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,llHHaMH'IBCKIIli MBTOJl IIOIISJPH3aUIIH MBp/
1

/ OKa3aiiC!l BBCbMa ycnelliHbiM Jlli!l C03Jla-

HII!l IIOIIlJPH30BaHi10li IIpOTOHHOii MHlliBHII, KOTOpa!l YlKB 6bina HCIIOIIb30BaHa B PMB <jlH3li-

'IBCKIIX 3KcnepnMeHTOB a o6nacTII <jln311KII BbiCOKIIX 
12

•
3

•
41 

11 HH3KIIX 
15

•
61 

auepr11li, OaHa

KO llli!l Uenoro pMa 3a)la'I MBpHOli <jlli311KII 60IIblliOll HHTepec MOlKBT npeJlCTaBIIHTb H non

pH30BaHHaH ael!TOHHa!l MlilliBHbo B qaCTHOCTII, c IIOMOllib!O TaKOl! MlllliBHll MOlKBT 6b!Tb 

Bbl!lCHBH BOIIpOC 0 npaBHIIbHOCTH Bbi6opa OJlHOrO 1!3 JlBYX B03MOlKHbiX Ha6opoB aMIIIIHTYJl 

171 
paCCB!lHllH HBliTpOHa Ha )leliTOHB , 

HaMil 6b!na caenaHa nonhiTKa npRMeHHTb JlHHI/-Mli'IecKRii MeTOJl JlliH nonnpH3aUHH 

Mep ael!TepHH, B Ka'IeCTBe o6pa3ua RCIIOnh30Banc!l MOHOKpnc1-ann aaoiiuoro nauTau-
142 

MaruHeaoro IIIITpaTa La
2 

Mg
3

(NO 3l1:z24(H20 +·D20) c 1% npHMBCb!O Nd 

a KoTopoM qacTb o6hi'IHOli KpllCTannHaauuoHuol! BOJlbi 3aMemanacb T!llKenol1 aoa ol!, KpHc

Tann ( .,. 1 CM 3 ) Bb!palliHBaliC!l H3 paCTBOpa '!aCTll'IHO o6e380lKBHIIbiX a30THOKHCIIb!X Coneli 

nauTaHa, MariiH!l H HBOJlHM8 a TSilKenol! aoae. CTeneHb aeliTepHpoaaHHOCTH pacTaopa 

COCT8BIIHII8 6onee !iJQ%, 0JlH8KO, K8K IIOK838li MaCC-CneKTpOCKOTIH'IBCKHli aHaliH3, COJlepR<a

HHB JlBliTepH!l B KpHCT8liiiB paBHHIIOCb 42%, 
. /8/ 

.llHH8MH'IeCK8H IIOIISJPH38UHH ocymeCTBIIHIIaCb MeTOJlOM COIIHJl-34l<jlBKT8 H8 yCTilHOB-

Ke, OIIHC8HHOli B /B,l0/
0 

3KC1IepHMBHTb! npOBOJlllliHCb Ha 'I8CTOTB 37 rru ( M8rHHTHOB none 

10 K3) H npH TeMnepaType 1,4°K, HeycnneHHb!li CHrHan MBpHoro M&rHHTHoro pe3oHaHca 

(.HMP) )lBl!TepHSI 6bin HHlKe ypOaHH myMOB HCIIOIIb30B8HHOrO HaMH 8BTOJlHHHOrO CliBKTpo

MBTpa, nocne BKIIJO'IBHHSI MHKpOBOIIHOBOfi MOUlHOCTH Ha6liJO)laliCSI HHTBHCHBHb!l! CHrH8li .HMP, 

THnH'IHbil! cneKTP TaKoro cHrHana npHaeaeH Ha pHc, 1. 

CneKTP .HMP ael!TepHH cocToHT R3 pMa qacTH'IHO uepa3pemeHHbiX nHHHll, CHMMeTpH'I

Ho pacnonolKeHHb!X oTHOCHTBIIbHO ueHTpa. TaKa~ CTpyKTypa ua6nJOaaeMhiX cneKTpoa o6ycnoa

neua KBaapynolibHb!M pacmenneHHBM 3eeMaHOBCKHX ypOBHel! H HB3KBHBaneHTHOCTb!O IIOIIOlKe

HHfi 8TOMOB JlBl!TepHH B KpHCT8liH'IBCKOli pemeTKBo 

Pa3Hb!e HHTepCHBHOCTll CHMMBTpH'IHb!X OTHOCHTelibHO UBHTpa KOMIIOHBHT CIIBKTpa 

MOlKiiO 6binO 6bi 06'bHCHHTb 3H8'IHTenhHOfi IIOIISJPH3aUHel! OTJlBIIbHblX rpynn 8TOMOB aeiiTe

pHSI H. HCIIOIIb30B8Tb JliiSI onpeaeneHHSI JlOCTHrHyToil IIOIISJPH3aUHH, K8K 3TO 6binO 'CJlBII8HO 

a Ill 1, .llel!CTBHTenhHO, cnuaoayJO TeMnepaTypy T5 CHCTeMbi ael!TOHOB MOlKHO onpe-

JlBIIHTb H3 OTHOWBHHSI HHTeHCHBHOCTefi CHMMeTpH'IHblX KOMIIOHBHT CIIBKTp8 

3 



.!!.c....-=-.!! 
nt -no 

K =· exp ( - 2 "d H I k T •), , 

rne n. 1 , n 0 , n 1 - HaceneHHOCTB aeeMaHOBCKIIX ypoaHell 'c npoeKnuel! cnBHa nel!ToHa 

- 1,0, 1, COOTB9TCTB9HHO; I'd - MarHIITHbllt MOMBHT )lei!TOHa, I!OII>lj)B3BI!BB npBHsrTa 

nonolKHTBllbHoii, 3To BblpalKeHBe cnpaaennuao, Korna pacnpeneneHBe HaceneHHOCTell3eeMa

HOBCKHX ypOBHell HBnHeTCH 6onhnMaHOBCKBM, 0JlHBKO Ha6nronaameeCH pa3n11q11e BIITBHCBBHQ

CTell CIIMMeTpllqHbiX IIBHBil HOCBIIO HeperynHpHblii XapaKTep KBK B O)liiOM 3KCnep11M9HT90 

TaK 11 a paSHbiX cepnHX 3KcrrepuMeHToB, B neKoTopbiX cny'la!IX K JlOCTIIrano 3Ha'lennll 

0,15- 0,20, 'ITO cooTBeTCTaoaano 6ht rronsqm3annll P = 77 .,._ 84%, 3HaqHT9IIbiiO npeBblillBID-

meii TeopeTIIqecKOe anaqenlle 68%, B TO lK9 Bp9MH CYMMbl IIHTBHCHBHOCTeil IIID6b!X JlBYX 

CHMMBTpllqHbiX, niiHHil, IIpOIIOpUHOH8llbHbl9 I!OIIHj)H3811HII Jl8HHOlt rpyniibl JlBiiTOHOB 

( p = n I -'!.I = ( n I - no ) + ( no - n_ I ) 

noqTH fiOCTOHHH09 3HaqeHH9 1 XOTSI K 

0 B j)83Hbl9 MOMBHTbl 3KCII9j)IIM9HT8 COXj)8HSIJIII 

CIIIIbHO ¢l!IDKTyllpOBBIIO B HHTepB8IIe 3H8'l9HBil 

0,15-1,}. 3TH ljl8YTbl YK83b!B8IDT H8 H9Ilj)HM9HHMOCTb IIOHHTHH CIIHHOBOii TBMIIepaTypbl 

K HJl9j)HOii CHCT9M9 Cp83Y IIOCII9 JlBH8MH'l9CKOii IIOIIHj)H3BUIIH 0 'ITO, IIO-BBJliiMOMy, CBH38HO 

c He3KBHJlHCT8HTHOCThiD 3eeMaHOBCKHX ypoaHeii neiicTBIIH neiiTOH8 113-38 H8IIH~HH KB8llPY

rroiihitoro pacmerrneHHSI, YcTaHOBIIeHHe paaitoaeCHSI BHYTPII SIJlepitoii CHCTBMbi 38 C'leT 

CllHH-CfiHHOBOrO B38HMO..Q9li:CTBHS11 Ha nepBblii Bo3rnru:t 1 non>KHO CK838TbCSI HB penBKCBUHH 

ycniieHHbiX CHrHaiiOB liMP )leiiTepHSI K TeiiiiOBOMy paBHOBeCIIID, 113 KOTOpOl! MOlKHO orrpene

IIIITb BpeMSI ycTaHOBIIBHIISI e)liiHOll CIIHHOBOlt TeMII9p8TYJlbl, H8 j)IIC, 2 IIOK838Hbl pacqeTHbl9 

penaKCBIIHOHHbie KpHBble JliiH rrapbl CIIMM9Tj)H'lHbiX CHrHaiiOB B JlBYX KpaiiHIIX Ilj)9JliiOIIOlK9-

HIISIX: ( 1) speMSI ycTaHOBIIeHIISI crrHHOBoii TeMrrepaTypbi 3HB'lHT~IIhHO MOHhme apeMeHII 

CIIHH-pemeTOHHOfi penaKC8UHII )l9HTOHOB T1n , 11 (2) aHaqiiTeiihHO 6oiibme T1n , 3Kcrre-

j)IIMeHT8IIbHbie TOqKII B IIpe)leiiaX CBOIIX OWII60K O)lHHBKOBO XOj)OillO MOryT 6b!Tb OI!HCBHbl 

B nro6oM 113 aTHX cnyq8eB rrp11 Tin= 50 MHH, CnenyeT yKa3aTb Ha To, 'ITO cnii~OBBSI 

TeMnepaTYpa, no-BHJliiMOMy, MOlKBT 6b!Tb YCTBHOBII9Ha nyTeM IIOBOj)OTa Kj)IICTBIIIIa IIOCIIe 

JliiH8MHqecKOl! I!OIIHj)H38Jlllll BOKpyr OCH1 nepneH)liiKYIIHJlHOii MBrHIITHOMY I!OIIID, 

TaKHM o6p83oM, 113MepeHHe noiiSipH3anllll He MOlKeT 6b1Tb BbiiiOIIHeHo nyTeM cpaaHe

HHSI IIHTBHCIIBHOCTell JlBYX CIIMMeTpHqHbiX CHrHaiiOB liMP nel!TepiiSI, HlllKHSISI rpaHIIllB JlOCTIIr

HYTOl! IIOIISipii38Jlllll (oKono 4,5%) MOJKeT 6biTh onpeneneHa ua Taro, 'ITO yc11neHnblii curnan 

.6onee qeM B 300 pa3 npeBbiWBII ypoBeHb myMOB, no-BH)liiMOMy, I!OIIH]lii38JliiSI 6ollbme 10% 

MOlKeT 6b!Tb I!OIIyqeHa B MBrHIITHOM none 20 K3 II TeMnepaType 1 °K, 'ITO 3HBqBTeiibHO 

npeabtmaeT aHa'leHue noiiSipH38Jlllll ( oKono 1 ,2%), nonyqeHHoe a TaepnoM neiiTep1111
1121
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Pnc. I. 

TnnH'Illbili cneKTp CHrHana s:!MP lleliTepnR B KpHCTanne (0,99La,0.01Nd)jMg 3 (N0 3 >tpH20 120
2

0 
Ha qacToTe 6,5 Mru u npH TeMnepaType 1,4°K. BllllHhi Tpu rpynnhi nHHHll: nepaag pacno

no"'eHa B Cepe/lHHe cneKTP8 H CO/lep}Kl!T Tpll CHMMeTpli'IHb!X OTHOCIITei1bHO UeHTpa I18pb! 

I1l1Hllii, 0Jl!TH8K0Bb!X no li!ITeHCIIBHOCTH ( I1pH HeKOTOpb!X yrnax MelKJly HanpaaneHHeM M8rHHT-

HOro nonS! n reKcaronanhnoii oCbiO KpncTanna rrepaa11 rpynna BbiPO"'IlaeTCSI B OllHY nnnniO); 

nTopaSI H TpeTbSI rpynnhi xapaKTepHbi pe3Koii acHMMeTpneii B HHTeHCHBHOCTSIX nHHHii CHM

MeTpH'IIIbiX nap, npH'!eM O/lH8 H3 rpynn HMeeT 3H8K 8CHMMeTpHH, npOTHBOnOfiO}KHb!ii 3H8KY 

acnMMeTpHH /lpyror, rpynnhi. 
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PHc. 2. PenaxcanHoHHbie Kpnawe carnanoa .HMP /lel!TepHR rrpn TeMnepaType 1,4°K. 
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1 
H J 

2 
0003H8'!8IOT 8MnllHTy/lbl llHHHJ!, BXO/lRIUHX B CHMMeTpH'IHYIO napy, 

HOpMHpoaaHHhiX x 9/lHHH!le. CnnomHbie KPIIBbie Bhi'!ncneHhi a npel!nono>Ke

HHH, 'ITO BpeMSI yCT8HOBll9HHSI CnHHOBOll TeMnepaTypbl 3H8'1HTellbHO OOnhiU9 

T1n , a nyHKTHPHbie KpHBbie - 3H8'1HTenbHO MeHbiUe T1n • llpa HaHeCeHHH 

9KCnepHM9HT8nhHb!X TO'I9K ocymeCTBllSillCR nO/lOOp llBYX napaMeTpOB! apeMe-

HII penaKcanHH T1n H Ha'!allbHoro MOMenTa apeMeHH. - · 


