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[TlpeoOpa3zoBaHMe CUrHaNoB

JTroGoe obGpabaTbiBalowee pagnocUrHan yCTpoumcTBO MOXET ObITb
NnpeAcTaBrieHO KaKk COBOKYNMHOCTb JIMHEWHbIX U HEJIMHEUHbIX 3BEHbEB

S(t) —» 3seo —» ?

dopmanbHO oTnuune B anddepeHumarnbHbIX YPaBHEHUAX
(M.0. NUHEenHbIe / HeNMMMHEenHbIe):

o ‘ !

’(/) _216J 75 t

u(r) o
u(t)=i(t)re +éji(t)dt i=1, (exp(%,)-1)

0

Ho BaxHO cneacrBue:
npu AeCTBUM CYMMbI CUrHaroB OTKIIMK 3BeHa eCTb cynepno3nuus
OTKJ/IMKOB Ha KaXXaoe BOo34eucTBue B OTAeNIbHOCTMU:

K(p)D a; S. =Y q; K(p)Si




KoadhdbunumeHT nepenauu

JlnHenHoe 3BeHO onuckiBaeTcsa audcpepeHUnanbHbIM ypaBHEHUEM:

aMy(M) (1)+..+q y(l) (1) +agy(t)= bNx(N) (1)+...+b x(l) (¢)+byx(t)

- ot
Ham gocTaTouHo HayunThLCA ero pelaTth ans BosgencTemf? ) =e’ ',

a NOTOM Bocnosib3oBaThbCA NpeoopasoBaHuem dypbe U IMHENHOCTLIO

ot
PelueHne NexuT Ha y(t) =/
NOBEPXHOCTM -

(jo )" ap B’ +.. +(jo)a B +aglie’
- (ja))N bye!® + ..+ (jo)b e/ +bye’
oTKyA

B Ug'(]a) bN+ A+ (Jjw)by ,+by

( ]co)M ay +..+(jo)a +aq




KoadhdumumeHT nepeaaun
HeTpyaHo 3aMeTUTb, YTO B 3TOM crniy4yae
y(1) =0 (1)

[a 370 XXe He TONbLKO KOMMNJIeKCHaA aMNJiuTyaa, Ho eLe U
ko3adpchuumeHT nepeaaym (transfer function)!

Coenaem 3ameHy: S=jo

L&(S bNS +...+ by s+ b
Ay s —|‘ +CllS+ClO

Bnaroaapsi NIMHEMHOCTM ANsi CUrHANOB C MPOU3BOSIbHLIM CEKTPOM MMEEM
yp(s)=H(s)xp(s), yp(s)={p()} xs(s)=f{x(0)}

o) \ o) + 20
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KoadhduumneHT nepeaaun

R

B MATLAB eCcTb

pyHKUMN
Ans padoTbl

rc':“e%?'é'fl";bc!’\(':';"close all;
3BEHbAMMU

RC = 1e-6;

a =[RC1];
b=1[1];

freqs(b, a);

Phase (degrees)

Magnitude

-100

dy(1)

x(O)=iOR+ (1), i(t)=C——*+ =

dt

RC dyd(;) (1) = x(1) =

) =RC;aO=l;b0 :1, =

1
H(s)=
RC-s+1
iy
5 6
10 10 10

Frequency (rad/s)

6
10 10 10
Frequency (rad/s)



IHI, dB

L, deg

KoadhdunumeHT nepeaauun

clear all; clc; close all;
RC = 1le-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))));

T T T T T T

0.1 015 02 025 0.3 035 04
f, MHz

-100

0.1 015 02 025 0.3 035 04
f, MHz

fregs
Frequency response of analog filters
Syntax

h = fregs({b,a,w)
[h,w] = fregsib,a,n)
freqgs

Description

freqgs returns the complex frequency response
Hjw)(Laplace transform) of an analog filter

B(s)  b(1)s" +b(2)s" "+ +b(n +1)

H(S) 7 1
Als)  g)s™ +a2)s™ !+ +alm+1)

given the numerator and denominator coefficients
in vectors b and a.

h = freqs(b,a,w) returns the complex frequency
response of the analog filter specified by
coefficient vectors b and a. freqs evaluates the
frequency response along the imaginary axis in the
complex plane at the angular frequencies in
radfsec specified in real vector w, where w is a
vector containing more than one frequency.

[h,w] = fregs(b,a,n) uses nfrequency points
to compute the frequency response h, where nis a
real, scalar value, The frequency vector w is
auto-generated and has length n. If you omit nas
an input, 200 frequency points are used, If you do
not need the generated frequency vector returned,
wyou can use the form h = fregsib,a,n) to return
only the frequency response h,
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PYHKLMA unwrap

Original jump ——»
3.5873 radinns

_2}

-3t

_4t

-5

Corrected jump ——
2.6959 radiuns

Inr

adions T

unwrap

Correct phase angles to produce smoother phase
plots

Syntax
0 = unwrap(P)
0 = unwrap(P,tol)
Q = unwrap(P, [],din)
Q = unwrap(P,tol,din)

Description

0 = unwrap(P) corrects the radian phase angles
in a vector P by adding multiples of 221 when
absolute jumps between consecutive elements of
P are greater than or equal to the default jump
tolerance of mradians. If P is a matrix, unwrap
operates columnwise, If P is a multidimensional
array, unwrap operates on the first nonsingleton
dimension.

0 = unwrap(P,tol) uses a jump tolerance tol
instead of the default value, T,

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

Q = unwrap(P,tol,din) uses a jump tolerance
of tol.

10



MmnynbcHaa xapaktepucrtuka (UX)

YMHOXEeHUI0 B 4YaCTOTHOM 06y1lacT COOTBETCTBYET CBepTKa BO
Bpemeﬂﬂgﬁ

y(1)= I h(t)x(t—1)dr Ons Hawem RC-uenwu m M-
—o0 m"ynbu’d:" ......... " |:I]f>maundlerf(v.)g(i-t)l‘
1 7 . L . . %}?‘;)
R R
—00 -1.5 -1 -0.5 1] 0.5 & 1 1.5 2 25 3
1 O+ joo
A MOXHO U Yyepes npeobpa3oBaHue h(t)=— I H(s)e" ds
Nannaca: L

ATO UHTErpupoBaHue no JiIMHUN, napansiesiLHoM MHUMOM OCM.
BbI6OpOM curmMbl Bce 0COOEHHOCTU NoAabIHTerparibHOU

yHKLUMU
L, OCTaBNAIOT CfieBa OT KQHTYpa

OBBERHPOBH(7,) - [ h(t)e 7 dt > H(s)= [ h(t)e™ar

11



MMnynbcHada xapakTepucTuka

Ons nocTpoeHUss UMNYNbCHOMN
XapaKTepUCTUKN MOXHO

BOCNoONib3oBaTbcA (pyHKUmusimm Control

Restemelgolbax(rc 17: b = [17;

sys = tf(b,a);
[y,t] = impulse(sys); % Be3 '[y, t] =
% cpa3sy nocTpouT rpaduk

figure(1); plot(t, y);
xlabel('t, s'); ylabel("h(t)');
grid on

hit)

impulse

Impulse response plot of dynamic system

Syntax

inpulse
inpulse(sys)
inpulse(sys,t)

Description

impulse calculates the unit impulse response of a
dynamic system. The impulse response is the response
to a Dirac input &t) for continuous-time systems and
toa unit pulse at t = @for discrete-time systems. Zero
initial state is assumed in the state-space case, When
invoked without left-hand arguments, this function
plots the impulse response on the screen,

tf

Conwvert unconstrained MPC controller to linear transfer
function

Syntax
sys=tf(MPCobj)

Description

The tf function computes the transfer function of the
linear controller ss{MPCobj) as an LTI system in tf
form corresponding to the MPC controller when the
constraints are not active, The purpose is to use the
linear equivalent control in Control System Toolbox
software for sensitivity and other linear analysis.

12



Hynu n nontocobl
®yHKUuMIO Nepeaaqn MokHO NPeAcTaBUTb B 2z
Buae Convert transfer function filter parameters to
(S — ZN)(S — ZN—] ) T (S — Z] ) zero-pole-gain form
H(S) =k Syntax
(S —pM)(S — pM—l) (S _pl ) [z,p,k]=tf2zp(b,a)

Description

_“N
3Aaec k=—- - KoacbchuMeHT tf2zp finds the zeros, poles, and gains of a

a . e . . E
b M yCVIneHVIFI, continuous-time transfer function

z: = pi - Note You should use tf2zp when working with
positive powers (s + s + 1), such as in
continuous-time transfer functions. A similar
function, £f2zpk, is more useful when working
with transfer functions expressed in inverse
powers (1 + 27! + 272), which is how transfer
functions are usually expressed in D3P,

[z,p,k] = tf2zp(b,a) finds the matrix of zeros z, the
vector of poles p, and the associated vector of gains k
from the transfer function parameters b and a:

a5i088. .

[ frmmmmmmmmmmm i ey R : « The numerator polynomials are represented as
: ' ‘ : S ’ columns of the matrix b,

= The denominator polynomial is represented in the
vector a.

Re(pl- ) <0< YycToM4MBOCT
b

-1 -0.3 -0.6 -0.4 -0.2 0 Zpla ne(z,p)

Real Axis (seconds™) sza ne(b,a)

ZPLANE — oOTOOpaxeHue Hynem u MontcoB zplane(Hd)
OVUCKPETHOM CUCTEMbI Ha KOMMMEKCHOWM MIOCKOCTU [hz,hp,ht] = zplane(z,p) 13

Imaginary Axis (seconds")

'0338"“””” :

086




LindbpoBble UnNbTPLI

Bcé 310 300p0OBO, HarNsAAHO U YAOOHO ONUCbLIBaeT aHaroroBblieé CUCTEMbI,
HO HaM Xe HY)XHO YMeTb UX MOA4ennpoBaThb — NONy4YaTb OTKIIMK HA CUrHan

1 T ox oy

05

A WHHH HMW

1 ] ] ] ] 1 1 RO 4 A !
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 03 1
t.s

v

o
HO
_o
_OS
—
—
———
—
)

U BXoOHble, U BbIXOAHbIE CUrHanbl B MalUMHE Mbl npeacrtaBnsaemMm B suge
ANCKPEeTHbIX nocriefoBaTefnibHOCTEMN:

Hy>xHa mofenb, Ans KOTOPOU 3TO NPUONNXKEHHOe paBEeHCTBO
BbIMOJIHAETCH KaK MOXHO TOYHee

[a 3To Xe 3agaya cuHTe3a uudpoBoro punsrpa no aHanoroBomy
npororuny!
14



MMnynbcHada xapakTepucTuka

T.K. cuctema nMHeﬁHa, TO MOXeT OMNMUCbLIBATbLCA TOJNIbKO ypaBHeHUeM Buaa:
Ve T Vg1 T Vg2 T T Ay Vi M =
= boxk + b] xk_] + bzxk_z + ...+ bka—N

HenpepbiBHbIE NIMHENHDbIE CUCTEMbI XapPaKTEPU3YHTCH
MMNYNbCHOW XapaKTePUCTUKOMN — OTKITMKOM Ha AenbTa-(pyHKUMIO.
Onsa AMCKpeTHOW CUCTEMbI MOXKEM HAaUTU OTKNUK HA €AUHNYHBIW UMNYIbLC:

Vi =Yg +0.3 (xk - yk—l) =07y +0.3- 2 -~

dHY
clear all; close all; clc 0.4
x=[100000000000000];
km = 1:length(x); : :
A Galer sy —— ey
ifk > 1 : :
y(k) — 07*y(k_1) + O3*X(k), % 02t o T, ................. Desense :
else 5 :
y(k) = 0.3*x(k); X1 % P I - T LA——
end T T :
e_nd 0 T T ? 4 @ O 0 B R )
figure(1); stem(km, y) 0 . 10 15

15



MNepenatouHasa GyHKUMA hUnNbTpa UMEET BUA:

impz(...)

B(Z) - bO +b12 1+b23‘2+...+sz—N

) . . H A — —
Ye=07yp 0.3 — =) A(z) 1+4+azl+az?+---+ayz™
rae nopagok dunetpa — bonbwee N unu M.
—ag=1, @, =-0.7, by =0.3 sl
clear all; close all; clc mpz
Impulse response of digital filter
a=[1-0.7]; b =[0.3]; Syntax
— . [h,t] = impz(h,a)
h =impz(b, a, 15); [h,t] = impz(b,a,n)
[h,t] = impzi(b,a,n,fs)
. . . impz(h,a)
flgure('l)l, stem(h): | | inpeCHY)
xlabel('k'); ylabel('h_k'); grid on
0.35 ; , Description
ISR L s s S | [h,t] = impz(h,a) computes the impulse
I . : response of the filter with numerator coefficients
D25 F - ccfrrrererereeens ...................... ....................... b and denominator CoefﬂC'entS a. impz Chooses

: the number of samples and returns the response
o : 1 in the column vector h and sample times in the

T T o (e R column vector t (where t = [0:n-1]", and
- N . _ n = length(t) is computed automatically)
[h,t] = impz(b,a,n) computes n samples of
(17 B SR R EERE R \ ...................... ..................... - the impUISe response When n iS an integer
; : (t = [0:n-1]"). If nis a vector of integers, impz
005 F:cb-coleeodeeeliecde@eeeenienennn.n. ..................... - computes the impulse response at those integer
T T T ? ? 5 % locations, starting the response computation
0 — from O(and t = nor t = [0 n]) If, instead of n,
0 2 10 15 you include the empty vector [] for the second

K argument, the number of samples i1s computed
automatically by default.



CBepTKa: conv(...), decony(...)

T.K. cuctema rimnHenHas, TO
HblIHEeLWHWN BbIX0oa eCcThb

cymMmma
peakLui:
Vi = xnhk—n
1=—00
: : : : =2
BV SERREERRRRE ........... ............ e \ ......... T
1 I Q- (“).(;. £ (; .......... ........... .......... —
1K} ERRRERREEE .......................
e o
(113 SRRRREREEE . §| 1 el UL 0 [N QY O NP S T AR e e
1i o
(1]} SEEEEEREE: ............ .......................
(173 SRRRREERRRE H IT~ ........... ..........
ole & L TTT?QéOmmn
0 9 10 15 20 29 30
k

Moxxem Bocnonb30BaTbCSA
dyHKLUMAMM conv 1 deconv

clear all; close all; clc
a =[-0.7]; b =[0.3];

xh=[100000000000000];
km = 2:length(xh); h(1) = b(1)*xh(1);
for k = km

h(k) = -a(1)*h(k-1) + b(1)*xh(k);
end

x=[000001111111111];

y = conv(x, h);
xdec = deconv(y, h);

figure(1)

stem(1:length(y), y); hold on
stem(1:length(xdec), xdec, 'r'); hold off
grid on; legend('y', 'x'); xlabel('k")

17



Transfer function

BcnomuHaem PLC, z-npeoGpasoBaHMe uero

CBOWCTBA:
yk_Zthn thkn
n=—00 Nn=—0o0
< Y(z) = H(Z)X(z), H(z) = Z hkz_k
Unuwus
g}l)ca-l—Bgle)I;lkMZ& +...+ ClMykZ_M =b0xk +b1 )CkZ_l + ...+bkaZ_N
-1 -N
H(Z)z by +b z +...+bNZ_M

1+a12_1 +...+CZMZ

CBA3b € NnpeodOpa3zoBaHUEM
Pypbe:

ot = 2 e ()=

H(jo)=H(z) -
k=0 1-0.7z

18



Transfer function

clear all; close all; clc
= [-0.7]; b = [0.3];
a =[-0.7];, b = [0.3]; H(]CO)ZH(Z)
xp=[1000000000000007; k=0
km = 1:length(x);
for k = km yk=0.7-yk_1+0.3-xk—>
if k > 1
h(k) = -a(1)*h(k-1) + b(1)*xh(k);
else H(Z):l 075"
h(k) = b(1)*xh(k); — Y.z
end
end

0.3

T =0.001; f = 0:(1/T/100):(1/T); 0813
z = exp(1i*2*pi*f*T);
0.6~
H2 = 0;
for k = km 0.4
H2 = H2 + h(k) * z.~-k;
end

H]

0.2

H1=03./(1-0.7%*z"-1); : : : :
figure(1); plot(f, abs(H1), f, abs(H2), "*') 200 400 600 500 1000
xlabel('f, Hz"); ylabel('|H|"); grid('on"); f. Hz

19



freqz(...)

clear all; close all; clc

a=1[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");

|

0.8

0.6

IH|

04

0.2

0 100 200 300 400 200

freqz

Frequency response of digital filter

Syntax

[h,w]=freqgz(b,a,n)
h=fregzib,a,w)
[h,w]=freqz(bh,a,n, 'whole')
[h,f]=freqz(b,a,n,fs)
h=freqzibh,a,f,fs)
[h,f]=freqz(b,a,n, 'whole',fs)
fregqz(b,a,...)

fregz(Hd)

Description

[h,w] = fregzib,a,n) returns the frequency
response vector h and the corresponding angular
frequency vector w for the digital filter whose
transfer function is determined by the (real or
complex) numerator and denominator
polynomials represented in the vectors b and 3,
respectively. The vectors h and w are both of
length n. n must be a positive integer greater
than or equal to two. The angular frequency
vector w has values ranging from 0 to 1t radians
per sample. If you do not specify the integer n, or
you specify it as the empty vector [], the
frequency response is calculated using the
default value of 512 samples.

20



filtgr(...)

x(m)
b(n) b(3) b(2) b(1)
clear all; close all; clc o » 3 o O—— y(m)
Zny(m) Zp(m) Zy(m)
a=1[1-0.7]; b=1[0.3]; —afn) -a3) -a(2)
x=[000001111111111000];
y = filter(b, a, x); Elhar

figure(1)

stem(1:length(y), y); hold on
stem(1:length(x), x, 'r'); hold off
grid on; legend('y’, 'x'); xlabel('k")

? ' I ¢§¢ 9 !
L= yl|...e b d o) S (O O O T O d
o)

—9 X & P
o
............................. | ) S G s i B S |
PN = N &
0 2 4 6 8 10 12 14 16 18

1-D digital filter

Syntax

y = filter(b,a,X)

[v,zf] = filter(b,a,X)
[v,zf] = filter(b,a,X,zi)

y = filter(b,a,X,zi,din)
[...] = filterib,a,X,[].dimn)

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").

y = filter(h,a,X) filters the data in vector X
with the filter described by numerator coefficient
vector b and denominator coefficient vector a, If
a(l)is notequal to 1, filter normalizes the filter
coefficients by a({1). If a(l) equals 0, filter
returns an error,

21



Hynu n nontocobl

KoachdpuumeHTbl MNP - cTpoku,

HYNU/nonchbl - CToN6LbI )ek (1—z1 z‘l)(l—zzz‘l)-....(l—zNz‘l)
H(z)=
-1 -1 -1
clear all; close all; clc (1—1?1 z )(1—1922 )'---'(1—PMZ )
a=[1-0.7]; b=1[0.3]; zplane
[Z, P, k] - thZp(b, a); TFZZP Zero-pole plot for filter
Syntax
% zplane(b, a); zplane(Hg) .
zplane(Hq, 'pTotoption')
szane(z, p), zplane(Hg, 'plotoption', 'plotoption2')

[zg.pg.kg]l = zplane(Hq)
[zq,pq.kg,zr,pr,kr] = zplane(Hg)

Description

This function displays the poles and zeros of
quantized filters, as well as the poles and zeros of

0.5 : i the associated unquantized 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
represents a zero of the unquantized reference
filter, and the symbol x represents a pole of that
filter. The symbols oand + are used to plot the
zeros and poles of the quantized filter Hg, The plot
includes the unit circle for reference.,

Di

Imaginary Part
o
X
L

|
-y
T
1

<1< ycronumsocTb

Real Part
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MeTtoa HBapmaHTHOCTU h(t)

PeanusoBbiBaTb undposble punbTpbl B MATLAB Hay4Ynrnimcb, BepHEMCH K
3agave cuHTe3a uudpoBoro hunsTpa NO aHaNnoOroBomMy NPOTOTUNY

X =x(tk)—>yk ~ y(tk); a;,b; —ai,b; =M
MeToa UHBapMaHTHOCTU UMNYJSIbCHOMN XapaKTepUCcTuiu: h(tk)

N N N N
h(6)= 2 Aue™ > Iy =3 e, 4, = H(5)(s -2

N

n=l1 n=l1 $=Zn
o0 i N o© SKT 1 N y
— —K _ p —K _ n
H(z)—thz —ZZAne nz —Z Pr—
k=l n=lk=1 n=11—e?n"" 7
[{udporoe 3BeHO
—»| 1-ro mopsaka ' :
1 ® >
x[n] IIudporoe 3BeHO y[n] '_1
a) —@—>» 1-ro nopsaaka 6)
2 i

[{udposoe 3BeHO I{udposoe 3BeHO

—»| 1-ro mopsaka i 1-To nopsnka i
N .......................................................
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wvietoadd onJimRennol O
NMopenum sM N p906p1a§9 BdHU

! N
by | — +..+b | — +by| —
Ha B bNSN+...+bls+bO B N(S bl(sj O(Sj

H(s)= =
(5) ay s+ ..+ aps+ag (IJM_l (le
CZM+...+611 — +a0
s

S
[1a 3TO XKe navku

UHTerpatopoB! 1) | 3pepo N-ro

» >

3reno N-ro
nopsiKa

ey - 3eeno (N-1)-ro |
: nops,/iKa
® o0
.| 3seno (N-M)-ro | 3seno 1-ro
nops/jika nopsiKa

-ao |«

Nnops;ika

o] 3seno (N-1)-ro 2

NnopAiKa

4

1

VY

y(t)
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wici104 oviivinevinol

A naBanTe aHanorOBHRlHTerpa p3a HMM LI,VI pOBbIM'

(fk—l + fi )T
UHTerpupoBaTtb Oyaem metoaom g =g+
Tpaneuun: 2
f = Jie1
o = Ek-1 =]
\— v v 2
> + —>» % —>» + >
H. (z) = (I-I-Z_l) : T/ : ! R l
] 2 lesg™ S
UToro, B KauecTBe s AOMMKHbI
MCNONb30BaTh:
2(1-z71
§=— 1 JTO NnpeodpasoBaHMe U
F\1+:z Ha3bliBaeTcs

OUNMUHEUNHbIM
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wici104 oviivinevinol

MonynnockocTb nepelpe$|9|s6opogp§>ge$c93 oxp%lm-locm eAWHUYHOro
paguyca B NSIOCKOCTU NepeMeHHOM z

EcTb ABNneHune gecopmaumm ocu 4acToT

lff.(m)l 2

0 ®
IKA(“’)’ AE\J
0 >
®,/2 [0
ztg[m—-) o, ecn o <« 1. >
T 2 Q
. : S 4
Szjws,zze]Q:e]a)Z —>
2 o, T
—> O =
2

MoxxHo 3apaHee ,

2
CKOMNneHcunpoBaThb s ? 9
R AHANOFOROM FROTOTURA 26




vietoa OUNIMHEeNHOoro
Mpumep. Cmonenupﬂlnel.g'ﬁ, QMQBBHMSLH%.

1

1 | l+z
H(s)= ey P H () == . -
RC.Z2"% 1 1+RC-=+|1-RC-= |z
1 T T
o _ T'l+z

clear all; clc; close all;

RC = 1e'6, z z z 2RC z _2RC
T = RC/3, bo—l,bl —1, a0—1+—T ,» A1 =1 _T

as = [RC 1]; bs =[1]; :
[Hs, w] = freqgs(bs, as);

0.8

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

Hz = freqz(bz, az); 0.6
figure(1) 04t
plot(w/2/pi/1000, abs(Hs), ...
((1:length(Hz)) - 1)/ length(Hz) * 0.2
1/T/2/1000, abs(Hz)) : S ey
xlabel('f, kHz"); ylabel('|H|") 0 i : e
0 a00 1000 1500

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

f. kHz
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MeTon 3ameHbl aAndpepeHumnanosB

Ecnun 1/s - nuterparop, 1o s — auddepeHumnartop!

f }c f }c —1
=

1 2 n
—_ 3§ | s > o 00 —3 s |}—
) LOUPRY P,

Ha{8) = s"
|

UToro, B KayecTBe s AOMKHbI UCMNOSIb30BaTLT

He cTouT ucnonb3oBaThb Koraa:
- HyNu nepeaaToyHon PyHKLMM aHANOroBOro NpoToTuna uMmeroT
BeleCTBEHHYI0 4YacTb Oonblle yABOEHHOM YacTOThbl AUCKPETN3aLmm

- HyNnewn y nepeanaTto4yHon hyHKLMU aHANOroBoro NpoToTuna Het 28



MeTopn 3ameHbl aAnddepeHumnanos

NMpumep. Cmoaenupyem RC uenb.

1 1 1
H(S):—RC-S+1 — H(z)= RC-I_Z_I Ry :1+ RC—RCZ_l
T T T
az = [1+RC/T, -RC/T]; bz = [1]; B =1, a(Z)=1+E, af=—E
Hz = freqz(bz, az); T
: b
]| I I N S | — i)

. 1 1
. =i Ll 1500 0 500 1000 1500
f, kHz { KMz
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OrpaHn4yeHue UX

NMpn ucnonb3oBaHUM NepevYNCNeHHbIX MEeTOA0B Mbl MOXEM OrpaHM4YMBaTb
ANMUTEeNbHOCTb UMNYIIbCHON XapaKTepPUCTUKMU.
NMony4yaem npu atom KUX-cbmnbtp co Bcemu ero nnrocamu. HO!

Ho 3T0 e npumeHeHue &
NPSIMOYrosibHOro Yk = _Z XMW
AR T 1 N
koadphmumMeHT nepeaaun < Y(Z):X(Z)(H(Z)*W(Z))
CBEPHETCH CO CNEKTPOM OKHa!
| ) |
CepTka AYX BUX comunbTpa u ! f S I.‘:
A4YX okHa: j}; | i
H(e“);g:[Hg(e” ) W (.0 ) dv. E: EI.
s\ IV. A 'W ﬁr" \ :V\hn
! o T
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OrpaHn4yeHue UX

NMpn ucnonb3oBaHUM NepevYNCNeHHbIX MEeTOA0B Mbl MOXEM OrpaHM4YMBaTb
ANMUTEeNbHOCTb UMNYIIbCHON XapaKTepPUCTUKMU.
NMony4yaem npu atom KUX-cbmnbtp co Bcemu ero nnrocamu. HO!

|H (')

— — — — — po—
L

L]
— — — — — ——

-27 0 2n Q

Nony4ynm acpcpekT NlMb66Ca |

-2n 0 2n Q
Bb|60pOM OKHa MOXeM ynpaBiidaTb pacnosizaHnem CneKkTpa 1 31



Bb160op OKHa

Bbi6OpOM OKHA MOXEeM yrnpaBrnsaTb pacrnon3aHneM CreKkTpa u
HepPaBHOMEPHOCTbLHO

Tabauuya 1

— AMnanTyAa nepsoro H50K0BOro [IIupHHA rAaBHOTO
JAenectra, a1b Jenecrka
I[IpaMoyroasHoOe - 13 2n/N
Bapnerra - 25 4n/N
XanHa — 31 4n/N
XaMMHHrA - 41 4n/N
Biakmana — 57 6n/N
Kaiizepa (x = 4) - 30 4n/N
Kaazepa (@ = 6) — 45 4n/N
Kaiizepa (. = 9) - 67 6n/N
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NadCeUPa raluormCcXAuaCcCrUX CUuciricm
(PTC)
Mamemamu4eckoe modesiupogaHue
PTY uC

e-mail: ZakharovaYV@mpei.ru
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