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I. BBe.n;emie 

,[(Bat1,L1aTb 11l!Tb - TJH1Al.laTb JieT HaJati, ny6nHKOBaJIOCb MH0)KeCTB0 Te0peTH'leCKHX H 

JKcnepHMeHTaJibHblX pa6oT 110 H3ytleHHIO IT0Beti,eHHll aHTH<peppoMarHeTHKa a-Fe203 B 

MarHHTH0M none (KpHCTaJIJIHlJeCKall CTPYKTypa reMaTHTa 0TH0CHTCll K 

poM60JAPH4eCKOH CHHroHHH c . npocTPaHcTBeHHOH rpynnoil DJd - R3 c ). Torti,a )Ke, 

HCX0All H3 0611.1Hx coo6pa)KeHHH, CJieti,ylOII.IHX H3 CHMMeTPHH KpHCTaJIJia, 6bIJia 

IT0CTp0eHa <paJOBall tJ,HarpaMMa reMaTHTa [1,2]. 3m pa6orn HMeJia B 0CH0BH0M 

KalJeCTBeHHblH xapaKTep, _H noJiylJeHHall AHarpaMMa He np0THBopelJHJia H3BeCTHblM 

JKcnepttMeHTaJibHblM tJ,aHHblM. Oti,HaKO 3HalJHTeJibH0 1103tJ,Hee lJHCJieHHbie·paclJeTbl [3] C 

K0HKpeTHblMH 3HalJeHHllMH K0HCTaHT B3aHMOtJ,eHCTBHll 1103B0JIHJIH o6Hapy)KHTb Ha 

tJ,HarpaMMe H0Bble H HeTPHBHaJibHble oco6eHHOCTH, nptt4eM B TeMnepaTypHOH o6JiaCTH, 

B KOTOpOH Bee Ka3aJI0Cb 3HalJHTeJibll0 6onee np0CTblM. 

HacTOllll.lall pa6oTa npeti,CTaBJilleT co6ott YT0tJHeHHe H pa3BHTHe pactJeToB, 

npeti,CTaBJiel!HblX B [3]. OCHOBllble K0HCTaHTbl B3aHMOtJ,eHCTBHll reMaTHTa A0CTaT0lJH0 

xoporno H3BeCTHbl AJill Toro, lJT06bI nonbITaTbCll IT0CTP0HTb IT0JIHYIO H 6onee. TOlJHYJO 

<pa30BYIO tJ,HarpaMMY BO BHern11eM MarnHTII0M IT0Jie IIH)Ke T0lJKH Moptt11a (TM= 260 K). 
Tipeti,CTaBJieHbl peJyJibTaTbl paclJeTa TaKOH ti,HarpaMMbl B K00pti,HHaTax (Hy,H,, T)' 
(Hx,H,, T) H (Hx,Hy, T) (KaK o6bilJHO, Bb16pa11a npl!MoyroJibllall cttcTeMa Koopti,ttHaT c. 

0CblO X, HanpaBJieHHOH no OAIIOH HJ ocefl BToporo nopllti,Ka, H 0CblO z, napaJIJieJibHOH 

poM603ti,pH4eCKOH OCH KpHCTaJIJia). Cy11.1ecrne1111ofl oco6e11110CTblO JTOH pa60Tbl 

llBJilleTCll 3HalJHTeJibH0 6onee CTPOrHH ytJeT CHMM~HH <paJOBblX COCTOllllHH, lJeM B [1] H 

B 60JiblliHIICTBe ti,pyrnx HCCJieti,oBaHHH teMaTHTa, B K0T0pbIX TaK HJIH HHalJe 

3aTParHBfil!HCb B0np0Cbl 0 MarHHTHblX <paJOBblX C0CT0llHHllX H <jlaJOBblX nepexoti,ax 

Me)Kti,y HHMH. 

2.TepMO.D;IIHaMHqecKHH IlOTCHI.J;HaJI H KOHCTaHTbl B3aHMO.D;CHCTBH.Sl 

TepMOAHHaMHlJeCKHH ITOTe111.1ttaJJ C HHBapttaHTaMH, K0T0pble MoryT onpe,11.eJil!Tb 

xapaKTep nepeX0A0B IIH)Ke T0lJKH MopttHa 11 6y,11.yT paccMaTPHBaTbCll B tJ,aHHOH pa6oTe, 

HMeeT BHA [4] 

<P =:i.12 + C 14 + B m2 + D (lm)2 _!!..12 _Jl14 +!!..m2 + P(I m -Im )-(mH)+ 
2 4 2 2 2' 4' 2' ., r y., 

+ tJ(t, + ilr)3 -(1, -ar)3}, +~[(ix+ ilr}3 + (Ix -itr/]m, +1[(tx + ilr)6 +(t, -ilr)6] 

(I) 

(3ti,ecb m=(M1 +M 2 +M3 +M4)(4M0 f1, l=(M1 -M2 -M3 +M4 )(4M0r1 ,rt1,eM0 -

11aMarntttJe1111ocTb Ka)KtJ,OH 113 lJeTblpex noti,perneT0K )KeJieJa nptt OTCYTCTBHH ITOJill). 

MttHHMH3HPYll Bblpa)KeHHe (I) OTH0CHTeJibll0 m, IT0JiylJaeM 

mx = K (I;) X [ h.JB + D/
2

} -:_D(hl)lx - :: /J h _ _[, -:- h,lx}]. 

2 [. . - 2, Db ] 
mr=K(l,)x hy(B+Dl)-D(hl)ly---l,(hyi,-h,lr), 

- · . B+b , 

m, = K(l; )x [h,(B+ Dt2 )-D(hl}i,]~. . B+b..;.. ___ _ 

&tnn, .. ;:·~··~il ti,31'1 \ 
U!!Jf5iil:l ii:C.!!l~l.Ulli 

6MSntIOTEKA 
u-..t'). .--., ---

(2a) 

(26) 

(2B) 



r,n,e K(l;) = [ B( B +D/2 
- :: /; )T

1

, h - 3cj:Jcj:JeKTHBttoe none c KOMnotteHTaMH 

hx =Hx + flsin0sin</J,hy =Hy-/Jsin0cos</),h, =H, - f sin3 0cos3</J, 0 - yron Me)l(,D,y 

BeKTOpOM I 11 OCb!O z, </J - yron Me)l(,D,y npoeK1.111ei1 I Ha nnoCKOCTb xy 11 OCblO x. B 

OCHOBHblX paC'leTax cpil30BOi1 ,n,11arpaMMbl nocne,n,H11e ,D,Ba HHBapHaHTa B n0Tett1.111ane (I) 
He Y'lHTbIBaIOTCll. OueHKa HX BnHllHl1ll cnenaHa B KOHi.ie CTaTbl1. 

Ilonarall I I I= I 11 no,n,CTaBnllll Bb1pa)l(eH11ll (2) s (I), nony'lHM (np11 f = e = 0) 
3aBl1Cl1MOCTb noTeH1.111ana TOnbKO OT yrnoB, onpe,n,enl110m11x Hanpasnett11e BeKTOpa I: 

<P{0,</J) =-!!..cos2 0-ff..cos4 0- B( B
2
+ D) [r B+D J(Q( </J)+R(0,</J)+ H;)-

2 4 2P (0) 

-D(S(</J)sin0+H,cos0)2]--t-{B2 [2Q(</J)+R(0,</J)+H;]+ 
2P (0) 

+ D2 sin2 0[2R(0,</J)+(S(</J)cos0-H1 sin0/]+ 

+2BD[Q(</J)+R(0,</J)+H; sin2 0-S(</J)H,sin0cos0]}-

_ b
2 

( B+ ~sin
2 0 ) [BQ( </J )+ ( B+ Dsin2 0 )R(0,¢)]+dsin3 0cos0sin3</J, 

2BP (0) 
r,n,e 

P(0)=B(B+D)+b(B+Dsin2 0), Q(</J}=H; cos2 </J+H; sin2 </J, 

R(0,</J) = (Hx sin</J-Hy cos</)+ /Jsin0)2, S( </J) = Hx cos</J+Hysin</J. 

(3) 

J,fa (2) cne,n,ye-r, lJTO 3Ha'leHl1ll MarHHTHblX socnp1111MlJHBOCTei1 paBHbl: XxJ0 = OJ = 
%yy(0= 0) = XxJ0= JT/2) = %yy(0= JT/2) ·= JIB; ;c,,(0= 0) = 1/(B+D+b), X:,(0= JT/2) = 
1/(B+b). 

l-fcnonb3Yll 3Ha'leH11e x_,J0= n-/2) = 20.3x](/6 emu/(g-Oe) 113 pa6oTbl [5], nony'laeM B 
= 17.14xla6 Oe . .n:anee, 11CXO,D,ll 113 3Ha'leHHll mo= 0.4 emu/g 113 3TOi1 )l(e pa60Tbl, HMeeM 

fJ = B/m0 = 19.7x]a3 Oe. PaJnHlJHe Me)l(,D,y sen11lJ11HaM11 ;c,,(0 = JT/2) 11 ;c.d0 = JT/2) 11, 

cne,n,oBaTenbHO, cymeCTBeHHOe 3HalJeHHe. KOHCTaHTbi b MO)l(HO ClJHTaTb .r(ocTaTOlJHO 

xopowo ycTaHOBneHHblM. B pa6oTe [6] npHBO,D,llTCll 3HalJeHHll x,J0 = JT/2) = 17.5xlrr6 H 

x.d 0 = JT/2) = 19.5x](/6 erg/(Gs-s-Oe). Pa3n11q11e Me)l(,n,y 3THMl1 iien11'l11HaM11 

socnp1111M'l11BOCTH no,n,rnep)l(nae-rcll TaK)l(e pa6oToi1 [7]. 1-fcxo,n,ll 113 3Toro, B pac'lernx 
. b 

ucnonb3yeTCll b = ].9x]a6 Oe (B [3] npeHe6peranOCb HHBap11attTOM -m; ). 
2 

B ,D,aHHOi1 pa6oTe 11cnonb30BaHa TeMnepaTypHall 3aBHCl1MOCTb npononbHOi1 

socnp1111M'll1BOCTH ;c,,(0 = 0) 11, COOTBeTCTBeHHO, KOHCTaHTbl B3al1MO,n,ei1cTB11ll D, 
HCXO,D,ll 113 TeOp11H MoneKynllpHoro nonll C JlBYMll 'MarHl1THblMl1 no,n,peilleTKaMH np11 

3HalJeH1111 nocTollHttoi1 K10p11-Bei1cca 0 = -2000 K. 
.ll:nll onpe,n,eneHHll TeMnepaTypHOH 3aBHC11MOCTl1 KOHCTaHT aHl130Tpon1111 a Hg MoryT 

cny)l(HTb 113MepeH11ll Kp11TH'lecK11x 3Ha'lett11i1 nonll cnHH-cj:Jnon cj:Ja3osoro nepexona 11 

cpa30BOro nepexona B none, nepneH,D,HKynllpHOM poM603,D,p11'leCKOH OCH. l-f3seCTHO 

HeCKOnbKO TaKHX H3MepeHl1H [8-15], BbmOnHeHHblX C pa3nl1lJHOH CTeneHb!O TO'lHOCTH, 

06yciiosneH11oi1 Ka'leCTB0M H3MepeHHi1 H KalJeCTBOM 06pa31.1os. Ha116onee 

JlOCT0BepHblMH H nonHblMH npe)lCTaBnllIOTCll pe3ynbTaTbl pa60Tbl [12]. l-fcnonb30Batt11e 

Bbr6paHHblX TaKHM o6pa30M KOHCTaHT B3a11MO)lei1CTBl1ll COOTBeTCTByeT OTCyTCTBHIO 

g rt··u;;,·a :,-2. · -i :'..1 _ 

i t~~z;.:;~~~~1ii l• ?i-~-"~·~ 
:J " .. , __ .,=--, ,., ---· H-
i !·\.a:l~ tv!~itt ... :i'\?t;:;1 __ ,. ,..~--

o6naCTH np11 Hl13Kl1X TeMnepaTypax, B KOTOpoi1 cpa30Bb1H nepexo,n, B none Hy 6b1Jl 6bl 

nepexonoM BToporo po,n,a. 

Cnenye-r OTMeTHTb, lJTO np11 sapbHpoBaHH11 CO'leTaHHll KOHCTaHT B, b H /J B 

npe,n,enax, ,n,onycKaeMblX ,n,pyr11M11 113BeCTHblMl1 3KCnepHMeHTanbHblMl1 pa6oTaMl1, 

MO)l(HO nony'lHTb cpa30BblH nepexo,n, BTOporo po,n,a npH HH3Kl1X TeMnepaTypax. TeM He 

Mettee HaM npe,n,CTaBnlleTCll 6onee npas11nbHblM Hcnonb30BaTb B pacqe-rax cpa30B0H 

,n,11arpaMMbl naHHble pa6oT [5,12], B KOTOpoi1 nO'lTl1 see Heo6XO,D,11Mble KOHCTaHTbl 

nony'leHbl Ha 0,D,HOM H TOM )l(e 06pa31.1e, 11 TeM caMblM nonaraTb; lJTO B none Hy B 

n11ana3otte OT O ,n,o TM npo11cxo,n,11T nepexo,n, nepsoro po,n,a. 
Ilp11pasm1Bal1 3HalJeH11ll noTeH1.111anoB ,n,syx COCTOllHHH, COOTBeTCTBy10m11x cpa30BblM 

nepexo,n,aM nepsoro po,n,a B none (0,H>'0) w(0,0,H=) npu d = 0, 11 ucxo,n,ll npu 3TOM H3 

3HalJeHl1H KpHTH'leCKHX nonei1, np11se,n,eHHblX B CTaTbllX [5,12], nonyqaeM 

TeMnepaTypHble 3aBHCl1MOCTl1 KOHCTaHT aHl130TPOnl111 a Hg, nOKa3aHHble Ha pnc.1. 
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Pnc.1. TeMnepaTypHall 3aBHC11MOCTb 

KOHCTaHT aHl130TPOnl111 a H g. To'lKaMH 

HaHeCeHbl 3HalJeH11ll, nony'leHHble HCXO,D,ll 

113 3HalJeHHi1 KpHTHlJeCKHX nonei1 

cpa30BblX nepexo,n,os nepsoro po,n,a B 

none Hy '11 H= [5,121, npH npeHe6pe)l(eHl111 

aHH30TPOn11ei1 B 6a3HCHOH nnOCKOCTH. 

KpeCTHKaMH nm<:a3aHbl . 3HalJeHHll, 

nony11eHHb1e np11 yqe-re HHBapttaHTa 

. aHH30TPOn1111 dsin3 0cos0_sin3</J.. B 
pac11eTaX 11cnonb30BaHbl 3HalJeHHll, 

nony11eHHble cj:J11T11poBaHHeM no . TOlJKaM 

(cnnowHall n11H11ll) 

Pnc.2. 3aBHCl1MOCTb OT nonll 

aMnn11Ty,D,HblX 3Ha'leHl1H TPHroHanbHoro 

MOMeHTa spameHHll np11 pa3n11lJHblX 

TeMnepaTypax: I - 254.5 K, 2 - 250.5 K, 3 -
248 K, 4 - 245 K, 5 - 241 K, 6 - 229 K, 7 -

. 205 K, 8 - 77 K [16]. Mamurnoe none 

nepneH,D,HKynllpHO poM603,D,p1111ecKoi1 OCH 

.n:nll onpe,n,eneHHll TeMnepaTypHOH 3aBHCl1MOCTl1 KOHCTaHTbl d 11cnonb30BaHbl 

113MepeHHll TPHrOHaJJbHOH aHl130TPOn1111 B nnocKOCTH (Ill) HH)l(e TOlJKH Mop11Ha, 

npo113Be)leHHble MeTO)lOM BpamaIOmero MOMeHTa [16] (CMOTPH pnc.2). Ilp11 ,n,ei1CTBl111 B 
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6a:mcHOH nrr0CK0CTH. MarHHTHoro nom1, CyJJ..leCTBeHH0 60JihWero, 1.JeM ::icjJcjJeKTHBHOe 

norre aHH30TJ)0nHH B 3T0H nJI0CK0CTH (H>> /d /), KaK 3T0 HMerro MeCTo B .uaHHOH 

pa6oTe, BeKT0p aHTHcjJeppoMarneTH3Ma M0iKH0 ClJHTaTb nepneH,UHKym1pHblM 
~ . 

HanpaBJieHHIO nom1, T.e. </J =-+<PH, r.ue <PH - yrorr MeiK.UY H H OCbIO X. B TaK0M crrytJae 
2 

TJ)HrOHaJibHhIH M0MeHT BpaJJ..leHHll 

L = J<P = 3dsin3 08 cos08 sin3</Ju = L8 sin3</)H, 
J</) (4) 

r.n;e Bs - 3HatJeHHll yrrra 0, C00TBeTCTBYIOll.lHe pa6oTe [16], Ls - aMnJIHTY.UHbie 3HatJeHHll 

M0MeHTa BpaJJ..leHHll, npe,uCTaBJieHHbie Ha pnc.2. 0ll3MeHeHHe yrrra 0 npH ,ueHCTBHH' 

MarHHTH0ro noirn B nJI0CK0CTH (xy) B,D;aJIH OT T0lJKH cpa30BOro nepexo.n;a 

npeHe6peiKHMO Marro 3aBHCHT OT yrrra MeiK,uy HanpaBJieHHeM n0Jill H OCbIO x. Il03TOMY 

M0iKH0 HCn0Jib30BaTb .D;Jlll onpe,uerreHHll yrrroB Bs noTeH1.1Harr B norre (0,Hv0J (B 3T0M 

crrytJae </J = hf2): 

<P(08)= -!!..cos2 08 _ficos4 08 _..!._(H_. + fJ sin2 08)+ dsin3 08 cos08. (5) 
2 .· . 4 . 2B 

. · · ~ . d<1J(0 ) 
Pewall CHCTeMy ypaBHeHHH, C0CT0llJJ..l}'IO H3 ypaBHeHHll ---8- = 0' C00TH0WeHHll 

·· · · · . · d0
8

. . 

3d sin
3 

08 C~S0B ,,; L8 H ypaBHeHHH: HCn_0Jih3yeMblX paHee .D;Jlll onpe,uerreHHll K0HCTaHT a 

Hg, HO yiKe c YtJeT0M HHBapttaHTa dsin3 0cos0sin3</J, norry<iaeM npH T = 77, 205, 229, 
241 H 245K BeJIHlJHHhl d, npe,UCTaBJieHHbie Ha piic.3, tt CKOppeKTHpoBaHHhie 3HatJeHHll a 
Hg, K0T0pb!e TaKiKe noKa3aHbl Ha pnc.1: KaK BH.D;H0, H0Bble 3HatJeHHll K03QJQJHI.1HeHTOB 

a H_ g npaKTHlJeCKH He OTJIHlJaIOTCll, B npe,uerrax TOlJH0CTH HX onpe,uerreHHll, OT 

nepBoHatJaJihHhIX, 3a HCKJIIOtJeHHeM 3ttatJeHHH B6JIH3H T = 250 K B pactJeTax cpa3oBhIX 

,D;HarpaMM HCnOJib30BaHbl 3HatJeHHll a H g, norrytJeHHhie QJHTHpOBaHHeM no T0lJKaM Ha 

pnc.1, 6e3 ytJeTa HHBapttaHTa d sin3 0 cos0 sin 3</J, H 3HatJeHHll d, TaKiKe norrytJeHHhie 

QJHTHpoBaHHeM no TOtJKaM Ha pnc.3. Ilptt 3TOM 3HatJeHtte d = 3.35 Oe npH T = 0 K 
npHHllTO 6orree-MeHee np0H3B0JibH0. 
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Pnc.3. 3HatJeHHll K0HCTaHTbl d B 

HHBapttaHTe d sin3 Bcos0sin3rp npH T = 
77, 205, 229, 241 H 245 K, norrytJeHHhre H3 

H3MepeHHH Kpyrnmero M0MeHTa BO 

BHewHeM MarHHTHOM norre [16], c ytJeT0M 

3HatJeHHH KpHTHlJeCKHX norrefi cpa30BblX 

nepexo,uoB nepBoro po.n;a B norre HY H H= 
[5] (3HatJeHHe d = 3.35 Oe npH T = 0 K 
HaHeCeH0 6orree - •· MeHee npOH3BOJihHO). 

HenpepbIBHall JIHHHll _npoBe,UeHa nyTeM 

QlHTHpoBaHHll no 3THM 3HatJeHHllM d 

0 tJHCJieHHbIX 3HatJeHHllX K03QlQJHUHeHTOB aHH30TJ)0nHH / H e H3BeCTH0 T0JihK0, tJT0 

npH KOMHaTHOH TeMnepaType f = 20 Oe [17], a K03QJQJHUHeHT e, ecrrH HCX0,UHTb H3 

pe3yJihTaT0B H3MepeHHH Bpama10mero M0MeHTa B MarHHTH0M norre, 

nepneH,UHKy1rnpHoM poM6o::i,uptttJecKofi OCH [16,1], paBeH oKorro 10-1 Oe npH 

TeMnepinype, HeMH0ro npeBbIWaJOl.l.{eH T0tJKY MopHHa, If ,U0B0JihH0 pe3K0 

yseJilflJlfBaeTCll C n0HlfiKeHHeM TeMnepaTyphl. 

3.<l>a3oBa}l ,n:HarpaMMa (HyH,T) 

B 0TCYTCTBlfe MarHlfTH0ro nOJill npH T < TM = 260 K MarHlfTHhie M0MeHTbl lf0H0B 

iKerre3a 11anpaBJieHbl no poM60::i,up11tJeCKOH OCH KpHCTarrrra. 3To COCT0llHlfe 

Korrrr11HeapHoro aHrncpeppoMarneTH3Ma c c11MMeTp11efi ( 3; 2_; r )I= (ocb TJ)eTbero 

nopll,uKa, OCb BToporo nopll,uKa 11 1.1eHTp 111meprn11, 3HaKH (+) 11 (-) 3,ui:cb 11 ,uanee 

03HalJaIOT, • C00TBeTCTBeHH0, tJeTH0CTb If HetJeTH0CTb 0TH0CHTeJibH0 3JieMeHTa 

ClfMMeTp1111; TOJibKO f, ~0). 
B .UBYXKOMnoHeHTHOM norre (H, .. H) MoryT peaJJH30BaThCll ,usa cocT0llHlfll 

ClfMMeTJ)Hlf: COCTOllHlfe /, B K0TOp0M B·ce K0Mn0HeHThl BeKT0p0B I 11 m He paBHbl HYJIIO, 

np11 ::iToM e,u11HCTBeHHh1fi ::irreMeHT c11MMeTp1111: r, 11 cocTOllHHe II c ::irreMeHTaMH 

ClfMMeTJ)lflf ( 2_; 1+ Jl.,m/11z (yKa3aHhl He paBHbie HYJIIO KOMnoHeHTbl BeKT0p0B m If I) 

[1,18]. ~Jlll nepBoro 113 3THX COCTOllHlfH 0 < 0 < !!_, ~ < </J < 
3
~ (paccMaTpHBaeM 

2 2 
noBe,UeHHe ,U0MeHa, y K0Toporo 0 = 0 npH H = o·), ,/lJill C0CT0llHlfH II, pearr113yeMoro 

npH ,U0CTaT0lJH0 60JJbWOH BeJJlf41fHe n0JJll: 0 = !!_' </J = ~. Mcxo.uii 113 CHMMeTpHH 
2 

COCTOHHHH, Blf,UHM, 4TO MeiK,uy. 3THMlf C0CT0llHlfllMlf B03M0iKHhl nepexo,Uhl nepBoro If 

BToporo po.n;a. 

AHarr113 QJYHKl.llflf </J{B,rp)Y= (np11 f = e = 0) npHB0.D;lfT K cpa3osofi ,u11arpaMMe, 

COOTBeTCTBYIOl.l.{eH nepexo,n;aM MeiK.UY 3TlfMH C0CTOllHlfHMlf B Te~mepaTypH0M 

,u11ana30He OT O .uo 247 K, K0TOpaH npe,uCTaBJJeHa Ha . pnc.4. TOHKl!Mll JllffllfHMH 

o603HatJeHhl lf30TepMbl cpa30BhIX nepexo,uoB. qaCTb nosepxH0CTlf, orpaHHlJeHHaH 

JJHHHHMH CD H FK, llBrriieTcll nosepx11ocThIO cpa3oBoro panHosec1-rn np11 nepexo,ue 

nepBoro po,ua MeiK.UY C0CT0HHHHMH / 11 II. Ocrarrh11aii tJaCTh nosepxH0CTH, MeiK.UY FK H 

0JI0CK0CTblO ( H= T) (npH Hy = 0), llBJIHeTCll nonepXH0CTbIO cpa30BOro nepexo.ua BT0poro 

po,ua. Y3Kall norrocKa BAEK, np11rrera10maii K nrrocKOCTlf ( H, T), pacnorro)l(eHa no,u 

nosepXHOCThIO nepexo.ua BT0poro po.ua H T0JlbK0 npH nOBb!WeHlflf TeMnep,nyphl If 

np116n11iKeHHH K T0tJKe K nepeceKaeTcll c nosepxH0CThIO nepexo,ua BToporo po,ua. 3m 

norrocKa llBJilleTcll nonepxHOCThJO nepexo,ua nepsoro po,ua I H Ill, r.ue III - coCTOHHHe, 

COBna,ua~mee C / 110 ClfMMeTJ)HH H OTJIHlJaIOl.l.{eeCH OT Hero 31tatJel!HHMlf yrnoB 0 If </J. 
OTJ)e3oK EK orpa1111tJ1rnaeT nosepx11ocT1> nepexo,ua nepsoro po,ua 11 llBJIHeTCH, TaKHM 

o6pa3oM, KPHTHtJeCKOH JIHHHefi nepexo.n;a nepBoro po,ua. OTpe3oK FK, pa3,uenmo11111fi 

nosepXH0CTlf riepBoro H BT0poro po,ua; llBJilleTCll TpHKpHTH'leCKOH JillflHeii. 

Ha pnc.5 ytJaCT0K ~Ja30BOH .uuarpaMMbl n6rrH31f T0lJKH K noKa3aH 6onee ,ueTaJibH0. 

Ilo Mepe poem TeMnepaTyphl KaiK,uaii H3oTepMa pq cpa30noro nepcxo,ua BToporo po.ua 

c6rr11iKaeTcll c cooTBeTcTBy10l.l.{efi H30TepMofi ae nepexo,ua nepnoro po,ua. Ha,nrnaii c 

TeMnepaTyphl, .. COOTBeTCTB)'IOl.l.{dl T0lJKe L,. OHH nepeceKaIOTCH, H .uarrce KUiK,UhlH 

OTJ)e30K, 3aKJI10tJeHHhIH MeiK,uy JlHHHHMH LM H LK, llBJ!HeTCll H30TepMofi npiiMoro 

cpa3osoro nepexo,ua nepsoro po,ua I-+ II (6e3 npoMeiKyTotJH0ro coCTOllHltll Ill). 
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Puc.4_ <l>a30BaH .rurnrpaMMa (H/f:T)_ 3,uecb' H Ha Bcex nocJJe,uy1O111ux 

pucyHKax KOMflOHeHTbl MarHHTHOro flOJJH o603Ha•rn!OTCH ~ kOe . 

B TO'-IKe K Ha <jla30BOH .uuarpaMMe (puc.4 H 5) CXO,UHTCH TpHKpHTH'-leCKaH JJHHHH FK, 

KpHTH'-lecKaH JIHHHH EK H JJHHHH TP<>HHbIX TO'-leK LK. 
IlapaMeTPbI TO'-IKH L paBHbI: ,. 
T= 23J_J K, HY= 1.46 kOe, H, = 41_369 kOe, 0=-,</J=,.. 

. 2 
IlapaMeTPbI "cynepKpHTH'-lecKott''. TO'-IKH K: 

- ,. 
T= 242-25 K, HY =11.28 kOe, H, = 31_65 kOe, 0=-;</J=,._ 

2-

" 

Henocpe,ucTBeHHO B TO'-IKe K OCTaeTCH TOJJbKO O,UHO <jla30BOe COCTOHHHe - C 

CHMM~Hett, COBna,Ua10I11eH C CHMM~HeH COCTOHHHH I/. 
IlpH TeMnepaType, npeBbIIIIaJOmeti TeMnepaTypy TO'-IKH K, npH JJI060M COOTHOIIIeHHH 

MelK.UY Hy H H, MOlKeT npoHCXO,UHTb TOJJbKO nepexo.u nepBOro po,ua_ 

Ha puc.6 H 7 npe,uCTaBJJeHo o,uHo H3 ce'-leHHH <jlaJoBoii .uuarpaMMbI, npH T = 100 K, a 

Ha puc.8 - ,uuarpaMMbI H3MeHeHIIH ocHOBHbIX xapaKTepHCTHK coCTOHHHH npu T = 235 K, 
HY< 8 kOe_ B noCJJe,uHeM cJJy'-lae H3OTepMa pq nepeceKaei·uJoTepMy ae B TO'-IKax mu k. 

B pe3yJJbTaTe <jla30BblH nepe_xo.u nepBoro po.ua [ ➔ III npOHCXO,UHT Ha OTPe3Kax am H 

ke, a Ha OTPeJKe mk HMeeT MeCTo Henocpe,uCTBeHHbIH nepexo.u 1 H II nepBoro po,ua. 

To'-IKH m H k, B KalK,UOH H3 KOTOpbIX CXO,UHTCH ,UBe JJHHHH nepexo.ua nepBoro po,ua H 

O,UHa JJI1HHH nepexo.ua BToporo po.ua, HBJJHIOTCH CBOeo6pa3HbIMH TPOHHblMH TO'-IKaMH_ 

CooTBeTCTBeHHO, Ha noJJHOH <jla30BOH ,uuarpaMMe pnc.4 H 5 MLK 3TO JJHHHH TPOHHbIX 
TO'-leK_ , 

6 

f 
---------- 20 

-----------
240 T 

0--~5 --~--- -/ 
Hy 10 250 15 

Puc.5_ EoJJee ,ueTaJJbHOe npe,uCTaBJJeHHe <jlaJoBoii ,uuarpaMMbI (Hyll,T) 
B6JJH3H "cynepKpHTH'-lecKoii" TO'-IKH K, npu 224 K < T < 247 K. Ha pucyHKe: 

pq - o,uHa H3 H3OTepM <jlaJoBoro nepexo.ua BTOporo po.ua III H II, ae - o,uHa 

H3 H3OTepM nepexo,ua nepBoro po.ua I H Ill, eK - '-laCTb KpHTH'-leCKOH JJHHHH 

nepexo.ua nepBoro po,ua, Kf - '-laCTb TPHKpHTH'-leCKOH JJHHHH. Ilpu 

flOBbIIIIeHHH TeMnepaTypbl, Ha'-IHHaH C TO'-IKH L, noBepxHOCTb nepexo.ua 

BToporo po,ua nepeceKaeTcH c noBepxHOCTblO nepexo,ua nepBoro po,ua I H 

III H noHBJJHeTcH noBepxHOCTb nepexo,ua nepBoro po,ua I H II, 
orpaHtt'-leHHaH "TPOHHott" JJHHHeii MLK 

,ll;onyCTHM, '-ITO npH T = 235 K KOMflOHeHTa flOJJH H, yBeJJH'-IHBaeTCH npH 

flOCTOHHHOM - ~Ha'-leHHH KOMflOHeHTbl Hy- TaKaH TeMnepaTypa COOTBeTCTByeT 

noJJolKeHHIO. Ha <jlaJoBott .uuarpaMMe MelK.UY TO'-IKaMH L H K_ Ha pnc.9 H puc.10 
npe,uCTaBJJeHbI tJaCTH .UBYX q>aJOBbIX TPaeKToputi, npu HY = 2 kOe H HY = 4_5 kOe_ ITo 

BepTHKaJJbHOH OCH OTJJOlKeHbl 3Ha'-leHHH :rneprHH noTeHQHaJJbHblX MHHHMYMOB 
- ,. 

OTHOCHTeJJbHO 3HeprHH KOHe'-IHOro COCTOHHHH II (0=-,</)=1[)_ (IlpH BO3paCTaHHH 
' - 2 

flOJJH H, pa3HOCTb- 3HeprHH paccMaTPHBaeMorq COCTOHHHH H COCTOHHHH [[ MOHOTOHHO 

paCTeT, KaK 3TO BH,UHO Ha puc.11_) Ilo Mepe poCTa flOJJH H, 3HeprnH MHHHMyMa 

COCTOHHHH I OTHOCHTeJJhHO 3HeprHH COCTOHHHH II paCTeT no JUIHHH AB, r.ue B Ha puc.9 
H puc.10 3TO KOHe'-IHaH TO'-IKa cymeCTBOBaHHH 3TOro MHHHMyMa_ IlpH HeKOTOpOM 
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Pnc.6. 
4.4 (Hy,H) 

<l>a3oBall .n11arpaMMa 
np11 T = 100 K. Ha 

KOpOTKOM OTpe3Ke ae )].OCT11raeTCll 
<I> <pa3oaoe paBHOBec11e np11 nepexo.ne 

nepBoro po.na I H III. F1cr -
4.0 Tp11Kp11Tl14eCKall T04Ka, cneBa OT 

KOTopoil n11H11l1 <pa30BOro 

nepexo.na I H II BTOporo po.na, 

3_6 cnpaBa n11H11ll ~ia3oBoro 

paBHOBec11l! np11 nepexo.ne I H II 
nepBoro po.na. TioKa3aHbI 3Ha4eHl1ll 

yrnoB (01e,</J1e) )].nll COCTOllH11ll /, 
3·2 COOTBeTCTBYI0'-1111e <pa30BOMy 

paBHOBec1110 B BblCOKOnoneBOH 
4aCTl1 .n11arpaMMbl. ,[(nll COCTOllHl1ll 

It 
II: 0=-,</J=1t 

2 

Pnc.7. ,[(11arpaMMa 113MeHeH11ll 
xapaKTep11CTl1K <pa30BblX COCTOllHl1H 
B none ( Hy,H) ·np11 T = JOO K, HY < 
8 kOe. OTpe3oK ae o6o3Ha4aeT 
3Ha4eHl1ll nonl! <pa30BOro 
paBHOBeCl1ll np11 nepexo.ne nepBoro 

e 
12 

4.4 

po.na· 1 H Ill, oTpe3oK se :no 
rpaH111..{a na611nbHOCTl1 COCTOllH11ll 
Ill, a 0Tpe30K .te - rpaH11l.{a 
na611nbHOCTl1 C0CT0llHHll /. Ha 

n11H1111 pq npo11cxo.n11T nepexo.n 

BToporo po.na Ill-> II. CocTollHl1ll I 
11 III TO)K)].eCTBeHHbl no C11MMeTp1111. 
e - Kp11Tl14eCKall T04Ka. Ha pnc.7(6) 

0.8 

0.4 (6) 

0.0 ;<= ~ - -, - - ,- ;.. -; - - ,- - ~ - - , 

0 2 4 

Hy 
6 8 

4.0 

3.6 

3.2 

8 

q> noKa3aHbl COOTBeTCTBYI0'-1111e 
113MeHeHl1ll yrnOBblX napaMeTpOB 

<pa30BbIX coCTOllH11il: 01, </)1, 03, </J1 -
3Ha4eHl1ll yrnoB B T04Kax 
na611nhHOCT11 )].Jlll coCTol!H11il I 11 III 
C0OTBeTCTBeHH0. OCTaJibHble 
Kp11Bble Ha pnc.7(6), C 11H)].eKCOM e, 
C00TBeTCTBYIOT T04KaM <pa30BOro 
paBH0BeCl1ll. L(o6aBneHa Kp11Ball gh, 
COOTBeTCTBY!Olllall <pa30BOMY nepe-

xo.ny Ill HlIBrnporo po.na np11/= 
20 Oe, e = 0.01 Oe 

\ 
I 

44~----------~ 
p 

~ 
42 

I 

38 -l I _,_ ---
I ----~-

tl' I 

36 
1.6 . -· 1 .... ,, 

e ~ ~: 1.2 _ ~ 

0.8-l I I .,...-'A ~ 

0.4 -l \ I 7 £\ ✓ / I 

o.o r, I 
* -,--,---,--,--1 

2 

E 

0 

-2 

-4 

-6 

0 2 4 6 8 
Hy 

4.4 

<I> 
Pnc.8 . .[(11arpaMMa 113MeHeHl1ll OCHOB-

4.0 
HblX xapaKTep11CTl1K COCTOllHl1H B none 
(H,,H,) np11 T = 235 K, H,. < 8 kOe. 
O6°o3Ha4eHl1ll no.no6Hhr pnc.7. OTpe30K 
mk Ha p11c.8(a) o6o3Ha4aeT 

3.6 K0MnoHeHTbl nonll <pa30BOro paBHO-

aec11ll np11 nepexo.ne I H II nepBoro 
po.na 

3.2 

0.2 

0.0 
£ 

-0.2 

-0.4 

-0.6 

-0.8 

0.0 

Pnc.9. <l>a3oBall TpaeKTop11ll· np11 pocTe ~ Puc.IO. <l>a3oBall TpaeKTop11ll npu pocTe 
KOMnoHeHTbl nonll H, B cny4ae T = 235 K, ·oMnoHeHTbl nonll H= B cny4ae T = 235 K. 
Hy = 2 kOe · Hr = 4.5 kOe 
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Pnc.11. 3aBHCHMOCTh :rneprHH COCTOllHHll / 

-20 OTHOCHTeJJbHO :rnepr1111 KOHelJHOro COCTOllHHll I/ OT H: 
np11 T = 235 K. Hv = 4.5 kOe 
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Pnc.12. TeMnepaTypHall JaBHCHMOCTh Hy 11 Hz - KOOp)].HHaT oco6hIX TOlJeK 
cjia30BOH )].HarpaMMhl (Hyll,T): Hy1,-TO'IKH cjiaJOBOro paBHOBeCHJI npH nepexo)].e 
nepeoro po)].a B no11e (OHyO}, H:o - TO'IKH cjiaJoeoro paBHOBecm1 np11 nepexo)].e 
nepeoro po)].a B no11e (OH,O), ( HycnH:aJ - JJHHHll KpHTHlJecKHX TOlJeK nepexo)].a 
nepeoro po)].a (oTPeJOK EK Ha pnc.4), (Hy,cnHztc,J- TPHKpHTHlJecKall JJHHHll 
(oTPeJOK FK Ha pnc.4), (Hy,,1,H,,,1) - nepBall JJHHHll TPOHHhIX TOlJeK (OTPeJOK LM 
Ha pnc.5), (Hy,ri,Hz,,2} - BTopall JJHHHll TPOHHhIX TOlJeK (OTPe3oK LK Ha pnc.5). K -
"cynepKpHTH'leCKall" TOlJKa; H,11 KpHTH'leCKOe 3HalJeH11e·, nOJJll, 

IO 

. 

,lw:-
1 

' ' ' 

t 

'·) i 
' 
' ' 

l 

coorneTcrny10U1ee cjia10B0My nepexo)].y BTOporo po)].a III H II B no11e (0,0,H,) 
npH y'leTe JHalJeHHH KOJcjicjim-111eHTOB e = 0. OJ Oe, f = 20 Oe. Ha pnc.12(e) H 12(r) 
H3MeHeHHe Hy H H: - KOOp)].HHaT noKa3aHO B 6011ee KpynHOM MaCwTa6e B 
BhlCOKOTe11,mepaTypHOH lJaCTH cjiaJOBOH )].HarpaMMhl 

onpe.ne11eHHOM 3HalJeHHH H: B TOlJKe C 3apO)K,[laeTCll MHHHMYM COCTOllHHll III, KOTOpbIH 
nepeMelllaeTCll no TPaeKTOpHH CD, TaK)Ke yaeJJHlJI-rnallCh no 3HeprHH, B TOlJKe D 3TOT 

l[ 
MHHHMYM npHHHMaeT 3HalJeHHll 0 = - . </J = l[, COOTBeTCTBY!OlllHe COCTOllHHIO fl 

' 2 • 
Ha pnc.9 npu HY = 2 kOe (conocTaBhTe c pnc.8) ocyU1eCTBJ1lleTCll Henocpe.ncrneHHhIH 

nepexo.n I-> II nepBoro po.na, noKaJaHHhIH ycJJOBHO CTPeJJKOH FD. Ha pnc.10, npH HY = 
4.5 kOe, BHalJaJJe npo11cxo.n11T nepexo)]. I -> III nepaoro po.na (no CTPeJJKe FG), a 1aTeM 

-nepeMellleHne no TPaeKTOp1111 GD 11 nepexo)]. III-> II BToporo po)].a B TO'IKe D. 
TeMnepaTypHall 3aBHCHMOCTh KOOp.[lHHaT OCHOBHhIX KpHTHlJeCKHX TOlJeK cjiaJOBOH 

)].HarpaMMhI (HYH=T} npe.nCTaBJJeHa Ha pnc.12. 

4. <l>a30Ba51 ,n;ttarpaMMa ( HxH, T} 

B 3TOM CJJylJae pea11113yeTCll TOJlhKO 0,[{HO COCTOllHHe CHMMeTPHH, (r), B KOTOpOM 
Bee KOMnOHeHThl BeKTOpOB J H m He paBHhl HYJJIO. CJJe,[{OBaTeJlhHO, B03MO)l(Hhl TOJlhKO 
nepexo)].hI nepBoro po)].a. <I>a10Ball )].HarpaMMa np11Be.[leHa Ha pnc.13. ·11cno11hJOBan11cb 
Te )Ke 3Ha'leHHll KOHCTaHT aHHJOTPon1111, '!TOH B cny'lae (Hyll,T). 

KaK cne.nyeT H3 npHBe.[leH,HhIX )].aHHhIX, noBe)].eHHe KpHcianna cyU1eCTBeHHO 3aBHCHT 
OT yrna Me)K.ny npoeKI,(Hett · BHeWHero nOJill Ha nnocKOCTh ( xy) H OCh!O BToporo 
nopll,[{Ka. 0lJeBH,[{HO, ecnH K OCHOBHhlM KOMnOHeHTaM (Hy,H) )].06aBneHa 
OTHOCHTeJJhHO Manall no BenttlJHHe KOMnOHeHTa Hx, cjiaJOBall )].HarpaMMa B nepeMeHHhIX 
(Hxy,Hz, T), r.ne Hxy - npoeKI,(lfll nonll Ha nno_CKOCTh (xy), B KOnHlJeCTBeHHOM 
OTHOWCHHH Mano oTnHlJaeTCll OT pnc.4, HO JIHHHll FK npeBpaU1aeTCll B KpHTH'leCKYIO 
nHHHIO cjiaJOBhIX nepexo,[{OB nepBoro po.na, a o6naCTh, orpaHHlJHBaeMall 3TOH JIHHHeH, 
CTaHOBHTCll o6naCTh!O H3MeHeHHll OpHeHTal,(Hlf BeKTOpa aHTHcjieppoMarHeTH3Ma 6e3 
cjiaJOBOro nepexo.na. C pOCTOM KOMnoHeHTbl Hx OTHOCHTenhHO Hy 3Ta o6naCTb 6y)].eT 
H3MeHllTbCll H B npe.nene, npH Hy = 0, cjiaJOBall ,[{HarpaMMa npHMeT BH,[l pnc.13. 

ToHKHMH nHHHllMH Ha )].HarpaMMe noKaJaHhI HJoTepMhI cjia10Boro nepexo.na nepeoro 
po)].a. JlttHHll EKC, orpaHttlJHBall noBepxHoCTh nepexo~a, llBnlleTcll · KpHTHlJecKoH 
n11m1eti nepexo)].a nepeoro po.na. KaK H B cny'lae nonll (Hy,H), np11 OTHOCHTenhHO 
HH3KHX TeMnepaTypax o6naCTh nepexo.na nepBoro po.na oxeaThrnaeT y1Ky10 nonocy, B 
.naHHOM cny'lae npH ManhIX 3HalJeHHllX Hx, a BMecTo nepexo.na BTOporo po.na HMeeM 
o6naCTh, B KOTOpOH nOBOpOT ocyU1eCTBnlleTCll 6eJ cjia30BOro nepexo.na. Ha puc.14 
npe.nCTaeneHhI koop,nHHaThI KpHTHlJeCKOH nHHHH EKC. 

Koop,nHHaTbl npe,neJibHOH TOlJKH K (Ha pnc.13), HH)Ke KOTOpOH (no TeMnepaType) 
CTaHOBHTCll B03MO)KHhIM nOBOpOT BeKTOpa aHTHcjieppo11,1arHeTH3Ma 6e3 cjiaJOBOro 
nepexo)].a, paBHhI: T = 241.5 K." Hx =22.89 kOe, H, = 27.06 kOe. 0TPe30K CD Ha 
cjiaJOBOH )].HarpaMMe npe,nCTaBJilleT co6oH 'laCTh nHHHH cjiaJOBoro paBHOBeCHll npH 
nepexo,ne nepBoro po,na B none (Hx,0,0). Koop,nHHaThI KpHTH1-1ecKOH TO'IKH B none 

(Hx,0,0) (TOlJKa C npH H, = 0): T :236.5 K. Hx :45 kOe. 
B Ka'!ecrne np11Mepa Ha pnc.15 noKaJaH xapaKTep HJMeHeHHll xapaKTepHCTHK 

cocTOllHHH B none (Hx,H,) npH T = 240 K Ha ,neyxMepHOH ,n11arpaMMe npH 3TOH 
TeMnepaType HMeeM )].Be KPHTH'leCKHe TO'IKH nepexo,na nepBoro po)].a. 
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Pnc.14. Koop,nHHaTbl KpHTH4CCKOH 

nHHHH EKC Ha q>a30BOH ,nHarpaMMe 

(HxH,T) 

I 

40-1.S 

Hz 
30 

20 

10 

,e 

(a) 

Pnc.15. )].HarpaMMa H3MCHCHHll 

0 -

OCHOBHhlX xapaKTepHCTHK COCTOllHHH B 

n.one (H,,H) npH T= 240 K OTpe3KH ae H 

fg 0603Ha4alOT 3Ha4CHHll nonll q>a30B0ro 

paBHOBCCHll npH q>a30BOM nepexo.ne 

nepBoro po.na, OTpe3KH se H te :no 

rpaHHUhl na6HnbHOCTH .!lBYX COCTOllHHH. e 

1.6 - - - - - ,- - - - - (6) 

<P H f - .!lBC KpHTH'ICCKHe TO'IKH. Ha pnc.15(6) 
2.4 noKa3aHo COOTBCTCTBYIOll.lCC H3MCHCHHe 

8 
1.2 

0.8 

0.4 

~ yrnOBhJX napaMeTpOB COCTOllHHH. 01, <Pi, e_.., 

<P1 - 3Ha4CHHll yrnoB B TO'IKax na6HnhHOCTH 

2.0 .nnll .!lBYX COCTOllHHH COOTBCTCTBCHHO. 

OcTaJJhHhlC KpHBbJe Ha pnc.15(6) (c 

HH./lCKCOM e) COOTBCTCTBYIOT TO'IKaM 

CjJa30B0f0 paBHOBCCHll 
1.6 

0.0 -t---r--.--.---..-.---,--,---{ 

0 10 20 30 40 
ft 

5. <f>a3oBa~ )],HarpaMMa ( H,Hr T} 

B 3TOM cny4ae TepMO.!lHHaMH'ICCKHH nOTCHUHan llBnlleTCll nepHOJlH 1ICCKOH cjiyHKUHCH 

OTHOCHTCnhHO Bpall.lCHHll MarHHTHoro nOJJll BOKpyr poM603.!lpH4CCKOH OCII KpHCTanna. 

2,r Jr Jr 
TiepHO.!l paBeH -. TipH 3TOM, ecnH KOHCTaHTa d > 0, TO npH ycnOBHH --<a<-' r.ne 

3 6 6 

a - yron MC)KJlY HanpaBnCHHCM nonll H H .OChJO X, TCpMO./lHHaMH 1JCCKH YCTOfi4HBhJM 

llBnlleTCll .!lOMCH, y KOTOporo B Ha'!anhHOM COCTOllHHH (npH H = 0) e,, = 0. B 

[ ll" ll"] -cne.nyJOll.lCM HHTCpBane yrnoB 6. 2 YCTOH 11HB .!lOMCH C e,, = Jr 11 TaK .nanee. Tipw1eM 

. TepMO.!lHHaM.H'ICCKHH nOTCHUHan llBnllCTCll 4eTHOH QlYHKUHCH OTHOCMTCnhHO 31Hl'ICHHH 
• Jr Jr . 

a= 0,3.-3 ... Tio3TOMY y.no6Ho H .!lOCTaTO'IHO paccMOTpeTb q>a30BYJO .n11arpaMMY B 

nepeMeHHhlX (H. a; T), orpaHH'IHB 3Ha4CHHll a .!lHana30llOM [ 0, ~]. 1130TCpM11'1CCKIIC 

CC4CHHll TaKOH ,[{HarpaMMhl npe.nCTaBnCHhl Ha pnc.16.· JlHHHll. AB. orpmm 111mm01llclll 

noBepXHOCTb cjJa30Boro paBHOBCCHll npH nepexo.ne nepBoro po.na. .HBJJllCTCll 

KpHTH'ICCKOH nHHHCH. Kor.na none Hanpann.euo TO'IHO no 0./lllOH 113 oceil BTOporo 

nopll.!lKa ( a = 0), q>a3oBoe paBuonerne npH nepexo.ne nepnoro po.na .nocniraeTcll 11a 

OTpe3Ke BC, oKaH'IHBaJOll.lCMCll KpHTH'ICCKOH To 111<oi1 B. Ecn11 none nepneu.n11KynllpHo 
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Pnc.16. <t>a30sa» )].HarpaMMa ( H aT}. H - a6coiuorna» senwmHa 

MarHHTHOro nOJIH, HanpaBJleHHOro nepneH)].HKYJIHpHO poM603)].pH<IeCKOH OCH 

KpHcTanna, a - yron Me)K)].y HanpasneHHeM non» 11 ocbIO BToporo nop»)].Ka, 

COBna)].a1011.1ei1 B )].aHHOM cnyqae C 0CblO X. 3HalJeHHe a = ;r/6 3KBHBaneHTHO 

HanpaBJleHHIO nOJIH B)].OJ!b OCH, nepneH)].HKYJIHpHOH OCH BTOporo nopH)].Ka. 

ToHKHMH nHHHHMH noKa3aHbl H30TepMbl cpa30BOro nepeXO)].a I H I nepsoro 

po)].a. OTPe30K BC »Bn»eTc» lJaCTblO JIHHHH cpa3osoro nepexo)].a nepsoro po,na 

B none (Hx,0,0), a DE - cooTBeTcrnyeT nHHHH nepexo)].a nepsoro po)].a B none 

(O,HY'O). Jl11HHH AB, orpaHHlJHBa1011.1a» nosepxHoCTb <paJosoro nepexo)].a 

nepsoro po)].a, HBJIHeTCH KpHTHlJeCKOH JIHHHeH 

0.6 

160~ _______ lt;'.6 ____ l a 
H y0 0.5 

120-i \. \ I- 0.4 

0.3 
801 \\ ~ 

0.2 Pnc.17. TeMnepaTypHa» 3aBHCHMOCTb 

40-j I\ .. r KOOp)].HHaT KpHTHlJeCKHX TOlJeK B none 

0.1 (Hx,Hy,O) B COOTBeTCTBHH C cpa30BOH 

i I o.o 
)].HarpaMMOH (HaT) 

o I I I I I I I I I I I I 

0 40 80 120 160 200 240 280 
T 

14 
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O)].HOH 113 oceii BToporo nop»)].Ka (a=!!..), <paJOBbIH nepexo)]. nepsoro po)].a 
6 

ocymeCTBJIHeTCH Ha nHHHH DE. Koop)].HHaTbl KpHTHlJeCKOH TOlJKH B, nonylJeHHble B 

paclJeTax: T = 237 K, H = 44.22 kOe. Ha pnc.17 np11Be)].eHa TeMnepaTypHa» 

3aBHCHMOCTb KOOp)].HHaT KpHTHlJeCKOH nHHHH AB, a TaK)Ke KpHTHlJeCKHX 3HalJeHHH B 

cnylJa»x cpa30BhIX nepexo)].OB nepsoro po)].a B none (O,Hx,OJ H (O,HY'O) (npn a= 0 n 

a= ,r COOTBeTCTBelIHO). B BbICOKOTeMnepaTypHOH lJaCTH <pa30BOH )].HarpaMMbl Bee TPH 
6 

3HalJeHHH KpHTHlJeCKHX nonett (He,, Hxo 11 Hy0) npaKTHlJeCKH Hepa3JIHlJHMbl. 

6. 3aMeqamrn: no pe3yJihTaTaM pacqeToB 

KaK BH)].HM; cpa30BaH )].HarpaMMa reMaTHTa BO BHernHeM MarHHTHOM none 6oraTa 

MHOfHMH oco6eHHOCTHMH, BKJII0lJaH nepeXO)].bl nepsoro n BTOporo po)].a, nHHHH 

KpHTHlJeCKHX, TPOHHblX H TPHKpHTHlJeCKHX TOlJeK. O6ycnosneHo 3TO, npe)K)].e Bcero, 

CHMMeTPHeH ,KpHCTannttlJeCKOH peWeTKH H cnel.\H<pHlJeCKHM xapaKTepoM 

TeMnepa'rypHOH JaBttCHMOCTH :iHeprn11 attH30TPOnnn. B MaTeMaTttlJeCKOM OTHorneHHH 

nonylJeHHbie B pacqeTax oco6eHHOCTH HH)Ke TOlJKH MopttHa CBH3aHbl C HCnOJib30BaHtteM 

HHBapHaHTa aHH30TPOnHH d sin3 0 cos 0 sin 3</) ' . YlJeT KOTOporo HBJIHeTCH 

npHHI..\HnHanbHO He06XO)].HMblM. Ilpn npeHe6pe)KeHHH 3THM qneHOM B 

TepMO)].HHaMHlJeCKOM noTeHI..\Hane He TOnbKO )].OnycKaeTCH HCKaikeHHe HCTHHHOH 

CHMM~HH KpHCTanna, HOH H3MeHHeTCH xapaKTep cpa30BOH )].ttarpaMMbl (HY'H,, T} npn 

OTHOCHTenhHO ~anbIX 3HalJeHHHX KOMnoHeHThI_ non» Hr B CTaTbe [3], B Ko'ropott 

npeHe6peranocb 3THM HHBap11aHTOM, TaK)Ke npOHBHnHCb MHOrtte oco6eHHOCTH, 0_611.111e 

c HaCTOHllleH_· pii6oTOH, s · TOM lJHCne HanHlJHe C0CTOHHHH 111 npH onpe)].eneHHbIX 

3HalJeHHHX Hy 11 H,, o6ycnosneHHbIH 3THM nepeXO)]. nepsoro po.Lia, nHHHH KpHTHlJecin~x 

TOlJeK H, TaK Ha3bIBaeMaH, "cynepKpHTHlJecKa»" TOlJKa, 3KBHBaJleHTHa» _TOlJKe K Ha 

pnc.4. O)1.HaKO TOn~KO npH YlleTe HHBapttaHTa dsin3 0cos0sin3</J npOHBnHeTCH 

oco6eHHOCTb reMaTI-iTa·, KOTopa» COCTOHT B TOM, lJTO npH CKOnb yro)].HO ManoM (HO He 

paBHOM iiynIO) 3HaiieHHH K03<p<pHI..\HeHTa d eCTb KOHelJHblH )].Hana30H 3HalJeHHH 

KOMnOHeHTbl Hy,. 0 :<Hy<'~, B. KOTOpOM npn pOCTe KOMnoHeHTbl ITOJIH H, BHalJane 

npOHCXO)].HT nepexo)]. nepsoro po)].a B npoMe)KyTOlJHOe COCTOHHHe III, H TOnbKO 3aTeM, 

npH 6onbWHX 3HalJeHHHX H,, nepexo)]. BTOporo po)].a B KOHelJHOe cpa30BOe COCTOHHtte; B 
,r . . . 

KOTOpOM 0=-,</J=lr. 
2 

O)1.HaKO CTPeMneHHe 3HalJeHHH KOMnoHeHTbl H, )].JIH BTOporo nepexo)].a K 

6eCKOHelJHOCTH npn Hy ➔ 0 ("ycbJ" Ha pnc.4 n 5) HBnHeTCH • HeKoppeKTHbIM 

pe3yJlbTaTOM paClJeTOB. TaK 'rronyqnnocb Bcneti;CTBHe npeHe6pe)KeHHH HHBapHaHT~MH 

fm, sin3 0 c_ OS 3~ ' H. esin6 0cos6</) B TepMO)].HHaMHlJeCKOM noTeH~Hane. K CO)KaJleHHIO, . . . ' 

HeH3BeCTmi TeMnepaTypHaH 3aBHCHMOCTb K03<p<pHI..\HeHTOB f 11 e. Il03TOMy OCTaeTCH 

TOnhKO B03MO)KHOCTh Ol.\eHHTb BJIHHHtte 3THX HHBapnaHTOB Ha BH.D. <paJOBOH 

)].HarpaMMbl (H/1,T}. Ha pnc.7(a) TTOKaJa~a JIHHHH gh nepexo)].a ~Topor; po)].a III HI/ 
npn T.= JOO K, ·ecn11 f = 20 Oe; e = 0.01 Oe. YlleT .OTMelJeHHbIX .D.ononH11TenbHhIX 

HHBapnaHTOB npaKTttlJeCKH He nosnn»n Ha xo)]. nttHHH • cpa3osoro paBHosec11». )].JI» 

nepexo)].a nepsoro po)].a (OTPe30K ae), HO HeCKOJibKO noHH3Hn KpHBYIO cpa30BOro 

nepexo)].a BTOporo po~a npH ManbIX 3HalJeHHHX Hy- .IlOHBHnacb TOlJKa g nepeXO)].a 

BToporo po.D.a np11 H, = 88.44 kOe. TaKHM o6pa30M, no)].TBep)K)].aeTcH 
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nocne.noBaTenbHOCTb <pa30BblX nepexo.noB B none (0,0,H) HH)Ke TOlJKH MopHHa, 
npe.ncKa3aHHaH eme B 1974 ro.ny [18]: 

{ 3: 1+ }/,m, I-st order { 1+} 2-nd order { 2_; 1+ )/,mym, /-st order { 3: 2_; 1+ }m, . 

KaK BHAHO Ha pnc.18, npaKrntJeCKH yron B; B TOtJKe <pa3oBoro nepexo.na / H III B none 

(0,0,H,) Mano OTnHtJaeTCll OT KOHelJHOrO 3HatJeHHll 1lf2 B COCTOllHHH II. 

;mJ- ... M. ~--·· p, 
1.56 50 

40 
1.527 

30 

e 
1.48 20 

10 

1.44 0 
0 40 80 120 160 200 . 240 

T 

Pnc.18. TeMnepaTypHall 3aBHCl1MOCTb yrna 

03 Mll cocTOHHHll III 11 KpHTHtJecKoro 

3HalJeHHll MarHHTHOro nonll B TOlJKe 

<pa30BOro paBHOBeCHll npH nepexo.ne / H Ill B 

none (0,0,H=), ecnH YtJHTbIBaeTCll HHBapHaHT 

aHH30Tpon1111 d sin3 0cos0sin3</J. Ilpi1 BCex 

3HatJeHHllX TeMnepaTypbl B TOlJKe nepexo.na <p3 

= 3.66519 rad =210°(ecn11J= e = 0) 

OcHOBHbJe pa3nHlJHll Me)K.ny .n11arpaMMaMH (Hx,Hz, T) 11 (HyHz, T} o6ycnoBneHbl 

HMeHHO tJneHOM dsin 3 0cos0sin3</J B TepMO,AHHaMttlJeCKOM no_TeHL\Hane. 11 TOT <paKT, 

tJTO nono)KeHtte KpttrntJeCKOH . TOlJKH Ha TeMnepaTypHoH wKane B cnytJae nonH, 

nepneH,AHKynHpHoro poM603,ApHtJeCKOH OCH KpHCTanna, 3aBHCHT OT yrna Me)K.ny 

HanpaBneHHeM nonll H OCbJO BTOporo nopll,AKa, TaK)Ke 'onpe.nenlleTCll, rnaBHblM 
o6pa30M, 3THM HHBapttaHTOM. 

B 6onbWHHCTBe pa6oT, B KOTOpbIX aHanH3HpOBanCH xapaKTep <pa30BblX nepexo,AOB 

npH y· < TM, HHBapttaHT d sin3 0cos0sin3</J. He npttHHMaJICll BO BHHMaHHe, _H 

nonaranocb, tJTO xapaKTep' cpa30BbIX nepexo.i:ioB BO BHelliHeM none .nocraTOtJHO HH)Ke 

TOlJKH MopHHa Boo6me He 3aBHCHT OT HanpaBneHHll npoeKL(HH nOnll Ha 6a3HCHYJO 

nnoCKOCTb OTHOCHTenbHO OCH BTOporo nopll,AKa. 3THM caMbIM .nonycKanacb 

npHHL(HnttanbHall . OWH6Ka B HHTepnpeTaL(HH 3KCnepttMeHTanbHblX pe3ynhTaTOB. B 

tJaCTHOCTH, HCKaJJaCb TpHKpHTHlJeCKall TOlJKa TaM, r.ne B00611.1e He MO)KeT 6b1Tb 
nepexo.na BToporo po.na. 

Bo Bcex npe,ACTaBJJeHHblX B HaCTOllll.leH pa6oTe pactJeTax npHHHMaJJOCb, lJTO d > 0. 
0.nHaKo B ·.u.eHCTBHTenbHOCTH, KaK 3TO 6b1Jl0 nor<a3aH·o B ,AH<ppaKL(HOHHbIX H3MepeHHllX 

[19,20] C MarHHTHblM noneM, d < 0. ,[(Jill ipaHccpopMaL(HH pe3ynbTaTOB pactJeTa B none 

(Ryll) nptt nepexo.zie OT d > 0 K d < 0 .u.·oCTaTOtJHO npocrn H3MeHHTb 3HaK yrna </J. B 

cnytJae .neHCTBHll ·no.rill (Hx,H) ,ABa THna . aHTH<peppoMarHHTHbIX ,AOMeHOB He 

3KBHBaneHTHbl no 3HeprHH. Ecntt Hx > 0, TO nptt.d > 0 3HeprHll AOMeHOB, y KOTOpblX 

cos0 > 0' MeHbWe, lJeM y ,AOMeHOB C HatJaJJbHblM (nptt H = 0) 3HatJeHHeM 0 = lr, 11 

Hao6opoT npH d < 0. ,[(nll nepexo.na K pacCMOTpeHHJO TepMO,AHHaMHlJeCKH ycTOHlJHBblX 

,AOMeHOB nptt d < 0 · ,AOCTaTOlJHO B npe,ACTaBJJeHHblX pe3yJJbTaTaX 11pOH3BeCTH 

TpaHc<popMaL(mo 0➔ (,r-0 ). 11 HaKOHell, B none (Hx,Hy) TpaHccpopMal.lHll K 

,r 
3HatJeHHJO d < 0 npOH3BO,AHTCll C,ABHfOM a➔ a+-. 

. 3 
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Pnc.19. 3aBHCHMOCTH yrna 0 11 

HaMarHH-lJeHHOCTeH OT BenHlJHHbl ·nonll Hy 
(Henpe-pblBHbJe nttHHH) H H, (nyHKTHpHble 

JJHHHH) np11 H= = 0. TeMnepaTyphr: J ~ 205 
K, 2 - 230 K, 3 - 236 K, 4 - 245 K, 5 - 247 K. 
B cnytJae Hv npn Bcex 3HatJeHHllX 

Te~mepaTypbl . npoHCXO,AllT <pa30BbIH 

5114 3 t2 1'' 

0.8 

0.4 

r;_.'I 
(a) 

o.o r , , , 1 

C") 
C) ..... 
>< 

6 

E4 
C") ~ 

C) ..... 
>< 

><2 
E 

nepexo.n nepBoro po.na. Ilptt 3TOM yron 0 

°CKalJKOM yBeJJHlJHBaeTCll .no 3HalJeHHll 1lf2. 
8 none H_, HMeeM cpa30Bble nepeXO,Abl 

nepBoro po.na TOnhKO nptt T > 236 K, nptt 

MeHbWHX 3HatJeHHllX nOJJll npOHCXO,AHT 

nOBOpOT BeKTopa aHTH<peppOMarHeTH3Ma 

6e3 cpa3oBoro nepexo.na, T.e. np11 

HenpepbIBHOM yBentttJeHHH yrna 0. 
lleTblpbMll TOlJKaMH Ha pnc.19(a) nptt T = 
245 11 247 K noMelJeHbl 3HatJeHHll yrna 0 
AJlll ABYX COCTOllHHH npH cpa30BOM 

paBHOBern11 B none H,. B cnytJae H, 
BeKTOp I CTpOro nepneH,AHKYJJHpeH OCH X, 

T.e. yron </J = ir/2, a B none H .. otJeHb Mano 

OTKJJOHlleTCll OT nnoCKOCTH xz (HanpHMep, 

nptt T = 247 K, Kor.na 3TO OTKJlOHeHHe 

MaKCHMMbHO )J.Jlll npttBe,AeHHblX 

0 r I TeMnepa-ryp, B TOlJKe cpa30BOro nepexo.na 
I I I I ,1, _ _ .-1, 

0 20 40 . 60 

Hx,Hy 
80 100 yron 'f' Mll nepBOH, HH3KOnoneBOH 'l,a3bl 

OTJIHlJaeTCll OT lrHe 6onee 0.2%) 

0.nHaKo nonytJeHHble B pactJeTax oco6eHHOCTH <pa30BOH ,AHarpaMMbl reMaTHTa He 

llBnlllOTCll nerKO Ha6n10.naeMblMH B 3KcnepttMeHTe. Bo BCllKOM cnytJae, MO)KHO 

YTBep)K,AaTb, lJTO nonytJeHHble 3,AeCb pe3ynhTaTbl He npOTIIBOpetJaT H3BeCTHblM 

3KcnepHMeHTMbHbIM ,AaHHblM no reMaTHTY, TaK )Ke KaK H Tpy.QHO HaHTH KaK11e-m160 

3KcnepHMeHTaJJbHbie .naHHbie, no,ATBep)K.Qa1011.111e cnpaBeMHBOCTb OCHOBHblX HOBbIX 
pe3ynbTaTOB 3TOH pa60Tbl. 

,[(nH onpe.neneHHll MarHHTHOH CTpyK~YPhl <pa30Bb1x cocTOHHHH, HHAYl..l1tponaHHh1x 

noneM, 11, B tJa·cniocTH, Mll HaXO)K,AeHHll 3aBHCHMOCTII 3TOH crpyKTypb1 OT yrna Me)K.ny 

npoeKL(HeH nonl! Ha 6a3HCHYIO nnoCKOCTb H OCblO CHMMeTPHH BTOporo nopll.QKa (OCb x) 
MO)KeT 6bITb ttcnonb30BaHa .nmJipaKL(Hll HeHTpOHOB. Ha pnc.19 npttae.neHbl 

3aBHCHMOCTH yrna0 If HaMarHHlJeHHOCTH (BAOJlb MarHHTHoro nonH) OT BeJJHtllfl!bl nOJJll 

Mll cnytJaeB (H,,0,0) 11 {0,Hy0). B11.nHo, tJTo npaKTHtJeCKH 6e3Ha.Qe)KHO nhITaTbCll 

Ha6JJIO,AaTb pa3nHlJHe B HaMarHHlJeHHOCTI! Me)K.ny 3THMH cny1ral1MI!. OnwcttTeJJbHble 

H3MeHeHHll yrna 0 B o6nacTH <pa3oBoro nepexo.na 3HatJHTenbHO 6onbwe, •reM 

HaMarH11tJeHHOCTl1. Ilo.n6opoM Kp11CTannorpa<jJ11tJeCKl1X nJJOCKOCTeH )J.Jlll .n11cjipaKL(l1l1 H 

reOMeTplfl1 B3aHMHOH OpHeHTaL(HH MarHHTHoro nonl! H KpHCTanna MO)KHO nonblTaTb_Cll 

Ha6n10,AaTb pa3nHlJHe B xapaKTepe H3MeHeHHll yrna 0B none H, H H,,. 3aMeTHM, lJTO, B 

OTJJHlJHe OT HaMarHHlJeHHOCTH, BeJJHlJHHa CKa•1Ka OT 0, .no tr/2 B TOlJKe nepexo.na / ---} II B 
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none (O,H..,O) nolJTH He 33BHCHT OT TeMnepaTypbl B IIIHpOKOM TeMnepaTypHOM 

)l.Hana30He .H HalJHHaeT ysenHlJHB3TbCll TOnbKO Henocpe,ncTBeHo B6nH3H TOlJKH MopHHa 

(CM. pnc.20). 

1• f-----------------------------1 
01 

12 

0.8 

0.4 

0.0-+---r-~~~~~~~~~---,~ 

0 40 80 120 160 200 240 
T 

1.6 - - - -
rr=OK 

0 

1.2 
~ 

I 
'0.8 

0.4 J 

Pnc.20. TeMnepaTypHall 3aBHCHMOCTb yrna 01 
,nJill COCTOllHHll I B TOlJKe q>a30Boro paBHOBeCHll 

npH nepexo.ne I H II nepsoro po.na B none 

(O,HY'O) 

5 

mzx1a3 
4 

3 

2 

0,. 01 
0.0 "=r ', I ,, I 0 

I I I I <Py 

Pnc.21. 3aBHCHMOCTb HanpasneHHll 

BeKTOpa aHTHq>eppoMarHeTH3Ma H 

HaMarHH'leHHOCTH OT BenHlJHHbl 

KOMnOHeHTbl nonll Hz npH T = 0 K B 

cnytJae HanHlJHll nOCTOllHHOH 

KOMnOHeHTbl nonll, nepneH)l.HKynllpHOH 

OCH z. CnnOIIIHbie nHHHH COOT

BeTCTBYJOT senHtJHHe HY = 1 kOe, a 

nyHKTHpHbie - H, = J kOe. HH,neKcaMH 

3.2 

2.8 ~ i <l>1x 

~y 

2.4 

2.0 

1.6 

0 20 40 60 
Hz 

4.4 

4.0 

3.6 

3.2 

80 100 

Jx H 2x 0603HalJeHbl yrnOBbie 

K00p)l.HH3Tbl .nsyx COCTOllHHH, 

q>HrypHpyJOII.IHX B ·4>a3osoM nepexo.ne 

nepsoro · po.na B none ( Hx,H:J, a 

HH)l.eKcaMH ly H 3y - coCTollHHi1 I H III B 

none (Hy,H,). B nocne)l.HeM cnytJae 

npOHCXO)l.HT e11.1e BTOpOH ' nepeXO)l., 

BToporo poAa·, npH H, = 87.376 k_De. 
l13MeHeHHll , HaMarHHlJeHHOCTH Ha· 

rpaq>HKe no'ITH Hepa3nHlJHMbl 

B03MOlKHO, lJTO npH 6onee cnOlKHOH reOMeTpHH H3MepeHHH, .KOr,na HCnOnb3YeTCll 

ABYXKOMnoHeHTHOe M3rHHTHOe none, )l.Hq>p3KI.1Hll HeHTPOHOB OKa:KeTCll 6onee 

3cpcpeKTHBHOH 33 ClJeT pa3nHlJHOro xapaKTepa H3MeHeHHll yrna r/J B none Hx H HY" Ha 

18 

pnc.21 npHBe)l.eH TaKoi1 npHMep. B 3TOM cnytJae B TOtJKe nepexo)l.a no)]. )l.ettCTBHeM nonll 

H= yron 0 MeHlleTCll pe3KO H nolJTH 0.llHHaKOBO B cnytJallx Hx H H_... nptttJeM BenHlJHHa 

CKalJKa Mano 3aBHCHT OT senHlJHHbl KOHCTilHTbl d. O)1.HaKo xapaKTep H3MeHeHHll yrna r/J 
B none (H,,H) cy11.1eCTBeHHO OTnHtJaeTCll OT cnytJall nonll (H,,H) (B nepBOM cnytJae 

HMeeM )].Ba cpa30BbIX nepexo.na: BToporo H nepsoro po.na). 3To no3BOnlleT 

paCClJHTbIBaTb Ha B03MOlKHOCTb onpe)l.eneHHll )l.HcjJpaKL1Hei1 Hei1Tp0HOB senHlJHHbl 

KOHCTaHTbl d. Ha pnc.22 np1-me)l.eHbl 33BHCHMOCTH OT BenHlJHHbl d OpHeHTal.lHH BeKTopa 

aHTHqieppoMarHeTH3Ma B qia3e III B TOtJKe nepexo)l.a nepsoro po)l.a, a TaKlKe 

KpHTHlJeCKHX 3H3'IeHHH nonll Mll nepsoro H,BToporo cjJaJOBOro nepeXO)l.0B npH T = 0 K. 

1.6 

o, f'j 180 

1.2 160 

3.4 
140 

o.8--J 
120 

0.4 -13.2-j I / T= OK, Hy= 1kOe r 100 

80 

0.0-' 3.0 -+-~-~~--~--r--.----,.--~-t--60 

0 2· 4 6 
d[Oe] 

8 10 

H, Pnc.22. 3aBHCHMOCTb OT BenHlJHHbl 

KOHCTaHTbl d yrnoBbIX KOOp.UHHaT q>a3bl 

III B TOtJKe nepexona nepsoro pona, a 

T3KlKe Kpl1THlJeCKHX 3HatJeHl1H nonll. H, 
Anll nepexona nepsoro pona (H1.mJ 11 

nepexona BTOporo pona ( Hm.11) npH 

HanHlJHH noCTOllHHOH COCTaBnllJOl.l..{eH 

H,. = 1 kOe npH T = 0 K. BHAHO, lJTO 

npH d < 1 Oe npo11cxonHT q>a30BbIH 

nepexon I ~ II nepsoro pona, MHHYll 
cocTOllHHe III · 

OnHaKO HaH60nblllHH HHTepec npH HccnenoBaHHH QJ330BOH )l.HarpaMMbl reMaTHTa 

npe)l.CTaBnllJOT He' T0lJHbie 3HatJeHHll yrnOBbIX KOOp.UHH3T pa3nHlJHbIX cpa30BblX 

COCTOllHHH, a no.nolKeHHe oco6bIX nHHHH H TOlJeK Ha q>a30BOH n11arpaMMe. o,1eBl1)1.HO, B ' 

o6HapylKeHl1H 11: HCCnenosaHHH 3THX oco6eHHOCTei1 MOlKHO paCClJl1TbIBaTb TOnbKO _Ha 

MeTO)l.bl, tJYBCTBHTenbHbie K QJJIYKTyal.lHllM Tex KOMnOHeHT HaMarHil'IeHHOCTW 

no)l.perneTOK, 'KOTOpbie xapaKTepHbl ,nJill KOHKpeTHblX cpa30BblX nepeXO)l.0B., B 

lJaCTHOCTH, MOlKHO npe)l.nonaraTb, lJTO none3HblM B 3TOM OTllOllleHl1H 6y,neT 

KpHTHlJeCKOe MarHHTHOe paccel!HHe HeHTPOHOB. feMaTHT c ero 6oraTblM Ha6opOM 

q>330BblX nepexonoB B M3fHHTHOM none H COOTBeTCTBYIOII.IHX n11H11H H TO'leK 

aHOManbHblX 4>nyKTya1.111i1, BKnJOtJall 11 "cynepKp11Tl1lJeCKYJO" TO'IKY, npe)l.CTaBnlleT 

co6oi1 OlJeHb no)l.XO)l.llll.lHH 06beKT nnll HeihpOHHblX 11ccnenosam1i1. B CBll311 C 3THM 

OTMeTHM, lJTO B J-(aCTOlll.l..{ee BpeMll HeMHoro HaH)l.eTCll pa6oT no Kp11Tll'leCKOMY 

MarHHTHOMY paccel!HHJO Hei1Tp0HOB B TOlJKax OpHeHT3l.lHOHHblX q>a30BblX nepexonoB 

BToporo po)l.a, nma "nopll)l.OK - nopll)l.OK", npu Hantt'IHH MarHHTHoro nonl!. TeM 6onee 

O'leHb penKH 11ccnenosaH11ll s o6naCTH oco6blX TOlJeK, TaKHX KaK KpltTHlJeCKlle, 

TPHKpHTHlJeCKlle 11 611KpllTHlJeCKHe TO'IKH. ITpenCTaBnllJOT co6oii lfHTepec 

3KCnepHMeHTbl no ManoyrnoBOMY KpllTHlJeCKOMY paccel!HHIO C MOHOKpHCTanrnttJeCKllMlt 

o6pa31.13MH, HMell B BHAY paccemme B6nH3H 6p3rrOBCKHX )l.HCj>paKI.IHOHHblX 0TpalKCHlttt. 
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