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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

MHOFI/Ie IMpaKTHYeCKUE 3a/Ja91 OIINCaHUA ITOBEACHU A HeKOTOpOﬁ CUCTEMBbI BO BpeMeHH 3a49aCTYIO
CBOAATCA K BBIACHEHHIO CBA3U MEXKAY CHI'HAJIOM, NOAaBa€MbIM Ha <«BXOJA» CHCTEMbI (O603Ha—
anm ero kak f(t)), u eé peakuumeit na «Bbxome» ¢(t)). Cyrb CIeKTPaJbHOTO METOIA COCTOUT
B IIPeJICTABJICHUH TPOU3BOJIBHOIO BO3JIEUCTBHS B BU/IE CYIEPIIO3UIUHE OTKJIUKOB HA HEKOTODBIE
dJIEMEHTapHbIE CJlalr'a€Mble. ﬂa.HHbH';I MeTod HUCIIOJIb3yercd JAJid aHaJINn3a MHOI'MX CHUI'HAJIOB, 110-
9TOMY H€O6XO,ZLI/IMO IKCIIEpUMEHTAJIbHO O3HAKOMUTLCA C HHM, CI€HEPpUDPOBATLH M IIOJYYHUTL Ha
ocruiorpade CueKTPhl Pa3IndHbIX TePUOIUIECKUX CHTHAJIOB, TPOBEPUTDH SKCITEPUMEHTAIHHO
COOTHOIIIEHNE HEOLPE/IeJeHHOCTH U OTHOIIEHHsI AMILIUTY/I FADMOHUK [PU MOJLyJIUPOBAHHBIX 110
AMILIATYJIe CUTHAJIAX.

3. Metoanka naMmepenuii

Jljist KCIepUMEHTAIBHON IPOBEPKH COOTHOIIEHNUS HEONPe/leleHHOCTell HeobxoanmMo ero c¢hop-
MyJIEpoBath [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: Teoperunaeckuii CnekTp npgaMOYTOJbHBIX MMILYJIbCOB HPU 9aCTOTE MOBTOPEHUS Vyopr =
1000T' 1 w murenprOCTH UMIyaAbca T = S50MKC u3 |[|]

Paccuntan koadduiimeHT HAKIOHA TPSIMOI:
k= 0.9997 4+ 0.0039 (5)

[Toxyyennoe 3Ha49enne GIU3KO K 1, 94TO IMOATBEPKAACT COOTHOIIEHHE HEeOIPeIeJeHHOCTEI.
ZLHH CpaBHEHUA IKCIIEPUMEHTAJBHBIX U TEOPETUICCKUX 3HaYEHUN CIIEKTpa JAJd OJHOT'O U3
cUTHAJIOB (a) ¢ puC. 2) pacCYuTaHa TEOPETHYECKYIO 3aBUCHMOCTh H H300pazkeHa Ha rpaduke 4.

3



Teopernueckuii u KCHEPUMEHTAJIBHBIN CIEKTD [OXOZKH.

HccaenoBaHue cneKTpa mepuoandecKoil mocjea0BaTeJIbHOCTH IIyTOB rap-
MOHUYECKUX KoJiebaHui
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d) v =30kI'n, T = 1mc, N =5
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Puc. 5: Buj crekTpa /151 IepUOINIECKON MOCIe/0BaTEIHLHOCTH IIYTOB IIPU PA3HBIX YacTOTaX
Hecymeir v — 50 kl'm, mepmomax moBToperud 1' — 1 Mc, YncIax MepuoIOB B OJTHOM HMITYJIbCe
N =15

ZLHH HuccJe10Balnd CIIeKTpa HepHO,ZLquCKOﬁ I10CJIeA0BATEC/JIbHOCTH IYI'OB I'apDMOHUYECKHX



KoJieDaHuil Ha reHepaTope CO3JIaH CUI'HAJ I1OC/IEI0BATE/IbHOCTU CUHYCOU/IAJIbHBIX IYT'OB C pa3-
HBIMH MapaMeTpaMu, [0 KOTOPOMY Ha 3Kpane ocruiorpada moxyden crektp. (puc. 5)

JIist TpOBEPKH COOTHOTIIEHUST HEONPE/IEIEHHOCTEH /I JIAHHOTO CUTHAJA TPpH (DUKCUPOBAH-
HOW JJIMTEIbHOCTU UMIIYJIbCOB T — 50 MKC U3MepeHBbl PACCTOSHUS MeXKJy COCEeJTHUMHU CIeK-
TPAJIBHBIMA KOMIOHEHTAMH OT MEPUOJIa MOBTOPEHUS UMITYIHCOB (puc. 6)
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PI/IC. 6: BaBI/ICI/IMOCTb pacCTodHnd MEXKAYy COCeIHUMN CHEKTPAJbHBIMH KOMIIOHEHTaMW OT IIe-
PHOJIA TIOBTOPEHUS HMMIIYJILCOB JIJI MEPHOIUYIECKONR IOCJIeI0BATEILHOCTH IyT'OB MPH YacoTe
Hecymeid v = 50 xI'm u uymcae mepuogoB B 0AHOM UMIyabece N = 5

Teoperuvecku m3secto ([1]), 9TO TOYKH IOMAKHBI XOPOIIO JIOKHTLCHA HA IPAMYIO, OJHAKO
u3 rpaduKa BUIHO, 9TO 3TO He Tak. [IpobiieMa 3aK/II0YaeTcs B CHATHH JaHHBIX (ObLT BRIOpaH
HEBEPHBIl KaHAT TPU KYPCOPHBIX U3MepeHusx ). I109ToMy MOATBepAUTh CIPABEITHBOCTE COOT-
HOIITEHUsI HEOIIPeIeIeHHOCTH HEBO3MOXKHO.

I/ICC.TIG,Z[OBa.HI/Ie CIIEKTpa rapMOHMYE€CKMNX CHUI'HaJI0B, MOAYJIMPOBAHHbIX
I10 aMILJINTY/J€e

Jlas mcenenoBaHus CIIEKTPa TAPMOHUYECKHX CHTHAJIOB, MOIYJIHPOBAHHBIX MO AMILIMTYIE HAa
reHepaTope CO3J/[aH CUI'HAJ, MOILYJIMPOBAHHBIN 10 aMILIUTY/IE, 10 KOTOPOMY Ha 9KPAHE OCIIHII-
norpada monygaercs cuekrp (7). Viamepena ¢ momonipio ocnusuiorpada riryOnHa MOy

Amax - Amin 1.54 — 0.54 05 (6)
m= = = 0.5, 9T0 CXOJIUTCS C YCTAHOBJIEHHBIM Ha IeHepaTope
Amaz + Apin — 1.54+0.54 ’ . Y parTop

a
1 mpoBepKH TEOPeTHYECKOH 3aBHCHMOCTH, U3MeHssl TJIYOMHY MOIYJ/ISINE, H3MEpeHa, oo
a‘OCH
(puc. 8).
Onpenesner KO3DDUIMEHT HAKIOHA MPSAMOIL:
k = 0.502 £ 0.002 (7)



S YWhaqay

WA

L y—

e r
M R bt o -

LA LT |

LU R
AL T g
M, )

0|

1= 500017144
52 50.0MSase
Curr 3 50Mpts
Eige (D
" l
L gav
1 D i
1% 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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K
oT M AJid CUI'HaJia, MOAYJIUPOBAHHOT'O IO aMILJIATYyAE, IIPDU YaCTOoTe

a“OCH
Hecymeit vy = 50 xI'n, 9acTOTe MOLYISAINN Vyoy — 2 KI'T

Puc. 8: 3aBucumocrts

PesynbraT cxomutes ¢ mpejackazamubiM Teoperndecku (0.5).



5. BrniBoabl

1. IIpu uccaeoBaHUH TOCJIE0BATEIHHOCTH IIPSIMOYTOJIbHBIX UMITYJIbCOB MOJTY 9eHa 3aBUCIMOCTh
MIAPUHBI CIEKTPA OT JJIATETbHOCTH UMITYJIbCA, YTO HOATBEP:K/IAaeT COOTHOIIEHUE HEeOIpPeIe/1eH-
HOCTel /I JAaHHOTO BHAA CHTHaJa: T - Av ~ 1.

2. TIpoBepeHbl TEOPEeTHYECKIE PACUIETHI CIIEKTPA TIPU MPSIMOYTOJbHBIX UMITYIbCAX (TeOpeTH-
qecKasl M IKCIEPUMEHTAIbHAST KADTHHBI CXOXKH ).

3. Ilpu obpaborke JaHHBLIX OT CHEKTPA MEPUOIUIECKON ITOC/IEI0BATENHHOCTH IIyT'OB OblLIa
obHapyKeHa OMmnOKa PN CHATHH JAHHBIX, 9TO HE TTO3BOJINJIO TPOBEPUTH COOTHOTITEHNE HEOTIpe-

JeJIEHHOCTEH.
Agox

4. Tosy4den yron naksona rpadpuka 3aBUCHMOCTH or m (k=0.5), HOATBEPKIEHO TEO-

a‘OCH
pernyeckoe 3HadeHune 31oro yriaa (k=0.5).

Cumcok mcIob3yeMoil JIuTepaTyphbl

[1] Hukynuu M.T., IToros I1.B., Hosuk A.A. u ap. JlaBopaTopHblii mpakTUKyM 110 obrmeii dhu-
3uKe : yued. mocobue. B Tpex Tomax. T. 2. DaeKTpUIECTBO U MarHETU3M
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