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noHIITHe 0 nonlqlH3Y8MOCTH HyKnOHOB 6binO BBen&HO B CBS13H C paCCMOTp9HH8M so

/1,2/ 
npOCOB 0 paCC8HHHH ~OROB H ~OTOpo~neHHH nHOHOB Ha HyKnOHaX , a TaK~e paCCeR-

/4,5/ 
HKH HeliTpoaos aa TSI~enbiX Slnpax • HapR.Ily c 3apS1nOM, MarHHTHbi M, xsanpynonbHbiM 

H np, MOM8RTaMH nonlqlH3y8MOCTb (9neKTpKqeCKaSI H MarKHTHaSI} SIBnSieTCSI xapaKT9pH

CTHKOll qaCTHilbl, Heo6xonKMOCTb BBeneHHSI KOTOpoll nHKTyeTCSI C006pa~eHHSIMH nonHOTbl 

OnHC8HHSI B3aKMOneliCTBHSI 9n9MBHTapHbiX qaCTHil, nonlqlK3YBMOCTb XapaKTepH3yeT necpop

M aUHIO Me30HHoro o6naxa qacTHUbi non ae fi CTBI!eM 9nBKTpH'<ecxoro 11 MarnHTHoro nonell, 

0Ka pasHa Hyn10, ecnH TpaxTosaTb '<aCTHUY xax HeKOTopyiO lKBCTKyiO cTpyxTypy. 

3xcnep11MeHTanbHoe onpeneneHHe senH•mHbi nonlqlH3yeMOCTI! HyKnOHOB npencTaBnReT 

co6ofi nosonbno CJIOlKHYIO 3ana'ly, .llnR npOToHa 9TH H3MepeHHSI '<8CTH'IHO BhmonaeHbi, Onpe-

neneHa ero aneKTpHqeCK8R nonlqlH3YBMOCTb, ~TO ~e K8C88TCSI nefiTpOH8, TO B H8CTOSIIU98 

DpeMR MOlKHO rOBOpHTb nHWb 06 9KCnepHM9HT8llbHbiX Oll9HK8X HHTepeCyiOWHX H8 C BBJIH'IHH, 

3TH OUBHKII MOlKfiO nony'IHTb H3 On biTOB C cpOTOfi8MH . H fiBHTpOH8MH, 

1, PacceHKHe y -xaanTOB Ha npoToeax, neAToHax H He • 

PaccestHHe cpOTOHOB '<aCTHUaMH co cnHHOM 1/2 K aHoManbHbiM MarHHTHbiM MOMeHTOM 

6 Lmo paccMOTpeHo B pHne pa6oT
11

•
2

•
6

•
7

•
8

•
9

•
101

• B o6naCTH Manhrx '<aCTOT, T,e. npH 

et.l << m , rae W -'<aCTOTa cpOTOHa, a 

pa3no>:<enHe" a M nliHTynhr pacceRHHR 

m -M8CC8 nHOH8 1 9CT9CTB9HHO BOCllOnb30B8TbCSI 

no qacToTe <jlOToHa, B pa6oTax
11

•6•71 
B aMnnHTyne 

poccerrHHR poccMaTpnaanHCb t~neHbi, nnueAHhie n~ q:acToTe ~oTuaa. E blnO noxaaano, 'lTO a 

3 TO ,.I cny'<89 .llnSI OnHCaHHSI p8CC9SIHHSI .llOCTaTO'IHO nKWb TpBX XapaKTepHCTHK 'laC THU bi : 

38pS1.0.a , MaCChi H aaoMan&Horo MarHHTHoro MOMeHTa. OnnaKo TaKoe onucaane ne smnsreT

CSI HcqepnbiBBIOWHM, B pa6oTe
11 1 

6 brno o6paweHo BRHManHe na B03MOlKRoe y'<aCTHe B npo

ueccax B o6naCTH RH3KHX 9ReprHll npOMBlKYTO'IRbiX COCTORRHfi, OTseqaiOWHX Bh!COKHM B03-

6y><neRHSIM nyxnona. nornowenHe <jloTona ayxnonoM npHsonHT K HHnyunposanHIO s nyxnone 

aneKTpH'leCKOrO H MBrHHTHOrO MOMeHTOB H nocnellyK>IU9MY HX H3yqeHHlO. Aaanorx.P.IH09 

RanenHe H3BeCTHO B onTuKe non na3BanHeM peneeacKoro pacceRnHR, AMnnuTyna peneea-
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cxoro pacceRHHR nponopnaoaanhaa xsanpaTy '!aCTOThi y -xsaaTos. Ehino noxaaaao, 'ITO 

npa 3Bepraax RH*e nopora PO*A9HRR naoaos nono5aoe paccMOTpeHBe npasOAHT x aeo5xo

AHMOCTB BB9AeHHR ABYX ROBbiX R9H3B9CTHbiX napaMeTpOB a H {3 -K03cjlcj>HilH9RTOB 3IT9KTpH

'19CKOII H MRrRHTHOII nonS!pH3yeMOCTB ayxnoaa. 

/2/ 
B pa50Te 5hina nonyqeaa cjlopMYna nnR ce'!eaaa pacceRRHR ipOToaos aa ayxnoae 

C yqeTOM KB8ApRTH'IHbiX no 'IRCTOT9 'IITeROB B 8MnnHTYA9 paCC9RHHR B YA05ROM AITR Cpas

HeHHR C 3KCn9pBMeRTOM BRAe B CA9IT8Rhl HH*HRH H aepXRRR Oll9RKH 3IT9KTpH'19CKOII nongpH• 

ayeMOCTH npOTOR8, nnR paCC9RHHR HR yron 90° cjlopMyna &MeeT BRA: 

( du 
dO 

= ( ..!..")" [ y, 
90° M 

1-2: )+w•( 0 _Ji_ ) j ' 
(~ 

M 

(I) 

rna w - qacToTa nana10mero cjloToaa, 0 - '18CTb C9'19HHR 0 onpenerrR9M8R CT8TH'I9CKHM 

MarHHTULIM M OMeHTOM JrYitnOH8, a - cpenaee aaa'leHHe K03cjlcjlanaeaTa snexTpaqecxoll no-

ngpaayeMOCTH ayxnoaa, orrpenenHeMoe qepea cpenaee aaaqeaae nanonLaoro MOMeRTa. 

a= < Y>IaiY>>=2~ 
N 

I<N I dD\0 >\2 

EN-Eo 

rna d - onepaTOpbl KOMnOH9HT AHnOnhHOro MOM9HT8. 

{2) 

1:13 Bblp8*9HHR (2) cnenyeT, 'ITO BCe B035Y*A9HHhl9 COCTORHHR CHCTeMhl AS JOT nono

*HT9ITbRblll sxnan s nongpaayeMOCTb ayxnoaa. nepsoe aa aax - 3To coCTORHHe ayxnoa + 

Meaoa. KsanpaT MaTpH'Iaoro 3rreMeHTa MO*HO BhipaaHTb qepea ce'leaae 3nexTpH'!ecxoro 

AHnOnhHOro cjlOTOpO*AeHHR M930HOB u E I , 'ITO n03BOITReT CA9IT8Tb HH*HIOIO 0A9HKY 

/2/ 
AITR a 

a > ...L,J 
2" 

uE
1
(w) dw 

w• 
(3) 

noACTBBITRR 3KCnepHM9HT8ITbROe 3R8'19HHe C9'19RHH cj>OTOPO*A9HHR M930HOB 88 npOTo

H8X B (3), nony'IHM 

a > 0,4 • 10-42 3 
CM 

TaK K8K H3B9CTHO, qTo ceqeaae (..QQ._ ) 
d n 90° 

5nH3KO K TOMCOHOBCKOMY Ce'!eRRIO Y, ( ~ 
M 

TO MO*HO nony'IHTb R sepXHIOIO Oll9HKY 

a• ':(: 1,5·10-42 3 
CM 

HTax, 0,4 · 10-42 < a.~ 1,5 ·10-42 

8 pa5oTe /
3 / npH onpeneneHHH ITOITSipH3yeMOCTH npennaraeTCH HCXOAHTb H3 CnHHOBOII 

CTpyKTyphl BMniTHTYAhl paCCeRHH!I H OrrpenenRTb 3 ITeKTpH'Ie CKYIO R MSrHHTHYIO nOITS!pH3yeMOCTH 
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<jJOpManbHO K8K K09<jl<jJHUHeHTbl npH KB8Ap8TH'IHOM no 'l8CTOTe H3,1ly'leHHSI 'lneHe a aMnnH-

TyAax R 
1 

H R 
1 

OnHCbiB8eT nornoweHHe <jJOTOHOB B sneKTpH'IeCKOM COCTOSIHHH, 

a R
2

- B M8rHHTHOM. npH 6onbWOM 'lHCne COCTOSIHHII B R
1 

ASIOT BKnaA H MSrHIITHbie 

COCTOHHHSI1 8 B R~ - H aneKTpHlleCKHe, HO HX BKn8.Q Man. 

J.ia AHCnepCHOHHbiii COOTHOWeHHII MOlKHO nony'lHTb 

a + f3 = fim ..JL ( R + R ) = 
dw2 1 2 

W~-+0 0 
0 

rAe w - nopor HeynpyrHx npoueccoa. 
t 

a( w) dw 

W2 
(4) 

3TO Bblp8lKeHHe OTnH'l8eTCSI OT/
3

/ TeM, 'ITO B a( W) - nonHOe Ce'leHHe nornoweHHSI

BXO/lSIT BKn&Abl acex COCTOSIHHII, 8 He TOnbiJ:O sneKTpnqeCKOe AlinOnbHOe nornoweHHe. 

J.iTSK, AnSI HyKnOHOB aenH'IHH8 KB8Ap8TH'lHOrO no '18CTOTe 'lneHa onpeAenSieTCSI BKna

AOM BCeX COCTOSIHHII B Ce'leHHe <jJOTOpOlKAeHHSI nHOHOB, XOTSI pOlKAeHHe nHOHOB, CBSI38HHOe 

c sneKTpn'leCKII M AnnonbRbiM nornoweaHeM, urpaeT aau6onee aalKayK> ponb. 

B Aanbael!weM TeopHSI KOMnToa-s<jl<jleKTa Ha HyKnoHe 6bma pa3aHTa a pa60Tax
18

•9 •
101

• 

5bin0 nOK838H0 0 'ITO npH paCCMOTpeHHH pacCeSIHHSI <jJOTOHOB M8nbiX 3HeprHII H8 CHCTeMe CO 

cnHHOM I /2 c TO'lHOCTbK> AO 'lneHoa, Ky6H'lRbiX no 'lSCTOTe <jJOToaa, a <jlopMyny AnSI aMnnu-

Ty.D.bl paCCeHHHSI1 llOMHMO 38pHJl8 1 MSCCbl H SHOMSnbHOrO MSrHHTHOrO MOM9HT8 1 BXO,lUIT ewe 

TPH napaMeTpa: a f3 H <r.2> - cpeAHeKBSApaTH'lHbiii paAHYC pacnpeAeneHHSI aapSIAa, 

.llnSI cpaaHeHHSI c sKcnepHMeHTOM YA06Ho nonb30B8TbCSI BbtpalKeHHeM cneAyK>mero BHA1~ 1 

~ = 3 - w 2~ ( ( 1 + Cos2 0) (a+~< r ">) + 
dl1 dO M 3M • 

+ 2{3 Cos e l + w 3 ~ ( 1 -Cos e) ( ( 1 + Cos 
2

"0) (a+ ~< r 2> ) + 2p CosO l + 0 ( L ) 
M2 3M m< 

V= ~~ 
M 

K - SHOManbHbiA MSrHHTHbiA MOM9HT qaCTHD.bi. 

(5) 

+ O(..,a) 

6 
/11/ 

CpaaHeRHe sToll <jlopMynbi c peaynbTaTSMH sKcnepuMeRTanbHbiX pa OT , abmOnHeHHbiX 
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npH 3HeprH!IX y -xaaHTOB 60-90 Mas, npHBOilHT x cnenyiOIIlHM aHa'leHH!IM xoa<jl<jlHUHBHTOB 

nOill!JlH3 yeMOCTII llllSI npOTOH8! 

a • 
-43 3 (9;!:_4)•10 CM fj.- ( 2;!:_2) ·10-43 3 

CM 
/ 12/ 

CnenyeT aaMeTHTb, 'ITO OT6poweHHbie a <jlopMyne (5) qneHbl Bbicwero nopHnxa, B03MOlKHo, 

MoryT HBCKOnbXO H3MBHHTb 3H8'1BHIIB a • • t.{To6bl nOilHOCTbiO HCKiliO'IHTb !IX BllH!IHIIB, 

cnenyeT aecTI! H3MepeHHH npH 3HeprH!IX Y -xaaHTOB nopS!IlKB 10-20 Msa. OnHaxo STO 

CBH3aHo c 6onbwiiMH TPYilHOCT!IMH acnencTaHe CHnbHoro yMeHbWBHH!I H3Mep!!eMoro a<P<PexTa 

C )'M9HbWBHIIBM SHeprnH. 

OueHHTb non!!puayeMOCTb HeilTpoHa 3HB'IHTenbHO 6onee cnolKHO, nocxonbxy HBB03MOlK

HO nony'IHTb npHMbl9 SKCnepi!MBHT8nbHbiB ll8HHbiB HH no p8CC9!1HHIO <jlOTOHOB H9ilTpOH8MH, HH 

no <jloTOpOlKilBHHIO nHOHOB H8 HeilTpOHBX. BcnenCTBHB STOrO llll!l OUBHOK llOil!!pH3YBMOCTH 

HeliTpOH8 npHXOilHTC!I nOnb30B8TbC!I ll8HHbiMH, nony'IBHHbiMH H3 SKCnepHMBHTOB no KOMn

TOH-a<jl<jlexTy H <jlOTOpOlKilBHHIO nHOHOB, Ha: tpnMep, H8 llBliTOHB. 3aTpyllHBHHSI llpH 8H81lH3B 

3 TI!X 9KCil9pHMBHTOB CB~38Hbl B nepay10 O'lepellb C OTCyTCTBHBM CTporoil pellHTIIBHC.TCKOil 

Teopnll neilToHa. Heo6xonHMO y'IHTbiB8Tb TO o6cTonTenbcTao, 'ITO a neilToHe HeliTpoH Haxo

lll!TCH e llBHlKBHHH. Ha coepe M eHHoil CT81lHH penHTHBHCTcxoli TeopHH neAToHa aana'ly o6 • 

a~J<jlBI<Te llBI!lKBHH!I MOlKHO pewHTb llHWb npH6nu>KeHHO. DpuxonHTCH nenaTb nenbili PHil nony

lllBHHfi, 'ITO ll KOHB'IHOM C'IBTB B KBXOll-TO CTBnBHH 06BCUBHHB8BT nony'I9HHblB pe3ynbT8Tbl. 

AHami3 sxcnepnMeHTBilbHbiX llBHHbiX no KOMnToH-s<P<!>exTy na aellToHe o6bi 'IHO npoao

llHT B p8MK8X HMnyllbCHOrO npH6n!!lKBHH!I/
1
S/ • 0HO COCTOIIT B TOM, 'ITO BMnllHTYilB paCCBR

HH!I H8 llBflTOHB C'II!T8BTC!I pBBHOfl CyMMB 8MnllHTYil paCCB!IHH!I H8 CB060ilHbiX npOTOHB H HBH

TpOHe, npH'IBM nOCilBilHHB HMBIOT pacnpellBilBHHB no IIMilYilbCBM T8KOB lKB, KBK B llBilTOHB. 

Hlflf 

OnHaxo, xax noxaaaHo B pS!Ile pa6oT
12

•
14

•
17 1

, sxcnepuMeHTBilbHbie llBHHbie o paccell

~~OTO!IOB Ha aeRToHax
1 15•161 

He yxnanbiBBIOTC!I B paMKH HMnynbcHoro npu6nu>Ke!IHH. Ha 

aMnnnTylly pacceRHH!I paccMaTpnaaeMoro nponecca B o6nacTH aHeprHil 50-100 Msa oxaabi

eaeT CIWbHOB BllHSIHHB <jlOTOp8CillenneHHB nei!:TOH8. 3TOT HeynpyrHil npouecc H8PHilY C <jloTo

p0>1<1l9HHBM nH0HOB npH 60ilbWHX 3Hepr11!1X llBil8BT H9B03MOlKHblM npHM9HBHHB '"·lllYilbCHOrO 

npH61llllKBHHsi I~ paCCMOTpBHIIIO KOMnTOH-S<jl<jleKT8 H8 nei!:TOHB B WHpOKOil 061l8CTH SHeprHil. 

Bee 3TO npHBOilHT B KOHB'IHOM C'leTe K TOMy, 'ITO llBilBTb H81lBlKHbiB 38Kili0'19HHll 0 ll01lll

pii3Y9MOCTII HBilTpOHB H3 SKCnepHMBHTOB no paCCBSIHHIO <jlOTOHOB H8 llBATOHBX HBB03MOlKHO. 

B OllHOil H3 nocnenHHX pa60T 
1141 

aaTopbl, paccMaTpHBBH sxcnepHMeHTanbHbie naHHbie no 

KOMnTOH-s<P<!>exTy HB llBHTOHe, llpliXOil!IT K BbiBOily, 'ITO 31lBKTpH'IBCK8SI nOil!!pH3yeMOCTb 

H9HTpOH8 HB MOlKBT npeBbiW8Tb COOTBBTCTBYIOIIlYIO BllllH'IHHY llllH npOTOH8 6onee, 'IBM H8 

40%. 0nHBKO STOT BbiBOil nenaeTCSI H8 OCHOBB HMnynbCHOrO npu6nHlKBHHll H, KBK YTB9plKil8-

IOT C8MII 81lTOpbl, Y'IBT 06MBHHbiX s<jl<jleKTOB, H8npHMilp, THna nOK838HHbiX HB pnc. 1, Mo

>KeT npHBBCTH K 3H8'1HTBilbHO 60nbWeA BBilH'IHHB a 
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Puc. 1. 

B pa60Te
121 

6bi1IO o6pameHo SHHMaHHe Ha To, 'ITO H3y'leHIIe npoue ccos y +d .. d + y 

H y+ He 
4 

.. He 
4
+ y MO>KeT ynpoCTHTh HHTepnpeTaUHIO 3KCnepi!MeHT81IbHbiX JlBHHbiX. YTo 

K8C89TCH nepsoro npouecca, TO, SHJlHMO, npH 3Hep rHHX nopHDK8 H9CK01IhKHX Jl9CHTKOD 

Mas ero TPYilHO OTJl91IHTh OT npouecca y + d -+ p + n + y , a a Q<jJeKT nonsqmay e M OCTH 

nponOpUHOH8119H KS8Jlp8TY 'l8CTOTbl <jJOTOH8 H npH O'l9Hh HH3KHX 3HeprKHX Ql OTOHOS 3 ('¢eKT 

Man. 

Bo3MO>KHOCTh oueHKH an npH uay'leHHH peaKUHH y+ He 4 .. lie 4+ .
71 

paCCMOT-

peHa s pa60Te
1101

• B aToM cnyqae SK118Jl Heynpyrux npoueccos s aMnnHTyJly pacceg Hun 

3H8'1HTen&uo MeRbwe, '!eM s cny'lae JleliToHa, TaK xaK nopor <jloTopacwenneHII!I renHn 

JlOCT8TO'IHO sbiCOK { E • 20 Mas). KaK noK838HO s /IO / , peayn&TaT M O>KeT 6biTb 

C JlOCT8TO'lHOI! TO'IHOCTbiO HHTepnpeTHpOS8H H8 OCHOSe C119JlYIOlll9ff <jlop My1lbl Jl1IH C9'l9HH!I 

pacce!IBHH: 

-{ 2 w 2
- 6 "'

1
( 1- Cos 8)] [ ~ ( 1 + Cos 28 ) + 2 _f3_ Cos 0] 1. 

M (e •/1,!) (e 0/ r.t) 

HaMepnn paccenuue <jloTOHOs aa renuu nOll yrnoM 90°, M O>KHO nony'IHTh 3H8'1&Hife 

a =a + l/3(~) <r 2 
> , rJle < r

2
0
> - Cp9JlH9KS8Jlp8TH'IHbii! p8JlllyC r91llf!l, lf3S9CTHblfi M • 

H3 onbiTos no e -He 4 paccenauiO, a nonnpnayeMOCTh renun a = a + 2 a + 2a 

3H8'19HH9 a 
nuot 

nuot P Q 

MO>KeT 6biTb onpeJleneno us onbiTos no .PoTopacmennenu iO renun: 

a = 1 f ___;"_JE>JI'-.;d:.::w:__ 
D.uol ~2 CU 2 • r.ne u - nonaoe ce'leHHe .aHnonbaoro nornoweHUH 

EI 

(He npHHHM8!t SO SHHMQHHe <jJOTOpO>Kll9HH9 M930HOs) • 11nTerpan MO><HO OU9HHTh, 38M9HHS 

7 



0 
El 

Ha o 
tot 

• 3To aDeT: 
-42 3 

anuct = (70:!:,.4)·10 CM. ToqHOCTb 3TOii oueHKI! orrpeue-

nuT oepXHIOIO rpaHIIUY a • D.aHHbi M MeTOAOM B03MO>KHO orrpeuenHTb oenHqnHy a , 
n -42 3 ° 

ecnu oHa 6onee nnu rr op>IaKa 5·10 e M • OrrbtTOB no paccenHHIO ¢oToHoa Ha rennn rroKa 

HeT. 

KocneHHBH oueHKO nonHp ,:ayeMOCTH neiiTpoaa MO)I<eT 6htTb nony'leHa na JlBHHbiX no 
12,3 1 /3 / 

¢oTopo :-:~.nenHJO Me30HOB • Ha aacnepc uoHHhtX cooTHoweHHti nonyt.taeTCH, YTO 

2 2 2 
a= --=-- f ~ l \ E \ +:!\ E \ 2+113\ E \ -1/6\ '.1 1 1 um1 3neKTpH"teCKOl! 

211 2 w w 2 1 a 2 2 nonsq>uayeMOCTH 

f:J= lftb I\~! \ 2
+2\M \~1/3\M\ 2-1/6\E \

2
1 

:br2 GJ2 I 3 2 2 

nnR M8r'HHTHOll 
rronRpuayeMOCTII 

"'• 
E, H ~,. napUH8nbHLie 8 MilnHTYllbl pO>KAeHHII llHOHOB H8 HyKnOHe 

(3neKTpH"teCKOrO H MarHHTHOr'O THilOB ) 

(7) 

(8) 

113 OllbiTOB no ~lOTOpOlKAeHIIIO OIIOHOD H8 llpOTOH8X H nei\TOH8 X H3DeCTH00 'ITO OTHOWe

IIIIe ceqeHHII a6nnau rropora ~ = 1,3 
1161

• nocKonbKY "nexTpH"tecKoe uurronbHoe polKneHue 
~ 2 + 

nuOHOD noMHHHpyeT rrpn 3TH X 3IIeprnHx, MOlKHO npeunono>KHTb, qTo \ E"-1 ~ 1, 3\ E" \ 
2 

• 
I I 

0Tc10ua, rrpRHHMaSI so BHIIMBHHe 3HD"'eHue a , MO>KHO rronyquTb anSI HeiiTpoHa 
-42 3 p / 18 / 

au ~ 1,2 ·1 0 CM , AHanoruqHaH aenH"'HHa rrony"'eHa TaK >Ke a pa6oTe , BunuMo, HCTHH-

HOO 3H8'19HH9 eenH'IHHhl a n HDXOA!ITCH a6nH3H nonyqeHHbiX 3H8"{eHHii, 

2 . Pacr:eHHHe HeiiTponos TH>KenbiMH SUlpaMH 

B epXHSIH oueHKa 3neKTPH"'eCKoll rronl!pHaye~v~ocTH Hei\TpoHa MO>KeT 6htTb nony"'eHa 

nyTeM H3yqeH>iH paCCeiiHI! H He >iTpOHOB HD TSI>KenbiX HApax. noliSITHe 3neKTpHqeCKOil llOnSI

puayeMOCTH HellTpOHD B CB113H C DOrrpOCOM 0 paCCeHHHH HellTpOHOB 6bln0 BBeneHO B pa6o

Tax14•51. B r aMHnbTOHnaHe saauMonellcTBHR HellTpoHa c SUlpOM nosiBnHeTCH uononHHTenb-

Hblil qnen, paBHblll ~a. E 2 
, rue an - 3neKTpHqecKaSI nonl!pH3yeMOCTb HellTpoHa, a 

E - 3neKTpuqecKoe none Slnpa . 

B pa6oTe151 B 6opHOBCKOM npu6nu >KeHHH 6hma abJqHcneHa aMnnHTyna "nonSipHaauuoH

HOro' pacCeHHHSI HeJ!TpOHD B KynOHODCKOM none Slllpa: 

f (0) = m au 

2R 
(-lfL) 2KR (~+~+siKR) , 

'1i K2R 2 KR 

(9) 

rae K=2._Sinj_ 
, 2 

R - paaHyc Hapa , m = Macca HellTpOHa. 
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B npeunono*eHHH, ~To saeprHH gaepaoro saaHMouellcTBHH ae aasacaT oT cnaaa, 

nonyqaeTCB cneuytoruee Bbipa*eaHe unH ua<jMjlepeauaanbaoro ce~eHHH ynpyroro pacceB

HHB aenon..pHaosaHHbiX aeATpoaos: 

(10) 

rue f (0) - aMnllHTyua gaepaoro pacceHHHH, BTopoA ~nea BbiPS*eHHH ( 10) onHCbisaeT 
0 

T8K H83biB8eMOe IIIBHHrepOBCKOe paCCeSlHH9, >IBil!IIOIIleeCB pe3yllbT8TOM B38HMOUeliCTBHH 

MarHHTHOrO MOMeHT8 HeliTpOH8 c KynoaosCKHM noneM gapa. rlocKOilhKY non..pHaa-

UHOHHOe pacCeHHHe 06yCilOBileHO UBilbHOUeliCTBYIOIIlHMH CHI18MH, TO llOHCKH s<!J4>eKTOB, 

Bbi3B8HHblX HMH npH 9HeprB>IX HeliTPOHOB nopHUK8 HeCKOilbKHX MerasneKTpOHOBOilbT, cneuyeT 

BeCTH B HHTepsane M81lb!X yrllOB ( < 10°). flOMHMO s<!J4>eKT8, CBH38HHOrO C ll01l>IpH3ye

MOCTb!O ael!Tpoaa, B 06118CTH M81lb!X yrllOB 6yueT npOHBilHTbCH T8K*e IIIBHHrepOBCKOe 

p8CCeHHHe, OUB8K0 1s<!J<!JeKT llOCil9UHero MO*HO UOCT8TO'IHO TO'IHO y~eCTb paC'ieTHb!M nyTeM, 

0cHOBB8H TpyUBOCTb npB HBTepnpeTBUHB 9KCnepHMeHT81lbHb!X U8HHbl:t 38Kill0'18eTCH 

B y~eTe gaepaoro B38HMOUeliCTBBH, flOCKOilbKY ae cyrueCTByeT COOTBeTCTBYtollleli CTpo

roli TeOpHH, TO npH y~eTe s<!J<!JeKT8 gaepaoro B38HMOUeliCTBHH npHXOUHTCH npH6eraTb 

K paana~Horo poua MO!lellbHbiM npencTasneaH!IM, B nepsoM npH61lH*eaHH ll!lepaoe 

pacce!IHHe B o6nacTB yrnos < 10° npa saepra>IX nopH!lKa 1 ~ss MO*HO C'iHTaTb H3o-

TponHbiM, neliCTBBTellbBO, aeliTPOB, HCflbiT8BIIIHli B38HMO!leliCTBHe B o6naCTH paaMepaMH R 

(panHyc ~~Upa), BMeeT aeonpeneneaaocTb s HMnyllbce 1'1 p ~ 

neaaOCTH B yrne pacce!IHHB 0 : tg 0 = ~~ __!___ ~ _1_ 

1; 
~·'ITO npHBO!lBT K HeOnpene

• EcnH R = 10-
12

c M, KH-
P P k kR 

HeTH~eCKB!I saeprB!I HeliTpOBB £ 0 = 2 ~SB, TO tg 0 ~ 1/ 3 H 0= 18° T,e, BllllOTb !10 

yrnos = 20° ( a MeHbllle) paccegaae pasaosepo!ITBO, B nepsbiX paooTax, nocs51IlleaabiX 

pacce!IHBIO aeATpoaos, c saepraell nopgaKa aeCKOilbKHX MerasneKTpoasollbT Ha MBilbie 

I 19,20 / 
yrnbl , peaynbTBTbi sKcnepaMeHTa nocne yqeTa IIIBHHreposcKoro pacceHHH!I cpasHB-

sanHcb llHOO c aasaCHMOCThiO !11111 ~~Uepaoro pacce!IHH!I sana 0 ((J) = A+ B CosO 
119 1

, llHOO 

c na<!JpaKnHoaaoll <!JopMynoa
1201

• H s ToM H s npyroM cny~ae s noseneHHH llH¢<PepeauHanb

aoro ceqeaag pacce!IHH!I s oonacTH MBilbiX yrnos Ob!llH aallueabi OTKnoaeaHH oT yKaaaa

HbiX 38BHCHMOCTell B .cny~ae gaep ypaaa, TOpH!I H nllyTOHH!I, 0TKilOHeHHli He H801110!18110Cb 

llll!l oonee nerKHX gaep. Ecna 9TH OTKilOHeHH!I hpllnHCBTb BllHSlHHIO s<!J.peKT8 SlleKTpH'ieCKOll 

llOil>IpB3yeMOCTB ael!Tpoaa, TO llllSI 3H8'19HB!I a 0 nony~aeTCSI CllHIIIKOM 001lbiii8SI B911H~H

H8 a = 10-4Q CM
3

, ~TO npOTHBOpe~HT He TOilbKO 9KCnepHM9HT81lbHOli BellH'IHHe SlleKTpH-
n 

'ieCKOll ll01l>IpB3yeMOCTH npOTOHa, HO B UellOMY pgay TeopeTH'ieCKHX paC'ieTOB, BbinOJiHeH-

Hb!X llllSI HYKilOHOB
121

• 
22

• 
23

• 
24

• 
251 

Heuasao OblllH npeunpHH!ITbi HOBbie H3MepeHHR pacceRHHH aeliTpoaos aa M 81lbie 

yrnbi aa Tll*91lbiX !IUpax s IIIHpoKoll o6naCTH saeprHll, .nepeKpbiBatomeli HHTepsan 
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0,5- 10 Mas
126

•
27 

•
281

• Peay/lbTaTLI H3MepesaA cpasaasanacb c pac'leTaMH, nposenesabiMH 

sa ocaose onTH'IecxoA MO.!lena smpa . B pa60Te
1261 

H3MepesaH 6Lma sLmonneshl sa ypase 

npa aaepraa aei!Tpoa os 0,57 Mas. B npenenax owa6ox axcnepaMeHTa saxaxax OTxnoseauA 
/27/ 

OT H.!lepaoro pacceHHHH ae 6Lmo sa A neao. B pa60Te pacceHHHe sa MaRble yrn hl aa 

ypase, csaane a M&.!lR aayqanoch npa aaeprH!IX seATposos OT 0,6 110 8,5 Mas. PeaynhTaTbi 

axcnepHM9HTa nocne y'leTa WSHHrepOSCKOrO paCC9!1SHII CpaSHHSanHCb C paC'I9TaMH no OnTH

'19CKOA MO.!leDH smpa, XOpOWO OnHCbiDaiOIIleil nonHbi e Ce'I9HHII, C9'19 HHII 3aXDaTa H yrnOSbl9 

pacnpeneneHHH npa yrnax, 6oflbwax 20-25°. Kax aa ypaae, Tax a sa csasne s o6nacTH 

ManbiX yrnos o6sapyJKeHbi pacxoJKnesaH c pac'leTHbiMB xpasbiMH. B TO JKe speMH nn11 

6onee nerXHX smep-M9.!1H H SODb~paMa-OTXOOHeSHi! SHXaKHX HaT, 3TH KpHSbl9 SM9CT9 C 

9KCnepHM9HTaflbHblMH TO'IXaMH npHS9.!19Hbl Ha pHC, ::!, 3, 4. 3xcnepHM9HTaDbSb19 .!laSHbl9 

npa 14,2 Mas saHTbi sa pa6oTb/
201

• 3aax o-rxnoseHHH OT pac'leTsbiX xpasbiX s xaxoii-To 

Mepe KOppenapyeT CO 3HaKOM peanbSOi! ' .aCTH aMnDHTYilbl !lllepaoro pacceHHBa Ref 0 , 

'ITO anniOcTpHpyeTCH pac. 3. Bo3MOJKHO, 'ITO aTo o6cToHTenbCTso CSH3aHO C HST9p~peH-

naell Re f 0 c aMnnHTylloA pacceHHHH sa aeaaseCTHOM noxa Jla/lbHO.!leAcTsyiOmeM nOTea-
/28/ 

naane. Haxoaen1 s pal5oTe peaynbTaTbl aKcnepaMesTa no pacce!IHHIO sa ManLie yrnhl 

H&i!TpOHOS C 9HepraeA 0,83 Mas Ha ypase TaXJKe OTDH'laiOTCII OT pe3y/lbTaTOS paC'l9TOS, 

npOS9.!19HSbiX sa OCHOSe OnTH'leCKOil MOll enH !lllpa. 0rKOOS9HHII HODIOCTpHpyiOTCII pHC, 5. 

B nenoM p!llle pa6oT l5binH np:.nnpHHHThl nonbiTKH yqecTb a~KThl, cnoco6aLie Shi3SaTb 
/29,30,31,32/ 

pa3DH"'HOrO p0Jl8 aHOMaDHH S ol5naCTH MaObiX yrnos • nepe'IHCDHM xpaTXO 9TH 

9~XTbl: SDHIISRe KSaJlpynO/lbSOro H MarHHTSOrO MOM9HTOS !lllpa, SDR!IHHe 909KTpOHHOi! 

o6onoua (aeynpyroe pacceHHae aa K -sneKTpoaax, non!lpH3yeMOCTb K -ol5onoqxa) , 

RRTep~peHilHH WSHHrepOSCKOro H IIJl9pHOrO paCC9!1HHII (npH y'leTe CnHs-opl5HTanbHOA 

cs>13a), Jle~pMaJIHR 1111ep u np. YnosneTsopHTenbsoe o61.srcseaue sa6niO.!laeMoro aljMpexTa 

noxa ae aaAneao. Hanaqae noKa aenoRHTHoil aaoManua s ceqeaaa pacceHHHH HeATposos 

Ha TlllK9DbiX IIJlpaX S o6naCTR ManbiX yrnos H Reonp9Jl909HHOCTb S pacqeTaX XOJla IIJl9p

HOro C9'19HHII pacce!IHHII CH/1bHO yMeHbwaeT TO'IHOCTb sepxsell OJI9HXB 909KTpR'l9CKOil nonR

pR3yeMOCTH Hei!TpORa, CJlenaRHOA Ra OCHOSaHRR paCCMaTpHSa9MbiX OnbiTOS, MOlKRO DHWb 

- -40 3 yTseplKJlaTb, 'ITO a 0 '< (2-3),10 CM • 

fipyroll cepaei! onbiTOs, noason!IIOmRx cnenaTb sepxaiOIO oneaxy an • smnRlOTCSI 

9XCnepRM9HTbl no paCC9!1HRIO Rei!TpOHOS Ra TlllK9DbiX !lllpax S o6naCTH HH3KDX 9Reprall. 

8 DaCTOHm99 speM!I HM9IOTCII H3MepeRHII Ha TlllK9DbiX aneMeRTaX OT 50 X9S R Sbi We /
331 

/34/ 
H S ol5naCTH 1-10 KaS • npn aTHX aseprH!IX Jlflll TOrO 'IT06bi RM9Tb Taxoi! lK9 RRTep-

san nepenaHHbiX llllPY RMnyflhcos, xax npa pacceHRRR aa ManLie yrnLI s o6nacTH 6onbwax 

aaepruA, cnenyeT asanaaaposaTb axcnepaMeRTanbHble naHHbi e s wapoxoil o6nacTH yrnos 

(0 -180°). 
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TaK KaK a 6opuoacKOM npn6nu>KeHHH aMnrrHTyua pacceRHH!I f ~ Jv ( r) e 1 t i' dr, 

rue q - nepeL!8HHbll! HMITYflbC 0 TO, eCITH HMeiOWHeCH B o6naCTH M8flbiX yrnoa npll 9Hep-

rHSIX rtOpH!lK8 H9CKOnbKllX Mera3n9KTpOHOBOnbT BHOMBnHH Bbi3B8Hbl aq,¢eKT8MH, He 38BHCH

WHMII OT 9HeprHH ( eCITH V ( r) He 38BHCHT OT 9HeprHH) , OHH L!OfllKHbl Terre ph npO>IBHTb-

CH a o6nacTu 6onhwux yrnoa. B pa6oTe
1351 

aHannaupoaanucb aKcnepuMeHTarrbHbte uau

Hbt/331 8 cnyqae KOpOTKOUel!CTBYIOWHX HUepHbiX CHIT 8CHMMeTpH!I pacceHHH!I ~=o(O)-a(,jjo(,j 
>IBIT!IeTC!I ITHHeHHOll ~YHKUHel! 9HeprHH Hel!TpOHOB BITITOTb L!O COTeH KHIT09fleKTpOHOBO~bT. 

Dpu Hannqua uanbuouel!CTBHSI uon>KHbt Ha6niOuaTbC!I OTKnoueHu!l oT nuuel!HOCTH. BnnHHHe 

aenH'tfHHhi an H8 8CHMMeTpHIO paCCeHHH!I neliTpOHOB H8 CBHHUe HflfliOCTpllpyeTC!I pHC. 6. 

DyHKTHpHbiMH rrHHH!IMH ua aToM pucyHKe noKa3aHbt peaynbT8Tbt pac'teTOB aenH'IHHhi ~ 

L!IT!I p83HbiX 3H8'19HHl! napaMeTpa a o6wenpHHRToro nOTeHUHana Byua-CaKcoua 

Vo 
---'=----,--"""'R" • DpH aTOM rrpHHHManocb V0 E- 49 Maa, 
l+exp 

pucyuxa -;<i]pu an ..0 a li!HpOKOM HHTepaane auaqeuul! a 

V(r) = R = 7,4 f • KaK auu-

~ npeucTaanHeT co6ol! HO H3 

nuuelluyiO ~YHKilHIO auepruu E • Ha TOM >Ke pucyHKe npoaeueaht KpHBbte c y'leTOM anHS<-

HHH 9fleKTpH'IeCKOl! ITOIT>IpH3Y9MOCTII Hel!TpOH8 L!fl>l 3H8'19HHll aD -2·•10-
4 ! 0 10-

41
, 5•10-~M3 

H a ~ 0,52. B aTOM cnyqae nuuel!HaH aaaHCHMOCTb ~ OT 9HeprHH. uapylii89TCH. 

3KCIT9pHMeHT8flbHbl9 L!8HHbl9 ITO p8CC9>1HHIO H9l!TpOHOB npH 9HeprHHX Bbllll6 50 K9B 

HB yp8H9 H CBHHI19 L!BIOT B npeuenax OliiH60K ITHH9llHyiO 38BHCHMOCTb B9ITH'IHHbl ~ 0T 

aueprHH, 'ITO 1103BOIT>I9T CL!6IT8Tb aepXHIOIO OlleHKY ITOITgpH3Y9MOCTH H9llTpOH8 

an < 2 ·10-
41 

cM
31351

• Eonee qyacTBHTenbHbiM K a<P<!>eKTaM uarrhHOUellcTBH!I OK83btaaeTCH 

HHTepaan 9Heprul! HH>Ke 50 K9B 0 'ITO BHLIHO H3 puc. 6. PeaynhT8Tbl BbiiTOITHeHHbiX B pa6o-

Te 
1341 

H3Mep!HHll aenH'IHHbl ~ a aToM HHTepaane aueprul! npuaeueabt ua puc. 7. 

113 CpaaHeHH>I 9KCIT9pHM9HT8flbHbiX TO'I9K C TeOp9TH'I6CKHMH KpHBbiMH pHC. 7 CIT9L!Y9T 0 

-41 3 
'ITO 9IT6KTpH'IeCK8!1 ITOflgpH3yeMOCTb Hel!TpOH8 an< 10 CM • 

B pa6oTax
136

•
37 1 

o6cy>Kuanacb upyraH aoaMo>KHaH npH'IHHa cywecTaoaaHHR uaflhHo

uel!cTayiOwux CHIT npH B38HMOL!9liCTBHB HeliTpOHOB C >IL!p8MH - H8ITH'IH9 y >IL!9pHoro IIOT9H

UH"8ne 'XBOCTa', 6onee npOTSVK9HHOrO, 'tJSM 3 T O .O.~eT 06bl'IH09 By!l-C8KCOHOBCK09 p8Crtpe

L!9IT9HH9. B CBH3H c 9THM cneuyeT aaMeTHTb, '<TO uayqeuue aHH30Tponnn pacceHHHH 

H9iiTpOHOB B KHITOBOflbTHOl! o6naCTH 9HeprHll TaK >Ke, KBK B paCC9>1HII9 H8 M8flb19 yrflbl 

B 06IT8CTH 9HeprHl! ITOp>IL!K 8 H9CKOITbKIIX MeraarreKTpOHOBOITbT 0 MOlK6T >IBHTbC!I 'IYBCTBHT9ITb

HbiM HHCTpyMeHTOM unR o6napylKeHHH cywecTaoaaHHH nouo6aoro xsocTa. KaqecTaeHHO 

9TO HITITIOCTpHpyeTCH llpHB9L!6HHblMH Ha pHC. 8 KpHBblMH 38BIICIIMOCTII 8HH30Tp0lli!H f:l 

OT aaepr1111, Bbl'tl!cneHHbiMII unR npRMoyronhHol! HMbt rny6uuol! 49 Mas 11 liiiiPHHol! 

R 0 =7,4 f u TaKol! JKe HMbi c uo6aaneuueM 'xaocToa•, napaMeTpbt KOTOpbtX npuseueubt 

11 



H8 pHCYHKe. nyHKTHpOM nposeneua KpHS8R nna syn-caKCOROSCKOrO nOT9HilHSna C nap8M9T-

p8MH 11
0 

•49 Mas, Ro •7,4 f a s0,52 f • 

3. nonapuayeMOCTb HyKnOROB scnenCTSHe HenuaeiiHbiX aljlljleKTOS aneKTPOilHH8MHKH 

no CHX nop wna pe'lb 0 nonapH3y9MOCTH HyKnOHOS, CS!l38HHOII C o6naKOM nHOROS, 

oKpy>Katomux ayKnou. OnaaKo soKpyr ayKnoua scerna HMeeTCR o6naKo supTyanbHbiX aneK

TpOHHQ-n03HTpOHHbiX nap p83MepOM _h_ ~ 10-ll eM. Ha aTo o6cTORTenbCTso 6&mo o6pa-
2m c 

e 
W8HO BHHM8HH9 

/38/ 
s pa6oTe KaK oTMe'lanocb s aToll pa6oTe, s03MO>Kao, 'ITO aaMeT-

uyto ponb no pacceRHIIJO uyKnouos ua Rnpax arpaiOT auarpaMMbi wecToro nop!lllKR no e 

COil9plK8tnHe 6nOK p8CC9RHH!l ljJOTOHOS KynOHOSCKHM noneM Rllp8 . (CMo puc. 9). 

nonHbiii K09<jlq>HUH9HT npH KS81lp8TH'IHbiX no '18CTOT9 'ln9H8X S 3TOM cnyqae MOlKHO 

/38/ 
aanucaTb s sune : 

rne 

pOnb 

a, _I_ 
2rr 2 

f 
w 

u (w? 4w' 
' 

( w') 2 
a a:: a +a , ' .. . Ill) 

am u a e -sKn81lbl OT M930HHbiX H aneKTpOilHH8MH'19CKHX nponeCCOS. 

Ha-aa oco6euuocTell yrnosoll aasuCHMOCTH 

npu paCC9!lHHH H8 60nbWH9 yrnht 

y P -pacce!lHHR 

npa aueprusrx 

cymeCTseauyiO 

nop!lllKR 50-60 Mas 

urpaeT TOnbKO M930HH8ll '18CTb, T.e. am • npu p8CC9!lHBH lK9 88 M8nbi9 

yrnbl RnH npH 0'19Hb HH3KHX aHeprRSlX CT8HOSHTC!l CYill9CTS9HHblM 9<jJq>eKT p0lKil9HH!l aneK

'TpOHHo-n03HTpOHHbiX nap. noacTasnRR s (II) ce'leuue o6paaosaHRR nap ua npOTOHe, nony
-39 3 

'IBM, 'ITO a • 0,7"10 CM • TaKeR 6onbwaR senH'IHHa, uecoMli9HHO, MO>KeT 6btTb o6-
op 

H8pylK9H8, HRnpHMep, npR p8CC9RHHH npOTOHOS H8 T!llK9nbiX Slllp8X. nn!l 8H8nOrH'IHOII Oll9li-

KH nnR ueiiTpoua ueo6xonuMo auaTb ceqeuae poJKneHHB e +;,- nap liS aeiiTpoue. B pa60Tt
381 

6htn0 Sbl'IHCneRO C9'19HH9 pOlKil9HHR aneKTpOHHo-n03BTpORHbiX nap H8 8HOM8nbli0M MSrHHTHOM 

MOMeHTe ueiiTpoaa. PeaynhTSTbl sbJ'IHCneHHR no ljlopMyne (II) naiOT npu aToM aenH'IHHY 

a • 10-
44 

CM
3

• 06uapylKHTb noao6uyto Manyto B9llH'IHHY S ReiiTpORHbiX B ljJOTOHRbiX Onbl-
ea 

Tax 6eauane>Kao. 

B pa6oTe
1391 

6htno OTMe'leuo, 'ITo, soaMolKBo, rnasa&tll sKnan s a naeT a<jJq>eKT 

pOlKil9RHII nap, CSli38HHblil H9 C 8HOM8nbHbiM MSrHHTHbiM MOM9HTOM R911TpOH8, 8 C 9n9KTpH

'19CKH 38pllK9RHblM nHOHHbJM o6naKOMo nuarpaMMb1 0 OfiHCbiS8101llH9 aneKTpOMarHHTHbl9 

S38HMOileiiCTBH!l HyKnOHOS C y'I9TOM HX nonapuayeMOCTB, 06 ycnoaneHHOII o6naKOM SHpTyanb

HbiX aneKTpoaao-noauTpOliRbiX nap nnR npOToaa a ueliTpoua, npuaeneabt lla puc. 10. no no

pRnKy senH'IIIHbi nonapuayeMOCTb aneJ<Tpoauo-noauTpouuoro o6naKa s npOToue H ue11Tpoue112 ~ 
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I 
l 

1 
r 

- -
a ~ 

on 

( _h_ )3 
2m c . 

G (~ )(~ )(_h_ )a, 
en h C h C 2m C . 

(12) 

(13) 

•• G en - cpellaae aaaqeaaH aapsmoaoro lj>opM-Ij>aKTOpa npoToaa a sei1Tposa, rile G a 

g - KOHCT8aT8 canbHOrO B38aMOil9ACTBan 

G (q2) =F (q 2
) +(__!L )

2
K F~,n(q 2), 

ep,o lp,n 2M P,n -

rile F H F -llBpaKOBCKHA u naynaeacKaA lj>opM-Ij>aKTOpbi npOToHa anu seA-rpoaa, k • 
lp,o 2p,o p,n 

8HOM8nbHblll M8rHHTHblll MOMBHT npOTOH8 ana HeliTpOH8, M - M8CC8 eyKnOH8, JlnSI npOT!>-

G a (12) a • 1,5·1o-
39

cM
3, B8 ep a3B9CTHO, a llOilCT8BOBK8 3H8'19HH KOHCT8HT B ll89T ep 

'ITO (SnaaKo K aaa'!eaa10, nony'!eHHOMY aa Bbipa>Keaag (II). 3apRilOBbili lj>opM-Ij>aKTop aeii

-rpoaa, Bbi'!HcneaabiA no ll8BHbiM rpynnbi Xolj>wT81lTepa 
1401 

a o6nacTa KBBilpaTa nepellaH-

aoro aMnynbca q 2 • (0-2) f "
2 

, a cpellaeM paaea 0,02-0,03. npa Bbi'!acnesaa 

HCllOnb3yiOTCll T8KlK9 peaynbT8Tbl OllbiTOB no 0 - e B38aMOil9liCTBaiO, ll8JOWae 

<~) = 0,021 r· 2
• 

dq 0 oa.o (14) 

nocnellyJOmae 6onee TO'!Bbl9 a3MepeaaSI p8CC9!1HHll aneKTpOHOB H8 ll9ATOB8X llBna nnB 

ael!Tpoaa 3H8'1eHHe G.Jq~=O,OO:t_O,OI a aaTepaane q 
2~ (0,3-2,2) f '

2 
/ 4Q/ TaKHM 

o6paaoM, a o6nacTH M8nbiX q 2 cymecTayeT TpynaocTb a cwaaasaa llBHHbiX no G 
en 

nony'leHHbiX sa ocaoae e - d paccestHall c llBHHbiMH no n - e B38aMOll9ACTBaJO, n<>-

9TOMY TO'IHOe 3H8'19BH9 B OOn8CTa M8nbiX q 2 nOK8 HBH3B9CTHO a, Cn9llOB8T9llb-

HO, sonpoc o senaqnae a en 0CT89TCll HeSICBbiM. B pa60Te
141 1 

npellno>Keao o6'bSICaaTb 

OTMB'!eaHyiO BbiWB TpyllHOCTb a lj>lj>eKT8MII nOnS!pa3yeMOCTH M930HHOrO o6n8K8 aneKTpOH8, 

AMnnoTyna pacceRHaSI Mellneaaoro seATpoaa aa aTOMe c z 

f = f 
1
+ f 

2
+ f I 

rile f =-
2 

e
2Zk n 

2M 
f =-a a n 

Z ell 

R 

aneKTpOH8MH: 

(15) 

- 8 MnnHTYil8 p aC C9!1Hast H8 aneKTpH'IBCKOM aapsme, 8HOM8nbHOM MBrHaTHOM MOM9HT9 a 

Ha llOT9Hilii8Tie, o6ycnoeneHHOM aneKTpa'leCKOl! nonS!pH3YBMOCTbJO Hel1TpOH8: 

-a e 2 /2r • r > R 
V( I ) = 

0 r < F 
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113 Oll b!TOB no R -e B38HM0llBliCTBHIO CneayeT, qTO f a f 
2 

H3 Mepeuun paccesKHH aneKTpoaos sa aeliToHax cneayeT, qTo 

dG 
--.!»• f+ f ~ 0. 

d q2 I 2 

OTKYll8 f t f8~ 0 Ho ua 

G ( q 2 ) ~const .. , OTKYllB 

TaKHM o6paaoM . 

f
2

- f a , OTKylla 

BHJl,HMO, aenHtf liH8 

e -d 

~-

H II 

~ 

• e 91tCnepRMBHTbl MO>K HO CornaCOB8Tb MB>KllY C060li, ecnu 
-27 

0,5 · 10 • EcnH aeno o6CTOHT noao6HOM oopaaoM, TO, 
2M 2 

G B o6naCTH Ma-
R 

aon >KHa 6hiTb Heoonbwoli Ha-aa M8nOCTH a 
OD 

llb!X Q 2 H Bp!ln llH MO>KBT CYliiBCTBBHHO BnHSITb Ha paCCBHHHB HeliTpOHOB Tli>KBllbiMH SlllpaMH 

npH paCCM8TpHBaBMbiX 3HeprHHX, XOTSI llnH OltOHqaTBllbHOrO 3aKn!OqBKHH KB06XOllHMbl OOllBB 

TOqHhiB pacqeTI,I , TaK KaK npH B3aHMOlleliCTBHH KBiiTpOKa C KynOKOBCKHM noneM Mpa B ce-

qeKHB lla!OT BKllall paanuqHbiB 3KaqeHHSI Q • noMHMO 3TOrO, KaK OTMeqeKO B paoOT~3S/, 
MO>KBT CyliiBCTBOBaTb CHnbKall 3KepreTHqecKaSI 3aBHCHMOCTb a¢¢eKTa B OonaCTH nopora 

pO>KllBKHSI nap npu CTOnKKOBBIIHH Ke~TpOKa c llllPOM. Bo3MO>KHO, qTO noaooKoro poaa S!Blle· 

KRSI Bbl3biB810T 8HOMBnbH09 p8CCSRHHe HeirTpOHOB TSDKSnbiMH Slllp8MH H8 M8nhte y rnhl B 06-

naCTH 3KeprHil nopS!llKa KBCKOnbKHX MeraaneltTpOKOBOllbT H KB lla!OT 3~BKTa B OonaCTH 

QqeKb HH3KHX 3KepruA, Bo BCSIKOM cnyqae llaKHWA BOnpOC TpeoyeT aanhKBHWero TBOpBTH• 

qecKOrO H 3KCnepHMBKTallbHOrO HayqeHHH, 

ABTOpb! onaroaapHbl B.C. EapaweHJCOBY aa o6cy>KllBHHH. 
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