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IlepeJsiik OCHOBHMX CKOPO4Y€Hb TA MO3HAYEHD.

JIJIC — niniiiHa AMCKpeTHA cUcTeMa

AYX —aMIITiTyJHO-4aCTOTHA XapaKTePUCTHKA

®dYX — pazouacToTHaA XapaKTEPUCTHKA.

KUYX (a60 UX) — KOMIUIEKCHA YaCTOTHA XapaKTEPUCTHKA.
H® —uudposuit GpinbTp

[1® —nepenaBanbHa GyHKIIS

PP —pospaxynkoBa poboTa

IX — iMmynbcHA XapaKTEPUCTHKA

[1X —nepexigHa XapaKTepUCTHKA

CIX —ckiHueHHa IMITyJIbCHA XapaKTEePUCTHKA

HIX — HeckiHueHHa IMITyJIbCHA XapaKTePUCTUKA

x(n) (a6o X(nT)) - BXiAHUIA quckpetHuii curaan [[d
y(n) (abo y(nT) ) — BUXITHHN AUCKpeTHU curHai 1D
T - mepiox quckperusarii

w, ( fs) - 4acTOTa AUCKpeTH3aLii

C -uyns [ID

p, - momtoc 1P



Tema PP: [IpoexTyBanHs JiHIHHUX MTUGPOBUX PiIBTPIB.

Mera PP: BuBuntu cunres LI®d meromom OiMiHIHOTO MEpeTBOPEHHS; BU3HAYUTH Ta

JOCHITUTH OCHOBHI Xapakrepuctuku L1d B yacosiii o0macTi.

3aBaanHd.

PozpaxyBatu miniiiHuit undpoBuit QineTp barrepBopra i3 HECKIHYEHHOIO IMIYJIHCHOIO
xapaktepuctukoro (PHY abo ®BY — B 3amekHOCTi Bijg BapiaHTa) METOJOM OLTIHIHHOTO
NIePETBOPEHHH.

Jani 11 po3paxyHKy HaBeJeHi B Tabmumi 1.

Howmep BapiaHTy 3aBiaHHs BiANOBiIa€ HOMEPY CTYJEHTA B CIIMCKY TPYITH.

Ta6mums 1 ani quist pozpaxynky LD

@inbTP HUAKHIX YACTOT @inbTp BEPXHIX 4aCTOT
Ne fs, f, J, f,, 0,, Ne fs, f,, J, f,, 0,,
Bap. I'y I'y ab I'y ab Bap. I'y I'y ab I'y ab
1 1000 50 3 120 20 2 1000 | 120 3 50 20
3 1000 60 3 120 20 4 1000 | 110 3 60 20
5 1000 70 3 160 20 6 1000 | 160 3 70 20
7 1000 80 3 160 20 8 1000 | 150 3 80 20
9 1000 90 3 200 201 10 1000 | 200 3 90 20
11 1000 | 100 3 180 200 12 1000 | 180 3 100 20
13 1000 | 110 3 240 201 14 1000 | 240 3 110 20
15 1000 | 120 3 220 20] 16 1000 | 220 3 120 20
17 1000 | 130 3 280 20] 18 1000 | 280 3 130 20
19 1000 | 140 3 240 201 20 1000 | 230 3 140 20
21 2000 50 3 120 20| 22 2000 | 120 3 50 20

OCHOBHIi TIO3HAYEHHS: fl - gacToTa 3pi3y B cMy3i mpomyckauHs [1®, 3aTyxaHHs Ha SIKill JOPiBHIOE 51;

f2 - TpaHWYHA YacToTa CMyTH HemporyckanHsa LD, 3aTyxaHHs Ha SKiil TOPIBHIOE 52




B pe3yabrari BUukoHanusi PP cTyneHT noBUHEH:

1) Orpumaru aHamituunuii Bupa3 I[I® 3arampbHOro Buay cuHTe3oBaHoro L[® (BummcaTu
OKpeMo 3Ha4YeHHs KoedilieHTiB GinpTpa 8, Ta b );

2) OTpuMaTH aHATITHYHHAN BHpa3 PI3HUIIEBOTO PiBHSIHHS,

3) OTpuMaTH aHATITHYHHN BHpa3 IMIYIbCHOT XapaKTEPUCTHKH.

4) TloOynyBatu npsiMy, KAHOHIYHY NIPSMY Ta KacKaJHy CTPYKTYpH (iIbTpa.

PoboTa BUKOHYEThCA Bii pyKH Ha apkymax ¢opmaty A4.
MeTtoanyni BKa3iBKH o BUKoHaHHIO PP.

Hwuxue npuBereHi KOPOTKI BKa3iBKM IO po3paxyHKy JiHiiHoro L@ i3 HECKiHUCHHOIO
IMITYJIbCHOIO XapaKTEPUCTHKOIO (PEKypCHUBHOTO (ibTpa), 110 6a3yeThCsl Ha BUKOPUCTAHHI METOIY
OumiHiltHOTO TepeTBOpeHHs. JlomaTkoBy Ta OuTbml AeTanbHy iHGopMamito mo cuHTesy D num

METOJIOM MOXXHa OTpPHUMAaTH, Hanpukiaj, i3 miapy4ynukiB [1, 2, 3].[Ipukinagu cuHTE3y Mokas3aHi B
[4].
Meron OUTIHIMHOTO TEpPETBOPEHHSI 0a3yeThCs HA TEPEXOJi BiJ aHaJIoroBoro ¢GuibTpa-

nporortuny 3 [1D K(p) o Hd 3 [1D H(Z). Sk Bxke OyJnO CKa3aHO BHIIE, IIEH METOJ MOXXKHA

BUKOpUCTOBYBaTH il cuHTE3y L{® i3 HECKIHUCHHOIO IMITYJIIbCHOIO XapaKTEPUCTHUKOIO, OCKUIBKU

aHAJIOTOBUH (UIBTP-TIPOTOTHIT MA€ CaM€ HECKIHYEHHY IMITYJIbCHY XapaKTePUCTHKY.

[Ipu OiminiiHoMy mniepetBopeHHi B AUX anajgoroBoro (uibTpa-mpoTOTHITY |K(a)a )|
HiACTaBISAETbC (QYHKLIL W, = f(a)) notoyHoi yactotd & L®. Ilpu upomy QyHKIIiO f(a))
BHOMpAIOTh TaKWUM YHHOM, I00 BOHA Oyiia TEpPIOJUYHOI0 3 TEpIoJOM, PIBHHUM YacTOTI
IMCKpeTu3alii @), a 4acTOTH — o0 < (W, < 0 aHAJIOrOBOro (iIbTpa MEPETBOPIOBAIUCH B OCHOBHY
emyry yactor ® -, /2< w<w,/2. lepwa Bumora 3abesneuye nepioguunicts AUX L® (ue
BinactuBicth AUX niniitnoro LI®), a npyra — BincyTHicTh sBuina nepekpurts AUX [1, 2, 3].

Oynkuis f (a)) , 110 33JI0BOJIbHAE IIUM BUMOTaM

2. al
W, =—tg—.
T 2
I3 miei popmymu BuaHO, mo yacrora @), =0 anamoroBoro (uIbTpa TpaHCHOPMYETHCS B
w=01s L@, @, =+0 = w=w,/2, w, =~ = w=-w,/2.
Takum umHOM, iHTEpBal 4YacTOT aHanorosoro G¢unbTpy O0< @, < o0 BigoOpaXkaeTbCcs B

inrepsaii yacror ® 0< w< w,/2, a intepBan — o < @, < 0 B inTepBan —w,/2< w< 0.

ITpu Takomy meperBopenHi AUX anamoroBoro nportotuny ta L{® He OyayTh abCoMOTHO



IICHTUYHUMH, OCKIJIBKHA TIEPETBOPEHHS HemiHiiHe. Ane xapaktep ix AUX Oynme OaHAKOBUM.

Hanpuknan, skmo AUX ananorosoro ¢inetpy mae K migifomis Ta cmagiB anst 0< @, <o, To 1
AYX signosignoro LI® 6yne matu K migifomis Ta cnaniB Ha iHTepBani 0< w< @), / 2.

Bukopucranas meroay OUTIHIHHOTO MEPETBOPEHHS HE MPUBOAMUTH 10 €PEKTY MEPEKPUTTS
UX. BiacyTHICTh IIbOTO SIBUINIA — MO3UTUBHA SKICTh JAHOTO METOJY, BOHA OOYMOBJICHA THUM, IO

W=+ =>w=w,/2.

Ha puc. 1nokazano tpanchopmartito AUX ananorosoro ¢insrpa B AUX [[D:

H(e)

<[k (0] =1, |H (&)

=|K ()| =0, \H (e72)

-k ()|=0

!
|
!

: > i .
0 ""‘-w},z 0 w2 W e

Puc. 1 Tpaunchopmaris AUX ananorosoro ¢insrpa B AUX [{D MeTogom OuTiHIHHOTO

[IEPETBOPECHHS.

Snaroun AUX I®, 3apxkam MoxkIuBO 3HaiiTh Horo I[ID H(Z), ale Taka 3amada OyBae
JTOCHTh TPYJAOMICTKOI0. TOMYy JOIIBHO 3HAUTH TaKy QYHKIIO P = F(Z), sIKa TIPY ITICTAaHOBII B
1o K(p) aHaJIOTOBOTO MPOTOTHITY BiApa3y 6 nasamna [1D LD H (Z) [TpuyomMy, OCKITBKH 4aCTOTH
@, Ta G (YHKIIOHAJIBHO 3B’S3aHl 3 P Ta Z, NeBHIN (QyHKHii f(a)) BIJINOBIJIa€ OJHA (PYHKITIS
F(z).

Bxazanum BUMOram 3a710BOJIbHSIE HACTYITHA (QYHKITIS:

_21-7"
T1+zY

Takum umHOM, mepexin Big [1D K(p) aHajoroBoro ¢uieTpy g0 [1D H(Z) L® 6ynemo

3I1HCHIOBATH II1CTAaHOBKOO

H (Z) = K(p)| p 217
Ti+zt

[TpogiBiM neperBopeHHst oTpuMaeMo Bupa3 ais 11D L.
HeoOximHo mam’ sitatu, mo oTpuMmaHa npu Ibomy [ID H(Z) 3aI0BOJILHSAE BHUMOIaM

CTIHKOCTI, SIKIIO MMOYaTKOBUH aHAJIOTOBUHN (DUIBTP-TIPOTOTHI CTIHKHMN.



Takum 4HOM, MOCJIIIOBHICTH PO3B’ I3KY PO3PaxyHKOBOi pOOOTH Oy/ie HACTYITHOIO:

1. Bubip ananoroBoro npototumny (B 3aJIe)KHOCTI BijJ BapiaHTy, 1uB. Tadmuio 1.1).

2. BusHauyeHHS MOPSIKY HCHOPMOBAHOTO aHAJIOTOBOTO (PibTpy (3BEpHITH yBary, 1o B
tabmmui 1.1HaBeneHi xapakreprctuku came LD, a He aHATIOTOBOTO IPOTOTHILY).
Busnauenns [1® anamorosoro ¢insrpa (mus. Jlomatok 2).

Buznauenns 110 [1O.
Busnauenns pificaux koedinientis LD a, Ta b .
3anuc pizauneBoro piBHsSHHS [[D.

3HaxX0/PKEHHS IMITYJIbCHOI XapaKTePUCTUKH h(nT).

© N o 0o b~ W

[ToOynoBa CTPYKTYpHHX CXEM.

JloBiKOBY 1H(OpMAIIIF0 CTOCOBHO OCHOBHHUX BJIACTHBOCTEH JIIHIWHUX JUCKPETHUX CHUCTEM
Ta CHUHTE3y aHaJIOroBUX (iIBTPIB i3 XapakrepucTukoro barrepBopra MoxHa 3HaiiTu B lomatkax 1

Ta 2.

KoOHTpPOJILHI MUTAHHS.

1 CdopmymioBaT  BH3HAYCHHA  NEpexXifHOi, IMIYJNbCHOI  XapaKTEpPUCTHKH  Ta
nepeaaBaabHOI QYHKINIT JTIHIMHOT TUCKPETHOT CUCTEMH.
3anucaTy B 3araJbHOMY BUTJISII JTiHIHHE PI3HUIICBE PIBHSHHS N-TO TOPSIKY.
[lepepaxyBatu 0a30Bi omeparii, 110 BHUKOPUCTOBYIOTHCS MpPHU peaizaii JiHIHHUX
uppoBUX QUIBTPIB.

4 SIk MOXJIIMBO €KCHEPHMEHTAIBHO BU3HAYUTH IMIYJIbCHY Ta MEPEXiHY XapaKTEPUCTHKU
biTeTpy?
YMOBH CTIMKOCTI JIiHIITHOT IUCKPETHOT CUCTEMU.
300pa3uTH MPUKIAAM HyJIb-TIOJIOCHUX KapT JUIS CTIMKMX Ta HECTIHKUX HUPPOBUX
(UTBTPIB MEPIIOTO Ta IPYrOro MOPSIKIB.

7 300pa3uTd TPUKIAAN IMOYJIbCHUX XapaKTEPUCTHK CTIMKMX Ta HECTIMKUX MHPPOBHUX

(bUIBTPIB MEPIIOTOo Ta IPYTrOro MOPSIKIB.
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JonaTox 1.

OCHOBHI BJIACTHBOCTI JiHIHHUX JUCKPETHUX CHCTEM.

1. JluckperHa JmiHIHA 3ropTKa il X(nT) Ta IMIYJIbCHOI XapaKTEPUCTUKU h(nT)

¢bimpTpa:

y(nT)= ;h[(n—m)T]x(mT),
y(nT)= rTFioh(mT) x[(n— m)T] .

2. Pi3HuIeBe PiBHSIHHS JIHIAHOI JUCKPETHOI CHCTEMH:
y(m)= Sblln=i)T]- 3 alln-K)T.
a00 B HOPMOBAHUX OJIMHUIIAX Yacy:
¥(0)= bxdn=i)- Sayin-k).

3. [1® [ 3aranbHOTO BULLY:

N—lblz_i
(== 1.

k=1

[1® [P nepiioro nopsaaxy:
b, + b,z
H(z)= >——.
1+ a,z
[1® [P gpyroro nopsaxy:

_by+bzt+b,z?
H(z)= Fr— —.
az'+a,z

4. Jns 3HaXO[KeHHA MOMIoCiB P, 3HaMeHHUK [Id HeoOXigHO NPHUPIBHATH HYIIO.
Bignosinzo, mo6 3HaiiTi Hyni [1®d ¢ mpupiBHATH HyIr0 HEOOX1IHO urcenbHUK 11D,

5. IMITyIbCHOIO XapaKTEPUCTUKOIO JIIHIMHOI AUCKPETHOT CUCTEMH h(nT) HA3MBAIOTH 11
peakmito Ha MOUQPPOBHA OIWHUYHUN IMITYJIBC 5(nT) IIPH  HYILOBUX HNOUAMKOBUX YMOBAX.
[epexinHOIO XapaKTEPUCTHKOIO g(nT) HA3WBAIOTh PEAKIiI0 CHCTEMH Ha IHU(POBUN OTUHUYHHIMA
CKa4oK ul(nT) IIPU HYIbOBUX NOUYAMKOBUX YMOBAX.

6. ImnynecHy abo mepexigHy xapakrepuctuku L@ MoxHa Takoxk 3HAWTH 3a
JIOTIOMOTOF0 PI3HHUIIEBOTO PIBHSHHS, MPU IIbOMY HA BXiJ CHCTEMHU HEOOXiTHO IMOJATH BiIIOBIIHUN

curHai (Ckadok abo OJMHUYHUHN IMITYJIBC).



7. AHaITUYHI BUpa3d IMOYJbCHUX XapaKTEPUCTUK JIHIWHUX JUCKPETHUX CHUCTEM
3HaXOMATHCA 3a JOMOMOTOI0 3BOPOTHOIO Z —TiepeTBopeHHs [1D.

Jlns naHOK mepuroro nopsiaky ([af <1):

H(2)= —~— .G~ h(n)=a"u(n).
1-az™

Bupa3 mis iMnynbcHOT XapaKTepUCTHKH cuHTe30BaHOro LD pekoMeHmyeThcsl 3HAXOIUTH
MetoaoM poskiaganas [1d wa mpocti apodu. Skmo nmopsaok uncenbHuka [1D MeHmie mopsaky
3HameHHuka N —1 < M —1, To i MOYKHa TTOIATH Y BUTJISI/II CYMHU MTPOCTHX JIPOOIB

1= 3

k=1 1- pkz_l

p, —npoctuii K—ii momoc [1D;

A, —xoedimieHT po3kaagaHHs npu K—my momoci A = (1— P, 2—1) H ( Z)

z=p, *
VY 11poMy BUMAJKY iIMIYJIbCHA XapaKTEPUCTHKA, SIK PE3YIbTAT 3BOPOTHOTO Z -TIEPETBOPEHHS

[1®, Gyne maTH BUTTISA
M-1
h(n)= 2 A
k=1

Sxmo mopsAku uyucenbHUKa Ta 3HaMmeHHuka [1® piBai N —-1=M -1, To MaTumeMmo

HacTynHi Bupas3u st [1O ta IX:

— = A( _ bN—l
H(2)= A ;(1— ka‘lj’He A

h(n)= A d(n)+ hgpk oy .



Jonartok 2

AmnaJjiorosi QinbTpH 3 XapakrepucTukow barrepsopra.

AYX HopmoBanoro ®HY 3 xapakrepuctukoro barrepsopra

1
‘KN(a))‘ _—1+af” :

N

AUYX nenopmosanoro ®HY 3 xapakrepuctukoro barrepsopra: w, = a)/ w
ac

@ -4acrora 3pi3y anajgorosoro ®HUY,

[Tepexin Bix ®HY no ®BY:

Busznauenns nopsaky ¢instpa n !

()
#(<.)
I1® nopmoBanoro ®HY 3 xapakrepuctukoro barrepBopTa mopsaky n:

1
B,(p)

=9,
:5'

2

K(s)=

=}

B, (p)

p+1

p°+ 1.4142p+ 1

(p+1) @ +p+1)

(p° +0.7653p+ 1) (p° + 1.8477H + 1)

(p+1) @°+0.6180p + 1) (p° + 1.6180p + 1)

(p°+0.51764 + 1) @ + 1.4142p + 1) (° + 1.9318p + 1)

(p+1) "+ 0.44504 + 1) (p° + 1.24799 + 1) (p° + 1.80194 + 1)

(p° +0.39019 + 1) (° + 1.11114 + 1) (0° + 1.66294 + 1) (p° + 1.9615P + 1)

O©| O Nl O O | W N| B

(p+1) E°+0.3473p + 1) ° +p+ 1) p° + 1.53209 + 1) (p° + 1.87939 + 1)

[
o

(p° +0.3128Pp + 1) (p° + 0.90799 + 1) (p° + 1.4142p + 1) (p* + 1.7820p + 1) (p, + 1.97539 +
+1)
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