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Jleknus 1.

1. CHEKTPAJIBHOE NPEJACTABJIEHUE PAJUOTEXHUYECKHUX
CUT'HAJIOB. KOPPEJISILIMOHHBINA AHAJIU3 CUTHAJIOB

1.1. Knaccudukauusi CHrHAJIOB

Ilonsitue "curHan" — OYEHb €MKOE, U B HEro B 3aBHUCHUMOCTH OT KOHTEKCTa
BKJIQJIBIBAIOT PA3JIMYHBIN CMBICI. B paguoTexXHUKE cuHa10mM HA3BIBAETCS HEKOTOpAs
U3MCHSIONMAsACA BO BpPEeMEHH (U3uyecKas BEIWYHMHA, SBIAIONIASCS TEPEHOCYHKOM
uHdopmaruu. Yare Bcero 3To ObIBaCT HAMPSHKEHUE UITH TOK.

N3yueHne TeopuM CUTHAJIOB OOBIYHO HAYMHAIOT C TEPMHUHOJIOTUU H
KJIacCU(UKAIIUH.

Kiaccudukanusi CHTHaIOB MOXKET IMPOM3BOAUTHCS 110 PA3IMYHBIM ITPHU3HAKAM.

Haunem ¢ TOro, 4tro curHajgbl MOJpa3ACisAIOTCAd Ha JACTEPMHUHUPOBAHHBIE U
cily4aiiHble. /lemepMuHupo8aHHbIMU HA3BIBAIOTCS CUTHANBI, KOTOPHIE MOXKHO OIUCATh
Harepe U3BeCTHOW (yHKIMeld BpeMeHU. B oTiaudue OT HUX CIyyailHble CUTHAIIBI HE
MOTYT OBITHh 3aJaHbl HW3BECTHOM (yHKIMEH, HUX MOXKHO OIHUCATh JIUIIb
CTATUCTUYECKUMHU XapakTepucTukaMu. CllydailHble CUTHAIBI — 3TO OOBIYHO TTOMEXW.
Onnako w curHaibl, Hecymue WHopMmaluioo, ecnu ux (popma 3apaHee HEU3BECTHA,
MOXHO paccMaTpUBATh KaK CIy4alHbIC.

CurHasibl MOXHO KJIacCU(UIMPOBATh IO XapakTepy HMX 3aBUCUMOCTH OT
BpeMeHU. OHU MOTYT UMETh OECKOHEUHYIO MPOTSHXKEHHOCTh WM OBbITh OrpaHUYEHHBIMU
BO BpemeHH. K O€CKOHEUHO TMPOTSKEHHBIM CHTHAJIaM OTHOCSTCS, HaIlpuMmep,
MePUOIMYECKUE CUTHAJIBI, B TOM YHCJIE TAPMOHUYECKUA CUTHAI.

CurHaJibl, UMEIOIIME KOHEUHYIO MPOTSHKEHHOCTh, T. €. OTJIUYHBIE OT HYJS Ha
KOHEUHOM HWHTEpBaJie, HA3bIBAIOTCS umnyabcamu. PaznmuyaioT BUACOUMITYJIBCHI U
pPaIMOUMITYJIbChl. Paduoumnynbcel B OTIUYHE OT BUOCOUMNYIbCOB, WVMEIOT
BBICOKOUYACTOTHOE 3amojHeHue (cM. puc. 1.1).

. A u(t) 6 u(®)
4@7\/ Wi\@;; :
0 - \\[ uv .

Puc. 1.1. a — BUugeOUMITYIIbC; 6 — PATUOUMITYIIBC

PamouMmynbChl, CO CBOEH CTOPOHBI, OTHOCATCS K TaK Ha3bIBAEMbBIM
paauoCUrHaiaM, KOTOpble MOTYT OBITh OMMCAHBl MATEMATHUYECKUM BhIpaKEHHEM BHJIA
u(t) = Un(t) cos[mot + @(t)], tme Un(t) 1 ¢(t) — memnennsie pynkuun BpeMenu; Up(t)
Ha3BIBACTCS ozubarowielt, oy — Hecyujei yacmomou paguocuraana. K paguocuraaiam
KPOME PaTUOUMITYJICOB OTHOCSATCS. MOy TMPOBAHHBIC CUTHAJIBI.



Bce mnepeuuclieHHBIC BBINIE BHUIBl CUTHAJIOB, W JETCPMUHHPOBAHHBIC, U
CllydaiiHbIe, SIBJISIOTCS AHAJIOTOBBIMHU, WM KOHTHUHYAJIbHBIMH. AHA10208ble CUTHAIIBI
NPUHUMAIOT Kakoe-JTnOO 3Ha4YeHHE B JIFOOOW MOMEHT BpeMeHH. Kpome aHaoroBbIX,
CYIIECTBYIOT €Ie IUCKPETHBbIC W ITU(PPOBHIC CHTHAJIBI, KOTOPHIC B IOCIICTHEE BpEMs
MOJIYYIJIA TIIHPOKOE PACIPOCTPAHEHUE B CBSI3M C pa3BUTHEM IUGPOBOM 00pabOTKH
CUTHAJIOB. /luCKpemHble CUTHAIBI 33JAl0TCS JIMIIL B OIPEICIICHHBIC JUCKPETHBIC
MOMEHTBI BPEMEHH, & YUGPPo6ble CUTHAIIBI TIPECTABISIOT COOO0M MOCIeI0BATEIBHOCTD
qHCell, 33JaHHBIX OOBITHO B KOJIaX BBIYUCIIUTEIHPHON MAIIHHEI.

1.2. DaemeHTapHBIE CUTHAJIBI. JIHHAMUYECKOe TIPeICTABIeHHEe CUTHAJIOB

[Ipn pemieHnr HEKOTOPHIX WHXCHEPHBIX 3a7a4 OTHOCHUTEIIBHO CJIOXKHBIC
PaIUOTEXHUYECKUE CHUTHAIIBI OKa3bIBACTCS II€JIECOOOpPa3HBIM TIPEJICTaBUTh B BHIE
CYMMBI (Cynepro3uIuu) 60jee MpOCThIX, TaK Ha3bIBAEMBIX, 3JICMEHTAPHBIX CUTHAJIOB.
Hamnpumep, npu anaimze mpoxoxJACHHUS CUTHAJIOB Yepe3 JIMHEHHbBIC IIEMH HEO0X0IUMO
ObIBaeT paccuuTaTh (OpPMYy CHUTHAjJa Ha BBIXOJE IEMU. OJTO MOXHO CJeJaTh,
MIPEICTaBUB BXOJAHOW CHTHAJ B BUC CYMMBI OYEHB MMPOCTHIX AIIEMEHTAPHBIX CUTHAJIOB,
PE3yNbTaT MPOXOXKIEHUS KOTOPBIX Yepe3 UCCIEeTYyEeMYIO I U3BECTEH WM €ro JIETKO
HaiiTn. Hambonee ymoTpeOUTENBHBIMU J/1EMEHMAPHBIMU CUTHATAMU  SBIISIOTCA
byHKIUS BKIIOYECHHS (C€AMHUYHBIA CKA4oOK), JAenbTa-(QyHKIHUS W TapMOHUYECKHM
CUTHAJL.

dynknusi BKIAWYeHUus1 (Ppynxkuua Xreucainoa) (puc.1.2 a) omnmchiBacTCs

BBIPA)KCHUEM
0, t<0
o(t)=41/2,t=0. (1.1)
1, t>0

Ee MOXXHO paccMmarpuBaTh Kak IMpelenbHbIi nepexoq npu 0 — 0 ¢dynkmun S(t),
n300paxeHHoi Ha puc. 1.2 6.

a 10 6 s(t)
1 1+-
|
|
0,5 057
|
t l t
0 i} 0 0 -

Puc. 1.2. ®ynkuus XaBucaiiga (a) u ee npuoImkeHue (6).

[Tpou3BONBHBINA CUTHAT MOKHO TMPEJACTABUTh B BUJE CYNEPHO3UIMU (DYHKIIHIA
BKJIFOUCHMS, KaK MMOKa3aHo Ha puc. 1.3.

f(t) = f(0)o(t) +[f(A) - f(0)]o(t — A) +[f (2A) — f(A)]o(t —2A) +...



Ecnu Tenepp mar A yCTpeMUTH K HYIIIO,
A (D) TO IUCKPETHYIO MEPEMEHHYIO KA MOKHO
T 3aMEHUTH HEINPEPBIBHOW TEPEMEHHOM T,
a CKa4yKd CHUTHaja f(kA) —f((k — 1)A)

+ MpEBpaIAIOTCS B mud depentran
¢ df = (df/dt)dt, B pesyapTaTe  yero
P , > noiy4yaercs  (QopMmyna mpencTaBiIeHUs
0 A 2A CUTHaJa B BUJE CYNEPHO3UIIUMU (DYHKIIUN

Puc. 1.3. [IpencraBnenue npou3BOILHOTO XaBuUcaiiua:

CHTHaJIa C MOMOIIbI0 QyHKIMI X BUCaKga.
+00
df

f(t)=f(0)o(t)+ Ec(t—r)dr. (1.2)

)

B Kypce OCHOB TEOpHH ILICTICH BBOAUTCS TOHATHE HEPEXOOHOU XapPaKTECPUCTUKH
KaK peakiny LeNny Ha ¢IUHAYHBIA CKayoK Ha BXoje. Ha4e roBopsi, €ClIi Ha BXOJI LS
10J[aTh CUTHAJI B BHUJE CIMHUYHOrO ckadka o(f), TO HA BBIXOJE MOJyYHTCS CUTHAI B
BUJIC TepexoaHoi xapaktepuctuku g(t). 3Has MEepexoJHYI0 XapaKTePHUCTHKY, JIETKO
HaWTH CUTHAJ Ha BBIXOJIC LICMH MPH JCHCTBUU HA €€ BXOJE MPOU3BOJIBHOTO CHUTHAJA
f(t), mampumep, mpencrasieHHoro Ha puc. 1.3. B pesynbrare AEHCTBUS Ka)XI0rO
aneMeHTapHoro ckadka o(t—KA), yMHOXEHHOrO Ha BBICOTY COOTBETCTBYIOIICH
CTYNEHbKH, Ha BbIXoje Oyner momy4arbesi curHan g(t — KA), yMHOKCHHBIH Ha TaKyro
K€ BBICOTY CTYNEHbKH. B HTOre MBI MOXKEM JIETKO MOJYYHTh BBIPAKEHHE JUIs
BBIXOJTHOTO CUTHAA, 3aMeHHB B hopmyie (1.2) o(t) na g(t):

o]

fuc = FQ0+ [ T at-0)dr. (13)

0
DT0 BRIpaYKEHUE SBIISCTCS XOPOIIIO U3BECTHOU (popmyiioit unmezpana /[roamens.
HNenbta-pynkuust (¢pyukyua Jupaka) — OTO OYCHb CBOCOOPA3HEBIN
MaTeMaTtuyeckuii 00bekT. OHa paBHA HYJIO MPU BCEX 3HAYEHUSX aprymMeHTa Kpome
t=0,amnput=0 oHa paBHa OECKOHEUHOCTH:

o, t=0
8(t) = 1.4
®) 0, t=0 (L.4)
Kpome Toro, 6-hyHKIUS yAOBIETBOPSIET AOMOJHUTEIBHOMY YCIOBHIO:
+00
8(t)dt =1 (1.5)

—o0
JenbTa-QyHKIUMI0O MOXKHO paccMaTpuBaTh Kak MpeneNbHbI ciaydyall OYeHb
KOPOTKOTO UMITyJIbca eAMHUYHON miomanu (puc. 1.4). Eciam yctpeMuts JJIMTEIbHOCTD



TAKOr0 HMITyJIbCA K HYJIKO IPU HEU3MEHHOM IUIOIAaau, TO B Hpelene MOIyduM
O-(pyHKITHIO:
3(t) = limv(t)
0—0
[Tockonbky O-(hyHKIMS UMEET €NMHUYHYIO TJIOLIa/lb, €€ pa3MEepHOCTh — 1/c.

a A (1) 6 A v(t)
A

0 -0 0
Puc. 1.4. lenvra-pyHkiwus (@) u ee npudimxenue (6)

Jlenbra-GyHKIUsS cBs3aHa ¢ (QyHKIHMEW BKIFOYCHHS MPOCTHIM COOTHOIICHHEM.
HetpynHo Bumets, uro ¢ynkiwms V(t), n3oopakeHHas Ha puc. 1.4, paBHa IPOU3BOIHOM
ot pyukiuu S(t) Ha puc. 1.2 6:

v(t) = ds(t)/dt.
[Tonaras 6 — 0, moayuum
o(t) = do(t)/dt. (1.6)

Jlenbra-QyHKIMIO OPUHATO H300pakaTh rpauuecku B BHIE BEPTHUKAIbHON
cTpenku (cM. puc. 1.4 a).

O4eBUIHO, YTO CUTHAJ B BHUJE HIEATbHON O-QYHKIMH PealbHO CYIECTBOBAThH
He MoxeT. OpHako O-(QYHKIMS OKa3bIBaeTCs O4YEHb YJAO0HONW MaTeMaTH4YeCKOu
MOJICNIBI0 TIPW OINHUCAHUH KOPOTKUX HWMITYJIhCOB. [IpOWM3BONIBHBIA CHUTHAT MOKHO
paccMaTpuBaTh Kak CymepIio3uIlnio KOPOTKUX UMITYJIbCOB, KaK IMMOKa3aHo Ha puc. 1.5.

f(t)=> f(kA)v(t—kA)
k
Yerpemnsas A — 0, nonydum:
f(t)= Tf (t)d(t — 1)dt. (1.7)

Ecau Ha BXOA JIMHEHHOM IeNU MOJaTh

A f(t) O-pyHKIIMIO, TO CHTHaJI Ha €€ BBIXOJE
i HA3bIBACTCS UMHNYIbCHOU XAPAKMEPUCMUKOUL
h(t). Eciin ke Ha BXOJ MOJaTh IMPOU3BOJIBHBIN
curHan (puc. 1.5), cocTaBineHHbIH U3 OYEHb
KOPOTKHX MMIIYJIbCOB, TO KaXIblii W3 3TUX
T U KOpOTKHX MMITYJIbCOB HOpO,Z[I/ITVHa BBIXO/IC HCHI:I
0 A 2A CUTHAJI, MPONOPUAOHAIBHBIA  UMIIYJICHOM
Puc.1.5. [IpencTapnenue npoussonbHoro  XapakTePUCTHKE. B pesymbTare  BBIXOTHOM

CHTHAJIa B BHJIE CYNIEPIIO3HINN KOPOTKUX  CUTHAJI MOKET OBITh TIPEJICTABIICH B BUJIC
HMMITYJIHCOB




BBIX

f(t)= fo f (t)h(t - 1)dr, (1.8)

T... CHTHQJ Ha BBIXOJC IICMH PaBEH CBEPTKE BXOJHOTO CHTHAJIA W HMITYJIbCHOM
XapaKTePUCTHKH IICTIH.

Henpra-QyHkiuss oOnagaeT eme OJHOW MPUMEYaTeIbHOH OCOOEHHOCTHIO,
KOTOPYIO Ha3bIBAIOT (WIBTPYIOIIMM CBOMCTBOM. ECIM OHa BXOJUT B COCTaB
HOJIBIHTETPAILHOTO BBIPAXKCHHS, TO TAaKUE WHTETPaJbl OYEHb JIETKO BBIYMCIISIOTCS.

MaTemaTHueCKH 3TO BBIPAXKACTCs CAEAYIOIUM 00pa3oM:
—+00

f(t)8(t—a)dt= f(a). (1.9)

—00

Wuterpan ot Hekotopoit ¢ynkumu f(t), ymMHOKEeHHOW Ha O-QyHKIHIO, paBeH
3HAYCHUIO Mo bIHTerpasibHon pyHkiuu f(t) B Tol Touke, Tae O-PpyHKIMs oOpamaercs B
OECKOHEYHOCTb.

I'apmonuueckuii  cucnan (puc. 1.6) omnmceiBaeTcs  MaTeMaTHYECKUM
BBIPKEHHUEM

u(t)= Uy, cos (wot + ).

["apmoHnueckue CUTHAJIbI
AUt HOJYYHIIN IIHPOKOE PacIpOCTPaHEHUE B
paauoTexXHUKe Oyaronapsi CiaeAyOIUM

OTJIMYUTENIbHBIM KaueCTBAM.
\ / ;t 1. DTo eAMHCTBEHHBI  BHUJI
0 CUTHaja, KOTOPBIA HE M3MEHSET CBOEH
dbopMbl  TIpU  MPOXOXKICHUM  Yepe3
J00YI0 JUHEUHYIO CUCTEMY.
Puc. 1.6. 'apmoHMUeckuii curaain M3meHsieTcst TOJIbKO aMIuiuTya u (asza

CUTHaJja Ha BBIXOJE.

2. CobcTBeHHBIC KOJICOAHUsT KOJIEOATEIBHBIX KOHTYPOB U JIPYTUX PE30HAHCHBIX
YCTPOMCTB MMEIOT BHJ rapMOHUYEcKOW (yHKUMH. braronapsi 3ToMy rapMoHUYecKue
CUTHAJIBI Pa3HBIX YACTOT JIETKO OT(HOUIBTPOBBIBATH IPYT OT APYTa.

3. T'apMOHUYECKHE CUTHAJIBI MOXKHO T€HEPUPOBATh C MOMOILBIO OTHOCUTENIBHO
MIPOCTBIX YCTPOMCTB.

B Teuenue moutH cTa JIET ¢ MOMEHTa H300PETEHHUs Paglo TapMOHUYECKHUE
CUTHaJbl OBUTM TOYTH €IUHCTBEHHBIM BHJIOM CHTHAJIOB, KOTOPBI HCIOJB30BAJCS B
KayecTBE HECYIIEro KoyiebaHus Mpu nepenade HHPopMaIiu 1o paanokanagam. M xors
B TIOCJIEIHHE TOABI B CBSI3U C pa3BUTUEM LUPPOBOM TEXHUKH Hapsay cC
TapMOHUYECKHUMH CUTHAJaMH CTajld WCIONb30BaThCA JIPYTHE€ BUILI CHUTHAJIOB,
3HaYeHHE TApPMOHUYECKUX CHUTHAJOB B PAJUOTEXHUKE TMO-TIPEKHEMY OCTaeTCs
YPE3BBIYAHO BHICOKHM.




1.3. CnekTpbl NepuoanYecKNX CUTHAJIOB

CnexkTpoMm Ha3bIBaeTCs MPEJCTABIICHUE CUTHAJIA B BUE CYNEPIIO3ULIUU (CYMMBI)
TFApMOHUYECKUX COCTABIISIONINX C PA3IMYHON YacCTOTOM.

Omna w3 BaXHEHIIMX TPUYMH IIHUPOKOTO TPUMEHEHUS CIEKTPOB B
PagMOTEeXHUKE COCTOMT B ClEOyiomeM. [ apMOHHYECKHWE CHUTHaidbl 0O0JajaroT
YHUKaJIbHBIM CBOMCTBOM: MpPU MPOXOXKJICHUU 4Yepe3 JII0OYI0 JUHEHHYI0 CUCTEMY
(konebaTeNnbHBIN KOHTYD, JIFOOOW (UIBTP, YCUIUTENIb U T. 1.) (opMa TAaKOro CHUTrHaja
HE W3MEHSETCA, a HM3MEHSETCS TOJIbKO €ro aMIuimTyna u ¢asza. DTO MO3BOJISET,
MPEICTaBUB TMPOU3BOJILHBIM CUTHAJ HA BXOJI€ JIMHEWHOW CHUCTEMBI B BUIE CYMMBI
TapMOHUYECKHUX COCTABIIIONINX, PACCMOTPETh MPOXOKICHUE KaXKIOW COCTaBJISIONIEH
OTIEJIbHO M 3aTeéM, IPOCYMMHPOBAB 3THU COCTABIAIOIIME HA BBIXOJE JIMHEWHON
CUCTEMBbI, HAWTH BHJI BBIXOJTHOTO CUTHAJIA.

Ecte m napyrue, He MeHee BaKHBIE NPHIOKEHHUS CHEKTPAIBLHOW TEOPHH
CUTHAJIOB, C KOTOPHIMU BbI MO3HAKOMHUTECH B MPOIlECCE O0YyUEHUS B BY3€.

CriekTpallbHOE TPEACTABICHUE CHUTHAJIOB OYCHb IIHPOKO IPHUMEHSCTCS B
WHXXCHEPHOW TpakTuke. KBanmupuiupoBaHHBI WHXEHEP IO BHJAY CICKTpPa MOXET
JIETKO ONpPEAENUTh BHUJI CUTHAJIA U €r0 XapaKTEPUCTHKU. B HEKOTOPBIX Clydasx BH]I
CIIGKTpa CHTHaJIa HeceT Oojiee BaXHYI0O M Oosiee HArisaIHy0 HHGOPMAIUIO O
XapaKTEepPUCTHKAX CUTHalIa, YEeM €ro BpeMeHHAs 3aBUCHUMOCTh. I Hakonemn, B
MOCJICTHAE TOABl pa3padOTaHBl MOIIHBIE KOMITBIOTEPHBIE CPEACTBA IS PEIICHHS
Pa3IMYHBIX PAIMOTEXHUUECKUX 3a/1ay, B TOM 4Hclie ObIcTpoe mpeoOpa3zoBanue Dypebe,
C TTOMOIIIbI0 KOTOPOTO MOKHO JIETKO MEPEXOIUTh OT BPEMEHHOW 3aBUCUMOCTH CUTHAJIa
K €ro CIIEKTPY ¥ 00paTHO, pelIaTh Ipyrue HHKECHEPHBIC 3a/1a4H.

Haubonee mnpocto MOXHO OINpPEACNUTh CHEKTP MEPUOJUYECKOrO CHUTHAJa
(puc. 1.7) ®d(t) = d(t + nT), rae N — nenoe yucio, 7' — Mepruo I MOBTOPCHHUSL.

A D(1)
/\ [\ /\ /\ t
'I.' 2|T 3IT 4IT -

Puc. 1.7. I[lepnonnueckuii curaan

N3 xkypca MaTeMaThKu U3BECTHO, YTO BCIKYIO MEPUOINYECKYIO (PYHKIIUIO MOYKHO
NpEACTaBUTh B BUJIE psifa Dypbe:

D(t) = % +3[a, cos(kat) + b, sin(kQt)] (1.10)
rac 7
2 T/2
== j @(t) cos(kQt)dt, (1.11)

-T/2

10



TI2
2

b == j d(t)sin(kQt)dt (1.12)
T -T/2
21 .

rie  |QQ= | 4acToTa MEePBOM rapMOHUKHU (1.13).

OOBIYHO HCTIONB3YETCS OoJiee ymooHas ¢popma 3anucu psna Dypee:
D(t) :%ﬁLZ[Ak cos(kQt + @, )] (1.14)

k=1
rae A =& +b ¢, =—arctg [b—kj (1.15)
A
CooTBeTCTBEHHO, ) = Arcos(@y), b, = —Agsin(@y).

Curnan B Buue psna Dypbe yI0OHO NpPENCTaBUTh B BHJIE CHEKTPAIbHOU
muarpamMmbl (puc. 1.8). 3aech Kaxkmas CIEKTpalibHAs COCTAaBISIONMIAs M300pakeHa
BEPTUKAIBHOM  JIMHWEW, BBICOTA  KOTOPOM  MPOMOPUHMOHAIbHA  aAMIUIUTYAE
coCTaBJIsItOIIEe Ay  MOJOKEHHE KaXKI0M COCTABIISIIONIEH HA OcH abCLUCC ONpeessieTcs
ee yactoToi KQ2. B ciydae HEOOXOAMMOCTH PSIOM C KaKIOW COCTAaBJISIONICH MOYHO
3anuChIBaTh 3HaYeHUE Gasbl Qy .

<A
_.A2

A2 i AL

?s3 A
A -
P e T T o

0 Q 20 3Q 4Q 5Q

Puc. 1.8. CnextpanpHas nuarpaMmma nepruoIMYecKOro CurHaia

Cocrapnstoniasi CHeKTpa C HYJIEBOM 4YacTOTOW Ha3bIBACTCS MOCTOSIHHOM
COCTABJIAIOIIEIN; COCTaBIsIONMasi ¢ 4acToTo €2 (OCHOBHOM 4YacTOTOW) — mepBoOii
rapMOHMKOI; COCTaBIIAIONIAs ¢ YACTOTOM 2() — BTOpOW rapMOHUKOM U TaK Jajee.

Pan ®dypbe Moxker ObITh 3amucaH B KoMIIeKcHOW ¢(opme. s 3Toro B
BbIpakeHnn (1.14) 3amMmeHuM KOCHHYC €To TIpeicTaBlieHneM 1o ¢hopmysie Dimepa:

cos(k Qt+¢, )= %[ej(k Qt+ey) e—j(th+¢k)]

B pesynbrare nomyuum  P(t) :% 3 Al e lsion(k)ey
k=—c0

[lepeiineM K KOMIUIEKCHBIM aMIuIUTy1aM. O003HaYNM

A=A el _ nns monoxuTenbubIX 3HaueHUi K |

11



A=A e 1% — g OTpHUIATENIbHBIX 3HaUCHHI K.

B pe3ynbraTe mNOIyYMM OKOHYATEIBHOE BbIpakeHHe il psiga Dypbe B
KOMILIEKCHOM dopMme:

1 & i ik
)= > A (1.16)
k=—o0
Ocob6enHocTh psiia Dypbe B KOMIUIEKCHOU (DOpME COCTOUT B TOM, YTO (PYHKITHSI

jkot
®(t) nmpexncrapiaeHa B BUAE CyMMbI COCTABJISAIONMX Buga € | IIpUYEM KaXIOMy

TIOJIOXKUTEILHOMY 3HAYCHHIO K COOTBETCTBYET TAaKOE K€ IO MOJYJIIO OTPHIIATEIIHOES
sHauenne K. JIuneiinas komGuHauus cocrapisromux e u e mpencrasmser coGoit
rapmonnueckre (ynknun cos(kQt) u sin(kQt), B COOTBETCTBHHM C H3BECTHBIMHU
dbopmynamu Diinepa:
cosa:ej%r—e_m, Sina:ﬂ
2 2]

Takum oOpazom, psn Dyppe B KOMIUIEKCHOH (opMe TakKe OIHCHIBAET
pas3ioXeHHe MEePUOINYECKON (YHKIIMM HA TapMOHHUYECKHE COCTABISIOLIUE, TOJIBKO
dbopma 3anucu 37ech UHasl.

Haiinem BbIpaxkeHue At ONpeAesieHUs] KOMIUIEKCHBIX aMIUTATY TapMOHUK Ay.
st aTOoro BocmonbzyeMcs BoipakeHusmu (1.11), (1.12):

Ay = ApeI®k = Ay cos(@y) + jA sin(@y) = ay — jby =
T

T
2 ; 2 ;
T f ®(t) cos(kQt) dt_j? f ®(t) sin(kQt) dt =
T T
2 [ 2 [
== j ®(t)[cos(kQt) — jsin(kQt)]dt == j d(t)e Ik e, (1.17)
_T _T
2 2

Kak OyzaeT BUIHO U3 JajdbHEHIIUX MPUMEPOB, KOMIUIEKCHas ¢opma psga Dypbe
YaCcTO OKAa3bIBACTCS MPEANOYTUTEIBHON ISl BBIYMCICHUS CIEKTPOB KOHKPETHBIX
NEePUOANYECKUX CUTHAJIOB.

Jnst ynoOGCTBa MOCTPOECHMS CIHEKTPaIbHON JuarpaMMbl BBOAMUTCS TOHSTHE
orudarouieil cnekrTpa:

T/,
2 .
A(oo)=7 f d(t) e 0t dt (1.18)
-7/,
YT0o6Bl MOCTPOUTH CHEKTPAIbHYIO AHMATPAMMY C HOMOINBIO OTMOAIoINEH CIEKTpa,

HY)KHO CHaydaja ¢ momoIisio Gopmyisl (1.18) Haiitn GyHknmio A (®), TIOCTPOUTH €
rpaduk, kak mokasaHo Ha puc. 1.9, m 3areM paccTaBUTh CHEKTpajabHbIC JIMHUU HA
pacctosinuu Q = 27t/T apyr ot apyra.

12



N
| .TA“ I~ -1 1 Ty
0 Q 20 302 40 50

Puc. 1.9. Vcnonp3oBanue orudaromieii ciekrpa A(w) IJIs IOCTPOSHHUS CTIEKTPAIbHON AUArpaMMbl

PaccmoTpuM B KauyecTBe IpHMepa IOCTPOECHUE CIEKTPAIbHOW JHarpaMMbl
NEPUOANYECKON TMOCIEeI0BATEIBHOCTH MPSMOYTOJIbHBIX HMITYJIBCOB, JUIUTEIHLHOCTHIO
T, n ammutynou E (puc. 1.10).

AD(D)
E

TROTR T oT 3T AT

Puc. 1.10. Ilepuoamyeckast mocienoBaTEIbHOCTb MPSIMOYTOJIBHBIX UMITYJILCOB

Haiinem orubaronnyto criekTpa:
T

=

'—-,I\J‘

A pr—
() — joT 2

2 [eeiotgr = 2E_(g-ioTul2_gioTu/2)_ Esin[wT—“j _
T oT

|
N‘:_|

st ynobcTBa moctpoeHusi rpaduka orubdaronieil CreKkTpa MoJy4YeHHOE BBIIIE
BRIpakeHue 11 A (o) IpeobpasyeM K CIIeIyIomeMy BHY:

2ET Sin(wzﬂj
A@)= = o (1.19)
2

Orubaromasi crnekrpa A(w) sBISETCS BEMIECTBEHHOW (YHKIHEH, ee Tpaduk
npenactaBieH Ha puc. 1.11 mTpuxoBoi nuHueill. XapakTepHOl ToukoW Tpaduka
SBJIIETCS 3HAUEHUE YaCTOThl @, NPU KOTOPOM Ormdaromas CIHEKTpa BIEPBbIE
oOpaiaercs B Hyjdb. OJTO IPOUCXOAWUT, KOTJAa apryMeHT CHHyca DaBeH T W,
CJIEIOBATENbHO, YacToTa ® = 271/ 7,.

13



AT A(w)

Aol2 ™

~
\

va’[/TTT‘r\

0 O 20 30 4Q 2n/T

Puc. 1.11. CrekTp nepuoandecKoi mociae0BaTeIbHOCTH MPSIMOYTOJbHBIX HMITYJIECOB

[ToncraBuB B (1.19) 3naueHue yacToThl nepBOM rapmMoHuku Q = 21/T, Hailnem
aMIUTUTY/y TI€pPBON TAPMOHUKH:
2E . (=wT
A =—sin| — |.
T T

AHanoruaHo s K-ii TapMOHUKH
A, = 2E : k71:TH |
T
BenuurHa nOCTOSSHHOM COCTaBIISIFOIIECH A0/2 BBIYHCIIIETCS OTACIBHO 1O (opMyIie
A _17;
DT j d(t)dt.

2 -T/2

B namewm ciyuae fa) = ET, :
2 T

Herpynno Buaers, 4TO BenMYMHA IIOCTOSHHOW COCTaBISIIOIIEW HE paBHA
3HAUEHUIO ormdaromen cnekrpa npu o = 0, oHa BbIIAAAET U3 OOLIEH TEHACHIMU
U3MEHEHUsl aMIUIMTYZ TapMOHMK. Takas OCOOEHHOCTh CHEKTpa XapakTepHa Uis
OOJBIIMHCTBA NEPUOINYECKUX CUTHAIIOB.

HeobOxomuMo OTMETUTB, YTO CHEKTPaJbHOE MPEACTABICHUE CHUTHAJOB — HE
MaTeMaTHuyecKas adCTpaKlMs, a OTPaAXKEHNUE PEAJIbHO CYIIECTBYIOUIETO siBieHUs. Ecnu
B35Th pEAJbHbIC TapPMOHMYECKHE CHUTHAJIBl C COOTBETCTBYIOIIMMHU aMIUIMTYJaMU U
(azaMu U CIOKUTh UX, TO B PE3yJIbTaTE€ CyMMHUPOBAHUS MOJYYUTCS UCXOJHBIM CUTHA,
HaIpuMep, MepUOANYECKAas IIOCIIEN0BATENBHOCTD IPSIMOYTOJIBHBIX UMITYJIBCOB.

OTO Jerde BCEro MPOAEMOHCTPUPOBATH Ha MpPUMEpPE MEPUOAUYECKOU
IIOCJIEIOBATEIIBHOCTH IPSIMOYIOJIBHBIX HMITYJIBCOB, Yy KOTOPOM HMHTEpPBA MEXKIY
UMITYJIbCAMH PaBEH JUIUTEIBHOCTH HUMITylbcoB, T. €. I = 27T,. Takol curnan,
n300paxkeHHbIN Ha puc. 1.12, HazpiBaeTcs meandpom. HaiineM aMIUIUTYIbI OCHOBHBIX

TapMOHHWYCCKUX COCTABAIOINNX MCAHAPA:

A _E. _2E g A 2B 5 4 A _Z2E.
S A= A=00 A= A=0 A=

14



A ©(1)

| : : >
T2 0 T,2 T=2T, 2T
Puc. 1.12. Meanap
Ha puc. 1.13 a, 6, B mocienoBaTeabHO MOKa3aHbl TMOCTOSHHAS COCTABJISIFOIIAS
IUIIOC TIepBasi TapMOHHUKA; CyMMa IIOCTOSHHOM COCTAaBJISIIOIIEM W IIEPBBIX TpeExX
FapMOHHUK; CyMMa IIOCTOSIHHOM COCTAaBJIAIOLIEH W IEPBBIX IATH T'aPMOHMK. XOpPOIIO
BUJIHO, KaK C YBEJIMYCHHEM YHCJIa TapMOHUK (opMa curHaga mnpuOIMKaeTcs K

MEaHIpy.

A
¢ o(t)
TN\ AN AN
\ \ :
: ; ;
S/ 0 N/ T oS oT N/
i oph
//‘\V/\ fa A //\ N
t
A \v ’ \v v ’ \v o >
0 T 2T
A
¢ D(t)
FAW..N /\\ Av’\/\\ AW /\\
/ / / |
’I'\ /'\vf\ I I\v/\ I I'\v/'\

Puc. 1.13. [lpeacraBinenue mMeaHapa CyMMOM MOCTOSIHHOW COCTAaBIISIONICH W TIEPBOM TapMOHHMKH
(@), cyMMOH MOCTOSIHHOM COCTABISIIOIICH W TMEPBBIX TPEX TapMOHUK (6), CyMMOW ITOCTOSIHHOW
COCTABJISIFOLICH U MEPBBIX ST TAPMOHHUK (6)
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PaccMOoTpuM, Kak 3aBUCHUT XapakTep CHEKTpa OT MapaMeTpOB MEPUOIUUYECKOM
MOCJIEIOBATEILHOCTH UMITYJIbCOB. Ecnu yBenuuuTh (MM YMEHBIIUTH) JJIMTEIbHOCTD
UMITYJIbCOB 7, TO COXMETCSl (WUJM BBITSHETCS) O 4YacTOTE Orudaromias CrHeKkTpa;
MOJIOKEHHUE CIEKTPAIbHBIX JIMHUU MPU 3TOM HE U3MEHUTCA. Eciu e yBelIn4uBaTh
pacCTOsSIHUE MEXK]ly UMITYJIbCaMU, T. €. IEpUO MOBTOPEHUs T, HE U3MEHSISI pa3MEpPOB U
GbopMBl KaXJIOT0 OTACIBHOIO HMITYJIbCa, TO PACCTOSHUE MEXKAY OTIEIbHBIMU
CHEKTPAJbHBIMU COCTABIISIIONIMMU W HMX BbICOTA OYIyT YMEHBIIATHCS OOpPATHO
MPONOPLUHUOHANIBHO Tiepuoay mnoBTopeHusi 1 (puc. 1.14). DTy 3aKOHOMEPHOCTH MbI
OyZeM WUCHoJb30BaTh B JIaJbHEHIIIEM JIJISI  OMPEJCIICHHS CIIEKTPOB OTAEIbHBIX
HMMITYJIbCOB.

A
Ax

s

~

™ ~ I o
0" Q=2mT 2/ T,

Puc. 1.14. CniekTp nepuoanyecKoro CUrHaua npyu yBeJIMUEHHOM MIEPUOJE MOBTOpeHus 1’
I

Pacnpeoenenue mowynocmu nepuoouuecko2o cuzHaia no CHeKmpy

Brerauciaum CPpCOHIOIO 3a IICpuod MOIMHOCTL IICPHUOAUYCCKOIO CHIHAJIa,

BBIACIEIEMYIO HA PE3UCTOPC C CAMHHUYIHBIM COIIPOTHUBJIICHHUCM:
A

P:lr A (f)dt (1.20)

0
[ToxcraBum B (1.20) npencrasnenne curaana U(t) B Buge psaa @ypee (1.16),
packpoeM CKOOKHM BHYTPH MHTETrpajia U YaCTHYHO MPeoOpa3yeM 3TO BhIpAKCHHE:

© T o) A
2 2
- BN A j cos? (K + g ot + ) @jcos(/ﬁn P+
k=1 0 0

k=1

o0 o0 T
2A
+§ E —;A’ j Ccos(K2t+ @) cos(Kdt+ @) dt .
0

k=0 /=0
Bropoe cnaraemoe B 3TOM BBIP@KEHUU COACPKUT HMHTErpaibl OT KBajpaTa
KOCHMHYyCa 3a LeJI0€ YHUCIIO MEepUOJOB, KAXKIbIM K3 KOTOpbIX paBeH 7/2. Tperbe
CJIara€Mo€ COCTOMUT M3 MHTErPajoB OT KOCHHYCA 32 LIEJIO€ YUCIIO NEPUOJOB U OITOMY
paBHO Hy10. M, HakoHell, MOCeIHEe caaraéMoe COIEPKUT MPOU3BEIECHNUS KOCHHYCOB
C pa3HBIMU YacTOTaMU U (pa3aMu, KOTOPHIE MOXKHO 3aMEHUTh KOCHHYCAMH CYMMBI H

16



Pa3HOCTU YacTOT U (pa3, MHTErpaibl OT KOTOPHIX TAaKXKe paBHBI Hym0. B pesynbprare
MOJIy4aeTcsl MPOCTOE BhIpAKEHUE

A N A
=, +; . (1.21)

Cpennsss 3a IepUOI MOIIHOCTh IEPUOJWYECKOIO CHUTHajJa paBHA CyMME
MOITHOCTEHN TOCTOSTHHOM COCTABIIAIONIEH U BCEX TaPMOHMUK.

Jlexkuus 2.
1.4. CnexkTpajibHOE MpeACTABJICHUE HeNePHOAMYECKUX CUTHAJIOB
1.4.1. CnexkTpajbHas IVIOTHOCTH HENMEPHOANYECKUX CUTHAJIOB

UTOoOBI MONYYUTH CIEKTPAIbHOE MPEICTABICHUE HEMEPUOAMYECKUX CUTHAJIOB,
OyneM O€3rpaHMyYHO YBEJIMYUBATH PACCTOSIHUE MEXIY HMMITYJIbCAMH, YCTPEMIISs
nepuosl MmoBropeHuss 7 K OECKOHEYHOCTH, TakK, 4TOObI B Mpejerne OCTalcs OAMH
uMItysbc. [Ipu 3TOM paccTosiHue MEXy COCETHUMH CIEKTPATbHBIMH COCTABIISIFOLIUMU
Y aMIUIATY1a KaKA0W COCTaBISIONIEH OyAyT YMEHbBIIATHCS, CTPEMSICh K HYJIIO (CM. pHC.
1.15). [Ipu 5TOM CIEKTP CTAHOBUTCS CIUIOUIHBIM U €T0 ONMKMCAHUE C MIOMOIIBI0 OOBIYHOM
CHEKTpPaJIbHOM JMarpaMMbl OKa3bIBA€TCS HEBO3MOXKHBIM. OIHAKO €cClIu  B3STh
HEOOJIBIION MHTEPBAT YacTOT, HampuMmep, mupuHoi 1 ', To cyMMapHas aMIUIUTYyAa
BCEX CHEKTPAJIbHBIX COCTaBJSIONIMX BHYTPH ATOrO0 HHTEpBaja OYIET OCTaBaThCs
HEU3MEHHOW. DTy CYMMapHYH aMIUIMTYJy Ha3bIBalOT CHEKTPAIBHOW IJIOTHOCTBHIO
UMITYJIbCA.

A

o HHT|THTHT'TY|Tﬁ$ﬁJ.#ﬂﬂT—I"I_ITI—I‘I'TI—‘:‘— ;D

Puc. 1.15. Xapaktep n3MeHeHuUs CIEKTPa NEPUOJUUECKOr0 CUrHajua npu 7' — oo

[lepexox K CHEKTPYy OJUHOYHOTO HMMITYJbCa MOXKHO MaT€MaTHUECKH OMHCATh
CJIeIYIONUM 00pa3oM.

3amumem Boipaxkenue (1.18) pans oruOaromiedt cnekTpa MNEPUOAMYECKOM
HOCJIeI0BATEIbHOCTH UMITYJIHCOB:

T/
. 2 .
Alw) = 7 d(t) e 10t de
Ty,
Ecnu nepuon moBTOpeHHsT UMIYJIbCOB [ MOCTaTOuHO Oombinoi, (yHkimio O(t) B
TOJIBIHTETPAIFHOM BBIP2XCHHHM MOKHO 3aMeHUTh Ha ¢yHkmmto f(t), omuceiBaromnryto
OJTMH UMITYJIbC ITOCIIE0BATEIIEHOCTH:
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T/,
Alw) = ; j f(t)e ot de,

_T/2

Jns pynkiuu f(t) nmpeaensl ”HTErpUpOBaHUS MOXKHO 3aMCHUTh Ha OCCKOHEYHBIC:

Alw) = ; f f(t)eIotde = ;.S"(u)), (1.22)

rac

S(w) = j () e ot dt (1.23)

— CIeKTpAJbHAA IVIOTHOCTH uMmityiibca f(t).
Bripaxxenne (1.22) mo3BosisIET CBA3aTh OTMOAIOIIYIO CIEKTpa MEPUOAMYECKOMN
MOCJICIOBATEIFHOCTH UMITYJIHCOB CO CIIEKTPATLHOM MIIOTHOCTHIO OJTHOTO UMITYJIhCA.
Bripaxenue Bunma (1.23) Ha3wiBaeTCs npamovim npeoopazosanuem Dypve. 3
Kypca MaTeMaTHKH W3BECTHO, UYTO €CIM JBe (QYHKIUH CBS3aHBI MPSMBIM
npeoOpazoBanneM Dypre, TO UII HHUX CHPABEIJIMBO 0OpamHoe npeoodpazosanue
Dypoe:

1 (.
fO =5 fS(co) et dt (1.24)

IIpoucxoxnaenne ¢opMysbl obOpaTHOro npeoOpazoBaHuss Dypbe MOXKHO
KayeCTBEHHO OOBSICHUTH CleyroluM oOpa3oM. BozbmeMm Beipaxenue (1.16) mist psna
®ypre B KOMIUIEKCHON (opme U monokum I — oo. Ilpu sToM HMHTEpBan MeXIy
COCETHUMH CIIEKTPAIbHBIMU COCTABIISIFOIIUMHU () OYJET CTPEMUTHCA K HYJIIO, a CIIEKTP
— CTaHOBUTHCS HemnpepblBHBIM. [loaTomy B BblpaxeHuu (1.16) auckpeTHble 3HaYEHMS
9acTOThl K() MOXXHO 3aMEHUTHh HENPEPHIBHBIMU ©®, IUCKPETHBIC CIEKTPATbHBIC
cocTaBisifoIMe A, — HemnpepblBHOW orumbaromieit cnekrpa A(m), KOTOPYH B CBOIO

ouepeb BBIPa3uM Yepe3 CIEeKTPAIBbHYIO TUIOTHOCTh UMITyJIbca S(®), B pe3ysIbTare 4ero
HOJIY4YHM:

D(t) =%ZS(m)ej°’t :%ZS(m)eiwt .

Jlanee, yauTsiBasi, 4To Tipu 1 —> 00 MHTEPBAI MEXK]y COCETHIUMH CIIEKTPaTbHBIMH
COCTaBISIFOIIUMH () CTaHOBUTCS OECKOHEYHO MaibIM, 3aMEHMM ero Ha dm, cymmy
3aMEHNM Ha WHTETpall, mepuoandeckyro ¢pynknuto d(t) — na oquHoUHBI nmimyibe f(t),
B pe3yibTare nojayuum ¢hopmyiy ooparHoro npeodpazoanus dypoe (1.24).

®dusnueckuii cmbicn npeodOpazoBanus Dypbe COCTOMT B TOM, YTO JIOOYIO
Henepuoanueckyro ¢yHkmuo f(f) MoxxHO mpemcTaBUTH B BHAE CYNEPIIO3UIHU
cocTaBisonX Braa ¢ u ¢ | koTopeie BMecTe 06pa3yioT rapMOHHYCCKHE (QYHKITHH
cos(mt) u sin(wt). B omimmune ot psga Oypbe, ONMUCHIBAIONIETO AUCKPETHBINA CIEKT,
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npeodpa3oBanne Oypre OnUChIBACT HEMPEPBIBHBIN, CIUIONIHON CIIeKTp. MHade roBops,
B CIIGKTPE HEMEPHOJUYCCKOTO CHUTHAJIa MOTYT TPUCYTCTBOBATH TapMOHHYCCKHEC
COCTABJISIONIME C JIFOOBIMH 3HAYCHHSIMH YacTOTHI; YACTOTHBIA HMHTEPBAl MEXKIY
COCETHIMH COCTABJISIFONIMMHU OSCKOHEYHO MaJl, U aMIUIUTYAa KaKIO0W COCTaBIISIOIICH
TO)Xe OeckoHeYHO Masia. MIMEHHO TOSTOMY CHEKTp HEMEepPUOIUYECKOrOo CHUTHaja
OTMCBHIBACTCS HE aMIUIUTYJAaMH OTACIBHBIX CHCKTPAIBHBIX COCTaBIIAIONIMX, a
CIEKTPAJbHOW IUIOTHOCTBIO, KOTOpas IPOMOPIIMOHAIIBHA CYMMapHOW aMIUIUTY/IC
CIEKTPAJIbHBIX COCTABJISIFOIINX B €IMHUYHOM MOJIOCE YaCTOT.

[ToHsiTHE CHEKTPaTbHON TIJIOTHOCTH CXOXKE C XOPOIIO HW3BECTHBIM MOHITHEM
IUDIOTHOCTH Macc. Eciau B3sSTh OECKOHEYHO MaJIbli 00BeM JI000ro Tejla, TO
cocpeoToueHHass B HeM Macca OeckoHeuyHo Maja. IlostromMy miis  omnmcaHwus
pacmpesieNiecHdss MacChl Tejla HCIONB3YeTCS IMOHATHE IIJIOTHOCTH, T. €. MAacChl,
3aKJIIOYEHHOM B eMHHIIE 00bEMA.

[IpeoOpazoBanue dypbe MOKET OBITH NPUMEHEHO, CTPOTO TOBOPS, HE IS
T1000# (hYHKIMH, a TOJIBKO IS TaKOH, KOTOpas yIOBJIETBOPSIET YCIOBHUIO aOCOFOTHOMN
UHTETPUPYEMOCTH:

J' [ (t)|dt <. (1.25)

DTOMY YCJIOBHUIO COOTBETCTBYIOT MMITYJIbCHBIE CUTHAJIBI, KOTOPHIE PABHBI HYJIIO
Kak npu t — —oo, Tak U npu T — 00, a TaKKe BCE peajbHbIE CUTHAJIBI, UMEIOIUE HA4ajIo
u koHeu. OpHAKO paAMOMHXKEHEPY YacTO TMPUXOJUTCS HMMETh JeI0 C
HEMHTEIPUPYEMBIMH CHUTHAJaMH, KOTOpbIE HE YyIOBIETBOPstOT ycioBuro (1.25). K
HEMHTETPUPYEMbIM CHUTHAIaM OTHOCSITCS, HalpuUMeEp, MOCTOSHHBIM CHTHAJl, UMITYJIbC
BKJIIOYCHHUS, TAPMOHUYECKUI CUTHaN M Apyrue. s HEeHHTerpUpyeMBIX CHUTHAJIOB
pa3paboTaHbl CHENUAIbHbIE TPHUEMBI, MO3BOJSIOIIME B 00XOJ MaTeMaTUYECKUX
OTpaHUYEHUIN HAXOJIUTh CIEKTPAJIbHBIC JIOTHOCTU ATUX CUTHAJIOB.

1.4.2. CBoiicTBa ClIEKTPAJIbLHON MJIOTHOCTH
JIuneinHoCTH

Ecin wumeercs nuHeiHas komOuHanus curHanoB afi(t) + bfy(t), Tto ee
CHEKTpaJbHas IUIOTHOCTH paBHa aS;(w)+ bS,(w), rae S;(o) — chnekTpanbHas

miotHocth curHana fi(t), a S,(w) — cmekTpanbHas IWIOTHOCTH curHana fo(t). Dto

CBOMCTBO JIETKO JI0OKa3aTh, €CJIM IOACTABHTHh JIMHECHHYIO KOMOWHAIIMIO CHTHAJIOB B
dopmyiry npeobpazoBanus ypee (1.23).

CBoiicTBa BelleCTBEHHOM 1 MHUMOM YacTeil, MOAYJIsl H ApryMeHTa
CIIEKTPAJIbLHON NVIOTHOCTH
[Tyctp f(t) — curnain, npuHUMAIOIIUI BEIIECTBCHHbIC 3HAYCHHS. 3aIHIIEM €ro
CHEKTpaJbHYIO IUIOTHOCTh, 3aMEHUB B (hopmysie npeodpa3oBaHusi Oypbe MHOKUTEND

—iot o
e koMOMHaIMel KOCHHYCA U CUHYCA:
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ﬂ@:jHMwwM—thmhﬂ@WJmm,

e A(w) = j f (t) cos(wt)dt — BemecTBeHHAs YacTh,

— Qo0

B(w) = j f (t) sin(mt)dt — MHHUMAs YacTh CIIEKTPATIBLHOM MIIOTHOCTH.
—oo
Herpynno Buugets, uyto ¢yHkiuu A(w) u B(w) obmagaror ciaeayronmmu
CBOWCTBaMH.
A(®) — yetHas QyHKIUS 9acTOTHL, T. €. A(—®) = A(®);
B(®) — HeyeTHas QyHKIHS 4acTOTHL, T. €. B(—») = —B(m).
Ecnu f(t) — yetnas ¢pyukius, To B(®w) = 0, 1 criekTpaibHas INIOTHOCTh UMITYJIbCa
f(t) — uetHas BemecTBeHHas pyHkms, T. €. S(©) = A(®).
Eciu f(t) — neuernas ¢ynkuusa, to A(w) = 0, ¥ cnekTpajibHas IUIOTHOCTh
umnyibca f(t) — okaspiBaeTcss urncTo MEMMON HedeTHOW pyHKIHEH, T. €. S(®) = |B(w).
WHTEepeCHBIM CBOWMCTBOM 003 aeT CIEKTpalibHAs IUIOTHOCTh Ha HYJICBOW
%

gacrtote: S(0) = J‘ f(t)dt, T. e. Ha HyJeBO#i 4YacTOTEe CHEKTPAJbHASI NMJIOTHOCTH

—00
PaBHA ILI0IHAAN UMITYJbCA.
CHCKTpaJIBHYIO INIOTHOCTb CHUIHAJIa MOJKHO 3allMCaTb C IIOMOIIBKO MOAYJIA U

apryMeHra: S(0) = ‘S ‘e“" ©) puyeEM ‘S (a))‘ = \/ A% () + B%(w),
B(w)
= —arct
@(w) =—arctg—— A)

O4eBUIHO, YTO MOAYJIb CHEKTPAIbHOU MJIOTHOCTHU SIBIISIETCA YETHOU (DyHKIIMEH,
a apryMeHT — HeYETHOU (PYHKIIMEH YaCTOTHI.
Teopema 0 3ana3abIBaHUU
ITycth S(m) — crekTpanbHas MIOTHOCTH ummyinbca f(t). Haiinem cnektpanbhyto

mwioTHOCTh ummyJbca f(t — ty) (puc. 1.16), cMeleHHOro Mo BPEMEHH 110 OTHOIICHHIO K
umnyiscy f(t) Ha Bemuunny ty:

shmnzjfa—%mﬂmm.

Bsenem HOByro mepemenHyro X =t-—t;, u coorBerctBeHHO (=X +1;. B pesynbrare

IOJTYyYUM
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$,, (@) = J' f (x) e 1o0H0) gy — _[ f(x)e 1 dx-e 1% —S(@)e %, (1.26)

T. €. 3alla3IbIBAaHUC CHUTHAJIA HAd BPCM to COOTBCTCTBYCT YMHOKCHHUIO CHCKTpaHBHOﬁ

—Jjoty
MJIOTHOCTH HAa MHOKHUTENb € :

f(t - to)

A i)
Y /\/ o
0 to

Puc. 1.16. K BeIBOAY T€OpEMBI O 3ara3IbIBaHuU

—

Teopema o cMelIeHHH CIIEKTPA

TeopemMe 0 3ama3abIBAaHUM COOTBETCTBYET MapHas €l TeopeMa O CMEIICHHUH
cnektpa. Ilycte S (®) — cnekTpanbHas mioTHOCTH curHaia f(t). OnpenenuM, kakomy

CUTHAITy OyJIeT COOTBETCTBOBATh CHEKTpalbHAas IUIOTHOCTH S (® — @p). Jms storo
UCIOJIb3yeM (QopMyIry oOpaTHOTO ipeodpazoBanus Dypoe:

17 jot
fo, (O = IS(CO —0g)e’” do.
ITpoBos 3aMeHy ITEPEMEHHON U = 0 — ) , I10JIy4aeM
)=t j S(u)elUrentgy = 1 j S(u)el du - eloot = et (1.27)
0 21 21

T. €. CMEUICHUE CIEKTPa Ha BEJIUYMHY )y COOTBETCTBYET YMHOXEHHIO CHUTHAJa HA
eloot, [Tonyyaroniuiics Mpu 3TOM CUTHAJ OKa3bIBAE€TCSI KOMIUIEKCHBIM, B TO BpEMS KaK
BCE pEaJIbHO CYLIECTBYIOIIUE CUTHAJbBl SBISIIOTCS BEIIECTBEHHBIMH. Teopema o
CMEIIEHUH CIIEKTPA OKa3bIBACTCS TMOJIC3HOW B TEX CIy4dasX, KOIJa peabHbIN
BCIIIECTBCHHBI CHUTHAJl OKa3bIBA€TCA YyJIOOHBIM TIPEACTaBUTH B BHUAEC CYMMBI
KOMILUIEKCHBIX COCTABJISIOIINX.

Teopema 0 CMEIIEHUH CIIEKTPa BECbMa CX0Xka C TEOPEMOM O 3ama3AblBaHUN. JTO
00YCJIOBIIGHO CXOXECTBIO MIPSIMOTO U oOpaTHOro mpeodpazoanuii Dypwe, wiv, nHAYE
TrOBOps, CHUMMeTpuel  mpeoOpasoBanmii  ®Dypee. BcemenctBue  cumMmeTpumn
npeodpazoBannii Dypbe Kaxkaas TeopeMa O CIEeKTPAIbHOM MIIOTHOCTH UMEET MapHYIO
TeopeMy, B ueM Bbl cMokeTe yOequThCs B TaJIbHEHIIIEM.

Teopema nmoxooust

Ilycts S(m) — cnexTpanbHas miotHocTh curHana f(t). Coxmem curnan f(t) Bo

BpeMEeHH B M pa3, T. €. paccmoTpuMm curHan f(mt). Haiimem ero crekrpanbHyIO
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mIoTHOCTH: Sy () = J‘ f (mt)e 1@t dt.

BBoast HOByro mnepemMeHHyr0 X =Mt , mociie HECJIOXHBIX MNpeoOpa3zoBaHUM
noJiy4aem

S (®) _1 J' f (x)e 1oX/ Mgy =is'[9j. (1.28)
m m m
N3menenune CIIEKTPAIBHOU IJIOTHOCTH npu C)XKaTuu UMITyJIbCa

IpOMILTIOCTpUpoBaHo Ha puc. 1.17. Ecaiu m > 1, To rpaduk CeKTpaltbHON IIOTHOCTH
pacmupsercss B M pa3 U BO CTOJBKO e pa3 yMEeHbIIaeTcs 1o BbicoTe. MHade ToBops,
€ClIi JITUTEeNIbHOCTh UMITYJIbCAa YMEHBIIAETCSA, TO CIEKTP €ro BO CTOJBKO JK€ pa3s
pacmmpsiercs. OTcroaa cieayer, uto A GopMUpPOBaHUS 0ojiee KOPOTKOTO MMITYJIbca
TpeOyroTcs 00J1ee BBICOKOYACTOTHBIE COCTABIISIOIIIHE.

a A f(t) 6 S(w)

f(mt)

Puc. 1.17. Ummyinbc, CxaThli BO BpeMEHH, (@) U €ro ClieKTpalibHas MJIOTHOCTH (6)

Paccyxmas aHaJIOrMYHO, MOXKHO CJCJIaTh BBIBOJ, YTO YMCHBIICHUE IIUPHHBI
CIIEKTpa COOTBETCTBYET YBEJIHYCHHUIO JUTUTCIBLHOCTH HMMITYJIbCA. DTO TPOMCXOJIUT,
HampuMep, MPH MPOXOXKICHUH HUMITYJIbCa Yepe3 YCTPOWCTBO C OTHOCHUTEIHHO
HEOOJIBIIION TOJI0COM Mpornyckanus. [Ipu STOM MPOUCXOAUT CTIIKUBAHUE UMITYJIbCA, U
€ro JUTUTCIILHOCTh YBEITMUNBACTCSI.

CrnekTpajbHasi IJIOTHOCTH MPOU3BOTHOIM

[Iyctb S(w) ~— cHekTpanbHas IUIOTHOCTh curHana f(t). Omnpenenum
CHCKTPAJILHYIO IUIOTHOCTh IPOM3BOJHON 3TOr0 CHTHANA, T. €. CICKTPaIbHYIO
I0THOCTH curHana f'(t):

S¢(w) = j f(t)ye it dt
BBIUKCIIMM 9TOT UHTEIPAI 110 YacTsM, 0603Havas U =e 1°t, v = f'(t)dt:

St (w) = f(t)e 1o

o0
oo : — joot
| +joajf(t)e ot gt
—o0
—o0
Ecmu curnan f(t) xak npu t — co,Tak u npu t — —00 CTPEMUTHCA K HYIIIO, TO,
npeHebperas epBbIM ClIaraeMbIM, OKOHYATEIBHO MTOIYIHM
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Si/(w) = joS(w), (1.29)
T.e. JIupdepeHIMpOBaHUE CHUTHAIA COOTBETCTBYET YMHOMKEHHUIO CHEKTPaJIbHOM
IJIOTHOCTH Ha .

[Ipu nuddepenpoBaHun CKOPOCTH HM3MEHEHHS CHTHajla BO BpPEMEHU
BO3pacTaer, curHay kak Obl "oOoctpsiercs". COOTBETCTBEHHO MOJYJIb CIEKTPAIBbHON
IUIOTHOCTU IPOM3BOJHOM HMMeET OOJbIlME 3HAYEHUs B 00JACTH BBICOKMX YacTOT IO
CPaBHEHHIO CO CIIEKTPAIbHON IUNIOTHOCTBIO HCXOJHOTO CUTHATIA.

®opmyny (1.29) moxHO 0000IIMTH Ha Ciay4yail IPOM3BOJHOW N-TO THOpPSAKA.
Jlerko nmokasatb, 4TO I MPOU3BOJIHOU N-TO MOPSAAKA

S (©) = (jo)" S (). (1.30)

CnekTpajibHasl INIOTHOCTH MHTErpaJja
Teopema 0 CHeKTPaabHOM IUIOTHOCTH MTPOM3BOIHON MOXKET OBITh MCIIOJIb30BaHA
JUISL OTIpENIENIeHHsI CIeKTPaIbHOM TUTOTHOCTH MHTerpana. Ecimm ¢ynkius g(t) paBHa
npousBogHor ot ¢yakmuu f(t), t.e. g(t) = df(t)/dt, to ¢yuxkums f(t) sBusercs
1IepBO0Opa3HOi (HEeOoMpeIeICHHBIM HHTETPAJIOM) 110 OTHOIICHUIO K pyHkmH ¢(t):

f(t) = j g(t)dt.
N3 Beipakenus (1.29) hbopmanbHO cieayeT, 4To CIEKTP MepBOOOpa3HOU
: 1 .
St (0) =-—34(0). (1.31)
[

B panuoTexHnuecKkoi MpakTUKE Yalie NPpUXOAUTCS UMETh JEJO C ONPEACICHHBIM
WHTETpajoM BUja

t
f(t) = .[ g(x)dx. (1.32)

Onpenenennbiii  uHTerpan (1.32) paBeH  pa3HOCTM  JBYX  3HAYEHUU
nepBooOpaszHoit curHana g(t), oMHO M3 KOTOPBIX BBIYMCISICTCS NMPH aprymeHte t, a
apyroe — mpu aprymeHte —oco. Ilomaras, yTto mepBooOpa3Has SIBISIETCS aOCOJIOTHO
UHTETPUPYyeMOW (PYHKIIMEH U NMPU 3HAYCHUH apTyMEHTa —0 OHA paBHA HYJIIO, ITOJYIHM
BbIpaxenue (1.31).

W3-3a Hajauuusi MHOXKHUTENS [ B 3HAMEHATEJe CICKTpalbHAas IUIOTHOCTh
YMEHBIIIAETCS C POCTOM YacCTOTHL. JTO OOYCIOBJICHO TEM, YTO CHTHAI IIpH
UHTETPUPOBAHUU CIJIAXKUBAETCS, U BHICOKOYACTOTHBIE COCTABIISIOUINE CIEKTpa B HEM
0CNa0JIAIOTCA.

CnekTpajbHas IVIOTHOCTH CBEPTKH ABYX (PyHKIMA

[Tycthb curnan g(t) paBen cBepTke aByX curnaios fi(t) u f,(t):

90 = [ LD f(t- 0. (1.33)
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O603HaYMM CHEKTPAIBHYK0 IUIOTHOCTH curHanma fi(t) dwepes S;(w), a

CIEKTPaNIbHYI0 TUIOTHOCTh curHana fo(t) — wepes S,(o). Haiimem crextpanbyro

IIOTHOCTH curHaia g(t):
+00 400

$y (@)= I j £,(0) f, (t — )e~tditdr.

t=-001=-0

Bgenem HOBYIO nepeMeHHyr0 X =t — 1, Tormat = X + 1.

$,(0) = j f(x) j £, (x)e~ 1%~ gl =

T=-00 X
+o0 +00
- I (e o7 dr. Ifz(x)e‘jmxdx: 5,(0)S, (). (1.34)

CepTka BpeMeHHBIX (DYHKIIUH COOTBETCTBYET MPOU3BEICHUIO UX CIIEKTPaIbHBIX
IJIOTHOCTEMN.

CnekTpajbHasi IIOTHOCTH NMPOU3BeIeHUs ABYX yHKIMIA
[yctb S;(0) 1 S,(®) — cnekTpanbHble miotHocTH curHanos fy(t) u fi(t). Torna

CHeKTpaJILHaH ITJIOTHOCTBH HpOI/IBBeI[eHI/IH TUX I[ByX CHUTHAJIOB paBHaZ
+00
$,(0) = _[ £,(t) f,(H)e 1t (1.35)

[ToxcraBum B (1.35) Bmecto fi(t) ero BeipakeHue Kak 0OpaTHOE MpeoOpa3oBaHUE
®dypre OT COOTBETCTBYIOIIEH CIEKTPATbHON IJIOTHOCTH M BBHITIOJHUM CJIEIYIOIIHNE
npeodpa3oBaHuUs:

—+00 400

S, (0) = I f, (e ot 1 j $, (u)etdudt = - j J' £, (H)e @S, (u) dudt =
27 27

-00 -0

_1 _[ $,(u) J' £, (t)e 1@ Vigtdy = - j $,(U)S, (®—u)du.. (1.36)
21 27

[TpousBenennto BpeMEHHBIX (PYHKIIHI COOTBETCTBYET CBEPTKA UX CIIEKTPOB.

Jleknus 3.

1.5. IIpuMepnI BBIYMCIEHUS CIEKTPAIBHOMN MJIOTHOCTH
KOHKPETHBIX HMITYJIbCOB

CrnekTpajbHas IVIOTHOCTH MPSIMOYT0JILHOT0 MMITYJIbCA
[IpssmoyronbHblil BugeouMityiabe (puc. 1.18) nanbosnee yacto HMCHONIB3yeTCs B
pPaguOTEXHUYECKOM MTpakThKe. Hanem ero criekTpaibHyIO IIIOTHOCTb.
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S E Wiz g 2E o
St (w) = J‘E-e‘j“’tdtz—_-e‘j"’t : -(e"“’TH’2 —e‘“’TM’Z):—sin(D 1
T2 ~lo T2 1O @

[TonmyunBIIMICSA pe3yJabTaT MOXHO HCIIOJIB30BaTh JJIs PAacyeToOB, OAHAKO, IS
aHallu3a M TOCTpPOeHUs rpaduka CHEKTPATbHOM TIOTHOCTH IEIeCO00pa3HO
npeo0pa3oBaTh TO BeIpakeHUE K BUAY (SIN X)/X. JIst 3TOr0 TOMHOXHUM YHCIUTEIb U
3HaMeHaTeNb Ha T, B pe3yibTaTe Yero mojayyuM:

. sin—*2
S (0) =ET, (DTZ (1.37)
2
a A 10 6 ETA S(®)
/ ¥
t f\\/ Ny
> - = 21T, 4nlT,
T2 0 T2 An/T,—2n/T, o 2n/T, 4n

Puc. 1.18. [IpssmMoyroibHbIi UMITYIbC (a) U ero crekTp (6)

['paduix crekTpanbHON MJIOTHOCTH MPSMOYTOJIBHOTO MMIYJbCa MPUBEICH Ha
puc. 1.18 6, a nHa puc. 1.19 — rpapuxk momyns. OTMETHUM e€ro XapakTepHbIC
ocobenHocT. CrnekTpajibHas IUIOTHOCTh BHEpBbIE oOOpaliaercs B HyJb, Korja
apryMeHT cuHyca ®1,/2 = m. DTO COOTBETCTBYET 3HAYCHHIO 4acTOThl ® = 27/T,.
Crnenyrommii HyJb CIEKTPATbHON TUIOTHOCTH HAXOAUTCS Ipu @ = 47T, Tpetuii — npu
® = 6m/T, u T. 1. 3HaUeHHE IIEPBOrO GOKOBOrO Jemnectka Gpynkuun |S ¢ (®) | cocrapnser
npumepHo 1/5 ot rmaBHOro Makcumyma, Broporo — 1/8, tperbero — 1/11 u 1. 1. B cBoto
odepellb, BBICOTA IJIaBHOro Makcumyma npu o =0 paBna ET,, T. e. miomanu

umnynsca. [IpsMoyronbHbli uMmynbe, u300pakeHHBI Ha puc. 1.18 a, sBmsercs
4eTHOM (PYHKIIHEH, TO3TOMY €ro CEeKTpalibHas IIIOTHOCTD — BEIIECTBEHHASI.

A
er AISE)

AT, 27T, O 2m/T, 4mT,

Puc. 1.19. Moaynb crieKTpajibHON TIIOTHOCTH MPSIMOYTOJILHOTO UMITYJIbCa
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ChnexkTpajbHasi IJIOTHOCTD O-QyHKIIUH
CrniekTpanbHas MI0THOCTh O-(PYHKIIMU BHIYUCIISETCS OYEHb MPOCTO:

$5(0) = f s(t)e Tt =1, (1.38)

CrexTpaibHas TUIOTHOCTh O-(YHKIIMU paBHA €UHUIIE HA BCEX YACTOTaX BILJIOTH
0 OECKOHEYHO BBICOKMX. ECTECTBEHHO, CHUTHal C TaKUM CIEKTPOM pPeabHO
CYILIECTBOBAaTh HE MOXeT. TeM He MeHee O-(yHKIHS OYE€Hb YacTO HUCIOJIb3YeTCs B
PAAMOTEXHUYECKUX pacyeTax Kak HWICAIM3MpOBaHHAs 3aMeHa OYeHb KOPOTKOTO
uMIlysibca. B kayecTBe mpuMepa BO3bBMEM KOPOTKUNM MPSIMOYTOJBHBIM HMITYJIbC
umrensHocThio T, = 1 He = 107° ¢. Ero criekTpanbHas IIOTHOCTh H300paXeHa Ha PHC.
1.20. Xopomio BuaHO, uyTO B Auamna3oHe yactot 0+100 MI'1 criekTpanbHas MI0THOCTh
MPaKTUYECKU MOCTOSIHHA, U PaCCMAaTPUBAEMbIA UMITYJILC BIIOJIHE MOKET ObITh 3aMEHEH
O-hyHKIMEH.

1S |

1 1 1 1 1 1 1 1 1 f!
0 100 200 300 400 500 600 700 - 1000 M1t

Puc.1.20. CniexTpasibHas INIOTHOCTH MPSIMOYTOJIBHOTO UMITYJIbCA ITTUTETHHOCTHIO 1 HC

CrnekrTpajbHas IVIOTHOCTH TPEYr0JbHOI0 HMILYJIbCA

HaiineMm criekTpaibHy0 INIOTHOCTh TPEYTOJIBLHOTO UMITYJIbCA, U300paKEHHOTO Ha
puc. 1.21,a. Ee MOXHO BBIYHCIUTH TYyTEM HEMOCPEICTBEHHOTO TPUMEHEHUS
npeoOpazoBanus Dyppe (1.23), ogHaKO H3TO HECKOJIBKO TPOMO3IKO, TaK Kak
MOJIYYArONTUECS TPU OTOM HWHTETPajibl MPUXOAUTCS BBIUUCIATH IO  YacTsIM.
3HAUMTENLHO TIPOIIE W M3AIIHEE OKa3bIBACTCS METOJl, OCHOBAHHBIM HAa TMPUMCHCHHH
TEOPEM O CIEKTpax.

[TponuddepennmpyemM TpeyroabHbIi UMITyIbC oauH pa3 (puc. 1.21,6) u 3atem
eme omuH pa3 (puc. 1.21,8). Tlomydarommiics mpu 3TOM CHUTHAlI COCTOUT M3 TpeX
O-pyHKIMH, MpuYeM Kaxkaas W3 HUX YMHOXKAETCS HAa BBICOTY COOTBETCTBYIOIIETO
CKa4Ka MEePBOM MPOU3BOIHON UCXOIHOTO CUTHAJIA!

2E T 4E 2E T
f"(t)=—093| t+-& |——3(t)+—98| t— 2 |. 1.39
()T(ij()T(zj (1.39)

u n n
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a A (1)

Y~

T2 0 T2
.,
7] fr(t)

2E/T,

o T2 t
—T,./2
—2E/T,

A f"(t)

6

0 1

-T,/2 T,./2

Puc. 1.21. a — TpeyrojbHbBIN

3Hasi CIEKTPAIbHYIO MJIOTHOCTh O-(PYHKUHUU U
UCIIOJIB3Ysl TEOpEMYy O 3ana3[bIBaHUM, 3alMILEM
BBIPQKXEHNE ISl CHEKTPAJIBHOW INIOTHOCTH BTOPOU
IIPOU3BOJAHON TPEYTOJILHOIO UMITYJIbCA:

TI/I TI/I TI/I
Ucnions3ys dhopmyny Ditnepa, moIyqInm:
S¢r(0) = 4E (cos(’ﬂ-H —1).
T 2

u

YToObl ONpPENEeNIUTh UCKOMYIO CIEKTPAIbHYIO
IUIOTHOCTb ~ TPEYrOJIBHOTO  HMITYJbCa,  HY>KHO
CIIEKTPAJIbHYIO IIOTHOCTH BTOPOM ITPOM3BOJHOU
pasgennts Ha (jo)*:

- Sir()  4E T,
S: (0) = (;m)z = (1—cosm2 j (1.41)

[Ipeobpaszyem Beipaxkenue (1.41) k Buny, Oonee

MMIYIRC, O — €0 MepBai  yioGHoMy JUI aHATH3A:
MPOU3BOJHAS, 8 — €r0 BTOpas 5
MMpOU3BOAHAA . ETH s|n u
S1(@) =" o (142)
4
I'padux CHEKTPAJIbHOU
IUIOTHOCTH TPEYroJILHOTO S(@) A
UMITyJIbca HW300pakeH Ha pHuC. ET./2
1.22.
ITo CPaBHEHHUIO co
CIIEKTPaIbHOM IJIOTHOCTBIO o
PSIMOYTOJIBHOTO UMITYJIbCa ; , , ; >
CIIEKTpasbHas IJIOTHOCTb ~8n/T, —An/T, O 4n/T, 8n/T,

TpE€YroJIbHOro  HMMITyJlbCa HMECT Puc. 1.22. CniekrpaibHas INIOTHOCT TPEYTOILHOTO
Oornee HU3KUI YpPOBEHb OOKOBBIX

JIEMIECTKOB: MepBhIi jenectok paBeH 0,04 or mMakcumyma mo cpaBHeHuto ¢ 0,2 mis
IPSIMOYTOJIBHOTO MMITYJIbCa, U C MOBBIIIEHUEM YaCTOThl YPOBEHb OOKOBBIX JIETIECTKOB

yOBIBaeT Kak 1/®’ (IS IPSAMOYTOJIBHOTO HMITYJIbCA — KaK 1/®). DTO OOBSICHICTCS TeM,
YTO TPEYTOJBHBIN UMITYJIbC UMEET OoJiee TIaJKUN XapakTep, YeM MPSIMOYTOJIbHBIN, B
HEM OTCYTCTBYIOT BEpPTHUKAIbHBIC (POHTHI, M1 (OPMUPOBAHUS KOTOPHIX HYKEH
JI0OCTaTOYHO BBICOKUH YPOBEHb BRICOKOYACTOTHBIX COCTABIISIONINX CIEKTPA.
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CrnexkTpajbHas MJIOTHOCTh IKCIOHEHIIMATBHOT0 HMITYJIbCA
Haiinem cniekTpaibHYIO IUIOTHOCTH SKCIIOHEHIIMAIBHOTO UMITyjbca (puc. 1.23,a):

f(t) = Ee *'o(t) (1.43)
yTeM HEMOCPEACTBEHHOTO MpUMeHEHUs TpeoOpa3zoBanus Dypbe:

Sf(oa):J‘Ee‘“te‘jwtdtzi_e(‘“‘j‘”) __E (1.44)
) —0— jo o O+jo

[TonyuuBIieecss BbIpaXEHUE SABISETCA CYIIECTBEHHO KOMIUIEKCHBIM. JTO
0OBSACHSIETCS TEM, YTO paccMaTpUBAEMbld HKCIIOHEHIIUAIbHBIN UMITYJIbC HE SBIISIETCS
HU 4YeTHOW, HU HeueTHOW (QyHkuuer. UToObl mocTpouTh TpaduK CHEKTPaTbHOU
IJIOTHOCTH, HY’KHO BBIYUCIIUTD €€ MOJYJIb:

St () :%.
a4+ o

['padux Momyns cCHeKTpadbHOW TJIOTHOCTH HSKCHOHEHITMAIBHOTO HWMITYJIhCA
n3o0paxxeH Ha puc. 1.23,6. DKCIOHEHIMATBLHBIA HUMITYJILC HMEET BEPTUKAJIbHBIN
nepeHu PPOHT, ¥ MOATOMY €ro CIeKTpalibHas JIOTHOCTh YOBIBAET C POCTOM YaCTOTHI

(1.45)

MEJIEHHO, TPOMOPLUUOHAIBEHO 1/.

“ i 7y

E Elo -

T T 9 T T T T T
0 0

Puc. 1.23. DkcioHeHIIMAIBHBIA UMITYIIBC (@) ¥ TpaduK MOTYJIS
€ro CIEKTPaIbHOMN IJIOTHOCTH (6)

CnekTpanbHasi IJIOTHOCTh I'AyCCOBA MMILYJIbCA
["ayccoB (K0IOKOJBHBIN) UMITYJbC (puc. 1.24,a) onuceiBaeTCs BEIPAKEHUEM

2.2
ft)y=Ee /" (1.46)
Haiinem ero criekTpanbHyO IIIOTHOCTS:

+00 +00 _[Z_HO)»[J
S (0) = jEe‘tz”ze‘i@tdtzEje * it (1.47)
f . .

UToOB! BBIYUCIUTH 3TOT WHTETPAJI, MOTIOJHUM BBIpaXEHHE B TOKa3aTelie CTEICHU [0
IIOJTHOTO KBajpara:

t2 . (t jo IT w21
—tjol=|—+—] + :
1:2 T 2 4
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¢
Baenem HOByIO IEpEMEHHYIO X = — + JO)TT u nipeoOpazyem Boipakenue (1.47) k Buay:
T

+0
Sf(w)=Erje‘X2dx-e‘m212’4.

Hcnonp3yem TaOIMUHBIN HHTErpal

+o0
je‘xzd X=A+/T.

=00

B pesynbrare nosyyum:
. 2.2
- 4
S (w)=Etm-e™ /4 (1.48)
HpI/IMC‘{aTCJIBHO, YTo CIICKTpaJIbHAA IIJIOTHOCTH rayccoBa HMITYJIbCa

(puc. 1.24,6) toxke omuchIBaeTcs rayccoBoit kpuBoh. Cpeau BceX pacCMOTPEHHBIX
UMITYJIbCOB TayCCOB HMITYJIbC SIBIIIETCS CaMbIM TJIQJKUM, W COOTBETCTBEHHO €TO

2
CIIEKTpaJIbHAs TUNIOTHOCTh YOBIBAET C POCTOM YaCTOThI Hanbosee OBICTPO, Kak eXP(—°).

a A () 6 A S(w) |

0 0

Puc. 1.24. I"'ayccoB UMITYJIBLC M €0 CIEKTPaJIbHAS INIOTHOCTb.
1.6. CnieKTpbl HEUHTETPUPYEMbIX CUTHAJIOB

Heunmezpupyempimu Ha3bIBAIOTCS CHUTHAJBI, IJI KOTOPBIX HE BBIMOTHSAETCS
yciioBue adcomoTHONW uHTerpupyemoctd (1.25) m HemocpencTBEHHOE MPUMEHEHUE
dbopmynel ipeodpazoBanus Dypee (1.23) He npuBoaUT K ycrnexy. OaHaKo, MOHITHE
CHEKTPAILHOW TUIOTHOCTH MOXHO BBECTH W JUIsi HEMHTETPUPYEMBIX CHUTHAJIOB,
UCTIONB3YS JUISl ATOTO CIeMaIbHbIe MaTeMaTHYeCKue MpruemMbl. Huke MbI paccMOTpuM
CHEKTPaIbHBIC INIOTHOCTA HEKOTOPHIX HEMHTETPUPYEMBIX CUTHAJIOB.

CHeKTpaﬂLHaﬂ IVIOTHOCTDH MMOCTOAHHOT0O CUT'HAJIa

PaccMoTpuM MOCTOSIHHBIN CUTHAJ, paBHBIN £ MU JTHO0BIX 3HAUEHUSIX BpeMeHH t.
Jlerko yOenuThcsa B TOM, YTO HEMOCPEICTBEHHOE NMpUMEHeHue npeodpazoBanus Oypne
(1.23) k TakOMy CHTHAITy HE PUBOJIUT K OTPEICIICHHOMY Pe3yJIbTaTy:

+00
$(w) = jE.e—i(’“olt:i_e—iwt

+o0

_J(D

—0o0

[ToaToMy mpuaeTcsi BOCIHOJIb30BaThCS MCKYCCTBEHHBIM MpueMoM. Bcromuuw,
YeMy pPaBHSUIACH CIIEKTPaJIbHAS TUIOTHOCTD O-pyHKIMH (cM. Beipakenue (1.38)).
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Jlist O-dyHKIIMHM MBI MOKEM 3amucaTh oOpaTHoe nmpeodpazoBanue Dypoe:
+00
1 jot
o(t)=— |1le™ d .
21

[lo aHanmorum C ATHM BBIPAKEHHEM, HCIIONB3YSI CUMMETPHIO IMPSIMOTO U
oOpatHoro npeodpazoBanuii Oypbe, MOIyIHUM:

+00
$¢ () = _[ E.e 1t = 21 E 5(). (1.49)

HecMmoTpss Ha HMCKYCCTBEHHOCTh MoJiydeHHOTO BblpaxkeHus (1.49), oHo umeet
npoctoii ¢usndeckuii cmbici. CHekTpalibHas IUIOTHOCTh CHUTHAIA XapaKTEepPU3yeT
CYMMapHYI0 AaMIUTTYAy CHCKTPAIbHBIX COCTABJISIONINX, TMPUXOMSIIYIOCS Ha
CAMHUYHBIA YaCTOTHBIM MHTEpBaI. J[JI1 MOCTOSHHOTO CHTHAaja KOHEYHAs MOCTOSHHAS
COCTaBISIONIAsl, T. €. CIEKTpaJbHas COCTaBISIONIAs HA HYJIEBOW YacTOTE 3aHMUMAeET
OECKOHEYHO Masblii YaCTOTHBIH MHTEPBAJ, T. €. CIIEKTpaJIbHAS TJIOTHOCTh HA HYJICBOU
4acToTe OECKOHEYHO BEJIMKA, & Ha JPYTHX YacTOTaX paBHA HYJIO, T. €. OMHUCHIBACTCS
BhIpakeHHEeM ¢ O-pyuknueti (1.49).

ChnekTpajbHas IJIOTHOCTh TAPMOHHYECKOI0 CUTHAJIA

["apMoHMUEeCKU CHUTHAN Tak)K€ OTHOCUTCS K YMCIY HEUHTETPUPYEMBIX U JIJIS
HAaXOXJEHUSI €ro CIEKTPaJbHON IIJIOTHOCTA WCIOJB3YEeM OIPEIACICHHYI0 paHee
CIEKTPATbHYIO TNIOTHOCTH MIOCTOSTHHOTO CUTHAIA.

[IpencraBuM rapMOHMYECKHMH CHTHal B BHIE CYMMBI KOMIUICKCHBIX
COCTaBIISOIIUX

f (t) = E cos(wot + ¢) = %(ej“’o tele g0 te‘j“’).

[Tpumenum k 3TOMy curHaimy npeoodpazoBanue DOypne:

+00 0
S; (@)= [Eelooteivg-iotgyy [Eeivotg-ivg-iotgy -
f 2 2
+00 +o0
=%ej‘” J.e‘j(“"‘”o)td t +%e‘j‘” je‘““’*%)td t. (1.50)

B cootBercTBuM ¢ BhipaxkenueM (1.49), nepsbiii u3 uHTerpanios B (1.50) paBeH
21d(® — ), BTOpOit paBeH 2mO(® + ). Takum obOpa3om, CreKTpasibHas IJIOTHOCTD
TapMOHHUYECKOTO CUTHAJIa MOXKET OBITh MPEACTaBICHA B BUJIC:

S¢ (0) =mEe?8(0—0y) +m Ee 80+ my). (1.51)

@U3NYECKHIA CMBICT 3TOTO BBIPAKEHHUS COCTOUT B TOM, YTO HA YacTOTax M H
—® B OECKOHEYHO Y3KOM TIOJIOCE YacTOT COCPEIOTOYEHA KOHEUYHAs AaMIUIATyAa
CIEKTPaJIbHBIX COCTABJISAIOIINX, CJIEAOBATCIIBHO, CIICKTPaJIbHAs IJIOTHOCTh Ha OTHX
JacTOTaX OECKOHEYHO BEJIMKA.
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CHCKTpaJ'II)Haﬂ IVIOTHOCTD IIPOM3BOJIBHOTO MEPHOAUYECCKOI0 CUIHAJIA

PaccMoTpuM mpou3BOsIbHBIN nepuoandeckuii curaain D(t), KoTopbli MOXKET
ObITh paznoxkeH B psaag Dypee (1.14). 3anuimeM BbIpaxkeHUE ISl CIEKTPaIbHON
TUIOTHOCTH KaXKJIOW COCTABIISIONICH 3TOTO psina. [Jist MOCTOSHHON cocTaBisitoniend Ao/2
B cooTBeTcTBUH C (1.49) cnexTpanbHas INIOTHOCTh paBHA

SA0/2 (®) =1 Ayd(w). (1.52)
JIns xa)K10M M3 rapMOHHMK, BXOASIIEH B COCTAB CYMMBI:
Sp (@) =1 A (0 —kQ)+m Ace %5 +kQ). (1.53)

Hepexonﬂ K  KOMIUICKCHBIM  aMIUIUTyAadM, IIOJYYUM  BBIPpAKCHHC - IJIA
CHGKTpaHBHOﬁ INIOTHOCTH MCPUOANICCKOI'O CUT'HAJIA

So (0) = ni AS(0—kQ). (1.54)
k=1

Taxum oOpa3om, crieKTpaibHas MIOTHOCTh MEPUOTUIECKOTO CUTHAJIA COCTOUT M3
O-pyHKIMH, Kaxkmas W3 KOTOPBIX pacrojaraercs Ha YacTOTe€ COOTBETCTBYIOIICH
TapMOHUKH.

CrnexkTpajbHas IJIOTHOCTh €IHHUYHOTO CUTHAJIA

HenocpenctBenHoe MHTErprpoBaHue GyHKIUH IMHUYHOrO ckadka (puc. 1.25)
HE TIPUBOJIUT K PE3YIIbTaTYy.

A f(t) A S(®)

1

I T
Puc. 1.25. EAuHUYHBIN CKa4OK U €ro CIeKTpajibHas MJI0THOCTh

BOSHI/IKaIOIHI/IC TPYOAHOCTHU MOXKHO 060ﬁTH, CCJI1 pacCMaTpuBaThb CKA4YOK KakK

TIpesien SKCIOHEHIMAaTbHOro nMiyibsca e *'o(t) mpu o — 0, T. e.

o(t) = Iirrg) e *Io(t). (1.55)

t . R

Bocnonb3yemcss  BeipakeHueM  (1.44) nmia CHEKTPAIbHOM — IJIOTHOCTH
AKCIIOHEHITUATLHOTO UMITYJIbCa U TTOJIOKUM oL —> 0:

S, (w) = lim ——. (1.56)
o000+ Jo

MosxHo npupaBHATh o0 = 0 HermocpeACTBEHHO B BhipakeHuu (1.56), Ho s3To Oyner

HEKOPPEKTHO, TAK KAK ITOJIYYAIOIIUICA IPU 3TOM PE3YJIbTaT HENPABUIBLHO OMMUCHIBACT

NOBEJAEHUE CHEKTPAIbHOU IUIOTHOCTH Npu o = 0. bosee mpaBUIbHBIN MyTh COCTOUT B

pasaeiieHny ACHCTBUTEILHON U MHUMOM yacTeil BeipaxeHus (1.56)
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[Ipenen nepBOTo Ci1araeéMoro NpUBOAUT K O-QyHKIIHUH:

. a
||mﬁ:ﬂ8((ﬂ),
=00 +

a Hmpcacii BTOPOIo cCjiaracMoro BBIYHUCIBICTCA J3JICMCHTAPHO. B pe3yIbTaTC JJIsd
CHeKTpaHBHOﬁ INIOTHOCTHU CIMHUYIHOI'O CKa4dKa IOJIy4YHUM:

S, (0) = n Ed(w) +,£. (1.57)
Jo

@OuU3NYEeCKUd CMBICI  MOJYYHMBLIErOCS  pe3ydabTara JOCTAaTOYHO  MOPOCT:
CTYIEHYATBhIN CUTHAJ COAEPKUT IMOCTOSIHHYIO COCTABJIAIONLYIO, KOTOPAsi BIABOE MEHBIIIE
MIOCTOSTHHOM COCTaBIIAFOLIEN ITOCTOSTHHOT'O CUTHAJIA.

CpaBHUBaAsl CHEKTpPalbHBIE IUIOTHOCTH PACCMOTPEHHBIX B JAHHOM pa3lelie
HEUHTETPUPYEMBIX CHUTHAJIOB, MOXHO 3aMETUThb MHTEPECHYI0 3aKOHOMEPHOCTH:
CHEKTpaJibHAsl TUIOTHOCTh KaXKIOrO U3 3TUX CUTHAJIOB COJIEPKUT OCOOCHHOCTH B BHUJIE
OJIHOM MJTM HECKOJBKUX O-(DYHKIUH.

1.7. Cl'[eKTpa.]'IbHaﬂ INIOTHOCTDb UMITYJIBCOB ¢ BHICOKOYACTOTHBIM 3aIIOJIHEHUEM

Paccmorpum  mmmynbc  TpOW3BOJIBHOW — (OPMBI € BBICOKOYACTOTHBIM
3ammonHeHueM (puc. 1.26,a), KOTOpBIE MOXXHO paccMaTpuBaTh KakK TPOW3BEIACHHE
orubaroriei F(t) Ha rapMOHHYECKYIO (QYHKITHIO:

f(t) = F(t)cos(ogt + ). (1.58)

M1y nibChbl TAKOTO BUJIA €11E HA3BIBAIOT PAOUOUMNYIbCAMU.

[lycTh cnekTpaibHas IUIOTHOCTH oruOaromieid Ham u3BecTHa. OOO3HAUUM ee
Sk (w). Jlus omnpenmeneHus CHEKTPAILHON IUIOTHOCTH PaIHOUMITYJIbCA TPUMEHUM
TEOpEMY O CIEKTPaJbHOM IUIOTHOCTU NpousBeleHus AByX ¢yHkuuid. IIpu sTom
UCIIOJIb3YEeM IMOJydeHHOEe paHee BoipakeHue (1.51) miist crnekTpaiabHOM TIUIOTHOCTU
rapMOHUYECKOr0 CUTHAJIA:

S/ (o) = % _[SF (0—U)|m25(U — ) + me178(u+ 0g) Hlu =

=%ej¢’SF(oa—coo)+%e_j‘pS'F(m+coo). (1.59)

Ha puc. 1.26,6 uzo0paxeH MOAYJb CIEKTPaIbHON IIOTHOCTH PaJHMOUMITYJIbCa
JUTSL TAITMYHOTO CITydYasi, KOTJla YacTOTa 3alOJHEHHsS ¥y 3HAUUTEIBHO OOJIbIIE ITUPUHBI
CHEeKTpa. 3JeCh ke Ji1 CpaBHEHUS M300pakeH TrpaduK CIEKTPalIbHON IJIOTHOCTU
orubatomeil. BugHo, uyTo cnekTpajipHas IUIOTHOCTh paguoumiyibca S¢ (o) Kak Obl

pa3BaMBaETCs; OJHA YacTh PACIOJOKEHA B OKPECTHOCTH YacTOThI My, Apyras — B
OKPECTHOCTH 4YacTOThl —@y. Kaxkmas wu3 wyacted mnoBTopsieT no Qopme rpaduk
CHEKTPaJIbHOM MIIOTHOCTU OTHOAIOIIEH, HO UMEET BABOE MEHBIIIYIO BHICOTY.
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Puc. 1.26. PagrouMnynsc U €ro crieKTpaibHast IJIOTHOCTD.

1.8. DHepreTnyecKuii CeKTp

PaccmoTtpum uHTErpan ot nmpousBeaeHus AByX (pyHKIUI

+00

W, = j f (t) o (t)dt. (1.60)
—o0
DTOT UHTErpa OOBIYHO XapaKTepu3yeT dHepruto curnaia. Ecimu, Hampumep, fi(t)
— TOK, a f,(t) — HanpsDKeHUe CUTHaJIa Ha KaKOM-TO 3JieMeHTe, To Wiy, — S3HEeprus 3Toro
curnana; ecim fi(t) u f)(t) — ommH ¥ TOT *Ke curHan, HampsbkeHHWe Wi TOK, To Wi,
PaBHSIETCS SHEPTUU C TOYHOCTHIO 10 KOAPPUIMEHTA MPOonopuoHanbHoCcTH; eciu fy(t)
u f,(t) — pasusie curnansl, T0 Wi, Ha3bIBalOT ""B3aUMHOM SHEprucii'.
Bripasum onny u3 ¢ysakiui B (1.60), nanpumep, fi(t) uepes ee npeodpazoBanue
Dypse:

+00
f) = j $,(0)edo
27

u moactasuM B (1.60), HOCTe 4ero BXOASIIMIA B COCTAB 3TOH (OPMYIBI MHTErpajl OT
fo(t) BeIpasum gepes S, (m):

+00+00 —+00
Wy, = - _[ _[ fz(t)s'l(m)eiwtdmdt:ifs’l(m)s*(m)dm.
27 27 2
WNnn, nHaue:
+00 1 +00
j ACAGEEES _[ $1()S (0)do. (1.61)
T

Bripaxxenue (1.61) nazwiBaercs pasencmeom Ilapcesan.
OcoOprif mHTEpec npencrapisaeT ciuy4daid, koraa fi(t) = f(t) = f(t). B atom ciaygae
paBeHCcTBO [lapceBaiist 3aKUCHIBAETCS B CICIYIOIIEM BUIE

+0 +o0
W = jfz(t)dt:ij|s(m)|2 do, (1.62)
21
rae | S(©)*=S(0)S (o) - IHepreruveckuii cnexkrp curnaia f(t).
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Bripaxxenune (1.62) (ero Ha3wpIBalOT elie meopemoni Penes) o3Haydaer, 4TO
DHEpPrusl CHUTHAJIa MOXKET OBITh BBIUMCJICHA IMyTeM KaK WHTErPUPOBAaHUS KBaJpara
BpEMEHHOW (YHKIMM, TaK W KBajJpaTa MOMAYJIS CHEKTPAJbHOW TUIOTHOCTH, T.C.
HEPreTHYECKOT0 CIEKTPA.

CBoiicTBa JHEPreTHYECKOro CeKTpa
1. DHepreTudecKkuil CIeKTp — BEIIECTBEHHAS (PYHKITHSL.

. : 2 1as Y2
2. DHEpPreTUYECKUi CIEeKTp — YeTHask (PYHKIMS YaCTOTHI: ‘S(— 03)| = ‘S((D)‘ :

3. DHepreTHYecKuil CeKTp NPUHUMAET TOJIBKO MOJIOKUTEIbHBIE 3HAUEHUS; T. €.

(2
‘S(m){ > 0 mpu J1I00BIX 3HAYEHHSX YaCTOTHI (.

Bce a1u cBolicTBa TOCTATOYHO OYEBUIHBI U HE TPEOYIOT JOKA3aTEIIbCTBA.
brnaromapsi 4eTHOCTHM HHEPreTUYECKOIro CIEKTpa BbIpakeHue (2.54) MOXKHO
nepenucaTh B HECKOJIbKO MHOM BHUJIE:

_+oo , _£+oo ,
W = _[ 2(Odt = ! $2(0)do. (1.63)

OHEpPreTUYeCcKUil CIEKTP XapaKTepU3yeT paclpe/iesieHUe 3HEPruu CUTHaIa I10
yactote. Eciy BbLAETUTH Kakyro-TO 00JacTh 4acTOT, HAlpUMEpP OT p A0 My (CM.

@3
R
puc. 1.27), To J.‘S(w)( d® xapakTepusyeT 4acTb SHEPTrUU CUTHAJA, 3aKIIOYCHHYIO B
o1
I10JIOCE YacTOT OT 3 10 (M.

AS?()

—_

\ 0
0 (OF] (O))
Puc. 1.27. DHepreTudeckuil CIIEKTP CUTHAIA

B pammorexHuke wWHOTAA MPUXOAUTCS PEIIaTh 3a1ady BbIOOpa TUIIA MMITYJIhCA,
MMEIOIIETO 33JJaHHyI0 (MJIM MUHUMAJIbHYIO) IIUMPHUHY crekTpa. [Ipu 3ToM nossisiercs
HEOOXOJAMMOCTh  CpPAaBHEHMS  IIMPUHBI  CIEKTPOB  Pa3IMYHBIX  HUMITYJIbCOB.
VYHuBepcanbHYI0 BEJIIMUMHY, XapaKTEPU3YIOIIYI0 HIUPUHY CIEKTpa JJIs JIIOOBIX THUIIOB
CUTHAJIOB, MOX@HO BBECTH C TNIOMOLIPKO JHEPreTHUYECKOro CIeKTpa. Takoun
YHMBEPCAIbHOU BETUYMHON MOXET CIY)KUTh 3 PeKTUBHAS INMPHHA CIIEKTPa A®,y, B

npenenax KOTOpPOW 3aKkiroYeHa OCHOBHAs 4YacTh DHEPruM curHaia, Hampumep 90%
(puc. 1.28):

A(x):_,q) 0

j 1$(@)[*de = 0,9 j S@)[* do.

0 0
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Puc. 1.28. D¢ dexTuBHas muprHa ciekTpa

CpaBHEHHE IIHMPHUHBI CIEKTpa MMIIYJIBCOB Pa3IUYHOM (POPMBI  TOJKHO
OPOU3BOJAUTCS TPU OJMHAKOBOW JUIMTEIBHOCTH HMITYJIbcOB. C 3TOH 1enbi0 IO
aHasioruu ¢ 3(p(PEeKTUBHONW MIMPUHONU CHEKTpa BBOAUTCS 3((EeKTHUBHAS IIUTEILHOCTD
umIryisca At,y, B mpenenax Kotopoi 3akmodeHo 90 % sHeprum ummyisca. B Tadu. 1.1
NpUBEICHbI 3HaYeHUA >(PPEKTHUBHON UIMTEILHOCTH HMMITyJbca. TaM ke NMpUBEIEHBI
3HauUeHUs HpousBefieHUs Aw,pAl,,, KOTOpOE XapaKTepu3yeT HIMPUHY CIIEKTpa IpH
OTMHAKOBOW 3(PPEKTUBHON IUTEIBHOCTH HUMITYJIbCAa. XOPOIIO BHUAHA CIICAYIOIIAs
3aKOHOMEPHOCTh:  HAWOOJIBIIYI0 IIMPUHY CHEKTpa HMMEIOT  HMMIIYJbCHl  CO
CKa4KoOOpa3HbIM H3MEHEHHEM 3HAueHUs: NPSAMOYTOJbHBIM M 3KCIOHEHIIMAJIbHBI.
MeHbpI1yI0 MUPUHY CIEKTPa UMEIOT TPEYTOJbHBIA U KOCUHYCOUJAIbHBINA WMITYJIbCHI,
I7Ie HET CKAaYKOB (DYHKLMHU, HO €CTh CKAYKHU MPOM3BOAHON. M HauMMEHbILIYI0 MIMPUHY
CHEKTpa UMEET MaKCUMAaJIbHO TJIaIKUi T'ayCCOB UMITYJIbC.

Tabmuma 1.1
Bua umnyiabca Aw,qy Aty Aw,pAlyg
DKCIOHEHI[HAIbLHBIA 6,16 o 1,155/a 7,115
[TpssMmoyronbHBIT 51/T, 0,907, 459
TpeyronbHbIH 53T, 0,5417, 2,867
KocunycouanbHpii 4 57T, 0,5967T, 2,724
["ayccoB 1,64/t 0,8251 1,353
Jlexnua 4.

1.9. KoppeasimuoHHBIi aHAJN3 CUTHAJIOB
1.9.1. ABTOKOppenssuuOHHAS QyHKIUSA

[Tpu pemreHnn 3ama4 OOHAPYKEHHSI W BBIICICHHUS CUTHAJIOB YacTO BO3HHMKACT
HEOOXOIMMOCTh CpaBHEHUS (OPMBI JIByX CHUTHAJIOB WM CpPaBHEHUS MPUHSATOTO
CHTHajla C HEKOTOPBIM STAJOHHBIM CUTHAJIOM. DTH 3a/la4d PEIIAIOTCS C TTOMOIIBIO
KOPPEJISIMOHHOTO aHAJIN3a CUTHAJIOB.

ABTOKOppenassuuoHHoii ¢pynknueii (AKD) curnana f(t) HaspiBaeTcst uHTErpaN
ot npousBeaeHus curHana f(t) Ha Takoii ke curHan, CMENIeHHBIN BO BPEMEHH:

Y(o) = f f(O - f(t —Ddt. (1.64)
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CaoiicTBa aBTOKOPPEISINMOHHOM (PYyHKIIUMN
1. ITpu T = 0 aBTOKOppENAIMOHHAs (DYHKITHS paBHA YHEPTUU CUTHAJIA:

(0) = f F2(t)dt. (1.65)

2. AK® — yetHas ¢yHKuusa. ITO JIerKo Nmokas3ath, eciu B (1.64) cienats 3ameny
MEpPEMEHHOU X = { — 1!

W) = f () - f(t— D)t = j fx+1) - f()dx.

3. IIpu t = 0 nocturaerca makcumanabHoe 3HaueHue AK®, T. e.
Y(t) < ¥(0). (1.66)
Jlist mokasarenbcTBa 3anuireM pasHocTs f(t) — f(t — 1), Bo3BemeM ee B kBagpar u
POUHTETPUPYEM:

(00

W(o) = f [F(®) — f(t —DPde =

— 00

= foofz(t)dt—z foof(t)f(t—r)dt+ foofz(t—r)dt=

= 2¥(0) — 2¥ (7).
DT0 BBIpOKECHHE HEOTPHUIIATEILHOE IIPH JIIOOBIX T, OTKY/1a ciieayet yciaoBue (1.66).
4. ABTOoKOppeNAIMOHHAS (PYHKIUS W DHEPTETUUYCCKUI CIIEKTP CBS3aHBI JIPYT C
Ipyrom npeodpazoBanueM Dypbe.
Haiinem npeoOpazoBanue @ypbe ot AKD:

+00+-00

T‘P(r)e‘j‘”wdr: j j £ (1) f (t - t)e~°%dtdr.

—00—00

Bsenem HOByIO nnepeMeHHyro t — T = X:

+00+-00

+00 +00
_[ _[ £ (1) f (x)e Tt 10Xt dx = ff(t)e—i@‘dt f f (x)e 10X dx =

= $(@)S" () =[S ()] .

Takum 00pazom,
|S(oo)|2 = j Y(1) - e g, (1.67)

N COOTBCTCTBCHHO

¥(1) =% j IS(w)|* e dw. (1.68)
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ABTOKOpPpeJAIHOHHAA (PYHKIUSI MPSIMOYT0JBHOI0 HMITYJIbCA

PaccmoTpuMm mpsimoyrospHBIA mMITysibe f(t) m ero cmemnieHHyl0 BO BpeMeHHU
xonmio f(t — t) (puc. 1.29, a). Ilycts 0 < t < T,, Tornra AK® MOXHO BBIYHCIIHTH
CJIETYIOITUM 00pazoM:

TI/I

Y(r) = f E%dt = E*(T, — 7).

T

a 4 f(t)
E
0 T ;t o E2T A ¥ (@)
A f(t-T) o y
t
0 > >
4\ ’ TH+T _TI/I 0 TI/I
/ f(t) f(t—7)
t
0 . T >

Puc. 1.29. AK® npsMoyronpHOTO BUICOUMITYIHCA

ITpu t > T, umnynscsr f(t) u f(t — 1) He mepekpriBatotres u W(t) = 0.

[Ipn oTpunaTenbHbIX 3HaYeHUSX T HaxomuM AK®D, wucmons3ys CBOWCTBO
getHoctd W(-t) = W(1). B pesymprate momywaem AK® B BuIe TpeyrojbHOTO
uMmiyiasca (puc. 1.29,0), IIUTETBLHOCTH KOTOPOrO BIBOE OOJBIIE JTUTEILHOCTU
IpsSIMOYTOJIBHOTO uMITyJbca f(t).

Koabl bapkepa

Cpenn BCEBO3MOXKHBIX pAAUMOTEXHMUYECKUX CUTHAJIOB OCOOBIH  HMHTEpEC
npeacTaBisitoT curHanbl, AK® KOTOpbIX HMMeeT BBICOKHMN TIJIaBHBIM MaKCUMyM IpH
T =0 u Hu3kuil ypoeHp npu T # 0. K unciay Takux CUTrHajIOB OTHOCATCS CUTHAJIBI
bapkepa, MPEACTABISIONINE co0oit 3HAKOIIEPEMEHHBIE AMIYJIbCHBIE
nocneaoBarenbHOCTH, 3HaueHusa AK®D kotopbix npu T # 0 He MPEBOCXOAT MO MOYJITIO
€IMHULIBI.

Curnanel bapkepa ynaetcst peann3oBath Jullb pu yucie nosumuit N = 2, 3, 4,
5, 7, 11, 13. Cayuait N = 2 sBnserca tpuBuanbHbiM. Curnan bapkepa mpu N = 3
paccMOTpeH Hamu B npeasiayniem npumepe. Koasl bapkepa 1uist pa3nuyHbIX 3HaUEHUH
N nmpuBenensl B Tabmute 1.2.
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Tabmura 1.2

N Koxa bapkepa

3 1 1 -1

4 1 1 1 -1

4 1 1 -1 1

3) 1 1 1 -1 1

7 1 1 1 -1 -1 1 -1

11 1 11 -1-1-1 1-1-1 1 -1

13 11 1 1 1-1-1 1 1 -1 1 -1 1

Ha puc. 1.30 moka3zan curhan c¢ 11-mo3unmonHsiM koaoMm bapkepa u ero
aBTOKOPpEISMOHHAS (QYHKIIHS.

a A (1)
1

Y

KA a A e

Puc. 1.30. 11-u no3unuonnsli curnan bapkepa (a)
U €ro aBTOKOPPENAInOHHAs GyHKIUsA (0)

1.9.2. B3aumHo KoppeasiuMoHHast QYHKIUSA

His  cpaBHenus nByx curHamoB fi(t) wm  f)(t) BBOomuTCS B3ammHO
KOppeJasiuoOHHAasA PyHKUMA

+00

¥o(7) = j f (t) f(t—7)dt. (1.69)
—o0

B3aumuo koppensuuonnas ¢pynkuus (BK®) ne obnagaeT MHOrMMU CBOWCTBAMHU
AK®: He sBisieTcss 4eTHOM M, KaK MPaBUJIO, HE TPUHUMAET MAaKCUMaJbHOE 3HAYEHUE
npu T = 0. Tem He meHee BK® — oueHb Ba)kHasi XapaKTepUCTUKA CUTHAJIOB: MPH
nepejaye KOAMPOBAHHBIX COOOIIEHWM HAJ0 CTapaTbcsl MPUMEHSATH curHaibl, BKO
KOTOPBIX OJIM3Ka K HYJIO, TOTJa TAKUE CUTHANbBI JIETKO Pa3jIu4UTh JaXe MPU HATUYUU

MOMEX.
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Haiinem npeoGpazoBanue Oypbe B3aUMHO KOPPEISAIIMOHHON (DYHKITUN

+00+00

+o0
I W, ()e 07y = I I £,(t) £, (t - 1)e 1 ditdr.

HpOBOZIH Hp606p330BaHI/I5[, AHAJIOTHYHBIC TCM, KOTOPLIC 6BIJII/I BBITIOJIHCHBI JIs1
AKO®, nonyuum:

f Y, (1) - 7197 = 5 (0)S; (). (1.70)

[Mpouseenenue S;(w)S5(w) = S;,(w) HA3BIBAIOT B3AMMHBIM HEPreTHYEeCKUM
ciekTpoM. DTa pyHkuus, kak 1 BK®, xapakrepusyer crerneHb KOPPEIMPOBAHHOCTH
JBYX CHUTHaOB. ECITM MBI XOTHM, 9TOOBI J{Ba CHTHaja ObLIM HEKOPPEIUPOBAHBI, HAJIO,

4T00BI UX CIIEKTPhI 51 (W) U S; (W) MPAKTUIECKU HE TIEPEKPHIBAIHCH.
[TponuIIoCTpUpyeM  BO3MOKHOCTH TPUMEHEHHS KOPPEIAMOHHON —TEOPUH

CUTHAJIOB Ha MIpUMEpE Mepeaun U IprueMa KOJAUPOBAHHBIX COOOIICHHIA.

[Iycte HaMm Hago mepeAaTb HEKOTOPOE COOOIIEeHHE, MpEeCTaBIsolee coOoit
KOJMPOBAHHYIO MTOCJEN0BATEIBHOCTD, COCTOSMIYO U3 "Hynel" u "enunun". IlocraBum
B cooTBeTcTBHE "HYMIO" curHai Sy(t), a "enunuie" — curuan Sy(t), mpuyeM 3TH CUTHAJIBI
BbIOEpEM TakuM 00pa3om, 4ToObl X AK® mMenu BBICOKHI TJIaBHBI MaKCUMYyM IIpH
HU3KOM YpOBHE OOKOBBIX JICTIECTKOB, @ B3aUMHasl KOPPEISLUOHHAS (DYHKIIMSI CUTHAJIOB
S1(t) m sy(t) momkHA OBITH KaK MOKHO OJIMKE K HYITIO.

st o0pabOTKM CUTHAJOB Ha MPUEMHOM KOHIE MPUMEHUM YCTPOWCTBO,
CTPYKTypHasi cxema KoToporo uzoOpakeHa Ha puc. 1.31. OCHOBY €€ COCTaBISIOT
KoppensaTopbl, Bhruncistonie BK® nByx curHanoB: BXOAHOrO (MH(POPMAIMOHHOTO)
Usx(t) 1 omopHoTo S(t). B kauecTBe omopHOTo CUTHANA HA TIEPBBIA KOPPEIATOP MOAAIUM
S1(t), Ha BTOpOIi KOppemsaTop — Sy(t). CurHanbl Ha BRIXO/I€ KOPPEISTOPOB CPABHUBAIOTCS
B KOMIIapaTtope, ¥ B 3aBUCUMOCTH OT TOr0, KaKOW CHUTHai OOJbIle, MPUHUMAETCS
pellIeHue: uTo nepenaetcs: "Hyp" uiu "equHuna’.

Teneps mpencTaBuM, 4TO Ha BXOJ| MPHEMHUKa mocTynw curHai Sy(t). Torma Ha
BBIXO/I€ TMIEPBOTO KOPPEJIATOpPa MBI MOJIYYUM CHIIbHBIN OTKJIMK, @ Ha BBIXOJE BTOPOTO
KOPPEJSATOpa — HOYTH HUYETO.

[IycTh Temepbp BMECTE C CUTHAJIOM Ha BXOJ IMPUEMHHUKA MOCTYIMAIOT MOMEXH,
KOTOpbIE, KaK IMPaBUJIO, ObIBAIOT €Ia00 KOPPEIMPOBAHHBIMH C HHPOPMALMOHHBIMU
curnanamiu Sy(t) u S,(t).

Koppensitop 1

U, (t

f sy(t) Kommapatop [

Koppensitop 2
f So(t)

Puc. 1.31. Ilpumep koppenssuinoHHONH 00pabOTKH CHUTHAJIOB MIPH MPUEME COOOIIECHUI
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[Tpu ymepeHHOW MHTEHCHUBHOCTH TIOMEX BBI3BaHHBI MMH OTKJIMK Ha BBIXOJC
KOppesITopa HEBEJIMK 1O CPaBHEHUIO C OTKIMKOM HH(OPMAIIMOHHOTO CHUTHAaja, W
MO3TOMY TOMEXHM MPAaKTHYECKH HE HapyIIaloT HOPMalbHYIO0 paboTy ycrpoiictBa. U
TOJIBKO TIpU OYEHb WHTEHCHUBHBIX TIOMEXax B TEX PEIKHX Clydasx, KOorja moMexa
noxoska Ha curHai Sp(t), BO3MOKHA CHTyaIlus, B KOTOpO# mepemaeTcs curaan Si(t), a
CUTHAaJ Ha BBIXOJIE BTOPOTO KoppensiTopa OymeT OoJblle, YeM Ha BBIXOJE MEPBOTO
KOPPEJSATOpa, U MO3TOMY COOOIIEHNE OyAeT MPUHSATO C OMIUOKOM.

Takum o00pa3oM, NPUMEHEHHE CHEIUATbHBIX KOJUPOBAHHBIX CHUTHAJIIOB B
COUYETAHMM C KOPPEIALMOHHOW 0OpabOTKOM IMO3BOJSIET OOECHeuUuTh Iepenavy
uHoOpMaIMU Jaxe B TEX CIydasX, KOTJa YpPOBEHb IOMEX NPEBBINIAET YPOBEHb
CUTHAaJA.

KonTposbHbIe BONIPOCHI

1. Yto Takoe aneMeHTapHble CUTHANIBI? [[J151 4ero OHM UCIOJIb3YIOTCS?

2. Ha3oBuTEe OCHOBHBIE CBOMCTBA JIeNbTa-(PYHKINH.

3. Kak moHuMarp, 4T0 UHTETPaj OT JAesIbTa PYHKIIUU paBEH €IHUHULE?

4. B yem cocTouT GUIBTPYIOIIEE CBOUCTBO JenbTa-QyHKIIUNA?

5. KakoBa cBsi3b Mexx1y GyHKIIMEH XIBHCaiaa U IeinbTa-QyHKIIUEH?

6. Uem 00yCIOBIEHO MHUPOKOE MPUMEHEHNE TAPMOHUYECKUX CUTHAJIOB B PAIUOTEXHUKE?

7. B 4yeM COCTOMT OCHOBHOE OTJIMYME CIEKTpa IMEPHOAMYECKOrO CHUTHajla OT CIIEKTpa
OTJIEIbHBIX UMITYJIHCOB?

8. Uto mpeacTaBisieT co00# CIEKTp TapMOHUYECKOTO CUTHaIa?

9. Kak 3aBUCHT CHEKTp MNEPHOAWYECKON IOCIEAOBATEIbHOCTH MMITYJIbCOB OT TEpHOIA
HOBTOPEHUS UMITYJIHCOB?

10. YTo Takoe criekTpalibHas INIOTHOCTh CUTHAJIA?

11. Kak BBIMISIAUT CHEKTP MPSMOYTOJIBHOTO UMITYJIbCa?

12. Kak wu3MeHseTCs CIEeKTp CUTHaja IMpH €ro CMEUICHWH BO BPEMEHM Ha HEKOTOPYIO
Benn4KHYy to?

13. Kax uaMeHsieTcst cieKTpajabHasi INIOTHOCTh UMITYJIbCa MPU U3MEHEHUH €T0 JUIUTEIbHOCTH?

14. KaxoBa cBsI3b MEXy CIEKTPaJIbHBIMU IUIOTHOCTSAMHU PaIMOUMIIYJIbCa U €ro orudaromiei?

15. KakoBa CBsI3b MEXIY CIEKTPAIbHBIMU IUIOTHOCTSMU PAIHOUMITYIIbCA M €T0 Orr0aromiei?

16. Yro Takoe 3HEpreTU4ecKuii CiekTp?

17. Yto Takoe aBTOKOppENSIIIMOHHAS QYHKIHS CUTHAA?

18. KakoBa cBsI3b MEXAY aBTOKOPPEISIIMOHHOW (YHKIIMEH M DHEPTeTUYECKHM CIEKTPOM
cur”ana?

19. KakoBbI xapakTepHble ocobeHHOCTH Koja bapkepa?

20. Yrto Takoe B3aMMHO KOPPENAIHMOHHAS PyHKITHs?

21. Yto Takoe KOppeIAIMOHHBIN aHanu3 curHaia? JIJjis uero oH UCIoib3yeTcs?
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Jleknus 5.

2. MoayjupoBaHHbIe CUTHAJIbI

MonynupoBaHHbIE CUTHAIBl HCIONB3YIOTCA MJis Tepegaur UHGOpMaluu 1o
pamuokananam. CurHan, Hecymmii wuHpopMmamuto S(t), T. €. pedb, My3bIKa,
TEJICBU3UOHHBIA CUTHAN, PAa3jUYHbIC CUTHAIBI CO CIy)KeOHOW wHpOpMaImen — 3T
0OBIYHO MIMPOKOIOJOCHBIM CUTHAJ, HEMPUTOIHBINA ISl U3TydYeHHUs] aHTEHHOH. UTOOBI
OCYUIECTBUTH Tepeaavyy MH()OPMAIMOHHBIX CUTHAJIOB M0 PaJMOKaHAIy, UX MEPEHOCT
Ha BBICOKYIO YaCTOTY MTOCPEACTBOM MOIYJISILIUU.

BBICOKOYACTOTHBIN rapMOHHYCCKHN CUTHAJ u(t) = Uy, cos(wt + o)
XapakTepu3yeTcss Tpemsl mapamerpamu: ammumtyaod Uy, dactotoit © u ¢azoi ¢.
Kaxnplii U3 3TUX Tpex mapaMeTpoB MOKET U3MEHSThCS B TaKT C MH(POPMALUOHHBIM
curHaioM. Ecnu  mpomnoprimoHanbHO WHGOPMAIIMOHHOMY CHUTHATY HM3MEHSETCS
aMIUIUTYyla  BBICOKOYACTOTHOTO  CUTHAjJa  —  NOJY4YaeTcs  aMILIMTYIHO-
MOIYJTUPOBAHHBIN CUTHAJI; €CJIM YaCTOTa — YaCTOTHO-MOAYJIMPOBAHHBIN; eciu (a3za —
(azoMoay IMPOBAHHBIN.

Kpome s3tux Tpex, Hanbosee MpoCThIX BUAOB MOIYJISIINH, B PAAHOTEXHUICCKOM
NPAKTUKE HCIONB3YIOTCS W JApyrue, Oojiee CIoKHbIe, 00eCrneunBarOINe BBICOKYIO
MIOMEXOYCTOMYUBOCTD IMPH Mepeaaue HHPOopMaIiu.

2.1. AMIUTMTYIHO-MOAYJIUPOBAHHbIE CUTHAJIBI

AMIUTHTYAHO-MOAYJIHUPOBAHHBIM (AM) CUTHAJIOM HA3bIBAETCA TAPMOHUYECKUI
CUTHAJ, AaMIUIUTyJa KOTOPOTO HW3MEHSAETCS MPONOPIHOHAIBHO TMEPEeIaBaeMOMY
nHdopmarmonHoMmy cur"airy. @opmupoBanne AM curHana npOUJUTFOCTPUPOBAHO HA
puc. 2.1.

a A s(t)

Puc. 2.1. UndopmaroHHbIi cUTHA (@) U COOTBETCTBYIOIINN eMy AM curnai (6)

Ha puc. 2.1, a n3obpaxken nHopmanuoHHbId curHai S(t), KOTOpbIii 0OBIYHO
IpeACTaBIIIeT cO00M 3HAKONMEpEMEHHYI0 (PYHKIMIO BpeMeHU. COOTBETCTBYIOUIUN eMy
aMIUTUTYIHO-MOJYJUPOBAaHHBIM CcUTHAN wu300paxkeH Ha puc. 2.1, 6. Ilockomnbky
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aMILUIATy/la CHTHAJIa He J0JDKHA OBITh OTpPHUIATENIbHOM, K curHaimy S(t) moOamisercs
MOCTOSIHHAsI COCTABJIAIONIAsl, B pe3yJbTaTe€ YEero aMIUIMTYIHO-MOAYJIUPOBAHHBIN
CUTHAJI 3alKCBhIBAETCS B CJICIYIOIIEM BU/IE:
u(t) = Uy, [1 + Ms(t)] cos(wot + o). (2.1)
PaccMorpum  AM  curHan ¢ OJHOTOHAIBHOM  MOAYJSLIMEH,  KOrda
MOJIYJIMPYIOIINN CUTHAT UMEET BHJ TapMoHmdeckoi (ynkmmum: S(t) = cos(Qt + D).
Toraa coorBercTBYrOMNA AM CUTHAII MOKHO NIPEACTABUTH B BUJIE
u(t) = Uy, [1 + Mcos(Qt + d)] cos(mgt + ). (2.2)
Bpemennas nuarpamMma (ocuWJIIOTpaMMa) TaKOIO CHUTHajla H300pakeHa Ha
puc. 2.2,a. Koabdumment M, HaszpiBaeMbili kK0I(pPUIHEHTOM MOTYJISALUNH,
XapaKTepPHU3yeT TIyOMHY MOIYJSIINH, T. €. HACKOJIBKO CHJIBHO U3MEHSETCS aMIUIUTY/a
B TaKT C TIEpelaBaeMbIM COOOIIeHEM. MUHIMAIBHOE 3HAYCHUE aMIUIMTYbI CHTHAJA
Unmin paBao Uy (1 — M), makcumanbioe Upa = Uy (1 + M). Tlo skcniepuMeHTaIbHO
CHATOM OCIWJUIOrpaMMe BHJa puC. 2.2, a MOXHO ONpeAcauTh K03 UIUEHT
MOIYJISIIUN:
U max -U min

M = .
Umax +Umin

(2.3)

MakcumanbpHOe 3HaueHne Kodddurmenta moaymsaun M = 1, korma ammnTyaa
n3mensercs ot 0 o 2U, (puc. 2.2, 6).

Eciu M > 1, To B Te4eHHE HEKOTOPOTO UHTEpBAJIa BPEMEHH aMIUIUTY/]a CUTHaIa
OKa3bIBa€TCAd OTPUIATENIbHOM, KaK TMoKa3aHo Ha puc. 2.2, 6. M3MeHeHHe 3HaKa
aMIUTMTYJbl O3HA4YaeT M3MEHEeHHE (a3bl BBICOKOYACTOTHOI'O 3aIOJIHEHHMS HA 3TOM
yuactke Ha 180°. Ilepemonmyisiiiusg CuTrHala SBIAETCA KpalHE HEXKeJIaTeIbHbIM
SBJICHHMEM, IIOCKOJIbKY OOBIYHBIM aMIUTUTYJHBIA JETEKTOp, MCIOJb3yEeMbIH B
npueMHUKax AM CUTHaJOB, BBIJICIUT MOAYJb orubdaromiei (cMm. puc. 2.2, 2), CHIBHO
OTJIUYAOIIUICSA OT UCXOAHOI0 FApMOHHYECKOTo curHaiga cos(Qt + @).

\
s
AN < ~ -

Puc. 2.2. Curnansl ¢ aMIUIMTYTHOW MOAYJALUEH: a — ipu K03 puumeHte Moaynsauuu
M < 1; 6 — npu kodpdurmente moaymsaiuu M = 1; ¢ — nepemonymsiuus (M > 1);
2 — pe3ynbTar nerektupoBanust AM curnanac M > 1
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Haitnem cnexktp AM curHama ¢ OJHOTOHAJIbHOM wmopyJsiiueit. g 3toro
pacKkpoeM CKOOKHM B BbIpakeHUHU (2.2) U mpeoOpaszyeM IMPOU3BEIEHHE KOCHHYCOB IO
MpaBujIaM TPUTOHOMETPUHU:

u(t) = Un [1 + Mcos(Qt + @)] cos(mot + @) =U ,, cos(apt + @) +

M cogfion 0t +p+ 0]+ U2 cosf(wp -0+ p-0]. (24

Takum oOpazom, AM curHai MOXXHO HpPEJICTaBUTh B BHUJE CYMMBI TpPEX
rapMOHMYECKHUX COCTaBIAIOMUX. [lepBas U3 HUX, C YACTOTOMN g, HA3BIBAETCS HECYIIEH
COCTaBIISIIOLIEH WM TPOCTO — "Hecymieil"; BTopas — BepxHel OOKOBOM M TPEThS —
HIDKHEW OOKOBOM cocTaBisitoiiel. COOTBETCTBEHHO, YacTOTa My HA3bIBAETCSl HECYIEH
4acToTou, g + ) — BepxHeill 00KOBOI, ) — () — HMKHel OOKOBOIl YacCTOTO.
CrnekTpanbHas [uarpaMma oJHOTOHaJIbHOTO AM curnana nzobpaxeHa Ha puc. 2.3.

U,

[ah -Q ®y o +Q2

Puc. 2.3. CnexrpanpHas nuarpaMmma AM cursana

XapakTepHO, YTO BEPXHSS W HIDKHSAS OOKOBBIC COCTABJISFOIINE PACTIOJIOKECHBI
CUMMETPUYHO OTHOCUTENILHO HECYILIEH U UMEIOT OAMHAKOBYIO BBICOTY.

3nas cnexktp AM curHaia, MOXXHO MOCTPOUTH €ro BEKTOPHYIO JIUarpammy
(puc. 2.4). TlocTpoeHne HauYHEM C HECYIIEH COCTABIISIIONICH, KOTOPYIO M300pa3uM B
BU/JIC HETIOJABUKHOTO BEKTOPA, IOBEPHYTOT'0 Ha YroJl (» OTHOCUTENILHO TOPU30HTAIBLHOM
ocH HyJseBoi ¢a3bl. Och OTCUETa MPEAINoNaraeTcs Bpallaroieics Mo 4acoBOM CTpelike
C YIJIOBOM YaCTOTOM (g, TAK YTO YI'OJI MEKAY HECYLIEH U OCBhIKO OTCUYETA PaBEH y t + ©.
Bepxusis 60KkoBasi UMeeT 4acToTy g + {2, TO3TOMY OHA JOJIKHA ObITh MPEICTABICHA B
BUJIE BEKTOPA, BPAIAOLIErOCsl MPOTHB YaCOBOM CTPEJIKH € 4acToTOl (2 Tak, 4TOObI ee
CKOPOCTb BpalleHUs] OTHOCUTEIBHO OCH OTCUETa paBHsIACh @y + . COOTBETCTBEHHO,
HUKHSIT OOKOBasi COCTABIISIONIAs OYJIET BpaIIaThCs MO YaCOBOW CTPENKE C 4acTOTOM (2,
Kak Obl JoroHsst och orcuera. Cymma Hecymied M OOKOBBIX COCTaBISIOIIUX pPaBHA
aMIUTUTY/Ie CUTHAJIA.

Bexropnas numarpamma (puc. 2.4, a) nzo0Opaxena ajis MoMmeHnta Bpemeru t = 0.
[TockonbKy  BEKTOpPBI, COOTBETCTBYIOLME BEpPXHEW W  HIKHEH  OOKOBBIM
COCTAaBJISIIOLIUM, BPAIlalOTCs, Yepe3 HEKOTOPOE BPEMsI OHU U3MEHST CBOE IOJIOKEHUE,
KaK TMoka3zaHo Ha puc. 2.4, 6. VI3MEHUTCS U paBHOJAEUCTBYIONIAS] BEKTOPOB, KOTOpas
paBHA aMIUTUTY 1€ CUTHAJIA.
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Ha puc. 2.4, 6, 2.4, 2 noka3zaHbpl BEKTOPHBIC JUarpamMMbl JJIS TMOCIEAYIOITUX
MOMEHTOB BpeMeHHU. BuaHO, Kak U3MEHATCS IIOJO0KEHUE BEKTOPOB OOKOBBIX
COCTaBJISIOIINX, U KaK U3MEHSETCS CyMMapHas amriutyaa AM curHana.

a

Puc. 2.4. BektopHblie nuarpammbl AM curHaia Jijist pa3indHbIX MOMEHTOB BPEMEHH

MouHocTh AMIUIUTYHO-MOIYJTHPOBAHHOI0 CHTHAJIA
[IponenbiBast BBIKIAIAKWA, aHAJTOTHYHBIC TEM, KOTOPBIC ObUIA MPOU3BEICHBI MPHU
BBIYHCIICHUH MOIIHOCTHA TEPUOIWYECKOTO CcuTHama (cM. maparpad 2.2), HETPYIHO
MOJIYYUTh, YTO MOITHOCT, AM curHaia paBHa CyMMe MOIITHOCTEH HecyIleld U OOKOBBIX
COCTAaBJISIIOLIUX, T. €.
2 2
PAM = PHec + PB.6 + PH.6 :U_m+UH]M '
2 4
U3  ¢opmynsr (2.5) BHIHO, UYTO OCHOBHas MouHOCTh AM curnana
cocpefoToyeHa B Hecyuledl coctapistomei. laxe ecnu Ko3(pUIMEHT MOIYJISLIH
curHaiga M = 1, 4to BcTpevaercs pelko, 2/3 MOUTHOCTH COCPEIOTOYEHO B HECYIIEH, a

(2.5)

IpU CpeAHEM 3HaueHUU Kod(¢uuuenta monyiasiuuu M ~ 0,3 B Hecyliel coaepKUTCs
okoy0 95% wmomHoctT AM curHaima, ¥ aumb 5% — B OOKOBBIX COCTaBIISIOIIHX,
KOTOpBIE SIBJISIOTCS HOCUTENAMU MH(popManyu. Takoe HepalmoHaIbHOE pacX0J0BaHHE
MOIIHOCTH CUTHAJIA SIBJISIETCS HEJJOCTATKOM OOBIYHOM aMIUIUTYAHONU MOTYJISLIUU.

OpHOoTOHANBHAS AaMIUIMTYJHAs MOAYJsIUUs BcTpedaercss penako. OObIYHO
MOAYJIUPYIOIIMA  CUTHAJI  MOPEACTaBIseT co00Ml  cymMmMy  OOJIBLIOTO  4uCia
TFAPMOHMYECKUX COCTABJISIOIIMX:

n
s(t) :ZAK cos(Q,t + D, ). (2.5)
k=1
CootBerctBytoumii AM curtan uMeeT BU/l
n
u(t)=U, 1+ZM" cos(Q, t+d, ) [cos(wgt +@q) , (2.6)
k=1

rae My — mapumanbabie K03 duiuenTs Mmoayisiuuun. AM curnan (2.6) MoxeT ObITh

npeaCTaBJICH B BUAC CYMMbI TApMOHHUYCCKHUX COCTABJIAIOIINX.
n

u(t) =U,, cos(myt +goo)+Z:WCos[(w0 + Q)+ + Dy |+
kel
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UM
+ZmTkCOS[(OJo —Q)t+ @y — @y . (2.7)
k=1
CoOOTBETCTBYIOIAsl ATOMY BBIPAXKEHUIO CIIEKTPAJIbHAS aWarpaMMa H300pakeHa Ha
puc. 2.5. OHa COAEPKUT HECYIYI0, N BEPXHUX U N HIKHUX OOKOBBIX COCTABIISIOIINX,
KOTOPBIE PACIIOJIOKEHB CHMMETPUYHO OTHOCUTENTHHO Hecymiei. [lomHas mupuHa
CIIEKTpa OTpeesaeTCss HauOOBIIEH U3 MOTYIMPYIONIUX YacTOT; OHA paBHA 2(2,.

Un

U, M; U, M;

Un M, 2 2 Usz2 U M,

] [ F .

o —5?3 0o—C€h =€ ) oty o+ Ofo +(23

2Q),

Puc. 2.5. Cnextp AM curnana npy MHOTOTOHAJIbHOW MOIYJISIIIUKA

CioxHbIe BUIbI AMIUIMTYAHOH MOAYJISIUH

Henoctatkn 0OBIMHON aMIUIMTYJHON MOIYJSLMU YAaCTUYHO YCTPAHSIOTCA INPHU
VICTIOJIb30BAaHNN aMIUIMTYAHOM MOIYJISINMU C MOJABJICHHOW HECYLIEM M MOIYJISLHUU C
0JIHOIT OOKOBOIT OJIOCOIA.

Jlia Gosiee pallMOHAIBHOTO MCIOJIb30BaHMSI MOLIHOCTH CHUTHAIA HCIOJIb3YETCs
aMIUIMTyAHAs MOAYJALMA ¢ MOAaBJeHHOM Hecyweld. Ilpm oxHOTOHAIBHOU
MOZYJIALIMU TAaKOW CUTHAJI 3aIIMChIBACTCS B BUJIE

u(t) = Up, cos(Qt + d) cos(mot + ¢p). (2.8)
Ero cnekTp u BpeMeHHas AuarpamMma IMpeacTaBieHbl Ha puc. 2.6. Orubaromas Takoro
CUTHaJa CYLIECTBEHHO OTIIMYAETCSA OT TAPMOHMYECKOM, W IIPU MCIOJIB30BAHUM JJIS1 €TO
JETEeKTUPOBAHUSI OOBIYHOTO AaMIUIUTYIHOTO JETEKTOpPa BO3HUKHYT OYEHb CHIIbHBIC
HEJIMHENHbIE HWCKaKEeHMs. IlodToMy Ha IpUEMHOM CTOPOHE BOCCTaHABIMBAIOT
oObIuHBIM BuJ AM curnana, 1o0aBisisi HECYILYIO U TOJIBKO IOCIIE 3TOTO JETEKTUPYIOT
CUTHAJ.

6 A u(t)

Y&

wy—Q  ®p oo+

Puc. 2.6. CnexrpanbHas (a) u BpeMeHHas (6) quarpaMmmMbl AM CUTHamA ¢ MO/IaBIICHUEM HECYIIeH
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Monyasinusi ¢ 0OAHOH OOKOBOM IMOJIOCOW MO3BOJISIET COKOHOMUTH HA IIMPHUHE
cnektpa curHana. Ecnu paccmoTpers criekTp oObiuHOro AM curhnana Ha puc. 2.5, To
BUJIHO, 4YTO JieBasg M TIpaBasi YacTH CIEKTpa IyOIupyroT Apyr Apyra. MOXHO
MepeIaBaTh JIMIIb ITOJOBUHY CIEKTpa, IMPU STOM COXPAHSETCS BCS IepeaaBaeMast
uHpopMaruss. Moaymnsiiust ¢ oJHOW OOKOBOHM IOJIOCONM HCHOJB3YeTCs, HAaIpuMep, B
TEJIEBUJICHUY, TI€ IIUPUHA CIEKTPA CUTHAJIA cocTaBisieT okoso 6 MI't. OueBuHO, 4TO
dbopma cur"ansa ¢ oJHOW OOKOBOHM MOJIOCON oTiauyaeTcs oT (opmbl oObryHOTO AM
CUTHAJIa, YTO HEOOXOAMMO YUUTHIBATH MPHU €TO JCTCKTUPOBAHUH.

2.2. CurHaJsbl ¢ yrja0Boi MOayJasiueit

CurnajamMm ¢  yrJOBOM  MOAyJsiMedl  HA3bIBAIOTCS  4aCTOTHO-
MoayaupoBanubie (UM) u dazomonyaupoBannbie (PM) curnanel. OHU CXOXKH
JPYT C IPYroM, U TOATOMY UX CBOMCTBA OOBIYHO PACCMATPUBAIOTCS COBMECTHO.

Koneb6anus ¢ yrinosoit moaymsiueit (u UM, u ®M) MoxHO 3anucaTh B BUE

u(t) = Un cosfaot + o(t)]. (2.9)

Jlnst  omucaHus CUTHAJIOB C  YIJOBOM MOJYyJSALMEH HEOOXOAUMO YETKO
ONPENEIUTh MOHATUSL YaCTOThl U (a3bl curHana. [lomHoil ¢a3oii curHana Ha3bIBaeTCs
BeinunHa Y(t) = oot + (1), a @(t) — caBur ¢assl. MrHOBEHHOW 4aCTOTON Ha3bIBACTCS
POU3BO/IHAS MOJTHOM a3kl MO BpeMeHU

dy(t) do(t)
- _ o del) 2.10
o) = M o, 4 .10
COOTBCTCTBCHHO,
t
w(t) = _[ o(t)dt + const . (2.11)

O003Ha4MM, KaK ¥ MPEKIe, epeaaBaeMblii MHYOPMAIIMOHHBIN curHal Kak S(t).
[Ipu 4acTOTHOI MOAYJSIIMHA B COOTBETCTBHU C UH(POPMAIIMOHHBIM cUTHAIIOM S(t)
JI0JDKHA U3MEHSThCSI MTHOBeHHast yactora o(t), T. e.
o(t), = oo + as(t). (2.12)
CooTBeTCTBEHHO, NIOTHAA (ha3a
t

w(t) = ot +a _[ s(t)dt, (2.13)
1 UM curHai MOXKHO 3amucath B clieiyrolieit ¢popme:
t
u(t) = Uy, cos[met + a | s(t)dt]. (2.14)

=00
MakcuMallbHOE OTKJIOHEHHE YacTOThI A® OT CPETHETO 3HAYEHUS (D) HA3bIBAETCS
aeBuanmen yactorbl. Ha puc. 2.7 B KauecTBe WIUIIOCTPALIMKM TIPUBEJICHBI BPEMEHHBIE
auarpamMmbl Moayupytomniero curtana S(t), MrHoBeHHOH yacToThl (t), caBura Qassl
@(t) ns UM curnana u(t).
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ab _________‘_
e i ot
0 >
Au(t); ! |
: : : t
0
Puc. 2.7. Bpemennsle quarpammsl aias UM Puc. 2.8. Bpemennbie auarpammsl 1iist OM
curHaiua CurHaja

[Ipn ogHOTOHATBEHOM YACTOTHOM MOAYJIS MU
s(t) = cos(Qt + D). (2.15)
3anumieM BBIpAKEHUS JJII MTHOBEHHOM YacTOTHI, TIOJIHOW (ha3bl U cABUTA (Pa3bl
CHUTHaJIA:

o(t) = mg + Aw cos(Qt + D), (2.16)
riae Am — JeBuaIus 4acToThI,
w(t) = oot +%sin(m L D), (2.17)
Ao .
o(t) = Hsm(Qt +®). (2.18)

Benmunna Aw/QQ = m — XxapakTepu3yeT MaKCUMaIIbHOE OTKIIOHEHUE CIIBUTA (hasbl
OT CpeIlHEro 3HAYCHUS W HA3bIBACTCS MHAEKCOM MOAYJAsuH. VHIEKC MOIymsmun —
BEJIMYMHA Oe3pa3MepHasi U U3MepseTCs B paJivaHax.
[Ipu ha3oBoit MOAYIALUK TPOMOPIMOHATIBHO MH(pOpMamoHHOMY curHaiy S(t)
u3Mensiercs caur ¢assl Q(t):
o(0) = as(b). (2.19)
B cootBercTBHU C ATHM,
y(t) = ot +as(t), (2.20)
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o(t) =y + a%, (2.21)

u(t) = Uy, cos[mgt + as(t)]. (2.22)

Ha puc. 2.8 mokaszaHbl BpeMEHHbBIE JUarpaMMbl MOIyiupyromero curaana S(t),

casura ¢asbl @(t), MrHOBeHHOM YacToThl ®(t) 1 @M curnana U(t) mpu TakoMm ke BHJE

MOJIyJIMPYIOILIETO CUTHaja, Kak Ha puc. 2.7. CpaBHuBas puc. 2.7 v 2.8, MOKHO BUJIETh,
B ueM paznuuarorca UM u @M curHasnsl U UX XapakTEPUCTUKHU.

[Ipu omHOTOHANBEHOM (ha30BOM MOAYIISIIAN

s(t) = cos(Qt + D), (2.23)
o(t) = m cos(Qt + D), (2.24)

rae M — MakCUMaJIbHOE OTKJIOHCHHUE CABUTA (1)33]31, T. €. UHACKC MOAYJISAIIUM.
o(t) =0y + dggft) = my —MASIN(Qt + D). (2.25)

MaxkcuManbHOE OTKJIOHEHHE MIHOBEHHOM YacTOThl OT CPEOHErO 3HA4YeHus, T. €.
JIeBHAIUs YACTOThHI B JAHHOM CJIy4yae paBHa ML), T. €.
Ao = mQ. (2.26)

Kak BHIHO, CBSI3b MEXIYy HHACKCOM MOJIYJSIUU M JICBUALIUEH YaCTOTHI
onnHakosa i1 UM u OM curmaos.

CpaBHuBas BelpakeHus (2.16) — (2.18) u (2.24) — (2.25) HeTpyaAHO BUIETH, UTO
npu OgHOTOHAIBbHOM Monymsiuun UM u M curHanel paznuyaroTcss Juiib (a3oi
MOJYJIUPYIOIIET0 CUTHANa, T. €. Pa3IU4uTh UX JOCTAaTOYHO CIIOKHO. [Ipu Oonee
CJIO’)KHOM XapakTepe Moayssiiuu pasHuiia Mexay UM u @M curnanamu MoKeT ObITh
CYIIECTBEHHOW, HO BHEILHE, JIUIIb IO BPEMEHHOW AMArpamMme, TPYIHO OIPEIEIUTh,
KaKoW BUJ MOIYJISIIIUU NMPUMEHSETCS, TaK KaK MpU JIOOOM BUJE YIIOBOM MOIYJISALINU
U3MEHSIOTCS W MTHOBEHHas 4yactoTa, W ¢asa. [loaToMy Ha mpueMHONl CTOpPOHE, BO
n30ekaHue OMMUOOK TpHU JETEKTUPOBAHWUH, HEOOXOJWMO 3apaHee 3HaTh BHUJ]
ucnosib3yeMo monyisinuu. CpaBHuBas puc. 2.7 u 2.8, MOXHO TOJYYUTh
MPEACTABICHUE O XapaKTepe OIIMOOK, KOTOpbIE
BO3HUKAKOT, €CJIM s JeTekthupoBanus UM
curHaia Oyaer mnpumeHeH @OM nerekTop uiu
Ha000POT.

BektopHasg auarpamMma CHrHajla C yTJIOBOM
MOAYJSIMENH MPEeACTaBIsIET cOo00Ml BEKTOp, AJMHA

0 KOTOPOr0 C TE€YEHHWEM BPEMEHHU HE U3MEHSIETCS, a
Puc. 2.9. Bexropras jmarpamva HM3MEHAETCS JMNIb (Basa, T. €. yrojl MO OTHOLICHUIO
KoneOaHus C yriuoBoi Mogynsauuedi Kk HEKoTopol  ocu  orcuera  (puc.  2.9).

MaxkcuManbHbIii  YroJd OTKIOHEHWSI BEKTOpa OT
CPEIHEr0 3HAYEHHS PABEH WHICKCY MOAYJSIUUM. B oTiamyme OT aMIuMTyaHON
MOIYJANUH, TAe KOID(HUIMEHT MOAYJSALHMH JODKEH OBbITh MEHbIe 1, BeInyuHa
MHJIEKCa MOIYJISIIIMM HE OIpaHUYeHA M MOYKET JOCTUTATh JIFOOBIX 3HAYCHUH, IIPH STOM
HUKAaKUX UCKQKCHUN CUTHAJIA HE MPOUCXOAUT. B 3aBUCMMOCTH OT BEJIWYHUHBI MHAEKCA
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MOJYJIAIMU  Pa3IMYalOT  y3KOMOJIOCHYIO  MOAYJSAIMIO, KkKorma M<<1 wu
HIMPOKOTIOJIOCHYIO MOIYJISIINIO, Koraa m >> 1.

Jleknus 6.

CrnexkTp cursaJja ¢ yrjioBou MoayJasimue
Paccmotpum mpocteiimuii ciaydail oqHoTOHaIbHOU Moayisanuu. Kak UM, tak u
®M curnansl MOTYT OBITh OITUCAHBI BEIPAKEHHEM

u(t) = Uy, cos[ant + m cos(Qt + ®) + o). (2.27)
[Tepenuiiem BeipakeHue (2.27) B ClIeAyIOIIEM BUJIE:
u(t) =U,, Rdel @ttolgimeosQu+®) | (2.28)
B teopuu pynkuumit beccens moka3piBaroOTCs CIEYIONINE BBIPAKESHHUS:
gimeos(e) _ ZJn(m)ej““. (2.29)
N=—o0

[Tpumenss (2.29), npeoOpazyeM BeipakeHue (2.28) K clieyIomemMy BUIY:

u(t) =U,, Re ZJ“ (m) gl (Pl (ot+00)

n=—c

— U m ZJH (m) Re{ej[(w0+ng)t+(/)o+ﬂq)] }:

N=—o0

»
=U, ZJ“ (m)cos[(wg + NQ)t + ¢, + nNdD]. (2.30)
N=—c0

Takum oOpa3zoM, KojebaHue C YIJIOBOM MOAYJSIMEH yAanoch NMPEJACTaBUTh B
BUJIE CYyMMbl TaPMOHHYECKHX COCTABJISIIOLIMX, YACTOTHI KOTOPBIX paBHbI wy + NQY, a
amruaty bl — Up, Jn(M).

st mocTpoeHMsl CHEKTPaJbHOM AuarpaMMbl HEOOXOJIMMO 3HAaTh HEKOTOpPbIE
ceoiictBa ¢yukiui beccens. I'padpuk ¢yukumii Beccens J,(M) 1 HEKOTOPHIX
NOJIOKUTENBHBIX 3HAUEHUN HMHJEKca N npuseaeH Ha puc. 2.10. IIpu oTpunaTenbHbIX
3HAYEHHUAX UHJEKCA CIIPABEUIMBBI CIEAYIOIINE COOTHOLIEHUS:

J_n(X) = Jp(M), ecim N — geTHOE;

J_n(X) = =Jy(m), eciau N — HEeUeTHOE.

Ilpyroe BaxxHoe cBoMcTBO (DyHKIMN beccens cocTout B ToM, 4TO TIpU OOJIBIIOM
MHJIEKCEe N OHU BechbMa OJIM3KHU K HyJH0 mpu M < N — 1 (cMm. puc. 2.10). B cBsi3u ¢ atum
CIIEKTPaJIbHBIE COCTABJISIOIIME C YAaCTOTOM p + NC), rme N > m + 1, craHOBATCA
NpPEeHEOPEeKUMO MaJbIMU, U XOTs, CTPOrO TOBOPS, LIMPUHA CHEKTpa OECKOHEYHO
BEJIMKA, MOYKHO TOBOPUTH O PEANBHON IIMPHUHE CIIEKTpa, KoTopas paBHa 2Q(m + 1) =
=2Am + 2Q). B kadecTBe WUTIOCTpalvK Ha puc. 2.11 u300paxkeH CIeKTp KojeOaHus ¢
YTJIOBOM MOJYJISIITAEH rpy M = 5.
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AHanu3 93TON CHEKTpaNTbHON JOuarpaMMbl TO3BOJISIET CHAENAaTh CIEAYIONINe
BbIBOJIbI. CIIEKTp CHTHAA C YIIIOBOM MOIyJISAUEH Tpyu M >> 1 COAEp UT HECYIYIO U
OOJBITIOE YUCIIO OOKOBBIX COCTABIISIONINX, PACTIOJIOKEHHBIX Ha pacCTOSHUA () APYT OT
npyra. Hecymas cocTtaBisitomas COBCeM HE 00s3aTebHO  OOJbIie  OOKOBBIX
COCTaBIISIOLIUX, OHA MOXET OBITh JIaXKe OTPUIIATENILHOM, T. €. ee (pa3a paBHa T, KaK Ha
puc. 2.11. Cocrapnsromue 3a npeaeaamMu MPaKTHIeCKON IMUPHHBI CIIeKTpa (B HaIeM
cllydyae — C 4acToTol mg + 7Q)) emie 3aMeTHO OTJIMYAKOTCS OT HYJS, OJHAKO, Kak
MIOKA3bIBACT OMBIT, MX BKJIA] B (POPMUPOBAHNE CUTHAJA MPEHEOPEKUMO MaJl.

Jo(X)
1
J1(x) Ja(x)
05 T
. . . . N
0 1 2 3 ANl 5” 677 | 8~_9~_10
05 1
Puc.2.10. I'paduku ¢pynkuuit beccens
UnJds(5) UmJa(d)
U J5(5)
U Ja(5) Un Js(5)
S T T ®o o+ (2 o T I
®o—6Q 00— 1 ©0+2Q ®0+6Q
U Jo(5)
Un J1(5)

IIpaKTU4dYeCKasd IMUpPHHA CIICKTPa

.
>

A

Puc. 2.11. Cnekrtp curnana ¢ yrioBoil Mogyasiuei npu m =5

[Ipy  y3KONOJIOCHOM  YIJIOBOM  MOAYJSAMH, Korma M<<1]1, MOXHO

BOCITOJIB30BATHCS TIPUOJIMIKEHHBIMU BRIpOKEHUAMHU 17151 GyHKIMM beccens:
Jo(m)=1;  Ji(m) = m/2; Jo(m) =~ m?/8.

B 3TOM ciydae criekTpaiibHas AuarpaMMma CHrHaja MMEET JIMIb TPU COCTaBIISAIONIME:
HECYyIlyl0 W JBe OOKOBBIX € 4YacToraMu My + Q u m; — Q. Bce ocranbHbie
COCTABJISIIONIME HACTOJBKO Majlbl, YTO HWMH MOXHO mpeHeOpeub. Hecymas
cocraBistomas paBHa Up, Bepxuss OokoBas U, M/2, HmwkHas OokoBas: —U, m/2
(puc. 2.12). CrmekTp 3TOro CHUrHajia MOX0X Ha cnekTp AM curHaia, ¢ TOM JUIIb
Pa3HUIICH, YTO HIKHSIS OOKOBasi COCTABIISIONIAS UMEET MPOTHBOTIOJIOXKHYIO (Da3y.

U
m
U,—
o— €2 T2 @
J'm (V] 0)0+Q
_UmE

Puc. 2.12. Cniexp curnana ¢ yriaoBoit moxyssmuei mpu m = 0,2
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Ipeumymecresa UM u @M cUrHajioB 1o cpaBHeHu10 ¢ AM CUrHAJIaMU

Curnamel Cc  yIJIOBOM  Monyisiuued — oOecreyuBaroT — 0ojiee  IMIMPOKHI
JUHAMHYECKUH 1Maa3oH, OCOOEHHO B CTOPOHY YBEJIIMYEHUS] TPOMKOCTH (IS Ciiydast
3BYKOBBIX CHHAJIOB). I[IpM MCHOJIb30BaHUM AMIUIUTYAHOW MOAYJISIUMU MaKCHUMAJIbHBII
YPOBEHb MOAYJSLMU OIPaHUYEH 3HaueHueM M = 1; npu JajbHEWIIEM YBEIUYEHUU
rIyOMHBl MOXYJIILIMM BO3HUKAIOT HEIOMYCTUMbIE MCKaxeHusd. llpum yrmosoi
MOJYJIALIMY TJIyOMHA MOJYJISILIUKA MOKET YBEIUYMBATHCS O€3rpaHUYHO O€3 MOSIBICHUS
HEJIMHEWHBIX UCKAKCHUU.

Curnamel Cc yrJoBoM  Monynsaunuend  obecrneuuBaioT  0ojiee  BBICOKYIO
IIOMEXO0YCTOWYNBOCTh. [10ICHMM 3TO Ha NpHUMepe ABYX BUIAOB IIOMEX: UMITYJIbLCHON U
KBa3UTapMOHUYECKOM.

[Ipn umMmynabCHON mMoMexe (Hampumep, MpU TPO30BOM pa3psifie) BO3HHUKAET
MOTIIHBIA KOPOTKUI HUMITYJIbC, KOTOPBIN CIBIINIEH Kak TpecK. OCOOEHHO ATO 3aMETHO B
BEIATEIbHBIX MPUEMHUKAX AM CHrHajoB, IIe¢ YPOBEHb MOMEXHU HA BBIXOJIE MOXKET
CUJIBHO IIPEBBIIATH YPOBEHD MOJIE3HOTO CUTHANA, KaK IMOKa3aHo Ha puc. 2.13.

atl N o MAAAMIAAAAAAAAARARRAT t

VYV UVUYVYVY VY UVUVYYY
/_\]\/\ ¢ A

0 > 1

Puc. 2.13. BnusHue HMITyJIbCHOM Puc. 2.14. BnusHue UMIYJIbCHOW TIOMEXHU TIpH
IMOMEXU IIpHU aMHHHTy,HHOﬁ MOAYJIAINN yFHOBOﬁ MOJYJALAA

[Ipu yrioBoi MOIYNISIMUA YPOBEHb MIOMEXH Ha BXOJIE CTOJIb JK€ BEJIMK, KaK U MPU
ucnonp3oBanuu AM curnanoB (puc. 2.14, a). Oxgnako B mpuemaukax UM u OM
CUTHAJIOB 00s3aTE€JIbHO OCYIIECTBISETCS OrpaHWYEHUE aMIUIUTYIbl CUTHala Mepen
nerektupoBanueM (puc. 2.14, 6). [Ipu sTomM momexa He MOJABISAETCS MOJHOCTHIO; €€
JEUCTBUE CBOJUTCA K HEKOTOPOMY M3MEHEHHIO (Da3bl, KOTOPOE HE MPEBBIIIACT T, T. €.
MaKCUMaJbHbIM WHAEKC MOMIYJISIIMHU, BBI3BAHHBIM MOMEXOW, HE mpeBbimaet 7. [lpu
HIMPOKONOJIOCHOM YTJI0BOM MOIYJISUUA WMHIEKC MOIYJSIUWU, BBI3BAHHBIA MOJIE3HBIM
CUTHAJIOM M >> 1, U MOATOMY OTHOIIEHHWE CUTHAJI/TIOMEXa Ha BBIXOJE MOXET OBITh
3HAQYUTEJILHO MEHBIIE €IMHUIIbI, HECMOTPSI HAa TO, YTO Ha BXOJI€ NTOMEXa 3HAUYUTEIILHO
CUJIbHEE CUTHAJIA.

JleficTBUE KBa3UTapMOHUYECKOM IMOMEXU MOXKET OBITh MPOWLIIOCTPUPOBAHO
BEKTOpHOI auarpammoit Ha puc. 2.15. 3aecs U, — Hecymas mpuHIMaeMoro CUTHaa,
BekTOp nmomexu U, onuchiBaeT BOKpYTr KoHIla BekTopa U, HEKOTOpyro TpaekTopuio. B
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pe3ysbTaTe BO3HMKAeT IMapa3uTHas aMIUIMTyAHas U (¢a3zoBas  MOIYJISALUU.
KoaddummeHT aMmmuTy 1HOM MOAYISIUN TPUOIM3UTENBEHO paBeH M, = U, /U, namekc
dazoBoit momymsaun M, ~ U /Up. [lpu ucrnonp3oBaHUHM aMIDIMTYTHOH MOJIYJISIIMA
OTHOUICHUE CUTHAJ/TIOMEXa Ha BbIXOJe paBHO M./M,, IpHU UCIOIL30BAHUU YTIIOBOM
MOIYJISIIHAN — M/m,.

[TockonbKy HMHAEKC MOAYJALMM CUTHajIa M,
MOKET OBITh 3HAUUTEITHLHO O0JIbIIe YeM K03 PHUIIueHT
aMIUIUTYIHON Monynsauud M., yrioBas MOZYJISIUS
oOecrnieunBaeT 00Jee BBICOKYIO IOMEXOYCTOMYUBOCTb.

OTmeTnM, 4YTO BCE OTH IPEUMYIIECTBA
IPOSBIIAIOTCA U1 IIMPOKONOJIOCHOM  YIJIOBOM
MOJYJISIIUH, Korga m >> 1.

0

Puc. 2.15. K oueHke BnusHUS
KBa3UTrapMOHUYECKOM IIOMEXU

2.3. CurHajsl €0 CJI0KHOI MOy IALMEH
2.3.1. UMnyabcebl ¢ JIMHEHHON YacTOTHON MOy Isiluei

Ocobyto KaTEropuio MOJTy TUPOBAHHBIX CHUTHAJIOB MPEICTaBISAOT
PaMOUMITYJILCBl C BHYTPEHHEW YaCTOTHOW MOAYJISIIMEN, IIUPOKO HPUMEHSIEMbIE B
paauosiokanuu. Yaiie BCEro UCHOJIb3yeTCsl TMHEUHBIN 3aKOH U3MEHEHUS YaCTOTHI (pHUC.
2.16, a):

o(t) = o + ut. (2.31)
3a BpeMsl, paBHOE UIMTEIBHOCTH MMITYJIbCA, YaCTOTA U3MEHSETCA OT Wy — A® 10
o + Aw, tie Ao = uT,/2, T, — IIUTETBLHOCTh UMITYJIbCA. Takue CUrHaJbl Ha3bIBAIOT
UMITyJIbCAMU C JIMHEHO# YacToTHOH Moxyasiuueii (JIYM-ummyincamn).

Anamntndeckn JIUM-uMIynbC  ONHUCBIBAETCS  CIEAYIOIIMM  BBIPAKEHUEM
(puc. 2.16, 6):

2

U, cos m0t+& : —T—“<t<T—“;
u(t) = 7 ’ ’ (2.32)
0, > n
2

Baxunoii xapakrepuctukoil JIUM curnana siBiisiercs ero oaza B, onpenensemas
KaK [MPOU3BEACHUE JUIMTEIBHOCTH CUTHAJA HA TOJIHYIO IEBUALIMIO YaCTOTHI:
2Am
B=T.—.
2n
Yewm Oospuie 0a3za curnasna, TeM Bolie 3¢ ¢HeKTUBHOCTh puMeHeHus: JIUM-curnanos.
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Fxal)

Puc. 2.16. JIUM nmMnynbc: a — 3aKOH U3MEHEHUS YacCTOThI;
6 — BpEMEHHas Auarpamma

Cnextp JIUM-umMmynbca OMUCHIBAETCS JOCTATOYHO CJIOKHBIM BBIPAKEHUEM B
KOTOpO€ BXOIAT uHTerpanbl @Ppenensa. Uwurarenb nOpu IKEIAHUM MOXKET HAWUTHU
HeoOxoaumyro uH@popmaruio o cnekrpe B ydueOnuke C.M. backakopa [1]. OtmeTum
TOJBKO, YTO MNpu OoJblioN 0Oaze Moaynb crekrtpa JIUM-curnama umeer dopmy,
OJU3KYIO K MPSAMOYTOJbHOM (puc. 2.17).

Al S(o) | Haubonee 3HAYUMOU
xapakrepuctukon JIUM-curnana
ABJISIETCS €ro

| | aBTOKOPPEJSALMOHHAsA  (PYHKIMSL.
| | Beipaxenne i1 AKD  JIUM-
i i CUTHaja MOXXHO HAUTH IIyTEM
o —A® 0 o +A® PSIMOI MOJICTAHOBKH BBIPAXKEHUS
(2.32) B bopmyny TUISt
BeruuciieHuss AK® (1.64):

\(8

Puc. 2.17. Cnextp JIYM ummnynsca npu B = 200

. | mB1 T
sinf — | 1-—
P(1) = Un T Te Te cos(wgT) (2.33)
2 f e w |
TC
[Ipu B>>1 u 1 << T, MOXHO MOJIB30BaTHCS MPUOTUKEHHBIM BBIPAXKEHUEM:
. [ nB1t
2 Sin| ——
Y (1)~ Un T Te cos(wgT) (2.34)
T 2 ¢ Bt 0/ '

TC
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I'paduk aBTokoppensauuoHHor Qynkuun JIYM-umnynbca wu300pakeH Ha
puc. 2.18.

¥ (7)
/ R
/ \
// \‘
/} \‘\
7 N / N
Fol & R W1} Mn’nm’ﬁ“\Mﬂ )\A AA /ﬂh )\A’ﬂ WMW’\\_A”TA\_;K N \T
AA SN S 20N A2 ATAVRVAAVAL “-\”y}’""ﬂy YR VBLES A VA & "
\ 7; 0 7_C ’a
B B
/
\\ “/
\ /
\\ J

Puc. 2.18. ABTokoppensuonHas Gynkuus JIYM ummynbsca

XapaktepHbiM napamerpoM AK® sBisieTcs mupuHA TIaBHOTO JieTecTKa (HMIIu
MOJIOKEHUE TIEpPBOrO HyJsi orubaromieit). Orubaromias paBHA HYJIO, KOTJa apryMEHT
cunyca B (2.34) paBeH T, 1 cOOTBETCTBEHHO T = T/B. OueBuaHO, 4TO YeM OoJibliie 0asa
curHana B, Ttem yxe rTnaBHbIA JsenecTok AK® 1o cpaBHEHHIO C UIUTEIHHOCTHIO
CUTHaJA.

910 cBoiictBo JIYM-curHama MCHONB3YeTCS MPU KOPPEISITMOHHONW 00paboTKe
PaNOTOKAIIMOHHBIX CUTHAIOB. [[MUTENBHOCTS CUTHAIA B PE3YJIbTaTe KOPPEISIIIMOHHON
00pa0OTKM yMEHBIIIACTCS MPUOTU3UTEIBLHO B B pa3, 4TO MO3BOJSET C OOJBIION
TOYHOCTBIO M3MEPATH 3ama3JbIBAaHNE CUTHAJa W PACCTOSIHWE A0 eI W pa3peniaTh
OJIM3KO PACIIONOKEHHBIE OOHEKTHI.

2.3.2. ®a3oMaHUNYJIMPOBAHHbIE CHTHAJIBI

da3oMaHUNYJIUMPOBAHHBIH CUTHAJ — OTO TapMOHWYECKUW CcurHal, dasa
KOTOPOTO B OMPE/CICHHbIE MOMEHTHI BPEMEHHU HU3MEHSIETCSI CKAaYKOM IO 3aJITaHHOMY
3akoHy. Ha puc. 2.19 wu3oOpaxxeH Tak Ha3bIBa€MbId JIBYXIO3UIIMOHHBIN
(ha3oMaHUITYTUPOBAHHBINA CUTHA, (ha3a KOTOPOTO B OMPE/IETICHHBIE MOMEHThI BPEMEHH
n3Mensiercs Ha 180°.

ﬂ\ u(t)

Puc. 2.19. JIByxno3uniMoHHbIN (ha30MaHUITYTUPOBAHHBIA CUTHAI
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Koppensiuonssle cBoicTBa (pa30MaHUIMYIMPOBAHHOTO CHUTHAJIA ONPEAEIIAIOTCA
KOJIOM, YCTaHABJIMBAIOIIUM 3HauY€HUs (Pa3bl KaXkI0r0 3JIEMEHTAPHOIO OTPE3Ka CUTHaNA
mrenbHocTeio 7. Ecnu (asa m3meHsiercs, Hampumep, B COOTBETCTBHHM C KOJOM
bapkepa, To AK® ¢}a3zomanunynupoBaHHOTO CUTHajga OyneT UMETh OruOarolyro,
cootBeTcTBYIOIIYI0 AK® curnana bapkepa (cm., Hanipumep, puc. 3.4).

Kpome nBYXNMO3UIIMOHHBIX CUTHAJIOB HCIIOIB3YIOTCS YETBIPEXIIO3UIIMOHHBIE,
Korja (haza Kaxaoro OTpe3ka MOXKET pasiaudarhcs Ha 90°, BOCBMHUIO3UIIMOHHBIC U
Oonee  cioxHbele. brarogaps  pa3HoOOpa3WiO  KOAOB, HCIOJB3YEMBIX  IPH
dopmupoBanur  (Ha30MaHUNYJUPOBAHHBIX CHUTHAJOB, OHHM HAaxOJAT IIHPOKOE
IPUMEHEHUE B PA3JINYHBIX CUCTEMAX Mepeayu HHPOpMaIIH.

Jlexknus 7.
2.4. Y3K0NMoJIOCHbIE€ CUTHAJIBI.
2.4.1. Puznueckas orudaoNIag 1 KOMILIEKCHAS Orudaronias.

Y3KONMOJIOCHBIMM ~ Ha3bIBAIOTCSl  CUTHAJNbI, IIUPUHA  CIEKTpAa  KOTOPBIX
3HAYUTEIBHO MEHBIIIE IEHTPAIBHOU 4acTOThI cieKTpa: 2Am << wq ( cM. puc. 2.20).

p IS(@) 20

LT

— 0
Puc. 2.20. CriekTp y3KOMOJIOCHOTO CUTHAja

y S

Y3KOITOJIOCHBIN CUTHATT MOYKET OBITh OITMCAH CJICAYIONINM BBIPAKCHUCM:
u(t) = Un(t) cos(met + (1)), (2.35)
rae Un(t) u o(t) — MmeaienHo MeHsromuecs (1o cpaBHEHHIO ¢ COS(mgt)) ormbaromas u
¢aza curnana.
[To aHajorMM ¢ KOMIUIGKCHOH aMIUTUTYJOM TapMOHHYECKOrO CHTHajIa IS
Y3KOTOJIOCHBIX CUTHAJIOB BBOJIUTCS IMOHATHE KOMILIEKCHOM Orudaromeii:

Up (t) = Up ()19, (2.36)
V3KOMNOJIOCHBIN CUTHAJI CBSI3aH ¢ KOMIUIEKCHOM Orv0aroIeid COOTHOIIIEHUEM
u(t) u(t) = Re[Uy, (t)e/*®el®ot] = Re[U,, (t)e®ot]. (2.37)

KommekcHass orubaromass U,,(t) I KOHKPETHOTO
t curHana U(t) B obmeM cirydyae ompezeiseTcss HEOJHO3HAYHO U
3aBHCHT OT BBIOOpa OTMOPHOW HYacTOTHI y. Hampumep, Takas
CUTYyallUs CKJIaJbIBAaeTCs s curHaia (puc. 2.21)
Uy cos(wt), t<0
Uy cos(Qw t), t=0
Ecnu B kauecTBe OMOPHOI 4aCTOTHI BBIOEpEM g (TIPUMEM g = M1) TO

Puc. 2.21. u(t) = {

(2.38)
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. U, t<0
Um(t) = {Umej(“’f‘”o)t, t>0

Ecnim xe B KadecTBe OMOPHOW YACTOTHl BBIOEPEM CPEIHIOID YacCTOTY

(2.39)

o = (01 + @,)/2, TO
. v, (5 £ <0
Un(t) = { ™ .(coz—wo

U,e

. (2.40)
2 )t, t=>0

OtMeruM, oxHako, uro (usmdyeckas orudaromas U, (t) = |Um(t)| HE 3aBHUCHT

OT BBIOOpA YaCTOTHI M.
PaccmoTpuMm, Kak CBs3aHBl CHEKTPbl  Y3KOMOJOCHOTO CHUTHajla U €ro
KOMILJIEKCHOM orubaroieit. [IpeoOpasyem BbipaskeHUe ISl y3KOTIOJIOCHOTO CUTHANA!

u(t) = U ()cos(wot + @) = > Up, ()@t 4 2, (£)eTT@ot+e(®), (2.41)

[Tpumenum k Beipaskenuto (2.41) npeodpaszoBanue Oypbe:

[00] (0.0]

. 1 . . . 1 . . .
Su((x))=z fUm(t)el“’(t)el“’ote‘l‘”tdt+— jUm(t)e_l“’(t)e‘l‘*’ote‘l“’tdt. (2.42)

2
Hetpyano BuaeTs, 4T0 NEpBBIM U3 NHTETPATIOB PABEH
j U, (t)e (@-@tqs = SUm(u) — Wy). (2.43)

Bropoit uaTerpan MoxxHO pacnucarh CiIeAyIOIIIM 00pa3oM:
[00] [00]

j Um(t)e_j(p(t)e_jwote_jwtdt = < j Um(t)ej(p(t)ejwotejwtdt) =
— ( f Um(t)e‘j(“"“"ﬂ)tdt> = s‘;;m(—w — wy). (2.44)

— 00

3/1eCh 3HaK 03HAYaET KOMIUIEKCHYIO CONPSKEHHOCTh. Takum 00pa3om,
. _ 1 - 1 . %
Sy(w) = ESUm(“) —Wwg) + ESUm(_(‘) — Wg). (2.45)
KomMmmiekcHast conpsyKeHHOCTh BO BTOPOM CJaraéMoM Hy’KHa JJIsl TOTO, YTOOBI
criektp S, (W) yIOBIETBOPSUT CBOMCTBY CHMMETPUU MHUMOM yactu (puc. 2.22).

Sy, (w)]
_ _ ®
0 . -~
MSyu(w)]
/\ AN
o0 0 o >
Puc. 2.22.
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Ecnu cniekTp KOMIUIEKCHOM oruOaroiieid HECUMMETPUYEH, TO CIIEKTP CUTrHaa
u(t) Bcerma cuMMeTpHYCH.
JUIs WILTIOCTpallud pacCMOTpUM mpuMep, B3aThii u3 yueOHuka C.M.backakoBa
[1]. PaccmoTpuM y3KONOJIOCHBIM CHUTHAJ, CIEKTPaJbHAs IUIOTHOCTh KOTOPOTO
(puc. 2.23,a) onucbIBaeTCs B 001aCTH MOJOKUTEIBHBIX YaCTOT ® = 0 BeIpakeHHEM
. 0, 0<w<w
Sul@) = {Soe‘ﬁ(‘*"‘*’o), W = W, (2:46)
COOTBETCTBEHHO,  CIEKTpalibHas  IUJIOTHOCTh  orubaromed  (puc. 2.23,0)
OMHCHIBACTCS BBIPAKEHUEM
a) ASu(w)] $4, (@) = {2506_3‘”’ ® =0 (2.46)
0, w<o0
---------------------------- C mnomompl0o  O0paTHOTO MpPeoOpa3oBaHUS
dypbe HAWIEM BBIPAXKECHUE UISI KOMIUIEKCHOU
O orubaromei:

—) 0 Q)] 95 0o
AlC. ; _ =0 —Bw Hjort ___ 20
0) 25, NS5, (@)] U, (t) -— | ePedtdo B0 (2.48)
0
Haiinem ¢u3ndeckyro oru0armniyo:
: So
Un() =|U,(t)| = —, (2.49)
& " Un(©)] /B2 + t2
0 "~ 3areM HaiizeM HauyanbHyIO (aszy @(t) 1 MrHOBEHHYIO
Puc. 2.23. gacroty o(t):
t
@(t) = arctg (E) 50
do(t) d t B '
w(t) = wy + (st = wo + arctg(E) = Wy +m
[TosrydeHHbIC BBIPKEHUS TIO3BOJISTFOT

U, (t
76 m(t) MPOAHAM3MPOBATh  BHJ  pacCMaTpPHBAEcMOr0  CHUTHaJa
| B0

(puc. 2.24). 9T0 JOBOJILHO CJIOXKHBIA UMITYJIbC C MEPEMEHHOMN
yactoTod 3anonHeHus. [lpu t = 0 MruoBeHHas yacToTa paBHa

1
—; mpu t — oo yacToTa yMEHbIIAETCs, CTPEMSICh

w=w0+B,

K (.

Puc. 2.24.
2.4.2. AHAIUTHYECKUH CUTHAJI.

Ha npakTuke 4acTo BO3HUKAET 3ajada OINpe/eieHNs KOMIIJIEKCHOW orubaroriei
HMCXOJHOTO  Y3KOIIOJIOCHOTO  CUTrHaja. Eciam  y3KONOJOCHBIM — CUTHANl — 3a/laH
aHAJIMTUYECKUM BhIpaxkeHHeM Buja (2.35), To omnpeaenecHre KOMIUIEKCHON orudaromien
HE BbI3bIBAECT Tpyaa. Ho B Tex cimydasix, KOorja y3KOIMOJOCHBIA CHUTHAI 3aJaH B BHUIE
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MaccHBa 3HaYCHUN WJIM UMEET BUJ M3MEHSIOLIETOCs BO BPEMEHH HaIPsDKEHHs, HAlTH
KOMILUIEKCHYIO OruOaroiiyro ObIBaeT 3HAYUTENbHO TpyaHee. [y pemieHUst 3ToOi
poOJIeMbl HCIIONIB3YETCS TaK Ha3bIBAEMBIN AaHAJMTHYECKHIi CHTHAJ.

PaccmoTpuM npouecc HaxoXaeHHUsI KOMIUIEKCHON orudaroieii 6osee moapooHo.
CHavaja B JOTNOJHEHHWE K HWCXOAHOMY curHaimy U(t) BBOAMTCS Tak Ha3bIBaeMbIH
compsiKeHHbIH curHaja V(t), CreKkTp KOTOpPOTO CBSI3aH CO CHEKTPOM HCXOIHOTO
CUTHaJIa COOTHOIIEHUEM
Sy (@), @ =0
iS,(w), w<0

Mo3kHO TIpeCTaBUTh CUTYAIMI0 TAKUM 00pa3oM, YTO MCXOIHBIA CUTHAN KakK Obl
MPOXOJUT Yepe3 GUIbTP C YACTOTHON XapaKTEPUCTUKOU

.TC

. P >
k(@) =1, ©=°

2, w<0
¥ TIPEBPAIaeTCs B CONMpSIKEHHBIH curHan V(t). Bee cocTaBisionue crekTpa HCXOJHOTO

S,(w) = (2.51)

(2.52)

CUTHaJIa ToBopauuBaloTcs mno (aze Ha 90°, mo3ToMy Takoil QUIBTP HA3BIBAIOT
K6aopamypHuIM.

Ecau vcXoaHbIN Y3KOIMOJOCHBIM CUTHAJI OMKMChIBAETCs BhIpaxeHuem (2.35), To,
KaK HETPYAHO MOKa3aTh, CONPS)KEHHBIN CUTHAN — BBIPAKEHUEM

V(1) = Un(t) sin(aot + ¢(1)), (2.53)

[IpuMeHsst K BBIpOKECHHIO MJII YaCTOTHOW XapakTepucThku (2.52) obpatHOe
npeoOpazoBanue Dypbe, HaleM HMIYJIbCHYIO XapaKTEPUCTUKY KBaJIpaTypHOTO
bunpTpa:

1 ¢ . 1
—_— jot = —
h(t) = —— f K(w)efdw = —. (2.54)

Otcroz1a HaliIeM BBIPAKEHUE, CBS3bIBAIOILEE UCXOHBIN U CONPSIKEHHBI CUTHAIBL:

u(t)

t—T

(00]
v(t) =u(t) xh(t) = l j dr. (2.55)
m —00
WuterpanbHoe mnpeoOpa3oBanue Buaa (2.55) Has3bIBaeTCs npeodpazosanuem
T'unvoepma.
Crnenyromuii 3Ttan — (QOPMUPOBAHHE AHAJMTHYECKOr0 CHUIHAJA, KOTOPBIH
3aJ1aeTCs BhIpaXKEHUEM
z(t) = u(t) +jv(t). (2.56)
AHanUTUYECKUN CUTHAJ — KOMIUIEKCHBIN CUTHAJN, €ro CHEeKTpajbHas MIOTHOCTh
OTHCHIBAETCS BhIpAXKEHUEM
25, (w), =0

$5(@) = Sy (@) + 8, (w) = {0 ©=0

[IpeoOpasyem BbIpaKeHHE TSI aHAJIMTUYCCKOTO CUTHANIA, ToJCTaBIss B (2.56)
BbIpaxkeHus (2.35) u (2.53):

z(t) = Up(®)cos(wot + @(t)) + jUp (D)sin(wet + o(t)) =

(2.57)
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= U, (t)el(@ot+e®) = [ (t)ei®of, (2.58)

Breipaxxenne (2.58) omnpeaensieT alroOpuTM  HAXOXJICHUS  KOMILJIEKCHOM
orubaromei: HaJ10 HAUTH AHATUTUYECKUM CUTHAII U YMHOXHUTb €r0 Ha e Jwot:

U, (t) = z(t)e I®ot, (2.59)

Kak Bunno u3 (2.59), B Tex cinyuasix, KOrjaa BIOOp 3HAYEHHsI OMIOPHON 4acTOTHI

0o HEOJHO3HAYCH, KOMIUIEKCHAsI OrHOaromias TOXKe OMPESseTCs HEOMHO3HAYHO H

3aBUCHUT OT BbIOOpa 4acTOTHI y. OmHaKO du3udecKass orudaroiasi OT BLIOOpPa 4YacTOTHI

(o HE 3aBUCHUT U OIIPEIEISAETCS OJTHO3HAYHO:

Un(©) = |Upn(®)] = 12(D)] = Yu2(t) + v2(2). (2.60)

N3 BeIpakeHus (2.59) Ha OCHOBaHUU TEOPEMBI O IEPEHOCE CIIEKTpaA CIEAYET, YTO

CHEKTp KOMIUIEKCHOM oOrudaronieii paBeH CHEKTpy aHaJIMTHYECKOrO CHUTHAJa,

CMEIIEHHOMY BJIEBO (B 00JaCTh HU3KUX YACTOT) HA BETUYNHY (p:

A |Su((1))| SUm((x)) =5, (0w + wy). (2.61)
Takum obOpazom, YTOOBI oT CIIeKTpa
| y3KOIMOJIOCHOTO CHUTHaja TMepeHTH K CIEKTpy ero
oruaromiel, Hy>KHO BBITIOJHUTH CJICYIONTUE OTEpaIliu:
ol n L4 % uacte CIEKTpa Y3KOIOJIOCHOTO CUTHaJja,

pacmnoyiokeHHyt0 B obnactu ® > (, yBenuuuBaem B 2

Nc-’)'
N\
()

~

paza W clIBUTaeM BJIeBO (B 00JIaCTh HU3KUX YaCTOT) Ha
BEJIMYUHY Wq (puc. 2.25).
Cnegyer  OTMETUTh,  YTO  pPAacCMOTpEHHas
o Tpolenypa HaxOoXIeHHs oOruOaromed NpUBOAUT K
0 0o MPaBUIIBHOMY PE3YJIbTaTy TOJBKO [JISl Y3KOIOJIOCHBIX
| Sum(®)| CUTHAQJIOB, Y KOTOPBIX COCTABJISIIOLIUME  CIEKTpa,
pacnoyioKeHHble B OOJACTH  MOJIOKUTEIBHBIX U
OTpUIIATETTFHBIX YacTOT, HE TepekpwiBatoTcs. Jls
MOATBEPKJCHUSI 3TOTO PACCMOTPUM TPUMEP B BHIIC
‘ ®_  mpocTedmero  BBICOKOYACTOTHOTO  MMIIyJbca €
0 NPSIMOYTOJIbHOW OrMOAaroIie, COCTOSIIIMK W3 OJHOIO
neproja rapMoHudeckoro curHama (puc. 2.26).

Oru6aromas 3Toro CUrHajaa MEHSIETCsl CKAYKOM B Hayase

Un( u(t) ¥ KOHIIE MMITyJIbCa, T.€. Jaxe ObICTpee, 4eM COS(mgt).
EcoM  NOCIeN0BAaTeIbHO  BHIIONHUTH  ONEPALUH

' npeoGpasosanus I'uisbepra, OIpeIeIeHNS

AHAJIMTUYECKOIO0 CHUTHAJIa M 3aTeM  OMNpeAeNiCHUs
orubaromnieil, B HUTOre MOJYYUTCS oOrudaromas He
Puc. 2.26. PsIMOYTOJIBHOM, a craa)xeHHOU GopMel (puc. 2.26).
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KoHTpoJibHBIE BOIPOCHI

1. Kak BBINIAIUT CHEKTP aMIUIMTYAHO-MOYJIUPOBAHHOTO CUrHana?

2. Yro takoe nepemonynsanusa? IloueMmy oHa MIpUBOIUT K HEAOIYCTUMBIM UCKa)KEHUAM?

3. Yem oTim4aeTcst 4acTOTHAsI MOAYJISAIINS OT ()a30BOM, U UYTO Y HUX 001Iero?

4. Yemy paBHa peajibHas IUPUHA CIIEKTpa CUTHAJIA C YIJII0BOW MOAYJISAIIUEH?

5. Uro Takoe WIMPOKOIOJIOCHAs yriaoBas Monayisauus? KakoBbl ee NpeumylecTBa INepen
Y3KOIOJIOCHONW MOAYJISIUEH?

6. B ueM coctost npeumymiectsa UM u @M curnanos o cpaBHeHuto ¢ AM curnanamu?

7. Uto takoe JIYM umnynbsc? KakoBbl €ro0 OCHOBHBIE XapaKTEPUCTUKH?

8. UeM oOBsicHsIeTCS ITpOKOe TpuMeHenne JIYM curnana B paguonokanuu’?

9. Kakoii curnain Ha3bpIBaeTcs y3KOIIOJIOCHBIM?

10. Yro Takoe KOMIUIEKCHAs orubaroiast y3KormoJI0CHOTo CUrHana’?

11. Yro Takoe aHAIIUTUYECKUI CUTHAIT?

12. Kak cBsi3aHBI IpYT C APYTOM CIIEKTPHI Y3KOIIOJIOCHOTO CHTHAJIA, KOMIIJIEKCHON OTHOAr0IIe
Y aHATUTHUYECKOTO cUrHaia’?

13. M3noxure npoueaypy HaxoXKACHUs KOMIUIEKCHOM orubaromield y3KomojJ0CHOTO CUTHAJA C
HCITOJIb30BAaHNEM aHAJIUTUYECKOTO CUTHAIIA.
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Jleknus 8.

3. AHAJIM3 NPOXO0KACHUS PATUOTEXHUYECKUX CUTHAJIOB Yepe3
JUHeHHbIe Henu

3.1. B3aumocBs3b pa3jiMuHbIX METO0B AHAIHU3A MPOX0KIEHUS CUTHAJIOB Yepe3
JUHEeNHbIe enu

JUtis aHany3a NPOXOXKIAEHUS CHUTHAJIOB 4Yepe3 JIMHEHHBIE LENU HCIOJb3YHTCS
4yeTbIipe MeToja: MeTo] AU PepeHnanbHbIX ypaBHEHUH, MeTo ] uHTerpaia roamens,
ONIEPaTOPHBIA METOJ M CHEKTpalbHbIM MeToA. Hekoropele W3 3THUX METOIOB
paccMarpuBanuch B Kypce «OcCHOBBI Teopuu ILenei». Bce wmeronpl aHanmsa
B3aMMOCBS3aHbl, M Halla 3aJada COCTOMT B YCTAHOBICHUM XapakTepa J3TOU
B3aMMOCBs3U. PaccMoTpuM MeTObI aHaM3a MPOXOKIACHHS CUTHAIIOB Y€pe3 JIMHEUHbIC
nernu 0oJjee moapoOHO.

3.1.1. Metoa nuddepeHnaIbHBIX YPABHEHU

CyliHocTh METOJia COCTOMT B TOM, 4YTO cocTaBisieTcs auddepeHimaibpHoe
ypaBHEHHE IIeMU, KaK MpaBuUjio, Ha OCHOBaHMM YypaBHeHui Kupxroda. Ecim
UCCIeNyeMON TIenmu TMOJABOAUTCS KakoW-mubo curHai, To auddepeHaib,Hoe
YpaBHEHHUE TMOJYy4aeTCsd HEOJHOPOAHBIM, €ro MpaBor yacThio sBisieTcsa DJC uiu Tok,
XapaKTepU3yroIuii CUTHAJI Ha BXOJIE IIETH.

Kak wu3BecTtHO, o00Owee peuwienue HeoOHOPOOHO20 Ougghepenuyuanvonozo
ypasénenus paBHO CyMME YaCTHOTO PELIEHUS HEOJHOPOJHOrO YpaBHEHHUS M OOLIEro
pPELIEHUs] COOTBETCTBYIOLEIO OJHOPOAHOrO ypaBHEHUs. Du3uueckuit cmbvlcl
peuienus 00HOpPOOHO20 YPAGHEHUA — YTO CBOOOHBIEC KOJeOaHus B LIETH, T.€. POILIECC,
MPOTEKAIONIUN B IIEMH, KOTJIa BXOJHOE BO3JICHCTBUE 0OJIbIlIE HE MOJACTCS, U B IENHU
pacxoayeTcsl dHEprus, HAKOIUICHHAss B PEAKTUBHBIX AJIEMEHTaX — KOHJIEHCaTopax H
WHYKTUBHBIX KaTyIIKaX.

Jiist perieHust 3a1a4M B KOHKPETHOM CITydae HeOOXOUMO 3HATH €Ie Haua1bHble
ycio6us, KOTOPbIE ONPEIETAIOTCA 3HAUCHUSIMI HANIPSIKEHUS U TOKA B DJIIEMEHTaX LIETH
B HaYaJIbHbIi MOMEHT BPEMEHH.

Meton nuddepeHUaNbHBIX YpaBHEHUHN SBISETCS HamOoJiee YHHBEPCAIbHBIM
METOJOM aHallu3a BO3ACHCTBUS CUTHAJIOB Ha PaAMOTEXHUYECKHE 1ienu. B wacTtHOCTH,
€ro MOXXHO IPUMEHATH M IIPU aHAIM3€ HEIMHEWHbIX Lenel. Henocrarkom merona
SIBJISIETCS. €r0 TPYAOEMKOCTh. Eciu 1ienb MMeeT CIOXKHYI0 CTPYKTYPY, COCTaBIICHHE
nuddepeHnanIbHOTO ypaBHEHUsT W, TeM 0oJiee, €ro pelieHue MOXET BbI3BATh
3HAYUTEIbHBIE 3aTPYAHEHUS.

OnHako, B HEKOTOPBIX MPOCTEUIIMX CIIy4yasX KaK BbIHYXKICHHbIE, TaK U
CBOOOJIHBIE KOJEOAaHMS MOMKHO 3amucaTh, HE pelias W Jake HE COCTaBIss
i pepeHIaTbHOTO YpaBHEHUS LIENH.
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3.1.2. UuTerpan droamens

JInst ompeseneHus CUTHalla Ha BBIXOJIE IEMH C MOMOIIBI0 MHTerpaia Jlroamerns
HEOOXOIMMO 3HATh UMITYJIbCHYIO MJIH MEPEXOHYIO XapaKTCPUCTHKH LICITH.

NmnyabcHast xapaktepuctuka menu h(f) — 3To curHam Ha BBIXOJE IICIH,
KOTOPBIH MMOJTydaeTCs MPH M0JIa4e Ha €€ BXOJ CUTHAJA B BUJC O-(DYHKITUH.

CornacHo mHTerpajry Jlroamejisi CUTHal Ha BBIXOJC JIMHEHHON HEMH Uy, (t)
paBeH CBEPTKE CUTHAJIA Ha BXOJE IEMNH Uy, (1) m ummynbcHOM xapakTepuctuku h(t):

[00]

() = [ U (DR = DT @3.1)

— 00
OpHako, eciaM yd4ecTb, YTO HMITYJIbCHAs xapakTtepuctuka Nh(t) ToxmecTBeHHO
paBHa Hyto Tipu t < 0, MpakTUYECKU HCHOJIb3YETCSI HEMHOTO dpyzasa hopma 3anucu

unmezpana /[roamens.
t t

s (©) = [ U (O — Dt = [ (= DR@AT  (32)
0 0
IlepexoaHoii xapakrepuctukoi g(t) Ha3pIBAIOT CUTHAJ Ha BBIXOJIC IIEIH, €CITU Ha
€c BXOJ IOJAeTCs CHrHaJI B BHJE eAuHUYHOTO ckauka oft). Ilepexomnas
XapaKTepUCTHUKA CBSI3aHA C UMITYJIbCHOM XapaKTEPUCTUKON COOTHOLLIEHUEM:
h(e) = dg(@®)
dt
Hnmezpan /[lwamens c¢ ucnonv3oeanuem nepexooHOU XapakmepucmuKu
3aMUCHIBAETCS CIEIYIOMINM 00pa3oMm:

(3.3)

t

du, (1)
uBbIX(t) = qu(O)g(T) + ng(t - T)dT (34)
0

3.1.3. OneparopHblii MeTOX

OmnepaTopHbIii MeTO OCHOBAaH Ha MCIIOJIb30BaHUM NpeoOpa3oBanus Jlamaca.
JIns HaXOXKJCHHUS BBIXOJHOTO CHUTHAjJa HYXKHO HaWTH mnpeoOpazoBanue Jlammaca
BXOJHOTO curHaia Fu(P), yMHOXHUThH €ro Ha ONEpaTOpHYIO MEPEeNaTOuHyI0 (DYHKIIHIO
nenu K(p), B pe3ysbrare moiyduM U300pakeHHe BEIXOAHOTO curHana F,,(p):
Foux (P) = Fox (D) K(p). (3.5)
[Tepexox oT opuruHana (T.e. BDEeMEHHOW 3aBHCHMOCTH CUTHANIA) K N300paKEHHIO
¥ 00paTHO MPOBOMTCS C MIOMOIIBIO Ta0IHUI peoOpa3oBanus Jlamaca.

3.1.4. CnekTpajbHbIi MeTO/

Jloist peanu3anuy CNEKTPAJBLHOT0 MET01a HYXKHO 3HATh aMIUTUTYTHO-9aCTOTHYO
1 ($a30-4aCTOTHYIO XapaKTEPUCTUKHU IETH WM KOMIUIEKCHBIA KOY(PDUIIUEHT mepeaaqn
kKak  (Qynkmuio gactoTel. [lo  ompenmeneHnio, KOMIJIEKCHBIM  YaCTOTHBLIM
k03(QPUIMEeHTOM TepeJaYd Ha3bBalOT (YHKIHIO, OMHMCHIBAIOIIYI0 YaCTOTHYIO
3aBHCHUMOCTh OTHOIICHHUS KOMIUIEKCHBIX AaMIUIUTYJ BBIXOJAHOTO OTKIWKAa IENU H
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BXOJHOIO TapMOHHMYECKOTO BO3AeUCTBUA. UYacTOTHYIO 3aBUCHMMOCTH  MOIYJIS
KOMIUIEKCHOIO KO3 (uUIMEHTa TMepefayd Ha3blBAIOT AMILIMTYIHO-4YACTOTHOM
xapakrepucTukoii nenu (AYX), yacTtoTHas 3aBUCHUMOCTh (Da3bl KOMILIEKCHOTO
Kod(uImeHTa nepenadn MpeacTaBisieT coboil (a30-4acTOTHYI0 XapaKTepPHCTHKY
(®UX) wemun. AYX ycTaHaBIMBaeT CBSA3b MEXJY AaMIUIATYAAMH TapMOHHYECKUX

. - U
KoJIeO0aHUM Ha BXOJIe M BBIXOJIE IIENH MPH Pa3IUYHbIX YacTOTax: |K (oo)| = % dUYX
BX

OIMCHIBAET YACTOTHYIO 3aBUCUMOCTb ()a30BOTO CIIBUTa MEKIY BXOJHBIM U BBIXOJHBIM
CHUTHaJIaMH. B(w) = Pprix — Pex-

B paagnoTexHuke 4acTOTHBIM KOd()(PUIMEHT Nepesaun yalle BCEero MpeacTaBisieT
co0oil Oe3pazMepHOe OTHOIICHHE KOMIUIEKCHBIX aMIUTUTY] HAmpsyKEHUM WM TOKOB.
Jna wusmepenus 3HaueHud Takux AUYX  yao6HO  wHcmonb30BaTh — 0COObIE
Jorapudmuueckue enuHuisl — aeundenst (ab). s 3Toro BBOAST NOHSTHE yCHIIEHHUS

e, xb: A(0) = 201g(K (jo))).

CnexkTpajJbHblii MeTOA MJIsl AUCKPETHOr0 CHrHaja. Ecinu BXOJHOUW curHan
UMEET JUCKPETHBIM CIIEKTp, HaNpuUMep, €CIA CUTHAJl [EPUOJUYECKUH, TO
KOMIUIEKCHYIO aMIUIMTYy KaKJIOW CIIEKTPAJIbHOM COCTaBIISIOIIEH AiBX CIIeIyeT
YMHOXXKHTh HAa  3HAUYE€HHWE  KOMIUIGKCHOrO  KoddduimeHnTta  mepemadyd  Ha
COOTBETCTBYIOLIEH 4aCTOTE ;. B pe3ynprare onpenessieM CIEKTp CUTHajla Ha BBIXOJE
LEIHN:

Ai BbIX — Ai BX K(wl) (36)
Nnaue r1OBOpsA, aMIUIMTYIy KaXIAOM CHEKTPAJIbHOM COCTABIIAIOLICH HAI0
YMHOXHUTh Ha COOTBETCTBylomiee 3HaueHne AUX, a ¢dazy - CI0OXKUTh ¢

COOTBETCTBYHOIIMM 3HaueHneM OUX.

CrnekTpajbHbIH MeTO AJIsl MMIYJIbCHOI0 CUTHANA. Eciu BXOIHON curHan —
HEMEPUOANYECKUM, TO CIIEKTP €ro HENPEPBIBHBIA M OIMCBHIBACTCS CHEKTPAIBHOU
IIOTHOCTBIO Sy (). B aTOM ciyuae, ymMHOKas S, (®©) Ha KOMIIIEKCHYIO YaCTOTHYIO
xapakTepucTuKy nernu K (o), HaiileM CHeKTpanbHYIO IIOTHOCTh BHIXOJHOTO CHI'HAA
5'B];)IX ((’O) . . .

Senx (@) = Spy (0) K (). (3.7)

OT CHEKTPanbHON IUIOTHOCTH Sy, (®) MOXHO TIEpeHTH K BpPEMEHHON
3aBHCHUMOCTH Uy, (t) ¢ mOMoOIIIBI0 00paTHOTrO NpeodpaszoBanus Oypbe:

1. |
u’BbIX(t) = % j SBbIX ((’))e]wtdw (38)

K coxanenuto, B OOJBIIMHCTBE ciiyyaeB uHTerpai (3.9) He ynaeTcst BIYUCIUTH
aHAJIMTHYECKUMH MeTonaMu. [losToMy 111 HAaXOXKIEHHUS BBIXOJHOTO CHUTHANa JIMOO
UCIIOJIB3YIOTCS. METOJBI YHCIEHHOTO BBIYMCICHHUS HHTETPAJOB, JIUOO HCHOJIb3yeTCs
anroputM ObICTporo npeodpazoBanus Dypbe.
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I/ITaK, AJIA OIIPEACIICHUSA CIICKTPAa CUIrHajld, IMPOMICAIICTO Y€PE3 HHHeﬁHy}O OcIb,

HEO0OXOAMMO AMIUIUTYAHBIA CIIEKTP YMHOXKUTh HAa AUX, a (a30BbIil CIIEKTP CIOKUTD C
dUX.

3.1.5. B3aumocBsI3b pa3Iu4YHBIX METOI0B aHAIU3A

Usx(t) = S(1) " JIns BBISICHEHHS XapakTepa B3aMMOCBSI3M Pa3IUYHBIX
— K((D) >~ METOJIOB aHaju3a MPOXOXICHHS CUTHAJIOB 4Yepe3 JIMHEHHBIC
Henu npeacraBuM Tako ombIT (puc. 3.1). [lomanum Ha BXOn

Puc. 3.1. o . o V)
JUHEHHOM TIenHu ¢ YaCTOTHOM XapakTtepuctukoit K () curHan B

Buae aenbTa-pyHkmuu O(t): Torma CUrHaa Ha BBIXOJAE IeNU OYACT COBIAgaTh C
uMIyiascHOM xapaktepuctukod h(t). CrmekTp BxXomHoro curHana (O-GyHKIHH), Kak
W3BECTHO, paBeH 1. B COOTBETCTBHM CO CIEKTPAIBLHBIM METOJOM CIIEKTP BBIXOJIHOTO
CUTHAJIa paBEH IMPOM3BEICHUIO CIIEKTpa BXOJHOTO CHTHaJla MW  YaCTOTHOM
XapaKTePUCTHUKH:
Seux (©) = Spy (0) K (0)=K (). (3.9)
Orcroza cieayer, 4TO YACMOMHAA U UMHYIbCHAA XAPAKMEPUCMUKU Uenu
ceésazanvl npeoopazosanuem Dypoe:

e}

K(w) = jh(t)e‘j‘*’tdt (3.10)
—00

[TycTh Teneph Ha BXOJ JIMHEHHOW IIENH MMOAACTCS MPOU3BOJIBHBIA CUTHAI Ugy, (1)
CO CIIEKTPAIBHON IIOTHOCTHIO Syy (). OGO3HAUMM CHTHAJT HA BBIXOJE LEMH Ugyy (1), a
ero CIEKTPANbHYIO INIOTHOCTh S (®). Kak M3BECTHO, CBA3b MEXIy BXOAHBIM H
BBIXOJIHBIM CUTHaJlaMu onpezensercs ¢opmynoit wunterpana rwoamens (3.1).
[Tpumensia k popmyne (3.1) Teopemy o npeodpazoBaHuu Pypbe CBEPTKH U YUUTHIBAS
CBS3b MEXJY UMITYJbCHOM W 4YacTOTHOM xapaktepuctukamu (3.10), noiyyum

BBIpaXKEHUE JJIsl CIIEKTpasibHOrO MeToAa (3.7).
[IpoBoast aHaNOTMYHBIE PACCYXKACHUSA, MOXHO TIOJIYYUTh 6Gblparcenue,
ceasvleawuiee UMNYIbCHYI0 XAPAKMEPUCMUKY U ONEPAMOPHYI0 NepedamoyHylo

dynkuuio:

[00]

K(p) =jh(t)e‘ptdt, (3.11)
0
a TaKkke yCTAaHOBHUTh XapaKTep B3aMMOCBS3M MEKIY ONEPATOPHBIM METOJOM U

uHTErpaioM Jroamerns.

Haubonee mpocToil oOKa3bIBae€TCs B3aUMOCBSI3b MEXKAY OINEPATOPHBIM U
CHCKTPAIbHBIM METOJIaMHU. 3aMeHsss J® Ha P B BBIPAXCHUU I KOMIUIEKCHOTO
ko3 durenTa nepenayn, mosydaeMm GOPMYNy UL ONEPATOPHOM MeperaTOYHOM
byukun  K(p). AHanoruynas B3aMMOCBSA3b HAOJIOMACTCS MEXKIY CIEKTPATbHON
IUIOTHOCTHIO CUTHAJA W ero wu3oOpaxkenueMm 1o Jlaracy. CpaBHUM, Hampumep,
CIeKTPAJIbHYIO IIOTHOCTh YKCIIOHEHIMAIBHOro uMmyIibea U(t) = E e o (t):
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S(o) = _E (3.12)

x +jw
1 1peoOpaszoBanue Jlamaca Uit 5TOro HMITYJIbCa:
E
Ulp) = —— 3.13
P = (3.13)

Takasg B3aMMOCBSI3b TMIO3BOJIIET B OTHEJBHBIX CIIy4dasX NEPEXOAUTH OT
CIIEKTPAJIBHON TJIOTHOCTH K BPEMEHHOM 3aBHCHMOCTH CHTHAJIA C MOMOIIBIO madaiuy
npeoopazoseanua Jlannaca, a He 3aHUMATHCS TPYJOEMKHM BBIYHCIEHUEM HHTErpaja
obpartHoro npeodpazoBanus Oypne.

W, nakoHel, paccMOTpuUM CBsi3b MeToja JauddepeHlnanbHbIX YpaBHEHUU C
IPYyTUMH  METOJaMH aHaiIu3a. VIMIyJbCHYI0 XapakTEepUCTHUKY UENU  MOXKHO
paccmaTpuBaTh Kak @yukuyuto I'puna cootBercTBYIOmEro auddepeHnnaTbHOTO
ypaBHeHus. [1IUpoko M3BECTHBIM MeTOJ perieHus auddepeHnalbHbIX YpaBHEHUHN C
MOMOILBIO MpeoOpa3oBanus Jlamiaca MpUBOAUT HAC K ONIEPATOPHOMY METO.Y.

3.2. AHaIM3 BO3/1eHCTBUSA AMILUIUTYIHO-MOAY/JIMPOBAHHBIX CUTHAJIOB HA
u30upaTeJbHbIE HEnu

Ananu3 Bo3zneicTBus AM curHaioB Ha W30MpaTeIbHBIE IIEMU MPOIINE BCETO
IIPOBOJAUTH CHEKMPAIbHbIM MEHNOOOM.

a)} U, PaccmoTpum cHavana curyanuro, Kormga
Hecywiasa uwacmoma CcuzHala coenadaem ¢
PE30HAHCHOU  uacmomoil  M30upaTebHON

o lenu. 3anumiem BbipaxeHue mig AM curhana

. > B BHJIE€ CYMMbl Tpe€X  CIEKTPAIbHBIX

0) AMK (@) K COCTaBJISIOIIHUX:

P
Kﬁ/\ K Uy (t) = U, cos(wot + @) +

\ UM
/ © + > cos[(wog+Q)t+ ¢+ P]+ (3.14)

op U,.M
6) A B((D) ot BG + 2

Bo CrnekrpasibHas auarpamma 3TOTO
CUTHAJIa npuBeaeHa Ha puc. 3.2,a. Ilox Heit

cos[(wgy + Q)t + @ + P].

0o—PBe o

M300paKEHbl AMILUTUTYIHO-4aCTOTHAs |K (oo)|

A
2) T (puc. 3.2,0) u dazouactotHas B(w) (puc. 3.2,8)
XapaKTEPUCTUKU LICTIH.
B ponu wu3bupaTenbHON LIEMH MOMXKET
T T ®  BpIcTynaTh KoJe0aTeIbHbIN KOHTYp
wo—Q g wp+ O (mocnenoBaTeNbHBIA ~ WJIM  THapauleIbHbIN),
Puc. 3.2. Ilpoxoxnenue AM curhHama pe30HAHCHBIM YCWIMTENb WIH JI000€ Apyroe
Ycpe3 Y3KOIOJOCHYHO ILECMb: a — CICKTP YCTpOﬁCTBO, IHI/IpI/IHa qaCTOTHOﬁ
BXOJHOro curHama;, 6 — AUX nenu; B —
@YX nenu; r — CeKTp BIXOJIHOTO CUTHAIa XapaKTCPUCTHKH KOTOpOro Maja 1o
CPAaBHEHHUIO C PE30HAHCHOM wyactorou. B
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3aBHCHMOCTH OT XapakTepa IeNH B KaueCTBE YACTOTHON XapaKTEPUCTUKHU IETTH MOTYT
burypupoBath pa3IMyHBIC duznyeckue BEJIMYMHBI. Hampuwmep, IS
MIOCIIEIOBATEIHHOTO KOJeOaTeIhbHOTO KOHTYpa, €CIIM BBIXOAHBIM CHUTHAJIOM SIBIISICTCS
TOK, 3TO — HPOBOIUMOCTh Y(®), JJIs MapajuiebHOIO KOHTYpa (BBIXOJHBIM SIBIISICTCS
HanpsokeHue) — comnporuBicHue Z(w). Ilpu BBICOKOH HOOPOTHOCTH KOHTYPOB,
BXOJISIIINX B COCTaB M30MpATEIbHOW IETH, YaCTOTHAS XapaKTEPUCTHUKA MPAKTHUYECKU
CUMMETpPUYHA, II03TOMY JUIS TIPOCTOTHI JAJIBHEWINETO aHalii3a HEeCHUMMETPHEH
YaCTOTHOW XapaKTEPUCTHKH MpeHeOperaem.

Ilpu npoxoscoenuu uepes uzoupamenvHyl) Uenb aAMIUTUTyJa KaXIOH U3
OCTaBISIONIMX CHeKTpa AM curHama yMHOXKaeTcs Ha CBOM Kod(UIMEeHT mepenayu:
aMIUTUTYyJla HECyIled yMHOXaeTcs Ha Kod(DUuIMeHT mnepenayd Ha PE30HAHCHOU
gacrore K, a ammuuryna 6okoBbix Ha Kg = K(wp — Q) = K(wp + Q). K da3e necymeit
nobasisercst o, K ¢aze BepxHell OokoBoil [g— s, K (dase HmwKHEH OOKOBOH
nobasmsiercs Po + Po.

C y4eToM 3TuX NpeoOpa3oBaHUM 3AMUILEM GbIPANHCEHUE 01 CUCHANA HA 8bIX00E
uzoupamenvHoil yenu.

Ugpx (1) = Upy K, cos(wot + @ + Bo) +

m

+

Kgcos[(wo + Dt + @+ D+ By — Bs] +
UM

Ky cos[(wg + Q)t + @ + DB, + Bl

[IpoBosiss HEOOXOAMMBIE TPUTOHOMETPUUECKUE TPEOOPa30BaHNUs, TOIYUHM:

K,

U (t) = U K, |1+ M% cos(Qt + @ — Bg) | cos(wot + @ + By).  (3.15)
p

AHnanu3upys Bblpaxenue (3.15) myig curHana Ha BbIXOAE M30UpPATEIIHLHOM IIEMu,

HETPYJHO BHJETh, YTO 3TOT CHUTHAJ TaKxke MpeactaBiseT coboir AM koiebaHnue,
OJIHAKO €ro mnapameTpbl OTJIMYAIOTCAd OT mapaMeTpoB AM curHana Ha BXOJE ILENH
(puc. 3.2,r). OTH OTAUYUS COCTOSAT B CIAETYIOLIEM:

1). H3menunacy cpeHss aMIUIUTya CUTHANIA (amnaumyoa Hecyweir). HoBas
amruTtyna papaa Uy K.

2). Hzmenunca korppuuyuenm mooyaayuu. KoddduimeHT Moayasndd Ha

BBIXO/C:
Ks
M, =M-2. (3.16)
K,
B YaCTHOCTH, JII OAHWMHOYHOI'O KOHe6aTeHBHOFO KOHTypa, p630HaHCHOFO

YCUJIUTEIS C OIMHOYHBIM KOHTYPOM H ISl TI000M OJHOKOHTYPHOU CUCTEMBI:

_ Ky _ Ky (3.17)
VIFE@ | 20— o) . |
=

Orcrona
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M
My = . (3.18)

1+ [%]2

I'padux 3aBucumoctu My, /My OT Momymupytomield 4acTothl (2, MOCTPOCHHBIH
no dopmyne (3.18), mpuBenen Ha puc. 3.3. DTOT TpadUK B TOYHOCTH TOBTOPSIET
MOJIOBUHY PE30HAHCHON KPUBOW M30MpaTEIbHOMN IETIH.

AMad/Max 3). H3zmenaemces daza (mpoucxoaut
1 3anasjapiBaHue) ocudarouien AM curnana. CaBur mo
daze paBeH Pg. das oqHOKOHTYpHOU H30MpaTeIbHON
q lemi
0 > 20Q
Puc. 3.3. 3aBucumoctb My /My B6 = arCtg(E(w)) = arctg o | (3.19)
P

OT MOAYJUPYIOIIEH YaCTOTHI. .
9T10T bhazoBbIit CIBUT MPUBOJIUT K

3aI1a3/IbIBaHUIO 11O BPECMCHH, KOTOPOC PABHO

Bs
T=—.
Q
4). [lpoucxoaut coeuz ghazvl 6b1cOKOUACMOMHO20 3anoIHeHus Ha 3.

BpemenHnsie auarpamMMbl BXOJHOTO M BBIXOJHOTO CHUTHAJIOB TIPUBEICHBI Ha
puc. 3.4.

a) A UBX(t)

MN\M% nnhMMﬂ Wﬂﬂnunvn AVAAAM“M N\Mmf AMMHM t
I

6) A UBBIX(t)

MM"MMMAMMMMMWMMMAMMM\AMM MWMMMMMHM“) t
1 11

Puc. 3.4. BpemeHHbIE 1UarpaMMbl BXOIHOTO (a) M BBIXOJHOTO (6) CUTHAJIOB IIPH (g # (p:

(3.20)

Y

W3meHeHne amMmiuTyael curHaiga u Qga3oBblid ciBur BY 3amonHeHus sSBISIOTCA
HecyniecTBeHHbIMU  (Gaktamu. Haubonee cywiecmeennvimu usmenenuamu AM
CUTHQJIa TPHU NPOXOXKIECHUU dYepe3 Uu30upaTesbHble LENU SBIACTCS U3IMEHeHUe
KoI(hpuyuenma mooyaayuu u 3anazovieanue ocudarouiell.

Ecmu AM curnan OJHOTOHANBHBIA, TO OSTH MW3MEHEHUS HE NPUBOIAT K
UCKaXCHUSIM HHPOPMAIIIH.

Hckaswcenua tipoucxonsar, ecad B AM curHaiae HECKOJIBKO MOIYIUPYIOIINX
yactoT. Torga st Kaxaol W3 MOIYJIUPYIOMIMX YacTOT KOA(D(PUIMEHT MOIYJALHNHA B
cootBeTcTBUM € (3.17) u (3.19) usmeHsercss B pa3IM4HOM CTENEHHU, YTO MPUBOIUT K
WU3MEHEHUIO COOTHOIIECHUS MEXIY Pa3sHbIMH COCTaBIIIOIIMMH cIieKTpa. VckaxeHus
TAKOr0 BUJA HA3bIBAIOTCS uacmomuvimu. Jpyroi BUJ UCKaKEHUW (WX HAa3bIBAIOT
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¢azo6vimu) cOoCTOUT B TOM, UTO BPEMEHHOE 3ala3/IbIBaHUE OrvOaroliel, COIJIacHO
(3.21), 3aBucHT OT MoayIupymolleld uacToTel. B pesynbrare usmensiercs ¢opma
orubaromield curHana. PazoBble MCKAXEHMs] HECYLIECTBEHHBI IIPU IEperadye ayauo
CUTHajJa, TaK KaK YEJIOBEYECKOE YXO HEUYBCTBUTEIBHO K (haze CHUTHalla, HO CHUIIBHO
CKa3bIBAlOTCA B TEJEBUJICHWU, TaK Kak MPUBOASAT K pa3Ma3blBAaHUIO KOHTYPOB
H300paKeHuUs.

Ji Toro, 4ToObl KaK YaCTOTHBIE, TaK U (Da30BbIE UCKAMNCEHUA OMCYMCME06AIU,
HEOOXOJMMO, BO-TIEPBBIX, UYTOOBI H3MEHEHHE KOA(p(UIUMEHTa MOIYJIALUUU ObLIO
OJIMHAKOBBIM JUJII BCEX MOJAYJIHMPYIOIIMX YacTOT, a 3TO BO3MOXKHO, ecau MOOYilb
Kko3ppuuuenma nepeoauu (AUX) oounakos 0ns écex wacmom ¢ npedenax cneKmpa
cucnana. Bo-BTOpbIX, 4YTOObI He ObUIO (DAa30BBIX HUCKAKEHUW HYXKHO, YTOOBI
3aras/ipIBaHue Orubaromieil T ObI0 OJMHAKOBBIM ISl BCEX MOAYJIHMPYIOIIHUX YacToT. A
TO BO3MOXHO, corjacHo (3.21), ecimu [ mpomopuuoHanbHO (), TO ecTh ¢hazo-
YaACMOMHAA XaAPAKMEPUCMUKA O00JIMCHA 0blmb JUHEHHOI 6 npedenax Ccnekmpa
cuzHana.

Orcroma cienyer, 4To Uil HeWcKaxeHHoW nepemaun AM curHanoB AUX
JOJKHA UMETh IPSIMOYTOoJIbHYI0 hopmy, DUX nomxHa ObITH TMHEHHOM.

a) T My=1 Ecim  uwacmommnaa xapaxkmepucmuka
M30UpaTeIbHOM  IIEMU  UMEET  08y2opoyio
T T dopMy, Hampumep, €CIM OSTO CBSA3aHHbBIE
®  KOHTypbl C ¢akTopoMm cBs3u A > 1, u eciau
- 0o @0:C2 . GOKOBBIC COCTABISIOIHE cnexktpa AM curnana
N MONaJat0T ropObl YaCTOTHOW XapaKTEPHUCTHUKH,
a HecyllMe — Ha BIAJUHy MEXAy ropoamu
(puc. 3.5), T0, HaoOOpoT, KOIPDUIUEHT
N MOAYJISILAA BBIXOJJTHOTO CUTHAJIA
6) A T M. >1 YBEIINYMBAETCHI. Ecimn Koah pureHT

MOAYJSIIMA  BXOAHOIO CHUTHaja OJIM30K K

eAUHUIE, TO  KOIPPUUUMEHT  MOIYJIALMH
> BBIXOJIHOTO CUTHAaJIa MOXKET OKa3aThCsl OOJbIIe

6) MK ()]

o= €2 @ o+ L2 eIMHULIBI TO ecTb IPOUCXOIUT
Puc. 3.5. Ilpoxoxnenne AM curaana ’

4YCpe3 CBA3AHHBIC KOHTYPBI: a — CIICKTP nePeMoayﬂ}luu”’ HpI/IBOIUIHlaH K BECbMa
BXONHOTrO curHama, 6 — AUX nemu; B — HENPUATHBIM HCKaXEHUSIM cUrHana (puc. 3.6).

CHEKTP BHIXOIIHOTO CHTHAJIA OT0 0OCTOSTENBCTBO HEOOXOAMMO YUHUTHIBATH
A Usnix(®) pu IIPOEKTUPOBAHUH PE30HAHCHBIX

\ YCUWINUTENEN B PAIMONPUEMHBIX YCTPONUCTBAX.
M“ ool PaccMOTpHM, §TO NPOHCXOHT, €CIH

MW ”HlH’H”““ ”'UWWW necywman uwacmoma AM  cuznana ne
cognadaem ¢  Pe3OHAHCHOU  YACMOMOI

Puc. 3.6. Curman  Ha  BeIxome U3Oupamenvnou yenu. KonkpetHas ¢opma
Y3KOIOJIOCHOH 1eru ¢ aByropooi AUX. CUTHAJIa HAa BBIXOAE 3aBUCUT OT MHOIHX
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a)ﬁ\ _—
\CO
6)A|K((,o)| o Q 0o (00+Q
_.—-—'—"'j/
0
6)/\ _ O
T ®

o — Q ®Wo Mo + Q
Puc. 3.7. [Ipoxoxaenune AM curnaina

yepe3 Y3KOIMOJIOCHYIO LT MIPU (g # Mp!
a — CIIeKTp BXOJHOTO curHana; 6 — AUX
IETH; B — CIIEKTP BBIXOJIHOTO CUTHAJIA

BEpXHsisi GOKOBasL

BCKTOpHaH
BBIXOJTHOTO AM cuTHaJIa PU Mg # Mp.

Puc. 3.8. Juarpamma

) \ UBBIX(t)

,"m‘ﬂv MHMHMHM m“””“lnm ,
W" I

Puc. 3.9.

Cursan Ha BEIXOJIE

Y3KOIIOJIOCHOM LIETH IIPU (D # 0.

A

uBLIX(t)

AVA VAW

NN

Puc. 3.10. Orubaromas curLaiga Ha

BBLIXOJIE Y3KOIIOJIOCHOM IETIH IIPU (g # Mp.

hopmbI
1enH,
CUTHAaa,

BEJIMYHMHBl  PACCTPOMKH,
4aCTOTHOM XapaKTEPUCTUKU
kod(punmreHTa MOIYJISALINT
COOTHOIICHHEM MEXKIy IIUPUHOW CHEKTpa
CUTHaJIa MOJIOCOM  TIPOITyCKaHWS  IIEIH.
[ToaTOMy MBI paccMOTPUM B KayecTBE MpUMEpa
OJIH W3 YaCTHBIX CITy4aeB.

Ha puc. 3.7 nzobpaxen cnektp curuana, a
MOJ HHUM 4YacCTOTHAs XapaKTePUCTUKA IICTIH,
MpUYEeM pPE30HAHCHAs dYacToTa COBIAIAeT C
BepxHeil O0OKOBOM yacToTOW curHana. [lpu sTom
BEpXHsAsT OOKOBas COCTAaBIIAIONIAS YMHOMAETCS
Ha MaKCUMAaJbHBIN Kod(huIueHT mnepenayu, a
HECyIllasi — Ha MEHBIIHI, TaK YTO Ha BBIXOJIC
BEepXHss OOKOBas M HECyIas MOTYT OKa3aThCs
ONMM3KUMHU TI0 BEJIMYMHE, a HIKHIA OOKOBas
OKaXETCs COBCEM MAJIEHbKOM.

Yto0BI yCTaHOBHTH, KaK OyJeT BBITJSAICTD

(haxkTOpOB:

u

Opyd  3TOM  BBIXOJIHOM  CHUTHAJI, MOCTPOUM
BEKTOpHYIO Auarpammy (puc. 3.8), riae mokasaHa
cymMmMa  Hecymied W BepxHed  OOKOBOI

COCTABJISIIOIINX, a HUXHEH OOKOBON WH3-3a €e
Majoctu TmpeHeOperaeM. Kowerr cymMmapHOro
BEKTOpa  JBIDKETCS IO  OKPYKHOCTH €
paBHOMEpHOW CcKopocThio. Ilpm 3TOM, Kak
HETPYJIHO BHUACTh, JUIMHA CYMMapHOTO BEKTOpa
U3MEHSIETCS JIOBOJIBHO MEJUICHHO B palioHe
Makcumyma (BOnMm3u Touku A Ha puc. 3.8) u
3HAYUTEILHO OBICTpEe NpPH JIBMIKEHUU B palioHE
MuHumyma (BOnu3u Touku (). B pesynbrare
dopma curHaza Ha BbIXOAE uUMeeT (opmy,
nokazaHHyr Ha puc. 3.9. dopma orubaromiei
CUTHAJIa OTJIMYAETCS OT CHUHYCOMJIAIBHOM, YTO
MIPUBOJIAT BO3HUKHOBEHUIO  MCKAKCHHUM
(puc. 3.10).

Kpome uckaxxenust opmel orudaromieit u3-
3a «KauyaHUs» CyMMapHOTO BEKTOPA MPOUCXOIUT
napasutHas (pazoBasi MOAYJISIMS CUTHAIA.

Ecnmm momomHUTENhHO y4YeCcTh HUKHIOK

K

OOKOBYIO COCTaBIIAIOILYIO, TO, BCJIEICTBUE €€ MAJION aMIUIUTY/Ibl, OHA JHUIIb HEMHOTO
U3MEHHUT TPACKTOPHIO IBMKEHHSI CyMMapHOTO BEKTOpa M MPUBEAET K TOMY, 4TO (hopma
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orufaroiei MoKeT 0Ka3aThCsl HECUMMETPUYHOM, KaK okazaHo Ha puc. 3.10.

N3 u370KEHHOrO CcieayeT MpaKkTUYecKas PEeKOMEHJalMs: 4ToObl H30ekaTh
CUJIBHBIX HMCKa)XEHUM CHUTHalla, HAJI0 PE30HAHCHYIO YacTOTy TOYHO HACTpauBaTh Ha
4acTOTY CUTHAJIA.

Jlexuus 9.
3.3. Anaym3 npoxosxkaenuss YM curaanoB 4epe3 nzduparejbHbIe HeNn

B ommune or AM cwurHana, 3amadyy o BosaeictBuu UM cursHaioB Ha
n30MpaTesbHbIC LIEMH B OOIEM BHUJC PEIIUTh HE yAaeTcsa. DTO OOBSICHIETCS TEM, 4TO,
MOCKOJIbKY criekTp UM curHana o4eHb CIOKHBIN, PU YMHOXKEHUU €r0 Ha YaCTOTHYIO
XapaKTEPUCTUKY I€NU TMOJIy4aeTcsl CHEeKTp, KOTOpbId, BooOIEe TOBOps, HE
coorBerctByer UM  curnamy. Pasymeercs, MOXHO IIpOCYyMMHPOBAaTb  OTHU
COCTABJISIIONTNE W HAWTU (GOpMY CUTHAJIA, HO 3TO OyAEeT YUCICHHOE PEIICHUE 33/layi B
YacCTHOM cily4ae, a oOllee perieHre HauTu He yaaercs. [loatomy miis Toro, 4roObl
HAaWTH KakWe-TO OOIMe 3aKOHOMEPHOCTU TpeoOpazoBanus UM curHajaoB mpu
MPOXOXKJICHUN dYepe3 M30UpaTeNbHbIE IIeTH, MOJB3YIOTCS MPUOIMKEHHBIM MeT010M
MI'HOBeHHO# 4acToThl. CyTh METOZa COCTOUT B TOM, YTO TIPEHEOPETAIOT MEPEXOTHBIM
MPOIIECCOM MPU U3MEHEHWW YaCTOThl CHTHAJA M CYUTAIOT, YTO KOJeOaHUsI B KOHTYpE
(u30upaTenbHOM 1I€MH) YCHEBAIOT CIAEAUTh 3a HU3MEHEHHSIMHU YacTOThl BXOJHOTO
curHasna. Taxoi nooxo0 okKazvigaemcsa OORYCHMUMbBIM, €CAU MOOYIAUPYIOUA
yacmoma 3HAYUMETbHO MEHbULEe WUPUHBL NOJIOCHl NPONYCKAHUA U3OUpPAmMeIbHOu
yenu (Q << Awg707). Kpome toro, scenamenvno, umoost oesuauus uacmomol He
npesocxoouna nojaocovt nponyckanus yenu (Ao < Awo707).

CymHoCcTh METOZ]a MTHOBEHHOM 4acTOThI MOACHsETCS Ha puc. 3.11.

>

N

K ()] /

Puc. 3.11. MnnrocTpanus MeToja MTHOBEHHOH YaCTOTHI IPU M, = (M.
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B HmxkHEH 4YacTH pHUCYHKAa IIOKa3aHO KaK M3MEHSAETCS BO BPEMEHM 4YacTOTa
CUTHAQJIA, HAJ HUM — aMIUIMTYJHO-4AaCTOTHAs XapaKTEpPUCTHKA LENH, CIpaBa — KaK
WU3MEHSETCS aMIUIMTY/1a BBIXOJHOIO CUTHAJIA.

[Tockonpky vactora y UM curnana u3aMeHs€TCS BO BPEMEHH, a KOIPPUIUECHT
nepegaud  M30UMpaTeNbHOM LEMu 3aBUCUT OT YacTOThl, TO TOJYy4aeTrcs, CTO
Ko3¢hpuyuenm nepeoauu usmenaemcs 6o epemenu. B pesynomame usmensemca u
amMnaumyoa CcucHania, npowieouiezo uepe3 UOUPamevbHyl0 Uenb, Mo echib
npoucxoOum NAPAZUTHASA aMIUIMTyJHass moayJhasauumsa. Ecmu, kak Ha puc. 3.11,
Hecymas yactora YM curHaiia coBmajiaet ¢ pe30HaHCHOM 4acTOTOM LIENH, TO 4acTOTa
Napa3uTHON aMIUVIMTYJHOM MOIYJSIMU B 2 pa3a NPEBBILIAET YacTOTy YACTOTHOM
MOAYJISLUN UCXOJHOTO CUTHAJIA.

Ecimn ke Hecymas yactora UM cursasna He COBIAJAET C PE30OHAHCHOM YaCTOTOM
n30UpaTeIbHON LENu U NMPUXOIUTCS Ha CKaT PE30HAHCHOM KpHUBOMW, Kak Ha puc. 3.12,
TO, €CJIA WM3MEHEHHME 4YacCTOThl B IPOLECCE MOAYJALUU HE IOXOAUT IO BEPIIMHBI
PE30HAHCHOM KPUBOM, YACTOTA ITOJIYYAIOLIECUCS NTapasUTHOW aMIUIUTYIHON MOAYJIALUU
COBIIAJIa€T C 4YacCTOTOW 4YacToTHOM Moayisiuu UM curnama. OT1oT 3¢QDEKT MOKET
MCTIOJIBb30BAThCS 1A IeTeKTupoBanuss UM curnasna.

>

|K (w)] 1 | 4|I'<(w(t“))|)

ty

Puc. 3.11. MnmocTpanus MeToja MTHOBEHHOM YaCTOTHI IIPU M # (M.

Bropoit ad¢ekt, KOTOophlii MOXKHO MPOAHAIU3UPOBATH C IOMOIIBI0 METO/a
MTHOBEHHOM YAacTOTBI — OTO MCKAKeHUs XapaKTepa YacTOTHOH MOAYJISILHU
écnedcmeue HelUHeuHOCmU (hazo-uacmomnoi xapakmepucmuku yenu. Beinencrsue
W3MEHEHHSI YacTOThl BXOJHOTO CHTHajla B MPOLECCE YACTOTHOW MOIYISLUU
WU3MEHSETCS JOTMOJHUTENbHBIA CIABUT (Da3bl, BHOCHMBIA H30MpaTeIbHON Ienbio. B
pe3ysbTaTe HECKOJbKO HM3MEHSETCS IIIyOMHA YaCTOTHOM MOMYJSALMU BBIXOJIHOTO
CUTHajJia M TMOSBISAIOTCA HEOOJBIINE MCKAKEHHUS. DTOT MpOLecC MPOaHaIU3UPOBaH B
yueOHuke M.C.I'oHopoBckoro «PagnoTexHuyecKkue Lenu U CUrHajaby. Tam mokasaHo,
Y10 KOA((PUIIMEHT HETUHEHHBIX HCKAKEHUU YaCTOTHOM MOJYJSLUMU HE MPEBBIIIACT
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0,13/m. Takue uckaxeHus MPAKTUYECKHA HE3aMETHBI MPU MIUPOKOIOJIOCHON YaCTOTHON
MOIYIsIIMU, Korga m >> 1.

3.4. AHaJIM3 MPOXO0KAEeHHUA Y3KOMOJIOCHBIX CHTHAJIOB Yepe3 u3dupare/ibHble Lenn
MeTO0/I0M HU3KOYACTOTHBIX IKBHMBAJICHTOB

PaccMoTpuM 3amady o TPOXOXKICHWHM  Y3KOMOJOCHOTO CHUTHala 4epes
U30UpaTeIbHy0 Ienb (HampuMep, PE30HAHCHBINH YCHIIMTENh). OTY 3aJady MOXKHO
peliath, HalpUMeEp, CHEKMPAAbHBIM MemoOoOM. J{1sl 3TOTO CIIEKTP BXOJHOTO CUTHAja
Sy (0)HATO YMHOXHTH Ha YAaCTOTHYIO XapaKTepuCTHKy nemu K (o), B pesyinbrare
TOJIYYUM CIIEKTp BBIXOJHOTO curHaina Sy, (o) (puc. 3.13):

Spex () = S (0) 'K (). (3.21)

W crnexTppl, ¥ 4YacTOTHAs XapaKTEPUCTHUKA IIENMA — CHUMMETPHUYHBIC (PYHKIIMH
otHocuTenbHO o = 0. JleBas yacth (npu ® < 0) MOJHOCTBHIO MOBTOPSIET MpaByro (IpH
® > 0). Orcroga cienyer O4eBUAHAS HW30BITOUHOCTH JEHCTBUN TPHU PEIICHUH STOU
3agaun. M30b61mouHOCmbd MOJICHO YCMPAHUMb, eClU PACCMAMPU8Ams moJbKo npasyio
NON0BUHY 2paguka, a 01 o0OnecdeHUs peuleHus 3a0adu CMecmums ee 6le60 Ha
seUUURY X, m.e. 8 oOnacmv nuskux yacmom (puc. 3.14).

AMSx()] H ISUBX(Q)
_(DO
A |K(m)|J\ Ni)l

—éop 0

Wp
A |SB])IX((D) |k A Usmx( )l
— 0
Puc. 3.13. Miroctpanys CeKTpatbHOTO METOIa. Puc. 3.14. Ilpumenenne HY sxBuBaneHra

Paccmotpum  Quszuueckuin  u  mamemamuueckuit  cmplcl  MAKUX
npeoopaszosanuii. Ilepexod om noanozo cnekmpa ucxo0H020 CUZHANA K YCeUeHHOMY,
cooepricauwiemy UL  NOJIOHCUMENbHBIE YACHOMblL, 03HAYaAem nepexoo om
UCXOOHO020 PeaibHO20 CUZHANA K aHalumuyeckomy cuznany (¢ xkoddourmentom 0,5).
HamoMHuM, 9TO CIIEKTp aHATMTUYECKOTO CHrHaa Z(t)onpenessieTcsl BBIpaKeHUEM

Loy (25(w), =0
$,(w) {0, ©=0 (3.22)
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CHaBur crexkTpa BJIEBO Ha (D Ha SI3bIKE MATEMAaTHKW OMHUCHIBAECTCA 3aMEHOMN
NEepEMEHHON ® = wp +€2. MHaue roBops, coeuzan cnekmp 671€60 HA G, Mbl OM
AHATUMUYECKO20 CUZHAIA NEPeXOOUM K KOMNIEKCHOU ozubatoweli. Takum oOpasom,
BMecTO (3.21) MBI TTOJTydaeM CHavaJia BhIpa)KCHHE

St (@) = Sz, (0)K (), (3.23)
3aTeM, 0003Ha4Jas ® = ®y +{2, 3anumem:
St (@0 + Q) = S5 (09 + Q) K (00 + Q), (3.24)
VLM, Y9UTHIBAS, 4T S (g + Q) = S o, ()
S U an (O = S0, (K (00 + Q), (3.25)

Takum oOpa3om, BMECTO HCXOAHOM 3ajaud O BO3ACHCTBUU Y3KOIOJOCHOTO
CUTHAJIa Ha W30UpATEeNbHYIO Il MBI TMOJy4aeM Oojiee MPOCTYI0 3adauy o
6030elicmeuu KOMNIEKCHOU o0zudarouwiell 3mo20 CUuZHAla HA HEeKOmOopyl Uenv ¢
yacmomnoii xapakmepucmuroii K(m, + Q)=K,,(Q). Takylo ILenp Ha3bBAIOT
HU3KO0YACTOTHBIM 3KBMBAJICHTOM H30MPATEJIbHOM LeMHu.

3agady O BO3JCHCTBMM KOMILJIEKCHOM OrmOaromei Ha HHU3KOYaCTOTHBIN
AKBUBAJICHT U30MPATEIbHOM LIENHU HE 0053aTENIbHO PEIIaTh C TOMOIIbIO CIEKTPATIBLHOTO
MeTo/1a. MOKHO MCIOJIb30BaTh JIF00OM APYyroil MeTo, HalpuUMep, ONEPaTOPHBIN WU
uHTerpain roamerns.

Takum 00pa3om, pewrenue 3a0auu 0 6030eiicmeuu Y3KOn0Ja0CHO20 CUZHANA HA
u3oupamenvHyio yenv cOCmoum u3 cjiedyroujux Imanos.

1). Om wucxoonozo y3kononocnozo cuznana Ug(t) nepexooum Kk ez2o0
KomnaekcHoul o2ubarowieni. B o0imeM ciiydae 3TOT Mepexoi OCYIIECTBISETCS C
NOMOILbIO TpeoOpazoBanus ['miabbepra U aHAIUTUYECKOIO CUTHANA, HO B MPOCTBIX
ciayyasix (Korja B MaTEeMaTHYECKOW MOJIEIM SIBHO BBIJIEJIEHA OTMOaroias) BO3MOXKEH
HEIMOCPEICTBEHHBIN TIEPEX0/] K OTUOAIOIIEH CUTHAIA.

2). Haxooum uysichyio (8 3asucumocmu om GblOPAHHO20 Memo0d peuleHus
3a0aqu) xXapaKkmepucmuKy HU3KO4YacCmomHo20 keueanenma. 1lpu ucnonb30BaHUU
CIIEKTPAIEHOTO METOJa — 3TO KOMILIEKCHAS 4acTOTHAs XapakTepucTuka K., ((), mpu
UCTIOJIb30BaHUU OIIEPATOPHOTO METO/Ia — OTepaTopHas nepeaatounas GyHkms K, (p).

3). C nomowpto evlOpanHo20 memooda peuwiaem 3a0avy o0 6030elcmeuu
KOMRIEKCHOU ozubarouieii 6X00H020 CUZHANA HA HU3KOUACMOMHBIU IKGUGATICHM
uenu. Haxooum KomniekcHyio 02udaiouiyio b1xX00H020 CUzHaA.

4). Om KomniekcHoul ozubarwuieil 6bIXO0H020 CUZHANA NEPeXOOUM K
Y3KOROJI0CHOMY 8bIX0OHOMY CUZHARY U, (t).
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Jlexuus 10.

3.4.1. IloakarwvyeHHe rAapMOHNYECKOT0 CUTHAJIA K MOC/1e10BATeILHOMY
K0J1e0aTeJJbHOMY KOHTYPY IIPHM COBNAJCHUH YaCTOTHI CUTHAJIA U Pe30HAHCHOM
YacTOThl KOHTYpa

[Tycts Kk nOCEd06amenvHOMY KoleOamenbHOMy KOHHYpPY B MOMEHT BPEMEHH
t = 0 nooxnrouaemcs apmonuueckas 3/JC (puc. 3.15)
e(t) = E, cos(wot + @) - o(t). (3.26)

B T

L

Puc. 3.15. TlogkmioueHne TapMOHHMYECKOTO CHUTHajda (a) K TOCIeI0BATEIHbHOMY
KoJebaTenbHOMY KOHTYpY (0).

r L ﬂ»

Tpebyercst naiimu mok ¢ konmype i(t).

KoMruiekcHyto orubaroniyro BXOJHOTO CHTHAjda MOXHO 3allMcaTh cpasy, He
npuberas K MOMOIIY aHAJTUTUYECKOTO CUTHAJIA!

E(t) = E,el®o(t). (3.27)

[TockoNbKYy HYXHO HAaWTH TOK B KOHTypE, 6 Kauecmee UacCmoOmHoU
XapaKmepucmuKky Yyenu HysHCHO UCNOb308amb ee npogooumocms. U3 kypca «OCHOBBI
TEOPHUH LENE» M3BECTHO, YTO HPOBOOUMOCHL NOCIE008AMENbHO0 KOLeOAmMenibHO20
KOHMYPA ONUCHIBACTNCS BbIPANCEHUEM

. 1
Y(w) = T+ 55@) (3.28)
rare  §(w)=40Q (ooﬁ — %) A ZQ((Z)_ oop).
P P

UtoObl mepelT K HU3KOYACTOTHOMY SKBUBAJICHTY, HaJl0 B BhIpakeHuu (3.28)
IPOM3BECTH 3aMEHY NMEPEMEHHON (2 =  — (), MPUYEM B HAIEM CIydae gy = . Ecnn
3Ty 3aMEHy IEPEeMEHHON NPOU3BECTH B TOYHOM BBIPAKEHUHU M OOOOIIEHHOM
paccrpoiiku (), TO ATO HE MPUBEAET K YIPOUICHUIO 3a1auu. [1oaToMy Bocmob3yemcst
NpUONMKEHHBIM BBIPQ)KEHHEM, B KOTOPOM YK€ IPHCYTCTBYET DPa3HOCTh () — .
3aMeHsas o — M, Ha (2, MOJIy4uM:

. 1
r(1+ —)
(1455,
Op
WIH, YYUTBIBAA, YTO —— = (Q,

2Q
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) 1
Y (Q) = SV TN (3.30)
r{il+ '—)
(1+ig
Takum oOpa3oM, MOXXHO CHOPMYIIMPOBATH HPOCHIOE NPAGUTIO NeEpPexooa Om
YACMOMHOU  XAPAKMeEPUCMUKU uzoupamenvHoil  uenu K  UACMOMHOU

Q
Xapakmepucmuke HU3KOUACMOMHO20 IKeusarenma. &(®) 3amensemcs Ha —. DTOT
(0.6

NIEPEeXO]l SBISETCS TMPHUOIMKEHHBIM, OJHAKO, KaK TOKAa3bIBaeT aHAIU3, MOTPEIIHOCTD
TaKOTO MPUOIMKEHUS TTPEHEOPEKUMO MaJa.

Credyrowuii sman — peuieHue 3a0ayu 0 8030eUcmeul KOMIIEKCHOU ocubarouell
I/IC ma Huzkouacmommwlii 2xeueanenm. llpome Bcero 3Ty 3aaady pELIUTb
onepamopHbiM MemoooM. 3anuiieM n300pakeHNe BXOAHOTO CUTHAa

. E, .
E(p) = ?el‘p. (3.31)
¥ OTIEPaTOPHYIO MPOBOJAUMOCTH HU3KOYACTOTHOTO SKBUBAJICHTA:
1 a
Y. (p) = = , (3.32)
1 \P r(1+§) T'((X‘l'p)

[Tepemuoskas (3.31) u (3.32), Haiigem U300pakeHNE KOMIUIEKCHOM oruOaromei
TOKa:

I(p) = T ) (3.33)

Ucnonb3yst Tabmuubl npeoOpazoBaHuii Jlarutaca, mnepeliieM K OpUTHHATY
(BpeMEHHOM 3aBUCMMOCTH) OTH0aroIIeH ToKa:

: E, :
I(t) = 7(1 — e %) el®.g(t). (3.34)
Y 3alUChIBAEM BBIPAKEHHUE /JIs1 TOKA B KOHTYPE:
E

i(t) = 7" (1 — %) cos(wyt + @) - o(b). (3.35)

['paduk ToKa B KOHTYpE MpuBeeH Ha puc. 3.16.
Ai(D) PaccmoTrpum Guzuueckui cmbicn
Eo/ r/ ______________ npoucxoasmux mnpoueccos. [Ipu moaxkIroYeHUU K

0,9Eo/r

KOHTYpy TapMmoHnyeckord OJIC kaxaplid nepuon
i MMOJBOJIMMOTO CUTHAJa BHOCUT B KOHTYpP IOPLHIO
0 UUUWW \‘ SHEpPruM, B  pE3yJbTaTe€ YEro  aMmIUIUTYJa
1 ﬁ l¢ KOoJieOaHWM B KOHTYpE TOCTENEHHO HapacTaer.
Puc. 3.16. Tok B mocienoBareibHOM OmHako OJHOBPCMCHHO HapacTacT W MOIIHOCTH
KOHTYpC 1IpH NOJIKIIOYEHUA  [I0TePh B KOHTYpE (WMJIM DHEprusi, BhIIETseMas B
rapmormeckol S/C (wo = o). PE3UCTOpE B BUJIE TEILIA). A MOCKOIBKY MOIIHOCTh
NOTEphb MPOIMOPIMOHANIbHA KBaApaTy aMIUIMTYAbl TOKa, OHA pacTeT ObICTpee, 4eMm
NOABOAMMAsA MOIIHOCTb, U CKOPOCTh HApacTaHWUsl DHEPTHUM B KOHTYPE ITOCTEIEHHO
3amemiiserca. B pesynprare HacTymaeT OajlaHC DHEPTrMM, BHOCMMON B KOHTYp, U
TEPSIEMOM SHEPTUU — HACTYIIAET YCHIAHOGUBUIUIICA PEHCUM.

Y
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CKopoCTh HapacTaHMs SHEPIUU B KOHTYPE OINPEIECISIOT BPEMEHEM, 32 KOTOPOE
aMIUTUTYyJa KoJjeOaHuii B KoHType HapacTeT A0 0,9 OT yCTaHOBMBUIIErOCs 3HAYCHMS.
Hawinem sto épemsa ycmanoesnenus:

E E
L (1—e)=0,9-2 (3.36)
r r
orkymal —e % a
2,3 0
t, === 46— (3.37)
a Wy

Ha puc. 3.17 noka3aH xapakTep W3MEHEHHs OTHOAIONIC TOKa B KOHType TIpH
HECKOJBKHUX 3HaueHUsX noOpoTHocTu Q. Yem Oosbine T0OpPOTHOCTH KOHTYpa, TEM
\ 1) Qi< Q< Qs o) OOJIBITIE YCTAHOBUBIIIEECS 3HAYEHNUE aMILTUTY Il TOKA
(S : Y TEM JOJIbLIE UET MPOIECC HApaCTaHUs AMILIUTYAbI

Q, Toka B KOHType. OTMETMM, YTO B CaMOM Hauale,

o : § KOrJla TIOTepU B KOHTYpPE TMOYTH HE CKa3bIBAIOTCA,

| | Q1 CKOpPOCTh HapacTaHWs aMIUTUTYJbI TOKAa TOYTH HE
3aBUCHUT OT JOOPOTHOCTH KOHTYpA.

St PaccMoTpuM, Kak HW3MEHSIIOTCS BO BpPEMEHHU

Hanpaxycenue Ha KOHOeHcamope U Hanpaxycenue Ha

kamyuwike unoykmuenocmu. CHayana Haijgem

1:yl 1:y2 ty3
Puc. 3.17. Orubaromiass TOKa B
MOCIIE0OBATEIbHOM KOHTYpE TpH

HoKIToUeHHH rapMonmycckoi DJIC  HATPIKEHHE  Ha Kj.T(y)mKe. Bocnons3yemcs
_ . it

(@0 = p). bopmynoit  u,(¢) = L—=. loxctabmas ciona

BhIpaxkeHue 11 Toka (3.35) u nmpoBoas nuddepeHnrpoBaHue, MOJIyIUM:

LE,
u (t) = — [ae™ cos(wgt + @) — wo(1 — e~ %) sin(wot + @)] - o(t). (3.38)
Jis  xonebaTeNbHbIX KOHTYPOB C BBICOKOM U CpeAHEd JO0OpOTHOCTHIO
o << ®p = O, MOITOMY IIEPBHIM CJIaraéMbIM B BhIpaskeHuH (3.38) MOKHO IpeHeOpedb U

IpUOIMKEHHO 3aMHiCcaTh:
woLE), _
u (t) = — (1 — e ) sin(wyt + @) - o(t) =
= QE, (1 — e ) sin(wyt + ¢) - o(t). (3.39)
HanpspkeHne Ha KOHAEHCATOpE MPOIIe BCETO HAWTH, WCIONB3Yys 2-OH 3aKOH
Kupxroda:
uc(t) = e(t) —u () —u,(¢), (3.40)
npudeM U, (t) = r - i(t). Hoxacrasmss B (3.40) dpopmyinsl (3.26), (3.35) u (3.38), mocie
HECJIOKHBIX MTPEOOPa30BAHUIA TTOTYUHM:
uc(t) = [-QE,(1 — e™*) sin(wgt + @) + 0,5Eye~* cos(wyt + ¢@)]o(t). (3.41)
[Tockonbky BTOpoOe crnaraemoe B (3.41) Mano 1o cpaBHEHHUIO C TIEPBBIM, MOYKHO
PUOJIMKEHHO 3aMHiCaTh:
uc(t) = —QE, (1 — e *) sin(wgt + @) - o(t). (3.42)
CpaBnuBas Beipaxkenus (3.35), (3.39) u (3.42), MOXHO cHenaTh BBIBOJ, UTO
o2ubawas moKa u HaAnPANCEHUIl HA IIEMEHMAX UIMEHAIOMCA HO 00OHOMY U MOMY
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Jice 3aKoHy. DTO 3aKOHOMEPHO, TaK KaK OHM OMHUCBHIBAIOT OJWH U TOT XK€ MPOIECC
HAKOIUICHUsI DHEpruM B KOHType. OueBHMIHO, YTO 3Ta 3aKOHOMEPHOCTH JOJDKHA
HAOI0IATHCS TIPU JTFOOBIX PYTHX BHUIAX Y3KOIOJIOCHBIX CHTHAJIOB, BO3CHCTBYIOIINX
Ha KoJ1e0aTenbHbIN KOHTYP.

3.4.2. IloakarwvyeHHe rApMOHNYECKOT0 CUTHAJIA K MOC/1€e/10BaTeILHOMY
K0J1e0aTeTbHOMY KOHTYPY IPH (g # O

Paccmotpum Temepp mporecchl B K0ieOaTeIbHOM KOHTYpE MPHU MOAKIIOYSHUU
rapmonuyeckoir J[C, yacTora KOTOpPOil HE paBHA PE30HAHCHOM YacTOTE KOHTYpa, T.€.
o # 0p. Bxoanaa OJIC onuceIBaeTCs TaKUM K€ BBIPAKCHHEM, Kak U B pasnene 3.4.1
(bopmyna (3.26)), HO KOMIUIEKCHYIO OTHOAMOIIYI0 HYXXKHO OMNpPEAeIUTh HHAUe,
npUHUMAA 6 Kauecmee OnOpHOI wacmomsl He 0, a »,. [lycts 0y = w, + Aw, Torga
BbIpaxkeHue BXoHoM 3 /]C M0XHO MpeICTaBUTh B CIAEIYIOIIEM BUIE

e(t) = Ey cos(wpt + Awt + @) - o(t), (3.43)

u Aot oTHeceM k m3MeHstomieiics ¢ase. Torma KOMIIEKCHYIO OTHOAIONIYI0 MOYKHO
3anucath B BUJE:

E(t) = E, el2®tel®-g(¢). (3.44)

PaccMoTpuMm 3amady o BO3AEHCTBHHM KOMIUIEKCHON orubaromei (3.44) Ha
HU3KOYACTOTHBIM 3KBHUBAJICHT, WCIOJb3Ys OoneparopHblid metol. IIpumenum k (3.44)
npeobpazoBanue Jlamnaca:

E( )—E—Oei<p (3.45)
P Tihe” '

[Tepemuoxas (3.45) u (3.32), HailneM u3o0paxkeHHe KOMILUIEKCHON orubdaromen

TOKa B KOHTYpE:
i £ ()Y E,e®a
p) = E(p)Yw(p) = S STVSTCEED)

C nomompbio Tabmui —npeoOpazoBanus Jlammaca  HaiiiemM  OpUTHHA,

COOTBETCTBYIOIINI BbIpaxeHuo (3.46):

(3.46)

: E,el®a w
= —at _ LjAwt —
1(t) YT (e e )G(t)
E,e®a .
=2 (elhet — =) 5(1). (3.47)
T (1 + A_(o)
I &

HenocpeacTBeHHbIH Tepexo; OT KOMILIEKCHO#M orubaromeit (3.47) k toky i(t)
npobiemaTudeH. B 1aHHOM ciyyae HY>KHO IpUOETHYTh K aHATUTUYECKOMY CUTHAITY:
EO e]q-)

r(1+j%‘*’)

[Tpeobpasyem komiuiekcHoe BoipakeHue (3.48) B mokasareibHyto Gopmy. s

z;(t) = [(t)el®»t = (elhwt — eat)el®plg(t). (3.48)

Aw 9
3Toro obo3HaunM — = &y (§, — 3TO 0b0b6wennas paccmpouxa uacmomut I/]C
(04

OmHoOcCUmMeIbHO pezouancuoﬁ yacmomosl Koumypa) H OCYHICCTBHUM HpeO6p330BaHI/IC
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1 _ 1 _
1+j%° 1+j8o

elBo e B, = —arctg(%,). Ipeobpasyem (3.48) ¢ yueToM 3THX
1+&3
BBIPAKECHUN:

E ej(pejBO ) )
7(t) = ~—— (e’(“’PJ“A“’)t — e~ et (1), (3.49)
ry1+&;
Temneps J€rko 3amucaTh BEIPAKEHUE IS TOKA B KOHTYPE:

i(t) = Re{z; ()} =
EO e—oct

_L,/1+E(2) ry1+%&;

Bripaxxenne (3.50) umeer npoctoil ¢puzuueckuii cmuicn. Ilepsoe cnazaemoe

cos(wot + @ + Bo) — cos(wpt + @+ BO)] o(t). (3.50)

onucwléaem 6bIHYIHCOEHHbIE KOeDAHUA 6 KOHmYpe C PACCTPONKON A® OTHOCUTEIBHO
yacTotbl DJIC. AMIUIMTY1a TOKA B 3TOM Ciy4ae, Kak CIEeIyeT U3 Kypca TEOpHH LENeH,

Eg
]
r [1+82
BBIHY)KJICHHBIX KojeOanmii coBmamaer ¢ dvactoron JJIC u paBHa g Bmopoe
cnazaemoe onucwléaem ce0000Hble Koebanusa 6 Koumype. Yactora CBOOOIHBIX

paBHa a JIONOJIHMTENbHBIN caBur ¢asbl paBeH 3, = —arctg(§,). Yacrora

koneOannii orauyaercs oT 4actorel ODJIC M paBHa ®, AMIUIMTY#a CBOOOIHBIX
Kosnebanuii yObiBaeT 1o 3akony e~ *‘. HauanbHble 3Ha4YeHHMs aMIUIMTYAbl U (asbl
noA0UpaIOTCS TaKUM O0pa3oM, YTOOBI CyMMAapHBIA TOK YIOBJIETBOPSUT HAYaIbHBIM
ycioBusiM: Tipu t = 0 cymMmMapHbIA TOK U €ro aMIUIMTYZAa JOJKHBI ObITh paBHBI HYIIO.
DTO [AocTUraeTcss TeM, 4YTO AaMIUIMTYJIHble KO3(P(PUIMEHTHI B MEPBOM H BTOPOM
Clara€MbIX OJWHAKOBBI, a 3HAK «—» TMEpel] BTOPbIM CJaraéMbiM O3HAYaET
npoTUBO(PA3HOCTH CBOOOJHBIX M BBIHYKJICHHBIX KOJCOAHWI B HAYadbHBII MOMEHT
BPEMEHH.

JI71a mocTpoeHuss BpEMEHHOM IMarpaMmbl TOKa B
KOHTYpPE BOCIIOJIb3YyEMCS BEKTOPHOM JUarpamMon.
Breinyxaenaple  koneOaHus TMpEACTaBUM B BUJE
HenmoABMkHOTO Bektopa (puc. 3.18). UroObl 3TOT
BEKTOp OBLI HEMOJBUXKHBIM, OCh OTCHETa JOJKHA
BpallaThCs MO YaCOBOM CTPEJIKE C YIIIOBOM CKOPOCTHIO

cBOOOHBIE

' \

. CBO60,Z[HBIC KOJICOAHMSI OIHCHIBAIOTCS BCKTOPOM,

—at

BBIHYKICHHBIC
JUTMHA KOTOPOTO YOBIBAaeT MO 3akoHy e~ *‘, a JacToTa

o (Dot
PaBHOACHCTBYIOMIAA ) OTIMYACTCS Ha A® OT . II03TOMY BEKTOP CBOOOIHBIX

Puc. 3.18. Bekropras kojeOaHUW Ha BEKTOPHOM JauarpamMMe Bpalaercs C
auarpamMma ormOaroimeii Toka B

YyIJIOBOM  4acToToM A@, TIpUYEeM  HANpaBJICHUE
KOHTYpE (g # ®p).

BpAaIlllCHWsI ~ 3aBUCHT  OT  3HAKa  PACCTPOMKH.
PaBHozelicTByrOImass ABYyX BEKTOPOB CHTHajla CHayala YyBEJIMYMBAETCS, JOCTHUrAET
MakcUMyMa B TOYKE A, KOTJja BbIHYXJCHHBIE U CBOOOJHBIE KOJICOAHUS CKIIAJbIBAIOTCSA
B (aze, 3areM yObIBaeT, JOCTUraeT MUHMMyMa B TOUYke B, Korna BbIHYXIEHHbIE U
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CcBOOOIHBIE KOJIEOAHUS IPOTUBO(A3HBI, 3aT€M OISITh YBEIUIMBACTCS M TaK Jajiee, MoKa
CBOOOHBIC KOJIEOAHUS HE 3aTyXHYT.
Bpemennas quarpamma oru0arorieit Toka B

Al
! KOHTYpe IIpU (g # ®, NpHBeIcHa Ha puc. 3.19.
E, |
S R U O, WO o N - KonebGanust aMminTy 1l TOKa BbI3BaHbI OMEHUSAMHU
ry1+& PN .
L CBOOOJHBIX W  BBIHYXKJEHHBIX  KOJEOaHMIA;
L t 4acrora OueHuWii paBHa A®, a NEpUOJ OUECHUI
: : > 2T
0 T _2n Tg = —.
5~ A Aw

Ha BekTtopHoii amarpamme (puc. 3.18)
BHUJIHO, qTOo BEKTOP PaBHOJICMCTBYIOIIEU
«pacKauMBaAETCSD, TO eCThb MOSIBIISICTCS

Puc. 3.19. Bpemennas nauarpamma
orubaromieil Toka B KOHTYpe (g # p).

napasuTHast (pasoBas MOAYJISAIMS, KOTOpas MOCTENEeHHO 3aTyxaeT. COOTBETCTBEHHO,
KosieOJeTcs U 4acToTa 3alOJHEHMs] CUTHajla, a Korja KoyieOaHWs 3aTyXHYT, 4acToTa
3aI0JHEHUS] YCTAHABIMBAETCS PABHOM (.

s moctpoenus: rpaduka oruOaromieid MOKHO HCIIOJIb30BAaTh aHAIUTHYECKOE
BBIPAKECHHE

HOIE Lo |efAet — emat| = E—O\/l + e2at — 2e~%cos(Awt). (3.51)
r1+8 r1+&;

| Ha puc. 3.20 mpuBeaensl rpaduku

O 1 Aw=0 orubaromield Toka B KOHTYpE IPHU HECKOJIBKHX

2 Aoy %0 3HaUYEHHUAX paccTpoilku Aw. Yem Oosblie

paccTpoilka 4YacTOThl CHUTHaja OTHOCHTEIIbHO

3 A > Aw PE30HAHCHOM YacTOThl KOHTypa, TE€M MEHbIIE

4 Ao > Ay YPOBEHb YCTaHOBUBIIETOCS 3Ha‘{CHI/£}I

aMIUIATYIbl TOKa ¥ TEM O0JIbllIE YaCTOTa OMEHUH.

t [Ipu nHeOonbwION paccTpoiike (KpuBas 2 Ha

0 > puc. 3.20) OmeHuss modtH He3aMeTHHL. B a3TOM

Puc. 3.20. BpemenHas muarpaMma CJIy4ae MOMKHO TOBOPDHTb 00 YMEHBIIEHHU
orubaoIeil Toka B KOHTYpe Tipn PasHOH  Ka)KyIIErocs BPEMEHH YCTAHOBICHHS aMILIMTY/IbI
BCJIHIHE PACCTPOUICH. cuTHaja 1o cpaBHeHHIO ¢ Qopmynoit (3.37),
KOTOpO€ HAOJIIOAAETCSI IPU OTCYTCTBUH PACCTPOUKHU. DTO SIBJICHUE MHOTJA UCTIOJIb3YIOT
Ha MPaKTUKE, KOIJa HY)KHO YMEHBIIUTEL BPEMsI HapacTaHUs CUTHAa.

Jlexuus 11.

3.4.3. Bo3aeiicTBHe paguoUMITyJIbCOB € MPSIMOYT0JIbHOM orudarouieii Ha
napaJuieJbHbIN KoJe0aTeJbHbIN KOHTYP.

Ilpogedem ananu3z 6030eiicmeus NPAMOY20J1bHO20 PAOUOUMNYTIbCA MOKA
KoHeuHou oaumenvrhocmu (puc. 3.21,a)
Iycos(wot + @), 0<t=<T,

i0) = { 0, t<0, t>T, (3:52)
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Ha napannenvHulil Konebamenvuvlit konmyp (puc. 3.21,6). Hyxcno onpedenums
3AKOH U3MEHEeHUs HanpaxceHus Ha Konmype U(t).

a) Ai(t) CHauvajia pacCMOTPUM CJIy4aid, KOT/Ia uacmoma
lo ’l I l 3ANOIHEHUsL ~ UMHNYJIbCA  PABHA  PE30OHAHCHOU
)t yacmome Konmypa (0 = ®p).

O‘ I ' i T, Ocubaiowas cuenaia Ha 6xo0e HNMEET BH]
OpSMOYTOJbHOTO uMMynbca (puc. 3.22) ¢ (a3oBbM

0) it ' ' MHOXHUTEJIEM

i .
C . ]
0, t<0,t>T,

[Tpu JIEUCTBUH MMITyJIbCa TOKa Ha
napajyieibHbIA  KOJeOaTeNbHbIH  KOHTYp  POJib
koad¢umenTa nepegaun OyAeT UrpaTb KOMHIEKCHOE

Puc. 3.21. Bo3znelictBu