Maz2HUmHoe none

Maz2HUMHbIU MOMEHM amoma.
JlapmopoascKaa yacmoma.
lMapamazHeMuKu U duama2HeMuKuU.
MazaHumHoe nose 8 sewiecmae.
MazHUMHaA NnpoHUUYaemocme.
Ycnoesusa 014 nona Ha 2paHuye pasoesna 08yx
Ma2HEeMUKOS8.
beppomazHeMuUuKu.

[ucmepe3uc 8 heppomaz2HeMUKax.



OpbumasnbHbIU MA2HUMHbLIU MOMEHM

JNEeKTPOH, BpawalowWuincas B aTome nNo opbuTe,
5KBUBANIEHTEH BUTKY C TOKom. OpbutanbHomy
NBUXEHUIO 3/IeKTPOHA KaK MaTepuasibHOM Touke

f COOTBETCTBYET MEXAaHMYECKUN MOMEHT MMIMYy/ibCca.
Mex BUTKY C TOKOM - MarHUTHbIK MOMeHT. OH Ha3blBaeTcA
< ® > > opbUTaNbHbLIM.
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OpbuTanbHbIM MEXAaHUYECKMM MOMEHT KBaHTyeTCA
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CriuH

S
INEKTPOH TaKxe 0b6nanaeT u cobcTBEHHbIM (CMMHOBBLIM ) MEXaHUYECKUM ijex

M MAarHUTHbIM MOMEHTOM Pr%

CnuHoBoe MpoOomMmarHMTHoe oTHoweHune —



MarHMTHbIM MOMEHT aTOMa

MarHUTHbIA MOMEHT A4pa NpeHebpeskumo mann.
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MarHeTUKn — BelecTBa, KOTOpble BO BHeLWHeM MarHMTHOM nMnoJsie CaMiu
CTAHOBATCA UCTOYHUKAMM COOCTBEHHOIO MAarHUTHOrO NoAA.

KnaccmédumKkauma marHeTUKOB:

v Pna]‘ — () - AMamarHeTuku;

v Prﬁ‘ ~+ () - napamarHeTuku.



Amom e Ma2HUMHOM rnose

B OTCYTCTBMM MArHMTHOrO MOJS KY/NIOHOBCKas cuia coobulaeT BpallatoLemycs
BOKPYr AZlpa 31EKTPOHY HOPMaJibHOE YCKOPEHME.
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Amom 8 Mma2HUMHOM nosae
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Amom 8 Mma2HUMHOM nosae
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Cuna JlopeHua Hanpas/sieHa NpoTMB cunbl KynoHa. B3aumopencreme 3neKTpoH —
A0PO YMEHbLUAeTcA, MO3TOMY M YacToTa BpPALLEHMA 3S/NEKTPOHA YMEHbLUAETCA.
CnepoBaTeNibHO, TAPMOPOBCKAs YacTOTa HaNpaB/ieHa MO BEKTOPY MHAYKLUMUWN.

MarHMTHOe none npuaaeT AONOJHUTENbHOE ABUMKEHME 3apPAXKEHHOM yacTuue
(anekTpoHy). [lononHuTeNnbHOe [ABUMEHME  MOMKHO  paccMmaTpuBaTb  Kak
WHAOYKUMOHHbBIM TOK, @ No npaBuay JleHUa OH HanpaBAeH NPOTUB MNONA €ero
NopoAUBLLEro. 3TO AONOJIHUTE/IbHOE ABUMKEHME HA3bIBAETCA NPELECCUOHHbIM.



Amom 8 Mma2HUMHOM nosae

Teopema Jlapmopa: [lpn HannyuMm BHeLWHero MNOCTOAHHONO MArHUTHOro nosaA
BHYTPEHHee [ABUXeHMEe 3SNeKTPOHOB aTOMa He M3MEeHAeTCA, HO aTOM B LeJ/ioM
Nosy4yaeT 40ONONHUTE/IbHOE BPALWLEHUE C YIIOBOM CKOPOCTbIO
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Pe3ynbTaTOM BAUSIHUA MarHUTHOrO NoAsA Ha opbuty
3/1IeKTPOHa B aToOMe ABASAETCA npeueccusa opbuTbl
OpOUTANbHOrO MArHUTHOrO MOMEHTA 3/IEKTPOHA C
NNAPMOPOBCKOM YINOBOMW CKOPOCTbIO BOKPYr OCW,
NPoXoAsallen 4yepes AAPO aToOMa MNapanfienbHo
BEKTOPY MHAYKLUMN MArHUTHOTO MOAS.




duamaz2Hemuku
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Mpeueccua opbUTbI 3N1EKTPOHA MNPUBOAUT K MNOABAEHUID WHAYKLUMOHHOIO TOKa,
KOTOpbI  co34aeT no/se, HanpaBiAeHHOEe MNPOTUBOMONOMNKHO  BHELLUHEMY,
Bbi3BaBLIEMY 3Ty npeueccuto. MarHUTHbIM MOMEHT 3TOro TOKa (NpeueccMoHHOro

NBUXKEHNA)
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duamaz2Hemuku

HamarHM4YeHHOCTb - MarHUTHbIN MOMEHT eANHULbI 0bbema
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Bce BewectBa o0b6napatoT AMaMArHUTHbIMKM CBOMCTBAaMM. MarHUTHble CBOMCTBA
AMaMarHeTMKa He 3aBUCAT OT TeMnepaTypbl.



duamaz2Hemuku
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YaoNuMHEHHbIN 06pa3el, AuMamarHeTMka B OAHOPOAHOM MarHMTHOM nonae
OPUEHTUPYETCA  MNEepPneHAMKYNAPHO  CUJIOBbIM  JIMHUAM  UHAYKUMKU. B
HEeoAHOPOAHOM MarHMTHOM MOJie OH BbITeCHAETcA B obnactb cnaboro nons.
MpucTaBKa «amMa» B CNOBE AMAMATrHETUK NO-TPEYECKU O3HAYAET «MOMEPEKY.
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ATOMBI NnapamMmarHeTnka HUMerT CO6CTB€HHbII71, OT/INYHbIA OT
HYNA, MArHUTHbIM MOMeHT. TensnoBoe ABUXKeHue 6ECI'I0pF|,£I,OHHO
AE30PUEHTUPYET cobCTBEHHbIE MArHUTHbIE MOMEHTbI aTOMOB
NnapamarHetTnka, nosaTomy B OTCYyTCTBUUN BHELWHErTro MarHUTHOroO
nonAa napamMarHeTuKk He HamarHn4yeH.

B MarHUTHOM none BO3HUKAET npemmyulectBeHHan
opneHTauma MarHMTHbiIX MOMEHTOB dTOMOB. MarHuTHble
MOMEHTbl OPUEHTUPYIOTCA BAOJIb NMHUM nons. Tennosoe
ABUKEHUE HapyLllaeT 3TOT npouecc.

B cunbHbIX nonax npn HUSKNX TeMNnepatypax HaACTyNnaeT
pexXnm HacCbllWEHUNA.




lNapamaz2Hemuku
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B cUNbHbIX NONAX NPU HU3KMUX TEMMEpPaTypPax HacTynaeT PeXKMM HacbILWEeHUA
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ATOMbl BCex BewectB 06nagaloT  AMaMarHUTHbIMKM - CcBOMCTBamK. Ecnu
COb6CTBEHHbIN MArHUTHbIN MOMEHT aTOMOB BELLECTBA OT/IMYEH OT Hy/A, TO NMPU
NOMELLEHNN TAaKOro BelwecTBa B MAarHUTHoe noae B Hem OGyayT BO3HMKATb 06a
spPeKTa: U ANaMarHUTHbIN, U NapamarHUTHbiM. OAHaKO AMaMarHUTHbIN 3P dEKT
CYLLLECTBEHHO c/1abee napamarHMTHOTO U Ha ero ¢poHe NPaKTUYECKN HE3AMETEH.



lNapamaz2Hemuku
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YANNHEHHbIA o0b6pasel, napamarHeTMka B OJHOPOAHOM MarHMUTHOM MONe
OPUEHTUPYETCA BAOAb CUNOBbLIX TMHUN MHAYKUMN. B HEOAHOPOAHOM MAarHUTHOM
none oH BTArMBaeTcA B obnactb cuabHOro nona. MNpuctaBka «napa» B CAOBe
napamarHeTuK No-rpeyeckn o3HayaeT «BAO/bY.




MazHumHoe nose 8 MazcHeMUKax

MarHeTuUKn — BelecTsa, KOTOpble BO BHEWHEM MATHUNTHOM MOJ1€ CaM CTaHOBATCA
NCTOYHMKaMM COBCTBEHHOINO MarHUTHOTO NOAS.

,D,VlaMaI'HETMKM U NapaMarHeTUKM OTHOCATCA K
K/1aCCy cnlabomarHUTHbIX BeLecCTsB.

ATOMHbIE TOKM BHYTPU MarHeTMKa MOJIHOCTbIO
KomneHcupyoT apyr apyra. OcTtaetca Aunub
aMMePOBCKMIN TOK HA €ro NoOBEPXHOCTW.

AMMNEPOBCKUN TOK - TOK B 0OMOTKe coneHouaa.



MazHumHoe nose 8 MazcHeMUKax

—
i _Pn_ISN_lsnl
S V S S
M =By /up =xH

Ba = HoxH By = noH
By =Nl



Ycnoeus Ha epaHuye pasoena 08yx Ma2HEMUKOS
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Hopmaanble coCTaBdoWmne BEKTOpPaAa
MHOYKUNN HeEMNnpepbiBHbl Ha rpaHUUE pasaesia
ABYX MalrHETUKOB.

B = syupH tHin = tpHop

Hopmaanble COCTaB/AL0OLWLMNE BEKTOPa HaANPAXKEHHOCTU
TEPNAT Pa3pbiB HA rpaHNuUue ABYyX MarHeTUKOB.



Ycnoeus Ha epaHuye pasoena 08yx Ma2HEMUKOS
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B OTCYTCTBUMN TOKOB HA TrpaHUUE TaHIreHuunasbHble
CoCTaB/idlowme BEKTOPA HAMNPAXEHHOCTM HaA TrpaHUUE
pa3gesia AByX MarHETUKOB HENMPEPbIBHbDI.

B = zyupH H2B1r = 14By;

B OTCYyTCTBMWM TOKOB Ha rpaHULE TaHreHuuaabHble
COCTaBNAlOWME BEKTOpa WHAYKUMW TepnaT pa3pbiB Ha
rpaHuLLe ABYX MarHeTMKoB.



Ycnoeus Ha epaHuye pasoena 08yx Ma2HEMUKOS
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PeppomazHeMuKuU

deppomarHeTMK —  BewecTBO, KoTopoe cnocobHo  obnagathb
HAaMarHMYEHHOCTbIO B OTCYTCTBME BHELLIHEr0 MAarHUTHOrO NOAS.

CobcTBeHHOE nosie peppomMarHeTMka MOXKeT CYLLEeCTBEHHO (B TbicAYy pas)
nNpeBblWAaTh Bbi3BaBlLUee €ro BHelwHee none. Yawe Bcero 3TO BELWLECTBO B
KPUCTANNIMYECKOM COCTOAHMU. TununyHble npeactasutenn: Fe, Ni, Co n nx cnnasbl.

Mpn noBblWEHUM TemnepaTypbl A0 KPUTUYECKOM, ee Ha3bIBaloT
TemnepaTtypon (toukoi) Kiopu, peppomarHmuTHble CBOMCTBA Mcye3atoT. TouKa Kiopu
ana »enesa 780CC.

MarHMTHas NPOHULAEMOCTb (PEeppPOMarHeTUKOB MONOMKUTENbHA WU
focturaet 3HaveHuit p=10%2+10°. MarHMTHasA NPOHULLAEMOCTb Kenes3a AoCTUraeT
5000.

[

MarHuTtHaA NpPOHUUAEMOCTb GeppOMarHeTMKOB B
OT/IMYME OT AMa W NapaMarHeTUKOB He ABAETCS
KOHCTAQHTOMN.




KpnBaa HamarHM4meaHuUs peppomarHeTnKka

3aBUCUMOCTb B — B( H ) HEOAHO3HA4YHa.

[Mctepesunc (3anasgbiBaHMe) — CBOMCTBO
CUCTEM, OTK/IMK KOTOPbIX Ha BO3AeNCTBUE
3aBUCUT OT UX TEKYLLLEETO COCTOAHMA.

MarHuTHbIN  TUcTepesnc — 3aBUCUMOCTU
HaMarHMYeHHOCTN  peppomMarHeTMka  He
TOIbKO  OT  MPWUNOMKEHHOro0  BHELUHEro
MArHUTHOrO MNoOAA, HO W OT NpPeabICTOPUU
JaHHOro obpasua.

B Touke 1 pocturaetcA marHUTHoe HacbiweHue. OTpe3ok 0-2  onpepensaer
OCTATOYHYIO MArHMUTHYIO WHAYKUMIO, a OTpe3oK 0-3 - KO3PUUTUBHYIO CUAY,
XapaKTepPU3YHOLLYH CNOCOBHOCTb 06pa3ua NPOTUBOCTOATb PAa3MarHUYMBAHMIO.
BHayane npouecc HamMarHMYMBAHUA HOCUT OOpPaATUMbLIN XapaKTep, 3aTem -
HeobpaTMmMbIn. Maowanb NeTAM rMcTepesmca ecTb SIHEPIrNA TENNOBbIX NOTEPb NpPU
HaMarHMuymeaHmun. eneso — NeTna y3Kasa, Ctanb — LUMPOKaA.



[lomeHHas CTPYKTYypa peppomarHeTnka

CBonctBa @eppomarHeTMKoB 00ycnoBAeHbl WX [AOMEHHOM
CTPYKTYpoun. JlomeH — MaKpPOCKOMNMYECKaa, MMeoLLaa pasmepbl
103-10"* <cm, o06nactb CNOHTAHHOM HaMarHWYeHHOCTMW.
MarHuTHble  MOMEHTbl MONEKYN WAM  aTOMOB JOMEHA
HanpaB/eHbl B OAHY CTOPOHY. PaKTUYECKM AOMEH HaMaArHUYEH
N0 HacblweHnAa. MarHUTHble MOMEHTbI Pa3/INYHbIX AOMEHOB
pacnpeaeneHbl NO HanpaBAEHUAM M3OTPOMHO, MO3TOMY B
OTCYTCTBME NONA PEe3ynbTUpyloWas HamarHM4eHHOCTb 0bpa3ua
dbeppomarHeTuKa paBHa HyAlo.



[lomeHHasa CTpYKTypa peppomarHeTuKa

Bo BHEWHEM MarHMTHOM NoJjie NMPOUCXOAUT yBeNnYeHue obbema «MNpPaBUIbHO»
OPUEHTUPOBAHHbIX OTHOCUTE/IbHO BHELIHEro NonA AOMEHOB 33 CYET JOMEHOB C
«HenpaBuAbHOM»  opueHTaumeir. C  yBeSIMYEHMEM  NONA  MNPOUCXOAUT
nepeopueHTaumsa MarHMTHbIX MOMEHTOB B Npejeniax Bcero AomeHa. B cnabbix
NoNsIX POCT AOMEHOB HOCUT 0OpaTUMbIA XapaKTep, B 6osiee CUbHbIX MONAX
npouecc ynopsaaoYMBaHUA AOMEHHOM CTPYKTYPbl CTaHOBMUTCA HeobpaTumbim. B
O4YeHb CM/IbHOM MoNe BCe AOMEHbI MMEIT OANHAKOBYIO OPUEHTALMIO, HacTynaer
MarHMTHOe HacbllweHne deppomarHeTmKa.

HamazHu4yusaHue gpeppomMmazHemMuUKa 80 BHEWHEM Mose:
1—H=0;2—H=H;3—H=H, H,>H,



MarHetTmku B none
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Bakyym — [, AVAMATHETUKM - [, NAPAMarHeTUKn — i, GeppPOMarHeTuky - L.



MazHuUmHoe nose 8 ceepxnpoeoOHUKAX

B cBepxnpoBOAHMKE, NOMELLEHHOM BO BHELWIHEEe MarHUTHoe | | ) || &
none, BO3HMKaeT MOBEPXHOCTHbIN CTaLlLMOHAPHbIN ; \
3NEKTPUYECKUM TOK, COBCTBEHHOE MArHUTHOE No1e KOTOPOro
MPOTUBOMONIOKHO  MPUIOKEHHOMY  noa.  MHayKuuAa
pesynbTUpyloWero nons B Tojwe obpasua paBHa HyAlO.

MarHuTtHoe none BbITECHAETCA n3 obbema
cBepxnpoBogdAwero Tena. ITOT pe3ynbtaT Ha3blBaeTcs {
apPeKT MeuncHepa. CBepxnpoBOAHUK MOXHO [

PaCCMaTPpUBATb KaK M,ﬂ,eaﬂbeIVI ANaMalrHeTuKk.

Hopmanbhas dasa [na 3ajaHHOM TemnepaTypbl MOBbIWEHME
nons npuBoOAUT K paspyLeHuno
cBepxnpoBoaMMocCTU. Mone, Nnpn KOTOPOM 3TO
NPOUCXOANT, HAa3bIBAETCA KPUTUUYECKUM.
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