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rypemiq r.M. u ,n;p. P14-89-464 
Oco6eHHOCTH MarHHTHOro ynopn,n;oqeHH.fI 
npuMeCHhIX aTOMOB Mn B pa36aaneHHbIX cnnaaax PtFe u p_g(Co, Fe) 
npu HH3KHX TeMnepaTypax 

C noMoI.IJ;J,10 MeTo,n;HKH HH3KoTeMnepaTypHofi n,n;epHofi opueH
Tan;HH HCCJie,n;oaanacb JIOKaJibHa.fl HaMarHuqeHHOCTb aTOMHblX CnHHOB 
54Mn B napaMarHHTHhIX (Pt+ 0,05 aT.% Fe u Pt + 0,1 aT.% Fe) u 
cpeppoMarHHTHhIX (Pt+ 1 aT.% Fe, Pd + 1 aT.% (Co, Fe), Pd+ 
+ 1 aT.% Fe) MaTpuuax. Ha6JIIO,l.1;aBllIHeC.fI 3aBHCHMOCTH 3cpcpeKTHB-

Horo MarHHTHoro · non.fl Ha n,n;pe 54 Mn OT TeMnepaTYpbI u BHenmero 
MarHHTHoro IlOJI.fI HHTepnpeTHpyIOTC.fI KaK npORBJieHHe HeKOJIJIHHe
apHOCTH MarHHTHblX MOMeHTOB Mn OTHOCHTeJibHO HanpaaneHH.fI MaK
pocKonuqecKOH HaMarHHtieHHOCTH. ::ha HeKOJIJiimeapHOCTb, B03pa
CTaIOIUa.fI c yaenuqeHHeM KOHUeHTpauuu Fe a cnnaaax, MO'.lKeT 6bITb 
CB.fI3aHa C HaJIHqHeM B CHCTeMe KOHeypupyromux cpeppo- H aHTH
cpeppoMarHHTHOrO B3aHM9.n;eHCTBHH. 

Pa6orn BbinOJIHeHa B Jia6opaTopuu n,n;epHbIX npo6JieM 011:HH. 

IlpenpHHT 061,e,IUIHeHHoro HHcmTyTa H,D;epHbIX HcCJJeAOBaHHH. lly6Ha 1989 

Ilepeao,n; aaTopoB 

Gurevich G.M. et al. P14-89-464 
Singularities of Magnetic Ordering for Impurity Atoms Mn 
in Diluted Alloys PtFe and Pd(Co, Fe) at Low Temperatures 

Low temperature nuclear orientation of 54 Mn in PtFe hosts 
with Fe content 0.05, 0.1 and 1 at. % as well as in Pd + 1 at. Fe and 
Pt + 1 at. (Co o.s Fe o. 2 ) hosts was studied. The temperature and 
external magnetic field dependencies of the effective magnetic field 
of 54 Mn were interpreted as noncollinearity of the magnetic moments 
of Mn with reference to the direction of the macroscopic magnetiza
tion. This noncollinearity increases with Fe content in alloys studied 
and may be related to the existence of compering ferro- and antiferro
magnetic interactions in these systems. 

The investigation has been performed at the Laboratory of Nucle-
ar Problems, JINR. · 
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1. BBE)lEHl1E 

l-fasecTno, qTo ,no6asne1me Fe n Co H nannannr1 n nn·anmy, 1<CTOph1e 
RBJJRIOTCR napaMarneTUKaMH C 60JlblUHM o6MeHHhlM ycnJJeHHeM, npnso,nlfT 
1< ,nanbHonei1cTsymm:eii noJJO)KJtTenh11011 cmmosoii nonnp113au1-1n 4d- n 
5d-3JJCKTpOIIOB H I< B03lUIKHOBetlllIO qieppoMarmfTHOro ynopn,noqemfR y)Ke 
npn BeCbMa UH3J<HX l<OIIQetlTpar.umx 3d-npHMeCH. 3Ta OOJJRpH3aQHR seneT 
K o6pa30BUIIHIO "rnraUTCKUX" MarUHTHhlX MOMeHTOB, CBR3aHHhlX C 3d
npHMCCbIO. Pa31mque B cj;>aKTopax 06Mem1oro ycnne,mn nnn Pd n Pt npu
aonuT 1< T'oMy, tJTO rura1nc1<11e MoMeHThl B Pt HH)Ke, qeM e Pd, a KpHTH· 
qecKaR I<OHQeHTpaI.(IIR AJJR B03HHKHOBeHlm cpeppoMarHCTH3Ma, COOTBCT· 
cTaenno, 6onee Bh1co1<an. HanpnMep, nnn !_'_s\Fe 3Ta 1<0Hueinpaunn paana 
~0,1 aT.% 11 ', a nnn PtFe - 0,76 aT.% 12 '. TipnMeCh Mn a Pd Ta1<me ae
.neT K o6pa30BUHHIO n~raHTCKoro MOMCHTa If np11 KOHUCHTpaunnx OT 0,15 .no 
3 aT.% Bhl3hIBaeT cpeppoMarHHTl-ioe ynopn,noqeHne. Mn a Pt ue 06pa3yeT 
r1-1raHTCKHX MOMeHTOB H He Bhl3bIBaeT cpeppoMarneTH3Ma 13 1

• TI pH KOHQeHT· 
paunnx Mn OT 0,05 no 3,8 aT.% a cncTeMe PtMn ua6monanoch 06pa3oaa-
1me COHHOBoro CTCKJJa 13 ' 

4 
I. B 3TOM OTHOIUemm COJJ3.Bbl PtMn 1<a11ecTBCH· 

HO OTJJHqaJOTCR OT cnnaaoB £..qMn. 
lllnpo1<0·1-1cnoJJh3yeMhie mm 1-13y11emm Manmnmro noae,nenun pa36aa

nemn,1x cnnason Ma1<poc1<om111ec1<ne MeTo,nh1 (rnmrn, 1<a1< H3Mepeuue Mar
HHTHott aocnpHHMqlJBOCTlt H HaMarnuqeunocTH, y,neJJbHOH TennoeMKOCTH, 
3JJeKTpoconponrnneunn u T.n.) He acer.na npnronuhl a cnyqae HH3KHX KOH· 
uenTpauuii npnMecu. DpnMeueu1-1e nnepnbIX MeTonos (3cpcpe1<T Mecc6ay3pa, 
B03MYW:CHHl,le yrJJOBble 1<oppeJJRUIIII, n.nepHaR OpHeHTaUHR) 003BOJJReT 
npoaonHTh nccne,noaamm a ,nuana3one 1<011ue11Tpaunii npnMecn, ne,nocTyn
HbIX MaKpOMeTO,naM. B qaCTIIOCTII, MeTOA OpHeHTHpOBUHHhlX R,nep 6naro,na
p1I BhlCOKOli qyacTmlTeJJbHOCTII perttCTpaunH panuoaKTHBHOro H3JJyqeunn 
OKa3aJJCH y,no6HblM AJJR H3Y1!eHHR CHCTeM C npe,neJJhHO HH3I<HMH I<OHUeHT· 
paunRMlf npnMecn. KpoMe Toro, 3TOT MeTO,n HeCbMa 3cj;>cj;>e1<THBeH .nnn H3Y· 
qemm JJOI<aJJhHOtt HaMarHlflleHHOCTH npnMeCHhIX aTOMOB IS '· 

Ha6nm.naeMOH aenwmnott a 31<cnepuMeuTax c opnenrnpoaanHhIMH nn
paMH nanneTcR aHH30Tponm1 yrnoaoro pacnpe,neneum1 nnepnoro n3nyqemm 
( 061,11mo r-113nyqe111m) . ,IJ,nn n.nepuoro ancaM6nn c a1<cnanhHOH CHMMeTpn
eii aHH30TpOOHR, H3J'>1epeuuan no.n yrJJOM O OTHOCHTeJJbHO OCH n.nepHOH 

r ~ ~-..... ~ 
,._...........,. .-.,k.,,_- ~,; •·-i 
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W(0, T) I AkUkQkBk(T)Pk(cos0), 
k!l8TH 

(1), 

r.ne K03cpq:nu,;HeHTbl .t\ • Uk onpe,neJIHIOTCH H,nepHbIM pacna.noM, Q k .:_ reo
MeTpHtieCKHH cpaKTOp, Bk(T) - cpyHKUHH opHeHTauHH MaTepHHCKOro H,npa, 
noJIHOCTblO onHCbIBaeMbie 3aceneHHOCTHMH 11,nepHblX no,nypoaHeii, 
pk ( cos 0) - noJIHHOMbl Jle:acatt,npa. 3aceneHHOCTH 11,nepHblX no,nypOBHeii B 
cnyqae 'IHCTO MarnHTHoro B3aHMO,neHCTBHH onpe,nenHIOTCH OTHOWeHHeM 

3HeprHH paci.I.(errneHHH OCHOBHOro COCTOHHHH 11.npa µB/1 K Terrnoaoii :mep
rHH T (µ, I - MarHHTHbIH MOMeHT H CIIHH 11,npa, B - MarHHTHoe no.lie Ha 

11,npe, T - TeMnepaTypa) . EcnH ace 11,nepHbie napaMeTpbI, a taKiKe TeMnepa
Typa H3BeCTHbl, H3 H3MepeHHOH yrnoaoii aHH30TpOnHH MOiKHO onpe.nenHTb 
MarHHTHoe none Ha 11,npe. 

raMHJibTOHHaH B3aHMO,neiiCTBHH ,nnH MarHHTHOro aTOMa BO BHeWHeM 

MarHHTHOM none BBHHMeeT BH,n 

➔➔ ➔ ➔ ➔ 

J{ = AIS + gµ6BBH + gA µAB BH I' (2) 

r.ne S - 3JieKTpOHHbIH cnHH, g , g A - 3JieKTpOHHblH H 11,nepHblH g -cpaKTOpbI, 
µ 6 - MarHeTOH Bopa, µ A - 11.nepHblH MarHeTOH, A - KOHCTaHTa caepxTOH
Koro B3aHMo,neiiCTBHH. 

B TOM cnyqae, KOr,na 3JieKTpOHHbie MOMeHTbl_ nOJIHOCTblO BblCTpOeHbl 
BO BHewHeM MarHHTHOM none, JIOKaJibHbie OCH KBaHTOBaHHH ,nnH KaiK,noro 
H,npa coana,nawT c ocLIO Ma1<:poc1<:orrnqec1<:oii HaMarHH'leHHOCTH z0 , onpe,ne
n11eMoii HanpaaneHHeM BHeWHero MarnHTHOrO non.JI. IlpH 3TOM MarHHTHOe 
none Ha H,npe npe,ncTaBJIHeT co6oii cyMMY caepxTOHKoro H BHewHero 
noneii: 

B = 8cT + 8 aH. (3) 

CornacHo (2) MarHHrnoe ca~xTOHKoe none Bc1 = A S/g Aµ A • EcnH 
JIOKaJibHbie OCH opHeHTauHH 11.npa Z. He coana,naIOT C MaKpOCKOnHtJeCKOH 

➔ ➔ 1 
OCblO Zo, TO H3MepeHHaH B,nOJib Zo BeJIH'IHHa w 6y,neT COOTBeTCTBOBaTb He-
KOTOpOMY 3cpcpeKTHBHOMY MarHHTHOMY nonw, OTJIH'IHOMY OT (3). Pac
C'IHTaHHOe Ha ocHoBe (1) 3cpcpe1<:THBHoe none B acpcp a cnyqae Hecoana,ne
HHH JIOKaJibHblX H MaKpOCKOnHtJeCKOH oceii CHMMeTpHH OKa3bIBaeTCH 3a
BHCHI.UHM OT TeMnepaTypbl 16 , 71 • 3TO o6CTOHTeJibCTBO nerKo nOHHTb, 
nocKOJlbKY yrnOBbie pacnpe,neneHHH (1) ,nnH pa3HbIX TeMnepaTyp pa3JIH'I
Hbl. YKa3aHHaH oco6eHHOCTb TeMnepaTypHOH 3aBHCHMOCTH W(0) o6ycnoa
JIHBaeT 6onbwyw tJyBCTBHTeJibHOCTb 11,nepHO-OpHeHTaUHOHHbIX 3KcnepHMeH
TOB K 3cpcpeKTaM JIOKaJibHOro HapyweHHH MaKpOCKOnHtJeCKOH CHMMeTpHH. 
KaK OTMeqanoc1, 161 , MeTo,nHKa 11,nepHoii opHeHTauHH cyiuecTaeHHO 6onee 

➔ ➔ 

tJyBCTBHTeJILHa K HeKOJIJIHHeapHOCTH (Z i , Z Q ) , tJeM 3KCnepHMeHTbl . no 
HaMarHHtJeHHOCTH. 
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B HaCTOHJ:Ueii pa6oTe MeTo.n HH3KOTeMnepaTypHOH 11,nepHOH opHeHTa
UHH HCnOJib30BaJICH ,nJIH H3ytJeHHH MarHHTHOrO noae,neHHH pa36aaneHHOH 
npHMecH 54Mn a cnnaaax Pt + 0,05 aT.%Fe, Pt + 0,1 aT.%Fe,, Pt + 
+ 1 aT.% Fe, a TaKiKe a crrnaaax Pd + 1 aT.%Fe H Pd + 1 aT.%(Coo,8Feo, 2). 

2. METO,!U1KA 3KCIIEPHMEHTA 

Co,nepiKaHHe Fe H Co B 06pa3uax HCCne,nOBaBWHXCH CIIJiaBOB 6bIJIO 
npoaHaJIH3HpOBaHO C noMOJ:UblO , CKaHHpywiuero peHTreHOBCKOro MHKpo
CKOna. AHanH3 IIOKa3aJI ,nocTaTO'IHO paBHOMepHOe pacnpe,neneHHe Fe H Co 
B cnnaaax. ,[(JI.JI BHe,npeHHH54 Mn Ha no,nJIOiKKH H3 CIIJiaBOB HaHOCHJiaCb KaIIJI.H 

54 , 
pacTaopa MnCl 2 • Ilocne BbicywHBaHHH no,nnoiKKH c HaHeceHHoii aKTHB-
HOCTbIO no,naepranHCb neperrnaaneHHIO a aa1<:yyMe H nocne,nyroiueii npo-
1<:aT1<:e. roTOBbie o6pa3UbI HMenH an,n cpon1,r TOJIIUHHOH · 3-5 MKM. KoHUeHT
pauHH Mn a o6pa3uax He npeBbiwana 10-5 

( c ytJl;lTOM co,nep:>KaHHH cTa6Hnb

Horo Mn B pa,nHOaKTHBHOM Cblpbe). 06pa3Ubl, co,nepiKaJ:UHe Pd, Henocpe.n
CTBeHHO nepe.n H3MepeHHHMH no,naepranHCb KpaTKOBpeMeHHOMY OTiKHry B 
aa1<:yyMe npH . 800° C ,nnH y,naneHHH cop6HpOBaHHoro ao,nopo,na, KOTOpbrn 

MOiKeT noBnHHTb Ha pe3yn1,TaTbl Hccne,nOBaHHH /S/ . 

31<:cnepHMeHTbl no H,nepHOH opHeHTaUHH 6blnH BbIIIOnHeHbl Ha ycTa-
/9 / HOBKe CIIHH • 06pa3UbI npHnanaanHcb MHrKHM npHnoeM K Terrnoo6-

MeHHHKY C pa3BHTOH noaepXHOCTblO BMeCTe C 11,nepHblM TepMOMeTpOM 
60coFe H noMeiuaJIHCb a KaMepy ~acTaopeHHH pecppIDKepaTopa SHe-

4
He • 

y-H3ny-iJeHHe 54 Mn (835 K3B) H 
0
co "(1173 u: 1332 K3B) pemCTpHpOBa

nocb ,nayMH Ge(Li) -,neTeKTOpaMH, ycTaHOBneHHblMH no.n yrnaMH 0 = 0° H 
90°· OTHOCHTenbHO HanpaaneHHH BHeWHero MarHHTHOrO nonH, co3,naaaeMO· 

ro napoii caepxnpoao,n.JIIUHX 1<:aTyweK. 
B 31<:cnepu:MeHTe aenu:tJHHa W(8) onpe.nei111nac1, ,nn11 yrnoa 0 = 0° H 

90° KaK OTHOWeHHe NT/Noa, r.ne NT,Noo - COOTBCTCTBeHHO CKOPC?CTH CtJeTa . 
npu: HH3KOH TeMnepaType T u: npH "BbICOKOH" TeMnepaType (0,6 - 1 K), 
1<:or.na opHeHTauHH 11,nep oTcyTCTBYeT (H3nyqeHHe H30TpoIIHo). KoppeKUIDI 
H3MepeHHblX CKOpOcTeii C'leTa Ha cpoH H Ha ,npeiicp cne1<:TpOMeTpHtiec1<:oro 
TpaKTa ocyiuecrnn11nac1, C noMOIUblO 3BM. l13MepeHHH 6bIJIH npoae,neHbI 
a HHTepaane TeMnepaTyp 11-50 MK BO BHewHeM MarHHTHOM none ,no 

1,2Tn. 
03 H3MepeHHOH aHH30TpOnHH yrnoaoro pacnpe,neneHHH y-H3nytJeHHH 

C nOMOJ:UblO COOTHOWeHHH (1) onpe,nenHJIOCb 3cpcpeKTHBHOe MarHHTHOe 
none B

3
4icp Ha JI,U,pe 54Mn • Baqicp cooTBeTCTByeT MarHHTHOMY nonro, ,neiicr

ayroiueMy Ha · 11,npa a,non1, HanpaaneHHH BHewHero non.JI H Bbl3bIBaIOIUeMY 
H3MepeHHYIO BeJIH'IHHY aHH30TpOnHH. IIpeu:MyJ:UeCTBO TaKoro npe,ncTaane
HHH 3aKJIIOtJaeTCH B TOM, 'ITO B cnyqae noKaJibHOro HapyweHHH CHMMeTpHH 
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OTHOCHTeJU,HO HanpaaneHHR BHewHero IlOJIR B03HHKaeT 3aBHCHMOCTb 

Bacpcp OT TeMnepaTypbI /6, 71_ 

3. PE3YJihTATbl 11 OBCY)K,lJ;EHHE 

3.1. 54 Mn : PtFe 

l13MepRJiacb y-aHH30TpOnHR W(0°) H W(90°j 54 Mn B crmaaax PtFe c 

KOHD;eHTp~RMH Fe 0,05; 0,1 H 1% B 3aBHCHMOCTH OT BHewHero MarHHT

Horo IlOJIR H OT TeMnepaTypbI. Iloneean 3aBHCHMOCTb Y-aHH30TpOIIHH 

W (0 °) 6bma H3MepeHa rrpH TeMnepaType T ~ 12 MK. BenHtrnHbI Bacpcp AJIR 

p11,D;a 3HatieHHii BHeWHero MarHHTHOro IlOJIR rrpHBe,D;eHbl Ha pHC. 1. 03 pH

CYHKa cne,D;yeT,tITO ,D;JIR ecex Tpex crmaeoe Bacp(jl Ha Mn He ,D;ocrnraeT Hacbl

w;eHHR B npHJIO)KeHHbIX BHeWHHX IIOJIRX. T1:1Koe IIOBe,D;eHHe Bacj)(jl MO)KeT 

6blTb CB113aHO JIH6o C OTCYTCTBHeM noJIHoro BbICTpaHBaHHR :=meKTpOHHhIX 

MOMeHTOB, JIH6o c o6pa3oBaHHeM crrHH·KOMneHcHpoBaHHoro cocTORHHR 

Ha y3ne Mn (3q>q>eKT KoH,D;o). 
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Puc. 1. 3a6UCUMOCTU 2acpcpHa Rope 54Mn. OT 6Heume20 MQZHUTH0-
zo nonR npu noCTOJlHHOU TeMneparype T = 12 MK onR Cn/10606 
PtFe ( o - 0,05; 6. - 0,1 u x - 1 tIT.% Fe). Jlunuu npoaeoenbz 
onR HaZnJloHOCTU. Ha 6Cex pucyHKQX YKa3QHbl CTQTUCTUl/eCKUe 
0lUU6Ku, 3Q UCKn10l/eHUeM C/lyl/aea, KOZ0Q 0HU He npe6bllUQ10T 
P43Mepo6 T0l/eK. 
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Puc. 2. 3a6UCUMOCTU Bacl,>cj). HQ 54 Mn OT TeMneparypbl cnnaaa Pt+ 
+ 0,1 aT.% Fe npu nocTORHHOM BHeumeM none: O - 1,16 Tn, !! -
0,69 Tn. 

qT06hI noHRTb, tieM o6ycJIOBJieH Ha6mo,D;aBWHHCR XO,D; noneeoi:i: 3aBH

CHMOCTH, o6paTHMCR K paCCMOTpemuo TeMneparypHoro XO,D;a Bacpcp(TeMne

paTypHhie 3aBHCHMOCTH 6bIJIH H3MepeHhl npH ,D;Byx HJIH Tpex 3HatieHHRX 

BHewHero IIOJIR: BBH = 0,69; 0,93 H 1,16 Tn). 03 tmc. 2 H 3 BH,D;HO, tITO 

B8¢xl> C IlOHH)KeHHeM TeMrre-

paTyphI yMeHbWaeTCR. Ta-

Koe noee,D;eHHe B 8 cpcp, KaK 8 
3 

ci,T.,1 
• • q, I 

OTMetiaJIOCb BbIWe, O,D;H0-

~ ~ 

3HatIHO yKa3hmaeT Iia To, tITo 

JIOKaJibHhie OCH KBaHTOBa- 2 8 
HHR 11,D;pa, COBila,D;arow;He C 

HanpaaneHHeM 3JieKTPOH

HbIX MOMeHTOB Mn ' OTKJIO

HRIOTCR OT OCH MaKpOCKOnH· 

tieCKOll CHMMeTPHH, orrpe,D;e-

D >< X 
)( 

JIReMOll BHeWHHM MarHHT-

HhIMilOJieM. 

Puc. 3. 3a6UCUMOCTU Bacp(jl HQ 
64Mn oT TeMneparypbl onR cnna
aoa PtFe_ c cooepJ1CanueM J1Ce.t1e:ia 
0,05 u 1 QT.% npu n0CTOJlHH0M 
BHeumeM none.: o - 1,16 Tn, 
6. - 0,69 Tn (Pt+ 0,05%Fe) u 
a - 1,16 Tn, x - 0,93 Tn (Pt+ 
+ ]%Fe). 
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Ta6/IUIJa 1. /IapaMeTpbl annpOKCUMalJUU Te.MnepaTypHOU 3a8UCUMOCTU 

yz11oeou aHu3oTponuu y-u311y11eHW1 54Mno/1Jl cn11aeoe f.SF? 

CoAepma

HHe Fe B 

cnnaae, 

aT.% 

0,05 

0,1 

1 

B (Tn) 
BH 

1,16 
0,69 

1,16 
0,93 
0,69 

1,16 
0,93 

AnnpOKCHM~IDI C 

OAHHM yrJIOM 

B~ (Tn) cos¢0 

36,2 (3) 0,920(2) 
35,0 (3) 0,873 (2) 

34,0 (6) 0,908 (4) 
33,9 (7) 0,891 (5) 
33,8 (6) 0,857 (4) 

36,8 (8) 0,870 (5) 
36,8 (7) 0,855 (4) 

* Bo ecex c11y11aJ1x no11y11eHo, 11To (cos¢) = 1 .. . m 

PacnpeAeJieHHe 

JlopeHua* 

BR (TJI) r 

37,1 (3) 0,099 (3) 
36,7 ( 4) 0,198 (5) 

35,0 (6) 0,120(8) 
34,9 (8) 0,154(11) 
35,8 (8) 0,242 (11) 

38,7 (10) 0,223 (13) 
38,9 (8) 0,276 (13) 

.LlJIH oueHKH CTeneHH Ha6JIIOAaBlllettcH HeKOJIJIHHeapHOCTH 6bIJIH npo

BeAeHbl pactJeTbl B npeAnOJIO,KeHHH, 'ITO AJIH acex aTOMOB Mn yroJI OTKJIO· 

HeHHH OAHHaKOB. IlpoBOAHJiaCh annpOKCHMaQHH no MeTOAY HaHMeHhlllHX 

KBaApaTOB 3KcnepHMeHTaJihHOH TeMnepaTypHott 3aBHCHMOCTH W(T) c ABY· 

MR napaMeTpaMH: cos 'Po** H BR (aeJIHtJHHa nOJIH _Ha HApe BR paaHa BeKTop

HOH cyMMe BsH H BcT ) • IloJiytJeHHbie napaMeTpbl npeACTaBJieHbl a Ta6JI. 1. 
Pe3yJibTaTh~ annpOKCHM~HH AJIH CHCTeMbl Pt + 1%Fe noKa3aHhl Ha pHC. 4. 

B KatJecme 6onee peaJIHCTHtJeCKOro npeACTaBJieHHH noBeAeHIDI cnHHOB 

Mn 6bIJIH BbinOJIHeHbl pactJeThl a npeAnOJIO)KeHHH JIOpeHueaa HJIH rayccoaa 

pacnpe):l;eJieHHH OpHeHTaQHH MOMeHTOB Mn OTHOCHTeJibHO HanpaaneHHH 

BHelllHero nOJIH. IlapaMeTpbl annpoKCHM~HH a 3TOM cnyqae - BR, (cos¢) m• 
COOTBeTCTBYIOI.UHH MaKCHMYMY pacnpe):l;eJieHHH, H noJiylllHpHI'!a pacnpe):l;e-

' JieHHH r HJIH AHCnepCIDI Cl COOTBeTCTBeHHO AJIH pacnpeAeJieHHH JlopeHua 

HJIH raycca***. Ha nepBOM 3Tane pactJeTOB, KOrAa HCnOJib3OBaJIHCb AaHHhie, 

** B oaHHOM c11y11ae cos¢ xapa1<Tepu3yeT HaMaZHu'leHHOCTb: M = M
0

cos ¢. 
** * Pacnpeoe.neHWI JiopeHIJa u I'aycca 6b111u 83.RTbl a ctaHoapmou <jiopMe: 

cr°;2> 2 
L(x) = --------

. (r/2)2+(xm-:-x)2 

zoe x=cos¢, xm=(cos¢)m. 
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[ · 2 2] u G(x)=exp -(x -x) /2a , m . 
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Puc. 4. Te.MneparypHaJI 3a8UCUMOCTb y -aHU3OTpOnuu W (0°, T ) 
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Mn 

0/IJl o6pa31Ja 54 Mn: Pt + 1% Fe, npu nOCTORHHOM BHeUmeM no11e 

(• - 1,16 T11, 0 - 0,93 T11). JiuHUU Ha pucyHKe COOTBeTCTBYIOT an

npOKCUMalJUU 8 npeono/lOJ/CeHUU OOUHaKOBOZO · OTK/IOHeHWI MOMeH

TOB ecex npUMeCHblX aTOMOB OT Hanpae11eHW1 BHeumezo no/lJl. 

noJiytJeHHbie npH H3MepeHHH TOJibKQ BAOJib BHelllHero MarHHTHoro nOJIH, 

W (00, T ) , KPHTepHH cornacHH x 2 AJIH pacnpeAeJieHHtt JlopeHua H raycca 

cyiuecTBeHHO He pa3JIHtJaJIHCb. B TOM CJiytJae, KOrAa annpOKCHMaQHH npoao

AHJiaCb coaMecrno no AaHHhIM W (0°, T ) H W (90°, T ) , KpHTepHtt corna

CHH OKa3aJICH JIYtJlllHM AJIH pacnpeAeJieHHH JlopeHua, XOTH noArOHOtJHbie 

napaMeTpbl npaKTHtJeCKH He H3MeHHJIHCb. B paMKax o6eHx MO]];eJiett pacqe

Ta 6bIJIO nonytJeHo, tJTO AJIH acex Tpex cHcTeM (cos </J) m = 1 npH acex 

3HatJeHHHX B~elllHero noJIH. Pe3yJibTaTbI pactJeTOB ]];Jiff pacnpe]];eJieHHH Jlo

peHua npHBe]];eHhl a Ta6JI. 1. 

3.2. 54 Mn: PdFe a 54 Mn: Pd(Co, Fe) 
EbIJIH npoBe]];eHhl aHaJIOrHtJHbie HCCJie]];OBaHHH H]];epHOH opHeHT~ 

54Mn a <peppoMarHHTHhIX MaTpHuax Pd + 1% Fe H Pd+ 1% (Coo,s Fe o,2 ) • 

Ha pHC. 5 npHBO]];HTCH noJieBhie 3aBHCHMOCTH Baci,cp, H3 KOTOpbIX cJie]];yeT, 

'ITO B ]];aHHOM CJiyqae 3HatJeHHH Baci,ci, AJIH Mn B o6eHx CHCTeMax cyiuecTBeH

HO Bbillle, tJeM ]];JIH MaTpHU PtFe npH Tex ;i<e 3HatJeHIDIX BIIH , XOTH nOJIHO· 

ro HaCblI.QeHHH He Ha6JIIO]];aeTCH. IlpH BaH = 1,16 TJI noJIH 6JIH3KH K BeJIH

tJHHe BcT AJIH Mn a Pd:· B CT = 38,0 Tn "/ 101 • B 3TOM cnyqae TaK me, KaK 

H a cnnaaax c Pt., 3aBJ:ICHMOCTh B9cpJB IIH) Jie,KHT HeCKOJibKO HHme AJIH 

cnnaaa c 6oJI~lllHM co]];ep)KllHHeM Fe • 
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Puc. 5. 3aeUCUMOCTb Ba¢¢ Ha 54
Mn OT 8Heumew MaZHUTHOW nO/Ul 

npu nocTOJlHHOu TeMneparype T = 12 MK Ollll c1111aeoe Pd c Fe u 
Co: 0 - Pd+ 1 aT.% (Co, Fe), x - Pd+ 1 aT.%Fe. 
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Puc. 6. 3aeuCUMOCTb Bacpcp Ha 

64
Mn OT TeMneparypbl npu nOCTOJlH

HOM BHeUlHeM none 0/Ul c1111aeoe Pd+ 1%Fe ( e - 1,16 T11, X -
0,37 Tn) u Pd+ 1% (Co, Fe) ( □ - 1,16 Tn, t!J. - 0,32 Tn). 

I 
I 

Ta6nuwi 2. IlapaMeipb1 11opeH14eeou annpoKcUMa14uu TeMneparypHou 3aeu

cuMocro yznoeou aHU3oiponuu y -U3Jly'leHWI 54Mn oJZJI c1111aeoe Ha OCHOBe 
Pd ( eo ecex CIIY'laJIX nony11eHo (cos¢) m = 1) 

Cnmm BeH (Tn) BR(Tn) -r 

Pd+ !%Fe 0,56 37,3 (2) 0,012 (1) 
0,37 38,3 (2) 0,026 (1) 

Pd + 1%(Co0,8 Fe0 ,2 ) 0,32 38,0(3) 0,020 (2) 

BbmH H3MepeHbl TaK)Ke TeMnepaTypHbie 3aBHCHMOCTH w (0 °, T ) npH 
B BH = 0,37; 0,56 H 1,16 Tn )];nH Pd + 1% Fe H npu B aH = 0,32 H 1,16 Tn 
)];nH Pd + 1% (Co, Fe). Ilpu B eH = 1,16 Tn TeMnepaTypHa.a 3aBHCHMOCTb 
BscpcpBbipa)KeHa cna6o (CM. pHc. 6)' 'ITO CBH)];eTenbCTByeT O TOM, 'ITO Mar
HHTHbie MOMeHTbl Mn nO'-ITH BbICTpOeHbl. IlpH 6onee HH3KHX 3HaqeHHHX 
BHeU:mero non.a Ha6nJO)];aeTCH HBHa.H 3aBHCHMOCTb . Ba¢¢ OT TeMnepaTypbI. 
)lnH HH3KononeBblX TeMnepaTypHbIX 3aBHCHMOCTeH w (0°' T ) 6bIJia Bbl
nonHeHa annpoKCHMa~H C nopeHQeBbIM pacnpe)];eneHHeM.no OnHCaHHOH 
BbIWe npoueAype. IlpH 3TOM )];nH o6oux CMaBOB 6bIJIH nonyqeHbI.O)];HHaKO
Bbie 3HaqeHHH BR -::: 38 TJI, B nonHOM COOTBeTCTBHH C /iO/, CM. Ta6n.2. 

3.3. 06cy)K)];eHHe pe3yn&TaToB 
OcHOBHbie pe3yiI&TaTbl no CHCTeMe 54Mn: PtFe. 
a) )ln.a cnnaaoa Pt + 0,05% Fe H Pt + 1 %Fe MarHHTHoe none Ha M

pe BR, xopowo cornacyeTca c H3BecTHoii aenuquHon BcT AnH Mn B Pt : 
B CT = 37,5 Tn 1111

. HecKonhKO 6onee HH3Koe 3~aqeHHe BR _nonyqeHo 
)];nH cnnaaa Pt+ 0,1 % Fe. . ' 

6) CTeneHb HeKonnHHeapHOCTH, onpe)];en.HeMa.H B0nHqffffaMH cos ¢ 0 H 
r (HnH a ) , COOTBeTCTBeHHO B M0)];0nHX C O)];HHM yrnoM H pacnpe]];eneHHeM 
nopeHua (unu raycca) ao3pacTaeT c yaenuqeHHeM KOHQeHTp~ Fe a 
cnnaae. 

B) COS <p O• r (H a ) yMeHbWaJOTCH C pOCTOM B
8

H (An.fl BR KOppeniI
~H C BBH He Ha6nJO)];aeTCH). KaK 6bIJIO noKa3aHO B H0)];aBHHX H3MepeHHHX 
H)];epHOH opHeHT~H, BbinOnHeHHblX B neaeHe (BenbrHH) * ' nonttoro_ Bbl
CTpaHBaHHH cnHHOB Mn B Pt + 1 % Fe He )];OCTHraeTCH BMOTb )];0 BenHqHHbl 
BHewHero MarHHTHoro non.a 8 Tn. ,Un.a o6pa3QOB Pt + 0,05%Fe H Pt+ 

* 3ro pe3ynbran1 6b1JZu coo6U1eHbl M.TpxnuKOM u E.CeiJnaKOM. 
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+ 0,1 % Fe HaChII.UeHlie Ba<l><I> HacTynaeT BO BHenrnux DOJIHX COOTBeTCTBeHHO 

4 u 6 Tn. ,llnH cpaBHeHttH yKIDKeM, 'ITO B cnnaBax c. conepm:aHueM Fe B Pt 

... 3 ppm 3cpcpe.KTbl He.KOJIJIHHeapHOCTH Mn 0cqe3ruoT npH 3HaqeHUH B = 
I / · BH 

= 0,69 Tn' 12 . . 

r) IIoc.KOJihKY no KpHTepuro cornacHH Monenh c pacnpeneneHHeM Jio

peHua OKa3hIBaeTCH npenno~HTeJihHeii, qeM c pacnpeneneHHeM raycca, 

MOm:80 npennoJIOm:HTb, qTO 3aMeTHaH J];OJIH COUHOB Mn HMeeT 6oJibWHe yr-

Jlbl OTKnOHeHUH OT Ma.Kpoc.Konuqec.KOH OCll HaMarHuqeHHOCTH. . 

06Hapym:eHHaH He.KOJIJIHHeapHOCTb COHHOB Mn B cnnaBax PtFe CTaBllT 

Bonpoc O MarHHTHOM HaChII.UeHHH MaTpHUbl. ,llnH npOHCHeHHH 3TOro o6CTO

HTenb'CTBa HaMll 6bmH npoBe)];eHbl B aHanoruqHblX ycJIOBHHX ll3MepeHHH 

HJ];epHOH OpHeHTaUHH MarHHTHOH npHMeCH GO Co B 3THX m:e MaTpHuax. l13Me

peHHH noKa3anH, ~o B npunom:eHHblX BHeWHHX IlOJIHX Ba<l>cti)];JIH Co J];OCTH

raeT HaChII.UeHHH, a TeMnepaTypHaH 3aBHCHMOCTb Ba¢¢ OTCYTCTByeT. IIony

qeHHbie pe3yJibTaThI, oqeBH)];HO, yKa3bIBaJOT, qTo MaTpuua MarHHTHO HaCbl

meHa. 3aMeTHM, ~o J];nH cpeppoMarHHTHoro 06pa3ua 
80

co: Pt + 1%Fe, 

Ba<i><l>J];OCTllraeT HaCbII.UeHHH 6b1CTµee, qeM J];JIH OCTanhHblX )];BYX o6pa3UOB, 

B TO BpeMH .Ka.K J];JIH npHMeCH Mn CHTyaUHH npHMO npOTllBOOOJIOm:HaH 

(CM. pHC. 1). 

Ta.KUM o6pa3oM, Mom:Ho 3a.KnroqHTh, qTo B cHcTeMax 54Mn: PtFe HMeeT 

MeCTO cocymecTBOBaHHe )];Byx THOOB MarHHTHOro noBe)];eHHH: He.KOJIJIHHe

apHOCTH ("KaHTHHra") CIIHHOB Mn H MarHttTHO ynopH.D;oqeHHOH MaTpHUhI. 

3HaqHTeJihHaH pa30pHeHTauHH COHHOB Mn CBH)];eTeJihCTByeT O Hanuq00 . B 

CHCTeMe B3aHMOJ];eHCTBllH, npeOHTCTByromux BblCTpaHBaHHIO Mn B)];OJib 

HanpaBneHHH BHeWHero OOJIH. Bo3paCTaHHe CTeneHH He.KOJIJIHHeapHOCTH 

Mn C yBenHqeHHeM conepm:aHHH Fe B cnnaBe C HeCOMHeHHOCTblO yKa3hIBaeT 

Ha TO, ~o HCTOqHHKOM B3attMO.D;eil:CTBHH, Bbl3bIBaJOLUHX OTKnOHeHHe 

MOMeHTOB Mn OT HanpaBneHHH MaKpOCKOOllqec.KOH HaMarm~qeHHOCTH, HB

JIHIOTCH aTOMbl Fe. 

l13BeCTHO, ~o npHMOe B3aHMoneiicTBHe Mn-Mn H Mn-Fe HBJIHeTCH 

aHTHq>eppOMarHllTHbIM. KocBeHHaH aHTHq>eppoMarHHTHaH CBH3b TaKm:e 

Mom:eT B03HHKHYTb BCJie,D;CTBHe 3HaKonepeMeHHOro B3aHMOJ];eHCTBHH 

PKK11-THna. Hym:Ho · 3aMeTttTh, o)];HaKo, qTo H3-3a HH3Koii KOHUeHTpauuu Mn 

(;5 10-
5 ) B uccnenyeMhIX o6pa3uax npHMaH CBH3h Mn-Mn BpHn nu B03-

Mom:Ha. OcTaeTCH npennoJIOm:HTb, qTO OCHOBHbIM B3aHMOJ];eHCTBHeM, OTBeT

CTBeHHblM 3a He.KOJIJIHHeapHOCTb MOMeHTOB Mn OTHOCHTeJibHO HanpaBJieHHH 

BHewHero MarHHTHoro OOJIH, HBJIHeTCH aHTHcpeppoMarHHTHOe B3allMO)];eH

CTBHe Mn - Fe • 

Pe3ynLTaThI, nonyqeHHhie .D;JIH 
54

Mn B Pd(Co, Fe) , cBHJ];eTenhcTBYIOT 

0 3aTpy.D;HeHHOCTH BbICTpattBaHHH ,MOMeHTOB Mn,. TeM 60JibWeH, qeM BbIWe 

KOHUeHTpauuH Fe B cnnaBe. To 06cTOHTeJibCTBO, qTo 3cpcpeKThI He.KonnuHe

apHocTu J];nH cnnaBOB Ha OCHOBe Pd Bbipam:eHbl cna6ee, CBH3aHO, oqeBH)];HO, 

IO 

C cymecTBOBaHUeM cpeppoMarHHTHOro B3attMOJ];eHCTBHH rttraHTCKHX MOMeH

TOB Mn H Fe (HJill Co ) B Pd. :AHanOrHqffble 3cpcpe.KTbl He.KOJIJIUHeapHOCTll 

cnHHOB Mn, BhI3BaHHhie Mem:npHMeCHhIM B3aHMoneiiCTBHeM Mn-Fe, tta6nro

nan0cb pattee npH oqeHb HH3KHX KOHUeHTpauHHX Fe B Pd B cna6bIX MarHHT-
HblX OOJIHX /O/ • 

3AKJIIOqEHl1E 

B HccnenoBaHHHX HJ];epHOH opHeHTaUHH npH HH3KllX TeMnepaTypax 

o6Hapym:eHO, ~o KaK .B cpeppoMarHHTHbIX, Ta.K u B napaMarHHTHblX cnna

Bax PtFe H PdFe, Pd(Co, Fe) npuMecb Mn Haxo)];HTCH B KaHrnpoBaHHoM 

COCTOHHHll. CTeneHb KaHTllHra yMeHbWaeTCH C pOCTOM BHewttero DOJIH H C 

noHum:ettHeM conepm:aHHH m:ene3a, ontta.Ko eme nocTaTOqffO BeJIHKa nam:e 

npH KOHUeHTpaUHH Fe 0,05% B. Pt. Ha6nronaBWaHCH yrJIOBaH aHll30TpOOHH 

xopowo onHchrnaeTcH B npennonom:eHHH nopettueBa pacnpeneneHHH opHeH

Tauuii MarHHTHbIX MOMeHTOB aTOMOB Mn. 

IIonyqeHHbie pe3yJihTaTbl. CBH)];eTeJibCTBYIOT O TOM, qTo MeTO)]; HJ];epHOH 

opHeHTaUHH o6nanaeT 60JibWOH tiyBCTBHTenbHOCTblO K THny MarHHTHOro 

noBeJ];eHHH npHMeCH. B qacTHOCTH, O.Ka3bIBaeTCH B03MOm:HbIM neTe.KTHpo

BaTh cymecTBOBaHHe npocTpaHCTBeHHO-HeynopH)];OqeHHbIX DOJ];CllCTeM JIOKa

JIH30BaHHblX MOMeHTOB B cpeppoMarHHTHOH HJIH napaMarHUTHOH CHCTeMax. 

ABTOpbI 6naronapHT 3a DOMOI.Uh B BbillOJIHeHHH 3.KCnepHMeHTa II.Ma

JlllHCKoro, IJ.qum:e.Ka, JI.JiewTaKa, a Ta.Km:e M.<l>Httrepa 3a BHttMaHHe K pa-

6oTe. 
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