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3neKTpOM8r'HHTHble <jJopM-<jJ8KTOpbl 51D,ep 

Il l 
onoeAeneHw H3 &KcneoHMeHTOB no ynpyroMy pacce51HHhl aneKTPOHOB 

npH TeopeTH'IeCKOM 8HanH3e 9 K CnepHMeHT8nbHbiX ll8HHblX <jJOpM-<jJ8KTOpbl 5lllep 

Bblp8)K8hlTC51 '!epe3 <jJOpM-<jJ8KTOpbi HyKnOHOB H "CTpyKTypHbie" 51llepHbl e <jJOpM

<jJaKTOpbi, KOTOpb!e ODHCbiB8hlT npOCTpaHCTBeHHOe pacnpeD,eneH!1e napbl TO)K

lleCTBeHHbiX H OAHOr'O "He'!eTHOr'O" HyKnOH8 OTHOCHTenbHO UeHTpa M8CC 51L(

pa 
12 •3 1• CpaBHeHHe Me)KAY co6oii <jJopM-<jJaKTopoB 

3H H 
3 

He no3BOn51eT 

nony'!HTb UeHHYhl HH<jJOpM8UHhl 0 BOnHOBOH <jJyHKUHH OCHOBHOr'O COCT051HH51 

TpeXHyKnOHHhlX 51llep. ilanbHeiiwee yBenH'!eHHe TO'IHOCTH 9KCDepHMeHT8 ll8CT 

B03MO)KHOCTb !IOCT8BHTb BODpOC 06 H3MepeHHH <jJOpM-<jJ8KTOpOB HeHTpOH8, 0 

B03M0)KHOM BnH51HHH 06MeHHblX TOKOB H nepeHOpMHpOBKH aneKTpOM8r'HH THb!X 

CBOHCTB CB5138HHhlX HyKnOHOB. ~3-38 6onbWOr'O 'IHCna HeH3BeCTHhlX napa

MeTpOB 06bi'IHO HCDOnb3yeTC51 COBMeC THblH 8H8nH3 JJ,8HHhiX JJ,n51 
3
He H 

3 
H 

H8 OCHOBe r'HDOTe3bl H30TODH'I~CKOH HHB8pH8HTHOC TH 51AepHbiX CHn H npeD,-

nO)KeHH51 0 TOM, 'ITO 
3
He H 

3
H o6pa3yhlT H30TODH'!eCKHH Ay6neT 51D,ep C 

OllHH8KOBOH CTpyKTypoH: BOnHOBOH <)JyHKUHH OCHOBHOr'O COCT051HH51. B CB513H 

C 9THM npellCT8Bn51eT HHTepec OUeHHTb 38p51AOBYhl 38BHCHMOCTb napaMeT

pOB aneKTpOM8r'HHTHOH CTpyKTypbl TpeXTenbHbiX HAep BCneJJ,CTBHe KynoHOB-

3He CKOr'O B3811MOlleHC rBH51 DpOTOHOB B H 38p51D,OB0- 38BHC51WHX 51D,epHblX 

cHn . B H8CTOHweH: pa6oTe c noMOWhhl npaBHna cyMM a ( El) nnH ce '!eHHH 
-1 

moTonacwenneHHH 
141 

Mbi oueHHM pa3HOC Th nallHVCOB oacnoeneneHHH He'!eT-

3He 3H HhlX HYKllOHOB B H 1'13-38 HapyweHH51 H30TOllH'Ie C KOH HHB8pH8HT-

HOCTH . npaBHna CyMM HMehlT BHJJ,: 
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a (El)= < r n > 
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H3 H a 2 a (El) = < r > -1 3 p 
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r.ne 

u (El) 
m 

m 
w a (cu)dw 

E:l 

(3) 
J 

Wnop 

a = 1 / 137, 
2 < r >- c p e aHeKsaapaTH'lHhiH paaH,YC pacnpeaeneHHSI He'leTHo-

J;' O Hy KnOH a B COOTBeTCTBY!OlUeM Siape, Harne OCHOBHOe npeanonoMeHHe, OT

HOCSilUeeC SI K cneaCTBHSIM Hapyrn e HHSI H30TOTIH'leCKOH HHBapHaHTHOCTH, ~Op

MynHpy eTC SI B ayxe HaeM, rnHpOKO HCTIOnb3yeMbiX B H8CTOSilUee BpeMSI B ~H-

3HKe a n e MeHTapHhlX '!aCTHU npH npoBepKe npeacKa3 8HHH HapyrneHHhlX CHM

Me TpH H anSI Ce'leHHH B38HMOaeHCTBHSI / 5 / ; aOMHHHpy!OlUHH 8~~eKT HapyrneHHSI 

CHMM e TpHH BblpaMae TCSI B pacmenneHHH MaCC y'laCTBy!OlUHX 'l8CTHU H TI08-

TOMy ce 'l e HHSI aonMHbl c paBHHBaTbCSI npH oaHHakOBOH KHHeTH'leCKOH 8HeprHH 

npoay KTOB peaKUHH, fing paCCMaTpHB8eMoro HaMH cnyqag 8TO ycnOBHe 8K-

BHBa n e HTH O COOTHOrne HH!O 

H3 
a (cu) 

He
3 

a (cu-~) 
(4) 

rae ~ = 0,764 M8 B - pa3HOCTb 3HeprHH CBSI3H 
3 3 

He H H 0TMeTHM 

OaHO c n e a CTBHe ( 4), KOTOpOe TIOMOr a eT TIOHSITb ero CMbiCn H OUeHHTb TO'l

HOC Tb. Yl 3 ~OpMynhi {4) BbiT e Ka eT, 'ITO HHTerpanbHOe npaBHnO CYMM a (El) 
Q 

a
0 

(E 1) 2rr 2 <[Dz[H,Dz ]] >, (5) 

r ae D z - onepaTOp LIHTIOnbHOT'O MOMeHTa H H- r a MHnbTOHHaH CHCTeMhi, 
3 3 

aonM HO 6 biTb OLIHHaKOBO a n51 H H He • 3To p a Be HCTBO BbmonHSinoc b 

4 
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I· 
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6w CTporo npH OTCyTCTBHH B raMHnbTOHHaHe 06MeHHhlX CHJ 

CTaBn51eTCSI pa3yMHbiM OM HLI 8 Tb, 'ITO C XOporneft TO'lHOCTbK 

TIOnH51TbC51 H B CaMOM o6rneM cnyqae, T8K K8K KynOHOBCKOe 

npOTOHOB ae~OpMHpyeT B OCHOB HOM 8CHMTI T OTHKy BOnHOBOi 

a cyrneCTBeHH851 o6naCTb HHTerp HpOB8H H51 B npaBOH 'l8CTH q 
peaenSIBTC51 KOpOTKOL\eHCTBYJOrnHMH 51aepHhlMH TIOTBHUHana 

2 
( 4) B (2), HaXOLIHM c TO'IHOCTbJO ao qneHOB 0 ( ~ I w 

I; 
< r n 

3 3 
He 2 H 

> - <r > 
p 

2 
< r "-

H~ 
> 

H~ (E 1) I a 
-1 

Edlp(H ~ ) 

E clip 

3 
H e. 

0 
-~ 

t, 

3 
(H e ) 

( E 1 ) · 

nonHOe Ce'leH He ~OTOpacrnenneHHH 3H B H8CT051rnee Bp< 

iln51 npH6nH )KeHHOA OUe HKH Mhl HCTIOTib30BanH HMeJOrnHeC51 3K 
3 /6/ 

aaHHbie LITIS'! <PoTopacrnenneHH51 He H n ony'IHTIH 3Ha'leHH 

e c 4 5% 

3 3 
MarHHTHbi e paaHyChi SILiep H H He onpeaen51JOTC 5I B 

UHeti pacnpeaeneHH51 "He'leTHoro" HyKnoHa 131 • K coMane J 

CnepHMeHT 8 erne He TI03BOTI51!0T H8L\eMHO onpeaenHTb pa3HHU 

aHyCOB TpexHyKnOHHhlX 51aep H CpaBHH Tb ee C <tJopMynoA ( 

MeHTOB 11 1, oaHaKo, BHaHo, 'ITO Mar HHTHbiA <PopM- ~aKT Op 
2 3 

eTC 51 c p oc ToM q MeaneHHe e , '!eM <tJopM- <tJaKTOp He , T, 

BHH C cjJopMynoA (6 ) M8T'HHTHbiH paLIHY C 
3 

He 6onbrne C( 

paaHyca 3 H , n ony'leHH851 OUeHK8 MOMe T OK838TbC51 nonE 

HH H BnH51HH51 Me30HHhlX TOKOB H a p yrHX ~aKTOpOB TOrO MB 

TH ( ~ 10 % ) Ha aneKTpoMaT'HHTHYJO cTpyKTYPY TpexTenhHI 

As Top swpaMaeT 6naroaapHOCTb A . M .EanaHHY Ha HH1 

o6cyML\eHHe pe3ynb T8 T OB . 
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6hl CTpOrO IlpH OTCYTCTBHH B raMHnbTOHHBHe 06MeHHhlX CHn. 0AHBKO npeQ

CTBBnSleTCSl pa3yMHbiM O:>KHABTb, 'iTO C Xopoweii TO'iHOCTbiO OHO 6yaeT Bbi

ITOnHSlTbCSl H B CBMOM 06WeM cnyqae, TBK KBK KynoHOBCKOe B38HMOQeHCTBHe 

IlpOTOHOB ae¢opMHpyeT B OCHOBHOM BCHMITTOTHKy BOnHOBOH ¢YHKUHH 
3 He, 

B CylUeCTBeHHBSl o6naCTb HHTerpHpOBBHHSl B npaBOH 'i8CTH ¢opMynbi (5) on

peaenSieTCSl KOpOTKOQeHCTBYIOlUHMH SIAepHblMH IlOTeHUHanaMH. floACTaBnSISI 

(4) B (2), HaxoaHM c TO'-fHOCThiO no qneHOB 0 ( !1 
2 I w 

2 
) << 1: 

nap 

3 3 
He 2 H 

< r > -<r > !1 n p 

~ 
H[ 2 3 

< r > E (H e ) 
fl. cUp 

(6) 
3 Hi H~ E dlp(H e ) a (E 1) I a (E 1 ) . 

-1 -2 

flonHOe Ce'ieHHe ¢0TOp8ClUeiTneHHSl B HBCTOSllUee BpGMSl HeH3BeCTHO. 

Lln11 IlpH6m!:>K8HHOH OU8HKI1 Mbl HCITOnb30B8nH HMeiOWH8CS1 8KCnepHM8HTBnbHbl8 

aaHHhle an11 ¢oropacwenneHHS1 

5% ( 7) 

MarmfTHbie paaHyChi 11aep 
3

H 
3 

H He onpeaenSliOTCSl B OCHOBHOM ¢YHK-

UHei1 pacnpeaeneHHSI "He'-feTHoro" HyKnOH8 /3/. K co:>KaneHHIO, owH6KH 3K-

cnepHM8HTB ewe He Il03BOnSIIOT HBQ8:>KHO onpeaenHTb p83HHUY MSrHHTHblX pa-

AHYCOB TpexHyKnOHHhlX SlQOp H CpaBHHTb ee C ¢opMynoA (6). H3 3KCnepH-
/1/ 3 

M8HTOB , OAHBKO , BHAHO, 4TO MarHHTHblH ¢opM-~BKTOp H yMeHblUB-
2 

8TCS1 C pOCTOM q MeaneHHee, '-feM ¢opM- ¢aKTOp 
3 

He , T.e. B COOTBeTCT-

BHH C ¢QpMynoi1 (6) MBrHHTHbiH paAHYC 
3 

He 6onbwe COOTBeTCTBYIOWero 

paaHyca 3H 
• f1ony'ieHH8Sl Oll8HK8 MO:>KeT OK838TbCS1 none3HOH npH H3y'ie-

HHH BnHSlHHSl Me30HHhlX TOKOB H apyrHX ¢aKTOpOB TOrO :>Ke ITOpSlAKa Manoc

TH ( ~ 10% ) Ha 8neKTpOM8rHHTHYIO CTpyKTypy TpexrenbHbiX i:!llep. 

ABTOp Bhlpa:>KaeT 6naroaapHOCTb A.M.EanQHHy Ha HHTepec K pa6oTe H 

06Cy:>KA8HH8 pe3ynbT8TOB . 
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