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Sn0./MWCNTs 2K E S M RIRR AR EH & R HER A HHYE
W

Pokik BRI RKH HERE KEF

WE: KA+ ket = PR (DTAB) Bh B 5 #) % SnO,/MWCNTSs 44K
HAEMEL, X HEATH (XRD) | #5HEE (TEM) KK, SnO, 4K EikL
IS AEE MWCNTs Rl . fEMRLZAER7ZBBARH, 5 SnO, FRif
4li MWCNTs #it, SnO,/MWCNTSs 49K 8 & #1EHE 1.0 mol- L™ Na,SO, H R
bR AR AR S XE. 4 Sn0, RESECH 11 %bf, fFEHRREE RN
0.2 A-g" I SnO, KA BT ik 217.3 F-g s

KHi18: SnOy; BRAUKE: HHEBAR: (KRE A &M
Preparation and Supercapacitive Properties of SnO,/MWCNTs

Nanocomposite by Low-heating Solid State Reaction

SHEN Lai-Fa ZHANG Xiao-Gang YUAN Chang-Zhou FU Qing-Bin

ZHANG Hai-Jun

Abstract: Tin dioxide-multiwalled carbon nanotubes composite (SnO; /MWCNTSs)
has been synthesized by wusing low-heating solid-state reaction with
dodecyltrimethylammonium bromide(DTAB) as surfactant. The structure and
morphology of the obtained samples were characterized by X-ray diffraction (XRD),
transmission electron microscopy (TEM). The results showed that SnO; nanodots
could symmetrically grow on the surface of the MWCNTs. Electrochemical
performance of these electrodes has been investigated using cyclic voltammetry,
galvanostatic charge-discharge. Compared with bare SnO, nanodots and purity
MWCNTs, SnO; nanodots uniformly dispersed on MWCNTs lead to a significantly
improved capacitive performance in 1.0 mol'L”? NaySO4 Galvanostatic
charge-discharge studies show that SnO, has a maximum specific capacitance of
2173 F-g' at 0.2 A-g” with 11 wt.% loading.

Key words: tin dioxide;carbon nanotube; supercapacitor; low-heating solid-state

reaction

AL A RE A — PR B RE o, RADRERE K, 1§FFMK. ArHuE 78 L
B ERBE AT AR i, FEHBNIEZE . BahiB UL Rt LS ) SR S AR A % T R S
AR, BRCKE LUILUBEILAEA T, MERERER. BIEF0 S REMER e S0
A8, R A RS AR T R . AT AR A B R A B B R AR RE L,
REBEERE, BERANYRTHREVERIKE MR AWM A/ BR800 fik
MRHR—FA 2007, LB (SnO)E R —FhERBE A 7 (2 SR, (B R A1E R 381
JR 75 T ff A 1830 o Hul® SR PR ¥ e - i L7 7R R BE T b B 1) 46 SnO, 48 K 50k, 7625 mV-s™
F#E T, 0.1 mol-L" H,SO MMM, HA{H90.6-5.3 F-g'. WulSE R BIRITAER SnO,
VIRREI AR L, IR R, RAEAEIS~265 F-g' 2 I,
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TR DL A B R —HER R R R M — M A A TR, dF%EAs
TR ETHRERE ARD. MEAER. "R GRS ARSI, ZEIA
TIMER. +hedk =P RIRAE(DTAB)R —Fh i WHIRH B FRITETER, LW AR
TSR 8 BA R IRTE SR MK A R, RS F T AR AR KL T ORI RE  39n 22 (Rl ir
BEL. SRR OO A A, AT BEL LR T R B 2R ), AR SO D TAB i BRI AL 3 7,
e FRME B A S BB B R ) 73 SnOy/MWONTSPK E A h0kH  RIAPEHR 2 FE R 787K
R 3L AL S AR R R

1 SEEEERSY

L1 FR5EH

+ he s = PR RALEE (CisHaBIND). &AL (SnCly-2H,0). S (NaOH).
MBS (Na,SO,) ¥WAHTaE (AR BHl. BRIPCKEWBIEINPKBEAT, KK,

1.2 SnO,/MWCNTs 4K 5 &M Bl &
MWCNTSsf F AT 65 %K HER [EI %12 h, FEHRMS|IAFEE MR, RESRME T A

41 28 HF-MWCNTs.

#0.1 g F-MWCNTSs. 0.846 g DTABIR &350 B30 min, HNA0.013 g NaOHZk £E5F B30
min, FINA0.019 g SnCly:2H,0, 4KEEHFEE30 min. RFIEKRMEBE T LB TFKPEBHE, R
HE L. BE%, 70 CTEZTRI2 AR, 18 RS2
IR AR MR H E 25U H S MS1. 83, S4, F-MWCNTSsit AS0.

1 R F R & 2 B SnOy/FMCNT A K 52 A 4 R i

Tablel Samples of the SnO,/MWCNTSs nanocomposites prepared with different reagent compositions.

sample Sn0,% F-MWCNTs (g) C;sH34BrN (g) SnCl, -2H,0 (g) NaOH(g)
S0 (0%) 0.1 0 0 0
S1 (6%) 0.1 0.846 0.010 0.007
S2 (11%) 0.1 0.846 0.019 0.013
S3 (15%) 0.1 0.846 0.026 0.019
S4 (100%) 0 0 0.019 0.013

1.3 R ERIE S AR T

XRD H HZ Mac M18ce B! X SR RATHAXIE, $HUEH CuKa , EHE 40kV,
EHI 100 mA, FHETEEN 0° ~80° . KA TECNAI-20 & § o7 M85 (TEM) SRS
ITESREATRAE . BALZE IR R G LW R A B A 7= 1) CHI660C HLAK 2% TAE 3558 iR
KRA=ZBRER, HhER AR, SHEBAMEAHKEM (SCE), AT & A H sl
f¥) SnO2/MWCNTs. SnO2. MWCNTs 255 Z. 5k . PTFE LA 8 & 1.5 1 0.5 f i & LB &k
PR, BSHIRBE N EEN RN, R TFREERTEN 1 cm2 8. £ 1.0
mol * L-1 Na2SO4 ¥, F-0.4~1.0 V 47X 8] 4 BEAT AEFRR 22 A e 3 78 180 Uik

2.
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2 BR5WE
2.1 M E RS R ST R

2.1.1 AR A XRD MK £ R 5 it

1 /& F-MWCNTSs $#% 11 %Sn02 14l F-MWCNTs ] XRD Eli¥ . & 1(a)y F-MWCNTs
ff) XRD B3, 75 25.7° BT H5RIGAT 43.5° Kb 5506 53 Fi%F BT B9 K & (002)F1(100) 4 T
fIATHH(JCPDS 41-1487). B 1(b)AHAE T 11 %[ SnO2/F-MWCNTs 49K 5 &4k Hi B,
BT BRACKE (PN EWEAh, BFE 26.2° L 33.7° . 51.7° . 64.9° F178° HAHILT
S ANRBEAFRATHIE, 25 SnO2 MIFRAER A (JCPDS 77-0452)%F 8, 5 AMATH 043 5% 2
F Sn02 (110) . (101) + (211). (112)F((321)f . UHBRVIMAK S2+EFEHS 5% 4
TR &4 4t Sn02.

4000

OSnOI
BF-MWCNTs
. 20001 i s =
)] = ) o
g AL
2 0 I e ;
B : 60 ; 80
: a :
- ﬁ‘ '
g g
“ 00t d Gl
i
4000} li

m(100)

B 1(a) F-FMWCNTS ] X-5HRA75 B (bR S2 B X-5HE AT 5 B

Fig. 1 (a)XRD patterns of the F-MWCNTS; (b) XRD patterns of the S2

2.1.2 & TEM RiK4 R 5itid

B 2 &£ F-MWCNTs fl4 %, T 11 %[% SnO2/F-MWCNTs 99k 5 & W RHE 51 i 7 B s
HE P (TEM). M 2(a)2 Al LLFE i, F-MWCNTs & B 427E 40-50 nm 2 [6], ERERMmEBOL
. WE 200)+F T LAF i, SnO2 KK 554 BEAE F-MWCNTs R, KB EKRPKE
HOMAZLER SnO2 k. AR KHE 2 (c)B7R, Sn02 FKFLFHAZIER N, KAFE 2-5 nm
A, HYSAMABEERPKERRE, 280EEF, K NERM KB,
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20nm " : I0am

B 2 (a) F-FMWCNTs i3 s BEHE Fr: (b)(c)FEfh S2 (0iF S R B IR

Fig.2 (a) TEM images of sample F-MWCNTs; (b)(c) TEM images of sample S2

SnO2/F-MWCNTs &-&# K ] T LB A 3 fras. F-MWCNTs Eifi &4 F &%
3. RESHYUEMEA, I DTAB J5, EFFBEMIERAT, RAEARE, @id#Hh
% 5| EH7E F-MWCNTs R 51 0% b — Z P B TR i #5177 DTAB. S NaOH ZE /W
HEMSNFER AT, i TaRESAFEH RS /ER, £ FMWCNTs Xl E —ZE/# DTA+
JAE#: OH-FrEEl. R NaOH MW ZS MK, HERMEHER, aTl#—55kED
SFER, ER—FNA FEBRSARBBEZ BAOEFRE, BRT ERRMMRE. InA
SnCI2 - 2H20 J&, EMEHNIEAT, REABH, hTHBERSIERH, S2+EABKRES
¥#5 OH-RAaRERMN, ZRM—BEA, SnCI2 » 2H20 45 AR SR iR
WA, M-S RERNARE, FEEASKKNS S TREER Sn02 HH 5 HWEE
F-MWCNTSs ¥f[15,16], X5 XRD Jlif4 R —5.

Fl\NCNTs = Sn0;  S00;  8no,

fiit £

OH OH OH OH OH OH

RS 81

SnC12H0

e -
OH_ OH. OH_ OH_ OH_OH. OH_ OH_ OH_ OH_ OH_OH_
wteft gt

3 SnO/F-MWCNTs K5 AF1E AT AE ) i % HLE
Fig.3 Schematic illustration of the possible formation mechanism of the SnO,/F-MWCNTs nanocomposite
material.

2.2 BAEEREIIRER 5T

B 4 7y SnO2. F-MWCNTs flfi#Rk T 11 %[ SnO2/F-MWCNTs HA%7E 1.0 mol = L-1
Na2S04 HFEB P EIFR 2L, TEBRMXERMN-0.4V E 1.0 V. ME 4T LAF H,
SnO2/F-MWCNTs & & B 1R 2851tk 2R 7E 0.7~0.9 V Z M EEH] 1 P& ALIRJFHIE, xR

-4-
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SnO2 7E Na2SO4 HLfiff 7 i S8 4320 JiR s I o 32T 2 T VR i e g 8 PH 5 7 A B2, AT AR SnO2
FEF TR MY Na+, [ I E 2 T MR B 0 KR A NaHIR AR M R A B AR R R B2, AT RE R R BE
JFEF[9]:

(SnOZ) surface +Na+ te= (SnOZNa+)surface (1 )

SnO,+ Na' +e = SnO,Na 2

B 4(a)" SnO2 HIER AL WA R AEH /N, {HJ& SnO2/F-MWCNTs & &4 B AR Iy it Af B
EHEMEFREZE, RUTEMBAAREFMNBILEZRERE, XRATHILEHNN
F-MWCNTs & H.28 581 i) F PR G M DUE N T 84 kit S ok, HHKT Sno2
5 iR A, F SnO2 VEHERPLAIEE . B 40b)RHER 11 % SnO2/F-MWCNTs
YREEMEEAFRE T HER R L. bET R, BEERfEENSEE, BRgER
W, WO HBERRAREFMSSFERTSEM. B, BRMEEEE S0 mV - s-1. 100
mV -« s-1 FIKERGEBE TR REF RIFMETAER, SR E MRS RIFH Lo R
AL AR .

2 g oo 100%

04 00 04 08 1.2 04 00 04 08 12
E / V(vs SCE) E / V(vs SCE)

P4 (a) SO, S2. S4K A HIRTES mV-s ' EIEE T MIEFRR %2 th 2%
(b) S25L & B ARAEAS R0 B T 8 ERAR %2 il 28
Fig.4 (a)CV curves of SO, S2. S4 composites electrode at 5 mV-sscan rates;

(b) CV curves of S2 composites electrode at different scan rates

5 RABAFEFRESEM SnO2/F-MWCNTs A RN, BEBA 1.0
mol * L-1 Na2SO4 )i, RBUBHEMFEEN 0.2 A « g-1. 4 FMWCNTs FIRBUR L2
=ZMEAFR, TAAREFRELSHE SnO2/F-MWCNTs 52 B 19 78 750 b B i 8 A Bt it [
Rk, BBAH & () SnO2/F-MWCNTs 52 B bl B A B0 it B db S T i 4k

At B ATBIE AR (3) ATLAHHE H SnO2/F-MWCNTs & 4 HiiR i H2 (CS, Composite)

c _ E _ Ix At
”C‘””””rft AV xm

A 3) FAV RIRBRRIETEE, Vi At AR E, s; 1 AFRBEER, A m ik

MEAE, g
T AR ()AL 1 SnO2/F-MWCNTs 8 & AR ) SnO2 H.% (CS, Sn) [17]

(3)
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C. comosite— (1 —W)C
CS’S,, — s,Composite (w ) F-MWCNTs (4)

AR (4 FCrppionys BARF-MWCNTSIIHLZ, F-g'; wRRSnOE R A H kP 43

B, %o

72 Sn0,/F-MWCNTsH & Bk ) 58 B B SC (Cs, composite)r SNOfFIHZEAHSC (Cs; 5)

Table2 The total SC (Cs, composiee) Of the SnO,/F-MWCNTSs composites and the SC (Cs, 5,) of SnO,

Sn0O, (wt.%) 100 15 11 6 0
Cs, compasite (F *&™) 1.3 22.7 37.9 22.5 15.8
Cssn(Fog™) 1.3 61.6 217.3 127.6

SnO2/F-MWCNTsH & stk i i B Z L SC(CS, Composite)Bli # SnO2 i & 7> L 114 K 2
B KBRS, ESnO2iBAHRA 1 %t H & HR s i A ERA. BRI U
BSnO2/i B/ Hk e T HAME A, R, SAMERSnO2H A {E th 2HR LR,
PLHASNO2HAE K PREWE SRR EN EERE. SERIKERT AL 20
SnO2f, P4 A SnO2 UKL AN BB AR 4 () 55 H AR v fish,  AHIRTJR/DN T SnO2M & i, BRAE T
SnO2fFIFZ, M- FESn02R1Sn02/ F-MWCNTsE & #4 %} it B 28 Wk /) -

LR AP SnO2mE N B R 11 %A, SnO2H BB A N217.3 F» g-1, WA 4l
SnO21.3 F+ g-1Ti 5, HEFERE T 16715, @it fEF-MWCNTsR M L% Sn02, & 7T
SnO2FHRLRIAHZE. TR, BEREUDARPKETSARNTREM B BRLZEREHE
fE.

1.2

0.8f

041

Potential / V

0.0+

0.4}

0 100 200 300 400 500 600
Time /S

B 5 AR A SnO,/F-MWCNTs BIARAE 0.2 A-g! i BE T ME TR 78 80 E th 4

Fig.5 Galvanostatic charge-discharge curves of the SnO,/ F-MWCNTSs composites with different SnO, loadings as
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indicated at an applied constant current of 0.2 A-g™

652 1 R AS [R5 1 23 B SnO2/F-MWCNTs & A 4% 1) SnO2 i 2848 Bt 78 7l i e 3 35
2. WEPATLEH, KE&MEFSnO2RES BN % BEERK, HikRE
6 % 15 %. SnO2f\HLA{EM2173 F » g-1 CHFHEFENO02A » g-1) FHEF161.4F - g-1 (H
MEEN2A » g-1), BENRIERNTA3 %. MUFBEHECN6 %. 15 %, F&HEFSn02
A HIM127.6 F - g-1 CRIHEE N2 A g-1) THEFI30.6 F-g-1 (HAHE N2
A+g-1). 61.7F g1 (HFHEENO2A » g-1) FTHEI3F-g1 (REFEEN2A - g-1),
HAREERSHN24 %, 21 %. FILAEEMEISnO2 A EEN11 %bf, AMUBEEERK,
M BRI R

250
c —=— 6%
o ——11%
~200F e
. 150} *
= 3
3 S
2 100 \
£ a
< |
0 1 1 1 1
0.5 1.0 1.5 2.0

Discharge density(A * g)

E6 SnOEARF M EE FHRIHEASMLZE (al15 wt.%; b 6wt.%; ¢ 11wt.%)

Fig.6 The capacitance curves of SnO, at different current densities (a 15 wt.%; b 6 wt.%; ¢ 11wt.%)

3 &g

PADTAB ARG HER, SRR A [ BL-A B i oh i 19 5 34 [R] i & 4 211 Sn02
/IMWCNTSH K E A 8. TEM. XRDFRAEUESZSn02 GKFRLIS 51 i EEBRAK B Rl L.
AL REIMAR I, 6 =4GR E LRI SnO240 K kL G55 A 0% hn s A A kLR TS
R, IRESnO2FI AR, WA EMEREAME, £02 A« - 1HAFEET, SnO2iE
AR %, SnO2M AR AKILF217.3 F e g-1. AT W, SRR A B R i i) £ i
SnO2/MWCNTsH K HE &M B RE R B ML A tERE, RN AR ERAKETEME
REE T — R B & Tk

SEHk

1 Conway B E. J. Electrochem. Soc., 1991,138(6): 1539~1548
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NDGM R & 914 BB TR 34

kA4, H779A

B B ARSI B UK B8R (NDGMD Zehli BT T AR
KIS HORFE, S04 T Ui R B R BB S EORANHIE, 45 RR VIR JE e
TRIE R RA Vi 5 AR WK R, WAUET NDGM AU HEF Uk H8 807 51 15l ) 76
ftE. JEIERME NDGM A, 45 HEH N — IR EF IR el e Rk, e
7 RFEEAHREUT S B A REKX I FIED T, BIEEL 1999-2008 FHRE A
Y A A BB A B BEAT AR 23 A, AR T %07 AR BT RUR B T P AT 4T
.

REA: HHKORELY; KORS: SEUFE: HEUF5

Research on properties of non-homogenous discrete grey model

and its predictive result

ZHU Chao-yu, XIE Nai-ming

Abstract: To study the properties of Non-homogenous Discrete Grey Model

(NDGM) , the variation characteristics of several model parameters pertaining to
affine transformation are analyzed thoroughly. The predictive results from the series
of analyses demonstrate the retaining affine property between carefully manipulated
primary sequence and its affine sequence — the replica of each sequence was added to
the original sequence. In addition, the analyses verify the fact that non-homogenous
discrete grey model is competent and valid for perfect simulation on the
non-homogenous sequence. The completely fitting expression of general exponential
sequence and the optimized fitting expression of approximative exponential sequence
are proposed by solving the non-homogenous discrete grey model. In this study, an
algorithmic approach for non-homogenous discrete grey model is also suggested and
briefly discussed. China’s per-capita GDP from 1992 to 2008 is employed as an
example to further explicate the algorithmic approach of the non-homogenous discrete
grey model; As such, the approach is proven to be effective and feasible.
Keywords: Discrete grey model; Grey system; Parameters properties; Exponential
sequence

03l &

(SRR AR RGEER DAY, iR 30 EMRE, KRACHAR T 4
BARZAMIEHED. BT, s IR ANBAR KR, KEOTIENKE RS
o 1) R AL R SRR B R B RVR AL, GM(1, 1P IR e B EEi FU A LB, b8
Bl A VS S K T R R, i 553 5 R B AT D BOE R
FAZFUE, (8 GMO, BRI BB B 552 RE, RN TIR £ IR 6
SEATIA F YR MU T 0O R U, B BOR (R RO R 45 GM(1, 1AL BSOS B 4
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A28 )RR LA ), (BB BOR (R 5 2 i GM(1, DB —FE, AR B4 S0
KRB ) R, A PV B G SR PR A, R BB A A S T R BT IE, X MR 5
B 5 AR 1 R AT T 0 ROV M AR S RS U B B B EEu R TR B e SO S A
R (03 FA 105 Bl 9 FR B AR SR R B0 511, 3498 T B BOR (BB (K& P Atk . R
PR RASHOER i TR, HARERNREUSEIERE T2 8R4, HaR
AREA T EFHETI R A . A SCANFRAGEUFFIANT, BRI BAES R #OK
BT SERHE, o RN S HCE RN, RERSESFFIEARMA
LR, AHBRNEENERER. L 1999-2008 FEIE AL E KN4 7= S48 6, 4506
AT GM(1,1). DGM Fl NDGM #=E! {140l & T R 2R .

1 NDGM 1R BV S HAHFHER R

L1 FORIEBFFIIREE S Bt
RN 11 B XO R FESARRF], XONE— KB IFEF, B
X =(x1),x7),--x (),
xV(k) = Ek:xm)(k),k =1,2,--,n.

i=1

{2“’(1: +1) = BEO (k) + Bk + B, -

WM =201+ B,

JEREHEFHIRFaHF 51 B B UK AR (non-homogenous discrete grey model, NDGM).
Hip R R RIELA:

imw+n=ﬁﬂ%n+@iyﬁﬂ+%%§4 (2)

HRIESCHR[15]F NDGM BB =Z S A5 X, Ef/D AN T NDGM B —4 5
HEAEERK
B
B,

B,

=(B"B™'B"Y

Hrp

x(”(l) 1 1 x(l)(z)
B= 2 2 1 Y= x(3)

xXm-1) n-1 1 x®(n)

Wil #(0,P,Q,RS,T, UV, W) A S HAKM T RS HE
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n-1 n—1 n-1
0=> k" (k;P=Y k;0=) k;
k=1 k=1 k=1

n-1 n-1

R:Zkz;S=Zk;T=n——l;
k=1

k=1

n-l1
U=y xk)x®k+1);

k=1

n-1 n-1
V=> kO k+1)w = x(k+1).
k=1

k=1

MR — B SHMN RS AT EAR:
1
4 =(ﬂ,,ﬂ2,ﬂ3)T =E[M1’M2’M3]T
P, =(M,M,,M,,M,)

Hep
M = ORT +2PQS - Q*R-0S* - P’T;
M, = URT +VQS +WPS —US* —-UPT —-WQR,;
M, = WPQ+UQS +VOT —VQ* ~WOS - UPT;
M, = UPS +VPQ +WOR-WP* —-UQR-VOS.
N RARE A TR, SRS EUERF T E 4, A BRI B ST IRTE 5
FFHIANT, W S HORFE.
EHE 1 FEREFIINFRBEFH, B xO%)=ad",a#1,k=12,n M NOGWER! )&
FAEAN O (k)=d", HF(8.8,.8) =(a0,a).

EH 500 =200 =a-—— RAHRBHEH.

0=(L)2 [n_l_2a(l—a"")+a2(l—az"‘2):|;

l-a l-a 1-a

P=(—’£) n(n-1) (n-Da" a(l-a"")|
1-a)| 2 l1-a  (1-a) [

_(pa),oi0=aD |
Q—(l—a)[n : l1-a ]’T .
R=n(n—1)(2n—l);s=n(n—-l).

6 2

B RS — S H A
M =C[C,C, 12, +12nC,C, - GG, |;
M, =aC[C,C, -12C;* +12nC,C, - C;'C; |;
M, =0;
M, =aC[C,C, -12C,* +12nC,C; - C;'C, |-

mFREREK, SRR PHRANETRAZNC,C,C,.C,.C,.C 7w, Hk
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_(n-1a’ .
12(1-a)*’

n-1 2n-2

C=n-1]- 2a(l-a ) a(l-a"?)

1

l—-a 1-a’
c, - n(n-— 1) (n-Da" a(l- ay.
2 l-a (1-a)? ’
& 120 ),
l-a

C,=n(n-1)(n-2),
C, =2n(2n-1).

W —HSHEEHRKEB—RSHA:

(BB B =$[M,,M2,M3]T —(@0,a)
78 20) a(1-a*") : 5(0) (1) (1)
KRR (2), Bz (k+1)=—1———. MEEME: 29%)=x"%))-xV*k-1)
—-a
=a(]_ak)—a(l_ak_l)=al‘ﬁf-‘1@

l1-a 1-a

1.2 IHERIHRE SRR

e 2 MREFH XOEGRERBFFIYO, Kby Q%) =pxk)+o, ZHETE

A A
B, |=| P8+ (1-B)o (3
B, PR, +@

S s RT, SAFNTRSE8: O,P,Q,R,S,T,U.V W) HF

O =p*0+2pwP + w*R;

P'=pP+aR;Q'= p0+ S,
R'=R;S'=8S;T'=T,;

U'=p*U+po(P+Q+V)+a*(R+S);
V'=pV+ao(R+S);W'=pW +ao(S+T).

RN (4) ABHZEH)E RS
(ﬂrﬂ;’ﬂ;)r =(A’pﬂz +(1—A)60,pﬂ3 +a))T. 1IEE!9°

SEH 3 ¥ x20 (k) F YO (k) 2 BRI S X (k) #5857 51 y© (k) () NDGM £
BilaE, WA

FO(k) = pi® (k) + @. ()
WERA R4E (2) AA[REEEE R -

O k) =% (k) - xP (k1)

[( ﬁ)i“’(1)+("” = )] b

(5
B 1-5 1-,31
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e 2 WIAWTEALEA (3) RRSL, MIARHRE IR
j,(O)(k):I:(l_’%;)5‘(1)(1)_’_(%_1‘%_,2)]*

'k~ ﬂ‘ 2(0)
B+ 2= pi9 k) + .
1 l—ﬂl

e,
Mg e 1 o 2 WAL WFIEFREEUTFS X (k)= pa* + o, N NDGM 5%
3 SR AE -

k)= pa* +w,k=1,2,>'n. (6)
fH AT AL, NDGM AU HEFF IRIBEON K P A R e 2 E /.

2 NDGM 1RBUK R B A SR
2.1 NDGM =B BT TA R KR
FHE 4 MEE—HFS X?, 2 NDGM BRRE EEREF I I—HIBEF.

W BT B4, A4, V) WAL, d (5) RAKERF N —RECN B i1
s, BXO(k)=pB8 " +o, H:

= _L“(l) _@1_ :32 oy = :Bz
e Vet o

EHE.

A] WL NDGM BB BN TGN i) 4% B A TR 4B SR 46 7 51 B Rp 45t — A R JR 06 51U B
RPCUEBUTFS], IS IIRTRBAHERAE, BE R IMBCR ML .

e 5 0T RIE U5

xOk) = pd* +w,k=1,2,---n
A CAE B4h A P 51 g A Rk =

~(0) _ _ ﬁz k-1 _!L
% (k)-[ﬂ, 1-@]’3’ gy <))

IEB ARIEEE 1 e 2, JEFKRIEEFH XV (k) = pa* +w,k =1,2,--n 3L NDGM #

B a

=l(l-a)o
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B,
A

p =

-13-



