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FHMEIE

THERERATLRME LSRR A, 2t — Bt 8 WA
ZRE ERTIYANEFRGEETR. EEEENERFEH KL EH T E
R TERE,Z2FREFE, ALPEECTFLRERRE, LART AR
WOEFEIERE B RAR KA - HEHmER T AT, B
RTIEAWHSFRANETRE. MERCIEANTH RgMmm L Lw
REE#  EALEATERAMUIATHFRREE K. EAFHEALTAS T
REKRATFLHWRERERAREF X, REEERNER EM ARFHER
xR, A TEHRALTWERLTH S, Bk, HAFOCEALFEIFHM R A
EABRNUIBRATHNEELRS., AL FGF AERLE 20 25 HFNERH
W LG TERET* I FXHE FURA N HFEN  BEELF R
BALERENFRRER, RLECFEM R, FAEEAFIRN —KEF
AKFWEFHMN., ERRBITH BT EUEFEIRE, B2 FE DTN
ERAFPREEIANER . ET2EEERMFRROEM. WA W TET
BEEF ARBITFIRBE AN HFRAAEAN RN EEAN LTI AHMN, R
HEABEMPHEETH _EGHNRAFE A,

AFNE-EFARZFN\E R TEF V. A=V . F WA HIHY
EF bAREFERRLERPE;F_EFUEFHAREIAFEARAZERAE;
FZFHYETUAFATOREELBRIE T A FHEZREIAEZRREHK
RUE;ZFLFIFEFTUAFRREERIE; FAEHFPET L A¥XE
AEBPE:ZTEE—THYET LA FARARIE. 2 KX L2 HR
FRHABKERE, EAARBIT I . L TFRER T B HR.FRWA E
BB T RENHBHETE,

AEWESRANLALHE T FEFT L AXH LB FET L AFHR
H PETEAFAIFRURACIRANA R EHMETNEKRS XFHF . HH
Er AR T BRI w5 R R R TR T 0 R !

WTHRAXRFHR . FFRBEFMBRZILAEFE R, RIFEEHITFHE!
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% M hE S

HHERBERATLEMRFLHHRETRAGEA, A ETEEE
GHRBRETETR.ETEEREAALTF"NERCER AL L, 2K
KREVEMEETRENFOLS . 5 HAR, UWEFFE K H KA K H
LB EHHENTARA T HREL R, KERLA B £ R HE
HIHEARAULAHRERB, AAEFLHE R EZ . KHA &, T A X S A
ITFVHERBSERR RN AR MEREZRAARCTIIRZFRAMR
B ZABAWXB ESRXEEERUETAENTRAS R BIRA. (KA
FIERMAEKRARPUEREAABEAZTEAZNHAM ERFRERECT
FVYAFHRET S ABRNER. (ELEINAZTRERRE M TAT L3
WA G BEREFTEN S RFE, L REN AR KACERTA
FHEAROHEABI L, KA ZTER ETEI FFHE. FURAH
HEEW, AR - ZEHAFZZREAMFHEAAMLIRATT T2 R IR
MCEALFIRTHARMBR . EERETEE VEECECEI RN KT H 5
AFBEFRFNEEEM A REWELTFLEL TR,

AFNE -—FFEFFNEEFTFLF N FH . FOTMMFHE
EFVAFRNLHARIE F _FEFNEFHAREIARAFHERAZHRNE;
FoFhFPETLAFAIOBEERIE  FAFHLZUEIRERRAH
RIE;FLFHFETLAXRBERARIE  FAFRFET LA¥RXE
AHBRIE:FTEL - THYET L AXAEARIE. 2F RN 2H#HRK
AR ABRMERE,

AHWAEERIALALEZFTIT YET L AFZHSB . FPEFT L AFHK
HFEF Y AFAIFREURMKIRANAR EWMEANERS X, F#
AT R R R AR IR W TR R R A TR R R0 R

MThREAKPHR. FFRBABRZLETE R, RIFEHMIFHE!
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FZhREE

U E LB R (B2 VR B 2000 4% = B MR AT UK 2R >
MEnEhE, BEWEEY, FHNR—EEBREA . ERATHAFL
BETHHAEHEN ML ANE, REAA SR ERUBELIHAT
WG b A Tk B, L RAFERRTL, BFREES
B R RS TFRR F LB RAEASE RABR BHRAA.
WH - BEHRAHREBREH, AL FIHELED., HEREX—RE
I AKRUHNE R ECIF Y NARE B R, AXABE T AT
BREVAAMERRER A AHALHASHEREXR L AHRET, X4
WA THE R AS R ERTHE.

(EREVEHRRB O T EAA L LER BN T ERM  ENEAREH
ERATIAY A BN AR SRR EFTEN S REE, R RN AR
REAGERTEFE N AENEZ L R TER ETET . FL
BEUKAHREEN, Hh,BE AL T, kE O %)
ABIT N REH AREHNEH NERAEHE T ERTL T AW B AP
ZE, UMK E Lk EW, ‘

AABTHETER S W T A BWHR—E b, B+ b by o 3R
SRR EAENER TR YA A EEL LSRG HR, ETEAAH
HEETREENRE S AR B R A 0 Bt TR 44 R A
VoW e M Bl B R R 2 AL MRk A AR R A R R
NI BT AR — R R L B B R B R A %
ST kR TR G A xR A MR A MR B B W RO 2 ¥ iR
W R TR oy IR R W TR R —E R T MR
S fb 45 B b B Ao B B MR R L R 0 A S b R DL RO B B i T
BR EAMBAREE AR B ER SN EGMIHE TR EE LB ET
FAMBAE RSN LR REIB A AATFSELRAA I ER, &
“WREN - SRV R R ER AP NSRS RE,H
BEAEEENT Y, HRTFRAF R0 A .
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HHHER, EW AR TR EARNA A AEZBEX R EE A F R
BERUR - NMNEATFYAERRNER, FULN 2 TEMNERAZTLAKEE
THRAERER,FRFENAKR BETHELER R AR EERMFZLRNHKE
Mt Bb 9 B G A SC B P R DR R SE IR R R

AEWE-—FFLEZ/N\FEPHRATET LARFRRXN2HARIE
CEFUERAREIAFEAZAEZRIE:;FF P EFT L AF (&
TORBERIE; FAENIBEIAFSRRFARIE:;FLERFTEHT ¥
A¥REFHRPE; FANEFATET L AFREABEENE; FTEHFE
TUAFABRHERHIE. 2P HEAXLEABRARKALE U MER,

AFWRERIATIHAEZETT FEHT LAFESFH FET L AFHK
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®’ o %

*1-1 KEFFEREBFEETSRERAK (ARREFERITFEL)
AEUR A ™ SR HAEEA S ELE/ %

o /T3t bR HERR Ji B JE KRR — UKL g B A RE U
1978 62 770 70. 3 23.7 2.9 3.1
1980 63 735 69. 4 23.8 3. 0 3.8
1985 85 546 72.8 20.9 2.0 4.3
1990 103 922 74,2 19.:0 2.0 4.8
1991 104 844 74.1 19. 2 2.0 4.7
1992 107 256 74.3 18.9 2.0 4.8
1993 111 059 74.0 18.7 2.0 5.3
1994 118 729 74.6 17.6 k9 5.9
1995 129 034 75.3 16. 6 1.9 6.2
1996 133 032 75.0 16. 9 2.0 6.1
1997 133 460 74.3 17. 2 | 6.5
1998 129 834 73.3 1757 2.2 6.8
1999 131 935 73.9 17..3 2.5 6.3
2000 138 570 2.9 16. 8 2.6 7.7
2001 147 425 72,6 15.9 2.7 8.8
2002 156 277 73: 1 15.3 2.8 8.8
2003 178 299 75.7 13.6 2.6 8.1
2004 206 108 6.7 12.:2 2.7 8.4
2005 229 037 77.4 11.:3 2.9 8.4
2006 244 763 77.5 10. 8 3.2 8.5
2007 264 173 77.8 10.1 3.5 8.6
2008 277 419 76.8 9.8 3.9 9.5
2009 286 092 76.8 9.4 4.0 9.8
2010 312 125 76.2 9.3 4.1 10. 4
2011 340 178 77.8 8.5 4.1 9.6
2012 351 041 76.2 8.5 4.1 11,2
2013 358 784 75.4 8.4 4.4 11.8
2014 361 866 73.6 8.4 4.7 13.3
2015 361 476 72.2 8.5 4.8 14.5
2016 346 037 69.8 8.2 5.2 16. 8
2017 359 000 69. 6 7.6 5.4 17. 4




%12 REFFEFEHRLABRAB(ARREPEARITES)
& B REWR A B it HREEA SR LE/ %
/77 R HERR R i KRS — W Ty B A RE TR

1978 57 144 7. 7 22.7 3.2 3.4
1980 60 275 ¥2.2 20.7 3.1 4.0
1985 76 682 75.8 1751 2.2 4.9
1990 98 703 76.2 16. 6 2.1 5.1
1991 103 783 76.1 ksl 2.0 4.8
1992 109 170 8.7 17.5 1.9 4.9
1993 115 993 74.7 18.2 1.9 5.2
1994 122 737 75.0 17. 4 1.9 o
1995 131 176 74.6 175 1.8 6.1
1996 135 192 73.5 18.7 1.8 6.0
1997 135 909 714 20.4 1.8 6.4
1998 136 184 70.9 20.8 1.8 6.5
1999 140 569 70.6 21.5 2.0 5. 9
2000 146 964 68.5 22.0 2.2 7.3
2001 155 547 68.0 21.2 2.4 8.4
2002 169 577 68.5 21.0 2.3 8.2
2003 197 083 70,2 20.1 2.3 7.4
2004 230 281 70.2 19.°9 2.3 76
2005 261 369 72.4 17.8 2.4 7.4
2006 286 467 72.4 17.5 2.7 7.4
2007 311 442 72.5 17.0 3.0 7.5
2008 320 611 1.5 16.7 3.4 8.4
2009 336 126 71.6 16. 4 3.5 8.5
2010 360 648 69. 2 17. 4 4.0 9.4
2011 387 043 70. 2 16. 8 4.6 8.4
2012 402 138 68.5 17.0 4.8 9.7
2013 416 913 67.4 17.1 5.3 10. 2
2014 425 806 65.6 17.4 5.7 113
2015 429 905 63.7 18.3 5.9 12.1
2016 435 819 62.0 18.5 6.2 13..3
2017 449 000 60. 4 18.8 7.0 13.8
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A 7= R B R U R A T S A X — R TR E VR BUR R AT e e .
FEAEE R IR RO E R ERREREE . AR5 EH (4 B 5 TR PR ) R K
IR B 5.9 14 v, B E B IX 2 880 A, H AR 45 1 km® . H o, 5K B ok Wt IR if
2.02 JifC t, WU GE A 3. 88 FAZ t(Hvp . AT HESR 1. 57 AL . nTREZR 1. 22 4L +, HEWT &%
1. 09 AL ;RS M gE it 0. 98 A2 t, R% 1. 14 L . 2% 1.76 i v . M RAAHE
VR RS A LR 2 593. 58 42 t, o 1 AR A FH BE IR AL A A9 16. 8 %0, A SR i U U i e
1487.97 42 t. 2 EREA B R E MR 7.6 %, I8 3512 t 7= ReAG 5, T R HE W 7T %
fig EAUHE TR 40 4E 2247 . #iE 2018 4E(BP it R AR IR G0 147 48 ) i B0di , 3K I © 3R W 09 3 i
Bk 257 ARG AL S S ERAE R A 1.5 %0, TR A9 Aok 7= B 384. 6 JI A/ H o R I, 3R 1 Y
A SRR TF R 18 4R A2 A . FRARBT AOJE R AR A il 4 R A A A B R % A G i K T
AT AE R AN S ST, R R VT R A X R AR AT TR R AE AT BT A ok R R R I Y
BERE IR (AL TCBE (M) , & () B BN B 2L T R . ORI A R REUR A HE 906 R 2R T R L {H 7E
JEORH ST AT M PR FF R L], B R A RS K iy 25 ), Bl A TR o) B A S il L A
KRR I R £ — B AH BUIEAL T b 9 AS W8 2 8 5 R % rl R OB 1 OB R RO
I RN A 2R Bl I e TE AR T o A 0K R O BT B R .

HN B IR ERNE R 2Tk

—  BUFREERRMITFAPEER

oA S SR B TR A A 4 A 55 A o AR AN e A AL R (45 A (R4 20 1 45 44 AL B
S5 R 2 A DA BB AT Z 84 LG R 2R

B FR T Tl Fari 18 28R, Tkt THRRAT R, F W EHET xR
Ao TR VAL AR PR RS A () B . K ZA7E 19 g 30 4FEARE] 20 0] R R LT ELER
W58 F B 0 2R 4T T RGBS . BLJR B ZOM BT A 9 BOR B T4
BB TS A TG 77 BEA A BOR B9 K (R 2E T X 4 )3 IR 2 18 P o LA B M 2 17
BITRABETE . BLAE B0 2 B 4 O SRR 2 AN T sl sk i 3 AL R 70 . B ik e T
A0 4 B BT B AR B 5 L FH A 5 ¢ W 5 ARG S0 o o O ThD A #E A R AR AL

BR— P A SE R+ o3 B 2 i ARSI KRG 7550, AR Bk 3L, B2 Hh
ETFFA AL S AL WA ARG . A B S 5 5 R R AT 5 9 4K B
L™ % TRERI A A ERRAM B S ZRA TR XPIRA SRR R RE TR T
A REM A MG . 24 N1k 3 THEP B A BLY R 2 R r T 45 b A+ o0 i 2 . L0
G 18 Ak T B0 A S BB B B A ) L SR A T R A ) R A S A R R G A A T X
32 25 R 3R 24 A RURE SRR AR R e 25 A 3t A A BRI AR I R (RO f LK B L K
WK TR T | o P A B R BE TR B[] | 72 E Bl (MR K B R OK L T A
FEENAF o T UL L IR 2 R R G S AR AN AR AR B AT TR A RE AR
i EGE

BRI R RO LA 200 ZAH P L (BX THREVFZ RBEARY T R iR &1
o345 K 1) REATS 2 TR Rk 2 S A e KR . R ARG 3 T AR R P R (B X T 4 3 5 4 1
FEAA TR AT AR K Ay 2 i, 4 S 2 K 5 ik B AL 24 AR B R AL s N f X R ST

o 4 e




(SAXS) I EHLWZ 4 (CT) A% 8 S r BUR 38 5/ 3 B 6088 (TEM/SEMD) 14
B% i B MBS (STMD L T 7 86088 (AFMD X S 2R A7 5F (XRD) | % 4h-1] W% % (UV-Vis) |
£14h 3% (IR)-Raman 6 1% B % 4R 1% (NMR) |0 #% 2 4R 3% (ESR) . i1 T fig 3% (XPS) %, K
KEAL T B0 T2 T BUS T KEMBIR R . HEERARKER, AK—ERiEE
T TR Z ik,

WAL — T R A F R U R 25 A Y2 B e DAk o BE i R FH b BR Ak 27 | s 3
2 BB MUEWE HUE R T AR R R E Rk R TR 2 SRR
VRN T BE , X 5 g S5 it 7k 27 ) R0 0 07 FH ) 0 4 7 38 L3 A FLAE 5

IHE B0 2 B AN B Ak 2 I 5T A A% 0 o 2 A S 0 I T RN A Ak i Skl . BARBE AR
TR AR 1 45 Bl T2 359 B A IF R M 2R R RN TR B9 2 b L TR AN F

(1) BERA W2k T 5 BB R Ky i ERERE EE VYRS
KA DL B 45 6 1 0L S5 R A TR AT .

(2) IR R - W R B T2 Ry 0 T R B K Sy R R Y K G SR Y ORE
J 20 S5 AR AR

(3) B Fy IR - B 5 B AR T 25 RN E 0 400 0 GE TR S (R IR ) HE BT LK A BT
KR RIS SV BE R A LR R

(4) KK - A T R T2 RS o ) A R 20 B R S DR RE ) K 3 R A K AT VB
Oy PR KK S TR R RE A AR R T ST LT B AR R A

(5) MEBIREE : VEFE A 18 1 BR BE 15 25 100 201 22 401 38 JRUORHEE 18 K 43 48 R4 K 4 JBR A W R
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