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BB ] R G BRI BT K o 17 140 R JR A S 0 28 S M (H AV A B R 28
T R RER 20 HHIE 40 F1 50 4R, HhREMCIE ) R 4 B S B8
TERER. 60 ERLS, HEAREAM— 5 KRS GRS BN AR
GBS REMELERHIEAT DB, 1965 4F, FEF (J.W.Cooley) 5 B £
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TS KB F——3t 5, EEERHEALT, SR ENHASHAE %
WEEENE ;S0 EE B E R LB, BRI (M RER)
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AGLHEES, ERETERNGFAE A CEEUNERALATRERER
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FRETHROEAGFHES FRENAHESATUERERA RIENIEE, X &
EEE M A R AR A EN,, Wb, W FEENFRSE, B REE—
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7.2 HHEEEFT—FF

FELE S P 8 B 5L, Rn B HUME 5 i B U] oK 4, R 7E B A B R A 4 1 R B
B, B, CRHME ERESEW T BE, AL RBEN R 2 ZERE
WA, FHEARHR T, (T RAREHNEGES, X8, 2T 2 REHFR
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FEIX AR, T B EE SR, EERLU T HENRE, TLUEE
Ble(n)BREFR. X8, n BR&GRBEETFHFRANF S BATLHE,
— B EESRE—AFIENES 2D HBFAE, U (2) BRF
L AFMENEHES . z(n) TER—MARXKRBR, BT ENFH 2 (n)
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mEHEESeEAER
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WS AR B R, B, E 71 N
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FEBYE, () BEEXL
SHELENERREHPTRE
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FHlz(n)
z(n)=x(n)+y(n) (7-1)

KDl H , —H F T LR F B RE(E B T B A e R — TS 2(n)

2(n)=x(n)y(n) (7-2)
FEFER 2 (n ~ m) BRIBEFH 2 () BRKREBJGH) m GG HH—F
52!

z2(n)=xz(n—m) (7-3)
B (ERTHAL) , HREA N

2(n)=a(n+m) (7-4)
FIMREREREAER » BRHK - n, REAN

z(n)=x(-n) (7-5)

A R R SO Ry R, 5 R 1 RUEEN o, W Rx (an) H
E%,mx(f)muwﬁﬁzvﬁo TR O T LA R R 2 R AR
BB, B, WA AR RS B

Bl7-1 #Ez(n)BBWET-2() B, jzxun)%ux( )a@zgz%o

&
2 (2n)BHME 7-2(b) FimR, X, Bz (n) B n HEFEKSHE

BRI, REF n HESISFEE, SR ES . Tfﬁx( )&ﬂ%ﬁnlzw—z(c)}ﬂ?

R E X T x( )aq 0 HEBMEA SRAATH, n HERMES SRS
o () BT R TR B R, B T TR R

5 i 2 B (R B B SY EUAHE A B, BB (S B AT B A
BT LR RHGEE . 4055 B R AR AR B R AR I, E o B 1 35 5 LA B
Az (n)FEmR

Az(n)=z(n+1) = z(n) (7-6)
TG 6124 Ve () RIER
Va(n)=z(n) - z(n—1) (7-7)
RAEE MR RR N
2= > 2(K) (7-8)

K=-

EEMTAEMNES(K), HHE n H5(n) FRENEE. SR, XECRE
R 2 P TG IR TR 2 B o
AN, AN TR RFFINER, FI 2 (n) KBRS LN
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x(n)
6 p-mmmmmmmmmmmmmmmmem 1
L T e e P L <
3
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11l
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o I 2 3 4 5 6 n
(@
x(2n)
Y ——— 1 )
Sh-—=——m e R ]
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3# ———————————————————
21-- 2F-mmmm e
1}~=----
e

B7-2 BW7-180EF%

E= 3 lz(n)]? (7-9)

TEA A — L3 R A
(1) BAfrkE{E {55 (unit sample 2 unit impulse)

1 (n=0)
3(71):{ (7-10)
0 (n#0)

WFEFRAE n =0 ALBUEAHE 1, RARFER LEAT A 7-3 frn, B
g BLALEURE” (BT PR B Bk BB o gD B A B R IR R S
BIEF BTN B RE PR AR (1), BE, MERENZMHE
MEBEXM, () THEBENE =0 ARREBTF, BEALRANGES, X
ABECRECE ;T (n)TE n=0 KBUCHRE, HESET 1.

O AMETFEEZAERSEXH.EURBIANILHEHRBES L.
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E7-3 BARERES
(2) BApIHBR P

1 (n=0)
u(n)={ (7-11)
0 (n<0)

ERET AN 7 - 4 TR o 20T HE G R G 0028 (B BRA 5w (1) LI
HRu(O (=0 ARAERE EEFFEY(REX NG ) Mu ()% 0 =0 &
AL

u(0)=1

u(n)

o ’ ! [ Im

@ L ®

-3 -2 -1 0
B7-4 BAKREKFI

n

(3) B3
1 (0<aKN-1)
Rw(n)Z{ (7-12)
0 (n<0,n=N)

EMNn=0F8,Bl n=N-1,EXFNMEEX 1 HBEHE. ELEHENITN
B7-5. XUTFELENEAZETHER Kk, BREEFFIRMER 1 W75
Ba M n=mBln=m+N-1, XFFFIATEERy(n—m).

Ry(n)
-]
—=2 —=1 (0] 1 2 e N-1 ;I * n

B7-5 %ERFE5
U E=MFIZEAIWNTRR
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u(n):ia(n—K) (7-13)
6(n)=u(7;)—u(n—1) (7—-14)
Ry(n)=u(n)—u(n-N) (7-15)

(4) #EBFF
z(n)=nu(n) (7-16)

RET-6, ESHEMEAREFTHFZRE ()=t B, KL, BT LUS
Hnlu(n),nduln), -, n*u(n)EFF,

nu(n)

///
//
//
//
T T
o 1 2 3 4

B7-6 nul(n)F¥

(5) #BEIFF

x(n)=a"u(n) (7-17)
Hla|>1HFFREEMN, ol <1 B FFWRK, >0 FHHBIEME,a<0 F
FITEIE S, 4 HINE 7-7(a) ~ () Fim. WA B EEB B a "u(n)F
I, AEBERESTEE,

a”u(n) ’ a”u(n)
)
e L 8
a>1 e N o 0<a<1
/T T\\ a
sl I ——
-1 0o 1 2 3 4 n 1 0o 1 2 3 4 n
@ ()
a"u(n) . a"u(n)
/f 4
s t\
P ~
a<-1 _-- .o —1<a<0
[
-1 0 1 2 3 4 n -1 O 1 2 js 4 __n
’\\\\ // -
P
\\\ ,/
(c) \\ ()

B7-7 #HBEFEN
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(6) IEZFF3
z(n) =sin( nwy) (7-18)

R wo REKREIIMSR, R BF 5 E R KR SR R, I wp =
To UBEFIER 10 A EE—KELABMBIE. F 0= 25 W FFI 4 100
MEF—Ko B T-81tH wo=0.1x B1EH, BE 20 MFFIHMEER., BR,
B R, ERF ﬁwﬁﬁﬁh;az“,%z“n%%ﬁ T 4 47 S 8, W IE 3%

ﬁﬂ:&%)ﬁ%ﬁﬁ,ﬁﬁﬁﬁ;ﬁ%k?i—t,%%K%ﬁiﬁ'ﬁﬁ,ﬁlﬂﬂzrﬂ'ﬁiﬁ%%ﬁ%ﬂﬁ
Mo T IELFEI R 2B B o, BT HER,

sin(nwg)

“l-lrlms“hl.o :

-1

=
|

@7‘8 E%ﬁﬁu Sil’l(fl(uo)(wo:o.lﬂ)

X TERFES M ERKBEME TRBEZFH, G, EE8EEY
f(l‘) =sin((20t)

EHMEEEE
z(n)=f(nT)=sin(n02,T)
A
N

Ak T RUHE B, £, RIS (=)o AR wo 5 00,55 wp
RECRH R (E S PUE) T 00 XSS B ERSE, TLUAN oo
00 3T £, BT LD,

AR B A

:c(n)—cos(nwo) (7-19)

(7) HHBUFSI |

PRI TSR B0 S 7 31, 69 44T 9 AL T R S, B 5
S,

SR 5B L0 P
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xz{n)=e*"

=cos(wpn) +jsin(wyn) (7-20)
55 n] R e bR R R
z(n)=|x(n)|ekmElzln] (7-21)
5t F LR E 1 55
‘ lz(n)|=1

arglx(n)]=awyn
BEMETLEHMNEESHIR, —FEANSRTEREERFIIR
NI EER B B R E(E S 2
x(n)= E x(m)d(n—m) (7-22)

m= —

BHE XERHT
1 (m=n)
5(71—771):{
0 (m#%n)

:c(n) (m = n)
xz(m)é(n - m)Z{

0 (m#%n)
Wi, (7 -22) 7. 7 7.6 7EHX—BETIA“EBHM",

7.3 BERNEAKGHKFHERY

— A BEENERE, HEMES () B— 1 FF W y(n) A —FF,
AEMET-9 iR BR . BLREEHN

NERER(DBEEHy(IWE | i —22
",

1 BT ] R G5 R B, T LA
SRR AR R M ESA 79 RRERRSE

MR, B, REANE AN HATERA", ABHITRTHEEGR TR,

HHER 1.7 TYABEEN A ERENEARENE, XB, 5> EHEtE R
G504 AR — S UL E

KUEBBERRENBREAESEBNE. WIS MENEXE X
FHREZRE, Ex((n), y1(n)Fx,(n), y,(n) a3 AR P B RY 5 e B, W)
BT IR crxi(n) + coxy (n) B (oyy o 20 BV A H B, R G W W K
cryi(n) + ey () JMHFFHERETE 7-10,

M TFRAERE(BHBALRE), ERERBEREZT RE W5 %5
TEIMFREMZTR, HEB 2 () =EWB y(n), MEEH 2 (n - N) =R
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Biy(n— N)JLRHRTFE 7-11, EXH, HEMAAB N, WA HIEER N,

xl(n) £ 4% y;(n)
ex,(n)t e, xy(n) % % c1yi(n) * €02 (n)
x,(n) ‘ % % i)
B 7-10 KERGEHHYIESEME
X )
1 | I I | S
(0] n o n
x(n-N) y(n-N)
1. = kT
(0] kN ] -n 0 N n

E7-11 WNAZRGRE
HEELEHERED FERMBITZENES R, RETHMS Ro R
Ak R, M TEHHEARE, GENER » EEHWERE, Hik, RENFT
AR RAES T ERARER,

ARSI RS ERYRK (O RKERSHL (1),

a%f(t),---ﬁﬂﬁ%ﬁ%‘ﬁﬁbﬂﬁﬁﬁio EEDTBRY, M7 &I

AEFERERBANER x(n), LRI Z 5508 s 2 08 0L 85
z{n+1),z(n+2),,x(n—-1),x(n—2),o

HEZHBAGT , REABHBEFEERXRTHE IS (RS KA
AR, SUbXTN , ERENRRES  BABZEXREEN (BAL) FRAK.
. FEEZNBIREY , BEREAMA R, L,C FE2FRBETHARME, L5
BATRHIIEE. BEXN TEHNERS, EHEABITTEEN (B AL)TTH . ik

B . BRI DS R QIR | LR XA AE 7.4

iﬂ&&ﬂﬁﬁ%&ﬂﬁﬁ%ﬁf%ﬁﬁmﬂw%meagﬁamﬁwmmo
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UHEQRRFES SRR, HEZBEBHML, AT UERSEELFD
(B FE B B P ) PRk R, AR S R B TR, X S ME 0 B 7 - 12 fr s, T E L
LHVEA IR — BB A RERLHRARENBERER —ENTE,

) 1 y(n-1) y®m o\ ay(m)
5 X
(2) SQrFER a
x(n) ) x(nyty(n) y(n) @ ay(n)
Hn)
y(n) ay(n)
a
() i (c) RAEHK

B7-12 BENEREHESZLETHS

Bl7-2 —AEEAERELER AN REAKSEATGH SR, 0
B 7-13 Bim, BiES L (n), WK

FAI% y(n) R A RET IR — (D) e
ENHR, \lj 1
w 3
y(n)BBAENBR Y (n —1).H
28R 713 FEHIMER AT LT B7-13 B 7-2 RS HER
y(n)=ay(n-1)+z(n)
ZEHEER
y(n)=—ay(n-1)=z(n) (7-23)

XE—NE RE L =2 H B (difference equation) , B FRi# IH & R =R (re-
currence relation) e, —fRIERL T, FXERBRHMFF y(n) KHEB O F 51
y(n DR, FXEREBEC MW R (n), B, BT AT (n) T
R, Mx(n -1 K a BEH. ETHFIBIHERAFH{UHEZE ML
BFR AHRE—MELS TR, WRAC(n), MEMEy(n) MR &M, B
M2 43 7 R BN AT SR A0 B R 5y () o

MRAGTBEATECEROFIIHBETy(n-2),y(n-3),,y(n—N)
E. TR NHNESTER. Z0TBEAMNHEETRIFFIEEFSHE
HEBRMEZE,

XEAEARMES TR, ERAFIZFSE » UBBRTRNAH, HFREH
XM (BmEBTFH)EFT TR, TN » I3 FREH,BH y(n),
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y(n+1),y(n+2),,y(n+ N)FTHR, FFAFMAERN (RELBTFH) 2
iR
Bl7-3 —AEEEEREME 714 i, BH#ERRETIEMES TR,
&
SERT AR AIGIL A S y(n +1),

F R, BELSMMET S S *®) i y(n)
y(n+1)=ay(n)+z(n) Y
(7-24)

17
y(n)=%[y(n+1)—x(n)] B7-14 B 7-3REHER

XR—N—ratmEs TR,

A 7-13 5B 7- 14 ATLLES, KB REFBAREN, (U HES
R B 3 A BT SR, B 7 — 13 My (n) B SERS 28 IS A, T 7 — 14 8 y(n)
MEE BT 24 0 8 2, R RRE B 2 () B BMERTRARE, KL%
Frgma pE AR H G EBRATEEN — A, X, N TFRRREAEAERN
ENTRIEBE E-BROBFRESFELRHIEZHAIMER, MERSLR
srA e SR E AR R

P ESHEIZ U T M R R ERER R WA, N T - ARES
TRFREEBZEMARKR, LAE 713 RN, UL I R R MRS S
z()ERTH TSR FEAERM T ERLZD T ROME,

HTEES z() B RBRKRBEAREH TREE, RANBRES =
TMEHEERE—NFH () BZATEH y(n), BB EK a0 Ya 5
y(n - DMRZEBERBLUE ,FH 2(n)WHFFHRAE 2 () HW—MEE,HS
ay(n = DA, AIMBRAS y(D)EBRFA y() FHERF,XERERT —K
BN T — AR ERHEAMT THS,

BTG AREEAZH(BRE—RERFHZHN), RENRES
ERET y(n) FHBTHEE BEE n=0 8%, A x(n) WEE 2 (0) 3
AR, y(n) FHEHOBEBREN (1),

TR, TLIKRE y(0)

y(0)=ay(—1)+ z(0)
EBy(OERT —KERPEREKKS S
y(1)=ay(0) + (1)
y(2)=ay(1) + z(2)

H RS RL A, W LAF 2k AR O koK A 35 4 O AR L Bl X T 7 - 2 i
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BR(7-23),HEBHx(n)=6(n),y(-1)=0,F5RHE
y(0)=ay(-1)+1=1
y(1)=ay(0) +0=a
y(2)=ay(1) +0=4?

y(n)=ay(n—-1)+0=a"
WHEERT =0, Bk, bk y(n)FE
y(n)=a"u(n)
RABERERBESTERE-FHERHTE, A5 EESH - HABE, X
FESFT RO —BORBE T BHMET — 3 (AR AT —FE(HR#REE)
Mitie, ERBERHER, EFXREBERT, 2N T ERER—MATBRR T &
HUEATESEY 20 BSM T ERERA LFMAMZL . RITRA
o, —BERBEREMS T ERHREAWLUSE
dy(2)
de
R EF XK —Bai e 20 F R (T - 24) P xipiat
y(n+1)=ay(n)+tz(n)
HEXFHANFERAATURN, Ay(n) Sy(OMY  WEREREFSM 1B

Ay (n + 1)BES MG BB B ¢ B — By S0 dyd(t” HXERL, 2 (n) 5 2 (2)

ARBERFENBNES. BENAUERRX LML, MEE—E&4TAUE
M, X TEEEEE (), HE t=nT FEBBHEEy(2T), HF BT
[ EFE T R/, TRy LHEMRRA
dy(t)%y[(nle)T]_y(nT)
de T

B, oy TR (7 -25) B

y(n+1)—y(n)

T

=Ay(t) +x(t) (7-25)

~Ay(n)+x(n)

ZRAER
y(n+1)~A+AT)y(n)+ Txz(n) (7-26)
K(7-260) 57 -2) AEMEAMER . DATR, M TBELSHEZLS I
BRFZMERRHERRE T ERS/A, T 8/, EUERERE, LkE, ARAEFEHT
BR300 J7 AR (ANBRRLB: A% — EIE ) R AR X — R M .
T EAS IR, 22 40 07 R AR AL B A T AR B IR R
B 715 RC K@ M4 , R I E S8 R L W BFE R .
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dy(2)

RC +y(t)=z(¢) (7-27)

IR 155 (BR8] 2 (aT) B fEx () F ARG T 28
AN, 3R 5 1 S Y S R
Blyn+ 1= y(m)]+ y(n)~zx(n)
A 93]
30nt D= (1= g o) + g () (7-28)

Rt E— NP y(n)o EE7-15 R, HE¥R« () BRKRES, WA
y(OBBEIEBGTR B & () BB R ERF S, W wE B 5y (n) 3 5 B
85 y(O)PFRED. EHE T,RC WHKRAT ,RM|ESFEN(7-28) BIiE
L —E B FIWT (£ 7.4 TG I ESTRE 7 - 26 fRIRIX— ),

\ g 0
+

x(1)

C

x(i:) J_ )
] s YT

B 7-15 RC{REM%

UEitiemES 7R, HEHEEREAE, AWM, 20 FBELEER
TRBEXAN—FHE¥THE, TENERE L KRR, AR FoE, F
TEG 2 45 14 B

Bl7-4 KE7-16 mnHBHEBEME, L& BB R, 8N A
WHEEN v(n),n=0,1,2,,N, ERBHARLEREERN v(0)=E,v(N)
=0, REHRKRE n MEABRE () WESFER,

w0) 7(1) v(2) v(N-1) v(N)

4 R R R R R
E R R R

B 7-16 =BBHBEME
&
MFE—FESE n-1,8H KCLAME H

v(n—l):v(n)—v(n—l)+"u(n—2)—v(n—l)
R R R
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SZRMFRM
v(n)-3v(n-1)+v(n-2)=0
XRE—ITZBERES TR, BB RR &G ERBHATFE (),

BR AFIF R (2 ETR n ARRET(E, TR R A 3% b g5 U
RIS, PS5 (REERELD,

4y RN R B R E S, AR TR TREEEZ S, FTEHAF M
AR MRS K s 2 TR S,

Bl7-5 BEBNRTEATUAET XM, FENDMTFER—TH
FTEEEEERN . HEF—-NARE-HWFEN.KE - MAALFIHEE R
&7

2

2 y(n)FBRTEFE n MTHRFMAKH, EF y(0)=0,y(1)=1, 84,7
R :y(2)=1,y(3)=2,y(4)=3,y(5) =5,

R5RE,EE n PANNA y(n-2)XRFEEEFRD, BHXHA
FEM y(n —2)F BB 2y(n ~ 2550, BH y(n 1) —y(n - 2D)HRFE
FEERNECMNBRER (- DAFHEW]LNRERERETR, TREATUE
H

y(n)=2y(n-2)+[y(n-1)-y(n-2)]
23 85 R R x|

y(n)—y(n-1)-y(n-2)=0
XR—ANZHESTEN,
WHBEABEMTIER
y(n)=y(n—-1)+y(n-2) (7-29)
BHE , WFFH,En MEEy () FTFHRMEE y(n - D5 y(n-2)Z
N, X R E S B RPN T (Fibonacc)) 3 . 244 € A E A1 IR E B, °T LIS 2]
AEEF, B, & y(0)=0,y(1)=1,MEF] y(n) A B
{0,1,1,2,3,5,8,13,-}

54y HREB S RABX R, Z 0 FRBOATR S ARENSEREN, B R
MESTREN, —MELT . &% HATEBNRAEEFERFRBEHE
RHBEHR, T—WHRFEREEREEZD TEARBIE,

7.4 FEREMELSFTHEOGRME

WARBAEZN TR BB T RR N

agy(n)+ta,y(n=1)++ay_1y(n=-N+1)+
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any(n—=N)=box(n)+bx(n—1)+-+

by_1x(n—M+1)+byx(n—M) (7-30)
KF o Mo BER CHER () WABIIRE M, RAREy(n) BLBH
WEFRRHEESFTEIHK N, FIBBRMFSTTHER(T-300H5H

Eag(n—k)—zb,r(n—r) (7-31)

iﬁ%%ﬁ%ﬁ%ﬁﬁﬂ%ﬁ% ﬂﬁﬁU\"FJLﬁJO

(1) #RE

BETFEZRAARBIFAATTEIRSE, XM EBSHEE, LB
B AR HEER, AR EERA B — A TR E A% (BHRAR
). ERIFPEXE 7- 13 MRS H T F A BRERER R

(2) Bk

54 TR A RIERM, L RIRFRE SRR, RERALRRE
REERB, IMFTEETFAYEBSEA LW Y EZRK LR, BERFL
2 ELBRA , 1E i e AR R R R ER A

(3) 43 SR FH AL 5 TR W R

AT AR R SR iR B 7 5 B B T A B, AR B8 A (TR AR5 8 7 3k
REREWNL, SELRBIREHNHEREL, R EEBRNBRED P
RIFE G A T ERERMAL,

BAh R AT P AT R LU E TR SRR T

(4) ZEHI8 0y ¥

EKUTEENEREMFTFHRRERTE AR : BRTERES TR
HAAHBMRA XL P R mA R T

AEFEN AR PRFRBROTEMERTE, T -ERANE - THh
k. EH T ZERBETHE BB A R R BT B KRE

— R 4 7 RR X B R IR T BRI S

Zaky(n—k)ZO (7-32)

FriBZEATRAFRENHER(7-32), BESMBRERNGEN,H—-HFK
ENFBRHFRIXH
y(n)—ay(n—-1)=0 (7-133)
B URE A
y(n)
y(n—-1)
XE,y(n)5 y(n —DZHR o TEREFFy(n)B—T2HRHK « WILAR

a=



7.4 ERRLHESTREKRE 17

B AWTFERX
y(n)=Ca"
Hb CERBERE HAREGRE.
—BELT M FREEHRHES TR, ENNFRELIERX N C" HIA
M. FHIELX—4®.
¥ y(n)=Ca" fRAR(7-32)185]

>iaCa” ¥ =0 (7-34)
E=0
HEEE C,IHBTRU o« N, (7 -34) 4R
aoaN+a1aN_1+"'+aN_1a+aN:0 l (7—35)

MR o, BRA(T-35)M18, y(n) = Cay HHER(7-32). R(7T-35)KAESH
FERR(T-3DMFMEF R FEFEBEIR o, 0y, oy MAED HF BRI
*EO
' ERFTEREEERNBERT . Z0FENFTKREN
Claq+cza'2'+"'+CNa]"V (7-36)
XHB,Cy,Ch,, Cy BRHARFMIEH R I BLTEZ 5 3L K 7 K& Mt
.
Bl7-6 LEHE7T-5HBURAAEIBLINESFERR
y(n)=—y(n-1)-y(n—-2)=0
B y(1)=1,y(2)=1, &K@ HFTRE,

#
EHRIETEY
| ?—a-1=0
RABARFIER K
_1+45  _1-45
ap — 2 sy — 2
FEEHFKERN

(%]

_ 1+45)" 1-y5\"
= (55) e (155)
¥ y(1)=1, yQ)=125RA B8 —HEK L FER

- a{158) o155

e (145 i
HIERBRE C,,C, 4 5lA
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I SR |
Cl—ﬁ,cz 7
BE. B y(n) BE 5 s
_1{1+45)" 1 ({1-45)"
y(")’ﬁ( 2 ) 43( 2 )

EEERNELT, FRENEXNEBRERE. BE o BHETEKN K
EIR, A EFFRBES MR T o WEBHA K T
Cin% a7+ Cyn® 2a} + -+ + Ck - na} + Cka (7-37)
B, Cpa; BIWRER(7-32)0 HIEH Cx-ynal BHREK(7-32), 8 y(n)=
Ci - noy RARK(T - 32) AR 3
aOCK_Imz’l"i'alCK_l(n—l)a'll“+"'+
aN_ICKﬁl(n—N+1)a’1'_N+1+aNCK_1(n—N)a';_N (7-38)
Ht &
CKﬂlal[aona?—l"'al(n—l)a'll_2+"'+
ay_(n=N+1Dea" N+ay(n-N)a] V'] (7-39)
RMNVEMBREEAR(7T-39%FTE, BAHREFE o, BR(T-35)W K &E
R, YR WHART AT BRHER
a"_N(agaN'f'alaN_l'F"'+aN-1a+aN)=0
B
aoa"+a1a"_1+"'+aNﬁla"~N+1+aNa"_N=0 (7 - 40)
a; AMUHERR(7-40) , LR EMNFHKX. AWE
aona";1+a1(n—1)an_2+"'+
aN_l(n—N+1)a""N+aN(n—N)an_N‘]:() (7-41)
ERAUESN, RT-3DFBESHHRNFUNETE, B, Ck-na| BFH R
H(7-32). RETIE, BMET C oK 'al,Con™ e, RER(7-32)
Bl7-7 KREQTE
y(n)+6y(n—1)+12y(n—-2)+8y(n~-3)=x(n)
B 57 UK o
W® ORETENRN
@ +6a’+12a +8=0
Hp
(a+2)*=0
AR, -2 RHTBRN=EHER, TRREBFKREHR
(Cin%+ Con+ C3)(=2)"
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e AF M3 g SEHE 5 BORT, PR BT R AT LA R I IR s RS IR M IE
E(RE)FF,
Bl7-8 RERZESHBREFRE
y(n)—2y(n—1)+2y(n—-2)-2y(n-3)+y(n—-4)=0
BB R FMHEy(1)=1,y(2)=0,y(3)=1,y(5) =1,

f#
FRAE 77 78 A
a*=2a*+2a*—2a+1=0
(a—1)*(a?+1)=0
FRAEAR
ar=ay=1 (ER)
a3=j,a5= 7] (HHER)
TFEWVUEH

y(n)=(Cin+ C)()"+ C3()" + Co(—j)"

= 2+ Cpe T
—C1n+C2+C3e 4€

=Cint+tC,+ Pcos(zlz—ﬁ) + Qsin(ﬂzg)

XH,C.C, P.QBRBERYER P=C3+C,,Q=j(C3 - Cy)o FABF
AT LS H

I=y()=C,+C,+Q
0=y(2)=2C,+C,-P
1=y(3)=3C,+C,—-Q
1=5(5)=5C,+C,+Q
BT R A 1R
C,=0,C,=1
P=1,Q=0
BJE ,BBEN T BREM

y(n)=1+cos(nz—“)

M TR E2ME, FR & @ B AT LR AR E R K %5 o
fitE O, I 4 X B B B SRR . 5 BRS fBL, X T 2 4 7 BB A T X R O ik
BTSN, E¥Y « BEFTHEZE BFA =z B0 EF @ E#ET IR
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BAE),

THEHITRREEW T B, AREBEH BEBEER 2 () RAFTER
Fom (R E BT, WEE RN REERREESTERERENEHEHA,
BHFREERASTBEEERFERE. AXHRBIFEFRES T RUHAF,
FES B, R IESR IR R AR B S5 ) 58 &R B

Bl7-9 RTEREDFBRITLM

y(n)+2y(n—-1)=x(n)—z2z(n-1)
HAEMER x(n)=n?, BB y(-1)= -1,

3

(1) B, RBEMFKRER C(-2)"

Q) BERES c(n)=n* RAFBRAR  BHEEHTN - (n-1)2=
2n-1, RBHEEE R, &ELA D\ n+ D, ERXHHEM, Kb Dy, D, AfESE
RELUMAE y(n)RAFTBRAH

Din+D,+2[Di(n—-1)+Dy]=n%—(n—-1)?
3Dn+3D,-2D,=2n—-1

b 2 T 72 T e AR 40 B
3D1:2
({ 3D,-2D;= -1
L
D1:%’D2:%
SRR N

W) =C(-2)"+Znt g
(3) RABFRFM y(- D)= -1, RFKC
P T
-1=c(-2)7! 39
w18
R 5 5 R R A
2 1

v =S(-2+Za+

—RBAT, BRI RBRATBRGR IR o B R 0 E 5, R # %
Don*+ Dyn* "'+ + D SR 0" BRWER, B o RELES F BN
TEAR, WML Do SBF L, BTH SHAFEE o BRMX N, EHEW S o
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RSt R o
U RGPS HASENBREE, W y(- 1), y(0)H y(DRKBREE
BPMER C, E—MERT,. T NWESFBR, NAE N MAFRFG, 6
M y(0),y(1), -, y(N-1), FIAX&EFEHE RAZLBHRRLX, TUH
BB FE,RBNARKC,,Cy,,Cno HEEBEERMBER, JATH
BRHEmA
Cia} + Craly + -+ Cnapy + D(n) (7-42)
XF D(n)BRENER  HASTZEMAFKE, SIAARFA4TEM
TARA
y(0)=C,;+ Cy+ -+ Cy+ D(0)
y(1)=Ciay+ Cya, + -+ Cyay + D(1)

y(N-1)=C,aY '+ Cra) '+ + Cna\ "'+ DI(N-1)
W BAHE fEE B

y(0) - D(0) 1 1 1 C,
y(l)“l:)(l) _ a.1 fl.z a:N (.:2 (7-43)
y(N-1)-D(N-1) LA A N R (O
R B E
Y(k)-D(k)=VC (7—-44)

XEEE 5 % S0 8 R %M B AR R, 5 B8 5 2 (Vander-
monde) M VBT RBRE C W—B/ERRH
C=V 'Y(k)-D(k)] (7-45)
5 &S0 A R G BLAE R, 28 P B R A8 B BB [B) R 48 19 58 4 IR A i T 43
fRh B BN B 5RE MR, RTFRARMTRESTFRERWM L&,
B (7 -42) 0 F1, REM TR N (Z 4 F R ELB) W RRA N B WL
SR S5IRAWE B (FIRESFRBR)ZM
kz;cka;' +D(n)
Hec, iR (7T-45)IEBEERA N,
Wl L B R vy (R) AT RN B RA N A RME v, (R) 5EREZH
FE y,.(R)FES
(k)= y,(k) + v, (k) (7-46)
EZWMAFRETAE
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D(k)=0
FRBIAMMNMAR C,HEBERR
C,=V'Y,(k)
MEZRSEMLT,ZH C HEERRRXN
C.=V 'Y, (k) —D(k)]
=V '[Y(&) - Y,; (&)~ D(k)]
Z¥c5cC,;.c ZER
C=C,+C,
FE,Z2mpH LT RIS 4HR
N
BIAWIRL = D Cya}

k=1

TR W R = z C,uay + D(n)

I RAB5E 2 RBLE A mﬂ@mﬁﬁiﬁﬂﬁﬁiﬁﬂﬁ,ﬂﬂﬁ
E Eﬁuﬁlﬂj = Z Cka:

HRIEMW R = D(n)
HETHE, U LA T RRR

y(n)=ZCkaZ+D(n)

x~

T
E RN SRGA MR

N N
= Z Czikaz + Z kaaz + D(n)
k=1 k=1

HAME TREW
Hrp

N N
D1Ca; =23 (Cast Cpi)a
b=1 k=1

(7-47)

(7-48)

(7-49)

(7-50)

(7-351)

(7-52)
(7-53)

(7 - 54)

PAE BTSSR AT R R A T A W N A B R AL AR+ 4 AR AU,

BEEWEE T 2.5 WA XAKIELE,

BJEE, EDTBRHARZMEA—EH y(0),y(1),y(2), -, y(N-1)
X—HABFHEE TRRRALE, FHE v(-1),y(-2),, (- N)HAF
K. BHMESTE n=0 BEARE, FBFRERHE y(-1),y(-2),,
(- N)BETFEN BRE), MARE y(0),y(1), -, y(N)AF, MREA
y(=1),3(=2),, (= N),HKRK y(0),y(1), -, y(N), TR AHBAEZRK

T
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B7-10 BRARGNENFREERL
y(n)=0.9y9(n=1)=0.05u(n)
(1) HBREMF y(- 1) =0, RFZLE M5 WL ;
Q2) HAHARFM y(-1) =1, REFHTE WL
&
(1) HTHBE n=0 A, HAE y(-1)=0,H ik, BIENREL TFR
Ao B y(-DFAEAETRE v(0)=0.05,
HARIE HBSRBFRME N C(0.9)", MK MER D, T2BHIERXRA
y(n)=C(0.9)"+D
AHERE D, BHERAATRAS
D(1-0.9)=0.05
D=0.5
BE y(ORA y(n)RARXKREH C
0.05=y(0)=C+D

C=0.05-0.5=-0.45
BJG 5 0582 M
y(n)=-0.45%(0.9)"u(n)+0.5u(n)

£ ol B L
=[-0.45%(0.9)"+0.5]u(n)
WA 717w
(2) BRFBREWM, 4 y(-1)=0, BHD)RMZER, TUEH
FRAWP =0.5-0.45%(0.9)"
HREHAWN, SWUHESETE, EZ2HTBRRAN
y(n)=0.9y(n-1)=0
AHEB
T AR = C,; % (0.9)"
U y(-1)=1RARBRYK
C,;=0.9
FEE
AWM =0.9%(0.9)"

BULHHIEREN,BITEEWN y(n)TAR
y(7)=0.5-0.45%(0.9)" +0.9% (0.9)"

RS W T Kz
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=0.45%(0.9)"+0.5

-
B B 1 R

0.05u(n)

54 36 v [

°-°5IILILITITIIIIJ!

o

0.5

938 W Y53 B 0.5u(n)

JHHAHTE

o

B BN & —0.45X (0. 9)"u(n)

-045

I

0.5 === == o m e

1

B7-17 #H7- 10(1)B4JBI‘1

BE ¥ y(n) MBS TET- 18,
K B SR R RS
MIA KM LR, AR, B
T-17T MEREBTF—-TEBE
& HE B9 — B K38 W 48 2Z B BR Wi
BB — B RC BBk B A
MNEEEEEABREE, TA
7 - 180 & A2 1 A 1 BB B9 X Fh —
M, R ERAEE KBS
MR IR R E, E R K EE B
RESERT, ERNEBHRER

1

Y(n)=0.5+0.45X (0.9)"
0.95

B7-18 #7-1002)8man e



7.4 BREAKESTEORE 25

BN AERAERSME,

MXER,EZHFTEAMUNATES B FEFR . EFER % 5HE RGP
HBEBTENE, B T-SHABTHHATEYERNEF, FTEEAH TR
5 FEb 55 B v B SEH

Bl7-11 FEERBTSEEGTEEESEFHEPLIEREMAHEHYL
NN ESERE AL FITE AN

I(1+ DY
R=p-———~ -
e (7-55)
AP PRARERER,] WREXANE  LARXYPRE N IMA, BREXEHN
R, FriBSHY R EIMBASA UHENELH R ARBa4AE 5 A,
NAMNAREERAELR, HEBERAMERIEZSTFER, HFEHERA(7-55),
iR
(D BFE 2 PMARREIy(n) , IR T EZS TR
y(n)=y(n—-1)-R+Iy(n-1),n=1
Hp
y(n)-(1+Dy(n—-1)=-R,n=1 (7-56)
M o0 NMHRZEA
y(0)=P
Q) y(n)WFKRBRI CA+ D", X CHBERE. y(n) BRI D,
KRR AERR(7-56)7RE D HFEER
D=(1+1)D-R
D=1R
(3) y(n)WELMUEE
y(n)=C(1+I)"_+%R,n>1 (7-57)
A n=1,k%#8
y(1)=C(1+I)+%R

BoM &8I v(0) =P £ KE
y(1)=(1+I1)P-R
PSSR

c(1+1)+iIR=(1+1)P—R

—p-1
C=P- 7R
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(4) # &% C REK(7-57)F
yon=(P—%Ry1+n"+iRngm

I
AR N NMHEHREABNEAE
y(N)=0
B
(P—%R)(H D¥+1R=0
Z I, EE A (7 - 55)
1+ DY
1+ DV-1

B, ERRKEEH P A 10 A6, BB 10 £ (N =120),FEH RN
&B%PZLXiB%%ﬂiﬁﬁﬂﬁﬁﬁﬁRﬁl%IMﬁo

12
TR AERE, I UENETHS ERETERERRTBORBER
GHRBFRE, EESENBRET, UBT p XrnMoz®, Xt T8 8 E R
SRR TS E"RREFIEBI— MR EMEE . EARAIBFET,
MABFE TSN

y(n+t1)=Ey(n) (7-58)

y(n“l)=%y(n) (7-59)
Xt T4 7 2

y(n+1)—ay(n)=xz(n)

Al B4k

(E-a)y(n)=x(n) (7-60)
mixtF A =B

y(n)—ay(n—-1)=x2(n-1)

JUEIF. %)

(1—%)3/(71):%36(71) (7-61)

XFUE =B, TS ACRETH(E) = o, FRH

() =z (n) (7-62)

RIS, XA R—MUBOVE, TR — MEE TR, XU SRR RS
o R AR
BUAE TR T RRER AR IR, B ()% + EH S
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Hy(n—1), XERAET.3WHREU = VELBTJU#F??%’FT VO FE H o

ﬁ?ﬁv%%mﬁﬁﬁﬁﬁ%ﬁ”{%ﬁﬁﬁ*ﬁ% —MEEER, NEENRE
. EHENEERAHRH - TRBEDITROTE

7.5 B ARG BAEE (TR B

FEHESGEEREP, RIVEZHR AN o (OERMT R I E K W L
h(e), S FREBERERLE, RITREERARMES () ENBB M= ENERET
RBWIRL A (n)—— BN REEIN . XA{EH FRXMEMESEA BEHE, T
H R R A T %5 o

BFS(n)ME5RE n=0 WHERMES0)=1,7E » FHMENEHSZT, B,
AR X — 45 AT A3 5 b LSRR IR A (0) , R (1), h (n)

Bl7-12 CHEBRNEBRENZESTEREKX

() =2 y(n =1 =z(n)

RFEBEAREERED h(n)o

&

MFERRE. BT 2(-D=8(-D=0,8 y(-1)=hr(-1)=0, LIS
BEMRAZS TEAE

h(O)Z%h(—l)ﬂLﬁ(O):O’rl:l

KRR AKE
1l =L
h(l)“—h(0)+3(1) > 0—2
L, 1
h(2)——h(1)+6(2)—z 0=",
h(n)=%h(n—l)+b‘(n):(—;-)"
I ZR Bt W4 B0 A L e 1
l"
h(n)={<2) n=0
0 n<0

RXFER T ERRENRUEERMEEAEEESS A (2)BHANX. A
TR A A ME, IR AAEE 0 (2) BMINE S HB R K4, XA RE
B B FAL R FFR TR, IR R A (o) WIHIK . T HE M BT BB RO 3 .
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Bl7-13 FREELHTEKXN
y(n)=3y(n-1)+3y(n-2)-y(n-3)=xz(n)

REGE M BB REE TN
&
(1) RESTBRHFRB(WRENTMAWDL) . & LT 7

a*—3e¢*+3a-1=0

BBBER e, =a,=a;=1,80 1 ¥=ER, FTRUH, FREHERRXA
Cin’+ Cyn+ C,
Q)HEAEEHNARGEEBRILN, BERA L(-2)=r(-1)=0,r(0)=
8(0)=1, BAR(0)=1,h(—1)=0,A(-2)=0fE NI R LA HET —HFBHAK

AHC
1:C3
0=C1-C2+C3

0:4C1 _2C2+ C3
Rie.

(3) BIEBEH, RYE R ANLREE WA IR
h(n):{%(nz-‘_Sn +2) n=0

0 n<0
B e B R BB PR R S B — MR IR & 1 (0) =1, H T, SR B AL A
1B 7 B[R] RS AL SR RERIZ AL, R E BB A (o) HR,
Bi7-14 BERRZENESTERER
y(n)=5y(n-1)+6y(n-2)=z(n)-3x(n—-2)
R 7R G0 HY B8 A R MR
#
(1) REBFREH
C.3"+ C,2"
Q) BEESHTBILEREA () BHER, AEB 32 (n -2)TEM, R
W B R G B B AR RIRE Ay () o
BRFEHR R (0)=1,h(-1)=0,HEEIRAEK C W HIEH
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{ 1:C1+ C2
0=1Ci+5C
R

C1:3,C2: -2
TREH

3rtl—n*l (n=0)
hl(n):{

0 (n<0)
(3) REE -3x(n -2)T/ERHSIEMER hy(n), HLEER AT R

hz(n): —3111(71_2)
{ -3(3""1=-2""1) (az=2)

0 (n<2)
(4) B LEREM HERRRXTPAABEBEKRFEINFS w(n), BHAR
Gt 1) B (S 6 1L T [
h(n)=h(n)+hy(n)
=3 -2y (n)-33""'=2""Nu(n-2)
=3 =-2"D[8(n)+d(n-D+u(n-2)]~
3(3" 7 =2y (n-2)
=8(n)+58(n—1)+ (3" 1 —2"*1 374+ 3x 2" Yy (n—-2)
=8(n)+58(n—-1)+(2Xx3"=2""Yu(n-2)

e 7 SR B E] FR 48 0 A P 5 Gt R 30K i 3 i 30T 396 A e 1 O 1k D R 1K i i
R(e), SHEL, EEHEERET , WAl M A RERBOR Y » B8R E BB AL
PR, —REAT , X —FREEN T, BESNEER,

BT HEAAEEEN A(n)RIET RS B 5 KGR, B, 7885550 87 5 7T LA
B R()RAWMBREH R LTRSS, MERE BERE, UERKSERRES
HERRAE RERESFERERS.

FiBARASE, IR E TN ETRATHKNERESE ., WH y(n) REHR
Fubat, LR ART Z A, B 2 (n), x(n—1),2(n—2), MR y(n) R
BRTFHR S ZHEA, MEERRTFRENBAz(n+1),2(n+2),, 7
4.ENE ERFER THRRXR  AMEFEERRS, WA LHAN RS,

HHAENAZRGENBRREN A S L ERGR

R(n)=0 (Y n<0) (7-63)
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HERRH

hin)=h(n)uln) (7-64)
T B BEe ] 2 45 B L P b, SRR b B AR Y B AR B B R AL (B B R AL
BB LRI R ERER, X, A—ERRTFARRRELHEES A HE
EHREG, EIESAE K% mRYHE 2% AORITEETRP LB
B FER . F, X FRET S, AMTA B g s B, AT X
TEEELTEPEETERMER, AT HFE-BNHNMEELEE, L

FIRTFRAZREGREHAR S . —MEIEERRMO TR RERFERTRRN
y(n):ﬁ D) x(n—k) (7-65)

£=-M

Xt TR IEx (n), AT n SHHEE + M S MEIRIETYHHHE , BN G
BRUCM+ 1), BERBTFREORE y(n), LB 7-19, BR,XE—1FF
HERGE, WH FEERRE x(n) ySrz)
B[] (i) an %o Bt s B R A B AF R
5), bR EBERRRSE,
1E & gLt Bl R 4 B P

4. 11 HHELHE BEREWN
EXH - EWARERK, Gl
NEBEFRANESZ. X TH
e RS, R RE R T4
B R BN R (B M ) B7-19 #% x(n)ELELEEBED y(n)
Mg 37 248 ot AT R (PR 48 Xt R AN, 7E B B Rl RAE 4R SR A L, B

S r(n) <M (7-66)

o V(nl—M) n (n M) n

A M HHFIEH,
%%Eﬁ%%’#l%@lﬂ%%#ﬂ@%?ﬁ%ﬁmB’J:‘Egﬁfﬂnﬁ% XFARG

W B RE(E LR A () 2 BRIAM T B RH R 8
{h(n)—h(n)u(ﬂ)

2 h(a)I<M

THEER-NHRKH T, EREQEMBEEEL A (n) =a"u(n), WES
HAWERFARRE . BHY n<0B h(n)=0, REXENWHEES « WEHER

*,&lal<1, )ﬂUJLﬁﬁﬁE\al WS RERBEN & o >1, K
JLATRBR L, %%%#1‘%7&%0

(7~-67)
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7.6 AR(ERF)

TEE LM R RE S, TR ABHB T ERAZAEWTREWN, XH, H%
B S S50 B R BUT I R )G S B — M R BB MAE R T RER K ob
Y R, BB K £ o) [ A i B RT 45 B R e e E B TR R . XA
BINM T REA R RKESRRG . ERBETEIRGE S, /] LR ARG I
HEATAMAT, B TR S A SR — D RN ELEKFS], NI, B S S 508 0 Bk
W F 5 ) TAE BRAR 25 5 52 I8, % D00 A A 1R 30D , 2R G 75 B X LR B 4 o T,
— W RO A — A B RO R R X S B R RN, HOAERE
B MITF AT RS HL, S g BRI AR EBRAN,

B (7 - 22) AT R0, B AL ] R EE R BB S5 x () T USRS B A
1B hn AR B I 3K

o0

r(n)= 2 x2(m)8(n—m)

WRGX BAHEME 0 (n)BIWRLA A (n), HEAERETH, T 6(n—m)H
ERFIR R R A (n —m) ; HHAEREWHSHATR, M T 2(m)o(n— m)IF
FIRE R R x (m)h(n —m) , BIGRBEMERBREXN FX2(m)é(n—m)
J7 5] 5 B W 1A

oo

y(n)= Zx(m)h(n-m) (7-68)

K(T-6)YHA“HEBBAM (RMHAER), ERIETREWI y(») 5
() MBNAEERN A(n)ZRIMER, y(n) B 2(2) 5 h(n)ER, AR
ek

y(n)=x(n)* h(n) (7-69)
(7 - 68) #HITERBHREFNHEHRN I —FFRRK

y(n)= _Z h(m)x(n—m)

=h(n)*x(n) (7-70)
XEW,HEIHTERRKFREXEELEN, UL, BHIEW, EHMAK
REZESEEZAGPERNRBEE Q.8 W)MBMEM RN RE 2
[N~ R 38

EELENERGES,0()5 f()WBBRBFET £(2), B0l , 78 5wt A
E-3 A SRR ]
S(n)*xx(n)=x(n) (7-71)
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B FUR 0 B T R BR 0T AR B BN B L R 4 A O O R LA IR L BUFT I
NEBE ETEKNEFHTUER.
Bl 7-15 F %0005 AR R R 2

h(n)=a"u(n)

Hbo<a<l, HEBMEER

z{n)=u(n)—u(n—-N)
RN y(n)o
i X (7-68)H A

oo

y(n)= Z z(m)h(n—m)

m=—®

= i} lu(m)—u(m—-N)la" ™u(n—m)

m= -

B7-20 FRHET z(n) h(2)FFEE. AREEM, FNLH «(m)P
BXMEIANA n B8 A (n—m), HEBH , En<O0BWEHET.R(n-m)5
x(m )R LT IBME, FHRY n<0Bf,y(n) =0, i 0OSn<KN -1 H,MA
m=08 m=n WBEER A (2 -m)E5 2(m)AXBHERMNBHIEFTMHE, 5T

y(n): ian—m:ania—m
m=0

m=0

_ ~(nt1)
et T (0<a<N-1)

l1-a

NFN-1<n , XBHFRWESTEN m=0 ZHB] m=N-1,HI

N-1 N-1
y(n):zan‘m:anz_a—m
=a"1T__Z—__T— (N-1<n)
B 7-21 0 TWHN y(n)o
H7-16 EBH z2,(n)=28(n)+8(n~-1)+48(n-2)+8(n-3),
2(n)=38(n)+3(n—1)+58(n-2),RBM y(n) =2,(n) * 2,(n),
f#
HERAAFABHEHBRGESRKBUARNRR, I BEHFELTHEEN

SR
iz (m)t=12 1 4 1}

A
fx(n)1=13 1 5}
A
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h(n) B h(m)

]]lllllttrtrrt:

o nEym

x(n) B x(m)

il

o N-1 nmm

_{hedm)
rrtt!ll]lll[;‘l

p—

1

420 m
h(O-m)
1
rrr!T]]l]]l
01234 m
FS“_’")
yrr1tt] llll
01234 m

B7-20 B7-15FHESERMNEXHFF

y(n)

Il”IUJHIHHHHM,,

B7-21 #7-15 PRE\BABHM y(n)

(0] n

AR —Fh X RL AR AN B 07 3 7T ABR IR OR B G R . Wk, BT
FIREME LA B n MRS H A WX FF, 0T HEF)
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z1{n): 2 1 4 1
1‘2(71): 3 1 5
10 5 20 5

2 1 4 1
6 3 12 3

y(n): 6 5 23 12 21 5

SR G BB A BE RO AR SR B AN BB A, B R S IR — 31 b B SR BB 4 Xt 3z SR R0 BR
83 y(n)
{y(n)t=1{6 5 23 12 21 5
A

ARHE R B, X725 L b RN 1 B o R Y SR8 5 R o 1 25 3R LA X (L HE B
FRGPHBA, ZEWT BT A AEEERE ERATE#RTNL, &
SR IX B LA TR AR LB

ULFHREERE TREBRANEE, R7-1PHEFRARRFINNSE
A, R B deoh, 78 BRI £ BY B8 #iE B n 20 4 v A DR B AR

Bk, BRI B LT LA R AR W R B TR A,
£7-1 % M| M

FE5 z(n) 22(n) a(n) % xy(n)=z(n) * x(n)
1 8(n) a(n) x(n)
1-a"""'
2 a” u(n) —_
I-a
3 uln) uln) n+tl
2! 1
4 a’]’ ug ! 2 (a‘7ﬁd2)
a; —a
5 a” a” (n+1)a"
6 2 n n +a(u"—1)
l1-a (1-a)?
7 n n %(rz—l)n(n‘rl)
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g%

Fg x(n) a3(n) z1{n) % x3(n)=a(n) % 2,(n)

aleoslwg(n + 1)+ 8— @]~ a3 'cos(8 - )
ait ai*Za,azcos @y

a1sin wy )
ajcos wy— da;

8 aicos(wgn +8) ay
1 2

@ = arctan (

HRPRPINHARER)FH . H n<0fd
2 (n)=0,2(n)=0,z2(n) * 2,(n)=0

7.7 BER(REAR)

f# % B (deconvolution) BFR A B L E B HE LB R,
HEBRMMERER R
y(n)y=h(n)* x(n)

FERTE e EBRAE h(n)F 2 (n)RKE v(n), TEGFZE 5L BB LR
MEFEEARZE HHAEW h(n),y(n)R 2(2)BE z(n),y(n)K
h(n)o XFENRBEMHEABER ., FHEH TR, XEN 2(n), y(n)R
R(n)RRMEBER N REHIN  BHHAENEA MBESIFRAGER,

FEESNBRESVF LRI EET B H NS BEEREX, X T
BT R REM 0, AL B RERFZEW—BREEL,

HEREXEH

n

y(n)= Zx(m)h(n—m)

BHARES N EFEERE

Fy(0) 7 h(0) 0 0 0 17=(0)7

(1) R(1) h(0) 0 e 0 [ 2D

y(2) 1= h(2) h(1) h(0) 0 z(2) (7-172)
ly(n))  La(n) R(n-1) h(n-2) - h(0)])lz(n)]

6 BY ML AE M AT B R SR8 2 ()AL
x(0)=3(0)/n(0)
(D) =1y(1) - 2(0)r(1)]/r(0)
x(2)=[y(2) =2 (0)h(2) = x(1)R(1)]1/h(0)
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KL, TTLIRE () REAN

z(n)=[y(n) = D x(m)h{n—m)]/h(0) (7-173)

m=0

WBIEE y(n), ()R 2 ()BT ER, XFFRHD n -1 NZRTWET = HE.
MBI EREAESGTRLBERERE
FBAIRBHE 2(n),y(n)K h(n)WITER

h(n):[y(n)—ih(m)x(n-m)]/x(O) (7-174)

m=0

FELRMA FEMNBENREIURARERARE AENRREHK
R(n)MPBHBES y(n)EHBEHEREITRBHFUGESHEA z(2), 6
i R AR o X T HUR(E S AL B i SR BY IR S A v B IR S R, R R X A
WHIRREES 2 (), WHRRHEE y(n), HUTEEUBTRES ()
ANERYEEE, B7-2  HBXRNMALENEAER, BF, ()M
r()BFNHRESEBRES ()R g ()R HRRR MKREHRERE,
ERWBRHREREH A (2), ENZEER

— hail?) h(8) ha(®) ——
e(h) r®
R¥TRE Bx Bl R
E7-22 FXHEWUREHIER
r(t)=e(t)* ho(t)* h(t)* hg(t) (7-75)

BRELHE (1), r(£),hr ()M hr(O)MERBT R A (BRI HEERMA
BRI EBRN ()T R BN, L BRI AR KB HAR.
SR, EHTLABEREEN, FEREHEGFES BB, W e(2), r (1),
R()GFAEEHR e(n),r(n),h(n)e

Bl7-17 FABEREENRERRENER,

E2IVEIWRHEBRERRETERAEN IS, ELAAEBREIFS
S5EGBEBRMBEHTHN. 58, EXX—MERZTEHNEGFESESRE
IR R, BE , |l 3R G0 0w B N

hi(n)y=8(n)+ad(n—-1)
HTHERIKE 6(n) £ a6 (n - DI, FBESIABRL, T H v w5 KN
hi(n), TR UTHR
S{n)=h(n)*h(n)

R E , XR—A 5 RE,
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#
STRR(7-74), S EBEE 2-15HUBHEE y(n)=0(n),x(n) =

(n)+ad(n—1),M h(n) ERXBRRE hi(n), IR (7-74)EBREN

R

R(0)=y(0)/2(0)=1
A(D)=[y(1)-h(0)x(1)]/2(0)=-a
R(2)=[3(2) = r(0)x(2) = h(1)2(1)]/2(0) = a*

h(3)=-a°
h{(4)=a*

h(k)=(-a)

BE—BARXA(-a)", 1

oo

h(n)= D, (—a)o(n—t)

k=0

WREPRE SR RGBS A () RER, ATUEE, WEREX(2-90)—
B, R % g E] B B S O B B (6] R, BTG AY 6 (2) S edd 8 (n) XFRE,
TS5k, H5%EFE T=10,T BINE, Aid, 873X R EERHERK B
ik, X BT LAGE B oA B R A XSGR R ALR . X R, BB RE S
SREN G T EEERF A UBRE ZHEH.

7-1

7-2

G HUTEFFIHER .

(1) z(n)= <%)nu(n)
(2) x(n)=2"u(n)
3) z{n)= ( —%)"u(n)

#) z(n)=(-2)Y"u(n)
(5) z(n)=2""1u(n-1)

(®) 2= ()" utw)

SEI2H U T &RFFINEE.

(1) z{n)=nuln)
(2) x(n)=—nu(-n)
(3) x(n)=2""u(n)

@ (= (1) "utn)

3] 1



38 HLE  BBRERL R L

(5) ()= - (%)u—n)
1
©) 2= (1) w1
7-3 HRLBUTEFINERE,
(1) x(n)=sm<?ﬂ)
(2) x(n)—cos(?*%)
© s (£) (%)

7-4 HABUTSEFFIRGANES  MRREBEN, B EHAR.

(1) I(n)=Acos(%n*%)
@) x(n)=e(37)
7-5 FHBERT-5SHRAENES TR, CHAREZHE v(-1)=0, FFIRBAIUT
Foet iy y(n), FLEHBR(AZRRERFTER)
(1) x(n)=26(n)
(2) x(n)=u(n)
B) (n)=uln)-u(n-3)
x(n) fz\ y(n)
x(n) 1 y(®
1 E
3
1
< 5
BE7-5 HME7-6

7-6 FHEET-6 TRRENESTER, CHARFZSE v(-1)=0FBEY n<0 5,2
y(n)=0,& x(n)=8(n), K y(n) WEABMSIE7-SHNBER,

7-7 EIB7-5P,EFEREZE n>00, 2% y(2)=0,l y(1)=0 B R &KMH, Y
2(n)=8(n)BT MM y(n), XBF, AT AR E - EHFF, XRBBIF 2L BB
FER,

- FILBE 7T-8 IR RENESFRE, BEERK,
- FIHBE 7T- 9 RRAKENESHE BB ER K,
7-10 BERHAREHNESTBRERN
y(n) = D baln—r)
BRd BB AEHHTEER. R y(-D=0,%2(2)=8(n), KR y(n),3E H et
y()EMRFE XA SRENERNEMEXE,
7-11 BREZFE,

(1) y(n)‘%y(n—l):o,y(0)=l
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E A N
x(n) - b, y(n)
a
0 b,
L
E
BE7-8
y(n)
() 1 1
E E
BE7-9

(2) y(n) = 2y(n =1)=0,5(0) =

3) y(m)+3y(n—-1)=0,y(1)=1

(@) y(n)+ 2 y(n =1 =0,5(0) =1
7-12 BEHTE.

(1) y(n)+3y(n-1)+2y(n-2)=0,y(~-1)=2,y(-2)=1

(2) y() +2y(n -+ y(n—2)=0,y(0)=y(—-1)=1

3) y(n)+y(n-2)=0,y(0)=1,y(1)=2
7-13 BEITE

y(n)=Ty(n—1)+16y(n —-2) - 12y(n—3)=0
y(1)=-1,y2)=-3,35(3)= -5

7-14 BESFBR y(n)=-5y(n-1)+n, EFAREZMG y(-1)=0,
7-15 MRENFTE y(n)+2y(n-1)=n-2,BHy(0)=1,
7-16 MEEHFFR y(n) +2y(n—1) +y(n-2)=3",EHy(-1)=0,3(0)=0,
7-17 BESFER y(n)+y(n—2)=sin 2, BH y(—1)=0,y(-2)=0,
7-18 MESHR y(n) - y(n-1D=n»n,BH8 y(-1)=0,

(1) AEREBEZERK BHEER, A —THAXBE T n20).

(2) 4r BISR STR M SR8 , 30 0 R R 0 4T 1 5 R R UK.
7-19 WMRFEFHFBRRBN y(n) - y(n—1)=n>  BEE EE LFHH,
7-20 EEAGHHMARLXZATH_-_NERHELKUEZSTERR, MREETFHAR

x(n)=u(n)KIWRRL H
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7-25

7-26

y(n)=[2"+3(5")+10]u(n)
(1) BERERBIBIEY, AREH _—NEIFTE,
2) BEFH x(n)=2[u(n)— ul(n—-10)],RWEN y(n).
—ANMEERNHABEAH THZHE, SRERENBERAEARN—KERERN
273, HFU y(n)RFE n KREWREE, A EHRKIROES TEAXE
BEH=2m BRHESTE,
WMRZES n MPAMABRITERL(n) T AMER o« SAFMEARE, RAESH
BEHE » AVMERA y(n)e B x(n)=10JC,a =0.003, y(0) =20 70, K
y(n), & n=12,y(12) R E L7
B (n)FABRE AM100 - 2 () ] AHBEEBHEA—FRFIRE z2(n)<
100 7], ZBEBNEHE 90 AMWAEBZREEAH. ABRER, BNAERBEH 100

FHEAW. MHER ERIE,EH » MENFGRN,EAERSBEPH ST

A y(n), BRFUHK y () IERF R, WRER2(n)=50,5(0)=0,% y(n), I
HEFHAHSRGRESE, Y > y(n) AE L7 BAERKBSE R
&R

“FFREFRESRARPARENBEN —MELET, EHE7-24 9,7F%
S 1 SERBEFABMAMOS @REXRA)MBE C, ARTFRBEMLUIEE
B, EMMEYTELZRARTHEE, B55—HE C, THRBEHAZE+H N —HK
(D) B e=nT HARASHELEDI K 2(2)=2z(aT)F y(2)=y(nT)o # =

WT B S, .S, B, = nT+ L0t S, 5.5 B, MARARBXRRy (T + 1 )1,

() BELBHIE, % o= (nt DT HSE,S 0,5 1= (n + DT+ B S, B,S,

B, NEHER v(2)5 ()X BRESFTERNEG T=1),
B HFEr()=u(t), REEHEREWE y(»)RERX,FE y()BFF.

BET7-24

SFH 7 -4 WEEBEME EFA S RERARBEZNREM 0(0) = E,
v(N)=0,RfE v(n)BTRRN(EE . ERPEREN), R N> (EBRH
M) KT M o(n) HE B,

X FHE 715 FiR RCﬁiﬁlﬂ%,m%éﬁ%R—z=0.l,x(n)=u(n),y(0)=0,5k

BESFBRR(T-28), ML y(n)EE, HE 10 MRS, 10885 X 5K
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B8 o()=ule) ,BHAHFER y() . y(DBEHREEy(2) B ZF—245H

MEHB. (8 BRERTRY & =n e )

A AT IS — AN B B I " (Tower of Hanol) M8, A& FAERBERY
mEHLAELMER. B, EMNHEER - K#EL(RER 7-27), RT&
KB FRTE,ERTH MK E EHES . A BEEETRANKEBED S
HEAABE(DBRAEER - QECRELIBP AAFRFRKEFMT
MNEFZEGAURE=ZAABEZRAEEERE AE MR TFEBHI —K
OMAREFERY ETHAMUEAE, FEELSE y(n)KIIHEKR y(2)HED
FARAFRRE,

[7:5(0)=0,y(1)=1,y(2)=3,y(3)=7,.]

R 727

UTERFFIRERENBAMREMERN A(n), RFHTEERENERES RSN,
(1) 8(n) (2) 8(n-5)
(3) 8(n+4) (4) 2uln)
(5) u(3—n) (6) 2"u(n)
(7) 3"u(—n) 8) 2" [u(n) - u(n-5)]
(9) 0.5™u(n) (10) 0.5"u(—n)
an) Lu(n) 12) Liu(m)

n n:

UTFEBNRE x(n) BB, y(n)BARWM, HAKEI MM ESHBEMEARRTR
R, RERAETHN,

(1) y(n)=2x(n)+3

(2) y(ﬂ):x(n)sin(z%rnﬁ——‘g—)

3) y(m)=[z(m)]?

@) y(n) = D) x(m)

m = — oo
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7-30

TR AT RS
(1) EXBEBAEMNNERES ZTREWA (MrERm L) & g (n), iR b ¥ i
hin);

2) DHMEELR h(n), WKBERWERL g(n).
DIFEFFI R, x(n) BRERGERIBBRE, A (n) 2R MR A 2SR GE ) 8107 B (8 W N
AHIREF y(n), B y() AR RAERITE)
(1) x(n),h(n) LEEE 7-31(a)
(2) a(n), k() LER 7-31(b)
(3) x(n)=qd"uln) 0<a<1
h(n)=8"u(n) 0<B8<1 B#a
(4) x(n)=uln)
h{n)=8(n-2)-8(n-3)

5 x(n) 2 x(n) 5
1 L 1 l 1 1J
’——]——L]——v“ - I l I i e
-1 0 1 2 n -2 -1 01 2 n
h
1 g1 41 7™ Il @)
S o1 2 R 2 0 0 B
(@ (b)

BB 7-31

EMBEHERAERENBENEBERY A () ARBA 2(n) ,REH y(n), H2ER
Hoy(n)o

(D) h(n)=x(n)=ul(n) - uln-4)

(2 h(n)=2"lu(n)—uln -], z(n)=8{(n) - 8(n-2)

(3) hin) = (%)”u(n),x(n):u(n)— uln—35)

MBE7-3BAANERCERTREKNEER AT G, 7R 8 AR {F 11 5 4
A AR A (n)e BE A (n)=8(n) = 8(n—-3),h(n)=(0.8)"u(n)o%

r(n)=uln),

@) hy(n) o 2

B 733
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(1) #FRK y(n)

y(n)=lx(n)* h(n)]* hy(n)
(2) TR y(n)

y(n)=x(n)*[h (n)* hy(n)]
BT ENERE SR - HHN(EREAE).
EHM—LEENAERENARHEMBEMBY (), RE Ny<n<IN, REZSHIF,
TEA x(n)BRTE N, <n<<N; REIZAMYRE, X, WM y(n)BTE N, <n<<N;
ZHPBRE AT, KA No, Ni, Ny, N3 BERR Ny 5 Ny,

RAFREN R EBHORHES 2(0) =000 + LoD, Bl AERES
v = (1) () ERBRHBENREREU A () RF, LW E y(n) =

h(n)*x(n)e
(1) 3R h(n);
(2) AZERT AEIn fEREE mEALT, AEH AL T ER.



ENE - TR BHEERRN = ZOM

8.1 7] E

BAUR, ATRESART : THRFEMFEE, LI TLGEHZE 18 #
@, BAE 1730 £, ZEHEFRHZEH (De Moivre 1667—1754 ) 4§ 4 i PR %X (gen-
erating function) LS FHERBMISWHIR, LR L, XHERRBEMIERT =
AR . M 19 H 42 BRI L RIHF (P.S. Laplace) & 20 i 42 # ¥ /K (H. L. Seal)
ENEXHEKSEIEL TR, AT, ERE-IMRARBRAFETH S, 2 T
BHEASREEINENZRAS KB, 20 #4250 F£R 5 60 48, B IR H
EEMBFHEVNHRELR, b - THROBBIFRET T HH R, I, 7
BHESHSRAANBERTRZT,: THEAI-HEEWNR¥ TR, BB
REMBFER—Z 0 R AR B, FH RS BRBLIRL,
B, : THAERREF WM SER, BUTEERE PSR LH,

MAEFTFFHRLEITIE - THRPMEX HERURE SR KRR EFREHRY
BR, EHER ERESRNEREN - o, AL BBRRENRERES
PR MES, DOHRE, BUTELREN s BN, EBERARHN 2 &
AP ED FAREERRAE » FEF RS0 R TR RS8N 8.
Pt RREN ST ECAARAENEEEL, EF TERENEFA -
A% e b R BT U8 U 2% B R AR 2 8 i

EEENEFEFSSEEMTF MEENHTHT| B FhEHh, mEE
B, M TEHARRGESSRENHR, MEENA » THh AT HFFKE
BEHEHRG.IVURESEEENTREBLE), BN TELHABBRLE,
XFp2E S (PFE) T ER AT LLE it >k o

z A B E AT DU B AR (E S M hL R AR e 5| 1, o W] B 5T B REt (Al {5
BHT « BHBHE X,

HRAREWEGSHIKRDE, FEZERES (SN ke, U
HEEES o (OWERRA

xz(t)=x(2)0r(2)
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= Zx(nT)a(z—nT)
A T AR, ﬂﬂ%X‘UL‘QEKﬁEE’}Cﬁ B3
X()= [ a (e = | [ D) 2(aT)o(e - nT) Jeds

W B3 S SRAN WK 3 3R, 3 1 P e S o A i R R L (R AT AR B R (S S 9L
AR

o0

X(s)=D,z(nT)e T (8-1)
W MR A—-ITEFHNETE 2,4
z=¢T
HE W s=ln =

MAB-DERTEEE = HRHEAK X(2)

0

X(z)ZZI(nT)zu" (8-2)

=0

ﬁﬁ@t%?ﬁ%%ﬁﬁ(%%ﬁﬂ%%x(ﬁ)% :THmERR, BFS T=1,0
R(EB-1).RE-2)F R

oo

X(z)= D x(n)z "

z=¢'

MBRFH x(n) BHESMERS 2 ()5 (¢) & 3R BN 58 B AT R,
RO EHRS 2=  BHEESHHERERBHRR R BN RFSH « &
B(ES.6 WHEFR, XMXMENFIHELALEE, ME—RERTREL—
H)o T—VEHERM EAN » BHRHE XL,

8.2 z:EHREXN . BAFINE z T

EREZHBE KLY, : BHREFRERIMIAZSY. FH 2(2)N8EH =
e LK
X(z)=%[z(n)]

(0)+.1'(1) (2)+___

P4

ZZx(n)zy" (8-3)
KPS RN =z T, EELE,



46 BAE BB BHENHREN 2 WA

XF—Y n HEEEXHRAFI 2 (n) , WA LIE WA = kR
X(z)=%[x(n)]

= Z z(n)z " (8-4)

BARE 2 (n) ARRFF, muxxmz T 5 8H = B REFRM,

H(8-3).KNB-4)KYW,FIH » THEFET R » ' WERBFKEY
BB HREERFS) x(n)l. TEHEEZEXH T, B X()FHFF 2(n)
MR, TERREBRTHEE ISR R KRB, X H FAEELNE
9, FEREESWHARL. W TFEAN RS, FRRFIOE—E MW
FIEEE , B, ¥ B BN IS S RGH « B

z B A B FERG RRB T ERE 8.4 WEITITE. THEMSA
H— BRI = Bk,

(—) B ESRE

AR 0 (n)E XK

1 (n=0)
8(71):{
0 (n#0)

mE 8 -1 i,
A = e, 133 50
1[5(71)]—23(71)2_'_1 (8-5)

L, R A A 8 (1) B8
B, R 0 (n) B = BB v
T 1.
(=) S4B B A ) Bs-1 MR
BRBBRIFI] ()XW

1 (n=0)
u(n)={
0 (n<0)

ﬁn@S_ZF)fE‘o
u(n)

[T

E8-2 HBAMEKFH

n
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B - i
2Lu(m]= D ulmz = dle
B2 > 1L BRS, ST "~
7lu(n)]= E=—1

z-1 1-271

(Z) $EF3l
CE TP

ME 8 -3 iR,

x(n)=nu(n)

x(n)
| [ [] I
o1 2 n n
B 8-3 HBEF
HT#HN )
i‘}f[x(n)]:an_"
%z BRAUA T @ R ERE,
HR(8-6), B4
N 1
Z;)z ":1—2“‘ (lz1>1)
#BEXBWAS B 2 kS, B85
- o )
;}n(z ) 1—(l—z_])z

WHER = BEETHEFIN - B, E%F

Flnu(n)l= nz "= £ z|>1
[nu ()= 35 o (=1>D

FEE,ER (8- 7)FHEX = "S5, B TR
z(z+1)
(z-1)°
2(22+4z2+1)
(z—1)*

Zlntul(n)]=

Flnduln)]=

(8-6)

(8-7)

(8-8)

(8-9)
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(M) EEMF
B BUF N RRRHA
x(n)=a"u(n)

ME8—4 Fim. IR(8-4) AR EN = R
Fla*u(n)]= ia”z_"

=Z(az‘1)"
BRTHEEERE 2| >al , MATHREHN

,, _ 1 _ oz _
fc’[au(n)]—l'_(az_l)—z_ (lzl>lal) (8-10)
L a=e", %z >,
?L"[eb"u(n)]Zz_zeb
FRE, AR (8- 10)FFt = IR B, o7 LAHEH
az ! . az _
3"[na"u(n)]:(1_az_1)2—(z_a)z (8-11)
2 _az(z+ta) _
95’[71au(n)]—-——(z_a)3 (8-12)

x(n)

[H T ]\I\T‘lj—r
o112 n
E8-4 HABEFFH

1N
~

(H) EZSREFET
HHRZFF] cos(won ) INE 8 -5 Fim.
53]

Z(eu(n)]= zb (I=z]>1e’])

z—€

2 b=jw, WYz >]ei| =1rt,78

F (e u(n)]=

Z
jo

z—ee

R, & b= —jw, MG
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7/
4

T

'~

E8-5 HAIRKRHKLFF

z

Z[e 0" (n)]= ™

z—e
# Em A, 8
Fley(n)]+&F[e " u(n)]= Z_ 4 £

z—el z—e ™
Bz BBRAENTH,FFIZHNE - THRETEFF  THOM, XHE R
BERR AR M EXTTUEEBIARKREFIN - T, EL

fé"[cos(won)u(n)]z%(

z z )
z—el% z—e ™

z(z — cos wyp)

- 22— 2zcos wyt1 (8-13)
IR IEZFIN = Tk
%[sin(won)u(ﬂ)]:2ij<z _zejmo_z_z-iwo)
_ zsin wy (8-14)

22— 2zcos wy +1
P E =R SUREE N 2 > 1, HEEE cos(wen)u(n)H sin(wyn)u(n)i =
e AR,

R (8-10)H,FE 4L a=pe', MA(8-10)FH
Flau(n)]=2[B"e™u(n)]
_ 1

1-Bel“g™!

IR ASR i | PIRT LA 5]

1- Bz lcos wy
1-282 'cos wo+ B2z 2

ff[ﬂ"cos(nwo)u(n)]=
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z(z — fcos wq)

_ -1
zz—Zﬂzcos w0+ﬂ2 (8-15)
_1 . w
& E'Z[‘[)”'sin(nwo)u(n)]:1_232/321&2”;0_?_322—2
_ Bzsin wg (8- 16)

2% — 2 fzcos wy + B
EHAREHEEER(B<)RHIE(B>1)HRE EZXFTIIN = k. K
W R 21> 181,

— BRI FFIKER - BHRFITH R,

8.3 = T HGIKEUR

B EWRAEFT - THRATEAUER, RE YEERKT,  BHRAFH
B, MTEEAZNERFS x(n) A = B XRERBRHZTE z H
HES A 2 T X ()RR (region of convergence, & 5 A ROC) .

S A B T S, % T B R e, P 5 5 AR S e — X R, R
W — BB . T AR XU AR i, R (R B9 FF 51 7E R R 6 W0 S50 2 44 T T BE R
HR—ANEHR, TEERRAXFHEL

HWIFH 55

zi(n)=a"u(n)
z{n)=—-au(—-n-1)
BHRBENN = BT HH
X((2)=%[z1(n)]

=§Da”z‘":z_za (lzl>lal) (8-17)
X (2)=Z[x,(n)]

= 2 (—a")z™ "

= —i(aylz)"le
X, (2)TE . REY 2z <|al|WREAWH, TRAE
Xo(z)=—"— (lzI<lal) (8-18)

z—a
ERGRULE, WA F 8 F 5 i T U SURA F, 7T B T AR K = ZE#,
Bk, 8T REMEE = BB EFI, AMUEL B FIIE - Z#H,ME
AR R E R SUR . FEREBOEN, : TR ENIHE - WEZRH H
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YL, = 2 3 R PR BUR A B — AL _E B R AT R B
WAIERB A, K (8 — 4) PR R BB FE5 2% AF B R et /] M & A4,
HIE-3

Z |z(n)z "] < oo (8-19)

20 2300 M RE T, 3 2 T I T e b 1 A AR (R e
s 1 51 IE I G M MK . B I B B S vk AR B U — N IF R 4K

Z'““ B S TS BT AR AR PR T o, I

An+1

m e | e (8-20)

W2 o<1 B REOBS, p>1 B RBOREL, o =1 B FBT BECS 7T BE & K
FriE R R e, S ETHEE— BT | a, | H n KARKIBRET o, A

li*mq"/ la, | =p (8-21)

WY o<1 B HBURSL, o> 1 BHRBUREL, o= 1 W BT BE MBS AT BE R B
THEAA ERHEREITIRILEFIIR = 8BS,
(1) ARKF31
EEFF REARORE (0 <n<n,) REEFHE RE, WA 2 BHA

X(z)= EI( Yz~

BT n,n, RAERER, lﬁﬁ‘ﬁj:f% Aﬁﬁﬁlﬁ,&ﬁ HZEEATLUER, Y
<0, n, >0 Bt B z =0 K& 2=0 4, X (=) = VH B AL WS, Bl 8ssi i
0< |z <00, M 0, <0, n,<OB, X ()W A2l <ooo X ny=0,n,>
0B, X(2)MRSBB N | =1 >0, FTUERKFIIN » THESHEDLH 0<
2| <oco, AW RERALIE 2 =088 2= oo, {HFH z(n)WIERFTRE
(2) A HFFF |
XEFINEEETEKTI Y n<n, B 2(n)=0, I 2 BN

oo

X(z)= zx(n)zv"

=n,

B (8-21), HHE

}ijg«/n lz(n)z " <1
Bp lzl>}£n;«/n [z(n)] = R,y (8-22)
WHZEB S . HF R BEEMKSCER ., 7T, G H SRR N R,y
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BRSNSy o AR 7, =0, MMSUBAIE 2 =0, Bl 2| > R,y 1R 7, <0, WIS
AMIFE z=00 B R, <|z|<oo, B, n, =08, GHFFIERERFH, tnt
R, AR AT —FRRIE R, B EUEE 2| >R,
(3) EHFF »
XEFFNRILEELRFEHN, Y n>n, B,2(n)=0, WK = BN

2

X(z)= Z z(n)z™"

n=—o

Eh m=—n, FREH
X(z)= i z(~m)z"
MPEHA R m BECH 2, o
X(z):ni 2(—n)z"

2

&)

RER(8-21), EFWHE
ILIEV" lz(—-n)z"| <1
1
}E’E’\/n z(—n)
W BRBWRS, TR, ZHFFIHRSIREEERH R MENRS . R 2,>
0, MU SR AEIE 2=0,000< | 2| <R,0 MR n,<<0, MUk SIRFHE =0, 8]
|Z‘<R120

(4) BGhTF3
SHFFREMN n=— ofEME] n=+ o], — A 51E

oo

X(z)= 2 z(n)z™ "= Zx(n)z_""‘ Z x(n)z™ "

E'] |Z|< :RxZ (8_23)

BR,TULEERGAFFIMENTIN = BHREM, EXERE-TRE
RENFH, KB R | 2| SR B A RBREDTFH, WM R 21 <
R0 MR R,> R, M X(2)RAEEF M RER KB EEIRS, B
R.<l|z|<R,,

He R, >0,R;<o, FrXl, SUAFFHKRSURE R BHFE, R R, >R,
WP BATFAE L SR SUR, B X (2) RIRH,

EEWIRT EMFI A 2 BHRAERESUR, BR, WEERRE TR
B FEFXH,H ERILEFFHBL » FRESURF)FE 8- 1,

DL T8, A4 P 50 8 B3l = 7B e O SSUIR R BB SR B B WL SBUR B R , AT
Rzl >R, 0
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£8-1 FIMERNEWNA : THREMHEHX T

n2:00

FHER z AR B SR
R 71 i‘(")
<0 at 1111
:;>0 ,',? 0 x(\;\“_.nz ,, ©>|z|>0
n
=0 mfm‘
2y >0 . n lz|>0
xin
n <0 e "
n,<<0 o>zl
AR g
®n1<0 —Dl[[o - ©>|z| >R,
n2 = x(r)
n >0 - T T[m\\kl;'; .
ny= 00 Roz |z| >R,
(HRFF) Z
ZEH ][ﬂ")
oM ~otMim Ro>121>0
>0 9
‘X(n)
@7!1— - > _T”1]-HT]
n,<<0 0| Ra> 2]
x(n)
W1 K3 ’
o ’---‘ITT”TH\IL
ny Ol '\LLH_UJ" ] = R,>1zI>R,




54 BAE FH.BHHEREN B0

Bl8-1 RFEF z(n)=a"u(n)—bu(-n-1)H =z T8, FHEEHWK
SR (P 6>a,6>0,a>0),

&

XR—NRAFFH BERAD = B, BT

=S

X(z)= Zx(n)z_"

n=0

= Z[a"u(n)—b"u(“n—l)]z*"

— ianz—n
Rz >a, W EHERBORS, R

X(z)= Za"z_"z £

n=1 - a

HEEAMT 2=0,BEMNTF 2=, WA 2| >a,
BERFFIMIA - T, 2% F

oo

X(z)= Z x(n)z™"

n= —o

= 2 la"u(n)—b"u(—n—-1)]z""

o -1
:Eaﬂz*n_ anz—n
=Dla"z "+1- D> b2
WRiz|>a,l 2| <bo,W FEAEEEE,H3

b
z—b

X(z):z_ia'i‘l'l-

z z
= +
z—a z-—0b

B BTSN = BRMERBT =0 K 2= b BERT v=a He=

b IR 6> 2| >a, B 8-6 Fiam. MBI LIEH, BT X(=)ERHK
BN, R WSS AR B EEMR S, B, WA UR AN D
Fo MFENMBEMEL, FRFINZWSEBEEN X(2) B E (B KRE)ER
WAEMFMAEME 2> (ARRERE ) EAFFIZERMIREN X()BREH(H
MEDIEZEF S NEME : =0(TEEEHE 2=0),
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EI8—6 WHIHEBFI a'u(n)—t"u(-n-1)K
z BB S SRS

8.4 # & &

HEHFI 2 (n)H = BHH
X(2)=%[x(n)]
M X ()M ERICHE 2 7 [ X ()], FHUTEKRS SR
z(n)=%""X(2)]

—_—L_ § X(z)z" ldz
2 J ¢

jimz

_

(8-24)

CREREX(2)" "FiERAZ 4 E

ARG, BEEE « T ERIRSERA L
R AL, i 8 -7 Fimm o

THMN z: BREXRERH B LS

ﬁ(8—24)o E%ﬂ
® B8-7 ¥ THHSELNER
X(z)= Z x(n)z™ "

Rez

7

xR BRI L 2 R EL C B, 58

o

Sgcz""lX(z)dz = §C[§x(n)z<"}zmﬁldz
BRI SRMHRFESR, ERNETR
3§CX(z)zm-ldz - gjx(n)ﬂgcz’"'"’ldz (8 - 25)

REER R R EE, B
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3€ 2*71dz :{
¢ 0 (k #0)

X, RB-25)VMEHRGEE m=n —0, HAWETE, TEAGB-25%
B

2xi  (k =0)

§CX(z)z"_ldz = 2xjx(n)

B 2(n) = %45 X(z)2" \dz (8 — 26)
) C
WA (8 - 24)BHE,

KRBT R E T EE SR R (8- 24)ERLBA (LWHREHE), R
B RBHRATEEG X() BBERXAT>HREF EERREZTM B TSR
BHERMA, A, BTEDKRESR X(2)BABREEE 2(n), BR,H24R
BHERBEEE, BN ARE, TR L ERERY, T @455
48,

(—) B&BRaiE(BEE)

HTEL CEX()NKSUEAN, AEBEEHEBRES, M X(z2)X7E|z| >R
XIS E CEET X()WAA. 8% X(2)" 'R = NEHEE,
HASBEM ISR (BRA), X, EHTFETREME R A, /T I
(8-26)MITAERNEL C HFTEE X ()" "HMERSEHRZ M,/

x(n)=2im. ggcxu)z"-ldz
= D[ X(2)2" "' C MRk A E 5]
K5 N
x(n)ZERes[X(z)z"_l]Fzm (8-27)
A Res ERWANBE, 2, I X (=) 2" "R,
MR X(2)2" ' 2=z, &7 s ks, R EHHTAHE

n—1 ——; ds_l _ 5 n—1
Res[ X(2) =z ]F:m_(s—l)!{—_[(z 2,.)'X(2) 2 J}

dzs~1
(8-28)
EREF WA, s=1, et (8 -28) ] LARI4k
Res[X(z)z"_l]zzzm =[(z- z,,,)X(z)z"_l]zzzm (8-29)

R AR (8 -27) ~ (8 —29) Ky i 5% , B =4 1 5 e S5 oA 61 4% . R g A%
A M ERES TAR » E,7% =0 LHBRATREEARARNK,
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B8-2 % X(x)= gy (1= >V AR,

&
B (8-27)H X (=) EH A

_ zn+1
z(n)= ;Res[(z—l)(z—O.S) L
o= 1 BE 2=0 ARERSANFE 2 =1 2=0.5 &bF S, AIKRE

ntl

Res| 7, =1 (= =0%) lez

n+tl

z - _ n
(z—l)(z—O.S)L=g,5_ (0.5)

Res [

HIE H
z(n)=[2~-00.5)"]u(n+1)

ERRE, S n=—-10 2(2)=0, A LRTRHE N
z(n)=[2-(0.5)"]u(n)

o<~ 1B FE 2 =0 B RSFLE, AMERE 51 S AN 8 & B H g
FRAGZBREFENT B o ()BRETE. FENERRE LERE
FHEREF 2(2), XGERBEBEHF(12] >3

WMRABH X ()REAE, MR E KR 2] <0.5, B BELLNEEER
HOSHBEZH. ¥n> - 10, BRXBLETE MM w(n)BRHFT; Y
n< =10,z =0 b FRAFEE, RBEXKRIBUBEE u(n) AENFI], L
R 5WMEMA(1 = <0.5)MHFAE.

B —FE RSO N B (0.5< 1 21 <1), Xif, ROpBELNELEEE
H05ELHRARZH,ITRE 2(n) BBAFF.

ZEFRR S FR—N X(2)RERX, YA EHWRSEA R, FrkHEZH
SEREAHEE, BEHEBAARNFRNSETRFT] 2(n),

(Z) BRBRFAE(KEBRZ)

HHR 2(n)W =z BREX Rz '"WEREE

X(z)= >, x(n)z™"

Brid, REERENRSRAE X)) BREFRE, ZHRWARBERETF Tz (n).

E—BIELT , X () BRAFERE, A TEHAN N(2), 2B 2T A
D(z)o MR X()WBEHBR Iz >Ry, W z(n) BREBRF, 5t
N(z),D(2)¥ = R (K . 'HFR)RFHTHT . MREBBER] 1<
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Ry U x(n) bREZAIFF], Hebt N(2),D(2)3% = MITHR (B = " HEBER)K
Fi#fTHEs. REMAKBRE ET8 X () BRFRE AWE
# x(n)o

glg-3 ok X(z)=ﬁgﬂ@iﬁ&“%ﬁ% 2(n) (B R 21 >1),
2

BT X()WRERE 2| >1,H z(2) BREFNRFI. W X(2)$%
= W FRREHES BT 5 X

z
X(z)_z2—22+1
HFATRER
2 1422724327+
22 -2x+1)=
z—2+z!
2-z7!
2-42 7 14+2272
3z71-2272
327 1—6272+3273
42723273

B LA
X(z)=z '+2272+3z 3+

= 2 nz "
n=0
G

z(n)=nuln)
Bl 8-4 RWABAFINAIzI>1 M| <1IBFMBERT, X(2)=
1+227" AR
WH@@I@ z(n)o
&
Xt FUEOH | = | >1, X () HBEFS] 2 (n) RERFF, X X(2)FR

_ 1+227!
X(z)_l—Zz*l-’-z_z

PEATRER, BB %
X(2)=1+4z "+ 7272+

=>1(B3n+1)z""
n=0

x|
x(n)=@Bn+1)uln)
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WSB! <1, X()HEMBLHFS x(n) BREBTFI . BT X(2)
EX%
2z '+1
X(2)= =25 0
HIT KRR, RBAE
X(2)=2z+52%+ -

=>3n-1)z"
n=1

-1
= - z Bnrnt1)z™"

G
z(n)=-CBn+VDu(-n-1)
(Z) BoaHXRFZE
PO - BHEFR : WAERYE, TRRAFHEFEX, BUTHK
AH A XRFF L FEX B, BT LUK X () R — L6 {8 ST 3 LA &R 4
SrRZHL, RG0SR & AR, S E ARSI AR (n),

e BHRMERERA S A = BRI SRR IF LR, EF

H
zTZ,

st X A A AR = BB T BB, X (o) TR

z
i =08
2 2y

TEES N — ARG, RE e XRIFER — B AR

Big-5 FWASRBIFRRM X(2)= 55— B 2(n)
zc—1.52+0.5
(2l >1)s

® AE5H8-2 M,
X(z)

_ b4
" (z-1)(2-0.5)
R@ﬁ—‘mm,ﬁ 21:0.5,2’2:10 1\%‘@”“?%%3—‘&:

X(z)__ A A
z z-0.5 =z-1

AF

A4=[§%Q(z—06)] = -1

z=0.5

A= [—X(z—z)(z*l)] 122

z=
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X(z2)BH

X(2)= 25 -2
z .

BRIz >1, U 2 () RERFI, B 8.2 WRHE : BHRXAXBE
z(n)=2-0.5")u(n)

568 -2 5 RAAR , MRS B .
— BB T, X (=) REXH

N(z)_b0+blz+ +b,- lz’_1+bz
D(z) agtayiztta,_ lz +az

StFERFH, EH « BHRIESER 2| >R, HRIELE == ot Wi, Ko
BEZHAWBRAET 2 FEHKAMHK,BHL k=10

MR X (=) AAH— s, 2

X(z)= - (8-30)

X(Z)_ Am
z —Ez—zm

m=0

Bp

X(z)=z% (8-31)

m=0

e =, BE A, R, BB EST

_RS[X(z)]

m

HEEA (S - 31 RFR
x(z>:A0+§f":—m
ERE, o B XOWEAT AR
Av=[X(2)]og= 2

MR X ()P EFERIEA,R(B8-31). *t(s 3VDMYIMUBIE, & X(2 )
BEE MA—BREN I z2=2, B FEHE s ik s, W X() B

X(z)zz A,z +Z’: Bz

m=02% " Zm ;54 (z~2;)

M s
:A0+Z A,z + Bz

~ 2y I (z—-z)

(8-132)
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K A, BBE L SR, W B %F

B;= (5_1])|{ dx_j-(z—zi)s X(Z)]z:z

dz" "’ z
FEXFFR T, X ()W RATIERX

M s C.2’
X(Z)ZAO-‘_ZZ{MZ +Z 3%
m=1

Fmo =1 (z—z,-)j

Ho 3T j=s WA
c;[(z;zi)SX(z)]

Hofhds C; RE B RBOERH
EXFREFR R BASRNEABRARE —2 — H—2—, &E

(z—2z)! (z—2;)
8-2FRS-A4AFAHTHMENDEZS, Kb, EK8-2 || >a MNNAHFF
MIER, MR8 -3 R|zI<a WEHFFH, BHES-2 FHAENREHES T I
KE8-4, NG, ZERTHERS-3 FHEMUMM AR, EERNIE
B &M, B TR 8-S AENRAI (|| >V ER 2(n) =
2u(n) —(0.5)"u(n)  HHE X () A, MBS F 2] <0.5 5, MES
2(n)=[~2+0.5)"]u(-n-1), HFRSIHAHE 0.5< | 2| <1,Mz(n) =
~(0.5)"u(n) 2u(—-n—1),

®8-2 iz THek(—)

z

2 B> al) F 3

u(n)

(z-1)

(z—a) a"uln)

(n+1Da™u(n)

(z-a)?
2’ (n+D(n+2) ,
(z-a) 2t @)
z* (n+1)(n+2)(n+3) , (n)
(Z‘a)“ 3! au\n
znt! (n+D)(n+2)(nt+tm) ,

a"u(n)

(z_a)m+l m!
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£8-3 i - THE(Z)

e (1< ]al) : F 5
(—z—_l_) —u(—n—-1)
(Zfa> —-a"'u(—-n—1)
(Z—i)—z —(n+Dau(-n-1)
(zi3a)3 _(n+1;§n+2)a"u(—n—1)
2t nt1)(n+2 3) .
(z-a)? - {n L 3+! — )au(~n—1)
F8-4 HTWR(Z)
e BBz >]al) 53 7
W Tlu(n)
(ziza)z na"u(n)
(z_zl)s ———"(Z!_l)u(n)
z n(n—1)(n-2) (n)
~(z—1)4 — 31 uln
= n(n—1-(n-m+1) (n)
o7 p~— u(n
8.5 2z EHMHEAKMKR

(—) &%

: BHRMEHERAECHEMESH O &
Zlx(n)]=X(2) (R, <[|z|I<R,;)
Zly(n)]=Y(z) (R <l|zI<Ry)

n
Flax(n)+by(n)]l=aX(z)+bY(2) (8—-33)
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Hea,b HEREH

NG B HIH = BHRRSBR—BRAIFERSORMEET 2, B R, B R,
5 R, B KH, M R, B R, 5 R, T &/NH,IEME max(R,;, R,) <|z|<
min(R,;,R,p) o AT, MRTEX LR H A G HEER S5 AHEN, Wb

Bl e K.
Bl8-6 KFEF a"ul(n)-a"u(n-1H z T,

g oA
x(n)=a"u(n)
y(n)=du(n-1)
B (8- 10) A
X(z)=z_za (lz]>1al)
il
Y(z)=2y(n)z‘”
:Z:lanz—n
=zfa (lzl>1al)
B LA

Zlau(n)—au(n-1)]=X(z)-Y(2)=1
AR, REERNEFIIN « THRGGURTTREY X, EHFIFH = >a T RE
4z FH,
Bl8-7 SKTEFIMMARZABMEZTFINN = #:
x(n)=cosh(nwy)u(n)

z(n) =sinh(nwy) u(n)

3
P (8 - 10) A
Zleu(n)]=—"0 (lz|>le%])
-4 e
@[e_”‘""u(n)]=z_zwo (Iz]>]e" %)

RYE =z BEHR Ry 2 ko R P DU B o B 5 3, PT 45

Z {cosh({nwg)u(n)]=% [(W)u(n)]

=%gz[e"wou<n>1+%ex [e™™ou(n)]
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_ z + z
2(z—e%) 2(z—e “)

_ z(z —cosh wy)

2% —2zcosh wyt+1

G

% [sinh(nwg) u(n)] =2 [(e—_Te—)u(n)}

_ z _ z
2(z—e") 2(z—e “)
zsinh wyg

22 —2zcosh wy + 1
LW 2 R BBIEII R | 2| Smax (e ], e (), & vy HIEZH, A
2] >e“,

(Z) s (aBfE)

BHRRFIBIEN » RHREETFH  THHXF, EXRFRTAER
FRFIMAER(EIDREB(ER)HHARBR, FRHERE XL TERE 3
N RGN - B, ENHABEEAHER,EXEEARNFSR. TEHZ
JLFPE RTINS .

(1) ®Wh =

EHRY] x(n) I = A

Zlz(n)]=X(2)
MEFIERE , EHAML - EHET
Flz(n—-—m)]=2""X(z2)

HERH
REXGH = BB E X, 15
Flaz(n—m)]= Z z(n—m)z™"

n= — o0

oo

=z " Z z(k)z"*
=2 "X(z2) (8-34)
E#, T BEAEBRFIINIA = T
Zlax(n+m)]=2"X(z) (8 -35)

AP m AEREER, AR (8-34). KB -35)WUEH,FINBRLMH 2
BERIEz=0F 2= oW BRABHREETL. WR () BEIGHFFH, X (2)
RIRSIRAF X (B R, < | 2| <R,) , EXMER T RIGBIFALHE 2
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(2) B3 = Tk
Hx(n)BRWHFH, HEH - B#]H
Zlx(n)uln)]l=X(z)
MFPFIERE, ERRN « BHRET

f[x(n+m)u(n)]=z"‘|:X(z)—m

1

z(k)z *] (8-36)

-~

ik BH
WIBEN = T E L, 77
Flaln+m)uln)]= Z:c(n‘i' m)z "

n=0

Izmz:c(n‘l‘ m)yz (™

n=0

=2" ix(k)z_k

m
e m—1

sz[Zx(k)z'k— Zx(k)z_k}

m=1

sz[X(z)— Zx(k)z_k]
F#e, AT IR B A B FIIM RN - Bk
Flz(n-m)u(n)]=z " [X(2)+ Dz(b)z*]  (8-37)

k=-m

A m AEBR T m=1,2 8HFR,X(8-36) KB -3 WLIE
Flx(n+Dul(n)]=2X(2z) - z2(0)
Flz(n+2)u(n)]=22X(2z) - 222(0) — zz(1)
Flae(n—Duln)]l=2"1X(z)+z(-1)
Flz(n—-2)u(n)]=2"2X()+z 2(-1)+z(-2)

B 2 () RERFI R - 3DEBE D 2(k) 2 ‘IRETFE, FAEA

BREIIWEY « BIRAEN o
Flx(n—m)u(n)]l=2""X(z) (8-38)
MEAB TSI BA « BEAH

fcy[x(ner)u(n)]:z"‘[X(z)—Ex(/e)zﬁk] (8 -39)

Bls-8 BHESHEETR :
y(n)—0.9y(n—-1)=0.052(n)
BREFH y(-1D=0,A 2 BHRFERBREWMPLy(n), (WBEMASGHZEMH 7 -
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10 A, B = BB R )

fig
XHBRFERASHNER - T, FEAINVBHEEHE,
Y(2)-0.92"'Y(z) = ()Oéf
0.0522
Y(2) =200 (e = D

FRBHAER, L

Y(z)_ Ay . A,

z  z2-0.9
BHREB
AIZ(O.OSz — 0.45
=1 /.-09
_{0.05= _
Az_(z—0.9) :1_0 5
_ —0.45z . 0.5=
Y(2)=799 t o1

y(n)=[—0.45><(0.9) +0.5]u(n)
5 7-10 HERZE L.

AEVE RPN - THRFERBEF TR, ZB,AFTAA  THRY
WA, MRS, A THRRBEFTBROFEETREER T TS
II:HO

(Z) FH&EMM(z Hiks)

EEH
X(2)=Z[x(n)]
I ff[nx(n)]=“ziX(z)
EB
[

oo

X(z)=> z(n)z""
¥ EXBAX - RFH,B

g%%=i§x(n)z"” (8-40)

TR ESRMMOKF, EREH
dld(z—): Zx(n)i(z_")

n=0
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= —z_Ian(n)z_"
n=0

= —z_lﬂf’[nx(n)]
Brid

EZ[nx(n)]:—zd)g‘(zz) (8-41)

A RFFIREIMA (R n) SR TH - THBEBAEU(-2),
WRKE nx(n)FRYU n, FHL(8-41)771E
ZFln*z(n)]=%[n*nz(n)]

__,4d
= zdz%[nx(n)]

2—21[—2£X(z)}

dz
B ?f[nzx(n)]Zzz dzjfz(zz)+zd)§(zz) (8-42)
FARRE R s, vl L 75 3
m I _
% n x(n)]—[ zdz}X(z) (8-43)

R L]

e e o))

:/H\:‘E‘k% m 75-’\0
B18-9 HERZ[u(n)]=_27, REBFF nu(n)l9 = Th,
&
B (8-41)778

F [nun)]= —zifx[um]

)
“delz -1

P4

:(2—1)2

BREXG-NMEREL—B,
(M) FoHEEMR(z HRETH)
HEH
X(2)=Z[z(n)] (R,<l|zI<R,;)

Ty
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#lae(m)]=X(Z) (Ru<|Z|<Rn)
(a HEFEH)

1iE BH
AR

Fla"x(n)]= Za"x(n)z_"

-Z=m()

Brih
SZ’[a"x(n)]:X(ai) (8-44)

AR,z () RUBRFIIFERT - FERERS. LT LUBETI)

RF:
Z(a "z(n)]=X(az) R, <laz|<R, (8—45)

Z[(-D"x(n)]=X(-2) R <|zI<R,, (8-46)
B, F (- 1) u(n) FBREH - BERNA

ff[(—l)”u(n)]= £

% 8-10 Hafﬂf[cos(nwo)u(n)] ?K 5 B"cos(nwy) u(n )y = A
#,
f#
mA(8-13)EH
z(z — cos wq)

% [cos(nwy)u(n)]= )

(lzl>1)

—2zcos wyt+1

BIER (8- 44)W AR

Bﬁ(__COSwO)
% [ B cos(nwp)ul(n)]l= 5
( ) —cosw0+1
B 1- 8z 'cos wy
“1—2,Bz_lcosw0+,822_2

o BR,KHEREXGB-15)RL2—H,

™ |k

() MEER
= x(n)REARFS,EH

X(z)zfz[x(mzz_]x(n)z-"
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y 2(0) = lim X(z) (8-47)
UEBA
A

oo

X(z)= Zx(n)z_":x(0)+x(1)z_1+

n=0
.I(Z)z_z‘f' ves

W oo>oo EFRKWEKTRTE T £(0)5, Kb B ITAREE FTF, Brid
lim X(z)zzlggzx(n)z‘":x(o)

() £EER
() BRERRFS, EH

X(z2)=Z[x(n)]= Ex(n)z_"

=0

il
lip;x(n)zli_r_l}[(z—l)X(z)'] (8 —48)
i B
HH Zlz(n+1)-x(n)]=2X(z) - 2zx(0) ~ X(z)
=(z-1)X(z)— zx(0)
Bk R 1%
lim (z—1>x(z>=x(o>+§511§_)[x(n+1) —z(n)]z""
=z(0)+[x(1)-=2(0)]+[z(2) - z=(1)]+
[x(3)—x(2)]+ -
=z(0) ~ z2(0) + x ()
FrLA

lim(z =1)X(2) =z ()

MNESPAUER  REEEREY n—>obf xz(2) WA T, kR
BER X ()RS LR ERANBN(ERANE EREANT 2= +1 SHE—
Bk i) o

UEBANEHEWM AR TFRHRER, MREDFH 2 (n) W =z BHh
X (=), FEARBEGLMFELT , ¥ AR R X 54 & 3RAR JOF 18 shok 51 iy w0 1
z(0) FZAE x(),

() HHEERER

BEBHBEFI 2(n),h(n), H = BN

X(2)=Z[x(n)] (R.<|zl<R,)
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H(z)=%[h(n)] (R, <lzl<Ryu)
m
Zlx(n)*h(n)]=X(2)H(z) (8-49)

E—RELT, RS E X(2)5 H(z)RSEHEEZET 2, B max(R,,,
Ry)<lz|<min(R,;,Ry) 0 HMTH— » BH WA % R EBS — =
A e 0 SR HETE , RSO & K

EBA

A A

Z[x(n)*h(n)]= 2 [z(n)*h(n)]z™"

D1 D1 x(m)h(n—m)z""

n= —00 m=—oo

oo

Z I(m) E h(?’l_m)z_("_m)z—m

m= — o =

oo

D1 x(m)z "H(z)

m= — oo

i
Flx(n)*h(n)]=X(2)H(z)
HEEE
z(n)* h(n)=% '[X(2)H(z)] (8-50)
ARHFFIEN BT HERERTE - BPHFI - BHRMARR, & 2(a)5
h (n )43 3 2% 1k it AN 28 B BR G0 B SR e 5 s A R e b, BR A ZESR R 2 0
W B 5y (n) B, 0] LB Sp e B2 B, MR BY T30 (8 - 50) B X(2)H(2)H
WBHRE y(n) , EREFRTRXELEFFHLE,
fl8-11 RTFIWBAEHIFIIHER:
x(n)=a"u(n)

h(n)=0"u(n)

X(z)=—=— (lzI>lal)

zZ—a

H(z)=—%. (Iz|>[s])

mR(8-49)18
Y(z)=X(z)H(z)
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22
“(z-a)(z—b)
B SR N = >al 5zl >0 WERMS, K 8-8 Fim.
| Y () BREASR,E

1 z b
Y(z>:a—b(z‘ia_z—zb)
HH R
y(n)=z(n)*h(n)=2Z '[Y(2)]
1

— (an+1_bn+1)u(n)

Ta-b
Blg-12 RKRTFIFHFFIHNER:
:z(n):u(n)
h(n)=au(n)—a* ‘u(n-1)
ﬂ B8-8 qu(n)*bu(n)W =
= A 45 SR
X(z)= fl (I=z1>1)
Z
H 7 B P A
H(z)= f - _z sz 71
)4 a Z a

=22l (2> 14D

H K (8 -49)1%
Y(2z)=X(z)H(2)

=z .x2ml_ = 15
a

z2-1 z—a =z-—

y(n)=z(n)* h(n)
=77 MY(2)]
=a"u(n)
BR, X(DMHE(z=1)% H(z) T K{K
Rez B, & lal <1, Y(z)MWBRHHEX(2)5
H()WBRARZEZWOER, MA 8-9
FimRo
FA : RN BEREHELITRR
B8-9 [au(n)—a ‘uln-1)] BRGFE 7.7 THEBFERMR). HEHR
* u(n)W z BRI ERMPE 2 BEFER Y(2)=X(2)H(z)
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TEL,EEH Y(2),H(2)R X()BREH Y(2),X(2)RH(z),ZAF
2 AF B AR 7 AR RS TR X (=) B0 H (=) 22 9075 fe B A 45 3 B 49 28 34
R z(n)H h(n)e BR, NI LR E—FHEFERHTERERTE, R
T LR SRR R, X REN SR « EHRAMBRE S — « BHR
B, W SO B A AT B B R B X, 4 FAr 80 = 2B R BB (0 T 24 R
Z AT A CBD R B/ R EOR ), W, BT S 45 ¥ th 32600 0 41
A, R B R BEARTE 24— oo Bt IR BN . T A 8 ~ 20 MM T L bR R L
A — R R LT B
() FFIHER( BEREE)
EBHBEN x(n),h(n),H 2 TR
Zlx(n)]=X(2) (R, <1z|<R,)
Flh(n)]=H(z) (R, <1zl <Ryz)
i)

7lzmh(n] = 509 X(ZJH(v e -5y

Flz(n)h(n)] = Ziﬂggcxwm(vﬁ)v*dv (8 - 52)

ﬁ*CuQﬁﬁﬁX()ﬁHhWiX()%H()Wﬁﬁi%%ﬁﬂﬁﬁ
SRR HER . T 2 [x(n)h(n) ] MBI — ﬁwxunﬁH()&waa

X(Z )wmansy.m
RJ;I Rh1< , zl < Rl.thz
i

Z[x(n)h(n)] = Z [z(n)h(n)]z™"

— 2 [2TCJ3€ X(z)z"" ldz}h(n)z

:7.[§xmv—sz

1
—%Sé {X('v)":zvmh(n)(;) }d_'u
CZ

y v

1
7

X(v)H(f)v“ldv
FRIEE AEBIR (8 - 51),
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ABTTEIES S BAT A, X (o) KRS X (=) MR, H( )mmuﬁx

Rx]<|’()]’<R12

Ry

AEHEFAR B Z (D) h () RS, BEEDH
Rleh1< I ZI <R12Rh2
HTERRG-2)XLFER, BREELE—TEH, BOERS, <

Z
o < ha

v=pel?
z=rel?
RARK(8-52),1BF
i@
2 Le(r(n)] = 2§ xwef’m(f})—(ﬁ’jg—)

= mﬁc X(pe’o)H[;e’("’_g)]dﬂ
BT C, BE,# ¢ FIBHDBRA —n~ +n, X # LXK .
ff[x(n)h(n)]=2inf; X(peje)H[pLej(‘D_a)]d@ (8-53)

BRART AIEEBEEL 0 AEEH X (pei®) 5 H(pe') ZHB,

TR z BMERARB-51) AR (8-52)K, @HETUMFAIHREHE, X
Bt M EREL C EWSUR N EREE,

gl8-13 FIH 2z HBEREHER na"u(n)FFH 2 ZTH0<a<1),

® HEH

X(2)=%Z[nu(n )]" (1z1>1)

1)2

H(z)=3l"[a"u(n)]=z_ (lzl>lal)
M2 - WEREHEMA
Z[(na"u(n)] = i§ X(v)H(v )
1 v (5)
_z_

2] c<~u-1)2'( _a)'T

dv
v

1 z

T 2m C(v-—l)z(z—av)dv
Zl>e MESXE, MER 1<|v|< —j—

o @j‘]‘Zl
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>1,lal<1,FFLAELZ C REE—
X
% [ na® u(n)]— SE

~ Res [(v 1)2z(z—av)]

z

c(v- I)Z(z—a'u)

“HtR A v=1,0HE 8-10 FimR,

jimv

v=1

el

—ZE = (lzl>lal)
“(z-a)?
HEZER5XB8-11)%2—%, B 8- 10 K £ o P
: TR BFESEFR(EE)IT (v-1)*(z~av)
ﬁs - 5o L%g*&"ﬁﬁﬁ
F8-5 EHRMTEUR(ER)
e 227 z I
1 x(n) X(z) R11<|Z|<R12
h(n) H(Z) R,,1<fz’<R,,2
2 ax(n)+ bh{n) aX(z)+ 6H(z) max(R,;,R;)<|z|<min(R,;,R;,)
3 Rel[x(n)] TIX()+ X" (z*)] Ra<|zl<R.
4 mlx(n)) | 5 [X(:) = X" (2")] Ru<lzI<Ry
5 x"(n) X" (") R, <|z|<R,
6 z(—n) X(z™Y) R, <lz 'I<R,
7 a"x(n) X(alz) la| R, <|z|<lalR,
8 (-1)"z(n) X(-=2) R, <|zI<R,
9 nz(n) d)fi(;) Ru<l|z|<R.,
10 z(n—m) 27 "X (z2) R, <|z|<R,
11 x(n)* h(n) X(=z)-H(z) max(R,;, R, )<|z| <min(R,;,R;,;)
2] z(n)h(n) zimgﬁ xwm(i)i—” Ra*Ry<|z! <Ry R
13 >3 x(k)
14 -}-az(n) Xa(;ul)dv
15 %.r(n) ~J()X('u)zfld"u
16 z(0) = lim X(=) () HERFF |2 >R,
17 () =lim (z-1)X(z) z(n)ABERFH, BY |z =1 1
i (z— DX (=)W
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8.6 z X#{EBEBMERNGX A

ERABELSITIS T /R TS, EEN Ak HENHERMN 2
T, XEFHIFARIH, ENZAEEFUNRR  E—E&MTHUE
MR, EENETLINERNEREGMEMEMTHRPXER,AERE - TR
LSEORIENR TR TP F

(—) z FEEs FTEHHBRHXE

AESINEELBTEEE » 5s ATIIXEK:

z=eT (8-54)

% s=xln =

Ref T RFFIR R, B o, .
BT R s~ = MBAER o R REALITBR, T « RRRBL
2N

s=otjw (8-55)
z = reja
X (8-55)RARK(8-54)
rejﬁze(uﬂw)T
FE&,583
r=eT=ca (8-56)
=T =2n>

FAERH s~ FPEHENTHBHERXR:

(1) s FEEWBH#(c=0,s=jo) ST - FEZBAHE, H AP E
S8 2 FEE SRR RS, T FE RS S 2 FEHZRMCEMEAN.

2) s PHRELM(0=0,s=c) 58 » FERERIESH, FITTLHWER

(o HUEOBS B = PR TFEANBIE L 2= 1, 23,7

FAT T LR ELBRE T « VR EH,

s~z FE BRI R RINE 8 -6 Fim.

(3) B Fe " BUl o, NSRS R, BT s @ L3 B 5% x5 T
z Wil WA R AR B o, WA R — B, BT 2~ s B
HARBMEK,




76 HNAE BH EHNERLN S0
#*8-6 zTHSs THNBMEXE
s FEHE(s=0+jw) z B (z=rel?)
jo j
o4 LAl |
(0’:0 (721 )
s=jw o g OEE
EXEH FALEA
(s<0) 1 R (r<1 )
ez ﬁ'ffﬁ
- B 07 B 4
r>1
(6>0) ( )
6 1EE
ETTHREM L]
BE& <6>0,r>1
(o AERD a<0,r<1)
jw jImz
S iE 2
w=0 6=0
(2 T | sl
jo
AT TR jo, W IR
—————— |
HZ
(w0 HEH) of @ (M%‘)
e riEE
kw JZ)) jlmz
BN £ _ 7 i % B
P ==
FFEMNES i — = ( )
he13.0) S - r R
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B 8—11(a)~ (e)BiHA L RBRET KR o

jo

NLEQ N|E
q

"

-
2

©
E8-11 = VHESs VHEHBR X REH

TEFELEM E RENHF, RIOTBAMHRE R s BT WA AFEFR
ROEMRMTE, £ETER s FHEYS - FEHRFAEZE, 55 M ALK
77 BT 5T B RO ] R L R AL = P TR S AR G A SRR ST A DL R AR
BIRR, XM RGHE 8.8 Tl 8.10 WHIBT K &,

(Z) z B SGHREHBREIXZ M E

HEZENBES 2(DEHIMERRFES «(»), BEA (2 (1)] =



78 HBAE  BHR EEHERLH 2 R

X(s), FEITIEHEEEY X()BH Z[2(n)]=X(2). [EBML X(s)M

X(2)RHRR ()M 2(n) R REBRE z BHRIOREX, B, GBS

X BRAFRAMER, ZRFACHRBNES, BHH X Zrn , HREPARR,]
TEUT M, R, 5 TSR A5 S 10 R 28 R R EUE -5 X B F 5

BEA XA B, ERES « () =0 ,ﬁ%)‘(ﬁ%ﬂﬁl‘ﬁﬁ%‘ﬁﬂu(n)&

n=0mREXN L,
HELEREES ()l N TIEEE S HINA S WA

z()=x, (1) + 2, (2) + -+ 2(2)

-

—-

z,(1) = 25 Aeult)

EHREG, ENHLRAERN
NOA

Llx(2)]= Z sy

FHFF) «(nT)BE N THEHUF FIAH A& T
z(nT) =z (nTY+ 2o(nT)+ -+ z5(aT)

i

= in(nT) = ZAiepf"Tu("T)
BH <« THH

X A;
Fz(nT)]= >, ——
[-Z'(ﬂ )] P 1_ePiTZ‘1

(8 ~57)

(8-58)

(8-59)

(8- 60)

MREB-5NERB-5DEHZHB, (2 T)HWBHEHETF 2 ()E t=nT &
BZHBEE. RAME =0 n=0)EERTX—MNE. HAX—-HALHWEH
BENSEERERST, BEAHENTFR(E-57)MA(8-59)F &M, LT E

i HAE
0, (:<0)
B(=1 5 (t=0)
Ae?t, (:>0)
0, (n<0)
z;(nT)=< A, (n=0)
At (n>0)

HLAE AR —ERARRBDAE 0 KR A, /2, Bl

(8-61)

(8-62)
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z(D)u() |- (% n7#0)
z;(nT)u(n)=1 A. ' (8-63)
FOuO]o i+ 5 (4 a=0)

HEWRR(8-63)BERMEMT, AT U v [z(D]I5Z[2(nT) WML E,
HEHMK(8-58)m, 3 A, . p, HAKX(B-60)BITI R 2 (nT)Z = e, T
4 HELH,

B8-14  EMBBES () WA RS L R A5
e “Tu(aT)H = A #e,

® c2a
x(t)=e “u(t)
X(S):sia

X()BRBE—-T—ME s= - a, XHEHRA(8-60)ATUEBERE e Ty (nT)
B = TR

1
X(z)=m

BI85 BRMERRS sin(wor) u(O MR RS R 3205 R 71

0
sin(wonT)u(nT)H = B,
® e

x(t)=sin(a)0t)u(t)

- %o
X()=7.5

wy
R XGIMRERT 5, = jwg, 5= — jap, BB HIH A, = %jzz A=
FTE, XGRS 42
i i

2 .2

S—ij s+jw0

i =X (8 - 60) 5] U155 sin(wonT)u(nT)H = TH K

X(s)=

J ]

2 2

— - + —
- > lerOT 1_2 le JwUT

X(z)=1

_ z 'sin(wy T)
1-22 'cos(wyT) + 22




80 HFNAE

BB EBENEREN S0

BR, EAFIMERSHELRBHERZ L,

MFERRK = THOBHE, BRI ALK 2 A8 B, 398 50R x5 J
FRERPABMA. EHTE 10.6 1K FEF B X FhxF R AL E7EH By 10108
SEETT R T R 2 F A

£8-7HHTHAZEEFESHAIRESR X() THMBEFF = BEEXTR

KE,
#®8-7 FHESHIKTHRSE : TH
X(s) (1) z(nT) X(z)
1 1 a(¢) 8(nT) 1
2 % u(z) u(nT) zfl
1 2T
3 - t nT 3
5 (Z_l)
1 -a —anT _z
4 sta e ™ € z—e T
2 T2z(z+1)
5 == t2 (nT)Z L.
s (z-1)3
wy . . zsin{wy T)
6 e sin{ wgt) sin( nwo T) T Jrcos(wg T) + 1
s z[z —cos(wy T)]
7 Tt cos(wqt) cos( nwy T) T 2zcos(ayT) + 1
1 —at -anT Tze_aT
8 (s +a)? te nTe (e—o )
9 ®0 e “sin(wgt) e "Tsin( nwy T) ze “Tsin(wo T)
(s+a)+ wb 0 ®o 2t —2ze Teos(wy T) +e7 2T
sta ot T 22— ze Teos(wy T)
10 (ta)tal e “cos(wyt) e cos( nwy T) 22— 2z¢ “Toos(wgT) +e 2T

8.7 ﬂ}ﬂ : EBBES T

FE8.STHI8-S LKA - RBMES T RIFBLH, AL H—

AL,

B, AT RS B Lo

SHENAEHRARENES T BE—BRERE
Zaky(n—k)— Zb,x(n—r)

BFTENFEBERET « ERALENABYE, BE0 T BEL IR

(8-64)

HERPIHTAL = }Zﬁe HAM = E&E@u%"ﬁt(s 37) A LR E
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Zakz_k[Y(z)+ley(1)z_l]

_sz* [X(2)+ Z::(m)z* ] (8-65)

H# 2(n)=0, ED%%L??%‘A% lttﬁj‘%éz‘rﬁﬂ(s 64) B R F IR 5 78
zaky(n—k)=0
T (8 — 65) T -
kﬁ;akz”‘[Y(zH iy(z)z‘l]=0

L=—k

F&
_z[akz—k.zy(l)z—z]
Y(z)=—=2° —=—t (8-66)
Eakz_k

Kot 17 B e 7 7 3 b SR AR e, B
y(n)=% '[Y(2)]
BREEZEMAWL, ZWNBARENERRE y(D(-NKIS-D)T&4E
B
EEGHRERS y()=0(- N<U< - 1), BREELTFERRRES, o
R(8-65)FM

Zakz kY(z)—sz TX(=)+ Zx(m)z-m]
LIRSS 47 x(n)ﬁﬂﬁ%f??ﬂ J:'Q_IU'%ﬁE

Zakz_kY(z)Z Zb,z"X(z)
TR

M

Zb,z'r

Y(z)=X(2) 5

Dlaz
k=0

&

M

Dibz "

H(z)=+*3 (8-67)

2 agz "t
k=0

m
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Y(2)=X(2z)H(z)
M BsF X 1 B 7 51
y(n)=2 '[X(2)H(z)]
XEEFREINENERENZREWMY, EXEREMM «(21)FEN, X8
FRSIAW = BHRX HG)REHRENFETAEE, ERRE TR ETiEHE#H
REN“RERY . G LAWRHBER ATUEL  BHALENLSHNETES
AW B 55 B AR 2 WA R 2
Blg-16 —HEEMRGHWESFEN
y(n)—by(n-1)=z(n)
EHW x(n)=a"u(n), BEME y(-1)=0,RWEE y(n)o
B! OMENFRFELRES = B, HABAR(8-37)EE
Y(2)—bz 'Y (2)-by(-1)=X(z)
HA y(-1)=0,F7
Y(2)—bz'Y(2)=X(z)

X(z)

Y(z )_ — bz !

ERz(n)=a"u(n)l = B#HRH
X(z):z_za (lzI>lal)

TR

2
(z—a)(z—b)
HBEAMTF 2=a, & 2=b, IR -31)TUH L RBRE A4

Y(z):aib( az bz )

z2—a z—b

Y(z)=

PEAT A e , 18 3 i 7
y(n)= 1b 6" D ul(n)

BT RERGA T TR, BT LR G R 58 200 57 5E 1 TR 25 W0 5L
B18-17 XNTLHMELSFTR ZHHAE, BEERBEAETFE, ML
y(-1D)=2,REGEHIWR y(n),
B EAESTEN = BHhHN
Y(z)—bz"'Y(2)-by(~-1)=X(z)

BT LA
X(z)+by(-1)

Y(z2)= -
1-542
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_ X(z) +by(—1)
1-6z"' 1-b6271

B X(2)=—"—,y(-1)=2,3%#

’
Z—a

22 +sz
z—a)(z—b) z-0b

Y(z):(

J& B 43 4 X
a z b z_ 2bz

a—-bz—a a-bz—-b z-b

Y(z)=
AT A e , 15 B R SR N

y(n):alb(an+1_bn+1)+2bn+l (7120)

8.8 BHALVWALIK

(— ) 5 (oL 8¢ 15 ) R 55 %% 5 o 30
M ERERAEEBARGEN BT TURAKEE REE,TTERER, ©
T -64)BEAEHTEMESTRH—BEAXN

ZN]aky(n—k): ib,x(n—r)

W () RERFT], B RGA TERE At LA < EHIGE
Y(z)'iakz_k=X(z)'ZMJb,z_'

Fg kﬂ -

M

St

X(Z) Zakzhk
Y(2)=H(2)X(z)
H(z) RN BBERENRERR, CERRENERESHM SEH = F#HZ
ttﬁo
REB-68)MFE5BEHIRNRAXNIEATURE X
Ha-zz"Y
H(z)=G ‘F+—— (8-69)
H(l_sz_l)
Ht 2, RHGI)WNZEE, p BHG)ABRA, EMNHZES T BREK o, 55,




84 HNE o BH EEMERLN 2 HAH

P RE o
HELEDZHE, RS RA W Rt T R )5 5 A0RE (8 W 6L R 5
HER, B
y(n)=xz(n)* h(n)
B At R e L 155
Y(z)=X(=2)H(z2)
5, y(n)=2 [ X(2)H(2)]
Hrp
H(Z):fg[h(n)]:z%h(n)z_” (8-70)

AR, ZERE H(z) 5B BEMEMMN A (n)R—F = B, ROTETLIFIAE
BURRGMBRAEWE, XA UERERB S M A HRAFRRZH « BEHRXK
HE Wi .

B 8- 18  RF 52543 75 72 BT 1 A B B0 BEOR 46 9 2R 40 R O B AR (EL
N :

y(n)—ay(n—-1)=bzx(n)
3
B2a T BRMAR « 2%, MBS E, 5

Y(z)—az‘IY(z)—ay( -1)=b6X(2)

Y(2)(1-az ) =86X(2)+ay(-1) (8-71)
MRRGELTFERS, B y(-1)=0,WHX(8-71)7]4#
b bz

! Zz—a

H(z)=

1-az”
h(n)=ba"u(n)

(D) RZEHNFERASFNREFEHR T

(1) By 22 52 oK B0 T AR A 20 77 0 i B A5 0 {1 e

SHREREESZRETWERLBMU, EBHARLEP,  LHEL T W E K
Hx(n)5 s BEE X()ZHE—EHHEHRXFR, B, TUMN - BHREHK
X(2) BB B B (B] bR 2 () O EEHE IR . X F— AN B R GOk 3, 2R
ENRRERE H()REBER, 442 F 20N 8 2T AW 7% 4 B
T, ENREF 45 F£R g(z)ﬂﬂg,ﬁ*ﬂﬁﬁ,ﬁ%{ﬁﬁ,ﬁﬂiﬁ@—69)5?/1—?,&]

Zbrz_’ H(l—z,z_l)
H(z)= r;(s =G 2=

N
Diar JTa-pe=™"
k=0 k=1
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HMTRAEER H() SRMBEEWN h(n)R2—5 =« Tk
H(z)=%{h(n)] (8-172)
h(n)=2 "'"[H(z)] (8-73)
BREL, 2 N H() BRSNS FHEN, eSO EWY b (o) R,
WRAE H() BRI 433K, B4 H(=) BRI — T %t 1L #  f5]
FFole MTRE—BHRA prope. on WREREE N>M Wr(n) TRR

A
h(n)=% 'H(z)]

M

H(l—z,z_l)
:Qf_l G r;l
H(l_[?kz_1)

:gﬁ‘l[iﬂz—} (8-74)

02" e

AHF po=0o X, EXTTHRFRK

h(n):i?ﬁl[A0+ % Az ]

i1 27 P

=A06(n)+ZAk(Pk)"u(n) (8-175)

X8 BE pp TUREH,BE—BELT, EEUBRNMBEEEHER B, &
EFT R B RRERL A (n) BRI T H()WREA, HBEBREEK A,
PSE, M Ay SH(WELASIBE R, BRHREBEHREMY, Hz)WBEARE
A(n)WETERRE, TE S R h () WIRE SHA,

ERO6TEAWRT » BHEMKRTHZENWERR, HL, EXEELT
DGR z~s FPEHMBHXR .G s BERASVTWEREER T oW
S

FMACHK z~s FEBHEXR

z=eT
z=rel?
s=otjw

r=e’l

0=wT
XA, K44 FA-SHBRFH HGIHRARTE h(OBRMXR, TUHE
BXNH H()HREADHE ()RR R . TR SHER, XX
ARBETHE8-12, P XER H(2)W—Br 8 SRSk S e g
(2) B iU 18] 2R 4 B £ 52 1 0 B8 SR 4k
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jimz

/N, \
{ / N e A \
{ | \.\ e \l \
-1l Nd 1
~ X ‘* (/). N X ’* Rez
\ r N ||“||]IlI / ﬂj|||| ;III”””
] \ ’ AN /
~ \ ~ / /
7 N
\ Y > /
\ / ey - N\ /
\ ’ i T N /
N2 NS
X ¥
/7N PN
4 \\\ i
7 ~ /// N
/ \\_#__, ~
‘ AN
& *

B8-12 H(HMBMAMES n(n)BREXA
EHECET.S VEMNBSET R T B RENREENERE, R

TEM z BFES B R R NEE S H R
BB (8] R SRR E Y FE S b B AR R B AR RINL 2 () 438 0T F0, B

i} lh(n) <M (8-176)
Kb M Oy EREM, R (8- 76) LA
i lh(n)|<oo (8-77)
i = S SRR SRR TR
H()= S h(n)e (8-78)
Wooo1(f . PERGEL)
H(z)="§}mh(n) (8-179)

8 2 e AR RE B I R
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ih(n)<°0 (8-80)

XRA M FRERL H ) WSS G FAMEEN,
MFERRGE  A(n)=h(n)u(n) AEARFI, EN » THRZ ISR GQE
oo i, AFEWHBRRAEBANK a<|z|<Koo,
e BRI R 2% B B AR E B R R S8 R B 0 R DL B B O T R A,
ig:ll
a<|z|<Koo
{ (8-81)
a<l
X, 2R A EEAMERN,
518-19 RREBHAGHEDSTEN
y(n)+0.2y(n-1)-0.24y(n-2)=x(n)+ xz(n—-1)
(DRARGERE H(z);
2WIHERRSE H(=) RSB MR EH;
(3)RBALREAEMANL A (7 )
(4) BB = (n) REALBBRIFFIET , RBREWEL y(n),
#
(MHBEFFRBAR » Tk, 5
Y(2)+0.227'Y(2)-0.242"2Y(2)=X(2)+ 2" 'X(2)
T

Y(z2)_ 1+2""
X(z) 1+0.2271-0.24272

H(z)=

] 5 |
B z(z+1)
H(z=) =0 =0.0)(240.6)

(2) HGz)BWBWAR A LT 0.4 1 - 0.6, ERTEERACE W, X E R
REZWHHE N 2] >0.6, HEE 2= , B~ RENARRE,

(3)¥H(2)/z REIG2X,532

1.4z 0.4z
H(z)="073"770.6

BH AR B , 1% B B 7 B (6 IR
h(n)=1[1.4(0.4)"~0.4(-0.6)"Ju(n)

(lz]>0.6)

(4) % B
z(n)=uln)

] X(2)=-25 (I=z[>1)
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TE
_ _ 22(z+1)
Y(z)=H(z)X(z)= (z—-1)(2-0.4)(z+0.6)
¥ Y(2)BEED 5, E3

2.08z 0.93z 0.15=
z—1 =2z-0.4 z+0.6

Y(z)= (Iz]>1)

BTG, B y(n)A
y(n)=1[2.08-0.93(0.4)" —0.15(~0.6)"Ju(n)

8.9 F3 ¢4 2T (DTFT)

(—)EX WdFs

HiEgn HES AR, M TEBRNEFESHE, EEHERAESAE
HEWMN . AWIHEFIMEEN R, 5 HE XM — SRR MR, T A
A H( )R BB RGBS, TERNERUEN FH XA
5 SRt WA EERE,

WM 2z BHFIHFIRERTTH BT HEANE L. FH (o)W 2
A

o0

X(z)= E z(n)z "

1("):%“3 ﬁcX(z)zn_ldz
B s~z FEMBHERTH,s FEEWBRH(s=jo) XN T » FE L8 RA
B(lzl=18K z=e'*), & 813 iR, X, BME EH = THARFTIH
R X (e’), Bl

jms jlmz

el i) [ Y
o
o Res (/H Rez

B 8-13 RIFBWRBSIE 5, 2z VI _EBEHE
X(e™)=X(z)] o

£

= >} z(n)e ™ (8-82)

n=-w
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i 3% 42 e
1 X(2)z" dz

2|
E L

xz(n)=5=
] lzl=

Il

ro [\®] [\ *]
g e e

o o

X(el®)e"-e9d(ei?)
Ixl=1

® . . s
X(e'®)el"? e 1%edw

j X(e™)e ™ daw (8-83)

Fe 3 B9 {8 B ot A% 46t Bk O B i Ad A) {4 B ot ZF #t (Discrete Time Fourier
Transform, 5 % DTFT) , @ E AU TH S HNERAN z (o) REEM IELE#H
A

—

DTFT[x(n)]=X(e*)

oo

= >) z(n)e " (8—84)

IDTFT[ X (e!*)]1=x(n)
:Z%J;X(ejm)eiw"dw (8- 85)
DARAS 5 B A S S e (R B AR e (B R S A L A RO A E 5B
BEHBRHEEE,F—SABESLER L E L.
X(e) & w MEREK,TERHN
: X(e¥)=|X(el)|ei?
=Re[ X(e™)] +ilm[ X(e'*)] (8—86)
X(e)FR x(n) BFBESRE, BFRN z(2)HFE, | X(e) | AEEE, o(w)
KD, “EBRE o WEZRE. BT “RER o K 2n HAMMEHPE R
BOHEK X(el)WEU 2x HEAPHAMEE, TEHREERR, 2 (n) WEHER
REAMMEN, 58 =5 3.10 WA S RS LR, —EREE—-B.
Bl8-20 # x(n)=Rs(n)=u(n)~-u(n-5),RILFFKHEBEHEHR
X(e™),
fi#

X(e*)=DTFT[Rs(n)]
- ie'jwn _1-e P e i3 ( 3 — i )
-0

I-e™ -5\ oif - i3
(5
] sin ?w
=e ¢ =X (e) ]l

sin(%)
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Hor, B

sin| 5w
2

sin(%)

sin iw
(2 )
@
sm(z)

A arg[  JRARFEENRSRIANEE, WA, HEAEARF o X2 5K
0,7,2n,3n,4mn,o B 8- 14 BT Rs(n) R IEH4EME AT,

[ X(el*)| =

T FB 3345 4

p(w)= —2w+arg

Ry(n)

1

SN i B B

012345 n
[x@)|

b

—I21: —ln o 1|1: 2I1|: w

P )
4n

_\ \ _\\\MT\ W\
21:\\7: _4_:_—_ \n\ \ 2n\ w

B 8-14 I3 Rs(n)M @ EMHTH
B18-21 FHHEBHERSGHWHEEGERESFEEN He*)MES-15
()R, REKBEN S h(n) (BPARREE R,



8.9 FHMEEMTH(DTIFT) 91

2
B (8-85)K#%E

_ZN,[_

—We [¢] W w

F8~15 MAMKEEHEE
B 8-15(b)mth A(n)ETE. B h(n) B RIEEZ#HL (8~ 84) KM, M N
=7(M - N B+ N 3£ 15 MEE) MR Hy(e'*)IE 8- 15(c) Fim , AT LLEF
o= FEEZRLE EWEH, MFTE Gibbs AR,
WERER,NFFFI x(2)TE, BNE LM 2 B X(2)] . BREFIH
HEMER X(e), K, BRIEFFIN » THREE, X()WKRSUALFEE
AR, HEH

1X(e) =] 3 (n)eion

< D) lx(n)lfe i



92 HAFE L BEHERLN

< S Jaln)|<w (8-87)

BB TF o B— P EERE X(e@), —HERABREMLLH >0, BRERE
N, f#

X, () XA U 6 B R TE . X, R D) z(n)e ™

N

‘X(ej'”) - Zx(n)e_j“'"

RN Rbe &%, 5( - KEHE o EFTE.
() AT ) P AR IS A TE T A S e B8 — 21 7 A () KW
s ST A2 U, AR T R AT T,

Zm“z(n)‘z = Z

= = -0

<e (8 —88)

sin( nw,) |
nn

=L [™ 1He™) dw
o

=%<oo (8—-89)
XEH () REEZHRE,ZH
N .

AEE—BRETF H(e')  EFELER 0= o ATTLIEEF Gibbs AL, HE, H
F h(n)FHAM,R(B-90)EMHFRENFHIRNKET H(e™™), B

I\l}m[%{fl‘H(ei‘")—HN(ej“')Izdw]zo (8 —91)

A b8 B 2 A — BOR S 38 iR 22 R F I R MRS BB SR P 4 % AT
MR AER 2R, LI E4xt ol f & — EWEEEZR, MR ZHRALE
RAELE XA F . B RIS T /P B i e B T4 &40, iRl 2 RlE 5
REBN R FIEETREENTRSVDERZFEZSHRRE,

(Z)EXMER

HEFFMERNTHRE - THRELME EWBE, BN, EHERER
5 THRMBEAUREFEZHERIZA, XB RA B, lmEIEH,

(1) &4

#

DTFT[xl(n)]ZXI(ej‘”)

DTFT[z,(n)]=X,(e¥®)
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il
DTFTLax,(n) + bx,(n)]=aX(e) + bX,(e!) (8-92)
K a,b AEEFH,
(2) BIIMNALH

4

H
DTFT[xz(n)]=X(e!*)
iy
DTFT[x(n —no)]=e "X (e) (8-93)
i 35 (5 B XoF 17 A5 3 I AR A
(3) SR
P
DTET[z(#n)]=X(e*)
mn
DTFT[e'™"z(n)]=X[el@ )] (8-94)
I BB o IO B 5 PR 9 2
(4) P32 AL

-

=
DTFT[z(n)]= X(e®)
1]
DTFTLnz (n)] =il 5-X (e’)] (8- 95)

Fisf 325 By £ P S X oz A0 SRR 4
(5) FFIH A

=
DTFT[x(n)]=X(e)
Il ‘
DTFT{x(~n)]=X(e %) (8-96)
At 458, 2 8 %ot o7 450 4nl R R HE

(6) #rfA MLtk
# x(n) RFEFFLDIFT 2 ()] = X (e'*), BT H E XRS5 H
Re[ X (/) A Im[ X (e') ], WA B SEAER
X(el®) = IX(ej"‘)lej“’(‘”)
EATEE U T
Re[ X(ei)]=Re[ X (e 7*)] (8-97)

Im[X(e’)]= —Im[X(e )] (8-98)
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| X(e)| =[X(e1)|
plw)=—p(—w)
X(el*)=X" (e i*)

(8-99)
(8 —100)
(8-101)

KR UIE R X (o) M SERR K18 R 40, KB 0 0 35 IR B A0 18 IR 3, 3B A B A7 1S

. X(e)5 X(e lv)HtHE,
z(n)WBRE 2 () MEFRE 2, (n)EBRRHH

xe(n)=%[x(n)+x(—n)]

zo(n) = 5lx(n) = 2(~n)]

B AT A AR 43 5 A
DTFT[x.(n)]=Re[ X(e¥*)]
DTFT[x,(n)]=j Im[ X(e'*)]
DA bR S ST Al (5 5 R I — B
(7) M HRER

—H

#
DTFT[z(n)]=X(e!*)
DTFT[h(n)]=H(e'*)
1|
DTFT[x(n) * h(n)]=X(e!*)H(e)
B 304 R D ST S AR R
(8) MBMAER EH

4

=
X(e*)=DTFT[x(n)]

H(e'*)=DTFT[h(n)]
Jy
S[X(e) * H(e™)]
= LJ X(e®)H[e"*"9]dg

FT[I( Yh(n)]
i 358 3 R i %ﬁ%ﬂo
(9) WMERLREH
e,
DTFT[x(n)]=X(e*)

(8-102)

(8-103)

(8—-104)
(8 ~105)

(8-106)

(8-107)
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Ty

WEHEOHFIEEEE, FIMEAERE T HEEGRREF T E -1 RN
BT BUFH, BIe S B B % TR — AN B R

AHABHFIGEBHZR(DOTFT)"HA T HRERARHA RS
HiFHES, T—ERENMARAYPEFIINEETRENERKFIIEELE
B 5 MM EEMNER (DFT)" MWE X, RAER, “FIREENZER
(DTET)" 5“B# @ EM E#HR(DFT)" AR AR K& L, d HHEEnE
¥ (DFT)"5 i REE Bt 23 (FFT)" 2R FHESLERR S AT BE
HHHETHR,

S e 2= [ X () |2dw (8- 108)
Rt 2w ) _,

8.10 ZHE BT R LI E AL

(—) BERSHEWEHENX
SHEREFRBREN B AEALRU EHRARETLETENAA
EEREHTAE A, ELERRERAEEEXTIERTHRESH
R, F136 BA B R G0 53 R e i B X
MFRENHRERRLE, SRNMNEEBMN R (n), RERBHIH(2) 10
REAREZTFS
x(n)=Asin{nw) (n=0)
H = T#HH
Azsin w
X(z)_zz—chos wt1
_ Azsin w
(z—e)(z—e )
FE.ZEMMNE = T Y(2)AI B
Azsin w
(z—el)(z-e7*)
HANRERBEN, H ) MBS HMNTFRUBZAN, EfNAES X(z)PRA
el e “HES. XH, Y(z)REK

Y(z)= *H(z) (8-109)

Y(z)=zfzjm+z_b:_jw+2% (8-110)
oz, R i A R a6 TLLBA (8- 109) R (8- 110)K it
a= l: Y(zz)(z—ej‘")]': ijAH_ (gjjw)
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b= [Y—(Zz'—)(z—e_jw)} L= —AL‘ZM

HED H(e') 5 H(e ) REFIEN, S
H(el*)=|H(e™) e
H(e ®)=|H(e)le?

z=e

RAK(8-110),%57]
:A'|H(ej“’)|( zel?  zeTl? )+§) A,z

2j z—el® z—e ¥ 2T 2y

Y(z)
B, Y(2) WA N

. jw _ , M
y(n)= A '%ﬁe Upesmror et 01]4 D04, (2,7 (8-111)
m=1

SMFREARAL, H HONBRESEBETAMEAN, B2, <1, X, % 2~
ool H(z) WA HERBEERTFIHINHBTE, FrUBRESWENY y(n)
MER (8- 111)F K —0, Bl

yss( ):A_’—I-I—z(je_jw—)l[ej("er?)—e_j(nw*‘P)]

m=1

=A|H(e™)|sin(nw + @) (8 -112)
HR(B-1U2)FLUEH, FRAREZFS, WEENBRESWEYEEEZFT,
R
z(n)=Asin(nw — ;)
y(n) = Bsin(nw — 6,)
) H(ej"’):fei[‘wz-"l”
B |H(e)| =2

@ = _(62_01)
Hrb H(e')BLE BB RLEMBRNN , E R 8 551 008 & A A T8
AR, BR He ) REZTFIEENE o WELEH, E 8- 16
vy
WHE H(e™)RER, TU—BE K

H(e'™)=|H(e™)|ei*
K H(e™) EBHAREWIBEMRN, o (o) (BRICE o) BHEMLWE, X
(8 —82)A[ 4

H(e™)= >) h(n)e ™ (8-113)

B, B R GER SR MR H (e ) 5 BAIFRENIBL h (n) — X8 B 253
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HR (8- 113) A LIE M, H )
T e RAMRE, BTEREL 4l w
ST T H (e 1 ) i 481 J2 FE 3 A \ Asin(1+6)
@ﬁﬁﬁ%ﬁﬁﬂ%ﬁ§ﬁ$0/yﬁ \*l JJn
o =2 HEST=1.1 o Y JJJ
hyﬁ%%ﬁ%%ﬁ%%ﬁﬁz L o
Get— A th B 4 o AT Ty
%05, T BB o yé1 T -
B aNREGrRem e || L s
FEEEOERE. BB EE. [ @ i

HEML &2 4o e T 9
H (e ™)y JEL 3, 3
SEETLLE - S <o<FHEMN
MBI 5, I 8~ 17 Pk o
(=) S5 W Rt JL AT 2 3
KUFHELERE, GTUARERE H()E « FEEFRASE, BT L
{0 77 35 1 6 T 2 R34 b R 2 A5 SO
EOA

8-16 EXBMASHLF

IT(z-=)

H(z)="%F——

k]:[l(z"Pk)

s

T 0 5 i

= (8-114)

A8 AL ] i
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HE'™)
(@) & . = -
2
| ] ]
3 | I H 1 1
o) w11 = e
2
1
(o) wHilE — 5 ’f;i o -
2
- /
i % 7
| 2 RZ .
@ #m ! 4 - -
2
—TTTT;2
© 43 04%2% " _

2

B 8—-17 BE ALK S TR
M N
o(w)=21¢,~ 26 (8-115)
r=1 k=1

BRAFA ¢ HANERR FHERS 2, AR RN RE (e -
)W KES KA, B, 6, BAR

B BeHRE(e - py)
KMKESkMA, WA 8- 18 fF
To MBBME WA D ARY
o, 5 AT L5 B 435 A 4R 2R
B, B C EMMT w=0,E
BWNWNT o=w/2. HTBEH
RG22 RPN, B RE
DAH—RARTUT. FIAX
MR Ehth H(z)
MEREAMNERHBIZRSE WA
SR L, T TS 3 0 R A T IR
BIRFHGIHNERASA, B B 8-18 MARKMIR H(e')H JLITH Z %

jimz
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REU, BRTERAENERRES T EEREHIKRD,

FHEBRH,NTF z=0 4T E AR ST EEM M A=HEER, BE z=0
AT A BR 2 R TR A, AN £ (50 0 B e o & A AR Ak, T R S S W AR R IR R o I S,
BATLLE S, Y e SIEE B MR A (p) WHER , INREBEWKE B, &4, 0
SRR R FE R AT BB BB . AR p, METEEAME, B, AU, W45 A e i
FEWEE IR AR . MEIRA p; FHFERNE L, B, =0, T 57 3R 05 [ (9 1 (H # F
LFHE K. MFEERUEEER SR ABEEHER

Bl8-22 RE8-19(a)D Frms— B BEHUR G M40 L

x(n) ) y(n)

a, L1

I By
Qyﬂ o o ]I[TT‘FT-

E8-19 — MBS ny55 3 B
B E—RENESTERN
y(n)=a;y(n—1)+x(n) (0<a;<1)

BH L RENERFI, KRG EE N

O HEMERBAFHTE NEAFR BREG T ER WS ERERAFE 2 "%R, R
8-19(a),
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H(z)=—% (Izl>ay)

zZ - a

BA A5 A N R
h(n)=a\u(n)

XHE, 1% — B 2R G 09 5 3 R
H(ej‘“) =

jw

eJ

e’"’-al

1

(1-acos w)+ja;sin w

F R, B
1

\/l+af—2a1cos w

|H(el*)| =

R YA

sin
p(w)= —arctan(al_w)

R(n), |H(e™) |, o(w) WIBRIE 8- 19(c) ~ () iR, BRI TRIEZES
R, ER e |<1, H0<a, <1, MAZEMRE HHE;E - 1<q,<0,WEZ
ERE R E o =0 ME“LE HM, KRR —NEHEARZ(0<q,<
1)5 RC 8 RL — By B8l L B A “H 05" B R
Bl 8-23 SRIE 8-20(a) BN B BS B R G5 i 4% A< 08 B
B EREWNES RN
y(n)=a;y(n—1)+ay(n—-2)+b,2(n—-1)

1-—acos w

RERYUEE
_ blz !
H(z)_l—alz' —az ?
#oa,a AEREGH ol +4a,<0, M H(z)&H —2 L8R 4, S EITR
pro=reV’

SRR RGE, H =) ISR R 2| =7,
BHRE r,0 5F a0 WXERN
(1-re¥% " )(1-re %2 N)=1-a,2" '~ a2 2
BE
r’=—a,

2rcos 0=a,

TR H(z)AI 5K
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O e WS 0) h (n)
a, RN
a, -
z™ / \rl\ \\\\\ .
o ‘\l\l P— =T 5
////
z7 i
V
(a) ©
jimz |7 ()]
/ 14)
r
0
O\ +1 Rez
\sz - .
o Wy Wy [
2 (2r)
(m)
®) (d)

B 8-20 —MEWALKNIAERR
bz !
(1-relf2 " Y(1 - reify 1)
AW H(z)BR— X PR S5, A 2 =0 B —NRE, A 8- 20(b) Fim,
HIE H)BREH 4,15
H(z):A( 1 1 )

1-relf2 ! 11— e ify-1

H(z)=

H
__ b
2jrsin 8
Xt H(z) 178528 e , 45 B B B {H 03 17
h(n)=A(r"ei — y7e" im0y 4 ()

b n—1
=2jAr"sin(n8) u(n)= sllrrl 7 *sin(n8) u(n)

WA 8 -20() iR, & r<1,BENMFRBBEHN, A (2)NERE, W EE LGS
H@O
RGBSR 2RO R Ky

H(el®)=

bleijw

—ae - azefz“"
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B H()BFW S0, 83U 0 LRSS SR b B,
8-20(d)Fim. HBPIAHH _MEBEREALS RLC _HMER B EE MG MR
.

Bl 8-24 R 8—21(a) BB AR S0 5 2R MR K,

z7 ' z7

b
x(n) b, o~ 1 y(n)
_.bl
_b2
z?! z™!
(@
jIm z

AR
X
=
&
N

)

H8-21 “Me@EEMESL

B EREWMESTERN

y(n)=x(n-2)+bx(n—1)+byx(n)—byy{n—-2)-b,y(n—-1)
REEECH
b+ bz '1+27?
1+byz '+ b2 2
by by WERBLH 6T -46,<0, 00 H(z) BA— X RS - HEE
B XBE H(=z)W RABR

H(z)=

&

21 = rie'

p1=rpel%

AT LASR i



8.11 = BHMMALH 103

2_ 1
rl—;;
I‘%:bz
2b,ricos 8= — b,
2rycos 8, = — b

BR

Hik, H() WER R AT

F G0 WS 2 e B
-1
: r4 + b1+ bzz
oy |21 M2%
HEem =)

_ e 19+ b+ byel”
_bzef"“’ + b tel
_ (b +cos w+ byeos w) +j(bysin w —sin w)
" (by+cos wt bycos w) —j(bysin w —sin w)

2R
[H(e')|=1
(b, —1)sin @

b1+ (by+1)cos w

ARZEZRLERHAGE, AEEL, 2ERAT A HNRIEE:
THESRAHNEEEL VAR BANE. AA s FEHS « V8B AL d T
EMEZRELEREET MASMELERE LRGE,

DA RN SRS EA, R RN SR MHMEEAREE AT LW
BB FREES. ET—TESNRARFRESVER B TELSRH#—F
B 43 B AR T T B

¢(w) =2arctan

8.11 = T#Hm A 5B

: BHRERERFESLABERTEEEEWMANE, Fln, EHFR



104 BAE T8 BHNEHREN « HoH

ERHERUREFFSHANEAREAS TR P HTEMEE - BHRER
BATHRR AT SR, GEAEGRZ A, N E W AR AL, L REE K
R, BN 2 BB ENR, RIVEEUEEEURSHESEIR
RPED, AELGNNEAB RN ITREFS TR PEIEN"ZHNEH,

(—) BFAEHRFHF '

76 T 0 B IR AR P T LUAE B0 TE 3K I B R % 4 2 A A E RS BOK
SR, EERRFBPFEEA LCIERBIME RC ML, A
EVERETEZE, RERBMR AT s FHEA B E, T 314 E
BZREES(IZERET—-FE11.37),

RO E T R ) R GE, M RIE RS B B, 2R 58 o 5 AR L A
F oz FHE P HRAE b, AR K RHRAE S8 I8 IE R (RK) .

WRBITHE h(n) A

h(n)=cos(n2)uln) (8-116)
B h(n)=sin(n2)uln) (8-117)
MAHRE Y = R
2t —zcos 0 _
H(z)_z—2—22c05(2+1 (&%) (8-118)
57
H(z)=5—20 8 (g (8-119)

2% —2zcos 2 +1

BITHER h(n) ARZESH HO)XTTUE B ETRRZFE ARG E

B E R AL WAE 8 -22(a) iR, SN 6(n) KA THIME y(0) W ABh=4

cos(nOMES . TEHLEF AT ZAERBT(7), AT EER BT, DS E

8—22(a) A4 N 8-22(b). THEAWIMEIMATE. RE 8 -22(a) WAL

BEBESAHU X()M Y ()RR, ARHIEEN BT RELER, BAIS
RFEES W(z). HE 8-22(a)AIAITH

Y(z)_ 22— zcos 0 _ 1— 2 'cos

X(z) 22-2zcos 0+1 1-2z2 'cos 2+ z 2 (8 -120)
7N
X(2)=W(2)(1-2z 'cos 2+ 272)
Y(z)=W(z)(1- 2 'cos 2) } (8-121)
1, 8P
W(Z):l—Zz_A?(CE)Sz?Q-Fz_Z} (8-122)
Y(z)=W(2)(1- 2z 'cos 2)
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o~ Y(ny=cos(nc) oy O o yereostntd
>
X(@@) Yz) X Y(2)
2zt 2z z!
2c0s 2] 2cos 2 } —<os 2
-cos 2
z! z!
= T+
@ (b)
B 8-22 HEETM RS B MIRG
E—GREWMARE X(2)8 1 SHEREE W(e), T

1-227Ycos 0+ 2

W(z)FZ(1- 2z 'cos Q) XRAZBE Y(z), HWFEEEHWEHIEME 8- 22
(b)Fim, B FREMATTBILHE, AWM WL, XTXME LT EN—BS
WiERETE10.6 HER 10-41 RS —FHIH 11 -32,

HESR RN BRGSHLE, XREEXREFAAREVNEE
8.5 T L) BB R AR RIESERG ARSI

X PR O 2% 0 S 2 R A 2 — R AR b i = AL XWE B4 (DTMF) (5 5
W=, /£ DTMF S =A RGP, #5808 A 358 53T B — % & LK
FHEES K8 -8 fim. £F,BHMAR 4L 4 HARMERNIEZES (K
HFVIER) ARSRA LA TS 4 AR RN EZES (RATHE), S TH
—HARE T EREN AW D ERGES. S, XA ECF 5" 4 770 He
51336 Hz WHBMES , ERBRAN NGBS ZHMEAE N NHEFS", #
Rk, FI B AT RBRECFRG S (A AN 8- 22 iR AL) BI AT 52 )
DTMF 5524, HHAR , EHRETERAA THERGBEBN . EE/D

MR EM S, R AR B B BRIB KM, L AREELH,
£ 8-8 DIMF{ES=4RiF

e 1209 Hz 1336 Hz 1447 Hz 1633 Hz
RS H
697 Hz 1 2 3 A
770 Hz 4 5 6 b
850 Hz 7 8 ° c
941 Hz * 0 # D
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HEACH TR TEE A (o) R IERE S 4 B 8RG8 E R
GeE B, FESEBRI P A B A cos(n) M sin(nQ) Z RGEH B E—E,
TR INE 823 FIRZ &M, BF, Ly (n)ERA cos(n), AU yo(n)RR
sin(n)o XR—HPMELRES, BF L v () RARMHESE, T yo(n) K
NEZHR, ERSEGFRESLBERETPEERARTE ., XENANELEH
TAIBEEAZE6-25 WA XSIHTURBNLE 9.8 WXTF OFDM B R4
JRE,

DN @ yi(n)=cos(n £2)

=
X@) Y(z)
z —cos £2
Yo(m)=sin(n2)
2cos 2 sin Q2 Yo@
zt

B 8-23 HEMNERERMERESTER

WS, B 823 ZREGEEMTELIRHEM DSP(BFIE 5 b 8% ) B
LH NP RARFHNAME,

(Z) AHMEREEZHPREBEBREG N :

FES. 10 RN PFBEBVHRCEEL TP HEE, #1822 &—
M BRI (BT BRS BN RE) . M6 823 Fif] 8 —24 437
AFEZHMHERSBEWEN R, A, X860 F U5 8 78 X3 8 3 (7] R 48550
BFHENELOWER, SERMAME - CEBRE, XEAH R EE TRLAN
BIF, 765 4 F b o L A AR SR MR F IR B S O R, B M BB L. i — B
BAMRBESR TEMREZRB(FERE " AFESLE)HLA Y,

XA BESNRITERENT BRI R ES A ZER e —
i YRR RLIE B8R, FRE N “ SR B (prototype) I A% " ARaH s BEREARE
BN z BREXX, BELARFRESEH, —EZLNARMELME
BN EIRGEN h(n)FTEHEEMNBERE A () ZHEEE, BT A" Z K
ZHX, RELFEES

H(s)=%[h(z)]
H(z)=%[h(n)]
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&

h(n):h(t)‘t:”
{h(t) = ZAiepf’

h(n) = ZAeP"T
BHEHTEWMABI—H(BER P%/E)Hj‘ h(t)5 h(n)Z3FRi, Mi&YF,

h(n)BA k() ARE T MR 2 e (B + =0 ,ﬁﬁi%%l‘;@j[ﬂ&iﬂl%/\ﬁ

8.6 WA (8-61)FIR(8-62)MA XM, FIARX(8-58)FMK(8-60)M%
BT LUBRE s BE5 MO LR R

N

A.

H(s) = —
() ;5_131'

N A
H(Z) = Z 1- zile”fT

i=1

THESHARRITTEA, FRERMMGERESRBZRARR(XFHER
GREAR A EAR RS WIS T 102 WiIER) RSB N

(8-123)

(8—124)

2
H(s):—_52+ﬁwcs+w2
2
“ G0 (s p2) (8-125)
He p,po N HGIWRAE, ENTF s B¥FE,ETF
[ N2 .42
pr= ("’“2)
_{ N2 2
e (38}
WE 8-24(a) i, ¥tk AERA H(s) EXRIFRBFBS 4, B3
K, K,
H(S)—wc<S—P1+5‘P2)
_ wg 1 1 _
C pa— 1<S‘P1 S‘Pz) (8-126)
p,p RAER, BHFHT
3. 1 _ 1
H(s)= Jmcli+(1+j)\/7§wC s+(1—j)gwcjl (8-127)

HEXNK - MALREH () B



108 FAE T BENHREN ot

1 1
H(z):%wc(l_z_,eplT—l_z_lepzT) (8—-128)
¥ p1,p RABGE BB
-1
H(z)= b‘_f = (8- 129)
1l-—a;27 —ayz

Hr
w T
b, :ﬁwce*ﬁsin(gwc )

T
w T
oo B

a;=2e 7 cos

a, = — e—ﬁch

H() BRI MRS ST o 20T 0F0 /) o 20T e BT Bl s T&
BB S BT . 5 R 2 bﬁmﬁﬁﬁ@ﬁguam 8~ 24(a) FI(b).

Bl 8 - 24(c) R TT LASEBIER A 5 H(s) B8 0052 ML 5 R U 1 B8 0 T 52 B o
B o 25 RAD S R L B P T B R B
Vz(S):i wz

Vils) 2 (52+«/§wcs+a)g)

'—ﬁﬁﬁﬁ%H(s)ﬁttﬁ,iXEtﬂFﬂT%ﬁ CER X HAREENE TR, X

FHSAE H(s)ELHA LC %%%—ﬁﬁﬁﬂﬁk%‘f‘% 10.4 W, AR FE U

B 8-24(d)RLBEFHM H(=) LB BN REZ G E, BRI
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%'N'x(nTs)=.r(nTS) (9-17)

BR,EXLEHRNWFIE m SHmB » FAHRE, BRAHLE 2 (#T,), B, 5
Xt i BB R BIEE,

D EmMERITSMEREESTERI- 1, HPERE—MER, LR
(9-12) 5K (9 - 13) HR M T, IF 2 B EUE B ot A G m 4R , T w7 4ksE
Wit

F9-1 HEHTHMHNHBEGER

a3
& 54 = i1
538,
X(f): J‘w x(t)Ehjzn./.tdt = N —i2nafT
. X(f)= D) x(aT)e 7T,
Eﬁ 1‘<t): f—m X(f)ejzﬂffdf J’(ﬂTs):%ff X(f)ejZRnfTsdf
B 15, i
@}%&m&%%ﬁﬁ AR R
3] SRR S
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g%
i 35,
% 54 = #
I3
1 - g X(kf)= E (nT.) —j(—le)n/z
X(kfl):TJT x(t)e 1274/ 1dy f1 xr(nT,)e
1 1 n=0
o0 . » :Lan j(ﬂ)nk
B 2()= D7 X(kf)e 24 2(nT) =5 2 X(kf)e’ (N
B 350 R0 0 322 fit 358
SRR AE P B L - HAEH HE

9.3 MNEHREIVTLKINEREL T H

TERT 743 M M 20 b B A B R B ey — R A, BB B
HEMAER, THRESD, B8EERBH T AYFES, w8 B et
A N 43T A R K F S

HEFEURHRTRSRABFIMERKFES, FHHAE T p SR
RAABPHEFE B 2,(n),y,(n)%,

HRBFS 2, (n)WEABHR N, B4

zp(n)=x,(n+rN) (r HIEEEE)
R FIAREHTIN « T, BHAY n - coFofk, FF ATE LG, KR
LI 2 P BT WA B — D FEE F |2 BB 2, (n) 2 "4 3]
M, EfE z PEEAFERSUR, ML < . XIFEMFEELNERSE S, A
RS AFENN N R, AR, % 2261 8] A B34 5 0T AR B R HOR £k,
S AHRN, BT WAl B M B REOR R R, EXT BB 4
B e 3ot

Z|N

Xgngkgmaﬂfw (9-18)

xp(n):%z_xp(k)ej(zﬁ"w (9-19)

k=0

BT AR (9-12) 5K (9 -13), B X B B 8 25 & i 5 80 7R
T URMRLRMBBER f B%T 1L ERERXEL. FFRO-19/%ER

T o (F) RANFI W ETR, e (5 ) e r Wikl B &%
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WHHREN X, (£); &2 FERS T RE N AR, BN

(T Inter ) — o i (5 )t (9-20)
EMN, BEBMYTREMN k=08 N- 1, NP EESE, TR -
I)IERMH 2, (n)RERE X, (F)MRMAKX ., B F b S0 R E A 1k,
HMERANAIRNTFEAESHKMER,HR N TEBEBNERNEN MEEARFF,
AT BERELSKFF HERREAE T -1 AHMNANE, HAR 2N £
EHTEE, XERE AU IEFKEFELERFLRE N MREERFLA, R
9-18)5K(9-1HMERBM N MEAERPATXF S, Ak, AMFEINESH
MEFFIEEAFMBER I EREAFREENZE M EREENTHITEN
KHEPTTE,

HEERARNFE,FIAFS Wy

wy=e (F) (9-21)
MBEFIHEWNER AR R N NES, JEK T, TEE
w=ei(5) (9-22)

WA XS F 8 DFS[ - | RABRBHEE RHWEZHCREL), LU
IDFS[ - 137 BB #UE B O  A d CR A (] R0 o X, IR B B
FRHIE BN T

N-1

DFS[z,(n)]=X (k)= 2>, z,(n) W (9-23)
IDFSL X, (k)] = 2,(n) = > X,(£) W™ (9-24)

PLTEAE BY A A Fr 5 B B0 B M B RS A R K R B AT (R L 40 .
Rz(n)WERKFEF,EE =08 N-1HE N MR FBRFELSHE,H
RELENF
z(n) (0<a<N-1)
x(n):{ (9-25)
0 (n R HAE)
F T AR AREE BRE—-TRABFS z,(2), ERL N R AHE
ARKFF x(n) BT, B 2(n)5 x,(n) ZEIHRRATRRA
z(n)=Dz(n+rN) (r BEBH) (9-26)

=

z,(n) (0<<n<N-1)
.z(n)z{ (9-27)

0 (n R FHABE)
BO9-28MT 2(n)5 z,(n) MR KR,
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x(n)

_ ]m’ﬂ/[/l Oﬂﬂu gﬂﬂﬂl

TR 2,(n) , EXERE-THAH =08 N-1 WEBER“EME
X", FR,z2(n)5 2, (n)WIRRTATLUBEN 2, (n) & 2 (n)WEAHER,
x(n)R z,(n )W EEXEFF(HHREEFT)

HBEEE,HRNO-200 5RO -2 KAUTHEERR:

z,(n)=z((n))y (9-28)
z(n)=xz,(n)Ry(n) (9-29)

XE,KO-29)FK Ry(n) BEEBKWHFES] Ry(n)=u(n)—u(n—-N),BE
5z, (n)HARERB 2,(n) ZEEFF,BE 2(n), MR(9-28)FHFE
((n))nBAR“n XN BEE", EHFRPEERERX". &

n=n+rN (0<n;<N-1,r HEX)

|
((n))n=C(ny)
z((n))n=x(n,;)
ERA HUBEHSERE « ENBR.BEHED r, REE n, (2R R
((n))nWfR. BR N TFRYFIA

z(rN+ny)=x,(n,;)

X,z (n)RFEXEMEE,H K
zo(ny)=x(ny)

zo(n)=x((n))y
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B, & x,(n) REAH N=5FF T n=19,0F
x,(19) = 2,(4) = z(4)

XRHF

19=3x5+4
[

((19))s=(4)

BT x,(n) MEHRR X, () BE2RBE. B, AT HhEREEHEXE

(0<k<N-1),HFEFI X(OOHMSTFR-FARKFI . KL, TUEH

X(k)=X,(E)Ry(k) (9-30)
X, (B)=X((E))N (9-31)

FEA(9-23)5K(9-24), FHFH , XHMAXMRMBARTEHX
(el , PR Vi 3 e AR 4 3k FT LA S5 o B 5 B R S AR DL A IR P51

RELHARKFIIHHERNZRNE L. REMKFES z(n)KER
N(EO<2<N-1#EN), ENEREERZEHR X(ONRE-TKEN N
(72 0<KAKN - | JEEIW) MBS IR FF, IE GBERRM KRN

N-1

X(k)=DFT[z(n)]1= D, z(n)W ™

n=0

(0<k<N-1) (9-32)
I(n)=IDFT[X(k)]=%Z_X(k)w—nk

(0<n<<N-1) (9-33)
KXFPFE DFT - | EARERERWIEAY, IDFT[ « | &7~ BB #E B o a Ap
#,

H3 DFT Z#: %t 5 DFS B3 MR RAARERHA, REL «(n), X(B) 2
IR 2, (n), X, ()W EEFF, B2, ARHELEMBRIARTLHER
SR b ,DFS 2B 3 i 2 X W, MBI E M DFT 2—#“EH" 8
R, BT THREN, FRKFI] (o) BRI ERN, L EE TN Y
RES JIBHENEBERE WE, AVBE () AHEHRER 2, (n),
(M REHFEEFH, TR 2,(n) R X, (&) 508 k888 B4 R
REGER X (BB EEFF X(R)E XK BHRMEEMZ#R(DFT)", XEM
WEMIERA T HEEEN A DA AR TEN, 9.6 7 9.7 it
X J7 T A S5 B 55 1 A R) AR,

K(9-32)5R(9-33) WA UAE REEE R
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X(0) wo wo wo e WO 2(0)
X(l) WO wix!1 W2x1 vee W(N—I)Xl I(l)

X(N-1) WO WwiIx(N-D  w2(N-D .. wN-DIN-D [ L (N~-1)

(9-34)
n
.z‘(O) W(l WO WO WO X(O)
(1) | g |[W°  w woixz e WTIKNED X(1)
: NI o : : : :
z(N-1) W0 w-(N-Dxl g-(N-DX2 L - (N-DIN-D [ LX(N-1)
(9-35)
RS
X(k)=W "x(n) (9-136)
x(n) =W "X (k) (9-137)

WAL, X(R)E x(n)2 530 NFIKFER, TESHE X(0) - X(N-1)

Bx(0) - z(N-1), i WHEW " (H& W=e R)451% NXN F
B, PR TRABI W ™ W~ 7R, BB R AR R A A5 B, B

Wk = [ w7 (9 - 38)
W oork=[ W nkT (9-39)
Blo-1 REEKMHFES 2(n)=Ry(n)H DFT,
3
HENXEH

N-1
X(k)= D Rn(n)W
n=0
N-1 N-1
= DW= Ry
n=0 n=0

— (o N .
{% (% e IR 1)

1-(e™'N)
N (% e R = 1)
% =08, M e N =1, Bk X(0)=No % £=1,2,3,,N—~18, 1
H e IR AL AT, (TR W= 2% = 1 MM MERZ b X (1)L BEFE,
B
X(1)=X2)==X(N-1)=0
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WEE R ER s FFI M DFT U2 k=0 #5848 N E, EXAR(N -

DABESBEET, TUEE
X(k)=Né&(k)

AR E K Ry(2) ABEHR (RS T N TR T4 8 BEE R 8 A E
BI5GB R B R No (k) RFBBMMEZELERBRESHFH
BERGESHERTHREWHSEH,

Blo-2 FAEEERIRR 2(n)=R,(n)H DFT, BHHKE X(k)&
IDFT 3K =(n) , WIEZERZ EHE

&

B N=4 88 W=e %= -

X(O) —WO WO WO WO 1(0)
X(1) wo wl! w?2 w3l |z(1)
X(2) w w?2 w* we| x(2)

X3 Llwo w? we wollx(3)
nm 1 1 1771 4
1 -3 -1 j 1 0
“ho-1o1o-1||1 | o
b 5 -1 -jdl1 0
BRMERGH 9-1 W—MEGEHFE, BRELTHR
z(0) we we w® w°® |rg4 1
(| 1| W wt w2 w3ilo 1
@) d{wo owe ow owee|o ||
z(3) W w3 ws W 0 1
DB RREGZERRE9-3,
x(ny=Ry(n) X(ky=40(8)
4
1012!45 m 1012345 %
@ xmEE ®) XKk B

B9o-3 #Hlo-20EEER
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9.4 BHEMEEZTTBGER

(—) &%

X(k)=DFT[z(n)]
Y(k)=DFT[y(n)]

Ty

DFTLaz(n)+by(n)]=aX(k)+bY (k)

A a, b0 AEREFEEHA MR,
(Z) BBk

HBETFHARERKTFINC RIS, B RABA NS,
EHEBEEN ()T O0<n<N-1 KA, 208 m 5,F5 x(n—m)

TRHAERK, HHABBEE m<n<
N+m-1, 0894 iR, HHXH
A~ 34> BB DFT, M4, BT &5
BAMEEHAER, TENOBI(N-
D, JEENHANmBN+m—-1,4
i B R R, DFT BTS2
BE, XFHRARAMLBIFF DFT 25
RERAIE, ABRUTE, EBFREK
FP3 ) 00 B TR T — R BT B0 A B OB R
() AT «,(n) , REH m
RIBE z,(n — m), WE 9~ 5(a), &
BBz (n - m)Z EH, XHERKE D
Tz(n)WFERRABATFS z,(n -

x(n)

///
///
///
e |

0

m N-1 n

-
_
-
P
-
-
///L
—= ||

(x(n)
o

m N+m-1 n

B9-4 ARKFIHBM

m)Ry(n)o HREFF x(n) BB EBLLFS—BRE 1E
x({n—m))yRn(n)

BoO-S(b)mii, N=5SHABRKFI «(»), ZEARABMEBE «((n -
2))sRs(n) B . HF5 z(n)IE A m AIB,BH N -1 DS m MEE
NN RIER T 24, B, AT AR 7P 2 (n) HEFIZE—1 N F 5 W E
AL NMMESERHE BB m MEMNER () EBELEE m i,
BB MAHRAEARBL, RRRRABM. YERKFFHTEZMENES
LAY, EAT16 DFT BUETE B R FEN 0 B N -1 A,
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% ()

11” 1TT] 1TT]

-N (4] N-1 N 2N-1n
xp (n—m)
_ i /(/ -
- -
s - -
1 gl /1/TT B
0 m N+m—1 n
@
x(n) *((n-2))s Rs(n)
- -
-
-7 i
| I | | | ]
o N-1=4 r 0 N-1=4 n
(®)

BE9-5 FREFFIERABAM

REVRHNBRENEENE:

=

DFT[x(n)]=X(k)
y(n)=x((n—m))NyRy(n) (E# m 1)
m
DFT[y(n)]=W ™*X (k) (9-40)
XERA % - m ML, EDFTHHEAMBHET W, EHWT:
DFT[y(n)]=DFT[x((n~m))nyRn(n)]
=DFT[z,(n - m)Rx(n)]

= Z—:xp(n—m)W"k
Wi=n—m, 2B

N-m-1

DFT[y(n)]= 2 L(i) Wit mk

[N_Zm) (i)W”’}W”’k
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BT ()M W RN IRAYN SRS B, X ESRRAE
BEAHM i=0%8 i=N-1,88, X0 F#EN

2 z, ()W it = Exp(i)W”z
=DFT[z(n)]
=X (k)
FERWUEH
DFT[y(n)]=W ™X(k)
(Z) HBEHH
=
DFT[z(n)]}=X(k)
Y(k)=X((k—1))nRn(k)
m

IDFT{Y(k)]=z(n)W i~ (9-41)

WERE R, AR RERUEET W R EN kA BB
LB, XATEERAGGES SRS, R HR e, FEBRIEHES
BEENIBRIEI-13 598 9-14),

(M) HigEEESER(EER

#

Y(k)=X(k)H(R)
w
y(n)=IDFT{ Y(&)]

= Z}x(m)h((n —m)) xRy (n)

:Z:h(m)x((n’m))NRN(n) (9_42)

R Y(k),X(k),H(£)Z IDFT 3% TF y(n),z(n),h(n)o
TiE B
IDFT[ Y (&) ]=IDFT[ X (k) H (k)]

_lN—l -,
—Ngx(k)Hu)W £

N~1| N-1
=’]1\72 [Zz(m)W’"kJH(k)W_"k

=2x(m)[—#EH(k)W””’W‘""’}

FPRBE—fTHESHIMEYTFR H(R)W ™ IDFT, 3| Fi B EH, X
A EfE h((n~m))yRy(n), TREZF
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N-1

y(n)=D,z(m)h((n=m))yRn(n)

m=0

[A] 4 i, 7] i B
y(n)= Zh(m)x((n~m))NRN( )

wERLERE 0<m<N— 1 XEA#T,E z(m)REAHS, N
R((n=m))y HEF n(— m) B BB, XS HRREERER K
“BHR", B, LHNBREREFELS, MIERB, R ELYLER,
RS HAZEBRX S, BEREFSUORTR

N-1

x(n)®h(n)= Zx(m)h((n—m))NRN(n)

—Eh(m)x((n—m))NRN( ) (9-43)

(B 25 AR R 4 BT T R FRURCAE IEH% T RAWEBHEIT. THEEHHRA,

Blo-3 HWI-6RLAHMERKFH

z(n)=(n+1)Rs(n)
h(n)=0A4-n)R.n)
RAEEFERBEBH y(n)=x(n)®h(n),
B o), h(n)ZEEBER,PHNEE 2(m),h(m).
BHA(m)EB RO~ m))sRy(m), h((1—m))sRe(m), R((2— m))4R4(m)
UK h((3-m))Ry(m), ETEI-62ZF,

WK h((n-m))s 5§ x(m) MR KANFEH
y(0)=(1%X4)+(2X1)+(3X2)+(4%x3)=24
y(1)=(1%X3)+(2X4)+(3X1)+(4%x2)=22
y(2)=(1X2)+(2X3)+(3X4)+(4x1)=24
y(3)=(1X1)+(2X2)+(3%X3)+(4x4)=30

BmEEH
y(n)=246(n)+228(n—-1)+248(n—-2) +308(n —3)
BIUFIFAAGBZER, HRx(n) , h(n)My(n)# DFT BB X(k),H(k),
Y(k), BIER SR EH(TE9-15),
THITRERKFIXERMEERHX A E5HKE,
BHABRKFH 2 (n), h(n)WKES A N M, EfIHNERER y(n) =
x(n)* h(n) WM Y RERKFH . B E LA

y(n)= Z r{m)h(n—m) (9~44)

m= — o0
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x(n) 8 x(m)
14
1]
o 1 2 3 ngm
h(n), h(m)
4
I Iy
o 1 2 3 nEgm
B((0—m)),R(n) my| 1 ]2]3]|4
) a3 mo-my| 4 |1 |2]3
I/‘I/ll w426 |12
r
o 1 2 3 m
h{(1 "m))ARq(n) x(m) 1 2 3 4
sr”” 4 R((L-m)),[ 3 1| 2
- 2 | 3 8 3 8
]
(0] 1 2 3 m
B((2-m)Ry(n) xXm)y| 1|2 3] 4
- h(@2-m)),| 2 [ 3|14 |1
2(/ HBE |26 |12]4
rl
o 1 2 3 m
H(B-m))Ry(n) xmy | 1 3 4
gl BG-m)a 12|34
/r [ k| 14|96
1 m

E9-6 FREKFFEEBRZERH 9-3)

ER x(m)MIEREX E 2
0<m<N-1
M h(n—m)E,EFHXELTF

24

Bf22

BRI 24

B30
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0<n-m<M-1
BAXENAEL,EE

0<n<N+M-2 (9-45)
ERO-45)XEMZHIFRRE z(m)NEBRE y(n - m)FETFE , HBBER y(n) =
0, Hilt,y(n)BE— M KEEF N+ M-1HWAERKFS. flEI-7(a)¥,
z(n) B N=4 WEBFF,h(n) & M=6 WEEFF, _EHXBRy(n)K
ERN+M-1=9,

BEEER, HAMARKFAHTRERN, LARE MO KEMSE,
Z2BAEFEHRFIKENSERII KR, WREFIIKERSE, TERE
H— MR — BB A ARFENERFFIEERER. B-7(b)mHXFFER,
WRAE,x(n), y(n) 5B 9-7(2) MR, AT, BRHE, AERZERS5LE
REL AR, HAXMERALFEL - RERLIBRP . ERBENLGTFBHF
P, Emb KRB s, MEASRSRY , ZRBIERBHFH, mABER
R O Ze R B0 1 B, SR R A B A 1 O T AR BN T AR Z B E AR A

WMREFEH 2(n), h () BWE YA —TH, U BEKE B2, HE
BERe, MABENEE AR RBREE, XHE, SR ERKNFELM
F,BERHERNERAEVE - #FVRUGHEKE L AR/NTFRIEREBZ
REVFIIKEM+N-1,BHHE

L=N+M-1 (9-46)
HI&MT, BERSLERER -, BI-7OrREEE N=4 ¥FFz(n)
5KEM=600F5 h(n)BENTYREL=4+6-1=9, BERAEBEREL
BRZERIE9-7(a) LM,

ERI-7(DF,z(n) k() BYREL=8,HEANILIN+M-1,%HE
EMZHERSREPERA—F, KEE I-7()EE 9-T(a) AR, KL
BR =8 MZHBE1BE =0 5ZLFEE 1N, KRS58 9-7()ELHMF,
XA UBEH—MEERAR 8T L AR, FLERZEREXBRERIE -
TBEEI-7(b)HBEMEALER, Y LN+ M-1, RTRERES, AEH
H5REM -3,

—BEAT . FE «(n) B RLMHEEREAN () WRE LGB REEE
B y(n)=x(n)*h(n). R, EEREITE I, B 25 0T 5 B P 8 8ot
T (FFDHEAR(FER 9.6 TH 9.7, UBKENEEZRER. A, FH
FREFFIREEHMEE, TAE EEH SR IHER(9-46)], IBLEHEL
HEER,UBERA FFTHER  BEiTBERE,

(&) smEE SR

R

=
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5y

x(n) x(n)

N= N¥ZE6
1] 111
o123 n 012345
h(n) h(n)

M=6 M=6
1L 1
012345 n 012345
x(n)-h(n) x(n)®h(n)

4 L=9 4 L =6
i |
12 5678

0o 34 n 012345
(@) %K () EHF (L=6)
x(n) }x(n)

NEEO N¥ZEs
| 1111
012345678 n 01234567
h(n) h(n)

MV ZE9 MYZES
1T [T
012345678 n 01234567
x(n)®h(n) x(n)®h(n)

4 L=9 4 l L=8
L i
012345678 n 01234567

(©) BEI%EMH (L=9) (d) EHH (L=8)

B9-7 KEMSEEMLEK

y(n)=x(n)h(n)
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Y(£) =DFT(3(n)]= % 2 X(DH((k= 1))y Rx(k)

:]L\]Z.:H(Z)X((k-l))NRN(k) (9-47)

E B i Sad s E A HEM
() FBEXH
W x(n)HEFH,DFT[z(n)]=X(k),%
X(k)=X,(k)+iX,(k) (9-48)
XE,X (B XKWL, X(H)RENER, 5 DFT MEXE H

N-1

X(k)= Ex(n)e—j(zT\’;)"k

ZNZ:Jlx(n)cos[(%)nk]—jgx(n)sinu%\?—)nk} (9-49)
(9 - 48) 5 (9 - 49) M2 REX B, T RA

X, (k)= Z:}x(n)cos(z’]r\}lk) (9 - 50)
X;(k)=—21(n)sin(2?\?k> (9-51)

BR, AT X () X, (k)53 B A 5L IE L R BB, GUE LA & BB R
WEENT R LS, X BT K8 oK 5O 2 o 500 N 7 N X (k)
APEFRTAERPEEE. MBANDFTHEXMRTOR N-1 fEHE, B

LB HIE R R AR L ugmmqﬂ‘b o TELAT I P XA A8 & S A 2R AR A0

MU

UL EE: TEFINEREET TR AR, HEREMHRE, B3
o gk

MR (o) HERFF, EMDFT BE X(k), X(R)AI B ALH BEHZ
MUK (9-48)FM. BRHIEH, X, (R £ WHRE, T X (L2 r HEE
B(IE9-19), thBf  GEBEFI N EBMEENTHAIER HEREHE
B, ABEL

H—EHAWEL, EEFI 2(n) R o BERE, MEEBMES AR
(9~-SATLIER, X(£)=0,{XET X, (&), BX r WERE. LR . TEE
¥ DFT 0 3518 R o

[ EEA] LAUEBY - SCAF BB DFT 9 i 37 R ¥, M2 18 el 30 DFT 2 B 18 R
W, MBAEHEHK DFT ALHFERY. XERELEBITERI-2F(BBEIE
9-20),
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Fz9-2 DFTHAMEEXSN

z(n) X(k) z(n) X(k)
LR LI AE R HRFT AR L AT BRI HE
LEEK 1B R AT E AR B
LHBEH B3 BB A R LH R
RO-2FME—-FHEFETHMTHRRXEH:
X (k)=X.((—k))nRn(k) (9-52)
Xi(k)=-X((-k))nRn(k) (9-53)

R, X FEBFS, HEHA LI - WEEE, BT F BT R, A
HAAL,X(B)S X(-R)EBEHEXR

X(R)=X"((-k))nRn(k)

(9-54)

HTREZEHN X(ORFRAPE, B X" ((—£))vRy(k)=X"(N-£%),H

M, R (9-54) KB E

X(k)=X"(N-%) (9-55)
R SE R 4 B FOR WA 2 B A R S LR
I X(E)|=1X(N—-k)| (9-56)
arg[ X (k)] = —arg[ X(N - £)] (9-57)
B3R (9-55)FR(9-57) " H1,
sgFIEEBEERx(DE0 (Y NS
F NHEEA T N2 AR . 7]
75,1 X (k) | 2B R, argl X () ]2 ] . T[
HHIIER X(N) = X(0)], H T -
9-82MIRIH N=8 fl N=7 Fif le(lk)lz 3458 7N=87 k
BRI X (k) B4 B, B Py
X()RHE— N S40EA L, A
B4, CRUL=0XFD, £ 6H \IVI’T
HILHXSFR o 0 1 2 3 4 5 6 7 r
I3 A E , Xt F 4k i FE 504 10 F
RE K9-8 SCFFIE DFT A,
[ X (&)1 BIRTFR 43 A0 7 B
X(k)=—X"(N—-%k) (9-58)
() Ak

SHERKEIHETZHERM, & 5502 B 407 50 9 B A K (TE R A %)
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S&MERMER, BEE, THEBEMHERREHR,

BB AR e A 6 A Y, M ES 2y (n) H x, () T EMXE
B rp () ZBEMTR 2, (ET X, ()5 X, (1)ZFEHR, XE
X, ()5 X, ()8R 2,(n)E 2,(n)Z DFT, T X, (k)& X,(k)Z 38,

()= S 2y (m)as((m — 1))y Ry(n)
=t (9 -59)
%12(k):X1(k)X2* (k)
FBAEIUATELER
()= S za(m) 2y ((m = 1)) n Ry(n)
0 (9-60)
?/221(k):X2(k)Xl* (k)

BRI ER AR X CHENIEARS R RAERERMUZL, BE
AT, E5EB . M, BEUHEX 5 E LN EE S XS RH U RME
B AR A R E B A b —— X0,

D EEEEEAABRAL, MR 2 (n) = z,(n), MA BB HXEEF
FH B AR R T HE — 5 1 A 2 SU /RS B

(J\) IHERREE

#DFT(z(n)]=X(k), N

Dla(m) =5 3 1x(0)12 (9-61)
n=0 k=0

MR z(n) REFF,ME
> 2 (n) = 2 | X () |2 (9-62)

"B % TIE E 0 400 T A R T 7 B3 G 1A £ S RO L AMAT A o (9 - 62) 3
B 54 R R A {55 1 BB R R IE L, T4 5w MBS AS B R AR R 45 R, B — M5
BHRZA,NEEZNS5ESHEBER L,

9.5 HEMEETEHE  THRHXEAZ

(—) HRKFI  BHREMH
HEARKFI z(n)WKEAR N, K = BREFANEE

N-1

X(z)=Hz(n)]=D x(n)z""

n=0

—RAEBLT A R P I R 4 Xt Al f &4, M A E BB EN . £



140 FAE BEREEEMNELRDRHMERIELER

:PHEH,EHMEI-9 A BNBE LY NAIMNEZEESTE:: £#H, 4

zZeJ(%)k,mU

N-1

X(2)| oy = DaGne () (9-63)
FARE w=c(F), LRU Sk
X()]ecwt= D z(n) W ™ =DFTLx(n)] (9 - 64)
B XEEREEI, TR 2 () =
e, T TE 2 = o0 (30 )b X B i 5 RO, Wz ewm)

BV 78 50 B 40 B I A e, L p
e FEMBLE L, BEAN o=k

MRS kAR R o 2, R ° Rez
DFT[z(n) 0% ¢ MREME X (&), B, A RAR =1
K FFFit DFT ARB N E M » SR

iz B _E By ST
XELAREEEER, IR LAX() 0979 YERGEL
M X(2) 4 BIFRRFEH z(n)B DFT # ZT, N A FREBE A
B, RAEHABAR S X" A BROHRIEFHRE, R iFindi 2
e MEEH, 0

X(B)#X(2)] .4

TERBERES X ()R == w 4= (F ), 8118 x(2)
X(E)=X(z)|.cw* (9-65)

(Z) A DFT(x(n)]RTZ(x(n)]

HUEGHAHNFRERI NWEBRKFEF 2 (2), AIHEDFT[2(n)]
BN MREE— BB E EB X(2)M N AMEE, T U ERKEFF
x(n)o BR,EATUAX N MHEEHKER : THEBE A (n)]. FTEHFH
B X(R)HE X(2)HERERX,

X(2)= S a(n)z" (9-66)
K 2(n)A[ A IDFT MWL K ER
N-1
z(n) =5 D X(B)W ~"* (9-67)

N-1

X(z)=2[%§X(k)W‘"’z]z‘"

n=0
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(9-68)

EE, A RABULMRERIARXURE W HHER W =1,
XELR mBAE ERMES X(B)FE X () WREA, BHRAH/AR",
EBRPH/ESWAURS 6, ()R, R P RE

X(z)=ZX(k)¢k(z) (9-69)
_ _-N
¢k(z):%'1—_1—wz_k7 (9-70)

8, (2)TEBMIBIM N %45 b (WE N AR SRR E) A N -1 &b
HAEE,XEEN,RO-T0)AFH - VN=1- (F)meremny

B AEEE Wk = () g, 50 F 40 B4 0%, st it P % 00 3 o U T o 78
b(2) =1, TRE—WIELTHECHENLRR

X(z) =X(k)

=l (B
(=) L DFTx(n) ] 3R R0 5 0 45 tE
BEERG X(2)NBERAATH = RTRMUEE, @ 2=, BB U

X (k)37 W55 R 5 4

X(e) = D X(B) e (9-71)
- 1 1—e iV
B (eiv) =+
TN (o)
wN
()

HfE EXE L, BIARS
sin(
sin(

>
—
3

e (%7) (9-173)

-1
</J(w)~N

e
h
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FARO-73)ITHR(O-72)EKEH?

¢k(ej“’)=¢:(w—k %’f) (9-174)
FRBH
X(ej‘")ZZX(k)t/;(w—kZN“) (9-75)

H5R(OO-69)KEAEM, R O-75)MEH BAE ERMHMFER X(k)BE
X(e)WABmBRRN. WAKNERE ¢ (o) KIRERESHAREERTHE

9-10(FF N=5)s FEF w=0H,¢(w)=1,TM%%E w==~ Zﬁ&b(k:LZ,-",

N1, () =0 RO-THEH, X Rl N4 ¢(o k| REAAT

B, PSR MBE(REON X(k). BR, B M HBERHMEH X(e')
BETEA X(OE AAEKREMEANNERBAEIERETE, BRZ
(6] EK) X (e ) fELJ00 oy 4% PO 48 IR B A B I T A 1o BRAE , B B0 3R 15 5 IS
WETRES, WEH S, WAE 9-10 SRIEE 8- 14 XEME,

fp(w)

A\ \\\\\ \\\" \\h :
AN

B9-10 PR ¢(w)ZIBERME S MO

9.6 HRigiF L #(FFT)

T UL DFT (REBIEMBZ IR, TEHRX () B DFT A #At, 5

© BEHEMAAsin(a-kn)= Fsina,e*=FT1(H r HEHERAE, b IBEHRES),
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BEZRKMITEIHER,
B DFT EXROO-32) K EEERNELRO-36)FHEH % 2(n)5
W R HRAARERAMN AR X(R),BHHE -1 X(DEFEHIT N KEK
M, M N-1REBHMEM. ¥FNAXEENEE NKERZE, Bitk,
BERRLMW DFT BB T N2 KERREM N(N-DKREME, flin N=
4 B, IBETIHE, EHEMEMRRAR ‘
X(O) WO WO WO WO 1‘(0)
X(1) woe w'! w? w3 |z
= (9-76)
X(2) w' w?2 wt weé| |x(2)
X(3) wo w? wé w*] Lz(3)

BR,CARBEN XRE,FEN=4REFREM N -1=3REHmE .=
BB N=44 X(R)ENTE N> =16 REFRE N(N-1) =12 REHmME,

BEE NENR, ZETAEHFRERK, A0 N=10 FE 100 KEHH
e, M4 N=1024(B) N=21)8f ST E 1 048 576 Bl —EHEZ H R E B R B
B, BB, MRENBRHWERT , ERM TS #TLr L8, TE
W2 B B R LA B

ATHHBEE BLEETEE FEHA WEEFHRERBEERES
HE, BT WO=1H W2 = -1, %R EEBAERE,E N BANESR
T.X—HEUEZETHEREARLD, ZRBEAH W HRANE S KE, &
HEHEEHAKNMEREE BEHETHERER L., BT

(1) W "B A S

A5

Wnk:W((nk))N (9_77)

S ((nk))ny BARB nk BRUAN FrRZREGWED ne WEN BE, B, % F
N=4,0IF We=wW2, W=w'%,

RN - RE A

W N = ok (9-78)
W AN =n) =y~ nk (9-79)
(2) W " Bt
BH W2=—1,FRHEE
wimnr3) = —wn (9 -80)

MU N=4 R4, W= - W' f1 W2= - W',
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BULENSEERT N=48 W EFE, BRI THRASER
“70 W;O W70 W;O
wo w! w? w? we w! w? w3
w? w2 wt* ws wo w? w° w?

= (9-81)

_Wfo __Wfl _ “/O W]l

AR, EMARMES N HERMACZE, W EED  ETHREWTRE
B, B~ DFTEREFH—ITEEAR. W Sx(n) HREIBH  FEELLE
MEETHE. BRXMHER, ERFHESHK KR,

(3) BN 4 DFT EH AW PIA D R4 DET &5 , REHA.

TSR IE B X R R IERM, AT LB EE TR,
NFEF (n)B N S DFT,BE N £ 2 WEBEKYF
N=2M (9-82)
Hf M EBIEEH, £ 2(n)W DFT ZE % » AEEM » AT BB NP
(FTEHZEBBIXNAR NERDFT ZE, @K SIRE.IE W NEKETHF
N, B Wy,

N-1

X(k)=DFT[z(n)]=D,z(n)W 3

=0
= D)W+ Dz(n) Wit (9-83)
¥ F¥on

DS 2r BB 2r+ 1 ERTE n,r HTEER 0,1,...’g_1’ﬁ-

N_ N_
51 1

2
X(B)=Dz@r)WE + D)z 2r+1) Wrtt
r=0 r=0

N_ N_
3-1 3 -1

=ZI(Zr)(W%V)"“rWﬁzZ_)I(Zr*’l)(W%\,)”‘ (9 —84)
KA Wi THER WY, XA N
i f 2n
w2 =e %(F) =¢ ’(—’%):W% (9 - 85)

FTERXOO-84)E#
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N_ ﬂ_
7 -1 1

X(E)=>,z(2r)W ! N + WNZx(zrﬂ)W N

r=0

=G(k)+WEH(E) (9-286)

A
G(r)= 2z W (9-87)
H() = D zQ2r+ DW (9-88)

r=0

—A~ N S DFT aa&ﬁﬁ@ﬁmﬁ\ MK DFT,HE, HMEED,G(k)F

H(k)Rﬁgﬁ‘ﬁ,FO,l,Z,---,7-1,71’11 X(E)VHBE N, £=0,1,2,,

N-1, MR G(&), HR)REEH X (&), MHMMA G(r)5 HEKBWNER
FA . B AR A

G(k %]) G (k) (9-89)

H(k %) H(E) (9-90)
XFROO-86)FHMNER Wy &

W(N k) - W2 Whk=-WEk (9-91)

#=(9-89).:(9-90). f(9 91)_itﬁ/\f(9 86)BAI BB G(k),
H(R)RE X(R)HWLELER
X(E)=G(k)+ WEH(R) (9-92)
X(%+k)=G(%+k)—Wﬁ,H(g+k)
=G(k)-WEH(k) (9-93)
H k=o,1,---,g—1,it(9-92)—‘ﬁit(9—93)1%6}502%m X(k)mﬁ%,ﬁ—'ﬁ

D MM, I N AMES
HETHEMR, B N=4 HH P,
X(0)=G(0)+ W H(0)
X(1)=G)+WIH(1)
X(2)=G(0)—- WIH(0)
X(3)=G(1) - W jH(1)

(9-94)
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AARBEREZARO-9)MNEE, B 9- 11 HER R, BLEH
AHTBE , FALOILESARAHEREMAN, KFEFTFMERR(EH W), K
REMMAREEREEE., AXMRABES, BAREZHEBTEBEE, 6 mE
9-12(a), MBLEE, —MHBEEABRSRAERRIRREAHRE LN,
RMXBEHEE, HML. HOSE WIHRLUES - W HR, TURRRS
WM, FaAlm s, XEREEE RO ERT - REBREMFHRER
BB, HHFEATEE I-12() FRMEREZERTRAE 9-12(b) 7
IR AT WRIM S LR MK H0)ES Wi HE, B5 A% G0)4

FEmM WL BERD X(0)5 X(2),

x(0) &—

x(2) —— n{8) | o

x(1) o—

x(3) o——] (n &) |

B9-11 ¥ N & DFT ﬁﬁ)@ﬁ¢%¢i

DFT MR BE(N=4)
G(0) 5((0) G(0) X(0y=G(0)+W { H(0)
<, X
H(0) — W?X(2) H(0) X(2)=G(0) - W 3H(0)
) ®)

(a
F9-12 WEBEZEEHET

B, WA T 457 1 G (k) HOO 308 X (k) Bt b, St g

%%%@ﬁ@ﬂ;@%gmﬁﬁ%&%ﬂ N REEMBECGHF N=4,%2 K

e .4 M) o

HEEI-1IWEEB, TN 2(a)KRH G(k),H(E) & n HFBESH

AT R # DFT B, IR (9 - 87) R (9 - 88) 4 5 14 31
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G(0)=z(0)+ W z(2)
G(1)=xz(0) - W3x(2)
H(0)==z(1)+ W x(3)
H(1)=z(1)—- W 32(3)
HEEREERE, XSmRS, TR2E - 11 RELRE 9-13(E
WERERTMRRR W, T4, W HER, TESEREEALTS),
R, e WU I, 0398 i D TR LR, B, R RE A D R
¥, N Wk xR, N BB E 9 - 13 #LE
x(0) G
M4 MG, 360 2% 0 = 4 WA 2 X
N=8 g, MEEHT N=4 W DFT Q) — G
LHEZEE N N =16 RFEEM N(N -
=12k, ZHMPER,LHHF =) HO)
WEHMBRHREE SR EE T HERE % d
D, *(3)
FN=22=4 R, R#ET T —
KEBAB ELBEERBANTE  mo 13 N FFT HEHE
(AR RBERBMBI-130E. A

), MF N=2M WEEFL FEEIMTM/IBER LT T L. HN=
22 =8i,HEEMNFEEMNE - 14, HFELREE EEEREERERRL

B 915, XE FARSGILER, SBAMBTRED K MME N K. 25

(9-95)

2O

iéﬁ%%w%’ﬂz W ,3x N =24 KIIW; B DFT WEHBE N2 =64
KFE,N(N-1) =56 im(ZE®E+, FRIKFEHFESEH 2,2, AHRH G,
H).

W N=2Mp , 2WDFTEEABI M EBREHER, AP E4HEEF

DT N Y, I AR B AR

E%@f@f:%'M=gng2 N&
HEHINE:: NM = Nlog, N X
MK EE DFT FERE
HEE R :N* K
HEEME:N(N-1DK

ERI-ZAEI-16 FAHT FFTREESHEEITERERET/ERENTL
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x(0) o—— % & ——e X(0)
x(4) e—| DFT s — X(1)
@, DFT NE [ X
x6) e—| DFT B e X0
x(1) o—] % = E —e X(4)
5) e—{_DFT i o x5
x(3) —] e DFT —— X(6)
x(7) —— DFT ——e X(7)

BI9-14 i N=8# DFT EBERAMN T4,

lzq/n\%-ﬁ i DFT =28
x(0) x,(0) %,(0) x(0)
><V° 4 v
x(4) — x(1) sz(l) x)
x(2) x,(2) 0 %2(2) X
>/ \ 4
x(6) 7 x(3) s x(3) X0G)
x(1) ;Z x(4) v
x(5) xl(s) x2(5) X5
x(3) x,(6) x(6) X(6)
f i /\ / \—"”
x(7) x1(7) ) x(7) — b))

E9-15 N=8HW FFTHEHE

4 X@)

B MxBe BARTFER, Y N REAT, FFT 8518 3 60 o 2% 48 25 7 0. 4 4o
N=2""=2 048 it , i 3% DFT & X H B EN 025 FFT B3 =5 245,
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%9-3 HEDFTS5FFTHERZAEHLER

M N B # DFT(N?) FrT( o N) | e (200 )
1 2 4 1 4
2 4 16 4 4
3 8 64 12 5.3
4 16 256 2 8
5 32 1 024 80 12.8
6 64 4096 192 21.3
7 128 16 384 448 36.6
8 256 65 536 1 024 64
9 512 262 144 2304 113.8
10 1 024 1 048 576 5120 204.8
1 2048 4194 304 11 264 372.4

BRI FFTRBRRER P FEEEEEE, FER“EBAMIRAE" 5.
BEXFAE, ]

EABEI-13 RE 9-15 (xf&&%&ﬁ
B8 AFS «(n)WHFIAF B H 1024
BRIFF TR, 2(0),2(2),2(1), E&DFTV')
B3 (W F N=4)RU Kk =(0),
z(4),x2(2), z(6), (1), z(5),

2(3),2(NHF N=8) kgt
AHBHFHSET . RARRE

T n W& BS4HH#FT DFTER 128 FFT(%logzN)

TR B X HES 7 AR “Fa . o4 X

B B F . B i R = 64128256 512 1024 N

HEERWRFERMEGM, &
ik HaHEm R, £9-43H
N =8 Bt B AP HEFI T i B B A,
xR, BAWE BRITUFH HERBE LEMNRIAZHHUE BRI T,
4N 110 AR 5% 011, FF 3% + 2l 32 th 2 31 B s 85, B 18 B A 0 00 73 47 18 32 i
Lot E 9 - 15 s AHEFBT .

B 9-16 H¥DFT 5 FFT
B R B He 3
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*9-4 HEMFSHAMEMF(N=8)

H AR b3 B 220 A E B oz £8P
0 000 000 0
1 001 100 4
2 010 010 2
3 011 110 6
4 100 001 1
5 101 101 5
6 110 011 3
7 111 111 7

BB AFIRARIFHSIHIT FFTEER? RAERTLUAN, B
9-177H N=4 WA —BRZRBE, FELA, EMITHEEATME
9 - 1352MFE, K FMLET , X B8 AR IRy B RIF HEF , W04 H &038 5L
T BN

V] LAAA B A Vi R SRR B SR (RS TR RS L B2 BT ) 89 FFT 3
RE,XFERRTE 9-18, AT, WAWKGRER AT MA2RE”, %

ERENFMES.
G(0) X(0)
X‘)
H(0) XQ2)

-

*0) x(0) G(0) X(0)

M X1 6(1) X

*(2)

*(3)

A

G(1) X(1)
Xl
H(1) b (€
9—17 N=4 i FFT {fi2HE, % AFF

B RITUF 5 RS AL (B2 IF

*(2) H(0) XQ)

x*(3) H() X(3)
H9-18 N=44 FFT KiBH,

WA RS SRR B RIUF

HARMPZEBR? SMELYBEGAINGEHEBZE, BREZEERNR
BEEEENR —AF#ESRZ P, BEIRE —RE %, PEETE M H AT
%, FlinE9I-13 5E 9- 17 HEFEMNEEN., M TEHI-13 £ LMK —
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AR BRI, HEA (005 z(2)KEB G0)E GOHZ/E, H#FE=2(0),2(2)
AR, iF GO0),G(1)EARERERE 2(0), 2z Q)MEMETZF., K
B HOS HOZE, BURABRER (1), Q)N E, TR, EZRE—
Sz g, AR T R A SRS, B AR I0UF A A B R B P EIE
B oTPRAF T —%iEE, AN TEI-18, A5F R, F—REHENBRE
BITLEAECEH AT HEMEE , T A ES gt b M BEEER

TR b, T ATZER A B o B A O R M R B BT (AR R AL B ), T
REW LS, Hit, —ACR AR 9-13(E 9-15) 5K 9- 17 AHEH R A B
MEBERNINEE, FR_EZENBEER HESERI-15)MEH W
WREBEARBFHY, ETFER, MEEARLEX A (JBEI-28), 4
N=2M &, 8 A TR A AR F 5 B RIUF 2 FFT R E 7 Me
MF(BEEI-15,N=2 HBF):

(1) &+ EAEN M R(BHF M KER) .

(2) BAFF x(n) BB ALEIRITFHES, @ &5 5] X (k) 3% B RIF HE
F,

(3) BRBRER) MO F DI85, BHUTEE & FHR. 85
ERT P TTREN S APV S PR S PP VD Do A ¥
G HDA B BR— A S BB

(4) BARHRTHREAT W5 - W RES (AR W 5 8%
%%’—zk)o

(5) F—Bh A B MR K W A LA SE 2 MR,

(6) &Gk W AR B LT a0 T AR

F1x.w (1)\;

B2HK W, Wy

apz

|z

2N
%32&:W(1)V9WN7W:],W

MG WY, Wy, Wa, W, W
HE T R MEGTHSUEE N =2M(M B8O FFT AR (J 8
9_30)0
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B 0 L A bR L ok S R R TR AR S (LA IFFT 3R), 3
£ PMUET B IDFT B, A ERKE W (RE W ™), T BB & RE N
LR B o
Blo-4 BHARKFF
1 (n=0)
(n=1)
-1 (n=2)
3 (n=3)
# FFT BB RER X(k), BUFRE X(B)FA IFFT &K z(n)o

i
(1) H ¥R DFT MR NE 9—-19 Fin , BRITER X(k),

x(n)=

N | X -
1
x(1)=2 5 o T5=XQ)
x(2)=1 2 - 24=X(1)
X
x(3F3 -1 2-j=X(3)

B9-19 #9-4k FFTEE

(2) EHR IDFT MEBWE 9-20, ZRHER 2(n).

IS ER - B FFT B3k, A TSN SR /A7 54, &
FRovieat MR FFT Bk ; 5 %t B 8 55 — Fh Ip ik B 26 5845 37 BB 4
A RN REM B FFT B 5, Wik R 48 — B & (Sande —Tukey) B ¥ (&
9-31 ZIJ9-34),

MBEREASKE N AR 2 WEBEFER, Mol #HE FFT BARERR , FNEEE
FHFFTEHE.®

M FFT Bt ES , KR HERIRENESABEREEELERBERSF ., &
FERNBTET FFTEENME#BE, FEARANITISE BRFERFSLHE
(R BT [R5 5 A0 38) 7 5 T A EEE LA R A SR 3CHR

© RBEH.AHBEOFE EMEM LK WAEE. EE.: EEBRHHKRE, 1979,
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(=]
IS

X(0)=5 - 4 21
<
X(1y=2+] 4 > -4 4 @1
1
X2)=-5 10 g —3 — (1)=2
x -L
XG)F2-] % 12—~ ;33

Bo9-20 #]19-4i IFFTaE

9.7 BHRMEALTHRMGEA

04, DFT #97F E 8 B & B B R G, 7T LA 51 26 3 5 A4 55 451 R 0 B
ERAARE, REARENEE, R HRE IR 8 R EE—- 1R A, B
ERRBXREE, RE B ARZBX— T EELRMEAFTREREM,

A DFT ik 4 E FFT HER LR, TR, “DFT WAL
F5“FFT 8RR 8RR X

FFT Fikm B AR B BE S WBEE, i T EEn G5 a1
B8

(—) RIEER

EOA4H(MYZITL, HERKENI N, HFFz(n) EKEN N, KFFI
r(n)EEER 152

o

y(n)= 2 x(m)h(n—m) (9-96)

m= — 00

y(n)MBE—NMERKFEF L, EKKERN N+ N, -1, AR (9-96) W A1, FEHBH
BEABRP, BN c(n) MREEBLAEEN h (o) WEEER, B, tFTE
NN, RFEEBHE, £ N,=N,=N HIERLT.%F N> KREEE,

MRERELEBUNRBASER(FEFEIFHHBEAMEE N, + N, - 1),
&8 FFT HA, BB REFTEFNEELER,

Bo-21 ntHEESRSRELBRFEHFRWEBRFER, HE9-21
M)A, REERAT RS, HFEWK FFT, —K IFFT HE, % T=K
FFTHWEHEE., £ RO FBBERT, B 2 (n)R HR)X—FBBERITT
B ABEETHMEBSZDT WL AERNFFTHWZEE, WRBE N, =
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Np= N, BHEFASN N, + N, - 1~2N, B i % % 2 X (%bgzz]\f)mﬁﬁ
RpEiZE, WHNVHER X(B)5 HRFFIIHERE , EFEE 2N KRERK, 27
BEREEXRE N

2(Nlog;2N) +2N=2N(1+log,2N) (9-97)
BRME NEEKRO-9HWEFEL N BERD, Bk, AHHA TR
ALRETREREZH,

x B |——ym

h(n) ———

Y

X (k)

x(n) — FFT ——q XWHE
o IFFT |—— y(n)

h(n)—= FFT 1

H(k)
(b)

Bo-21 HEEBNSREBPREGTER

ESHTRHMMFIIKEZERMENEL. MREF—-INFINRE,
A —FIRK, BAEHTEHERN , AFIITHERL, TRERAERTRH
X EERATEBOAE BREWE, AKX — B, 7R BEER(RK
BB E, RERAREREERK—NFIL B 2 (n) 5381520
B, BPBERKERS h(n)EEH () WEBNDNEIHNE h(2)EEH, BB
B, XA, AR ERES TSR, KTROEELATEE -,
XEN AR EBEME

BE h(n),x(n)WHERFI . h(n)WKER N, RETE9-22 (a),
z(n) KER NLN>N,BHE N 28 ETHE BBRK M, I

B9 ~22(b) B R o Mz, () RR 2 (n) FFIMIE i /N B (i WL 0<i<P -

1,p=%),w%ﬁz%xi<n> Shin) 2B BB, MK () KENEE
N+M-1,760 9-22(c) M EFRA TR ENE. MAFFTERY
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» 1(n)=21,—(n) (9-98)
He
z(n) [IM<a<<(i+1)M-1]
I,'(n):{
0 (n REAME)
AR DL Hb , & R S Rl R A
y(n)=z(n)* h(n)
S DIEXCHIEVICY (9-99)
RSB o
y(n)=Z[x,~(n)*h(n)]
=Zyi(n) (9-100)
X H
vi(n)=xz;,(n)* h(n) (9-101)

BT y(n)WKEI N+ M-1,T 2, (n) WARKERA M, 8AHSw B

yi(n)BE N-1KENESE, LA 9-22(d),

@ h—| N f—

() x(r) !<——M—>|<—M———| fe—M—]
N,
;<— N+M-1—=] |
fe— N+M—1—|
CECR )_-: N+M—1—=
L j— N+M-1—]
je— N+M—1—n]
Eé N+M~1—]
@ ¥ < i
L FE—% N+M-1—=]
@ ym | N+N,-1

B 9-22 WFFIKEHZMR AN RE SN ES MMk



156 $FAE BEHEENER R EBERER

W PR, W RN BA SN HERES ()5
h(n) BB BESEC N+ M- 1,14% PR, RE 5:(n) R IHRE 9 -
21(b) s RIEH v, (n)BURI(SEBF L REE MM, BF y(n).

Ao, N, B, UBBFERK, AMEERFS HREHES FH
A A S B4, RN R A4 BUB TR T iR B B AR BB LR A5 R, T
H, BRI KB EREE N, NFE, Hit, WEESBEBYLE
HERBENELT A T HERAX AT A

&8 FFT AU R ELEFEH, BT A E#HTHRERZHE, Rkt
BARTHR - BRBSEFERB(WBAE S5 W) EHET, EETAH
TR

(=) BEMEX(ThREITH)

R B R ML, ML (B R BH AR HEE FFT SRR K. A
9 —23 7 th E AR L S RBE M X PR 7 R R ITHER

x(n)

h(n) —————=

y(m)

1P S

(@)

X(k)

x(n) —{  FFT ———{ XOH®

FFElie IFFT |——>y(»)

L)

h(n) — FFT H&) Bidn)

(b)

B 9-23 EHEMXS P M RE T ER

MEXBEHMAE R TELRERFEMAREZF ,FEFRE, LUX s B R
ERBETMREPHESHE. AMTECAAEENERELAMERZR,
W% FFT BARMER , JFAMXAEREC R ZXRA, EF ST EHEER
EREEN:E S0 PSS

AL LR, BT R FF B oh FaE X w75/ 9-23 H 2 (n) S h(n) M
EA—GESEE—ANFFT2H), XK,y () RARXKE, Y(R)HR 2 (n) K
TR,
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(=) MEZEHBEES S NIEE(ESHIEDH)

—BER T PR RES AR SE B R AN, A EE TR
KB, REHER FRT HFENTE, X B # T mEs, g T,
FIAHFFTHEZERLARFIAEE, TEHELIHAREREHRELERKN
A,

(1) HEIARES

BN ES RERER e MW, Wi E M EZRA . X,
B AR R AT RE R A PR TR0, R, AR AR i 4% S8 2T R0, 24 B[R] B R E AT Ak
BEULG B 58 5 BUIR & (aliasing) o HED, TS BEHB/NHERR T, BEE R
BT REE S , H R BT,

(2) BERERES

S5E—MIEGAER , & E S g R TR - MREE, W6 & H R TR
8,8 9-24 RBL HXFEE () ZEME X(HWHF. AIMA FFT 3tk
RN, LA ERER - AREE, KBNS BRTERAIES
()5 o ()T, EERATELR, FREL - MERE OHE
(), REEBU I 2 () WEFE, « ()MBRITEBER X(f)5H RBORAIE
H(AH)ZHBR, ME 9-24 i X, (f), WERRZY, BRI BETE-ERE,
ENEEMMEZRETEY BAE, FR A" (leakage) o

xn@=x0k ) X(SyH(S)

SN LN

IR VAL VAN
2

9-24 MEAFRESLBN S HIHE MR
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St T i i) 6 B B 125 B 2 RT B R B SR VR R O R 1 . B MR B
EEREERENER, AYEBEEN RN RESBHRER™E, KIR
18, BRI TFE, CAMRTEMERNE B, FNFARZEHE R[N
+ (Haning) 87 ] .BCHE 49 F+ 42 3% 87 [ (Hamming) B ] . — M AR L H [ XK S
(Blackman) B 145, & I T#R7E R [ AR BE b FEAR 7 9533 A0 35 008 , o Wt 0 IR 4 8k 38 (3
W&+ 10.7 T FIR FEBEH I,

WRESEEEESER, B ABRESBILY B TSI REER,

(3) AMES

S FHELRMEAREE, 2HEERESERS, XMEN 5 EZRE
B0, B R, I0HE 2 RIE S DFT &b Bat, SR LB 3T T RS H I B
EXI-

MEFABESNHIRERE RN, FREFMERETRERRS.

M DFTHEEBEEERESHAEN, BF - METERR, XHE
R E AR S, W TXMESNNEBRR, RIFEAREE, EHE=F3.9

8 R S M REOT S S B‘J‘a‘ﬁiﬂé,&lﬁﬂa‘%%ﬁ%ﬁ%( T, A

HAERH A [EI ) . BRAE,XT T DFT #1 IDFT M-8, EENA THELEN RES 6
ERLMERRR, TEARNT

(1) 5t—A B E A BRE LR S AT MR M7, R (9-12)5K DFT #it
BERRURK T, B A8 HE LRI

(2) MBEA R . WREMERSHHIEELE SRR ENHE S #
i £, IR IDFT H B 66 R R LARE £, B AT 4RA5 FEA A B B 181 R

(3) FADFT sk — JA35) BB 0 5 0 GUBOE MR o S0E, BT o T R

BAETFAHAP, HAREBTHRF, REGX —#HEZ S, XL IE % DFT %
PR THERRFTTFLER  AFERELRRL

FEFETFREES, FRETFHSBEELRER, RERE AEHREK
MARSHES EHRE R, BiL, 745 RS0 HREEE IR, AARRE XK
BXERH,

Bl 9-5 I DFT FKE 9-25(a)Fim = fbkob g, B RA B0
8 B , SR A AR 2 ms, TSR IERRIBE (48 1) £, =100 Hz, R REER T
fn=25 kHz,

&

(1) B £, BB xR E RS T, BERN

1 1

L I S—
SN2 fh 2X25%X10°
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x(®

@

-1 0 1 t/ms
x () I B HFES
1
(b) /\ /\ /\
. (d 1 {E 1
-1 0 1 d T, 2T, thns
x{n)
AL 4
\ /1
© \ 7
A {¢ II 5512
osils2 7 460}461 n

W|o-25 Mo-sH=fallkatREBHAEHEMNBTHEFT

5 T<20 ps
(2) M f, Y8 B 6] R B ST 3R R B (BB IR R KD
1 1
TI:E—E(—) s=10 ms

EHZRBREHREZEENE 9-25b) A, RFEEXKERTE 9-25(c).
3) REHAKHEN

-

=7

-3
>1o><10
20%x10°°

N

N =500

B N=512=2°, #=E
T.=T;/N=19.53125 pus

HERE T,.T, M NZGE, BB (9-32)1+8 2(n)Z DFT B¥
X(k)o ATHZEDFT HELAMIRE, RNFENX » () BEH#FTELEN MG
BHEENTHBSEE RUEBHFHMN T EREBZERIETEL, A, &
W F=0 A, HE X(OMER1X1073, WXRK DFT Z k=0 AHMEXR
X(k)=1.00006x 1073; 7 f=100 Hza (Xt B £ = 1)0f, B Rh it B4R 51K
9.67593 X 10 *H1 9.67531 X 104+ -+ HRZEAZHMRERRMBAD. RITE
PRI EERLHRIEEENE 9I-26 Fim. BT - EZEER /D, ERET
WML ILERaES AMEEXS . BR, Hh&inh X(H X)), 25N
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FELR, BN £=100 Hz XRE £ =1, k (HHEBBMRKM K, MR £ (EZ R
% 100 He, BN BB AR Z BN £, E—RERT , A FR— R

EARL

B,V ERBEE R EYLRBIELT, B0 E B MATLAB KIF5E M.
1% MATLAB &SRR E FABAKRKNL4IEE(MSH HES]ENE
%_‘jﬁ—%ﬂ%/\ﬁ%ﬂﬂﬁ)o

L X(F)
x10™*

—
=)

‘ . N N . 4 N
y + y + + t + t +

e J/kHz
3

Q

B 9-26 =k b

9.8 DFT(FFT) & A %#——O0OFDM 1% 2 L X 5K I

MW HENET DFT N AMEARE, £ ERFRESLEFRE L.
S — S R LR A, I F R B TR, TR, RITAHE &4
S RWEEZEREMPEL RN — B AEH, MEEET - ELHRE
FERELHFER P HBEFHETI AL B HHF—OFDM R4 H DFT(FFT)
BH¥xm,

- OFDM £ IE 32 # 4+ & F (Orthogonal Frequency Division Multiplexing) & 48
5,

— B, YREGRAEMENETEFERLEGSHFALESTE IERH
MERTENE, FBERHEEE - ENBINEXESHNER . &FE LKL
SHRAERREEHTER(HERFERRL). MERMARENFTERERBRS
FHAfHEEFEEERHIIANKRE, ¥ TRLMGREE, ERUNEFE
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BlEEHRESARENEERRZ —. B “SR"REAFRLIBRREZE
LB EZEARNEHBZ2(MERYKAEEIE) . SRR KD R
WEARBLERESERE R, FBIRTEREEER,

XA RATFEAFE, EE - ZE 2.9 TRINEYREZLREARNIHER
HTMEMT ERXEFENEIE4-51. FREIES - 27 URFELET.7
&4 R GEHE XA R, MAL , RATH H A ERBZ KB

W SR AN T R T A R 48 /), A 8] T 4R 4 AR A 15 0 45 1R VT g
Ait, BEMN, SEENE—CN, BRER N RBHERBL, HFHILHE
RKE, RPN REEREE T H™E, BDARBEEEHER TR, % AR
RN EEHITYHE,

“WEERAZEREZ I RS FEERMHEMERE, REEFESY
wRAAHEAETIBEERTENREER ., B LUHAARXEHERN FHH%E
RRIMBEEEEEESEHSIANKE, IXBE_EZF LENEXRITBEME
BEERMYERENESRERAREREERE, R, XEPF 55 LM
AREMERBREE., —BRERT, 8 THEERA MR, FrUSEHRLME
HRGHABMNRATEN A2EEEUINE=FE3.8-8EALT—1TAE
R R S — R AR AP AR B ES. WA, ERESE.
HAl , ESXEGFERRATFERITMEHAREERENYERERTERLRFE
Z3ps: 38

HFREZEMNFIBESERAFERETRNTE, ETLRERS ERE T
AR H — X, X RS H 4 (multicarrier modulate, MCM) R,
MCM FIA—A(N M FREEGEFHTERES, ERFERNRERE
TR B—AHTHERORERER . 8N FHREEROEERERREA AR

%ﬁ%%%%,mﬂﬂ,ﬁﬁ*%ﬁﬁ%ﬁmﬁ%ﬁ}%%%rﬁﬁﬁiﬁ%%@ﬁﬁﬁ941 N
&, XREBENTREEABTZAMTUEERTEENEZY R, AR
ARE BRI o

RELET, AMTREZNRHFAZRERR BHEETFZTERERFHE
o BENEZREAHHWRIFESHAEREL. SEBREBHEHRHE
N MEEBRZE, 85 N AFRE#FGTAH. EFREGFSHSBEAXK
BHWHMENE. SHREATEAENTEERSNAH MBS, IFERENE
HEMBAXKES , GBHERERE, RN, 3y TRESEREGESZEHMMHE
FH,EFEBEZROHE S REMENET RN BATNERERRERARER
KK

Sk ERFE,60 AP, R E Bell L %E R.W. Chang B RAIER



162 HLE BHEEHTHRUEKGEHELTH

EREEBUTEFEZ TR UFRERZEFREZBMEIER, 768 B
FMAFRZE(NRERBEARTUSREELERBZ FHREGSBEI M E., X
M OFDM fEH R4 .

EREEESHER KR, SRR ARG EBIEER I TRESLZ Sa
. MYMEHEELBHBR FEN SN FRESJTAWN, HMES
ISR IE N 9 - 27 iR . RS TTETEIKER T, B 5, M2 ST /AT 22/
T, ZBEEL, ZREWBEMELELRZER,

B9-27 ZANTFRIEGES L

R REH OFDM R R HE FERME 9 - 28 iR, BERKE
WESEERBNBILER, BB HERZ G RN MEEBDR, E0154 33
HMEERK—HFRIERFES cos(wet),cos(w ), ,cos(wn- ) HEFTHEE, BE
MG SRR B, Bk BREINGESHTREA, VI, — 45 RV
MHTFRESERGESHEAR B4 HE USREXEE, BESLE. &4
BEZBRAFEERGHTKERAERTEES,

MATE £, OFDM Hi AR 2 ¥ 76 8 3 b AHBE R 42 (550 L SR R FE M LU As R
2 ¥ R B _E AR BEAR AR (i R AR TR A LU AR I o B, X T Bk e R S e B
BEMTHRES X OFDM EF R Z MBI 5 T, X IEZ OFDM &4
HIAE A o

B M, HEE 9-28 FREH OFDM REFTEKBMIEZ A EH{MA
il RV EASWAEYE S, Hit OFDM B AR 7EH X4 — BB R NI R A R
BETEMA

1971 4 Weistein 1 Ebert #3044 i T DFT(FFT)# AR i fi F OFDM f&
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A #EA
cos(wyf) cos(wyt)

= ¥}*
#
xas | SRERE sl
EESE) | #% g% cos(w,£) - cos(w,d | ¥
% : i #
A e e |
*cos(wN_lt) fcos(wN_,t)

B 9-28 S:¥ OFDM {648 E R 5 E B

BMASZNTAFT R, UHBRREHMELLSH,F OFDM IR SMABFEAT —
NHH B, WL, OFDM i F A HA T L E A BHEN, RASNKREFRE
HEABBSIAEBEWREZ—,BEBRTZHMNA,

N T B L, DFT(FFT) FEBREE N BEHEH , FEFHEXHAS
HREHESHE¥EREN ., TEM QPSK 7 MM 78 A K HIK T
XA, QPSK(IER AR 8 #) Ml oy RN FR 0 4PSK (A E) . BA1%
E 2PSK(—HIBE)BFARNESHWRZ RE, B 9-29 m B, B+,
ZHBBFES 1001 SR (EZES) FTHARR , BRERES ()
2, WAL BTN T, MR 1755, RPF R HHEBE R 0, 0 5L “0" 55,
BREHBR o FEEKRTUREEBEAEATRA, KE _H#HBEFES.
EEXFXMAR TR d(2) ZIREMBPEMBEHRIFEE,

B 0 0 1

1
7.~
CAVAVAVAVAVAVAVAYA
2PSK
wea0 N \WVNV\YNV\W
B 9-29 2PSK#MFEFMES R
R, A5 5 BAR APSK(QPSK) B FRABE S 2 AR, X2—MY

HHRHEBRB T, EWES J()ZRERXTEE
d{(t)=acos(wgt) + bsin(wgt) (9-102)

KA BT cos(wor ) TUFR A RIAR 4> 8, JE H B sin(wpt ) RN EX TR, R
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Boab ZERAETUR“UE - 17, FREB AR 4 #7768 A, T H M B
BEREEE, £9-5S AN AR BBYUFHHSHER T (B 11,01,00,

DA a b Fd () HBZAE,
£9-5 QPSKMEE a.b Hd()EABXERH

BrHE 11 01 00 10
a 1 -1 -1 1

b 1 1 -1 -1

n 3n 5n T

Lk 4 4 4 4

XMAEBTHABEERERR, WA 9-30 fin, NKERTUESR, ES
MEM d()EERXUREI-5FL—3, A5 BE 930 B 4PSK Z ¥
¥, 84%E8174%,

IR A RS T RS2 5
BHHNR wp w1 wa- oy-, HR A QPSK A 01 11
BRI, I OFDM & MfS 2 2 Rk S|

z(t) = Z_[a,,cos(w,,t) + b,sin{w,z)] i /\"(\ é =p

n=0 4,/ 4 HE
(9—103) 00 ¢ ) 10
A ,a,.0, HE 2 MREXT N ZEHFESHIT
MRS, REFESHBLABRA T, 8 F
RBAIRMEN o, = n (%) H9-30 QPSK & M%RHid

T z(¢)FEAAER SR, 7 5 (8] B B A O T=%,Tﬂiﬂ§ﬂﬂ‘2ﬂﬁi
Fr=rT,TRBEE

2(k) = Z_[ancos(w,,tk) + b sinwty)]

= Re

Z(an — b, ) [cos(w,ty) + jsin(aw,t,) ]
> (a, — ib)en (W) |
S (a, - by (5

= Re{IDFT[D(n) ]} (9 - 104)
YRR IDFT ZE X [R(9-19)5RK(9-33)], Al FH L XFESHERX

= Re

= Re
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D(n)EEHH IDFT,XF £k 5n MBS FEE XXM, X AZEFIALER,
D(n)Bl(a,—ib,), ER QPSK AHIFEEMEHLERR, LB EFFETR
B REAEREHERTEFFER.

RS, N EHESTUEN  EZHHRIREN D(n)i#17 IDFT BH
BT =4 OFDM {55, HIfEs 20 UBUR KB 2% 5 7 il 2 1 B Z B8 14
Y, ALIEW, BRI E ST DFT BB AE D(n), ARG
Bz BT EE. VA EHM, FESX DFT B 2N S, MERBAN T,/
2N, AR, x—FEEREREGE B AKE . L4k OFDM &4 KW F
R T ISR, FEWEFETFREDFITFEFZSEUFTR T LS
— AR DFT B E TR, AT KR T RENERE ., BMEERAE
ER(VISDRZHE RN E R, BT PSR S E R E FFT % % B0 5%
R UL RE A S S A TR (DSP) S B, X OFDM & 45 #4513 B F R K
ML,

HET,OFDM SR B B 2B A RBRERETE, Fln, XLBRE
FHEEFHT % (DAB) U E B F T #% (DVB - T) , B £ 5 SUR i 36 *f
BB FRAPIRE(ADSL) %, AMIEEHFTEXFHEANAEFHENURBII L
BERSE. BRARGHA OFDM H#EARZ SN MREMB T RNBRE AR, R
mEfIREFESEHNEEY DFT BHERELH,

YA, BEAYHE MR NEERM DFT N A KA BIE, AT LA
BEZINELRERE LR FP DFT(FFD)ERMEF R, MIXNEENAT
OFDM W EHE, REATTHR, BEHE OFDM REN BRI N E IFEN
BEHA—SHEMER, CPBRB R, XEHNEELBHWHRE LEZIRS(E
FHiFLE X ITHE).

9.9 KARHEHALE A EH

(—) —#RRAEESR
WA S EREAFE 6.5 TIRAMARBBRIFRARKEREFEFATLUAEMT
HIR AR A BE e Xt

o

2(2) = ZakWal(k,t) 0<:<1)
k=0 (9 — 105)
1
o = L}x(t)Wal(k,t)dt (k= 0,1,2,)

LR, X MEEN (MR ZRARTE, W LA FIHTE, TE
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0<Cr < 1R IR I P, 328 BE B IN /1 B8 H0 0, 76 S0 4 0 A IO R R Y B A 4, X
BORIEEE 2 (OBRAAE N MERRMRRT S BUBHERNZE
BHER, TUBRBHIR R ER(UKFS DWT RmR),

#Fx()MBEER 2(n), Wal(k, ) IHBEEU W, %7, HF 2=0,1,
2,0, N -1, M BEHRRAE B E XN

X =5z w, (9-106)
(k:091729"'sN_1)
N £7 DWT B3, W, & Wal(k, )M N MERBHEE, ERR+18 -1
PR 7 0o <1 KDY, ¢ B RE AR ¢ = 220 0 CHLE RO R0 B8 i 2
FFRRAE ) o
BHR R B EREE XA
xz(n)= ZX(k)Wk,, (9-107)
(k:01192v""N_1)
(n=011’2a'"9N—1)
(9~ 106) 52 (9~ 107 HRB IR/ A B HR o X T R B HOAL TR, T 457 4

rFEX BB EBEEETRRF,
DWT Ze 8%t #,(9 - 106) 5 (9 — 107) W] AR R A AT M B X

1
X = W (9-108)

XF,x SX BRTMEC

x=[x(0),z(1),,z(N-1)]
_ X=[X(00),X(1),,X(N-1)]
i Wy &5

Woo W < Won-n
w w N /.74 _

wy=| " ! LT (9-109)
Win-10 Wwwv-na1 0 Wwv-nan-n

O WRBATER £ 5X OHE T 5 XTRFIER) WA 0 THRRRA D XT= ~Wyr'
W= Wy X", WATH x FIX EHENE R R, WA
X=+Wyr M x= WX
AREBEHEEN.
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WA AR
x=XWy (9-110)
WIRA 5 B A A IE 38 Fe 4, BD
%WNWN:I (9—111)

AP I NBEMERE, FIRX—HE, TLEE ERRRA TR AT ERXR
HIER T, ER K (9 - 108) R A EHRA (9 -110) Z HEH

"
N

=xI=x (9-112)

XWNWN

ATOL, X R R IER.

Blo-6 SRENMNIRBIEZES () =sin(2rnz) (0<:<1)K 8B (N=
8)DWT,

2

%z (0) 4 8 A% R A LR, AR T 0 = 22 e By

sm(%é) sin(?g) ,sin(30“)2{§o

(x(n)]={x(0),x (1), ,x(7)]
=1[0.38,0.92,0.92,0.38, -0.38,-0.92,-0.92, -0.38]

BLl E8ER 8 R RAHEBERAR(9-108) I RBEERREBE, A BB
&% = (n) UIFIEBEAS H

[X(0)7 { 1 1 1 1 1 1 1 1] 0.38]
X(1) 1 1 1 1 -1 -1 -1 -1 0.92
X(2) 1 1 -1 -1 -1 -1 1 1 0.92

X3 ;] 1t 1 -1 -1t 1 1 -1 -1/| 0.38
x| 8% 1 -1 -1 1 1 -1 -1 1||-0.38
X(5) 1 -1 -1 1 -1 1 1 -1/|-0.92
X(6) 1 -1 1 -1 -1 1 -1 1{l-0.92
LX(7)] L 1 -1 1 -1 1 -1 1 —1JL-0.38]




168 HAE BHMGEM RS URAMEBIEXER

ST

Lo
XEFBEEPHETRARSHRTHERE (O RERRTTERE
LEHTHRARRKERHK (S T ERRAR (9 -110), A GRS /5]
HERA, TRA

r2(0)7 1 1 1 1 t 1 1 177 0 7
z(1) 1 1 1 1 -1 -1 -1 -1[|0.65
z(2) 1 1 -1 -1 -1 -1 1 1
3 |1t 1 -1 -1 1 1 -1 -1
@ |1 -1 -1 1 1 -1 -1 1
z(5) 1 -1 -1 1 -1 1 1 -1||-0.27
z(6) 1 -1 1 -1 -1 1 -1 1
(1 L1 -1 1 -1 1 -1 1 -u4L o |
0.38]
0.92
0.92
| 0.38
~|-0.38
-0.92
-0.92
~0.38/

A, BTG, B ERER o () KB BHRE,

FRH AR SHEMEREER EMER LA FSHRAZL. G, % TF
e L A e 3 R WA R FL/R B, th B ZE B AR I b, B — (5 S RE B ST X T
TR ARG EMEL/REE, ENENFRT, A FohEERRTHEY,
e B 5 R LT A

%Elz(n)lzzz::lX(k)lz (9-113)
VAR A e 0 R A A LY, T X B 2E T« VR AR A e R S M
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M HFE R EBALER + 1, - 1,E0R E RTELEm BkiEZ8  FHIFTHREER
’}E&;&Kﬁ'}%?ﬁw@%—%ﬁ%ﬁﬂﬁﬁé‘—?iﬁ&ﬁeﬂﬁﬁ%%ﬂﬁ*ﬁIﬂ,ﬁﬁlﬂ?‘%ﬂ’ﬂ
=51, H A AL

R, S YEEMMKER S, ER /RS E
AEEHENMMXER . SURALKEE BERNF ()5 y(n) WIRRMA
AN X(E)E Y(&), TEHAHT X(B)E Y(R)BER Z(£)KHBER
2(m)5 ()R y(n)BHABKER:

Z(E)=X(k)Y (k)
IDWT[Z(k)]1=2(m)

N-1

= EX(k)Y(k)Wal(k,m>

= LN Y () Y () Wal(k 1) Wal(k )
& B IR R AT R B TR e PR A 5K, 3 3 e b =X b 9 SR R 45 2]

N-1

z(m)ZJ]\LIZx(n)[ZY(k)Wal(k m@n)]

Z—Ex(n)y(mean) (9-114)

BR, z(m)HE x(n)5 y( IZER MESHLZEE - ME B RMER
A, MR (9-114) , XHEMNBB BRI “HRER” (dyadic convolutlon)o

HHREBRLP I FRENETETRHBERMERS S, MEHFXEBR
H B HERERT B A B AR

BFE_AEEX M B, B, FREXERSHRERE
BB —H,

LB AT AR HRRAEREEBHFSHWRBR RS -BESD
T, ERWRARETEHRERRE, FASEHEHBE1]H+F 10.3 35 10.7
o

(Z) ZHERRAEHRERAEENBER A ENER

R THBRATFRD , FFEHRZESRE—D iR fln—KFEER,
FTEN RIS ERRAEHESWAE,

WR_HBBGES 2 (n,n) , HAZE ny,n, #FHBERK N, I N, F
CRLVEABA N XN, N EMZ4 DWT & XM TR

N,-1 N -1

Xk, ky) = NN Z Zx(nl ny)  W(ky,ny)  W(ky,ny)

=0 =0

(k =0,1,2,*,N;—1)
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. (k,=0,1,2,,N,—1) (9-115)
“HDWT M ZHRELH

Nz—l Nl_l

2lny,n) =D, D) X(ky k) W(ky,n) W(ky,ny)

2 (nl=o,1,2,---,N1—1)
(n,=0,1,2,-,N,—1) (9-116)
F9-115)5K(9 - 116) M =4 DWT Z# 3,
EEEMBAT, BB N, =N,= N, H¥EREBEER, X6, Z 455
x(ny,ny)) AT RIRA

x(0,0) x(0,1) z(0,N—-1)
z(1,0) z(1,1) z(1,N-1)
x= : : :
x(N-1,0) z(N-1,1) - x(N-1,N-1)

WG Wy i — T HNBER (AR (9-107)], 24 DWT MEKE R
A
1

X:WWN.X‘WN (9-117)

WA F ARG

x=WyXWy (9-118)
FI R EAC AT ASE B Eak AR e st o IE At . B EE BN (9 - 117 RAMEHR
R9-118)Z+ 153

x = Wy XWy

= WN ‘]:1]3 WN XWNWN

1 1
= NWNWN x NWNWN

= IxI
=x
K I HBRNER, X B ABIR R EBERESS R, B

1
NWNWN =1

EXTHRMEBENAZ —BEHEES . FridfEES R EEARFHLEITHR
ZVEEA, LA B8 (RS WA B 2 X AR B BB . B4R BR
EHEARC ZHNATEGER Bk GBF EYWEEFFEZIE,

MREBEESH N MEEAR, AT T RMA B HETREREE, DM
FEMER FMPER N MR EE. SHESRESERZ G, BRRTHBE N
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DRBRAEE, BT, A TRHENRALERERRS, TR, AFNERLEHE

AFPER MALFEHBHRE, XRBE TEHALENB K, T EEHHE

B, BB A5 S 1 B 4 IR R A28 e 0 A7 3008 TR 45 O DR
BETFHEREHES, ZHFHMEERRRN

01 1 0
x= 0110 (9-119)
0110
01 10
S E SR 4% DWT, 53
X=%W4xW4
11 1 1 01 10771 1 1 1
111 -1 -1 01 1 0 1 1 -1 -1
1601 -1 -1 1 01 1 0 1 -1 -1 1
L1 -1 1 -1 01 1 0 1 -1 1 -1
"04 4 0 1 1 1 1
100 0 0 1 1 -1 -1
16100 0 0 1 -1 -1 1
Loo 0 0 1 -1 1 -1 4
% 0—% 0
-l o o o o (9-120)
o 0 0 0

0 0 0 0
B RO-120)8UEH , ST FROO-119)FF48 S 3E, 2T RE , XEMKE
EEEBRET LR, HTEMARIVECENRELES, MEREHH
BES -, MEEREMNERER, FANERESEE ERWITE, XRE T
BERBERNEN, EFELBUNTERESPERTREHBTIRS,

MBS L, EXERFELHERBEENKER AR TERESK
GEitaRtE RIS AR R Z R A BRI A . FRBIEA GRS, 2%
ERERETTEENAE LA, EXTHEFESHEREPEEBURIA,

Rpt— EB LR, E N=2 M ARERE SR, ARSIt HE
J"Z N=4 L R—B1ER

O EE GRS SN

z(0,0) x(0,1)
x= (9-121)
z(1,0) =x(1,1)
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B —4 DWT,
z(0,0) x(0,1)7r1 1
A L

1 —-14t2(1,0) =(1,1)- -1 -1
:LV(O’OHI“’O) 1(0,1)4'1(1,1)} [1 1]

4l200,00-2(1,00 =(0,D-2(1, D" "1 -1
EWAUER, TR EE - RERZG, EFBRPESEN T H TR LA
2El:200,0) — 2(1,0)F 2(0,1) — z(1,1), 1R ERFEE H I mHH R A B
EMEL B 2(0,0)=2(1,0)8 z(0,1) = =(1,1) , WRERBEFE T AW TRE
FE,AABTLHNFAAN TR, SR EERRARE LHB T, HERRRER
WY EBGEEEFAAXERSER, EREm &P, HAX (- 122) %%
ZH :

(9-122)

X(0,0) X(0,1)

X (9-123)

X(1,0) X(1,1)
Hr
X(0,0)=[x(0,0)+z(1,0)]1+[x(0,1) + z(1,1)]
X(0,1)=[200,0)+ 2(1,0)] - [=(0,1) + x(1,1)]
X(1,0)=[2(0,0) - z(1,0)]1+ [x(0,1) - x(1,1)]
X(1,1)=[2(0,0) - x(1,0)] - [2(0,1) — =(1,1)]
ZHERMES, BRTHRERE X, §LEMEN X(0,0),X(0,1),X(1,0),
X(1,1) B 4 A K 7 ) AH AP s BE A SE, B 2 (0,0) = = (0, 1) #0
2(1,0)=z(1,1),MEELEHTE X(O0,D5 XU, HDBEFTE, EXHACE
BTKEFMAXERSEE, FEERNAERED, ERMNHER £(0,0) =
z(0,1)=2(1,0) =z (1, DE&KHT , L EGRE LT 06 K, A& E R
X METER,HE XO,0FARE, HibHD  THNITRHETE, XRLE
BRABEFTELA. NERSIEREX

A BRRT FREEHAEXER &R
B, ETA W TREEA

Wik Sun: SLLIRLINESPbi 2 iUMe - ©0) 0
BRMBER,N=2 4 DWT EalEH{H2 X
2=4 %, ME 9-31 fim. B, B FX N
RIREE N + 1, A FX M MEEE -1, 81 5 E
EERETHME N ERREBTFS (k.k,), oD o

Heh by BAREBRKFEFMEELSKE,
ErREBEEEFMAEELTSKE. S§%E BH9-31 N=2K"4 DWT Xmi&
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Tl L 22 L L B R B X (g, o) TINASL, T IR T 45 B0 J — 4 g SO HUHR ) L 2 T
Y. MR, FREWSMHEHFEE, REMNEHX0,0RAF , HK{R
BHET, A, ATE 9-31 £ LA — K F 2t 4 h R ES.
BRI ER9-32 FEMT N=4 ¥ _#% DWT ZaE, it 4x4=
16 3k, AN UAAKEMEBENEITISMRX(9-119)ZTHFERA(9 -

120) B X(0,0)45 X (2,0) R i B 3K 25 43 e 3 - 0 — AR 3Lk
14 D REARE) , BRI THEURER.

_JERERI]

0,0 (1,0) Q.0 EAD)

- A

©,1) (L1 (2] 3.1

— (]

(0.2 (1,2 22 (G2)

— = AR

(0,3) (1,3) 23) (33)

B9-32 N=4K % DWT ERAE
DAEE AT BRRAET ST RERES. —fTHhE A RE

JE b S RAE R IE B, 4 BE AT A E B HES R — Rk b T, @ dn, R (9 -
RDFAH B ETRHEE—EFS(N=4)

x(0,0)

z(0,1)

z2(1,0)

x(1,1)
#HfT—4 DWT 153
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1 1 1 17 [x(0,0)
11t 1 -1 -1] [z(0,1)
411 -1 -1 1] |z(1,0)

1 -1 1 -1J Lz(1,1)
r2(0,0) + £(0,1) + x(1,0) + x(1,1)

1 [x(0,0)+%(0,1) — z(1,0) — =(1,1)
4| £(0,0) - z(0,1) — z(1,0) + z(1,1)
L2(0,0) — 2€0,1) + (1,0) — z(1,1)

AUES, XBHBHANEREZBESRO-123)B 4N EREZR ——
xR, REHESIFE A — o

FEURRAER RIS T 4 ER RN ERE R EEREE
BHEHMAGF. AN TETHEXERSEATHMASHELZ LR, W
BEHEBEHTHRATHEENANEHRELTHRE,

9.10 FHAZEHR(DCT)

ERFESLHBTRP, BT ANENF K DFT fl DWT Z4, & FiF
ZMEHEXTEHREZXRA, KD, EBRAKTHR(DCT) H B RFER, B7
EEHTFEBRLEEARAS ,DCT BRFEZMHA.

WHE L DCT 2 (n) 1BAX EBEEFS «(n) R—EHRKEER, N
EEREEIAS C(L)FERDCT2(n)]. EMEXIT:

N e NP _
C(O)—«/I_\I Z;}.‘c( ) (9-124)
C(k)= fzx(n) (2"”)’“‘] (9-125)

BB IDCT[C(k)]=x(n)EXUTF :
2(n )——c(o)+[2c<k> (@ tDkx] (9-126)

PEEXTFS

n=0,1,2,,N-1,3 N1;

£=0,1,2,-,N-1,#8 N 1,

MEXESBRAEBEBEH, DCT S DFT WHEBEEEBVER , BRZ RN
ERERBREBELHHELTIEMTRR:
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n+1 k

C(k)= NN Ex( )Re[e' ]
n=0
N 1 2n+1k1r
=,/ Re x( Ye ! ] (9-127)

LU S x(n)YEﬁﬂTE‘JHTiﬁE% M x (n)%/T

x(n) (n=0,1,2,-,N-1)
z(n) { (9 -128)
0 (n=N,N+1,-,2N-1)
W DCT EXRERATHE RN
c(o)=ﬁ21e(n) (9-129)
B (2n + Dkn
RN X
= % [zx(n)e_’ "Hk"]
= % e[e JZNZ):ce( Ye ]
= %Re[e"'ﬁxe(k)] (9-130)

W X (k)H z.(n)H 2N B DFT, [ W, Xk DCT I[E&#, 7] LUER FF)
z(n)B 2N & DFT(HE) FFT) , REERE C(k), XEXFEEH R ALK
HH T EEEF.

W, fE/EW DCT ZE#ka, WAl B BRI C(R)EMTEH, UC (&)
£ 70

C(k) (£=0,1,2,-,N-1)
Ce(k) { (9-131)

0 (k=N,N+1,~,2N-1)
TR, AR IDCT REXH 7 —HB X

x(n)——FC(O)+[ EC(k)Re[e ) lk"]

= (\/LN—\/%)CC(O) +J% Re{ ;} [ejZ_NCe(k)]ejZZk_ﬁ} (9-132)

X EB], %R IDCT, 463k [ ZNC.(£) |8 IDET(H B0 IFFT) , BRE Bt
.I‘( n)o

ERTFERRESLENFSEREI—EP , SF WA _ERBRETHR, Xt
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F NXNMERIES 2(ny,n) 24 DCT MRIEAN

N-1 N-1
Clkisk2) = § 2 Zx(m,nz)cos[(znl+1)k1n}-cos[(2”2;\})kzﬂ]

e 2N
(9-133)
RPFESE M e, BAETEE b B b, T, “HDCTRZERNTF:
C(0,0)== Z Zx(nl,nz) (9-134)

C(0,ky)= Z Ex(nl,nz)cos[(znzz_:\})kzn] (9-135)

C(k;,0) = [Z Zx(nl,nz)c [(2"‘;%‘] (9-136)

SR, — 4% % IDCT %ii”ﬁ?b

(27’12+ 1)k27t:| +

z(ny, nz)——C(00)+—ZC(Ok) [ N

%ZC(kl,O)cos[-——(an;I\})klﬂ] +

Z Zc(kl’k Yeo S[M]

IN

os[%‘] (9-137)

ZEL EHEH ,DCT B XA LB A H , LRz B i v R HEEER,
BRLERAHENRER,

5 DFT #1 DWT AL, DCT #2855 1 0] 645 5 2740 )5 3E 47 R U
Kigte, AT A M TERBBES . BT DCT BREGEEXZHEABERESH
AREFHHRFE, BT SIA R —F RS (R LR ET R
TRENEHE EIRLERFRERM) . NEHEEEZE, & F DWT h4 £
TEEREEZE ,HN DWT BBIET DCT. R, EERERFFSLEBEEL
H AT RUSEI R EE S S MER S B E -3, AT DWT MR A B, &
X RUEER,DCT &8N HRiER FERBREES 55 40 2 G0k & 5 A 4
A —FEBIERE R,

3] 2

9-1 BEI-1FRBMFS x,(n),AM N=4,k DFS[x,(n)]=X,(k),
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xp(n)
2
Cl 1l
-3 -2 -1 0 1 2 3 4 5 6 =n
FBEI-1

9-2 ERAPFF x,(n) REEFF, W DFS[z,(n)]= X, (k) BIEXFRE, B X (k) =
Xy (—k)o RIEH MM,

9-3 ELBEAHFI 2,(n) B 0 HBRE N X () BRERXEFIIEN L HEBH. &
E B AR

9-4 JAHEMTES 2, (n)MEE -4 R HBTRERRETIER,
(1) X, (k)= X,(k+10)
(2) X,(k)=X,(— k)
(3) X,(0)=0

@ x, (e (F)E s FFramum » N TR

SIS EEIE
ST eIl

BE9-4

9-5 MR x,(n)BE—AREHN NKFEF], WREAHER 2N HF5, L X, (R RRERABHA
N B ) DFS 230, X, (R) RS EHN 2N B i DFS RE B X, (B)RA X2 (k)0

9-6 BHEHF 2, (n)MBEE -1 ik, BREEERIMR—THARKFI 2(n) =
xp(n)Ry(n), R z(n) BB EM Z#H X (k) =DFT[x(n)]o

9-7 HFEEBBE—NZABFEI 2,(n), KEPHI No H 2(n)=x2,(n)Ry(n), &
z((—n))n FF.

9-8 HBEHMARKEN 2()WTR

1 (n=0)
2 (n=1)
#(n)= ~1 (n=2)
3 (n=3)

KR DFT[x(n)]= X (&), BHFBLERER IDFT[X(k)]=2(n), BIEEFRKITERE
wE. BUEREEEK.

9-9 MHAKXRZLUTHRKFSIK DFT,
(D) x(n)=8(n)
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2)Yx(n)=8(n-ny) (O<ny<N)
(3) z(n)=a"Ry(n)
9-10 MAHARFXRUTHERKFFIH DFT.
(1) z(n)=e"0"Ry{n)
(2) z(n) =sin(wgn )Ry(n)
(3) x(n) =cos{wgn)Ry(n)

OEEIMEELTS-F S ¢ PIX

9-11 —FHRKFN () WEEI- UL HR, 28 v, () () B, HF 2 (n)=
x((n—2)NRi(n),x(n)=2((—n))4Ry(n)o

x(n)

. ]leﬁ%

o 1 r

BE9-11

9-12 BWMERKFI 2(n)5 h(n)WMEE9-12 Fim, B HKER 6 HEER.

x(n)
il I
o n
h(n)
—J»—o—l—o—o—o—>
o 1 2 r
BiE9-12

9-13 EHFBEE K 9-41),
9-14 EMAERKFF 2(n),DFT[x(n)]=X(%),RF FHEBEHEK .

(1)DFT[x(n)cos<21;Vln >}

2) DFT[I(n)sin(anln ) ]
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9-16
9-17

9-20
9-21

AR 9-3 WER, FHRKZFPH DFT[x ()], DFT[A(n)],DFTL y(x) ], BiE
AR SR E R,

ISR B S REE (K 9-47)

HBEI-17T2AH N=4ZHERBRKFF )
x(n),REEEE. 1 1
1) z(n)5 x(n)ZRBH; | l
(2) z(n)5 x(n)Z 4 REBH; 2

B3 x(n)H 2(n)Z 10 SEHR;

(D) B x(n)5 z()HEBHRMLHER o 1
HELRKE L ZH/ME.
CHFARKFES .

x(n):cos(g-l%ri)RN(n)

h(n):sin(zf\rj—n)RN(n)
AHEETN DFT WA &L 50K
(VD y()=x2(n)®Bh(n);
2) y(n)=x(n)®x(n);
3 y(n)=h(n)®h(n) (BHERKEFBM N KEF),
#Fx(n)AERFF),DFT(2(n)]= X(&), 3B ALHBESEREE X (k) =X, (k) +
iIXi(k)o BUES X (B)E £ AR, X,(F)R  HEBE.
AR 9 -2 RS 1L ITRAMIERILEERE,
BERAEBBERKEY 2,(n),z,(n) , HKEZHH N:
DFT[x(n)]= X (k)

DFT[x,(n)]=X,(k) ]

[N S

BmE 9-17

x1{n)+jz(n)=z(n)
DFT[x(n)]=X(k)
HIE T3 X RA R .

X ()= LX)+ X (N-0)]

x2<k>:21j[x(k>—x*<N—k>J

B x(n)=Ry(n),RK X(&)=DFT[x(n)], M AFRBIANEREIEMELRE
H,
WEBA DFT A4 %4 FR 1 5
# DFT[z(n)]= X (&)W
DFT[X(n)]=Nz((-k))nRn(n)
#F x(n)=Ry(n)EEFF), K.
(1) 2[x(n)];
(2) DFT[x(n)];
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9-25

(3) SMAEHE X (™) MEB ML A,
B () A—BRERFE, Y n<0M a=NB2(n)=0,E NETEH.
B DFT(x(n)]= X (&), 5A A X (k)RFRETF &FFH DFT,

(D x(n)=z(N—1-n)

(2) 23(n)=(—1)"x(n)

x(n) (0<n<N-1)
(3)13(n):{x(n—N) (N<a<2N-1)  (x AfBEO

0 (n HHME)
<4>x4(n>={1(")”("+%> (o=r3 1)

0 (n HHARME)

z(n) O<<n<N-1)
(5)15(11):{0 (N<n<2N-1)

0 (n RHEAEAE)

(DFT ERKFER 2N, + BE.)

<6>xﬁ(n):{1(%> (n HBED)

0 (n HEFH)
(DFT ERKER 2N)

(7) 27(n)=2Q2n) (DFT%‘FE{:EW—];)
B - ER FFT HE M EEL W EENIBEL. MM N=4TEH

X(0) 1w 0 0 10 wo 0 z(0)
X2)| |1 -w® 0 0 01 0 wo | [ x(1)
X(W| o o 1 w! 10 -w° 0 z(2)
X(3) 0 0 1 -wtJlLo1 0 -W' ] Lz(3)

HIUEA M BERRRGR(9-76)—B, I8 th b %8 B AR T 9 5 72 55 T 1o o —

3 FET 322 B AR X5 o

BURERE 9- 15, MER N=8, BB AFFI N B RITT, 8 iP5 h 8 68 3R

Fo
R MRE 9 -27 B A it FFIER N BRI . XA B

Hith N=16 KEH - B3 FFT WARE 8 AT 515 5 508 BRI HES) 88 A R

TR HEF

B FEMFHMM FFT Bk (RE - AEREBMERR . EHEXFH X(&), Bl
HAH o (n)BHERENTF(MARE BT, BEEE X(R)ET BAFHHA

i
X(E)=X2r)+X2r+1)
He
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N_
51

X(2r)= Z;H(n)Wg

N

2

X(2r+1)= Z:;)G(n)W"é

{H(n)x(n)+x(n+%)
G(n):[x(n)“x(n+%>}Wf{,

(;@P n=0,1,"-,g—1)

9-31 N=4WRE-REBEFERMEEI-31 fin,. ABREIHo-30 LML
B oBETEEEAEEREAE,

%(0) o——— N, — %0
15

x(1) o— N DFT |— x

A

@) o— ma V. F— 0
2

*(3) o—— DFT |——o X(3)

B 9-31

9-32 I 9-31 MEREUVEL BRITUF W ANEAERIRFHRER.
9-33 BEIFI-MEREYUNAA BEBLARTFHFHRBE. iR (LEO
LTERRE-EFEFFTHEEBEMWES.
9-34 A — FFT4HESF, ARMGEEISRESHITE. EXRERE:
(1) SEREMFBH f1<5 He;
(2) FEMBFEMF<L.25 kHz;
(3) BB N LR 2HEHRKRT.
RYE:
(1) iEREE Ty
(2) e A RBERIERE T,;
(3) — Mo RSB AE N,
9-35 ABIRTARHEBFEN S8 DWT, FHMAZME M L BT HREEZEE.

1 2 11 1 2
(l)x:L 2] (2)x7[2 2] (3)x—[2 1]
9-36 7E9.10 WA M THF DFTHE DCT Mk, ERFEF, B N KHNEFEH R

EHFEE2LNSH, F—FHDFTRDCT R FERE N AFFIEHRE 4N S(FEx
B, AP HITEARFRAXERE M.



FTE KRNSHTRERS

10.1 5] el

BRI E & E S ORI T RS HT RS, F AR
BEREFSERASFESAETHERMMMER. KW, TETRNEFERE
B B AR B AR B AR LA RN R B R GEHEAT B AR AT, R WA W R TR SBR[
B A R IR B M BUR AR T . ARKAERILENER E#—BHR
AR TR R RS, M REREERNBHESSHEE
2%

MR G BETLEE , T TR ZE 38 0 0B I50 4% 40 1o 244 2 T 58 B B 4 M If RS 3R
R, RF|FISHE B B RAE S HATAHEUAR BB RS, ER
— AN ELER R, MRFAEBNERENBFES (R BERLH
155 ) AT IR B R B F IR PR o

ZBBCEAEPURFANTRENSH TR BHES, VBAFS
B, U HGQ) B H, Q) BAEMR KRN RERE, WX H(?)R Hy()
AR FRB BN RGERE

ERERFSARLHBRUBBEFRN T EEWE 10-1 FiR, WA - &l
FEESMME X ANRGR) = HGQ)E

G),H s H,G2)=1H,(GR) |4, ) halt) )
LR AR  EEEMRFIRES B9 HiQ) RGRQ)

pAk A RE S, X i A SR SR AE B B
10 - 28R, BH BHES ()RR
BEEFET ADELRZAMESE
b, HE R B FE SRR FRERLAG S L HNER, FLHEHRFES
SED/AKBAFRIBLB B OEIES y.(0).

S5EMERSHLE RF R RS EEH EE HE RE THRE 6
R REHUREEMELET AR WA BARA, TH, P RERERH
FAEARBEERZAETE T BV R A mET LR, ERIX B,
HEHZHERT , AMNTAFAR 10 -2 WEETEBEDGES e FEEN

B 10-1 #HABHEHSREE
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xl0) ‘ AD HERY D/A o e

E10-2 HEBE{EFSHRFLEER

Wil ., MERFHERMER ERIEBESONASBCZL D, R, 7
FUHBELTHEIBESERE MRS S (N TAERREILTIRH U LK
ST FUER R ) R SR FRBESET UR SN A (INE 10 -2 R
UE kSR R RS . Ak, BT IR IS M BURE ROt AR A S
BEMNEIR S C 2R B AR LRI, Bk, HFE S ISR SR E
AHEE,

WRARRAERMARAR, EEBESRRITREENIBEEUATILA
B
(1) MBEHLIE Bt 85 B B F IR I 2%

(2) NI AR LR SE B B, E R KL BN B A &L R
HRFRRER;

(3) NEIR s BE 2 A F e B ;

(4) AA—%5 0 el B30 — 0% O e B

(5) NE— LS HEP LS EUE;

(6) MAKE 38 3 B =58 A7 8 A BB I o

AEHEBUEILATEREF 10.2 2 10.8 WIS, EALE 10.2 77,
10.6 #110.7 ¥,

BEREHMERERRKBERWEER I, EF —MHEENERERES
(B B R BRBRFEES) S TABEMEEERE, HP,“FXEABE
BEA—ERERNE, BIEFERNAHATZ,10.9 WA FXFF B LR
P BRI

M20 tHETES  EBFSHFRAET, BESHAENNATETEK.
BEmBFmER, AN XEEERTEMAOEARM VMBS RN A% LR
FRABRABENAR, AHNEEFFEEITHEEE, BR,FLEEK B
AFEHHNBEERET R, W AESHHETFSENTEESTRR, @d%
JEERTNCFANEEHRTEASES VFERNTEESS5Z KN RS
g M A EAT BN A
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10.2 HEPEEBHEL

IR ARG RIS B RMBE R T AR G0 W B, 13X 2 [ AR O &
Gt ABRETRHRNEEL LR TRES TR, BF, TRRI G
(8 R,L,C M2 B 25 4 ) o AR JC IRARE L0 45 , % 1t 28 3R 48 9 4 B AR A
IR R L8 7347 o

55 0 2% 5347 50 REAE X B 9 I 45, R R TR 4 RN 5 5 S L, 3K
WREKERWAGMELSHELSE SEHUAHNENARERK H,.(s) =

%%}*wM%Dﬁ%%emaﬁmﬁmmﬁﬁ%ﬂmmﬁﬁaﬁﬁm%%ﬁ

EARRE—,

BAE20HL 20 FRELERT LC BIEBMITIHTFE, AT ERN R
BRE",ENESRTERR S T EEERBR K, BERIORA A
AFitito

XEBENBHEEFERNBATRE" R TES L (A @Rk
RGARITE") . AXMFBERINEESHIBTUIEU TR TEZR:H
— S RRFEAENFRERMIFEI R - LANERER H(5), FEHLE
BT ESR X 2 A BFR N “ B I (approximation) o & H , 5 W HF 1 1Y B 5K T 16 BY
FEAZRMER AZHTFIRES SHEEESMEFRE, UEENG, H
AZEWMA 10-3 fim. BP,BFAALFIHGQ) | SHEEBEREN 6 HHF
EBRANE , FFEABT 0, EME
0,5 0, ZE LB, biEw
P Z M Z# T, |H,GQ) | 1
MEEREHFREBAZN. # O
n,—FelgER | H,(GQ) | R an &
FH R R. BR,OABELEEN
BFEER,ERHER—-—M. B 777
ETHERHEEN H(G)LHAZWH o Q, nls\/\/\/ 0
A% (B ErJiE s ) B B4 I‘_ﬁ*_ﬁ’i&

MESEHE. AFHRIFR“BE"FE
T, T B4 vl PR S B Y [B) RE B A
10.3 45 #1 10.4 B HF5E,

XEMENFNEILRERR R TR R R, R, TR

KR RITWRIFEER(E 10.6 THEET), HE,TUEX—FTRERFEILEK

IH,(i€)|

.

|

B 10-3 (RERESRITRRAXHE
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HERER,

BB R, BB R E RS E MRS BE HM H,(s) , RS
ZER, S RBNHRESERANCLEETHTAEEKN H,(s) B, 1
AR 47 b3 I R TR A A AR A R T E — R FHAT ERBE AR
HHEHES H, () BEX,

X T e BE I 4 T 2E 20 THH42 30 E KRB E B, AT, EH K HH
FHEFEEREUAMESER. 350 ER, BT HENEARANEL R, RETX
BRHESHEMER, XM EABA ENA. BITERERBELAENFER
ROERMMPER, MABAFAERNEEBOBEEHECHSE. £TH
BIHE R E R R B Y AR,

X FHEHTELR H, () B EEREAEIH,GQ) 12, Bl FRH,(s5),
FE X — BHE, R G4 4 B R B RN A BT A H,(s) 8 R

(—) AEMEHMUEES | H,(jQ) 2, RRGHEH H,(s)

BRM H,()MBEREREHER, MAFE 2,(1) =L "[H(s)]1& ¢
ML R, XK H,GQ)BEF i, H,G2)=H, (-jQ),HILE

|H,G2) 1?|,5-, = H.GRYH, Q) lja-,
= Ha(jQ)Ha( —-jQ2) |jn=s
=H,(s)H,(—s) (10-1)

XEP H,(s)H,(—s)ME REASHEX 0 MBEBHEBIFHR A, MK 10 -4
imo 2R3 H()NAF HAHEHRNEBE s WEREZTIX, B EHK
T MASERHTENA, DX LHEENTRS A, EXET RSP, F—FE
FH,(s),B—¥MNETF H(-5), MRERRERE, WAL TFHERMBRSET
H,(s)o ZEBRYET B, 25 A 0 4547 BR 8 454, MW 2 | H,G @) 2@ 8 H,(s) 8t
RBEZA, MERE H,(s)BRB/MEMLK, W R A £ FENT RAEHN
H,(s)BIE MRS, XHE H,GG)RBREE K,

Bl10-1 AEBEEFFENETT R

. 2 _ BP+0?)
| H.G2) |*= [GQ+2)2+4][(Q -2)*+4]

KREAB/NMHMFERRERE H,(5),
R Hiﬁ(lml)%n:jiﬁ)\it*ﬁﬁu
k2 (1 - 52)
[(s+2)2+4][(s-2)*+4]
A, ERREENRE, T s= 22252 40, E15 F okl Al s
WEMBEOA MEBLABERED, TN T s 1 H -1 FL, REELLEHE.H

H.(s)H,(~s)=
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i

B10-4 H,(s)H,(-s)T BALHRH

B H,(s)ImTFR
E(s+1)
(s+2)°+4

R,k B— R, T AR 0055 0 R B 2R AT B R R o
(=) B 3 Wa) Bz 5 1 38 I8 88 —— B 4% X B ( Butterworth ) 38 il 2%
EHRBRESEREAWELRBEERNZ—. ENBEBRFEETYTA

. 1
|Ha(]0)|2= l:ﬁ:, (10—2)

1+ (g
A NEBEESMBE; Q. REESWEBIEAME, Y 0=0 8, H,G2)I*

= 2o ETFEMERHIENITH ok — 5 BREHA SR EEEA,

ARIFK N HEFERBEEFEEWE 10-5 iR, X—BHRSEEEAE T3
ST

(1) BARFHE - ATLIEHE £ 2=0
ALEMBWON- DB SEBLETR, 2%
FEAREEESE O=0 ME—BEHE .
HEESEEM, EUEANEATEE 2 |
3K T8 30T T A8 06 5 0 05 2%, 8 O w3y B !
HTBE . o 2

H.(s)=

) )
(2) S Bl 28 i B2 R T Mgt . TR TE
WA W (RS EW)ABEF e, X B10-5 BEHFKE

EEREBEEIREMERREME. ME, B A OB SRR
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RINEGE P HME R R R REAFRERZIRNA
(3) B BHBIEFEG BHFER) - HRA0-2)WUHE, Y 0=0 0

| H,(;2) |2=%,ffm¥m$,ﬁo 0] 3R 45 08 B B A X I E N
1
V2

TEBE N BUTE, B R B RSN 3B HRAZHEF M, BIMT 0=
Q.

(4) IMBHEHFESHHE N HXER . HE N BN, A% TRER
BEWY, FhnEr A B RS, B 0>0 .25, M KLIELL 20 NdB/fEH
BZEETHR(IE10-1), BRI N W AREFRARE, AT H R4 2
EHBBHTHEERERM(N 10.4 %), W, ZBBR/DH N TERHLE
ERSEZER, M N SKRITRBEAESTHEE. E£EENESTE SRR
KHEFD AHEMBERBERZT , BT BESNEBRESRREFSHEN
¥ N,

(5) BB RGMMEMSE, EETARAEER, R BEEEL.

FTERERX(10-2)FFER(10- DETEHFREBESNEALERYK

H.(5)EZR. & 0= J%ﬁ/\it(lo -2)8%

ZOlg!Ha(j.Q),ZZOIg( )=—3dB

|G 2| = H()H(=5)
= 1 = 1 2N (10_3)

2N
Gl ()
BR|H.(5) |2 B s, BIALT
(2)”:*“ (N B340
{2 -1 (N HE%)
24t B, 2 N RGO 5 RS T 0., WA F T o (2n) BB, BT
A

(10—-4)

s=06(%) (10-5)
(i:tq:l’kzl’2939”. ’ZN)
i N BB, s, BRI T O, WA A5 TR BN n 00, B

5= 0,0 o]

(X% ,£=1,2,3,-,2N)

(10-6)
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P EBR WA AR — MR EE, T N Ao EHRHE
-0 eJ[ 2k - 121r+1r:|
(JCFP,k—1,2,3, -,2N)
BIEBR(0-7WEIEHAREBITHR(IE 10-2),
W s, WA HEBFIMTRE:
(1) H,(s)H,(— s)K 2N ™R & u%jbl‘ﬁ]@i’aéjﬁﬁ?&#éféj@ Q. EE

ELXAREFRNEFKEE .

(2) BiA R LLjQ B BRB B FR A o T A T BE 3R Wﬂ: +

(10-7)

T
2(N

g0 2E DT L XN i) B LA R

(3) B N AFH , AWMRESHE s= £ 0, WL LT N HEEK
A, e ERA RS . BTE B RSP RE I HE N R AR

E10-6EHE T N=2F N=3®MBERNN H.(s)H,(—s) BBEHR AT
TMA&HEREAT s =0kt

§, S,
KN 1 6
S, Ss

(a) N=2 (b) N=3
B 10-6 ERFKEMEEEEATH

AT S REMNNRERBREX#TH—LLEHE, HL, S "=
9 JSHRAE—E S, AT, B 10 - 6 o i B R IR B B 242 Ak b B

(2,=1). SHCHIE, WAREE 0 BTH—1L, & 0= S HE—HIEA, b

A U R AR O BUE SR E T 1,
ATMHGHH(- s MBANHRHEBENRERE H.(s") , RETWE
AP EHR AN H,(s")FREK
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H(s)= (10-8)
U(S' - sy)
st s WA FAEETEMRAME, EH N . FEM N=2 H5%HH()
R
R (10— 6) AR/ H,(s)H,(— s") 2 A 3EA A i F
so=dit, din, oA, o
B R S5 BAR A MR Ho(s)
A _
Ha(s )_Bz(sl) (10 9)

By(s") = (s — &47) (s~ &4)
=(s)*-2 cos(%:r)s'+1= ('Y +2s"+1

41, Bp

1
(s))2+425" +1
MWALE B, (s ) BRAEH KB LT, R EA KBRS N HEREHRHH
B,(s )REX, BBMMMER(AEL0-DEH. AHEH, XEFHHK
(10-10)RESEAZS. 11 THEANKX(B-125)—HEFRTRESAL
g

H,(s)= (10 -10)

®10-1 BHXBEIAE

N By(s)=an(s )N +ay IV '+ +as'+a
1 s +1
2 | (") +425"+1
3 (P22 +1
4 | (s)*+2.6131(s")*+3.414 2(5")*+2.613 15" +1
5| (s)5+3.236 1(s")*+5.236 1(s")3+5.236 1(s")>+3.236 15" +1
6 | (s)6+3.8637(s")°+7.464 1 (s')*+9.141 6(s")>+7.464 1(s")*+3.863 75" +1
7 | (s7)7+4.494 0(s")® +10.097 8(s")% +14.591 8(s")* +14.591 8(s")* +
10.097 8(s*)* +4.494 05" +1

Bl 10-2 AEHEPBEBHERER(SER10-7):
BHAAFER: -1dB 0<<N<2x%x10* rad/s
BHLHF T8, - <-15dB 0>=27%2%10* rad/s
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SR B A R B R U e S BLAT BT TR Y N BUE AR 0 M H,(s)BRAR R

| HaG2)|

Lot
TI77774\

&

i
|
I
w
&

Q
-
o

Q, Q

B10-7 #10-2 BERKBEESET

2 ARMAHMFANARAGRERE THRESEW SHEE AR AW
B, BN RARE Q, 0, ®RR, EATEF,

DR, fEAH Y — 3dB B A (MR FIER Q. H)HRMENHF AR,
XHEAEWIH XX TESREBFRESE—BEERZER, AW Q. THER
R EHA—MFERARR, A 10-7 Fim,

TEEABERL10-2)#THE, BERACEREN S NEREIGE
W Bl —1dB Xt 103, i — 15dB Xt BL 10720, B @S —HB T FRR,#
REMBR NFO,.

(1) ROE N, EFAHKE S FRAR0-2)B BB FEHRKE NE

1

1
|H,(i2,) =
Jéep 1+(270(104 2N
Jis ()

1 15

=10 2
1+ 2 X 2% 10%\2N
Ju (=)

15
10'%-1
1T

lg[ 1010 1
N= =3.443

a1 (21:><2><104)
27t X 10*

=10 %

|H,(j2,) | =

BRESFEAIERBNE N=4,
(2) KR -3 dBEULASHE Q..U N=4RAIH. (GO | Z#EXEE]
5

1 _15
|H,(jR2,) | = =10 2

2 X 2x10° 2%
«/“( a. )
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_2mx2x10*

\/10%— 1

BN=4BHITHER, LEFEREER TS EZR/IR.

(3) RBHBAGERK Ho(s), IR 10-1EH N=4 HEBERBEHR
By(s"), BRI E i H,(s") ,mémua—m,aué\iz sSRAH,(s")EBE]

4.506 % 10"

s +2.14x 1053 +2.292 X 10152 +1.437 x 10"% 5 + 4. 506 < 10"

HREAHBITES, T—SNIR2RE H.(s)REXNEHM LC BBEEH
MSH . RITKEAE 10.4 FHIH 10 -8 IR HE,

(=) BHEHHIEE T/ —) L B X (Chebyshev) I 838K 25

FERRR B AR AR IR B AR B , EEFANRELGTREAY
S0, RIEFRFHEZIRER K. TEKEN B A0E SO0 258 E RN E
FEFNRESAHY XS NIEAREEL A

IHa(jn)IZ:[ 1 T (10-11)
/1+e2T?V<g)

A e BREBHFARBRRDINELASE, Tv()BRE—-RMHLEREZTA,
& XK

0. rad/s=2nx1.304 X 10* rad/s

H,(s)=

cos( Narccos z) fx <1
TN(1)={ (10-12)
cosh( Narcosh z) |z >1

RL10-2FHTXUARRK N BFHTTHERERA Ty(x). B 10-8 B H
T T (2)~ T () B HEMR, NXHARERRTUER: | | <15,
Tn(x)TE£1 ZEEE N NRRAMERE Th(l) =14 2>1, Ty(x) Bl Lk
Fto HAMIHE RS LT IBEEAR

Ty+1{x)=2xTn(x) — Ty-1(x),N=1,2,- (10-13)
£10-2 N=0~7HIEBXRLERARX Ty(x)
N Tn(z) N Tn(x)
01 4 | 8x*-8z%+1
1|« 5 | 16x°~202%+ 5z
2 | 22%-1 6 | 32z°- 482" +1827 -1
3 14232 7 | 642"~ 1122° + 562 - T«

B 10 - 9(a) R4 (10 — 11) B i 1 U1 bb 5 5k 5 e S0 38 30 2% W IR AT AR 1, I



192 HTE EUEHTFERS

B10-8 T (x)~ To()MHLE RIS

10-9(b)EBEHARRKRE TW(Q)HXR, (WL QIE—HAHE 0 =
)0
VIS REFSNBHEFERE THRA:
1 . .
1 KRE 0 =0, W@ FOEME Q. 2 LAY HE R I8 3
(1) T MR T
BRI AEE,

@ e |2 |<1, G 1 1 AL 2 g A
¢ €

S1LEHEERATH, THRBEERN 20N dB/dec.

Q.

Q
Q.

1 .
3) N B&H¥,H,G0O)=1;N ¥.H,(j0)=—]——, BHNRESH
(3) N Z#&F¥, H,30) ok (jO) o g 4

R¥SH, T EXMBERY R —BBIE. REEWSWEOENRRE
T P LA B KR 2 e/ N o 2 B I B A Y B E— BUBE
(4) SEHRBEBEHEXHBLEAFE 0.EW 3 dB 4L AR, WHER



10.2 HEHBEFEBHEL 193

T(2)
1
S | B
| |
| |
| ]
-1 0 i | 1 o
AW
_____ AR AV]
I AT T
Lo
I |
[ i
| ! I
2G| L
W__T:.-F[h
i i
|
Al+e? i :
! [
| |
| e
Q -1 0 031 | 0751 Q
059 0.95
(a) ®)

B10-9 DMHERBEFEREFANEIS Tv(Q)XA

B O R5 ¢ ARIERDEARME, HERZ M3 dB LI, —
BERTE ———>L . @Ry 3 dB 2% AE B A S X i

vV 1+ ¢e? V2
TS, AMERE, BT (-3 dB) AL A SR FR(E B A
Q(_3gm= Qccosh[%arcosh(%) ] (10-14)

(5) B Fue i@ A R R, B A E T A B SR B MR AR R
Pesh, BN AR R MR, X A5 S A e H R R W AR, BT DAZE E R B A 2 O
R AR AR

BERXFEFENEA SRR, HHF AR TRABESRERIILSE
K1 BGEEWRENRETA, BTN EFEICEANFIRERT & HE
WHEWHREREHSELMR MR EES. SBERNFUHLER ] BB
MR AV LT RIBHEE,

H5ERRBRESREL, THEBHERN(10-1)RULEREHEFZNRLE R
BH,(s)o

BHE, XENHESIRELEHRREELRBEXRBL, THELSKK
Gy R %
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(1) % 0= J%ﬁAit(m —11), [Frt, A EHFESH LI AE—EES s =

Qic?%@]
H,(s"YH,( - s')=m (10-15)
HIREBEHNERFTERRB B ]
1+ ¢? TN(ST,) =0
B
TN(ST’)=i—j% (10~ 16)

Q) EFRIAVMEERETANEXRMAT cos BHEWRNE G R &
BISIAREER 0 FBRA KR, FRE 0 AL MBWL, 2

ST=cos f=cos(at+jB)

= (cos a)cosh B —j(sin a)sinh B
sSHEELEHSMBHRO ZHE, TEBR
s"=¢"+j0Q" = (sin a)sinh 8+j (cos a)cosh B (10-17)

(3) ?Ef =cos 0 RAR(10-12), 3 BR (10 - 16) AT R B A% S 10 B

TN(ST’) = cos[N arccos(ij:) ] = cos( N§)

= cos( Na)cosh( NB) —j sin( Na)sinh( NB) = +j %
f#15
cos( Na )cosh(NB) =0
{sin(Na)sinh(Nﬂ) =+ % (10-18)
WRLEXM « Fp 25K
2k —1
GZTX% k=1,2,-,2N
(10-19)

N S
=z Narsmh( . )

£ o, B RER(10 - 17), B 58 BLAR 5 2R @

— ln)sinh[%arsinh(%) ] +

sp =0, +i0, = i‘sin(zéN

j cos(zé—g]ln)cosh[%arsinh(%)] (10-20)
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k=1,2,+,2N
WobdE o N ZEHA R ERXRE H, (s )VH, (- ") BEBZRA s 27,8 e A
1 Z 2N B3 2N M S,
4) M ERBEREZBEAOGE s FEEEWHE, TESHIEN. Xt
R(10-20)FHBFE Y , FMAEZRKF T SRERBFHFZHNET 1 Z5HHE,
"I RASR 5

572 RE _ )
sinh? [ %ars/:nh(—l—) ] ’ cosh? [%ars:nh(%) ] ' o=z
XRE—-NHELE, KM o KM ST
a=sinh[]%]arsinh(%)] (1022
b= cosh[%arsinh(—l‘) ]

B 10-10 2R H N=3 M N=4 R ERBEFHRSTH. RA
FREEI MG BT IR 2N o WE LR LR R HEBRRER, XA E 75K
HEHRBNEMEFRERE, NBEREREBHRSESOALIFGO,)H
F N GrEFRBREF AW LR, TELER (o) FT N BrEFRE/NER
AR AR

FEULHESPHIMN 0,0,8 UK a,b #ENUBIRMESHHZE R BT
BIABMFEIRGS, HANE{NE , NHSEHE.

(@ N=3 (b) N=4

E10-10 YVHEREBERFESMA
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(5) BEXFEZIRA, B 5 MEWoy RRAERBEN MER

f_ 281
op = —asin| T

(10-23)
2;,=b cos(zg&lﬂ)
k=1,2,+,N
Hei,a,6 IX(10-22)RE(F e N AK),
DI N MRS BT R LS R B H A M R R
H(s) = 83— (10 - 24)

H(s/ —5)
RP si=0r +1010 FFPH A R—FR HERHA,
¥, ERADBEHEKXMEBRIF GBS BN 2R, —RIELXH

N
n(s' - sp) = (s +an_ (sDON V4 e +as" + a2y (10-25)
k=1

MTFAEN ¢ NEUREBZHASERK E FIRRBZTE, R10-3(a)n i
e=0.50885( X MEA N1 dB), NN 1 ETHARB o« H,MEX 10-3(b) R e=
0.99763 (Xt M LK 3 dB)M A a fH,
£10-3 PHEX]NRERVRERSBSHRX
(a) 1 dB 80, e=0.508 85

N ag : a a; as ay as ag

1 1.965 2

2 1.1025 1.0977

3 0.4913 1.2384 | 0.988 3

4 0.2756 | 0.742 6 1.4539 | 0.9528

5 0.1228 | 0.5805 | 0.974 4 1.6888 | 0.936 8

6 0.0689 | 0.3071 0.939 3 1.2021 1.9308 | 0.9283

7 0.0307 | 0.2137 | 0.5486 1.3575 1.4288 | 2.176 1 | 0.923 1
(b) 3 dB¥ELL, e =0.99763

N ag a; a; as ay as ag

1 1.002 4

2 0.7079 | 0.6449

3 0.2506 | 0.9283 | 0.597 2

4 0.1770 | 0.404 8 1.169 1 0.5816

5 0.0626 | 0.4079 | 0.5489 1.4150 | 0.574 4

6 0.0442 | 0.1634 | 0.6991 0.690 6 1.6628 | 0.5707

7 0.0157 | 0.1462 | 0.3000 1.0518 | 0.8314 1.9116 | 0.568 4
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A WBUERNE R H,GQ )M ER ¥R, U ERENE GRS
BAH NAFEABEFHEATEREEXZEA, BZXATRALZR
(10 -24)vT 18

Ha(j0)=1=‘% (N HE%)
(10 -26)

H0)=—"==2 (N u@0
1+e* 4o
2. Bp
A=ay (N &)
agp
A_«/lTez (N R85
X—FREVHEXRSEHRRBBESNAZARZLA, X TEAFKER
BWHHHNE A HESTF 1,
B110-3 BOtWETHEARBHRAVIHER I RCEIE S
BRI RER. -1 dB 0<<N<2n X 10* rad/s
PHLH R : <-15dB  0222rXx2x10% rad/s
B (1) REGERSH .-

(10-27)

1 1

|H,GQ,) | = =10 ®
1+ e?
R e =0.508 85

2) RN BHAZAFREQ, =21 X 10% rad/s, B B % A X N, =
2r X2 X 10% rad/s, I EBERE .

|H,(j2,) | = 1 =10 ®

2x X2 %x10*
e ()
\/1 Tl Zex10°

Tn(2) =cosh(Narcosh 2):%4/ 10% _1210.8751

1 15
arCOSh(? 101 — 1)

arcosh 2

KRG N= =2.34
B N=3,

(3) 3k H,(5):

ABER, BN 1 dB WS . N=3,2% 10-3(a), BB FI R (10 - 27)R 5

ST AEBHE NS REERHK H,(s)
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_ 0.491 3
(s7)3+0.988 3(s')>+1.238 45" +0.491 3

é\gi = s RAEB—RE

H,(s)

1.218 7x 10"
s2+6.210 4x10*s>+4.889 3x10°s +1.218 7x 10"

AFIH LC B LIS 10.4 6] 10 -9 2kEEiTiE

K ESHEMBEREL R ENR R RITE RS ERAEMN, ETE
MAPHEEMPERETWELRBEFNHRER T BT HNEFRL GEFHE
VAR AL) PO ] R B GE A (BT BB R B 80 S B iE . WSt , & W AR
Tk A B R T 4R B A R B, 0B T 4R A L (B O BE B E AR TR ) i DU ZE R U I 2R
UBAHMERGEL MBI HNERYERE. RTEE 2B ENS.

H,(s)=

10.3 LB —3 2R WM& LA

0.2 WHHEBERRBESRGSRITNEBEGERBINE, — £ &
3L R, s B SR e 2 EOR PR E T R B, SR B AR H,(s5); ZR“E
BRI, B S ) HL () MBS RS, ERE— 1 REE10.2
TR, AT T -5 AR,

W IR AR K R i T 1 0 4 (3 P48 ) MR, TR B 44T 5 SE B
PAi—di O M Lr G Bt i, AWM —ROMEZEHERDR ET
KTE 10.4 FIHE "o 0 MR 45 JREE, 345 18 B a8 SE bR L A I 803 F o

BB — i O P 45 R385 BB A BL 7 48 B Rl — s 0 B, B R LR BR K
iR B WRMERTIN, MRS R L ERETERZ(s) =

T mmmms v () =T, WRMRERES LC M4 (8 10 - 11)%

SGEFTEIH, A THRESR(CRANS)GEEES,
¥FLC —mOMEERMLEAFTE, E—HK
HIBH ¥ (Foster) 5 &8, EWEEEN Z(s)H ,,_’@_?
Y (s)RBEXERS AR, BRI E M E— T X R ¥(s)
B A B R B A, AR I 4 A (R R 8B BE B 3 =
BB LA EMEEH(IE10-10), FE_F
BHER(Caven) SR 3, EMBBEHRERERS, w0 1 _woes
TEEA WAL RGEEEMEREE, LC W%

B ot/ 5 o
LCM
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Bl10-4 KB 10-12 iAMEMBMABEN, KPREHELSHNN Z,,
Z31255#E‘§:gmyy Y27 Y49ﬁﬁEEEH% RLD

|
i
|
ly,

|
|
|
|
|
|
|
|
|
o
V4

|

|

|

]

I
33 Yy 55

E10-12 ZFRHEEEFRER

B REEERLNARTNELZNERESANME 10 - 12 FiIfRERN
B, 7T UEH
Zss=Zs+ Ry

1
44 4 Z55

BB 3R R E 2R AP B
Zy=2Z;+

(10-28).

Y4+ZS+RL

X—RAXNREBFZ/RE—4H LC BB MNB LI ER,
Bl10-5 ZE—wmMEBMABEG Z(s) R

352+ 652 +65+3
252 +45+3

BH Z(HEREFRXNER, HEENBIBLEN,
B ZOWDITERXES 58 TR MR

Z(s)=
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3
25
252 +45+3) 353+ 652+ 65 +3
352+652+%s -g—s
3 ) 252 +45+3
=s+3 1
2 252+ 45 25t
3F%s+3
—%‘s+3
0
XEE Z(s)AFRRA
_3 1
Z(s)=73s%7 1
357
75"’1

LM Z(s) BEHIBRTE AL aNE 10 - 13 fin. X EREHMHRAER I
BEH, EETRMERRRE s = o B1E R, sl R0 7 25 4 8 2 T Bk
= R 3 R R

3 1
ki 2 H

| I [Jre

z5=— > %FT

1'0—

B10-13 Z(s)WBRIBELH

Bl10-6 HAE—MHOMEIZHEREK
Y(s)= 335s*+565%+12
1255+ 3853 + 125
B YG)RRBREMER , HEEIMBEN,
B AESH10-5MRANETFHEFRETF s WHFREBEHRX,MHE s=0£
Y(s) RS BB AABHT L, BRMTH Y(s)EER

Y(s)=1+
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HHEHN Y)BBHBEEEHME 10 - 14 fim, XFHERAKRAIERTE
2,

3 1
=F —F
|2 12
1o 1 I
4
Y(S):|J> 1H <H 1H
1'o—

B 10-14 Y(s)BRIE/RIBEEZH

DI, FEARFAETELHN Z(s)R Y(s)EBEAESRER, Al
FHEEROMERBE XN BETBEB LI,

TR MG EE R B AE RS AT E M R, X AW H,(s),
HAEMALHAN AR, TEHENREREENERE BX—ME,

— BT RERBRERN
B(s) bus" + b, _ys" L+t bist by
A(s) a"+a,_1s" T+ taistag
HAATF RN EZEBANELER. IRAGEEREN, NGB A
A(S) KR T IR

(1) FEZA(MRERERAE s FENEZETFFEN;

Q) MAEZTHEQCHE WNEARY,
HAGR T E R EXTAMER A ) BEFRNERE R (Hurwitz) BHR, Hb
MR & BEEFEQ) BWAG)FITHAERERZHR, [T R &X
BEGHMELRBESTARN XBREXSTRX. MREAERBEN, EH
DEFERSEBLARBRERETA

HBERLE HG)NS—RHAESF A EEZHANHK, Y s>, K
(10 -29)iE UK

(10 —29)

H,(s)=

m
bus™ bms"‘ o

H,(5) ] mo0r

n

n Qn

FEm>n, W s=c0k H GRS, EHKE(m —n), BT 0 HEHRELR
WAL, s =colX— AR LLAKN T 10 $h b, AWERERMEF,i0 M Lk R 6
EHEHEL,TU(m - n)BE2ET 1, FIBRERENARLRE H,(s)FFHE
KU EHRBEERAER —K, FAEHT s=0 HERH L, BHEH,()HFH
BEMR S TFRENRZZHAERELT—K,

R HG)RKNSEARFHNEE, h FTEMNT AEE, Bk H.(s) 84
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FHSRERABLALERERSTR, MANRZZ A AEET 1 K. BW
EHERPERNERERETAZLLHWA R

FENRGREEAEN —BRARE BB AR RE THEREHEN
Kk, N—3% 0TGP SR AT SCBPE R R R C B ER, ERAEM S N
BERRLE, A Q.8 Rel[H,(2)]=>0, XRBTEEXBRESHEL, F@WA
MR AERER T, WEARMERIIERR P=|1*Re[H,(j2)], EEM % A &3t
A4 R, FHA P=>0, WA Re[ H,(j2) 120(FSEH TR LC M),

EHET —I 0 BIE MR s AR — S R, T A X R FIE
BNRMERBENERAEARN,  EXERRVEANE T SLEEB,

1931 £ A B (Brune) A T Al SE IR 3 A R B R E R4 (Bh AL #g X4
B):
{(1) % s AILHEF(Q=0),H,(s)BELE; (10 30)

(2) #& Rels]>0,M Rel H,(5)]1>0,

WREXHAGHEEHRAELEE . K HHFQ) (RS AREERE
BWIE, RE H(s) MARBEB L ARG KMHQ2) (EFMKRBHLBEEAE,HE
AR T EEMNERRERER:

(1) H(s) WA FREREREZTA;
{(2) H()EBH AR SELHN, FEREELSEE, (10 -31)
(3) X F#H Q,%F Re[H,(12)1=0,

AR -3 £ MRER ERHL”  HAEILRERERX H,G2)E jQ
HEHTRE, REWNELFEHNESRR,

ZER(0-30)ERWERERRERA THIHEMA:

(1) #H, () REEEH N -y R— M EXEH;

Q) MM EXBRZHOMIELHR(ERIELRRZESA—EREX
3 O

BHF,BIE R G L AT AR E S R, B TR A T4 o 5

KA REINHEITR AR RAMEIESLA, I TR M % H,(s) b2 R IELK K
o RZ,IEEREA R FTIRG M P4 6 7T 52 P 45 R 4o

10.4 AB s oBEIIMBLELS

—RRIEBEARIME O MG, BB LC BH 5 0 MEmE 10 - 15 i,
HB R 1 Ry 4r 51 8 15 5 W P4 B A0 3 2% M B, 5 Rb R BR 4 R O X AR IR
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(Darlington) B3 B 25 # (i S. Darlington F 1939 £F 421 ), KPR U e % AT DA R v
SEE B Re, MARBME R, =0; BT IEME R, Rs=0; —RESLIMA
10 — 15 BiR , AR BR T P £R 22 B B B BB 45 5 o

Zy(s)

B 10-15 AARIRBEREGH

AFHEKAFBEES, RO MENEERER MmO MNELEERE
REER R, SUE UL, AP B B G5 A R B B — > — B O R 4 R SE BRI
B, e 10 - 15 XA — 0 FMERBMABETLL Z, ()RR,

RAVETHEX MG T EN —REA ARKEATERREMITKSER
R P As I L PR BT .

(—) ZROMERSRITRE

REMARAGRCAECHRERYE H,G) , EREHE RN —HOME
WIS Z,, () BER B RERM LGS, FHIARFRE o(s). SHH
B, AT HBEMM Rs SAE R, MW,

(1) BZHROMBRGERE H () BIRHRZH o(s)

%t 10 — 15 Fin B M, IR BB iR e A B B R, MIPNBEY Rs IR IR
ZiE BT TAER, ohREMm & FIREBMWBAT = EFH, X—FRAL
EfEREE KGO MR, HEESENEAIR(AGFESEESLNBRY
2)H

E 2
Pm:%<|4§|s ) (10-32)

WARKSE, B ELRERNER

11V, I?
PL=5"R,

¥ ERFEWEE XA TEEREE, ERN

P._4Rs| V,(j2)

Pm_ RL ES(JO)

(10-33)

2

IK(Gn)|*= (10— 34)
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HAP B R R REPE LN

H,(j0)= A

Es(j)
XEHEBRMLE, [ KGR)12<1, BHRMNET LGSR 1L,Em I K(Ge) 12<l,

HTEHFTEWEEELE LC M&, BMAL SRR, XA LT
KGQ)B H,GQ)EHRA K(s)B H,(s)o BIR(10-3)F W, K(s)5 H,(s)B
FRASHREME, AR BE X TEECRER K(s)HEAE — R M %
BRI B IR

HMTLAEGEER KGR RMEHRE, KRR T REXMBEE BWME
S50 3R A BEL Y AR A AR K W TR, B K B A0 o SR R A BT R U, e L T LA SE X
— MRS R 0(GQ)

(10 - 35)

Pm_PL

PGP =—"p—=1-K(GD)
1“&”{(]9”2 (10 - 36)
T E 4 ) 1931
p(5)p( = 5) =1~ RH, (s HL( - 5) (10-37)
HRGHTRERH G R RRZEME R B p(s)p(— s) BEFH s £¥
P A B TR p () o

(2) HRHERE p(s)R—MOMERMARD Z,,(s)

HUTHERFTE K Z2,G0)EREBG B M
Z1(2) =Ry, (i) +iX,, (G2)

Xt F LC T4 M4, 5t o O T RE D) B 5 5 A SR 0 4 #ETh 351 M AH &%

2
UX&QH.ARMmHIm”V

2 R,

HitSH
V,(i2)|?
l“l((j#))”z:RLRu(j-Q)
AR
EsG2)|?
IIIIS((;T))”ZZIRS*‘ZU(J'QHZ
2R e I R X
| Vo(]ﬂ) |2 LR“(_]O)

2 f—
ESGD) 12 [Ret 2 G2~ | HGDI (10 - 38)
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BILERRAR(10-36)F
. 2 _q _4Rs, RLR. ()
IP(J‘Q)] 1 RL IRS+le(j‘(2)l2
_ [Rs+ Ry GQ) 12+ | X, Q) |12 —4RsR; (5Q2)
|Rs+ Zu(jn)'z
_ IRs— Ry GO 2+ X, GR) 12
|Rs+ Zy;(j2) |?

_12u(i2) - Rs!?

—lzu(jﬂ)+Rs(2 (10-39)
mirEHmEER
_le(S)_Rs Z11(—S)_Rs
p(S)p(—S)_Zu(s)‘f'Rs.Zu(—s)*‘Rs (10 - 40)
WRLERXM o(s)BAHAAIEE, BP
Zi1(s)— R
p(s)=i[zﬁ%ﬂez] (10-41)
Bl LA
le(S)st[}——;%%%} (10"42)

Wt B RHEIL, IBHB R H,(s) B LI R AL (10 - 42) Brm 3
BRBETERE 2, (LR BEKRTEBEHTUES, Z, () REHR LC
BHMESREBER, KRHARK R OBARS, EWE WD K3 M
PRSI ELHE, TUA— RO MESASELIEHEAa,

Bl10-7 HEMFESRAGRMYELRE N

ok
()= 203713

ARENE Rs=1Q, B RBHMA R, 4518:(1) Ry=10;(2) R =20, &
FAEH LC 3D MELHL R,
B OHSEN H.G) , RENERERMUT s=okb, Es=01FH

_k_ Ry
HO=3=Rr+R,

(1) % Ry=1 0,50 £= 5 RAR(10-37)

3 3
2 2
-s5)=1-4:
p(s)p(=s) s2+35+3 s2-35+3
st —352

:(s2+3s+3)(s2—3s+3)
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__s(s+43) | —s(—s+43)
(s2+3s+3) (s2-3s5+3)
M o(s)p(—5) T AR ARSI AT LA Hi , O 8 B 15 45 SR 006 J2 S5 /AR oL R B9 2% 4
HERPHE —TER o), FTREEH
(s):S(S"'\/é)
e s2+35+3
R (10 - 42) AT SER A S B S BHIL R BB H A
1+p(s) _252+(3+43)s+3
1-p(s) (3-4/3)s+3
Z ()=t _1-p(s) _ (3-43)s+3
1 Zu(s) 1+p(s) 252+ (3+43)s+3
Xt Zy ()R Z, () BI% R 1 BB

le(s):

_ 1
Z11(s)—1.577s+0—‘423s+1

1

, 1
Z (S)= =
1 Zn(s) 1'57754_%_1
. N

TP BRH BIFP AT BB, AN 10 — 16 BR.

R=IQ

B10-16 R =1/ H,(s)KEHR

(2) ¥4 R, =2, 1A k=2, (10 - 40)%8

1.4 2 . 2
pls)e(=s)=1 2(52+3s+3) (sz—3s+3)
_ st—35%2+1
(s2+35+3)(5s*—35s+3)
:(52+«/§s+1)(52—~/§s+1)

s2+3s+3 s2—3s+3

R AR B /AR A
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(S):sz-l-\/gs—i'l
e s2+35+3
#A (10 -42)18
1+p(s):252+(3+«/’_5)s+4
1-p(s) (3-45)s+2
1 __ (3-45)s+2
Zy(s) 252+ (3+4/3)s +4
EXFHEMHARBLAF,RE Z,GO)RBEERK,W Z,(OARHEEARHE . H

B =08, 2,(0)=2,2,(0) = 5
% Z,,(5) IS R RIF
1 R5=1Q

0.191s + +

2
LG R ERME 10 - 17 Bim,

AR, EERMAXMHTEEER, &
RUEAEMBEER , AR KE— Z
NGB Z, () E, AR EBER
B, WA, F p(s)p(-s)E j0
MEZEARNBHET A, WEEATIEL o), BMEAEERES
TH,

SHRALRHE H,(s)—BFEERQ0-29), TUEF N, ELRIHEHEHERN
IHHEF H () TFHBTRX m=0 KHER, B2 FRAEKAZEI., KT,
H()EWBART s= ook, BILAR I SM A EMEE", LFmBH KB,
—RER T, BESFFITHEP REEWRRMENES RO EETOEE
WM IB A NS S, MEREB B LR 5T H AR K L HAKE LIS
BRI BB (W 10.5 9), :

(Z) BRNRESYILEXRERBHEBEIHN

BT NROERRBBESESFETIAEEREXRETR,HHE H,(5) &
B ST s=cokb , HM AT LAFE 10 - 15 i XIS WL, — B
OLH AR R 54 TAE, BT ARG IR W FH Rs FfA B M R A%, bt
2

Z(s)=

zZ(s)=

Z11(s)=2.618s+

o !
| | S 1

E10-17 R_ =2 Q8 H,(s)BER

. Rp 1
HGO=p 3R "2

BEX(10-37)F
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1 1

P(s')p(‘s/)=1—472RTS' BN%s') : BN(Z_ )
_ BN(S,)BN( -s)-1 - (S’)N( — S’)N
~ Ba(s")By(=5")  Bn(s")BNy(—5")
(10-43)
H A, By(s VMEE 10-1 FIFHMEHEKEZTX, XBERMNEI-TEFEH
g MEHR By(s) 5 By(- s VHARETFGHIV(-sHV+1, FEBH X
HENER, WAEXNE, BETATHRIEX KR,
BR(10-43) W I EIH— LR 5 R E
NN
P(s’):B(;(z')
FA AR e B S BL e, SR B BT R L Z, (s )RR R
1+£p(s")  _ By(s) (DY

Zu()=Rs 1o ) TR B Y (T (10-44)
FREREABHRERESENBRBEEFRMIIENESER
Zu(s’)=RsM(—s:)—N (10-45)
Bn(s") = (s)HN
f
Zi(s') = Ry DG = (D7 (10 - 46)

Bu(s) + ()Y
TFE LN =4 6 BRI 08 0 380 190 th SLOK f sl B
S RALTHE B A PRS2, ()RR ABIA — 4k, R (10 - 44) %
AR
Zu(s) _By(s) £ ()N
Rs  By(:)F ()N

Hr
By(s)=By(s)=(s")*+2.613 1(5s")>+3.414 2(s")*+2.613 15"+ 1
R
211(5,)_34(5/)"'(5’)4
Rs  B,(s)-(s)*
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JRIT & 5 R Fm
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Zu(S’)_ ,
__—Rs =0.7654s" +

1

1

1.847 85" + 1

1.847 8s +bm

1
1

— LI’S’ +

Gs'+

. 1
I{;S + C4’SI + 1

Kb L,G,L,C hA—k B s AE, KX A 10-18 fim, Sh
B v 0 T 18 0 S A SRR P SRS — AL B, R AR PR R SR B A%

Ri=1 L{=0.765 4 L;=1.8478

T C'=0.765 44

F10-18 N=4 M EFKIKERE
JEBEER LI (T MSEH)

R
211(31)284(5/)_(3’)4
Rs B,(s") + (s)*
__ 2.6131(s")*+3.4142(s")2+2.613 15" +1
2(s")*+2.613 1(s")*+3.414 2(s")* +2.613 15" + 1

B &S FR
Zu(Sl): 1
Rs  0.765 45" + 1 -
1.847 ss’+1 P :
: 0.765 45 + 1
_ 1
iyt 1 :

Lis™t —————

Gs +m

LR E A 10 -19 Fin,
HRARGE L, LR EBRIERE N 5 IE — 46 K8 704418 80 an
#£10-4 FimIEH(FNSERE 10 -20), L& ER,
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Ri=1 L'=18478  L\=0.7654

B 10-19 N=4 BrE&KEEERE
P ARLH(O BEHR)

FEEPRE B AT, B EARB B K BN THFEEZE . D ERE—#
BRSO, SEXt Rs £H—1k

Z1(s")=L{Rgs" + — 1
G . 1
s +
Rqg L{Rss + — 1
G . 1
F10-4 BHABRERVEFERLT—HLTHER
N L} C5 L5 oA L5 Cs L3
1 2.000 0
2 1.4142 | 1.4142
3 1.000 0 2.000 0 1.000 0
4 0.765 4 1.847 8 1.847 8 0.765 4
5 0.618 0 1.6180 2.000 0 1.618 0 0.618 0
6 0.517 6 1.414 2 1.9319 1.931 9 1.414 2 0.517 6
7 0.4450 1.247 0 1.801 9 2.0000 1.8019 1.2470 | 0.4450
N C] L5 C5 L C5 L5 Cs

E() KRPEHFTHS IR ARE 10-20(a) 50 TREHEA,
(2) FRRFLAS X AEEEE 10-20(b) , 50 I BHEHEH,

AXEEREE M 5 = - RAERE

L1Rg 1
Zu(s)= Q. st c, N 1
Rsﬂcs L3Rs 1
0. "G 1
Rs0.° " R

PP R B A E T B TR



10.4 EBR-WOBHMEEZEE 211

1 L; L 1 L
cz'I 1 C;I C;Tl 1
S B e q]
(2) TRISEHL O) TR LI

H10-20 SRi&E10-4 OARBREFRMEESFHMHIHR

(10 - 47)
1

2.Rs

Bl10-8 KB 10-2 {HWEHBRIBBEHNAEZHEHE, B’ Rs=
R.=600 Q.

B OBMI0-2B2REBBERHNE N=4, ARBBIEAHE 0. =2n X
1.304 X 10* rad/s, i B e B A 10 — 18 XF &£ —14k:

C= C’

L1=§—f }=E%;XO.76S4H=S.61 mH
c2:chRSc;:zﬂX1.3041>< oo % 1.847 8 F=0.038 uF
L3=§—fL"3:éRX—1.6?(’)(§)W—1§XI.8478H=13.53 mH
c“:ncleC:‘:zux1.3o4lx a5 X0.765 4 F=0.016 uF

ERd s PanE 10 - 21 FiR.

600Q 5.61mH 13.63mH

E, 0.016pF [
- J |

B10-21 #10-2 WEEEZHRHEEK

] 600

TEERT R LT REWEREB LRGN F. RIVGLERTH 10-3
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BRIt T,

Bl10-9 KA 10-3B/HZVHFRBEF[OWEELHBE., HERs=
R =600 Q,

B XENTHRRESESERBERESMHR BE—LRESHK H,()HR
ARAO-3D)REHEB p(s)5 p(-s)ZHB, HAEHRM,7E s=0 K
BELTRA

__ R, _1
H0) =g FR:™2
FRRE
, , 4R 2
p(s)p(—s):l——sx(i X 0.491 3 X
R, \2

{[(s")>+0.988 3(s)%+1.238 45" +0.491 3] %
[—(s")*+0.988 3(5")2—1.238 45" +0.491 3]} !
(s7)*+0.750 0s”
(s7)3+0.988 3(s")2+1.238 45" +0.491 3
KA EPT R PR AT BEL BN
Zu(s) _1+p(") _2(s7)%+0.988 3(s")2+1.988 45" +0.491 3
Rs 1-p(s") 0.988 3(s")>+0.488 45" +0.491 3
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Rs 1+po(s") 2(s)*+0.9883(s)%+1.988 45" +0.491 3
R E SN TR
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S 0.994 15"+
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1
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Rs 5 02365+

1

’ 1

0.944 1s"+ 5=

X Rs=600 Q1 Q,=2n%x10* rad/s £H—1L1%

s 1

a)* 0.9941(s ), 1
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2.023 6RS(
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S
5.) " Rs

1
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1

GARR=TTE 1
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0.994 1Rs| g +2._om(i)+L
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) 1
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600Q 19.32mH 19.32mH 600Q 9.49mH
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10-22 H10-3 YL REHEFVTMHELAR

A B 5 % S R e B SR B T AR L E R RN R 10 - 5 BT R B R AR
(Rt ZEE 10-23), RPRAFBK N, EEHFHNRRBEL 1 dB B PFPEL
BEH— LT E. M N={B%,7Z Q=0 RERKIE|H.(GO) [ A% T 1,

peT L HETRSAE SRS R, 5 Re %R EERT R
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() TRISEH O IIRISEH

B 10-23 XFRIFR 10 — 5 4 b SRRl I B 08 B 28 W 5L B
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FLREE SRR RER BTABEE, AT, WA RETEESE
$O, 6% 10— 5 N=ﬁ§iﬁ,ﬂﬂ—¢tﬁi$ﬁ%l§ﬂiﬁﬂyg—:=l,ﬁ’ﬁ N = {8 $at

2—:=0.25o
#10-5 YIHLEX] RRBERVBRFE— L THME(14B BY)
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FE BT IR A, BRI ARAERERXR o =0T , AEHFHEREL LS
ERIB AR (NMRBEEAE), BN HHE BN ER -2, i TRE
MER, EHERERH“"EXARBMAERNTREEKH IR

(o<a<—;—)m%ﬁﬁ%ﬁ%%o Bl (10-75) TR, HEREENELS
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TR, S EHMERT B /MES, T F A ERESEELS, hiH
A (n) AR Th (oT), LR FEZ SRR F B IKSHERAE,

Hl10-12 AEEHHNEE I IBEROGIE =0.9976) N=2 [l
SR REE BN RER (S E R 10-3 #X(10-27)]

0.501 2

s2+0.644 95+0.707 9
FAmp B 3R B F IR B R R H(=)o

B % HGEFRBIHAER

H(s)= j 0.322 4 . -j0.322 4
A% T4 0.3224+5 0.7772  s+0.3224-j 0.777 2

AR (10 - 70) #fT A HE

_ j0.322 4 -j 0.322 4
H(z)= 1= o (0322440777 2)T -1 + | = o (0324077 D)T ~1

H, (s)=

_ 2e7"%%7.0.322 4sin(0.777 2T) -2 "
1-2e" "% c0s(0.777 2T) 2 ™'+ "84T 72

MTHEENRE H () BMARINKFIRERN SHERE T A%, 8 10-38
AP E YT AR T B, %K S8 X 5B R 20 H(E)!

(BEF R B RRIRRS = 0 BERE ). X T=1 58

-1
H(z)= 0.327 62 _
1-1.032 8z ' +0.524 7=
% T=0.1sh
-1
H(z)= 0.048 5z

1-1.930 72" +0.937 527
ME10-38 EHEU SR FHEESEABEETEERE o =nit, BHX 0P
AAEGENME L FRE, REMERT IE/MEERN
#10-13 RAMBATRFH—EFMEBER. AEBEARERER
BHAFER -3dB 0<<w<0.318x
BH# F W, <-15dB 0.8x<<w<rx
WEHANEEFESRE, R FERES H(=),
R HE10-35 FIrniERE
(1) REBEE[BEAER
HTERAWEATERIT  AHENARE 0 SEFARE . ZRINX
RRw=0T, BAE o 1845, B T WTRMEEESE, AT EHE T=1,E#
ISR IERR
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201g|H(e™)|/dB

-28 | _ - 201g|H,G2)) 4

32 I 1 1 1 t L i 1
021 04n 0.6 0.8r n 12n1.4n 1.6x 1.8n 2xn

B 10-38 {5 10 — 12 %05 78 i 28 0o % 08 531 4

wc_
N, = T =0.318x rad/s

=22 0.8n rad/
.QS—T— .8 rad/s

(2) B EPLUB A R H, (5)
BEOREWHNEASWE UV S R,

RFELSH e
L _ o
V1+e?
i) €=0.997 63
RIBH BB N

20

\/1 0.8
0.318x
1, (087 )\ _ A 10 o _ =5.546 9
N T 0. 997 63 :

0.318x

arcosh(5.546 9)
arcosh 0. 8m
*10.318=

BN=2,EhEARERTFRBDEHARORES, B iLEHEERIFE

KEFBTEERE
ZEWATLLE KB &M (e HA N E) SHIE A0 - 25 2HR, FEAS

N= =1.5
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0.501 2
s2+0.644 95+0.707 9

H.(s)=

(3) AWM AEER H(z2)

BF(2) 7§ H,(s)SREB 1012 AW H,(s), FrABAZRF 5
10 — 12, % o7 %5 5 0l 5 2% O X OB SR AR tE N B 10 — 38 FIEBZR (T =1 s) Fim,
BREAZLENAR,

(Z) MgETHE

FEEH AR K s B MM H X REAESHENE, EHREER
B, W REHTRERRHNEE FEFL. XBEETSRN&EE
B R TIRBAN, M s B - BB H REEMMXR, RIGT RESOEE

WAHTHRPEFEE s BHOQENOB Lt o MAMEHFE 0 B £ x Z[H,
XHTHT  BRASHHEANES, M WRRERS . TEMNAMS TR
RRNENTBURXR PR BT R PSR,

Ha(s)=§;sf’;k (10 - 76)
B FBA— s I B XTI R 5 ek 4K
Hk(s)=5f’;k (10-77)
EEES T EERX
31 = 590 = Az (D) (10-78)

# 3 (DR y (OB R
(1) =J:0y’(r)dr+y(t0)
SYHEMBES RN T,0=nT, 1= (n - DT,
y(nT)=J:_1>Ty'(r)dr+y[(n—l)T] (10 - 79)
IR BE BT, AR b8
Ly = 5= D TH~Z 1y (2T) + y'[(n =D T} (10-80)

WREHMBERHBHHBELAIRZEYE MARERMERZHESEKZH®,
BR, HEMUMEE,
4R(10-78)FH t=nT RAK(10 - 80) FHH = FHEEF|
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Y()1-= Y=Ly H+ Taxar=")  (10-8D)
BEKNX,R Y(2)5 X(2)ZHEE

A
Hk(z)z)lggi;:z — (10-82)
—f(1+z_l)— £
YWEK(I0-TNERQ0-82)KH s 5 MMXER
_ -1
s:%—(i+j,) (10 - 83)

Bl IR H () PHER s ARX(10-83) AR B R KF ik
BBZRERE H(z), BR(10-83)KE 57|

_ 1+ (sT/2)
FT1-(T/2)

H(10-83)MMA(10-8)FRAITFE S HBETEMNRE R, WA L HEE
BARZ R, AN AEN W, BER(10-8)WLBH s B 5 = HAym
BEA R s=0+j2,2=r* N

1+%(a+j(2)

(10-84)

re®

1—%(0‘”0)
T aT\?
1+=0) +{=
( ")2 % )Zejim[<%f>/<l+—§a>]+am[<%>/<l—%n>]z
(1-22) (7))
s B AEEH, 0 =Re[s]<0,r<1,HMETTH s WAL FEHESHZ =
FHREMEHN, WREREN H () TUEBRBREN H(2),
s FEIMEMs=iQ,¢6=0F r=1,H

w=2arctan(—ﬂz—T) (10 - 85)
5 0=£tan<£) (10 - 86)
- T 2

XFEH,s FHMEHEAE . FPEOECE,MH 0=+t c@BHHh o=*tx,0
Hoe 2RMEMHE, TUBERES. HER(10-85)HA(10-86)F W, W&k
TR LTS, A 10 -39 FiRn, HEFHESTIERE. BikERHNL
YA BRI B AN, A RABH SR ER RN TR, AR LRTE
PO ERIE, XM FERREHBRIFER, HI%EIANHEREZ
ERIF

Bl10-14 HANKHEBLRERIT —RFHRBEBERI. AEHERER.
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)
_______ TE_________
(o] Q
______ - ——fm =
w=2arctan(—27-)
(@)
o) )
T R—————————————— o
[
7 |
‘N o
’ ; 1 |
¥ 1 ! -
. | T
jo
IH(e )l o 0 ; E Q
1
|HG)| |
Vv :
|
V. 774 {
|
|
I
0 Q, Q, Q

®

B 10-39 WRMETHMBTHXR

W AHFER-3dB 0<w<0.318x

FH#FER <-20dB 0.8nr <o<n
WHANEE TR RIEBFIRES H(z).

R A 10-35 B mRE R,

(1) REBE BRI

BT A ALk Y AR 3, R U o B 4L 3R U3 88 0 38 Am i A 3K (10 - 86) ISR R B
W AF

n;%tan(%xo.swn) =1.092 6 rad/s

OSZ%tan(%XO.Sn) =6.155 4 rad/s
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ﬁﬁﬁﬁim Tzlo
(2) W BEIIB B RS, PR H, (5)
B 10 - 13 RABGELSH ¢ =0.997 63,

REBHEBHE N
_20
1 _ 20
2.2 /6.155 4
\/“E TN(1.092 6)
arCOSh(o 9917 63V 10%8—1)
N= : =1.24

arcosh 6.155 4
1.092 6

BN=2, i TRNE&EZH  BERFWES, BMiLHEMHEHBIFER, EF
BnEARE, UEB/MESELRERNNRE, B N=2 MEHEFR
BILARE QO

20

1 6.155 4 =10 %
\/1+52T§(—' a, )
n.= 1 6'15514 - =2.627 8 rad/s
cosh[;arcosh(mv 10 —1)]

BRMNATTEB AN F4 S 10 - 12 MR, BEREIT N=2. 8K
BRN3 BRI ERETEER. A ERERREERRERRERER
TR 10-12, A TFAFATHEEZEFXEN Q AET 1, HELFH#ITHA—
e, k1%

2
H(s)= 0.501 2Xx(2.627 8)

s> +0.644 95X 2.627 8+0.707 9 X (2.627 8)>
B 3.460 9

 s241.694 75 +4.888 6
(3) AT #HER H(2)

H(z)=

3.460 9
-1

[2(1;§:1)]2+1.694 7[2(1;i_1)]+4.8886

_ 0.281 9(1+2"")?
1+0.144 72 140.447 922
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B 10 -40 B T H(z) KIS T EOBSR AR BUS o B T HAN&ER

B R ERAE LT
TREAR B, BH 2 W AR L v
REGL . HRHAERENIEL
HEITE, RERELEXRT
WK R MR E S WIELRER
HEIEM,

R IE TR E B IR
BB L, 5 FHMAEY
TR B, W] LA 2 xR B R 4L
IR AT BT, B &,
WEERAMBEH B, HH
2 4 7 46 BP AT 52 30 F 08 I
BRI, BE—FHFREAER
HMEEREKFRES, REEL
MR e LB A
MBCFIE AR, Wb, BRItR
LMFARFREFLEEENES
B (4nE 10 -2 =), B T A/D.
D/A BB WER, W5 ABE R
Z(EMTF 5.10 ¥ g B H# PCM
FEEHIIARKLES), ERFIE
FHREHTFRIEARELR
B MR EEHFBEHHEEE
SRE TG, BT IR L0 0 A
L Z S

FRT & 48, b W 5 @ )
BEAENA,

(Z) IR BFREBHEN
LI

B0 08 I A A SE PR In] R LA
Pk Bk 2R TR 88, % T 1IR BRI S,
A= (10 - 63) RRK R G R
R RS R

arg H(ej“’ )/rad

1.2

|201g H(e™)|/dB

T T T T T

| N I SRR N R,

05 1 15 2 25 3 35

L 1 L L 1 1
3

05 1 15 2 25

3.5¢

©

B 10-40 #1014 L@ S IEH .

X 5 A AR O A
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y(n)‘—‘zb'x(n-r)—gaky(n—k) (10 -87)

T RS2 BN IX — B 1 BT PR A B A3 B AR Ik 4% (TR B AR I E AT 0T, A 10 - 41
H TSR (10-87)E4 HEMAER . WE AT LIE g Ao X ILER
MRAMEER(10-63) WA FEX, BEMERLAMBERETAHE _HOR
v(n ) BERT RUSARIN, BB R K (10 - 63) Btk S &4y . MRLEH T XK H#I
K, Bl S SE AR S R, JE SE IR S ER A I P M JE B BT FT LA B 3R 3L A, MY R
ME 10-41(b)FARHEREHER. BEERE-—FMTANEEEAX ], B
MELIANEREER]., GERNENBETMRETES TR, REN BTH
DHIEH AR EAR N REEWEN, REESFEMXA0-63)RTAHERL
EREIWEERALAER N BARLSH, TERAETAER. WHEHEE
XMNERATED , MERERELEELH—F, BERIAZENHLERTHE
BT . EREEEER, ABRBERATE, B—RENTAEERER(F) AN
43 o

) N )

(a) EERAT ) E#EREA

F10-41 IREBEFVEERTH

IR (10 - 63) BRI RE HITHAR 48

H(1+gkz_l)l_[(1+131kz_l+:82kz_2)
H(z)=A ﬁ: ol (10 —88)

2

H(1+ ckz_l)H(l'F alkz_l'l' a2kz_2)
k=1 k=1

AFT D EBELRYE, —HERARTEAREEIRNEL . HHEANR
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SRR BB —BFREMB TN B FRENRIKIE L, L H R R
95 S PR Ry R Bk B S B

H(z)=H,(z)H,(z)H,/(z) (10 -89)
HAEWERME 10-42 fin, RS —-FRER—-NH -, RERAGEWR
BTFRLCENBTEA,BEREXBAB L ERMNEL, RETANLSLES
T E—BrFRERMERT R BHNETRE, [ EREE LR
GrERERE /DN, WEETRENEHFIIRFNERERSIENRARNEEE
M, BEATESHENGTERE FRENHES KHF

—_———————————————

&

z-1
—Qy i B
@) —BrFRE b)) ZBrFR&

B 10-42 IR EHEMMWRBKALH

Xt (10 — 63) R I 7R G0 o6 FUE R 43 4y B FF
sz N, -1

Yor T Y12
H(Z): =G +Z 0k ~11k
1+Zakz k= 11+ckz imiltaz taz

-2

(10-90)
KRG —DHE—-NH B FRE. HHARREERME 10 - 43 FiR, XF
KN FRE LI, HERETE R BARGSHTH TR, BWHETE
B, MEREEERENNERBARH, ARFRIENBARI . BT
AT AR, H R S TR AR B AR T AT, HTEAMEH
el b S R It N AT B R
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—¢

(@ —iFRE
Yox

x(n)o—

®) ZMFRE

B 10-43 MR BEHEMFIFHKAEELH

T BR 38 [ 28 05 88 45 4 S BB B IR LM RSN EE KM T A, E
EEEHAESEFHATMRESOER BTEERFRFRUME, LK
REZEEARAMAGEENARBEENREREN, G2 THRSRERRK
HEME(ET—F 11.6 7) , B FRBEFHEFEHTLUEERANER

10.7 A FRr#oh B (FIR) & FRES

XN RMNET TAELWKRREHT . F—SRERENFARBETER
EBAEYEELRENHESLENERANTAZEAR, XERAFR
BEYE H() MR, EEE RN 2 (n), UM THERSE H(z)RBH

H(z)= Dbzt =S h(n)z ™" (10-91)

BIEAR B EEEN G E RSN N, FRIE HEEORBHFAER$Z
BRH H)REAERARESE W, AXQ0-9D)WLUE S, XFBEHH
(N-DANMFR BEAERE, EBBRAMLT - FENEL B, REREE
Mo 53— E,FIR IBEAF T LIS EI™ 4 B S AR , T TIR B 3B 4% RO o2 46 1
BEHELRNE,XR FIRBESBREHMNMA, THEHEETE FIR BRFBERAS
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MRS R AHEL S EARE, B/F2HE LK IR 5 FIR AR
e as LR R o
FHEBKHLFF b (n) R EXIREMSE

BRA X PR A

h(n)=h(N-1-n)

h(n)=—-h(N—-1-n)

(10-92)

(10-93)

AT R RIS R A RN, AFHHBE N N ELAE B M AR E
B, BT AR B PR R R BUE A R . R 10 -9 Bl T AR R BB B AR, T
i 43 A

£ 10-9 MEFALMHERM FIR BEMSHE

h{n) B FR

h(n)=h(N-1-n) NG %9 Hyfo)
‘Tft H(&*)= Hy(w)e ™™ ] I ‘ | ] /‘
1 _N-1 T] II 0 P 5
2 012345678 n Y Y moe
1
2
B ?S"(‘")
0 T 2;" - N=BHi=8 Hyw)
' |
. | 1]
o ] . —~ 2n
; il S e
- 01234567 n !
M
2
h(n) 3 XHHR
2 =
h(n)= —h(N-1-n) | 9! IK
B HE@) = H e ) | ] ”] 569 : , 1
3 N-1 01234 l " p s
N 1 ~
2
| e
g4
é N L 2;‘ - N=18& #I=|8 Hw)
W | ”
5 | il
4 N 012 3i L
N—-1

B 1:h(n) W EERASFX(10-92), B N=8a%
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N=3
H(z):Zh(n)z_"+h( > )Zv¥+ E h(n)z "

WERXE=ZTHELTERE, S m=N-1-n

N-3

H(z)zgh(n)z_"+h<N2_1)z—M

N-3

P
Eh(N—l— m)z (N7L7m)

m=0
N-3

2
= Eh(n)[z_"‘Fz_(N_l_")]-l‘h(N 1)z_T
n=0

Xt BB, 4 2 =
H(ejw)Ze_j(¥)w{ ih(n)[ejw(NZ_l_") +e_"“’(N2_l‘")]+h(]j——1)}

N-3

=e_jm{§2h(n)cos[w(N2_1—n)]+h(T—l)} (10 - 95)

2
(55 e
am=y * 2 Nt (10 - 96)
Zh(T—m) m=1,2,- Ty
W H()TUE R
H(*)=e7">] a(m)cos( mw) = Hg(w)e (10-97)

ERYIE b (n) W RN FR KB, FIR 38588 B A R MM 0L, T ELAR £ % %

o= A H(0) = D) a () cos (mw) £ o B5 B8, B2

m=0

w=0,7,2x AL BH B FREEHE, K 10 -9 M 1 Fim, B% & LiEmesK
|H() | & o Y IE 32 e 280, X BL S8 L SIUBB BE A H () X R K H,(w) =
+|H() |, Hy()EH EE fi,
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B0 2:h () BREBXMHREM, B N=BK
S 1B AR A (g | L (10 - 95) 4 K4
4

H(d*)=e” {jiih(n){’” )+e-w(”{1—n)}}

N_
71

:e_jm;)Zh(n)cos[w(Nz_l )] (10 - 98)

iﬁm=%—n,ﬁé‘r\

. N
2

b(m)=2h(%—m) m=1,2,--, (10-99)

W H(*)E R
fﬂ€ﬂ=eﬂ”§;ﬂnﬂw%w(m—%JJ:HAwkﬂ” (10 - 100)

BRERMA RS o= T HE AR K. MBEE Y H, (o) =

’Zi:b(m)cos[ (m——)]% HISERE LT w=0,2n b EA B FREEM; &

0=t BRAHFRNF, B o=nbf,H,(x) =0, S F H(z)FE z= -1 4E—F
A BT RA X R R A FIR 8 388 0 v S0 8 0 8 A B 4
B0 3:h (n) RAHXMHEMHR(10-93), A N=F%

'—ﬁ‘r%’—mlf(lo—%)tﬁu,,fﬁxthm‘h( ; ) 0,4 (n ) BT JE 243 40
E—-NMAESFUE

H(é*)=e” {Ehuﬁ“

:e‘i(NE')“{ Z h(n)sin[w(Nz_l )]} (10— 101)
N-1

ﬁm=T—n,Hé\

NIZ

N‘Z 3

c(m)=2h(¥—m) m=1,2,"',¥
N-1

[N

o H(") = e Zc(m)sin(mw)Zej(%_w)'Hg(w) (10-102)

m=1
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XFRIE BT , 2 G0 W AE A5 RR 1
go(w)=%—aw (10 -103)

X go(w)ﬁ%ﬁ’ﬂ@ﬁﬁ*ﬁ%J.%“%E?ﬁ‘a“ﬁ%ﬁ%ééﬁiﬂi%ﬁfé%‘ﬁﬁ@%m 90°%
LAY FRA 00 BAHAR. R o(o) FAEALEMARE, HREERE
FEIS IE O B O AR

r(@) = = - g(w)=a (10 - 104)

BT LM AR B TR MM S, 0 B AR 5 a=¥o IR EREH, () =
Dic(m)sin(mo) B o MELEH, 7 0 =0,x,2r¢ L BB FNHR, BLEXEA

H (w)=0,4F H()E = £ 1 L BEFE -NFL B EAXHEEHN FIR
U8 I 2% T SE B | Rl R T BELIE A
B 4:h(n) BB HFXNFREMHR(10-93), H N=BK

mﬁmsmeﬂiﬂmew(ﬁ-q=

N1

{]ZZh(ﬂ)sm[ (N2_1 )]} (10 - 105)

H(“)=e" j(NZ

Bm=0-n A%

2
d(m)=2h(%—m) m=1,2,“',—g]- (10 -106)
]
H(E@) =e 75D d(msin] o m =5 ) ] =) (0)
(10 -107)
FESL 3 —#F IR A EE M 90 B M ER o« = ——, FEESHE

Hgm=EHQMm{(m——H% H5E BB, 7E w = 0,20 AL ELH T XHR;

H(0) =0, 3T H(2)7E z=1 4R —F 5, X F I8 B4 0 L ALK
Hif T © i B h(n) %?ﬁﬁ:’ﬁﬁﬁ?i’%ﬁﬁi%# B RN S R LR 2R
Y, T HAHE K o o T h(n) AT X FRIELL , I8 B2 AR B E B9 90° AR,
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AW A RN ERR RS ER B HHE . £10-9 FFIHE
PRS0 R BE AP R BV U % B PR B o R A FIR DR BB RIHE 5 3t
RAERERIHBEMAT B ¢(0) = - a0 Ro(w) =7 — aw, Bil Hy(w) fF
5SRO A 2 1 B S VU T B MR 22

FIR W B B0 A SRk A4 R B8 M0k, T SR A Oy o
e |

ISRFR BT MR A R A H (), U B (0 8 (R (B BT

hd(n)=iﬁ Hy(e*)e""dw (10 - 108)

EATMRRERKHTAREFRN HHEIR—AERE & (n), MR
WYRZ AN T BAEEIE ha(n)o B EREOA BT M9 Z R R A W8 BB RIS
B H(™) SRR WMERE H () EF R FRE BB LT #4758
i, Bp

ezzzinf_ | Hy(¢*) = H(*)|*dw = min (10 - 109)

JUE:)

2
dw

T L N-1
e’ =2LJ yzhd(n)e_j‘""—Zh(n)e_jw"
T -’ oo n=0

—i—"{[tham—honkﬂ“+§hnnkﬂ“}

T 2wd

[ Z_ (hy(m)—h(m))e ™+ Zhd( m)e 1“7 ] *}dw = min

m=0 m=N
(10-110)

Xt ERACHE, TLAIE RBEELRKE hy(n) BWTBREE R A (n) B AT {8 &2
KB B/N (T 10-25), FHUL Ry(n) BREEFEF,MTE h(n)EEN
h(n)=h4(n)Ry(n) (10-111)
AF Ry(n)RAERERY. THLELBEAMEBEEOELE— 5
BEEA
A6 R0 8 U0 AR R R AR
g Jua |w|<wC

H(°)Y=H Twe -
4(e”) a(w)e {0 0.< o] <x (10 -112)

HA Hy( o) RSIRERE, o BABEE ST 5709 50 W R K
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hd(n):zinf_ Hy(e*)e“ " dw

_sinfw,(n—a)]

1 [*

=p)_, e e de =" T (10 - 113)
B (10 - 1D BT MK B N 85V A 7 58 8 5 2% 55 R 4 (0 B Dy
h(n)=hs(n)Ry(n) (10-114)

HEBnE 10 - 44 iR, hy(n) REBRKE GEHRM () ERKRENR N.BA
BRI EAT AL FIR I A AL REE AN, BT 2 (n) BX hy(n) AR,
B AR A R H (&) METEFS) Ry (n) BB BRER, Ry(n)HE
By

hd(n)

h(my=hy(m)Ry(n)

B 10-44 SEEEX he(n)BER N

A = N-1 Sin!%a“)’ N-1
Ry(é®)=Dje ™" =777 © =Ry(w)e "2 ° (10 - 115)
n=0

sin(%)

He Ry(w)= J—)Eﬁiﬁﬁ%ﬁﬁ'@ﬁ@ﬁo AR, B B R A AL ARE

)

g
NZ

Sin

—
(M1
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N-1 T
H(e*)= D h(n)e " :ZLJ_ Hy(8)e Ry (w—0)e *“ " dp
n=0 T

=e‘j‘"“%Jide(0)RN(w— 0)do=H,(w)e ™° (10 -116)
He g EE R Hy(0) & Hi(w)5 Ry(w) BRINER
Hg(w)=%rji H,(8)Ry(w - 0)d8 (10-117)

X—EBRIBRERERSTHE 10-45,

H(®0)

—0, (o] @ ]

Ry(®)
V..

\ Vo NN
A ™ S W 4 P AV A = g
—2n/N > 2n/N

H{®) Ryw—6)

AN, V. N

NN

o

Hy®)

N4
w=0,-2n/N

R{w-6)

PaN

o

a4

AN,
X7

\Y4

N7 N

o w=0,

Hy6)

Ry{w-6)

VN
N

7
o w=0+21/N 6

-i—r 8.95%
0.5

1 T
oY ®

ek

Bl 10—-45 S0 o X 25 A8 0K 450008 0 B 4 B

}

g S H

Q
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B mE BB E M Hg(w)ﬁﬁ’ﬁ—%)ﬁﬂe Hy( )BT UBH 7 o= o, H
I R WS SR Pt SLIE TR M, T 4 LBty o 0 A

HBERHER LIFER, SEWTHEEFRASETHEGZEE, QRS %" 4
EW, B/NTHAE. BEKEEMEY 8.95% ~9%  XMEF -E32FAEL
ESA4TEHEENEATAR, NBEIE L, MHEMNH,(0) =18 H (0)=0
B 715 BB Ry o A, T SE B bk il A L o, KRB UM . SRR

W RN 1.55 dB B, i A B TN 0.9(%)(2’35&7%%“@‘@&52#&)0

WA, 36 A BT B 0 06K 3 e BELHE B TRV AR . XL AETE T, 9 % B S e fH AR 2
F 21 dB WP W, — BT, WBETEAEHEHTAERWER, B
R EETE B B S BB AR N EAR . o B R et BV IR/ R U4 R e, 7 SR A
HMERWERE., 8% SRR BEENREFETR(MERE, =4/
TE T RIKTE ), WA 3 4 M 55 0 o, P /), DA TG 38 om BEL 3 0, (H L AR A 3
MY ERMSEAFFE, TR —FE RE, M N E BB EH B

FRHNEER w(n)BUTJLA(WHEEHR 0SSN -1):

(1) EEHE

w(n)=Ry(n) (10-118)
(2) =% (Bartlett &)
T
w(n)= 5 1 (10 -119)
n _
Z—N—_1 (—2—<n<N—1)
(3) WF (Hanning) H (FRZE)
w(n)=-;—[1—cos(]3"_"1)] O<n<N-1) (10 - 120)

'(4) B (Hamming ) B (B F R ZH )

_ _ 2ntn
w(n)=0.54 0.46cos(N_ -

(5) #i%¥Em 8 (Blackman) 8 ( - Fr &%)

2ntn

N-1

) 0<a<N-1) (10-121)

w(n)=0.42—0.SCos( N-1

)+0.08cos( Axn ) 0<a<N-1)

(10 - 122)
BT B B s 3 T AR B AT A N 10 — 46 FiR . R 10- 10 FIH T HAET K
BoRetE FOmAUS A8 BL 38 B 2R X BRI bR, Tt H &%, Flin, FEFANT
R ARFWEE R -32 dB, B KW R HEN -4 BB, FERE,E
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249

mIR PR (N=51)

X 0 AR A

BHEE

1.01

wr(n)

25

T
N

-13dB

50 %

a1

wy(r)

-27dB

B} 5

WHnn(n)

-32dB

WHm(”)

-40 1 -43dB

0} M e 4

1.0+

wa(n)

25

—-58dB

50

B 10-46 IR E RBEEHRPTE (N =51) Rt BB AR
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w45 ) U 3. (T ) SRR BT S FRERER
Bi N MK BAb BT, o TR B B R SR MR D T
RO AT A SR — B ML, U 09 R A A WD T
H,(w)=1RBXTF H(w)=0 8B RZE X EHH HMBH 1.55 dB. X H
o T R EL AR BAR B T/ o oy T RO AR i LA B R T b,
e 4 555 B L SR MR T AR o AAT, SEERFE I 10 - 10 B0

BHBIARREZREBETUBAKRENER,
F10-10 ARHEERELER

o EMEE | BAERET INAUE AR L UE B BT AR
(2n/N) (dB) SEHREEQr/N) | BRKHEAFRIR(IB)

HEE 2 -13 0.9 -21

=A% 4 -27 2.1 -25

NTH 4 -32 3.1 - 44

R 4 -43 3.3 -53

mEREH 6 - 58 5.5 - 74

B B 5 FAE RBOh, B H AR R R BT R R 1 A0E R PR
38 H K88 R 3% A HLEE (Kaiser) BT R H A —F , BERIRE AN

ai- (134

w(n)= A 0<<n<N-1 (10 -123)

Hi () RB-RBETH N ERRE ABREBREAAN

m— 2
IO(I)=1+Z{(?) } (10 -124)

m=1 7n!

SHERRRELTAEERE L, FXRAEBRARBEERLTHRET R,
Hio g RERSE AUANTEREENERAET, -8 p#&HK 4<p<9 2,
BTSSP A -30 dBA - 67 dBZEl, AEERMWITEFRE Ao MHE
HRBA = —20lg 5, dB, ERMBERNE N RS H L Wh TFIHEMAK
R
_A-17.95

2.286Aw

0.1102(A-8.7) A>=50dB
8=40.584 2(A -21)"*+0.078 86(A —21) 21 dBK A<50 dB
0 A<?21 dB

N

(10 -125)
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FB R YK R FIR B0 SR

(1) #5E Hu(e") ,REARIH holn)s

(2) A8 FVF B0 1L 0 45 90 B B LA BEU TR o OF O HOTE R L D 98
KE N;

(3) BT B EHOR M h(n) = ha(n)w(n);

(4) T H(") =5-[Ho(e") % W(e*) ], BRATHIE.

HRABK H(S)BE R, EUAR (10 -108)H B H ry(n), XFHF
WA LARE H, () 3 47 BB #E, H, (k) = Hy (&%) |, 25, /il IDFT 3 8
HAay(n)

h'd(n)ZﬁZHd(k)ejzﬁk" (10 - 126)
B DFT R, (n) 5 hy(n)REH
Ry(n)= D, hy(n+rM) (10-127)

B M BERE,BBERAKR, BHAE hi(a)=hin),
HREE RO R RS, HR AR BT RARPRABER EETER
2it#&,
Bl10-15 FMERBHEBIT—SEELEFRERES . AERARERG:
B AFER -1 dB 0<w<0.3zx  (0,=0.3x)
HiEm  <-50dB 0.5r<w<r (w,=0.5%)
B RO R, W RN B 4 T T 0B A M 3 B AR O
b &Y

w g (0, + w,) = 2(0.3x+0.57) = 0.4
(1) %A (10~-113)k%B
sin[0.4n(n —a)]

ha(n) = x(n—a)

Q) HEHRBEERIBERELRE N,
B TFHHFFER /DT —50 dB, & 10— 10 X HE , BB KE
_ 2n _
N=33%05z=03x 33
_N-1_
a="5—=
(3) Vit Ao U I 28 BR {0 8 1R WD 1
sin[0.4x(n —16) ]
w({n —16)

16

[0.54—0.46cos(%‘)]

h(n)=hg(n)w(n)=
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(4) R BT A I8 B A% X BOIE A A 4 A ) 10 — 47 BTN, W B R AR R
7E FIR MEE BRI F P, R T & RPGEZ SN R F — 877 3, i R #
¥ E A R —-BCEIE W F RGP RS R T ABRERETL,

L
=)

201g|H(e*)/dB

0 05

B 1047 N =233 3B & A 0 % O 4

FIR BB M LR BEA BT H)E— = 'WEHR, EAEES
B2, GWIERTEE RGBS, X ERAR IE#R AN,
WIER(10-91)ZIMK LN E 10 — 48 iR, XRS5 FR N FIR Bk 58

HWEBREW, CEBEIATIHES TREBE.
y(n)=zh(m)x(n—m)Ih(n)*x(n) (10 - 128)
FAEXEHBPAEHNRE RN BESNEN, FEREREE N, InEREL

(N—l)o

x(n) z

zl

h(0)

h(1)

h(2)

h(N-1)

y(n)

10-48 FIREHHFNEERSEHR

R FIR IS EA LM, NIER 0 -9)FH 1 (n) B3 FR M
ATDAE A 10 -49 FiIRMEEW, EHE 10 - 48 I HER A 4 —2p F 1k
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B, X P LR AR A AR RS
5 IIR WP A8A R, 2 FIR MBS F EERIAT S0, X H()ERAXS
fi BT LUA BB H

(b) NABEK

E10-49 LEHMEEREH

IIR fl FIR BEHRERFESLBTHE PR EAEREMA, IR EEHE
AR 2T Z A B4 R8I S R AR, T A B 0 B 018 B AR 7 1 25 9
R, (H R AR A7 10 4 B AR R AR AR D9 AU B 5 TIR 3B 35028 AT 1 B B HBLUR B 4
it B A R AR, A RB BRI ERT UMM, B8R, 4
Bt R 07, (B T R A b S AR SR A S M LA O TR I B8, R
AHEVAEERITEMSG BN EBRE, IR 3B HB IS, 5
MAEEEREXNBERBERR, ARFRBMEEK, B A Y5 8RS . Xt
FIR W38, B R =~ 925 2 KB L B0 MOS8 ok, 0 F W 42 0 AR R,
HHERE S IR BESHALSOEHASE, FENHRES, SRESEIRE
FERTIEN, EF AR T S A WAHDI IR & (B R BB AR IR AR 5 A
RitFB L, FIR &S EAASHE R4, LR SER A i %R
RS, TN RTERETE, R BT £ (2) RARKFF, ATEB) FFT
HATHREHRIBE, RS BB R, REZHHRHFRITEBR KL FIR B H
KRR ASH A REHRARBERN, TEARFREWAD, &5 RITHH
ERFRMRFEERBERNERS. AEAREETUELMERTHNK, &
LR FERAGEFERBRLEEGESHERED LS HHABERAERN &
(& FEES) T2 IR B, M KB LEFEENERRAZE(WERE
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AT BEEHE) M R AR ESREE , W B A FIR I8 A.

EER, ZFFHEEAEMAKGERAE, BMARFEREHRITER
TS E, FliH MATLABB /£ K SPW ({5 S AL B R 4 ) A vl Bk
HAPFEHREARETSECRBREROFE P EmENRET RATHE
F X Sk B, L E LA BB T £ A4t BE VLB A 3
56 B o

BEEMEFREANER HFEFSLESERAMER LR FMEH#HT —XK
$, WEFEEBWIHACHREHEZESLEER(DSP)E . BEl,#EH
42 DSP U BA ZHE H AR KLRE R L ARE B X EREE
Fo 4 s A, T LA SR R e ARk BN (MAC) R ERE ., WER TIA
I H B TMS32006X &5 DSP 5 H, B 2 000 MIPS( R AT 2 X 10° 444
AV M S B IIR I AT 0.15 ps, MK EN N=24, BIEH H 64 1
FIR BB RE 3.9 pso XMEHMRAEETRE, MABES AT K

10.8 RC AREXRE

AH ISR RSN, FIERERBMWERLT, B LC BEH
EZRHHA B S, X, BETHER ERERX MHER QETH. AR
WX —F &, M 20 tHE 50 ERE, MBI FHE RC FIRIBES, LEEE
B GBI ZMNA. EFER, BMEXARERBBERNERE, XHBTE
FATFRSEBR N FRBEES(WMTHRENFRFRBAEIES),F RCHFR
WSS TS EA R . A RN RC EREEFVEBEEGTENSR,

RCEFRREBROSHE BE BERASUAALS B EEREE
W(VCVS) . 5 AR AR AR mESE TR BREE, XPERAK
VCVS B B 10 - 50(a) FI(b) iR . B (2) iR R IEH I VCVS, B/

7 A
_ VZ_ RZ
K—71—1+§—1 (10 -129)
¥ R,=0,R =t ,K=1,R 0 ERKESH. E(b)FirmigEAaliE VCVs,
X R B, BRI RN
_ Vz_ Rz
K_Vl__fﬂ (10 -130)
MEFERBESPEA -, FRBESHEZI, RELEE TIHRERE
B(S) _ bmsm + bm'lsm_1 ot b15+ bO

H(s)= = -
2 A(s) s"+an_ls" 1+"'+als+a0

(10 -131)
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R2
>
P + 4 R, >4
Vi + —0 -
v, ¥ + o
V2
+
®

B 10—50 VCVSH

M om<n B, H, ()W IFRR N ERE R
H,(s)=H,(s)H,(s)Hg(s) (10 -132)

Hif KSN,MTH—4 =12, K, FRE H;(s)AUR_HH

2
_ bjzs + bjls + bj()

H;(s) =5 (10 -133)
s +ajls+aj0
HE—NT
H ()= 215 b (10 - 134)
4 staj
ZHFRER(10-133)EEHRIN_HE , BESF 4EHE s HZK
£,

RC BRI Y28 R FA AR B8 ORI, O AE H, (s) PR SEHEAR A, A UAT LA
SORBH 0, RRNESEYE, EETUBIEH EERRY, W LB RC
B B AR i ROT BB E £ SE |

RCEFRBEHAEZMLAT L. —FEEEETH, ELER (10 -131)
W H(s)ZBE—PGEBE, N —MEAFTERERREAE, ERIEH()H
(10 -132)WERBREX, 0@ EFHINA (10 - 133)8A (10 - 134)
TFRGEHB . XBRNMARKELHAE,

1955 FH M EEM(R.P. Sallen) I (E. L. Key) 38 H FH 35 %% 1F I 1% B B{ 5¢
REFEARIEFFEON B B, B XA RARAE, - ETH, BH
RCHEHMEESHE VCVS RAMR, K —BREWWE 10 - 51(a) FiR, K
Y,Y,,Y,, Y, BEARBEE, r (K- AUBATFTEHNEE K, B
10 - 51(b) B HFR A .

YT 10 -51(b)FIHBE MG S
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B 10-51 SN Fr B4 0F 515 o, B S0 B S L S5 Sk e B

VY, +Y,+Y,)-Y,V,-Y,V,-Y,V,=0
{V3(Y3+ Y,)-Y,V,=0
V,=KV,
#h15
v, KY,Y,
H() =y =y v, v v, YO T Y.(Y,+ Y,)—KY,Y
1 4 1 2 3 3 1 2 243
B R—C A Y,—Y, i LA B ARREESEN N B H,.(s).
Bl 10— 16 ~ FISAS% IE SO 15t e B S0 DU AR IR B B B 88, R BUL A A=
0Q.=2xx 10" rad/s, A — LN R =600 Q, REEFHEEN 2,
R BN 2HKERA _HEORKERESNARZRL
2
(s")2+42s5 +1
A] PASESE B — N A — 40 B B B B 4% 1E A5 R B, AR S o O SR R BEL A 2 03
—4t, BN A8 B B4R E K
1

BUNE 10 - 52 fin SR e BT LAREEE RA: Y, =57, ¥, =
1

(10 -135)

H,(s)=
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B 10-52 fREN W B IE R IR e B

s'C'l,Y3=%,Y4=S'C/2,'}_!'J
2
K
R R, C,C
Hy(s)=— : e -
! + g 7 /+ 7 7 l—K 7 7
(S) S [Rlcl 122(:1 ch ( )] R chlcz

BREITERE

_ 1

RIR,C\C;

L] ~(1-K)=v2

R,C; R,C] "R} c
MBI ARRBANRONEBEARE K. ARTL®E R|=R,=1Q,C\|=
LF, 0 C,=1F,HLERK
K=3-42=1.586
o 15 3 SC R L B, o AT B B SR FIBH AL R IH— b A
1 . 1
8.R°1 7 22x 10" x 600
R,=R,=R-R,=600 Q
FAAEBAMEE - (K- 1) r —BBERES, 8%HALTTK, &
XERB r=50 kQ,M(K-1)r=0.586 x50 kQ=29.3 kQ, A THEFELIEREE

RIL 2, 57 AT — M2 M : 2 = 3= 1.261, RBAEE

W3 VCVS LB : r =50 kQ,(K—l)r—O.261><50 kQ=13.05 kQ. BFEH
BRI 10 - 53 i o .
TRXAO-BDAHAIN M BERERBAEHFEERE —BRRR, A - B
BB SR TR RE B TSN HEE, I TFXMEBNREEN
BEBKRBEES B HELREK, TUEEANRLARABRER ATER

C,=C,= F=0.026 5 uF
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11
D> 4 0.0265 uF
o+ 6000 D4

60002 + -0

29.3kQ
50kQ2

B 10-53 17 10— 16 BHEEEH

0.0265 puF

BHOA. XELAMEBHARYWRMRER Q EEFH, wEEENTHS
G G ANEIF A R g 8

10.9 FF £ & A% % (SCF)

K3 DA SR , 55 ST 400 8 I 28 A /D Bk 1R 40 R 4% PO MR 1R R R v K LU TR
WEEME, YR, ZEWHE, LC BERE AR, RC HIRIERKSBARME
B R RURUN , RTL ERBE BREHTBEEFEELAEAS AHE. AM1E£
HE X RCAEFRBWMNEBEW FHEHE BE BRERTHAFZE, LU
BE— B/ AR AR, R, XFBIERBNE, XA TR ERERE
- ORI A TTAER, SEOE E B R S AR, W E, s BT RE 5 R KRR A
EA. HIE, AR AL RC A WRUE A% i [ B K 68 B W A ik

MOS FF 36 8, 25 18 3% 28 (MOS Switched Capacitor Filter, & 5 {E MOS SCF)
RB—FE T RSB N5 S A EM %, E i MOS B & \MOS ##1JF
KUK MOSEEMAMAR, SCFUUERBEAKRMARER FHIESHE
M, AR E RS, E TR B E, BE 20 e 70 £~
¥ ,38 B (Fried) EAB B A XBABEBWEE,BEEH TRAZHANEE,
ReEREBITENA. 70 EREKEH, B F MOS TEHHE , KB E R
BMEHERBAE LR, SCFMAREMATIEBANMMERNE, TR, AR ER
SCFBLULH,fiZH SCFi M E. HEf, BB ZNATEMERFSE T
WEZF,

SCF BRI AR AL F R PCMBE R LT WIS 4. & PCM @
BHRGER,BEESHEAPCM GBI ZH, LA —4 300~3 400 Hz Wik
B BERESTHERSR, UBLE 8 kHz S Bh T HEHANEBEENSR,
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BRSO BRSNS, PCM BESHHESEMSNIE, LA
FH—MEAE (z/sin 2)MEHRFH 300~3 400 Hz fEEIE 2%, 74 BB B FiE
EEEB(XE z==f/8000,f B H: NRMKHELR, BELEALES.9
W) BRI, FAF KB AEHE AR BN ELRER PCM BREESSHRE, —
BERECMOS T WAL+ ZRUT. B TEHMNEENAKEER, &
1 il SCF 8} i R BT BR TG SN B e W4, BB B AR SHE 5 '

FF 5 o 28 B R [k F A/ 8 O 2% 2 41, 7 BT SR M R IE 3% 3% A SR ¥ 28 R iR
G RSB R KBEL R TLRE.

(—) FXBBERBEHHRE

“FREFREEREEFREBRBEMN—FERBRET, EH—F
ZMME 10-54() i (BEIE7-24), ERFRXTIERN MOSE T, # T,
ZEHES ¢ Mo MER BE CREBEMBERE 1 -1UM2 -2 F, SR8 8
WHE 10-54(b) Fimm. Bt4h ¢ 56 KAH, % ¢ HEHEFE,T, $&.T, BIE,C

¢ L ¢ U
In In
1 o—‘l_ﬁ—j_.r——o 2 1 o———02
+ + ih—ci; +
Vi c v, 14 C v,
1o T —02 J'o— I —02
(@ )]

B 10-54 HXBEF@EEEALET

BE1-UH SAXEEN Q=CV,, ESNEHREHMN, CHEE2-24, &
AWIREMEER Q,=CV,, HEERHEAMY T, W, N\ 1- %M 2 -2 %%
BERFREY

AQ=Q,-Q,=C(V,~-V,) (10-136)
B 1 -1 2 - 2/ S R B R
I:AT?:T%(Vl_Vz) (10-137)

IR SR f=1/T WEBFESHWIERESMRE A, EBFX
MAMYTE1-2 RZER—HE R, LEFEXBHEENR
. ViV, T. 1
I c f.C
A (10-138) KW, FBOEPHE S 4p4HE £ MIBE C BRI,

T T2 U B A T O F AT A R R B AR O B A SR

R:

(10-138)
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B 10 -55(a) mn i —4 RCARE B Hea%, AT LA B 10 - 54 (a) BRI FF K H
FHBEES R, IE 10-55(b)FFm,

T 73

T e T
Ty Y

.(b ._

C, v vG C G v,(f)

(@)

O

)
B 10-55 MBI RBEAIRHES

X, B A B R AR o R T SR E
1 G
'['=RC=?C€l (10"139)

(10 - 139) B, R F MOS F¥ 5% 5 75 B VT 44 R JR7 B8 A DR O 28, A E
Pk B, i 5h , 19 4 B 40 2R i o 458 4ok (BB T B [ 480) ER B SR 5 ol 2 HR B R
B, SRANENEEIER, UERASREAEENERE X, %5 1F 6 H
AR TF RS A EB, T SRR GER b AR RERGSER) B FLEE
BRHEMAREXMBE) FHRIELBREEMREE, B, FREFHE
RIR I N LB R RE A F R R R B A B T B MR 2,

MU ESHATLE S PR AMER— T MBERERSE. THESES
TR 10 - 55 Fran Bk,

BRI PR (R SRR T, ¢ = nT B, ¢ MiBtoh3H T, BSE, ¢ M
SRR T, BWIIT. e, C, MABH BN Q= C v, (n),C, MBHEN Q,

T
= Cyuy(n), % 1= nT,+ 25, T, WiFF T, B30, MU AW EL . B 1= (n
F1) T, WS B EE RN (C, + C,)vy(n + 1), RAEFI S b5 P H R

(C1+Cz)vz(n+1)=C1v1(h)+C2'v2(n) (10 - 140)
BWMES v, (DNBMHKR, RS v, (n) NAMBEKFES, SR (10 - 140) B
z iR 3 .
(Ci+C)Vy(2)-C, V()2 '=C,Vi()2™'  (10-141)
C,z z
Vz(z):(z—l)[z(C1+C2)—Cz]:zil_ C, (10~ 142)
£TC G,

Ktz EHAB D
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C, "
'vz(n)z{l—(ETCz) ]u(n) (10-143)
B, % nT - 2 <e<nT+ B
c n
(z)=1—( 2 ) (10 - 144)
”2 Cl+c2 .
126 L B K el o7 35 TE A L 10 — 56 Fi R o
ol LTI L LT LI
L r3or ar 4r st
sLM LU LU
vy ()
1
o) 7
v,(0)
]——-— ——— —
C, P
c+G ) V-
Or 31 5 1T 9T !
27 2 2 2 072

B 10-56 & 10-55 BT
(Z) FXBBEHRLH
FXRAEERSSEMEIT R FREHFOEART, FRABFRSH/MN—
R B 1 St R AR 4 28 e BR 4 HI AN B 10 - 57(a) A (b) iR . 7EE 10 - 57(a) o,
BHoh ¢ IS E M AMETIR . B 10 - 58 R 5 S B X B, BH Bk

11LG

10 =
Tl T2
— D o o0
W o _ P
+ ‘32 Y R + —0 v,

Cl + +

Ich

10-57 MoadEpk



262 HF+E KUSHTWHER

MR (BB LUKS e RR)IMOS FF£ T,
HE, B C, Xt v, (¢) WEEm % %4 A
25]3"',(71—1)TC,nTc,(n+1)Tc,'-'o & -
HIK AT BE (B LS o 2R F X T,
P o % 5 B33 e 00 Mk B A e,
WA C, W —R BUR R RBEE  oar, |
LEHEBE C, L ARMEHR, 5% C, (-7 (+3)T.
FRAEHTHBMBESRE v, (1), ME

v, (¢ ) B A K i BT B R 4 ot , SO AR 4 v B 10-58 W fESER

FisFEXRAFIHESFBEINT .
C2'v2(nTC) = Cz"uz[(n —1)TC] - cl"ul[(n —l)Tc] (10— 145)

H(10- 145) P A B FE— TR R B H BN C, LIRS HE ST
Hn—lij%an%%m%m@ﬁg:%zﬁﬁﬁmmnnwaugz

T &
c

|
|
f
|
I
I
:
|

2

ERAT

# oy (OISR BE (0= 3| T, (0 + 3 ) T, bl 2
BN

szz[(n+%)Tc]=C2v2[(n—-;—)TC]—Clvl(nTc) (10— 146)

Xt (10 - 145) 550(10 - 146) 43 BB = 2B 4, W R 15 47 (B B BB AR 4 11 0 4%

BRE.
C,V,(2)=C,V,(2)z ' = C,V (z)z " (10 - 147)
Vile) _ Gy 1

=1 10 - 148
Vi(z) C, z-1 ( )
#
1 1
C,Vy(2)Z2=C,V,(2)Z 1= C,V,(z) (10 - 149)
Vi(z) C, 73
2% _ 1, 22 (10 - 150)

Vf(z)_ ¢, 2-1
R (10 - 148) 53X (10 — 150) H FAR“o" k5 BA2F 09 B2 ™ % B 1 FF B2, fa B 7 =2 4
BT BAME I EAT AT REE R,
4 7z = R
V,G02)  C 1

V;(jg)_ C, J9Tc _q
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QT,

AT
1 2 i (10 - 151)

C, . [aT,

jn?& sm( 2 )
XA f=1/T,. WREME—TEE 10 - 57(b) B B LE B4 2450 805 B iR
AR, R R EBEA(C,/f.C) 0,4 0T ~0 (Wi <K )8t #
Flo BIR(0-1SDABHMEBREY (< B, EMSETEERTBRNES

BB Mok, RPEFEREMBI T2,

X FEASTH&ZGEE
) QT
V(0 1 2
= - (10-152)
veiin) .G, 1T,
1\J i Télsm(—z )

K10 - 152) PERFAERUEAIBI . 7T, J7 0458 FF 5% 6 2040 28 o I B 2%
P ZE N, Lk FENERERA SHEREHERH R FEXER,
HERBEROLFBEES CEEHAINARBPIB(ERFEEHENRLE),
Bl 10 — 59(a) #1(b) 7 B 78 ) FF 3¢ B 25 151 B 40 o B A — i B9 5 22 ) [] A 1 AR
SrEBE, —E RS ERXN . REACEE, X B MOS JF & L8 T S FF
RKEBHR. E10-59(a) PHFRBES | .C, M S,.C, HFIBALTE 10 - 59(b)
FEIEEE R, fl R,o SWMAMELESHMEMM BB  HWERTTELER
MESTRERRN
Civ(nT)=Civ [(n-1)T.]~-
Covi[(n—l)Tc]—szo[(n—l)Tc] (10 -153)

(10~ 153) £ 38— DMK BRI, 35 R E (n — ) T, B

ZIMN C, %83 C, LMEHHME, F=TEMN C, B2 C, LHLIEHF, =
FRBAMEHN nT, W% C, ERBHEA, XX (10-153)8 = ZF#HE T

C,\V(2)=C, V()2 ' =C, V() ' - C,V (2)z" (10 -154)
By R 1 H R B
V. (2) C, 1
St ol R — (10 - 155)
viia) G [1+g—;(z—1):l

2 2= QAR B
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T
I C, 1::2
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v [ - b s _be
8; + —0U, ' R, + Y,
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T L I
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B10-59 FHHFHEB

v,(G2) Gy 1
v.Ge) G, (.QT)
149, R (10 - 156)
Gf. ar. *
2
Y > 0 >0) 8, (10 - 156)E MR XA
Vo(jﬂ)ﬁ_ CO_ 1 —
V.GD) ~ T C, A+i0C,/1.C;) (10-157)
AR O B4 B 10 — 59(b) B 7 o B 55 7% R SO
Vi) _ R, . (10 - 158)

v.G2) - R, (1+i0R,C,)
EFXBAEEST.F-—MHEANELRRTREEZSR SR B, il 10 -
60(a) fim, EMNBEEH, AWEFXS,.S, 5HE C, WA THE 10 -60(b) iy
R BB AN RBEN—EE, EERRHEBARNBRTEEY TH
AZSBE, BINEBEREEREAT 45 8 T K

C
V.= - f

(10~ 159)

V,= - _QRC(V v,) (10 - 160)

(Z) AEFERKBFRBBA SCF

TP R AR B AR BT 07 I VF 2 0, b K 2 % A % SR B [ 0B O 2%
ERIRE, RGN SCF. RTAHRE, XERNMH—MFBE RETEHR
HE" (R BER S5, ERMRELANT .



10.9 FFXRHEAFMEPBF(SCF) 265

no—9\ o - v0—F -
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+ R
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F10-60 ZEshFAIHEBFE

(1) #H KVL.KCLAIE LK LC IEBMmE B, Ak REdkm,
LR EE

Q) HTFEFXBRFEERT,EHEEN VCVSEXWZERLHE, B
T, 7E EREBFTBRNPHBRLTEFE— OB R, R, Hik MM H
E. oimp R, FEBUEMSEE T EiTie.

(3) HyE A AR E H DU A SRS B B AL BOE B (B AR R
SEEHE),

(4) HEBSHIERFER AT R BT IBBEHFEREN, EFETHRER
4y BB SRANZhRER

(5) B LEIEWHMBH R, L, CHEL LT ERER f MLl R, TTEIFX
HABERWBEEL,

R; L
B 10-61 R —AFTHER,L,C Bk $ _'I_"—; +_|. 2
WA, AL FHMENNTFXBEBER 7, Yooy c v,
W _ T
O . O
B E PR R B R R A
1 E10-61 FTURKHEFR B
Vo _ ___LCc _
v H(s) 52+SR_T+L (10 -161)
L LC
HE10-61 FIEmEEFRAMT
V,=V,-R.I,

1
L= (V- V)

-1
Vo= sC I
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V/

HEERTR | BRAREEZE V,5IALBEE R, ]I, = R: , TREE
vV, = Vi_I;T v (10 - 162)

V=V, - V) (10 - 163)

v, = SCIRSV’, (10 - 164)

FMEAXAFER L ERSENTERNE 10-62 fin, B4, R840 .
RAZEINEE, BB IEMANR RSN, MESS I ESAHHRBNE
WENFN2. KE 10-62 B AMMKTFRBEHIB[MEL -63 Fim,

L

14 Q)] [11(]
+ 1
v, - Ry 1 v,
- R L R
Rs Vi=I,Rs

B 10-62 HYBHER

r—H-CL— G
lH -Q——<b | i
53 Cr S _ D e
I G + ©
I +
Vo

B 10-63 SE 10— 62 M X SCF &%

R EWESHSE ] SR 8% 1R RFER, FIH AT RERK:
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Co

L = -
E—ﬁfcco (10— 165)
— CC _
CR,= 7C (10 - 166)
SHERFGR I R AR A HESERE
R Gy B
R."C, (10 - 167)

ELUEESEBF R, L,C AEBIBHEBFERAE (B 10-61), f, BN HH
B R NEEHEH FRIHBER C..ConCyCpo EB®E R BT, MEAZER
BUE/NERR SR ER, AR F S
C,_ Cc ~
.G, (10 — 168)

FREAN(10-165)FR (10 - 166) 153

_[L _
R~ & (10 - 169)

AT 10-30 FAE TH LRFEN R SCF S8 BFLH. XB,R
NRBTRARESEEEWR =Y SCF % # F3, ZE LR SCF s h 9, K&
R B B, M BUR 5 B B KR A A .

B EENMNEYRSEEE S, SCF R FHEAFL T, Hl,
M os BB B B NEEEREZ BRI E RN T E, A, ERiTd
B AAEEMHB R B CADGFENS IR B, B REXSH HHERD,

FESEBR A SCF s R e B o, O (R UE b R o 78 I LA & i 0] AT, e 45
BiESREES)EME f, TR TERESHE, 51, X F PCM & B IR I 4%
(TAHESRFE X 300~ 3 400 Hz), £, 8% ¥ 256 kHzo MAHh, WD BHMHETI AR
BB ESCFINAEBEANBENBEREES BRETHAEARZEHTH
5. BTN ENEE BRERERAS, THARSEKN RC FRBIKSZHR,

EAZIEE RN, ABXENATTEERETE 10-64, XKERD
RATENZHALRERFSRTREOBEBKESEBNNANTIERRR
B, EXREMBIEEISMBESWEREE THEEM, ZmO XK
LC LA GAMIHEIS) L RIBES R BE LW EREM, MH7E 20 e 30 £/~
R RSB EES FERARBR(FHRTFITIE), o, FHE M EES
12 T 1 il 1 A0 08 U B8 A0 A 2 S UK L P R TS B R B T AR A AR 1 (CCD) % 3B U 2%

O RBHEH.HER, ANE, BYUH BGRARAMERERE. 5T A RBRE SR, 1988,
SCHRZEMER B B, M. Bk KNOB 3Lk SCF R EF. T2 ,1993.2,Vol.21.No. 2,
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AAARNYEEE SEREANSAEE, RTHE, KA. XFTEF
R BMEATISEEMNSEEH4]% 188 W3.10-5 75,

—= —WAFXWLCHE
ELRBR R R i
—| CWORELCHGS
EIEE®
RCEHIRE: T
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FrRE A -
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B 10-64 AFEAEEE
3 A

10— 1 BFSE T b 42 ) B I R 457 DR AR B AU LA A
(1) MERSFBERES, Y 0> 0, i, IEHEFREEE R 20N dB/dec( N FH¥0);
(2) MO HEREES, EHE () FH.
(RARFA 0> 0, 2 HKM4EEURALRIE ; EREE R 20N dB/dec R FHFEN
QWK 10 0 &, FREHEE - 20N dB,dec Fn 10 £55.)

10-2 FAERRKERESAERBMZBEAESRNTUEERA0-7), BAMKX(10-3)
SHUATER:

o= 0.0 [i-br, x]

(HEw,.=1,2,3,,2N,Ti NEATHFRMBE)
10-3 FitHETHHARBIRHILER RS
BHEHAFER-1dB 0<<fF<10 kHz
FBH#ER<-20dB 20 kHz<<f< o
(1) URHFEEBEERBHWR, KB N, -3 dB AMPME 0. URRLEEEH,(5);
(2) DMHEXBEREAR, EEHLABE « KH¥E N URREERH,(5).
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10-4 BE 10 -4 FoRFADME BRI &0 LRy — w0 LR W47

10-5

10-6

10-7

o o1e 2F ;| 1o 2F
O——] O—»—
+ +
vV 1F 27 vV IF 27
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@ (b)
A 104
(1) ## F(s) = 2i2a+ BIESERH B a,b,c AR R AR
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(2) B3 T 7 RS B IE L R 507
. s+2 _s+1 __.s+4
FI(S)_32+35+2 Fals) 242 Fals) 2+ 3s+1
oy N 352+5 . _52+s+2
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ABEH LC B —R O MERDSHEARE Z())RFHEE Y)W —2
B

M—BERR FG),EXHRED s BRFETHMBYEMRNHFHIFG)RHBR, LR
F (%) BB s AR M BB SRR FRA F(s)BFE DN F (s) = sF1 (%), )
F(s)=F (%) + F (s)o

(1) HEH:F -0 LC MERTHN, B Re[ZGQ)]1=0,M Z(s)—ERAH KL
KABRETR A LME, B Z(5) £ s AR,

Q) ZHN[RYOHIWFBRAREBRMT 0@ EWANT RIS, HZ()ER
R EBEELE.

(3 ZHR s WHFBER,BW Z2GQ) RAHBHI(RBRH) HigH Z2(G0) =iX(Q),

X(DE a a@s‘m&,m%x(m>o,auemm&m4$ﬂ<ﬁﬁm
(4) Z()TE 10 B E BB MRS ST BH R W,

. _ P+ DGE+9) e
BRER LCHIEH Z(s)=———5—-,RANHAFZR I B I HLH,
s(s+4)(s°+16)
(1) REE10-9 MM Esh SHEREE Z2(s5);

) AAHRAERT B I RERERMERN Z(s).

10-10 BHERE-ROLEMEGETRERAAENRISEARSHREAR > 4R

s(s2+2)
(sz+1)(52+3)

Ls -1—5
2 " 2
+1 +3

B, B, % Z(s)= JAT BTN

Z(s)= 3
s
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10-12

10-13
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10-15

10-16

10-17

1F
%I gl
+
- 2H 1H I F
o |
2F
B 10-9

R AFBF 3B — B RERE, B LR ENERARRE BFEH L,CT
HE.

EAREER H,(s)= 5%

s +3s+1
AR EREN TR WO MBS, EEAM R=1 Q, 45 RAREHN:
(1) Ru=18;(2) Ry=2 0;(3) RL=0.5 Q BBy =Fh et B3T3,

2
ERREERK H, (s) = ?ﬁ,mmﬁwﬁ&aﬁmﬁﬁ:%u LTS WL

WE Ry=1 Q,RAFAMEA R =1 QB MEEER,

BersE R I 10-3 Wikt TE. EACHFEENME R 5HRMHE R %, Rs=
R.=1kQ,K

(1) HESKEELREREMN H () EREBRERMSEITE

Q) BMHERBERKSHN H.G)TRBBERNNSEITE.
BEHAFERN 1B ML E REHES:
(DRN=2RERBMBERFRERR Ha(s")s

(2) HE—bBMBEEN R, =R, /Rs=0.25, kKB R B e B sL 8, iR LB
A B B AT FR A

B AFRRNA 3 BRI LS KRB

(DR N=2REFRBESRERH Ha(s")s

(2) BEH— b EBEY R, =0.15, REEF BB KL,

Bt LB R TAEARBIRMN E AR B RE A

BEFAHFEMR: -1dB IMHz <f<o

PR <-20dB 0<C £<<500 kHz
FHEAMMARBHEME . R=R, =1kQ

Wit LW E TH AR AR,
BHHNERARSFRSGBRIEE, RIFENR:

-1dB 0.95 MHz <f<(1.05 MHz

PR .<-40dB  0<{f<{0.75 MHz,1.25 MHz <<f< o



I8 271

10-18

10-19

10-20

10-21

10-22

10-23

10—-24

EHRABEMARBEME: R=R. =150 O
WA 10-2 AU ES R TFLAERSE, CHARTRESNFRIEBRSHERL

ﬁﬁﬁ%%ﬁj@% rad/s,ﬁ$ﬁg*&2§%utﬁaﬁ$jb%md,E%%‘Mfgﬁﬁiﬁ&giﬂzﬁ,
FZ () HEESIE N 10 kHz; (2) fHEESIZE R 20 kHz B R 50 T 2585048 10 0l I 48

HRERED?

S v B2 R A 0 0 28 R BH (=),

(W) H ()= 22

Q)HJQ:?fiiz

RIEBIAE H,(s) = (e >0 M H,(5) = =9 —(a >0 A AR

Grore (3)
THETHBABRFRESMNEAZESH () HEELFHRAN Hz) N\ EE S LR
BX 4R T AR

(1) ABMEHERER H,(s) = 7 (a>0) B S RMF WP B0 RERKH(2),

FRP T WP BAREEE () (B’ T=2),
(2) X(1) HAHH H G RERAWRAEEZFRBRTEESR H(2)? fta?

BRI AR AR R B RSB B 28 R E AR 3 B RS 0 = 7,
BHN 0,=0.4 n bBRFBEL -1 dB,HHFH «,=0.8 x LFEHAKTF -20 dB,
FBERRERESEER:

(1) AMBATER BOTFEEZLHM?

(2) ANEETRE BPOEEZIH?
AEMBBI10-23 FANBFE

(1) AWE AT, Sk ERER

B A8 4 R R B ;

Q) AmsEngn, AkE

T 458 40 08 UL AR AR R W R '
(R ARG, B EAER
08 I AR A BRI R )

B0 8 0B A T DA O R AR BE10-23
FRABAE BB ESATRH . RE2REM NG EFRIEES H (),
AT AR — R s 5 BHBSRER s = f)EEBSREROEFHE
P H(=).

(1) E8: NEHGE R RN T RRNS . 5 HBREXERN

1-2Bz '+ 272

‘A _
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BRUGERB N~ ARR O SHFPBEREBNBFABE « AKX R
A

B —cos w
' =A———
sin @

HREK A, B ERFHEHEBAINRER,

Q) BHHLHARFERRBRTERESR  AEHREGR

-3 dBENTLE: 0.37 <w<<0.4n

BE¥REM®: <-15dB 0L w<0.2r,0.57 <w<nr

RIZBEBHREAEEY Hz) , HEHEZANEHER,
10-25 SERHSILEAH KPR RN (10 - 110) M= (10 - 111),
10-26 EARDNTEHAREWEBENTHR, FEBEZHE FRMEHER,
10-27 BHFIRBESMRERRN

H(z)= (14227 4422424279

(1) R H() MR, 808 H 550 0 R i i
(2) BHFEREBELSOWERERERR
10-28 FEEME BT —KEH AW E FIR

-jwa  — _
e wcgw Wy w,

Hd(ej"’):{
0 I<w<ay- o, 0+ 0, <o<n
(1) 8 N HFHEEHB R (n);
(2) HE N BB A (),
10-29 M E BRI —K MO EE FIR A

et - Kosn
Hd(ejw)={
0 I<w<n—w,
(1) WE NAIFEEB ()
(2) HE N HBEEBR(n).

10-30 FIAE 10-61 FiaWERRBERESNER, & —A W& 10 - 63 FIAKM M
SCFH . HEBRBBMA L=0.112 6 H,C=0.224 7 pF, R =1 kQ, B 7 K
£.=100kHz,

(0 ﬁtzﬁa@ﬁﬁ:{ag—j,%,g—j;
(2) #3% Cy=1pF,k C¢,Cy, Cy 1o
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ABMAENERIMETITRESHEREITURGESESRERN AT R
SHBEARBTE(BENRNERETE), NETEAE T _SHNAEHE
BAMERER TP REE, BR FESRENMIBERT S AT XMHEE
NHAFRBEITERBRHASERER. F—F@E, i FENN AR KRS
DBEIARNER, MBE+—EMET _FENNATRENERERHITAE,

REMTHERTERBELENRERB (WM TBRRESTR),.RE
B ET R E . AMELGEE S DR MM EEEERRELR 2
EHRABET, B LRFIE I IEZ —R4 ) — 5 B R G g sk & g
REFAE , Bl BRFRAR T BT 75008 FE b 5 2, 4 S o [0 L A 7 B2 2 R A T 19
W, B BN BRI BB, F+EXTRESMNITSER
BEX—FNWHTH . B—ERRBTERERENBRIE THEART, NER
MG HRITTHERE B ENHEMBRERREN, AT S BREB UL, XF %Y
FEHE—FL.6THBLETIVAEWEHE, WA AEAN T ERHSET
RGEHER, ARKARIBEETEPRERERNEN . RE— 58K EE
Bl it BRI X DU, T M Bl R 377 R T B R AR G A B B e ok
BEBAERITE, MEMEEUALYEES, 5 —MIERS S ER A RET
MEH. RESBRELRMFARTECERTARES TS ERRE BRI (&
&)o

RRRGEHHARAASME LRSS R RREH, §EEE
EENAESSREHRRAGHEY, FE 11-1 9, BAESN XG),. Bl
Foh Y0G), EMERNRERENAG)  KBEBNRERENF(s), WA
FESRBRESEMEREMHBEZEEBI EG), BRKR EG)RREES, &
MERBEREHUTHERTBER

Y(s)= E(s)A(s)
E(s)= X(5) - Y(5)F(s)
HIWKEBRARENREE H(s) N
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_Y(s) A(s) _
H(S)_X(S)_1+F(S)A(S) (11 1)

SPUER 4 - 25 M 4-26 BEST SHELMRERHEREN,

HEEAEE -1 FRBRESSHAFSHEMABEE, THERR IR
BRIEFERSR, WRE _BEREMEZERE 11-1 PNESTHEAFSH
KIES), MFRCHTERBREE RS, W, A1 - DR HGYRBXN S EBIHR
BHA1-F(s)A(s). EAERITEPEEHRRARB

HTHEHASRIARBREEENR S, FrEE 11 -1 FHRHE
BRI X FR IR RS, SR, AR RBERENHEANATRRE,

+
4 —
X0 N E® © 0 a9 w1 Y@

F(s) Fz)

B 11-1 EEREESRIBRAEE B11-2 BHEEESRBREHE

EHEEESHRBRASHEBME 11-2 fix. B, X()IBARS,
Y(2)RBHES EAEBNREREN A(z) RFEBRRERBEF(2),
BAESSEBESHBAR E(). HRRAU-DAZEHRBRANER
SRE H(z)FER

_Y(=z)_ A(z)
H(z) =5 " 17 F(2)A (D)

XA -DARQI-2)AT R, EEE5EHRRRANHFEE LA
MR, UERSITEEED, ENNERSESMAURERR.

BAUBANTRBERABI AR BT URBE S L, TR EREESN
M, EBEEAMNMBEEAEEMAEFTESZ P, BERERRBRERN AN
#%. BERRBEASHELHNIERKYRE 20 2 30 FR, ZENFBELRE
75 3 3 (H. S. Black) & A 15 % 45 & # 4% (H. Nyquist) #1 3 #F (H. W . Bode ) %
AER R R IS T B R, T T T ERERNE S FREBB RS
B RET AT B . B 20 42 40 FERZE S0 FARME, RIRBILC LB AEH R
SR —FEAFTEMEBBTEN EWHA. BHENAIHEANESR
(N.Wiener) RES AR EERBARNEF ST X ERAEMZ — RIEERY
ES5HHEHAERN—HEY  ANURTFIEER BB LSRESZ2FRE
TR, UEARSHYMERSRSLELR,

EEUETRERBETEWSEL T RBBE RSBSOS, AR BEHEAT
FHABWIFEHERINE, T-VENREERT RADHOWSHE 5

(11-2)




11.1 BlF 275

B X AR
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AGASSEEHNEW, BN, ENERES, N TRE—GRMMEL
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@
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HATRIE  FHMEABERME. MTAXRRENARZXMHRAMLIKE.
BN EFFRRRGE A, N T BT E LA, B ARE A R GO TR T
ARG FABERNENRESHRAELHN TR
ETVASBEHABRPTURNFZE L RBERERERUNRBRL
RAKHl. EEFERGET, YA A SR MARBERERE T ERRER
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R A —EEHREREYTIARB
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N-4 xR “ErE EHOEEE,
B BrEZd - RERREBRHEY
M. PRHMKBRELE-ITDNEL, /D
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HERSE.
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it BRI A TR RMEE  ZSEEDE. XE—TMHAHK
WAL, WRBEAWRRG(W LRI WE—FH R, W53 2R
BREEER, A, B R AT TR — R AT, H R R BT
AR T ML, BB FELMME, ERTRE TEERSES, XMAH
FESE 11 -4 YR E S 2 TERETE LM,

TN BRI IR G ARG B A KRB L6, T
11.3 ¥ M B — fa BEB 98 R B AR B R0 A, 187 2 6 U 8 B IE OB A B R
MRE, 5ERABRERITEAR BHRFAAWEARRE, 7 11.4 T
.S WAMXFEHEAMR, QERATNES AR, BE WG
SHEA N FREERHEERBRRE, A HAESRETEHESTTERKE
tho AN EEESREFERNEI T -ERGERE SR ST IR

DI ATEHNERREATRBRESVNSIRAE, &0 . FEANT
REEEHELGRETEY,

11.2 REBEZ%AEAAHRRE DA

ZEE 11-1 811 -1, 5| iR AR B RENEREZEX
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B = TR 0 AG)
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EE EMAGE TANBREEZ A, HFEHEE F()AG)HEERT 1,
WA FELERER

A(s) __1
F(s)A(s) F(s
HE DR AT A R R B R AN EELS L., BN F()A() >

(1) BTBOER RS R AN RE R H(s) MBI 2R

(2) BIMHAGER H )EMETREERRERR F(s) MBI,

UL BT B B, R0 R 00V 2 45 vk B 0 05 DA L S S50
KR4,

St F R B (5 B 5 R A LTS S MM R

(—) RERGHRBE

TEE FREH R IR G R, M B 5 B R A A A (I S M i
A IR L R e U B SRS B SRR ) , R AR R0 SN IR M B e, R R
AR AT M B S B X A R BB E MW, A SR —
B, R 5 Fl R BUE SR RX — B

B0, AR — AN AL =10 BIMOKSE, YFEREREZE, 1]
W THES, MR GIEEEERKRNORE, EHEEEER, R, HEY
AN ERABEHIARRZIG, THEX—FBEAKER,

H(s)=~ ),(%’IIF(s)A(S)I>>1) (11-3)

A=A, 4,

BB bei i ¢
BN 4, 4, Eof]

B11-5 FARBPHEARYEREHREE

1l -5 R EBESER,BP, KENRBKRBAEBRAKZF(A, =10),
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e cIii_ns"‘"“‘ —  (11-50)
HERE TR &
(s=0)" "=5"""—(n=m)apgs" " '+ (11-51)
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BERAEA(11-49)
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298 HT—F RBEERA

EDG)BRRKET NG)HIERL T, m=n,ZH K =1,

TEHFELYER(s—2), (s —22), BB (s = p), (s~ pp), - Hl s Bl
A HEAN, TR G(s) BBAZE,

EHAE s FES,s IWELR(HAEKZ)C L BEAEE—1TEH 2, BX
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FRE B E 11 - 26(b) R E 1L - 27, XE,BEAX G(s) FRP L E
IR RE N B R ELE A F(s)FmPELZE(-1+j0) MR,
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RAEMMBTENRERRAER, MEABZE R THAEM ER. EHFHAR £
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W& (signal flow graphs) B R G4 g, XM T EHEXEREELERN
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X(s)o © Y(s)
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(4) BAERE, FERAERNARE M, REETRA—-REWSTET
AR BN R, B T AT LA RS R B A

Bl 11-14 FEHFREHFEEBLUOT RS 7 EfER, B ERNRE
BEHE(EE—EIE -9 EHIBEHHER),
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® AABETHE. U » %%ﬁﬁﬁ,%ﬁ%ﬁﬁ,%éﬁ%%ﬁ(n—@)%
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iL(t)
r(t)=[0,1]{ } (12-6)
vel(t)

LEGEMHRBREMRESLEHEARZARGAAEZHA - ZHLES
B, MRREN T RN (12-5)F(12-6), RER B EEMERE

B3 n o
TE% HRERSER S HEFRILABITE L
RE HTF-IIBRENRERBERRREN —HBL T B (BHRIRE

TR), RBEME = X HAZEMN = HRMA  BLAREZ LW ERALE
{EfaTEt 18] ¢ =10 BOAT Mo

RETR SBBERFRERBNBETEERIRESTE, AIWE12-1F
W i ()F ve(t)o

REEXR RBZL2BR-TRETHIN: IMRETE,TUBEEKRE
ACOBIBANDBIARIR, BB 12 -1 PRRATE i () v ()T UEHE
A (1)

i (t)]am/wé A (O A, (O B AR A () EHRE
2

SRR ()=

xE,

REZE RERE AG)FEMNENRE,

RAEPE RS B HORAE K B i S BER [ 2840 T i 3 B 2 O RES
L 7 8

Blank 12 -1 BB MAGEHEKRENET B i (0.)=0,v:(0_) =

0 MBIBEW e(1)= Eu(s), HHEHAH R=2,/ & WALUME i, ()50
'Uc(t)j‘J

{iL(t)=L£ze‘”0’

ve(t)=E[1-e “'(wyt +1)]

1
He wo——m
SAANEH i (2)F v () MR B ERE NI 12-3 Fim. MEETEEU

i (O vc( ) NBAREE S, UNE  ERSER, AEFE—0E =, 0E
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B 12-3 i (o) v () EHHE ¢ KRR

iL(t)

ve(t)

SH A8 (i (1) vc(20) ], AR BT B REXE 4 (0 =] ) Jee=

e 25 ] o O A AV BU D, I 12 - 4 TR

ME—ARETE £ PREBEKEH
® RS & BIE £ B R, R HR
AFERE & BN, A ,

ARAE B 4047 25 X B BOR G5t R LA |
32 PR, PR o 76 8 R S B 18 5L B — ,
EABY FBRARREEERERH— =0 E ved
GBS ST AR A, B B AT R
B, B12-4 REFXE

FIRA TR RERESET AUF[“”

(1) EFBI RGN B — ey R velo) 3
FEA5 B R BT R o ML, I e T T KRB SR
FEAR 7 20 B — A 40 B LR TR FHF AL HU A (L ML

2) REMRBSERANES RANEABERELR, L RELNA L
RAMBCEERT R A, BHRR N — RS T RS A XA R B RS
BRRNHLERSIEATHAZHA - ZH B A%,

(3) ARZZE B4 4705 10 38 I T AR R M S E R 0, B — MY B4 R
S A BRRBFI AR A RGO RN

(4) RAEF BN EZS BB EE T RENRBIEE, LRERSER
£00 SRS 19 250 AT 4 PEA T DL P I AT TR R R A L
£ EE R RS R S B0 (RS R4 ) B 8 B 5 R A
BN PRSI 47 2R S R RE Ml EL B

(5) B FREFABR—HMAS HFRE—BrEHHE, HiETRARE
rk, R AL R SR T HRNBE,

]E:ﬁ%ﬂ*
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AR5 23 (6] J7 5 R L o I 4% 43 A o) L 2 60 , 70 4% b $E ) 98 5 TR 88
FREERSEMNA, EERABRHRESTSBOHHPRERZ BARNT
o XU IS TR B A YRR EIE B H R IS L At S
W%, BRMNALAMFEHENTRE ESTFTESYMES EREHHEH
B OADRR BT RETREEOAOSINEE

HRAGHRESZEFERAVNPLHRBRERANRA, EHNE 411 TY
FENBTRBREIHPIE(F 4 -25 FB 4 -26). 7350, BEEERIE
FHERARBIMEBHEML AR, ERXE T —BEFRRTERERBRLEN
HAERMBEARDT I, XENEIREMFES. BHE 11.6 THESR
BEAERRAEY, EUTETEREE.

MNT BB RRTREEZSHBN R RERS T ROREYL 5RH, 2 H
BHEHMALER . ENARERENAEERIFEZ G, 4 R 50 & H %
S MRS RS, DAEN, A BERREZETERITERERTI
M A, HH BAREREEARERHBRFREFHR.

12.2 #SWNHALAKREISFTENEL

(—) REFBRO—MEANBILITERR

— N HBEEREHNBEAEB T AESHEN FEOR#R . EAE
ZREMRETBERIAARTEEN - KL T BH, WRAERL AR
AENRESTENG L T RERSEENBAGSHEREHE, B

d
Ekl(t)za“/\l(t)'*' alzl\z(t)"' b +a1k/\k(z) +
bie (t) +bppes(t)+ -+ bye,(t)

%Az(t)=a21/\1(t) + azzAz(t) + e +a2k/\k(t)+

< (12-7)

barer(t) +bypey (1) + 2+ by,e,(t)

RSB SE

dit/\k(t)=ak1/11(t)+akzkz(t)+"'+akk/1k(t)+

bklel(t) + bkzez(t)+ e+ b,z,,,e,,,(t)
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r1i(2) = cuA(8) + cpan(8) + o+ epd, (£) +
diye(t)+dpe(t)++die,(t)
ra(t) = e (2) + cpda(2) + -+ ety (2) +
dojei () +dye(t)+ - +dye,(t) (12-8)

Rt EEE

ro(2)=cqd1(2) + e (2) + o+, (2) +
doe (t)+dge(t)+ - +d,e,(t)

Hep 2,00),208), - (D AREN £ PREER
er(2),e(t), e () RERGEH m MAARS.
ri(t),ra(e), o, r (ARG r MEHES

MRARBEEEARTTERN
REFE %}'kxl(t):Akxklkxl(t)+Bkaemxl(t) (12-9)
ﬁtﬂﬁﬁ erI(t)zCrxklkxl(t)JrDrxmele(t) (12_10)
Hd
"4 -
_A1(t)
/\1(I) dz
d
A2(2) —A,(t
A(2) = 2_ dil(t): ds"? )
: t
Ak(t) d
_EAk(t)—
ay ap " ap bin b1 o by
A= Az Az T Az B= bo1 by v by,
Ayl Qg2 T Qi bpr  byy vt by
il €12 7 Ck di dip vt dig]
c e d d cee d m
C= €21 22 2k D= 21 22 2
Cr1 Cr2 "7 Cr drl dr2 o drm-a
Tl(t) 61(1)
ra(t) ey (1)
r(t)= 2, e(r)= 2,
r.(t) e, (1)

5 b3 $sp ok AR, W R RRE T B L TR ER RS
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HOE B 12 -5 B o RIS RBAIR, ERBAN JA () BH N A,

# A,B,C,D R : MR RV REREMERAH, X TAUENAIERE,
A,B,C,D HI&TTERMAEL, A ¢ B,

o |

> D) |

12-5 BERGERTTERMBRREGHE

MERE TR (12 - 9) MG H BN (12 - 10) TLUE &, Bk # RS
BHAXHNFE - G- RELENIFURFIERSERMEAMEF 5 K&
BB TETREEA T RELEMNHEKNIEHEFSRRESTER
MWMARSHRE BEEAERDSTHNBBENIRSER EEERETR
BER S 2% BB o

BURERENRET BN THERE, XL HERE LRI H AR,
HERELSEEE, Kb HEk BN AT B B M % (B &) it s
YL B BT, Tl M T RM R AR, BRI A HEHE, EHEEHR
. EARNWEC)HY  MENENEEERTERREFEOE T, REH
WAFERE , AFHAABL T EEILRETE B ARER(SESHE)E
SRETRUAHALERUBERE T TBELRESTBRET L,

(Z) hBEEAEREITRETRE

NETHBHRE TR CERERSTR, B EREFRBEAREZA
IR VRS B, A A e 30 R 7 HL AT 5 o R B

REZEWIBEHR(12-9)FH  ETRENN . LAEE, kT
HENRSTERY GRM TR, B 12 -6 A EI4A LA 2 5% A e B,
AR Bha M 57 AR B AR . Hod B 12 - 6 () W R Vs #3148
HHEKBANMN, XA EF MR ERE, REEE_PZ - IREE
B, MA12-6(b)FE—RAFEEMZAHKTHEFEEEGLAE, EBEHRK
HMARENREZR, EMNZFRARNRBIM., B 12-7 REILA HEKRE
FER B, S AR TN R R RN A, HREEEEEES
BB 12-7(a) i THRE Is WARMER, H B3 — o B B 7 4 0l 57 0
RELE,TE 12-7(b)HEEREBHMERES LR, = MR FRER
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ARSI
4 Ve Jez_
TR TR
+ + + +
Vs QD Ve2  Va I——_l_ Ucs
(a (®)
B12-6 BEESHEERAER K AT EKDB R
i L i ) _
I i 43
% | |
(@) (b)

B12-7 BRSHEBETEURBREEHNLGER

EXERESLEEZE,WATA A KCL fl KVL I B iR, 24 mE
—BEREENTE, RETRAZEARAGSZBHARRETE,

Bl12-1 AFEE R2-8HEE IEHBEMREFTE, FHREESNEE
r(8) I EHME TR,

() A0
I

(5

A4

e

B12-8 M 12-1 898

MR R R R A R R R AR RSB N
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A(e)=1i,(1)
Ay(2)=i(2)
as(1) = ve(e) = %jic(z)dt _ %j[ilm —i()lde (12-11)
FIEE 12 - 8 By E =2
2i,(2) + d%i](t) + 2J[i1(t) —i,(2)]dz = €(2)
|4 (12-12)
ip(1) + 5 gi2(2) + zj[iz(l‘) - i1(2)]de = - ey(2)
BR2-IDM/AR2-12) , ERREEFEERTHFS ¢ 2 BHEET
/'112—2/11‘/\3+e1(t)
{iz— ‘3A2+3A3-382(t)
13:211_2A2

o 4 =9 R R

1?1 —2 0 -11[* I
Li=| 0 =3 3||a|+] 0 -3 [(t)} (12-13)
is 2 -2 o |a, o o J
KEERBEBEE () RERN
r(t)=2,(1) +ey(2) (12-14)
ERBEEEAMAGHEFER
A
' er(2)
r(¢)=1[0,1,0]|4; +[0,1][ ] (12-15)
2 €2(t)
3

St F BRI AAEE, A EREAVMN T EEGIIEREGTE. SHEESH
M i, TR B A A Y B XSO R A B BT R LR B T (CAD)
Ko FERB (BB RBEHEM PN UENEN A, R REARNTRTS
ERBEH BRI TR REE,

ARG Y, % S AT R 2R GEARAS O AR I B ST R AU A T R B A AT BB, 7RIS
ZRESHERGHRZFHREBAZNA, TEEE —NEESER TR AR
FRE T RIBIF o

Bl 12-2 FE-FMERESEMNORETERE,

J T AR B A A S R W ST S R R OR S .
FRAITETE ¢+ B ZIR R A1 S8 A, () A A, (), BEATX B B B B0 5184, (2)
M A(), XRBMTERAEE, R o, apx RPN ZEHEARYE, T o
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an N EMWEZFER EEAIMA—EWEYWER (), EFA g B,
ERGEBAGER . A4 LRERWVELHAKLWIERER D TR
{/‘11 =apiAr—apdidy — Pre(s)
Ay=apl;—aniidy — fre(t)
BR XE—ANERERNATHZHREF R, BB LB A
A ATRER EEEEBES —AYREREMHARNRENEEER,
THEIHEARBEELRANWREFTE,
(Z) ARZEHAN-BHARSRERZIRESHE
BEX—MBREHMT MY FRER

L raEmr ot a Er (04 ar o)
bo%e(tﬂbl;k_lle(tﬂ +bk_1d%e(t)+bke(z) (12-16)
RABEFERXHK
(Pt +ap I+ tapta)r(e)
=(bop* +b1pt  H et by ptby)e(t) (12-17)
- HEmE TR
& Bl ...
o BEAECEIAEE
HETFTHEERSTE HEX12-18)RAK
H(P):bO+bl/p+---+bk_1/p"“1+bk/pk (12— 19)

L+ay/p++ap/p 7 +a/pt
XEYHARSRRLRZARGEHN, FE 12-9 WHERER(S A 11-19),

H12-9 K(12-19)WHEXRR

B 12-9 BIRX(12-19)MAEE RS, AFIERETE, RE—-RHKE
HAENREZE, 0 E P AREY A1(2),2,(2), -, A, (2) , BI
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Ai=2,

Ay =123

{

Apo1=24

A= —adi—ag1d = —agde- —agd, +e(s)

r(t)=bRy+ by 1A+ o+ byd,  +t b+

bol a1 —ap-1d,— " —axA -1 —ajd, te(z)]

= (b —abo) A1+ (b1 —ap-1bg) A+ o +
(bz_azbo)Ak_1+ (bl —albo)/\k+b0e(t)

(12-20)

FRA2-20)B AR (2-160) REMREFTENRE T B, BRREEE

BRI
AT ro 1 o = 07[Aa] To
Ay 0 0 1 0 Az 0
Pol= : : : R
Aot 0 0 0 1 Ar—1 0
LAy | L7ae —ar-1 —ap-2 _alj LA ] L1

r(e)=0(by —awho),(br-1— ar-1b9) (b~ azby) ,(b; —a;by) ]

e(r)

(12-21)

+b0€(t)

Ap-1

B T fb T m R
{1(t)=Al(z)+Be(t)

r(t)=CA(t)+ De(t)
TR A,B,C,D SEFESRH

0 1 0 0 0
0 0 1 0 0
A=| : : : : B=|:
0 0 0 1 0
Tap Tap-; T ap-z2 T T a 1

(12-22)

C=[(by—awbo),(by—y—ar-1b9), ", (by~azbg),(by— aiby)]

D=bo

(12-23)
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KR(12-2)2—BIER, MR (12-16) WAFRMAELRL,A.B EERM
R, C.D EEH TR,

PR (2-16) FRMARAATRAARGRES (1) MAGFHEMHK R
2,8

—-—r(t) dkk llr(t)+ +akklc%r(t)+akr(t)=e(t) (12-24)
ttBT,EEH: by =1, HA b ZREHEN 0, H
c=[1,0,-,0] D=0 (12 -23)

T4 A, B 7= (12 -23),
MEAR(R2-160) FRHERRBEHBABGEN m IRETFT =~ BHFEE
(m<k) B

r(t)

k 1 d
r(z)+-- +ak_1d—r(t) +aur(t)

d/e 1
P G g ! 4 _
k= m e t)+ by (m- D ——e(t)+ +—bk_1dte(z)4-bke(t) (12-26)
Wt B A LB AR, TR C,D 4318
C=[bg,by_1," by ,0,+,0] (12-27)
D=0

WM EEENER,BX(12 - 16) X MR E (E 12 - 9) #TH% B LIEBIFE—
REMN A —MRESH ATELA—MEXWREFBHEEF 11.6 THH
Bl11-415@ 11 -2 WHEREXR). XXA N TFHRENRERTETEY
HEHEHAEME—,
(H) BERETFREX(ARERB)IBR BIREHFE
B (Q2-18)Wa8a@E, TS KERRENRE S,
XA A REXRARES B, T EE S LA B EHRAF X R
Bl12-3 BTR Hp)RZAXAB, ARBENEBEEHERETIRES
&
H(p) =2
pProep +1lp+6
R OMAEN Hp)RZERESHG2RXRAEE
pté _ pt4é
P H6p2+11p+6 (p+1)(p+2)(p+3)
32, -2 17
p+l p+2 p+3
=H,(p) + H,(p)+ H3(p)
HEHbg - MAaETHREERR

H(p)=
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__B -
Hi(p)= oo (12-28)
22 AL B B 12 - 10,

Bi ip 1

e(f) o- U —or(®)

H12-10 RK12-28)MmEFER

BH,H(p) W EEXTRR A 12-11,

p A

e(t)o

Bi12-11 #12-3 BHEES

MBS RNE L PRESTE,NE
i= —/\1+%e(t)
A'Zz _2A2 —28(2)

/.132 —3A3+%—e(t)

r()=A;+2A,+ 2, (12-29)
FABAERBEE R
A -1 0 01144 %
[h}[ 0 -2 oHAzy -2le(2)
Az 0 0 -3i[a, 1
2
A
r(t)=[1,1,1][/12} (12-30)
A3
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MK (12-30)BTAB Y, XFHKREHELN2H A EERXNAKE, A EE
Hhst B RNREFBEEWESHREPRAERE L,
Bl12-4 BH12-3 BARNPREHELINRETE,
@ 612 -3 8 H(p) REXERN#
+4
H(p):<pil)(i+2)(pi3) (12-31)
A 12 - 10 BREBEER, 0E 12 - 12 Fix,

—

1 Up 41 [ Vp A 1 lp kg

VR T T T TR

-1 -2 -3

B12-12 HBEEHMHREER

Ar= =321 +42,+ (A3-22,) = —3A;+24,+ A4
{iz=2A2+A3
i3=—A3+e(t)
r(t)=2,
[
A4 -3 2 1[x 0
{4—{ 0 -2 IHAZ}J{O}(”
As 0 0 —-1J{2x, 1
Ay
r(2)=[1,0,0]]4; (12-32)
A3

B (12 - 32) B, A SRR = M, TA A TSR R MR
FEHEE Hp) RERSEFFHAEROTR
B12-5 FFBEWERER FARREHNREHR

p+4

H(p)= 12-33
B T p+2)(p+3) ( )

B OHEEHTRERN MR (12— 33) I BT
H(p)= 3/2 4 —-7/4 15/8 -2 1/8 (12— 34)

(p+17 (pr1)2 (p+D)  (p+2) (p+3)
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RIS (12 - 34) M B S mE R A 12 - 13 Fimro

15/8 -7/4

E12-13 R(12-30)HEEER

BRRE L ARESER

A= —A1t4;
Ay=—A,+ A5
A= —As+e(t)
Ag= —2x,+e(s)
As= —3As+e(t)

T(t):%)q_%7&2+%/\3+(—2)A4+—é—/\5 (12 -35)
R BREREER R
Al -1 1 o0: o o]fA] [0
A 0 -1 1. 0 o]l 0
Ll=] 0 0 -1/ 0 o]|al+|1 |e)
i o 0 0i-2 ol 1
i) Lo o of o -3|y] L1
.
Az
rﬁ):[%,—%n%n*Zr%]Aa (12 - 36)
A4
LAs

Fl1I2-5 AL RAEERETRABSIRFRAERN U A EERHA
AUBRER . KRR ECSIEV A %E RN — YRR
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AMPER—FERIER) TR EREEREERR, R —RET S A RE
RH A BEREHLAN, 12.6 WHHFE—BHFRX—FE,

EAYH HEGET HpOBRIRSTBRO T EER REATHRES
BH()BNRE TR, MAEABEZRYA, §X HOp)itdX—REERLA—
ik, WA EABREENEN, YA HG)SRERSHTRZEHXR
W, BB RALK AR ERE, FUAELEAHRREEE, IHE
2.7 FHENEREANS.

12.3 #Z&MNEALARASTEGLE

A AR R 07 B BB SRR A LB M TR R gt
RS A TR KRB, RSk LR A E, M R AT E AT E
PR T Eosh AR R SRk R RE TR, RE N Bt 8k, §a 1T
BHREFERAEREH T &,

(—) BREARERERBREFE

EHETRE

d -
{dtm) AA(2) + Be(t) (12-37)

r(t)=CA(t)+ De(t)

W BUhr R AR
sA(s)—A(0_)=AA(s)+ BE(s)

R(s)=CA(s)+ DE(s) (12 -38)

A, A0 ) B KM
A1(02)

2(0.)= AZ(:O')

A,(0_)
gk
{A(s)=(sI—A)"l(0_)+(sI—A)_lBE(s)
_ _ (12 -39)
R(s)=C(sI-A) 'A(0_)+[C(sI-A) 'B+D]E(s)

P i B 3 R R R
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A(t)=¢7"[(sI-A)7'A(0-)]+
S7U(I-A) !Bl * ¥ 'E(s)
Jro= CLM(sI-A)'A(0.)]+
THAMR
{CL U (sI-A) 'B]1+Dé(t)} » ¥ 'E(s)
TREM
HERTUEL EHAESBPRXEN—BRERGI-A) ", FTEZEH
Ui, TERERB T EPRIVGE—SEB (I - A) ™ BB B8 396748 B 19
Bl12-6 CBREFEMHL RN

(12-40)

d%h(t) e 0113 () 1
ﬁlz(t) _{1 _SH"z(t)]-‘_[o}“(t)
=[]

i iR A4 R
A](O_):l, AZ(O_)ZZ

PRI RAE BRI ~(2) o

fi
1 07 [1 07 [s-1 0
| (SI—A):S[O 1}_[1 —3}2[—1 s+3:l
BRI - A) 7, XA BB R RE adj
(51— a) - 24CT=a)
B 1 [s+3 0 }
_(s—l)(s+3) 1 s—1

sil 0 J
1 1
(s—1)(s+3) s+3
KRR (12 - 39) T LAE B B8 A W9 5L 15 R 725 U 17 %9 2 BS 25 # 2,
Ri(s)H R, (s)4r31H
Ri(s)=C(sI-A) '2(0_)
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a2

(s=1)(s+3) s+3

7,1
4 (s+3)

R, (s)=[C(sI-A) 'B+D]E(s)

4 520

s—1)(s+3) s+3

1/ 1 1
12\s+3

A 3 DL = SR G 39 2 e 45 B 0 7 B e A

“ [~

= (16—16‘3’—5)140)

(Z) AREERBREFTE (BRI FTERRE)

FERT R T B REA B AR, R AR ER A EXMEE

PR, EHE XN
1

1
Ar _ S AZ2.2 4 o AR
e —I+At+2!At+ +k!At+

- Z %Aktk
k=0
A ARk Xk TR, M BR— kX k T, EMERMETH
eMe A =1
eAtz[e—Az]—l
d
d—le
MEMANRE B EZ XL, “BIEHLSF B H(2],
T HEX 4 E KRS BT EOR R, EE A

At:AeAt:eAtA

d%—l(t)=Al(z)+Be(t)
HALERERSEE
2:(0.)

A(0_)= “(:0‘)

A.(0_)

(12 -41)

(12-42)
(12-43)

(12 -44)

(12 - 45)

(12-46)
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MR (12-45)FER e Y , BIA

e () e A () = e MBe (1) (12-47)
AT
Lo 4a(1)=c VBe(1) (12-48)
FIHBRS, HEEA(12-45)WEKRZG.A
e 4a(z)-4(0.)= L: e *Be(r)dr (12-49)

W (12 - 49)FH AT o, FHE £ E
elle =01 (12 -50)
KL
A(t)=e*A(0_)+ j; A" I Be(7)dr
=etA(0_)+erB * e(z) (12-51)
FARXN(12-51), IR F B2 -45)N—BE. BHEFERARE TEBE

r(t)
r(t)

it

CA(t) + De(t)

Il

Ce*a (0.) + f Ce* " Be(z)dr + De(z)
. 0_

= Ce"A(0_) + [Ce*B + D&(t)] * e(z)
THAR TREM
BtERBERRN(12-5DRK12-52) 5BHRBRFBERK (12 -40) 4
BB, AER(I— A) "SR e PR, B
et =9 1 (sI-A)'] (12-53)
L REFBHBREE T ENBHOHBSEAMAR,F—HrEFBARE,
BAO)SE,E-HLRETRER, BBWES «(1)I&. WEHINELR
HMEEE A EX, EHHT LN M R T RERSBHMEF, VAR
BB E" (state transition matrix), T 'E HHL R (I - A) 'RABIEE
BE” (characteristic matrix) o
ZH, HEANREIXBREH Y, MTEITEHFRER, IREBBEERLY
SR e, EMPAEEBB G EP LR (I~ A) ' —H, BR, BT AER
WhHEH(I-A) TREEREIEAR AR T XF B, BH LR M
BEER MFTE TEIBRES, - BREEITEIRE. BTFEHERE, R
Hitg, mAXBNEESHHH(2IM 12.3 77,

(12 - 52)
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(Z) HREFBRREGEEH H(s)
MBLEREWRES BN, THHECHM A,B,C.D ERERRREXT K
BH(s), TEHSHEXEAERX,
REERETR
A(t)=AA(t)+ Be(z)
{ (12 -54)
r(t)=CA(t)+ De(t)
H¥ A,B,C,D IEEKE,
FRIARGEHBRARETEHRETHIM, BT (12 - 54) B #1 B
NRERR

sA(s)=AA(s)+ BE(s)
R(5)=CA(s)+ DE(s) (12-355)
B (12 -55)HE—X B2
A(s)=(sI-A) 'BE(s)
RAR(12-55)M5E =, wHE
H(s)=§E:;:C(sI—A)_1B+D (12-56)
3 _l:adj(sI—A)
H (sI—A) —ISI"A’
WA HGs)—BERAR
k E-1 ..,
H(s):boS +b1$ + +bk_ls+bk (12_57)

sk+a15k‘1+"'+ak_ls+ak
HER (12 -56) MK (12 -57) M B AFE W [ sI - A BN H(s)4 B M4S1E
ZOR, UG- A) A RERNREER,

2 (12 - 56) B AR $ B A5 R G (9 R B2 A (2)

h(t)=Ce*B+ D&(t) (12-58)

BR BERBITNAR(12-52)HWET(BREM)S () =00t)KB,

Bi12~-7 RE12-14 iIRnRZENEB RS

B OHE12- 14, FBRETE A (O 4,0), WA UEBHRETFBMSE
RN

d%/\,z —52,— A, +2e(t)
d, _
A2 =301 = A, + 5e ()

T(t):/ll'i'/lz
R
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c=[1,1] D=0
#R (12 -56) FoREFIEERE
oy [s*5 117!
(sI-A) 1—[ s s+1]

~ | [s+1 —1}
(s +2)(s+4) 3 s+5
B L

H(s)=C(sI-A) 'B+D

DT s arsls)

7s+28
:m (12-59)

WRAGRE r Mad,m MEALH

{ikxl(t):Akalkxl(t)+kamem><1(t)

12-60
rrxl(t):Crxklkxl(t)+DeremX1(t) ( )
N FE#ESBINREHEBREEN
erm<5):Crxk(SI_A)k_xlkkam+Dr><m
Hy(s) Hp(s) -+ Hy,(s)
- HZI:(S) H”:(s) HZ'":(S) (12 -61)
H, (s) Ha,(s) - H,(s)

H(2-6D) P B —-TRHWYEEXTHATRER
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H.( )_% i MEH R, G) P BRI R
A B TRAEG) Eess (12-62)

12.4 EZHEHAGEKRESFTRGES

(—) REAFEH—REXME T T EHRR
MNF—THSHNEHERARE, ENRFEUREAZEN E T BIEA#R
. FAEBAERRETERIAN - ELB L FBANERX, B
MAREREENAZRRE MREFEMGL T BRERSEEMAARL
SHREHS, B
A(n+1)=apdi(n)+apr(n)+-+apd(n)+
buxi(n)+bpx(n)++ b2, (n)
Alnt+t1)=ayudi(n)+tapd(n)+ - +ayd,(n)+
boxi(n)+bypx,(n)++by,x,(n) (12 -63)

RSO SS

A(nt1)=and(n)+api(n)+ - +aydy(n)+
bpxi(n)+byx,(n)+ o+ by,x,(n)

yi(n)=ecpdi(n) +epd(n) + - +cpd(n) +
dyzi(n)+dpz,(n) + - +dy,x,(n)

y2(n) = cndi(n) + cpda(n) + o+ + e (n) +
dyz(n)+dypx,(n)+ - +dy,z,(n) (12-64)

RS

y(n)=c ri(n)+tcpd(n)+ o+ cdy(n)+
daxi(n)+daz,(n)++d x,(n)
KB (), 20(n), o () R EMRE TR
zy(n),x(n), 2, () HBREH m MEAES;
y1(n) ., y2(n) 3 () HRER r MRS

FERBREABEHTEER

{ﬁ%ﬁﬁﬁ Aoaln ¥ 1) = Avcdia(m) + Bogma(n) o
MHTRE Y, (n)=Cohixi(n)+ Do pXpxi(n)
H
Al(")
A(n): 12(:7’!)

Ak(")
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lay ap = ap by by vt by
az az T an by by v b
A: . - . B:
Ldrr Qr2 " Qg bp byt i
_Cu Ciz2 """ C1p duy dip - dlmﬂ
€21 €22 777 Ca2p dy dyp v day
C: - . - D:
LCr1 Cr2 o Cr drl er o drm_J
y(n) z,(n)
y2(n) x:(n)
Y(n)= . X(n)=
v (n) Z,,(n)

BB B ELNRETBTUEL : (2 + DR ZKREERE » HARS
TEAMBMAEEN R, EEEELS AT RENAT, B RAT R
2 BT B BT 1

5 3 B ) 2 G5 AN, TT LA S P 12 - 5 2R S M, S
12-15 i, B, S RIERATE, EHBAN A(n + 1) MHRA(). % 4,

B,C,D R MR, RAREREENZH, X TFLAENAERE, A, B,
C,D HURHMAKE, AEE n KA,

(N
 D(n) =

B12-15 BEESRSFTEHANGHE

HEY BN ERGERE T RN T ERTN A ERE SEEERE, Mk
BFBREBLBNETREST AFAESELRSE R, L, C TiHH S XS
HEER, B RR LRSSt 2 b i B sUE BB 4 08, i, #30RES
FTRETESEEREPHEEEX DL HR, X T & f3F b s A9 TR (7] £
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MEEEHBEBHRAMNEMNE AR B RESFE, TELNEEER KRG
S HEEERBT
(Z) HEZMBAN-BHESFTBRBINREHE
SFEBRLEEEATI £ 207 Bk
y(n)+tay(n—D+ay(n=2)++a,_;y[n—(k—1)]+

ay(n — k)
=box(n)+bx(n—1)+byx(n—2)+ -+
bp—1xln—(k=1)]1+bzx(n—-k) (12— 66)
MRERBREFELN
(E* +a1Ek_l +02Ek—2+ it ag,  E+ta)y(n) - (12-67)

=(boE* + b, E* '+ b, EF 2+ -+ by _JE+ b)) x(n)
RRETFH
boE*+ b E* '+ -+ b, _E+b,
E*+a,E* '+ +a, |E+a,
ZERINEBREAENBITRLH, AMER (12 -68) M E A (12 - 69) #
i =

(12-68)

H(E)=

b0+%+%+"'+§i_—ll+§
H(E)= (12-69)

B12-16 K(12-69)MKEERR

IR B ITH AR RSB, I 12 - 16 AR M, WA
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/\1(7’["‘1):/12(71)
A(n+1)=25(n)

A 1(n+1)=2,(n)
A(nt+l)= —api(n) —ap-1A(n) = —
asrp_1{n)—aA(n)+x(n)
y(n) = (n) + by Aa(n) + o+ bd1(n) + b 4 (n) +
bol — a1 (n) —ap1A(n) = —azde-1(n) -
ajdg(n)+z(n)]
= (b —abp)A1(n) + (by-y —ap-1bg)A2(m) + o +

(by—azbg)As—1(n)+(b;—aby)A,(n)+bex(n) (12-70)

RRBREBFBEBIERXN

A(n+1)=AA(n)+Bx(n)
{y(n):Cl(n)JrD:c(n) (12=71)
Hr ‘
0 1 0 ] [0 ]
0 1 0 0
A= i : : : B=|:
0 0 0 1 0
L—ar —ar-1 “ap-2 0 T ail L 1]
C=[(by—awy),(by 1~ ar-1bg), (b2~ azbg), (b~ arby)]
D= b,

R, RIEEBRENERETFRATREANRESTRALEMES R
HESRETE—H RAASHEN B TRAEELRETHR 8. BT
BRAGHMERNNRSEEEFTUNEZRERFNTE RN 7
R2FHEMFS T RHEERREFRERXN(BRERLO M BELRE TR
W EREEH TR RS, W A EENALENEANREBMRE
ERRESFBERX MEA-REMN S, ARERAH A EEREHEUN, X85
B FESSEBRRERARAENEERL,

(Z) HAERGH A ERNRERIRESE

SAEEBRENTERSIRE, REFELRENRETE, RERER R
JC Y AR SRS B AT X B AR BN A TR B BT LA,

Bl12-8 SHEHEBRANTERSFEME 12-17 FiR,5IHREHR
SR
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+ Ai(n+1)

A
() o— I P
+
(@)
Ay (nt1) +
x,(n) z | L 63 4(n)
’ + £ 2(")u :
&

@ .

xl(n) 1 1/E 1 1 y,(n)

1 —)

1
O S
a,
(b)

H12-17 B 12-88ERS%

R OdER, KPARANEN BT, BT URERMREELE, 050
A(a)F 2,(q) , ZENTEHRESFBSRE RN
AMn+t1)=a 2 (n)+x,(n)
{Az(n +1)=aA,(n)+ z,(n)

yi(n)=21(n)+a,(n)
jjyz(ﬂ)=)tz(n)+1l(,,) (12-72)
FRBAEREE RN
[ttt PR g S )
o R e B R

ARG EE A ANAER IR EXRERELATHALE ENERER
HEMERMRETE, K A EEEN S XA EAED,

MULEXREERETERRERS TR IHTLUEL ERREHE
SHhye, efIEEX ERARK, XREHBmAR AL E REEREDREK
REMNZHEXAMN A,B,C,D EEFTAE, M EZRERS T BME LT B
i =W
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A(t)=AA(z)+ Be(t) (12 -74)
r(z)=CA(t)+ De(:z)
WMEBARGERS FEME DL TRA
ll(n+1)=Al(n)+Bx(n) (12-75)

y(n)=CA(n)+ Dx(n)

(M) A RNKHEHAREERIRTHE

THXEHEMAENRWEZIAEEERLREFT BRI,

Bl12-9 HHRXAOMKHRAHSER,

HAERARBXWAORFERESHNETIH,UFS i R 4,
i=0,1,2,,k—1,F r d, U n BRmEFS, 6 EERZETE,

BWALn)RARE n MHERABA( F)E  AWADEE, 2, (2)F
A1 () RIRAE n FHB/DNEFBRRERAANOH,

WEAFERB.EAR A (n+DE AZH, BRASAODFERERA
XK, FRUBIMTXRER

Aivi(n+1)=8a,(n) (12-176)

BE,MFER/MEBHERARL A ,(n) R BT TR ERELT

WEEHER, B o, NEFTRE, TUBYOTHE
Ao(n+1)=agdo(n) + a;d(n) + ard(n)+ -+
ag-1A5-1(n) (12-177)

GELROW , ZERGHIHREMREFBL, WREFER & B

FERIEHFTBATRAUBES  EAERBFAGEMTRF, ERHR
BEBMAEMNIRSY . R LRV IE SRR, T B AR 20 X 57 SRR
WML SR RAESHE HEABEUREETIBRELHERERERE o, 8
R PRS0 DU B XA O R EARB . AR5 4 5 R R 37T
DEYERAOMKERE,

Bl12-10 FERMEMSTHE,

1971 4 & E R H B T2 B (MIT) F# 52 (R. S. Pindyck) 7 fl B 1 L8 X
RET —MLURETFBERWEREFTER, ARITEELR K ZBNSISE
H,RBER G LMSE BB,

X B R B A R ST R G — S R B B R AT R T MBI B
AL LR B ST RS T

THEHAH - MREHER, EESMREEE, - EES.

ZRUTHUANZFER

C: 5 R R % W 3 X
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P 529 B R 55 B4 A% K P
W . T¥ K F
Pn=0,1,2,-BEFSRANEZEE, HEERINI-IMFECE4A),
n=0RFFH R BRMES
MG T2 0 % b A R R 3t IX [ 2K A9 SE BR AR O 7T A 45 M 4 5R DL | g8
BHEXAN—-ATERAMT
Cln)=a;C(n—1)+a,P(n~-1)+a;W(n—-1)+a;,W(n-2)

(12-78)
P(n)=B8P(n—-1)+B/{W(n-1)+3W(n-2)+a,M(rn—-1)

(12-79)

W(n)=7P(n-3)+7,C(n-1) (12-80)

A ay,az,ass,aq, 31,82, 83, B4 71*‘] 72%%%&2‘%;@%?1”*% n &%
a2,

AXR(12-79)F, Y5 HNMBKFE P(n)BRTH —FEHMNHBKF
P(n -1 ERLTHEAKFE W(n-1).W(n —2) LARAT—ZF K S 5 H HEA
M(n-1),XEREEAWRAZHEAT. ¥ FRN12-78) LA ELMM A,
TiZE (12 — 80) H, M AT TR KE W () BT Su4 H B84 K, B8
RERKEH THRDERETETE - SNEM; KMER E—FHEHRK
FHIE W,

BEC(n),P(n),W(n),W(n—-1),P(n— 1) P(n -2)EAREE
B, 20U () E Ag(n) TR, TRE

(2, (n) T C(n) ]
A2(n) P(n)
A= || W (12-81)

Ag(n) W(n-1)
/15(71) P(?l_‘l)
_AG(”)J _P(n—Z)J

T MR M (n) HBUFBORE S VBN #IES
X(n)=M(n)

E, TUE HREFTBUMT
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[A1(n) ] (a; ay a3 as O 07 [Ai(n-1)] {0 7
M)l 1o g B B 0 0f|A(e=D) Ip
A3(n) _|72 0 0 0 07 As(n=1) + 0 x(n-1)
Ay(n) 0 0 1 0 O Ay(n—1) 0
As(n) 1 0 0 0 0/|As(n—-1) 0
ag(n)] L0 0 0 0 1 0l[ag(n-1)] LO ]
(12 -82)

WA EERE TR — BB K
AM(n)=AA(n-1)+Bx(n-1) (12-83)

HTFHEREERYEFTES THE, FRRH—-SAE THRELEN
BEL XA, RITAR=EAZRFER C,P,W2ZHNFIATEANZFER, L%
BHAZENESHNE, MWLM ERNT .

INR =8

IR:fEEHE

IIN : B L PEFE R 3

R:EHR %

RL K F| &

UR &M%

YD : 48 )5 BRI X LA
WA B E SRR TN M 25, XM THRAMES, BIMNE:

G:BFFX

TO : Bk

HREEN TS, HER T IMERTEEM=1TEMESHHEEARTRE,
FARBILT M 28 MRETEAM AR ESEHARNREF B, B
EEYTHRZWE TR, Ml ES_BERLE™ B(E GNP, GNP B g4
REZBN—NHHES IR, BRRN

GNP=C+INR+IR+IIN+G (12-84)

Whl,GNP HE R FEESHERE EFURBUFF X ZHEE,

A T RS T ERBEREN AT, XS ENE YRR
MM AALEE B, FAAU EFETBITEEFLABSETENEERELUE
W ERPUHS R ER EAEESW, ER TR ST X BTN RS —
EHSHZME,
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12.5 BHEEHEARALEKRSFTEHKMB

BHAGRS T BERBAESE RE KR T ELM, L5 802 8

Pif ik, TEA MM A.

(—) RBES TR KRR
BBRGHRESTBERN
A(n+1)=AA(n) + Bx(n) (12 -85)

B —Br 240 7R, W LA AR R &

BAERGENREREN 2 n=n9,F A(ny) , WER(12-85)%
A(ng+1)=AA(ngy) + Bx(ny)

PITFHBERE, R(ng+2),(ng+3),,n B ZIME:
A(ng+1)=AA(ny) + Bx(ny)
A(ng+2)=AA(ng+1)+Bx(nyg+1)

=A2}.(n0)+ABx(n0)+B:c(n0+1)
A(ng+3)=AA(ng+2)+Bx(ng+2)
=A%A(ng) + A’Bz(ny) + ABz(ng+ 1)+ Bz (ny+2)

XNFEE o, 8 n>n, I HEH
AM(n)=AA(n-1)+Bzx(n-1)
= A" "0A(ng) + A" "0 Bz (ny) +
A" "% 2Bx(ng+1)+--+Bz(n—-1)

n—1
= A" "A(ny)+ >, A" 1Bz (i) (12-86)

ERBELRP, Y n=nNE_TAHFE UNNERIHHE—ThE, P
A(n)B G, REY n>nht,R(12-86)F AT L HEEM A(n)WER,

IRERITZIE ny=0,304 LA » HARBUHKRESHERBEAR
xX, FRE

n-1

A(n)=A"2(0)u(n)+[ D] A" " Bz(i) Ju(n - 1) (12-87)
S T i=0
THAR .
TREM
W RS A

y(n)=CA(n)+ Dx(n)
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—cAA (@ u(n)+ [ S €A™ B (i) Juln 1)+ Da(n)uln)

TREM
(12 —-88)

R(12-8MELRKEREFEAHBRAL, CHFHEBIAR : —BREHREE
HBEE  MEAERNLE; S —EW(n - DNZIURTRRARMNREE, B
SHHRABRABRNBRERE, HP AHRAIBHRAENRESEBERE, 5%
HREFH M EHM, MTFABEE, RITEBSIICELENRREHFR
NAEM—BHEN, RitTie A"MEERE T, BETLUEDEE = Bkl
R AR, ASEBER2IM 12.5 WAB ATHR BB, A M8, /L
ER, Ho,FFR(12-88) KT 5 (12-87) XM, A HER,

(Z) B RSGEREAERN - THRE

MEZRFENPRTBRTELEM, N F-BEH AR, THERXEALT
BEXHEATERREN - TRAFLHEFERETBREEBES &,

HEB ARG MRS MGy &

A(n+1)=AA(n)+ Bz(n)
’y(n)=C).(n)+Dx(n) (12-89)
FWH B = BHh
2A(z) - zA(0) = AA(z) + BX(z)
Y(2)=CA(z)+ DX(z2) (12-90)
A T

{A(z)Z(zI—A)_lzl(0)+(zI—A)_lBX(z)
Y(2)=C(2I-A) '24(0)+ C(zI—-A) 'BX(z)+ DX(z)

(12-91)
BHBER RN EERRAN
A(n)=%"(aA-A) '2]2(0) +
F (A -A) "Bl *Z [ X(z)]
(12-92)

y(n):g_l[C(zI—A)_lz]l(O)+
ZF ' C(A-A) 'B+D]*Z '[X(z)]
K(12-92)5X(12-87) X (12 - 88) M LL AT LA ) RS E B IERERI
A"=Z (A -A) l2]=2"1[(T-2"1A)71] (12-93)
5
A" Yu(n—-1)=2"'[(ad-A) ] (12-94)
FEER(12-9)BRSAER (12 -53) KM, HERX ERERFE,
HESZHBRESTHELAT B - THE B TENERESERRE
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FHEERBH(2), BR12-9D)K Y(=)H/EHIA LB RERHEBRECOY

H(z)=C(zI-A)"'B+D (12-93)
mMEMFERMA ZHHBRER, XM TFRA2-61)F
H ., (2)=C x,(zl—A) s :Bixmt Dixm (12-96)
HEREETE - TENPEENSR(12-62)FE—nEWYEE HEE,
1
= 0
2
gl12-11 EHHFRRENEESH A= ) R A7,
4 4
W HR2-93)F
-1
| 1—%{‘ 0
A= [I-2"1A] =1
—%z_l 1—%z;1
I
1) 1 1 4z 0
) e e
N . -
0
1—%z_1
=z 1
4 1
1 - 1 _ 1 -
_(1—-2—2 1)(1—'72 1) 1—72 1_

I
|

1
(7) 0 (1){ 2" 0
- () gyl
2 4 4
AR AZE,DTREEERR (12 -87) MR (12 - 88) Wi E M B R A
FEME TR,
TEHMEH : TR TR TERREN L
gl12-12 W 12- 18 inBBARLERERMARM— A EH, REAGEX
z1(n)=68(n),x(n)=u(n)WWEMN, REXREEHEFTFILHN.
M () INEREWMRSHTFEMEHFE
BN Foni RS R, K 12 - 18 REFRA A (2)F A,(n), W
Aln+1)==-2(n)+32,(n) +11x,(n)
{Az(n+1)= =2A1(n)+42,(n) +6x,(n) (12-97)
y(n)=2;(n) = 2,(n)+ z,(n)

} n=0



356 H+_FE REMRELEIT

A1)

E12-18 #l12-12 WESK

LA
I P
c=[1,-1] D=[0,1]

(2) THH = BHRERA(2),BHR(12-91)
A(z)=(zI-A) 'BX(z)

B 1 [2—4 3 ][11 0] 1
C(z+1)(z-4)+6l -2 +1ll0 6 =
11(2—4)+18z

1 z—1

(z-1)(z-2) _22+6ziz_+11)

33 22, 36 __ 18 _ 36
3 z—1 2z-2 =z-2 (z-1)* =z-1
22 22,036 12 30
z—1 =22 =z-2 (z-1)2 =z-1
B AR ¥ 5 15 5
15u(n—-1)+72"u(n—-1)-18nu(n—-1)
l(n)Z[

4u(n—-1)+72"u(n-1)-12nu(n—-1)
BH 2 ZHER Y(2), (12 -91)

Y(z)=C(zI-A) 'BX(z)+ DX(z)

) 1
=[1"1]m[2—24 zil][lol ﬂLfJJF

| az-o)
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1
[0,1][ 2 } (12-99)
z—1
BHEHRERT
y(n)=[15u(n-1)+72"u(n—-1)~18nu(n—-1)] -
Bu(n-1)+72"u(n—-1)-12nu(n—-1)]+ uln)
=8(n)+(12-6n)u(n-1) (12 -100)
EEE Y()FEAXR12-99)FH (21 - A) 'BX ()T ERIF S H 8
A(z), AMERBIBTEEDRTX(12-9B)ELB NG R, AR
KR y(n)o

12.6 KIEZ3LXREHEMERTHR

MRETEMEFEEFL ,F—RETUEEAFRMREZE, B ESHR
SEBMEZRELEETREXR, EAUEERA—-REEREEHPRT AR
HER, MRSREAFRAZEERAHEAFAFRMER, B, EH—-RLETS,
UEMEXRBZRHREREZRIFEELZETHRER, XHEETE, N FH
WRE I RBERK.

(—) EZHETRTREFENFE

HEHBRIAFRERNTRER, R—HRSTR L1 55 —4RETEy
ZEH

V1= pudit prdat ot prd,
Y2= Pt pndat ot pod,

(12-101)
V2= Pridrt pradot ot pudy
RRBREBIERXE A
Y= PA (12-102)
He y i micg
71 Ay
y= 7j2 4= A2
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Pu Pz "t P
p= P-21 P‘22 P'Zk
Pr1 P2 7t Pm

KR(12-10D)EBREXE A B2FRUTLRRIFHEE Y, WR PHHEP!
FE,NE

A=pP 'y (12-103)

A BRETHRER Y, WERETBOH#THENRE. REEKTRES
HRBRERRN

L4(1)= A0 (1) + Be(2)
2R (12-102)EH G
P“ld%y(z)=AP“7(:)+Be(t)
B
é%Y(I)ZHPAP_IY(t)+—PBe(t)

=Ay(t)+ Be(t)
y(t)=CA(t)+De(t)=CP 'y(z)+ De(t)
=Cy(t) + De(r) (12 -104)
HMEFHRETET REFBSHE T BEFHNRYER A,B,C,D 5FF
BHA,B,C,D ZHHRMT XA
A=PAP!
B=rB
c=cp!
D=D
B112-13 HEREWREFTER

wo=[ ] Jroe] ] (12~ 106)

RAER(12-107)RETHR T HEF RS TR
{71 =A1t+ 4,
Ya= A1 A,

(12-105)

(12-107)

B AERTBRAERN
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=) Ll
%P_lz +% +%
43
R (12 - 105)3R H
1 1
L Y [ B | e
2 2
per=[ )= (]
XHERETBRTIHHRETEN

3 —?]””*[_i]e(t) (12 - 108)

R (12-105)8 A ATAEH, LRt A 2 A WHLER, A THUESR
AW A BRRAEE , HTVEN RIE R AR ENFEEFSRRET B AR EE
(Z) BEEBEYHRELEETRTREAITH
MAEREHREFBEBBREN A BT R MEASEEBRBERBERR
WA—MTk. YREXRBAFCFARKERRN,FAEHMAZENYHEAR, it
SHA—EBEAFRSTEEWEE, REXBERNEATH, BIEHNT .
H(s)=C(sI-A) 'B+D=CcP '(sI-PAP ") "'PB+ D
=C[(sI-PAP " )P]'PB+ D
=C[P Y(sI-PAP ")P]'B+D
=C[sP"'IP-P 'PAP 'P] 'B+D
=C(sI-A) 'B+D=H(s) (12-109)
FTHEUEZERGHNPHEHRERBRET BT, SRRREEH TER
EY
() A s L
ELETHRP, A EEMNAERRAANLEZSR, HE 12 - 11 1K
(12-30)H, A HEMST AL, R RETBRBIHREHER, XFHGEHER
FRE—RSTREZEAEAEH, BT UMIHRRESEIRETEN
R
EEZBERBPELMTT A BN AL, ETHELREL A ERERNIE

p(o= "2
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REENREAHTHR, EWE A EENAATFENKRETHREIRA E
MR R B, IS P AT IERSEBMEZ S EH,
Bl12-14 EE 12-19 FFRRLERN A EREX AL,

2 z 2 A®

e(?)

% Ay

1
H12-19 fl12-14 RS

BB ENMARERSEEMEZEARAAYRXLAN, JILREHNRETER

-5 -1 2
i(t)=[ 3 _Jl(z)+[5}e(t) (12-110)
HASEESTAL BIFR A PWRIERE, LR A WIFEE
ol - A = at$s 1
-3 atl

=(a+5)(a+1)+3=(a+2)(a+4)=0

ay = -2
{(12: -4
WIFER B & WE L AE = of BT SR IGIER B £,
SRT o= - 2HRIEREN

11
612{ ]
€21
[—5+2 -1 c11
J[5:]=o
3 _1+2 C21
{—3011_621:0

3C11+ 6‘21:0

% 1= —3cyy

RBFFEEN

A
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XE,BFo=-2HBEREBEEZHEN, HPZ AR RN
1
& = [ _3]

R, BT a;= -4 E‘JﬁfﬁE%Eﬁ
C12
‘52=[622]
Y ]
{‘012‘622:0
3c12 7 3¢c=0
7 €= T C12
BT a=-4H—NMEEXRERN
1
522[_1J
FR B A B A 2R e ©
Sl P o B

P_[Cll 012} I_L[—l —1]
B 2L 3

WH

€21 €22
A
A = PAP 1=%[_; _i][_i :1][—; —i]
-7 ]
1‘;=PB:%[_; _”EJ:E://;]
B R B B
0[] o [Z0 e

O AEXKEREPHELELRLN A=C'AC,A FXHEE, N C &b KB RN HRE, TX
BA=pAP ' BW P '=C,



362 HT-E RAMWRSEERSMN

F12- 11D EHE R 12 -20 Fim, Tl v, ()R 7, ) EREWH, 0
SRR BB ST R B TE 3K B Sk B AN SE R

: 2
% + 9 P% 0%
e(f)o—+
OEONE: -
4

B12-20 K12-111)EHE

d%}’l(t)= —271(t)—%e(t)

p " (12-112)
a)’z(t): —4y,(t) +7e(t)
BRFRU2-112) KRR
71(1)=7,(0)e ¥ =L x o (1)
(12-113)

72()= 7200 )e ™ + Hle* % o (1)

HpE&MSE v (02)F 7,0 ) TRKRH
[71(0_)}:4,11(0_)]
)’2(0—) 12(0—)

12.7 A% TS TR M

7 G5 1 AT 45551 ¥ (controllability) o Bk 4 532 i ¥ , 17 A 7T 4 M SR B 485 0

7 G5 (9 7T SR % (observability) t1 8% 4 B SR 4 , 787 %R 7T 81 2 86 042

FIRZS 25 B4R R GLAE , RATH 2 IR
FRANBEREERZ T, HBE | mnser :> Py
WA BER GRS BB A, | IR —L L
SEURO L SURIIE: 3 ORI RD K- 1B o &
GRS, WEARBLE 12-21, X
BRRCANRAT RO SO A AR R, B 12-21 MREMEH SN
B M LA P R A

(1) #%E FR R 75 00 4R W7 40 2R 406 76 7 R IR 1, MR IR 25 44 31 B R B ok
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RA, X AT IR R,

(2) BB LUHE] 8 W30 A BR e R] P9 A4t B, TR B RE R K
A, By -HEBESREHLERINHEHERE, WE-RESERE—FE. X
R 52 AT 00 I 44 [ A

T S i S B SE R p T bk 5 AT W, ARG B4R TR B E SCRI R RE A
B/HE.

(—) MBI GIEMNBFEESTRHE

Bl12-15 WMREFMREWREFTBEAMEETENT

; -1 0 0 0
{[dta(x)]= 0 -2 0[A(t)]+{1}e(t) (12— 110)

0 0 -3 1
r(t)=[1,1,0][a(2)]

RITRBAES c(ONERBEEBNERFL, UEANBHES r()BET

BEGNTHRENHEL,
3
MUEHSRERREENE 12 -22 fin, ANEHREFBESRHTER
&ESYERE
-1 0 0 0
A—{ 0 -2 0 B=|1
0 0 -3 1
c=1[1,1,0] D=0

HE12-22f A,B,C,D BHWTLEL, EXH P, BT A EBEINABEE

X, ERSERWEAMELM Y, B .

A LA S A () T 0 5 TT X p__40

B BHFEH, L) EER(1)E 1

L, AERA () WM B e MR

BsTA ()RR e ()ERLW, AT <O

r() TRBIIEWEH T ()M

AU SHHER, ER® () WiEsH ,HR

BEM r(O)MMB K H ., FREATLIA

HEWREF 2 () RATWE,BRT

B A()RUEM BRI, HF

Ap(2) R BE T 45 LRI WA o
FREBANTNE 12-22 F i, BrlfEB A,B,C,D SEFESHER S, 8P

YA NNAEERS,B FH 0 TEMNNATNERE, M C FH 0 TTEIMEA

B12-22 #l12-15 WHEE
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ARG, X—EENBRBENFHE (W) E>H#E—LRHH,

Bl12-16 ZEE12-23 WHBFABEP, R =R, =R;=R;,=1Q,L=
2H,C=2F,BiESHBER() MHES()BAL- 1V, ELIE
BERAE SR, TR T S T

o NLV'\

e(0) i() =

E12-23 BB

fi
HERSEENRLEB L WER i ()FEE CFRBE vc(t). BE
KCL #1 KVL W& F &

di (¢) _1 o, 1
dr 2 [iL(t)]+ 2 o)
= [4
duc(z) o _Ljtu()l |,

i (t)
r1=t0,0]

X 12 - 23 f05 F ELIRAM BT B 5K 8, 2 R R B BRI T (R, = R, =
Ro= ROBHFH, BLER « (1) WATHERREEH oo (o) 09K, w0
ool VR, BOOM I i, () MR AT MG+ () WA %8
EHERIE BB i () RATIRE . X — SR ETAREH BB T RE
BAMBEAR L, HH A NI, THILE B 71 C 5 &H — B4, K
7 E AR AT AT SR P .

(2) RETEREL TREREASE

BT ME X X R RIS AT, 4 R S0 fE BT R
T LURBI AV AR D) 2 BT A U R 5 A R 53
IR 22 PR A (VB ARES) , 0T DRI — 5, DU 36 5 A5 2T 2
9. SRR AR A BT BB — 4 WA S 52 2 7T B

e B3R P IRBURAEEE B VA AT B0 RS B2 IR R SR
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225 8 B R A B AT B B HE & PR, XA I R O RAE Y vl A ] B
SHEHR AR ERE W S AERERB,

HERTE AN LFMITIe T, LR ERITEELFA T THEEN—FAHE T3,
XRERES A MAENNNB REFEGEETLE, HELEX HHFTH
K. FANMBTEENS —FREIETE R TEERRANE . 2EHE
BETRR , RITRA B, EHBiES BT ERSEHHE2IM 12.7,

XMHEEREELREN IR EE", MR TR, U ME
7, B

M=[B | AB| A’B | - i A*"'1B] (12-116)
EHRERGRES TN, REMERK, RENIZLETERE. XRTET
BRREXH.
fil12-17 HBETIIHRSE

(1) [ji:;]z[; —i][iiii;]+[;]e(t) (12-117)
@ [l Il ] o
BX ARG R T H T

B RIEREESITHERENEX (12-116) EEF R,
XERE(E

M=[B§AB]:H(1)H(1) _iH(l)Hz[(l) (1)}

ik rank[B | AB]=1, AWM AR (DRAZETEN,
MBERZEQ)H

et b=, GG

Bk rank[B | AB] =2, AT RLEQ)BELTER,
Xt TR RN ARG, AT AR S EENE R L2, WA RE
A(2-116)M EERHK, REMP AT LT ERSE. WAKEZIEHR, fHHiTH

#F .
Bl12-18 HBEBHAZLAA(12-119)#R
1 1
l(n+1)=[_1 O:Il(n)+[3]x(n) (12-119)
ZREETEY () WEHERAEERNBZAGRAEH L ENEBRET
[ FRE?

2
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WEE A,BSEEAR12-116)8E
I BB S NI R
BR W HFEEGERN, BTN, RERLTE, TEERHEZAKRES 0T

(=) R E X | 7T 0 B i B 3 B %

RGN UERERERENRBERRERENFTARBRE. REN
WM N MR ARG IR T ERBR, ERTEE )G, B7EH R & &
BRO0<:<:)BRERGBHE—HRERENTERERS, MWKALTL
AW HEEHE M EERE, MKRREATETR,

ERi AT, RITCEATREHNBEN - XRERES
ANMABEMNNC RETESSESTLR MELENTRXMTIENNA,. 3
TEA 3T WL B 57 — R R4 07 2% BV T MBE BRI A" . A BRIEATI,
RMNRAMEL, EHBIEIEAERSEHH2IMN 12.7 7,

5T P R B 2, X R R X — MR B, B R MR IR R
fRR“ATRE”, LA N £, BP

- o 1
CA

N=| = (12-121)
LCA* 1]

EAERENREFEN, RE NBK, EAEUNELTREE., IRZELW

W T
gl12-19 HEHAERSG

I R R S
A (1)
/12(1)]

(12 -122)
r(2)= [1,0][

i AT R
&
BAER A,C BHERAR(12-121)1F 3

lalloors -0
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LA rank N=2 {8 A, AERELT TR,

Xt F B Bt R R 48, AT O 1 5 5 s S ik gEnd Al R sE 2], B R E
R(2-121)N EEHEBE, REDNNELAMAL, WAKKZIEN,AHHTHE
BlF

Bl12-20 HEBWRELE

0 1 1
l("+1):[—1 o}l(")+[3}x(") (12~ 123)
{y(n)=[1,0]l(n)
RAREZXETN?
&
FEA B+

Br L

N % BEMAENRET LT MW,

(M) $MN BHHRZARESTREN A EFEAHRERHE

FlE MEREFMNEERBRNFEHANRENTESATMEFAER, B
HiEHERERE oI, W LR AT AT, SRR AR BE, R GG B
B, EhHhE,ATEGERERSTEESAABRZANERR, TREHEREERE
SHBBZEMNBEE. B, RPRERBHTHUER, I8 A EEMAL,
MERSTRZEAHELSE XFERBELZELHRETESHAAESGHEZ
6] 45 TGS I , 1 h A ARG T 42 ek T R A 48 55 — TR A AR 3 .

ERTEM 12-15 56 12-16 AP LFH. Y A AWNAENR,BEC
FREBTRENNERENANESATMIES, TEARAHBEEA -LHER
GEXFPHEAEE , AEIER . X EH X ELE S B s E & Z R A

KUERAERENEES —HEEXR . RACRERE PR AR RE
HUNERESZLTENAGLEZMGEREZEFTRTRER NN A MALY
ER,EUERNF BAEEELE,

A MEN S —HBEERR . RRAERAFAFHHENSEE, MARETSE
UMM AEFLBERGRRALETRERE, KREFEN A NAKELAF,
CABERILE.

N FREERAERNEN, A EEEERAYMEH, L EELER
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WHER PO 2ME A RRA LR — s, ERERBLT . RETE
PSR MR A 4 SAER A E T RGBT A A VY LA,
B 5B AMREE—FTHMMBETAEEZLR MNARELTHE, HE A
HYYMABRN, C EHANAAYIRE - THMHREIIAFTFTE, WAL T
2,

T E &S — A BRI F R B E12.2 W8 12-5,A
HEEEAYABER, WX (12-36), HEFZBHFMEME -2 M -3 KWFRL,E

RF 8, S HA B B, C TRAK HARE(AHH 1,1 7 -2,5) B
TSR AR SR, TxETAEME - 1 D =T, 54 S5ERJE — 17 (Bl A
M5 341K B TGRS ALRE—FF (00 A W17,

RiZER A MBI C ﬁ?ﬁ%,lﬁﬁﬁfﬂiﬂo GL.Z2ERELEVENTELT

me(JO
R, MEIEHEAF B TEB 3TV EHRIO"RE C TRE I

"3 g 0" RGN IR TR R R TSGR o R E 12 - 13 7 LA A
B3, % LARRBEN B, CWET, REHN ()5 r(OMEER 2 KR,
BN C BB —FIN 2R r () TTRME] 2,80 th B, R 2T, %

BHS 80 0,0 r(0)5 A, %, B R 4R TR,

WBERULITETUERSE EAEREMRESTEIFE A HLUMHER (K A
SHARE), TS B MBS N SRR BB 7 i 2 5 T 424 5 Al Wk
WA EE SR RN A YRR (R A AR, REHA LRy
ERE B,C EEHANMMMELRE, ATTH KIS ST, 5/
BEEERERMMA

(B) TEMAMESREHBEBZEAHXR

FEAMTERBA-BREHRENTEESTRESRS, MTRAEEBRLK
KRBT EERES T FUMAR BA  XFHEZREHAXER? THEHL
HERBE RGN H(s) RBETHI, B RFEFEERTEBRNE RSN
H(z)o

HER(12-56)E&B HEB RERT LIERN

H(s)=C(sI-A) 'B+D
T HUEB THBEE H(s)ERETHR T RFEAZE, B
H(s)=C(sI-A) 'B+D=C(sI-A)"'B+ D (12 -124)
MR GLIEZ T BN FA 4L, M RS R
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H(s)=C(sI-A)"'B

s—ay 0 - 0 7°'Td
0 s—ay - 0 b

=[ersca,reel| . 2 _ 2 (12 - 125)
0 0 sy b,

XBEHFAEAERERAGSEEMEKRN D, BN EAE w R ENER.
R (12-125) BT, 048

H(sy=f1bLy e2b2 | tbe
ST a; ST ay ST ag
£oe b
= S (12 - 126)
S T a;

FHEZANM TEHREATLWERAZL2AR, N B HC PEEEETE.
HE b B, FIEZ—FT, MER(12-126) X MBI K, L E H(s) ¥k
B rEAMESE s=ay,a;,,0,), TMBFE H(s) RSB D T , XBMEU, H(s)
RFFEZTR I - A | BRBRRAS ., 8t HG)ARERE, B2 Fa8+F HR
RESTHELAMNES RN, ALBE - REEFE . EREATEVERAS
T2, NE s BERANHG)DATRAHELR. XREREZBEHN
—REBERE,

Fob (12 - 126) A7 50, AR S AR TE #R4 0 E B A TSR AT AR 43, T
BTHREAESTNES. BMAREREERNRERRERBT REF T
M MERF S A, AR RATEMAT MRS WEHAE, XRER
SEBRENE _FEERE. DEETUEBHEIENE L . A REH R
RERFL2HEN MARSTEMGH TER#HER—-ITRENESHELA.E
R,

Bl12-21 HERENALZRGERNREFTEMB L TEN

-1 -2 -1 2
A(z)=] 0 -3 O:il(t)ﬁ'll}e(t)
{ 0 0 -2 1
r(t)=[1,-1,0]A(z)
(1) KRG W W] E M FI AT 4
(2) RATESAMHREEE NG
(3) REAGHAA - BHEB R,
B () ARG IEEXNE PR (12-116) M BEWH, MK

(12-127)
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M=[B | AB | A’B]

-1
AB = 0
0

-1
A’B=1| 0

0

2
1
1

M=

-2 -1 2
-3 0 1
0 -2 L1

-2 -1
-3 0
0 -2 |

-5 13
-3 9
-2 4

|

-1
0
0

-5
-3
-2

-2
-3
0

|

-1
0
-2

MTMFHE 2T 5B 3ITEMETE 47, BN
rank M =273
Bl M ARBBRE, MREAT LA,
BETRE, REARR (12 - 121) ##, it

C
________ 1 -1 0
N=|CA =[—1 1 —1}
"""" 1 -1 3
CA?
HXMEIFIRUC-DETE 25,8

rank N =2+#3
Bl N A BEBEN  MARAEALATELTW,

(2) S 3R AT 428 A AT LR 25728 B A B0 AT AR 25 07 AR AR 6 Sy Xt A 4 B ML T

Ko ERFMERBHBIIN AT R T RIERN

111 1 -1 -1
P'=0 0 1] P=| 0 0 1
0 1 0 0 1 0
R A FRERNR

¥(t)=PAP 'y(t) + PBe(t)

-1 0 0 0
0 -2 O:I‘Y(t)+{l}e(t)
0 0 -3 1

r(t)=CP 'y(+)=11,1,017(¢)

(12-128)
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R (12 -128) 9 i, X H4LLE

0

‘Ii—l

710

1 ¢=[(1,1,0]

1

B=

¥,

t——orn)

.
B¢ #EE -1 BEE, BT FC’?’+
RO 7 (ODFEAREERTE; (o

Y1) 7, () FRESER AT, AL

= C“) -

ZREME 12-24 fin, AR, I
B S5E 12 -22 2R,
(3) RAGHHEBERE H(s)

H(s)=C(sI-A) 'B=C(sI-A)"'B A BUE S E
s+1 0 0 -1r g
=[1,1,0]{ 0 s+2 0 } {1}
0 0 s+3 1
=[1’1’0](5+1)(s}'2)(s+3).
(s+2)(s+3) 0 0 0
l: 0 (s+1)(s+3) 0 }l:l}
0 0 (s+1)(s+2)J L1
(s+1)(s+3) 1

TGrD(s+2)(s+3) s+2

E12-24 #12-21 RE2% Mk

(12-129)

MRRAEREFHAHEEAR MHEERRE(-2)RIER. NE12-248
WEH HARRAED (OB RIABHE (), XUHAREEB BHOK

WR—RERA2EE

7 A

12-1 WEE 12-1REB AHBER (1) =0,0), RETEBM C, A C, LB E
A(8)=ve ()M A, (t) = v (), BB C;=C,=1F,Ry=R=R,=1 Q. NER%

MRS RN TR,
12-2 EARENERETRERXN

H(p)= 1

(p+1)(p+2)

HBEYL P ZHRETE,EH A BEEREMNAREANE L RENRE,

12-3 BEREMSFTERERXMNT:
d2

d3
= + b=
“ dt3y(t) b de?

YD+ ey +dy()=0
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R,
Y Cl +
R ¥ TVer(?) -
+ G, R| | rO=ve(®
e(?)
HEEi12-1

HRETRITA () =ay(s)
A0 =a Soy(1) + by(2)
() =a L o)+ 6 Ly(e) +ey(e)
3(t =a33y () +ey(e

48 1t B r(8)=4y(0)

FIEREFBEMBMEFTE,
12-4 AERERENEE 2-4 R, NEREFEMBHLIRE,

e(Ho

elf)o

A 12-4

12-5 SHEEBHARZEERNEE 12-5F78 AERETEMEL TR,

wn)

A 12-5

12-6 (1) HERGEABMHRERA

& d & d
Pr(t) + ald—tr(t) + azr(t)ibg@e(t) + blze(t) +bye(t)
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12-7

RAEE12-6 WRBEEAEBZRLE FIENETEE 2-6 BRHRET B, #
* a;,aj y,Bo;ﬁpﬂz—I:‘jEﬁE?%&Zrﬁ]%;égo
Q2) ARFRERAMAY T BEERA

2 2
d—f(t)+4ir(t)+3r(l‘):d—€(t)+6ie(t)+8e(t)
dz? d: de? dr

RMBEF(DRFRRETBAERE

HE12-6

WA 12 - 7(a) F(b) 5 5 S % DA — B 0 B 40 8 BT X, — W O I8 0 45 4
R-T()FR,HANBRENRESTENBGH T B, BB (OTEHRETFH

by
bl + —
H(p)= a” o EBERLGE A 2SN | EREA TR REE R
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+ + K
E(S)O——»{_% —= e P © R(s)
@
26 i 5 oK)
1
s+ec
®
x(f)o——

A 12-7
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12-8 FIEEE 12-8 iRMENRETFBABEFIFBRESR.

BE12-8

12-9 B&

010
A={001}
010

i BB IR AR HOR B 7 ER R
12-10 HKERGEHKREFTEMWBERGH

A(e) 1 -2 A8) A.(0.) 3
bgw]zh J[MUJ;[hmJ}:b]
ANRERFTERBEZRE.
12-11 HEEMMEEALRTOADRE—FHBADK « 3, IBEFEATADLE
—ERHTAON R, AEEEAONARMKEY ¥ 8(a, 8,y BUTHHE
o RET—ABMEEREWRE TR, BAZRTASEADWHERER
., HTHMRRETFEEWAORKE, A5 S HMLHE?

12-12 —HEHREMEE 12-12 iR,
(1) BBA 2(n)=8(n)BF, 3K 2, (2)F X,(n) K y(n)=h(n);

A
: + ‘@{D )
+
x(n) o——¢
e
Y
+
+ 1 Ayn)
E
A
(2)
\2/

HE12-12
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12-13

12-14

12-15

12-16

12-17
12-18

Q) FERENEDI TR,
CH—BEHAKHRETRNGLFBRRTR
A{n+1) 1 —-2717xi(n) Tl
[Az(n+1)]:[a b][/\z(n)}r[o}x(")
A{n)
Az(n)]
BEY 200, x(n)=0F y(n)=8(-1)"-5(-2)",%K:
1) B a,b;
(2) 2 (m)F A () AR
BN —-BHALEHRETENGL IRRTHR
M(n+1)=41(n) = A(n)
{A2<n+1>= ~ Ay (n) = ()
y(n)=21(n)Ay(n)+ z(n)
(1) BEA(0)=2,4,(0) =2, RREFTBHERAR;
2) REGWMEHTRRRA;
(3) AB(DWRBERME, BRE «(n)=2", 220, RBBAK y(n),HKRQ2)F
EaTBRNER.
EHBNRAFTXHEHRE
A(2)=AA(2) + Be(s)
{rl(t)=Cl(t)
()=~ ATy(e)+ CTe(s)
r(t)=BT7(2)
- NMRAGEREER IS, NXFRENEH FRENE T RER
hi(2)=hy(—2)
RERURATREHNREFBREL TR

A(2)=AA(2) + Be(2)
r(z)=Ca(z)

-2 2 —1 0
A= 0 -2 0 B={1:|
1 -4 0 1

Cc=[1,0,0]
(1) ARG M AT AT
(2) RRGEHMEBER,
FIMF I 12 -1 T ST, R R A B R
BRZUNAERERSTRHSEEREN

y(n)Z[I,IJ[

H
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1 0 0 0 1
0 2 00 0
A= B=
-6 -2 3 0 3
-3 -2 0 4 2

c=[-4,-3,1,1]

R (D) BERERELRI A AKX,

(2) MW RER ST WHE;

(3) RGERB H(s).

12-19 ZEWEHITBHFHREA -BRERR S, M S,, EMNMREFEBMG L B

50k
S1:A(e)=A2:(2) + Bye(2)

ri{t)=Ca,(2)
H A1=[A2 _i], BI:{N, c,=[2,11,
Sa:Az(2) = A4;(2) + Byey(2)

ra(2) = Coa,(t)
He A,=-2,B,=1,C;=1,
BREZBEHKRALMBE 12-19 Fix.

(e (f)

e(o— §

8, o ry(?)

BE12-19

(1) RERREWRES HFEMGH R, 4
Al(t)]
Az(t)
2) RERBR ARG T EEMITRE;
(3) RARKE S M S, HHNEBRERPRAGENERRIGERRERBRYH
EERBRAMHERR? (ORWEREH A7
12-20 EHARERAEREMREFTEMNBHTERRN
Aex1() = Apsihpsx i (2) + Byxye(t)
r(t)=Cixphix1+ De(t)
H#E CB=0,CAB=0,-,CA*" 'B=0,
EH - ZRERTRFENELTEMT TR,
12-21 FIARESEFEBFESWAHCIFE - 11EE 1 -1)FRECERGEZRBENE
CRAWH - o B H)

() BURREHRET R, BUARSER 2,=0,2,=

l(t)=[

do
dt’
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(2) FIF A ERERBEAER BRI ;25
(3) HEREGRE K, K, BBt a&#? (HEREEIE11-11 ZERM
o)



RO IARBBIKEATR

F5 % K
) 1- 12+l
1 Za”: 1_(1 a:/—‘l
-0 nzt1 a=1
n n,+1
ny al—a?
: Bo-{TEe e
" na-m+1l a=1

5 2= lal<1

EMHTFAKR2H, m<npon 5 n, TURER, BTLURARK,

THIEARFHELAR

(—) a1

PI(1 - o) RFXFIM, £ 3
(1+a+a?+-+a"2)(1-a)

SBETMRREI, WTHERE 5S4 mE%,

llz
dMlat=n,+1 (a=1)
n=0

BHAR,REH o, +1 THR, HPEHELE 1,
(=) 2 2
FIAELRERAES W
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> "—Ea —Ea
n=ny n=0
l—azﬂ_l—a"l
T 1-a 1-a
al_atxz+l
a

"2
2 a" =ny;t1-mn,
":"l

=n,—-n;+1 (a=1)

(Z) 2Xs5
BEEA.&Hlal<1,UH
lim a" =0
Ea"=lim2a"
= " 1
a™ a™'!
:1121—1330[1_(1 1_a]
=4 (lal<1 #,=0)

(m) A3%3 545 4
SRR SHH 1y HHEF 0 1, MTHE

Yar=pt; (al<D)
(i) El‘x_tﬁﬂﬂiiﬁppyﬁinlﬂnz ﬂEEﬁ,ﬂﬁﬁ%%?ﬁrﬁ nysn,

A RBE— MR
% n1<0<n2 ,Blﬂﬁ

(lal<1)

“M~
M
s

1 g

Um=—-n E&%iﬁﬁﬁﬁ% Iﬁf*ﬁﬁf?ﬁt
Za" _ Z(L)+ S

m=1 n=0

a
[2)-(2)
- a) a) +1—a"2Jrl
1 1 1-a

a




380 MR JUAMEEMREARR

n _ n,+1
_at—a? = (a#1)

1-a

FH o <n,<O0,FBKRFH m=-» B#H,53
"y IR
SN % (3)

. \a
2
l _"2_ L —n1+1
) ()
1
a

no_ am +1
_at—a? (a##1)

l1-a

BE,NF a=1,RER a1 BRR, & B Hk g 0 B 7] 45 2|
Za"an—anl (a=1)

B, FTHAXLHBIEN,



Lipail

FE 731 B3 B e
z{n) X(z)=2x(n)z"" izl >R
1 3(n) 1 |20
2 8(n—m)(m>0) z " lz[>0
3 u(n) = |z >1
4 n (2—21)2 lz|>1
5 < ?i’:? 2>1
6 n? z_(i(:%tlz)j’l) [z >1
7 i z(zg+1:1zz—2‘1i')ilz+1) 2] >1
e s z(z4+26z::—661§2+26z+1) 21 >1
9 a" = lz1>1al
10 na" Gy lz]>al
1 n%a" a—(z:—iia;% lz|>1al
12 nla" ﬂz:——-:zz);iz—) [zl >1al
s a(red Mtz d) g
" S az(z“+26az3:fia:§:+26a3z+a4) l2]>lal
15 (n+1)a" < lz]>lal

(z—a)?




382 MFE KM « BHE
sk
Fs 52 Bl - B e
(nt+t1)(n+m)a" mt1
16 m d = [z]>]al
(z—a)”
(m=1)
17 eb” z,, 2] > e
z—e
R P4
18 "% z—ei“'o |Z|>1
. zsin wg
19 sin(nwo) z? —2zcos wy + 1 =1>1
z(2 — cos wg)
20 cos( o) 2* —2zcos wo + 1 =I>1
. B zsin wg
21 B sin( nwg) 2B zcos wp t lz|>18l
. 2z(z — Bcos wy)
22 ﬁCOS(Tl(DQ) ZZ_ZIBZCOSM(]"'BZ |Z|>|ﬁ|
z[ zsin 8 +sin(wqy— 9)]
. +8
23 sin{ nag ) 22— 2zcos wy+1 =1 >1
z[ zcos 6 — cos(wq— 6)]
+6
24 cos( nawy + 8) 2 — 2200 oy + 1 |z >1
s z(z—a)(z+a)asin wy
25 na”sin( muo) (z2—2azcos w0+a2)2
26 " cos( ) az[ z%cos w0—2az+azcos wg ]
na cost nwo (2% - 2azcos wy + a?)?
zsinh
inh ___zsinhwg
27 sinh(za,) 2% = 2zcosh wg + 1
z(2z — cosh wg)
28 cosh(nw, ) 2% —2zcosh wy + 1
29 z oF
n!
1
30 [ cosh(z—%)
(In a)" /e
31 R at
1, _ z
32 L(n=1,2,-) ln(z_l)
n{n=-1) z
33 20 (z—1)°
34 n(n—-1)(n-m+1) z

m!
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7-4 (1) AHRF,AHN 14
(2) M FF

7-5 (1) 3 "u(n)

(2) 3_23—nu(n)

; n+l _ _ n— 5 _ _
(3) 2(3"){(3 D [u(n)~u(n =51+ (3F-1)uln-5)}
3_23_'1[u(n)—u(n—S)]+%u(n—5)

16 (L)t

7-7 ~3""u(-n-1)
7-8 byy(n)+by(n—1)=agx(n)+az(n-1)
7-9 y(n)=biy(n~-1)-by(n-2)=agx(n)+a,z(n-1)
7-10 H40<n<<TH,y(n)=6,(F¥s r==n)
Y n<0,n>78f,y(n)=0

7-11 (1) (%) (2) 2"t
(3) (-3)n1 @ (-2)

7-12 (1) 4(-1)"-12(-2)"
(2) Cn+1)(-1)"

(3) cos(?) +25in<%t)
7-13 3"—(n+1)2"

- B
7-14  z[(-5)"" +6n+5]

13, ,\., 1 4
7~15 ?( 2) +3n 9
7-16 (- 3n-Z)(-nrr23n)

7-17 y(n)=%sin "*%(tanl)(cosn)—%(tam)[cos(%‘”
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JHER

7-26
7-27
7-28

1

=m[sin n+sin(n +2) - sin ZCOS(Ez‘T‘t)J

(D) 3 = Dk = Latae D)

£=0

2) HBEESEBERRXA Dyn*+Din
y(n) = gka = %n“ + %n3 + —i—nz
_[1 z
= [7n(n+1)}
(1) y(n)~7y(n—1)+10y(n —2)
=14x(n)—-85x(n—-1)+111lx(n—-2)
(2) y(n)=21[2"+3(5)"+10]u(n) —[2" "0 +3(5"7 1) +10]u(n — 10)}

-a(2)
y(n)-(1+a)y(n—-1)=z(n)
y(12)=142.73 5t
1000y(n)—-900y(n—1)=xz(n)
y(n)=-0.5(0.9)"+0.5  y(©)=0.5

-
BH i 3¢)

Iy _G _G
(1)y(nT+ > )— 1 ZI(nT)+C1+C2y(nT)

2) y(n+1)-C1+2czy(,,):cﬁlczx(n) & y(n)_cﬁzczy(n—l)
- CI _
—C1+C21‘(7L 1)

st - () b

(=)

2

lim v(n)=E
N—+c

y(n)=(1-0.9")u(n)
y(n)=2y(n—-1)+1,y(n)=2"~-1
(D(2)(8).(9)(12)F R T

G)(DIEER BE. (4).(6).(11)HERE FBE
5)(10)FEBER AT

(1) dERH Bt R A8

(2) L 172

(3) dektk B R

(4) &tk B R

(1) A(n)=g(n)—g(n—-1)

(2) g(n) = D2 h(n ~ k)
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7-31 (1) y(n)=68(n)+38(n—-1)+48(n—-2)+38(n-3)+8(n—4)
(2) y(n)=8(n+4)+28(n+3)+8(n+2)+35(n+1)+28(n) -
n+l _ n+l
(3) y(n):%u(n)
4) y(n)=686(n-2)
7-32 (1) y(a)=86(n)+8(n-6)+2[8(n—1)+8(n—5)]
+3[8(n-2)+8(n-4)]1+48(n—3)
2) y(m)y=2"[u(n) - u(n-4)]1-2"*u(n-2) - u(n-6)]
_1-0.5""! 1-0.5"* _
3) y(n)="F_g5u(n) -5 »(n=3)
— n+t — n-2
7-34 N4:N0+N2 N5=N1+N3
(L) wmx
7-35 h(n)=<\2
) {0 n HEH
gENE
8-1 (1)2—22i—l <|z|>%)
@ 2= (lz1>3)
()25 U=I>3)
@ 2 (lx1<1)
9522 (1=1<1)

8-4

(2-0.5)(2-2)

(6) = (lz] <o)

1_(2Lz>10

(N ———  U=[>0)
1__
2z
2(122 - 5) 1
(8)(22—1)(32-1> (|Z|>z)
(9)1—%2-3 (lz]>0)
-1.52

(0.5< 121<2)

Az’cos $ — Arzcos( wy— $)

S 2%~ 2rzcos wy+ (Iz[>r)
1-z° N
@ = (>0

(1) 8(n)
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8-6

8-9

(2) 6(n+3)

(3) 8(n—1)

(4) 8(n)+28(n+1)-286(n—-2)
(5) a™u(n)

(6) —a"u(—-n—-1)

(1) (—0.5)"u(n)

o (o314 oo
(3) (-0.5)"u(n)

@ —as(n)+ (a-L) (L) uim

102" - Du(n)

u( —n)
(—=a)!

o [(3) - 0(3) oo
(2) 5[1+ (- 1)"Tu(n)
(3) sin[ (7 +1)w] + sin(nw) lu(n)

sin @
(1) n6" 'u(n)
(2) S(n)—coszlzlc)u(n)
W () -2 Jutn)
@ [27- (L) Ju-n-1)

(3) (%)"u(n)"'Z"u('—n—l)

(1) z(0)=1 x(o)REFHE
(2) x(0)=1 x(=)=0
(3) 2(0)=0 x(o0)=2

(m)=(-1"" Ly
n

(l)bfa[a"u(n)‘*‘b"u(—n—l)]
2) a" *u(n-2)
(3) T=%u(n)

a
— ntl _ a+1-N
11fa u(n)—llafau(n—N)
(L1 (1=z]1=0)
@) i (lz]>0.01)

1-100=
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e bzsin wg (lz]>e )

3) = =
22— 2e bzc0s wy te

z(n)=x(n) *z2,(n), ABB r,(n)NE
DEHE . X(2)=X(2)X,(2)
In[X(2)]=In[X;(2)]+In[ X;(2)]
Z Um[X(2)]l=x(n)+1,(n)=2(n)
LEBE S z(n)=x,(n)+z,(n)if
B3 y(a)=x,(n) BER z,(n)
D EH.
Z[x(n)]= X, ()R Z[3(n)]= Y (2)

exp[ X,(2)]1=X,(2) B expl Y(2)]= Y(2)
Z X ()= 2 ()R Z [ Y(2)]=y(n)
BEA y(n)=x,(n)
U SE ¥ e
(2) =9.26+0.66(—0.2)"-0.2(0.1)" (n=0)
(3) 0.5-0.45(0.9)" (n=20)
(4) 0.5+0.45(0.9)" - (n=20)

(5) Z+2-2(=5)" (230)

(6) 5 [3n-4+13(-2)"] (20)

(L—ZLE)"E,(n:O,l,z,--~,N)

(1) B

(2) *iase

(3) AR GAFRRE)
(4) "EECGLREE)
(1) h(n)=(=3)"u(n)

(2) 3(n) =550~ 9(~3)" +8n2+20n + 9Tu(n)

- y(n)=biy(n—1)+byy(n-2)+ax(n—-1)

H(z)= az !

1-bz '—p,z72
a

P -P,

./ B3+
He pl’pzzw

2

h(n)=

(P} = P3)u(n)

1 H(Z)=§z_—6,h(n)=%(2")u(n)
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2) H(z)=1-52"1+82"3,h(n)=8(n)~-58(n—-1)+88(n—3)

(3) H(z)— h(n)=0.5"u(n)

05’

_’-’3— i u\n
4) H(2) = =255 h () = 5 (n+ D(n+ D)

(5) H(z )_—SR h(n)= ——3(71)——(2)"u(n)+2(3)"u(n)
Y 10< | 2| <Kol ,h(2)=(0.5"-10")u(n), RERER , AREH;: % 0.5< | 2|
<10B,h(n)=0.5"u(n) +10%(—-n—- 1), BEGRIERR , BEH

(D H()= =25 h(n)=(~D"u(n)
(2) y(n)=5[1+(-1)"]u(n)
B u (R, y(n) = —2za'u(n) - —

u(n)

B I ERT 5 (n) = —au(n) -~ dmu(n)
RGNS — Iy RS W R, 55 I A R 7 v
H(&*) =e_j37m(cos w)cos(%)

y(n)—ky(n—1)=z(n)

@
HE =5

1
V1+ k> —2kcos w

- M)
p(w)= arctan(l_ kcos w

|H(d“)| =

(1) y(n) = Eaix(n—i) (M =18)

1-az"

(2) H(z) = Eaiz'i - l-fe )7 (azAll)M
(3) h(n) = a[uln) - uln - M)] = Zaia(n _ i)

y(n)—x(n)—cos(%v) (n—1)+ZCos(N7r)y(n—l) y(n—-2)

1- z‘%os(%")

H(Z):l—Zz"lcos<zﬁn) +z72

h(n)=cos(2j1:]—n)u(n)

(1) H(z)=

(1=1>3)

n

w|»—-

h(n):(%)nu(n)
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(2) 2(n)=(0.5)"u(n—-1)

(3) BEBT 2=0,FBEMTF z=%

(4) BGESE, BRAMER 1.5, 8/MEX 0.75

8-37 (1) H(z)=%

wn=[5(3) -5 (3) Jem

(2) BABT 2=0 Fl -+ BAGLT 2= 4 H

Nln—i

(3) BGERE, BAMN D, BMIN o
8-38 (1) BART ad®oM ae "oMBIERREZ S0 L AR T a 'R o ~le o LE B L
2 7
(2) B z=eTRs= 1l 2,4 T= 1, ARBHE s FANTSAMF In o+ joo A
In @ —jog, MHEMTF —Ina+jo, M —ln a —jw, FEBEL
EAE
9-1 X, (k) =2[1+cos( k) [RX,(0)=4,X,(1) =2,%,(2) =0,X,(3) =2
9-4 (1) E#H () FIEH (3) EWH
(4) FER HuH"X (ke (5 HiEm

9-5 XPZ(k):Xpl(é)(l+e_j"k)
WY £ REF W X,(k)=0
%k K18 mIJx,,zu):zxpl(%)
9-6 5IWI-1%5EHA
9-8 X(0)=5,X(1) =2+j,X(2) = -5,X(3) =2—j
9-9 (1) X(k)=1
(2) X(k)—e_’N 0
_aN
(3) X(k)=7.2"
1-ae iN*
(ME&HF e MEERT 0<KEN-1)
1 - &«
l—é(”o_%k)
(sin wg)e‘jzﬁnk —sin(woN) +sin(wyN — wﬂ)e_jzﬁn”

(2) X(k): . 2x .4n
1-2(cos wg)e INF+e iN?

9-10 (1) X(k)=
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25 .
1 - (cos wg)e IN* — cos(wgN) + coswgN — wy)e I N*

(3) X(&)= . 2x; .4z
1—2cos wge I N +e iN%

4) HFHEMAAE X(k)=Ns(k-1)
T8 () AA x(k)=2ﬂj[a<k—1>—a<k—N+1)]

HFHEDEE X0 =8k -D+8k-N+1)]

(1) %[X((k—l))zv*'X((k“L D)n]Rn(k)

(2) Z5LX (k= D)y = X+ )N RN (E)

X(0)=10,X(1) = -2+2j,X(2) = -2,X(3) =-2-2j
H(0)=10,H(1) =2-2j,H(2) =2,H(3) =2+2j
Y(0)=100,Y(1) =8j,Y(2) = -4,Y(3) = -8

D Fax(n)*sx(n)=y(n)

RO =431 =132 =2,5() =20,5() =2,

y1(5)=1,y1(6):-:—
2) B x(n)®x(n)=y,(n) N=4

1 1 1
¥2(0)=2 T,yz(l) =2,y,(2) =2 _Z,yz(3) =27

(3) HERRF(1)
(4) L=7

(3) — Seos (22 )Ry (n)
X(k)=No(k)
W 2lx(n]=1220
(2) DFT[x(n)]=No(k) (RIF9-22)
sin(g-w)e_jg“’

sin(%)e"%
()
wl3)

B w=08 |X()I=N

(3) X(e*)=

[X(e*) | =

Yo=2Rpmt |X()]=0



JEEE 391

9-25 (1) 6FEX(~ k)

(2) X(k+g)

3 [1+(-Dx( %)

(4) X(2&)

® x(4)

(6) X(k)

o H[xewx(e+3)]

ABERRT O<ESN-1, P ESKXPEEAEE THE Ry(k)
9-26 MWEMHRNIERSHEI-172 FFT REEN K
9-34 HMAERGRENESHRMHELUT H4E:

T,>0.2s,T,<0.4 ms, N=>500

# N=512,T,=0.4 ms,T,;=0.204 8 s

w2l ]

@[5 )

(3>i[6 0]
4lo -2
9-36 EEEBBRIFAR, THLABREZH
E+E
10-3 (1) N=5,0.=2x%X1.263 % 10*
H,(s)=3.149 X 10%* (s* + 2.568 X 10°s* + 3.298 x 10'%s% + 2.618 X 10" 52 +
1.284 X 10%5 +3.149 x 10%) !
(2) €=0.508 85,N=3

1.219 % 10*
s°+6.210 X 10*s% + 4,889 % 10%s +1.219 x 10"

H,(s)=
10-4 (b)
10-5 (1) a,b,c=0,b=a
(2) FiG)REZEH
10-6 F($)ARELE;F,(s)BRELEHK

s*+10s%+9 1
10-8 HRIM:Z()= 0 5 ” -
1., 1
10°720 1
9'" 9 1
70° " 35
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g+ 105+ ¢?

# K Hﬂ:z(53z643+2052+55

i 1
AL 1, 1
0.112s i 1
1.718s 1 N 1
0.,0225 1
3.61s
105 +85% +1
W=9 (1) 200 =3 5 105 45
(2) BRI B:Z(s) = —
0.45+ i
1.47s5+ {
2.513s + 1
2.4895+r'é’8—7—;
73 L DIOEr :
s { 4 1
1.375s 1 N 1
0.628s i, 1
0.762s 1
1.525

1010 H—HFBEREMTIES L= H.C=2F
H—ERBTAEN L= %— H,C;=2F

- _s{s+Ty LEpls) N
10~ 11 m"(“)"52+35+1’Z”(S)”hp(s)' 5.645 85+ 53—y
e
5.645 85 o=y
5%+ 2.76895+0.333 3
(2) pls) = Z+3s+1
+
Zn(s):1 ‘p<5):8.653 3.H—~——'—n—~—'~—~I :
1-p(s) 0.174 35 + =
_ $2+2.768 95 +0.333 3
(3) p(s)= Aia.11
Z“(S):l-”p(s)j 1
1+ o(s) U S
PR3 8.653 35+ 55 T s
1
s s
- _ Vil _l+pels) g 1
0-12 pls)= sz+3s+l’J“(S}%1—‘0(5)'0.17715+ i,
7.822 05
Loelo) 1
t+p(sy 2 1
? 017717 1

78229 1

[ VATREY
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CE R kr 9§ ks
10-13 (1) L;=7.79 mH,C,=0.020 4 pF,L;=25.20 mH, C;=0.020 4 yF,
Ls=7.79 mH
(2) L,=32.2 mH,C,=0.016 yF,L;=32.2 mH
0.982 6

10-18 (1) Ha($)= 590677, 4 1,102 5
(2) RL =025 11 B&EW, cHESHEL10-5
0.5012
s2+0.644 95+0.707 9

, 2 +0.215 75 +0.523 3
2) R; =0.15, g, =3
(2) R}, R REW,p(s) s2+0.644 95+0.707 9

l—p(S): 1
1+p(s) 46505+

10-15 (1) Hu(s)=

Zu(S): 1
0.348 65 +0.15
10-16 H. (s)=5(s+1.610x107s* + 1.296 X 10" 53 + 6.444 X 102 5% + 1.981 x 10?75 +
3.045x10%) !
C,=325.3 pF,L,=124.3 uH,C3=100.5 pF,L,=124.3 pH,
Cs=325.3 pF
10-17 H,(s)=1.218 7x 10" s3(s® + 6.210 X 10°s° + 1.186 X 10" s* + 4.903 X 10'% 5> +
4.672%x 10752 +9.630 X 1025 +6.107 X 10*°) !
L;=3.035 mH #$$ C,=8.36 pF,L,=2.408 uH ¥} B C,=0.011 xF
L3;=3.035 mH #8% C;=8.36 pF
10-18 (1) 2.=625 Hz (2) 2.=1 250 Hz
1+e "(1-2e"T)z"!
_e—T(1+e—T)Z—1+e~3Tz—2
1-e Teos(W3T)z "
—2e Teos(W3T)z 1 +e 2722

10-19 (1) H(z)=1

(2) H(z)=
1

_ _ 1-z7! _ 1 _2a (l1—a\"
10-21 H()= o a0 =it - 25 (152 ) utm)

10-22 (1) N=3 (2) N=2

COS(inZ;-wpl)
cos(—wngwpl)

W™ w, FHHWERBER AR T HRFER

0.02(1-22"2+274)
1-1.636 827'+2.237 6272-1.307 12 3 +0.641 42 *

10-24 (1) A=cot(wP2;wp1),B=

(2) H(z)=

27

10-26 WH(ej“')=%WR(ej“')—%WR[ej(“"W) ] ——i—wR[ei(‘"*%)]

Siﬂ(%m)

l(3)

Hif Wy (eie) = i(F7 o
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10-28

h(n):ﬁsin[wc(n“a)]cos[wo(n—a)],a=¥

sinflw,(n-a)] _N-1

10-29 NARHHFE r(a)=(-1""° (n-a) %" 32
N s w(n=(-ple(F)] snlednma] | N
Ce_Cu_ Cr
10-30 (1)——C 15. 91,C =1.414
(2) Ce=CL=15.91 pF,Cg=1.414 pF
F+—E
11-1 <1
11-2 < -1
5 3
11-3 —7</3<7
-4 A (s)A(s)
1+ A (s)F(s) + A (s) Ay (s) Fy(s)
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ELEE  positive real function
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A #EHE M controllability
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STALKERE  diagonal matrix
KEWMDHM  vector differential equation
REES 7‘3‘% vector difference equation
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WA (FKE)  homogeneity
FEZ& 4 contour integral method
® A pole
F{EEE initial value theorem
RBE B system function
EG M E simulation of system
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BAHME ~  unit sample~
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B~ exponential ~
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~% 4~ transition matrix
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REFTLHE  software radio
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stability criterion
FHHE  Routh criterion
MHEFI/REH Parseval theorem
I leakage
¥BER transfer function
WHEFEAE Vandermonde matrix

3£  correlation
THMAF summer
fEE W B signal-flow graph
MR rank of matrix
FHMEIRE  matrix exponetial
WIR response
FHM A~ zero-input~
ERE~  zero-state~—
i ~ forced~
B~ natural~
P& ~  transient~
A&~ steady-state~

E4£~ complete~

BB (ME)~  unit sample(impulse) ~
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WBHRY  inverse system
Z A node
HWMA~(RK) source~
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BE{E  sample

EZ4HF 8 difference equation
M particular solution
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SME4E M characteristic matrix
FIB{H  original value
#iEIE  tower of Hanoi
B inverted pendulum
BT root-locus
453  integrator
WiE B transpose of flow graph
BN circular shifting
B#HEM circular convolution
B4R B partial fraction expansion method
BB path

J ~ open~

Hl~ closed~

Bim ~ forward~
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HHW{EE  baseband signal
BHE R BE{ES  discrete-time signal
EEHEEMNZH(DFT) discrete Fourier transform
BEMEMN R (IDFT) inverse discrete Fourier transform
BEE BN FI(DFS) discrete Fourier series
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discrete time Fourier transform
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discrete Walsh transform
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discrete cosine transform
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BNt supperposition property
FH  zero
P MR  frequency response
MEEMRIES  frequency finite signal
B frequency transform
BER(KEM)  deconvolution
BFHES digital filter
#EAX~ recursive~
EBIHKX ~ nonrecursive~
AR ~ finite impulse response( FIR) ~
TR ¥ M. ~  infinite impulse response( IIR) ~
BF - RIS Digital-to-Analog(D/A) conversion
BFH R digitize world
BAEESE data compression
W B  output equation
#EHi%F  Foster
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B - B FH B, Analog-to-Digital(A/D)conversion
BEMH  stability
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BT operator
BIF ~  sequency shift operator
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