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Beenenne

YacTOTHBIII MeTOJ SBISETCS PacIpOCTPAHEHHBIM METOJOM OIUCAHUSA
MIPOLIECCOB B JTHMHEHHBIX 3MEKTPUUECKUX Iendx. JlaHHbBI METOoA Ipearosiaraet
pa3lIOKEHUE CHTHAJla Ha TrapMOHHYecKne (yHKIUHM (TapMOHHMKH), HMEIOIUE
PA3IMYHYI0 YaCTOTy, aMIUIUTYAy U HadanbHbie (a3el. Habop Takux (yHKImi
MOXeT 00pa3oBBIBATh IMCKPETHBI WMJIM HENpEepPBIBHBIN YacTOTHBIH CrEeKTp. B
IIEPBOM CIIy4a€ HCIONIB3YyeTCA pasnokeHue B pianx Dypse, BO BTOpOM —
uHTeTrpangbHOE mpeobpazoBanne Dypoe. Yacmomuwvim cnekmpom cucHand
Ha3bIBAIOT COBOKYIHOCTb BCEX TapMOHUK, KOTOpbIE B CyMMeE JArOT MCXOIHBII
CUTHAIL

Cuenanom Ha3bIBaeTCS U3MEHSIONIASACS BO BpeMEHH (pr3ndeckasi BeMTUINHa,
C TIOMOIIBIO KOTOpOil mepemaercss HeKoTopoe coolmeHune. B pomu
3JIEKTPUYECKOr0 CUTHAJIA MOXKET BBICTYIATh TOK, HAIIPSDKEHUE, @ TAKKE BEKTOPBI
AJIEKTPOMArHUTHOTO MOJIS.

CrexkTp NEpUOAMYECKOrO CHIrHaja SBISIETCS TUCKPETHBIM, IOCKOJBKY

TapMOHHKH C aMIUIMTYJdaMHU Am( 1 HadYaJIbHbIMHA q)aSaMI/I Yk , Ha KOTOPBIC OH

MOXET OBITh pa3lio’KeH, MMEIT YacTOThl K2, KpaTHble OCHOBHOH YacToTe
moBropeHust curHama . Takoe pasloXeHHe CHUTHala TPOU3BOAUTCS C
noMouipto psada Dypue.

CHexkTp CHTHAJIOB ONMCHIBAIOT rpaduuecku myreM nocrtpoerust AUC wu
oUC.

AUC — aunaumyoHo-uacmomuwvlll CneKmp cueHania — MpelcTaBisieT coboi
3aBHCHUMOCTbD aMILTUTY/] TADMOHHK OT 4acTOThl ( KQ uiu KF ).

DPUC - pazouacmomnoii cnekmp — TPEICTaBISET COO0H 3aBUCUMOCTh OT

YacTOTHI HAYaIBHBIX (pa3 TapMOHHUK.



INPAKTUYECKOE 3AHSTHE 1

1.1. YacTOoTHBIH CHEKTP NEPHOTMYECKOT0 CUTHAJA (IUCKPeTHbII
CIIEKTP)
IpencraBum mepuoaudeckuii Bo Bpemenu curhan a(t) (puc. 1) B BHIE

CYMMBbI k-x TapMOHHUK, UMCHOIIUX YaCTOTbI KQ , AMIUTUTY AbI Ank " Ha4dyaJIbHbIC
(1)2[31)1 e HpI/ILICM, YaCTOTbl TApMOHHUK KpPATHBI YaCTOTC IMOBTOPCHUA CHUTHAJIA

Q=2nF (rne F=1/T, T — nepwon mOBTOpeHHs curHana). B pesynprare

nonyuum pasioxenue a(t) B psag Oypoe

a(t)=A+ i A COSKKQt + vy, ), @

k=1
rae Ay — aMIUIMTyJa HyJIEBOHl TapMOHUKH, OIpEeNsionias MOCTOSHHYIO0, HE

3aBUCAIIYIO OT BDEMCHHU COCTABJIAIOLIYIO.

Aa)

A
=

]
\

IVRREETES

Puc. 1. HepI/IOHI/I'{eCKaﬂ NOCICA0BATCIIbHOCTD NMPAMOYT'OJIBHBIX UMITYJIBCOB, B

KOTOpOf;I Havdaji0 KOOpAUHAT COOTBETCTBYET CEPEAUHE UMITYJIbCA

[Ipu ompeneneHHBIX yCIOBUAX HEKOTOPHIE TAPMOHUKH (HAIIpUMep, YeTHBIE
WJI HEYETHBIE) B CIIEKTPE CUTHAJIA MOTYT OTCYTCTBOBATb.

IIpu noctpoennn AUC u ®UC, xorna pang Oypse 3anucaH B BUJAE CyMMBI
BEMIeCTBEHHBIX  KoMmmouHeHT (1), K- rapmMoHWKAa B CIEKTpe CHTHaa
npezacTaBiseTcs JuHuel mpu gactore KQ (mast AUC BeicoTa 3TOH JTMHUM paBHA
A s a s @UC — y, ).



Bonee obeit sBisieTcss kKomIuiekcHas (opma 3anmcu psga Pypee, koraa
BEIECTBEHHAS! TAPMOHMKA MPEACTABISIETCS B BUAE CYMMBI ABYX KOMIIIEKCHBIX

claraeMbIx ¢ yactotaMu KQ u (—K€) ) 1 aMIDIUTyaMu:
"y i(kQt+y,) .
Si(t) =S e 7 2
"y —j(kQt+y,)
S¢(t) =Se “ (3)
OtpuuatenbHas dactora (—KQ) (u3Mueckoro cMeicia HE HMeEET Hu
npeacTaBisier  (GOpMaNbHOE — MaTeMaTHYeckoe — MOHSATHE.  AMIUINTYABI

KOMIUIEKCHBIX rapMoHHK (2), (3) paBHBI MOJOBHHE aMIUIMTY] BEIICCTBEHHBIX

rapmMoHUK A ¢ Sy = Ay / 2. YuurseBas, uto npu cnoxeruu (2) u (3)

MHHMBIE YaCTH COKPAIIAIOTCs, 3amuiieM K-to rapmonuky u3 (1) uepes (2) u (3) B

BHJIC
1 i 1 i
a,(t) = A, COSKOQt + 1y, ) = > Ay e/ | EAer g I(KA+v) =
=S elkQt+y,) S g 1 (KQt+y,) =S (t) +S/(t) . (4)
MokHO TaxoKke 3amucaTh (4) 4epe3 KOMIUIEKCHBIE aMITIUTY bl TAPMOHUK:
a,(t) =Sy e " +Sm e KX,

. . * .
rae Snk = Snk eJWK 5 Sl"r‘k = Snk eiJWK .
I[J'Iﬂ TOr'O YTOOBI TIOJTYYWUTH BBIPAKCHUEC IJIA a(t) B 00JIe€e KOMIIAKTHOM BUIC,

BBOAMTCS PyHKIHUA sign K:

1 mpm K)O0
sign K =<0 npu K =0 (5)
-1 npn K{O

C yuetom 3Toro obo3Ha4deHus 3anumem (4) B Bujie

aK(t) _ Snk eJ~SIghk wKeijt n Snk e]~5|gnk \uKe—ijt ) (6)

Ioacrasue (6) B (1), momyumm pasnoxkenue curHama a(t) yepes

KOMIIJIEKCHBIC TAPMOHHWKU:



+00 +00
a(t) _ ZaK(t) _ Zsm( eJ.s|gn k“l’KeJth —
K=—0

K=-—0

+00
Sy + ZSM( gl stk gkt )

K=—00
K#0

1
rac SO :Ao, SI’Tk ZEAnk .
3amenum (opmanbHo B (7) uHAEKC cyMMupoBaHus ¢ K Ha (. Ioayuum u3
(7) BeIpakenue st Sy — aMIUTHTYABI K -i TapMOHMKH, B 3aBUCHMOCTH OT BHAA

a(t). s 9T0oro yMHOKHMM TIPaBYIO ¥ JIEBYIO YyacTH ypaBHeHUs (7) Ha e Y rre

k- OJHO M3 IIOJTOXUTCIBbHBIX 3HAYCHUH /.

+00
N i, 4 »
a(t) e jkat _ zsmlfej signt- y, .e]/,Qt e JKQt ) (8)
[—
pencrasum e/“® . e ¥ g puje

e/t . g KN = I (=A = cog(r —K) - Q-t] + j sin[( £ —k) - Q-t]. (9)

IMoacraum (9) B (8) u Bo3bMeM oOT obOeux wyacteid BoipaxkeHus (8)
UHTErpajibl M0 BpeMeHu B mpenenax or —I /2 no T /2, tne T — nepuon
curHana a(t), paBHbIA TepHOAY TEPBOW TApMOHHKH, IBYM MEPHOJaM BTOPOM

TapMOHUKH, TPEM IIEPHOJAM TpPETheH TapMOHHWKH H T.On. [loMeHSB MecTaMu
oTiepalii WHTETPUPOBAHUS 1O BPEMEHH M CYMMHPOBAHHUS IO TapMOHHKaM B
npaBoi yactu (8), momydnm:
7o
jwyéWW=
T
= Z ISW L@l st v -cos[(4 —k)-Q-t]+ jsin[(¢—Kk)-Q-tldt . (10)

(=—0 _%



[Ipu nHTErpUpOBaHKM BCEX ClaraeMbIxX B npaBoi yactH (10), 11 KOTOPBIX
¢ #K, 3a menoe 4YWCIO IEPUOTOB, IMONTy4aeM HYJIH BCIECACTBHE TOTO, YTO
IUTOLIAN TOJIOKUTEIbHBIX ¥ OTPHLATENbHBIX IOJYBOJIH CKJIAJBIBAIOTCS H
B3aMMHO YHHUYTOXArOTca. B pesymeraTte B mpaBoif yactu (10) ocraercs TONBKO

OIHO ciaraeMoe, cooTBeTcTByfomee rapmonmke (£ —Kk)=0. Ilpu £=k (9)

HUMCCT BU] eJOQt = 1, a 3HAYUT, UHTCrpaj OT 3TOM TapMOHHUKHU B Mpeaciax oT

-T/2 mo T /2 wuymo ue paBed. Torma ¢ yuetrom Toro, uto K ) O u
signk = +1, npaByro vacts (10) 3anumieM B BUAe eIMHCTBEHHOW ocTaBIercs K

-l TApMOHUKH:
jsnke'wdt:snkelw jdt:snkeWKT =S, T.

T2 7

rae Sy = Sk eV« _ koMmuiexcuas amrutyaa K -ii rapMOHUKH.

Mepenumiem (10) B Bue, y4uThIBas, YTO €ro IpaBas 4acTh UMEET BUI
TIOCJICIHCT O BbIPAKCHU A
72 | .
J.a(t) e kg S T
_T
7
W3 npanHoro ypaBHeHHMA MONyYMM (opMyny Ui KOMIIJIEKCHOM
AMIUIMTY AbI k -" TapMOHUWKU:
.
o
S,y == ja(t)e-"@‘dt. (11)

T
iz

1.2 CniekTp nepuoIuYecKoii Mocae10BaTeIbHOCTH NPSIMOYTOJIbHBIX
HMIYJIbCOB
Ilepuonuyeckass  mOCIENIOBATENBHOCTE  MPSIMOYTOJBHBIX  UMILYJBCOB
NokaszaHa Ha puc. 1. Bynem monarare, 4To CMeIIeHHE BO BPEMEHU OTCYTCTBYET:

t;=0. Jlns criekTpa mepHoANYECKON MOCIe0BaTEIbHOCTH UMITYJIbCOB BBOJUTCS
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TaKasa XapaKTepI/ICTI/IKa KaK CK8alCHOCNb
a=—. (12)

Hcnons3yeM Nepexos OT CIEKTPaIbHON IIOTHOCTH OJMHOYHOTO MMITYJIbCa
K KOMIIJICKCHBIM aMHHI/ITyﬂaM rapMOHI/IK HepHOZ[HlIeCKOﬁ IIOoCJIeA0BATCIIBHOCTHU
TAKHUX XKC I/IMHyﬂLCOB
: 1 .
Sk = FS(JCO) |<»->KQ’

a TaK)KE BBIPAKCHUC IJIA CHeKTpaHLHOﬁ IJIOTHOCTH MPAMOYTOJIBHOT'O UMITYJIbCaA

. o1,
Sin 5
S(jo) = At, o (13)
u
2
B pesynbpTaTe nony4nm
. KQ
) Ac SIn Tu
Sy =w. 2
T KQr,,
2
3anuireM apryMeHT MOCIISTHETO BBIPAKEHHUSI Yepe3 CKBaKHOCTE (cM. (12))
kQr, k2rnFrt, ey _ KT
2 2 T q
Torna:
. Km
sin — ]
s _A q _A sinx (14)
"9 kg x
q
KT
rme X = —.

Xots YaCTOTHBIA CIICKTpP HepHOHI/IquKOﬁ IOoCJICA0OBATCIIbHOCTH
NpAMOYTOJIBHBIX HUMITYJIBCOB HO}IOGGH YaCTOTHOMY CIEKTPY OAMHOYHOTO

npsaMoyronbHoro ummyibca (cM. (14) u (13)), Mexay 3TUMHU CIEKTpaMy UMEETCS
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CYIIECTBEHHOE pa3nuiue. Tak, B TIEPBOM CIEKTpE apryMeHT X = ot/ 2

SABJIACTCA HerepHBHOﬁ (byHKLIPIeﬁ 4JacTOTbl, a BO BTOPOM — AapryMmeHrT

x=kn/lq (=0, 1, 2, 3, .....) sBusAeTCS] MUCKPETHOH (YHKIHEH YACTOTHI.
[epBbli CIIEKTp ONpeAeNsAeTCsl CHEKTPAIbHOW IUIOTHOCTBIO S(j®), BTOPOH —
JUCKPETHBIM HaOOPOM KOMIUICKCHBIX TADMOHUK Sy .

B cmyugae mmckperHoro cmektpa mis moctpoeHus ero AUC u ©UC
A |sinx|
UCIIONIB3YIOTCSI OTMOAIONINE, ONPEIENsIeMbIe BhIPaKEHUSIMHU a T (AYC) u
y(o) =(n—-DYr £ oty (PUC). JanHble ormbaromme OrpaHUIHBAIOT OTPE3KH,
KOTOPBIC COOTBETCTBYIOT aMIIUTYJaM FapMOHUK Sy (11t AUC) u HagaIbHBIM
dazam vy, (aa1 PUYC). Orubaromue 0OBIMHO M300pa)KalOT IYHKTUPOM, a
OTpe3KU Sy U Yy — CIUIOLIHBIMH JIMHUSIMHU.

IlepBoe 3HaueHWe YacTOTHI, mpu KoTopoM rpadpuk AUC mpoxomurt uepes

HOIb (TPaHWIA MEPBOTO JIETICCTKA), OMPENEIsIeTCS PaBeHCTBOM Kym/ O =T,
oTKyma Ko =0, fgu =gF (tme F — w9acroTra mHOBTOpPEHHS HMITYIBCOB).
IMoacrasisas B fg; BMecto q ero Beipaxkenue (12), momyuum: fq; =1/ 7, [Tn],
ke =29, fop =2/ 1,, ... . Ilpu caBure cepeauHbI MMITYJIbCa BIPABO HIN
BIeBO Ha t; k 3aBucumoctu ormbaromeid OUC mpubasmsercs (—wty) wim

(+oty).
INPAKTUYECKOE 3AHSITHE 2

2.1 MomHocTs nepuoanyeckoro curiana. lllupuna 1ucKkpeTHoro
cneKTpa
BeipaxkeHHe JIsi MOIHOCTH CHTHAja MOJYYHUM C TMOMOIIbI0 PaBEHCTBA,
KOTOpoe HasbIBaeTcsi pagencmeom Ilapcesana unu Jlanynosa—Ilapcesana nmm

0000menHo (hopmynoil Pazes. ITO paBEeHCTBO MpeICTaBisieT coboi aHamor



teopembl [ludaropa B BekTOpHBIX mpocTpaHcTBaxX. Ilo OTHOWIEHHMIO K
npeobpazoBannio Pypre OHO 03HAUYACT, YTO CyMMa (WIJIM WHTETpaj) KBajgpaTa
OpHUTHHAJIA paBHA CyMMe (MJIM WHTETPay) KBaJPaTOB H300pakeHHI.

Ecin a(t) sBisercs kBaapaTHYHO MHTETpHpyeMoil GpyHKIMell B HHTepBae

[-T/2, T/2] u Beipaxaetcsi B Buze psaa Oypwe (cMm. (7)), To misa psaa Oypse

HUMECT MECTO paBeHCTBO HapCCBaﬂH
L o
= j [a)) Pt = > s, . (15)
_7/ K=—0
2

Jnst mocnieioBaTeNbHOCTH MPSIMOYTOIBHBIX UMITYJIbCOB BBICOTOH A JeBas
gactp (15) pasmsiercs 4% Ilpeacraum mpaByio gacts (15) B BHAE CyMMBI
KB3/IpaToOB HYJIEBOH TapMOHHMKU (Sg=Ag) M KBaIpaTOB IOJOBUH aMIUIUTYH

1 .
OCHOBHBIX ~ rapmMoHuK (S, = EArrk ). 3ameHuM  HIDKHHE  Tpenen

CYMMHUPOBaHHA Ha 1, TOMHOXHB CyMMY Ha 2, B pe3yJIbTaTe MOIyIUM
A? =A§+2-i(A—m<)2. (16)
K=1 2

Ucrnone3ys 3ameny A, = \/EAK (rme A, — ZeiicTByrolee 3Ha4yeHHE),

MOJIy4YUM
o0
AZ = AS+ D AL
K=1
Tornma

A7)

Ilycte curHam mpenctaBiseT coboif Tok B compoTtusieHnn R. Torma

coracHo (17) MOIIHOCTH cUTHAJIA

P=RI?=Rlo*+) RI*.
k=1

10



Ecnu uucno YUYUTBIBACMbIX TAPMOHUK paBHO 7, TO

n

n
P=RI*+> RIZ=Py+ > P, (18)
k=1 k=1

Takum 00pa3oM, aKTUBHYIO MOIIHOCTH MEPHOJUYECKOrO CHUTHAA MOXKHO
TIPENICTABUTh B BHE CYMMBI MOIIHOCTEH €ro rapMOHHYECKHX COCTABIIIOLIMX,
BKJTFOYAs HYJIEBYIO.

Hlupunoti ouckpemnozo cnekmpa TEPUOANYECKOTO CHIHANA HAa3bIBACTCSI
00J1acTh YacToT, B TIpeeaXx KOTOPOH COCpeIoTOUCHa OTpeIeNICHHast OIS BCe
MOIIIHOCTH CHTHAJIA.

C mOMOINIBI0 HHTEIPUPOBAHUS CIIEKTPa CHTHAJIA [0 MHTEPBAJIaM JIENIECTKOB
MOXHO TMOKa3aTh, YTO B Ciiydae MEPHOJHYCCKON MOCIEI0BATCIBHOCTH
MPSMOYTOJBHBIX UMITYIbcOB 90,2 % MOIIHOCTH CHTHAJA COCPEIOTOYEHO B
IepBoM Jienectke, 95 % — B mpeaenax nepBoro U BToporo, 96,7 % — B mpeaenax
MEPBBIX TpeX W T.J. TakuM 00pa3oM, IIHPHHA YaCTOTHOTO CIEKTpa
MIEPHOMIECKON MOCIIEIOBATEILHOCTH MPSMOYTOJIBLHBIX HMITYJILCOB TPU yUeTe

npumepHo 90 % moruocTH curHana passa: A f, =1/ t, wm Ao, =2n/ 1, .

2.2 YacTOTHBIIi CIEKTP PaXAMOUMITYJIbCa

Bynem momarath, 4YTO BHICOUMITYJILC IIPEACTABIACT €000 (QyHKIHIO
MOJIE3HOTO ~ CHTHaMa  (HM3KOYAaCTOTHOTO), &  paJHOMMIIyJbC —  3TO
BBICOKOYACTOTHOE HECYIIee, MOIYIMPOBAHHOE TIOJIE3HBIM CHTHAJIOM KoJiebaHue,
T.€. ecii BHAeouMItybe — 910 f(t), To pagnonmmyise — ato f(t)-cos(wt). Haiizem
[0 3aJlaHHOMY YacTOTHOMY CIIEKTPY BH/ICOUMIIYJIbCA YaCTOTHBIM CIIEKTP
pPaIUoOUMITYJIbCa, OrMOAIONIE KOTOPOrO SBJSETCS BHAcoMMmyibc. Ha puc. 2
MOKa3aH paJdoOUMITyJbc ¢  orubarmomeid B BHAe  HPAMOYTrOJIbHHMKA

(Buneonmmynbca). Ilpudem wuMmeromee Mecto yciuoBue 7T, ))T o 31ech He

COOJII0IEHO.

11



420

~To—>]

- — T 7\1A0

\/
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I: T, :I

T —— —

Puc. 2. TIpsiMOyrosbHBIN paTuoOUMITyJIbC

O6o3HauMM BHICOMMITYNIBC HHACKCOM «6» (Hampumep, Ag(t)), a
Pa/IMOMMITYJIbC — MHIEKCOM «p» (Hanpumep, Ap(t) =a(t)):
a(t) = Ag(t) cosmgt . (19)

Honara;[, YTO Ha4daJlbHasA (1)21321 BBICOKOYACTOTHOI'O KOJIeOaHHs paBHa HYIIIO,

nepeiinem K n3odpaxenusm o dypee:

Ag(t) — > Sy(jo); (20)
a(t) —E— S, (jo), 1)
e Sg(jw) — cmekTpanbHas  IUIOTHOCTH — BHjeouMmyinbca,  Sp(jo)

CIICKTpaJibHas MJIOTHOCTb paAUOUMITYJIbCA.

HpeILCTaBI/IM B (19) KOCHHYC B BUJ€ CYMMbI KOMIUICKCHBIX 9KCIIOHCHT:

1 1
cosmgt = = el 4 =g ™t
2 2

Tornma
a(t) = %Ae(t)ei%t +§Ae(t)e*"‘”°t .

B cooTBercTBHM C TGOPCMOﬁ CMCIICHUA

12



At &1 —F 5 Tj(0T o).

B pesynprare m3obpaxkenue mo dypoe (19) momyqurnm B Buzie
. 1., 1.,
Sp(ie) = 5 Sali(@ — 00)]+ 5 Sali(e + o). (22)

Takum 00pa3oM, YaCTOTHBIH CIIEKTP PAAHOUMITYIIECA MOKHO IIPEICTABHUTh
B BUJIC CYMMBI IBYX CJIaraeMbIX, Ka)K/10€ U3 KOTOPBIX SIBIISETCS YMEHBIICHHBIM B
JIBa pasza YaCTOTHBIM CIIEKTPOM BHACOMMITyIbCa (ornbaromeii). [Tpraem, mepBoe
cllaraeMoe CIABHHYTO 110 OCH 4acTOT Ha (M BIIEBO, @ BTOPOE — HAa (O BIPABO.

AUYC 1npsMOYroNbHOTO paJHOUMITYJIbCa, H300paXKEHHOTO HAa pHUC. 2,
nokasaH Ha puc. 3. [Ipx 5TOM MYHKTHP HA OCH YacTOT yKa3bIBaeT Ha TOT (akT,

aro T, )T o 1 wg )1/ 1,.

A S, ()

0 -
—Wy — —®Wp —wy + Wy — ®p oy +
0= i 0Tt 0= L0 0t 1,

Puc. 3. Hactotnslii ciekTp (AUC) mpsMOYroJabpHOTO paJliouMITy Ibca
IMPAKTUYECKOE 3AHSITHE 3

3.1 YacTOTHBIH MeTOJ AaHAJIN3A MPOXOKIEHHS JIEKTPHIECKOT0
CHTHAJIA Yepe3 JIMHEIHYI0 3JIeKTPUYeCKYI0 Henb
JIJ'IH OIIPEACIICHNUA CIIEKTpa BBIXOJHOI'O0 CHUIHaJIa IO CHEKTPY BXOIHOTO

CUIrHaJia B 3aBUCUMOCTHU OT YaCTOTHBIX XaPAKTCPUCTHUK LCIIHU B CIydae CUIrHaJia C
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JUCKPCTHBIM CHEKTPOM JJIsd KaXXJI0M ero rapMOHHKH MOXKCT OBITH UCIIOJIE30BAHO

COOTHOLIICHHUEC
Yoo =K(KQ) - Xy mm Y, =K(jkQ)- X, (23)
rae Ynk’ Xn’k y Yk' Xk — KOMIUJICKCHBIC aMIUIUTYAbl W KOMIUICKCHBIC

JCUCTBYIOIIME 3HAYCHUS BbIXOAHOTO u BXomHoro curHaioB; K (jkQ) -

KOMILIEKCHBIH K03 HIHeHT nepeaaun it K—if rapMOHUKH.

Ipu KCTIONB30BaHKH MTOKA3aTEBLHON (GOpPMBI 3amucH 3amuiieM (23) B BHIE

Y el = K (ke . X, eV (24)
OCIOI[a MOAYJIb BBIXOJHOI'O CUT'HaJla
Y, =K(KQ) - X, (25)
a ero ¢aza
Wyic = @i + Wik - (26)

I[J'ISI CINIOIIHOTO CIICKTPa MOXXHO 3alIMCATh dHAJIOTUIHBIC BBIPAKCHUA !

Y (jo)=K (jo) - X(jo); (27)

Y (@)™ @ = K ()61 . X(e)elx(® ; 28)
Y (0) =K (0) - X(o) ; (29)

Yy (@) = () + yx () - (30)

CootHorrenus (23) u (27) IMEIOT CIACTYIOIIUI CMBICIT: YaCTOTHBIA CIIEKTP
BBIXOJJHOTO  CHTHaJla paBEeH KOMIUIGKCHOW  TepeAaToOuyHod  (YHKIIHH,
YMHOKEHHOM Ha 4YacTOTHBIM CIEKTp BXOJHOTO curHana. Ilpuuem, nus
JUCKPETHOI'O CIICKTPa COOTHOIICHUS BuAa (24) 3amuChIBAIOTCS IS KXKIOH U3
TapMOHHUK.

AJNTOPUTM YaCTOTHOTO aHAJIH3a MOXKHO MPEJCTABUTh B BUJIC:

1. Tlo 3aganHoMy curnany X(t) ompeaenstoTcsi KOMIUICKCHBIC aMILTHTY/IbI
TapMOHUK. J[J11 THCKpETHOTO cIieKTpa
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S :% X (t)e "t ;

—_—ro [

N~

JJIA CIIJIONITHOTO CIIEKTPa

S(jo) = IX(t)e‘jmtdt .

—00

2. Ompenensiercss KOMIUIEKCHas nepenatouHas ¢pyHkuus uenu. 9to K (jo)
B Cllydae CIUIOIIHOIO chekTpa. B ciywae muckperHoro cmektpa mo K (jw)

omnpejensieTcss Habop KOMIUIEKCHBIX KOA((HUIMEHTOB Nepeladd Uil KaKAou
TapMOHHUKH.

3. ITo ciekTpy BXOAHOTO CHTHaja M KOMIDIEKCHOH MepenaToYHO (yHKIINN

OIIPEIEISIETCS CIICKTP BBIXOJHOTO CHIHANA (IUIs AUCKPETHOTO criekTpa — 1o (23),
JUTSE CILTONITHOTO — 110 (27)).

3AIAUH

3amaua 1.

IToctpouts AUC u ®UC nepnoanyeckoro CUrHaina

a(t) =10+4cos(62800-t + t/ 4) + 6cos(2-62800-t —n/ 3) —
—8c0s(3-62800-t + n/ 6)

Pewenue.

Curan wMeeT MJHWCKPETHBIM CIIEKTP, KOTOPBIA COJEPXKHUT YEThIpe

TrapMOHUKHU. DTO HyJIeBasi TapMOHHKA ¢ aMIUIUTYA0i A;=10, mepBas rapMOHUKa C

15



aMIIHTYI0H U pasoit Ay =4, Yy, =/ 4, BTopas rapMOHHKA C aMIUIATYOH 1
dazoit A,, =6, Yy, =—n/ 3 u Tperbs TapMOHHKA C aMIDIHTYHoi u (azoi
Az =8 w3 =7/ 6. [lepuox nosropenus curaana — F=10 000 I'm=10 xI'm.

[Tpu BemectBenHo# (opme 3anmcu psna Pypee monyunm AUC m OUC,
nokasanHsle Ha puc. 4. [Tpuaem AUC copepHT YeThIpe CeKTpalbHbIe JINHUH, a

@YC — Tpu, NOCKOIBKY IMMOCTOSHHAS COCTABIIAIOIIAS OT BDEMEHH HE 3aBHCHUT.

Ak Vi
104 A,

8- Az

'm2

5 262800 kQ
N A 0 62800 3-62800

'ml

kQ

62800 2-62800 3-62800

Puc. 4. AYC (a) u ®UC (6), cOOTBETCTBYIOIINE BEIECTBEHHOM (hOpME 3alncH psijia
Dypse

CrekTp 3TOro curHana Juisi KoMIUIekcHo# ¢opmel psga ®Pypee (puc. 5)
MPEACTaBISIETCS B BUAE CYMMBI IBYX COCTABIISIOMINX Ha dacTotax KQ m —KQ .
Yucno muanii AUC u ©@YC, kpoMe TUHHN HYIEBOW TapMOHHKH, YIBaWBaeTCA,
MOCKOJIbKY KaKJOW JIMHMM Ha 4acToTe K{) COOTBETCTBYET JONOJIHHUTEIbHAS
JUHUA Ha 9acToTe (—KQ ). AMIUIMTYIBI BceX TapMOHHK, Kpome 0-if, KoTopas He
MEHSETCS, YMEHBINAIOTCSI BJABOE, HO WX BEJIWYMHBI OJWHAKOBBI IS

OTPULATCIbHBIX U IMOJOKUTCIIbHBIX YaCTOT, [MO3TOMY AYC — yeTHas q)yHKIII/ISI
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yacTtoTel. Jluamun OUC Mpyu OTPpULATCIIBHBIX YaCTOTaxX MCEHAIKOT 3HaAK, a II0

BeNIMYMHE HE MEHAIOTCA, Mo3ToMy DYC — HeueTHast QyHKIHS aCTOTHI.

Smk
104 S,

m3

2 Sml

7 7 ! 7 7 kQ

—3-62800 —2-62800 — 62800 0 62800 2- 62800362800 Pay
C

a
g A Vi
T
Y1 4 i
V3 = B
—-3- 62800 —62800 2-62800 kQ
—2-62800 0 62800 3-62800 pac/
c
T
6 _r
4 _z
V2 = -3
o
Puc. 5. AUC (@) u @YC (6), cOOTBETCTBYIOIIHE KOMILIEKCHOH (hopMe 3amucH psiaa
Dypbe

3anaua 2
HOJ’[y‘{I/ITB CHeKTp HepHOHquCKOﬁ IIOCJICA0BATCIIBHOCTHU HpﬂMOyT‘OJ'II)HBIX

HUMITYJIbCOB, ITIOKa3aHHBIX Ha pHUC. 1.

Pewenue
[onoxum BHavane, uto t=0. IlogcraBum a(t) B dopmyry ais
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KOMILIEKCHOM AMIUTATY bl k -it TapMOHUKHU TICPUOANYCCKOI0 CUTHAJIa U

HUCIIOJb3YEM IIOHATUEC CKBAXKHOCTU ( = T/ T, » BCJICACTBUC YCTO OJIy4YHUM:

7 3 %

2
Swe = = [a®e ™ at -1 [ A"t S E—
T J T T(-jkQ) n
-7 A 2

__L( e—jm%u ~ ejm%“) _
iTT 2nF

A
jk2r

(—j2sin kQ%“) - kisin k2rF %“ - I(isin ket = Agin kT
T

rne F =1/ T —uacrora curnana; Q = 2nF — Kpyrosas yacrora.
[Nepemumenm mocneTHee BRIpaXXCHAE B BHIIE
: A sina
S =— —,
q o
re a=kn/q.
ITo Teopeme 3ana3abIBaHUs
alt Fty) ——> S(jow) - e* /b,
Takum o6paszom, Moxyns n3obpaxenus Gpynknnu a(t —ty) Takoif xe, Kak

y mobpaxenns ¢ynkmuu a(t), a x ee ¢ase HyxHO mpubaButh (—tym):

o) =(n-Dr-tyo.

3agaua 3

[MomyunTh CHEKTPaJbHYI0 IUIOTHOCTh OIMHOYHOTO TPSMOYTOJIBHOTO
umnyneca S(jo) uepe3 S, — KOMIUIGKCHbIE AaMIUTUTYAbl TapMOHHK
MEPHOINYECKON TI0CTIEJOBAaTEIbHOCTH TaKUX J>kKe HMIysbcoB. [locie 3toro

BBITIOJTHUTH 00paTHoe TpeobpasoBanue oT Sy K S(jw) .
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Pewenue

IlonyuenHoe B 3ajgadye 2 pelleHHe A KOMIUIEKCHBIX

TapMOHHUK
MIPSMOYTOJIBHOTO UMITYJIbCA MOKHO 3aITHCATh B BUJIE

. kQr,
g _ Art, sinknFr, At sin
me T KnFt, T kQr,
2

Hcnone3yst COOTBETCTBHE MEXKIY KOMIUIEKCHBIMHU aMILIUTYIaMU TAPMOHUK
MIEPHOMIECKON  MOCIEOBATEIBHOCTH  MMITYJIECOB Snk M CIEKTPaNLHOM
IUTOTHOCTBIO TAKMX K€ OJMHOYHBIX UMITYIBCOB S( j®) , MOIYYIHUM CIIEKTPATBHYIO
TUIOTHOCTH OJIMHOYHOTO UMITYJIBCA

T, . ®T,
) At Sin Sin
S(je) =TS | =TEw. 2 A,
KQ—o T T, T,
2 2
BrrmonauM o6patHsIil nepexon oT S(jo) k Sy -
sin KQr,, K2nFrt,

2 2
. KTt Km
Sin u Sin—
AT T L g
q Kkr, q Kkr
T q
3amauya 4
Ioctpouts AYUYC u @OUC nepuoandeckoit

MOCIIeI0BATEIbHOCTH
HPSIMOYTOBHBIX UMITYNTbCOB (cM. puc. 1), ecin 4=10 B, 1, =50 Mkc, 1,=20 mxc,
7=200 mkc.
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Pewenue

CKBa)XHOCTB: ( = T— = @ =4;
t, 50
A0 oot :% =5-10° I'u=5 ['m.
q 4 T 200-10°
[MepBas nysnesas rouka AYC Oyner npu K = ( =4.
fop=0F =4-5=20 «l'u wm f —i—;—Z-lo4 I'o =20
* % 1, 50.10°
Kl .
- oty = —ty2nf =20- 10782nf = —2.10752xf ,tne f mamas T,
-ty = —2.10722nf ,rne f Bkl
Orubaromast AUC:
4 [sintke %“) sin
2. =25. 2"
9 kol X
2
rue X = kQT?“ = kFZTET?u =kFnt, —=—7—> fr1,.

3HaueHus1 KOMIUIEKCHBIX rapMOHUK AYC:

A |sin x| s |sin(km/ 4)|

q X kn/ 4

riue X:kQT—u:anF v _ knFr, = knr—”: kn
2 2 T T/lr,

Sm(:

=kn/q=Knl 4.

Orubaromass @UC cTtpoutcs u3 ciexylmux coodpaxenuil. [Ipu
OTCYTCTBHHM CMEIIEHMS IIEHTPa CHUTHAJIA OTHOCHUTENHHO BpeMeHHON ocu (1p=0)
(ha3bl TapMOHUK, B BUJIE KOTOPBIX ITPEACTaBIICH NCXOHBIH CUTHAJ, PABHBI HYIIIO,
Korga sin X>0 (COOTBETCTBYeT HEUETHHIM N), U T, Korja sin X<0 (COOTBETCTBYyeT

yetHbIM N). Criaraemoe 277 otopaceiBaercs. OKOHYATENBHO MOJTYYUM
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y(w) =(n -1,
rae N — HOMep JenecTka, HpUYeM B OOJAaCTH OTPHUIATENBHBIX YacTOT N
MIPUHUMAET OTPULATEeIbHBIC 3HaUeHH: —1, —2, ....
Ecmu t#0, TO cormacHO TeopeMe 3ama3iblBaHUs CIABUTY OpUIMHaJa BO
BpeMeHH Ha t; COOTBETCTBYET NOMHO)KEHHE CHEKTPaJbHOM IUIOTHOCTH Ha
Fjotg

MHOXMUTCIIb € . Hpnqu, CABUT BIIPAaBO COOTBETCTBYET MHOXUTEIIO e_J“’to

(bynxmus a(t —ty) ), CABUT BIIEBO — MHOXHUTEITIO gloto (byrkuus a(t +tg) ).
IIpu Takux cIBHUTax MOAYJH CIEKTPaJbHON IIOTHOCTH, a 3HauuT, U AYUC, He
MEHJCTCS, a K ee apryMeHTy moOaBisercs ciaraemoe Foty = F2rutyf . B
HaIlleM clTyyae UMeeT MecTO CIABUT BIpaBo (puc. 1), moatromy ®YUC 3amumem B
BUzIE

v =(n-Dr-otyg =(n-Dr-0-2-107°,

C nomomrpio rpadukoB orubaromux AUC u O®UC MOXKHO MOCTPOUTH
OTpe3Kd Sy U Yy , COOTBETCTBYIONINE NUCKPETHBIM rapMoHHKaM. ITockoJbKy B
HallleM TpHMepe CKBAXHOCTh paBHA 4, B KAXKAOM JIETIECTKE YKJIaJbIBAETCS
YeThIpe OTpe3Kka OCHOBHOM dacToTel F =5 xI'm. IIpuyem Ha rpaHunax JenecTKoB
(mpu wacToTax, COOTBETCTBYIOIIMX HyNeBbIM Toukam AYC) ammuryast
COOTBETCTBYIOIUX rapMOHUK (k=4, 8, 12 u T.1.) paBHBI Hy0. [loaTOMY BO BCex
JIeTIeCTKaX, KpOMe IIEpBOrO, COJEPIKAIEro JOMNOJHUTEIbHYIO HYJIEBYIO
rapMoHuKy, Oyner Tpu rapmonuku. ['papukn AUC n ®UC mns stoi 3amaun

MIpUBEICHEI Ha puc. 6, 7.

A Smk
A
q

y—

60 ~40 20 0 20 40 60

A
=
=

Puc. 6. AUC neproaudaecKkoii mocae0BaTeIbHOCTH MPSMOYTOIBHBIX HMITYJIECOB
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Puc. 7. ®UC neprnoaudaeckoi mocae0BaTeIbHOCTH IPSIMOYTOIBHBIX HMITYJILCOB
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