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O6m~ xapaKTepllCTllKa pa60Tbl 

AKTYaJibHOCTh TeMhI uccrreIIoeamrn. Ha .ua1111h1tt MOMCHT 11aH6onee CJIO)KHOtt 

npo6JieMOll TCOpllH Kmmo-CllCTCM SIBJIHCTCSI a,neKBaTHblll )"ICT KpllCTaJIJlll'ICCKOro 

noJISI (KIT). ,U11cKyccllOHHblM TaK)KC SIBJISICTCSI Bonpoc BJlllilHllil rn6pH,Ull3aUllll Ha KIT. 

TaKHM o6pa30M, mo6b1e 3KCnep11MCHTaJibHbIC ,o:aHHblC, TeM IIJlll llHblM o6pa30M . 

np0JIHBa!OIUHC CBCT Ha pOJib KIT B CIIJlbHO KoppeJillp0BaHHblX k-f CllCTCMaX, SIBJISl!OTC$1 

BCChMa aKTYaJibHbIMll .D:JISI IlOHllMaHllil q>ll3llKll 3TllX CllCTeM. 

lleJib!O HaCT0SIIIIett pa60Tbl SIBJifill0Cb 3KCnepllMCHTaJibHOC HCCJIC,O:0BaHHe 

MCTO,O:OM Heynpyroro pacceSIHllil TCilJIOBhlX HettTpOHOB (HPTH) BJlllilHllil 

rn6pH,UH3aUHOHHOfO B3aHMO,O:CUCT~llil Ha KIT H Bhl.D:CJICHHC CBSl3aHHoro C 

· rn6pH,UH3aUHett BKJia,na B ::icpcpeKTllBHhitt noTCHUllaJI KIT psi,o:a coe,o:HHCHlltt RE-TR2Sh 

(RE - pe.o:K~ 3CMJISI, TR - nepexo,UHhitt MeTaJIJI). 

HayqH~ H0Bll3Ha llCCJIC,0:0BaHllll 3aKJI!OqaeTCSI B CJ1e,o:y10meM: 

1. Onpe,o:eJieHhI napaMCTPhl KIT y umpoKoro no q>ll3HqecKHM ceottCTBaM 

CilCKTpa COC,UllHCHllii: OT aHTllq>eppMarHllTHbIX COC,O:llHCHllii psi.o:a .o:o , COC,UHHCHllil C 

npoMe)KYTOqHott eaneHTH0CTh!O (CITB) YbCu2Sh. Bcero HCCJie.uoeaHo .ueesiTh 

COC,O:llHCHllH. 

2. .[{OKa3aHa a,neKBaTHOCTb MO,O:CJIH ::icpcpeKTllBHOro 0,O:HoqaCTllqHoro 

nOTeHuHana KIT .D:JISI onHcaHHSI cBoiicrn CIIJlhH0 KoppeJIHpoeaHHhIX k-f CHCTeM BilJIOTh 

.o:o CITB ll Bh~eJieH rn6pH,UH3aIIHOHHhiii BKJia,n B KIT Hccne,o:yeMoro psi.ua coe,UHHCHllii .. 

ITpll 3T0M BnepBbIC HarJISI.D:HO IlOKa3aH0 HaJill'lllC CIIJlbHOii rn6pH,Ull3allllll B 

aHTllq>eppoMarHHTHhIX coe.o;HHCHIDIX, co.uep)KamHx Pr H Nd. 

3. BnepBbIC IlOJI)"ICHbl ,O:OKa3aTeJibCTBa Toro, qTQ B .o;aHHblX TPQHHblX 

coe,o:HHCHllilX ciiTyaIIllil B Ha<i:ane pMa pe.D:KHX 3CMeJih (P3), T.e. npll P3-HoHe (P3H) 

C 0,0:HllM f-::iJICKTpOHOM Ha 4f-o6ono~e (Ce), OTJlll'IHa OT CHTyaUllll B K0HUC pMa 

(Yb, BMCCTO 0,0:HOro 3JICKTp0Ha - O,O:Ha ,O:blpKa Ha f-o6onoqKe); CCJIH B nepB0M cnyqae 

CIIJlbHOe rn6pH,Ull3aUllOHHOe B3allMO,O:CllCTBllC B03HllKaCT MC)K,Uy f-::iJieKTpOHaMH ll p-

3JICKTpOHaMll Si, TO BO BTOp0M cnyqae rn6pH,Ull3aIIllil llMCCT MCCT0 MC)K,UY f-.O:blpKoii: ll 

3JICKTpOHaMll Cu. 

4. ITOJI)"ICHbl ,O:OKa3aTeJibCTBa CYlIICCTBOBaHHSI KBa,npynoJibH0ro KoH.D:0-

3q>qJCKTa B aHTllq>eppoMarHllTHOM C0C,O:llHCHllll PrCu2Sii . 
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5. BnepBbie Ha6JIIO)laJIC51 acpcpeKT II0)laBJieHIUI rn6pimll3aUIIOHHOro 

. B3aHMOAeHCTBH51 3a C'leT B3aHMOAeHCTBH51 KBatlpynon» P3 c rpatlileHTOM Kn B 

aHT1Iq>eppoMarnIITHOM coeA1IHeH1I1I NdCu2Sh- "" 

ITpaKTJl'IeCKru! UeHH0CTb pa60Tbl 3aKJIIOtJaeTC51 B TOM, 'ITO Harn»AHO 

npo)leMOHCTp1IpOBaHa ponb KIT KaK IIHCTp)'MeHTa IICCRe)loBaHll51 rn6pimll3aUIIOHHOro 

B3allMO)leHCTBH51. 

Anpo6amrn pa60ThI. Pe3ynhTaThI I1ccneAOBaHH51 AOKJiaJlh1BanI1ch tta ABYX 

CeMIIHapax B OT)lene q>Il3~Kll KOH)leHcnpoBaHHbIX cpe)l Jia6opaTOpI11I HeHTpOHHOH 

q>ll3l!KII IIM.cI>paHKa Oly6Ha, 1994, 1995); I coBeTCKo-cppaHUy3cKOM ceMHHape no 

CHnhHO Kopp'enlipOBaHHhIM aneKTpOHHhIM CIICTeMaM (napmK, 1991); XXX COBeruaHIIII 

no q>l1311Ke Hl13KIIX TeMncpaTyp (Jly6Ha, 1994); III pocCIIHCKO-cppaHUy3CKOM 

CCMIIHape no CHnhHO KOppen1IpOBaHHhIM aneKTpOHHhIM CIICTCMaM (fpetto6nh, 1995); 

XIII COBeIUaHIIII no IICnOnh30naHIIIO HeHTpOHOB n q>ll31IKe TI\ep)loro Tena (CaHKT

neTep6ypr, 1995). 

CTpYKfypa H ofueM pa60Thl. )l1IccePTaUH51 cocroIIT 113 BBeAeHH51, tJeThrpex 

man ll 3aKJIIO'leHH51. OHa COAep)KllT 163 CTpaHIIUhl MalllUHOnIICHOro TeKCTa, BKJIIO'la51 

69 pI1CyHKOB, 11 rn6nIIU II cnncoK nllTepaTyphI 113 133 CChinOK. 

qcHOBHOe COACp)KaHIIe pa60ThI 

B nepBon mane npI1BeAeH o63op TeopeTll'leCKIIX ocHoB I1ccneAOBaHH51. OH 

COCTOllT Il3 Tpex tJaCTeH. B nepBoif o6cy)K)laeTC.sI TeopemqecK0e onI1CaHI1e KIT, KaK C 
TOtJKII 3peHH51 KJiaCCIItJCCKOH aneKTpOcTaTIIKII, TaK II Ha OCHOBaHIIII KBaHTOno

MexaHil'leCKIIX nO)lXOAOn, n TOM 'IIICne cynepno3IIUIIOHHOH MOAeJIII (CM) [l]. Bo 

B'.(OpOH tJaCTII npIIBe)leH KpaTKIIH o63op TeopeTIItJeCKIIX no)lXOAOB K onI1caHI1IO 

CHnbHO Koppen1IpoBaHHhIX k1 CIICTeM (KmmO-CIICTeM) B npIIMeCHOM np1I6nmKeHI1II. 

OcHOBHOH aKUeHT )leJiaeTC51 Ha MeTO)lhI peII1eH1ci MO)leJIII AHAepcoHa C 6eCKOHetJHhIM 

U: npI16n1I)KeH1Ie 6onhII10ro BblpO)K)lCHH51 II, B tJaCTHOCTII, npI16JJ1I)KCHI1e 

HenepeceKa10ru11xc» AIIarpaMM (nHJl). B TpeTheH qacm o6cy)K)laeTc» Heynpyroe 

pacce»Hile TeI1JIOnhIX HeHTpOHOB, KaK 11HCTp)'MeHT M11KpOCKOnll'leCKOro 11ccne)lonaHH51 

MarnIITHhIX CBOHCTB Beruecrna. 

Bo BT0poij rnaBe npl!BOAIITC51 KpaTKl1H o63op 3KCnep11MeHTaJihHhlX 

11ccne)lOBaHiiH, Kaca!OIUIIXC51 B<mpoca nplIMeHHMOCTII MO)leJIII KIT K Cl1CTeMaM C 

CIInhHhIM rn6pimll3aUIIOHHbIM k-f B3am,10)leficTBl1eM. KpoMe 3TOro, IIp1InO)l}ITC51 
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3KCnepI1MeHTaJibHhIC CBJmeTeJihCTna aHOMaJihHOro noBe)leHH51 aHTmpeppoMaIBllTHhIX 

coeAI1HeH11fi PrCu2Sh II NdCu2Sh: aHOMaJihHO nhICOKa» TeMnepaTypa Heen51, 

xapaKTepHa» )ln51 o60IIX CIICTeM COtJeTaeTC51 B nepnon: C KpaHHe HI13KllM 

KnaJlpynonhHhlM MOMeHTOM P3 [2,3] 11 C OTCYTCTBIICM xapaKTepHoro AJl5I 

aHTl1q>eppoMarneTIIKOB MaKCHM)'Ma CTaTll'leCKOH MarnlITHOH BOCnp11HMtJIInOCTII - BO 

BTOpon:. Ha OCHOBaHIIII o63opa TeopeTll'ICCKOH 11 3KCIIepUMeHTaJihHOII CIITyaUIIII 

noKpyr Kn B KOHAO-Cl!CTeMax B Kc:ittue ·nrnpon: rnaBhl cpopMyn11pyJOTC51 3a)latJII 

AIICCePTaUIIII. 

TpeTh51 rnaBa nocB»IUeHa MeTOAll'ICCKllM BonpocaM, KOTOphle pernanlICh B 

npouecce nhI_IIOnHCHH51 IICCne)lOBaHH51. 

O6cy)K)leHa MCTOA11Ka nonyqeHH51. cneKTpoB HPTH Ha npeM»nponeTHhIX 

CIIeKTpOMeTpax o6paTHOH iI np»MOH reoMeTplIII, a TaK)Ke OT)leJieHH51 MaI11llTHOro 

pacce»HH51 OT q>OHOHHOro. 

O6cy)K)leHa MeTOAIIKa o6pa60TKII MarnllTHOro OTKJillKa, n TOM 'IIIcne C O'leHh 

llI11pOK11MII CIIeKTpaJibHhIM11 KOMIIOHeHTaMl1, C UeJihlO onpe)leneHH51 napaMeTpon Kn. 
OcHOBHOH aKUCHT C)lenaH Ha OIIIICaHIIe opramnaUIIII CKaH1IponaHH51 npocTpaHCTBa 

napaMeTpOB Kn. 
B qernepTOH mane IIpI1nO)l5ITC51 pe3ynhTaThI 3KCIIepnMeHTOB 11 11X 06cy)K)leH11e. 

fnaBa npeAcTaBJI»eT 113no)KeH11e Tpex nocne)loBaTenhHhIX 3TaIIOB 1IccneA0BaHH51. 

Pe3ynhTaThl Ka)K)loro nocneAy!OIUero 3Tana AOIIOnH5lnlI HnlI KoppeKT1Ip0BaJil1 

pe3ynhTaThI npeAhmyruero. 

lb nono)KeHIIH CM [l] cneAyeT, 'ITO napaMeTphr KIT 4-ro II 6-ro nopMKa 

onpe)len5IIOTC.sI n11raH)lHhlM OKpy)KeH11eM, T.e. IIOHaMII 6nll)KaHllIIIX KOOPAIIHaUIIOHHhIX 

ccpep. ITp11 3TOM nKJiaJl B Ka)K)lhIH napaMeTp KIT co cropoHbI KOHKpernon: 

KOOPAIIHaUIIOHHOH ccpepbl q>aKTOp113yeTC51 TaK, 'ITO Bbl,[{en5ICTC.sI Patl11aJihHbIH II 

yrnoBOH q>aKTOpbr. nepBbIH Ha3hrnaeTc» BHYTPCHHHM napaMeTpOM ccpepu 11 »BJI.sieTc» 

3q>q>eKTIIBHOH xapaKTepIICTIIKOH B3aHM0AeHCTBH51 110HOB AaHHOH ccpephl C P3. 

Oco6eHHOCTII CTPYKTYPbI IICCneAyeMbIX coe)l11HeH1IH: TeTparoHanbHa51 TOtJe'IHa» 

CllMMeTpH51 (T.e. no ABa napaMeTpa KIT 4-ro II 6-ro IIOpMKOn) II )lBe 

KOOPAIIHaUIIOHHbIX ccpephl nliraHAOB: Si II nepeXOAHOro MeTanna II03B0n5IIOT OT 

cpettoMeHonorll'lecKIIX napaMeTpOB KIT Bt nepefiTII K aHanl13y BlfYTpeHHIIX 

napaMeTpOB KOOpAIIHaUIIOHHhIX ccpep nilraH)lOB A4(Cu), A4(Si), A6(Cu), A6(Si), 

CB513aHHbIX C nepBbIMII IIpOCThIMII CIICTeMaMII ypanHeHIIH. 
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4-11 nop51JlOK KIT: 

II 6-ii nop51JlOK: 

A~(r4 )=- 0.7A4 (Si)-2.3A4 (Cu) 

A:(r4
) =-25.3A/Si)+5.5A4 (Cu) 

~(r6
) = 2.2~(Si)- 2.8~(Cu) 

Al, (r6
) = -14.8~ (Si)+ 27. 9A4 ( Cu) 

3nech A;(/) = s; I ex 1 ( cx1 - Ta6ym1poBaHHh1e cpaKTOph1 CTeBeHca). Ko3cpcpIIuneHThI 

npn BHYTpeHHHX napaMeTpax onpeneJI51IOTC51 m yrnoBoro pacnonmKeHH51 nHraHnoB Ha 

CBOllX KOOp)ll!HaUHOHHhlX ccpepax II Bhl4HCJ151IOTC51 Ha OCHOBaIIIIH CTPYKTYPHhlX 

naHHhIX. 3Ha4eHII51 K03qJqJIIUIIeHTOB Ka)K)loro KOHKpenrnro coe)lIIHeHII51 p51Jla 

OTJIII4aJIIICh OT npirneneHHhIX 3).leCb Jllllllb He31Ia'IllTeJibHO. 

Ha nepBOH CTa)llIII IICCJie)loBamrn 6h1Jlll onpeneneHbl napaMeTpbl KTT 4-x 

aHTIIcpeppMarneTIIKOB: PrCu2Si2, NdCu2Sh, H0Cu2Sh, ErCu2Sh. CoqernHHe 3TIIX 
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PHC.l 31w'le1-tull e1-1ympe1-11-1ux ; 

napW1empoe CM 4-w noplliJKa • 

c<JJep J1uza1-1iJoe Si u Cu. 

)laHHhlX C naHHb!Mll KIT CIICTeMhl C T5l)KeJih!Mll cpepMIIOHaMII (CT<l>) 

CeCu2Si2, onpeneneHHoro B [4], no3BOJIIDIO nonyqIITh KapTIIHY 3BOJIIOUIIH 

BHYTpeHHIIX napaMeTpoB 4-ro nop51JlKa, npencTaBJieHHYIO Ha puc. l 

5IBHM aHoManII51 napa.vreTpa A4(Si) coen1rnemrn Ce-Cu no3BOJIIIna cnenaTh 

Bb!BO)l O HaJIIl411Il B KIT 3T0f0 coe)lHHemrn rn6pll)lII3aUHOHHOfO BKJia)la. To4HO TaKOH 

)Ke BhlBOJl 6h!J1 cnenaH B OTHOlllemm aHTIIcpeppoMarneTIIKa Pr-Cu. 3TOT 

3Kcnep1IMeHTaJihHhlll cpaKT xoporno KoppenIIpOBaJI C aHOMaJibHblM TTOBe,uemieM 
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coe,UHHeHH51, 0 KOTOpOM fOBOpIDIOCb paHee. AHOMaJihHOe noBe)leHiie TOJlbKO ccpepbl 

Si fOBOpllT O TOM, 4TO f-3JleKTp0Hbl nerKHX P3 B 3TOii cepm1 coenIIHeHHII BCTYilalOT B 

rn6pll)lll3aUHOHHOe B3aIIMO)leHCTBHe B OCHOBHOM C p-3JieKTpOHaMH Si. BnpoqeM, 6-11 

nop51.UOK KIT, KOTOphIH, B OTm11-111e OT Ce, Bm,ueiicrnyeT Ha Pr, B coe,unneHml Pr-Cu 

TaK)Ke HMeeT 3aMeTHYIO aHOMaJIHIO: BHYTpeHHHe napaMeTpbl 6-ro nop51,UKa o6eux 

ccpep -B 2 pa3a MeHhrne qeM y Nd, Ho, Er. . 

Ha puc.2 npenCTaBJieHbl pe3yJibTaTbl pac1.JeTOB TeMnepaTypHOII 3aBHCilMOCTH 

KBa.upynoJibHOfO MOMeHTa 

(on= I,P;(il3J; -}(} + l)li) 
i 

Ha ocHoBe Harnux naHHbIX KIT wrn coewrnem151 Pr-Cu. 3.uecb Pi - cpaKTOp TennoBoii 

JaceneHHOCTII cocT051HH51 Ii> P3 B KIT, J-nonHhIH MoMeHT P3, a lz - ero npoeKUH51 Ha 

OCb C. BepXH5151 KpllBa51 Ha pIIC_. 2a (nycTbie Kpy)KKH) - pe3yJihTaT paCI.JeTa ·(on .U,,'151 

PrCu2Sb, ucxon51 HJ nonHoro raMIDihTOHIIaHa KIT. HmKH5151 KpHBa51 - To )Ke caMoe 

npll B J=O. Bll)lHO, 1.JTO KpHBbie TTOXO)Kll .upyr Ha npyra, eCJIH He CI.Jl!TaTb He60JihlllOfO 

napanneJibHOro C)lBHra B)lOJlb OCH opnuHaT. CTeneHb HX TTOXO)KeCTH u Macuna6 

BeJIHI.JHHbl C)lBHra nerKO ouem!Tb, ecnu cpaBHHTb puc.2a c puc.6, Ha KOTOpOM 
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Puc.2 Te.Mnepamyp1wll 

3{161/CILMOC/llb K6(l()py110J1bHO?O 

.MO.MCHIIW 

a)Pr e KII PrC112Si2: 

ll}'Clllb/C KJ}_\')KKU - _\''IC/II 6CC20 

KII, 'IC/Jllbtc KjJ_\')KK/1 - _\''IC/II 

.M)'Jlblll/1/lOJlCll ll0JJ1lc)K06 6bllllC 2. 
6)Er o KII ErCu2Si2: 

11ycm1,1c KJ)}')KKU - y'lcm oce20 

KII, 'IC/Jllbtc KJJ}')KK/1 - y'lcm 

.M}'/ib/llllllOJlCll 11op1u)K06 (Jb/1/lC 2. 
o )PcJyJlbmam no<kmmw

BKU o KII Pr napcLMempoe CM 4-
i!O II 6-20 110/J.ROKOB flOJlY'ICIIHb/X 

(}Jill Nd (mpcy20J1bllllKU) u Ho-Er 

(nyc1111:,1c KJJY)KKU) 11p11 Bi°=O B 

C/}(16/ICHllll C "p(}()Hbt.M" KII 
PrCu2Si2 (11epHb1C KJJ}')KKU). 



H306pa)KeHbl aHaJIOrH'IHbie KpllBbie JIJlll Er. P11c.2a noKa3bIBaeT OTHOCHTeJibHYIO 
0 -o 

BeJIH'IHHY cnaraeMoro B2 0 2 B noJIHOM raMIIJibTOHHaHe KIT B C;1yqae Pr, ecn11 

HcnOJib30BaTb uafLUeHHbIH Ha6op { B;") . ,Uonll cnaraeMoro B~ 0~ B coe].l11HeH111I Pr-Cu 

He npesurnaeT 7% OT nonHoro raMIIJibTOHHaHa KIT. B ErCu2Si2, Hanp111,1ep, 

aHaJIOrH'IHall BeJilI'l!fHa COCTaBJil!eT 25%. IT03TOMY 3.1.leCb HeyqeT cnaraeMOro 2-ro 

nopll.l.lKa npHBHOCHT .l.lpaMaTH'leCKHe H3MeHeHHll B Kp1rny10 TeMnepaTypHOII 

3aBIICHMOCTII KB3.l.lpynOJibHOro MOMeHTa, 'ITO COBCeM He TaK B cnyqae Pr. OTCIO}.la 

CJie.l.lyeT, 'ITO KB3.l.lpynOJibHbIH MOMeHT Pr onpe.l.leJilleTCll, B OCHOBHOM, cnaraeMbIMll 

raM1IJibTOH1Ia1-rn KIT 4-ro H 6-ro nopll.l.lKOB, ll Mbl HMeeM B03MO)KH0CTb aHaJill31IpOBaTb 

KB3.l.lpynoJibHblH MOMeHT Pr, aHaJIH311pyll HaH].leHHbie BHYTpeHH!le napaMeTpbl 

KOOp.l.lllHal_\lIOHHblX ccpep Si II Cu. TaKHM o6pa30M, 3aMemrn aHOMaJibllbie BHYTpeHHlle 

napaMeTpbl Pr Ha BHYTpeHHlle napaMeTpbl KaKoro-n1160 HOpMaribHOro 'IJieHa Pll.l.la npll 

pac'leTe KIT B PrCu2Si2, MbI nonyq11M KoppeKTHYIO oueHKY "HopMarihHoro" 

KB3.l.lpynOJibHOro MOMeHTa Pr. 

Pe1yJibTaTbl TaKOro pac'leTa np11 B~ =0 npeJ.lCTaBJiel!bl Ha pHC.2B. KpHBall, 

no'ITII nona}.la!Oll.lall B Ha•IaJIO KOOPJ.lllHaT (4epHbie Kpy)l(Kll) - pac'leT Ha OCHOBe 

BHYTpeHHllX napaMeTpOB Pr (Ta )Ke KpllBall, 'ITO H Ha pHc.2a), BepXHllll KpllBall 

(TpeyroJibHllKII) - pac'leT Ha OCHOBe napaMeTpOB Nd, a Hll)l(Hllll (nycTbie KPY)KKH) -

pac'leT Ha ocHoBe Ho H Er. B nocne.l.lHIIX .l.lByx cnyqallx (HopMaribHbIH 

KB3.l.lpynoJibHblll MOMeHT) }.lBa Hll)KHIIX 3HepreTH'leCKIIX ypoBHll npeJ.lCTaBJilIIOT co6ofi 

CllHrJieTbI C MaTp114HblMII 3JieMeHTaMH (ilo~ Ii) 60JibllIOH a6cOJIIOTHOH BeJill'IHbl ll 

pa3HblX 3HaKOB. ITapaMeTpbl Nd .l.la!OT B OCHOBHOM COCTOl!Hllll noJIO)Kl!TeJibHbIH 

KB3.l.lpynoJibHbIH MOMeHT, a napaMeTpbl Ho-Er - OTp11uaTeJibHbIH. TaKIIM o6pa30M, 

HOpMaribHblH KB3.l.lpynoJibHblll MOMeHT, eCJIII 6bI OH 6bm y Pr, IIMeJI 6b1 60JiblllOe 

a6cOJIIOTHOe 3Ha'leH!le npll Hll3KIIX TeMnepaTypax. B npOTIIBOBeC 3TOMY, KIT 

PrCu2Si2, onpe.l.leJiel!HOe B 3KcnepHMeHTe, B Ka'leCTBe OCHOBHOro COCTOlIHllll }.laeT 

.l.ly6neT, Ka)KJ.loe 113 .l.lByKpaTHO BblpO)KJ.leHHbIX COCTOlIHllH KOTOporo l!MeeT 6Jill3Kllll K 

HYJIIO MaTpll'IHblll 3JieMeHT (iJo~Ji), 'ITO lIBJilleTCll OCHOBHb!M cpaKTOpOM, 

cpopM11py10ll.lllM Hll3KOe a6cOJIIOTHOe 3Ha'leH!le KB3.l.lpynOJibHOro MOMeHTa Pr. 3N 
o6CTOlITeJihCTBo orrHmua'IHO cBll3aHo c HaJIH'IHeM B KIT PrCu_2fil_2 

m6p111IH3aUHOHHOro BKJiarra. AHaJill3 noKa3bIBaeT, 'ITO JIJlll "o6HyJieH!lll" 

KBa.l.lpynoJibHOro MOMeHTa 0.1.ll!HaKOBO Ba)l(Ha KaK llpKall aHOMaJlllll BHYTpeHHero 

napaMeTpa ccpepbI Si A4 ( Si} , KoTopyIO MbI ornoc11M Ha c'leT f-p m6pll.l.lH3au1111, TaK II 

6 

MeHee llpKo Bbipa)KeHHall aHOMaJillll BHYTpeHHIIX napaMeTpos 6-ro 110plIJlKa A6 (Si} 11 

A6 (Cu). TaK11M 06pa10M, B coe)lHHeHHII Pr-Cu MbI HMeeM B ocHOBHOM cocTOlIHIIII 

CIIJibHYIO pe)lyKL\IIIO KB3.l.lpyrroJibHOro MOMeHTa BCJie)lCTBlle m6pll.l.l113al_\!IOHHOro 

B3al!MO}.leHCTBllll ll MO)KeM rosopl!Tb O KB3JlpynoJibHOM KoH)l0-3cpcpeKTe. 

BTopoi-i 3Tan 11ccne)loBaH!lll BHec lICHOCTb B c11Tyau1110 c coemrneHHeM Nd-Cu: 

no ,uaHHbIM 113MepeHllll KIT OHO 6bmo H_opMaribHbIM, a no ,uaHHbIM 113MepeH!lll 

MaKpOCKOIIII'leCKIIX CBOIICTB (BbICOKOe 3Ha'leHHe TN, HeBblpa)KeHHOCTb 

aHTll<peppoMarH!ITHOro nepexo.ua) - aHOMaJibHb!M. C l_\eJiblO npOlICHeHllll c11Tyau1111 

6bm11 npoBe,ueHbI aKcnep11MeHTbI Ha 113ocTpyKTypHbIX coe,uHHeH!llIX RE-TR2Sh, r.ue 

TR - nepexo,uHhIH MeTaJIJI, a RE - Pr IIJIII Nd. Hccne.uoBaJIOCb 'leTb1pe coe,u11HeH11ll: 

PrNhSh, NdNhSh, PrFe2Sh II NdFe2S_h. Ha p11c.3 npe)lcTaBJieHbI pe3ynbTaTbI 

onpe.ueneHllll BHYTpeHHIIX nap3¥eTpOB 4-ro nopll,UKa 3TIIX coe,u11HeH11ii B CO'leTaHIIII C 

/.(aHHbIMII coe,u11neH11ii Pr,Nd-Cu. 

■ Pr 
o.5ol ONd 

> 0.00 cp 

f -05l ~ -LOO - i! ~ ~ 
<i:: -1.50 

-2.00 I I I 
Cu Ni Fe I Puc.3 Iloaeoeuue 

napa.Mempo« CM A4 (Si) . 

1.50 1 I u A4 (TR) 6 pa3llU'lHblX 

> II coeouHeHURX RE-TR2-Si2. 

.§, 1.00 I • 

[ Q50 1 f 
~ 0.00 --~-- -

-0.50 I J . ____ __ j 
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lfa pHCyttKa BH,UHO, 4TO A4(TR) .upeiicpyeT OTHOCHTeJibHO 3Ha'-leHHH A4(Cu) C 

y.uaneHneM rrepexo;woro MeTamrn OT Cu: B cnyqae 6onee y.uane1rnoro Fe B 

coe,UHHeHHII C Pr ,[(a)Ke CMeHHnC51 3HaK 3TOro BHyTpeHHero rrapaMeTpa. A4(Si), 

Hao6opoT, ,neMOHCTpnpyeT CTa6HnbHOCTb OTHOCHTeJibHO 3Ha4eHH51, KOTopoe 3TOT 

rrapaMeTp HMen B coemmeHHU Pr-Cu. ITpm.te4aTeJibHO, 4TO OH COBrra,naeT He TOnbKO y 

coe,nnttettuii, co.uep)Karunx Pr, HO n y Nd-Fe,Ni ero 3Ha4eHue 6mnKo K TOMY, '-!TO 

6blJIO B cnyi:rne Pr-Cu. To o6cT051TeJibCTBO, 4TO B cnyqae Fe, Ni rn6pu.uH3auuoHHbIH 

BKna,n rrpucyTcTByeT u B KIT_ Nd, 3aCTaBnno Hae np0Bep11Tb .uaHHbie no NdCu2Sh. B 

pe3ynhTaTe, KpoMe paHee 11aii,nem10ro tta6opa rrapaMeTpoB KIT 6bm BhrnBneH erue 

0,[(HH, ,UalOW:fiH, rrpaKT114eCKH, TOT )Ke CaMblll Marm-ITHblll OTKnHK BO BCeM 

TeMnepaTypHOM .unarra3oHe rrapaMarHIITHOH cpa3bl, HO ,neMOHCTpnpyIOIUHH 

m:6pu.uH3aU110H!Iblll BKna.[( B KIT 4-ro rrop51,nKa (6-11 rrop51.UOK rronHOCTbJO COBITa.[(aJI C 

nepBblM BapnanTOM). Kpm.1e 3T0ro, o6a Bap11aHTa 11MeJIH MaJibie no a6conlO'!'HOMY 

3Ha4eHnlO rrapaMeTpbI B/, HO pa3Horo 3HaKa. CnTyauuio rrpo51cnnno 11ccne,n0Bam1e 

cneKTpa HPTH aHTncpeppoMarnHTHoii cpa3hI coenu11emrn Nd-Cu. 

Ha pnc.4 rrpencTannenbI cneKTpbI no BpeMeHn rrponeTa HMPTH coemmeHH51 

Nd-Cu rrpn T=7K. KaK n0Ka1an11 pe1ynhTaTbI nccnenoBann~ Marm1Tnoft m1cppaKU11H 

[5], 3Ta Te1>mepaTypa ne.ikHT Hl1)Ke TO'-IKl1 anTHcpeppm,rnrn11nIOro yrrop51;io'-leH1151. 

MarIU!THblll OTKn11K OlIHCbIBaJIC51 C IIOMOIUblO MO,UeJIH KIT H MO)len11 MoneKyn51p110ro 

Marn11Tnoro rron51 (MMIT). ITo,nronKa MeTO.UOM naHMCHblllUX KBa,npaTOB (MHK) BO 

npeM51 KOTopoii napbuponanHcb napaMeTpbI KIT n KOHCTaHTa MMIT rroKa3ana, '-IT(! 

tta11nyi:1IllHM o6pa30M (p11c.46) cnet<.Tp HMPTH orrncbrnaeTc51· ecnn rrapaMeTp KIT 

BToporo rrop5I;iKa B/ 6epeTC5I H3 nonoro na6opa napaMeTpoB KII, a napaMeTpb1 

cTaplllnX rrop5I;iKoB 6epyTrn H3 cTaporo na6opa. 

Ha pnc.5a,6 Il3o6pa)KeHa TeMrrepaTypHID! 3aBHCl1MOCTb KBa.upyrronhHOro 

MOMeHTa (of) nona Nd3
+ B coen1-menm1 NdCu2Sh B cnyqae CT~poro (rrycTbIC 

KPY)KKJI) 11 noBoro (qepHbie KPY:lKKJI) BapnaHTOB KIT. () 03HaqaeT 11 

TepMO)ll!HaMH4eCKOe, 11 KBaHTOBOMeXaHH4eCKOe ycpe,nneH11e ITO COCT05IHl151M KIT. 

Puc.Sa rrpencTaBn5IeT pacqeT na ocnoBamm rrorrHoro raMHnbTOHnaua KIT. Pnc.56 -

pacqeT rrpu B/=0. TpH Ba)KHhlX o6cT05ITCJlbCTBa 06parua10T Ha ce651 BHHMam,e npH 

aHanu3e 3Toro pncyHKa: 

1) KpHBbie 3aBHCHMOCTefI ( On(T) pnc.5a L(OBOJibHO 6m!3Kl1 K COOTBeTCTBYIOW:IIM 

KpIIBblM puc.56; 
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2) OCHOBHOe OTJIH'llle KpHBbIX p11c.Sa OT KpHBhIX p11c.6 - 3TO TO, 4TO nepBble He 

llBJllllOTCll 3HaKoonpe)leJieHHbIMII; 

3) 3aBHCIIMOCTH, npe;.lCTaBJieHHbie Ha pnc.56, coorneTCTBYIOIUHe JlBYM pa3HH4Hb!M 

Hap,rnHraM Kn, C 60JibWOii CTeneHblO T04HOCTH paBI!bl .upyr .upyry no a6COJIIOTHOII 

BeJill4HHe H npOTHHOnOJIOlKHbl no 3HaKy. 

1) II 2) HMelOT 06my10 npH4HHy: OTHOCHTeJibHO MaJIYI0 BeJil14HHY 
0 '0 

KBMpynoJibHOfO CJiaraeMOro B2 02 B o6meM raMHJibTOHHaHe Kn BCJie)lCTBHe MaJIOCTH 

0 
napaMeTpa B2 . Ta JKe caMall cHTyailHll 6b!J1a H coe.umiemm Pr-Cu. B nepBOM 

BapHaHTe Kn KHMpynoJibHbIH 4JleH COCTaBJilleT 9%, H HOBOM BapHaHTe Kn - 5% OT 

o6mefi BeJIH4Hllbl H CF. J1 H TOM 11 B JlpyroM CJIY4ae 3aB11Cl1MOCTb (Of) (T) B 

3Ha411TeJibll011 Mepe onpe,neJillCTCll •meHaM11 raMHJibTOHl1aHa Kn IIOpll)lKOB Bblllle 2-ro. 

np11 ITOIU1JKeHim n:MnepaTypbl HX HJlllllHHC CTaHOHl1TCll ITO)laBJilllOIUHM. B 06011x 

HaplrnHTaX 3HaK ( oi), onpe.UeJil!eMbltt IIM11, nOTHBOIIOJIOlKeH 3HaKy, KOTOpblll 11MeJI 

6bl KBMpynOJibllbIH MOMeHT TOJlbKO 3a C4eT KBa,npynoJibHOro 4Jle[Ia B/. no3TOMY np11 

nepeXO)le OT Bb!COKl1X Te~mepaTyp, f)le (Of) H 60JihWeii CTenemt onpe,neJilleTCll 

KBMpynOJibHbIM CJiaraeMblM Kn K H113KHM TeMnepaTypaM, npmICXO.U11T CMeHa 3HaKa 

(Of). CMeHa 3HaKa KHMpynOJib!IOfO MOMeIITa np11BO)lllT K CMeHe 3HaKa ero 3Heprn11 

B3aHMO)leHCTBl1ll C rpMlleHTOM Kp11CTaJIJIH4CCKOro 3JieKTpH4eCKOro IIOJlll Bi° npn 

HeH3MeHHOM 3HaKe Bi°: Eim=( of)· Bi°. J1 H CTapm,1, II B HOBOM. HapHaHTaX KIT npn 

Bb!COK11X TeMnepaTypax Ein1<0, np11 Hl13Kl1X TeMnepaTypax Eint>0. T.e. H B TOM, H B. 

!{pyrm,1 Hap11auTe np11 KpHCTaJIJIH4eCKOM n9He, He3aBHCHMOM OT TeMneparypbl, np11 

HH3Kl1X T B0311HKaeT ueycTOH4HHOCTb, KOTOPYIO Cl1CTeMa TeM HJIH .npyrnM cnoco6oM 

"nocTapaeTcll" CHllTb. 

no MHeHHIO aBTOpa, B CHCTeMe peaHH3yeTCll "cnoco6" CHllTHll 

ueycTOH4HBOCTH, He CBll3aHHblH C CHJibllOH CTPYKTyp11oii nepecTpoiiKoii, a HMeHHO, 

H3MeHe1111e rrapaMeTpon Kn cTapwux rropllJlKOB. np11 BbICOKHX TeMnepaTypax Nd3+, · 
.ueiiCTBHTeJibHO, HaXO)lHTCll B KIT, orrpe,neJilleMOM HOHblM Ha6opoM rrapaMeTpon. Tipu 

3TOM 4-ii nopll)lOK Kn HMeeT 3aMeTHblH rn6pH)lH3aUHOHHblH BKJIM 11, TeM caMbIM, 

orn114eH OT 11opMaHbHoro Kn, xapaKTepHoro Mll coe)lHHeHHii H0Cu2Si2 11 ErCu2Sii, 

11 CXO)leH C Kn coe.nu11e1111ii, BKJII04alOIUHX .npyrne nepeXO)lllh!e MeTaJIJibl. HanoMHHM, 

4TO crapb!H Ha6op napaMeTpOB Kn, HarrpOTl1H, 6bIJI CXO)leH C HOpMaHbHb!M, If He 

11MeJI rn6pH)l113aUHOHHOfO BKJia)la. J13 pllc.56 BH)lHO, KaKlfM o6pa30M rrpucyrcrnlfe 

HJI11 0Tcyrcrn11e m6p1mmauuoHHoro HKJIMa BJIHlleT Ha KBMpyrroJibHbiii MOMeHT Nd3+: 

10 

;1 
iJ 

,\ 
\J 
l 

ero HC4e3HOHeHHe, rrpaKTH4eCKl1, 3KHHHaJieHTHO YMHOlKeHlfio (of) Ha (-1). TOT cpaKT, 

4TO )lHHaMH4eCKHe HOCITpllHM4HBOCTH, COOTBeTCTHYIOIUHe CTapoMy If HOBOMY 

Hap11a11TaM Kn COHITa)lalOT, OTpalKaeT H)leHTH4HOCTb 3HepreTlflfeCK0ro COCTOllHHll 

110Ha Nd3
+ B o6oux BapllaIITaX Kn H H03MOlKHOCTb rrepecTpOHKl1 BOJIIIOBblX cpyHKUHH 

11p11 rrepexo.ne OT O)lHOro HapnaHTa K .rlpyroMy 6e3 3Ha4HTeJibHhIX 3HepreTHlfeCKlfX 

noTepb. TaKHM o6pa30M, Mb! rrpe,nrroJiaraeM,. 'ITO rrpH ITOHlflKeHlflf TeMrrepaTypbl 

HMeeT MeCTO rrepexorr OT Kn 4-ro rropllrrKa. HMeIOmero m6pumnaIIlfOHHbIH HKJiaJI 

(HOBhiii Ha6op) K KIT 4-ro rropllrrKa 6e3 m6prrrrmannonttoro HKJI@a (cTapb!ii Ha6op). 

npH 3TOM H3MeHlleTCll 3HaK (Of) If 3Heprllll B3aHMO)leHCTBIUI Eint OCTaeTCll 

OTpHUaTeJibHOH. T.e. Mbl Ha6JIIOITaeM 11orraBJie1111e rn6plI1!H3aUHlf 4-f 3JieKTpOHOB TT p

~JieKTpOH0H Si 3a C4eT B3aHMorreiicTBlfll KBarrpyrrOJibHOrO MOMeHTa 4-f o60JI04KH C 

rparrtteHTOM 3JieKTpH4eCKoro ITOJill: 

OKOH4aTeJibHall KapTHHa rrone,neHHll rrapaMeTpa A4(Si) rrpe.ncraBJiena Ha pHc.6 
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PHC.6 311atteHUJ1 B11ympe1111ux napa.MempoB CM 4-zo nop1101w 

c</Jepbt J1uza1100B Si oJlJI pa1J1utt11btx coeou11e11uu RE-Cu nocJ1e 

pe6U3UU oaHHblX no coeou11e11u10 Nd-Cu. 

/!J111 Nd npeocmaBJ1eHbt 11u1KomeMnepamyp11oe ( cMout11ou 

ttepHblU KBaopam) U 6blCOKOmeMnepamypHoe 3HatteHUJl napa.Mempa. 
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ITocneJ.J:HIIii, Tpernii, :nan uccneJ.J:oBamui Kacanc» CITB YbCu2Sb. KaK 

OKa3aJIOCb, ero MarlllITHb!H OTKJilIK MO)KHO 6bIJIO pa3J.J:eJIUTb Ha J.J:Be '-!acn1: BO-nepBblX, 
c'

pacce.HHUe, aHanorn'-!Hoe KBa3uynpyrm.1y pacce.HHIIIO, u, BO-BTOpbIX, Heynpyroe 

pacce.HHUe, CB.H3aHHOe C nepeXOJ.J:aMII B KIT. 

XapaKTepHoii '-IepToii BbIJ.J:eJieHHOro Heynpyroro MarHIITHOro OTKJIUKa, '-lblI 

BpeM.HnponeTHbie cneKTpbl npeJ.J:CTaBJieHbl Ha puc. 7, .SIBJI.HeTC.SI MOHOTOHHOe 

yMeHbillenue rnnpIIH cneKTpaJibHblX mrnuii C pOCTOM TeMnepaTypbi. 

IToJIHblll Ma_rHlITHbii'i OTKJIUK npu HlI3KlIX TeMnepaTypax npeJ.J:CTaBJieH na puc.8 

(CfIJIOillHa.H TOJICTa.H JllIHH.H). ToHKOH JllIHUell 3J.J:eCb npeJ.J:CTaBJieH aHaJIOr KBa3uynpyroi'i 

KOMnoHeHTbl. ' KaK OKa3aJIOCb, ero HeB03M0)KH0 onucaTb B penaKcauuoHHOM 

npu6JI1I)KeHUlI, 3aTO OH O'-!eHb xoporno onIICbIBaeTC.SI C noMOIIJblO aHaJilITU'-!eCKOro 

Bb!pa)KeHH.H J.J:JI.SI neynpyroro KoHJ.J:o-pacce.HHH.SI, npeJ.J:JIO)KeIIHOro B [6] u BbIBOJ.J:lIMOro 

Ha OCHOBaHUH ITHJl. ITOJIO)KeHne MaKCIIMYMa 3TOH KOMnOHeHTbl pacce.HHU.SI COBPaJ]:aeT 

c 3neprnei'i KoHJ.J:o t::K=kT K· OTCIOJ.J:a 6hmo onpeJ.J:eJieHo xapaKTepnoe 3Ha'-!enue 

TeMnepaTypbl KOHJ.J:O J.J:JI.H 3TOH CUCTeMbI: TK=26.5K . ITpeJ.J:nOJIO)KeHue O TOM, '-ITO 

3cpcpeKTUBHa.H peJ.J:YKUH.H Mamurnoro MOMeHTa Yb, xapaKTepHa» J.J:JI.H CITB, 

CKa3bIBaeTC.SI TOJibKO I-Ia lIHTeHClIBHOCTU "KBa3uynpyroro" pacce.HHU.SI lI He 3aTparnBaeT 

Heynpyroi'i '-laCTII, npIIBeJio' K npaBUJibHOII oueHKe BaJieHTHOCTlI Yb, paBHOH 2.8, '-ITO 

COBnaJ]:aeT co 3Ha'-!eIUieM BaJieHTHOCTU, onpeJ.J:eJieHHOH no Kpa!O penTreHOBCKOro 

nornamenH.H [7,8]. 

He3aBUClIMblH aHaJilI3 neynpyroro MarHIITHOro OTKJIHKa npnBeJI K o6JiaCTlI •Il 

npocTpancrne napaMeTpoB KIT c · MaJibIM pa36pocoM no napaMeTpaM KIT 4-ro 

nop.H,!lKa . .[(JI.SI 6-ro nop.HJ.J:Ka MeTOJ.J: o6pa60TKlI He n03B0JI.SIJI noJiyqHTb npneMJieMO 

MaJIYIO HeonpeJ.J:eJieHHOCTb. OTCIOJ.J:a 6bIJIU HaH)..leHbl 3Ha'-!eHH.SI BHYTpeHHlIX napaMeTpOB 

A4(Si) u A4(Cu), '-!be MecTO B p»J.J:Y J.J:pyrnx coeJ.J:nHenni'i cepm1 J.J:eMOHCTpnpyeT pnc.9. 

PucynoK nmBOJI.HeT CJ.J:eJiaTb BbIBOJ.J: o BhIJ.J:eJieHHOCTII KIT coeJ.J:nHeHH.H Yb-Cu, T.e. o 

HaJilI'-llIU O'-!eHb CI-IJibHOro rn6pUJ.J:U3aUHOHHOro BKJia).l:a B KIT 3TOro coeJ.J:HHemrn. 

KpoMe 3TOro, BUJ.J:HO, '-ITO B OTJllI'-!He OT coe)lIIHeHH.H Ce-Cu cpeJ.J:OTO'-!HeM aHQMaJililI 

Tenepb .HBJI»eTc.H KoopmrnaunoHHa.H ccpepa nnraHJ.J:OB Cu. OTCIOJ.J:a cJieJ.J:yeT, '-ITO B 

J.J:aHHOM cnyqae BMeCTO f-p rn6pUJ.J:U3aUUlI lIMeeT MeCTO rn6pUJ.J:H3aUH.H f-,UblpKH Yb C 

3JieKTp0HaMH Cu. KocBeHHbIM nOJ.J:TBep)K)leHUeM 3T0f0 cpaKTa MO)KeT CJIY)KlITb TaK)Ke 

u TO o6cTO.SITeJibCTBO, '-ITO, B OTJIH'-!He OT Ce, Yb HaXO,!lHTC.SI B COCTOllHHlI c 

Hecrn6UJibHOH f-o6oJIO'-IKOH KaK B COeJ.J:HHeHH.SIX RT2X2,- me 
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PJJC.8 Cpa<me1me 

waneHCU6/I0Cmll KoH<)O-KOMllUHeHmbl II 

Heynpywzo pacceRHIIJt; 

lll0HKGJl JlllHUJl KoHoo-

Ko.Mno1teHma TK=26.5K 
nyHKmllp1U1Jl Jllllll/Jl - Heynpyzu(; 

omKJ111K npu T= I OK 
moJicmaJt mmuJt - ux cy,1LMa 

KJJY%KU - JKcnepu.,o,1eHm(IJlbHblii 

3aKoH paccemm.J/. YbC/12Si2, 
noJ1yttew1h1u Ha KJJ,COI'-A! npu T= /OK. 
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PHC.9 31w<1eHu11 napa.Mempoe CM KoopiJuHalJUOHHblX c<f;ep JlUi!aHiJoe OJIR 

pa3JlU'lflbtX 'IJleHOB p11iJa RCu2Si2. 
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X=Si, TaK n B coeii;HHeHilllX c Ge [9], T.e. ero aH0MaJibHbie CBOHCTBa He CT0Jib 

1-1yBCTBHTeJibHhI K KoopmrnaunoHHOH c<pepe nnranii;oB X. Hao6opoT. 3aMeHa Cu na 

upyrne nepeX0JJ;Hbie MeTaJIJibl, HanpnMep Ha Fe, npHB0J];IIT K B03IHIKH0BeHIIIO 

anrn<peppoMarnnrnoro ynopsiii;o1-1eHilll ([9]). 

CpaBnem1e pe3yJibTaT0B pac'-!eT0B CTaTH'-leCKOH MamnTHOH BocnpHHM'-IHB0CTH, 

cuenaHH0e Ha 0CH0BaHnn HaHUeHHOro Kn, C 3Kcrrepm.teHTaJlbHblMII ii;aHHbJMH [10] 

3acTaB1IJI0 cuenaTh npeii;nono)Kenne 06 anu'3oTonnn T K coeii;nnenilll Yb-Cu: B 

narrpaBJie1mn KpllCTaJIJIOrpa<pH'-leCKOH OCH "c" ee 3Ha1-1enne paBH0 26.SK, B 

rreprreHUnKy1rnpnoM narrpaBJienHn - 67K. 

B 3aKJIIO'-leHIIII '-!eTBepTOH rnaBbl ii;enaeTCSI BblB0Jl 0 rrpnMeHHM0CTH M0J];eJIIl 

Kn K CHCTeMaM C CIIJibHOH k-f Koppensiuneii. II 0 crreun<pH'-IHOCTH Kn 3TIIX CIICTeM B 

cpaBHeHIIII C II30CTpyKTypHb!Mll H?PMaJibHblMH coeii;nnennl!Mll. 

OcHOBHble pe3yJibTaTbl pa60Tbl 

1) OrrpeueneHbl rrapaMeTpbl KpIICTaJIJI_H'-leCK0fO II0JISI TeTparOHaJlbHOH 

cnMMeTpnn y ii;eBSITH II30CTpyKTypHbIX coemrneHIIH RT 2Sh. Hccnep:oBaHHhie 

coeii;nHeHlll BKJIIO'-laJIH B ce6si KaK aHTII<peppoMameTnKn, TaK II CTIB (R=Yb, T=Cu). 

UaHHhie He3aBIICHMbIX rro Ka)!(JloMy coeii;IIHeHHIO rroncK0B rrapaMeTp0B Kn, K 

K0T0pbIM 6b!JJO ii;o6aBJieHo Kn CT<l> Ce-Cu, orrpeueneHHoe paHee, rrpn cBeii;eHHII 

B0eJJ;HH0 C0CTaBIIJIII ueJI0CTHYIO KapTIIHY JllIHaMHKH Kn BJ];0Jlb PllAa P3. 3TO 

o6CTOl!TeJibCTBO Il03B0Jil!eT 6b!Tb yBepeHHbIM B IICTHHH0CTH Bcex HafmeHHbIX Ha6opOB 

rrapaMeTp0B Kn. 

2) OrrpeueneHHe Kn y III!Ip0K0f0 no <plI3H'-lecKIIM CBOHCTBaM crreKTpa 

coeii;nHeHIIH Il03B0JIIIJI0 cii;e.rraTb Bb!B0JJ; 0 rrplIJI0)KIIM0CTH OAHO'-laCTH'-IHOH Moii;enn Kn 

K coeii;nHeHlllM P3 c pa3JIH'-IHOH cTerreHhlO k-J rn6plIJl1I3aunn BIIJI0Tb uo CnB. 

3) npnMeHeHHal! B pa6oTe MeT0JJ;nKa cpaBHeHlll Kn pa3JIH'-1Hb!X coeii;liHeHIIH, 

0CH0BaHHal! Ha cyrrepII031IUHOHHOH M0JJ;eJIH, B TOM '-IHCJie, cpaBHeHlll Kn 3aBeJJ;0M0 

aHoMaJihHbIX coeii;nHeHnii. (R=Ce, Yb) c Kn aHTn<peppoMarneTIIKOB rro3B0JIIIJia 

IT0JlY'-!HTb rrpeii;CTaBJlt:HIIe 0 H0pMaIIbH0M Kn pllJJ;a II Bb!JleJIHTb aH0MaJIIIH Kn KOHUO

CIICTeM. XapaKTepHoii. 1-1epTOii. H0pMaIIbH0ro KTI nccneii;yeMoro psip:a coeii;nHeHnii. 

SIBJISleTCll cna6h1ii. BKJiaJJ; B 4-ii. rropsiii;oK 3<p<peKTIIBHOfO II0TeHUHaJia co CT0p0Hbl 

C<pepbl JIIlraHU0B Si. 
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4) BuneneH1Ie aHOMaJIIIII KTI CT<I> CeCu2Sh II CTIB YbCu2Si2 nOJBommo 

cnenaTb Bb!BOJ:( 0 Ha.JIH'IIIII crreump1I1IeCKOro, rn6pHJ:(li3al..{IIOHHOro BKJia):(a B Kf! 3TIIX 

coen1IHeH1Ifi. 

5) AHaJIII3 3TOro BKJia):(a fOBOpHT O TOM, 'ITO B cnyqae aHOMaJIIIII B Ha11ane 

pllna P3, T.e. n cnyqae Ce, y KOToporo Ha 4f-06ono11Ke HaxonlITCll on1In f-::ineKTpoH, 

· rn6pHJ:l1I3aUH51 rrpo1IcxonuT Me)K,L(y HIIM u p-::ineKTpoHaMU Si. C1ITyau1Ill B KOHUe pllna 

P3 MeH5IeTCll: B cnyqae Yb, y KOTOporo Ha 4f-06ono11Ke HaXOJ:(IITCll onHa f-nhlpKa, 

rn6pHJ:lli3aUH51 npoucxonuT, ~pe)K,L(e Bcero, Me)K,L(y Hett u ::ineKTpOHaMII Cu. 

6) BnepBbie na6monanocb OTKJIOHeHue OT penaKcau1IOHHoro np1I6n1I)KeH1Ill n 

OIIIICaHIIU tpopMbl KBaJuynpyroii cneKTpaJibHOll nUHIIII B cnyqae, Korna ::ineprnll 

KOMO ropa3no MeHbJlle pacmerrneHH51 B KTI. 3KcnepuMeHTaJibHO ycTaHOBneHO 

xapaKTepHoe 3Ha11eHue TeMnepaTyphI KOMO Mll CTIB Yb-Cu, panHoe 26.5K, u 

cnenaH BbIBOll 06 aHU30Tporruu T K B 3TOM coenuHeHUII .. 3KcnepuMeHTll.JlbHO 

ycTaHOBneHHOe COTHOllleuue IIHTeHCIIBHOCTefi KBaJuynpyrofi II Heynpyrof1 KOMIIOHCHT 

pacCellHH51 II03BOnlleT cnenaTb rrpenrrono)KeHIIe, 'ITO YMCHbllICHUC MarHUTHOll 

BOCIIplIUM'IIIBOCTH, cml3aHJme C rn6pHJ:(U3al..{IIOHHOll KOMIIeHcauuefi MarHIITHOfO 

MOMCHTa CKa3bIBaeTCll, npe)K,L(e Bcero, Ha UHTeHCUBHOCTU KBa31Iynpyrofi KOMnoHeHTbl. 

7) Hann111Ie cymecTlleHHoro rn6pHJ:lll3aunmrnoro BKJima (xorn n cymecTBeHHO 

MeHbJllero, 'ICM B cnyqae BbIJlleynoMllHyrhlx KoMO-CllCTeM) ycTaHOB.ileno B KTI 

aHTutpeppoMarnttTHbIX coen1IHeHI1fi, conep)Kamttx nerK1Ie P3: Pr tt Nd Mll Bcex 

IICCnenoBaHHblX nepexonHbIX MCTa.JinOB (Cu, Ni, Fe). f1I6pHJ:(li3al..{liOHHOe 

B3attMonefiCTBIIe f-::ineKTpOHOB li ::ineKTp0HOB npoBOJ:(UMOCTII· llBnlleTCll np1I1IIIHOH 

aHOMaJibHO Cll.,lbH0f0 nenpllMOro o6MeHHOro B3aliMOJ:(CHCTBIIll RKKY-TIIna Me)K,L(y 

UOHaMII P3, 11eM OObllCH5IeTCll aHOMaJibHO BbJCOKHe 3Ha'leHlill TeMnepaTyp Heenll BO 

Bce_x 6-Tli coenulieHH5IX. 

8) fn6pHJlmauttoHHoe B3auMonewcTBtte B coennHeHttH PrCu2Sh npollBnlleTcll n 

tpopMe KBai:lpynonbHOro KoM0-3lplpCKTa, Bbipa)KaIOmerocll B CHnbHOH penYKUHli 

KBai:lpynonbHOro MOMeHTa Pr3
+, liMCIOIUCfi MeCT0 B 3TOM coen1IHeH1Ili. 

9) Enaronap.ll B3ammnett.CTBHIO KBai:lpynonbHOro MOMeHTa Nd3
+ C rpmHeHTOM 

Kp1IcTannH11ecKoro ::ineKTptt11ecKoro nonll, nptt IIOHII)KeHim TeMnepaTypbI nponcxon1IT 

nonaBneHue rn6pHJ:lH3aUHH f tt p-::ineKTpOHOB B coenttHeHHH NdCu2Sh H, TaKIIM 

o6pa30M, B 3aBHCliMOCTII OT TeMnepaTypbl B naHHOM coenHnemm peanmyeTC.ll ):(Ba 

BapnaHTa KTI: npH BbICOKHX TeMnepaTypax KTI, IIMeiomee cymecTBeHHblH 

rn6pHJ:(H3al..{IIOHHblll BKJia):( B 4-fi nopllnoK; Ii HOpMaJibHOe KTI, nttllleHHOe 3TOro 
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BKJia):(a, npu nmKux TeMnepaTypax. CymecTBennoe nonaBnenne m6puninau1m 

npoucxonuT npH TeMnepaType HH)Ke TeMnepaTypb1 cpa3oBoro nepexona, u BenH11una 

TN 0Tpa)KaeT HaJIH'IHC m6pHJ:(1I3aum1. C npyrow CT0p0Hbl, nonaBnen11e m6pl!Jl113al..{llll 

HH)KC TN npHB0JllIT K ocna6nemuo ofo1ennoro B3au~mnei1crBH5I Me)l(Jly 1mna~m Nd u 

K cn0)KH0MY noBenenHIO CHCTeMbl B 3TOi1 o6nacTH TCMnepaTyp, OTMe11ennoi1 B npymx 

nccnen0Ba1m5Ix [5]. 
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