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Birim i mpul sy,(0)ee0bH@a nggdde ke kul | aré& kull anél ar

¥r ngk+05y(n-1) x(nfarkdenkI|l eminin birim impuls ceval

¢°z¢m
y(n)+0,5y(n -1) =X(n)
)= h(n)+0,5h(n -1) &(n) v, () = &( _;)n o)
Y= h0)+0,5 h(-1) &(0) () =( )" u
s

¥rnegk-3y(n-1) 4y(n 2 XH 2Xn Lfarkdenkl eminin birim i mp:!
hesaplhgny=2nez

¢C°%°z¢m
y(n-3y(n 1) 4y(n 2) X3 2xn 1) -
h(r)- 3h(n -1) 4h(n 2) d@ 2dn 1) - 1=¢,
x(n) = d(1) h(0)- 3h(1) 4h( 2) d@®) 2ak1) - 5= ¢ 4
y(n) = hn hO)=1 =5 ( & cH4f 6 -1
h(1)- 3n(0) -4h( 1) aX1) 24(0) “75 @ 75
h)=5 (3 cA4}
h(n) = y, (1)

=(@( D" &(@4))u(n
— -1 A\0 6 n
=( (A" Z@ M)
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# Durum Dejikkenl eri
Sistemin i-erisindeki dejikkenler

Bizimm¢ dalkaleedi i miz dejikkenler
N N,
yim=a axXn-B -abyn k
k=0 k ®
1
=X(n)4§><(nl)

Kkl em adéml ar é;

1. Fark deklemininy(n)g ® r d ¢ ] ¢ nenz ayomz e
2. Ekitlijin sajJ tarafénda ne yax(dgpheaeadanubaij

e(n)+%e(n-1) X9
&(n) = X 1 —ienx)

3. Ssemin derecesi ne ise durum dejikkenl er.i
(1.dereceden)

g(nM=gnd)// Durum dejikkenl eri

e(n) S - e(n—1)
g (n+1) 4,(n)
g, (n+1) Hg(mMkul |l anarak yazéyoruz
q(n+1) =(n
=X(n) ~q(n

x(n) N e(n) | 1 e(n-1 R é y(n)
q,(n+1) q,(n) >
o
A
y(n) =¢n

=X() ~a(n
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Durumdeji kkenleri y°nt emi

Far k denkl emi vyl e model | enen nedensel s¢é¢zge-leri
dejikkenl eri yakl akéeémeé kull aneéel éer . Sistemin t¢m
g°sterilir. DNincidenecedenjfarkidénidemiNeardet birinci derecede
el de edilir. BUn@aimad ¢ mecacaf éfdakk denkl emini el e

V) =4 a,xn- K- & b,y k)

.dz aNT 3SOA O0ANDANRYS aSNAR olc€tlyYPS A1A &aNT3ISOS |
N N

wn) =x(n) - § b.mn- k) y(n) = & a.mn- k)
k=1 k=0

Bu i fadeleri yeniden d¢zenlenmek suretiyle fark

g,(n), g,(n), éqynNdurum dejikkenleri de akajédaki gibi

q,(n) =mw(n- N)

q,(n) =m(n- N +1)

@

On.1(N) =m(n- 2)

Ay (n) =mn- 1)

denkl emlerinden durum dejikkenl er.i araséndaki il

(n+D =mn- N+1)=q,(n)

q,(n+1) =mn- N +2) =q,(n)

@

qN—l(n+1) = W(n' 1) =0y (n)

dy (N+D =mn) =x(n) - bmn-1)- b (n- 2)->> - bymn- N)
=X(n) - bay (n) - byay.,(n) - > > - byqg,(n)

Bu matrisleri denklenf 2 N dzy Rl 31 8 SNBOoAt ANART o

eq(n+t) g €0 1 0 0 0geq(n o &g
LMDy 0 0 1 0 0hgamy &
¢ @ 1=¢@ @ @ e @ @uce @ U+eé@ix(n)
eqN 1(n+1)ﬂ g 0 0 0 0 u eqN (n )ﬂ 203
@Y By Pue (b&t Co (P ("’lH B %H

q(n+1) q(n)
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WMN RSEAO|ISYA @21 SRATSOAL AN

¥(r) =2, G0 - & bowtn- Kig+ & awtn- K
=a,x(n) + & [a - abJu(n- k)

1 6F EPRIFTA {FdalePtrNP GFyPYiL&altPYOD

G =ay- aObN

C, =ay.,- aObN—l
@

Cn.1 =8, - 8,

=a, - ab,
-ékek i fadesi |,

y(n) = a,x(n) +¢,q,(n) +c,q,(n) +c,g5(n) +> > +c_,qy.,(n) +c gy (n)

veya
éQ1(n)ﬂ
0=l el (6 ]0"qz U+Lgo]x(n)
éqN(n)u

ol arak yazélx@bikamret iGiuyuln@nan dyg{)rousdaul] umiar gLirs

denkl emleri akaj édaki gi bi yazéelabilir.
q(n+1) = Ag(n) + BX(n)

y(n) =Cq(n) +dx(n)

LA A~

nci dereceden bir kare nidstir. B ve C @S 1 G INNdoysithdur.g(n) A & S RdzNHzYy RSE€EAOG1 Sy
@S1G1 NNRNNI

g =[a (M M ? a. O]
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S1Af RS RdNHzY RSEAS1ISYESNAYS ATAB1AY

0f21 RA&I 3N
31 aGSNXYSTGSRAND

d
NN~
~ )
x(n) B a(n+1) q(n) C y(n)
71 > ,( >_>
>

SDWNHzY RSEAG1SYfSNR el yiSyaetsS Y2RStt SyS,
¥rngakyeéesal bir

sé¢zge- akajédaki fark denkl emiyl e

y(n) =x(n) +2x(n- D)+ x(n- 2)- y(n- 1) +2y(n- 2)

Yukaréedaki ajehll=2m,sdb,+ 1, b =1,b,=-201 ar ak

belirlendi
durum dejikkenl eri

y°nt emi il e akajedaki gi bi go°
s s € 07 .. =a,- a,b, =1-1(-2) =3
?Ch(n+1)g=€;0 13%?1(”)34_3)30((”) C,=a,- &b, 1-2)
&z(n"'l)u & '1U z(n)u %I-U C2:a1'aob1:2' 11=1

6dzf dzy dzNI» h KI £ RS eP| P8I RdNHzy RSEAS]SYt SNA &S 3IAl

o =la 1§ Do

y(n)
0, (n)
Z'l
2 3
e ql(n)l\
\l |/
kekirinek 2.11 deki sayésal s¢zgecin durum de
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¥r nek 1 S. 3/ 5 0 d

y(n-3y(n-1) 4y(n 2) X® 2xn L durum dej i K} cel I NY 0 dz dz

¢°z¢m
b0 bl b2 a0 al
ly(n)- 3y(n-1) 4y(n 2) 1x(n) 2xn 1 > Dereceden
en-3¢nd) 4d4n2) X3 sistem
Durum dejikkenleri;
q(n)=¢gn-2) a(n) = eql()
(N =¢€n 1) &, (n)
e(n) - i e(n-1) 1 e(n-2) -
g,(n) q,(n)
Durumdenklemler;
q(n+l) =(n B N
o(n+l) =N AN 3g(n 4«N MORSY1f SYRS)
. COYOUQYAY |
eoa(n+l) 2% 1 %aén g@ 3()
S+ Tg 3 jodn &l g
%f_/
A B HORSY (1t SYRS|
5
x(n) e(n) e(n—1) -l e(n—2) 4 y(n)
T
3
~J

y(in=¢€gn € n 1
=x(n) 8e¢n 1 4€n 2)- 2 1) & @ geq(n o & o
g |

e(n) y(n= @4 5 1 x(n)
=x(n) 6en 1) 4€n 2)- & HeQz(n) u

D
=x(n) H6g,(n 4q(n katsay'elca(r)'y n de  kasagl &'y n d
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# Z D°ng¢ K¢ mg

zbir karmakéek sayeé

S+j w=el

D=4 X0 7

¥rnek Senerl e ellSana ndizvxey$iag,5,7,0,1 X(2) =7
|312345'.

¢%z¢m A IMiZ]
X(2=X0) A 2" %27 V7 @)z & 77 /

=1 2z 5z2 7#3® 0#4 12+ ////////emi
Yakénsama B°l| gesi < // >

Re[z]

Z, O(‘)dkaarmaKék sayeéel ar e i-eri://////ﬁréndéran
z,06da DQga bagi cheaarri - her yer YB (Yavkénéama b°l g

¥rnek Sénerl é& el ema rdizi\x(al)FgAlaglAS,g,@,ll: tar afX(zp="?

l5 4.3 2 20"

¢C°%°z¢m

X(=X0)2 +X Hz %2)Z &8 %Z- 4tz -(x5°
=12° 072 #7Z 5¢ 2% 12+
=1 722 52 2¢# 7+

Yakénsama B°l gesi (YB)
7 o - ] . |
5 ol duju yerlerde YB (Yakénsama b°l gesi)

X(2) =7

¥rnek Séneérl e eS@Tmﬁmbvtaals(m)#ﬁAl,ei,S,Z,QAl

| -2

o ——

¢C°z¢m

(=X 27 K1z @2z Qrz @+z @ 4
=17> »72 52 7¥' 0# 172+
=22 Rz 5 7' Z*

Yakénsama B°l gesi (YB)

z, o (] z O

5 olduju yerlerde YB (Yakénsama
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¥rnek
x(n=d(n x(2=7? YB="?

¢°z¢m

x(n):‘!el x(2 =1 YB=Tum karmaé k d
Io

¥rnek
x(n)=d(n -2) X(2=? YB="?

¢C°%°z¢m

x(n):‘lll x(2)=1Z*> YB n, 0 O'danfarke t ¢m kar |
iz

¥rnek
x(n)=d(n R) X(2=? YB="?
¢%z¢m
x(n):‘iélg X(2)=17 YB n, ¢
(2
¥rnek
x(n)=a"u(n xX(2=? YB="?
¢C°%°z¢m
x(nN=a"u(n
:aanz-n
"~ i x(nN)= a"u n 1)
=4 (@az") 1
"= 1- az’
__1
“1-azt
YB [3<| g

YB |azl<1l |%% |
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¥rnek
Saj t arxn)Fabu(ny kit zil zid °in-¢iknp m¢ akaj édaki gi bi y a z
X(z2=83a"z"=3 (az")"

n=0 n=0

Burada‘az‘l‘<1ii-n ser.i yakenmsake md uak avjeedaki gi bi b u

1 z
X(2) = =
(2) 1- az' z-a

‘a.z'l‘<1kwkmdan|z|>|a| yvazélabilir. Yaajeédsakpl ek db?rges

bl g&X@inmz=0da bir zsaédarbéi rvekut bu varder.

Im[z]
Yakasakik 1
B°lgesi z-d¢zlemi
<|||‘ , &’||IR§[Z]
I|H zzofz’:|a|
T 0: sée&
X: kutup
v

kekx(nf=aun)di zi si-kiutiup sséfyageamakl ek b°l ge
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¥rnek

Sol tarafl é& bi rajdcidzaikyie d°rznek oellaer aak ad ke m.
€0, n20 icin

x(n =1 Q
i-b", n¢-1 igin

XN nNinz-d° n¢kigmen akaj] édaki i fade yazeéelabilir.

-1 =] o o
X(2=8-b"z"=3-b"2"=1- b"2"=1- § (b*.2)"

n=- o n=1 n=0 n=0

E]#b'rl.z{<1veya|z|<bise (6.12) deki seri yakénsar.

Rl
X(2) =1- 1.1 _ b.iZ: z _ 2

1-b"z 1-b7z -b+z z-Db
Yakénsaklbglarke®>lapd i dairenin i-inde kalan al a

Im[z]
Yakasaklé z-d¢zlemi

k e kx(nf=-bu(-n-Ddi zi si-kiutiup séfyagr am&l gesiyakér
A- éklSaoma i1 ki °r nek-de kg k dmibceldnmeasiadenasadezed © n ¢ K ¢ m¢ n
séeferl aré ve kutuplaré yardemeyla dizil arb be
ol maseée halinde, sap-dvre¢ ks¢onmhl etrdr aafylnéé doilzmal ketraid
yakénsakl ek b°l geleri d&idPrni®@R¢imginde, yain2lgegiider e
veril melidir. Dizinin saj veya sol tarafl & o

olarak verilmik olur.
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¥rnek

ki tarafl e diziye °rnek ol arak
é a", n20 icin

x(n) =1 5

i-b", n<0 icin

dizisinin z-d ° n ¢ K ¢donu¢g) na¢g) € m.

X(@=4x(n.z"= al -b"z" +a a".z"

n=- o n=- o n=0

‘a.z'l‘<1ve‘b'1.z‘<1kcu|<| | arénén sajlanmasé durumunda,

X(2) = z 2 :z(22-a-b)
z-b z-a (z-a).z-b)

Keklinde yazélabilir. Yakénawklod ka nb %hlad &ksai i Kk d

| <|bise,[a<|4<pbyakénsakl ék b°lgesidir.

Im[z]
Yakesakl&k
Belgesi

z-d¢zlemi

k e kx(nf=a"u(n)- bu(-n-)di zi si-kiutiup séfyagramé ve yak


http://www.bulentaltinbas.com.tr/

Tl NBGt SN whs.bulehaiiab8sYonSiNI p 2017-{ ! ¥azOkulu@sNe G f I NPk . At IAatal4B aNKS)

Standartz-D° n ¢ K ¢ ml er i

Dizi 751 YNNG NY T F1Pyar{fP]
an) 1 CNY 1
din-m), m>0 z ™ 17>0,yaniz=0K | N& e
din+m), m>0 2 |Z4<o,yaniz=o KI NRA e
1
u(n) 5 17>1
1
-u(-n-1) 5 14<1
) 1
a"u(n) oz’ 7> a)
n 1
- au(-n- 1) e Z2<d
u(n)cosng 1- 2 cogy 14>1
1- 2z'cosg+ 272
: z'sing -1
u(sinng 1- 2z'cosg + 72 |Z|
u(n)r" cosng 1- 12 cosy 1Z>]r|
1- 2rz*cosg+r?z?
. rz'*sing S
u(mrsinng 1- 2rz tcosg +r?z? 4>l
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Tol NBiUt SNIwhd buferaitiib8sYonStiNI p

¥ronek x(n):% "ng - n 10)) X(2)=?
(} -

¢Co%z¢m
1
X(2) =
(2 1- az*
_ 1 YB z O
al g,
- &
® ¢
e o 4 9. J
x(n):%l,l,},—l,--al 8: saj tarafl é ve séneéerl é
22’4’8 &2
[oT 2 3 o |
X(9=172 + Z* 1z +él+9§zg
4 29
¥dev x(n):g‘%&( -—aeq&m) X(2) =2
g -
¥rnek x(m=(2)"un X(2)=? YB=?
¢C°%°z¢m
1 1
X(2= = YB >2
(2 1-az' 1-2z° 4
¥rnek x(n=(2)"un X(@=? YB="?
¢%z¢m
1 1 1
X(2) = = = YB >2
D= e 1{ 3z* 1 2 4
¥rnek x(n=dn X(2=7 YB="?
¢%z¢m
de¢zl em

X(2=1 YBT¢m z (kar makék)
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Z d°n¢kegmeg %2zell i kIl eri

1. Dojrusall ék (z d°n¢kKye¢mg)
x(n) ve x(n
x(n?& X(3 YBL
X2 Xy(3 YB2

x(n)=ax(n +bx( n
Xs(=axX(2 +bX( ¥ VYBRLEYR

¥rnek x(N=53(2" -43" gkeklinde ver X(2eR d¥BEPni n

¢%z¢m
X(2=3 0+ 4_b_ VB
1;322 41 -3z |Z|>2 /CE|Z| 3
Tl 27 130 |2>3

¥rnek x(n=cosiynunkekl i nde ver iX(2e&=R d¥B=Pni n

¢C°%°z¢m
X(2) L- 2" codug ) Y8 {+€ (I NI T4 PYDENRPYRPREPT 0
= . ul . 0o
1- 2z co{wyn) +z* 17>1
e+l e
coslyn = ——

2 _ 14>1 A7 2

z=r.e"’
= % + }/2 7= 4>1

1- ezt 1 -elw A
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2. ¥teleme (z d°n¢kKeme)

X(2
(R

— 2. X
x(n)@

X(A=§ A1) &

n=- o

= % DZ 02 B -
= & Bz xO) XBZ' - +

a

X(2=4a x(n @

=& x(n K 2
= % BZ' xO)ZE Y 2T
=7"X(2

x(n?# X(3

x(n& X+ K

X,(2= & x(n &
:a x(n K 20
=7X(2

¥rnek x(nN=2"un-2)keklinde

¢C%°z¢m
x(nN)=2"u(n -2)
:22 2)2 20(n 2) YB
=4 H%u(n 2

2

X(2=4 6%
1- 27

|z|>2

2017-{ ! ¥az Okulu@&s N2 {i t | NJPk

tarafa ise

mi St SYS

X(9=2" X%

tarafa ise

mi St SYSE

X,(d=2 X ¥

At 3IAAarer B aNKS,

veX(zd?en YB=E?Zz 1 nin
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— . X(- 1) =X(2')

¥rnek x(nN=2"u(-n 2)keklinde ver iX(ze=? dV¥YB=?ni n

¢o%z¢m
x(nN)=2"u( -n 2)
=22 > 2%u(n 2 YB
=4 D" *u(n 2 ERY.

2
X(2)=4 &%
1- 2z

I C x(n):X(z)
~x(m=nx0
_ _d dasz " 05 Y
Xl(z)—-zd—ZX(z) alge_a x(n) Q¥ Q—a__>(r)(012 f
:'Zzaéé n &n) ®n1; =an &gn z6
x(n?#  X(3

nxne 2L X3
dz
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3. Konvol ¢gsyon (z d°ng¢kKe¢mg)

y(m =X1n* m 4 Transfer Fonksiyonud (z) = (2
Y(2= X3 & £ X(2)

¥rnek y(n):%y(n-l) AN kKekl i nde ved(zd?en YB=E?Zzi ni n

¢o%z¢m
V=2 Yn D) 20
(-2 2 X(F 2 X ¥ VB

v(aa- 12 203 4>5

Y( _ 2
X(2) 1_12-1

0
B 0 06N & \=dn) +¢n D 4a+d 2) y()=?  YB=?

¢C%°z¢m 10y

“D:

x(N=d(n) +¢n D 4+d 2)
X(2=18 1+2'04 # O

>
P
=
Il
=
N
NG [N
<o

L
-
[\

H(2)

1
H
Nt
N,
N
N

Y(9= X3 &}

=(1 =* 4z2)§;
¢
2

"
|-O:Ot

1
4 :
£y 19/4

1

©

94

=1 -I§Z'1 +7z
2 4

2
9
—*
4 1 1
3 19 9 i
Y =a(n) £ ¢ H —+ (af 2)- ¢03) -(nok) ! [ T
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¥rnek x(n):na% gl(n-Z) X(2)="? YB="?
(; -
¢Co%z¢m
s %(N) = x(n -2)
_alt o — 52
a1 %.158° 6." & & X (n) = 6 un -2) X,(D=2"X(1%
x(M=3 §0% 80 &n 9) ¢ ¢ |
¢2 ¥ 2¢ 2 ¢ = 21 =77
31 5 .18 5 (=g gAn 1- 17
=2l 04 §n 2 g2 ¢ 2
& 2% 3
g = Q - 1 2'2
% (n) X5(2) = =
2 1 1 1
1- -z 1- =z*
2 2
_ 4l
x(n)—naeé 9L(n-2)
X(9=- 2 (X(2)
X(=5 S60y o
1 5 9 2 _ i} . 22 ) YB
1,27 dx'4 4 ;Z—l 14>=
e 1 8 1,061 .1
2 _72-3% ! 8‘ 22 &
_ 20 & 27 927
-7 2 2,
4 1,08
2 0
¢
¥rnek x(n)—|r1é1 ‘%’ X(2=?  YB=?
= g = =
g2
¢C°z¢m
31 6 13" 5 Cift taraflé
X(N)=ng guUN -n= 5 N 1)
= 0 noz b ©s) - (1 )
X () % ()
d a _d 0
X(2)= -z—
@= 25, (X(3) 2 2 X o YB
a o a |z|>1 A4 2
_,d® 1 0.d = 2
Z—ae——— 0%
dzgg. 1,1 6 2 1221 E<|z| Q
¢ 2 + c2 2

At 3IAAarer B aNKS,
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