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1. AmnHOTAIIMA

B pabore ucciiefoBanbl BeIHY K /I€HHbIE KOJIEOAHHS B 3JIEKTPUIECKOM KOHTYpe, paccauTaHa, 100-
POTHOCTH KOHTYpa PasjMIHbIMU criocobamMu. V3mepeHus npoBejieHbl HA HapaJlieIbHOM KOJie-
OaTeJIbHOM KOHTYPE € BBIHYKIAIONIEH CHJIOH, MEHSMIOMEeNRcs TapMOHUYECKH HEIPEePbIBHO HJIH
B ¢opMe IyroB. Beruuciaenbl TeopeTuvdeckoe 3HaUeHUE JOOPOTHOCTH, JOOPOTHOCTD IPU H3Me-
PEHHMH IIAPUHBI PE30HAHCHONW KPUBOIl, 3HaYeHWE IPU KMCCJIEJ0BAHMU HapacTaHUs KOJieOaHuii.
PaccunTtanubie 3Ha4YeHnsT HE COBCEM MJIEHTHIHBI, ITPEJTI0KEHbI CIIOCOObI YJIYUIIEeHUA Pe3y/ibTa-
TOB.

2. Bsenenme

CoBceM HECJIOXKHO TIPEJICTABUTH OOBIYHBIE JIETCKUE Kadeu. B 3aBUCHMOCTH OT UX CTPOEHUS,
KaKne-To OBLIO JIETKO PacKadarhb, /sl KAKUX-TO TpeboBasmch ycuiausg. Ho econ HAYaTh JBH-
raThCs C ONPeIeIeHHON JacTOTOi, TO Kavue/ i ObICTPO HAYMHAIOT KOJIe0aThCs ¢ DOIBIITON aMILIN-
tynoit. Ho, K coxkajeHmnio, ecu mepecTarh ABUTATHCS, TO Uepe3 HEKOTOPOe BpeMs KOJIeOaHmsd
CTaHyT coBceM HeOObIIUME. IloX0XkKMe siBJIeHMsT HAOIIONAIOTCSI U B 3JIEKTPUIECKHUX MEMHsIX, CO-
CTOAIIAX U3 KATYIIEK, Pe3UCTOPOB, KOHICHCATOPOB. VIHTEpeCcHO, MOXKHO JIH IHCJIEHHO OMUCATH
91 3P@EKTH ¢ TOMOIIBIO OHON KAKOH-TO Beimanabl ! OTBETY HA 9TOT BOMPOC U HADIIOICHUIO
BBITIEONNCAHHBIX ABJICHUI B 3JIEKTPUIECKOI MENN TMOCBIIIEeHa PadoTa.

3. Metoauka naMepeHuii

BBoagnas gacTthb

«Packaukoii» 371eKTpUYecKoil e Ha3bIBAIOT BBIHYK/IeHHbIe KoJiebanus, B paboTe paccMoTpe-
HA BBIHYKJIAIONAS CUJIa, TAPMOHUYECKN MEHSIONasAcsd BO BpeMenu. [Ipu mojkaouennn K KOH-
TYPY BHEIIHEr0 CHHYCOHJIAJIHLHOIO UCTOYHUKA B HEM BO3HUKAIOT KoJieOaHHs, KOTOPBIE MOXKHO
IPEJICTABUTD KAK CYHEePIIO3UIUIO JBYX CHHYCOU ||| mepBasg — ¢ 9acToToil cOGCTBEHHBIX KOleha-
HUIl KOHTYPa U aMILIATYI0|, SKCIIOHEHIIMAIbHO yOBIBAIOIIEH CO BpeMeHeM; BTopast — C 4aCTOTOM
BHEITHET0 MCTOYHUKA U MOCTOsIHHOW amriuTynoit. Co BpeMeHeM cOOCTBEHHBbIE KOJjie0aHUs 3a-
TYXalOT, 1 B KOHTYPe YCTAHAB/IUBAIOTCS BBIHYKIEHHBIE KOJae0anwsa. 3aBUCUMOCTh AMILIUTY/ IBI
YCTAHOBUBIIUXCA KOJI€OAHMUI OT YacTOTHl BHEIIHErO0 CUTHAJIA HA3bIBAETCH PE30HAHCHONW KpH-
soit. [ITupuna wekoropoit Beicote (0.707 0T MaKCUMATIBHON) dw OMpeIesisieT HACKOIBKO OJIH3KO
HEOOXOIMMO TOA00PAThCA K PE30HAHCHON YacToTe wy, YTOOBI JTOCTATOYHO CHJIHHO PACKAYIATD
KojiebaHusI B KOHTYDEe, H Ha3bIBAETCs JOOPOTHOCTHIO:
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ITocsie aTOrO0 HEOOXOMMO PACCMOTPETH YCTAHOBJIEHUE KOJIeOaHUi, YTOOBI MOHSTH, KaK CBsI-
3aHa JIOOPOTHOCTH KOHTYpa ¢ 3THM nponeccom: Hapacranue u 3aryxanuwe xosebanuii (puc. 1)
MOKHO HaOJI0IATH Ha KpaHe OCHUILIOrpada, €cJu Ha KOHTYP MOJAIOTCA IYTH — OTPE3KH CH-
HYCOUIBI, PA3JeJIEHHBIC MHTEPBAJAMHE, B TCYCHHE KOTOPBIX CUTHAJ OTCYTCTBYeT. TeopeTnueckn
M3BECTHO, 41O [1], 4em BbIle 106POTHOCTD, TEM Me/|JIeHHEee HAPACTAIOT U MEJJIEHHEe 3aTyXAI0T
Kosebanus B KOHType. [loayunrs 3Hadenue (Q MoxHO 110 dopmyie [1]| (obosnavenns ¢ pucyHKa
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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)

BoJiee Toro, cytectByer Teoperudeckast hopmysia st JOGPOTHOCTH (PACcCMOTPeH HapaJiie/ib-
HBIl KOJIeOATETHbHBI KOHTYD), KOTOpasl CJIeyeT U3 YHEPreTuIecKoro CMbicaa 1o6poTHocTr: B
SHEPTeTUIECKOM CMBICJIE NOOGPOTHOCTL () KOMEOATETHHOU CHCTeMbl (MEXaHMYECKOH, TeKTPU-
YeCKOU, ONTUYECKON 1 T. ;L.) olpe/iesisieTCs KaK OTHOIIEeHHWe 3anacéHHoil B Heil sneprum Wy K
norepe AW »snHepruu 3a BpeMmsa n3MeHenus (aswl kogebanus Ha 1 paanas.
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OcHoBHadg 4acCTh

[Tosryueno Tpu crniocoba ompeieenns J00pOTHOCTH (TOil caMoil XapaKTePUCTUKU, KOTOPAsT HC-
JIEHHO OIMCHIBACT sIBJICHUsI 3aTyXaHNUs, PE30HAHCA KOIebaHuil), HEOOXO MO IIPAKTHIECKH YCTa-
HOBUTH, IPUBOIAT JIU 3TH CIIOCOOBI K OMMHAKOBOMY pe3yabrary. CooTBeTCTBEHHO, paboTa COCTO-
sJla U3 HECKOJIbKHMX dacTeil: TeopeTudecKuil pacuer JOOPOTHOCTH 10 (popMyJie 3, UCCaeJOBAHKE
PE30HAHCHBIX KPHUBBIX U IIPOIECCa HAPACTAHUS U 3aTyXaHUs KOJIeOaHMiA.

WccnenoBanne pe30HAHCHBIX KPUBBIX TPOBEIEHO IIPH MeHePAINN HePEePHIBHON CUHYCOUIBI,
PU U3MEHEHUH YaCTOTHI BBIHYZKJIAIONUX KOJIeOaHuil B pa3Hble CTOPOHBI OT PE30HAHCHOIO 3Ha-
YEeHU . HOCTpOGHa 3aBUCUMOCTD aMIJIMTYAbl YCTAaHOBUBIINXCA KOﬂe6aHHfI OT 9aCTOTBI, U3 HEe
o ¢dopmysie 1 mogydera J00POTHOCTD.

BaryxaHue U HapacTaHue Kojiebanuit HabJIIoIAI0Ch IPU MeHePAIUH I[YTOB - HOCJIeI0BATE b
HOCTH CHHYCOMJIAJIbHBIX CHTHAJIOB. B yCI0BHSX pe30HAHCA, B KOTOPBIX M UCCJIEI0BATIACH CHCTE-
Ma, 3aTyXaHue KoJeOaHuil CHMMETPUYHO X HAPACTAHHIO.

SKCHepI/IMeHTaJIbHaH YCTaHOBKaA

g reHepanyuy CUTHAJIOB U BBIYHCIEHUS JOOPOTHOCTH DA3HBIMHU MeTOJAMH COOpDaHa IKCIePH-
MEHTA/IbHAsL YCTAHOBKA (puc. 2. )

Konebarenbubiit kouTyp coctosin u3 kougeHcaropa C = 0.1 mx®, kaTymku ¢ WHIYKTUB-
Hoctbio L = 100 mI'n u marazuna conporus/ennii. J[jis namepenus J00pOTHOCTH HEOOXOTUMO
66110 (DOPMHUPOBATH KAK HEMPEPHIBHbIE CHHYCOUIATbHBIE CUTHAIBL (¢ TIOMOIIBIO 3BYKOBOTO Te-
HepaTopa), Tak U IyTH (¢ MOMOIILI0 TeHEPATOPA ILyTOB).

it BU3yaJIbHOI'O HAOJIIOJEHUS 3 HPOIECCOM KOJIeOaHUNl HAlPsizKeHUe ¢ KOHJIEHCATOPa 110-
JIAaHO HA BXOJ, JIEKTPOHHOTO ocrmiorpada. Yrobsl kapTuHa HA dKpaHe ObLIa yCTOWIHBOIL,
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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

4acTOTa Pa3BEPTKU OCHUIOrpada NPUHYIUTEJTHHO CHHXPOHU3MPOBAJIACH ¢ YACTOTOH TMOBTO-
penusd 1yros. /Lng 3Toro Ha remepaTop pa3BEPTKU OCHHJLIOrpada IMOJABAJIUCH CJIEIYIONIHE C
JaCTOTOH MOBTOPEHUs IYTOB YIIPABJSMIONIAE UMIIYJILCHI, (hOpMUpYEMBbIe B OJI0Ke 3JIeKTPOHHOIO
pesie, KJIeMMa «CHHXP.» KOTOPOr0 CMOHTHPOBAaHA Ha maHe u. D¢pMeKTUBHOE 3HAUECHNE HAIPsI-
JKeHne Ha eMKocTH C M3MepeHo ¢ MOMOIIBIO BOJIBTMETPA.

4. Pe3yabTaThl 1 UX 00Cy2XKJI€eHUE

[Ipu HenpepbIBHOI reHepaIuu CHHYCOU/T IOy Y€HA PE30HAHCHAS KPUBAs B OTHOCUTE/IHHBIX €11~
nnmax (puc. 3).

Bu 3aBucHMOCTH CX0K ¢ TAOJUYHBIME ITPEICTABICHUAMEI PE30HAHCHO KPUBOM JIjId TapaJi-
nenapHoro Kourypa [1|. Ha seicore U/U,, = 0.707 Boiuuciiena mupuHa rpaduka, paccanTaHa
J106porHocTb cucrempl (110 dhopmyde 1). (tabu. 1).

Tabauna 1: 3HadyeHne TOOPOTHOCTU CHCTEMBI MPH PA3IUUHBIX CONPOTUBICHUSX, U3MEPEHHS
METOAOM PE30HaHCHBIX KPHBBIX

R, Owm Q oQ
0 20.3 1 0.9
100 6.3 | 0.4

[Ipu reneparuu myr Ha 3KpaHe ocHH/IOrpada MOIyUYeHbl KAPTUHKH, MOXO0XKHe Ha PHUc. 1,
OJHAKO OHHU He abCOJIIOTHO HEMOIBHMKHBI [IJIsT KAMEPHI, YTO He MO3BOJMIO 3aledaraerh ux. Ho
M3MepeHbl 3HAYeHUs] HEKOTOPBIX AMIIUTY L KOJIeOaHui HpU HapacTaHuu KoJebaHuii (pe3ysibra-
THl B mpuioxkeHnn B Taba. 5). Tak Kak B pe3oHaHce (MPH KOTOPOM M HPOBEJEHO M3MEPEHWHe )
3aTyXaHue U HapaCTaHue CUMMETPUYHbI, HET H€O6XO,Z[I/IMOCTI/I BBIYTUCJIATH aMIIJIUTYAbI U3 O6OI/IX
Y4aCcTKOB I'paduKa.
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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

U3 mosrydeHHBIX JaHHBIX 110 hopMyJie 2 paccanTaHbl 3HAYeHHsI 00poTHOCTH (TabJI. 2).

Tabauna 2: 3Hadyenue JOOPOTHOCTH CHCTEMBI IPH PA3JUIHBIX COINPOTUBJICHHUSAX, U3MEPEHHS
METOJIOM KMCCJIe/IOBAHKS] HapacTaHusl KoJieDaHuii

R, Om Q oQ
0 22521
100 10.1 | 1.5

ITo dopmyse 3 paccuuTano TeopeTudeckoe 3HaUeHHE JOOPOTHOCTH KOHTYpa:

Tabuna 3: 3nadenue J00POTHOCTH CUCTEMBI IIPU PA3JIUYHBIX COITPOTUBICHUSX, TEOPETUIECKHI

pacueT
R, Om Q oQ
0 33.5 | 1.0
100 7.7 105

CresieHbl paccanTaHHBIE 3HAYEHUST JTOOPOTHOCTU B €IMHYIO TaOIUILY 4.

Tabsmna 4: Pezyjibrarsl uamepenus J00POTHOCTU PA3JIMYHBIMU METO/IaMU

R, Om Qpe3.KpI/IB. QSaTyX. QTeOp.
0 203 £09|2254+£21|335+1.0
100 6.3+04 [101+15|7.740.5




I/IS Ta6JH/IHbI BUAHO, 4TO AaHHBIE HE COBCEM COBIIaAalOT, 9TO MO2KHO O6”bHCHI/ITb METOJHUYe-
CKUMH TPOOJeMaMi: Pe30HAHCHOE 3HAUCHHE YaCTOTHI OLPEEIACTCS He COBCEM TOYHO Py IHbBIM
CHOCO6OM), MO9TOMY TOYKHU Ha PE30HAHCHBIX KPHBBLIX TEPAOT B TOYHOCTU; elle YUCJIO TOYEK
HEBEJIUKO, II03TOMY TPY/HO OIPEACJAATh MIUPUHY PE30HAHCHOW KPUBOHM HA TON WJIM MHOH BBICO-
te. Takzke npu HapacTaHUU KOJeOAHUN aMILTUTYIBI ONPEJeIIIOTCd U3 N300pakeHus Ha, OCIUI-
sgorpade, 9To TakzKe J00aBIsseT NPOodJIeMHOCTH Pe3yIbTaTy.

5. BrniBoabl

1. I3 ’xcmepeMeHTAIbHO MOJTYYeHHBIX PE30HAHCHBIX KPUBBIX, KOTOPBIE BHJIOM IIOXOXKH HA
TEOPETUIeCKH IpeICKa3aHHbIe, HaifieHbl JOOPOTHOCTD CUCTEMBI, B3 KOTOPBIX 3aMETHA BBICOKO-
J06pOTHOCTH KOHTYPa (Q > 1).

2. U3 uccnenoBanuns Hapacranus Kojebanuii npu pe30HAHCHON 4acTOTe paccuauTana 100poT-
HOCTDb CUCTEMBI ¢ OOJIBINEl MOrPEITHOCTHIO, HEYKEJIH IIePBBLIM METOJIOM.

3. CpaBHeHWe HKCITEPUMEHTAIbHBIX 3HAYEHUN JOOPOTHOCTH M TEOPETHYECKOTO ee pacdera
OKa3aJl, YTO pPe3yJIbTAaThl He COBCeM OJM3KH JPYr K JAPYIY. DTO 00bsACHAETCS HTPobIeMaMu
B MeTOJuKe paboThl: GOJIbIIAs YaCTh M3MEPEHU MpoBeJIeHa BPYUHYIO, M3-33 9ero X HeOOJIb-
Hroe KOJIM4eCTBO U OHM MMEIOT, BO3MO2KHO, HE JO KOHIQ BEPHbIC 3HAYCHUI. ﬂaHHaH HpO6ﬂeMa
pemaeTcd Ipu BHEAPEHNH aBTOMATU3allU CHATHA JaHHbIX.

Cumcok mcIoJb3yeMoil JIuTepaTyphbl

[1] Hukynuu M.T., TTonos I1.B., Hosuk A.A. u jap. JlaBopaTopHblii mpakTuKyM™ 110 obrmeii dhu-
3uke : yued. nmocobue. B Tpex Tomax. T. 2. DjieKTpuuecTBo U MarLeTu3m

ITpnaoxenne

Tabmua 5: AMIIMTY/ b HEKOTOPBIX KOJIe0aHWH NpU HapacTaHuu KoJebaHwuil npu reHepanun

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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