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[image: image1.jpg]5.5. Kaprbl Hyneu n nontocosB
3BeHbeB 1-ro v 2-ro NOpAAKOB

B o6em cayyae ans Boiaucienus wyaeil i nomocos [Nd H(z) (M- 1)-ro no-

pAfiKa YMCAMTEIb U 3HamMenaTenb [1(z) cacayer yMHOKHTL Ha M1 noene uero

HYJH W NOJOCKI HAWTH COMJIACHO MX ONPEACICHHMIO KaK KOpPHU ypaBHEHHUIi HHCIIH-

Tess M 3HAMEHATENsl COOTBETCTBEHHO.

PaccMOTPMM TIPUMEPBI BLIMMCIEHHA HYJICH W T10110COB [1dD 3eeHbeB 1-ro u 2-ro

NOPSIAKOB.

0 36eno 1-20 nopsAdka oNKCLIBAETCH NepeaaTouHoi GyHKUMen (5.9). YMHOXKHB
YUCANTENb ¥ 3HAMEHATE/b HA Z, NOJYYHM

byz + b,
H(z)=—"—1,
e (ll
M0CE YEro HaiaeM KOpeHb YPaBHEHHUs 3HaAMEHaTENs
z2+a; =0,

KOTOpblﬁ ABNAETCSH GeufecnGeHHbIM NOTIOCOM

s (5.39)
H KOpPEHL YPABHEHHWA YUCITUTENA
bOZ + b] ()
KOTOpblﬁ ABIAETCA geujecnmseennbimM nynem
bl
,=——. (5.40)
b()

O 3seno 2-20 nopsdka oNMCLIBaETCs nepeaatouHoi gyHkumeii (5.10). YMHOKUB
YMCUTEND W 3HAMeHaTeNb Ha 2~ , MOy UMM

bz +bizaby
Hi)=——— =2~ e
27 tazta,

TNocNe Yero Hanaem KOMNJICKCHO-CONPAJICCTiIbIC HONIOCHl B BUAE

mbene

TA€ 3Ha4YeHUs paauyca /, 4 yria Q. Ha KOMIMACKCHOW Z-MJI0CKOCTH BbIpa’KaloT-

¢ uepes KodhpUUMeHTLI @ W ¢, Ha ochiopanud cooTHowenni (5.29) — (5.30)
creayionm o6pazom
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0. =;nc(u.\(—:~l). (5.42)

&r
3arem BLIYHUCIIUM KOpHH YPABHCHHA YUCAHUTENA
I)()‘ + I)| +b; =0,
KO‘TOPIHC ABNAIOTCH KU.‘I'I.’l(’K('IlU-('()Ill”l)/(‘L’i/Hl)'.\lU HYIAMU

-, I)l + -\“)|2 o 4b0l)2 /)| T \'b[z a 4/)(‘)[)2

(k= o+
2’)(} 20 0 ?_I)()

=&+ jm.
O6u1uno, nng ynodersa oTobpaxeHus Ha z-MAOCKOCTH, HYJIU, N0A0GHO MoJIo-
cam, OH[’)C[{GI]H!OT B BUAE

B gt (5.43)

A€ pajuyc 7, M yroi @, Haxo#sT no dopmynam
=+E2 41 (5.44)
@, = arctg(—=2). (5.45)
n

Hpumeps: 5.4. 3apauns 1D 38enbes 1-ro U 2-ro nopsakos. Tpebyercs nocTpouts
KapThl HYJIEH W MOJIKOCOB.

Hexoaubie 1D 38eHber 1-ro Mopsaka, a Takuke ee HyJIH W MOMIOCH MPHBELCHDI B
Tab.a. 5.3, a 3BeHbEB 2-ro nopsaka — B Tabi. 5.4. Kaprbl Hyneit H momtocos mo-
CTpOeHbl B nporpammHoi cpene MATLAB M npuBeaeHbl COOTBETCTBEHHO Ha
puc. 6.4 u puc. 6.5.

Tabnuya 5.3. [pumeps! 1D u ee Hyneii u NonOCOB 3BEHLEB 1-ro nopaaka

MepeparouHas chynkumna /1 (z)

6.4, a 1 z L= =10 —I
e )
140,52 z2+0,5 L 08
6.4, 6 1 z ‘ = =1
e 0 |
1-0,5z = 1045 = 08





[image: image3.jpg]Tabnuya 5.3 (okoHyaHue)

Puc.

MepeparouHan cyHkuma /7(z) Hynu v noniochb

6.4, 8

1 z z,=0
s
1+0,8z" 1+08 z, =—08

1

6.4, r

1=05z"  z-05
£ N
1405z 2405

6.4, 1

1

1-0,9z" z—-09
—..—_‘_)
14+0,5z z+0,5

T

o =7 )
1+0,7z 40,49z z-+0,7z+0,49

1 2 z2
1-0,727"' +049272  z2-0,72+0,49

1 22

6.5. e_l‘ PR = i 1 ST ’*2"7‘~‘4'- R R E = F

Z

=i =3 )
1+09z + 0281z z°+09z+081

8.5, 1

—\__._) —_————
1-07z"' +0,4927%2 22 -07z+049

1477 2t +1
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MepepatoyHasn chynkuna /1 (z) Hynw v nonioce

——

1- 2772 22 -1

Zol,Z =l
>
1-0,7z7' +0,4927%  z2-072z+0,49

£
Zx12 = Qe+

1272 25|

Zip=%£]
= = el
1-0,7z7" +0,49z z2°—=0,7z2+0,49

+jL
Z.l,z = 0,7€ 3

1+1277' +081z2 22 +127+0381

O,9etj0.84ll
1402827 +0,64272 2240287+ 0,64

Zol.z =

o
i =0,86-]l,3944

1+272 22 +1

Zia=%j
1+02z7'-035z2 ~ 22+027-035

2, =0,5;2,, =-0,7





[image: image5.jpg]OnucaHue
NMUAHENHbIX ANCKPETHbIX CUCTEM
B yacToTHOI obnactun

B nekyuu 4 paccmarpupanoch onucanue JIJIC Bo epemenol odbnactu — UM-
nyibCHas XapakTepucTka fi(n) ¥ COOTHOWICHWE BXOZ-BBIXOA. B 3TOM neKuMu

paCCManMBaCTCH HX OTO6P3‘/KCHHC B vacmominou 00NacTu.

Onucanue JIZIC B 4acTOTHOH 001aCTH NO3BONAET BbIABUTD PAL €€ CYLICCTBEHHbIX
ocoBeHHocTell, CKpLITBIX MPU ONHCAHHK BO BPEMEHHOH 061acTH 1 B Z-00/1acTH.

6.1. YacToTHaa xapakrepucTuka.
CooTHOLWEeHNEe BXOA-BbIX0OA

OcHoBHoii xapaktepuctukoii JIJIC B wacmonmiioii obnactu sensercs typbe-
u3obpakeHne MMMYJILCHOR XapakTepucTuku h(i), koTOpoe ompenensercs Mo

dopmyne npsarmozo npeobpasopanns Dypoe (2.23)

H(™")= ¥ h(nT)e ™ , (6.1)
n=0

WA, A HOPMUPOBAHHOM YacTOTE! O,

H(e'™)= Y h(nT)e 1" . (6.2)

n=0

ITpu usBecTHOM (ypbe-u300paseriu H(e’”) umnynbchas xapaktepuctuka h(in)
HAXOAWTCS C MOMOLLBIO 0Opaniio. o npeabpasosanus Dypoe (2.26)

n
; L HIES hee
11(/17)17 fll(v’“’l)ejwl”(l(,\)‘ ; (6.3)
A

l
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H (e )= H{e’™) HAALIBIOT KOMILICKCHOU MACMOMION Xapakmepucmuyxou

UV urr 7 : . < : :
(KYX) mau, koporko, wacmomnou xapasmepucmuron (MX) JIJIC. CootioumeHue
(6.1) ectb mMaTemaTuueckoe onpeaeneime YX.,

Onpenenum UX noaodio Tomy, Kak 310 Jenactes Uis AUHEHHBIX anailo206bIx
CHUCTEM, OTHOCHTEINILHO KOTOPLIX M3BECTHO, YTO rAPMOHHYECKOE BO3AEHCTRUE Bbi-

3bIBACT FAPMOHMYECKYIO PEAKLMIO mou Jice yacnomsl, HO (B obuiem cnyvae) apy-
roH aMIIMTYIbl H HaYaiLHON (aspl.

Paccmorpum peakuuio J1JIC na duckpeniioe rapmoHuyeckoe Bo3aencTamne
x(nT) = Ce /™' | (6.4)
rae C — amruutyna, onT — ¢asa BozaeicTeus.

Cornacxo gopmyne ceeptku (4.6) peakuis papHa

y(nT) = Eh(nT)x(nT -mT) = 2 h(m)Ce1Xn=mT _ o, jonT ih(nl)gju)mT 3

m=0 m=0 m=0
=x(nT) Y him)e it
m=0
UM, ¢ yyetom onpeaenenus YX (6.1).
y(nT) = x(nT )II(UJU)T). (6.5)

Ha ocHopaHuu (6.5) 4aCTOTHYIO XapakTepPUCTHKY MOKHO MpPEICTABMTL KaK OTHO-
wenue QYHKUNHA epemenu

v(nT)

H(e™™") = :
e ) x(nT)

(6.6)

KOTOpOE NO3BOMAET €€ ONpPEIENHTh NOAC0HO YX nuHeHHOM aHaNnoroBoi CHCTEMbI.

S
Yacmomnas xapakmepucmuxa H (e ) — 9T0 yacTOTHas 3aBUCHMOCTb OTHO-
LUEHUs PEAKLHH K FapMOHUHECKOMY BO31CHCTBHIO B yCTAHOBHBLUEMCA PEIKHME.

: jwT
Kak BCAKYIO KOMIUIEKCHYIO (DYHKUMIO, [ (e’”") MoxkHO NpeacTaBuTh Yepe3 MO-
LyJb U apryMeHT

H(eju)T) e |H(e_/mT ) L,./'n:;“ LTy = A((D)ejw(w) ’ (6.7)

1€ MOAYJIb
Ay =| (" ) (6.8)

HABBIBAIOT CAIAUNIVOLO- Y ACIIOMNOT (] semepuenukou (AUX) JIIC,




[image: image7.jpg]a aprymenT :
() = arg(H (e’ )) (6.9)
— (azouacmomnou xapaxmepucmuron (DYX) JIJIC.

Onpepenum cmbicn AYX u @YX, C 31001 Lenblo nepenuiuemM Bbipazkenue s
rapMOHMYeckoH peakumnu (6.5) ¢ yuetom npeacrasinenus YX B suae (6.7)

)'(”T) = C}H((’ Jwl ))()) on T 4.11g(/l(e’“" ))} 2 CA((J.))(J[“""I +o(w)] . (6.10)

rae CIH(ej“’T )l = CA(®) — aMNIMTY1a peakuuu, a

JoT

wnT +arg(H (e )) =onT +@(w) — daza peakumu.

Conocrasue Bblpakenus ais peakiun (6.10) u Bosneiictsus (6.4), MOXKHO naTh
cneayrouue onpeaenedus AUYX u GYX.

AUX A(0)— 3T0 4aCTOTHaA 3aBUCHMOCTL OTHOLIEHHS AMIUTHTY bl peakuuH K am-

MJIWTY/1€ TApPMOHHUYECKOrO BO3EHCTBHS B YCTaHOBHMBLUEMCA pexKHMe

T caw) =
|.r(nT)l C

A(w) .

@YX @(w) — 3T0 YacTOTHas 3aBUCHMOCTD pasHocTH (a3 peakunH U rapMOHMYe-
CKOr'O BO3/ICHCTBHA B YCTAHOBHBLIEMCS PE/KHME

arg(y(nT)) —arg(x(nT)) = [onT — ()] — onT = @(w).
CpasHuas nepenatounyio yHkumio (5.2)
H(z)= Y h(n)z™"
n=0

C HACTOTHOH XapakTepucTHKoH (6.1), 1erko BUAETS X B3aMMOCBA3b

B2 = ur = H{e"5G, (6.11)

O 7 jd
13 KOTOpOH cnenyer, 4to YX H (e’ ) 1ospectenna 1D H(z) Ha enMHuYHOM

s T -
OKPYKHOCTH e’ KOMIUIEKCHOM Z-11110C KOCTH.

Baaumocsssze [ u YX (6.11) nozsonse

T OT M3BECTHLIX COOTHOLICHUHA BXO/1-
BBIXOJL B z-06n1acT (5.4) — (5.5a)

Yiz)= H{2)X(2),
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z i

i=0
M~

1+ Z ay :E“
k=1

Y(z)= X(2)

NEpeiTH K COOTBETCTBYIOWMM COONHOUEN ISV 6X00-6bIX00 B YACMONIOi obaacTy:

Y(e®T )= H(e™T )X (™),

N-1
— jwTi
z b'e Jw
(Cudt ————
1y z (lkeﬁ"m”:
k=1

rae X(e’T), Y(e’T) — dypbe-uzobpakerus Bo3geiicTens u peakumu.

6.2. CBoiicTBa YaCTOTHOW XapaKTEePUCTUKH

OcHoBHbie cBoiictBa UX, AUX n OYX:
1. 9YX, AYX u @YX — nenpeprieusie GyHKUMN YACTOTHI MO ONPEAEIEHHIO.
2. UX, AYX u ®UX — nepuoduyeckue hyHKiimM ¢ NEPUOAOM MO YACTOTE (), pas-

2n
HBIM () =—.
T

JlokazaTenbCTBO MEPUOAHYHOCTH (yHKLMI CIIEAYET H3 TOrO, YTO X apryMEHT
joT
¢!’ (B ceolo ouepens dyHkuma) nepHoaMyeH ¢ MEPHOJOM MO HacToTed,

PaBHBIM L
8

2nk
jlat—)T
T

JjoT

e T
e = o M7 2k PO

Ilepuon no yactore YX, AUX 1 @YX & :2BHCHMOCTH OT MCMOJIL3YEMOH iKa- ,
JIbl Y4CTOT paBeH

£ i 2
f'——)l.
rO— 0

W— 27,




[image: image9.jpg]3. Eonn koa(duumerntol 1D seiiecTreniibie, T0 MOJY/Ib HACTOTHON NapaKkTepi-
crukin (AUX) Gyaer wemmnoit, a apryment (DUX) — wuewenmoi (yHKUHEI

4acTOThl

[//(«f‘“’ )’ :‘//(« jut )‘ :

urg(/l(uj“" )= "Ul‘g( H (e Jjwl ).

HanoMHMM, YTO Yemuoii HasblBacTcs Takas (DyHKUMS, KOTOpas HE HW3MEHSCT
CBOEro 3HaYeHHs MPH H3IMEHEHHUH 3HAaKa NepeMeHHOi. ECin xke npu HIMeHeHHH
3naKa NepemMeHHOi M3MEHseTCs 3HaK (YHKUHH, a ee abCONIOTHOE 3HAYEHHE CO-
XpaHAeTcs HEM3MEHHBIM, TO Takas (hyHKLHA Ha3bIBACTCA Heuemmou.

Jloxasamenscmgo. Tlpumenns Qopmyny Diisiepa, 3anuwenm npeobpasosaniue
Qypeoe (6.1) B BHAE

H(é’ij): zh(nT)e—jum' = Zh(nT)cos(wnT)—jZIz(nT)sin((DnT),
n=0 n=0 n=0

WM, KOPOTKO,
H(e'")=Re- jIm,

rae Re — vemnas, a Im — nevenmias QyHKUNS HaCTOTbI, MOCKOJILKY B NEPBOM
ciyyae MMeeM CYMMY KOCHHYCOB, @ BO BTOPOM — CHHYCOB.

M3MeHUB 3HaK NepeMeHHOR, ) =—@, MONYy4HM
H(e™*Ty=Re+ jIm,

CNeaoBaTeNibHO, Ans )\lOdleﬂ H apeymenma YACTOTHOM XapaKTEPUCTUKH Chpa-
BEAJIMBO 3anNMUCaTh

|H(ef‘°" )\ - ‘H(e'j‘”r )1 =Re2+Im? ,

arg(H (7" ))=arclg{Iﬂ |
Re
. arg(H (e 7“7 )) = arctg| — o
2(. ) e arc o

OTKyaa

arg(H (e’ ) = —arg(H (o Ty,




[image: image10.jpg]6.2.1. OcHoOBHasa nosioca 4yacrtoTt

Haumenosane "ocHOBHAA N1010CA 4ACTOT" BOZHHUKIO B PE3Y/ILTATE TOrO, 4TO MPH

JIMCKPETHIALMN @Haio206020 CHINANA €ro CleKTp COoracHo Teopeme KortenbHHu-
KOBA OIpaHHYMBACTCH BEPXHEH 4aCTOTOM

e i
ju S'?

BCJIC/ICTBUE YEro CMEKTP OUCKPenno20 CHrHana, a TakKe YacTOTHBLIE XapaKTepH-
CTHKH JINHEHHOI cHcTembl, 00pabaTbiBaloUIEi JlaHHbIH CUrHAST, pacCMaTpUBAIOTCA

oL

B /AHAra3oHe 4acrToT { 5 2 ], KOTOpb!ﬁ Ha3BaANU OCHOGHBIM OUANA30HOM Yacmoni,

WIH 0CHOGHOU HOJIOCOU HACIMONI.

B 3aBucumocTu ot HCIIOIIb'i)’CMOﬁ KAl 4ACTOT OCHOGHAA NOAOCA Hacmon! paBHa:

i —>[0; —f'—} (6.16)
2
f—lo;05]. (6.17)
w-{o; "’—“]:[o; l}. (6.18)
2 7
®— [0; ). (6.19)

3uas rpadukn AUX 1 @YX B OCHOBHO# Moj0OCE HACTOT, NpPH HEeoOXOAHMOCTH HX
MOJKHO MepUOAMUYECKH MPOAOIIKHTE Ha JI0OBOM HHTEpBAIE HACTOT.

6.3. Pac4yer 4acTOTHOWN XapakTepucTuku

e & 4
TlonyuuM YAaCTOTHYIO XapaKTepHCTHKY H (e’ ) mo u3BecTHOH NepenaTO4HOH
ynxkunn H (z) obuiero Buaa (5.6)

BbIno:iiue 3aMeHy

2=edT (6.20)




[image: image11.jpg]I
JO0Y B Bute

N-I
2 bie - jwT)
i

H(e™ )= = 6.21)

I+ 2 ape L)
k=1

sanuiieM Beipakenue ans He

—jtoTy .~ jikwl 3
Packpoem akcnonentbi ¢ /")y o7/ 6 dhopmyne Diinepa

e M7 = cos(kwT) — jsin(kwT) (6.22)
Mocie Yyero BbIACJAWM BEUIECTBEHHbLIE H MHHUMbIE YaCTH B YHUCJIUTEJIE U 3HAMEHATe-
< g
ne H(e!™") (6.21)

= RegtjImy

H(eT) (6.23)

Re,+ jIm,

rae uHaekcol "u" 1 "3" 03Ha4aOT YHMCAHTENDb U 3HAMCHATEeb.

Onpepennm moaynb (AYX) u apryment (®UYX) uwactoTHOi XapaKTepUCTHKH

H(e"T) (6.23)
A(w) =lH(eij )l = M : (6.24)
Re;"+Im,~

: \
(o) = arg(H (7 ) = arc[g(gnT" j— arctg[ 11:13 ] (6.25)

€3

INonyyennsie Boipakenus (6.24) — (6.25) ucnonb3yiorcs ans pacyera AUX u GYX
B OCHOBHOM MOJIOCE 4acToT.

Nockonbky B IIOC 3penbst 1-ro u 2-ro NOPAJKOB MO’KHO paccMaTpHUBaTh Kak 00-

PASVIOUIHE SneMEHTDI, Ha 6ase koTopbix ctpost JIJIC nio6oii CIIOKHOCTH, 3THUM

SEEHbAM ynensetcs ocoboe BHuMaHue. [Tonyuum Buipakenus mis AUX u GUX
AaHHbIX 3BEHbEB.

6.3.1. Pac4et yactoTHOA XapaKTepucTuku
3BeHa 1-ro nopsagka

Onpeaennm AYX u ®YX 3sena 1-ro NOpAAKa MO Cro MepeaaTo4HOl (yHKLUUM
Hiz) (5.9)

]
I‘/(:‘,): [)() TI)“

B
1+az
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Buinonums sameny nepesennnix (6.20), sanuusess H (e ) B BUIE

by +bye 7’

H(e/) = s
1+ ae

©26)

Packpoie skcnonentsl no dopmyne Jitnepa (6.22) u cr PYNNupoeae semecraeum'-’
M MIHMBIE Y4CTH corsiacHo (6.23), sanuumem

i, _ Ibo + by cos(®)]— jby sin(dy) :
H(e/y =2 ) 27y
e [1+a; cos(@)] - jay sin((k) @2

Monyas (AYX) H(e’®) cornacuo dopmyne (6.24) papen

) S
A= [bg +b|cos('0))i +[h sm(f;))]2 :
[1+ a; cos(®)]” +[a; sin(®)]

apryment (DYX) H(ejé’) cornacHo qopmyne (6.25) papen

o) = arctgﬁa' sm((n)’ —arct —*—b' S — .
1+ a; cos(in) by + by cos(()

OcobenHocT pacuera ro AaHHbIM dopmynam oficyxaalotcs Huse.

6.3.2. Pacuyet yactoTHoli XapaKTepucTuku
3BeHa 2-ro nopapgka

AHanornuo onpenennm AYX u @YX 3pena 2-ro MopAsKa 110 €ro NepeaToyH
bynkumn H(z) (5.11) e

bo+biz™" +byz7?

H(z)= =,

l+a|z +asz

Beinonine sameny nepemenmpix (6.20), sanuwem H (e’ ) 5 une

_h +he 0 4 bze'z“’

Packpuip axcncm: o :bame i
" mmmuc _qacm COrlacHo (6.23) sanr




[image: image13.jpg]Moayas (AYUX) H (e ’d') cornacto dopmysne (6.24) pasen

- by + S +/ 2 +I:~ (W) +b> 1(’()
AD) = [bg + by cos(®) + by cos(2 m)] 1y |/n“|) _A)"'sll !)l S6$0

[1 4 a; cos(®) + az cos(2m)]~ + [a; sin(®) + az ,x|n(2un|

apryment (OYX) H(e?™) cornaciio opmysne (6.25) panen

) < ap sin(®) + a; sin(20) et b sin((]))‘+bg sin(2() _ . (6.33)
1+ a; cos(®) + as cos(2M) Do + by cos(®) + by cos(2m)

OcobeHHOCTH pacyeTa Nno AaHHbIM GopMynam 0OCY/KAAIOTCA HUAE.

6.4. 9kcnpecc-aHanu3 A4YX n ®4X

IHa mpakTuke yacto Tpebyerca ouennuth AYX u @YX npu MHHHUMYME pacyeTOB.
Jlns 9T0r0 CTPOST rpadMKK JaHHbIX XapaKTEpUCTHK NO HX 3HAYEHWAM B HECKOJIb-
KX TOYKaX, KOJMYECTBO KOTOPBIX AOMKHO ObITb MHHWMAJIbHO AOCTaTOYHBIM.
Takoit GuicTpeii  cMoco® OLEHKH 4YacTOTHLIX  XapaKTepPUCTHK Ha3blBaeTCs
BKCHPECC-UHUIUZOM.

Skenpecc-ananins AYX npeanonaraet 3apaHee M3BECTHbIE OCOOEHHOCTH aHaNM3U-
pyemoi GyHKILH: T1aAKOCTh, MOHOTOHHOCTb, KOJHYECTBO 3KCTPEMYMOB M T. M.

PacemoTpum skenpecc-aHanus AUX u @YX 3seHbes 1-ro v 2-ro nopsakos.

6.4.1. Skcnpecc-aHanu3 A4YX n @YX
3BeHa 1-ro nopagka

MeTogamu MaTeEMAaTHYECKOrO aHaik3a MOJKHO NOKa3aTh, YTO B OCHOBHOW MoJjioce
yactor AYX 3eena 1-ro nopsaka (6.28) sBasercs raaakoil MOHOTOHHOH (yHKLM-
et (Bozpacratouieit 1ubo yBbialoueit), UMEIOLEeH 11 epaHuyax OCHOBHOM MOJIOCHI
3IKCTpeMyMbl 1100 HyJieBoe 3HaueHHe (HO He MHHUMYM!): MaKCUMYMy Ha OLHOH

rPaHule COOTBETCTBYET MUHHMYM MW HyNeBOe 3HauyeHWe — Ha JApyro, MpoTH-
BOMONOXKHON. 'paHULIE.

Hynegoe 3nHaucumne AYX kopoTko HasbiBaloT "1yine AYX".

Jas ouenku AYX 3BeHa 1-ro nopsaka cTpoaT ee rpaduk no nipes TOUKaM: JABYM
(HEOOXOAMMbIN) — HA TPAHMIIAX OCHOBHOM M0JIOCHI H OAHOM (YTOUHAIOWEHR) —
nocepeaute.

Hoavuum dopyyan axkenpecc-ananuza AYX u @YX no mpear 1oukam

- T
0=0; m —,
2




[image: image14.jpg]HE NOACTABIAN 3TH 3HaucHus B obume dopmynsl AYX (6.28) u DUX (6.29), a 60-
JIee APOCTLIM CNOCOBOM — HENOCPEACTREINI0 W3 NEePeAaTOMHOI byukunn H(z)
apena 1-ro nopsika (5.9), yuntoisas ceasn (6.20) mexiy nepeMentbiMu z M @ :

1) B TOuke =0

z=¢ =1 (cm. puc. 6.1y m 27" =1,
OTKYy/la
by + b,
A0) =|H (1) = |24 (6.34)
1+ a
9(0) =arg(H(1))=0; (6.35)
jIm

Puc. 6.1. CooTserctaue mexay 3HadeHusmn W=0u z=1

2) B Touke G =17

z=el"=-1 (cm. puc. 6.2)u 7' =1,
OTKyna
-b
A(m) =|H (=) = bi—“ (6.36)
l-q
@(m) =arg(H (-1))=0; (6.37)

Puc. 6.2. COOTBETCTBUE MEX/y 3HAYEHUAMN ®=Twu z=—1I
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(SHI |

.M
z =cjz =j (cM.pHc. 6.3)n z ' =—,
OTKy/1a
A =[HG =Rl o0 B (6:58)
2 1- ja, I+a,~

bid : by — jb bi
¢(3) = arg(H ())) =arg——"—= = arctg(a)) —arctg(—).  (6.39)

2 1= jay bo

AT 5
Puc. 6.3. CooteeTcTeve MEXAY 3HaYEeHUAMU (1)=5 wWwz=17

Ecnu Ha rpanuue ocHoBHo# nonock! (B Touke =0 wnu G = 1) AYX paBHa Hy-
mo, @YX B JaHHON TOYKE MMEET CKAauyoK Ha TT. CnpagsennuBocTs 31010 yTBEp-
AVIEHWA JOKA3LIBACTCA NPH aHAM3€ AMMHTYIHOM XapakTepucTHkM (car. 1. 18).

6.4.2. Mpumeps! akcnpecc-aHanusa AYX n @YX
3BeHa 1-ro nopsgka

Ha puc. 6.4 npeiicrasnensr rpagmkn AUX (HopmupoBanHoit), @YX 1 KapTel Hy-
JIeil U 100coB 3ueHbeB |-ro mopsiika. CooTBeTCTBYIOLINE MEpenaTotHble ByHK-
Ui mpisenctivl 1 146, 5.3. Tpadmkn AYX n @YX noctpoensl no pesynsratam
SKCHpecc-ata1isd b Tpex Toykax. Kak cneayer us npusenenusix rpadikos, AYX
3BEHA 1-I0 1Oj#.IKd COOTBETCTBYET mpocTeiiieny QIILTPY HItKHIX YACTOT
(DPHY) (em. puc 0.4, 6, ), unu sepxuux yactor (OBY) (cm. puc 6.4, a, 6—0).
HApyrise cooTHowe 114 HyTell 1 ITOIKCOB MOXHO HCCTENOBATS CAMGC TOITCILHO.
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Puc. 6.4. XapaktepnCTuki 3BeHbeB 1-r0 nopaaka: HopMuposanHas AYX, @YX, kapra Hynei
W MOMIOCOB, UMAYNLCHAs XapakTepucTuya (nepenatodHsie GyHkuMu npuseaetst B Tabn. 5.3)
(OkoHvaHne)




[image: image19.jpg]6.4.3. 9kcnpecc-aHanu3 A4YX u ®4HX
3geHa 2-ro nopagka

MeTonaMi MATEMATHYECKOTO alain3a MOXKHO 110Ka3aTh, YTO B OCHOBHOI Hojoce
yactor AUX 3sena 2-ro nopska (6.32) aBaseTes rankoi QyHkuHei, nmeloeii
ya opanuyax OCHOBHOM Nonockl dKeTpemym b0 Hyab (1o e MHHHMYM!);
GHyMpu OCHOBHOI 1070CH! HacToT AUX MOKET UMETL OJIMH MAKCHMYM H O/HH
MHUHUMYM JHO0 HYIIb.

Jlns ouenkn AUX 3BeHa 2-ro nopsjika crpoarT e¢ rpaMK MO nAMu TOHKaM: JBYM
(HeoBXOnUMBIM) — Ha Zpanuyax OCHOBHOM MONOCHI, ofHOW (yTOuHSIOWEH) —
nocepeanie, ABYM (HEO6XONMMBIM), COOTBETCTBYIOLIHM MAKCHMYMY H MUHUMYMY
(an6o nymo) AYX 6rynpu 0CHOBHOMH NOJIOCHL.
Ha ocuopannn 1 H(z)3eena 2-ro nopsaka (5.11), nonyuum ¢opmysibl KC-
npecc-ananuza AYX u @YX no nsmu TouKam

4 s
0=0;7; —; 0«; o,
2
roe @., — uactota maxcuvyva AYX, a @, — uyacToTa MunumMyma Wiu Hyns
AYX guynipu 0OCHOBHOM MOJOCH! 4ACTOT:
1) B Touke ®=0

z=¢/" =1 (em. puc. 6.1) 1 =1,

oTKy/a
by +b +
A) =|H (1) = Gt (6.40)
I+a +ax
@(0)=arg(H(1))=0; (6.41)
2) B TOukE M =T
z=e'" =-1 (cm. puc. 6.2) u 2 =-1,
OTKyJa
A(n):iH(_l)‘ = bo —bi +by) : (6.42)
l—a +ax
o(m) =arg(H(-1))=0; (6.43)

o T
3) B TOUKE u)=3

13

=¢ == j{cm. puc.6.3) 1 =i,




[image: image20.jpg]OTKYy/1a

(by — I)l)2 . bl2

(l—(lz)2+(1|2

(by —by)— b

/\(%):lll(j)[* : (6.44)

(I=ay)— ja

bt
(bp —by) j"—arclg( o ) —arctg( 4 ). (6.45)

() = arg(H(j)) = ar
. 2 5 & = (I=ay) - ja l-a> by — b

o0 =0 =
4) Touka - * onpejaenseT Mectononoxenue maxcumyma AHYX, KoTopbiii HaXxo-
AMUTCA NPUONU3UTENBLHO Ha YacTOTE (), noatoca (NOACHEHWE CM. HHXKE)

jo.

+
L= he

0, =@

s (6.46)
3HayeHue AYX B 310i TOuKe BbIYHCAAETCS N0 06wwei dopmyrne (6.32);

5) Touka =0, onmpenenseT MecTononokenue munuvyma AYX, KoTopblit Haxo-
JAMTCA NPUONU3UTENBHO HA Y4acTOTe (), #).1s NepeaaTOuHOH (GYHKUNH NpH 3Ha-
YeHUH 1, #] (MosICHEHHE CM. HHIKe)

£
:]2:).871”9,‘

@ = Q.. (6.47)

3HaueHne munumyma AYX B Touke @, BbluMciserca no obiied dopmyne
(6.32);

€CJIH B TOUKE (,3Ha4yeHHe r, =1, umeem He MHHHUMYM, a ny1e AUX, npu atom
DYX uMeeT cKayoK Ha T .

He nporons noapobHoro mMarematHyeckoro aHanu3a, MOACHHM MECTOMON0KEHHS
MaKCHMyMa, MHHHMYMa M Hy1s AUX BHYTpU OCHOBHOH MOAOCHI 4acToT. Jlna sTo-
ro npeacrasum UX (6.30) B Buae nmpoi3zseneHus (5.14) c pa3noxkeHHeM Ha npo-
CTeHLIHe MHOXKHTEIIH MEPBOH CTeNeHH
= e i =N
bo +hie ® +bye® byl - re I )1 e KOOy

el — b =

— — — — . (6.48)
Ibae L taze> (- ree 1O L0k,

Toraa AYX MOXHO MONYYHTh CAeayIoulv 00pa3oM

Bafl—re TN (1 - e /0 0) )’ |b0'|l = r"e_ﬂw—wa,"l Z r°e—J(uMh)l

= ne‘j((ﬁ*‘.’h))(l o ne‘](';r @ity i ,1 o i(CU"Pt)lll as r‘e‘j(“h“{)-),

A(D) =




[image: image21.jpg]OTKV/a Nocie TOAACCTBCHHbBIX npeobpazosanuii umeem AYX B susie

2 ,’ 7 2 -
[14 75" =2r cos(—=@)][1+r" =2 cos(®+ ¢. )]

A(D) = '/»(,1 (6.49)

[1+ N —n cos(M— @)1+ eTn, cos(M+ @. )]

M3 nonyuennoii popmynb BuaHo, 4to AUX pasHa HyM0, KOra €e yucinTesh pa-
BEH HYNIO, TO ecThb npu 7, =1 u @ = ¢, . Cneposarensho, AYX pasna ny:uo, eciu

Hynu I1d pacnonaraiores Ha eAMHUYHONH OKPYAKHOCTH

4 +j
Fio —re e —la ey

Yro kacaerca Makcumyma U MmuHumyma AYX, 170 ux noapoOHblit ananus Tpedyer

. dA(D) dA(D)
onpeaesenus NpoU3BOAHOM — M pelleHns ypaBHeHUs —TZO, B pe3ylib-
d® d®

TaTe 4ero MOryT ObiTh HaiiaeHsl OPMyIibl 18 4acToT M« M O, , OnpeaenstouH1e
MECTOMONOKEHNS MakcuMyma W MuHMMyMa AYX B 3aBUCHMOCTH OT 3HAaYEHH
KOMMEKCHO-CONPAKEHHbIX NONIOCOB W Hyael. OAHAKO Takas mpoleaypa ClMiii-
KOM TpYJAOEMKas, MO3TOMY OFpaHHYMMCs OLEHKOH MECTOMNONOKEeHHS MaKCUMyMa
1 MunumymMa AYX s cnenyroumx AByX npeieibHbIX Cy4aes.

1. Ouenum maxcumym AYX JIJIC, conep:kauieii TONbKO pekypcusnyio 4acTs Npu
Zo2 =ne ¥ =0,
Toraa dopmynbl ans UX (6.48) u AUX (6.49) npuHUMaIOT BUA

— bo

oy _
H(ely - (6.48a)
(1—re Y —re )

1

A(®) = o] = - 5 =
[1+ " =2 cos(@—@-)][1+ »n" =2 cos(®+ @-)]

,  (6.492)

OTKyJla BUHO, 4TO Makcumym AYX n0cTuraeTcs npy HaMMeHbLIEM 3HAUYEHHH
3HaMenames, COOTBETCTBYOLIEM KOMIICKCHO-CONPSYKEHHBIM MOMKOCaM

2D = IR 3
cnepopareabio, AUX MMeeT MakCUMyM B TOUKe

0y =14




[image: image22.jpg])

Ouennm anaiaysr AYX JIIC, conepaanieit TONLKO nepekypcushylo 4acTsb npH

£ Q.

«1.2 = I =(.

Torna gopmynst s UX (6.48) u AUX (6.49) npunumaiot BUA

H (e1®)y = bho(1- e @0y ;gt'—”‘;"(p")) : (6.486)

A(D) = lb(,\\/ll + 1.2 = 2r, cos(@— @)1+ 2 —2r, cos(@+ ©.)], (6.496)

OTKy/Jda BHAHO, 4TO MHHHUMYM AYX nocturaercs npH HAUMEHLLLIEM 3HAYEHHH
yucaumens, COOTBETCTBYOUIEM KOMIMJIEKCHO-COMNPAKEHHBIM HYJIAM

;
Zg)=Te

cneaosatenbHo, AUX uMeeT MUHMMYM B TOYKE
(65 =0 e

B o6iem cnyuae JIJIC conepKHT peKypCHBHYIO M HEPERYPCHBHYIO 4aCTH, MO3TO-
MY HMMEET MECTO B3aHMHOE BIMSHME: HA MECTOMNOIOKEHHE MAKCHMYyMa BIHAIOT
HyJ1i 1 HaoBOopoT. Tem He MeHee NOMHHWPYIOUICE BIHAHHE HA MECTOMONOKEHHE
MaKCHMyMa OKa3bIBAIOT MOMKOChI, @ HA MECTONONOKEHHE MUHUMYMa — HYIH, HTO
1 OTPA’KAETCA CHMBOJIOM NPUGIM3NTENLHOTO paBeHCTEA B (6.46) — (6.47).

6.4.4. Mpumepbl 3IKCMpecc-aHanusa AYX n ®HX
3BEHa 2-ro nopagka

Ha puc. 6.5 npeacTasneHbl rpaduky AYX (nopmiposanHoit), @YX n kapThl
HyZeil W TONIOCOB 3BEHbEB 2-r0 MOpAAKa. COoOTBETCTBYIOLIHME MEpeaaToy-
Hble (YHKUMH MpUBEICHbI B Ta6n. 5.4. Tpadukn AUYX u @YX nocTpoeHsl
B OCHOBHOI MOJNOCE YACTOT MO pe3y/bTaTaMm JKChpecc-aHannsa B 5 TOuKax.
Kak cieayeT M3 MpUBEAEHHBIX rpaduko AUX. seeHo 2-ro mopAnaKa MOKET
coorpercTBoBaTh npoctedulemy guabtpy: @HY (exi. puc. 63, 4.2, 2c), - (OB
(cuv puc. 6.5, 6), nONOCOBOMY (TI®) (cM. puc. 6 5. 6, 0) HIM PEKEKTOPHOMY
(PD) (ceM. puc. 6.5, ¢, 3). Jlpyrue COOTHOLICHHA 1) jeif ¥ MOJKOCOB MOXKKHO HC-
Cli¢ 10BaTh CAMOCTOATEIIBHO.
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[image: image27.jpg]6.5. Ananus AYX no KapTe HyJiei u NoONKCoB

Kak ysKe 10BOPHIIOCH (€ar. 1. 5), Kapta Hyaci U 1oaiocos ABIICTes OJIHOI 13 BAK-
ety rpadmucerkux  xapaktepuernk JIJIC. [Tomuso onenku VCTOHUHBOCTH
JIIC, oHa 103BOJASCT N0 PACNONOKCHHIO HYJACH H NOJIOCOB COCTABHTH obuiee
npeacraacHie o nosesactn AUX u cienarts pia samouctinit 0 DUX (mneitio-
CTH. neanneinocT, ckadkax Ha T ap.). Huse copmynnposannl nanbosee
0b1IME 3aKOHOMEPHOCTH  KauccTserioro ananusa AYX no kapre Hyneit v noao-
COB B OCHOBHOM MOJOCE 4acTOT.

00 Pacnonoxkenue nomocos ykassigaer (NpuGaM3UTENLHO) HACTOTDbI, HA KOTOPbIX
AUX uMeeT Marcury b,

OcobennocTh AUX z6ennes 1-20 nopsoka (em. puc. 6.4):

noatoc 1M — peutectecnibii (em. Taba. 5.3), noaromy makeumym AYX naxo-
auTcs Anbo Ha uvactote M. =0 (cm. puc. 6.4, 6, ¢), nubo nHa yactote W, =T
(cm. puc. 6.4, a, 6-0).

Ocobennoctn AUX z6ennes 2-20 nopsoxka (em. puc. 6.5):

I® yneeT Ba KOMIICKCHO-CONPAKEHHLIX MAW JIBA BELIECTBEHHBIX MOjoca
(tabz. 5.4), B nepeom cayuae makeumym AYX  paxoaumTes snynipu 0cHOBHOrO
Auanasona (cM. pue. 6.5. a—oic), BO BTOPOM — Ha ero rpaHduax (1Ba Makcumy-
ma). (cM. puc. 6.5, 3).

0O Pacnozoxenue nyaeil, e 1ecaux e eounuynol OKpyACHOCHY, YKa3biBaeT
(NpUOANIUTENBHO) YaCTOTLI, Ha KOTOPbIX AUX umeeT Mununmymer;

Ocobennoctn AYX s6ennes 1-20 nopsoka (cm. puc. 6.4):

tyab [0 — pewectsennbiit (cM. Tabn. 5.3), nostomy MuHuMyM AUX mosiceT

HaxoauThes nMbo ma uactote @, =0 (cm. puc. 6.4,2), nM6G0 Ha uacToTe
B =1,

CC/IH HY/Ib PACTIONOKEH © HaYane KOOPAMHAT, OH HE CYMTAeTCs HHhOpMaTHB-
HBIM (TAK 7K€ KaK Hy:ib & TOYKE Z, =), B TAKMX CIyuasX HEOBXOAMMO MOM-
HUTD, 4TO AYX 3BeHber [-10 nopsaka — rnagkas lMOHOTOHHaﬂ (hVHKUHA € IKC-
TPEMYMAMH Ha TPaHiilia . OCHOBHOH NONOCKI. MOITOMY MaKCHMMyMy Ha O1HOM

TpaHHuUEe  COOTBETCTBNCT  MWHHMYM  Ha  NPOTHBOMONOXKHONA  rpatiiue
(em. puc. 6.4, a—¢).

Ocobennoctis AYX s6eiince 2-a0 nopsoka (eMm. puc. 6.5):

B odmem caysae M wucet 1pa KOMIICKCHO-CONPAMKEHHBIX M ABA BCIHCCT-
BEHHLIN HYAR (CM. 16l 0 5.4). B mepsom  ciayvac MHOHMyM AYX  paxo-
AMTCS CHYIPH OCHOD HOROCHL HAcTOT (cM. pue. 6.5, ¢), BO Bropont ——

Ha CFO I'Padilas fe
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4acToTLl, Ha KotopuiX A YN pasna nyviao, a GYX wveem ckavor vy 7

Ocobennoctn AUX 36enves 1-2o nopsdra (em. puc. 6.4);

nonb I — sentecrsennuiii (em. tadi. 5.3), noaromy 1y AYX moxer Haxo-
AnThes anbo Ha vactore M, =0 1ubo 1a yactote G, =7 (cM. puc. 6.4 e): kak

Brno w3 rpaukos, AYX B yKasaiuHbIX TOUKAX HE HMEET MHHMMYMa.
Ocobennoct AYX z6enves 2-20 nopsioka (em. puc. 6.5):

B obuem ciyyae [1dD moner uners asa KOMILICKCHO-CONPAKEHHBIX Uiy npa
BELLCCTBEHHbBIX HYJlfl, PACMOA0AKCHHLIX HA CAMHHUYHON OKPYKHOCTH: B nepBoM
cnyyae Hyne AYX HaXOANTCA Gy nipi OCHOBHOM Nonocsl (eM. puc, 6.5, e-3), Bo
BTOPOM — Ha ero epanuiax (cm. puc. 6.5, 2, 0); Kak BHIHO u3 rpadmkos, AYX
B YKa3aHHBIX TOYKAX HE HMECT MHHUMYMA.

O AbBconioTHas BelMUMHA NOIOCA BAKSCT HA Kpy T3y AUX: ¢ ee yBenuuenuen
KpyTH3Ha AYX Bospacraer.

Ocobennoctv AYX 36enves 1-c0 nopsoka (em. puc. 6.4):

AYX Ha puc. 6.5, a (nontoc a; =().5) uneeT MeHbLYIO KpYTH3HY. Yem AYX na
puc. 6.4, 6 (nonoc a; =0.8).

Ocobennoctu AUX 36enbes 2-co nopsioka (em. pic. 6.5):

AYX Ha puc. 6.5. 6 (Mogyab nosoca - =0.7 ) naeer MEHbLIYIO KPYTH3HY, YeM
AYX Ha pue. 6.5, ¢ (noaoc - =0.9).

=




ПОРЯДОК ВЫПОЛНЕНИЯ РАБОТЫ

Получите у преподавателя индивидуальное задание на разработку цифро​вого рекурсивного фильтра (ЦРФ) системы селекции движущихся це​лей (СДЦ). Исходными данными для выполнения лабораторной работы яв​ляются:

- значения доплеровской поправки частоты отраженного полезного сигнала от цели и ширину его спектра, выраженные в [рад] = 
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 – исполь​зуемая частота дискретизации;
- отношение сигнал / помеха по мощности в децибелах;
- коэффициент межпериодной корреляции помехи;
- значение СКО белого шума, используемого при моделировании коррелиро​ванной помехи.


1. Получив задание у преподавателя, введите данные в окно программы «Спектральные характеристики» и, нажав на кнопку «Спектральный анализ», посмотрите и зарисуйте в отчет спектры коррелированной помехи и полезно​го сигнала.
Примечание. Действительные числа в программе вводятся с использо​ванием в качестве десятичной запятой символа « , ».


2. Перейдите в окно программы «Синтез ЦРФ». Основываясь на методе экспресс анализа АЧХ по диаграмме нулей и полюсов, задайте значения ну​лей и полюсов передаточной функции желаемого ЦРФ 2-го порядка. Значе​ние коэффициента а 0 = 1. Рекомендуемое значение коэффициента b 0 = 1.

После ввода значения радиусов и фаз значений нулей и полюсов переда​точной функции ЦРФ нажмите на кнопку «Синтезировать» и посмот​рите на полученную АЧХ фильтра и диаграмму нулей и полюсов. Если же​лаемый вид АЧХ ЦРФ получен, то занесите данные нулей и полюсов, а также значения коэффициентов разностного уравнения ЦРФ в отчет. Кроме того, зарисуйте диаграмму нулей и полюсов фильтра и спектральные характери​стики сигнала, помехи и фильтра.


3. Перейдите в окно программы «Моделирование». Произведите расчет коэффициентов подавления и улучшения для ЦРФ системы СДЦ. Если полу​ченные значения коэффициентов подавления и улучшения не соответствуют желаемым необходимо скорректировать АЧХ фильтра, повторив п.2,  и по​вторить моделирование в п.3. Результаты моделирования коэффициентов подавления и улучшения занести в отчет. 

Примечание. Число экспериментов при выполнении моделирования ре​комендуется выбирать в диапазоне 100 … 10000. Время выполнения и точ​ность моделирования в п.3 зависят от выбранного числа экспериментов.
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