Ilpocmuie ycmpoiicmea ceo600n0il IHep2uu

B cBoGoaHOM 3HEPIrMM HET HUYEro BoNWeBHOro u nog «CBOOOOHON SHeEpPr1en» g NnogpasyMeBatlo HeYTo,
npounssoasLlee BbIXOAHY 3Hepruto 6e3 HeobxoanMoCcTM MCnonb3oBaTh TONMMBO, KOTOPOE Bbl AOIIKHbI
KynuTb.

I'naea 31: Ilpoekmut /lonanvoa JIu Cmuma

Honanbg Jln Cmut (Donald Lee Smith) ymep Heckonbko net Hasag. OH M3BecTeH CBOMMU MOLLHBIMU Y
CcBOOOAHBIMU UCTOYHMKAMM 3Heprun. B NHTepHeTe eCcTb HECKONBKO BUAEO, NOKa3bIBaKOLWMX HEKOTOPbIE
n3 ero nekumn. OH NoAroToBWi oavH OOKYyMeHT B cdopmaTte PDF, KOTOpbI MOkasaH B KOHLE 3TOW
rnasbl, n B Mae 2004 roga emy Obin BbldaH 0auH naTeHT. [JoH YETKO 3a8BuUN B O4HOM 13 CBOUX NEKUUNA,
YTO OH HMKOrga He packpbiBasn NOSHbIX AeTanen CBoMxX 3aMbICrioB. TeM He MeHee, [1oH roBOpuUT, YTO OH
pacKkpblBaeT JOCTATOYHO, YTOObI KTO-TO, MMEIOLLUIA OMNbIT pabdoThl B pagno4acTOTHON SNEKTPOHNKE, MOT
BbIBECTM BELUM, KOTOpPblE OH HE packpbliBaeT U Takmm obpasom co3gaTb YCTPOWCTBO LS CBOErO
CoBCTBEHHOrO MCMNonb3oBaHUA. Ecnu aT1o Tak, To ntobon, KTo nNpeycnen B 3ToOM, BNOCNEACTBMM Monyan
00 3TOM (4TO ObIfI0 BbI MOHATHO).

[loH co3gan kak MMHUMYM COPOK BOCEMb PasfMYHbIX YCTPOMCTB, KOTOPbIE YepnarT 3HEepPrui U3 Toro,
yto [loH npeanoyMTaeT HasbiBaTb «(OHOM OKpyxatllen cpedbl». Ero yctponctea cnocobHsbl
BblAdaBaTb KUNOBATTbl U30bITOYHOM 3HEPrMUM U B GOSbLUMHCTBE CIyYaeB OHWU He TPebyHT HMKaKoW
BXOOHOW 3HEpPrum, KoTopasi AoMmkHa ObiTb NpegoCcTaBreHa nonb3oBaTenem.

Pa6ota [JoHa HeynoBumMa 1 e€ Henerko Bocnpomnssectn. OHa OCHOBaHa Ha MpuHUMME, YTO BbIXOOHas
MOLLHOCTb Lenn yBENUUMBAETCA C KBAApPaTOM 4acTOThl U KBAgpaTOM HamnpsbkeHusi. Takum obpasom,
€Ccnn yABOWTb 4acToTy M yABOWUTb HanpshkeHue, TO BbIXOOAHAS MOLLHOCTb BO3pacTeT U CTaHeT B
wecTtHaguatb pa3 6Gonbwe. B pesynbtate 3TOro B Hambonee W3BECTHOM KOHCTpyKuuu [oHa
NCMNonb3yeTcsa Cxema HeOHOBOro TpaHccopmaTtopa, KoTopas NoBbilaeT YyacTtoTy npumepHo go 35 000
LUMKMOB B CEKyHAY M MnoBblwaeT HanpsbkeHue o yposHs oT 2000 BonbT go 12 000 BonbT, YTO AaeT
BbIXOOHYIO MOLLHOCTb, KOTOpas hn3n4eckn AOBONLHO Marna, U BCe e OHa MMeeT BbIXOOHYI MOLLHOCTb
160 kBT (8000 B npu 20 A) ot Bxoga 12 B 1 A To ecTb BbIxogHasi MOLLHOCTb boree 4eM B TpUHagUaThb
ThICSIY pa3 NpeBLILIAET BXOAHY MOLLUHOCTb. Kak cnegcreme, ero 3aMbicribl ONacHbl U MOTYT YOUTb
Bac MrHOBEHHO. [pyrumu crnoBamu, €ro npoeKTbl nNpeaHas3HadeHbl TOMbKO ANs  ONbITHbIX
paspabotunkoB. [loxanywucrta, uMenTe B BUAY, YTO HanpsXXeHUA 30eCb U CBA3aHHble C HUMMU
YPOBHU MOLLHOCTU OYKBaribHO CMepTeSibHbl U BMOJSIHE CNOCOOHbLI YOUTbL NOOGOro, KTo HeGpexHo
obpaljaeTca ¢ yCTPpOMCTBOM, Korga OHO Bknw4eHo. Korga pennukaumsi 3Toro ycTpomcTBa
roToBa Ans NoBCeAHEeBHOro UCNOJfib30BaHUA, OHa AOJKHA ObITb 3aKnto4YeHa B 060M0UKY, YTOObI
HUKTO HE CMOT KOCHYTbLCSH HA OQHOroO U3 BbICOKOBOJIbTHbIX COeAMHEHUN. DTO He NpeanoxeHue,
a obfAsaTtenbHoe TpeboOBaHME, HECMOTPA Ha TOT (pakT, YTO KOMMOHEHTbl, MOKa3aHHble Ha
c¢oTorpachunax, pasmeweHbl TaKUM 06pa3oM, 4YTO ObINo OblI Haubornee onacHo, ecnu O6bl cxema
Oblna BKNYeHa B TOM Buae, B KAKOM OHa ecTb. Hu npu Kaknx obcrosiTenbcTBax He co3gaBanTe
M He NPOBepPsANTe 3Ty CXeMy, eCli1 Bbl YXKe He UMeeTe OMNbITa UCMONb30BaHUA BbICOKOBOJIbTHbIX
uenem UM He MOXeTe HaxoAuTbCSA Nog HabniogeHMeM Koro-nmbéo, KToO MMeeT OnbIT B 3TOM
obnactn. dTa cxema TMNa «of4Ha pykKa B KapMaHe» M K HelM HYXHO Bcerga OTHOCUTBLCA C
6OJIbLION OCTOPOXHOCTLIO U YBaXXeHUEM, MO3TOMY OyaAbTe GraropasyMHbl.
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OoH CmuT cumtan ceba camoyykon. [JOH roBOpUT, YTO €ro MOHUMaHWE McXoauT M3 paboTbl Hukonbl
Tecnbl, 3anncaHHon B kKHUre Tomaca K. MapTtuHa «1300peTeHust, ccrneaoBaHust U COMMHEHNA Hnkonbl
Tecnbl» unn Thomas C. Martin "The Inventions, Researches, and Writings of Nikola Tesla" ISBN 0-
7873-0582-0. 3Ty KHUrYy MOXHO ckadaTtb C http://www.free-energy-info.com/TeslaBook.pdf kak PDF-
dann.

[oH yTBepxxgaeT, YTO OH MOBTOPUN KaXAbl U3 SKCMEPUMEHTOB, HaWAEHHbIX B KHUre 1 3TO dano eMy
NOHWUMaHWe TOro, YTO OH NpeanoYMTaeT HasblBaTb «(POHOBOW SHEPrMen oKpyXxatLlen cpeabl», KoTopas
Takke Ha3blBaeTCHA «3HEepreTMyeckMm nosieM HyneBoWm Toukumy». [JOH oTMe4aeT, YTO OH NMpPOABWUHYNCS
panbwe 4yem Tecna B atonm obrnactn, OT4acTM M3-3a AOCTYMHbLIX €My YCTPOWCTB KoTopble Oblnn
HedoCTynHbI Koraa Tecna Gbin XuB.

[oH noagyepkvBaeT [fOBa KMNo4YeBblX MOMeHTa. Bo-nepBbix, OUMNONb MOXeET BbI3BaTb MNOMEXU B
MarHUTHON COCTaBNsOLLEN «OKpyKatoLlero ooHa» un 3ToT AncbanaHc nos3sonsieT cobupatb 6onblioe
KONMMYECTBO 9NEKTPOSHEPrMn C UCMOSMb30BAHMEM KOHOEHCATOPOB W KaTylweK WHAYKTUBHOCTU
(vHAaykTOpPOB). BO-BTOPBIX, Bl MOXETE MOMYYUTb CTOSIbKO MOLLHbIX 3MEKTPUYECKUX BbIXOOO0B, CKOMbKO
3axX0TUTE U3 OOHOIO0 MarHUTHOMO BO3MYLLEHMWS, NPUYEM He Ocnabnsas MarHUTHOE BO3MYLLEHWE KaKUM-
nmbo obpasoM. ITO MNO3BOMSAET 3HAYUTENBHO YBENUYUTb BbIXOAHYH MOLLUHOCTb, MO CPaBHEHMIO C
Manon MOLLHOCTbO HEeOOXOAMMOW AN CO34aHWs MarHUTHOrO BO3MYyLLEHUdA. JTO TO, YTO co3gaer
«KoappmumeHT npomssogmntensHocTU»> 1 yctponctea n [JOH cosgan noyTu NATbAECAT pasfiyHbIX
YCTPOMNCTB Ha OCHOBE 3TOr0 MOHUMaHUS.

XOTs1 OHM ygansTcs AOBOMbHO 4YacTo, eCTb OQHO BUAEO, KOTOPOE ONpedenéHHO CTOMT MOCMOTPETD,
ecnu OHO BCE eLle Tam. OHo pacnonoXeHo no agpecy:
http://www.metacafe.com/watch/2820531/don_smith_free energy/ n 6eino 3anucaHo B 2006 rogy. OHO
OXBaTblBaeT MHoOroe m3 TOoro, 4Yto cgenan [oH. B Buaeo ynomuHaetca Beb-canT [loHa, HO Bbl
obHapyxute, 4To OH 6bIN 3axBayveH komnaHuen Big Oil, koTopasa HanonHuna ero 6e306UaHbLIMM,
MOXOXMMW MO 3BYYaHUIO BELLAMU, HE NMEIOLLUMU HUKAKOro 3Ha4YeHUs U 04eBUOHO, NpeaHa3HayYeHHbIMK
Ans Toro, YtoObl COUTL C TONKY HOBUYKOB, ULLYLLMX MHAOpMaLNIo 0 npoekTax [JoHa.

HblHewHaga cutyaumna B 2019 rogy TakoBa, YTO Masno KTO MOMHOCTbIO NMOHUMAaET 3ambicrbl [JoHa (U S
cam rnonarn B 3Ty KaTeropuio), BbICOKOBOJSIbTHbIE KOMMOHEHTbI AOPOrK U UX TPYAHO HaWTWU, a BbICOKME
HanpshkeHnsa onacHbl. OgHaKO Mbl paCCMOTPUM TPU U3 €r0 MHOTOYMCIIEHHBLIX 3aMbICIIOB U NOMbITAEMCS
NMOHATb MX KaK MOXHO ny4ylie. HayHem € ero sanaTteHTOBaHHOMO Au3anHa:

MaTteHT NL 02000035, 20 mas 2004 roga. ABTop: AoHanbA Jin Cmut

TEHEPATOP TPAHC®OPMATOPA MATHUTHOI'O PESOHAHCA B 3JIEKTPO3SHEPI'MIO

PE3IOME

HacTtoswee n3obpeteHne 0THOCUTCA K YCTPOWCTBY U CNOCOBY 3NEeKTPOMarHMTHOro AUnonsi, B KOTOPOM
noTepsiHHas usnyvyaemas aHeprus npeobpasyeTcs B MOMe3Hy aHepruio. [unonb ucnonb3yembi B
AHTEHHbIX CUCTEMax, aganTMpPOBaH AN WUCNOMb30BaHWUS C KOHOEHCATOPHbIMUM MSlaCTUHAMU TakuMm
obpa3om, 4TO KOMMOHEHT Toka XeBucamga (Heaviside Current Component) cTaHOBMTCA MOME3HbIM
NCTOYHUKOM 3NEKTPUYECKOWN SHEPTUMN.

OMNMUCAHUE

TexHU4Yeckas obnacTb:

[daHHoe wn3obpeTeHne OTHOCUTCA K HarpyXeHHbIM AWNOMbHBbIM @HTEHHbIM CUCTEMaM U UX
9NEeKTPOMarHUTHOMY  u3nyyeHuto. [lpyu  wncnonb3oBaHMM B KavyecTBe  TpaHcdopmatopa C
COOTBETCTBYIOLLEN CUCTeMON cbopa SHeprum OH CTaHOBMTCHA TpaHcopmaTopom / reHepaTtopoMm.
N306peTeHne cobupaeT n npeobpasyeT 3HEpruto, KoTopasi U3rNy4yaeTcss U pacxogyeTcsa OOblYHbIMU
YCTPONCTBaAMM.
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PoHOBOE UCKYCCTBO:

Mownck B MexayHapoaHou nateHTHon 6ase AaHHbIX N0 6IM3KOPOACTBEHHBIM METOA4AM HE BbISIBUIIO
KaKoro-rnmbo YpOBHSI TEXHUKW, 3aMHTEPECOBAHHOIO B COXPaHEHUN U3ny4yaeMbliX U NOTEPSHHbIX
MarHMTHbIX BOJTH B KQ4YECTBE NOSIE3HON SHEPTUN.

PACKPbITUE UBOBPETEHUSA

N306peTeHne npencrtaBnseTr coboM HOBbIM U MONE3HbLIN yX04 OT KOHCTPYKUUKM TpaHcopmaTopHOro
reHepaTopa, Tak YTO M3nyyaemas W MNoTpavyeHHas MarHUTHas 3Heprus npesBpallaeTcs B MOMe3Hyko
ANEKTPUYECKYI0 3Hepruto. MayccmeTpbl MNOKasbiBalT, 4YTO Bonbluas 4acTb SHEPrMM OT OBbIYHbIX
3MIEKTPOMArHUTHbIX YCTPOWCTB u3ny4daeTcss B (DOHOBbIN pexum u TepsieTca. B cnyvyae o0O6bIYHbIX
TpaHCOPMAaTOPHbLIX rEHepaTopoB paguKkanbHoe U3MeHeHue U3NYeckon KOHCTpyKUun obecneunsBaeT
Nyywmnin gOCTyn K OOCTYMHOW 3Heprnu. YCTaHOBMEHO, YTO CO3fgaHMe AMnons M BCTaBka NNacTuH
KoHOeHcaTopa noA MNpsMbIM YrMOM K MOTOKY TOKa MO3BOMSET MarHUTHbIM BOSIHAM MpeBpaLlaThbCs
0o6paTHO B MONE3HYI JNEKTPUYECKYIO (KYNOHOBCKYO unu coulombs) aHepruio. MarHWTHblE BOMHbI,
npoxogslune yepes nnactuHbl KOHAEHcaTopa He paspyLlarTcs U AOCTUMraeTcs nosiHoe BO3AencTBue
AOCTYNHOW 3Heprun. MOXHO MCnonb3oBaTb OAWH WM CTONbKO HAGOPOB MMacTMH KOHAEeHcaTopa,
CKOMnbko Heobxogmmo. Kaxabii Habop co3gaeT TOYHYHK KOMUIKO MOJTHOW cunbl U 3dpdpekTa sHepruum,
MPUCYTCTBYIOLLEN B MarHUTHbIX BOSHaX. WCXOOHbIM UCTOYHWK HEe ucyeprnaH, Kak 9TO MPOUCXOAUT B
06bIYHbIX TPaHcopMaTopax.

KPATKOE ONMMCAHUE PUCYHKOB

[vnonb nog npsiMbIM Yriiom NMO3BOMAET OKPY)KaloLeMy ero MarHUTHOMY NMOTOKY nepecekaTtb NnacTuHy
KOHZEeHcaTopa UM NracTuHbl nog NPsiMbIM yrioM. MpucyTcTByIoLIME 3NEKTPOHBI BpalLalTcst Tak, YTo
3neKTpuyeckas COCTaBrisIlOLLAs KaXOoro 3NeKTpoHa cobupaeTcss nracTMHamMu  KoHpeHcaTtopa.
CyLLeCTBEHHBIMW YacTIMU SIBMAIOTCA HXKHBIA U CEBEPHbIA KOMMOHEHTLI akTMBHOMO Aunons. MNpumepsl,
NpeacTaBneHHble 30eCb, CYLUECTBYIT Kak MOMHOCTbIO  (PYHKUMOHAmNbHbIEe MNPOTOTUMBLI U Bbinu
CKOHCTPYMPOBaHbI MHXXEHEPOM M MOJIHOCTbIO MPOTECTUPOBaHbI B MCNONb30BaHUM n3obpeTatenem. B
KaXKOoM U3 TPEX NPMMEPOB, NMoKasaHHbIX Ha YepTexax, UCNOMb3yTCA COOTBETCTBYIOLLME AeTanu.
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Fig.1 is a View of the Method, where N is the North and
S is the South component of the Dipole.

3p0ecb 1 obo3HayaeT AuMMNoNb C €ro CEeBEePHOW W HXKHOW COCTaBASWMMWU. 2 - pe30oHaHCHas
BbICOKOBOMbTHAas WHOYKUMOHHASA KaTyllika. 3 YyKasblBaeT MOMNOXeHUe MU3fyvYeHUs 3reKTpoMarHUTHOM
BOMHbI OT AUnNons. 4 ykasbiBaeT NOMoXeHne U HanpaBieHne NOToKa COOTBETCTBYIOLLIEN COCTaBMSAIOLLEN
Toka XeBucanga (Heaviside) noToka SHepruu, BbI3BAHHOIO WMHAOYKLMOHHOW KaTywwkon 2. 5 asnsietca
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AV3NEeKTPUYECKUM cenapaTopom Anst obknagok koHaeHcatopa 7. 6 Ons uenein 3Toro 4eprtexa
yKasblBaeT BUPTyanbHbI Npeaen ans obbema sHeprv 3neKTpoMarHMTHON BOSIHbI.

LOAD |17

Fig.2 umeet aBe yactu; A n B.

Ha Fig.2A 1 - aT0 0oTBEpCTME B NNacTUHaxX KOHAEeHcATopa, Yepes KOTOpoe BCTaBMeH Aunonb, a Ha Fig.
2B - 9TO gunonb C ero CeBepHbIM M HXKHLIM MONiocamu. 2 npeacTaBnseTr cobon pe3oHaHCHYH
BbICOKOBOSIbTHYI0 WMHOYKLUMOHHYIO KaTyLIKy, OKpyxawwy 4actb gunona 1. [Ouanekrtpuyeckun
cenapatop 5 npeacrtaBnsdet cobon TOHKUI NUCT NNacTuka, NOMELLEHHbIN MeXay ABYMs nnactuHamu 7
KOHOeHcaTopa, Npu4eM BEPXHAS NracTUHA BbINOMHEHa U3 antoMUHUS, a HWXKHAS NracTuHa - u3 meau.
Brnok 8 - 310 akkyMynsaTopHas cuctema rnyobokoro uMkna, nurarollas MHBepTop 9 NOCTOSHHOIO TOKa,
KoTopbiii BbipabaTbiBaeT 120 BonbT npu 60 My (HanpsbkeHWe n 4yactoTa ceTeBoro nutaHusa B CLUA,
o4yeBMaHO, YTOo MHBepTOop 240 B 1 50 Iy MOXHO MCNoONb3oBaTb 34€Cb TaK Xe nerko), KOTopbIn
ncrnonb3yeTca Ons nutaHue nwboro obopydoBaHusi, KOTOpPOe OOMKHO MNpPUBOAUTBCA B AENCTBUE
ycTponctBoM. CcbiniodHbii HOMep 10 NpocTO ykasbiBaeT Ha coeauHuTenbHble nposoga. briok 11
npenctaesnseTr coboi  BbICOKOBOMbTHOE reHepupylowee YCTPOMCTBO, Takoe Kak HEOHOBLIN
TpaHcdopmaTop, C ero KoneonioWNMCs MICTOYHMKOM MUTaHKS.

N

Fig.3 aBnsieTca gokasaTenbCTBOM OCHOBHOINO YCTPOWCTBA C UCMOSb30BAHWEM MNNA3MEHHOW TPyOkM B
KayecTBe akTMBHOro aunons. Ha aTtom 4epTexe S5 npeactaBneH AWANEKTPUYECKUA pasgenuTenb
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NNacTUKOBbLIX JIMCTOB ABYX NMacTMH 7 KOHAEeHcaTopa, NpuyeM BepXHAS nnacTuHa BbINOSMIHEHA W3
anlMUHUA, a HWKHAS nnactuHa u3 megu. CoeguHuUTenbHble MpoBoda MMeT Mapkuposky 10, a
nnasmeHHas Tpybka - 15. NnasmeHHasa Tpyba nmeeT AnuHy YeTbipe dyTa (1,22 M) 1 WeCTb AONMOB
(100 mm) B gnameTtpe. BbICOKOBOMbTHLIA MCTOYHWUK 3HEPrun Ofs akTUBHOMO MrasmMeHHOoro Aunorns
0003HayeH umdpor 16 n Ha HEM NokasaHa kopobka 17 pa3beMOB, KOTopas SABNSETCA YOOOHbIM
CcnocoboM noaKNIYeHNs K NracTMHam KoHaeHcaTopa npy NpoBeAeHMN UCNbITaHUI Ha YCTPOWUCTBE.

Fig.4 nokasbiBaeT NpoTOTUN NPOUN3BOAUTENS, CKOHCTPYMPOBAHHbLIN U NOSTHOCTLIO NPOTECTUPOBAHHbLIN. 1
npeacraenaeT cobon MeTannMyYeckuii OUNOSbHbIA CTEPXKEHb, @ 2 - PE30HAHCHYH BbICOKOBOSIbTHYHO
WHOYKUMOHHYIO KaTyLKy, COeaAnHeHHylo Yepe3 npoeoda 10 ¢ 6rnokom 17 pasbemoB, 4YTo obreryaet
NoAKNIYEHNE €€ BbICOKOBOSIbTHOIO WUCTOYHMKA nuTaHuma. 3axumbl 18 yaepXmBalT BEPXHUN Kpan
naketa KoHAeHcaTopoB Ha MecTe, a 19 - 3T0 onopHasa NnuMTa C OMNOPHLIMWU KPOHLUTEMHAMU, KOTOpble
yOEPXMBaAOT BCE YCTpPOMCTBO Ha MecTe. 20 npenctaBnsieT cobon Kopryc, KOTOpbIA COOEpPXUT
nnacTuHbl KOHAEeHcaTopa, a 21 npedcTtaBnseT cobon TO4YKy, B KOTOPOW BbIXOAHAA MOLLHOCTb OT
nnacTuH KoHOeHcaTopa OTBOAUTCA M NodaeTcs Ha UHBEPTOP MOCTOAHHOIO TOKa.

ny4Lwun cnocob OCYLLECTBNEHUA NU3OBPETEHUSA

N306peTeHne nNpuMeEHMMO K IoObIM M BCEM TpeOOBaHUAM K 3NeKTpU4eckon aHeprun. Hebonblion
pasmep M BbicOkasi 3PPEKTUBHOCTb AeNalT €ero npuBrekaTerbHbIM BapuaHTOM, OCODOEeHHO Anis
oTAaneHHbIX panoHOB, AOMOB, OPUCHBLIX 3O4aHUIA, dabpuK, TOProBbiX LIEHTPOB, OOLLECTBEHHLIX MECT,
TpaHCnopTa, CUCTEM BOAOCHAGXEHMS, 3NEeKTpOonoe3no., nogok, kopabnen n «Bcex Bewen, 6onbLmx n
Manbix». CTpouTenbHble MaTepuanbl obLenoCTyNHbl U NSl co34aHnsl YCTPoncTBa TpebytoTca nuLb
YMEpPEHHbIE HaBbIKU.

SAABIEHUA
1. NanyyaeMblii MarHUTHBbIN NOTOK OT AMMONS, KOr4a OH NepexeaTbiBaeTcsl nnacTMHamy KoHAeHcaTopa
noa NpsiMbIM YrioM, NpeBpaLlaeTcs B NOMe3Hy 3MeKTPUYECKY0 SHEPTUIO.

2. YcrtpomctBo KM cnocob npeobpasoBaHMsas ONS  MUCMNOMb30BaHMSA, Kak MpaBuo MOTEPSAHHON
3NEKTPOMAarHUTHOW SHEPruun.

3. Ovnonb B wn306peTeHun npenctaBnseT coGoil noboe pe3oHVpylolllee BELEeCTBO, Takoe Kak
MeTannuyeckne CTEPXHM, KaTyLLKM U Nna3MeHHble TPyOKu, KOTopble MMEIT B3avMOAeNCcTByoLLmne
NOMOXUTENbHbIE Y OTPULATENbHbLIE KOMMOHEHTbI.

4. Pe3yrnbTUpYOLLMIA KOMMOHEHT TOKa XeBucanaa 3aMeHaeTCs None3Hom aNeKTpuy4eckon aHepruen.
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OTOT NaTeHT He Pa3bsCHSET, YTO YCTPOMCTBO OOSMKHO ObITb HACTPOEHO M YTO HAacTpoOKKa CBsi3aHa C ero
dusnyeckum MecrtononoxeHnem Ha 3emne. HacTpowka OyaeT OCywWecTBRAATbLCA MNyTeM nogauu
BXOAHOMo curHana nepeMeHHoOn 4acToThl HA HEOHOBbLIN TpaHCOpMaTop U PErySIMPOBKMA 3TON BXOLHOM
4acTOThl, YTOObI NOMYYUTb MAKCUMAarbHYO BbIXOOHYIO MOLLUHOCTb.

BtopeiMm ©n3 paccmatpuBaemMblix [OHOM YCTPOWCTB SABMNSETCS €ro HacTofbHbIA reHepaTop O4YeHb
BblCOKOM MowHocTtn. [lo cytn, 9TO0 cuctema KaTywek Tecrna W MNO3TOMY HOPManbHbIN
3NEeKTPOMarHUTHbIN 3ppekT OTHOLWEHMA yucna BUTKOB KaTywkn HE onpepensier adypekt mexay
KaTywkamn. [leMOHCTpauMOHHOE YCTPONCTBO BbIrMSAANT Tak:

310 yCTpOVICTBO HE CaMad NpocTasa Bellb B MUpe and noHNMaHu4. BoTt cxema:

CHUCTEMA JNEKTPOIHEPTETWKW

Pezonalc coXpaHAeTCA, KOTLA BMOAHLIR MOCT
HACTPOEH C A003aBNEHHLIM KOHABHCATOPOM W
pe3uCTopouM

; leneparop 60 Iy,

Ga xaTywka c pezoHaHCHOW
6 u 7 pezonanc y MHAYKTHBHO-NOBEPHYTON TpeTbel KaTywkoi

COXpaHAeTcA
[ 5‘; i

+
Yucran mHAyKUMA \
) 1AN
- i1 . .
] & YHCThIA MHAYKUMOHHBIA
+ o TpaHcthopuaTop
2 v L = |13 =
- + T
2B — 14
JapameHHBIA ) 14
KOHOEHCATOP 16

MepeMeHHBIR pezucTop AnA
NoAAEPHKAHHA FHENAEHMOTD
HanpAMeHHA

BapucTop anAa nogaep:aHua
HENaeMoro HanpaxKeHus

BeposiTHO, CTOUT YNOMSIHYTb HEKOTOPbIE U3 OCHOBHbIX MOMEHTOB, KOTOpPbIE, NO-BMAMMOMY, AenaeT [1oH
CMUT. 3aecb AenaeTcsl HECKOMbKO OYEHb BaXKHbIX 3aMeYaHUn U UX NMOHUMaHUE MOXET CYLLECTBEHHO
MOBNUSATL Ha Hally CMOCOOHOCTb 3a4eCTBOBATb M3ObITOYHYHO SHEPIUIO, AOCTYMHYHO B HalLel MeCcTHOM
cpene. CToUT OTMETUTb YeTbipe MOMEHTA:

1. HanpsixxeHune
2. YacroTa
3. MarHnTHO-351eKTPNYECKMEe OTHOLLEHUS
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4. Pe3oHaHC

1. HanpsikeHune Mbl CKMOHHbI paccMaTpuBaTb BEWW C  KUHTYUTMBHbIM» B3rMNS40M, OObIYHO
OCHOBaHHbIM Ha [OBOSbHO MPOCTbLIX NOHATMAX. Hanpumep, Mbl aBTOMaTU4EeCKM AyMaeM, YTO NOAHSTb
TSDKENbIA NpeaMeT CIoXHee, YeM NodHATb nerkuin. Hackonbko crioxHee? Hy, ecnn oH BOBOe Tsxeree,
TO, BEPOATHO NoHagobutca BaBoe Gonblue yeunumn, Ytobbl NOAHATL €ro. ATa TOYKa 3PEeHUs OCHOBaHa
Ha Hallem OonbiTe Bellen, KOTopble Mbl Aenann B MNPOLLMOM, a He Ha Kakux-nnbo mMatemaTU4ecKmnx
pacyeTax unu gopmynax.

Hy, a kak HacyeT nynbcauun 3MEeKTPOHHOW CUCTEMbI HanpsbkeHnem? Kak noenusieT BbIXOAHas
MOLLHOCTb CUCTEMbI Ha YBEnUYeHMe HanpsbkeHna? Hawa nepBoHavanbHas peakuust «u3 pykaBa»
MOXET 3aKro4aTbCsl B TOM, YTO BbIXOAHAs MOLLHOCTb MOXET ObiTb HEMHOIO YBENIMYEHA, HO 3aTeMm
NOAOXAUTE ... Mbl TOMbKO YTO BCMOMHWUAW, 4YTO BT = BomnbT X Amnep, nosToMy ecnu Bbl yaBOUTE
HanpskeHne, TO Bbl YABOUTE MOLLHOCTb B BaTTax. [103TOMy Mbl MOXEM COrfacuTbCA C TEM, YTO ecnu
yABOWUTb HanpsiKeHUe, TO Mbl MOXXEM yABOUTb BbIXOAHYK MOLWHOCTb. Ecnin 6bl Mbl Tak gymanu, Mbl Obl
Oblnn Henpaesbl.

[loH CMUT OTMeYaeT 4YTO, MOCKOSIbKY KOHAEHCATOPbl M KaTyWKX HakannuMBalT SHEPruo, ecriv OHu
y4acTBYIOT B LEnW, TO BbIXOAHAsi MOLLHOCTb MponopuMoHanbHa KBagpaTy UCMoNb3yemoro
HanpskeHusi. YOBoWTe HanpsikeHne 1 BbiXxoOQHas MOLHOCTL B YeTbipe pasa Bbille. Vicnonb3ayiite B Tpu
pasa 6Gornblue HanpsPKeHUs!, a BbIXOAHAs MOLLHOCTb B AEBSATb pa3 Bbilwe. Vcnonb3yite B AecsATb pas
Gorblue HanpsiXeHWs1, a BbIXOAHAst MOLWHOCTb B CTO pa3 GonbLue!

ANekKTpO3HepruA
201

10+

0 | } I — HanpsaxeHue
4

[oH roBopuT, YTO 3anacéHHas 3Heprusi, yMHOXeHHasi Ha KONMWYEeCTBO LMKIOB B CEKyHAY, SBMsieTcs
SHeprven nepekaynBaemMon cuctemoin. KoHaeHcaTopbl WM KaTyLKW WMHOYKTUBHOCTU  (MHAYKTOPbI)
BPEMEHHO HaKanmMBatoT 3NEKTPOHbI Y UX NPOU3BOAUTENBHOCTL ONPEeAENseTcs:

KoHpeHcaTopHasi popmyna: W = 0.5 x C x V2 x Hz rpe:

W - aHeprus B [xoynsx (dxoynsx = BonbT x AMnep X cekyHn)
C - émkocTb B apagax

V HanpsikeHue

Hz - KonnyecTBO UMKNOB B CEKYHAY

dopmyna katywku: W = 0.5 x L x A>x Hz rge:

W - aHepruna B gxoynsx

L - MHOYKTUBHOCTb B reHpu

A ToK B amnepax

Hz - yacToTa B uMKnax B cekyHay
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Bbl 3ameTuTe, 4YTO TaMm, rae 3a4ecTBOBaHbI KaTyLIKWM UHAYKTUBHOCTU (MHOYKTOPbI), BbIXOAHAs
MOLLHOCTb BO3pacTaeT C KBaapaToM Toka. YABOEHME HaMNpsikeHWs U yABOEHUE ToKa AaloT B YeTblpe
pa3a GonbLUYH BbIXOAHYIO MOLLHOCTb M3-3a NOBbLILUEHHOIO HAMPSPKEHMUS], a yBENMYEHNE BbIXOLHOM
MOLLHOCTW YBENMYMBaETCS eLé B YeTblpe pasa 13-3a YBeNM4YeHHOro Toka, YTo B LWecTHaauaTh pas
yBENMYMBaET BbIXOAHY MOLLHOCTb.

2. Yactota. V3 npuBeneHHbIX Bbiwe OpPMyn Bbl 3aMeTUTe, YTO BbIXOAHAs MOLLHOCTb MNPSIMO
nponopumoHanbHa 4YactoTe "lU". YacTtoTa - 3T0 YMCMO LUMKIOB B CEKYHAY (MNU MMMNYNbCOB B CEKYHAY),
nofaBaembIX Ha cxemy. OTO TO, YTO He ABNAETCA MHTYUTUBHO MOHATHBIM ANnA GonbLUMHCTBA nogen.
Ecnu Bbl yaBouTe 4acToTy nynbcaunn, Bbl YABOUTE BbIXOOHYH MOLLUHOCTbL. Korga aTo NpoucxoauT, Bbl
BHe3anHo noHnmaete, nodemy Hukona Tecna ncnonb3oBan MUNIMOHbBI BOSMbT Y MUSISTMOHbBI MMMYNbCOB
B CEKyHAy.

OpHako [oH CmuT yTBEpXAaeT 4To, Koraa Lenb HaxoauTcs B TOYKE pe3oHaHca, COnpoTMBREHWEe B
uenu nagaeTt OO Hynsi U CXema CTaHOBUTCS 3(P(EKTUBHO CBEPXMPOBOAHUKOM. OHEprusi Ansi Takow
CUCTEMbI KOTOPas HAaXoAWUTCS B Pe30HaHCe:

Pe3oHaHCHbIN koHTyp: W = 0.5 x C x V2 x (Hz)? rge:

W - 3Heprusi B oKoynsax

C - emkocTb B Papagax

V HanpsixkeHune

Hz - KonnyecTBO UMKNOB B CEKYHAY

Ecnu 310 npaBunbHO, TO NOBbILLEHNE YacTOTbl B PE3OHUPYIOLLEN LiIeNM OKa3biBaeT OrpOMHOE BRMsiHUE
Ha BbIXOAHYH MOLLHOCTb YCTpoWcTBa. Torga BO3HMKAET BOMPOC: MOYeMy MOLLUHOCTb ceTu B EBpone
COCTaBNsIeT BCEro NATbAECAT LUMKIOB B CeKyHAY, a B AMepuKe - LWecTbAeCST LMKIOB B cekyHay? Ecnu
MOLLHOCTb YBENWYMBAETCHA C 4YacTOTOW, TO noyemy Obl HE KOPMWUTb [OMOXO3SINCTBA MUIINIMOHAMMU
UMKNoB B cekyHay? OpHa M3 OCHOBHbIX MPUYMH 3aKio4vaeTcs B TOM, YTO HENerko WU3roToBUTb
3neKTpoABuUraTenu, KoTopble MOryT NMPUMBOAUTLCS B OEWCTBME C MOLLHOCTbIO, MOA4ABAEeMON Ha 3ToMn
yactoTe, NO3TOMY BblGMpaeTca Gonee noaxodsllas 4yacToTa, YTOObl MoaxoauTb ANA OBuraTenen B
nblniecocax, CTMpanbHbIX MaWwmnHax U ApyroM 6bITOBOM 060pya0BaHNN.

TeM He MeHee, ecnn Mbl XOTUM U3BMNEYb SQHEPINo N3 0|<py>|<a+ou_|,e|7| cpeabl, TO Mbl OOJIKHbI NonTK Ha
BbICOKO€E HanpsdaxeHune 1 BbICOKYIO YaCTOTYy. 3arem, Korga BbICOKaA MOLLHOCTb Oblna n3BreyeHa, ecnm
Mbl XOTUM WCMNONb30BaTb HU3KYKD 4YacToTy, noaxogdallyro ana aneKTpo,u,eraTeneVl, Mbl MOXEM
nynbCNpoBaThb yXe 3axBa4eHHYH MOLWHOCTb Ha 3TOW HM3KOWM YacToTe.

MoXHO NpeanonoXmTb, YTO €CNU YCTPOUCTBO paboTaeT C peskMMu umnyrbcamu, KOTopble MMelT
OYeHb pEe3KOo HapacTawwWmin nepegHUn POHT, TO 3apeKkTMBHaA 4YacToTa MMMYNbCOB haKTUYECKM
onpefensaeTcs CKOPOCTbI 3TOro0 HapacTawLlero poHTa, a He CKOPOCTbIO, C KOTOPOW UMMYNbCbl Ha
camMoM fJere reHepupyeTca. Hanpumep, ecnu nmnynsCbl reHepupyoTcs, ckaxem, Ha vactote 50 kI,
HO MMMYIbCbl UMEKT NepPeaHni OPOHT, KOTOPLIN NOAXOAUT ANa nocnegoBaTenbHOCTM nmnynscos 200
KU, TOrga ycTpoOMCTBO BMOMHE MOXET BOCNPUHUMATL curHan kak curHan 200 kMy ¢ 25% OTHolwweHnem
Touka /MpoctpaHcTBo (Mark/Space ratio), 0co6eHHO BHE3amHOCTb MPUIIOKEHHOTO HamnpshKeHUs,
nmetoLas a¢ppekT MarHMTHOrO LoKa, 3KBUBANEHTHbIM nocnegosaTenbHOCTU umMnynbcos 200 K.

3. MarHuTHO-3neKTpuyeckne OTHOLWeHUA. [OoH yTBepxaaeT 4YTO MpuyMHa, NO KOTOPOW Haluum
HblHELLHWE  3HEepProcUCTEMbl  HACTONMbKO  Hed(EKTUBHbI, 3aknyaeTcs B TOM, YTO  Mbl
KOHLEHTPUPYEMCHA Ha 3MeKTPU4EeCKOW COCTaBndaoLllen anekTpomarHeTmsma. OTU cucTeMbl Bcerga
numetoT Kl <1, nOCKOMbKY 3MeKTPUYECTBO - 3TO «NOTEPU» 3MEKTPOMArHUTHON aHeprun. Bmecto aToro,
€Cnn  Bbl CKOHLEHTpUpyeTeCb Ha MarHUTHOM KOMMOHEHTE, TO HEeT HUKaKUX OrpaHuYeHun Ha
3NEKTPUYECKYID MOLLHOCTb, KOTOpas MOXeT OblTb M3BNeYeHa W3 3TOr0 MarHMTHOrO KOMMOHEHTA.
Bonpekn oxungaHusim, ecnu Bbl YCTAHOBUTE CUCTEMY AATYMKOB, KOTOPAs M3BMEKaeT 3NEKTPUYECKYIo
3HEpPruio U3 MarHUTHOIO KOMMOHEHTA, Bbl MOXETe YCTaHOBUTb Noboe KONNMYeCcTBO APYrMX OEHTUYHbIX
0aTYMKOB, KaXabld W3 KOTOPbIX W3BMEKaeT OOUHAKOBOE KOMUYECTBO 3NEKTPUYECKOM 3Heprum us
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MarHMTHoro Bxoda, 6e3 Harpy3kKu MarHUTHOMW BOJSIHbl  HUKOUM o6pa30M. Heorpan-leHHa;l
aneKkTpunyeckasa MOLWHOCTb MO «CTOMMOCTU» CcOo3daHNA eaANHOro MarHMTHOro 3(*)(*)9KT8.

MarHuTHbIN abdekT, KOTOPbIN Mbl XOTUM CO34aTh, ABMASETCA Nynbcaunen B HyNeBOM 3HepreTM4ecKom
none v B mgearne Mbl XOTUM co3daTb 3TOT 3dEKT, UCMONb3ys OovYeHb Mano 3Heprun. CosgaHue
aunons ¢ 6arapeen, MMeLEen KIeMmMbl NAKC U MUHYC, UNW MarHMTa C CEBEPHbLIM U HXXHBIM MONKCcaMm
- 9TO npocTton cnoco® co3gaTtb aneKkTpoMarHUTHbIM aucbanaHc B nokanbHown cpege. MmnynbcHas
KaTyllka, BEpOATHO siBnsieTca Hambonee nydwum crnocobom, NOCKOMbKy MarHUTHoe none ObICTpo
MEHSIETCS, ECNM 3Ta KaTyLllKa C BO3AYLIHbIM CEPAEYHMKOM, Takas Kak KaTywka Tecna. Mcnonb3oBaHue
dheppoMarHMTHOro cepaeyHunKka B kaTyLIKe MOXET co3aaTtb Npobrnemy, Tak Kak ene3o He MOXEeT OYeHb
ObICTPO U3MEHUTb MarHUTHOE BbipaBHMBAHWE U B Maeane Bbl XOTUTE Myrfbcaumm, KOTOPbIE NO KpanHewn
Mepe B TbiCAYy pa3 bbICTpee, YeM Xee30 MOXET CpaBUTbLCS.
[oH oOpawaer BHMMaHMe Ha Y4eOHbIN  KOMMMEKT
«Mepepatumk / MNMpremHuk» «Pe3oHaHcHble cxembl Ne 10-
416» ("Resonant Circuits #10-416"), koTopbin 6bin
npegoctaesneH The Science Source, wrtat ManH (Maine.).
oToT KOMMMeKT NpOAEMOHCTpMpoBan reHepaumio
PE30HAHCHOM 3Heprum 1M eé cbop C MOMOLLLI CXEMbI
npuemHuka. OpgHaKO, ecnM  UCMOSb3YeTCs  HECKONbKO
NpMEeMHbIX Lienen, To cobpaHHas 3Heprua yBenmyunBaeTcs B
Heckonbko pa3 6e3 Kakoro-nmbo YyBenuYeHus nepefaBaemMon 3JHepruum. JTO  MNOXOXe Ha
paguonepenartyuk, rae COTHU ThiCAY pagnonpUEMHUKOB MOTYT MpMHMMaTh nepegaBaeMblin curHan 6e3
Kakon-nmbo 3arpy3ku nepegatymka. B gHn [JoHa aToT KomnnekT pabotan ot 1,5-BonbToBon 6atapen u
ocBellan 60-BaTTHy0 NaMnoyKy, KOTopas noctaensanacb. He yanBuTenbHoO, YTo 3TOT Habop Obin CHAT
C NPON3BOACTBA N 3aMEHEH TpMBMAIbHbIM HAGOPOM.

Ecnun Bbl nonyynte y4ebHbIN KOMANEKT «Hay4HbIN UCTOYHMKY, TO €CTb HEKOTOpPLIE AeTanu, Ha KOTopble
HY>KHO 06paTUTbL BHUMaHME. YCTPONCTBO UMEET ABE OYEHb Ka4eCTBEHHbIE MNAacTUKOBbLIE OCHOBbI U ABE
OYeHb akKypaTHO HaMOTaHHble KaTyLIKW, Kaxgas u3 KOTopbiXx MMeeT 60 BUTKOB 3mManmpoBaHHON
MeaHom npoBosiokn gnameTpom 0,47 MM Ha Npo3payvHbIX akpuUnoBbix Tpybkax gnameTpom 57 mm (2,25
atonma). ObmoTka nokpbiBaeT 28 MM ceyeHne TpyOku. KomnoHoBka mogynen nepegatynka u
npYeMHMKa He COOTBETCTBYET npuraraemomy NIMCTY MHCTPYKLMI, NO3TOMY MNPV NOAKMYEHUM nobown
3 nx uenerm Heobxogumo cobnogatb OCOBYH OCTOPOXHOCTb. [MpuvHUMNUanbHbIE 3neKTpuyYeckne
CXeMbl He nokasaHbl, TOSIbKO 3feKTpuyeckas cxema, KoTopas He O4YeHb Xopola ¢ obpasoBaTenbHON
TOYKM 3peHnd. OgHa Takasa cxema:

T
J o

1 Mlu renepatop 1 My reneparop | 5 LED |
CMIHanoE oT 5 Jo nA CHIHanoe ot 3 Ao g T
10 B 10 B >

101pF

101pF

Mpexge 4YeM KynuTb KOMMMEKT, He YNOMUHAETCHd, YTO ANs €ero MCMNonb30BaHWSA Tenepb Bawm
noHagobuTcs reHepaTop CuUrHanoB, CNOCOBOHbIN reHepupoBaTb curHan 10 B Ha vactote 1 Mlwu.
KaTyLlka nmeeT conpoTmerieHmMe NocTosgHHOMY Toky Bcero 1,9 Om, HO npu pesoHaHcHom Yyactote 1 My
Heobxoanmasa MOLLHOCTb NpMBOAA AOBOSbHO HU3Kas.

lMepeMeHHbIN KOHAEeHCATOp YCTaHOBMEH Ha Tpybke KaTywKM MpPUEMHWMKA, HO TOT, YTO B MOEM
KOMnrekTe, He numen abContoTHO HWKAKOro 3HAYeHWsA ONsi HACTPOMKM 4acToTbl U MOW M3MepuTenb
€MKOCTW He cMor BOOOLLEe onpenennTb kakoe-nmbo 3HadeHne EMKOCTU L1151 HEro, AaXe eCnn Y Hero He
ObINO Hukakmx npobnem B uamMepeHuum koHaeHcaTopa 101 nd, KoTopbii ObIN TOYHO EMKOCTHIO,
HaneyaTaHHOMW Ha HéM. 1o 3TOM NPUYUHE OH MOKa3aH CUHUM LBETOM Ha cxeme Bblwwe. OTKNIoYEeHNe He
NUMESIO HNKaKOro 3Ha4YeHUs.
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B aToM KOHKpEeTHOM Habope AN cTaHAapPTHbIX BUHTOBbLIX COEANHUTENEN O4MH BUHT 3aMeHeH 6onTtom ¢
LeCTUrpaHHbIM KrOYOM, FONOBKa KOTOPOro AOCTaTovyHO 6onbliasi, 4Tobbl MOXHO OblNo 3aTArMBaThb
nanbuamu. K coxaneHuio, aTu 60NTbl MMEKT HAKOHEYHUK KBafpaTHOro CeYeHus, rae HaKOHEeYHUK C
KynonoMm Heobxoaum Ana HagexXHOro KpenneHust NpoBOoAOB Manoro guwameTpa. Ecnv Bbl nonyunte
KOMMAEKT, TO & npeanaral 3aMeHUTb pas3bEMbl CTaHOAPTHOW  SNEKTPUYECKOM BMHTOBOWM
COeVHUTENBbHON MIMaHKON.

B Tectax cBetogmopn 3aropaetcs, Korga KaTyLKM BbIPOBHEHbI M HAaXoOATCS Ha paccTosHuM He 6onee
100 MM gpyr OoT gpyra wnv ecrnv OHW pacrorioXeHbl PsiAoOM Apyr ¢ ApyroM. OTO cpasy 3actaBnsieT
BCMOMHUTbL ycTponcTBo Xabbapga. Xabb6apg (Hubbard) mmeeT ueHTpanbHbIA «3MeKTPOMarHUTHbIN
nepefaTynKy», OKPY>KEHHbIN KOMNMbLIOM «NPUEMHUKOB» MarHUTHO CBSI3aHHbIX C NepeaaTyvkoM, Kaxabli
N3 KOTOPbIX MOMYYUT KOMUIKO SHEPTUM, NepefaBaemMor NnepeaaTinkom:

[oH ykasbiBaeT Ha ewé Gonee YETKO NPOAEMOHCTPMPOBAHHOE MOSIBNIEHNE 3TOro acpchekTa B KaTyLuke
Tecna. B TunuyHon kaTywke Tecna nepBuYHasl KaTylka MMeeT ropasgo Gonblumii guameTp, Yem
BHYTPEHHSIS BTOPMYHAs KaTyLuKa:

Hanpumep, ecnu kK nepBuUYHOM KaTyLuKe, MMetowen yeTblpe obopoTta, nogaHo 8000 BonbT, TO Kaxabln
BUTOK OygeT umeTb noteHuman B 2000 BonbT. Kaxabidh BUTOK MEPBUYHOM KaTyLKM nepegaeT
9NEKTPOMArHUTHbIN MOTOK Ha KaXXabl BUTOK BTOPUYHOW OOMOTKM, @ BTOPUYHAs KaTyllka MMEET OYeHb
OonbLlIoe KONMMYECTBO BUTKOB. 3HAYMTENBHO OOMbLUE 3HEPrMM NPOU3BOAMTCA BO BTOPUYHOWM KaTyLlKe,
yem 6bINIO0 NCNOMNB30BaHO ANS NUTAHWUS NEPBUYHOM KaTywkn. PacnpocTpaHéHHasa owmnbka - nonaratb,
yTO KaTywka Tecrna He MOXeT MNPOM3BOAUTbL CEPbE3HYK cuny Toka. Ecnn nepBuyHas kaTtylika
pacrnonoXxeHa B cepeduHe BTOPUYHOW KaTyLUKW, Kak MokasaHo, TO reHepupyemas cuna Toka oypet
Takowm e, Kak 1 reHepupyemoe HanpsikeHvne. Huskas notpebnsemas MOLWHOCTb B NEPBUYHON KaTyLLKe
MOXET NPOM3BOANTb KMMOBATTbl NONE3HOW 3NEKTPOIHEPTUN.

4. Pe3oHaHc. BaxHbiM hakTopoM B LIENSX, HANpaBneHHbIX Ha UCMOMb30BaHNe BHELLHEN 3Hepruu,
ABNAETCS pe3oHaHC. BO3MOXHO TPyAHO MOHATL rae 3TO NPOVUCXOAMUT Koraa paccmaTpusaeTcst
anekTpoHHasa cxema. OQHaKo y BCEro eCcTb CBOSI pe30HaHcHas YacToTa, 6yab To kaTyLika unu noGon
[PYroi aNeKTPOHHbIN KOMMOHEHT. Korga KOMMOHEeHTbl COeAUHEHbI BMecTe, YTo6bl chopMUpoBaTh
Llenb, cxema uMeeT 06LLYI0 pe30HaHCHY0 YacToTy. B kayecTBe NpoOCToro npMmepa paccMoTpuM
Kadyenu:
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Ecnu kayenu TonkawTcs 40 TOro, Kak OHM AOCTUrHYT HauBbICLLEN TOYKM CO CTOPOHbLI MaTepw, TO TONYOK
aKkTM4YeckM nNpOTMBOCTOUT pasmaxuBarowemMy paencTeuio. Bpemss ogHoro nonHoro konebaHus
ABNSETCA pPE30HaHCHOW 4YacTOTOW KadaHusi U OHO onpefensetcd AMAVHOW  OMOPHbIX KaHaToB,
yaep>KuBaloLmnx cugeHbe, a He BecoM pebeHka nnm Cunon, ¢ KOTopon ero TonkatoT. [pu ycnosum, 4to
BPEMSI TOYHO BbIOpPaAHO, O4YeHb MareHbKUM TONMYOK MOXET 3acTaBUTb KadaHue aOBuratbCsl Mo
cylwlecTBeHHon ayre. KnwoveBbiM (hakTOPOM SBMSIETCS COrflacoBaHUE WMMYIbCOB, MPUMOXKEHHbIX K
KayaHuo, TO eCTb K PEe30HaHCHOW 4acToTe Kadanud. CaenanTte 37O NpaBWUibHO, U MNPOU3oONOeT
bonblwoe aBwxeHne. CoenanTte 3TO HENPaBUITbHO M Kayenu BooOWe He KayHyTcs (B 3TOT MOMEHT
KPUTUKN cKaxyT: « CMOTpUTE, CMOTPUTE ... Ka4yenu NpocTo He paboTaroT - 3To gokasbiBaeT !l»). 3toT
NPUHUMN SEMOHCTPUPYETCS B BUAEO Ha http://www.youtube.com/watch?v=irwK1VfoiOA.

OnpenenuTb TOYHYH 4acToTy Nynbcauuu, Heobxooumyko Afs Pe30HAHCHOro KOHTypa, He Tak-To
MpoCcTO, MNOTOMY YTO CXema COAEPXWUT KaTyLKU (KOTopble WMEeKT WHOYKTUBHOCTb, EMKOCTb W
COMpOTMBNEHNE), KoHOAEHCATOPbI (KOTOPblE NMET EMKOCTb U HEOOMbLIOE KONMYECTBO CONPOTUBINEHUS)
M pesncTopbl M NpoBoda, 06a U3 KOTOPbIX MMEKT COMPOTUBIIEHME U HEKOTOPYI EMKOCTb. OTU TuMbl
cxem HasbiBatoTcst «LRC», notomy 4To «L» - 3TO cMMBOM, UCNONb3yeMbI ANS UHOYKTUBHOCTM, «R» -
3TO CMMBOJT, UCMONb3YEMbIN ANA CONPOTUBNEHUS, @ «C» - 3TO CUMBOJ, UCMNOMNb3YEeMbI ANs EMKOCTH.

HOoH Cwmut npenocrtaBnAaAeTr MHCTPYKUMM MO HaMOTKe W WUCNOJ1Ib30BaHUIKO KaTyweK C BO3AYLIHbIM
cepaevYHUKomMm, HeoOxoanMbIX ANs KaTyLUKKN Tecna. OH roBOpPUT:

1. Onpepenute 4acTtoTy M MOMHUTE, SKOHOMMUSI OT pa3mepa BblGpaHHOW KOHCTPYKUMKU. dakTopamu
ABNSATCS:

(a) Ncnonbayiite pagnovactoTy (Bbiwe 20 KIMu).

(b) WUcnonb3oBaTb COGCTBEHHYK 4YacToTy, TO €CTb CoOrflacoBaTb [AfMHY NpPOBOAA KaTyLIKM C
4YacTOTOM - KaTYyLUKM MMEIOT Kak EMKOCTb, Tak U MHAYKTUBHOCTb.

(c) AnvHa npoBoAa 4OMKHA COCTaBNATb MO0 OAHY YeTBEPTh, NOMIOBMHY NOSTHOW ASINHbBI BOSHBI.

(d) Paccuntante gnvHy npoeoga B doytax crnegylowmm obpasom:

Ecnn ncnonbayetcs 4eTBepTh AMNWHbBI BOMHBI, TO Aennm 247 Ha YacTtoTy B ML,

Ecnn ncnonb3yetcs nonosMHa ANWHbLI BOMHbI, TO pasgennte 494 Ha yactoty B MITL.

Ecnu ncnonesyeTtcs nonHasa aAnuHa BosHbl, pasgenute 998 Ha yactoty B MIU.

[ns gnvHel npoBoga B MeTpax:

Ecnn ncnonbayetcs YeTBEpPTh AMNWHBI BOMHLI, TO pa3genute 75,29 Ha yactoTty B M.

Ecnu ncnonbeayeTcs nonoBuHa AnNWHbI BOSHbI, TO pa3genute 150,57 Ha yacTtoTy B MITL,.

Ecnu ncnonesyetcs nonHasa gnuHa BonHbl, pasgenute 304.19 Ha yactoTy B MITL.

2. Bbibepute uncno BUTKOB, KOTopble OyayT MCMONb30BaTbCA B KaTyLIKE MpUM HaMOTKE, MCMNOMb3ys
TOMBbKO YTO paccyMTaHHyl ANMHYy npoBoga. KonuyecTtBo BUTKOB OyaeT 3aBUCETbL OT AMameTpa
Tpybbl, HA KOTOpPYI HamaTtbiBaeTca KaTywka. [MOMHWTE, 4YTO OTHOLUEHWE KOonudecTBa BUTKOB B
Katywkax «L-1» un «L-2» onpepenser obuwee BbIXogHOE HanpshkeHue. Hanpumep, ecnu
nogaBaemoe HarnpsbkeHne Ha 6onbluyo BHeLWH kaTywky "L-1" coctaenseT 2400 B, a L-1 umeet
0ecsTb BUTKOB, TO Ha Kaxabi BUTOK L-1 ©ygeTt nagate 240 BonbT. 310 240 BOMbLT MarHWTHOM
MHAYKUMM nepegaeT 240 BONbT SMeKTpMYECTBa Ha KaXKabl BUTOK NPOBOAA BO BHYTPEHHEN KaTyLUKe
«L-2». Ecnn puametp L-2 poctatoyHo man, 4tobbl mmetb 100 BMTKOB, TO CcO3gaBaemoe
HanpsbkeHne coctaBuT 24 000 BonbT. Ecnn gnameTp dhopmupoBatena L-2 gonyckaeT 500 BUTKOB,
TO BbIXoAHOEe HanpsbkeHne dyget 120000 BonbT.
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http://www.youtube.com/watch?v=irwK1VfoiOA

3. Bolbepute onuHy n guameTp katywek. Yem Gonblie gnameTp KaTyLlKW, TEM MEHbLUEe BUTKOB
MOXHO chenaTb C ANMHOW NMpOBOA4A M MO3TOMY ANMHA KaTywku OyaeT MeHbllie, a BbIXOOHOEe
HanpsbkeHne byoeTt HuXe.

4. Hanpumep, ecnu xenaemMomn BbIXOgHOW YyactoTon sensietcsa 24,7 MI'y, To onuHa nposoda B doyTax
Oypet paBHa 247, neneHHbiM Ha 24,7, uyto coctaBndeT 10 dytoB npoeoga (3048 mm). KaTywka
MOXeT ObITb HamoTaHa Ha Tpybky MNBX cTaHaapTHOro pasmepa unu, B kKa4ecTBe anbTepHaTUBLI, ee
MOXHO KyNnuTb y NOCTaBLUMKA, KaKk NpaBuIio, B MarasvHe pagunontoburenen.

Ecnn HanpsbkeHne Ha kaxgom Butke L-1 coctasnsieT 24 B, a Tpebyemoe BbLIXOQHOE HanpshkeHue
640 B, To pomkHO 6biTb 640/24 = 26,66 BUTKa Ha L-2, HAMOTaHHbLIX C Y€ paccyuMTaHHbiMu 10-
dyTOBbIMU MPOBOAAMM.

PJK: Ha gaHHbIn MOMEHT pacyeTbl [JoHa nayT Hanepekocsik U oH npegnaraet Hamotatb 30 BUTKOB
Ha OByxagrorMmoByto TpyOy. Ecnmn Bbl coenaete a1o, To noTpebyetcs okono 16 dyToB npoBoaa, a
pe3oHaHcHasa Toyka Ha 10 dyTax ByaeT npumepHo ¢ 19 BUTKamu, AaBas BbIXO4HOE HanpshkeHue 458
BONbT BMeCTO Tpebyembix 640 BOMbT, €Cnn TOMNbKO YUCIO BUTKOB Ha L1 ymeHbluaeTcs, 4Tobbl Aatb
bonee 24 BonbT 3a xod. OgHako dhakTUdecknin HeobxoaMMbIA anameTp opMupoBaTens KaTyLuKu
(nntoc oamH guameTp npoBoroku) coctaensieT 10 x 12/ (26,67 x 3,14159) = 1,43 gronma. Bbl moxeTe
caenatb 9TOT pa3Mep AO0BOSIbHO fErko, €CNN XOTUTE OCTaTbCs C OECATbIO BUTKaMu KaTyLuku L1.

5. MopgkniounTe K Havany katywku. YTobbl onpedenvTb TOYHYHO PE30HAHCHYK TOYKY Ha KaTyLlke,
nNpov3BOANTCA M3MepeHue. [0ToBble MyMbTUMETPbl HE pearvpyloT Ha BbICOKOYACTOTHbIE CUrHanbl,
NOSTOMY BMECTO HWUX WUCNONb3yeTcsa AeléBbli HeOoH. [epxa oguMH NpoBOA HEOHa B OAHOW pyke U
nNpoBOASA APYrov HEOHOBbIN NPOBOZ, BAOSb BHELWHEN CTOPOHbI 0OMOTKM L-2, HaXoauTCca TOYKa camoro
SipKOro ceeta. 3aTeM HeOH nepemMeLllaeTcsa no TOMY MOBOPOTY, YTOObI HANTU CaMylo SPKYHD TOYKY Ha
3TOM NOBOPOTE, U KOrga OH PacrofoXeH, B 3TOW TOYHOM TOYKE yCTaHaBMMBaETCH CBA3b C OOMOTKOM.
L-2 Tenepb pe3oHaHcHas obmoTka. MoxHO noBbIcUTb («Q») 3EEKTMBHOCTL KaTyLIKW, HEMHOro
pa3bpacbiBasi BUTKM, @ HE pacnonaras ux Tak, 4Tobbl Kaabli BUTOK Kacancs obomx cocefHMX BUTKOB.

6. BxogHas mMolHOCTb 6bina npeasioxeHa kak 2400 BomnbT. OTO MOXET ObITb MOCTPOEHO M3 YCTPOMCTBA
nectHuubl bxkenkoba wmnn nobor cucTembl NoBbIWAKLWEro HanpsbkeHusi. CTaHgapTHbIM Mogynb,
Ncnonb3yembll C nasepamu, ABMASETCS eLle OgHUM BapUaHTOM.

7. MNMpegnonaraeTcs, YTO KOHCTPYKUMSA BXOAHOW KaTywku L-1 nmeet 10 BuTKOB. [NnHa npoBoga B aTOM
KaTyllke He KpuTudHa. Ecnun ans kaTywkn L - 2 ncnone3osanack Tpy6a n3 NBX anameTtpom 2 gionma,
To ana dopmMmmpoBaTtens KaTywku L-1 MOXHO Mcnonb3oBaTb Crieayrowun donblini pasmep TpyObl 13
MBX. OtpexbTte Tpydy anmHon 10 obopoToB (BEpoATHO, TpyOy AvameTpom 3 grorma). [AnvHa Tpyobl
OyneT 3aBuCeTb OT AMaMeTpa M30NMpPOBAHHOIO NpoBoAa, UCMOMb3yeMoro Ans HamoTku. cnonb3ynte
MyfbTUMETP XOPOLLEro kavectBa unu cneuvanbHbin nameputens LCR ang namepeHua emkoctun (B
dapagax) M uHykTMBHOCTM (B [leHpn) katywkm L-2. Tenepb nomecTtuTe KOHAEHcaTop Ans
cornacoBaHua L-1 - L-2 Ha Bxoge HanpskeHua L-1, n mnckpoBon paspsgHuK, MNOAKMHOYEHHbIN
napanneneHo, HeobxoamMm Ana obpaTHoro HanpsbkeHust ot L-1. XKenateneH koHOeHcaTop TpyMmepa
ans L-1,

8. lMpomnsBoanTenbHOCTb L-2 MOXEeT BbITh yry4lleHa NyTeM MOAKIOYEHUS 3a3eMIIEHNS K OCHOBaHMIO
KaTywkn. MakcMmanbHOe BbIXOAHOE HanpsbkeHue OyaeT mexay KOoHuamu KaTywku L-2, u meHblume
HanpsKeHNs MOryT OblTb CHATBI C MPOMEXYTOUYHbLIX TOMEK BAOSb KaTYLLKW, €CNK 3TO XenaTenbHo.

OTa uHdopmaLms 0 YacToTe MoXeT ObITb AOBOMBHO TPYAHON NS NOHMMaHWsS B TOM BUAE, B KAKOM OHa
nsnoxerHa [oHom. MoxeT ObiITb npouie crnegoBaTb OMNUCAHWIO, OAHHOMY OAHUM pa3paboTyMKOM,
KOTOPbI FOBOPUT:

7 3ametvn, 4tOo nOOYH MalIMHY MOXHO cAaenaTb cynep MawWwWHOMW, NpocTo Aob6aBuB
oMnonsApHbLIN KoHAeHcaTop 4epe3 KaTywky. Bonble Huyero He HyxHo. lpu npaBUNIbHOM
KOHAEHcaTope KaTyllka CTaHOBUTCA €CTeCTBEHHO-PEe3OHAaHCHOM WU UCMNONib3yeT O4YeHb Mano
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amnepaxa. B kaxaon MawmHe MCNONb3yeTCA KOHAEHcaTop pa3Horo pasmepa. lpaBunbHbIN
pa3mep KoHAeHcaTopa MOXHO paccuuTaTb NyTEM AefleHUs CKOPOCTU CBeTa Ha ANUHY npoBoja
KaTylWKW, 4YTOObl CHa4yana nony4YMTb COOCTBEHHYKH YacTOTy KaTylKW, a 3aTeM pgeneHue
HanpsKeHusi, KoTopoe OyAeT MCNoONb30BaTbCA Ha 3Ty 4acTtoTy. B pesynbtate npaBunbHbIN
pa3mep Ans KoHpeHcatopa. Bawa mawwumHa OypneTr oyeHb MOLWHOW, Aaxe paboTawowen oT
aBTOMOOMUINBLHOro akkymynsrtopa 12 B, HUkakux apyrux gonosiHeHUM He TpebyeTcs.
IOnvuHa npoBoaa moen Katywku coctaBnset 497,333 meTpa.
299000000 m / ¢/ 497,333 m = 600000 Iw.
12 B / 600000 = 0,00002 unu 20 mukpodhapaa. lNpekpacHaa cyema ecTeCTBEHHO-PE30HaHCHOro
6aka (Naturally Resonant Tank). Bbl MoxeTe ucnonb3oBaTb 3TO C JOOGOM KaTywKoW Ans
cBob6oaHom aHeprum (overunity) cBepxeanHcTBa!
Kak TonbKo Mbl Nofly4MMm KOMOWHaUuUIO ecTeCTBEHHO-Pe30HAaHCHOM KaTylwku / KoHpeHcaTtopa,
Mbl MOXeM CHU3UTb YacToTy Ao 50 'y, paccunTtaB nonpaBKy Ha KO3 (pPULUNEHT MOLLHOCTH:

'y = conpoTuBneHue x ®apan

50 N'y =R x 0,00002
noatomy 50 / 0,00002 = 2500000
m R =2500000 unu 2,5 Mera om.
3aTteM Mbl pa3mellaemM BCce TPU KOMMNOHEHTA NapansienibHO M Halla KaTyliKa AOMMKHA AaBaTb HaM
BbIXOAHY0 4YacToTy B 50 L.

,D,OH npeagocrtaBideT 40BOJIbHO MHOIo I/IHC*)OpMaU,VII/I 00 OQHOM N3 CBOUX yCTpOVICTB, NOoKa3aHHbIX 30ECb:

be3 ero onucaHus yctponctea 6bino 6bl TPyOHO MOHSITb €0 KOHCTPYKUMIO M cnocob paboTbl. Kak s
NMOHMMalo, CXema TOro, YTO CMOHTMPOBAHO Ha 3TOW Nnarte, BbIrMAAMT Tak:

0 k cetesomy nanpswenuo 010 go 9000 B

i 60 Hz e 35.1 kHz
Ceresoe ‘ War enepeg,
HaNpsHeHue . . =
| Hpaieep_ :IJ T T == 7C2 +
uunepmp:@: Hﬁ?},::lﬁulclilu“ () CT EE TZ}IFBH"J
Variac PazpapHuk ﬁ T O
12 B B

OTa cxema ©Gecnokouna HEKOTOpPbIX ynTaTenen B nocrnegHee BpeM4A, NOCKOJIbKY OHU CHUTAKOT, YTO
VICKpOBOVI pa3pAaaHUK OO0JKEH ObITb NOCNeaoBaTeNbHO C KaTyUJKOIz L1, HanpuMmep BOT TakK:
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0 k ceTeBoMy Hanpskenuio  Ot1 0 go 9000 B

& 60 Hz e 35.1 kHz
L War enepeq,
HanpsKeHWe _ L=
| Hdpaieep ::I — T == TC2 +
HHBEpTDp:@: Hﬁ;]}:-lﬁumli‘uu C EE TZJJFBH‘U’
Variac Pazpagnuk 7 T O
12 B o

OTO NOHATHO, TaK Kak Bcerga CywecTByeT TeHAeHUus AymMaTb O WCKPOBOM MPOMEXYTKE Kak O
YCTPOWCTBE, KOTOPOE NpeaHas3HavYeHo ANS 3aWwuTbl OT YpE3MEPHbIX HANPSXKEHUN, BMECTO TOro, YTOObI
paccMaTpuBaTb €ro Kak akTUMBHbIA KOMMOHEHT CXeMbl, KOMMOHEHT KOTOPbIA NMOCTOSHHO UCMONb3YeTCs.
B 1925 rogy MepmaHy lNnencony (Hermann Plauson) 6bin BbldaH MaTeHT Ha uenbi psg MeToaoBs
npeobpa3oBaHUSA BbICOKOMO HaMpshKEHUs, CO34aBaeMoro BbICOTHOM aHTEHHOM CUCTEMOW, B NONE3Hoe
CTaHOapTHOE 3neKkTpmMyecTBO. [epMaH HauyMHaeT ¢ 06 bACHEHNS TOro, Kak BbICOKOE HanpsiXeHne MoxeT
OblTb Npeobpa3oBaHo B yOoOHY0 dOpPMY M OH MUCMONb3yeT reHepaTop CTaTUYECKOro areKkTpuyecTBa
Bumwepcta (Wimshurst) B kauecTBe npvmepa NOCTOSHHONO MCTOYHMKA BbICOKOro HanpsbkeHus. BoiBoa
N3 BLINPSMEHHON KaTyLKkK Tecna, MalmnHbl BuMmuwepcta 1 BbICOKON aHTEHHbI O4EHb MOXOXMW, NO3ITOMY
KOMMeHTapumn F'epmaHa oveHb akTyarnbHbl 34ecb. OH NokasbiBaeT 3TO BOT Tak:

YWimshurst malwuHa

.

FazpAanHuk

FoHgeHcaTop = KongeHcatop

TpaHchopmaTop

=]

34ecb BbIXOOQHOWM CUrHanm MalwuHbl Bumuiepcta XpaHWTCsi B ABYX BbICOKOBOJSIbTHBIX KOHAEHCaTopax
(nempgeHckmx 6GaHkax), B peaynbTaTe 4Yero Ha 3TUX KOHOEHcaTopax CO34aeTCA OYEeHb BbICOKOE
HanpsbkeHne. Korga HanpsbkeHme [O0CTaTOMHO BbICOKOE, MCKpa nepenpbirmBaeT 4Yepe3 MCKPOBOM
paspsaHVK, BbI3blBasi 3HAYUTENbHBLIA BCMMECK TOKa 4epe3 MepBUMYHYD OOMOTKY TpaHcdopmaTopa,
KOTOpbIA B €ro cryyae siBAsi€TCA MOHWXaLWMM TpaHCOPMaToOpPOM, MOCKOMbKY OH HaueneH Ha
nony4veHne 6onee HU3KOro BbIXOQHOrO HanpsXkeHus. Cxema [JoHa noYTy MgeHTu4YHa:

Step-up
Inverter Neon-tube [™ Spark 1 .=L1
driver gap ¢ CT =,

J; 2

30ecb BLICOKOE HanpshkeHue ucxoauT oT GaTtapewn / vHBepTopa / OpariBepa HeoHoBOW Tpybku /
BbINPAMUTENEN, a He OT MawuHbl Bumwepcta ¢ mMexaHunyeckum npumBogoM. OH MMeeT Takoe xe
HapacTaHMe HanpskeHusi B KOHOEHcAaTope C WUCKPOBbIM paspsiAHMKOM Ha KoHAeHcaTope. VckpoBow
pa3psaHuK  cpaboTaeT, kKorga HanpsbkeHMe  KOHAEeHcaTopa LOCTUTHET  3afaHHOro0  YPOBHS.
EOvHCTBEHHOE OTNMYME 3akmnio4aeTcs B PaChoOfiOKEHUW KOHAEHcaTopa, KOTOPbIA €CnM OH TOYHO
COOTBETCTBYET pacnonoxeHuto MepmaHa, 6ygeT BbirnageTb Tak:

12
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War enepeq,

[
- L L1
Npaieep_ 'FI-| T i
uHEepTop— HE ® | =

Pazpaanukp 7

HaCKOMbKO A NMOHMMalo, 3To BbINo 6bl BNOMHe xun3HecnocobHoe cornaileHune. Bel nomHute, yto Tecna,
KOTOpbI BCerga O4YeHb BbICOKO OT3blBaeTcs 00 9Hepruu, BblAENAeMON O4YeHb PE3KUM paspsagoM,
co3jaBaeMblM UCKPOMW, MNOKasbiBaeT WUCTOYHWUK BbLICOKOMO HampsikeHud, nuTalowmim KoHgeHcaTop
3Hepruen, NpoxoasLen Yepes NCKPOBOW paspsiAHMK K NepBUYHON 0OMOTKe TpaHcdopmaTopa:

PaszpenurensHeIA
TpaHcchopmaTop
+

Cucrema Tecna Katywka

HarpysKa

PazpAanHuk

KoHaeHcaTopHBIA
0aHK

OpHako ¢ pacnonoxeHnem [loHa MoxeT 6bITb HEMHOIO TPYAHO pa3obpaTbCs, NoYeMy KOHAEHcaTop He
3aKOpOYeH 13-3a OMEeHb HU3KOro COMPOTUBMEHMSA HECKONbKUX BUTKOB TOSCTOro nposoaa, obpasytoLero
KaTywky L1. Yto x, 6bino 6bl Tak, ecrnvm 6bl Mbl paboTanu ¢ NOCTOSHHBIM TOKOM, HO Mbl COBEPLLUEHHO
onpeaenéHHo 3TOoro He Aenaem, NMOCKONbKY BbIXOAHOW CUrHam M3 cxemMbl ApaviBepa HEOHOBOW TPYOKuM
nynecupyet 35 000 pa3 B cekyHOy. OTO NpMBOAUT K TOMY, YTO COMPOTUBIIEHNE MOCTOSIHHOMY TOKY
kaTywku L1 npakTmyeckm He uMeeT 3HayeHuMs M BMECTO 3TOro «UMMedaHC» WNn «peakTUBHOEe
COMpPOTMBIIEHNEY» KaTyWKN (MO CyTW, 3TO COMNPOTMBIIEHWE MNEPEMEHHOrO TOKa) UMEeT 3HaveHue.
dakTnyeckn, KoHgeHcaTop M KaTtywka L1, coeguHeHHble pyr ¢ OPYrOoM, UMEHT KOMOUHMPOBAHHOE
«peakTMBHOE COMPOTUBIIEHUE» WM COMPOTUBIIEHME UMMYNbCHOMY TOKY Ha 3aTOM 4YacTtoTe. MMeHHOo
30ecb B Urpy BCTynaeT HoMorpadHasa agnarpaMmma v ropasfo fnpoLue rnoHATb €€ BepCU0 HECKOMbKUMN
CTpaHuUamun No3xe B 3TOM AOKyMeHTe. Takum obpa3om, n3-3a BbICOKOM YaCTOTbl MMMYNbCOB KaTyLluKa
L1 He 3akopaymBaeT KOHOEHCaTOp W ecriM YyacToTa UMMNYINbCOB COOTBETCTBYET PEe30HaHCHOW YacToTe
KaTywkn L1 (MM rapmMoHuke 9TOW 4acToTbl), TO KaTywka L1 OyaeT umeTb O4YeHb BbICOKYHO
YCTOMYMBOCTb K MPOTEKaHUIO TOKa 4epe3 Heé. JTO Kak AEeTEeKTOPHbIN paavonpueMHUK HacTpOeH Ha
KOHKPETHYIO0 paavocTaHumio, Bewasa Ha COBCTBEHHOM YacToTe.

B nmwobom cnyyae, Bo3Bpalwlascb Kk ycTpoucTtBy [loHa, nokasaHHOMY Ha doTorpacdmm Bbile,
aneKkTpuyeckmnii npueog ot 12-BonbToBOK GaTapeu, KoTopast He BuaHa Ha doTorpacdmm. NHTepecHo,
yto [JoH OTMe4YaeT, YTO ecnu AnvMHa NPOBOAOB, COEAMHSIOWNX BaTapeld C MHBEPTOPOM, COCTaBnsieT
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POBHO OOHY 4YeTBEPTb [AfIMHbI BOSIHblI YACTOTbl KorebGaTenbHOro MarHUTHOrO MNOMsi, FreHepUpyemoro
CXeMOW, TO TOK, MHOYLUMPOBAHHbIN B nMpoBodax Oartapeun, OygeT 3apshkaTtb GaTapelo. HenpepbiBHO,
Aaxe ecnun batapes 0AHOBPEMEHHO NoAaeT NMTaHue Ha Lenb.

batapeda nogaeT HeOonbWOM TOK 4Yepe3 3aWMTHbIM  OMO4 K CTaHOApTHOMY WHBEPTOPY
«CuMHycounganbHon dopmbl». VIHBEPTOP - 3TO YCTPOWCTBO, KOTOpOoe BbipabaTbiBaeT NEPEMEHHbIAN TOK
CEeTEBOro HanpskeHus oT GaTapeu NOCTosHHOro Toka. [lockonbky [oHy TpebyeTtca perynuvpyemoe
HanpsbkeHne, OH ModaeT BbIXOAHOW CUrHanm uHBepTopa B MEpPEeMEHHbI WUNu  perynnpyembii
TpaHcdopmaTop, HasbiBaeMbli «Bapuak», XOTs 9TO 4YacTo AenaeTcsa Kak YacTb CXeMbl ynpaBneHus
HEOHOM, 4TOObl NO3BOMUTL APKOCTU HEOHOBOW TPYOKM HacTpamBaTbCs Monb3oBaTenem. 3Ta cxema
co3faeT BbIXOOHOE HanpsbkeHue nepeMeHHOro TOoKa, KOTOopoe perynupyetca oT Hynsd OO0 NOSHOro
HanpshkeHns cetn (Mnu YyTb Bblwe, XOTa [JOH He xo4yeT ncnonb3oBaTb 6onee BbICOKOE HamnpsiKeHue).
Wcnonb3oBaHne Takoro Tuna perynvpoBkM OObIMHO AefnaeT WMHBEPTOP WUCTUHHO CUHycouAanbHbIM
TMnoMm. [llockonbky noTpebnsemas MOLWHOCTb LiEenV YnpaBreHus HEeOHOBOM TpPyOkoM o4veHb Mana,
WHBEPTOP HE AOMMKEH CTOUTb CAMLLKOM JOPOro.

Cxema ynpaBrneHus HeOHOBOW TPyOKOW - 3TO cTaHA4ApPTHOE CTaHAApTHOE YCTPOWMCTBO, MUCMOMb3yemoe
ONA ynpaeneHus AUCnnesaMmn ¢ HEOHOBOW TpyOKOM AN KOMMepYecKux npeanpuatui. ToT, KOTOpbIN
ncnonb3yet [IOH, COOEPXUT TreHepaTtop W MNOoBbIWAaKWMA TpaHcdopmaTop, KOTopble BMECTE
reHepupytoT nepemeHHbin Tok 9 000 BonbT Ha yactoTe 35 100 Ny (MHoraa 3anuckiBaeTcs Kak 35,1 klMu).
TepmunH «l"Uu» O3Ha4aeT «UMKNOB B cekyHAy». [JoH noHwkaeT 9 000 BOMbT, MOCKOMbKY OH Mony4vaeT
OTNINYHYIO BbIXOAHYIO MOLLHOCTb NMpu 6onee HU3KMX BXOAHbIX HAMPSKEHUSIX MU CTOMMOCTb BbIXOOHbIX
KOHOEHCATOPOB £BMSeTCA CyLecTBeHHbIM pakTopoM. KoHKpeTHasi cxema ynpaBfeHWss HeOHOBOW
TpybKoWn, KOTOpYyLo ucnonbayeT 3aeck [JoH, MMeeT ABa OTAEMbHLIX BbIX0o4a, He coBnagatowmx no ¢gase
Apyr ¢ gpyrom, noatomy [OH coeauHsieT MX BMECTe M MUCMNOnb3yeT OMNOKMPYHOLWNA OMoL B KaXKO4OM
NUHUK, 4TOBblI OOWH M3 HUX He BNUAN Ha apyron. Ha doTtorpacdum He Tak nerko yBuaeTb, YTO
BbICOKOBOMbTHAsi BbIXOAHAsi JIMHUSA WMEET OYeHb ManeHbKUM T[epPMETUYHbIA  paspsgHuK  C
rasopaspsagHon TpyOKon, N NMHMA Takke 3a3emsieHa. YCTPOMCTBO BbIrNAANT BOT Tak:

O6paTute Balwe BHMMaHWE Ha TO, YTO KOraa ynomMuHaeTcsl 3a3eMreHme B CBA3N ¢ ycTponcteamu [JoHa
CmuTa, Mbl rOBOPUM O DAKTUYECKOM COEOQVUHEHUMN MPOBOAA C MeTannYeckum npegMmeTom, hmusmyecku
yTOMfEeHHbIM B 3emne, Oyab TO ANUHHBIA MEAHbIA CTepXeHb, 3abWTbIN B 3eMIIl0, WK CTapbli
aBTOMOOWIbHBIV pagnaTtop NOXOPOHEHHLIN B AMe, KOTOpyl ucnonb3yeT Tapuen KanaHagse. Korga
Tomac NeHpu Mopeli NpoBen CBOK 3arpoLIEeHHY0 AEMOHCTpaUno B rnybuHe CenbCkon MECTHOCTM B
MecTe, BbIOPAaHHOM CKenTMKamMu, SNEeKTPUYEeCKMe famroyvku KoTopble  dopMuMpoBanu  ero
OEMOHCTPALMOHHYHO 3NEKTPUYECKYHO Harpy3Ky, CBETUMNNCH SipYe C KaxablM yoapoM MOSoTKa, Koraa B
3emrnto BbuBanm oTpesok razoBon Tpybbl, 4TOObI ChopMMPOBaTL Er0 3a3eMIIEHNE.

Cnepyet oTMeTUTb, YTO C Tex Nop, kak [oH npuobpen csBon MoAdynb ApanBepa HEOHOBOW TpyOKu,
HOBblE KOHCTPYKLMM, KaK MpaBumno, MOSHOCTbIO BCTYNUAM BO BnageHue, ocobeHHo B EBpone u atm
KOHCTPYKLMM MMEIOT BCTPOEHHYIO 3aLUUTY OT TOKA YTEYKM Ha 3EeMII0, KOTopask MIHOBEHHO OTKIIOYaeT
uenb npy obHapyXeHWM TOKa MpOTEKalLWero Ha 3ems. OTa 0COOeHHOCTb AenaeT YCTPOWCTBO
COBEpPLUEHHO HEMNpUrogHbIM M UCNOoNb3oBaHMsa B uenu JoH CmuTa, NOTOMY 4YTO Tam nepegada Toka
Ha 3eMJ0 ABMSIETCA MOSIHOCTBIO NPeAHAMEPEHHON U XKM3HEHHO BaXKHOW AnsA paboTbl CXEMBI.

Bbixoa uenu ynpasneHus HeOHOBOW TPybkM ncnonb3dyeTcs Ans Bo3byxaeHusa nepsu4Hon obmotkm “L1"
TpaHcdopmaTopa Tuna KaTywkn Tecna. 3To BbIMAAUT O4EHb NPOCTO U MOHSATHO, HO €CTb HEKOTOpble
TOHKWE JeTanu, KoTopble HeO6XOAMMO YYUTbIBaTb.

Pabouas yactota 35,1 k'Y ycTaHaBnNMBaeTCa 1 NOAAEPKMBAETCA CXEMOW ApariBepa HEOHOBOW TpyOKu,
M  MO3TOMY, TEOPEeTUYECKN, HaM HEe HYXHO BbIMOJMHATL KaKylo-NMMbGo MpsiMyl0  HACTPOWKY
camocTtosTenbHo. OgHako Mbl XOTUM, 4TOBbI pe3oHaHCHasl YacToTa KaTywku L1 n koHgeHcaTtopa Ha
Hen cOOTBETCTBOBasia 4YacToTe LenM HEeOHOBOro ApavBepa. Yactota oOMOTKM kaTywku «L1» Oyget
WMHOYLMPOBaTb TOYHO TaKyl K€ 4YacTOoTy BO BTOpuMYHOW oBmoTke «L2». OgHako Ham HeobGxoamMmo
0bpaTtnTb 0coboe BHMMAHME Ha COOTHOLLUEHME AfMH MPOBOLOB ABYX OOMOTOK KaTyLUKW, MOCKOSbKY Mbl
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XOTUM, 4YTOObI 3T ABEe OOMOTKM pe3oHuMpoBanun BmecTe. [pakTuyeckoe npasBunio, KOTOPOMY CrneaytoT
OONbLUMHCTBO MPOM3BOAMTENEN KaTywlek Tecna, AOIMKHO UMETb OAMHAKOBbLIA BEC Meau B KaTylukax L1
n L2, yto o3HavaeT, 4Yto NpoBoa KaTywkn L1 oOblMHO HaMHOro ToJLLe, YeM MPOBOA KaTywku L2. Ecnu
KaTywka L1 gomkHa coctaBnsaTb O4HY YeTBepPTb ANUHbLI KaTyLwku L2, TO MOXHO oxuaaTtb, Y4To nrowaib
norepeYyHoro cedeHust katywku L1 OGyget B yeTblpe pasa Oonblle, YeM y NpoBoda KaTywku L2, u
nosToMy JAfvMHa npoBoga [fofmkHa ObiTb B ABa pasa Oonbwe anameTtpa (Tak Kak nnowagb
nponopunoHanbHa KBagpaTty paguyca, a KBagpaTt ABYX paBeH YeTbIpEM).

[oH uncnonb3yeT Oenyto nnacTUKOBY TpybKy B KadecTBe dhopMepa WNu cepaedHuka anisi CBOEW
obmoTkM nepBuyHOM KaTywku "L1". Kak Bbl MoxeTe BMAeTb 34ecb, MPoBog nodaeTcs Ha dopmep,
OCTaBMssi OOCTATOYHbIA 3a30p AN Toro, 4Ytobbl NepBbid MOMHOCTLIO MPOCKOSb3HYN BO BHELLHIOK
kaTywky. lMpoBonoka nogaeTca BHYTpb TpyObl M BbIBOOUTCA 4epe3 Opyroe OTBepcTue, 4Tobbl
obecneynTb BO3MOXHOCTb MOBOPOTA KaTYLLKM CHapY»xu Tpybbl. KaxkeTcsd, YTo eCcTb NATb BUTKOB, HO [JOH
He Bcerga WaeT Ha MONHOEe KONMWMYECTBO BUTKOB, TaK YTO 3TO MOXET ObiTb 4,3 BUTKA UMM Kakoe-TO
apyroe 3HauyeHue. KnioyeBbiIM MOMEHTOM 3[eCb ABMNAETCA TO, YTO ANWHA NPOBOAA B BUTKAX KaTyLLUKK
«L1» porkHa cocTaBnaTb POBHO OAHY YeTBEPTb AfMHbI NPOBOAA B BUTKAX KaTyLUKN «L2».

Ucnonb3yemas 3gecb katywka «L2» npeacrtaBnseT coboin KOMMeEpYecKyt YCTaHOBKY AunamMeTpom 3
atonma ot Barker & Williamson, M3roToBneHHyt0 M3 HEU3ONMPOBaAHHOIO, CMMOLIHOrO, OAHOXWUIBLHOMO
«JTYXKEHOro» MeHoro npoeoga (Cnocob M3roToBMEHMs BEPCUM ANt COOpPKM B OOMALUHUX YCIOBUSAX
nokasaH Huxe). [JOH B3An 9Ty KaTylKy WM pasBepHyn 4YeTblipe BUTKA B cepeauHe KaTyLlKu, 4ToObl
caenaTtb UeHTparnbHbli OTBOA. 3aTeM OH M3MepUNn TOYHYHK ANWHY NpOoBOAa B OCTaBLUEWCH 4acTu U
caenan, 4tobbl gnuvHa BuTka «L1» cocTaBnsna pOBHO OOHY YeTBepTb 3ToM AnuHbl. [lpoBog,
ncnonb3yembl ans Katywkn «L1», Bbirnagut kak nobumbin JoHom «Jumbo Speaker Wire», KOTOpPbIN
npeactaBnsieT cobon o4YeHb I'MOKMIA MPOBOA C OYeHb OONbLUMM KONMYECTBOM YpPE3BbI4AMHO TOHKMUX
HEN30NTMPOBaHHbIX MEAHbLIX MPOBOAOB BHYTPM.

Bbl 3ameTtute, 4yto [OH pasmMecTusi NNacTUKOBbIA BOPOTHUK HA KaOoW CTOpoHe OOMOTKW,
COOTBETCTBYHOLMNIA TOMNLMHE NPOBOMOKKU, YTOObLI co3naTh 6e30nacHyto onepaumio CKONMbXKEHUST BHYTPU
BHeLHeNn KaTywkn "L2" n oononHUTenbHble NacTUKOBbIE BOPOTHUKKU, pacrofoXeHHble gasnblle BAOSb
Tpybbl obecneunBas ganbHEMLW YO NOLAEPXKKY ANA BHYTPEHHEN KaTylwKW. DTO CKOMb3slee OeNCcTBUE
MO3BOMSET PacnonoXnTb NEPBUYHYIO KaTywwky "L1" B nobon Touke no AnMHe BTOPUYHOM KaTyLikm "L2",
4YTO OKa3blBaeT 3aMETHOE BIIMSIHME HA HACTPOWKYy paboTbl cucTembl. BHelwHss kaTywka "L2" He umeeTt
Kakoro-nmbo Bmaa onopbl TPYOKM, HO BMECTO 3TOro oopMa KaTywKku NoOOEePXKMBAETCS XKECTKOCTbIO
CMIOLHOM NPOBOMOKN MAOC YeTbipe NPOopesHble MOMoChl. ATOT CTUMb KOHCTPYKUMM obecnevnBaeT
MaKCcMMarnbHO BO3MOXHYK MPOM3BOOUTENBHOCTL KaTyLWKM Ha paguodactotax. [Ons kaTywkm Tecna
OYeHb HEOObIYHO UMETb KaTywKy L1 MeHbLuero gnameTpa, Yem Katywwka L2.
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KaTywka "L2" nmeeT oBe oTaenbHble CeKUUK, Kaxaas U3 KOTOpbIX UMeeT ceMHaguaTtb BUTkoB. CriegyeT
OTMETUTb, YTO BUTKM pasHeCeHbl ApYyr OT Apyra C MOMOLLbIO LUleneBbiX MOMoC ANna noaaepXku
NpoOBOAOB M nogaepXaHns TOYHOro pacCTOsiHUSA Mexay cocegHumMu BuTkamu. Cnegyet NOMHUTb, YTO
ANCTaHUMOHHAA KaTywka cBOOOOHO pasBOpayMBaEeTCs, TaK KaK 3TO W3MEHSIeT XapaKTepUCTUKU
KaTylKK, CYLEeCTBEHHO YyBenuumBass €€ KoapdpuumneHt «EmkocTm». Kaxgas kaTywka umeeT
COMPOTMBIIEHNE, WHOYKTUBHOCTL W EMKOCTb, HO opMa KOHCTPYKUMM KaTyLKM OKasblBaeT
CYLWIECTBEHHOE BNUSAHME Ha COOTHOLIEHME 3TUX TPEX xapaktepuctuk. CobpaHHas KaTywka
yOepXuMBaeTCsl Ha nnate OCHOBaHMs [OBYyMSA He coBceM 6enbiMu nnactukoBbiMU  KabenbHbiMU
CTSKKaMn. BnukHAA nonoBMHa KaTyLLKn 3EKTUBHO COeaUHEHa C APYro MOMOBMHOW, Kak NoKasaHo
Ha CXeMe BblLLE.

[oH nogyépkmBaeT, YTO AnNvHa nNpoBoAa B KaTtywke «L1» n gnvHa npoBoga B KaTywke «L2» AomkHbI
ObITb TOYHBbIM YETHLIM OENEHNEM UMK KpaTHbIM ApYr Apyry (B 4aHHOM crydae «L2»). "anuHa nposoga
B KaXgom nonosuHe KaTywkn" L2 "poBHO B YeTbipe pasa 6onblue onvHbl nposoga katywku" L1 "). 910
MOXET MpPMBECTM K TOMY, 4YTO KaTywka "L1" ©ygeT MMeTb YacTb BUTKA M3-3a pasHbiX ANMaMeTpoB
KaTywku. Hanpumep, ecnu annHa nposofa kaTywkn «L2» coctasnseT 160 gionmos, a «L1» gomkHa
COCTaBNATb OA4HY YeTBEepTb 3TOW ANUHbI, a MMeHHO 40 awonmos. 3atem, ecnu kKatywka «L1» nmeet
adppekTMBHBbIN  gnameTp 2,25 awonmMa (C y4eToM  TOSIWMHBI  NPOBOMOKA NPU  HaMOTKE Ha
dopmupoBaTenb anameTpom 2 atonma), Torga katywka «L1» 6yget mmetb 5,65 (unu 5 n 2 /) BuTka,
KOTOpble MPUBOOAT K TOMY, YTO (OPUHULLHBLIA MOBOPOT «L2» Gyaet Ha 240 rpagycoB ganblue BOKPYr
dopMmpoBaTENs KaTyLKW, YeM Havano NepBoro BUTKA, TO €CTb MATb MOSMHbLIX BUTKOB NIIKOC ABE TPETU
LLIeCTOro BuUTKa.

Katywka L1 / L2 npegcraBnsaet cobon kaTywky Tecna. PacnonoxeHue katywku «L1» no anuHe
KaTywkn «L2» perynupyeT OTHOLIEHME HaMnpshKeHUs K TOKY, co3gaBaeMoMy KaTywkon. Korga kaTyluka
«L1» Haxoautca OKONoO cepeauHbl KaTywku «L2», TO ycuneHHoe HanpshikeHWe W YCWUMEHHbIA TOK
NPYMEPHO OAWHAKOBbl. TOYHOE COOTHOLUEHWE MNPOBOAOB 3TUX ABYX KaTylweKk AaeT WM MouyTu
aBTOMAaTMYECKY0 HACTPOWKY APYr C APYrOM U TOYHbIN PE30HAHC MeXay HUMU MOXeT ObiTb AOCTUTHYT
nyTém pacnonoxeHus kaTtywku "L1" no gnuHe katywky "L2". XoTa 3TO O4YeHb Xopowun cnocob
HACTPOWKKN cxeMmbl, B cOOpke, MokasaHHON Ha doTorpadun, [JOH peLumn BbIMOMHUTL TOYHYHO HACTPOWKY,
nogknioumB koHgeHcatop yepe3d «L1», obosHayeHHbIn Ha cxeme kak «C». [oH obHapyxun, 4To
nogxogsiiee 3HayeHwe koHaeHcaTopa 6bino okono otmeTkn 0,1 mukpodapag (100 HP). Cneayet
NMOMHUTb, YTO HanpskeHue Ha «L1» Oo4eHb BbICOKOE, MO3TOMY, €CNnM KOHAEHCaTop UCNonb3yeTcs B
3TOM MONoXeHun, emy notTpebyeTcs HOMMHaNbHoe HanpsbkeHne He meHee 9000 BonbT. [loH oTmevaer,
4YTO (PaKTMYECKMEe KOHAEeHcaTopbl, MokadaHHble Ha doTorpadun 3TOro MPOTOTUMA, paccynTaHbl Ha
naTHaguaTb ThiCAY BOMbT M OblMM  M3rOTOBMNEHbI ANA HEro Ha 3aka3 C  UCNoNb30BaHWEM
caMoBOCCTaHoBneHus. Kak yxe oTmedanocb, 3TOT KOHAEHCATOp SBMASETCA LOMNOMHUTENbHBIM
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KOMMOHEHTOM. [JOoH Takke pelumn noaknioymTb HeGONbLUOW KOHAEHCATOp Yepes KaTywky "L2", Takke
ANSA TOHKOW HacTPOMKWU CXeMbl U 3TOT KOMMOHEHT SIBNSETCA AOMOMHUTENbHLIM U NO3TOMY HE NOKa3aH
Ha npuHuunuarnbHon cxeme. NocKonbKy ABe MOMNOBMHbI KaTyLWKN «L2» 3dpdeKTUBHO coeMHEHbI ApYr C
ApYrom, HeobBXxoaAMMO MMETb TOSMbKO OAMH KOHAEHCATOpP C TOYHOW HAcTponkon. Tem He meHee, [OH
NOAYEPKMBAET, YTO [fMHA «BbICOTbI» KaTyWKW (NpU BEPTUKAribHOM MOJIOXKEHUN) KOHTpOnupyeT
co3faBaeMoe HanpsXeHue, a «LWpuHa» (QuameTp BUTKOB) KaTyLUKM KOHTPONMPYET CO34aBaeMbl TOK.

ToyHOEe OTHOLWEHMEe ONMHbI NPOBOAOB BUTKOB B KaTywkax "L1" wn "L2" obecneuymBaeT mm no4vtm
aBTOMATMYECKYI0 CUHXPOHHYIO HacTPOWKYy APYr C APYroM, M TOYHbIA PE3OHaHC MeXAy HUMU MOXeT
ObITb OOCTUIHYT MyTEM pacnonoXxeHus katywky "L1" no annHe katywkuy "L2". XOTS 9TO 04YEeHb XOPOLUUNA
cnocob HacTponkn cxembl, B cbopke 1994 roga, nokasaHHoOM Ha cdoTorpadun, [JoH pelmn BbINONHUTD
TOYHYKO HACTPOKMKY, NOOKIIYMB KOHAeHcatop 4epe3d «L1», o603HayeHHbIn kak «C» Ha
npyHUMnNuaneHon cxeme. [oH o6GHapyxun, 4TO noaxoAsduiee 3HayeHue KoHAeHcaTopa [Ans ero
KOHKPETHOWM KOHCTPYKUMM KaTyLwku cocTaensano okorno 0,1 mk® (100 HO), n noaTomMy OH nNoaknioymn gBea
BbICOKOBOSbTHbIX KOHAeHcaTopa 47 HO napannenebHo, YTobbl NoNy4YnTh XKenaemoe 3HadvyeHue. CrnegyeT
MOMHUTb, YTO HanpskeHne Ha «L1» o4YeHb BbICOKOE, MO3TOMY AN KOHAEeHcaTopa, UCMofb3yeMoro B
3TOM MONOXeHUN, TpebyeTcss HOMUHANbLHOE HanpsbkeHne He MeHee 9000 BonbT. [IoH OTMevaeT, 4To
haKTMyeckne KOHAEeHCaTopbl, MOKasaHHble Ha doTorpadum 3ITOro MNPOTOTUNA, paccyuTaHbl Ha
naTHaguaTtb TbICAY BONbT M ObINM  M3rOTOBMEHbI AN HEro Ha 3aka3 C  UCNOoSib30BaHWEM
CaMOBOCCTaHOBIEHMS.

[oH Tarke nogknumn HeboNbLLION KOHAEHcaTop K KaTywke "L2", n 3TOT AONONHUTENbHbBIA KOMMNOHEHT
nomeyeH kak "C2" Ha npuHUMNManNbHOM cxeme, U 3HadveHune, ucnonb3dyemoe [JoHOM, okasanocbk, 6bin
OAWNH 47 H®, BbICOKOBOSIbTHLIN KOHAeHcaTop. MNMockonbKy ABE MOMOBUHbBI KaTywWKN «L2» adbdekTUBHO
COeUHeHbI Apyr ¢ gpyrom, ansa «L2» Heobxoanm TOMbKO OOUH KOHOEeHcaTop:
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CyuecTBYyIOT pa3nunyHble cnocobbl 06paboTkM BbIXOAHOIO CUrHamna KaTywku «L2», 4yTobbl BbiBECTM
Oonblloe KONMMYECTBO OOLIYHOW SNEKTPUYECKON SHEpPrMM 13 yctponcTea. MeTtoa, nokasaHHbIA 30€ecChb,
ncnonb3yeT YeTbipe OYeHb BonblIMX KOHAEHcaTopa, MoKasaHHbIX Ha doTorpacdun. OHu nmeroT
HOMUHanbHoe HanpsbkeHne 8000 mnu 9000 BOMbT M GOMbLIYD €MKOCTb M OHW WMCMONb3YKTCA ANS
XpaHEeHUs nuTaHus Uenu B Buae MNOCTOSAHHONO TOKa nepeq WCNONb30BaHMEM B Harpy304YHOM
obopygoBaHuu. 3TO AoOCTUraeTcs nNyTeM nogadu KoHaeHcaTtopHoro 6aHka 4epe3 guon, KOTopbin
paccyMTaH Kak Ha BbICOKOE HamnpsbkeHue, Tak M Ha Oonbluon TOK, NOCKonbKy [OH 3asBnseT, 4To
yctponcteo BblgaeT 8 000 BonbT npu 20 A 1 B 3TOM criydae 3TOT BbINPAMUTENbHBIA ANOA OOMKEH
OblTb B COCTOSIHUM CMpaBUTbCA C 3TUM YPOBHEM MOLLHOCTW, Kak Mpu 3anycke, koraa 6artapes
KOHOEHCATOpPOB MOSMHOCTbI paspskeHa, a «L2» BbipabartbiBaeT 8000 BONMbLT, Tak U NpW MNOMHOW
Harpy3ke B 20 amnep.

OTOT KOHAEHCATOPHbIM BaHK NUTaeTcsl Yepes3 AMoA, KOTOpbI paccumMTaH Kak Ha BbICOKOE HamnpshkeHue,
Tak U Ha 6onbLlIOK TOK, NOCKOSbKy [IoH 3aaBngaeT, 4To ycTporcTteo BblgaeT 8 000 sonbT npu 20 A un B
3TOM CIy4ae 3TOT BbINPAMUTENbHbBIA OMOA4 OOMKEH ObiTb B COCTOAHUM BblAEPXKUBATb TAKOW YPOBEHb
MOLLHOCTM, KaK Mpu 3anycke korga 6aHK KOHOEeHCAaTOPOB MOSHOCTLIO paspsikeH, a «L2» BoipabaTbiBaeT
8 000 BonbT, Tak 1 npu nonHon Harpyske B 20 amnep. PeanbHble guoabl, ncnosnb3dyemble [JOHOM,
paccuymTaHbl Ha 25 kB, HO 3TO HaMHoro 6onblue, Yem He06XxoaNMO.

[MonyTHO, MOXHO 3aMeTUTb, YTO CPpefHUI OOMAaLUHUIA nonb3oBaTeNlb He ByaeT umMeTb NoTpebHOCTU B
anekTpuyecTBe OT 4Yero-nmbo Takoro 6Gonbloro, kak 3to yuutbiBas, 4to 10 kBT Gonble, 4yem
OONbLUMHCTBO NIOAEN UCMONb3YOT HENPEPLIBHO, B TO BpeMsi kak 8 kB npu 20 A 310 MowHocTb 160
kunoeatT. lMockonbky cxema fgparniBepa HeoHoBoW TpyOkum mMoxeT BbigaBaTb 9000 B, a nockonbky
cuctema kaTtywek L1 / L2 npencraBnset coboin noBbiLAOWMA TpaHCOpMaTop, eCcrnn HanpsbkeHue,
nogaBaemoe Ha ©OaTtapeld KOHOEHCATOpOB, OOMKHO ObiTb cHwxeHo o 8000 B, To perynupoBka
Bapvakom [OMmMKHO OblTb MCMOMb30BaHO AN YMEHbLUEHUS HanpsKeHWss NogaBaeMoro Ha Cxemy
BO30OYXOEHNA HEOHOBOW TPYOKM, ANSA CHUXKEHUS HanpshKeHUsd nogaBaemoro Ha napy katywek L1/ L2,
06bl4HO Ao 3000 BOSbT.

OuyeHb npoHuuaTenbHbIM WU 3HawWwun  ydactHuk ¢dopyma EVGRAY Yahoo EVGRAY, uyen
naeHtTndukatop «silverhealtheu» HegaBHo oTmeTun, 4yTo JoH CMUT AOBOMNBHO CBOOOAHO rOBOPUT, YTO
OH HE pacKpbIBaeT BCEX AeTarnen CBOMX NPOEKTOB M OH CYNTAET, YTO OCHOBHOE YTO He ObINO pacKpbITO,
TaK 37O TO, YTO ANOoAbl Ha NPUHUMNMANbBbHBIX CXEMaX, NMOKa3aHHbIX 306eChb, SBMSAITCS HENPaBUbHLIMU Y
4710 [JOH MCNONb3YyeT CBOU HaNpshXXeHUsa B 0bpaTHOM nopsagke no cpaBHEHUIO ¢ 06bI4HBIM cnocoboM. Ha
camoM Aene npuHuunuanbHasa cxema gormkHa ObITh:

0 k ceTeBsoMy nanpspkenuio  Ot1 0 go 9000 B

iee 60 Hz @ 35.1 kHz
Ceresoe War enepeg,
HANPAXKEHUE _ 1=
| NipaiBep_ ﬁ:g c2 +
HHBEpTDp:@: HE[;]}:'-IEDKB;ID“ C EE TEJJFBH"J
Variac PazpasHuk ﬁ'l T O
12 B -

OH kommeHTMpyeT: «[uoabl BbIXOogswme u3 gpariBepa HEOHOBOW TPybOKM, BO3MOXHO Npuaétcs
NMOMEHATb MeCTaMu, TakK Kak Mbl XOTMM cobpaTb OoTpuuaTeflbHyr MOMspHOCTb. 3aTeM WUCKPOBOW
paspsgHuk bygeTt paboTaTtb Npu MHBEPCUM OKPYXKaloLLEn cpenbl U uckpa OyaeT BbirMsageTb U 3ByYaTb
COBEpPLUEHHO MHa4ye ¢ ropas3go 6onee GbICTPON TPELUMHOM M NPOU3BOASA OYEHb Maro Temnsa u gaxe
BO3MOXHO MOXET MOKPbITbCHA NHEEM.

Bapwuak gormkeH 6bITb MOAHAT JOCTATOYHO, YTODObI 3aXKeyb UCKPY, a 3aTeM HEMHOro oTCTynuTb. JTio6oe
Bonee BbICOKOE HanpsbkeHWe MOXeT NPUMBECTM K TOMY, YTO ApanBep HeOHOBOW Tpybku Byaet gymars,
YTO OH WMEEeT COCTOSIHME KOPOTKOrO 3aMblKaHWsi WM HOBblE 3NEKTPOHHbIE KOHCTpyKUMM OyayT
aBTOMaTUYeCKU OTKMYaTbCA U BoobLe He paboTaTtb, ecnu 3TOT MeToA He OyaeT cobnioaéH.
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Mpwn pabote C, L1 n L2 paboTtaloT raoe-to B AnanasoHe pagnmovacTtoT, NOTOMY YTO ApanBep HEOHOBOW
TPYOKM OEeNCTBYET TONMbKO Kak BO3byanTenb KOHTypa 0aka. bonbluoli HakonuTenbHbIn KoHaeHcaTop C3
OOIDKEH 3anoSiHATbCA C 00paTHOM MNOMSAPHOCTLIO, Kak MNokasaHo Bbiwe. 3aTeM Harpyska OygeTt
BbITArMBaTb 3MEKTPOHbI M3 3eMSIM, MOCKOMbKY KOHAEHCAToOp CHOBa HamMofHseTCAa [0 Hyns, a He
MCTOLLaeT JKOYNu B KOHAEHcaTope.

Takke nomHuUTEe, 4to cuctembl obpatHon JOC wnu Back-EMF [OxoHa BeanHn v gpyrux cospgarot
HEBONbLUION MOMOXUTENbHLIA UMMYMbC, HO OHM cobupaloT oveHb 6Gonblon OTPULIATENbHbLIN
BCMIECK MOMSPHOCTN, KOTOPbIA CTPensieT U3 HWXKHEN YacTn gucnnesa ocuyunnorpada. 370 TO, YTO Mbl
XOTUM, Bonbllad YacTb 9TOr0 XpaHUTCA B KOHAEHcaTopax, a 3aTeM no3BonsieT (POHOBOW 3JHeprum
OKpy>KatoLLen cpeabl nogaBaTh TOK, KOrga oHa BHOCUT MOMpPaBKy ».

OTO OYeHb BaXHbIA MOMEHT W OH MOXET CyweCTBeHHO MNOBJIMATL Ha NpPoun3BOOUTENIbHOCTb
yCTpOIZCTBa TaKoro tuna.

0710 no 9000 B

E:::]i?xiuue (DAL War enepen, » o
| Ipaitcep [iq] LIS Lo ca L 1%
uunepmpZ@Z H_II:EF;]}:I-IﬁDKB“DH R CJ' EE _TZJJFBH‘L-"
Variac Pa3zpAanHUK ﬁ.l J_- °
12 B

OavH ynTaTenb o6paTUN BHUMaHWE Ha TOT (DaKT, YTO OCHOBHOM AOKYMeHT [loHa ykasblBaeT, YTo Ha
kaTywke L1 gorkeH 6biTb peanctop «R», a Takke koHaeHcaTop «C» 1 OH npegnonaraeT, YTo cxema
[AOIMKHA ObITb TakoM, Kak NokasaHo Bbille, y4uUTbiBas YTo [JoH paHee roBopus 0 CBOEM «4eMOOAHHOM»
AvsariHe. [pyron 4yuTatenb OTMEYaeT, 4YTO MpoBOA4 B BbIXOOAHOM Jpoccernie, MOKa3aHHOM Ha
doTorpacum Huxe, KaxxeTcs 06MOTaH NPOBOAOM AMAMETP KOTOPOro CIIULIKOM Mas, YTobbl HECTU TOKM
ynomsiHyTble [loHoM. MpeacraBnseTcs BepOSATHbIM, YTO B 3TOM NOMOXEHUN APOCCENb HE HYXXEH, KpoMme
Kak Ons noAaBneHUs BO3MOXHBIX paauMovacTOTHbIX nepedad M3 uenu, Ho 6ornee MOLHBIA Apoccenb
MOXXHO Nerko HamoTaTb C MOMOLLBIO NpoBoAa GorbLuero AnameTpa.

Koroa uenb paboTtaet, 6aTapess HakonuUTenbHbLIX KOHOEHCATOpPOB BedeT cebsa kak Gatapeda Ha 8 000
BOMbT, KOTOpasi HMKOrga He paspshkaetcss M MoxeT nogasaTb 20 amnep Toka CTONMbKO BPEMEHH,
ckonbko Bbl xoTuTe. Cxema and npowmssoacTtea 220 B 50 Ny nepemeHHoro Toka unm 110 B 60 Ty
NMEPEMEHHOIN0 TOKa W3 HaAKOMUTENbHbIX KOHOEHCATOPOB - 3TO MPOCTO CTaHOapTHas JMeKTPOoHMKa.
lMonyTHO, O4HMM U3 BapuaHTOB 3apsaKM akkyMynaTopa SiBMSEeTCA MCMONb30BaHWE MarHUTHOro Mors,
BbI3BAHHOTO MPOTArMBaHMEM MMMYNbCOB TOKA CETEBOW 4acTOTbl 4Yepe3 BbIXOOHYH «OPOCCENbHYIO»
KaTyLUKy, MOKa3aHHyo 30eCh:
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BbIxogHOM TOK TEYET Yepes NeByro OOMOTKY Ha KOPUYHEBOM LMITMHOPUYECKOM YCTPOWCTBE, U Koraa
Oblna coenaHa dotorpadgus, npasas obmMoTka Gonblle He ucnosb3oBanack. PaHee OoH ncnonb3oBancs
AN nojayun aHeprumn Ha 3apagky 6atapen nyTem BbINPAMIEHUSA SEKTPUYECKON MOLLHOCTU B KaTyLUKe,
BbI3BAHHOW (PITYKTYMPYHIOLLMM MarHUTHbIM NMOSieM, BbI3BaHHbIM MyMbCUMPYIOLWUM TOKOM, MPOTEKaoLWmnm
Yyepes neByro 06MOTKY, Kak Noka3aHo 34ecChb:

—o +
JapAaaka batapem

L1 =T o000 =
BeixoaHanA
E Cknap MOLWHOCTE

1 o

LZ

BbIxo4 MOCTOSIHHOrO TOKa reHepupyeMbl YeTbipbMSA AModamu, 3aTeM UCMNonb3oBarncsa Ans 3apsaku
aKKyMynaTopHouM GaTapenm M ypOBeHb BbipabaTbiBaEMON MOLLHOCTM CyLLECTBEHHO MpeBbiwan
MUHMManbHbIA ~ TOK, NOTpebnsembin  akkymynatopom. CnegoBaTenbHO, pasyMHOW  MEpPOMN
NpeaoCTOPOXHOCTU ABMSeTCA nepefadva 3Toro Toka B 6atapeto Yepes Lenb, KoTopasa npegoTepallaeT
noBbilleHNe HanpsbkeHuss GaTapen 6Gonblwe 4vem 3T0 Heobxogumo. [1pocToM [aTyMK  YpPOBHS
HaNpsPKEHN MOXHO WCNONb30BaTh AMs OTKMYEHMA 3apsagkv, korga Oartapes gocturna CBOEro
onTumanbHoro ypoBHs. [pyrne 6atapen Takke MOryT ObiTb 3apskeHbl, ecnv 3TO0 Heobxoaumo.
lMpocTas cxema Tvna nokasaHHOro B rnase 12, MOXeT MCNOMb30BaTbCH ANSA KOHTPOMS U OrpaHnYyeHmns
npouecca 3apsaaku. KomnoHeHTbl Ha gocke [JoHa pacnonoXeHsbl Tak:

CHHycoMAanbHBIA HHBEpPTOpP 2000 BONLT
MepemeHHBIA KOHAEHCATOPEI
TpaHcgpopMaTop

HeoHoBaRA
namna

L1/L2 TpaHcchopMaTop cO CKONbIALWEA KaTYIIKOH

[loH obpallaeT BHMMaHWe Ha TOT (YakT, YTo kabenu ucrnonb3yemble AN NoakmnoyeHns Boixoaa «L2» k
BbIXOAY NMaTbl COEAMHSIIOLLEN HAKONUTENbHbIE KOHAEHCATOPbI HA NyTW, NpeacTaBnalT cobol kabenu ¢
OY€eHb BbICOKUM HanpsikeHUWeM U crneumnanbHbIM MHOXECTBEHHbIM MOKPbITUEM, YTOObI rapaHTUpoBaTh,
yTO Kabenu ByaoyT ocTaBaTbCs 340POBbLIMU B TeYeHWe HeonpeaeneHHoro nepuoaa BpemeHun. Ha atom
aTane crnegyeT OTMETUTb, YTO BHELUHSIS KaTylka guameTpoMm B 3 Awima ucnonb3yemasi [JoHoM, He
HaMoTaHa Ha dopMep, HO Ans nonydeHus 6onee BbICOKUX XapakTEPUCTUK Ha BbICOKMX YacTOTax BUTKM
NOAAEPXKNBAOTCS YeTblpbMsi OTAENbHbIMU MNofnocamu, U3NYECKU MNPUKPENIIEHHBIMU K BUTKAM -
MeToAMKa ONMCaHHas HKe B 9TOM [IOKYMEHTE, KaK OTMMYHbIN cnocob Ans AOMalLHEro CTPOUTENbCTBA
TaKMX KaTyLUek.

MoxanyncTa, MMenTe B BUAY, YTO HanpsXXeHUsl 34eCb U CBA3aHHble C HUMU YPOBHU MOLLHOCTHU
OyKBanbHO cMmepTeribHbl U BMNOJSIHE CNOCOOHLI YOUTL NOGOro, KTo HebpeXxHo obpallaeTcs €
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YyCTPOMCTBOM, KOrga OHO Bknw4YeHo. Korga pennukauuss 3Toro ycTpoMcTBa rotoBa nAans
NOBCEeAHEBHOIro UCNONIb30BaHUA, OHa AOMKHA ObITb 3aKn4YeHa B 060MOUKY, YTOObI HAKTO He
CMOI' KOCHYTbCAl HU OAHOr0 U3 BbICOKOBOJIbTHbIX COEAUHEHUW. DTO He npenroxeHue, a 3TO
obsAsaTenbHoe TpebGoBaHME, HECMOTPA Ha TOT ¢paKT, YTO KOMMOHEHTbl, MNOKa3aHHble Ha
c¢oTorpacusax, pasmeweHbl TaKUM 06pa3oM, 4YTO ObINO OblI Hanbonee onacHo, ecnu 6bl cxema
Obina BKNOYeHa B TOM BuAe, B KakoM oHa ecTb. Hu npu kakmx o6¢ctosTenbcTBax He co3gaBanTe
M He NpoBepsinTe 3Ty CXeMy, eCnu Bbl Y)Ke He MMeeTe ONbiTa UCNOJIb30BaHUSA BbICOKOBOJIbTHbIX
uenem MM He MoXeTe HaxoAUTbCHA noa HabrniogeHMemMm Koro-riMbéo, KTo MmMeeT OnbIT B 3TOM
obrnactu. 3To cxema TUMa «OfHA pyKa B KapMaHe» M K HEeW HYXKHO Bcerga OTHOCUTLCA C
OONbLION OCTOPOXHOCTLIO U YBaXXeHUeM, N03TOMy byabTe Gnaropa3yMHbl.

OcrtanbHasi 4aCTb CXeMbl He YyCTaHOBi€Ha Ha Mnarte, BO3MOXHO M3-3a pasfM4HbIX CrnocoboB
AocTmxkeHns Tpebyemoro KoHe4yHoro pesynbtaTta. [Mpegnaraemoe 3dechb, noxanym, camoe npocToe
peLueHne:

MoHManWHl  Categoe

2000 soneT TRAHCHOPMATOR HanpAKeHHe
_ |
= = Harpyzka
ST [: Cknapg, l
g o MeHepatop Bapucrop
L2 J_- U 5 BLICOKOBONETHBIA

nonynpoeoAHWK

HanpsikeHne [OmkHO ObiTb cOpoleHo, NO3TOMy AN 3TOr0  UCMOMb3yeTCa  MOHWXKaloLMn
TpaHcopmaTop C XKenesHbiM cepaedHNKOM. YTobbl NONYYUTb YaCcTOTY, PaBHYO CTaHOAPTHOW YacToTe
ceTu [Ons CTpaHbl, B KOTOPOW AOSKHO MCMONb30BaTbCA YCTPOWCTBO, WCMONb3yeTcs reHeparop,
reHepuUpYyHLLMA 3Ty KOHKPETHYK 4acToTy ceTwu. Bbixod reHepatopa uvcnonb3yetcs Ans ynpaBneHus
NoaXOASLLMM BbICOKOBOSbTHbLIM MOMYNPOBOAHUKOBLIM YCTPOMCTBOM, Oyab To TpaHauctop FET, IGBT-
YCTPOWCTBO UIN YTO-TO eLle. OTO YCTPONCTBO AOIMKHO nepekntovaTb pabouni Tok Ha 8000 BonbT, XOTA
W JonyCcTUMO, YTO 3TO OydeT TOK, KOTopbIM ByAeT Kak MMHUMYM B TpuauaTb LIECTb pas HUXE, Yem
KOHEYHbIA BbIXOOHOMW TOK, WU3-3a ©Oonee BbICOKOrO HamnpsKeHWs Ha nepBuyHON 0BMOTKe
TpaHcgopmaTopa. [ocTynHaa MOLWHOCTb OyaeT orpaHMyeHa BO3MOXHOCTAMW O0OpaboTKM TOKa 3TOro
BbIXOA4HOro TpaHcopmaTopa, KOTOPbI AOIMKEH ObiTb O4eHb 60MbLUMM 1 AOPOTrUM.

Mockonbky cxema crnocobHa ynaBnvMBaTb [OOMOMHUTENbHbIE MarHUTHbIe WMMYNbChbl, Takue Kak
NUMMYIbChl, FeHepMpyeMble OApyrum obopyaoBaHMEM, pacrnonoXeHHble PSAOM yaapbl MOMHUKU U T. 4.,
ANEKTPOHHBIN KOMMOHEHT, Ha3biBaeMbIil «BapUCTOP» C MAPKMPOBKOM «V» Ha cxeme, NOAKIMoYeH Yepes
Harpysky. OTO YCTPOWCTBO AENCTBYET KaK OrpaHU4YMTENlb CKaYKOB HamnpsPKEHWUsl, MOCKOSbKY OHO
3aMblkaeT noboe HanpsKeHWe Bbile ero pacyeTHOro HamnpsikeHWsl, 3aliuliasi HarpysKy OT CKaykoB
HanpsKeHusl.

[oH Takke obbAcHAeT ewe Gonee NPOCTYH BEPCUKD CXEMbI, KaK NMoKa3aHO 34eCb:

0710 no 9000 B

@ 35.1 kHz MoHbraoWwmil - CeteBoe

TpaHChopmMaTap HanpAXeHWs

HanpaKeHWe l |
| anee
WHEEpPTOp :@: Hﬂguuungﬁ @ t L Harpy:ka
TpyOKK 5 : |
Variac J_ AIPARHMK

Cetegoe

—

PazpagHuk Bapucrop

12 B

OTa ynpoLleHHasl cxema ycTpaHsieT HeobXOAMMOCTb B OOPOrMX KOHAEHcaTopax M OrpaHnyeHust nx
HOMMWHambHbIX HANPSXKEHUN, a Takke HEOBXOANMOCTL ANEKTPOHHOIO YNpaBreHns BbIXOAHOW YacTOTOMN.
[nvHa npoBoda B BUTKax kaTywku "L2" no npexHemy OormkHa ObiTb POBHO B YeTblpe pasa Gornblue
ONMHBbI NpoBoda BUTKOB B KaTywke "L1", HO eCTb TOMbKO OOWH KOMMOHEHT, KOTOPbIN Heobxooumo
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BBECTU M 3TO pe3ncTtop "R" pasmeLleHbii nonepek NepBnUYHON 0OGMOTKMN NOHMXKAOLErO U30NNPYIOLLLErO
TpaHcdopmaTopa. AToT TpaHcdopmaTop npeacTaBnseT cobor MHOrOCNONHBIA XKENEe3HbI cepaeyHuK,
noaxoaswmMn Onst HU3KOW 4acToTbl CETU, HO BbIXOOQHOW curHan «L2» nmeeT ropasgo 6oree BbICOKYH
4yacTtoTy. MOXHO CHM3UTb 4acToTy, YTOObI OHA COOTBETCTBOBAsia MOHWXKAKLWEMYy TpaHcdopmaTopy,
NnoaKkniyMB NpaBuiibHOE 3HaYeHue pesunctopa "R" yepes BbIxOAHOW TpaHCcOpMaTop (M KaTywKy u
pes3ncTop, Unun KaTyLwky 1 koHgeHcaTop). Heobxoanmoe 3HayeHue pesnctopa MOXHO npeackasaTtb no
rpacpmky AmepukaHCKoOn nNurn paguopernenHbix ycTtponcts unm American Radio Relay League graph
(nokasaHa Ha Fig.44 B PDF-gokymeHTe [loHa. Lectoe n3gaHune kHurn Mosapga Camca «CnpaBoYvHUK
no tabnuuam n dopmynam anekTpoHukn» mnu Howard Sams "Handbook of Electronics Tables and
Formulas" (ISBN-10: 0672224690 wnn ISBN-13: 978-0672224690) wmeet Tabnuuy, koTopas
noHwxaeTcsa go 1 kl'y 1 NO3TOMY He HyXAaeTcs B pacluMpeHumn Ans AOCTUXKEHUS UCMOMb3yeMbIX 34eChb
yacTtoT. [lpaBunbHOE 3HadeHWe pes3ncTopa Takke MOXeT ObiTb HangeHO SKCMEpPUMEHTanbHO. Bbl
3aMeTUTE 4YTO 3a3€MIIEHHbIN ABOMHOW WCKPOBOW MPOMEXYTOK MOMELLEHHbIA BOOMb «L2» Obin
yCTaHOBNEH 4TOOblI rapaHTUMpoBaTb, YTO YPOBHW HaMpsbkeHUs Bcerga ocTawTcs B npegenax
pacy€THOro guManasoHa.

[oH Tarke obbscHsAeT elwwé Oonee MNpocTyd Bepcuio, kotopas He TpebyeT Bapumaka wnu Variac,
BbICOKOBOJSIbTHbIX KOHOEHCATOPOB WM  BbICOKOBOSIbTHBLIX AMOAOB. 34ecb MPUHUMAETCS BbIXO4
NMOCTOSAHHOIO TOKa, YTO O3Ha4aeT, YTO MOXET WCMONb30BaTbCA BbICOKOYACTOTHBLIA MOHWMKAOLLINIA
TpaHcopmaTop. [Ansa atoro Tpebyetca TpaHchopMaTop € BO3AYLIHBIM CEPAEYHUKOM, KOTOPbIA MOXHO
ObIN0 Gbl CaMOCTOATENBHO HamMoTaTb M3 CBEPXMNPOYHOro nposoga. CeTeBble Harpysku OyayT 3aTtem
nMTaTbCA C MOMOLLBbID OOLIYHOrO CTaHAApPTHOro MHBepTOopa. B aTOM Bepcun, KOHEYHO Heobxoammo,
yTob6bI ANMHA NPoBOAOB BUTKOB «L1» cocTaBnsana poBHO OOHY YeTBEPTb ANMMHbI BUTKOB MPOBOAOB
«L2», 4yTobbl OBe KaTywkuM pesoHuMpoBanu BmecTe. Pabouyas yactoTa Kakaon W3 OTMX KaTyluek
onpeaensaeTcst BbIXOQHOW YacTOTOW CxeMbl BO3Oy>KaeHNA HEOHOBOW TpybkM. DTa 4acToTa coxpaHseTcs
BO BCEWN Lenu, Noka oHa He OyadeT BbiNpsIMiEHa YeTbipbMs AMO4AMMU, MUTAKOLLMMN HU3KOBOSbTHLIN
HaKkonuTenbHbIN KoHAeHcaTop. Lienesoe BbixogHoe HanpskeHne byaet vyt 6onee 12 BONbT UNKU YyTb
bonee 24 BOMbT, B 3aBUCMMOCTM OT HOMMHANbHOIO HAaMpPsPKEHUS MHBEPTOPA, KOTOPLIN [AOIMKEH
ynpaBnaTbca cucteMon. MNpuHumnmansHasa cxema:

[oHHEHILL A

TpaHcopmaTap
ug | £

aiee = = 1= +
MHEEPTOP ] &Euuuugﬁ @ E I_J__ E E 2 | Harpyzka
TPYOKH . —
PazpagHuk =
J_ PazpagHuk Bapuctopl

12 B

Mockonbky MHOMMe nogn CouTyT Anarpammy Homorpammel B PDF-gokymeHTe [JoHa o4eHb TpyaHown ans
NMOHMMaHUA N UCNONb30BaHWs, BOT Bonee nNpocTas BepCus:

31-24



2000

L 10,000,000 0.025 1000~
1000+ 5,000,000 2 -
= E ! ! B 0.05 E_ B
C 0.1F
= 2,000,000 B ~
g S0OT = - 0.2\ 5000
2 1,000,000 = C L
g | - e N 400
£ 2001 500,000 1F T OE
= B - = E
= i 200,000 an =
100 - L s = E
C | %] F E
= 100,000 £ 10E 2005
501 50,0001 5 20F E
- " g 1501
20000 & S0F r
204 - 100F L
L 10,000 »o0E 100+
10+ 50001 s00E -
- g 2000 C | -
| 5+ g | __ L
B 2T Y- 501+
w L 5 100 © C > E
g - - W SE © 4oL
- > o800 22 qof = o
= w 2= L =] -
Q 3 Q =& 20p g 30F
2 N3 = 2000 5% F T 2
= 3 = ool = E 50 £ va 3
- E E O E L E
i g E o | 1005 20F
054 L - e o -
3 o 501 200 =
E L e 16—
03F - -
: 20{ S00E -
0.2E - 17 -
E 10 r 10
E - 21— r
E = o 9T
01E 5t o &E 8L
= EOE of s 7T
@ - C 2] B o —
£ oosE 26 5 b 2%
E L 1& E = § 5
£ - = E s0f = 4L
s 0021 0.5 100§ £
N e ool 2001 3¢
0.01 = § L s00E 3
o008 - L5 1000 2F
L 0.051 2000 15 C
B 0.02) 5000 3
0.002 1 - 10,000 -
| 0.01 20,0000 1=

3agaya 3g0ecb  cCocTOMT B TOM, 4TOObl onpedenuTb  «pPeakTMBHOE  COMPOTMBMEHWE» UMK
«CONPOTMBIIEHNE NEPEMEHHOIO TOKa» B OMax U cnocob caenatb 3To crneaytowmm obpasom:

Mpegnonoxum, 4YTO Ball OpariBep HEOHOBOW TpyOku paboTtaeT Ha yactote 30 kU un Bbl Ucnonb3yeTe
koHgeHcatop 100 H® (4to cootBetcTByeT 0,1 MK®D) M Bbl XOTUTE 3HaTb, KAKOBO COMPOTUBIIEHUE
nepeMeHHOro TOoka Ballero KoHAeHcaTopa Ha 3aTol 4actote. Kpome TOro, kakas WHAYKTUBHOCTb
KaTywkn GygeT MMeTb Takoe Xe COMpPOTMBIIEHWE MEPEMEHHOro Toka. Torga npouenypa BbIICHEHUS
3TOro 3aknyaeTcs B cneayoLlem:
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Hapucyiite npamyto nuHuto ot YactoThl 30 KLY (proneToBas nuHMs) 0o 3HaveHus koHgeHcatopa 100
HaHopapa u NpoJornKanTe NUHUI0 OO0 CUHEN NMUHUN UHOYKTUBHOCTU, Kak MOKa3aHo BbILLE.

Tenepb Bbl MOXETE NpoYUTaTh PeakTUBHOE COMNPOTUBIEHNE («COMPOTUBMEHME MEPEMEHHOMO TOKa») C
KpaCHOW NUHWUK, KOoTopas ANst MeHs BbirmaauT kak 51 OM. OTo o3HavaeT, 4To Korga uenb paboTaeT Ha
yactoTe 30 kl'U, ToK, NpoTeKaLnn Yepes koHaeHcaTop eMkocTbio 100 HO, ByaeT TakMm xe, Kak Yepes
peauctop Ha 51 Om. CuntbiBas CUMHIO NNHUIO «VHOYKTUBHOCTbY», TOT e CaMbliA MOTOK TOKa Ha 3TON
yacTtoTe BygeT NPoOUCXoauTb C KaTyLKOW, MHAYKTUBHOCTb KoTopon cocTtaBngaeT 0,28 MIMH.
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MHe nepeganu konuo NpUHUMNManbHOM cxembl [JoHa 4N 9TOro yCTPOMCTBA, U OHa NoKasaHa 34ecCb:
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BONLT MHBEpTOPa 140 BATT H
3 HY Diode
"R S ]
rd =154
3lE Ch
00ea : N C Fa:mpa:;\ﬁ%{,u_,:laﬂ TpybdKka L2 T.0-047pF
40006 30mA [r: | 6000 B
R D2
60% )
HY Diode EB D4
[1'1I YTy }
120 Hz DC "
HV Diode HY Diode
M
BLIX0A: BLICOKDYACTOTHEIA E—I JSa? - J%i F J£ﬂ4 F JEE F
MMMYNLCHBIA DC G000 Br ' BF Choke -lzu{;nﬂ -lzu{:n B -lznf;u B -|;an1|] B
B

Ls HAcIpoeH Ha pezoHaHc

Brixoa AnA nogapasky
Daraped UHEEPTOPA

TpaHcdopmaTtop 4000 B 30 MA, nokasaHHbIN Ha 3TOWM NPUHUUMNNANBHOM CXEME, MOXET UCMNONb30BaTh
eppuUTOBbIN CEPAEYHUK U3 MOAYNS ApanBepa C HEOHOBOW TPYOKOW, KOTOPLIM MOBLILAET HaMNpshKEHME,
HO He MNOBbIWAET 4acToTy, MOCKOMbKY OHa 4YETKO obo3HadYeHa Mnpu WUMMYSIbCHOM MOCTOSIHHOM
HanpsbkeHun 120 u. Bbl 3ameTuTe, 4TO 39Ta MNpUHUUNMANbHas CXema HapucoBaHa C MIOCOM,
NnoKasaHHbLIM HXXe MUHYca (4TO Hanbonee HeobbIYHO).

O6pallaem Bale BHMMaHWE Ha TO, YTO KOrga YNOMWHAEeTCs 3a3eMieHne B CBSA3U C YCTPOMCTBaAMMU
HOoHa CmuTa, Mbl roBopyM O (PaKTUYECKOM COedVMHEHMUM MpPOBOAA C MeTannMyeckum npegmeTom,
PU3NYECKN YTOMIIEHHBIM B 3emrie, Oyab TO ANIMHHBLIA MEeOHbLIN CTEPXEHb, 3abUTbIN B 3EMIIO, UIK
cTapbli aBTOMOGUIBHBIA paguaTop, 3akonaHHbIM B sIME Kak mucnonb3oBan Tapuen KanaHagse, wnu
3akonaHHaa MeTtannuyeckaa nnactuHa. Korga Tomac eHpu Mopen npoBen CBOH 3anpOLUEHHYH0
AEMOHCTpaumio B rnybuHe CenbCKon MECTHOCTM B MecTe, BblOpaHHOM CKenTMKamu, 3NeKTpuyeckme
NaMnoyku, KoTopble hopMmMpoBanu ero AEMOHCTPALMOHHYIO SNEKTPUYECKYHO Harpy3Ky, CBETUIUCH Apye
C KaXabIM ygapoM MOMoOTKa, Korga B 3eMnio Bbusanu oTpesok rasoBon TpyObl, 4ToObl chopmmpoBaTh
ero 3asemreHue.

[oH Takke oOBbACHAET ewwé Gonee ynpoLLEHHYIO BEPCUIO CBOErO0 OCHOBHOMO YCTpOMCTBA. OTa Bepcus
He TpebyeT Bapuak (TpaHcopmaTtop MNEPEMEHHOrO HaMpPsPKEHUS) WM BbICOKOBOJSIbTHBIX
KOHOEeHCaTopoB. 34eCb MPUHUMAETCA BbIXO4 MNOCTOAHHOIMO TOKa, YTO O3HayaeT, 4YTO MOXeT
MCMNOMNb30BaTbCSA BbICOKOYACTOTHBIN MOHWXaKLWMIA TpaHcdopmaTtop. ATo TpebyeT co CTOPOHbI BbIXxOAa
TpaHcdopmaTopa C BO34YLUHBbIM CepPAEYHMKOM (M (PeppUTOBbIM CEPAEYHMKOM), KOTOPbIA Bbl MOMN
Obl camocToATENBHO OOMOTaTb U3 CBEPXMNPOYHOro npoeoga. CeTeBble HArpy3ku OyayT 3aTem NUTaTbCS
C nomMouwpbo 0BbIYHOro CTaHO4apTHOro MHBepTopa. B aTonm Bepcun, KOHEYHO, OYEeHb MOME3HO, YTOObI
ANvHa NpoBoaoB BUTKOB «L1» cocTaBnsina poBHO YeTBepPTb ANMMHbI BUTKOB «BUTKOB L2», 4TOObI ABE
KaTylKM aBTOMaTtuMyecku pesoHuMpoBanu BmecTe. Paboyaa 4yactota Kaxgon u3 3TUX KaTyllek
onpegensaeTcs BbIXOQHOW YacTOTON CxeMbl BO3OY>XAeHUS HEOHOBOW TpybkM. DTa YacToTa coxpaHseTcs
BO BCEN Lenu, noka oHa He OydeT BbiNpsIMIeHa YeTbipbMsi ANOAAMMW, MUTAKLUMMUN HU3KOBOSbTHbIV
HaKonNuTenbHbIM KOHAeHcaTop. LieneBoe BbIxogHoe HanpsixxeHne ByaeT dYyTb 6onee 12 BONbT UnNu YyTb
bonee 24 BONbT, B 3aBMCUMOCTU OT HOMMHANbLHOIO HAaMNPSHPKEHUS WHBEPTOPA, KOTOPbIA OOSKEH
yNpaBnsTbCa CUCTEMOWN.

Mockonbky cxema crnocobHa ynaenvMBaTb [OOMOSHUTENbHbIE MarHUTHbIe WMMMYNbChbl, Takue Kak
UMMynbChl, FeHepUpyeMble ApyruM obopyaoBaHUEM, PaCMONOXeHHble PsAOM yaapbl MOnHMM 1 T. [.,
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OnEKTPOHHbIN KOMMOHEHT, HA3bIBAEMbIA «BapPUCTOP» C MapkKUPOBKOM «V» Ha cxeme, NOAKMNIOYEH Yepes
Harpysky. OTO YCTPOWCTBO [AEWCTBYET KaK OrpaHuMYuUTENb CKA4YKOB HamnpshKeHWsi, MOCKOMbKY OHO
3aKkopayvBaeT nboe HanpsKeHWe Bblle ero pacyeTHOro HanpsHPKeHUs, 3almLlas Harpysky oT CKavykoB
HanpsbkeHus. [a3opaspsgHas Tpybka asnseTca 3peKTUBHON anbTepHATUBON BapUCTOPY.

OTa cxema hakTuyecku npeacraBnseT cobow ABe KaTywku Tecna, v NpUHUMNMaNbHas cxema MOoXeT
ObIThb:

[NpoTHEONONOMXHEIE HANPAENEHWA 0BmoTok? BrlcoKaA 4acToTa
MoHKEHILL KA
TpaHcdopmaTop +12Bunu +24 B
o, BT ST B s
L = —d
MHBEPTOPH "o §= 1 %E 3 Harpyaxai
= — —|_ BEIX0HASA
12 B L PazpAagHuK Bapucrop | MOLLHOCTE

Hu B Koem cny4yae Henb3s OblTb YBEPEHHBIM, YTO B 3TOW LENu KpacHas U CMHAA O6GMOTKM HamMOTaHbl B
NPOTUBOMOMOXHbBIX HanpasneHusix. CKpoBon paspsagHuk (unu rasopaspsagHas Tpybka), BKNHOYEHHbIN
nocnegoBaTtenibHO C NEpPBUYHON OOMOTKOM MepBOro TpaHcopmMaTopa, HECKONbKO HenpeackasyeMbiM
00pa3oM u3MeHsaeT paboTy, TaKk Kak BbI3blBAeT korebaHue nepBUYHOM OOMOTKM Ha 4acToTe,
onpenensieMon ero WHAYKTUBHOCTbIO W COOCTBEHHOM EMKOCTbIO M 3TO0 Oyager pesynbtar B
MerarepLoBbIX YacTtoTax. BTtopmyHaa obGmoTka(n) aToro TpaHcopmaTopa AOSMKHA pe3oHUpoBaTb C
nepBUYHON OOBMOTKOM 1 B 3TOW LIENM, KOTOpasa HEe MMEET YaCTOTHO-KOMMEHCMPYHOLNX KOHAEHCATOPOB,
9TOT pe30HaHC Co34aeTcs TOYHOW ANIMHOW NpoBOAa B BUTKAX BTOPUMYHOW OOMOTKWU. DTO BbIMMAAUT Kak
npocTtas cxema, HO 3TO Kak pa3 HaobopoT. N30bITOK 3Heprun BolpabaTbiBaeTCHA NOBbLILLEHHON YacTOTON,
MOBbLILEHHbIM HaMNpsbKeHWEM W OYEeHb PE3KMMWU MMMyfbCaMu, CO34aBaeMbIMW MCKPOW. 3Ta 4YacTb
npocTtas. B octanbHon Yactu uenu BepoATHO ByaeT odeHb TPYAHO NOYYNTb PE30HAHC, NOCKOMbKY 3TO
Heobxoanmo Ans 4OCTaBKU 3TON U36bITOMHON SHEPTUN K BIXOAHOMY UHBEPTOPY.

Mpn paccMmoTpeHun «AnuHbl» NpPoBoAA B PE30HAHCHOW KaTylike Heobxoanmmo obpaTuTb BHUMaHWE Ha
CTOSYYI0 BOSIHY, CO3[aBaeMmylo B 3TUX ycrioBusix. BorHa Bbi3BaHa oTpakeHMeM curHana, Korga OH
AocTturaeT KoHua nposoaa, UJT korga nponcxoguT BHe3anHOe N3MeHeHne guaMeTpa NpoBoaa, Tak Kak
39TO M3MEHSET CNOCOBHOCTb OTPaXKEHWUst CUrHana B 3TOW TOYke coefuHeHusi. Bbl JOmkHbl ob6paTuTb
BHMMaHME Ha O4YeHb 4YE€TKoe onucaHue 3toro Puuapgom Keukom (Richard Quick) B pasgene ero
naTteHTa, KOTOpbIM BKIOYEH ganee B 3Ty rnaey. Kpome Toro, noMHuTe, 4Yto ckasan JoH CMuT 0 noucke
MUKOB CTOSIYEN BOSHbI C NOMOLLbIO PYYHOW HEOHOBOW NaMribl.

OpgHa o4veHb BaxHas Belb Ha KOTOpyH ykasan [JOH, 3akn4yaeTcss B TOM, YTO SMEKTPUYECTBO
nogaBaemMoe 4yepes po3eTky B MOEM AOMe, He naeT no NpoBoAdam OT anekTpocTtaHumn. Bmecto atoro
3NEKTPOCTaAHUMSA BNUSIET HA MECTHYI «MOACTAHLUMIO» W 3NEKTPOHLI, KOTOpble MpOTeKalT vyepe3 Moé
obopygoBaHune, Ha camMoM gerne NpuxogaT M3 MOen NOKanbHON cpenbl U3-3a BNUAHUSA MOEWN NOKarbHOM
noactaHumu. Noatomy, ecnu 4 cMory cosgaTtb nogobHoe BnNuaHME B CBOEM AoMe, TO MHE Dornblue He
noHagobuTca 3aTa noAcTaHUMs U A CMOTy MMETb CTOSbKO 3fIEKTPO3HEPrun, CKOMbKO 3axody, 6e3
HEeobXOANMOCTM MNATUTbL KOMY-TO APYromy, YTOObl 06ecneunTb 3TO BIUSHNE OJ1S1 MEHS.

npaKTVI‘-IeCKaﬂ peann3auuna ogHoOro N3 NpoeKToB DoHa Cmuta

3apava 30ecb COCTOUT B TOM, YTOObI onpeaennTb, Kak CKOHCTPYMPOBATb 3MEKTPUYECKUA reHepaTop C
ABTOHOMHbIM MUTAHUEM, KOTOPLIA HE MMEEeT OBWMXKYLLUXCA YacTel, He SBMNSeTCs CIULLIKOM JOPOrum B
cbopke, UCMoMnb3yeT NErkoaoCcTyrnHbIE YacTU U UMEET MOLLLHOCTb B HECKOJBbKO KMMOBaTT. TeM He MeHee,
HM NpU Kakmx 06CTOATENbCTBAX 3TOT JOKYMEHT HE [OMMKEH paccMaTpuBaTbCs Kak MooLpeHne Ans Bac
unu noboro gpyroro nuua AnNs co3gaHus OOHOro M3 3TUX YCTPOWCTB. OTOT AOKYMEHT NPeaoCTaBrieH
NCKMIOYNTENBHO B MHPOPMAaUMOHHbIX U OoBpa3oBaTenbHbIX LENsX U NMOCKOSbKY B HEM WCMOMb3YHTCS
BbICOKME HanpshKeHUs!, ero criedyeT paccMaTpmBaTh Kak onacHoe YCTPOWCTBO, He noaxoasiiee ans ero
CO3[1aHNsA HeOomMbITHbIMK NobuTensMu. Cnegyowuii pasaen - TONbKO MOE MHEHME U MO3TOMY ero He
crnenyeT BOCMPUHUMATL Kak MpOBEpPeHHYH U onpoboBaHHyH paboTaloLlytd TEXHONOMMK, a MpPOCTO
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MHEHWNE HEOMbITHOIO aBTOpPA.

OpHako BOMPOCHI HECKOMbKMX pasHblXx 4YuMTaTeneln nokasbiBaloT, YTO OblNo Obl NMONE3Ho KpaTkoe,
[OCTaTOYHO KOHKPETHOE OnuncaHue Lwaros, HeoBXoAUMbIX ANst MOMbITKM pennukaumMmn yctponctea [JoHa
Cmuta. OnaTh e, 3TOT AOKYMEHT He crieqyeT paccMaTtpuBaTb Kak peKkOMeHAaLuio O TOM, YTO Bbl Ha
caMOM Jene co3gaeTe OAHO M3 3TUX BbICOKOBOSbTHBLIX, MOTEHUMANbHO OMAacHbIX YCTPOWCTB. JTO
NPocTo WHAOPMaLUUs, npeaHasHayeHHas AOnsg TOro, 4Tobbl MOMOYb BaM MOHATb, YTO S cyYUTalo
BOBJIEYEHHbIM B 3TOT NPOLIECC.

B obwwinx yepTax, cneaywuimne warm ncnonb3yrTcHd B camom I'IpOCTOl7I BepCun pacnosioXeHns:

1. O4yeHb HM3KaA YacToTa M HanpsKeHWe MEeCTHOM CeTU JAneKTponuTaHus otbpacbkiBaloTCA B MOMb3y
3NEKTPUYECKON ceTn, KoTopas pabotaeTt ¢ Yactoton 6onee 20000 My (UMKMOB B CEKYHAY) U MMeEET
HanpsbkeHne ot 350 go 10000 BonbT. bornee BbICOKME HaNPsSHXKEHUA MOryT AaTb Gonbllyto 0bLLyto
BbIXOAHYO MOLUHOCTb, HO OHWM TpebyloT OonblMX YCUNUA ONsi BOCCTAHOBMEHWUS HaMpshKeHWs 00
YPOBHA MECTHOrO CeTEeBOr0 HanpshkeHus Ons  UCMNOoMb30BaHMS  CTaHOApPTHOrO  CeTeBOro
obopynoBaHu4.

2. DTO BbICOKOYACTOTHOE BLICOKOE HAaMpsPKEHWE UCMONb3YETCs Afsi CO30aHUS CEPUN OYEHb ObICTPbIX
UCKP C MCMOMNb30BaHMEM UCKPOBOrO NMPOMEXYTKa, KOTOPbIA MOAKMNIOYEH K 3a3emneHuto. [paBunnbHO
BbIMOMHEHHAs YacTOTa MCKPbl HACTOMNbKO BbICOKA, YTO WUCKPbl He BbI3blBAOT CrbILLUMMOrO 3BYKA.
Kaxxgast uckpa BbI3bIBaeT MOTOK SHEPIMM M3 NOKaNbHOW cpefdbl B Lenb. JTa SHEPrUsl He SBMSIETCS
CTaHAapTHLIM 3MIEKTPUYECTBOM, KOTOPOE OeraeT BELUM ropsvYMMK, KOrga TOK TeyeT 4Yepes HUX, HO
BMECTO 3TOro 3TOT MNOTOK SHEPrn 3aCTaBMSET BELLM CTAHOBUTLCSA XONOAHbLIMU, KOraa 3HEpPrna TedeT
yepes HUX U MO3TOMY €€ 4acTO Ha3blBalT «XOSOAHbIM» 3MEeKTPUYECTBOM. [OBOSIbHO CIOXHO
ncnonb3oBaTb 3Ty SHEPruio, ecnvm BCE 4YTO Bbl XOTUTE cAenaTb, 3TO 3aXeyb CEepulo namnovek
(koTOpble, Mexay MpPOoYUM, BLIOEMSANT APYroe KaydecTBO CBeTa NPU NUTaAHUU C 3TOW 3JHEpruen).
YOMBUTENbHO, HO CXeMa Tenepb COAEPXKUT 3HAUYUTENBbHO Oonblue SHEPrMM, Yem KONNYEeCTBO
3Heprum, Heobxogmmoe ans obpasoBaHUst UCKP. DTO CBA3aAHO C TEM, YTO OOMNOJTHUTENbHASA 3Heprus
MOCTYyNaeT Kak U3 3emIn, Tak U M3 MECTHOW OKpyatoLlen cpeabl. Ecnn y Bac o6bivHOE 0By4yeHme u
Bbl NUTaeTe MUM O «3aKPbITbIX CUCTEMAX», TO 3TO MOKAXKETCA BaM HEBO3MOXHbIM. MTak, no3sonbTe
MHEe 3adaTb Bam BOMPOC. €CNnu, KakK MoKasaHO BCE 3IEKTPUYECTBO MNepeTekatollee B MEPBUYHYIO
0OMOTKy TpaHcdopmMaTopa, BbiTEKAeT 00paTHO M3 3TOM OOMOTKM, TO OTKyAa MOCTynaeT MacCUBHbIN
HenpepbIBHBLIN MOTOK 3MEKTPUYEecTBa, NMOCTyNnatwLwWmMn OT BTOPUYHOM OBMOTKM? HUYTO M3 aToro He
NUCXOOUT U3 NEPBUYHOIO KOHTYpa M BCE XXe MUMMNOHbLI 3NIEKTPOHOB BbITEKAIOT U3 BTOPUYHOIO KOHTYpa
B HENpPEepbIBHOM MOTOKE, KOTOPLIN MOXET nogaBaTbCsi 6ECKOHEYHO. MTak, OTKyda 9TW SNEeKTPOHbI?
OTBeT «U3 OKpyXaloLlen MeCTHOW cpefbl, KOTOpash KUNUT OT Uu30blITKa 3JHeprum», HO BallUM
yyebHUKaM He MOHPaBUTCHA ITOT (PaKT, MOCKOSbKY OHW CYMTalOT, YTO LUenb TpaHcdopmaTopa
SIBMISIETCS  «3aMKHYTOM CUCTEMOW» - 4YTO BEPOATHO Oonblle HWrade He BCTpeyaeTcs B 3TOM
BCENEHHOMN.

3. DTy BbICOKOBOSbTHYHO, BbICOKOYACTOTHYHO M MOLLHYIO 3HEPTN0 HEOOX0aAMMO Npeobpa3oBaTh B TOT Xe
TUN TOpPSYEro SMneKTpu4ecTBa, KOTOpoe BblpabaTbiBaeTCcsi B CETEBOM PO3ETKE MpU MECTHOM
HaNpsKeHUN 1 YactoTe. OTO rae yMeHue u NoHMMaHWe BCTynatoT B urpy. MNepBbiM WaroM siBnsieTcs
CHWDKEHUE HanpsbKeHUs U yBenuMyeHue OOCTYNHOro ToKa C MOMOLLBIO MOHWXKALWEro pe3oHaHCHOro
TpaHcdopmaTopa. ATO 3BYYMT OYEHb TEXHMYECKM U CIOXHO M MMSAs Ha OOPOryt KaTywky [oHa
Cmuta oT1 bapkepa wn YunbamcoHa (Barker & Williamson), kaxeTcsi, 4TO BCA onepauus
npeaHasHavyeHa TonbKo Ana 6oraTbix 3KCNEPMMEHTATOPOB. DTO He TOT criyyanm u paboyee pelueHue
MOXeT ObiTb AeweéBbiM U npocTbiM. Kak npaBuno, He o4yeHb yaoOHO nofaBaTb OYEHb BbLICOKOE
HanpsbkeHne [o yAoOHOro YpoOBHSA 3a OOWH Lar M MNo3TOMy OOWH WU HECKONMbKO W3 3TUX
PE30HAHCHbIX TpaHCOPMATOPOB MOryT WCMNONb30BaTbCA AN OOCTUXKEHWUS LENEeBOro YpOBHS
HanpsbkeHnsi. Kaxgbli NOHWXaKLWNn TpaHcopMaTop yBENMYMBAET AOCTYMHbIA TOK BCE BbIE W
BbILLE.

4. Korga ynooBneTBopuTenbHOe HanpsikeHne OOCTUTHYTO, HaM HY)XXHO UMETb OENo C OYeHb BbICOKOM
yacTtoToi. Camblin NpPocToi cnocob CnpaBUTLCS C 3TUM - UCMOMb30BaTb BbICOKOCKOPOCTHbLIE AMOAbI,
4yTO6bI Npeobpa3oBaTh €ro B MMMYJbLCHLIA NOCTOSIHHBLIA TOK M NodaTb €ro B KOHAEHcaTop, YToObI
co3gaTtb, MO CyTu BeuvHyto BaTapeto. Mogava 3ToM SHEprMy B KOHAEHcaTop npeobpasyeT €€ B
00Obl4YHOE «ropsiyee» 3MeKTPUYECTBO M OObIYHbIA CTaHAAPTHLIN MHBEPTOP MOXET UCMONb30BaTbCS
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ONA TOYHOro onpeaeneHns HanpshKeHUs 1 4YacToTbl MECTHOWN anekTpoceTn. B 6onblunMHCTBE CTpaH
Mupa ato 220 BonbT Npyn 50 umknax B cekyHay. B Amepuke ato 110 BonbT npu 60 umknax B
cekyHay. Hepoporvne nHeeptopbl 06bl4HO paboTarT oT 12 BonbT Mnn 24 BonbT, Npu 3Tom Gonee
pacnpocTpaHeHHble 12-BonbTHblEe 60KM AelleBsne.

WTak, gaBaiite NOCMOTPUM Ha Kaxabl U3 3TMX 3TanoB Goree nogpobHO M NOCMOTPMM, CMOXEM 1 Mbl
MOHSITb, YTO AN 3TOFOHYXKHO U KAKOBbI HALUW BapuaHTbl:

1. Mbl XOTUM M3roTOBUTb BbICOKOBOJIbTHbIN, BBICOKOYACTOTHbIA, CNAabOTOYHbIA UCTOYHUK NUTaHUsA. [1oH
CMUT geMOHCTpupyeT Moayfb HEOHOBOMO 3Haka. Ero mogynb reHepupoBan HanpsbkeHue, KoTopoe
ObNo Bbllwe, 4eM Oblo ygobHO M MO3TOMY OH WMCNONb30OBan MNEPEMEHHbI TpaHcdopmaTop
nepemMeHHoro Toka wunm «Variac», Kak W3BECTHO [N CHWKEHUSI BXOOHOIO HanpsbkeHust u
cnepoBaTeNibHO, AN CHWXKEHUSI BbIXOQHOrO HanpsbkeHusi. Ha camom gene HeT HeobxogumocTu B
Bapuake, Tak kak Mbl MOXEM CNpaBuUTbCA C Oonee BLICOKAM HamnpsbkeHMeMm WunuM, B KayecTBe
anbTepHaTUBbI, UCMONb30BaTb boriee NOAXoaAWNA MOAYITb HEOHOBOIO TpaHcdopmaTopa.

OpHako y Hac ecTb NpoGnembl C UCNONb30BaHNEM 3TOW TeXHWUKKU. 3a rofdbl, Npolueawmne ¢ Tex nop,
kak [loH Kynun cBoi Moaynb, OHM Obinu nepepaboTaHbl, YTOObI BKMOYaTb B cebs cxemy, KoTopas
OTKMoYaeT Moaynb, €Cnu KakoW-nnMbo TOK BbITEKAET M3 HEro HENocpeACTBEHHO Ha 3eMIio U
MOCKOJbKY 3TO UMEHHO TO, AN Yero Mbl XOTenun Gbl UCNOMb30BaTh €ro, Tak YTo BOMbLUMHCTBO, ecnu
He BCe [OOCTYMHble B HacTosilLee BpeMsi TpaHC(OpMaTOpHble MOAYNWU ANS HEOHOBbLIX peknam He
noaxoaaT Ans Hawwmx Hyxa. OgHako MHe ckasanu, YTo ecrnv MOoAyrb UMEET 3a3eMMSAOLLMIA NPOBOA U
3TOT 3a3eMNSALWNA NPOBOA HE MOAKMYEH, TO 3TO OTKMOYAET CXeMy YTEeYKM Ha 3eMIio, NO3BONss
MCnonb30BaTh YCTPOWCTBO B Lenu [JoH CMuTa. JlnyHo s Gbl He coBeToBan, ecnv MoAyrb 3aK4YeH B
MeTannmM4yecknii Koprnyc.

lopasno 6onee gelwieBasi anbTepHaTMBa NOKa3aHa 30€eCh:
http://www.youtube.com/watch?v=RDDRe _4D93Q rae anga co3gaHusi BbICOKOYaCTOTHOM UCKPbI
MCnonb3yeTcs ManeHbKN KOHTYP NNa3mMeHHoro wapa. Becbma BeposATHO, YTO OAMH U3 3TUX
MoAyJSien yaoBneTBOPUT HalW NOTPEBHOCTMU:

Moayne Bes
nnasmMeHHOro wapa

AnbTepHaTMBHbIA METOA 3aKr4aeTcss B CO34aHMM COOCTBEHHONO WCTOYMHWKA MUTaHUA C HyNA.
Cpenatb 9TO He OCOBGEHHO CINOXHO M €Cnn Bbl He pas3bupaeTecb B KaKOW-NMOO 3NEKTPOHUKE, TO
BO3MOXHO uYMTad Y4YebHUK [N HadvMHawowmx no anektpoHuke Ha (http://www.free-energy-
info.com/Chapter12.pdf) roe rmaBa 12 no3HakoOMUT Bac CO BCEMW OCHOBaMMu, HeOOXoOUMbIMUK ANS
NoHMMaHMsa (1, BEPOSITHO, pa3paboTkMm COOCTBEHHBLIX) CXemM 3Toro Tuna. BoT KOHCTpykums
nepeMeHHOM YacToTbl 451 XUMULLHOMO CTPOUTENbLCTRA:
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OaHMM 13 NpenmyLLecTB 3TON CXEMbl ABMASIETCA TO, YTO BbIXOAHOW TpaHcdopmaTtop paboTaeT Ha
yacToTe, YCTaHOBIEHHOM TavmepoM 555 M Ha 3Ty 4acTOTy He BRUSIET HWU KONUYECTBO BUTKOB B
nepBMYHON OOMOTKE, HU WHAOYKTUBHOCTb, AWaAMETp MpoBoda WM 4TO-IMOO elle, CBA3aHHOE C
KaTyLlKon. XOoTa 3aTa cxema nokasbiBaeT [oBofbHO goporon TpaHsuctop IRF9130, a oxugato, 4to
Apyrve nomnesble TPaH3UCTOPbI ¢ KaHanom P-tuna 6yayT pabotate yooBNEeTBOPUTESIBHO B 3TON CXEME.
Tpansuctop IRF9130 Bbirnaaut cnegytowmm obpasom:

Cxema nmeeT anoa nNUTaHUsa u KOHAEeHcaTop, roTOBbIN K NPUEMY 3HEpruu ¢ Bbixoda Ha Goree nos3gHui
CPOK, €CcnM 3TO BO3MOXHO W xenaTtenbHo. Cxema 555 gaBndetcsa craHgapTHou, 4to gaeTt 50%
COOTHOWEHMe Toukn / npocTtpaHctBa. KoHpgeHcatop 10 H® npegHasHadeH Ans nogaepXaHus
ctabunbHOCTM 555, a cekumst CMHXPOHU3aUMW COCTOUT U3 ABYX NEepeMeHHbIX Pe3ncTopoB, OLHOMO
PUKCMPOBAHHOIO pe3ncTopa W KoHaeHcatopa 1 H®. Takoe pacnonoxeHuwe pesnucTtopoB [aeT
nepemeHHoe conpoTtusneHme ot 100 Om go 51,8 kOm, 4TO obecneumBaeT 3HAYUTENbHbLIA AMana3oH
yacToT. [lepeMeHHbIn pe3ucTtop 47K (NMMHENHBbIA) yrnpaBnisieT OCHOBHOW HAaCTPOWMKOW, a MepeMEHHbI
pesuctop 4,7K (nuHenHbln) paet 6Gonee nerko perynvpyemyro 4acTtoTy [AOfi1 TOYMHOW HaCTPOWKM.
Pesnctop 100 OM npucyTcTByeT B crydae, ecnu oba nepemMeHHbIX pe3ncTopa YCTaHOBfEHbl Ha
HyneBoe conpoTmerieHne. Bbixog nogaetcs yepesd pesuctop 470 Om Ha 3aTBOpP OYEHb MOLLHOMO
TpaH3MCTOpa C NOJSIEBbIM TPAH3UCTOPOM C KaHanom P-Tuna, KOTOpbIA yNpasnsieT NepBMYHON OOMOTKOM
BbIXOOHOro TpaHcdopmaropa.

BbixogHon TpaHcchopmaTop MOXeT OblTb HamMOTaH Ha W3O0MMPYIOLLYK KaTyLUKy, MNOKPbIBAOLLYIO
deppuToBbIN  CTEPXKEHb, 4YTO obecrneumBaeT Kak XOpOLIYK CBA3b Mexay obmoTkamu, Tak U
BbICOKOYACTOTHYIO paboTy. COOTHOLEHNE BUTKOB YCTaHOBIEHO paBHbiM 30: 1 1M3-3a 6onbLloro 4ymicna
BUTKOB MepPBUYHON 0OMOTKU. pn 12-BoNbTOBOM NuTaHmm 31O gact 360-BONbTHYHO OOPMY BbIXOOHOMO
curHana, W, MOCTENEeHHO YMeHbluas nepBuYHble BUTKW, MO3BONSAET YBENMYMBaTb BbIXOOHOE
HanpsPKeHne KOHTponupyemMbiMu waramu. MNpu 10 BUTKax nepBMYHOM OOMOTKM BbIXOAHOE HanpsiKeHune
JOMmKHO coctaBnaTb 3600 BonbT, a npu 5 Butkax - 7200 BoMbT. Yem Bbiwe MCNOMb3yemMoe
HanpshkeHune, Tem bonblle o6bem paboTbl, HEOOX0OMMON B AanbHENLLEM, YTOObI BEPHYTb HAaNpshXeHne
K XXeflaeMoMy BbIXO4HOMY YPOBHIO.

Maga Ha Tabnuuy XapakTepucTuK MNpOBOAOB, BWAHO, YTO AN BTOPUYHOW OOMOTKM BbIXOOHOMO
TpaHcdhopmaTopa reHepaTopa MOXHO MCMOMb30BaTh AOBOSIbHO ManeHbkUn anameTp npoBoaa. XoTsa
3TO COBEPLUEHHO BEPHO, 3TO HE BCA UCTOpMSA. [lpariBepbl HEOHOBbLIX TPYOOK O4YeHb Marnbl, a NpoBoaa B
MX BbIXOAHbIX OOMOTKax OENCTBUTENIbHO O4YEeHb ManeHbKoro avameTpa. OTu OpariBepHble MOAYIM
O4YeHb nNoaBepXeHbl cbosam. Ecnn nsonaums Ha ogHOM BUTKE OOMOTKM BbIXOOUT M3 CTPOS U OAWH BUTOK
CTaHOBMUTCS KOPOTKMM 3aMblkaHMEM, 3TO OCTaHaBnmBaeT kornebaHne obMOTKM u TpebyeTcsa 3ameHa.
lMockonbKy [Ons 9TOro0 MNpPOeKTa HeT O0coObiX OrpaHMYeHUn no pasmepy, Obino Obl Henmoxo
NCrnonb3oBaTh 3ManMpOBaHHbIN MegHbI npoBofg ceyveHmem 0,45 mm mnu 6onee, 4Tobbl M3bexaTb
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ONacHOCTN NOBpEeXAeHUa usonsaumu. Hukakas 4acTb KaTywku TpaHcdopmatopa He AofkHa ObiTb
METanM4eckon, N He OydeT HMKAKoOro Bpeda MOKPbIBaTb KaXKAbI CNOW BTOPUYHOW OOMOTKM CrOEM
N30MneHTbl, YTOObl 06ecnevnTb AOMONHUTENBHYIO U30NALMI0 MEXAY BUTKaMW KaTyLIKW B OOHOM Crioe u
BUTKaMn B BEPYHEM Croe.

Cxema nogkntodaemMon nnatbl MOXeT ObITb:
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MoMHMTE, 4YTO Bbl HE MOXETe MPOCTO HaKMeuTb CBOW CpefHUA BOSMbTMETP Ha KoHAeHcatop 4 kB
(ecnu Bbl AENCTBUTENBHO HE XOTUTE MOKYyNaTb APYron 3MepuTenb), NOCKOSIbKY OH U3MePSET TOSbKO
00 NPUMEPHO ThICAYN BOMbT NOCTOSHHOIO ToKa. Tak, ecrniv Bbl UCMOMb3yeTe BbICOKOE HanpsiKeHue,
TO BaM HYXHO MCMNONb30BaTb Mapy pPe3ncTop-4enurerib U U3MEpPUTb HanpskeHue Ha HUXKHEM
pesucTtope. Ho kakve 3Ha4yeHns pe3ncTopoB crnegyeT ucnonb3osaTb? Ecnu Bbl nomMecTute pesmctop
10 MOmM Ha 3apsikeHHbI KoHOeHcaTop 4 kB, Tok, npoTekawowmin yepes pesuctop, coctasut 0,4
Munnuamnep. 3BYYMT KpoweyHo, He npaBga nu? Ho atm 0,4 MA paBHbl 1,6 BT, 4TO HamHoro
fornblue, YeM MOLLHOCTb, KOTOPY MOXeT BblAepxaTb Ball pe3uctop. [axe ucnonb3ys Takyro
paccTaHOBKY:

{ |
J_—|1 ant |1 o f—f1 omt {1 om}
WOLTMETER
T = Varistor o0y

Tok coctaBuT 0,08 MA, a MOLLHOCTb Ha peauctop coctaBuT 64 MBT. NokasaHne mnameputens byaoet
coctaBnATb okono 20% OT HanpsKeHUs Ha KoHOeHcaTope, YTO AacT nokasaHme BonbTMeTpa B 800
BONbT. HeobGxoanmo nNpoBepuUTb BXOAHOE COMPOTMBIIEHWE U3MEPUTENS U BO3MOXHO, Y4eCTb ero, Tak
KaK COMpOTUBIIEHNE B 3TON Lenu odeHb Bbicokoe (cM. naBy 12). Npu npoBegeHUM M3MEpPEHNA 3TOro
TMNa KOHAEHCAaTop pas3psXKaeTcs, Lenb pe3ncTopa U N3MepuTenbHbI NpMbop NoaKIYaTCs N 3aTeM,
M TONbKO TOrAa, BKIOMAETCHA UeMnb, NPOMCXOAUT CYUMTbIBAHME, OTKIOYMaETCA BXOAHAs MOLLHOCTb,
paspsKaeTcsi KOHOEHCATOp WM OTKIIYalTCs pe3nctopbl. BbICOKOBOMbTHbIE LEMM OYEHb OMNacHbI,
ocobeHHO Korga Tam 3a4encTBoBaH KoHAeHcaTop. PekomeHgauusi HageBaTb TOMCTble PE3NHOBLIE
nepyaTtkm AnNg Takoro poga paboT He npegHasHadeHa Ana omopa. Llenm aTtoro tvna moryt
reHepupoBaTb HEOXMAAHHbLIE MUKN BbICOKOrO HaMPSsHKEHUS] U MO3TOMY ObiNo Obl HENTOXO MOAKMIOYUTL
BApUCTOP K M3MepUTEnto, YTOObl 3aMTUTb ero oT 3TUX NUKOB. Bapnctop gormkeH ObiTb HACTPOEH Ha
HanpshkeHne, KOTopoe Bbl HAMEPEHbI N3MEPSATb, U MOCKOSbKY BapUCTOPbl MOryT ObiTb HEAOCTYNHbI NPK
npesbiweHun nopora 300 B, moxeT noTtpeGoBaTbCcA nocnegoBaTeribHOE MNOAKMIOYEHME ABYX WUIK
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Oonee, roe TOJIbKO OAMH NOKa3aH Ha AuarpamMmme Bbllle. BapMCTop HE OOJTKEH UMETb bonee BbICOKOE
HOMWHalnbHOE HanpsaXeHune, 4eM Ball BOJIbTMETP.

2. Tenepb HaM HYXHO WMCMONb30BaATb 3TO BbLICOKOE HaMNpsPKeHWe, 4YTobObl co34aTb CTpaTermyecku
pacronoXeHHy0 WUckpy Ans 3asemreHust. Mpu NOAKNoYeHUM K 3emne MHOrga peKkoMeHAyeTcs
NOOKMIYMTBCA K BOAONPOBOAHbIM Tpy6am wnu paguatopaM, Tak Kak OHW UMET ANUHHY
MeTannmMyeckyto Tpyoy, NPOXOAsLLY0 NoAd 3eMIeil U NpeKkpacHoO ComnpuKacarLlyocst ¢ Hel. Tem He
MEHee, CTano O4YeHb pacnpoCTpaHEeHO 3aMeHATb MeTannuuyeckue Tpybbl Gonee [aelleBbIMU
nnacTukoBbiMM TpyGamu, U noatomy noboe npepnaraemoe coeavHeHne Tpyb HyxaaeTcs B
npoBepke, YToObl y6eanTbCs, YTO eCTb MeTannuyeckue TpyObl, KOTOpble MPOXOAST MOSIHOCTHIO B
3eMnio.

HeoH lNazopaspAgHan TpyoKa

[MokasaHHble UCKPOBbIE pa3psiAHMKM MOTYT NpeacTaBnaTb COO60ON KOMMepYeckme BbICOKOBOMbTHLIE
rasopaspsigHole TpyoKu, perynupyemble camoesnbHble UCKPOBble Pa3psaHNKM C HAKOHEYHUKaMK 13
Hep>aBeLLEeN cTanm Ha paccToOSsHUK OKOJo 1 MM Opyr OT Apyra, aBTOMOOMUITbHbIE CBEYN 3aXXUTaHUS
UM cTaHZapTHble HEOHOBbIE faMmMbl, XOTA B 3TOM CIiy4ae OHW paboTalT [OBOJSIbBHO FOPSYUMM.
HeoHoBasi namna pasmepom 15 mm x 6 Mm paboTaeT ¢ HanpsikeHnem Bcero 90 nnn 100 BonbT, ans
CO3aHNs NCKPOBOro paspsiiHMKa BbICOKOrO HarnpsbkeHusi noTpebyeTcsa 3HauuMTerbHOe KONMYEeCTBO
N3 HUX, COEOMHEHHbIX NMOCNeAoBaTENbHO, HO BEPOSITHO, 3TO OLUIMOOYHOE NpeacTaBneHne 0 ToM, YTO
ONs caMoro MCKpPOBOro paspsagHuka HeobxoouMmo BbICOKOe HanpsbkeHue. [lozxe B 3TOW rnase
npuBeaéH NpUMep OYeHb YCMNELLIHOW CUCTEMBI, B KOTOPOW A5l UICKPOBOro NPOMEXYTKa UCMNOoNb3yeTcs
TONbKO OAHA HEOHOBasi famna K co3gaeTcst korebaTenlbHoe MarHUTHOe rnone LupuHown Gonee
MeTpa, Korga OHO NPUBOANTCA B AENCTBUE CTapblM HEOHOBbLIM TpaHCOPMAaTOpPHbIM MoZyfNleM Ha
2500 BonbT. Ecnu gns MCKpoBOro npoMexyTka WMCNosib3yeTcsl HeOHOBas flamna, TO OrbITHbIN
pa3paboTuMk pekoMeHOyeT wucnonb3oBatb pesnctop 22K nocnepoBaTtenbHO C HEOHOM, YTOObI
3HaUYNTENBHO NPOASIUTL CPOK Ero Cryobl.

OTa cxema sBnsieTcs OAHUM U3 cnocobos. NOOKINH4YeHNA NCKPOBOTIo pa3pAaAaHMKa N 3a3eMIeHnd.

10 x UFS403
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OTa aganTtaums cxembl, UCNonb3yemMon yvyacTHukom copyma «SLOW-‘N-EASY» B Teme [JoHa Cmuta
B 9HepreTudeckom dopyme (energeticforum). 3gecb OH Mcnonb3yeT HEOHOBbIM TpaHcdopmaTop
«LowGlow», npegHasHayeHHbIn ANg UCMNonb3oBaHWA Ha Bernocunede. Auoabl npegHasHaveHbl A5s
3alUMTbl BbICOKOBOSIbTHOMO MCTOYHMKA MUTAHWUS OT NIOObIX HEOXWOAHHbBIX CKAYKOB HanpshKeHus,
KOTOpbl€ BO3HUKHYT no3gHee B Lenu. ICKpOBON paspsgHUK NOSKIHYEH Mexay nepBUYHON 06MOTKON
noBbILLaoLLLEro TpaHcdopMaTopa 1 3asemneHneM. KoHgeHcaTop He ncnonb3yeTcs. Buaga aty cxemy,
Mbl Cpas3y e BCnoMmuHaem bonblune n goporve katywkn fJona Cmuta, HO 3TOT 9KCNEPUMEHTATOP He
ncnonb3yeT Hu4ero nogobHoro. Bmecto 3TOro oH HamaTbiBaeT CBOW TpaHcopmaTop Ha NpoCTOM
nnacTUKoBbIN pbopmep Kak 3ToT:
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Ho Sung International. EI-2820 nylon bobiin,
Core is 10 mm x 13 mm x 1¥ mm high. Top
is 18.5 mm ¥ 21.5 mm. Base is 22 mm x 26
mm.  Four leads, 15 mm and 20 mm spacing

N 4TtOo ewe xyxe, onuHa nepBuyHOM OOMOTKM cocTaBnsieT Bcero 9 awrmoB (228,6 mm), a
BTOpMYHOM - Bcero 36 awonmoB (914,4 Mm), NpMyYéM nNepBuYHas HAMOTaHa HEMOCPEACTBEHHO Ha
BTOpU4Hyt0. He coBcem 6onbluas unu goporas KOHCTPYKUMSA U TEM HE MeHee Takasi, Kotopas no-
BUOMMOMY paboTaeT afeKkBaTHO B pearnbHbIX UCTbITAHUSIX.

OTO OYeHb KOMNakTHas popmMa KOHCTPYKLUUKU, HO HET HEOBXOAMMOCTN UCNONb30BaTh TOYHO TaKoW
Xe hopmMumpoBaTtenb AN KaTylwek U Npyu 3TOM HET HUYero BosnwebHOoro B AeBATUAIOMMOBON ANIMHE
KaTywkn L1, nockonbky aTo MoxeT ObiTb Ntobasa ygobHasa gnvHa, Hanpumep dyTtos unmn 0,5 meTpa,
UM 4TO yrogHo. BaxHo, 4Tobbl AnvHa npoBoda L2 Gbina B YeTblpe pasa Oonblue 3TOW ANWUHBI,
TOYHO obpesasd anuHy. OObIMHOW MpPaKTUKOW sIBMsieTCS nogdop Beca MeAu B KaXOOoW KaTyluke,
noatomy Gonee KOpOTKMA npoBog OObIMHO B ABa pasa Oonblwe gvametpa 6onee ANUHHOIMO
nposogja.

Cxema Bbllwe, BblpabaTbiBaeT XONOAHYK 3MEKTPO3HEPIMI0 Ha BbLIXOAE BbICOKOrO HanpshkeHus u
BbICOKOW 4acToTbl. HanpsbkeHne He OygeT TakMM Xe, Kak HanpsbkeHne Yy HEeOHOBOro
TpaHcdopmaTopa 1 YacToTa TOXe He byaeT. ATu OBe KaTyLLKM Pe30HMPYIOT Ha CBOer COBCTBEHHOMN
4yacToTe, HEM3MEHHOM HUKAaKUMMK KOHOEHCaTOpaMMm.

3. CrnegytlowymM warom siBNsieTCs CHUXEHWE BbICOKOTO HarnpshkeHuss no 6Gonee yaoBGHOro ypoBHs,
Hanpumep BOT Tak:

10x UFS405

Huzkaa MOWHOCTE
BLICOKOE HAaNpAKeHWE 514 T
BLICOKAA 4acTOTS I A
IACTOYHME MUTaHKA

3B 2057 T
30 A

5147
26 AW

10 UFS403

30ecb WAOEHTMYHbIA TpaHCcOpMaTOpP, HAaMOTaHHBLIA TOYHO TaKUM Xe 06pa3oM WUCMOoNb3yeTcs B
obpaTHOM nopsigke ANs 3anycka nocrnenoBaTeNbHOCTU MOHWXKEeHUS HanpskeHusi. COooTHoLleHue
ANVIH NPOBOAOB NOAAepXKMBaeTCst ANs NoAaepaHus pe3oHaHca oBMOTOK TpaHcdopmaTtopa apyr ¢

ApYrom.

MpeanonoXxum, YTo Ham HYXXHO ObINIo HaMoTaTh KaTyLwKy L2 3TOro BTOpOro TpaHcgopmMartopa B 0gHy
npsiMyto 0OMOTKY M BMECTO TOro, YToObl HamaTbIBaTb Ha Hee TONbKo ogHy obmMoTKy L1, noBepx Heé
ObInn pasMelleHbl ABe nnu donee ognHakoBbiXx 06MoTkM L1 - 4TO nponsonaer ?:

L1 L1 L1
L2 M L2
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Tenepb ANS KOMMeEHTapusi, KOTOpbI OyaeT kKasaTbCA epeTMYEecKMM MoasM, MOrpy>KEeHHbIM B
COBpPEMEHHbI  (HeageKkBaTHbIN)  YpPOBEHb  TEXHONOIMMWA. JHeprus, npoTekawwasa B 3TUX
TpaHcdopmaTopax, SIBNSAETCA XON0AHbIM 3NEKTPUYECTBOM, KOTOpoe paboTaeT COBEPLUEHHO MHaYe,
yeM ropsiyee anekTpudecTBo. CBSA3b MeXay STUMU KaTylwkamu bbina Obl MHOYKTUBHOW, eCni Obl OHK
nepegaBanu ropsiiee areKTpuYecTBO M B 3TOM cry4vae nobor AoNOMHUTENbHBLIN OTOOP MOLLHOCTH
OT [ONONHUTENbHbIX KaTywek L1 gorkeH Obin Obl «onnavvMBaTbCs» 3a CYET AOMONHUTENbHOro
notpebneHunsa Toka Yepes Katywky L2. OgHako ¢ X0NogHbIM 3NEKTPUYECTBOM, KOTOpoe hakTniecku
HeCyT 9TW KaTyLlKW, CBA3b MeXAy KaTyllKamn aBfseTcs MarHUTHOW, a He MHOYKTUBHOW W 3TO He
NPMBOANT K YBENUYEHMIO TOKa L2, HE3aBMCUMO OT TOro, CKOSIbKO B3MNETOB KaTywku L1 cyuwiectsyer.
JTiobble gononHuTenbHble KaTywkyn L1 6yayT BkmntoyeHbl 6ecnnatHo. OgHAKO MOMOXeHWe KaTyluek
OTHOCUTENbLHO ApYyr Apyra okasbiBaeT BMWSHME Ha HAacCTPOWKYy, MO3TOMy KaTywka L1 pormkHa
HaxoOuUTbCs B cepeguHe KaTywku L2, 4To o3HayaeT, 4To nobble AOMOMHUTENbHbIE KaTylkn L1
OyayT HEMHOrO OTKIMOHATLCA OT ONTUMArIbHON TOYKN HAaCTPOMKM.

4. B nobom cnyyae, nocrne Bcero ogHomn kaTywkn L1, BeposaTHoO, noTpebyeTca no kparHen Mmepe eLé
OLMH MOHMXaKLWNA TpaHcopMaTop M B KOHEYHOM uTore Ham noTpebyetca npeobpas3oBaHue B
ropsiiee aneKkTpuyecTBo:

10 UFS408

HW2k2A MOWHOCTE
BEICOKOE HANPAXEHKWE
BEICOKaA YacToTS
FICTOMHME MHTAHKAA

FS405
9514 T
26 BN

32057 TSNS 9" 514 TONS 8" 514 T

30 AW = 26 AWS SIS 26 ARG .
[NocToAHHBIA

TOK

XONOAHOE 3NEKTPHMHECTBO

10 % UFS403

BeposTHO, camoe npoctoe npeobpa3oBaHMe 3akfyaeTcs B nogave JHEprunm B KOHAEHcaTop M
CO3[aHuUN CTaHOapTHOro MOCTOSIHHOIO TOKa. YacToTa Mo-NpexHemMy OYeHb BbICOKas, MO3TOMY 34eCb
HYXXHbl BbICOKOCKOPOCTHble Aauodbl (Hanpumep, 75-HaHocekyHAHbIM UF54008), xoTa ypoBeHb
HanNpsPKeHNsa Tenepb AOCTAaTOMHO HU3KWUW, YTOObI He Bbino Npobnem. Bbixoa NOCTOAHHOIO TOKa MOXHO
ncnonb3oBaTb ANA NUTaHUS MHBEpPTOpa, YTOObl MOXHO ObINO UCNONb30BaTb CTaHAAPTHOE CeTeBOe
obopypoBaHne. HeT HeobBXxoOuUMOCTM MCMNOMNb30BaTb TOMbKO OAMH (AOpOron) umHeepTop 60nbLuon
MOLLHOCTM AN NUTaAHUS BCEX BO3MOXHbIX Harpy3ok, MNOCKOSbKY JelleBre WMeTb HEeCKOMbKO
WHBEPTOPOB MEHbLUEro pasMepa, Kaxabli K3 KOTOpbIX MUTaeTca OT CBOero COBCTBEHHOro
obopynoBaHua. bonbluas yactb obopynosaHus Oyaet pabotatb YAOBNETBOPUTENBHO Ha MHBEpPTOpax
nNpsiMOyronbHOM bopMbl BOMHbI (square-wave inverters) n ato Bknto4vaeT B cebs 6nok nuTaHusa ans
nNUTaHNsA BXOAHOIO reHepaTopa.

Tpyba MNBX He gaBnseTca xopowum matepuarioMm npyv UCNONb30BaHWM BbICOKOYACTOTHLIX CUrHaroB
BbICOKOrO HanpsbkeHusi, a cepas Tpyba [1BX saBnsieTcs 0COBGEHHO Nnoxum MmaTepuanom ans
dopmupoBaHns kaTywek. [opasgo 6Gonee poporas akpunosas Tpyba npesBocxofHa, HO ecnu
ncnone3sosatb [1BX, TO npousBoauTensHocTb 6yaeT nydwe, ecnu Tpyba [BX 6Gyaer nokpbita
N30MMPYIOLWLMM NakoM (MUnv wapvkamu Ans HaCcTONMbHOrO TEHHUCA, PacTBOPEHHbLIMU B auEeTOHe, Kak
nokasaHo Ha YouTube).

OpHako ecTb ¥ gpyrve hakTopbl, KOTOpble He Obinuv ynomsiHyTbl. Hanpumep, ecnu kaTtywka L1
HamoTaHa HenocpeacTBEHHO Ha KaTywky L2, oHa OGygeT MMeTb NpUMEPHO TakoW >xe AuvameTp u
crnegoBaTenbHO MPOBOA, KOTOPLIN B YeTblpe pa3a AnvHHee, byaeT MMeTb NPUMEPHO B YeTbipe pasa
Oonblle BUTKOB, [aBasi COOTHOLUEHME MOBLILEHUA MAWM MNOHWXKeHus okorno 4: 1. Ecnu, ¢ apyron
CTOPOHbI, AMaMeTpbl KaTyLlek Obinn 6bl pasHbIMU TO OTHOLWLEHWE Bbino Obl APYrMM, NOCKOMbKY AfMHbI
npoBoAOB (OUKCMPOBaHbI OTHOCUTENbHO Apyr Apyra. Ecnu 6bl kaTywka L2 coctaBnsna nonoBuHY
AnameTpa KaTywkn L1, TO OTHOWeHne BUTKOB cocTaBnsno 6bl okono 8: 1 u npu guameTpe B OOHY
TpeTb, 12: 1 v npu anameTpe B 4eTBepPTb 16: 1, 3TO O3HAYAET, YTO MOXHO NOMNYYUTL ropasao GonbLnin
apheKT 13 ToM e ANMHbI NPOBOAA 3a CYET YMEHbLUEHUS anamMeTpa KaTywkm L2. OgHako MarHUTHbIA
ahheKkT co3gaBaeMbli KaTyLLIKOW, CBA3aH C MNOWaAblo MOMepeyvyHoro CeYeHus KaTywwkm U no3aTomy
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HeGonbLUOW AnameTp He obsi3aTenbHO aaeT Gonbluoe npeumyllecTso. Kpome Toro, AnvMHa nposoaa
KaTywkn L1 1 4ncno BUTKOB B HEM BIUSIOT HA COMPOTUBIIEHME NMOCTOSIHHOMY TOKY M 4TO Gonee BaxHo,
Ha COMPOTMBIIEHNE MEPEMEHHOrO TOKa, KOTOPOE BIUSIET HA KONMYECTBO 3HEpPruun, Heobxoammoe Ans
NUMMynbca KaTyLLKK.

Takke cuuMTaeTcs, YTO HanMune OAMHAKOBOrO Beca Meau B Kaxaow obmMoTke OaeT ynyylleHHble
XapaKTEPUCTUKM, HO HE YacTO YNOMUHAETCS MHEHME O TOM, YTO Yem Oonblle Bec meaun, Tem bornblue
adpdekt. Bbl nomHute, yto [xo3ed HbiomaH (Joseph Newman)(rmasa 11) ucnonb3dyet 6onbluoe
KONMNU4eCcTBO MEAHOW MPOBOSIOKM ANS MOJTyYeHUs1 3aMedaTenbHbiX addekTtoB. Takmm obpasom, B TO
Bpems kak 9 grorimoB 1 36 AoMMoB npoBosiokn byayt pabotate ana L1 u L2, npon3BoguTenbHOCTb
MOXeT ObITb yny4dlleHa nNpy UCMNonb3oBaHnn 6onee ANUHHLIX 1 / nnn 6onee TONCTbIX NPOBOJSIOK.

Mbl Takke He JOMmKHbI 3abbiBaTb, YTO [JoH CMUT yKasan, YTO HanpsbkeHue 1 TOK AEeNCTBYHOT (He B dhase
1) B NPOTMBOMONOXHbIX HanpaBfeHUaX BOOMb KaTywkn L2, yaanasce OT kaTywkn L1:

¥\ N
<+ BOIb \ AMnepax =>
L-2
L-1

Mpegnonaraetcsa, 4to Gonblyto M Gonee 9PEPEKTUBHYIO BbIXOAHYIO MOLLHOCTb MOXHO MNOMYy4YuThb,
pasfenye KaTywky L2 nog nonoxeHuem katylwiku L1, HamoTaB BTOpPYO YacTb L2 B NpOTUBONOMOXHOM
HanpaBfieHUN 1 3a3eMIIMB coeduHeHue OByX 0OMOTok L2. [IoH He cumTtaeT HeobGXoOAUMbIM MEHSITb
HanpaeneHne HamoTku. B pesynbTate nonydaetca obmoTka L2, koTopasd B [Ba pasa OSIMHHee, YeMm
paHbLUe U pacnosiokeHa BOT Tak:

10 % UFS405
f
10 % UFS408 B 2057 T
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HMZK3A MOWHOCTE 95147
BLICOKDE HANpAKEHE 25 AN 2057 T —':
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T
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30ecb OONONHUTENbHBIE BbLICOKOBOSbTHLIE AMOAbI MO3BOMSAKT COEAUHSATbL [BE NPOTUBOMA3HbIE
0OMOTKM Apyr C ApYrom.

Bbl 3ameTute, 4TO 3TO YCTPOMCTBO TpebyeT OBYX OTAENbHbIX 3a3eMMSWUX coeauHeHun, oba n3
KOTOpPbIX OOSMKHbI ObITb BbICOKOKAYECTBEHHbBIMW, YTO-TO BpPOAE TPYObl UM CTEPXHSI, BOUTOro rnyoboko
BO BMaKHYHO MOYBY, NN arlbTEPHATUBHO MeTasnnuyeckas niacTmHa Unu aHanornyHbIn MeTanimyeckun
npegMeT ¢ OonbLIOW Mfowadbld NOBEPXHOCTM MNOXOPOHEH rNybokKo BO BraXHOW 3emne n Ans
CoeMHEHNA UCMONb30BariCa TONCTbIN MeAHLIN NPOBOA UM MedHas onneTka. TN TOYKU 3a3eMNeHuns
AOIMKHbI OblTb OOCTAaTOYHO Adaneko Apyr OT Apyra, CKaxem, OecsiTb MeTpoB. Henb3s ucnonb3oBaTb
OQHO 3a3eMsieHne, Tak Kak 3To pakTU4eCKn NpuBEAET K KOPOTKOMY 3aMblKaHWUIO Ha TpaHcdopmaTtope
L1 /L2, yero Bbl AENCTBUTENBHO HE XOTUTE Aenartb.

Mpy TakoM pacrnonoXXeHNn KOHTYpHasi cCxema CTaHOBUTCS:
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Toncrtas 3asemndwowas npoBogka norfesHa, noToMy YTO BO n3bexaHme BKITHYEHUS 3a3eMIsoLero
npoeoaa B ANMMHY pe30OHaHCHOro nposoaa HeoOXxoaMMO BHe3arnHoe M3MeHeHne ceYeHust Npoesoaa:

!

L2a

Sa3eMNALWMA NPOEOA

L2b

/

OTo BCero nuilb HeKoTopble MAew, KOTopble MOryT OblTb PacCMOTPEHbI OMbITHLIM pa3paboTynKoMm,
KOTOPbIN MOXET NoflyMaTb O TOM, YTOObI UccneaoBaTb cxembl cTuna [JoHa CvmuTa.

YT106bl AaTb BaM HEKOTOpPOE NpeacTaBneHne 0 EMKOCTU HEKOTOPbLIX MMEILLMXCS B Npoaa)e NpoBOAOB
npv nogadye ropsyero aneKkTpu4ecTsa, ata Tabnumua CMoXeT NoMoYb:

AWG SWG Diameter Maximum Amps 220V kW 110V kW
1 2 7071 mm 119 2618 13.09
3 4 5.89 mm 73 16.50 8.25
4 ) 4.88 mm B0 13.20 B.60
3 5] 4.065 mm 37 5.14 4.07
g 10 3.25 mm 24 5.28 264
10 12 264 mm 15 3.30 1.65
12 14 203 mm 8.3 2.05 1.02
13 15 1.83 mm 7.4 1.63 801 watts
14 16 1.63 mm 5.9 1.30 Bo0 watts
15 17 1.42 mm 4.7 1.03 515 watts
16 18 1.22 mm 3.7 514 watts 407 watts

PekomeHgyeTcs, 4Tobbl NPOBOA MMEN TOKOHecyLyto cnocobHocTb Ha 20% 6onblue, YeM oxvaaemas
dakTnyeckan Harpyska, 4YTobbl OH He HarpeBasncs npu MCMNonb3oBaHUW. [uameTpbl MPOBOSIOKA He
BKIMOYAKOT  U30MALMIO, XOTS ANsi CNASOWHOW 3ManvMpoBaHHOM MeAHOW MPOBOSIOKM 3TO  MOXHO
UrHOPMPOBaTb.

Ha http://youtu.be/Q3vr6gmOwLW nokaszaHa camas Brne4yaTnswowas BUOEO U Cxema, rae o4vyeHb
NpoCTOe UCMNoNHEHNe obecnevmBaeT HEMEAIEHHYIO YCNeLHyo paboTy nepeaHero koHua cxembl [JoHa.
Cxema BbIrmaguT Tak:

4 x 1N400O7T 22K HEOoH 22K HeoH
_ | 12B no2500B ol ~
O o = =
| Dpaiteep HeoHoEOI -
o Pyoin 1 x 14007 T 200vac HEB
]
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30ecb npocTorM MoAynb TpaHcopmaTopa ANd HEOHOBLIX famn, KOTOpbld HE MMeeT 3aseMreHus,
ncnonb3yeTca Ans cos3gaHus HanpshkeHus 2,5 kB ¢ yactoton 25 kI n mMakcMmanbHOW BbIXO4HOWM
TOKOBOW eMKOCTbio 12 MA. HeT HuKakmx TPpygHOCTEN B CO34aHUN 3KBMBANEHTa 3TOMy ONOKy nuTaHus.
[Ba Bbixoga moaynsi NpeobpasyroTcs B MOCTOSHHbLIA TOK LIEMOYKOM U3 YeTblpex nocrnegoBaTenibHO
coeauHeHHblx amogoB 1N4007 Ha Kaxgom M3 OBYX BbLIXOAOB (Kadasl Lenb HaxoauTcs BHYTPU
NNacTMKOBOW TPYyOKM ANs n3onaumm).

OTOT BbIXOA4 NoJaeTcsd 4epe3 [OOMoNHUTENbHbIN pesncTop 22K 4Yepes3 HEOHOBYK namny Ha
KOHOEHCATOP MMKPOBOSIHOBOW MeYun, KOTOpbIN OKasbiBaeTcs 874 HP C HOMUHAsbHBIM HanpshKeHUeMm
2100 BonbT. Bbl MoOXeTe MOYYBCTBOBaTb, YTO HOMMHANbHOE HanpsKeHWe KOHAEeHcaTopa CrMLLKOM
HU3KOEe AN BbIXOQHOMO HanpskeHus MoAynsi HEOHOBbIX BbIBECOK, HO HEOH wWMeeT YyaapHoe
HanpsbkeHne Bcero 90 BONMbT M NO3TOMY KOHAEHCATOP HEe OOCTUTHET BbIXOAHOro HanpshkeHus 6rioka
nuTaHus. Pe3ncTopbl npegHasHayeHbl UCKMIOYNTENBHO ANS NPOANIeHUs cpoka criybbl HEOHOB, Tak Kak
raz B Tpybke cunbHO ygapsieTca B MEpBY HaHOCEKyHAy nocre BktoveHus. ManoBeposiTHO, 4TO
MPOMNyCK 3TUX PE3UCTOPOB OKaXeT Kakoe-nnbo CcyLleCcTBEHHOE BNUSIHME, HO B TaKOM Crlyvae BKIOYeHune
X sBnsieTcA TpuBMarbHbIM BOMPOCOM. BTOpoW HEOH nuTaeT MNepBUYHbLIA 3MEMEHT Pe30HaHCHOro
TpaHcopmaTopa, KOTOpbIA MOKa3aH TOMbKO B YCMOBHOW CXEMe Ha guarpaMmme Bblle, MOCKOMbKY
pa3paboTymk npeanonaraeT, YTO NEPBUYHBLIN ANEMEHT OENCTBYET Kak nepegatynmk u 4yto noboe
KOMMYECTBO MPUEMHbIX KaTyLleK MOXHO MCNoNb30BaTbh B Ka4eCTBE OTAESbHbIX BTOPUYHbBIX YCTPOWNCTB,
HacTPOMB UX Ha TOYHYIO YaCTOTY 3TON PE3OHUPYIOLLEN NEPBUYKM.

Ha BuMOeo, [AeMOHCTpupylowem 3Ty Cxemy, paspaboTyuk JemMoHCTpupyeT  dnykTyupyloLulee
BbICOKOYACTOTHOE MOrie, KOTOPOE pacrnpocTpaHsieTcs Ha 4veTtbipe dyta (1,2 M) BOKpyr kaTywku. OH
TaKke OTMeYaeT, YTO KaXObli HEOH B €ro pacrofioKeHUM MOXET ObiTb 3aMeHEeH Ha [Ba HeoHa
nocrniegoBatenbHo. B TecTe, KOTOpbI S MpoBesi, A OOHapyXun, YTO MHE HY)XHO [Ba HeoHa
nocnegoBaTenbHO nepen KOHOAEHCATOpOM, YTOObl MOMyYMTb HEMNPEpPbIBHOE OCBELLEHME BbIXOOHOroO
HeoHa. Kpome Toro, oauH u3 OMOAOB HYXXHO ObINTIO MOBEPHYTb BCMNATb, YTOObLI OOUH ObINT HanpaeneH K
BXO4Yy, @ Apyrom - OT Hero. He wvmeno 3HayeHus, Kakom [uog Obll M3MEHeH, Mockomnbky obe
KOHpurypauumn pabotanu. Onatb ke, obpaTuTe BHMUMaHME, YTO 3Ta NpeseHTauus npegHasHayeHa
TONbKO ANns MHpopmMmaumoHHbIX uenen, n HE pekomeHpyeTcs, 4ToObl Bbl HA CaMOM Aene cosganu
OLHO 13 3TUX ycTponcTB. o3BoONbTE MHE elle pa3 NogYEPKHYTb, YTO 3TO BbICOKOBOSIbTHOE YCTPONCTBO
cTtano euwe 6ornee onacHbIM M3-3a BKMOYEHMS KOHAEHcCaTopa M OHO BMOfHe crnocobHo Bac ybuThb,
NMo3TOMy He CTOUT ero cTpouTb. PaspaboTynk npegnonaraeT, 4TO 3TO peanusaums pasgena
«nepegaTymk» KOHCTPYKUMN nepedaTymka / HECKONbKMX NPUEMHUKOB [loHa, nokasdaHHoW Hmke. OgHako,
npexge 4em paccmaTpuBaTb 9Ty KOHCTPYKUMIO, €CTb OAMH BOMPOC, KOTOPbIA BbI3blBAET MHOMO
ANCKYCCUN Ha dpopymax, a UMEHHO, €CNU LieHTpanbHbI OTBOA BTOPUYHOM KaTyLKM L2 noakmnoYveH K
3eMrne, Torga criegyeT ydntbiBaTb 3Ty ANMHY NPOBOAA 3a3€MIIEHUS YaCTbo YETBEPTU OSMHbI KaTyLIKK
L1? YTo6bl rnybxe nsyuntb 3Ty BO3MOXHOCTb, OYEHb MOMe3Ha crnegyolasa umrarta n3 04eHb YETKOro
o0bbsAcHeHus pe3oHaHca Pruyapaa Keuka B ero natente CLUA 7 973 296 ot 5 uiona 2011 ropa.

Tem He MeHee, MPOCTOM OTBET 3aKkMO4aeTcs B TOM, YTO ANA TOYHOrO pe3oHaHca Mexay OBYMS
ANMHaMu npoBoja (He3aBMCMMO OT TOro, HaMoTaHa N YacTb UK BCe 3TW AMNWHBI NPOBOAA HaMOTaHbI
Ha KaTyLlKy), Torga ogHa AnvHa OOMmKkHa ObiTb POBHO B YeTbipe pasa Gonblie Apyror, a B ugeane u
nonoBuHbl guameTpa. Ha oboumx KoHuax oBouX OTPEe3KOB MPOBOMOKW AOMKHO ObiTb BHeE3amnHoe
n3MeHeHve guameTpa NpoBoOnokn U Puyapa obbsacHseT, nodemy 310 Tak. Ho octaBmB 310 nogpobHoe
00bsACHEHME Ha [OaHHbI MOMEHT, Mbl MOXEM WCMNONb30BaTb 3TW 3HaHWA ans 6onee nogpobHoro
00BbACHEHMS BbILLIEYKa3aHHOM YNPOLLEHHOM cnucteMbl. BOoT cxema cHoga:
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OueHb BaXXHO OTMETWUTb, YTO 3a3eMsieHne He TpebyeTcs M HECMOTPS Ha 3TO, NMPOU3BOAUTENBHOCTb,
nokasaHHas Ha BMOeo, BreyatnseT. B To Bpemsi kak 3a3eMrneHvMe MOXEeT NnodaBaTb CYLECTBEHHYIO
MOLLHOCTb B LE€Mb, OTCYTCTBME HEOOXOAMMOCTM AN BHELHEro uMHTepdenca SBMSeTCS OrpOMHbIM
NPEVMMYLLECTBOM M MOTEHLMANbHO OTKpbIBAeT MyTb AN AEWCTBUMTENbHO MOPTAaTUBHOIO YCTPOWMCTBA.
OpyrMm oyeHb BaXHbIM MOMEHTOM siIBnisieTcs abcontoTHasi MPoCToTa CXeMbl, B KOTOPOW UCMOMb3YHTCS
TOJNbKO AELIEBble, NErkoAOCTYMNHbIE KOMMOHEHTbI (M HE MHOMMe U3 HUX HeobxoamMbl). Peanctopbl Ans
NPOASIEHNst Cpoka Cry>KObl HEOHOBbLIX Namroyek He MnokasaHbl, HO OHW MOTyT ObiTb BKIOYEHbI MpPU
XenaHum n paboTta cxembl CyLLLECTBEHHO HE U3MEHSIeTCA Npu HanmMuMm ux Tam. Ecnu TpebyeTtca 6onee
BbICOKOE WCKPOBOE HanpsihkeHne, TO MOXHO WCMosnb3oBaTb OBe WnuM 6Gonee HEeoHOBble namnbl
nocregoBaTesibHO, rae Ha 3TUX CXeMax nokasaHa TONbKO OfHa.

CnepgyeTt OTMETUTb, YTO HVXKHUIA OMOA NOKa3aH obpaTHBIM MO CPaBHEHWMIO C NpeablayLen guarpammon.
OTO CBA3aHO C TEM, YTO MOKa3aHHbIM WUCTOYHMKOM MUTaHUA sBnsietca nobor oM UCTOYHUK
NUTaHWs, KOTOPbIA YApaBnsieT NPOCTON BbIXOAHOW KaTYLIKOW, KOTOopasi He WMEET LeHTpasrbHOro
OTBETBMEHNSA. HeOHOBbIV MCTOYHMK Bonee paHHen anarpaMmmbl, NO-BUOUMOMY, UMeeT ABa OTAENbHbIX
BbIXxo4a, KOoTopble, NpeanonoxutenbHo, dyayt He B hase gpyr ¢ ApPYrom, MOCKOMbKY 3TO ABMsieTCs
OObl4HOW nNpaKTUKOWM ANns MOAyNen ApaMBepa HEOHOBbIX 3HakoB. [lpu »xenaHuM agBa guoaa,
nokasaHHble 30eCb, MOryT ObITb 3aMeHeHbl AMOAHbIM MOCTOM W3 YeTbIpEX BbICOKOBOSIbTHbIX
BbICOKOCKOPOCTHbIX OMOA0B.

[nvHa npoBonokun L1 n L2 namepsetca o4eHb TOYHO, Ha4YMHasa ¢ TOro MecTa, rae gMameTp nNpoBOSIOKM
BHE3arnHO MEHSAETCH, Kak NnokasaHo KpaCHbIMU MyHKTUPHbIMW NMHUAMK. OnuHa npoBoda L2 posBHO B
yeTblpe pasa Oonblwe AnuHbl nposBoga L1, a guameTp npoBoga L2 paBeH nonoBuwHe AuameTpa
npoeoga L1.

Kakown anuHel nposog L1? Hy, kakon anuHbl Bbl Obl X0TeNM? 3710 MOXeT ObiTb ntobas AnuHa, KOTopyto
Bbl XOTUTE M paguyc KaTywkn L1 moxeT ObiTb NoOOK, KaKon Bbl XOTUTE. JKCNEPTbl TEOPUN CKaXyT, YTO
KaTywka L1 gomkHa pe3oHnpoBaTh Ha YyacTtoTe nuTtatowen eé MowHocTU. OTNMYBHO, XOPOLUO A5 HUX,
rOBOpPIO 1, MO3TOMY NOXanyncrta, CKaXMTe MHe, YTO 3TO 3a YacToTa. JTO He ByfeT yacToTa MCTOYHMKA
NUTaHUsA, Tak Kak oHa ByaeT usameHeHa, NoO KpanHen mepe O4HON M3 HEOHOBLIX Nnamnoyek. Utak, kakyto
yactoTy GygeT npou3BoauTb HEOHoBad namna? [axe NpounsBOAUTENb HE CMOXET ckasaTb Bam 00
3TOM, MOCKOMbKY MeXay OTAENbHbIMM flaMnovkaMu, KOTOpble MPeAnonoXUTENbHO WOEHTUYHDI,
CyLLeCcTBYyeT JOBOSbHO GonbLuon pasbpoc.

Ha camom gene, 3To He UMEET HMKAKOro 3Ha4YeHus1, NOTOMY YTO KaTywka L1 (1 kaTywka L2, ecnu Bbl nX
TOYHO M3MepsieTe) UMeeT CBOK CODCTBEHHYI PE30HAHCHYK 4acToTy M OHa OyaeTr BuOpupoBaTb Ha
3TON 4acToTe, HEe3aBUCMMO OT TOrO, C Kakon 4acToTon OHa nuTaeTcs. KaTyluka pe3oHupyeT noyTu Tak
e, KaK Koriokon npu ygape. HeBaxHO, Kak CUibHO Bbl yAapseTe No KOMOKOMY UK Kak GbICTPO Bbl €ro
yoapsieTe - KOJSIOKOS&T 3a3BOHUT C COBCTBEHHOM 4acToTon. Takum obpasom, kaTywka L1 6yget
pe3oHNpoBaTbh Ha CBOEW COOCTBEHHOW 4acTOTe, HE3ABUCUMO OT TOrO, C KaKOW CKOPOCTbIO AOCTUrarT
MUKN HAaNpPsKeHUs, nopakaroLme e€ 1 NocKombKy KaTylika L2 Gbina TwartenbHO CKOHCTPYMpOBaHa Tak,
4YTOObl MMETb TOYHO TaKYH0 XXe YacToTy, OHa ByaeT pe3oHMpoBaTb CUHXPOHHO C KaTyLukon L1.

3OTo 03HavaeT, YTo ANMHa npoBoaa ANns kaTtywkn L1 senseTcs BbIGOPOM CTPOUTENS, HO Kak TOJbKO 3Ta
AnvHa BblOpaHa, oHa onpeaensieT AnuHy npoBoAa Ans kaTywku L2, Tak kKak oHa pOBHO B YeThblpe pasa
Gonblue, ecnu TONbKO CTPOUTENb HE PELUNTCA MCMONb3oBaTb YCTPOMCTBO C HamMoTkon L2 kak no
4acoBOW CTpernke, Tak M MPOTUB YacOBOW CTPENKM U B 3TOM Cllyyae Kaaasi MorioBMHa KaTylwku L2
GyneT B YeTbipe pasa Gonblue ANUHBLI NPOBOAA B KaTyLuke L1, Hanpumep BOT Tak:
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WmenTe B BMAY, €CTb eLé oaMH hakTop, KOTOPLIN cnefyeT yuuThiBaTh Npu Bblibope Hanbonee
yaobHoM onuHbl nposoAa Ansa L1 n 310 konuyecTBo BUTKOB B KaTyLlke L1. Yem Gonblue COOTHOLWEHne
Mexay Butkamu B L1 n Butkamm B L2, TeM BblLLIE NOBbLILLEHNE HaNPSKEHUA, CO34aBaeMoe
TpaHcopmaTopom L1/ L2 1 nomHuTE, 4TO AnnHa L2 dmkcmpoBaHa OTHOCUTENBHO ANWHbI L1.

NTakK, BO3MOXHbI CTUMNb CXEMbl MOXET ObIThb:
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ECTb HECKONbKO BaXKHbIX MOMEHTOB, KOTOPbIE HY>XHO 3anOoMHUTb. OOUH U3 HUX 3aKrYaeTcs B TOM, YTO
AOMKHO BbITb BHE3anHOe U3MEHEeHNe guameTpa NpoBOSIOKM Ha 060MX KOHLAX Kaaon KaTywku L1 v Ha
KoHUax Kaxpgomn katywku L2. Ecnu ero He OygeTt, TO AnvHa coeauvHUTENbHOro nposoga Oyaer
COCTaBrATb YaCTb KaTYLUKN U €CNY €CTb HEKOTOPbIE N3MEHEHUS B ANaMeTpe, HO He BonbLune, TO HUKTO
He CMOXeT NpeanonoXuTb, kakon bygeT AnvHa pe3oHaHCHOro nposoda Ans 3TOM KaTywku. Moxet
OblTb CTOMNBbKO MOHWXKAKLMX U3ONMPYIOLWNX TpaHChopMaTOpOB C BO3AYLUHbIM cepaedHukom L1 / L2,
CKOJbKO TpebyeTcsa 1 OHM He JOIMKHbI ObiTb 0COBEHHO 6ONbLUMMM UK JOPOTUMMN.

CospaTenb aTon cxembl cobpan eé Bcero 3a HECKOMbKO MUHYT, UCMOMb3Yst KOMMOHEHTLI KOTOpble Bbinu
NOA PYKOW, BKMOYas KOHAEHCATOp MMKPOBOJTHOBOMW Meyun, NoMedeHHbIn BykBon «C» Ha guarpammax
Bblle. OTOT KOHAEHCATOP N30NMPoBaH ¢ 06enx CTOPOH MCKPOBLIMUK pa3psaHMKaMyM HEOHOBBLIX JlaM U
NMO3TOMY OH HE OKaXXeT MOAMMLMPYIOLLEro BO34ENCTBUS HA PE30HAHCHYIO YacToTy NOOM 13 KaTyLuek
B 3TOM Lenu. Ho o4eHb Ba)KHO NMOHUMAaTb, YTO 3HEPrUS, XPaHSLLAACA B 3TOM KOHAEHCATOpPe, MOXET U
yObéT Bac MrHOBEHHO, €CNU Bbl MPUKOCHETECb K HEMy, MO3TOMY MO3BONbTE MHE ele pas
nogyepkHyTb, 4To aTa MHdopmauua HE aBnaetca pekomeHgaumen K TOMy, 4TO Obl OENCTBUTENBHO
NMOCTPOUTbL 3Ty cxemy. BbIXxoa NOCTOAHHOrO Toka M3 CXeMbl NpefHa3Ha4YeH aAng NUTaHus CTaHA4apTHOro
MHBEPTOpA, KOTOPLIN B CBOK oyepenb Oyaet cnocobeH nuTaTb BbICOKOBOSbTHBLIN BbICOKOYACTOTHbIN
BXOAHOW reHepaTop.

MocnegHWn MOMEHT 3aKknoYaeTcsl B TOM, YTO KaK MokasaHo B BUAEO, konebnoLleecs MarHUMTHoe nore
cosgaBaemoe KaTylwkon L1, MOXeT nuTaTb HECKONbKO OAMHAKOBbIX KaTylwek L2, gaBas HEeCKOSbKO
AOMONMHUTESbHBIX BbIXOAHbBIX MOLLHOCTEN, NMPWU 3TOM He yBenuumBasi BXOAHYIO MOLLHOCTb, MOCKOSbKY
CBA3b ABMSAETCSA MArHUTHOM U HE WHAYKTUBHOW, KakK YNOMWHanocb paHee B 3aTon rnaese. Obpatute
BHMMaHWe, YTo HM K KaTywke L1, HM K kaTywke L2 He NOAKMNoYeH KOHOeHcaTop, NO3TOMY pe3OHaHC
o0ycrnoBneH WCKNIOYUTENbHO ANWMHOM MpoBoda WM Ans Toro 4toObl kaxaasi napa katywek L1 / L2
pe3oHnpoBanu BmecTe, He TpebyoTca Joporne BbICOKOBOMbTHLIE KOHAeHcaTopbl. OOMH U3 BO3MOXHbIX
BapMaHTOB MOXET ObITb TaKUM:
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Oe nokasaHbl ABe KaTywku L2, coeguHeHHble BMecTe ANd yBeNUYEHUs BbIXOAHOW MOLLHOCTM. OTa
cxemMa Wucnonb3yeT HeOoporne HU3KOBOMbTHbIE KOMMOHEHTbl AMfs BbIXOAHbIX KackagoB W HeT
OYEBUAHbBIX OrpaHMYEHUN Ha KONMYECTBO BbLIXOAHOW MOLLHOCTU, KOTOPOE MOXET ObiTb obecnevyeHo.
Mockonbky uenb paboTaeT C BbLICOKOM 4AaCTOTOM NOBCEMECTHO, HET 0COBOM HEeobXOAMMOCTM B TOM,
4yTOObI hM3MYeCKN pasmeLlaTb 4ONONHUTENbHbIE KaTyLwkn L2 BHYTpu KaTyLwkn L1:

L2 L2 L2

L2
L2

OpHako 3TO yCTPONCTBO MOXET MMETb NPEMMYLLIECTBO B TOM, YTO AfiMHA nposoaa KaTtywku L1 6onbLe,
4YTO B CBOO Ovepenb YBENUUMBAET ASIMHY NPOBOAA KaX4owm kaTywku L2 (B 4yeTbipe pasa Gonblie). 310
AaéT OGonblwyk rMOKOCTb MNpYM NNaHUPOBaHWM OTHOLLEHWS BWUTKOB TpaHcdopmatopa L1 / L2.
[MoBbIWEHNE NN MOHWXKEHUE HAaMPSPKEHUA 3TOro TpaHcopmaTtopa NpoUMCXOAUT B COOTHOLUEHUM
BMUTKOB, HECMOTPSA Ha TO, YTO 3TO HE WHAOYKTMBHAsA CBA3b M MOJ3TOMY CTaHOapTHas TeXHOMNorus
TpaHchopmaTopa He NpUMeHsieTCs.

Korga Bbl BbIGMpaeTe 4Yncrio BUTKOB M AMaMeTp KaTywku ans L1, a1o Takke gaeT AnuHy npoeoga L2.
UToObl nony4nTb Xenaemoe BbIXOOHOE HanpskKeHue, €Cnu BO3MOXHO, TO HeobGxoaumMo 4TOoObl
KO3(ppuMLMEHT NnoHmxeHus cocTtaensan 46:1, Bam HyxHO B 46 pa3 yBenuuuTb 4Yucrio BuTKOB L1 Ha
KaTywke L2. OTO 03HayaeT, YTO Bbl 3HaeTe ANWHY NpoBOAa WM KONMUYECTBO BUTKOB, Tpebyembix B
kaTtywke L2. Ho, nockonbKy anuHa kaxgoro Butka 6yaget B 3,14159 pas 6onblie guameTtpa, us aToro
cnenyet, YTO UCKOMbIM AMaMeTpPOM SABNAETCA ANWHA NpoBoJa Ha BUTOK, AeneHHas Ha 3,14159.
MpoBoa pacnonoxeH ceepxy Tpybbl, HA KOTOPYK OH HAMOTaH 1 NO3TOMY MMeeT BonbLINN AMameTp Ha
OOHY TOMWMWHY NPOBOAA, NMO3TOMY PaCHETHbIM AnameTp Tpybbl HEOO6XOAMMO YMEHbLUUTb Ha OOWH
OnameTp nposoda. Hanpumep, ecnn anuHa Ha obopoT cocTtaenseT 162 mm, a guameTp nposoga - 0,8
MM, TO AnameTp Tpybbl Gyapet 162 / 3,14159 - 0,8, 4yto coctaBnsieT 50,766 mm (4yTb Gonee OByX
OIONMOB).

Tenepb no noBoAy 00BbsAACHEHMS Pw-lap/:l,a pe3OHaHCHOVI YyacToTbl Nobon ONMMHbI NpoBoAa:

((quBeprBOﬂHOBOVI» pe30oHaHC; MocTosiHHbIE ANeKTpoMarHnTHblie BOJIHbI »

OauH un3 AOBYX OCHOBHbIX TUMOB 3JIEKTPUHECKOro pe3oHaHCa Ha3blBaeTCA 34eCb YeTBEPTbBOJIHOBbLIM
PEe30HaHCOM. QTOT TMN pe3oHaHCa No4YTK MNOJIHOCTbKD 3aBUCUT OT OJIMHbI 3N1eMeHTa npoBoaa. Mo
npu4nHaM, OonnNCaHHbIM HUXEe, eClin OTPE3OK U AnnHa NpPOoBOJIOKN COCTaBNAEeT OOQHY YeTBepTb OJIMHbI
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«BOIH HanpshkeHUsi», KOTOpble MNPOXOAAT MO MPoBOAY, TO Habop «OTpaXeHHbIX» » BOMH OyaeT
fob6aeneH kK nsny4aembiM BOSIHAM B CUHXPOHU3MPOBAHHOM BblpaBHMBAHMM, KOTOpoe co3aaéT Gonee
CUINbHbIE « HANOXEHHbIE BOJHbI ».

CoOoTBETCTBEHHO, MOHMMaHNE PEHOMEHA «4YETBEPTb BOJSHbI» MMM “quarter-wave” noMoXeT untaTento
NMOHATb, KaK MPOCTON W NEerko KOHTpOnMpyemblll ¢hakTop (Takon Kak AnNuHa MpOBOSIOYHOW MEHTHI,
KoTopas ByaeT ucnonb3oBaTbCs AN POPMUPOBaAHUSA CNMParnbHOW KaTyLIK1) MOXET MOMO4Yb co3gaTb
«4eTBEepPTb-BONIHOBOMN » PE30HAHCHbIN OTKIMK, KOTOPbIA CO34aCT TUMbl 3NEKTPOMarHUTHbLIX UMMNYbCOB U
nonem, HasblBaeMbIX« CTOSYMMM BOSTHAMM ».

CKoOpoCTb, C KOTOPOW MMMYNbC HaNpPsKeHUs nepedaeTcsi 4vepe3 MeTannuMyeckylo MpOoBOJSIOKY,
Yype3Bbl4alHO BbiCOKa. 1o CyTW, 3TO TO e caMoe, YTO U CKOPOCTb cBeTa, koTopas npeogonesaeT 300
MunnumoHoB MeTpoB (186 000 Munb) 3a odHy cekyHAay (3TO paccTosiHue OyaeT okpyxaTb 3emnio 6onee
7 pas).

Ecnn gnuHy BOMHbI (B MeTpax) YMHOXWUTb Ha 4acToTy (LMKIMOB B CeKkyHAy), pesynbTatoMm OygeT
ckopocTb cBeTa, 300 MunNNMoHOB MeTpoB B cekyHay. CnepoBaTenbHO, AfIMHA BOJSHbI HaMNpshKeHUs
nepemeHHoro Toka (AC) Ha onpeaeneHHon YacTtoTe ByaeT CKOPOCTbIO CBETA, AENEHHOM HA YacToTy.

MoaTomy, ucnonb3yst NpocToe AeneHue, ecnv NepeMeHHoe HanpshkeHne paboTtaeT Ha 4vactoTte 1
merarepy, (MIy), 4To cocTaBnsiET MUSIMOH LIMKIMOB B CEKyHAY, TO «AfMHA BOJHbI» Ha 3TOW 4acToTe
oynet 300 meTtpoB. Ecnn nonoBuHa 4yactoTbl ctaHoBuTca 500 kunorepu, ASiMHA BOJSIHbI CTAHOBUTCS
BABoe Gornblie (600 MeTpoB); U ecnu YyacToTa yBENUUMTCS A0 2 mMerarepu, ANIMHA BOMHbI yNnagéT ao
150 meTpoB.

CnenyeT OTMETUTb, YTO TEPMUH «LMKMbI» - 3TO TO, YTO YYeHble Ha3blBaloT «bGe3pasmepHo eanHULEN»,
koTopasi BbinagaeT M 3aMosKaeT, koraa apyrue dusmdeckne TEPMUHBI YMHOXKAKOTCS UK AeNsiTCS.

Mpn yactoTtax nepemeHHoro Toka 10 kY wnM Bbiwe, OBOLUME CChINTKU Ha HanpshKeHWe NepemMeHHOro
Toka (AC) HaunHalT Ucnonb3oBaTh APYron TEPMUH, KOTOPLIA ABNAETCH «pagnoyvactoTHeiM» (PY) unu
(RF) HanpsikeHnem. CooTtBeTcTBEHHO, PY-HanpsikeHue sasnaetcss dopmon (Mnv NogMHOXECTBOM)
nepeMeHHOro HanpsbkeHusi, KoTopoe paboTaeT Ha 4vactoTtax cBbiwe 10 kM. PY-reHepaTopbl nerko
OOCTYMHbI U NPOAAlTCsd MHOTMMW KOMMAHUSIMWU, KOTOPblIE MOXHO FIEerko HamTM C MOMOLLbIO MOMCKa B
WHTepHeTe, ucnonb3dys TepmuH «PY-reHepaTtop» wunu “RF power generator”. Hanpumep, Hotek
Technologies Inc. (hotektech.com) npogaet ga PY-reHepartopa, HasbiBaemble mogenamu AG 1024 un
AG 1012, koTopble MoryT obecneymBaTb BbIXOOHYH MOLLHOCTb Ha YacTtoTax B gnanasoHe ot 20 kl'y go
1 Ml'y; Mogenb 1012 umeet BbiIxogHyto MolwHocTb 1000 BT, a mogenb 1024 - 2000 BT. BbixogHyto
yactoty ntoboro Ttakoro BY MCTOYHWMKA NUTaHMS MOXHO perynupoBaTb UM «HacTpauBaTb» Ha BeECb
AnanasoH paboymx 4YacToT, MPOCTO MOBOPAYMBAs PYYKM UMW MaHUNynupys ApYrMMW 3reMeHTamu
yrnpaBneHnsi B UCTOYHUKE NUTaHWs 3TOro Tuna.

B nposoge, umetoeMm UKCUPOBAHHYKD U HEU3MEHHYHO AOfIMHY, CaMblii MPOCTOM cnocob co3paThb
«CTOSIYYIO BOMHY» - 3TO oOTperynupoBatb PY-yacTtoTy, wu3nyyaemyid WUCTOYHUKOM MUTAHUSA C
perynmpyemMon 4acTtoTOn, Noka «HaCTPOEHHasA» YacToTa He co3dacT ASIMHY BOJSHbI, KoTopas B 4 pasa
fOonbwe 4yem npoBoA. IOTOT MPUHLMM XOPOLIO M3BECTeH (u3nkam U ero o6bl4HO Ha3biBaKT
«4eTBEPTbLBOMHOBLIM» MOBEAEHWEM, MOCKOMbKY ANUHA OTpeska MpoBoAda LOMKHA COCTaBMATb OAHY
4yeTBEpPTb ANWHbI BOSMHbI. MOCKONbKY ANA OAHHOrO M300peTeHUs BaKHbl MPUHUMMBI fexawme B ero
OCHOBE, OHM MPOUAMIIOCTPUPOBaHbI B BUAE CeEpUM YepTexen, npencrasrieHHblx Ha Fig.1-4, Bce u3
KOTOPbIX XOPOLLO U3BECTHbI U3 YPOBHSA TEXHUKM.
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Ha Fig.1A nokasaHa vaeanu3vMpoBaHHas ANWHA BOSHbI NMEPEMEHHOIO HanpPshXeHUs, U300pakEéHHas
CYHycoMaanbHOW BOMHOW, KOTOpas NnepeaaéTtcs OT MCTOYHMKA NEePeEMEHHOro Toka (MoKasaH KPY>KKOM Ha
NEBOM KOHLIE FOPU3OHTANbHOrO NPSIMOro NPOBOAA) Ha «BXOAHOMY» KOHeL, npoBoaa. BonHbl HanpskeHns
NPOXOAAT Yepes3 NPOoBOA BMpPaBO, Kak nokasaHo ctpenkon 6rnoka Ha Fig.1A. Korga BomnHbl gocturatoT
KOHL@ NpoBoAa, OHW He MOTyT NMOKMHYTb NPOBOZ (N0 KparHen Mepe, He B YMPOLLEHHON U «MaeanbHOM»
cucTeMe, KoTopasd npegnoriaraeTcd M UCNoNb3yeTcs 34ecb ANnd o6bsACHEeHUA npuHUMNa TOoro, Kak
NPOCTON NPSIMOKM MPOBOA MOXET C034aTb CTOAYYH0 BONHY). CrnefoBatenbHO, BOMHA HanpskeHnsa byaeT
3PEKTUBHO «MpbiraTby WUNU «OTpaXKaTbCA» OT KOH4YMKA MNPOBOAA W «OTpPaXKeHHas BOSIHA» HavHeT
pacnpoCcTpaHATbCS Hasag no NpoBoAy, NPOXoAs B NPOTMBOMOMOXHOM HarnpaBneHuu, Kak ykasaHo 6510k
CTperkon ykasblBatoLlen Brneso Ha Fig.1B.

M3-3a 3aKOHOB COXPaHEHUS 3JHEPruun, OTPaKEeHUs U «obpaTHble MepemeLleHnsa» BOMH 3TUX TUMOB,
Korga OHW OTpaKalTCd OT KOHYMKa MpoBoAa, Ha CaMOM fJefie [JOBOJSIbHO XOpolive U [OBOJSIbHO
3bPeKTMBHbIE, Kak 06CYKOaeTCa HKEe, NPU YCIOBUM YTO KOHYMK NPOBOAA HE UCMNyCKaeT UCKP, OYroBbIX
paspsaoB UK ApYyrux OpM «YTEYKU» 3MEKTPUYECKON SHEPTUN.

CootBeTCcTBEHHO, Ha ur.1A mnsobpakeH HaboOp «M3fydaemblX BOJIH», ABMXYLUMXCS BMpaBoO, a Ha
Gur.1B n3obpaxeH naeanmampoBaHHbIi HAbOp «OTPaXKEHHbLIX BOMHY, OBUXKYLLMXCS BNEBO BAOMb TOrO
e nposoaa.

Ha ¢wur.1C nokasaHo 4TO npoucxoauT, korga oba Habopa BOMH (M3NyyYaemblX U OTpaxaeMblx)
HaknagblBatoTcs Apyr Ha apyra. MNockonbky ABa Habopa BOSH ABMXKYTCS C OOMHAKOBOW CKOPOCTbLIO, a
TaK Kak OHW MMEIT OAMHAKOBYH ANIMHY BOJHbI, MPY CROXEHUN OHW ByayT co3fgaBaTth WaBNoH «CTosiuen
BOJIHbI». Kak MOXHO yBuaeTb 13 pucyHka 1C, B4OMb AnWHbLI NpoBoaa 6yaeT MHOXECTBO MECT, KOTOpble
MOXHO Ha3BaTb «MNWKOBbIMK Yy3namuy», TAe HanpsbkeHue MepeMeHHOro Toka [AOCTUraeT CBOEero
MaKkcumyma.

B mecTe Ha nonnyTn Mexay napoi CMEXHbIX «MUKOBbLIX y3M0B» OyAeT MecTo, KOTOPOe MOXHO Ha3BaTb
«HYNEBbLIM Y3MTOM» UNK «zero nodey», BNaguHON UMK y3roM BnaauHbl UNu NogobHbIMKU TepMUHamMu. B
KaXKOOM «HYIIEBOM Y3rie» HanpsbkeHue NepeMeHHOro Toka, Noxoxe He GyaeT konebaTbest BoobLLe. ITo
y4YacTKM BOOMb ANWHBLI NPOBOAA, A€ Kaabl «MOMOXUTENbHBLINY MUK (CO3AAHHbLIA CUHYCOUON,
ABWXYLLENCA BnpaBo) OyaeT ypaBHOBELIEH M CMELLEH «OTpULATENbHLIM NMUKOM» C TOYHO TaKOMN e
BbICOTOW, NPOXOAALLEN C OANUHAKOBON CKOPOCTLIO BIEBO.
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B pesynbTtaTe 9TOT TMn peakuuu BHYTPW NPOBOAA CO3[AEeT «CTOSYy BOMHy». Ecnm mrHoBeHHoe
HanpsikeHne U3MepsieTcst B «HYNEeBOM y3ne», MOXET NoKa3aTbCsl, YTO HUYEro He NPOUCXOAUT C TOYKU
3peHns konebaHua HanpshkeHus. Kpome Toro, «HyneBsou y3en» He OyaeT nepemellatbcs no AnvHe
NpoBoAa; BMECTO 3TOr0 OH ByaeT CToATb Ha MecTe.

OTO MOXHO NPOLAEMOHCTPUPOBATL B KaTyLIKe, WUCMOMb3ys «3a3eMIEHHbI NPoBOA» ANA MNPOBEPKM
HanpspKEHWM Mo ANvMHE KaTywku. Ecnm «3asemrneHHbli NpoBOL», COEAWHEHHbIA C BOSbTMETPOM,
Mcnonb3yeTcs ANs MPUKOCHOBEHUSA K MOBEPXHOCTAM psga Wl B HEU3ONMPOBAHHOW  KaTyLlke
(Hanpumep, KaTyluKe M3 TOHKOW MegHOW TpyoOKu, 06epHYTOM BOKPYr MAACTUKOBOW LMSIMHOPUYECKON
dopMmbl, Kak ucnonb3yetcs B 60nbLMX TpaHcopMaTopax, MCNoMb3yeMblX NOOUTENAMKN ONS CO34aHMsA
«kaTywek Tecna», koTopble 6yayT uanyyatb 6onbline M BU3yanbHO BReYaTnsIoOLIME INEKTpUYecKkme
Ayrn), «MChblTaTemNbHbIA NPOBOA» HE OOHAPYXUT BUOMMOTO HanpPsKeHUs Ha HyrneBOM Y3ne, KOTOpbIn
OyneT BO3HMKATb B KaKOM-TO KOHKPETHOM MPOMEXYTKe KaTylwku. Ha [pyrom CTOpOHE KaTyLuku
«M3MepuTenbHbIn npoBoa» OyaeT obHapyXuBaTb MEpeMeHHOEe HanpsikeHue, KOTopoe B ABa pasa
npeBbIWaeT CUNy N UHTEHCUBHOCTb HaNPSXXEHUs, NCMYyCKAaeMOoro MCTOMHUKOM MUTaHWUS.

Ecnn HanpshkeHne namepsieTcsl B «MMKOBOM y3ney, HanpsbkeHne OyaeT genatb TO, YTO MOXHO Has3BaTb
ncnonb3ys obLieynoTpebutenbHble UM HenpodeccuoHarnbHble TePMUHBI, «MOMHOMAacLITabHbIn Byru-
BYrM». YPOBHW NEepemMeHHOro Hanpshkenus OyayT nepemeliatbesi B3ag WM Bnepen mexay: (i) oveHb
BbICOKUM W  WHTEHCMBHbLIM  MONIOXUTENbHbIM  HanpsbkeHueM, (i) 0oOMHaAKoOBO  WMHTEHCMBHbBIM
oTpuuaTtenbHbIM HanpsbkeHnemM. Ha aTO ykasbiBalOT «My3blpbKOBblE» (POPMbI, MOKa3aHHble BAOMb
nposonoku Ha Fig.1C.

«[y3blpn», NnokasaHHble Ha Fig.1C, cMoryT noMo4b KOMY-TO MOHSATb, Kak CO34atTCsl CTOSIYME BOJIHbI U
Kak OHM OEeNCTBYIT CUMHXPOHHO. OQHAKO Ha 3TOM YepTexe He MNokasaH ApYron pesynbTaT, KOTOpbIi
OYeHb BaXKeH ANs TOro, Yero Ha camMoMm Jerie NPOVCXOAUT B CTosYel BonHe. [Ansa uenein onvcaHunsa u
aHanu3a Ha 9TOM BBOOHOM YPOBHE CUCTEMa MOXEeT CYMTaTbCA «uaeanbHOW», 4TO noapasymeBaeT
naeanbHoe «3epkanbHOEe OTOOpPaXXeHWe» OTPaKEHUS KaOoW BOMHbI OT MPaBOro KOHLA MNpoBoAa.
«MpeanbHas» cuctemMa Takke noapasyMeBaeT, YTO Ha JIEeBOM KOHLie MpoBoAa, e pacrnornoxeH
NCTOYHMK MUTAHUA, HUKAKUX OTPaXKEHUI HE MPOUCXOONT U BCA aKTUBHOCTb «OTPaXKEHHbIX» BOMH NPOCTO
npekpallaeTca. B peanbHbIX cxemax M NpoBOAax 3TOro Tuna, PakTUYECKN BO3HUKAT OTPaXKeHUs
BTOPOrO M TPeTbero nopsaka U OHW UCMOMb3YTCA ANS AanbHEMLero yBenuyeHUs MPoYHOCTU U
BbIXOZAHOW MOLLHOCTA CUCTEM 3TUX TWUMOB; OOHAKO 3TV AOMNONHUTENbHbIE (PaKTOPbl U «rapPMOHUKN»
crneayeT UrHOpMpOBaTb A0 TeX Mop, noka He GyayT NPOLTYAUPOBaHbl U NMOHSATbI OCHOBHbIE MPUHLMMbI
CUCTEeMbl Takoro Tuna.

B wuvpeanbHOM cucTteme, Korga OTpaXEHHble BOMHbI (MAywue BrieBO, B CerMeHTax MpoBOAOB,
nokasaHHbIX Ha Fig. 1) «HaknagblBalOTCSA» Ha u3nydyaemble BOSHbI (PacnpoCTpaHsoLWmMecs BNpaso),
«MUKOBOE» MONOXUTENbHOE HanpsikeHue, KoTopoe OyaeT MrHOBEHHO AOCTUIHYTO B CaMOM BbICOKOW
TOYKE KaxOdoro «nysblpsi», nokasaHHoro Ha Fig.1C, npousongeT Korda mMOMNOXKUTENbHbIA MUK
N3y4aeMow BOJSIHblI MEPECEYET MOMOXUTENBHBINA MUK 3epKanbHOro N3obpakeHNs OTPaXKeHHOW BOJTHbI,
ABWXYLLENCAa B MNPOTMBOMOMOXHOM HanpasneHun. CoOOTBETCTBEHHO, Korda 3TW [OBa 3HaveHus
«MONOXUTENbHOIO MWKa» CcKnagblBalTCA Opyr C OpYyroM, MrHOBEHHOE MOSIoXUTENbHOE MUKOBOE
HanpshkeHne koTopoe OyaeT BO3HMKATb B npoBoge, OyaoeT dakTudeckM BOBOE WMHTEHCUMBHEE, YeMm
HanpsKeHne «MNOMOXUTENbHOro nukay, uanyyaemoe UCTOYHUKOM MUTaHWS NepeMeHHOro Toka. Yepes
MrFHOBEHME B 3TOM TOYHOM TOYKE Ha 3TOM y4yacTke nposofa byaeTt co3gaHo oTpuuaTenbHOe MUKOBOE
HanpsbkeHne, KoTopoe OyaeT cymmown (i) OTpuuaTENbHOrO MUKOBOTO HArMpsKeHWsi, UCMycKaemoro
WNCTOYHUKOM NUTaHuA U (ii) oTpMuaTenbHOro NMKOBOrO HaNpsXXeHNsA OTPaKEHHOWN BOJSTHbI Takke nponget
CKBO3b NE€BYHD CTOPOHY. B 3TOT MOMEHT, Korga aTM ABa oTpuuaTesSibHbIX MUKOBLIX HanpsiKeHUs
nobaenaTca Apyr K Apyry, MIHOBEHHOE oTpuuaTenbHOe HanpsXeHue, Kotopoe OyaeT BO3HWKaTb B
nposoge, OygeT B [OBa pasa WHTEHCMBHEE, YeM «OTpuUaTENbHOE TMUKOBOE» HaMpshKeHue,
reHepMpyemMoe UCTOYHUKOM NUTaHMSA NePEeMEHHOro TokKa.

Bonee To4YHOE M penpeseHTaTVBHOE BM3yanbHOE W300pPaKeHWe «CTOsiYell BOSHbI» B MPOBOAE
dpakTMyeckn nokasano Gbl BbICOTY NUKOB B [iBa pasa Bbile, YeM MUKM U3NyYaeMblX BOMH HanNpsikKeHUs n
OTPaXXEHHbIX BONMH HanpsbkeHus. OgHako Takoe M3oGpakeHne MOXEeT COWUTb Nofei ¢ TOmKy, NodToMy
0ObIYHO HEe NMOKa3aHO Ha PUCYHKAX «CTOSIUYMX BOSTHY.
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CoOTBETCTBEHHO, MFHOBEHHbIV OTKMMK B NPOBOAE, B MECTE Ha MOMnyTM MexXay OBYMS «HyneBbIMU
y3namm», BbINOMHSAET TO, YTO CNpaBeasIMBO U NpaBUiIbHO MOXHO HasBaTb «ABOWHOW ABOWHOW Oyru-
BYrmM C nomnHbiM HakroHoMm» unu “the full-tilt double double boogie”. ®pasa «aBoriHONM LBONHONY
(NnpumeyvaHue, B KOTOPOM COAEPXKUTCS HE OOUH, a ABa «ABOMHOWY) Obina gobaBneHa K aTon dpase no
ABYM NPUYNHAM:

(i) noaYepkHyTb TOT haKT, YTO KaXKAbI MUK HANPSPKEHUS (MaKCUManbHO MOMOXUTENbHBLIN U MakCUMyM
oTpuuateneHbll) OygeT B [gBa pasa cuibHee W BOBOE WHTEHCUMBHEE, YEM MakCMMarsbHble
NONOXUTENbHbIE U OTpUUATENbHbIE MUKOBbLIE HAMNPSKEHUS, U3Iy4aemble WCTOYHMKOM MNUTaHUS; a
Takxe,

(ii) ykasaTb, 4TO 4YacToTa HanOXeHHbIX «MNy3bIPbKOBY», NokasaHHbIX Ha ¢ur.1C, Ha camoM fene B ABa
pasa ObiCTpee, Yyem 4acTOTa UMKNA NEPEMEHHOro TOKa, WU3Ny4aemMoro WCTOYHMKOM MUTaHUA, Kak
onucaHo Hwxe. PesynbTaT «yABOEHHOW WHTEHCMBHOCTM» MPSMO COMOCTaBUM C TeM, YTO YyBUOUT
Habnogatenb, ecnyu Oonblwoe 3epkano NOMECTUTb 3a NaMnoYkonM B TEMHOM KOMHaTe. 3epkano
3(PPEKTUBHO COXpaHSAET KOMHaTy TEMHOW MOBCKOLY 3a 3epKarioM, MO3TOMY B HEW He NPOMCXOAWUT
«MarMyeckoro yaBOeHus» CBeTa; YTO Hapylmno 6bl OCHOBHOM 3aKOH COXpaHeHus 3Hepruu. BmecTto
3TOro0 3epkano OTBOAMT CBET OT 3adHer CTOPOHbl 3epkania M COXpPaHseT JHEeprui cBeTa Ha
oTpaxaroLen cTopoHe 3epkana. Jltobown, KTo CTOUT nepes 3epkanom, yBUAUT ABE BUAUMbBIE NTAMMOYKMN.
O6e 3T nNamnoykn (opurMHanbHasa namna U oTpakeHHoe mn3obpakeHue) byayT MMeTb OOMHAKOBYH
APKOCTb (ecnu 3epkano naeansHo). CnegoBaTenbHO, 3epkano yaBOUT MHTEHCUBHOCTb SHEPruM CBETA,
JocTuraroLen HabnogaTens.

ToT e cambli 3(pdeKkT B Lienn NpoM3oraeT, eCnu KOHeL, npoBoda AeWCcTBYeT Kak 3epkano. Ecnu B
NpoBOAE OTCYTCTBYHOT Kakme-nmbo KOMMOHEHTbl, W3-3a KOTOPbIX OH CTaHOBUTCS aKTUBHbLIM
KUCTOYHMKOM M3MyveHusi» (KOTOpbI ABNAETCA NOBEAEHNEM NepeaatolLmx aHTEHH N HEKOTOPBIX APYIMX
KOMMOHEHTOB), TakuM obpas3om, OH 3PEKTUBHO BbiAENSET SHEPTUIO CO34AaBaEMyH HanpsXKeHnem B
aTmoccepy. Torga OCHOBHble MpaBwna, KoTopble TpebyloT coxpaHeHuss aHeprun, OyayT
npensaTcTBOBaTb TOMYy, YTOObl 3Ta SHeprMsi MpPOCTO Mcvesana W nepecrana cyuwectsoBatb. B
pesynbTaTe, Aaxe ecnM KOHeL npoBoda He npefHasHadeH Ansi Toro, 4toObl OblTb MAeanbHbIM
oTpaxaTenem, b6ornbluasi YacTb BOSMHbl HANPSXKEHNA OENCTBUTENBHO OTPa3UTCS OT KOHYMKa NpoBoaa 1
nporaeT Yepes TOT XKe NPOBOA BO BTOPOM 3axoae.

YToObl ageKkBaTHO MOHATb TUM U BENMYUHY «OTPaXEHUS BOJHbI», KOTOPOE MPOUCXOAUT Ha KOHYMKE
NPOBOJSIOKM, NOAYManTe YTO NPON3ONOET, €CNM B KOMHATE CBETUT flamnoyvka ¢ b6rectswen rmsHueBon
Genon Kpackon Ha BCEX CTeHax W MOoTofikax; 3aTem nogymanmTte, kak Obl 3TO BbIrnsgeno, ecnu 6ol B
KOMHaTe Haxogwurnacb OdHa M Ta e IlaMnoyka CO BCEMM CTEHaMWM U MOTOSIKaMWU, OKpaLUEHHbIMU B
«MaTOBbI/ YEpHBbI LBeT». ObLee KOoNMMYeCcTBO cBeTa, KOTOpoe Obio 6bl JOCTYMHO AMS1 BbINOSTHEHUS
Takon 3ajaun, Kak yTeHue raseTbl, SBHO 6bino 6bl HamHoro Gonblie B 6enoi KOMHaTe, MOTOMY YTO
CBeT oTpaxaeTcs oT 6enon kpacku, gaxe ecnv 6enas Kpacka gaxe He HauMHaeT NpUBMKaTbCS K TUNy
«KayecTBa OTPaXEHUS UM YUCTOTbI», KOTOPOE co3daeT 3epkano. PasHuua B TOM 4TO nMpoucxoauT
Korda WHTEHCMBHOCTb CBETa B KOMHAaTE, OKPALUEHHOW B YEPHLIN MAaToOBLIM LIBET, CPaBHMBAETCS C
KOMHaTON OKpalUeHHOW B IMsHUEBbIA Genbii LUBET, HEe BO3HWKAET U3-3a Hanuuus WnNn OTCYyTCTBUS
«KayecTBa WU YETKOCTU OTPaXKEHUS»; BMECTO 3TOr0 OHO PErynupyeTcsl 3akOHaMn COXpaHeHus
3Heprun. Korga cBeT nagaeT Ha MOBEPXHOCTb, OKPALUEHHYIO B YEPHbLIN MATOBbIV LIBET, SHEPrUs cBeTa
normnoLaeTcs Kpackom n oHa GykBanbHO HarpeBaeT Kpacky. B oTnuume oT aTtoro, rnaHueBasa benas
Kpacka He ByaeT nornowaTtb CBETOBYH 3HEPruto, MO3TOMY OHa OTpaXkaeT CcBET obpaTHO ANs «BTOPOro
npoxoga» Yepes BO34yX, KOTOPLIN 3anoSiHAeT KOMHaTy.

N3-3a 3aKOHOB COXpaHEHWUs] SHEPTMU U BHE 3aBMCMMOCTU OT KaKOW-NMMOO XapaKTEPUCTUKU «KayecTBa
OTpaXeHMs1» HAKOHEYHMKOB NMPOBOAOB, ANEKTPUYECKas 3HEPrus He MOXET MPOCTO MCYE3HyTb, Koraa
OHa AOCTUrHeT KOHUa npoBoAda. BMecTo aToro ectb TONMbKO ABE BeLW, KOTOpble MOryT NMPOU3ONTU C
3TON aHepruen:

(i) anekTpryeckasn aHeprus MOXeT M3ry4aTbCsl B OKPY>KatoLLYO cpeay, Hanpumep nsnyyaTb UCKpbI, Ay
Uy pagmoYacToTHbIE CUTHanbI, KOTopble ByayT NEPEHOCUTL SHEPTUIO; UMK XKe
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(i) ecnn aHeprnss He wu3nNy4aeTCcsi KOHYMKOM MpPOBOAA, TO MO NPOCTOM HeOoBXOAMMOCTM WU K3-3a
OCHOBHOIO 3aKOHa COXPaHEHWUs SHepruv oHa OOSPKHa oTpaxaTbcs obpaTHO B NPOBOMOKY U OHa byaet
BbIHY>JeHa BO3BpaLLaTbCs Yepes NpoBoj CHOBA.

Ecnu y npoBONOKM ANWHHBIA U KOHUYECKUA HAaKOHEYHWUK, OTPaXKEHHAsi BOSIHA MOXET CTaTb HECKOJSIbKO
pacCcesHHOM M OHa MOXET MOTEPSATb HEKOTOPYH YacTb «YETKOCTM» BOSHblI. O4HAKO, NOCKONbKY AfVHbI
BOMH Ha WHTEPECYILWMX YyacToTax 30eCb COCTaBMSKT COTHU METPOB, TUM HAaKOHEYHMKa CO30aHHOro
0ObIYHBIMWU Kycaykamun, He OyoeT cosgaBaTb Kakon-nmbo 3HaumTenbHonm Anddysmn B OTPaKEHHOM
BOJSIHE. M B OTNMYME OT OKpaLUEeHHbIX B Benbli LUBET CTEH KOMHATbI, HA KOHYMKE MPOBOSIOKN HE MMeeTCS
Gonblion nnowagn, KoTopas MOXeT co3gaBaTb pasbpoc, pacnpocTpaHeHue unu guddysuo. B
pe3ynbTaTe HaKOHEYHUK npoBoda OyaeT OTHOCUMTENbHO 3A(PEEKTMBHBIM OTpaxaTenem 3epKanbHOro
TMNa, Korga nepemMeHHoe HanpsKeHne «HakaymMBaeTCs» Ha OA4MH KOHeL, NpoBoaa.

BTopon daktop ynomsaHyTbIW Bbllle, KOrga ynoMuvHanacb gpasa «ABOMHOW-OBOWNHOW», OTHOCUTCHA K
YyOBOEHUI0 4acTOoThl cTos4en BonHbl. Korga B NpoBoAe co3faeTcs CTosvasi BOMHa NyTeM OTpaXkeHus
NCNyCKaemMon BOSHbl NEPEMEHHOr0 HanpsiKeHUs, 4acTtoTa CTosYen BOSHbl B OyKBanbHOM CMbICne
BABOE NPEBbILLAET YacTOTy MCMyCKaeMOW BOSHbI.

OTO MOXHO yBUOETb BM3yasribHO, OTMETMB, YTO B M3Ny4aeMoOM NEepPeEMEHHOM HaMnpPsKEHUKU, MOKAa3aHHOM
Ha Fig.1A, ogHa nonHasa AnvHa BOSHbI COOEPXKUT KaK «NONOXUTENbHBIN NUK», TaK N «OTpUUaTenbHbIN
nuk». COOTBETCTBEHHO, TPV MOSHble CUHYycouAarnbHble BOMHbI, pas3feneHHble Ha TpU CermMeHTa
BOOOpaXkaeMbIMN BEPTUKANbHbIMU NIMHUSMU, Noka3aHbl Ha Fig.1A.

HaobopoT, kaxabln «ny3blpby», Noka3aHHbI Ha Fig.1C, nsobpaxxaeT 3aKOHYEHHYIO U MOMHYK «ONUHY
BOSHbI» B CTOsiYeN BonHe. LLlecTb 13 3TUX «My3blpbKOB» CTOSIHEN BOSTHbI BMUCLIBAKOTCS B OOUH U TOT Xe
OTPE30K NPOBOAA, KOTOPbLIV yAEpPXKNBAET TONbKO 3 ANUHBLI BOMHbI OT UCTOYHUKA MUTAHWUS.

O deEKT «yABOEHUSA YACTOTbI» CTOSIMMX BOSH BaXX€H, NOTOMY YTO CUCTEMbI NEPEMEHHOIO TOKa MOryT
nepegaBsaTb U BblAENATb 3HEPrMO TakMM 06pas3oMm, KOTOpbIN YyBENWYMBAETCS C POCTOM YacTOTbl
NCTOYHUKA NEepPeEMEHHOro HanpsbkeHusa. B HeKoTopon cTeneHn 3To aHanorM4yHo ToMy, 4YTobbl ckasaTb,
4yTO, ecnv ABuratesnb MoXeT paboTaTb C YABOEHHOW CKOPOCTLIO (MPU 3TOM reHepupyst TOT XXe KPYTALLMIA
MOMEHT), TO paboyas MOLLHOCTb 3TOro ABuratens MoXeT ObiTb B Ba pa3a Bbllwe npu 6onee BbICOKOW
CKOPOCTWU. OTa aHanormsa He COBCEM TOYHA, TaK KaK BbIXOAHAsi MOLLHOCTb 3f1EKTPUYECKOro YCTPOMCTBA,
NCMoMnb3yoLero MOLWHOCTb NEePEMEHHOro TOKa, 3aBUCUT OT (PYHKUUM «0BracTu KpuBOW», KOTOpPblE
BO3HMKAIOT MpU CUHYycoMAanbHbIX BOMHAX. TeM He MeHee, kKak ObLMIA NPUHUKUM, ecriv YyacToTa NUKOB
HanNpsPKeHNs yBenumumMBaeTCs, TO BbIXOAHAs MOLLHOCTb Takke BydeT yBenMunmBaTbCa BO MHOMMX TUMax
KOMMOHEHTOB 3MEeKTPUYECKUX Lienen.

Ha tpex naHensx Fig.1 anuHa npoesoaa B Tpu pasa 6onblue ANWHbI BOSHbI HANPSHKEHUST OT UCTOYHMKA
nuTaHua. OgHako Ansi co3faHust CTOSYMX BONMH ASIMHA npoBofa He JofbkHa ObiTb Kakon-nmbo
KOHKPETHOWN KpaTHOW ANIMHE BOJSHbI NepemMeHHoro HanpshkeHuns. Kak suaHo us Fig 1C, 6yayT co3gaHbl
«My3bIpyv» OOQHOro 1 TOro Xe Tuna: (i) ecnv anuHa npoeoda 6yaeT poBHO BABOE OOIbLUE ASTMHbLI BOJTHbI,
unu (ii) ecnu gnvHa npoeBoga paBHa AfMHE BOJIHbI.
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AC Fig. 2A Emitted waves Fig. 2
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HSH]FHE.EMHE EONHBI

OnuHa npoBoAa = ogHa ANWHA

/\ Fig. 2B Reflected waves
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DTpa}I{EHHhIE EONHEI

MNukoBbie yanel
‘ A Fig. 2C HanoxeHHEIE BONHEI
BEIZEIEANT CTOAYHE BOMHEI
i Hyneeble y3nbl

CootBeTcTBeHHO, Ha Fig.2 (koTopas BkntovaeT B cebsa Fig.2A, nokasbiBatoLLy0 U3MYYEHHYIO BOJHY,
Fig.2B, nokasbiBalowyo oTpaxeHHyto BONHy M Fig.2C, nokasbiBaloLLyl0 HanOXeHHbIE «My3blpbKn»),
nokasaHo, 4YTO NPOWCXOAUT B CErMeHTe NPoBOAa, AfNMHA KOTOPOro paBHa €AMHCTBEHHOW ANIMHE BOSHbI
OT HanpshKeHusi NepemMeHHOro Toka Ha uKcMpoBaHHOW YactoTe. bygeT cchopmmpoBaHa pe3oHaHCHas
cTOosi4as BOSfHA C YaCcTOTOW, BABOE NpeBblLaoLWwen YacToTy BXOAHOro NePEeMEHHOro HanpshkeHns. AToT
Xe pesynbTaT byaeT NpUMEHATHCSA B NPOBOAE, ANMHA KOTOPOro paBHa (LerioMy) KpaTtHoMYy (Hanpumep,
1X, 2x, 3Xx W T. A.) ANWMHE BOSHbI MpOTanknMBaemoro (UNW NPUHYOUTENBHOrO, YNPaBNAEMOro,
HakayMBaemoro U1 T. i.) HanpsbKeHUst NepemMeHHOro Toka .) B CerMeHT NpoBoAa.

Fig. 3A Emitted waves

— Fig. 3

Msny4aemele BOMHBI

AOnuHa npoBoAa = 2 0AHa ANWMHA

Fig. 3B Reflected waves

' DTPa}KEHHhIE BOINHEI

- MuKoEBIA y2en

@‘ ',\ Fig. 3C Superimposed standing waves

Hyneetie yane

Mepexoasa Kk eweé 6onee KOPOTKMM MpoBoAaM, TOT Xe MPUHLUMN NpUMEHMM 1 K nobomy nposoay C
OINVHOW, paBHOM NOMOBMHE AMMHbLI BOMHbI NEpeMeHHOro HanpshkeHuns. Kak nokasaHo Ha Fig.3 (koTopas
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BkrntodaeT B cebsa Fig.3A, nokasbiBatoLLyto usnydaemyio BonHy, Fig.3B, nokasbiBatoLLlyto OTpaXKeHHYo
BonHy n Fig.3C, nokasbiBalOLy0 HaNOXEHHbIE «My3blpbKW»), €Cnv AfiMHa MpoBOAa COCTaBMsieET
MOMOBUHY ANWHbI BOSHbI, TO MO-NpexHeMy OyaeT opMMpoOBaTbCA eCTeCTBEHHas M HaTyparbHas
pe3oHaHCHas CcToslMas BOSfIHA C 4YacTOTOM, KOTOpasi B [Ba pasa MpeBblllaeT 4acToTy BXOAHOrO
nepeMeHHOro HanpsXKeHns.

Fig. 4A Emitted waves

il Fig. 4

Msny4yaemble BOMHBI

HaumeHblIaA ANMHA NPpOBOAa, KOTOpaA MOXeT
co3jaBaTb cTabWUNbHbIe U eCTeCTEEeHHbIE
CTOAYMe BOJIHbI, CocTaBnaeT 1/4 ANWHbLI BONHbI

t Fig. 4B Reflected waves

DTPH}I{EHHHE EONHEI

*______...-— MukoeLId y3en

Fig. 4C HanoxeHuwe cTOAYME BONH

Hyneeoi yzen

HakoHeu, nepexogs k ewé 6Gonee KOPOTKOMY MpOBOAY, TOT K& MPUHUUN MPUMEHUM K K nobomy
npoBody, ANWHa KOTOPOro paBHa OOHOW 4YeTBEPTU ANWHbI BOSMHbI MEPEMEHHOro HanpsXeHusl, Kak
nokasaHo Ha Fig.4A, Fig.4B un Fig.4C, naxe ecnv OH He NpoTArMBaeTCs Nonepék Unm He nokpbiBaeT
NOMHbIN «MNy3blpb», CTOAYEN BOSHbI, NokasaHHoW Ha Fig.4C, Tem He MeHee ABNsieTCA CTabMIbHOW,
€CTEeCTBEHHOW M PE30HAHCHON «CTOSIYEN BOSIHOWMY», YacToTa KOTOPOW B [Ba pasa npeBblllaeT 4acToTy
BXOAHOr0 NEPEMEHHOr0 HanNpsKEHWUS.

MoxHO co3gaTb YaCTUYHO CTabMUMbHbIE U MOMNYPE30HAHCHLIE OTKIMKK, UCNOMb3ys O4HY BOCbMYO, O4HY
LWeCcTHaguaTylo mnu 0Gonee KOPOTKYK ANMHY MNPOBOAA, WUCMONb3ys [ONOSHUTENbHbIE YCTPOWCTBA,
KOTOpPbI€ MOTYT OTKMOYaTb SNEKTPOIHEPTUIO OT CUCTEMbI UM KOTOPbIE MOTYT reHepnpoBaTh apdeKThI,
KOoTopble OObIMHO Ha3blBAKOT «rapMoHMkamu ». OQHAKO 3TO HE Te TUMbl ECTECTBEHHbIX U YCTOMYMUBBIX
OTKINWKOB, KOTOPble MOryT BbITb CO34aHbl MPOCTON 6Ga30BON CUCTEMOW, cocTosLwen u3 He 6onee yem: (i)
NMPOBOMOKM (OUKCUPOBAHHOW ANUHbI U «OTpaxaroLwlero» HakoHeyHuka; W (i) UCTOYHMKA nuTaHuA
NepeMeHHOro Toka C 4aCTOTOWM, KOTOPYK MOXHO «HacTpauBaTb» OO TexX Mop, Noka OoHa He co3gacT
PE30HAHCHbIN OTKMMK B JII060M CErmeHTe NpoBOAA, MMEKLLErO NOOAXOASLLYIO0 OTMHY.

CnepoBaTtenbHO, MOCKOMbKY ANMHbI  YETBEPTb-BOSIHOBbLIX MNPOBOAOB  SIBMSOTCS  HAUMMEHbLUMMMU
ANVHaMK, KOTOpble MOryT cO34aBaTb €CTECTBEHHbIE U YCTOMYMBBLIE CTOSIYME BOJHbI, OOLLENPUHATHIN
TEPMMH, KOTOPbIA 0BbIYHO UCMONb3YeTCA ANs ONMCcCaHUS TOrO YTO MPOMCXOAMUT Korga MpoBod co3gaeT
PE30HaHCHbIV OTKMUK CTOAYEN BOMHbI, ABNAETCHA «4eTBEPTb-BONTHOBBLIM» OTBETOM.

B HekOoTOpbIX YCTPOWCTBaX TENECKOMUYECKME KOMMOHEHTHI (MM Apyrue 3feMeHTbl, KOTopble MOryT
N3MEHATb 3PMEKTMBHYIO ANUHY 3NeMeHTa MNPOBOSIOYHOrO TuMa) MOryT WCMNOMb3oBaTbCa ANS
N3MEHeHMs CMOCOBHOCTM 3anemeHTa pearvpoBaTb Ha (PUKCUPOBAHHYHO ANWHY BOMHbL. MHOrme Tunbl
aHTeHH WCMNonb3ylT 3TOT MoAxod, ecnu um Heobxoammo obpabaTtblBaTb CUrHanbl, KOTOpble
nepenarnTcs Ha (OUKCMPOBAHHbLIX U M3BECTHbIX 4YacTtotax. OgHako 3TWU MpUMepbl HEe OTHOCATCHA K
peakTopam CO CnupasnbHOWN KaTyLLKOW, B KOTOPbIX OyAeT NCNonb30BaTbCA NOAXOA, KOTOPbIV BKIOYaEeT B
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cebsi HaCTPOWIKY M perynMpoBKY YacTOTbl HANpPsHKEHUs, NOAaBaeMOro B peaktop, 40 TeX Mop, Nnoka He
OyneT obHapy)XeH Pe30HaHCHbI OTKIMK B KaTyLKax ¢ (OUKCMPOBAHHOW U HEM3MEHHOW ANMHON.

CnenyeT Takke OTMETWUTb, YTO OMNpedeneHHble TUMbl «HacTpauBaloWMX» 3SMEeMEHTOB (Hanpumep,
KOHAEHcaTopbl, KOTOpPble MOTYT MMEeTb (OUKCUPOBAHHbIE UMK perynupyemble YPOBHW EMKOCTM) Takke
MOryT ObITb 3MEKTPUYECKN CBSI3aHbl C MPOBOAOM TakuM 06pa3oM, KOTOPLIN «3aMynupyeT» fobaBneHne
Gonbluel AnvMHbI K 3TOMY NPOBOAY. OTOT MNOAXOA MOXET WCMOoNb30BaThbCA ANA U3MEHeHUs (Unu
YBENMYEHNS AnanasoHa) 4acToT, Ha KOTOpble Pe30HaHCHO pearMpyeT NpoBoaHas Lenb.

WNTak, ecnu y Hac ecTb pe3oHaHCHbIe HanpsXXeHus CTosiYeln BOMHbI B Hawen kaTywke L2 n Yactb aToro
curHana npoxoauT Yepes NpPoBOA COEAMHAIOLWMIA OOUH KOHEL, KaTyLKU C 3eMMen, TO YTO npomsonaeT?
JNyywmin cnoco6 npoBepuTb, Tak 3TO NOCMOTPETL Kak OyaeT BeCcTu cebs NpoToTUN, OAHAKO €Cnv s Mory
BblCKa3aTb CBOE MHEHUE, TO 51 Obl NPEeaNonNoXuU YTO CUrHan NPOXoAALMNA NO 3a3eMMSIOLLEMY NPOBOAY
OyneT nornowéH, Korga OH AOCTUrHET 3eMiuM M 3TO NpeaoTBpaTUT oTpaXkeHue curHana obpaTHo K
KaTywke L2, 4ToGbl paccTponTtb €€ paborTy.

TpeTuin npoekT [JoHa, KOTOPbLIN Mbl MOXXEM paccMOTpeTb, 0OCODEHHO NpuBNeKaTeneH, NOCKOMbKY NOYTK
He TpebyeTcAa OOMAalUHEro CTPOMTENbCTBA, BCE KOMMOHEHTbl AOCTYMHbI Ha PbIHKE, a BbIXOoOHAs
MOLLHOCTb afanTupyeTcs K NoboMy YpPOBHIO, KOTOPbIA Bbl 3axoTuTe. [JOHy O0COOEHHO HpaBUTCA 3Ta
cxema, notoMy 4to oHa gemoHctpupyeT KIMO> 1 Tak akkypaTHO U OH OTMeYaeT, YTO LieHTpanbHbIN
nepegaryuk Kkatywkun Tecna cam no cebe gocrtatodeH Ans NUTaHWUA JOMAaLUHEro X03snCcTea.

KaTywka B UeHTpe nnaTbl npeacTtaBnseT cobon nepefaTyvk 3HEPruv, U3roTOBMEHHBIN M3 KaTyLUKM
Tecna, n3roToBneHHOMW M3 ABYX roToBbix Katywek Barker & Williamson. Ewe Tpyn mn3 BHyTpeHHew
KaTyLWKM TakkKe WCMNOSb3yKTCS B KayecTBe MPUEMHUKOB 3aHeprun. BHewHas kaTywka ©onbliero
AvameTpa HaxoauTCsa B HECKONbKMX 060opoTax OT OAHOM M3 UX CTaHAAPTHbIX KaTyLleK U opraHn3oBaHa
Taknum obpasom, 4TO ANMHA NpoBoOAA KaTyLLKM COCTaBNseT OOHY YeTBepTb AMVHbI NpoBO4A BHYTPEHHEN
KaTywkm («L2»).

Kak n npexge, koMMepyeckuin moaynb ApaviBepa HEOHOBOW TPYOKM MCNONb3yeTcsl Afs NUTaHus
BHELIHEN KaTywku "L1" ¢ BbICOKMM HanpshkeHMEM M BbICOKOM 4acToTon. CnedyeTr noHuMMaTtb, 4TO
MOCKOJSIbKY MOLLHOCTb NOTpebnseTcs n3 NokanbHOW cpebl BCSKUIN pas, Korga MOLHOCTb nepenaroLen
KaTywkn nepegatumka «L1» UMKIMYECKM M3MEHSIeTCs, TO OOCTYNHAs MOLLHOCTb HaMHOMO BbllIE Ha
Oonee BblcOKMX YacToTax. MowHocTb Ha 4YacTtote cetn meHee 100 'L, HAMHOro, MHOro MeHbLUe, Yem
MOLLHOCTb, goctynHasa Ha 35 000 u, noaTomy ecnu neped BaMyn CTOUT MOKyNka MOAYNS Apansepa
HeoHoBoW TpyOkun 25 kl'y unn moayna 35 kM, Toraa mogynb 35 kl'y MOXET AaTb HAMHOrO Ny4Llyto
BbIXOOHYH MOLLHOCTb Ha KaXkdOM YPOBHE HaMpsiKeHMs!.
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KopoTkad HapyxHas katywka "L1" yagepxuBaetcsa B MNOAHATOM MOMIOXEHMM cekumen Benon
nnacTukoBon Tpybbl, 4TOObI NPaBWUMBHO PacMonOXUTb €€ OTHOCUTENBHO BTOPUYHON KaTyLUKK
MeHbLUero anameTpa "L2".

BTopuyHbIE KaTyLLKN KOHCTPYMPYIOTCA C MCNorib3oBaHMeM obbldHOro mMetofa bapkepa n YunbsimcoHa
(Barker & Williamson's), B KOTOPOM UCNONb3YHOTCS LEeNeBble NOMoChl ANS YAep)XaHna BUTKOB MeOHON
NY>XEHOWM NPOBOSIOKN Ha MecCTe.
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MockonbKy B W3roTOBMEHHbIX KaTyllkax WMMEeKTCs O4YeHb Hebonbluve pasnuuus, kaxkaas M3 Hux
HacTpoeHa Ha TOYHYK YacToTy nepefartyvka, a MUHUATIOPHBIA HEOH MCNonb3yeTcs, YTobbl NokasaTb,
KOra HacTpolika Gblna ycTaHoBMEeHa NpaBubHO.

KntoueBon 0COBGEHHOCTLIO 3TOM0 YCTPOMCTBA SABNAETCA TOT (PaKT, YTO Mob0oe KOMMYECTBO MPUEMHBIX
KaTywek MoxeT ObITb pasMelleHO psaoM C nepedaTyMkoM, UM Kaxkdasi M3 HUX MOMyuYMT MOJSHbIN
3NEKTPUYECKM TOK U3 foKanbHOW cpefdbl, 6€3 M3MeHeHUss MOLLHOCTM HeobxoauMmon Ans npuBoaa
nepegaTtymMka KkaTywkmn Tecna - Bcé Gonblie n 6Gonblue BbIXOOHOW curHan ©6e3 yBenn4yeHust BXOOQHOM
MOLLHOCTWN - HeorpaHunyeHHble 3HadeHus KI1[, Bce u3 KoTopbix npesBbiwatoT 1. [JononHuTenbHas
MOLLHOCTb NOCTynaeT W3 foKanbHOW cpefbl, rae UMeeTcd MOYTU HeorpaHWM4yeHHOE KOSMYeCcTBO
n36bITOYHON 3HEpPrMM W 3TOT NPUTOK BbI3biBAaeTCA ObICTPO BUOPMPYIOLWUM  MarHUTHbIM MOMEM,
co3faBaeMbliM LeHTpanbHOW KaTywkon Tecna. XoTs OOMOMHUTENbHbIe KaTyLKM KaXKyTcs MpoCTo
pas3dbpocaHbiMM MO OCHOBHOM nnaTte, 9TO0 BoOBce He Tak. Bumgeo Ha  YouTube
http://www.youtube.com/watch?v=TiNEHZRm4z4 &feature=related OEeMOHCTpUpyeT, yTOo Ha
NornoLweHne 3TNX KaTyLlek B 3Ha4YMTENbHON CTENEHN BNMSIET pacCTOsiHUE OT U3MyYatoLero MarHuTHOro
nons. 3To CBA3aHO C AMMHON BOSHbI CUrHanNa, ynpaensatooLero kaTywkon Tecna, NO3TOMy NOKa3aHHble
BblLLEe KaTyLLKN PacrnonoXeHbl TOYHO Ha OAMHAKOBOM PacCTOAHUM OT KaTylikn Tecna. Y Bac BCé paBHO
MOXeT ObiTb CTONbKO KaTyLUeK, CKOMbKO Bbl XOTUTE, HO OHW OyAyT yCTaHOBMEHbl B KONbLAX BOKPYr
KaTywkn Tecna v KaTylwKu B KaxaoM Konbue O6yayT HaxoauTbCA Ha OAMHAKOBOM PAacCTOSHUWM OT
KaTywku Tecnbl B LLEeHTpe.

Kaxxgast n3 npmémMHbIx KaTylleKk OEACTBYeT TOYHO TakK Xe, Kak BTopu4yHas kaTywka "L2" nepegartyumka
KaTywkn Tecna, kaxgas M3 KOTOPbIX NOSiydYaeT OAMHAKOBbIA ypoBeHb MoLHOCTU. Kak n B cnyyae ¢
peanbHON KaTywkon «L2y», Ana Kaxaowm u3 HMX notpebyeTcsi cxeMa BbIXOAHOWN Lienu, Kak OnnucaHo ans
npeablgywiero ycrtponctea. [lpeanonoXxuTenbHO, BbIXOAbl KaTyWwKM MOryT ObiTb  NOAKMOYEHbI
napanneneHo Ans yBeSIMYeHNs BbIXOOHOW CUMbl TOKA, TaK Kak OHU BCE PE3OHUPYIOT Ha O4HOM YacToTe
n B dpase apyr ¢ gpyrom. Kaxabii 6ygeTr nmetb CBOHO COOCTBEHHYK OTAENbHYIO BbIXOLHYHO Lenb C
MOHMXaOLWNUM U30NUPYIOLUM TPaHCHOPMATOPOM U PEeryriMpoBKON 4acToTbl, Kak U paHbwe. Ecnu
Kakon-nnbo BbIXO4 [OIMKEH ObiTb BbINPAMMEHHBIM BbIXOOOM MOCTOSHHOIO TOKa, TO perynupoBka
4yacToTbl He TpebyeTcs, TOMNbKO BbINPSAMUTENBHbIE ANOAbI U CTIIAXMBAKOLWUIN KOHAEHCATOpP, cneylowme
3a NOHWXaLMM TpaHCOPMaTOPOM, KOTOPLIN JOIMKEH ObITh BO3AYLIHLIM UM (hEPPUTOBLIM TUMOM U3-
32 BbLICOKOM 4acToTbl. BbICOKOBONbTHbIE KOHAEHCATOPbl CTOAT O4vYeHb Aoporo. Ha Beb-cante
http://www.richieburnett.co.uk/parts.html nokasaHbl pasnnyHble CNOCOObLI M3rOTOBNEHUA COBCTBEHHbLIX
BbICOKOBOJbTHbIX KOHOEHCATOPOB, a Takke NpenMyLLlecTBa M HeJoCTaTKU Kaxaoro Tuna.

EcTb [ABa npakTMyecknx MOMEHTa, KOTOopble Heobxoaumo YnoMsiHyTb. Bo-nepBbiX, MNOCKOMbKY
ycTporcTtBa [loH CmuUTa nokasaHHble Bbille, NOAAT PaaMoYacTOTHbIE CUTHAanbl Ha KaTyLUKM, KOTopble
nepegalT 3TM  CUrHanbl, MOXeT noTpeboBaTbCs 3aKMYMTb  YCTPOWCTBO B 3a3eMIIeHHbI
MeTasnsmMyecknii KOHTeHep, YTobbl He nepeaaBaTb He3aKOHHble paguocurHanbl. Bo-BTOpbIX, Tak kak
MOXET ObITb CIMOXHO MOMY4YNTb BbICOKOBOSbTHbLIE CUINBHOTOYHbIE AMOAbI, OHU MOTYT ObiTb U3rOTOBIEHbI
N3 Heckomnbkux Gonee crnabbix aAvoaoB. YToGbl yBENUYUTL HOMUHANbHOE HarnpsbkeHue, AModbl MOryT
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ObITb coeanHeHbl B uenb. llogxoaswme auoabl LOOCTYMHbI B KadecTBe feTanen Ansg pemMoHTa
MMWKPOBOINHOBbLIX ne4ver. OBbIMHO OHM MMeKT HoMuHan okono 4000 BONbT M MOryT BblAEPXMBATb
Xopowmni ypoBeHb Toka. lNMockonbKy B avogax OyayT He3HauuTernbHble MPOU3BOACTBEHHbIE Pa3nuyuns,
XOpOoLLEen NPaKTUKON ABMASETCA NOOKIIYEHNE pe3ncTopa BbICOKOro 3HavyeHus (B gnanasoHe ot 1 go 10
MOM) uepe3 Kaxgbli Onog, MOCKONbKYy 3TO obecneyvMBaeT MNPUMEPHO OAWHAKOBOE MageHue
HaNpsKeHNs Ha Kakaom u3 AnoaoB:

RS

Ecnu HoOMMHanbHas MOLLHOCTb 3TMX AmogoB coctaBnsana 4 A npu 4000 BonbT, TO uenoyka u3 natm
MoxeT BbigepxueaTtb 4 A npu 20000 BonbTt. Tekywass MOLWHOCTb MOXET OblTb yBenuyeHa MyTém
napannenbHOro noakmnyeHna AByx wunum Gonee uenen. BONMbLWWHCTBO KOHCTPYKTOPOB OMyCKakoT
pe3nCcTopbl N OBHAPYXXMBAKOT, YTO OHU, KAXKETCA NOMY4aloT YAOBNETBOPUTENbHbLIE XapaKTEPUCTUKN.

ConpoTuBneHne KaTylKN 3aBUCUT OT €€ pa3mepa, popMbl, cnocoba HaMOTKW, KOMYecTBa BUTKOB U
MaTepuana cepgeyHuka. ITO TakKe 3aBUCUT OT YacTOThbl MEPEMEHHOMO HanNpsXXeHUs, NogaBaeMoro Ha
Hero. Ecnu cepgeyHyk COCTOUT M3 XKenesa WM cTanu, oBblMHO TOHKMX CIOEB >Xenesa, KoTopble
n3onMpoBaHbl ApYyr OT Apyra, TO OH MOXeT paboTaTb TONbKO C HWU3KUMM 4YacToTamu. Bbl moxete
3abbiTb 0 nonbiTke nponyctnte 10000 umknoB B cekyHAy (L) Yepes KaTyLUKy, MOCKONbKY CepaeyvHUK
NPOCTO HE MOXET U3MEHUTb CBOM MarHUTHbIE NOMOCA AOCTATOYHO ObICTPO, YTOOLI CNpPaBUTLCA C 3TOM
YacTOTOW. AQpo 3TOro TMNa NOAXoAUT ANS oYeHb HU3KMX YactoT 50 'y nnu 60 My, ncnonesyemelx Ans
NUTaHMA OT CEeTW, KOTOpble MNOAAEPXKMBAIOTCA Ha TaKOM HM3KOM YpOBHE, 4TOObl €ro Mornu
ncnonb3oBaTh anekTpoasuraTenu.

[nsa 6onee BbICOKMX 4acTOT heppuUT MOXET MCMONb30BaTbCA ANA CepAeyHUKa U NO3TOMY HeKOoTopble
nopTaTMBHbIE PaAMOCTaHUUN MCNONb3YT EeppuUToBbIE CTEPXKHU, KOTOpble MNpeacTaBnsioT cobon
CTEpPXEHb M3 heppuTa C HAMOTAHHOW Ha Hero kaTywkow. Ons 6onee BbICOKMX 4YacToT (Mnn Gonee
BbICOKOM 3(P(PEKTUBHOCTIN) UCMONb3YEeTCs KenesHas Mbiflb, MHKaNCyIMpoBaHHas B 3MOKCUOHOW CMone.
AnbTepHaTMBa COCTOUT B TOM, YTOObl HE MCMOMb30BaTb KakoM-NMMOO mMaTtepuan cepaeyvHuka, KoTopblIn
0ObIYHO Ha3blBalT KaTyLWKOM C BO3QYLHbIM cepaeyHMKoM. OHM He OorpaHu4YeHbl Mo 4acTtoTe
CepAEeYHNKOM, HO MMEKT OYEeHb HU3KYI WHOYKTMBHOCTb Ans noboro 3agaHHOro 4ucra BUTKOB.
O heKTMBHOCTL KaTyLKkn HasbiBaeTca «Q» («KayecTBo») M YeM Bblle KOIPDUUMEHT AOBPOTHOCTH,
Tem nyywe. ConpoTmBneHne nposoaa NoHmxkaeT AobpoTHocTb nnm Q factor.

KaTywka umMeeT WHAOYKTUBHOCTb, COMPOTUBIIEHWE, Bbi3BAHHOE MPOBOAOM W EMKOCTb, BbI3BaHHYHO
BUTKaMu HaxogsaLMMMCa psagoMm Apyr ¢ Apyrom. Tem He MeHee, roBops YTO MHOYKTUBHOCTb OObIMHO
HamMHoro Gonblue ABYX APYrMX KOMMOHEHTOB, YTO Mbl CKMOHHbI UTHOPMPOBATL ABa APYrMX KOMMOHEHTA.
Koe-4To, 4TO MOXET ObITb HEOYEBMAHO Cpa3y, 3aKNoYaeTcsi B TOM, YTO MOSMIHOE CONPOTUBMEHNE MOTOKY
NEepeMEeHHOro ToKa, MPOTEKalLWeMy Yepe3 KaTyllKy, 3aBUCUT OT TOrO HACKONbKO ObICTPO MeHsieTcs
HanpsbkeHne. Ecnu HanpspkeHMe nepemMeHHOro Toka, NnogaBaeMoe Ha KaTyLuKy 3aBepLuaeT OAUH LMK
Kaxxable OecATb CeKyHA, Torda UMMedaHC UNM ConpoTuBrieHue OyaeT HaMHOro Hmke, Yem ecrnu Obl
HanpspkeHne NOBTOPSNIOCh MUMIMOH pa3 B CEKYHAY.

Ecnm 6bl Bam npuwnocb yrageiBaTb, Bbl Obl Mogymanu, 4TOo conpoTuBrneHne OyaeT MOCTOSHHO
yBEnMYMBaTbCHa C YBESIMYEHMEM 4acTOTbl NEepPeMEHHOro Toka. [pyrMmu crioBamu, AMHENHbIW rpaduk
TMNa u3MeHeHusi. OTO He oTHocuTca K geny. bnarogapsa dyHKUMM, Ha3blBAEMOW pPE30HAHCOM,
CyllecTByeT OfHa KOHKpeTHad 4acToTa, Ha KOTOPOM COMPOTUBMEHWE KaTyLKNM 3HAYUTENbHO
yBENUUMBaAETCA. ATO MCMOSb3yeTcsas B MeToge HacTpovku and AM paguonpuemHukoB. B camble
nepBble OHW, KOrga 3NEKTPOHHbIE KOMMOHEHTbI ObIIO TPYOHO HaWTW, NEpEeMEHHble KaTylKM MHorga
ncnonb3oBanuchb Ans HacTtponkn. CerogHa y Hac BCE eLlé eCTb NepeMEHHble KaTyLiKku, 0Obl4HO Ang
06paboTkM GONbLIMX TOKOB, @ HE PagVUOCUrHaNoOB M Mbl HasblBaeM MX «peocTaTamuy», a HeKoTopble
BbIFNA4AT BOT TakK:
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OHM uMeLoT KaTyLWKy M3 nNpoBoda HaMOTaHHOro BOKpYr chopmepa M NOM3yHOK MOXHO TosikaTb BOOMb
CnunUbl, COEAMHAOWMIA NON3YHOK C Pas3NUYHbIMK BUTKaMM B KaTyLuKe, B 3aBUCUMOCTU OT €€ no3vuun
BAOSMb OMNOPHOW NaHenu. 3aTteM BbIMOSHATCA KIEeMMHble COeQUHEHUS C NOMN3YHKOM U OOHUM KOHLIOM
KaTywku. MonoxeHne nonadyHka adpdekTMBHO M3MEHSIET YNCIIO BUTKOB NPOBOAA B TON YaCTW KaTyLLKW,
KoTopas ucnonbsyetcs B uenn. MIsmeHAs KonMyecTBO BUTKOB B KaTyLUKe, U3MEHSEeTCs pe3oHaHCcHas
yacTtoTa 93TOM KaTywku. [lepemMeHHOMY TOKy O4YeHb TPYOHO MPOWTU 4Yepe3 KaTywKy C Takom Xe
PEe30HaHCHOW 4YacTOTOW, YTO M YacToTa NepeMeHHOro Toka. M3-3a 3Toro ero MoXHO MCnorb3oBaTb B
KayecTBe TIOHepa paavocurHana:

AHTeHHa MepmMaHUeBLIA

Anon

)Haymumm

sMeeBUK HacTpoHKa (i)

_IEEMHH

Ecnu pe3oHaHcHas YyacToTa KaTyLlwKU U3MEHSIeTCsl B COOTBETCTBUM C YaCTOTON MECTHOW paamMoCcTaHLmm
MyTEM CKONbXEHUSI KOHTaKTa BAOMb KaTYLUKWU, TO 3TOW KOHKPETHOM YacToTe curHana nepemMeHHoro Toka
OT paguonepedaTymka GygeT NpakTUYecKM HEBO3MOXHO NMPONTM Yepes KaTyliKy U Tak (U TONbKO Tak)
OTKIIOHSIETCA Yepe3 AMoA4 M HayLHWKK, Korga OH TeyeT OT aHTEeHHOro MpoBoAda K 3a3eMnisiiowemy
npoBoAdy WM paguMoCTaHuMs CrblllHa B HaylHWkax. Ecnv no aHTeHHOMY NpoBOAy NocTynawT Apyrue
paguocurHarnbl, TO MOCKOMbKY OHU HE HaXOAATCsl HA PEe30HAHCHOW YacToTe KaTyLiKu, OHM cBOBOAHO
NPOXOAAT Yepes KaTyLLKy U HE NPOXOASAT Yepes HayLLUHUKN.

OTa cuctema Bckope Oblna M3MeHeHa, Koraa Ctanu AOCTYMNHbI NepeMeHHble KOHAEeHCaTopbl, MOCKOMNbKY
OHM [JelleBrne B W3rOTOBMEHUMM M 0Oonee KOMMNakTHbl. Takum o06pa3oM, BMECTO TOro, 4ToObl
MCMONb30BaTb MEPEMEHHYI KaTylKy Afsi HacTpOMKM paguMocurHana, nepeMeHHbli KOoHAeHcaTop
NOAKMOYEHHbIV K HacTpavBatoLLen kaTyLlke, caenan Ty e paboTy:

AHTEHHa FepmaH1eBLIiH
Auon
sMeeBHMK Hactpoiika )Hayl.uumm
KOHAeHcaTopa ?
JemnA

B TO Bpemsa kak Ha npvBeOéHHOW Bblle cxeme 0603HayYeHO «HacTpoeuHbIi KoHOeHcaTop», 3TO Ha
camoM fJene BBOAUT B 3abnyxaeHue. [la, Bbl HacTpanBaeTe pagnonpueMHUK perynmpys HacTpounky
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nepemMeHHOro KoHaeHcaTopa, 3TOT KOHAEeHCaTop Ha CaMOM fene MU3MEeHsieT Pe30HaHCHYK 4acToTy
KOMOMHaLMKN KaTyLlKa /KOHAEHCATOP M MMEHHO pe30HaHCHasi YacToTa 3TON KOMOMHaUMM BbIMONHSET Ty
Xe camyto paboTy KOTOPYIO NepeMeHHas kaTyLuka caenana obl cama.

3TO NpuBnNeKkaeT BHUMaHWe K ABYM OYE€Hb BaXHbIM hakTam, KacalolMmcs KOMOWHauuii kaTtylka /
koHAeHcaTop. Koraa koHaeHcaTop pa3MeLleH Nonepék kaTyLwkn «napannenbHo», Kak nokasaHo B 3TOW
cxeme paguonpuemMHuKa, Toraa KoMOMHaLUUs UMEET OYeHb BbICOKUIA MMMNeAaHC (CONPOTUBIIEHME MOTOKY
nepeMeHHOro Toka) Ha pe3oHaHCcHoM YacToTe. Ho ecnu koHaeHcaTop NOMELLEH «MNocneaoBaTenbHO» ¢
KaTyLUKOM, TO HAa PE30HAHCHOMN YacToTe KOMOUHALIMK NPaKTUYECKM HYNEeBOE CONPOTUBNEHME:

O4eHb BbICOKOE
_0.0.0.0.0_"_ O4yeHb HUZKOE CONPOTHENEHHE
CONPOTHENEHHUE MPH PEIOHAHCE npu pezoHance

B KOHLIe KOHLOB, 3TO MOXET MOKa3aTbCs YEM-TO, O YEM MpaKkTU4YHbIE NOAM He ByayT aymaTtb, KOro 3T1o
BoNnHyeT? OAHaKo 3TO OENCTBUTEMbHO OYEeHb MPaKTUYHbIN MOMEHT. MomHuTe, yTo JoH CMUT yacTto
ucrionb3yet 6Gonee paHHIOK BEPCUO FOTOBOrO MOAYNS ApaniBepa HEOHOBOW TpybkM B KayecTBe
npocTtoro cnocoba obecneyeHnsi BbICOKOBOMbTHOMO BbICOKOYACTOTHOrO MCTOYHMKA NEPEMEHHOrO TOKa,
06b14HO 6000 B npu yactote B 30 000 Ny. 3aTem OH NogaeT 3Ty MOLHOCTL B KaTyLwKy Tecna, kotopas
cama no cebe aABNseTCA yeunutenem MoLHocTU. PacctaHoBka BOT Takas:

HApaneep L1 Hpaif e 3
) . paiBep a 1 =
HEOHOBOI =I:Ilil = W HEOHOBOI > ® CT &
TRYOKH TRYDKH
J_paapgnuuu = PaspAagaHWK Lz

JTlioan, KOTOpbI€ NbITAlOTCA NOBTOPUTb 3aMbICllbl ,D,OHa, 00bl4HO roBoOpAT: «A nony4yato oonbLune NCKpPbI
B MCKPOBOM NPOMEXYTKE, NOKa HEe MOAKIOYY KaTyLUKY L1 n Torga NCKpPbl HE NpeKpallatoTCA. OTa cxema
HUKOraa He MoxeTt pa6OTaTb, NOTOMY 4YTO COMPOTUBIIEHUNE KATYLUKN CITULLKOM HU3KOE ».

Ecnn pe3oHaHcHasa 4YacToTa kaTywku L1 He coBnagaeT ¢ 4acTOToW, CO3JaBaemMon CXeMoW fparBepa
HEOHOBOM TPYyOKM, TO HU3KMM MMNedaHC KaTywkm L1 Ha 3Ton 4actote, 6e3yCnoBHO, CHU3UT
HanpshkeHne gpaniBepa HEOHOBOW TPYOKM 4O OYeHb HU3KOro 3Ha4veHus. Ho ecnu kaTywka L1 umeet 1y
e PEe30HaHCHYK 4acToTy, YTO M cxema BOo30yXaeHus, To kKatywka L1 (unu komOuHaums kaTyikum /
KoHaeHcatopa L1, nokasaHHass cnpaBa) OygoeT WMETb O4YeHb BbICOKOE COMPOTMBIIEHWE TOKY,
npoTekarwLwemy 4Yepe3 He€ M oHa ByaeT xopowo paboTaTb CO CxeMow ApanBepa. Takum obpasom,
OTCYTCTBME WCKP O3HA4aeT, YTO HacTpoMKa KaTyLIKM BbIKMOYeHa. OTO TO e camoe, YTO HacTpomka
paguonpueMHuKa, eCnu oH HenpaBuUibHO HACTPOEH TO Bbl HE YCMbILLMTE paanoCTaHLUMIo.

OTO OYEeHb XOPOLWIO NPOLAEMOHCTPUPOBAHO MPU MCMOMNb30BAHUU MPOCTbIX NlAMMOYEK HakanvMBaHUSA W1
OBYX KaTywek B Buaeo Ha YouTube, nokasbiBarLMX XOPOLIMIA BbIXOA MNpakTudeckn ©6e3 BXOOHOW
mouiHocTn: http://www.youtube.com/watch?v=kQdcwDCBoONY #n xoTd nokasaHa TONbKO OAHa
pe3oHaHCHas W3MepuTenbHas KaTyllKka, CyLIeCTBYyeT BO3MOXHOCTb MWCMNOSIb30BaHUS MHOXECTBa
PEe30HAHCHbIX U3MEPUTENbHBIX KaTYyLLEK TOSTbKO C O4HMM NepeaaTymKoMm.

C kaTywkon (npuyyannBoe HasBaHME «UHAOYKTOP» U cuMBOI «L») paboTa nepemMeHHOro Toka CUIbHO
oTnnyaeTcs OT paboTbl MOCTOSIHHOrO Toka. KaTywka umeeT conpoTMBEHME MOCTOSIHHOMY TOKY,
KOTOpPOE MOXHO M3MEpUTb B AManasoHe OMOB MyIbTUMETPA, HO 3TO CONPOTUBIIEHNE HE NPUMEHSIETCS,
Korga MCnonb3yeTcs MNEpPEMEHHBbIN TOK, TakK Kak MOTOK MEePEMEHHOrO Toka He onpepensieTcs
COMPOTUBIEHNEM MOCTOSHHOTO TOKA KaTyllkW. M3-3a 3TOro AOMKEeH MCnonb3oBaTbCA BTOPON TEPMUH
Ansa KoapmumeHTa perynmpoBaHma Toka KaTyLKU U BbiOpaHHbLIN TEPMUH SBMISIETCA «MMMNESaHCOMY,
KOTOpLIN SBNSIETCA OCOBEHHOCTLIO KaTyLUKM, KOTopas «MNpPensTCTBYET» MPOXOXAEHMIO MEPEMEHHOr0
TOKa Yepes KaTyLUKYy.

COI'IpOTVIBJ'IeHI/Ie KaTyLlKn 3aBUCUT OT eé pa3mMepa, CbOprI, crnocoba HaMOTKM, KONMMYEeCTBa BUTKOB U
MaTepunana cepgevyHuka. OTO Takke 3aBUCUT OT YacToThbl nepeMeHHOro HanpsXeHumd, nogaBaemMoro Ha
Hero. Ecnu cepaedyHnK COCTOUT U3 XKeresa unn ctanu, OObIYHO TOHKMX CITOEB Xenesa, KOTOpbIe
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N30NMpoBaHbl Apyr OT Apyra, TO OH CMOXeT paboTaTb TONbKO C HU3KMMKM 4YacToTamu. Bbl moxerte
3abbITb 0 nonbiTke nponyctnte 10000 umknoB B cekyHAy (L) 4Yepes KaTyLuKy, NMOCKONbKY CepaeyvHuK
MPOCTO HE MOXET M3MEHUTb CBOM MarHMTHbIE MOMOCa LOCTATOYHO ObICTPO, YTOOLI CPaBUTLCS C 3TON
YacToTon. AApo 3Toro TMNa NOAXoAuT ANA oYeHb HU3KMX YactoT 50 'y nnm 60 My, ncnonb3yembix Ans
NUTaHNA OT CETU, KOTOpble MNOOLEPXKMBAKTCA Ha TaKOM HU3KOM YpOBHE, 4TOObl €ro cmornm
NCcrnonb3oBaTh ANeKTpogsuraTenu.

[na 6onee BbICOKNX 4acTOT PEPPUT MOXKET MCMOMb30BaTbCA ANA CepAeyvHUKa 1 NO3TOMY HEKOTopble
nopTtaTMBHbIE PaAMOCTaHUUN MCMNONb3YyoT (EePPUTOBLIE CTEPXKHU, KOTOPble MNPeacTaBMsOT CcobON
CTEpXeHb U3 heppuTa C HaMOTaAHHOW Ha Hero kaTywkon. [ns 6onee BbICOKMX 4YacToT (Mnn Gonee
BbICOKOW 3(PPEKTMBHOCTN) MCNONb3YETCS XKenesHas Nbifb, MHKANCynMpoBaHHAA B 3MOKCUAHON CMOSeE.
AnbTepHaTMBa COCTOUT B TOM, 4YTOObl HE MCNONb30oBaTb BOOOLLE Kakom-nnbo cepaeqHuK, KOTOPbIn
OObl4HO Ha3bIBAT BO3QYLUHbIM CEpAeYHMKOM. Takume KaTylKM He OrpaHuMyeHbl Mo 4actoTte
CEpPAEYHNKOM, HO MMEKT OYEeHb HM3KYI WHOYKTMBHOCTb ANns NobOoro 3agaHHOro 4ucra BUTKOB.
OhheKkTMBHOCTL KaTyLKM Ha3biBaeTca «Q» («KayecTBo») 1 4eMm Bbiwe koadduumneHT AobpoTHOCTH (Q
factor), Tem ny4dwe. ConpoTnBneHne npoBoga NoHWXaeT 40BPOTHOCTb.

Bapuauum
HekoTopble nogn 3KCNEpUMMEHTMPOBaNM C OCHOBHbIMW naeamu [doHa CmuTa M HawnM HEKoTopble
UHTepecHble Bewn. OguH u3 3TmMx nogen ykpauHeu: W. M. Conosen. [epeBog ero 3asiBku Ha
nosnlyYyeHue cTeneHn 4oKTopa NpuBeaeH HUXe, U cnacubo Xoeepay Xanatk 3a nepesos;

CUCTEMA rEHEPALUN SNEKTPO3HEPTUN BbICOKOW YACTOTbI
U. M. ConoBeun, kaHangaT Ha [JokTopa.
HYBuI YkpanHbl «bepexaHckunini arpoTexHmyeckun MHCTUTy™ J1.C. YepBuHCcKknin, K.T.H. HaumMoHanbHbIN
YHUBEPCUTET HayK O XU3HW 1 OKpyxXatowwen cpee YkpanHel H.IN. CemeHoB, nHxeHep HYBul YkpanHbl
«bepexaHcknin arpoTEXHUYECKUIA UHCTUTYT»

CuunTtaetcs:

CyulecTByoLMe Hay4Hble B3rnsabl He MMET yoeanTenbHOM TeopeTUYECKON OCHOBbLI AN SABIEHUS
N30bITOYHOrO BbIXOA4a SHEPTrUN. DNEKTPOonUTaHne, MHAYKTUBHOCTb, MOLLHOCTb, BbICOKOYaCTOTHbIN
N3MEepPUTENbHbIN AnanasoH, PUNbTP, IHeprus.

B HacTosiwee Bpemsi umeeTcs GOsbLLOE KONMMYeCTBO MHopMaLmn 06 yCTponcTBax, nocre 4yero
«akTnBauus» B ntobom paboyem nore; B NpoLecce «penakcaummn» BbIXOAHas SHEPrUs NPeBbILIaeT
noTpebnsiemyto BXOAHYHO 3HEPTUIO.

Hanpumep, npu «npon3BoacTBe» TENOBOW 3HEPrMn, Habnogaemon B KUCITOPOAHO-BOAOPOAHbIX
aneKkTponuaepax aAns HopmanbHoON u Tskenon Boabl (PunmmoHeHko B., 1957, C. [IxxoHc, 1989), B
anekTpuyeckom paspsage (YepHeukmi A., 1971) Buxpesble TennoreHepaTopsl (MoTtanos HO., 1992).

B koHue 1980-x rogos CteHnn Meiep 3anateHToBan «BoasaHon TonnueHbin anemeHT» (WFC),
KOTOPbIV No3BonsieT Npeobpa3oBbiBaTbh 0ObIYHYIO BOAONPOBOAHYIO BOAY B BOAOPOA M KUCIOPOS, C
ropasgo MeHbLUMMM 3aTpaTaMu 3Heprum, 4Yem 3To TpeboBanockb Obl NPy 0OLIYHOM 3MEKTPONM3E U B
ropasgo 6onbLlieM KONM4ecTBe, YeM OXMAanochb NP NCNofb30BaHMKM NPOCTOro anekTponusa. Ero
06bsICHEHNE pe3yNbTaToOB OCHOBAHO Ha BIIMAHWUM PE30OHAHCHOIO 3MEKTPUYECKOro Moss Ha MONEKy bl
Boabl [2].

Mo3xe [JoH CMUT NOCTPOMI HECKONBKO YCTPOMCTB HA OCHOBE SKCMEPUMEHTOB Tecnbl, B OCHOBHOM C
BbICOKOM BbIXOQHOM MOLLHOCTbIO. B CBOMX CTaTbAX OH OTMeYaeT, YTO NOBTOPAN KaXdbln 13
3KCNEPUMEHTOB, HANOEHHbIX B KHUrax Tecrbl U 9TO AaBarno emMy NoHMMaHue «(OHOBOW 3HEPrnm
OKpyatoLero mupa» [3].

3apava. nOBTOpI/ITb OAVH N3 BbllLenepevncrieHHbIX cnocobos nonyvyYeHna aHepruu. YTobbl npoBepuTb,

AEUCTBUTENBHO N 3TW YCTPOKCTBa paboTatoT. [[ns aTOro Mbl peanu3oBann cxemy yctponctea [oHa
CmuTa 13 ero nateHTa 1994 roga, rge reHepaTop MOXET 4OCTMYb MoLHocTh 15 kBT (Puc. 1).
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.M. Conose, J1.C. YepBuHckui, H. CemeHos, 2011
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Puc 1. Cxema anektporeHepatopa [loHa CmuTa (cornacHo ero nateHTty ot 1994 r.)
OcHOBHble MaTepuarnbl U MeTOoAbl UCCIIefOBaHNUA.
OCHOBHEIM 3rIEMEHTOM Ha cxeme Puc. 1 aBngeTcsa BO3AYLWHbIM cepaeyHnK ¢ obMoTkaMm ¢ Homepamn 6
(nepBuYHbIE), B6A (Heobsa3aTenbHO), 7 (BTOPUYHbBIE).

[na nccnegoBaHnsa Mbl NOArOTOBUAN NEPBUYHBIN L1, BTOPUYHBIA L2 1 JONONHUTENBHYIO KaTyLwwKy L3 B
COOTBETCTBMM CO crneundukaunammn, npuBeaeHHbIMU B criegytowen Tabnuue:

TeXHUYeCKMe XapakTepUCTHUKN KaTyLUKW

MNpeameT nepen4Hblin L7 Bropoid L2 noﬁaB:;Hhm
INvHa KaTylwKw 55em 32em 6 em
Konu4ecTEo xono0B 8 463 10
Ouametp 55em 5.1 em 56ecm
AKTUBHOE COMpPOTUBNEHHE 0.1 ohms 4.2 ohms 0,1ohms
finuHa npoBoAaa 1.4m 69, Tm 1,8 m
fuameTp NpoBONOKK 2 mm 0,65 mm 1.2mm

[na pacyeta anekTpOMarHUTHbIX NapamMeTpoB BTOPUYHOW KaTyliku L2 Mbl MCNONb30OBanu nporpammy
«Flyback Tesla calculator».

PesynbTaTbl pacyeTa: L2
MHAYKTMBHOCTBL KaTyLwku - 1559,9 MKl H;
cobcTBeHHasa eMKocTb - 4,61 nd;
[OnvnHa npoeoaa 73,2 m;

Konun4yecTtBo 060poToB - 457,
[OOpOTHOCTL - 8492;

pe3oHaHcHas YacTtoTa NnepeMeHHoro Toka - 1,875 MI'u; n V4 pesoHaHcHas 4YacTtoTa - 1,024 MI'y
(PakTmnyeckmm akcnepumeHT - 1,1 MITw).

WcecnegoBaHne NpoBOAMIIOCH MO CXeMe Ha puc. 2.

PaamellueHmne 0OMOTOK KaTyLLKK - KaK Yy TpaHcopmaTopa Tecna: nepBuYHbLIN Ha 6ase BTOPUYHOTO.
Fig. 2. Cxema obmoTok L1 n L2
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M3amepeHne Toka NpoOBOAMIIOCH aMNepMETPOM NOCTOAHHOIO TOKa Ha Groke nuTaHus. MNMoTpebnsembin
TOK B npmuBeaeHHon cxeme coctaensieT 0,3 A. 3HaueHne HanpspkeHna U2 Ha BbIXOOHbIX KOHLAX
o6moTkn L2 paccumTbiBaeTcsa no opmyne: U2 =Um/ N1.N2 =14/ 8,463 = 810,25 B.

roe

Um - HanpsixeHue, 14 B;

N1 - yncno nepBMYHbIX 06OPOTOB U

N2 - KonM4yecTBO BTOPUYHbLIX 060poTOB (cM. Tabnuuy).

3ameTKa. CDopmyna HE Y4YUTbIBAET COMPOTUBIIEHNE pN-Nepexoana TpaH3nCTopa 6a3bl-3MMTTepa n
conpoTuenieHne coegnHUTesribHbIX NPOBOAHUKOB.

OKCnepuMeHTanbHO onpeneneHbl 3HaYeHNS HanpsKeHUst — Hamborbllee pacCTosiHUE B BO3OYLLUHOM
3a30pe Mexay HavyarnbHoN 0OMOTKOM 3aKkaHYMBaETCs B ToUke pa3psiaa L2. BennunHa HanpskeHus
coctaBnana 500-700 BonbT. YactoTta: 1,1 MU, namepeHHast 3KCnepmMMeHTarnbHO C UCNOSb30BaHMEM
reHeparopa 4acToThbl.

Mpun nogkntoyeHnn uenm (cMm. Fig. 2) K UICTOYHUKY MOCTOSAHHOIO NUTaHUsA noTpebrnsemMas MOLHOCTb
coctaensana 0,3 x 14 = 4,2 BT, n 3Ty MOLHOCTb MOXHO Ha3BaTb NOMHON NOTPebNsieMon MOLLHOCTbIO
cetn 4,7 BA. Ha Bbixoge o6MOTkuM L2 Mbl nony4yaem (y OCHOBaHWUA KaTyLuku) Tok okorio 0,3 A n
HanpsbkeHne mexay AByms koHuamu katywkn 700 B, kotopoe coctaBndeTt 0,3 x 700 = 210 BAP.
VccnenoBaHve BbICOKOIHEPreTUYECKNX NapaMeTpoB CUNOBOM Lienn reHepaTopa nposoannock Ha Fig.
3 - 6, roe B kKa4ecTBe aKTMBHOWM Harpys3ku Ucrnonb3oBanach namnoyvka. BennumHa / MHTEHCUMBHOCTb
APKOCTW NaMnbl onpeaensny n3aMepeHne BbIXOgQHON MOLLHOCTU. Micnonb3yemble namnbl 6bim
pasnun4Hon mowHocTtuh ot 0,3 BT go 21 Br.

Ha cxeme, nokasaHHou Ha Fig. 3, BkroYeHMe B pasnnyHbIX flamnax HakanmeaHus, Hanpumep, 0,3 BT,
He MPUBENO K OCBELLEHMIO, XOTHA NOTpebneHne sHeprum cxembl coctasmno 14 x 0,3 = 4,2 Br.

-

Fig. 3. Cxema akcnepumMeHTa no onpeneneHno akTMBHON BbIXOQHON MOLLHOCTM KaTyLuKku L2
Mbl pasmecTunu gononHuTenbHyto kaTtywky L3, kak Ha cxeme Cmuta (Fig. 4). Katywka L3 6bina

pasmelleHa B BepxHen TpeTu Katywku L2. Jlamna 6 B, 3 BT Gbina nogkntoveHa K JOMNOMHUTENbHOM
kaTywke L3 (cm. Tabnuuy), u oHa nokasana crnaboe cBeveHue.
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Fig. 4. BctaBka pasnmyHbIX laMn HakanMBaHUs Yepes OONONHUTENbHYH 0OMOTKy L3.

Korga mbl BcTaBunu koHgeHcatop C2 nocnegoBatenbHo ¢ obmoTkon L2 (Fig. 5), mbl BCTaBunu namny
12 B 21 BT Ha BbixoAa kaTyLwku L3. Jlamna ctana gpko ocBeléHHON U Yepes 4-5 cekyHa neperopena.
MoTpebnenne Toka coctaBumno 1,2 amnepa.
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Fig. 5. NepekntoyeHne namnbl HakanuMBaHMga Yepes JOMNONHUTENbHY 00MOTKY L3 npu cosgaHum nyTu
L2-C2.

AHanornyHeln pesynbTtat Obln NOMy4YeH, Koraa Mbl BKAOYMAN BONbGPaAMOBYIO NaMmy, UCNOSb3ys CXeMy
Ha Fig. 6 B nocnegoBaTtenbHon uenun L2 / C2. Jlamna 12 B 21 BT Takke neperopaeT 3a 4-5 cekyHa. Tok
B Slamne B 9TOMN KOH(urypauum coctasnan 1,8 - 2,3 A.

31-58



L2
I:}'{ J HL

1

= =
T onF 3000pF

-

Fig. 6. Cxema: BCTaBka nammbl HakanvMBaHus nocriegosatensHo Yyepes L2 n C2.

BbiBoabl

PeaynbTaTbl MOMCKOBLIX UCCNEAOBaHUM NOATBEPXKOAKT CYLLECTBYIOLLYK HAY4YHYH MbICIb O TOM, YTO
npoueccbl BBOAA W BbiBOAA MapLupyTMsauum / nepegayvv SfeKkTPO3HEprMm €  UCMONb30OBaHWEM
BbICOKOBOMbTHbBIX SIBIIEHUA 3MEKTPOMarHUTHOrO nons (M3ny4eHus) BbICOKOro HanpsbkeHus TpebytoT
OanbHenwWmnx rnybokMx TEOPETUYECKUX N SKCMEPUMEHTANbHbLIX NCCIea0BaHNN.

PekomeHgauum

1. Kanapes ®©.M. Hauano c¢ousuku xummumn mukpomupa / KaHapes ®.M. [8-e n3a.].
KpacHogap, 2007. - 750 c.

2. ®omuHckun J1.MN. PoTopHble reHepaTopbl cBo6oaHOro tenna. DIY
domuHckun J1.T1. - Yepkaccobl: "OKO-Tntoc". 2003. - 342 c.

3. MateHTt CLLA Ne 08/100074.

ABnNeHnUst BO3HUKHOBEHUSI M3ObITOYHbIX QHEPreTn4eCcKknx 3¢)dJeKTOB HE Halwnn yGGE,VITeJ'IbHOFO
TeopeTn4ecKkoro OOBACHEHUS C TOYKU 3pPEeHNA CyLLEeCTBYLLMX HAaYyYHbIX B3rMA00B.

YTo MHTepecHo B aTon ctatbe CONoBbs, Tak 3TO TO, YTO BXOAHOE HanpshKeHMe OYEeHb HU3KOE - BCEro
14 BOMbT, XOTS, KOHEYHO BbIXOAHOE HanpsikeHne HamHoro Bbilwe n coctasnget 1,1 MIy. MNocnegHasa
onarpamma Conosed Ha Puc.6 nHtepecHa Tem, 4YTO ero nammnodka MOLLHOCTbIO 21 BaTT Ha 12 BOMbT
cropena BCero 3a HEeCKOSTbKO CEKyHA.
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M3mepeHne Toka vepes namny coctaBurno 2,1 A, a pacyeTHbIl Tok namnbl - 1,75 A. 3TOM pasHUUbI
HeAOCTaTOYHO, YTOObl paspywuTb namny Tak OGbICTPO, NO3TOMY Mpobrnema 3akn4vaeTcs B TOM, YTO
MOLLHOCTb JlaMnbl CUAbHO MpeBbileHa. PaHee HanpshkeHue Ha kaTywke «L2» mamepsnocb npu 700
BOMbT, NO3TOMY, BO3MOXHO, ObINIO CTOMLKO e, CKOMbKO NPUIIOXKEHO K Namne Ha ABeHaauaTb BOSMbT.
Ecnu Ha namny nogasanock 700 BonbT, a Yyepes famny npoTekan Tok 2,1 amnep, TO paccenBaemas
MOLLHOCTbL B namne coctaBnsana 6el 700 x 2,1 = 1470 BatT, yto B 70 pa3 6onblle HOMUHANbHOW
MOLLHOCTM namnbl 1 6onee kunosaTtTal! MNoxanyucra, He BBoauTe cebs B 3abnyxaeHne BXOOHbLIM
HanpsbkeHueMm 14 B, aTa cxema noBbIWAET HaNpPsXKeHUe N MOXEeT Jierko Bac youTtb! [0BOpSAT, 4TO
BbicOokast yactota 1,1 MIy genaet Bbixog ©6e3BpefHbIM OMsi YeroBeka. S He nNpoBepsn 3TO U BaMm
AEVCTBUTENBHO HYXXHO ObITb OCTOPOXHbLIM B JTOGON LieNy BbICOKOrO HaMNpPsKEeHUS.

Moxoxe, uto Conosen ynyctun TOT hakT, UTO pacCrnofioXeHMe MepBUYHON KaTywku L1 no anuHe
BTOPUYHOM KaTylwkn L2 oOKasbiBaeT CYLWECTBEHHOE BIIMSIHUE Ha BbLIXOOHYK CUIy ToKa, MNO3TOMY
pasmelleHne kaTywknm L1 B cepeguHe kaTywky L2 OOMKHO 3HAYUTENbHO YBENUYUTH BbIXOAHYHO
MOLLIHOCTb.

Jlamna, ncnonb3dyemas B Ka4eCcTBe Harpysku, npeacraBnaeT cobon pe3ncTUBHYO Harpysky. A He 3Hato
OOCTaTOMHO O MpeaMeTe, HO pasMelleHMe MOoHWXKawLero TpaHcdopmMaTopa C  BO3AYLWIHbIM
CepAeYHVKOM BMECTO NTaMMoYKN AOSMKHO NMOHMU3UTL BbIXOOAHOE HaMpsiKeHWe U 3HAYUTENbHO YBENUYUTL
OOCTYMHbINA BbIXOAHOW TOK. TeM He MeHee, TpaHCchopMaTop ABMSETCS MHOYKTUBHOW Harpys3kon u elle
Hen3BecTHO, ByaeT Nn 3TO N3MeHeHMEe NONMHOCTBIO U3MEHATb (PYHKLMOHUPOBAHUE LiENW.

B0o3MOXHO, CTOMT NPOBEPUTL CredyloLlyto MPOCTY0 CXEMY, €Cnu NpeanosioXuUTb, YTO BbIXOOHOE
HanpshkeHne aencTBuTenbHo coctaenset 700 BonbT, namepeHHbix ConoBbEM M 4TO Heobxogmma
pe3ncTuBHas Harpyska. Tpu nocriegoBaTenbHO coeAnHeHHble 220-BONbTHbIE NlaMnbl HakanMBaHUA No
100 BT moryT okaszaTbCs yO0OBNEeTBOPUTENBHOM UCTbITAaTENbHOW Harpy3Komn:
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[pyroi BO3MOXHOCTbIO ObINIO 6bl B3SITb OObIYHBLIA AELEBLIN ranioreHHbIN HarpeeaTenb U NOAKITOUYUTD
ero Tak, 4tobbl Tpy 400-BaTTHbIE NTaMnbl CTOSNW NOcneAoBaTeNbHO, a He napansienbHo:

CTaHOapTHbI HEAOPOroW rarioreHHbIN HarpeBaTeslb COCTOUT U3 Tpex oTaenbHbiX 400-BaTTHLIX CEKLMNA
C NepekmnoYanLLmMM yCTPONCTBOM, KOTOPOE NO3BOMSET BKIKOYATb OAHY, ABE UMW TPU CEKLUN:

1200 BT ranoreHHsIA HarpeeaTenb

400 Br
400 Br
400 Br
O—
INeKTpUHLCTBY
O

Bbl MoeTe M3MEHUTb MPOBOAKY BHYTPM HarpeBaTens, YTobbl BCe TpWU ranoreHHble namnbl Gbinu
coeavHeHbl B Uenb. [lockonbky npoBoda, coeauHsloWMe famnbl, CHaGXeHbl HaXMMHbIMU
«NONacTHbIMU» pazbEMamK, YTO MO3BOMSIET UX JIErKO M3rOTOBWUTb M FErko 3aMeHUTb ranoreHHyto
flamny, 3To YacTo MOXHO caenaTb 6e3 nanku. HoBoe pacnonoxeHve Takoe:
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230 BT ranoreHHeId oborpegatenb

r|_= 400 BT
r‘_= 400 Bt

400 BT

ARl
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JINeKTpUYecTED
O

OTO pacnonoXxeHne «HeJONMUTBLIBAET» NTaMIbl, MOCKONbKY Ka)kaasi laMna nosiy4yaeT TONbKo OAHY TpeTb
HanpsPKeHUs, Ha KOTOpPOe OHa paccunTaHa. Ecnu ranoreHHbI HarpesaTtenb Tenepb nogkntoyeH Ha 700
BOMbT M TPU Namnbl NOXOXW OPYr Ha Apyra, To okono ogHow TpeTn n3 700 BonbT OyaeT npuxoguTbCa
Ha KaXXOyr NaMnoudky. OTO TONbKO HEMpOBEpPeHHoe npeanoxeHue Ha 700 BonbT, XOTA HarpeBaTesb
3TOr0 TMNa Xxopowo paboTaeT npu HU3KOM MowHocTM Ha 220 BonbT. OpgHako cnegyet AdaTb
BbICOKOBOJTbTHYIO PE3UCTUBHYIO Harpy3ky B Ka4eCTBe OTNPABHOW TOYKM AN 9KCNEPUMEHTOB.

Patrick J Kelly
www.free-energy-info.tuks.nl
www.free-energy-info.com
www.free-energy-info.co.uk

Mepesopg Diabloid73
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