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1. AmnHOTAIIMA

B pabore ucciiefoBanbl BeIHY K /I€HHbIE KOJIEOAHHS B 3JIEKTPUIECKOM KOHTYpe, paccauTaHa, 100-
POTHOCTD KOHTYPa pa3JIudHBIMU clIocobaMu. V3MepeHus IpOBOIIINCH Ha MapaJLIe  bHOM KOJie-
HaTeJIbHOM KOHTYPE C BBIHYZK/IAIOMmeil cuIoil, MeHsIomeics TapMOHUYeCKH HeIIPEePhIBHO WU B
dopme 1yroB. [loayuenb TeopeTuydeckoe 3HaUEHUE TOOPOTHOCTH, TOOPOTHOCTH IPH U3MEPEHUH
IIUPUHBI PE30HAHCHOW KPHUBOI, 3HAUYEHUE 1IPU UCCJIe/J0BAaHNN HapacTaHus KoJjebanuii. Paccau-
TaHHBbIE 3HAYEHUS HE COBCEM MJIEHTHYHBI, IIPEJJIOYKEHbI CIIOCOOBI YJIYUIIeHNns Pe3yIbTaToB.

2. Bsenenme

CoBceM HECJIOXKHO IIPEJICTABUTH OOBIYHBIE JIETCKUE Kadeu. B 3aBUCHMOCTH OT UX CTPOEHUS,
KaK#e-To ObLIO JIErKO pacKadarb, JJIsd KaKuX-TO TpeboBauch ycuiaugd. Ho ecim Hayarh JBU-
raThCs C ONPeIeIeHHON JacTOTO, TO Kavue/ i ObICTPO HAYMHAIOT KOJIe0aThCs ¢ DOIBIITON aMILIN-
tynoit. Ho, K coxkajeHmnio, ecu mepecTarh ABUTATHCS, TO Uepe3 HEKOTOPOe BpeMs KOJIeOaHmsd
CTaHyT coBceM HeOOJbIMUME. IloX0oXkKHe siBJIeHMsT HAOIIONAIOTCI U B 3JIEKTPUIECKHUX MEMHsIX, CO-
CTOAIIAX U3 KATYIIEK, PE3UCTOPOB, KOHIEHCATOPOB, TO €CTh OCHOBHBIX 3J1eMEeHTOB. IHTepecHo,
MOYKHO JIH YHCJEHHO OMHUCATh 3TU YMMEKTHI ¢ MOMOIIBIO OHONW KaKoii-To BeudnHbl! OTBeTy
Ha 3TOT BOIIPOC M Ha6J'IIO,ZLeHI/IIO BBIIIIEOINCAHHBIX SIBJIEHUI B SHQKTqueCKOfI eI IIOCBAIIICHA
pabora.

3. Metoanka naMmepeHnuii

BBoagnas yacTb

«Packaukoit» 3/1eKTpUdecKoil Tienn Ha3bIBAIOT BRIHYK/IeHHbIE KoJlebaHusd, B paboTe paccMoTpe-
Ha BBIHYZKJAIONAA CHJIa, TADMOHUYECKN MeHSIoIasdacd Bo BpeMenn. lIpu mogkaodennn K KoH-
TYpPY BHEITHETO CUHYCOWIAJLHOTO MCTOYHHUKA B HEM BO3HUKAIOT KOJIEOAHUs, KOTOPBIE MOYKHO
IPEICTABUTh KaK CyHePIIO3UINIO ABYX CHHYCOU ||| nepBasg — ¢ 9acToToil COGCTBEHHBIX KOeba-
HUI KOHTYpPa U aMILIUTY/I0#, SKCIIOHEHIINAIBHO YOBIBAIOIIE CO BpeMeHeM; BTOpasi — € 4aCTOTO
BHEITHETO MCTOYHUKA W MOCTOSHHOW aMminTy1oil. Co BpeMeHeM cOOCTBEHHBbIE KOJIeDaHUs 3a-
TYXalOT, 1 B KOHTYPe YCTAHABJIMWBAIOTCS BBIHYKJIEHHBIE KOJTeOaHWsA. 3aBUCUMOCTh aMILTUTYIBI
YCTAHOBUBIUXCS KOJEOAHUI OT YaCTOTHI BHEIIHETO CUTHATA HA3BIBACTCH DPE3OHAHCHONW KPU-
Boit. [Ilupuna wekoropoit Beicote (0.707 0T MaKCHMAIbHOMN) dw ONpeIessieT HACKOIBKO OJIH3KO
HEeOOXOIMMO TI0/100PaAThCA K PE30HAHCHON YacToTe Wy, YTOOBI JOCTATOYHO CHJILHO pacKadarhb
KoJieDaHus B KOHTYPE, U HAa3BIBACTCS JIOOPOTHOCTHIO:
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[Tocie aTOr0 HEOOXOAUMO yCTAHOBJIEHHE KOJIeOaHuil, 9TOOB MOHATH, KaK CBA3aHa J00POTHOCTD
KOHTYpa ¢ 3TuM nporeccoM: Hapacranue u 3atyxanue Kosuebanuii (puc. 1) MOXKHO HAGJIIOIATE HA
9KpaHe ocnmuiorpada, ecjiu Ha KOHTYD MOJAIOTCS IyTH — OTPE3KH CUHYCOUIbI, Pa3/Ie/ICHHbIE
HHTEPBAJAMHE, B T€YeHHEe KOTOPHIX CHTHAJ OTCyTCTByeT. Teoperwdecku m3BecTHO, 9TO [1], em
BBITIE JTOOPOTHOCTH, TEM MejIJIeHHee HAPACTAIOT U MeJJIEHHee 3aTyXaloT KoaebaHus B KOHTYPE.
[Tostyunts 3Ha4enue  MoxkHO 1Mo hbopmyaie || (obosHadenus ¢ pucyska 1):

Q=1H+O_Uk (2)

El (UookaJrn)

Boaee Toro, cymectsyer Teoperndeckast hopmyia st JOGPOTHOCTH (PACCMOTPEH MapaJiie/b-
HBII KOJIeOATETbHbI KOHTYD), KOTOpasl CJIeyeT U3 YHEPreTuIecKOro CMbIcaa 1o0poTHocTH: B
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Puc. 1: Hapacranue u 3aTyxanne BbIHYK/IeHHBIX KosebaHU{l TIPH TOJaue IyToB (CHHYCOUIaTb-
Hble CUTHAJIbI, Pa3/ie/ieHHble BpeMeHeM 6e3 CHrHAJA)

SHEPreTUIECKOM CMBICJIE MOOPOTHOCTL () KOJEOATETHHON CHCTeMbl (MEXaHHYeCKOH, JTeKTPU-
9eCKOll, ONTHYECKOH W T. JI.) ONPEJIeIsSeTcss KaK OTHOINEHWe 3alacéHHol B Hell sHeprun Wy K
norepe AW sHeprum 3a Bpems u3MeHeHHs (pa3bl Koaebanusa Ha 1 paguam.
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[Tostydeno Tpu crocoba ompeieenus 1006poTHOCTH (TOi caMoil XapaKTepUCTHKH, KOTOPAs THC-
JIEHHO OIMCHIBACT sIBJIEHUsI 3aTYXaHNUs, Pe30HAHCA KOIeOaHuil ), HeOOXOIUMO TIPAKTHIECKH YCTa-
HOBUTD, IPUBOAAT JIU 3TU CIOCOOBI K OMHHAKOBOMY pe3yabTrary. CoOTBETCTBEHHO, paboTa COCTO-
SI7Ia U3 HECKOJIbKUX IaCTell: TeopeTuIecKuii pacder 1o6poTHOCTH 10 (hopmysie 3, uccieoBanme
PE30HAHCHBIX KPUBBIX W MIPOIECCa HapacTaHWs U 3aTyXaHusi KojgebaHmil.

WccnenoBanne pe30HAHCHBIX KPUBBIX IIPOBEIEHO IIPH MeHEePAIni HePEePBIBHON CHHYCOUIBI,
IpU U3MEHEeHHH YaCTOThI BRIHYXKIAIONINX KOoJIeOaHuil B pa3Hble CTOPOHBI OT PE30HAHCHOIO 3Ha-
yenns. [locTrpoeHa 3aBHCHMOCTD AMILTHTYIB YCTAHOBUBIIUXCS KOJIEOAHW OT 4acTOTHI, U3 Hee
o popmyiie 1 mosrydeHa JJ0O0POTHOCTD.

Saryxanue n HapacTanue Kojebanuit Hab 1A I0Ch TTPU TeHePAIUN IYTOB - MOC/I€I0BATE Th-
HOCTH CHHYCOMIAJbHBIX CUTHAJIOB. B yCI0BHSIX pe30HaHCA, B KOTOPBIX M HUCCJIEI0BAIACH CHCTe-
Ma, 3aTyXaHne KoaebaHuil CHMMEeTPUIHO UX HApPACTAHHIO.

SKCHepI/IMeHTaJIbHa,H YCTaHOBKa

DKCIEePUMEHTAIBHAS YCTAHOBKA TIPUBEIEHA HA pHC. 2.

Konebarenpublit KouTYyp coctout m3 KoHAeHcaTopa C = 0.1 Mk®, KaTymKu ¢ WHIYKTUB-
Hoctbio L = 100 MI'n u Marasuna conporusiennii. g usmepenust 100pOTHOCTH HEOOXOTHMO
dbopMupoBaTh KAK HEIPEPBIBHBIE CHHYCOUIAJIBHBIE CUTHAJBL (€ HOMOIIBIO 3BYKOBOIO I'€HEPATO-
pa), Tak u Iyru (¢ MOMOIILIO TeHEPATOPA IIyTOB).

JInst BU3yaJIbHOTO HAOJIIOEHUS 3 MPOIECCOM KOJebaHmii HATPSAKEeHNe ¢ KOHJIEHCATOpa Mo-
JMaéTcsd Ha BXOJ 3JIeKTPOHHOrO octuuiorpada. Utobsl KapTuHA Ha IKpaHe ObLIa YCTOWIWBOIM,
JACTOTa Pa3BEPTKU OCHUIIOTpada MPUHYIUTETHHO CHUHXPOHU3YETCS C YaCTOTON MOBTOpPEHUs
nyros. Jljig 3roro Ha reHeparop pasBéprku ocuuuiorpada 1oJalTcd Cjejyolie ¢ 4acTo-
TON TMOBTOPEHUSI I[YTOB YIIPABJILAIONIAE UMIY/IbCH, (hopMupyemMbie B HJI0Ke JTEKTPOHHOIO peJte,
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Puc. 2: Cxema 3kcnepuMeHTa bHAsT YCTAHOBKA, /sl UCCJIeI0BAHNUS BBIHYKIEHHBIX KOJIeOaHMIt:
3T - 3ByKOBOiT reneparop ['3-112, ren. myros - reneparop 1yros 43-57, V - Borsr™merp B3-38,
R - marazun conporusienuit MCP-60, L - marasun unaykrusnocreir P567, 90 - ocnuiiorpad
GOS-620, II - nanenn

KJIEMMa «CHHXP.» KOTOPOrO CMOHTHPOBaHa Ha naHeu. JddeKTuBHOe 3HaYeHUe HallpszKeHHe
Ha eMKOocTH C U3MepsieTcs ¢ MOMOIIbIO BOJIHTMETPA.

4. Pe3yabTaThl U UX 00CyXKJIeHUE

[Tpu HempepHIBHOI TeHEpAIMY CHHYCOUT TI0/Ty 9€Ha, PE30HAHCHASI KPUBAs B OTHOCUTEIbHBIX €11~
nunax (puc. 3).

Bun 3aBucnMocTH €X0K ¢ TAOTUIHBIMU MPEJICTABIEHUSIMI PE3OHAHCHOM KPUBOI JIJTs TapaJl-
aeaproro kKourypa |1|. Ha seicore U/U,, = 0.707 Bbiuuciena mupuna rpaduka, paccanTaHa
106poTHOCTE cucTeMbl (110 dopmyne 1). (taba. 1).

Tabmuma 1: 3HadeHne T0OPOTHOCTH CHCTEMBI NMPH PA3IUYHBIX COINPOTHUBJIEHUAX, M3MEpPEHHUsI
METOIOM PE30HAHCHBIX KPUBBIX

R, Om | Q of8)
0 20.29 | 0.88
100 6.25 | 0.43

[Ipu renepanun myr Ha SKpaHe OCHHILIOrpada MOy IeHbl KAPTHHKHY, TOX0XKHUe Ha, puc. 1, oj-
HAKO OHHU He SIBJISIOTCS abCOJIIOTHO HEMOABUKHBIMH, YTO He MO3BOJIMJIO 3amedarieTs ux. Ho u3
H3MepeHHil HEKOTPBIX aMIUIATY KosebaHuil npu HapacTaHuu KosebaHuil (pe3ysbraTbl B IPU-
noxkenun B Taba. 5). Tak kak B pe3oHance (IIpu KOTOPOM M MPOBEJEHO U3MEDEeHNHe) 3aTyXaHue
N HapacCTaHne CUMMETPpUYHBI, HET HeO6XO'JI/IMOCTI/I BbIYUCTATH aMIIJIMTY/Ibl U3 O6OI/IX Y4aCTKOB
rpaduka.

U3 moJrygeHHbIX JAHHBIX M0 hOpMYyJIe 2 pacCUnTaHbl 3HAUYEHUsI J00pOoTHOCTH (TabJI. 2).

ITo dpopmysie 3 paccunTaHo TeopeTrnveckoe 3HaYeHne JOOPOTHOCTH KOHTYpa:
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Puc. 3: Pesonancuas kpubas B orHocuTe/ bHbIX eqununax: U/U,, - OTHOIIEHHE aMILIATYIbl K
PE30HAHCHOMY 3HAYEHUIO, V/Vy, - OTHOIIEHHEe YaCTOTHl K PE30HAHCHOMY 3HAYEHUIO, [T Tapasl-
qenbroro Koutypa C — 0.1 mx®@, L — 100 m['u

Tabnuma 2: 3Havenne 10OPOTHOCTH CHUCTEMBI MPH PA3IUIHBIX CONPOTUBJIEHUSAX, MW3MEDEHUsI
METOJIOM HCCJIeI0BaHNS HapacTaHUsA KOJeOaHuit

R, Om Q oQ
0 2249 | 2.11
100 10.09 | 1.46

Tabuma 3: 3navenue JOOPOTHOCTU CUCTEMBbI TIPU PA3IUIHBIX COITPOTHBICHUSIX, TEOPETHIECKU

pacuder
R, Om Q oQ
0 33.48 | 1.01
100 7.7 0.5
Tabmuua 4: Pesyabrarsl n3aMepenust 100POTHOCTH PA3IMIHBIMU METOIAMU
R, Om Qpeaxpn& QSaTyX. QTGOp.
0 20.29 £ 0.88 | 22.49 4+ 2.11 | 33.48 £ 1.01
100 6.25 £ 0.43 | 10.09 = 1.46 | 7.7 = 0.5

CseseM paccuuTaHHbIe 3HAYEHUs] TOOPOTHOCTH B €IUHYIO TaOJIHUILY 4.

I/IS Ta6JH/HlbI BUAHO, 4TO AaHHBIE HE COBCEM COBIIaAalOT, 9TO MO2KHO O6”bHCHI/ITb METOJNYe-
CKUMH TPOOJeMaMi: Pe30HAHCHOE 3HAUYCHHE YaCTOTHI ONPEEIACTCS He COBCEM TOYHO Py IHbBIM
CHOCO6OM), MO9TOMY TOYKHU Ha PE30HAHCHBIX KPHBBLIX TEPAOT B TOYHOCTHU, elIe YUCJIO TOYEK
HEBEJIUKO, II03TOMY TPY/HO ONPEIeJAATh MIUPUHY PE30OHAHCHOW KPUBOHU HA TOW WJIM MHOH BBICO-



re. Takzke npu Hapacranuu KojgebaHUil aMILTUTY/IbI OIPEIE/ISIOTCS U3 N300ParKeHusl Ha, OCIIHII-
jiorpade, 94To TakzKe A00aB/IgeT NpobJIEeMHOCTH PE3Y/IbTaTY.

5. BpIBOIBI

1. 13 ’KcmepeMeHTAIbHO MOJIYYEHHBIX PEe30HAHCHBIX KPHUBBIX, KOTOPBIE BHJIOM IIOXOXKH HA
TEOPETUICCKH TMPEeICKA3aHHbIe, HAfIeHBl JOOPOTHOCTD CUCTEMBbI, B3 KOTOPBIX 3aMETHA BBICOKO-
n06porHOCTL KOHTYpa (Q < 1).

2. U3 uccnenoBanus HapacTaHus KojebaHuii mpu pe30HAHCHON 9aCTOTe pacCIuTaHa 100pOT-
HOCTH CHCTEMBI ¢ OOJIBbIIel MOTPEITHOCTHIO, HeZKeIN IIePBBIM METOI0M.

3. CpaBHeHNe SKCIIEPUMEHTAJIbHBIX 3HAYEHHH JOOPOTHOCTH M TEOPETHYECKOr'O ee pacdera
OKa3aJl, UYTO pPe3yJbTaThl He COBCeM OJHM3KH JAPYTr K JAPYIY. DTO OObsICHSIETCS HTpobIeMaMu
B MeTo/iKe paboThl: DOJIbIIas YaCTh WU3MEPEHUH 1POBEJIeHa BPYUYHYIO, U3-3a 9ero uX HeDOJIb-
nroe KOJIM4eCTBO M OHM UMEIOT, BO3MOZKHO, HEe J0O KOHIla BEPHbIC 3HAYCHUA. ﬂaHHaH HpO6ﬂeMa
pemaeTcd Tpnu BHEAPEHUN aBTOMATU3alIUN CHATUA JaHHBIX.

Crmcok mcIoJb3yeMoil JJuTepaTyphl

[1] Hukynuu M.T., TTonos I1.B., Hosuk A.A. u np. Jlaboparopubiii npaktukym 1o obeii dbu-
3uke : yueb. mocobme. B Tpex Tomax. T. 2. DIeKTpUIecTBO U Mar€HeTu3mM

IIpunoxxenue

Tabnuma 5: AMIIATY/ B HEKOTOPHIX KOJIEOAHWH MpU HapacTaHUW KOJeOaHWil mpu reHeparun
IyTOB

Ug, mV | Ugsp, mV | Uy, mV | n | R=0 Om
6 28 56 4

5 21 43 4

4 18 37 4

3 12 26 4

2 10 19 4

Ug, mV | Ugsp, mV | Uy, mV | n | R=100 Om
2 5 7 3

3 7 10.5 3

4 10 13 3

5 13 17.5 3

7 18 25 3
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