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HCC.rIEjIOBATEYlbCKAg FPYFIFIA rIO KPHCTAJ-IJIOOH3HI-(E BEHFEPCKOI~ AK AjIEMHH HAYK 
B$Ÿ EIIIT 

(HOCTylm~O 22. I. 1976) 

PemeHa 3aRaqa o B036y>KReHHH OrITHqecKH aKTHBHblX Jl0KaJIbHbIX KoJIe6aHHfi B IReJ~oq~i0- 
raJ~0H~HbrX ~pHcTaJIJIaX ~BH~y~Re~c~I 3ap~a>KeHHO~ qacTI4tIeI~. B~qucJ~enu a e a n q a n a  norJm- 
uIaeMo~Ÿ JIOKaJIbHbIMH ~oJ~e6a~~aM~ a ~ e p r m l  rl HHTeHCHBH0CTb HX ~nqbpa~pacnoro H3JIyqeHl4,q 
B cJ~yqa~x, KoF~a ~BH)KyII~HMHCfl 3ap~UIaMH ~BJlfllOTC$I HOHbl H 3apan<ennue CTyIIeHbKH J~BH- 
)KyIJ.~I4XC~[ ~HCJIOKa]RHIŸ Hpe/tJmraeTca HCIIOJIb30BaTb j~eTeKTHp0BaHHe ~rroI'O H3JIyqeI-IHŸ jl.rffl 
onpeReJ~eH~~ KOJIHqeCTBa HepeJI~ITHBHCTCKHX HOHOB B Kac~a]lax, coa/[aBaeMux B KpHcTaJIJIaX 
qaCTHRaMH BblCOKHX 3HeprHiŸ H RJ1fl ~HaFHOCTHKH IIJ1a3Ml,I rlpH pa3pyuleHHll KpHcTaJl.qa HHTell- 
CHBHbIM CBeTOBbIM HMIIyJIbCOM. 

1) Cy~eCTBOBaHne n0Ka~bHblX Ko~e6aHHfi B KpncTanaax c npnMeC~Mrt 
npoaB~aeTc~ B pa3nnqnblx qbn3nqecKtix CBO~CTBaX 3THX ~<pncTa~JmB [1--3] .  
B menoqHo-ra~onRHhlX ~pHcTa~nax (m. r. K.) c npHMecaMn 3a~eutemi~ Ha~Hqne 
orrrHqecK~i aKTnBHUX n0Ka~hHblX ~one6aTe~bHblX MOR npHBORHT K HHqbpaKpac- 
HoMy nor~omeHmo Ha YaCTOTaX, npeBblmammnx qaCTOTbl nonepeqHuX OnTH- 
qeci<i4x Ko~e6aHn¡ coBepmeHHoro KpHcTan~a [2--3].  

B HaCToame~ pa6oTe paccMaTpnBaeTc~ 3a~aqa o B03Re¡ 3apfl~<eHHo¡ 
qacTm~b L RBn>~ymefic~ BHyTpri i<pHcTanna, Ha noKan~Hoe OnTnqeo<oe Koae- 
6aHue B ~ .  r. ~. CO cTpy~Typo~ NaCI. IIpeRnonaraeTcn, qTO TeMnepaTypa Kpn- 
cTaana nponaBOabHa. HOaTOMy ~0 npoxo>~~eHna 3apn>~eHHO~ qacTtII~bl ~o~:anh- 
Han MoRa HaxoRnTCa B Ten~oBOM paBHOBeCnn C 0CTa~bHbIMI4 ~0~eSaTe~bHUMa 
MORaM~ KpncTa~~a, a e~ Bo36y>~ReHne onncbmaeTcfl rl~aHKOBCKO~ qbyHKRHe¡ 
pacnpe~e~eHna. XJ'qI4TbIBa~t qTO 3TO 0‰ MH npoBenn ncc~eRoBaHne 
B paM~ax I<BaHTOB0fi Teopnm 

B n. 2, 3 ~ano>~eHo peLue~ne yi<a3aHHO~ 3a~aqH B rapMou~qecKo~ npH£ 
>~eHI414, no2IyqeHHoe c noMombm ~eTO~OB nepe~flTnBnCTC~O~ ~<BanTOB0¡ Te0p~~ 
no.nA. B036y:~~eHHe ~0Ka~IbH0fi MOjIbl 3HaqHTeJIbH0, ec.rII4 9dpqbeKTHBH0e BpeMu 
npoJmTa 3ap~>~eHH0¡ qaCTHiIbl nopfl~Ka nepno;~a ~oJ~e6aHHa n Mti0r0 ~eHbme 
ero BpeMeHH )KH3HH, qT0 H 0npaB/IbIBaeT npn~eHeHne rapMoHnqec~oro 
IIpH6mt>~eH~~. 
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4 10. ~. IOtIIHH x ~. ~HCKH 

YlozyqeHHUe pe3y~bTaTb~ Mbt ricno3m3yeM B II. 4, 5 )131~1 Tex c3]yqaeB, Kor~la 
~Bn~ymnMtica 3ap~~laMn nB~~~TCfl nOHbl ti 3ap~~eHnble cTyneHb~n ~paeBblX 
~~tc3~oKatlti¡ B qacTnocTrI, ~ 3TttX c~yqa~x M0~eT £ O£ tiHqbpa- 
~pacHoe H33]yqeHtie H3 ~pticTa~~a na qaCTOTe 3~oKa3]bHUX ~o~e£ ~oo. C~e~yeT 
no~lqepKHyTb, qT0 aT0 n3nyqeHne, B OT3~tiqHe 0T n33]yqeHI4~ OCHOBH0~ pemeTKn, 
He £ nornomeHo BHyTpti KpncTa~~a, qTO o£ ero ~IeTe~rnpoBaHne. 

H a m n  pe3y~bTaTbl, 3anncaHHb~e B o6me~ Bn~e, cnpaBe~mtBbi ~I~~ 3]to‰ 
tleHTpOB B tU. r. ~. O~HaKO tian6o~ee n3yqeH~~, ~arr 3~cnepnMeHTa~bHO, Taro 
n TeopeTtiqec~n, U-r~eHTpbt B m. r .K.  [2, 3], Kor~a npnMecbm 3aMemeHna 
~BJIfleTCfl BO,~0po,~ HJIH ~e¡241 I-IoaToMy B ~a~bHe¡ Mb~ 6y~e~ KOHKpeTti- 
3tipOBaTb HaltIe pacCMOTpeHHe, I4Cn0~b3yfl TeopeTtiqecK~le M0~e~H U-~eHTpOB. 

2) Ec~n Ha I40Hbl KpnCTaJ~~tiqecK0n pemeTKn RefiCTByIOT CX.qhl, 3aBtiCfl- 
m~e 0T BpeMeHtf, X F.(l, k, t) --  3eKapToBa KOMIIOHeHTa (~t = 1, 2, 3) CHJlbI, 
~e¡241 Ha k-bt~ aTOM B I-0~ ~qe¡ B MOMeHr BpeMeHH t, TO B rapMOHH- 
qeC~0M npn£ noBe~tenne CriCTeMbl HOHOB ‰ 013tiCbIBaTbCfl raMnnb- 
TOHHaHOM 

H - -  Ho + H , ,  H t =  - - 2  ua(t ,k)F~(l 'k , t ) ,  (1) 
l ,R  , eL 

H o  = . ~  p~ (l,k) 1 
t,k,,~ 2 Me~ "q- -2  ,,~,~, " ~  v,v,t~ "~  q~~,a(Ik; l 'k') U~,(l, k) Ua(I', k ') .  .(2) 

3~Iecb Mlk, p~,(l, k), u~(l, k) --  C00TBeTCTBeHHO Macca ti KOMrlOHeHTbI 
~~4nym, ca ti OTKZ0HeHn¡ k-ro HOHa B l-0~ aqe~Ke KpHcTa~aa, r l 'k') --  
Z, tiHaMtiqecKaa MaTpHua Kpr~cTazaa [2]. OTKaOneH~a a HMnyzbch~ oTaezbm,ix 
HOHOB MO~H0 B~~pa3rtT~ qepe3 n0p~aa~m,~e Koopal• A = as -4- a + a KaHOHH- 
qeCKH conp~l~eHHble tiM tiMrly.rlbCbI 

= ~ ("~ - .,+), P, 

p~(tk) = ~ B:(Ik) P,. 
$ 

(4) 

3~ecb h - -  n0CT0~HHaa H~aHKa, co s - -  qaCTOTbI H0pMa3mHUX Koae£ 
OnepaTopbi po~~lenn~ n yHnqT0:~eHH~ (1)0HOHOB S-0¡ MO~bl Koae£241 a+i a~ 
y~oB~eTB0pflmT nepecTaHOBOBqHbIM C00TH0UleHI4flM [~ ,  a~] = t3ss, , a s:oa~pr 
tmeHT~I BS~(lk) --  yC~OBnflM 0pToH0pMHp0Bamt0CT~ ti 3a~KHyr0CTa 

. ~  BS(lk) B(-S')(lk) = ~ss', .a~ B(~S)(lk) B?)(/'  k') = ~u' �91 t3~t~" (5) 
lkct n 
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0 BO3BS")-K~EHHH J-IOl-(AJ'lbHbiX I-(OJ'IEBAHHI~I 5 

Hcnosm3yn (3), npeo6pa3yeM H~(t) v, anRy 

111 -=- - -  2 f , ( t ) A ,  , 
k l , k ,a  

lt2 

B!~~(t, ~) F~(t+k, t). (6) 

Fefi3eH6eproBc~~te ypaBHeHn~ 2~BI.lh'<eHI4fl .~Ulfl onepaTopoB 
Bbrre~ammne n3 (1)--(6), nMemT BH~I 

.'l~(t) = 2 tos Ps(t), l ~ ( t ) -  ht~ As(t ) +fs(t) ,  
h 2 

MJIH 

pemeHne 

J ~ ( t ) +  to$A,(t)  = - ~ f ~ ( t ) .  

Hcno•b3ya 3ana3~bmammym ~yHKIlnm FpnHa yp. 

�9 2 / ' t  
As(t) =A(sin)(t) + -2- - |  dt'fs(t ') sin to s (t -- t ' ) .  

l�91 j _  

A,(t), P~(O, 

(7) 

(8) 

(8), no~yqaeM ero 

(9) 

3~lecb npe~no~araeTc~, qTO npH t ~ --  r CHYlbI F~(l, k, t) -* 0, A{,t")(t) -- 
onepaTopnoe pemenne coorBeTCTBymmero O~HOpOJlnoro ypaBHenHfl, y~IoanewBop- 
~mmee HeKOTOpOMy HaqanbHOMy ycYtoaHm npa t ~ --  oo. 

PaccMaTpI~Ba~ 3a~aqy o B036y~ReHnI4 ~ap~~eHHO~ qacTm~e~ ~oKaabHb~X 
Kone6ann~ OnTHqecKoro Tnna, npe~no~o~nM, qT0 qacTmla c 3apfl~OM Ze ~IBH- 
~eTca npflMO~nHe¡ CO cKop0CTbIO ~ B nnoc~ocTn, o6pa3oBanHo¡ KpncTa~no- 
rpar OCflMa x ,y ,  Tpaek'TOpnn coBna~laeT c KpHcTa~~orpar 
ocbm x, a npnMeCHbfii aTOM naxo~IHTC~ B TOi~ )Ke n~OCKOCTH na ocn y Ha paCCTOfl- 
HHH b or naqa~a Koop~HHaT. 

HpH BblqI4c.rleHHH L(l) IIO ~. (6) yqTeM, qTO F~(I, k, t ) :  etkE,(l , k, t), 
E(/, k, t) --  nartpfl~eHHOCTb azek'TpHqec~oro no~fl, co3~aBaeMafl 3apfl~eHH0~ 
qacTmle~ a ToqKe, coBna~amme¡ c no~o~r paBnoBecna •ona (lk), etk 
aae~TpnqecKn¡ aapa~ aToro nona. 

I(poMe npnMecnoro aTOMa, B J~oKa~bnoM Kom6aHnn yqacTByeT Jmmb 
He6o~bmoe ~nc~o ero coce~e~, ~~a KOTOpUX B(~)(l, k) CyuleeTBeHHO OT~nqHbl 
OT Hy~fl. TaK B ~o~e~n npn~ecn aaMemenna [3], ~ ~OTOpOi~ yqTeHO OT.q~4qne 
Macc~,~ npnMecHoro aTOMa OT Macc~ 3aMemeHnoro HM aToMa OeHOBHOi~ pemeT~n 
H n3MeHen~e cnJ~~ B3anMo~eiŸ Me~~y aTOMOM npHMeCH H ero 6~~~ai~mnM~ 
coce~IaMH, .UI4Ulb ~I~fl :Yrnx nocm~anx  B~)(l, k)v~ O. 

Ka~ c~e~iyeT n3 Mo~e~a Me~r ~eCelcra, pacc~oTpeHHOl~ a [4] 
(U~ tleHTp B KI),  B ~0ga~bHOM ~om6annn,  OTBeTCTBenHOM aa HHr 
nor0]omeHne, npa~THqeci<n yqacTByeT ~Hmb n0H Bo~opo~a. 

HpeMto~arafl, trro npmle~bnoe paccToaHne b > a  ( a -  paccToflHne 
Me~~y 6~~~afiumMn coce~a~n a pemeT~e), 3anmueM E~(l, k, 0 ~ E~(O, t) + 
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+ (Rt~ --  Ro) V E~, npene5peraa Bb|CIllrlMtl qnenaMn pa3no~eHnn no Rt~ --  Ro, 
r~;e R --  paanyc-seXTopsI r~0Ha npnMecn (0) ~ ero coceae¡ (Ik), a rpaanenr  
17 E,( t )  Bbmricaen ~ ToqKe Haxom~eHi~a npnmecn. )3,~~ aer 3a~etuemm 
n tU. r. i<. npnMecm, t~ aTO~ ~BnneTca tiertTpo~t CHMMeTpmL l-lo~o~y BTOpO~ qYien 
pa3~o:~eHrla ~aeT uy~eno~ BKnan B /~(t), Ta~ Kan ~~~ a~yx OaHOr~MeHnb~x r~ono~, 
pacnono~eHnsix cri~eTpr~qHo OTHOCHTenbnO npn~ecnoro aTo~a, ~ce MHO~rtTe~rt 
B (6) O~nHa~Onb~, 3a i~c~atoqeHne~ R~~-  Ro, KOTOpbIe OT.rII4qaIOTCfl 3HaKOM. 
YqI4TbIB3 ~I 5)TO B (6), rio~yqaeM 

f , ( t )  ~- . ~  E, (O,  t )g~) ,  g(s)= . ~  e, k ( h _ _ ~ ]  v2 B(2)(lk) .  (10) 

3aMeTI4M, qTO onepaTop ,/~I4FIO3IbHOFO MOMeHTa, CBfl3aHHOFO C OTK.qOH~HMeM 

I40HOB OT paarfoBecnb~x IIOJIOM(eHI41~~ paBeH 

l,k . s 

Ta~nM o6pa30~, B036y~~eHHe ~0~a~]bH0r0 ~o~e5aHg~ nponcxo~,rtT 3a CqeT 
B3anMo,3,e¡ ero ~I4HOJIbHOFO MOMeHTa gO)A s C Ky.q0HOBCKHM I30~eM ~Brl~(y- 
ttte~cn 3apa~eanof i  qacTI4ll]bl. 

~ol<anbHb~e OIlTi4qec~l, le Kone6atma, Cl3~t3aI-IHhle C ~eqbeKTa/vitt aaMemetm~ 
La. r. ~. c xy5a~ecKoi~ pemexKo~, ~pexxpaTno ~~,ipo>NAem, i. BexTopb~ g(S) ~nS 

Tpex Bbipo~aenm,~x 8eTaefi s = 1, 2, 3 opTorona~bnb~, nocI<onbKy npn nosopo- 
Tax na yr~si n/2 orto ~Oa~(HbI nepexo~nTb apyr  ~ apyra.  I-lponsBe~n anHe¡ 
npeo6pa3osaHne ~nn HopMa~IbHb~X xoop~nHaT Ax, A2, A3, Mb~ ~o~e~t ]I,0‰ 
TOFO, qTO Be~Topbt g{~~ 5yRyT nanpasnenb~ no ~pncTa~~orpadprIqecKnM ocho. 
1-10:YroMy 3angme~ g~) = g6,~, s = 1, 2, 3. Mb[ BblqI4cYII, l.rlI4 Bem4qItHy g ~~~I 
ynOMaHyTO¡ Bhlttte ~o~,e~n [3] rl no~yqn~n 

lgl --  e~ M i +  M~ (12) 
O~o(M~M2) ~12 M~ q- 2M~ 

3~eCb M I -- MaCCa 0,~.HOBa7IeHTHOF0 np~MecHoro ~0Ha, M= -- ~acca 6a~- 
>Ka~mero coce~.Hero ~oHa 0C.0BH0~ pemeT~H, eo ~ i etk ]. COo -- qaCTOTa aoKa~b- 

Horo l<o~e5aHn~. C &pyro~ CT0p0Hbb Bem.m.a g M0>KeT ~bre, HaNAeHa ~3 pe3y~b- 

TaTOB 3Kcnep~~eHToB rio HHqbpaKpac~:0My rl0F~0[[leHHIO Ha qacToTe m o. 

FIpe~no~o>K~M, qT0 B MOMeHT BpeMeHH t = 0 3ap~>KeHHa~ qaCTHl.ta Hax0- 

RI~TC~ B Haqa~e K00p~,gHaT Ha paCCT0~HI4~ b 0T ;IprtMeCHOF0 HOHa. TorRa KOMII0- 

HeHThI Hanp~>~eH.0CT~ e~ C06CTBeHH0r0 l<y~0H0~C~0r0 n0a~ B T0qKe pacno~o- 

>~e.i~~ npl~Meca B m0Me~T BpeMeH~ t paBlU.~ (Vx ----- V > 0) 

- Z e b  ff, x(O, t) - -  Zev t  
Ey(0, t) - -  (v~t~ 312 , (v2t~q_b2)2/~ , ff~z(O, t) = O. (13) 
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Pa3zo:~rxra Ex,y(t) B nHTerpas~ r n Bb|qrICnnM KOMI-IOHeHTbI r 

/~x'Y(m) ---- 2 - -~ ;**  /~x'y(t) e~ot dt. 

Ho~yqaeM [5] 

~ dx(~+bg-'/~ 0o~ ~ / c o  ~ = Z e b  eox 

2~tv J _  ,, v 

E%(~o)= - i 2~vZ~; ~ d~(~~ +b~)-~~ ~ ~i,, 

- -  Ze~ Kx { - -~ )  ~v ~ , (14) 

�9 = - -  i K o  ( 1 5 )  

rjle K o , l { - ~ - ) -  MOKH~nlIgpOBaHHble qbyHK|Inn Beccen~ TpeTber0 poz, a. 

YqTeM Tenepb noJmpn3aRnm KpncTaJi.rii4qecKOl] cpeKsI 3.rleKTpHqecKI4M 
IIOJleM 3ap~~eHHOi~ qacTttIlbI. ~.lI~I 3T0r0 MbI BocnoJm3yeMc• pe3y.rlbTaTOM, IIOJIy- 
qeHH~I~ B Teopnn MH0r~x Ten B pa~Kax Z, naneKTp~qecKoro qbopMaJm3~.4a [6, 7], 
ti 3amlmeM 

u(~,  q) = v(~,  q)_, 
~(o~, q) 

r~e V@, q) - -  KOMHOHeHTa 4-MepH0r0 npeo£ ~Pypbe KyJIOHOBCK0r0 
noTemlHaaa 3apŸ UaCTHab~ B BaKyy~e, pa~Ha~ 

Ze 
- -  ~(o~ - -  q v )  [ 8 1 ,  
2zt2q 2 

e@,q) - -  npo~oabHaa ~H3net<TpHqecKaa npoHmlaeMocrb KpHcTanna, q - -  
BOar~0130~ 13err U@, q) = V@, q) + Vp@, et) ecr~, CyMMapabt~ (aqbqbeKTnB- 
Hbt~) noTent~~tan, co3~ta13ae~bi~ (~CTOp0HHe~,) 3apaa<eH~o~ qaCTHt~e~ B cpe~e, a 
Vp(o), q) --  noTeHtlHan nH~ya~p0BaHH~IX 3apn/~o~. Pa3no:~~Dl e-~(o~, q) B pa~ a0 
q~ = q2 (na coo6pa~enm~ cmvimeTpHH ueq~Tabte no q qnenb~ B paano~e~Hn ovcyV- 
CTBytOT) 

8e-~ 
8--1((D, q) = 8--1(O9, 0) + ~ ~  "-}- . . . .  (16) 

o t ~ )  

3~bqberr 6e3pa3MepHbi..vt napaMeTpoM pa3no:~eHHa B (16) aBnaeTca 
(qa) 2 [9], a - -  paccToatme Me~ny 6nH~a~mnMn cocen~Mn B pettleT~e. B TO ~ e  
BpeMa B I<yn0HOBCKH~ noTeH[IHan Ha paCCTOaHHaX ~> b OT 3apa~eHHO~ qacTm~ta 
OCHOBHO~ BKnan aatoT I<OMnOHeHTbl r V@, q) c q ~ I/b. 

1-Ipa 13blqacneHnH Hanpa~eHHOCTn E(0, t) Mr, t orpaHnqHMCa 13 paanomeHtm 
(16) ero nep13btM q.rleHo/~ e-x@, 0) = e-l(og) (13 Ky6nqecKrlx I<pHcvannax Tel-I30p 
e;k(m) = a~ke@) ). 7)ro upa6aH~eHHe flB.rmeTca TOqHblra npH b �87 a, a npn b ~ a 
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C00TBeTCTByeT yq~Ty rJm~no¡ qar noJ~npnaaunn cpe/l~, SBH/Iy qacTHqHOi~ 
BaaI4MH0¡ ~omnencannn HeyqI4TblBaeMHx BKYlaRoB 0T naBe/IenHux noanpnaatm¡ 
HOHOB B Hanpn~eHH0CTb E(0, t). B qaCTIt0CTH, neTpyJIH0 BltJleTb, qT0 BTOpO¡ 
qJIeH paaJ~o~ennn (16) jlaeT nyJ~e8o¡ BI<Jm~ B E(0, 0" Mil noJ~yqaea B peayJm- 
TaTe, qT0 Ko~nonenTb~ r nanpn~eHnocTn aJ~ewrpHqecKoro noJm E~(0, t) 
pa8Hu E~,y(to) = E~,y(to)/e(to). 

3) FIonuTaeMc• BbfflCHI4Tb, B KaKoM C0CT0flnnH 6y~yT naxoRnThCfl OCtlHJ~J~~- 
TOpbl JmKaJmnux ~oR nocJ~e npoxo~~eHnn aapnnr241 qacTmlSl, ecJm ~o aToro 
onH HaXOJlnJmCb n COCTOnnmI TenJm8oro pa8nonecnn c OCTaJ~bHUMH ~oJm6aTenb- 
nb~Mn Moj~aMH KpncTamm. HOCKOJ~hKy npH t -~  4 - ~  t~(t)-~ 0 ~b~ ~0~eM 
ncnoa~oBaTb ~op~aana~ in, out --  onepaTopoB KBaHTon0~ Teopn~ noan [10]. 
FloayqaeM Ha (9) 

i ~_ dt'fs(t ')ei"". 07)  A(~ ~--- Aiin)(t)  21- l�91 ei '*t  21- I�91 e - l o ' t ,  us  = - - ~  ,, 

HHTepBa~ BpeMeHn T, ~or~a ],(t) npa~rHqecKa orzaqHa OT HyZa T ~-~ C--- b , 
v 

r;~e qnczo C--, 10. Flo~roMy refiaeH6epro~c~fi oneparop A,(O, AaBaez~,iii (9), 
A(cut)[t~ cosnaj~aeT c ,~, w npH t ~ T. HcrloJmaya (10)--(15), ~~ noayqae~ BeJmqaH~ 

/21~ /12 ,/],J'IH MOJ/. ~14llOJlbHblH MOMeHT KoTopblx  l'10Jl~Ipla30BaH C00TBeTCTBgHH0 nO 

0CflM X, y 

u~=Ko , u2=iyK~ ' Y - -  hv ~e(coo) 

,~.rlfl BblqI4cJIeHl4fl cpe~H~X 3HaqeHH~ j1Hna~HqecKHx BeJIHqHH, 0THOCflII~HXCfl 
K KoJ~e6aHnm ~aHHoi~ M0~bb nepe¡ i< npej~cTaBJ~ennm B3an~0j~e~iCTBHfl H Hait- 
~eM ~aTpmly nJ~0TH0CTH JmKaJmHOrO ~0J~e6aHH~ nocJ~e npoxo~Renna 3apfl~eH- 
H0¡ qacTnm,~ ~(out)= 01, npejmoJmrafl, qTO ~0 aToro 

~o = ~o.) = exp {--  ¡ +, a, + 1)/kT} n -x (T) . 

3~ecb k -- rlOCTOttHHafl BOJlbIiMaHa, T -- TeMNeparypa Kpncraaaa. 
Jlaa HaxomjIeHn~ dx y~O6HO Hcnozb3oBarb npe~craBJ~eHHe KorepenTHb~X 

cocro~Hn¡ ocanJmavopoB I~),  o6Jla~a~mnx CB0¡ a~ [g ) - - - - -g lg ) [11] .  
B ~-npe~cTaB~eHnn ana MaTpHIu,I rI3IOTHOCTH 

f 1 exp(  ig[z / (19) ~o = d2"Po (~,)1~) ( ~1, Po(~) = :.~(T) ,,(T) y 

[ I ~ m ~  KorepeHTHOe COCVOnH~eI~) nonyqaeTcn na ocnon- n n ( T ) =  e x P I k T }  -1. 

HOr0 COCTOaHna ocu~zn~Topa 10> ~enCTBHeM yHHrapHoro onepavopa cRBnra 
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t x> = D(~)I  0> , D(,t) = exp (~a + - -  ~*as) [l l ].YqI4TbIBa~l COOTHOIIIeHHfl A (~ 
= S+A(2")S, naxo~.~ ,  qTO ~aTpHU~ paccean .u  S, COOTBercTsyr~tune (17), (18), 
pasHsI D(G) ~t:m s = 1, 2. I-lom'o~y oneparop r = Sr + r~OXHO npencTasm's 
B BHKe 

~~ = ~ d ~at Po(o~) D(us) D(o~) 10) <01 D+(~) D+(u,) . (20) 

nonyqaeM 

Hcnonb3yn 3aKOH yMHO~<eHH~ onepaTopoB CnB~ra [11] 

D(~5) D(~x) = D(oq+oq) exp [ ~176 - ~ ~ ] 
2 

~~(,t) = ~ dSo, Po(oOD(oOD(~+us)10> <0l D+(ot+us). (21) 

C00TBeTCTByIOma~I (21) Bec0Ba~I di)yHKRH~ 

f 1 { l~-:uslS] P~(at) = ~~(o~ -- oq -- Us) Po(oq)dSoq~ ztn(T-----~ exp . (22) 
n(T) I 

~[.rI~t BblqHc.qeHl4fl cpe~;HriX 8HaqeHI4~ pa3miqm,m Be.rIHqHH C n0Mombm (21), 
(22), 3annmeM Bblpa~eHHe ~~~ C00TBeTCTBymmero onepaTopa B BHne cyMMu 
H0pMa~IbHblX npoH3BeneHH¡ OT onepaTopoB a+(t), G(t)..VqriTUBa~l onpeneneHHe 
K0repeHTHUX C0CT0~HH¡ H qb. (19), (22), n0~yqHM 

el(n-m)~o t 
(23) 

FIepexoA~ K flO~flpHbIM K00pnriHaTaM B KOMnneKCHO¡ riJI0CIs ~, HaxonHM 

[~n(T)]-lj" (~t*)m Cr exp [ I~ (24) 
~(T) J 

dPopMyabl (23), (24) nO3B0~amT na~Ÿ cpenHee 3HaqeHrie npoH3BOJIbH0rO 
onepaTopa, 3aBnc~mero 0T a +, as- Ha HriX caenyeT, qTO cpe~tHne OT onepaTopoB, 
~riHe~HbIX no a +, as, nonyqamTcfl n3 C00TBeTCTBymmer0 Bblpa~eHHfl ~~~ aTnX 
onepaTopoB 3aMeH0¡ as ~ us, a + ~ Us*. Cpennne 0T onepaTopoB, KBa~paTnqHbIX 
rio as +, as, HaXOnflTCfl C noMombm COOTHomemt~ <a + G> = n(T) + I us [5. 13 qacT- 
H0CTn, non ne¡237 3apfl~eHno¡ qacTmlbl ~oKa~bHafl Mona npno6peTaeT 
aHeprHm htOo[ us 15. )lJm aHeprHn, npHo£241 TpeM~ BhlpO)KneHHl~IMll Monamt 
OnHOrO npnMecHoro tteHTpa, noJ~yqaeM 

492Z2 ecog I- 5 [to. b11 
. . . .  ~o ~~,-,, (25) 

Acta Physica Academfar Scientiarum Hangaritae 41, 1976 



10 IO. FI. lOIJJktH H l~. ~ H C K H  

B~qHCHnM TeHepb C HoMombm ~aTpH~~ H~OTHOCTH ~111HTeHCIIBH0CTb 
~HCpaKpacHoro H3HyqerinS Ha qaCTOTe ~o ~~~ O~HOrO nO~aHbHOrO ~eHTpa, 
so86y~~eHHoro3ap~~eHHOfi qacTHae¡ ~CHOHb3yfl ~opMyHy~H~ MHTeHCHBHOCTII 
anriOHbHOrO n3HyqeHn~ ~ cpe~e [12], noHyqaeM 

Io = 25~ (b ) / ' ~ ,  /'r = 292 t~176 el/2 (~Oo) 
3 hc  3 

(26) 

B 3TOH qbopMyHe H B ~aHbHe~meM He yq~lTbIBaeTc~I Bcer~a cymecTBymmee 
TenHOBOe ~3HyneHHe OrlTHqecvoro KOHe£ ~-~ n(T). 

HocHe np0x0~~leHHn 3ap~n(eHHOfi nacTmlbl aMl-IJmTy)lb! HOKaHbHblX KOJle- 
£ £ 3aTyXaTb B C00TBeTCTBHH C qbopMyHO~ u(t)= ue -rt Ii3-3a B3aH- 
MoJ~e~CTBII~t C 0CTaHbHbIMI~ KOHe6aTeHbHbIMH M02iaMii KpI4CTaHHa BC.rle~ICTBIte 
aHrapMoHH3Ma, F --  noHymHpnHa HHH~II HHqbpaKpacH0r0 norJmmeHH~ [2]. 
t3y~eT 3aTyXaTb H I4HTeHCHBHOCTb HHqbpaKpacHorO ~i3HyqeHI4~ ,~ e -2rt. l-IOHHa~ 
9HepFI4~, H3HyqeHHa~ OZ, HHM IIeHTpOM nocHe np0xo:~~eHH~t 3apfl:~eHHO~ qacTiitlbl, 
paBHa (Fr ~ F)  

f~ o 2 F  F 

O£243 IioHyqeHHble pe8yHbTaTb! Ha c~yqa~ npoH3BOHSHOr0 nartpaBHe- 
Ht, I~I aBH~enno¡ qaCTI4t~bl rio OTHOmeHmO K I<pHCTaHHorpadpHqeCKHM OC~~. 
C 3TOfi ~eHmo rIpoBeneM rIHOCKOCTb, npoxon~my~o qepe3 TpaeKTopmo qacTmlb~ 
Ii ripI4MeCHO~ aTOM 14 BBe,3,eM B 3TOH HHOCKOCTI4 )IeKapTOBy CHCTeMy Koop~IHHaT 
X', y '  TaKIIM o£ qTO TpaeKTOpng qacTmlb~ coBi]a,~aeT r OCbtO X', a rlpHMec- 
HblH aTOM He)-F(HT Ha OCH y '  Ha paCCTO~Hm4 b OT HaqaHa Koop~nHaT. BeHI4qHHb! 

~y,(t), E~x,(t ) rl nx XOMnOneHTr~! ~ y p b e  aa~oTca qb. (13)--(15), a pezyHbTHpy~Omne 
c~Isrlrri Koop~IHHaT~,~ s-ro HOr~aHbHOrO r(oHe£ pasto,! u~ = u~ cos (y,--~) -4- 
+ l/2 COS (Y'--~s)" B 3Ty qbopMyHy BXOn~T rr yrHoB Me~~y OCZMH x ' , y '  
Ii SeKTOpOM g(~), HanpaSHeHHbIM riO COOTBeTCTByIOme¡ KpriCTaHHorpadpnqecKo~ 
0CH, Ul, U2 ~a~OTC~ qb. (18). Herpy~IHO y£ qTO qb. (25)--(27) £  HOH- 
pe~rieMy cnpase~Hi~m,I. 

BbIqrlCHHM 3Heprmo $, TepmMy~O 3ap~meHHoª qacTHlle~ Ha e~DIHmle HyTtt 
Ha BO36y)-K~,eHI4e YIOKaHbHbIX ~oHe£ l-Ipe~InoHaran, qTO l-lpHMeCHble aTOMb! 
pacno~o~eHb~ B KpucTaYt~e paBHOMepHo C HYIOTHOCTbIO Nc, HaXO,~,liM 

$=Nc~2ztb$~(b) d b = D v - 3 K o [ - ~ ) K ~ l - ~ -  ) , 
(28) 

D = 8 ztb o Z 2 e 2 g2 (.0o 2 N~ , 
¡  2 (%) 

r~e bo - -  MI4H~~MaHbHOe 3HaqeHHe np~~eHbHOr0 napaMeTpa, qbn3HqeCKH~ OCHO- 
BaHHeM ~Hg rlp0l~3B0~14Moro rlpH ~HTerpHpoBaH~~ no np~~e~ba0My napaMeTpy 
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0 BO3BYM-L/XEHHH .rlOI<AYlbHhIX KO.rlEBAHHP/ 11 

ycpej1HeHnn no paCCT0flHn~IM Me~<~y npnMeCnbIM aTOMOM 14 TpaeKTopnefi 3ap~- 
~eHH0fi qacTiiL~hl ~BnSeTC~ npouecc Mnoro~paTHoro pacce~.Hnn 3apn~eHHofi 
qacT14Rbl Ha Ma~~~e yr~bL 3HeprH~, Tep~eMa~ 3ap~~<eHH0fi qacTntIe¡ B eRHHHUy 
BpeMeun, W ---- St,. Flp14 onpe~eaennn I4HTeHCI4BHOr 14Hqbpa~:pacHoro n3~yqenn~ 
Ha qaCTOTe m o H3 KpncTan~a, B KOT0pOM N 3ap~~<eHnb~x qacTml RBn~<yTc~ CO 
C~<Op0CTbm V, yqTeM, qTO B03‰ qaCTnLIe¡ ~]0Ka~bH0e ~(o~e£ 3aTy- 
xaeT 3a BpeM~ ,~ F -~, a B 3KcnepHMenTe n3Mep~eTc~ ycpez, HeHHa~ nO BpeMeHn 
I4HTeHCI4BH0CTb, }<OT0pa~ paBHa 

I : N $ v  I~" (29) /- 

BenttqHHa yKa3aHHblX Bblme 3~)~peKTOB cynleCTBeHHO 3aB14CHT 0T qItc.rleH- 

noto 3HaqeHI4~ Z ~ bocoo[V H ‰ y‰ npH z >> I, qTO CBn3aH0 C aC~XMnTOTI4- 
qecKnM noBe~eHneM ~ym<tlH¡ 

V --~- ~-~. 
Koa(Z ) ~ 

I-[0JlyqeHHhle pe3y~bTaTbl M0)KH0 HCI10~h30BaTb 14 npn paccMoTpeHnn B3aH- 
M0~efiCTBI4~l 2~BH~<ynlHXC~ 3ap~~10B C 0IITI4qecKI4 aKTI4BHblMH pe30HaHCHI,IMI4 
KO~e‰ )IJ1~ I<0T0pblx /~-~ COo, n0CK0~bKy ~~~ IIp0Me~yTKOB BpeMeH~ 
,~ CO~ -I pe30HaHCHOe KoJ]e£ MO~H0 npH£ On~CaTb KaK ~oKa~bHoe 
RBH~eHHe OnTHqecKoro THIIa [2, 3]. B 3aKJimqeHHe ~aHH0r0 pa3~e~a 0CTaHO- 
BI4MC~I Ha KOHKpeTH0~ rlp14qHHe, H3-3a KOT0p0~ MOY<HO I4r rapMoH14- 
qecKoe np~£ npH petueH1414 Hame~ 3a&aqn. C yq~TOM aHrapMoHn3~aa 
BTOpOfi qaeH B yp. (9) npnnnMaeT BnR 

2 f_ dt' fo(t') sin [c%(t--t ' )]  e - r ( t - r )  

I-<aK cfle~yeT 143 IlpOBe,~eHHOF0 HaMH aHannsa, 310Ka31bH0e t<o~e£ B03‰ 
nponeTatome¡ qacTmlefi 3HaqnTe~bHbIM o£ ~nLUb B TO~ cnyqae,  ec~n so3- 
6y~aaloLUa~, cr,~a /o(t') cymeCTBeHHO oT~rtqHa OT Hy~~ ~l~~ Bemmml [ t '  l ~ v, 
a BpeM~ npo~eTa z .-.-, O)ol. ByaeM paccMaTpnBaTb BpeMeua t Tarr LITO ] ~ I ~ "g. 
C00TBeTCTBeHHO, [ t - -  t '  I ~ Z ~ COo ~. Ta~< Ka~ Be~nq~Ha 3aTyXaHH~ F "~ COo, TO 
F(t - -  t ' )  "~ 1. l-Io3To~y Be~nqnuy exp [ - -  F(t -- t ' )]  ~ o ~ n o  3a~eHnTb earmlme~ 
~~~ yi<a3aHnblX 3HaqeH~~ t. 

4) B cnyqae,  ~or~a ~~r,~ymr,~c~ 3ap~~lOM ~B~~eTcn n0H C Macco~ Mj, 

pacc~oTpeHne rE 2, 3 HpnMennMO npn yc~omm Mi v2 �87 $~ (b). B cnyqae 
Msv~ 

e ~  2 > $~(b) ero MO>XHO I4CrIO~b30BaTb Rn~ rlpn6~H~eHnoro caMocor- 

~acoBa~Horo pemeH~~ 3a~iaq~, i~o~ara~ v -  1/ ~o V eo-$~(b ) ' ~ + 2.Mi " ~:I~I 3.qeK- 

TpOHOB yKa3a~Hoe HepaBeHCTBO ~;-qa cKopocTea v ~ a a)o he BbmO~H~eTC~. 
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VIpH 06HyqeH14H TBepRblX Te:I nOTOIr peHflTHB14CTCK14X qacT14tl (rlpOTO- 
HOa, l,le¡ H T. ~I-) B ~<pncTaHHax o£ pa3H14qH0rO po~a pa~HatmoH- 
H~~e l,lapytueHH~l B pe3y2]bTaTe cMetuel,ln¡ aTOMOB 143 I4X paBHOBeCHb~X n0Ho~e- 
HHiL ECH14 na~amtua~ Ha KprlcTa~l~ qacTHtla o£ ~OCTaTOqHO BI, IC0KO¡ 
aneprnefl,  TO OHa M0~eT BbI3BaTb Kac~a~ Hapytuel,lH¡ nOCI<OHbKy Bb~614BaeMb~e 
era ((nepBHiqHUe>> aTOMbI MOryT, B CBOm oqepe~b, o£ na ~HHl,le cBoero 
npo6era rlecKoHbKo (~BT0pI4ql,lb~X~) CMeUleHl,l~,|X aTOMOB n T. ~t. [13, 14]. Ta~ no 
ottel,l~e 3e¡ [13] HefiTpOH C aHepr14e¡ 2 MaB npH aaMe~;HeHHln ~I0 TenHOBb|X 
al,leprH¡ npOH3B0~HT a TBep~lb~X TeHax -~ lO a CMemeHntŸ 

Bb~6nBaeMb~e HIOHbI B pe3yabTaTe CHHbHoro B3aHIMO~e¡ C aTOMaMH 
KpHcTaH~qa MoI'yT 110TepflTb qaCTb 9HeKTp0HoB CBO14X BHeIIIHHX 060HOqeK. B aHa- 
H14ae 3Toro npot~ecca, npo~e~teHHOM H. BOpOM H ~ .  J-In~xapnoM [15], yqHTblBa- 
HHCb pe3y~bTaT~,I 3|<cnepHMeHTOB H..)'[acceHa [15]. Ha~iepfl~ OT|<HOHeH14~ HOHOB 
B MaFHHTHOM HOHe, J-IacceH o n p e n e H ~ ~  BeHHqHHy HX aap~na noche l , lpoxo~~eHHl~ 

qepe3 raau  H TBep~b~e TeHa. B n0cHe~HeM c~yqae 6~IHH 06Hapy~eHb~ 6oHbtane 
d~Hyrcryatt14H 3ap~~tOB HOHOB OTH0CHTe~IbH0 cpeaHero 3ap~aa, onpe~eHaeMoro 
6aHaHC0M Me~~y npoIleccaMH r|oTepH H 3axBaTa 3HeKTp0HOB. PacCMaTp14Bafl 
~B14>I<el,ll,le HOHOB B IiI. 3. K., cHe~yeT ytlHTblBaTb 6oHbtay~ tu14p14Hy aarlpe~eHHOiŸ 
30HbI~ qTO 3aTpy~HfleT npot~eccu 3axBaTa 3HeKTpOHOB HOHaMH. 

~eTeI<THp0BaHl,le 14HqbpaI<pacHoro Hl3~yqeHH~ HoI<aHbHblX MO~ Mo~KeT ]taTb 
CBe~eH14fl 0 qHCHe HOHOB C HepeJIflTHIBHCTCr~14MH cKopoCT~MH, 14MeIOIIIHXC~I B I<pH- 
cTa.qHe B pe3yHbTaTe KacKa~Horo npoaecca, H BeHnqI~HaX 14X aapfl~OB. 

l-lpe~noH0~HM, qTO Ha IIL r. ~. na~aeT CTatlnoHapHbl~ nO BpeMeHH IIOTOK 
pe~~THBHCTCI<HX qacT14tt 14 BcHe~CTBHe rac~a~Horo npot~ecca B Kp14cTaHHe ~MeeTca 
Ny HOHO~, 06Haaa~tanx aapa~oM Zj e, n Ii(v) - -  dpyH~ttHS pacnpe~eHeHHln ~rHx 
nOHOB no c~0p0cTaM, ~ ](v)d3v ---- I. B aT0~ cHyqae nnTeHCHBHOCTr~ HHdppa~pac- 

Horo n3~yqe,14fl na ~aczoTe wo ec~b 

= rr ~-~ __y ~~ ~ f~ (~) ~j(~) d~ ~, (~o) 
J 

a Si(v) jlaeTc~l qb. (28) npH 3aMeHe Z ~ Z 1. B i<aqecTBe MaHHMazbHor0 npHlIeHb- 
H0ro paCCTOaHH~ bo M0>KH0 Bb~6paTb c y ~ y  paaHyc0B npnMecHoro H npoHeTa~o- 
llleFo HOHOB. C~eHaeM cHenymmee 3aMeqaHHe 0TH0e14TeHbH0 TaKoro Bb~60pa. 
B KHaCCHqeCK0~ Te0pHH pacceflHHfl nMeeTc~ O~H03Haql-lOe COOTBeTCTBHe Me>Ir 
yrzoM pacce~H14a 14 aHa,4eH14eM npnttezb~oro napaMeTpa [17]. I'I03TOMy, orpaHH- 
qHBaa 14HTerpnp0BaHHe no npHlueHbHOMy napaMeTpy, M~ qbaKT14qeo<H He yq14Tb~- 
BaeM rIpo~eccoB pacceflHH~ 3apfl>geHHtO~ qacT14I�91 Ha npHMeeHOM HOHe Ha yrHbx, 
60HbtUHe HeKOT0p0ro y m a  Oo, 3aBHCflnlero OT bo. CHeayeT HMeTb B BHl~ly, qTO 
143-3a 143BeCTH0~ yrHoB0~ 3aB~CaMOCTa aMnH14Ty~;b| [18, 19] pacceaHHa 14 pe3ep- 
dpop~oBcK0r0 ceqel,114fl pacce~HHe, o6fl3al,ll,loe I<y~0HOBCKOMy B3aHM0~e~CTBHm, 
np0HeX0n14T, B 0CHOBHOM, Ha MaHbIe yrHbL C ~tpyro~ c~0p0H~~, nHa paccMaTp~- 
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BaeMb~X HaMH aHeprH~ jlaH~yttIHXCn HOHOB ‰ yr.~aM pacce~Haa 0TBeqaeT 
TaKaa aeJmqnHa nepe;~aHHo~ npHMeCHOMy n0Hy KnHeTHqecK0~ aHepran, ~oTopaa 
Mon<eT npeBao¡ aHeprnm Ed "~" 25 9B, J~0CTaTOqHym ;UIa ero cMemeHne B Me~~y- 
yaeJmHoe noJIon<eHne [13]. DTOT np0Recc cneJ~yeT yqnTbIBaTb npn BbiqncJ1eHnn 
9Heprnn, TepfleMo~ ~Brlnr HOHOM [13], HO OH He AaeT momj~ B nHTeHCnB- 
H0Ca'b nHqbpaKpacHoro naJlyqeHHn Ha qaCTOTe 0)o. Flpa paccMoTpeHnn pacceflHna 
na £ yrJml He0£ Hapfl~y c KynOHOBCKnM BaanMOae¡ yqnT6l- 
BaTb OTTaJIKI4BaTeJIbHbIfi noTeHRHaJ1 B3anMoJle¡ Me>KJly noHaMn [20], O6a- 
3aHHbl¡ nepeKpmTnm nx 3YleKTpOHHblX o£ nMemulnn MaJIblfi pa~nyc 
jIe¡ H rlpeII~ITCTByIonlrl¡ cSnH>KeHrlr0 HOHOB. TOT qbaKT, qTO HpH CTOJIKH0- 
BeHtia taen<~,y ~OHaM~, KOT0poe C0rip0Bo~/~aeTC~ nepejtaqe~ 9Hepra~, 6o~sme~ 
Ea, B MOMeHT Han6oamuero c6Jmn~e.an nBn~<ymerocs H npuMecuoro n0HOB nMeeT 
MeCT0 aaMeTHoe BaaHMH0e npo.HKHOBem~e nx aaeKTpOHHmX 06oJioqe~< [ 13] n onpe- 
J~enaeT Bm60p H~>~Her0 nepej~ena n~Terp~poBaHna no b nopan~<a c y ~ m  n0H- 
HUX pa~nyCOB. 

OReHnM BeJ~nqnHy HHTeHCHBHOCTH n3J~yqeHHfl U-ReHTp0B B ~pncTaJ]J~e 
KCI(H). FIpn 9TOM 0% = I01~ ce~-*, g~O~o~-* ~ 7,5 �9 I@ CM ~ ce~ -~, b o ~  3 �9 l0 -a CM. 
Fl0no:.:nM N~ ~ 1019 CM -II, Z = 3, (9o p - 1  = 10 ~. 

j1Jm cKopocxe~ v 0T 1,5" 10 ~ JlO 3 "  10" cM/ceI<, KoTop~~ C00T~eTCTByr0T 
~nHernqec~ae9~epra~ n0HOB K 45 n 180 aB, nm'e~cH~nocrb I ~-- N(v)10 -~s ~r, 
r~te N(v)  - -  uncao n0.OB B y~azar~noM nnTepBaJm c~opocTe~. 

[-[pejlrtoao~nM, qT0 npoHaBoA~ITCa 60M6ap/IHpoB~a r<p~cTanna He~TpOHaMn, 
npn KOT0p0~ nCnOJ~b3yeTc~ HefiTp0HHbIfi reHepaTop, npeo6pa3ymtttnfi nyqoK 
yc~0peHHSlX Jle¡ B He¡ n0cpe~CTBOM pea~tmn THIIa BeO(d, n)B  m 

[14]. ~TOT MeTO~ o£ rIOTOK He~Tp0HOB ] Jl0 101. CM -'~ CeK-* n o£ 
TeM r]peHMyUleCTBOM, qTO 3HeprH~I He¡ cocpeJ~0T0qeHbI B y3KOM nHTepBaJ~e. 
OqeHn~ N(v)  no qbopMy~e N(v)  ~ ]SKa,  rlle S - -  nonepeqHoe ceqeHne ~pncTa~na, 
K - -  qncTIo n0HOB, cMemeHHbIX 0aHHM HefiTp0HOM, a K03qb(I)HRHeHT o : =  AT/T.  3~;ec~ 
T--cpehHee BpeMu upo6era Bhl‰ rloHa, AT--BpeMa, Kor~ta cKopOCTb n0Ha 
HaxoartTC~ B yKa3aHHOM Bmme n~TepBaze cKop0cTe~. I-IoJlara~ K --- I0 a, a ~ l0 -~, 
S = 10 z CM ~, no~yqa› I --~ 10 -~ ~T. 

Ecnri Ha ~r~9~e~TpHr~ r~a;laeT na3epHbi~ CBeTOBO~ nynoK, anepr~n ~bOTOHOB 
B KOT0p0M MeHbme mnpnHm 3anpemeHHo~ 30HbI, TO rlp~t /~OC~aTOqHO BUCOKO~ 
nnTeHCnBH0CTn CBeTa rIp0acx0u pa3pymeHne KpncTamm, qb~aaqecKn~ MexaHn3M 
t<OToporo j~eTaJmHO He naBecTeH [21]. Flocne BOaj~e~CTBna JmaepHoro nMnyJ~bca 
• ncc~iejIyeMmx o6paaJmX nMemTC• noJmcTn, CBO‰ OT OCHOBn0Fo Be~ecTBa 
~pncTaJma [21--24].  FIoaToray r~0n<H0 npe;mono~xnTb, trro Na OAH0i~ na eTaAna 
,pottecca paapymeHHa B Kpnca'aJ~Jm o£ aJIeKTp0i,iHO-nOHi,iafl nJmaMa, 
~oTopaa ((Bb~rlJ~eCKrIBaeTcfl}> B 6nn3m>~amne o£ Kpi,icTanJ~a. O~Ho¡ n3 
Tpy~H0CTe¡ 3KcrieprIMeHTaJ]bHoro n3yqeHn~ pa3pytueHnfl ~BJ~fleTCrl TO, tiro rIpo- 
ttecc HMeeT xapaKTep (~B3pmBa)>. MO)KHO J/I4 nCIIOJIb3OBaTB I,iaMepemle nHTei,HCnB- 
HOCTH nndl)paKpacHoro n3J]yqeHi,i~i Bo36y~~eHHb]X noHaMi,i J]OKanbHmX KoJ~e£ 
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n~fi ~~]n ~narHocTrtKrt n~a3MbI-onpe~ezeHrtfl cTenenn HOHM3allI4H HOHOB, ItX 
pacnpe~e~ennn no aneprnn,  aqbqbe~TnBn0¡ Ter~nepaTypu n~a3Ms~? 

qT0£ OTBeTnTb Ha aTOT Bonpoc, Bh~qnCmtM nHTeHCrIBn0CTb n3ayqeHn~ Ha 
qaCTOTe tOo, npe~lno~ara~, qTO n0Hbl ~~BHe~pflIOTC~~> B 0‰ KpncTa~aa c XOH- 
ttenTpatlne~ IlpI4MeCHblX IIeHTpOB N c H kIMeIOT MaKcBe.rl.rioBcKoe pacnpe~Ie~enne 
no cK0pOCT~M, COOTBeTCTBymmee TeMnepaType T. Tor~a nHTeHCnBH0CTb n3ayqe- 
Hrl~ li nOHOB C 3ap~�91 Zje ti ~acco~ M 1 rl no~Ha~ nHTencnsnOCTb I paSHU 

I 1 : R i ; d v e - : ~ V ' K o l - ~ ) ,  I =  ~ I  1, (31) 
J 

[ Mi .] 3~ 
r~e R 1 = 4n N I ( 2~kT } DFr F-~, D ~aeTcfl qb. (28), N 1 --  qnc~o n0HOB ~Iann0ro 

T~na, 21 --~ Miq HHTerpa~ (31) ~0~H0 BbmnC~nTb qncaeHH0 ~l~a pa3~~qnb~x 
Te~nepaTyp T. 

L]TO‰ 1-10~yqnTb 0lleHKy ~Yl~ Ti, n0cTyn~~ c~e~lyIOHIHM 06pa30M: 3aMeHnM 

6ecce~eBu ~ynKi~Hn nx aCnMI]TOTHKaMn K~(Z) ~ V ~ e-z  V2 , a B IloKa3aTe~e 
[ 

3KCIIOHeHTbl pa3Yl0:~HM 0K0~0 cpe~HeKBa~IpaTHqH0i~ cK0pOCTI4 MaKcBe.qY[0BCK0r0 

pacnpe~eneH~~ ~1 = 1/--~/-/-/ 0CTaBHM ~~a nepBblX q.~ena 3T0r0 pa3y[o:~eHn~. 

Ho~yqae~ 

I i~Rie~~ �91  ~ ~"~dvv exp ( - - 2 2 j � 9 1  2c~176176 (32) 
2COo bo J o ~ 

Taxa~ ouenxa npaBnabH0 yqHT~BaeT B~~a3 B HHTeHCHBH0CTb MaKcHMyMa 
~axcBen~oBcxoro pacnpe~eaeH~~ n nec~o~b~o 3aBumaeT BK~a~ ero B~CO~O- 
aHepreTnqec~oro r Buq~cnen~e (32) ~aeT [5] 

--ff-v/-~ K2 4 1 /  2t7~ 1" 
( 3 3 )  

Hpn onpe)le~eHnn TeMnepaTypb~ rIJ]a3Mbl T c n0M0UlbIO 143MepeHttSt HHTeH- 
CHBHOCTH I c~e~yeT yql4TbIBaTb, qTO Be~nqHna (33) pe3rr yMeHbmaeTc~ c pOCTOM 
OTHOIneHI4~I coobo/v s Mhl l]poBe.rlI4 oIieHI<I4 nHTeHCrlBnOCTI4 ~UI~I I<pI4CTaJl.qa I~CI(H), 
no~ara~ o6~eM IIOYI0CTn ~ 10 -a CM 3, qe~y C00TBeTCTByeT II0Y[H0e qHc.r/0 n0HOB 
N , v  1014, cooF-1 = 5, No = l02o cM -3, Z = 1. qHC~eHH~Ie 3HaqeHnyl a p y r n x  
Be~HqnH yKa3anbl Bblme B ~}TOM pa3~Ie~e. ~~~ Te~nepaTyp T, paBHUX 2 �9 l04, 
2 , 5 .  109, rpaaycoB K MbI no~yqn~n C00TBeTCTBeHH0 ] ~ 2,4"  10-9; 10-e; 
2 ,3"  lO -6 BT. 

C~e~lyeT HMeTh B BH~y B03M0:~q:HOCTb cpaRHeHH~ pe3y~bTaTOB n3MepeHnfi, 
np0BeheHHUX Ha o6pa3~ax, cohep~amnx  pa3Hb[e npn~ecn (npn o;anHa~o~o~ 
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KpncTa~~e - -  MaTpI4L~e), qeMy 0C0TBeTCTBylOT pa3J-IHqHbIe qaCTOTbl COo. B qaCT- 
H0CT~, B I<ptlcTa~~ax C U-I~eHTpaMI~ Bo~0p0K M0>KeT 6b]Tb 3aMeHeH ~e~rrepHe~. 
I/IHqbpaKpacHoe H3~yqeHtle 0CHOBHOH petUeTKtl M0)KeT 6hlTb 3(I)~eKTHBH00T~HIIb- 
TpoBaHO, eCJIH !4CrlO.rlb3OBaTb qbI4.rlbTpbl I43 IIOpOIIIKOB Toro ~Ke KprtcTa~na ‰ 
npn~ece~ [251. 

5) H3BeCTnO [26], qTO ~paeBb~e ~nc~o~armH Bm. r. K. npn CBOeM/tBri~eHl~n 
nepeHocaT 3~le}(Tp~lqecK~~ 3ap~~, a B3a~M0~e~CTBHe 3apfl>KeHHblX cTyneHeK 
;~~c~o~au~¡ c ~eqbeKTa~n BeCbMa cymeCTBeHHO ~21~ MexaHilqecKHx CBOfir HOH- 
HblX KpncTa~noB [27]. B paloTe [28] 3KcrlepI4MeHTanbHO Bbl;IBJIeHO 3HaqHTeIlbHOe 
B~HYlHHe 3ap~>KeHHb~X cTyneHerr Ha 3neKTp0HHy}0 no~crlcTe~y aeqbeKTa ( F  - -  
I~eHTpa). 

Hc~oJm3y~ rlonyqeHHble HaMI4 pe3yJlbTaTbl, blO)4(HO OIieHltTb CTeneHb BOa- 
£  JIOKaJlbHblX OnTHqec~nx KoJ~e£241 3apflYKeltHblMtt CTylleHbKaMtt 
6blCTpO ~,Bn~yLRgxcfl ~ncao~aL~~~, a TaK>~e COOTBeTCTByIO~tle 9TOMy Baam~o;~e¡ 
CTBHIO cHJ1y T0pMo)KeHHfl ~HC.rIOKa~HH H HHTeHCHBHOCTB HHqbpaKpacH0rO H3J1y- 
qeHH~I. 

CqI4TaeTcgl [29, 30], •TO 3neMeHTapHsle cTyneHbKI4 Ha KpaeBofi Ancaorr 
B fIL r. K. I4MeIOT 3~(I)eKTHBHbI~ 3apfl~ -4- e/2. I-IycTb Kpae~a~ ~~cnoKart~~ eRtlHHq- 
HOfi JUIHHbI HMeeT ni  3ap~~r cTyrieueK ~ ~BIt)KeTC~I CO CKOpOCTbIO v B CBOe• 
IIJ-I0CK0CTH CK02IbM(eHH~I. 9Heprn~, Tep~eMa~ era Ha e~nHn~e nyT~i na Bo36y)K- 
~emte .rloKa.rlbHhlX 0rlTtiqecKHx l<oae£ COBrla~aeT c C00TBeTCTByIOUlefi CI4,lI0fi 

TopMo)KeHH~I F I~ paBHa F - -  $ n / ( $  AaeTcfl ~p. (28) c b o = a). O s a  CHJ-IbHO 3aBIt- 
CttT OT c~opocTI~ ~I~C.rIOKallHn VI ~MeeT pe8~rl~ Ma~cnMyM npa  tooa/v ,-v 1. 

Ec2IH IIflOTH0CTb RHC2IOKaI~HH, RBH>KyI1~HXC~ C0 CK0pOCTblO v eCTh N •  TO 
3Heprri~, Tep~eMa~ nMrl B en~unuy BpeMeH~ B oS~eMe V, u COOTBeTCTBymma~ 
HHTeHCHBHOCTb nHqbpa~pacHoro ~3ayqeun~ paBHbI 

Sal = nj  v ~ .N d V ,  I = Sa 1-'~' (34) / ~ '  

O~eHriM Ctiny F B KpHcTanne KBr(Li) ,  rae qacTOTa rma3i~noKaabHoro rr 
6aHnn co o = 4 .  I0 I~ ceK - I  [3], ~t~n cze~y~omnx 3naqeHn¡ BenllqHH: r/j-~ 4" I06CM - i  
[28], Na ----- lO s CM -z, No ~ l02o CM -3, v = 6" l04 CM/ce~. HoayqaeM F , v  2,8 ~H/CM 

H C00TBeTCTByIOII~ee eMy Hallp~>KeHHe CRBHra a = F b  - I  ,,-. 560 rMM -2, 
b - -  Rmma BeKT0pa Bmprepca.  ~ a a  cpaBueunn 0TMeTHM, qT0 ncno~bayn qbop- 
My:ly ~~~ cnm,~ T0pM0>Kenn~ ~nc~oI<aUmt F = B v ,  rne onpe~eneHHbl¡ a~cnepn- 
MeHTa K03qbOI4]Xl4eHT T0pM0~eHri~ B ~ 2 "  10 -z AH ceK. CM -2 J~J-I~t l<prtcTanna 
K B r  [29], Mb, no~yuriM Ilptl V = 6 �9 lO 4 CM/ceK. Bemlqvmy F ,~  120 ~rt/cM. 

~ n n  yKa~aHHblX Bume 8HaqeHri~ Bemlurm ti oJoF ~ 30 [3] VIHTeHr 
] ~ (2"  10 -7) BT/CM a" V. I'[0CK0YlbKy IIpI4qI4H0~ 3TORO I43JlyqeHrf~l flBJIfleTCfl 

Baamao~e~CTBne 3ap~>~e~Ho~ cTyneHbrr C 0a'~e~bH~~mn npnMecn~mn tteuTpaMn 
Ha paccTo~nnflx nopfl~t~<a UeCKO~b~nx n0CTO~HH~IX pemeT~~, TO ero ~eTeKTnp0- 
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Ba,He II03B0YIHYlO 6bl lq0~TBep~HTb KOHt~eHL[H~O 8apfl~ta, CBfl3aHH0r0 CO CTyIIeHb- 

Ko~Ÿ B r243 npH cK0p0CTflX ~l,cnoKatt.¡ £ K npe~Ie~bH~~. 
) l~a  B~~C0~0qaCTOTHmX ~0KaabHb~X ~0ae£ C O~ o ,~ 10 ~~ ce~ -~ (Hanp~- 

~ep, U-tIeHTp) BeYlHqttHbl F,  I ~azb~ Ha-3a 0rpaHHqeHH0CTH c~0p0CTH KpaeB~,IX 
~Hc~IoI<aIiH~ cK0p0CTblO rlOliepeqHbiX 3ByKOBhlX B0.1IH B KpHcTa~~ax. 

B 3aKyliOqeHHe yKa~eM Ha B03M0)IŸ ‰ 9HeK'Tp0HHblX 
nepexo~IoB B nprlMecHbiX t~eHTpax, CBfl3aHHylO C B036y~~eHHeM ~10KaYlbHblX 

~oae£ a Ta~~e Ha B03~0~H0CTb B~IX0~Ia npn~ecHoro HoHa B ~e~~Ioyan~e. 
O£ m'H npotlecca npaB0~~T K pa3pymeHHm np.MecHoro tlenTpa. Boa5y~~leH,e 

.rl0KaYlbHblX Kone£ t, t0~eT ‰ 3a~aKcHp0BaH0 TaK~e, eCSIH O~HOBpe- 

MeHHO H3MepHTh ceqeHHe Hey~pyroro pacceaH~~ He~TpOHOB Ha Jq0KaJ]bHb~X 

KoJle6aHHflX. ~gT0 ceqeHHe l]p0H0p~IHOHaJ]bH0 cpeAHeMy qHC~y KBaliTOB n A~fl 
npotlecca nor~o~eHHa H ¡ + l ~t~a npotlecca i4crlycI<aHtl~l ~0HOHa. 

ABTOp~ 6naro~apHu Yl. M. Be~aeBy, B. B. Ha6aTOBy, H. M. Haa~vdle, H. TapbgHy 
H F. TypqaH~ 3a H0~e3Hb~e 06cy~'~JIeHH~. 
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