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Pedepar

B pabore uzyuaercs ClieKTpaJibHbIN COCTaB MEPUOINIECCKUX IJIEKTPU-
YECKUX CUT'HAJIOB Pa3/INIHON (DOPMBI: I[yT'OB, IPSIMOYTOJbHBIX UMIIYJILCOB U
MO/LyJINPOBAHHBIX 110 aMILIUTY Ie cUrHAI0B. CIeKTPbl 9TUX CUTHAJIOB HAOJIIO-
JlaloTcs Ha MUPOBOM aHAJIN3aTOPE CHEKTPa W CPABHUBAIOTCA C PACCUNTaH-
HBIMHI TEOPETUUECKIMHI 3HaUeHNAMU. B pe3yibrare TeopeTudecKne BBIKIAI-

KU ObLIN IIOATBEP2KJACHBI Pa3JIO2KEHUEM B CIIEKTDP Pa3/JIMYHbIX CUHaJIOB.
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BBenenue

B nociientnee BpeMsi IIOBCEMECTHOE PACIIPOCTPAHEHNE MOy Yna ud-
poBas 006paboTKa curaaJioB. ClieKTpabHbII coOcTaB OlN(MPOBAHHOIO CUTHAJIA,
MOZKeT OBITH HaliJIeH ¢ IIOMOIIBI0 KOMIIBIOTEDPA 1 YHCIEHHBIX METOIOB. DTUMU
crrocobaMi MbI U OyJIeM II0JIb30BAThCs B paboTe i M3YUeHHUsT PA3JIITIHOIO

poJa CUI'HaJIOB.



1 Meroauka

1.1 PazsioxkeHue B CIIEKTP HepI/IO,Z[I/I“IeCKOI.?'I ImocJjiejoBaTeJIb-

HOCTU NIPAMOYTOJIbHBIX MMIIYJIBCOB
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Pucynok 1.1 — Ilepuouueckast 1oc/ie[0BaTeIbHOCTL UMITYJILCOB (CjieBa) u
pa3JIoyKeHne ITOM MOC/IeJ0BATEILHOCTH B CIIEKTD (CIIpaBa), yHKTHPOM

obo3HaveHa orudarorias PyHKII.

HamomuuMm, 4To 4yacToTa COOCTBEHHBIX KOJIEOAHMII KOHTYpa MOXKET
27
OBITb BBIUNCJIEHA 110 bopmysie ] = T rae 1" — Tmepuoj MOBTOPEHUS MM-

I1YJILCOB.

KoaddurnumenTsl mpu KOCHHYCHBIX COCTABJIAIONINX OY/IyT PaBHbLI

T/2
2 7sin (nfl7/2)  sinx
=T / o cos (néhi) ’T n{T/2 x (1)
—7/2

3nech Vy - ammnTyga curraga. [lockobKy Hama (byHKIS YeTHasd,
to b, = 0.
[Iycts T xpatno 7. Torga BBejeM napamerp 1101 Ha3BaeHUeM MUPUHa

CIIEKTpPa, paBHbIﬁ Aw — paccTodHME OT I'VNIaBHOI'O MaKCHUMyMa J0O IIEPBOI'O

s
HYJIS orubaroniel, BOSHUKAIOIIEro, KaK HETPY/IHO YOeINThCs Mpu N = o
Taly

[Ipu sTom
AwT ~ 21 = AvAt ~ 1. (1.2)

1.2 Pa3zjoxkeHne B CIEKTP IePUOANYIECKOI MOCJIeI0BaTEIb-

HOCTHU IyroBs

Bosbmém myru kostebanust Vi cos(wot) ¢ JMTebHOCTBIO TyTa T U Iie-

puogiom nosropenwuit 7. @yuxiust f(t) cHOBa sIBJIsIETCsT Y€THOI OTHOCHTETHHO
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Pucynok 1.2 — Ilepuouieckast oCIe0BaTeIBHOCTD IYTOB (C/IeBa) 1
CIIEKTP 9TOM MOCJIeI0BATEILHOCTH (CripaBa), IyHKTHPOM 0DO3HAUEHA

orubaroriast (PyHKIIS.

t = 0. Koacdpurment npu n-oit rapMOHnKe paBeH

T/2
2
an = / Vo cos (wot) - cos (nft) dt =
—7/2 (1 3)
+ [ sin [(wo —nfly) g} sin [(wo + nfh) %}
VO? 7T T
(wo — nfly) 5 (wo + nfly) 5

H}/CTB T KpaTHO 7. TOF,IL& CIIEKTPDLI IOCJIEA0BATC/ILHOCTU ITPAMOYTHJIb-

HbIX CUI'HaJIOB M LYI'OB aHaJIOTHMYHbI, HO MaKCUMYMbI CABUHYTBLI Ha W.

1.3 PazjokeHue B COEKTP aMILIATYIHO-MOIYJINPOBAHHBIX

KoJieOaHmit
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Pucynok 1.3 — AMInTytHO-MO Ty THpOBaHHBIE KOJlebaHust (cieBa) u

CIIEKTD 9TuX Kosiebanuii (cripasa).

PaccMmorpum rapMoHnYeckne KojiedaHusi BBICOKOI 9aCcTOThI Wy, aMILIN-

Tyda KOTOPbLIX MCAJICHHO MEHACTCA 110 NAapMOHHNYECKOMY 3aKOHY C 4aCcTOTOI
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R wy-
f(t) = Ao [1 + m cos Qt] cos wyt. (1.4)
Koadbdunuent m Oyjaem HazwBaTh Tiydounoit mogyasmuu. [Ipm m < 1 am-

IJINTY/Ia MEHsIeTCss 0T MUHUMAJBHON A = Ag(l — m) 10 MakcuMaIbHO

Az = Ao(1 4+ m). Dinybuna Mo gysisiinn MozkeT OBbITH TIpeJICTaBIeHa B BU/IE

Amax - Amin
(1.5)

m = .
Amaw + Amm

[IpocTbIM TPUTOHOMETPUYECKUM IIpeodpa3soBaHUeM MOYKHO HaTh

CIIEKTP KoJiebaHuii

A A
f(t) = Agcoswyt + (;m cos (wo + ) t + (;m cos (wp — Q) t. (1.6)



2 O6cyxaeHne pe3yjabTaToB

2.1 I/ICC.TIG,HOBaHI/Ie CIIEKTpa IIepumoanveCKHux IIocjieaoBa-

TeJIbHOCTEM npAMOYTOJIbHBIX MMIIYJIBCOB

YcTaHABIBAEM MPSIMOYTOJIBHBIE KOJICOAHUS C Vyopr = 1 KL 'T1 (T1€puo/
T =1 Mc) u yIMTeIbHOCTHIO NMITyThca T = 100 MKc.
[Tonyyaem Ha dKpaHe CIIEKTP CUTHAJA 1, U3MEeHsisl JIMOO T, JINOO Vyopr,

HaO0JII0/1aeM, KaK U3MEHSIeTCs CIIEKTP.
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Pucynok 2.1 — Pa3zjoxkeHnne B CIEeKTpP IEePUOINIECKOI T10CIe10BATEIbLHOCTH

MPAMOYTOJIBHBIX UMITYJIbCOB € TTapaMeTPaMU Vyosr = 1 K1, 7 = 100 MKc
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Pucynok 2.2 — Paznoxkenme B CeKTP HEPUOANIECKOI TTOCTET0BATEHHOCTH

MPSIMOYTOJBHBIX UMITYJIbCOB C MTapaMeTPaMu Vyosr = 1 KL, 7 = 200 MKc

13 jaHHBIX BUJHO, YTO, IIPYU YBEJIMYCHUN T, yMeHblaerca Av, a 1npu
VBEJIMUCHUN Vyopr, YBEJIMIUBACTCS PACCTOSTHIE MEXKLY ITHMKAMU.

Vsmepum 3aBucuMoctb Av OT T.

s rpaduka (puc. 2.4) Av -7 = 1.004 + 0.014, aro mojTBepXKIaeT

COOTHOIIIECHNE HGOHpGﬂGHGHHOCTeﬁ.
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Pucynox 2.3 — Pasjioxkenne B CIIeKTP HEPUONIECKOIN MOCTIE0BATETHHOCTH

MPSIMOYTOJBHBIX UMITYJIbCOB C MapaMeTPaMu Vyosr = 2 KL, 7 = 100 MKC
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Pucynok 2.4 — Basucumocts 1/Avy(T)

2.2 MWcciaenoBanme cHeKTpa IIePHOJAUYECKOIl I10cjieJoBa-

TeJIbHOCTH IIYT'OB

[TocMoTpuM Ha 1IOCJ/IEI0BATEILHOCTD IIYTOB € XapaKTePHBIMU ITapaMeT-
pamu vy = 50 kI'1, YacToTa MOBTOPEHUST UMITYJIBCOB fropr = 1 KI'I[ 11 uccie-
JIyeM CIIEKTP 9TOr0 CUTHAJA JIIsT PA3HBIX JIIHTEIbHOCTE nMITysibca (puc. 2.5
u puc. 2.6).

V3 maHHBIX BHAHO, 9YTO IIPU U3MEHEHHH T 3HadeHne Aw 00paTHOIPO-

IIOPpIMOHAJIbHO MEHACTCA.

PaCCMOTpI/IM ImoBeaceHue CIIEKTPOIpaMMBbI IIDA (bI/IKCI/IpOBHHOM 3Ha4e-

HUN T U MEHSIONeMcst 3Hauennu vy (puc. 2.7, puc. 2.8 u puc. 2.9).
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Pucynox 2.5 — PazjioKeHne B CIIEKTDP IEPUOINIECKOIl MMOCIe0BATEILHOCTH

myros, 7 = 100 MKc
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Pucynox 2.6 — Pasyioxkenne B CIIeKTp TMePUONIECKON MOCTIET0BATETHHOCTH

nyros, 7 = 200 MKc

13 jaHHBIX BUJHO, YTO NIPU U3MEHEHUN Ly KAPTHHA CMeliaeTcs 0e3
MU3MEHEeHUs PACCTOAHIS MEZKJLy CIIEKTPaJIbHLIMI KoMIoHenTaMmu. Vcemepyem,
KAK 9TO PACCTOSTHIE MEHSIeTCs [IPU U3MEHEHUH fiop: (TA06. 77).

[TorpemnocTsb pe3yIbTATOB OIPEAC/ISCTCA OIPEITHOCTELIO FeHEepaTOpa,

— 0.5 T'n.

wos 4 4049,
v, KL

4TO COIVIACYyeTCsd C TEeOpHUeil.

10



s n 1

J;AAA AnlAhl‘nhjlﬂknﬂhlﬁﬂln ITIRTN T T

Pucynok 2.7 — Paznoxkenmne B CIeKTP HEPUOANIECKON TOCTET0BATEHHOCTH

myros, vy = 10 k'

” “Hw M;n_;AJhlﬂ__ﬁ_wxWﬁM» M ML MMJM Lt b

Pucynok 2.8 — PazjioKeH1e B CIIEKTP IEPUONIECKOl MOCIeI0BATEIbHOCTH

1yros, vy = 25 kl'n

2.3 MHccaenoBaHue cneKTpa aMIJIUTY/IHO MOJIYJIMPOBAHHOTO
cuUrHaJjia

PaccMOTpUM aMILIMTYIHO IIPOMOYJINPOBAHHYIO CHUHYCOHMJY C Iapa-
metpam vy = 25k, vy, = 1kl (puc. 2.10).

[TocMoTpuM 3aBUCHMOCTD OTHOIIEHUST aMILTUTY] k = Agox/Aoen ¥ 00-

KOBBIX U OCTOBHOI 9acTOThl OT apamerpa m = (Apaz — Amin) / (Amaz+ Amin)
(puc. 2.12).

U3 rpaduka (puc. 2.12)

k

— = 0.476 = 0.015,
m

YTO CXOJIUTCs C TeopeTudecKuM 3HadeHnem 0.5.
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Pucynoxk 2.9 — PazjioKeHne B CIIEKTP IEPUOINIECKO 1TOC/Ie/I0BATEIbHOCTH

nyros, vy = 40 k'

Juosr | v, KI'1L
0.5 0.5
1.0 | 1.0
2.0 | 2.0
4.0 4.0
5.0 5.0

Tabmuia 2.1 — 3aBUCHMOCTD PACCTOSTHUST MEZK/TY CIIEKTPAJIbHBIMI KOMIIOHEH-

TaMM OT 9aCTOTBI ITOBTOPEHNA UMITYJILCOB
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Pucynox 2.10 — vy = 40 xI'ng

12



a(w)

Vv (1) Qoen |
—"Ltmx
Ailuliu

0 0 / owo N
(u..'“ — E?) (-L"I] + E-:—.J

Pucynok 2.11 — AMIIUTYIHO TPOMO/IY/IMPOBAHHASI CUHYCOUIa (C/IeBa) U eé

Ao [ ‘ ‘

CcIieKTporpamMMa (crpasa)
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m

Pucynok 2.12 — I'pacduk 3aBUCEMOCTH ITapaMeTpa M OT OTHOIICHUS

aMILIuTy I k
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SakKJIIouYeHue

B nmannoii pabore Mbl U3YYWJIA MOHSTHE CIEKTPa M CIEKTPaJIbHOIO
aHaJIN3a, a TaKyKe dKCICPUMEHTAJbHO MCCJEIOBAJIM CIEKTPAJbHBIA COCTaB
[IePUONYECKUX IJIEKTPUUECKUX CUTHAJIOB.

KonkperHo ObLIN M3y4deHbl TPAMOYTOJIbHBIE UMITYJILCHI, IIyTH TapMO-
HUYIECKIX KOJIeOaHMil, a TaKyKe TapMOHMYECKNE CUTHAJIBI, MOJYJINPOBAHHDBIE
o aMInTyse. Kpome Toro, namm OBbLT 9KCIEpUMEHTATbLHO MMPOBEPEH JacT-

HBIIl cJiyvall BBIIOJHEHUS COOTHOIIEHNUS HEOIIPE/IeJIEHHOCTH.
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