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BBenenue

OmHMM W3 METOJOB OIMCAHHS JJIEKTPUUECKHX IPOLECCOB B JIMHEWHBIX
LETsIX SBISETCS CIEKTPAIBHBIN METO/, MPEIoaralollinil pa3ioxKeHne CUrHajia
Ha TrapMOHMYecKHe (QYHKIMM (TapMOHHMKH), MMEIOIINE Pa3JIMuHyl0 YacToTy,
aMIUIMTYAy W HauyanpHble ¢a3sl. Habop Takux (yHKIHMIA MOXET 00pa3oBHIBATH
HENPEpBIBHBIA WM JUCKPETHBI 4acTOTHBIA cIeKTp. B mepBoM ciydae [uist
MOJMY4YEeHHUS  YaCTOTHOTO  CIEKTpa MCXOAHOTO  CHUTHaja  MCIOJB3YeTCs
MHTETpaTbHOE TpeodpazoBanne Dypee.

YacmomHuim cnekmpom cueHana Ha3bIBalOT COBOKYITHOCTh BCEX T'APMOHUK,
KOTOpBIE B CyMME JA0T NCXOJHBIH CHI'HAIL.

Cuenanom Ha3pIBaeTCs N3MEHSIONIASCS BO BPEMEHH (DU3MUECKast BENUIMHA,
C TOMOIIBIO KOTOpOW IiepemaeTcsi HEKoTopoe coobmieHne. B pomm
3JIEKTPHUYECKOTO CHTHAJIA MOT'YT BBICTYIIATh TOK, HAIIPSOKEHHUE, A TAK)KE BEKTOPBI
3J€KTPOMArHUTHOTO TOJIS.

CHexkTp eIMHWYHOI'O CUTHAa SIBISETCS CIUIOWIHBIM. IIpu 3TOM 4YacToTh
KoJIebaHuH, Ha KOTOPhIE OH MOXXET OBITh PA3JIOKEH, CIEAYIOT APYT 3a APYroM
HETIPEphIBHO, a AaMIUINTyAa KaXJO0W TapMOHHKH OecKOoHe4HO Mama. Takoe
pa3nokeHHEe  CHUTHAlIa  IPOM3BOJUTICA C  TIOMOUIBIO  UHMESPANbHO20
npeobpasosanusi Pypve.

CHekTp CHTHAJIOB  ONHUCHIBAIOT TpaUUEcCKH IyTeM  IOCTPOCHHS
amnaumyono-uacmomnozo (AUC) u gazouacmomnozo (PUC) cnexmpos. ns
criommHoro criektpa AUYC mpexacTaBisier coOoi 3aBUCHMOCTDH OT YacTOTHI (0
umn f) wmomyns cmextpanphoi miotHOocTH. DPUC mpexacraBmser  coboit
3aBHCHUMOCTh OT YacTOThI apTyMEHTa CIIEKTPAIbHOMN MIOTHOCTH.



INNPAKTUYECKOE 3AHATHE 1

1.1. YacToTHBIH CHIEKTP HeMepPHOANYECKOr0 CUTHAJIA (HempepbIBHBIMH
CIIEKTP)
PaccMoTpuM OMHOYHBIN MMITYJIEC TMPSIMOYTOIBHOW (POPMEI, ToNaras, 4To
HOJIb OCH BPEMEHH COBIIA/IaeT C CepeANHON UMITynbca (puc. 1).

A2

—>

€T, »| 4

Puc. 1. OnuHOYHBIH TPAMOYTONBHBIN UMITYIIBC

Takoll  uUMIyIbC  MOXHO  paccMarpuBaTh  Kak  NEPUOAMYECKYIO
MOCIIEIOBATEIHHOCTh UMIYIIBCOB € OeCKOHEYHO GombmnM mepuoaom (7 —> o).

1
Tornpa Q=2nF = ZRF — 0 (rtme F — gacTtoTa crieioBaHUsI UMITYJIbCOB; K - Q0 —

YacTOTBl TAPMOHHUK, B BHJE CYMMBI KOTOPBIX MpPEACTABISACTCS MEPHOTHYECKAst
NOCIIEJOBATENILHOCTh MMITYJIbcOB, K= 1,2,...). Pa3HOCTb 4YacTOT COCeIHHX
TapMOHHK Takxe Oynmer crpeMutbes K Hymo: (k +1)-Q—xQ=Q— 0.Takum
oOpa3oMm, HaboOp 4YacTOT CHEKTpa OJWHOYHOTO HMIyJbca sBIAETCA He
JIMCKPETHBIM, a CIUIOIIHBIM U MPEACTaBIsET COOON BCe MHOXECTBO TOYEK HA OCH
4acToT. To eCTh TUCKPETHBIC YaCTOTHI FTAPMOHUK KS) MEPEXOIAT B HEMPEPHIBHYO
MIepEeMEHHYIO YacTOTy .

Jnst ompeneneHHs YacTOTHOTO CIHEKTpa HENEePHOJUYECKOro CHUTHaja
HCIOJIb3YETCs TaK Ha3bIBAEMast cnekmpanbHas niomuocms — S( j®) , BRIpaKeHHe

JUIA KOTOpOﬁ COOTBGTCTByeT HpHMOMy I/IHTCl'paJ'H)HOMy HpeO6paSOBaHI/IIO q)ypI)C:
S(jw)= ja(t)e‘j“’tdt @

CHGK’I‘paJ’ILHaH IUIOTHOCTh SIBJISICTCS KOMILIEKCHOM (I)yHKLII/ICI\/'I U MOXET



OBITH IIpeCTaBICHA B TIOKA3aTEIbHON opMe:
S(jo) = S(w)e,

rre  S(w)= |S(j0))| (MOIyNlb  CIIEKTPANbHOM  IUIOTHOCTH)  OTPEAENACT
amrututyqHo-4actoTHbIN cnektp (AUC); yw(w) =arg{S(jm)} (ha3a cnexkrpansHoit
IUIOTHOCTH) onpeaensieT ¢pa3zodactoTHbIH cnekTp (PUC).

I'pagpuxkn AUC u ®UYC mpexacraBisitoT coboil 3aBHCUMOCTH MOIYJS U
pan
c
Ml @yukuust S(jo) paccuutsiBaetes ¢ momornipio Gpopmyist (1). Ipu sTom

aprymcHTa CHCKTpaHLHOﬁ INIOTHOCTHU OT 4aCTOThl ® B nu f B FH, Kl mn

IUIsL TOTO YTOOBI MHTErpajl B MPABOH YaCTH CXOIMIICS, curHai a(t) 1oimkeH ObITh
KOHEYHBIM.

[Mpumensii  oOpaTtHoe uWHTErpajbHOEe npeoOpasoBanne Dyppe, 10
YaCTOTHOMY CIIEKTPY CUTHAJIa MOYKHO IIOJIYYUTh €r0 BPEMEHHYIO pa3BEPTKY:

aft) = j S(jo)elotdf = 2—171 jS( jo)e®do, (2)

B cJ1ydya€ AUCKPETHOI0 4YaCTOTHOI'O CIIEKTpa aHaJOTHMYHOE BLIPAKCHUEC
HUMCCT BU!

0 - . .
a(t) _ zsmkeJSIQn K'\Vxeijt 7

K=—00

rae Sy, Wy —aMiuryja u ¢asa k-ii rapMOHUKH.

Ha mpaktuke ynoOHee paboTaTh He C paaaMH, a ¢ uHTerpanamu. Ilostomy
YaCTOTHBIM CIEKTP NMEPHOTUYECKON IIOCIIEAOBATEIHLHOCTH HMITYJIECOB MPOIIE
MOJYYUTh MPH HCIIONB30BAaHUM BBIPAKEHUS IS CIEKTPAIbHONH IUIOTHOCTH
oauHOUHOTO MMITyibea (1). Y3 cpaBaenus (1) ¢ BeIpakeHHEM JUTS aMILTHTY/IbI K-
11 TapMOHHUKH TP Pa3JIOKEHUU cUrHana B psig Oypee

o
Sy == ja(t)e-lm‘dt 3)
i
2

BUaHO, uto (1) ormuuaercs ot (3) HamuuueM MHOxutens 1/T U 3amuchiO
4yacToTsl B Buae k2, a He . Orcloma ciemyeT, 4TO Ul IEePUOAUYECKOH



MOCIIEIOBATEIFHOCTH MMITYJIBCOB KOMIUTICKCHAsE aMIUIATyda ec¢ K- TapMOHHKH
MOXET OBITh MOJyYeHa U3 BBIPAKEHUS IS CIIEKTPAIbHOM MJIOTHOCTH ISl TAKOTO
K€ OJMHOYHOTO HMITyjJbca HyTeM ee JenieHus Ha 7 (Tepuoji MMIOYJIbCOB B
MIEPUOTNIECKON MTOCTIeIOBATEIHHOCTH) W 3aMEHBI ® Ha K( !

: 1.,.

Smc = So) |- @
Bo3moskeH 1 00paTHBIi epexot:

S(je) > TS |, .- 5)

1.2. OcHoBHBIE Teopembl IpeoOpazoBaHusi Pypbe
CootserctBue Mexny S(jw) — usobpaxenunem no Oypee curnaiom a(t) —

OyzneM 0003HAYaTh CHMBOJIOM —'E>
a(t)—F— S(jo). ®)

Teopema adoumuernocmu
W300paxeHreM CyMMBI OPUTHHAIIOB SBJISAETCS CyMMa HX H300paKeHH:

S a0 35, (je) . @
i1 i1

Teopema oonopoonocmu
N300pakeHreM MPOW3BEIACHUS OpPUTHMHANA KM IOCTOSHHOTO MHOMKHTEIS
SIBIISICTCS [IPOU3BEACHUE N300PAKEHHUSI OPUTHHANA U MTOCTOSIHHOTO MHOYKHUTEJIS

c-alt)—— c-S(jm). ®)

Teopema oughghepenyuposanus
Onepamyst U pepeHInpoBaHsl OPUTHHANA COOTBETCTBYET YMHOXKEHHIO
ero U300paKeHUs Ha jo :

d(t)—— jo-S(jo). ©)



Tt nokasarenbctBa (9) cmemyer B3ATh IO YACTAM  HHTEIpAI,
HpEACTaBILIIOLIHI co00# n3obpaxenue mo Oypoe hynkunn a'(t) :
ja'(t) LIt = a(t)- e'im‘\w —(—jo)- _[a(t) Lot —
=[a(=) - a(-=)]- e + jo- S(jo) = jo- S(jo),
Tak kKaK a(o0) =a(—0)=0 (ycnoBue koHeuHoctn GyHKIHU a(t) ¥ CXOAUMOCTH
uaTerpana Oypee).

Teopema unmezpuposanus
Omepamyisi WHTETPUPOBAHMS OpHIMHAIA COOTBETCTBYET JIEJIEHHIO €Tro
M300paKEHHSA HA [

t
F 1 .
j a()dt—"— = .S(jo). (10)
e Jo
Teopema MHTErpUpOBaHUS MOXKET pacCMaTPUBAThCs Kak oOpaTHasl TeopemMe
nuddepeHInpoBaHUsL.

Teopema 3anazovieanus
CnBury opurusHaja BO BpeMEHM Ha f; COOTBETCTBYET YMHOXKEHHE
CIIEKTPAJIbHOM IJIOTHOCTH HA MHOKUTEIIb etlob

—joty

. ChoBur BIpaBO COOTBETCTBYET

jot
MHOXHTENIO € (pynxumst a(t—t,)), casur BreBo — MHONHTENO e!®°

(byuxuus a(t+1ty)). Ipu Takux caBurax MOIYNb CHEKTPAIBHOM IIOTHOCTH

(AUYC) me wmensercs, a k ee aprymenry (@UC) nobarmsieTcs ciaraemoe

- F . F joot,
a(t+t0)—> S(jCO)'€+JwO . (11)
JokazaTenbcTBo:
_[a(tfrto)-e‘j‘”t dt= J‘a(tito)e_jmt SeFIle . gtioh gy = gTloto =
= j a(t Fty) - e 107 g = gFioto . j a()-e 1 dr =" 1% -S(jw).



Ilpn noxa3aTenbCTBE HCTIONB30BaHa 3ameHa t Fty =1 u dt=dr.
Teopema cmewjenus

Y MHOYEHHIO OpHIHHana Ha e ™"
II0 OCH YacTOT Ha F®:

COOTBETCTBYET CMEILICHUE N300paKeHHS

a(t)-e* 1 —F 5 5[j(0F o)) (12)
Jloka3aTenbCTBO:
I ity . 9 gt = I alt) - e @Rt gy = ja(t)-e*i@"dt: S(jo') =
= S[i(0F wp)]-

+ joot
210 3HA4Y1T, 4TO IPU YMHOXKXCHHUHU OpUT'HMHAJIA HA € I CIICKTpP CUr'HaJIa, HE
HU3MCHAACH, CMCIIACTCA 110 OCH a6cuncc OTHOCHUTCIIBHO €€ HyJ'IeBOfI TOYKH Ha g

BipaBo (o' =0—-w;=0 npu ©w=w;) wm BieBo (O =0+wy=0 mupu

®=—-0y).
HNPAKTUYECKOE 3AHATHE 2

2.1. YacToTHbIE CIEKTPHI AeNbTA-(PYHKIUM U eJMHUIHON PYyHKUMHT
Enunnynas ¢pynkums 1(t) onpenensiercs kak

1t = 0 npu t( 0
1 mpu t) 0

Jenbra-dysknus Aupaka onpeaenseTcs 4epe3 eIMHIIHYI0 (QyHKIHIO:

3(t) =1'(t);
0 npu t(0
3(t) =400 mpu t=0
O nmpu t) 0

Hnomazu) ZLGJ’H)TEI'(byHKL[I/II/I 10 6€CKOH€‘IHOMY HWHTEPBAJTY BbIYHCIIACTCA KaK

© +0 +0
j S(t)dt = IS(t)dt - j Y(tdt =10 =1-0=1. (13)
-0 -0

—00



[Ipu coBure QpoHTa €AMHWYHON (YHKIWH OTHOCHTENHHO HYJIEBOH TOUYKH
OCH BPEMEHM €IUHHWYHAS (DYHKIMS CUMTAETCS 3aIras3fAblBaroIneil 1 0003HaYaeTCs
1(t —t,) (cmBur BmpaBo Ha ty) unu It +t,) (caBur BieBo Ha tg):

1(t_to):{0 npu t(t,

1 mpu t) t,

1(t+t0)={0 mpu t{ —t,
1 mpu t) —t,

AHAJIOTUYHO BBOJUTCSA TIOHATHC 3ama3fbIBAlOICH JAeabTa-()yHKIIUU
S(t—ty)=T(t—ty) m o(t+1y) =2'(t+ty):

0 mpu t(t,
d(t—ty) =40 mpu t=t,
0 mpu t) t,
0 mpu t({ —t,
S(t+ty) =4 mpu t=—t,
0 mpu t) t,
Jnis 3ana3apiBarouX GyHKIIMNA KMEET MECTO BhIPAKCHHE, aHAJIOTMYHOE
(13),
P Fty+0
jsa +t,)dt = J‘S(t +,)dt =1. (14)
—o0 Fty—-0

Quavmpyrouee c8olcmseo denbma-@yHKYuu
dunbTpyroniee CBOWCTBO JesbTa-QYHKIMH 3aKIOYaeTcs B TOM, YTO
HHTErpan ot 6o Gpynkuuu f(t), ymHOKeHHOM Ha S(f Fty), ¥ B3ATHII B TIOOBIX

npezenax, BHyTpH KOTOPBIX Haxoautes iy, pasen f(xty):
B Ft+0

If(t)-s(wto)dt - J.f(ito)~6(t$t0)dt -
A +t5-0

Ft+0 (15)
= f(2ty) - J'S(t Fto)dt = f(£ty)

+t,-0

JloKa3aTeNnbCTBO 3TOTO CBOWCTBA OCHOBAHO HA TOM OOCTOSTENBCTBE, YTO
S(tFt,) paBHO HymI0O mpH Bcex apryMmeHTtax, kpome t=zt;. Ilostomy

MOABIHTETPAJIBHOC BBIPAKCHUC OTIMYHO OT HYJISA TOJBKO MNPHU t= ito . Briaecs



koHcTaHTy f(+ty) m3-Tox 3HaKka MHTErpana u yuts (14), momyqamnm (15).

IMpumenus k & -pyHkiuu npeodpazoBanue Dypbe, MOTYyIUM BBIpaXKEHUE
IUIS €€ CIICKTPaIbHOM INIOTHOCTH:

0 0 0
S(jow) = Ié(t)~e‘j‘”tdt= Ia(t).e-l'“"o dt= J'a(t).l-dt=1.(16)
o 2o -0
AMITUTY THO-YaCTOTHBIH CIEKTP & -DYHKIHH:

S(w) =1.
Da304acTOTHBIH CHIEKTP O -QyHKIUH:
¢(w) =0.

YacToTHEIN cHeKTp 3amasjbiBatomieil nempra-pymnknmm O(t Fip) Moxer
OBITH MOJIYYCH IO TeopeMe 3ana3abiBanus (cM. (11)):

B(t Ftg) —F— 1- 100 = g*Io%

AUYC npu 3ama3;gplBaHUM OCTaeTcsi HemsMeHHbIM: S(w) =1, a OUC
MEHSETCS ~ MpPSAMO  IPOMOPIHMOHAIBHO  4acToTe ¢  KoadduuueHTom
HNponopHUUOHaNIbHOCTH Farctgty (puc. 3):

o(w) =Ftyo=F2ut, f . @an

()
o(f)

arctg ty, arctg 2nt,
» o, f
—arctg ty, —arctg 2nt,

Puc. 2. ®YC 3anazaeiBatomieii nenbTa-)yHKIHH
Vurs, uro 8(t) =1(t), a smaumr, I(t)= J. S(t)dt, mpumensist Teopemy

unTerpupoBanus (cM. (10)), no ciektpy Aenbra-GpyHkunu (16) MOXKHO MOIYINTH

10



CIIEKTPAJIbHYIO UIOTHOCTH EMUHAYHOM QyHKIHH 1(1):

. 1 .1
S(jo)=—=-j—. (18)
jo o)
Torna AYC enuanaHo# GyHkmmu 1(t)
S(e) ==, (19)
&

a O®YC equnnynont Gynkuuu 1(t)

—g npu o) 0
o) = (20)
T
+§ mpu ®( 0

I'padpuxn AUYC 1 ®YUC epnnnynoit Gpynkiuu 1(t) npuBeneHs! Ha puc. 3.

(o)
()]

s

ve
-

a 6
Puc. 3. AUC (@) n ®UC (6) enuHUIHON (YHKIHN

Dynxyuell 6raOYeHUs: HA3bIBAIOT SIMHIUYHYIO (DYHKIHIO, YMHOXKCHHYIO Ha
noCTOSHHBIA MHOXHTeNb: A-1(t). Ilo Tteopeme onmHopomnHoctn (cM. (8))
CIIEKTPAaJIbHAS TTIOTHOCTH (DYHKITMH BKIFOYSHHS MMEET BUI:

S(jo)=A—=—j4 1)
Jo

j—.
o
IIpu cnBure emuHuyHON (GyHKIMM (M (QYHKINM BKIIOYEHHUS) BIPABO Ha
(—ty) mwm BueBo Ha (+t;) ee AUC me Mmensercs, a x ®UC nmobasmsercs
ciaraemoe (—oty) wmm (+oty;). B nepBoM cirydae B 0051aCTH HONOKUTENBHBIX

gactoT @(®)=-n/2-ot; (0)0), a B 00IACTH OTPUNATENBHBIX YACTOT

11



o(w) =n/2+ oty (0(0). Bo BTOPOM ciy4ae COOTBETCTBEHHO:
o(w) =—1/2+ oty (0)0) u o(w) =+n/2-ot, (©v(0) (puc. 4)

o(w)
o(f)

Puc. 4. ®UC 3ana3apiBaroniell eTMHUIHON QYHKIIUH U 3ama3bIBaromeil GyHKIUI
srmouenust: 1 — st 1t —tg) 5 2 — s At + )

2.2. CneKTp 0OAMHOYHOI0 NMPAMOYT0JbHOI0 UMILYJIbCA

IpencraBum mnpsiMoyroiibHbld uMmynbe a(t), umerommii BbICOTY A H
JUTUTENBHOCTD T, , KaK Pa3HOCTh ABYX (YHKIMH BKIIIOUEHHS (pHC. 5):

u>

at) = A-l(t+%“)—A-l(t—%“). (22)

A0

_ _T_ _T
Al(t+-2)
2
y !
n0 |u 1 g
ALt -1y
2
I

Puc. 5. [IpAMOYTONBHBINH HMITYJIBC KaK Pa3HOCTH ABYX (DYHKIUIA BKIFOUCHHS

Torna a(t) MOXKHO PECTABUTH B BHIIE:

12



0 mpu t<-t,/2
a(t)=4-Ut+ T?”) npu T,/2<t<-t,/2

0 mpu t>r1,/2

J1s TOnmydeHHs CHEKTPaJbHOW IUIOTHOCTH HPSMOYTOJBEHOTO HMILYJIbCa
WCTIONB3yeM BEIpakeHHe (21) Amsd  CHEKTpanbHOM IUIOTHOCTH — (PYHKITUH
BKITIOUEHHUS U Teopemy 3ama3nsiBanus (11). CiektpaibHast INIOTHOCT (DYHKITHH

A -jo %
BKJIIOYCHMS, CIBUHYTAs BICBO Ha T, /2, paBHa —e ,  CIBUHYTas BIPABO
(O]

—Ha 1, /2 — paBHa _iejmt%:
Jo
a(t)—> ju) / A —J(D/ A ejcur%
J(D jo

_’m/) j2- s;lnco2

COKpaTI/IB Ha J WU OOMHOXKHUB YHUCIHUTC]IIb M 3HaAMCHATCJIb IIOCICOHETO
BBIpA’KCHHUA HA T, , OKOHYATCIIbHO HOJIY4YUM:

F At . o1
u u i 2
a(t) > o, sin > (23, a)
2

O6o3HauMB T, /2=x, 3aNMIIEM BEIPAXCHHE [ CIEKTPATbHOH

TUIOTHOCTH MPSAMOYTOJIBHOTO UMITYJIBCA KaK
sm X

S(jo) = 4z, : (23, 6)
x
rae x=wt,/2; At, — miouaas HMITyJbca.
IMoctpoum rpaduk GyHKIMH SINX/ X, y4Ts, YTO HEONPEAEICHHOCTD THTIA
0/0, nomyuaemast mpu X — 0 (sin X/X|X:O — 0/0), MoKeT OBITH PACKPBITA IO

npaswily Jlonurans:

. sinx . CoSX 4
lim——=lim——=t
x—0 x—0

@ynkimsa SiNX/X paeHa Hyao mpu SINX=0 (32 HCKIOYEHHEM TOYKU

X=0), 4TO COOTBETCTBYET Xy =nm, rae n=212,3,4.... Takum oOpa3zom, rpapux

13



JaHHOM (yHKIMH, HadMHAs C X =T, MPEACTaBIsIET COOOM CHHYCOHMOY C

N . 1
aMIUTUTYOH, yMEHBIIAIOMIEH s TI0 Mepe pocTa X Kak — (puc. 6).
X

A sin x
X

1
0,5 —
T

21 3n Tx(f)

Sin X
Puc. 6. I'paduk GpysKIHH

IMepBast HyneBast Touka (YHKUHM COOTBETCTBYeT dacrore fp;, KoTOpas
ompeenseTcs u3 YCIIOBUS: ®yT,/2=2nfyt,/2=", OTKyZa
fop =1/1, .YacToTel cnemyromux HyneBbIX Touek: fp, =2/1,, fp3=3/1, u
T.0.

Jlenecmiom cnekmpa Ha3bIBAIOT y4aCTOK CIEKTPA, OTPAHUYCHHBIA ABYMS
COCEIHHMH HYJICBBIMU TOYKAMHM, 338 HCKIIOYCHHEM IIEPBOTO JICMECTKa, JICBOH
rpaHUIEd KOTOPOTO SIBJISIETCS HE HyJieBas TOYKa, a Hayajao Ocu 4acToT. IlepBbrit
JICIIECTOK MMEeeT rpaHuwsl 1o gactore ot 0 no 1/t,, Bropoii — ot 1/t, mo 2/x,,
tpetuit — ot 2/1, no 3/t, UT.A.

AYC npsMOyTOIBHOTO UMITYIhCA

|sin x|

S(0) = 41, (24)

OUC npsaMoyroasHOro UMITyJIbca
o(w) =(n-Dm, (25)
r1e n — HOMep JIeTNeCTKa, IpUYeM ciaraeMoe 25 orOpachiBaeTcs, a B 00yacTH
orpunaresnsHbIx yactot n<0.
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Ha puc. 7 mokazansr AUC u @UC mpsMoyroasHOTO UMITYJbCa, CepennHa
KOTOpOTO COBIAJAET C HYJEBOM TOUKOW OCH BPEMEHH.

AS(f)
At
!
3 2 1 1 2 3
Tll Tll ‘CIA TM Tll Tll
a
Ao(f)
Tl
L I I | I I L
_3 2 1 0 1 2 3
’Cll TU Tll Tll Tll Tll
——=
o

Puc. 7. AUC (a) u ®YC (6) npamMoyroabHOTo UMITYJIbCA

Jns mpsimoyronbsHOTOo MMmmynbca a(t —ty), koraa ummynsc a(t) caBUHYT
BopaBo Ha t; (puc. 8), ero AUC He wmenserca, a k OUC npubaBnsercs
ciaraemoe (—oty )

o(w)=("n-Dr—ot,. (26, a)

[Tpu casure umIryabca BIEBO BTOpoOe ciiaraeMoe B (26 a) MMeeT 3HaK IUIIoC:
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o(@) = (N—D)m+ ooty . (26, 6)

Aa(t—to)

Ty

< >

Al

Puc. 8. IIpsIMOYTONBHBII HMITYJIBC, CIBHHYTHII BIpaBo Ha t

Ha puc. 9 nokazauslr ®UC mist mmmyneca a(t—t;) — 1-1 u nMmmynsca
a(t+ty) —2-2.

Puc. 9. ®YC npsMoyroasHOro UMILYNbCa, CABUHYTOTO Brpaso (1—1) miu BaeBo
(2-2)

Ioctpoenue rpaduxoB ®UC (26, a, 6) IPOUCXOAUT CICTYIOUIIM 00pa30OM.
IMpu HeueTHEIX N (mpoMmexyTku Ha ocu f ot 0 mo 1/, oT 2/7, no 3/7, M T.0.)

U3-3a TOTO, YTO cliaraemoe 27w otopacsiBaercst, ¢(m) umeer sux @(m) = Fot; .
Ipu werHsIx N (mpomexyTku Ha ocu f or 1/t, mo 2/t,, or 3/7, mo 4/t, m

T.J.) HW3-3a TOro, 4ro ciaraemoe 27 ortOpaceiBaercs, () HMeeT BHJ
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¢(m) =sign (w) - 1 F wty Cae sSign(w) — 3HAK YACTOTHI), T.e. COOTBETCTBYIOLIIE
ydacTkd mpsaMoit  ¢(®) = Fot, B 3THX AMaNa3’oHaX YacTOTHl OKa3bIBAOTCS

CMEIICHHBIMHU BHU3 WJIX BBEPX Ha BEJIMYUHY TC.

INPAKTUYECKOE 3AHATHE 3

3.1. lllupuHa CNJIOIHOTO YaCTOTHOIO CIIEKTPa
Jnst OIEHKH SHEPTeTHUYECKUX MapaMeTPOB HETMEPHOJMUECKOTO CHUTHAA CO
CIUIOIIHBIM CHEKTPOM, B OTJIMYHE OT MEPUOJMYECKOTO CHIHANA, HCIIOIb3YeTCs
HE MOIIHOCTb, a 9Heprusl. llluprHa crekTpa Takoro CHrHajia ONpeaessieTcs Kak
o0ylacTe 4acToT, B KOTOpod cocpenoToueHo 90 mmm 95 % sHeprum curHana.
BelpaskeHne s 9HEPTHH CHUTHAJA TOJIy4aloT C IOMOINBI0 TeopeMbl Pemes —
paBeHcTBa JlsmynoBa—IlapceBains s naTerpana dypoe:

o0

j lat)dt = 2T|S( if )P df . @7)
0

Y N

3aBHCHMOCTb |S(jf)| =S2(f) wm |S(joo)| =S%(w)  HasbIBAIOT
OHepeemuYeckuM CneKkmpoM cuenand. Jlis TONYYeHHs INMPHHBI CHEKTPa
curHama f;, COOTBETCTBYIOWIEH ONMpENENEeHHOH YacTH OHEpPrHH CHIHAJA,

npouHTterpupyeM (27) He 1o ©, a go f;. O603HauMM depe3 D % OTHOIICHHE

3TOI 3HEPrUU K MOJHOW SHEPTUM CUTHaJIa, TOTAa

fy
jsz(f)df
D%=t——. (28)
jsz(f)df
0

Bammmem S2(f) s IpAMOYrONBHOTO HMMIynbca BBICOTOH A 1

JIIMTENBHOCTBIO T, , ucnonb3ys ero AUC (cu. (24)):

»sin’x

S?(f)=(4r,)* >~ (29)
X

17



ot, 2nfrt, f 1
= =n—; fu=—.

2 2 for T

Ha puc. 10 moka3ana 3aBUCHMOCTb, IIOCTPOCHHASI MIPH MOACTaHOBKE (29) B
(28).

rone x=

u

% A DO
wo . _ _ _ _ _ _ _ _ _ _ _ _ _
Nr——— =

f

[y

1

' "

fl — fOl — fl — :Z fOl

FI/IC. 10 3Hepl CTHYCCKHU Cl'[eKTp HpHMOyFOHBHOFO I/IMl'IyJ'[L(Ia

C nomompio (28) u (29) MOXKHO TMOKa3aTh, YTO I MPSIMOYTOJEHOTO
nMmitynbea 90,2 % sHepruM BCEro CUTHAIa COCPENOTOUYEHO B IMpenenax MmepBOro
JIeTIecTKa

B IIpejiesiaXx TEePBOr0 U BTOPOTO JICHIECTKOB COCPENOTOUEHO 95 Y% sHepruu
CUTHaNa
f'=2It,. (31)
Kak Bumgao u3 (30), (31), yem OoibIle UIHTEIHHOCTh HMITYJbCA, TEM
MEHbIIIE IMIMPHHA €r0 CIeKTpa u — HaoOopoT. Tak, crekTp menbra-QpyHKIUU, y
kotopoit T, — 0, umeer GeckoneuHyro mHpUHy Af, — 0.

3.2. [lonsiTHe 0 HeMCKaKalOMIeH Henu
[Tpy npox0okKIeHNH CUTHAJIA Yepe3 IICKTPHUYECKYIO LIeNb ero (hopMa MOXKET
MEHATBCS BO BPEMEHH, BO3MOXKHO TaKXe, YTO CHTHaJ OyJeT HpoxoauTb 0Oe3
ucKakeHns: (coxpaHaATh Qopmy). Cuuraercs, UYTO CHTHAI MPOXOJUT 0e3

18



WCKa)KeHUS, €CIIH OH 3aTyXaeT (WM YCIIIMBAeTCs) M OTCTaeT BO BPEMEHH, HO €0
JUTATENIFHOCTh HE MEHSETCS, a N3MEHEHHE BCEX OpPAMHAT BPEMEHHOTO rpaduka
IPOUCXOAUT 3a OJHO M TO ke KoimuecTBo pas (K,). Heuckascarowei yenvio

Ha3bIBAETCSI LETIb, Yepe3 KOTOPYIO0 CUTHAN MTPOXOUT 0€3 HCKaKEHHH.
Ha puc. 11 npencraenensr BxoaHoit x(t) u BeixomHo# Y(t) curhansl B

clly4ae HeMcKakarowiel nenw (3aryxauue K, ~0.8, orcraBaHue paBHo t;).

Ay(®), x(t)

y(t) =kox(t —to)

\

Puc. 11. [IpoxosxaeHne curHaia 4epe3 HEMCKaKAOUTYIO IEb

ITpu 5TOM CBSA3b MKy BXOJHBIM U BBIXOJHBIM CUTHATAMH
y(t) =rxo - x(t—1tp) . (32)
Ipu nmepexone ot Berxoguoro Y(t) u BxomHoro x(t—t;) curxamos (32) x
uX n300pakeHusiM 1o ypre UCIoNb3yeM TeopeMy 3ana3asiBanus (11):

y(t) —F kg - x(jw) & 1% =Ky e 1% L x( jo). (33)
W3 BbIpakeHUsl, CBA3BIBAIOIIETO BHIXOIHON U BXOJIHON CUTHAJIbI,
Y(jo)=K(jo)  X(jo) (34)

clieyeT, 4To KOMIUIeKCcHas nepepatounas ¢yHkuus K(jo) B naHHOM ciyuae
OTIpeNIeNIeTCs KaK
. ~jot
K(jo)=xrge 0. (35)
To ecTp aMINIUTyAHO-4acTOTHas  xapakrtepuctuka (AUX) s
HEHUCKaXKaoIeH e

K () =xo. (36)
a ee (hazouacToTHas Xxapaxkrepuctuka (PUX)
() = oty . (37)
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I'padpuxu AUX 1 ®UX 115 maHHOTO CIydas MOKa3aHbI HA puc. 12.
k(w) o(o)

a tga=-t,

Puc. 12. AUX (a) u ®UX (6) Henckaxaromen nemu

[IprMepoM HewmcKaxaromleill e MOXET CIYXHTh J000e YCHINTENBHOEe
3BCHO, B YaCTHOCTH, OMHYICCKHUI JCIUTENb HANpsDKCHUA. Eciam BXOOHO#M curHAT
MoJaeTcs Ha IIOCIIEIOBATEIbHO COCNWHCHHBIC COMpOTHBICHHI R; m R, a
BBIXOJTHOW CHTHAJ CHHMAeTCs C OIHOTO W3 HuX (Hampumep R;), To AUX n ®UX
HMEIOT BHI:

R .
—_—
R +R,

¢(w) =0, mockomsky ty =0.

K(w)=xq =

B peanbHBIX yCIOBUSIX HEMCKaXKawolas 1enb JoukHa uMeTh AUX n OUYX,
COOTBETCTBYOIIME cOOTHOmEeHMsM (36), (37) u puc. 12, TompKo B mpenenax
IIMPUHEI CIIEKTPA.

3AJJAYHN

3amaua 1.

Moctpouts AYC n @UC crexTpsl NpsSMOYTroJbHOTO HMITYJIbCa TOKa, Y
KOTOporo BbIcoTa uMmnyiabca A=10 A, mmpunHa 1, =10MKc, a cepenuHa
umIyneca cornazaaet ¢ Toukoi t=0 (t,=0) (puc. 13 a,06).

Pewenue.

|Sin X| . . T, | —1Nn4
S(w) = 41, S ol@)y=(n-DHr; x= - Az, =10"A-c.
I'panuna nepBoro Jyienectka (IMUPUHA JETIECTKA)

for _1 =#6 =10°Tu =100 kT 1.
T, 10-107
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As()

—

-300 -200 -100 0 100 200 300 ry

dy(f)

1 | ! ! | Ll
-300 -200 -100 0 100 200 300y

o
Puc. 13. AYC (a) nu ®UC (6) npsimoyronsHoOro nmiyssca npu t,=0

3amgaua 2.
HaiiTi 4acTOTHBIA CHIEKTpP OJUHOYHOTO TPSMOYTOIBHOTO WMIYJIbCa IIPH

A=10 B, 1, =50 Mxc, t,=20 Mkc.
Pewenue.
B nannom ciyuae AUC paBen
Isin x|
S(w) = 41, - ——,
rae At, =10-50-10° =5.10*B-c.
[paBas rpanuiia NepBoro JenecTka (epBas HyJeBas TOUKa)

f01=i 1 2.10%ru-=20un

1, 50-10°°
paBHa MIUPHUHE JIETIECTKA.
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@YC 3anmceIBaeTCS B BHIE:
P(@)=("-Dr—oty:
o(®) = (-1 —2nf -20-10° = (n-Dn—47-10° f ,
rae f , T,
wi () =(n-1)n—4n-1072f
roe T, xI'm.

Bropoe cnaraemoe nocnenHero BbIpakeHUs SIBISETCA YpaBHEHUEM MIPAMOMH,
MPOXOJISIIEeH uepe3 Hadajao KOOpAWHAT. DTy NPSIMYIO MOXHO MOCTPOUTH IO
aByMm toukam. Oxna Touka: @ =0 nmpu f =0, BrOpas — Hampumep, 3Ha4YCHHE

¢da3sl B TepBoii HymeBoil Touke 3aBucuMmoct S(j®): @=m mOpH
f=1/t, =201 .

I'pagpuxun AUC u ®UC npexncraBiens Ha puc. 14 u puc. 15. [loctpoenne
rpapuka DYC mpoucxomuT cieayrommM obdpasoM. [Ipy  He4eTHBIX N
(mpomexxyTku Ha ocu f ot 0 no 1/7,, ot 2/, mo 3/t, u T.1.) U3-3a TOrO, YTO

crmaraeMoe 27w otopackBaeTcs, @(m) mmeeT BHA @(m) = —oty . [Ipu 9eTHBIX N
(mpomexyTku Ha ocu f ot 1/t, no 2/t,, or 3/t, no 4/t, u T.0.) U3-3a TOTO,
qTo craraeMoe 27w oTOpackiBaeTcsa, ¢(m) mMeeT BHA ((w) =Sign () - T— ot
(rme Sign(®w) — 3HAK YacTOTHI), T.C. COOTBETCTBYIOIIHE YYACTKH MPSIMOMN
¢(®) =—ot; B 9TUX AMANa30HAX YAaCTOTHI OKA3BIBAOTCS CMEILICHHBIMH BBEPX

(I71s TIONIOKUTENBHBIX YAacTOT) WM BHM3 (VI OTpPHULATENBHBIX YacTOT) Ha
BEITHYUHY T .

As()

(o]
S
=N
=

-60 -40 -20 0 20 40

Puc. 14. AUC npsiMOyrosibHOTO UMITyJIbCa, CABUHYTOTO BIIPAaBO
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o(w)

_—— —_——— — b — —

Puc. 15. ®UC npsMoyroisHOTO UMITYJIbCA, CIIBUHYTOTO BIIPABO
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