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1. AmnHOTAIIMA

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]:

Aw - At ~ 27 (1)

J171sT MpoBepPKU COOTHOIIEHHUsT HeOIIpeIeIeHHoCcTell paboTa pa3aeaeHa Ha TPH PABHOIEHHBIE Ya-
CTH, B KaKJIOW M3 KOTOPBIX CreHEPUPOBAH CUI'HAJ OlpejiesieHHo dopMmbl, obpadoran ¢ 10-
MOTIBIO UG POBOTO OcmmLiorpada, MPOBEPEHbl COOTHOIIEHUST HEOIPEIEIEHHOCTH C TOMOIIIHIO
KypcopHbix u3mepennii. 1. [leppast yacTh paboThl 3aKII0YAIACH B HCCACTOBAHUN CIIEKTpa Ie-
PHOJMIECKOI TOCJIEI0BATEIbHOCTH MPSMOYTOJIBHBIX UMIYJIbCOB (IPHUMED MOKA3aH HA PHCYHKE
4). TeopeTnueckn paccuuTaHo 3HaUeHne KO3IbDOUIUEHTOB ¢, [1]:
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Puc. 1: [Tpumep mepruoaundeckoii mocsie10BaTeTbHOCTH MPSMOYTOJIbHBIX UMITYJIbCOB U3 |I]

sin(mnt/T))
Cp = =" (2)
™m
2. Bropas wacth paGoTBl COCTOsIA B HCCJIEOBAHUA CIEKTPA MEPUOIUTECKOIl ITOC/IeI0Ba-
TEJIbHOCTH IIyTOB FApMOHIYECKUX Kostebanuii (mpumep nokaszan nHa pucyuke 2). Teoperndecku
H3BECTCH CIEKTD CHrHaIa [1]:

7 [sin(w —wp)T/2  sin(w + wo)T/2
Fw) =57 @ —wo)/2 " (wtw)r2 (3)
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Puc. 2: Tlpumep mepruogndeckoii mocieoBaTebHOCTH yT u3 1]

Puc. 3: [Tpumep MOy TMpOBAHHOTO MO AMIUIATYIE CUIHAIA U3 | ]

3. [Mocaeuss 9acTh 3aK/JI09AaCh B UCCJIEIOBAHUN CIIEKTPA FrAPMOHUYECKUX CUTHAJIOB, MO-
JIYJUPOBAHHBIX 1O aMILIATY/e (IpuMep NoKas3aH Ha pucyHke 3). Teopernueckuii BUJ CHTHAJA

[1]:

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

4. N3mepeHnda m obpaboOTKa JaHHBIX

UccnenoBanmsa cneKTpa MepUOIUIECKOIl MOCJIE€I0BATEIBHOCTI TTPSAMO-
YTOJIbHBIX MMIYJIBCOB

Jlns mcceoBaHus MEPUOJMIECKON MTOCTIET0BATEIBHOCTH TTPAMOYTOJIbHBIX MMITY/ILCOB Ha TI'e-
HEpaToOpe CO3JIaH CUI'HAJ C PA3HBIMU IapaMeTpaMM, [0 KOTOPOMY Ha KpaHe OCIU/LIorpada
noJsiydaercs cuektp (puc. 4)

IIpn vyosr = 7000 MpOBeIeHBI U3MEPEHUS IMUPUHBI CITEKTpa. Pe3yabTraTsl mpeacTaBaeHbl B
tabyimie | 1 Ha PUCYHKE D.

Paccunran koaddurmenT HaK/JIOHA TPAMOIi:

k = 0.9997 = 0.0039 (5)

[Tonyuennoe 3nadyenue 6J1M3KO K 1, 9TO MOATBEPKIAET COOTHOIIEHIE HEOIPEIETeHHOCTEMH.

Jlist cpaBHEHUS IKCIEPUMEHTAJIbHBIX U TEOPETUYECKUX 3HAUYEHUI CHEKTPa JJIsi OJHOIO U3
CUTHAJIOB (a) paccYuTaHa TeOPETHIeCKYI0 3aBUCHMOCTh W n300pazkena Ha rpaduke 6. Teope-
TUYCCKUHN U 9KCIEePUMEHTAJbHBINA CIIEKTD MOXOZKH.

4.1. WccaemoBaHue cneKTpa MEPUOAMYIECKON MOCI€10BATEIHHOCTH ITy-
rOB rapMOHUYECKUX KOJiebaHmii

ZLHH uccjaea0BaHnd CIIeKTpPa HepI/IOﬂI/IquKOﬁ MOCJIe J0BATEJIbHOCTU IIYT'OB TapMOHUYECKUX KOJIe-
OaHui Ha regeparope Co3Jald CUuIr'diaJl II0CJieJ0BaTeJIbHOCTH CHHYCOUJAaJILHBIX IYI'OB C Pa3HBIMU
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Puc. 4: ChoekTpsl moc/enoBaTeIbHOCTel NPIMOYIOALHLIX UMILYJILCOB HPH Pa3HBIX 4YaCTOTAaX

MMOBTOPEHUA U JJIUTEJIBHOCTH UMITYJIbCA

Tabmuna 1: 3aBHCUMOCTDH HIKPUHBL CIIEKTPa OT JAUTEIbHOCTH CIIEKTPAa JIJIs IOCIeI0BATeIbHO-
CTH TPAMOYTOTBHBIX UMITYJIBCOB MPH Viopr = (00I'TT

Av, Hz | T, Mkc
50200 | 20
25200 | 40
17200 | 60
13000 | 80
10200 | 100
8600 120
7400 140
6600 160
5800 180
5000 200

napaMeTpaMi, 0 KOTOPOMY Ha SKpaHe ocimorpada moayder ciekTp. (puc. 7)

g TpoBepKU COOTHOIIEHUs HeonpeeeHHOCTel I TaHHOTO CUTHAJIA TpH (BUKCHPOBAH-
HON JITUTETBHOCTH UMIYIbCOB T = 50 MKC M3MepeHbl PACCTOSHUS MeXKJIy COCeTHHMHU CIIeK-
TPaJIbHBIMU KOMIOHEHTAMH OT MEPUOJA MOBTOPEHHUST UMITYJIbCOB (Tabur. 2, puc. 8)

Teoperudeckn u3BecTHo ([1]) TOUKH AOIZKHBI XODOIIO JIOKHUTHCA Ha IPIMYIO, OAHAKO U3
rpaduka BUIHO, 9TO 3TO He Tak. [IpobsemMa 3akKJIOUaeTCss B CHITHH JaHHBIX (OblI BRIOpaH
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Puc. 5: 3aBucuMocTh TIMPWHBI CHEKTPA OT JAJTUTETBHOCTH CIEKTpa JJs MOCJIeI0BATEeTbHOCTH
HPAMOYT'OJIBHBIX UMIIYJIbCOB
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Puc. 6: Teopernueckuii CrieKTp MPSMOYTOJIBHBIX UMITYJIbCOB U3 |I]
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d) v =30kI'n, T = 1mc, N =5

e) v="T0kI', T = 1lmc, N =5

Puc. 7: Bua cnekTpa A71d TepHOIAIecKON MOCTeI0BATEIbHOCTH IIYTOB MTPU PA3HBIX YaCcTOTaX

Hecymei vy = 50 k', meprogax moBroperusd 7' = 1 Mc, Yncaax MepuoiOB B OTHOM UMITYIbCe
N=5

HEBEPHBIl KaHAJ TIPU KYPCOPHBIX U3MepeHusx ). I109ToMy MOATBePAUTh CIIPABEITHBOCTE COOT-
HOIIIEHUS HEOTPEIEJIEHHOCTU HEBO3ZMOZKHO.



Tabua 2: 3aBUCHMOCTD PACCTOSIHUSI MEXKJLY COCEJHUMU CIIEKTPAJbHBIMU KOMIIOHEHTAMEI OT
Nepuo/ia MOBTOPEHUS UMITYIbCOB 1ipu vy = o0 k['mu N = 5

T, ms | év, Hz
0.2 6250
1 2778
1.5 4167
2 1042
2.5 1190
3 735
3.5 893
4 1000
4.5 1042
5 1190
7000
6000
5000
Z
B 4000 -
z
3000
2000 A
1000
0 1000 2000 3000 4000 5000

1/, Ty

Puc. 8: 3asucumocts pPacCTOodHUA ME2KIY COCEJHUMU CIIEKTPaJJIbHBIMU KOMIIOHEHTAMHU OT II€pH-
OJa IIOBTOPpEHUA UMIIYJIbCOB

4.2. UccaenoBaHue CIeKTpa rapMOHUYECKNX CUTHAJIOB, MOJIYJIMPOBaH-
HBIX TI0 aMILJINTY/de

Jlnsg mcemenoBanug CleKTpa TapMOHMYECKMX CUTHAJOB, MOLYJIHPOBAHHBIX MO AMILIATYIE HA
reHepaToOpe CO3JAH CUTHAJ, MOLYJIUPOBAHHBIA MO AMILTHTYE, IO KOTOPOMY Ha SKPAHE OCITHI-
norpada noaygaercs cuekrp (9). Mzmepena ¢ nomoripio ocnuiorpada riyOuHy MOy

Aoz — Apin 154 —0.04

m = = = 0.5, 9TOCXOAUTCIACYCTAHOBJICHHBIMHATCHEPATOPE (6)
Amaz + Apmin 1.544+0.04 ’
. Aok
Jlng mpoBepKH TEOPeTHYECKOH 3aBHCHMOCTH, W3MeHss [JIYOHHY MOLYJ/ISIE, H3MEpeHa
aOCH

(tabus. 3 u puc. 10).
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Puc. 9: CrekTp curuaia, MOLYJIUPOBAHHOTO IO aMILIUTYAE, IPU YacToTe Hecyei vy = 50 kI'm,
4aCTOTEe MOILYJIAIUY Vyo, — 2 KI'11

Agox

Tabumnna 3: 3aBUCUMOCTD oT m Tpu dacrore Hecymeh vy = 50 kI'm, yacrore mMomyasamn
a/OCH

Uyor — 2 KI'IT

m | a_ 0ok | a_ 1eHrp
50 | 186 738
10 | 38 738
20 | 74 738
30 | 110 738
40 | 150 738
60 | 222 738
70 | 258 738
80 | 298 738
90 | 334 738
100 | 370 738

Onpenener KO3MMUIMEHT HAKIOHA MPAMOIL:
k = 0.502 £ 0.002 (7)

Pesyaprar cxonurest ¢ npenckazanuabiM Teoperndeckn (0.5).
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Puc. 10: 3aBucumoctn OT M Ipu YacToTe Hecymied vy — H0 kI'1, 9acToTe MOIYIAIUH Vyopn

= 2kl

aOCH

5. BrniBoabl

1. IIpu uccae1oBaHUN OCIEA0BATETHHOCTH TPAMOYTOTBHBIX IMITYITBCOB MOy IeHa 3aBUCHMOCTh
IIUPUHBI CIIEKTPA OT JJIATEIbHOCTH UMITYJIbCA, 9TO MOATBEPKIAET COOTHONIEHUE HEONPeaeIeH-
HOCTEH JJIs JAHHOTO BUJA curHana: 7 - Av ~ 1.

2. ITpoBepenbl TEOPETUUECKHE PACUYETHI CIIEKTPA IPU MTPAMOYTOJbHBIX HMITYJIHCAX (TeopeTH—
HYeCKad U SKCII€EpUMEHTAJIbHAA KapPTHUHBI CXO)KI/I).

3. Ilpu obpaboTKe JAHHBIX OT CHEKTPa IMEPUOJTMYECKO IOC/Ie0BATEIbHOCTH IIYI'OB ObLIA
oOHapyzKeHa, OIMHOKA IIPU CHATHH JAHHBIX, YTO HEe MO3BOJIUJIO IIPOBEPUTH COOTHOIIEHNE HEOIpe-
JeJIEHHOCTEH.

Agox

4. TTony4en yros naxjona rpadpuka 3aBUCHMOCTH or m (0.5), mOATBEPKAEHO TeOpeTH-

a‘OCH
deckoe 3Hadenue 31oro yriaa (0.5).

Crmcok mcIoJb3yeMoil JJuTepaTyphl

[1] Hukynuu M.I., TTonos I1.B., Hosuk A.A. u np. Jlaboparopupiii npakTukym 1o obmeii dbu-
3uke : yued. mocobue. B Tpex Tomax. T. 2. DaeKTpuduecTBO U MarHeTH3M
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