O B3auMo1eiicCTBUM MAarHUTOB C 3apPpAKCHHBIMU TECJIaMHU U

MOTOKOM 3JICKTPOMATHUTHBIX M3J1y4YeHUI
(OxcnepuMeHTHI M pa3MBIIUICHHS HA 33/JaHHYIO TEMY)

Konoparxoe H. M.

IHapaouema cospemennou usuxku o pomone u 21eKmMpone UcCXooum u3 mozo,
umo ¢pomon dnexmpuuecKu HeumpaneH, pacnpocmpansemcs GONHO00PA3HO 6
APOCMPAHCMEE C MAKCUMATLHO 803MOICHOU OISl (PUUYECKO20 00BEKMA CKOPOCMbIO,
a onekmpon obradaem cEOUCMEOM OMMAIKUBAMbCS ULU NPUMSSUBAMbCSL K 3apsidy
npomugononodicHo2o snaxa [1].

B cmamwe  paccmampusaiomcs  Aenenus,  npomugopeuawyue - dMUM
VCMOAGUUMCS  NPeOCmasienusm 8 obracmu  Qu3UKU: NOCMOSHHLIL  MdA2HUM,
npumszusaem K cebe 3apsdicenHoe meno. Omo asnenue oOvino omrpuimo A.A.
Jlyyunoim  u  um  oice Oano ez2o obwachenue. IIpogedenvi  dKCHEpUMEHMIb,
noomeepaicoaiouue omxpoimue Jlyuuna A.A. u mo, umo a060e 3apsdiceHHoe meio
NPUMsAUBAEMCs K MASHUMY, BOKPY2 NPOBOOHUKA C MOKOM BOZHUKAEM MAZHUMHOe
noje, 63aUMOOCUCMBYIoWee ¢ 3apPACeHHbIM MeAoM. JonoiHumenbHo uccied08ano
6030eticmaue NOMoKa (YOMoOHO8 HA NOCMOSIHHBII MacHUm 6e3 3apsaod, U ¢ 3apsi0oM.
@omoH, no npeocmasnenuam Jhuuna A.A. - 3mo snexkmpuyeckas mamepus, npu
omom paduyc gomona ry ~ 108 wm. Oomaxo 0o cux nop wem uemxozo
npeocmasnenus umo npedcmagisem coOol 3aps0 u novemy 6 (QU3UKY B868eOeHbl
npeocmasienuss 0 NONOACUMENLHO U OMPUYATNETLHO
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OTKJIOHSIFOTCS OT CBOETO ITYTH, T.€. IPAKTUYECKH BHIOBIBAIOT U3 MyYKa;

2. @omonvl 0bradaiom Hyne60U MAccoll NOKos W, CIEHOBATEIFHO, HE MOTYT
UMETb CKOPOCTH, OTJIMYHOM OT CKOPOCTH CBETa. A 3TO 3HAYUT, YTO B CPEJE OHU HE
MOTYT 3aMemATeCst. Onu aubo noerowjaiomcs, aubO pacceudaromcs, TPUIEM B
OCHOBHOM Ha Oombluiue yriael. Ilpu 3toM @omonvr ne npumseusaiomcs U He
OMMANKUBAIOMCs OM 2JIeKMPOHO8, T.€. OHU HEUTpalbHbI K HUM. B KkpaiiHeM ciydae
OHM MOrYT OBITh IOIVIOUIEHBI 3JeKTpoHaMu. TakoBa oOIIas OLIEHKA CBOMCTB
(OTOHOB.

B omimume ot QoTOHA DIEKTPOH 00NamaeT CBOHCTBOM OmMmMAIKU8AmMvbCs OT
cebe MoIOOHOTO U NpUMAUBaAmMbCs K 3apsA0y ¢ IPOTUBOIOIOKHBIM 3HaKOM. OIHAKO
JI0 CHUX TIOp HET YETKOT'o NMPEACTaBICHUS YTO MPEACTABIAET co00 3apsa U moueMy B
¢U3UKy BBEICHBI MPEACTABICHUS O TIOJIOKHUTEIBFHO M OTPHUIATENHHO 3apsHKEHHBIX
yactunax. YeM oHM OTIMYAIOTCS ApPYT OT apyra?

MoOHO TeOpETUYECKU PAaCCUUTATh BEPOATHOCTh BOSHUKHOBEHUS CTATUYECKOTO
ANEKTPHUECTBA, VIS 3TOTO UCTONB3yeTcs Tprnbo3aeKkTpudecKas IIKajla IpHBEICHHAs
BEIIIIE).

OKCIIEpUMEHT, KOTOPBIH NMPOBOIAT MPAKTUYECKH BO BCEX INKOJIAX, By3ax Ha
71a00paTOPHBIX 3aHATHAX 110 (PU3HUKE [IPU AEMOHCTPALIMM NOBEJCHUS CTEKISIHHON MU
IJJACTMACCOBOM MAaJOYKH B AJIEKTPOCTATHUECKOM ITOJIE ITOKa3bIBAET: IMajO4yKa WM
NPUTATUBAETCA K APYrod 3apsHKCHHOW TNajlouKe WJIM OTTaJKuBaeTca oT Heé (B
3aBUCUMOCTH OT 3HaKa 3apsga). A uro OyJeT, ecaM Ha 3apsbKeHHOE Telo
BO3JCIICTBOBAaTh MAarHUTHBIM TMosieM? 3a Bc€ BpeMsl IOcIe OTKPBITHS CBOMCTB
MarHuTa ¥ CTaTUYECKOTO JJIEKTPUYECTBA OTBETHI HA BOIPOCHL O IIPUPOJIE
anektpuuectBa U mMarHetnsma Tak 1 HE JIAHBI. Bce nmpuHHMarOT yCTOSBIITYIOCS
napagurmy, Kak UCTHUHY.

Huxto 3a aT0 Bpems, kpome A.A. JlyunHa, He IpOBe aHAJIOIMYHBIM OIBIT C
MarHuTHbIM mosieM [2]. Tem Gosiee, Kpome TOro, 4TO 3TO OYEHb HHTEPECHO M
MEHSIOTCS HalllM IPeACTaBIeHUs 00 3JeKTPUUECTBE U MarHeTusMe. BaxkHo u To, 4ro
IIPOBEEHUE JTOrO OMNbITa M3HAYAJIBHO OyIeT MPOTUBOPEUUTH YCTOSBIIUMCS
MIPEJICTABICHUSAM TaK, KaK OMMCHIBAET €ro B CBOMX KHHMrax A.A. JlyuumH, a 3Toro
oduumansHas HayKa He JIOOUT.

VYuureiBas CBOM I€YaJbHBIA ONBIT NPHU H3YYEHHWU CBOWCTB MAaTEpHAJIOB,
o0agaommMx TePMOMEXaHHYECKOH MaMAThIO (OPMBI, KOTJa MUINYLIHE CTaTbu H
JeTIafoye Ha OCHOBE TEOPETHYECKHUX BBIKJIQJOK Ha Oymare W300peTEeHHS, YBOIMIH
uccienoBaTeNici M M300peTaTeNedl OT peajbHOro IOJOXKEHHS Jell. OJTo ObIIo
BBI3BAaHO T€M, 4YTO 3TH aBTOPHI HUKOIAA «BXKUBYIO» HE UMEIHU JIEJIO C PEallbHbIMU
MaTepHuajJaMy, a UMeJU JIMIIb JIOXKHbIE IpeacTaBieHus o0 ux cBoictBax. C Tex nop
npu 11000 BO3MOXHOCTH CTaparoch IMPOBEPUTh HAMMCAHHOE... JTHUM U IPOCTO
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JOOOTIBITCTBOM BBI3BAHBI 3TH OKCIHEPUMEHTHI, KOTOPHIE TOKa3ajiHd, YTO OJHUM
TOOOTIBITCTBOM 3/IECh JIETI0 HE KOHUUTCH. . .

Ho, Hecmotpst Ha TO, uTo A.A JIydnH OTHOCUTCS K TeM HCCIICIOBATEISAM H
YYEHBIM, KOTOpBIE TPEKPACHO BIANICIOT HAYYHOW METOMOJIOTHEH, BBITEKAIOIICH W3
JUATICKTHYECKOTO MaTepHaau3Ma U ero MPOAOJIKCHUS — SHEPronH(GOPMAalMOHHON
JUATICKTHKH, a TaKKe SBJIACTCS MPAKTUKOM, OBUIO PEIICHO MPOBECTH OMUCAHHBIN
JlyunHbiM A.A. SKCIEPUMEHT, a TaKKe - JIOMOJHHUTEIbHbIC HCCICIOBAHUS TI0
B3aWMOJICHCTBUI0 ~ MArHUTHOTO  MOJII  CO  CTATHYECKUM  SJICKTPUYECTBOM,
MPOBOJHUKOM C TOKOM, U, 00S3aTEIBHO C AIICKTPOMATHUTHBIM H3Ty4YeHHEM B BHJE
notoka (OoTOHOB (CBETa) C pa3HOW JUIMHOM BOJIHBI (B ONTUYECKOM JMaIa3oHe,
yIbTpauOJIETOBOM) W Pa3HOM MHTEHCHUBHOCTH IOTOKa (OOBIYHOE H3Iy4YEeHHE
(hoHapHKa U JTa3epHBIN JIyd), a Takke BozjelicTBie CBY nznyyeHuem, 4To0bl CBOUMHU
IJIa3aMH YI0CTOBEPUTHCS, YTO CYIECTBYIOIIAs HAyYHAs MapajurmMa He BepHa.

Orcioma BBITEKaJa W IeJIb HCCIeI0BAHUS HOOMEEPOUms UCHUHHOCHLb
napaouzmol A.A Jlyuuna u eviasumov euié He 6blAIeHHblE CONYMCHmEyoujue
¢uzuueckue saenenus unu Iphexmol, a makdce yeazamov ezo napaouzmy c
napaouzmamu Jlesawosa H.B. u Xamwvivoea AM.

Buauane 6vi10 pewieno nposecmu KauecmeeHHwvle IKCNEPUMEHMbL, YHOObL
ybeoumucs 6 6epHoCMU ROOX00A, 4 3aMeM RPOU3ZGECHIU UMEPEHUA U PACUEbL.

CymiectByroT ne Gopmsl monei [2, 3, 4]: CraTudeckas (IOJIs IOCTOSHHOTO
MarHuTa, MOCTOSHHOTO TOKa M 3apsDKEHHOTO DJIEKTPUYECKUM 3apsaoM Inapa) U
KHHeTH4YeCcKasi — KOPIYCKYJISPHBIC MOTOKH JICKTPUYECKUX YacTUIl — (POTOHOB U
MATHUTHBIX YaCTHI] OUITOJIAPHONW CTPYKTYPHI (3JCKTPOMATHUTHBIC TIOJISI BBICOKUX H
cBepxBbicokux dYactor (CBY)). bnaromaps OWUNONAPHOCTH, XTYTHKH (TOJIIWHA
~ 10 m.) cTanMOHAPHBIX MATHATHBIX MOJIEH 3AMKHYTBI M TIPHOJIMKAOTCS 10 (pOpMe
K YacTsAM OKpyXHOCTH. (OTOH mpencTaBiIseT COOOW sapo W3 DIEKTPHISCKOU
MaTepuy, a BOKPYT HETO [0 pPaJANyCaM PaCXOMSATCS KI'YTUKH «CHJIOBBIX JIMHHI.
Pamuyc ¢ortona r ~ 10 m., a pagmyc ero monms R = 10m. B ¢orone u ero
KryTukax, Tommuuoi ~10% M., HaxommTcs TOJNBKO SekTpuueckas Marepus. B
3JIEKTPOMArHUTHBIX MOJSAX KPOME JJIeKTpHUuecKod maTepud ((OTOHOB) HAXOAATCS
emIé 1 MarHUTHBIE YaCTHIIbI.

Jlns mpoBeneHUsT HKCIIEPUMEHTOB OBUT COOpaH CTEHI, KOTOPBIH HECKOJIBKO
BUJIOU3MEHSJICSI NIPU PACHIMPEHUU IOJI1 IIOMCKAa HEU3BECTHBIX CBOICTB Haphbl:
MarHuTHOE II0J€ — HJICKTPUUYCCKHE 3apsiibl; MarHUTHOE MOJEe — IMOTOK ()OTOHOB
3IIEKTPOMATHUTHOTO MOJIsl, MATHUTHOE MOJI€ IPOBOJHHUKA C TOKOM (IIOCTOSIHHBIM WJIU
IIEPEeMEHHBIM) — MIEKTPHIECKHUE 3apsbl, MarHuTHOE Tosie — CBY u3mydenue.
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1. B3zaumoaeiicTBHEe CTATHYECKHUX IM0JIeii: MATHUTHOTO U
JIEKTPUYECKOr 0

J1st  mpoBeAeHHs — OKCIIEPUMEHTa  HCIIONB30Bajcs creHn (puc. 1),
BKITIOYAIOLIas CTOWKY, K KPOHIITEWHY KOTOpod mpukperieHa Huth CO, BTOpOi
KOHELl KOTOpOW TpHBS3bIBaJCA K CpeAWHE IUIacTMaccoBOoi mamoukd. OHa
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3apspKasach, HapUMep, TPEHHUEM O IIEPCTAHYIO TKaHb UM O COOCTBEHHBIE BOJIOCHI C
OIHOW CTOPOHBI, a MOCJE U C JIBYX. B kKauecTBe MarHuTa MCIOJB30BAJICS MOIIHBII
MarHuT (pasmepoM 4x4x2,5 MM) Ha OCHOBE pelKO3eMEINbHBIX 3JIeMeHTOB. Jlanee k
HEl TooYepeTHO MOJHOCUTCS MarHUT CHU3Y, CBEpXY U cOOKy. [Ipu 3ToM maJiouka ¢
3apsiaMd Ha HEHd MNPUTATMBAJACE K MArHMTY B KaXIOM Cly4ae, 4To
noaTBepkaasio mapaaurmy Jlyanna A.A.

1. DKCHIepUMEHTHI TOKa3allk, YTO KaXIbli pa3, KOTJa MarHUT IOJHOCHIICS K
3apsHKEHHOM IMajiovke, OHAa MPUTATUBANACH K MATHUTY, MPHUYEM HE3aBHCHMO OT €rO
TIOJIO’KEHHUS €ro MOJII0COB IT0 OTHOIICHHIO K 3apsDKEHHOM MajlouKe, 9TO OTPaKEeHO Ha
pucyHnke 1, mo3. 6) u B). CoriacHO CyIIECTBYIOIIEH MapagurMe MarHuT He OO0JINHCEH
npumsacuéams HadJIEKTPU30BAHHYIO MAaJO0YKy, HO SKCIIEPUMEHT MOKa3bIBaeT, YTO OH
npumsaeueaem eé. Bo3HUKaeT NPOTUBOpEUHe: 4YTOObI MPUTATHBATH IATOUKY,
CBOOOMHBIEC AIICKTPOHBI HA HEH 00/10/CHbI UMEMb 4acmuybl, KOTOPBIC IPUTATUBAIOTCS
U K MarHuty, U He OOJDICHbl UMemb MAKux yYacmuy COTJIACHO CYIIECTBYIOIIEH
napagurmMel. OTo ObIIO OBl BOBMOXKHO B TOM Cilydyae, eciii Obl M 3JIEKTPOH, U (HOTOH
COCTOSIJIM U3 YaCTHII, KOTOPBIC PUTITHBAIUCH APYT K Apyry. g ycTpaHeHHs 3TOro
IIPOTUBOPEYHS HY)KHO YUTH OT CTAPOU MOJENN M IPUIYMAaTh HOBYIO, B KOTOPOU 3TH
cBoiicTBa cymecTBYIOT (Ypok 1, mpuém 9: Umoowsl uzoaeumuocsa om npomugopeuus,
HYJICHO cOémMecmumy 6 00HOM 00veKme npomugopedaujue opy2 Opyzy c60icmea,
npucywue pasnvimM 00beKMAmM, HO NPOAGAAIOUIUECT OOHOBPEMEHHO 6 OAHHOM
obvekme, a 3amem nPUOYMAMb HOBYIO MOOeIb 00beKma:. MyCTh 0OBEKT, MPOABIISAL
cBoiicta C, mpucymme o0beKTy A; U cBoiictBa He-C, npucyuee o0bekty b,
sBisieTcsl  00bekToM B). MarHur uMeeT OHIOJAPHBIC MArHUTHBIE YaCTHUIIbL,
CJIEJIOBATENIbHO, U 3JIEKTPOH AOJKCH UX UMETh.

Jlyuun A.A. cuMTaer, 4TO MMEHHO W3 TAaKUX YaCTUI[ U COCTOAT 3JIEKTPOH U
(OTOH: IIEKTPOH COCTOMT M3 JJIEKTPUYECKUX U MATHUTHBIX 4YacTHI, a
MArHUTHOE MOJIe - TOJBKO M3 MArHMTHBIX 4actui [5]. IIpu stom 3iekTpoH
CO3JaeT  DJCKTPUYECKOE II0Je, <OKTYTHKM»  (CHJIOBBIE JIMHHH)  KOTOPOTO
pacnipoctpansttoruecs Ha paccrosane R = 10°r (r — pagmyc smektpona) (cwm.
PHUCYHOK 3, 1103. a) ¥ 0)). JIaHHBII 3KCIIEpUMEHT MOATBEpKAaeT uaeto A.A. Jlyunna
0 TOM, YTO DJIEKTPOH SBJIETCS ACIMMON YaCTULEH, T.K. COCTOUT U3 MAarHUTHBIX U
AIIEKTPUYECKUX YacTHll. MHaue 3ToT 3((deKT He 0OBACHUTD, T.K. MBI UMEEM JIEJIO CO
CTallMOHAPHBIMU TOJIIMH. CTaTUYECKUE 3apsAAbl He C€O3Jal0T MarHUTHOIO IO,
KOTOPO€ MOIJIO Obl OBITH NIPUYMHON ITOTO NPUTSDKEHUS U HE 3JIEKTPU30BAIU OBl caM
MAarHuT 3apsI0M IPOTUBOIOJIOKHOTO 3HAKA.



3apAxeHHan
nano4ka

ToHkan HUTL

Kpyroeoe aemmenne
Maruuta
Bokpyr ocn OC

MNnacTmaccoBan
nanovka o
 E——

Maruut

Newxeqne
Nanoykn BHNZ

Dewxenne
MarHuTa BHU3

6) &)

Puc. 1. MoBTOpeHne 3KkcnepumMeHTa A.A. JlyunHa o B3auMogecTBUM MarHMTHOTO MonA ¢
3NEKTPUYEeCKUMU 3apAagaMv

2. B3aumopeiicTBue MPOBOAHUKA C TOKOM CO CTATUYECCKUM
JICKTPUYECCKHUM IMOJIEM

Hanee ObLT mpoBeIeH SKCIEPUMEHT, IETb KOTOPOTO INPOBEPUTH B3aUMOIECHCTBHE
NPOBOJHHKA C TOKOM (IIOCTOSIHHBIM M IIePEMEHHBbIM) €O CTAIHOHAPHBIM
IEKTPHYECKUM T0JIeM.

Jl71st mpoBeieH s 3TOTO SKCIIEPHMEHTA MCTIONB30BaJICs CTeH/T (pHC. 2).

K mractmaccoBoii mamouke (puc. 2, mo3. a.) MOJAHOCHIICS MTPOBOJ, B KOTOPOM HE
OBUTO TIOCTOSIHHOTO 3JICKTPHYECKOr0 ToKa. [lmacTMaccoBasi mMmajodyka HHKAaK He
pearupoBaja Ha MPOBOJ. 3aTeM MaJOYKa 3apskajack M K HEHl MOTHOCHICS
MPOBOJHUK C TIOCTOSIHHBIM JJIEKTPUYECKMM TOKOM (puc. 2. mo3. 0.). Ilpu 3tom
MaJiovyKa ¢ 3apsiiaMi Ha HEil MPUTATHBAJIACH K MPOBOIHUKY € TOKOM B KaXKIOM
clly4ae, 4YTO TPOTHBOPECYHT YCTOSBIIMMCS IpPEACTaBICHUSIM. Jlamee MEHSIIOCH
MOJIOXKEHUE TMPOBOJHMKA C TOKOM, TaJloYKka TakXKe pearnpoBaia Ha HeEro.
AHanoru4Hasi peakuus ObUIa MPHU PACIIONOXKEHUH CIIUPaId U3 MPOBOAHHKA (pHUC. 2,
M03. B), MaJIOYKa BHOBb MPUTATMBAJIACH K CIHMPAIH MO MPaBUITy IPAaBOH PYKH CHIION
Awmriepa.

3areM BMECTO ITOCTOSIHHOTO TOKA, HCIIOJIB30BAJICS IEPEMEHHBIH, pEeaKius
MAJIOYKX ObljIa aHAJIOTHYHOM.

Orcrona ciefyer, 4ro JJIEKTPOHbI MMEIOT B CBOEM COCTaBE HEYTO, 4YTO
CIIOCOOHO MPUTATUBATHCS K MarHUTHOMY monmto. D1TuM HEUTO MoryT ObITh TOJIBKO
«MarHUTHBIE YaCTULIBD, BXOAAIINE B COCTAB 3JIEKTPOHA.
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DT0 ele pa3 MoATBEPAUIIO BEpHOCTh ToxoAa Jlyunna A.A. k mpobieme moss,
U, €CTECTBEHHO, K MaTepUH U3 KOTOPOii oHK cocTosT [6, 7].

Kak mokazanu nanpHEHIINe SKCIIEPUMEHTHI, HadJIeKTPH30BaHHAS Iaj0yvKa
OTTAJIKUBAETCS JAPYrol — HE HAadJIeKTPU30BAaHHOMW, 3a CUET MOJISPHU3AIMH BTOPOH -
nepBoii. bosble Toro, oHa NPUTATUBACTCA M K METAJUIMUYECKON MallouKe, a TakkKe K
¢ompre (M30IMPOBaHHOM M HE H30IUPOBAHHOM). M3 mocIeqHero cueayeT Takke, 9To

3apaxeHHan

Toukas Huth nanouka

Kpyroeoe geixenne
MarHuta M4
BOKpyr ocu OC

Mnacrmaccosasn
nano4ka
o

Newxenne
nano4kn BHU3

Mpu psKXeHUn
CNUPanK ¢ TOKOM
EHUZ

Puc.2. BBEMMOAEﬁCTBHE MarHUTHoOro nonda nNpoBoAHUWKa C TOKOM C 3NIeKTpU4YeCKUMU 3apagamMmu

METaAJJIMYECKaA mmaJJO4YKa " q)OHLFa SIBJIIIFOTCS HOCHUTCIIAMU «MarHUTHBIX YaCTHUI» HU3-
3a HAJIMYHUS B HUX HOCUTEIICH 3apsaa.

Orciona BeiBOA 1. K maznumy unu mamepuanam, 6 KOMOPHIX UMEIOMCS
UCMOYHUKU  MAZHUMHBIX — YACMUY,  OOJJCHbl  HPUMAZUBAMbLCA  JI00ble
HeMAazHUmMHble MamMepuaivl, uMewwue IleKmpuiecKue Hacmuysl, HM.e.
HaINeKmMpu30eanHuple. ITO TAKKE TOATBEPKIAACT W TO, YTO B METAIMIECKOM
najgo4ke u (oJIbre MPUCYTCTBYIOT MAarHUTHBIC YAaCTHUIIbI, TAKXKE, KaK U B DJEKTPOHE,
T.€. B HUX HMEIOTCS CBOOOTHBIC HOCUTEIH 3apsijia.

BoiBon 2. Maznummnoe none npoeooHuUKo8 ¢ mMokKom (ROCHOAHHLIM UL
nepemMenHbIM) IMaKdice 63aUMOOCUCHEyem ¢ HeNnOOBUICHBIMU  3APA0AMU,
cooeprcauiumu MazHUMHble YaACHULbL.

Ilo Jlyunny A.A. »3JekTpoH = ¢(OTOHBI + MarHMTHbIe YACTHULbI,
HO3BOJISAIONINE MOTYYUTh 3P PeKT NPUTIKeHHs WIH OTTAJIKHBAHNA, 0OecTieurnBas
paBHOBecHe CHII. Y ()OTOHA €CTh «IIYNAJIbIbED, KOTOPbIC MPUTATHBAIOT MarHUTHBIE
yacTHLB! JT00oro momtoca [4]. CTpykTypa «IyHanblieB» WIH CHJIOBOH JIMHHU
3IIEKTPUYECKOTO U MArHUTHOTO TOJISH NpeacTaBIeHa Ha pUC. 3.
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DOTOHBl ¥ MATHUTHBIE YACTHIIBI
E(j}—w—m sE== J=—=|N SsF=| HaXomiTci B «TIOJOCTH» OIEKTPOHA B
xommuecte  3x10°  mr.  Pammyc

doron
MarnHTHAs JacTHIA MarautHO# wactuipl ~10%2 M. doton -

a)
DJleKTpUYecKasi MaTepusi, paiuyc

EN N CEICEKISEIEEE | dorona fy ~ 10" m; pamuyc ero noims

6) MarnuTHas Yactuua R= 10" m. Mmeer maccy mokos. Macca
-40

Puc. 3. a). "Cunosas NUHUA" 3NEKTPUYECKOTO ¢orona pasna 0,3x10™ xr. PoroH —

nons; HOCHUTCIIb S.HeKTpH'{eCROifl

6). "cunoBas NMHUA" MarHUTHOro nons

(obnanarorieit OTTAJIKHBAIOLIUM
CBOWCTBOM) MaTepuH (a He 3apsA/a) ¥ MATHUTHASI YaCTHIA, HOCUTE]Ib MATHUTHOI

MaTepuM U 00J1aaro1Ias CBOHCTBOM NMPUTSIZKEHUS SIIEKTPUUSCKON MaTePUH JTFOOBIM
u3 morocoB. @oton — 310 U nepsuuHas marepus (IIM) B Bujie 31€KTPOMArHUTHBIX
KoJIeOaHMH OITpe/ieNIeHHOM OKTaBbl WiIM MepHOCTH [7, 8].

3. B3zauMopeiicTBHe MAarHHUTA € JIy4OM CBeTa - MOTOKOM (OTOHOB

Ucxonsa u3 Toro, 4yTo (POTOH COCTOUT W3 DIEKTPUUECKOW MaTepuH, hcompaﬂ\
JOJDKHA pearupoBaTb Ha MarouTHYIO0 B BUJIC MAaroHuTHOTO MOJIsA, JOTIOJTHUTCIIBHO 6])1]1
IMPOBCJICH J3KCHEPUMCHT IIO B3aHMO,Z[efICTBHIO Jydya CBE€Ta C MArHuTHBIM II0JIEM
MOCTOSIHHOTO MarHuTa W OOHApY)XEHO CIIeAyrolee: Jiyd cBera (MoToka (OTOHOB)
B3aMMOJICMCTBYET C MAarHUTHBIM TIOJIEM MOCTOsSIHHOro marHuta (puc. 4.). Ilotox
(hOTOHOB PIEKTPOMATHUTHOTO TIOJISI, €CIIM PACCMATPHUBATh MIKATY AJICKTPOMAarHATHBIX
BOJIH, — 3TO KHHETUUECKOE I10JIe, COJIEPHKALIEe JBE COCTABIIAIOIINE — MIEKTPUIECKYIO
U MarHuTHyro. TemyoBble BOJHBI W PaJUOBOJHBI — 3TO 0Opa3oBaHUs YHUCTO
9JIEKTPUYECKOH TPUPOMABL, PEHTIEHOBCKOE M TraMMa-H3JIydeHHE — OTO YHCTO
MarHuTHbIe 00pa3oBaHus. POTOHBI U3 ANEKTPUUECKON MaTepUN UMEIOT SAPO, BOKPYT
KOTOPOTO pacXolsaTCs <OKTYTHKH» CHJIOBBIX JIMHHUM. A MarHUTHbIE YaCTHIIbI
NPEACTaBIAIOT COOOM «MalleHbKHE» MAarHUTHKH, BOKPYI KOTOPBIX 00pa3yroTcs
3aMKHYTBIE€ CHJIOBBIE JIMHUM MArHuTHOI'O 1I0JIA, pPacCHpOCTPaHAIOIIUECA Ha
HeOOJIbIIOEe PACCTOSHHUE OT IEHTPAIBLHON 4acTh. DOTOHBI ATH BOJHEBI MOTEPSUTH IPU
TOPMOXCHUHU DJIEKTPOHOB, KOTOPHIC JIETKO OTPAXKAKOTCA OT HEMpPO3pPAavHBIX Tell, a
MArHuTHBIC YaCTULObl IIPOHUKAKOT B HErO Ha 60HLHIyI-O FHy6I/IHy — YTO H
HabJro1aeTcs Ha MPAaKTUKE UCIOJIb30BAaHUS PEHTI€HOBCKUX JIy4eH.

Ilpm oceemeHMM MarHUTa IYYKOM CBETa, MAarHAT BelIeT ceOs HECKOIBKO
CTpaHHO: BHayaJjle NMPUTATMBAETCS K MCTOYHUKY CBETa, a 3aT€M OTTaJKUBAETCS OT
HETo, 4YTO eme pa3 MOATBEP)KIAeT, YTO CBET COCTOMT U3 DJJIEKTPUYECKHX H

{AOGaBIIEHO npumeuanue ([81]): utHoro




MAarHuTHbBIX 4YaCTHUL. qTO6bI MAarHuT HOPUTATHUBAJICA K CBETOBOMY IIOTOKY, B HEM
JOJIKHBI 6I>IT]) MAar"gmTHBIC 4YaCTHUIbI, CBA3aHHBIC C HCTOYHHKOM CBETAa HIH OT
MarovuTa AOJDKHBI UCXOIUTH (OKTYTUKW)» W3 MArHuTHBIX YaCTUL, HCIUIAIOIIUECSA 3a
HCTOYHHK CBETa (T.K. OTOHBI JIETAT C OTPOMHON CKOPOCTBIO B CTOPOHY MarHWTa M
O60MOapAUPYIOT €ro CBOMMH HMITyJbcaMd Py = MgC), 4TO HEBO3MOXHO, T.K.
MarHUTHbIC CHJIOBBIE JIHHHHM COCTOST W3 OHIOJSAPHBIX MArHUTHBIX YaCTHI M
3aMKHYTHI. VHaue roBOps, MEXAy UCTOYHHKOM CBETA U MArHUTOM OOJMCHbL OblHb
OURONAPHBIE MAZHUNIHBIE YACHMUUDL, U UX HE OO0JICHbL OblMb, T.K. MarHUTHbIC
CUJIOBBIC JIMHUH 3aMKHYTHI. JTO MPOTUBOPEUHE MONPOOYEM YCTPAHUTE pa38eOeHUEM
NPOMUGOPEUUBHIX CBOUCME 8 NPOCMPANHCHEE. OT WUCTOYHHKA CBeTa 00pasyroTcs
JUTUHHBIC [IETIOYKU JKI'YTUKOB, KOTOPBIC IEIUIIOTCS 32 CHUIIOBbIE MATHUTHBIC JIMHUH,
IMPUTATUBAACH K MAarHuTy, HO HCIOYKHU XI'YTUKOB HEIIPOYHBI, IMO3TOMY 6I)ICTpO
PBYTCS W TIOBEpXHOCTb MAarHWTa IIOKPHIBAeTCS (OTOHAMH CO JKIyTHKaMH U3
AIIEKTPUYECKON  MaTepuu, OOpasylImUMH U3  ce0s  3alUTHYI  «Iryoyy,
NPEMATCTBYIONIYI0 IPOHUKHOBEHHIO K TeIy MAarHuTa caMux (OTOHOB, Kak
AIEKTPUYECKON MaTepHH, U, KOTOPasi, B3aUMOJCHUCTBYs ¢ (DOTOHAMH, OTTAIKUBACTCS
OT JIy4a.

OueBUAHO «KI'YTUKH» (DOTOHOB, IEIUISIOTCS 38 MArHHUT, CO31aBas BPEMEHHBI
cllod U3 3HeKTpH‘ICCKOﬁ Mar€pur, 4YTO W TMPUBOAUT K OTTAJIKMBAHHUIO OT
MOCTYMAaIUX B Jydye cBeTa (oToHOB. OAHAKO MAaHHBIA SKCHEPUMEHT TpelyeT
JIOTIOJIHUTENHEHOTO UCCIICIOBAHUSL.

[Mocnennue SKCIEPUMEHTHI TOKa3aiH, 4TO MPU PACIOJOKEHHH (OHAPHKA HA
pacCcToTHUN TopsiAka 3-4 CM oT TaHTCIN Cc MarHuTaMu Ha KOHIIax,
MePIeHTUKYIISAPHBIN JTyd cBeTa (K OCH TaHTENIM) HAYMHACT OTTAJIKHBATh MAaTHUT, TIPH
3TOM, CJIe/lysl 32 TaHTelblo, OBUIO COBEPILIECHO 4 MONHBIX 000pOTa BOKPYT OCH HHUTH.
3arem, Omarojapsi PHEPrHH 3aKPYYCHHON HUTH, TAHTENh CTala PACKPY4IMBATHCSA B
obpatHOM HarpaBieHHHU. [IpH pacHoNOKEHUH JTydya MEPHCHANKYISPHO OTHOMY H3
HOJIFOCOB MarHuTa (T.e. OCH TaHTENM), T[aHTeNb OCTAHABIUBATACh, T.C. CHJA
YIPYroCTH HATH KOMIIEHCHPOBAJIACH CUIION OTTAJIKUBAHUSL, CO3/[aBAEMOIl JTyUOM.

Jlydire Bcero 9STa omepaius MPOUCXOIWIA C Jy4OM CBETa OT OOBIYHOTO
¢donapuka, a He aydom Jasepa. Ckopee Bcero 3To OBUIO BBI3BAHO TEM, YTO B
(boHapHKe CBET CO37aeT Harperas Cupalb, KOTOPas U3Iy4aeT He TOJBKO CBET, HO U
JNEKTPOHBI (TOPMO3SIIIME CTEKIOM JaMIo4kd (OHAPHKA U BHIOPACKHIBAIOIIHE
BCCIIPOHUKAIOMIINE q)OTOHI)I, U MAarHuTHBIC I'IaCTI/IIH)I), HUMEIOIIUE IKTYTUKH,
COCTOSIIIINE U3 JIEKTPUUECKON MAaTepHH M MarHUTHOMH, CITIOCOOHBIE «JIOTSHYTHCS» 10
MAarHuTHOT'O I10JIsI MAarHuTOB UJIN.

OTMeueHbI U TaKkie HAOMIOAEHUS: BO BPEeMs SKCIIEPUMEHTa HECKOJIBKO JHEH JIHIT
JIOK/1b, IO3TOMY aTMOC(epbl ObLTa OUSHb BIAXKHOM U 3aps/ibl C 3apsDKEHHON MalOUYKU
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OBICTPO «CTEKaNW», MOATOMY 3P GHEKT OTTAJKUBAHUS MANIOYKH OT MAarHUTa, a TaKkKe
MarHuTa OT IOTOKa ()OTOHOB OBUI 3HAYUTEIFHO MEHBIIIE, UM B CYXYIO TIOTOJY.

[To JlyunHy Mup MpeacTaBIseTCs ACTMMBIMHA KOPIYCKYJISPHBIMU YaCTHIIAMH,
KOTOpPBIE YYaCTBYIOT B CTATHUYECKHX U OBICTPOTEKYIIMX KHHETHYECKUX MpOIleccax,
TIPOSIBIISS DIICKTPUIECKUE UITH KHHETHYECKHE CBOMCTBA — MAarHETHU3M.

Oewxexne
MarHuTa
BBEpX

ToHkan HUTL

OenxeHne
MarHuTa
Mnactmaccoean K honapuky Marnut

nanovka o

Ii:l

®oHapuk Tlyd ceeTta
(na3sepHblii nyy)

3 (¢
apaa.__ |

- P e — e—
3apsxenHan
. nano4ka

a) 6)

Puc. 4. BzaumogencTeue nyya cBeTa C MarHuTom

IIpu ocBemieHMH MarHUTOB O€JIbIM HMJIM MOHOXPOMATHYECKUM IOTOKOM
(hoToHOB, (POTOHBI, KaK 3JIEKTPUYECKHE YaCTHLbI, LEIUIAIOTCA 3a MarHUTHBIE U
(hopMHPYIOT TOBEPXHOCTHBIM CJIOH M3 OTpPULATENbHON MaTepuu, KOTOPBIA NpH
B3aWMO/ICHCTBUH C MPHOBIBAIOLINM MMOTOKOM (POTOHOB, IPUBOJIUT K OTTAJIKUBAHHIO
MarHuTOB, YTO paHee He HaOJII01aI0Ch UCCIIeI0BATEIAMH.

JononHuTtensHO OBUT MPOBEAEH HKCIEPUMEHT, CBA3aHHBIM C 3apsHKaHueM
«TaHTeIW» W3 MarHUTOB C IOMOILIBIO 3apsHKeHHOM manoukd (puc. 5). B manHoMm
ciaydae 3(QeKT oTTanKuBaHUS NPOSABIUICA Ooyee aKkTHUBHO. BHauase MarHUTHI
OPUTATHBANNCH K JIydy CBETa, a IIOTOM [POHCXOJWIO OTTAJIKHBaHHE B
IPOTUBOIIOJIOKHYIO CTOPOHY, U BpamieHue Bokpyr ocu CO, ecin JIyd cBeTa JBHUTAJICS
3a MarHUTOM, OCTaBasiCh NEPIEHIUKYIIIPHBIM BCE BpeMs K OCH TaHTEJH.
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Oewxexne
waruuTa
BEEpX

Tonkas HHTL

LNewxenne
marHura .
Kk thoHapHKy - Maruut

o ot
TopMo)re;ue

MarHuTa

Otranknsanue "' /
npumm““e/i MarHuTa BHN3

8)

MarHuTel
Mnacrmaccosasn
nanoyka o

JSSPHJKEHHﬂH
nanouka

220 mm

®DoHapuk INyy cBeTa

(nasepHbIi ny4)

HHQHEKTFHSDEHHHEH
nano4ka

a)

Puc.5. B3auMogencTBue ny4ya cBeTa C Ha3NeKTPU30BaHHEIM MarHUTOM

JlaHHBI SKCHEPUMEHT TaK)Ke MOATBEPAMJI BBIIBHHYTYIO rumnore3y JlyunHa
A.A. 0 mpuYMHAX MOBE/ICHNS MarHUTA.

MexaHu3M MarHMTHOTO NPUTsKeHus' (o Jlyunny A.A.)

IIpy coymapeHWH 5JICKTPOHOB C 3JEKTpOHAMH 00OJOYEeK aTOMOB, W3
COYIApSIONINXCS 3JIEKTPOHOB BHIOpachiBaeTCS Ha4WHKA, cOcTosAlIast U3 (DOTOHOB H
YacTUI MAarHUTHOW MacChl, J0 TeX TOp, IOKAa HEe HACTYNHT IUHAMHUYECKOe
PaBHOBECHE MEKIY STHMH MPOIIECCAMHU.

®oToH — OIJeKTpUYecKas dacTuila (IapuK), Yy KOTOPOHM IIymajblia
AJIEKTPUYECKOTO IMOJIS PACIOIararoTesl o paauycam OT IIEHTpa Ha paccTosHue R

R =10°r

rae r — paauyc dorona. Ero macca — 0,3 x 100 kr [3]

Takass KOHCTPYKIHS TIOJS TMO3BOJSET (OTOHY JIETKO OTPaXKaThCsl OT
AIIEKTPUIECKAX aTOMApHBIX MOJIeH mMmoBepxHocTed Tes. OKa3aBIIUCh B TOJOCTH
MeTauia, (POTOH B HOPMAJBHBIX YCJIOBHSIX HE MOXKET MPEOJOJeTh MOTCHINAIbHbIH
Oappep TMOBEPXHOCTH MeTalyla M CO3JaeT BHYTPH MeTala 3HAYUTEIbHBIH
JJIEKTPUYECKHH TOTEHIMAN. be3 BHEIIHEr0o MAarHUTHOTO TIOJNS BHYTPH MarHUTa
CO3J1aeTCA Xa0C U3 3TUX JABYX YACTHII.

IIpy BO3JCHCTBHMM BHENIHETO MATrHUTHOTO TMOJII B CO3JaBIIEMCS Xaoce
oOpasyeTcsi opraHusyroliee Hayayio, KOTopoe (OopMHUpyeT M3 MAarHHTHBIX YaCTHII
HUTH W BBIOPAChIBACT MX M3 MAarHUTA 1O HAMPABJICHUIO JACUCTBUS OPraHU3YIOLIETO
noJisi. BeiOpomieHHass HUTH (KTYTHK) TIepeMeIlaeTcsi OT MarHuTa 0 TeX Iop, MoKa

! Jlyunn AA. ®usuueckue moss: MarepuanicTiueckas KOHLENuUs Kiaccuueckoit gusuku. — M.: JJEHAH/L, 2012. —
176 c.
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CUJIa TIPUTSDKEHUA (POTOHOB K MarHUTY HE OCTAHOBHUT 3TO JBIDKEHHE, a CHJIBI HOJS
IIPOTUBOIIOIOKHOTO TIOJIFOCA HE TIOBEPHYT ATOT KTYTUK K JPYroMy KOHIly MarHuTa u
3aMKHYT C IToJIeM ()OTOHOB.

CHIIOBOM KT'YTUK CTAHOBUTCS KOPOYE, U CHIIBI (JOTOHHOTO IOJISI BTATUBAIOT €T0
00paTHO B MarHMT, T. €. UJAET NMPUTSHKEHUE. DTO yAepKaHUE KIyTHKA CHJIaMH MO
(OTOHOB TOCTOSIHHO MO BenWyMHe. HO ecim JjiMHA KryTWKa M3MEHWIIACh, CTaja
MEHBIIIE, YTO NTPUHUMIHNAIBHO, TOTJa CHJIa, C KOTOPOM OH IBITAETCsl OTOPBATHCS OT
MaTEPUHCKOM Macchl, JeflaeTcsl MEeHbLIe, 1 (POTOHHOE IoJie 3aTATUBAET €ro BHYTPD,
CTapasCh yMEHBIINTH BOZHUKIIYIO HAMPSKEHHOCTb.

O nepBHYHBIX MATEPHAX

Cornacuo mapaaurme Jlepamosa H.B. [c. 150, 8], mepBuunble MaTepum
SABISIOTCS  JJEKTPOMATHUTHBIMM  BOJIHAMH, CIEKTP KOTOPBIX OXBATHIBAeT
JOCTAaTOYHO HIMPOKWI NHAamma3oH, CBA3AHHBIM KOX(QQPHUIMEHTOM KBAHTOBAaHHS Yi U
nepenagom MepHocT AA = 0,020203236 unu KOHKpeTHOM okTaBoil. Torma Kak,
coriacHo mapajaurme, Jlyauna A.A., 3JIeKTPOMarHUTHOE TI0JIe COCTOUT U3 (POTOHOB
(amexTprueckoil MaTepuu) ¥ MarHWTHBIX YacTUl] (MarHUTHOW Martepun). [Ipn sTom
MarHUTHas MaTepHs UMEET TUIOTHOCTh Ha 4-5 MOPSAKOB OOJIbIIIe MIOTHOCTH (OTOHA,
a CTPYKTypa €€ CUJIOBBIX JIMHMH MOJIs Takas *ke, KaK y IOCTOSHHOIO MarHuTa, OHa
CrocoOHa MPUTAHYTh K cebe Liynajibla 1ekTpudeckoro nonsd ¢porona. OHa MoOXKeT
OPraHU30BBIBATH PA3IUYHbIE CTPYKTYPHI B CUITy CBOEH OunossipHocTH (puc. 6).

CunoBbIE NMUHUU MarHUTHOTO NMOJA U3
OUNONAPHLIX MarHUTHbIX YacTuy

e

[4 5]

w

Puc. 6. BosmoxHbIe obpa3oBaHnA U3 MarHMTHbIX YacTuy

Ho CJIICAYET pa3jinvaThb JJICKTPOMArHUTHBIC BOJIHBI IO UX OHCPTHUHU U MaccCe (B
JaHHOM Cliy4dac MCpHOCTI/I). TemnmoBble u PaguoOBOJIHBI — 3TO ROMOKU ¢0m0H06’,
12



CKopocmb KOTOPBIX 3HAYUTCIIBHO MeEHbUle ceemosoﬁ, a JKCECTKOC M3JIIyYCHUC,
PEHTI€HOBCKOEC W TaMMa-U3JIydY€HUsd — OTO ROMOKU MAZHUMHOU mamepuu,
CKopocntb paCIpOCTPaHCHUA KOTOpOﬁ SHAYUTCIIBHO éblUie CKopocmu ceemd.

®OTOHBI MarHuTHbIE YacTULbI
OneKTpu4eckan matepua MarnutHan marepus
i 3 5 g 3
3 g 3 I %= 3 3|3 § £ o
& 3§ 8 3 s 8 31 833 8|8 2 «~3 8
- -~ - -~ - - - - - - - - - - o o o)y
- ol
=)
cd g ga g gle |k EIE =
i = = = - - - |n w o o ~
88 » g e "8 8|22 22 e |fauwa
& ® g S : : wanyuve-
- - 4 T - 2 - g Hue
- ‘ﬂ - - Ll :
Pa oﬁany\oeuue PenTrenoBckoe
- < : I A3NYYCHUE
Wndpakpacroe nanyvexue l Ynerpathuonerosoe
Buaumeiia ceer w3ny'enue
LLikana anekTpoMarHUTHbIX U3ny4eHui (MepBUYHLIX MaTepui)

IIpy B3aUMOAEHCTBUM DJJIEKTPUYECKOM M MarHUTHBIX MaTe€puil mOpu
COOTBETCTBYIOIIIEM ITI€penaje MEpPHOCTH MJIM OKTaBE BO3MOKEH CHHTe3 MAaTepHii,
OTIMYAIOIIUXCSA OpYyr OT Apyra cBodcTBaMu. OO0 3TOM JOCTaTOYHO MOAPOOHO
n3noxeHo B nmapaaurme Jlesamona H.B.

[lmanertapHblii mepenan MepHOCTH (OPMHPYET HaIpaBICHHBbIE ITOTOKH
NEPBUYHBIX MaTepUil K LEHTPY TUIAHETHI U KaXKIBIH aTOM MOMagaeT Mo UX «HAIop».
Bosnukaer <«3(pdekt mapyca» — TmepBUYHbIE MaTepud B BHJAE (HOTOHOB
(PMEeKTpUYECKOTO TIONA) TMPHUTATHBAIOTCS MATHUTHBIMH YacTHLAMH  BEIISCTBa
IUIAHETHI, «00BOJTAKUBAIOT» (3()(DEKT ANMEKTPHU3AINHN) UX, H, BRICTABII IIYIaIbLAY
CBOMX CHJIOBBIX JIMHHH Tepen co0oi, MpOTHBOAEHCTBYS HOTOKY (DOTOHOB, KOTOpPBIE
«1aBAT» Ha KaXIbIH aToOM IIOBEPXHOCTH BellecTBa (BHYTPb OHHM HE MOTYT
IPOHUKHYTH) CBOMM JJIGKTPUYECKUM II0JIEM OTTAJKUBAHUSA, 3acTaBisAsi aToM
JIBUTAThCS B TOM JK€ HANpaBJICHWH, YTO M OHU CaMH. DTOMY CIIOCOOCTBYET W
MarHuTHOE moJsie 3eMJIM, KOTOpoe NPHUTATHBAET K ce0e HadIeKTPU30BaHHBIC Tela.
IloTox mNepBUYHBIX MaTepuil BMECTE€ C MAarHUTHBIM IIoJeM 3eMJIM Kak Obl
«3aCTaBJIAET» aTOM JIBUraThCsl B 33JaHHOM HAIIpaBIEHUM - K LIEHTPY 30HBI
nedopmanuy. BeTpeuHslid mepemnaj MEpPHOCTH, CO3/1aBaeMblii aTOMOM (CHJIOBBIMU
IIyNagbllaMd  DJIEKTPOHOB, HAXOJSIIMXCS Ha BHEUNIHUX «O0OJOYKAaxX» aroma),
HaTpaBJICH OT IICHTPa 30HbI JIe(hOpMaLUH K €€ rpaHHIlaM, IIPOTUBOJICHCTBYET IIOTOKY
(hOTOHOB (aHTUTpABUTALM), NABAIIMX HA aTOM, YACTUYHO HEUTpaInu3ys MEepBUYHBIHA
mepenaj; MEPHOCTH  MakKpONpOCTpAaHCTBA HAa  YPOBHE  MHKPOIPOCTPAHCTBA
(BHyTpeHHUIT 3P PeKT mapycHOCTH).
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B pesynbrare, naBieHHE NEPBUUHBIX MaTepHil Ha «IIOBEPXHOCTH» aToMma
YaCTUYHO HEHTpaIM3yeTcsl aHTUIPAaBUTALMEH, MTOPOKAEHHOW CaMUM aTOMOM. 37IECh
MOKHO  TIPEANONIOKHATh, 4YTO TICPBUYHBIC MAaTEPHUM  OXBATHIBAIOT  CIEKTP
JNIEKTPOMATrHUTHBIX H3IYYECHHN OT OKECTKHX» (MATepust A) 10 «MATKHX» (MaTepHst

G).

Kakx w3BecTHO, MaTpHUYHOE MPOCTPAHCTBO HEOJHOPOAHO, B HEM IIpH
OIIpeIeJICHHBIX YCIIOBUSAX CHHTEC3HPYETCS (U3NYECKH IUIOTHAs MAaTepus, OHO
COIEPKUT CNIOU HNEePEUYHLIX Mamepuli € COOTBETCTBYIOIUMU KOdpuyuenmamu
K68AHMO8AHUs i, OTIMYAIOLIUXCS IPYT OT Apyra Ha HEOOJbIIYIO BEJIMYUHY — KBAaHT
MepHocTH. Takux cioeB MOXeT ObITh JI00oe KoundecTBo. B Hamem MaTpudHOM
npoctpanctBe ¢ MepHocthio 3,00017, mx cemp [8]. Ho kaxmoe wmarpudnOe
IPOCTPAHCTBO HEOAHOPOAHO IO MEPHOCTM M BCE OHHM MMEIOT Pas3HuHYIO
Ka4eCTBEHHYIO CTPYKTYpY, IIO3TOMY HE HUMEIOT MPSIMOr0 KOHTAKTa MEXIYy COOOM.
3T0, KaK HECMEIINBAIONINECS Pa3HOIBETHBIE XHUIKOCTH B COCYAE, PAcIIOI0KCHHBIC
crmosmMu. Ho mpu 3TOM OHM HMEIOT OOIIMe KadecTBa — KAaYECTBEHHBIM COCTaB
MapauIeNIbHBIX MAaTPUYHBIX IPOCTPAHCTB OTIAMYACTCS APYT OT APYTa TOJIHKO HA OJHY
NEePBUYHYI0 MAaTepuio, 4YTO M CO3JaeT Iepemnag MEpPHOCTH Ha BEIUYHHY
KoI(ppuyuenma Keanmoeanus IAaHHBIX NEPBUYHBIX Marepuil vi. s Kaxmaoro
Ko3pduUIIMEHTa Pi CYLIECTBYET «CBOS» TIPYIIA COGMECHUMBIX MeHcOy COOoil
NEPBUYHBIX MaTepHUil, COCTOALIMX U3 IEKTPUUECKON U MarHUTHOW MaTepuil B BHUIE
ANMEKTPHYCCKAX M MAarHUTHBIX YaCTHI[ Pa3HBIX IO pasmepy u Macce. [lpm atom
MAarHuTHbIE YaCTUIBI 00JIaJal0T CBOICTBOM NPOHHUKAThH CKBO3b JH000E MaTepHaIbHOE
Teno. 31ech Kod(p@UIMEHT KBaHTOBAHHS aHAJIOTUYEH ONPEEIICHHOMY «pa3Mepy»,
IOJi KOTOpBII MOAXOMASIT MEpBHUYHBIE MaTepuH JaHHOro Tuma. B wurore,
B3aUMOJCHCTBHA JAPYr C JpyroM, MEepBUYHBIE MATepUH  CTPYKTYPHUPYIOT
IPOCTPAHCTBO.

Ha ocHOBaHMM TIPOBEACHHBIX SKCICPHMEHTOB U  Pa3sMBIIUICHHUS HaJ
MOJTy4eHHOH MH(OpMAINeH, IpeICTaBIIeTCs, YTO MHOTO OTBETOB HA MHTEPECYEMBIC
Hac BOIIPOCHI JIEXKAT B «4EPHOT Oblpey, B IPEACTABIECHUIX O HEH.

N3 xonmermuu XateiooBa A.M. H3BECTHO, YTO IpU Temreparype cBbime 10
MWIIMAPIOB T'PagyCOB OCTAETCS TOJIBKO «TPAaBUTALMOHHBIN» aTOM — OCTaJIbHbIE
000/I0UKM CcOpachIBAIOTCA WJIM TIOTJIOIAIOTCS  «UEPHOM IBIpOM», T.e. «IIpu
00pa30BaHUU «UEPHOI JBIPED» MPOUCXOIUT pas3pyIICHHE 3IEKTPOHHOH 000JI0UKU
aToMa, MpH 5TOM BEKTOp I'paBUTAllMU HAMpaBleH K LEHTpy aToma. llpu 3ToM Ha
3JIEKTPOHHOI 000JI04Ke MPOUCXOAUT pa3pyLIeHHEe MarHUTHOTO U TPABUTALIOHHOTO
IOJIEH, OCTaBINHECS «IIPORYKTHD) IoryiomaroTcst uépHoit apipoity (Ilkpynae @./1.
ria. 11. Atomsl mo oxHomy He cobupatotcs [10]). B He€ uMeroT «IocTyI» TOJIBKO
«QIIEKTPOHBD), KaK «OBIBIINE» HOCHUTEIH >JICKTPUYECKOH M MAarHUTHOM MaTepHil.
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MOXHO NpPEaNONIOXKUTb, YTO BJIEKTPOHBI HMMEIOT IIOMHUMO JJIEKTPUYECKOH H
MAarHuTHOM MAaTE€pUi HEYTO HEUTPaJbHOE — TO, YTO W IOIMANAET B LEHTP «UEPHOU
JIBIPBD», CIIOCOOCTBYS B TAIILHEHINIEM — TIPU B3PBIBE 3BE3/I6I B HOBOM MTPOCTPAHCTBE, -
dopmupoBath HoBoe BemiecTBo. U 3T0 «HEHUTpanbHOE» TAKXKe JOJDKHO COCTOSITh U3
TOW >K€ MaTepuu, YTO U DJIEKTPOHBI, HO OHHM JOJDKHBI UMETh CBOM OCOOEHHOCTH,
HanpuMep, He JOJDKHBI BpalllaTbcsd BOKPYT CBOEM OCHM WJIM IO CIUpPaId U T.II.
[Ipupona He H300MITYET CII0KHOCTSIMH.

Takum o6pazom, UépHast AbIpa — 3TO CpeIOTOUYNE MATHUTHOW MAaTepUU U eIIé
KaKo#-To HEUTpaJbHOW, €€ MEPHOCTb — MCKPHUBIICHHE — HaJM4yKle OOJIBIIEro yucia
pasHbIX, HO KBAaHTOBAHHBIX MAarHUTHBIX YacTHIl - OCHOBa JJS COOMpaHHs OPYTUX
KBAaHTOBAaHHBIX MArHUTHBIX W DJEKTPHUECKMX YACTHUL, HEOOXOIUMBIX IS
o0pa3oBaHHs BCETO MHOTO00pa3He XUMHUECKUX 3JIEMEHTOB MPU CHHTE3€¢ MCXOIHBIX
marepuii B @IIB. Cama! depHas OpIpay - 3TO «KOTEM» MO MEepepabOTKEe MaTepHH,
nocrynaromeii B He€, U, 3aTéM BBIXOAALIas B HOBOM IIPOCTPAHCTBE B BHJIE
MHOT000pa3ns nepBHdIHbIX Matepuid (IIM) mpu B3peIBe 3BE3/1, KOTOPOTO HAUMHACTCS
HOBBIM BUTOK 9BOJIIOLIMU 00pa3yIOLUIUXCs [IPU B3PbIBE METABCEICHHBIX.

Kak u3BectHo u3 konuenuu H.B. Jlesamosa, nocie GopMUpoBaHUs MJIaHETH! U
«JIMKBUJALUM» HEOTHOPOAHOCTH, KOTOpas o0pa3oBajach IIOCJE B3pbIBa 3BE3[bl,
NEepBUYHbIE MaTepud (KOTOPBIX OTPOMHOE MHOXKECTBO B KOCMOCE), CIOKOWHO
MIPOXOJSIT CKBO3b 3€MJII0, HUKAK HE B3aUMOJEHUCTBYsI C HEH, T.K. y’KE€ HE UMEIOT TOTO,
nepenazga MEpHOCTH, KOTOPBIN HyxeH i cuateza @IIM. Ilpu aTom Bee pu3nueckn
IUIOTHBIE TejJa TMOKPHITBI BOPCOM MIyHajblleB (OTOHOB (HE MPOMYCKAIOIINX
ANEKTPHUCCKYI0O MATEPHIO BIIIyOb), B3aMMOJACHCTBYIOIIMX TOJBKO C TOH, KOTOpas
B3aUMOJICHCTBYS ¢ ruOpumHod (M3 6-tu [IM), cozmaer PIIB. A Bce momoca
MarHUTHBIX YaCTUIl 3aMKHYTHI KI'YTUKaMH U HE MPUTATHBAIOT MPOXOMSIINE CKBO3b
TEJI0 MArHUTHBIC YACTHUIIBI TIEPBUYHBIX MaTepuil (IJEKTPOMATHUTHBIX «BOIHY). U

TOJNBKO onmHa — MaTepusi G, KOTOpPOil HET BO BTOpOHW - mIecToil cdepax,
B3anMOo/IeiicTByeT ¢ (pu3nyecku MJIOTHOI cdepoii (T.K. B HE €CTh KOMIOHEHTHI
matepud G) B BHJAE OJIEKTPUYECKOH Marepud - (OTOHOB), MyCTh H B

CHUHTE3WPOBAaHHOM C JpyruMu MaTepusmu Buue). OHa-To u coszpaeT 3ddext
MapyCHOCTH M3-32 NPUTATUBAHUS MAarHUTHBIM TOJIEM 3eMIH (POTOHOB, OKYTaBIIHMX
(bU3MUECKH MIIOTHOE BEUIECTBO M BBICTABHMBIIMX CBOM IIyMAalbla HABCTPEUY MOTOKY
¢doronoB marepun G. B pesynpTare moiy4aeTrcsl TO, UTO HA3bIBAIOT I'PABHTALMEI.
O4YeBHJIHO HACEKOMBIC M JXYKH «HAYYWJIMCHY» B IPOIECCE DBOJIONUHU YIPABISATH
Matepueld G, MOITOMY OHHM «HApYIIAOT» 3aKOHBI (PU3MKH, MOJHHMAs CBOH BeC
Bompekd e€ 3akoHaM. [Ipu OJOKMPOBKE MArHUTHOTO IOJIS WIIM YIPABICHHU STOU
Marteprued, MOXXHO co3nath 3(dexr anturpaButanuu. Ha OdupHom u apyrmx
ypoBHAX TpaBuTanuu HeT. Marepusts G B cocraBe (pU3HYECKH IIOTHOW MAaTepuH,
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coJiepKalleld MarHUTHBIE YaCTHIbI, U SBISETCA «TOPMO30M» «(T.K. OT3BIBUMBA» Ha
«auctyro» Mateputo G) JUIsi TPOXOXKIEHHS CBOOOJHBIX MOTOKOB 3TOW MaTepUH
(poToHOB) Yepe3 (HU3MUECKH IIOTHOE BEIIECTBO, co3maBas 3ddekr mapyca, T.e.
rpaBUTaNnI0. Bce ocTanbHBIE MaTepuH ¢ JAPYrUM KOX(PQPHIMEHTOM KBaHTOBAaHUS
CcBOOOJHO IPOXOJAT Yepe3 CUHTE3UPOBAHHYIO MAaTEpUI0, HE B3aUMOJEHCTBYS C Hell B
CHIIy TOTO, YTO Y HUX HET YK€ OOIIUX Ka4eCTB U HYXKHOT'O Iepernaia MEPHOCTH.

OTcroa TaKke MOXHO CIeJIaTh BBIBOJ, YTO MEPHOCTb CTPYKTYpPHUPOBAaHHOI'O
IIPOCTPAHCTBA CBsI3aHa CO B3aUMOAEHCTBUEM IEKTPUYECKON U MarHUTHON MaTepui,
BOT modToMy mnoToku I[IM HampaBieHsl OT OoJyiblIei MEpPHOCTH K MEHBIICH,
CBA3aHHOM C MArHUTHBIMH MAaTEPHUsIMH, HAXOAAUIMXCS B (PU3MUECKH IJIOTHOM
BEIL[ECTBE.

MarHuTHbIC YaCTHIIBI, T.€. MATHUTHBIC TTOJIS MJIM U3JTyYeHHUS U OTBETCTBEHHBI 32
CUHTE3 TSKEIBIX JIEMEHTOB, BOT IIOYEMY SIPO TUIAHETHI BCETAA TsKeliee BEPXHUX
cioem. Ilpm cuHTEe3e «paboTaeT» IIKajla dJIEKTPOMATHUTHBIX H3ITyYCHUH,
MpeJICTaBICHHAs BHIIIE.

Marepust G, kak U Ipyrue, IpeiCTaBIsIeT COO0H «MITKUE» DIIEKTPOMATHUTHBIE
U3JIyYCeHUS, T.€. COCTOSIIIE U3 AIEKTPHUECKUX YACTUI] B BHIE (DOTOHOB M MAarHUTHBIX
yactull [8], COOTBETCTBYyOLIME CIEKTPY 3HAYeHHH KOI(hQUIMEHTa KBAHTOBAHUS
MPOCTPAHCTBA i, T.e. KOJeOaHUsI OMpeNelIeHHONW 4acTOTHI MM OKTaBbl. Hampumep,
JKECTKOE - PEHTTEHOBCKOE M3TyYeHHE /10 TaMMbl U3JIy4eHus uMerot ot 54,375 no 60-
i oxTaBbl, T.e. 5T0 yactoTta ~ 10% -10% I'. ConHeunsrit cBeT — 48 okTaBa wm 104
I'u. ViMeHHO, TpuBeNEHHBIE BBIIIE PACCYXKIEHHUS IAlOT OCHOBaHHME CUHTATh, UTO
uMeHHO G MaTepusi M SBISCTCS HOCHTENEM JICKTPUYECKUX YACTHIl, KOTOPBIE H
MPUTATUBAIOTCS MAarHUTHBIM TOJIEM 3eMJIH, co3faBas 3PQeKT NPUTSHKCHUS HIH
rpaBUTAIINH.

[HeiictBuTenpHO, Hanpumep, npu cuHTede cemu IIM oOpasyercs (u3HMUSCKH
wiotHas marepus (PIIM), kotopass B OTIMYME OT JIPYyrux oOpaszoBanuid (cdep:
3(QUpHON, acTpaJbHONH WM UYETHIPEX MEHTAJIBHBIX) MMEET «TPABUTALHIO» - APPEKT
napycHocTd (cBoero pofa cOoii»), IPOSIBIAIOIIMICS 3a CUET BO3AEHCTBUS MaTepHU
«G» na ®IIM. C nos3unwmii napaaurmer Jlyanna A.A. npu aswkenun [IM «Gy»
(moTokoB ()OTOHOB) OT OOJNIBIIEH MEPHOCTH K MEHbIIEH, T.e. K LEHTPY 3eMiu (B
HallleM clly4ae), OHU cTajkuBatoTcs ¢ atomamu @IIM U ¢ uX 3IeKTpOHaMH, BEIOMBas
13 HUX MarHUTHBIE YaCTUIIbI, IPOSBIAIONINE CBOWCTBA HHepuMH [5]. MHaue rosops,
kak mumet Jlyaun A.A. B cBoell cratbe «O Kpu3uce B (U3MKE M O TPAaBUTALHN:
«...BC€ TejJa HA 3eMJie XOPOII0 HAYIEeKTPU30BAHBI €€ IIEKTPHYECKHM TMOoJeM,
MOTOMY OHHM TPUTATHBAKTCI MATHHTHBIM MoJieM 3eMJIH, 4YTO paHee JIIOIU
Ha3Baju rpaBuramueii. U 31o Bce!» MakT NpUTSKEHHs OAHOIO Teja JPYyruM
HACTYNAeT, KaK TOJbKO CHJIOBbIE IIYNAJbLA CTATUYECKOI0 MOJSA OJHOIO TeJja
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KOCHYTCH CHJIOBBIX INyHajJdbleéB MMOJdA ApPYroro teJja. Tenep},, €ClIM  OTHU
QJICKTPUYICCKUEC YaCTUIIBI HeﬁTpaHH30BaTL I 6.HOKI/IpOBaTI> MardiuTHOC IIO0JIC, TO
MOYKHO YCTPaHUTDh «T'PaBUTALHIO». OTO M MMPOUCXOOUT B XUTUHOBOM CJIOC JICTAIOIIUX
JKYKOB U IPYTUX HACECKOMBIX.

Kak n3BecTHo n3 konuenuuu A.M. XaTtpi00Ba, H3y4aTh MATEPHIO CJIeayeT
B cjelymoulieil moc/je10BaTeJbHOCTH, 4TO0bI c(OPMUPOBATH NPaBHJIbHOE
MupoBo33peHue: «CTporo opraHu3oBaHHasi IJla3Ma — MaTepUAJIbHbIE
CTPYKTYpBl (razoo0pa3Hoe — :KHIKOe — TBEpAOe Teao), TO €CTh
nocegoBateabHocTh okTaB ((128) — (126 — 74) — (72 — 66)) — (64) — (62 — 34)
— (32 —28) — (24 — 26) — (22 — 16) [9]. Ecau psix OKTaB MEPEBECTH B «OOBIYHBIC)
4acTOTHI, TO MOMyunM cienyrommii crektp: 10% — 10° I'u. PenrtrenoBckuii ydacTok
CIIEKTpa COCEJICTBYET C YIbTpaduoneToBbM. YacTOTHI PEHTTCHOBCKMX HW3IY4CHHIMA
nexar B npezenax ot 6010 1o 3+10° repu, uro cooTBeTcTBYET BosHAM OT 493 110
0,1 anrcrpema. OnaTe Mbl UMEEM J€JIO C JIEKTPOMArHUTHBIMH TIOJIIMH BO BCEM
JManazoHe 4acToT, (OPMUPYIOIIMX HAIl MUpP, U COCTOALIMX M3 DJIEKTPUYECKOH U
MarHuTHOM Martepuil. Ilpuuem, BOJHOOOPA3HOCTh H3IYHYEHUH MBI HCIIOJIB3YEM C
LEJIBIO0 YNpOoujeHus NOHUMAHUA BCEX IPOLECCOB, NMPOUCXOMAIIMX B H3IIy4yaeMOM
aToMe. JTO MaTeMaTW4ecKUd NpHeM, a He 0moOpasxceHue UCHMUHHOLU NPUpoobl
npouecca. Ha camom nienie, HarmpuMep, aToOM M3JIy4aeT KBaHT CBETA - 3TO eIUHUYHBIHI
aKT, HO clieylollee 3a 5THM HOBOE HM3IIyueHHe — YK€ MOAYJIUPOBAHHBIN Ipollecc,
KOTOPBI MOXXHO TIPEICTaBHTh B BHJE KoyieOaHUs. OCHOBHBIMH XapaKTePUCTHKAMHU
CBETa KaK BOJHOBOIO MpoLecca SBISIOTCA YACTOTAa V JUIMHA BOJHBI A
KopnyckyJisipuble cBoiicTBa cBeTa XapakTepu3ytoTcsi (OTOHAMH, T.€. YACTHLAMMU.
O4YeBUJHO 3lIeCh HY)XKHO HABOJUTH TIOPAJOK TOHSATHSAMH: YTO TPHUBHECCHO U3
MaTeMaTHKH, a YTO U3 OIbITA.

Hywmaro, uto JIyann A.A. He cimyyaiiHO Hamucal:

1. DnexkTpoMarHUTHBIX BOJH B HpUpoAe HeT. EcTh KOpIycKyJspHbIE
MOJYJTHUPOBAaHHBIE IPOIECCHL.

2. Pagmo, TemioBble M CBETOBBIC MPOLECCHl PEATHU3YIOTCS (OTOHAMH C
Pa3HBIMU CKOPOCTAMU JABHXEHUSA. DTO — IIEKTPUUECKUE U3ITYUECHUS.

3. PeHtreHoBckoe wuzMydeHHe, Y-uU3IydeHHE C OONBIIONW MPOHUKAIOLICH
CIOCOOHOCTBIO PEATN3yeTCss MATHMTHBIMH YaCTHIAMHU C Pa3HBIMU CKOPOCTSIMU
JBMO)KEHUSI. DTO — MarHUTHbIE U3ITy4YEHUs..

4. MarHuTHbIC H3IIy4E€HHS HMEIOT CHJIbHbIE OMONOTHUECKHE U XUMUYECKHE
BO3IEUCTBHS.

S. Mup co3maH W3 JABYX «IJEMEHTapHBIX» YacTUI (OTOHA — HOCUTENS
UIEKTPUYECKOl MaTepuu (MaTepuM, a He 3apsija) U MArHUTHOH 4YacTHIbI,
obyafaromel CBOMCTBOM MPHUTSHKEHHS JJIEKTPHUCCKOM MaTepuul JIIOOBIM U3
TIOJIFOCOB.
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6. Vxe ceiluac ecTb MarHUTHbIE TI€HEPATOPBI, CIOCOOHBIE CHEJIATH
MATHMTHBIMH JII00bI€ IpPeAMeThbl U JaXKe BIMATh HA IOroly. B TedeHHe MHHYT
MOKHO BBI3BaTh JI0XKIb U IPO3Y.

7. MarnuTHas dYacTHna, o0ianas coOMpaTelbHBIM CBOWMCTBOM, SBIISETCS
OCHOBOIi MOCTpoeHusI Te1 M BemecTB. OHA K€ MOXKET UX U Pa3pyIIUTh.

8. O0e 3TM YacTHIOBl MMEIOT HEOTPAaHWYEHHYIO AOJTOBEYHOCTH B HAIIEM
YaCTHOM 00pa30BaHHUHU MHpA.

1. PoaguTenieM TMONEBBIX YACTHL SBISIETCS JJIEKTPOH, B KOTOPOM HX
comepxurcst ~3¢101%wt., sBISIOIMXCS CTPYKTYPHBIMU OOPA30BAHUSMH  HAIIETO
yacTtHOro Mupa.

[MocnenHroro MbIcTb Kak Obl moaTBepxkaaoT CAB:

Hexorpa, Bepree Torna,
KOT/1a e1ie He ObIJ10 BpeMeH,
He 0b1710 MupoB u PeanbHocTeid,
HaMH, JIIOJIbMH, BOCHIPUHIMAEMBIX, OBLI,

He BOILIOIIAsICh, OJNH TOJbKO Bennknii Pa-M-Xa’.
OHn nposiBuiicst B HoByto JlelicTBUTENBHOCTb. ..
*Khkkkhkkikkkk
...n ot Bocupusatus Hopoit
Beskpatineii beskoneunoctu
o3apuJicst Bennkum Csetom Panoctu.

U Tornma mosgBunace
beskoneunast Hopasi Beunocts
B HoBoili JleMCTBUTENBHOCTH POAUBIIASCS,

1 O€3KOHEYHOE YUCIIO €€ MPOSBICHUI MOSBUIIOCH.
Tax osSIBUIIOCH TO, UTO MBI, JIFOJIH,

Kak npoctpaHcTsa Mupos
SBu, HaBu u [IpaBu BocnpuHHMaeMm.

B ToT camblii mur,

Korpa oromen He MeHee yem
Ha onny MupHyto 105110 JIMHUU
Ot Bennuatimero Mcrounuka Marnmm,

To IlepBo3mannsiit XKuoit Ceet
[TepecTan OBITH YACTBIO TOTO,

Koro wmb1, mou, nmenyem Benukuit Pa-M-Xa,
Kak cBet ot Apunsi-Connna
WIIH JTyYUHBI TOPALIEH
He siisieTcs Spunoi-CotHIIeM UITH JTyYUHOU.
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YToOBbl BOBHHK MATPUYHBIA MHpP, B KOTOPOM MBI HaXOJWMCS, W3HAYaJbHO B
MPOCTPAHCTBO JOJDKHBI OBITh OBLTM BOpPOIIEHBI OJHHU DIICKTPOHBI, HECYIIUE CBET
((OTOHBI NEKTPUUECKON MATEpPHH) W BCEMPOHUKAIONIYI0 MATHUTHYIO MAaTEpHIO, U3
KOTOPBIX TOTOM (POPMHUPOBAIUCH JIEKTPOMATrHUTHEIE H3TYUYCHHUS U Jasiee Mup SIBu —
BHUJIUMBIN MUD.

To, 9TO MOSBHUIOCH CTAJI0 CAMOCTOSITENIEHOW YacThi0 OT 1ernoro. [Tomyuaercs,
4yTo HEKTO Pa-M-Xa 4T0-TO BBITYCTHII B IPOCTPAHCTBO U Jlajiee HAa4ajocCh. ..

BriBoapbl:

1. K marHuty wim MaTepuaiaMm, B KOTOPBIX UMEIOTCA MCTOYHMKH MarHUTHBIX
YaCTHIl, MOJDKHBI MPUTSATHBAThCS JIFOOBIE MaTepHalbl, HE HMMCIONINE MarHUTHBIX
YacTUl], HO UMEIOIIME IEKTPUUECKUE YACTHULIBL.

2. MarHuTHOE TIOJie TIPOBOAHUKOB C TOKOM (IIOCTOSIHHBIM WJIM TIEPEMEHHBIM)
B3aUMOJIEHCTBYET C HEMOABUKHBIMU 3apaJaMU, COAEPKAIUMHU MarHUTHbIE YaCTULLBL.

3. JlomoNHUTENbHBIE  AKCIIEPUMEHTHl  [MOKa3ajd, YTO MArHHTHOE IIOJIe
[IOCTOSIHHOT'O MAarHuTa B3auMOJEICTBYEeT C Iy4yKOM CBeTa (MOTOKOM ()OTOHOB) —
UIEKTPUUECKOl Marepueil. DTo elie pa3 MOATBEP)KAAET AIEKTPUUECKYIO IPUPOLY
($OTOHOB.

4. Mapagurma JlyanHa A.A. TOATBEpX AaeTcS IKCIEPHUMEHTAIbHO M MOXKET
OBITH OCHOBOI! 151 HABEICHUSI MOCTOB MEXIy MapaaurmMamMu HoBbIX 3HaHUIA.

5. PaccMOTpeHB! TpHU HayuHbIE MapaJurMbl, B KOTOPBIX UCCIEIyeMbIi O0OBEKT
AQHAJIM3UPYETCs] ¢ IPUMEHEHUEM DPa3HbIX MHCTPYMEHTOB M IoaxonoB: Jlyuun A.A.
paccMaTpuBaeT OOBEKT IUAJICKTHUYCCKH B €r0 HHEPIHOHHOM MPEACTABICHHH C
TOYKH 3peHHs Kiaccmueckoi ¢uzmku; Jleamo H.B. — nuamexTndecku ¢ OCHOB —
NEPBUYHOM MaTepuH B BUJAE SJICKTPOMATHUTHBIX KOJEOaHWH, MMEIOIINX pa3HyIO
MEPHOCTh M HMEIOIUX BO3MOKHOCTH ITPH OIPENEICHHBIX YCIOBHSIX CHHTE3HPOBATH
MaTepHuH, KaKk B HHEPLUOHHOM, TaK U B HEMHEPLIMOHHOM COCTOSIHUSAX; XaThI00B A.A.
— IMaNeKTUYECKH KaK CYINEpPIIO3HLUIO 3JIeKTPOMArHUTHBIX KOJI€OaHUH pa3HbIX OKTaB
B BHJE HUHEPLUOHHOM M HEUMHEPLUMOHHOM cocTaBmomux. Iloaxoxel aBTOpOB
BBI3BaHBl HEOOXOAUMOCTBIO HAa OCHOBE M3BECTHBIX 3HAHUIl MOKa3aTh MHON — HoBblit
U 3HAYUTEIbHO OIMXKe K MCTHHE B3TIIS.
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