Tema 3 Nekuunsa 8

MarHuTHoOe norsne B BelLlecTBe

8.1 WUcToYHUKM marHUTHOro nons Bewecrtsa. MarHUTHbIE MOMEHTbI
3anemMeHTapHbIX Yyactuy. MarHeToH bopa n aaepHbIU MarHeToH

ICTOYHWKN MarHUTHOro Nnonsi B BELLECTBA CyTb Op6MTa.I1bH09 n cnMHOBOE
ABUNXEeHNA CBA3aHHbLIX 3apAAOB B COCTaBe aTOMOB.

[na op6|/|Taanoro MarHUTHOro MOMeHTa 3J1IEKTPOHOB B aTOME MMEETCAH
ecrecrBeHHad eguHMua marHUTHOro MOMeHTa, Ha3biBaeémMmad MarHeToH Eopa
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[1na Beulectsa B COCTOFIHVIVI TepMmoaAnMHaMn4yeCKoro paBsHoBecus
cymmaprlu MarHUTHbIX MOMEHT BCEeX aTOMOB PaBeH HYJIHO.

I'IpM BKIMHOMEHUWN BHELUHET0O MarHUTHOIo Nnors4 Op6l/ITaJ'IbHOG N CrIMHOBOE
OBUWXEHUA aTOMHbIX 3JTIEKTPOHOB N3MEHAKOTCA. OTN N3MEHEHHbIE OBWXEHUSA
onpegendrT MOJIeEKYNAPHbIE TOKU, UHOYUMPOBAHHbLIE MAarHATHbIM MOJ1EM. OTN TOKM
Ha3biBAOTCA TOKaMN HaMarHU4YnBaHunA Ui MOJNIeKynAaApHbIMU TOKaMMU. C nx
NMOMOLLBKO ONMNUCbIBaAETCA OTKJTUK BeLWEeCTBa Ha BHeELLIHEE MaArHMTHoOeE norie, a UMeHHO
co3gaHne gonosriHnTernbHOro, NHAyunpoBaHHOro MarHUTHOIO MNOJiA.



8.2 NeuncTtBMe MarHUTHOro NOJs Ha BelecTBO.
UHayuupoBaHHbIe MOreKyrnspHble TOKU. BeKTop HaMmarHN4eHHOCTU

Bce BellecTBa ABNATCA MarHeTUKaMK, Tak Kak nog 4encTBuem
BHELLUHEro rnosia OHM HaMarHM4YMBarTCs U UX MarHUTHbIU MOMEHT

eAVHUNUbI 06BbEMA 0Ka3biBaeTCs OTNIMYHBLIM OT Hyns. OH
XapakTepuayeT HaMarHM4eHHOCTb BEeLLEeCTBa N Ha3bIBAETCH BEKTOP

HaMarHU4eHHOCTH >
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roe p,, MarHUTHbIM MOMEHT / - O aTomMa, n - YNCIo aTOMOB B eAuHuLEe

oobeEMa.
Ha rpaHunue marHeTuka ¢ BakyyMOM BEKTOP HaMarHUYeHHOCTH
CBSi3aH C BO3HMKAOLWMMMN NOBEPXHOCTHLIMU MOMEKYNAPHbIMM TOKaMU
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rane ;7 1- nnHenHasa NnoTHOCTb NOBEPXHOCTHbLIX MOJIEKYJTIAPHbLIX TOKOB,
_11 )
-ﬁeKTOp HapPy>XHOU HOPpMaJin K NOBEPXHOCTN MaAarHETUKa.



8.3 Teopema o0 UMPKYNAUMKN BEeKTOpa HaMarHU4eHHOCTHU

Ncnonb3ya cooTHowweHne (8.3) MOXHO nokasaTb, YTO HaMarHM4YeHHOCTb U
TOKM HaMarHM4YmBaHusi CBA3aHbl Mexay cobon MHTerpanbHbIM COOTHOLLEHNEM
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roe crne,sa CTOUT cuna MOJ'IeKyJ'IFlpHOFO T0|<a ] Yyepes NPOnN3BOSbHYHO
MOBEPXHOCTb S BHYTPWU MarHeTuka, onpenenﬂelvlaﬂ O0b6BbEMHOU NMNOTHOCTbLIO
MOJIEKYNSAPHbIX TOKOB imo ( BO3HMKaKOLLKMX B HEOOAHOPOLHOM MarHeTuke u
NPOHN3bIBAIOLLNX 3TY MOBEPXHOCTL), @ CNpaBa CTOUT LUPKYNALUA BEeKTopa
HaMarHUW4YeHHOCTMU BLOSIb 3aMKHYTOW JIMHUK L, OrpaHun4mnBatoLLeEN 3Ty
NOBEPXHOCTb.

C y4eToM KaK TOKOB NPOBOAMMOCTU, CO30aBaeMbIX CBOOOAHLIMU
3apsiiaMy B NPOBOAHMKAX, Tak U TOKOB HaMarHM4nMBaHusl, Co3gaBaembixX
CBSI3aHHbIMU 3apsgaMn B BELLIECTBE, TeOpPeMa O LIUPKYIALUN BEKTOPHOIO
Nonsa MarHUTHOW MHOYKLUUW BOOMb MPOU3BOSIbHOIO 3aMKHYTOIO KOHTYpa
NnPUHMMaeT B1A
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rae cripaBa otaesieHbl TOKM NMpoBOAUMOCTU OT MOJIEKYITAPHbIX TOKOB.



8.4 BekTop HanpsXXeHHOCTN MarHUTHOro Nons

cnonb3ys Bblpa>|<eH|/|e (8 4) MOXHO nepenvlcaTb ypaBHeHue (8.5) B Buae
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Ecnu Tenepb BBECTU gcriomMo2amersibHbIU BEKTOP Hanp;m(eHHocm
MarHUTHOro nonsA
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TO NHTEerparibHoe ypaBHEHUNE
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pewaeTcda CtTaHAapTHbIMU MEeT@OaMN, €CJTIU N3BECTHbI. MNMpaBad 4YacCTb 3TOlIO
YPpaBHEHNA (TOKVI I'IpOBO,EI,l/IMOCTVI), noeeaeHmne Ha rpaHnuax MarHeTuKoB
BEKTOPOB MarHUTHOM NMHOYKUNN ‘n HaI'IpFDKéHHOCTI/I MarHMTHOrO oA
N CBA3b BEKTOPA HAMaArHU4eHHOCT: ' C 9TUMW BEKTOpaMM MarHUTHOro
Nnon4.




8.5 MarHutHasa BOCNMPNNMYNBOCTb N MarHNTHaA rnNpPpoHNMUaemMoCTb BELLIECTBaA

[na nony4yeHnsa NonHOM CUCTEMbI YpaBHEHUN HEOBXOANMMO 3adaTh Tak
Ha3blBaeMoe MmaTepuaribHoe ypaBHeHUe 15 BelwecTBa, CBA3blBatoLlee
HaMarHN4eHHOCTb C HaNPSXXeHHOCTbLI MarHUTHOro nong. 4nsa n3oTporHbIX
cpen B 06nacT OTHOCUTENBHO cnaboro MarHMTHO NOSS CrpaBeanBo
COOTHOLLEHNEe

. = (89 —
J=y H
BblpaxkatoLLee NMMHENHY0 NOoKanbHY CBA3b. 30€eCb X - be3pasmepHas
BENMUYMHA, Ha3biBaeMasi MarHUTHOM BOCNPUMMMHYUNBOCTDLIO.

Terlepb 04 BEKTOPA MarHUTHOM MHOYKUNN MOXXHO Harincatb

B = uy(H+ 5P, uH

rae 6espasvepHas BenuunHa g =1+ ¥, Ha3blBAETCS OTHOCUTESbLHOM

MarHUTHOM NMPOHUL,AeMOCThLIO, a NPOM3BeaeHne N abconTHOMN
a C

MarHMTHOMW NPOHULLAEMOCTbIO.



FpanuyHbie ycaoBus aAasi BekTopoB B u H

MosegeHne seKkTopos B “ ﬁ Ha rpaHuue pasgena MmarHeTmkos
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8.6 [OuamarHeTUKu n napamMarHeTukKu

Ha ocHoBe MarHUTHbLIX CBOMCTB MOYTU BCE BeLLECTBa OTYETIIMBO AENATCS
Ha Tpu 6onblune rpynnel: Odua -, NMNapa — n ®eppoMarHeTUKu.

Y onamarHetnkos ¥, <0 wu y < 1. AToMbl AuaMarHeTUKOB Npwu
OTCYTCTBUM BHELUHEro MarHUTHOro nosig He MMerT NOCTOSAHHOro
MarHUTHOro MomMmeHTa. [1pu BKINHOYEHUN BHELLHENO MarHUTHOIO Nonsa B aTomMax
NOBLIX MarHETUKOB NHAYLUMPYIOTCA TOKN, MarHUTHblE MOMEHTLI KOTOPbIX
HarnpasneHbl MPOTMB BHELLHEro MarHUTHOro nonga (cornacHo npasuny JleHua).
CnepoBaTtesnibHO, AamMarHeTn3mMm ocrnabngaeT BHELLHEE MarHUTHOeE rnore.
NpoeanbHbiMM guamarHetmkamm ¢ = -Y i g = 0 ABNA0TCA CBEPXMNPOBOAHNUKN,
B KOTOpble BHELLHEE MArHUTHOE nosie Boobule He NpoHKNKaEeT. B
HEeO4HOPOAHOM MarHUTHoOe nosie gnaMmarHeTukn BblTankmuBaroTCca U3 obnacTu
cunbHoro B obnactb cnaboro nonsi. Ha atom agdekTe oCHOBaHO
noaBeLMBaHne Tefl B MarHUTHOE none, YTo NCNonb3yeTcsa A9 co3gaHus
noe3noB Ha «MarHMTHoW nogywkey. K anamarHeTmkam OTHOCATCA MHEPTHbIE
rasbl, BOA4a, 3051070, cepedbpo, UMHK, Medb N HEKOTOPbIE ApYyrMe maTepuansl.
TuUnWyHblE 3HAaYEeHUA MarHUTHOW BOCMPUUMYMBOCTU Y ANAMarHeTukoB Y,  ~
-(10°-10°), To ecTb cTONb Marbl, YTO AMAMarHeTU3M rnepeKkpbIiBaeTcs Kak
napamMarHUTHbIM, TaK U peppoMarHNTHbIM adpdeKkTamu.



Y napamarHetnkoB Y > 0wy >1. [Npn oTCyTCTBUN BHELLHETO MarHUTHOIO
nonsi aToMbl NapamarHeTuka MMeKT NOCTOSIHHbIN MarHUTHbIN MOMEHT. Bo
BHELLUHEM MAarHUTHOM MNorie aTOMHblE MAarHUTHbIE MOMEHTbI NMoAd, AENCTBUEM
BpaLlaloLWwero MOMeHTa CUn CTPEMATCS NPUHATE OPUEHTALMIO NO NOMHO.
[TonHOMY BbICTpanBaHUKO BCEX aTOMHbIX MarHUTHbIX MOMEHTOB B HanpasSieHUN
nonsa nNpenaTcTByET TEMNSIOBOE ABUXEHNE aTOMOB.

MaruuTHoe none opueHTUupyer
MarHuTHbIi MomeHT P, atomos :

NPeueccus 3aTyxaer, yron mMexay
B u P, ybuisaer. 310 BO3MOXHO
Gnarogaps TennoBoMy ABUXEHUIO

M YCTaHOBNEHUIO TennoBoro

paBHOBECUSA

MNpu a<<1

NlaHxeBeH ycTaHoBUN, YTO J=n P, I.(a)
rae a= p /KT, | ()~ PyHKUMA JlaHKeBeHa,
Iy - YUCNO MONeKyN B eanHuue obbema
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PeppomMarHeTusm

Y cbeppomarHeTukos X ,, >>1 un u >>1. B oTCyTCTBME BHELLUHEIO MArHUTHOIO MOSIS
AOCTaToOYHO Manble obnactn deppomarHeTmka cnocobHbl CNOHTAaHHO
(camMonpoun3BoribHO) HAaMarHM4YMBaTbLCS U NpMobpeTaTb OTANYHbLIA OT HYNS
CYMMapHbIA MarHUTHbIM MOMEHT. Takne obnactn HasblBalOTCS JOMEHAMM.

OCHOBHOW XapaKTepUCTMKOM NpoLecca HaMarHM4nBaHusa ABNAETCS
KpuBas
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Koraa J pocturaer HacbiWweHus,
B pacrer no nuHeHOMY 3aKOHY

, B=p H+ const
H (const=pJ )




