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11.1 Пара- и диамагнетики
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Besaxoe BemecTBo, criocobHoe o JeificTBEM MarHUTHOrO HoJis npuobperars
MATHUTHBIH MOMEHT (HAMarHuInuBaThCH).

IlapamarseTugn

MosexyJinl IapaMarHeTHKOB 00JIajaloT MariUTHBIM MoMeHToM. OHAKO BCIe[-
CTBHE TEIJIOBOIro ABUKEHNS MOJEKYJI NX MArHUTHEIE MOMEHTE OpMEHTHPOBa-
HBI OecuopsinouHo. IIpm BHeCEHWN IMapaMArHETHMKA BO BHEIIHee MATrHUTHOE
TOJIe YCTAHABJINBAETCS NPeUMyUecmeeHias OPUEHTANMS MATHUTHEIX MOMEH-
TOB ATOMOB 710 110110 (IIOJTHOHM OPUEHTAIINN IIPENITCTBYET TEIJIOBOE ABUKEHIE
atomoB). Taxum o6pasom, napamazremuyx HaAMATHNYUBAETCS, CO34aBast cob-
CTBEHHOE MATHUTHOE ToJIe, co8nadaouee no HANPABAEHUID ¢ 6HEUWHUM NO-
JeM u ycuausaoujee ezo. ITOT Idherxm HASHIBAETCS NAPAMAZHUMHBLM.

MpumMepsbl: pefiKo3eMeNbHEIE alIeMeHTH, Pt, Al, ... .
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[image: image5.png]InaMaraeTHEn

Mosexkynpl fuaMarHeTHKOB He 00JafaloT MAarHUTHHRIM moMeHToM. Bo BHemI-
HeM MATHHUTHOM IIOJIe MHAYIMPYIOTCA 3JIEMEHTADHBIe KPYTOBRie ToKKN. Tak Kak
3TOT MUKPOTOK WHIYIMPOBAaH BHEIIHWM MATHUTHEIM II0JI€eM, TO, COIJIACHO
npasuxy JIeH1a, Y ATOMAa DOABJAETCS COCTABISIONAS MArHNTHOIO IIOJIs, Ha-
TIpaBJieHHAasA MPOTHBOIOJIOKHO BHellHeMy moito. HaBenennnie cocraBiAionie
MarHuTHLIX OJeH aTOMOB (MOJIEKYJI) CKAALBIBAIOTCHA M 00pasyioT co6CmeeH-
HOe MazHumHoe noJje eeu,ecmea, 0CcaAabIiiouee HeulHee MAzZHUMHOE NoJe.
Taxum obpasoM, duamazHemux HaAMArHUIUBAETCS, cO3AaBasi coOGCTBEHHOE
MarfuTHoe IOoJIe, HANPAeIeHHOe NPOMUE SHEULHEeZ0 NOoAs U ocaabrsipuiee
ez0. 9toT 3dhdeKT Ha3BIBAETCH JUAMAZHUMHBLM.

MpuMepbl: GONLIIMHCTBO OPTaHWYECKHMX COeAHMHEHWH, cMojbl, yriepox, Bi, Ag,
Au, Cu, ... .
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[image: image9.png]OO0uue BEHIBOAEI

3 Mmexanuama AMaMarHeTusMa cjle/yeT, 4T0 OH C80ilcmaenen acem aeuecn-
aax. Ecan MarHUTHBIM MOMEHT ATOMOB BeJIMK, TO IapaMarHuTHbIe CBOHCTBa
npeobaagaroT Hag JUAMATHUTHBIME U BENECTBO SBJSIETCH MapaMarHeTHKOM;
€cJI MArHNTHEIN MOMEHT aTOMOB MAaJl, TO MPeobafaioT AnaMaranTHEIEe CBOH-
CTBa U BeHIeCTBO SBJSAETCH JHaMaraeTUKOM.





Видео
11.2 Намагниченность
[image: image10.png]MarsuTHBIH MOMEHT eAUHNIEI 00beMa MArHETHKA.

-

P, =3 [v’a — MarsUTHBIA MOMEHT MarfeTHKa NPH e€ro NOMEmeHHH [0 BHEIIHee
MarupTHOe moye; V — o6beM MarfeTHKa; P, — MATHUTHBIH MOMEHT MOJEKYJThI)
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CBaA3s mexkay BekTopamu J u H

- 9ra muHeHHAS 3aBMCHMOCTh MEXKAY HAMATHWYEHHOCTHIO M HATPSIKEHHOCTHIO
T0JI51, BEISBIBAIONIEr0 HAMATHIYeHNe, COOII0NAeTCSA B CIYIae HECHIbHBIX IIOeH.




[image: image12.png]Mareurunasa BOCIPHMMUYMNBOCTDL BemecTea

- BespasMepHas BeJWYMHA; AJA AUAMATHETHKOB ¥ < 0 (Hoje MOJEKYIAPHBIX
TOKOB IIPOTHBONOIOMHO BHELTHEMY), AJIs NADAMATHETHKOB — > 0 (1roJie Mo-

JNEeKYJISPHBIX TOKOB COBIIafaeT C BHEIIHUM).
AA NapaMardeTHKOR

_ Mpumepsi: O, (cxuaxr) 3,6 - 1073 . Al 2.4 -10°5

Aad THAMArHETHKOB

_ Mpumepnbi: N, (ras) -6,75 - 10°°

0, (ras) 1,5+ 10

Cu -1-105

H,0 -7 - 10





11.3 Магнитное поле в веществе
[image: image13.png]BeKTOop MarHUTHOW MHAYKUHHN Pe3YABTHPYIOMEro NMOJXf B MarneTunke

B0 — BEKTOp MATHUTHOR HHAYKIMY BHELIHEro OISt (o151, CO3AaBAEMOTO Ha-

MAarHM4MBaIONINM TOKOM B BaKyyMe), B' — BEKTOP MarHUTHOHN MHAYKIUE
II0JIA HAMAarHn4eHHOI'0 BellecTBa (HOJIS{, €C031aBaeMOro MOJIEKYJIAPDHBIMH TO-
Kamu).

[§0 = pOfI (ﬁ — BEKTOD HANPIKEHHOCTH, XaPAKTEPUBYIOmMUIA MArHUTHOE [OJe MaK-
POTOKOR); B = uoj (j — HAMAarHUYeHHOCTb)} J= xH 1




[image: image14.png]MarauTuoe moje B BenecTBe

= = - —
Honyuaercs mocae noacTanosxkn B,, B'u J B B.
0

MaranTHad MIPONUNIIAeMOCTEs BelleCcTBA

- Ilns napamaziemuros i > 1, Ho He3HAYUTEJIBHC
s Quamazuemuros p < 1, Ho He3HAYNTEIHHO




11.4 Ферромагнетики

[image: image15.png]PeppoMarHeTHKH

BemecTBa, 00JIa1ai01{de CIIOHNTAHHOMH HAMArHNYeHHOCTHIO, KOTOPAasa IoJBeD-
JKEHA CUJILHOMY BJIMAHUIO BHEIHHUX (PAaKTOPOB — U3MEHEHUIO TeMIepaTypHl,
MAarHUTHOTO II0JdA, JehopMamuu.
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[image: image17.png]3aBHCHMOCT, HAMArHHUYEHHOCTH OT HAanpAXEeHHOCTH MArHMTHOIO nNoJjsa

XA caab0- H CHABHOMATHUTHEIX BeiecCcTs

B ornimuwme ot aua- u mapaMarHETHKOB (C1a60MazHUM-
HbLX 8elyecma), i KoTopuix J or H nuneiina, ana
¢eppOMATHETHKOB (CUNLHOMAZHUMHDLX BeU,eCcma)
3Ta 3aBHCHMOCTDL CHOMKHAaA: BHAYAJE C BOSPACTAHMN-
eMm H mamarsudeHHOCTH J pacreT cHauasa OBICTpO,
3aTeM MeJJieHHee, NOCTUras MATHHTHOTO HACHIIIE-

HUA J .

deppoMarseTHK

ITapamaraeTnk

H

JnamareeTnk





[image: image18.png]3aRMCHMOCT, MATHUTHON NPOHHIAEMOCTH
tbeppoMarseTuka oT HaANPAMNKEHHOCTH MATHHTHOTIO NOJKA

CymecTBeHHas 0cO0eHHOCTH (DEpPOMATHETHKOB —
HE TOJALKO GONbIINE 3HAYEHWs | (HAUpHUMED, AJdA
senesa — 5000, mas cmnasa cymepmalioe —
800 000!), no u zasucumocTs | ot H. Brauane p
pacrer ¢ yBesnuuenuneM H, zatem, JOCTHUTast MAKCH-
MyMa, HAUMHAET YMEHbLIIATLCH, CTPEMACH B CIyUuae

B J
uo_H =1+ I’ IO3TOMY

CHJILHBIX ITOJieH K 1 ( =

npu J =J . = const ¢ poctom H oTHOUIeHUE % —0,ap— 1) .
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OnpeznesieHHAA TeMIlepaTypa Ais KamAoro ¢deppoMarHeTHKa, OpH KOTOpPOit
OH TepseT CBOM MarHUTHEIE cBoiicTBa. [Ipu HarpeBaHUM 06pAasiia BEILIE TOUKHA
Kiopu deppoMarseTuk mpespamnaercs B oObIYHBINA HapaMarHeTuk. Ilepexon
BEIecTBa U3 GeppOMArHUTHOrO COCTOAHUA B MAPAMATHUATHOE, IPOMCX O
B Touke Kiopu, He COIPOBOMKIAAETCH ITOTJIOMIEHNEM HUJIM BHIZEJIECHUEM TEIJIO-
THI, T. €. B Touke Kopu npoucxoaut dazossrii nmepexox II poga

Hexoroprie 3aavennn Touek Kiopu
HUKEJbh ...... 631 K xemeso..... 1042 K KobGaneT ....1400 K




Видео
[image: image20.png]Poab pomMeHOB B MexaHu3Me deppoMarseTH3Ma

CooHTammoe HaMarHuyeHUe HAXOAUTCA B KAMKYIEMCs IIPOTUBOPEUNH C TEM,
4yTO MHOrMe (eppOMarHUTHBIE MATepHAalbl Aake IIPH TeMIEepaTypax HIKe
Touku Kwopu ne mamaranuensl. I1lo coBpeMeHHEIM IpeACTaBICHUAM, Qeppo-
MAargeTux HuKe Touky Kiopu pas6usaercs Ha GObINOe YUCTIO MAJBIX MAKPO-
CKOIIMYecKUX obsacTeil — domeno6, CaMONIPOU3BOJILHO HAMATHUYEHHBIX 10
HaCBIIIEHUA.

IIpu OTCYyTCTBUM BHELIHErO0 MATHUTHOIO II0Jsi MATHUTHBIE MOMEHTEL OTJe/b-
HBIX JOMEHOB OPHEHTHPOBAHKL XA0THYECKH ¥ KOMIECHCUPYIOT APYT APyTa, mo-
9TOMY Pe3yJAbTUPYIOLINA MArHUTHBIA MOMEHT (epPOMATHETHKA PABEH HYJIIO
u deppoMarseTyK He HAaMATHHYEH. BHeIlIHee MATUHUTHOE 10JI€ OPHEHTHUPYET
10 II0JIX0 MATHUTHBIE MOMEHTRI He OTJeNIbHBIX aTOMOB, KaK 3TO IMeeT MECTO B
cJyuae 11apaMardeTHKOB, a Yeablx o6iacmeil CnOHMAHHOIL HAMAZHULEeHHOC-
mu, TpUYeM JOMEHH! II0BOPAUMBAITCA II0 IOJI0 CKAYKOM.
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11.5 Магнитный гистерезис

[image: image22.png]IleTas rucTepesnca

Hua deppomarseruxka sasucumocTts J or H Jh
HeNUuHeilHas U 3aBUCUT OT IPEAbICTOPHU HA-
maranyeHus. Ecau HamMarHEuTUThH (hbeppomar-
HETUK A0 HACHINEHUA (Kpusas 1), TO yMEHb-
meHue J ¢ ymensmenuem H IPOUCXOJUT IO
Kpusoii 2, a npu H =0 ¢eppomarseTunx
COXDPaHAET OCMAMmMouHoe HamazHuerue J . C
HaMuueM J, CBABAHO CYIN[eCTBOBaHUE no-
cmosaHnHbLX mazrumos. Hamarauuenue obpa-
aeTCA B HyXb OJ AeiictBreM roias H , umeto-

I{eT0 HAIPaBJIeHUe, IPOTUBOIOJIOMKHOE IOJII0,
BBI3BABIIEMY Hamarauuenue. Hanpa:enHOCTs H  HA3LIBAETCA KOIPYUMUE-
Holl cunou. Ilpu nannueiimem usmenennu H HaMarHUYEeHHOCTDh U3MEHACTCA
B COOTBETCTBUH ¢ 3AMKHYTOI metJieil, HasbIBaeMoll nemneil 2ucmepesuca.




[image: image23.png]MarkHe M kecTKHEe GeppoMarHETHKH

HdesleEne — 110 pa3HBIM FHCTEPE3UCHBIM IIeT-
nam. Msazxue geppomaznemury xapaxTepu-
3y0TCA MaJoil KodpuuTuBROH cunoit H  (y3-
Koif meTJieif rucrepesuca), Aecmrue — GONb-
mioit H  (Imupoxoii nerJeii rucrepesuca).

Jectrue PeppoMarseTuK (HAIPUMED, YTIJIe-
poaucTbIe U BOJLOPAMOBEIE CTAIN) IPUMEHS-
10TCA IJIA UBTOTOBJIEHNA IHOCTOAHHBIX MAarHH-
TOB, 4 MATKUE (HAUpUMep, MATKOE ’KeJeso,
CIIJIaB 2KeJjle3a ¢ HUKeJieM) — JJisi U3roTOBJe-
HUS CePJEeYHHUKOB TpaHCchOpPMAaTOPOB.

Ty
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Вывод. Сравнение свойств
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