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HanpaeneHO B «)KypHan 3KChepHMeHTaJJbHOH H TeopeTHtJeCKOH <pH3HKH» 



1. Bae,llem1e 

Onpe,n:eJienue TeMnepaTyphl aHTmpeppoMarHHTHoro cpa3oBoro nepexo.n:a 

pa3JIIfqHhIX coe.n:uHeimii p5!,n:a RCu2Siz, KaK pe3HCTHBHhIM MeTO,n:OM [l], TaK u no 

crnmqecKOH MarHHTHOll BocnpHHMqifBOCTH [2], noKa3aJIO, qTo TeMnepaTypbl HeeJI5! 

Bcex aHTHq>eppoMarHeTHKOB p5!,n:a, co,n:ep)KaIUHX pe.n:Kue 3eMJIH (P3) C HeHyJieBbIM 

op6HTaJibHblM M0MeHTOM, npeBbllIIalOT 3HaqenH51, nonyqeHHble nepecqeTOM no 

rrpaBHJIY .n:e )Kena. B Kaqecrne crnprnBoiI TOqKH rrepecqern ucrroJibJ0BaJI0Cb Juaqeuue 

TN coe,n:HIIeHH5! C R=Gd, qeii noJIHblH MOMeHT HMeeT TOJibKO cnHHOBYIO 

C0CTaBJI5JIOIUYIO, Pa3mu1a Me)K.D:y If3MepeHHOH If pacqeTHOH TeMnepaTypaMII nepexo.n:a 

t1TN(R) B 33BHCHMOCTH OT P3 npe,n:CTaBJieHa Ha puc.la. Heo6xo,n:nMO 3aMeTHTb, qTO B 

[ l] nccne.n:osaJincb TOJibKO coe.n:nneHH51 c T5J)KeJibIMH P3 ( OT Gd ,no Tm), a m .n:aHHbIX 

[2] cne,n:osaJio, qro B NdCu2Sh CTaTnqecK351 MarHIITHruJ Bocnp11HMq1rnocTb 

noJiuKpHCTaJIJia ne nMeeT xapaKTepHoro .D:JI5! aHTttq>eppoMarHHTHOro nepexo.n:a 

MaKcHMYMa s pattoHe TN• IlosToMy sonpoc o HaJIIfqHII cpa3osoro nepexo,n:a B 

coemrnenun c Nd s [2] OCTaJIC5! OTKpbIThIM, a s pacqeTe ToqKn Ha pnc.la .D:JI5! Hero 

B35Jra TeMnepaTypa, npn KOTOpo11 HapyrnaeTC5! 33KOH KIDpII - Beiica (npnMepHo 

10 K). 

CucTeMaTuqecKoe napyrneHIIe npasIIJia .n:e )KeHa, KOTopoe ,n:eMOHCTpupyeT 

pnc. la, 3aCT3BJI5JeT npe.n:noJIO)KHTb cyu1ecTBOBaHHe .D:OIIOJIHHTeJihHOro MeXaHH3Ma, 

BJIH51IOIUero na TeMnepaTypy nepexo,n:a. Asrnpb1 [ 1,2] npe.D:JIO)Kimn MeXaHII3M, 

o6ycJIOBJieUIIblH HaJIIfqifeM y "napyrnHTeJieii" nenyJieBOro op6nTaJibHOfO MOMeHTa. 

MexamnM ne MO)KeT 6bITb peaJimosan TOJibKO B Gd c ero ccpepuqecKHM 

npocTpaHCTBeHHbIM pacnpe,n:eneuueM 3JieKTpOHHOfO 3ap51,n:a II 3aKJIIOqaeTC5! B 

"Bb!pamrnsanuu" KBa,n:pynoJibHblX MOMeHTOB pe,n:Ko3eMeJibHbIX IIOHOB (P31I) If 

CB5!3aHHbIX C HHMH M3rHHTHbIX MOMeHTOB, 6naro.n:ap5! B33HMO,n:eHCTBHIO KBa,n:pynoneii C 

rpa,n:HeHTOM KIT If .n:pyr C .n:pyroM. BJIH51HHe TaKOro MexaHH3Ma TeM 60JibIUe, qeM 

60Jibllle KBa,n:pynOJibHblH MOMeHT P31I. BeJIIfqlfHbl KBa,n:pynoJibHbIX MOMeHTOB P3 

pa3JIHqHbIX coe,n:IIHeHIIH p5!,n:a oueHHBaJIIICb B [2] no HII3KOTeMnepaTypHOMY 3HaqeHHIO 

T.H. MarHHTOynpyroii peIUeToqHQH aHOMaJIIIII £3 [3]. B nepsoM npII6ml)KeHHII TeopIIII 

B03MyIUennii 

(1) 

CJie,n:osaTeJibHO, .n:aHHbie no MarnHTopeIUeToqHOH 3HOMaJIIIII .D:OJI)KHbl HCCTH np5!MYIO 

HHcpOpMaUHIO O KBa.D:pynOJibHOM MOMeHTe P3 < oi >· 3,n:ecb a: 33BIICHT TOJlbKO OT 



KOHCTaHT ynpyroiI necpopMaumr If CB.ll31f Manmrnynpyroro B3arn.mneucrnlf.ll, a a -

cpaK'fop CTeBeHca. 

3Kcneprn.reHTaJihHbie 3HaqeHlf.ll £3, onpem:.11eHHhie B [2] .nrni pa3.1IlfqHb!X 

RCu2Sii, npencTaBJieHhI Ha piic.16. lb cpaBHeHlf.ll p1Ic.la If 6 Blft{Ho, qrn B c.11yqae 

T.ll)KeJihIX P3 £3 If TN ClfJihHO Koppen1Ip}'IOT' q'f0 }{OKa3hIBaeT npaBlfJihHOCTh 

npennoJIO)KeHIIll O "KBa,!lpynoJibHOM BbipaBHlfBaHlflf", HO TOJihKO M.ll T.ll)KeJihlX P3. 

CoBeprneuuo oqeBlft{HO, q'fO If Nd, If, B oco6eHHOCTlf, Pr BhIIIa,!laIOT lf3 o6mero p.llna. 

BnepBhle Ha ::no 6bmo ·o6pameHo BH1IMaH1Ie B pa6oTe [4]. B Heu y6ettHTeJihHO 

noKa3aHo, q'fO n PrCu2Sh peaJilf3yeTC.ll o6mHiI .nrni Bcero ::iToro p.llna coenHHeHHlf 

RKKY-o6MeHHhIH MexaHlf3M, HO c aHOMaJihHO BhICOKOH KOHCTaHTOH 06Me1rnoro 

B3aID.IO}{elfCTBlf.ll, 0TCIO}{a 6hIJI C}{eJiaH Bb!BO}{, qTO, B03M0)KHO, B COe}{HHeHlflf lfMeeT 

MeCTO aHOMaJihHO Bb!COKa.ll IIO cpaBHeHIIIO c T.ll)KeJib!Mlf P3 rn6pun1I3a[(lf.ll f-

3.IIeKTpOHOB If 3JieKTpOHOB IIpOBO}{lfMOCTlf ((k:f)-rn6punH3a[(lf.ll). BunHMO, qTQ-TO 

IIOXO)Kee MO)KHO 6bmo 6hi CKa3aTh If npo Nd. 

B [4] 6hma non111eqeHa eme onHa oco6eHHOCTh coenlfHeHlf.ll c Pr. lb Bcex P3, 

npencTaBJieHHhIX Ha piIC.l a If 6, Pr rn.reeT Half60JihIIIlfll KBMpyIIOJihHhlH cpaKTOp 

CTeBeHCa a. C npyroiI CTOpOHhl, lf3 pHc.16 Blft{HO, qTQ, Ht!CMOTp.ll Ha 3TO, BeJI!fq!fHa 

pernernqHoiI aHOMaJilflf, nponop[(IIOHaJihHa.ll ::iT0111y cpaKTopy, B coenlfHeHlflf PrCu2Sh 

lfMeeT O}{HO lf3 caMb!X Hlf3KlfX 3HaqeHlfH B p.llny. Bu.neneHHOCTh coenIrneHlf.ll 

cTaHOBlfTC.ll eme 6orree oqeBlft{HOH, ecrrH pa3tteJilfTh ::iKcneprn.reHTaJihHoe 3Haqe1me t:3 

Ha MO}{yJih !paKTOpa CTeBeHca (piIC.1B). IlpHqifHOII 3TOfO MO)KeT .l!BJI.l!ThC.ll aHOMaJihHO 

iIH3KlfH KBa,!lpynOJihHh!H MOMeHT < 6~ > Pr3+, peanlf3yeMblll B 3TOM coe,nlfHeHlflf IIpiI 

T~. ABTOphI [4] npennoJIO)KlfJilf, qTQ Me~ KBMpynoJihHOII aHOMaJilfeII If 

aHOMaJIIIelf TN ClfCTeMhI Pr-Cu cymecrnyeT CB.ll3h. HHhIMlf crroBaMlf, B coenlfHefilfll 

PrCu2Sh peanlf3yeTC.ll KBMpyno.11hHhIH Kouno-::icpcpeKT, KOTophIII nouHMaJIC.ll l!Mlf KaK 

KBa,!lpynOJihHhlH aHanor MafHI!THOfO KOHt{0-3cpcpeKTa, T.e. KaK KOMIIeHCa[(lf.ll 

napaMarnlfTHOro KBa,!lpynoJI.ll 3a C'IeT lfMeIOI[(ero rn6pun1I3a[(IIOIIHYIO IIpHpo.ny 

KBa,!lpynorrhHOro B3aIIMO}{eHCTBlf.ll Me,K,ny f-060.11oqKoH Pr If ::irreKTpOHaMII 

npOBO}{ID.lOCTlf. B pa3BlfTI!e 3TOH uneu B pa6oTe [5] Ha OCHOBaHIIH naHHh!X no 

ll3MepeHlflO ::irreKTpOHHOH TenrroeMKOCTH 6w1 }{a)l(C cnenau Bh!BO}{ 0 TOM, qTo 

coenHHeHHe PrCu2Sh .l!BJI.lleTc.ll cI1cTe111oiI c T.ll)KeJihIMH cpepMHOHaMII (CT<D), 

ITOCKOJihKY onpe,nenenHoe B pa60Te 3Haqeuue KOHCTaHThI 3oMMepcpenhna r paBH.l!JIOCh 

225 M,IJ)1v'(MOJih•K2). Hy)KHO 3aMeTIITh, 'ITO KaKUX-JIU6o noKa3aTeJihCTB CB.ll3H 

KBa,!lpynOJihHOH aHOMaJIIIII u aHOMaJillll TN y aBTOpOB ynoM.l!HY'fhlX pa6oT He 6bmo. 
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EcrrH npe,!lITOJIO)KeHlf.ll, Bh!CKa3aHHbie B [4,5], He,!laJieKU OT HCTlfHhl, TO coe,!lHHeHHe 

PrCu2Sb npeJJ:CTaBJI.lleT YHHKaJihHhu1 o6beKT, cBm1crna KoToporo He Moryr 6bnh 

OITHCaHhl B paMKaX MO,!leJIH AunepCOHa U~oo [6]. 

Kp11cTaJIJI1fqecKoe none (KIT) CHCTeM Pr-Cu u Nd-Cu BMecTe c KIT JJ:pyrnx 

coemmeHHII P.l!JJ:a 1-2-2 .l!BJI.l!JIOCh npe,!lMeToM CIICTe1rnnIqecKoro HCCJie,!lOBaHlf.ll B p.!1,!le 

pa6oT [7- I 2]. fa1'UIJihTOHHaH KIT TeTparoHaJihHOlf ToqeqHOH CHMMeTpim, HMelOI[(ett 

MeCTO B o6cy,KJJ:aeMhIX COe,!llfHeHlf.l!X, 3aITl!ChIBaeTOI C ITOMOI[(h!O 3KBHBaJieHTHhlX 

onepaTopoB CTeBeHca crreJJ:y10m11111 06pa30111: 
• o 'o o ·o o 'o 4 '4 4 '4 

HCF = B2 ·02 +B4 ·04 +B6 ·06 +B4 ·04 +B6 ·06. (2) 

AHaJilf3 q:ieHOMeuorrornqecKHX napaMeTpOB KIT B/", 110,!lpo6uo OITHCaHHhltt B [8,10]. 

npoBOJJ:llJICll B paMKax cynepno3H[(HOHHOH MOJJ:eJIH KpHCTaJIJIHqecKoro norrl! (CMKIT) 

[ 13]. B pe1yrrhTaTe 6hm11 norryqeuhI 3HaqeHH.ll T.H. BHY'fpeHHHX napaMeTpoB CMKIT 

4-ro n 6-ro nopl!.UKa 111yrrhrnnorrhHOCTI1 (A4, A6) M.ll JJ:Byx ccpep miraunoB - Si u 

nepeXO,L(HOro MCTaJIJia. ITo HIIM MO)KHO 6bIJIO cyJJ:HTh O porr11 ::irreKTpOHOB Toro lllllf 

mrnro mlfaH,!la B cpopMHpoBamm ::icp,PeKTIIBHOro IlOTCH[(llaJia KIT. B [9.10] 6hmo 

n0Ka1auo, qyo npeJJ:norro)KeHHe o T.ll)KeJiocpepMHOHHhIX CBOIICTBax PrCu2Sb, 

BhICKa3aHHOe B [SJ, l!BJI.lleTCll HeBCpHhIM. TeM He Meuee, cpaBl!IITeJihHhlfI aHaJIH3 

BHY'fpeHHHX napaMeTpoB CMKIT 4-ro nop.l!L1Ka, Bhil!BHBIIIIIf1 pe3KYIO aHoMa.111110 

3Haqcmrn BHY'fpCHHero napaMcTpa ccpepbl rrnraH,L(OB Si B CIICTCMC C Tl!)KeJih!Mll 

cpepMHOHaMH CeCu2Si2, nponeMOHCTpHpOBaJI auanornqHYIO aHOMaJIHIO H B 

coennHeHnlf Pr-Cu. Pe1y.11hTaT aHaJIH3a CMKIT p.l!JJ:a RE-Cu2Sh B rpacp11qecKOM Bune 

npeJJ:CTaBJieH Ha puc.2. Crre)lyeT 3aMeTI1Th, qrn napaMeTphI CMKIT 6-ro nopl!L1Ka 

coe,!l1111eHHll Pr-Cu TaK)Ke 6hmn Bhme.11eHHhI11111: A6(Si)[MaB] n crryqae Pr =1.8 I, TOr)la 

KaK Ml! Nd, Ho, Er coorneTcTBeHHO 3.12, 2.97, 3.17; A6(Cu)[MaB] B crryqae 

Pr =l.14, a Ml! Nd, Ho, Er coorneTCTBeHHO 2.19, 2.22, 2.34. C rnqKH 3penHl! (7-12] 

aHOMaJilf.ll KIT CHCTeMhl Ce-Cu CB.ll3ana C rn6pH,!llf3a[(HOHHh!M BKJia,!lOM B 

::icpcpeKTHBHh!II ITOTeH[(HaJI KIT 3TOro coenHHeHlf.ll, B03HHKalOI[(HM B pe1yrrhTaTe 

rn6punu1au1111 f-::irreKTpouon Ce u p-::irreKTponoB Si. ITo::iToMy anaJiornqHa.ll anoMaJilill 

n coemmeuuu Pr-Cu ,!laeT OCHOBaHHll JJ:yMaTh O CIIJihHOII (p:f)-m6p1mmaum1, 

UMe10meii MeCTO B 3TOM coen11ueuu11, qyo KOppeJI11pyeT C pe3yrrhTaTaMH 

MaKpOCKOITlfqecKHX ll3MepeuuiI [1,2], npe,!lcTaBJieHHhlX Ha puc.l, u 

npC,!lilOJIO)KCHlf.l!Mlf [ 4], 0 KOTOpbIX fOBOpHJIOCh pauee. 

EL1HHCTBCHHh!M npeIT.l!TCTBHCM Ml! TaKOH lfHTepnpeTa[(HH, KaK 6bIJIO OTMeqeHo 

B [9, 10], llBJil!IOTCll naHHhIe onpeneneHH.ll KIT n coen11neu1111 Nd-Cu: m puc. l 
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cnenyeT, 'ITO 1necb HMeeT MecTo aHoMaJIIDI TN , KaK H B CJI~ae Pr, HO Kn NdCu2Sh 

He l!BmleTCll aHoMaJibHbIM (cM. puc.2). HccnenoBaHID! Kn B coenHHemrnx RE-TR2Sb 

(RE= Pr, Nd; TR=Ni,Fe) [11,12] BblllBIUIH aHOMaJIHIO Kn 4-ro rropllnKa 

MYJibTHIIOJibHOCTH, rrono6Hyl0 HMemuei't MeCTO B CHCTeMe Pr-Cu, BO Bcex <reTbipex 

coenuHeHID1x: PrNbSh, NdNbSb, PrFe2Sb H NdFe2Sb. Ha p11c.3 BHaHa 

cra6HJibHOCTb 1ua<reHID1 BHyrpeuuero rrapaMeTpa CMKn A4(Si) , rrpu BapHaUHH 

mtrattaOB rrepexonHoro MeTaJIJia. To o6cTOl!TeJibCTBO, 'ITO · B cnyqae Fe, Ni 

rn6p1mmauHOHHblH BKJian rrpHcyrcrnyeT II B Kn Nd, 1acTammo Hae rrepenp0Bep11rb 

naHHbie no NdCu2Si2, orry6HHKOBaHHble B [8,10). 

2 Pes1111111 KII coen11ueu1111 NdCu2Sii 

DbUIO npoBeneHo cKaH11poBam1e npocTpaHCTBa napaMeTpoB Kn, rro.upo6uo 

OIIHCaHHOe B [8.10], c MeHee %eCTKIIMll ycJIOBIDIMH no IIOJIO)l(eHIDIM nHKOB H l!X 

HHTeHCIIBHOCTllM, 1.JeM paHee. B pe1yJibTaTe, KpoMe TOIi Y3KOH o6JiaCTH B 

npocTpaHCTBe rrapaMerpOB Kn, Ha OCHOBaHHH KOTOpoii 6bIJIH orrpe.ueneHbl 

rrapaMeTpb1, np11Be.UeHHb1e B [8,10], 6bma Haii.ueua eme onHa, cTapTyll l!3 Koropm1, 

rrpouenypa IIO.UfOHKH MernnoM HaHMCHblllllX KBanpaTOB (MHK) pac<renmro 

Manmn1oro OTKJil!Ka K 3KCIIepHMCHTaJibHbIM naHHblM (8,10] rrpHBCJia K CJie.Uy!OlllCMY 
. I 5 

Ha6opy napaMeTpoB: B20 = 0.165xl0- M::iB; B40 = 0.462x10- trnB; B60 = - 0.370x 

10-4M::iB; B44 = +0.697xl0-2M::iB; B64 = +0.652xl0-3M::iB. npH Bb16ope 3HaKOB, 

rronpo6uo o6ocuoBaHHOM B [8] (B44<0, B64<0), 3TOT Ha6op cooTBeTcTByeT 

CJIC.UYIOlllHM BHyrpeHHllM napaMeTpaM 6JIH)l(attlllHX KOOp.UHHaUHOl!HbIX ccpep: A4(Si) = 

-0.75; A4(Cu) = 0.87; A6(Si) = 3.29; A6(Cu) = 2.3. CpaBHHBal! 3TH napaMeTpbI c 

COOTBCTCTBYIOlllllMH BCJIH'IHHaMH, rrpe.ucTaBJICHHblMH Ha pnc.2,3, BlfaHM, 'ITO 

ll3MeHCHllll, IIO cpaBHCHl!IO C rrepBbIM BapnaHTOM, KOCHYJIHCb TOJibKO rrapaMCTpOB 4-ro 

nopll.UKa, rrpH<!CM llMCHHO TaK, 'ITO HOBblH Ha6op neMOHCTpnpyeT rn6puamaUHOHHblH 

BKJian co cropOHbl ccpepbl Si. Heo6xonHMO OTMCTHTb, 'ITO .UHHaMH'IeCKlle Marnunlble 

BOCnpHHM<!HBOCTH, COOTBCTCTBY!Ollllle paHee rrpuBeneHHOMY H HOBOMY BapnaHTaM, 

01.JCHb 6JIH3Kll BO BCCM rrapaMarnHTHOM TetmepaTypHOM nnarra10He. 

TaKHM o6pa30M, CCJIH rrepBblH BapHaHT HeBepeH, a BepeH HOBbIH ua6op 

rrapaMeTpoB .II.Tlll NdCu.2Sb, TO o61llal! KapTHHa Kn B mocTpYKTYPHbIX coe.UHHeHIDIX 

RE-TR2Sb npeTeprreBaeT mMeueHIDI: m6puamaunoHHbiii: BKJian B Kn 

rrpOCJIC)l(HBaeTCll )I.Till BCex JierKHX P3 (Pr, Nd) rrpu BCex Tpex nepexonHbIX MCTaJIJiaX, 

11 TOJibKO n!)l(eJible P3 He .ueMoucTpnpy10T ero (Ha ocHoBaHHH naHHbIX .II.Tlll TR = Cu). 
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ArlbTepHaTHBHal! KapTHHa, 6a3HPY!Olllal!Cll Ha pattee orry6JIHKOBaHHb!X naHHblX, 

ornH<raeTcll TeM, 'ITO B cnyqae NdCu2Si2 m6puamau110HHoro BKJiana ueT, 11 rrpn 

TR=Cu Nd 6JIH)l(e K Tl!)l(eJibIM P3, 'ICM K CBOHM 6nIDKaiiIIIHM coce.!lllM rro pMy 

JiaHTaHOIUlOB. 

KaK cne.uyeT H3 Bbllllel!3JIO)KeHHOro, Ha OCHOBaHHH naHHbIX Heyrrpyroro 

pacCCllHIDI Hei:'JTpOHOB (HPH) TOJibKO B rrapaMarnHTHOH o6JiaCTH TeMrrepaTyp BbI6paTb 

TY HJIH HHYIO aJibTepHanrny 3aTpynHHTeJibHO. 

no naHHbIM HeH:TpOHHOro HCCJienoBaHIL'! MarnHTHOH CTPYKTypbl (11] 

TeMrrepaTypa Heenll coennHeHID! NdCu2Si2 paBHa (9±1) K. Ha pnc.4 npencraBJieHbI 

crreKTpb! rro BpeMeHn rrponeTa HPH Ha 3TOM coe.UHHeHHH npH T=8 K: TO'IKH -

3KcnepHMCHTaJibHbIH cneKTp, nonyqeHHblli Ha cneKTpOMeTpe o6paTHOH reoMeTpHH 

KJJ:COf'-M, pacrrono,1<eHHOM Ha peaKTope 116P-2 B Jly6He. CITJioIIIHal! TOHKal! JIHHIDI 

- pac1.JeT Ha OCHOBaHHH rrepBoro BapuaHTa KIT; rryHKTHpHal! JIHHI!ll - Ha OCHOBaHHll 

HOBOro ua6opa napa.\ieTpOB KIT. Pac1.JeTbl rrpOBO.UHJIHCb B rrp116JIII%CHllll 

MOJICKYJillpHoro noJill (MIT). B Ka1.JecTBe paC'ICTHblX crreKTpOB B3l1Tbl pe3yJibTaTbl 

nonroHKII, B rrpou;ecce KOTopoii BapbupoBaJICll rrapaMeTp MIT rrpu nemMeHHOM Kn. 

lJill.!lll Ha pIICyttOK, MO)l(HO cnenarb BbIBon, 'ITO HH )I.Tlll CTaporo, Hll )I.Tlll HOBOro 

ua6opa napaMeTpOB Kn HCB03M0)l(H0 HaH:Tll MIT, KOTOpoe B COBOKyrrHOCTH C 

KpllCTaJIJill'ICCKHM IIOJICM aneKBaTHO OIIHCb!BaJIO 6b! .uaHHbIC HPH. 3roT cpaKT MO)KHO 

6bIJIO 6b! 0).IH03Ha'IHO OTHeCTll 3a C'ICT CJia6ocTH rrpn6Jill)l(CHllll Mn, eCJill 6br He 

noBOJibHO y.ua1.JHoe orrncaHne .uaHHbIX HPH Ha PrCu2Sb B aHTncpeppoMarnHTHoii 

cpa1e, cnenaHHOe B 3TOM npII6JimKeHllll B [9]. 

Ka'IeCTBO IIO).lfOHKll pe3KO B03paCTaeT, CCJill BMCCTe C rrapaMeTpOM MIT 

"omycTHTb" KBanpyrrOJibHblH rrapaMeTp Bi° (pnc.5a,6). Torna, B pe3yJibTaTe 

no).lroHKH, n B CJiyqae cTaporo BapnaHTa KIT, u B cnyqae HOBoro, rrponcxonHT cMeHa 

3HaKa 3TOro napaMeTpa. npu 3TOM HOBblH BapnaHT "o6xonHTcll" 6e3 Mn Boo6me, B 

TOM CMbICJie, 'ITO HaHJIY1.Jllll!M llBJillCTCll pe3yJibTaT rronroHKH rrpn HyJieBOM 

MOJieKynllpHoM none (pnc.5a). CTapr co craporo sapnaHTa KIT ).laeT KoHe'IH}'I0 

KOHCTaHTy Mn n JiyqUiee Ka'IeCTBO rronroHKll (pHc.56). ITpHMe'IaTeJibHO TO, 'ITO 

IIOJIY1.JCHHOe B 3TOM cnyqae B pe3yJibTaTe rronroHKH 3Ha1.JeHHe rrapaMerpa Bi°, 
rrpaKTH'ICCKH, COBnanaeT C ero 3Ha'IeHIICM B HOBOM Bap11a11Te. TaKHM o6pa30M, 

naHHbie HPH HI!)l(C TO'IKll HeeJill HaIIJiyqIIIHM o6pa30M OIIHCbIBalOTCll "m6pHaHbIM" 

KIT, B KOTOpOM rpantteHT Bi° 6epeTCll ll3 HOBOro Ha6opa rrapaMeTpOB ( C 

m6puamau;HOHHblM BKJianoM), a MYJibTHnOJib 4-ro IIOpMKa - ll3 CTaporo (6e3 
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m6pll,!{H3aU:IIOHHOro mma,ua). MyJihTHITOJib 6-ro IT0Pll.UKa a o60IIX aapIIaHTaX 

coaITa,uaeT. 

IfraK, eCJIII BhI6IIpaTh IICTIIHHoe KIT B ITapa~rnrnIITHoiI cpa3e II3 .uayx 

BbIIIIeyrrowmyThIX aapIIaHT0B II IICIT0Jib30BaTh ITpII6JIII)KeHIIe MIT ,!lJI.sJ 0ITIICaHIIll 

MarHIITH0ro 0TKJIIIKa B aHTIIcpeppoMarHHTHOll cpa3e, TO Heo6XO.UIIMO o6ol!CHIITb 

MO.UH!pIIKau:mo KIT ITpII IT0Hll)KeHIIII TeMITepaTypbl. ITpII 3T0ll MO.UH!pIIKaU:HII 

II3MeHeHIIe ITapaMeTpa Bi° co CMeHOll 3HaKa ITpIIBH0CIIT B CITeKTp MarHHTHbIX 

B036J)K,!leHIIll H3MeHeHII.sJ, ITO KpaiIHett Mepe, He MeHbIIIIIe, qeM ITOllBJieHIIe 

M0JieKyAApHoro IT0JIJI ITPH ITepexo.ue qepe3 TN. 

Ha pIIc.6a,6 mo6pa)KeHa TeMITepaTypHa.sr 3aBIICHMOCTb KBa,upyrr0JibH0ro 

MOMeHTa ( 8J). II0Ha Nd
3
+ B coe,uIIHeHIIH NdCu2Sh B cnyqae crnporo (ITycTh1e 

KpJ)l(KII) II H0B0f0 (qepHble KpJ)l(KII) BapIIaHT0B KIT. CKo6KII () 03Haqa10T II 

TepM0.UIIHaMnqecKoe, II KBaHT0B0MexaHnqecKoe ycpe.uHeHIIe ITO C0CT0l!Hll.lJM KIT: 

(on= L,P;\i,31;-JcJ+l)li). (3) 
I 

3.uecb Pi - cpaKTop TeIIJioaoiI 3aceneHH0CTII cocT0llHII.sJ Ii> P3 B KIT, J - ITOJIHhitt 

M0MeHT P3, a lz - ero ITpoeKU:II.sJ Ha och c. 

PIIc.6a ITpe.ucTaBJil!eT pacqeT Ha 0CH0BaHIIII IT0JIH0ro faMIIJibT0HIIaHa KIT (2). PIIc.66 

- pacqeT ITPII Bi°=O. TpII Ba)KHblX o6cTOl!TeJibCTBa 06pama10T Ha ce6ll BHIIMaHIIe ITPII 

aHanme 3Toro pIIcynKa: 

1) KpIIBbie 3aBIICIIMOCTett ( of )CT) pIIc.6a .U0B0JibH0 6JIH3KII K CO0TBeTCTBYIOIUIIM 

KpIIBbIM pIIC.66; 

2) 0CH0BH0e 0TJIIIque KpHBbIX puc.6a OT KpIIBbIX pnc.6 - 3TO TO, ~o ITepBbie He 

llBJil!IOTCll 3HaK00ITpe.ueneHHhIMII; 

3) 3aBIICIIM0CTII, ITpe.ucrnBJieHHbie Ha pIIc.66, C00TBeTCTBYIOIUIIe .UBYM pa3JIIIqHbIM 

BapIIaHTaM KIT, c 6oJihIIIOll _ CTeITeHblO TQqHQCTII paBHbI .upyr .upyry ITO a6coJIIOTHOll 

BeJIIIqIIHe II ITP0TIIB0ITOJI0)KHbI ITO 3HaKy. 

1) u 2) UMelOT o6myro ITpIIqIIHY: 0TH0CIITeJibH0 MaJIYIO aenuqnHy 

KBa,upyrr0JibH0ro cnaraeMoro Bf 8J B o6meM faMIIJibTOHIIaHe (2) BCJie.UCTBIIe MaJIOCTH 

ITapaMeTpa Bi°. Ou:eHKa OTHOCIITeJibHOll BeJIIIqIIHbI 3T0I'O CJiaraeM0f0°IT0 MeT0.Uy [14] 

ITOKa3bIBaeT, ~o B OITy6JIHKOBaHHOM aapIIaHTe KIT KBa,upyrrOJihHblll qneH C0CTaBJil!eT 

9%, a H0B0M aapIIaHTe KIT - 5% OT o6men aennquHhI HcF· I-I a TOM, II a .upyroM 

cnyqae 3aBIICHM0CTb ( 8g )<T) B 3HaqnTeJibHOll Mepe 0ITpe.UeJilleTCll qneHaMII (2) 
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nopll.UKOB BbIIIIe 2-ro. ITpII ITOHH)KCHIIII Te~mepaTypbl IIX BJill.lJHIIe CTaH0BIITCll 

ITO,UaBJil!IOIUIIM. 8 o60HX aapttaHTaX 3HaK ( of), 0ITpe.UeJil!eMblll HMH, IT0THB0II0JI0)KCH 

3HaKy, K0TOpblll HMCJI 6b1 KBa,upyIT0JihHblll M0MCHT TOJibKO 3a cqeT KBa,upyrr0JibH0ro 

qne11a (2). no3TOMY ITpll ITepexo.ue OT Bb!C0KHX TCMnepaTyp, r.ue (Of) B 60JibllIClf 

CTeneun onpe.uenl!eTCll KBa.llPYITOJibHbIM CJiaraeMhIM (2), K lllf3KHM TeMnepaTypa.\l 

I1pOHCX0.UHT CMeHa 3HaKa ( of). CMeHa 3Ha_Ka KBa.llpyIT0JihH0I'O M0Mel!Ta I1pHB0.UHT K 

CMeHe 3HaKa cao6o.uuon 31-!Cpmn ero B3aHMO.UCttCTBilll C rpa,uneHTOM 

KpHCTaJIJinqecKoro 3JieKTpHqecKoro ITOJill Bi° rrpH HCH3MCHHOM 3HaKe rrocne.u11ero 

( ~o) o Em, = 02 . B2 . 11 B CTapoM, II B HOBOM napIIaurax Kn npH Bb!COKHX TCMIIepaTypax 

Ein1<0, rrpH HH3KHX TCMnepaTypax Ein1>0. T.e. II B TOM, II B .upyroM napIIaHre npII 

Kpl!CTaJIJIHqecKOM none, HC3aBHCIIMOM OT TeMneparypbl, rrpn HH3KHX T B03HIIKaeT 

11eycToiJ:q11BOCTb, K0Topy10 CHCTeMa TCM HJIH .llpyrnM cnoco6oM "rrocrapaeTCll" CH.l!Tb . 

HeB03MO)Kl!0 CKa3aTb anpHOpH, KaKllM HMeI1110 o6pa30M 3T0 6y.uer c.uenaI10. B 

npHHU:HITe, B03MO)KHa ITO.[ICTpOHKa peIIIeTKH II H3Me11em1e Bi° 3a cqer ee 

.t1ecpopMa1um, 110 nccne.uonamIe .u11cppaKU:HH 11eiITpouon [ 11] He BhrnBHJIO pe1Koro 

CKaqKa napaMerpon peIIICTKII C H3MCHeImeM TeMnepaTypbl ( O.UHOMOMCl!Tlla.lJ CMCHa 

3HaKa Bi°) HJIH 3HaqHTeJibH0ro IIX .upeiicpa C II0HH)KeHHCM reMneparypbl 

(KOHcepnau:Hll 3HaKa Bi° . ynen11qeHHe ero a6COJIIOTHOI'O 3HaqeHI!ll II, T.O., H3MeHeime 

3HaKa (of)). 
no MHCHIII0 aBTOpa, n CHCTCMe peaJimyeTCll .upyroii "cnoco6" CHl!THll 

HeycToiJ:ql!BOCTH, a HMCHH0, H3MCHCHHC _ napaMerpoB KIT crapumx rropll.llK0B, He 

CBll3aHuoe c CHJihHOtt crpJKrypuoiJ: nepecrp011Ko11. P11c.66 l!BJillCTCll KmoqoM K 

IlOHHMaHHIO cnryau:Hn, T.K. H3 Hero BlJ,!{110, KaKHM o6pa30M Ha KBa.upynoJibllblll 

M0MeHT Na3+ BJIII.sJer rrpncyrcrnne nnu orcyrcrnne m6pu.uinau:110H11oro nKJia.ua n 

MYJibTHilOJie Kn 4-ro nopll.UKa: ero ncqe3HOBCHHC, npaKTH'ICCKI!, 3KBHBaJICHTIIO 

JMHO)KeHHIO ( Og) Ha (-1). 

HraK, npu BhICOKHx reMneparypax Nd
3

+, .ueil:cTBIITeJihHo, Haxo.uinCll n Kn, 

onpe.Uenl!eMoM HOBhIM ua6opoM ITapaMerpon, T.K., KaK orMeqanocb pauee, HMCHHO ero 

rpa.uneHT peanmyercl! ITPH HH3KHX reMITeparypax. TaKHM o6pa30M, anrop 

npe.uITonaraer, qro npn rrottn)KeHHH reMITepa:ryphI nponcxrnrnr ue mMe11eIme 

napaMerpa Bz°. a rrepex01I or KIT 4-ro nopl!IIKa. ttMetomero m6p1111maunottHh1ii 

nKJiaJI (uonb1il: 11a6op), K KU 4-ro nopll!!Ka 6eJ rn6pn:nH3ammttuoro BKJJaIIa {crapb!ii 
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lliillQP)... ITpH 3TOM U3MeIDieTCH 3HaK ( 0~ ), H :mepIW! B3aHMO.UettCTBHH Eint OCTaeTCH 

0Tpm.-1aierrhHou. T.e. MhI Ha6mo~M nonaBJiemw rn6plli!H3amm 4f..arreKTponos u p

weKTponos Sj 3a C'IeT B33HM01Iel!CTBH5! KBaJ.Ipyn0JihH0ro M0MeHTa 4f..o60JIO'IKH C 

rpaI!HeHT0M weKTpnqecK0ro TI0JIH. TOT cpaKT, 'ITO mrnaMH'IeCKHe BocrrpmtM'IHB0CTH, 

coorneTcrny10m11e CTapoMy II HOBOMY sap11aHTaM KIT, cosrra.uaIOT, OTpa)KaeT 

H.!leHTll'IHOCTb 3HepreT111IeCKOfO C0CTOHHHH IIOHa Nd3
+ B 06011x Bap11aHTaX KIT II 

B03MO)KHOCTh rrepecTpOHKII BOJIHOBblX cpyHKUIIH rrp11 rrepexo.ue OT O.UHOfO BapllaHTa K 

.upyroMy 6e3 3Ha'IHTeJihHhlX 3HepreTll'IeCKHX ITOTepb. 

"Hosb1u" ua6op rrapaMeTpOB KIT, T.e. KIT, coorneTcrny10mero BLICOKIIM 

TeMrrepaTypaM, rrpe.ucrnBJieH B Ta6rr11ue 1 BMeCTe c na6opoM KIT II KOHCTamou MIT, 

0ITIICbIBaI0lUIIMII crreKTp HPTH rrp11 T=7K. llrr» Harn».UHOCTH OKOH'IaTeJihHa» KapTIIHa 

rrose.ueH11» rrapaMeTpa A4(Si), A4(Cu) B coemrneHHHX RE-Cu2Siz B rpacp11qecKoM 

BH.!le rrpe.ucrnBJieHa Ha p11c. 7. 

Terrepb MLI MO)KeM 061,»CHHTh aHOMarr1110 TN B coe.u11HeHHH Nd-Cu Toi-i )Ke 

rrp11q11Hoi-i, 'ITO II B PrCu2Siz. ITo-BH.!lllMOMY, cymecrneHHoe rro.uaBJieH11e 

rn6pu.u1nau1111 rrpo11cxo.uuT rrp11 TeMrrepaType Hll)Ke TeMrrepaTypb1 cpa1osoro rrepexo.ua, 

II BeJIH'IHHa TN OTpa)KaeT HaJIH'Ille rn6pH.!lH3aUIIH. C .upyroil: CTOp0Hbl, rro.uaBJieHlle 

rn6pH.!l113aUIIII Hll)Ke TN rrp11B0.UIIT K ocrra6rreHIIIO acpcpeKTIIBHOfO o6MeHHOfO 

B3aHMO.UeifCTBHH Me)K.!ly II0HaMII Nd II CJI0)KHOMY rrose.ueHIIIO CIICTeMbl B 3TOH 

06rracn1 TeMrrepaTyp, 'ITO 6bmo JaMe'IeHo B [2, 11]. 

3. Kna.upynOJILHLiii KOH.Uo-a<l><l>eKT n coemrnemm PrCu2Sb 

CaMO 3TO CJI0BOCO'IeTaHlle, no cse.ueHH»M· aBTopa, BCTpeqarrOCb B rrmepaType 

Tpll)K.!lhI. BrrepBLie ero yrr0Tpe611JI11 IT.<t>yrrL.ue u M.Jlesenxaym B [15]. ITp11 3TOM OHII 

UCXO.UIIJIH He 113 MO.fleJIII AH.D:epcoua, a 113 auarrorn11 C 1130Tp0ITHOH MO.fleJiblO KoH.D:O 

[ 16]. AsTOpbI [ 15] rrpe.urrorro)KIIJIII, 'ITO ecrr11 6b1 rn6pH.!l113au11omme s3a11Mo.ueucrn11e 

B0BJICKaJIO 6bI B ce6» He TOJibKO CITHHOBbIC, HO II op611TaJibHbie CTCITCHII CB060.Ubl, TO 

B03M0)KH0 6bmo 6bI KBa.upyrroJibHOe 0606mem1e CITIIHOBOfO acpcpeKTa KOHJ-10. JJ:arree, 

B cepHII CTaTCH [ 17, 18, 19] JJ:.JI.KoKC Ha3brnaeT KBa,upynOJibHbIM KOH.D:O-acpcpeKTOM 

B03MO)KHbiii MeXaHH3M o6pa3oBaHHH HeMarHHTHOfO OCHOBHOfO COCTOHHHH B CT<t> 

UBe13, rrp11 K0TOp0M rrpOIICXO.UHT acpcpeKTHBHa» KOMITeHCaUilll KBa.upynoJibHOfO 

MOMe;ITa ypaHa, 6rraro.uap» rn6pH.!l113aUIIOHHOMY CMeumBaHHIO 5/- II 5/

KOHcpmypaUIIH ypaHa. ITo.uxo.u KoKca »BJI»eTc» qacTHLIM crryqaeM 6orree umpoKoro 
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rro.uxo.ua K mrnroHarrmau1111 Mo.uerr11 AH.D:epcoHa c KOHe'IHOH BeJIH'IHHOH (f-j)

B3a11Mo.ueucTBHH (KOHe'IHhIM U), KOTOpblll Ha3hIBaeTCH MHOroKaHaJibHOH MO,UeJibIO 

KoHJ-10 [20]. Eme O.UHO rrp11MeHeH11e TepM11Ha "Ksa.upynorrLHLIH acpcpeKT KoHJ-10" 

BCTpeqaeTCH s ny6rrnKaUHHX E.B.CaMnaCKYMapaHa 11 .up. [4,5], KOTOpbre o6cy)K.!laJIIICb 

Bb!IIIC. 

C TO'IKII 1peHIDI asTOpa HacTO»meu pa6oThI, B PrCu2Sh MhI .neucTBHTeJibHO 

Ha6rr10.uaeM "Ksa.upynorrhHblll KOHJ-10-3cpcpeKT" B CMbICJie [ 15 ,5]' rrpH'IeM 3TO 

C.UHHCTBCHHa» CIICTel\ta, B KOTOpoi-i: norryqeHbI O'ICBH.!lHhie .flOKaJaTeJibCTBa ero. 

cymeCTBOBaHIDI. 

KaK y)Ke OTMe'IaJIOCb, npe.unoJIO)KeHne 0 CBH311 rn6pH.!l113aUIIII H K0MileHcau11n 

KBa,upynorrhHOro MOMeHTa Pr y aBTOpOB [4,5] HOCIIT xapaKTep rnnoTe3hI, T.K. KaKI1X

JII160 3KcnepIIMeHTaJihHhlX rrpe.urroChlJlOK yrnep)K.flaTb 31'0 OHII He HMeJIII. KaK 6y,neT 

»CHO 113 .flaJihHCHIIIero, pe3yJihTaThI [9,10] ,naIOT ·np»Moe .UOKa3aTeJihCTBO 3TOro 

rrpe.urrorro)KeHHH. 

Ha pnc.8 rrpe.ucrnBJieHhI pe3yJihTaThI pacqeTOB TeMnepaTypHoi-i: 3aB~CHMOCTII 

KBa,upynoJihHOro MOMeHTa Ha OCHOBe HaIIIIIX ,naHHhlX KTI. BepXHHH KpIIBa» Ha pIIc.8a 

(rrycThie Kpy)KKII) - pe3yJihTaT pacqern \ o;) .flJlH PrCu2Sh, _ IICX0M 113 IlOJIHOro 

raMIIJlhTOHHaHa KIT (2). Hlf)KIDI» Kp11sa» - TO )Ke caMoe np11 Bi°=O. Bll.!lHO, 'ITO 

KplIBbie IlOX0)KII .upyr Ha .upyra, ecrrII He cqmaTb He60JihlIIOfO naparrrrerrhHOro C.UBIIra 

B.UOJih OCH op.u11HaT. CTeneHh IIX Il0XO)KeCTII II MaCIIITa6 BeJillqIIHhI C.UBIIra JICfKO 

oueHIITh, ecrrn cpaBHIITh pIIc.8a c p11c.86, Ha KOTOpoM 11306pa)KeHhI attarrornqHLie 

KplIBbie .flJlH Er. PIIc.8a ITOKa3hIBaeT OTHOCHTeJihHYJO BeJIU'IIIHy crraraeMoro B~8~ B 

IlOJIHOM faMIIJlhTOHIIaHe (2) .wrn crryqa» Pr, eCJIII IICil0Jlh30BaTh Ha6op {Bt} ·, 

rrpe.UCTaBJICHHblH B [9,10]. KaK ~e fOBOpllJIOCh pattee, OTHOCIITeJihHYJO BeJIU'IIIHY 

Toro IIJIII IIHOfO crraraeMoro s (2) rrerKo oueHIITh c ITOMOlUhlO rrapaMeTp113aUIIII 

BarrbTepa [14]. H~HO OTMCTIITh, 'ITO ynoMHHyThli-i Ha6op co.nep)KHT, IlO)KaJiyii, 

HaII6orrhIIIee ~orrycKaeMoe ,naHHhIMII HPH 3HaqeHIIe jB;1. Ilpu 3T0M .uom crraraeMoro 
o ~o 

B2 0 2 He rr~eBhIIIIaeT 7% OT rrorrHoro raMIIJlhTOHIIatta. B ErCu2Si2, HarrpHMep, 

aHarrornqHa» BeJIH'IHHa cocraBJIHeT 25%. Ilo::JTOMY 3,nech HeyqeT crraraeMoro 2-ro 

rrop».uKa rrpHBHOCIIT ,npaMaTU'IeCKIIe 113MeHeHHH B KpHBYJO TeMrreparypHoi-i 

3aBHCHMOCTII KBa,upynOJihHOro MOMeHTa, 'ITO COBCeM He TaK B crryqae Pr. OTCIO.[la 

crre.uyeT, 'ITO KBa.upynOJihHhIH MOMeHT Pr orrpe.uerr»eTCH, B OCHOBHOM, crraraeMhIMII 

faMIIJlhTOHIIaHa (2) 4-ro H 6-ro rrop».[IK0B, H Mhl HMeeM B03MO)KHOCTh aHaJI113HposaTb 
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KBanpynonhHhIH MOMCIIT Pr, aHaJIH3Hpy.11 nonyqeHHhie HaMH BHyrpeHHHe napaMeTphl 

KOOp,!IHHaUHOHHhIX ccpep Si H Cu. TaKHM o6pa30M, 3aMCHHB aHOMaJihHhie BHyrpeHHHe 

napaMeTphI Pr Ha BHyrpeHHHe napaMeTphI KaKoro-nu6o HopManhHoro lJJleHa p.11.ua npu 

pac11eTe KII B PrCu2Sh, MhI nonyquM KoppeKTHyro oueHKY "HopManhHoro" 

KBanpynonhHOro MOMeIITa Pr. 

Pe3ynhTaThI TaKoro pac11ern npu Bi°=O npe.ucrnBJJeHhI Ha puc.8B. KpuBa.11, 

no11Tu nonanaroma.11 B Ha11ano KoopmmaT (11epHhre KPY)KKH), - pac11eT Ha ocHOBe 

BHyrpeHHHX napaMeTpOB Pr (Ta )KC KpHBa.11, 'ITO u Ha puc.8a), BepXH.11.ll KpHBa.11 

(TpeyronhHHKH) - pactieT Ha OCHOBe napaMeTpOB Nd 6e3 m6pH,!1II3aUHOHHOro BKna,[la, 

a HH)KH.11.ll (nycThre Kp~Ku) - pac11eT Ha ocnoBe Ho n Er. B nocne.unux .!IBYX cnyqa.11x 

(HOpMaJihHhIH KBa,I:lpynonhHhIH MOMCHT) ,!IBa HH)KHHX :mepreTH1ICCKHX ypoBH.ll 

npe.ucrnBn.l!IOT · co6oii cnnrnern c MaTpH1IHhIMH ::ineMeIITaMn (ilb~li) 6onhllroii 

a6conIOTHOH BenHtIHhl H pa3HhIX-3HaKOB. IIapaMeTphl Nd .uaroT B OCHOBHOM COCTO.l!HHII 

nonO)KHTenhHhIH KBanpynonhHhIH MOMCHT, a napaMeTphl Ho-Er - OTPIIUaTenhHhIH. 

TaKHM o6pa30M, HOpMaJihHhlH KBanpynonhHhIH MOMeHT, ecnn 6hr OH 6hm y Pr, HMen 

6hr 6onhrnoe a6conroTHoe 3na11enIIe npII HII3KIIX TeMnepaTypax. B npoTIIBOBec 3TOMY, 

KII PrCu2Sh, onpe.uenenHoe B 3KcnepIIMeHTe, B Ka11ecrne ocHoBnoro cocTO.llHH.11 ii;aeT 

.uy6neT, Ka)K,!I0e II3 .!IBYKpaTHO BhlpO)K,!leHHhIX COCTO.l!HHH KOToporo HMeeT 6nII3KHH K 

nynro MaTpH1IHhIH ::ineMeHT (;lo~I;) (cM.puc.9), 'ITO .l!Bn.lleTC.ll OCHOBHhIM cpaKTopoM, 

cpop1vmpyromHM HH3Koe a6conroTnoe 3na11enue KBanpynonhHoro MOMenrn Pr. 

IIo.u11epKHeM eme pa3, 'ITO 3T0 o6CTO.l!TeJihCTBO 0JIH03Ha1IH0 CBJBaH0 C HaJIH1IIIeM B 

KII PrCuzSi2 m6pl:llIH3auIIonHoro mmarra. Ananm noKa3hrnaeT, 'ITO .!In.II "06HynenH.11" 

KBanpynonhHOro MOMeHTa OJJ;HHaKOBO Ba)KHa KaK .llpKa.11 aHOMaJIH.11 BHyrpeHHero 

napaMeTpa ccpephr Si A4 (Si), KOTopyro MhI OTHOCHM irn c11eT (f-p)-m6pH,!1u3aUIIII, TaK 

n MeHee .11pKo Bhrpa)KeHHa.11 anoMaJIH.11 Bnyrpemmx napaMeTpoB 6-ro nop.11.uKa A6 (Si) 

II A6 (Cu). 

IIo MHeHIIIO aBTopa HaCTo.11meii pa60Thl, B ycnOBH.l!X, Kor.ua BaJieHTHOCTh P311 

crn6nnhna (T.e. nonHhIH MarHHTHhIH MOMeIIT HOHa npII HaJIII1IHII m6pH,!1II3aUHH -

xoporno onpeii;enenHa.11 Benu11una) m6pH.!III3aUIIOHHa.ll KOMnencauH.11 KBanpynonhHoro 

MOMeHTa .uon)KHa Bhipa3HThC.ll HMenno TaK, KaK MhI ee Ha6nro.uaeM B PrCu2Sh: B BH.!le 

KII onpe.ueneHHOH KOHq:>IIrypauun. MO)KeT Il0CJJe,!IOBaTh B03pa)KeHHe, 'ITO B CHCTeMaX 

c CHnhHOH m6pH,!1II3auueii KII, Kap,!IIIHaJlhHO BJJH.lleT Ha IIOBe,!leHIIe CIICTeMhl TOnhK0 

npu BhICOKHX TeMnepaTypax II caMo no ce6e ne onpe.uen.11eT xapaKTepa ocHoBnoro 
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COCTO.llHH.ll. Ha CaMOM .uene 3TO BepHO TOnhKO M.ll m6pH,!1H3aUHOHHOH K0MileHcauttu 

ManmTHoro MOMeHTa. 

KaK no.urnep;,y-.uaeTC.ll HaWHMH ,!laHHhlMH (7-11], B M0,!lentt AH,!1epcoHa, u ~00 

c aHtt30TponH011 m6pH,!11nautte11, m6pH.!III3auuomrne B3aHMo.ue11crntte MO)l(eT 6bITh 

)"ITCHO KaK oco6oe KIT (CM.(2I)). ECTeCTBeHHO, 'ITO B cnyqae TeTparoHaJihHOII 

T01Ie1IHOfI CHMMeTpHH 3TO KII, KaK H mo6oe .upyroe, IIMeromee IICHTP HHBepCHH, Ha 

BCJJH1IHHY Manmnrnro MOMCHTa BJlH.l!Hll.ll He 0Ka3hIBaeT, T.K. ManmTHhlll M0MCHT -

BCKTOp. HantttIHe TaKOro KII 03HaqaeT, 'ITO B ,!IHana3oHe TeMnepaTyp BhIWe 

TeMnepaTyphl KOH,!10 T K CHCTeMy f-3JleKTpoH+3JJCKTpOHhl npOBO,!IHMOCTII MO)KHO 

paccMaTpHBaTb no 0T,!leJJhH0CTII, HO C0CT0.llHH.ll "He3aBIICIIMoro" OT 3JlCKTpOH0B 

npoBO,!IHMOCTH f-3JJCKTpOHa, TeM He MeHee, onpe.ueJJ.lleT m6pH,!1H3aUH.ll. ITpII T-T K, 

rosopHTh 0 HaJIH1IHH Jl0KaJJH30BaHH0ro f-::iJJeKTpOHa CTaHOBIITC.ll TPY.!IH0, II 0CH0BHhIM 

COCTO.llHHeM CHCTeMhl .llBJJ.lleTC.ll npHH'-lllllHaJihHO MH0r1Iacn111Hoe C0CTO.llHIIe, B 

KOTOpOM HeB03M0)KH0 pa3,!leJJHTh CTeneHH CB060,Uhl, CB.ll3aHHbie C f-3JJeKtpOHOM II C 

3JleKTpo11aM11 npoB0JJ;HM0CTII. B IIHTepsane TeMnepatyp OT -TK ,!10 0 K npol!CX0,!IIIT 

nepexoii: OT C0CT0.llHH.11 CHCTeMhl, xapaKTep113y10meroc.ll HaJJII1IHeM Jl0KaJJH30BaHIIOro 

Marm1nrnro M0MeHTa B 0Kpy)KeHHH HeMarHIITH0ro M0p.ll 3JleKTp0H0B np0B0,!IIIM0CTH, 

K O,!IHOpO,!IH0My HeMarHHTH0MY 0CHOBH0MY C0CT0.llHIIIO. ITp116JJH)l(eHHO, C Il0M0IUhIO 

raMnnhTOHHaHa Kor6JJHHa lllpucpcpepa (22], .llBJJ.llJO!llerocsi o6o6meHIIeM 

raMHnhT0HHaHa KOH,!10 Ha op6HTaJJhHhie CTenemI cso6o.uhl P3I1, 3T0T npouecc M0)KH0 

OllHCaTb KaK npouecc aHTHq:>eppoMarHl!THOro o6MeHHOro B3al!M0,!lellCTBH.ll 

MarHIITH0ro M0MeHTa P3I1 co CllHHaMII 3JleKTp0HOB npoB0,!IHM0CTH. TaKHM o6pa30M, 

np11 IlOHl!)l(eHl!II TeMnepaTyphl B3aIIMO,!lellCTBHe Jl0KaJJll30BaHHOro j-3JJeKTpoHa HJJI! 

,!lblpKH C 3JleKTp0HaMII np0B0,!IIIM0CTII M0)l(H0 rpy6o pa36HTb Ha .una 3Tana: np11 

Bh!COKIIX TeMnepaTypax ero IlOJJHhlH ManmTHhlll M0MeHT (TaK )Ke KaK II ,!IHil0JlhHhlll 

MOMeHT P3I1) B m6pH,!1II3aUHOHHOM B3aHMOJJ;eHCTBIIII He yqacrnyeT, np11 H113KIIX 

TeMnepaTypax, B nepByJO 011epe.uh, yqacrnyeT HMeHHo OH. 

OcHOBHh!M pe3yJJhTaT0M (9,10] .llBJJ.lleTC.ll 3KCIIep11MeHTaJlhH0 yCTaHoBJJeHHhlll 

cpaKT HaJJll1IH.ll m6pH,!1H3aUHOHHOro KII B CIICTeMax, co.uep)Kam11x P3I1 C 6onee 1IeM 

O,!IHIIM 3JleKTpOHOM Ha f-060JJ01IKe. MO)l(HO npe)lll0JJ0)Kl!Th, 'ITO II B 3T0M rnyqae, TaK 

)Ke KaK II B cnyqae U~00 [21] , m6pun1nau110HHoe KIT MO)l(H0 BhIBeCTII 113 

raMHnhTOHIIaHa AH,!1epcoua. B 0TJJH1Ille OT MarHl!TH0ro M0MerITa KBanpyn0JJhHh!H 

MOMeHT P3I1 l!Cllh!ThIBaeT B03)lettCTBHe m6pH,!1113a'-IHOIIHOro KIT np11 JJI06oil 

TeMnepaType. ITpeii;noJJO)l(HM, 'ITO B CHCTeMe peanmyeTC.ll KBanpynoJJhHhlil K0H,U0-

11 



3cpcpeKT, T.e. peamnyeTC5! MHOro'IaCTH'IHOe OCHOBHOe COCT05!HHe C HYJ1CBhlM 

KBaJlpyrroJlhHhlM MOMeHTOM CHCTeMhl. Pa3yMHO rrpeJWOJ10)Kl!Th, 'ITO aHanorn'IHO TOMY, 

KaK H3 faMHJlhTOHHaHa AlUlepCOHa U-'>00 Bh!BOJJ:IITC5! faMHJlhTOHHaH Kor6nnHa -

lllpncpcpepa, TaK H B cnyqae KOHC'IHOro u MO)KHO Bh!BCCTH faMHJlhTOHHaH, 

OIIHChlBIOII.IIIH rn6pHJJ:H3aUIIOHHOC KBaJlpyrroJ1h-KBaJlpyrroJ1hHOe B3aHMO,a:eficrnne P3H C 

3J1CKTpOHaMII npoao,a:m.roCTH. lfa [ 15] 5!CHO, 'ITO OH JJ:0J1)KeH 6hITh Bhlpa)KCH qepe3 

onepaTOphl CTeBeHCa o; ;!ml::; 2 , COBOKYIIHOCTh KOTOphIX MO)KHO pacc~taTpHBaTh KaK 

HeKOC KpHCTaJ1J1H'ICCKOe none. Ecnn IIOJ1HOC KIT C yqeTOM rn6pHJJ:H3aUHOHHOro 

BKJlaJla Y)KC caMO 110 ce6e npe,a:onpe,a:eJ15!J10 OCHOBHOC COCT05!HHe C HyneBhIM 

KBaJlpy110J1hHhIM MOMeHTOM, TO rn6pHJJ:H3aUHOHHhIH onepaTop KBaJlPYIIOJlhHOro 

B3aHMOJJ:eHCTBH5! rrpe,a:CTaHeT npocTO orpy6neHHeM MOJJ:eJlH KIT, CB5!3aHHhIM C 

onycKaHHeM. rapMO~IIK Bh!CIIIHX nop5!JJ:KOB. 

XapaKTepHOH 3Heprnefi o6pa30BaHlll! OCHOBHOro COCT05!HH5!, aHanOrn'IHOH T K, 

B cnyqae KBaJlPYIIOJlhHOro KOIU(0-3cpcpeKTa JJ:OJl)KHa 5!BJ15!ThC5! 3Heprll5! nepaoro 

B016y)KJJ:eHHOro ypOBH5! KIT. Tpy,a:HO CKa3aTh, KaKOBhl ycnOBH5! B03HHKHOBCHH5! 

KBaJlpyrronhHOro KolU(0-3cpcpeKTa. MO)KHO npe,a:rrOJ10)KHTh, 'ITO OJJ:HHM
0 

H3 HUX 

5!BJ15!eTC5! MaJlOCTh rpanHeHTa 3J1eKTpH'IeCKOro IIOJ15! Bi°. onpe,a:eJ15!eMOro; B OCHOBHOM, 

,[(aJlhHO,a:eficrnyJOmefi 3J1eKTpOCTaTIIKOH. B pe3yJ1hTaTe, Henocpe,a:crneHHOe 

KBaJlPYIIOJlhHOe B03,0:ettCTBHe OKpy)KeHII5! OKa3hIBaeTC5! cna6hIM, If eCTh B031\IO)KHOCTh 

ero KOMIIeHCaUHH CTapIIIHMII MYJ1hTHIIOJ15!MH 0Kpy)KeHH5!, CB5!3aHHh!MH C (k-j)

rn6pHJJ:H3aUHCH. 

4. 3aKJito'leHne 

l13MepeHH5! HPTH Ha aHrncpeppoMarnurnoM coe,a:nHeHnn NdCu2Sh HH)Ke 

TeMrrepaTyphl aHTHcpeppoMarHHTHOro ynop5!JJ:O'IeHH5! If TpaKTOBKa pe3yJ1hTaTOB B 

rrpn6J1H)KCHHH MOJ1CKYJ15!pHoro IIOJ15! II03BOJ1HJ1H IIOJ1YtJHTh 3aKOHOMepHyJO KapTHHY 

3BOJ1JOUHH KIT B coe,a:m1eHH5!X RCu2Sh a,a:onh p5!,a:a pe,a:KHX 3eMenh R: OT 

aHOMaJlhHOro B CHCTeMe C T5!)KeJ1h!Mll cpepMHOHaMH Ce-Cu qepe3 npoMe)KYTO'IHOe B 

coe,a:mreHH5!X Pr H Nd (npu BhICOKHX TeMnepaTypax) K HOpManhHOMY B 

HH3KOTeMrrepaTypHoM Nd, a TaK)KC B coe,a:HHeHH5!X Ho, Er. MO)KHO ,a:ocTaTO'IHO 

yaepeHHO roaopHTh O TOM, 'ITO HOpManhHOe, T.e. cao6o,a:HOC OT BJ1H5!HH5! 

rn6pHJJ:H3aUHH KIT 4-ro nop5!,a:Ka MYJ1hTIIIIOJ1hHOCTH ccpopMnpoBaHO, B OCHOBHOM, 

J1HralU(aMH Cu, a ccpepa Si B HOpMe, rrpaKT~'IeCKH, He ,a:aeT BKJ1a)la B 3TOT 110p5!JJ:OK 

KIT. Hao6opoT, ace aHoMannn KIT CB5!3aHhI co ccpepofi Si u HMeHHO (p-.f)-
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rn6pHJJ:H3aUH5! IIpHBOJJ:HT K T5!)KeJ10qJCpMHOHHhlM CBOHCTBaM CHCTeMhl Ce II K 

KBaJlpyrronhHOMY 3cpcpeKTY KolU(o B coe,a:HHCHHH Pr-Cu. Han6onee KpacHope'IHBhIM 

rro,a:rnep)KJJ:eHneM 3Toro 3aKJ1JO'IeHH5! 5!BJ15!eTc5! coe,a:uueHne NdCu2Sh, B KOTopoM 

peanH3YCTC5! MexaHH3M, "BhlKJ110'laJOI11Htt" 3TO B3aHMOJJ:CHCTBHe, B pe3yJ1hTaTe qero 

rrpoHCXOJJ:IIT CHJlhHOe ocna6neHHe RKKY o6MeHa J10KaJ1H30BaHHhIX MarnHTHbIX 

MOMCHTOB. 

AaTOp · 6naro,a:apeu E.A.ropeMhI'IKHHY Ja CTHMYJIHPYJOmue o6cy)KJJ:eHH5! 

,a:aHHOH pa60Tbl. Ero KpHTH'IeCKHe 3aMe'IaHH5! BO MHOfOM crroco6cTBOBaJ1H 

HCIIpOTHBOpe'IHBOMY Y85!3bIBaHHIO ,a:aHHbIX MaKpOCKOIIH'IeCKHX II MHKpOCKOIIH'ICCKHX 

H3MepeHntt. 
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a) Pa3HUIJG Me)l(oy u1MepeHHou meMnepamypou HeeJ111 u nepec'lummmou no 

npa«UJly oe )KeHa U3 TN Gd OJIJl pa3JlU'IHblX P3 (J p11oy u10cmpyKmyp1tblX 

coeouHeHuu RCu2Si2. («eJ1u'lu11a, coom«emcm«y10u,GJ1 Pr, yMeHbUJe11a « o«a pa1a) 

6) 3KcnepUMeHmGJlbHoe 3Ha'leHue Mamumopememo'l11ou oeefJopMa!Juu t:3 0J111 
pa3JlU'IHblX P3 npu T=4.2K 

3Ha'leHUJl «11ympeHHUX napa.Mempo« CMKll 4-20 nop110Ka cq1ep JlUZaHOo« Si u Cu 

(J coeouHeHIUIX RCu2Si2. 

«) To )Ke ca.Moe, Hop.Mupo«aHo Ha MooyJLb K«aopynoJ1bH020 paKmopa Cme«eHca 

(«eJLU'IUllbt, coom«emcm«y10u,ue Ho, Er, yMellbUJeHbl « o«a pa1a) 
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Pttc.4 

CneKmpbl HPH no Bpe.MeHu npo.llema coeouHeHU.R NdCu2Si2 npu T=B K: 

KPYJKKU - 3KcnepU.MeHmG.llbHblU cneKmp, no.lly'leHHblU Ha cneKmpo.Mempe KJ(COI'-M; 

Cn.llOUIHa.R .ll!IHU.R - pe3y.llbmam pac11ema Ha ocHoBe nepeow eapuaHma Kll u MHK

noOWHKU, BO Bpe.M.R KOmopou aapbupoBG.llC.R napa.Memp .MO.lle,cy.ll.RpHOW no.ll.R; 

nyHKmupHa.R .llUHU.R - mo JKe Ca.Moe Ha OCHOBe HOBOW Ha6opa napa.MempoB Kll. 
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CneKmpbl HPH no 6pe.MeHu npoJ1ema coeiJuHeHu11 NdCu2Si2 npu T=8 K: Kpy)KKU -

3KcnepU.MeHmaJlbHblU cneKmp, noJ1y'teHHblU Ha cneKmpo.Mempe KJJ,COI'; CnJI0UIHllll 

J1u11u11 - pe1yJ1bmam pac'tema Ha oc,w6e pa3JlU'tHblX 6apuaHmo6 Kil u MHK
noiJ20HKu, 60 6pe.M11 Komopou 6apbupo6aJ1C11 napa.Memp .M0J1eTcyJ111pH020 noJ111 u 

K6aiJpynoJlbHblU napa.Memp Kil; nyHKmUpHllll JlUHUJl - omiJeJlbHbte cneKmpa!lbHbte 
Ko.MnoHeHmb1 pac 11emHblX cneKmpo6. 

a)6 CJIJ'lae H06020 6apua11ma Kil; 
6)6 CJIJ'tae nep6020 6apua111na Kn. 
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pa3JlU'tHblX 6apua11mo6: nycmb1e KPY)KKU - H06btu 6apua11111 Kil; 'lepHble KPY)KKII -

nep6bllt 6apua11m Kil; 
a) npu pac'teme ucnoJlb306aJIC1l noJ1Hbt1t 11a6op napa.Mempo6 Kil 
6) pac'tem npu Bi°=O. 
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Te.MnepamypHGll 3G6UCUMOCmb KBaiJpynoJtbH020 MO.MeHma 

a)Pr e KII PrCu2Si2; nycmbte KPJ,KKU - y1.Jem ece20 KII, 11ep11.btf KpJ,KKU -

y1.Jem MYJtbmunoJteu nopllOKOB BbtlUe 2. 
6)Er e KII ErCu2Si2; nycmbte KpJ,KKU - y11em ece20 Kil, 1.Jep1tbte KpJ,KKU -

y1.Jem MJJtbmunoJteu nopllOKOB BbllUe 2. 
e )Pe3JJtbmam noocma11.oeKu e Kil Pr napa.Mempoe CM 4-20 u 6-20 

nopllOKOB, noJty1.Je11.11.bLX OJ/Jl 11.u3Kome.Mnepamyp11.020 Nd (mpey20JtbH.UKu) u Ho-Er 

(nycm1,1e KPJ,KKU), B cpae11.e11.uu c "poo11.1,u.i" KII PrCu2Si2 (1.Jep11.ble KpJ,KKU) npu 

Bi°=O. 
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E [M3B] 

11.33 

9.20 
7.78 

::rr 0.70711+2> + 0.70711-2> 

0.88961±1> + 0.4568~3> 

5.09 
4.18 

1.35 
0.00 

Pttc.9 

I 
ll.lma!lll 

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

0.70711+4> - 0.70711-4> 

0.61111+4> - 0.503010> + 0.61111-4> 

0.70711+2> - 0.70711-2> 

m 0.8896fF3> - 0.45681±1> 

CxeMa ypoBHeu u cmpyKmypa BOJlHOBblX <jJyHK[jUU, coomBemcmBy10u,ue 

pacu,e1U1eHu10 OCHOBHOW MYJ1bmU1U1ema Pr B KII PrCu2Si2. BepmuKaJlbHbte JlUHuu 

060JHa1Ja10m Ha6J110oaeMb1e B 3KcnepUMeHme ounoJlbHbte nepexoobt. 
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· My3hI'-IKa A.IO.".. . _ . . . .. , ... . , . 'p14_97:154 
KBo/lpynom11'b1e :,cpcpe_i<.Tbl n c6eJJ.tt11e11ttllx PrC:t.i2Si2 11·.NdCu2S.i2 · 

"·:_-,_ .~ .. :,/11 ' .. - ~-- .. ~ \, ·\···./ ,_'' ._,-:.-.--

. , , ;, \: , .,-.. , , , \' ,, , , .. , , , : ':-'-. , , . , , , . , -· 
·; Manoe a6comornoe 3Iia4emw ·rpa.nnewta KpHCTaJIJIH4ecKoro 3JiekTptt4ecKoro· 

v • "( •., • • f/ , I , , • ,. • • ,_ • '> ' •. • ,, ,_, • ~r• , , ,• t • .• , ~ • •• 

n_OJill B .TpOHHbl~ ~oe,tim1eHHllX R-:-cu:.... Si ( ~- =, Pr;Nd) ,cepHH l-?-2 ,B 'co4enurni1 
C (j-p)-rii6p-11JJ.i11auttett , 11pl!BO,!lHT :K a a!IOMaJibHbl~1 'Kiia.npynoJibllbH,1 .· llIDiCHHllM: 
B _:,r«x_ CHsTe1,mx. 8 c~~JJ.H~ie,ittit Prc.u);i2 :peaninyeTCll Kii'aitpy116JibH.~IH, Kpttno-3cp-
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.cfif~!- 'B coemme,rnu _l'NCu2Si2' ,B 'la,st1c11~10CT';f O'~ Te1,m,eparypb( pea.rI1nyeTCll fBa 

BapHa;~iri'1<p11cTaJIJ1~4eCKOrO; nonll' (KTI):. 11(JH \ B~IC()KHX ·re1,i1J~paTypax !~: kn, 
: ... ",,- . ' ~-' . ~. '.- _ .. -_-~. ·'- .. ·-._- ( . ,, ,·,· \, 1 . ~- ·. ·-_·' , 
11Me10mee CY1Uecrne1111b1tt rn6pi1JJ.H3autto'imbIH BKJia.n, H JiopMa.rihHOe KTT, ni1we1111oe· . 
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,Quadi:upolar Effects _in PrCuzSiz and. NdC::uzSi2· Cornpounds ·, 
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Small ·absolute' value· of ·crystal electric field gradient Jogetherwith f-:-p 
hybridization - are ;easons- of ari . ario01al~us q~adrupolar ·phenomena iri t~rnary 

'compounds R ~.c~::::si ( R:::; Pr,Nd:) of 1~2-2 se~iei.The g·uadrup:~Jar Kondo-effect 
,,- ,•• ,. •." . ,.' ;,.---.,: • •, • .. - :' --,:"'• • ---"--" .· . r . ·, • '\, ., , '.'· ,_-, 

take~ place i!1 ,PrCu2Si2 compou,nd . .There ar~ two variant~ ~f crrt~l- field; (CFL 

}~ ~d¢u2Si2 ifomp~urid · due. t,o. temper~t~r~. The<'a~om~fo~s~CF_-~ith significa~:t 

inixirig part js ,· re;lized at high 'te~p~atures. Th~ ri~rn;;r CF 'withouf mixing 
- l , • J • i ,_ ~ 

-component takes r.Jace at,Jow temperatures. . :- -,_. : . • . ' 
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