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B pa6oTe /I/ nposeaeH aHamra soa6y)j{aeHHSI aneKrpoMar

HHTHhlX BOnH B nna3MeHHOM UHnHHape CO CB060aHOA DOBepx

HOCTbiO, B HacToSimeii pa6oTe Y'IHTbiBaercSI BnHSIHHe Me

rannHqecKoro KO)!{yxa, oKpy)!{aiOmero nnaaMy. 

PaccMaTpHBaeTCSI nnaaMeHHbiA uHnHHap paaHyca r p 

noMemeHHbiA B sonHoBoae paaHyca R. Baonb ocH z CHCTe

Mhl CO CKOpOCTbiO U nponycKaeTCSI penSITHBHCTCKHH aneKT

pOHHbiH nyqoK paaHyca r P. KoHueHrpauHSI n b · aneK rpoHOB 

nyqKa yaosneTBopSieT ycnoBHIO 

n b << n P, ( 1 ) 

rae np- KOHUeHTpaUHSI aneKTpOHOB nna3Mbl, 3ro ycnOBHB 

o6ecne'IHBaeT B036y)!{aeHHe Dy'IKOM C06CTBBHHhlX BOnH 

paCCMaTpHBBeMOH CHCTeMbi, 

UnSI yaep)!{aHHSI nyqKa OT paaHanbHoro pacnnhlBaHHSI Ha 

CHCTBMY npeanon_{lraeTCSI HanO)!{eHHhiM 
MarHHTHOe none 8 0(0,0, 8 0 ), npH'IeM 

BHernHee npoaonbHOe 

n >>cub y' (2) 

rae {} - napMOpOBCK8SI1 8 W ~- neHrMIOpOBCK8SI '18CTOTbl 

aneKTpOHOB ITY'IK8 H y = (1-u /c2 rl / 2- penSITHBHCTCKHH 

<t>aKTOp. 
Do OTHOllieHHIO K nna3Me HCCneayJOTCSI aBa cnyqaSI: 

a) He3aMarHH'IeHHOH nna3Mbl ( .(JJ p>>0, rae Wp -

neHPMIOpOBCK8SI '18CTOT8 aneKTpOHOB nna3Mhl) C H30Tpon
W2 

Hoii aHaneKTpH'IeCKOii npoHnuaeMOCTbiO £ p= 1- 3. 
6) CHnbHO 38MarHH'IeHHOH nna3Mhl (w p <<fl) C nonepeq

HOH (fJ. = 1) H npoaonhHOH ( £ wf J KOMITOHeHT8MH aHaneKT

pH'IeCKOH DpOHHUaeMOCTH. 
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nnH aHaliH3a KOne6aHHH Ha liHH8HHOH CTaAHH pa3BHTHH 

HeyCTOHqHBOCTH BOCnOllb3yeMCH AHCnepCHOHHbiM ypaaHe

HH8M MBllbiX KOlle6aHHH B CHCTeMe H3 ABYX AH3li8KTpHKOB1 

OKpy:lKeHHbiX KO:lKyXOM /2/ • nnH paCCMaTpHB88MOH HaMH 

CHCT8Mbl H3 nna3Mbi H BaKyyMa ero MO:lKHO aanHCaTb 

B BHAe: 

rne 

w2 [ f P b - qf (K r ) p (K r ) f ( ) ~ -=:- p (K r )- __ v_p_)(_J_ p p f Kvfp 
k C Kp p p K K-- ------)-

Z V p KV 

(3) 
e 2 

1 1 2 
--:-2"(~--y-) 

f K K p p v 
= 0, 

- 2 f pB 2 
K =--K, 

p fJ. p f pb = fp -

'·' 2 -3 
"'b'Y 

(w- kz~' 

2 2 w 2 
K =k - -£ , 

P z c2 ..L 
K2 =k2 (()2 

v z- --c2' 

Pe<x>= re(x) 
Ie(x) ' 

Q'e (x) 
---, 

qe= Q~ (x) 
f f (x) = F'e (x) 

FeW 

Qf(x)=le(x)Kf(KYR)- lf(\R)Ke(x), 

Fe (x) =le<x) Ke(KvR>-I'e< KvR)Ke(x), 

a kz H f - npOAOllbHOe H a3HMXfanbHOe BOliHOBbi8 qHcna, 

le(x) H Ke(x) - MOAHlfJHUHpoaaHHhie ¢YHKUHH EeccenH. 

Cornacao ycnoaHIO ( 1), nyqoK HBnHeTCH cna6biM aoa

MymeHHeM H n03TOMy AHCnepCHOHHOe ypaBHeHHe B HyneBOM 

npH6liH:lKeHHH no nyqKy AaeT cneKTp qaCTOT C06CTBeHHbiX 

aona w ( k z ). BaaHMOAeHCTBHe nyqKa c aneKTpoMarHHTHOH 

BOliHOH npHBOAHT K ee pacKaqKe npH BbinOnHeHHH YCliOBHH 

qepeHKOBCKOrO pe30HaHCa W ':. k z U • yqHTbiBaH 3T0
1 

Mbi 

He onpenenHeM BeCb cneKTp w(kz), a HaXOAHM TOnbKO 

·] 
\ 

·~ 

qacTOTbi W oB036y:lKAa8MbiX nyqKOM BOliH npH ycliOBHH 

w0=k u. YqeT nyqKOBbiX cnaraeMbiX a AHcnepCHOHHOM 

ypaa:eHHH npHBOAHT K Manon nonpaBKe O(w=w
0
+io=kzu +io), 

KOTOpaH XapaKTepHayeT B3aHMOAeHCTBHe nyqKa C BOliHOH. 

ilpH Reo> 0 aMnnHTyna aonHbi aapacTaeT co speMeHeM 

c HHKpeMeHTOM Reo . 
B cnyqae soa6y:lKAeHHH KopoTKosonaoabiX no paAHYCY 

KO:lKyX.a KOne6aHHH peaynbTaTbi nonROCTbiO COBnaA810T 

C T8MH :lKe AliH CHCT8Mbl 6e3 KO:lKyXa / 1/. ilpH 3TOM KOpOT

KOBOliHOBbie no paAHycy nnaaMm Kone6aHHH scerna 

HeKorepeHTHbi, a AliHHHOBOliHOBbie no 3TOMY :lKe paAHYCY 

HeKOrepeHTHbl B He3aMarHHqeHHOH nna3M8 H KOrepeHTHbi 

B CHllbHO 3aMaraHqeHHOH. 

p aCCMOTpHM AliHHHOBOliHOBbi8 no paAHYCY KO:lKyXa 

KOne6aHHH1 KOrAa 

KR,i<r<l. 
y p p (4) 

CneKrp qacToT H HHKpeMeHT aapacTaHHH aKCHanbHO

CHMMeTpHqaoil (f =0) BOliHbi onpenenHeTCH CnenyiOWHMH 

Bb!pa:lK9HHHMH: 

2 2 
+ Wpfp 2 

8c2 A ) w P ' 
w2 = 2fn2s ( 1- 2u 2y 2 

0 2 . 
s w2 r 2fns p p 

8 = -l±iy3( 0
8 1 1/3 

0 2y 2np • y2-1 ) wa · 

3nec b s: R/rp, a A= 1 a aeaaMaraHqeaaoii nnaaMe H 

A=y 2 -1 a aaMaraHqeaaoil. 

(5) 

Ha ypasaeHHH (3) H aepaaeHCTB (4) cnenyeT, qTo 

B036Y:lKA8HB8 aKCH:anbHO- CU:MMeTpHqHOH MOAb! B03MO:lKHO 

liHWb npH yCliOBHH fn S > 2, 8CliH W p >> {} H fn S > 2( y 2-l}, 
ecnH wp<<O, T.e. ecnH R>> rp . 3aMeTHM ewe, qTo aoa-

6y:lKA8HBe 3TOH MOAb! npOHCXOABT B oqeHb y3KOM HHTep

sane KoaueaTpauHB nna3Mbi, onpenen.SieMoM aepaaeacTsa

MH 

2 2 
2 ~y G<w <G+~ 
P rpu• s 

rne G =8c2 A2r 02 (-1+ v 1+(y2-1)/ A fn s). 

(6) 
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l1 Hb!MH CJlOB8MH, B036y}l{,lleHHe 8KCH8JlbHO-CHMMeTpH'IHOH 

MO.llbl B CHCTeMe C KOHe"<IHbiM p8.llHYCOM KO}I{yXa npOHCXO.llHT 

B yaKOH pe30H8HCHOH o6naCTH napaMeTpOB ny"<IKa H nna3Mbl, 

DpH 9TOM HapH.llY C Bb!COKOH O.llHOpO,llHOCTbiO KOHUeHTpBUHH 

nna3Mbl H CKOpOCTH ny"<IK8 He06XO.llHM8 pe3K8H (no CpaB

HeHHIO C .llJlHHOH BOJlHbi) rpaHHU8 nna3Mbl, 

Depeif.oeM K paccMoTpeHHIO aKcuanbHO-HeCHMMerpH"<IHhlX 

( f f. 0) MO.ll .onHHHoaonHOBbiX Kone6aHHH, B HeaaMarHH"<IeHHOH 

nnaaMe H3 (3) nonyqaeM cne.uyiOIIlHe Bbrpa}l{eHHH·.llJlH 

cneKTpa qacroT H HHKpeMeHTa HapacTaHHH Kone6aHHif: 

.,f 2 2 
w ' - p wf-I+.,e 

- n h "1f 1 -
-l±iy'3 <~. 2f( f+l) 8 = 2 ..:n P f y 

2 2 
W£ r p I /3 

u 2 ) we' (7) 

r.ue 
2f 2f -I 

Tfe =(s -l)(s +0. 

l1 HKpeMeHTbl H8p8CT8HHH MO.ll C £ f, 0 O"<leHb 6nH3KH 

,llpyr K ,llpyry, npH"<IeM M8KCHM8JlbHblM HHKpeMeHTOM 

o6na.uaeT Mo.oa cf=l. CpaBHHBaSI Re8o H Re81 , MO}I{HO 

noKa38Tb, 'ITO Re8o < Rea •. Cne.uoaarenbHO, B He3aMar

HH"<IeHHOft nna3Me HeyCTOfi'IHBOCTb MHOI'OMO,ll0B8 H H3nyqe

HHe HeKorepeHTHO, 

B CHJlbHO aaMarHH'IeHHoft nnaaMe .onSI f f, 0 ypaBHeHHe 

(3) npH ycnoBHH l4) He HMeeT peweHHSI. Cne.uosaTenbHo, 

,llJlHHHOBOJlHOBbie 8KCH8JlbHO-HeCHMMeTpH"<IHbie · KOne6aHHSI 

B CIWb~o aaMarHH'IeHHOR nnaaMe He soa6y}l{.ll8IOTCSI, TeM 

C8Mb!M o6ecne'IHB8eTCH KOI'epeHTHOCTb B036y}l{,ll8eMOfi 

8KCH8JlbHO-CHMMeTpH'IHOil: (f = 0) BOJlHbl, 

C TO'IKH 3peHHSI yCHJl8HHSI H reHepaUHH sneKTpOM8I'HHT

HhiX BOJlH HHTepec npe,llCT8BJlSieT O.llHOMO,llOB8H ny"<IKOB8SI 

HeycTOH'IHBOCTb B CHJlbHO 38M8I'HH"<I8HHOH llJl83Me, llnH 
BbiHCH8HHSI ee p83BHTHSI Heo6XOilHMO pewaTb HeJlHHefiHyiO 

HecTaUHOHapHyiO aaaa'ly. TaKaH aaaaqa MO}I{er 6hlTb peweHa 

"<IHcneHHhiMH MeTO.llBMH. B aaHHOfi pa6oTe HccneayeTCH 

nHwb CTBAHH HBChJIIleHHH ny"<IKOBofi HeycTofi"<IHBOCTH, Haxo

llHTCSI TOT ypoBeHb 8MnJlHTYilbl H COOTBeTCTBeHHO 9Hepi'HH 

6 

aanycKaeMOH B CHCTeMy BOJlHbi, BbiWe KOTOpOI'O OH8 He 

HapacTaeT, Y"<IHThiBaH peaynbTBThi "<IHCneHHoro peweHHH 

aa.oa'IH o aoa6y}l{.lleHHH sneKTpoMarHHTHbiX aonH B npocT

paHCTBeHHO HeorpaHH"<IeHHOH nnaaMe/3/, MO}I{HO npeanono

}l{lfTb, "<ITO qepea HeKoTopoe apeMH aMnnHTy.ua aoa6y}l{

.uaeMOH ny'IKOM BOJlHbl H8"<1HeT KOne6aTbCH OKOJlO 9TOI'O 

ypoBHH, H npouecc cTaHOBHTCH KBa3HCT8UHOHapHbiM. AnanHa 

nony"<IeHHOI'O npH T8KOM npe.ononO}I{eHHH HenHHeHHOI'O ypaB

HeHHSI noaTaep}l{.ll8eT Harne aonymeHHe o craUHOHapHOCTH 

nocne HeKOTOporo ypOBHH H8CbiiileHHH aMnJlHTY.llbi BOJlHbi, 

KOTOpbiH onpeaenSieTCH 38XB8TOM sneKTpOHOB ny"<IK8 B none 
BOJlHbi, 

l..Jro6bi onpe.oenHTb aMnnHTY.llbi H8CbiiileHHH nonH, BOC

nonbayeMCH MeTO.llOM, npe,llJlO}I{eHHbiM B.j 4o/ H pa3BHT,biM 

.llJlH orpaHH"<IeHHhiX CHCTeM B /I •2•5! 3HaH nonH, nerKO 

onpeaenHTb BeKTOp nOTOK8 9JleKTpOM8I'HHTHOI'O H3Jly'leHHH 

(aeKrop DoifTHHra). OrHoweHHe aeKTopa DoifTHHra K npo

aonbHOMY llOTOKy KHHeTH'tleCKOH 9HeprHH ny"<IK8 

nhm c ~ y -1) u rrr8
2 onpe.uenSieT sif>if>eKTHBHOCTb npeo6paaoaaHHH 

9HeprHH ny"<IKa B noTOK 9HeprHH sneKTpOM8I'HHTHOI'O H3ny

'tleHHSI, T,e. Knn paccMarpHaaeMoif cHcreMbr: 

Tf= r_~.( 2nb )1/3-::.( 2nby)Ii_3 (B) 
y 2/3 n P np 

KDll paccMaTpHaaeMoif cHcTeMbi a 4 paaa 6onbiiie, "<IeM 

B nnaaMeHHOM UHJlHH.llpe CO CBD60AHOH noaepXHOCTbiO, 

3aBHCHMOCTH Knn oT sHeprHH H nnoTHocrH TOK~ ny'IKa j h 
OCT8IOTCH Te }l{e C8Mbie - 1f- yl/3, j l/3 . 

b 
PeaiOMHPYH peaynbTaThi pa6oThi, MO}I{eM CKaaaTb, "<ITO 

y"<IeT BJlHHHHH KO}I{yXa, 0Kpy}l{8l0IIlero nnaaMeHHbiH UHJlHHilP 

CO CB060.UHOH noaepXHOCTbiO, npHBOilHT K eme O,llHOH B03M0}1{

HOCTH B036y}l{.lleHHH KOI'epeHTHOI'O sneKTpOM8I'HHTHOI'O H3-

ny"<IeHHH B CHJlbHO aaMarHH'IeHHOif nnaaMe. DpH sTOM aoa-

6y}l{aeHHe HMeeT pe30H8HCHbiH xapaKTep H B03MO}I{H0 

a yaKoif o6nacTH napaMerpoa nnaaMbi, KDll CHCTeMbi 

C KO}I{yXOM yaenH"<IHB8eTCH no Cp8BHeHHIO C CHCTeMOH 6ea 

KO}I{yxa. 

B aaKniO"<IeHHe MHe npHSITHO BbipaaHTb 6naro.uapHOCTb 

npoif>eccopy A.A.Pyxaaae aa noneaHbie o6cy}l{.lleHHH .oaHHoif 

pa6oThi, 
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