MoxeT 6bITb 3Ta MHCTPYKUMSA KOMY-HMOYAb NoHaaobutcsa (ANns oTONNEeHUs 4yMma,
IOPTbl, KUWAAKa, 3€MASHKW... U1 NPOCTO AOMA).

asTtop Johnlis ony6nmnkoBaHo Ha: http://next-energy.2x2forum.ru

Ana CcBObOAHOIO PACIMPOCTPAHEHNA

Koraa mHe ckasanu nocMoTpeTb Bnaeo KanaHaa3e B CETU M paccKasann B ABYX
C/NI0BaX, UYTO 3TO 3/1EKTPUYECKNI BEYHSIK, 1 Cpa3y nocnan 3Toro roBopyHa Kyaa
noganblle, N TONIbKO Yepes3 Mecsil, ero NpmMcTaBaHUM peLunaca Ha NpoCMoTp
3TOro BMAeo0. Ham B yHMBepcuTeTe Xopowo BAOAOMIN B MO3rM 3aKOH
COXpaHeHWs 3Heprum, oH KctaTtu paboTtaeT 1 B ycTaHOBKe KanaHazase, ToNbKO
noa ApPYrvM yKJIOHOM, COBCEM HEKJ/TACCUYECKMUM. 3aKOHbI pa3fINYHblE Mbl
Bbly4MaM Kak nonyram, HO MExaHu3M, T.e. CyTb UX paboTbl HE NOHMMAIOT N CaMu
npodeccopa, HaxXo4ACb B MNNeHYy MaTeMaTUYecknx opMys, Kak B KOPOJIEBCTBE
KpuBbIX 3epKkan. [103ToMy TeopeTUKoB Ha hopyMax oveHb Masno. MatemaTumka
Anda aHanmsa, 6e3yCcnoBHO, HY>XHA KakK Xopowun paboymimm MHCTPYMEHT, HO OHa
He A0/HKHA OOBbSACHATb BCE SABEHUS.

YeM xopowo obuwaTtbca ¢ "yanHMKamm", Tak 3TO TEM, YTO 3aKOHbl U MPUHLNMBI
NPUXOANTCS Pa3bsACHATb HA ObITOBOM MOHATHOM YPOBHE WU MO 3aKOHY JIOTUKU, rae
nerko nonacTtb BNpocak. He noBepute, HO MHOrMe NOHATUA NepeBoOpPayYmNBalOTCsA U
B cobcTBEHHOM MO3ry. He nogyManTe, 4To 9 TOJIbKO TEOPETUK, A CKOpee
AHANM3NPYOLWMIKA NPpaKTUK ¢ 60NblLIMM paanontobnTenbCKUM cTtaxeMm. A no Aonry
CNy>X6bl - 6bIBLUMIN KOHTPONMPYIOLWMN OpraH B OTpacnsiX SHEpPreTuku,
aBTOMaTUKMN, TeNeMeXaHNKN U CBA3KM Ha X.A4. TpaHcnopTe (npocbba He nyTaTb C
Yybancom).

Ha cerogHAWHWA AeHb, nNocne aHanusa 60nblION CEPUN OMbITOB, HE TONIbKO
CBOMX, HO N APYIrUX YY4aCTHMKOB (popyMa, NOSIHOE OnnucaHue rotoeo. EcTb
pe3ynbTaTbl, HO TOJIbKO pe3yfibTaTbl, @ HE MoWHas ycTaHoBKa (MOTOM NOMMETEe
nouemy). [lokyMeHTaumnsa obcyxaanacb Ha YpOBHE KOHCTPYKTOPCKOro 6topo
OAHOro M3 MeaMUMHCKKX 3aBoaoB B Poccumn, pesoHaHc 6bin B oTAene, HO
BO3HUKAOT U3BEYHbIe NpobaeMbl C BHEAPEHUEM TaKUX TEXHONOrMM. NMosatomy
AyMaeM, KaK 3TO UCMOob30BaTb NOKa TO/IbKO B MEAUUMHCKUX TeXHoNormax. Ecnm
Mbl HQYHEM BHeAPSATb 3TO WMPOKO, TO Nepexos Ha HOBble TEXHOIOMMKN He 3a
ropamu.

3a aBTtopuTteT B3 cnoBa CP n KanaHaase, kctatn CP orpoMHoe cnacmbo 3a
noackasku. Bcé ocHOBHOe OH Aan U ero NoAcKasku AeNCTBUTENbHO OYEHb
NOMOIM B 3TOW HenpocTon Mo3aumke. lMoxanyn, cornawycb C HUM O reHManbHOM
pacrnosioXXeHnm obMoToK, caM bbl Takoe xpeH npuayMan. NMonroga s 3aHMMancs
pa3HbIMU peppuUTaMn: KOAOA, NUNWUA, XEr, NogaBan pa3Hble YaCcTOTbl, pa3Be 4To
TONbKO UX He en. Ha cerogHsWHNMN AeHb MOry ¢ yBepeHHOCTbo 100% ckasaTb,
YTO 3Ta 3Heprmsa He bepéTca n3 peppnToB, U U3 BO3AyXa ToXe He bepéTca. DToT
addeKkT nerko cnmcaTtb Ha deppuT, 4To U ckazan CP Ha paaocTax, NOTOMY 4YTO


http://u.to/ue_LAQ

deppuT ncnonb3lyeTcsa B yCTaHOBKE (TO/IbKO €ro He HYXHO Tak MHoro, kak y CP).
YcTaHoBKa NONHOCTbIO admpoanHamuyeckas, Tecna pynmt, 6onbwoe cnacmbo
TOBapuLly DWHLUTENHY 3a Halwe cyacTtnmeoe aetcrtBo. Ckaxy, 4uTto 99%
YCT@HOBKM NOCTPOEHO Ha Knaccmke. KOHCTpyKUMS NpocTas, HO Ha MCKPOBbIX
TexHonornax so3byxaeHns ectb Hebosibllas MOpoKa C HaCTpoMKamu.

Moatomy s paspabotan nporpammy obyyeHus ans YamHUKOB M Havan
nocnefoBaTesibHO €é peanm3oBbiBaTb OT NPOCTOr0 K C/IOXHOMY, OT SABJIEHUN K
KOHCTPYKTUBY, OT OAHOIO 3/1eMEHTa YCTaHOBKM K ApPYyroMy, Aanee B3anMOCBSA3b
3/1eMEHTOB. TONIbKO TaK MOXHO 06BbACHUTL NpuHUKMN. Ons 6osee NnoHUMaoLWmMx
NpbiraTb OT Ha4yasa K KOHLUY M OT KOHUA K Ha4vany He 6yay, He ntobnto xaoc.
JInbo naém Bce BMecTe, NMBO Kaxabln NycTb pasbupaetcsa caMm. A Aato He TObKO
onucaHue, HO N KOJIMYEeCTBEHHbIE OLEeHKN B Buae HeboNbLlMX pacyéToB, YTO
HEN0X0 Pa3oOMHET MO3rn 6biBasblX CBA3MCTOB, a A8 HauynHawmx byaer
XOpOLWUN CTUMYN ANA U3yydeHuns Haykun. ObbsacHeHuo 6yayT nognexaTb BCe
NpoLecchbl, HX OAMH He ocTaHeTcHa 6e3 pa3bopa ¢ Hay4yHON PU3NYECKON CTOPOHHI,
B TOM 4YMCe KOIMYEeCTBEHHOW. MucTmnka, otcebsatmHa, a3otepmka o06CyXaeHuro
He noanexaT. [103TOMY HY>XXHO HAaCTPOUTbLCHA Ha CEpPbE3HYI0 paboTy Mo3ramu,
obcyxaaeM aneMeHT unmn adpdekT, Koraga 4oXoaMT A0 YaHUKOB (HY He Anga Bcex
KOHEYHO, HEKOTOPbIM OO6BACHUTL HEBO3MOXHO), MAEM Aanblue.

B Teopun MnposgaHmsa MOXHO He Nne3Tb, B yCTaHOBKe 99% KiacCuKU N cambiin
MHTpUryoWwun 1% 9 octaBun Ha 3aKycb. [MpuvKon B TOM, 4YTO 3TOT NpoLecc
MHOIMMe U3 Hac 3HalT B €ro MeEXaHNYECKOM MPOSAB/IEHUN, HO HAaXOASAChb B MJIEHY
AOrM, NpoCTO He 3aayMblBaeMcs Haj 3TuM. oToM, Koraga o3Bydy, NonMére,
noyemy CP Bcex TynbIMW Ha3biBaa. Ha KpyTAawWwWmMX NanbuUeM y BUCKA He
obpalianTte BHMMaHMe. Pa3Be Mbl caMK He Takue, Korga y3Haém 4To-TO Takoe,
4yero He A0/MKHO 6bITb, MOTOMY YTO 3TOrO HE MOXeT b6bITb HMKoraa. W npouwy, He
npucTtaBanTe C TakMMm rnynoctsamm kak CE Kk npodeccopam, oOHM NOTOM Bac camu
6yayT uckaTtb.

YT06bl NONYy4YnUTb 3TOT 1%, Mbl AOSIKHbI CHayana ocBouUTb 99% knaccuku. Bcé
03BYyu4Yy, He bountechb, He ybery, Habeputecb TepneHus. nNaBHoe - He 6bITb B
nneHy opMyn n mateMaTuUKn, a UMETb 34paByto ronosy, 4Tobbl XoTsa 6bl MHOrAa
YTO-TO OCMbIC/IMBATb. MOWMHOCTb Bbl MOXeTe B35ATb Nt0bYyto, 34ecb KanaHaa3e Hac
He obMaHbIBan, TO/IbKO MoA nisneveHue 601bWON MOWHOCTU rabapuTbl AOJIKHbI
6bITb COOTBETCTBYOLWNMN. VI3BNEKas SHEPrui0 reHepaTopoM U3 PEYKU, Mbl XKe He
rOBOPWUM, UYTO MOJSTYYUIN CBEPXEANHUYHYIO MOLWHOCTL. lNpeacTtaBbTe TPaH3UCTOP,
Ha 6a3y KOTOpOro Mbl NoAaéM cnabbl CUrHaN, a KOMNEeKTOp NOAKOYEH K
MCTOYHWUKY DHEPrumn, KOTOPOM «NpOoMnMnTaH BeCb KOCMOC», Kak cka3an KanaHaase.
Bcé, He 6yay Bac 6onblie nyTaTb, TaM BCE no Tecne, n KopoTkme BB nMmnynbChbl
NPUMEHANNCL BBUAY TOro, 4to B 19 Beke He 6b110 nonynpoBogHUKoOB. B TMY y
CTnBeHa Mapka TakoW HeAoCTaTOK, KakK KOpOTKMi BB nMnynbc, yCcTpaHéH.

A Npo Teopuio MMPO3aaHnA Nydlle, 4yem Tecna, 9 He Hanuwy. BoT BaM KopoTKas



cTaTbs 0 cBO6OAHOM 3HEPrUKN, TaM eCTb, MOXHO CKa3aTb, BCS MO3auKa 3TOro
reHepaTopa: http://www.adventure.df.ru/project/power/energ.htm .
KctaTtn, 6yaeT nonesHo TakXe 03HAaKOMUTLCS C Hay4YHO-(paHTaCTUUYECKNM
pacCcKa3oM AOKTOpa reosiorM4eckmx Hayk, UHxeHepa anekTpocsasn OTTo
ocTepne, y KOTOPOro MMeeTCs TakXXe MHOXECTBO HayuHbIX nybnmkauunn.
http://n-t.ru/tp/nf/kse.htm .

YTo npeacrasngaeT n3 cebs Top? ITO 3aMKHyTas, Hanbosee BbiIrogHasi B
dHepreTM4YeCKOM OTHOLWLEHUM KonbLeBas durypa, B KOTOPOW, nNpu onpeaenéHHbix
yCNOBMSAX, OTCYTCTBYET paccessHue 3Heprum, Tak HasblBaemasa gmccunaums.
Topouna — oCHOBa CaMOOpraHusaumu ABuUxXeHnsa matepun. Ho aTo BbIBOAbI
HenosHble. Ecnn BUAHO, Kak BeayT cebs KonbLa B BO3AYLWHOW 1 BOAHOM cpeae,
TO Mbl CMeJI0 MOXXEeM NpeanosiOXUTb, YTO aHanorm4yHbiM obpasom BeayT cebs
KO/bLA M B 2N1eKTpOMarHUTHoM cpeae (adupe).

Mo noBoAy U3MepeHUsa Hanpsa>KEHHOCTU MarHUTHOMO NOJMS - OHO MepseTcH
cneumanbHbIM NpMbopoM rayccmeTpoM, 6e3 npnbopa MepuUTb 4OCTAaTOYHO
XJIOMOTHO, Aa M He 3abbiBanTe, YTO HANPSAXXEHHOCTb MAarHUTHOro Nons ybbiBaeT
obpaTHO KBaapaTy pacCTOSAHUSA OT MarHUTHOM uenu. ECin Mbl XOTUM OT
cNaboMOLWHOro NCTOYHMKA NONYYUTb YTO-TO Honee MowHoe Ha aKTUBHYIO
Harpy3sKy, TO Mbl AO/XXHbl BbINOJHUTbL ABa YC/I0BUS:

1) OTHOCUTENbHO CNnabbiMM BO3MYLLEHUSIMU Bbl3BaTb MOLLHbIA SHEPreTUYeCKni
pe30HAaHCHbIN OTK/INK. K npuMepy, Ha pe3oHaHC MoCTa noTpebyeTcs NpuiIoXnTb
COTHU KUNOAXOYNEen ANnsa ero paspyLleHusa, HO Npu nageHnmn MocT BblaenseTt
Meraakoysu.

2) Hawa akTMBHasa Harpyska HMKaK He A0/KHa BNUATb Ha CNnaboMOLHbIN
MCTOYHWK BO3MYLLEHMS, T.€. HapyLas npMHUMn 3-ro 3aKoHa HblOTOHA, Tak Kak
CUCTeMa He AoJ/KHa 6bITb 3aMKHYTOW. bonee Toro, M3BeCTHble 3aKOHbI
cCoxXpaHeHus B Gm3nKe OTKpPbITbl KaK naeasbHble, B NpeanosIoXeHUN
3aMKHYTOCTU CUCTEMbI. VI TaKnx npMMepoB B OKPYXatloLMX HaC ABEHUSX,
paboTarLwmx Bonpekn 3-My 3aKOHY HbOTOHa AOCTAaTOYHO. DTO N1Ierko NpoBepuUTb
B AOMALIHUX YCNOBUSAX, €C/IU NPOBECTN SKCNEPUMEHT B BAHHOM KOMHaTe:
ybepute y aywa c rubKuM WAaHroM pacnblinTenb, HanpaBbTe CTPYIO BBEPX U,
Aep>Xa ero o4HOW pyKOW C Lesnblo B3BelMBaHUSA, nonpobyeTe NogencTBoBaTb Ha
Hero BTOPOW pyKoOW 4yepe3 cTpyto. Bbl byaeTte yanBneHbl, Koraa No4YyBCTBYETE,
4YTO pyKa HMKAKOro BO34ENCTBUSA Ha MCTOYHUK CTPYU HE OKa3blBaeT.

Ecnun cnctema 3aMKHyTas - He BaXXHO, M3MEHUTCH HaNpPSXXEHHOCTb MOoJiS MarHuTa
nnun Het, Bo3HukKawwada 34C Ha KaTyLwKe rnpyv NOMOLLUM TOKa Harpyskum co3gacTt
NPOTUBOMOJIOXHOE MarHUTHOE NoJie, KOTOpOoe BbIpa3nUTCa B BUAE
NPOTUBOAENCTBYOLLEN CUbl JlopeHLa, KOTOPYIO Bbl A0/KHbI byaeTte
KOMMNEHCUPOBaATb MeXaHUYECKMM YCUIMEM, a c/lefoBaTeslbHO, COBEpPWUTL paboTy,
pPaBHYO TOWM, YTO BbIAENTCS Ha Harpyske.

MNpu pe3oHaHce napannenbHoro konebaTtenbHOro KOHTypa, SHeprumn ot
MCTOYHMKA NUTaHUS ANS NoAAep>XaHUa pe3oHaHca TpebyeTcs BO CTOMbKO pa3


http://u.to/H9EoAg
http://u.to/HtEoAg

MeHbLUEe, YeMy paBHa AO6pPOTHOCTb (Benn4ynHa obpaTHO NponopuMoHanbHas
NOTEPSM SHEPrmm B KOHTYpe) caMoro konebateslbHOro KOHTypa, a aHeprus,
LMPKYnpytowasa B KOHType, B 406pOTHOCTb pa3 6onbuwe. C TOUKKU 3peHmns
2/1IeKTPOTEXHUKN, AaHHAs dHeprua aengaetca becnonesHon, eé ewé HasblBaloT
peakTMBHOM MOLLUHOCTbIO, OHa BXOAUT B COCTAB MOHOM (KaXyLUencsi) MOWHOCTH
(Hayke yxe «kaxeTcs»). Npn HenocpeaACTBEHHOM NOAKIOYEHUN K KOHTYPY,
MCTOYHUK MOLHOCTN UCCAKHET. HO Yy Hac eCcTb NOCpeaHUK — 3HepreTnyeckas
cybcTtaHuusa apup, dr3myecknin BakyyM, HasbiBamTe Kak XoTuTe. YeMm Bbiwe
HanpshXxeHne, NoABOAMMOE K KOHTYpPY, pe30HaHCHasa 4yacTtoTa u 406pOTHOCTb
CaMOro KOHTypa, TeM BbllWe MIOTHOCTb NOTOKA 3Heprun B Tope. Jo6pOTHOCTL
KonebaTenbHbIX KOHTYPOB B LensX C CoOCpefoTOYEHHbIMMN NapaMeTpaMu
AOCTAaTOYHO HU3Kas, HO, KaK U3BECTHO, BbICOKOW AO6pOTHOCTbIO 06naaatoT
CUCTEMbI OJIMHHbIX JIMHWIK C pacnpeaenéHHbIMn napameTpamu. A Tenepb
nogyManTe, Kakoe OTHOLIEHME 3TN JIMHUN UMEIOT K reHepaTopy KanaHaase.

N3 3aKOHa 31eKTPOMArHUTHOW MHAYKLMU HYXHO BbIHECTU Crieaytollee:

1). ECn N3MeHSWmMNCcsa BoO BpeMEeHN BEKTOP MAarHUTHOM MHAYKUMU NepecekaeT
BUTKM (XOTA CaMn BUTKM NepeceKkaTb HET HUKaKOM HYXAbl) coneHomnaa
(kaTywkun) noa npsamMbIM yriom, To 34C 6byanet makcmmanbHa. [lpumep ToMmy -
06bIYHbIN TpaHchopMaTop.

2). Ecnn nsMeHAaoWMNCa BO BpeMeHU BEKTOP MarHMTHOM MHAYKUUW nepecekaeTt
BUTKM coneHomga (KaTyLlKW) napananenbHo BuTkam T.e. nog yriom 0 rpagycos,
To D[AC 6yneT paBHa HYIHO, Kakon 6bl BEIMYNHBI 3TOT BEKTOP He 6bl.

CaM 3TOT 3aKOH He ABNSeTCA NEPBUYHbBIM, OH BCEro Nuilb creacrame. OH XOpoLlo
onucbiBaeT nosiBsieHne nnu otcytcreme 3AC npu BO3AENCTBUM MArHUTHbIX NONEN
Ha KaTyLLKY, HO He 06bSCHSAET, NoYeMy BO3AENCTBYS MAarHUTHbIM MOJMIEM Ha
KaTywky, aTa camasa 3C noaBnsieTcs, n noyeMy BO3HUKAET NPOTUBOAENCTBUE.

Y KNnaccmkoB 3pUp — HUYTO, U TaKMe BOMNPOChlI BBOAAT MX B cTyrnop. MoToMy yTo
10 HacToSILLEro BpeMeEHN TakK U HET BHATHOIO OTBETA Ha BOMPOC — OTKy/Aa
NOABNSETCH S/IEKTPUYECKUIN TOK.

Puc. 1. lepemMelweHne npoBogHMKa B MarHUTHOM rone.



Ecnmn kK NpoBOAHMKY, MOMELWEHHOMY B MAarHUTHOE nose, NPUIOXKNTb ABUXYLLYHO
cuny F, TO OH Ha4YHET nepemeLLaTbCs NepneHaAnKYNsipHO CUAOBbIM JIMHUAM MOS.
B pe3ynbTaTe 3TOro B HEM byaeT nHayumposatbca (HasoauTbes) 4C E,
HanpaBneHne KOTOpOW onpeaenseTcsa No npasuay rNpaBon pyKwu.

MpaBnno npaBoi pyku.

MpaBylo pyKy Hago pacnosioXuTb TakK, YTO6bl MAarHUTHbIE CUNOBbIE NIMHUK BbiNKn
Hanpas/ieHbl NepneHANKYASPHO aA0HN, @ OTOrHYTbIM Ha 90 rpaa. 60nbLOWN
naneu 6bi1 HaNpaBaeH N0 BEKTOPY CKOPOCTU, TOrAa YeTbipe BbITAHYTbIX NanbLua
nokaxxyT HanpasneHne 2/C.

Bennunna 34C onpegensetca no ¢popmyne: E=B-V:|
roe B - MarHuTHaa nHaykuusa, Tn;
V — CKOpOCTb NepeMeLlleHns NnpoBoaHnKa, M/c;

| - akTMBHaa AnunHa npoBOAHWMKaA, T.€. OJIMHA €ro 4actu, HaxoasawWencs B
MarHMTHOM noJe.

Ecnun KoHUbl NpOBOAHMKA 3aMKHYTb Ha notpebutens (akTMBHOE COMPOTUBAEHME
R), To noa aencrtemem 4C no yenun nNoTedyéT Tok I. DTOT TOK, B3aUMOAENCTBYS C
MarHMTHbIM NOJIEM, CO3AACT Ha NPOBOAHUKE SNEKTPOMArHUTHY cuny Fam,
Harnpas/ieHMe KOTOPOW onpenenseTcss No NpaBuay 1eBON PyKMW.

MpaBuno neBow pykwu.

JleByto pyKy HaZo pacnosioXXnUTb TakK, YTOObl MarHUTHbIE CUIOBbIE JIMHUW BXOAUMN
B /TaAO0OHb, @ YeTbIpe BbITAHYTbIX Najbua 6blM HanpaBneHbl BAONb MPOBOAHMNKA
NO Hanpae/ieHUIO TOKA, Toraa OTOrHyTbIM Ha 90 rpaaycos 6osblIOM Naney,
NOKaXeT HanpaB/iEHNE 3IEKTPOMArHUTHOM CUNbI.



B reHepaTope anekTpoMarHMTHas cuna siBnseTcsd TOpMo3HOW. BennunHa
3/IeKTPOMarHMTHOW cunbl onpegensieTca no dopmyne: Fam =B-I:|

Tenepb haBaunte MOCMOTPUM, KaK BbIrNAaaAaT CUoBbl€E JINMHUN MAarHUTHOIoO Nos
MarHmTa oT AMHaMMKa KN cosieHomnga, Ha KOTOprVI noAaH NOCTOSIHHbIN TOK, €Cnu
CMOTPETb HAa 3TN KOHCTPYKLUUN C TOpLaA.

N none coneHounaa, Ha KOTOPbIN NoAaH NEepeMEHHbIN TOK: (Ta XXe KapTUHKa,
TONbKO nosie agBmxeTca (aHMMaums))

Mpwn cnHycomnae nNpu nepexoe Toka Yyepes HOJb, CUN0Bble MAarHUTHbLIE JIMHUU
coneHomaa OTCYTCTBYIOT. Hy Aa nagHO, KOHEYHO Xe 3TO BpallaloLWwmMncs Top B
Buae caMmoBbiBOpaumsaterocs 6ybnmka. Kak BUAHO N3 aHANOMrMmM No ponmkam,
BbI/IOXXEHHbIM paHee, B 3/1IEKTPOMarHUTHON cpeae (3dupe) Mbl BUAUM TaKylo Xe
CaMOOpraHmn3yLLYCa CTPYKTYpY. VI ecnn Mbl MOMECTMM B 3TO MOJie 3aMKHYTbIN



KOHTYp TaK, 4To6bl CMNOBbIE JIMHUX NepeceKanu 3TOT KOHTYp nog yriom 90
rpagycoB, TO COrNacHO 3akKOHa 3/1eKTPOMArHMTHOM MHAYKUMKN B HEM byaeT
npoTeKaTb 3/1. TOK. B oT/in4me OoT nosid cosieHonaa, NUTaemMoro nepeMeHHbIM
TOKOM, MNoJ1e NOCTOAHHOIO MarHMTa BUAHO 3aCTbIBLUMM U €C/IN B €ro rnoJsie mbl
NOMECTUM KOHTYp, To 3[C B HEM He NOABUTCS, MOTOMY YTO HET U3MEHEHUS MOJIA.
Cyasa no aHMMauuMuy yactoTa U3MeHeHUs NoNs BU3yasibHO COCTaBnsgeT okosio 1 Iy,
4yeM Bbllle YacToTa, TEM Bblle CKOPOCTb Ny/bCauun U TeM CaMbiM Bbile byaeT
34C, HaBogMMas 3TMM NOAEM B KOHTYpe, TeM 60/bLY MOWHOCTb MOXHO
NOAKIOYaTb K KOHTYpY.

Tenepb eweé pa3 BEpHEMCS K Pe30HAHCHOMY KOHTYpPY. DHEpPrms B KOHType - 3TO
CYMMMPOBaHHbIE MOPLMU SHEPTUMN OT UCTOYHMKA NMUTAHUSA U MOXHO KOMWUTb 3TU
nopuun beckoHe4yHoe BpeMs. Ho Apyron saHeprmm B KOHTYpe, KpOMe 3Heprum,
NONYYEHHOW N3 UCTOYHMKA NUTaAHUSA, HET. Ho B npouecce nepetekaHus ¢hopM
3HEpPrunmn, Hy>XeH 3axBaT SHEPIrMn HE U3 UCTOYHMKA NMUTaAHUSA, NOAAEPXKXMBAKOLLErO
KOHTYp B pe30HaHCce, a 3axBaT SHeprmm n3BHe.

B 06bI4HbIX MOLWHbIX CMN0BbLIX YCTaHOBKax, paboTatowmx Ha yactoTe 50 Ny, K
npuMepy, TpaHcpopMaTop NOACTAHUUN, Mbl BUOUM KaKUe Yy HEro BHyLUUTESIbHbIE
rabapuTbl. [leno B TOM, 4YTO 06MOTKM TpaHcopMmaTopa 3a 0O4UH nepuoa
KonebaHns A0/MKHbI HAKONUTb MPUIMYHBLIA 3anac 3Heprum, n 3ToT 3anac
nepenaeTcs B HAarpy3ky, Kotopasa copepwaeTt paboTy. A 4TO TaKoe MOLHOCTb? -
3TO CKOPOCTb coBeplleHns paboTbl. Tak BOT 3@ OA4HY CEKYHAY TaKUX LMKNOB
nepenayn sHeprum npomcxoamt poBHo 50, T.e. aHepruio 3a OAUH nNepuosg
YMHOXaeM Ha 50 v nosnyyaem MOLWHOCTb Ha Harpy3ke. [103TOMYy Ha TakoW HU3KOM
YacToTe 3a OAMH UMK/ HAaKOMNUTb NPUIMUYHbBIA 3anac 3HEPrmMn MOXeT TOJSIbKO
MHOYKTUBHOCTb 60nblinx rabapmntos. A Tenepb BO3bMEM B KayecTBe
WHAYKTUBHOCTM MeaHbln kabenb agnnHon 1 M. K npuMepy, BO3bMEM
CMHYyCcouAaanbHbIM TOK, ckaxeMm 30 AMnep Ha yactoTte 50 Ny, npoTeKkakoLwmn no
3TOMY Kabento anvHom 1 M, Kakyt 3Hepruto MarHMTHOro nosns oH ébyaer
3anacaTb NMpu 3TOM LUMKINYECKOM YacToTe 3a 0AMH nepuosa KonebaHma?
NHAYKTMBHOCTb MegHoro kabensa npu gavHe 1M 6yaeTt paBHATLCSA
NpubAN3NTENIbHO MAarHUTHOW NPOHMLAeMOoCTn Bakyyma 1,256-10-6 H.

W = 2n -L-I2 = 6,28-1,256-10-6-302 = 0,007 Ox.

A Kakas aHeprus 3anacaeTcs 3a OAWH rnepuoj KonebaHusa Npu Takux xe
ycnosusax, Ho npu yactote 10 MIu? [1a TO4HO Takagd xe. Ho BOT ecniv nocynTaTb
LMPKYINPYHOLWYO MOSIHYH MOWHOCTb B 060MX Cciyyasix, TO B NEPBOM C/iydae
HY>XHO YMHOXUTb Ha 50, nonyumm 0,35 BA, a BO BTOPOM YMHOXUM Ha 10
MUANMOHOB, Nnonyymm 70000 BA unu 70 kKBA, 4TO Ha3biBaeTCA «MNOYyBCTBYNTE
pasHuLy».

Tenepb BO3BpaLLlasaCb K aHMMaLMM MAarHUTHOMO NONA CosieHoMAa OT NepPeMEHHOro
TOKa, TO BbIBOA HarnpalwunBaeTcss OAMH - HAaM HY>XHO CO34aTb Masio3aTpaTHbIN

S1 KNOHK? :-)) Ang 4YanHMKOB HeobXoaAMMO pas3bsaCHUTL Criefytollee: ecnu B
LesIoM NPUHSATb, YTO MHAYKTOP NUTAETCH OT NCTOYHMKA NepeMeHHOro Toka, To B



cny4yae, ecnm 4yactota U3MeHeHus Bo3byxxaatowero MarHMTHOro nons
COOTBETCTBYET pPe30HaHCHOM 4YacToTe KOHTYpa, TO 3TOT KOHTYp Takxe byaeT
BO36y>XAaTbCsl HA 3TOW YacToTe. TO Xe caMoe KacaeTCs M 1eKTPMYECKOro rnoss.
YTO KacaeTcsa ycTtaHoBKkM KanaHaase, TO IMYHO A8 MeHS €€ NPUHUMUN He
SIBNSIeTCSA CeKpeToM, 0 YéM M pacckasbiBato. Kak rosopun SR, yctaHoBKa
HEeCNoXHas, HO eé HacTponka 6e3 NOHMMaHUSA NpUHLMNA HEBO3MOXHA, AaXe
ecnu éyaet nogpobHas cxema! Ho 4To6bl NOHMMATb MPUHLNWA, HYXXHO
NVMKBNANPOBATb Npobenbl B MOHMMaHUN KNacCUYeCKON PU3NKK C yKa3aHeM eé
"y3knx mect", yem cob6CTBEHHO M 3aHMMatoCb. Koraa 6yayT pa3bsiCHEHbI
OCHOBHbI€ NPUHLUMMbI, TOF4a Y>Xe MOXHO NepexoanTb K KOHCTPYKTUBY.

O yactoTe. lNpeacrasnM: TUrpy nepecaannu cepaue ot kota. O6bEM KpoBuK - 3TO
dHeprusi, KOTOPYH HYXXHO nepekayaTb 3a Takoe Xe BpeMsi, UTo U bonbluoe
cepaue, HoO 06bEM Kowaybero cepaua mMasna, NO3TOMY HYXXHO YBESIMYUTb 4acToTy
COKpaLEeHN A9 NepeKaykn Takoro xe o6bEMa aHeprmu 3a ToXe BpeMsi, YTo U
6onbwoe. MNMo3ToMy NpoNoOpUMOHASIbHO YBEIMYMBASA YaCcTOTy, Takxe
nponopunoHanbHO byaeTt yBennumBaTbCca 06bEM nepesaBaeMomn sHeprun. He
KBaApaTU4HO, He KyBMYyHO, a NpsiMO NMPONOPLMOHAJIbHO, B OT/IMYME OT TOro
6bpena, 4to HanucaHo y oHa CmuTa.

Mpwn pe3oHaHce napannenbHoro KkonebaTesibHOro KOHTypa, 3Hepruu ot
MCTOYHUKA NUTaHMA 4Na noanepXXaHus pe3oHaHca TpebyeTcst BO CTONIbKO pa3
MeHblle, YeMy paBHa AO6pPOTHOCTb (BennvnHa obpaTHO nponopumoHanbHas
NOTEPSAM SHEPrmnm B KOHTYpe) caMoro konebaTtesibHOro KOHTypa, a aHeprus,
LMPKYnpytowasa B KOHType, B 4O6pOTHOCTb pa3 6onblue. Kak n3BeCTHO, Ha
HM3KOM YacCcToTe He NOAY4YUTb BbICOKY AOOPOTHOCTb BBUAY BbICOKUX aKTUBHbIX
noTepb, BbICOKas AOOPOTHOCTb BO3MOXHA TOJ/IbKO Ha BbICOKMX YacToTax U B
NMHUAX C pacrnpeaenéHHbiMM napamMeTpamu. MHorne Ha dopymax yTBepxaatoT,
4YTO TpaHcdopmaTop Tecnbl paboTaeT C HapyWeHMEM KlacCMYecKoro npmHumna
TpaHchopMaumm — 3TO Tak, HO TakXe N yTBepXAatoT, YTO KacCuKa He HaxoauT
obbAcHeHMN ero paboTbl — 3T0 3abnyxaeHue. Ewé Bo BpemeHa Tecnbl, Onusep
XeBucana cosnan ceou TenerpadHble ypaBHeHUA A9 AJIMHHBIX IMHUA. OH U
noayMmaTb He MOr, YTO cAenaeT C HUMK Tecna — YacCTHbIW ciyyan - 3TO ero
3HaMEeHUTbIN TpaHchopMaTop — CNMpasibHbIN YeTBEPTbLBOSIHOBbLIM pe30oHaTop,
paboTaloLWmin Ha NPUHLMMNAX CNOXEHUS NPSAMbIX U OTPaXEHHbIX BOJSIH, TakK
Ha3blBaeMbIX CTOSUYMX BOJIH, rAe TOK MU HanpshXXeHne B pa3HbiX KOoOpAWHATaXx
NUHUW pacrnpegeneHbl HepaBHOMepHO. Kak YacTHbIA Cllydan N3 3TUX ypaBHEHUIM
AN19 4YeTBEepPTbBOJIHOBbIX JIMHUIM 6€3 NoTepb, 3aBUCUMOCTb Hanps>KeHUsa B KOoHLUe
NIMHUW OT TOKAa B Ha4yasne SIMHUU JIEXUT Yepes3 BOSIHOBOE COMPOTUBIIEHUE MO

dopmyne:

UKk = ZB' IH ;

roe UK — Hanps)XeHue B KoHUe NIMHUK, IH - TOK B Havane finHuK, ZB — BOJIHOBOE
COMNpPOTUBNIEHNE, KOTOPOE HaxoamnTCcs B npeaenax oT cotTHM OM no kmioOmM.



KctaTtun, aToT TpaHcdhopMaTop ABASETCSA MOJSIHbIM @aHANIOMoOM Kak rnapanniesibHoOro
KonebaTenbHOro KOHTypa, Tak 1 nocnegoBaTesnibHOro (B 3aBMCUMMOCTM OTKYyAa
Npomn3BOANTb 3annTKy). Boobuwe, ntobon npsmMon Kycok nposoaa, ntobon ANnHbI
MO>HO BBECTM B pe30HaHC KakK napaJsiefibHbiin, TaK N KaK nocsenoBaTeflbHbIN
KOHTYp, B 3@aBMCMMOCTM OT 4acTOTbl, NOAABAaEMOM Ha 3TOT NpoBoA. Ho aToT
npsiMor nposog 6yaeT nanydarowen cuctemomn, HenpurogHon ansa uenen CE. Kak
Bbl AYMaeTe, YTO HYXXHO cAenaTb C 3TUM NMpoBOAOM, YTObObl OH He usnyyan
SHEPruto B OKpy>Xatkllee NpocTpaHCcTBo? [lao NOACKA3KYy: U3NyYeHNe BO3HMKAET
B LensiX, reoMeTpmyeckmne pasMepbl KOTOPbIX COM3MEPUMbI C ASIMHOWN BOJIHbI B
cBO6OAHOM npocTpaHcTBe. JIErkux nyten 9 He obellasn, norpyxXaemcs B XYTKO
MaTeMaTUYeCKY AUCUUMNANHY ANS CBSA3UCTOB - BbICOKOYACTOTHbIE pe30HaHCHbIE
CUCTEMBI))).

[NaBante pa3bepéM Bce cnocobbl NpesoTBpaLLEHNS N3TYYEeHNS:

1). Tak Kak n3nyyeHne BO3HUKAET B Lensx, reoMeTpuyeckmne pasmepbl KOTOPbIX
COU3MEpPUMbI C AJIMHOW BOJHbI, ABUXXYLLENCSA MO 3TUM LEensM, TO MOXHO caenaTb
BbIBOA: pa3Mepbl Lenen Hago Kak-To yMeHbwaTtb. Kak? [la oueHb npocTo -
CBEPHYTb U3Ny4alowmi NpoBo B cnmpanb.

2). DKpaHupoBaHue nsnydarowmx uenen. na Hawmx uenen tTakom cnocob He
NOAOWAET, TaK KaK o4YeHb rabapuTHO U MeTalNI0EMKO.

3). MpubnuxeHune nsnyyarwwero Nnposoaa napannenbHO K TOKONPOBOASILLEN
NOBEPXHOCTU HA pacCTossHWE MeHee Y4 ANVHbI BOJIHbI, ABMXXYLLENCSA B AAHHOM
uenu (4YeM MeHblle paccTossHUe, TEM MeHbLUe U3NyYeHune).

Ham 6yayT Hy>Hbl NepBbli U TPETUI Crocob, NOTOM UX YBSXKEM B YCTaHOBKE.
Mpouecc U3ny4YeHnst SHeprun paanoctTaHunsaMmn B acpmp NpocT - cornacoBaHue
MCTOUYHMKA NMUTAHUSA C OKPYXXAKLUM NPOCTPAHCTBOM Yepes onpeaenéHHyIo
4acToTy, 3aBMCSLLYO OT rabapuUToB @aHTEHHbI.

3agam sonpoc: NovyeMy none HeusnyyawLlen cnmpanm noayvyaeTcss MOWHbIM?
[Nasante pa3bepémcs noapobHO, MOHMMaHWE 3TOro rnpouecca KpanHe BaXHoOo.
99% y4dacTHUKOB BCex (hOpyMOB paccMaTpmMBatoT TOJICTYIO CNMpasib B «FPUH-
bokce» Kak MHAYKTOP, T.e. KaK MHAYKTUBHOCTb (Lenb C COCpeaoTOYEHHbIMU
napaMeTpaMmn), 4To saBnseTcsa 3abnyxaeHunem. K npumepy, ecnm ot
LECTUBUTKOBOM CNMpanun Kak OT KaTyWKN MHAYKTUBHOCTU, Mbl XOTUM MOSYYUTb
MOLLHOE MarHMUTHOE rnoJsie, To pe3ynbTupytoLlee rnose byaeT ABNATbLCS
pe3ynbTaTOM CA0XEHUS MAarHUTHbIX MOJSIEN KaXa4oro u3 wectm BUTKOB. [ns
CO34aHUSA KAaKOro-TO CEPbE3HOro nosid Ha HU3KOW YacToTe HAM HYXHO
NponNyCTUTb NO TAaKOMY COMIeHOMAY YyTb 1M HE CBAPOYHbIN TOK. B oTinumne ot
SDUHLWTENHOBCKNX BO33peHUI, ahmpoagnHaMnyeckme n mexaHnyeckme npouecchbl
MMeKT O4HY NpMpoAy, NO3TOMY HeM3BeJaHHOE NpoLlle paccMaTpuBaTb Ha
N3BECTHbIX aHANIOMMYHbIX MEXaHNYEeCKNX npoueccax. [laBante pacCMOTpUM,
no4yeMy nanydarouwas 4eTBepTbBOSIHOBAS aHTEHHA, CBEpHYTas B cnupa’sb



(pa3mep KOTOpPOW CTAHOBUTCS 3HAUYMUTENbHO MEHbLIe, YeM AJIMHa BOJIHbI B
CBOOOAHOM MPOCTPAHCTBE) B CPABHEHUWN C MEXAHNYECKUM KaMepTOHOM, TaKXe
NOYTM HE N3NYYalOT SHEPIUI0 B OKpYyXatollee npocTpaHcTBo (cnupanb - B
3/IeKTPOMarHMTHOE, KaMepTOH - B BO3A4YyLWIHOe). PacCMOTpUM, 4YTO NpoucxoauT
OKOJ10 OZHOWM M3 HOXEeK 3By4allero KamepToHa. lNpun ABUXEHUN HOXKWN B KaKyH-
nnbo CTopoHy, Nepea Hen obpasyeTcs CxaTue Bo3ayxa, U, cnefoBaTesbHoO,
NOBbIlWEHNE AaBNEeHUS, a No3aan Heé — paspeXXeHne Bo3ayxa U NOHMXeHne
AasneHuns. bnarogapsa aTomy nepenagy naBneHUs NPOUCXOAUT BblpaBHUBAHME
Aasnenusa (M NNOTHOCTM) BO3AyXa No o6e CTOPOHbI HOXKKM (puc.1).

Mpouecc BblpaBHUBAHUA AaBNEHMS pacnpoOCTPaHSAETCs C TOM XKe CKOPOCTbIO, YTO
N 3ByKOBas BOSIHA, T. €. 3a nosinepmoaa OH OXBaTblBAeT NPOCTPAHCTBO pa3MepoM
B NONBOJIHbI. Pa3Mepbl ke KaMepTOHHOM HOXKW ropa3ao MeHbLe NoYyBOJIHbI.
MoaToMy obpasyeMbie et CKaTus U pa3pexXeHns Bo3ayXxa OYeHb CUIbHO
ocnabnsTcsa U3-3a BbipaBHUBaAHUA AaBNeHMIn No ob6e eé CTOPOHbI, @ 3HAYUT,
CuUNbHO ocnabneHa n nany4vyaemas BosiHa. Mbl NpUXO4AUM K BbIBOAY, YTO ANS
XOpOoLero n3ny4vyeHus pasmepbl Tena A0/KHbl 6bITb HE Masbl MO CPAaBHEHUIO C
OIMHOM BOJIHbI B OKpYXatowen cpeage. MIMeHHO 3TUM npemmyuwectsom obnagaert
PEe30HAHCHbIN AWNK, TaK KaK ero AsmHa paBHa YeTBEPTU BOJIHbI U
BblpaBHMBaHWE AaBNEeHUS BOKPYr HEro ropasfo MeHblle, YeM BOKpPYr
KaMepTOHHOW HOXKM.

Paspewemie

- Puc. 1.

Bua Ha HOXKY KaMepToHa CBepXY. XMPHOW CTPenKol nokasaHo Hanpas/ieHue eé
ABUXEHUS, @ TOHKUMU CTpeikaMn — pacnpoCTpaHeHMe BOJIHbI CXXaTus BOKpYT
HOXKM.

Jlerko caenatb U eLwwé oAHO 3akyeHne: Konebnwuweecsa Teso nyywe mnsnyyaer
BbICOKME 4acToTbl (419 KOTOPbIX ASIMHA BOJIHbl HEBESIMKA MO CpaBHEHUIO C
pasMepaMu Tena), a HU3KMe - Xyxe, Tak Kak Ans AJVHHbIX BOJSIH BblpaBHUBaAHME
AaBNeHuns ckasblBaeTcs cunbHee. HanpuMep, MembpaHa AMHAMUYECKOro
rPOMKOroBOpuUTENSa AMaMeTpoOM OKO0J1I0 15 CM XOpOoLWOo n3siyyaeT 4acToThl,
npesbiwatowme 2000 My, U NNOXO M3AYyYaeT HU3KME YacToTbl. YTobbl yNydlWwnTb
TeMbp 3BYyKa, HY>XHO 3aTPYAHUTb BblpaBHUBaHWE AaBneHus rno obe CTOpPOHbI
MeMbpaHbl 419 ASIMHHBIX BOSIH. C 3TOW Lenbio FPOMKOroBOpUTESb 3aKpennsioT B
6onbwon gocke (puc. 2), KoTopas ya/IMHSEeT pacCTosAHUE Mexay nepeaHen m



3aHEN MOBEPXHOCTSAMU MeMbpaHbl. [1py TakoM YyCTPOMUCTBE M3NTyYEeHNE HU3KNX
4YaCTOT 3HAYUTENbHO YCUIMBaeTCS.

| Puc. 2. F'poMKorosopuTens,
BMOHTUPOBaHHbLIN B 60NbLUYIO AOCKY.

N3 N3N10XXEHHOro N0 KaMepTOHY HECNOXHO cAenaTb aHaN0rMYHbIAN BbIBOA, YTO
Npy CBOpA4YMBaAHWUM @HTEHHOrO NOJIOTHa B COJIeHOMA, ero AJInHa He U3MEeHseTcs,
HO M3MEHSIOTCSH reoMeTpuyeckme pasMepbl Lenn, KOTOpble CTaHOBATCS
3Ha4YMTENIbHO MEeHbLUE AIMHbI BOJIHbI B CBOBOAHOM NPOCTPAHCTBE U
BblpaBHMBaHWE pa3HOCTU 3(UPHOro AaBNeHUS BOKPYr TakoM Lenn nponcxoamt
ropasao 6bICTpen U n3nydyaTb OHa He MOXeT. Ho ecnm Mbl yBEeNIMYNMM 4acToTy
CUrHasna, nogaBaeMoro Ha Takon coneHons, TO AJINHA BOJIHbI B TaKOW Lenu
CHOBa YMEHbLUUTCHA N CTaHET COM3MEPUMON C pa3MepoM Lenun, N Takon coneHoma
BHOBb CTa@HET M3Ny4alolen cCucTteMon (KCTaTu, Takas nanydarollas cMcrteMa
LUMPOKO MPUMEHSETCH B CMYTHUKOBOW CBSA3U). [1pn OTCYTCTBUN U3NYUYEHUS
3Heprusi 3/1IeKTPOMarHMTHOM BOJIHbI, AOCTUIHYB KOHLLA CONleHOonAa, No 3aKoHY
COXpaHEeHWUS SHEPrum BblHYXXAEHa OTPa3nTbCS B CTOPOHY MCTOYHMKA 3TOM BOJIHbI.
[JoraganTecb, 4To nponcxoauTt ganbue. C y4ETOM HOBbIX OOCTOATENBLCTB, BOMPOC
OCTaéTCH NpexXHU: novyemMy nose HeussnydaroLlen cnupanu noayyaeTcs
MOLLHbIM?

[aBanTte BCE-Taku paCcCMOTPUM, NOYEMY MNOJIe pe30oHaTopa NosyyaeTCcs MOLLHbIM.
EcTb y pe3oHaTopoB Ko3dduumMeHT 3ameaneHns hasoBor CKOPOCTU, HO 3TOT
napaMeTp CKOpee XapaKTepU3yeT reoMeTpmyeckue pasMepbl pesoHaTopa, U
SIBNSIeTCSA OTHOLUEHWEM CKOPOCTU BOJIHbI B CBOBOAHOM MPOCTPAHCTBE K CKOPOCTH
NpoxoAa BOJIHbI OT Hadana pe3oHaTopa A0 ero KoHua. Tak Kak B cnMpasibHOM
pe3oHaTope 3/1eKTpoOMarHuTHasa BOJIHA ABMXXETCA TaK Xe, Kak BoAa no
BMHTOBOMY MOABLEMHUKY N NMpuxoauT 6onee 3amensieHHOW, CKopee ero MOXHO
OTHECTU K CNOCOBHOCTU CUCTEMbI K U3JTYYEHUIO, T.e. YeM bosblie KoadppuumeHT,
TEM MeHblUe CNoCObHOCTb K NU3NYyYEHUIO.

Ncxoas n3 TenerpadHbiX ypaBHEHMN XeBucanaa, BXogHOE CONpoTUBNEHME AN
4eTBEepPTbBOJIHOBOW NMHMK 6e3 noTepb, T.€. IMHUKU, KOTOopas NUTAETCs OT
reHepaTopa C AJIMHOM BOJSIHbI B YeTbipe pa3a bonble eé s3neKTpu4ecKon ANVHbI,
onpenennTcsa rno gopmyne:

RBX=ZTp2/RH ;
Foe ZTp — BO/IHOBOE CONPOTUB/IEHNE OoTpe3Kka NMHUKM (TpaHcdopmaTtopa), RH -
CONpPOTUBNEHNE HArpy3KM Ha KOHLUE JIMHUN.



dneKkTpuyeckasa aAnvHa nuHumM nepegaum G onpegensieTcs OTHOWEHNEM eé
reoMeTpmyeckon AnnHbl I K gnmvHe BONHbI X.

K npumMepy: BO3bMEM KYyCOK KOakKcuasibHOro Kkabess m 6ygemMm nurarb ero
OT reHeparopa C 4/INHOHW BOJIHbI B YeTbIipe pa3a 6o/bLie, 4eM
a/1IeKTpnYyecKas AJ/IMHa oTpe3Ka kabensn. Ecnn Ha Bbixoge yeHTpasibHas
)KuJla He 3aMKHyTa Ha ONnETKy Kabesns (T.e. cOnpoTUB/IEHNE Harpy3KH
6ecKoHe4YHOo), TO no ¢popmMmysie BxogHOE COMNMPOTUBIIEHNE TaKOHU JIMHNU
6yaer paBHbIM HYJIIO M TaKOW OTPE30K 6yaer npeacTaBiATb n3 cebs
BbICOKO4O6POTHbBIN NocsiegoBaTe/ibHbIA KosiebaresibHbIN KOHTYp. U
HaobopoT, ecsin yeHTpaJsibHas >xnsa Kabesis Ha KOHYe 6yaeT 3aMKHYyTa
Ha OonJ/IETKy, TO BXO4HOE COMNpoOTUBJIEHNE TaKOW JINHMKN 6yaeT paBHO
6eCKOHEeYHOCTH M TaKOH OTPe30K 6yaeT AB/IATbCSA BbICOKO4O6POTHbIM
aHaJsioroM napasinesibHoro pe3oHaHCHOro KOHTypa.

Tenepb gaBanTe NOCMOTPUM, Kakon ByaeT TOK Ha KOHLE KOPOTKO3aMKHYTOM
4YeTBEPTbBOJIHOBOW JIMHUU, K NpUMepy, TENEBU3MOHHOIro Kabensa ¢ BOJIHOBbIM
conpotusnennem 50 Om, ecnn NnuTaTbh €ro Ha pe30HAHCHOM YacToTe
Hanps>xeHnem 3000 B. dopmyna 3aBUCMMOCTN TOKa B KOHLE JIMHUWN OT
Hanpsi>XeHUsl B Ha4vane nMHum byaeT BbirNaaeTb cnegyowmm obpasom:

Ik=UH/ZB;
roe UH — HanpsXeHne B Havane imHuu, Ik - Tok B KOHUE JIMHUU, ZB — BOJIHOBOE
COMpOTUBIIEHNE.

MoactaBnsem paHHble: Ik = 3000/50 = 60A. lNpnyém OoT reHepaTopa 3Heprug
NoTpebnaTbCa NpakTUyYeckn He byaeT, Tak Kak pe3oHaHCHas INMHUS
BblcOkoaob6poTHas. 1 HaobopoT, ecnn 3T 60 amnep NogaauM B JIMHUIO U Ha
obpaTHOM KOHUe oHa byaeT pa3oMKHYyTa, TO Ha Bbixoae 6yayT Te xe 3000 BONbT.
Bce 3Tn BbluMCIeHNs cripaBeasivBbl U A7 CAMpasbHOro pe3oHaTopa.
BbICOKOBO/bTHbIE UCTOYHUKM HEOBXOAMMbI B YCTAHOBKE A5 CO34aHUS
NnepeMeHHOro BbICOKOYaCTOTHOMO TOKa B Pe30HaHCHbIX LUensax ¢ 60sbLiomn
aMnAnTyaon u Ang aTux uenem Ham nogonaét nobon BbICOKOBOIbTHbLIN
NCTOYHUKK, 6yab To TT, TBC, TectaTnka 1 npoyee, BCé 3aBUCUT OT Tpebyemon
BbIXOAHOM MOLLHOCTW.

Kak M3BeCTHO, LUMPKYNSALMNS SHEPIrUM B PE€30HAHCHbIX KOHTYpax BO CTOJIbKO pa3
6onblUe NONYyYEHHOM OT UCTOUYHMKA NMUTaHUS, YeMy paBHa ero 406poTHOCTb. Ho
He BCE TaK NPOCTO, KlaCCUYEeCKNM CnocObOM 3Ty SHEPIrMI0 HE CHSATb HU C
KOHTYpa, HN CO CTosSYen BONHLI. Moyemy? [la NOTOMY 4YTO, NOAK/IIOUYMB CbEMHOE
YCTPOMCTBO M "yKpaB" 3HEprunto MarHUTHOro Nosis CToss4en BOJIHbI, Mbl NONYYUM
ocnabneHHoe aneKkTpmnyeckoe rnosie, KOTopoe B CBOK o4vepenb co3pacTt cnaboe



MarHMTHOE MoJsie U NpK TakoM Crocobe CHATb 60blle, YEM BIIOXUIM B
pe30HaTop He MoSyuYmnTCS.

CbéM ocyLecTBNseTcs Hekaccnyecknm cnocobom! MNaeHasa 3agadya — 310
obecneynTb BOKPYr CbEMHON KaTYLIKN LUMPKYNSLUMIO SHEPTUN, NpeBblatowen
SHEPruto UCTOYHUK NUTAHUSA. TO eCTb CO34aTb CU/IbHOE BbICOKOYACTOTHOE
MarHMTHoe nose Ans CbEMHOM KaTywkun. U cnupanbHbll pe3oHaTop C 3TUM
6naronony4yHo cnpasnseTcsa. ITO none Ans CbEMHON KaTyLWKKN ByaeT ABASTbCS
MEPTBbIM MOJsIeEM, HE CNOCOBHbLIM coBepLiaTb paboTy, Noka He NOoAKIYNUM BTOPOU
npouecc! Ho o cbéMe Noka paHO roBOPUTb, NOCKOJbKY pa3obpaHbl ewwé He Bce
3/1EMEHTbI PE30HAHCHOM Lenu n nx HasHayeHue. HanpalwnBaeTcs NOrM4ecknii
BOMPOC: YTO Xe SABMSeTCHS MCTOYHUKOM BO36yXxaeHna ansa pesoHatopa? MNepepj
BaMMu CrunpanbHbI pe3oHaTop M3 rpuH-6okca. HauHéM pasbupaTb ero no
KOCTOYKaM.

CnupanbHbiv pesoHarop
1/44

NcTouyHMKOM BO36YyXAeHUS pe3oHaTopa B ycTaHoBKe KanaHazse aBnseTcs
BbICOKOBOJ/IbTHbIN 610K C UCKPOBbIM pa3psiAHUKOM, aHaNoroMm
6bICTPOAENCTBYOLLENO BbICOKOBOSILTHOMO Katoya. Kak BuanTe, HU4ero
MUCTUUYECKOIr0 U CBEPXEANHUYHOIO B UCKpe HET. CnupanbHblii pe30HaTop - OYEHb
BaXXHbI/ 3/IEMEHT, MOCKOJIbKY OH 3343ET B YCTAHOBKE BCHO «MYy3blKaslbHYO
cuMmdoHumio». Hawa rnaBHas 3agada - obecneunTb B pe3oHaTope LUMPKYNALUNIO
KakK MOXHO 60/bLlUEero KoanM4yecTsa 3HEPrUn B BUAE peakTUBHOM MoLlHocTu. C
3TOr0 KOHTYpa Mbl HE CHUMEM HW rpaMMa akKTUBHOW MOLLHOCTU, OH ByaeT
paboTaTb MNOSIHOCTbIO HEHArpy>XeHHbIM. HO Npu B3aMMOAENCTBUN C
NPOCTPAHCTBOM, B BUAE peaKUMM NMPOCTPaAHCTBA Ha 3Ty PEAKTMBHYI MOLLHOCTb
Ha Harpyske BblAeNnsieTcs akTMBHAsA MOLHOCTb C SHEPrMen, SKBMBAJIEHTHOMN
SHEeprum B pe3oHaHCHOM cucteMe (He TOSIbKO B CMUpasbHOM pe3oHaTope).

Ho 3710 y Hac 6yaeT genatb yXxe ApYyron rnpouecc, KOTOpbIM CTaHET BO3MOXHbIM
6narogaps TOMy, YTO B IMHWUM C pacnpenenéHHbIMXU NnapaMeTpamMm Hanps>XeHns um
TOKM ABNATCA QYHKUMEN ABYX MEPEMEHHbIX: BPEMEHU N KOOpAMHAT (B OTM4uMe
OT MPOCTOro KonebatenbHOro KOHTypa). I HUKakux 3N1eKTPOHOB M3 3€MJIM HE



BbITArMBaeTCs U He NoAaéTcs, TaM COBCEM ApYyrue 4acToTbl, U B Tesie caMou
3eMIN Co34aBaTb CTOSAYMX BOJSIH HE HYXHO. 3eMns nmwb Touyka onopbl! MpocTbiM
KJlaCCMYecKkmMM Ccrnocobom BbIMOSHAEM HakKauKy pe3oHaTtopa (aHanora
napannenbHoro KosebatenbHOro KOHTypa) BbICOKOBOJIbTHbLIM MOTEHLMANOM.
BcnoMHuM cnocob Bo36yxaeHnsa subpatopa Nepua B 19 Beke:

OnbiThl Jlebenesa. Teopus MakcBenna He TONbKO NpeAcKasana CylwecTBOBaHUe 3AEKTPOMarHUTHBIX BOJIH, HO M yKasana yCcnosus,
HeoOxoAMMble ANs ycrexa OnbITOB: AOCTAaTOYHO BbICOKAA YacToTa 3/1eKTPUYeCKuX KonebaHui v oTKpeiTas gopma uenu. Fepu,
npeanpuHMMas B 1888 r. CBOM M3BECTHbIE OMbiTbl, MOCTAPancs BbIMOAHUTL 3TM YC/IOBUS: OH 3aMeHWUs KonebaTenbHbl KOHTYp
NpAMONMUHENHBbIM BUOPaTOPOM.

[ns Bo30YyXAeHMS 3MEeKTPUYECKUX KonebaHuii B TO BpeMs Obln U3BECTEH TONbKO 0AMH cnoco® — MCKpOBOM paspsa. Ha puc. 1
m3obpaxeHa cxeMa COOTBETCTBYIOWEro yCTpoicTea (BubpaTtop MNepua). Bubpatop 1 uMeeT nocepeavHe paspbis 2 — MCKPOBOM
NPOMEXYTOK, K KOHL|aM KOTOPOro NOABOAMUTCS HanpsXeHWe OT NoBbilaoulero TpaHchopmaTtopa. Bo3byxaeHue xe konebarnui B
3TOW Leny NPOMCXOAUT TaK, YTO B BUOpaTope BO3HMKAKOT PerynispHO NOBTOPSAOWMECH BCMbIWKM BbICOKOYACTOTHBIX 3aTyXatoWmXx
konebanui (puc.2). NMepuoa 3Tux konebaHui U, cneaosaTenbHO, ANMHA M3MTyYaeMbiX 31EKTPOMarHUTHBIX BOMH 3a4at0TCs
pasmepaMu BubpaTopa.

Puc.2. KpuBas a) NnoKa3biBaeT, KaK MEHAETCH BbICOKOE Hanpsi)XXeHne Ha Pa30MKHYTOW BTOPUYHOM 06MOTKe
TpaHcdopMmaTopa. B Te MOMEHTbI, KOr[la 3TO HanpsXXeHue JOCTUraeT HanpsKeHus npobos (+Unp), B MICKPOBOM
NMPOMEXYTKE NPOCKAKMBAET MCKPA, KOHTYP 3aMblKaeTCsl, NOly4YaeTCsa BCNbILKA 3aTyXawlux konebanuit - kpusbie 6)

N3 anarpammbl Hakayku Bubpatopa BMAHO, YTO MOC/AE OAHOro pa3psaa B
paspsaHuke BnbpaTtop coBepuwaeT psaa konebatenbHbiX ABUXEHUIN, YObIBAKOLWMX
MO 3KCMOHEHTE U OCTaHaB/IMBAETCS, OXKAaas cneaytowero paspsga. MoxHo
CPaBHUTb 3TO C UIPOIA HA FUTape: OTTAHYIN CTPYHY PYKOMN, pe3Ko OTNyCTUIn
(nckpa) n cTpyHa coBepllaeT cBoboaHblie KonebaHus, 3aTyxawowme no
3KCnoHeHTe. Kak Tonbko KonebaHns CTpyHbl NpeKpaTUInNCb, pyka Bcé
NOBTOpPSET.

N HnKaknx cxem ¢ pa3oBON NOACTPONKON YacTOTbl ANS NOAKa4YKM pe3oHaTopa
NpuAyMbIBaTb HE HAA0, Takoe MOryT 3asB/IATb TO/IbKO FO/IMMble TEOPETUKMH,
KOTOpble He NpoBepsnn Kak BedéT cebsa nckpa B paspsge. CtTabunbHOCTb
HapyLlaeTcsa No 4yacToTe, He roBOpSA yXe O (pa3e, aBTOMaTUYECKN eé He
NOACTPOUTb, U HUKAKUX MUKPOUYUIMOB He Hafo. 3To 4 0 KanaHaase, korga oH
Hayan wudposaTbca. OTCOA4a BbIPpUCOBbLIBAETCH NPOCTas CXxeMa BO36yxAeHuUs



pe3oHaTopa, napaMeTpbl KOTOPOM paccMOTpMM No3xe. BB BY - BbICOKOBO/IbTHbIN
BbICOKOYACTOTHbIM reHepaTop HaKaykn. MHOro BpeMeHu NpuLLIIOoCh MNOTPaTUTb Ha
nccnenoBaHMe UCKPbl, MOCKObKY 3HAaHUM B 3ToM ob6nactu He 6blno.

— o ©
Crnganssssl pRa0saron

MoHATUS du3nyeckas ANIMHA NPOBOAHUKA U 3/IEKTPUYECKas AJIMHA NPUroasaTcs
HaM Aanblle, 3TO BELWM AOCTATOYHO pa3Hble. Ho npexae BbIACHUM, OTKYAa
6epETca CKOpOCTb CBETA, BEPHEE U3 KAKUX MapaMeTpoB OHa BbITEKAET. OnuLly
NoApO6HO, TaK KakK 3TOT MOMEHT HY>HO MPOSICHUTb. PaccMOTpUM napaMeTpsbl -
abCcontoTHas AnaneKkTpuyeckas U MarHMTHasi NPOHMLAEMOCTb BakyyMa.
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Mo nepBon opMyne Mbl MOXEM BbIYUCINTb CKOPOCTb PacrnpoCTpaHeHUs
3/1eKTPOMarHUTHbIX BOJSIH B BaKyyMe. ECAM MarHUTHYK NpPOHULAEMOCTb
npeacTaBuUTb MHAYKTUBHOCTbBIO, @ AN3NEKTPUYECKYyo — EMKOCTbIO, Toraa
CKOPOCTb pacrnpoCTpaHeHMs 3N1eKTPOMarHUTHbIX BOJSIH MOXHO 3anmcaTb Mo
BTOpOn popmye.

Ons ANMHHOro NpoBOAHMKA C 6€CKOHEeYHO MasbiM pagnycoM CKOPOCTb
pacnpoCTpaHeHNs 3N1eKTPOMarHMTHbIX BOSIH ByaeT paBHa CKOPOCTM CBETA.
MouyeMy? MOTOMY UYTO NpU yBEIMYEHUN ANNHBLI NPOBOAHUKA byaeT
yBeNn4YnBaTbCa MHAYKTUBHOCTb, HO M NMponopunoHanbHO en byaet
yBennumeaTbCs EMKOCTb. A 4TO ByaeT, ecni Mbl BO3bMEM NPOBOAHUK C
AnaMeTpoM yxe He 6eCKOHeYHO ManbiM? NHAYKTUBHOCTb MPOBOAHMKA
npeacTaB/ieHa ero A7IMHOM, @ EMKOCTb - NJioWanblo MOBEPXHOCTU, TO eCTb, YEM
6onblie gnameTp NpoBoAHWKA, TeM Bosblue NAoLWaAb €ro NOBEPXHOCTU, TEM
6onblien ero éMkocTb. COOTBETCTBEHHO, BO BTOPOM (pOpMYyJsie NOAKOPEHHOe
3HayeHne EMKOCTU byaeT yBennumBaTbCs, U KaK clneacTBMe CKOPOCTb
pacrnpoCTpaHeHUs 3NEKTPOMarHUTHbIX BONH OyaeT KBagpaTUYHO YMEHbLIATbLCS.
Kakoin BbiBO4 Mbl MOXeM caenatb? Ecnm npoBogHuK (B BaKyyMe UAn BO34yXe),
obnagaet onpeaenéHHbIM AMaMeTpoM (MOBEPXHOCTbIO), TO K 3HAYEHUIO EMKOCTH
BO BTOpon popmyne nobaBnseTcs KOppekTUpyrLwmn KoadpdnumeHT. Y paanuctos
€CTb NOHATNE «KOIDDULIMEHT YKOPOYEHUSA», KOTOPbIA NOKAa3bIBAET, BO CKONbKO
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pa3 CKOPOCTb PacnpoOCTPaHEHUSA 3NEKTPOMArHUTHbIX BOJH BAOAb MPOBOAHMKA
MEHbLUE, YEM CKOPOCTb B BakKyyMe. TakK BOT, 3/1IeKTpuyeckas AnMHa NpoBOAHMKA
— 3TO ero msnyeckas AMHa, YMHOXEHHas Ha 3TOT KOPPEKTUPYHOLUA
kKoadduumeHT. MNpsaMon nposoa Bceraa obnagaer 6onee KOpoTkon MGmUnNYeCcKom
OJINHOWM, YeM aneKTpuyeckon. Ecnn ceepHéM ero B CosieHOMA, TO MHAYKTUBHOCTb
yBeNnnMunTCs, a pusmyeckas aanHa CTaHeT eweé Kopoye, YyeM anekTpuyeckas. To
eCTb, eC/i1 4YacTb PU3NYECKOro NpoBoaa CBEPHYTb B CnNMpanb, TO 3TUM Mbl
npon3Beném aN1eKTpnyeckoe yanmHeHne 3Toro npoBoaa.

BceM, KTO MOTaeT CBOM KaTYLWKWN HA pPa3/IMYHbIX KapKacax, HY>XHO NOHMMaTb, 4YTO
3TM KapKacbl BbINOSIHEHbI U3 AN3NEKTPUYEeCcKoro Matepumasna co CBOUM
AVNeKTpnYecknm KoapdmumeHToM. Hanpumep: auctmnnnposaHHasa soga - 8,1;
cnoaa un CTekno — 6; TpaHchopmaTtopHoe Macno - 2,2; kabenbHasa éymara - 2,3 -
3,5; nonuctnpon n nonunatuneH - 2,4; dapdop - 5,5 n 1.4. Ecnn Bbl MoTaeTe
KaTyLWwKy Ha onpeaenéHHyo 4acToTy Ha Kapkace, To Npu pacyéte pumanmyeckomn
AJINHbI NpoBOAa 3TOT KO3 dUUMEHT HAAO YYUTbIBATb.

Cenyac NoAoMAEM K OYeHb KPaMOJibHbIM paccyxaeHuaM. MNoka A He BblAan TOT Cnagkuin 1% mHbopMaLmM, KOTOPbIA NepeBepHET
BCE Balle NMOHMMaHWe KNaccuyeckor MU3MKM, B CTOPOHY peanbHoW (a caenato 370 ybeauTenbHO OT Npodeccopos, A0 YaWHUKOB,
npasAa ecTb Xene3o0eToHHbIE AU, A0 KOTOPbIX HaBEPHO He A0MAET, HO TaKMe Hac BPSA /M YMTalOT), Kak M MPOM30LWA0 CO
MHOMW, Aa ¥ C APYTUMK, KTO 3TO Aeno Toxe cobpan (Takux NMoaen yxe 40CTaTOYHO). A 3TO yxe Apyras ¢ousuKa, rae BO3MOXHO He
Tonbko CE, HO M Takue BelW KaK aHTUrpaBMTaLus 1 nepeMelleHne C OrpoOMHBIMU CKOPOCTSIMM B MPOCTPaHCTBE.

KTO roBOpMT, YTO MOMYYMI NPUPOCT MOLHOCTU Ha BbixoAe Ha 20-30%, TO MOXHO CMeo NMOHMMaTb, YTO 3TO pe3ynbTaT
HEenpasW/IbHOIO M3MEePeHUs, KOraa Bbl MOMYYMTE NCKOMbIN 3PGEKT, ero HesamMeTUTb OyeT NPOCTO HEBO3MOXHO, MOTOMY YTO 3TO
OyaeT npesbilleHNe Kak MUHMMYM B IECATKM pa3. TakK BCE Xe, § XO4y NMOroBOpUTb O Kilaccuyeckor ¢usmke. BCE Aeno B TOM, 4TO
BCE YTO OHa OMMCHLIBAET BEPHO KaK CNeACTBMUe, HO He 0ObACHAET NpuUYMHY. NpUMEp TOMY Kak XOpOLO OMMCaHOo NosejeHue Ten B
rpaBUTaLlMOHHOM MOfe, HO O CaMOW rpaBMTaLMU MHAOOPMaLMKM POBHO HOJb. TOYHO TaKXXe BOSTHOBbIE YPaBHEHUS NMPeKpacHO
OMNUCbIBAIOT MOBEAEHNE 3/1EKTPOMAarHMTHbIX BOMH B NPOCTPaHCTBE, HO O MPUYMHAX, Bbi3bIBAKOLWMX 3TO MOBEAEHME TaKOW XKe HOMb.
MMM KOHEYHO X€ MOXHO MOMAb30BaTbCs B MPAKTUKE, HO HOBbIX OTKPbITUIA Ha HUX He caenaTtb. Mo3ToMy ¢u13MKa, Kak MHOTUe
roBOPST, NpULLMA B TYNUK M ceba ucyepnana, y4éHble OTKPbIBalOT (BblAYMbIBAKOT) BCE HOBblE KaKMe TO YacTuubl. [laBaiTe
NOCMOTPUM TPaKTOBKY UL OAHOr0 3aKoHa KynoHa C TOYKM 3peHUs KBaHTOBOW 3NEKTPOANHAMUKWU: COrslacHO KBaHTOBOI
3/1eKTPOANHAMUKE, 3NEKTPOMarHUTHOE B3aUMOAEHCTBUE 3aPSAKEHHbIX YaCTUL| OCYIEeCTB/IAETCS MyTém oOMeHa BUPTYanbHbIMU
poToHamMu Mexay Yyactuyami. NPUHLNN HEONPEAETEHHOCTH A1 BDEMEHU U SHEPIiM AOMYCKAET CylLECTBOBaHNE BUPTYabHbIX
POTOHOB Ha BpeMS MEXAY MOMEHTaMU MX UCAYCKaHUA U MOr/IOWEHUS. YeM MeHblle DaCCTOSIHUE MEXAY 3aPsKeHHbIMU YacTuLamm,
TEM MEHbUEE BPEMS HYXHO BUPTYaNbHbIM OTOHaM A5 MPEOAOAEHNUS 3TOr0 PacCTOSHUA U CNEA0BATENbHO, TeM 60/IbWas
3Heprusi BUPTya/lbHbIX POTOHOB AOMYCKAETCH MPUHUNIMOM HEONPEAETEHHOCTHU. [1py Ma/biX PACCTOSHUSAX MEXAY 3apsaamu
ApUHYUMIT HEeonpeaeEHHOCTH 4OMyCKaeT 0OMeH KaK AMHHOBOJ/IHOBbBIMU, TaK 1 KOPOTKOBO/IHOBbIMU DOTOHaMM, @ npu 60abuWnx
paccTosiHusx B obMeHe yyacTByOT TO/IbKO A/TMHHOBOIHOBbIE )OTOHbI. TaKuM 06pa3oM, C MOMOLbIO KBAHTOBO
37EKTPOANHAMUKIN MOXHO BbIBECTU 3aKOH Ky/10Ha.9TO YTO X TaKoe Mony4yaeTcs Mexay nnacTMHaMu 3apshKeHHOro KoHaeHcaTopa
npaM BMpTyanbHas NoboBb Kakas To obpa3oBanacb, NpsaM GUNbLM ANs B3POCbIX, a TaKon GuU3MKe Beab aeter OyayT
yuuTb)))))))))))). [a v Takme onpeaeneHuns, 4To MO3r CioMaellb YToObl YTO TO MOHATL, CeAYaC YTOObI MOHATL COBPEMEHHYIO
(DU3MKY, HYXKHO CHayana 3aKOHYUTb KYPC BbICLIEN MAaTEMATUKM.



Tenepb 3aMMéMcs pacyéTtamu.

WTaK, 13 NpeaplayLmx NoCTOB Mbl BbIACHUM, YTO CNMpanbHbIi Pe30HaTOp, reOMeTPUYECKMe pa3Mepbl KOTOPOro 3Ha4YMTENbHO
MeHblle ANWHbI BOMHbI B MPOCTPaHCTBE, MMEET CBOMCTBO HE M3/1y4aTb 3HEPruio. Tenepb HaM HYXHO ONpeAenuTb ero napaMeTpbl —
COOCTBEHHYIO PE30HaHCHYIO Y4acToTy (4acToTa cB0O0AHBIX 3NEKTPOMArHUTHbIX KonebaHuin), Noka NOBEPXHOCTHO KOCHEMCA
napamMeTpos BO30YXAeHMs OT BbICOKOBOMbTHOrO UCTOYHMKA, U ONpeAenvM peakTUBHYI0 MOLWHOCTb MarHMTHOro nons,
LMPKYNMPYIOLWLYIO B CNMPanbHOM pe3oHaTope. T.e. HYXHO AaTb KONMYECTBEHHYIO OLEHKY NpoTeKawmM npoLueccam. EctecTBeHHO
370 BCE ByaeT NpuONMXKEHHO, NOCKONbKY €ro YCTaHOBKY PyKaMu He Tporan U C IMHENKOM He Mepun )).

Ons onpeaeneHns co6CTBEHHOW PE30HAHCHOW YacTOTHI PE30HATOPA, HaM HYXHO OMPEAENUTb ero 3NEKTPUYECKYIO ANUHY TONCTOrO
npoBoJa CBEPHYTOrO B CMpanb. MoflyyeHHas 3NeKTpUYecKan AnvMHa nposoaa OyAeT B TOYHOCTM paBHa OAHOW YETBEPTOW MOMHOM
ANVHBI BOJHbI B CBOGOAHOM MPOCTPAHCTBE, MO KOTOPOW Mbl CMOXEM OMpEeAenUTb PE30HAHCHYIO YacToTy no dopMyne:

Ff = 300/A rge A — ANUHA BOAHBI M, f — YacToTa MIy.

HayHéM C TOro, YTo onpeaenuM GU3MYECcKyo ANUHY 3TOro NposoAa. Ha cTon Kajpe, KOTOpPbI BblKlaablBan paHee, BUAHA KaTyllKa
13 6 BUTKOB TOJICTOrO NMpOBOJAa AMaMeTpPOM OKONIO CaHTUMeTpa. [luaMeTp caMoro coneHovaa 6epy Ha BCKMAKY NPUMEPHO 13 CM.
MoacuyMTaeM GU3MYECKYIO ANUHY Nposoaa B coneHomae  =n-d-n = 3,14 - 0,13 - 6 & 2,5 M. Tenepb HYXHO ONpeaenvTsb
KO3GhGhULIMEHT, NOKa3bIBaKOLLMIA BO CKOBKO Pa3 U3MEHUTCH 3MeKTpuUYecKas AnvMHa nposoaa. A 3TOT KO3(M@ULMEHT, Kak roBopun
paHee, 3aBMCUT OT TUMa NPMMeHsAeMbIX MaTepuanos. NpeAnoNoXuM, YTo Bce 0OMOTKM HaMOTaHbl Ha MOM3TUIEHOBOM KapKace C
KO3(phUUMEHTOM 2,5, YTO YBENNYUT EMKOCTL B 2,5 pasa. [lanee BHYTPM KapKaca NoyTy Ha BCKO ANMHY (MPMMEPHO % OT ANWMHbBI)
CMMpanbHOro pe3oHaTopa HaxoauTcs depputosas konbaca (TONbKO ceryac He CnpalmBainTe Ans Yero oHa HyXHa, 370 byaem
obcyxaaTe B CAMOM KOHLIE, MOKa NMPUMUTE KaK AaHHOCTb), YTO AaCT yBeAUYeHe MHAYKTMBHOCTM NPUMEPHO B TPY pa3a, MoTOMY
YTO CepAeYHUK He 3aMKHYT (OH M He AoMmKeH ObiTb 3aMKHYT). Tenepb N0 NPOCTOW (GOPMYyNe MOXHO ONpeAenuTb 3TOT
Ko3tbOUUMeHT k = v2,5-3 = 2,74. Ho y Hac ocTancs ewé TONCTbIN MeAHbl NPOBOA, KOTOPbINA TaKkKe 3aMeAnseT ABUKEHNE
3MeKTPOMarHUTHOM BOMHbI, ero Ko3thduumeHT OyaeT paseH NpubnmMsuTenbHo 1,4. YMHOXUM 2,74 Ha 1,4, nonyyum 3,84 —
pesynbTUPYIOWMIA KO3(MMULIMEHT, NMOKa3bIBaOLMIA, BO CKOMIbKO pPa3 U3MEHWUTCA 3MeKTpUYecKas AnnHa nposoja. YMHoXaeM 2,5
MeTpa hM3M4ECKOM ANUHbI MPOBOAa pe3oHaTopa Ha 3TOT KO3(MdULUMEHT, NOyYaeM YUCTYIO YETBEPTLBOMHOBYIO 31EKTPUYECKYIO
ANVHY nposoAa - 9,6 MeTpa. YToObl MOAYYUTb ANNHY BOMHbI YMHOXaeM Ha 4, nosyyMM 39 MeTpoB. MoACTaBUM NonyyYeHHoe

3HaYeHMe ANMHbI BONHbI B hopMyny £ = 300/A = 300/39 = 7,7-10° I unm 7,7 MILL. Pe30HaHCHYI0 YacTOTy CAMPanbHOro

pe3oHaTopa onpeaenvnun. Kak u3sectHo 406pOTHOCTb TaKMX PE30HATOPOB AOCTUIaeT 40 5000, HO B CBA3M C TEM, YTO BHYTPU €ro
pacnonoxeHsl GEpPPUT, ANSEKTPUYECKUI KapKac 1 apyrue o6MOTKM, TO ero 40OpPOTHOCTL Bbiwe 1000 He NoAyYuTCs.

Ternepb, He06X0AMMO ONpeAenuTLCA C NapaMeTpaMy Haka4yky OT BbICOKOBO/IbTHOMO UCTOYHUKA NMUTaHWsA. ECAM B3rNAHYTb Ha
BMAEO, TO BMAMM, YTO B pa3psaAHMKe NpoCcKakmeaeT cnabas BbICOKOYACTOTHasA MCKpa. MpuMMeM 4acToTy e€ CneaosaHua B 5 Ky u
npuMeM 3HaveHue NoTeHUMasna, KOTopbi CoobLaeT BbICOKOBOAbTHbBIN MCTOYHUK CNUPanbHOMY PE30HaTOPY B 30HE MYyYHOCTU
HanpsXXeHWsa B MOMEHT MCKPOBOTro pa3psga pasHbiM 3000B.

[Nanee 6yaeT NpoMCXoauTb CNeayrolas KapTuHa: B MOMEHT pa3psaa (KOPOTKMIA yaap No KOMOKOMY) UCTOYHUK BB coobiaet
pesoHaTopy noTeHumran B 3000 BOMbT M UCKPa FacHET, MOCAE 3TOr0 B PE30HATOPe YCTaHaBNAMBAKTCA CBOOOAHbIE CUHYCOMAANbHbIE
KonebaHWs Ha ero Pe3oHaHCHOM YacToTe, aMN/IUTYAa KOTOPbIX YObIBAET N0 3KCMOHEHTE A0 HYAS KaK MOKa3aHO Ha PUCYHKe.
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3TOT nNpoLiecc, KCTaTu, 3aMeyaTenbHO NPOAEMOHCTPUPOBaH B OMbITE MHXEHepa, KOTOPbI aAMUH BbIIOXW/ B CBOEM nocTte N242
KonuyecTtso 3Tux KonebaHui A0 NOMHOW OCTaHOBKM OyaeT pasHbIM AO0OPOTHOCTM CNMPanbHOrO pe3oHaTopa T.e. O4HOWM ThICAYU.
Monyyaem pa3psa v Aanee cneayeT Nayka 3aTyxawwmx KonedaHui Kak Ha PUCYHKE Bbille, K Havany cneaymroLwero paspsja
KonebaHui yxe He ByaeT, 3aTyxHYT. M Tak KapTWHa NOBTOPSETCA OT pa3psaa K pa3psay. Hac uHTepecyeT BenuyMHa Toka,



KOTOPbIMA NONYYaeM B €ro NyYHOCTU, OPMYNY AN YETBEPTLBOHOBOW NMHUM NPUBOAUN paHble: Ik = UH/ZB ; rae UH —
HanpsKeHWe B Hayane MHUM, IK - TOK B KOHLE NIMHWM, ZB — BOMIHOBOE CONPOTUBAEHME. BONHOBOE CONPOTUBAEHUE TaKOro
pe3oHaTopa COCTaBWUT B panoHe 100 OM (0 HEM elwé NoroBopuM, HO HECKOSLKO MO3Xe). MOACTABME AaHHbIE B (GOPMYNY NOAYYMM
TOK B NYYHOCTM 30 aMnep, TakxKe yObIBAKOWEro Mo 3KCNOHEHTE.

Teneps 3a4a4a CTOMT B PACYETE PEAKTUBHOW MOLWHOCTM, UMPKYMPYIOWEN B MarHUTHOM MOJE CNMPanbHOro Pe3oHaTopa.

B CMHYCOMAanbHbIX LIensaxX 3Hepruio, 3anacaeMyto 3a OAUH Nepuoj B MarHUTHOM MOJe MOXHO onpeaenuTb no ¢gopmyne: W =

2n-L-12 (Ax). TOK y Hac Tenepb U3BECTEH, OCTANOCh ONPEeAeNUTb MHAYKTUBHOCTb. [U18 MEAHOro NPOBOAA, Kak AUaMarHUTHOro
BELIECTBA C OTHOCUTENbHOM MarHWTHOM NPOHULIAEMOCTEI BAM3KOM K eAMHULE, €€ NErko ONpeaenuTb MyTEM YMHOXEHMUA

(M3MYECKOM ANUHBI NPOBO/A Ha BEMMYMHY MarHUTHOM NOCTOSHHOM BaKyyMa Lip PaBHYI0 1,256-107° MH/M (MO3Xe BbISCHUTCS, YTO

€& MOXHO YBENWYMBaTb B ThICAYM pas, HO MoKa He Byay NepeunTb KNacCMKe)) U pas B 30He pe30HaTopa ecTb GeppuTsl, TO
YMHOXMM eWé Ha KO3(MMUUMEHT, Ha KOTOPbINA YBENMYMTCA UHAYKTUBHOCTb, KOTOPbIN BbIlE ONPEAenvamn pasHbiii TPEM. ECTb ewe
0ZIHO YC/I0BME, MOCKOMBKY TOK B PE30HATOPE pacnpeaenéH HEPaBHOMEPHO MO ero ANMHE, TO HYXHO BBECTU B MHAYKTUBHOCTb ElWe
OZIMH KOPPEKTUPYIOWMI KO3MOULMEHT, paBHbIi 2/n unu 0,636, NPUBOAAIUMIA ANMHY NPOBOAA K AEMCTBYIOWEMY 3HAYEHUIO.

Wtoro L = 2,5-1,256-10°° -3- 0,636 = 6-10°° I'4 uAM 6 MKTH.

CynTaeM 3HEepruio, 3anacaemMyto 3a o4uH Nepuoj B MarHUTHOM none:

W = 2n-L-I? = 6,28:6-10"°-30% = 0,033 xoyns.

YTo6bl MOACYMTATL PEAKTUBHYH MOLUHOCTb, HYXHO YMHOXWTb 3Ty SHEPTUI0 Ha KOMMYECTBO NEpUoA0B KonebaHui pe3oHaTopa 3a
ceKyHAy. Kak roBopun Bbilwe, YTO Ha OAUH MCKPOBOW yaap MPUXOAUTCH ThiCAYA BEICOKOYACTOTHLIX KONeBGaHuit, a TakuX yaapos B

CeKyHAyY Yy Hac npoucxogaut 5000. MNo3ToMy yMHOXaeM 5000 Ha 1000 v nonyy4mum 5000000 unm 5-10° koneGaHwuii. Tenepb
BbIYMCNAEM PEaKTUBHYIO MOLWHOCTb, LIMPKY/TMPYIOLLYIO B MarHUTHOM MoOMe pe3oHaTopa:

QL= W- 5:10° = 0,033-5-10° = 169560 BA nnm 169,5 KBA (BONbT aMnep) A/15 YaliH1KOB CO06Ial, YTO PeaKTUBHAasA MOIUHOCTb He
MOXET coBepuate paboTy Ha aKTUBHYIO HArpy3Ky, Mbl CO34a7N TNk yCTOBHE.

OAHAKO 3Ta MOWHOCTb MOCYMTaHa AN MAEANbHOTO ClyYas, HO Y Hac ecTb HeOOMbLUME U3NTYYEHMS, TO HYXKHO y4ecTb 10% noTepto
M ecnv NOCMOTPETb Ha PUCYHOK BbIlLE, TO BUAHO, YTO aMMAMTyAa cBO6OAHLIX KonebaHui ybbiBawas, a 8 cuMTan Kak
NMOCTOSIHHYIO Ha ypoBHe 30 amnep. Mo3ToMy ecnv rpadmk 3Tow yObiBalowei aMnIuTyabl MPOMHTErPMPOBaTh, TO MOWaab,
3aHMMaeMas SKCNOHEHTOM, COCTaBUT OKOO0 0,3 OT NIOWAAN NMPU NOCTOAHHOM 3HAYEHWM aMNAUTYAbl. NO3TOMY MOAYYEHHYIO

PEAKTUBHYK MOWHOCTb HYXHO YMEHbLATD.

QL= 169560-0,3 - 169560-0,1 = 33912 BA wnu 34 KBa

BOT Mbl ¥ MOAYYUnM 34 KBA peaKTUBHOM MOLIHOCTM, LIMPKYMPYIOUIEN B MarHUTHOM MOJie CMPanbHOrO PE30HaTopa OT ero
MCKPOBOro BO3DYXKAEHMA OT BbICOKOBOMLTHOIO UCTOYHMKA. CO CBOEN 33AaYeil Kak MHOTOKPAaTHOE YBENMYeHUe LMPKYAMpYoLWei
3HEPrvM B OKpYXatowem obbEMe NPOCTPaHCTBa, PE30OHATOP CMPaBUICA.

Ham Hy>xHOo obecneuntb umpkynsaumio SHEPTNN B okpyxatwoweMm obbEMe
NpoOBOAHMKA, @ HA KaKoW YacTtoTe byaeT aTa UMPKYASLUMSA NPONUCXOAUTb, HaM
abcontoTHO hMoneToBO (XOTH YEM Bbllle, TEM Sy4ylle, HO ANS MCKPOBbIX
TEXHOIOIMMI 3TO, MOXHO CKa3aTb, NOTONOK). Tak Kak Cb&M ByaeT Ha TOM 4acToTe,
Ha KOTOPOW HaM HYXHO, U A9 3TOro He HY>XXHbl HUKaKue BbINPSMUTENH,
WHBEPTOPbLI 1 Npoyas nabyna, To TaM BCE ropa3fo npoue, Yem Bbl AyMaeTe,
yntante CP.

MosicHo, noyemy ornawatb 1% paHo. MNpeanonoxmMm Mol XMBEM B 19-M Beke U
Ha ABope anoxa n3obpeTeHns pagmo M Ball 3aXKUTOYHbLIA cocen Kynun
paanonpmémMHuk 3a 5000 6akcoB. [leHer Ha NOKYMNKY Takoro npmMéMHuKa y Bac
HeT, @ paaAno NoC/ywaTb OYEeHb Xo4eTcs. Houbto Mbl K HEMY NMpoOKpaabiBaeMcs C
OTBEPTKOW, BCKPbIBAEM ero NpmMéMHMK 1 3apuCoBbIBAEM PacnosIOXXEHME ero
AeTanen n nepenncbiBaeM BCe HOMUHanbl. [1OTOM Nokynaem getanu no Aewéske,
cobupaeM NpuUEMHUK, BKOHaeM — He paboTaeT! MNpnHUMN-TO ero paboThl
ocTancs 3a 60pToM, XOTS BHELWHE KOHCTPYKLUMIO HE OTAMYnWb. Mo3TOMy
YCTPOWCTBA HUKOIrAA He NosaBnAsATcs Bnepén 3HaHui! NpuHuUMaTbcsa 3a cb6opky
reHepaTopa, He 3Has NpuHUMna ero paboTbl - 3TO CTaBUTb Tenery snepeau
nowagu.



Mo3TOMY 51 M aKUEHTUPYIO BHMMAHME CHavana Ha knaccmyeckon dusnke,
KOTOpPOW MHOIMe, MSArko roBops, He Apy>KaT, a NOTOM yXe nosie3eM B
aflbTEPHATMBKY, XOTSA 3aHaBecbl byay nepnoamyecky npmoTkpbiBaTb. Ham HyxeH
Heobxo4AnMbI MMHMMYM B KadyecTBe 6a3bl, Ha KOTOPYIO MOXHO onepeTbCsl, YTOoObI
naoTn panbwe. bonbwero, yem TpebyeTcs, He Aalo, S XKe He yunTenb GU3nNKK.

YTo KacaeTca rpmH-6okca, BuamMmo Tapuen He agyMman, 4Tto NOAYyYUTCHA Takom
MMUPOBOM 0BLECTBEHHbIN PE30HAHC, U Ha BUAEO BCE NOKa3aHO KaK Ha NagoHWn.
MO>XHO CKa3aTb, YUMTaELWb KaK OTKPbITYIO KHUTY. TO Xe U Ha Bnaeo 5 kBT ot
28.04.2004r (roe 6aHka). Ho Takme pe3oHaTopbl packadaTb CNIOXHee, 4YeM Te,
KOTOpble BUAMM B TypeLKon ycTtaHoBke 3 KBT (rae caenaH, Tak ckasaTb, anrpeng
c Nentnym 1 Ha 3). Y CPa camasa nepBas 06MOTKa Ha BCHO ANUNHY «Konbacbl» -
TOXe CrnupanbHbIM pe30oHaTop, HO yXe C y4éToM anrpenga. Hacyér CPa noka He
cnpawunBanTte, y Hero 6bin psa KOCAKOB, KOTOPbIE He MO3BOSINAN MONY4YUTb
MOLLHOCTb Bbille (MOXxeM 06CyanTb nocse Toro, Kak ¢ rpuH-60KCOM He oCTaHeTCs
TEMHbIX NATeH). A cernyac obcyxxaaem nNpUHUMM C NPUBA3KON K KOHCTPYKTUBY
rpuH-6okKca.

MoCKOMbKY NpU ASIMHE BOJIHbI, COU3MEPUMON C AJIMHOMN NMPOBOAHMKA, Npn eé
onpenenéHHon ganHe, OH MOXET BeCTn cebst Kak MHAYKTUBHOEe, EMKOCTHOE UK
aKTUBHOe conpoTusneHne. CnenoBaTeslbHO, MOXET NPOSIBAATbL CBOMCTBA Kak
napasnienbHoro KonebaTenbHOro KOHTypa, Tak v nocineaoBaTesibHoro. EMKocTb
AHTEHHbl MOXXHO NMpeacTaBuUTb €é BHELIHEN NOBEPXHOCTbIO, @ UHAYKTUBHOCTD -
AnnHon. Ecnn EMKOCTb NpoBOAa YBE/INYUTL 3a CYET yBESIMYEHUS ero
NOBEPXHOCTU, TO AJSIA COXPaHEHMS YCNOBUM pe3oHaHCca MHAYKTUBHOCTb NpoBOAa
AO0J/1KHa 6bITb YMeHblUeHa. HO 3TO 03Ha4aeT, YTo AJIMHa 3TOro NpoBoAa A0/KHA
ObITb MeHblle TeopeTnyeckon. OTCoAa M BO3HUKAET 3TOT KO3 PUUMEHT. ITO
MOXXHO pa3obpaTtb Ha npuMepe hopMynbl TOMCOHaA, BblYMCAAOLWEN Nepuos
COB6CTBEHHbIX KOlebaHn KOHTYypa:

T =27V LC, rpe T - nepuoa konebaHuit, a L n C MHAYKTMBHOCTb U EMKOCTb.

Mo noBoAy yBENMNYEHUS MHAYKTUBHOCTM OT Hann4yunsa eppuToB s BaM aan, Tak
CKasaTb CBOM aMNMpPUYECKMNEe AaHHble, TaK KaK He X04y BacC eLlé 3arpyxaTb u
pac4yéToOM MarHUTHbIX Lernen ¢ pa3HbIMWU 3HAYEHUSMU MArHUTHOWN
npoHnuaemMoctun. OHU HU K YyeMy. KoaddDUUMEHT, KOHEYHO Xe, 3aBUCUT OT MapKu
deppuTa, ero Konmyecrtea, AMameTpa Koney u T.4. o nosoay KoadpduumeHTa
YKOPOYEHMS TONCTOro NpoBOAa MOXHO HAaNTK Ky4y CrpaBOYHMKOB C Tabnnuamu,
NO KOTOPbIM OH onpeaenseTrcs. Ho NpMkon B TOM, YTO B pa3HbixX Tabnnuax
MHOrAa BCTPeYyaroTCs pa3Hble 3Ha4YeHUs, BOT U s B3/ N0 MUHUMYMY. Pe30oHaHC y
Hac pacnpenenéHHbln U BNUsIHWE AMaMeTpa U Kon4yecTBa BUTKOB He TaK BIUAIOT
Ha pe30HaHC, KaK B Lenn C CoOCpeaoTO4YEHHbIMM NapamMeTpaMu, rae TOK 04MHAKOB
B Nt060OM ceuveHnn nposogHukKa. Ecnun 3ToT pacyéT genaTtb No ymy, TO 3TO 3aHSAN0
6bl CTpaHuLUbl TPM, AyMalo BaM 3TO He Hafo. [leno B TOM, UTO TeopeTUYecKni
pacyéT He AacT HaM TOYHOM BenununHbl. K npumepy, nogHecs pykKy K



CnupanbHOMY pe3oHaTopy, 0CO6eHHO B 30HE MYYHOCTU HaMps>XXeHUs, Bbl
yBennymnte EMKOCTb MexXxay NpoBOAOM M PYKOM M 4YacToTa cBOOOAHbIX KosiebaHunm
yMeHbLNTCA. B 6a3e akcnepmMeHTaTopa HY>XXHO MMETb ocuunnorpad Ha 4acTtoTy
»XenatenbHo He Huxe 100 MIMy. M Toraa no KapTuHKe npouecca BCE HarnsagaHo
6yaet BnaHo. Obewan paccMOTpeTb BONPOC O BOSTHOBOM COMPOTUBIEHUN
npoBoAHWKa. Tak BOT No opmye Ang 4eTBepTbBOJIHOBOM JIMHUMN 3aBUCUMOCTb
TOKa B MYYHOCTM OT €ro Hanpsi>xeHus B Hadane nuHum Ik = UH/ZB ; roe UH -
Hanpsi>XeHne B Havane nnHuu, IK - ToKk B KoOHUE NMHUKN, ZB — BOJIHOBOE
conpoTmeBneHne. HaM NOHATHO, YTO YEM HMXKE 3TO CONPOTUBNIEHNE, TEM BblLLE
TOK B NMy4YHOCTU. Ecnm 31O conpoTusBneHne byaeT BbICOKMM, TO 3HAYEHUE TOKa
6yaeT ManbiM. [103TOMY NOHATME BOSTHOBOIrO CONPOTUBIIEHUS HYXXHO PacKpbITb
nogpobHee. BonHoBoe CONpOTUB/IEHME — 3TO OTHOLWIEHUE aMNAnNTyq
3N1EKTPNUYECKOro U MarHMTHOIMO NOJMIeN 3/1EKTPOMArHUTHbIX BOJIH,
pacnpoCTpaHsLWMXCS B cpeae.

Ll L"rm

C_'I - ]'777. - ZO

roe Z0— BO/IHOBOE conpoTuBieHne, L1— noroHHas MHAYKTUMBHOCTb,C1—
MNOroHHad EMKOCTb, Um— aMnnunTyaa HanpsaXXeHna B IMHUK, Im— amnnunTtyaa
CUNbl TOKa B IMHUU. [TPOCTbIM OMMETPOM 3TO COMNPOTUBNEHUNE HE N3MepuUTb. U3
¢dopmMynbl BUAHO, YTO BOJTHOBOE COMPOTUB/IEHME 3aBUCUT OT EMKOCTU JIMHUN U
MHOYKTUBHOCTU. NHAYKTMBHOCTbL (Ha napy c Tecnon) yMeHblaTb He
pekoMeHAayto. A BOT EMKOCTU A06aBUTb HEMHOIO MOXHO, ANS Yero BHYTpb
konbacbl BBOAUM LMANHAP U3 TOHKOrO AMAaMarHUTHOro Matepuana c npoAo/ibHOM
npope3bto 1 06513aTeNIbHO ero 3aseMssieM. JDTa npouenypa yBenynT éMKOCTb
Mexay UMNMHAPOM U CMpaibHbIM pe30HaTOPOM U YMEHbLLUUT BOJTHOBOE
COMpOTUBNEHME pe30HaTopa, NpaBaa C HEKOTOPbIM CHUXEHMEM A0BPOTHOCTU, TakK
4YTO, KaK FrOBOPUTCH, BaXHa 30/10Tad cepeanHa.

Tenepb HEMHOIO NMPMOTKPOIKD B3rNs4 Ha afbTEPHATUBHYHO MU3NKY, TOIbKO HE
nogyMamTe, 4To 3TO TOT caMblil 1%, NPOCTO HY>KHO FOTOBUTb NOCTENEHHO, YTO6
CO3HaHWe cpa3y He Tepsanu ©.

Ham octanocb pasobpatb:

1. TexHonorna ygapHoro Bo36yxaeHus CnnpanbHOro pesoHartopa.

a) MapameTpbl NCKPbI, MeTOAbl N3MEepPEHUS.

6) TpeboBaHusa, NnpeabsBNsEMble K NCTOUYHUKY BB.

2. Ha3HaueHune kabens 3azeMnennsa n TpeboBaHns K 3a3eMIEHUIO.

3. PacnonoxeHune KaTylwKn CbéMa, pa3BeH4aHune mmda o "MEpTBOM none".

4. CaMblX rnaeHbIn "cekpeT" cbéMa aHeprum acpmpHoOro nong (ToT cambin 1%
nHpopmaumn).

5. HasHauyeHue B ycTaHoBKe (heppuTOoB, ABYX BbIXOAHbIX CUOBbIX TPAH3UCTOPOB
N BTOPOW O6MOTKM, pacrosioXXeHHOW Mo CrupasibHbIM pe30HaTOpPOM.

Mepen obcyxaeHNeM TeEXHOOMMM yaapHoro Bo3byxaeHus, gaBante BCMOMHUM,



YTO Mbl Y3HaNM O CNMpasbHOM pe3oHaTope. Mbl BbIYMCINAM ero pe30HaHCHYI
4acToTy cBOb6OAHbLIX KonebaHun (7,7 ML) n onpeaenmnm peakTUBHYIO
MOLLHOCTb, LUMPKYIUPYIOLLYIO B CTOSiHEN BONHE pe3oHaTopa (34 KBAP). Ans
pacyéTtoB 6bin1 3agaH napameTp noteHumana 3000 BOAbT B Ny4YHOCTHU
Hanps>XXeHnsa pe3oHaTopa, Noslyd4aeMoro 4yepes UCKpoBOW paspsa oT BB
NCTOYHMKA. KaK MonyymTb 3TOT NOTEHUMAN Ha TakKOM KOPOTKOM pe3oHaTope,
AnnHon Bcero 2,5 metpa? Ecnm aTOoT BONpOC oCcTaBuTb 6€3 BHMMaHUS, TO
cb60pKOM MOXHO 3aHMMATbCA eweé Tpu roga, 3ToO BONPOC HaMBaXXHENLINN B
ycTaHoBkKe. [M03TOMy Hago Xopowo pa3obpaTb TEOpUIO 3TOrO Npouecca m
NPUMEHUTb NMPaKTU4Yeckme MeToabl U3MepeHus.

Ecnn Bo36yxaaTb pe3oHaTop MMNyabCaMn C YacTOTOW cnenoBaHus B panoHe 30
Mly, 31O 6YAET CAMWKOM 3aTpaTHbIN CNOC06, Tak Kak MMNyNbC caM no cebe yxe
3aHMMaeT onpenenéHHy NoJsIoCy YacToT. HaM He HYXXHO Ka)Abl nepuog
«MUHaTb» UMMY/bCOM BbICOKOAOOPOTHbIM pe30oHaTop, AOCTAaTOYHO MHYTb OAUH
pa3 3a HECKOJIbKO COTEeH NepnoaoB 3aTyxatwmnx konebaHmnn. PesoHaTop nerko
BO36yXxaaeTcs 0AMHOYHbLIM pa3psaaHbIM MMMYJIbCOM, NOJI0Ca YaCTOT KOTOPOro, B
crnekTpe, rae cocpeanotoyeHo 90% sHeprun curHana, 3aHMMaeT TakKXe 4YyTb
Bbiwe 30 Ml'u. EanHCTBEHHOE YyCnoBMe - AINTENbHOCTb CAMOro paspsaHoro
MMNYyNbCa He A0/IXKHA NMpeBblWaTh YeTBepTU nepuoga KonebaHmsa pesoHaTopa.
YacTtoTa UCKpbl 3aBMCUT OT MOLWLHOCTK, noTpebnaeMon nctoyHnkom BB. Koraa
éMKOCTb BB MCTOUYHMKaA pa3psaanuTCa Ha pe3oHaTop, OHA CHOBA 3apsAXaeTcs oT
MCTOYHMKA NMUTAHUS, MO AOCTMXEHUN HanpsXeHns npobos paspsaaHuKa, OHa
CHOBa pa3spsxaeTcsl, npouecc nosropseTca. Ho EMKOCTb pa3psiKaeTcs He A0
KOHLUA, a A0 NOJSIOBMHbI CBOEro HanpsixeHus (npumep c 6yTtbinikamun). [laBante
pa3bepémMcs, KaKy MOLWHOCTb byaeT noTpebnsaTb NCTOUYHUK MUTAHUA NpU
noTteHumane Ha cnupanbHoM pe3oHaTtope B 3000 BObT U 4YacToTe pa3psnos 5
KIy. 34eCb HY>XHO elWé 3HaTb BeNMUYMHY EMKOCTU CNMpasibHOro pe3oHaTopa, OHa
NexXuT B npeaenax CoTHM-MoNATopbl nnkodapas (onbiTHbie AdHHbIE). CunTaem
MOLLHOCTb:

EMKOCTb BB MCTOYHMKA A0/KHA 6bITh aHaNOrMyHa EMKOCTM pe3oHaTopa,
BO3bMeM eé 3HayeHune 150 nukodapan vnim 0,15-10-9 dGapaa. EE HyxHO
3apsaamTb 0o 6000 BonbT, 4TObLI Ha pe3oHaTope 6bi1 noTeHuman B 3000 BONbT.
CuntaeM, KaKyt 3HEPrut Hy>HO COObLNTb KOHAEHCATOPY 3@ OAMH LMK NO
N3BECTHOM bopMyne Ans MMNyAbCHOrO UM NOCTOSAHHOro Toka W = C-U2/2 =
0,15:10-9-60002/2 = 0,0027 Oxoyns. HO KaK y>Xxe U3BECTHO, 3Ta EMKOCTb
paspsi>kaeTcs A0 MOJIOBUHbI CBOero HanpsXxeHusa T.e. 4o 3000 BOMbT, 3HAUMT 3Ta
3HEeprunsi COXpaHsaeTcs N B CAeAYHLWmMi pa3 OT UCTOUYHMKA NUuTaHus Tpebyetcs
MeHbLUEe 3Heprun, 4tobbl 3apsaanTb EMKOCTb BB ncrtouHnka go 6000 BonbT.
3HauYnT U3 3HAYEHUS SIHEPrnm, NOJAy4YeHHOM OT NCTOUYHUKA NUTaAHMS NMpu 3apsaae
KoHaeHcaTopa Ao 6000 BONbT, HYXHO Bbl4ECTb 3HAUYEHNE SHEPrnmn, OCTaloLWENCS
B EMKOCTM BB nctouHmnka nocne paspsana ¢ HanpsxeHuneMm 3000 BonbT. CunTtaem:
W = 0,0027 - 0,15-10-9-30002/2 = 0,002 Oxoyns. T.e. Mbl NOAY4YUNIN 3HAYEHUE



3HEepPrum OT UCTOYHMKA NUTAHUS 3a OAMH UMK pa3psaga. Y Hac B CeKyHAy
npoxoant 5000 TakmMx LUMKNOB, NO3TOMY 3HAYEHME SHEPIrUM YMHOXAEM Ha 3Ty
4acTOTy M NONly4YaeM MOLWHOCTb, KOTOPY NoTpebnseT UCTOYHUK NUTaHusa P =
0,002-5000 = 10 Bt. C yuyéTom K[ BB npeobpasosaTtens, notpebnsemas
MOLLHOCTb 6yaeT HECKObKO BbllleE.

Xopowuin BONpocC no NOBOAY YacCcTOTbl Ha pa3psaaHuke. Kaxabii pa3pss
Bbl3blBaeT psif BbICOKOYACTOTHLIX KoNebaHui B CNMpasibHOM pe3oHaTope,
KOTOpble K NpUXoAy crefylowero pa3psia ycnesatT 3aTyXHYyTb. Ecnm pe3oHaTop
Mexay paspsgamm 6yaeTt npoctamBaTb (YacToTa cnefoBaHUSA pa3psaaHbIX
MMMYJIbCOB HU3KAas), TO UMPKYNSAUMSA peaKTUBHOW MOLWHOCTM B Pe30HAHCHOM
cucteme 6yaeT TakxXe HEBbICOKOW, cneaoBaTebHO, MEeHbLUE CHUMETE 3Heprmun C
3MpHOro nons B Harpysky. B naeane, yacrtota cnegosBaHuns paspsaaHbixX
MMMYbCOB AO0/MKHA 6bITb TaKOM, YTOObI K NpUxoAy cneayrowero MMNysabca,
kKonebaHmns pe3oHaTopa TO/bKO-TOMIbKO 3aTyXanu, T.e. MPOMEeXyTKN Mexay
NCKPOBbIMU pas3psaHbIMU UMMYIbCaMN AO0MXKHbI 6bITb 3anonHeHbl BY
KonebaHnsMn pe3oHaHCHOM CUCTEMbl. HYacToTy cnefoBaHuns paspsaaHbiX
MMMY/IbCOB MOXeTe BblbMpaTb CaMU B 3aBUCMMOCTM OT BaLLUMX MOXeEaHun no
BbIXOAHOM MOLHOCTU Ha Harpy3ke u ncxoas u3 MOLWHOCTU NCTOYHMKA BB.

Mory nob6aBuTb K JaHHOMN TeMe MHTEepPECHbIN MaTepuan, HauynHas co BTOPOM
rnasbl, CTp. 34, C Ha3BaHueM: «OopMUpPOBaAHNE HAHOCEKYHAHbLIX UMMY/1bCOB
BbICOKOIro HanpsxeHusa» [.A. Mecsau, «2Heprua», Mockea, 1970. n4
AanbHeNnLWero pacCMOTpeHus, NpoLy BCEX 03HAKOMUTbLCS C JlexepoBOW CUCTEMOM
C pacnpeaenéHHbiMM NnapaMeTpamn http://the-

mostly.narod.ru/misc/short waves in wires.html n ana 4anHunkos,
NHTepdepeHUMOHHas KapTMHKa MexaHu3Ma obpa3oBaHUSA CTOSAUYNX BOJIH.

3aBepllas o4YeHb BaXXHY TEMY C HaKauykKon pe3oHaTopa, eweé pa3 obpatlato
BHMMaHME Ha AJIMHY NPOBOAOB pa3psAHOro KOHTypa, KOTOpble AO0/KHbI 6bITb KakK
MOXHO KOpOoYe, YTO YMEeHbLWMUT ANNTENbHOCTb pa3psaHoro nmnynoca. Caenaem
NPOCTOM pacyéT Ha NpuMepe yCcTaHOBKW KanaHapase.

Mpennonoxum, cyMMapHasa aAsiMHa COeAUHUTENbHbIX MeAHbIX NMPOBOAOB
pa3psAHOro KOHTypa cocTaBnseT 1 MeTp, UHAYKTUBHOCTb TakoM AJSINHbI
NpoOBOAOB NMPUMEPHO paBHAa MarHUTHOW NPOHMLAEMOCTM BakyyMa 1,256:10-6 H.
Monoca 4acToT, 3aHMMaeMbIX OAWHOYHbIM pPas3psaHbIM UMNYLCOM, YTOObI
packayaTb pe3oHaTop Ha yacrtoTte 7,7 MI'U, fo/mkHa coctaBnAaTb He meHee 30,8
Mlu. CuntaemMm MHAYKTUBHOE COMNPOTUBIEHME NPOBOAOB, BHOCMMOE B pa3psaaHbIn
KOHTYp. XL = 2n-f-L = 6,28- 30,8-106 - 1,256-10-6 = 243 OMm.
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T.e. onnHa coeamnHuTeNbHbIX NPOBOAOB B OAWUH METp MNMpu A/IUTENIbHOCTH
paspsaHoro uMnynbca B 32,5 HaHOCeKYHAbl, BHECET B pa3psaHbii KOHTYP
OOMNONIHUTENbHOE MHAYKTUBHOE conpoTuerieHne B 243 OM. MoxeM nocuuTaTb,
Npu KakoM npeaenbHOM (MakCMManbHOM) COMPOTUBEHUN Pa3psaaHOro KOHTYpa,
KOTOpOe COCTOUT U3 CYMM COMPOTUBIIEHMI CaMOro MCKPOBOIro pa3psaa,
AKTUBHOIO U MHAYKTUBHOIO COMPOTUB/IEHNS COeANHUTENIbHbIX NMPOBOAOB, MOXeET
ObITb AOCTUTHYTA ANUTENbHOCTb MMNYbCa B 32,5 HaHOCEKYHAbI.

Ncxoas u3 onpeneneHnsa noctosaHHom cocrtasnswowen T = R-C (cek), rae T -
onpeaennMMm Kak AnnTenbHOCTb NepexoaHoro npouecca (pa3psagHoro nMnynbca),
R — conpoTtuBneHue paspsaaHoro KoHtypa, C — EMKOCTb Ha BbiXoae
BbICOKOBOJIbTHOIO UCTOYHMKA NUTaHuUs (onpepenunu B pasmepe 150
nnkodapas). BoiBeaem 13 popMysibl 3HaYeHNEe NpeaesbHOro pa3psgHoro
conpotmeneHnsa R = 17/C = 32,5-10-9/150:10-12 = 216 OM. B KHUre, CCbISIKY Ha
KOTOPYIO AaBa Bbllle, MOXHO HAaWTU cpefHee 3HaYeHNe BeNYNHDI
CONPOTUBNEHUSA UCKPbI NPU 0BbIYHbBIX YCIOBUAX Ha OTKPbITOM Bo3ayxe - 100 Om.
BoT n noacuymntaeMm conpoTmMBAEHME Pa3PSAAHOIro KOHTypa C Y4ETOM AJSINHbI
NpoOBOAOB B OAMH METP, ANS 3TOro CyMMmpyem He anrebpanyecku, a
reoMeTPUYECcKMn UX 3HaveHus (TakK Kak pasHble TUMbl CONPOTUBIEHUN) RK = V
Rn2 + XL2 , roe RK — pa3psaaHoe conpoTuB/ieHne KOHTYpa, RuU — conpoTusBnieHne
NCKpbl paspsaaHuka, XL — MHOAYKTUBHOE CONPOTUBEHNE COeANHUTENbHbIX
NpoBOAOB.

CuunTaem:

Rk = V1002 + 2432 = 262 OM. N cpaBHUM 3TO 3HAYEHME C NpeaesbHbIM
conpoTtueBneHnem 216 OM. Kak BUAHO M3 CpaBHEHMUS, NMPU CONPOTUBIIEHUN TAKOIro
KOHTYpa, A/IUTENbHOCTb MCKPOBOIro pa3psaa B 32,5 HAHOCEKYHAbI Mbl He
nonyyum! CneposaTtenibHO, pe30HAHCHbIN KOHTYp packaydaTb 40 Tpebyemoro
noteHumnana B 3000 BoNbT He NONy4YnTCs. MMO3TOMY 3Ty TeMY A U 0603HaAYUMN
CaMOW BaXXHOM. He packayaeTe KOHTYp - BCe BallW ganbHenwme ycunuma oyayr
HarnpacHb.LI.

B ponuke no crosiyen BONHE, KOTOPbIM BblKAaAblBaa Bbille, HY)XXHO KOoe-4To
NPOKOMMEHTUpoBaTb. [leno B TOM, YTO B posiMKe AaH MeXaHu3M obpa3oBaHuUs
CTOSIYMX BOJIH B MSIOCKOM 2-X MEPHOM BUAE. MarHMTHOE nosie CTosiyenr BOJHbI
(paboTaeM TONbKO C HUM) B TPEXMEPHOM MPOCTPAHCTBE BbIMMSAUT B BUAE
TOopouaa, KOTOpbIA NNIOKannU3oBaH B onpeaenéHHOW 4acTu NPOCTPaHCTBa,
BpalllaeTcs BOKPYr rOpU30HTasIbHOM OCKU, MYyNbCUPYET C YaCTOTOW CUrHana B
NVHUU N YETKO NoAumnHsAeTCca npasuny bypasumka. [Ang 6onee HarnagHOCTH
Hakmngan TPEXMEPHYO aHMMaUUO MAarHUTHOro Nnons:



CnupanbHbIN pe30HAaTop - 3TO HECUMMETPUUHbI BUB6paTop, KOTOPOMY HYXHa
Touka onopsbl (6e3 Heé oH NpocTo He byaeT paboTaTb). ECNM HYXXHO MPbLIFHYTb
BbICOKO BBEPX, TO HYXHa XECTKas To4YKa OMnopbl, @ ecnu nog Horamu 6onotucras
No4YyBa, TO CKOJSIbKO SHEPIrMM HYXHO 3aTpaTuTb, YTOb6blI BoO6LE NoanpbIrHyTh? YTO
SABNSETCHA TOUYKOM onopbl (Kakown 3/1IeMeHT CNnpaabHOro pe3oHatopa) B YCTaHOBKE
KanaHaase? "lMpaBunbHoe" 3a3zemsieHne. PesoHaTop MMeeT MHAYKTUBHOCTb - 3TO
ero AnnHa, u éMKOCTb - 3TO ero NoBepXHOCTb. YeM Tosiwe pe3oHaTop, Tem
b6onbwe EMKOCTb. DTY EMKOCTb HaM M HYXHO 3apsanTb, a 3apsXXaeTcs OHa
OTHOCUTENIbHO TOYKM OMOpbl, KOTOPOMN AABASIeTCA 3eMNs. 3apsaanTb 3Ty EMKOCTb
HY>XHO B MeCTe Ny4YHOCTU HanpsxXeHusa o noteHumana 3000 BonbT no
OTHOLLUEHUIO K 3eMJie, NMOoKa pe30HaTop HaxoAMTCs B EMKOCTHOM da3se.
3a3eMneHune uennsaeTcs K 0o4HOMY KOHLY pe3oHaTtopa.

goo [0
Conpanshedl paaosaron

"MpaBunbHbIN" pe3oHaTOp PUTOHUTb HE MOXET N He byaeT. Ero 3agava -
copMmnpoBaTb NepemMeHHoe MarHMTHoe none (Kak cneacreme cBo6OAHbIX
aN1eKTpuyecknx konebaHnm B HéEM, Ha ero cobCTBEHHOMN, 3alaHHOM ero
reoMeTpnyeckMmMu napameTpamm, pe3oHaHCHOW yactoTe). NMpu NnpaBuibHO
OpraH1U30BaHHOM rpouecce Bo36yxaeHus, nnydyeHne MM B oKpyxatoLyo
cpeay npakTuyeckn OTCYTCTBYET, BCH SHEPrus UMPKYNPYET BHYTPU pe3oHaTopa.
Mpu 3TOoM "yaapHbIn" cnocob Bo36yXXaeHMS CBOAUT K MUHUMYMY 3HeprosaTpaThbl
Ha noaaepxaHue cBoboAHbIX KonebaHum n He TpebyeT HMKAKNX aMNAUTYAHbIX,
da30BbIX MM YACTOTHbLIX @aBTONOACTPOEK, YTO CYLLUECTBEHHO ynpoLlaeT
KOHCTPYKUMIO. YTO AenaTb C NOSyYeHHbIM NepeMeHHbIM MarHUTHbLIM NoseM, Kak
ero npasuibHO "3anpsyb", HaM eweé NpeacTouT y3HaTb.

MNepexoamMm KO BTOpOMYy pa3geny: «HasHauveHue kabens 3azemneHus,
TpeboBaHUA K 3a3eM/IEHUIO».

CnupanbHOMY pe30HaToOpy B KayeCcTBe TOYKM OMNOPbl HY)XHA 3eMNs. 3eMns
SABNSIETCSA TOYKOWM ONopbl pe3oHaTopa vyepes Kabenb 3a3eMneHus.
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CnepoBaTtesnibHO, Kabenb Ha 3eMJ10 - 3TO TOXe BblICOKOA0OPOTHAA pe30HaHCHas
cucTeMa c pacnpegenéHHbiMM NnapaMeTpamm, NpuUYEM O4YeHb BaXKHas, Tak Kak
MMEHHO OH Yy Hac byaeT B3aMMOAENCTBOBATb C 3(UPOM MO U3BIEYEHUNIO SHEPTUY,
9KBMBANIEHTHON PEeaKTUBHOW MOLWHOCTU, UMPKYINPYIOWEN B MAarHUTHOM none
cTosiuen BonHbl kabena 3aszemneHus (He B CMUpasbHOM pe3oHaTope).
CnupanbHbIN pe30HaTop B MecTe NyYHOCTU TOKa CBOMM KOHLIOM HaAéXHOo
coeanHsieTcs ¢ kabenem, naywmnm Ha 3emno. Noayymm cucrtemy, XEcCTko
CBSI3aHHbIX PE30HAHCHbIX KOHTYpPOB. M306pa3nM 3TO Ha pUCYHKeE:

CnupanbHbI pe30oHaTop, NoJsyYatoLmnn SHEPIM0 OT BbICOKOBOJIbTHOMO
MCTOYHWKA, Ha3blBAaETCA NepBUYHbIM KOHTYPOM, a Kabenb 3a3eMneHus,
NONy4atoWwmii SHEPTUIO OT NEPBUYHOIO KOHTYpa, Ha3blBAaeTCs BTOPUYHbLIM
KOHTYpoM. Ob6a KOHTypa A0J/1XHbl O6blITb HACTPOEHbI HA YaCTOTy CBOHOAHBbIX
KonebaHn cnnpanbHOro pesoHaTtopa. Nockonbky kabenb Ha 3eMN0 HE naeaneH
(B HEM NpPUCYTCTBYIOT NOTEPU HA U3JTy4YEHME, aKTUBHbIE NOTEPKU), TO NpKU
NOAK/IIOYEHMM €ro K CnupasibHOMY pe30HaTopy, OH BHECET AONOJSIHUTESIbHOE
3aTyXaHWe B JIMHUIO, YTO CHU3UT A0OPOTHOCTb PE€30HAHCHOW CUCTEMblI MUHUMYM B
2-3 pa3a. Co cnupasnbHbIM pe3oHaTopoM A06poTHOCTL 6bi1a paBHa 1000, npu
noakntodeHmnn kabensa crtana 300. NS MUHUMANbHOIO CHUXXEHUS AOBPOTHOCTMU
PEe30HAHCHOW CUCTEeMbl, BOTHOBOE COMPOTUBIEHME CNMPASIbHONO pe3oHaTopa U
BOJIHOBOE CONpOTMBEHNe Kabens 3a3zemneHns B ngeane A0/KHbl 6bITb paBHbI. A
NPOCK 03HAKOMUTLCS C JlexepoBOW CUCTEMOMN C pacnpenenéHHbIMU
napaMeTpamMu. YTo Mbl TaM BUAUM? [1Ba napansiefnibHbiX, pAAOM pacnOSIOXEHHbIX
NPOBOAHMKA, B KOTOPbIX YCTaHAaB/IMBAOTCA CTOsiYMe BOJIHbI. B ycTaHoBKe
KanaHaase Mbl He BUAMM BTOPOro NpoBoAa, HO OH eCTb — 3TO MJIOCKOCTb CaMomn
3eMu, ANS TakKuX 4acToT MNJIOCKOCTb 3eMJIN SBNSETCH naeasnbHOW NpoBoAsLUeEN
NOBEPXHOCTbLID. YTO6bI Y cnMpanbHOro pesoHaTtopa bbiia Xxopolas Touka onopbl,
BXOAHOE conpoTuBiieHne KabenbHoM NMHUM (He NyTaTb C BOTHOBbLIM) MO
OTHOLLUEHUIO K 3eMsie JOJIKHO CTPEMUTBCS K HYJIO.

N3 TenerpadHbIX ypaBHEHNI XeBUCanaa N3BECTHO, YTO Y KOPOTKO3aMKHYTOM Ha
KOHLEe JIMHUN BXOAHOE COMNPOTMBIIEHNE PaBHO HYJIIO NPU 2NEKTPUYEeCcKon asinHe
NVUHNN, paBHOW YETHOMY UMCYy YeTBepTen BOJIH. NS yMeHbLWeHNS noTepb B
AVHWUK, AnnHa Kabens aonkHa 6bITb KaK MOXXHO KOpo4ye, HO He Kopoye
NONYBOJIHbI. EE Mbl 1 BblbepeM. DTa IMHMUA B KOHLE KOPOTKO3aMKHYyTa yepes
COMpPOTUBNEHNE 3a3eM/IEHUs, Ha BXOAe Takas MHMA ByaeT nMeTb aHanormdHoe
conpoTusBneHmne. lcxoasa ns 3Toro, CONpoTUBEHME 3a3eMNIEHNS AOSIKHO ObITb



KaK MOXHO MeHbLlle. Ecnu HenpaBunbHO noaobpatb AMHY KabenbHOU NUHUU
(MeToabl eé perynMpoBkn byaeMm paccMmaTpuBaTb NO3Xe), TO BXOAHOE
COMpPOTUBNIEHNE B MEeCTe CoeAMHEHUs CMMpPAsibHOro pe3oHaTopa U3MEHUTCS, YTO
O4YeHb CMIbHO NOBAUSET Ha AOOPOTHOCTb CUCTEMbI. AHANOMNA: eCnun XECTKO
3aKpenuTb OAMH KOHEL, HOXXOBOYHOIO MoJI0oTHA B CTEeHe, TO Npu BO34ENCTBMU Ha
CBOO6OAHLIN KOHeL, nonyynMm psg yboisarwowmx konebaHnmn atoro nonotHa. Ecnum
»Xe KOHeL MoJI0oTHa 3aKpenuTb B CTEHE U3 NAACTUMHA, TO NOJSIYYUTb TaKoe Xe
ymcno ceoboaHbIX KonebaHun He ygactcs. JIMHUIO ASTMHON A/2,
KOPOTKO3aMKHYTY0 Ha KOHLE, MOXHO CpaBHWUTb C NocsieaoBaTesIbHbIM
konebatenbHbIM KOHTYpoM. Obwas AnnHa NnMHUK nony4daercs 1/4 A
(cnupanbHbIK pe3oHaTop) + 1/2 A (kabenb 3a3emneHns) = 34 A. Tenepb
COOTHECEM 3Ty ANMHY C nateHToM Tecnbl N2 787412 ot 18.04.1905 r, ymtaTta:
"MonHas AnnHa NpoBOAHMKA OT NMAacTUHbI 3a3eMneHuns E' o noaHaToro
TepMmuHana E, gomkHa 6bITb paBHOM UM HEYETHO KpaTHO
(MHOXuTenb:1,3,5,7,...) paBHOM 4YeTBEPTU ASIMHbI BOSIHbI 2/IEKTPOBO3MYLLEHMNS B
cucteme E' C E." Y Hac aTOT MHOXUTeNb paseH 3. [anee nsobpasnm cxemy
pacnpeaeneHmns TOKOB U Hanpsi>XeHUN B TaKOW JIMHUMN.

AuvarpamMMa HaNpsKEHUA B IMHAM

AuvarpamMmMa TOKa B NIMHUK

B pe30HaHCHOM NUHUK OIMHOM 3 A B MeCTe TOYKM 3a3eM/IeHUS BO3HMKAET
NYYHOCTb TOKa, B MeCTe BX0Aa B JIMHUIO C APYrOn CTOPOHbI MYYHOCTb
Hanps>XeHUa. DKBUBANIEHTHO Mbl MOXEM NPeACTaBUTb 3TY JIMHUIO CXEMATUYHO B
BUAE KOHTYPOB C COCPEAOTOYEHHbIMMN MapaMeTpamu:
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N3 npeablaywmx pacyéToB Mbl MOAYYUIN OJIMHY BOJIHbI pe3oHaTopa 39 MeTposB.
OTcroga anekTpuyeckasa aiMHa nposoAa 3a3eMs/1eHMNS B NONIBOJIHbI MOYYUTCA
19,5 MeTpoB. YT06bl NepecunTaTb 3TO B pU3MYECKYIO AIMHY NpOBOAA, NPUMEM
KO3 PULUMEHT YKOPOUEHUS, KaK U B CMUpasibHOM pe3oHaTope, paBHbiM 1,4. T.e.
dusmnyeckasa gnnHa nposoaa B nosBosHbl 19,5/1,4 = 14 metpos. OTcona
MOHATHO, NOYEMY Mbl BUAUM TakKoM AJIMHHLIA MPOBO/A 3a3eM/IeEHUA B YCTaHOBKe
«rpuH-60kCc» KanaHagse. [lanblie nocymtaeM peakTUBHYH MOLHOCTb
MarHUTHOIO MONs, UMpKynupytowero B kabene, n pasbepém Kocskm no
n3ny4yeHuno. B nepepatomx cucteMax BCE No MakKCMMyMy HACTPOEHO Ha
n3nyyeHune aHeprum B apup (berywasa BonHa), a 34eCb BCE C TOYHOCTbIO
HaobopoT, NAET HAKOMN/IEHUE DHEPITUN MO MAKCMMYMY (CTOSYas BOsHA). DTO
BapuaHT cxeMbl Tecna, TONIbKO BbICOKOYACTOTHbIN. [JaBanTe BCNOMHUM beceay
aZBokaTa ¢ Tecnown:

CMOWNEP:

ANBOKaT

Bbl rosopuTe 4TO 3Heprus Obina B 1,000 pa3 6onblue. Bbl XOTUTE CKasaTb, YTO HanpsiXeHue Obl/1I0 NOBLIWEHO, WIK- TOK, WIK-
ob6a?

Tesla

Oa [o06a]. ina Gonbluen acHOCTH, A 6epy o4eHb GOMblIYK CaMOMHAYKLMIO U CPAaBHUTENBHO HEGOMbILYK EMKOCTb, U CBA3LIBAKO MX
TaK, YTO 3MEKTPUHECTBO HE MOXKET NMPOCOYMUTLCS (M3NY4MTCs). A TakuM 06pasoM Mosyyak HU3KYK YacToTy; HO, Kak Bbl 3HaeTe,
3/IEKTPOMArHMTHOE M3JTyYEHNE MPOMOPYNOHANIBHO KBapPaTHOMY KOPHIO EMKOCTH, AENIEHHONH Ha CAMOMHAYKLMIO. 5 He
paspeLal SHEPruv BLIXOAUTL; S HAKAMIMBAIO B 5TOM LIENW OrPOMHYIO 3HEeprui. Koraa xe nofy4yeHo BbICOKOE HamnpshKeHWe , To,
€CnY A X0Uy MOSYYUTb SMEKTPOMArHUTHbIE BOJHLI,- A TaK U Aenai ( U3/y4Yatn), HO A NMPeAnoYUTaKD YMEHbLWWUTL 3TV BOMHbI B
KONMYEeCTBE U MepeaaTth TOK Ha 3eMAI0, MOCKOMBKY SHEPrui0 31eKTPOMarHUTHOW BOJIHbI HE BOCCTAHOBMMA, TOrAa KakK TOK C 3eMAu
MOXHO MOMHOCTBIO PEKYNepupoBaTh (BEPHYTHL), Mbl Kak Obl 3arpyXKaeM 3HEpPrui0 B 31aCTUYHYID CUCTEMY.

ANBOKAaT

MpaBuibHO K 8 Bac NOHAN: €CNK B CXEME UMEETCH M3/TyYEHME UM 3NEKTPOMarHUTHbIE BOMHbI U31y4YatoTCa Ballenh CUCTEMON, TO
3HEprua- uctpadyeHa?

Tesla

COBEpWEHHO UCTpaYyeHa. B MOen Lenu, B KOTOPO# Bbl TAKXKE MOXETE MOAYYUTb U 3NEKTPOMArHUTHBIE BOJHBI, A0 90 NMPOLIEHTOB
3NEKTPOMarHUTHLIX BOMH, €CNv BaM Tak Xo4yeTcs, U 10 NpoLEeHTOB B BUAE TOKA, KOTOPLIM NPOXOAUT Yepes 3eMnto. Unu, Bol
MOJXETE CMEHWTb MPOLIECC M MOAYYaTh 10 NPOLEHTOB SHEPTUM B 3MEKTPOMArHUTHBIX BOMHAX M 90 NPOLIEHTOB B BMAE TOKA,
KOTOPbIM NPOXOAWUT YEPE3 3eMAI0.

Xouy caenaTtb akKLEHT Ha dpase: 3N1eKTPOMarHMTHoOE U3yYeHune
NPOMOPLMOHANIbHO KBaAPATHOMY KOPHIO EMKOCTU, AENEHHON HA CAMOUHAYKLMUIO.
A BeZb 3TO BOSIHOBas NMpoOBOAMMOCTb - BeIMYnHa, obpaTHas BOTHOBOMY



conpoTuBiieHUto. N aencTBuTenbHO, YeM 6nmKe BENMYNHA BOSTHOBOIO
COMPOTUB/IEHNSA U3/yYatolen Lenn K BOJTHOBOMY COMPOTUBEHUIO 3dupa
(BakyyMa), TEM Bbile M3y4atollasi CnocobHoCTb Luenu (NoTepun sHeprum).

[Janblwe paccMoTpmM npobnemMbl N3nyvyeHns, Mepbl N0 UX IMKBUAALMN N PacUET
MOLLHOCTW MarHMTHOIO NONS CTOS’YEN BOJIHbI B Kabene 3azeMnenHuns. Mol
paccMoTpenu crnocob coeanHeHns pe3oHaHCHbIX 3/IEMEHTOB Lenu,
HanpaBAeHHbIX HA MHOIOKpaTHOE yBeNIMYeHne UMPKYIUPYIOLLEN SHEPTUnN B
pe30HAHCHbIX KOHTYpaX NO CpaBHEHUIO C SHepruen, notpebnsemon
BbICOKOBO/IbTHbIM MCTOYHMKOM OT UCTOYHMKA NMUTaHUA. PaccMoTpenn cnocob
pacyéTa A/IMH 2/1EMEHTOB PE30HAHCHbIX Lenen. Tenepb NpeacTouT CBeCTU K
MUHUMYMY MOTEPM SHEPIrUN B ITUX d/IEMEHTAX PE30HAHCHbIX Lernen n paccumTtaTtb
3HEepruio B BUAE peaKTUBHOM MOLWHOCTU, UMPKYNPYIOWEN B MarHUTHOM none
CTosiYen BOMHbI Kabens.

MoTepn aHeprmun B anieMeHTax pe3oHaHCHOM uenu cKnaablBaloTCs U3 ABYX BUAOB
noTepsb.

1). AKTUBHbIEe NOTEPU B /IEMEHTax Lenen.

2). MoTepun sHEpPrun Ha U3NydeHMe B OKpYyXKarLlee NpoCTPaHCTBO.

DNneMeHTbl uernen CoCToAT U3 MeaHoro kabens, cConpoTuBiEHME KOTOPOro He
SIBNSIETCS HY/1IE€BbIM, YEM BblLlLEe 3TO CONPOTUB/EHME, TEM BbilLe aKTUBHbIE
notepu, BBMAY NpoTekaHusa 60bLLOro BbICOKOYaCTOTHOIO TOKa, U TEM MeHbLue
ANOB6POTHOCTb BCEN CUCTEMBbI. DTU NOTEPM HYXXHO CBECTM K MMHMUMYMY. Kak? [la
O4YeHb NPOCTO — yBE/IMYEHUEM AMAMETpPaA 3/1IEMEHTOB Lenen, ocobeHHo kKabens Ha
3eM/1I0 U MPUMEHEHME MHOMOXWUbHbIX NPOBOAOB (MAeasibHbIM ciyyaeM 6b110 6bl
npuMeHeHue nuTtueHapaTa). [eno B TOM, YTO Ha BbICOKUX YacToTaX NAOTHOCTb
TOKa B NONepevyHOM CeyYeHnn NpoBoJa HepaBHOMEpPHa M TOK CTPEMUTCS Teyb No
Hapy>XHOW NOBEPXHOCTWN NMPOBOAHMKA, MO TaK Ha3blBAEMOMY CKMH-C/IOKD, TEM
CaMbIM Bbl3blBas yBeSIMYEHME ero CONpPOTUBIIEHNS MO CPaBHEHUIO C TeM, ecnin bbl
NO HEMY NpoTeKasn NOCTOAHHbIN TOK. ONTUManbHbIM AnaMeTpoM Kabens
3a3eM/ieHnsa N4 Taknx 4acToT aBnseTcs amameTp ot 5 MM (Ha MowHOCTK OT 5kBT
N Bbille), pacyéT NpuBoANTb He Byay, NpPOCTO NpuMuUTe K cBeaeHuto. K anameTtpy
npoBoAa CrNMpasbHOro pesoHatopa TpeboBaHMA ropasfo MAarye, Tak Kak ero
A/TMHa ropasao MeHblle, yeM kabens Ha 3emnt. Ho, yeM ToHbLe Kabenb
CNMpanbHOro pe3oHaTopa, TeEM MeHbLIe ero EMKOCTb U KaK CneacTBue Bbille ero
BOJIHOBOE COMPOTMB/IEHNE, @ 3TO TOXKe Hexopowo. [Mo3ToMy, ANS ero CHUXeHUs
npu Manom gnametpe Kabensa cnupanbHOro pesoHaTopa, BHYTpM pe3oHaTopa
NPUMEHSIETCS BCTaBKa B BUAe rmab3bl U3 AMAaMarHMTHONO Matepumana c
NpoOAOJIbHbIM pa3pe3oM (0bs3aTesibHO 3a3eMIaeTcs BMecTe C NpoBOAOM
CNMpanbHOro pe3oHaTopa B TOYKe MYyYHOCTU TOKa), C Lesiblo yBeinvyeHns
EMKOCTM Mexay Kabenem 3a3eMsieHns BHYTpU pe3oHaTopa M npoBo4OM CaMoro
CNMpanbHOro pes3oHaTopa. 2TO B UTOre AacT HaM YMeHbLUeHne BOSIHOBOIo
COMPOTUBNEHNSA N KaK CNeacTBUe yBesIMYeHne ToKa B Ny4YHOCTU.



Cnepyowme akTUBHbIE MOTEPU - 3TO CONPOTUB/IEHNE CAaMOro 3a3eM/IEHUS.
MOCKONbKY B CUCTEMEe NMpOoTeKatoT 6onblne TOKU, TO 3TO CONPOTUBNEHNE HYXHO
MUHUMM3NPOBATb, TaK KaK OT €ro Be/IMYnHblI CUJIbHO 3aBUCUT AO0OPOTHOCTb BCEWN
cuctembl. TpeboBaHMS K 3a3eMIEHUI0 Takme Xe, Kak Ha KB pagmoctaHumax
MOLLHOCTbIO OT AECATKOB KM/10BATT. BbICOKOYACTOTHOE 3a3eM/ieHne cneayer
BbIMO/HATb KOPOTKUMU U LWUMPOKUMU LUMHAMU ONA CHUXKEHUSA UX MHAYKTUBHOCTHU
N UCKJTIOYEHNS COM3MEPUMOCTUN ANNHbI LWWH C AJIMHOM BOJIHbLI. ECnn 3a3eMneHune
6yaeT yCcTpoeHOo Ha Manon rnybuHe, To BbICOKOYACTOTHbIE TOKM, NpoTeKawLme
NO CKMH-C/OK0, BbICTPO BbICYLWIAT NOBEPXHOCTb 3a3eMUTENS U KaK CreacTBue
YBENIUYNTCS €ro akTMBHOE COMPOTUB/IEHNE, YTO CUIIbHO CHU3UT AOO6POTHOCTb
CUCTEMbI M MOLWHOCTb YCTAHOBKM ynaaéT B pa3bl!

Tenepb paccMOTPUM BTOPOWM OUYEHb BaXHbI BUA MOTEPb - 3TO U3NTyYEHUE B
oKpy>Katollee npoctpaHcTBo. Co cnupasibHbIM pe30HaTOPOM Mbl paccMaTpuBanu
3TO paHee, a BOT C kabeneM Ha 3eM/1to pa3roBop 6yAeT No-B3pOC/IOMYy.
MockonbKy ero AsiMHa couaMepuMa C AIMHOM BOJIHbI (MOMNOBUHA ANMHBI), TO OH
BMOJIHE MOXET M3/1y4aTb SHEPTUIO B OKPYIXKAIOLLEE NPOCTPAHCTBO, EC/IN HE
NpeanpuHATL OAHY Mepy. Bbilwe 6bis 03BYyUEHbl CNOCO6bLI MPeAoTBpaLlEeHUS
N3NYyYeHUs, TPM NYHKTA, U3 KOTOPbIX HaM TpeboBanucb NepBbi U TPETUIA.

MepBbIM Mbl pasobpanu co cnupanbHbIM pe30HaToOpoOM, BOT Tenepb HaMm byaeT
HY>XeH TpeTuh cnocob, a MMEHHO: C Lefibl0 MUHMMU3AaLUUN U3NYyYeHuns
HeobxoanMo npubnanmxeHue nsnydarwouwero (3asemnstowero) Nposoaa K
TOKOMPOBOASILLEN MOBEPXHOCTU HA pacCTOsiHME MeHee Ya ANIMHbI BONHbI. B ponn
TOKOMPOBOASILLEN MOBEPXHOCTM Y HAC BbICTynaeT NOBEPXHOCTb 3eMnn. U ecnn Mbl
NOAHMMEM NPOBOJ 3a3eMJSIEHMS HA BbICOTY OT 3eMSIn B Y4 ANIMHbI BOJIHbI, TO
CUCTEMA CTaHeT MOJIHOCTbIO M3nyyatLen (Bo3pacTET BOJIHOBOE COMNPOTUBIIEHUE
NpoBOAA) U HNKAKOIro yBeSIMYeHUS UMPKYNPYIOWEN SHEPTUU Mbl HE NONYUYUM U
KaK crneacrteme nonMeem Hynesomn addeKkT Ha Bbixoae!

KpuTuyeckyto BbICOTY noabEéMa kabens 3a3zeMneHus MOXHO NpnbnusnTenbHo
NPUHATbL Kak 1/8 ANWHbI BOAHbI, MPU KOTOPOU eLlé BO3MOXEH CbEM, HO YXe Ha
NOHMXEHHOW MOLLHOCTU. lNMocunTaem 3Ty BbICOTY NPUMEHUTENBHO K YCTAaHOBKE
KanaHaase. [nnHa BOSHbI Y Hac 39 MeTpoB, YMHOXWUM eé Ha 1/8, nonyumum 4,8
MeTpa, Npu KOTOpou ewé BO3MOXHa paboTa yCTaHOBKKU, HO yXXe Ha ropasao
MeHbLIEN MOLLHOCTU. [MO3TOMY Yy 3KCNEPMMEHTATOPOB, KTO XUBET Bbille BTOPOro
3Ta)ka, HW4Yero He NoNy4nTCcs. BonHOBOE CONPOTUBIEHNE pe3oHaTopa Mbl B3S/1U
paBHbIM 100 OM, AN naeasnbHbIX YCI0BUIA NO LMPKYNSALUN MOLLHOCTM BOSTHOBOE
conpoTmBneHne kabensa AoMKHO 6bITb TakKMUM Xe. Ero MOXXHO BbIYUCAUTL MO
dopmMyne Huxe, BapnaHT «6» Ana Kpyraoro nposoja.
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®ur. 410 Tloakne BOAHOBHE CONPOTHBACHA AAS NMPOBOANUKOD DPASMMYHOA KOHPH-
Ty pammiL

4 = MAPAANSADAME DPOBOAHUKM C KPYIAMM  CeUaNHeM:
HAA SA3CMAMOWER RAOCKOCTLIO, & == MAOGCKHE MPOBOAMKKR,
MaZ APYPHM; 2 — IAGCKMA PPOBOANKK, NAXONAMMACA NAX 3a3eMARKTER
KNG DPONOANNKE, PACHOADNMENHNE NAPDAICARNO B 0anOR DXOCKOCTH.

0 ~~ NPOBOARAE C XPYFAMN CoTemmeM
PRCNOMOMEHNME NADIATCAVHO OABR
RAOCKOCTRK), @ — BAOCH

Ecnu npuHaTtb anameTp kabensa Ha 3eMnto 5 MM, a € nsonsaumnmn Kkabensa kak 2,4,
TO HETPYAHO nocumTatb, 4TO 100 OM BOSTHOBOIrO COMPOTUBIIEHUS Mbl MOTYYUM
npu BbicOTe Kabens Hag NOBEPXHOCTbIO 3eM/IN BCEro /INLb OKOMO 2 CM. [10TOoNKK
N CTEHbI HE ABMSAKOTCA XOpoLen nNpoBoasiLie NOBEPXHOCTbIO ANt 3TOro
AnanasoHa 4acToT. f XMBY Ha NepBOM 3Ta)ke, HO NoABasl MOEro Xuoro 4oma
HMXXe YPOBHSA NOTOJIKA MOYTK Ha 3 MeTpa, NO3TOMY A U NMcan, YTo yCTaHOBKa
nony4yunnacb He MowHada. Kak BuamnTe, OHa N He MOXeT MONYyYMUTbCA MOLLHOW Ha
Takow BbicoTe. [Mo3TOMYy Aenaem BbiBOA, YTO Haw pennaukaTop CP XMBET nnbo Ha
nepBoM 3Taxe, 160 B YaCTHOM goMme. A Tpu Mecsila KOHCY/IbTUpoBaa O4HOro M3
Y4YaCTHUKOB popyMa, OH XMBET Ha 5 aTaxe, M Yy Hac TaK HUYEro N He BbILWIO,
nofny4asnacb 06bl4Hasa MU3ny4darLlas aHTeHHa. Ho BbIXo4 M3 3TOM CUTyauuun ecTb.
Ecnu Bbl XXnBETE BbICOKO, Bbl MOXETE NMOSIHOCTbIO 3aCTeNnTb MoJ1 MeTanIn4yecKomn
NOBEPXHOCTbLIO B TOM MeCTe, rae aKCcnepuMeHTupyeTe, Tak Kak BaM HYXXHO byaeT
NONYYUTb HECUMMETPUYHYIO KoNnebaTenbHy0 CUCTEMY, COCTOSLLYIO U3 NMpoBOAa U
06béMHOro nposoagHuKa. N 3a3eMnaTbCa HENOCpPeACTBEHHO Ha 3TOT JIUCT.
KanaHaase npoBoauT BCe Npe3eHTauun Ha 3emne, ¢ Typumen cutyaums
aHanormyHa, nnbo metannusauma nona, nMbo nepsbin 3Tax 6e3 nogsana.
[JJaHHY0 CUCTEMY XOPOLLO NOAYUYMUTCS NPUMEHUTb Ha Kopabnsax, camonérax u
Apyrmnx rabapuTHbiX obbekTax.



Tenepb CYMTAEM SHEPIUIO MAarHUTHOIO NOJIS CTOSIYEN BOJHbI Kabens:

Pacyét OyaeT aHanormyeH nocty N2 85. C y4ETOM CHMXEHUS A0OPOTHOCTM NPU NOAKIOYEHUM Kabens (e€ Mbl NPUHANW paBHO
300), Ha oAuH MCKPOBOW yaap npuxoauTcs 300 cBoboaHbIX KonebaHui B pe30HaHCHOW cucTeme, YObIBaOWMX NO SKCMOHEHTE.

UToro 3a cekyHay Takmx konebaxui 6yaet 300-5000 = 1500000 mnm 1,5-105. MakcMManbHOE 3HaYyeHMe TOKa B MY4YHOCTU CYUTaNMU
paeHbiM 30 aMnepaM. Tenepb CYMTaeM MHAYKTMBHOCTb Kabens 3asemneHus, 40 TOro Mecra, rae nepsoe Mecto MyYHOCTU TOKa
oOpallaeTca B HOMb, @ 3TO %2 ANWHbBI BOMHBbI, AKX NON0BMHA DU3NYECKON ANnHbI Kabensa. MoCToM Bhille OHa COCTasuna 14 MeTpos,
3HAYMT NOAOBMHA ANMHBI COCTaBUT 7 MeTpoB. C YY4ETOM HepaBHOMEPHOro ANs NNHWIA C pacnpeaenéHHbIMM NapaMeTpaMmn
pacnpeaeneHns TOKOB M HanpsXeHUM eé GU3NYeCcKyo ANMHY YMHOXUM Ha KOPPEKTUPYIOLWMIA KO3GhMUUMEHT, paBHbli 2/n Uaum
0,636, NPUBOAALLMIA ANWHY NPOBOAA K AeNCTBYIOWEMY 3Ha4YeHu0. 7- 0,636 = 4,4 M. CyMTaeM MHAYKTUBHOCTb 4,4 MeTpoB Kabens.
[ns Meau oHa OyaeT NpubNM3nTeNbHO paBHa MarHUTHOM NPOHMLAEMOCTM BaKyyMa YMHOXWUTb Ha 4,4. UToro L nonyyum

paBHOI1,256-10°° IH/M - 4,4 = 5,5-10°° I'H.
Cyuntaem SHEPIruK, 3anacaemMyro 3a 04AuUH Nepuoa B MarHMTHOM none Kabens:

W = 2n-L1° = 6,28-5,5-10°%-30% = 0,031 [X0ynb.
Tenepb BbIYMCNAEM PEAKTMBHYH MOWHOCTb, UMPKYIUPYOLYKO B MarHMTHOM nosne kabena 3aseMneHua No aHanoru co CnupanbHbIM
pEe30HaTOpPOM:

Q.= W- 1,5-10% 0,3 = 0,031-1,5-10%- 0,3 = 13950 BAp
C yuéTOM 10% m3nyyeHus QL = 13950 - 13950-0,1 = 12555 BAp unm 12,5 kBAp.

COOTBETCTBEHHO B 3KBMBaNeHTe B AanbHeNlWweM, Mbl CMOXEM CHATb aKTUBHYIO MOLHOCTb B HarpysKy C TakoW YCTaHOBKM, He Oonee
yem 12,5 kBT.

P.S. Ecnu Koro pacctpowus, Bbl YX He obeccyabTe, nsnarar Kak ecrtb. Ans
«BbICOTHbIX XXUTesien» MOXHO ByAeT MCNOoNb30BaTbh BapUaHT U3 CUMMETPUYHbIX
PEe30HAHCHbIX CUCTEM, He NPUBSA3AHHbIX K 3eMne Kak B TIY, HO 3TOo yXe Apyrou
BapWaHT N C MPUMEHEHNEM TOJIbKO MOSTYNPOBOAHMKOBOMN TEXHUKU. [anblie
byaem paccMmatpmBaTb METOA HACTPOMKM (CornacoBaHus uenen mexay cobown).

YeMm BbllWe 4acToTa, UMPKYNMpyOWas B pe30HaHCHON CUCTeMe, TEM MeHblue
TpeboBaHua K 06bEMy npoTuBoBeca (6apxun). N HaobopoT, YeM 6onblie TOK B
pe30HaHCHOW cncTeme, TeM Bbllwe TpeboBaHMs K 06bEMY NpoTUBOBECA. TOYHOMN
dopmMynbl 9 BaM He AaM, Tak Kak npeaMeTHO BOMNPOCOM Mo Macce NpoTMBOBECa,
OTAENbHOro OT 3eM/Un, He 3aHmMancsa (y MeHs nepBbin 3Tax). Kak roBoputcs, BO
BCEM HY>XHa 30/10Tas cepeanHa, HO 34eCb Kally MAacsioM HE UCNOPTULLDL - YEM
6onblwe, Tem nyywe. Ecnn npnbnmsntenbHo, To Maccy kabensa 3asemneHuns
BMeCTe C Maccon pe3oHaTopa MOXHO CMesio YMHOXaTb Ha AeCsTb, 3TO u byaeTt
MWHMManbHas Macca npoTmeoBeca. Ho BaXkHO, 4Tobbl 3Ta Macca bbina
paBHOMEPHO pacnpeneneHa BAob Kabens 3a3emMsieHns, KOTOPbIA MO YCI0BUIO
onTMManbHOro BosiIHOBOro conpotmesieHns 100 OM M MMHUMaNbHOrO NU3Ny4YeHus,
AOJ/IKEH HaxoaUTbCs B HeMocpeacTBeHHOM 61M30CTK NO BCEN CBOEN AJIMHE BAOSIb
3TOW pacnpenenéHHOM TOKONPOBOASLLEN MacChl.

Ha BO34AYLHbIX MCKPOBbLIX pa3pafHUKAX packadaTb KOHTYpa Ha BbICOKKME
Hanps>XXeHUs € YacToToMn Bbiwe 15 MIy yxe npobneMaTtuyHo, Tak 4To
onTMManbHas Yyactota paboTbl, Ha KOTOPYHO HY>XHO HacTpamBaTb PE30HAHCHYO
CUCTEMY, NEXUT B panoHe 6-10 MI'y. Yem Bbllwe YyacToTa, TeEM MeHblle rabapuTbl
YCTaHOBKMW, KOpo4e AnnHa npoBoaoB (0CObeHHO 3a3eMneHns) n TeM MeHblle
TpeboBaHUA K caMOMy 3a3emsieHunto (B cMbicne ero o6béma), Ho TpeboBaHms Mo
NpeaoTBpaLLEHUIO MOTEPb Ha U3NTy4YeHWe BO3pacTatoT.



NMepexoanM K MeToAy HACTPOMKM pe30HAHCHbIX LEenen cnmpanbHOro pe3oHaTtopa
n kabensg 3asemMneHus.
B kauyecTBe MHCTPYMEHTOB A1 U3BMEPEHUSA HaM NOHAA06UTCS:

1). Ocumnnnorpad ¢ MMHMManNbHOW Mosiocon naMepeHns 10 My

2). UaMepuTenbHasa pamka (10x10 cM nogonaéT, pa3Mepbl HE KPUTUYHDLI) A4S
N3MEpPEHUS HaNPSXKEHHOCTU MAarHUTHOMO MO CTOSIYEN BOJIHbI, HA KOTOPOM
HaMOTaHO HECKOJIbKO BUTKOB NpOBOAa M Ha KOHLEe B KayecTBe MHAMKaTopa
npunasH nobol ceeToanos,

3). N'eHepaTop MeaHApa C aMMINTYAO0W BbIXOAHOIMO HaMPsXXeHUs HEeCKOJIbKO
BOJIbT M YacTOTOW cnefoBaHua XoTa 6bl 1 MMy (kenaTenbHO C KPYTbIMU
dpoHTamMun, nHaue byaet 60nbLUAs NOrPEWHOCTb U3MEpPEeHNs) Al U3MepPEHUS
BOJIHOBOIO COMPOTUBJIEHUA CNUPasibHOIo pe3oHaTopa.

Ecnu ecTb XxenaHuve AOMNONHUTENBHO NOMCCNEA0BaTbh N 3NEKTPUYECKOE NoNe, TO B
KayecTBe MHCTPYMEHTA He PEKOMEHAYI0 MCMOIb30BaTb JTaMMOYKK
3Heprocbeperankm, Tak Kak 4acTb SHEPIrMWN INEKTPUYECKOrO Moss OHa byaeT
3abupaTtb, Nydlwe B3STb NPOCTYH MasIEHbKY HEOHOBYHO JTaMMOYKY.

LLar nepBbii.

Hago HacTpouTb cnupasnbHbIM pe30oHaToOp Ha BOJIHOBOE CONpoOTUBieHUe, banskoe
K 3HayeHunto 100 OM. MeToq ero namepeHus 4 BblkagblBan Bbllle B
Bnageoponmke Ymn n Aun. Ana namMepeHmnda BosIHOBOro COMPOTUBIIEHUSA €ro
noakto4YaTh K 3eMne He TpebyeTcs, coeanHsaTb C Kabenem 3asemMneHns ToxXe He
HY>XHO, BaXXHO Nulb, 4TOb6blI Kabenb 6biN NpoNyLLEH CKBO3b pe30HATOP. TOYKMU
NOAK/IIOYEHNS AN UBMEPEHUS CONPOTUBNEHUSA: BXOA - 3TO pa3aenaHHbIN KYyCOK
3a3eMnsawuwero kabens, Kotopbln byaeT coegnHATLCA B MeCTe NMYYHOCTU ToKa
CNUpanbHOro pesoHatopa n MecTo, rae 6yaeT NyyHOCTb HaMpsXeHns
CnNuMpanbHOro pesoHaTtopa. Bbixog — TO e MecCcTo pasfeslaHHOro Kycka
3a3eMnsawowero kabens n Mecto Ny4YHOCTM TOKa CNUpanbHOro pesoHaTtopa.
BaxxkHo obecneuunTb ycnosme cMMMeTpumn Kabensi, npoxoasiero CKBo3b
CNUpanbHbIN pe30HaTop, MO LEHTPY AMaMeTpa CnunpasbHOro pesoHaTtopa.
[JenanTte, 4yTO XOTUTE, XOTb 3aneHUBaNTE ero, HoO OH AO0/IKEH 6bITb NO UeHTpy. U
He 3abyabTe Ha 3 ANWHbI pe30HaTopa 3anuxaTb B Tpyby deppuToBYtO
«konbacy» 13 ckneeHbix Koneu (Mx Ha3HadyeHne byaeT B CaMOM KOHLE), TONIbKO
MapKy deppuTta nogbmpaeM Ha COOTBETCTBYHOLWMI AMnana3oH 4acToT, nHade
MO>XHO MOSy4YMUTb NOTEPU B BUAE NOTEPb HA MMCTEPE3NC N BUXPEBbLIE TOKU, YTO
CHU3UT AOBPOTHOCTb, @ 3TO HaM HU K yeMy. [locne 3Toro NpomsBoamMM 3aMep
BOJIHOBOIO COMPOTUB/IEHUSA N eCnn OHOo bonblue 3HaveHns 100 OM (a MeHbLue
BpaA nn 6yaeT), To Heo6XoANMMO NpPeArnpUHATE Mepbl A1 €r0 CHUXEHMUS.
MpuaéTtcs yBennumBaTb AnameTp Kabensa BHyTpu pe3oHaTopa, NyTéM
COeIMHEHMS ero B MecTe pa3fenaHHOro KoHua kabens ¢ rmnb3on m3



ANaMarHMTHOro Matepuana c ropm3oHTanbHOM nNpopesbto (byabTe roToBbI K
3KCMNepuMEeHTaM rno U3MEHEHMUIO AMaMeTpa caMou rmb3bl). Kak Tonbko fob6béTech
BOJIHOBOIro conpoTtmeneHusa B 100 OM - Baw cnupanbHbIM pe30HaTop HaCTPOEH.

LWar BTopomn.

Mbl AO/MKHbI ONpeaennTb YacToTy CcBO6OAHbIX KonebaHnn cnmpanbHOro
pe30oHaTopa, TaK KaK BCK MASACKY 3a4aéT oH. OnpeaenaTtb 6yaem He
MaTeMaTU4YeCckmM nNyTémM (nHade ynaém B 60nblLUME MOrpeLIHOCTM), @ peasibHbIM
dunsmyecknm, ¢ noMowbo ocunnorpada n NOAKIYEHHONO K HEMY BUTKA
NpoBoAa Yepe3 KoakKCuanbHbIN NMpoBo4 ocumnnorpada. OToT BUTOK byaeMm
pacrnosiaraTb B 30HE MAarHUTHOIO NoAs, T.e. B NYYHOCTU TOKA CNMpPanbHOro
pe3oHaTopa. [lanee noak/A4aeM aHanorn4yHbii No TonwmnHe (Kotopbin éyaet
NCMoNb30BaTbCs B paboyeM BapmaHTe) KOPOTKMI KYCOK NMpoBOAa 3a3eMJIeHMUS
(ANTMHHBIXM NOKa He HYXeH, TaK KakK B LesidX 9KOHOMUK ceMenHoro 6roaxeTta ero
O/IMHY NMOoCYMTaeM NO3Xe) U NoAKYaeM ero K 3emne, batapee u 1.4.
CornacoBaHHOCTM He byaeT, 6yaeT HM3Kas A06pPOTHOCTb, HY 1 60Or C HEW, HaM
rnaBHOe onpeaenuTb OCHOBHYH PEe30HAHCHY 4acTOTy CNMpasibHOro
pe3oHaTopa. [lanee, Kak NoHMMaeTe, HyXHO byaeT cobpaTb cxemy C
pa3psiAHMKOM N BbICOKOBOJIbTHbIM MCTOYHWUKOM HaMpshXeHUs 1 NoAKIYUTb BCE
KakK Nno cxeme. 3anycKaeMm CUCTEMY M BUAUM HaA ocuunnorpade psaa rapMoHUYHbIX
3aTyxawLwmx KosebaHn nocne Kaxaoro yaapa paspsaHuka. HacTtoty aTux
FAPMOHWUYHDbIX, 3aTyXalLWmMX No 3KCNOHEHTe KonebaHnn, Mbl U AOSIXKHbI
onpeaennTb C NoMowblo ocumnnorpada. 1o n 6yaeT pe3oHaHCHas 4acToTa
cBoboaHbIX KonebaHn cnnpanbHOro pe3oHaTtopa, KOTOPYH nocTtapaemcs
BblAgep>aTb B panioHe 6 — 10 MI'y, oT Heé noToM u byaem nnscaTtb. KTo 3axoueTt
AenaTb 3TN U3MepeHUs Ha KOJSIeHKe, Yepe3 Tpu roga noayymT KONEeHHbIN apTpuT
))). LWWar BTOpo BbINOAHEH.

3aBUCUT JIM YacCTOTa OT KOJSInYeCcTBa BUTKOB TOJICTOrO npoBoAa, OT AnaMeTpa
BUTKA M OT PacCTOSIHUS MexXay HMMKU? Y Hac K 3TMM napameTpam gobasnsercs
ellé n OTHOCUTEeNbHAas AMUaNeKTpMyeckas NpoHMLAaeMoCTb MaTepumana Kapkaca,
NAKC OTHOCUTENbHAs MarHUTHasa NPoHULAeMOCTb heppuTa, KOTOpble TakKXe
NOB/USAIOT Ha 3/IEKTPUYECKYIO AJIMHY NpoBoAa. DTO BCE HAA0 YUYUTbIBATD.
®opmynon £ = 300/ MOXXHO BOCMO/IL30BATbLCA Ha NPSMOM KyCKe nposoja u
Nerko MOXXHO NPOMaxHyTbCA Ha MIIOC-MUHYC MerarepL Ha pe3oHaTope, a 370
BaLW 6loaXeT Ha NOoKynKy kabens, Aa natC NOTOM My4YeHUs C HAaCTPOMKOM
cucrtemsbl. MoatoMy, UTobbl 3TO BCE He cynTaTb, NpoLle caenaTb 3aMep
HenocpeACTBEeHHO ocumnnorpadoM, Tak ckasaTb, B3Tb HANpPSMYIO aHanu3bl y
cCnMpanbHOro pesoHaTtopa.



LLar TpeTnin - cornacoBaHme kabens 3azeMneHns co cnnupanbHbIM Pe30HaToOPOM.
Mbl 106MNUCb OT pe3oHaTopa, YTo ero BOJIHOBOE COMNPOTMB/IEHNE CTAaN0 PaBHbIM
100 OmM, onpegenunmn pe3oHaHCHY 4acToTy CnuUpasibHOro pesoHaTtopa. Tenepb
HaM HY>XHO noaobpaTb aNeKTpUYecKyr AINHY (3aMeTbTe 3/1EKTPUYECKYIO, @ He
dusmnyeckyto) kabensa 3azeMneHus. DNeKTpUYeCKyo NoslyBOMHOBYIO ASIUHY
kabens 3azemneHunsa cuntaem no ¢opmyne L = (300/f)/2; roe f — pe3oHaHCHas
yacToTa cnmpanbHOro pesoHaTtopa B Mlu. NpMMeHUTENbHO K YCTaHOBKE
KanaHazgse no BblwenpuBeaéHHbIM pacyéTaM noslyBo/IHOBAs 3/1eKTpuyeckas
AnnHa kabensa nonydaetcsa 19,5 M. ®usunyeckas annHa vyepes KoIODUUNEHT
ykopo4deHus 1,4 6yaet pasHa 14 meTtpam. Ho no Bnaeo rpnH-60kca TpyaHO
CcKasaTb, YTO pusmyeckasa anvHa kabens gortarnmesaert Ao 14 metpos. N 3aecb y
CBSAA3UCTOB €CTb 0A4HA TOHKOCTb. [leno B TOM, YTO 3/IeKTPUYECKYO A/IMHY NpoBoAa
MOXHO perynmpoBaTb He npuberas K Gnanyeckom peske nposoaa Kak B CTOPOHY
yBe/MYEeHUs, TaK N B CTOPOHY YMeHblleHns. Kak Bbl MOHMMAaeETe, YeM ToUHee
byneT HacTpomKa CUCTEMbl B pe30HAHC, TeM Bblilwe 6yaeT umMpKynmpytoLwas
MOLLHOCTb (BCNOMMHAEM cfioBa Tapuens: «aepxuTe pe3oHaHC», TONbKO AepXaTb
€ro HY>XHO He MeXxAy NEePBUYHON U BTOPUYHOM 0OMOTKaMmM, KOTOPbIX TaM HET, a
MexXay CnmpasibHbIM pe30HaToOpoM U Kabenem Ha 3eM/i0, Npou3Beas TOUHYH
HacTpoKKy). Ho ecnu oTpesaTtb ANs HAaCTPOMKM NO KYCOYKYy MeaHoro kabens, ato
6yaeT BapBapCTBO MO OTHOLLUEHUIO K BalleMy 6oaXeTy U A0porocrosiwemy
MeaHOMY Kabento. [03ToMy pacCMOTPUM Crocobbl yBeNUYEHUS U YMEHbLUEHUS
3N1EeKTPNYECKON ANNMHbI Kabens Ha 3eMnio.

PaccMoTpuM cnocob yBennyeHus oauvHbl. Kak n3BecTHo, ecnm npoBo4 CMOTaTb B
KaTYLKY U3 HECKOSIbKMX BUTKOB, TO €ro MHAYKTUBHOCTb YBENNYNUTCSA. A UTO ANng
Hac 3TO 3HaunT? Beab AnvHa nposBoAa NpencTaB/ieHa ero MHAYKTUBHOCTbLIO, 3TO
3HAYUT, YTO Mbl YBEJIUUYWIIN €ro 3/IEKTPUYECKYIO AJSIMHY. Y CBA3UCTOB 3Ta
KaTyLllKa Ha3blBaeTCA YA/IMHUTENbHOMN U UCMNOb3yeTCa AN YBENNYEHUS
3(pPeKTUBHON 2NEKTPNYECKON ASIMHbI aHTEHHbI, €C/IN HET BO3MOXHOCTU
pa3MecTuTb rabapuTHYIO aHTEHHY NMpU NUTaHUK OT nepepatymka c 60sbLIOoNn
ANTMHOW BOSHBI. MpuMmep ToMy - Cnbun pagmnoctaHuma Ha 27 My, KoTopou
NOJIb3YHTCHA TAaKCUCTbl. YeTBepTbBOIHOBASA AJ/IMHA TaKOM LWTbIPEBOM @aHTEHHbI Ha
aBTomMobune nonmxkHa 6biTb 60nee 2,5 MeTpoB, HO 3TO O4YEHb BoNbLWAsA ANMHA ANSd
aBToMobuna n ana eé dmnsnyeckoro yKopoyeHus NpuMeHSaTCs YaUHUTENbHbIE
KaTyLWKW B MeCcTe BBOAA NUTAHUSA K aHTeHHe. [MouyeMy B MecTe BBOAA NMUTAHUA?
MOTOMY 4YTO TaM MYYHOCTb TOKA U Yepe3 Heé TeYET MaKCMMasbHbIM TOK.
N3MeHeHneM KonmnyectBa BUTKOB B KaTyLUKE MOXHO 3(P(PEKTUBHO U3MEHATb
3/1eKTpUYEeCKyo A/IMHY npoBoaa. Tenepb CMOTPUM NEBbIM Kaap U3 BUAEO MPUH-
bokca, rae atoro 6egHoro napHsa ob6o3sanu Bacen c ¢as3on B pykase )).



. iy e :
Mbl BUAUM Ty Xe CaMyl YASIMHUTENbHYIO HAaCTPOEYHYIO KaTyLlKy psaoM C MECTOM
MYYHOCTM TOKa. BOT NO4YeMy OH CTOS/1 KaK BKOMAHHbIN, NOTOMY UYTO U3MEHeHune
KO/JM4yecTBa BUTKOB B KaTyLllKe npuBeno 6bl K pacCTpomnke pe30HaHCHOM
cucTembl. HoO 3TO MOXXHO 6bI/10 NpeayCMOTPEeTb WU 3apaHee cornacoBaTb U
NONOXWUTb 3TY KaTywkKy, 4To6 He Bbi3biBaTb NoA03peHMe. B 3TOM n 6bin nx
NPOKO/ Ha CEKPETHOCTb, Ha YTO A cpa3y obpaTtun BHMMaHue. YTobbl goKa3aTb,
YTO yCTaHoBKa byaeT paboTaTb OT OTAENBbHOMO 3a3eM/IEHNS, KOrAa NepeKkItoynIn
C KpaHa Ha aBTOMOBWIbHbIM 3aKOMNaHHbIN paguMaTop, oHU AobaBuan K
CYLWeCTBYOLWEMY NPOBOAY 3a3eM/IEHUS AOMNONHUTENbHbLIN KYCOK, NAYLWMNNA Ha
3aKOMNaHHbIA pagmaTop, YTO HEN36EXHO YBENNUYNIIO ero 3NeKTPUYECKY ASINHY.
N, Kak BUAHO U3 BMAEO, MOLLHOCTb YCTaHOBKM cpa3y ynana. Ho ecnun
BHMUMaTENbHO NpoCneanTb, YTO MPOMU30LIO0 Aaliblle, TO MOXHO YBUAETb, Kak OH
cbpocunn 4YacTtb BUTKOB (MpaBblil CTOMN Kaap) NOHMU3MB MHAYKTUBHOCTb
(aneKkTpmnyeckn yKopoTua NpoBoA4) M BMAHO MOTOM, KakK OHW 6ecrnopsao4yHo
NMPOBUC/IN U MOLLHOCTb YCTAHOBKM COOTBETCTBEHHO BOCCTaHOBW/ACb. BoT ans
3TOro 3ToT Baca Tam n cTosin HaMepTBO, KaK perysmposLlunK. Becb cueHapui 6bin
3apaHee oTpeneTnpoBaH, Tak Kak Mbl BUAMM, YTO Ha BOAOMNPOBOAHbIN KPaH OHU
HaMaTbIBalOT yXXe pa3fenaHHbI U OTMEPEHHbIN NO ANVHEe Kabenb. BapuaHT
perynmpoBKn npu NOMOLUN YASIMHUTENbHON KaTyLWKN Mbl BUAUM N B TypPELLKON
yCTaHOBKe.

Kabenb MOXHO HE TONIbKO 3/1EKTPUYECKN YATUHUTL, HO U YKOPOTUTb. [N 3TOro B
MecTe NMYYHOCTU HanpsaXXeHusa cepeamHa kabensa (cM. anarpammy) noAHUMAETCS



OT 3€MJIM, B MYYHOCTM HAMpPSXKEHUSA, KaK U3BECTHO, PE30HAHCHAas JINHUSA Nlerye
NoANEXWUT paccTpoiike No EMKOCTH.

JAuvarpamMmMa HanpsKeHus B IMHUA

AuarpaMma ToKa B IMHUMA

Tak BOT, NoAHMMas Kabesib 3a3eMIeHNs, B 3TOM MECTe YMeHbLUaeTCcs ero
EMKOCTb MO OTHOLLEHUIO K 3eMie, ClefoBaTeNbHO, YBE/IMUMBAETCS PE30HAHCHas
yacTtoTa kabens, YTo aHa/IOrM4YHO €ro 3/1IEKTPUYECKOMY YKOpPOUYeHMo. Ho nyyuwe
AN SKOHOMUWN CPEACTB TaKon CNocob He NPUMEHNATb, SKOHOMUYHEN CAeNaTb U3
KOPOTKOIO AJINHHbIN, YeM HaobopoT. Takon cnocob perynnpoBku ANINHbI Mbl
BUAUM Ha BUAEO C aKBAPUYMOM:

"m"'l'",ll ey

MySHOCT b
HanpsreHnsa

MosToMy pe3aTb kabenb ManeHbKMMU KyCKaMn He CTOUT. HacTpouTb cuctemy rno
MaKCMMyMy TOKa B kabesnie 3a3eMNeHUss MOXHO, YANUHSS UM yKopaynBas
Kabenb 3n1eKTpuYeckn. s 3Toro C U3MepUTENIbHOM PaMKOW MAarHUTHOIO Noss



naém BaoNb Kabens 3azeMneHuns, agepxxa eé naoCKoCTb napannenbHo Kabento u
BeAEM OT Haydana Ao KoHua kabens. KapTnHka gonxkHa 6biTb Kak Ha Anarpamme
pacnpeaeneHns Tokos (0AMH MAaKCMMYM y OCHOBaHUS pe3oHaTopa, B cepeanHe
HO/MIb N Y 3a3eMJIEHNs BTOPOM MAaKCMMyM) - B 3TOM C/lly4ae Bbl HakanaMBaeTe
3Hepruio (cTosa4dasa BosnHa). Ecnm y Bac Besge oa4MHAKoOBOE CBEYEHUE paMKU, He
MeHsoweecs oT KoopanHaTbl (MU U3MEHEHUS MUHUMAlbHbI), TO Bbl U3ny4daeTe
3Hepruto n 310 berywas BosHa, CHATb NOJIE3HYIO MOLHOCTb C TAKOM CUCTEMbI HE
NOSy4YnTCS.

MepexoanM K TpeTbeMy pasgeny: PacnosoxeHune KaTywKkn cbéMa, pa3BeH4YyaHue
Muda o "MEpTteoM none". NpoaBUHYTbLIM 3a4aM 3a4a4yKy Ha NOHUMAHUE
NpoOMAEHHOro MaTtepuana. Hago oTBeTuTb Ha Bonpoc: lNMoyeMy Xe OHO He MOXeT
coBeplwaTtb paboTy? Yntaem BHUMATENbHO, JIMWLHErO HNYEro He Aato, BCE BaXKHO
N HY>XHO.

Tenepb 4na namepeHuns EMKocTu, TpebyeMon oT CTouHnka BB, HY>XHO
onpenennTb EMKOCTb CMMPanbHOro pe3oHaTopa. EMKOCTb cnMpanbHOro
pe3oHaTtopa byaeT CoCToATb U3 ABYX C/laraeMbiX:

1). PacnpegnenéHHass EMKOCTb CaMOro pesoHaTtopa

2). EMKocTb Mexay kabenem 3a3emMneHns (KOTopblit elwé He COeANHEH C
pe30HaToOpOM) U caMmnM pe3oHaTopoM (M3MepseTca LC meTpom).

PacnpenenéHHyto EMKOCTb pe30HaTopa MOXEM MNOoCYUTaTb: YMHOXAEM ANINHY
pe3oHaTopa Ha abCoIOTHYIO AN3NTIEKTPUYECKYIO MPOHMLLAEMOCTb BakyyMa €0 =
8,86:10-12 ®/M n cyasa, no ToAwmMHe cnupanm MOXHO yBE/IMUYUTb 3TO 3HAYEHUE
Ha 30%. UToro, ecnu NnpuHATbL AIMHY CNMpanu paBHon 2,5 meTpam, To eé
pacnpenenéHHas éMKocTb coctasuT 2,5:8,86:10-12:1,3 = 28,8:10-12 vnu
npumepHo 30 nukodapaga.

BTopoe 3HaueHne éMKoCcTU n3MepsieM LC MeTpoM 1 noslyyeHHoe 3Ha4veHune
apudMeTnyeckKn cknagbisaeM c nepsbIM. MosyyeHHoe 3HayeHne EMKoCTU byaeT
NCXOAHbIM TpeboBaHMEM A9 BbIXOAHOM EMKOCTU BbICOKOBOJ/IbTHOIO UCTOYHMKA.
Mpu pacxoxaeHnn émkocten B pasbl (BB n nHayktopa), Takxe B pa3bl byaeTt
XY>XXe packayka cnupasbHOro pesoHaTtopa A0 BbICOKOro noteHumana (M Kak
cneacTteBme MOLWHOCTK), B naeane OHW A0/KHbI 6bITb paBHbl. He 3abbiBanTe Npo
ONTMHY COeAUMHUTENbHbIX MPOBOAOB, KakK BAMAET UX ANMHA Ha ASINTENbHOCTb
MMNynbCa NPUBOAUN BbILLE.

Mepen TeM, Kak NPUCTYNUTb K CbEMY B HarpysKy, cneayert co3aatb LMPKYASUNIO
3HEeprnm B pe30HAHCHOW CUCTeMe, MHOIMOKPaTHO MpeBbIlatoLled
nepBOHa4vasbHble 3aTpaThl HA €é co34aHmne U Hac He A0/KHO BOJSIHOBATb, UTO 3Ta
LMPKYISUMS NPOUCXOANT B BUAE PeakTUBHOM MOLHOCTU. Mbl NoAoLWAN K
KOMMNOHOBKE KOHCTpPYKUMKU. [Nepexoanm K TpeTbeMy pasgeny: PacnonoxeHue
KaTyWwKn cbéMa, pa3BeH4yaHue muda o "MEpTteoM nose'.

Ona Hayana obcyxxaeHus aToro «MEPTBOro rnosis» AaBanTe MOCMOTPUM, Kak



obMoTka coéma

CnupanbHbivi pe3oHarop
1/4A

Tenepb nepeBeném eé B 6onee cxematndeckun ema (MOTUXOHbKY obpacTtaem
MSACOM):

IIPOROAANAA MI0CKOCTE 3T

Y Opataendl nposoy

Mo>eT nokasaTbCs, UYTO Moj CnupasibHbIM pe30HaTOPOM HaMOTaHa uesnKoBas
0bMOTKa Ha BeCb AMINEKTPUYECKNI KapKac, HO 3TO He Tak, oHa pa3buTa Ha aABe
obmoTkM. Moka obcyxaaeM 06MOTKY Cbé€Ma (BTOpYHo, UTOb6bLI HE oTBNEKana,
pucoBaTb He cTan). O6bMoTKa CbéMa CeYeHNEM MUHUMYM 2,5 KB.MM
(BblAEp>XMBAET ANUTENBbHO AOMYCTUMbIM TOK Harpy3ku csebiwe 30 amnep)
HaMoOTaHa B HECKOJIbKO CNoéB. BUTKM MOTalOTCs MIOTHO APYr K APYrY, O4AWH C/OMn
3aKaH4YMBaeETCs, TAHYTb Ha APYryt CTOPOHY He Hajo, a cpa3y MJOoTHO MOTAaeM B
obpaTHylo CTOpOHY (HaMOTKa BHaBas Hegonyctmma). Ins NnpocToTbl HapucoBan
OAVH CNOWN.

To, 4TO NOA CbEMHOW KaTyLWKOW HET heppuTOB, MOXHO Y6eaAnTbCs U3 ApYyroro
BMAEO AOMALLUHEN YCTaHOBKU 5 KBT.
Tenepb AaBanTe NOCMOTPUM, YTO Mbl COTBOPUIN BAOJb Kabens 3a3emMneHuns:



MarunTHOE mose cToRuCH BOHE! Kabend

CTRIPADIRII peionatep

Mbl co3gann MOLWHOE MarHUTHOE NoJslie, KOToOpoe BpawaeTcsl C pe30HAaHCHOM
yacTtoTom w (No pacyéTtam ero MoWwHOCTb 12,5 KBAp), Ha KapTMHKe A0IXKHO BbITb
ABa Takmx 6ybnmnka (NOCKONbKY NOAYyBOSIHOBAsA ANMHA Kabensd), HO Ans npoCTOThI
MokasaH oAuH. Tak BOT, MOMECTMUB KaTYLLKy CbéMa B TO MEeCTO, rje OHa yKa3aHa
CXeMaTU4eCKn, Mbl MOXEM YBUAETb, YTO OHA HAXOAMUTCS NMPaKTUYECKN B TOM
MecTe, rae Ny4yHoCTb ToKa Kabens 3aseMneHmns MakcuMasbHa. Ho npu Takom
cnocobe pasMelweHns KaTyLKN OHa HE MOXET MoJslyyaTb SHEPrut0 OT MCTOYHMKA
nutaHusa. OT pe3oHaTopa He MOXET, NOCKOJIbKY HaXxoauTCsa pSAoM C NYYHOCTbIO
Hanpsi>XeHus, rae Tok Hyneson. C 3azeMnsatoulero kabensa Toxe He CMOXET, XOTb
N HaAaXoAMTCS B NYYHOCTM TOKa. MarHMTHOE none CTosiyen BOMIHbI BAOb Kabens
3a3eM/IeHns AN5 TaKoro pacrnosioXXeHUs KaTyLlWwKn CbéMa 1 aBMSeTCs TeM CaMbIM
"MEpTBbLIM" NosieM. ITo MOLWHOE none He cMmoxeT HasecThn DC B 06MOTKe CbEMa,
KOTOopasi HAX0AMUTCS B MeCcTe MaKCMManbHOro Toka kabens 3asemsneHus. MNMovemy?

BCE&, UTO HYXHO A5 OTBETA Ha 3TOT BOMNPOC, B Matepuasne yxe ectb. Ha
NPOTSXXEHUN MHOIMX NMOCTOB S CPAaBHMBaAs 3duUpoaMHaMUYECKNE U MEXaHUYECKUE
ABNEHUSA, KaK oaMHaKoBble No npupoae. COOTBETCTBEHHO, 3TO AB/IEHUE Mbl
3HAaEeM B €ro MexXaHWYeCcKoM MpOoABNEHUN, HA HEM TaKXKE MOXHO MOCTPOUTb
N36bITOYHYIO FeHepaLMi0 B MEXAHUYECKOM BapuaHTE, HO B 3/IEKTPOMArHUTHOM
BapuaHTe 3TO caenaThb npouie U ropasao 3dhdeKTUBHEN NO MOLWHOCTY.

HenocpeacTBEHHO CO CTOAYEN BOJIHbI SHEPIUIO CHUMATb Hesb38 HU MOo4 KakuM
COYCOM, MOTOMY YTO OHA Bbl3BaHa 3HepPrnen BbICOKOBOJSIbTHOMO NCTOYHMKA
MUTaHUSA, @ OH Y Hac He SABMSIETCS MCTOYHMKOM U36bITOYHOM 3HEPrnm, OH NNLLb
CO34aéT ycnoBue Ans CbéMa 3Heprum C rnaBHOM aHepreTnyeckomn cybcraHumm
(KkoTOpas noBcloAy) 3KBMBANIEHTOM TOW, YTO NPOTEKAET B Lenu B Buae
peakTMBHOM MOLLUHOCTU. Kak Bbl MOHSANN, (peppuUTbl U TPAH3UCTOPLI - 3TO BCEro
NULWb 371EMEHTbI YNpaBAeHUs, OHU YNPaBASAT y)Ke BTOPbIM MPOLLECCOM. DTH
an1ieMeHTbl 06CyAnM nocsie NoNyvYeHus Toro npoueHTa MHdopMaunm, KOTopbin



Tecna 3acekpeTus, HO B NaTeHTax BCE-TaKy OCTaBWU 3aByaJIMpOBaHHbIE
cBeaeHuns. [laBante pa3bepéM 3TO yxe «OXuBLUee» none ¢ HAy4YHOM CTOPOHbI,
yTo6bl U AN YAaWHUKOB ObII0 MOHATHO.

S roBopu, YTO CTOosiYasi BOJIHA NOAYNHSAETCS npaBuny 6ypaBuunka. Ecnu
BBMHUYMBATb 6ypaBUMK MO HanpaBneHUIO TOKa, TO pyKosiTka 6ypaBunka byaeT
BpallATbCs MO HAMpaBlEeHUIO CUNOBbIX IMHUI MarHUTHOro nons. M3o6pasnm 3Tn
CU/IOBbIE JIMHUM MArHUTHOIO NOJSA CTOAYEN BOJIHbI BAO/b MPOBO/Za Ha PUCYHKE:

Tak BOT, noyeMy He byaeT reHepaummn? NMoToOMy UTO CbEMHAs KaTyllKa Npu TakoM
eé pacnoslIoXXeHUN nepecekaeTcsd CUN0BbIMU MAarHUTHbIMU JIMHUSAMU OT
rOPU30HTa/IbHOIO NMPOBOAA 3a3eMJIEHUSA, NMPOMNYLWEHHOro Yepes eé LeHTp
napannenbHo BUTKaM T.e. nog yrnom 0 rpaaycoB mnm 180 Kak yrogHo, 4YTo U
BMAHO U3 pUCyHKa. BcnoMnHaeMm 3/1eKTpOANHAMUKY: COMNIAaCHO 3aKOHY
3/IeKTPOMarHMTHOW UHAYKUMK, Hanbonbwaa 34C éyaet, koraa yron a paseH 90
rpagycos, a y Hac 0, a cmHyc O gacT Takxe Hosb, cooTBeTcTBeHHO U 34C no
HYNSM.

E=BeVelesina, rae a — yron mexay BEKTOPOM MarHUTHOM MHAYKUUK B n
NJIOCKOCTbO BUTKOB KaTYLLUKWN CbEMa.

OTO Nerko npoBepuUTb N3MEepPUTESIbHOM PaMKOW, NOMECTUB €€ psiAoM C MYYHOCTbIO
Toka kKabens Ha 3eM/l0: CTaBUM MNIOCKOCTb PaMKKU napannenbHo anvHe kabens,
CBETOANOA FOPUT, MOBOPAYMBAEM paMKy NepneHauKYNsSpHoO, T.e. Ha yron 90
rpaaycos, ceetoanoa He roput. Hebonbwasa 34C BbICOKOW 4aCTOTbl KOHEYHO Xe
6yaeT NpucyTCTBOBaTb M3-3@ HEMAEA/IbHOCTU HAMOTKM BUTKOB KaTyLWKN CbEMa,
4yTO HabnaaeTcs Npyu NPOCMOTPE 3aMepoB HanpsiXeHusa umMdpoBbIM NPNGOPOM
Ha BMAEO rpuH-60KCa, HO Ha YpOBHE NOMeX, KOTOpble YaCTUYHO YCTPaHSTCS
NyTEM COeAMHEHMS OAHOro KOHLA KaTyWwKn ¢ kabenemM 3asemMneHus.

BoT Mbl 1 nogo6panncb K 3aBETHOMY MPOLEHTY TalHbl opAeHa Tecnbl-
KanaHaase, "cekpeTty" Ha 100 MWISIMOHOB A0/1/1apOB, KOTOPbIe X04YeT MosyunTb
Tapuensb.

NTak, NnpyHUMN, KOTOPbIN 3a10XeEH B OCHOBY paboTbl Tak Ha3biBaeMbix CE-
reHepaTopoB NPOCT KakK AeHb. DTUM NPUHLMMNOM Mbl NOJSIb3YEMCSA KaXAblA AeHb,
HO HE 3aMe4yaeM TOro, YTo OH HaM MOXET AaTb. DTOT NPUHLMMN B MEXAHMUYECKOM



BapuaHTe Ha3blBaeTcs 3ddeKToM bbICTpoBpaLLaoLWmMXCs Macc Unm
FMPOCKONMYECKNM 3 eKkToM.

2 deKT, KOTOPbIN HE U3YyUYEH COBPEMEHHOW HayKou A0 KOHUA, No npuynHe
N3bATUA MaTepuanbHOM Cpeabl U3 NPOCTPAHCTBa M co3aaHue Ha 3Ton 6ase
PENATUBNUCTKON TEOPUM OTHOCUTENIBHOCTU. NS COMHeBatowmxcs npodeccopos —
BOT ccblfika: http://www.freelook.ru/science/potapov/4.htm (6butasa)

[Janee cMOTpUM BUAEO, rAe YBaXXaeMbli FOCANOAMH XOPOLUO pacKpbiBaeT 3TOT

apdekT:
http://www.youtube.com/watch?v=7aRKAXD4dAg&feature=player embedded

NMocMoTpeB BMAEO, HYXHO caenaTtb BbiBOAbl. ECnu Bpalwarowmiica Ha Bany
MaxXxoBWK MOBEPHYTb B MJIOCKOCTWU, NEPNeHANKYISPHON OCU BpalleHus, TO
3aTpaTbl 3Heprum 6yayT aHanornyHbl TOM, YTO HaKoMJeHa BO BpallatoLWeEMCS
MaxoBMKe, T.€. YeM Bblllie YacTOTa BpalleHMS MaxoBMKa, TeM 60/bLUE HYXHO
npunaraTb ycunave ANs pa3BopoTa MaxoBMKa. DHEPrMs 3TOr0 YCUAUSA A0KHA
6bITb B TOYHOCTU paBHa dHEPrMMN, HAKOMNEHHOW B MaxOBMKe, C KaKol 6bl
CKOPOCTbIO 3Ty OCb Mbl 6bl HE NoBopaymBanu. MNpu 3TOM NOBOPOTE 3TO HMKAK HE
OTPa3nTCa Ha CKOPOCTW BpalLleHUs CaMOro MaxoBuKa.

SddheKkT nonydeHns JONONHUTENbHOWM MOWHOCTM 6€3 BANSAHMUSA Ha NCTOYHUK
BpalLeHMsa Koseca MOXHO MoNy4uTb U3 NpeLeccmm BpalleHuUs 3Toro Koseca,
Harpy3uB NpeLeccMpyroLwyto ocb. Bbl yBnanTe, 4to 3170 AENCTBUE HE Bbi3biBAET
peakuun B BUAE NOHMXEHUS 060pOTOB Koeca CoO CTOPOHbI OCK BpalleHus. ITO
MO>XHO JIerk0 BOCMPOMU3BECTU B AOMALLIHUX YCIOBUSX, €C/N B3ATb
BbICOKOOBOPOTUCTbIN ABMXOK NMOCTOSIHHOIO TOKA U K HEMY Ha OCb XE&CTKO
NPUKPEnnNTb Kakomn-HMbyab AUCK, HaNpuUMep, CTapylo BUMHUAOBYIO MJIACTUHKY.
BkntouaeM agsuraTtenb, pacnosnaraeM oCb BpalleHUs BEpTUKANbHO U 3aMepsieM
notpebnsemblt ABMratenem Tok. [lasiee oCb BpalleHUs pacrnosiaraem
FOPU30HTaNbHO, Bbl MOXETE AaXke ABUraTesib pacnoflioXnUTb Ha pyKe Ha CaMOM
Kpato (MOXHO CKasaTb Ha KOH4YMKE nasnbua) n cmctema byaeT yctomumaa, MOXHO
CKa3aTb MOBUCHET B BO34yXe, HUKAKOro nageHusa cCMcTeMbl Npu 3TOM He
npon3onaér. Ml ecnmn cHoBa 3aMepuTb TOK NoTpebneHus, Bbl byaeTe yamBrieHsl,
HO OH He u3MeHunTCcs. Ho y MexaHn4yeckomn cuctembl ecTb npegen. Kak Bbl
NOHMMaeTe, 4YTobbl obecneuynTb B MaxoBuKe 601bLYI0 UMPKYASALMIO SHEPTUN
(peakTMBHOM MOLLHOCTW B P€30HAHCHOM CUCTEME), HYXXHO NMbo yBENNUYNTb ero
Maccy (yBennunTb MHAYKTUBHOCTL), 60 YBENMUYNTb CKOPOCTb €ro BpaweHus
(4acToTy pe3oHaHcHoM uenu). MNMpu onpeaenéHHON CKOPOCTU BpalLleHns
MexaHn4yeckas CMCTeMa MOXET pa3pyLUUTbCs, MO3TOMY BbICOKME MOLLHOCTU OHAa
He obecneunT. A y admpoamHaMmMyeCcKom Moaenm Takoro HegocrtaTka HeT,
CKOPOCTb BpalleHMs 2N1eKTPOMarHMTHOM MaccCbl MOXeT bbITb Ntobon, apup oT
3TOr0 He NocTpajaeT u He pa3Banntcs ©.


http://u.to/xsYyAg
http://u.to/xcYyAg

Nanee cmoTpumM Buaeo TIY CrtneeHa Mapka. B KoHUe NepBON MUHYTbI, OH
YyNOMWHaeT UMEHHO 3TOT MPOCKONMUYeCcKnin apheKkT, MMMO KOTOPOro NpoLwin Bce
couckaTenu:

http://www.youtube.com/watch?v=bkahNjTX4PU&feature=player embedded
Tenepb NO aHaNOrMmM ¢ MeXaHUYEeCKON CUCTEMOMN PacCMOTPUM 3(PUPHYIO MOAeNb.
Ocb kabens 3a3eMneHns — 3TO OCb BpaLLleHMs MaxOBWKa, Macca MaxoBuKa —
MHAOYKTUBHOCTb Kabens, AnaMeTp CaMoro MaxoBumka — BE/IMYMHA B MYYHOCTM TOKa
kabens, CKOpoCTb BpalWEeHMUa MaxoBMKa — 4YacToTa pe30HAaHCHON uenu.

Tenepb, KOrga aHasorMm paccraBfieHbl, Npoule NMOHATbL paboTy Takom CUCTEMBI.
Tenepb BUAHO, YTO, KOrga Mbl 3anyckaem B paboTy Hawy pe30HAHCHY CUCTEMY,
3TOT 3/1EKTPOMArHUTHbIN 6y6/IMK MarHUTHOIO MoOJIA CTOSiYEeN BOJIHbI BpalLlaeTcs B
NJOCKOCTU, NeprneHanKynsapHon K kabento (CM. pUCYHOK), He Bbl3bliBas
HaBeaeHnsa DC B KaTyLwKe Cbéma.

N\

\

v KonbueBasi CKOPOCTb BpalleHuUs

BUXps (BMA C Topua kabens).

dunsnyeckn 3TUM AeNCTBMEM Mbl Bbi3BaIM KOHLUEHTpauuto 601bLLIOro gaBfieHus B
caMmoM 6ybnuke (He B LeHTpe) Mo aHanormm ¢ posiIMkaMun, KoTopble BbikaaabiBan
BHayane, raoe BMaAnMM MeToabl Nnepenad saHeprum TopomnaanbHbiMn 6ybnmkamm. U3
moero nocta N? 94, rae nucan 06 anbTepHaAaTUBHON 3HEpPreTuke, AaBfeHue
accoUuMmMpyeTcs C MarHUTHOW NOCTOSIHHOW BaKyyMma. Tak BOT, Y penaTMBUCTOB
3TOT KO3(PPULMNEHT - KOCMMYECKaAsa KOHCTaHTa, HO Kak bbl HE TaK: NIOKanbHO Mbl
yBennymBaeM 3TOT NapamMeTp B 3aBUCMMOCTMN OT MOLLHOCTU, LUMPKYNNPYIOLLEN B
pe30HAaHCHOW CUCTEME B TbICAYM pa3, co34aBasd TEM CaMbiM TOT MOLWHbIA MarHuT,
0 KOTOpPOM rosopun ysaxaembih CP. N oNns 3TOro He HY>XHbl HUKaKne
deppoMarHeTukun B KaTylwkKe, KOTopble 6yayT TONIbKO MewWaTb.

MarHmMT Mbl NOAY4YUSIMU, HO OH Y HAC CTauMoOHapeH A1 TaKOro pacrnosioXeHus
CbEMHOM KaTyLKM. BCNOMUHaeM aneKTpoagMHaAMUKY: ANS reHepauun ..
3Heprunm, CornacHoO 3akoHa 311eKTPOMarHUMTHOM MHAYKUMN, MarHUT HaZo ABUraThb.
JInHun c pacnpegenéHHbiMM NapaMmeTpamMmm NO3BONSIOT HaM 3TO caenaTb
bnarogaps TOMy, UTO UX HANPSXEHUS U TOKU ABAAKTCA PYHKUMEN ABYX
NnepeMeHHbIX: BpEMEHU U KOOpAMHAT. DTO Yy Hac byaeT genaTtb BTOPOW npouecc C
nomoLubio heppuToB M BCOMOraTenbHOM 06MOTKK NoA yrnpaB/ieHUEM reHepaTopa


http://u.to/xMYyAg
http://gorod-magov.ucoz.org/_fr/9/1448606.jpg

CUHYCa, KOTOPbIM pacCMOTPUM MO3Xe.

B npouecce cBoero ABMXXEHUSA Hall 31eKTPOMarHUTHbIM 6yb6anK B NpoCcTpaHCcTBe
byaeT ABuraTbCs He NMpoCTO B O4HOW CTeneHu BpalleHUs, a UMEHHO B ABYX, KakK
BO BCceX pusmyecknx cpegax (CM. ponMKn), He B NyCTOTE, B NYCTOTE OH 3TOrO
caenatb NpocTto He cmoxeT!!! Monyyunm Takor camoBbiBOpaumsaowmncs 6ybnuk:
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BpalueHue Bokpyr
LeHTpasibHOMN KONbLEBOW JIMHUM TOpa

CuéM 3HEPrK CO CTORMEW BONHLI He Hapywans peioHanca
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KpacHbIn Kpyr — 3TO CU/I0BblE€ IMHUN MarHUTHOMO NONS CTOsiYEN BOMHbI Kabens.
N3 BCcero ckaszaHHOro HY>HO cAenaTb BaXXHbIM BbIBOA: B pe3ysibTaTe Taknx
MaHUNYyNSauMnM ABYX BMeCTe B3SATbIX NpoLeccax, BeKTOp MarHUTHOW nHaykumu B
BpallaeTcs B ABYX MJIOCKOCTAX, NpnyeM Cc abCONOTHO paBHOW SHEpPrmuen, sHeprus
M3 OAHOWN MIOCKOCTU NepeTeKaeT B APYrylo, NpuU4ém "BbiBOpaumsaHue"
KOHCTpYKUMM 6ybnmka no OTHOWEHMUIO K OKpYyXatouwen cpeae ébyanet nponcxoanTb
TakuMm obpasaM, YTo Kakasi-TO 4YaCTb 3TOM KOHCTpyKuUuun éyaet obnagatb
3Heprnen c pe3ko NMOHMXEHHbIM SHepPreTUYeCckUM NoTEHUMANOM U CTaHET
NOrnoTUTENIEM DHEPrMK OKpYyXatowen cpeabl. A TaKk Kak npoAosibHoe ABUXEHME
3TOro0 BpallaTesIbHOro ABMXEHMS Topouaa B adupe Bbi3biBAET NepeceyeHme
BUTKOB CbEMHOM 06MOTKM noa yriioM 90 rpagycos, TO, COrflacHO 3aKOHY
3/1eKTPOMarHNMTHON UHAYKUMK, 3C Ha BbIXOAHOM 0OMOTKE C 4acTOToMn
mMoaynaunm 6yaet Hambonbwas. U npotmeo 34C 06MOTKN CbéMa HMKAK He byaeT
BNIMATb Ha HaWy CTOSAYYIO BOJIHY, TaK KakK OHM HaxXoAsTCA BO B3aUMHO
nepneHanKynsapHbIX NJAOCKOCTAX, CiefoBaTesibHO, HET HMKaKoro obpaTtHoro


http://gorod-magov.ucoz.org/_fr/9/3300524.jpg

B/IMSIHNSA HA pe30HaTop M COOTBETCTBEHHO Ha NepBOHAYaNbHbIA NCTOYHUK
BO3MYyLLEeHUs, Npu Nobon Harpyske Ha BbIXOAHOW KaTywke!!!

NaBHOe, Kak cka3san Tapuenb, «[lep>XnuTe pe30oHaHC», @ OH Y Hac yAepXuBaeTcs
aBToOMaTM4yeckn B Ntobom cnyyae.
BoT BaMm ewé oaHa umtaTta u3 nateHta Tecnbl N° 0787412 ot 18.04.1905 . :

BOMMBI  HCHESM  IUNT YMEHBINUDI  AMIUEITYAY
Cre0BaTe IbHO, BHIOPAB TIPABIIBHLET PEAIDL TIPIICMHIIK
MOAMO ICTIONBYOBATS I KOMIPOAA  PAYHOOOPATHLIX
shpexron. Hapinaep, 05110 Ob1 MOACHHO CAMITATH SOHBI

VSIOB I ITVSHOCTE!  BO R CHAA 1 MOMOLIE!
MePeMOIeIt  CTAHLEICIT 10X JUBTHY,  TIpil  COO Mo AcHIT
EBNUCVITOMAHYTBIX  Tpcoomarsnt  Llpir  5TOM  MOMD
CACNATH, MTO S0HBI ¢ MAKCHMAMLHBIM 11 MIIHIDMATLHB M

ShPERTOM COBIAIYT ¢ MOOON MPIICMHON CTRIBICI HUL]
CTAHLILGL BArSbmat B Jenie IBa 11 007¢e KOACOAHINT &
RAIWIMON AMHOT BOMHBL MOAHO BLIBATh MCIICHHOC
CMCIICHIIE 110 SCAHOM\ LIAPY pesyIb THPVIOLIEH! CTORYC
BOMHBL,  TAKIDM  OOPATOM  MOKHO TFIOMEITH  0OOMLLIOC

RASHOOOPARIE Y10 Ie HBIX ~oj>j>cunn<\hmnm0 KYpce Cypa

MoReT ORITH nerxo OrmeneaeH \ 063 HIATO ThORAHIIR

B tom unicne u CE (Mo€ npriMeianiie)

Y MHOrMx BO3HMKHET BOMPOC: MOYEMY TaK Masnlo BUTKOB Ha 06MOTKe cbéma?
OTBET NPOCT, Bbl JIOKANbHO YBENNYNUAN MArHUTHYO NMPOHULAEMOCTb BaKyyMma,
NPOCTUTE yXXe 3dunpa, B 30HE KAaTYLWKN CbEMA B HECKONIbKO (AECATKM) pa3 Kpyue,
yeM y xenesa, N03TOMY M HE HYXXHO MOTaTb CTOJ/IbKO BUTKOB Ha BOJIbT paboyero
HanMps>XeHUs, KakK Ha XXene3HoM TpaHcdopMaTope.

EWEé ckaxy: ecnn XOoTUTE CHMMATb KMNOBATTbl MOLWHOCTUN, KpeNUTe Kak MOXHO
NpoyHee BbIXOAHYIO 0O6MOTKY N Kabenb 3a3eMNeHns K KapkKacy, Tak Kak
BO3HUMKatoLWme cunbl JlopeHua npu cnabom 3akpenneHmnm getanem MoryTt ux
NPOCTO BbiApaTb C MecTa.

BHMMAHWUE!!! B uenax 6e3onacHOCTM 340p0Bbs, Npu paboTe C TaKMMU
yCTaHOBKaMu, Heobxoamnmo cobntopatb cnepyouwee tpebosaHume: MNMpu Takom
BKJTIOYEHUN BbIXOAHOW KaTyLWKW BbIGpOC MarHUTHOro nosga npotmeo 4C naét no
TOopLaM BbIXOAHOW KaTyLIKW, ero BefIM4ymnmHa npsiMo rnponopumoHasbHa BelnynHe
Harpy3ku, ero Bo3aencreuto nogsepratbcsa HEJIb34, Tak Kak npu AnnTeNbHOM
BO34ENCTBMM TAaKOMO MAarHUTHOMO Noss Bbl MOXETe NoNyuUnuTb 601S4YKM OT
AnabeTta go paka!

Hy, 4To nepexoauM Kk nocnegHen Teme: HazHaueHne B ycTaHOBKe (heppuToB,
ABYX BbIXOAHbIX CUI0BbIX TPAQH3UCTOPOB M BTOPOM 06MOTKWN, pacrnosoXeHHONM noa
cnnpanbHbIM PE30HATOPOM.

NTak, OCHOBHbIM yC/IOBUEM BO3HUKHOBEHUS CTOsluen BOJHbI ABNSAETCS paBeHCTBO
4acCTOT, TO TaKOBOE BCerga peaJm3yeTcad, Korga MMEKT MECTO Nnadarowan n



oTpaxéHHas BOSHbI. Habnoaatenb, NOMeCTUB B y3es TOKa MHAUKATOP
(n3MepuUTeNbHYIO paMKy), KOHCTaTUpPYeT, YTO TOK SHEPrMu B NPOAOJSIbHOM
HanpaBAeHUN OTCYTCTBYET. N5 HAC 3TO O3Ha4aeT, YTO CKOPOCTb TOKA 3HEpPruun u
OTHOCUTENbHO HabnwaaTensa, n OTHOCUTENbHO BOTHOBOW cpeabl (3dupa), paBHa
HY/ 0. HO Kak MOXHO 3aMeTUTb, 3TO MepBbIr NPOLLECcC, KOTOPbIM 3anyckaeT
cO34aHune CTos4Yen BOJIHbI C MaKCMMasibHOM SHEpPreTUKoOn BAONb Kabens
3a3emMneHuns (nepsebin Tymbnep B yctaHoBke KanaHaase). Ho npu ctaumMoHapHOM
NONOXEHMWN 3TUX Y3N0B M NMYYHOCTEN, KaK Bbl YXKe& MOHS/IN, CHATb HEPruo
OKpY>XatLWero NnpoCcTpaHCTBa HEBO3MOXHO. BOT 4519 3TOMO HaM M Hy>XeH BTOPOW
NpoLecc — opraHm3auuns ABMXXeHUS 3TUX Y3N10B N MYYHOCTEN B NMPOAOSbHOM
HanpasneHUn BAOMb Kabens 3a3zemneHnsa (aHMMaumMs C BOPOHOM) C Ntobown
HY>XHOM HaM 4acTtoToun (BTopoun Tymbnep B yctaHoBke KanaHaase), uTo
BO3MOXHO NMPUMEHUTb TOJIbKO B MPOCTPAHCTBEHHbIX pe3oHaTopax (JIMHUAX C
pacnpenenéHHbiMK napameTpammn). HYTobbl opraHn3oBaTb 3TOT npouecc pasbepém
OAVH npumMmep. lNMpouecc ABMXEHNS CTOSSHEN BOJSIHbI XOPOLLO NPOUIIIOCTPUPOBAH B
putMoamHammnke MeaHosa tO.H. (oUeHb rpaMOTHbLIN cneumanncT, Ha dopyMax ero
MOX>XHO BCTPETUTb NOA HMKOM mirit). NpueBeay npumep. PaccMoTpuMM nosegeHue
CTOsiYEN BOJIHbI OT MPOCTPAHCTBEHHO pPa3HECEHHbIX U MOKOSALWNXCA B cpeae
MCTOYHUKOB. B npoMexyTKke Mexay KorepeHTHbIMN UCTOYHMKaMmn obpa3oBasncs
nakeT cTosumx BonH. Casur a3 Mmexay MCTOYHUKaMM OTCYyTCTBYeT. B aToun
CUTyauumn nHtepdepeHumMoHHasa KaptnHa byaetr cuMmeTpmyHon. OTMeTUM
NOJIOXXEHUE LEeHTpasibHOM NYYHOCTH.

Cozpgagnm casur das mexay konebaHnamm. O4eBnaHoO, YTO NOSIOXKEHMNE Y3/10B U
NYYHOCTEN CMECTUTCS OTHOCUTENIbHO NepBOHa4YanbHOro nosoxeHus. Mo mepe
yBenuuyeHuna casmra das, y37bl 1 NYYHOCTU CTOSSHEN BOJIHbI BCE nanee
CMELLATCHA OT CBOEro nNepBoHavYasbHOro rnoaoXeHus, a npu casure a3 B 180°
OHWN CMECTATCS Ha NONOBUHY AJIMHbI CTOSYEN BOJHbI. JanbHenwee yBenmyeHune
caBura gas npmBenéT U K AaNbHENLIEMY CMELLEHNID CTOSYEN BOJIHbI.
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Casur no dase NpuBOAUT K CMeLWeHUI0 Ny4YHoCcTen 1 y3noB. Ecnu no
onpeneneHnto Ctosiuasl BoOsIHa XapakKTepulyeTcs OTCYTCTBMEM B NMPOCTPAHCTBE
nepeHoca 3Heprmm, To Mbl, U3MeHas caur a3, Takon NepeHoC OpraHmn3oBasun:
N3MeHeHne casura a3 Mexay UCTOYHUKAMN NMPUBENO K MEePEeHOCY 3HEPrun B
NPOCTPAHCTBEHHOM MPOMEXYTKE MexXAy 3TUMU UCTOYHMKaAMKU. HO NOCTOSAHHO
N3MEHSIOWNNCS BO BPEMEHU CABUI a3 Mexay UCTOYHUKAMU, eCTb Ppa3HOCTb
4YaCTOT. DTO 3HAYUT, YTO HaANUYME Y UCTOYHUKOB Pa3HOCTU YACTOT NPUBOAUT K
nepeHoCy 3aK/IUYEHHOM B CTOSIHEN BOJSIHE SHEPrUM B HaANpaBiEHUN OT NCTOYHMKA
6onblWen 4acTOTbl K MCTOYHUKY MeHbLIEen 4acToThl. [lponcxoant nepeHoc (ToK)
3HEepruu.

http://next-energy.2x2forum.ru/t67p200-topic

Bo3Bpawasck K yctaHoBke KanaHaase, Mbl BUAUM, YTO UCTOYHUK (CNMpanbHbIi
pe30HaTop) Y Hac oAMH N OTpa>KéHHAasi BOJSIHA OT 3a3eMJIeHUA, BCTpeyasiCb C
berywien BONTHOM OT UCTOYHMKA B pe3ysibTaTe AA&T CTosuYy BOJSIHY. HO
OoTpakéHHas BOJSIHA NpMxoanT 0bpaTHO C 3a4epXXKOW BO BPEMEHU U B TeveHune
3TOro BpEMEHM Yy HaC eCTb BO3MOXHOCTb M3MEHUTb A/IMHY 6eryuien BosaHbl. Tak
KakK ABe BOJIHbl C pa3HOW AJIMHOW BCTpeyasiCb, CKNaAblBalOTCs, TO pe3ynbTaT
TAKOro cnoxeHus ébyaer B BUAE CMEWEHUA pacCTOSAHUS CTOSSHYEN BOJIHbI, @ 3TO
KakK pa3 TO, YTO HaM U HYXHO. HaMm Npnaétca naMeHsTb BO BPEMEHM OAUH U3
napaMeTpoB CNupasibHOro pesoHatopa: NmMbo EMKOCTb, NTMH60 MHAYKTUBHOCTb. HO
EMKOCTb HET BO3MOXXHOCTU MEHSATb 3/IEKTPUYECKNM NYTEM, MEXAHUYECKNM
MOXHO, HO AyMato ropoamTb TaKyt KOHCTPYKLMIO HUKOMY HEe MOHPaBUTCH, a BOT
MWHAYKTUBHOCTb MEHATb 3/1IeKTPUYECKMM cnocoboM MoXxHO 6e3 npobnem. BoT ans
3TOro y Hac n noMeweHa gepputosas Konbaca noa cnupanbHbl pe3oHaTop. Kak
Mbl 3HaeM, Yy (peppOMarHUTHOro Matepuana eCcTb TakoM napamMeTp Kak
OTHOCUTENbHAA MarHMTHas NPOHULLAEMOCTb, KOTOPas MOXET U3MEHSATbLCS MoA
BO34ENCTBMEM BHELUHEr0 MAarHUTHOrO MoJsisl, TaKk Ha3blBAEMbIM
nogmMarHmymBaHmeMm. HanpawmBaeTcsa noaMmarHnymsaroLwas obmMoTka, KotTopas
N3MEHSIET PE30HAHCHYI YacTOTy CMMpasibHOro pe3oHaTopa, Ha30BEéM 3Ty
06MOTKY MOAYNAUMOHHON. B 3aBMCMMOCTUM OT YACTOTbl, KOTOPYIO NOAAEM Ha 3TY
06bMOTKY, Ha BbIXoaHOM 06MOTKe HasoanTca D4C C TOW e 4YacToToMn, KoTopas
MOXeT 6bITb, K NpuMepy, pasHon 50 U, MOWHOCTb Ha BbIX0AE OT 3TOro He
MeHUTCs. CMOTPUM Ha KOHEYHbIN KOHCTPYKTUB.


http://next-energy.2x2forum.ru/t67p200-topic

o6MOTKa CbEMA ~,

CnupanbHbii pesoHaTop
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MO AYNsALMOHHAA o6MOTKa

CBEMHAT KATVIIKA Moy TAIFIOHHAT 0OMOTKA
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O6MOTKY MOAynsauMKM NoKasan OAHMM crioeM. B peanbHOCTM OHa byaeT 3aBuceTb
OT Mapku deppuTa, ToKa npoTekawLiero no obMoTke, 1 pasmepa cammx
deppuToBbIX KONEY. Ho napy AecATKOB BUTKOB NO BCEWN ASIMHE (DeppUTOBON
Konbacbl MOXHO HaMoTaTb cMeno. [anee 3Ta o6MOTKa nogkatoyaeTcs K
BbIXOAHOMY ABYXMNOAYNePUOLHOMY CUHYCOMAAnbHOMY (Kakon (popMoin
MOAYNMpYyeTe, TaKyl Mosly4yaeTe Ha BbIXOAe) Kackady reHepaTopa Toka, 3TOoT
reHepaTop MOXHO cobpaTb KakK yroaHo, CXeM B MHTEpPHETe NosiHO. eHepaTop
TOKa AOCTAaTOYHO cobpaTb Ha BENMUMHY TOKa 2-3 amnepa. BoixogHbie
TPaH3MUCTOpbl ByAyT rpeTbCcs, NO3TOMY CaAMM MUX Ha paguaTopbl. M ewé oyeHb
BaXXHO: NMOCKO/IbKY 06MOTKa MOAYNALMN HAaXOAUTCSA B OAHOM NAOCKOCTU CO
CnupanbHbIM pe30HAaTOPOM, TO B Hell ByaeT Takxke HaBoaMTbCs 3C BbICOKOWN
4yacToTbl. YTO6bI He WYHTUPOBATb BbICOKOYACTOTHbIe CBO6OAHbIE KONnebaHus
pEe30HaHCHOW CUCTEMbI Yepe3 CUJI0BbIE 3N1IEMEHTbI reHepaTopa 50 Iy,
Heobxoanmo obecneunTb pa3Bs3KYy MO BbICOKOM YacTOTe YCTAHOBKOM B Lienb
0bMOTKM MOAYyNaAUMM Apoccenst HOMUHANOM Napy-TPOMKY COTEH MUKpoOreHpu (Ha
CcxXeMe yKasaH Kak BY gpoccens), a nydwe no ApOCCento B KaXKabl NpoBoA.
Tenepb Mbl MOXXEM CMOKOMHO YyNpPaBasaTb MHAYKTUBHOCTbIO CNUpPasibHOro
pe3oHaTopa npu NoMoLKM HM3KOW YacToTbl 50 Ny 6e3 WwyHTUpoBaHUS
BbICOKOYACTOTHbIX KonebaHuii. Hy, a BONpoc caMo3anuTKn peluaeTcs
Knaccmyeckum crnocobomM, o HEM roOBOPUTb CMbIC/IA HE BUXY.



