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Paccuntanbl a¢ekT 3eeMaHa, BeIMUYUHb HAMATHUYEHHOCTH M MAarHUTHOH BOCIPHUMMYHUBOCTH B
M30TePMUUYECKOM U aguadaTnyecKoMm pexumax aias coequHeHnin RBas; CugO7_s5 B TeTparoHanbHOH
(0 =~ 1.0) u opropom6uueckoit (§ x~ 0) ¢dasax ¢ uonamu Dy, Ho, Er u Tm. PoxkasaHo, uro cy-
IECTBYIOT 3(p(PEKTHI B3aNMOIEHCTBHS IHEPTETUUECKUX YPOBHEH PeNKO3eMEeNbHBIX HOHOB (KpOccoBep)
IJIs1 BCEX MCCJIENOBAHHBIX COEAMHEHUN. YCpPeIHEHNE MATHUTHBIX XAPAKTEPUCTHK AJs MOJMKPUCTAI-
JUYeCKUX 06pa3loB MO3BOJUJO ONpeNe]UTh YCJIOBHS, AJsS KOTOPHIX HM3ydaeMble 3(p(eKThI MOKHO
HA0JI0JATH IKCIEPUMEHTANBHO HA MOJMKPUCTAIIAX.

1. B coemnnnennsax RBasCuzO7_5 (R — penkose-
MeJIbHBIE HOH WM WTTPHE) penkosemenbHas (P3) u
CBEpXIPOBOSIIIAs MMOACHCTEMbI, KaK H3BECTHO, CJ1abo
B3aMMOJIEHCTBYIOT, O UeM CBHAETEJbCTBYeT He3aBHUCH-
MOe MarHuTHoe yropsimoyeHde B P3-mopcucreme, Ko-
TOpoe HabJoIaeTcsl IPU HU3KHX TeMIepaTypax Kak B
CBEpPXTMPOBONSIIINX, TaK W B HECBEPXTPOBOASIIUX 00-
pasuax. OnHaxko P3-noHbl pacnonaraiorcest B CTPYKType
N0CTaTOYHO OJIM3KO K «CBEPXIPOBOISIIIIMM MIOCKOCTSIM»
CuOy ¥ MOTYT C/IY>KHUTb HA€aNbHBIMU NaTYMKAMH, YYB-
CTBUTEJNBHBIMU K WM3MEHEHHIO JIOKAJbHOH CUMMeTPHU
MX OKDYXKEHHS] W pacrhpefiesieHHI0 TJIOTHOCTH 3apsiia.
PxcrneprMeHTHl MO HEYNPYroMy paccesiHHI0 HEHTPOHOB
[1, 2] nokaswiBalT, uTO IJsi GOJBIIMHCTBA MEIHBIX
CBEPXIPOBOIHUKOB CrEeKTPbl P3-HOHOB, COOTBETCTBYIO-
[He TiepexolaM MeKIy YPOBHSIMHU OCHOBHOTO MYJbTH-
nJseTa, paclienjieHHoro B Kpuctaaauueckom noje (KP),
NIOTIONIHUTENBHO PACIIEeNJISIOTCS Ha OTAeJbHbIE KOMIO-
HEHTBI, CIeKTpa/bHasl MJIOTHOCTb KOTOPHIX CBsI3aHa C
ypoBHeM nonupoBanusi. CylecTBEHHYIO HH(MOPMALKIO
o KP wHecyT Takxe MarHUTHBIE CBOHCTBa B CHJIBbHOM
MarHuTHOM TI0Jle, ¥ B YACTHOCTH H3MeHeHHe CIeKTpa
P3-nona B mose (3¢hdekT 3eemMaHa) U mepeceueHHe
ypoBHell (kpoccosep). OTMETHM, UTO KPOCCOBED AJisi
UCCJIElyeMOTr0 CeMeHCTBa COeIUHEHUU UCCJel0BasCs
TOJILKO TeopeTHdyecKd U ToabKo 15 HoBasCuzOy7 4 B
o6enx (azax [3], omHAKO OIMMOKH MPH 3aTMUCH TaMHUJIb-
tTonnanoB KP u npubankeHHbIH XapakTep BbIUHCIEHUN
CTaBSIT M0/l COMHEHHEe HaUJIeHHble KOJHUUECTBEHHbIE pe-
3yJIbTaThI.

N3BecTHO, uTo a0 P3-HOHOB B OKHCHBIX COeIHHE-
nusix RBas Cu3 O, 5 B mapamarHuTHOU o6jacTu omnpe-
JeJISTIOIUM siBJisieTcst B3auMmopericteue ¢ KP, nunosb-
Hble U OOMEHHble B3aUMOLEHCTBHS B HHUX MaJbl, H
00yCJIOBJIEHHBIE MU TeMTepaTypsl aHTH(eppPOMarHHT-
HOro ynopsitoueHusi cocrtaaswT ~ 1 K. Pacrosimas

paboTa MocBsillleHa TEOPeTHYECKOMY H3yUeHHI0 BJIHS-
Husi KP Ha mMarHuTHBIE XapaKTepUCTHUKH COeJHHEHHH
RBa;Cu307 5 ¢ P3-uonamu Dy, Ho, Er, Tm nas
3HAUeHHWH mapameTpa ¢, COOTBETCTBYIOUIHUX TeTpParo-
HAJbHOHW U OPTOPOMOHUECKOH CTPYKTypam, U CPaBHU-
TespHOMYy aHanu3dy a¢dextoB KP nnsa uccnenyembix u
OPYTUX OKHUCHBIX COeINHEHHH.

2. Ins pacyera 3dpdekrra 3eemMaHa U MarHUTHBIX
XapaKTepUCTUK B CHJIBHOM MarHUTHOM [0JI€ MCII0Jb30-
BaJICS TaMHUJIbTOHWAH, MPENCTABJASIONIANA CO60H CyMMy
ramusbroHHana KP u 3eemaHoBCcKoro usena:

H=> a,BrOp - gpupIH, (1)

n,m

rie n=2,4,6; m<n; m=0,2,4,6 — 1045 opTopoM-
6rnyeckol cuMMeTpun; m = 0,4 — 1719 TeTparoHaJbHON
CHMMETPHH.

B (1) O — 3kBHBa/IeHTHbIE ONEPATOPHl, Q2 = v,
a4 = By, ag =7y — Koabduuuents CreBenca, B)' —
napametrpel KP, g; — dakrop Jlanme, J — oneparop
yriosoro Momenta nona R3t. Ppu pacuere aguabaru-
4eCKUX KPHMBBIX HaMarHW4YMBaHHS B CJydae BaH-(Je-
KoBckMX MoHoB Ho3t u Tm?3t yuurmiBanoch ceepx-
TOHKO€ B3aUMOIeHCTBHEe, 6e3 KOTOPOro COOTBETCTBYIO-
I[He pacueThbl HEKOPPEKTHH. P pH 3TOM B raMHUJIbTOHHU-
aH (1) mOTMOMHUTENBHO BKJIIOUAJICS CTIUH-TAMHUJIbTOHHAH
CBEPXTOHKOTO B3anMOeHCcTBHSI B 00bIYHOM (hopme (CM.,
Hanp., [4]).

Marnutokanopruueckuit apdext AT pasg apnabda-
THUECKOTO peXKMMa HaMarHUUHWBaHHS PaCcCUHTBIBAJICS
OJ151 Ka)Xaoro 3HadeHust noJsi ¢ warom AH = 0.1 kP
MyTeM YHUCJeHHOH QUaroHa u3aluy MOJHOTO TaMHUJIbTO-
nuana (1) mo popmyse

oM AH

AT =-T— == 2
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rie M — HamarHuueHHOCTb, C'y — TMOJIHAs TemJo-
eMKOCTb 00pasiia B pacueTe Ha (PpOpPMYyJbHYIO €IWHU-
1y, BKJIOYawlias pemeTouHyio (Temneparypa [lebas
©p =330 K [5]), a/eKTpoHHYIO U SIepHYIO TernJoeM-
KOCTH.

3. Papamerpel KP nns coenunenuit RBas CusOr_s
L7 OpTO- W TeTpadasbl W3BECTHH, B UACTHOCTH, H3
9KCIEePUMEHTOB 110 HEYNPYroMy paccesiHUi0 HEHTPOHOB
[6-9]. Hcnosnb3yemele namu napametrpsl KP mast co-
enuHenuit RBas CugO7_s TeTparoHasbHON CUMMeTPHU
npuBeneHsl B Tabs. 1 Bmecte ¢ mapamerpamu KP mpy-
TUX TeTparoHasbHbiX coenvHenuit RPO, . XapakrepHoi
ocobenHocThio KP  Terparonaneabeix RBasCuzOr_;
SIBJIIETCST TO, UTO OTHOIIEHHe IMaroHaJbHBIX U Heaua-
roHaJIbHbIX NapaMeTpos yeTBeproro BY/Bj u wectoro
BY/B§ mnopsiikoB 6JHM3KO K HX 3HAYEHHIO JJIsl KyOuue-
CKOH CHMMeTpHuH, T.e. K BenuuuHam 1/5 u —1/21 co-
oTBeTcTBeHHO. P anpumep, s Dy-coenuHeHHs B KpHC-
Tasjorpauueckoi cucTeMe KOOpPAMHAT (He COBManao-
lwefi ¢ JoKanbHoli crucTeMoit) nveem BY/Bi ~ —0.209 u
BY/B§ =~ 0.037. Takum 006pa3oM, HCKaXKeHHe CHMMeT-
pHH JIOKAJBHOTO OKPYKeHHsi P3-HOHa 10 OTHOIIEHHIO
K KyOWuecKOH CBsSI3aHO IJIABHBIM 00pa3oM C TapamMer-
pom BToporo mopsaka BY. Iis P3-coemumenuii co
CTPYKTYpPOH LHPKOHA 3TH BeJHYHHBl OUYeHb JaJieKH
OT OTHOLIEHUH /51 KyOuuecko# cummerpuu [10] (cM.
tabs. 1). Takast 3aKOHOMEPHOCTb YKa3biBae€T HA MeHb-
lIlee OTKJIOHEHHe CUMMeTPHH KHCJIOPOIHOTO T01eKas1pa
OT KyOHUeCKO# B TeTparoHaJbHBIX H OPTOPOMOMUYECKUX
coenunenusix RBas Cu3Oy 5 1Mo cpaBHEHHIO C IUPKO-
HaM¥ U TpaHaTaMH COOTBETCTBEHHO, KOTOPOE JI/IsT OPTO-
pOMOMYECKHX COeIMHeHHH 00CYXAaloCh, HANPHUMep, B
patore [11].

Tadauma 1
Papamerpst KP nis TeTparoHajJbHBIX COeJUHEHUU
RBa2Cu306 u RPO4

0 0 0 4 4
B3, Bi,| Bs,| Bi, | Bs,
CoennHeHHe 2 i) ) 24 21
cM cM cM cM cM

—191| 15| 912 | 405 | 6]

Cehlnku

DyBZQCU306 127

DyPO, 140 15| —40| 712 | 10 | [10]
HoBa,CusOg | 167 | —230| 27.5| 1041 | 900 | 7]
HoPO, 184 | 28| —42| 715| 37 | [10]
ErBa;CusOg | 51 | —271| 29| 1261 | 843 | 8]

ErPO4 140 19| —33| 794 | 100 | [10]
TmBa»CusOg | 32 | —250 | 32| 1335 | 807 | 9]
TmPO, 179 33| —47| 687 | 42 | [10]

Kax nmokasbIBalOT HAlllM pPacueThl, MeHbIlIee HCKaXKe-
HUe NPOSIBJSIETCS] B MeHbllled aHU30TPONUH HadyaJbHOU
BOCTIPUHMUYNBOCTH B coenuHeHnssx RBas CugO7_g, uem
B [IMPKOHAX W TpaHaTax, B YaCTHOCTH, HauajbHas BOC-
npuumMunBocTb RBag Cu3 Oy 5 cTaHOBHTCS MpakTHUeC-
ku u3oTponHoi mpu BY = 0. O6uier3BecTHBIM (HaKTOM
nns P3-merannos [12] u uupkoHoB [13] siBasieTcst cmeHa
HaTpaBJeHUs] JIETKOTO HAMArHHYMBAHHUS MPU BBICOKOH
TeMIeparype: epexof OT JeTKOH OCH K JIErKOH MJIOCKO-
cTH (usH, Ha0GOPOT, OT JIETKOH MJIOCKOCTH K JIeTKOH

ocM — B 3aBMCHMOCTH OT 3Haka BYJ) mpu mepexose
or Ho k Er, xorma usmeHsileTcss 3HaK Ko3(pQHuMeH-
ta CreBenca «y. Pasmbie 3maku napamerpa B B
BaHagatax RVOy4 u ¢ocparax RPO4 oTBeTcTBeHHH
3a pas3Hblil THN AHHU30TPONHM B ITHX TETPArOHANBHBIX
coenrHeHHsIX. PTa ke 3aKOHOMEPHOCTb JJIsT aHH30TPO-
MUK HauyaJbHOH BOCHPHUMYHMBOCTH NPOCJEKHUBAETCS B
coenuHenusix RBasCu3zOr_s5 Tpu KOMHATHOH Temre-
patype, Toraa Kak mnpd OoJiee HHM3KOH Temreparype
BO3MOKHA CMeHa HarpaBJieHHsl JIerKoro HaMarHu4uBa-
HHUSl, UTO UMeeT MecTo, Hanpumep, aasi Ho-coennnenus
(taba. 2).

4. Pacyernl 3(pdexra 3eemaHa, U30TePMUUYECKUX U
amuabaTHUeCKUX KPUBBIX HAMaTHWYHBaHUS U Oudde-
pEeHIIMaNbHOH BOCTIPUHMUYHBOCTH TOKa3aJd, B YaCTHO-
CTH, YTO CYLIECTBYeT B3aUMOJEHCTBHE SHEPreTHUECKHX
ypoBHe#l P3-10HOB, KOTOpoe HMeeT MeCTO /sl Pa3HbIX
HanpaBJeHWH ¥ BeJUYUH MATHUTHOTO TO0JIS B 3aBHUCHU-
MOCTH OT THNa HOHA. fIBJIeHHe KpoccoBepa, Kak H3-
BecTHO (cmM., Hamp., [14]), cocTouT B nepeceueruu (Hau
COMVXKEHHM) HUKHUX SHEePreTHUeCKHUX YPOBHEH U Tpu
HU3KHX TeMIepaTypax IpOsiBJAseTCs B BHJE CKAuKOB
Ha KPUBbIX HaMarHuunMBaHusi. B tabu. 2 npencraBieHsl
MoJIlyueHHasl TIPU HAIIWX pacuetax uH(popmanus 06
AQHW30TPOTIMH HauaJbHOH BOCTPUUMUYHUBOCTH (HampasJie-
HHUSI JIETKOTO U TPYIHOTO HAMArHUUWBAHHSI), BeJTHUHHBI
nosiell KpoccoBepa M CKayKOB HaMarHWYeHHOCTH TIPH
KpoccoBepe, a Takxke HauasbHoe (H = 0) pacuienieHue
HUXKHUX YPOBHEH OCHOBHOTO MYJbTHIJIETA MJSI COENU-
Henuit RBas CugOg ¢ P3-uonamu or Dy ngo Tm. OTme-
THM, 4TO 1751 opTopoMOuUuecKoi cummeTpun (4 < 0.6)
BCe BeJMUUHBI B TabJ. 2 H3MEHSIIOTCS He O4YeHb Cy-
IIeCTBEHHO, KayeCTBEHHOE M3MeHeHHe COCTOHUT TOJIBKO
B MOSIBJIEHUH HeOOJIbIION aHU30TPONHH HAaualbHOH Mar-
HUTHOH BOCTIPUMMUHBOCTH B 6a3UCHOM myockocTH. s
coenuHenuit RBasCuszOy 5 yauBuUTesNbHBIM (hakTOM
SIBJISIETCST CyLIeCTBOBAaHHMe KPOCCOBepa MNpH Hampasie-
HUM BHEIIHEro MarHUTHOTO MI0JISl BIOJb OCH JIETKOTO
HaMarHW4MBaHUSl, B TO BpeMsl KaK H3BECTHble HaM
CJlydyad KpOCCOBepa C HauMeHblled BeJUYHUHOU Kpu-
THUyeckoro noJas H. nna P3-mapamarHeTHKOB HMeEHOT
MeCTO TIPU HAIpPaBJEHHH TM0JST BIOJb OCH TPYILHOTO
HaMarHW4MUBaHHSI.

5. O6cynum GoJsiee TOAPOOHO sIBJIEHHWE KPOCCOBepa
B Ho-coenunenun, mnockonbKy 3HaueHHE €ro KpPHTHU-
UeCKOTo ToJIsi HaXOAWTCSl B JHManasoHe, yIOOHOM [Jis
9KCIepUMeHTaNbHOTo uccenoBanust (tada. 2). Pa uso-
TePMUUECKHX KPUBBIX HamarHnyuBanus HoBay CugOg
1711 OCHOBHBIX KPUCTa/JIOTpauiecKiX HANpPaBJIeHUH B
IIMPOKOM HHTepBaJse 3HadeHHi mousi (puc. 1) xopormo
BH/IHBI BCe TPU CKauKa HAMAarHHUeHHOCTH, YKa3aHHbIE B
Ta6.1. 2. OHHU CBSI3aHbI C epeceyeHHeM SHepreTHYeCcKUX
YPOBHell, Kak BHIHO W3 BpPe3KH Ha puc. l, rme npu-
BelleH 3(dekT 3eemaHa BOJIM3M MOJST KPOCCOBepa MpH
H || [001] B oTHOCHTeNbHO cy1abbIX moJsix. Ppu Hamar-
HUYMBAHMHU B UMITYJIbCHBIX MOJISIX TeMTIepaTypa oopasiia
BOJIM3H KPOCCOBEPA MeHsIeTCsl JOCTATOUHO CHJIBHO H
M0-pasHOMY MJis Pa3JHUHBIX HauaJbHBIX TeMTepaTyp
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Tabauma 2

MarHuTHbIEe XapaKTepUCTHKN TeTparoHajbHbIX coequHeHnid RBa;Cu3Og npu HU3KHX Temmeparypax

Hanpasnerne Hanpassenne H
Coenunnenne JIETKOTO TPYAHOTO an?}%ige“e H. xH| AM, ug | A, cm™!
HAMaTHUUMBAHHUS | HAMaTHUYMBAHUS
DyBasCu30¢ [001] [110] H || [110] ~900 ~1.2 22
~3500 ~1.2
H || [001] ~500 ~1.2
~2600 ~1.2
HoBasCu30¢ [100] [001] H || [100] ~3500 ~3 9
H || [001] ~ 41.5 ~1.5
~1100 ~1
ErBasCuszOsg [100] [001] H || [110] ~890 ~2 64
H || [001] ~390 ~2.5
TmBasCuzOs [110] [001] H || [100] ~5100 ~1 127
10 T T r T T T H, k2
— 0 40 80
B ! 12 T T T

M, pB/(bopM.erl.

2
. | . !
0 30 60
H, kD
0 P B O | L | | | 1
0 50 100 1000 2000 3000 4000
H, kD

Puc. 1. Vi3oTepMuueckie KpHBble HAMATHHUMBAHHS COeIHHe-
uust HoBas CusOg npu T'=0.5 K nns1 pasHoil opreHTaunun
nons: H || [100] (1), H || [110] (2), H || [001] (3). Ha Bpeske
nokasan s(gpext 3eemana npu H || [001] (npuBenensl deTkpe
HIDKHUX 3HEpPreTHYeCKUX YPOBHsI OCHOBHOTO MyJbTHIIETA)

(puc. 2,a). Insa HavanbHOU Temmepatypel Ty = 4.2 K
B noJle KpoccoBepa ofOpaser ocTbiBaeT no ~ 0.01 K.
P amoMHHM, UTO pacyeT MarHWTOKaJOpPUYecKoro 3dg-
tdekra mnsg HoBasCu3Or_s mpoBomuics c ydeTom
CBEPXTOHKOTO B3aWMOJEHCTBHS, KOTOpPOe HeO0OXOMHUMO
YUHTBIBATH B CJlydyae CHHTJIETHBIX TapamarHeTukos. M3
CpaBHeHHs KPUBBIX 3 U 4 Ha puc. 2,a, 6 BUIHO, UTO Xa-
pakTep agradaTHYeCKHUX KPUBbIX HAMAarHUUHWBAHUS, KaK
¥ MaTHHUTOKAJOPHUYECKOTO 3(P(eKTa, CUIBHO MEHSeTCs
C TIOBBIIIEHHEM TeMIIepaTypbl B XapaKTePHOM Y3KOM
[uanasoHe, ONpeaeJisieMOM 3JIEKTPOHHOU CTPYKTypOU
P3-uona, koTopast hopMUPYETCS KPUCTAJNTHUUECKUM T10-
neM (cM. Takxke [15]).

PaccmoTpuM 115t cpaBHeHHS TaKxKe Pe3ysbTaTHl, T10-
aydenHble 1719 ErBay Cus O7_s, conepkaiiero kpamep-

T,K

M, p.B/tbopM.en.

H, k>

Puc. 2. AnnaGatnueckne KpHBble HAMarHW4YMBaHHUs (6) W Mar-

HUTOKanopuueckuit addekr (a) coenunenus HoBasCusOg

npu H || [001] mast pasHbIX HayaJbHBIX —TeMIeparyp:
To=0.5 (1), 4.2 (2),6 3 n 7 K (4

coBckue noHbl Er. B obenx (aszax xpoccoBep Hab.I0-
LlaeTCsl MPH OpPHEHTAlMH MOJs BIOJb OCEH, COOTBET-
crytoux tpyaHomy [001] u mpomexyrounomy [110]
HarpaBJeHNWI0 HamarHuuuBauus (puc. 3). B Terparo-
HaJbHOM (pa3e BeJUUYMHBl KPHTHUECKHUX TOJIeH COCTaB-
asiior 390 u 890 kP, B oprodase mepBoe 3HaueHHe
yBesnunBaetcss 10 ~570 kP, a BTopoe ymeHnbiaercs
no ~830 kP, T.e. xputHdeckue moJs B opTodase
comuxkatorcs. B ornnune ot Ho-coennnenusi ckauky Ha
u3oTepmax HamaruuuuBanusi ErBasCu3zOy s nHab.i0-
natwTest BrJoTh a0 temnepatyp ~10 K, mockosbky B
nonsgx H < H. nuddepeHunanbias BOCIPUUMUYUBOCTD
dM/dH wmeHbllle U CKauoK BHJIeH syule. P ao6opot, B
agnabaTHUYecKoM peXkKHMe CKayKW NOCTATOYHO ObICTPO
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Puc. 3. Vsorepmuyeckne KpHBble HaMarHUYMBAHHUS COEAHHe-
Hust ErBas CusOg nmpu T = 0.5 K nas pasuoil opueHTaunu
mons: H || [100] (1), H || [110] (2), H || [001] (3). Ha
Bpe3ke MOKa3aHbl agnabaTHyecKue KpPHBbE HAMATHHUYUBAHHS
ErBasCusOg npu H || [001] aas pasHbIX HauaJbHBIX TeMIle-
patyp: To =6 (1), 4.2 (2), 0.5 (3) u 0.1 K (4)

pa3MbIBAIOTCSl, TAK UTO yKe JJIsi HauaJbHOH Temrle-
patypel Ty = 6 K He BuaHbl (Bpe3ka Ha puc. 3).
PTo oTninuMe CBSI3aHO C Pa3jWYHBIM XapakTepoMm Mar-
HUTOKAJOPUUECKOro a(derTa aas IByX COeTHHEHHH.
Posbiasi BesMurHa HaMarHn4eHHOCTH Er-coennHeHwus
B ¢/J1a00M I10J1e IPUBOAXT K 3HAYUTE/IbHOMY HaTrPeBaHUIO
o6pasua npu H < H. (~ 20 K), tak 4To MUHHUMa/bHAS
TeMMepaTypa MpH OXJaXKAeHHH B KPUTHYECKOM T0Je He
CTOJIb HU3Kasl, Kak 1/ Ho-coennHenus.

C uesbl0 BBISICHEHHS BO3MOXKHOCTH 3KCIEpPHMeEH-
TaJbHOTO HAGIIOIEHUs] PAaCCMOTPEHHBIX 3(D(PEKTOB Ha
O0OBIYHBIX KepaMH4yecKMX o0pasuax OblJIO0 TMPOBeNEHO
KOpPpPEKTHOe yCpelHeHHe MaTrHUTHBIX XapaKTePUCTHK
IJIS1 HeTeKCTYPUPOBAHHOTrO mnoJukpuctansa. Cxonu-
MOCTb MPOLEAYPH yCpenHeHHs! OblJa TOCTUTHYTA MPH
mare Af ~ Ay ~ 0.5° no yrsmam 6 u ¢, 3a1a0lUM
OpHEeHTaLHIO MOoJISl B KPUCTa//orpauueckod cucreme
KoopauHaT. Ppu pacuerax yduThIBajCs U3BECTHBIN (-
tdext KP, cocrosiuii B OTK/JIOHEHHH MAaTHUTHOTO MO-
MeHTa OT HalpaBJieHUss MarHUTHOTO noJist. PToT ahdexT
nponeMmoHcTpupoBan s PoBasCusOg Ha Bpeske K
puc. 4, rae nokasaHa 3aBUCHMOCTb yIJia MeXX/1y Hanpas-
JIEHUSIMM MarHUTHOTO MOMEHTA U BHELIHer0 MarHuTHOT O
MoJisi OT OPHEHTAllMHM BHELIHEero MoJs B TJIOCKOCTH
(010) B wnsorepmuueckom pexume npu T = 1.5 K
BO/IM3U moJisi KpoccoBepa ( H = 38 kP, nosisipbiit yrod
@ orcuuteiBaercst ot ocu [001]). Pacuers mokasasu,
4TO B M30TEPMHUECKOM peKHMMe aHOMaJihsi, CBsi3aHHas
C KpOCcoBepoM, HaOJIIONAeTCsl HAa TOJNHUKPHUCTAJIE TIPU
T < 0.1 K. B aguabatuueckom pexume nuk pudde-
peHIIMAaNbHOH BOCTIPUHMUHBOCTH OCTAeTCsl OYeHb OCT-
pBIM BIJIOTHb [0 Hauya/JbHOH Temnepatypel Ty = 1.5 K,
HO oueHb OBICTPO YMeHbIIAeTCs TO0 BeJWYHHE MPH

! I T I

dMH/dH, p.B/K3 -opm.en.
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Puc. 4. Ycpennennas nuddepeHurasbHas MarHuTHAsE BOCIPH-

HMUYHBOCTh dMH/dH a5 nonukpucrania HoBasCuszOg B

usorepmuueckoM (kpusas I, T'= 0.1 K) un agmaGatuyeckom

(xpuBast 2, Ty = 1.5 K) pexxumax. Ha Bpeske nokasaHa 3aBu-

CHMOCTb yIJa MeXJy HampaBJeHHSIMH MarHUTHOTO MOMEHTa U

MarHUTHOTO TOJI OT OpHeHTauuu noas B maockoctu (010) mpu
T=15 Ku H=238 kH

nanbHedIleM TMOBBIIEHUH TeMmnepaTypsl (puc. 4). OT-
MeTHM, UTO TIPU YCpPeIHEeHWH MarHWTOKaJOpHYeCKHH
3(p(eKT B anrabaTHUECKOM pexKUMe PacCUHUTBIBAJCS OT-
IeJIbHO NIl KaXKA0T0 KPUCTAJIINTA B MPEINOJ0KEeHHH,
4TO TemIepaTtypa mo obpasiy He ycreBaeT BBIPOBHSITh-
csi. Pro mpenmonoxenue, Ha Ham B3IVISIH, SIBJSETCS
BIOJIHE OTPAaBAAHHBIM /I OOBIYHO MCIIOJIb3YEeMBIX MM-
MYJbCHBIX PEXHUMOB U3MepPEHHH.

6. PpoBenennble pacyeTsl MOKA3bIBAOT, UTO Y BCEX
uccsenoBaHubiX coenuHenuii RBas CugOy 5 cymect-
BYIOT 3(DeKTHI MepeceueHrsi ypoBHeH, KOTOpBIE MPUBO-
OSIT K aHOMaJIUsIM MarHUTHBIX XapaKTePUCTUK, NOCTYI-
HBIX [/ 9KCIepHMeHTaJbHOT0 HabJIoIeHnss Ha MOHO-
U MOJNHUKPUCTANINYECKHX 06paslaxX B UMIYJIbCHBIX TO-
nsix. PonuepkHeM, uTo ydyeT 0OMeHHOro B3auMOMeH-
cTBUS B P3-noxpcucteme MoxKeT MPUBECTH K CHSITHIO
BBIPOXK/EHHUS B 3HeprethuueckoMm cnektpe npu H = H,
3a CyeT MOSIBJEHHS MAarHUTHOTO yTOpsiioueHus B Oa-
sucHoil myockoctH [14]. OnHako 3TOT WHTepPeCHBIH H
IOCTAaTOYHO CJOXKHBIH BOMPOC 3aC/YKHUBAET OTAENbHOTO
paccMOTpeHHsI.

Pa6ora BblMOJMHEHA TMpU YACTHUYHOH TMOAAEPHKKE
P®DU (npoekt 00-02-17756).
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BEVBJIET-CIJIAJKHBAD UE 3E3 TTE3 O[IUPIAKIINO0I 3 bIX
K9UBbIX
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PaccmoTpeHa mpoueaypa BeiiBJeT-CIJaXKUBAaHUS IKCIIEPHUMEHTAJIbHBIX JAHHBIX, MPEICTABISIOUINX
€000i1 COBOKYIMHOCTb IyMa U HECKOJBKHX KPHUBBIX, (pOpPMa KOTOPBHIX CYHTAETCS AalPUOPHO U3BECTHOI.
Poka3aHo, 4TO BeiBJeT-ClIaXKNBaHUEe 3HAYUTENbHO 3¢ eKTUBHEee MeToAa criakupaHusi CaBUIKO-
ro—Tomnas. BeiiBjeT-MeTon MO3BOJISAET MOJYYUTh PelleHUe OOPATHOW 3ajaduu, YyCTOHYMBOE K BBIGOPY
TOYKM Ha4yaJbHOTO NPHOGIMIKEHHs, a TaKiKe JaeT BO3MOMKHOCTb OINpeJeNUTh KOJNYECTBO KPUBBIX
npoCTOi (DOPMBI, HA KOTOPBIE ClefyeT PACKJIaAbIBaTh IKCIEPUMEHTAJbHBIE JaHHBIE.

Beenenue

PpobGnema perenusi 06paTHOH 3amaud CyIIECTBYeT
JIACTaTOUHO TABHO, HO ee aKTyaJbHOCTb HE CHHXKAeTCs
U B Hacrosimlee Bpewmsi. M306biTouHas, 3amrymJeHHas
HH(OpPMaLKsl BMECTe C HeJOCTAaTKOM 3HAHHUH O MpHpoje
SIBJIEHUS] TIPUBOAMT K TOMY, YTO aHaJH3 3KCIepHMeH-
TaJbHBIX JAHHBIX MOXKET JaTh HECKOJbKO (PH3UUECKHUX
KapTHH, TIpUYeM BBIOOpP «IPABHJbHOH» OKAa3bIBAETCS
3aTpyIHUTENbHBIM. B 0CHOBe HacTosiiiell paGoTsl Je-
JKUAT aHaJu3 3KCTMepPUMEHTAJNbHBIX JAHHBIX, MOJYy4YeH-
HBIX JIJISI HACBIIIeHHbIX BojoponoMm cnsaaBoB Pd-Ta,
Pd-Mo, Pd-Er u ap. [, 2]. B atux cnsiaBax nabsawozaa-
I0TCST OBICTPOMPOTEKAIOIIME TIPOLECCH, M3-32 KOTOPBIX
9KCMEepPUMEHT HeJsb3sl OBTOPUTb — B TOM CMBICJIE, UTO
NoJlyueHHble B PA3HbIX BPEMEHHBIX HHTepBaJ/aX NaHHbIE
OyoyT OTHOCHTbCS K pa3HbBIM COCTOSIHHSM ofpasua.
Postomy oObekTHBHAsi TMpoleAypa aHajJH3a 3KCIepH-
MEHTaJIbHBIX Pe3yJbTAaTOB SIBJISIETCS] Ba2KHBIM MOMEHTOM
HCCJ/Ie10BaHMUS.

st 06pa3ioB CniaBoB PeHTIeHOCTPYKTYPHBIMU Me-
TOlAMH OTIPeesiIiCh OCHOBHbIE MapaMeTpbl BHYTPEH-
Hero CTPOEHHs MeTa/IndecKoil MaTpulel. B pesynbrare
IKCreprMeHTa OblM MOoJIyueHbl NU(GPaKLIHOHHBIE MaK-
cuMyMsl, coctosimue u3 100-200 touex. Ppu pasHbix
M3MepeHHusiX [Jsi OfHOrO M TOro ke obOpasua usme-
HSIJIUCh MOJIOXKeHHs] AH(PAKLNOHHBIX MAaKCUMyMOB, WX

[IMPYHA W aCHMMeTPHsI, 9YTO YKa3blBajo Ha MHorogas-
HOCTb HCCJeIyeMOH cHUCTeMbl. B psiie ciydaeB ompe-
IeJUTh TMapaMeTpsl MoJydawmuxcs (as pasiokeHUs
OHO3HAUHBIM 06pa30M ObIJI0 HEBO3MOXKHO.

P anudue mymMa npuBOIUT K HECKOJBKHM BapHaHTaM
pellleHHst 06pPaTHOM 3a/auH, T.e. pasJjoKeHHe NMPOPHIIS
Ha COCTaBJSIOLIHE TTPOUCXOANUT MO-PA3HOMY B 3aBHCH-
MOCTH OT TOTO, TJle BBIOWPAIOTCS MOJIOXKEHHUS] KPHUBBIX
pas3JioKeHHs B KadecTBe MepBoro npubsavxenus. Eie
OIHOH Mpo6eMoii IBJIsIeTCS TO, YTO NPUHIMI MUHUMU-
3allMU CyMMBbI KBaJipaTOB HEBSI30K He BCETHa MPHUBOIUT
K (hU3WUeCKH TPaBUJIBHOMY pe3yabTaTy. P amnpumep,
geM Oo0Jiblllee KOJHUYeCTBO (Da3 BXOAUT B Pa3JiOkKeHHeE,
TeM 6oJiee TOYHO MOXKHO MOR0OpaTh MPOQHIb, OIHAKO
HEKOTOpPble KPUBBIE OKA3BIBAIOTCS yIKe, UEM amnmnapaTHasi
omubka, U HX HAJ0 HCKAYUTb M3 PACCMOTPEHHS.
B 3THux mpouenypax OTCyTCTBYIOT TBepible KPHUTEPHH,
U BBIGOP TOrO HJIM WHOTO PelIeHHs MOXKeT 0Ka3aThCs
CyOBEKTUBHBIM.

Jnst toro dYToOBI Jyullle BBHISIBUTH 0OCOOEHHOCTH
CTPYKTYPbl, OOBIUHO MPHMeEHSIeTCSs TIPolleypa CriaKu-
BaHusi MmetonoM CaBuikoro—l'osasi moJiMHOMaMH BTOPOH
CTeleHHU TI0 IeBATH ToukaM. KoJinyecTBO ToUuek momaou-
paeTcsl Tak, 4TOOBl Ha CTJaXeHHOH KPHBOH 0CTaBasloCh
«OTMTHMa/bHOE» YHUCJ0 AeTaseld. Posibiast yacTp myma
yCTpaHsieTCss 3STUM MeTOJOM, OIHAKO HeKOTopasi 0cTato-



