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 NpocTas Bellb B MUpe And NnoHNMaHUA. BoTt cxema:

ELECTRICAL ENERGY GENERATING SYSTEM

6 and 7 resonance 6a coil resonant induction tapped resonance maintained when diode bridge is

maintaine / 3rd coil tuned with added capacitor and resistor
A transistor oscillator
- i
3 g i pure induction
+ transformer
2 A L 13
- +
f T4
————————
capacier & “ 16
. . c ed . . .
pure indction harg varllstur 1o maintain
desired voltage varistor to
maintain desired

l.ﬂ_occl.ﬁp'l?ﬂrl. 10, Do Bulcigps, 200 Moramaeand B F. = 1008V, 1
F 3 E-l:da: T s O -'u-.-‘L-l. . 1. veltage Dhader Crouit, conach woltage for next stage. vo tage
3, Hgn viotage Modun, Connutig T L1 ond L300, 13, Copecitor, slaciiolyfic, ENooths aut B0 + iR effect,
A Capaoitor, TOE 1008 PR, 30Ky 13, Earth Grond.
5. Spaik Gap, Smol Engine Spark Plug, Sap = 0025 in 14, VicBoge Divicdder Curcit, comscts valiage for Transfomer
. chlSanTsm-m-f_e_rDci‘ L=3. , &b = L5 15 Imvarter Clizauit, DG + inand 80 CPS 1o Transformer
T Inchaction Recaiving Gaoll L4, A&, Owrtpeut from Trarsfarmes 1o Laod { Wk ),
8. Voltage Condiel Srant. o Do, THH

2. Frequency Adjustar, préevents denating by Diode Bridge
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BeposTHO, CTOUT YNOMSIHYTb HEKOTOPbIE U3 OCHOBHbIX MOMEHTOB, KOTOpPbIE, MO-BUAMMOMY, AernaeT [oH
CMmuT. 3aecb AenaeTcsi HECKOMbKO OYEHb BaXKHbIX 3aMeYaHU U UX NOHUMaHUE MOXET CYLLECTBEHHO
NOBMUATb Ha HaLly cnocOBHOCTb 3a4eNCTBOBaTb M3ObITOUHYIO SHEPTUID, AOCTYMHYIO B HALlen MecTHOWN
cpene. CTOUT OTMETUTb YETbIpe MOMEHTa:!

1. HanpsixeHune

2. YacToTa

3. MarHnTHO-3NeKTpNYeCKMe OTHOLLUEHUS
4. Pe3oHaHC

1. HanpsikeHue Mbl CKNOHHbI paccMaTpuBaTb BeEWW C  KUHTYUTUBHbIMY» B3rnsgoMm, OObIYHO
OCHOBaHHbLIM Ha AOBOJIbHO MPOCTLIX MOHATUAX. Hanprumep, Mbl aBTOMaTUYECKN OyMaeM, YTO NOOHATb
TSDKenbI NpegMeT CroxHee, YeM NodHATb nerkmin. Hackonbko crnoxHee? Hy, ecrnn oH BOBoe Tsxernee,
TO, BEPOATHO NoHagobutca Basoe Gonblue yeunumn, Ytobbl NOAHATL €ro. ATa TOYKa 3pPEeHUs OCHoBaHa
Ha HalweMm OonbiTe BELLEeNn, KOTopble Mbl Aefanu B MNPOLUSIOM, @ HE Ha KakuX-NnMbo MaTtemaTuUdecKmnx
pacyeTax unu dopmynax.

Hy, a kak HacdeT nynbCcauuu 9MeKTPOHHOM cUCTeMbl HanpsbkeHnem? Kak noenuvsieT BbIXxogHas
MOLLHOCTb CUCTEMbl Ha YBENUYEHWE HanpskeHus? Halwa nepBoHavanbHasi peakums «13 pykaBax
MOXET 3aKn4yaTbCs B TOM, YTO BbIXOAHAA MOLLHOCTb MOXET OblTb HEMHOrO yBEnu4yeHa, HO 3aTem
nogoXauTe ... Mbl TOMbKO YTO BCMNOMHUNW, 4YTO BT = BonbT x Amnep, NO3TOMy eCnu Bbl yaBouTe
HanpskeHne, TO Bbl YABOUTE MOLLHOCTb B BaTTax. [103TOMy Mbl MOXEM COrflacuUTbCA C TEM, YTO ecnu
YOBOUTb HaMNpskeHne, TO Mbl MOXEM YABOUTb BbIXOAHYK MOLLHOCTb. Ecnn 66l Mbl Tak gymanu, Mbl Obl
Oblnn Henpasesbl.

[oH CMWT OTMeYaeT 4YTO, MOCKOSIbKY KOHAEHCATOPbl M KaTyLIKW HaKannuMBalT SHEPruo, ecriv OHu
y4yacTBYOT B LenW, TO BbiIXoAHas MOLWHOCTb MponopuuoHanbHa KBagpaTy WCMofb3yeMoro
HanpskeHusi. YOBoWTe HanpskeHUe 1 BbiXxoaHasi MOLWHOCTL B YeTbipe pasa Bblle. Vicnonb3ayiite B Tpu
pa3a 6Gornblue HanpsPKeHUs, a BbIXOAHAsk MOLLHOCTb B AEBSATb pa3 Bbllwe. Vcnonb3yite B AecsTb pas
GonbLue HanpsikeHusl, a BbIXOAHAast MOLHOCTb B CTO pa3 6onbLue!

Power
201

15

10

[OH roBopuT, 4YTO 3anacéHHas 3Heprusl, yMHOXEHHasi Ha KONMYeCTBO LMKIIOB B CEKyHAY, SBMSETCS
3Heprnen nepekaunBaemon cuctemon. KoHOeHcaTopbl W KaTyWKW WHOYKTUBHOCTU (MHOYKTOPbI)
BPEMEHHO HaKannMBaloT AMEKTPOHbI 1 NX NPOU3BOAUTESNBHOCTL onpeaenseTcs:

KonpeHcaTopHast dpopmyna: W = 0.5 x C x V2 x Hz rge:

W - aHeprus B [xoynax (xoynax = BonbT X AMnep X cekyHa)
C - émkocTtb B Papagax

V HanpsixeHune

Hz - KonnyecTBO UMKIOB B CEKYHAY
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dopmyna katywkn: W= 0.5 x L x A>x Hz rge:

W - aHeprung B mxoynsx

L - NHOYKTUBHOCTb B reHpu

A TOoK B amnepax

Hz - yacToTa B LUMKnax B CEKyHAOY

Bbl 3ameTuTe, YTO Tam, rae 3a4ecTBOBaHbI KaTyLUKM UHAYKTUBHOCTU (MHOYKTOPbI), BbIXOA4HASA
MOLLHOCTb BO3pacTaeT C KBaapaToM ToKa. YABOEHME HanpshkeHUs U yABOEHUE ToKa AaloT B YeTbIpe
pa3a GonbLUYH BbIXOAHYIO MOLLHOCTb M3-3a NOBbLILUEHHOIO HAMPSPKEHMUS], a yBENMYEHNE BbIXOLHOM
MOLLIHOCTW YBENMYMBaETCs eLé B YeTblpe pasa 13-3a YBeNM4YeHHOro Toka, YTo B LWecTHaauaTth pas
yBEeNnM4MBaeT BbIXOAHY MOLLHOCTb.

2. Yactota. W3 npuBedeHHbIX Bbie OpMyNn Bbl 3aMeTUTe, YTO BbIXOAHAs MOLLHOCTb MPsIMO
nponopumoHanbHa 4Yactote "l4". YacToTa - 370 YMCMO LMKIIOB B CEKYHAY (MNU MMMNYNbCOB B CEKYHAY),
nofaBaembIX Ha cxemy. OTO TO, YTO He ABNAETCA MHTYUTUBHO MOHATHBIM AN GonbLUMHCTBA nogen.
Ecnun Bbl yaBouTe 4acToTy nynbcaunn, Bbl YABOUTE BbIXOAHYH MOLLUHOCTbL. Koraa aTo NpoucxoauT, Bbl
BHe3anHo noHnmaete, nodemy Hukona Tecna ncnonb3oBan MUNIMOHbBI BOSNbT Y MUSITMOHbBI MMMYNIbCOB
B CEKyHAY.

OpHako [oH CmuT yTBEpxaaeT 4To, Koraa Lenb HaxoauTCcs B TOYKE pe3oHaHca, COnpoTMBREHWe B
uenu nagaeT OO Hyns U cXema CTaHOBUTCS 3(PEeKTUBHO CBEPXMPOBOAHMKOM. QHEprust Ans Takow
CUCTEMbI KOTOPas HaXoOWUTCS B pe30HaHCe:

Pe3oHaHcHbIN koHTyp: W = 0.5 x C x V2 x (Hz)? rge:

W - 3Heprusi B oKoynsax

C - emkocTb B Papagax

V HanpsixeHune

Hz - KonnyecTBO UMKNOB B CEKYHAY

Ecnu 3710 npaBunbHO, TO NOBbILLEHNE YacTOTbl B PE3OHUPYIOLLEN LIeNM 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 YBENUYMBAETCH C 4YacTOTOW, TO noyemy Obl HE KOPMWUTb [OMOXO3SINCTBA MUIIIIMOHAMMU
UMKNOB B cekyHay? OpHa M3 OCHOBHbIX MPUYMH 3aKMYaeTcss B TOM, YTO HENerko M3roToBUTb
3neKTpoABuUraTenu, KoTopble MOryT NMPUMBOAUTLCS B OEWCTBME C MOLLHOCTbIO, MOA4ABAEMON Ha 3ToMn
yactoTe, NO3TOMY BblGMpaeTcs Gonee noaxodsllas 4yacToTa, YToObl MoaxoauTb ANA OBuraTenen B
nblfiecocax, CTMpanbHbIX MawmnHax U apyroM 6bITOBOM 060pya0BaHUN.

Tem He MeHee, ecnu Mbl XOTMM U3BMEYb SHEPTUIO U3 OKpYXKatoLlel cpeabl, TO Mbl JOSHKHbI NOWTU Ha
BbICOKOE HanpsiKeHWe M BbICOKYt0 4YacToTy. 3aTeM, Koraa BbiCOkasi MOLWHOCTb Obina u3BrnedeHa, ecnu
Mbl XOTUM WCMOMb30BaTb HU3KYKD YacToTy, MOAXOAALLY [AONS 3neKTpoasuratene, Mbl MOXeM
NynbCUPOBaTb YXKe 3aXBaYeHHYH MOLLHOCTb Ha 3TOM HMU3KOW YacToTe.

MoXHO NpeanonoXuTb, YTO €CNU YCTPOUCTBO paboTaeT C peskMMu umnyrbcamu, KOTopble MMelT
OYeHb pe3KOo HapacTawlmin nepegHUn POHT, TO 3AeKkTMBHaa YacToTa MMMYNbLCOB haKTUYEeCKU
onpeaenseTcs CKOPOCTbIO 3TOro0 HapacTawLero poHTa, a He CKOPOCTbIO, C KOTOPOW UMMYNbCbl Ha
camMoM fJerne reHepupyeTcda. Hanpumep, ecnu nmnynbCbl reHepupyoTcs, ckaxxkem, Ha vactote 50 k',
HO MMMYIbCbl UMEKT NepPeaHnn OPOHT, KOTOPLIN NOAXOAUT ANa nocnegoBaTenbHOCTM umnynscos 200
KU, TOrga ycTpoOMCTBO BMOMHE MOXET BOCNPUHUMATL curHan kak curHan 200 k'y ¢ 25% OTHolwweHnem
Touka /MpocTpaHcTtBo (Mark/Space ratio), 0COGEHHO BHE3anHOCTb MNPUIOXKEHHOIO HanpsKeHus,
umetoLLas apekT MarHMTHOro LoKa, 3KBUBaNeHTHbIM nocnegosaTensHOCTU umMnynscos 200 K.

3. MarHuTHO-3neKTpuyeckne OTHOLWeHUA. [1OoH YyTBepXxgaeT 4YTO MpuyMHa, NO KOTOPOW Haluum
HblHELLHWE  3HEepProcUCTEMbl  HACTONMbKO  Hed(PEKTUBHbI, 3aknyaeTcs B TOM, YTO  Mbl
KOHLIEHTPUPYEMCHA Ha 3MeKTPU4EeCKOW COCTaBndaloLllen anekTpomarHeTmsma. OTU cucTeMbl Bcerga
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umetoT KIMO <1, NOCKONbKY 9NeKTPUYECTBO - 3TO «NOTEPU» NEKTPOMArHUTHOM aHeprum. BmecTto aToro,
€CNN Bbl CKOHLEHTPUPYETECb HA MAarHUTHOM KOMIMOHEHTE, TO HET HUKaKUX OrpaHuyYeHun Ha
SNEKTPUYECKYI0 MOLLHOCTb, KOTopasi MOXeT ObiTb M3BMEe4YeHa Wn3 3TOr0 MarHUMTHOrO KOMMOHEHTA.
Bonpekn oxugaHuaMm, ecriv Bbl YCTAHOBUTE CUCTEMY AATUMKOB, KOTOpPas MU3BIEKaeT 3NeKTPUHECKYIo
3HEprut0 U3 MarHUTHOTO KOMMOHEHTA, Bbl MOXXETE YCTAHOBUTL NIOGOE KONMMYECTBO OPYINX NOEHTUYHBIX
0aTYMKOB, KaXObli U3 KOTOPbIX W3BMEKaeT OOWHAKOBOE KONMMYECTBO SNEKTPUYECKOW SHEPIrMM wu3
MarHMTHOro Bxoga, ©6e3 Harpy3kM MarHMTHOM BOMHbI HUKOMM obpasomM. HeorpaHuyeHHas
anekTpu4eckasl MOLLHOCTb MO «CTOMMOCTM» CO3[0aHUst AMHOr0 MarHUTHOro adhdpekTa.

MarHuTHbIN 3¢bdeKT, KOTOPBIN Mbl XOTUM CO34aTh, ABASETCA NynbCcaunen B HyNIEBOM 3HEPreTU4ECKOM
none v B maeane Mbl XOTMM CO34aTb 3TOT 3pdeKT, Mcrnonb3ya o4YeHb mano aHeprun. CosgaHue
annons ¢ 6atapeen, MMetoLen Knemmbl N0C U MUHYC, UMW MarHuTa ¢ CEBEPHbBIM U KOXXHbIM NOocamMm
- 9TO npocTon cnoco® co3gaTb ANEeKTpOMarHUTHbIM aucbanaHc B rokanbHow cpege. MmnynbcHas
KaTyllka, BEpPOSATHO siBNsieTca Hambonee nydwunm cnocobom, MOCKOMbKy MarHuTHoe none 6bicTpo
MEHSEeTCS, eCnn 3Ta KaTyLlka C BO34YLHbIM CepaeYHMKOM, Takasa Kak kaTywka Tecna. Wcnonb3oBaHne
heppoOMarHMTHOro cepaeyHuKka B KaTyLIKe MOXET co3aaTtb Npobrnemy, Tak Kak enes3o He MOXeT OYeHb
ObICTPO U3MEHUTb MarHUTHOE BbipaBHMBAHWE U B Maeane Bbl XOTUTE Myrfbcaumm, KOTOPble NO KpanHewn
Mepe B TbiCAYY pa3 OGbICTpee, YeM Kene3o MOXET CNpaBUTLCS.
[JoH oOpawaer BHMMaHMEe Ha Y4YeOHbIN  KOMMEKT
«Mepepatumk / MNMprnemHuk» «Pe3oHaHcHble cxembl Ne 10-
416» ("Resonant Circuits #10-416"), «koTopbli 6bIn
npegoctaesneH The Science Source, wrtat ManH (Maine.).
oToT KOMMMeKT NpoAeMOHCTpUpoBan reHepauuto
pe30HaHCHOW 3Heprn M eé cbop C MOMOLLbID CXEMbI
npuemHuka. OpHako, €ecnu  UCNONb3YeTCss  HEeCKOSbKO
NpYeMHbIX Lenen, To cobpaHHas aHeprus yBenvyunsaeTcs B
HecKkonbko pa3 6e3 Kakoro-nmbo YyBeNnuYeHus nepenaBaemMon 3JHepruu. JTO  MNOXOoXe Ha
paguonepenaTymk, rae COTHWU ThiCAY PaavonpUeMHUKOB MOTyT NMPUHUMaTL nepegaBaembli curHan 6es
Kakon-rnmbo 3arpy3ku nepegatymka. B gHmn [JoHa aToT KomnnekT pabotan ot 1,5-BonbToBOM 6atapen u
ocBellan 60-BaTTHY0 NaMnoyKy, KoTopas noctaensanack. He yanBmuTensHO, YTo 3TOT Habop Bbin CHAT
C NPOM3BOACTBA N 3aMEHEH TpMBMAIbHbIM HAGOPOM.

Ecnu Bbl nony4nTte yyebHbI KOMMNEKT «HayyYHbI MICTOYHUK», TO €CTb HEKOTOpPbIe AeTann, Ha KoTopble
HY>XHO 0BpaTUTb BHUMaHUe. YCTPOUCTBO MMEET ABE OYEHb Ka4ueCTBEHHbIE MNAaCTUKOBLIE OCHOBbLI U ABE
OYeHb aKKypaTHO HaMOTaHHble KaTyLlKW, Kaxaas u3 KOTopblX MMeeT 60 BMTKOB 3ManmMpoBaHHOM
MeaHon npoBosiokn anameTpom 0,47 MM Ha Npo3padvHbIX akpUnoBbixX Tpybkax anameTpom 57 mm (2,25
aronma). ObmoTka nokpbiBaeT 28 MM ceyeHue Tpybku. KomnoHoBka mMogynem nepepatymka wm
npMeMHMKa He COOTBETCTBYET Mpuraraemomy JIMCTY MHCTPYKLMIA, NOSTOMY MpW NOAKMYEHUM nobon
3 nx uenem Heobxogumo cobnogatb 0COBYH OCTOPOXHOCTb. [MpuvHUMNUAanbHbIE 3neKTpUYecKkne
CXeMbl He MokKa3aHbl, TOMbKO dMekTpuyeckas cxema, Kotopas He o4eHb xopowa ¢ obpasoBaTernbHoOn
TOYKM 3peHnda. OgHa Takasa cxema:

LED
%‘3
E OR

1MHz SIGNAL 1MHz SIGNAL | BB LED |
GENERATOR GENERATOR | £ 3 ;‘|'
51010V 51010V 3
101pF 101pF

Mpexge 4Yem KynuTb KOMMMEKT, He YNOMUHAeTCd, 4YTO ANs ero MCNoMnb3OBaHUA Tenepb BaMm
NoHagobuTcs reHepaTop CUrHamoB, CMOCOOHbI reHepupoBaTb curHan 10 B Ha vactote 1 Mlw.
KaTylka nmeeT conpoTmBreHme NocTossHHOMY Toky Bcero 1,9 Om, HO npu pe3oHaHcHom vactote 1 My
Heobxoanmas MOLLHOCTb NPUBOAA 4OBOJIbHO HU3Kas.

MepemMeHHbIN KOHOEHCATOp YCTaHOBMEH Ha Tpybke KaTylwkuM MpUEeMHMKa, HO TOT, YTO B MOEM
KOMMeKTe, He UMen aGCOoNTHO HMKaKOro 3HayeHust Afs HacTPOWKM 4YacToTbl M MOW M3MepUTenb
€MKOCTM He cMor BooOLLe onpeaennTb kakoe-nnbo 3HayeHne EMKOCTU ONsi HEro, AaXe eCrin Y Hero He
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ObINo Hukakmx npobnem B uamepeHum koHaeHcaTopa 101 nd, KoTOpbIN Obl1 TOYHO EMKOCTBIO,
Hane4yaTtaHHOW Ha HEM. 1o 9TON NpUYMHE OH NoKasaH CMHUM LBETOM Ha cxeMe Bblwe. OTKMYeHe He
NMENO HUKaKOro 3Ha4YeHus.

B aToM KOHKpeTHOM Habope AN cTaHAapPTHbIX BUHTOBbLIX COEANHUTENEN O4MH BUHT 3aMeHeH 6onTtom ¢
LIeCTUrpaHHbIM KrYOM, FOfoBKa KOTOPOro AocTaTovHO 6onbliasi, 4Tobbl MOXHO OblNo 3aTArMBaThb
nansuamun. K coxaneHuto, 3Tu 60nTbl UMET HAKOHEYHWUK KBAApaTHOrO CevYeHus, rae HakOHEYHWK C
KynonoMm Heobxoaum Ansa HadexXHOro KpenneHust NpoBOAOB Manoro guwameTpa. Ecnv Bbl nonyunte
KOMMMEKT, TO & npeanaral 3aMeHUTb pas3bEMbl CTaHOAPTHOWM  SNEKTPUYECKOM BMHTOBOWM
COeNHUTENBbHOW MMNaHKOMN.

B Tectax cBetogmon 3aropaetcs, Korga KaTyLKU BbIPOBHEHbI M HAaxo4sATCsl HA pacCcTosiHMM He Gonee
100 MM apyr oT gpyra wimM ecnv OHM pPacnofioXeHbl psdaoM Apyr ¢ Apyrom. OTO cpasdy 3acTaBndeT
BCMOMHUTbL YCTponctBo Xabbappa. Xabbapg (Hubbard) nmeeT ueHTpanbHbIN «3NEKTPOMArHUTHLIN
nepeaaTynky», OKPY)XXEHHbIN KOMbLOM «MPUEMHUKOB» MAarHUTHO CBSI3@HHbIX C NMepeaaTynMkoM, Kaxabli
N3 KOTOPbIX NOMNYYMT KOMUIKO SHEPIrMK, NepeaaBaemMon nepesaTiynMKoM:

(380 mm)

~.

L

[oH ykasbiBaeT Ha elwé Gonee YETKO NPOAEMOHCTPMPOBAHHOE NOSABMAEHME 3TOro addekTa B KaTyLlKe
Tecna. B tunuyHoM katywke Tecna nepBuYHas KaTyllka MMeeT ropa3go Gonbliunin gnameTp, Yem
BHYTPEHHSAS BTOPUYHAs KaTyLUKa:

Hanpumep, ecnu k nepBMYHON KaTyLIKe, MMeIoLLEN YeTbipe obopoTa, nogaHo 8000 BOMbT, TO Kaxabin
BUTOK OygeT wumeTb noteHuman B 2000 BonbT. Kaxabih BUTOK MEPBUYHOM KaTyLKM nepefaeT
3NEKTPOMArHUTHLIN MNOTOK HA KaXdbl BUTOK BTOPUYHON OOMOTKM, @ BTOPUYHAs KaTyllKa UMEeeT OYeHb
GonbLIOe KONMMYECTBO BUTKOB. 3HAYMTENBHO OOnMbLUe 3HEPrnn NPOU3BOAUTCA BO BTOPUYHOW KaTyLLKE,
yem ObINIO MCNOMbL30BAHO AN NUTaAHUSA NEPBUYHON KaTyLlKWU. PacnpocTtpaHéHHas owunbka - nonaratb,
4YTOo KaTywka Tecrna He MOXeT NPOU3BOAUTb CEPbE3HYK cuny Toka. Ecnu nepBuyHasa KaTtyllka
pacnosnoxeHa B cepeavHe BTOPUYHOWM KaTyLLKW, Kak MoKas3aHo, TO reHepupyemas cuna Toka Oyaer
TaKoW Xe, Kak U reHepupyemMoe HanpsbkeHne. Huskas notpebnsemasi MOLWHOCTL B MEPBUYHON KaTyLUKe
MOXET NPOM3BOAUTL KMITOBATThLI MONE3HOM 3MEKTPOIHEPINNA.

4. Pe3oHaHc. BaxHbIM (bakToOpoM B LiensAX, HanpaBfeHHbIX Ha UCMOfNb30BaHNE BHELLHEN 3HEPTUN,
ABNSAETCH pe3oHaHC. BO3MOXHO TpyAHO NOHATL rAe 3TO NPOUCXOAMUT Koraa paccmaTpuBaeTcs
anekTpoHHas cxema. OgHako y BCero ecTb CBOsl pe3oHaHCHas yactoTa, Oyab TO KaTyLlika unm nobon
APYrov 3NeKTPOHHbIA KOMNOHEHT. Korga KOMMNOHEHThI COeAMHEHbI BMeCTe, YTOOblI ChopMUpoBaTh
uenb, cxeMa MMeeT O6LLYI0 pe30HaHCHYH0 YacToTy. B kayecTBe NnpocToro npumepa pacCcMoTpum
Kayenu:
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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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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
nsnoxeHa [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 to mains voltage 0 to 9,000 volts
& 60 Hz 35.1 kHz
Mains ‘ Step-up
vult|age - =
Heon-tube [pd Ay ~1l == c2 E
Inverter :@: driver () I[:':T E; TEJJFBHU
S—
Variac J_ S&]:F;k ﬁ'] J__ O

12V

OTa cxema ©Gecnokouna HEKOTOpPbIX ynTaTenen B nocrnegHee BpeM4A, NOCKOJIbKY OHU CHUTAKOT, YTO
VICKpOBOVI pa3pAaaHUK OO0JKEH ObITb NOCNeaoBaTEeNbHO C KaTyUJKOIz L1, HanpuMmep BOT TakK:
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0 to mains voltage 0 to 9,000 volts

35.1 kHz
Mains S @ Sl
voltage
SN, Neon-tube L1 C2
Inverter _@_ driver C : TZ}IFEH‘U’
A —
A 5 k = ]
Variac dléﬂg ﬁ J__

12

OTO NOHATHO, TaK Kak Bcerga CywecTByeT TeHAeHUus AymMaTb O WCKPOBOM MPOMEXYTKE Kak O
YCTPOWCTBE, KOTOPOE NpeaHas3HavYeHo ANa 3aWwuTbl OT YpE3MEPHbIX HAMPSXKEHU, BMECTO TOro, YTOObI
paccmaTpuBaTb €ro Kak aKTUBHbIN KOMMNOHEHT CXEMbl, KOMNOHEHT KOTOPbIA MOCTOSIHHO MCMONb3yeTcs.
B 1925 rogy epmaHy [lMnericoHy (Hermann Plauson) 6bin BblgaH naTteHT Ha Uenbid psg MeToOoB
npeobpa3oBaHUSA BbICOKOrO HanpshKeHUs, CO34aBaeMoro BbICOTHOM aHTEHHOM CUCTEMOW, B NONe3Hoe
CTaHOapTHOE 3neKkTpMyecTBO. [epMaH HauyMHaeT ¢ O6bACHEHNS TOro, Kak BbICOKOE HanpsiXeHne MoxeT
OblTb NpeobpasoBaHo B yOoOHY0 dOpPMYy M OH MUCMONb3yeT reHepaTop CTaTUYECKOro areKkTpuyecTBa
Bumwepcta (Wimshurst) B kauecTBe npMmepa NOCTOSHHONO MCTOYHMKA BbICOKOIo HanpsbkeHus. BeiBoa
N3 BbINPSAMEHHON KaTyLwkM Tecna, MalwmHbl Bumuwepcta 1 BbICOKON aHTEHHbI O4EHb MOXOXMW, NO3TOMY
KomMMeHTapuu l'epMmaHa o4eHb akTyanbHbl 34ecb. OH NokasbiBaeT 9TO BOT Tak:

Wimshurst machine

.

Spark gap
Capacitor Capacitor
” W “
Transformer

O

34ecb BbLIXOAHOW CUrHam MaluvHbl Bumiiepcta xpaHUTCs B [BYX BbICOKOBOJSIbTHBIX KOHAEHcaTopax
(nenpeHckmx GaHkax), B pesynbTaTe 4Yero Ha I3TMX KOHAeHcaTopax CO3[aeTcs OYeHb BbICOKOE
HanpsbkeHne. Korga HanpsbkeHWe [OCTaTOYHO BbICOKOE, WCKpa MepenpbiruBaeT 4epe3 WCKPOBOM
paspsioHVK, BbI3blBasi 3HAUMTENbHBIA BCMIECK Toka 4Yepe3 MepBUYHY0 OOMOTKY TpaHcdopmaTopa,
KOTOPbIN B €ro crny4vae SIBASieTCS MOHMXAOWMM TpaHcOpPMaToOpoOM, MOCKONbKY OH HauerneH Ha
nonyyeHve 6onee HU3KOro BbIXOAHOIO HanpsikeHnsi. Cxema [JoHa NoYTn UAeHTUYHa:

Step-up
: L1
Heon-tube
LSl driver 5£§5k¢ cr =

JT_ 12

30ecb BbICOKOE HanpshkeHwe ucxoaut oT GaTapeu / vHBepTopa / ApaviBepa HeoHoBOW Tpybku /
BbINPSIMUTENEN, @ He OT MaluMHbl Bumuwepcta ¢ mMexaHudeckum npueogoM. OH MMeeT Takoe Xe
HapacTaHMe HanpshKeHuUst B KOHOEHcaTope C WCKPOBbIM paspsiAHMKOM Ha koHaeHcaTope. VckpoBow
paspsagHuk  cpaboTaeT, Koraa HanpshkeHue  KoHAeHcaTopa AOCTUrHeT  3aJaHHOro  YPOBHS.
EOQMHCTBEHHOE OTNMYME 3aKN4YaeTCcs B PacroNiOKEeHUM KOHOEHcaTopa, KOTOPbIA €ClM OH TOYHO
COOTBETCTBYET pacnonoxeHuto MlepmaHa, bygeT BbirnmageTb Tak:

12
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Step-up

O

(1]
—

Inverter H'il“!"t“hﬂ e Spark
rver gap

1

HACKOMbKO A NOHMMato, aTo 6bino 6bl BNOMHe XM3HecnocobHoe cornawenune. Bel nomHuTe, YTto Tecna,
KOTOpbIA BCEraa O4YeHb BbLICOKO OT3biBaeTca 06 aHepruu, BblAENSeMON OYEeHb PEe3KMM paspsiaoMm,
co3fjaBaeMblM WCKPOW, MOKasblBaeT WCTOYHUK BbICOKOrO HamnpsiKeHWs, nUTaloWwun KoHOeHcaTop
3Hepruen, NpoxoasaLlen Yepes NCKPOBOW paspsiAHMK K NepBUYHON 0OMOTKe TpaHcopmaTopa:

o0

L2
12V

Isﬂlat]-ﬂ]]_ Trﬂnﬁfﬂm'lﬂj' TES-IE. Cﬂll S}?Stﬁm

Spark Gap

Capacitor Bank

OpHako ¢ pacnonoxeHnem [loHa MoXeT 6bITb HEMHOIO TPYAHO pa3obpaTbCs, NoOYeMy KOHAEHCATOp He
3aKOpOYeH 13-3a OMEHb HU3KOro COMPOTUBMEHMS HECKONbKUX BUTKOB TONCTOro npoBoaa, obpasytoLero
kaTywky L1. YTo X, 6bino Gbl Tak, ecnv 6bl Mbl paboTanu ¢ NOCTOSIHHBIM TOKOM, HO Mbl COBEPLUEHHO
onpeaenéHHo 3TOro He Aenaem, NOCKOMbKy BbIXOAHOM CUrHam u3 Cxembl ApanBepa HEOHOBOW TPyOKu
nynscupyet 35 000 pa3 B cekyHOy. OTO NpMBOAUT K TOMY, YTO COMPOTUBIIEHNE MOCTOSIHHOMY TOKY
kaTywkn L1 npakTmyeckm He uMMeeT 3HayeHuMs M BMECTO 3TOro «MMMNedaHC» WU «peakTUBHOEe
COMpOTMBIIEHME» KaTyWKM (MO CyTW, 9TO COMPOTMBIIEHME MNEPEMEHHOro TOKa) MMEEeT 3HayveHue.
dakTuyeckn, KoHgeHcaTop U katywka L1, coeguHeHHble Apyr ¢ OPYroM, UMEKT KOMOGMHMPOBaHHOE
«peakTMBHOE COMPOTUBMIEHME» WU COMPOTUBIIEHME WMMNYNIbCHOMY TOKY Ha 3TOW YacToTe. VIMeHHO
34ecb B Urpy BCTynaeT HOMorpadHas anarpamma v ropasgo npole noHATb €€ BePCU0 HECKONbKUMM
CTpaHUUamMun No3xe B 3TOM AOKyMeHTe. Takum o0bpa3om, n3-3a BbICOKOM YaCTOTbl MMMYNbCOB KaTyLlKa
L1 He 3akopauymBaeT KOHOEHCATOp M ecriM YacToTa UMMNYNbCOB COOTBETCTBYET PE30HaHCHOW YacToTe
KaTywkn L1 (Mnm rapmMoHMKe 3STOW 4YacToThbl), TO KaTtywka L1 Oyger MMeTb O4YeHb BbICOKYIO
YCTOMYMBOCTb K MPOTEKAHUIO TOKa Yepe3 Heé. OTO KaK OEeTEeKTOPHbI paguonpueMHUK HacTpOeH Ha
KOHKPETHYIO0 paaMoCcTaHumio, Bewasa Ha COBCTBEHHOM YacToTe.

B nwbom cnydae, Bo3Bpawasicb Kk yctponctBy [loHa, nokasaHHOMY Ha doTorpadun Bbile,
aNeKkTpu4ecknii npueog ot 12-BonbToBOK GaTapeu, KoTopast He BuaHa Ha doTorpacdmm. NHTepecHo,
yTto [IoH OoTMe4YaeT, YTo ecnu AnvHa NPOBOAOB, CoeauHsWNX 6aTtapeld C MHBEPTOPOM, COCTaBnseT
POBHO OAHY 4YeTBepTb AMWHbBI BOMHbI YacTOTbl KoNebaTenbHOro MarHMTHOroO Mosis, reHepupyemoro
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CXeMoW, TO TOK, MHOYUMPOBaHHbIA B npoBofax GaTapen, GyaeT 3apsbkaTb GaTapeto. HenpepbiBHO,
Aaxe ecnu 6aTapesi O4HOBPEMEHHO MOAAET NUTaHUE Ha Lenb.

Batapes nopaer HebGonbwon TOK 4Yepe3 3aWMTHbIA Ouo4 K  CTaHOAPTHOMY  MHBEPTOPY
«CuMHycomnganbHon dopmMbl». VIHBEPTOpP - 3TO YCTPOWCTBO, KOTOPOE BblpabaTbiBaeT NEPEMEHHbIA TOK
CeTeBOro HanpsbkeHus ot GaTapen noctosiHHOro Toka. [Mockonbky [JoHy Tpebyetca perynvpyemoe
HanpshkeHne, OH NodaeT BbIXOAHOW CUrHanm uWHBEpTopa B MEPEMEHHbIA WUNKU  perynnpyemsbli
TpaHcopmaTop, HasbiBaeMbli «Bapuak», XOoTa 9TO 4YacToO JAenaeTcs Kak 4yacTb CXeMbl yrnpaBreHus
HEOHOM, 4TOObl NO3BONMUTL SPKOCTM HEOHOBOW TPYyOKM HacTpamBaTbCHA Nonb3oBaTteneMm. OTta cxema
co3daeT BbIXOOHOE HanpsbkeHune MepeMeHHOro TOoKa, KOTOpoe perynupyetca OT Hyns OO NOSHOro
HanpskeHnst cetn (MnNu YyTb Bbllwe, XOTA [JOH He Xo4eT ncnonb3oBaTb 6onee BbICOKOE HamnpsiKeHue).
Wcnonb3oBaHne Takoro Tuna perynMpoBKM OObIMHO AefnaeT MHBEPTOP WUCTUHHO CUHycouAanbHbIM
TMnom. [lockonbky noTpebnsemas MOLWHOCTb Uenu ynpasreHus HEeOHOBOM TPybkoM OyeHb mana,
WHBEPTOP HE A0JMPKEH CTOUTh CAMLLIKOM AOPOro.

Cxema ynpaBrneHust HEOHOBOW TPYyOKOW - 3TO CTaHAAPTHOE CTaHAApPTHOE YCTPOWMCTBO, MCMOMb3yemMoe
Ons ynpaBneHust AUCNnesaMn ¢ HeOHOBOW TPYOKOM ANns KOMMepYeckux npeanpusatuin. TOT, KOTOpbIn
ucrnonbdyet [oH, cOOepXWUT reHepaTtop W MOBbIWAKLWMA TpaHchopMaTop, KOTopble BMeCTe
reHepupytoT nepemeHHbI Tok 9 000 BonbT Ha yactoTte 35 100 Ny (MHorga 3anuckiBaeTcs kak 35,1 klMu).
TepmunH «'u» o3Ha4aeT «uUMKNOB B cekyHOy». [JoH noHwxkaetT 9 000 BONbT, MOCKOSbLKY OH Mony4vaeT
OT/INYHYIO BbIXOAHYIO MOLLHOCTb NMpu 6onee HU3KMX BXOAHbIX HAMPSKEHUSIX MU CTOMMOCTb BbIXOOHbIX
KOHOEHCATOPOB £BMSETCA CylecTBeHHbIM akTopoM. KoHKpeTHass cxema ynpaBfieHWss HeOHOBOW
TpybKkon, KOTOpyo ucnonb3yeT 3aeckb [oH, UMeeT ABa OTAENbHbIX BbiIX04a, He coBnagaroLlmx no dase
apyr ¢ gpyrom, noatomy [oH coeguHsieT nx BMeCTe U UCMOoMb3yeT OGrOKMPYOLWNMA OMOA B KaXOow
MMHWK, Y4TOBbLI OAMH M3 HUX He BNWAN Ha Apyron. Ha dotorpacdun He Tak Nnerko yBuaeTb, YTO
BbICOKOBOMbTHAsA BbIXOAHAs JIMHUA WMeEeT O4YeHb MarneHbKUN repMeTUYHbIA  paspsagHuK  C
rasopaspsgHon TpyoKon, U NMHUS Takke 3a3emMreHa. YCTPONCTBO BbIrMsSANT BOT Tak:

O6paTtuTe Balle BHMMaHWE Ha TO, YTO KOraa ynoMmHaeTcs 3a3eMrieHne B CBA3U ¢ ycTponcteamu [JoHa
CmuTa, Mbl roBopuUM 0 hakTUHECKOM COeQUHEHUU NpoBoAa C MeTananyeckum npeameTomM, usmyecku
YTOMNMNEHHbIM B 3emnie, Oyob TO AOJIMHHBLIA MEOHbIN CTEPXKEHb, 3a0WUTbIA B 3EMMO, UMM CTapbli
aBTOMOOWIbHLIN pagnaTop NMOXOPOHEHHLIN B siMe, KOTOpylo ucnonb3yet Tapuen KanaHagse. Korga
Tomac MeHpn Mopel npoBen CBOK 3anpOLUEHHYI0 OEMOHCTpaUMo B rNyOMHE CenbCKOM MECTHOCTM B
MecTe, BbIOPAaHHOM CKEMTMKaMW, ONEKTPUYECKME JaMnoyvku  KoTopble  dopMMpoBanuM  ero
OEMOHCTPALMOHHYHO 3NEKTPUYECKYH Harpy3Ky, CBETUMINCL SipYe C KaXablM yoapoM MOJSIOTKa, Koraa B
3eMnio BGuBanu oTpesok rasoBon TpyObl, 4TOObLI CHoOpMMPOBATL €0 3a3eMISIEHME.

Cnepyet oTMETUTb, YTO C Tex Mop, kak [JoH npuobpen ceBon MoAdynb ApanBepa HEOHOBOW TpyOKu,
HOBblE KOHCTPYKLMMK, KakK MpaBuno, MOSHOCTbIO BCTYNUNM BO BnageHue, ocobeHHo B EBpone u atm
KOHCTPYKLMN MMEKOT BCTPOEHHYIO 3aLLMTY OT TOKa YTEYKM Ha 3eM0, KOTopasi MTHOBEHHO OTKIoYaeT
uenb npy obHapyXeHWUM TOKa MpOTEKaLWeEero Ha 3emMio. OTa OCOOEHHOCTb AdenaeT YCTPOWCTBO
COBEPLUEHHO HEMPUrOAHbIM AN MCnonb3oBaHus B Lenn [JoH CmuTa, NOTOMy 4TO TaMm nepegada Toka
Ha 3eMJto SIBNSIETCA MNOMHOCTbLIO NpeAHaMEePEHHON U XXU3HEHHO BaXKHOM ANsi paboTbl CXEMBbI.

Bbixog uenu ynpaeneHms HEOHOBON TpybKM ncnonbadyeTtcs ansi Bo30yxxaeHus nepsuyHon obmotkm "L1"
TpaHcopmaTopa Tuna KaTtywku Tecna. 3To BbIrMSAUT OYEHb MPOCTO U MOHSATHO, HO €CTb HEKOTOpbIe
TOHKME AeTanu, KoTopble HEOOX0ANMO YYUTbIBATb.

Pabouyag yactota 35,1 kl'y ycTaHaBnNuBaeTCca U NOSAEPKUBAETCH CXeMOMN ApanBepa HEOHOBOMW TPYOKN,
N  NO3TOMY, TEOPEeTUYEeCKN, HaM He HYXHO BbINOMHATb Kakyl-nnmbo nNpsiMytd  HACTPOWKY
camocTtosTenbHo. OgHako Mbl XOTUM, 4TOBObl pe3oHaHCHas YacToTa KaTywku L1 n koHgeHcaTtopa Ha
HEen COOTBETCTBOBAaNia 4YacToTe LieNM HEOHOBOro AapavBepa. Yactota oOmoTkm katywku «L1» Oyget
WMHOYLMPOBATb TOYHO TaKyl e 4acToTy BO BTOpPMYHOM obmoTke «L2». OgHako Ham Heobxoammo
o6paTnTb 0cob0oe BHMMAHME HA COOTHOLLUEHME OJSIMH NPOBOAOB ABYX OOMOTOK KaTyLUKWM, NOCKOSbKY Mbl
XOTUM, 4TOObl 3TN ABe 0OMOTKM pe3oHupoBanun BmecTe. [pakTuyeckoe npasuno, KOTOPOMY CneaytoT
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BGoNbLUIMHCTBO Npou3BoANTENEN KaTywek Tecna, JOSPKHO MMETb OOVUHAKOBbLIA BEC Meaum B kaTylkax L1
n L2, yTo o3HavaeT, 4YTo NpoBoa KaTywkn L1 0OblMHO HaMHOro Toslle, YeM NPOBOA KaTywku L2. Ecnu
KaTywka L1 gomkHa coctaBnATb O4HY YeTBEPTb ANIMHbI KaTyLwku L2, TO MOXHO OXuaaTb, YTO nrowiaib
nonepeyvyHoro ceyeHust kaTywkn L1 Gyget B 4veTbipe pasa 6Gonblie, 4eM y npoBoga KaTywku L2, n
noaToMy [AnvMHa npoBoda fomkHa ObiTb B ABa pasa Oonbwe Auametpa (Tak kak nnowagb
nponopunoHarnbHa KBagpaTty paguyca, a KBagpaTt ABYX paBeH YETbIPEM).

[oH uncnonb3yetT Genyto nnacTuKoByt TpybKy B KadecTBe dhopmMepa WnNu ceppedHunka ans CBOew
0OMOTKM nepBu4yHOM KaTywku "L1". Kak Bbl MoOXeTe BMAETb 34ecb, MPoOBOA nodaeTcs Ha dopmep,
OCTaBNAs AOCTATOYHbIA 3a30p ANS TOro, YToObl NEPBbIN MOMHOCTBLIO MPOCKOMb3HYST BO BHELLHIOW
kaTywky. [NpoBonoka nogaetcsa BHYTpb TPyObl M BbIBOAUTCA 4Yepe3 Opyroe oTBepctue, 4ToObl
obecnevnTb BO3MOXHOCTb MOBOPOTA KaTYLLUKN CHAapYXu TpyObl. KaxkeTcs, YTo eCTb NsiTb BUTKOB, HO [JOH
He BCerga maeT Ha NOSIHOE KONMMYECTBO BUTKOB, TaK YTO 3TO MOXET ObiTb 4,3 BUTKA UMK Kakoe-TO
apyroe 3HayeHue. KnioyeBbiM MOMEHTOM 34eCb ABMNAETCA TO, YTO ANMHA NPOBOAA B BUTKAX KaTyLUKK
«L1» porxHa cocTaBnsTb POBHO OAHY YeTBePTb AMMHbI NPOBOAA B BUTKaX KaTyLUKN «L2».

Mcnonb3lyemasi 3gecb katywka «L2» npegcrtaBnseT cobon KOMMEPYECKY YCTaHOBKY AunamMeTpom 3
ationma ot Barker & Williamson, M3roToBneHHyt0 M3 HEU3ONMPOBAHHOIO, CMMOLWHOrO, OAHOXWUITbHOMO
«NY>XEHOro» MegHoro nposoga (cnocob M3roTOBNEHUS Bepcuin Ansi COOpKM B JOMALLHMX YCIOBUAX
nokasaH Hwxe). [JoH B3sn 3Ty KaTyLKy M pasBepHyn 4YeTblpe BUTKA B cepeauHe KaTyLuKku, 4Tobbl
caenaTtb LeHTpanbHbli 0TBOA. 3aTeM OH M3MepUN TOYHYHK ANMHY NPOBOA4Aa B OCTaBLUEWCH 4acTu U
caenan, 4tobbl anvHa BuTka «L1» cocTaBnsina poBHO OfHY 4YeTBepTb 3TOM AnuHbl. [lpoBog,
ncnonb3yemMbln Ana KaTywkm «L1», BeIrnagut kak nobumein JJoHom «Jumbo Speaker Wire», KoTopbIvi
npeacraenseT cobon oYeHb rMbKuin NPoBoA C OYeHb BOMbLIMM KOMMYECTBOM 4Ype3Bbl4aHO TOHKUX
HEen30nMpoBaHHbIX MeAHbIX MPOBOAOB BHYTPMW.

Bbl 3ameTtute, 4yto [OH pasmecTun MnacTUKOBLIN BOPOTHWK Ha KaXKOOW CTOPOHE OOMOTKM,
COOTBETCTBYIOLLNIA TOSLINHE NPOBOMOKK, YTOObI co3aaTb 6e3onacHyo onepaunio CKOMBXKEHUS BHYTPU
BHeLLHen KaTywkun "L2" n gononHUTenbHble NNacTUKOBble BOPOTHUKM, PAcNoNOXeHHble Aarnblie BOOMb
Tpybbl o6ecneunBas ganbHENLWYO NOLAEPXKKY ONSA BHYTPEHHEN KaTylKW. OTO CKOMb3slee OeNCcTBUE
No3BONSAET PacrnonoOXnUTb NEPBUYHYIO KaTyLwKy "L1" B fitobon Touke no AnvHe BTOPUYHON KaTyLuku "L2",
YTO OKa3blBaeT 3aMeTHOE BMUSHWE Ha HACTPOMKy paboTbl cucTembl. BHewHaa kaTywka "L2" He nmeet
Kakoro-nmbo Buaa onopbl TPyOkM, HO BMECTO 3TOro oopmMa KaTywKkuM NoaOepXMBAETCS XKECTKOCTbIO
CM/IOLWHOM NPOBOMOKN MAOC YeTbipe NPOpPEe3Hble MOSOChl. ATOT CTUMb KOHCTPYKUMM obecneuvmBaeT
MakcMMasnbHO BO3MOXHYKO MPOM3BOAUTENBHOCTL KaTylWKM Ha paguoyactotax. [Ons kaTywkm Tecna
OYeHb HEOObIYHO MMETb KaTywKy L1 MeHbLuero anameTpa, Yem KatyLika 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 UM MouyTu
aBTOMAaTMYECKY0 HACTPOWKY APYr C APYrOM U TOYHbIN PE30HAHC MeXOy HUMU MOXeT ObiTb AOCTUTHYT
nyTém pacnonoxeHus kaTywku "L1" no gnuHe katywky "L2". XoTa 3TO OYeHb Xopowun cnocob
HaCTPOWKN CxeMbl, B cOOpKe, MokasaHHON Ha doTorpadun, [JOH peLumn BbIMOMHUTL TOYHYHO HACTPOWIKY,
nogknioumnB koHgeHcatop yepe3d «L1», obosHauyeHHbIn Ha cxeme kak «C». [oH obGHapyxun, 4To
nogxogsiiee 3HayeHwe kKoHaeHcaTopa 6bino okono otmeTkn 0,1 mukpodbapag (100 HP). Cnegyet
NMOMHUTb, YTO HanpshkeHuve Ha «L1» Oo4YeHb BbICOKOE, MO3TOMY, €CNM KOHAEHCATop UCNoNb3yeTcs B
3TOM MonoXeHun, emy notTpebyeTcst HOMMHaNbHoe HanpsbkeHne He meHee 9000 BonbT. [loH oTmevaer,
4YTO (PaKTUYECKME KOHAEeHcaTopbl, MokadaHHble Ha doTorpadun 3TOro MPOTOTUMA, paccynTaHbl Ha
naTHaguaTb ThiCAY BOMbT M OblMM  M3rOTOBMNEHbI ANA HEro Ha 3aka3 C  UCNoNb30BaHWEM
caMoBOCCTaHoBneHus. Kak yxe oTmevanocb, 3TOT KOHAEHCATOp SBMASETCSA LONOMHUTENbHBIM
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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 to mains voltage 0 to 9,000 volts
i@ 60 Hz 35.1 kHz
Mains
'urult|age ‘ Step-up . T o
Heon-tube L1 J‘CE I CEJ_u !
" —
Inverter :@: driver C = _|F—|_|2}|FEH‘I|.-"
i Spark = o
Variac &l;:lpr ﬁ J__

12V =

OH kommeHTUpyeT: «[uoabl BbIXOAsWME W3 [ApaiiBepa HEOHOBOW TPyOKW, BO3MOXHO npuaéTcs
MOMEHATb MecTaMu, TakK Kak Mbl XOTMM cobpaTb OTpuuLaTenbHYy MOMSAPHOCTb. 3aTeM WCKPOBOW
paspsagHuk 6ygeT paboTtaTb Npy MHBEPCUU OKpYXKatoLen cpeabl U uckpa OyaeT BbirMsaeTb U 3ByYaTb
COBEpLUEHHO MHaye ¢ ropasfo 6ornee GbICTPON TPELUMHOW U NMPOU3BOAA OYEeHb Maro Tenna u gaxe
BO3MOXXHO MOXET MOKPbITbCS UHEEM.

Bapwuak gormkeH 6biTb MOAHAT JOCTATOYHO, YTOObLI 3aXeyb UCKPY, a 3aTEM HEMHOro OTCTynuTb. Jllo6oe
Bonee BbICOKOE HanpsbkeHWe MOXET NMPUBECTM K TOMY, YTO ApanBep HEOHOBOW Tpybku Byaet gymars,
YTO OH WMEET COCTOSIHME KOPOTKOrO 3aMblKaHUA W HOBble 3JNEKTPOHHbIE KOHCTPyKUuun OyayT
aBTOMaTU4eCKM OTKMYaTbCsA U BoobLe He paboTaTb, 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.

Mai 0 to 9,000 volts
uu?tla;l;e |3 -1 kHz Step-up «
B KE== ' 17—
Inverter | Neon-tube [™ T == T C2Z CSJ‘Z FBKY
driver R% CT = _Ir_l-l H
Variac 4 = o
' . Spark ﬁ J__
12y gap :

OavH yutatene obpaTun BHUMaHWE Ha TOT paKT, YTO OCHOBHOW OOKyMeHT [lJoHa ykasbiBaeT, YTO Ha
katywke L1 gomkeH ObiTb pesanctop «R», a Takke koHaeHcatop «C» 1 OH npegnonaraeT, YTO cxema
AOMMKHa ObITb TaKoW, Kak NOKa3aHo BbILE, y4nUTbiBas 4To [JOH paHee roBopui O CBOEM «4EMOAAHHOM»
ousarHe. [pyroM uutatenb OTMeYaeT, 4YTO MpoBO4 B BbIXOOHOM Apoccerne, nokasaHHOM Ha
doTorpaun HmxKe, KaxxeTcsa obMoTaH NPOBOLOM AMAMETP KOTOPOro CMLIKOM Mas, YTOObl HECTU TOKM
ynomsHyTble [JoHoM. NMpeacTaBnseTcs BEPOATHbIM, YTO B 3TOM MOMOXEHUN OPOCCESb HE HYXEH, KpoMe
Kak ang nogasrieHusl BO3MOXHbIX PaaModacTOTHbIX nepefad u3 uenu, Ho 6onee MOLHbIA Apoccenb
MO>XHO Nlerko HamoTaTb C NOMOLLbIO NPoBOAa BornbLuero gnameTpa.

Korga uenb paboTtaeT, 6atapes HaKoMMTENbHbIX KOHOEHCAaTOpPOB BedeT cebs kak GaTapesa Ha 8 000
BOJMbT, KOTOpasi HMKOrga He paspshkaetrcsa U MoxeT nogasaTb 20 amnep TOka CTOMbKO BPEMEHH,
cKonbko Bbl xoTute. Cxema ansa npoussoactsa 220 B 50 'y nepemeHHoro toka uvnmn 110 B 60 Iy
NepeMeHHOro Toka W3 HaKOMUTESbHbIX KOHAEHCATOPOB - 3TO MPOCTO CTaHAapTHas 3fEKTPOHMKA.
lMonyTHO, OAHMM M3 BapWaHTOB 3apsidKu akKyMyrnsaTopa sIBNSETCS MCMOSNIb30BaHME MarHUTHOrO Mons,
BbI3BAHHOIO MPOTSArMBaHMEM MMMYMbCOB TOKA CETEBOW 4acCTOTbl 4Yepe3 BbIXOOHYI «OPOCCENbHYIO»
KaTyLUKy, NoKasaHHyo 34echb:
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BbixogHoOM TOK TEYET 4epe3 neBytd OOMOTKY Ha KOPUYHEBOM LUMIMHOPWUYECKOM YCTPOWCTBE, MU Koraa
Obina coenaHa dotorpadgus, npapas obmMoTka 6onblle He ucnornb3oBanack. PaHee oH ncnonb3oBarncs
ANsi nogayn SHeprum Ha 3apsiaky 6atapeun nyTem BbINPSAMIIEHNUS 3NEKTPUYECKON MOLLHOCTU B KaTyLUKe,
BbI3BAHHOW (PITYKTYMPYHOLLMM MarHUTHbIM MOSieM, BbI3BaHHbIM MYNbCUPYIOLWUM TOKOM, MPOTEKaoLWUM
Yyepes fneBy 0OMOTKY, Kak NoKa3aHo 34€ech:

—o +
Battery charging

R 111 °
EE |_|—_| Storage Eﬂrsﬁ{
= 0
L2

BbIXxoa MOCTOSIHHOrO TOKa reHepupyeMbl YeTbipbMSA AMoAaMK, 3aTeM WUCMONb3oBasrca Ans 3apsaku
aKKyMmynaTopHou GaTapen M ypoBeHb BblpabaTbiBa€EMON MOLLHOCTM CyLLECTBEHHO MpeBbiwan
MUHMManbHbIA  TOK, NOTpebnsembin  akkymynatopom. CregoBaTtenbHO, pasyMHOW  MEpOM
NpegoCTOPOXHOCTU ABMSETCH nepedaya 3Toro Toka B 6atapeto yepes uenb, KoTopas npegoTepaiiaet
NnoBbILLEHNE HanpsbkeHust OGaTapen 6Gonblie 4Yem 3TO Heobxogumo. [lpocTo [aTyMK  YPOBHS
HaMpsPKeHNs MOXHO WCNOoNb3oBaTh AMS OTKMYEHUs 3apsgku, korga bartapes gocturna CBOEro
onTumanbHOro ypoBHs. [pyrne 6atapen Takke MOryT ObiTb 3apsikeHbl, ecnM 3TO0 Heobxoaumo.
MpocTaa cxema Tuna nNokasaHHOro B rnase 12, MOXeT MCNONb30BaTbCA ANSA KOHTPOMA U OrpaHnyYeHns
npouecca 3apagkn. KomnoHeHTbl Ha gocke [JoHa pacnonoXeHbl Tak:

Sine-wave inverter

2000 -volt capacitors

Variac
variahle
transformer

Neon-tube
driver circuit

L1 /L2 sliding ceil transformer

[loH oGpallaeT BHMMaHWe Ha TOT dakT, YTo Kabenu ncnonb3yemMble s NoAKntoYeHns Bbixoda «L2» k
BbIXOAY NiaTbl COEAMHSIIOLLEN HAKONUTENbHbIE KOHAEHCATOPbI HA NyTW, NpeacTaBnalT cobol kabenu ¢
OY€Hb BbICOKUM HanpshkeHUWeM U cneumnanbHbIM MHOXECTBEHHbIM MOKPbITUEM, YTOObI rapaHTUpOBaTh,
yTO Kabenu 6yayT ocTaBaTbCs 340POBLIMU B TEYEHME HEoNpeaeneHHoro nepvoaa BpemeHun. Ha atom
aTane cnegyeT OTMETUTb, YTO BHELLUHSS KaTylka gvameTpoM B 3 Awima ucnonb3yemasi [JoHoM, He
HamMoTaHa Ha cpopmep, HO AN nony4yeHns Goree BbICOKUX XapaKTEPUCTUK HA BbICOKMX YacTOTax BUTKU
NOAAEPXKNBAOTCH YeTbipbMsi OTAENbHLIMU MNonocamn, U3NYECKN MNPUKPENIIEHHBIMA K BUTKaAM -
MeToAMKa ONMcaHHas HKe B 9TOM [IOKYMEHTE, KaK OTMMYHbIN cnocob Ans AOMalLHEro CTPOUTENbCTBA
TaKUX KaTyLUEK.

MoxanyincTta, uMenTe B BUAY, YTO HaNpshKeHUsA 34eCb U CBA3aHHblE C HAMU YPOBHU MOLLHOCTHU
OyKBanbHO cMepTeribHbl U BMNOJIHE CNOCOOHLI YOUTL NOOGOro, KTo HebpexHo obpallaeTcs €
YCTPOMCTBOM, Koraa OHO BkKmk4eHo. Korga pennukaumsa 3Toro ycTpoMcTBa rotoBa pAns
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NOBCEAHEBHOr0 UCMNOJIb30BaHUSA, OHa AOJKHA ObITb 3aKfo4YeHa B 00OSI0YKY, YTOObl HUKTO He
CMOI KOCHYTbCA HU OOHOro U3 BbICOKOBOJIbTHbIX cCOoedAMHeHUN. DTO He MpeanoXxeHue, a 3TO
obAsaTtenbHoe TpeboBaHME, HECMOTPA Ha TOT ¢pakT, YTO KOMIMOHEHTbl, NOKa3aHHble Ha
c¢doTorpachmsx, pasmeleHbl TaKUM 00pa3oM, YTO ObINO Obl Hanbornee onacHo, ecnn 6bl cxema
Oblna BKIlOYeHa B TOM Buae, B KaKOM OHa ecTb. Hu npu kakmx obcTtoATenbcTBax He co3gaBanTe
M He NpoBepsinTe 3Ty CXeMy, eCnu Bbl YXKe He UMeeTe ONbITa UCNOJNIb30BaHUSA BbICOKOBOJIbTHbIX
uenem UM He MoOXeTe HaxoAuTbCA MNod HabnaeHUeM Koro-nmbo, KTO MmeeT ONbIT B 3TOM
obnactn. 3To cxema TUNa «OfHA pyKa B KapMaHe» U K HEeW HYXHO Bcerga OTHOCUTLCA C
OONbLUION OCTOPOXHOCTLIO U YBaXXeHMEM, NO3TOMYy OyabTe GraropasyMHbI.

OcTtanbHas 4acTb CXeMbl He YyCTaHOBfieHa Ha Mnate, BO3MOXHO M3-3a pasfMyHbiX CrnocoGoB
AocTuxeHns Tpebyemoro KoHeuyHoro pesynbTata. [Mpeanaraemoe 3gecb, noxarnyit, camoe npocToe
pelueHue:

Step-down
8,000 volts transforrmer Mains voltage
I
= = LOAD
= =
: T Storage : |
= -lI:l_-l Mains-frequency Varistor
L7 — J__ 9_| oscillator High-voltage
semiconductor

HanpspkeHne gomkHO ObiTb  COpoOlEeHO, NOo3ToMy Ansi  3TOr0  UCMOMb3YeTCs  MOHMKaLLUA
TpaHcdopMaTop C XKenesHbiM cepaevyHUKOM. YTobbl NoNyyYnTb YacToTy, paBHYyt0 CTaHAAPTHOM YacToTe
ceTu [Ons CTpaHbl, B KOTOPOW AOSKHO MCMONb30BaTbCHA YCTPOWCTBO, WCMNONb3yeTcsi reHeparop,
reHepupyroLnIN 3Ty KOHKPETHYI 4acToTy ceTu. Bbixon reHepatopa ucnonb3yetcd NS ynpaBreHus
NOAXOAALLMM BbICOKOBOSIbTHLIM MOSYNPOBOAHMKOBBIM YCTPONCTBOM, Byab TO TpaHauctop FET, IGBT-
YCTPOWCTBO UMK YTO-TO eLle. ATO YCTPONCTBO AOIMKHO nepekntodatb pabounii Tok Ha 8000 BonbT, XOTH
W OoMNyCTUMO, YTO 3TO BydeT TOK, KOTopbIM ByAeT Kak MMHUMYM B TpuauaTb LIECTb pa3 HUXe, YeMm
KOHEYHbIA BbIXOOHOMW TOK, WU3-3a ©Oonee BbICOKOrO HampsikeHWs Ha nepBuYHOM OBMOTKe
TpaHccopmaTopa. [JocTynHasi MOWHOCTb OyAeT orpaHnveHa BO3MOXHOCTAMU 0BpaboTKM TOka 3TOro
BbIXOZ4HOro TpaHcopmaTopa, KOTOpbI AOIMKEH ObITb O4eHb 60MbLUMM 1 AOPOTrUM.

Mockonbky cxema crnocobHa ynaenvMBaTb [OOMOMHUTENbHbIE MarHUTHbIe WMMYNbCbl, Takne Kak
UMMynbChl, reHepupyemMble Apyrum obopyaoBaHMEM, pacrnonoXeHHble PSAOM yaapbl MOMHUKU U T. 4.,
ANEKTPOHHBIN KOMMOHEHT, Ha3biBaeMblil «BapUCTOP» C MAPKMPOBKOM «V» Ha cxeme, NOAKIMoYeH Yepes
Harpysky. OTO YCTPOWCTBO AENCTBYET KaK OrpaHU4YMTeNlb CKa4kOB HamnpsPKEHUsl, MOCKOSbKY OHO
3aMblkaeT nboe HanpsPkeHWe Bbllle ero pacyeTHOro HarnpshKeHWs, 3allumilas Harpysky OT CKaykoB
HanpsKeHusl.

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

0 to mains voltage 0 to 9,000 volts

! 60 Hz @ 35.1 kHz Step-down
Mains eIl Mains voltage
voltage L1 1 I
Inverter :|©: H'iiurﬂ.r_.t;:he I Eii g I_-l_ % LDIM]
. Spark
Variac J_ gap L2 gpark 1 Varistor
= gap =

12V

OTa ynpolleHHas cxema ycTpaHseT HeobXoAMMOCTb B OOPOrMX KOHAEHcaTopax M OrpaHuyeHust nx
HOMWHAamNbHbIX HANPSHKEHUN, a Takke He0bBXO4MMOCTb SNIEKTPOHHOrO yNpaBfeHNst BbIXO4HOW YaCTOTOMN.
[nvHa npoBoda B BUTKax kaTywku "L2" no npexHemy OormkHa OblTb POBHO B YeTblpe pasa bonblue
ONWHBbl NpoBoAda BUTKOB B KaTywke "L1", HO eCTb TOMbKO OOWH KOMMOHEHT, KOTOPbIN HeobxooMmo
BBECTU M 3TO pe3uctop "R" pasmeLleHblvi nonepek NepBUYHON OOMOTKN MOHMXKAIOLLETO U30SMPYHOLLErO
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TpaHcopmaTopa. AToT TpaHcdopmaTop npeacTaBnseT cobo MHOrOCNONHbBIN XXENEe3HbIN cepaeyHNK,
NnoaxoAsiWmMin onst HA3KOW YacToTbl CETU, HO BbIXOAHOW curHan «L2» nmeeT ropasgo Goree BbICOKYHO
yacToTy. MOXHO CHMU3UTb 4acToTy, YTOObI OHa COOTBETCTBOBAria MOHMXaKLWeMy TpaHcdopmaTopy,
NnoaKknNiYMB NpaBurbHoe 3HadYeHue pesuctopa "R" yepes BbIxogHOW TpaHcopMaTop (MM KaTyLuKy U
pes3ncTop, Unn KaTyLwKy 1 koHgeHcaTop). Heobxoanumoe 3HayeHve pesnctopa MOXHO npeackasaTtb no
rpagouky AMepukaHckon nurn paguopernenHolx ycTponcts mnu American Radio Relay League graph
(nokasaHa Ha Fig.44 B PDF-gokymeHTe [loHa. Llectoe usgaHune kHurm Mosapga Camca «CnpaBOYHUK
no Tabnuuam n copmynam anekTpoHukny» mnm Howard Sams "Handbook of Electronics Tables and
Formulas" (ISBN-10: 0672224690 wnn ISBN-13: 978-0672224690) wumeeT Tabnuuy, koTopas
noHmwkaeTca Ao 1 k' 1 N0O3TOMY He HyXXOaeTcsa B pacluMpeHnn Ans OCTMKEHUSA UCMNONb3yeMbIX 34eChb
yacToT. [lpaBunbHOE 3Ha4YeHWe pe3ncTopa Takke MOXeT ObITb HaWAeHO JKCNnepuMeHTanbHO. Bbl
3aMeTUTE 4YTO 3a3EMIIEHHbIA ABOMHOW WCKPOBOW MPOMEXYTOK MOMELLEHHbIM BOOMb «L2» Obin
yCTaHOBMEH 4TOOblI rapaHTMpoBaTb, YTO YPOBHM HaMNpPsKeHus Bcerga ocTalTca B npegenax
pacyéTHOro guanasoHa.

[oH Tarke obbsicHsAeT elwwé Oonee MNpocTy Bepcuio, koTopas He TpebyeT Bapuaka wnu Variac,
BbICOKOBOJSIbTHbLIX KOHOEHCATOPOB WM  BbICOKOBOMbTHLIX AMOOO0B. 34eCb MpuMHMMAaeTCs BbIXo4
NMOCTOSIHHOIO TOKa, YTO O3HaYaeT, YTO MOXET WCNONb30BaTbCH BbICOKOYACTOTHbLIA MNOHWKAOLLUMA
TpaHcdopmaTop. [Ansa atoro TpebyeTtcsa TpaHcdopMaTop C BO3AYLWHBIM CEPAEYHUKOM, KOTOPbIA MOXHO
ObIno 6bl CaMOCTOATENBHO HamMoTaTb M3 CBEpPXMPOYHOro nposoda. CeTeBble Harpysku GygoyT 3aTem
nUTaTbCAa C NOMOLWbBIO OOBLIMHOrO CTaHAApPTHOrO MHBEpTOopa. B aTtow Bepcuu, KOHEYHO HeobGxoaumo,
4yToObl ANMHa NpoBOAOB BUTKOB «L1» cocTaBnsina poBHO OAHY YeTBEPTb AMMHbI BUTKOB NMPOBOLOB
«L2», 4yTOObl OBe KaTywku pe3oHMpoBanu BMecTe. Paboyas 4dactoTa Kaxgonm M3 3TUX KaTyluek
onpefenseTcs BbIXOOHON YacTOTON CXxeMbl BO30YXOEeHUA HEOHOBOW TPYOKM. DTa YacToTa CoxpaHseTcs
BO BCEM Lenu, Nnoka oHa He OyaeT BbiNpsIMIieHa YeTbipbMs AUOAAMW, MUTAKOLMMWN HU3KOBOSbTHbLIV
HakonuTenbHbIA KOHOEeHcaTop. LieneBoe BbIxogHoe HanpsxeHue byaeTt 4yTb 6onee 12 BONbT unn 4yTb
bonee 24 BoOnbT, B 3aBUCMMOCTM OT HOMMWHANbHOIO HaMpsPKEHUS WMHBEPTOPA, KOTOPbLIN AOSMKEH
ynpaBnAaTbCcsa cucteMon. MNMprHumnuaneHasa cxema:

Step-down
transfarmer
wom | TR
Neon-tube = Si= +
Inverter |  driver = I_-l_ = = ¢ I—l I—‘ LOAD
Spark > = T
gap Spark | Varistor L

gap T
12V =

lMockonbKy MHOMMe nogn CouTyT Anarpammy HomorpaMmmel B PDF-gokymeHTe [JoHa o4eHb TpyaHown ans
NMOHMMaHUA N NCNONb30BaHWs, BOT Bonee npocTas BepCus:
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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:

Input Don Smith
variable 0 - 115V 60 Hz AC Devi 3 il
Supplied by RS 12V inverter evice p D3
1400 continuous o
: HV Diode
"Ry S
Fa =115
0 Deg 5 N : Gas Di “'EO Tub _-IEE 047pF
pryY " as Discharge Tube [F-ﬂ_ﬁl]llﬂﬂ
R1 D2
50% i
HY Diode §L3 D4
D1| Y N
| 120 Hz DC :
HY Diode HV Diode
Output n
High Frequency
Pulsed DC o — J_
G000 Watt o
s RFE?D“E -lzunu'ur -Funuu -lznuw -annu
—LLr

Tuned Resonant L5

Qutput to re-charge
Inverter battery

TpaHcdopmaTop 4000 B 30 MA, nokasaHHbIN Ha 3TOW NPUHUMUMNAINBHOW CXEME, MOXET UCMNOSb30BaTb
eppuUTOBbIN CEPAEYHUK U3 MOAYNS ApanBepa C HEOHOBOW TPYOKOW, KOTOPLIN MOBbLILWAET HaMNpshKEHME,
HO He MNOBbIWAET 4acToTy, MOCKOMbKY OHa 4YETKO obo3HadeHa Mnpu WUMMYSIbCHOM MOCTOSIHHOM
HanpsbkeHun 120 u. Bbl 3ameTuTe, 4TO 39Ta MNpUHUUNMANbHas CXema HapucoBaHa C MIOCOM,
NMoKa3aHHbIM HMXEe MUHYCca (YTO Hanbonee HeOObIYHO).

O6pallaem Bale BHMMaHWE Ha TO, YTO KOrga YNOMWHAEeTCs 3a3eMieHne B CBS3U C YCTPOMCTBaAMMU
HOoHa CmuTa, Mbl roBopyM O (PaKTUYECKOM COedVMHEHMUM MpPOoBOAA C MeTannMyeckum npegmeTom,
PU3NYECKN YTOMIIEHHBIM B 3emrie, Oyab TO ANIMHHBLIA MEeOHbLIN CTEPXEHb, 3abUTbLIA B 3EMIIO, UIK
cTapbli aBTOMOGUIbHBIA paguaTop, 3akonaHHbI B sIME Kak mcnonb3oBan Tapuen KanaHagse, wnu
3akonaHHaa MeTtannuyeckaa nnactuHa. Korga Tomac eHpu Mopen npoBen CBOH 3anpOLUEHHYH0
AEMOHCTpaumio B rnybuHe CenbCKo MECTHOCTM B MecTe, BblOpaHHOM CKenTMKamu, 3NeKTpuyeckme
NaMnoyku, KoTopble hopMMpoBanu ero AEMOHCTPALMOHHYIO SNEKTPUYECKYHO Harpy3Ky, CBETUIUCH Apye
C KaXabIM ygapoM MOMoTKa, Korga B 3eMnio Bbusanu oTpesok rasoBon TpyObl, 4Tobbl chopmmpoBaTb
ero 3asemreHue.

[oH Takke oObACHAET ewwé Gonee ynpoLLEHHYIO BEPCUIO CBOErO0 OCHOBHOMO YCTpOMCTBA. OTa Bepcus
He TpebyeTr Bapuak (TpaHcopmMaTtop MNEPEMEHHOr0 HaMNpsPKEHUS) WM BbICOKOBOSIbTHBIX
KOHOEeHCaTopoB. 34eCb MPUHUMAETCA BbIXO4 MNOCTOAHHOMO TOKa, YTO O3HayaeT, 4YTO MOXeT
MCNOMNb30BaTbCA BbICOKOYACTOTHBIN MOHWXaKLWMIA TpaHcdopmaTtop. ATo TpebyeT coO CTOPOHbI BbIXOAa
TpaHcdopmaTopa C BO34YLUHBbIM CepaevHMKOM (Mnn beppuTOBbIM CEPAEYHUKOM), KOTOPbIA Bbl MOMN
Obl camMmocToATENBHO OOMOTaTb U3 CBEPXMNPOYHOro npoeoga. CeTeBble HArpy3ku OyayT 3aTem NUTaTbCS
C nomMouwpbio 0BbIYHOro CTaHO4apTHOro MHBepTopa. B aTonm Bepcun, KOHEYHO, OYEeHb MOME3HO, YTOObI
ANvHa NpoBoaoB BUTKOB «L1» cocTaBnsina poBHO YeTBepPTb ANMMHbI BUTKOB «BUTKOB L2», 4TOObI ABe
KaTylWKM aBTOMaTuMyecku pesoHuMpoBanun BmecTe. Paboyaa 4yactoTta Kaxgon u3 3TUX KaTyllek
onpeaensaeTcs BbIXOQHOW YacTOTON cxeMbl BO3Oy>XaeHUs HeOHOBOW Tpybku. DTa YacTtoTa coxpaHseTcs
BO BCEN Lenu, noka oHa He OydeT BbiNpsiMIieHa YeTbipbMs ANOAAMMW, MUTAKLUMMUN HU3KOBOSbTHbIV
HaKonNUTenbHbIM KOHAeHcaTop. LieneBoe BbIxogHoe HanpsixeHne ByaeT dyTb 6onee 12 BONbT UnNu 4yTb
bonee 24 BoONbT, B 3aBMCUMOCTM OT HOMMHANBLHOIO HAMNPSHPKEHUS WHBEPTOPA, KOTOPbIA OOSHKEH
yNpaBnsTbCA CUCTEMOWN.

Mockonbky cxema crnocobHa YynaenvMBaTb [OOMONHUTENbHbIE MarHUTHbIe WMMYNbChbl, Takue Kak
UMMynbChl, FeHepUpyeMble ApyruM obopyaoBaHMEM, 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:

OPPOSING-DIRECTION WINDINGS ? High-frequency
step-down
transformer +12V or +24Y
Meon-tuhe = -I l =
Inverter [  driver Eg = E + —— 0
- E & TI E —4 nverter —D
12V = = T PAAINS
JT' spark | Varistor | CQUTPUT
gap -

Hu B Koem cny4yae Henb3s OblTb YBEPEHHBIM, YTO B 3TOW Lenu KpacHas U CMHAA 06GMOTKM HamMOTaHbl B
NPOTUBOMOMOXHbBIX HanpasneHusix. CKpoBon paspsagHuk (unu rasopaspsagHasa Tpybka), BKNHOYEHHbIN
nocnegoBaTtenibHO C NepPBUYHON OOMOTKOM MepBOro TpaHcopmMaTopa, HECKONbKO HenpeackasyeMbiM
00pa3oM u3MeHseT paboTy, TaKk Kak BbI3blBaeT KonebaHue nepBUYHOM OOMOTKM Ha 4acToTe,
onpenensieMon ero WHAYKTUBHOCTbIO W COOCTBEHHOM EMKOCTbIO M 3TO0 Oyaer pesynbrar B
MerarepLoBbIX YacTtoTax. BTtopmyHaa obGmoTka(n) aToro TpaHcopmaTopa AOJSKHA pPe3oHUpoBaTb C
nepBUYHON OOMOTKOM M B 3TOW LIENM, KOTOpPasa HEe MMEET YaCTOTHO-KOMMEHCUPYHOLNX KOHAEHCATOPOB,
9TOT pe30HaHC Co34aeTcs TOYHOW ANIMHOW NMpoBOAa B BUTKAX BTOPUMYHOW OOMOTKW. DTO BbIMMAANT Kak
npocTtas cxema, HO 3TO Kak pa3 HaobopoT. N30bITOK 3HepPrun BolpabaTbiBaeTCHA NOBbLILLEHHON YacTOTON,
MOBbLILEHHbIM HaMpsbKeHWEM WU OYEeHb PE3KMMWU MMMyfbCaMu, CO34aBaeMbIMW MCKPOW. 3Ta 4vacTb
npoctas. B octanbHon Yactn uenu BepoATHO ByaeT odeHb TPYAHO NONYYNTb PE30HAHC, NMOCKOMbKY 3TO
Heobxoanmo Ans JOCTaBKU 3TON U36bITOYHON SHEPTUN K BbIXOAHOMY UHBEPTOPY.

Mpn paccMmoTpeHun «AnuHbl» NpPoBoAa B PE30HAHCHOW KaTylke Heobxoanmo obpaTuTb BHUMaHWE Ha
CTOSYYI0 BOSIHY, CO3[aBaemylo B 3TUX ycrioBusix. BorHa Bbl3BaHa oTpakeHMeM curHana, Korga OH
AocTturaeT KoHua nposoaa, UJT korga npoucxoguT BHe3anHOE N3MEHeHWe gMaMeTpa NpoBoAa, Tak Kak
9TO M3MEHSET CNOCOBHOCTb OTPaXKEHWUst CUrHana B 3TOW TOYKe coefuHeHusi. Bbl JOMmKHbI 06paTuTb
BH/MMaHME Ha O4YeHb 4YE€TKoe onncaHue atoro Puuapgom Keukom (Richard Quick) B pasgene ero
naTteHTa, KOTOpbI BKIOYEH Aanee B 3Ty rnasy. Kpome Toro, noMHuTe, 4to ckasan [JoH CMuT 0 noucke
MUKOB CTOSIYEN BOSHbI C MOMOLLbIO 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
Cwmuta. OnaTh e, 3TOT AOKYMEHT He criefyeT paccMaTpuBaTb Kak peKkOMeHAaLuio O TOM, YTO Bbl Ha
caMOM Jene co3gaeTe OAHO M3 3TUX BbICOKOBOSbTHBLIX, MOTEHUMANbHO OMAacHbIX YCTPOWCTB. JTO
NpocTo MHAOPMaLUUs, npeaHasHaYeHHas AOnsg TOro, 4Tobbl MOMOYb BaM MOHATb, YTO A cCyYUTal
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:

MODULE WITHOUT
THE PLASMA GLOBE

AnbTepHaTMBHbIA METOA 3aKr4aeTcss B CO34aHMM COOCTBEHHONO WCTOYMHWKA MUTaHUA C HyNA.
Cpenatb 9TO He OCOBGEHHO CMOXHO M €Cnn Bbl He pas3bupaeTecb B KaKOW-NMOO 3NEKTPOHUKE, TO
BO3MOXHO uMTad Yy4yebHMK [Ofs HadvMHawwmx no anektpoHuke Ha (http://www.free-energy-
info.com/Chapter12.pdf) roe rmaBa 12 no3HakoOMUT Bac CO BCEMW OCHOBaMMW, HeOOXoOUMbIMU ANS
NoHMMaHMsa (1, BEPOSITHO, pa3paboTkMm COOCTBEHHBLIX) CXemM 3Toro Tuna. BoT KoOHCTpykums
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%
COOTHoWEeHMe Toukn / npocTtpaHctBa. KoHgeHcatop 10 H® npegHasHauyeH Ans nogaepXaHust
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:

47K LINEAR 47K LINEAR
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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:
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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, NPOXOAsLLYO Noad 3eMIen U NpeKpacHO ComnpuKacarLlytocst ¢ Hel. Tem He
MEHee, CTano O4YeHb pacnpoCTpaHeHO 3aMeHATb MeTannuuyeckue TpybObl Gonee [aelleBbIMU
nnacTukoBbiMM TpyGamu, U noatomy nwboe npeanaraemoe coeavHeHne Tpyb HyxaaeTcs B
npoBepke, YToObl y6eanTbCs, YTO eCTb MeTannuyeckue TpyObl, KOTOpble NMPOXOAST MOSMIHOCTHIO B
3eMnio.

"wé% _.r

Neon Gas-Discharge Tube

[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 unn 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 HarmpsbkeHue. [loxe B 3TOW rnase
npuBeaEéH NpUMepP OYeHb YCMNELLIHOW CUCTEMBI, B KOTOPOW A5l UCKPOBOro NPOMEXYTKa UCMOoNb3yeTcs
TONbKO OAHA HEOHOBasi famna K co3gaeTcss korebaTenlbHoe MarHUTHOe rnone LwupuHown Gonee
MeTpa, Korga OHO NPUBOAUTCA B AENCTBUE CTapblM HEOHOBbLIM TpaHCOPMAaTOpPHbIM MOAyfNleM Ha
2500 BonbT. Ecnu gns uvMCKpoBOro npoMexyTka WMCNosib3yeTcs HeOHOBas flamna, TO OrbITHLIN
pa3paboTumMk pekoMeHOyeT wucnonb3oBatb pesnctop 22K nocnegoBaTtenbHO C HEOHOM, YTOObI
3HaUYNTENbHO NPOASIUTL CPOK Ero Cryobl.

OTa cxema sBnsieTcs OAHUM U3 cnocoboe NOAKINH4YeHNA NCKPOBOIo pa3pAaAaHMKa N 3a3eMIeHnd.

10 % UF5408
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OTa aganTtaums cxembl, UCNonNb3yemMon yv4acTHukom copyma «SLOW-‘N-EASY» B Teme [JoHa Cmuta
B 9Hepretudeckom dopyme (energeticforum). 3gecb OH MCNonb3yeT HEOHOBbIM TpaHcdopmaTop
«LowGlow», npegHasHayeHHbIn ANg UCMNonb3oBaHWA Ha Bernocunede. Auoabl npegHasHadeHbl A5
3alUMTbl BbICOKOBOSIbTHOMO MCTOYHMKA MUTAHWUS OT NIOObIX HEOXWOAHHbBIX CKAYKOB HarnpshKeHus,
KOTOpbl€ BO3HUKHYT no3gHee B Lenu. ICKpOBON paspsagHUK NOSKIHYEH Mexay nepBUYHON 06MOTKON
noBbILLatoLLLEro TpaHcopMaTopa 1 3asemneHneM. KoHgeHcaTop He ncnonb3yeTcs. Buaa aty cxemy,
Mbl Cpas3y e BCNoMuHaem bonblune n goporve kaTywkm [JoHa CmuTa, HO 3TOT 3KCNEPUMEHTATOP He
ncnonb3yeT Huyero nogobHoro. Bmecto 3TOro oH HamaTbiBaeT CBOW TpaHcopmaTtop Ha NpocTomn
nnacTUKOBbIN hopmep 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:

10= UF5405
Low-power
High woltage Q5147 I/ 2057 T Q'514T
High frequency TG WA 30 AN 26 AW
FPover Supply

10 UFS403

30ecb WAOEHTMYHbIN TpaHcOpMaToOp, HAaMOTaHHBLIA TOYHO TaKUM Xe 06pa3oM WUCMOoNb3yeTcs B
obpaTHOM nopsigke ANs 3anycka nocnenoBaTeNlbHOCTU MOHWXKEeHUs HanpskeHusi. COoOoTHoLleHue
ANVH NPOBOAOB NOAAepXKMBaeTCst ANs NoAAepKaHus pe3oHaHca oB6MOTOK TpaHcdopmaTtopa apyr ¢

Apyrom.

MpennonoXxum, 4To HaM Hy>KHO BbINo0 HamoTaTb KaTyLwKy L2 aToro BToporo TpaHccdopmMaTtopa B OaHY
npsiMyto 0OMOTKY M BMECTO TOro, YToObl HamaTbiBaTb Ha Hee TONbKo ogHy obmMoTKy L1, noBepx Heé
Obinn pasMelleHbl ABe nnu donee ognHakoBbix 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= UF5405
qu—pnwer IF5408
High voltage 514 T 36" 2057 TONS 9" SA4 TONS 9" 514 T
High frequency TG WA 30 AN [ 26 MG D)o 26 A
Power Supply I DC ouT

COLD ELECTRICITY

10 UFS403

BeposTHO, camoe npoctoe npeobpa3oBaHMe 3aknyaeTcs B nogave SHEprun B KOHAEHcaTop M
CO34aHUN CTaHOApPTHOro MOCTOSAHHOrO TOKa. YacTtoTa Mno-npexxHeMy OveHb BbiCOKas, NMO3TOMY 34ecCb
HYXXHbl BbICOKOCKOPOCTHble Aauodbl (Hanpumep, 75-HaHocekyHAHbIM UF54008), xoTa ypoBeHb
HanNpsPKeHNs Tenepb AOCTATOMHO HU3KWUWA, YTOObI He Oblno Npobnem. Bbixo4 NOCTOAHHOIMO TOKa MOXHO
ncnonb3oBaTb ANA NUTaHUS MHBEPTOpa, YTOObl MOXHO ObINO UCNONb30BaTb CTaHAAPTHOE CeTeBOe
obopygoBaHvne. HeT Heob6xoguMMOCTM MCNONb30BaTb TOMbKO OOWH (OOpOromn) uHBepTop 6GonbLuon
MOLLHOCTM AONns NUTaHUA BCeX BO3MOXHbIX Harpy30K, MOCKOMbKY [elleBfie MMETb HEeCKOSbKO
WHBEPTOPOB MEHbLUEro pasMepa, Kaxabli K3 KOTOpbIX MUTaeTcsa OT CBOero CoB6CTBEHHOro
obopynoBaHua. bonbluas yactb obopynosaHus Oyaet paboTatb YAOBNETBOPUTENBHO Ha MHBEpPTOpaXx
nNpsiMOyronbHOM opMbl BOMHbI (square-wave inverters) n ato Bkno4vaeT B cebs Gnok nuTaHus ans
NUTaHUsA BXOAHOro reHepaTopa.

Tpyba MNBX He sABnsieTca Xopowum MaTepuanom nNpu UCMOMb30BaHMU BbICOKOYACTOTHBIX CUIHanoB
BbICOKOrO HanpsbkeHusi, a cepas Tpyba [1BX saBnsieTcs OCOBEHHO NNnoxuMm MaTepuanom ans
dopmupoBaHns kaTywek. [opasgo 6Gonee poporas akpunosas Tpyba npesBocxodHa, HO ecnu
ncnone3osatb [1BX, TO npousBoauTensHocTb 6yaeT nydwe, ecnu Tpyba [BX 6Gyaer nokpbita
N30MUPYOLWMM flakoM (UNW LWapukamn ANa HacTONbHOrO TEHHWUCa, PacTBOPEHHbIMW B auEeTOHe, Kak
nokasaHo Ha YouTube).

OpHako ecTb ¥ gpyrve hakTopbl, KOTOpble He ObinuM ynomsiHyTbl. Hanpumep, ecnu kaTtywka L1
HamMoTaHa HenocpeacTBEHHO Ha KaTywky L2, oHa OGygeT MMeTb NpUMEPHO Takon ke AuameTp u
cnefoBaTesnibHO NMPOBOL, KOTOPbIA B YeTbipe pas3a ANMHHee, ByaeT UMeTb NMPUMMEPHO B YeTbipe pasa
Gonblue BUTKOB, AaBas COOTHOLUEHWE MOBLILWEHUA WM MOHWXeHWss okono 4: 1. Ecnn, ¢ gpyrown
CTOPOHbI, AMaMeTpbl KaTyllek 6binn 6bl pasHbiMU TO OTHOLWEHWe Bbino Gbl APYrMM, NOCKOMbKY ASMHbI
npoBoAoB (OUKCMPOBaHbI OTHOCUTENbHO Apyr Apyra. Ecnu 6bl kaTywka L2 coctaBnsna nonosuHy
AnameTpa KaTywkm L1, TO OTHOWeHne BUTKOB cocTaBnsno 6bl okono 8: 1 u npu guameTtpe B OOHY
TpeTb, 12: 1 v npu anameTpe B 4eTBepTb 16: 1, 3TO O3HAYAET, YTO MOXHO NOMNYYUTL ropasao GonbLnin
apheKkT U3 Ton Xe ANMHbI MPOBOAA 3a CYET YMEHbLUEHUA anameTpa KaTywkm L2. OgHako MarHUTHbIN
appekT cosgaBaeMbli KaTyLKOM, CBA3aH C NIOWAAbH MOMEPEYHOro CeYEHUS KaTyliku U NO3TOMy
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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 obmoTke OaeT ynyyleHHble
XapaKTEPUCTUKK, HO HE YacTO YNOMUHAETCs MHEHME O TOM, YTO Yem Oonblle Bec meaun, Tem bornblue
adpdekt. Bbl nomHuTe, yto [xo03ed HbiomaH (Joseph Newman)(rmasa 11) ucnonb3dyet 6onbLuoe
KONMNUYeCcTBO MEAHOW MPOBOSIOKM ANS MOJTyYeHUs1 3aMedaTenbHbiX addekTtoB. Takmm obpasom, B TO
Bpems kak 9 grorimoB 1 36 AnmoB npoBosiokk 6yayt pabotate ana L1 v L2, npon3BoguTenbHOCTb
MOXeT ObITb yny4dlleHa nNpu UCnonb3oBaHnn 6onee ANUHHLIX 1 / nnu 6onee TONCTbIX NPOBOSIOK.

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:

f\\ N

Amperes =>

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:

10x UF5405
f
10 = UFS405 IE" 2057 T
30 AW
Lowy-power 54T
- 26 AWNG —
High voltage 3 o05TT -
High frequency 0 AG
Power Supply
]
T
10 % UF5405

10x UFS403

3pecb OOMOMHUTENbHbIE BbICOKOBOMbTHLIE AMOAbI MO3BONAT COEAMHSTL ABe NPOTUBO(A3HbIE
06MOTKM ApYr C APYroM.

Bbl 3ameTute, 4TO 3TO YCTPOMCTBO TpebyeT ABYX OTAENbHbIX 3a3eMIISWMX COeauHeHun, oba u3
KOTOPbIX OOMKHbI BbITb BbICOKOKAYECTBEHHbBIMW, YTO-TO BpOAE TPYObl UK CTepXHs, BOUTOro rnyboko
BO BMa)XHYIO MOYBY, UNU anbTepHaTUBHO MeTannuyeckasa nnactmHa unu aHanornyHbIn MeTanimyeckun
npegMeT ¢ OonbLIOW Mfowadbld NOBEPXHOCTM MOXOPOHEH rnyboKo BO BraXHOW 3emnie u Ans
CcoeMHEHN UCMOSb30BariCa TONMCTLIN MeaHbI NPOBOA UNN MedHasn onneTka. TN TOYKN 3a3eMNeHus
AOMMKHbI OblTb AOCTATOMHO Aaneko Apyr OT Apyra, CKaXem, OecATb MeTpoB. Henb3s ucnonb3oBaTtb
OOHO 3a3eMIieHMe, TaK KakK 3TO pakTU4EeCKM NPUBEOET K KOPOTKOMY 3aMblKaHWUIO Ha TpaHcdopMaTtope
L1 /L2, yero Bbl AENCTBUTENbHO HE XOTUTE AenaTb.

Mpy TakOM pacrnonoXXeHNn KOHTYpHasi cCxema CTaHOBUTCS:
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10x UFS408
L

- - UF 5408
10% UF5408 35" 20.57 T
30 A E E
D auT

L otwy- it 1 4“
High voltage wmarT |
High frequency S0 A
Power Supphy

10 % UF5408

10 UFS403

Toncrtas 3asemndwowas npoBogka norfesHa, noToMy YTO BO n3bexaHme BKITHYEHUS 3a3eMIsoLero
npoeoaa B AJMMHY pe30OHaHCHOro nposoaa HeoOXxoaMMO BHe3arnHoe M3MeHeHne ceyveHust Npoesoaa:

!

L2a

Earth wire

L2b

|

OTO BCEro nNullb HEeKOTOpble naewn, KoTopblie MOryT ObITb pacCMOTpPEHbI OMNbITHbIM pa3pa6OT‘-II/IKOM,
KOTOprI;l MOXeT noaymMaTb O TOM, YTOObI nceneagoBaTb CXeMbl CTUNA ,D,OHa Cwmura.

Ytobbl AaTb Bam HEKOTOpoOEe npeancrtasneHne o €MKOoCTH HEKOTOPbLIX MMEKLLNXCA B nNpoaaxe npoBoaoB
Nnpn nogadve ropAadvero aJiekTpnu4ectBsa, 3T1a Ta6n1/|ua CMOXET NOMOMb:

AWG SWG Diameter Maximum Amps 220V kW 110V kW
1 2 7.01 mm 119 2618 13.09
3 4 5.89 mm 73 16.50 8.25
4 ) 4.88 mm B0 13.20 B.60
B 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 2.9 1.30 Ba0 watts
15 17 1.42 mm 4.7 1.03 215 watts
16 18 1.22 mm 3.7 514 watts 407 watts

PekomeHgyeTtcs, 4Tobbl NPOBOA MMEN TOKOHECYLLy cnocobHocTb Ha 20% 6Gonblue, Yem oxugaemas
dakTuyeckan Harpyska, 4YToObl OH He HarpeBancst Npu Mcnosnb3oBaHMKU. [uameTpbl NPOBOMOKU He
BKMIOYAKOT U30NSAUUIO, XOTA [AOnsS CNAOWHON 3ManMpoOBaHHOW MeOHOW MPOBOMIOKM 3TO  MOXHO
UrHOPMPOBaTb.

Ha http://youtu.be/Q3vri6gmOwlLw nokasaHa camasi BneyaTtnswollas BMOEO W CXema, rae OYeHb
NpOCTOE MUCMNOofHeEHNe obecnevmBaeT HeMeaIeHHY0 YCrneLHyo paboTy nepeaHero koHua cxembl [JoHa.
CxeMa BbIrmaauT Tak:

4% 1N4007 22K Neon 22K Neon
—1 12V to 2500V ol 5
12V_| @12mA 874nF HE=
Heon-Tube =HE=
Driver 4 11007 T 2100vac S
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3gecb npocTtor MoAdynb TpaHcdopmaTopa Onsi HEOHOBLIX Namn, KOTOPbIA HE MMEET 3a3eMIleHus,
ncnonb3yeTca Ans cos3faHus HanpshkeHus 2,5 kB ¢ yactotonm 25 kI n mMakcMmanbHOW BbIXO4HOM
TOKOBOWM €MKOCTbI0 12 MA. HeT HuKaknx TpyaHOCTEW B CO34aHWM 3KBUBaNeHTa 3Tomy Groky nutaHus.
[lBa BbIxoga Moaynsi npeobpasyloTcs B MOCTOSAHHBLIA TOK LIEMOYKOM M3 YeThlpex MnocriegoBaTenbHO
coeauHeHHbix amogoB 1N4007 Ha Kaxgom M3 OBYX BbIXOAOB (Kadasl Lenb HaxoauTcs BHYTPU
nnacTMkoBom TpybkM Ans nsonauum).

OTOT BbIXOA MNOOAETCHA 4epe3 [OOMONHUTENbHLIN pe3ncTop 22K 4epe3 HEOHOBYK Iamny Ha
KOHOEHCaTop MWKPOBOMHOBOMW MeYKn, KOTOpbIN okasbiBaeTcs 874 HO C HOMWHANBHBIM HanpsHXKeHNEM
2100 BonbT. Bbl MoOXeTe MOYYBCTBOBATb, YTO HOMMHAaNbHOE HanpsXXeHWe KOoHAeHcaTopa CrMLLKOM
HU3KOe [ANnA BbIXOAHOIMO HanpsKeHWss MOAYNs HEOHOBbIX BbIBECOK, HO HEOH WMeeT yaapHoe
HanpsbkeHne Bcero 90 BOMbT M NO3TOMY KOHAEHCATOP He OOCTUTHET BbIXOAHOro HanpshkeHus 6rioka
nuTaHuna. Peanctopbl npeaHasHayYeHbl UCKMOYMTENBHO AN NPoAfeHnst cpoka cnyObl HEOHOB, TaK Kak
ra3 B Tpybke CUNbHO ygapseTcss B NEpPBYD HaHOCEKyHOy nocne BKNo4YeHus. ManoBeposaTHO, 4TO
MPOMnyCcK 3TUX PE3UCTOPOB OKaXEeT Kakoe-nNnbo cyLecTBEHHOEe BNUSIHME, HO B TaKOM Crlyvae BKIoYeHne
X SIBNAETCA TpMBMANbHbIM BOMPOCOM. BTOpOM HEOH nuTaeT NepBUYHbLIA 3NEMEHT PEe30HAHCHOro
TpaHcopmaTopa, KOTOpbIA MOKa3aH TONMbKO B YCMOBHOW CXeMe Ha AuarpaMmme Bblle, MOCKOMbKY
pa3paboTymk npeanonaraeT, YTO NEPBMYHbIN ANEMEHT OeNCTBYeT Kak nepegatynmk u 4yto nwoboe
KONMUYECTBO MPUEMHBbIX KaTyLUEK MOXHO UCMOMb30BaTb B Ka4eCTBE OTAESIbHbIX BTOPUYHbIX YCTPOWCTB,
HacTpouMB UX Ha TOYHYIO YaCTOTY 3TON PE3OHUPYIOLLEN NEPBUYKU.

Ha Bugeo, pemoHCcTpupylowlem 3Ty cxemy, pa3paboTymk AeMOHCTpupyeT nyKTympyioLlee
BbICOKOYACTOTHOE Morle, KOTOPOE pacnpocTpaHseTcss Ha JveTbipe dyTta (1,2 M) Bokpyr Katywkn. OH
TaKke OTMEYaeT, YTO Kaxablh HEOH B €ro pacriofioXeHuuM MoXeT ObiTb 3aMeHeH Ha [dBa HeoHa
nocnegoBaTtenbHo. B TecTe, KoTOpbii A npoBen, s OOHapyXun, 4TO MHE HYXHO [Ba HeoHa
nocnegoBaTenbHO nepen KOHOAEHCATOpOM, YTOObl MOMyYMTb HEMNPEepbIBHOE OCBELLEHME BbIXOOHOro
HeoHa. Kpome TOro, oavH U3 AMOAOB HY>XHO 6bIf0 MOBEPHYTb BCMATb, YTOObI OAMH Obln HanpaBneH K
BXO4Yy, a Apyrom - OT Hero. He wvmeno 3HayeHus, Kakon [uo4 Oblnl M3MEHEeH, MOCKOmnbKy obe
KoHGurypauum pabotanu. Onatb xe, obpaTuTe BHUMaHWE, 4TO dTa Npes3eHTauusa npegHasHadveHa
TONbKO Ans MHdopmMaunoHHbix uenen, n HE pekomeHayeTcs, 4ToObl Bbl HA CaMOM gene cosganu
OOHO U3 3TUX YCTPOWCTB. [103BOMbTE MHE eLle pa3 Nog4YEePKHYTb, YTO 3TO BbICOKOBOMbTHOE YCTPONCTBO
cTano eule 6oree onacHbIM U3-3a BKIIOYEHWS KOHAEHCaTopa M OHO BMOSfIHE CnocobHO Bac ybuTb,
MoO3TOMy He CTOUT ero cTpouTb. PaspaboTyuk npegnonaraeT, 4TO 3TO peanusauus pasgena
«nepefaTymK» KOHCTPYKLMKU nepegaTynka / HeCKONbKUX NpuemMHnkoB [JoHa, nokasaHHon Huxke. OgHako,
npexage 4em paccmatpvBaTb 3Ty KOHCTPYKLUMIO, €CTb OAWH BOMPOC, KOTOPbIA Bbl3blIBAET MHOMO
OUCKYyCCUM Ha (popymax, a MMEHHO, eCnu LeHTpanbHbIn OTBOA BTOPUYHOW KaTyWKM L2 NOAKNIYEH K
3emrie, Torga cnegyeT yuuTbiBaTb 9Ty ANVHY NPOBOAA 3a3eMfeHNs YacTbio YeTBEPTU ASNIMHbI KaTyLLKN
L1? Ytobbl rnybxe ndyumTb 3Ty BO3MOXHOCTb, OYEHb Nosie3Ha cnegyowas uMrata u3 o4eHb YETKOro
06bAcHeHusa pe3oHaHca Puyapaa Keuka B ero natente CLUA 7 973 296 ot 5 uniona 2011 roga.

Tem He MeHee, NMPOCTOM OTBET 3aKMOYaEeTCs B TOM, YTO ANA TOYHOrO pe3oHaHca Mexay OBYMs
ANVuHamMu npoBofa (He3aBUCMMO OT TOro, HaMoTaHa N YacTb UMK BCe 3TU AMNWHBI NPOBOAA HaMOTaHbI
Ha KaTyLKy), Torga ogHa AnvHa OOMmkHa ObiTb POBHO B YeTbipe pa3a Gonblie Apyrov, a B ugeane u
nonoBuHbl guameTpa. Ha obomx KoHuax oBoux OTPEe3KOB MPOBOMOKU AOMKHO ObiTb BHe3amnHoe
n3MeHeHne guameTpa npoBonokn n Puuapa obbsacHseT, nodemy aTto Tak. Ho octaBmB 310 nogpobHoe
00bSACHEHME Ha [aHHbIA MOMEHT, Mbl MOXEM WCMNOoNb30oBaTb 3TWM 3HaHWs Ang 6onee nogpoGHOro
00bACHEHMS BbllLEeyKa3aHHOM YNPOLLEHHOM cnuctemMbl. BOT cxema cHoBa:
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OueHb BaXXHO OTMETWUTb, YTO 3a3eMsieHne He TpebyeTcs M HECMOTPS Ha 3TO, NMPOU3BOAUTENBHOCTD,
nokasaHHas Ha BMOeo, BreyatnseT. B To Bpemsi kak 3a3eMreHve MOXEeT NnoaaBaTb CYLLECTBEHHYIO
MOLLHOCTb B L€Mb, OTCYTCTBME HEOOXOAMMOCTM AN BHELHEro uvHTepdenca SBMSieTCs OrpOMHbIM
NPEVMMYLLECTBOM M MNOTEHLMaNbHO OTKpbIBaeT MyTb AN AEWCTBUMTENbHO MOPTAaTUBHOIO YCTPOWMCTBA.
OpyrMm oyeHb BaXHbIM MOMEHTOM siIBRisieTcs abCcontoTHasi MPoCToTa CXeMbl, B KOTOPOW UCMOMb3YHTCS
TOJNbKO AELIEBble, NErkoAoCTYMNHbIE KOMMOHEHTbI (M HE MHOMMe U3 HUX HeobxoamMbl). Peanctopbl Ans
NPoASIEHNst cpoka Cry>KObl HEOHOBbLIX Namroyek He MokasaHbl, HO OHW MOTyT ObITb BKIOYEHbI NP
XenaHum n paboTta cxembl CyLLLECTBEHHO HE U3MEHSIeTCs Npu HanmumMm ux Tam. Ecnu TpebyeTtca 6onee
BbICOKOE WCKPOBOE HanpsihkeHne, TO MOXHO WCMosnb3oBaTb OBe WnM 6Gonee HEeoHOBble namnbl
nocregoBaTesnbHO, rae Ha 3TUX CXeMax nokasaHa TONbKO OAHa.

CnepgyeTt OTMETUTb, YTO HVXKHUIA OMOA NOKa3aH obpaTHBIM MO CPaBHEHWMIO C NpeablayLen guarpammon.
OTO CBA3aHO C TEeM, YTO MOKa3aHHbIM WUCTOYHMKOM MUTaHUA sBnsietca nobon obWwmn 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 BbICOKOBOSbTHbIX
BbICOKOCKOPOCTHbIX OMOA0B.

[nvHa npoBonokun L1 n L2 namepsetca o4eHb TOYHO, Ha4YMHasa ¢ TOro MecTa, rae gMameTp nNpoBOSIOKK
BHE3anHO MEHSAETCH, Kak NnokasaHo KpaCHbIMU MyHKTUPHbIMW NuHUAMK. OnuHa npoBoda L2 posBHO B
yeTblpe pasa OGonblwe AnuHbl nposBoga L1, a guameTp npoBoga L2 paBeH nomnoBuHe 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 HAaNpPshKeHUs, nopakaroLmne e€ 1 NOoCcKombKy KaTylika L2 Gbina TwartenbHO CKOHCTPYMpOBaHa Tak,
4YTOObl MMETb TOYHO TaKYH0 XXe YacToTy, OHa ByaeT pe3oHMpoBaTb CUHXPOHHO C KaTyLukon L1.

3OT0 03HavaeT, YTo AnMHa npoBoaa ANns kaTywku 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:

31-39



10 % UFS405
-

Heon Heon Cw

High voltage 4xL1 [
High frequency L1%
Power Supply -|E o 124 % L1 JT_

CWY or
oW .

T
10 % UF5405

MmenTe B BMAY, €CTb eLwé oamH hakTop, KOTOPLIN cregyeT yuuThiBaTh Npu Bbibope Hanbonee
yaoobHon gnuHel npoeoga ans L1 n 9To konmyecTBo BUTKOB B KaTyLwwke L1. Yem Gornblue COoTHOLEeHME
Mexay Butkamu B L1 n Butkamm B L2, TeM BblLLE NOBbILLEHNE HANPSXEHUA, CO34aBaeMoe
TpaHcopmaTopom L1/ L2 1 nomHuTE, 4TO AnnHa L2 domkcmpoBaHa OTHOCUTENBHO ANWHbI L1.

MTak, BOBMOXHbI CTUMNb CXEMbI MOXET ObITb:

10 x UF5408
10% UFsa0s Neon  Neon L1 L1 UF5408
. 4 x L1 4y dx

High voltage L1 L1 oe
High frequency L1

Power Supply J__ \

4 x L1 - SUDDEN CHANGE IM
1':' * UF5403 VWIRE DISMETER
GREAT DANGER HERE !! 10 UFS408

ECTb HECKONbKO BaXXHbIX MOMEHTOB, KOTOPbIE HY>XHO 3anoMHUTb. OOUH U3 HUX 3aKryaeTcs B TOM, YTO
AO0SMKHO ObITb BHE3AMNHOE U3MEHEHME AnameTpa NPOBOSIOKM Ha 060MX KOHLaX Kaaon kaTywkun L1 1 Ha
KOHUax Kaxpgomn katywku L2. Ecnu ero He OygeTt, TO AnvHa coeauvHUTENbHOro nposoga Oyaer
COCTaBIATb YaCTb KaTYLUKN U €CNY €CTb HEKOTOPbIE N3MEHEHUS B ANaMeTpe, HO He BonbLune, TO HUKTO
He CMOXeT NpeanonoXuTb, Kakon byaeT AnvHa pe3oHaHCHOro nposoda Ans 3ToM KaTywku. Moxet
ObITb CTONBbKO MOHWXKAIOLLMX M3OSNMPYOLNX TpaHCOPMaTOPOB C BO34YLUHbIM cepaedHukom L1 / L2,
CKOJbKO TPEBYETCHA N OHN HEe A0JMKHbI OblTb 0COBEHHO BOMLLUNMU UITM AOPOTNMMU.

CospaTenb aToM cxembl cobpan eé Bcero 3a HECKOMbKO MUHYT, UCMOMb3Yst KOMMOHEHTLI KOTopble Bbinu
NOA PYKOW, BKMOYas KOHAEHcATop MMKPOBOJSTHOBOMW Meyun, NoMedeHHbin BykBon «C» Ha guarpammax
Bblle. OTOT KOHAEHCATOP M30NMpoBaH ¢ 06enx CTOPOH MCKPOBLIMU pa3psgHMKaMM HEOHOBBIX JlaMn U
NO3TOMY OH HE OKaXeT MOAMMULIMPYIOLLEro BO3OENCTBUSA HA PE30HAHCHYIO YacToTy NOOoKM 13 KaTyLuek
B 3TOM Uenu. Ho o4eHb Ba)XKHO MOHUMATb, YTO 3HEPrUS, XpPaHsLLAACS B 3TOM KOHAEHCATOPE, MOXET U
yObéT Bac MIHOBEHHO, €CnM Bbl MPUKOCHETECH K HEMYy, MO3TOMY MO3BONIbTE MHE ele pas
nogyepkHyTb, 4To aTta MHdopmauua HE aBnaetca pekomeHgaumen K TOMy, 4TO Obl OENCTBUTENBHO
NMOCTPOUTbL 3Ty cxemy. BbIxoa NOCTOAHHOrO Toka M3 CXeMbl NpefHa3Ha4YeH aAng NUTaHus CTaHA4apTHOro
WHBEPTOpPA, KOTOPLIN B CBOK o4vepedb OygeT crnocobeH nutaTb BbICOKOBOJSIbTHBLIN BbICOKOYACTOTHbIN
BXOAHOW reHepaTop.

MocnegHWn MOMEHT 3aKknoYaeTcsl B TOM, YTO KaK MokasaHo B BUAEO, KonebnoLleecs MarHUMTHoe nore
cosgaBaemoe KaTylwkorn L1, MOXeT nuTaTb HEeCKONbKO OAMHAKOBbLIX KaTylwek L2, gaBas HECKOSbKO
OOMNOSTHUTESNbHBIX BbIXOOHbIX MOLLYHOCTEW, NPU 3TOM HE YyBenuyuBasd BXOAHYH MOLLHOCTb, MOCKOJSIbKY
CBSA3b SIBNSIETCA MarHUTHOM M HE MHOYKTUMBHOW, KaK ynomMuHanocb paHee B aton rnase. ObpaTtute
BHMMaHWe, 4YTO HM K KaTywke L1, HM K kaTywke L2 He NoaKmni4YeH KoHAeHcaTop, NO3TOMY pe3oHaHC
o0ycnoBneH WCKNIOYUTENbHO ANWMHOM MpoBoda M Ans Toro 4toObl Kaxaast napa katywek L1 / L2
pe3oHnpoBanu BmecTe, He TpebyloTca Joporne BbICOKOBOMNbTHLIE KOHAeHcaTopbl. OAUH U3 BO3MOXHbIX
BaApWaHTOB MOXET ObITb TaKUM:
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lAe nokasaHbl ABe KaTywku L2, coeanHeHHble BMecTe AMs YBENUYEHUSA BbIXOQHOW MOLLHOCTU. JTa
cXxemMa WCMNonb3yeT HEeOOpOrne HU3KOBOJSIbTHbIE KOMMOHEHTbl [AOMfsi BbIXOAHbLIX KackagoB W HeET
OYEBUIHbBIX OrpaHMYEHUn Ha KONMYECTBO BbLIXOAHOW MOLLHOCTU, KOTOpOe MOXET ObiTb obecneveHo.
MockonbKky uenb paboTaeT C BbICOKOW 4YAaCTOTOW MOBCEMECTHO, HET 0Ccobon HeobBXOAMMOCTM B TOM,
4YTOObI hM3MYeCKN pasmeLlaTb AONONHUTENbHbIE KaTywwkn L2 BHYTpu KaTyLwwkn L1:

L2 L2 L2

L2
L2

OpHako 3TO YyCTPOMCTBO MOXET UMETb NPENMYLLECTBO B TOM, YTO ANIMHA nposoAa KaTyLwwku L1 6onbLue,
4YTO B CBOK ouvepeb yBernuymBaeT ANvHY NPOoBOAAa Kaxaomn kaTywku L2 (B yeTbipe pasa 6onblue). 310
[aéT Oonblwyk rMOKOCTb MNpYM NNaHUPOBaHWM OTHOLLEHWS BWUTKOB TpaHcdopmatopa L1 / L2.
MMoBbIlWEHNE WM MOHMXEHWE HamnpsXXeHUs 3TOro TpaHcdopmaTopa MNPOUCXOAUT B COOTHOLLEHUM
BMTKOB, HECMOTPS Ha TO, YTO 3TO HEe WHAOYKTMBHasA CBA3b M MO3TOMY CTaHAapTHasi TEXHOMorus
TpaHcdopmaTopa He NpUMeHsAeTCs.

Korga Bbl BbIOMpaeTe Yncio BUTKOB M gMaMeTp KaTywku gns L1, a1o Takke gaeTt AnuHy nposoga L2.
UToObl MOMyYnTb Xenaemoe BbIXOOAHOE HanpskeHwe, ecnv BO3MOXHO, TO Heobxoaumo 4ToObl
KO3(ppuMLMEHT NnoHmxeHua cocTtaensan 46:1, Bam HyxHO B 46 pa3 yBenuuuTb 4Yucrio BuTKoB L1 Ha
KaTywke L2. OTO 03HayaeT, YTO Bbl 3HaeTe ANWHY MpoBOoAa W KONMUYECTBO BMUTKOB, Tpebyembix B
katywke L2. Ho, nockonbKy AnuHa kaxporo Butka byaet B 3,14159 pas bonblie gvameTpa, u3 atoro
cnefyeT, YTO MCKOMbIM AMaMeTpoM SBNSAETCA ANMHA NpoBOAa Ha BUTOK, AeneHHas Ha 3,14159.
lMpoBoa pacnonoxeH ceepxy Tpybbl, HA KOTOPYK OH HAMOTaH 1 NO3TOMY MMeeT BonbLUNN AMameTp Ha
OOHY TOMWMWHY NPOBOAA, NO3TOMY PaACYHETHbIM AnameTp Tpybbl HEO6XOAMMO YMEHbLUUTb Ha OOWH
OnameTp nposoda. Hanpumep, ecnn anuHa Ha obopoT cocTtaenseT 162 mm, a guameTp nposoga - 0,8
MM, TO anameTp TpyObl 6ymet 162 / 3,14159 - 0,8, uto cocTtaenset 50,766 mm (4yTb Gonee AByx
OIONMOB).

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

«YeTBEpPTHLBONTHOBOMN» pe30HaHC; [OCTOsIHHbIE ANEeKTPOMarHuTHbIE BOSHbI »

OauH un3 AOBYX OCHOBHbIX TUMOB 3JIEKTPUHYECKOro pe3oHaHCa Ha3blBaeTCA 34eCb YeTBEePTbBOJIHOBbLIM
PEe30HaHCOM. 3T1O0T TMN pe30HaHCa NOYTU NOJIHOCTbKO 3aBUCUT OT AOJIMHbI 3NeMeHTa npoBoAa. MNo
npu4nHaMm, OnMnnNCaHHbIM HUXEe, eClin OTPE3OK U AnnHa NpPoBOJ1IOKN COCTaBIAET OOHY YeTBepPTb 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 mgeanuamMpoBaHHas OSIMHA BOSHbI MEPEMEHHOrO HanpsbkeHus, n3obpakEHHas
CUHycouaanbHOM BOMHOW, KOTopas nepefaétcs OT UCTOYHUKA NepeMEHHOro Toka (MokasaH KpY>XKoM Ha
NEBOM KOHLIE TOPU3OHTAaNbHOrO NPSIMOro NPOBOAA) Ha «BXOAHOMY» KOHeL, npoBoaa. BonHbl HanpskeHns
NPOXOAAT Yepe3 NPOBOA BMpPaBO, Kak nokasaHo ctpenkon 6rnoka Ha Fig.1A. Korga BomnHbl gocturatoT
KOHLLa NpoBoAa, OHW He MOryT NMOKUHYTb NPoBOoA (N0 KpanHen Mepe, He B YNPOLLEHHOM N «uaeanbHON»
cucTeMe, KoTopasa npegnoniaraeTtca M UCNONb3yeTcs 34ecCb AN OObACHEeHWS MNpuHUMNA TOro, Kak
NPOCTOM NPSAMON NPOBOA MOXeT co3faTb CTOAYY BOMHY). CriegoBaTtenbHO, BOMHa HanpshXxeHus oyaet
3P(PEKTUBHO «MpbiraTb» WUNN «OTpaKaTbCA» OT KOHYMKA MPOBOAA W «OTPaXKEeHHas BOSIHA» HavyHET
pacnpoCcTpaHATbCS Hasag no NpoBoAy, NPOXoAs B NPOTMBOMOMOXHOM HarnpaBneHuu, Kak ykasaHo 610k
CTpEerkon ykasblBatoLen Brneso Ha Fig.1B.

MN3-3a 3aKOHOB COXpaHEHUsi JHEpPrun, OTPaKEeHUs U «obpaTHble MNepeMeLLeHUs» BOMH 3TUX TUMOB,
KOrda OHW OTpaXkaloTCA OT KOHYMKa MnpoBoda, Ha caMoOM [ene [OOBOfbHO XOpolve U [O0BOSIbHO
3 heKTUBHbIE, KaK OBCYXOAEeTCs HUXKE, NMPU YCIOBUM YTO KOHYMK MPOBOAA HE UCMYCKaEeT UCKP, AYroBbIX
pa3panoB UK ApYrMx opM «yTEYKM» INEKTPUYECKON IHEPTUN.

CooTBeTCcTBEHHO, Ha ur.1A mn3obpaxeH Habop «M3fydaemblX BOJIH», ABMXKYLLUUXCS BMpaBo, a Ha
Gur.1B n3obpaxeH nageanmampoBaHHbI HAbOp «OTPaXEHHbBIX BOMHY, OBWKYLLMXCS BNIEBO BAOMb TOrO
Xe nposoaa.

Ha dwur.1C nokasaHO 4TO npoucxoauT, Korga oba Habopa BOSMH (M3Ny4yaeMbiX U OTpaxaemblX)
HaknagblBaloTCs Apyr Ha apyra. Nockonbky ABa Habopa BOMH ABUXYTCS C OAMHAKOBOMW CKOPOCTbIO, a
TaK Kak OHM UMEKT OANHAKOBYHO OJIMHY BOJSIHbI, MPU CNOXEHMM OHM OyayT co3fgaBaTh WabmoH «CTosYen
BOJIHbI». Kak MOXHO yBuaeTb M3 pucyHka 1C, BOonb ANWHbI NpoBoaa 6yaeT MHOXECTBO MECT, KOTOpble
MOXHO HasBaTb «MWKOBbIMW Yy3ramuny, r4e HanpskeHwe nepeMeHHOro Toka [JOCTUraeT CBOEero
MakcuMmyma.

B mecTe Ha nonnyTu Mexay napol CMEXHbIX «MUKOBbIX Y3r1I0B» OyaAeT MecTo, KOTOPOe MOXHO Ha3BaTb
«HYNeBbIM Y3rOM» UNn «zero nodey», BNagnHOW MUK y3rnoM BnaguHbl UM nogobHbIMW TepMuHamu. B
KaXKOOM «HYMEeBOM y3re» HanpsbkeHue NepeMeHHOro Toka, noxoxe He 6yget konebaTtbest BooOLe. 310
yyacTKM BAOONb ANVHbI MPOBOAA, A€ KaXAblid «MOMOXWUTENbHbI» MUK (CO3OaHHbIA CUHYCOWIOWN,
ABMXYLLENCcs BnpaBo) OyaeT ypaBHOBELUEH M CMELLEH «OTpuUaTenbHbIM MUKOM» C TOYHO TaKOW e
BbICOTOM, MPOXOASALLEN C OOMHAKOBOW CKOPOCTLIO BEBO.

B pesynbTaTe 3TOT TMN peakuuu BHYTPWU NPOBOAA CO3[AET «CTOSYYH BOMHYy». Ecnm MmrHoBeHHoe
HanpskeHne U3MepsieTcsl B «HYNEeBOM y3ne», MOXET MoKa3aTbCsl, YTO HUYEro He NPOUCXOAUT C TOYKU
3peHnsa konebaHua HanpshkeHus. Kpome Toro, «HyneBoW y3en» He OyaeT nepemeliatbcs no AnvHe
NpoBOAa; BMECTO 3TOro OH ByAeT CTOSITb Ha MecTe.
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OTO MOXHO NPOAEMOHCTPUPOBATL B KaTyllke, WCMOSb3ys «3a3eMIMEeHHbI NpoBOA» ANA NPOBEPKU
HanpspKEHWM Mo ANMHE KaTywku. Ecnm «3asemrneHHbli NpoBO4», COEAWHEHHbIA C BOSbTMETPOM,
UCnonb3yeTcs [Afs MPUKOCHOBEHUSA K MOBEPXHOCTAM psga Xul B HEU3ONMPOBAHHOW KaTyLlke
(Hanpumep, KaTylwke M3 TOHKOW MeaHOW Tpybku, ob6epHyTOM BOKPYr MNacTUKOBOW LUMIIMHOPUYECKOW
opmbl, Kak ucnonb3yetcs B 60nbLUMX TpaHcopMaTopax, UCNosib3yeMblX NIIOUTENAMN ANS CO34aHMsA
«kaTywek Tecnay, koTopble 6yayT uanyyatb 6onbline v BU3yanbHO BReYaTnsIoOLIME INeKTpuyeckme
Ayrn), «MChblTaTeNbHbIN NPOBOA» HE OOHAPYXUT BUOMMOTO HanpPsKeHUs Ha HyrneBOM Y3ne, KOTOpbIn
OyneT BO3HMKATb B KAaKOM-TO KOHKPETHOM MPOMEXYTKe KaTylku. Ha [pyrom CTOpOHE KaTyLuKu
«n3MepuTenbHbIn npoBoa» OyaeT obHapyXuBaTb MEpeMEHHOEe HanpsikeHue, KOTopoe B ABa pasa
npeBbIWaeT CUNy U UHTEHCUBHOCTb HanpPsXXeHUs1, NCNyCKaemMoro MCTOYHUKOM MUTaHWUS.

Ecnu HanpsbkeHne namepsieTcs B «MMKOBOM Yy3rey», HanpsikeHne OyaeTt genatb TO, YTO MOXHO Ha3BaTb
ncnonb3ysi obweynotpebutenbHble MM HenpogeccuoHarnbHble TEPMUHBI, «NOSIHOMACLITAOHbIN Byru-
BYrM». YPOBHW NepemMeHHOro Hanpshkenus OyaoyT nepemewiatbCsi B3ag M Bnepen mexay: (i) oveHb
BbICOKUM U  WMHTEHCUBHbIM  MOMOXUTENbHbIM  HanpshkeHveMm, (i) OAMHAKOBO  WMHTEHCUBHbLIM
oTpuuaTtenbHbIM HanpsbkeHneM. Ha 3TO ykasbiBalOT «MNy3blpbKOBblE» (POPMbI, MOKa3aHHble BAOMb
nposonoku Ha Fig.1C.

«[y3blpn», NnokasaHHble Ha Fig.1C, cMOryT noMo4b KOMY-TO MOHSATb, Kak CO34alTCsl CTOSIYME BOJIHbI U
Kak OHM OEWCTBYIOT CMHXPOHHO. OHAKO Ha 3TOM YepTexe He NnokasaH ApPYron pesynbTaT, KOTOpbIN
OYeHb BaXKeH ANs TOro, Yero Ha caMoMm Jerne NpPoUCXOAUT B CTOsYel BonHe. [nsa uenein onvcaHuns u
aHanusa Ha 9TOM BBOOHOM YPOBHE CUCTEMAa MOXET CYMTaTbCA «MaearibHOM», 4TO noapasymeBaeT
noeanbHoe «3epkanbHoe OTODpaXeHMe» OTPaXKEHUS KaOoW BONHbI OT MPaBOro KOoHUa nposoaa.
«MpeanbHas» cuctemMa Takke noapasyMeBaeT, YTO Ha JIEBOM KOHLEe NpoBoAa, rAe pacnofioXeH
MCTOYHMK NMUTAHUS, HUKAKNX OTPaXXEHUIN HEe NPOUCXOAMNT U BCH aKTUBHOCTb «OTPAaXKEHHBIX» BOJIH NMPOCTO
npekpawaeTcs. B peanbHbix cxemax U npoBogax 3TOro Tuna, akTUYecKU BO3HMKAKT OTPaXKeHUs
BTOPOrO M TPEeTbero nopsigka M OHW WCMOMb3YTCA ANs AanbHENWEero yBenuyeHUst NMpoYHOCTU U
BbIXOAHOW MOLLHOCTM CUCTEM 3TUX TUMOB; OAHAKO 3TU OOMOMHUTENbHbIE (DAKTOPbI U «TAPMOHUKM»
crneayeT UrHOpMpPOBaThb [0 TeX Mop, noka He GyayT NPOLTYAUPOBaHbl U NMOHSATbI OCHOBHbIE MPUHLMMbI
CUCTEMbI TaKoro Tuna.

B wuvpeanbHOM cucTteme, Korga OTpaXEHHble BOMHbI (Maywue BrieBO, B CerMeHTax MpOBOAOB,
nokasaHHbIX Ha Fig. 1) «HaknagblBalTCA» Ha U3nyyaemble BOSMHbI (PacnpoCTpaHsoLWmMecs BNpaso),
«MUKOBOE» MOSOXUTENbHOE HanpsikeHue, koTopoe OyaeT MrHOBEHHO OOCTUTHYTO B CaMOW BbICOKOM
TOYKE KaXKOOro «mnys3bipsi», MnokasaHHoro Ha Fig.1C, npousongeT Koraa MONOXUTENbHbIA MUK
N3ny4aemMomn BOSHbl Nepeceyv€T NonoXUTENbHbIA MUK 3epKaribHOro M3obpaxeHus oTpaXeHHOW BOJSHbI,
OBWXKYLLENCSs B MPOTMBOMONIOXHOM HanpasneHun. COOTBETCTBEHHO, Korga 9TW [Ba 3HayeHud
«MONOXUTENbHOIO MWKa» CcKnagblBalTCA Opyr C OpYyroM, MrHOBEHHOE MOSoXUTENbHOE MUKOBOE
HanpshkeHne koTopoe OyaeT BO3HMKATb B npoBoge, OyaeT dakTuyecku BOBOE WMHTEHCUMBHEE, YeMm
HanpsKeHne «MOMOXUTENbHOro nukay, uanyyaemoe UCTOYHUKOM MUTaHWS NepeMeHHOoro Toka. Yepes
MrHOBEHME B 3TOW TOYHOW TOYKE Ha 3TOM yyacTKe npoBoga OyaeT co3gaHo oTpuuaTenbHOE MUKOBOE
HanpsbkeHne, KoTopoe OyaeT cymmown (i) OTpuuaTeENbHOrO MUKOBOTO HArpsKeHWsl, MCMycKaemoro
WNCTOYHUKOM NUTaHuA U (ii) oTpMuaTenbHOro NMKOBOrO HanNpsXXeHNsA OTPaKEHHOWN BOJSTHbI Takke npongeT
CKBO3b NE€BYHD CTOPOHY. B 3TOT MOMEHT, Korga aTM ABa oTpuuaTesSibHbIX MUKOBbLIX HanpsiKeHUs
pobasnsoTca Apyr K Apyry, MrHOBEHHOEe OoTpuuaTenbHOe HarnpsieHue, koTopoe OyaeT BO3HMKATb B
nposode, OygeT B [OBa pasa WHTEHCMBHEE, YEeM «OTpuUaTENbHOE MUKOBOE»  HaMpsiKeHue,
reHepmpyemMoe UCTOYHUKOM NUTaHUSA NepeMeHHOro Toka.

Bonee TO4YHOE W penpeseHTaTMBHOE BU3yanbHOE W300paxeHue «CTOsYEelN BOMHbI» B MNpoBoOAE
dhakTMyeckn nokasano Gbl BbICOTY NUKOB B [iBa pa3a Bbile, YeM MUKM U3NyYaeMblX BOSH HaNpsiKeHUsi n
OTpaXXEHHbIX BOMH HanpsbkeHusi. OgHako Takoe nsobpaxkeHne MOXeT cOUTb noaen ¢ TOKy, No3ToMy
0ObIYHO HE NMOKa3aHO Ha PUCYHKAX «CTOSIYMX BOSTHY.

CooTBETCTBEHHO, MIHOBEHHbIA OTKMWK B MPOBOAE, B MECTe Ha MONNyTM Mexay ABYMSI «HYNeBbIMU
y3namm», BbINOfHAET TO, YTO CnpaBeasIMBO U MPaBUilbHO MOXHO Has3BaTb «ABOWHOW ABOWHOW Oyru-
BYrM C nomnHbiM HakroHoM» unu “the full-tilt double double boogie”. ®pasa «aBoliHONM OBONHONY
(NMprmevaHne, B KOTOPOM COAEPXKUTCSA HE OOMH, a ABa «4BONHONY) Obina gobaeneHa K aTon dpase no
ABYM NpuynHam:
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(i) noo4epkHyTb TOT daKT, YTO Kaxadbl MUK HaNPsXKeHUs (MakcumarnbHO MOMOXUTENbHLIA U MaKCUMyM
oTpuuaTenbHbin) OyAeT B [ABa pas3a CubHee W BOBOE WHTEHCMBHEE, YeM MakCcuMaribHble
NoNoXUTernbHblE U OTpuUaTernbHble MUKOBbIE HAMpPsXXeHUs, u3nyvyaemble UCTOYHWKOM MUTaHus; a
Takxe,

(ii) ykasaTb, 4TO 4YacToTa HanOXeEHHbIX «MNy3bIPbKOBY», NokasaHHbIX Ha ¢ur.1C, Ha camoM fene B ABa
pasa ObiCTpee, Yyem 4acTOTa UMKNA NEPEMEHHOro TOKa, W3Ny4aeMoro WCTOYHMKOM MUTaHUA, Kak
onucaHo Hwxe. PesynbTaT «yABOEHHOW WHTEHCUMBHOCTU» MPSMO COMOCTaBUM C TeM, YTO YyBUOUT
Habnogatenb, ecnv Gonbllioe 3epkano MOMECTUTb 3a laMMOYKOM B TEMHOW KoMmHaTe. 3epkano
3(pPeKTMBHO COXpaHSeT KOMHATy TEMHOM MOBCIOAY 3a 3epKariom, Mo3TOMy B HEW He NpoucxoguT
«MarMyeckoro yaBOeHus» CBETa; YTO Hapywwmrno Obl OCHOBHOM 3aKOH COXpaHeHus 3Hepruu. BmecTto
3TOr0 3epkano OoTBOAMT CBET OT 3adHen CTOPOHbl 3epKkana W COXpaHsieT 3Hepru cBeTa Ha
oTpaxaroLen CTopoHe 3epkana. Jltobown, KTo CTOUT nepes 3epkanom, yBUAUT ABE BUAUMbBIE NTAMMOYKMN.
O6e 3T Namnoykn (opurnHanbHasa namna M oTpaXkeHHoe mn3obpakeHue) byayT UMeTb O4MHAKOBYH
APKOCTb (ecnu 3epkano ngeansHo). CrnegoBaTtenbHO, 3epkano yaBOUT MHTEHCMBHOCTb SHEPTrUKU CBETA,
JocTturaroLen HabnopaTens.

ToT e cambii apdekT B Lienn NpoM3onAET, €CNn KOHeL, NpoBoda AeWCTBYeT Kak 3epkano. Ecnu B
npoBoAEe OTCYTCTBYIOT Kakme-nmbo KOMMOHEHTbI, W3-3a KOTOPbIX OH CTAaHOBWUTCA aKTUBHbIM
«UCTOYHMKOM M3My4eHusi» (KOTOPbI ABNAETCA NOBEAEHNEM NepeaatoLLnx aHTEHH N HEKOTOPLIX APYIMX
KOMMOHEHTOB), Takum obpas3om, OH 3PEEKTUBHO BbIAENSAET SHEPTUIO CO34AaBaEMyH HanpsXKeHnem B
aTmoccepy. Torga OCHOBHble MpaBwuna, KoTopble TpebylT coxpaHeHusa aHeprun, OyayT
npensiTcTBoBaTb TOMY, 4YTODObl 3Ta SHeEprMsi MPOCTO Mc4yes3ana W nepecrana cyuwectsoBatb. B
pesynbTaTe, Aaxe ecnn KOHeL MnpoBoda He npefHasHadeH gnsi Toro, 4tobbl OblTb MAeanbHbIM
oTpaxaTenem, 6onbluas YacTb BOMHbI HANPSKEHNA AENCTBUTENBbHO OTPa3nTCs OT KOH4YMKA NpoBoaa 1
NPonAEeT Yepes TOT e NPoBO4 BO BTOPOM 3axone.

UTtoObl agekBaTHO MOHATb TUM U BENUYMHY «OTPaXEHUS BOSIHbI», KOTOPOE MPOUCXOAUT Ha KOHYMKE
NPOBOJSIOKM, NOAYManTe YTO NPON3ONOET, €CN B KOMHATE CBETUT flamnoyka ¢ brecrswen rmsHueBon
Genon kpackom Ha BCEX CTeHax W MOToNkax; 3aTeM nogymanTte, Kak Obl 3TO BbIrnsgeno, ecnu Obl B
KOMHaTe Haxogwunacb oJHa M Ta e NaMnoyka CO BCEMM CTEHaMW U MOTOSIKaMW, OKpaLUEHHbIMU B
«MaTOBbI/ YEpHBbIA LBeT». ObLlee KONMMYEeCTBO CBETA, KOTOpPOE Obio Obl 4OCTYMHO OMs1 BbINOJTHEHUS
Takon 3agaun, Kak YyTeHue raseTbl, SBHO Obino 6bl HamHoro Gonblie B 6enoi KOMHaTe, MOTOMY YTO
CBeT oTpaxaeTcs oT 6enon kpacku, gaxe ecnv 6enas Kpacka faxe He HauMHaeT NpUBMKaTbCS K TUMNy
«KayecTBa OTPaXEHUS UM YUCTOTbI», KOTOPOE co3daeT 3epkano. PasHuua B TOM 4TO mpoucxoauT
KOrda WHTEHCMBHOCTb CBETa B KOMHATE, OKPALUEHHOW B YEPHLIN MAaToOBLIM LIBET, CPaBHMBAETCS C
KOMHaTON OKpalleHHOW B INsiHUEBbIA Genbii LUBET, HEe BO3HWKAET U3-3a Hannums UnNn OTCYTCTBUS
«KayecTBa WNU YETKOCTU OTPaXKeHWS»; BMECTO 3TOr0 OHO perynupyeTcs 3akOHaMu CoxXpaHeHus
3Heprmun. Korga cBeT nagaeT Ha NOBEPXHOCTb, OKPALUEHHYI0 B YEPHbIA MaTOBbIV LIBET, SHEPINsA CBETa
nornowjaeTcsa Kpackoh M oHa OykBanbHO HarpeBaeT kpacky. B otnuume ot atoro, rmsHueBas Genas
Kpacka He ByaeT nornowatb CBETOBYH 3HEPrUto, MO3TOMY OHa OTpaXkaeT cBeT obpaTHO AMs «BTOPOro
npoxoaa» Yepes Bo3ayX, KOTOPbIN 3anonHAeT KOMHaTY.

3-3a 3aKOHOB COXpaHEHUSI 3HEPrMM U BHE 3aBUCUMOCTM OT KaKOM-NMBO XapakTepUCTUKM «KayvecTBa
OTpaXeHusi» HaAKOHEeYHMKOB MPOBOAOB, AMeKTpUYeckas 3Heprus He MoXeT MPOCTO MCYE3HYTb, Koraa
OHa JOCTUrHET KOHua npoBoga. BmecTo 9TOro ectb TOMNbKO ABe BeLM, KOTOpble MOryT NPOM3ONTU C
3TOM 3HEepruen:

(I) ANIEKTPUYHECKaa IHEPINA MOXET NU3NTyHaTbCA B OKPYXaKLWYHK cpeay, Harnpumep narny4vartb UCKPbI, AYyrn
NI pagmnovacTtoTHble CUrHarbl, KOTOpPble 6yD,yT NEepPEeHOCUTb SHEPIUKD; UIN XKe

(i) ecnu 3Heprna He un3ny4daeTcss KOHYMKOM MNpPoOBOAA, TO MO MPOCTON HEeobXoOUMOCTU U U3-3a
OCHOBHOIO 3aKOHa COXPaHEHUS SHEPrnM OHa OOSPKHA OTpaxaTbCs 0OpaTHO B NPOBOJSIOKY M OHa OyaeT
BblHY>KeHa BO3BpaLlLlaTbCs Yepes3 NpoBO4 CHOBA.

Ecnv y NnpoBOMOKM ONMHHBLIN Y KOHUYECKUIA HaKOHEYHMK, OTPaXKEHHas BOJIHA MOXET CTaTb HECKOSbKO
paccesiHHOM 1 OHa MOXET MOTEPATb HEKOTOPYIO YacTb «YETKOCTU» BOMHbI. OQHAKO, NMOCKOMbLKY ASNHbI
BOJIH Ha MHTEPECYLUMX YacToTax 3[4eCb COCTaBMSIOT COTHU METPOB, TUM HaKOHEYHMKa CO3[4aHHOro
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0ObIYHBbIMK Kycaykamu, He OyaeT co3gaBaTbh Kakon-nubo 3HauuMTenbHou AMddy3nn B OTPaKEHHOW
BONMHe. M B OTNnYMe OT OKpaLUeHHbIX B 6enbiii LBET CTEH KOMHaTbl, HA KOHYMKE MPOBOSIOKM HE MMEETCS
fOonbllon nnowaan, Kotopas MOXeT co3fgaBaTb pasbpoc, pacnpocTpaHeHue wnun aunddysmo. B
pe3ynbTaTe HaKOHEYHMK npoBoda OyaeT OTHOCUTENbHO 3APEKTUBHBIM OTpaxaTenem 3epKarbHOro
TMNa, Korga NepeMeHHoe HarnpsKeHne «HakadmBaeTCs» Ha OAMH KOHeL nNpoBoaa.

BTopon dakTop ynOMAHYTbIA Bbllle, KOrda ynoMuvHanacb gpasa «ABOWHOW-OBONHON», OTHOCUTCH K
YOBOEHUIO YacToTbl cToAYen BonHbl. Korga B npoBOoAe CO3[aeTcs CTosvas BOSiHA MyTeM OTpaXeHus
NCryckaemomn BOMHblI MEPEMEHHOrO HarnpshkeHus, 4acToTa CTOsiden BOSHbl B OyKBarbHOM CMbiICne
BOBOE MpeBbLILIAET YaCcTOTy UCMYCKAaeMOK BOSTHbI.

OTO MOXHO yBUOETb BU3yarbHO, OTMETMB, YTO B U3Ny4aeMOM NepeMeHHOM HanpsXXeHUn, NokasaHHOM
Ha Fig.1A, ogHa nonHasi AnuHa BOJSTHbI COAEPXKUT KaK «MONOXUTESNbHBIN NMUKY», Tak N «OTpULaTENbHbIN
nuk». COOTBETCTBEHHO, TPV MOSHbIE CUMHYCOMAANbHblE BOSHbI, pa3feneHHble Ha TpU CermMeHTa
BoOGparkaeMbIMW BEPTUKAIbHBIMU IMHUAMU, NOKa3aHbl Ha Fig.1A.

HaobopoT, Kaxabln «ny3blpb», NokasdaHHbI Ha Fig.1C, nsobpaxaeT 3aKOHYEHHYIO U MOMHYK «OSTUHY
BOJHbI» B CTOsiYen BOmHe. LLlecTb 13 3TUX «My3blpbKOB» CTOSIYEN BOJSTHbI BMIUCLIBAKOTCH B OOUH U TOT Xe
OTPEe30K NpoBoAa, KOTOPbLIN yAepXuBaeT TONbKO 3 ANUHBLI BOSTHbI OT MCTOYHMKA NMUTaHUS.

OhdhekT «yaBOEHMS YaCTOTbl» CTOSYMX BOSH BaXKeH, MOTOMY YTO CUMCTEMbl NMEPEMEHHOIO TOKa MOryT
nepegaBaTb U BblAENATb 3HEPrMO TakMM 0Opas3oMm, KOTOpbIA YyBENWYMBAETCS C POCTOM 4acToTbl
NUCTOYHMKA NEPEMEHHOrO HanpsbkeHusa. B HEKOTOpOW CTeneHn 3TO aHanorM4yHo TOMy, YTOObl cKkasaTb,
4yTO, ecnv ABuraTenb MoXeT paboTaTb C YyABOEHHOW CKOPOCThLIO (MPU 3TOM reHepupys TOT XKe KPYTSLUiA
MOMEHT), TO paboyasi MOLLHOCTb 3TOro ABMraTensi MOXeT ObiTb B ABa pasa Bbile npu 6ornee BbICOKON
CKOPOCTWU. OTa aHanormsa He COBCEM TOYHA, TaK KakK BbIXOAHAsi MOLLHOCTb 3f1EKTPUYECKOro YCTPOMCTBA,
MCNONb3YOLWEro MOLHOCTb NEePEMEHHOro TOka, 3aBUCUT OT (PYHKUMIA «0bBnactu KpuBOW», KOTOpble
BO3HMKAKOT MpU CUHYcoMaanbHbIX BONHAX. TeM He MeHee, kak OBLMIA NPUHLMM, ecriv YyacToTa NUKOB
HaNpsKeHUs1 yBENMYMBaETCA, TO BbIXOAHAsi MOLLHOCTb Takke OydeT yBenMunmBaTbCA BO MHOMMX TUMax
KOMMOHEHTOB 3NEKTPUYECKUX Lienen.

Ha tpex naHensix Fig.1 anvHa nposoaa B Tpu pasa 6onblue ANWHbI BOMHbI HANPSXKEHUS OT UCTOYHUKA
nutanns. OgHako Ons cOo3daHus CTOSlMMX BOJNH AJSIMHA MpPOBOAA He [OOoIMKHa OblTb Kakon-nmbo
KOHKPETHOM KpaTHOW OfIMHE BOJSIHbI NepeMeHHoro HanpsbkeHus. Kak sugHo m3 Fig 1C, 6yayT co3gaHbl
«My3blpn» OOHOro 1 TOro e Tuna: (i) ecnu anvHa nposoda 6yaeT poBHO BABOE O0nbLUe ANWHBI BOSHbI;
unu (ii) ecnu gnvHa nposoAa paBHa AfMHE BOSHbI.

®
Wire length = single wavelength

o Fig. 2B Reflected waves
Al _::::\_. —
‘/{/'

Fig. 2A Emitted waves Fig. 2

s

Peak nodes

Fig. 2C Superimposed waves create
standing waves

Null nodes

CooTtBeTcTBeHHO, Ha Fig.2 (koTopas BkntovaeT B cebs Fig.2A, nokasbiBaloLLy0 U3NYyYEHHYIO BOSHY,

Fig.2B, nokasbiBaloLlyo OTpaKeHHYt BONHY M Fig.2C, nokasbiBaloLWy0 HaNOXEHHbIE «My3bIPbKNy),

nokasaHo, 4YTO MPOMCXOAUT B CErMeHTe NpoBoaa, AfMHA KOTOPOro paBHa €AVHCTBEHHOW ASIMHE BOSHbI

OT HanpsXeHusi NepeMeHHOro Toka Ha YMKCUMpoBaHHOW YacToTe. byaet cchopmmpoBaHa pe3oHaHcHas

cTos4asi BOfHa € YacTOTOW, BABOE NPEBbILAIOLLEN YaCTOTY BXOAHOIMO NEPeMEHHOro HanpsKeHus. 1ot
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Xe pesynbTtat 6yaeT NPUMEHSATLCS B NPoBoAE, ANMHA KOTOPOro paBHa (Lenomy) kpaTHoMy (Hanpumep,
1X, 2x, 3Xx M T. O.) ANUHe BOMHblI NpoTankuBaemMoro (MnuM NPUHYAUTENBHOrO, YNpaBnsemMoro,
Haka4yMBaeMmoro v T. A.) HanpsiKeHnsi NepeMeHHOro Toka .) B CEerMeHT npoBopa.

@‘ %mined waves Fig. 3

Wire Length =%~ Wavelength

@- Fig. 3B Reflected waves

Peak node

-—

@% Fig. 3C Superimposed standing waves

Null nodes

Mepexogsa k ewé Gonee KOPOTKMM NPOBOAAM, TOT K& MPUHLUMN MPUMEHMM K K nobomy npoBoay C
OIVHOW, paBHOM NOMNOBMHE ANMHbLI BOMHbI NEepeMeHHOro HanpsXkeHund. Kak nokasaHo Ha Fig.3 (koTopas
BkntovaeT B ceba Fig.3A, nokasbiBatoLLyto M3nyvaemyto BorHy, Fig.3B, nokasbiBatoLLyo OTpaXkeHHYH
BonHY M Fig.3C, nokasbiBalOLy0 HaNOXEHHbIE «My3blpbKW»), €CnvM AfiMHa MpoBO4a COCTaBmsieT
MOSMIOBUHY AfIMHbI BOMHbI, TO MNO-NpexHemy 6yaetT dopmMupoBaTbCA €CTeCTBEHHAst M HaTyparnbHas
pe3oHaHCHas CcTosldas BOSfIHA C 4YacTOTOM, KOTOpasi B [Ba pasa MpeBblllaeT 4acToTy BXOAHOrO
NnepeMeHHOro HanpsXXeHus:.

é Figigwined waves Fig. 4

Smallest wire length that can create
stable and natural standing waves
is ¥4 wavelength

t Fig. 4B Reflected waves

<—

— Peak node

Fig. 4C Superimposed standing waves

j Null node

HakoHeu, nepexogs k ewé 6Gonee KOPOTKOMY MpoOBOAY, TOT K& MPUHUUN MPUMEHUM K K nobomy
npoBoAdy, ANvHa KOTOPOro paBHa OAHOW YeTBEPTU AMVHbI BOSMHbI MEPEMEHHOro HanpskKeHusl, Kak
nokasaHo Ha Fig.4A, Fig.4B n Fig.4C, naxe ecnv OH He NpOTArMBaeTcs NOnepék Mnmn He NokpbiBaeT
MOMHBLIN «MNy3blpb», CTOAYEN BOSHbI, NokasaHHoW Ha Fig.4C, Tem He MeHee ABNsieTCA CTabMIbHOW,
€CTEeCTBEHHOW M PE30HAHCHON «CTOSIYEN BOSIHOWMY», YacToTa KOTOPOW B [Ba pasa npeBblllaeT 4YacToTy
BXOAHOro NEPEMEHHOr0 HanpsKEHUSI.

MoxHO co3aaTb YaCTUYHO CTabunbHbIE U NOMYPE30HAHCHbIE OTKIWKW, UCNOMb3ys OAHY BOCbMYHO, OOHY
lwecTHaguaTylo unu Gonee KOPOTKYK ANMHY MNPOBOAA, WUCMONb3ys OOMOSMHUTENbHbIE YCTPOWCTBA,
KOTOpble MOTYT OTKMNOYaTb SMNEKTPOIHEPIUIO OT CUCTEMbI UMK KOTOPbIE MOTYT reHepupoBaTb 3pdeKThl,
KOTOpble OObIYHO Ha3bIBalOT «rapMoHUKamu ». OOQHaKo 3TO He Te TUMbl ECTECTBEHHbIX U YCTOWYMBBIX
OTKINWKOB, KOTOPble MOryT 6bITb CO34aHbl MPOCTON 6Ga30BON CUCTEMOW, cocTosLwen u3 He 6onee yem: (i)
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NMPOBOMOKM (OUKCUPOBAHHOW ANUHbI U «OTpaxaroLllero» HakoHeyHuka; u (i) UCTOYHMKA nuTaHuA
NepeMeHHOro Toka C 4acTOTOM, KOTOPYH MOXHO «HacTpamBaTb» A0 TeX Mop, Moka OoHa He co3aact
pPEe30HaHCHbLIN OTKMNUK B NMt06OM CErMeHTe NpoBoAa, UMEKLLETO NOAXOASALLYI0 ANNHY.

CnepoBaTenbHo, NOCKOJIbKY AJfIMHbl  4eTBEepPTb-BOJIHOBbLIX MNpPOBOAOB ABMAKTCA HaAUWMEHbLUNMU
AnnMHaMun, KoOTopble MOTryT CO34aBaTb €CTECTBEHHbIE U yCTOVI‘-II/IBbIG cToA4YMne BOJIHbI, O6LLI,eﬂpVIH$|TbIl7I
TEPMUH, KOTOprI7I 00bl4HO ncnonb3yeTca And onncaHnAa Toro 4To NpoucxoguT Korga nposon co3gaet
pe3OHaHCHbIIZ OTKIUK CTOSIYEN BOSHbI, ABNSETCA «4eTBepTb-BOJIHOBbIM» OTBETOM.

B HekoTOpbIX YCTPOWCTBaX TENEeCKONMUYECKMEe KOMMOHEHTHbI (MM Apyrue 3SfeMeHTbl, KOTopble MOryT
N3MEHATb 3PMEKTUBHYIO ANUHY 3SNeMeHTa MNPOBOSIOYHOrO Tuna) MOryT WCMNoMb3oBaTbCa ANS
N3MEHeHMs CNOCOBHOCTM 3anemMeHTa pearMpoBaTb Ha (PUKCUPOBAHHYH ANWHY BOMHbL. MHorme Tunbl
aHTeHH WCMNonb3ylT 3TOT MoAxod, ecnu um Heobxoammo obpabaTtbiBaTb CUrHanbl, KOTOpble
nepenarTcss Ha (OUKCMPOBAHHBIX U M3BECTHbIX YacTtotax. OgHako 3TW MpUMMeEpbl HEe OTHOCATCHA K
peakTopam CO CnupanbHOWN KaTyLLKOW, B KOTOPbIX OyAeT NCNonb30BaTbCA NOAXOA, KOTOPbLIV BKMOYaeT B
cebsi HaCTPOWKY M perynMpoBKY YacTOTbl HanNpPsHKeHUs, NOAaBaeMoro B peaktop, 40 TeX nop, Nnoka He
OyneT obHapy»XeH Pe30HaHCHbIM OTKMMK B KaTyLKax ¢ (OUKCMPOBAHHOW U HEM3MEHHOWN ATMHOWN.

CneayeT Takke OTMETWUTb, YTO ONpederieHHble TUMbl «HacTpauBaloWMX» 3NeMEHTOB (Hanpumep,
KOHAEHCaTopbl, KOTOpPble MOTYT UMEeTb (OUKCUPOBAHHbIE UMK perynupyemble YPOBHU EMKOCTM) Takke
MOryT ObITb 3MEKTPUYECKUN CBSI3aHbl C MPOBOAOM TakuM 0Opa3oM, KOTOPbIN «3MynupyeT» gobaBneHne
Gonbluel AnvMHbI K 3TOMY MNPOBOAY. ATOT MNOAXOA MOXET WCMOoNb30BaTbCA ANS U3MEHeHUs (Unu
yBENMYEHNs Anana3oHa) 4acToT, Ha KOTOpble Pe30HAHCHO pearMpyeT NpoBoAHas Lienb.

WNTak, ecnu y Hac eCcTb pe3oHaHCHbIE HanpsXXeHus CTosiYen BOMHbI B HawWen kaTywke L2 n 4actb aToro
CUrHana npoxoauT Yepes NpoBOA COEAUHSIIOLLMIA OAMH KOHEL, KaTyLUIKU C 3eMIel, TO YTO Npom3onaeT?
JNyywmin cnocob npoBepuTb, Tak 3TO NOCMOTPETL Kak OyaeT BeCcTu cebs NpoToTMN, OAHAKO €Cnu s Mory
BblCKa3aTb CBOE MHEHUE, TO A Obl NPEeANONOXUIT YTO CUrHaN NPOXOAALLMIA NO 3a3eMNAoLLEMY NPOBOAY
OyaeT NornoLwéH, Korga OH OOCTUrHET 3eMiv M 3TO MPedoTBPaTUT OTpaXKeHMe curHana obpaTHo K
KaTywke L2, 4Tobbl paccTpouTb eé paboTy.

TpeTnit npoekT [JoHa, KOTOPbIN Mbl MOXEM pPaccMOTPeTb, OCOOEHHO NpMBEKaTeneH, NOCKOMbKY NOYTH
He TpebyeTca AOMAaLUHEro CTPOUTENbCTBA, BCE KOMIMOHEHTbI AOCTYMHbI Ha PblHKE, a BbIXOAHAas
MOLLHOCTb agjanTupyeTcsa K NOOMy YPOBHIO, KOTOPbIA Bbl 3axoTute. [oHy OoCOBEHHO HpaBUTCA 3Ta
cxema, notoMy 4to oHa gemoHctpupyeT KMO> 1 Tak akkypaTHO U OH OTMeYaeT, YTO LeHTparnbHbIN
nepegaTymk KaTywkmn Tecna cam no cebe goctaTtoveH Ansd NMTaHusl AOMaLUHEro X03sncTea.

Katywka B UeHTpe nnaTbl npeacTtasBnsetr cobon nepefaTyMk SHEpPruu, M3roTOBMEHHBIN M3 KaTyLUKu
Tecna, u3rotoBneHHoM n3 OByX rotoBbix kaTtywek Barker & Williamson. Ewe Tpyu 13 BHYTpeHHen
KaTyLLKNW TakkKe MWCNONb3ylTCA B KayecTBe MNPUEMHUKOB 3Heprun. BHewHss kaTywka 6onbluero
AvamMeTpa Haxo4MTCsa B HECKONbKUX 0BopoTax OT OAHOW M3 UX CTaHAAPTHLIX KaTyLllek U opraHn3oBaHa
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Taknum obpasom, YTO ANMHa NPOBOAA KaTYLLUKM COCTaBMSET OA4HY YeTBEePTb ANMHbLI NPOBOAA BHYTPEHHEN
KaTywwkuy («L2»).

Kak n npexge, KOMMepYeckuin Moaynb ApanBepa HEOHOBOW TpyOkM mcnonb3yeTcsa ANns nuTaHus
BHELLUHEN KaTywku "L1" C BbICOKMM HanpsikeHMeM M BbICOKOM 4acToTon. CrnegyeTr noHuMMartb, YTO
MOCKOJTbKY MOLLHOCTb NOTPEeBnseTcsl n3 NoKanbHOW cpefbl BCSKUIN pas, Korga MOLLHOCTb nepenarLlen
KaTywkn nepefatymka «L1» UMKIMYECKM U3MeHseTcs, TO OOCTYnHas MOLLHOCTb HaMHOMO Bblle Ha
Oonee BbICOKMX YacToTax. MowHocTb Ha YactoTe ceTn meHee 100 My, HAMHOro, MHOro MeHbLLE, YeMm
MOLLHOCTb, gocTtynHada Ha 35 000 Iy, nosaToMy ecnu nepeg Bamu CTOUT MOKynka Moayns gpaneepa
HeoHoBoW Tpybku 25 klMu mnn moayns 35 klu, Torga moaynb 35 kly, MOXET AaTb HAMHOMO MyuLlyio
BbIXOOHYH MOLLHOCTb Ha KaX4oM YPOBHE HanpsiKeHus!.

KopoTkaa HapyxHas kaTywka "L1" yaepxvBaeTca B MOAHATOM MOMOXEHUM cekunen ©Genon
nnacTukoBon Tpybbl, 4TOObI MNpPaBUNBHO pPacnonOXWUTb €€ OTHOCUTENbHO BTOPUYHOM KaTyLUKU
MeHbLUlero anameTpa "L2".
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BTOpuyYHbIEe KaTyLKN KOHCTPYMPYIOTCS C Ucnonb3oBaHMeM obbl4HOro metoga bapkepa n YunbsmcoHa
(Barker & Williamson's), B KOTOPOM MCNOMb3YHOTCS LWENEBbIE MOSIOChl A8 YAEpKaHUA BUTKOB MEOHON
NY>XEHOW NPOBOSIOKN Ha MecCTe.

MockonbKy B W3roTOBMEHHbIX KaTyllKax WMMEKTCS O4YeHb Hebonbluve pasnuuus, Kaxkaas U3 Hux
HacTpoeHa Ha TOYHY YacToTy nepeaartyvka, a MUHUATIOPHLIA HEOH MCNonb3yeTcs, YToObl NokasaTb,
Kora HacTpolika Oblna ycTaHoBMeHa NpaBusibHO.

KntouyeBon 0COBEHHOCTBIO 3TOr0 YCTPOWCTBA SIBNSETCA TOT haKT, YTO NMoboe KONMMYeCcTBO NMPUEMHbIX
KaTywek MoXeT ObITb pasMelleHO psaoM C nepedaTyMkoM, M Kakdasl M3 HUX MONyYMT MOJSTHBIN
SNEKTPUYECKMIA TOK U3 NOKanbHOW cpenbl, 63 N3MEeHEeHUs MOLLHOCTM HeobGxoaumon Ansa npueona
nepefatymka KaTywkn Tecna - Bcé Gonblie u Gonblue BbIXOOHOW curHan 6e3 yBenmyeHust BXOOHOM
MOLLIHOCTU - HeorpaHuyeHHble 3HadveHus KI1[, Bce u3 KoTopbix npesBbiwatoT 1. [JononHuTenbHas
MOLLHOCTb MNOCTYNaeT W3 JloKarlbHOM Cpenpbl, roe WUMeeTCcd MOYTU HEeorpaHU4YeHHOE KOIMYECTBO
N3ObLITOYHOM 3QHEPrMM W 3TOT MPUTOK BbI3bIBAETCA ObICTPO BUOPUPYIOLWLMM  MarHUTHBIM MOSEM,
co3faBaeMbIM LeHTpanbHOMW KaTywkon Tecna. XOTa AOMOMHUTENbHbIE KaTYLIKW KaXyTCs NPOCTO
pa3bpocaHbiMM MO  OCHOBHOW nnate, 3T0 BOBCe He Tak. Bwumgeo Ha  YouTube
http://www.youtube.com/watch?v=TiNEHZRm4z4 &feature=related OEMOHCTpUpYET, 41O Ha
NOrnoLleHNe aTUX KaTyLeK B 3HAYUTENbHOW CTENEHU BRUSIET PacCTOSHUE OT U3NyYaroLwero MarHuTHOro
nonsi. 3To CBA3aHO C AJIMHOW BOJHbI CUrHana, ynpaensooLero kaTywkon Tecna, NnoSTOMy MOKa3aHHble
BblLLE KaTYLUKN PacrnofioXXeHbl TOYHO Ha OAMHAKOBOM PAcCTOAHUM OT KaTyLwku Tecna. Y Bac BCE paBHO
MOXET ObITb CTOMbKO KaTyLleK, CKOSIbKO Bbl XOTUTE, HO OHW OyAyT YCTAHOBMEHbI B KOMbLiAX BOKPYr
KaTywkn Tecna v KaTylKn B KaOoM Konbue OyayT HaxoguTbCA Ha OAMHAKOBOM PACCTOSHUM OT
KaTywku Tecnbl B LEHTpE.

Kaxgasa n3 npuémHbix KaTyllek OernCTBYyeT TOYHO TaK Xe, Kak BTOpuU4Hasa kaTywka "L2" nepepartymnka
KaTywkn Tecna, Kaxgasi U3 KOTOpbIX MorlydyaeT OAMHAKOBbIN ypoBeHb MowHOCTU. Kak n B cny4vae ¢
peanbHON KaTywwKon «L2», ona Kaxgon ua HMx notpedyeTca cxema BbIXOAHOW LEenu, Kak onncaHo Ans
npeablayliero ycrtponctsa. [lpeanonoXuTenbHO, BbIXOAbl KaTywKA MOryT ObITb  NOAKMOYEHbI
napannenbHO ANns yBeNUYeHUs BbIXOAHOM CUIbl TOKA, TaK KaKk OHW BCe PE30HUPYIOT Ha OAHOW YacToTe
n B dpase apyr ¢ gpyrom. Kaxgbi 6ygeT nmetb CBOWO COOBCTBEHHYK OTAENbHYI0 BbIXOAHYHO Lenb C
NMOHWXaILWNM U30NUPYIOLUM TpaHCHOPMATOPOM U PeryrimpoBKOM 4acToTbl, Kak W paHbwe. Ecnu
Kakon-nnbo BbIXO4 OOMKEH ObiTb BbINPAMIEHHbIM BbIXOAOM MOCTOSIHHOMO TOKa, TO perynupoBka
4acToTbl He TpebyeTcs, TONbKO BbINPAMUTENbHbIE NOAbI U CIIIAXUBAKOLWMWIN KOHAEHCATop, cnegyoLwime
3a NOHWXaLWMM TpaHCOPMaToOpPOM, KOTOPbIN JOSMKEH ObITb BO3AYLIHbLIM UM (hePPUTOBLIM TUMOM U3-
3a BbICOKOM 4acToTbl. BbICOKOBOMbTHbIE KOHAEHCATOPbl CTOAT O4YeHb pgoporo. Ha Beb-cante
http://www.richieburnett.co.uk/parts.html nokasaHbl pasnunyHble CNOCOGblI M3rOTOBNEHUS COBCTBEHHbLIX
BbICOKOBOSbTHbIX KOHOEHCATOPOB, a TakkKe NpenMyLLecTBa U HeJoCTaTKM Kaxgoro tvna.
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EcTb OBa npakTMyeckmx MOMEHTa, KOTopble HeoOXOAMMO YMnoMsiHyTb. Bo-nepBbiX, MNOCKOMNbKY
ycTporctBa [oH CMnTa NokasaHHble Bbille, No4at0T pagnodacToTHbIE CUTHAIbl HA KaTyLLKW, KOTopble
nepedaloT STU  CUrHambl, MOXET noTpeboBaTbCA 3aKMYUTb YCTPOWCTBO B  3a3€MIIEHHLIN
MEeTanmn4ecknii KOHTENHep, YTOOLlI He NepedaBaTb HE3aKOHHblE pagmocurHansl. Bo-BTOpbIX, Tak Kak
MOXET ObITb CIMTOXXHO MOSTYYUTb BbICOKOBOSIbTHbLIE CUINBbHOTOYHbIE OMOAbI, OHU MOTYT BbITb M3rOTOBIEHDI
N3 Heckonbkux 6onee cnabbix gnodoB. YUToOblI yBENMUNTL HOMUHAMNBHOE HaNpshKeHwe, anogbl MoryT
OblTb CcoeauHeHbl B Uenb. [loaxopawme guodbl OOCTYNHbI B KayecTBe feTanen Ans pemMoHTa
MUKPOBOSNHOBLIX neyven. OBblMHO OHM MmelT HoMuHan okono 4000 BonbT M MOryT BblAEpXMBaTb
XOPOLLUMA ypoBeEHb ToKa. [lockonbKy B guogax OyayT He3HaunTenbHble NPOU3BOACTBEHHbIE pa3nuuns,
XOpOoLLEN NPaKTUKON ABASETCA NOAKIHYEHNE pe3ncTopa BbICOKOro 3HavyeHus (B gnanasoHe ot 1 go 10
MOM) uepe3 kaxgbli [uon, MOCKONMbKy 3TO obecnedvMBaeT NPUMEPHO OOUHAKOBOE MadeHue
HanNpPsHKeHUs Ha KaXxgom M3 ANOAOB:

el vl el vl vl

Ecnu HoOMMHanbHas MOLLHOCTb 3TMX AmogoB coctaBnsana 4 A npu 4000 BonbT, TO uenoyka u3 natm
MoxeT BblaepxueaTtb 4 A npu 20000 BonbT. Tekywass MOWHOCTb MOXET OblTb yBENU4YeHa MyTEM
napannenbHOro noakmyYeHna AByx wunu Gonee uenen. BoOMbLWMHCTBO KOHCTPYKTOPOB OMyCKakT
pe3ncTopbl U OGHaAPYXXMBAIOT, YTO OHU, KAXKETCS NOMy4vatoT YyO0BNETBOPUTENBHbIE XapaKTEPUCTUKMN.

ConpoTuBneHne KaTylKn 3aBUCUT OT €€ pa3mepa, popMbl, cnocoba HaMOTKW, KONMYeCcTBa BUTKOB U
MaTepuana cepaeyHuka. ATO Takke 3aBUCUT OT YaCTOTbl MEPEMEHHONO HaNPsSXKeHUs, NO4aBaeMoro Ha
Hero. Ecnu ceppedHnk COCTOMT M3 XKenesa WM cTanu, oOblMHO TOHKMX CIOEB >Kenesa, KoTopble
N30MnMpoBaHbl ApYyr OT Apyra, TO OH MOXeT paboTaTb TONMbKO C HWU3KUMM 4YacToTamu. Bbl moxete
3abbiTb 0 nonbiTke nponyctnte 10000 umknoB B cekyHAy (L) Yepes KaTyLUKy, MOCKONbKY CepAeyvHUK
NMPOCTO HE MOXET M3MEHUTb CBOM MarHUTHbIE MNOMOCa OOCTATOYHO BbICTPO, YTOOLI CNPaBUTLCHA C 3TON
YacTOTOW. AQpo 3TOro TMNa NOAXoauT ANs o4eHb HU3KMX YactoT 50 'y nnu 60 My, ncnonb3yemblx Ans
nUTaHUa OT CeTW, KOTopble MOAAEPXKMBAIOTCA HA TakOM HU3KOM YpPOBHe, 4TOObl ero Mmornu
ncnonb3oBaTth AnekTpogsuraTenu.

[nsa 6onee BbICOKMX 4acTOT heppUT MOXET MCMONb30BaTbCA ANA CEpAEYHUKa M NOITOMY HEKOTopble
nopTaTMBHbIE PaAMOCTaHLMKM MCMOMb3yloT (heppuToBbLIE CTEPXHW, KOTOpble NpeacTaBnsalT cobon
CTepXXeHb M3 deppuTa C HAMOTAHHOW Ha Hero kaTywkon. [nsi 6onee BbICOKMX 4yacToT (Mnun Gonee
BbICOKOW 3(p(PEKTMBHOCTM) NCMONb3YETCS XKee3Hasi Nbifb, MHKaNCYNMpOBaHHasi B 3NMOKCUAHOW CMOIE.
AnbTepHaTMBa COCTOUT B TOM, 4TOBbl HE UCNONb30BaTh KakoM-NMbo maTepuan cepaeyHuka, KoTopbIn
00bIYHO Ha3blBalOT KaTyLKOM C BO3QYLWHbIM cepaeyHnkoM. OHM He OorpaHu4YeHbl Mo 4acTtoTe
CEpPAEYHMKOM, HO MMEKT OYEeHb HU3KYI WHOYKTUMBHOCTb ANns NobOro 3agaHHOro 4ucria BUTKOB.
O heKTMBHOCTL KaTyLkn HasbiBaeTcs «Q» («KayecTBo») M 4yem Bbilwe KOIPPULMEHT JOOPOTHOCTH,
Tem nyywe. ConpoTMBneHne nposoaa NoHmkaeT AobpoTHocTb nnn Q factor.

KaTtywka vmMeeT WHAOYKTUBHOCTb, COMPOTMBIEHME, Bbi3BaHHOE MPOBOAOM M EMKOCTb, BbI3BaHHYIO
BUTKaMM HaxogsaWMMUCA PSAOM APYr C APYroM. Tem He MeHee, roBOPS YTO MHOYKTUBHOCTb OObIYHO
HamMHoro Gonblue ABYX APYrMX KOMMOHEHTOB, YTO Mbl CKMOHHbI UTHOPMPOBAaTL ABa APYrMX KOMMOHEHTA.
Koe-4To, 4To MOXeET ObITb HEOUYEBUAHO Cpa3sy, 3aKM4YaeTcsl B TOM, YTO NMOSTHOE COMPOTMBIIEHNE NOTOKY
NepeMeHHOro Toka, MpoTeKaloLeMy 4Yepe3 KaTyLlKy, 3aBUCUT OT TOrO HACKOSIbKO ObICTPO MeHsieTcs
HanpsbkeHne. Ecnun HanpshxeHWe NepeMeHHOro Toka, NofaBaemMoe Ha KaTyluKy 3aBepluaeT OAMH LMK
Kaxxable OecATb CeKyHA, Torga MMMeaHc Mnu ConpoTMBIEHME GyAeT HAMHOro Hwke, YeM ecnu Obl
HanpsikeHne NoBTOPSINIOCH MUMSIMOH pa3 B CEKYHAY.

Ecnn 6bl Bam npuwnocb yragpiBaTb, Bbl Obl mogymanu, 4TO cOMpoTuBReHue OyaeT MOCTOSHHO
YBENMYMBATbCA C YBESIMYEHMEM 4YacTOTbl NMEPEMEHHOro Toka. [pyrMmu crioBamu, fIMHENHbIA rpaduk
TMNa W3MeHeHusa. OTO He OTHocuTCa K geny. bnarogapsa gyHKUMW, Ha3biBAEMOW pPEe30HAHCOM,
CyllecTBYyeT OfHa KOHKpeTHas 4acToTa, Ha KOTOPOM COMPOTUBMEHWE KaTyLKW 3HAYUTENBHO
yBENUUMBaETCA. ATO MCMOSb3yeTcs B MeToge HacTpoviku and AM paguonpuemHukoB. B camble
nepeble OHW, KOrda 3reKTPOHHblE KOMMOHEHTbl Oblfo TPYAHO HaWTW, NepeMeHHble KaTyLlKu WHoraa
ncnonb3oBanucb Ans Hactponkn. CerogHs y Hac BCE elé eCTb NepemMeHHble KaTyLuku, obbl4HO Ans
06paboTkn GONbLUMX TOKOB, @ HE PagUOCUIHANoOB M Mbl HasblBaeM MX «peocTaTamuy, a HeKoTopble
BbIFNA4AT BOT TakK:
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OHM uMeloT KaTyLKy M3 NpoBoda HaMOTaHHOrO BOKPYr chopmepa M Mon3yHOK MOXHO TofikaTb BOOMb
Cnunubl, COeAMHALWMIA NON3YHOK C PasfUYHbIMU BUTKaMW B KaTyLuKe, B 3aBUCUMOCTU OT €€ Mno3vuuun
BOOJSb OMOPHOW NaHenn. 3aTemM BbINONHATCSA KNEMMHbIE COEOUHEHUS C NOSMI3YHKOM U OAHUM KOHLIOM
KaTywku. MonoxeHne nonayHka adpekTMBHO U3MEHSET YNCIO BUTKOB NPOBOAA B TOW YaCTW KaTyLLKW,
KOoTOopasa ucnonb3yetca B Uenn. N3MeHAs Konu4ecTBO BUTKOB B KaTyLUKe, U3MEHSETCA pe3oHaHCHas
yacTtoTa 3TOM KaTywku. [lepemMeHHOMY TOKy O4YeHb TPYAHO MPOWTU 4Yepe3 KaTywKy C Takom e
pPe30HaHCHOW 4YacTOTOW, YTO M YacToTa NepeMeHHOro Toka. M3-3a 3Toro ero MoXHoO Mcnosb3oBaTb B
KayecTBe TIOHepa pagvocurHana:

Aerial .
Germanium
diode

Ecnu pe3oHaHcHasa YyacToTa KaTyLWwKU U3MEHSIETCS B COOTBETCTBUM C YaCTOTON MECTHOW paamMocTaHLmm
MYyTEM CKONBbXEHUS! KOHTaKTa BAOMb KaTYLUKWU, TO 9TOW KOHKPETHOM YacToTe curHana nepemMeHHoro Toka
OT paguonepegaTymka GygeT NpakTUYeckM HEBO3MOXHO NMPONTM Yepes KaTyLiKy U Tak (U TONbKO Tak)
OTKIIOHSIETCA Yepe3 AMoA M HAyLIHWKKW, Korga OH TeyeT OT aHTEeHHOro MpoBoAa K 3a3emMnsioemy
npoBody WM paauMoCTaHUMs CrblliHa B HayliHUKax. Ecnv no aHTeHHOMy npoBoAy nocTtynawT apyrue
paguocurHarnbl, TO MOCKOSMbKY OHW HE HaxoAsTCsl Ha Pe30HAHCHOW YacToTe KaTyLKW, OHM cBOBOAHO
NPOXOAAT Yepes KaTyLUKy U He NPOXOASAT Yepes HayLUHWUKN.

OTa cuctema Bckope Bbina U3MeHeHa, korga crtanu AOCTYMNHbI NEPEMEHHbIE KOHAEHCaTOPbl, MOCKOSbKY
OHM [JelleBrie B W3roTOBreHMM U 6Gornee KOMMNakTHbl. Takum o6pa3oMm, BMecCTO TOro, 4Tobbl
MCMoNb30BaTb MEPEMEHHYH KaTyllKy Afsi HacTpOWKM paguocurHana, nepeMeHHbI KOHAeHcaTop
NOAKIMIOYEHHbIV K HaCcTpanBaloLWEN KaTyLKe, caenan Ty e paboTy:

Aerial .
Germanium
diode

Coil

B TO Bpemsi kak Ha npuBedEHHON Bbille cxeme 0603Ha4YeHO «HacTpoeuyHbli KoHOeHcaTop», 3TO Ha
camMoMm fene BBoauT B 3abnyxaeHve. [a, Bbl HacTpanBaeTe paauvonpUEMHUK Perynmpyst HacTpPOMKy
NepeMeHHOro KoHAeHcaTopa, 3TOT KOHAEHCATop Ha camMoM Aefie U3MEHSIET PEe30HAHCHYK 4acToTy
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KOMOMHaLMM KaTyLlKa /KOHOEHCATOP U UMEHHO pe30HaHCHas YacToTa 3TOW KOMOUHALUMK BbINOMHSET Ty
Xe camyio paboTy KOTOpPYO NepeMeHHas KaTyLlka caenana obl cama.

OTO npuBnekaeT BHMMaHWE K OBYM O4Y€Hb BaXHbIM (hakTam, Kacalwwumcsi KoMOuHauum kaTywka /
KoHOeHcaTop. Korga koHaeHcaTop pasMeLleH nonepék KaTyLlKu «napannernbHo», Kak nokasaHo B 3TON
cxeme paguornpuemMHuka, Torga KombuHaums uMmeeT OYeHb BbICOKUI MMnegaHc (ConpoTMBEHNE MOTOKY
nepemMeHHOro Toka) Ha pe3oHaHCHOW YacToTe. HO ecnu KoHAEeHcaTop NOMeLLEH «nocrneaoBaTensHO» C
KaTyLLKOW, TO HAa pe30HaAHCHOW YacToTe KOMOMHAaLUMN NPakTUYEeCKN HyrieBOe COMpOTUBMEHME:!

—| a I— Very HIGH resistance _0.0.0.0.0_"_ Very LOW resistance
at resonance at resonance

B KOHUE KOHLIOB, 3TO MOXeT Noka3aTbCs YEM-TO, O YEM NpaKTU4YHble Noan He ByayT Aymatb, KOro aTo
BONHyeT? OAHaKo 3TO OENCTBUTENbHO OYEHb MPaKTU4YHbIN MOMEHT. MomHuTe, yto [JoH CMUT YacTto
ucrnonb3yet 6onee paHHIOK BEpCcUo rOTOBOrO MOAYNS ApariBepa HEeOHOBOW Tpybku B KayecTBe
npoctoro crnocoba obecnevyeHns BbICOKOBOSTbTHOIO BbICOKOYACTOTHOIO MCTOYHUKA NEPEMEHHOro TOKa,
06b14HO 6000 B npu yactoTe B 30 000 Ny. 3aTem OH NogaeT 3Ty MOLLHOCTb B KaTyLKy Tecna, kotopasi
cama no cebe sBnseTcs ycunutenem MoLHocTU. PacctaHoBka BOT Takas:

L1 L1
Neon-tube = Neon-tube -T.ql + CJ' =
driver = OR driver ¥ T =
Spark
J_ ek T J_ gap ¥

Nioan, KoTopble NbITAlTCA NOBTOPUTL 3aMbliciibl [JoHa, 06bIYHO rOBOPAT: «A nony4yatr GonbLune UCKPbI
B MCKPOBOM MPOMEXYTKE, Noka He noaknody kaTywwky L1 1 Torga nckpbl He npekpaijatotcs. 9T1a cxema
HMKorga He MoxeT paboTaTb, MOTOMY YTO COMPOTUBIIEHME KATYLLKN CIIULIKOM HU3KOE ».

Ecnu pesoHaHcHasa yactoTa kaTywkn L1 He coBnagaeT ¢ 4acToTon, cOo3gaBaeMon CXxemMon gpareepa
HEOHOBOM TPYOKM, TO HMU3KMKW wuMNegaHC kKaTywkm L1 Ha aTom 4actote, ©e3yCrnoBHO, CHU3UT
HanpshkeHne gpanBepa HEOHOBOW TPYOKM OO OYEHb HM3KOro 3HayveHust. Ho ecnu kaTtywka L1 umeet Ty
K€ pPEe30HaHCHYH 4acToTy, YTO U cxema BO3byxaeHusa, To kaTywka L1 (mnn komOuHaumsa kaTywkm /
KoHaeHcatopa L1, nokasaHHas cnpaBa) OydeT MMeTb O4YeHb BbLICOKOE COMPOTUBIIEHNE TOKY,
npoTtekaroLwemMy vyepes3 Heé n oHa OyaeT xopowo paboTtaTb CO cxemow AparviBepa. Takmm obpasom,
OTCYTCTBME WUCKP O3HA4YaEeT, YTO HACTPOMKA KaTYLUKM BbIKITHOYEHA. DTO TO XXE camoe, YTO HacCTpowvka
paguonpuemMHmKa, ecrnim OH HeNpPaBUIbHO HACTPOEH TO Bbl HE YCMbIWMTE PaaMOCTaHLMIO.

OTO OYEeHb XOPOLWO MPOAEMOHCTPUPOBAHO MPU MCMOMNb30BAHUU MPOCTLIX JTAMMOYEK HaKanMBaHUS U
OBYX KaTywek B Bugeo Ha YouTube, nokasbiBalLWMX XOPOLIMIA BbIXOA MNpaKTMyYecku ©6e3 BXoOHOW
MoLlHocTK:  http://www.youtube.com/watch?v=kQdcwDCBoONY 1 XxoTs nokasaHa TONbKkO oOfHa
pe3oHaHCHas u3MepuTenbHasg KaTyllka, CyllecTByeT BO3MOXHOCTb MCMOMb30BaHUA MHOXeCcTBa
PE30HAHCHbIX U3MEPUTENBHBIX KaTYLLEK TONTbKO C OAHMM NepeaaTymMKoM.

C kaTywkol (npuyyanvBoe HasBaHue «MHAYKTOp» U cumBon «L») paboTa nepeMeHHOro Toka CUIbHO
oTnm4yaeTcs OT paboTbl MOCTOSIHHOTO Toka. KaTylwka vMMeeT conpoTMBREHWE MOCTOSIHHOMY TOKY,
KOTOpPOE MOXHO U3MEPUTL B AManasoHe OMOB MyNbTUMETPA, HO 3TO COMPOTMBNEHNE He NMPUMEHSIETCS,
KOr4a WCMosib3yeTcsl MNEepeMEHHbI TOK, TakK Kak MOTOK MEepeMEeHHOro Toka He onpefensiercs
COMPOTMBEHMEM MOCTOSIHHOrO TOKa KaTylku. M3-3a 3Toro fOSmKeH MCcnonb3oBaTbCs BTOPON TEPMMH
Ana ko3 uumeHTa perynMpoBaHusl Toka KaTyLKU U BblOpaHHbIA TEPMUH SIBRSIETCS «MMNEAaHCOMY,
KOTOPbIN ABMNAETCA OCODEHHOCTbIO KaTyLUKW, KOTopasi «NPensiTCTBYeT» MPOXOXOAEHUIO NepeMeHHOro
TOKa Yepes KaTyLLUKy.

ConpoTuBneHne KaTyLK1 3aBUCUT OT €€ pa3mepa, popMbl, cnocoba HaMOTKW, KONMYECTBA BUTKOB U
maTtepuana cepaeyHvka. 3To Takke 3aBUCUT OT YacTOTbl NMEPEMEHHOr0 HanpsikeHusl, NogaBaemMoro Ha
Hero. Ecnu cepaeyHuK COCTOMT M3 Kenesa UnU cranu, OOblMHO TOHKMX CMOEB >Xeresa, KoTopble
M30NMpOBaHbl ApYr OT Apyra, TO OH CMOXeT paboTaTb TOMbKO C HWU3KMMU 4YacToTamu. Bbl moxeTe
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3a6bITb 0 nonbiTke nponyctuTe 10000 umknoB B cekyHAy (4) Yepes3 KaTyLuKy, NOCKONbKY CepaevHuK
NPOCTO HE MOXET U3MEHUTb CBOM MarHUTHbIE MONOCa OCTAaTOYHO BbICTPO, YTOOLI CNPaBUTLCSA C 3TOW
4acTOTOW. AQpo 3TOro TMNa NOAXoAMT ANS o4eHb HU3KMX YactoT 50 Iy nnu 60 My, ncnonb3yemblx Ans
nUTaHUA OT CeTW, KOTOpble NOAAEPXKMBAKOTCA Ha TakKOM HWU3KOM YpOBHE, 4ToObl ero cmornm
MCNonb30BaTh anekTpoaBuraTenu.

[nsa 6onee BbICOKMX 4acTOT PEPPUT MOXKET MCMNONb30BaTbCA ANSA cepAeyvyHuKa N NO3TOMY HEKOTopble
nopTaTMBHbIE PaAMOCTaHLMM MCMOMb3yoT (hbeppuToBbIE CTEPXHWU, KOTOpble npeacTaBnsalT cobon
CTEpXXEHb M3 heppuTa C HAMOTAHHOW Ha Hero kaTywkow. Ons 6onee BbICOKMX 4YacToT (Mnn Gonee
BbICOKOW 3(0EKTMBHOCTN) UCNONb3YETCs KenesHas Nbiflb, MHKaNCynMpoBaHHAsA B 3MOKCUAHOW CMOre.
AnbTepHaTMBa COCTOUT B TOM, YTOObl HE MCMNONb30BaTb BOOOLLE KakoW-nMbo cepaeyvHuK, KOTOPbIN
O0ObIYHO Ha3blBAlOT BO3AYWHbIM CEepPOEYHMKOM. Takme KaTylKu He OrpaHWyeHbl Mo YacTtoTe
CepAeYHNKOM, HO MMEIKT OYeHb HU3KYI WHOYKTMBHOCTb ANis Nboro 3agaHHOro 4ucria BUTKOB.
OdhdheKkTMBHOCTE KaTyLKn HasbiBaeTca «Q» («KadyectBo») 1 yem Bbiwe koadduumeHT obpoTHOCTM (Q
factor), Tem ny4dwe. ConpoTnBneHne npoBoga NoOHMXaeT 40OPOTHOCTb.

Bapuauuu
HekoTopble nogn 3KCNepMMEHTMpOBanu C OCHOBHbIMU naeamu [doHa CmuTa M HawM HeKoTopble
UHTepecHble Bewwn. OauH un3 aTux nogen ykpauHeu: WN. M. Conosei. [NepeBof ero 3asdBkuM Ha
nony4yeHue CcTerneHn AoOKTopa NpuBeOeH HUXE, U cnacubo Xoeepay Xanatr 3a nepesos;

CUCTEMA rEHEPALUN NEKTPO3HEPTUN BbICOKOW YACTOTbI
U. M. ConoBemn, kaHangaT Ha [JokTopa.
HYBuIT YkpauHbl «bepexaHckuin arpotexHmdeckui MHCTUTyT™ J1.C. YepBUHCKUI, K.T.H. HaumoHanbHbIN
YHUBEPCUTET HayK O XU3HWU 1 OKpyxatowen cpege YkpanHbel H.IN. CemeHoB, nHxeHep HYBul YkpaunHbl
«bepexaHcknn arpoTeXHUYEeCKUn MHCTUTYTY

Cuutaercs:

CyuiecTBylowme Hay4Hble B3rnsaabl He UMeOT yoeamTenbHOM TeopeTUYECKON OCHOBbLI A1 SABIIEHNS
N306bITOYHOrO BbIXOA4a SHEPTUN. DNEKTPONUTaHNe, MHAYKTUBHOCTb, MOLLHOCTb, BbICOKOYaCTOTHbIV
N3MepuTenbHbIM AnanasoH, punbTp, aHeprus.

B HacToswwee Bpems nmeetcsa 60nbLLOE KONMYECTBO MHpOopMaL MM 00 yCTPOMCTBAX, MOCIE Yero
«akTuBaumsa» B nobom paboyem none; B npoLecce «penakcauum» BbIXogHas SHEPrus npesbilaeT
noTpebnsaemyo BXOOHYH SHEPTUIO.

Hanpumep, npu «Npon3BOACTBE» TEMSIOBOW 3HEPrnK, HAbo4aemMon B KMCITOPOAHO-BO4OPOAHBIX
anekTponuaepax Ans HopmanbHoON u Tskenon soabl (PunmmoHeHko B., 1957, C. xoHc, 1989), B
anekTpuieckom paspsage (YepHeukmi A., 1971) BuxpeBble TennoreHepatopsbl (MoTtanos HO., 1992).

B koHue 1980-x rogos CteHnn Mewnep 3anateHtoBan «BoasaHon TonnueHbin anemeHT» (WFC),
KOTOPbIV No3BONsieT Npeobpas3oBbiBaTbh 0ObIYHYIO BOAONPOBOAHYIO BOAY B BOAOPOA M KUCNOPOS, C
ropasgo MeHbLUMMM 3aTpaTaMu 3Heprum, 4em 3T1o TpeboBanock 6bl NPy OObIYHOM ANEKTPONM3E U B
ropasgo 6onbLIeM KONMYeCTBe, YEM OXMAAN0oCh NPN NCNOMb30BaHMKU NPOCTOro anekTponusa. Ero
06bsiCHEHNE pe3yNbTaTOB OCHOBAHO Ha BIIMAHWUM PE3OHAHCHOIO 3MEKTPUYECKOrO MoSs Ha MOMEKY bl
Boabl [2].

Mo3xe JoH CMUT NOCTPOM HECKONBKO YCTPONCTB HA OCHOBE 3KCNEPUMEHTOB Tecnbl, B OCHOBHOM C
BbICOKOM BbIXOQHOM MOLLHOCTbIO. B CBOMX CTaTbAAX OH OTMEYaeT, YTO NOBTOPAN KaXdbln 13
3KCNEPUMEHTOB, HANOEHHbIX B KHUrax Tecrbl U 9TO AaBarno emy NoOHMMaHue «pOHOBOW 3HEpPrnm
OKpyxatoLero mupa» [3].

3apaua. MoBTOPUTL OAUH U3 BbiLLENepeyncrieHHbIX CnocoboB nonyyYeHus aHeprum. Ytobbl NpoBEpPUTD,

OENCTBUTENbHO NN 3TK ycTporcTBa paboTatoT. [na aToro Mbl peanusoBanu cxemy yctponcrtea [oHa
CwmuTa 13 ero nateHTa 1994 roga, roe reHepaTop MOXeT AOCTMYb MoLHocTK 15 kBT (Puc. 1).
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1

Puc 1. Cxema anektporeHepatopa [loHa CmuTa (cornacHo ero nateHTty ot 1994 r.)

OcHOBHbIe MaTepuarnbl U MeToAbl UCCIefOBaHUA.
OCHOBHLIM 311IEMEHTOM Ha cxeme Puc. 1 aBnaeTcsa BO3AYLHbIA cepageyHNK ¢ 0OMOTKaMm ¢ HoMepamun 6
(nepBuYHbIE), BA (HEOBA3aTENBHO), 7 (BTOPUYHbIE).

[ns ncenegoBaHnsa Mbl NOATOTOBUIM NEPBUYHBIN L1, BTOPUYHBINA L2 1 AONONHUTENbHYO KaTywwKy L3 B
COOTBETCTBUU CO crneundurkaunammn, npuBeeHHbIMU B criegytowien Tabnuue:

Coil Specifications
Additi 1

Specification Primary L7 | Secondary L2 1L1;na
Coil length, cm 55 32 6
Number of turns 8 463 10
Diameter cM 55 51 5.6
Active resistance, ohms 0,1 42 0.1
Copper wire length per
winding, M 1.4 69,1 1.8
Wire diameter, mm 2 0,65 1,2

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

PesynbTaTbl pacyeTta: L2
MHOYKTUBHOCTL KaTyLwky - 1559,9 MKIH;
cobcTBeHHast eMKOCTb - 4,61 nd;
[nnHa npoBoga 73,2 m;

Konn4yecTBo 060poToB - 457,
[o6pOoTHOCTL - 8492;

pe3oHaHCcHasi YacTtoTa nepemeHHoro Toka - 1,875 MI'y; n V4 pesoHaHcHas YactoTta - 1,024 MMy
(PakTnyeckmm akcnepmmeHT - 1,1 MITw).

WcecnegoBaHne NpoBOAMIIOCH MO CXeMe Ha puc. 2.

PaameLueHmne 0OMOTOK KaTyLLKK - KaK Yy TpaHcopmaTopa Tecna: nepBuYHbLIN Ha 6ase BTOPUYHOTO.

Fig. 2. Cxema obmoTok L1 n L2

I/IsmepeHVIe TOKa npoBoannoCb amnepmMmeTpomM NOCTOAHHOIO TOKa Ha Ornoke nuTaHus. rl0Tpe6J'IFIeMbIIZ
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TOK B npmuBeaeHHon cxeme coctaensieT 0,3 A. 3HaueHne HanpskeHna U2 Ha BbIXOOHbLIX KOHLaX
0bmoTKM L2 paccuntbiBaeTca no gopmyne: U2 = Um/ N1.N2 =14/ 8,463 = 810,25 B.

roe

Um - HanpsixeHue, 14 B;

N1 - yncno nepBUYHbBIX 0GOPOTOB U

N2 - KonM4ecTBO BTOPUYHbIX 060poTOB (cM. Tabnuuy).

3ameTka. dopmyna He yunTbIBAET CONPOTUBIIEHME pN-Nepexoaa TpaH3ucTopa 6asbl-amuTTepa 1
COMPOTMBNEHNE COeANHUTENBbHBLIX MPOBOAHUKOB.

OKcnepuMeHTanbHO onpeaeneHbl 3Ha4YeHNA HanpsXXeHns — Hanbornbluee pacCcTosiHNE B BO3AYLUHOM
3a30pe Mexay HavyarnbHON 0OMOTKOM 3aKkaHYMBaETCs B ToUke paspsaa L2. BenuunHa HanpskeHus
coctasnsana 500-700 BonbT. YactoTa: 1,1 MI'y, namepeHHasi akCnepnuMeHTaribHO C UCMOMNb30BaHNEM
reHepaTopa 4acToTbl.

Mpun nogknoyeHnn uenm (cMm. Fig. 2) K UICTOYHUKY MOCTOSAHHOIO NUTaHMsA noTpebrnsemMas MOLHOCTb
coctaensana 0,3 x 14 = 4,2 BT, n 3Ty MOLWHOCTb MOXXHO Ha3BaTb MOJIHOW NOTPeBNSEMO MOLLHOCTBIO
cetn 4,7 BA. Ha Bbixoge o6MoTkKM L2 Mbl nonyvyaem (y OCHOBaHWUA KaTyLuku) Tok okorno 0,3 A n
HanpsbkeHne mexay AByMA koHuamm katywkm 700 B, kotopoe coctasnset 0,3 x 700 = 210 BAP.
ViccnepoBaHve BbICOKOSHEPreTUYeCKMX NapamMeTpoB CUITOBON Lienu reHepaTopa npoBoannock Ha Fig.
3 - 6, roe B Ka4ecTBe aKTMBHOW Harpysku Ucrnonb3oBanach namnoyvka. BennuvHa / MHTEHCUBHOCTb
SAPKOCTM Namnbl ONpeaensann naMepeHme BbIXOAHOM MOLLHOCTU. Micnonbdyemble namnbl 661nm
pasnuyHon mowHocTtun ot 0,3 BT go 21 Br.

Ha cxeme, nokasaHHou Ha Fig. 3, BkroveHWe B pa3nnyHbIX flamnax HakanmesaHus, Hanpumep, 0,3 BT,
He NPUBENO K OCBELLEHNIO, XOTA NOTpebneHne aHeprum cxembl coctasmno 14 x 0,3 = 4,2 Br.

X)n

Fig. 3. Cxema akcnepumMeHTa no onpeneneHnio akTMBHON BbIXOQHON MOLLHOCTU KaTyLuKku L2
Mbl pasmecTunu gononHuTenbHy KaTywky L3, kak Ha cxeme Cmuta (Fig. 4). Katywka L3 6bina

pa3sMelleHa B BepxHeW TpeTu katywku L2. Jlamna 6 B, 3 BT Gbina nogknoyeHa K OOMOSTHUTENBHON
katywke L3 (cm. Tabnuuy), n 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.
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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, NO3TOMYy Mpobrema 3akno4vaeTcs B TOM, YTO
MOLLHOCTb JlaMMnbl CUAbHO MNpeBbileHa. PaHee HanpskeHue Ha kaTywke «L2» mamepsnocb npu 700
BOMbT, NO3TOMY, BO3MOXHO, ObINIO CTOMLKO e, CKOMbKO NPUIIOXKEHO K Namne Ha ABeHaauaTb BOSbT.
Ecnu Ha namny nogasanock 700 BonbT, a Yyepes flamny npoTekan Tok 2,1 amnep, TO paccenBaemas
MOLLHOCTbL B namne coctaBnsana 6el 700 x 2,1 = 1470 BatT, yto B 70 pa3 Gonblle HOMUHANbHOW
MOLLHOCTM namnbl 1 6onee kunosaTtTa! MNoxanyucra, He BBoauTe cebs B 3abnyxaeHne BXOAHbLIM
HanpskeHMeM 14 B, aTa cxemMa NMoBbIWIAET HanpsXXeHne N MOXeT Jierko Bac youtb! [0BopSAT, 4TO
BbicOoKkast yactota 1,1 MIy genaet Bbixog ©e3BpefHbIM OMs YeroBeka. S He nNpoBepsn 3TO U Bam
AEVCTBUTENBHO HYXXHO ObITb OCTOPOXHbBIM B JIOGO0N LLeNM BbICOKOrO HaMNpPsiKEeHUS.

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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[pyron BO3MOXHOCTbIO 6bIf10 6bl B3ATb OObIYHbIV AELIEBBLINA ranNoreHHbIn HarpeBaTeNb U NOAKMYNTD
€ero Tak, Ytoobl Tpn 400-BaTTHLIE NTaMnbl CTOANKN NOCNEA0BAaTENBHO, a HE NaparnenbHo:

CtaHgapTHbIN HEeAOPOron rarioreHHbIN HarpeBaTernb COCTOUT U3 Tpex oTaenbHbiX 400-BaTTHLIX CEKLMI
C NepekmnoYyanLLmMM YCTPONCTBOM, KOTOPOE NO3BOMSET BKIKOYATb OAHY, ABE UMW TPU CEKUUN:

1200-watt halogen heater

H S [— e—
400 watts Switch
400 watts Switch
HE [ —ev—
400 watts Switch
O
Mains
O

Bbl MOXeTe U3MeHWTb NMPOBOAKY BHYTPW HarpeBaTtensi, YToObl BCe TPU rarnoreHHble namnbl Gbinu
coeavHeHbl B uenb. [lockonbky npoBoda, coeauHsilowMe namnbl, CHaGXeHbl  HaXMMHbIMU
«NONacTHbIMU» pazbEMamK, YTO MO3BOSMSIET UX JIErKO M3rOTOBWUTb M FNErko 3aMeHUTb ranoreHHyo
namny, 3To 4YacTo MOXHo caenaTtb 6e3 naviku. HoBoe pacnonoxeHue Takoe:
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230 watt halogen heater
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Mains

OTO pacnonoxeHme «HegONUTBIBAET» NlaMMbl, MOCKOMNbKY Ka)kaasi laMna nosiydyaeT TONbKo OOHY TpeTb
HanpsPKeHUs, Ha KOTOPOE OHa paccunTaHa. Ecnun ranoreHHbI HarpesaTtenb Tenepb nogkntoyeH Ha 700
BONbT M TPX Namnbl MOXOXW OPYr Ha Agpyra, TO OKoro ogHou TpeTtu u3 700 BonbT OygeT NpuxXoanTbCS
Ha KaXXOyr NaMnoyky. OTO TONMbKO HEMpoBepeHHoe npeanoxeHue Ha 700 BonbT, XOTH HarpeBaTesb
3TOr0 TMNa Xxopowo paboTaeT npu HU3KOM MowHocTM Ha 220 BonbT. OpgHako cnegyet AdaTb
BbICOKOBOITbTHYIO PE3UCTUBHYIO Harpy3ky B Ka4ecTBe OTMPaBHOW TOYKM AN 3KCNEPUMEHTOB.

M3roToBneHue nonynpoBOoAHUKOBOW KaTyLlku Tecna.

lMocKkonbKy HEKOTOpble YMTaTenn MOryT NMoYyBCTBOBATL, YTO B CXEME HEOHOBOrO ApanBepa, KOTOPYHo
[loH ncnonb3oBan Ans ynpaBfeHUs CeKuMen KaTylwku Tecrna, ecTb Kakas-To «4YépHasd marnsg» u 4to
ecnu noaxogsuiee YCTPOMCTBO He MOXeT OblTb nNpuobpeTeHo, TO cxema He MoXeT ObiTb
BOCMNPOM3BEAEHA UIMM NPOTECTUPOBAHA TO KaXKETCsl pa3yMHbIM MOKa3aTb, Kak OHa paboTaeT u Kak eé
MOXHO MOCTPOUTb C HyIS:

Cama cxema CoCTouUT 13 reHepaTopa, KOTopbIn NpeobpasyeT 12-BONbTHbIA MCTOYHUK MOCTOSIHHOrO TOKa
B MyNbCUPYIOLLIMA TOK, KOTOPLIA 3aTeM [MOBbLIWAETCA OO0 BbICOKOTO HanpshkeHUss C MOMOLLbIO

TpaHcdopmaTtopa. BoT cxema, koTopas 6bina ncnonb3oBaHa Ans 3TOro:
+12W
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10K —
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IRF9130 Outout
10K 6 955 i ol
45 Ky
+ 21 5 —_l_ 14
=3 20004F 1
C 40V 440nF | 100nF car 3onfl
CEramic Ceramic coil C'I
L 0v o
' |
| DSCILLATOR | WOLTAGE STEP-LP |

MutaHne Mukpocxembl Tammepa 555 3awmuieHO OT CKaykoB W nageHun pesnctopoM «R» n
KoHaeHcaTtopoM «C». Mwukpocxema Tammepa 555 p[encTByeT Kak reHepaTtop WM «TaKTOBbIN
reHepatop», CKOPOCTb KOTOpPOro perynupyetca asymsa pesuctopamu 10K, nuTtarowumm KoHaeHcaTop
440 HO. MNMoBbiWwatowWwmn TpaHcdopMaTop NpeacTaBnseT cobon 0bbIYHYI0 aBTOMOOUITbHYO KaTyLLUKy, W
MOLLHOCTb MNpuBOA4a K HeMy nMoBblWaeTca ¢ nomowbk TpaHauctopa FET IRF9130, koTopbin
NpMBOANTCA B AENCTBUE BbIXOOOM 555 MUKpOCXeMbI, MOCTynaroLwen ¢ eé BoiBoga 3.
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BbixogHow curHan aBTomobunbHom KaTtywku (Ford Model T) BeinpsmnsaeTcs Anoaom, KOTOpbIN LOMKEH
MMETb OYEHb BbICOKOE HOMMHANbHOE HaNpPsXXeHUe, NOCKOIIbKY HanpsXKeHNe B 3TON TOUKE cenvac o4YeHb
BbICOKOE. BbinpsiMneHHbIE MMMYNbCbl HANPSKEHUS XPaHATCHA B O4YEHb BbICOKOBOSIbTHOM KOHAEHcaTope,
npexage 4YeM MCnonb3oBaTbCA AnA BO30OyxaeHuWs kaTywku Tecna. lockonbky TpebyeTcsa MOLYHbIV
BbIX04, UCMOSb3YTCSA ABE aBTOMOOUITbHbIE KaTYLLKM U UX BbIXOObl 06 beANHEHbDI, KaK NOKa3aHO 34€ECh:

+12V
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r]mu
470 - 470 —+ Qutput
F 3 F Y
10K 1N4007 N4007 [ °
—
4 8 3
¥ IRF9130 IRF9130
10K & 555 "
415KV
+ o 1 14
3 2000pF
40V 440nF | 100nF car -
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. v O

Bbl 3ameTuTe, 4TO aBTOMOGUNBbHANA KaTyLlKa MMEET TOSIbKO TPU KIeMMbI U KneMmMa noMeyeHHasi 3Hakom
«+», ABNSIETCS KNEMMOW ¢ obLwmM coeanHeHem anst obenx kaTyliek BHyTpu kopnyca. KaTtywka MoxeT
BbIMMAOETb BOT Tak:

N «+» 0ObIMHO OTMeYaeTCs B BEpPXHEM 4acTu psgoM C TEPMUHANIOM U C ABYMSI BHYTPEHHUMU
NOAKMIOYEHNAMMN K HeMy. Cxema, onmMcaHHasi 4O CUX Nop, oYeHb Bnmska k cxeme, obecneynBaemon
CXeMou gpanBepa HeOHOBOW TpyOkM 1 oHa, 6e3ycrnoBHO cnocobHa ynpaenaTb KaTywwkon Tecna.

CyLlecTBYeT HECKOSBbKO pasnnyHbiX cnocoboB NoCTpoeHus kaTywkn Tecna. HeT Hu4ero HeobbluHOro B
TOM, YTO HECKONbKO Lenew 3aXxuraHusi coeguHeHbl B LIENOYKy. Takoe pacrnofioxeHue HasblBaeTcs
«nocneagoBaTenbHbIM  UCKPOBLIM  Pa3psiAHUKOM», TMOCKOMbKY WCKPOBbIE pPaspsiAHUKM  COEAMHEHbI
«nocrnegoBaTenbHOY, YTO SIBNSIETCS NUWb TEXHUYECKMM CnocoboM ckasaTb «coeauHeHbl B psa». B
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rnaese, NOCBSILLLEHHOW BO3AYLUHbLIM CUCTeMam, Bbl yBuauTe, Yto 'epmad naysoH (Hermann Plauson)
ncnomnb3yeT 3TOT CTUMb pa3psaHMKa C OYeHb BbICOKMMW HanpsXXeHUsiMU, KOTOpble OH nony4aeT oT
CBOVIX MOLLHbIX BO3AYLLUHbIX CUCTEM. OTU MHOXECTBEHHbIE UCKPOBbIE paspsaaHVKM paboTalT HaMHOro
TULWE, YeM OAMH WCKPOBOW paspsfaHuK. B oOHOM M3 BO3MOXHbLIX KOHCTPYKUMW KaTywku Tecna B
KayecTBe KaTywkun «L1» mcnonbdyetca 6nuHHas kaTyluka, MOCKOMbKY OHa AaeT elwé 6ornee BbICOKUN
KoahpmumeHT yennenus. Ha cxeme, kKak nokasaHo 34€eCb:

r]mu

+12

o)

470 i 470 i
1N4007 1N4007
10K =
18 3 O_I
f IRFO130 IRFO130
10K 555 "
] 1 —
21 5 45KY =
3 __l_ b ==
= EI]I][!}IF =
40v 440nF | 100nF car - b
ceramic | ceramic ol Lo
v O =

-

CoeauHeHne C KaTyLKOM GIIMHOM OCYLLECTBMAETCS C NMOMOLLbI MOABUXHOIO 3aXXuma, a ABe KaTyLUK/
HacTpamBatloTCsl Ha pe3oHaHC Grarogaps TwaTenbHOM U NOCTENEHHOW HACTPOMKE 3TOro COeaMHEHWs,
no 10 MM 3a pas (Nnocne OTKMYEeHUs U pa3pagkmn koHgeHcaTopa «C1»).

HenaBHo 6bino 0OHapyXeHo, YTO Mpy MOAKMNKYEHUN OBYX U3 3TMX (He GannacTHbIX Pe3ncTOpOoB)
aBTOMOOWIbHbIX KaTylweK Apyr K ApYry C NepekniovYeHMEM MACOBbIX M MUHYCOBbIX COEAMHEHWUN
NPOM3BOANTENBHOCTb 3HAYUTENBHO yry4waeTca. bbino BbickazaHo npegnonoxeHve, YTo Hebonblias
CcOOCTBEHHAs EMKOCTb Ka)KOOW KaTyLUKW, KOr4a OHa MOAKIIOYEHA K OPYrov KaTyllKe, Bbi3blBAeT OYEHb
BbICOKYHO 4acTOTy paboTbl, YTO AaeT HAMHOro Gonee pe3kne CKaukm HanpsHKEeHWst, YTO SIBNSIETCA OYeHb
XenatenbHoW cuTyaumen B Lenu Takoro Tuna. 3ta JOroBOPEHHOCTb Morna 6bl 6bITb CBsid3aHa BOT Tak:
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CepuintHbI UCKPOBOKM pas3psagHUK MOXET BbiTb CKOHCTPYMPOBAH pasfnnyHbiMK cnocobamu, B TOM Yucne
C MCNonb30BaHNEM aBTOMOOUNBbHBLIX CBEYEN 3aXXUraHWUs, razopaspsgHbiX TPYOOK MM HEOHOBLIX Namn.
Ha npuBegeHHOM 30ecb M300paxkeHMM WUCMOoNb3YKTCA rarWku M OonThl, BbICTynawwue 4vepes3 OBe
MOSTOCKM XXECTKOrO0 HEMPOBOASLLEro Matepuana, Tak Kak MX ropasgo ferdye HacTpouTb, Yem 3a30pbl
HECKOJITbKNX CBEYEN 3aKUraHUS:
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3aTarneaHme 60ONTOB, KOTOPbIE CXMMAKT NPYXWHbI, cOBUraeT rofoBku GoONToB Gnvike Apyr K Apyry u
YMEHbLUAET BCE MCKPOBblE MPOMEXYTKU. ONEKTPUYECKUE COeAMHEHUS MOTYT ObiTb BbINOSNIHEHbI C
KOHLIEBBIMW MEeTKaMu Unn ¢ NobbiM M3 MPOMEXYTOYHbIX COEAMHUTENbHBLIX NMPOBOAOB, €Cv B Lenu
TpebyeTcsi MeHbLUE UCKPOBbIX NPOMEXXYTKOB.

HanomHio ewé pas, 4to aTo He urpywka n byayT co3gaBaTbCA OYEHb BbICOKME HanpsxkeHus. Kpome
TOro, NO3BOSMbTE MHE €LLE pa3 NOAYEPKHYTb, YTO €CNN Bbl peLinTe YTO-TO NOCTPOUTb, TO Bbl AenaeTte
BCE 3TO MOA CBOK OTBETCTBEHHOCTb. OTOT AOKYMEHT npefHasHayeH TONbKO AN MHGOPMaLUOHHBIX
Luenen n He AOMKEH pacCMaTpUBaTbLCA Kak CTUMYN ANS co34aHusa noboro Takoro yCTponcTBa, a Takke
He daeT HUKaKMX rapaHTun, yuuTbiBas 4TO Noboe M3 YyCTPOWCTB, OMMCAHHbLIX B 3TOW 3MEKTPOHHON
KHUre, OygeT paboTatb Tak, Kak OnNUcaHo, ecrnv Bbl pelunTe MNonbiTaTbCa co34aTh Ball COOCTBEHHbIN
npototun. Kak npaBuno, ons AOCTMXEHUSA ycnexa C NobbiM yCTPOMCTBOM C GecnnaTHOW 3Hepruen
TpebyloTca ymMeHne n TepneHve n yctponctea [JoHa CmuTa ABRSIOTCA OAHMMWU U3 CaMbIX CHIOXHbIX,
0COBEHHO MOTOMY, YTO OH COBEpPLLUEHHO CBOOOAHO NPU3HAaET, YTO HE pacKpbIBaeT BCeX AeTanewn.

BbixogHo KoHAeHcaTop ¢ MapknpoBkor «C1» Ha cxeMe Bblle OOMKEH OblTb CMNOCOBEH BblAEPXKMBATb
O4YeHb BbICOKOE HanpsbkeHue. EcTb pasHble cnocobbl 60pbbbl ¢ aTUM. [IOH cnpaBuncs ¢ 9TUM, Kynus
OYeHb [JOporMe KOoHAEeHcaTopbl, W3rOTOBIEHHbIE ChneunanuM3aMpoBaHHOW KoMnaHuen. HekoTopble
AoMallHWe cTpouTenu Jobunucb ycnexa, MCMNomnb3ys CTEKMNsSHHble NUBHbIE OYTbINKM, HAMOMHEHHbIe
conesbiM pacTBOpoM. HapyxxHasa vacTb OyTbiflok obepHyTa antoMmMHMeBon onbron, obpasysa oaunH m3
KOHTaKTOB KOHOEHcaTopa, W OrofieHHble NpoBoAda MpoXogdaT M3 rMyObuHbl kKaxgon OyTbiNKM Ha
CrneayLLyto, 3aUnKNMBasiCb OT BHYTPEHHEN YacTu OOHOM BYTbINIKM K BHYTPEHHEN YacTu cnegytowen, n
B KOHEYHOM uTOre obpasysi ApYron KOHTaKT KoHOeHcaTopa. XoTsa 3To kak kaxeTcsi paboTaeT xopoLlo,
3TO He 04YeHb YA06HO HOCUTL € cobon. AnbTepHaTMBa COCTOUT B TOM, YTOObLI MPOCTO AepKaTb NyCcTble
OyTbIKM B KOHTEWHEpe, KOTopbIi 06nuuoBaH ONbron, kotopas obpasyeT BTOPOWM KOHTaKT
KoHAeHcaTopa.

OpuH meToa, KoTopbin Bbin NONYNAPeH B NPOLUIIOM, COCTOMT B TOM YTOObI MCNONb30BaTh ABa MOSHbIX
pynoHa antoMnHueBon onbrn, MHoraa HasbiBaeMol «donbrov Anst BbiNeYkny, yknaabiBasi UX B O4HY
NSOCKOCTb, MOKPbIBask OAHWM WM HECKOMbKMMMK CrOSIMW NIACTUKOBOW NUMKOW MIIEHKU U yKnaabiBas
BTOPON PyroH ¢onbrM Ha Bepx M3 nractuka. Tpu crnos 3aTeM CBEPHYTbl, 4YTOOblI cdopmupoBaTb
KoHaeHcaTtop. O4eBMOHO, YTO HEKOTOPLIE U3 HUX MOTYT ObITb COEAMHEHbI BMECTE napannenbHo, YTobbl
YBENNYUTL EMKOCTb YCTPOWNCTBA. Yem Tonwe nnacTuk, TEM HUXKE EMKOCTb, HO TEM BhILLIE HaNPsXKeHUe,
C KOTOPbLIM MOXHO paboTaTb.

B Hosibpbckom BbiMycke xypHana Popular Electronics 3a 1999 rog npegnaraetcst ucnonb3oBaTtb 33
NNCTa TOHKOIO afitoMUHKMS, UCMONb3yeMOro B Ka4ecTBe mMaTtepmana ans Kpbiwm ctpountensamm gomos. B
TO BpeMsi OH MOCTABMIANCA B pyrnoHax wupuHon 250 MM, NO3TOMY B €ro KOHCTPYKLUK UCMOMb3oBasics
antoMmvHmn - gnivHon 14 pgronmoB (355 mm). Tnactuk, BblIGpaHHbIN ANA  pas3geneHnsa nnacTuH,
npegcrtaenan cobor NonMaTUNEHOBLIM nucT TonwumHonm 0,062 gronma (1,6 MM). KOTOpbIM Takke
AOCTYyNeH B TOProBon Touke ctpoutenen. MNnactuk obpesaetcs go 11 aronmos (280 mm) Ha 13 grorimoB
(330 MMm) 1 BbINONHAETCS cneayoLwmm obpasom:
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Aluminium sheet

\ / Plastic sheet

SIDE VIEW TOP VIEW

C3HOBWY-CTOMNKY FIMCTOB 3aTeM 3aXkuMMatoT Mexay ABYMS XECTKUMWU OepeBsiHHbIMU nuctamu. Yem
MMOTHEE OHW 3axaTbl, TeM Onke NNacTUHbl APYr K ApYry M TeMm Bbllle EMKOCTb. JneKkTpuyeckue
COeMHEHUSI BBIMOMHAKOTCA MyTeM nponycka GonTa Yyepes BbiCTynalwoLlmMe KOHUbl nnacTuH. Mpu aeyx
TOJMWMHAX NNacTMKOBOrO fMCTa U OOHOW antoMUHUEBON, MeXAy Kagow mapoy MAacTMH Ha KaXgom
KOHLe [OIMKHO OblTb MecTo Ans wanbbl, YTO ynyywmno Obl 3aXMM U 3MEKTpUYECcKoe CoedVHEHMeE.
AnbTepHaTMBa COCTOMT B TOM, 4YTOObl OTpe3aTb Yronl OT KaxdOW NNacTuMHbl U PacnonoXuTb WX
nooyepenHo Tak, YToObl MOYTU HM ofHA 0GnacTb NNacTUHbI Obina He apdEKTUBHOWN.

Kak npogemoHcTpupoBan [JoH CmuiT B O4HOM U3 CBOMX BugeonpeseHTauun, Hukona Tecna 6bin
COBEepLUEHHO npaB., Korga 3asiBui, YTo HanpaBneHue paspsga oT KaTywku Tecna Ha MeTanfmyeckyto
nnactuHy (unu, B cnyyae [oHa, OAHYy M3 ABYX MeETanfM4YeckMx NnacTuH C ABYMS MiacTUHaMu).
KOHOEeHcaTopa, rae NNacTMKOBbIA NUCT pasgenseT nnacTuHbl, Kak MOKa3aHo Bblle), cO34aeT O4YeHb
MOLLIHbIA TOK, MpoOTeKawLlun 4epe3 xopollee 3asemneHne. O4eBMOHO, YTO €CnKU 3rnekTpuyeckas
Harpyska pacrnosioxxeHa Mexay nracTuHamu 1M 3aseMrieHMeM, TO Harpyska MoXeT ObiTb 3anuMTaHa Ao
BbICOKOIrO YPOBHSI TOKa, YTO AaeT O4YeHb 3HAYUTESbHLIN NPUPOCT MOLLHOCTW.

MocTpoeHne BbICOKOKAaYe€CTBEHHbIX KaTyLUeK.

KaTtywkn bapkepa n YunbamcoHa (Barker & Williamson), ncnonb3ayembie [JOHOM B €ro KOHCTPYKUUSIX,
CTOAT goporo. Heckonbko net Hasag B cTaTbe NobuTenbckoro paguo-nsgaHus «QST» 3a 1997 rog
Pobept X. OxoHc (Robert H. Johns) nokasan, kak nogobHble KaTywkn mMoryT 6biTb NOCTpoeHbl 6e3
ocobbix 3aTpyaHeHuin. WiccnepoBaTenbckuin nepcoHan Electrodyne Corporation 3asBun, 4to rotoBasi
nyxéHasi MegHas NpoBOSIOKa B TpU pasa yBenuvyumBaeT MarHUTHOe nore, YemM MedHas He NnyXeHas,
NO3TOMY BO3MOXHO, 3TO cregyeT yunTbiBaTb Npu BbIGOpe NPOBOMOKM ANst U3rOTOBIEHNS 3TUX KaTyLLEK.
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OTW camopfernbHble KaTyLKW UMEKT OTNMYHbIE Nokasatenu kadectBa «Q», HEKOTOpble Aaxe nydlle,
4YeM nyxeHble MedHble KaTywkn Barker & Williamson, notomy 4to 6onblias 4acTb 3NEKTPUYECKOro
NMOTOKa HAaXOAMTCA Ha NOBEPXHOCTM NPOBOAA, a Meb SBASeTCH Ny4LllMM NPOBOOHUKOM 31eKTpU4ecTBa,
YeM cepebpo B maTepunane nyxeHus.

NHOYKTUBHOCTb KaTyLUKM YBENUYMBAETCH, €CnM BUTKU HaxoasaTca 6nusko Apyr K apyry. EmkocTb
KaTywKM yMEHbLUAEeTCs, €CNN BUTKN pa3gBUHYTbI. XOPOLMM KOMMPOMMCCOM SABMSIETCA pacCTaHOBKa
BUTKOB Takum obpas3om, 4ToObl Mexay BUTKaMM uMenachb LWenb TOMWUWHON B OAHY MNPOBOJIOKY.
OO6bluHBIN  MeTon npou3BoacTBa Ans ctpoutenen Tesla Coil 3aknwo4vaeTcs B MCMNONb30BaHUM
HENITOHOBOW NECKU UMK MAacTUKOBOrO LWHypa AN 3a4MCTKM MeXdy BUTKaMu, 4Tobbl co3gaTb 3a3op.
MeTtogd, ncnonb3yembin r-HoM [)KOHCOM, MO3BOMSIET PaBHOMEPHO pacnpenenaTb NpocTpaHcTBo 6e3
NCNONb30BaHUSA Kakoro-nmbo gononHuTenbHoro matepuana. Kniodeesasd 0CoOOGeHHOCTb COCTOUT B TOM,
yTobObI MCMonb3oBaTb pas3bopHbIN opMMpOBaTENb WM HamaTbiBaTb KaTywKy Ha ¢opmupoBaTtens,
paBHOMEPHO pacnpegenss BUTKW, a 3aTeM 3aXumaTb MX Ha MecTe C NMOMOLLbIO MOSIOCOK 3MOKCUAHOM
cmornbl, yaanasa hopmupoBartens, Koraa cMona 3acTbina v 3ateepaena.

Y r-Ha [)xoHCa eCcTb TPYAHOCTU C TeM, YTOObl ero 3noKCUAHYK CMofy Oblno TPyAHO yAepXuBaTb Ha
MecTe, HO npu cMmewmBaHuMM C¢ MukposoriokHamu West System anokcuagHass cmMona MOXeET UMETb
nobyl0 KOHCUCTEHUMIO U MOXET NPUMEHATbCS B BMAE XKECTKOM nactbl 6e3 notepu ee CBOWMCTB.
ONOKCUOHY CMOMNY yAepXXMBaKT OT NpUnunaHnsa K gopmepy, NoMeLas nosiocy M30NeHTbl Ha Kaxaown
CTopoHe chopmepa.

Plastic pipe
coil former ™=— e

Wire termination holes

Wooden spreader piece

A nonarato, 4To NnNacTukoBas Tpyba, ncnonb3dyemas B kayectse popMmpoBaTens kaTyLlkW, B ABa pasa
fonblle AnNvHbI HaMmaTbiBaeMOM KaTyLUKM, MOCKOSbKY 3TO obecneumBaeT XOpOoLyk cTeneHb nsrmba B
dopmupoBaTene npv yganeHun kaTywku. Nepen paspesaHneMm [ByX Na3oB B MNacTMKOBOW Tpybe
Bblpe3aeTcs AepeBsHHasa YacTb pasbpacbkiBaTens, a ee KOHLUbl 3aKpyrnsaTest Tak, YTobbl OHa NIOTHO
npunerana Kk Tpybe. OTOT pacnpefenuTenibHbin 3NeMeHT MCMOoNb3yeTca ANs TOYHOro yaep)KaHus
GOKOBbIX CTOPOH 06pe3aHHOro KoHLUa, Koraa npoBosioka MioTHO 0OMaTbiBaeTCA BOKPYT Tpy6bl.

B Tpybe psgom ¢ mectom npopesaHusi Nas3oB MpPoCcBepsieHbl ABa uUnuM G6onee mManeHbKux OTBEPCTUS.
OTn O0TBEPCTUS NCMNOMb3YHTCA AN 3aKPENneHns KOHLOB NPOBOJSIOKM, MPOMNyCcKas Ux Yepes OTBEpCTUE U
crmbasd mx. 3T KOHUbI OOMKHblI ObITb 0Ope3aHbl 40 TOro, Kak rotoBasi KaTyllka COCKOMb3HET C
dopMepa, HO OHM O4YeHb NONe3Hbl, Koraa 3nokcMaHas cMona HaHocuTcs U 3aTtBepaeBaeT. OTBepcTus
ansa 1py6 obpesatoTtca oo 6onbLien WnpuHbl, 06b14HO 10 MM unu Gonee.

TexHuka 3aknoyaeTcss B TOM, YTOObl BTUCHYTb AEPEBSHHYIO YacTb pacnpedenuTens B npopesaHHbin
KOHeu, TpyObl. 3aTreM 3akpenuTe KOHeL, CrhfoLWHOro MeAHOro npoBoAda, WCMNonb3ys nepsoe U3
NPOCBEPIIEHHbIX OTBEPCTMIA. MpoBOA, KOTOPLIA MOXET ObiTb OrONIEHHLIM UM M30NMPOBAHHBLIM, 3aTEM
nnoTHo obmaTtbiBaeTcsa BOKpYr popmepa Ha TpebyeMoe KOnmMyYecTBO BUTKOB, a APYron KOHeL npoBoaa
3aKkpennseTca B OOHOM M3 APYrMX MNPOCBEprieHHbIX OTBepcTuMi. OBbIMHOM NPaKTUKOW SBMSeTCS
BpaweHne ¢opmepa. Korga HamoTKa 3aBeplueHa, BWUTKM MOryT ObiTb pacnpegeneHol 6onee
paBHOMEpPHO, ecrnin 3To HeobxooMMO, M 3aTeM Mnorfioca 3NOKCUAHOW MacTbl HAHOCUTCS BOOSb OOHOW
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CTOpoOHbl KaTywku. Koroa oHa 3aTBepeeT (MnnM cpasy Xe, ecnv 3MoKcuaHasa nacrta AoCTaTouHO
XecTkasl), TpyOy nepeBopayMmBaloT M BTOPYH 3MOKCUMAHYK MOSIOCY HAHOCAT Ha MPOTUBOMOSOXHYIO
CTOPOHY KaTywku. [Monoca n3 nakConMHOBOW AOCKM UNWU CTPUM-KapTOHa MOXeT ObITb cAaenaHa 4acTbio
3NoKcuagHoM neHTbl. B kavecTBe anbTepHaTMBbI, B 3MOKCUMOHYKDO CMOMY MOXHO BMOHTUpOBaTb L-
00pasHbIf NNAaCTUKOBbLIA MOHTaXHbIA KPOHLUTEMH WX MNNACTMKOBLIA KPEneXHbI O0NT, roToBbIA K
YCTaAHOBKE KaTyLLKN NO3Xe.

Korga anokcnaHaa cmona 3aTteepfena, kak npaBurno, yepes 24 yaca, TO KOHUbI KaTyLUKWU oTpesatoT,
YyacTb pacrnpeaennTens Bblpes3atoT WTUATOM, a CTOPOHbLI TPYObl MPMXNMAKOT BHYTPb, YTOBbI 06nerynTb
cockanb3blBaHWEe rOTOBOW KaTywku ¢ popmbl. KaTywkn 6onbliero guamerpa Moryt ObiTb HaMOTaHbl
megHow Tpybor manoro guameTtpa.

VIHAYKTUBHOCTb KaTyLLKM MOXHO paccumuTaTh fo:

MHaykTMBHOCTb B Mukpo-reHpu L = d?n? / (18d + 401)

loe:

d - AnameTp KaTyLLKM B J10iMaXx, M3MepeHHbIii OT LieHTpa NpoBoa K LieHTPy NpoBoAa
N - KONMNYECTBO BUTKOB B KaTyLLKE

| anuHa kaTywkm B gtonmax (1 aroim = 25,4 mm)

|/|Cl'|0]'|b3yﬂ 9TO YypaBHEHWME Ond onpegeneHna 4ucna BUTKOB A4 haHHoM MWHOYKTUBHOCTUN B

MUKPOTeHPMU:
D - JL(18d + 401)

- d
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