3HEPTETUYECKUI NEPEXOA,

B MHTepHeTe, cpeayn ANKTOBOK OT KOHTAKTEPOB YacTO MOXKHO CEroAHaA yC/blwaTb, YTO NAaHeTapPHbIN
nepexog, B pyroe nsmepeHue noyty 3akoH4YeH. Bo-nepBbix, HE COBCEM MOHATHO, YTO 3TO 33 Apyroe
nsmepeHue. A BO-BTOPbIX, Ha MO B3ria4, 3TOT Nepexon, Ha Camom Aeie elle He HaunHanca! ToT, KTo
TaK rOBOPUT NOHATUA HE MMEET, 0 YEM roBOpUT. B 3TOM cTaTbe NoNpobyro 06bACHWUTL Ha NpUMepe C
3/1EKTPUYECTBOM, YTO TaKOE MJIAHETAPHbIM Mepexos MU Kakue Hac XKAyT NoceaCcTBUA
(npeanonoxutenbHo). Peub B cTaTbe NOMAET 06 MHBEPCUM MArHUTHbLIX MOIHOCOB MIAHETDI.

3710 byaeT cTaTbA AOCTAaTOYHO 6o/bLIas, ¢ NOAPOOHbIMU TEXHUYECKMMU OO BACHEHUAMU U
KOMMEHTApUAMMU, O/151 TEX, KTO XOUYET NOHATb SIHEPreTUKy npoueccos. f He 6epycb CyaAnTb O UX BAUAHUK
(BeNMUMHE BO3AENCTBMA) U BpeMEHU NPOTEKaHMA NpoLeccoB, byay o6bAcCHATb B 06LWwemM BUAE, KaK A 3T
NMOHMMAIO CeroAiHA, YTO NOJIy4EeHO Ha OMbITax C 3NEKTPUYECTBOM. M cpasy CKaKy, KTO Beput
Knaccmyeckon Gpusmnke MoryT cpasy He YMTaTb CTaTbio, NOTOMY, 4TO Byay roBOPUTb O MO3UTPOHHOM
3N1eKTpuYecTse, KoTopoe GM3MKa B 06bIYHbIX MPOBOAHMKAX HE AoNycKaeT. Ho NpakTMKa AOKa3bIBAET, UTO
OHO CyLLECTBYET Npu onpeaeneHHbIX YCA0BUAX, YTO Ha CaMOM Jiesie ecTb 06bluHaA yaapHasa BOJIHA UK
oTpuLaTesibHan 3Heprus. ITo BTOpan NOAAPHOCTb SHEPTMU B NPUPOAE, Ha CAMOM Aefe, KOTopYH
du3mnKa cnyyainHo 3abbina...

[na Hayana pacCMOTPMM MPOCTYIO SNEKTPUUECKYIO CXeMY, OAHOC/IOMHYIO KaTyLLUKY, F4e UCTOYHUK
NUTaHUA NOAKNIOYEH K KaTyLLKe Yepes TPaH3UCTOPHbIN BbICOKOYACTOTHbIN KOMMYTaTOP Ha N0/JIeBOM

MOTT- TpaH3MCTOPE, KaK 3TO NMOKa3aHOo Ha CXxeme.
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Koraa mbl OT MCTOYHWMKA NMUTaHUA Pa3roHAeM JMHENHO TOK B Npeaenax Toukun AB, rpadumK ToKa noKasaH
Ha puc.l (cnpaBa) 1 3aTemM pe3Ko NpepbIBaeM TOK, 3aKpbiBaem TPAH3MCTOP B TOUKe B, nosTomy
NnoJlyyaemM pe3Koe TOPMOKEHME TOKa A0 HyAA (y4acToK BC) M pocT HanpsaKeHWs Ha KOHLe KaTyLWwKu,
Mo3TOMY NOJIyYaem CABUI TOKa U HanpsxkeHua Ha 90 rpaaycoB. HanpskeHue Ha rpaduke He NOKas3aHo.

A ganblue HaYMHaeTca MHTepecHoe, eciun Aasa 06bIYHOM MHOFOC/IOMHOM KaTyLWKK, rae bonbluan
napanfienbHas eMKOCTb BO3SHUKAET CMeHa NOSIPHOCTU TOKa MAET CUMMETPUYHO B Npeaenax oTpeska
CD, uTo NOKa3aHO NYHKTUPHOW NIMHUEN Ha PUCYHKe. To 1A 04HOCNOMHOM KaTyLWKK, rae ecTb 6obLuan
cobCcTBEHHAsA eMKOCTb KaTyLKWU 1 MMHMMAAbHAA NapanfieibHas eMKOCTb, KOra UCNonb3yeTca TONCTbIN
MeaHbI NPOBOA UM MeaHanA Tpyba, Torga nonydyaem obpaTHbIN MMMYAbC B Npeaenax yyactka CD, rae
TOK HauMHaeT coBnapaTtb No ¢ase c HanpaXKeHuem.



M 3TOT TOK B Mmnynbce CD HeobblUHbIN, CHavyana Mmbl NoayYyaem MUHYCOBOE MarHUTHoOE noJe u
ABWXKEeHWe No3nTPoHOB (+P), Kak 3To NoKasaHo Ha puc.l (cnesa), Koraa HanpsKeHUe 1 TOK B KaTylwKe
pacTyT. [0 BbICOKOYACTOTHOMY LIYHTY Mbl 3TOT TOK BUAUM KaK 06paTHbIN, MAYLIMIA B UICTOYHMK, Ha
CaMOM e Aefie MAET NO3UTPOHHbIV TOK B KaTyLUKy, NO3TOMY HanpsKeHWe KaTyLKKW pacTeT Aasblie v
OHO [LOCTMTaeT BbICOKMX 3HAYEHMI, YTO YACTO NPUBOAMT K BbIXOAY M3 CTPOSA TpaH3McTopa (Npoboit ot
HanpAXeHus).

B TaKOM TOKe peanunsyercs nonoxKutenbHas obpaTHana ceasb (MOC), noaToMy noayvyaem BbICOKMIA U
KOPOTKUIH UMNY/IbC HANPAMXKEHWUS, TAe SHePrus cpeabl 3aeicTByeTcs, rae NPOMCXO4UT KayecTBeHHoe
ycuaeHue. 3aTeM TOK HauMHaeT ABUraTbca 06paTHO, BO/IHA CNAZaeT, MPUTOM 3/1EKTPOHHbIN TOK, NO BCel
BMAMMOCTM. [03TOMY 3/1EKTPOHbI HAYMHAIOT TaK 3Ke BbICTPO YMEHbLIATb HaNpPAMXKEHWE Ha KOHLEe
KaTyLWKW, COeUHAACH C MO3UTPOHAMM B KaTyLlKe, 0bpasys HelUTpanbHble napbl. Mo3ToMy 3HEprus U3
cpebl CHavyana NpMxoamT Yepes NO3UTPOHHbIN TOK, HO TYT e 3abupaeTca Yepes 3/1eKTPOHHbIN.

MpKn 3TOM Mbl MOly4aemM U3ydYeHne B NPOCTPaHCTBO MMMY/IbCa SHEPTUM, KaK U3 0BbIYHOM aHTEHHbI.
MIMeHHO No3TOMY aHTeHHa MMEET IMHENHbIN NPOBOAHWUK UAN OAHOCNONHYIO KaTyLWKY, rae MOXeT
BO3HWKaTb BO/IHOBOM 3ddEKT, rae napaniesibHas eMKOCTb IMHUM WU KaTyLWKU MUHUMabHasn, rae
3HEeprus ABUXKETCA B IMHUK Kak B Tpybe, co34aBan BONHOBbIE 3GGEKTLI U NPUBEKAsA IHEPTUIO
NPOCTPAHCTBA W CO34aBas BOJIHY M3/lyYeHus.

3710 06bACHEHMeE NpUHLMNA PaboTbl 0AHOCNONHON KaTyLIKM NPU UHBEPCUU B HEll TOKa NPUBEN K TOMY,
YTO MNJaHeTa MMeeT TOKU U MarHUTHOe noJie NogobHoe o4HOCNOMHOM KaTywKe. M nosTomy npm
MHBEPCMU NONIOCOB NPOUCXOAAT CXOXKMUe npoueccbl. Ho, BCE }Ke eCcTb pa3nnyma, MOCKOMbKY B KaTyLUKe
Mbl TOK MpepbiBaem BHELIHUM cnocobom, 0bpbiBas aneKkTpuyeckyto uens. s naaHeTbl MHBEPCUA Noas
cnyyaerca us-3a 6anaHca NonCoB, KOr4a CEeroAHs NatCOBOM UM SNEKTPOHHbIA MarHUTHbIN
(amouMOHaNbHBIN) NONKOC YMEHbLIAETCA, a MO3UTPOHHbIN (MEHTa/IbHbIN) AN MUHYCOBOM NONKOC
yCUAnBaeTcs noj AenCcTBUemM 3Heprum pasBuUTbIX 0Ael U BHELLHUX SHEPTUIA B KOHLLE U Havyaie HOBOro
NnaaHeTapHOro UUWKAa, Korga niaaHeTa ABUMKeTcA B POTOHHOM NOosice SHEepPrnn, KoTopble YCUAMBAIOT
BHYTPEHHME MarHUTHbIe 3Heprun. MpUTom ycunmnearoT B 06e CTOPOHbI, KaK HUCXoaALLmue
(smounoHaNbHbIE) SHEPTUU, TAe SNEKTPOHHAs SHePrusa 3aAencTByeTca, Tak U NO3UTPOHHbIE
(meHTanbHbIE) BOCXoAaLLMe NOTOKKU. [PUTOM BaXKHO 3aMETUTb, YTO MUHYCOBOM (MeHTanbHbI) Notoc
C03/1aeT NaBUHHbIN 3PPEKT yCUNEHUA 33 CHET SIHEePruu NPOCTPaHCTBa (NaaHa UHTYULMM), MO3TOMY AN
NnaaHeTapHOro cAsura Ha naaHeTe A0CTaTOYHO He BONbLIOro KOMYECTBa Pa3BUTLIX /IOAEN, KOHTAKTEpbI
rOBOPAT, YTO A0CTaTOYHO BCcero 144000.

M Koraa meHTanbHbIN (MMHYCOBOW) NONIOC B CNeACTBMM pa3BUTUA 0bLLecTBa nepeseLllnBaeT
3MOLMOHaNbHbIN (N1H0COBOI), TOrAa HauyMHaEeTCss HeobPaTUMBbIN MPOLLECC MHBEPCUM MATHUTHbIX
MOJIFOCOB, rAe TOKWU AOJIXKHbI BbIFIALETb CXOXMM 06pa3somM, HO MO3UTPOHHbIN TOK GopMUpyeTCA paHbLLe,
B TOYKe B, a He B TouKe C, KaKk B OAHOCNOMHOM KaTyLKe, KaK 3TO NMOKA3aHO Ha C/ieAyHOLLEM PUCYHKE.
MpuTOM A0NXKHO ObITb ABa Pa3HOHaMNPaBAEeHHbIX MMMY/IbCa, KOTOPbIE CO34at0T B MPOCTPAHCTBE
CKaNAPHYIO BOJIHY U3/TyYEHUA.



Puc.2.

[oe NO3MTPOHHAA 3HepPrua YCKOpPeHUA Npyu MHBEPCUM MOJIIOCOB NJ1IaHEeTbl HAUMHAET PaboTaTb C TOUKKU
B, Aa)Ke KOrAa ewe HeT CMeHbl 3HaKa dHeprum (MHBepCUM NoCoB). MIHBepCUsA, Kak HeEobpaTUMBIi
npoLecc 3anycKaeTcsa B ToUKe B (B TouKe 6anaHca NositocoB), XOTA Cam MPoLEecc MHBEPCUN UAET C
3a4€epPrKKOoM. TOT XKe camblit NPUHUMN Mbl BUAMM B 3dpdekTe dKaHNMbeKoBa, Koraa ocesble bueHna obonx
MOJIFOCOB BPALLAIOLWErOCA TeNa ypaBHMBAIOTCA, TOrAa BO3HWKAET OAHOHaNPaBAeHHbIA UMNYbC
YCKOPEHUSA U pa3BOpOTa Tesla, KOTOPbI NepeBopaymBaeT Teslo cTporo Ha 180 rpagycoBs 1 3aTem
06paTHbIA UMMYIbC NP TOPMOXKEHUM popmupyeTcs. Fae NCNoNb3yeTcs IHeprua cpeapl 410 PasBopoTa,
KOTOpas Npu YCKOPEHMM U3B/IEKAETCA U3 NMPOCTPAHCTBA, a NPWU 3ame/IeHUM ONATb UCYe3aeT.

A 3TO 03HaYaeT, YTo HauMHas C TOYKM B (3anycKka MHBEPCUM NOJIOCOB) PacTyLas NO3UTPOHHas
(MnHYcoBan) nnaHeTapHas aHepPrna HaYHeT MacCoBO OBHYNATL M/IKOCOBYIO 3EKTPOHHYIO (KapMUYecKyto
3MOLMIO) SHEPTUIO Y Il0AEN, NPUTOM elle A0 MHBEPCUM NOIOCOB. [Ae ecTb MUKW U U3AYYEeHUS SHEPTUn
B MPOCTPAHCTBO, KOTOPbIE TAK e BO34ENCTBYIOT Ha NJaHETapHYIO }KM3Hb. A 3TO 03HAYaAEeT, HAC KAyT
MacCcoBble 3HepreTMYecKkmMe M3MeHeHUn, KOTOPble Mbl He 3aMETUTb M UTHOPMPOBATb He cmoXKem. Ecu
ceroaHs, Noka AOMMHUPYET NAOCoBasA (3MOLMOHANbHAA SHEPrUA) B MO/ NAAHETbI, TO Mbl XXMBEM U He
noJsiyyaem 6bICTPLIX KAPMUYECKMX MOCNEACTBUI, KOTOPbIE PE3KO AONKHbI YCUAUTLCA NOC/E TOYKM B,
0COB6EHHO A1A TeX, KTO KM NOAAPHbIMU 3MOUMAMM, NOAAEPHKMBAN CUCTEMY NMPaMUabI (cuctemy
BEAYLMIN-BEAOMbIN), KTO HE AyMaJl, He NPEeYMHOKaa SHEPTMN MbIC/W, KTO BCeraa Boibupan KpalHoCTy,
YCUANBAsA NOASPHbIE SMOLMM U NOALEPKUBAN Mepapxuio. M03TOMYy U3MeHeHUA ByayT oyeHb
3HauyMTe/IbHblE U AN MHOTMX COBCEM He MO3UTUBHbIE. HO, C Apyroi CTOPOHbI Te, KTO pa3suBanmu
MEHTa/IbHble (MUHYCOBbIE) SHEPTUMN PE3KO YCUAATCA NOC/e TOYKMN B, MOCKO/IbKY OHM ByayT ¢ Nn1aHeTon B
pe3oHaHce, OHW ByayT yCUANBATL CMOCOBHOCTM, MHTYULMIO U NpP. U 3TO rnobanbHble aHepreTuyeckme
N3MEHEHWS, OT KOTOPbIX 3aMUTUTLCA HET HUKAKMX LLAHCOB.

XOoTAl U cerogHs, Ha NPaKTUKE MOMKHO 3TV NO3UTPOHHbIE SHEPTUM YBUAETb Ha ONbITax, HaNpUmep, PALOM
¢ TpaHchopmaTopom Tecna Uau ero aHanore, B KaTyLUKe Ha Kayepe, KOrga Mbl MoMeLLaem Mexay
paboTatoLen KaTyLwKon U HEOHOBOW J1IaMNOM BOAY U HEOHOBAA 1Iama NpPU HaMYMK BOSbl HAUYMHAET
CBETUTbCA ApYe. Tak MPOUCXOAMT OT TOFO, YTO NO3UTPOHHANA SHEPr1a No NPUHLMMY ecTb yAapHas BOHa,
OHa YCMANBAETCA AU3NEKTPUKaMM (HEMPOBOSALLMMM Cpesamm), Mo3ToMy nosydyaem bosee cuabHoe
cBeYeHue rasa B HEOHOBOM Jlamne. YTo HEBO3MOMKHO ANS 3/1EKTPOHHOM MK 0BbIYHOM 3Heprun. U
nostomy 6yayT NocneacTBMA 3amnycka MHBEPCMM, KOraa MHOTME MO FYNoCTU 3arHanu B ceba okeung,
rpadeHa n np. metansbl (TPOBOAHUKM) Yepe3 MegUUMHCKME NPEenapaThl, KOTOPbIM yCUANBAET
NPOBOAMMOCTb M MO3TOMY BOJIHY YAAPHYIO ocnabasert. Matoc BpeaHoe NUTaHue, XKU3Hb noTpebutens,



cugayan pabora, ctpecc, CMMW, BCé 3To ycMAMBAET NPOBOANMOCTb TENA, YCUNBAA SNEKTPOHHbIE
(3moumoHanbHbIE) 3HEeprnM YeNoBeKa, CO BCEMU BbITEKAOLWLMMM NOCNEACTBUAMM.

Mo3aTomy fAenato BbIBOAbI, YTO KOTAA MHBEPCUA HAYHETCS, TO Mbl 3TO TOYHO 3aMETMM U KOHEYHO Nepexos,
AONKEH 3aKOHYUTHCA U3MEHEHNEM AOMMUHUPYIOLLETO MarHUTHOIO NOJIKOCA, MHBEPCUEN NoAA NAaHeTbI.
MpY 3TOM NAaHeTa AOJIXKHA U3IYYUTb MOLLHYIO CKa/IAPHYHO BOJIHY B OKpY»KatoLee NPocTpaHcTBo. XoTA
Nno BpeMeHMU (4 INTeNbHOCTHN) MPOLECCOB HE 3Hat0, CKO/IbKO OHU ANATCA U Koraa Boobuue cayyarces,
MOCKO/IbKY Mbl €LLe B TaKOW CUTyaLuK He OKa3blBaUCh.

OcTaeTca Bonpoc, YTo BO3AencTBYET 60/blUe HA KMBOE, TOKM WU HaNpAXKeHUA MAarHUTHOTO NOAA, HO
BANA NO3UTPOHHOIO MMNY/IbCA TOKM U HaNpsAXeHUA COBMaAaloT, MOSTOMY B 3TOT MOMEHT BO3AelCTBUE
MaKcMmanbHoe. MMeHHO NO3TOMY B Kayepe Mbl BUAUM CUNbHOE U3yYeHNe HanpaXeHUa BOKpYr
KaTyLWKK, KOrga noAaem KOPOTKUIM MMMY/IbC B KaTyLKY OT MHAYKTOPA, NPepbiBad B HEM Pe3KO TOK, Koraa
KaTywKa paboTaeT KaK aHTeHHa. 15 peaKkTUBHbIX TOKOB B KaTyLUKe U3/y4eHUA MUHUMANbHbI, UMEHHO
nostomy Tecna CTaBW/ Ha BEPX KATYLUKM TOP WM LLAP- EMKOCTb, YTOObI HAKONAEHHAA SHEPrUs Morna
COXPAHATLCA B BUAE 3aTyXaloLWmnx KonebaHuii M ycuameaTbCa Npu o4epesHOM MMMYIbCE OT UCTOYHUKA.
lne, yem H6onblle HAKOMEHHAs SHEPrUA, TeM CUbHee ByAeT BbiparkeH NO3UTPOHHLIN 3GdEKT npu
oyepegHOM UMMYbCe MHAYKTOPA, MOCKOJIbKY B HEM peann3yeTcs NnoaoxuTenbHana obpaTHasa cBA3b,
cMcTema camo ycuneHus. Nostomy HakonNNeHHaA IHePrua He YMeHbLUAeT SHEPrMio UCTOYHMUKA, a Aaxe
eLé ycuamBsaer.

Mpu 3TOM, BEANYMHA MO3UTPOHHOTO MMMYNbCA 3aBUCUT OT HAKOMNEHHOM [0 MHBEPCUMN SHEPTUN
ABWXKEHMA TOKa M MarHMTHOTO NOJIA, MOCKOJ/IbKY peanmnsyeTca KayecTBeHHOe yCuieHue, Korga aHeprus
pacTeT No Be/iYMHE M COKPALLLAETCA Ha CTO/IbKO e N0 BPeMeHW, YTO AaeT 3GPeKT MOLLHOro
3HEepreTUYeCcKoro Bo3AencTeumaA. Toxe camoe NPOUCXOAMT B KaTyLLIKE, NO3TOMY MO3UTPOHHbIM MMMY/bC
He MOKeT pacTn 6eCKOHEeYHO 3a CHYeT NOOXKUTENbHON 06paTHOM cBA3K. [lymalto, YTo NaaHeTa eLé He
npoLuna ToUKy B, Koraa 3anyckaeTcss MHBEPCUA MOOCOB, HO rae-To 6IM3KO M 3Ta TOYKa aKTUBUPYeTCA
nocsie Toro, Kak naaHeTa NPOXoauT NUK GOTOHHOM (CKaNAPHOM) aHeprMm, KoTopas ycuamsaeT
pasgeneHue, T.e. CO343ET YC/I0BUA ANA MHBEPCUM NONOCOB B HaYa/le HOBOrO NIaHeTapHOro LUMKAa pas B
26 Tbicay feT. Ml npy MHBEPCUM NOAA NAAHETbI NPOUCXOAMNT TaK Ke U3yYeHne CKanApHOM aHeprum B
NPOCTPAHCTBO, NJIaHeTa BO3BPALLLAET Te€ IHEPTUK, UYTO BblIM NOTPEBAEHbI NPY ABUNKEHUN il B GOTOHHOM
3HEepruu, YTo PeasimsyeT NPUHLMN B3aUMHOCTY.

11.12.2025 (o-lega)



