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Henb padoThl: N3y4eHUE 3aBUCUMOCTH IOJHOM MarHUTHOW MPOHHIA-
€MOCTH 3aMKHYTOT'O MarHMTOIIPOBOJa M3 (DEPPOMATHUTHOTO MaTepuana OT

HAIIPSKCHHOCTH IICPCMATHUYHNBAOIICTO ITOJIA.

IIpubGopbl M NMPUHANJIEKHOCTH: MAKET YCTAHOBKU, BOJBTMETP, J1a00-
patopssiii aBroTpanchopmarop (JIATP), UCTOUHMK MEpEeMEHHOTO HaMpsKe-

HUA, Ha60p COCOANMHHUTCIIBHBIX IIPOBOIOB.

JJIeMEeHTbI TEOPUH

OcoObIif KJTacC BEIIECTB COCTABISIOT ¢eppomacnemuku [1, 2]. K HUM
OTHOCSITCS JK€J1€30, HUKEJb, KOOAJIbT, TaJOJIMHUI, UX CILIaBbl, @ TAK)XKE HEKO-
TOpbIE CIUIaBbl U COEIWHEHHS MapraHiia U XpoMa ¢ HedeppOMarHUTHHIMHU
anementamu (MnAICu, GrTe u np.).

deppoMarHeTUK — CUJIbHOMAarHUTHbIE BemniecTBa. OHU  CIIOCOOHBI
HaMarHu4uuBatbesa. Teopust peppoMarHeTu3Ma ObUIa CO3/1aHa COBETCKUM (PH-
3ukoM SI.1. dpenkenem u HE3aBUCUMO OT Hero HemenkuMm (usukom B. T'eit-
3eH0eprom. OTBETCTBEHHBIMH 32 MarHUTHbIE CBOMCTBA (DEpPOMArHeTUKOB SIB-
JSOTCSI COOCTBEHHBIE MArHUTHBIE MOMEHTBI — cnuHbl (OT aHIJ. Spin — Bep-
TEeTh, BpAIlaTh) JIEKTPOHOB, PACIIOJIOKECHHBIC HA BHYTPCHHUX MMO1000JI0YKaX
aToMoB. CMHBI ATUX 3IEKTPOHOB HE CKOMIIEHCHPOBAHBI U JAIOT ONpPEAEIICH-
HBII pe3yJIbTUPYIOIINI MarHUTHBI MOMEHT. B KpucTamiax cylecTBylT 00-
MEHHBIE CUJIbI, KOTOPBIE OPUEHTUPYIOT 3TH MOMEHTHI apaJUIEIbHO IPYT ApY-
ry. B pe3ynbpTaTe BO3HUKAIOT 00JIaCTH CaMONPOU3BOJIbHON HAMarH MU€HHOCTH
— Oomenwl. JloMeHbl HMEIOT pasmepsl nopsaaka 104-10"° mm. Kaxnaplii nomen
HaMarHW4eH JI0 HaChIMEeHHs. Pa3MarHuTuTh 110001 TOMEH MOXKHO TOJIBKO MY-
TeM HarpeBa ¢eppoMarHeTHKa J0 ONpeAesICeHHON TeMneparypbl — mouku Kro-
pu. Jlns xxene3a ona pasHa /68 °C. IIpu aToit Temneparype kejie30 CTAHOBHT-

Cs nmapaMaraCTHUKOM.

[Ipu OTCYTCTBHHM BHEUTHETO0 MArHUTHOTO TOJSI (PEPPOMATHETHK MOMKET

OBITH B HCJIOM pa3sMarin4cH, HO 3TO HC O3HAYACT, YTO B HCM MCYC3JIM JJOMCHBI.
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PasMarHnueHHOE COCTOSIHUE MOYKET OIPENEIATHCS B TOM Cillydae, KOIla BEK-
TOpHas CyMMa MAarHAUTHBIX MOMEHTOB BCEX JOMEHOB paBHa Hymwo. [Ipu yBe-
JIMYEHUN HAIPSHKEHHOCTH BHEIIHEN0 MAarHUTHOIO ITIOJIS TPAHUIBI MEXIY H0-
MEHAMU HAYMHAKOT CMEIIATBCA U CIUHBI NEPECOPUEHTUPYIOTCA TaK, YTO pe-
3yNbTUPYIOMUNA MAarHUTHBI MOMEHT (peppOMAarHeTHKa TOXE HAYMHACT yBe-
JMYMBAThCA BJIOJIb HalpaBiieHus nousid. [Ipu 1octarouHo OONbIIOM BHEIIHEM
moJie BCS HamMarHu4uBaemasl o0JIacTh (eppOMarHeTHKa CTAHOBUTCS OJHUM

noMeHOM. Bo3Hukaet namacnuuennocms nacolwyenus (Js).

HamarnunumBanue QeppoMarHeTUKOB XapaKTEPU3yeTCs] OCHOBHOM KpHU-

BOl HamaranumuBanus J(H):

1=B_n, (1)

Ko

rae B — marmuTHas mupyknms semectBa: B=pp H; H — mampskxennocts

HaMalroHM4ruBaromecro 1moJjrsa; | — MarauTHasg IIPpOHULACMOCTb (beppOMaFHCTI/IKa.

deppoMarHeTMkd  00JaAar0T
sBIeHUEeM ecucmepesuca. Ha puc. 1
MOoKa3aHa TUMHWYHAS TIETIS TUcTepe-
suca B koopaunarax B(H). Kpusas,
npoBelneHHas W3 Hyns (kpuBas 1),

Ha3BIBACTCSI OCHOBHOU UJIU nepeoHa-

yanbHou Kpueou unoykyuu. Ha oc-
HOBE 3TOW KPUBOW MOKHO IMOCTPO-
UTh OCHOBHYIO KPHMBYIK) HaMarHW4u-
Bauus J(H), ucronws3ys cooTHole-

Hue (1).

I'ucrepesuc nposBiseTCA npU

Puc. 1
nepeMarHMUYMBaHUM (eppOMarHeTH-

Ka. CyHICCTBYIOT MOJHBIA LIUKJI U YaCTHBIC IUKJIbI IEpEMariHn4rMBaHus. ]_—[J'IS[
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MOJIYYCHHs TOJHOTO LHKJIa (peppoMarHeTUK BHaYalle HAMarHUYMBAIOT 0
HaceimeHus (J =Js). 3arem, HauuMHas ¢ HAMArHUYEHHOCTH HACBIIICHUS,
YMEHBIIAIOT €€ 10 — Js ¥ CHOBa yBEJNIMUUBAIOT 10 Js. B pe3ynbrare Benuunna B
M3MEHseTCs Mo BHEIHel netiie (kpuBad 3). Bennunna By Ha3zwBaercs ocma-
mounou unoykyueu, He — koapyumuesnoti cunoti (BeIMUYNHON HANPS)KEHHOCTH

MAaramuTHOI'O II0JIA, KOTOpasA CHUMACT OCTATOYHYIO I/IHIIYKHI/IIO).

JIist ToJTydeHusT 94acTHOTO IUKIiIa (KpuBas 2) HeoOXomumo MeHsaTh H
TakK, YTOObI HaUOOJIbIIINE 3HAUCHUS J He JocTUranu 3HadeHus Js. Takux 1uk-
JIOB MO>KHO TMOJIYYUTh MHOXECTBO. BEpIIMHBI 4YaCTHBIX IIUKIIOB BCET/IA JIEXKAT

HAa OCHOBHOW KPUBOW MHIYKIIUU.

MarnuTtHas MpOHUIIAEMOCTh L ONPEAECIIIETCS 0 OCHOBHOM KPUBOW WH-
IYKIUU:

B
H= wH (2)
Ho
Jlnst m000T0 YacTHOTO IMKJIA BEPILIMHA €r0 COOTBETCTBYET OIpPEAEIICH-

HBbIM 3HaueHHAM B 1 H, BxomsamuMm B popmyy (2).

J{nst Toro 4ToOBI U3MEPUTH L JUIS pa3HbIX H, 10CTATOYHO MOJIYYUTH Ce-
PUIO YaCTHBIX IMKJIOB IMepeMarHuYnBaHus, u3Meputh B u H B ux BepmmHax.
3ateM, ucnonb3ys Gopmymny (2), MOKHO BBIYUCIUTD [l JJI KaXJAOW Mapbl U3-

MmepenHbix B 1 H u moctponts 3aBucumocts p(H).

YacTHbie TIUKITBI MOKHO TIOJYYUTh MPU MEpEMarHuIruBaHuU (eppomar-
HETHKA TMEPEMEHHBIM IOJIEM HEBBICOKOW 4acTOThl, Hampumep S50 I'u. bosee
BBICOKHE YaCTOTHI BBI3BIBAIOT JAMHAMHUYEcKue 3PGeKTsl B (heppoMarHeTuKax
(Toxkn DyKo, MarHUTHOE TOCJICJICTBUE), KOTOPbIE MEHSIOT (OpMY METIN TH-
crepesuca. [Ipu gactore v < 50 't 3T 3(peKThI 3aMETHO HE CKa3bIBAIOTCS HA
neTtie, modtoMy w(H) 3aBUCHT TOJBKO OT CBOMCTB BEIECTBA M HE 3aBUCHUT OT
BPEMEHU TIepeMarHMuiBaHus. Takol pexuM NepeMarHMUMBAaHKUS HA3bIBACTCS

Kedsucmamu4ecKum.



4

MeToa 3KCIIepuMEeHTa

CymlecTByIOT pa3jiMyHbIE METOAbl HU3MEPECHUS
L i. B nanHo#i pabote npennaraeTcs OAUH U3 HUX, KO-

C) I TOPBI COCTOUT B CIICAYIOIIEM.
~

PaCCMOTpI/IM QJICKTPUYICCKYIO IICIIb, COCTOs-

IIyIO U3 BKJIFOYEHHBIX MTOCIIEIOBATENHHO pe3nucTopa R

W KaTyIKd UHAYKTUBHOCTH L (puc. 2). Ilycth B nienu
Puc. 2 nericteyet nepemenHass J/[C ¢ ammmurygoit Ug, kxo-
TOpasi o0ecreynBaeT NEPEMEHHBIN TOK
| = Iosin ot ,
rae lo— aMmImTya cuiibl TOKa; M — IUKIMYECKas YacToTa MePEMEHHOTO TO-
Ka.
W3BecTHO, 9TO /TSl JAHHOTO KOHTYpa aMIUIUTYAHOE 3HAYCHUE CUIIBI TO-

Ka OHpCI[CJ’IerTCH KaK
Ug
IO = y
J(oL+(R+r)?

rae L — koaddunmrenT caMouHaykiuu (MHIYKTUBHOCTD); I — OMHYECKOE CO-

3)

npoTuBlieHHe Kartymku. [IpousBeneHne ol Ha3bIBaCTCS UHOYKMUBHBIM CO-

npomusneHuem Karymku. U3 popmyel (3) BeipakaeM UHIYKTUBHOCTB:

2
1 (U 2
L==,]| =2 | —(R+r)". (4)
® IO
C napyroii cTopoHbl, KOAQOUIMEHT caMOMHAYKIIMK L KaTymku ¢ cep-
JCYHUKOM B (hOpME TOPOHJIa, PAIUyC KOTOPOTO MHOTO OOJIBIIIEC paanyca BUTKA

Ha HEM, MBI UMEEM JIeJI0 UMEHHO C TaKOW KaTYIIKOW, ornpeaenseTrcs GopMy-

noit [1, 2]

S
L=puoN* T, (5)
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rac N — 9m1cI0 BUTKOB Ha TOPOUIC, S - momanab MMOoIepeYHOro CCYCHUA TOPO-

naa, | —ero AJIMHA; | — MAarauTHas IIPpOHUIACMOCTb CCPJACUHUKA.

Ecnu B34Th Takylo K€ KaTyIIKy, HO C HEMarHUTHBIM CEPJICYHUKOM
(uw=1), To e UHAYKTUBHOCTH OyIET ONPEIEIATHCS KaK

S

| (6)

Lo =1oN?
N3 popmyn (5) u (6) nmonyqaem:

=—, 7
u » (7)

3HaueHne Lo MOKHO paccuMTaTh TEOPETUUECKH, a L MOKHO U3MEpUTH €

MOMOIIIBIO CXEMBI, TIOKa3aHHON Ha puc. 3.

o
BIT ~15B JIATP
O O

Puc. 3

AMIUIUTY/1a TIEPEMEHHOTO HAIpsKEHUsI, MOJaBa€MOIr0 Ha CXEMYy OT
osnoka nutanusa BII, perymupyercs ¢ momompbio JIATP. Ilepexmtouatens S
MO3BOJISIET MTOOYEPETHO MOAKII0YATh BOJBTMETP TO JJISI U3MEPEHUS HampsKe-
Hus Ha pe3uctope R (momokenue l), TO M1 U3MEpEHUS] HAINPSIKEHUS Ha
yuactke A-B (monoxenue Il). B o0oux ciiydasix BOJBTMETPOM HU3MEPSETCS
s dextuBHOE 3HaueHue Hanpspkenus (U, u Uy). AMIumMTygHoe 3HaUY€HHUE CH-

JIbl TOKA onpenaensiercs kKak [ 1, 2]:

=0 (8)
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AMHJII/ITyI[HOC 3HAYCHUC HAIIPSKCHUA paBHOZ
U,=U,2. 9)

[ToncraBus (8) u (9) B (4), moy4um:

R [(U,Y (,. rY
S ey a0

N3 dopmyn (5) u (10) Haxoaum:

Al 44

B mamnHOl pabore R=40wm; r=0,20wm; | =0,04 m; N = 58;

S=12-10%m% ®=2nv; v=>50Tu. [Ipu 5TuxX 3HaYEHUAX %z 0,05. Ilpene-

. I
Operasi BeTUYMHOMN R B opmyre (11), mostygyaeM OKOHUYATEIbHOE BHIPAXKEHUE

AJIL pacducTa MarHuTHOM IMPOHHULIACMOCTH

n=A (%} -1 (12)

HaHpH)KeHHOCTI) MarHutHoro nojs H KaTyIIK1n HUHAYKTHBHOCTHU C TO-

pornJaIbHBIM CEPACUYHNKOM OIIPEACIIACTCA KaK

Hz%lo.

Bripaxas lou3 popmynsr (8), monyyaem:

N+/2

H=—Y2U,. (13)
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Takum 00pa3om, 4yTOOBI BBIUKUCIUTH MArHUTHYIO MPOHUIIAEMOCThH
dbeppoMarHeTKa s KaKI0TO 3HAYCHHS HANPSHKEHHOCTH MArHUTHOTO TIOJIS
H, nocratouno uameputsh U, u U).. Tunnynas 3aBucuMocts p(H) noka3ana Ha

puc. 4. B nanHoi1 paboTe npearaercs U3MEPUTh 3Ty 3aBUCUMOCTb.

HA

Puc. 4

Iopsinok BbINOJTHEHUS PadOThHI

1. BkarounTe HCTOYHHUK MICPCMCHHOI'O HAIIPAXKCHUSA U BOJIBTMETP B CCTh

U IIPOTPENUTE UX B TEUCHHE 3-5 MUH.

2. Pa3MarHuThbTe CEpACYHUK KATYIIKHM HWHIYKTUBHOCTH, OTKIIFOYUB
BOJIBTMETP. JIJi 3TOTO MOCTaBhTE MEPEKIIIOUATENb S B CPEeIHEE MOJIO0KEHUE U
MOBEPHUTE PYUKYy peryisitopa HampsbkeHus Ha JIATPe oT omHOro xpaiHero

MOJIOXKEHUS 10 IPYTOro.

3. IlepeBenute mepekmouarens S B mojoxkenue | u ¢ momomsto JIATPa
YCTAaHOBUTE MHHUMAJIbHOE HAIpPSKEHUE M0 MOKa3aHusIM BOJbTMETpa. M3-

MepbTe HanpsikeHue U .

4. IlepeBeaute nepexiaoyaTesb S B nojoxenue |l 1 uamepbre Hanps-

sxeaue Uy,.

5. U3menss nanpspbkenune Uy B mpeaenax ot 0,06 1o 7 B, usmepsiite co-
OTBETCTBYIOIIUE 3HaUCHUS HampsikeHust Uy . Pe3ynbTaTel u3amMepeHuii 3aHoCH-

TE B TAOJIHILY.

N3mepenus 3nauenuit Uy B nuanaszone ot 0,06 no 0,5 B pekomenayercs

npou3BoauTh ¢ uHTEpBasioM 0,04 B; B nuanazone ot 0,5 1o 1,0 B — ¢ unrep-
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Basiom 0,1 B; B nuanazone ot 1 g0 3 B — ¢ unrepanom 0,5 B; B Auanazone ot
3 1o 7 B — c uarepsanom 1 B.
6. ITo dpopmynam (12) u (13) as kaxxaon napsl 3Hauenunit U, u Uy pac-

cuMTaiite U U H 1 3aHECUTE pe3yibTaThl B TAOIUILY.

U,B U, B H, A/m U, x10°
0,06
0,10

7. IlocTpoiite rpaduk 3aBUCUMOCTH [W(H).

BOHpOCI)I U 3a1aHUA V11 CAMOKOHTPOJIsA

1. YUto Takoe MarHuTHasi NPOHULIAEMOCTH L ¥ OT YErO OHA 3aBUCHUT?

2. Kak xnmaccuuuupyroTcs MarHeTUKU MO BETWYMHE MAarHUTHOM MpO-
HUL[AEMOCTH?

3. Uto Takoe ocTtaToyHas HAMAarHUWYCHHOCTH (OCTaTOYHAS MHAYKIIUS) H
KodpuuTHBHAs cuia? Kakum o6pa3omM MOKHO pa3MarHuTUTh heppoMarHeTHK?

4. O0wsicauTe X0 KpuBoii |(H).

5. BeiBenute popmyny (12) nist pacyera MarHUTHOW MPOHUIIAEMOCTH.

6. [aliTe onpeneneHne WHAYKTUBHOCTH U WHIYKTUBHOTO COMPOTHUBIIE-

HU.
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