BOJIHbI MONIAPHOCTH

B 3701 cTaTbe peyb NOMAET O BUAAX BOJIHbI, FAe NPoABAseT ceba NoNAPHOCTb NPUPOAb! U UX
KOMBUHaLMK. Y Hac B GpM3MKe XOPOLLO M3yyeHa BosIHA 06blYHasnA, YTO CO34aeT B MPOBOAHMKAX
3/1eKTPOHHbIE TOKW. TaKyto BOJHY MM SHEPTUI0 MOMKHO Ha3BaTb MHEPLMOHHON UM NALOCOBOW
3Heprueii. M Kak NPOTUBOMNONOMKHOCTb MHEPLIMOHHOM BO/IHE BO3HMKAET BO/IHA MUHYCOBaA, eMKOCTHas,
onepeKaroLLan Uau BoHa yaapHas. YTo B U3MKe B SKUAKMX M ra30BbIX Cpeaax U3BeCTHO, KaK 3ddeKT
BepHynin. A B NpOBOAHMKAX Takas BOJIHA CO3A4aeT NO3UTPOHHbIE TOKK, KOFAa B LIeNn ABUMKYTCA
NOMIOXUTENbHbIE 3apaabl. YTo XopoLlo BUAHO Ha onbiTe https://m-fiz.ru/obratnyj-impuls-v-katushke/.

MocKoIbKY MarHUTHOE MoJie, KOTOPOE BO3HWKAET BOKPYT MPOBOAHUKA OTPULLATENIbHOW NOAAPHOCTU, YTO
€CTb pa3paAXKeHHbI BUXPb B 3dMpe, KOTOPbI ABUMKET 3apaabl BHYTPU NPOBOAHUKA 0OpaTHOM
NONAPHOCTM (NO3MTPOHDI). B TO BpemMs Kak B BOSIHE 0ObIYHOM BUXPb MMEET NOCOBYIO NpUpoay u
NO3TOMY [BUXKET 3/1EKTPOHbI B NPOBOAE.

TYT HY)KHO Cpa3y NPOACHUTb HAaCcYeT MUHYCOBOM 3HEPTUU, MUHYC HE 3HAYUT AbIPKa UKW OTKPbITas
BOPOHKA B OKPY*KaloLWEM Hac NJIOTHOM 3dUpe, KaK MOMKET CHayaa NoKasaTbCcs, KyAa BTeKaeT cpeaa noj
AasneHvem. MUHYC MMeeTcs BBMAY KaK BO3AYX B BOAE, KOTOPbIA MMEET NIOTHOCTb HUMKE OKPYKatoLwel
cpeabl (Bogbl), KOTOpbI MeeT GOpPMY U TaK *Ke pacTasnkmBaeT adup (cpeay). MmMHycoBas aHeprus
MEeHAET CBOMCTBO cpeAbl, AeNaeT BO/HY yAapHOW, rAe eMKOCTHble CBOMCTBO (ynpyroctu cpeabl)
HaYMHAOT JOMMHMPOBATL HAL UHEPLMOHHBIMM.

Mo3Tomy, KOraa Mbl rOBOPUM O [BYX BUAAX 3/1EKTPUYECTBA, TO Ha3blBaeM 3TO INEKTPOHHOM U
NO3UTPOHHOW GOPMOI SHEPrUN. A TaKKe ecTb UX KOMBUHaLMK, Koraa NoAspHOCTU cbanaHCUpPOBaHbI.
Korza ToKu pasHoOM NOAIAPHOCTM TEKYT BCTPEYHO MOJIlyYaemM BOJIHY cToAuylo. Koraa pasHoOMMEHHbIe
NOTOKWN ABUMKYTCA B OAHOM HanpaB/ieHUM Mbl TOBOPUM O Berylileli CKanApHOU BoHe, KoTopas obpasyeT
cornacHbiii gunonb. CKanapHasa BO/HA Ha3biBaeTCA Tak MO NPUUYMHE, YTO MarHUTHOE NoJjie OTCyTCTByeT
WAWN NpaBubHEE FOBOPUTL OHO CKOMMEHCUPOBAHO, MOCKO/bKY NO3UTPOHHbIN BUXPb UMeeT 06paTHYIo
3aKPYTKY MarHUTHOTO Nons (BUXPs) OTHOCUTENIbHO 3N1EKTPOHHOro. Mo3ToMy B Npupoae BCero Tpu Buaa
6eryuwel BosHbl (CBATaa Tpouua). Fae ecTb BoNHA 06blYHas (3/1€KTPOHHAA), 3aTEM BOJIHA yAapHas
(no3uTpoHHan) u ckanapHasa cbanaHcMpoBaHHas cornacHas (31eKTPOHHO-NO3UTPOHHaA dopma).

Mpuyem npu pacnpocTpaHeHUn No NPAMOIL NMHKUKU, 6e3 3aMKHYTOM Lenu 06e NOAAPHOCTU SHeprum
BONXHbI NPUCYTCTBOBATb, MHauYe 3Heprus He cmorna 6bl pacnpocTpaHaTbea. [ae oaHa NOAAPHOCTb
SHepPrun AOMMHUPYET, YTO AAEeT SHEePrumM ABUraTbCA Yepes NPOCTPaHCTBO. Koraa Lenb 3aMblKaeTcs,
TOrAa BUXPb A0/IKEH CTAHOBUTLCA OAHOMNOAAPHBIM, rae 6anaHc nonapHocTen HapyLwaeTtca. UMeHHo
TaKoW TOK TeyeT No HalWWM NPOoBOAAM, F4e OANH BUXPb UAM OANH MarHUTHbIM noatoc paboTtaeT. UMeHHO
NO3TOMY 3Heprua cpeabl CTaHOBUTCA He AOCTYMNHa, MOCKO/IbKY CMCTEMA HYNEBOM TOUKU He peannsyeTcs
B TaKOM TOKe.

Ecnn paccmaTpuBaTb MeXaHMYeCcKyto aHaNormio 06bIYHOM BOHbI, TO MOXHO NPUBECTM NPOCTOM NpUMep,
KOrga mbl KNAaem maneHbKUM LWapom no 60/1bWOoMy, TO Manblii Wap oTaeTaeT 06paTHO, NO 3aKOHY
COXPAHEHMA MMMYJIbCA, YTO CO3aeT BCTPEYHOE ABUKEHME SHEPTMM B 3dUpe, YTo ByAeT aHaNorMyHo
06bIYHOM BOJIHE (3NEKTPOHHOM MU NAKOCOBOM 3HEPrum), rae BO3SHUKAET YyNAOTHEHME, YTO co34aeT
MHEPUMOHHbIE CBOMCTBA, YTO B 3/IEKTPUYECTBE NPOABAAETCA KaK MHAYKTUBHOCTD, rae C ecTb obpaTtHas
peaKkumsa cpeabl M OHA HamnpaB/eHa NpU YCKOPEHWUM BCTPEYHO UCTOYHMKY.

Ecnv roBoputb 06 oTpMLaTENbHON BOMHE (MO3UTPOHHOM), TO MEXaHWUYECKas aHanorus, Kak byato mbl
6pocaem TAMKENbIM LLAPOM MO SIEFKOMY, IAe NErKU Wap HaYMHAET y/eTaTb BNepes Ha onepekeHune B
COOTBETCTBMM C 3aKOHOM COXpaHeHMA nmnyabca. Yto u cos3naet B cpeae (B apumpe) paspaxkeHue.
MosTomy TaKyto BOJIHY Ha3blBalo onepeKawLwein nan emkocTHoi. Fae 3C nnu peakuma cpeabl npu
YCKOPEHWM BOJIHbI HanpasaeHa B NPSAMOM HanpaBAeHUU C UCTOYHUKOM, YTO pPeann3yeT 3aKOoH
NPeyMHOEeHUA, r4e SHePrus UCTOYHUKA YCUAMBAETCS, KOrda yAapHas BoJIHa HanpaB/eHa B NpsMom
HanpaB/ieHUN.



Ecan npuBoanTb aHanoruo cbanaHCMpoBaHHON UK CKaNAPHOM Beryueit Bo/IHbI, TO aHaNorms ¢ Wapamm
OyLeT Takas, Kak Mbl Hpocaem LWap B TOYHO TaKOM e Mo macce, MO3TOMY OAMH LIap OCTaHaB/AMBaETCs, a
BTOPOW NIETUT C TOM Ke CKOPOCTbtO, YTO NepBbiii. Ha camom aene aHanorva He NosiHas, NOCKOJbKY B
cpefe Bce MeHAETCA, YTO NO3BO/AET PEaIM30BbIBaTb 3AKOH KONMUPOBAHUA, F4e SHeprua cpeabl 1
CUCTEMa HY/1IeBOM TOYKM 3a4eMCTBYETCA MaKCMManbHO. Hanpumep, Kak 3To NPOUCXOANUT NPU U3NyHeHUn
3aPAMKEHHOTO TeNna, rae Te10 NOCTOSHHO U3/TyYaeT KBaHTbl SHEPTUUM 1 3apA4, He TepAET, eCau PALOM HeT
nposogALero Tena. [ae Ha rpaHuLe cpesbl BO3HMKAET CTOAYAA BOJIHA CHaYana, rae nonspHble Cuibl
HanpaB/ieHbl BCTPEYHO, @ OHA CO34,3€eT BOJIHY CKa/ZIAPHYIO B MPOCTPAHCTBe. YTO AaeT sHepruto Ha
obpasoBaHMe HOBOM BOJIHbI M 3PPEKT KONMPOBAHNSA Peasin30BbIBaET.

M ecnu Berywan ckanapHaa BoaHa popmMmpyeTca, TO OHa NPOHMKaowWas, Nog4obHoO ramma-paganaumm, B
BMAY 6anaHca NoAAPHbLIX 3HEePrMii U cbanaHCMPOBAHHOCTU MArHUTHOTO MOASA, YTO BCErAa BO3HUKaeT
(marHuTHOE none nmeto BBUAY) M3-3a PAa3HOCTM ABUNKEHUA SHepruu. BoaHa cTosyan U ckanapHas
CBA3aHbl, MOCKO/IbKY O4HO NOPOXKAAEeT Apyroe U HaobopoT. M noatomy Tecna roBopuA, Yto nosydan
OTPOMHbIE IHEPTUM 33 CYET 334eMNMPOBAHOM BOJIHBI (CTOSYE) B 3anNUCKax aABOKaTy, r4e cucTema
Hy/NieBOM TOUYKM 0BpasyeTcs, rae, COBCTBEHHO CKanApHan BoHA GOPMMPYETCA B 3/1EKTPUYECKOM Nose.

Huxe Ha PUCYHKE NOKa3aHO KaK d)OpMVIpy&TCFI 06blYHasA BO/IHA UK NtOCOBan HepruAa.
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Puc.1. dopmunpoBaHme 06bIYHON (31EKTPOHHOM BOJHbI).

Fae B cpefie BO3HMKAET MarHUTHoe none (3aBuxpeHue B apupe), NPUTOM ABYX NONAPHOCTEN, CHavYana
3N1EeKTPOHHOE, NAKCOBOE, MOTOM MUHYCOBOE-NO3UTPOHHOE. YTO NOKa3aHO KPYroBbiMU CTPEAKAaMM, YTO
bopmupyeT TPeyronbHUK HaNpsaXKeHWs (NoBbILEHHOro AaBaeHus B 3dMpe), rae UMNy/bC NnepesaeTcs
cneBa HanpaBso oT 6oJiee fierkon YacTu (cnesa) K bonee TaxKenoi 4actu (cnpasa). Yto 1 peanunsyet
nepezavy MMny/ibca NOA06HO LWapam YNOMSAHYTbIX B Hayane. [4e npy yCKopeHWM BOHbI GopmupyeTcs
BcTpeyHas 3/1C, KaK 3TO NOKa3aHO Ha PUCYHKEe B MAarHUTHOM noJe. Fae aHeprua oTpaxKaeTca 1
HanpaB/AeTCA BCTPEYHO UCTOYHMKY UAU YCKOPEHUU. YTO, MO CyTU, peannsyeT oTpULaTeNbHYIO
obpaTHylo CBA3b.

[nA yaapHOM BOAHbI UM MUHYCOBOM SHEPIMN MMeeM 06paTHbI TPEYroNbHMK, KaK 3TO NOKa3aHo Ha
BTOPOM pUCYyHKe. Takan Bo/IHa 06pasyeTcs, Koraa UCTOUYHMK BbicTpee IMHWW, Tae pacnpocTpaHaeTcs
aHeprus.
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Puc.2. dopmumpoBaHme yaapHOM (MO3UTPOHHOM BOJHbI).

rae popMupytoTcs B TPEYro/ibHUKE paspakeHHble (yAapHble NOTOKM), NeTAME Ha ONepeskeHne, rae
BO3HMKaeT o6paTHOe MarHuTHoe none, rae D[C (peakuus cpeapl) HanpPaBAEHO COMMAaCHO UCTOYHUKY
NpY YCKOPEHWM BO/IHBI. YTO popMMpyeT NONOKUTENbHYIO 06PATHYIO CBA3D.

M HWXe NoKasaHo, Kak BbIraauT 6erywasn ckanapHasn Bo/Ha, rae COBMELLaloTca AB8a BUAa SHEPruK
(3neKTpoHHanA 1 No3nTpoHHas), rae GoPMUPYETCA COFNACHbIM AMNOAb B NPOCTPaHCTBe. BepoATHO, 4To
BO3MOKHO GpOpMMpPOBaHME MUHYCa criepem, a Natca c3afu, T.e. co3aaHne ob6paTHOM NoNAPHOCTU
CKaNApHOW BO/HbI. BepoATHO, YTO CKansapHasa BosiHa GOPMUPYETCA OT PasHO NOMAPHOIO MMMYAbCa B
NCTOYHMKe (OT cTosAYel BO/IHbI). M NO3TOMY CKanapHas BOJIHa NOPOXKAAeTCA CToAYe BONHOW U
obpaTHoe.

Puc.3. opmunpoBaHme cKkansipHon (CornacHoi 31eKTPOHHO-NO3UTPOHHOMN BOHbI).

Ha pucyHKe 4 noKasaHa CTosYan BOJHA, rae GoOpPMUPYHOTCA ABE BCTPEYHbIE CUbI, MTPU STOM OHW AO/KHbI
6bITb Pa3HOW NONSPHOCTU SHEPTUKN, OA4HA SNEKTPOHHOM, Apyras NO3UTPOHHON. Mo3ToMy CKanAapHas
BOJIHA Ha rpaHULLe CpeAbl A0/1KHA CO3aBaTh CTOAYYIO BOJIHY, CO34aBas pa3gesieHue nonspHocTei. M
NO3TOMY raMma-pagunaLms 3KPaHUPYETCA CBUHLOM WM Ha rpaHuLe Cpeabl BO34YX-3eM/IA NMPOUCXOANUT
rawieHue sHepruu.

"paHuua cpeapl




Puc.4. dopmupoBaHue cToayen (BCTPEUHOM 31eKTPOHHO-MO3UTPOHHOM BO/HbI).

(DOprI MarHMTHOro NoNA He CTasl Pa3puCoBbIBATb, OHN TaKKMe XKe KaK ANAa Ka)-l-(,Cl,Oﬁ BOJIHbI B
OTAENbHOCTW. TYT HYXXHO NOHMUMATb, 4TO 3TO NpUHUUN, NOEA B 06LI.I,€M Bunae, B p€asibHOCTU npoueccobl
MOTYT OT/INYATbCA.

Y70 KacaeTca 0bpaTHOro 3HaKa BOJIHbI, A AYMalo, YTO HUYEro NPUHLMNUANbHO He MeHSIeTcs, C TOM NnLlb
pa3sHULLEN, YTO MeHAETCA AOMUHUPYIOLLLAA NPOBOANUMOCTb, 414 06bIYHOWN BOJIHbI NO3UTPOHHAA SHEpPrua
HauyMHaeT AOMMHMPOBATb B MUHYCOBOW BOJIHE HaMPAMKEHUA, 418 YAAPHOMW- SINeKTPOHHadA. [ae cunbl
TOYHO TaK e Hanpas/ieHbl BCTPEYHO NPU YCKOPEHUN ANSA BO/HbI 06bIYHOW M COrNacHO ANA YAapHOM
BOJ/IHbI. [103TOMY BO/IHA BCE TaK e MPOoABAAET CBOW CBOMCTBA MHEPLIMOHHOCTM AN ynpyrocti. Ho ans
NOHUMaHMA 3TO CNOMKHEe, NO3TOMY OrPaHMYyCb TOIbKO NAKOCOBOM BOMHOW NPU PaCCMOTPEHUN.

Kak Buaum, B utore. Hale anekTpmyecTso 0653aHo ObITb ABYX NONAPHbBIM (31EKTPOHHbLIM U
NO3UTPOHHbIM), MHaYe 6bl HEBO3MOXKHO DObIJI0 pacnpocTpaHeHUe 3HepPrnm 6e3 3aMKHYTOM Lenu.
MoCKO/IbKY AJ171 3TOr0 HEOBXOAMMO M YNIOTHEHWNE U Pa3psAKeHME O4HOBPEMEHHO, YTO U eCTb
3N1EeKTPOHHAA M NO3UTPOHHAs IHEPrMsa COOTBETCTBEHHO. PacnpocTpaHeHue BOJIHbI MAET Nofo06Ho
MMNYAbCY, FAe MarHUTHOE noJe (BUXPb) BO3HUKAET B 3DMpe KaK CeaCTBUE ABUKEHWUS SHEPTUM C
pa3HOI CKOPOCTU, rae Mmeem pasHbli 06beM BOBEYEHHOWN SHEPTUN.

M ToNbKO BOJIHA CKanApHan MMeeT c6anaHCMPOBAHHOCTb NONSPHOCTEN B LIE/IOM, HO B KaxXA0M GpoHTe
OAMH BUA, 3HEPTMM A0NKEH AOMUHUPOBATbL. M NO3ITOMY CKanspHasa BosHa 061a4aeT AyaibHbIMM
CBOMCTBA, YTO MNO3BOJIAET YCUANBATL pa3gefieHne Ha NONAPHOCTU. U B TOXKe Bpems Npu ABUNKEHUN TaKoW
BOJ/IHbl B MarHUTHOM NOJie OHa OCTAeTCA B LLe/IOM HeWTPanbHOM, YTo NoA06HO ramma-paamaumu,
NO3TOMY MarHWTHbIM MOJIEM TaKaa BOJIHA He OTKNOHAETCA. B To Bpema Kak anbda 1 6eta usnyyeHun
nogo6bHbl BoHe 06bI4HO 1 yaapHon. U Tpu Tuna 6eryuiei BoaHbl 06pasytoT CeATyo TpouLy, 4To
peanusyet BCe BUAbI B3aMMOAENCTBUA U NOAAPHOCTU B NPUPOAE, NPUTANKEHWNE, OTTaNIKMBaHUE U
yAEpKaHWe U T.N.
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