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- INlutepatypa

Punyapng J1anoHc - Llndpposag
obpaboTka curHaros /
Understanding Digital Signal
Processing, 2006
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- Mpeobpa3oBaHue CUrHanos

JTro6oe obpabaTbiBaOLWee paguocurHan yCTpomcTBo MOXeT ObITb
npencTaBneHoO KaKk COBOKYNHOCTb JIMHEMHbLIX U HEJFIUHENHbIX 3BEeHbEB.

S(t) —»  3seHo

.9

dopmanbHO oTnnume B andypax (IMHENHble/HEeNMMHEeNHbIe).

(1) _%J ‘ Tz;, |
u(t)=i(t)re +%ti(t)dt | = Is(exp(%v)—l)
0

Ho BaxHO cnepncreue - npu AeucTBuUmn CYMMbIl CUTHaNoOB OTKJIUK 3BE€HAa
eCTb cynepno3munsa OTKIiIMKOB Ha KaXxxaoe BO3eNCTBUE B OTAEJIbHOCTMU:

K(p)2 @i S =>.a,K(p)S




s KoacdhdmumeHT nepegaum

JlnHenHoe 3BeHO onucbiBaeTca Aucpypom:

ap Y™ (1) + ..+ a, y (1) + gy (t) =by ™ (1) + ..+ b XD (1) + b x(t)

< _ Jar
Ham gocTtaTto4yHO HayuuTbCSs ero pewaTtb A1 BO34enUCcTBuUS X(’[) = ¢ :
a NOTOM BOCMNOJIb30BaTbCA NpeobpasoBaHuem Pypbe u IMHENHOCTbLIO

PelleHne nexmt Ha NOBEPXHOCTMU - y(t) = Uejwt :

(j“’)M f"|\/|Uejwt +-.-+(ja))alLJej“Jt,+aOLjeJ'C‘Jt
= (jw)V bye™ +...+ (ja)by &, +hyel
oTkyAa
(ja))N by +...+ (jw)by ,+oy
(i) ay +..+(jw)ay +a

U=U(jw)=



- KoacdhdmumeHT nepeaaum

HeTpyaHoO 3aMeTUTb, UTO B 3TOM cJly4yae
y(t) =Ux(t)
[a 370 XXe He TONMbKO KOMMJIeKCHas aMnnnTyAaa,
HO ewé u KoadpcdnumeHT nepepaun (transfer function)!

OGo3HauMM S= jw

bnS +...+ by s+hy

ay SV +...+a S+ag

Enaro.qapﬂ NTIMHEeMNHOCTHU Ansa CurHanoB € Npon3BoOJibHbIM CMMEKTPOM MMeeM
vt (s)=H(s)x; (s). y¢(s)= f{Y(t)}’ Xt (s) = f{x(t)}
A’H(J@)‘ A xf(.]'a)) A J/f(JCO)

> : . >
) @

S




s KoacdhdmumeHT nepeaaum

R X(t) =i(t)R+ y(t), i(t):Cdyd—(tt) =

O O
. dy(t
C re ) y(t) = x(t) =
al:RC’aO:l'bO:l' —
O O ( ): 1
RCIs+1
B MATLAB ecTb ¢pyHKLUMU .
ANs paboTbl € NMHeAHbLIMK e e
3BeHbAMU = O O S S eSS S
O R ik & E IR e o MU R

clear all; clc; close all;

RC = 1le-6;

@ ;
a = [RC 1]; g
b =[1]; e
i—'IEIEIS | | II””E | | '.-'
10 10 10

fregs(b, a);

Freguency (radss)



L, deg

clear all; clc; close all;
RC = 1e-6;

a=[RC1]; b=1[1];
Fs = 100; Fmax = 4e5; f = 0:Fs:Fmax;
H = freqs(b, a, 2*pi*f);

figure(1); subplot(2,1,1);

plot(f/1e6, 20*log10(abs(H)));
subplot(2,1,2);

plot(f/1e6, rad2deg(unwrap(angle(H))));

-100

0.1 0.13 0.2 023 0.3 033 0.4
f, MHz

0.1 0.13 0.2 023 0.3 033 0.4
f, MHz

Koacbcbm!,MeHT nepepauu

reqs
Frequency responsea of analog filtars
syntax

h = fregs(h,a,w)
[h,w] = fregs(b,a,.n)
tregs

Description

fregs returns the complex frequency response
Hjwl(laplace transform)of an analog filter

Bis)  b(ls™ +b(2)s" 1+ 4 bl +1)

Hig) =——=
Als)  gis™ +al)s™ ! ot alm+1)

given the numerator and denominator coefficients
In vectors band a,

h = fregs(h,a,w) returns the complex frequency
response of the analog filter specified by
coefficient wvectors b and a. fregs evaluates the
fraquency response along the imaginary axis in the
complex plane at the angular frequencies in
radfsec specified in real vactor w, wheraw is a
vactor containing maore than one fraqueanacy,

[h,w] = fregsib,a,n) uses nfrequeancy points
to compute the frequency response h, where nis a
real, scalar value, The frequency vactor wis
auto-generated and has length n. If wou omit nas
an input, 200 frequency points are used, If you do
not nead the generated frequency wector returnad,
vou can use the form h = fregsib,a,n) to return
only the frequency response h,



Originaol jump ——»
3.5873 rodinns

—-2F

3t

4}

-5

Corrected jump —
2.6959 radinns

Imr

ndions

PyHKLUMA unwrap

unwrap

Correct phase angles to produce smoother phase
plots

syhtax
0 = urmrapiF)
0 = urmwrap(F,tol)
0 = urmrap(P,[],.din)
0 = urwrap(FP,tol,din)

Description

0 = unwrap(F) corrects the radian phase angles
in a vactor F by adding multiples of £2 1 when
absolute jumps between consecutive elaments of
F are greater than or equal to the default jump
tolerance of wradians, If P is a matrix, unwrap
operates columnwise, If Fis a multidimensional
array, unwrap operates on the first nonsingleton
dimension.

0 = unwrapiF,tal) usesz a jump tolerance tol
instead of the default value, m.

0 = unwrap(P,[],din) unwraps along dim
using the default tolerance,

0 = unwrap(P,tol,dind uses a jump tolerance
of tol.



2 MMnynbcHas xapakTepucTuka

YMHOX€eHUI0 B YaCTOTHOM O0bOJslacTn COOTBETCTBYET CBepTKa BO BpeMeHHOM

y(t) = Th(r) x(t-7)dr Ons Hawen RC-uenu u M-umnynbca:
“%o L :'f,jj'”“@“
h(t):imH(ja))ertda) IR R R - R :;'i';;:,:
2711 7 | SRS S S R S ——s
- 1 g+ joo
A MOXHO n Yyepe3 npeodbpasoBaHue Jlannaca: h(t) = 2—7_” J- H (S) etds
o—joo

JTO UHTErpupoBaHue No NMUMHUKN, napannenbHON MHUMOMU OCMW.
BbIGoOpoM curmbl Bce 0COOEHHOCTU NoAabIHTerpanbHON PyHKLUN
OCTaBJIAIOT CrieBa OT KOHTYpa UHTerpupoBaHus.

+00 +00
O6patHo:  H(jw)= j h(t)e 1 “dt « H(s)= j h(t)e dt
0 0



s MMnynbcHas xapakTepucTuka

[Ans nocTpoeHUsa MMnNynbLCHOM impulse
Impulse response plot of dynamic system
XapakKTepuCTukKm MOXXHO BOCNOJ1Ib30BaTbCH
dbyHkuuamum Control System Toolbox Syntax

jmquse
RC = 1le-6; a = [RC 1]; b = [1]; inpulss(sys)
Inpulse(sys,T)
sys = tf(b,a); Description
= | Y \ =" inpulse calculatas the unit impulse response of a
Ey’t] Impulse(sys) ! /o bes [y’ t] dynamic system. The impulse response is the response
Yo Cpa3y NOCTPOUT rpaCIJMK toa Dirac input &r) for continuous-time systems and

toa unit pulseat £ = dfor discrete—time systems, Zero
initial state is assumed in the state-space case, When

figure( 1); plot(t, y); invoked without left-hand arguments, this function
Xlabel('t, Sl); ylabe|(|h(t)|), plots the impulse response on the screan,

rid on
J tf

Convert unconstrained MPC controller to linear transfer
funection

Syntax
sys=tT(MPCohj)

hit)

Description

The £f function computes the transfer function of the
linear controller ss{MPCohj) as an LTI system in £f
form corresponding to the MPC controller whean the
constraints are not active, The purpose is 1o use the
linear equivalent control in Control System Toolbox
software for sensitivity and other linear analysis,

—



(DyHKLWII-O nepenavin MOXHo npeactaBmMTb B BUAe

H(s)=

3aecb

L fa)fea)adsna)

(5= o (5= Pua) L fs= )

k:b_N

- KO3dphULUMEHT yCuneHus,
Ay
Z -Hynu, B - nonwockbl.
Fole-Zero Map
e 0.36. ..027. 0137012 0.0§
nEE.. . SUUUTIURPPL PP T
PR e A
08
- | 06
5 0588 o 0.4
[ . .
[ -
2 |
g
a :
3 08nes K 841
E - D&
1 EE T T T A A DE
O 036 02y 019012 006
-1.5 — L -1 : 1 14
-1 -0.4 -G -0.4 -0.2 M

Feal &xis (secnnds'hj

Hynu v nontocobl

tf2zp

Convert transfer function filter parametears to
zero-pole—gain form

Syntax
[z,p,k]=tfZzpih,a)

Description

tfZzp finds the zeros, poles, and gains of a
continuous-time transfer function,

Mote Vou should use tf2zp when working with
pOsitive powears (52 + 5 + 1), such as in
continuous-time transfer functions. A similar
function, tf2zpk, is more useful when working
with transfer functions expressed in invarse
powars (1 + z'l 4+ 277 which is how transfer
functions are usually exprassed in D5P,

[z,p,k] = tfZzp(b,a) finds the matrix of zeros z, the
vactor of poles p, and the associated vactor of gains k
from the transfer function parameters b and a:

s The numerator polynomials are represented as
columns of the matrix b

» The denominator polynomial is reprasented in the
vactor a

Re( o )<O < YCTOWYMNBOCTb



- LincbpoBbie hnnbTpbl

Bce 3T0 340p0BO, HarnNsA4AHoO U yaqoOHO onuUcbIBaeT aHaNoroBble CUCTEMbI,
HO HaM Xe HY)XXHO YMeTb UX MoAennpoBaTb — NOJIy4aTb OTKIIMK HA CUrHan

1

P Wbo%

05

g

© i
1 1 1 1 1 1 1 000( AL 1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

t.s

N BxogHble, n BbIXoAHble CUrHanNbl B MallMHe Mbl NpeacTaBnsieM B Buge
ONCKPEeTHbIX nocrneaoBaTeNbHOCTEMN:

X = X(tk) - Vi = Y(tk)

HyXxHa mogenb, Ans KOToOpon 3To NpubnmnxeHHoe paBeHCTBO
BbIMOJIHAETCH KaK MOXXHO TOYHee.

[a 3To e 3agava cuHTe3a umdpoBoro unbTpa NO aHaNIOroBomMmy nportotuny!




e MMnynbcHas xapakTepucTuka
T.K. cuctema nMHEVIHa, TO MOXeT ONMUCbIBaTbCA TOJIBKO YypaBHEeHUeM Buaa.
Yk T & Yk1t QY2 - Ftay Yk-m =

=PpXy + 0y X X0+ H By XN

HenpepbiBHbIE NIMHENHbIE CUCTEMbI XapaKTepU3yrTCA UMNYSIbCHOMN
XapaKTepUCTUKOUN — OTKITMKOM Ha AeribTa-pyHKUMIO.
Ana ANCKpeTHOU CUCTEeMbl MOXEM HaUTU OTKITMK Ha eAUHUYHbLIN UMMNYJbLC!

Yk = Yk-1 T 0-3Eka - Yk—1) =0.70/,_1 + 0.3, - ®HY

clear all; close all; clc
Xx=[100000000000000];
km = 1:length(x);

for kK = km
ifk > 1
y(k) = 0.7*y(k-1) + 0.3*x(k);
else
y(k) = 0.3*x(k);
end
end

figure(1); stem(km, y)

0.4

03¢

hik)

TTTT‘?@;@mmmJ

a 10 14



e impz ()
Yk = 0.7 01 + 0.3 — .
lmpZ
— aO :1, a_l. :_0.7, bo =0.3 Impulse response of digital filter

clear all; close all; clc Syntax

[h!t] = -impE[tl,El:l
[h,t] = impz(h,a,n]

a=[1-0.7]; b =[0.3]; [h,t] = impz(h,a,n,fs)
h = impz(b, a, 15); impz(h,a)
Tmpz {Hd)
figure(1); stem(h); Description
xlabel('k'); ylabel('h_Kk'); grid on [h,t] = impzib,a) computas the impulse
0.35 . . response of the filter with numerator coefficients
' : : b and denominator coefficients a, impz chooseas
I S S | the number of samples and retums the response
' : In the column vector hand sample times in the
05kl SURUUURUST SR column vector tiwhere © = [0:n-1]1", and
' 5 : n = lengthi{t) is computed automatically).
i R S [h,t] = impzib,a,n) computas n samples of
= : the impulse response when n is an integer
D-IE_. ..................... - |:1:= [I:I:r_l_ljl':ll |.FnIsavectﬂrl:lflntegers-llmpz
; computas the impulse rasponse at thosa intagar
D-I I I AR ._ ...................... ..................... - |IDCE[1:|-:3|F|SJ Startlng thE FESPGHSECGmputatIGH
from Oland t = nort = [0 Al lf, instead of n,
aosk bl e R 4 you include the empty vector [] for the second
T T T ? "? ? o o o argqument, the number of samplaes is computed
DD - . e automatically by default,



S CeeprTka: conv (), deconv ()

T.K. cuctema nMHeuHas, 10

HbIHELHUIA BbIXOA eCTb CyMMa Moxem BoCcnonb30BaThLCA

dyHKLUMAMU conv n deconv

peakuum:.
k clear all; close all; clc
Y= 2, Xhn a = [-0.7]; b = [0.3];
n=—c
xh=[100000000000000];
14 ; , ; 5 . km = 2:length(xh); h(1) = b(1)*xh(1);
§ —2 || fork =km
12F ........... ............ ......... —E‘- w H h(k) — —a(l)*h(k—l) + b(l)*Xh(k);
5 5 5 5 5 end
il EERREE :.QQQQ.Q.Q(}Q.;}; .......... SR .......... -
A SRR 1S 1 18 OSSO S x=[000001111111111];
0.F _ R A R A PO Y T I ........... y — Conv(X, h);
§ o xdec = deconv(y, h);
D4 ............ [ R A IV [ PR Y IR R A R O O . .......... .
e T e ] figure(1)
| TT g stem(1:length(y), y); hold on
] 5 TT‘I’%mmm stem(1:length(xdec), xdec, 'r'); hold off
- : 1o 18 20 25 i grid on; legend('y', 'x"); xlabel('k")




2 Transfer function

BcnomuHaem PLIC, z-npeo6pa303anme U ero CBOUCTBa:

yk_Zthkn anhkn‘:’

N=—o00 N=-—o00

- Y(2)=H(2)X(2), H(2) = Ig)hkz_k

Unun us ypaBHeHus:

Vi ta Yz T tay Yz M =hgx Hhyx z L+ byx z N

I_I(Z):bO+Io_Lz"1+...+b,\,z

-1 -M
1+yz “+..+3q,z

-N

CBA3b ¢ npeobpasoBaHnem dypbe:

H(16) = H (2 gr = S0 ()= 03
-~ kgo (2) 1-0.721

—




s Transfer function

clear all; close all; clc

= [-0.7]; b = [0.3]; . — ., i
a = [-0.7] [0.3] H(Jw):H(Z)‘Z:eij:the 2
xp=[100000000000000]; k=0

km = 1:length(x);

for k = km Vi =0.70 4 +0.3K, —

ifk > 1

h(k) = -a(1)*h(k-1) + b(1)*xh(k); H (2) = 0.3
else 1-0 72—1
h(k) = b(1)*xh(k); '
end
end

14

T =0.001; f=0:(1/T/100):(1/T); 08T
z = exp(1i*2*pi*f*T); _
06
H2 = 0;
for k = km 04
H2 = H2 + h(k) * z.~-k;
end

H|

0.2

H1 =0.3./(1-0.7 * z.~-1); ; ; ; ;
figure(1); plot(f, abs(H1), f, abs(H2), '*') % 200 400 B0 00 1000
xlabel('f, Hz'); ylabel('|H|"); grid(‘on'); f. He




clear all; close all; clc

a=/[1-0.7]; b =1[0.3];
H = freqz(b, a);

T = 0.001;
f = ( (1:length(H)) - 1)/ length(H)*1/T/2 ;

figure(1); plot(f, abs(H));
ylabel('|H|"); grid on; xlabel('f, HZ');

1

0.4

0.6

H|

0.4

02r

0 100 200 a00 400 200

freqz ()

freqz

Frequency responsea of digital filter

Syntax

[h,w]=fregz(b,a,n)
h=fregz(b,a,w)
[h,w]=Fregz(b,a,n, 'whale')
[h,f]=fregz(b,a,n,fs)
h=fregzib,a,f,fs)
[h,f]=fregz(b,a,n, 'whole',fs)
fregz(b,a,...]

fregz(Hd)

Description

[h,m] = fregz(h,a,n) returns the fraquency
response vactor b and the corresponding angular
fraqueancy wvactor w for the digital filter whose
transfer function Is determined by the (real or
complex) numerator and denominator
polynomials represented in the vactors bhand 3,
respectivaly, The vectors hand ware both of
length n. N must be a positive Integer graatar
than or equal 1o two, The angular frequency
vector w has wvalues ranging from 0 to 17 radians
par sampla, If you do not specify the integer n, or
wou specify it as the empty vactor [, the
frequency response is calculated using the
default value of 512 samples.



(IR ol

0.5

0.4

0.2

clear all; close all; clc

a=[1-0.7]; b =[0.3];

filter()

Ly (m)
—aln)

z—'l

b(2] b(1)

gl z z-! \Z) > y(m]

x=[000001111111111000],

y = filter(b, a, x);

figure(1)

stem(1:length(y), y); hold on

stem(1:length(x), X,

'r); hold off

grid on; legend('y', 'x"); xlabel('k")

! ) T
B — Iy ”.é ........................................... i
—e x|
i o
&
0 7 4 B a 10 12 14 16 18

filter

1-D digital filter

Syntax

v = Filter(b,a,x)

[v,zf] = filterih,a,x)
[v,zf] = filterih,a,x,z1)

y = Filter(b,a,x,zi,din)
[...] = fA1terib,a,X,[].din)

Description

The filter function filters a data sequence using a
digital filter which works for both real and complex
inputs. The filter is a direct form Il transposed

implementation of the standard difference equation

(see "Algorithm").

v = Tilter(h,a, ) filters the data in vector X
with the filter described by numerator coefficient
vactor b and denominator coefficient vector a. If
all)is notequal to 1, filter normalizes the filtar
coafficients by all). If all) equals 0, filter
FEtUFNS AN arror,



- Hynu v nontochbl
KoacpcpuumeHTtbl MNP — cTpokm, _1 4 4
HYNKU/NOMIOChbI - CTONGLbI (1‘ 52 )(1‘ 22 )D--[Ql‘ ZNZ )

H (Z) =K -1 -1 -1
clear all; close all; clc (1— P2 )(1— YA )D..[Ql— Pm Z )
a=[1-0.7]; b=1[0.3]; zplane
[Z, p’ k] — thZp(b, a), faro—pole plot for filter

Syntax
% zplane(b, a); zplane(Hy) |
zplane(Hg, 'pTotoption' )
Zplane(z, p), zplane(Hy, 'plotoption', 'plotoption?' )

[zo,pg,.kg] = zplane(Hg)
[zo.po, kg, zr,pr,kr] = zplane(Hg)

Description

: _ Thiz function displays the poles and zeros of
; : quantized filtars, as well as the poles and zeros of
0.5 - ) . . _ _
the azsociated unguantized reference filter,

zplane(Hg) plots the zeros and poles of a
quantized filter Hg in the current figure window, The
poles and zeros of the quantized and unquantized
filters are plotted by default, The symbol o
reprasents a zero of the unquantized reference
filter, and the symbol x represents a pole of that
filter. The symbaols oand + are used to plot the
zeros and poles of the quantized filter Hg. The plot
includes the unit circle for reference,

P

Imaginary Part
=
%
!

1
—t
T
1

<l ycTonumBOCTb
Real Part



- MeToa nHBapuaHTHOCTH h(t)

PeanunsoBbiBatb undposbie punbTpbl B MATLAB Hayuymnucb, BepHEeMCH
K 3agaye cuHTe3a umdpoBoro ounbTpa NO aHaNIoroBomMy npoTtoTuny

% =x(t) - ve=y(t): a%bf - aZp?-
MeToa MHBapMaHTHOCTU UMMYNbCHOW Xapaktepuctuku: hy = h(tk)

N s N S
h(t) =Y A™ o= AT, A =H(s)(s-2)
n=1 n=1

s=z;
H(2) = Zmz‘k I AL S .
n=1k=1 n=11— ePrKT 77K

I{udporoe 3BeHO frmmm e eemmemsooeoenonneeceeeeeoesoood

—»| 1-ro nopsanka

xn] Iludporoe 3BeHO y[n] v AT =
—®» 1-ro nopsaaka P
2 1

[Tupporoe 3BeHO Iludporoe 3BeHO :]

—»| 1-ro nopsaaka 1-ro mopsaka ;
N _______________________________________________________




MeTog OMNMUHENHOrOo
npeobpa3oBaHus

T B H

M M -1 M
RN W
S S

[a 3TOo XXe na4ykum nHTerpaTopoB!

NMopenum Ha SI\/I

H (s)

x( 1) . 3eeno N-ro s bo i 3reno N-ro
MOp#H KA o MO PA/IKaA
o 3eeno (N—1)-ro s b, ¥ —a. Ieeno (N-1)ro |,
nopA/IKa ! NopA/IKA
L BN B ]
_| 3eeno (N-M)-ro | 3peno l-ro
MmopAIKa MOPAIKD
ut)




2 MeToq OMNMUHENHOro
A OoaBanTe aHanoroBbIiN In p906 pa3o BadaHWNA

WHTerpaTop 3aMmeHuM uncpoBbIM!

(i fic )T
UHTerpupoBaTtb byaem metoaom Tpaneuun:. Ok = Ok—1 +
2
, Ji—

fit_ﬂ - k-1 . i
l 1 Ek
» + —> % —> + »

Jas . 1 —1 7 1 1

)= () Y e

UToro, B KayecTBe S AO0MKHbI UCMOSIL30BAaThb.

_2(1- 71
S= T ] 9To npeobpasoBaHue u
1+z Ha3blBaeTCs GUNNHENHBLIM




e MeToq OMNMUHENHOro
MonynnockocTb NepeMeHHOM S n p906 pa3OBaH NUA

0T06pa>KaeTc;| B OKPYXHOCTb
eaAVNHN4YHOro paaunyca B nNi1OCKoOCTHU nepemeHHoﬁ Z.

EcTb siBNneHne gecdopmaumm ocu 4acTorT.

s=ja, z=el =el®

2, w,l
— :t
%ng

Mo>xHO 3apaHee CKOMMNeHCUupoBaThb
B aHanoroBom npoTtoTune




MeToa OMnNMHenHoOro

Mpumep. CMoaenupyem n peoﬁpa3OBaHMﬂ
RC uenb, 4YTO UCMONb30BaNM paHee.
-1
+
H(s)=——t— ~ H(z)=— = Sk
RCI$+1

RC Bg

-1
1-2 _+1 1+RC

ng + (1— RC Gng 71

Ti1+z2
clear all; clc; close all;

_ : 2RC 2RC
RC— 16-6, Z: Z: Z:1+ Z: _—
T = RC/3; o =Lb=1 % T 4 T
as = [RC1]; bs = [1]; ! !

[Hs, w] = freqs(bs, as); HEs)|
DB ........................................... . |H|:z:|| .

az = [1+2*RC/T, 1-2*RC/T]; bz = [1, 1]; |

Hz = freqz(bz, az); DB b N .....................

ﬁgure(l) B O b .....................

plot(w/2/pi/1000, abs(Hs), ...

((1:Iength(Hz)) - 1)/ |ength(Hz) b S Q2 b T ......................
1/T/2/1000, abs(Hz)) ;
xlabel('f, kHz'); ylabel('|H|") 0 - - 200

legend('|H(s)|', "[H(z)]"); grid on

f, kHz




- MeTon 3amMeHbI
Ecnu 1/s — uHTerpartop, To ‘qwcbq)e peHuManOB

s — andhdepeHuymnaTtop!

Jr Jr-1

.l
l_ g

UToro, B KayecTBe S AO0MKHbI UCNOSIbL30BAaThb. S=

He cTtouT ncnonb3oBaTb Koraa:

- HYNU NnepeAaTovYHoOn (hyHKLUU aHANOroBoro NnpoToTuna MUMerT
BeLleCTBEHHY YacTb OornbLlie yABOEHHOM YaCcTOThbl AUCKpeTU3aumm

- HyNen y nepeaaTtovyHoum (pyHKLMU aHANOroBoro npoToTuna HeTt




_— MeToAa 3aMeHbl
Npumep. Cmogenupyem RC uens. .D,VICbee peHUunanoB

1 1
H(s): R H( ) =

RC RC _

RC[s+1 ~ 3 1

T
az = [1+RCIT, -RC/T]: bz = [1]; 0 =1, & =1+R_C 7 =-C
Hz = freqz(bz, az); T T
1 1
: : |His)| : : |His)|
] S He) | N R A S . Hizl |
A R S T _
= T - T=RC/30
|:|4 . T , .................... _. ....................
) .................. .....................
o i ! L
. =00 100 1500 0 500 1000 1500
f, kHz f, kHz



- OrpaHuyeHue UX

Mpn ncnonb3oBaHUM NEePEeYNCNEHHbIX MEeTOA40B Mbl MOXEM
orpaHnyYMBaThb ANUTESIbHOCTb UMMYJIbCHON XapaKTePUCTUKM.
Nony4yaem npu atom KUX-cpmunbtp co Bcemu ero nnrocamum. HO.

H eiﬂ
Ho 3710 Xe npumeHeHune H ()

NPAMOYrosyibHOro okHa!

N=-—00

= Y(2)=X(z)(H(2)*W(2)) |

A 3Ha4YnT H
Ko3adhpuumeHT nepegaum [H(e'®)|
CBepHeTCA CO CMeKTpoOM OKHa!

|
+00 i I {
Yk = Z X -nWi—n I | -
| l
| !

NMonyunm acdpdekt N'mMb6CAa.

BbIOOpOM OKHa MOXeMm
yrnpaBrATb pacnosizaHuem
CMNeKTpa U HepaBHOMEPHOCTLIO.




