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He.Il;aBHne HeiiTpOHorpaq>n'IecKIIe MarHllTHI:,Ie n CTPYKTypHLie nc- . 
crre,I1;0Banm1 cncTeMhl U(Pd1~zFez)2Ge2 llIT.11 pa3rrn'IHI:,IX KOHD;eHTpa­
:un:ii Fe n Pd IIOKa3arrn, 'ITO ,Il;aJKe 01Iem, Marrem,Ka.s: KOHD;eHTpa­
:un:.11 )Kerre3a IIpll Hell3Mennoii: IIpOCTpancTBeHHoii rpYIIIIe CTPYKTYPLI 
pa,Il;llKaITLHO MeH.lleT MarHnTHOe COCTomne llCXO,Il;HOro coe,Il;nHeHll.11 
UPd2Ge2 (1]. 

Heii:Tponorpaq>ll'IeCKlle 3KCIIepnMeHThl IIOKa3hlBaIOT, 'ITO IIpll TeM­
IIepaType T > TN = 143 K coe,Il;nHenne UPd2Ge2 nMeeT o6'LeMHO­
n;eHTpnpoBaHHYIO TeTparonarrLHyro CTPYKTYPY THIIa ThCrSi2 c 11po­
cTpaHCTBeHHoii rpy1111oii: cnMMeTpnn DU (2]. B cTpyKType 3Toro co­
e.Il;nHeHnH aTOMhl 3aHnMaIOT crre,I1;yroIIJ,1Ie KpncTarrrrorpaqin1IecK1Ie 110-
3nn;nn: U B 2(a)(000), Pd(Fe) B 4(d)(0, 1/2, 1/4), Ge B 4{e)(O, 0, z), 
rrpntieM 3Ha'IeHne 11apaMeTpa z 11pn 142 K paBHo 0, 3816(2) 11 ocTa­
eTc.11 Hell3MeHHhlM BIIITOTL llO TeMIIepaTyphl 1, 4 K (1,2]. 

B rrepBhlX HeiiTpoHorpaq>n'IecKnx nccrre,I1;0Bann.11x U Pd2Ge2 (3, 4) 
HH)Ke TN = 140 K 6hlrra o6Hapy)KeHa MarHnTHa.s: cTpyKTypa aHTH­
qieppoMarHnTHOro ( AF) THIIa c MOllyrrnpo:eanHoii IIpOllOITLHOii BOrrHoii 
crrnHoBoii 11rroTHOCTn (LSDW). 3aTeM 6hlrro 110Ka3ano (5), 'ITO B paii:­
oHe 87 K n 50 K IIpOHCXO,Il;HT q>a30Bhle IIepeXO,Il;hl ll 'ITO IIpn Hll3KllX 
TeMrrepaTypax cocym;eCTBJIOT HeCKOITLKO MarHllTHhlX q>a3: AF, qieppo­
MarHllTHa.11 (F), MeTaMarHnTHa.s: (MM) n c111:1H0Boe cTeKrro (SG). Oll­
HaKo HeiiTpoHorpaq>1:11IecKne 3Kc11epnMeHThl c rryqmnM pa3pemeHHeM 
n TO'IHOCTLIO 110Ka3arr1:1 (1], 'ITO rrpn 1,4 K ~ T ~ 50 K MarHnTHa.s: 
CTPYKTypa U Pd2Ge2 0111:1ch1BaeTc.11 copa3MepHoii LSDW c "KBa,Il;paT-

Hoii Mo.il;yrrgn;neii:" 1:1 c MarHllTHhlM BOITHOBhlM BeKTOpOM t = (0, 0, ks), 
r.Il;e ks ~ 3/4 (6]. Ilpn 95 K ~ T ~ TN(= 135 K) MarHn:THa.11 CTPYK­
Typa 11pe,I1;CTaBrrHeT co6oii: Hecopa3Mepeyro cTpyKTypy LSDW c cnHy­
co1:1,I1;arrLHoii MOllym1uneii. B. nHTepBarre 90 K ~ T ~ 95 K cTpyKTypa 
IIpe,Il;CTaBmieTC.11 CMeCLIO 3Tl:IX q>a3 n IIOCTeIIeHHO 11peo6pa3y eTC.11 ll3 
KBa,Il;paTHOll B CHHycon.Il;aITLHO MO,I1;yrr1:1poBaHHYIO, IIpll 3TOM OKOITO 80 
K 11po11cxo.n;1:1T q>a30BLIH 11epexo,n; 11epBoro po,n;a n:3 copa3MepHoii: q>a3hl 
B Hecopa3MepHyIO qia3y, Bhlpa)KaI0IIJ,1IliCH B pe3KOM lI3MeHeHlil:I Berrn­

'IlIHhl ks OT 1 ,Il;O 3/4. 
Oin,c_a:.,ji";.~a Gl.:n.TJT_ I 
rui~~i~X ucc~el~~aa§il 
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HeirTpOHorpaq>IPiec:rrne IICCJie)loBaHIUI IIOKa3aJIII [1], "9:TO 2% aTOMa 

Fe, 3aMema10mero Pd, pa.llIIKain,Ho MCHHIOT MarHIITHYIO cTpyKTypy 

U Pd2Ge2. EcJIII B He.n;01rnpoBaHHOM coe.n;IIHeHIIII MarHIITHM cTpyK­

Typa rrpII T < 50 K rrpe.llCTaBJIHeT co6oir q>a3y LSDW c KBa.n;paTHoir 

MOJlJJIHIUieir, io B IIOJIIIKpIIcTaJIJIII"fJecKoM U(Pd0_9sFeo.02)2Ge2 HII)Ke 

65 K o6Hapy)KeHa "rrpocTM" AF-q>a3a II CHHOCOII.llam,Ho MO.llJJIIIpo­

BaHHM LSDW-AF-q>a:1a B IIHTepBaJie Tel\mepaTyp Me)KJlY 65 K II To-q-

KOH HeeJIH TN · 135 K. B IIHTepBaJie 65 K < T < 135 K Mar-
- .. 

HIITHM H"f!eHKa Hecopa3MepHa C KpIICTaJIJIII"fJeCKOH, 3a IICKJIIO"f!eHIIeM 

TO"f!KII T = 93 K, r )le BOJIHoBoii: BeKTop rrpoxo)lIIT -qepe3 "copa3MepHoe" 

3Ha"f!eHIIe 0, 75. HII)Ke TN MarHIITHhle MOMeHThl aToMa ypaHa Bcer)la 

rrapaJIJieJII,Hhl TeTparoHaJibHoii: ocII c :meMeHiapHoii: H"f!eii:Koii:. B Heii:­

Tponorpaq>1rt1e~KIIX 3KcrrepIIMeH;ax q>a3hl SG II FM He o6Hapy)KeHhl 
[1 ]. 

B [3] IICCJie)lOBaHbl KOHD;eHTpan;IIOHHhle 3aBIICIIMOCTII rrapaMeTpOB 

pemeTKII a= a(x) II~= c(x), 061,eMa 3JieMeHTapnoii: H"f!eHKII V = V(x) 
II paccTOHHIIH Me)KJlY aToMaMII ypaHa d = d(x). C yBeJIII'IeHIIeM x 
3Ha"f!eHnH q>yHKD;IIii: a = a( x), V = V ( x) II d · = d( x) HeMOHOTOHHo 

. yMeHbillaIOTCH. IlpII"fleM, B o6JiaCTII X ~ 0, 02 q>JHKD;IIII a = a(x), 

c = c(x), V = V(x) II d = d(x) IIMeIOT IIOJIOrI1ii: y-qacToK. IlpII )laJI1,­

neii:meM yBeJIII"f!eHIIII x, a= a(x) yMeHbmaeTcH, Tor,lla KaK c = c(x), 
V = V(x) lI d = d(x) IIMeIOT MaKClIMJMhl IIpII x ~ 0,05. TaKIIM o6pa-

30M, rrpn X ~ 0, 05 rrpoIICXO)lIIT paCTH)KeHIIe 3JieMeHTapHOH H"f!eHKII 

B)lOJII, HanpaBJiemrn OCII c. TeMrrepaTypHhle 3aBIICIIMOCTII MarHIITHOH 

BocnpI1IIM"f!IIBOCTI1 rrpII Il3MeHeHIIII x npI1Be)leH1,1 B pa6oTe [3]. lfa 3TIIX 

KpIIB~X _ onpe,lleJieHbl KOHD;eHTpaD;IIOHHhle 3aBIICIIMOCTII KpIITil"f!eCKIIX 

TeMnepaTyp MarHIITHhlX q>a30BhlX rrepexo,lloB IIpII T m
1 

II T m
2

• IloKa-

3aHo, "9:TO 3aBIICIIMOCTI, TN = TN(x) IIO"f!TII IIOCTOHHHa, TOI')la KaK 

q>JHKD;IIH T ml ( x) = T ml ( = 80 K) JBCJIIl"flIIBaeTCH II JlOCTilraeT 3Ha­

-qemrn ~ 110 K. 3aBIICIIMOCTb Tm2(= 50K) = Tm2(x) B o6JiaCTII 

X E [0; 0, 2] IIOCTOHHHa II rrpII )laJibHeii:meM yBeJIIl"fleHII~ X 3Ha"9:II­

TeJibHO IIOHil)KaeTCH. Heo6XO)lIIMO 110,ll"flepKHYTb, "9:TO C yBeJIII"f!eHileM 

X IIHTeHCIIBHOCTI, IIIIKa .MarHIITHOH BOCIIPIIIIM"f!IIBOCTII IIpII T m2 CTpe-

2 

MIITCH K HJJIIO. MHTCHCIIBHOCTI, IIIIKa MarHIITHOII BOCIIpIIIIM"fJIIBOCTII 

rrpII T ml rrpn x ~ 0, 02 IIMeeT 3Ha"f!nTeJibHhlH pocT, a npII JlaJibHeii:­

meM yBeJIII"f!eHIIII i CTpeMIITCH K HJJIIO. B [3] IIO)l"9:epKIIBaeTCH, "9:TO 

rrpII X ~ 0, 02 KOHD;eHTpan;1rn IIpIIMeceii: Fe yBeJIIl"fJIIBaeT MarHIITHOe 

pa3ynopH,llO"f!eHIIe CTpJKTYPhl II yKa3blBaeTCH Ha cymecTBOBaHne Tpex 

pa3JIII"f!HhlX q>a3 Ha q>a3oBoii: mrnrpaMMe 3TIIX coemrneHnii: rrpII TeMrre­

pa Typax T < Tm2, Tm2 < T < Tm1 ·II Tm1 < T < TN COOTBeTCTBeHHO . 

TorroJiorII"f!eCKM )leq>opMan;IIH HeTpmmaJibHOH MarHIITHOH q>a30BOH 

mrnrpaMMhl U(Pd1_:r:Fe:r:)2Ge2 B JaBIICIIMOCTII OT x, rrpII HeII3MeHHoii: 

rrpocTpaHCTBCHHOJI rpyrrne CIIMMCTpIIII, Tpe6yeT JlCTaJibHOro aHaJIIl3a 

CIIMMCTpIIHHhlX aCIICKTOB IIOCJIC.llOBaTeJibHOCTII q>a30BhlX nepeXO)lOB B 

3TIIX cocnnHeHIIHX. IlaHHM pa6oTa rrocBHIIJ;eHa 3TOMY aHaJIII3J. 

<l>eHOMeHOJIOrH'leCKcUI TeOpHjJ: IIOCJie.n;oBaTeJibHOCTH 

MarHHTHhlX 4>a30BhlX 11epexo.n;oa U(Pd1-:r:Fe:r:)2Ge2 

.IIJIH IIOCTpoemrn q>CHOMCHOJIOrII"fJCCKOH TCOpIIII IIOCJIC)lOBaTCJibHO­

CTII MarHIITHhlX q>a30BhlX rrepexo.n;oB B KpIICTaJIJiaX C rrepeMC~HhlM 

cocTaBOM U(Pd1_:r:Fe:r:)2Ge2 B cooTBCTCTBIIII c BhlmeII3JIO)KCHHhlMII 

3KCIICpIIMCHTaJibHhlMII pe3JJibTaTaMII. Heo6XO)lIIMO IIO)l'ICpKHYTb, 'ITO 

rrpocTpaHCTBCHHOH rpyrrrroii: CIIMMeTpIIII rrapaMarHIITHOH q>a3hl 3TIIX 

coemmeHIIH HBJIHCTCH CIIMMOpq>HM rpyrrna Du, KOTopoi'I COOTBCT­

CTBJCT 06nCMHOD;CHTpIIpOBaHHM pemeTKa TIIIla f~ [7]. OcHOBHhlMII 

BCKTopaMII pemeTKII HBJIHIOTCH 

?1 = (-r/2,r/2,Tz/2), ?1 = (r/2,-r/2,Tz/2), 

cl 1 = (r/2, r/2, -Tz/2). 

PemeTKa TIIIIa r~ npennoJiaraeT' 'ITO 

➔ ➔ ➔ 1(➔ ➔) ➔ a1J_ a2J_ a3- 2 a1+ a2 J_ a1, I cl I l=I a\ I . 
OcHODHhlC DCKTOphl o6paTHOH pemcTKII onpc,llCJIHIOTCH KaK 

➔ ➔ 
b i · a k = 2m5ik· 
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' I, 
' 

C IIJMeHeHIIeM X npocTpaHCTBeHHM rpynna CIIMMeTpIIII 
U(Pd1~x·Fex)2Ge He IIJMem1eTcx II ~BnxeTcx rpynnoii DU. 

BonHOBhlM BeKT0p0M Monymm:irn MarHIITHOil CTpyKTyphl HBnHeTCH 
➔ .. · . 

BeKTop k = (0, 0, ks); IIppan;IIoHam,HM qacTI, ks JaBIICIIT OT TeM-

nepaTyphl II K0HD;€HTpan;IIII x, npIIqeM B Hecopa3MepHoii q>aJe B6nIIJII 
TOqKII nepexona B copaJMepHyro q>aJy cTpeMIITcx K Hynro. 

OnpenenIIM TpaHcq>opMan;IIOHHhle cBoiicTBa napaMeTpa nopxnKa. 

BeKTOpHhle npencTaBneHIIH npOCTpaHCTBeHHOil rpynnhl DU [6] 
npIIBe]leHbI B Ta6nIIn;e 1. 

Ta6n:o:u;a 1. BeKTOpHbie npencTaBneHIIH npocTpaHCTBeHHoii rpynnhl 
D I7 4h 

E 
1 0 0 
0 1 0 
0 0 1 

u' . 2 

0 -1 0 
-1 0 . 0 
0 0 -1 

I 
-1 0 0 
0 -1 0 
0 0 -1 

u' 
V 

0 1 0 
1 0 0 
0 0 1 

C2 
1 0 0 
0 -1 0 
0 0 -1 

C4 
0 -1 - 0 
1 0 0 
0 0 1 

Uh 
-1 0 0 
0 1 0 
0 0 1 

S4 
0 1 0 

-1 0 0 
0 0 -1 

C' 2 
-1 0 0 
0 1 0 
0 0 -1 

C4 
0 1 0 

-1 0 0 
0 0 1 

Uv 
1 0 0 
0 -1 0 
0 0 1 

S4 
0 -1 0 
1 0 0. 
0 0 -1 

c; 
-1 0 0 
0 ~1 0 
0 . 0 1 

U
/1 
2 

0 1 0 
1 0 0 
0 0 --1 

Ud 

1 o o· 
0 1 0 
0 0 -1 

u:i 
0 -1 0 

-1 o· o 
0 0 1 

IIceBJlOBeKTopHbie npencTaBneJIIIH npocTpaHCTBeHHoii rpynn@ DU 
npencTaBneHbI B Ta6nIIn;e 2. 

Jinx CIIMMeTpIIiiHoro aHanIIJa Heo6XOJlIIMO Il0CTp0IITb HenpIIB0]lII­

Mhle npencTaBnemi:x npocTpaHCTBeHHoii rpynnhl Dll, cooTBeTCTByro­
➔ 

:um:e B0nH0B0MY BeKTopy k = (0, 0, k8 ). 

OnpenenIIM Manyro rpynny G➔ 3Toro BeKTopa (8, 9]. · 
k 

4 

11 
I 

Ta6n:o:u:a 2. IIceBJlOBeKTOpHbie npencTaBneHIIH npocTpaHCTBeHHOII 

rpynnhl DU 
E C2 c~ c; 

1 0 0 1 0 0 -1 0 0 -1 0 0 
0 1 0 0 -1 0 0 1 0 0 -1 0 
0 0 1 0 0 -1 0 0 -1 0 0 1 

u' 2 C4 C4 u" 2 

0 -1 0 0 -1 0 0 1 0 0 1 0 

I -1 0 0 1 0 0 -1 0 0 1 0 0 
0 0 -1 0 0 1 0 0 1 0 0 -1 

I Uh Uv Ud 

1 0 0 1 0 0 -1 0 0 -1 0 0 
0 1 0 0 -1 0 0 1 0 0 -1 0 
0 0 - 0 0 -1 0 0 -1 0 0 1 

u' V S4 S4 u:i 
0 -1 0 0 -1 0 _o 1 0 0 1 0 

-1 0 0 1 0 0 -1 0 0 1 0 0 
0 0 -1 0 0 1 0 0 1 0 0 -1 

➔ 
3neMeHTbI rpynnhl C4v ocTaBnHIOT BeKTop k o HeIIJMeHHbIM II, cne-

Jl0BaTenbH0, rpynna G➔ = civ HBmleTCH Manoft rpynnoft. 
k 

➔ u 

3BeJna BeKTopa k cocT0IIT IIJ JlBYX nyqeII: 

·t = {1,-1}. 
CHaqana nocTp0IIM HenpIIB0JlIIMbie npencTaBneHIIH cIIMMopq>HoII 

rpynnhl Cjv. !Inx 3Toro JaMeTIIM, qTo 

Cg c20 'c20 4v = 2v + U d 2v · 

rpynna C2v HBnxeTcx IIJOMopq>Hoft qeTBepHoft rpynnoft KneiiHa [7] II, 

cnenoBaTenbH0, IIMeeT qeTbipe 0JlH0MepHbIX HenpIIB0JlIIMbIX npeJlCTa­

BneHIIH, K0T0pbie npIIBe]leHbI B Ta6nIIn;e 3. 

5 



Ta6Jinn;a 3. Henp1rno.n;11M1:,1e npe.ncTannemur -rreTnepHoii rpynn1:,1 
KneiiHa 

C2v E en 2 Uh Uv 
A1 1 1 1 1 
A2 1 1 -1 -1 
B1 1 -1 1 -1 
B2 1 -1 -1 1 

Henp11no.z:u1Mnie npe.ncTanrreH11.sr A1 11 A2 .srnn.sr10Tc.sr caMoconp.sr2KeH­
HhlM1I 11 cocTanJ1.SIIOT o:p6IITy nepnoro nop.sr.r.i:Ka cooTneTcrneHHO. He­
np11nom1Mn1e npe.n;cTanJ1eH11.sr B1 11 B2 He caMoconp.sr2KeH1:,1 11 cocTa­

DJl.SIIOT op611Ty DToporo nop.sr.n;Ka. Cne.n:onaTeJlnHo, rpynna C4v lIMeeT 

-rreThlpe OL{HOMepHhlX II OL{HO .n:nyMepHoe HenpIIDOL{lIMOe npe.n;cTanne­
Hlie. HenpIIno.n:IIMnie npe.n:cTanneH11.sr npocTpaHcTnCHHoii rpynn1:,1 Cf v 

MO)KHO IlOCTp011Tb MeTOL{OM 1IH,n:yn11ponaHHhlX npe.n;cTaDJleHIIii. HenpII-
DOL{IIMble npe.n:cTannem1.sr·rpynn1:,1 C4v npIIne.n;eHhl B Ta6nIIn;e 4. 

Ta6Jinn;a 4._ Henp11no.n:11M1:,1e npe.n:cTanneHII.SI 
rpynn1:,1 c4v 

c4. E q Uh u. u' u' C4 q • d Ai 1 1 1 1 1 1 1 1 A2 1 1 -1 -1 -1 -1 I 1 Bi 1 1 1 1 -1 -1 -1 -1 B2 1 1 -1 -1 1 I -1 -1 
Rs 

1 0 - 1 0 1 0 -1 0 0 1 0 -1 0 -1 0 1 0 1 0 -1 0 -1 0 1 1 0 -1 0 1 0 -1 0 

TaK KaK rpyrrrra DU .srnn.sreTc.sr c11MMopqmoii, TO -rrIIcno .n:orrycTIIMhlX 
HeIIpIIDOL{llMhlX rrpe.n;cTaDJ1eH1Ill panHo "t!llCJly He3KDirnaJ1eHTHhlX He­

npIIDOL{IIMhlX rrpe.n:cTaBJieHIIii TO"tJe"tJHOll rpyrrrrhl D4h [7]. q11CJ10 KJlaC­
con conp.sr2KeiIHhlX 3JleMeHTon rpynn1:,1 panHo 10. _Cne.n:onaTeJlnHO, TaK 
KaK nop.sr.n;oK rpynn1:,1 paneH 16, To ·rpynna IIMeeT noceMn o.n;HoMepHhlX 

II .n:na .n:nyMepHbIX HeIIp11BOL{IIMhlX npe.n;cTaDJ1eH1I.SI [8], KOTOpbie rrp11ne­
.neHbl n Ta6J1IIIIe 5. 

Herrp11no.n:11Moe rrpe.ncTanrreHIIe npocTpaHCTBeHHoii rpyrrn1:,1 D JX co-
u -:-7 

OTBeTCTBYIOID;eII TO"t!Ke k = (0, 0, ks) rrpe.n:cTann.sreTc.sr Bhlpa)KeH11eM 

6 

Ta6Jinn;a 5. XapaKTep1:,1 Henp1rno.n;IIMhlX npe.n:cTanneHnii To-rre-rrHoii 

rpynn1:,1 D 4h 

D4h E 2C4 C2 2C~ 2C~ I 2S4 Uh 2uv 2ud 
A1g 1 1 1 1 1 1 1 1 1 1 
A2g r 1 1 -1 -1 1 1 1 -1 -1 
Big 1 -1 1 1 -\ 1 -1 1 1 -1 
B2g 1 -1 1 -1 1 1 -1 1 -1 1 
Eg 2 0 -2 0 0 2 0 -2 0 0 

Aiu 1. 1 1 1 1 -1 -1 -1 -1 -1 
A2u 1 1 1 -1 -1 -1 -1 -1 1 1 
B12 1 -1 1 1 -1 -1 1 -1 -1 1 
B2u 1 -1 1 -1 1 -1 1 -1 1 -1 
Eu 2 0 -2 0 0 -2 0 2 0 0 

-:-+ -=-+1 
D* k - ei k · B 0 - lg, 

r.n:e 1 - BCKTOp pemCTKlI. 

Pa3J102KeHII.SI rrcen.n:oneKTopHoro npe.n;cTaBJ1eH11.sr Ha y3nax aTo-
MOB ypaHa no HerrpIIBOL{lIMhlM npe.ncTaDJleHII.SIM npocTpaHCTBeHHOll 
rpyrrn1:,1 DU IIMeIOT BlI.Il 

T = B1g EB Eg. 

B MarmITHOH .n:mppaKU:IIOHHoiI KapTIIHe MarHIITHhle OTpa2KeH11.sr 

II.D:eHT:mpuu:npyroTc.SI neKTopaMII pacce.srHII.SI H + k ( H .SIBJI.SieTc.sr neK­
➔ 

TopoM pacce.SIHlI.SI .sr.n:epHhlX 0Tpa2Kem1iI, k - DOJIHonoii neKTop MarHIIT-
u -:-7 

HOII cTpyKTYPhl). BeKTop k napaJIJieJieH yrrop.sr.n:o-rreHHhlM MOMeHTaM 
IIOHOD. u. HanpaBJleHIIeM ynop.sr.no-rreHII.SI MOMCHTOD .l!DJl.SieTC.SI TeTparo­
HaJlbHa.SI OCb c. y "tJIIThlDa.SI, "t!TO MarHIITHhllI MOMeHT µ napanJ1eJ1eH 

OCll c II k .SIBJI.SieTC.SI napaJ1J1eJibHhlM µ, Mhl MO)KeM Bb16paTb KOMIIO­
HCHThl MarHIITHOro MOMeHTa TaKIIM o6pa30M, "t!TO µ(x) = 0, µ(y) = 0, 
µ(z) f: 0. 

Ta1mii DbI6op no.npa3yMenaeT, "t!TO OCI, z HanpaBJlCHa B.IlOJII, OCII c, 

a x n y HarrpanrreHhl n.n:orrb oceii a :u b TeTparoHaJibHOII 3JieMeHTapHoii 
.SI1IellKII COOTDC.TCTDeHHO. 
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Cne.n:cmaTeJibHO, TpaHcipopMannoHHble CBOHCTBa napaMeTpa np.sI.n;Ka 
' . ➔ 

onpe.n:eJI.lIIOT<;.lI O.ZJ:HOMepHbIM HenpIIBO.ZJ:IIMhlM npe.n:cTaBJieHIIeM D~ k 0 

B COOTBeTCTBIIII C ycJIOBIIeM IIHBapnaHTHOCTII, <pyHKnIIOHaJI TepMO­
.ZJ:IIHaMIIqecKoro noTeHnnana, onI1Cb1Ba10nm:n: nocne.n:oBaTeJibHOCTb ipa-
30BblX nepexo.n:oB napaMarHIITHM-Hecopa3MepHM-copa~MepHM <pa3a, 
npe.n;cTaBJI.lieTc.lI Bhlpa)KeHneM 

I d_ ' 

<I>o = d f <I>o(z)dz, · (I) 
0 

<I>o(z) = ~0172(z)+~o174(z)+ ~0776(z)+ ~0(77')2+ ~0(!7")2+~0772(77')2, (2) 

r.n:e d - nepno.n: <I>(z) II mTpnx O3HaqaeT npmnBo.n;Hyro no z. BBe.n:eM B 
TepMO.ZJ:I1HaMI1qecKI1H noTeHnnan .n:onOJIHIITeJibHblII qJieH, xapaKTepI1-
3y10nm:n: 3Heprnro 3JieKTpOHHOH no.n:cncTeMbl Eg .n:onnpyeMblX B CTpyK­
TYPY U Pd2Ge2 aTOMOB Fe. Tor.n:a qneH mE9 (m-KoHneHTpann.sI .n:o­
nnpyeMblX aTOMOB Fe) BKJIIoqaeT B ce6.sI I13MeHeHile TepMO.ZJ:I1HaMI1qe­
CKOro noTeHnnana 3JieKTpOHHOH no.n;cIICTeMbl 3a cqeT B3aIIMO.ZJ:eHCTBil.lI 
30H U P_d2Ge2 II aTOMOB Fe. IIonarM, qTo E( 77) IIHBapnaHTHO no .oT­
HomeHino K TeM )Ke npeo6pa30BaHII.lIM CIIMMeTpIIII, MO)KHO HanncaTb 

a b ,' 6' A' 1 

E9 (17) = Eo + 277
2 

+ 477
4 

+ 6 77
6 

+ 2 (77
1
)
2 + 2 (7711)2 + ~ 772(77')2. (3) 

Cne.n:oBa TeJibHO, TepMo.ZJ:IIHaMiJ:qecKIIii rroTeHnIIan coe.n;IIHeHIIii 
U (Pd I-x F ex )2Ge2, OIIIIChlBaronm:ii rrocne.n;oBa TeJibHOCTb MarHIITHhlX 
<pa30BbIX nepexo.n;oB Tnrra napaMarHIITHM-Hecopa3MepHM-copa3Me.p­
HM <pa3a, rrpe.n:cTaBJI.lieTc.lI Bhlpa)KeH11eM 

I d 

<I>= d J <I>(z)dz, 
0 

<I>(z) = (_!_772 + (!_174 + '1776 + §.(77')2 + ~(77") 2 + ~772(77') 2 
2 4 6 2 2. 2 ' (4) 

r.n:e 

a= a0 +ma, /3 =/Jo+ mb, "f ='Yo+ m'Y', 

8 

I 

J=Jo+mJ, ,\=.-\o+m.-\', x=xo+mx'. (5) 

TepMO.ZJ:IIHaMIIqecKIIii noTeHnIIan ( 4) c ToqHoCTbIO .n:o K03<p<pIInIIeH­
TOB COBna.n:aeT C TepMO.ZJ:IIHaMIIqecKIIM noTeHnIIaJIOM, paCCMOTpeHHhlM 
B [IO]. Ilanee npoBe.n;eH aHaJIII3 TepMO.ZJ:IIHaMIIqecKoro rroTeHnnana ( 4). 

B ncxo.n;Hon: ipa3e 77 = 0, <I> = 0. . 
B copa3MepHoii <pa3_e 77' = 0 

<I>= ; 772 + ¾774 + i7]6. (6) 

lfa ycnoBII.lI MIIHnMyMa <I> nonyqaeM pemeHII.lI 

-·± I -/3 + J7Jl- - 40:'"f 
1Jc - ~ 2"/ , 

KOTOphle COOTBeTCTBJIOT copa3MepHOH <pa3e. 
B copa3MepHoH <pa3e TepMO.ZJ:IIHaM~ecKIIii noTeHnIIan onpe.n:en.lI­

eTc.lI Bhlpa)KeHileM 

<I>c = 60:'/3"/ - /32 + J7Jl- - 40:'"f 
24"!2 (7) 

B Hecopa3MepHoii <pa3e ypaBHeHII.lI .ZJ:JI.lI 17(z), KOTOphle o6ecneqII­
BaIOT MIIHIIMYM <I>' nonyqaeM II3 ypaBHeHII.lI 3iinepa 

,\17/V - J77" - X[7J27J11 + 77(77')2] + 0:'7] + /3173 + 7]"/5 = 0. (8) 

YpaBHeHile (8) MO)KeT IIMeTb nepIIo.n:~ecKoe pemeHIIe C pa3JIIIqHhlM 
nepIIo.n;~M d. PaBHOBecHhlH nep110.n: d onpe.n:en.sieTC.lI ycnoBIIeM J<I> / Jd = 

:0, KOTOpoe B HameM cnyqae npIIHIIMaeT BII.ZJ: 

A1]III 17' - ~(77")2 - ~(77')2 - ~772(77')2 + (_!_7]2 + /}__1]4 + ]1]6 = <I> (9) 
2 2 2 2 4 6 . 

YcJIOBII.lIM paBHOBeCHOCTII (9) MO)KHO npn.n;aTb .n;pyron BII.ZJ:, ecJIII 
npoIIHTerpIIpOBaTb no x OT HJJI.lI .n:o d II no.n;cTaBIITb <I> ( 4): 

d 

/ [2,\(77(11)2 + J(77') 2 + X772(77
1

)
2] dz= 0. (10) 

0 
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B CIIHycoII.n;am,HoM pe)KIIMe Hecopa3MepHon qia3hl, r.n;e T/ ➔ 0, c no­
MOlllI>IO CTaH.n;apTHhlX pa3JIO)KeHIIll B nepnoM npII6JIII)KeHIIII Haxo.n;IIM 

2 4(ao --a) P5X 
T/ = Po cos qx Po= 3(] + 2xq5' q = qo(l + Bo ), 

02 
2 o (ao - a)2 

ao=4,\'. qo=-2,\' <I>= 2(3(J+2xq5)" (ll) 

Cne.n;onaTem,Ho, BOJIHonon neKTop Mo.n;yJIHIIIIII HBJIHeTCH qiyHKIIIIeft 

TeMnepaTyphl II KOHIIeHTpaIIIIII .D;OilIIpyeMoro nern:ecTna. 
Haxo)K.n;eHIIe T0'1Horo pernemrn ypanHeHIIH (9) ocyrn:ecTBJIHeTCH nne­

.n;emrnM 3aMeHbI Z = ( 'f/1)2, II n pe3yJibTaTe nony11aeM 

,\ [ a2 z (dZ) 2
] o x 2 a 2 fJ 4 , 6 ) - 4Z-- - --z--,,,z+-,,, +-,,, +-,,, -<I>=O. (12 s a,,,2 a,,, 2 _ 2 2 4 6 

EcJIII II3BeCTHO perne1me 3TOro ypanHeHIIH, 3aBIICIIMOCTb TJ = TJ ( Z) 
Haxo.n;IITCH 3aTeM II3 COOTHOIIIemrn 

j[Z(TJ)J-½ = z - zo, (13) 

r.n;e npOII3BOJibHYIO IlOCTOHHHYIO Zo 6y.n;eM IlOJiaraTb zo = 0. 
Pernem1e 6y.n;eM IICKaTb n BII.D;e 

z = _K_ 4 (J 2 (J2 ,\9 
8,\ CTJ +_ -91 TJ + __ O 

. X X3 ' 
(14) 

r.n;e HeII3BeCTHhle KOHCTaHThl c, 90 II 91 c.n;eJiaHhl 6e3pa3MepHhll\UI. linH 

onpe.n;eJieHIIH napaMeTpon c, 90 n 91 110.D;CTaBIIM (14) B (12) II IIOJIY11IIM 
ypanHemrn 

3c(c - 1) + 8i = 0, 

291(5c - 4) = Jc - 4, 

9o(2 - 3c) = 2(9; - J91 + ii), 
2 2 -

<I> = fJ ,\ 90(291 - o) 
2x4 .. 

10 

(15) 

YpaDHCHJie (13) .n;aeT .n;enCTBIITeJibHhle perneHIIH JIIIIIlb npn Z > 0. 
KpoMe 3Toro, IIHTepnan 3Ha11eHIIn, 11pn KOTOphlX Z > 0, .n;oJI)KeH 6h!Tb 

orpaHII'leHHhlM, TaK KaK IIHa'le neJIII'lIIHa 'f/ .D;OCTIIrJia _6hl 6ecKOHe'1HhlX 

3Ha11eH1I11. B pe3yJibTaTe, n 3aBIICIIMOCTII OT 3HaKa X H 11ncna .n;eIICTBII­

TeJihHhlX KOpHen ypanHeHIIH z (,,,) = 0' B03MO)KHhJ TplI 11pe.n;cTaBJIHIO­

IIUIX HHTepec cny11ax: IIplI X < 0 II~elOTCH .n;na IIJIII 11eThlpe .n;eftcTBII­

TeJibHhlX KOpHH; n nplI X > 0 - ,'leThlpe .n;eIICTDIITeJibHhlX KOpHH. 
II pII X >. 0 H (J 91 < 0 MHOro'lJieH z (,,,) IIMeeT 'leThlpe .n;eftCTBIITeJib;_ 

HhlX KOpHH. lb Tpex o6nacTeft 3Ha11eHIIft TJ, r.n;e Z > 0, HY)KHO 6paTb 
o6JiaCTb Me)K,z:i:y .z:i:nyMH BHyTpeHHIIMII KOpHHMII. IIo.z:i:cTaBIIB (14) n (13) 
II Bhl'HICJIHH 1iHTerpan, nony11aeM 11epnoe pernem1e ypanHemrn (9): 

· TJ = psn(pz, k), 

p2 = _8 (J,\k
2 

91 , 
x2c(l + k2) 

p2 = _ fJ91 k2 = 1 - ff_- c90/'2!Jr, 
x(l + k2) 1 + J1 - c90/29r 

(16) 

r.z:i:e sn(pz, k) - 3JIJIIIIITII'1eCKaH qiyHKIIIIH 51Ko61I C Mo.n;yJieM k, p - BOJI­
HODOH DeKTOp. y CJIOBIIH O < k < l II fJ91 < 0 011pe.n;eJIHIOT TY o6JiaCTb 

3Ha'1eHIIII K03qiqmuneHTOB IIOTeHIIIIaJia <I>, r.n;e perneHIIe (il) cyrn:e­

CTnyeT. Mo)KHO IIOKa3aTb, "ITO 3TO pernemre OTDe11aeT panHOBeCHOMy 

COCTOHHIIIO Hecopa3MepHOH qia3hl. 
IlplI aHamI3e 11ony11eHHhlX pe3yJI1>TaTon y,z:i:o6Ho nocTy11aT1> cne.n;y­

lOrn:IIM o6pa30M. Ilo,z:i:cTannn (16) B (10) II Y1111ThlDaH (15), npe,z:i:CTaBIIM 

ycnonne (10) B mme 

15 
91 = ; 10 + (2 - 3c)u1 

2(8 + 7,,,2 + s,,,4 )E("') - (1 - ,,,2)(16 + 7ii2)K(ii) 
Ul = (1 + n,2)[(1 + n,2)E(K) - (1 - K2)K(ti)] . 

(17) 

3,z:i:ecb I{ ( K) JI E ( K) - IlOJIHhle 3JIJIIIIITII'1CCKIIC IIHTerpaJihl C Mo.n;yJieM 
k. Ha11,z:i:eM II3 (15) J 11 ii, Bhlj>a)KaH 9o 11epe3 k: 
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- 2 1 8 = -[g1(5c - 4) + 2, 
C 

2 . 4 
a= 2(/

1 
2}3c(3 + 211:2 + 311:4 ) - 8(1 + 11:2 + 11:4)] + _!ll__ (18) 

C +K C 

3a.naBM C (T. e. q>aKTII'IeCKII .:Y) II 6epH pa3Hhle 3Ha'!eHIIH K, II3 (17) 
rroJiy11aeM gi, IIpII 3TOM HY)KHO crre,UIITb, 'lT06hl BhIIIOITHHITOCb ycJIOBIIe 

/Jg1 < 0. lb (18) Bhl'IIIcmreM a II J, rrpII KOTOphIX pemeHIIe (16) MmIWT · 

OTBe'!aTb paBHOBeCIIIO: Mo)KHO IIOKa3aTb, 'ITO C IIOHII)KeHIIeM TeMrre­

paTyphl BOITHOBOII BeKTOp p MOHOTOHHO yMeHbmaeTCH II IIpII 11: -+ 1 
CTpeMIITCH K HYITIO. TeMrrepaTypHM 3B01IIOIJJUI rrpocTpaHCTBeHHoro 

pacrrpe.nerremui: pemeHIIH 1J = psn(pz, k) B Hecopa3MepH<>II. qia3e rrpe.n­

cTaBrreHa Ha pIIc. 1. 

· IlpII x < 0, ecrrII go < 0, MHoro-qrreH {14) IIMeeT TOITbKo .nBa ,neII­

CTBIITerrhHhIX KOpHH. 11MeeTCH TOITbKO O.IJ:Ha o6rraCTb, r.ne Z > 0, II 

BMeCTO ( 16) rrorry'IIIM 

1J = pcn(pz, 11:), p2 = 8/30:11:
2
g1 

x2c ' 

p2 = _/Jg1 
X 

k2 1 = -[1 ± (1 - ego )-1/2] 
2 2gf ' 

(19) 

r.n:e 91 = gi/(1 - 211:2), a 3HaK B Bhlpa)KeHIIII .IJ:ITH 11:2 .IJ:01J)KeH 6h!Tb 

IIpOTIIBOIIOITO)KeH 3HaKy /Jg1. 113 (19) BII.IJ:HO, 'ITO .IJ:01I)KH0 6h1Tb TaK)Ke 

/391 > 0. y C1IOBIIe paBHOBeCHOCTII (10) B .n:aHHOM crry-qae .n:aeT COOTHO­

meHIIe 

15 
91 = --------, 

10(1 - 211:2) + (2 - 3c)u2 

(1 - 11:2)(16 - 2311:2)I<(11:) - 2(8 - 2311:2 + 2311:4)E(11:) u2=--'------'-'----,------=-:-'--,-'-:-'---:---'---~,---,,--,-
(l - 11:2)I<(11:)·- (1 - 211:2)E(11:) 

(20) 

HaII,n:eM II3 (15) J II a, Bhlpa)Krui: g0 'Icpe3 k: 

J = ~[(1 - 2K2){5c - 4)g1 + 2), 
C 

12 

a= 91 [(1- 211:2)2(9c- 8) + 411:2(1- 11:2)(3c- 2)] + 491 (1- 211:2J. (21) 
C C 

113 (21) Bhl'lIICmieM 3Ha'leHIIH a II J, rrpII KOTOphIX pemeHIIe {19) MO­

)KeT OTBe'!aTb paBHOBeCIIIO. IlpII rrpII6JIII)KeHlllI K TO'lKe Tc, rrpII 3TOM 

( 11: -+ 1),. BOITHOBOII BeKTOp MO.UYITHD;IIII MOHOTOHHO yMeHbmaeTCH II 

B61III3II TC CTpeMIITCH K Hyrrro. O6paTIIM BHIIMaHIIe Ha TO, 'ITO B crry­

-qae pememu 1J = pcn(pz, 11:), Kor.n:a x < 0, Hecopa3MepHrui: qia3a cyme­

CTByeT II IIpII X < 0, IIpH'leM C IIOHll)KeHHeM TeMIIepaTyphl,B03MO)KHa 

rrocrre,n:oBaTeJibHOCTh rrepexo.n:oB ncxo.n:Hrui: - copa3MepHrui: - Hecopa3Mep­

HM q>a3a. Ilepexo.n: Hecopa3MepHrui: - copa3MepHrui: qia3a HBJIHeTCH rre­

pexo.n:oM rrepBoro po.n:a, 'ITO MO)KHO yBn,n:eTb II3 cTpyKTYPhl pemeHHH 

1] = pcri(pz, 11:). Ilerro B TOM, 'ITO q>yHKD;lIH cn(pz, 11:) B OTITII'lIIe OT 

sn(pz, 11:) 6rrII3Ka K iiynro Ha 6orrhmoII -qacTn rrepno.n:a rrpII k -+ l. 
Ilo3TOMY B crry'Iae pemeHHH 1] = pcn(pz, 11:) .IJ:OMeHhl C copa3MepHOII 

CTpyKTypoII, r.n:e 1] = 1Jc I- 0, He o6pa3yIOTCH ,n:a)Ke B 3apo,n:hlmeBOM 

COCTOHHIIII II HerrpephIBHhIII rrepexo.n: B copa3MepHyIO q>a3y HeB03MO­

~eH. TeMrrepaTypHM" 3B01IIOD;IIH rrpocTpaHCTBeHHOro pacrrpe,neJieHIIH' 

pemeHIIH 1J = pcn(pz, k) B Hecopa3MepHOII qia3e rrpe.n:cTaBrreHa Ha pnc. 

2. 
PacCMOTpIIM crry'IaII, Kor.n:a X < 0, /Jg1 < 0 H MHOro'IrreH {14) lIMeeT 

'leThlpe .n:eIICTBHTe1IbHhIX KOpHH. O6e o6rraCTlI :ma'leHHH 11, r.ne Z > 0, 
,n:aIOT O.IJ:IIHaKOBhle pe3yIThTaThl B cnrry CIIMMeTplllI Z(17), lI BMeCTO {16) 
rrorry11IIM TpeTbe pemeHne: 

1J = pdn(pz, k), 
8/3>.g1 i= x2c(2 - k2)' 

k2 = 2J1 - cg0/2gf 
1 + J1 - cg0/2gf 

p2 = /Jg1 
x(2 - k2), 

(22). 

3To pemeHIIe Ka'!eCTBeHHO OTITH'!aeTCH OT {16) II {19), IIOCKOITbKY 

dnz > 0, B TO BpeMH, KaK snz II cnz rrepIIO.IJ:lI'leCKII MeHHIOT 3HaK C lI3-

MeHeHIIeM z. B crry11ae MarHeTHKOB, B KOTOphIX 1] lIMeeT CMhICIT HaMar­

HlI'leHHOCTlI, TaKM Hecopa3MepHM qia3a 6y.n:eT MarHHTHOII. y CJIOBHe 

(10) IIOCJie IIO.IJ:CTaHOBKlI {22) IIplIHIIMaeT Bll.IJ: 
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15 
91 = ; 

10 + (2 - 3c)u2 

2(23 - 23k2 + 84 )E(k) - 23(1 - k2)(2 - k2 )I<(k) 
u2 = (2 - k2)[(2 - k2)E(k) - 2(1 - k2)I<(k)] 

(23) 

Pememrn (22) c yqeTOM {23) OTBe"tJaeT paBHOBeCHOMY COCTOHHIIIO. 

TeMnepaTypHaH 3Borr10:a:11H npocTpaHCTBeHHoro pacnpe.uei:reHIIH peme­

HIIH 'f/ = pdn(pz, k) B Hecopa3MepHoii: qia3e npe,ucTanrreHa Ha p11c. 3. 
IlrrH onpe,uerreHIIH TeMnepaTypHoii: 3an11c11MocT11 MarHIITHoii: noc­

np11IIM"tJ1IBocT11 B TepMo,n:11HaM1I"tJecK11ii: noTeH:a:11arr .UOJI)KeH 6hlTb ,uo6a­

BJieH "tJJieH Hri'f/, r,ue HT/ - BHemHee MarHIITHoe norre. B rrapaMarHIITHOH 

11 copa3MepHoii: qia3ax 'TJ'(x) = 0 11, crre,uonaTeJibHo, ,umi orrpe,uerreHHH 

TeMnepa TJpHoii: 3an11c11MocT11 MarHIITHoii: nocnpIIIIM"tJIIBOCTII Heb6xo-· 

.UIIMO IICXO,UIITb II3 TepMO,UIIHaMII'IeCKoro IIOT~HD:IIaJia 

· <l'2 {34 
<I> = _,,, + _,,, - 'T/Hri. 

2 4 

PanHonecHoe 3Ha'IeH11e napaMeTpa nopH,n;Ka np11 H =/= 0 onpe.uerr11M 

MIIHIIMII3a:a:IIeH q> OTHOCIITeJibHO 'f/ 

8<I> a,,, = a,,,o + {3,,,
3 

- H = o. 

Ifa 3Toro ypanHeHIIH crre,uyeT, "<ITO 

11, crre.uonaTeJibHo, 

x={ 

a,,,o . 1 
8H = a+ 3f3'f/6 

(l'-1 

-(2a)-l 
IIplI 

IIpII 

T<Tk 
T>Tk. 

Ilp11 'TJ'(x) =I= 0 pemeHIIe ypaBHeHIIH (8) m:a:eM B BII,Ue 

Z( ) X 4 3 f3 2 f32 
,\ 

'f/ = S,\ C'f/ + a3'f] + X9I'f/ + a1'f] + X3 90· 

14 

(24) 

-l 

\ ) 

0.999999 

fl(X) 

Puc. 1. TeMnepaTypHaH 3Borr10:a:11H npocTpaHcTBeHHoro pacnpe.ue­

rremrn napaMeTpa nopH.UKa 'f/ = psn(pz, k) B Hecopa3MepHoii: qia3e 
0.999999 

fl(X) 

P11c. 2. TeMnepaTypHaH 3BOJIIOUIIH npocTpaHCTBeHHoro pacnpe,ue­

JieHIIH rrapaMeTpa rropH,n;Ka 'f/ = pcn(pz, k) B Hecopa3MepHoii: q>a3e 

0.999999 

fl(X} 

P11c. 3. TeMnepaTypHaH 3Borr10:a:11H npocTpaHCTBeHHoro pacnpe.ue­

rremrn rrapaMeTpa nopH.UKa 1J = pdn(pz, k) B Hecopa3MepHoii: qia3e 
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I' 

I 

PaccMoTpIIM crry-ciaH a3 = 0. Herrocpe.n:cTBeHHOH rro,n:CTaHOBKOH (24) B 
(13) MO)KHO IIOKa3aTI:,, "CJTO 

2xH.,, . ( 2 -) · 
a1 = /3>-.(

91 
_ 5), 9o =·5 591 - 91 - a , 

/33),.2 x2H2 ·· 
IP= 2X4 90(291 - 5) - 2/32>-.(

91 
TJ-:- 5). (25) 

Pemem1e .n:m1 crry-ciaen rrpII x < 0 II rrpII x > 0 MO)KHO. 3arrIIcaTI~ B 
BII.D:e [10] 

m + psn(pz, k) ,,,-
- 1 + lsn(pz, k) · 

Bxomnuue cro.n:a nerru-ciuHhl Bhlpa3UM -ciepe3 91, k u l: 

m = (1 + k2 - 212)1~ -
5
~;

1
, 

. X 

. = (2k2 - 12 - k2z2)~ -:--5/3>-.9.1 
P x2N ' 

(26) 

P2 = 2/391 (1 - 12) (l2 - k2)' (27) 
xN 

r.n:e N = 2(1 + k2)(k2 + 12) + 12(1 -10k2 + k4
). Ko3qiqmn;ueHThl a1 u 90 

Bhlpa)KaIOTCJI -ciepe3 91, k u l; BMecTo a1 m1meM H,, corrracHo (25): 

I /3 
1
312 >,.3/2 _ 

H.,, = IX 13 H.,,, 

H.,, = 2./5N-312l(k2 
- 14)(1 - k2

)
29fl2(5 - 9i), 

5 2 
9o = --11-[16k6 

- 412{1 + k2)(k2 + 14)(1 + 6k2 + k4)+ 2N2 . · . · 

+ 12(1 + 28k2 + 38k4
, + 28k6 + k8

) + 16k2l8
]. (28) 

3.n:ecb y-ci:TeHo, "CJTO B ,n:aHHOM cJiy-ciae /3 < 0. Cpe,n:Hee 3Ha"CJeHIIe rrapa­
MeTpa rropJI,n:Ka 

1 d p[ 2(1-l2)(K,2-12)n(-l2,"')] 
fj = d [ TJ(z)dz = y 1 - (2"'2 _ z2 _ K,2[2)K("') ' (29) 

16 

i 

n 
u 
I 

i 

\ 
l 
l 
I 
! 
I 

I,' 

(~ 
I 
I 

r.n:e TT( -12, K,) - IIOJIHhlH 3JIJIUIITU"CJeCKUH IIHTerparr TpeTI,ero po.n:a. 
Bhl"CJIICJIIIM OTCIO,n:a JIIIHeHHJIO BOCIIpIIIIM"CJIIBOCT~ X( a) -

limHq➔O(drj/dH.,,). 3To rrerKo c,n:eJiaTh rrpII x > 0, Kor.n;a HJ)KHO rre­
peHTII K rrpe,n:eJiy l ➔ 0 B {28) 11 (29). 3To Bhlpa)KeHIIe COBMeCTHO c 
(18) orrpe,n:eJIJieT 3aBIICIIMOCTh X = x(a) B BII.D:e 

x2
(1 + k2) • [2E(k) 2] 

x(a) = !32>-.91(5 - 91)(1- k2)2 K(k) -1 + k .. (30) 

Bocrrp1111M-ci11nocT1> x( a) 11crrhlThlBaeT II3JIOM rrp11 rrepexo.n:e 113 11cxo.n:­
HOH qia3hl B Hecopa3MepHyro II pacxo,n:IITCJI ,-,, 1/2( a-:-- ac) rrpII rrp116rr11-
)KeH1111 K rrepexo.n:y B copa3MepHyro qia3y. AnaJior11-ci:s:aJI 3aBIICIIMOCTb 
x = x(T) IIMeeT MecTo .D:JIJI Hecopa3MepHo:u: qia3hl, 01111chlnaeMo:ii pe­
meHneM T/ = cn(px, k). 

.B cJiy-ciae x < 0 .D:JIJI TeMrrepaTypHo:ii 3aBIICIIMOCTll MarHIITHo:ii Boc­
rrpIIIIM"CJIIBOCTII B Hecopa3MepHOH qia3e IIOJiy-ciaeM 

. x2(2 - "'2) 

x(a) = 8/32>,."'2(1.:.. "'2)K("')291(5 - 91) x 

{ 51r2(2 - "'2)2(35 - 2u3) ' , ' -, + 
: 75"'2 + (2 - K,2)[5(2 - K2)2 - 2(6 - 6"'2 +"'4)9i}u3 

+ 
3
(
1 ~ "'

2
) K("')[(2 - K,2)K("') - 2E("'n}, (31) 

' ' ' 

r.n:e u; = du3/ dK,2 , rrpn-cieM nem1-ci11Ha K 011pe.n;eJIJieTcJI Bhlpa2KeHIIeM 
(23). ConMeCTHO c Bhlpa)KeHIIJIMll•{22), (23) Bhlpa)KeH11e {31) orrpe.n:e­
JIJieT 3aDIICIIMOCTb X = X( a). PaCXOJJ:IIMOCTb X IIpII T ➔ T1 HeTIIIIII"CJ­
HaJI II CBJI3aHa C oco6eHHOCTbIO TO"CJKII a = OJ IIpII C = 4/5. B o6meM 
CJiy-ciae nocrrpIIIIM"CJIIDOCTb IICilhlThlBaeT CKa"CJOK IIpll rrepexo.n:e 113 He­

copa3MepHOH n copa3Mepnyro qia3y. Ilp11 rrp116JI11)Kemni: K 11epexo.n:y B · 
IICXOJJ:HJIO qia3y DOCIIpIIIIM"CJIIDOCTb pacXOJJ:IITCJI ~ 1r2 

/ ( (Gp-a )[ln( Gp -

a)]2). . 
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Onpe,AeJieune CllMMeTpHH uecopa3Mepuoi 4>a3hl 

Bo3HIIKHOBeHIIe MarHIITHOH CTpyKTYPhI ( qieppo- IIJIII aHTIIq>eppo­

MarHIITHOH) Bcer.ua CB.SI3aHO co cpaBHIITeJII,HO crra6hIMII B3aIIMO,neii:­

CTBIIHMII [11 ]. Ilo3TOMY KpIIcTammrpaqiuqecKaH cTpyKTypa MarHIIT­

Horo Terra npe.n;cTaBJIHeT co6oii: He6om,moe · IIcKa)KeHIIe no cpaBHe­

HIIIO co cTpyKTypoii: HeMarHIITHOH qia3hl, II3 KoTopoii: MarHIITHaH qia3a 

06h11IHO B03HIIKaeT npII noHII)KeHIIII TeMnepaTyphI. 0 COBOKynHOCTII 

aTOMOB B KpIICTaJIJIII1IeCKOH pemeTKe, o6rra,uaIOII.J;IIX O,UIIHaKOBhIMII 3Ha-

1IeHIIHMII cpe,UHIIX ( no BpeMeHII) MarHIITHhIX MOMeHTOB µ aTOMOB ( HO­

HOB)' roBopHT' KaK O MarHIITHOH no.upemeTKe. O11eBII.UHO, 'ITO aHTII­

qieppoMarHeTIIK co,uep)KIIT no Kpaii:Heii: Mepe .n;Be no.z:i:pemeTKII co B3a­

IIMHO aHTIInaparrrrem,HhIMII II paBHhIMII no BeJIII1IIIHe 3Ha1IeHIIHMII µ 

[11]. 
IIocTpoeHIIe MarHIITHhlX KJiaCCOB II MarHIITHhlX npocTpaHCTBeHHhIX 

rpynn CIIMMeTpIIII ( CIIMMeTpIIH pacnpe,uerreHIIH TOKOB) 6a3IIpyeTCH Ha 

3HaHIIII npocTpaHCTBeHHOH rpynnhl CIIMMeTpIIII KpIICTaJIJia ( CIIMMe­

TpIIH pacnpe.uerreHIIH 3apH.UOB) [9]. AHarrorII1IHO MO)KHO nocTpOIITb 

cynepnpocTpaHCTBeHHhle rpynnhl °ClIMMeTpIIII HeCOII3MepIIMOH CBepx­

CTPYKTYPhI nyTeM pacmnpeHIIH cooTBeTCTBYIOII.J;IIX cynepnpocTpaH­

CTBeHHhIX MarHIITHhlX rpynn HeCOII3MepIIMOH MarHIITHOH CTPYKTyphI. 

C 3Toii: uerrbro cHa11arra nocTpOIIM cynepnpocTpaHCTBeHeyro rpynny 

cnMMeTpIIII Hecopa3MepHoii: qia3hl DR, CBH3aHHoii: c BeKTopoM Mo.n;y­

JI.HUIIII if = (0, 0, k8 ). Heo6xo.n;IIMO no,u11epKHYTb, "ITO nocTpoeHHaH 

TaKIIM o6pa30M rpynna onIIChlBaeT CIIMMeTpIIIO pac~pe,uerreHIIH 3apH­

,UOB B Hecopa3MepHOH qia3e. B OTJIII1I1Ie OT nep1IO,UII1IeCKIIX CTPYKTYP, 

B Hecopa3MepHhlX CBepxcTpyKTypax II3-3a Mo.n;yrrnpoBaHHhIX IICKa)Ke­

HIIH nOJIO)KeHIIH aTOMOB onpe,ueJIHIOTCH Bhlpa)KeHIIeM [12] 

?(rt,j) = rti +rt+ A![,/· (?i +rt)+ wi], (32) 

r,ue rt= I:f=1 ni?i, (n1,n2,n3) E Z-MHO)KeCTBY uerrhlx 11ncerr. BeK­

Tophl? 1, 7 2, 7 3 HBJIHIOTCH OCHOBHhlMII BeKTOpaMII pemeTKII lICXO,U-
u ,h ➔ u • HOII 't'a3hl, r j - pa,unyc-BeKTOp, onpe,ueJIHIOII.J;IIII noJIO)KeHIIH J aTOMa 

B 3JieMeHTapHOH H1Ieii:Ke IICXO,UHOH qia3hl. f ('11) = J(w + 21r) HBJIHeTCH 
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qiyHKUne11 Mo.uyrr.au1rn, A - aMnrrnTy,ua Mo.uyrr.au1rn. BeKTop o6paTHoii: 
. -➔ ➔ ➔ ➔ 

pemeTKII q = a b 1 + fJ b 2 + , b 3 HBJIHeTcH BeKTopoM Mo.uyrrHUIIII 
. . ➔ ➔ ➔ . 

Hecopa3MepHoii: qia3hl, r.ue b 1, b 2, b 3 - 6a3IICHhle BeKTOphI o6paT-

Hoft pemeTKII IICXO,UHO:U: qia3hl . .Ilrr.a H~COII3MepIIMOCTII CBepxcTpyKTYPhI 

Heo6xo.n;IIMO II ,UOCTaTo<iHo, 1IT06hl no Kpaii:He:U: Mepe O,UHO II3 1IIICeJI a, 
(J, 1 .llBJI&rrocb nppaunoHaJibHhIM :IICJIOM. O11eBII.UHo, 11;.o B 06h11IHOM 

CMhICJie CIICTeMa B TpeXMepHOM npocTpaHCTBe KpIICTaJIJiorpaq>I11Ie­

CKOH npocTpaHCTBCHHOll rpynnoii: CllMMeTpIIII He o6rra,uaeT. O,uHaKO 

IIOJIO)KCHII& aTOMOB IIHDapuaHTHhl no OTHOillCHIIIO crre.uyroII.J;IIX npe­

o6pa30DaHIIII CIIMMeTpIIII: 

1. 

2. 
wi ⇒ wi + 21rn; 

rt ⇒ rt+nt w- ⇒ w-- ➔qnt , J J 

.UJ,I& IlpOII3DOJihHOro BCKTOpa IICXO,UHOII pemeTKII. 

(33) 

Crre.uonaTeJihHO, CIIMMeTpII& Hecopa3MepHhlX q>a3 onIIChlBaeTC& C 

noMOID:hIO ,uncKpeTHhIX no.urpynn rpynn1,1 rammeH IG(n). Ilpn. 

3TOM Hecopa3MepHaH qia3a paccMaTpIIDaeTCH KaK lICKa,KCHHaH CTpyK­

Typa ncxo.n;Hoii: qia3hI. 3Ham1e TepMomrnaMn11ecKoro noTeHunarra, 

OIIIIChI~aromero nocrre,uonaTCJihHOCTh qia30BhlX nepexo,uoB IICXO,UHaH­

Hecopa3MepHaH-COpa3MepHaH qia3a, no3BOJIHeT onpe.uemITh cynep­

npocTpaHCTBCHHYIO rpynny CIIMMeTpIIII necopa3MepHoii: qia3hl. A 
➔ 

IIMCHHo, 3HaHne HenpIIBO.UIIMoro npe,ucTanrremrn D* k npocTpaH-

CTBCHHOII rpynrrhl Go Il03DOJIHCT onpe,ueJIIITh TpaHcqiopMaUIIOHHhle 

cBoii:cTna napaMeTpa nop.a.n;Ka. Ilpn 3TOM TepMo.n;nHaM111IecKn11 noTeH­

unarr B COOTDeTCTBilll C ycJIOBIICM IIHDapnaHTHOCTII 3aBIICIIT OT uerroro 

paunoHaJihHoro 6a3nca 1rnnapnaHTOD Henpnno.n;nMoro npe,ucTaBJieHn.a 
➔ 

D* k . 3Ham1e MaTp1111Hoft rpynn1,1 (L- rpynnhl) Henpuno.n;nMoro npe.u-

CTaBrremrn II03BOJI&CT onpe.uemITh cynepnpocTpaHCTBCHHYIO rpynny 

CIIMMeTpIIII Hecopa3MepHOH qia3hl [13, 14]. 
-➔ 

IIycTh Go - npocTpaHCTDCHHaH rpynna IICXO,UHOII qia3hl, II v· k 
HDJIHCTC& HenpIIDO,UIIMhlM npe.n;cTaDJICHIICM rpynnhl Go, COOTDCTCTBy-

IOID:CII DOJIHODOMY DCKTopy t . .IIonycTIIM, 'ITO 3DC3.Ua DCKTOpa t co-
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. . ➔ ➔ ➔ 
CTOHT H3 JI)"Iell k = { k 1, ... , k n}, Ilycn, QEj - 6a3IICHhle q:>yHKUIIH 

➔ . • k . 
HerrpHBO.D:IIMoro rrpe,ncTaBJieHIIJI D0 , r.n:e € = 1, ... , ni, J = 1, ... ,p 
H p - pa3MepHOCTb MaJioro rrpe,ncTaBJieHHJI. MmKHO IIOKa3aTb, qTo B 
COOTBeTCTBHH C ycJIOBIIeM HHBapnaHTHOCTH TepMO.D:IIHaMnqecKoro IIO­
TeHunarra :meMeHThl CIIMMeTpIIH Hecopa3MepHOll q:>a3hl orrpe,neJIJIIOTCJI · 
pemeHHeM ypaBHeHIIJI 

Q,,i = exp(iif,, ~) E Do(T, {RI t} ),,ciiQ,,i, (34) 
. fj 

r.n:e 17 = 1, ... ,n, i = 1, ... ,p, H Do(T,{R It}) - MaTpHUhl Herrpn­
BO.D:HMoro rrpe.n:cTaBJieHIIJI, COOTBeTCTByromne 3JieMeHTaM rpyrrnhl Go. 
B 3JieMeHTax CHMMeTpIIII cyrreprrpocTpaHcTBeHHon: rpyrrrrhl TpaHcJIJI­
UIIII q:>a3hl orrpe,neJIJIIOTCJI rrocpe.n:cTBOM d-:-MepHoro BeKTOpa ~. B (30) 

BBe,neHHe CKaJIHpHoro npOII3Be,neHIIJI if T/ • ~ B apryMeHTe 3KCilOHeHThl 
CBJI3aHO C TeM, qTo H3MeHeHIIJI d-pa3JIIIqHhIX q:>a3 Il03BOJIJIIOT pacmn­
pHTb CIIMMeTpIIIO npocTpaHCTBeHHOll rpynnhl HCXO.D:HOll q:>a3hl .no CIIM­
MeTpIIII cynepnpocTpaHCTBeHHOll rpynnhl TaKIIM o6pa30M, qTo Tep­
M0.D:HHaMIIqecKHH IlOTeHUIIaJI CIICTeMhl OCTaeTCJI IIHBapIIaHTHhIM. Hc­
IlOJib3YJI (34), MO)KHO IlOKa3aTb, qTo 3JieMeHThl cyneprrpocTpaHCTBeH.:. 
Ho:ii: rpynnhl y.n:oBJieTBOpHIOT npaBIIJIY yMHO)KeHIIJI 

➔ ➔ ➔ 
{R2 I t 2,v2}{R1 I t 1, vi}= 

➔➔- ➔➔' 
{R2R1 I R2 t I+ t 2,R1(R2) V l + V 2}, (35). 

r,lle R1(fi) JIBJI.SJ:eTCJI o6paTHon: K R1(R) d x d - MaTpIIuen: II y,noBrre­
TBop.a:eT COOTHOIIIeHIIIO 

R1(R)ifi =if,, 
➔ ➔ 

ecJIII R k i = k ,, . (36) 

YpaBHeHIIJI (33) II (34) Il03BOJI.SJ:IOT onpe,lleJIIITh .cynepnpocTpaH­
CTBeHHYIO rpynny CIIMMeTpIIII Hecopa3MepHOH q:>a3hl. Onpe,neJIIIM cy­
neprrpocTpaHCTBeHeyIO rpynny CIIMMeTpIIII Hecopa3MepHOll CBepx;; 

➔k. CTPYKTYPhl, xapaKTep1nyeMy10 BOJIHOBhIM BeKTopoM Mo,nyJIJIUIIII = 
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(0, 0, ks), npIIqeM CIIMMeTpIIen: CIICTeMhl B ncxo.n:Hon: q:>a3e .srnmreT<;:.SJ: 
npocTpaHCTBeHHaJI rpynna DU. 

Crre,noBaTeJI1>Ho, 3JieMeHThl cynepnpocTpaHcTBeHHoii rpynm,1 Heco­
pa3MepHoii q:>a3hl corrracHo (33) onpe,llem110Tc.a: ypaBHeHHeM 

,! ➔ 
exp(21riv)D* (q, {RI t )Q = Q. (37) 

PaccMOTP,IIM cJie,llyromne o6pa3yromne 3JieMeHThI rpynrrhl DU: 

{EI -1/2, 1/2, 1/2}, {EI 1/2, -1/2, 1/2}, {EI 1/2, 1/2, -1/2}, 

{2C4,2c;,2s4,2ud}, {C2,2C~,1,uh,20"v}, (38) 

➔ 
B HenpIIBO.D:IIMOM npeii:cTaBJieHIIII D~ k 3TIIM 3JieMeHTaM cooTBeT-

cTByIOT MaTpIIUhl 

(exp(i~)), (exp(-i~)) ,(-1),(-1) 

COOTBeTCTBeHHO. CorJiaCHO c perneHIIeM ypaBHeHII.SJ: (37) onpe,neJIJI­
IOTC.SJ: COOTBeTCTByIOmne q:>a3bl V H CJie,lloBaTeJibHO, COOTBeTCTByromne 
3JieMeHThl cynepnpocTpaHCTBeHHOH rpynnhl CIIMMeTpHII Hecopa3Mep­
HOH q:>a3hl, KOTOpbie OCTaBJI.SJ:IOT IIHBapIIaHTHOH IIJIOTHOCTh pacnpe,lle­
JieHII.SJ: 3apJI,nOB B 3TOH q:>a3e. OHII IIMeIOT BII,n 

{EI a\-~}, 
➔ 

{EI O, 1}, 

I ➔ ks} {E a 2,-2 , 

➔ 
{C4 I O, 1/2}], 

{EI <la,-~}, 

{{[I I a,o} .. (39) 

Heo6xo,nIIMO no,nqepKHfTh, qTo norryqeHHhlH pe3yJI1>TaT noKa3hl­
BaeT, qTo ToqeqHI,Je rpynnhl CIIMMeTpIIII IICXO.D:HOH q:>a3bl H He­
copa3MepHOH q:>a3bl COBila,llaIOT. O6cy.llIIM B03MO)KHble MarHIITHbJe 
:rpynnhl CIIMMeTpIIII napaMarHIITHOH q:>a3bl :II onpe,lleJIIIM CIIMMe~ 
TpIIIO B copa3MepHOII aHTIIq:>eppoMarHHTHOH q:>a3e KpIICTaJIJia. Co­
r JiaCHO · HeHTpOHorpaq:>IIqecKIIM ,naHHbIM rrpn x E [O, 00; 0, 02) co­
pa3MepHaJI q:>a3a U(Pd1-xFex)2Ge2 JIBJIJieTCJI aHTIIq:>eppoMarHIITHOll 
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[ 1). Ciie.n;ona Tem,Ho, nocrre.n;ona TeJII,HOCTb MarHIITHhlX qia30DhlX · ne­

pexo.n;on napaMarHIITHaJI-Hecopa3MepHaJI-copa3MepHaJI qia3a He MO)KeT 

fouTb CDH3aHa HenpIIDO.IJ;IIMhlM npe.n;cTanJieHIIeM B1g npocTpaHCTDeH-:­

HOil rpynnhl DU, cooTneTcTnyroru;en: n;eHTpy 30Hhl BpIIJIJII03Ha. Crre­

.n;ya: [11), onpe.n;eJIIIM D03MO)KHhle MarHIITHble rpynnhl CIIMMeTpIIII na­

paMarHIITHOil II copa3MepHOil aHTIIqieppoMarHIITHOil qia3 KpIICTaJIJia. 

IIepnoMy TIIny ·MarHIITHon: npocTpaHc-rnenHon: rpynnhl napaMar­

HIITHon: qia3hl COOTDeTcTnyeT KpIICTaJIJiorpaqiIIqecKaJI rpynna CIIMMe­

TpIIII nu. B 3TOM crryqae, IICilOJib3YH TeopeTIIKo-rpynnonble MeTO.IJ;hl 

onpe.n;erremrn cIIMMeTpIIII copa3Mepnon: qia3hl (KpIITepIIH nerroqKII [12)), 
MO)KHO IlOKa3aTb, qTo npocTpaHCTBeHHOil rpynrron: CIIMMeTpIIII HII3KO­

CIIMMeTpIIqHOII qia3hl a:nrra:eTca: rpynna D~Z. Tpancrra:n;IIoHHaJI rpynna 

3TOH qia3hl orrpe.n;erra:eTca:. pan;IIonarr1,non: qacTbIO nem1q1rnhl k8 • BTo­

poMy TIIIIY MarHIITHOII npocTpaHCTBeHHOil rpynnhl napaMarHIITHOil 

qia3hl COOTDeTCTByeT rpynrra 

G = Djl + RDU. (40) 

Mo)KHO noKa3aTb, qTo n 3TOM crryqae CIIMMeTpirn copa3MepnoiI qia3hl 

orrpe.n;erra:eTcH rpynnon: G. 
Pe3yJibTaThl IlOJIHOro anaJIII3a IlOKa3hlBaIOT, qTo B coe.n;IIHeHIIHX 

U(Pd1-xFex)2Ge2 MarnIITHhlH qia30DhlH nepexo.n; n copa3Mepnyro an­

TmpeppoMarmITHYIO qia3y CDH3aH O.D;HOMepHhlM nerrpIIBO.IJ;IIMhlM npe.n;-

t . 
cTanrreimeM D* npocTpancTnennon: rpynnhl DU II Tpancrra:n;IIoHHaJI 

CIIMMeTpIIH copa3MepHOll qia3bl O.D;H03Haqno onpe.n;erra:eTCH pan;IIOHaJib­

HOil qacTbIO norrnonoro neKTopa Mo.n;yrra:n;IIII cTpyKTyphl. TaK KaK norr­

uonofr DCKTOp Mo.n;yrra:n1rn 3aDIICIIT OT KOHD;eHTpan:IIII .n;onnpyrom:ero 

nem:ecrna, c II3Menem1eM x n U(Pd1-xFex)2Ge2 npoIIcxo.n;IIT II3Mene­

nue TpaHCJIHD;IIOHHOil CIIMMCTpirn copa3Mepnon: qia3bI. TaK, npII X = 0 
n U Pd2Ge2 na6rr10.n;aeTcH aHTIIq>eppoMarHIITHaJI cTpyKTypa c yqeTne­

peunoiI pemeTKoiI, Tor.n;a KaK rrpn x = 0, 02 :M;arHIITHaJI pemeTKa an­

TIIq>eppoMarnnTnoii copa3Mepnoii qia3hl U(Pdo,9sFeo,o2)2Ge2 0Ka31,ma­

eTCH y.n;noenuoi'I. 
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PeuopMrpyrrrronoii auaJln:3 «1>a3onoro rrepexo,na n:3 

napaMarHllTHOll «I>a3bl 13 uecopa3Mepuyro «1>a3y B KpllC;aJIJiax 
C nepeMeHHblM cocTaBOM !, 

J,byqenue qia3onhlx nepexo.n;on n coe.n;IInenua:x c nepeMeHHhlM cocTa-
. . 

BOM, OilIIChlDaeMhlX B paMKax .n;annoro KJiacca YHIIBepcaJibHOCTII, noKa-

3hlDaeT, qTo n.n;arrII OT TO'IKII Jiuqimun:a npu qia3oBoM nepexo.n;e KpIITII­

qecKIIe IIH.IJ;eKChl C II3MeHeHIIeM KOHO:eHTpaO:IIII .n;om1pyeMoro nem:ecTna 

MeHHIOTCH [5]. Ilpe.n;IIOJIO)KIIM, qTO 3TO cna:Jano, napa:.n;y co B3aIIMO.n;eii­

CTBIIeM q>JI,YKTyan:uii: napaMeTpa rropa:.n;Ka, TaK)Ke C BJIIIHHIIeM pacnpe­

.n;erremrn .n;eqieKTOD, BHOCIIMhlM .n;ormpyeMhlM nem:ecTBOM, na .IJ;Bil)KeHIIH 

CTaTII'ICC_KIIX DOJIH 3apH.D;0DOII IlJIOTHOCTII. Crre.IJ;OBaTeJibHO, npe.D;IIOJI0-

)KIIM, qTo Il3MCHHeTCH cneKTp B036y)K.IJ;CHIIII B CIICTeMe. 

1Ieii:cTBIITerr1,no, paccMoTpIIM TepMo.n;nn.aMnqecKIIII noTenn:narr n 

nn.n;e 
· ( ) 0: 2 /3 . 4 . c5 ( ')2 ,\ ( ")2 cl> X = 21] + 21] + ... + 2 7J + 2 7J + ... 

3KcTpeMyM qiyHKO:IIOHaJia orrpe.n;errxeTCH ypaBHCHIICM 3i'mepa 

,\ JV .r II /3 3 5 1J - UTJ + ... = -0:1] - 1J - "(1] - ... 

Y pannenne { 42) MO)KHO 3annca Tb n BII.n;e 

X 

ATJIII - c511' + ... = - f k(x - x')F(11(x')dx1
, 

0 

r.n;e F( 1J) = O:TJ + /3113 + 'YT/5 + ... 

(41) 

(42) 

(43) 
'.j-y 

Ilp11 K(x - x') = 1 npocThlM .n;uqiqiepenn:nponanneM MO)KHO noKa-

3aTb, qTo ypanuemrn (41) u (43) connaJ(aIOT. B o6m:eM crryqae qiynK-

0:IIH I( ( x - x') orr11chlnaeT nmrnnne nerroKaJibHhlX B3aIIMOJJ:eii:cTnn:u 

na J(DII)KeHirn CTaTI1qecKIIX CMem:eHIIII BOJIH 3apHJJ:ODOII IlJIOTHOCTII B 

cpeJJ:e. 
OnpeJJ:eJIIIM K(x - x') Ha qipaKTaJibHOM MHO)KCCTne KanTopa· [15] 

1 2N 
J, ·"( ') __ ~ 0( (N) (N) ) 

\. X - X = x(,\ON ,;;:I Xm < X < Xm+I • 
(44) 
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3.n:ecb ~(~ $ 1/2) - napaMeTp no.n:o6u.s:, tr) II (..\ON x .KDJI.KIOTC.K 

IlJIOTHOCTHMII ocTanmuxc.s: cocTo.s:Huii [15] Ha N 3Tane nocTpoeHiu 

MHO)KeCTDa KaHTOpa, 0(x) - CTyneHqaTa.s: q>yHKD;II.K. 

Bno.n:.s: o6oJHaqeHn.s: 

z 

I(x) = J K(x - x')F(x')dx' 
0 

.ZJ:JI.K mo6pa)KeHir.s: q>yHKD;IIII I ( x), MO)KHO nonyqIITh 

(45) 

I(z). =• ~(p) = ~(p) [1 - exp(-xp~N)] QN(z), (46) 
c,, px 

r.n:e nne.n;eHo o6oJHaqeHue 

1 N-1 

QN(x) = 2N llo [1 +exp(-z~N)], z =px(l -O. (47) 

Ifa Dhipa)KeHII.K ( 4 7) MO)KHO noJiyqIITh .ZJ:JI.K Q N (x) peKyppeHTHOe 
COOTHOilleHIIe 

z l [ z ] QN(l) = 2 1 + exp(-l) QN-I (z). (48) 

B Heno.n;DII)KHoii ToqKe 

Q*(f) = 1Q*(z), (49) 

pemeHIIe p:ocne.n:Hero ypanHeHII.K HMeeT DH.ZJ: 

Q*(z) = Avz-v. (50) 

Cne.n:onaTeJI1>Ho, cpy:s:Kn;H.s: ~(p) npHHII¥aeT BH.ZJ: 

~(p) = Av(px)-v(l - o-vF(p). (51) 

Bbipa)KeHHe ( 51) COOTBeTCTByeT npe.n;cTaBJieHHIO I ( t) n q>OpMe 
.n:po6Horo HHTerpana 

I(x) = Av(l - o-vx-v r[v) /(x - x't-1F(x')dx' = 
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= Avx-v(l - ~)-v n-v F. (52) 
Cne.n:onaTeJihHO, IIcnoJI1>Jy.s: KOMMyTaTIIBHhie cnoiicTna .n:po6Hhlx 

npoIIJDO.ZJ:HhIX [16], ypanHeHire ( 42) MO)KHO npe.n:cTaBIITh B BII.ZJ:e 

a3+v aI+v 
(..\ 8x3+v - 8 8xl+v + ... )17(x) = -F(17(x)). (53) 

YpaBHeHHe (53) OilIICbIBaeT .ZJ:BH)KeHIIe CTaTHqecKHX BOJIH Jap.s:.n;o­

BOH IlJIOTHOCTll B cpe.n:e. Cne,n;oBaTeJibHO,· B TaKOH Il30Tp0IlHOH cpe.n:e 

cneKTp 6y.n:eT co.n:ep)KaTh Hen;eJihie cTeneHH HMnyn1>ca. Ilo3TOMY .n:n.s: 

peHopMrpynrronoro 11ccne.n:onaHH.s: q>aJonoro- rrepexo.n:a HJ rrapaMarH11T­

Hoi'r n aHTHq>eppoMarHHTHJIO q>aJy 3q>q>eKTHBHhIH raMHJihTOHHaH [17, 
18] MO)KHO rrpe.n:cTaBHTb n BH.n;e 

. 1 . 
H = - 2 j v(q)uqCT-q - uh h, h,, CTqCTq,CTq"CT-q-q'-q", (54) 

r.n:e v(q) = 1 + qI+v. 
OTMeTHM, qTo pacrrpe.n:eneHH.s: Heo.n:Hopo.n;HocTeii, xapaKTepnJye­

MhIX pa3MepHOCTblO MHO)KeCTBa KaHTOpa, MoryT JaBHCHTb OT TeM­

rrepaTyphI. Ileno n TOM, qTo OTJIIIqHTeJihHM oco6eHHOCTh MOHoq>paK­

TaJibHoro MHO)KeCTBa KaHTopa COCTOlIT B TOM, "t!TO 0Tpe3KH, IIOJiy-rieH­

Hhie Ha Ka)K.ZJ:OM 3Tane .n:eJieHH.H HCXO.ZJ:HOro q>parMeHTa, HMeIOT O.ZJ:II­

HaKOBhie .ZJ:JIIIHhI Il peaJIIIJYIOTC.K C O.ZJ:HHaKOBOll BepO.HTHOCTblO. Ecmr 

rrpe.n:noJIO)KIITb, "t!TO .ZJ:JIHHhI 0Tpe3KOB CTaHOB.HTC.H pa3HhIMH, TO MHO­

)KeCTBa KaHTopa npuo6peTaIOT .n:nyXMacmTa6HhIH xapaKTep, H npn 

Ja.n;aHHhIX .ZJ:JIIIHax 0Tpe3KOB OHH onpe.n;eJI.HIOT e.ZJ:HHCTBeHHOe 3Ha-riemre 

q>paKTaJibHOH pa3MepHOCTH. Heo.n;Hopo.IJ;HOCTb B pacnpe,n;eJieHHH MaC­

mTa6on rrum1, JMeH1,maeT q>paKTaJihHJIO paJMepHOCTh, ocTanrr.s:i ee 

e,n;HHCTBeHHOH II He npHBO.D;.H K TpaHCq>opMaD;HII MOHOq>paKTaJia B MYJib­

TIIq>paKTaJI. TaKHM o6pa3oM, HJMeHeHire MaCmTa6a o6pa30BaHH.H MHO­

)KeCTBa KaHTOpa, o6ycJIOBJieHHOe, HarrpHMep, IIOHH)KeHHeM TeMrrepa- . 

TYPhI MO)KeT rrpHBO.IJ;IITh K TeMrrepaTypHOH JanncHMOCTH q>paKTaJibHOH 

pa3MepHOCTII. 

Ilrra: BhIBo,n;a ypaBHeHH.H peHopMrpyrrrrhI cTaTHCTH-riecKyIO cyMMY Ja­

rrnmeM B BH.ZJ:e [17] 
Z = j (IT dnuq)(eH[uqJ). 

q 

(55) . 
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CHa'IaJia npoIIJBOJJJIM IIHTerpIIpoBaHIIH no noJIHM <Tq c A/q <I q I< A, 
r,ne b > l. 

O60JHa11IIM 

II, CJie,D;OBaTeJII>HO, 

eHi = j ( II dnuq)eH(q) 
A/q<lql<A 

z = j ( II d4uq)eH1' 
lql<A/b 

(56) 

(57) 

r,ne q>JHKllIIOHaJI H1 JaBIICIIT oT nepeMeHHhlX <Tq c I q I< A/b. YcJioBIIe · 
IIHBapIIaHTHOCTII Tpe6yeT npOII3BeCTll MacrrITa6m,1e npeo6pa30BaHIIH 

IIMnJJII,COB q II noJieH <T q 

a I I c--1. 
(l➔ =} (l ➔' = (l➔, =... (l➔ · 

'J b q 'J q 
q ⇒ q'=bq; (58) 

Ilpe,nnoJI02KIIM, 'ITO peHopMaJIII3allIIOHHaH rpynrra IIMeeT Heno­

.D:Bll2KHJIO To11Ky. Tor.n:a noJiy11aeM 

r' = eb-d[r + 4(n + 2)uA(r) + ... ], 
u' = b-3de[u - 4(n + 8)u2C(r) + ... ]. (59) 

B (59) BBe.n;em,1 060JHa11eHIIH 

> > 
A(r) = j v-1Cif), C(r) = j v-2(q), (60) 

q -;/ 
> 

r.n:e f 060JHa11aeT IIHTerpnpoBaHIIe no IIMnyJII>CaM B o6JiaCTII 
<I 

A/b <I q I< A B d-MepHoM ·rrpocTpaHCTBe. IIapaMeTp ~ onpe,neJIIIM 
TaK, 'IT06J,1 K03q>q>II}lIIeHT nepe,n q B v(q) = r + q'Y panH~JICH e,nIIHII}le. 
3To ,naeT eb-db-'Y = 1 ⇒ eb-d = b'Y, r,ne , = 1 + ll. 

CJie,nona TeJII>HO, 
b1:.de = b-d+2-y_ 

TaKIIM o6pa3oM, ypanHeHIIH peHopMrpynnhl npe,ncTaBJIHIOTCH Bhlpa-
2KeHIIHMII 

r' = b'Y[r + 4(n + 2)uA(r) + ... ], 
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u' = b-d+2'Y[u - 4(n + 8)u2C(r) + ... ]. (61) 

Ilpe,nnoJimKIIM, 'ITO , = ! + €, r.n:e E E (0, 1/2) B npocTpaHC~Be c 
pa3MepHoCTI>IO d = 3, noJiy'IIIM 

r' = b312+£[r + 4(n + 2)uA(r) + ... ], 
' . 

u' = b2£[u - 4(n + 8)u2C(r) + ... ). (62) 

3.n:ec1, C ( r) ~ I( dlnb II n Heno,nBII2KHoii To11Ke rroJiy11aeM 

* 2€ . u -----· 
- 4(n + 8)K/ 

Y11IIThlBaH, 'ITO A(r) ~ -rC(0) noJiy11aeM 

r' = b3/2+£[r-:- 4(n +.2)urC(0) + ... ). (63) 

JI1meap1nau1rn ·ypanHeHirn (63) n Herro,nBIDKHoi'1 To~rne u* ,naeT 

r' == bl/v ~r, (64) 

'ITO II03BOJIHCT orrpe,neJIIITI, KpIITil'ICCKIIH IIOKa3a TeJII, 

ll = (~ + € _ 2(n + 2)€ -I 

2 n+8 ) · (65) 

B .naHHOM CJiy-<Iae corJiaCHO COOTHOIIICHIIIO rro,no6mr KpIITII'ICCKIIH 

IIH.D;CKC MarHIITHOII nocrrp1mM~nmocTII 'Y = 211 .. 
B OTJIII'!IIe OT Tpa.n:uuuomrnro rro,nxo,na, · r,ne E = 4 - d [17, 18), 

B .n:aHHOM cJiyqae € xapaKTepII3JCT pa3MepHOCTI, rrpocTpaHCTna, co-

3,nairnyro reoMeTpIIeii pacrrpe,neJiemrn. Heo,nHopo.n;HocTei'1 n cTpJKType 

KpIICTaJIJia. 
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3aKJII011eane 

B .n;aHHOII pa6oTe Bnepm,ie npe.n;cTaBJieHa Teopmr nocJie.n;oBaTem,­

HocTH MarHHTHhlX «pa30BhlX nepexo.n;oB B coemrnenmrx c nepeMeHHhlM 

cocTaBoM. Ha ocHoBe CHMMeTpHHHhlX apryMeHTOB nocTpoen «pYHKD;H­

oHaJI TepMO.D;IIHaMH'leCKOro IIOTeHD;HaJia C K03«p«pllD;HeHTaMll pa3JIO)Ke­

HIUI, 3aBHC.lllllHMll OT KOHD;eHTpannn aTOMOB 3aMeID;eHHJI. Pa3BllTaJ[ Te­

opmr II03BOJI.lleT onncaTJ:, «pH3H'leCKIJ:e CBOIICTBa coe.n;IJ:HeHHII C nepeMeH­

HblM COCTaBOM B o6JiaCTH IIOCJie~oBaTeJIJ:,HOCTll MarHllTHhlX «pa30BhlX 

nepexo.n;oB npn npon3BOJihHhlX 3Ha11enn.srx x Ha ocHoBe e.n;nHoro «pyHK­

D;HOHaJia TepMO.D;HHaMH'leCKOro IIOTeHD;HaJia. 3To II03BOJI.lleT IIOH.sITJ:, 

npnpo.ny B3anMocB.sr3n «p1nn11ecKnx CBOHCTB cTpyKTyp c nepeMeHHhlM 

COCTaBOM npn pa3Jill'lHhlX X. 

CHMMeTpHIIHhlH aHaJIH3 noKa3blBaeT, 'ITO «pa3oBa.s: .nnarpaMMa 

CTPYKTYP Tnna U(Pd1-:cFe:c)2Ge2, B npnHn;nne, co.nep)KHT nocJie.n;ona­

TeJihHOCTh «pa30BhlX nepexo.noB napaMarHnTHa.sr-Hecopa3MepHa.sr (AF­

snz-Mo.n;yn.srn;n.sr)- Hecopa3MepHa.sr (AF-cnz-Mo.n;yJI.srn;n.sr) - Hecopa3Mep­

HaJl (FM-dnz-Mo.n;yJI.srn;n.sr) - copa3MepHa.sr «pa3a. 

Cpe.n;Hee 3Ha'leHne napaMeTpa nop.sr.n;Ka B «pa3aX c sn(px, k) n 

en (px' k )-Mo.n;yJI.srn;neH paBH0 Hymo' 'ITO cnn.n;eTeJihCTByeT 06 aHTH«pep­

poMarHHTH0M HeC0H3MepnM0M ynop.sr.n;o'leHllll MarHHTHblX M0MeHT0B B 

cTpyKType. <f>a3a c dn(px, k )-Mo.n;yJI.srn;neII ncJie.ticTmie dnz > 0 .srnJI.sr­

eTc.sr ro«ppnpoBaHHoii (rippled). Cpe.n;Hee 3Ha'leHne napaMeTpa nop.sr.n;Ka 

n «pa3e c dn(px, k)-Mo.n;yJI.srn;neii oTJIH'lH0 OT HyJI.sr. B Hecon3MepnMblX 

«pa3aX HeC0H3MepnMa.sr 'laCTJ:, BOJIH0Boro neKTopa Mo.n;yJI.srn;nn q = 271" / d 
BcJie.n;cTnn:e d ,..:,J ln(l - x:2) I➔ oo, cTpeMn:Tc.sr K Hymo. Cn:MMeTpnII­

HhlII aHaJIH3 TaK)Ke II0Ka3blBaeT, 'ITO TeMnepaTypHa.sr mn:pn:Ha o6Jia­

CTll cymecTB0BaHn:.sr Hecopa3MepHOII «pa3bl HBn:.sreTc.sr «pyHKU:HeII K0H­

n;eHTpau:n:n: .norrn:pyromero BemecTna. C yneJin:11eHn:eM K0HU:eHTpau:m1 

.nonnpyromero nemecTBa 3Ha'leHn:e ks yMeHhmaeTc.sr. Ilpn: ks, CTpeM.sr­

meMc.sr K HYJIIO, aHTH«peppoMarHHTHhlii «pa30Bhlii nepexo.n B copa3Mep­

Hyro «pa3y HeB03M0)KeH. CJie.n;oBaTeJIJ:,HO, «pa30BaJl .nn:arpaMMa B TaKOM 

cJiy11ae ( ks ➔ 0 H x ➔ l) .D;0JI)KHa cocT0.llTh TOJihKO H3 napaMarHHTHoii 

«pa3bl. 
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Heo6xo.n;n:Mo 0TMeTHTh, 'ITO B OTJIH11ne OT «pa3hl c sn(px, k)­
Mo.n;yJI.srn;neH «pa30BhlH rrepexo.n n3 «pa3hl c cnz-Mo.n;yJI.srD;Heii B copa3Mep­

HYIO «pa3y nMeer oco6eHHOCTh. 3ToT nepexo.n HBJI.sreTc.sr rrepexo.n;oM nep­

Boro po.na, n 3TO cB.sr3ano c TeM, 'ITO «pyHKn;n.sr cnz B oTJin'llle. OT snz 
6JIR3Ka K HYJIIO Ha 6oJii.meii: 11acTn cBoero nepno.na npn npn6Jlll)KeHnn 

K T0'lKe «pa3onoro nepexo.na II3 necopaJMepHOH B copa3MepHyro «paJy. 

Ilo3TOMY B cJiy11ae pemeHn.sr Tnna cn(z, k) .noMeHhl c copa3MepHOH 

CTpyKTypoII, r.ne 'r/ = 'r/c .. =I- 0, He o6pa3yIOTC.ll ,Ua)Ke B 3apo.n;blilleB0M 

COCT0.llHllll, HenpepbIBHbllI nepexo.n B copa3MepHyIO «pa3y HeB03MO)KeH. 

Cn:MMeTpHIIHhlII aHaJIH3 noKa3blBaeT, 'ITO B napaMarHRTHOII 'n 

copa3MepHOII «pa3ax ll B COJillTOHH0M pe)KnMe HeCOll3MepnMhlX «pa3 

x(T) ~ (T - Tk)- 1, r.ne Tk - cooTBeTCTByroma.sr KpnTniiecKa.sr To'lKa. 

GrpyKTYPY Heo.n;Hopo.na:ocTn B CllCTeMe MO)KHO 3a.n;aTJ:, «ppaKTaiih-: 

HhlM,MH0)KeCTB0M KaHTopa. B 3TOM cJiy11ae pa3JIO)KeHne cneKTpa B03-

6y)K.n;eHn.sr co.nep)KllT Hen;eJible CTeIIeHn llMIIYJihca, n CJie.n;oBaTeJIJ:,HO 

Heo.n;Hopo.n;HocTh cTpyKTYPhl xapaKTepn3yeTc.sr pa3MepHOCThIO «ppaK­

TaJihHOro MH0)KeCTBa KaHTopa. C yqeToM Heo.n;Hopo.n;HocTn cTpyK­

TYPhl, . 3a.n;aBaeM01I «ppaKTaJihHhlM MH0)KeCTBOM KaHTopa, nocTpoeH­

HaJi peHopMrpyrrrrona.sr Teopn.sr «pa3onoro rrepexo.na n:3 rrapaMarHHTHOII 

B copa3MepHyIO «pa3y II03BOJIIIJia II0JIY'lllTJ:, 3aBllCllM0CTJ:, KpllTll'leCKIIX 

rroKa3aTeneII OT «ppaKTaJihHOH pa3MepHocTn MH0)KeCTBa KaHTopa. Ta­

KIIM o6pa30M, C ll3MeHeHneM X KpllTH'leCKlle II0Ka3aTeJill B CTpyK­

Typax C rrepeMeHHblM C0CTaB0M ll3MeH.sIIOTC.ll •. .IlJI.sr cpaBHeHR.sr rro.n-

11epKHeM, 'ITO .n;JI.sr cTpyKTYP c nepeMeHHhlM cocTaBoM 3Ha'leHn.sr Kpn­

Tn11ecKnx noKa3aTeJieH, orrpe.n;eJI.sreMhle Teopneii Jlan.n;ay, Hen3MeHHhl. 

'.J'aK, c H3MeHeHn;eM x MeH.sreTc.sr 3Ha'leHne K0HCTaHThl Kropn - Beiicca. · 

PeHopMrpyrrrroBoII aHaJin3 rroKa3b1BaeT, 'IT<> TeMIIepaTypHa.sr 3aBncn­

MOCTh MarHHTHOH nocrrpnnM'lllB0CTll B~.n;eT ce6.sr KaK ~ (T - Tr )--r, 
r.ne, = 2v. 

3HaHne B0JIHOBoro BeKTopa Mo.n;yJI.srn;nn q = (0, 0, ks) n rrpocTpaH­

cTBeHHa.sr rpyrrrra cnMMeTpnn DU rrapaMarHIITHOH «pa3hl rro3normJin 

orrpe.n;eJIIITh 3JieMeHThl CllMMeTpnn cyrreprrpocTpaHCTBeHHOII rpyrrrrbl 

Hecopa3MepHoii «pa3bl ll II0Ka3aTh, 'ITO T0'le'lHble rpyrrrrhl CllMMeTpnn 

ncxo.n;Hoft n Hecopa3MepHoft «pa3 conrra.n;aroT. Orrpe.n;eJieHhl B03M0)KHhle 
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TIITihl MarHIITHhlX Tip0cTpaHCTBeHHhlX rpyTITI CTPYKTYP C TiepeMeHHhlM 

cocTaB0M TIITia U(Pdi-zFe:,;)2Ge2. llcTIOJII,3J.!l "Kp1ITep1Iii n;eTIO'IKII", 

Tipe,n;cKa3aH.bl B03M0)KHhle rpyTITihl CIIMMeTplIII C00TBeTCTBYIOIUIIX co­

pa3MepHhlX cpa3; B -qacTH0CTII, TioKa3aHo, 'ITO B U Pd2Ge2 B copa3Mep­

Hoii cpa3e peaJIII3JeTC.!l aHTII<peppoMarHIITHa.!l CTpyKTypa C y'IeTBepeH­

HOH MarHIITHoii pemeTKo:u:, Tor.n;a KaK B U(Pdo.98 Fe0.02)2Ge2 MarHIIT­

HM pemeTKa 0Ka3hlBaeTC.!l y,n;BOeHHOH. 

B HeiiTpOHorpa<plI'IeCKIIX 3KCTiep1IMeHTax [1] TIPII aTMOC<pepHOM 

,n;aBJieHIIII II TiplI x = 0 II x = 0, 02 B U(Pd1_:,;Fe:,;)2Ge2 Ha61110-

,n;aeTc.!l TIOCJie,n;crnaTeJII,HOCTh MarHIITHhlX <pa30BhlX Tiepexo.n;oB -i:IITia 

TiapaMarHIITHa.!l-Hecopa3MepHM (aHTH<peppoMarHIITHM c sn(px, k}­
Mo.n;yJI.!lD;IIeii) -· Hecopa3MepHaJI (aHTII<peppoMarHIITHM c cn(px, k)­
Mo.n;yJI.!lD;IIeii) - copa3MepHM ( aHTII<peppoMarHIITHa.!l) cpa3a. II pII'IeM 

TiplI X = 0 II X = 0, 02 COOTBeTCTBYIOIUIIe copa3MepHhle <pa3hl IIMeIOT 

y'IeTBepeHHYIO II y,n;B0eHHYIO MarHIITHhle pemeTKII, COOTBeTCTBemi:o. 

Ilepexo,n; II3 Hecopa3MepHOH B copa3MepHy10 cpa3y IIMeeT pa3MhlThlH xa­

paKTep, 'ITO, TI0-BII,II;IIM0MY, CB.!l3aHo c oco6eHHOCThIO cpa3hl c cn(px, k)­
Mo.n;y11Kn;IIeii. IlpII <pa30BOM Tiepexo,n;e Me)K,II;J HeCOII3MepIIMhlMII cpa3aMII 

TeMTiepaTypHM 3aBIICIIM0CTh MarHIITHOH B0CTipIIIIM'IIIB0CTII TepIIIIT 

pa3phlB, a 3Ha'IeHIIe BOJIHOBoro BeKT0pa M0,II;JJIKI(IIII npoKBJIKeT II3JI0M. 

B n;eJioM TeMnepaTypHM 3aBIICIIMOCTh MarHIITHOII BocnpIIIIM'IIIB0CTII 

B Hecopa3MepHo:u: cpa3e cJie,n;yeT 3aKoHy K10p1I - Be:u:cca. 3KcnepIIMeH­

TaJihHhle pe3JJihTaThl II0Ka3hlBaIOT [5], 'ITO B nap~MarHIITHOH cpa3e 

B6JIII3II nepexo,n;a II3 napaMarHIITHOH B Hecopa3MepHyIO cpa3y MarHIIT­

Ha.!l B0CIIplIIIM'IlIB0CTh npoKBJIKeT cTeneHHYIO 3aBIICIIM0CTh OT TeMne­

pa Typhl II C yBeJIII'IeHIIeM K0HD;eHTpan;IIII ,II;0IIIIpyeMoro BeID;eCTBa 3Ha-. 

'IeHIIe K0HCTaHThl KIOpII II3MeHKeTCK. B n;eJI0M 3KcnepIIMeHTaJihHa.!l 

TeMnepaTypHM 3aBIICHM0CTh X = x(T) B o6JiaCTII II0CJie,II;oBaTeJihH0-

CTII MarHIITHhlX <pa30BhlX nepexo,n;oB corJiacyeTCK C TeopeTII'IeCKIIMII 

pe3JJihTaTaMII npe.n;cTaBJieHHOH pa60Thl. 

K co)KaJieHIIIO, II3MepeH1Ie x. = x(T) He TI03B0JIKeT ,n;ocTaTo'IH0 

T0'IH0 onpe.n;eJIIITh 3Ha'IeHHK KoHcTaHThl K10p1I - Beiicca II KpIITII'Ie­

cKoro noKa3a TeJIK 1 . On;eHKII noKa3hlBaIOT, 'ITO 3Ha'IeHIIe 1 6JIII3KO K 

e,II;IIHIIn;e, 0.II;HaK0 C II3MeHeHIIeM X 3Ha'IeHIIe I II3MeHKeTCK. CpaBHeHIIe 
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3KCIIepIIMeHTaJihHhlX pe3JJihTaT0B TipII X = 0 II X = 0,02 TI0Ka3hl­

BaeT, 'ITO .B coe.n;nHemrnx U(Pd1-zFe:,;)2Ge2 c yBeJIII'IeHIIeM x. TeM­

nepaTypHM mnpIIHa cymecTBoBaHIIK Hecopa3MepHoii cpa3hl yMeHhma.:. 

eTC.!l II 3Ha'IeHIIe B0JIH0B0ro BeKT0pa M0,II;JJIKD;IIII, yMeHbmaeTC.!l. 

.IIJIK 0,II;H03Ha'IH0ro cpanHeHIIK TeopeTII'IeCKIIX Tipe,n;cKa3aHIIH ,II;aH­

HOH pa6oThl c 3KCTiep1IMeHTaJihHhlMII.II;aHHhlMII U(Pd1-zFez)2Ge2 Tpe-

6yeTCK TipOBe.n;eH~e TipeTeHUII03HhlX 3KCTiep1IMeHTOB 110 1:13J'IeHIIIO TeM­

Tiepa TYPHhlX 3aBl:ICIIMOCTeii MarHIITHOH B0CIIpIIIIM'IIIB0CTII, Hecopa3Me­

pIIMOH 'IaCTII B0JIH0Boro BeKTopa II TeMTiepaTypHOH o6JiaCTII, cyme­

CTB0BaHirn HecouJMepnMoH cpa3hl TIPII pa3m1qHhlX x. ll3y'IeHIIe BJIII.!l­

mrn ,n;aBJieHirn 1103D0JIIIJI0 61,1 BhlKDIITh cpeppoMarHIITHYIO,Heco:ri3Mepn­

MYIO cpa3y B 3TIIX coemrneHIIKX. 

3aMemem1e Pd aTOl\IaMII F~ TipIID0,II;IIT K yMeHhilleHIIJ? TI0CT0KH­

HhlX pemeTKII II c11e,n;onaTeJihH0_061,el\rn 3JieMeHTapHoi'1 KqeftKII. B 3TOM 

cMhlCJie 3aMe~em1e Pd aT0MaMII,IIMeIOIUIIMII 60111,mon IIOHHhlH pa­

,n;nyc, TI03D0JIIIJI0 6hl IICCJIC,II;0BaTh 0TKJIIIKK CIICTeMhl ~a MexaHnqecKoe 

pacm11pcm1e. Ilpone,n;em1e 3KCTiep1IM:eHT0D TIO HeynpyroMy pacceKH~IO, 

TIO onpe,n;eJieHIIIO cTieKTpa no36y2K,n;emru: 11 3Haqemrn KpIITIIqecKoro TI0-

Ka3aTeJIK MarHIITHOH B0CilpIIIIMqJID0CTII TI03D0JIIIJI0 6@ onpe,n;eJIIITh 

<pII3II'IeCKYIO npIIpo,n;y Heo.n;nopo.n;HOCTen II MexaHII3Mhl cpa30DhlX nepe-
.' 

xo,n;on B 3TIIX coe.n;IIHeHIIKX. 

AnTophl Bhlpa)KaIOT 611aro,n;apH0CTh Tipocp. H.M.II11aKII.n;e, Tipocp. 

A.II.J1eBaHIOKY A.M. Ea11aryp0By, B.B:CIIKOJieHKO II B.IO.IloMKKymII­

ny 3a 06cy2K,n;emie. 
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AKceHoB BJI., fam,meB E.P. 
TioCJie)lOBaTe.JlhHOCTh ManJIITHhlX qJa:JOBhlX nepeX0)lOB B KpllCTaJlJ!ax 
c nepeMeHHhlM cocTaBOM U ( Pd 1 - x Fe, )zGe2 

P17-98-256 

TiocrpoeHa qieHOMeHOJiornqecKaa Te0pllll noCJie)lOBaTe.JlhHOCTll ManJllTllhlX qJaJOBhlX nepeX0)lOB 
Tttna napaMarnllTlla.ll-Hecopa:iMepHaa-copa:iMepHa.!1 ¢aJa )l)lll KpllCTaJlJIOB C nepeMeHHhlM C0CTaBOM 
U ( Pd1 _,Fe,) 2Ge2. TioKa:JaHO, ~o BOJIHOBOH BeKTOp MO/IYJI.!11.Ulll llBillleTCll ql)'HKI.Jlleii TeMIIepaT)'phl 
11 KOHl.}eHTPaI.JHll 11on11pyromero Bel.l.}eCTBa, a TlllOKe ~o TeMnepaT)'pHa.ll o6JiaCTh cymeCTBOBaHllll 
Hecopa:iMepHOH qla:lhl 3aBllCHT OT KOHl.}eHTpaI.Jllll )lOIIHpyromero Bel.l.}eCTBa. Onpe)le.JleHhl ManJIITllhle 
rpynnhl CIIMMeTpllll copaJMepHOH qla:lhl, cynepnpocrpattcTBeHHa.ll rpynna CllMMeTpllii HeCOpaJMepHOH 
qla3hl ll qla30Ba.ll /lllarpaMMa. TioJiyqeHhl npOCTPaHCTBCHHhle 3aBIICllMOCTII napaMeTPOB nop.ll)lKa 
B aHTHqieppoMarnl!THhlX ll ManJllTHhlX ¢aJax II IlOKa:JaHO, ~o 11ppaI.JHOHMhHa.ll qaCTh BOJIHOBOro BCK· 
TOpa MO/lYillll.11111 B COilllTOHHOM pelKHMe HecopaJMepHOH qla:Jhl B6illl311 nepexo11a ll3 HecopaJMepHOH 
B copaJMepHYJO qia:iy CTpeMHTCll K HYJJIO. Onpe)le.JleHhl TeMnepaTJPHhle 3aBIICIIMOCTll ManJllTllhlX 
BOCIIpllllMqllBOCTeii B Hecopa:iMepllMhlX aHTllqJeppoMarnllTHOH II ManJllTHOH ¢aJax. C yqeTOM He0)lHO­
pO)lHOCTll CTPJKTJPhl, BHOCHMOH 11on11py10111HM Bel.l.}eCTBOM, IlOCTPOeHa peHOpMrpynnoBaa TeOpllll qJaJO­
BOro nepexo11a ll3 napaMarnHTHOH B copaJMepHYJO ¢aJy. PaccMOTpeH CJiyqaii HeO)lHOpO)lHOCTll 
CTPJKTJPhl, xapaKTep113yeMOH qipaKTaJihHhlM MHOJKeCTBOM KattTopa, ll nOJiyqeHa 3aBllCHMOCTh 
KPIITllqeCKllX IlOKaJaTe.Jleii OT qipaKTaJihHOH pa3MepHOCTll 3TOro MHOJKeCTBa. TipttBC)leHhl cpaBHeH!lll 
noJiyqeHHhlX Teopcr11qecKHX pe3yilhTaTOB C 3KCnepllMeHTaJihHhlMll )laHHhlMll )l)lll U ( Pd1 _,Fe, )iGei. 
C)le.JlaH BhlBO)l O TOM, ~o B 3TllX COe)lHHeHllllX Ha6JIJO)laeTCll noCJie)lOBaTe.JlhHOCTh nepeXO)lOB Tllna 
napaMarnHTHa.ll - HecopaJMepHa.!1 (MO/lYillll.}llll THna snz, aHTHqieppoMarnHTHa.!1) - HeCOpaJMepHa.!1 
(MO/lYilllUllll THna cnz, aHTHqieppoMarnHTHa.!1) - copaJMepHaa (aHTHqJeppoMarnHTHa.!1) qia:ia. BCJie)lCTBHe 
3aBHCHMOCTll BOJIHOBOro BeKTOpa MO/l)'illlUllll OT KOHUeHTPaI.JHH )lOIIHpyromero Bemecrna ManJHTHhle 
CTPYKTYPhl copa:iMepHOH qla:lhl noJiyqaJOTCll pa3!1Hqffh(Mll. TaK, npH x = 0,00 B copa3MepHOH qJaJe 
ManJHTHa.ll perneTKa yqerneplleTC.ll, TOr)la KaK npH x = 0,02 - YllBaHBaeTCll. 

Pa6oTa BhinOJIHeHa B Jia6opaTOpHH HeHTPOHHOH qJIIJllKll HM. H.M.<l>paHKa 0115111. 
TipenpHHT O61,e)lHHeHHOro IIHCTl!ryTa ll)lepHhlX llCCJie)lOBaHHH. Jly6Ha, 1998 
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Aksenov V.L., Gadjiev B.R. P17-98-256 
The Sequence of Magnetic Phase Transitions in Mixed Crystals U ( Pd 1 - x Fe,) 2Ge2 

The phenomenological theory of the sequence of magnetic phase transitions of the paramagnetic­
incommensurate-commensurate phase type has been developed for the crystals with mixed composition 
U ( Pd1-,Fe, )zGe2. It is shown that the modulation wave vector is the function of temperature 
and doping element concentration. It is shown that the temperature region of the incommensurate phase 
existance depends on the doping element concentration. The magnetic symmetry groups 
for the commensurate phase and superspace symmetry group for the incommensurate phase were 
defined. The spatial dependencies of the order parameters in antiferromagnetic phases and in magnetic 
phase were obtained. It is shown that the irrational part of the modulation wave vector in soliton regime 
of the incommensurate phase is diminishing to zero close to the transition from the incommensurate 
to commensurate phase. The temperature dependencies of the magnetic susceptibilities 
in the incommensurate antiferromagnetic and magnetic phases were defined. Renorm-group theory 
of phase transition from the paramagnetic to the incommensurate phase has been developed taking 
into account the inhomogenities of the structure due to the presence of doping element. The case 
of structure inhomogenity characterised by the fractal Cantor set has been considered, and the depend­
ence of the critical exponents on the fractal dimensions of the Cantor set has been obtained. The obtained 
theoretical results are compared to the experimental data on U ( Pd1 -,Fe, )2Ge2. In conclusion, in this 
crystals the consequence of phase transitions of the type paramagnetic - incommensurate (with snz type 
of modulation, antiferromagnetic) - incommensurate (with cnz type of modulation, antiferromagnetic) -
commensutare (antiferromagnetic) phase was observed. Due to the dependence of the modulation wave 
vector on the concentration of the doping element, the magnetic structures of the commensurate phase 
are different. For example, at x = 0, in the commensurate phase the lattice is four times multiplied, while 
at x = 0.02, the lattice is doubled. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 
Preprint of the Joint Institute for Nuclear Research. Dubna, 1998 


