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Pe3ynhTaTU HeHTpOHOnH~paKUHOHHUX HCcnenoBaHHH cnHH-~non-nepexona B 

Cr203 H a-Fe203 B HMnynhCHOM MarHHTHOM none [1,2,3] noKa He HMeDT Teope
THqecKOH HHTepnpeTaUHH. OCHOBHUMH oco6eHHOCTHMH 3THX pe3ynbTaTOB HBnHDT

CH: 1) qpe3Buqa8HaH 3aMenneHHOCTh npouecca ~a3oBo8 nepecTpoRKH, B cono-

CTaBneHHH C H3BeCTHUMH aHanorHqHuMH npoueccaMH, conpoBomnaDmHMHCH 

H3MeHeHHeM opHeHTaUHH MarHHTHUX MOMeHTOB, B BemecTBax C npyrHMH THnaMH 
MarHHToynopHnoqeHHH, 2) npoHBneHHe rHCTepe3HCa B 3aBHCHMOCTH HanpaBneHHH 
HaMarHHqeHHOCTeA MarHHTHUX nonpeweTOK OT nonH npH HMnynhCHOM xapaKTepe 
Bo3neAcTBHH. 

McxonH H3 Toro, qTO B 3KcnepHMeHTaX c Cr203 o6ecneqHBanHCh ycnOBHH, 

rrpH KOTopux noBopOT HaMarHHqeHHOCTeA rronpeweTOK B MarHHTHOM none npoHc

xonH~ "KorepeHTHo" BO BceM 061,eMe 06pa3ua, a B cnyqae a-Fe2o3 CBH3aHHoe 

C HeonHoponHOCTbD rronH pa3neneHHe KpHCTanna Ha noMeHU He BnHHno Ha 

HHTeHCHBHOCTh pacceHHHH HeATpOHOB, B naHHOH pa6oTe paccMaTpHBaeTCH noBe

neHHe BO BHewHeM MarHHTHOM none onHonoMeHHoro KonnHHeapHoro aHTH~eppo
MarHeTHKa. npH 3TOM yqHTUBaeTCH onHoOCHaH aHH30TponHH H npeHe6peraeTCH 
BnHHHHeM rroneA pa3M~rHHqeHHH. 

BHaqane aHanH3HpyDTCH MarHHTHUe KOne6aHHH B COBepweHHO HneanH3Hpo

BaHHOM aHTH~eppoMarHeTHKe 6e3 nHCCHilaUHH 3HeprHH npH HanHqHH MarHHTHoro 

rronH, HanpaBneHHoro no OCH aHH30TponHH. nanee paccMoTpeH crrHH-~norr-~a3o

BUH rrepexon C nHCCHnauHeA 3HeprHH B H30TepMHqeCKOM npH6nHmeHHH C uenhD 

rroKa3aTh, qTo TaKoe paCCMOTpeHHe He Il03BOnHeT o6bHCHHTh rnaBHUe oco6eH

HOCTH rroBeneHHH aHTH~eppoMarHeTHKa, KOTopue npOHBHnHCh B 3KcnepHMeHTax. 
M HaKoHeu, rrpennaraDTCH rronxonu K TeopeTHqecKOMY aHanH3Y anHa6aTHqec

Koro cnHH-~norr-nepexona. AnHa6aTHqecKoe npH6nHmeHHe, no-BH,QHMOMY, HaH6o

nee aneKBaTHO 3KcrrepHMeHTanhHoMy Ha6nDneHHD crrHH-~non-rrepexona, HHnyuH
poBaHHoro HMrrynhCHUM MarHHTHUM rroneM. 

1. onHoPonHME 6E3nMCCMTIATMBHME KOflE6AHMH B MArHMTHOM nonE, 

TIAPAflflEflbHOM OCM AHM30TPOTIMM 

nnoTHOCTb 3HeprHH aHTH~eppoMarHeTHKa BO BHeWHeM none H: 

E= - ,2. (jM j 2 +jM j 2
)+ !!(M ·M )-((M +M) ·H)- !1 (H

2 
+H

2 
)- !2•H ·H (1) 

2H 1 2 H 1 2 1 2 2H 1z 2Z H 1Z 2Z 
0 O O 0 

(A> o, B > o; Z - OCh aHH30TponHH, Ho - HaMarHHqeHHOCTb KamnoA H3 non-

peweTOK npH H = 0 ). npH nepexone K BeKTOpaM m = (M1+M2)/2Ho, 

l = (M1-M2) /2Ho nnOTHOCTb 3HeprHH ,,( E = 2Hoe ) B MarHHTHOM none, HanpaB
neHHOM no OCH z, paBHa 

rne a (K -K ) b = (K
1

+K
2

) 
1 2 , ( 3necb IHI = Hz = H ) , 
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YpaBHeHHHM nBHlKeHHH 
1 . 
~-Hi = -[Hi-Hi] ( i = 1, 2 ) (3) 

aE 
( 7 = 2µ

8
/h, Hi 

aHi 2 2 

rpana nBHlKeHHH: e = e
0

, mz = m
0

, 1 + m 

gfinepOBhlX yrnoB a,,, - /cM.pHCYHOK/ no3BOnHeT 

1, (lm) = 0. 

- gqiq>eKTHBHoe none COOTBeTCTBYDT qeTupe HHTe-

Hcnonb30BaHHe· 

3anHcaTb ypaBHeHHH (3)' 

B qiopMe 
(2B +a•cos

2
a) .,_ _____ ..._.m 

sin8•tg' 
0 

a (4) 

11 -[(2B ~a~cos
2

a) + b]·mo 

s1.n a ' 
(5) 

[

(2B+a).m
0

- a•sin
2
8•sin

2
, 

sin2 a mo 
1/1 ] -cosa (6) 

( 3necb nHqiq>epeHUHpoBaHHe no T = 7-t ). Torna coxpaHHDmaHcH 9HeprHH 

e 
0 

82 
2(2B+a•cos

2
8) 

+ _!!_ •m2 
- ~-cos2 a -m •H - £-m

2 

sin2 8 ° 2 ° 2 ° 
(7) 

z 

cp 

y 

CHCTeMa KOopnHHaT, Hcnonb3yeMaH npH auanH3e MarHHTHNX KOne6aHHH. 

BeKTOpU 1 H m B3aHMHO nepneHnHKynHpHU. a, ,, - - gnnepOBhl yrnu. 

PaCCMaTpHBaH COOTHOllieHHe (7) KaK ypaBHeHHe nnH 8(T) H BBOnH o603HaqeHHe 

cosa = x, nonyqaeM 
a 2 [ . 2 2 4 ] 

1 
/

2 
• x = ± (1+ -•x ) • 2B· [c-(c+ 2B•m -a) •X - a•x] ; (8) 

2B 
O 

• 

rne c = 2(e +Hm -Bm2)+ bm2• YpaBHeHHe (8) pewaeTcH aHanHTHqecKH, HO nnH 
0 0 0 0 

6onbmeR HarnHnHoCTH pe3ynbTaTa npHMeM BO BH~MaHHe, qTo ax
2 

<< B 

( B cnyqae cr
2

o
3

, uanpHMep, a= 620 3 , B = 3·10
6 3 [4] ). Torna HMeeM 

nea cnyqaH: 
2 

,1 
·,, 
·I 

1. ITpH e :s (Bm2-llm ) , e :s (~
2

-Hm ) : 
0 0 0 0 0 

~ 
✓ a

1 
-D

1 
-1 

cosa = b
1 

• [ dn(a 1?8 ••, 1
a 

1 
) ] 

1 

- Kone6aTenbHNR npouecc c H3MeHeHHeM BenHqHHN cosa MelKny a 1 H b1; 

2. ITpH e ;;,; (Bm
2

-Hm ): 

0 0 i O [/ 2 2 
cosa = a •en 2(a -b )aB 

1 1 1 

al 
·T, 

- Kone6aTenbHNH npouecc c H3MeHeHHeM cosa 

B BNpalKeHHHX (9) H (10): 

~ 
✓ al -Dl 

MelK.!ly -a1 H 

] 
al• 

a ,b = -· -(e +Hm - -) ± (e +Hm + - ) -2aBm • 2 2 1 [ a / a 2 2] 
1 1 a o o 2 o o 2 o 

(9) 

(10) 

(11) 

B nepBOM cnyqae, COOTBeTCTByDmeM OTHOCHTenbHO ManuM 3HaqeHHHM nonH, 

BeKTOp 1 KOne6neTCH MelKny nByMH npenenbHUMH OTKBOHeHHHMH OT OCH z 6e3 
"onpoKHnuBaHHH". Bo BTopoM cnyqae, Karna none nocTaToquo BenHKO, 
Kone6aHHH 1 CHMMeTpHqHu OTHOCHTeBbHO a= rr/2. 

3aBHCHMOCTb p(T), onHCUBaDmaH xapaKTep npeuecCHH BeKTOpa 1 BOKpyr 

OCH z, H 3aBHCHMOCTb -(·), onHCUBaDmaH nepHonHqecKHe OTKROHeHHH BeKTOpa 

m OT BepTHKanbHOH nnoCKOCTH, HaxonHTCH noncTaHOBKOH (9) H (10) B ypaBHe

HHH (5) H (6) H HHTerpHpoBaHHeM nonyqaeMUX ypaBHeHHH. 

ITpH nocTaToquo ManoM 3HaqeHHH aMnnHTynu a ( a 2 « -b2 ) OTKROHeHHH 
1 1 1 

BenHqHHU cosa OT cpenHero 3HaqeHHH O ( CM. (10) ) npHo6peTaDT rapMOHHqe-

CKHH xapaKTep: 

cosa = a cos [2 [B/ (e +Hm + ~ ) 
2
-2aBm

2 J 
1 

/

2

• •] • 
1 0 0 2 0 

(12) 

B 9TOM npenenbHOM cnyqae qaCTOTa npeuecCHH BeKTOpa 1 BOKpyr OCH z: 

rp ~ (H-2Bm
0
)-2Bm

0
a 1cos[2[B/(e

0
+Hm

0
+; )

2
-2aBm: ]

1

/

2 

·•] (13) 

BHnHM, qTo nepHon H3MeHeHHH a H ,, a TaKlKe nynbcauHR qacToTu npeuecctttt 
• 1 /2 . - 1 2 p onpenenHeTcH BenHqHHOH (2aB) H no nopHnKy BennqHHN paBeH 10 c. 
nepHon npeueccHH BOKpyr OCH Z 3aBHCHT OT BenHqllHU BHewHero nonH H, 
3a HCKnDqeHHeM cnyqaH, Karna m ~ H/2B, TaKlKe nopHnKa io- 12c. 

0 

2. 1130TEPMJ1qECKHfi CITHH-~non-nEPEXon 

AHanH3 KHHeTHKH KorepeHTHoro cnHH-q>non-nepexona HeB03MolKeH 6e3 yqeTa 

nHccHnauHH 3HeprHH. npome ecero onHcueaTb TaKoR nepexon c noMombD 
ypaBHeHHR neHlKeHHH e q>opMe naunay-nHq>wHua: 

~Hi= -[MiHiJ-a[Hi[MiHiJ] i 1, 2 ) • (14) 
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npencTaBHM ypaaHeHHR (14) qepe3 KOMnoHeHTU BeKTOpOB 

lL = lx+ily, mL = mx+imy, nHqxpepeHUHpOBaHHe TaKme no c = 7t ): 

lL = i [(H+bmz -Bmz) lL +(2B+a) lzmz] + 

+cx[2B(m21c1.-(lm)m,)-(H+bm) (1 mc1.+m 1.L)-al (m m.L+l 1.Ll] ....... z z z zz z, 

m.L = i [(H+bmz)mc1.+alzl.L]+ 

1 H m 

(15) 

+cx[-2B(12mc1.-(lm)l.)-(H+bm) (m m,+1 lc1.)-al (1 m,+m lc1.l] (16) 
...&.. z z..L z z z.,1.,. z , 

1 = iB(lc1.m1-11mc1.)+ 
z 

+a[2B(m21 -(lm)m )-2(H+bm) (1 m -(lm))+a[(1
2

+m
2
)-(1

2 
+m

2
)]1], (17) 

z z z z z z z z 

m = a[-2B(1 2 m -(lm)l )+(H+bm) [(1 2 +m2 )-(1 2 +m2 )]-2a(1 m -C-lm) )1], (18) 
z z z z z z zz z 

H3 qeTupex HHTerpaROB nsHmeHHR npenunywero pa3neRa cHcTeMe ypaaHeHHH 

(15) + (18) COOTBeTCTBYIOT TORbKO naa: (1 2 + m2
) = const, (lm) = const. 

ECTeCTBeHHO npHHRTb )lRR aHTH~eppoMarHeTHKa, KaK H B npenunyweM pa3neRe, 

(12 + m2) = 1, (lm) = o, qTo 3KBHBaReHTHO paaeHCTBaM n: = H~ = n! • 
TaKHM o6pa3oM, HcnoRb3YR ypaaHeHHR (14), MU npeHe6peraeM napanpoueccoM, 

T.e. noRaraeM, qTo HaMarHH'IeHHOCTH nayx nonp,eweTOK paBHU MeQy co6o0 

H He H3MeHRIOTCR B npouecce cnHH-~Ron-nepexona. KpoMe Toro, HcnoRb30BaHHe 

ypaaHeHHH (14), B KOTOpUX <X He 3aBHCHT OT apeMeHH, 03HaqaeT, qTo TeMne
paTypa MarHHTHOH CHCTeMU ocTaeTCR HeH3MeHHOH, HeCMOTpR Ha HMnyRbCHUH 

xapaKTep MarHHTHoro noRR, T.e. TenRoeMKOCTb cpenu, norRowaIOweA 3HeprHIO 

OT MarHHTHOH CHCTeMU, 6eCKOHeqHa. 
ECRH 6u 'AHCCHnaTHBHUe no6aBKH B ypaaHeHHR (15) + (18) 6URH nocTa

TOqHQ MaRUMH, nepeopHeHTaUHR HMeRa 6u xapaKTep nepHO)lHqecKHX 3aTyxaIOWHX 

KORe6aHHH. Ho peaRbHUe 3HaqeHHR napaMeTpa nHCCHnaUHH B O'AHOOCHUX aHTH

~eppoMarHeTHKaX COOTBeTCTBYIOT CKopee npoueccaM anepHO'AHqecKHM ( aeRHqHHa 

a 'ARR cr203 pas Ha - o, 02 [4]). CYD1eCTBeHHO, 0]:IHaKO, qTO, KaK 

noKa3uaaeT naRbHeHWHH aHaRH3, 'AHCCHnaTHBHUe qReHU B ypaaHeHHRX 

(15) + (18) no-pa3HOMY BRHRIOT Ha H3MeHeHHe KOMnOHeHT BeKTOpOB 1 H m. 
noRaraR B ypaaHeHHH (18) BeRHqHHY 1 MenReHHO H3MeHRIOWeHCR no 

z 2 2 
cpaBHeHHIO cm H pewag era OTHOCHTbRbHO m, noRyqaeM ( npH (1 +m) = 1, 

(lm) = o; yqH;uaaeM npH 3TOM, qTQ m2 « 1, ~m « B, b « B ): z 

m ~ !_ [H(l-12)-[H(l-12)-2Bm ] -exp(-2B<Xc)], (19) 
z 

2
B z z zo 

rne m = m (c = O), T.e. apeMR peRaKcaUHH 'ARR m: (2B<X7)-
1 ~ l0-

12
c -

zo z 
cpaBHHMO c nepHonoM co6cTBeHHUX npeuecCHOHHUX KORe6aHHH, pacCMOTpeHHUX 

a r.penunyweM pa3neRe. 

4 

1 
z,dla 

C npyroA CTOpOHU, H3 

~ cx[2Bm2-2Hm +a(l-12)]1 , z z z 

'AHCCHnaTHBHOH 
yqHTUBaR, qTo 

qacTH 

no 

ypaBHeHHR (17) 
nopRnKy aeRHqHHU 

m~m 
z 

~ H/2B, cRenyeT, qTo apeMR peRaKCaUHH OTHOCHTeRbHO 'AHCCHnauHH pas-

HO H
2 

-1 -s OKORO (cx7( - -a)] ~ 10 c, 

nRR m • 
z 

2B 
T.e. Ha qeTupe nopRnKa 60Rbwe, qeM 

TaKoe me cooTHoweHHe noRyqaeTcR Memny apeMeHaMH peRaKcauHH nRR m.L H 

1.L, T.K. CKOpOCTb nHCCHnaUHH 'ARR mL B ypaaHeHHH (16) onpeneRReTCR, 

rRaBHUM o6pa30M, noReM B, a 'ARR lc1. B ypaBHeHHH (15) - 3qxpeKTHBHUM 
2 

noReM ( ~ -a). 
2B 

TaKHM o6pa3oM, MomeM noRaraTb, qTo a npouecce nepeopHeHTaUHH 'ARR 
KaQUX npoMemyToqHux 3HaqeHHH lz H lL 6ucTpo )lOCTHraIOTCR 
KBa3HpaBHOBeCHUe 3HaqeHHR mz H mL • 3TH 3HaqeHHR MOmHo onpeneRHTb 

npHpaBHHBaHHeM HYRIO )lHCCHn~THBHUX qacTeH ypaBHeHHH (16) H (18): 
2 

H2 H(l-lz) 
mL ~ - - 1 lL , m ~ --- • (20) 

2B z z 2B 

A ypaBHeHHR )lRR OTHOCHTeRbHO Me)lReHHoro H3MeHeHHR BeKTOpa l IlORyqaeM, 

B CBOIO oqepen•, IlO)lCTaBRRR (20) B (15) H (17): 
2 

lL ~ !!._ [-i~ +cx(l- ~a~)]121L 
2B H H2 

z 
(21) 

2 

1 ~-a(!!... -a)(l-1 2 )1 z 28 z z (22) 

npeuecCHOHHUH qReH B ypaBHeHHH (17) npH 3TOM B cpenHeM IlORHOCTblO 

nonaaRReTcR ). PeweHHe ypaaHeHHR (22): 

H2 [ H2 ]-1/2 
1 = 1 exp[-cx(- -a)c] • 1-12 [1-exp(-2cx(- -a)c)] z zo 28 zo 28 

(23) 

( 3)leCb lzo= lz(c = 0) ). npH6RHmeHHOe peweHHe ypaaHeHHR (21) HaXO)lHM 

nocRe noncTaHOBKH a Hero cooTHoweHHR 12 ~ (l-llc1.l 2): 
z 

H2 
.aH [ 2 2 H2 

lc1. = lc1. •exp[cx(- -a)c]•exp(-i-c)· (1-1, )+lc1. •exp[2cx(-
0 2B 2B --o O 2B ]

-1 / 2 

-a)c] . 

exp [i aH • ln [ ( 1-1.i.:) +1.i.: · exp[2cx (H
2 

-a) c] ]] 
2cx(H2-2aB) 2B 

(24) 

3necb lLo = llc1.(• = O) I - HaqaRbHoe 3HaqeHHe aeRHqHHU llc1.I· 
KaK H CRe)lOBaRO omH)laTb, BeRHqHHa IlORR H = (2aB) 1/ 2 RBRReTCR KpHTH

qecKOH JlRR HanpaaReHHOCTH H3MeHeHHR HCXOJlHUX 3HaqeHHH lz H llc1.I : yMeHb

weHHe 1 H, cooTBeTCTBeHHo, yaeRHqeHHe llc1.I npoHCXOJlHT TORbKO npH 
H > (2:B) 1 /

2
• 
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BupameHHe (24) OilllCHBaeT 11 

BeKTOpa 1 BOKpyr OCH z. npH 

( 113 BHpameHHH (24) ) paBHa: 

aH•ln l.1. 
w ~ - 0 

a(H
2

-2aB)i: 

xapaKTep YMellbWeHHH 

6onbWIIX 3HaqeHHHX 

( np11 i: ➔ oo ) • 

i: 

qacTOTH 

qacToTa 

npeueccHH 

npeueccH11 

OnHaKo, XOTH 113nomeHHaH TeOpllH OilHCHBaeT Cill!H-~non-nepexon B paMKax 

11cnonh30BaHHoro np116n11me1111H, 011a cosepweHHo 11e cornacyeTcH c pe3ynhTa

TaM11 3KCnep11MeHTOB c MOIIOKpllCTannaMH Cr203 11 a-Fe203, B KOTOpHX CKOpOCTb 
H3MeHeHHH op11eHTau1111 BeKTopa 1 oKa3anacb, no KpaHHeH Mepe, 11a qeTupe 

nopHnKa MeHbWe, qeM B 3TOH TeOpl!H. 

3. AnHAEATHqECKHH CTIHH-~non-nEPEXon 

np11q11HH TaKoro pe3KOro pacxomne1111H C 3KcnepHMeHTOM ecTeCTBeHHO IICKaTb 

B Tex orpaH11qeH11Hx, KOTopue 6un11 nonyweHu. 

1. npencTaBnHeTCH 11eo6xon11MHM OTKa3aThCH OT HH3KOTeMnepaTypnoro 

np116n11me1111H, T.e. yq11TuBaTh, qTo 11aMar11Hqe11HocT11 nsyx nonpeweToK He on11-

HaK0Bu II H3MeHHDTCH B npouecce nepeop11eHTau1111 npH ~a30BOM nepexone. 

2. He HBnHeTCH 06oc11osaHHHM npennonome1111e ,06 H30TepM11q11ocTH npouecca 

rrepexona. Monenh, paccM0Tpe1111aH B npenunyweM pa3nene, rrpenrronaraeT oTson 

311epr1111 OT MarHHTHOH CIICTeMH 11, cnenosaTenbHO, ycTa11osne1111e 11aqan_hHOH 

TeMnepaTypu nocTaToq110 6hICTPbIM, qTo6u Mom110 6uno npe11e6peraTb BnHHHHeM 

3TIIX npoueccoB Ha CKOpOCTb cnHHOBOH nepeop11e11TaUHII. B peanbHOM 

3KCnep11MeHTe BpeMH BHpaBHl!BaHHH TeMnepaTyp Memny KpHCTannoM II Blle~HeH 

cpenoH ( B na11110M cnyqae KpllOCTaTOM ), no KpaHHeH Mepe, Ha Tpll - qeTHpe 

nopHnKa 6onbwe, qeM nnHTenbHOCTb HMnynbca MarHHTHoro IlODH, paBHaH 

l0- 3 c. TI03TOMY o6pa3eU B npouecce nepeop11e11TaUHH Momtto cq11TaTb Tenno1130-

n11posa1111uM, T.e. paccMaTpHBaTb npouecc, KaK anHa6aT11qecK11H. np11 3TOM 

H3Mette1111e BHyTpe1111eH 311epr1111 o6pa3Ua o6ycnoBneHO TOnhKO 113Me11en11eM BHew

nero MarnHTHoro nonH: 

f
t • 

~E = -2H (m(t)·H(t))·dt 
H 0 

0 

(25) 

( B COCTaB BHyTpeHHeH 3HeprHH MarHHTHOH CIICTeMH B naHHOM cnyqae BKnDqeHa 

3Heprl!H B3al!MoneHCTBHH C BHeWHIIM MarHHTHHM noneM ( -(m·H) ). 

3. B rrepepacnpenene1111H 311epr1111 rrp11 ~a3oBoM nepexone, KpoMe MarHHTHOH, 

yqacTByeT II ~OHOHHaH c11cTeMa 06pa3ua. np11 3TOM nnHTenbHOCTb l!Mnynbca 

MarHHTHOro nonH cywecTBeHHO 6onbwe, qeM BpeMH ycTaHoBneHHH paBHOB8CHHX 

pacnpeneneHHH BHYTPII cnHHOBOH 11 ~OHOHHOH CIICTeM ( ~ l0- 11 c ) . B o6weM 

cnyqae 3~~eKTIIBHHe TeMnepaTypu MarHHTHOH TH II ~OHOHHOH Tp CIICTeM 118 
on1111aKOBH II 113M811HDTCH B npouecce nepeop1111Tau1111. no 113B8CTHHM TeopeTII-

" 
6 

qecKHM oueHKaM, BpeMH BHpaBHHBaHHH CilHHOBOH H ~OHOHHOH TeMrrepaTyp B 
-5 aHTH~eppoMarneTHKax nopHnKa 10 c. 

B AaHHOll pa6oTe l!MeeTCH B BIIAY paCCMOTpeHl!e ABYX npeAeDbll~X npH6n11me

HHH. B nepBOM H3 HHX rrpenrronaraeTcH, qTo none H3MeHHeTcH nocTaToq110 Men

ne11Ho, qTo6u ycneBano ycTa11asn11BaTbCH pas110Bec11oe pacnpeneneHHe 311eprHH 

Memny MarHIITHOH H ~OHOIIIIOH CHCTeMaMH, T.e. nonaraeTCH, qTQ TH 

Bo BTOpOM nonycKaeTCH, qTQ MarHHTHOe none 113MeHHeTCH HaCTOnhKO 

qTQ He ycrreBaeT ocywecTBnHTbCH o6Mell 3HeprHeH Memny MarHOHHOH II 

T = T. p 

6ucTpo, 

~OIIOHHOH 

cHcTeMaMH, ~o, Ko11eq110, nocTaToq110 Menne11110, qTo6u Mom110 6uno cqHTaTh, 

qTo B KamnuH paCCMaTpl!BaeMHH MOMeHT BpeMeHH caMa MarHHTHaH CHCTeMa 11axo

n11TCH B TepMonHHaMHqecKOM paBHOBeCHH, T.e. TeMnepaTypa TH= T H H3MeHH

eTCH rrpH cnHHOBOH nepeop11e11TaUHH, a Tp = To ( 11aqanbHOH TeMrrepaType o6-

pa3ua ). B 3TOM cnyqae MarHHTHaH CHCTeMa paccMaTpl!BaeTCH KaK an11a6aTH-

\' qecKH 1130n11posa1111aH OT ~OHOIIIIOH. 
COOTBeTCTBeHHO 3TIIM rrpH5nHmeHIIHM MOmHO rrpHilHCaTb· nsa KBa3HpaBHOBec

llHX anHa6aTHqecKl!X COCTOHHHH ( ACl H AC2 ), B KOTOpHX KpHcTann MomeT 11a

xonHTbCH rrp11 ~a30BOH rrepeopHeHTaUl!H. CaM npouecc MOmHO HHTepnpeT11poBaTb, 

KaK KBa3HCTaTHqecKHH ( o6paTHMHH ), T.e. nonaraTb, qTQ 311TpOilHH B COOT

BeTCTBYDWeM COCTOHHHH OCTaeTCH HeH3MeHHOH npH ~a30BOM rrepexone, ( 110, 

KOHeq110, 3aBHCHWeH OT To ). Ho np11 3TOM B OTnenbHOCTII 311TpOnHI! UH H up 
B ACl, K011eq110, H3MeHHDTCH. 06oc11osa1111ocTb YTBepmneHHH O nocTOHHCTBe 

311Tp0Illlll npHMeHHTenbHO K ~a30BOMY nepexony B naHHOM cnyqae 06ycn0Bne11a 

TeM, qTo, Bo-rrepBHX, paccMaTpHBaeTcH rrpouecc "K-orepe11T11oro 11
, c1111xpo1111oro 

no o6oeMy 06pa3ua H3MeHeHHH 11aMar11Hqe1111ocTeH rronpeweToK, 6e3 o6pa3oBaHHH 

MHoronoMeHHOH CTPYKTypu, H, BO-BTOpux, H3Me11e1111e opHeHTaUHH HaMar11Hqe11-

HOCTeH B npouecce cnHH-~non-rrepexona pacoMaTp11eaeTcH KaK 11enpepUBHHH 

rrpouecc. 

H3MeHeHHD 11aMarHHqe1111ocTeH B an11a6aTHqecKoM rrpouecce cnHH-~non

rrepexona B KnaccHqecKOM rrp116nHmeHHH COOTBeTCTBYDT ypaBHeHHH 

~ Mi = -[HiHi]-a[Hi [MiHi] ]-ti(Mi-Mi 0 ), i = 1,2 ) , (26) 

yqHTHBaDWHe, B OTnHqHe OT ypaBHeHHH (14), H3MeHeHHe H a6conDTHHX 311aqe-

::= :a::;11:q~::;c::HH:1H:::H p::::;:::;:M:~eprHH. B 3TOM cnyqae BenHqHHH 

B naHHOH pa6oTe HeT -11eo6xonHMOCTH B ananH3e nHHaMHqecKHX peweHHH 

ypaBHeHHH (26). BamHO OTMeTHTb TOnbKO, qTo 01111 HMeDT xapaKTep 3aTyxaDWIIX 

rrepHonHqecK11x HnH anepHon11qecKHX, npocTpa11cTse11110 on11opon11ux Hn11 11eon110-

pon11ux npoueccos, KOTopue acHMnTOTHqecKH np116n11maDT cHcTeMy K KBa3Hpas

Hosec110My COCTOHHHD ( ACl 11n11 AC2 ), B KOTOpOM Mi= o, TaKme ynoBneTBO

pHDWeMy ypaBHeHHHM (26). nnH COCTOHHHH ACl H AC2 HaMar11Hqe11HOCTII 
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Mi= Mio' a 3<P<!JeKTHBHUe nonR Hi ,HanpaBneHu no BeKTopaM Mio' T.e. ynoB

neTBOpRDTCR ypaBHeHHR 

[MioHi] = O ( i = 1,2 ) , (27) 

B cnyqae aHTH~eppoMarHeTHKa B MarHHTHOM none, HanpaBneHHOM Bnonh OCH 

aHH3OTponHH, B oTnHqHe OT ~eppoMarHeTHKa, ypaBHeHHRM (27) ynoBneTBOpRDT 

peweHHR, nnR KOTOpux yron Memny OCbD aHH3OTponHH H BeKTOpaMH HaMarHHqeH

HOCTH nonpeweToK MomeT npHHHMaTb nD6oe 3HaqeHHe B nHana3oHe o + 180°, 

B 3aBHCHMOCTH OT BenHqHHU MarHHTHOro nonR. )lanee COOTBeTCTBYDWHe ypaB

HeHHRM (27) BeKTOpU ~eppoMarHeTH3Ma H aHTH~eppoMarHeTH3Ma o603HaqaeM 

KaK M H L. 

npH aHanH3e anHa6aTHqecKHX COCTORHHH, npHHHMaR BO BHHMaHHe peanbHUe 

ycnoBHR 3KcnepHMeHTa, uenecoo6pa3HO yqHTUBaTh HanHqHe nonepeqHofi KOMno

HeHTU MarHHTHoro nonR. YpaBHeHHR (27) npH nepexone K BeKTopaM L HM 

npHo6peTaDT BHn: 

rne 

[M H1]+[L HJ 

aeH 
8

1 = - a1 ' Hm 

o, 

aeH 

am 

[M HJ+[L H1] = 0, (28) 

3TH BeKTOpHue ypaBHeHHR cBonRTCR K nByM 

COOTHOWeHHRM Me~y KOMllOHeHTaMH BeKTOpOB L HM ( nonaraeM, qTo nonepeq

HaR KOMllOHeHTa nong HanpaBneHa no OCH X ): 

(Hz+bHz)Hx+aLzLx = HxHz 

(2B+a) (aL L +H H )L + (H +bH ) [[(2B-b)H -H ]L +H L
2
] 

zxxzz z z zzxxz 

npHqeM L = H = 0. 
y y 

0 

(29) 

(30) 

npH Hx = 0 cywecTBOBaHHe anHa6aTHqecKoro COCTORHHR BO BCeM nHana3OHe 

yrnoB Memny BeKTOpOM aHTH~eppoMarHeTH3Ma H OCbD aHH3OTponHH, OT 0° no 

90°, HenocpencTBeHHO CBR3aHo c TeM, qTo npH KOHeqHofi TeMnepaType 

BHeWHeM MarHHTHOM none HaMarHHqeHHOCTH nonpeweTOK He onHHaKOBU, 

BO 

T,e. 

(LM) ~ o. B 3TOM cnyqae npH Manux 3HaqeHHRX Lz H3 (30) H (31) MOmHO 

nyqHTb npH6nHmeHHUe COOTHOWeHHR nnR anHa6aTHqecKoro COCTORHHR: 

L ~ 2BH· (LM) . [ l _ 4a
2
B

2 
· (LM) ] • z 

(H2-2aBP) (H2-2aBP) 2 

!!_ - H ) ~ ~-L2 
2B z H z 

no-

(31) 

(32) 

( 3necb p = (L 2 +H2
) ~ 1; He yqHTUBaeM npeHe6pemHMO Manue no6aBKH, CBR-

3aHHUe C BenHqHHOH £ m2 B (2) ). 
. 2 z 

8 

.i,~ r . . 

l ,i'i 
,1-

~ '.'1 

y 

npH6nHmeHHOe BUpameHHe nnR 3HeprHH MarHHTHOH CHCTeMU ( TOnhKO npH 

Manux 3HaqeHHRX L2 ) KaK ~YHKUHH OT (L2 + H2) H L nonyqaeTCR H3 (2),. 
z z 

(29), (30) C yqeTOM Toro, qTo a C 2B, b C 2B: 

2 2 
e ~ _ (A+B) (L2+H2) _ !!_ _ a(H -2aB) L 2 • (33 ) 

K z 
2 4B 2H2 

Bo Bcex npHBeneHHUX 3necb BUpameHHRX a6conDTHUe 3HaqeHHR BeKTOpOB 

L HM H HX KOMllOHeHTU, COOTBeTCTBYDWHe anHa6aTHqecKOMY COCTORHHD, 3aBH

CRT OT TeMnepaTypu, KOTOpaR, B CBOD oqepenh, onpenenReTCR HaqanbHOH 

TeMnepaTypofi T
0 

( npH H = o) 06pa3ua H BenHqHHofi neficTBYDmero B naHHufi 

MOMeHT BpeMeHH nong. 

KO3~~HUHeHTU B ~eHOMeHonorHqecKHX 

3HeprHH TaKme 3aBHCRT OT TeMnepaTypu, 

BUpameHHRX nnR MarHHTHOH qacTH 

HO 3TOH 3aBHCHMOCTbD B npouecce 

nepexona nnR THnHqHUX aHTH~eppoMarHeTHKOB MOmHO npeHe6peraTb, yqHTUBaR 

ee nHWb npH H3MeHeHHH Haqa~bHOH TeMnepaTypu. OnHaKO B pRne cnyqaeB cne

nyeT npHHHMaTb BO BHHMaHHe H TeMnepaTypHyID 3aBHCHMOCTb 3THX KO3<P<!JHUH

eHTOB, KaK, HanpHMep, B cnyqae reMaTHTa, ~a3OBaR nHarpaMMa KOTOporo B 

3HaqHTenbHOH Mepe onpenenReTCH 3aBHCHMOCTbID OT TeMnepaTypu KOHCTaHTU 

aHH3OTponHH a(T). 
TaK KaK KOMnoHeHTa Hz RBnReTCR HenpepUBHOH -~YHKUHefi OT H I H3MeHeHHe 

3HeprHH (25) CHCTeMU, CBR3aHHOe c H3MeHeHHeM BHernHero nonR, MOmHO npen

CTaBHTb B BHne 

l::.E H 
= -" = -f H (H) ·dH, 

2H o z 
/::.eH (34) 

0 

coxpaHeHHe 3HeprHH nnH ACl BUpamaeTCR ypaBHeHHeM 

H 
= -L Hz {H) ·dH [e (H,T)-e (0,T )] + _! [E (T)-E (T )] 

K K O 2H p p 0 
(35) 

0 

rne EP (T) - nnoTHOCTb 3HeprHH ~OHOHHOro ra3a. JlnR AC2 B ypaBHeHHe (35) 

He cnenyeT BKnDqaTb 3HeprHID ~OHOHHoro ra3a. OTMeTHM, qTo B (35) OTCyT

CTByeT 3HeprHR CllHH-perneToqHoro B3aHMonefiCTBHR, XOTR 3TO B3aHMonefiCTBHe 

HrpaeT onpenenRIDWYD ponh B nepepacnpeneneHHH 3HeprHH B KpHcTanne B cny

qae ACl. 3TO O3HaqaeT, qTo npennonaraeTCR He3aBHCHMOCTb CllHH-perneToqHoro 

B3aHMonefiCTBHR OT opHeHTaUHH HaMarHHqeHHOCTefi nonpeweTOK B anHa6aTHqec

KOM COCTORHHH, T.e. npeHe6peraeTCR MarHHTOCTpHKUHefi. 

B paccMaTpHBaeMoM cnyqae anua6aTHqecKoro ~a3oBoro nepexona ypaBHeHHe 

6anaHca 3HeprHH (35) 3KBHBaneHTHO ycnoBHD coxpaHeHHR 3HTpOllHH: 

[crK(H,T)-crH (0,To)] + [crp (T)-crp (To)] = 0 (36) 

pa3yMeeTCR, 6e3 BKnDqeHHR 3HTponHH ~OHOHHOro ra3a B cnyqae AC2 ). 

B KaqecTBe Ep {T) H crp (T) MOmHO Hcnonh3OBaTb H3BeCTHUe ~YHKUHH H3 

KaKOH - nH60 MonenH KpHCTannHqecKHX Kone6aHHH, HanpHMep, MonenH )le6aR. 
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Torna npH 3anaHHOM 3HaqeHHH MarHHTHOro nonR OCTaeTCR nRTb HeH3BeCTHUX: 

qeTUpe KOMnoHeHTU Lz, LX, Hz, Hx H TeMnepaTypa T. .llnR HX onpeneneHHR 

ypaBHeHHR (29), (30) H (35) ( HRH (36) BMeCTO (35) ) Heo6xonHMO nonon

HHTb ypaBHeHHRMH COCTORHHR MarHHTHOH CHCTeMU. TaK KaK npennonaraeTCR, 

qTo B nI060M cnyqae B MarHHTHOH CHCTeMe nocTHraecR KBa3HpaBHOBeCHOe pac

npeneneHHe 3HeprHH, B npH6nHmeHHH 3qxpeKTHBHoro nonR MO~HO Hcnonb30BaTb 

nnR 3Toro COOTHOWeHHR, onpenenRIO!llHe CBR3b Me~ny HaMarHHqeHHOCTRMH nonpe

weTOK H TeMnepaTypofi: 

H. = H •B 8 
.l ( 

2Sµ IH-1) 
.1 oo s kT 

( i = 1,2) (37) 

rne BS - IJ>YHKUHR BpHnnI03Ha, Hoo - HaMarHH'!eHHOCTb Ka~ofi H3 nonpeweTOK 

npH T = o, H = o, Hi - 31Jlq>eKTHBHOe MarHHTHOe none, nefiCTBYIO!llee Ha COOT

BeTCTBYKllllYIO nonpeweTKy: 

H =!M -!!M + [H + (a+b)H + (b-a)H ]e +He, 
1 H 1 H 2 z 2H lz 2H 2z z x x 

0 0 0 0 

H = ! M - !! M + [H + (a+b)H + (b-a)H ]e +He 
2 H 2 H 1 z 2H 2z 2H lz z x x 

0 0 0 0 

( ex H ez - enHHHqHue BeKTOpU anonb ocefi X Hz, COOTBeTCTBeHHO ). 

CBR3b Memny BenHqHHaMH L, M H Mi HMeeT BHn 

L2+H2 
H2 
...!!...0 

[B
2

(x)+B
2
(x)], 

2H2 s 1 s 2 
0 

(LM) 
H2 
...!!...0 

[ B
2 

(x ) -B
2 

(x ) ] 
4

H2 s 1 s 2 
0 

(38) 

(39) 

xi 
2Sµ IH-1 8 

.l ) • COOTBeTCTBeHHO, 3HTponHR MarHHTHOH CHCTeMU [SJ: 
kT 

CTH (H,T) 
Hooke 

25µ
8 I 

Hl/Hoo 

[ O B;1 
(x)dx + 

-1 6 rne BS - 0 paTHaR IJ>YHKUHR BpHnRI03Ha. 

I 
H2/Hoo 

0 

B;
1 

(x)dx ] , (40) 

H3 (30) cnenyeT, qTo npH Hx = o anHa6aTHqecKoe cocTORHHe 113apo~a-

eTcR" npH Lx = O, Korna MarHHTHoe none nocTHraeT aenHqHHU 

H ~ 2B ....:=_e + [ 11 
e , 2 

-=.!;_ + - L2 , [ H

2 

a r/2 

) 

4 2B ze 
(41) 

rne Hze H Lze - caMocornacoBaHHUe 3HaqeHHR KOMnOHeHT BeKTOpOB M H L 

B KORRHHeapHOM COCTORHHH ( npH Hx = LX = 0 ), onpenenReMUe COBOKynHOCTblO 

ypaBHeHHH (30), (36), (37). BenHqHHa He MOmeT paccMaTpHBaTbCR KaK KpHTH

qecKoe none cpa3oaoro nepexona aToporo pona B anHa6aTHqecKoe cocTORHHe 

aHTHq>eppoMarHeTHKa B anHa6aTHqecKoM npouecce. npH nanbHefiweM B03pacTaHHH 

MarHHTHoro nonR, cTporo roaopR, 6onbwe HHKaKoro cpa3oaoro nepexona HeT, 
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TaK KaK K 11 nonHOCTblO onpoKHHYTOMY" COCTORHHIO, B KOTOpOM Lz= o, T.e. 

HaMarHHqeHHOCTH nonpeweTOK o6pa3yIOT onHHaKOBUe yrnu C OCbIO z, MarHHTHaR 

CHCTeMa CTpeMHTC~ RHWb acHMilTOTHqecKH. cnenyeT 3aMeTHTb, KpOMe Toro, qTo 

He - 3To HHqTo ttHoe, KaK KpHqecKoe none H30TepMHqecKoro cnHH-q>non

nepexona nepaoro pona npH yqeTe H3MeHeHHR HaMarHHqeHHOCTefi nonpeweTOK 

non neficTBHeM BHewHero nonR, T.e. napanpouecca. npH 3TOM HHq>opMaUHR o 

nHana3oHe MeTacTa6HnbHOCTH npH q>a3oBoM nepexone nepaoro pona "yTepRHa", 

Korna npeHe6pernH BKnanoM qneHa aHH30TponHH 6onee aucoKoro nopRnKa 

B 3HeprHIO MarHHTHOH CHCTeMU ( npH yqeTe ero nHana30H cymecTBOBaHHR MeTa

CTa6HRbHUX COCTORHHH COCTaBnReT He 6onee 10-
3 OT BenHqHHU KpHTHqecKoro 

nonR ). B (41) HaMarHHqeHHOCTb Hze paBHa npH6nH3HTenbHO ( He/2B - aP/He>· 

cnencTBHeM anHa6aTHqecKoro paCCMOTpeHHR RBRReTCR OTCYTCTBHe 3aBHCH

MOCTH OT BpeMeHH B ypaBHeHHRX, onpenenRIOlllHX KOMilOHeHTU HaMarHHqeHHOCTefi. 

npH pocTe nonR H3MeHReTCR TeMnepaTypa o6pa3Ua, 3TO _H3MeHeHHe 

B03pacTaeT H nocTHraeT HaH6onbwefi aenHqHHU, Korna none npHHHMaeT 3Ha-

qeHHe·, COOTBeTCTB YIO!llee MaKCHMYMY MarHHTHOro HMny Rb ca. npH nocnenyIOllleM 

yMeHbWeHHH nonR npouecc nepepacnpeneneHHR 3HeprHH H H3MeHeHHR TeMnepa

Typu HneT B o6paTHOM HanpaaneHHH. HaqHHaR co 3HaqeHHR H = He, paBHOBec

HOMY nepepacnpeneneHHIO 3HeprHH Memny MarHHTHOH H IJ>OHOHHOH CHCTeMaMH 

B cnyqae ACl COOTBeTCTByeT OTKROHeHHe BeKTOpa LOT OCH z, KOTOpoe yaenH

qHaaeTCR C yaenHqeHHeM nonR. npH 3TOM KamnoMy 3HaqeHHIO H COOTBeTCTByeT 

onpeneneHHUH yron Memny L H OCblO z, He 3aBHCRlllHH OT Toro, C KaKOH CKO

pocTblO 3TO none nocTHrHyTo ( B npenenax nonycTHMOCTH anHa6aTHqecKoro 

paCCMOTpeHHR ). BpeMR euxona H3 anHa6aTHqecKoro COCTORHHR, T.e. nepexona 

B "nonHOCTblO onpoKHHYTOe" COCTORHHe onpenenReTCR epeMeHeM penaKCaUHH 

3HeprHH ( Tennoo6MeHOM ) Memny KpHcTannoM H BHewHefi cpenofi. EcnH 6u 

none nocne B03pacTaHHR .no HeKoToporo 3HaqeHHR H > He ocTaeanocL nocTORH

HUM nocTaToqHo nonro, B pe3ynbTaTe Tennoo6MeHa c KpttocTaToM H3MeHttnacb 

6u 3HTponHR KpHcTanna, H cao6onHaR 3HeprttR MarHHTHOH CHCTeMU npttHRna 

MHHHManbHOe 3HaqeHHe, COOTBeTCTBYIO!llee HCTHHHO ycTofiqHBOMY, "onpoKHHYTOMY" 

COCTORHHIO. 

HacKonbKO aenHKO npoRaneHHe oTnttqttR antta6aTHqecKoro npouecca nepe

OpHeHTaUHH HaMarHHqeHHOcTefi a cnyqae ACl OT tt3oTepMHqecKoro npouecca, 

3aBHCHT OT COOTHOWCHHR Memny CilHHOBOH H q>oHOHHOH TennoeMKOC

ocao6omnaIOmaRCR npH H3MCH8HHH HaMarHttqeHHOCTefi 3HeprHR ttneT 

Ha HarpeBaHtte MarHOHHOf'O H IJ>OHOHHOf'O ra3a H pacnpenenReTCR Memny HHMH B 

OTHOWeHHH, paBHOM OTHOWeHHIO HX TennoeMKOCTCH. Ecntt 6u IJ>OHOHHaR Tenno

CMKOCTb 6una HaMHOf'O 6onbwe, qeM CilHHOBaR, IJ>OHOHHUH ra3 Hrpan 6u ponb 

TepMOCTaTa nnR MarHHTHO~ CHCT8MU, KOTOpUH 6ucTpo nornomaeT BCIO ocao6om

naIOmyIOcR npH nepeopHeHTaUHH 3HeprHIO H CTa6ttnH3ttpyeT TaKHM o6pa30M TeMne

paTypy. H TORbKO B TOM cnyqae, ecnH 3HaqttTCflbHaR qacTb 3HeprttH OCTaCTCR 

oqeaHnHo, 

TRMH, T.K. 
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y MarHHTH08 CHCTeMu, T.e. ee TennoeMKOCTb COCTaBnHeT cywecTBeHHYD qacTb 

OT o6we8 TennoeMKOCTH, MOJKeT nponcxonnTh 3aMeTHaH "3anepJKKa 11 B npouecce 

onpoKnnuBaHRH nonpeweTOK. B cnyqae aHTR~eppoMarHeTRKOB CRTyauHH B 3TOM 

OTHOWeHnn HBnHeTCH 6naronpnHTHo8, oco6eHHO ecnH He BennKa TeMnepaTypa 

HeenR, T.K. cnHHOBaR "~OHOHHaR TennoeMKOCTR cpaBHRMU no BenHqnHe. 

Ecnn HMnyn&c MarHRTHoro nonR nocTaToqHo KopoTKHA nnR peanH3aunn npo

uecca B COOTBeTCTBRR C AC2, OTnHqne OT H30TepMHqecKoro npouecca nonlKHO 

6UTb 6on&we, qeM B cnyqae ACl. Ho B o6onx npenen&HUX cnyqaRx opneHTaunn 

HaMarHnqeHHOCTe8 nonpeweTOK npH Ka~oM 3HaqeHHn nonR Ha non~eMe n Ha 

cnane RMnyn&ca nonlKHU coBnanaTb. rncTepe3ncHue RBneHnR, npoRBHBwHeCR B 

3KcnepHMeHTaX C Cr203 R a-Fe203 (3), MOllCHO paccMaTpnBaTb KaK cnencTBRe 

Toro, qTo CKOpOCTb R3MeHeHHH MarHHTHOro nonR R CKOpOCTb nepepacnpenene

HRR 3HeprHH Me~y MarHOHH08 R ~OHOHH08 CHCTeMaMR cpaBHRMU no 3HaqeHRRM. 

npn yBenHqeHRR aMnnnTynu RMnynhCOB, T.e. C noBuweHneM CKOpOCTH B03pacTa-
. I 

HRH nong npaBaR BeTBb neTnn rHCTepe3HCa CMewaeTCR B CTOpOHY 6onbWRX 3Ha-

qeHn8 nonR n nocTHraeT npenen&Horo nonoJKeHRR, cooTBeTcTBYDwero npoueccy, 

B KOTOpOM npaKTHqecKH He ycneBaeT ocywecTBnRTbCR o6MeH 3HeprHe8 C ~OHOH

H08 cncTeMo8. AHanornqHo neBaR BeTBb rncTepe3nca cMewaeTcR B cTopoHy 

MeH&wnx 3HaqeHn8 nonR n nocTnraeT npenen&Horo nonoJKeHnR, cooTBeTcTBYDWe

ro AC2. Ho B 3TOM cnyqae_npouecc onpenenReTcR ·TeM, cKon&Ko BpeMeHn Kpnc

Tann HaxonnTCR B "onpoKHHYTOM 11 COCTORHRR, T.e. HaCKOnbKO nonHo nepepac

npenennnacb 3HeprnR MeJKny MarHOHaMH R ~OHOHaMn B 3TOM COCTORHHH. 

PeWRTb yKa3aHHYD CHCTeMy ypaBHeHHA H, B KOHeqHOM RTOre, Ha8TH yron 

noBopoTa BeKTOpa LOT OCR z KaK ~YHKUHD HaqanbH08 TeMnepaTypu To H Benn

qnHU nonR H B npenen&HUX cnyqaRx ACl n AC2 aHannTHqecKHM nyTeM He ynaeT

CR. H noKa He npoH3BeneHu qncneHHue pacqeTu, 6uno 6u npe~eBpeMeHHUM 

cynnTh o KonnqecTBeHHOM cooTBeTCTBRn Monenn anna6aTnqecKoro ~a3oBoro 

nepexona H3BeCTHUM 3KcnepnMeHTanbHUM naHHUM, nonyqeHHUM C MOHOKpHCTan

naMn cr
2
o

3 
n a-Fe2o 3 • 

·Anna6aTHqecKn8 cnnH-~non-nepexon npn Hx = o no HeKoTopoA cTeneHn 

aHanorHqeH ~30BOMY nepexony B onHoocHoM ~eppHMarHeTHKe B MarHRTHOM none, 
napannenbHOM OCH aHR30Tponnn. l-lMeeTCR B BRAY OTKnOHeHne HaMarHnqeHHOCTe8 

nonpeweToK ~eppnMarHeTHKa OT ocn aHn3oTponnn npH nocTHJKeHHH noneM 

HeKoToporo KPRTnqecKoro 3HaqeHRR n yBenHqeHne 3Toro OTKnoHeHnR npn nan&
He8weM yBennqeHRH nonR ( CM., Hanp., (6) ). Pa3nnqne COCTOHT nRWb B TOM, 

qTo B cnyqae ~eppnMarHeTRKa B03HHKaDwee ~a30BOe COCTORHHe CTa6nnR3HpyeT

CR H3HaqanbHO cywecTBYDWRM pa3nnqneM B HaMarHnqeHHOCTRX nonpeweTOK, a B 

aHTH~eppoMarHeTRKe OTHOCHTen&HaR ycTo8qnBOCTb anna6aTnqecKoro COCTORHRR 

o6ycnoBneHa, Bo-nepBux, TeM, qTo pa3nnqne HaMarHnqeHHOCTe8 RBnReTCR 

pe3yn&TaTOM ne8cTBHR BHewHero nonR n, BO-BTopux, 3aMenneHHOCTbD npouecca 

o6MeHa 3Heprne8 c ~OHOHH08 CHCTeM08 H, TeM 6onee, c BHewHe8 no OTHOWe-
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HHD K KpRCTanny cpeno8. YpaBHeHRR (27) - (30), KpOMe anna6aTnqecKRX co

CTORHHA B aHTR~eppoMarHeTRKe, onHCUBaDT R OTMeqeHHOe ~a30BOe COCTORHRe 

nByxnonpeweToqHoro ~eppnMarHeTnKa c onHoocHo8 aHH30TponHe8. 

cneun~nqecKoA oco6eHHOCTbD aHTH~eppoMarHeTnKa RBnReTCR cywecTBOBaHne 

KBa3npaBHoBecHoro anna6aTnqecKoro cocTORHRR npn npoMeJKyToqHux HanpaBne

HHRX BeKTopa L, ecnn naJKe none HanpaBneHo ToqHo no OCH aHH30Tponnn. 

HanpnMep, ecnn K ~eppoMarHeTHKY, HaMarHnqeHHOMY no ocn nerKoro HaMarHn

qeHHH, npnnolKHTb nMnyn&cHoe none, aHTnnapannen&Hoe OTHOCRTenbHO HanpaB

neHnR nepBoHaqan&Horo HaMarHnqeHnR, TO R3MeHeHne HanpaBneHnR HaMarHn

qeHHOCTH Ha 180° nonlKHO conpOBOJKnaTbCR HarpeBOM 06pa3ua, HO npn 3TOM 

He B03HRKaeT COCTORHRR, B KOTOpOM 3~KTHBHOe none 6uno 6u napannenbHUM 

HaMarHnqeHHOCTH npn npoMelKyToqHUX HanpaBneHnRx HaMarHnqeHHocTH ( He cqn

TaR 
I 

KOHeqHO, H3BeCTHOro "npoMelKyToqHoro" COCTORHRR, B03HHKaDwero npn 

onpeneneHHUX ycnoBHHX n 06ycnoBneHHOro coBceM npyrnMn ~aKTOpaMn, He 

CBR3aHHUMR C anna6aTnqHOCTbD npouecca ). 

Ho cnHH-~non-nepexon, no-BHAHMOMY, He RBnReTCH YHHKanbHUM cnyqaeM 

~a3oBoro nepexona nepBoro pona, B KoTopoM MOlKeT peanH30BaTbcR anna6aTn

qecKoe COCTORHHe c HanpaBneHHHMH HaMarHnqeHHOCTe8, npoMelKyToqHUMR Me~y 

HanpaBneHHRMH, COOTBeTCTBYDWHMH H30TepMnqecKRM COCTORHHHM. MOlKHO npHBeC

TR, no Kpa8He8 Mepe, ewe onnH npnMep, B KOTopoM cnenyeT oJKnnaTb TaKoe 

COCTORHHe. HMeeTCH B BHAY opneHTaUHOHHbIH (j)a30Bblll nepeXOA B aHTH~eppoMar

HeTRKe, o6nanaDweM cna6o~eppoMarHRTHUM cocToRHneM, non neAcTBReM MarHRT

Horo nonH, nepneHnnKynHpHoro HanpaBneHRD ncxonHoro KonnnHeapHoro aHTR

~eppoMarHHTHoro ynopRno.qeHnR, ecnn 3TO nepexon nepBoro pona ( HanpnMep, 

B a-Fe203, B HeKOTopux penKo3eMenbHUX opTO~eppHTax R opTOXpOMHTaX ). 

H 6onee Toro, npoRBneHne anna6aTnqHoCTH npoueccoB npH nMnyn&cHoM 

B03ne8CTBHH R CBR3aHHUX C 3THM nnHaMnqecKHX rncTepe3HCHUX HBneHH8 cneny

eT oJKnnaTb He Ton&KO npn MarHRTHUX ~a30BUX nepexonax nepBoro pona, HO n 

npH nepexonax BToporo pona n npocTo npn H3MeHeHHH opneHTaunn HaMarHn

qeHHocTe8 B MarHRTHOM none, HanpaBneHHOM non yrnoM K nepBoHaqan&HOMY 

HanpaBneHRD HaMarHnqeHRH, npn ycnoBnn, KOHeqHo, qTO CKOpOCTb H3MeHeHRR 

nonH cpaBHHMa co CKOpOCTbD o6MeHa 3Heprne8 c ~OHOHH08 CHCTeMo8. 

ABTOP 6naronapeH yqacTHHKaM MHOroqncneHHUX o6cyJKneHH8 3KCnepHMeHTanb

HUX n TeopeTnqecKHX acneKTOB npo6neMu HHnyunpoBaHHOro cnHH-~non-nepexona. 
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