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BBenenune

Marnetnsm. OIHO U3 caMBbIX 3ara/IouHbIX SABJIEHUA MUPO3/1a-
HUA. EciM npoaHann3upoBarh CTaTbl O MarHETU3ME, TO HECIIOK-
HO 3aMETUTh HETOYHOCTH U Jlaxe HecypasHocTu. B 3tou cra-
Th€ S IOLIArOBO MOMBITAJICS, B JJOTUYECKOM BAPUAHTE, IPE/ICTA-
BUTb MPOLIECC HAMAarHMYMBAHMA Keje3a. YUUThIBas YCTOsBIIE-
ecsl IPEACTABJIEHUE O TEOPUM MAarHeTW3Mma, MpoIly MPOYUTaTh
JO KOHIIA.



N cTouyHnk marneTuzma
y peppoMarHeTuKOB

Wcxonum 13 HeIHEIIHEro MOHUMAaHUs MarHeTusma: « Maraur-
HBIIA MOMEHT atoMa 0OYCJIOBJIEH MUKPOCKOITMYECKUMH TOKAMH,
CO3/1aBa€MBIMHU:

1. OpOuTaIbHBIM JIBUKEHUEM IEKTPOHOB.

2. CniHamMu 3JIEKTPOHOB U ALEP»

OpOuTtanbHOe IBUKEHUE JICKTPOHA, 10 CYTH 3TO JICKTpUYe-
CKUH TOK, BOKPYI' KOTOPOro oOpa3yeTcsi Bpallalolieecsi Kpyro-
BOE MarHUTHOeE 1oJjie. Bce BepHO, ¥ BOPOCOB HE BBI3HIBAET.

Yrounnm. CIHOM Ha3bIBaeTCSl €r0 COOCTBEHHBIM MarHWT-
HBIII MOMEHT, OOYCJIOBJIEHHbII €ro COOCTBEHHBIM BpallleHHMEM
BOKpPYT cBoeil ocu. YTo Takoe COOCTBEHHBI MArHUTHBIA MO-
MeHT? [lo cyTu 3TO0 COOCTBEHHBIE MarHUTHBIE TIOJISI NEKTPOHA
u agpa’?

Uro takoe MarHuTHOE Mojie siapa? TpyaHo MpeAcTaBUTh, YTO
S/1pO BpaIaeTCsl BOKPYT CBOEM OCH, HO HE CTAaHEM CIIOPHTb, a TTO-
pasmbliuisieM Haf 3TuM. Eciu sipo Bpaiaercsi, To y Hero ectb
cOOCTBEHHOE MarHUTHOE TIOJIe.

DJIEKTPOH TOXKE BpAILlaeTCsi BOKPYT CBOEH OCH M TOXKE UMEET
CBOE€ COOCTBEHHOE MarHUTHOE TIOJIE.

Ha ocHOBaHMU BbIlIECKa3aHHBIX PacCyKIEHUI KOHCTATUPY-
€M TO, YTO B aTOMe CYILIECTBYET TpY BHUJA MArHUTHBIX MOJIEH.



Ecnu ecTb 1ois, TO OHU JIOJKHBI KaK-TO MEXIy cOOOM KOHTaK-
TUpoBaTh. Kak MHe npejcTapisercs, siipy aroMa HET HYX[Ibl
BO BpaieHuH. Takoe BpallleHHWe, Ha MOW B3IJIS/, CHEeNano Obl
aTOM KpaiiHe HeyCTOMUYMBON KOHCTPYKIIUEH, TaK KaK B3aMOJIen-
CTBHME TPEX Pa3HOHANPABJIEHHBIX MarHUTHBIX MOJIEWd HE MOXKET
ObITh cTaOWIBHBIM. TO ecTh, IIpU BpAIllEHU! sIJIpa W IEKTPOHA,
BEKTOpA, NP OMNpPENIETIEHHBIX CUTYaIlUsIX, MOTYT OBbITh HAIpaB-
JIEHBI, KaK HaBCTpeuy APYT IPYTry, TaK U B OIHY CTOPOHY.
[epeiinem k anektpony. [Ipeanonaraercs, 4To EKTPOH Bpa-
11aeTcst BOKPYr cBoeil ocu. Bo3MokHO, 4TO 3TO Tak, HO €ro Bpa-
IIEHUE HE MOXET CUUTAThCS JIEKTPUUECKUM TOKOM, HO €CJTM HEeT
TOKa, TO HE MOXET ObITh U MArHUTHOT'O MOTOKA. DTO 51 OCHOBbI-
Bal0 Ha (POPMYJIMPOBKAX NEKTPUUYECKOTO TOKA, KOTOPbIE MOXK-
HO HAWTU B JTIOOOM Y4eOHHKE IO IeKTpoTexHuKe. [10BTOpIoCh.
DNeKTPUUYECKUI TOK — 9TO HAlpaBJIeHHOE ABM)XEHHE SJIEKTPO-
HOB (3aps10B). CIMH HEJb351 CUUTATh HAIIPABJIEHHBIM JABUKEHU-
eM aniekTpoHa. Ho ecTh ellie oiMH acnekT, MpoTUBOpeYallliil Bbl-
BOJIOB (PMIBMKH MO MarHetusmy. [lormyctum, 4ro, COIJIaCHO Cy-
IIECTBYIOIIEH BEPCUU, CITUH MOXET «UHIYIIUPOBaTh» CBOM Mar-
HUTHBIN TOTOK. Bo3Hukaet Borpoc. Kak a5ekTpoH MoxeT oOma-
Jath cpa3y aByMs cBoiictBamu? VIMeTh /1Ba MOJisi OMHOBPEMEH-
HO? DTO MarHUTHBIA MOMEHT, OOYCJIOBJICHHBII CITHOM W Mar-
HHUTHOE T0JIe, 00pa30BaHHOE JIBUKEHUEM JIEKTPOHA 0 OpOHTeE.
HoryctuMm, 4To Takoe MOXeT ObITh. MITak, Mbl UMEEeM 3JIEKTPOH,
KOTOPBIN BUKETCSI TIO OpOUTE U BIIOJIHE 3aKOHHO MMEEeT Mar-
HUTHOE 1oJie. [JormycTrM, YTO CIIUH 3JIEKTPOHA TOXE UMEET CBOE



oJjie, HO MO 3aKOHY CUJIbHOTO, MarHUTHOE MOJIe CIMHA, J0JIK-
HO OBITh MOJTYMHEHO O0JIee CHITLHOMY TIOJIO 3JIEKTPOHA, HHIYITH-
POBaHHOT'O €ro JABMXeHreM no opouTte. Toraa, JOrUYHO yTBEP-
KJaTh, YTO BEKTOPbl ITUX IOJEW COBMAAYT MO HAINPaBJIEHUIO.
K yemy npunm? K Tomy, 4to MarHuTHbIe CBOMCTBa (peppomar-
HETUKOB 3aBUCAT UCKJIIOUMTENIbHO OT MarHUTHBIX TOJIed, KOTO-
pbie CO3AI0TCS IBUKEHUEM JIEKTPOHOB 10 opOutam. OpOuThI
JIEKTPOHOB B BEILLIECTBAX UMEI0 XAOTUYECKOE PACIIONIOKEHHUE, TO
€CTh TUIOIIAIM OPOUT HE COBMAJAIOT JIPYT C APYTOM, a BEKTOPBI
UX MarHUTHBIX TIOJIEH, HAMPABJIEHBI TAKMM 00pa30M, 4TO KOM-
MIEHCUPYIOT ApyT Apyra. PeppoMarHeTvk, B MAarHUTHOM OTHOIIIE-
HUM, HeuTpaseH. Ele o cnvHe 371eKTpoHa.

CriuH — 3TO BpalleHUE SJEKTPOHA BOKPYr CBOEH OCH,
HO B TOM-TO W JIeJIO, YTO YYeOHUKH MO (PU3MKE YTBEPXKIAIOT,
YTO MOAABJISIONIEE UX KOJMYECTBO MOIMAPHO BPAIlAIOTCS B pas3-
HbIE CTOPOHBI, U JIMIIIb HEOOJbIIIOE UX YUCIO HE UMEIOT Maphbl.
O yem 310 rOBOpUT? DTO TOBOPUT O TOM, YTO MAarHUTHBIE [TOTO-
KM, HABCTPEUy BPALIAIOIIMXCA B IAPE NEKTPOHOB, KOMIIEHCUPY-
10T IpYT apyra. Te MajlounclieHHbIe, OCTaBIIMeCs Oe3 Maphl JIeK-
TPOHBI, HE MOT'YT CO3/1aTh MOIIHBII MArHUTHBIN MOTOK, J1aXe €C-
JI1 OHU OPUEHTUPOBAHBI B HYKHYIO CTOpOHY. [IpoTuBOpeune siB-
Hoe. YTo ke mpoucxomuT ¢ 3neKTpoHoM? Eciu cnuH He ABis-
€TCs1 ICTOYHUKOM MarHUTHOTO TIOTOKA, TO, KaK 3TOT MOTOK 00-
pazyetcs? [IpeacraBum cebe opouty anekTpoHa. He BaxHo, uto
9TO KOPIYCKYJIa WM pacTsHyTasi o opoute Macca. [lo opoure
JBUKETCS MEKTPOH, a Mbl 3HAE€M, YTO JBUKEHHUE IEKTPOHA —



9TO IEKTPUUECKUil TOK. Ecii ecTh TOK, TO MO mipaBuity Oypas-
gyrKa 00pa3yeTcs MePIeHIUKYJISIPHO HAlTPaBJIEHHbBI MAarHUTHOE
TMOTOK.

CmoTpu pucyHoOK 1.

Cxema

PacnoNoMeHMA MarHMTHONoO NOToKa ODEHTI:I INEeKTpOHa

OPEMTA

HanpasneHWe MarHMTHOro
noOTOoKa, OGDJJOUJHHOFO
ABWIHEHHMEM INEKTPOHa
no opBure

PucyHox 1.

IIpumeyanue aBTopa: PUCYHKY HE OTpakaioT CTpOEHUE aTOMa
KaKOro-Jmoo0 BellecTBa.

Yro xe mpon30MIET, eClIi MbI OyJIeM BO3IeCTBOBATh Ha (hep-
POMArHeTHK MOCTOSIHHBIM MarHUTHBIM MOJIEM ?

[TomecTum BbllIEyKa3aHHBIA aTOM B MTOCTOSIHHOE MarHUTHOE
nojie. Opouta n300pakeHa MyHKTUPOM.

CMOTpU Ha PUCYHOK 2.



Cxema

nepemetuleHun (nosopoTa) opbuTbl 3neKTpoHa
deppomarHeTmKa

B MAarHUTHOM NOTOKe
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PucyHok 2.



CwiibHOE BHEIIHEe MarHUTHOE T0JIe «ITOJYUHUT» ceOe Ooee
crnaboe MarHUTHOE TIOJIE IEKTPOHA. BEeKTOp BHEITHEro MarHuT-
HOT'O TIOJISI ¥ BEKTOP MOJIST AJIEKTPOHA CTaHYT OMM3KUMU IO Ha-
npaeiieHnIo. VI3MeHeHne HarpaBieH!s1 BEKTOpa MarHUTHOT'O TO-
JISL JIEKTPOHA 3aCTaBAT OPOUTY €ro MOMEHSITh CBOI0 OpUEHTa-
IO,

MarHuTHbIe TOJI1 BHEIIHWE M MarHUTHOE MOJIe JIEKTPOHa
00BbEIUHATCS.

I HarISITHOCTH M3MEHEHUSI TOJIOKEeHUsI OpOUTHI, Ha He
oOo3HavyeHa Touka A. [lomeHsieM MecTamu MOMIOCa BHEIIHErO
MOCTOSIHHOTO MarHuTa. Yro npousonger?

Terneps BEKTOp MarHUTHOTO TIOJISI JIEKTPOHA OyJeT Harpas-
JIeH HaBCTpevy BHEITHEMY MarHUTHOMY 1oftio. [loquuHssick 60-
Jiee CUJIbHOMY MAarHMTHOMY IOTOKY, BEKTOp TOJIsI JEKTPOHA
HauyHEeT BCTPAMBAThCS B HOBOE HAIPaBJIEHWE MArHUTHOTO IIO-
Toka. HaunHaetcs nepemarnnumBanue peppomarsetuka. B ka-
KOM-TO MOMEHT (PEppOMarHeTHK MOTEPseT BHEIIHUE MArHWT-
Hble cBOMCTBa. To ecth, OH pazmarHuTUTCcsl. OpOUTa IMEKTPO-
Ha BepHeTCs B NpeskHee nosoxenue. (M300paxeHa myHKTUPOM).
[Ipu panpHelieM BO3JIEHCTBUU BHELIHETO MAarHUTHOIO MOJIs,
OHAa MPOAOJIKUT Pa3BOPOT JI0 TeX MOp, MOKa UX BEKTOpA CTaHYT
OJIM3KMMU T10 HAIPABJICHUIO U MAarHUTHBIC TIOJIST OOBEIMHSITCS.
CMOTpH pUCYHOK 3.



Cxema

DBuxeHua (pa3sopoTta) opbuTbl 3nEeKTpoHa
deppomarHeTuka npu M3MEHEHWM HanpaBaeHua
BHeLWHero nona Ha 180 rpagycos

S

PucyHok 3.



Touka A, mpoaenaB MOYTH MOJYOKPYXKHOCTh MO Yaco-
BOM CTpeJIKe, 3aHsla HOBYIO MO3ULMI0. BEeKTOp HaMarHu4eH-
HOCTH (peppoMarHeTvika M3MEHWJI CBOE HaIlpaBJIEHHE I0YTH
Ha 180 rpamycoB. To ecTb (peppoMarHeTMK NepeMarHUTHIICS.
[IpoiiaeHa yacTb netiu rucrepesuca. [lomeHss enie pa3 nomoca
MIOCTOSIHHOTO MAarHuTa, TEM CaMbIM IEPEMAarHUTUM (peppomar-
HeTUK ellle pa3. [lemns rucrepesnca 3aMKHETCSI.

K yemy 310 Bce? K TOMy, 4TO OCHOBHBIM UCTOYHUKOM MarHe-
TU3MAa SIBJISIETCS. MArHUTHBIN MOTOK JIEKTPOHA.

Mu1 ipociieny paboTy MarHUTHOTO TIONIS OHOTO 3JIEKTPO-
Ha C BHEIIHUM MarHuTHBIM MoJsieM. ByaTo Obl JIOrMUHO, HO CO-
XPaHSTCS JIM BbIILIEYKa3aHHbIE MTPOLIECCHI TOTa, KOTAA JIEKTPO-
HOB MHOTO?

PaccmoTpum atom (peppomartetrka. OpOUTHI PaCTIONOKEHbI
1o Bceil cpepe sapa. MaruuTHble 1ossi, 00pa30BaHHbIE BHKE-
HHUEM 3JIEKTPOHOB 10 OpOUTaM, B3aUMOAEUCTBYET MEXK]Ty COOOM,
co3aaBasi BHyTpeHHee 3aMKHYTOe 1ojie atoma. ATOM He oOpasy-
€T BHEIIIHETO MarHUTHOTO MOJIS.

CMOTpU pPUCYHOK 4.



Cxema (npubaunsutennHan)

pacnonoxeHua opbuT enesa* go sBo3gencTems
NOCTOAHHOrO MarHUTHOIO Nons

OpbuTbl

Agpo

PucyHoK 4



[TomecTM yKa3aHHBIM aTOM B MOCTOSIHHOE€ MarHWTHOE TIO-
ne. BekTopa MarHWTHBIX TOJEH MEKTPOHOB MOMUYMHATCS OO-
Jiee CWJIBHOMY BHEIIIHEMY MarHUTHOMY nomo. B 3aBucumoctu
OT HaMPaBJICHUI STUX BEKTOPOB, OPOUTBHI AIEKTPOHOB Pa300bIOT-
Csl Ha JIBE TPYIIIbI, KOTOPbIE HA CXeMe, ISl HarJIITHOCTU, UMEIOT
pasHble 11B€Ta. BEKTOpa MarHUTHBIX MOTOKOB JIEKTPOHOB MPHU-
MYT HarpaBJieHHe OJM3KOe K HaMpaBJIeHUI0 BEKTOpa BHEIITHETO
1ojisi. MarHUTHBIE MOTOKKM 00beaUHATCA. CMOTPU PUCYHOK 5.

[lomeHsieM MecTaMM MOJIIOCAa MOCTOSIHHOTO Mar’ura. Pucy-
HOK 0.

Tenepp Bce MarHUTHBIE BEKTOpa 3JEKTPOHOB HAIpPaBJICHBI
B ITPOTHBOIIOJIOKHYIO CTOPOHY, HABCTPEUY MOTOKY MOCTOSTHHOTO
MarHuTa. [Tox neicTBIEM 3TOro 1MoJist OpOUTHI CHavYaIa BEpHYTCS
B NOJIOXKEHHUE, MOKA3aHHOMY Ha PUCYHKE 4, 3aTeM UX Pa3BOPOT
MPOAOJIKUTCS A0 MOJIOKEHUs] YKa3aHHOMY Ha PUCYHKE 6.



Cxema (npubnusutenbHas)
PacnonoxeHus opbuUT 3N1EKTPOHOB Kenese npu
BO3,D,EFICTBHI-‘I MNOCTOAHHOIO MarHMTHOro nonAa

N
‘ OpbuTsl
-z
A0PO ﬁgé -
S

PucyHok 5

[Tpownsonuio nepemarunurBanus (peppomMarHeTuka. Maraur-
HbI€ TIOTOKU JIEKTPOHOB OObEIMHUIIUCH, M TIOMEHSITM HaIlpaB-
JIEHHE CBOMX BEKTOPOB MouTH Ha 180 rpamycos.



Eciu MblI enie pa3 noMeHsieM MeCTaMH M0JII0ca IOCTOSTHHOTO
MarHuTa, TO OpOUTHI BEPHYTCS B MOJOKEHNE YKa3aHHOMY Ha pH-
CYHKeE 4, 3aTeM B NOJIOKEHHUE YKa3aHHOMY Ha PUCYHKE 6.

Cxema (npubnnsutenbHas)
PacnonoxeHuna opbut 3neKTpoOHOB enese npu
BO34EWCTBMI MarHMTHOIO NONA

OpbuThbl

AAPG

PucyHoK 6



[lemsia rucrepesnca 3aMKHETCS.

Yrto mpousoieT, ecaum Mbl yOepeM TMOCTOSHHBIA MarHuT?
Bepuytcsi 1 opOuThl Ha TipexHue Mecta? BepHyTbcs OHU
HE CMOT'YT, TaK Kak BHOBb 00Pa30BaHHOE MarHUTHOE TOJIE JJIeK-
TPOHOB, X YIEPKUT HA TEX MECTax, I71e OHU HAaXOAWJIMCh HA MO-
MEHT CHATHS BHELIIHETO MarHUTHOTO TOJIA.

CMOTpU PUCYHOK 7.




Pucynok 7
B marnetusme ectb NOHATHE JOMEHA.

Bosnukaer Bompoc. YTo npousoieT ¢ opueHTarmein opour
B aTOMax napamardHeTukoB? Eciy BEpHYThCA K CIIMHY JIEKTPO-
Ha, TO Ka3aJI0Ch Obl, UTO MapaMarHeTHK TOXe JIOJKeH ObITh (hep-
POMAarHeTMKOM, TaK KakK 3JEKTPOHY HUYEro He MeUIAeT MOMe-
HATb opueHTauuo. Ho storo He nmpoucxogutr. O4eBUAHO, YTO
CTPYKTypa sijiep NMapaMarHeTUKOB HE TMO3BOJISIET 3HAUMTENIbHO
MEHSITh OPUEHTAIINI0 OPOUT 1eKTPOHOB. [lapamMarHeTuk pearu-
pYET TOJILKO TeMU OpOUTaMU, KOTOPblE M3MEHWI OPUEHTALIUIO
HE3HAYMUTENILHO WM YK€ OPUEHTHPOBAHbI WJIM UMEIOT OJU3KYIO
OPUEHTAIMIO K BHEIITHEMY MArHUTHOMY MOTOKY.
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