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l13y'ieHHe aneKTpOM8I'HHTHOI'O B38HMOJleiicTBHH HeHTpHHO - 0JlH8 H3 

Ba>KHhiX npo6neM !fln3HKH cnaobiX B38HMOJleHCTBHH. Bhi'IHCneHHIO aneKTpOMar

HHTHOI'O !flopM!flaKTOpa HeHTpUIIO, HHJlyUHpOB8HHOI'O cnaohiM B38HMOJleHCTBHeM, 

11-3/ 
nocsnmeHhi paooThi • TaK KaK reopnn cnaohiX naaHMOJleiicrnnii nenepe-

HOpMHpyeMa, peaynbT8Thi Bhi'IHCneHHH 38BHCHT OT napaMEnpa o6pe3aHHH~ 

l1HJlYUHpOB8HHhiH !flopJ11lfl8KTOp HefiTpHIIO 38BHCHT T8K>Ke OT TOI'O, CyiUeCTByeT 

nu npOMe)KyTO'IHhiH 0030111 H OT aneKTpOM8I'IIHTHOI'O B38H~OJlefiCTBHH npoMe

>KyTO'i!IOI'O 0030118. 

HeKoTopan HH!flopMaUHR o6 arieKTpoMarHHTHOM paJlnyce neiiTpHHO MO>KeT 

/4/ 
ObiTb nonyqena H3 acTpo!flnanqecKHX JlBHHbiX. B paooTe noKa?aHo, 'ITO 

aneKTpOM8I'HHTHblfi paJlHYC II e , a T8K>Ke p8JlHYC II JL 
-14 

MeHbuie 1 K9B) He npeBOCXOJlHT 4•10 CM. 

a cnyqae, ecnu 

Mace a II 
fl 

B arofi 3aMeTKe Mhi o6cyJlHM MeToJl, KOTOpbiH a npnnunne noanonneT 

nony'IHTb non11y10 HWlJOpM8UHIO 00 aneKTpOMai'HHTHOM !flopM!flaKTOpe HefiTpHHO, 

BKnl0'1851 388HCHMOCTb !flopM!flaKTOpa OT KB8Jlp8 Ta nepeJl8HHOI'O HMnynbca. Me

TOll ocnoaan Ha cpasHeHHH ce'ieHHR npouecca, o6ycnoanennoro aneKTpoMar

HHTHbiM B38HMOJlefiCTBHeM HefiTpHHO C RJlpOM, C Ce'ieHHeM 8HanOI'H'IHOI'O ·. 

npouecca, Bbi3biBaeMoro aneKrponoM. 

PaccMoTpHM peaKuHIO: 

11+A -+II+A'. ( 1 ) 

3 



3aecb A - uaqanbuoe smpo, A ' - mo6oe B03Mo»moe Kouequoe aapou-

HOe COCTOHHHe (eM. pHC. 1). 

MaTpH'lHbiit sneMeHT npouecca ( 1) pai3eu: 

<f!Sii >=i<k'li I k >-1- <A'Ii IA>(2rr)
4

8(P'-P), (2) 
a q2 a 

l",lle P(P ') - nonHblll 4-HMnynbC H8'18nbHOI"O (KOHe'lHOI"O) COCTOHHHHj 

<k'lialk>= _j_e __ u(k')ya (l+y 6 )u(k)F(q 2
), 

· ( 2 'rr ) 8 

q=k'-k. 

TaK KaK aapH.ll ueil:Tpnuo yaBeH uymo, TO 

F( q2 J = 
G 

..;2 
q2R(q2 ), 

(3) 

(4) 

l",lle R(O) f, 0 
-5 -2 G "' 10 M P - KOHCTaHTa cna6ol"o B3aHMO.lleil:cTBHH). 

PaccMOTpHM npouecc: 

e+A ... e+A' (5) 

I".lle A H A ' - Te me aapoHHbie cocTOHHHH, 'ITO H B ( 1). EyaeM C'lHT8Tb, 

'ITO SHepl"HH H8'18nbHOI"O H KOHe'lHOI"O sneKTpOHOB MHOI"O 6onbWe M8CCbl 

sneKTpoua. Ecnu cnpaBeanuBo oauotjloTouuoe npu6numeuue, TO MaTpH'lHbiil: 

sneMeHT npouecca ( 5) oTnuqaeTCH oT BblpameHHH (2) numb nenToHHbiM 

MHO*HTeneM • HeTpyauo BH.lleTb, 'ITO autjl¢epeuuuanbHbie ce'leHHH npoueccoB 

( 1) H ( 5) CBSI38Hbl COOTHOWeHHeM: 

4 



to~noe KOHeqnoe ·anpoH-

I 
8(P'-P), (2) 

OHeqHOPO) COCTOHHHHi 

)F(q 2), 

(3) 

(4) 

Ja60PO B38HMOAeii:CTBHH), 

(5) 

• qTo u. B (l). ByneM cqaTaTb, 

· MHOPO 60nbUie MaCChi 

na~eHHe 1 TO M8TpHqHb!H 

•(2) nHUib nenTOHHb!M 

tnbHhie ceqenas npoueccoa 

~ =K'-K 

Puc, 1 

5 



( d a ) = 2G2 [R(q2 )]2 (~-) q4 
d q 2 V dq2 e 

(6) 

TaKHM o6pasoM 1 aesaaHCHMOe H3MepeaHe ce'leHHfi ( ~- ) H 
da dq 2 v 
--

2
- ) n03BOnHnO 6bi nony'IHTb HHcPOpMaUHIO 06 sneKTpOMai"HHTHOM 

d q e . 

clJopMcpaKTope HeiiTpHHO, 

.0HcPclJepenuuanbHOe ce'IeHHe ( ....!E,_ >v HMeeT cneAyJOlUHii o6mHfi BHA! 
dq2 

2 
E --q-

( ~- ) = 2 TT Z2 a 2 G2 R 
2 

d q 2 v 

1 4E 
--

2 
f [2w

1
q 2 +(4E 2

-q 2 -4EQ))w 2 ]d(!).(7) 
E 2 

q 

2M 

3Ae~b E - snepriHI naneTaiOmefi 'IaCTHUhl a n.c.; (i) = P~ -= <E-E ') - sneprHH 

a n.c,
1 

nepeAaHHaH aAponnofi cucTeMe 1 M - Macca naqanbnoro aApona 1 

/5/ 
a WI H W 

2 
- cPYHKUHH q2 If (!) 1 OIIpeAeneHHhie B pa6oTe • .0nH 

TOI"O 'IT06bl Ha OCHOBe (6) rrony'IHTb HHcPOpMaUHIO 06 sneKTpOM8I"HHTHOM 

clJopMacjlaKTOpe HefiTpHH01 He06XOAHMO uccneAOBaTb onTuManbHhl9 1 B CMh!Cne 

aenu'IHHhl ce'IeHHH H B03MO)I{HOCTH perucrpauHH 1 npouecchl ( 1 ) H ( 5). C 

STOfi TO'IKH 3peHHH HaM npeACTaBnHeTCH B9CbMa nepcneKTHBHhlM H3y'IeHH9 
- . . . x/ 

pacceHHHH neuTpHHO a o6nacru ruraHTCKoro pesonanca, H HccneAoaanHe 

npouecca AeneHuH Htlep 1 BbJ3bmaeMoro pacceHHHeM nefirpuno cpeAHHX saep-

_xx/ 6 I"HH , l1HT9HCHBHbl9 nOTOKH TaKUX HefiTpHHO MOI"YT b!Tb rrony'leHbl Ha ycKO-

puTenHX THIIa "M930HHbiX clJa6puK", 

x/ Bos6y)l{tleHHe rHraHTCKoro pesonanca 1 BbJ3bmaeMoro o6bJ'IHbiM cna-
6bJM B3aHMOA9llCTBU9M HefiTpHH01 paccMaTpHBanOCb B pa6orax/6/ • 

xx/ C _ e'leHHe ynpyroro pacceHHHH Hl_uTpHHO 11a TH)I{enbJX HApax, cornacno 
oueaKaM/2 I 

1 
MO)I{eT 6hJTb lQ-40 "" 10-4 cM2. Ot:~HaKo npH cpeAHHX saeprH:.. 

SIX HefiTpHHO STOT npoUeCC B9CbMa TPYAHO AeTeKTHpOBaTb BBUAY ManoCTH 

SHepi"HH. OTAa'IH Htlep, 

6 

,j 
/l 

l 

npHB9A9M pesynbTaTb 

6y)I{A9HHH I"HI"aHTCKOI"O pesc 

onpeAeneHHOCTefi1 CBH3aHHb: 

nonbsyeMCH CBH3bJO nepBbi> 

.'IeHHeM nonaoro clJoronornoJ 

(i) 

WI 
a Z 2 (2 r. 

w2 
a z2 ( 

B Ka'IeCTBe npHMepa 

ro pesoaanca na 'HApe T~ 

STOM HCnOnb30BanHCb A8HJ 

Hbl aa pHC. 2 H 3, .UnH no. 

av = 5,4 • II 

a v = 1,7. 10 

R2 
- sna'leHHe cPYHKUUU 

0TM9THM, 'ITO Bbi'IHC 

PHB89MOM HaMH UHTepaane 

HHMaTb 3Ha'IeHUH OT 1 AO · 
/8/ 

cflOTOAeneHHJO SIAep Mbl 

npH Sllepi"HU HefiTpHHO "' 

B saKniO'IeHHe ct:~ena 

1. Ceqenue rrpouecce 

o6nacTH nponopuHonanbHO 

nu'IHHbJ (nopHAKa a
2 

or 

ao). 



q 4 • 
(6) 

• ( d a ) 
'lliiH ---- II 

dq2 v 
aneKTpOMai'HIITHOM 

~ 2 -4Ew) w 2 ]dw.(7) 

i.1 = ..£i_=(E-E ')- aHeprHH 
M 

a Ha'lanbHoro aApoHa, 

' /5/ 
!HHhie B pa6oTe • DnH 

~ aneKTpOM8I'IIHTHOM 

nTIIMBnbHhie, B CMbiCne 

>UeCChl ( 1) II (5), C 

:>CneK THBHhiM 113y'leli1Ie 

. x/ 
flea· 11 IICCneAoBaHIIe 

flell:TpiiHO cpeJlHHX 9Hep-

6hiTb nonyqeHhi Ha ycKo-

• maeMoro o6hi'IHhiM cna

B pa6oTa~/6/, 

!H:lKenhiX HApax, cornacno 

:aKo npii cpeAHIIX aHeprii:.. 

OBaTb BBIIJlY ManoCTH 

TipiiBeJleM peaynbTaThi Bhl'mcneHIIH (~-) v JlnH npoueccoB aoa
dq2 

6y:lKJleHIIH I'III'aHTCKOI'O pe30HaHC8 II )leneHIIH HJlep, 4T06bl II36e:lK8Tb He-

onpeJleneHHOCTefi, CBH38HHhlX C HAepHblMII MaTpii'IHblMII aneMeHTaMII 1 BOC-

nonbayeMCH CBH3bl0 nepBblX 'lneHOB pa3TtO:lKeHIIH cjJyHKUIIil w 1 II 
/5/ 

.'leHIIeM nonHoro cjJoTonornomeHIIH a y • l1MeeM 

w 
a + O(q2 ) . w 1 

a Z 2 (2 11 ) 
2 y 

q 2 
ay+O(q 4 ), w 

2 a Z 2 (217) 2 w 

c ce-

(8) 

B Ka'leCTBe npiiMepa Mhi Bhi'lllcniinii ce'leHIIe aoa6yiKJleHIIH ruraliTCK0-

/8/ 
ro peaoHaHca Ha HJlpe Ta Hell:TpiiHO c aHeprHeil 30 11 100 Maa. Tipii 

/6/ 
aTOM IIcnonbaosaniiCb JlBHHhie pa6oThi • PeaynbTaThi Bhi'IIICneliiiil npuBeAe-

llhi Ha piiC, 2 II 3, DnH nonHOI'O Ce'leHIIH npouecca nony'laeM: 

-44 -2 ') 
a = 5,4 • 10 · R c~ v 

a = 1,7.10-41 1{2 c~ 
v 

(E = 30Maa ~. 

( E = 100 Maa 

R 2 
- 3Ha'leHIIe cjJyHKUHII R 

2 
B cpeAHell: TO'IKe). 

. /1-3/ 
0TMeTHM, 'ITO Bhi'IHCneHHhie B pa6oTax aHa'leHIIH R (q 2 ) B paccMaT-

PIIBaeMoM HBMH IIHTepaane q 2 pa3nH'IHhl JlnH V II V II MOI'YT npii-
e /l 

-2 
- HIIMaTb 3Ha'leHIIH OT 1 JlO .;10 • Ananoru'lHhiM o6paaoM II3 AaHHhiX no 

!jJOTOJleneHHIO HAep
181 

Mhi oueHIIM ce'leHIIe AeneHIIH HAep nefiTpiiHO. DnH 
209

81 
-42-2 ') 

npii aHepriiii HeilTpiiHO "' 250 Maa a v = 10 R c~ , 

B aaKniO'IeHIIe CAenaeM cneAyiOIUIIe aaMe'laliHH • 

1. Ce'leHite npouecca ( 1) npii Bb!COKHX anepi'IIHX B rny60KO neynpyroit 

o6naCTII nponopUIIOHanbHO 9HepriiH II MO:lKeT Jl0CTIII'8Tb 3Ha'IIITenbHOH Be

nii'IHllhl (nopHAKa a 2 oT nonHoro ·ce'leHIIH cna6oro aaaiiMO~eilcTBIIH Hefi~II

HO), 

7 



.dfl_ I ( -~? 2 M A·2) dq& 7[& 10 CH n3u 

3 

2 

I 

4 ' f2. 20 26 ~l (IOC M3~/ 

P 11c, 2. CetieHI!e B036y)!(Jl9HIHI f'l!f'BHTCKOI"'O pe3ouauca Ha HJlpe 
181Ta , 

Bbl3blB89M09 aneKTpOMaf'HIITHhiM B381!MOJleii:cTBII9M HefiTpi!HO C 9H9pl"'1!9ll 

30 Man. q2 - KBanpar rrepenauuoro I!Mrrynhca, R (q2)- aneKTpoMaf'HIITHhiH 

tlJopMtlJaKTop uell:rpuuo. 
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2, npouecc ( 1) MOI' 6bi 6b!Tb o6ycnoBneH cna6biM BSaHMOAefiCTBHeM C 

uefiTpanbHbiMH T~KaMH, B rrpHHuurre cymecTByeT BOSMO>KHOCTb oTnH'IHTb 

BSaHMOAefiCT,BHe C uefiTpanbllbiMH TOKaMH OT aneKTpOMai'HHTHOI'O BSaUMOAefi-

CTBHSI HefiTpHHO, nnst 9TOI'O cnenyeT CpaBHHTb Ce'leHHSI IlpOUeCCOB ( 1) C aneKTpOH-

HhiM 11 MIOOHHbiM HefiTpllHO, Ecn11 npouecC o6ycnoBneH HefiTpanbHbiMH TOKaMU 

11 uMeeT MecTo yHHBepcan6nocTb 1 TO ceqenust oKa>KyTcst paBHbiMH, Ecnu 

npoueccw o6ycnoBneuw aneKTpOMSI'HHTHhlM BSauMoaefiCTBHeM uefiTpuuo, ux 

Ce'leiii!SI MOI'yT cyiUeCTBeHHO OTnH'laTbCSI, 

B saKniO'leHue Bbipa>KaeM I'ny6oKyiO 6nai'OAapuocTb B.M. flo6arnoBy, 

E.M. nouTei<OpBo, B.r. ConOBbeBy, B.H. cllonoMelliKHHy, P.A. 3paM>KSIHY sa 

none3Hbie- o6cy)!<nennst u C.H. EuneHbKOfi sa noMOIUb B qucneHHhiX pac'leTax. 
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