EnekmponocmayaHHs ma esiekmpoycmamkKyeaHHs

VJIK: 621.31

B.B. Ky3neyo6¢ xano. mexu. HayK
(Yrpauna, [[nenponemposck, Hayuonanonas memannypeuveckasn akademust Ykpaurut)

O BJIMAHUUN TAPMOHHNYECKOI'O COCTABA ITUTAIOIEI'O HAIIPSI)KEHUSA HA
SHEPI'ETUYECKHUE INIOKA3ATEJIN ACUHXPOHHOI'O IBUT'ATEJISI 1 BBIBOP
CPEJICTB JJIs UX TTOBBIINEHU A

BBenenue

HeraTuBHOE BiIMAHHE HEKaueCTBEHHOT'O IMTAIOIIETO HAIPSIKEHHSA HA MOKA3aTeIH 3JIEKTPOMEXAaHHYECKHUX
CHCTeM XOpoIro u3BecTHO [1,2]. B acHHXpOHHOM 3JIEKTPONPHUBO/IC IPH HATMYUN HECHHYCOUIANBHOCTH U (WIIN)
HECHMMETPHUH MHTAIOMIET0 HANPSOKCHUS MOSBISIOTCS IyJTbCAIlI MOMEHTA, Pa3BUBAEMOTO JIBUTATENIEM, TTOBBI-
nraeTcst BUOpanwus, MpUBOAAIIAas K CHIDKEHHIO HaJIeKHOCTH arperata. Kpome Toro, HaGmomaercss yBeqTuueHHe
BHYTPEHHHUX TIOTEPh, YTO OTPHIIATEIIFHO CKA3BIBAETCS HA YHEPTETHUECKUX TOKA3ATENIAX YCTAHOBKH. ACHHXPOH-
HBIC JABHUTATEIH MaJod U cpeaneit MmomrHoctH (10 100 kBT), kak mpaBuiio, paboTarOT B COCTaBE HEPETYIUPYEMO-
TO TIPUBO/IA BCTIOMOTATEIbHBIX MPOU3BOICTBEHHBIX MEXaHU3MOB. Y CTAHOBKA YaCTOTHBIX IIpeoOpa3oBaTeel s
PETYIHNpPOBaHUs UX MPOU3BOAUTEIHLHOCTH, O€3yCIIOBHO, SIBJISCTCS PELIEHUEM IIPOOJIEMbl HEKAYeCTBEHHOCTH ITH-
TAIOIIETO HAIPSHKEHHsI, OJJHAKO B OOJIBIIMHCTBE CIy4aeB OHA YKOHOMHUYECKH HelesiecooOpasHa.

Meky TeM, KOJINYECTBO TAKUX MPHUBOJIOB U J0JIS MOTPEOIsIEeMON MMU SHEPTHH B IIPOIIECCE MPOM3BOACTBA
JIOBOJIBHO BEJIMKH. BeiencTBre 3Toro Mepsl 1o 3HeprocOepekeHNI0 B TAaKMX arperarax, a TeM 0osee He TpeOy-
IOIIHE 3HAYNTENFHBIX MaTePUANBHBIX 3aTpaT, OyAyT IMETh CYIIECTBEHHBI SKOHOMUYIECKHNA A PeKT. YUnThIBa,
yto 'OCT 13109-97 «HopMmbl KadecTBa 3JIEKTPUUECKOW HHEPTHH B CHCTEMax 3JIEKTPOCHAOXKEHHs OO0IIero

11



EnekmponocmayaHHs ma esiekmpoycmamkKy8aHHs

HA3HAUYCHUS» HOPMUPYET KaK MHTErPaIbHBIC TOKA3aTEIM HECUHY COMIANEHOCTH (KO3 (UIMEHT HCKaXKCHHUS TTH-
TAIOMICTO HANPSDKCHHS), TaK U KOI(D(UIIMCHTHI KaXKI0W rapMOHHYECKON cocTaBisomieit [3], To 3anayamu wc-
CIIEZIOBAaHUH CTallM aHAIIN3 BIMSHUS IOCIEIHNAX HAa YHEPTeTUUECKHE IMOKA3aTeNN aCHHXPOHHOTO 3JIEKTPOBHUIa-
TeNs U pa3paboTKa MEPOTIPHUATHHN 110 MX IIOBBIIICHHUIO.

Pe3yabTaTsl Hccjieq0BaHUM

Jns mccnenoBaHus BIMSIHASA HEKAYECTBEHHOTO HANPSHKEHUS MPOBEICHO MOAEINPOBAHUE PaOOTHI IIEKTPO-
JIBUTATENICH ¢ HOMHHAJIBHBIM HampspkeHueMm 380 B B amamaszone mormnoctedt 0,75 — 250 kBT. Mcnons3oBana
Mojens AJl, MOo3BOJIAIONIAs OLEHUBATh YHEPTeTUUECKUE U JUHAMUYECKUE MOKa3aTeN! NPH NPOU3BOIBHO 3aJaH-
HOH (popMe HanpspKeHus muTaHus [4].

B xauecTBe OCHOBHBIX OLICHOYHBIX ITOKa3aTelied KauecTBa padOThl AJIEKTPOABUIATEIISI IPUHSATHI COCTABIIS-
forue noTpebsieMoi MomHocTH (akTHBHas P, peaktuBHas Q u nomnas S), KIIJ, koadduiment mourHocTy,
YPOBHHM IyJbCallUif TOKa cTaTopa U MOMeHTa. [Ipu uccienoBaHUN BIUSHUS BBICIIMX TAPMOHHK 33JaBajloCh MHU-
TaHWe I OJTHOM M3 HUX (BILIOTH 10 15-1) M OCHOBHOH.

JelcTByromee 3Ha4eHUE BBICHIEW FapMOHMKH 33/1aBaloCh Ha YpOBHE 10%-HOr0 HOMHHAIBHOTO
HanpsoKeHust asuratens. [l ymoOcTBa HpPOBEAEHHSI CPaBHUTEIBHOTO AHAIM3a PE3YNbTaThl HCCIECIOBAHHN
MPE/ICTABICHBI B OTHOCUTENBHBIX eqUHUIAX. [Ipu 3ToM 3a 6a30ByI0 BeInumMHy Kaxkaoro mokaszarens (P, Q, S n
T.JI.) IPUHSTHI 3HAYEHHS, COOTBETCTBYIOIINE UICaIbHOMY HaNpsDKEHUIO HTaHus. Ha puc. 1 B kauecTBe mpume-
pa n300pa’keHa TUCTOrpaMMa U3MEHEHHUS HCCIIEAyEMBIX [TapaMeTPOB OT HOMEPA TAPMOHUYECKOH COCTABISIOMECH
JIJIsL IBUTATENsI MOIIHOCTRIO 7,5 KBT.

IIpupamenne
(P.Q.S.AP).
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Puc. 1. I'ncrorpamma u3MeHeHHsI OCHOBHBIX SHepPreTHYeCKHX NMoKa3aTeeil IBUraTes1 MOIIHOCTHIO
7,5 KBT nIpy HAJIMYUM COOTBETCTBYIOLIMX BBICIIMX FAPMOHHK B €ro MUTAHHU

y'—II/ITI)IBaSI, YTO HCCJIICOOBAJINCH ABUIAaTCIIM C COCAUHCHUEM 06MOTOK craTopa B 3BE3AY IpPHU OTCYTCTBUHU
HYJICBOTO MPOBoJa (Kak HauboJiee pacmpOCTPAHSHHBIH CITOCO0 MOAKIOYCHUST 00MOTOK AJ] B MPOMBIIIIJICHHO-
CTH); KpaTHBIE TPEM TapMOHHKH, 00pa3ylone HyJIeBYIO MOCIE0BATEIFHOCTh HANPSDKEHHS, HE BBI3BIBAIN U3-
MEHEHUSI UCCIIEyeMbIX SHEPreTUYEeCKUX MapaMeTpoB, MOCKOJIBKY OHM OTCYTCTBYIOT B CIEKTpax TOKOB. DTO
CBSI3aHO C TEM, YTO JJISl yKa3aHHBIX TApMOHUK HPU OTCYTCTBUHU HYJIEBOrO MPOBOJA HET LEMH AJIsl IPOTEKaHUSI.

B ocTanpHbIX ciyyasx HaJM4Ue B CIEKTPE MUTAIOLIETO HAINPSHKEHUS JOMOJHUTEIBHON TapMOHUKHU MIPUBO-
JUT K POCTY COCTABISIOIIUX MOTPEOIIEMBIX MOIIHOCTEH W CyMMAapHBIX MOTEPh. B MPOIIEHTHOM COOTHOIICHUH
HanOOJBIINI MPUPOCT MPOUCXOAUT TI0 PEAKTHBHON MOIIHOCTH, T.C. IOSBICHUE BBHICIINX TapMOHHK yXY/IIACT
K03 PHUIUEHT MOITHOCTH ABUraTeNsl, KaK 3TO IOKa3aHO HA PUC. 2 JUIS JBUTATEIS TOH e MOIIHOCTH.
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Puc. 2. 'ncrorpamma ko3¢ppuuueHTa MOIHOCTH ABUTaTes 7,5 kBT
NMPHU HATHYUH B MUTAIOLIEM HANPSI’KEHUH COOTBETCTBYIOIIHUX A0NOTHHUTEIbLHBIX TADMOHUK

B 1es0M aHamu3 MOJIYYCHHBIX TaHHBIX MOKA3bIBACT, YTO JJIs JBUrATEICH B HCCIICIyEMOM JHANa30He MOTII-
HOCTEH BIUSHHE BBICIIUX TAPMOHUK CHIDKACTCS C POCTOM HX YaCTOThL. ITO OOBACHICTCS TEM, YTO 0OMOTKA AJ]
SIBJISTIOTCSI €CTECTBEHHBIM WHIYKTHBHBIM (DHIIBTPOM, PEAKTUBHOE COMPOTUBIICHUE KOTOPOTO BO3PACTACT C YaCTO-
Toit. C yBeIMUCHHEM HOMEPA TaPMOHHKH B IHMTAIOIIEM HANPSDKCHUH TPU MOCTOSHCTBE €€ aMIUIMTY.IbI CPEIHE-
KBaJ[paTHYCCKOE 3HAYCHUE TOM K€ TAPMOHHUKHU TOKA MaJacT. DTO CIPaBEIIMBO TAKKe IS MyJIbCAIIUi pa3BUBac-
Moro momeHTa. Ha puc. 3 u300pa)keHbI THCTOrPAaMMbl YKa3aHHBIX MapaMETPOB JJIs JABHraTeIs MOITHOCTHIO
22 xBT.

CpenHereanpaTHdgecroe
3HAYEHIE TapMOHHE
TOKA CTATOpA
o MoMeHTa, Yo
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Puc. 3. I'mcrorpaMMbl H3MEHEHHs CPeJHEKBAAPATHYECKOr0 3HAYeHUSI TADMOHHK TOKA CTATOPA M MOMEHTA,
Pa3BHBaeMOro ABUTraTeeM MOIIHOCTHIO 22 KBT ¢ pocToM HOMepa rapMOHUKH
(B % OT COOTBETCTBYIOIIMX HOMHHAJbHBIX 3HAYEHMIT)

HaubGonee HeratupHOe NEHCTBHE HA 3HEPrETHUECKHE TOKA3aTENN ABUTATENS W MyJIbCallMd MOMEHTa OKa-
3bIBAET Ta )K€ BTOpPasi TAPMOHUKA. JTO CBSI3aHO ¢ AByMs (haktopamu. [lepBblil, Kak yke ObLIIO OTMEUEHO, BBI3BAH
MaJlbIM CONPOTHBICHHEM OOMOTOK apMOHHMKAM TOKAa HU3KOW 4acTOThl. IIpu 3TOM B ciydae NMOCTOSHCTBA aM-
TUIATYABI TOJIsl Y9acTHsl BTOPOM T'apMOHHUKH Bcerna Oyner Ooiblie, 4eM, Harmpumep, dyerBeproid. Cremyromui
(bakTOp CBSI3aH C TEM, YTO COCTABIISIOIINE TOKOB BTOPOIl rapMOHHUKH 00pa3yloT 00paTHYIO MOCIIe0BATEIbHOCTD
¥ TakuM 00pa3oM HETaTUBHO BIMSIOT Ha MOMEHT JBHrarelis. [ apMOHHMKH CEABMOTO IOPS/IKA M BBIIIE HEKOTO-
PBIM 00pa3oM CKa3bIBAIOTCS HA MyJbcalusax MoMeHTa AJl, 0HaKO MPAaKTHYECKH HE BIHSAIOT HAa €r0 SHEPIreTHKY.

13



EnekmponocmayaHHs ma esiekmpoycmamkKyeaHHs

Kpome Toro ycrtanoBneHo, 4TO ¢ pOCTOM HOMHUHAJIbHON MOITHOCTH CHUKAETCS «UyBCTBUTEIBLHOCTHY JBUTATEINS
K BBICIIMM I'apMOHUKaM.

ITo momy4yeHHBIM JaHHBIM NOCTPOCHBI AMMPOKCUMHPYIOIIUE KpHUBHIE (pHC. 4), TOATBEPXKIAAIONINE, ITO C
POCTOM MOIIHOCTH JBUTATENs MPUPALICHUE MOTEPh, 00YCIOBICHHBIX TApMOHHYECKUMH COCTABIISIOINMHE, CHH-
JKaeTcH.
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Puc. 4 AnnpoxcMMHpOBaHHbIe KPHUBbIe CyMMAPHBIX MOTePb OT FTAPMOHMYECKHX COCTABJISIOIINX
B 32aBHCHMOCTH OT MOIIIHOCTH JIBHUIaTeJIs1

Kpowme toro, mis Kaxa0i uccieayeMoi TapMOHUKY OBUIO M3YYEHO BIIMSIHHE €€ HadalabHOU (ha3sl (TIpH mo-
CTOSIHCTBE aMIUIUTY/bl) HAa SHEPreTUYecKHue MoKa3aTeNy U MyJbcallid MoMeHTa. OlHaKo MONTydYeHHOe H3MEHe-
HUE NIOKa3aTeNIed He MPEBBIIIAET JECIAThIX N0JIEH NPOLICHTA JaXke Ul BTOPOl TapMOHUKU. B pe3yibTaTe MOKHO
YTBEPKIATh, UTO HaYaJbHbIC (ha3bl TApMOHHK ITPAKTHYECKH HE BIMSIOT HAa M3MEHEHUE PErHCTPUPYEMBIX IOKa3a-
tener A/l

B Hacrosiiee Bpemsi pa3paboTKy B 00JacTH BbIOOpa pallMOHAILHOTO METO/Ia MOBBIIICHHS KauecTBa MUTa-
IOLLETO HANPSKEHUS U OLEHKE [IapaMeTPOB PEaIM3YIOLIEr0 €ro yCTpOMCTBa BELyTCs B HAIIPABJIICHUAX AKTUBHOM
(ubTpanNy HANPSDKEHUS MITH IPUMEHEHUS! TAaCCUBHBIX PE30HAHCHBIX (DHIIBTPOB.

Tak, akTuBHBIE GUIBTPHI I Tpex(azHbIX MOTpeOUTENeH MpPEeACTaBISIOT COOOH, MO CYTH, aBTOHOMHBIC
UHBEPTOPBI HANPSIKEHHS, B 3BEHE MOCTOSIHHOIO TOKAa KOTOPBIX YCTAHOBIEH KOHJeHcaTop [6]. [IpuHnun neii-
CTBHS TaKOTO YCTPOMCTBA 3aKIFOYAETCs B IEpepacrpeiefieHN HalpsHKeHUH Mekay (azamu 3a cder sHepruw,
HaKaIUIMBaeMOH B 3THX €MKOCTHBIX 3JIeMeHTax. K HECOMHEHHBIM JI0CTOMHCTBAM aKTUBHBIX (DHIIBTPOB OTHOCST-
Csl: BOBMOYKHOCTb aJIaliTallik K pa3inuHbIM (hopMaM KpHUBBIX (pa3HBIX HANPSDKEHUI; HE3aBUCUMOCTh UX paboTo-
CIOCOOHOCTH OT YPOBHS Harpy3KH IoTpeOuTeNneil; KoMIeHcalys Kak HeCHHYCOUIAIbHOCTH, TAK U HECUMMETPHUH
(ha3HBIX HANPSDKEHUIT; BO3MOMXHOCTH MCIIOJIBb30BaHMsI aKTHBHOTO (GHIIBTPaA JUIs KOMIIEHCAIMH NCKa)KeHUH IHTa-
IOIIETr0 HAIPSHKEHUsI OJJHOBPEMEHHO HECKOJIBKUX MOTpeduTeNeit; Koppekuus ko3 GuiurueHta MOIIHOCTH OTpe-
buteneil.

Ha ¢oHe nepeuncieHHbIX HECOMHEHHBIX JIOCTOMHCTB aKTHBHBIX (DMILTPOB, MOXKAaIYH, €MHCTBEHHBIM He-
JIOCTATKOM SIBIISIETCSI MX BBICOKas CTOMMOCTh. [Ipy HE0OXOAMMOCTH KOMIICHCAIIMN 3HAYUTEILHBIX PEaKTHBHBIX
COCTaBJIIONIMX MOLIHOCTH, HallpuMep, BO BpeMs Imycka AJl, cHiIoBBIe KIIFOUHM CJeyeT BBIOMpATh TOTO )K€ T10-
psinka, 9To M oTpeduTeneil. To aAenaet GUIBTPYIOIEee YCTPOHCTBO MO IIEHE COTIOCTaBUMBIM C YaCTOTHBIM Mpe-
obpazoBareneM. A Kak M3BECTHO, MOCJIEJAHUH IMO3BOJISIET HE TOJNBKO IOJHOCTHIO pemarh NpoOJieMbl Hekade-
CTBEHHOTO THTAOLIET0 HANpPSDKEHUs, HO M MPEJOCTaBISIET MacCy JONOJIHUTENbHBIX PEUMYIIECTB, He obecre-
YMBAaEMbIX aKTHBHBIM GuibTpoM. K HUM clielyeT OTHECTH: BO3MOKHOCTH IUIaBHOTO MYCKa C KOHTPOJIUPYEMBIMH
TOKaMH ¥ MOMEHTOM; PETYJIMPOBAHNE CKOPOCTH HMPOM3BOJCTBEHHOI'O MEXaHH3Ma; PEaIH3aIni0 OOPaTHBIX CBS-
3€i U 3aI0UT 110 TEXHOJIOTHYECKUM TIapaMeTpaM U T.JI.

Takum 006pa3om, aKTHBHBIE (IIBTPHI, KaK MPaBHIO, SABISIOTCS SKOHOMHUYECKH HEOOOCHOBAHHBIM pEIIeHU-
eM paccMaTpruBaeMoi poOieMsl. [lepCrieKTHBHBIM HampaBlICHHEM SIBIISIETCSI MHTETpans UX (QYHKIUH B MOIII-
HBIE YaCTOTHBIE IIPeo0pa30BaTeId, MO3BOJSIOMINE PETYINPOBATE CKOPOCTh OJHOTO M3 MEXaHH3MOB U OJHOBpE-
MEHHO OCYLIECTBJIATH KOPPEKLHIO HAIIPSKEHUSI B LIEXOBOM CETH.

K maccuBHBIM QUIBTpaM OTHOCSTCS TOCIeI0BaTeIbHbIE U NapasuienbHble LC-1enouky, HacTpoeHHbIe, KakK
NpaBWJIO, Ha pe3oHaHCc. KpoMe HM3KOHM cTOMMOCTH OHM JOJITOBEYHBI, ()AKTUUECKH HE TPeOyIOT HajlaJIK1, 00cIIy-
JKUBaHUA M peMoHTa. K HemocraTkaM NacCUBHBIX (MIBTPOB CIIEAYET OTHECTH: HEBO3MOXKHOCTH KOPPEKLHMH

14



EnekmponocmayaHHs ma esiekmpoycmamkKyeaHHs

HECUMMETPHH ITUTAIOIIETO HANPSDKEHNUS; HEYCTOHYNBOCTD PE30HAHCHBIX PEKHMOB JUIsl HEKOTOPBIX THUIIOB (PHIIb-
TPOB M3-3a Jpeiida mapameTpoB noTpedHUTENeH.

Jst noBbiteHns 3¢ GEKTHBHOCTH NPUMEHEHNS PACCMaTPHBAEMBIX YCTPOHCTB HEOOXOIMMO HE TOIHKO BBI-
OpaTh THM GUIBTPA U OIPEACTUTH €ro HapaMeTpsl (MHAYKTUBHOCTh U eMKOCTH), KOTOPBIE HAMIYYIINM 00pa3oM
KOPPEKTHPYIOT HANpsDKCHWE Ha BXOAE KOHKpeTHOro AJl, HO M HaWTH KOMIIPOMHCC MEXIYy TEXHHWIECKUMH H
9KOHOMHYECKHMH MTOKA3aTENSIMH TAKOTO PEIICHHS.

Heo6xoaumslii py 3TOM aHAIN3 MPEUIOKEHHBIX MACCHUBHBIX (PUIBTPOB MOXET OBITH BBIMOJIHEH C ITOMO-
mpio pazpaboranHoit Mmogenu A/l [4,5]. Tak kak i GIIBTpaIu rapMOHHAK 00Jiee BRICOKOTO TIOPSIKA LEIeco-
00pa3HO MOBBIIIEHUE MHAYKTUBHOCTH, TO KaXKETCS MPEANOYTHTEIHHO OCIe0BaTeIbHOE BKIIOUEHHE JpOCCe-
neii B nens nutanus A/l. Bonee Toro, npu TakoM NOAKIIOYEHUN 00ECIIEYMBACTCS PE30HAHC HANPSDKEHHUH, U Ta-
KUM 00pa3oM, MUHUMHU3UPYETCS BXOHOE COIPOTHBIICHHUE ISl TOKOB OCHOBHOW YaCTOTHI.

OnHaKo 3TOT PeXHMM He Bcerja ycToluuB. BXon B pe30HaHC BBHI3BIBAET YMEHBLIEHHE PE3YJIbTHPYIOIIETO
CONPOTHUBJICHHS! (PUIBTPOB, U, TAKUM 00pa30oM, YMEHbBIIAET MaJIcHUE HANpsDKEHHs Ha HuX. [loBbleHne Hampsi-
JKEHUS Ha 3a)KMMaX aCHHXPOHHOTO JBHIaTellsl MPUBOJUT K POCTY TOKa CTaTtopa, ¥, COOTBETCTBEHHO, MOMEHTA,
YTO TMPHUBOAUT K M3MEHEHHUIO CKONBXKEHUS. B pe3ynpTare M3MEHSEeTCs pe3yIbTHPYIOIIee KOMIUIEKCHOE CONpPO-
TUBJICHHE KaXI0W (pa3bl M ycloBHs pe3oHaHca HapymaroTcs. Ha puc.5 mpomumocTpupoBaH HMOTyYeHHBIH Ha
MOJIETIH HEYCTOWYIMBBIA PEXXHUM PabOThl aCHHXPOHHOTO JBHTATEINS MPH MOKIIOYEHUH paccMmarpuBaemoro LC-
¢unpTpa.

o, M, ae

~==CKOPOCTh, 0.6
MOMEHT, 0.6,

0.5
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Puc. 5. U3MeHeHnnsi MOMeHTa U ckopocTH A/l mpH MOAKJII0YeHUH nocaeaoBatesHoro LC-gpuabTpa.

Bo3moxxHo, npuMeHenue nocienoBarenbHoro LC-dunbTpa okaxercst onpaBIaHHBIM IS KOMIIEHCAIUU
KPAaTKOBPEMEHHBIX MPOBAIOB NHUTAIOMIETO HAIPSDKEHHS, OJJHAKO 3TOT BONPOC TpeOyeT AOIOIHUTENBHBIX HCCie-
JIOBAHUI.

Kak moxaszaHo BblIe, HAUXY/IIIEE BIMSIHAE HAa SHEpreTHYecKue mokasarennd AJl oka3siBaeT BTopas rapMo-
HHKa MMUTAIOIIET0 HanpspkeHus. [lostomy (ribTpanus nocieaHel B MMTAaHUM ACHHXPOHHBIX ABHUIaTeNeH sIBIIs-
eTcsl HanboJiee IPUOPUTETHOH 3aJadeil. A Ayl ee peueHus LesiecoodpasHo NMpUMeHeHHne napamienbubx LC —
GbuisTpoB (puc. 6), HACTPOSHHEIX Ha pe3oHaHc TokoB npH gactoTe f,=100 I'n. IIpn TakoMm pe3oHaHCe pe3yIbTH-
pylollee conpoTHBIeHUE (GUIBTPOB U BTOPOM TapMOHHMKH CTPEMHTCSI K OECKOHEUHOCTH, pa3MbIKas Ul Hee
AIIEKTPUUYECKYIO LieTb. [103TOMY Takue QUIbTPBI ¥ MOJTYYHIIN Ha3BaHHE «IIPOOKay.

] A

Puc. 6. Moaknouenne napamuieabHsix LC-neneii 115 odecnevyeHus pe3oHanca TokoB Ha yactote 100 I'u.

Kak wu3BecTHO, mr000€ cOYETaHWE WHAYKTUBHOCTEH W EMKOCTEH, YIOBIETBOPSIONIEE YCIOBHIO
2
(2-m-f,)°-L-C=1, obecneunt pesonHanc Toko. OJHAKO MPH ITOM HEOOXOAMMO MPEKIE BCETO YYECTh pe-

3yIbTHPYIOIIEEe KOMIUIEKCHOE CONPOTHBIIEHHE (PHIBTPOB-IPOOOK JJIst OCHOBHOI rapMonuky (50 '), BennunHa
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KOTOPOT'O CYLIECTBEHHO BJIMSET Ha UX 3P PeKTuBHOCTL. KpoMme Toro, HemanoBakHa U CTOMMOCTb HCIIOJIb3YEMBIX
9JIEMEHTOB (PUIBTPYIOLIETO YCTPOUCTBA.

Ha puc. 7 moka3aHo M3MEHEHHE KOMIUIEKCHOTO COMPOTHBICHUS (PUIBTpa-IPOOKH IPH Pa3IHIHBIX 3HAUE-
HUSAX eMKocTh B amamna3zoHe | Mk®-10 Mm®. MHIyKTHBHOCTH TIPH 3TOM BBIOMpaNach M3 yCJIOBHSA pe30HAHCA Ha
gacrore 100 I'm. I'padukm mpencraBnensl B norapudmuaeckom macmrabe. CompoTHBIEHHE TAKOTO (GHIBTpa
UL BTOPOH TapMOHHKH CTPEMUTCS K OECKOHEYHOCTH U TIO3TOMY Ha PHUCYHKE HE ITOKa3aHO.

Z.Om
1107,
15107 was 150 Hz
' mmm 250 Hz
L0? +++ 350 Hz
500
0 C.Do
10 ® 10 1ot 1 ¥ 001

Puc. 7. 3aBucuMocTb pe3yIbTHPYIOLIET0 COMPOTUBJIEHUS PUIBTPA-TIPOOKH
OT BeJTHYMHBI HCIIOJIb3yEeMOii B HEM eMKOCTH

AHanu3 NMpecTaBICHHBIX TPaHKOB CBHICTEIBCTBYET, YTO C POCTOM EMKOCTH CONPOTHUBIICHHE PACCMaTpH-
BaeMoro (GpuiIbTpa ObICTpO nanaet. [yt TpeThell TapMOHUKH OHO BCET/Ia BBIIIE, YEM JUIs IEpBOM (OCHOBHOIA), 4TO
SBJISIETCS TOJIOKUTENbHBIM (hakTopoM. B nanbHeiimeM, ¢ pocTOM 4acTOThI FapMOHHMKH COIPOTHBIIECHHE (HIIb-
Tpa-npoOku noHmwkaercs. OYeBUIHO, YTO MPUMEHEHHE (UIBTPOB CO BXOAHBIM COIPOTHBIICHUEM MOPSIKA COTEH
OM Ha OCHOBHOM YacTOTE HEJOITyCTUMO M3-3a 3HAYUTEIHHOTO MaJeHNs HalpsDKeHUs Ha HUX. [loaToMy HbkHElR
TpaHulleil eMKOCTH SIBJISIFOTCS 3HadeHus: okojio 100 MxdD (10'4 @), mpu KOTOPOM €ro BXOJHOE COMPOTHUBICHUE
coctaiser eauHuLbl OM. BepxHsis rpaHuia A0/DKHA onpeaeisaThest 3G (HeKTHBHOCThIO (GUIbTPa MO WHTETrPajb-
HBIM SKOHOMHYECKUM KpuUTepusM. Eciam BHIOpaTh €MKOCTh B JOMYCTHMOM JHATIA30HE 1#10*+0.01 ®, 10 HH-
JTYKTUBHOCTBH OyneT MpuHUMaTh 3HaueHHs 25 - 0.5 MI'H, a pe3ynbTHpyOliee CONpOTUBICHNE QHUIBTPOB IPH
stoM cocTtaBut 10 - 0.1 Om.

O¢ddexkTnBHOCTS MPUMEHEHUS BHIOMPAaEMBIX TaKUM 00pa3oM (QIIBTPOB-IPOOOK OBLIA TPOBEpEHA MTyTEM
MozenupoBanus. Ha puc. 8 mokasansl rpadMKu HanpspDKEHUS 10 M Tociie (GMIIBTPOB JUIA CIydasi, KOT/ia B TIHTA-
IOIIeM HamnpsDKeHUH IpeoOianaeT BTopas rapmoHuka. Kak BuaHO popMa KpuBOH (ha3HOTO HaNpsDKEHHS B AaH-
HOM cJjlyuyae BbIpaBHUBAeTCs. [Ipy 3TOM CIeKTp TOKa crtaropa ¢ GUIbTpOM U 6e3 Hero npuHuMaet BuJ (puc.9)
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Puc. 8. ®a3noe Hanpsizkenue 10 (1) u nmocie (2) napaaieabHOro GpuabTpa-npooKu
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Puc. 9. CnexTp Toka ctaTopa npu nutanuu A/l 6e3 ¢puabTpos (a) M npu NpuMeHeHNH QUIBTPOB-NPOGOK (6).

Amnamus MNPpUBCACHHOI'O CIICKTPAJIBHOTO COCTaBa MPU NPUMCHCHUN (1)I/IJ'IBTpOB—Hp06OK, HACTPOCHHBIX Ha pe-
3oHaHc 100 FI_[, CBUACTCIILCTBYCT O HPAKTUYCCKHU IMOJHOM NOAABJICHHUU BTOpOﬁ 1 BCCX I'AapMOHUK CBBIIIC ECA-
TOTO NOPAAKA.

BriBobI

1. [Ipu Hanuuuu B uTaHuu AJ] JOMOTHUTENBHBIX TAPMOHKK OOJIBIIE BCETO U3MEHSIETCS YPOBEHb OTPEO-
JISIEMO# peakTHBHOM MOITHOCTH (TagaeT K03 GUIIUEHT MOIITHOCTH).

2. C pocToM HOMEpa rapMOHHUKH €€ JeHCTBUE Ha BCE YHEPreTUUYECKHE MOKa3aTeIn U yPOBEHb MyJIbCAIUi
MOMEHTA YMEHBIIIAETCSI. DTO CBA3aHO C POCTOM HHIYKTUBHOTO CONPOTHBICHHS 0OMOTOK AJl MpH MOBBINICHUH
YaCTOTHI TAPMOHUKH.

3. Haubosee HeraTHBHOE BO3JICHCTBHE HA YHEPTETHKY M MyJbcalliil MoMeHTa AJl Ooka3bIBaeT BTOpas rap-
MOHUKA.

4. HauanpHas ¢a3a rapMOHUKH IPAKTHUSCKU HE BIMSCT Ha Tokazatenu AJl.

5. C pocToM HOMHHAJIHHON MOITHOCTH JIBUTATENS CHUKACTCS €r0 YyBCTBUTEIBHOCTh K HAJIMYUIO B HATIPSI-
JKCHHUU TTUTAHUSI BHICITUX TAPMOHHUK.

6. ComocTaBieHUE M3BECTHBIX CIIOCOOOB (PHIIBTPAIMKA HEKAUYECTBEHHOTO MUTAOIIETO HAIPSIKEHHS CBHUJIC-
TEJIBCTBYET O IEIeCO00Pa3HOCTH MPUMEHEHUS TACCUBHBIX (PUIBTPOB—IIPOOOK, HACTPOCHHBIX HA PE30HAHCHYIO
gactoTy 100 I'1, Tak Kak OHYM TIO3BOJISIIOT MPAKTUYECKHU MOJHOCTHIO TOJIABUTH BTOPYIO TAPMOHUKY, UTO CIIOCO0-
CTBYET IMOBBIIICHUIO YHEPIeTUUCCKUX MOKa3aTeell 3JIEKTPONPUBOIOB U 3()h(HEKTUBHOCTH arperaTos, B COCTaBe
KOTOPBIX OHH paboTaloT.

YkazaHHBIE 00CTOSATEIECTBA OIPEACIAIOT IPHOPUTETH UCCIICAOBAHUA B 001acTH 3HEProd3(pPeKTHBHOCTH
ACHHXPOHHBIX JIBUTATENIeH, pabOTAIOMINX B YCIOBUAX HEKAYeCTBCHHOro MUTaHUsA. O4eBHIHO, YTO HEOOXOAUMO
MOJABIISATH BTOPYIO TAPMOHKKY TOKa CTaTopa. DTO CYIIECTBEHHO YIYYIINT dHEepreThdeckue mokazatenud AJl u
CHH3UT MYJbCAIIUN MOMEHTA. TakKe CIIeAyeT YYUTHIBATh MOBHIICHHOE BIMSAHAE HEKAYECTBEHHOTO MUTAOIIETO
HaNpsDKeHUST Ha DHEPTeTHKY IBUTaTelell Mamoi MomHocTH. CyMMapHash MONIHOCTbB, MOTpediseMas TaKuMHU
JIBUTATEISIMU, TIPEBHIIIACT MOITHOCTh OOJBIINX arperaToB, a 3HAYNT, HAIMYHE BBHICITUX TAPMOHUK B IHTAIOMICH
CETH IPUBOIUT K MOBBIIICHHBIM TOTEPSM UMEHHO B 3THUX JBHUrATEIISIX.
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