MOCKOBCKUN ®UBNKO-TEXHUYECKUIT NHCTUTYT
(HATIMOHAJIBHBIN NCCAETOBATEJIBCKINN YHUBEPCUTET)

JlabopaTopnas pabora 3.6.1

110 TeMme:
«CHGKTpaﬂbeIf/’I dHaJIN3 IJIEKTPUHIECKUX CHUT'HAJIOB»

Crygent rpyuubst B02-109 Haszapuyk Auna

Honronpymasiit, 2022



1. AmnHOTaAIIUA

B pabore wmcciemoBanbl CHEKTPHI MEPUOJUYECKUX CHUTHAJIOB: MOAYJIHPOBAHHBIN 110 aMILIATY-
Jie, IpIMOYTOJIbHbIE UMITYJIbCHI U IyTH. [IpoBepeHbl TeopeTndecKne 3aBUCUMOCTHU ITapaMeTpPOB
CIIeKTpa Ha IpaKTHKe.

2. Bsenenme

Muorue npakTHYeCKHe 3a/a4K ONUCAHH [OBEICHHS HEKOTOPOH CHCTEMbl BO BPEMEHH 3ada-
CTYIO CBOJSATCS K BBISICHEHWIO CBSI3M MeXK/y "CHTHAJIOM nojaBaeMbiM Ha "Bxox"cucrembr (060-
3HaunM ero Kak f(t)), u eé peaknueil ma "Borxogae"g(t)). CyTh cneKTPaIbHOIO METOIA COCTOUT
B IPeJCTaBJIeHNH TPOU3BOIBHOIO BO3IEHCTBUS B BUIE CYIEPIO3UIUN OTKJIHKOB Ha, HEKOTOPHIE
9JeMeHTapHble cjaraembie. JJaHHblil MeToJ UCHO/Ib3YIOTCs JIJId AHAJIU38, MHOIUX CUIHAJIOB, 110-
9TOMY HEOOXOAMMO 3KCIEPUMEHTAJILHO O3HAKOMUTBLCS ¢ HUM, CIEHEPUPOBATL M IOJYYUThL Ha,
ocuuLorpade CIeKTPhl PA3/JIMIHBIX TePHOANICCKUX CUTHAJIOB, IPOBEPUTH SKCIIEPUMEHTAILHO
COOTHOIIIEHUE HEOIIPeIeIEHHOCTH W OTHOIIEHHUS aMILIUTY/L TAPMOHHMK HPU MO/LYTHPOBAHHBIX IO
AMILTHTY/Ie CUTHAJIAX.

3. Metoanka n3Mmepennii

Jljist KCIepUMEeHTAIBHO IPOBEPKH COOTHOIIEHNUS HEONpe/ leleHHOCTell HeobxoanmMo ero c¢hop-
MyJupoBath [1]:
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Puc. 1: [IpuMepsl CUTHAIOB a) MEPHOAXYECKON MOCTIeI0BATEILHOCTH TPAMOYTOILHBIX HMITY.Th-
coB, ) NEPHOAMYECKON OCIEI0BATEJILHOCTH IIyT, B) MOJAYJIUPOBAHHOIO 10 AMILIUTY/IE CUTHAJIA
u3 1]

Jlng mpoBepKu COOTHOIICHUS HEOIPEIeJCHHOCTel paboTa pa3aeseHa Ha TPU PABHOICHHLIC
JaCcTH, B KaXKJIOH U3 KOTOPBIX CreHEPUPOBAH CUTHAJ ONpeAeeHHOH (popMbl, 00paboTal ¢ I110-
MOMIBIO IHQPOBOTrO ocumILIorpada, IpOBEePEHbl COOTHOIICHHS HEOIPEIEJTCHHOCTH ¢ MOMOIILIO
KYPCOPHBIX U3MepeHuil.

1. TlepBas 1acTb paboThl 3aKJII0YAJACH B MCCJICJIOBAHUU CHEKTPA ITEPUOJAMYECKON IT10CIe-
JIOBATEIBHOCTH MPAMOYTOJIBHBIX MMITYJIbCOB (IpuMep nokasaH Ha pucynke 1). Teoperudeckn
paccunTano 3HadeHne KoahGUIueHToB ¢, [1]:

sin(mnt/T))
Cn = (2)
™
2. Bropas 9actb paboTBl COCTOATA B HUCCJIEIOBAHUE CIEKTPA MEPHOTHYECKO IOCIe10Ba-

TeJIbHOCTH IyTOB TAPMOHUYECKUX Kosiebanuil (mpuMep mokasad Ha pucyHke 1). Teopernuecku



H3BECTEH CLEeKTD curaaja |1|:

7 [sin(w —wo)7/2 | sin(w 4 wo)7/2
2T | (w—wo)T/2 (W~ wo)T/2

F(w) = (3)

3. [locneausasa 9acTh 3aKI09ATACh B UCCJIEIOBAHAN CIIEKTPa TAPMOHUIECKUX CUTHAJTIOB, MO-
JYJIMPOBAHHBIX [0 aMILIATY/e (IpuMep nokasan Ha pucyHke 1). Teopermueckuii Buj curHAIA

[1]:

f(t) = ag cos(wpt) + % cos(wo + Q)t + +% cos(wg — Q)t (4)

4. N3mepeHnda m obpaboOTKa JaHHBIX

HccaenoBaHus crieKTpa NEPUOAUIECKON IT0CJIE10BATEIHHOCTA ITPAMO-
YIOJIbHBIX MMITIYJIBCOB
Jlasg mecseJoBaHuS MEPUOINYECKON TOCIeJ0BATEHFHOCTH TIPSIMOYTOIbHBIX HMIYJIbCOB Ha Te-

HepaTope CO3JaH CHIHaJI ¢ DA3HBIMU NApaMeTPaMu, [0 KOTOPOMY Ha SKpaHe ocruiorpada
MOJIy4aeTcs cuekTp (puc. 2)
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Puc. 2: ChnexkTpsl mnocaeaoBaTeIbHOCTEH MPAMOYTOJIBHBIX HMIYJILCOB MPH PA3HBIX YacTOTAX
MOBTOPEHUA U JUTUTEJHHOCTU UMITYJIbCA

IIpu Vs = 7000 poBeIeHBI U3MEPEHUs TMUPUHBI CIIEKTpa. Pe3y/ibTaThl MpeicTaBIeHbI
Ha PUCYHKe 3.
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Puc. 3: 3aBucuMOCTb MIUPUHBI CHEKTPA OT JJIUTEILHOCTH CHEKTPa JJId IOCJIeI0BATEIbHOCTH
MPSAMOYTOJIBHBIX UMITYJIBCOB ITPU YaCTOTE MOBTOPEHUS Vyopr = (001'TT
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Puc. 4: Teopernueckuii cnexTp NpsMOYTOILHBIX UMIYILCOB HPH YACTOTE HOBTOPEHUS Vyggy =
1000T' 1 u murenprOCTH UMIyabca T = S50MKC u3 |||

Paccunran koadduimeHT HAKIOHA TTPSAMOIi:
k= 0.9997 4+ 0.0039 (5)

[TonydenHoe 3HaUeHNe OIU3KO K 1, 9TO MOATBEPK/IaeT COOTHOIIEHIE HEONPe/IeIeHHOCTEH.
s cpaBHEHHSI IKCIEPUMEHTAJBHBIX U TeOPeTUYeCKNX 3HAYeHHIl CIeKTpa JJis OJHOTO U3



CUIHAJIOB (a) paccyuraHa TeOPETUIECKYIO 3aBUCHUMOCTh M n300pazkena Ha rpaduke 4. Teope-
TUYCCKUN U 9KCIEePUMEHTAJIbHBIA CIIEKTD MOXOXKH.

HccaenoBaHue cieKTpa MePUOINIECKO MOCJIeI0BATEIbHOCTH IyTOB rap-
MOHUYECKUX KoJiedaHui

(5
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Pwuc. 5: Bua cnekTpa Ajd IeproandecKoil MOCIeI0BATEIbHOCTH IIYTOB MIPU PA3HBIX 9aCcTOTaX

Hecymei v = 50 kl'm, mepmomax moBToperusd 1' = 1 Mc, YncIaX MEPUOIOB B OJTHOM HMITYJIbCe
N =15



st vccsiesioBaHusl CIEKTPa [MePUOJUYECKON 1O0CJ/Ie/JI0BATE/bHOCTU 1yTI'OB IMAPMOHUYECKHX
KoJieDaHuil Ha reHepaTope CO3/aH CUTHAJ MMOCIeI0BATE/IbHOCTH CUHYCOU/IAIbHBIX IYT'OB C pa3-
HBIMH MapaMeTpaMi, 0 KOTOPOMY Ha 3Kpane ocruiorpada moxyden crektp. (puc. 5)

st TpOBEPKH COOTHOIINEHHST HEONPEIeIEHHOCTEeH IS JIAHHOT'O CUIHAJa IpH (DPUKCHPOBAH-
HOH JJIMTEIBHOCTU MMIYJIbCOB T — 50 MKC W3MepeHBl PACCTOSHUS MeXKJIy COCEeJTHUMHU CIeK-
TPAJBHBIMI KOMIOHEHTAMH OT MEPUOJIa MOBTOPEHUS UMIYIHCOB (puc. 6)
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Puc. 6: 3aBucuMocTb pacCTOAHHS MEXKIY COCEIHUMH CIEKTPAJbHBIMU KOMIIOHEHTAMH OT Iie-
PHOJIA TIOBTOPEHUS] MMIIYJIHCOB JIJII MEPHOIUYIECKONR IOCJIeI0BATEILHOCTH IyTOB MPH YacoTe
necymeir v = 50 k[’ m uncse nepuogoB B 0JHOM umiyJjbce N = 5

Teopernuecku u3BecTHO ([1|) TOUKEM JOJZKHBI XODOIIO JIOXKUTHCS HA TPAMYIO, OJHAKO U3
rpaduka BHIHO, 9TO 9TO He Tak. [IpobsiemMa 3aKJII0OYAeTCs B CHITHH JaHHBIX (ObLI BHIOpaH
HEBEPHBIl KaHAT TIPU KYPCOPHBIX U3MepeHusx ). I109ToMy mOATBePAUTh CIPABEITHBOCTE COOT-
HOHICHUA HEOIIpedeJICHHOCTH HEBO3MO2KHO.

I/ICC.JIe,ZI;OBaHI/Ie CIIEKTpa rapMOHMYE€CKMUX CHUI'HaJI0B, MOAYJIMPOBAHHbIX
I10 aMILJINTY/Jl€e
g uccsieioBaHus CIIeKTpa TAPMOHUYECKHX CUTHAJIOB, MOJYJIUPOBAHHBIX 10 aMILIATY/Ee HA

reHepaTope cO3/aH CUTHAJI, MOJIYJIMPOBAHHBINA IO aMILJIUTY/IE, TI0 KOTOPOMY Ha dKpaHe OCIHJI-
norpada moaydaercs cuektp (7). Vismepena ¢ moMonbio ocumiorpada rIyGnHa MOILYTSIUN:

Amaz — Amin  1.54 —0.04
= = (.5, 9TO CXOANTCSA € YCTAHOBJICHHBIM Ha rerepartope  (6)

m = =
Aoz + Amin 1.54 +0.04
. 5ok
ZLHH HpOBepKI/I TeOpeTI/I‘IeCKOI/I 3aBI/ICI/IMOCTI/I7 NU3MeHdd FHY6I/IHy MO,ILy.HHH‘I/H/I, I/ISMepeHa
aOCH

(puc. 8).



A NNWN-avay,

M

L y—

e r
M R bt o -

LA LT |

LT
AL T g
M, )

0|

1250001714
52 50.0MSase
Curr 3 50Mpts
Eige (D
" l
L gav
1 D ]
% 100w
oov

=2 |

Puc. 7: CnekTp curaaia, MOLYJITUPOBAHHOIO IO aMILIUTYAE, IPH 9acToTe Hecymei vy = 50 k',

JaCTOTEe MOIYJISAIIH Vyoy — 2 KL'TT
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Puc. 8: 3aBucuMocTh ——
. a‘OCH
Hecymeit vy = 50 xl'n, 4acTOTe MOLYIAINN Vyoy — 2 KI'TT

Onpenener KO3(MOUIMEHT HAKIOHA MPAMOIL:

k = 0.502 = 0.002 (7)



Pesyabrar cxopurest ¢ npejackasanubim reoperudeckn (0.5).

5. BrniBoabl

1. [Ipu uccaeioBaHUN MOCIET0BATETLHOCTH TPAMOYTOTBHBIX HMITYIBCOB MOy IeHa 3aBUCHMOCTh
IIUPUHBI CIIEKTPA OT JJAATEIbHOCTH UMITYJIbCA, 9TO MOATBEPZKIACT COOTHONIEHNE HEONPeaeIeH-
HOCTEH JJIs1 JAHHOT'O BUJA curHamna: 7 - Av ~ 1.

2. ITpoBepenbl TEOPETUUECKHE PACUYETHI CIIEKTPA IPU ITPAMOYTOJIbHBIX UMITYJ/IHCAX (TeopeTH—
HYeCKad U SKCII€EPpUMEHTAJbHAA KapPTHUHBI CXO)KI/I).

3. Ilpu obpaboTKe JAHHBIX OT CHEKTPa IMEPUOJTMYECKON IOC/Ie0BATEIbHOCTH IIYI'OB ObLIA
oOHapyzKeHa, OIMHOKA IIPU CHATHH JAHHBIX, YTO HEe MO3BOJKIJIO IIPOBEPUTH COOTHOIIEHUE HEOIpe-
JeJIEHHOCTEH.

6ok
4. TTosyuen yron naksona rpadpuka 3aBUCHMOCTH or m (k=0.5), mOATBEPKIEHO Teo-
a/OCH
pernyeckoe 3Hadenue 31oro yriaa (k=0.5).

Crumcok mcIoJb3yeMoil JJuTepaTyphl

[1] Hukynuu M.I., TTonos I1.B., Hosuk A.A. u np. Jlaboparopupiii npaktukym 1o obmeii dbu-
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