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TJl)KCJJhIMH cpepMHoHaMH, CeM2Sh (M = Ni, Co, Fe) - cncTeMaMH c nepeMemmii 

BaJJeHTHOCThlO, a CeCu2Ge2 - CllCTeMa KOH.LIO C aHTllcpeppm.tarHHTHhIM IT0PH.UKOM npll 

HHJKHX TeMneparypax. Coe.uttHeHIIH mna RNhSh (R = Pr,Nd,Tb,Ho,Er,Tm) nMelOT 

npll HH3KIIX TCMnepaTypax HeTpl!BllaJihHhle MarHIITHble CTPYKTYPbI, ueC0H3MepHMh!e C 

aroMHoii crpyKTypoii [3,4]. TaKnM o6pa30M, nposo;:i» 11ccne;:ioaau1rn Kil 

113ocrpyKTypHbIX · coe,nuHeHHii RM2X2, Mo;.i-.Ho nonhrraThC.11 ycTaH0BHTh Koppen.11Q1IH 

Me)K.uy xapaKTepllCTIIKaMH KIT H TIIIIOM OCH0BHOro COCTOHHIDI. C 3TOH UeJihlO Mhl 

1rn'lanH cucTeMaTH'lecx11e uccne.uosanllil 3qJcpeKTOB KIT B coe.u11tteHu11x RM2X 2. B 

.uaHHoii pa6ore coo6ma10Tc» pe3yJihTaThI myqeHIDI coe.llllHCHllii RCu2Sh (R = Ce, Pr, 

Nd, Ho, Er). B pa6orax [5-7] MhI ony6m1Koaan11 HeKOTOpb1e pe3ynhTaThl myqeHIIH 

coe)l1IHeH1111 3TOH cepllH. 

Cpe,nH pa3JIH'lHb!X MeTO,UOB myqeHIIH KIT B MCTaJJJJII'leCKHX COC)IHHeHHHX 

P3M BhI,UeneHHhlM .11BJJHeTcH neynpyroe pacce.11H1Ie TCIIJJOBhix ueiiTpouos (HPTH). 

l13MepHeMbITT B 3KCITepuMemax ITO HPTH 3aKoH pacce>1HID1 S(Q,ffi) Ha1I6onee 

HeITocpe,UCTBeHHO CBH3aH C napaMeTpaMH pacmeIIJJeHHOro 0CHOBHOro MYJihTIIIIJJeTa 

IIOHa P3M a HCCJJe.uyeMOH CllCTeMe. TaK, noJJO:lKeHmI nHKOB s S (Q,ffi) 

COOTBeTCTBYIOT pa3HH'-le 3Hepruii Me)KJly ypOBHHMll pacmeIIJJeHHOI'O B KIT OCHOBHoro 

MYJJhTIIIIJJeTa, a HX llHTeHCHBHOCTh ITponopUHOHaJlhHa BeJJH'lIIHa.1\1 K03qJqJll'-IIIeHiOB 

CMe1II1IBaH1I.ll BOJJHOBhIX cpyHK'-IHTT 3THX yposHeii. ITo3TOMy HPTH, .11BJrn.11cb ITPHMhIM, 

cneKTpOCKOnH'leCKIIM MeTO,UOM, .uaeT Hau6onee Ha,lle)KHYIO HHqJOpMaQmO 0 

xapaKTep1ICT11Kax KIT. B .uaHttoii pa6ore HPTH llCITOJJb3osanocb .wrn 11ccne.uosa11ID1 

KIT B coe.uuHeHHHX RCu2Sh. 

2. 3KcnepnMenr 

O6pa3QbI coe.uuHeHHH RCu2Sh 6hmH npuroroBJJeHhI MeTO.UOM Jlyrosow IIJJaBKll 

Ha Me.UHOM so.nooXJia)KJlaeMoM no.ny 6e3 noTeph seca B npouecce IIJJaBJJeHIIH. ITocJie 

OT)Kllra B saKyyMe npll 700°C penrrettocTpJKTYPHbIII aHanm H 3Kcnep11111eHTbI no 

.n_11cppaKQIIll ueiirpoHOB noKa3aJ1H OTCJTCTBHe .npyrnx cpa3 3a HCKJIIO'leHIICl\1 o6pa3UOB 

C Pr H Nd, r.ue ua6JJIO,llaJ11lCh cna6bie .UHqJpaKQHOHHbie nllKll, He ITpm13JJ,Jie)Kam1Ie 

OCHOBHOTT cpa3e. OQeHKa KOJIII'leCTBa ITOCTOp0HHIIX cpa3 B 3THX 06pa3uax COCTaBllJla 

-5%, 'ITO HUKaK He MO)KeT OTpa3HThCH' Ha pe3yJJhTaTaX 3KCnepHMCHTOB no HPTH. 

3KcnepHMeHThI ITO HPTH ITposo.u1much Ha .uayx cneKTpoMeTpax: 

apeM.llITponeTHOM cneKTpOMeTpe npHMOH reoMeTpmI HET Ha Hl,IITYJJhCHOM IICTO'lHIIKe 

ISIS (RAL, UK) H speM»ITponeTHOM cITeKTpoMeTpe o6paTHoii reoMeTpttn KnCOf-M 
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Ha mmyJihCH0M peaKTope HEP-2 .(O115IH, Pocrnll). HcrroJih30Bam1e 3TIIX .UByx 

HJ:ICTpYMeHT0B C B3amrn.uorromrnIOrumm xapaKTepncTHKaMn 1103B0JIHJI0 3Ha'IHTeJihH0 

II0BhICIITh Ha,lle)KH0CTh II0JiyqaeMbIX pe3yJihTaT0B [5]; TaK, urnpoKHH .uuarra30H 

rrepe,uaq 3Heprni1 II BhlC0KaH CBeTOCima K,UCOf-M 1103B0mmn Ha,lle)KH0 qJHKCnpoBaTb 

II0JIH0e pacrueITJieHne 0CH0BH0ro MYJihTIIITJieTa, 'ITO, B TOM 'IIICJJe, ,uaBaJJ0 

B03M0)KH0CTh 0ITTHMll3HpoBaTb 3KCrrepm.teHT Ha HET, rrp0II3B0,UHMhlH C 6onee 

Bh!C0KIIM pa3peIIIenneM II MaJJOH rrepe,ua'lett IIMIIYJJbCa, a 3T0 B CB0IO 0'Iepe,ub 

1103B0~JI0 YT0'l~Th rrapaMeTpbl KIT, rrpoB0,[(ll rrpocpimhHylO rro.uronKy crreKTp0B 

HPTH. 

3KcrrepnMeHThl Ha HET rrpoB0,UUJIUC~ rrpu 3Hepnrnx HaJJeTalOIUHX HeiiTpOHOD 

15 u 25 M3B C pa3peIIIeHUeM 0.4 II 0.75 M3B C00TBeTCTBeHH0. O6pa3el..( BeC0M -50 r 

B aJJIOMIIHHeB0M KOHTeil.nepe M0IITllp0BaJJCll Ha pecppH)K!IpaTop 3aMKHYT0fO I..(IIXJJa, 

rro1noJill10IU1Iii rronyqaTh TeMnepaTypy OT IO .uo 300 K. ,Ulm U3Mepenuil. HPTH HU)Ke 

I0 K llCII0Jlh30BaJJCll reJJl!eDblll HaJJHBHOH KpH0CTaT (Orange cryostat). HcrrOJJh3yeMblC 

,[(]Ill aHaJJU3a CIIeKTpbl 61,mu U3MepeHhl Ha ymax paccellHHH OT IO .uo JOO • a 3aTeM 

rrp0CYMMHponaHbl. 3TO C00TBeTCTB0BaJJ0 cpe,uHeii rrepe,uaqe HMIIYJihCa (Q) Ha yrrpyroil. 

JIHHl-111 -0.9 A rrpn HaJJeTaroruett 3Heprnu 15M3B. CpaBHeHne crreKTp0D ,[(]Ill 3T0ro 

ymoBoro IIHTepBana co cneKTp0M Ha yme paccellHHll 136° (Q=5 A) II0Ka3aJJ0, 'ITO 

,[(]Ill Bcex HCCJJe.uyeMblX o6pa31..(0B qJOHOHHhlll BKJia,u npeHe6pe)KHMO MaJJ. 

3KcrrepnMeHThI Ha crreKTpoMeTpe B o6paTHoii reoMeTpnn K,UCOf-M 

rrp0B0,UHJIHCb C IICII0Jih30BaH11eM 6oJihIIIero o6pa31..(a, -100 r • KOTOpblll B 

aJJIOMIIHIIeBoil. KacceTe II0MeIUaJJCll B HaJJHBHOll renneBblll KpnocTaT. H3Mepemrn 

HPTJ:I rrpoBo,unJillCh rrpn Te11,mepaTypax 10 u 77 K: TaK KaK B 3Kcrrepm.teHTax 1m 

K,UCOf-M rrepe,uaqa llMIIYJihca BhIIIIe, 'ICM B cnyqae HET, cponoHHhitt BKJia,u 

CTaH0BHTCll 3aMeTHhIM II ero ueo6xo,[(HMO yqnThIBaTb B rrpouecce o6pa6oTKH 

3KcrrepIIMeHTaJJhHhIX .uaHHhIX. ,Ulm 3Toro rrpoBO.UHJIHCh HPTH-3KcrrepnMeHThI B Tex 

.JKe ycnoBHHX c mocTp)'KTypnhIM coe.uunenueM LaCu2Si2, r,ue 0TCYTcrnyeT Marmnnoe• 

paccemme. OKa3aJJOCh, 'ITO ManmTH0e paccellHHe ,[(]Ill Bcex HCCJie,U0BaHHhIX o6pa31..(0B 
\ . 

RCu2Si2 pacrronaraeTcll npn rrepe.ua'lax 3neprnn MCHhIIIe 15 M38. KaK Bn,uHo u3 

pnc. 1 (CITJIOlllHaH JIHHHH), B 3T0M .unarra30He rrepe.ua1m 3Heprnu qJOHOHHhlll BKJia,u 

0TH0CIITeJihll0 ne60JihIIIOii, II03T0MY B03M0)l(Hble CHCTeMaTII'leCKHe OWH6KH, 

CBll3aHHhie c 11crroJ1h30BanneM crreKTpa LaCu2Si2, CKoppeKTnpoaa1rnoro na pa31muy B 
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aMITJIHTy.uax paccellHHH Me)K,lly La ll .upyrnMH P3M, B Ka'leCTBe 01..(eHKH BKJia,ua 

qJOHOHOB, ue ,U0JI)l(Hhl HMeTb cymecTBeHH0ro BJIHHHIIH ua pe3yJihTaT orrpe.ueneHHH 

rrapaMeTpoB KIT. 

Bee uccne.uoBaHHhie coe.uuueHHH RCu2Sh rrpu Hll3KHX TeMnepaTypax 

(T <21 K) llBJilllOTCll aHTl!cpeppoMarneTl!KaMH. Bo3HllKHOBeHue aHTucpeppoMarnHTHOro 

yrropll,U0'leHHll HMeeT 3Ha'IHTeJih~Oe BJIHHHHe Ha cneKTp MaIBHTHhIX B036y)l(JleHlfll 

(puc. 1), u rrpu ux HHTeprrpernuuu ueo6xo.uUMo uapll.UY c KIT yquThrnaTh 

B3aHMO,Ueil.CTBHH Me)l(Jly 4f.:.MaIBHTHhlMH M0MeHTaMH ll0H0B P3M. B .uaHH0ii pa6oT~ 

Mb! 6y.ueM o6cy)l(JlaTb T0JihK0 pe3yJihTaThl 3KCrrepUMeHT0B no HPTH B 

rrapaMaIBHTH0M C0CT0llHHH. AHaJJll3 .uaHHhIX, BKJIIO'IM pe3yJihTaThI HPTH B 

aHTucpeppoMarnHTHOM C0CT0llHllll ll . Heil.TpOH-.UHcppaKUHOHHhIX HCCJie.[(0BaHHH 

MarnuTHott CTPYKTYPhI coe.uuHeHuii RCu2Sh, 6y,ueT orry6nuKOBaH B pa6oTe [8]. 

3. AHaJIU3 3KCnepHMCIIT3JlbHbIX JJ:3HHbIX 

B uccne.uyeMhIX coemmeHHHX uonhI P3M 3au11Ma10T ymh1 c TeTparoHaJJhHOii 

TO'le'IHOH CUMMeTpneil.. faMHJibTOHHaH KIT .[(Jill 3TOH CHMMCTpHH UMeeT Bll,[( 

- o~o o~o 4~4 o~o 4~4 
Ha=~~+~~+~~+~~+~~. (1) 

r.ue 8,m - 3KBHBaJJeHTHbie orrepaTOpbl CTHBeHca [9], a Bt - cpeHOMeHOJIOrII'leCKHe 

rrapaMeTphI KIT, ll~IOIUHecll npe.[(MeToM nccne.uoBaHHH. Hx orrpe.ueneHne 

orrpe,u~ei-,cll rrepe6opoM, B pe3yJihTaTe qero Hax0.UHTCll TaKoii Ha6op rrapaMeTpoB 

KIT, KOTOphiil. rrpu rro.ucTaH0BKe B 3aKoH paccellHllll .[(Jill nerro~pmoBaHHhIX 

Heil.TpOHOB na rrapaMaIBHTH0M uone B KIT, paC'lllTbIBaeMhlll B ,[(llII0JihH0M 

rrpu6JIH)KeHHH [IO], HaHJiyqiiIUM o6pa30M B0CIIp0ll3B0,[(HJI 6bi 3KCIIepUMeHTaJJhHhlH 

crreKTp. ITepe6op ocymeq~JICll B ,[(Ba 3Tarra: Ha nepB0M - opraHH30Bh!BaJJ0Ch 

CKaHHp0BaHHe rrpoCTpaHCTBa napaMeTp0B KIT c n0M0!UhlO napaMeTpll3al..(IU1 [11], 

0K0H'laTeJihHM no.uroHKa npOI13B0,[(HJiaCb no MeT0.UY HaUMeHblllllX KBa,upaT0B. ITpu 

3T0M npe.unonaranc:ich, tJT0 IIIHpHHhI Bcex 3HepreTII'leCKHX nepexo.uoB B KIT 

0,[(HHaK0Bble ll UMelOT cpopMy JiopeHI..(HaHa, KOTOpb!H 0IIHCh!BaJI npocpHJib nepexo.uoB 

Me)l(Jly ypoB~MH KIT 3Ha'IHTeJihH0 nyqIIIe rayccuaHa. 
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Ta6JIHUa I. rlapaMcrpu Kp11cnu1m1•1ccKorn "'"'" CcC112Si2 11 11ccJ1cJ1yc.i1,ox 
COC,llllllClllfii. 8blp3JKCIIIUI Ar < R 1 > panm,I nap.ar-.tcTpaM Br • JlCJICllllhlM Ila 

COlYTB\..'TCTHYIOIIUIC cpataopu Cnrncm:a. 11 MIUUIIOl"C)I 11apaMcTpat.m Kil. 
MaKCHM,LTlhllO oceo6o)KJ.{Clll,1Mll OT oco6c1111ocTCii pcJtKOii '\CMJIII 

P3 

Ce 

Pr 

Nd 

Ho 

Er 

B:.,,nB B:.~uB B:,M;B B:.~no 

A:<R2>,M38 A:<R4>,MlU A:<R4>(M>ll) A:<R4>,M)U 

-1.29±.01 -(4.34±.ll3)· lll-3 ±ll.453±.()03 

22.59 -0.68 ±71.34 

--0.063±.005 (1.4R±.10)·10-3 +12.24+.05)· 10·2 (5.27±.Jll)· I0-5 

3.00 -2.01 ±30.56 0.86 

--{).ll31±.IX)I {I.IO+.IOHlr3 +O.33±.ll4)-llr3 -0.17+.U4)•11r5 

4.82 -3.94 ±4.77 0.87 

0.02R±.IX)3 (8.60±.U5J-10-5 +0.33±.03)-!0"4 -(4.50±. IO)· IO· 7 

-12.58 -2.58 ±4.00 0.34 

-0.16±.ll02 -( 1.27±.0R)· J0·4 ±(3.00±.IS)·I0·4 (6.00±.40)-l0"7 

-6.20 -2.86 ±6.30 0.30 

e, M3B 
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N 

B:,,-uB 

A:<R6>,M·,II 

:t-O.ROt.05)• 111-4 

±6.23 

=F(<i <12±.0:?J-IU-4 

±18.19 

+c 1.r,2+.041- 11r5 

+12.43 

±(2.90±.10)- rn-5 

±13.56 

Puc.I. CneKmpbt Heynpyzozo pacce11HUJ1 HeumpoHoB no epeMeHu npo11ema Ha 

PrCu2Si2 u LaCu2Si2, no11y'leHHbte Ha cneKmpoMempe KJJ,COT-M. llo ocu a6cIJucc -

HoMep epeMeHHOZO KaHMa (e«epxy yKa3aHbl coomeemcmey10u,ue nepeiJa'lu 3Hepzuu), no 

ocu opiJuHam - C'lem HeumpoHoe; JluHUJI - LaCu2Si2, T=80 K; nycmbte KpyJKKU -

PrCu2Si2, T=JO K; llepHbte KPYJKKU - PrCu2Sii, T=80 K 
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4. 3KcnepuMeHT3J!bHhle pe3yJibT3Tbl 

4.1. PrCu2Si2 

OCHOBHOH MYllbTHIUieT 3H4 H0Ha Pr+3 B Kn TeTparoHaJJbHOtt CHMMeTpHH 

pacmeIUIJleTCJI Ha ceMb ypoBHei1:: )lBa Jly6neTa H IIJ!Th CHHrneT0B. Pe3ynhTaTbl . 

3Kcnep11MeHT0B no HPTH np11Be)leHbI Ha pnc.1,2,3. I1cnon&3Yll onncaHHYIO Bbirne 

npoueJlypy noncKa napaMeTpoB Kn, 6hu_i onpe)leneH Ha6op napaMeTpoB Kn, 

HaHJiy1-HIHIM o6pa30M OilHChIBa!OIUHH 3KCnep11MeHTaJlbH0 H3MepeHHbie cneKTphl. Hx 

3Ha'-!eHHJI npnBe)leHhl B Ta6n. l. CoorneTCTBYIOlUIDI cxeMa yp0B11eii H HX B0llH0Bhle 

qiyHKUHH npHBe)leHhl Ha p11c.4. B UeJI0M, KaK _Bl-1.llH0 Ha pHc.2 H 3, HMeeTCJI HeIUioxoe 

cornacne Me)KJlY pac'-!eTHhIMH 11 ::iKcnepnMeHtaJJhHhIMH cneKTpa~m. Eonee nc)lpo6Hoe 

06cy)K)le1me )laHHhIX HPTH B PrCu2Sb ony6nHKOBaHo B [7]. 

4.2. NdCu2Si2 

Kn TeTparoHaJJhHOH CHMMeTpHH pacmeIUIJleT OCHOBHOH 41912 MynhTHIUieT 

110Ha Nd+
3 

Ha nl!Tb KpaMepoBcK~X Jly6neTOB. Coe)lHHeHne NdCu2Siz 6w10 nepBbIM H3 

ceMeiicrna HHTepMeTaJJJIH'-!eCKHX coe)lHHeHnfi RM2X2, r)lc MeT0Jl0M HPTH 

onpe)leJieHhl napaMeTphl Kn. OcHOBHbie pe3yJihTaThl no UCCJie)l0BaHHIO 3TOtt CHCTeMhl 

Ha HET ony6n11KoBaHhI B [6]. Ha p11c.5 npeJlCTaBJieHhI cneKTphl HPTH, H3MepeHHhie 

Ha K.UCOf-M np11 77 K (TO'-IKH). TaK )Ke KaK H B cny'-!ae 3KcnepnMeHTOB Ha HET 

[6], HMeeTCJI xopornee cornacHe Me)K)ly pac'-!eTHhIMH (CIUIOilIHIDI JIHHHJI Ha pHC. 5) u 

3KcnepnMeHTaJJhHhIMH cneKTpaMH. napaMeTphI Kn ,ll,JIJI NdCu2Sb npirne)leHhI B 

Ta6n. l, a coorneTCTBYIOIUrui cxeMa ypoBHei1: noKa3aHa Ha puc.6. 

4.3. H0Cu2Si2 

OCHOBHOH MYJihTHIUieT H0Ha Ho +3 5Is B TeTpar0HaJlhH0M Kn pacmeIUIJleTCJI Ha 

4 Jly6neTa H 9 CHHrneT0B C 60JibIIIHM '-IHCJI0M B03M0)l(Hh!X nepeX0)l0B KaK C 

0CH0BH0ro, TaK H C B036y)K)leHHhIX ypoBHeii. Ha pHc.7 npe)lCTaBJieH cneKTp 

H0Cu2Siz, mMepeHHhIH Ha HET npu Eo = 15 M3B B napaMarnnrnoM (TN=IO K) 

cocT0JIHHH npH T=l5 K. l13MepeHHJI Ha HET c MeHbIIIeii Ha'-!aJJhHOii 3Hcprneii u, 

C00TBeTCTBeHH0, C ll)"-IIIIHM 3HepreTH'-!eCKHM pa3peIIICHHeM, He Il03Bomum pa3peIIIUTb 

0T)leJihHhie nepeX0)lhl Me)K)l)' ypoBHJIMH Kn. 3TO, maBHhIM o6pa30M, CBJl3aHo C 

60JihIIIHM K0JIH'IeCTB0M nepexo)l0B C B036y)K)leHHhlX ypoBHeii, pacnoJI0)KCHHhIX npu 

3HeprID!X MeHhIIIe 2 M3B H HMelOIUHX 3Ha'-!HTeJihHYI0 3acene11H0CTb npn T = 15 K. 

TeM He MeHee HaM YJla.rI0Ch Ha,ue)KH0 YCTaH0BHTh na6op napaMeTp0B Kn, K0TOphltt 

YJl0BJICTB0pHTeJlhH0 0ilHCbIBaeT 3KCnepHMeHTaJlhHhie cneKTphl KaK HET npH 15 K 
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Puc.2. 3aKoH pacce11HUJ1 PrCu2Si2, no11y'leHHblU Ha cneKmpoMempe HET npu 

T=25 K. l/epHble Kpy)KKU - 3KCnepUMeHmaJlbHblU cneKmp; CnllOUlHaJ! JIUHUJI - pac'lemHblU 

cneKmp; nyHKmupHaJ! JIUHUJ! - omOeJlbHble cneKmpaJlbHble KOMnOHeHmbl 
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£, M3B 
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Puc.3. CneKmp Heynpyzow MamumHozo pacce11HUJ1 HeumpoHo« no apeMeHu 

npo11ema Ha PrCu2Si2, no11y'leHHblU Ha cneKmpoMempe K)J.COT-M npu T=80 K. Ilo ocu 

a6c11ucc - HOMep apeMeHHOW KaHaJla ( aaepxy yKa3aHbt coomaemcmayt0u,ue nepeoa'lu 

3Hepzuu). l/epHble Kpy,KKU - 3KcnepUMeHmaJlbHblU cneKmp; CnllOUlHQJ! JIUHUJI -

pac'lemHblU cneKmp; nyHKmUpHaJI JIUHUJ! - omOeJlbHble cneKmpaJlbHble KOMllOHeHmbl 

8 

I' 

E,!'.13B 

11.33 - 0.70711+2> + 0.70711-2> 

9.20 = 0.88961±1> + 0.4568>1'3> 

7.78 - 0.35571+4> + 0.864310> +0.35571-4> 

5.09 - 0.70711+4> - 0.70711-4> 
4.18 - 0.61111+4> - 0.503PI0> + 0.61111-4> 

1.35 
0.00 ----- 0.70711+2> - 0.70711-2> 

0.88961i'3> - 0.4568111> 

Puc.4. CxeMa ypo«Heu u cmpyKmypa ao11Ho«btx </JYHK/IUU, coomaemcmayt0u,ue 

pacu,en11eHut0 ocHo«Hozo MYJibmun11ema Pr a KpucmaJIJlu'leCKOM no11e PrCu2Sii. 

BepmUKQJlbHbte JIUHUU o603Ha'lal0m Ha611t0oaeMbte (f 3KCnepu.Me111ne ounOJlbHble 

nepexoObt 
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Puc.5.. CneKmp Heynpyzow MamumHozo pacce11HUJ1 Heumpouoa no apeMeuu 

npo11ema Ha NdCu2Si2, no11y'leHHbtu ua cneKmpoMempe K)J.COT-M npu T=80 K. Ilo ocu 

a6c11ucc - uoMep apeMeHHOW KauaJla ( aaepxy yKa3aHbl coomaemcmayt0u,ue nepeOa'lu 

3Hepzuu). l/epHble Kpy,KKU - 3KcnepUMeHmaJlbHblU cneKmp; CnllOUlllQJ! JIUHUJI -

pac'lemllblU cneKmp; nyHKmupHa1! JIUHUJI - omOeJlbllble cneKmpaJlbHble KOM110HeHmbl 
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(pnc. 7), TaK n K,UCOr-M npn T = 77 K (pnc. 8). I1x 3HaqeHilll npnBe.UeHbI B 

Ta6Jrnu:e I. CxeMa ypoBHeH n BOllHOBbJe !p)'HKU:HH npnBe.[leHbl Ha pnc. 9. 

4.4. ErCuzSiz 

OcHOBHOH MynhTnnne-r 411512 KpaMepoacKoro noHa Er+3 B none 

TeTparoHanbHOH CllMMCTpHH pacmenn5IeTC51 Ha 8 .uy6neTOB. Enaro,uap51 HH3KOH 

TeMnepaType Heen51 (TN<2 K) MO)KHO 6hmo npoBecTH 3KcnepnMeHTbI no HPTH B 

napaMamHTHOH <pa3e npn HH3KHX TeMnepaTypax. Ha pnc. 10 n 11 npe,ucTaBneHbI 

cneKTpbI HPTH, H3MepeHHhie Ha HET npn Eo = 15 M3B, T = 4.5, 30 K n Ha 

K,UCOr-M npn T = 10, 77 K. AHanm ,uaHHhIX HPTH c ncnonb3oBamieM om1caHHoii 

Bblllle npou:e,uypbl n03B0JIHn onpe,uenHTb Ha6op napaMeTpOB KIT, KOTOpblll xopowo 

onncan KaK cneKTpbI HET, TaK n cneKTpbI K,UCOr-M (cnnornHhie nnHHH Ha pttc. 10 

n 11). ITapaMeTpbI raMHnbTOHHaHa KIT M51 ErCu2Si2 npnBe,UeHbl B Ta6nttu:e 1, a 

COOTBeTCTBYIOIUa51 cxeMa ypOBHeH n BOnHOBbie <p)'HKU:HH - Ha pnc. 12. 

5. O6cpimeuue pelynbTaT0B 

B ,uaHHOM naparpacpe npe,ucTaBneH cpaBHHTenbHbIH auanm pe3ymTaTOB no 

onpe,ueneHHIO napaMeTpoB KIT. ITpn 3TOM oco6oe BHllMaune 6y,ueT y,ueneHO .UBYM 

cncTeMaM: CeCu2Sh n PrCu2Sh. 

CeCu2Sh - cBepxnp0Bo.[151mee coe,unueune c T5J)KenbIMH cpepMHOHaMH. B 

pa6oTe [5] attanm napaMeTpOB KIT .[ln5I 3TOro coe,unHeHilll B paMKax 

cynepno3HU:HOHHOH Mo,uenn KpncTannnqecKoro non51 (CMKIT) noKa3an, qrn 

rn6pll.[lmau:lll 4/-3neKTpOHHbIX COCT05IHHH C p-op6HTan5IMH Si 51Bn5leTC51 

,[IOMHHHpywmeii KOMnOHCHTOH KIT · H, nO-BH.[lllMOMY, orneqaeT 3a aHoManbHbJe 

3neKTpOHHbie CBOIICTBa 3T0ro COC.[IHHeHH51. 

PrCu2Sh - amn<peppoMameTHK (TN = 21 K) c aHoManbHO BbICOKOH no 

cpaB~eunw c GdCu2Sh (TN= 13.5 K) TeMnepaTypoii Heen51 . B pa60Tax [12-14] no 

mMepemrnM pawnqHblX MaKpocKonnqecKHX CBOHCTB 3TO coe,unHeHIIe 

KJiaCCH<pHU:HpyeTC51 KaK CHCTeMa C T5J)KenbIMH <pepMHOHaMH. 

B Ta6nuu:e 1 Hap51.UY c napaMeTpaMH Bt npnBe,UeHbI napaMeTpbI At < r 1 > , 

He co,uep)Kamne MHO)KHTen5J CTnBeuca n no3TOMY .uonycKawmne cpaBHeHne 

napaMeTpOB KIT .[ln5I pawnqHbIX nouoa P3M. ITpn npoBe,ueHnn auanma napaMeTpoB 

KIT .[ln5I coe,unueHHH c TeTparouanbHOii Toqeti:HOH CHMMeTpneii uoua P3M cne,uyeT 

tt:MeTJ:, B BH.[ly, ~o · m 3KcnepnMeHTOB no HPTH HeB03MO)KHO o,uuo3Haquo 

~npe,uenHTb 3Ha~ napaMeTpOB faMHnbTOHIIaHa KIT (1) s: H s:. 
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E, 11138 

I 1.46 = 0.55241'9n> + o.s2361=1n> + 0.12851,712> 

5.84 = -0.50521c5/2> + 0.86301+3/2> 

3.88 = -0.28341!9n> + 0.04061rl/2> t 0.95871+7/2> 

1.19 
0.0 

= 0.78391!9n> - 0.56571±ln> + 0.25591+712> 
0.8630!t512> + 0.50521+3/2> 

Puc.6. CxeMa ypoeHeit u cmpyKmypa BOJIHOBblX qyy11Kt/Uti, coomeemcmey10u1ue 

pacUJen.1ie11u10 oc1w8H020 -MYJ1bmwwema Nd B KpucmaJl.llu'lecKOM noJ1e NdC112Si2. 

BepmUKll.,1bHbte JIUHUU 0603Hll'IGI0/1l Ha6J1100ae.1tble (J :JKcnepu.MeH1ne ounoJ1b1tb1e 

nepexoobt 
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£, M3B 
Puc.7. 3aKoH pacceJIHUJI H0Cu2Si2, no.11y1JeHHbl1i Ha cneKmpo.Mempe l-lET npu 

T=/5 K. l/epHb!e Kpy:,1(/(u - :JKcnepUMemna.RbHblll cneKmp; c1wo1uHw1 .~umu, - pac'lem111>tu 

cneKmp; nyHK111UpHG11 JIUHUJI • omiJeJlt,Hb/e cneKmp(IJlbHble KOMIUJHeHl/11,l·, Ha 6C/IWBKe 

npeocmae.11eHa omnocume.11bHO .Ita.J1ow1meHcuona11 :Jacmb cnt:Kmpa, com11eemcmey10f.l/aJ1 

06.11acmu nepeoa'l :JHepzuu Bbtwe 4 M:JB 
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KaK Bil.AHO II3 rn6nm.tht 1, 3Ha11emui A,m < r1 > Wlll CeCu2Sh JHa111ITenbHO 

OTn1I1Ia!OTC51 OT COOTBeTCTBY!OIUIIX BenlI'IIIH Ai"' < r 1 > .u.rt51 .upyrlIX coe.um1eH1IH 

RCu2Si2. TaK, HanpnMep, A: < r4 > ornn11aeTC51 e -14 pa3 OT JHa11eHHH .u.rt5t 

coe)lnHeHHH c Nd, Ho n Er. TaKa5t pa3m1ua ca~rn no ce6e YKaJbIBaeT Ha aHOManbHhIH 

xapaKTep noTeHm1ana Kn e CeCu2Sh. O.uHaKo e cnyqae coeJllIHeHHH RCu2Sh 

HMeeTC51 HHTepeCHa51 oco6eHHOCTb HX KpHCTann1I11eCKOH CTPYKTYPbl, KOT0pa51 

II03BOn5teT ncnonhJoeaTh CMKn [5] .u.rt5t Konn11ecrneHHOH oueHKH BKna.uoe 

paJnH'IHbIX nnraH)lOB B IIOTeHUIIan Kn H, coorneTCTBeHHO, BbUlenHTb TY KOMIIOHeHTY 

Kn, KOTOpa51 II )lenaeT ero aHOManbHbIM. 3Ta oco6eHHOCTb COCTOHT e TOM, 'ITO HOH 

P3M OKpy)KeH JlBYM51 IIO'ITII 3KBH,AIICTaHTHbIMII KOOpJlHHaUHOHHblMH ccpepaMH H3 

BOCbMH aTOMOB KpeMHII5l n BOCbMII aTOMOB Me)llI. CMKn [15] npe.unonaraeT, 'ITO Kn 

MO)KeT 6hITb npe)lCTaBneHO KaK cynepno3HUII5l IIOTeHUIIanOB OT)lenhHbIX 

KOOpJllIHaUHOHHblX ccpep. npn 3TOM BKna,!I Ka)KJlOH KOOpJlHHaUIIOHHOH ccpepbl B 

JHa11eHne napaMeTpa Kn c TO'IKH 3peHH51 CMKn MO)KeT 6btTh npe.ucrneneH e BHJle 

IIpOII3Be)leHIUI reoMeTp1I11ecKoro KOOpJllIHaUHOHHOfO cpaKTOpa K,m , 3aBIIC5IIUero OT 

pacnono)KeHII51 HOHOB na ccpepe, II napaMeTpa A,(R), KoTOpbtH n 6y.ueT onpeJlen51Th 

Ben1I1IIIHY BKna,!la HOHOB )laHHOH KOOpJllIHaUIIOHHOH ccpepbl B Kn: 

B,m =01Z,A(Rj)·K,m(0;,</J;). (2) 
ji 

3JleCb 0, - MHO)KHTenb CTHBeHca, Rj, 0;, </>; - KOOpJlHHaTbl HOHa Ha j 

KOOpJlHHaUHOHHOH ccpepe. 

B pa6oTe [ 15] o6cy)KJlanacb B03MO)KHOCTb npeHe6pe)KeHII5l BKna,!laMII B (2) co 

CTOpOHbl y.uaneHHbIX KOOPJllIHaUHOHHbIX ccpep u 6btn C)lenaH BblBOJl O TOM, 'ITO B 

cnyqae Kn 4-ro H 6-ro IIOp51JlKOB Ba)KHbIM 51Bn5IeTC51 BKna,!I TORbKO 6mt)Kattnmx 

KO0p.D:HHaUHOHHbIX ccpep. nri51 napaMeTpOB 2-ro nop51JlKa 3TO OKa3anOCb He TaK. no

BHJlHMOMy, 3T0 o6'h5ICH51eTC51 TeM, 'ITO )lanbHO)leHCTBY!OIUee 3neKTpOCTaTH1IeCKoe 

B3aHMO,!leHCTBHe 6e3 yqern 3KpaHHpOBKH B cnyqae 4-ro II 6-ro IIOp51JlKOB 

nponopunoHanbHO coorneTCTBeHHO K 5 
n R"7, a e cnyqae 2-ro nop5t.UKa - R-3 (R -

paccT05IHIIe OT P3M .uo IIOHa). 

Bcne.u 3a anTOpaMII CMKn Mht TaK)Ke npe.unono)KHnH, 11TO Kn 4-ro II 6-ro 

IIOp51JlKOB B Hccne.nyeMOH cepHH o6pa3UOB onpe)len5teTC51 HOHaMII JlBYX 6nn)Kattnmx 

KOOpJlHHaUH0HHblX ccpep: Si II Cu. 
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Puc.8. CneKmp 11eynpy2020 .Mamum11020 pacce1111UJ1 11eumpo1108 no 8pe.Me11u 

npoJ1ema 11a H0Cu2Si2, noJ1y'le1111blu 11a cneKmpo.Mempe K/1.COI'-M npu T=80 K. Ilo ocu 

a6c11ucc - 110.Mep 8pe.Me1111020 Ka11aJ1a ( 88epxy yKaJa11bt coom8emcm8y10u,ue nepeoa'lu 

311ep2uu). qep11bte Kpy,KKU - 3KcnepU.Me11maJ1b1lbtu cneKmp; cnJ10Ut11aJ1 J1U11UJ1 -

pac'lem11b1u cneKmp; ny11Kmup11W1 JlU1lUJI - omoeJ1b1lble cneKmpaJlb1lbte KO.Mno11e11mbl 

E, M3B 

10.56 0.6652(1-8>+1+8>) + 0.2379(1-4>+1+4>) - 0.042610> 
· 10.57 = -0.6666(~8>-1+8>) - 0.2360(1-4>-i.4>) 

9.70 -- 0.84591>7> + 0.49571t'.l> • 0.1930l•l> - 0.03791'5> 
8.54 -- -0.4450(~1+6>) - 0.5495(~2>-1+2>) 

6.63 -- 0.6184(1-6>+16>) + 0.3429(1-2>-1+2>) 

5.73 - 0.30971f7> - 0.17161±3> + 0.83271•1> + 0.4258h5> 
5.13 -- 0,0725(1-8>+1+8>) - 0.1147(1-4>+1+4>) + 0.981410> 

2.793 -- 0.5495(~1+6>) • 0.4450(~2>-1+2>) 
2.792 -- -0.19241f7> + 0.26911'3> • 0.32581•1> + 0.88571'5> 

1.66 -- 0.2360(1-8>-1+8>). 0.666611-4>+1+4>) 
1.54 -- -0.2286(~8>-1+8>) + 0.6559(1-4>+1+4>) • 0.187210> 
0 44 - -0.38931±7> + 0.80771±3> + 0.4040!•1> • 0,1814~5> . o:oo -- -0.3429(1-6>+16) + 0.6184(~2>+12>) 

Puc.9. Cxe.Ma ypoa11eu u cmpyKmypa BOJl1l08blX q,y11K11uu, coomaemcm8y10u,ue 

pacu,enJ1e11u10 oc110811020 MYJ1bmunJ1ema Ho B KpucmaJIJIU'lecKo.M noJle H0Cu2Si2 

13 



25 

20 

15 

10 . 
~ 
Cl) 
• = 5 M = 0 
~ = 0 

.... ,_ 
35 w .._, 

00. 
30 

25 

20 

15 

10 

5 

0 
-5 

+ 

l 11 1 T 
I 

30 K 
1
1 [1 

I I 
11, 

11· 
I 

'\; Ii 
Ii 
I' 
II 
111 
1/1 

l l ill 
I 1U' 

0 

T = 4.5 K 

5 10 

E,M3B 

Puc.JO. 3aKOH paccellHUJl ErCu2Si2, no11y'leHHbtu Ha cne,cmpo.Mempe HET npu 

pa3JlU'lHblX me.Mnepamypax. l/epHble KPY:>KKU - 3KCnepU.MeHmaJlbllbte cneKmpbt," CnJI0UlHa.Jl 

11u11u.J1 - pac'lemHbte cneKmpbt; ny1tKmup11a.J1 JlUHU.Jl - omiJeJlbHbte c1zeKmpa11bHbte 

K0.MnoHeHmbt 
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Puc.I 1. CneKmpbt Heynpyzozo Mamun111020 pacce.J11tu11 1teiimpo110« no «pe.Me1111 

npo11ema Ha ErCu2Si2, no11y'leH11bte Ha cneKmpo.Mempe K/1.COT-M np11 J}(l3Jlll'lHl>IX 

me.,.mepamypax. flo ocu a6c11ucc - H0.Mep 'Bpe.MeHHozo Ka11a11a (««epxy yKa3aHbl 

coom«emcmay10u,ue nepeiJa'lu 3Hepzuu). l/epHbte Kpy»:Ku - 3Kc11epIwemna.1111111:,1e 

cneKmpw; cn110UlHa.J1 JlUHU.Jl - pac'lemHwe cneKmpN; 11y11K11111p11a.J1 JlUHU.Jl - omoe111,111:,1e 

cneKmpa111>Hbte IW.MnoHeHmbl 
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,Iln11 CJIY"al! coeJ.lHHeHHH RCu2Si2 ypaBHeHHll CMKIT JlJlll KIT 4-ro 11 6-ro 

rropl!J.lKOB C ytieTOM J.lBYX KOopmrnaUHOHHblX ccpep MOryT 6bITb npencTaBJieHbl 

CJieJ.lyIOIUHM o6pa30M: 

B1° = 0/Krn(Si) · ;((Si)+ Krn(Cu) · A1(Cu)), 

4 - - - -
B1 = 0 1(K14 (Si) · A1(Si) + K14 (Cu)· A1(Cu)), (3) 

l = 4, 6. 

Pelllal! CHCTeMy ypaBHeHHtt (3), MO)KHO oueHHTb BKJia}l B KIT 4-ro 11 6-ro 

nopl!J.lKOB o6onx rrnraHJ.lOB: KpeMHHll H MeJ.ltt. B Ta6rrnue 2 npirne)leHbI JHa'-!emrn 

KOOpJ.lHHaUHOHHbIX cpaKTOpOB Kim ' pacC'-!HTaHHbie C HCHOJJbJOBaHneM CTpyKTYPHbIX 

)laHHhIX HJ [16]. Pe1yrrhTaTbI onpenerreH!1ll napaMeTpoB A-i(Si) 11 A1(Cu) rrp11Be)leHhI 

B Ta6nnue 3, f)le )laHbl pellleHHll CHCTeMbl ypamieHHH (3) JlJlll 06011x BapHaHTOB 

JHaKoB B1m. BapnaHT A: > 0 11 A: > 0 o6oJHa'-!eH B Ta6rr.3 KaK (++), 

rrponrnorrorro)KHblH BapHaHT - KaK (--). KaK OTMe'-laJJOCb Bblllle, HCXOJ.lll TOJJbKO 113 

)laHHbIX HettTpOHHOH crreKTpOCKOITHH B rrapaMarHIITHOM COCTOllHHH, HeB03MO)KH0 

OJ.lHOJHa'-!HOe orrpeJterrem1e KOMfornaunn JHaKoB rrapaMeTpOB A: 11 A: . B pa6oTax 

(5,6] Mbl rrpHBCJIH Ka'-!eCTBeHHbie apl)'MeHTbl B llOJlbJY Toro, '-!TO Bb16op JHaKOB 

A: > 0 u At > 0 llBJJlleTCll rrpeJ.lITO'-ITHTeJJbHbIM. IT03TOMY B J.laJJbHettllleM Mbl 6yJ.leM 

o6cy)K)laTh HMeHIIO 3TY KOM6HHaUHIO JHaKOB rrapaMeTpOB A: 11 A,4 . 

E,M38 
10.54 - -Q3J49~1 Ill>· 0.48311±3/2> + 0.0.68411<512> + 0.43161'l3/2> 

9 .25 _ 0.42%i±l512> + 0.8690!,7/2> - 0.2107(.112> - 0.10731,<)12> 

7.9 I_ 0.717%11/2> + 0.41261±312> + 0.38691<512> + 0.40511°1.'C> 

7 .54 - 008561,1512> + 0.132~£1/2> + 0.21791•1/2> + 0.9632"912> 

3.78 - G.2315~15/1...> + O.I0281ill2> + 0.9399•!12> - 0.2457"912> 

2.77 - -O.l7241tlll2> + 11.6-li ➔l±l/2> • 0.13761•112> + 0.4919,llc> 

0. J 8 !J.K7321'15/.2> • 11.46571,712> • 0.14271°112> + 11.01851"1/2> 
0.00 = 0.21141'11/2> • 0.431Xll±l/2> -11.61128•512> + 0.638lll•l!.'2> 

Puc. 12. Cxe.Ata ypoeHeu u cmpyKmypa BOllHOBbtX <PYHK/./UU, coomeemcmey10u,ue 

pacu,enJteHU/0 ocHOBH020 MYllbfflUnJtema Er B Kpucma.Jl.llu1tecKOM nolle ErCu2Si2 

I<> 

Ta6m,n,la 2. PanuychI u KoopJtnnaunoHHhie cpaKTOpbI ccpep JIHraHJ.lOB Si 11 Cu JlJlll 

paJJJH'-!HhIX P3 

Ccf>epa Pa,nttydK-"' -Ce Pr Nd Ho Er 

Si R[A] 3.136 3.130 3.115 3.040 3.024 

. -
K 40 · -0.622 -0.662 -0.691 -0.818 -0.765 -
K 44 . -25.56 -25.44 -25.35 -24.96 -25.13 

-
K 60 2.159 2.187 2.206 2.289 2.255 
-
K 64 -13.79 -14.23 -14.54 -15.96 -15.37 

Cu R[A] 3.218 3.216 3.208 3.181 3.178 

-
K 40 -2.467 -2.446 -2.413 -2.221 -2.194 
-
K 44 5.761 5.708 5.630 5.206 5.150 

-
K 60 -2.683 -2.706 -2.739 -2.910 -2.930 -
K 64 28.71 28.55 28.32 26.98 26.79 

B rrpttttu;nrre, MO)KHO O)KHJ.laTb, '-!TO rrapaMeTpbI CMKIT Ai 6yJ.lyT o'-!eHb crra6o 

JaBnceTb OT uona P3M JlJlll HJOCTpyKTypHbIX coe)lnHeHHH RCu2Sh, TaK KaK A1 6yJ.lyT 

onpeJ.leJJllTbCll B OCHOBHOM OKpy)KemieM HOHa P3M B pellleTKe. O)lHaKO, KaK BH)lHO 

B rn6rruue 3, HMeeTCll CHJihHal! JaBHCHMOCTh napaMeTpa A4 (Si) OT noHa P3M rrpH 

rrepexo)le OT rpyrrnhI coeJ.lHHeHHH Nd, Ho, Er K coeJ.lHHeHHllM c Ce H Pr, B TO )KC 

BpeMll A4 (Cu) crra6o MeHlleTCll BJ.lOJJb Bcero pllJ.la OT Er K Ce. ITpH'-leM JlJlll Nd, Ho H 

Er J.lOMHHttpyIOIUefi KOMIIOHeHToii A:<r4> llBJJlleTcll BKJJ3J.l MCJ.lH (A4 (Cu)>>A4 (Si)). 

OJ.lHaKO JlJlll COCJ.lHHCHHll CeCu2Si2 BKJla}l KpeMHHll JHa'-!HTeJlbHO, B 2.7 pa3a, 

npeBOCXOJ.lHT A4 (Cu), nMell rrpH 3TOM oTpttu;aTerrbHhIH JHaK. B CJJY"ae PrCu2Sh 

cHTyauHll npOMC)KyT0'-!Hal! Me)KJ.ly COCJ.lHHCHHllMH C Ce u C Nd,Ho,Er. TaK, 

a6corrIOTHoe JHa'-!eHne A4 (Si) Toro )Ke rropllJ.lKa BeJIH'-IHHhI, '-ITO u A4 (Cu), HO 

npOTHBorrorro)KHoro JHaKa. ,Ilnll rrapaMeTpoB IIIeCToro rropllJ.lKa A6 (Si) H A6 (Cu) 

JaBHCHMOCTh OT HOHa P3M JlJlll Nd, Ho H Er rrpaKTH'-!eCKH OTCyTCTByeT, H JJHIIIh rrpn 

nepexo,!(e K Pr HX BeJJH'-IHHbI YMCHbIIIalOTCll B ,!(Ba pa3a, TaK)Ke yKa3blBal! na 
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T a6nn:u:a 3. IlapaMeTpbl CMKIT )VU! palllll'IHbIX P3. Bap11aHT BbI6opa 3HaKOB A: > 0 " 

At > 0 o603HaqeH KaK ++, npOTllBOIIOJIO)KHhlll - KaK -. 

IIapaMCTP BapnaHT Ce Pr Nd Ho Er 

A 4 '5'i)[M3B] ++ -2.58 -0.96 0.16 0.08 0.00 

- 2.69 1.30 0.50 0.38 0.50 

A 4 Cu)[M::JB] ++ 0.94 1.10 1.52 1.13 1.30 

- -0.42 0.46 1.42 1.03 1.13 

A 6 '5'i)[M3B) ++ 1.81 3.12 2.97 3.17 

- 0.33 -1.05 -1.76 -2.16 

A 6 Cu)[M3B) ++ 1.14 2.19 2.22· 2.34 

- -0.005 -1.15 -1.50 -1.76 

0.60, ----, ----, 
I 

■ ••• ,__ ■ ■ 
N 11• ::.::: •• • .i:, 0.40 •• • t; . ..,,,. . 
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Puc.13. 3a6UCU.MOCmb menJloe.MKOCmu, iJeJ1eH1lOU Ha T, om r OJI.fl PrCu2Si2 6 

napa.MamumHou pa3e. KaaiJpama.Mu npeiJcmaaJ1e11b1 iJaHHbte [ 12 ], mpeyzoJ1bHUKa.MU -

pac'lumaHHblu Ha ocHoaaHuu onpeiJeJ1eHHblX o HacmoJ1u,eu pa6ome napa.Mempoa 

KpucmaJ1J1u'lecKozo noJUl BKJlaiJ B menJ1oe.MKocmb aHo.MaAuu lliommKu; pe3JAbmam 

Bbt'lumaHUJI omopozo u3 nepoozo npeiJcmaoJ1eH KpJ,KKa.MU. JluHuu npeiJcmaBJ1J110m 

JIUHeuHbte 3KcmpanoJUllf,UU mpex Ha6opoo mo'leK 

1H 

if 

3Ha'IUTeJibHOe OTKJIOHeH11e napaMeTpOB CMKIT OT IIX O)KllJlaeMoii 3aBUCIIMOCTll, 

KOTOpoii y.uoBJiernop5110T A6 coe.u11HeH11ii c Nd, Ho u Er. TaKHM o6pa30M, 

np11ne.ueHHbie BhIIIle cpanHeHU51 JKa3bIBalOT Ha TO, qTo BeJill'lllHhl napaMeTpOB CMKIT 

.llJ151 .unyx coe.uu11e11uii CeCu2Sh II PrCu2Sh 3HaqUTerrhHO orn11'-la10TC51 OT 

coorneTcrnyiom11x nerruquH .llJ151 coe.u11HeHuil: c Nd, Ho II Er, ilpu'leM npu nepexo.ue 

OT Tpex nocrre}lHIIX K coe.uuHeHU51M C Pr II Ce BKJia.u KpeMH1151 CTaHOBUTC51 

.llOMIIHllpylOIUHM no cpaBHeHHIO C BKJia.llOM Menu. Bhl.lleJieHHOCTh IlOTeHI.lllaJia KIT .llJ151 

3TllX .unyx coe.u11HeHHH KOpperrHpyeT C llX aHOMaJibHhIMll 3JieKTpOHHhIMll CBOHCTBaMll. 

B crryqae CeCu2Sh, r.ue m6pll.ll113aUU51 rroKarrmonaHHhIX 4f-3rreKTpoHoB c 

3JieKTpOHaMII npoBO.llllMOCTII OTBeTCTBeHHa 3a aHOMaJihHhie (T51)KeJIOcpepMUOHHhie) 

CBOHCTBa 3TOro coe.u11HeHH51, HaH6orree ecTeCTBeHHhIM o6'h5ICHeHHeM OTJill'lllll 

napaMeTpOB KIT OT coe.uHHeH11ii: r.ue TaKHX a110Marrllii HeT (Nd, Ho H Er),· 51BJI5leTc51 

npe.unoJIO)KeHHe O 3Ha'IIITeJihHO 6orree CllJihHOH m6pll.llll3aUHII f-3JieKTpOHOB C 

p-3JieKTpo11aM11 KpeMHll51. TaKa51 HHTepnpeTaU1151 6hma npe.llJIO)KeHa npH a11arrme 

napaMeTpos KIT CeCu2Sh ll NdCu2Sh B .usyx 11aw11x npe.Uhl.llYIUHX pa6oTax [5,6]. 

Pe3yrrhTaThl HaCT051IUeii pa60Thl, BKJIIO'la10m11e .uaHHhle O KIT JlJI51 6oJihIIlero 'IIICJia 

Hccrre.uonaHHhIX coe.u11HeHHii RCu2Siz, .uaioT .UaJibHeiiwee no.urnep)K)leH11e Toro, qTo 

HMeHHO (f-p)-m6p1mmau1151 OTBeTCTBeHHa 3a aHOMaJihHbie CBOHCTBa CllCTeMhl C 

T51)KeJihIMH cpepMHOHaMII CeCu2Sh. Crre.uyeT OTMeTHTh, qTo B pa6oTe [ 17] aHaJIH3 

3aBHCllMOCTll Tllna OCHOBHOro COCT051Hll51 COe}lHHeHllH CeM2X2 OT pacCT051Hllll Me)K)ly 

Ce - M H Ce - X TaK)Ke noKa3arr, qTO rrraBHhIM o6pa30M ((Ce)f-(X)p)-m6p11.D.11Jau1rn 

onpe.uerr51eT llX 3JieKTpOHHhle CBOHCTBa. 

B p51.Ue pa6oT [ 12-14], 11cxo.!l51 113 pe3yrrhTaT0B IBMepeHHii MaKpocKonH'lecK11x 

csoiicTB PrCu2Sh, 6hIJIH c.uerraHhI BhIBO.UhI o TOM, qTo 3TO coe.uH11e1me 51BJI5leTc51 

CIICTeMoii C T51)1(eJihlMll cpepMIIOHaMH, a np11q1111oii 3TOMY 51BJrneTC51 KBa.upynoJihHOe 

pacce51Hlle 3JieKTpOHOB npoBO}lllMOCTII Ha 4{-3JieKTpOHax (KBa.upynoJihHhlii KOH}l0-

3cpcpeKT). OCHOBHhlMll 3KCnep11MeHTaJihHhlMII cpaKTaMll, CBlllleTeJihCTBYIOIUIIMH . B 

Il0Jlh3Y TaKOH IIHTepnpeTaUHII, 51BllJillCh 

a) BhlCOKOe 3Ha'leHHe 3JieKTpOHHOro BKJia.ua B Y.UeJihHYIO TenrroeMKOCTh 

'( = 225- M,U,K/(MOJih• K2
); 

6) OTCJTCTBlle aHOMaJillH B TeMnepaTypHOH 3aBHCllMOCTll napaMeTpOB 

peweTKll, qTo paccMaTpllBaJIOCh KaK pe3yJihTaT KOMne11cau1m 

KBa.upynoJihHOro MOMeHTa 4f-3JieKTpOHHOii o60JIO'IKH; 

B) aHOMaJihHO BhICOKa51 TeMnepaTypa Heerr51 TN = 21 K. 
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3HaH11e napaMeTp0B KTT H, C00TBeTCTBeHH0, cxeMhl ypoBHei1 IlOJB0JUleT 

ll0Ka3aTh, '-ITO nyHKThl a) H 6) M0iyr 6bITh HHTepnpeTHposaHhl KaK 3cpcpeKThl . 

KpHCTaJIJIH'-leCK0ro ll0J151. TaK, BhlC0K0e 3Ha'-!eHHe 3JleKTp0HH0fO BKJJa.ua B YllCJihHYIO 

TennoeMK0CTh K0JIH'-!eCTBeHH0 o6'h51CH51eTC51 aH0Manuei1 lliOTTKH, a 0TCJTCTBHe 

aH0MaflHH B TeMnepaTypHOH 3aBHCIIM0CTII napaMeTp0B perneTKII CB513aH0 co cna6oi1 

TeMnepaTypHOH 3aBHCHM0CThlO KBa.upyn0JJhH0fO M0MeHTa H0Ha Pr+3 B .naHH0M 

coe.n11Hemm. TTo.npo6Ho 3TH nyHKThI 06cy)KJ(an11ch s pa6oTe [7]. Ha p11c. 13 

npe.ncrnBJieHa JaBHCHM0CTh ynenhHOH TennoeMK0CTH PrCu2Sh BhIIIIe TeMnepaTyphl 

HeeJl51 B Koopmmarnx err B 3aBIICHM0CTH OT T
2 

(KBa.upaTbl) ll annpoKCHMaUll51 

3Kcnepm,1eHTanhHhIX T0'-leK np51MOH JlllHHeH, ua10ruei1 BCJill'-IIIHY noCT051HHOH 

3oMMepcpem.na 'Y = 225 M)bd(MOJih•K2). Ha TOM )Ke p11cyHKe noKaJaH BKJJa.!l 

aH0MaflllH lli0TTKll (TpeyroJihHHKH) B y.nemHylO TennoeMKOCTh PrCu2Si2, 

pacc'-IHTaHH
0

hlH C HaH.!{eHHhlM HaMll Ha6opoM napaMeTpOB KTT. KaK BH1lHO, aHOMaflll51 

lliOTTKH B 3TIIX KOopmmarnx MO)KeT 6hITh C xopornei1 TO'-IH0CThlO 

annpOKCHMHpoBaHa np51MOH JIHHHeH, .na10ruei1 Ha nepece'-!eHllll OCH err BCJIH'-IHHY 

·r-285 Mll)K/(MOJlh·K2), '-ITO He CHJihHO OTnll'-!aeTC51 OT BCJlll'-lllHhl noCT051HHOH 

30MMepqJCJih.!{a. Ecn11 )Ke BhI'-leCTh BKna.!l lliOTTKII ll3 3KCnep11MeHTaflhHhIX TO'-leK, TO 

OCTaTOK TaK)Ke MO)KeT 6hITh C xopornei1 TO'-IH0CThlO OllllCaH np51MOH JIHHHeH C 

He6oJJhIIIOH OTpHUaTCJihHOH BCJill'-IHHOH 'Y, '-ITO B paMKax T0'-IHOCTH 3KCTpanOJI51UIIH OT 

CT0J!h BhlCOKIIX TeMnepaTyp HaXO.!{llTC51 B pa3JMHOM cornacllll C BCJlll'IIIHOH 

nocT051HHoi1 3oMMepcpenhna 'Y = 4 MJl,K/(MOJih·K
2
) llJI51 mocTpJKTypHoro 

HeMarHHTHoro aHanora LaCu2Sh. TaKHM o6pa30M, BhIC0Koe 3Ha'!eH11e 'Y B PrCu2Sh 

51BJI51eTC51 3cpcpeKTOM KTT (aHOManH51 lliOTTKll) II He CB513aHO C npo51BJieHHeM 

aHOMaflhHhlX 3JleKTpOHHhlX CBOHCTB. 

HecMOTp51 Ha BOJMO)KH0CTh KTT-HHTepnpernuu11 nyHKTa 6) ero TpaKTOBKa 

npe.ncrnBJI51eTc51 He CTOJih onH03Ha'!Hoi1. TaK KaK aH0Man1151 KTT 4-ro nop51nKa 

coe.nuHeHH51 PrCu2Sh sechMa 6JIH3Ka K aHoManHH, .neMoHcTpnpyeMOH coe.n11HeH11eM c 

T51)KCJihIMH cpepMHOHaMH CeCu2Sh, TO norn'IHO 6hIJIO 6b1 npe.nnoJI0,KllTh, 'ITO 

np11po.na 3TOH aH0Maflllll 0.!{Ha II Ta )Ke: 3Ha'-IHTe.JihHhIH(f-pfrn6pH1lH3aUIIOHHhlH BKna.!l 

s 3cpcpeKTHBHhIH nOTeHuuan KTT. TaKHM o6pa3oM, o6o51CHHB HH3KHi1 Kna.upynonhHhIH 
3 . 

MOMeHT llOHa Pr + 3cpcpeKTOM KTT, HY)KHO erue OTBeTHTh Ha nonpoc, CB513aH HJIII He 

CB513aH 3TOT 3cpcpeKT C aH0MaflhHh[M xapaKTepoM KpllCTaJIJill'-leCK0ro Il0Jl51. 

AHOMaflhHO BhlCOK0e 3Ha'-!eHHe TeMnepaTypbl Heen51 M0rJIO 6hl 51BJI51ThC51 

CHJihHhlM apryMeHT0M B Il0Jlh3Y npaBHJihHOCTII IIHTepnpernu1111 aHOManllll KTT 
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coemrneHH51 PrCu2Sii KaK cne.ucrn1151 (f-p )-rn6pnmnau1m. B pa6oTe f 13] y6emnenhHo 

noKa3aHo, '-ITO 3lleCh peanmyeTc51 06ru11ii Ml! scero 3TOro plllla coemmem111 RKKY

o6MeHHhii1 MexaH113M, 110 C aH0MaflhHO BhlCOKOII KOHCTaHTOii o6MCHHOro 

B3aHMOllCIICTBIISI MC)Klly 4f-MarmITHhlMH MOMCHTa!'.m, '-ITO M0)KIIQ 6bIJIO 6bl o6MIC!ll1Th . 

Bh[C0KIIM 3Ha'-leHIICM 06Me1111oro HHTerpana KOHllO. HeSJCHhlM M0MCIIT0M np11 3T0M 

ocrneTC51 cnTyaUH51 c coe.u1rnem1eM NdCu2Si~: Oue11Ka if:/)-o6MeHHoro 1111Terpana s 

np116JIH)KCHIIH M0JICKYJillpHoro ll0Jlll Ml! coemmeHHII RCu2Si2, me R = Pr, Nd II Gd, 

.naeT BCJlll'-IHHhl 0.33, 0.20 II 0.22 M3B coorneTCTBCHHO. ComaCHO npammy .ne )KeHa 

0,KHJ.laeMaSJ BCJill'-IIIHa M51 PrCu2Sh ll0JI)KHa 6hITh nopSJllKa 0.01 !'.13B. B TO :>Ke BpeMSJ 

cnellyeT 0TMCTHTh, '-ITO II o6MCHHhiii HHTerpan (TeMnepaTypa HeenSJ) llflJ.l NdCu2Si2 

(TN = 10 K) TaK:>Ke He [J0ll'-IIIHJ.lCTCSI npaBIIJIY .!{C )Ke11a II l!BJIJ.leTCJ.l aH0MaJihH0 

6onhIIIHM. Ou11aKo s cnY4ae Nd.Cu2Sii He 11a6J110llaCTCSJ KaKoro-m160 a110Manh11oro 

none.ne1111SJ napaMeTpoB CMKH. 

6. 3aKJI10'!eu11e 

HPTH np0BellCH0 CIICTeMaTll'ICCKOe IICCJlC,U0Ba1111e MeTo,uoM 

KpHCTaJIJIH'-ICCK0ro non51 B ceMeiicrne H30CTPYKTYPHhIX coemrnem111 RCu2Sb. 

3KcnepHMeHThl, np0BC,UCIIHhIC Ha llBYX TH!laX c~eKTpOMeTpoB npll pa3Jlll'IHhlX 

TeMnepaTypax, ll03B0JlHJIII 0llH03Ha'-IHO onpellCJIIITh napaMeTphI 

cpe110MeHOJlOrl1'-ICCKOro raMl!JlhT0HllaHa KTT. AHaJI113 3TIIX napaMeTp0B B paMKax 

cynepll0311UHOHHOl'i M0llCJIH [103B0JIIIJI C,t{eJJaTh 3aKJIIO'-leHl!e 0 JlOMHHllpyIomeM BKJla.QC 

rn6plfllll3aUHII p-3JlCKTp0H0B KpeMHIISI C JlOKaJill30BaH!lhlMII j-3JJCKTpOHa!'.III uep1rn B 

ll0TCHUllaJI KTT B CIICTeMC C T51)KeJJhIMII cpepMIIOHaMH CeCu2Siz. 3TO Ha6JIIOllCHIIC 

HaXOllllTCSI B Ka'-leCTBeHH0M comaCllll C TeopeTH'-leCKl!Mll 0UCHKaMH, npHBClleHHhlMII B 

pa6oTe [2]. OnpeueneH11e napaMeTpos Kfl MJ.l PrCu2Siz nmso;mno noKa3aTh, '!TO 

MaKp0CKOilll"ICCKl!e CBOIICTBa ua1111oro C0CllllHCHllll B 0CH0BH0M M0I)T 6bJTh 

K0Jlll'ICCTBeHH0 IIHTepnpen1poBallbl KaK pC3YJJhTaT pacruennem!ll' B Kn 0CII0Bl!Oro 

MYJJhTHIUieTa llOHa Pr+3. Xorn Bonpoc 0 np11'-ll!He aH0MaJibll0 IJhlCOKOii Te.~meparypbl 

Heem1 B PrCu2Siz n NdCu2Sh no-npe:>KHeMy He sno.rme llce11. 

Jllnepa-rypa: 
l. P.Fulde, M.Loewenhaupt Adv. Phys., v.34, 539 (1985) 

2. P.M.Levy and S.Zhang, Phys.Rev.Lett. v62, 78(1989) 

3. A.Szytula and J.Leciejewicz, Handbook on Physics and Chemistry of Rare Earths 

v 12, ed K.A.Gcsheidner Jr and L.Eyring(Amsterdam: North-Holland) 1989 

4. J.A.Blanco, D.Schimitt, J.C.Gomt'.Z Sal, J.Magn.Magn.Matter v.1I6, 128 (1992) 

J.A.Blanco, D.Gignoux, and D.Schimitt, Z.Phys.B v.89, 343 (1992) 

2) 



5. E.A.Goremychkin and R.Osborn, Phys.Rev.B, v.47, 14280 (1993) 
6. E.A.Goremychkin. A.Yu.Muzychka, and R.Osborn Physica B, v.179, 184(1992) 
7.' E.A.Goremychkin, R.Osborn, and A.Yu.Muzychka Phys.Rev.B, v.50, 13863 

( 1994) 
8. E.A.Goremychkin, R.Osborn, A.Yu.Muzychka, J.B.Forsyth, and E.Lidstrom to be 

published 
9. K.W.H.Stevens, Proc.Phys.Soc.A v.65, 209(1952) 
10. E.Holland-Moritz and D.Wohlleben, Phys.Rev.B, v.25, 7482(1982) 
1 I. U.Walter, J.Phys.Chem.Solids v.45, 401(1984) 
12.E.V.Sampathkumaran, I.Das, R.Vijaraghhavan, K.Hirota, and M.lshikawa, 

Sol.St.Comm. v.78, 971(1991) 
13.E.V.Sampathkumaran and I.Das, J.Phys.Cond.Matt. v.4, L475(1992) 
14.E.V.Sampathkumaran, K.Hirota, I.Das, and M.Ishikawa, Z.Phys.B v.90, 195(1993) 

15. DJ.Newman and B.Ng, Rep.Prog.Phys. v.52, 699(1989) 
16. W.Schlabitz, J.Baumann, G.Neumann, D.Plumacher, and K.Regentin, Crystalline 
Electric Field Effects in f-electron Magnetism ed P.Gucrtin, W.Suski, Z.Zolnierek 

(New York: Plenum Press) 1982, p289 
17. J.G.Sereni and O.Trovarelli, JMM, vv. 140-144, 885-886 (1995) 

'\ 

I. 

· fopeMhI'lKHH .E.A., MYJhl'lKa A.IO., Oc6opi1 P. Pl4-96-204 
3cpcpeKThl Kp11cTann11q~cKc:iro non.H_ .J_ • • 

B coe.n11nettHllX RCu2Si2 (R == Ce,Pr;Nd,Ho,Er): · 

11ccn~.noeaHHll Mero.noM neynpyroro pacce.HH~.H- neihpoHOB ·. 

Mern.noM tteynpyrornMarHHTttoro pacce.Hm1~ tteiiTpottoe odpe.ne.Jietthl riapaMeT~ 
phi· Kp11CTaJIRH'IeCKOro. nOJJll. (KIT) a.·ceMeiicTBe HJOCTpyi<.TypttblX COC.llHHt!HH~ 
RC~2Si2 (R = Ce,Pr,Nd,Ho,Er).·CpaBHHTenbllhlH aHanHJ riapaMe~poB ~n B paMKax 

cynepnoJHUHottimii Mo.nenH KpHcTaJI~H11ecKoro non.H noKaJaJI, "tirn. m5pH.nJtJaurrn 
'I f~sneKTpOHOB uepirn' H p~sneK"!]lOHOB Kpe~tHH51 .HBJJ.HeTC.H .!(OMHirnpyroll(eii _KOMnOHeH- '. 

TOH KTT B coe_ntttteHHH C T.H)KenbJMH cpep~tHOHaMH CeCu2Si2_,i .HBn.HeTC.H npH'-!HIIOH 

ero aHOMaJlhHhix 3Jie~TpOHHhlX CB~HCT{ 06ttap)')KeHo, 'ITO 'KpHCTaJIRH'll!CKOe none 
;coe~H~emrn PrCu2Si2. HMee-r BKJIM; attaJIOill'lHhlH . m6ptt.!(H3fillHOHHbM~ BKJlaJlY 

~ coe.nm-iettHH ·.Ce/. 

· Pa6oTa Bhmonneiia B n;6opaTOpHH tteiiTporrnoii cptt3HKH · llM.11~M.<llpaHKa 
0115H1. .. 

. -Coo6meH1te Q(n,e)IHHCHHOfO HHCTHzyia 
0

!1At!pHblX HCCllC/108.U!Hii. Jly6~a,, 1996 . . . . ' ..:. .. ,· . ..,_ 

Gorem·ychkiq KA., Muzychka A.Yu;, Osborn R .. · . . . 
Crystal Field Effects in RCu2Si2 Compcninds (R = C!!~Pr,Nd;Ho;Er): 

inelastic Neutron Scattering l~
1

vestigation . . 

. The cryst~l field parameters jn isostriictural. compounds. family RCu2Si2 
(R == Ce,Pr,Nd,Ho,E;) have been determined by rneansofinelastic neutron scattering. 
Comparative ~nalysis h..as shown that heavy ferrhim(compound CeCu2Si2 crystal 

field's
0 

dominant compo11ent a~ose frnm J'!lixing between /-~_lectrons of Ce 
: and p~electrons of SL Obviously, this~ mixing was the main cause of anomalous 
electronic properties taking place in CeCu2Si2 .. Jt wa~ found th,at crystal field 

• , ,' I 1, \'-, ' 

of PrCu2Si2 compound had component similar tci hybridizaticinal one inCe-system .. 

The investigation has been"performed. at 'the Frank Laboratory of·_Neutrbn 
Physics, JINR .. · ' · · · ·. · · · 1 
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