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B 3TOH pa6oTe npeunpHHHT8 TI0Tlb!TK8 H8 OCHOBB HBCKOTibKO cy6bBKTHBHO OT06-

p8HHOro 3KCT1BpHMBHT81lbHOrO M8TBpH8TI8 08Tb 06IUee npenCT8BTIBHHB 0 .llOCTHrHyTblX 

ycnexax H .oanbHeAwHx B03MO>KHOCTHx npHMeHeHHH a<jJ<jJeKTa M ecc6ayapa B <jJH3HKe 

TBep.ooro TBT18 np11 CB8pXHH3KHX TeMnepaTypaX ( HM8IOTCH B BH.lly TBMnepaTypb! OT 

10°K .00 10-3 °K). 

no.opo6HO 6y.oyT p8CCMOTp8Hbl C T18.llY!OlUH8 BOTipOCbl: a6COniOTHbie H 3 M8p8HHH 

TeMnepaTypbi, Ha6niO.oeHHe .oenonHpH38UHH acne.ocTBHe K --3axaaTa , Hccne.ooaaHHe 

a«flljleKTOB peT18KC8UIIH H Onpe.oeneHHe TIOK8TibHblX MOM8HTOB n a p8M8rHHTHblX npHM8C8H 

B H8M8rHHTHblX M8T8TITI8X. 

1. A '5coniOTHoe H3MepeHHe r eMJiepa rypbt 
c noMOII!biO 3l/x/Jexra M f!cc6ay3pa 

Ha pHc. I noKa3aHa cxeMa 3eeMaHoBcKoro pacmenneHHSJ ocHoBHoro H B03 -

6y>K.ll8HHOrO COCTOHHHH Sl.llp8 Fe . 3aceneHHOCTb aTHX ypoBHeA onpe.oenSJe~cSJ 

60JibUM8HOBCKHM ljlaKTOpOM. QqeBH,llHO, 'ITO ypOBHH B036y>K,ll8 HHOrO COCTOSIHHSI TlpH 

p83YMH~X TeMnepaTypax HB 6y.oyT ~aceneH~ . Y pOBHII OCHOBHOrO COC TOSIHHH HMB!OT 

-1 0 
npaKTH'IBCKH O.llHHBKOBbie 3acen eHHOCTH np11 TeMnepaTypax Bbi:Ue 10 K, ecnH 

6 
Orp8HH<UfTbCH M 8rHHTHbl:.IH TIOTISIMii < IQ a p C Te,ll. npn 6onee HH3KHX T eMnflpaTypax 

38CBTIBHHOCTb 3 THX ypOBHBH CTAHOBHTCH p83TIH'IHOii: 

=e xp(-
2pH 

kT 
), (I) 

r.oe n + H n CfHCTIO H08p C np08KUIIHMH CTIIIHOB + 1/2 H -1 / 2. ilnH M8rHHT­

HOrO TIOTIH 330 KHTI03pCTB.ll ( MBT1l!1TIH'IeCK08 >Kene30 ) n +/ n _ M8HHeTCSI OT 0,1 .00 

-3 -2o 
0,9 npH H3MB HBHIIH T eMnepaTypbl OT J0 .00 2•10 K. 3T8 Be.'IH'IW-18 nerKO H3Me-

pHM8 , T8K K8K OH8 npHM~ nponopUHOH8nbH8 IIHTBHC HBHOCTII COOTBBTCTBYIO!UHX nHHIIH 

a c Kopoc THOM cneKTpe . To'IHOCTb onpe.oenP.HHSJ TeMnepaTypbi, no-BH.llHMOMy, Mo>KeT 

6b!Tb .llOBB,I:)eHa .00 I% H onpe.OBTIH8TCH B OCHOBHOM TO'IHOCTbiO, C KOTOpOH 113B8CTHO 

npoH3Be.oeHHe IL H 0TMBTHM, 'ITO ae:JH'I ~Ha IL H C8M8 MO>K 8 T 6hlTb H3MBpBH8 

3 



B MeCC68y3pOBCKOM OllbJTe OQHOBpeMe HHO C H3MepeH HSM TeMnepaTypbt , 'ITO ll03BO-

il51ST HCKiliO'Il!Tb 38BHCHMOCTb p. H OT COCTOHHHSI o6p83U8 , TeMnepaTypbl H T . Q . VfH -

TSHCHBH OCTH ilHHHfi B H81iXYUWHX ycnOBH S!X npH 3TOM H8QO H3MepstTb C TO'IHOCTblO 

0 ,1%, 'ITO Tpe6yeT BpeMSIIH nopstQK8 HSCKOilbKHX '18COB. MeTOQbl nony'leHHS! CTOilb 

HH3KHX TSMnepaTyp B TS'ISHHS llpOQOil>KHTSilbHO I'O BpSMSHH H8 CeT'O,[lHS!IliHH fi QSHb 

- 3o 
nocTaTO'IHO xopowo pa3pa6oTaHbt. HanpHMep, C T 8UHOHapHaSI TeMnepaTypa 4,5. 10 K 

6bin3 !IOilY'ISH8 Vilches H Wheatly /
1

/ MSTOQOM p8CTBO!JSHHH renHH-3 B renHH-4 . 

/2/ 
B OHHVI rpynnofi E.C.HeraHoBa MSTOUOM HenpepbiBHoro pacTBopeHHSI 6bma no-

- 2 0 
ny'leHa TeMnepaTypa 1 ,5 • 10 K . ilpyrofi wHpoKo pac npoc TpaHHeHHbtfi M e Ton oxnaJK -

U 2 HHH - OTK8'1K8 lKHQKOrO renHSI-3 - ll03BOilSIST UOCTHr8Tb 0,3°K H Bb!WB. 

ilHnana3oH 5·10-
2

°K -t 1°K TBK>Ke nepeKpbmaeTCSI Mikc6ayspoBCKHM "TepMo-

t H 
MeTpOM", ecnH HCllOJlb3 0B8Tb ll011HpH38UHJO S!Qpa Co, KOTOphlfi B OCHOBHOM COC -

TOHH H H HMBeT p. B 50 p83 60JlbWS , 'IBM p. ~ 7 Fe H ll03TOMY MOlKBT HC!IOilb30B8Tb-

cSI npH 6onee BhtCOKHx TeMnepaTypax. OnHaKo B aToM cnyqae HMeiOTCSI nononHHTenb­

Hbte TPYUHOCTH ; p. H QilH K068JlbT8-57 HenocpeQCTBSHHO B Mecc6ayspOBCKOM 3KCnepH­

MBHTe He H3MepSieTCSI H nonJKHO 6hlTb onpeneneHo He3aBH C HMO. PacnpeneneHHe 3ace -

~7 
ilSHHOCTBfi OCHOBHOrO COCTOH HHH Co T8KlKS He MO>K 9 T 6hlTb llOilY'IBHO HBllOCpen-

CTBSHHO , T8K K8K H3MBpS!STCSI 38CBilBHHOCTb 3BBM8HOBCKHX ypOBHefi nepBOrO B03 -

6yJKQSHHOrO COCTOSIHHSI lKB ilB3a - 57 (pHC . 1 ~ SCilH HBT QB!IOilHpH38UHH (Bhlp8BHHB8Hl!SI 

38CSilSHHOCTefi) B036y>KUBHHhlX COCTOSIHHA >Kene38 BCilSQCTBHe K - 3axaaTa , To no 

H86iiJOQ8SMb!M HHTSHCHBHOCTSIM ilHHHfi 3BBM8HOBCKOrO p8CJliS!"!JlSHHH B M ecc6a y3pOB­

CKOM CllBKTpe HCTO'IHHK8 MO>KHO BOCCT8HOBHTb 38CBilSHHOCTH ypOBHSfi K068ilbT8 - 57. 

CooTBeTCTBYJOJliHe Bhl'IHCneHHSI H onHcaHHe nepBhlX 3KcnepHMeHTOB MOJKHO HafiTH B 

pa6oTax Taylor 
/3/ 

H np. 

Ha pHc . 2 npHaeneH HX pe3yn&TaT c
57 

Co B Fe H nornoTHTeneM c OUHHO'I ­

Hofi iiHHHefi. no O C H OpOHHBT OTilOJKeHO OTHO~SHHS HHTeHCHBHOCTefi KpafiHHX ill!HHfi 

CKOpOCTHOrO cneKTpa. To'IKH p83ilH'IHOfi ~OpMhl OTHOCHTCH K p83ill!'IHhlM !IOrilOTH -

TenSIM - K Fe ( CN )• 31! 0 
~ 6 2 

H cnnaay Fe Ti . Vf 3 3THX Q3HHbiX Bl!QHO, 'ITO B Me-

T8ililH'IeCKOM >KBile3e QenonHpl!38UHA He llpOHC XOQHT . 

2. VfCCil 2QOB8HHe 3~~eKTOB Qe!IOIHtpH33UHH. 

Han : HHe nenonSipH3BUHH naa~o H3aecTHO 1!3 onhlTOB , HccnenyJOru Hx yrnoahle 

KOppenHUHH npH p80l!08KTHBHOM pacnane ( eM . 063 0p S~fkn H Frauenfe lder / 4 /) . 

OQH8KO, QO CHX nop C llOMOLUbiO 3~~eKT8 Mecc6a yspa OHO nonpo6HO He H3Y 'I8il0Cb. 

OrpaHH 'IIiMCA cnyqaeM pacnana Ko6anbTa-57. 
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npH p8CCMOTpeHHH nenonHpH38UHH H!lp8 nocne 

/5/ 
CH cnenyJO!IlHe MeX8HH3Mbl 

K -aaxaaTa o6bl'IHO y'IHTb!BSJOT-

1) BHeHnepHble nonH, nei!CTBYIO!IlHe H8 M8rHHTHblM H aneKTpH'IeCKHi! MOMeHT 

2) B036YlK!leHHe B peweTKe flOK8flbHblX 'I8CTOT, COKp8lU810lUHX Bpe!~51 CllHH-pe-

WeTO'IHOi! penaKC8UHH. 

BHeHn apHbie nonH, aaBHCHIUHe oT apeMeHH, MoryT HHnyuHpoBaTb nepexonbi 

MelK!lY aeeM8HOBCKHMH ypOBHHMH B036YlK/leHHbiX COCT051HHI1 51!lp8 H TeM C8M!>IM 

Bblp8BHHB8Tb Hx aaceneHHOCTH . TaKHe nonH B03HHK8JOT npH K -aaxaaTe aneKTpo-

Ha. BpeMH lKH3HH "!lb!pKH" BO BHyTpeHHHX o6ono'IK8X OK83biBaeTC51 KopoTKHM no 

cpaBHeHHIO C BpeMHeM lKH3HH B036ylK.'leHHblX COCT05111HI1 lKeneaa, H npouecc pOlK!le­

HH51 "!lhiPKH" H ee nepeMemeHIHI K HapylKHhiM o6ono'IK8M He oKa3biB8JOT aaMeTHoro 

/6/ 
BnHHHHH Ha nonHpH38UHJO Hnpa K pOlK!leHHJO "nbipoK" npHBO!lHT TBKlKe BHyTpeH-

HHSI KOHBepCHSI 6onee Bb!COKHX B036ylK.Q9HHblX COCTOSIHHfi lKeneaa-57 H acpcpeKT 0lKe, 

conpoBOlK!lBJO!IlHil n epeMeiUe HHe "!lbipoK" K HBPYlKHbiM o6ono'IK8M HOHa. BpeMSI lKH3HH 

"!lblpOK" BO BHewHeil o6ono·1Ke 8TOM8 38BHCHT OT OKpylKeHH51 B TBep!lOM Tene H 

MOlK•?T HccnenoaaThCH no Ha6monaeMoMy H3MeHeHHJO aacen•eHHOCTH. K HaCTOHIUeMy 

/3/ 
BpeMeHH H3BeCTHO, 'ITO B MeTannH'IeCKOM lKeneae nenon51pH38UHSI OTCyTCTByeT 

nonHaH nenonSipH38UHH Ha6nJOnanacb B conH TyTToHa ( 0,01 Co ; 0,12 Cu 0,87 Zn l 

Rb
2 

(SO 
4

) 2 6 H 
2
0 !l8lKe npH 0,01 °K

17 
/, KBK 3TO H MOlKHO OlKH!l8Tb B !lHS-

/8/ 
neKTpHKe • K COlKaneHHJO, B HBCTOHIUee apeMSI HeT TeopHH, noaao.,HJOIUeli ·' KOnH-

qecTBeHHO CBSI38Tb CTeneHb nenonSipH38UHH C 'IHCnOM H BpeMeHeM lKH3HH "!lblpOK" 

BO BHeWHei! o6onO'IKe 8TOM8. 

floKanhHoe aoa6ylK.UeHHe peweTKH, B03HHK8JOIUee H3--'3a OT!l8'IH np11 K -aaxaa-

-11 119/ 
Te HnH HCllYCK8HHH KB8HT8 123 K3B, 38TyxaeT C flOCTOSIHHOil BpeMeHH • 10 ceK , 

ecnH aToM, HCilbiTaBwHfi oTnaqy, HBnHercH ocHOBHbiM a TO MOM peweTKH. B cnyqae 

llpHMeCHblX 8TOMOB C !lpyrofi M8CCOJ;\ H CHnOBbiMII KOHCT8HT8MH MOlKHO OlKH!l8Tb 

yaenaqeHIISI 3TOrO BpeMeHH B CHny Toro, 'ITO flOK8flbHbie 'I8CTOTbl 51BflSIIOTC51 6onee 

yaKHMH, 'IeM OCHOBHOI! 'IBCTOTHhiil cneKTP peweTKH. TaKoe aoa6ylK.'leHI!e MOlKHO 

p8CCM8TpHB8Tb K8K flOK8flbHOe flOBbillleHHe cpOHOHHOM TeMnepaTypbl peweTKII, 'ITO 

!lOfllKHO, B npHHlllllle, npHBeCTH K flOBbillleHH!O CfliiHOBOM TeMnepaTypbl H COOTBeT -

CTBYJO!IleMy yMeHbweHIIJO nonHp1138UIIH. OnHaKo B cnyqae Fe cnHH-peweTo'IHaH pe -

fl8KC8UH51 H!lep He HrpaeT ponH npH 113MeHeHHII 38CeneHHOCTei!, T8K K8K BpeMH pe -

naKcauHH OK83biBaeTCH 6onhwe apeMeHII lKII3HH Bo36ylKneHHbiX ypoBHeA. TaKHM o6pa-

30M, OCHOBHOI! BK/l8!l B npouecc !l9flOil51pH38UHH BHO CIIT MeX811113M 38fiOnH e HH51 "Ubi-

poK". 
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3. HccneaoB8HHe 3neKrponnon penaKcauHH 

B Te'leHHe nocneaHHX nstTH neT nostBHnacb cepHH pa6oT, B KOTOphlX c no-
5T 161 166 ITO 

MO:UbiO acpcpeKTa M t'icc6ayapa Ha H30Tonax Fe. Dy • Er, Yb Hccneaoaa -

nacb penaKcauHH s n e KTpOHHbiX crrH HoB. HoHbi c 3T HMH SigpaMH noMemanHCb B DHa­

MarHHTHbte , napaMarHHTHbte H MarHHTHoyrropHDO'IeHHbte MaTpHUbi 1 I0-32/ · • EcnH 

BpeMH penaKCilUHH s n e KTpOHHOrO C!IHH8 60nbWe BpeMeHH mH3HH M e CC6ay3pOBCKOrO 

ypoBHSI, B CKOpOCTHOM cneKTpe liOHBnSieTCH CBepXTOHKOe MarHHTHOe pacmenneHHe. 

¢>opMa nH3M , OnHCbiB8IOIUHll 3TO B38HMODeliCTBHe, H3 BeCTeH H3 TeOpHH s neKTpOHHOrO 

napaMarHHTHoro H staepHoro MarHHTHoro peaoHaHca / 33-48/ .\. 3aecb Mbt o rpa HH­

'IHMCSI KpaTKHM Ka'leCTBeHHbiM pacc MoTpeHHeM HBneHHSI. BoaaellcTB He s neKTpOH Horo 

cnHHa S Ha stapo B npoc TellweM cnyqae S = 1/ 2 MomeT 6btTb npeacTaBneHo a<jxpeK ­

THBHbtM MarHHTHbtM non eM H e If• Ha6niODaeMoe 3(jxjleKTHBHoe none nponopuHoHanbHO 

< S,. > • ycpeDHeHHOMY 38 BpeMSI )I{H3HH B036y)l{geHHOrO COCTOSIHHSI Sinpa !IO DByM 

KB8HTOBbiM COCTOSIHHSIM 

HOCTb rrepexoaa Me)l{gy 

s,. =+1/2 B _KpHCTannH'IecKoM none peweTKH. BepoSIT­

cocTOHHHHMH c S,. = ±.. I /2, o6paTHo rrporropuHoHanbHaH 

epeMeHH penaKcauHH crrHHa, orrpeaenSieT eenH'IHHY Herr , - Ha6niOaae Moro B Mec­

c6ayspoecKHx 3KcrrepHMeHT8X. EcTeCTBeHHbiM Tpe60B8HHeM DnH Ha6niOileHHH H e lf 

,.., / 10,13,15,16,18,19,25,39 ,40-42 / 
SIBnHeTCSI HepaBeHCTBO p. H e 11 > l • I::S pa60T8X 

IIpHBODSITCSI Bbl'IHCneHHSI (j)opMbl M ecc6ayspOBCKHX C!IeKTpOB DnSI p83HbiX 3 Ha'leHHH 

sneKTpOHHbiX C!IHHOB H pa3nH'IHbiX BpeMeH penaKC8UHH, KOTOpbte B pSige cnyqaeB 

cornacyiOTCSI c peaynbTaTaMH 3KcnepHMeHTOB. Ha pHc. ;j noKaaaHbi sKcnepHMeH­

/15/ 
T a nbHbte cKopocTHbte cneKTpbt, nony'leHHbte B pa6oTe nnSI nonHKpHcTa nnH'Iec -

Koro <jleppHxpoMa A. KpHBbte, npHeeneHHbte Ha pHc. 4, Bbt'IHcneHbt anSI TpexBaneHT-

Horo Fe ( S ~ 5/2) npH ycnOBHH, 'ITO 38CeneHbl TOnbKO DB8 HHmHHX a n eKTpOH­

-8 
r = :.!,5 . 10 ceK HbiX ypOBHSI. 113 pHCYHKOB BHDHO, 'ITO Bbi'IHCneHHbte KpHBbte C 

-9 
r =7,5 10 ceK xopowo cornacyiOTCSI c sKcnepHMeHTanbHbiMH c neKTPBMH npH T = 0,98 

H 2, 79°K COOTBeTCTBeHHO. npH TeMnepaTypax BbiWe 3°K npoHCXODHT 38Cene HH e 6onee 

BbiCOKO ne)l{a!UHX sneKTpOHHbiX ypoBHeil, 'ITO He y'IHTbiBanocb npH Bbi'IHcneHHHX BBTopa ­

MH/ 
151

• 3THM 06"bSICHHeTCH paCXO)I{DeHHe 3KC!IepHMeHT8nbHbiX DllHHbiX C p8C'I e TBMH npH 

nOBbtWeHHbiX TeMnepaTypax. 

B Ta6nHue npHeeneHa cBonKa ocHOBHbiX p eaynbTaToB, nony'leHHhiX s<jlefle KTOM 

Mecc6ayspa nnSI pa3HbiX HOHOB B paanH'IHbiX BemecT !3a x, npH pa3Hbtx TeMnepaTypax 

H pa3nH'IHblX KOHUeHTp8UHSIX MeCC6ayspOBCKIIX HOHOB . V1 3 Ta 5 nHUbl BHDHO, 'ITO D0 -

-7 -12 
CTynHblll DH8n830H Bpe MeH penaKCBUiiH npOCTHpaeTCH OT 10 DO }Q CeKyHD . B 
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HeKOTOpblX CIIY'IBSIX 06HapylKeHa 38BHCHMOCTb apeMeHH penaKCBUHH OT BHeiiJHero 

MarHHTHOrO nOnS!, HO S TO SIBrreHHe eme O'leHb · MiliTO HCCnenOBBHO. nony'leHbl TBKlKe 

HHTepeCHbie naHHble 0 BeiiH'IHHe Hoff na~mHe HH~OpM8UH~ 0 no C TOSIHHOA cae px-

TOHKOrO B38HMoneACTBHSI H s n e KTpOHHOM COCTOSIHHH npHMeCHOrO HOHB. 

11 c cnenOB8HHSI n a paMarHHTHOA BOCnpHHM'IHBOCTH, SIBIIeHHSI HBC biUi e HHSI napa-

MSrHHTHOrO pe30H8HC8 H BKyC TH'IeCKOrO pe30H8HC 8 n03 BOIISI~T H 3 Y'I8Tb apeMeHa 

-9 /49-51/ 
penaK CSUHH B nHana3 0He 10 ~ 10 C e K , 'ITO B npHHUHne n aeT B03 M O lK-

HOC Tb Cp8 BHHB8Tb 3 TH naHHble C pe 3 yrrbT8T8MH M e CC 6 a y3p0 3CKHX HC C rre .(:{OB8HHll, 

OnHSKO H 3 - 3 8 M e TOnH'IeCKHX 3 8TpynHeHHll no CHX nop H e c n e n a HO H 3 M e p e HHA, no-

nycKa~IUHX Heno 2 p e ncTAe HHoe c paaHeHHe. 

KoHe'IHbtA p e3yrrbT a T TaKHx H c cne noaaHHll - 3 H a 'leHHSI apeMe H penaKc auHH 

H HX 3 8BHC HMOC Tb OT TeMrrepaTypbl H npyrHX YCIIOBHll - Tpe6yeT C pBBHe HHSI C T e ­

OpHeA. npH paCCMOTp e HHH penaKCBUHOHHbiX npou e ccoa 06bi'IHO Y'IHTb iBSIOTCSI naa 

M e XaHH3 M8: CIIHH-CnHHO BBSI penaKCBUHSI H CnHH-pe w e TO'IHSSI penaKC SUHSI - no THIIY 

B38Hi..wneACTBHA, Bbl3biB8~11JHX nepexon C H3MeHeHHeM S z • 06a 3 TH MeX8HH3 M 8 

nonpo6HO pSCCMOTpe Hbl B pa60T8X 
151 - 551 . BpeMSI CIIHH-cnHHOBOA penaK C SUHH 

O'leHb CHIIbHO 3 8BHC HT OT KOHUe HTpBUHH napa MarHHTH b lX HOHOB B o 6 p a3Ue, 'ITO II03 -

BOIISieT, H CCn e nyH KOHUeHTpBUHOHHY~ 38 BH C HMOGTb, B b tne rrHTb BKrran 3 TOrO M e X 8 HH3 -

M8. tlpe MSI CIIHH-peiiJeTO'IiiOA perrBK C BHHH o6ycrrOBIIe H O B38HMOne A C TBHeM CHC T e M b l 

C IIHHOB C ~HOHSMH KpHCT8IIII8 H 3 8BHG HT KBK OT T e Mne p a Typbt, TSK H OT K O H-

ueHTp8UHH II8p8M8rHHTHblX HOHOB. ffpH nOC T S TO'IHO HH3 KOl! KOHUeHTp8UHH l < 1% ) 

napaMBrHHTHbiX HOHOB enHHCTBe HHblM M e X S HH3 MOM, o6yC II 8 BIIHB8 ~1UHM penaKCSUH ~, 

SIBIISieTC SI MO~YIISIUHSI KpHCT8IIIIH'IeCKOrO nOnS! Kone68 HH SI MH p e w e TKH, H IIpH HH3 KHX 

1561 
TeMn e paTypax MOlKHO y'IHT b i E'BTb TOrrbKO onHo~oHOHH bt e npHM bte npo u eccbt • T o r-

na Bpe MSI C IIHH-pewe TO'IHOll penaKCBUHH HMe eT BHll 

r • 

/'i -Be iiH'IIIH8 pac m e nne HHSI 3IIeKTpOHHbiX CO C TOSIHHll, 

A -KOHCTaHTa c nHH-op6 HTBrrbHor o aaa nMone llc TBH H , 

Ho -ae nH'IHHa aH e wH e ro M a rHHTHoro nonH, 

T -Te Mn e paTypa • 

ll) 

E c nH y'IHTWBSIOTC SI H e ynpyrHe (pa M a HoBC KH e ) npouecc w aaa nMone llc TBH H 

~HOHOB C O C IIHHSMH, HMe iOIUH e M eCTO rrpH 6 on e e B b i C OKHX T e Mn e p a Typa X, T O 

'"' 
1 

---;:o- ( 2) 
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3TH rrpoueccbi cyruecTaeHHbi nnSI HOHOB rpyrrrrbi >Keneaa, H rrono6Hbie TeMrrepaTyp­

Hbie 38BHCHMOCTH H86IJIOll8IJHCb npyrHMH MeTOll8MH, 

.UnSI Mecc6ayapoacKux HccnenoaaHHll aecbMa HHTepecHbiM rrpHno>KeHHeM 6bma 

6w IJpOBepKa ( J) B o6naCTH CBepXHH3KHX TeMrrepaTyp H KOpOTKHX BpeMeH penaKC8-

UHH, O>KHnaeMbiX, HarrpHMep, nnSI HOHOB nayxaaneHTHoro >Keneaa, HccnenoaaHHe 

KOTOpbiX npyrHMH MeTonaMH cHnbHO aaTpynHeHo. B cnyqae penKoaeMeiJbHbiX HOHOB 

/57/ 
HMeiOT MeCTO H npyrHe pen8KC8UHOHHble MeX8HH3Mbl, KOTOpbie Mbl He o6cy>KnaeM , 

B aaKniO'IeHHe aaMeTHM, 'ITO HccnenoaaHHe penaKcauHOHHbiX rrpoueccoa c rro­

MOIUbiO a<f><j>eKT8 Mecc6ayapa, HeCMOTpS! H8 PS!ll OrpaHH'IeHHli H HeUOCT8TKOB, aBeT 

HOBYIO HH<j>OpM8UHIO, He UOCTYIJHYIO npyrHM MeTOU8M HCCIJeUOB8HHSI, H SIBIJSieTCSI 

rrepcneKTHBHbiM HarrpaaneHHeM rrpHno>KeHHSI aToro MeTona. 

4. HccneP.oBanne noxanbHbiX MarHHTHbiX MoMeHTOB 

npH BBeneHHH IJpHMeCHblX Mecc6ayapOBCKHX 8TOMOB B M8TpHUY npyroro Me-

T8IJIJ8 CBO!ICTB8 M8TpHUbl OK83biB8IOT CHIJbHOe BIJHSIHHe H8 noaeneHHe npHMeCHOrO 

8TOM8, 3Ta CHTY8UHS! IJ03BOIJS!eT IJOIJY'IHTb HH<j>OpM8UHIO 0 neT8IJSIX M8rHHTHOrO B38-

HMoneliCTBHSI B HCcnenyeMOli M8TpHue. nonpo6Hoe paCCMOTpeHHe Mbl orpaHH'IHM 

cnyqaeM rrpHMecell >Keneaa-57 a HeMarHHTHbiX MeTannax rrpH TeMrrepaTypax 1-r:o!0°K 

-1 -4 
H BO BHeiUHHX IJOIJSIX no 60 KHIJ03pCTen. KoHUeHTp8UHSI rrpHMeceli )0 -+ 10 BT.%. 

CyruecTBOBBHHe noKanbHbiX MOMeHTOB Ha rrpHMecSix >Keneaa ycTaHoaneHo H3-

/58/ 
MepeHHSIMH napaMarHHTHOli BOCIJpHHM'IHBOCTH , KOTOp8S! llOU'IHHS!eTCSI 38KOHY 

KIOpH-Bellcca H rrpSIMO rrporropUHOH8IJbH8 KOHUeHTp8UHH >Keneaa. HnepHbili M8rHHT-

HbiH pe30H8HC IJ03BOIJSieT HccnenoB8Tb BHYTPH8TOMHbie IJOIJSI, HO ero IJPHMeHeHHe 

orpaHH'IHB8eTCSI He06XOUHMOCTbiO BbiCOKHX KOHUeHTp8UHH. 3<f><jleKT Mecc6ayapa IJ03-

BOIJS!eT BeCTH HCcnenOB8HHSI rrpH BeCbM8 HH3KHX KOHUeHTp8UHSIX npHMeceli, 'ITO 

SIBIJS!eTCSI OCHOBHbiM ero UOCTOHHCTBQM, 

npH IJOMeiUeHHH 8TOM8 >KeiJe38 B MeTann ero 3IJeKTpOHH8SI 060IJO'IK8 rrpeTep-

IJeBaeT HeKOTOpbie H3MeHeHHSI: 4 s H, IJO-BHllHMOMy, '18CTb 3d 3IJeKTpOHOB yxo-

nSIT B 30Hy rrpOBOUHMOCTH. 0CT8IJbHbie 3d 3IJeKTpOHbl C03ll8IOT M8rHHTHbili MOMeHT, 

IJOK8IJH30B8HHblli, H8 npHMeCHOM 8TOMe. C ITOMO!UbiO 3<f><PeKT8 Mecc6ayapa MO>KHO 

H3Y'I8Tb ITOBeneHHe IJOK8IJbHbiX MOMeHTOB ITO CBOHCTB8M a<f><PeKTHBHblX M8rHHTHbiX 

rronell, newcTBYIOIUHX Ha Hnpa >Keneaa. 3TH rronSI o6bi'IHO nocTyiTHbi aa6nroneHnro 
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TOnbKO BO BHeiUHeM MBrHHTHOM none, KOTOpoe pacmenn~teT 3ndKTpOHHOe COCTOHHHe, 

aecymee noKanhHhiA MoMeHT. nocKonhKY B MeTannax speMeHa penaKcauHH sneKTpoH­

/59/ 
HbiX CnHHOB OK83biB8IOTCH BeCbM8 MBnbiMH ABJKe npH CBepXHH3KHX TeMnepaTypax 

npH AOCTHJKeHHH < S z > f 0 cymeCTBeHHbiM CTBHOBHTCH H3MeHeHHe 38CeneHHO-

CTH sneKTpOHHbiX ypOBHeA. npH pacmenneHHH B8JKHYIO pOnb HrpaeT nonHpH38UHSI 

/60,61/ 
sneKTpOHOB npOBOAHMOCTH BHeiUHHM M8rHHTHbiM noneM 

iln~t OnHCBHHII 38BHCHMOCTH H eff OT aaemaero MarHHTHoro non~t H 

H TeMnepaTypbl T o6menpHHIITO nonh3 0B8TbCH ljlyHKUHeA 6pHnni0 3H8 

Heat 

JLH 
B J ( ---;k"""'T;;;-- ) . (3) 

3nech H eat - none HBCbiiUeHHH Ha B 3TOM cnyqae HBnl!eTCH HeKO-

TOpbiM s<jxjleKTHBHbiM MarHHTHbiM MOMeHTOM, yqHTbiBBIOlliHM BKnan MaTpHUbi. CnenyeT 

HMeTb B BHAYo qTo MarHHTHbiA MOMeHT, C03A8B8eMbiA TOnbKO noKanH3 0B8HHbiMH 3d 

sneKTpoHaMH JKeneaa, MOJKeT HMeTb coaceM npyroe aaaqeuHe. HanpHMep, nn~t JKene-

aa a nannanHH onpeneneuaoe c or nacHo ( 3), pasao 12 IL E • Torn a KBK H3Mepe­

HHII paccei!HHH HeATpOHOB nanH IL 
Fe 

/62/ 
• iln~t HnniOCTp8UHHH HB pHC. 5 

npHseneHbi sKcnepHMeHTanhHbie TOqKH H KpHBbie, BbJqHcneHHbie no ljlopMyne ( 3) nn~t 

CHCTeMbi Fe - Pt • floKBnbHble MOMeHTbi, nonyqeHHbie C nOMOllibiO ljlopMynhi ( 3) 

B pstae MaTpHu, npeacTaBneHbi ua pHc. 6. OaaaKo a uenoM p~tae cnyqaea, B oco6eHHo ­

CTH npH CBepXHH3KHX TeMnepaTypax, Ha6niOA8IOTCH CHnbHbie OTKnOHeHHH OT dJODMVnhT 

(3) 159•631 . Ha pHc. 7 noKaaaaa TaKa~t cHTyauH~t nn~t JKeneaa a cepe6pe. ¢ eaoMeHo -

/64/ 
norHqeCKOe OnHCBHHe 3TOrO HBneHHH, npennoJKeHHOe B pa6oTe , CBOAHTCSI K 

sseaeHHIO ao6asoqaoro <jlniOKTyHpyiOmero MBrHHTHoro nonS!, onHCbiBaeMoro onaoA 

KOHCTBHTOA. 3To <jlniOKTYHPYIOIUee none OK83biB8eTCH 6onbiUe IL H H cnyqaAHO 

OpHeHTHpOBBHO B npOCTpaHCTBe. npH nOBhlllieHHhlX TeMnepaTypaX BpeMH penaKC8UHH 

<jlniOKTYHPYIOIUero non~t npennonaraeTc~t MeHbme nepHona napMoposcKoA npeueccHH 

11Ap8 JKeneaa, H ero BKnBA CT8HOBHTCH MBnbiM. npa AOCT8TOqHO HH 3 KHX TeMnepa -

Typax BKnan <jlniOKTyHpyiOIUero nong npHBOAHT K 38MeTHOMY CHHJKeHH 10 non~tpH38UHH 

nOKBnbHbiX MOMeHTOB, 

CymecTsyeT npennonoJKeHHe, cornac uo KOTopoMy sTo <jlniOKTyHpyiOmee none 

o6ycnosneHO BOnHBMH CnHHOBOA nnOTHO CTH non~tpH30B8 HHHX 3 neKTpOHOB npOBOAHM0 -

/65 ,66/ 
CTH , oaHaKo nn~t nonTBep>KneHHH sToro npeanonoJKeHHH erne Tpe6yiOTCH aanb -

aeAmae Hccn eaosa HHH npH c sepxHH3K HX TeMnepaTypax. 
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5. KopoTKo o apyrnx npo6neMax 

11ccne/lOB8HHe TeMnepaTypHOl! 38BHCHMOCTH CBepxTOHKOrO pacmenneHHSI fl03B0-

/67 / 
nSieT onpenenHTh HeKoTopbie H3 KOHCTSHT cnHHoBoro raMHnhTOHHaHa • Oco6eHHo 

HHTepeCHbie pe3yflhT8Tbl C fiOMOIIlbiO 3<txl>eKTa M l,)cc6ay3pa 3/leCb MOryT 6b!Tb nony­

"!eHbl npH HH3KHX H CBepxHH3KHX TeMnepaTypaX /lflSI HOHOB, He/lOCTyf!HblX /lflSI 3nP 

cneKTpOCKOfiHH. i1HTepeCHblM npHMepOM B 3TOM OTHOllleHHH 51BnSieTC51 Ty11Hl! B 

Tu Cl 8' 6H~ 0 (pHc. 8), rne 6b!n o6HapylKeH nceB/lOKBanpynonhHbill C.llBHr 
/ 68 / 

HenaBHo 6bino o6HapylKeHo BflHSIHHe nepexona H3 HOpManbHoro a caepxnpo-

BO/lSIIIlee COCTOSIHHe Ha Mecc6ay3pOBCKHll !)JaKTOp f B {3 -onoae YMeHb-
/69/ 

WHflOCb Ha 0,4%) • XHMH"!eCKHl! C/lBHr OflOBa B COe/lHHeHHH Nb 8 Sn o6Hapy>t<Hn 

HeMOHOTOHHYIO TeMnepaTypHyiO 3aBHCHMOCTh c MHHHMyMaMH a TO"!Ke KaMepnHHr­

OHecca 18 °K H npH 10°K. CymecTBOBaHHe 3TH X oco6eHHocTel! aaTopaMH CBSI3biBaeT­

/70 / 
CSI CO CTpOeHHeM 30Hbl npOBO/lHMOCTH B 3TOM cnnaae 

KpoMe nepe"!HcneHHbiX Bbiwe. cymecTayeT eme uenbill pSI/l HHTepecHbiX npo6neM 

!j!H3HKH TBepnoro Tena npH CBepXHH3KHX TeMnepaTypax ( A - npeepameHHSI, MarHHT-

Hb!e npeapallleHHSI H T,/l,), npaKTH"!eCKH eme He HCCneUOBaHHblX C fiOMOIIlbiO 3<txl>eKTa 

Ml'!cc6ay3pa. 

ABTOp Bb!pa>t<aeT CBOIO HCKpeHHIOIO 6naronapHOCTb <f>.fl.llianHpo, IO.M.Oc TaHeBH"'Y 

H E.B.BacHnbeay 3a ueHHbie 3aMe"!aHHSI. 
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Ta6naua 

r!OH BellleCTBO Teiiii. Bpellll pBJISKCilll. II arB. DOJIB n 3811B'Ia- Jluep. 
11! CBK. BBB •• BH~. BI'IB 

Fe 57 FeNH4 (S04)2 • I2H2 0 I, 7; 4,2 3.ro-9 !2-53 536z.30 /!3,16,19/ 
A AINH4(so4)2 •I2H20 20-300 > ro-7 (78'1!) 0 580 /20/ 

I IIOll.% Fe 
AI2 o3 o,oa IIOll.:f>Fe 4-500 >I0-7(78°K) D-20 /21/ 

T102 0 1 2 . MOll.% Fe 6-!00 .>ro-8(?8°K) 0 554 JI?/ 

Fe+++ I-4 ~(H,T) D-30 -560 
MgO Fe++ 1-4 ~(H,T) D-30 -128 /I2/ 

Fe+ 1-4 I'(H,T) D-30 34 

I'BIOIHFe '11 4-300 10-IO 0 /10/ 

\I!BPPBJCPOII A I-300 10-8-ro-9 0 /II/ 

;lUITHOKap60Ba!H 0,3-500 ro-8-ro-II 0 330 (Tc=2,5Dx) /14,18,23/ 

Dy I6I DJ'2o3 2D-I20 >ro-8( ~ 35'1!) 0 /26,28/ 

DJ'Feo3 1,5-300 >IO-ab20°K) 
ro-1 (I40'1t) 0 '18=4,5'1! /27/ 

SUliCY~! 
4,2 ro-8 0 /25/ ;ltBCDPOSKII 

Er 166 ErFeO 
J 

1,5-4,2 (2:t0,5) .1cJII 0 Tc=64o0X 

)r=4,3'1t /29/ 

ErA12 4,2-20 1o-10-ro-I2 0 8000 Tc=12,50X /30/ 

Yb 170 YbiG 4,2-20 (9i3).Io-11(20°K) 0 Tc=560°K /32/ 
YbGaG 4,2-20 (2:ti).1o-II(20°K) 0 / 32/ 

YbPd J 4,2; 20,3 2.10-II 0 / 31/ 

Yb N1
5 

4,2; 20,3 (7:t2).1o- 12(4,2°K ) 0 / 31/ 
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