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B KpHcTanne, conepMaweM npuMeCHbie aToMbi c MaccoA m' , MSHbWeA 

MBCCbi 8TOMOB MaTpHUbi m 1 MOI'YT B03HHKaTb .ll0ll01IHHT61Ibllbl6 K011668IIHS! C qac

TOTOJ! BbiWS MaKCHMa1IbHOJ! qacTOTbi Kone6aHHft 'IHCTOI'O KpHCTanna. LiaCTOTa 9THX 

noKanbHbiX Kone6auua onpenensreTcsr paauuuel! Mace, aenH'IHHoA cunoablx nocTosra

Hbix B61IH3H npHMSCHOf'O 8TOMa H HSKOTOpb!MH CBOJ!CTBaMH M8TpHUbl. Bonpoc 06 Ha

M6H8HHH CH1IOBbiX nocTOSIHHbiX xpHcTannuqecKol! peweTKH B6nuau npHMecHhiX aTo-

ll/ 
MOB He peweH OKOH'IaT61IbHO 

L!aCTOTbi 1IOKa1IbHbiX K01Ie6aHHft SIB1ISIIOTCSI peweHHSM ypaBHSllHS! 

( 1) 

rne G(w
2
)- cpyHKUHSI f'puua nnsr KpHcTanna MaTpuu~. 

8 L MaTpHua, onpe.OemiiOwasr B03Myweuue, Bbi3BaHaoe npucyTcTBHeM 

npHMSCHOf'O aTOMa. 

i1CXO.llH H3 npe,llfi01IO)I{8HHA, 'ITO CH110Bbi6 llOCTOHllllbiQ B61IH3H npHMSCHOf'O aTOMa 

He H3M6HSIIOTCSI H npHM6Cllb16 aTOMbl llaxO.llSITCH B yanax peweTKH, qacTOTbi no

Ka1IbHbiX K01166aHHJl MOMHO paCC'IHTaTb H3 C118.llYIOlU8f'O COOTHOlUSllHSI! 

g a.<wo ) d w0 

2 2 
<U -wo 

.. 1 • (2) 

rne t = 1 
m' 
m - cneKTp Kone6auua 'IHCToro KpHcTanna 

( MBTpHUbi) a uanpaaneHHH rnaauol! ocu • a ; a .. a, b, o ; 

'IBCTOTa KOne6aHHJl MaTpHUbl. 

- MaKCHMMbHaSl 

Cpaaueuue qacTOTbi, ual!neunoA aKcnepuMenTanbuo, c qacToToA, Bhi'IHcnenuoA 

C llOMOWbiO COOTHOWSHHSI (2), ll03B01IH8T C.ll61IaTb 3aK1IIO'I8HHe 0 llOBS,llSHHH CH1Io-

Bb!X llOCTOSIHHbiX npH 3aM8lUSllHH aTOMa MaTpHUbi aTOMOM npHMSCH. 
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MeTOLl neynpyroro paccenHHSI neATpoHoB LiaeT B03MomnocTb nenocpeLicTBeHHo 

na6JilOLl8Tb JIOKSJibHble KOJie6aHHll B MeTSJIJIH'l.eCKHX cnnasax. B TSKRX CRCTeMax B03-

MO)KH0 C03Ll8Tb BCe yCJIOBRSI 1 He06XOLlHMbie LlJlll B03HHKHOBeHHSI JIOKSJibHbiX KOJie6a

HHJl. 0LIHaKO LlJlll na6JIIOLleHHSI 9THX KOJie6anHJl KOMUOHeHTbl cnnasa Ll0Jl)Kiibl HMeTb 

/2 3/ 
HOLlXOLlllmRe HeilTpOHHbie ceqeHHll ' • 

CnnaBbl Li o, OG - Mg O.D G H Li o, IO- Mg o. 90 B HCCJieLiyeMOM LlHanaaoHe TeMnepa

Typ npeLICTB.BJISIIOT co6oil OLlHOpOLlHhlil CHJIE\B C reKcaroHaJibHOJl CTpyKTypoil Mar

/4/ 
HHll • CnnaB MeLlb-6epHJIJIHil OLlHOPOLleH TOJibKO HpH M8JIOJl KOHU6HTP8UHH 6epHJI-

/5/ n · 6 JIHSI • 09TOMY 0 p83Uhl Be 0 , 02 -Cu 0 , 98 H Beo.oo -Cu 0 , 90 OTmRrMHCb npH 

TeMnepaType 900°K, a aaTeM aaKanRsanHcb. TaKHM o6paaoM 6btnH nonyqeHhl nepe

ChimeHHble cnnaBhi c OLlHOPOLlHOil rpaaeueHTpRposanaoa cTpyKTypoA M6LlR. HeATpon

Hbie LlR!jlpaKUHOHHble HCCJieLIOB8HRSI o6paaua CHJiaBa Be O. OG- Cu 0• 90 He BblllBRJIH npR

cyTCTBRll Lipyroa !jlaahi. 

YfaMepeHHSI cneKTpOB Heynpyroro pacceSIHHSI HeilTpOHOB 6htnH npoBeLleHbl fiOLl 

yrnoM 90° npn TeMnepaType o6paauos 

Ta C 6epHJIJIHeBbiM cPHJlbTpOM nepeLl 

9HepreTnqecKne cneKTphl neynpyro 

113°K Ha cneKTpoMeTpe no apeMeHH npone

/6/ 
LieTeKTopoM • Ha puc. 1 H 2 cpB.BneHh! 

pacceSIHHb!X HeJlTpOHOB • .[laHHble LlJlll ME\rHn-

· eBhiX cnnaaoa ncnpaaneHhl na nornomeHHe a JIHTHH. nnKn npn· E = ( 35:2) M9B 

(pRe. 1) H E = (42:2) M9B (pRe, 2) npeLleT8BJISIIOT e060Jl HHKH JIOKE\JlbHhiX KO-

ne6aHHJl E\TOMOB JIHTHll B M8TpHue MarHHSI H E\TOMOB 6epHJIJIHB B MaTpnue MeLlH 

COOTBeTeTB6HHO, l.faCTOTE\ JIOKMbHh!X KOJie6annJl, HE\itLleHHE\SI H3 eOOTHOmeHHSI (2), 

eymeeTBeHHo 6onbme naMepeanoa 9KenepnMeHTaJibHo (eM. Ta6nnuy). 3Ta paaHn

ua 9HeprHJl npHHHChiBE\eTCSI H3MeHeHHIO eHJIOBbiX fiOCTOSIHHhlX B6JIH3H npHMeeHoro 

aTOMa. 8 npeLieJIE\X TO'IHOeTH 9KenepHM6HTa He He6JIIOLl8eTCSI BJIHSIHHSI KOHueHT

paunH np11Meeea Ha nonomeHHe qaeTOT noKaJibllhlx Kone6arma. 

OueHKa 113M6ll6HHSl CHJIOBbiX UOCTOSlHHb!X npoBeLieHa B Up!!6JIH)K6HIIII oqeHb 

nerKOJl UpHMeCH (qaCTOTa JIOKE\JlbHbiX KOJie6aHI!Jl B6JIHKa no cpaaHeHHIO CO eoeLIHeil 

qaeTOTOJl KOJie6aHHJl M8TpHUhl). npeLIHOJIE\raeTCSI TE\Kme, 'ITO Hpi!CyTeTBHe npRMee-

HOrO E\TOME\ H3MeHSJeT CIIJIOBbie noeTOSlHHbie B3811MOLleileTBHSl MemLiy Up!!MeebiO II 

BeeMH E\TOME\MII M8Tp11Uhl, HO He 113MeHSJeT eiiJIOBb!X noeTOSIHHh!X B38HMOLleileTBHSI 

M6)1{Lly E\TOME\MH MaTp!!Uhi. npn 9TIIX npeLIHOJIO)KeHI!SIX HeLIRaroHE\JlbHbie 9JI6M6HTbl 

M8TpHUhl G' <~ >B i: CTpeMSITeSI K HYJIIO, H H3 ypaBHeHI!Sl (1) llOJiyqaeTCSI HH-

TerpanbHOe ypaanen11e, onpeLieJISIIOmee qaeTOThl noKanbHhiX Kone6anna. 
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[ E w 2 - P a f w 2 g a (w o) d w o ] f 
0 0 

.. 1 ' (3) 

wm 

r.ne <P .. 1 -a cp (OO) .. M f w;ga(w
0
)dw

0
• aa 

0 

Ha ycnOBHH HHBapHaHTHOCTH CHnOBhlX llOCTOHHHhlX OTHOCHTenbHO C,llBHI'OB acero 

KpHCTanna BhlTeKaeT, 'ITO H3MeHeHHe CHnOBhlX llOCTOHHHbiX Hyneaolt KOOp.llRHai!HOH

HOit cc}Jepbi paBHO B3HTOlt C oopaTHhlM 3HaKOM cyMMe H3MeHeHHlt BCeX OCTMbHhlX 

CHnOBhlX llOCTOHHHhlX npHMeCHOI'O aTOMa, 

(4) 

r.ne - CHnOBhle llOCTOHHHbie aTOMOB MaTpHUhl H npHMec-

HOI'O aTOMa COOTBeTCTBeHH'O, npHMEICHhlit aTOM HaXO.llRTCH B ya~e f o. 
napaMeTp p a onpe,nenHeT aenH'I.I!Hy H3MeHeHR.!I CHnOBbiX liOCTOHHHbiX npRMEICHO-

T'O aToMa B HanpaaneHHH rnaaHoA ocR a .LlnH MarHHeahlx cnnaaoa ( a m b .f c l 

cneKTpb! 'l.aCTOT g a (w 0 ) H g 
0 

(w 0 ) paanH'I.Hhl, HM COOTBeTCTBYIOT Halt,neH-

Hble R3 ypaBHeHHll ( 2) SHeprHH noxanbHbiX KOneoaHHit 43,1 MSB H 41,6 MSB .llnH Ha

npaaneHH.!I a H c cooTBeTcTBeHHo. Paapewaroma.11 cnoco6HOCTb cnexTpoMeTpa 

He npoaaonHeT paa.nenHTb 9TH 'l.acTOThl, nosToMy aHa'!eHHe napaMeTpa p,. onpe.ne-

17/ 
neHO Ha OCHOBe nonHOI'O cneKTpa 'l.aCTOT Mai'HHH , B cny'l.ae cnnaBOB Me,llH 

3Ha'leHH9 napaMeTpa p , Halt.neHHOe H3 ypasHeHRH (3} npH HCllOnb30BaHHH 

a 11-101 
cneKTpOB qaCTOT, npHBe.lleHHhlX B nHTepaType , H H3MepeHHble HBMH qacTOThl 

noKan&HbiX xone6aHHit npHBO.llHTC.!I a Ta6nHue. HaHoonee aepoHTHble aHa'leHHll napa

M~Tpa p a paBHhl 45% .llnH npRMecelt RHTRH B Ma!'HRH H 56% ,nnH 6epHnnRH H 

Me.nR. B oooHx cny'laHx Hcnon&aoaaHHbte a pac'!eTax cneKTpbi qacTOT nony'leHhl 

no ROMepeHHhlM ,llRCnepCROHHbiM KpHBhlM COOTBeT<e:rByiOIURX KpRCTannOB, 

AaTopbi 6naro.napnT <t>.n. WanHpo, E.A. HHRKa, H B. Bypaca .aa ueHHbie 

aaMe'laHR.!I, n.K. HeHrapa .aa npe.nocTaaneHHe HaM rpac}JRKOB cneKTpoa 'lacTOT Mar

HR.!!, A. ranaRToro H C. Be.nHapcxoro .aa H.aroToaneHHe cnnaaon u B. OneHp'IHxa 

aa HOMO!Ub B H3MepeHIUIX, 
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C n n n B 

Li - Mg 

= 0,715 

Be - Cu 

( = 0,858 

Ta6nHua 

3Hepl'HH JIOKaJibHhiX KOJie6aHH!l cflaa( 00) 

----------------------------------p ~1--~ 
9KcnepHM. 

auaqeuHe 

(35 + 2) M9B 

(42 : 2) M9B 

paCC'IHTaHHOe 

H3 ypaBHeH. ( 2) 

43,1 M9B 

54,0 M9B 

56,1 M9B 

57,9 M9B 

61,5 M9B 

a <jl~(OO) 
J.13MeHeHHe 
CHJIOBbiX 
llOCTO!IHHbiX 

0,45 

0,43 

0,52 

0,56 

0,60 

n H T e p a T y p a 

g (wol 

171 
P .K. Iyengar 

E .H. J aeohsen /8/ 

R.B. Leighton /9/ 

S.K. Sinha 
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Pnc. 1. 3neprGTII'IecKne cneKTpbi neynpyro paccesmnbrX neiiTponoa na cnnaaax 
Li o.oo - Mg o. 96 n Li 0• 10 - Mg 0•90 ncnpaaneanbJe na norno-
meane nnTHeM II paaAeneHIIbre na cneKTp neynpyro pacceSIHHbiX nel!-
Tponoa 'IIICTLIM Mar'HHeM. 
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20 [meV] 

• Cu095 Be005/ Cu 
. 12 

lJL = (64 '!: 3)·10 %ek 

• Cuag8 Berm/ Cu 

2 

60 &0 

PHc, 2, 3nepreTH'IecKHe cneKTpbt neynpyro pscceSIHHhiX Hel!Tponon us cnnsnsx 
Be0.02- C:u0.9~ II lle0,05-Cu0,95 paaneneliUbie us cneKTp nell-

Tponon, psccenHIIhiX na 'II!CToti Menn. 
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