B thna2ss BRI EREnASR T E 2L 7 X
5 VARG OHERE A3 514 D Mkfe 3 B W REME 2 52k L, &
PAE D 72D DB A % Fhifi L T { BN D 5

4. REMBICEHE T /-BEH

MEICRE L2 E ) L7 2 7 Vlitko E5., 28
xF L CLMEfMiAS S5 (2B L7229 —F v — Vil &2 #EA L
IR NER) A REEE AT S L) LG Lo
HAD D DD, AR TIPS EZK > TLT AF N
DOffikg 15, EERgEEZHHIL, ZEfiGr 57200
LA ORHAEFENT 5o

4.1 near-net-shapeHfiTiC & 3 AEDIHI

L7 A7 Voflitk EAREE OB ZFNT 5 Fih0
—DIITAROHGITH 5. ¥ AR T X L FOE
DOFEEHERHE) — F ¥ 4 2BOEE) A7 PEIRSh
b0 CITEIBAROUEI& X, H2HIDOLNIZEE
R L CTanBE R Z R R LoD, WIS 1 » %)
OBRAZEMEEZNHTE 200 FMWHEEE Z0
MRITFB: % BT 50 AR TIdBHE M ICB T Snear-net-
shapeH it DR 2 N9 %o

near-net-shapeffy & (X BP0 TERE TR & 6D T
L, BRROLHECEMTERERL2HMTH S, 31
Pkl E Y Y IFERICE s THIEENE VY —24 L
ADRERI) ¥ FEBICBWTHE SN LB EOELEFE
LD DOTHE, M3@EERDY YV TIVERFET
HY, FEEBTHEZEMZ2E2 50, K3 bITEME
RICHE LGS LfE» 522 FZME2BL50, X3

(OFHBBIRIBD TEVREEM 220, T4b
Hnear-net-shapell LT 2D DTH S, WS H
TN D £ 912, K3(@DTTEITRSRAEDNL L, M
SICE K DI AFEM EZLEL T 5, [ 3(c)DTZEIER
MIZHAE L, &DBAEIDRL, HAZMELIIH T
&5,

(a) (b) (c)

M3 BT —ALRY) YT OFESZE

BAFMEOIIH & V) HTH 3 (C)DTHTEPER T
52 LIEHOENTH LN, NFEEGED) v ZEE M~
DEHIZHES TIE RV TIEBIRNOEIEAH L v e v
O ISR T, AT OBS LS Ev & v R
BAD B o STz X9 (XN G 13 il iR R
WCEND &) e RO, FNFBOILEL E LTH
MZ B TAE ST 572000 )), FinAHEIIK &
Vo FRICETRIREAN DT GAK & WAT AR L 7o
TCRRE, 372 b B INITERM T, XD EWERK
Pedo FRFIZMORHK Y THAM S N5 ZLRIZET
¥ 5o ZRARPIHII NN S 2L ERM TS, Kidh
RLORBALSE DT AT 2 I EEIRIC 7 B & AT REAM T 3
bo ERISEEZHAIJRTERE, EHEMAKRE V2
DIZBHMPEMTICRE R ELZEL, ZOER ECLERN
HPRMAEN 2R B L AT ARIC I T & vl aetk
B Bo ZIREAVN S VIO EM AR TL
ESILTR: o4 é RRr: SR
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E S % SR~ OHIHIZ X 0 L WHETH
Bo BIIRD LN LIRSS 7 0OICRETHD
KERETEBRICHMHMIN DT L LTEEABKTD 5,
§ 70 B R R AN R AR A E xR 2 S b,
B JEE AR VA R BE R0 T A D A3 & v o 7o B LR
WX o TIREMTONDL Z &5, REREE SRARE
& OMBAMATFICHRE SN TV AR THIUL, B
B ) SIEWHEBEZFMITE L W) B b T -
T, &EMMRIEMOBEIEZNEICEBRT 2HEE %2
%o FEBE, SEAEANOZRIIHEEREANOZR & M4
DEAZFH TR SN TV S, B EIEMRRIC 5
AAEBOREIFILILMONDLIATHDY, B
WDV TIIWE I TERB oM BETH S, Bz
IR RRARR IS D WTIE, B 2RSSR B Y — 7 Sl
R A ZREN L O THDH, B THET
OFIEA R EET, TN T TR CHTE oMz
BTN RS RVEENE 455, BIEMTLIZEWT
KRR 2 AT D R8T A= IFiE, O3 A
B, OFARTHY, TNEDIT X —FPERIN LK
SRR 2 22T HP ISR S e R S v, B
RRFIFE T § 2 R Z M 72T 72D ISR S NIk
WAVEIN THEPH X process window & FEIXIL 5 25, process
window A5 & THe D ASNiFEHE & & O WP T._E ok
WMTHbo BEBDINT X —F DA THEILT HHPH &
VI DIEEFNZITTHHLEZEI) D DOTH B8, ERE
DFIEFH CTIHHE, OFTHHE, O RIHMI5RE
L, KefER DR 2, M3(@)0 &) RMEEEKRTIE
il 2 OWFITIC & Z IR/ E <, B 231480
BRLAVD, H3(c)D LX) REMLRRERRE RS L,
B L BN KREL )R, RHERORED
MM 7 B 720, VRN TAC X o TH 5 W5 k% Hf
THIENHLL D, THDENBEEBERMO
near-net-shape b3 [E A DL TP R LILREIC X B IR
5oL SE2WIR LD 2T, RENICLEESRS
Bz E57-00, XRS5 7process window T
ZHENT A= R BYNHIHTE D 2 PR ELEME %
%o

WA CTIE D X9 MR BIR 2 PR L, @b % 1
MG FEBT 5 72O I BB U 7= BUE AT Bl %
WHLTWAY, 412y =21 ¥ 7 OEERFAXN
ERTe Y—ALVARY YT AL va—V (K547
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O THASELEZHY B ENE Z L& - THERIRIC
W SN 5, BEICHRE EEMERBEFETHY, B
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AR LB % 2 2 S5 RIEASHES S, BV EE L v,
ZD7, FMEREETFTVLT HEET N TIE TG
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CERSE TV TR EMM ZREIERER IS 5 s —FT
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I2H5- LTwb, ¥ 7znearnet-shapell 35 2 & THEN
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BT 2UH TEOBEHFRRDFFICD 7253, &
BY ¥ FEIEIZHENT THEEITO W T S RO BUEFAT
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Lo TUITEEMIZH SRS Z P 280 & LTwb,
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ETICOHREIZIHEF Y, 7V 3IF (ALOs) +TiCHIE D
BZE, MR TR X 2 4 ihili k227844 (Moderate

i EEFEPERES]

fiif R [EA 1]
B7  RE AR O BEFEE-H SR EAT B 1
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= 72 ALOs+TICN#E Jg D B e 250 5 N 5 Tl BE
oM EXERINTE L, BETIIREREOHKS
JE 22N 2 TR T R SRR O HINC & > THRE %
M EEE2 L) BB ED 5NEICTE ST b,
ZERTIVTNTIEETIIv I a—T 4 Y T OEENRI
FHHL, WA 22 BB\ BT & & HICRISE L7k
& MR ICHEH LT\ 5,

6. HbHI
PREEREOERIL, Yy bV UIZBWTIIRE
D= XM F > TNiEBEEZ BT 2HH0
BEAIIRE SN, EBE—HHERIZOWTIIH 72 2B o
AR A SN LIRMNC D 5 A%, Nidkl & &0 F B
AR OB 2 3 S I YO doEEZ LR
bo FMA—N—L L TRBDOREMIITEED B IEE) %
Wi, LT LI EDNEHLBRT LN, —HTHESD
L7 A5 VO, itk FAB X OliAg 22 B i3 36
A—N—DRFEZETE L TRINTE BHPAE B IHD T
WL EDHETH D, Afgds, MET 20 TRE%
&, VELENLLTAYVEHAETERTE 2V
DVENZBWT LY S FRICH % EFRBEREIHEM I
THBIRERZ BT 52— TENTH b,

% Z Xk

(1) Sims, C.T. et al, Superalloys I, (1987), John Wiley
& Sons

(2) Barker, J.F. Superalloys 718, (1989), p.269

(3) Paulonis, D.F., Schirra, J.J., Superalloys 718, 625,
706 and Various Derivatives, (2001), p.13

(4) #LBHS, L7 Ay vEM (191, 7Y - 77
AT I/ HARTER MR B2

(5) WE - MEIFEMM 2 ) — 77— % ¥ — FNo32A,
(1995)

(6) MEH, "okt

(7) Aerospace Material Specification 5663M, (2004)

(8) Matsui, T., Takizawa, H. and KikuchiH., Proc. of
Superalloys 2004, (2004), p.907

(9) RFHEEAL, L7 A7 IVIERENE  (2009)

10 HBMMEES, BE&B - L7 AZ VD)1 7 V4
%, (2007), NTS

W) FAMKART R - SREWEIEE, SWEE~T) TV
71— 2009, (2010), p.8l

12 W% WETS%Eail 7612 (2010), pl3ls

13) BT AN F— - EEHARO IR, PR 17E R
WGE L7 2 & VIREAM BB 534, (2006)

14) B AV F— - EEEMRA R, FRI1SER KR
HwEE [HPEREREMERAZE 7T Y22 ] CET
LA, (2007)

15 AIMKRAT A - SIESEWE R, SWEE~T ) T
71— 2009, (2010), p.127

@6 /L, KR E TH, (2007-10), p.100

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



267 AA#AR 2 —EZRE

B DAL S 25w THRR104 4, it o
EHHR T LETL2HMAMD WV AEGEEZ %> TV,

ZAGRINT [BEER] IFME L L OMBAIEZ S
N7z BIEEL W) 2521, F0t, FAMELZES
TW/izEH Fre Vo, FTREZ D LE LA HE
NIED LR, DRLINEBvEzESETW DO LS
GRBEESTENTHIVDTHA) LM e LK
HHIEZTTLE 57

e (IRA34EAETh) ANEDICHERN, R4 2R ERR
WHIDSR A L2 E-> T, Yoy by IyrEwny
FRIER A AT A4 TICHMTL B2 [ AR - V] &7
2, —HBONCEPEADHENEELDZS S, AEH
AF A4 TICHWECHN L VOT, ROGLEOH DT A
F—CrBREICHBETETLE -7,

ZAikm, 3AIIHICHE, @3 BETF-IEBEH
BB E V) REE, KREGFERISRE X 72, FAIZMEIC
HAY =¥ X ZEBHAEZ B DN, 27147
OIY EFH RS, B2 [HAY—E U EEED
BB RAS AT X M EW] (4/9 ek
EVIBEO/RIVEFIIKboTLE 572,

ME4, SRR EERICHE ) BHONRZ DO TE Y,

F72A =2y FOFEDDH ST, ATA4TIE [HD
R&] X0d [HEROMR] ZU02E#ELTCTer s
LADOHIRZFDTVWDLEHNICRLSL, TORKE, 1D
TENBENT Wzl ), b4 0 ES o TET
OTRREVHPERI, 2O TIEE DL THATW/ZNHK
R, HAROL LITHETBINL, ARV —HEDOFE
FHWNTHID 5T, RIREA O KK E MR
EMRPIMEEZIGAALZY, BBlHELHRL T H%
EMULAFTIE LLABRSE X172,

B & AT AR ) &b B DX ARSIV Tl
FoONBNWZ LN, ZALPTHLIEFICREN) 125
DIFHEDELEFOEDLY SETHA ), #id2,304ED
B, SEORNIIEDLINL I LMD TEL ol
B, SUTREIEZ T TR T LEICHTL 2 AEDS
EEHOTWSE E, LTFESEoTHIWVWM[TLYE

720 THEBRZZ ] TRAtREERTZ] R LEE) 2 L% <,

ZOMICHTORZHESHECTL T 9. RIEUEZ A

Vol.39 No.4 2011.7 @

JARZA 20114 4 H19H
* 1 SFHEENEN BAT RS - ria Tak

At
b
o=
X

FHERL EE

NIWA Takahisa

T2HDD—DONFHEZN, HHEIT L EILHERE
WEE2 R R ARG L, —f#&oO NEINHKO Gk
ZRERAIAE LA MEIAATRO DT, FHHOME % 8T %
BIZH, TOTNHKZ TR EEDOGNRLE T R ITEIZ
oL LI E AEFREO LI BN L TE W
W D7z,

AL DB DS, W, RAE, AL AEEIH— B
S HWBENRTWS, THARERZ D O, HEH
LEOREZMOTIIESTH, SALITE BB EE, FEMAT
Lo AR LTI NBL, T/ FoThOLEDD
LCATREAZZ TCHREORAE LRI HbLWIZ L
DL ot LA L, T2THE, MANDENR
DIZRIFELRLAEIPE SR TVE, DTy v a
2, AN, AZ ADHRICSALINGEL 2L &, —
BEC v FLAEANRBES LIFIC—EB25 2 CHEY B E
7y FIZENT NTIED LIFICBRAGRT 2 &A% RS
NTWb, TNENOERT & ZHRMED BRI 13 24 R0 8
ENTWBERY, HEFICHO, ADZHEHICHRD S
CERMEKLZVDES ) he JRRIBED NEIZ I NI
AT W RWDZES ) 9 R, B WTWTh (18
I ZH ] LW EFDBLIFICR > TWEDES 9,
LD — FOWIE, RBEBIMBALY B2 L
XY %2FEZDANEEDEDO—2I27% - TV,

FOCERMEMOMERE I LIAZ2H5T, HlZIE
BIE TR OHEZ SNZERIIR O AITBEWT, BV,
HEFEERACDHS 2D BHDTHWEDIZ, Rz
E0 DR REREAIHSORRICRFTwE I L
AN BV, A REORMAE I OREOFHIZ L
HBh %) % I A5 < 7 o 720 W2 B LIdE %
HFIZLAE D & LEVOTHEREDFFFIIEHIA
PHRELLZVE V) RAZHEIZD o TWwa,

INSHOBHDEFOFMELENLE ) Onbank
Vo L2 LA OB TIX AR, 25, Mz
L DFENKRT VT 4 THOEPUZENF Tr 2R L 3
CEHLTLNTV D, AILLEETEZALDOFIZL -
THIEH GO, ENTIZHROFRINER SINLZ L %
o TwWh,

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



268

WHZE 2| &Y =

VER SO R Y M RE S Mk RS P

¥ M

KANEKO Masanao

s AR

TSUJITA Hoshio

X—TJ—F D EODEMERE iy —vy, YTV —E

1. 1FC®IC
RNREOBAED AV N—HEBIIHEIZ 1 %, L%
MEOSA 14, BHEREOFREY B L U 4 4K
DFHE8HTH D BUTOWGET —~1d ¥ — K D22
TR EICET 2 D 0k o TWD, ZON
Ry — VIS 2 o5 M4, s O EMEICE
THLONIMES I TV - VIZHTHIDN M
Thbo WFICHITET —~OMEZHMNT 5,

2. RS —EICRT 5%

21 =mARtIcRT 3R

y— ¥ VROGERLE, ZEISHLTIdy — ¥ v E
Botlmz, H—BETHUIRMBONRS L0y —¥
YEOMNEWREIZT 20 TOME, ¥ —EVROGH
ZRMBEL RS LI LB TE 2, LeLENS, K

[ DOHERIC & 2 SRR B E A OH K Z v,

BT T O K HHZ i O TR R0 3L L N C Ot O T
WA E G2, WO RIENZFRS 5. TORME

HHNERPE T T 52 ERTFHENTVS, L2285 T,

ZHEROKT 22 CTEAMILEEI T 57201213,
BANN ORI OZEF O % I 2 LED D 5o

R —<TlE, ZEE D nZ 2HAM160° OBERA
Wy —CVEENRE LT, ZOEMBEL]ETIVOHNE
TN DR & EERY B X OBAEMRNT I FEC L 0 5
HLIFEEIT> TWh, EHICF v 7HEOMmD A8 E &
Tif & — € ¥ MBREY| O HE O /NS E Y #EL, €
N W CTHRMMEREZ 5§ 2 EBET->Twb, K1
AR TR L7z SICNST — FI2 X %, HEMHR
FIE T ISR 2 NS R 2 7R do [H B3R FifR N 7 BE
5 D BT OB 2 28 %, B il L v %
YIS BT TH AV, X 2 11X BRI Rk
FEONEE, TONMIEE SN TV LHR L BE L
Y. F72, MEEINIIH L TLHMOCFDI — FIZ

JifRsets 20114F 6 H16H
1 EBOREEB T AT T2
T184-8584 /NEIFITHREFINT 3 -7 -2
% 2 BEEORFRE TR AR T

X 2 BUERIT ORI gE 2 HED TV B, KAF—=<IZ2oW T
TJAXADINAZIE RS X OTAXADO TR 5122
IRETH I EZTHNT WD,

22 FIPREL—YarAHICEATAHE

7 —EVROERGHEO—DOTHE T VAL —
Ta yEHTIE, SAEMRHC X DB S R oK
POEHEERANL, TRAPREZE) ZLICLD
R AN SRERET S, T2, ZILEMENICBY
THHHER LM A OB A 2255 Hk &
NTKEL, BYRERAHINT 572 0RMmMERITB T
B—ICEOWGHRRE2E L EDTE, SHIHINICE
T 5 BRI RO S N5,

Incidence angle : i=+2.5deg.

B2 Ry — ¢ o FBET

e

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



Vol.39 No.4 2011.7

BEHAFETZEN TEMRETEZRRE 269

K7 —<Tl, ZILEMETRERINERSY -~
BymgEN oz, T OCFDI — K% H v Tl
T AT EAT> T b BIEL, ZILEMEI O T
L e, B X OHHIZRAR N Uit oW EighEe

DREEWN, IO DRBELRMEEZMET L TW5HY,

SRIZISETZ IR 7 & O RN, EIR)EA
G2 BEBIIOVWTHRDLFETH S,

(b) FAEPHRH (o) TETEPIRH
(3 URTERHL L E AR BB

B4 Bbmiv & VT T T IS B B
SEARIARBC AT (FRIETIHLH)

3. EUEMMICET 3R

3.1 EEEA Y Z Y MIKBZRFEN EBREREE
DEHA

O AR N O AR AU T TN D it g o i =812

EBEOITMAT, FHRIZ X 22 4 ) EHT %

CEIZX DT L, £ NATREIN ORI

i B G2 bo WA DOIEARE TV & L ClHliR

A ¥ 7 M EZONE, AT —~<TIiX, WEEHAS
052 bOXRY FEIRE @ ORI O TR RiER & B
W, FRRERBEA ORI E L 5.2 5835 A —% %
EZRELCHliRhA Y 527 M NORNOBAEMFNT 247 2
L2y, EOFRERRNO ZRENOIEER B L N2
M X B HIAEWBEEOMHEZIT> Tnb, TNETI,
TN ORI L B & RlRIc L 53 F
V1D % FH T Rossby B, ¥y F Iy ] E 554
DB O B & FF U & BRI ANG  5
WDV L 726

3.2 #B/IEMEICEEY AR

NI A 5 — ¥ RS A RN L O E AR T,
I THA OHIFIN & O NIRRT Y 12 300 R BR A
BRT 270, WHRNAHEEERICE 2 2 BEPKE
{ebo —7J7, PIMBIGIRIGIN TN & Atk E %2 %
&L CRICEOFFHME SN TW 575, BEOZE
R 2 C O TR ORE O CTHIENAE L 5,
D72 W E B R T 51203, EENE 2 LB L 727
WO TR O IR E AL ETH 5,
AKF—<TlE, BINIHAY—E DA 7 VR %
THELS T B /N E AR O BASS & H IS, SRtk
D6 fEET IV (FME24mm) O RICHE ETFIRR L 2 5
B BUEL, EBFEICL D ERIFEEZ ML Tw b,
F 7 BERRAT I TR XD [WRAR NS o diE i & AT
L, RN % I 25 %2 7> Tw
b0 TNFETIE, —WIREFINIIED WTRGHL 724
HWEF VA LT, EEHEHICH 2 9 5 X 9 IS
EREBIEL, ZOBIED RIS 2 % 8% FHE
BN, F 2RI G 2 2 5E28E A B ARAT A VSRR L
729, B 31 O E AR BRI L, A OB O SR
ETNWVEBIEETVERT RIS IS X
%, BRI IEIAE RIS 2 BT E R,

3.3 Y= TR

HOEREOERICBWT, HERZRI L LTS
% EERIEHRY =YV T EORNBEERE VLT 5,
INSOBR T ToEEITEMEEREEH L KT X4,
FRIZH =2 v 3B L WIRE) & 1 5 72 0 JE MR O il
L6328 d Db, =T VIR ENE T ETE
TIEMEC PRI 2 2 L IZWEETH 5720, — I
IV —Y 0 78RR LD TR —T v R L o0
mEMTHIEINS, L72A-> T, #Efggplodn Ko7z
DIV —=Y Y 7OREPEREE 2 5,

Ry —<TlE, mOEHMEOREEE#E O K% H
M, BI5 ISR &) ISHRE FRD A 7 v — v i
EOEBRAO T2 WAL, /A SZFIC L) FEER
B, PRBEAONKALZ EICLY, y—3 v 7%k
mEOHEZ R AT HIEE TIZ, =2 v 7 5ARR
it ORI U C e b R A0 70 J8 7 WA A

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



270 BEHAFETZEN TEMRETEZRRE

AAH 24— L $RE

5 WGARREE 2 BeA U 7z DI M Bk SR i

2N, E 51T, ZORGEVGARNE IS X O lfx
BUHAF L 2 TR H B 2 & 2R L7217

4, STVTINE—EICET IR

HH Y —RF ¥ — I X I2BTB0E ) XV
(VGS) &, =oM% £EghmilB v CTidib L, A
VEBNR COMRER L2 X5 72 0ICRHENRTWE, 2D
VGSIZ = ¥ ¥ Y MO ZEALIZIE LT/ ANVR—2 D
FEMHEE NG 720, FHRAkoOREB LY -y
PREANOTWAANKRELLZIT 5, L2 T, 7Y
TNE =¥y DRKIIFIEREZ I S, fERSMC
B U CREAL 24T 720121, FREANOFHEILOEH) R
LB AN = XL EHIRT L LHPUETH D,
KT — < TIIbRRSATHIO Bl I ##G Y 7 & — B
FEEAR & LM T, VGSEATHHMME Y —KRF v —T v
DOIEEEIRTOBBERM L2 X5 Z 2 HIIZ, IV TN
¥ — NI N O, BXOESERAERICS 2
LR BUEMRITIE X OEBRTEIC L ) R 2
TF9E % D T 5810,

5. £&&
A7 CHIEEM L TV A IO 20 L7,
AN OW T B ELMZEZSH L THEE 2V, KO

20044E 5 H 512 B W, BURKAKHHE4A: & 3 C gt
D] APESETHWTTEIRHRL2. 22 TH
S THWZMZEICIE, ARBEIRESNIED
S ENTVBE I EZHLTE L,

& E Xk

(1) WAL, WAFEIE, “BRAWSY - ryBEHIINO
WM™, HEF A Y — ¥ 545K Vol36, Nob,
pp.379-384 (2008).

(2) Tsujita, H. and Yamamoto, A., “Complex Secondary
Flow and Associated Loss Generation in Ultra-Highly
Loaded Turbine Cascade” , ASME-GT2010-22594
(2010).

(3) REME—, THESK “bPFrAEL—Ya viHIEAH
T 55— YEVINORNOEAEMFEN, HARBEMS 2,
20094F BEAR YR SRR SCHE (7). pp.17-18 (2009).

(4) EHAEE, KARFF, “BHEEHAY ¥ 7 I X B E
TIRHE N O Z ki & IR BB O B (5513R,
Rossby B D2 8)", HABMS W LE (B, 76%
737%, pp.111-120 (2008).

(5) WA, WA, WY 57 ML HE0d
RN O kG & SRR Ol (58 2 #t, AL
Yoy FHIARE S ORE)", HARW: S CE (B
), 7647657, pp.814-822 (2010).

(6) AFHel, LHES W/AREOTEHEENRBRENL O
fEFENT (F/mTRAR D) ", & — REEM, #39%, %
65, pp.349-357 (2011).

(7) WHZE, ESHEER, FERSE, AR L SO
Mtk — 2 v Z ORI G EKARNE O LA~ D
IRAFPEIZDWT)", 20104 B H AR A2 2 TR 2738 M
AT S AIE R O, pp.333-334 (2010)

(8) /MR, dHAEA, KR, WL, FYT
¥ — ¥ YNOWRNOBAEMNT", & — KW, 5375,
#1275, pp.722-729 (2009).

(9) RIFEAR, Magsk, HWHEL L0, L,
“FIUTINE = YNERRNOBAERNT () AN =
MEOEE)", ¥ —F M, %38%, %85, ppd70-
476 (2010).

— 50 —
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



271 AARAX2—-EFR5 Vol.39 No4 2011.7

g H

20105 H R 4 — E > RO Ba A EHRET

HAY =¥ UfEHERERRIX, BRSO =4
T20104E 1 A2 B12H O (54F) IZBTFAHTAY—E
O ROERRE ORI 2 A - R L, AERETER
2V L7z, BRHEMLE, BEMAA A ¥ —¥ viZonT
12154, #ZRH A A ¥ — ¥ 2o nTIiE 3, EEERIE
13t AREE L, $efit % 2 0) 7- FEpH CAE R ET E R 2 o
2o B, BRI IRTHR -V X0y —F
Fr—Tr—ThH, HWHKENICLSDDTIER WV,

1. 2010FEFEMAH X 24— E £ ERETBIE

(1) A (K1) ZHED36EICH L333E L, i
TR TE3E (16%) DWA L %D, T 6 4ERH
(2005 ~ 20104F) TlREWADE %o ze HHRXGHOH]
FELORETIX (1), MED206WL, TRH16
BiRD, KRE27THBA L, £TORSTHRA LT
Wb, 72, R — 2 TIEHINEDIABMWIZ T L
2491MW &, Hi4ED 5699MW (74%) DA & 7% 5
720 BIARIZ—WEAEICHAT4016MW (73%) D¥EhNT
Bol2s, —HE, SHEIKERELERY, RE6
SEMTRAE otz HIIXGHIORIEE O TIE,
NI SSMW iR A, HBISASMWIRA, KB A36,942MW
WAL, ZHELLERAMETORGTHEA LTS,

7) /ML (7T35kWELF) IEHIAE & T, B, W) (3)

EBITIS%IRT, FNEFN113H, 4OMWE %o 72,
4) Rl (736 ~ 22,064kW) 13HI4E & LR T, A,
W EDBIZ8 %BIMT, ZTNENIBA, 49IMW &
ol

) KA (22065kWLL |) IERI4E & HRT, A%
52%iK D251, HITIZ78%IMND1I54MW E 2 1), &
¥, WAL HICKERBDE o7,

(2) H#EBNcABE (1, K5, H6), "—2AT—
FIEM (BL), ¥—2u— F3EH (PL), WM
SEEA (EM), #EH#EH MM) B X oZzoft (MC)
ORFEMFTHDODLNTEBY, AR THRDIZ VDRI
WHEBEM D225 (79%), WM TIEN—A0—F
BB/ D2025MW (81%) TH b, HELILRL &
N—Au— FREEH BL) AKEIHED L&
I EERICEHEZH L D00, SERMEERIZEH
W& IIZBIFELEEDLS R WERITH .

7) FEWMIEEM (EM) ZHi4E & T, A4l
B (14%) Wo262E, W TIESTMW (13%)
D3TMW & 72 o 720 XA RICA S &, MITHEE
T18%, HIT2%DWA, HRIZATIL%, H

XML ORI & OZERRLWMEL EoEIE, BITRTEE
2D ERWHATHEB LTV 5,

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.

HAL—EVRRHERER &

TITI2% DA L 72 o> T B, BIEIZ/IESERK
e ik, RIAERER, BT
H oA, SAEINEL REIE HI2ER, BN
YllhoTwnb,

4) X—2Z2u—FEE M BL) FAELERT, &
¥ 1336 (47%) W D40/, 1) T I37,000MW
(78%) W D2025MW &, KliEZRRD & o K
GRNCAD &, MR EETET%, HJ1T36%0 K
A HRISEET29%, W T49% DA, KX
BET52%, WMHTIRUDHA L %5 TWwb, itk
FEE - & BN - KREIASHE N, A EASRA L
7oA, SAEENRI S KA TEE, BE D ISR
LLTBY, FHICKBROBRIVPHEETH D, O
NR—2Z2 10— FFEEHOKRB O A DBERDOBAITK
ELPBLTWD, 1BH7ZYOHIERIELLIEX
5L, NELEIE H03MW/B A4E H04AMW/
B, i EiAE WSMW/ B A4 HIEMW/ A,
KR Hi4E HITIMW/ A 54 KI8MW/ & &
ToTHBY, TZTHREOBINPHEETH S,

) ZFOMAFEET (MC) (ERIE L ERT, 58
8 & (47%) W D25H, I TIZTMW (96%) 34
DIAMW & %2 5T b,

BB oENICALE (K2, M7, K8), &
BT 4 A BRELASHT4E HE53%IR D401, AR IREL A
HIAEHL 5 %R D293B & o> TWhb, B TIEH AR
B AYHAE L 78% D 2,027MW, AR R KL H310%5H

463MW & 72 5 T\ %o A ARREL - AR E b B R

BETE L DR LT 535, Bz ow Tiiikmkr
THIN L 7255 ZABRETIERIEISIA LT 5o MR
WX, ARTIET ARBEREERD12% K L, ik
PRELD88% T, BIAEICHE R B & ARIBRE D RE I H A
10%1ZEEL o Twb, —F, HIITEA RABREDS
81%, WARMREIA19% T, TH HIIRIEICHRT,
RIREL DORER L A515%1F &8 o TWh, B, Hl
EERDD o 72 FOMRETH 228, SHEEIFERLEL
THo720
T) WARBRETIE, B8 M EDICRLLVOPE
M1AT, BHIZ194E THREEKD58% % 5T
Wb MITIE24IMW TERE 2K D10% % 15 6 T
Bo FH 1 HIIETEICHRTERIZ 3 %08Em, W
HIE8W%DEN & % o> TWVWh, RIZEEDBZ VD
M OS3H TH 575, BIFEICLEND L 2% E
BoTWh, kDR WITINZ46E T, HI4FEIE31%
WE%oTWD, HHTREINALII0MW, £TilA
UMW E > TBY, FEE RS E, BIMAT78%



27

2 20105 H X & — £ > RUSBIHEE RS

AA#AR2-—EZER0

(4)

BMU7=—75, fT329% 004 & % > T b, Hi
FREINE Y SATMO T HEE - ML bITLr o
7203, AAEEHIE L TV b, BIlNEEEDY 1 Bl
2pb 5D RIFISHML TH Y, Fihi s
7 ADHRRD ) I oBE (FFELTHRED S
$, HIE87%H) AW TH B —HITMNIE T4
& HE A M E BRI L T 5,
1) AABETE, AEPRLBZVDIRIRARTAD
AIBT, BEEEDI%Z HOTWD, )b KK

HAD RS % L 1807TMW TEARDT3% % HHD TV 5,

BETRIZZVOZET T AD 4 &, RHIWALR
HALBEFTADE2HBT, BRIV BROOVAMT
FYMNEFTHAD LI HBER>TWAE, HITITRIZ
ZVDIREIFEHN ADITIMW, REGIMT T > b7
HADIMW, BALKRT ADTMW EFi %, LA
BVOPHERHT A ADTMWES & %2> TV b RIRF A
WEEK, HHEBITRDLSVHEINIFIEE) TH S,
) BERIIEELZ MK S ICA D L, AEO LA
JFEIE, NN EM 1A (60%), KT (21%), %
wh (16%) (Fi4EEHERIEERE S ED L), hil
TEMW LR (65%), Wm (18%), 4T (11%) (#i

A B AT & Bl AT L), KELIKIRA 2 (88%),

EEAA 8%), AMTS v v+ T7H A (4%) &

o TWhe ERTIIEMIAE (58%), Bl (16%),

STl (14%) OFEGIT R olze MITHL E, /b
ROGHE LR (67%), %79 (17%), #ah (13%),

hANE N 1R (45%), B (25%), AT (15%),

KITIERRA A (89%), HIEA A (9%), fiiH
TIUNEFTHA(2%) EHhoTwb, &KT
WERIRA A (73%), HE 1 FE (10%), =P A A
(7%) DEEG LT 5720 HEIIRRT AP E
KTHIOHEBRZ LR ERB LTV, 5437
Hb o TWbd, T72, H£HMHX G0 LA 3HD
NERE A BB E OB T—H&H L Tw5,

MAHIBRICASL E (K3), B TIIENHIE

36K 02997, #2278 D345, AT

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.

W AYHAE 1, 129MWIR 0 823MW, - i 1 35,866 M Wik,

DL668MW & 225 T\,

7) ENIAFIZEEEDI0%, 2 D33%% 5o T
BY, AiELORETIE, 2FICHEO2EEIEE
T5%H, MTI2%HE B8 e iz®mL
TWwaEH, BERBITHNZODIZZNEN1L%
B L UB%IKE 2o THBY, HITIHEIEDI5D
TEHEL TV, KOHITAHL L, MUIEHT

22130K, M) TOMWE, HHRITIFI2HM, SMWH,

KT 2 B, LI2AMWIRE 2> T b, B
TIREXDE BHALTWBDS, HhTidhichd
m, NEL RETHA (RI4EH @ /N EN7%0%, KA
76%) &> THED, FFITHITIZBIT 5 KEOH
LHEETH D, SHLICENOMEHIICASLE, &
BTRELEADND o 7203 T24B, WM T
1750y, RETH 5, HIITIEIINTE8MW
DY, HALT306MW, 1 ET3MIMW, KT
ATOMW, WETHAIMWORD, HETHb, &
WA Emod, N cidaEicx LTt

(5)

BINE 2o TWAD, ZHIZFHEHOKREEMEDE
WICEBdbDTHD, T/, WAL, I, WEOH
F DWW ENHHEFERA D o 72 KRR O 1A 12
X2HDTH DA, MG HIT TILBIAERBIBERE D
AWz, SHREIIFEISEVIRRE RS 2 LD
TX5%, B, FIZOVWTIZER NS TEE
WhEWALTwE, oY = 71365 W
NEDIHEIRDEL L, TNEFNENEEKRDL5%,
30%% DTV 5, AR DS VHIBIIRIE L 2
boTwiwngs, WHTIERTES®%Z 5OoRdE
Do T2EAS, SAHEIRI%E 2 ) 3TFERICE Wi
EhoTWwWh, (2FBIZNND21%) F72, 44
IXHESEFEREAD 22 2 o 7oA BRI 12 4 &, 58MW
DFEREDD > 720
1) #HIEREED10%, EHD67%TH Y, TidE
EHWARZERITEDZEHEGIIEKTS%, HAT
1212%, FREFRBELLTWDS, BifEL Y FhZ
n27E (44%), 5366MW (78%) A& 7% - TH
D, B, MHEBICKERBA T, Zhrefk
DBV DOFERE 7o TWD, FEZHHOH T2
i % 4E 20 54,326MW O KIEHE & 72 5 7255, 441
C ORTEDORIN G % L 5 %A R S N7z, Bt &
DR E X P THALE, NITIE2HA, IMWO
B, hRTIZ 4 A, SIMWORD, KEITIE25H
5ITMWD A L 7 5 TH Y, BiEERKD HH o
TP EES, HhEBRPE R oTWAS, §
WCKBIO K2 AL T, B, mhedicz
ORI DWW OB DO KEE HDT W5,
HHENICA DL E, BRTET YT (41%), HH
(21%) BRM - 7705 (£12%$2) DNEIZHR -
ThBY, MATIETY7 (39%), dek (31%), H
B O(19%) &7oTwWhb, RifEIZER, Wl bk
WD Lo 72705, SERBFEEBY 7V 7T
PR, HHEBIIRDIEL LTS, TYVTH
FIEHIEE ERTAEBEZE DS 2w oo, B
13407TMW (163%) M & %> THBY, FIC KM
PE, MITEHIHm (345, 49MW) LTw»
bo —HEIMEREE, HMHEDITRIL o hH
TSGR RIS IRA (B ERTAEI63% 3, I
HI4ELE89%IK) L, B8 T2®H, HWHT3IFHE
o Twh, MICKRELREENDH - - kL, JbX
M7 HE, LUMWORA, Bk A3 &, 973MWD
WY, 77U ADBEEOMEBIEI Vw00, HiX
BOMWD KD THh o720 72, BIEEEDID - 72
KEMN TSR ITERD TR D o T2
WEREIAEAR ) Cix (£ 4, K9, K0, ZhF
TERKRIC, % HhELREREMFEIEAEEZS
W, BET2% WHTI7T%TH o7, FEEIZOW
THHIXGHICAD L, FEICERTEHNXSTE
¥ WHEIBP LTS, BHRTRITFEREE K
SEBEIML TV, ST LTHALTEY
FNENOFIEEIZ/NEA20%, HEIT12%, KT
52%DWVTH b, Tz, M TIIRTEIZ/NE & KA
EHE, RN TH o725, IHh 5 b —iE LT
B eip oz, ENENOREITNEIA22%, hEIT



Vol.39 No.4 2011.7

20104 X 4 — E > RUEIEHEAE ERET 273

20%, KEITT8%DWAL TH bo KRV T L&A THI
RTS8 A, TMWORIINT, MBKSMIZAD
&, N 4B, SMWoR, TR 4 A, AMWO
BEHIE 2 5 TW B, & DM B ERENHEAE T I3 HE AR AS
T4 5, S8MWOEREDN D - 72,

(6) MAX4H (£5) ZRiFELIND &, N4
RIZHE Wb L, HIKS0~
46kWix&E %, W& dichihn, 147 ~ 367kWix &
¥, WL B, 368 ~73BEkWH EH, &
DICP e oTwb, FRISKLAK ik
WZIRA Lz, 736 ~ 4412kWid &%, HhE i
WA, 4412 ~ 10296kW T &5 £ 34, W, 10,297
~ 16,180k WIZ Ri 4E A e B2 o T2 IS 4E X E R D
D (67, 82MW), 16,181 ~ 22064kWiz &%, HMH
EBITHL E o TWB, KINIE22,065 ~ 44,129kW,
A410kWILE & S B, MRS LTEY,
H5 1244130k W LL A3 & BT R 4E [L74%3, 0 TR
E2%IR L 7o TV b, BEDLWIETIX, 736 ~
4412kW, 368 ~ 735kW, 147 ~ 367TkW & %o TH Y,
CNIFHIEOHEIMEEDL ) v, FHHDOLWIET
1344130k WL F, 22,065 ~ 44,120k W, 736 ~ 4,412kW
EoTBY, THELLBIFELEBYDMENE o7,

(7) BEEMA ALY =Y OR¥E NP ZRHEE KT 5
& (3%6), HEMZ, EANTIRAA, 23TMWEZRD,
BEEIED S 3 AWM, HIITIXL222MWIK & 72 - 72,
W TIZ2E, 4AMWE 20, BEUIRIELS 3 &
W, HWIIZBMWIK E 2 5 720 BHEHIZ, EWN2272
A, SA6MW E 22 ), BEUIHIED H4A3EWMTH - 72
A3, HMTIZ6IMWES & 7% 5 72, BHE29%, 1,581MW
Y, BETAM, 1 TIR5304MWIRTH - 72,
SRR o, ENBERHEHII2EmL 72,

(8) BEFAA A —E VANFEY 2 —Vid, 20104F 135
WD o720

2. 2010FEMEAS X 54— E > & EREHEE

1) #—=KVzy /" F—=K77r - 2T Tid
TIM3D 7 — & IR HE S, Frll#EIdF-2Ho 5 —
K7 7 YFLIZSED SP-1UHOFTmMb Y, &5
WG EIE 9B, AFHEIE8TSkNTH - 720 (367,
2 M)

(2) ¥—K¥x 7/ F—KFuy T LIV, Hi
Ry —RTay 7 - TV Yy OFEEE TN,
F—RKI ¥ T b TV TTIITE2E L TSI 7 —
Z IR KT, B RE IXSH60] /KB & OFUH60]/
JARHOT7000 AT, At Eaiid2as, ArHbh
1339,174kWTH o720 (58, M3IHMR)

(3) EFEORMBMEMEROERE 5T 2, 20074
S ICREMERBHT Yy Y Ve 2a— VD4
FERRT 2 M 2 720 BREOPIERIZ, PW60000 #RBERE €
Va—nvixT—F 2 WEMEKT, V250007 7 E
Ya—), CFUDREY —E Y RUTZ7EH ) X7
Ry 7 A4 4ED 5 Trentl0000 H T E #i bk (IPC)
BIOBBERTY 2 — by, AFHHTERIE
966B T 720 (M4ZH)

(4) HAROMZEHAIAY —VY v AEEESEKOBmE LT

&, iRy Y v R OTREMAEEA T Y V)
JEY 2= VOFHBRED, I AN TS
bo HLA4 DS, B> Y ¥ TIEP-1®
Fro > v v, REMZESHTY DV iFEy 2 —
)V TldTrentl000DIPCE L VBRBELHRE S 2 — VD
EENRT Y, SHRIEEKREINE LT R
L TWw e b b, REMEHRHT T Y Y Vg
EYa— VI L TIE, 20074 BLRE, V25003 & OF
CF4DE Y 2 — VAR 28R L TW A2, #fan
BEH &0 5 EGE, PW2000/4000/6000, GP7200,
TRENT500/700/800/900, BR710/715% &% bAH 1
D, TOEEBBESMLALRHFIEL TV D, T2, 4
#%, GEnX, PWI1000G% D#Bmm#iE, €Y 2 — VHlE
bAKALS 720, REMZERT T Y Y Y BEO D
B E IS IR L RSN B, (L i
FEE N HABZE T T3S TPR234EM HAROHIZE
FH L] |, ISSN 0910-1527)

3. 2010 ERREERETBIE

(1) AR (9, K1) ZowTiE, FEICHBHR
ISR & 5 E i i3 EAME100mmBL T @ Class 1
WGBS O A FE BT AT 4E 26 % 3 L T34 B
2, FoFIEARARA, BE LR, ANt
M S 15 R A2 101mm ~ 200mm®
Class 2 WD A e B HUT R 51 % 88 L THI38
FHaEkoie, —F, EICHMERIFICMHEHINS
JE f Bk 3 B AL 2220l mm L E D Class 3 LA ek 12
DWTIE, ClassZE OREEZIIHLLOD, BT
11% DWPE L 72> 720

(2) AEPERIS (3R10, K11) (EBI4FEEEIC X5 Bt
21808, (&Class&tr) & o725 DD, 20084ELL
MClass 1 O EEE#HEA — 7 — 1 HHoHEE2HESNT,
3 PR BRI L TWbe 7254 Vv 73R
THOOBIEMAEEBO L VEIED o, A
FEDOZALE IZ BV,

(3) WHEAE L TIE, 20004 X HiEFKDY —< ~
Ta v 7 DBEOMFAROEE L T EERRITE L
S L7225, 2010%E AR A & D BEH & L1 A pEdl
BomERRON, V=< a3 v 7 EE D20084E 2
WEP»HwETYH, 20074E0EEEEE LIRS F Tl
EE L7z FICELWBERR S 72D1%, Class 2
O OBEEEMIAT BB TH S, V-~ Tav s
DWENRDHEANTH - 72 HEHEE R ML DClass 1
DO D BHE 7205, 20084E DL ERED65% 12 Lo K
X7 v, Class 3 P& FICHARM 8 AL 7525, 2009
IS ERON o) =<V ay 7 U
DIEMAROFBENRIELICEKN, Classic & 5 8%
BHHHOD, ERE LTI %DRMEE ol FEMN
FFCBT B E ORI D ENEMTOEEEOMKE,
ETIZEP AR A — & — DA R DR D—RIZ
LoTwb bbb,

(4) BT A YF v FIZOVTIERITERE LI
WS, Class 3 ML Lot EH#EHMEE LT, 2011
55 DIMO NOx 2 kB (FEAZ A HH]), d L <
2016450 5 0 3 WHFI~OIE D RIBZ 72, L EE

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



274 20104 X 4 — E > RUOEEHEAE R AA#AR2-—EZER0

NI ZEBT BRI RA SNIBED TV D, N
BHELTCHLEEN A= —25Class2 ~ 4 FNE
MICHER OB AL 57z Classl 0 B H 4Gk
WCELTH, BIMHBIE X — 7 — 2 E#iG sy >~
YAV ZICE BB ORNA T T FTIET %
HChsE, BEETA o Fy 7ML TnLd
DEWFEIND,

I. #&t
1. RECFHDHRAZ—EEEHE

L]
[

SEE
2|3 E
= 2
als E°
R\ S
=& =
10000 - 750 |
9500 - 9485
700
9,000 -
650 -
8500 -
8000 600 F
7500 -
550 -
7.000 -
500 -
6500 -
6000 - 450 437
420
5500 |- 5469
L 396
400 5171 391 - =
P
5,000 - 2|5 =
: =S (P
350 - 463 &y €|z
4500 |- 333 R|= S
H|o =2
4000 F 300 3000 120 F
3570
3500
250 2500+ 100 F
3,000
200 2,000 - 80 -
2500 2493
2000 - 150 F 1,500 60 -
1,500 F 1073
100 |- 1,000 40
813 y T 875
1,000 26
50 500 20 387 387
500 -
6 9
3 3
0= 0 2005 2006 2007 2008 2009 2010 0= 0 2005 2006 2007 2008 2009 2010
i Year % Year
K1 FEMEATAY—¥ K2 ¥4—FKzv b/ " I—FK77r - 20T

— 54 —
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.



Vol.39 No.4 2011.7

20104 X 4 — E > RUEIEHEAE ERET

275

]
.

ENE
Z |z =
= ®|2
ol g o)
NEEE
=L &
120F  120f
100F 100 F
soF  sof
67

6oF eof £0
0F  4a0f

20F  20F

0" 0 2005

66

2006

2007
4

2008

Year

¥
No. of Units -

1,500

1.250 -

750 -

500

250

2009

2010

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/12.

1,000 960

2005

1,282

L4L g7

o9

2007 2008
4 Year

2009

2010

2006

M4 BBz HEY2—V



276 2010FEH X 2 — E > RSB AERET BAHZX 2 —E 255

2. BEMRAARE2—EY

#1 2010FFHEBEREGEL T (kW)

X% Size| /N8 Small Unit | #%!  Medium Unit | A% Large Unit & WA
~735kW 736~22,064k W 22,005k W~ Total
A & =Rl = G I NS B R = & G S B = &~ G B - Ry B = =G < LR |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
J— — WA
NAH ]\ A BL 3 1,246 12 69,528 25 | 1,954,460 40 | 2,025,234
Generator Drive for Base Load
¥—2ru— FHEH
Generator Drive for Peak Load PL 0 0 2 6,000 0 0 2 6,000
g 7% =B

o e H EM 92 37,695 170 349,430 0 0| 262 387,125
Generator Drive for Emergency
] i H
Merchant Marine M 0 0 0 0 0 0 0 0
(113
ﬂm.. # . & MM 0 0 4 58,000 0 0 4 58,000
Military Marine
At 7o+ 2
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofo 7ot 2 M
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
x B A XP 0 o] o 0| o 0| o 0
Experimental
] Bl H 0 0 0 0
Air Conditioning ACD 0 0 0 0
%. ? fta MC 18 6,338 7 7,989 0 0 25 14,327
Miscellaneous

PN =

" Total At 113 45279 | 195 | 490947 | 25 | 1954460 | 333 | 2490686

MM MC 0.6%

BL 12.0%
PL
0.2%

EM 78.7% BL 81.3%

5 20104 @R E B BEA (%) B6 20104 @M MAEA (%)
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2 20104EBRE I BE A BB T (kW)
X4 Size| /\#1  Small Unit | H1#!  Medium Unit | A#! Large Unit & M7
~735kW 736~22,064kW 22,065k W~ Total
PREHESH a—-F | &% B 0 | BE | B N | B OB | BB D
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
WALKIR A A
Liquefied Natural Gas LNG 0 0 2 7.200 0 0 2 7.200
7 RIH A GNG 1 650 8 58,328 22 | 1,748,130 31 | 1,807,108
'J;/;; Natural Gas
B a7 s b AT e |y ol o ol 1] 33130 1| 33130
Plant-off-gas
Gaseous EEIE A
G
Fuel | Blast Parnace Gas GBF | 0 0| o 0| 2| 173200 2| 173200
#kiti 7 2 GTW 2 596 2 6,000 0 0 4 6,596
Town Gas
HAMEE NG 3 1246 | 12| 71528 | 25| 1954460 | 40 | 2,027.234
Sub Total
e KT
1 T 24 7.895 22 76,030 0 0 46 83,925
& Kerosene
B | B
. K 18 5,794 35 124,450 0 0 53 130,244
Gas Oil
Liquid 9
d 1 fﬁ. H1 68 30,344 126 218939 0 0 194 249,283
Fuel | Heavy Oil No.l
HARIER hat 110 | 44033 | 183 | 419419 | 0 0| 293 | 463452
Sub Total
Z DAt
Miscellaneous Fuel MF 0 0 0 0 0 0 0 0
AN =
DTotalDT 113 45,279 195 490,947 25 | 1,954,460 333 | 2,490,686
LNG
LNG 0.6% GNG 93%
GOG 0.3%
” GBF 0.6% HI1 10.0%
b GTW 12% T 34%
A ARREL
12.0% GTW 0.3% AR
18.6%
GBF 7.0%
GOG 1.3%
A ZEE 81.4%
WAL 88.0%
GNG
72.6%
7 20104EBRRIBIA FE R RS (%) 8  20104FRBHEI IS (%)
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£ 3 20104EHIS A A B O (kW)

X4 Size | /M Small Unit | %  Medium Unit | X%! Large Unit & Wm0
~735kW 736~22,064k W 22,065kW~ Total
Hulk GH| M O | A% M o B o | A% Wb
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
Jt W 8
Hokkaido 4 1,860 3 3,200 0 0 7 5,060
[ e
Tohoku 11 4,060 6 7200 0 0 17 11,260
i H 39 16,070 97 229,580 0 0 136 245,650
Kanto
b
17 6,795 16 20,829 2 74,880 35 102,504
Chubu
W e )
I = b 18 6,287 30 63,650 1 87,200 49 157,137
F Kinki
i) 10 4573 9 10,720 0 0 19 15,293
Chugoku
| 5]
Shikoku 2 800 5 8,740 1 33,130 8 42,670
u I
. 8 3,780 6 6,800 2 162,140 16 172,720
Domestic| Kyushu
Use J 2
w oA 0 o] 3 5400 | 0 0] 3 5400
Okinawa
LIl 2 4 0 0 0 0 2 4
ﬁﬂﬁﬁgzﬁﬁ . 0 0 4 58,000 0 0 4 58,000
Marine Propulsion
ﬂﬂﬁﬁfﬁﬁ% e 0 0 3 7,200 0 0 3 7,200
Marine Anxiliaries
*x &
Unknown 0 0 0 0 0 0 0 0
AP 111 44,229 182 421,319 6 357,350 | 299 822,898
Sub Total
k| PN
North America 0 0 1 3,200 2 505,660 3 508,860
LD/ S
South Central America 0 0 0 0 1 24,530 1 24,530
72T 1 400 | 8| 26870 | 5| 630380 | 14| 657,650
gy Asia
H "
If] K E M
VF Oceania 0 0 0 0 0 0 0 0
A 1 650 | 3| 32858 | 0 0| 4| 33508
For | Europe
E t VA
xport| A v & 0 0o 1 6700 | 0 o] 1 6,700
Fomer Soviet Union
W ®’
Middle Fast 0 0 0 0 7 320,260 7 320,260
1
77. )7 0 0 0 0 4 116,280 4 116,280
Africa
Hathiiy et 2 1,050 13 69,628 19 | 1,597,110 34 | 1,667,783
Sub Total
N =
H Tknaln+ 113 45,279 195 490,947 25 | 1,954,460 | 333 | 2,490,686

— 58 —
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#F4 20105 HEBREIBRME A FE R O O (kW)

X743 Size| /M Small Unit | %! Medium Unit | K% Large Unit & W N
~735kW 736~22,064kW 22,065k W~ Total

B SR B HE a-F | &% B 7 | BE | OB N | B% | OB | B OB D
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
s %ﬁ? G 98 39,005 184 424,958 25 1,954,460 | 307 | 2418423
Electric Generator
HEAEB PRR 0 0 4 58,000 0 0 4 58,000
Propeller
Ax T w | 15| e2m 7 7989 | 0 0| 22| 14263
Water Pump

PN =

H Total it 113 45,279 195 490,947 25 1,954,460 | 333 | 2,490,686

PRR 2% W 0.6%

B9 20104 BEEREV M L E B BHIE (%) BI10 20104 BEERBI MG D& (%)

#5 20105E XA EABL N (kW)

mon X 4 W) [=E il
Units Output Units | Output (kW)

0~146 5 304
N 147~367 34 8,180

Small Unit
O~ T35 368~735 74 36,795
/NG Sub Total 113 45279
736~4,412 173 304,269

oo
4412~10296 15 86,678

Medium Unit
736~ 22.06416W 10,297~16,180 6 82,000
16,181~22,064 1 18,000
/NG Sub Total 195 490,947
K om 22,065~44,129 16 474,280
Large Unit 44,130~ 9 1,480,180
22,065k W~ /NEF Sub Total 25 1,954,460
& i Total 333 2,490,686
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F£6 2010EFEHT A Y — ¥ VHBIEEERL MY (kW)
X4 Size| /N8 Small Unit Al Medium Unit K# Large Unit |
~735kW 736~ 22,064k W 22,065k W ~ Total
H = a—-F | B o B moh =4 moh (=04 o
Application Code Units | Output(kW) | Units |Output(kW) | Units |Output(kW)| Units |Output(kW)
~N—2o— FEEM | BL 0 0 0 0 4] 237020 4] 237020
Q Y—ru— FREEH | PL 0 0 0 0 0 0 0 0
% I SR EM 0 0 0 0 0 0 0 0
Doe;]g;%bhcfse s Sub Total 0 0 0 0 4| 237020 4| 237020
~N—Z2u— FREM | BL 2 596 8 46958 2| 120330 12| 167,884
[Vii]] ¥—ru— K%EM | PL 0 0 0 0 0 0 0 0
% et RS EM 91| 37295 166  341.230 0 0 257| 378525
& z %) fis | MC 3 64 0 0 0 0 3 64
Dosztgg%"af\“e st Sub Total 9%| 37955 174| 388188 2| 120330 272| 546473
EPI4EF Domestic Use Total 9%| 37955 174| 383188 6| 357.350 276| 783493
B | N—2o— FEEM | BL 0 0 0 0 2| 54120 2| 54120
% ¥—su—FREH | PL 0 0 0 0 0 0 0 0
é et S A EM 0 0 0 0 0 0 0 0
F O%Eéggég ub/lj‘f US%T Sub Total 0 0 0 0 2| 54120 2| 54120
i | N—2o— FEEM | BL 1 650 4| 22570 17| 1542990 22| 1566210
% ¥—zu—F%EM | PL 0 0 2 6,000 0 0 2 6,000
R EE— EM 1 400 4 8.200 0 0 5 8,600
FO;@Eﬁlg%griv/fe Usgjr Sub Total 2 1,050 10| 36770 17| 1542990 29| 1580810
Wit 43 For Export Total 2 1050 10| 36770 19| 1597110 31| 1634930
~N—z2u— FEER | BL 0 0 0 0 8| 291140 8| 291,140
i ¥—ruo— FREH | PL 0 0 0 0 0 0 0 0
& et S EM 0 0 0 0 0 0 0 0
Public Use w=m & & Total 0 0 0 0 6| 291,140 6| 291,140
~N—2u— FREM | BL 3 1,246 12] 69528 19| 1663320 34| 1734094
[ |¥—zuo—FEEH | PL 0 0 2 6,000 0 0 2 6,000
R L EM 92| 37695 170| 349430 0 0 262| 387125
z ) fiz | MC 3 64 0 0 0 0 3 64
Private USGE %0 & & Totl 98| 39005 184| 424958 19| 1663320 301 2127.283
# Grand Total 98| 39005 184| 424958 25| 1954460 307| 2418423

Note : Code Explanation BL : for Base Load PL : for Peak Load EM : for Emergency MC : any other miscellaneous use

— 60 —
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3. MEAHRZ—E> 4. B
£7 20105 =KV vy N FY—=KI7 v 2TV £9 75 ABOEMAER
EEARBBEL O (kN) X 4 Size
. - T JEAHER BAME (mm)
HEREAR 9 A5 A MR 875 Class | Outside Diameter of 20054 | 20064 | 20074F | 20084F: | 20094F: | 20104
Number of Units Thrust Compressor Impeller
. - o ~ Class 1 0~ 100 #3337 | #94357 | #9481)7 | 952975 | #927575 | K134575
K1 ERIERAZ T 2 Class 2 | 101~ 200 |27.137 28370 | 35284 [42.225 | 24918 [37.723
Maximum Thrust at Sea Level Static Condition Class 3 | 201~ 300 615 557 551 508 503 482
Class 4 | 301~ 400 115 263 238| 232| 18| 134
) ) ) Class 5 | 401~ 500 122 173] 169| 175| 131| 110
#£8 2104EF—R¥x 7 b/ ¥—KTuvy 7 -2 I v Class 6 | 501~ 600 189 | 183] 212| 303| 272| 231
HEREAER T (kW) Class 7 | 601~ 700 223 224 249| 322] 290| 282
— Class 8 | 701~ 800 21 65 64 48 47 50
IZ. g 0~735kW 736k W~ 4 Class 9 | 801~ 900 136 193] 176| 205| 194| 150
Size Class 10 | 901~1000 0 0 0 0 0 0
N W | HTH2 W | HTR2 wr | %2 Class 11 | 1001~ 0 33 8 0 0 3
e N £y N
ﬁﬁ. o E'.%E Output D.ﬁ Output m.@l Output & &F Total™ 28,558 {30,061 36,951 {44,018 26,540 39,165
Application | Units Units Units
(kW) (kW) (kW) .
prap—— £10 7 7 A OBKHH
 ER A 0 ol 0 ol o 0 = ~
Fixed Wing Aircraft X 77, T (SIZ?
" AR HAME (mm
A :3 7% H 0 ol 24| 30174| 24| 39174 Class | Outside Diameter of 20054F | 20064F | 20074 | 20084 | 20094 | 20104
Helicopter Compressor Impeller
g Class 1 0~ 100 92 87 89 61 62 62
B
ﬁ?%ﬁi?{i}i}i 0 0 0 0 0 0 Class 2 | 101~ 200 30 30 26 26 26 29
./\ m Class 3 | 201~ 300 23 22 14 14 15 16
=T Class 4 | 301~ 400 18 20 14 15 16 16
Total 0 O 24| 39174\ 24\ 39174 Class 5 | 401~ 500 15| 15| 11] 11 12| 12
. o Class 6 | 501~ 600 13 12 11 11 12 12
H2 LA ) , N Class 7 | 601~ 700 12 13| 13| 13| 13| 14
Normal Output at Sea Level Static Condition Class 8 | 701~ 800 4 5 5 5 5 6
Class 9 | 801~ 900 14 11 11 12 12 11
Class 10| 901~1000 0 0 0 0 0 0
I D Class 11| 1001~ 2 2] 2 2 2 2
&5t Total™ 131] 130] 107 109| 113] 118
z " %3 MR FRHIRS - TH D,
= T & E Every model is an exhaust turbine type supercharger.
£z E2 %4 AR, FERTRIUESMELO0mmE BT 4 R
& Z iﬂ Z The figure shows total number of superchargers over 100mm in
Z, Z, impeller diameter.
3501 10’
#3457
300+ 10°
250F  10°
37,_723 3@5
200F 10"
150 10 @
231 282 118
134 110 ] 150
100 10 ]
50
62
50 10
29
I 16 16 12 12 14 11 -
L B s w w0 ([
-100 200 -300 -400 -500 -600 =700 -800 -900 -1000 1001- At
Total
JEAERESR /M (mm)

Diameter of Compressor Impeller
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