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Pedepar

B pabote ObLI n3yUeH CHEKTPAJILHBII cOCTaB MEPUOINICCKITX JICKTPHU-
YECKIX CUTHAJIOB PA3JIMIHON (POPMBI: IYTOB, MPAMOYTOJHHBIX UMITYIHCOB U
MO/LyJINPOBAHHBIX 110 aMILIUTY Ie cUrHAI0B. CIeKTPbl 9TUX CUTHAJIOB HAOJIIO-
JlaInCch Ha MUMPOBOM aHaIU3aTOpe CIEKTPa U CPABHUBAJINCL C PACCUNTaH-
HBIMI TeopeTudecku. B pesyibraTe TeOpeTHYecKN PACCUUTAHHBIE CIEKTPHI

OBLIN TI0/ITBEP2K/IeHbI HaOJII0I€HISIM.
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BBenenue

[TorpebrocTh B aHa/m3e, 0OPAbOTKE U XpaHEHUH aHAJOIOBOI'O CUI'HA-
JIa CYIIECTBYeT MPaKTUIeCKN BO BCeX (DU3NYECKUX SKCIEPUMEHTaX yzKe He
ojinH JiecsaTok JieT. OHIM U3 ¢r1ocob0B (OPMYJILHOIO OIMUCAHUST aHAJIOIOBO-
I'0 CUTHAJIA sIBJIsieTCs IIpeobpas3oBaHne curtasia B psiji Pypbe, cOCTOSIIEro n3
9JIEMEHTaPHbBIX (DYHKIIMIA.

B Bek 1udpoBbIX TEXHOJIOTHIl TTOBCEMECTHOE PaCIpOCTpaHeHne 0Ty~
qujia 1udpoBas 00padOTKa CUTHAJIOB, TaK KAK 9TO CAMBIH JIOCTYIIHBINH 1 TTPO-
cToit MmeToj1 paboThl ¢ JanHbIMU. ClieKTpasIbHbBIN cOCTaB OIU(POBAHHOIO CUT-
HaJIa MOKeT ObITh HafllJIeH ¢ IIOMOIIbIO0 KOMIIbIOTEpPA M YUCJIEHHBIX METOOB,
Takux Kak ObicTpoe npeobpaszosanne @ypoe (FFT) n npyrux. luckperabie
METO/Ibl MINPOKO UCIOJIb30BAINCH BO BpeMeHa XO0JI0/IHOM BOWHBI JIjIs 00HAPY-
JKEHUST 110JI3EMHBIX UCIIBITAHUI sIJIEPHOIO OPY»KHUsi, HO TOJIb3YIOTCs TIOIYJIsip-
HOCTBIO IO Ceil IeHb.

OJinH U3 BUJOB JINCKPETHOTO INpeodbpazoBanust Pypbe Mbl HCIIOJIb30-
BaJI B paboTe JjIst M3ydeHusl 4acToT, IJIyOuH MOJYJISINE ¥ OTHOIICHU aM-

IIUTY/1, Pa3JIMYHOIO POJIA CUTHAJIOB.



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 — Ilepnopndeckast moc/ie10BaTe/IbHOCTb UMITYJIbCOB (CIeBa) 1
pas3/IozKeHne ITOM MOC/Ie0BATE/IbHOCTH B CIIEKTD (CIpaBa), IyHKTHPOM

obo3HaveHa orndarorias QyHKITIs.

YacroTa cOOCTBEHHBIX KOJIEOAHWIT KOHTYypa MOXKeT OBITh BBIYUCJIEHA

27
o popmyiie {23 = T rae 1T’ — mepuos MOBTOPEHNT UMITYIbCOB.

KoaddunmenTsl npu KOCHHYCHBIX COCTABJIAIONIIX OY/IyT paBHbI

T/2
2 7 sin (nf7/2)  sinx
¢ T/ o cos (ntht) T T2 . (1.1)
—7/2

3neck Vp - ammmuTyga curtadia. Ilockonbky dyHKIU YeTHast, TO b, =

H}/CTB T KpaTHO T. Toma BBEJEeM IlapaMETp II0A Ha3BacHUEM HINPpUHa

CIIEKTpa, paBHBII Aw — pacCTosHIe OT IVIABHOI'O MAKCHMyMa JI0 IepPBOTO

T
HyJIs1 orubarolneii, BOSHUKAIOIIEr0, KaK HETPYJIHO YOeInThCd Ipu n = —on
Tl

[Ipu sToMm
Awr ~ 21 = AvAt ~ 1. (1.2)

1.2 Pa3zjoxkeHne B CIEKTP IIePUOANYIECKOI MOocjieI0BaTeIb-

HOCTHU IIyroB

Bosbmém 1yru kosebanust Vi cos(wpt) ¢ IIMTETBHOCTBIO 1IyTa T U T1e-

puojiom roBropenuit 1. @yukiwst f(t) cHOBa SIBJIsICTCST Y€THO 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

JI1s1 HayaJ1a Mbl YCTAHOBIJIN IIPAMOYTOJILHBIC KOJEOAHUS C Vyopr = 1
k't (mepuon 7= 1 mc) u jymuresibHOCTBIO uMiyibca 7 = 100 MKc.
[Tosryuns Ha 3KpaHe CIHeKTP CUTHAJA U, U3MEeHdsl OO T, 100 Vyopr,

MBbI Ha6HIO,ZLaJII/I, KaK U3MEHAECTCA CIIEKTDP.
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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.
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Pucynok 2.7 — Paznoxkenmne B CIeKTP HEPUOANIECKON TOCTET0BATEHHOCTH

myros, vy = 10 k'
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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

o
EL

2m
1003 0803 0803 0403 0203 0003

Pucynox 2.10 — vy = 40 xI'ng
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Pucynok 2.11 — AMIIUTYIHO TPOMO/IY/IMPOBAHHASI CUHYCOUIa (C/IeBa) U eé

Ao [ ‘ ‘

CcIieKTporpamMMa (crpasa)

| — Fitting
Experiment
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X
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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
aHaJIM3a, a TaKyKe SKCIEePUMEHTAJIbHO MCCJIEJOBAIN CIIEKTPaJIbHBI COCTaB
[IePUONYECKUX IJIEKTPUUECKUX CUTHAJIOB.

Beumm mccsieoBaHbl TPAMOYTOIBHBIE UMITYJIBCHI, IYTH TapMOHUYe-
CKUX KoJieOaHmil, a TakyKe TapMOHMYECKNE CUTHAJIBI, MOJIYJUPOBAHHBIE IO
aMILIuTyae. Kpome Toro, HaMu ObLI SKCIIEPUMEHTAIbHO MOATBEPXKIEH YacT-

HBIIl cJiyvall BBIIOJHEHUS COOTHOIIEHNUS HEOIIPE/IeJIEHHOCTH.
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