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Llnljlljlepeau·nanbHbie ce'leHHSI ynpyroro pacceSIHHSI · 6hiCTpbiX l'Ieii

TpOHOB SI!lpaMH H3MepeHbl npaKTH'IeCKH: JJ.Jlll BCeX aneMeHTOB. nnlllb 
/1-4/ 

B ae6onhwoM 'IHcne pa6oT HHJKHSISI rpaanua nccnenyeMhiX 

9HeprHii COCT8BJlSIJla !1\)CSITKH KHJ109JleKTpOHBOJlbT 1 TaK.'ITO o6naCTb 

TaKI!X aaeprnl! SIBnSieTCSI aenccnenoiiaalioii. P acceSI!lHe aeiiTpOHOB 

B 9TOii o6naCTH OTJlH'IaiOT !lBe oco6eHHOCTH. Bo-nepBbiX, OCHOBHOli 

BKnan B pacceSIHKe' BHOCHT HeiiTpOHHaSI S -BOllHa, H TOJlbKO·· He6onb

W8SI npHMeCb p ~BOJlHbl o6yCJ10BJlHBaeT cna6yro aHI!30TpOfiHIO JJ.IIIjl

ljlepeHUII8JlbHOrO Ce'leHI!SI a.(O) 1 B3SITOro B CIICTeMe UeH1pa 

Mace. 3To oaHa'laeT, 'ITo 

neJKaHnpa. 

B pa3JlOJKeHHH Ce'leHHSI no IrOJlHHOM'aM 

a oo . 

a ( 0) = -• [ lo+ ~ W 0 P 0 ( ros 0 ) ] 
0 417 f =I ·~ L (I) 

1\ 

a - HHTerpanhHOe ce'leHHe pacceSIHHSI) . 3aMeTHO OTJlii'IHbl OT .. 
HyllSI JlHIIlb K.09qxpi!UIIeHTbl w

1 
H w 2 , T.e. yrnoBaSI 3aBHC,HMOCTb 

Ce'leHHSI O'leHb npOCTa. Bo-:BTOpblX1 'WHpHHbl ypOBHeii COCT8BHoro 
! 

Slllpa ewe 3aMeTHO. MeHbWe cpenaero paCCTOSIHIISI' MeJKJJ.Y HHMH, 

H B HHTeHCHBHOCTH pacceSIHHSI MoryT Ha6nroJJ.aTbCSI OT!leJlbHhle pe-

30HSHCHble fii!KH, a JJ.Jl~. aHaJ11!3a 9KCnepHMeHTaJlb~blX 3Ha'leHHH 

c.lt H c.J 2 MOlKHO nO~b30BaTbCSI 06WI!MII ljlopMynaMH JJ.Jlll .yrllOBbiX 
. • /5/ 

pacnpeneneanll npoJJ.yKTOB. ll!lepHhiX peaKunii aa pa6oTbl .• Ko-

aqxpauaeHT w 1 , xapaKTepilayromall aCHMMeTpHIO pacceSIHHSI BnepeJJ.-
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na3aAi onpeAenSJeTCSI nnTep<jlepenunei!: MeJKAY aMnnnTyAaMn s -

n p -pacceSJHHSJ, a w 2 xapaKTepn3yeT poeT pacceSJHHR K ManhiM 

H OOnbWHM yrnaM H onpeAenneTCSI KBaApaTOM aMnnnTyAbl p -pac

CeSIHHSI. 

J13 B03MOlKHbiX nanpaanenni!: HCCneAOBaHHR MOJKHO OTMeTIITb 

cneAyiDWHe (B nopS!AKe B03pacTaHHSI TpyAHOCTei!: noCTaHOBKH): 

1) H3Mepenne w 
2 

B ycpeAneHHbiX no pe3onancaM yrnoBbiX 

pacnpeAenennSJx; B onaronpnSITnwx cnyqagx aTo MOJKeT AaBaTb 
fflf 

nntjlopMaunro o p -BOnHOBbiX CllnOBbiX .tPYHKUHSIX 8 ·, 

2) 113Mepenne W j C OOeiiX CTOpOH H30nllpOBaHHOI'O pe30HaH-

ca, rAe no-IIHTeptjlepeHUHII noTenullanbHOi!: ·s -aMnnHTYAhi c pe-

3onancnoi!: p -aMnnnTyAoi!: MOJKHO HAen;lltPIIUnpoaaTb p- -pe3o

naHCbi 11 onpeAenSJTb IIX napaMeTpw; neAaBHO ony6niiKOBana nepaaSJ 
171 

yAaqnaSI nonhiTKa TaKOI'O H3MepeHHSI 

3) 113Mepenlle w
2 

B 1130m!poBaHHhiX .pe3onancax c uenbro 

IIAeHTHtPIIKaUHII p ... ypoanei!:; B03MOlKHOCTH Taimx 9KCnepnMeHTOB 
- /81 

OOCYJKAeHbl B paooTe ; 

·4) H3Mepenlle w 2 B P -pe3onancax c 113B.eCTHbiMH nei!:Tpon

HbiMII WIIPHHaMII . r n '.n cniiHaMII J =· :t 1/2 ( I - cnnn MIIWeHH) ; 

aTo no3aoniiT pa3Jilen11Tb KaJKAyro r n na ABe ee KoMnoneHThi 

rns II rns , COOTBeTCTByrowne ABYM CniiHOBblM KananaM 00-
1 2 

pa30BaHHSI TaKIIX pe30HaHCOB1 .11 peWIITb BOnpOC 0 TOM, tjlnyKTYII-

r . - /9/ 
pyeT nn KaJKAaSJ ns ne3aBHCII~W 

/10-14/ PaoOTbl , 'B KOTOpbiX. onyoniiKOBaH MaTepnan AHCCep-. 

Taunll, nocaSJweHhi pewen11ro oonee AOCTynnoi!: 3aAaqll - 113Mepenllro 

K09tPtPIIUIIeHTOB W 1 B WllpOKIIX anepreTIIqeCKIIX IIHTepaan!!-X, I'Ae. 

ocnoBnyro ponb 11rpaeT· noienu.llanbnoe- pacceSJHIIe, a pe3onancbi 

AaroT n11Wb neoonbwoi!: ycpeAneHHhti!: atjltjleKT. HccneAoaaniiSJ 6htnll 
/10-12/ 

naqaTbi B 1964 r.. na S!Apax CBIIHUa c uenbro nonyqiiTb 

ouenKy KoatjltjJIIUIIenTa aneKTpaqecKoi!: non[PII3YeMOCTH nei!:Tpona, 

a 3aTeM ohmn pacnpocTpaneHhi 11 na APYI'IIe aneMeHTbi AnSI ycTa

.noaneniiSJ 3~KonoMepnocTei!: noBeAeHHSJ aciiMMeTpiiH pacceSJHIISJ, 

EnaroAapSI cnoJKnoi!: aneKTpoMarnnTnoi!: cTpyKType y nei!:Tpo-_ 

na, nonaAarowero B KynonoacKoe none Mpa, AOnJKeH nHAYUIIpoBaTb-
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CSI aneK'.i'pllqecKni!: AllnonbHbii!: ·MOMenT p =a ff, , rAe & nanpSI-

JKeHHOCTb_nonSJ. Koatjltjlnu11enT aneKTpnqecKoi!:_nongpll3yeMOCTII a 

_ Xa!JaKTepll3yeT JKeCTKOCTb nei!:Tpona. no oTnowenllro K ero AetjlopMa.,. ... 
UHII B none. 63anMoAei!:cTBIIe naBe!iennoro MOMenTa P c noneM 

& npnBOAIIT K AononnnrenbHOMY qneny B raMnnbTOHIIane CIICTe-

Mbl nei!:TpOH-MpO! 

v 
non. 

1 ... ; 1 2 (Z 2 
2pl9 =--a& =-~ 

. 2 2 r 4 ' (2) 

I'Ae Z e - 3apM Mpa, . r - paCCTOSIHHe MEl'lKAY nei!:TpOHOM. II SlAP OM, 

l13-3a cnaoocTII B3anMoAei!:cTBHSJ (2) .CBSJ3annag c. HHM nongpnsa

UIIOHHaSJ aMnniiTyAa pacceSJHIISI HaXOAHTCSI B OOpHOBCKOM npllonnJKeHIIII 
. /15,16/ . ·' 

II IIMeeT BIIA : 

f JIOn~ 8 ) 
Z

2 2. 
a .. em 

7it 
. oo (-1)n (qR)2n]_ 
2 , • 

[ 1.,...,· -:f-qR +( qR) n~ (2n+ 1 )( 2n+3)! 

rAe m - npnBeAennaSJ Macca. nei!:rpona, R - paAIIYC S!Apa, 

(3)' 

1iq=21ik sin0/2 ,..n~peAat;~aeMbi~ SJAPY HMnynbc ( k. -BonnoBoe que

no nei!:Tpona). ManaS!, Aei!:CTBI!Ten~naSJ. aMnnnTyAa ( 3) nplloaanSJeTCSJ. 

K oonbWOi!: Mepnoi!: 
SJA, 

(8) , noaroMy B ceqen1111 PllCCeSJHIISJ_ 

cywecraenno TOnbKO OAHO AononHIITenbnoe cnar~:~eMoe 

u (0)= .2f (O).Ref (0), 
"llOn. M • SIA (4) 

aKcnepiiMeHTanbHhle noncKn KOToporo na~~niiCb B 1956 r 
/17/ 

Bonpocy o Bennqnne rwnSipllsyeMoCTII nyKnonoB nocBmueno oonb

woe KOnllqecTBO TeopeTIIqecKnx n axcnepnMeHTanbHhiX nccneAOBa-
. . /11/ . 

Hili!:, MHOI'IIe 113 KOTOpblX ynOMIIHaiDTCSI B paooTe • :Pa3nllqHbJe . . 

TeopeTnqecKIIe UOAXOAhi, cornacySJCb no. nopSIAKY Bennq11Hhi1 npeA-
. - )-423 '.· 

CKa3hiBaroT snaqen11e a = (1~2 •10 CM , qTo nawno .noATBepJKAe-
. /18/ 

nne B 9KCnepiiMeHTanbHOM onpeAeneHIIII ero AnSI npOTOHa . 
nyqwei!: JKe ouenKoi!: nonSipn3yeMOOTH nei!:Tpona c 1959 I'OAa Obtn 

-42 3 /16/ 
npeAen a< 20·10 CM 
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Ha~.wpeHHSI H peaynhTaTbi 

- ... . ( 

HaMepeHHSI npoaoJ:mnHCb Ha HMnynhCHOM peaH:Tope OHHH c 

Hcn'onbaoaaHHeM MeTolla apeMeHH nponeTa Jia 6aae 252 M npH paa -

peweHHH 0,24 MKCeK/M, l13MepHTenhHaR ycTaH-OBKa H30tspa>KeHa 

aa pac, 1. Paccen.HHhie aefiTpOHhi peracTpapoaariHCb OllHOBpeMeHHO 
' 0 0 ' . 

npH 11eBSITH yrnax o'I' 30 110 150 6aTapenMH nponopuaoaanbHhiX 

c'JeT'IHKOB CHM0-5. Bee pacceHBaiOIUHX o6paauoa Kone6ancn B 

npe11enax 1,6 t- 6,6 Kr, a cpellHRR Tonmaaa B aanpaaneHHH ny'IKa -

0,1 fo 1,2 llnHHbl CB06011HOI'O npo6era HefiTpOHOB, Y CHneHHbie H llHCK

pHMHHHpOBSHHbie- carHanhl lleTeKTOpoa Konapoaannci. cneuHanbHhiM 
' ' ' /19/ '· . ' . 

aneKTpOHHbiM ycTpOfiCTBOM COI'n8CHO yrny paCCeSIHHSI H 3aUH-

CbiBanHCb B Il8MRTH' 1024-KaHanhHOI'O a!IanH3aTopa HMilynhCOB, 

Y'Ie! ~oita ocymecTannncSI nyTeM 'lepellOBaHHSI H3MepeHHfi 

C o6pa3UOM' B Ily'IKe H BHe IlY'IK8 0 'ITO, KaK OKa3ai!OCb,''6binO llO~Ta

TO'IHO TO'IHbiM~ l.JHCTOe BpeMSI H8KOilneHHSI H'H~fJOpMaUHH C OllHHM 

o6pa3UOM MeHSinOCb OT 64 llO 165 'JaCOB H COCT8BHnO lliiSI BCeX 

11 aneMeHTOB ·1676 'JaCOB, 

LlnSI nepexolla oT _·aa6niOilaeMbiX yrnoBbiX pacnpe11emiaafi K 

pacnpellei!eHHSIM, nponopUHOH8IIbHbiM llH~~epeHUH8IIbHbiM Ce'JeHHSIM ' 

paCCeSIHHSI; nony'IeHHbie llaHHble_ IlOilBepranHCb , llOBOI!bHO ~pOM031l-. 

Kofi o6pa6oTKe. HcnpaBnSinHcb HCKa>KeHHsi, iloaHHK.aBwae aa · C'IeT 

1) H3MeHeH,HSI aaeprHH ·aefiTpoHOB npa paccemtif~,- 2) lieKoToporo 

pa3nH'JHSI CileKTpanhHbiX ~yBCTBHTei!bHOCTefi y pa3Hb!X lleTeKTOpOB, 

3) 3Ha'IHTei!bHOfi TOIIIUHHbl pacceaBaTenefi H a~lfJeKTa CaMO~KpaHH

pOBKH H3-3a MHOI'OKpaTHOI'O pacceSIHHSI H IlOI'nOIUeHHSI HefiTpOHOB 

(npa aToM y'IHThiBanacb peaoaaacuaSI CTpyKTypa ceqeuait). LlnSI 

- ycTpaHe.HHSI .BIIHSIHHsl H3MeHeimfi aljJ~eKTHBIIOCTH pei'HCTpaimu , Hefi

TpOHOB c yrnOM H co Bp~MeHeM (a TaK>Ke yMeHbWeHHSI penH ne-' 

J?e'Ii!cneiiHbiX nonpaaoK) yrnoBhiEi- pacrrpelleneauSI- 'njJH Bcex 9!Iep

rusix aopMupciiiiuiucb · aa pacnpelleneliue npu auaKciU:- aaeprlm' 0,1- ·-

1,2 Kim., PeaynhTaThi o6pa6aTbiBanucb B llHarraaoae BpeM.ea rrpo...:

neTa 96,;_1800 MKCeK, ,KOTOpb!ft pa36HBanCSI Ha 9-12 auepreTH'JeCKHX 

IIHTepBanOB~ 3~~KTHBH8SI aaeprHR- K8>Kil·oro HHTepBana . Bbi'IHCIISI-
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naCb nyTeM qiiCneHHOrO IIHTerpllpOBaHIISI C yqeTOM ~YHKUHH pa3-

peWeHIISI, cneKTpa HeiiTpOHOB II SHepreTilqecKOll qyBCTBIITenbHOCTH 

):leTeKTOpOB, !13 nonyqeHHbiX yrnOBbiX 3aBIICIIMOCTeii pacCeSIHHSI C 

UOMOWb!O MeTO):Ia HallMeHbWHX KBaApaTOB HaXO):IIlni!Cb SKCnepiiMeH

TanbHble KOS~HU~eHTbl. «> 1 II w 2 B paa~O)I{eHHII ( 1) '6e3 onpe.o:eneHHSI 

a6conroTHbiX 3HaqeHHii ceqeHHSI, Bee pacqeTbi no o6pa6oTKe pe3yn6-

TaTOB II cpaBHeHil!O IIX C TeOpl!ell npOII3BO):IIInllCb H8 BbiqHCni!TenbHbiX 
I 

MawnHaX M-20 H E3CM~4 no nporpaMMaM, cocTaBneHHbiM'aBTOpO!'f 

( KpoMe cnenllanbHO O~OBOpeHHbiX cnyq.aeB), 

OcHOBHOii npeAcTaBnSiromllii IIHTepec pe3ynhTaT 113MepeHilii 

BenllqiiHa aCIIMMeTpllll pacceSIHIISI W 1 3gaqeHHSI )l{e c.l 2 . 1 KaK 

npaB11no, Man hi H BhiXOASIT 3a. npeAenht norpewfiocTeii H3MepeHnii 

nllWb .o:nSI OAHOrO-ABYX BbiCOKOSHepreTIIqecKHX HHTepB~nOB, l13Me

peHHbl~ Be.ill!qllHbl W 1 llOKa3aHbl Ha pile. ·2 (CBIIHeU) II piiC, 3 

(ocTanhHbie 10 sneMeHTOB).: nerKo 3aMe_THTb 1 qTO .OHH HMetOT 

TeHAeHUil!O n~HellHO B03p8CTaTb C ~Hepr11eii y BCeX sneMeHTOB1 

KpOMe. La n, B03MO)I{HO, Sr •. f1poriopUIIOHanbH0C1'? WI SHep-

rill! HellTpOHOB E ):leMOHCTpllpyeTCSI· Ha, pllCYHI~8X. npHMbiMH 1 npo-

XOAHWHMII qepe3 ~HeprHIO HOpMIIpOBOqM~rO IIHTepsana H nonyqeH

HbiMII MeTOAOM HaHMeHbWIIX. KBaApaTOB, 

c poe ToM E · ,_ xapaKTepn3yro-: . CKopocTb B03pacTaHIISI w 1 

maSICSI. npOII3BOAHOll, dwi /dE ):lnH 60nbWHHCTBa. ·Mep OK83b!BaeT

CSI Ko.HcTaHToii, paBHoft w 1 IE • 8KcnepHJ\teHTanbHbie 

1

3H~qeHHSI 
STOll KOHCT8HTbl npn~eAeHbl Ha pllC<. '4• B 3aBIICIIMOCTil OT MaCChi 

paccenBaiOWIIX SIAep A • TaM )l{e noKa3aHhi .nony-ieHHbie HaMH 
I • ' ., ~· 

oneHK~ (L) I IE 113 ):IBHHbiX naHrCAOp~a II AP• npll E>_30-60 KSB, 

KOTOpbte co6paHhi B aTnace 
'/20/ 

AHanll3 nonyqeHHbiX pe3ynhT8TOJ3 no w 1 , BblliorilieHHhiii B pa6o-

/12-14/ - . 
TaX H nOAp06HO oni!CaHHblll B _AIICCepTBUH11 1 COCTOIIT ll3 TpeX 

qacTeii: nccne):losaHIIe o6mero. noB.eAeHIISI · w 1 B 38BHCHMOCTII 

OT E II A , BbiSICHeHne. B03MO)I{HhtX npllqHH · • aHoManhHOro• 

noBe):leHI!H Cl> 1 
y naHTaHa II H3BneqeHne oneHKil nonSipH3yeMoc-

TH HeiiTpOHa 113 H3MepeHHbiX "' y CBIIHUa, 

8 

'I 

. 1 

,j 

'· <>-' 

w. 
QDSI ·1 · · I · I I / I ~ I 

(JJJ4t-----l---t---r-

D,D31 I I • . / ·1 / 7/ I . . • I 

OD21 I /II/ 7/ 4 J,L I I 

aDfl • /I~LJr I ;;/I I I I 

5 10 15 20 25 
HBV E 

·PHc,2, 8KcnepllMeHTanbHbl~ 3HL\qeHI!SI 8CHMMeTpHH "' 1 AnH CBIIHUa. 

KpHBbie CBSI3aHbl C nonSJpllayeMOCTb!O HeiiTpOHa (eM, noA-

nHCb. K pHC, 8). . 
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'Te- peaynhTaT H3MepeHHR C ljJHnhTpOM, KpeCTbl AnSI Sb-. 

~Ha'leHHSI w 1 ' , He HCnpaaneHHbie Ha aljlljleKT caMOaKpaHH
poBKH, 

10 

I 
I 

; J 

·i 

! 1 

'I .I 
i 

06mue 3aKOHOMepHOCTH aCHMMeTpHu·pacceSIHHSl 

nepByiO 3aKOHOMepHOCTb - nponopUHOHanbHOCTb W 1 aHeprHH, 

nerKO ilOHSITb B cnyqae 'IHCTO ITOTeHUHanbHoro pacceSIHHSI, KOrAa. 

os(O) = ~~[sinao 0 +6sin S 0 sina 1 cos(S0-S1)P1 (cos6)+6sin
2
o 1PJcos6)]. 

. (5)" 

rAe a .0 H a; - AelicTBHTenbHble ljla3bl. pacceSIHHSI, a BKnaA BbiCmHX 

op6HTanbHbiX MOMeHTOB He y<iHTbiBaeTCSI, MaKCHMYM BTOporo HHTep

ljlepeHUHOHHOrO 'lneHa B npaaoll qaCTH (5) (npH 6 =0 )• OTHeCeH

HblH K nepBOMY '1!30TpOUHOMY qneHy, H eCTb aCHMMeTpHSI . . . 
WI 

6sino 1 cos(o 0-0~ 8 1 ___ ;...___;,....;__::: 6 -- ' 

s!no 0 °o (6) 

rAe nocneAHee paaeHCTBO ~cymecTansreTCSI npu ycnOBHH o
0
,o 

1 
<< 1,' 

HaaeCTHo, 'ITO npu aToM *e ycnoBHH 

(k R)2£+ I. 
[j =- c 
e [(2f +1)!!12 (7) 

rAe KOHC.TaHTa C "'1 3aBHCHT TOnbKO OT KOHKpeTHOH ljJOpMbl ITOTeH:" 

uuana ·aaauMOAellcTBHSI, a R - ero !ieKOTOpbtll aljlljleKTHBHbJll paAH

yc. noACTaBnSISI (7) B (6), HaXOAHM, .'ITO 

2 - 2 • 4m - :~.-. w 1::!-(kR) =-
2

R t;. 
3 3fi 

(8) 

TaKHM o6paaoM, npu noTeHuuanbHOM paccesrHHH HellTpOHOB He6onb

mux aHeprull, KOrAa k R << 1 , aenii'IHHa w 1 /E JiellCTBHTenbHO 

AOU)I{Ha 6b1Tb KOHCTaHTOll, 

l13 npu6nH)I{eHHOH ljlopMynbi, (8) MO)I{HO J10ny'IHTb H BTOpyiO 

·aaKOHOMepH~CTb - H3MeHeHue w / E OT SIApa K SIAPY• Ecnu BMecTo 
- . 1/3 
R B3SITb paAHyc SIApa, HanpHMep, B BHAe R = 1 ,25A ljl, TO 

ITOACTaHOBKa 'IHCen B (8) AaeT: 

~ ;, 0,0504 A 
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3ra MOHOTO.HHaH aaBHCHMOCTb (eM, nyHKTHPHYIO nHHHIO .. Ha pHc,4) 

nepe.QaeT .TOITbKO npaBHITbHblli nopSI.QOK B9ITH'IHHbi· W 1 /E·, .6y.Qy'IH 

He B COCTOHHHH nepe.QaTb ee BapHaUHli · C H3MeHeHH9M A , B KO

TOpbiX, ·o'I~JBH.QHo, npoSiansrercH aonHoaoll: xapaKrep npouecca pac

ceSIHHSI •. nosTOMY npe.QCTaBITSIITO HHTepec Cp8BHH,Tb BblpHCOBbiBaiO-.. 

myiOCSI B SKCnepHM9HTe 6onee CITO*Hy!O 3aKOHOMepHOCTb C npe.QCKa-

3aHHHMH onTH'IecKoli MoaenH H!lpa, TO'IHO pewHB . aa.Qa'ly o6 on-

pe.QeneHHH w (E ,A). 
t . . 

~nH.KOppeKTH~ro Cp8BH9HHH C OnTH'19CKOH MO.QeiTbiO Heo6xo

.QHMO, 'IT06bi, Bo-nepBbiX, cpaBHHBaeMaH BeiTH'IHHa 6bina ycpe.QHe

Ha no COCTOHHHHM COCTaBHoro H.Qpa H, B~BTOpbiX, 'IT06bi, OHa 

MOrna. 6biTb nony'leHa H3 MaTpHUbl' paCC9HHHsi, ~bl'IHCITH9MOH B tio-' 
.Q9ITH, nepaoe. ycnOBHe BbinOITHSIITOCb 3a C'leT 3HS'IHT9ITbHOli WHpHHbl 

HCnOnb30BaHH.biX SHepreTH'I9CKHX HHTepaanoa, a. BbinOITH9HH9 ·BTOpO.,

ro CBO.QHiiOCb· K TOMy; 'IT06bi npaBHITbHO y'leCTb BKITa.Q pe30HaHC

Horo'paCCeHHHH, ~nH KO~Oporo onTH'IeCKaH MO.Qenb .QaeT TOnbKO 

HHTerpanbHOe Ce'leHHe B CyMMe C . C9'19HHHMH peaKUHH. nyTeM yc

pe.QH9HHH 6paHT--BHrHepOBCKHX Bblpa*e~HH no SHeprHH H npHBITe'le

HHH .QBHHbiX . 0 cpe.QHHX HeliTpOHHl'>lX napaMeTpaX Hnep, a TaK*e 

SKCnepHMeHTanbHOi nyTeM .QOITOrrHHT9ITbHbiX H3MepeHHli C <f>HITbTpOM 

B ny'IKe, 6binO ITOK838HO, 'ITO pe30!18l!Cbl BHOCHT. HecymeCTB9HHbiH 

BKITS.Q B SCHMMeTpHIO (i) 
•t 

PaC'I9Tbl ITpOH3BO.Qi{ITHCb CO c<f>eflH'19CKHM ITOTeHUHSITOM CTSH-'. 

.QSpTHOH <f>opMbl 

1i 2 1 d ... ... 
U(r)~-V0 f(r)7iW 0 g(r)+V

80 
(--) --f(r)u f, 

· rn c r dr 
• 1T 

(9) 
r-R :..1 r-R-c 2 · t/3 

f(r) ~[1+exp(--)], g(r)~exp[-( ) ] ,R ~r0 A ~ 
a . . . b -

HaHny'IWHe 3Ha'leima acex ceMH napaMeTpoa !Iaxo.QHITHCb ·MeTo-, .. 
.QOM HSHMeHbWHX KBS.QpaTOB, r.Qe B HTepaUHOHHOM npouecce napa-. 

MeTpbl 8BTOMaTH'19CKH ITO.QrOHHITHCb. TaK; 'IT06bi 06ecne'IHTb HSH-
2 . • 

MeHbwee 3H8'19HHe <f>yHKUHOHilna )( , ~nH C'leTa sneMeHTOB MaT--

13 



piiUhl ·onTII'IeCKOI'O pacce.HHII.II '7 fJ IICnonh30Banacb nonnporpaM-

Ma, HaniiCaHHaSI .IO.n. EnariiHhiM. HHTepecyromaH Hac Benii'IIIHa 

wi/E onpenen.Hnacb no ~opMyne 

WI 2 
E=E· 

(1-Re'70~)(3-2Re'713 ;2Re'71 ~ )+lm'7 0 ~ (~Im'7q':i+lm'71 ~ •· 

lt-'lo t/J 2 

nocKOnhKY IIMeeT CMbiCn TOnhKO noTeHUIIan, He npOTIIBOpe-

'lallliii!: APYI'IIM OnJ;>ITHbiM AaHHblM, Mbl IICnOnh30Banii B Ka'!eCTBe 

SKCnepiiMeHTanbHbiX TO'leK TaKJKe B35IThie II3 pa3nii'IHbiX IICTO'IHII-

KOB 3Ha'leHII5I CIInOBhlX ~yHKUIIi!: S0 , paniiYCOB noTeHUIIanhHoro 

pacce.HHIIH · R ' II nonHhiX ce'!eHIIi!: ;; t . Benii'liiHhi at 6paniiCb 

npii aaepi'IIII 40 KSB, a S 0 1 R' H w
1
/E 6hinH AOBOnbHO npOII3-

BOnbHO OTHeceHhl K 9Hepi'H5IM1 COOTBeTCTBeHHO, 0,4; 5. II 40 KSB. 

CHa'lana 6hm onpeneneH Ha6op napaMeTpoB noT~un:ana 1 

{eM. Ta6n. 1 ), Korna B MamiiHY BBOAIInacb IIH~OpMaUHH ·!QlliiliQ_ 

0 17 "THnii<iHh!X~ 3Ha'leHII5IX so .• 16 - R' II 21 - at B nn:ana-

30He A = 50 t-240. 3aTeM, npii IICnonb30BaHIIII TOnhKO naHHhiX 

no w 1 /E_' {28 9KCnepiiMeHTanbHhiX TO'leK), KalKAbifi napaMeTp II3 

aa6opa I 6htn "nonnpaBnea", II ~ony:<mncH noTeaun:an II. 

,ConOCTaBneHIIe paC'leTHblX Benii'IHH CO BCeMII H3BeCTHblMII 

HaM aKcnepiiMeHTanbHhiMH neMOHCTPIIPY~TCH aa piic. 4 II 5. TaM JKe 

nnn cpaBHeHIIH noKaaaHhi KPIIBhie M , paccqn:TaHHhte c nonynHp-
. . .121/ 

HhiM noTeHUIIanoM Monnayapa {oa TaKJKe npencTaBnea B 

Ta6n. 1). Ha paccMoTpeRIIH pn:cyHKOB II naHHhiX Ta6n. 2 Mox<ao 

cnenaTb BhiBon, 'ITO aa6op nap~MerpoB II 

'onn:c.hiBaeT peaynbTaThi H3MepeHHH w 1 IE 
ynoBneTBOpiiTenbHO 

, Ka'leCTBeHHO nepe-

A~Ba.II. BCe OC06eHHOCTII . noBeneHHSI 9TOfi BenH'IIIHbl C H3MeHeHHeM 

A , H 'ITO TpH paCCMOTpeHHhlX BapHaHTa noTeHUHana OnHChiBaiOT . 
BCIO COBOKynHOCTb npiiBeAeHHhlX AaHHblX npHMepHO C OAHHaKOBbiM 

ycnexoM. TaKHM o6paaoM, MOJKHO roBOpHTb o npn:MeHHM~CTH onTII

'IecK:ofi Monenn: K npencKa3hiBaHHIO acHMMeTpiiii pacceHHHH KHno

aneKTpoHBonbTHhiX. HefiTpOHOB. 
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06 8HOMBnhHOll 8CIIMMeTpiiH paCCSHHIIH 

3HBK 8CIIMM9Tp1111 1 COOTBSTCTBYIOWIIR cny'la!O w 1 <0 1 II 3Ha-

Kll BCSX uenii'IIIH 1 KOT0pb19 MOI'yT 6biTb OTB9TCTB9HHbiMII 3a"9TOT 

cnyqafi, Mbl aa3biBae¥ aHoManhHhiMII. KaK BllnHo 113 p11c. 3, TaKIIM 

CBORCTBOM HBHO o6nanaeT niiWb pacceHHIIS Ha naaTaHe. KaK BbiHC

HIInOCh, B03M0)1{Hbl9 06"bHCH9HIIH aHOManllll aCIIMM9Tpllll BneKyT 3a 

co6ofi cymecTBeHHbie · cnencTBIIH, Kacaromilecg uenoro Kpyra npy

I'IIX ganeHIIfi. Bonpoc npencTaangeTCH IIHTepeCHbiM 11 TeopeTII'leCKII, 

11 9Kcnep11MeHTanhHo •. H11)1{e a o'!eHh cmaTofi cjlopMe 113nO)I{9Hhi oc

HOBHbie IIyHKTbl paCCMOTp9HIIH 9TOI'O BOIIpoca B niiCCepTaUIIII. 

1. <PaKT OTpiiUaTenbHOCTII W 1 1 KOI'na cymeCTBSHHbl TOnbKO 

f = 0 11 l, 03Ha'!aeT; 'ITO peanbHbie ·qacTII aMnniiTyn s- 11 p -
~ x/ 

paCCSHHIIH IIMS!OT IIpOTIIBOIIOnO:>KHbl9 3HaKII • ,llefiCTBIITenhH0 1 

B 9TOM cnyqae BTopoe cnaraeMoe 'lHCniiTeng Bbipa:>KeHII; (10) oT

piiUaTenbHO, a nepaoe cnaraeMoe no Monynro acerna MeHbWe BTopo

ro (3aMSTIIM 1 'ITO peanhHaH '!aCTb aMnnilTynhi IlpOIIOpUIIOHanhHa 

MHIIMOR qaCTII COOTB9TCTBY!OW9I'O 9neMeHTa S -MaTpiiUbl) • YJ3B9CT

H01 'ITO BOIIpOC ·o 3HaKBX aMIIniiTyn CBH3aH C cymeCTBOBaHIISM y 

CIICT9Mbl CTanKHBaiOWIIXCH 'laCTIIU CTaUIIOHapl!biX 11n11 pacnanaiOWIIX

CH i::ocTOHHIIfi, TaK K·aK BCHKOe cocTOHHHe nopo:>KnaeT nonroc S -

MaTpiiUhi np11 KoMnneKcHofi 9Hepi'IIII 'E
0

- i ~ ·, rne E 
0

- 9Hepi'IIH 

COOTB9TCTBYIOW9I'O ypOBHH, a r - erd IIOnHaH WllpHHa. Dp11 H3Q

nHpOBaHHOM ypOBH9 9neMeHT MaTpiiUbl nng ynpyi'OI'O iJaCCSHHHH 

M0)\{9T 6hiTb 3aiiHCaH' B Bllne 

rne 

J - J 
s =s (1-

fs fs 

r.e 
-------), 
E-E 0 +ir/2 

S o603Ha'laeT S -MaTpHUY B OTCYTCTBIIH ypOBHH, f 1 S 

( 11) 

H J:_ COOTB9TCTB9HHO op611Tanhl!blll1 CIIIIHOBblll II nonHblll MOMSHTbl 

paCCMaTpHBaeMOI'O KaHana, 8 ref - 'ynpyryro' wllpHHy. XapaK-

TepHCTIIKII nonroca OIIpenenHIOTCH KOHKpeTHOR cpii311'19CKOR IlpHpo

noli COCTOHHHH. 

xtnon p -aMnnHTynofi nonpa3yMeBaeTcH ee ae3aaucgmaH oT yrna 

'IBCTb ( 6e3 costl ). B cnyqae noTeauHanhHoro pacceHHHH nng w 1<0 
Tpe6yeTCH1 'lT06bl I!MenH pa3Hbl9 3H8KII cpa3bl 1>0 H 1> 1 B COOTB9T

CTBIIII C cpopMynofi ( 6) • 

18 

' .. ~ 

2. CocTOHHHH ·cocTaBHOI'O Hppa, HBnHHCh MHOI'O'laCTH'lHbiMU 

-19 . -14 
B036y)\{n9HIIHMII1 KOTOpble ')I{I!ByT" 10 -10 C9K 1 IIpOHBnHIOT-

CH B Bllne Y3KI!X HefiTpOHHbiX pe30HaHCOB. ,llng pacqeTa 8MIIniiTyn 

H C9'19HIIll paCC9HHHH B Bblp8)1{91!1!9 S -MaTpi!Ubl ( 11) HY:>KHO non

CT8BIITb Wllpi!Hbl H KB8HTOI3hle 'lHCna •pe30H8HCa II Sf = exp ( 2i q, ). 
Mo:>KHO yKa3aTb aa naa Tuna cnyqaea, Korna cocTOHHIIe coc

TaBHoro Mpa o6ycnoanuaaeT aaoManhHhifi rro'no)I{HTenbHhifi 3HaK 

. HefiTpOHHOll· aMIIniiTYnbi pacCeHHHH: 1) nng pHAB 9n9M9HTOB 

OTpHUaTenbHa KOI''epeHTHaH· nniiH8 paCCeHHIIH TeiinOBblX H9RTpO

HOB (no onp.eneneHIII01 nnHHa pacceHHHH o6paTHa IIO 3HSKY aMIInH-

Tyne); 2) B nu¢¢epeHUIIanhHbiX ce'!eH1151X 

c E = 30-60 K9B HnpaMII Na., ·Mg , Si 

paCC9HHHH HefiTpOHOB 

. /20/ 
Ca .. 11 np. w

1 
<0. • 

B rrepBOM cnyqae aaoManiiH o6"bHCHHeTCH 6nii)I{BRWHMII s -pe3o-

HaHC8MII 1 a BO BTOpOM - nonO:>KIIT9nhHbiM 3HaKOM. p -aMIInHTY-. 

nhl 113-3a BniiHHHH p -pe:'!OHaHCOB B o6naCTH 50-150 K9B 1 HM9!0-

WHX · r"' 1-10 K9B. 

Y naHTaHa )1{9 w
1 

<0 B ·o6naCTH !'!119pi'Hll 1 rne pe30HaHCbl 

cnHWKOM y3KII 11 qacTbi, '!To6hi Bbi3BaTb aaoM.an11ro. 

3. ,llpyi'HM rrpenenhHbiM cnyqa~M HBnHIOTCH OpHO'laCTII'll!ble 

. -22 -21 
COCTOHHIIH CIICT9Mbl HeRTpOH-MpO. HM~H BpeMH )1{.1!31111 10 -10 Ctoo1i: 1 

. 01111 IIpOHBnHIOTCH B BHne WHpOKI!X MBKCHMYMOB C9'19HIIH B 3aBII-

CIIMOCTII OT E II nil A C TaKIIMH COCTOHHIIHMI! HM9!0T neno B 

OIITII'lecKofi Monenll gnpa, rne xapaKTepiiCTHKII rronroca S -MaT

PIIUhl MO)I{I!Q 
8
perynllpOBaTb' IIapaMeTpaMII OIITHqecKOI'O IIOT9HU11a-

na. 

.PaC'l9Tbl C IIOT9HUHanOM (9) IIOK83biB8IOT1 'ITO Cy)l{s.Hlle IIO-

nroCOB MaTpiiUbl rryTeM yMeHbWeHH~ MHIIMOfi qa~TH W o IIpiiBOnHT 

K IIOHBneHH!O 118 WKBne A y3KHX o6naCT9ll 1 B KOTOpbiX peanbHBH 

'IBCTb onHOR H3 IIapUIIanhllblX aMIInHTyn CT8HOBHTCH IIOnO)I{HT9nh

HOR. B qacTaocTH, nng. s -aonHhi <niaa H3 TaKIIX. o6nacTefi, rne 

w 1 <0 , pacrronoJKeHa a6nii3H TaKHX A , ,'JTO KR "'1...rr ( K 2 . 
BOnHOBOe 'liiCnO H9RTpOHa BHyTpH Mpa). 8TO COOTB9TCTByeT I'H-· 

I'aHTC~OMY 4 S -pe30H8HCY1 B6nii3H KOTOpOI'O pacrronO)I{91! Ilp8KTH

'l9CKH MOHOH30TOIIHhlll naHTBH. 
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To'IHaSI no.ru·onKa napaMeTpoB noTennnana K 10 naMepeHHbiM 

ana'leHHSIM w i . n aaa'leHHSIM So = (0,75 ~ 0,25)·10-4 , R' .= . 
(4,9 ~ 0;5) .p, a~ = (4,7 + 1,0) 6 npnBena K yKaaaHHbiM B Ta6n. 

na6opaM napaMeTpoB. III (noBepxnocTnoe nornome~ne) n IV 

(o6beMnoe nornomenne), KOTOphre .r:taiOT coBepmenno o.r:tnHaKoByro· 

aaBHCHMOCTb- w ,(E) (KpnBaSI III IV aa pnc, 6). Ebmn nony-

'leHbl TSKlKe llOTeHnnanbl ·v n VI , KOTOphle TO'IHO npe.r:tCK83bl-

BSIOT na6nronaeMhie Benn'IHHbi S 0 , R ' ' a . t 
( CM, nocnennne 

rpaljlbl Ta6n, 1) ll nepBhlll H3 KOTOpblX OCTaBnSieT pacceSIIU!e aHOManb-

HbiM. 

B CBSI3n c rnrroTeaoif o6 onTn'leCKOM noTeHnllane c Manoif 

MHHMOll 'laCTb!O B .r:tHCCepTSUI!ll 06CylK.r:teHhl" BOIIpOChl "TOHKOll CTpyK-

Typbl' OIITI!'IeCKOPO llOTeHnnana ll 38BHCIIMOCTb ero OT OTHOCII-

TellbHOll Opl!e·!!TSUHH CIIHHOB HeifTpOHa. II Sl.r:tpa-MHIIIeHH (3aMeTHM, 

'ITo 
139 La . co.r:teP.lKHT MarH'IecKoe 'llicno neifTponoB N"' 82). 

4, Tio CpaBHeHHIO C .r:tBYMSI paCCMOTpeHHbiMH TIIIISMH COCTOSI

Hllll1 UpOMelKyTO'IHhiMH CBOllCTBaMH o6na.r:t8IOT- BXOgHhle C.OCTOSIHHSI 

/22/ 
(eM, 61!6nnorpaljli!IO B pa6ore · ),KoT-ophre o6bi'IHO paccMaTpn-

BaiOT KaK 3-·, 5-, • , • (2n+ 1) -KBS31!'!acrn'IHbie, Ecnn on no na 

u • '10-20 u 

T-SKHX COCTOSIHHH cymeCTByeT "' CeK, pacrra.r:taSICb BO BXO.r:tHOll 

KaHan llllll npeBpamaSICb B COCTOSIHHe COCT-aBHOPO SI.r:tpa, TO OHO 

IIOpOlK.r:taeT- OC06eHHOCT-b 8 -MaTpHUhl npoMelKyTO'IHOll lllllpRHbl 

r, 100 KSB n Toil lKe- <jlopMbi ( 11). 

B pac'!eTax B Ka'!eCTBe "ljloHOBoif' MaT-pi!Uhi-·S 6panacb 

MaTpnua 71 o B noTeHunane II (no c V ~o ) , a ynpyroif mnpn-
' ·SO 

He ref =r t IIpllllllCbiBSIIBCb npi!CymaSI eif SHepreTH'!eCKSSI 38BIICH-

MOCTb 1 ·TSK 'ITO 

r = r: ( E f+ t/2 
0 -,;r.> 

0 

t t t i .. r =ro -ro +r', 

r.r:te- KOHCTSHT-bl . ro n r;,' 0'1'-HOCSIT-CSI K E=Eii" ·• nocKonbKY 

BXO.r:tHOe COCTOHHHe .r:tOlllKHO XapaKTepH30B8TbCSI OIIpe.r:teneHHbiMH 3Ha-

'leHHSIMH cnnna J 0 ll '!eTHOCTH, llOIIIOC HMe!OT lllllllb aneMeHTbl 

MaTpHUhl . C COOTBeTCTBy!OmHMH 3Ha'!eHHSIMH f s J • a 

OCTSllbHble COBUS.r:ta!OT C 71 f , B peaynhTaTe 

20 

~r-~~-r~~~~-

0~--------------~ 

:f f 
-0,1 f. 

fft 
. -0:2 

0 10 20 
E, keV 

Pnc,6, CpaBnenne aKcnepi!MeHTanhHbiX ~Ha'l 

c pac•IeTHbiMH npn paani!'IHbiX Bapnl 

Tenunana,_. 
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nonroaKa napaMeTpoa noTeau11ana K 10 113MepeHHbiM 

w 
1 

, 11 3Ha'IeHIISIM So = (0,75 ~ 0,25)·10-
4

, R' ,= . 

5) .p, u; = (4,7 + 1,0) 6 np11aena K yKa3aHHbiM a Ta6n. 

napaMeTpoa_ III (noaepXHOCTHOe nornome~lle) II IV 

nornomea11e), KOTOpbie naiOT coaepweaao OlliiHaKoayro 

(KpiiBaSI III IV aa p11c. 6). Bhmll nony-

V II VI , KOTOpbie TO'IHO npellCKa3bl-

aenii'IIIHbi S 0 
(eM. nocnena11e R' , q 

< t 

ocTaanSieT,paccegane aaoManb-

rllnOTe3on o6 onTII'IeCKOM noTeau11ane c Manon 

lliiCCepTBUIIII o6cy~JleHhl:BOI1pOChl 6 TOHKon CTpyK-

IIOTeHUIIana II 3aBIICIIMOCTb ero OT OTHOCII

.. <>HTAIIIIII CIIIIHO~ aenTpOHa, II S!Jlpa-MIIilleHII (3aMeTIIM1 

coneJ:!~IIT Marii'IeCKOe '!lie no aenTpoaoa N = 82). 

HbiMII CaonCTBaMII 06Jl8)l8IOT, BXOilHbie C,OCTOSIHIISI 

i22/ 
),KOTOpbie 06bi'IHO paCCMaTpll-

' 5-, ••• (2n+ i) -KBa311'!aCTII'IHhie. Ecn11 onao 113 
< -20 

CyiUeCTByeT ., '}0 CeK, p8CII81l8S!Cb BO BXOJ]Hon 

B COCTOS!HIIe COCTBBHOI'O S!Jlpa, TO OHO 

S -MaTpiiUbl npoMe~yTO'IHOn IUIIPIIHbl 

ljlopMbi ( 11 ) • 

a Ka'IecTae "ljloaoaon .. MaTpiiUbi_,g 6panacb 

a noTeHUIIane II · '(no c V =0 ) , a ynpyron IUIIpll-
<so ! 

npiiiiiiCh!Banacb np11cymag en saepreTII'!ecKaSI" 3aBIICII-

'ITo 

r. E f+t/2 
= .o (T) , r'=ro' -ro' +rt, < 

0 

t" 
II ~ OTHOCSITCSI K E=E 0" • < nocKOJlbKY 

Jlon~ao xapaKTepii30B8TbCSI onpeJleneHHbiMII 3Ha-

J 0 II 'leTHOCTII, non!Oc IIMeiOT JliiWb SJleMeHTbl 

COOTBeTCTBYIOIUIIMII 3Ha'leHIISIMII f s J ' a 

• B peaynbTaTe 

20 

~~~~~~~~~~~~--~~ 

0~------------------~----~~ 

. f 
i 

-0,1 f, 

Hf 
-0[2 

0 10 ?,0 
£, keV 

30 

P11c.6. CpaBHeHIIe SKCnepiiMeHT8JlbHb!X ;3Ha'leHIIn {U r J]JlSI Jl8HTaHa 

C pac'leTHhlMII Ilpll pa3Jlii'!Hb!X B8pii8HT8X OIITII'IeCKOI'O no

TeHU118llaoi 
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L 
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il 
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(1-g) [(1-Re"t )(1-~el'.\' ,)+lml'/ f lm 7lfJ+g[(1-ReSf )(1-Ril'le,) -tlmSfimtt,l 
(<) I= G ____ .:...._ _ __:_.:2'--------,--. --=--.....:-.:'-------:2--,-=--. --=-2---"--'lT2') 

(1-g)(2 e + 1) 11-,., f I + g(2 f + 1)11-Se I +(2f +1 )11-,., e~l 

rAe g=(2J0 + 1)/2(21+1)(2£+1) ;f= 0, f'= f,- AnSI axonaoro E?--

COCTOSIHHSI H f= 1, f '=0 AnSI axoAaoro ·p -cocTOSIHHSI. KpoMe 

-y'IeTa aXOAHOI'O COCTOSIHHSI C SI'O CTaTHCTH'lSCKHM aeCOM g 

H rrpeHe6pelKSHHSI CIIHH-Op6HTanhHb!M a3aHMOAeiicTaHeM a 1'/ f , 

¢opMyny (12) OTnH'IaeT OT (10) TaKlKS IlpHCyTCTaHe a 3HaMeHaTe

ne KaaApaToa 068HX Il8pUH8nbHbiX aMIInHTYA (a (10) KaaAp8TOM 

P -aMIInHTYAhi rrpeae6peranoch). 

ny'IWHe peaynbTaTbl rrony'IHnHCb AnSI aXOAHOI'O COCTOSIHHSI 

c e = 1 • rrpHMSpbl .KOTOpbiX AaHbl a Ta6n. 3 H Ha pHC. 7. BapHaHTbl 

1.;.3 OT06paHhl H3 OAHOKpaTHOI'O C'IeTa, a 4-10 rrony'IeHbl IIOAI'OH-· 

KOH rrapaMeTpO~ E 0 , ro , rot MSTOllOM HaHMSHbWHX KaaAp8TOa. 

HepeanbHhifi cny'Iafi c g= 1 (aapHaHT 10, "ace" CIIHHbi) aKmo'IeH 

a paCCMOTpSHHe a HnmoCTpaTHaHbiX uenSIX, a aapHaHTbl 8 H 9 

OTnH'IaiOTCSI OT 5 H 6 TeM, 'ITO a HHX IIpSAIIOnaraiOTCSI paaHhle 

aKn8Ahl 060HX CIIHHOabiX K8Hanoa a o6pa30aaHHe aXOAHOI'O COCTOSI

HHSI (eM. rryHKT 4) ao aaeAeHHH). 

TipeiiSITCTaHeM AnSI 6e30I'OaOpO'IHOI'O IlpHHSITHSI aXOAHOI'O p -

COCTOSIHHSI a Ka'leCTae HCTHHHOH IlpH'IHHhl Ha6niOA8HHOfi aHOManHH 

S!anSIIOTCSI aaahiWSHHhie aenH'IHHhi S 1 , · R ' H ;;t rrpoTHa HX 

aKcrrepHMeHTanbHbiX 3Ha'IeHHllo' B AHCCepTaUHH o6cylKAeHa CHTya-

UHSI C p -aonaoaoil CHnoaoil ¢YHKUH8H 8 I naaTaaa. 

OueaKa rronSipHayeMOCTH •HeiiTpoHa 

HASSI 0 rrony'ISHHH OUSHKH Koa¢¢HUH8HTa aneKTpH'IeCKOfi IID-

nSipH3YSMOCTH HSHTpOHa a 
•D a 3KCII8pHM8HT8X C. 6hiCTpbiMH 

- '/17/ 
aenTpOHaMH 6hma arrepabie abiCKaaaaa a pa6oTe , a ee HaH-

ny'IWaSI peanH3aUHSI CAenaaa rryTeM aaanHaa aCHMMeTpHH pacceSJ

HHSI «U l HSHTpOHOa C 3H8pi'H8ll 50-300 K3a 

-42 
yT-~'IHHTb rrony'IeHHYIO OUSHKY an~ 20•10 
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)(1-Re~ ,)+lm7[ elm 7fel+g[(1-ReSe )(1-Re"lf') +lmSelml£,] 

£+1) 11- 71 /+ g(2f+1)11-se 1
2
+(2£+1 )l1- 71 e~l 2 

1)/2(21+1)(2£+ 1) j f,. 0 1 f',. f.- ]lnH JlXOJlHOI'O S -

f= 1,f' ,.o - JlnH BXOJlHOro p -cocTOHHHH, KpoMe 

c ero cTaTHCTH'IeCKHM BeCOM' g 

g CllHH-Op6HTanbHb!M B3SHMOJleHCTBH9M B 7[ f , 

oTnH'IaeT OT (10) TaK~e npHCYTCTBHe B 3HaMeHaTe

aMnnHTyJl ( B ( 10) KBaJlpaTOM , 

JlnH BXOJlHOI'O COCTOHHHH 

Mepbl KOTOpb!X ]laHbl B Ta6n, 3 H HS pHC. 7, BapHaHTbl 

H3 OJlHOKpaTHOI'O C'leTa, a 4-10 nony'leHhl llOJli'OH-' 

M9TOJlOM HaHM9HbWHX KBaJlpaTOB, 

(BapHaHT 10, '~ce,. CllHHb!) BKnJO'IeH 

B HnnJOCTpaTHBHb!X uenHX, a BapHaHTbl 8 H 9 

5 H 6 TeM, 'ITO B HHX npeJlnOnaraiOTCS'I paBHhle 

o6pa30BaHHe BXOJlHOI'O COCTOH-

DO , BB9Jl9HH H), 

JlnH 6e30I'OBOpO'IHOI'O npHHHTHH BXOJlHOI'O p -

Ka'leCTBe HCTHHHOH npH'IHHhl Ha6niOJl9HHOH aHOManHH 

S 1 , · R ' H ;t npoTHB HX 

3Ha'leHHfio' · B JlHCCepTaUHH o6cy~JleHa CHTya-

Oil: CHnOBOll ~YHKUHeH Sl nanTana. 

OuenKa nonHpH3YeMOCTH neftTpona 

nony'leHHH OU9HKH K09~~HUH9HTa aneKTpH'IeCKOll no-

Hell:TpOHa ~ n B 9KCnepHMeHTaX C 6hiCTpb!MH 

. /17/ 
BnepBhie BhiCKa3aHa B pa6oTe , a ee HaH-

•H3aUHH CJlenana · nyTeM auanH3a acHMMeTpHH pacceH

C 9HeprHefi 50-300 K9B 

-42 
ouenKy an~ 20•10 
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t) 0 8 ~ 
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HaMepeHHfi c 6onee MenneHHhiMH HefiTpoHaMH ocaosaaa. Ha nsyx cpaK

Tax: 1) srnepaasr 'IaCTb acHMMeTpHH (<) 1 ,..E (aTo 
srn • Tenepb xopomo 

noKaaaao H aKcnepHMeHTanbHo, H TeopeTH'IeCKH), 2) 
. ~ 

nonSipH3SI!HOH-
. Hasr 'IaCTb .w 1 ,., E. 2 

, , non. , 'ITO cnenyeT H3 cpopMyn ( 3) H ( 4); 

H6o B Bhtpa*eHHH nnsr f . 
non. (8) npH k R<< 1 cymecTBeHHht TOnh- · 

Ko nepshte· nsa 'Ineaa. noaToMy MO*HO HanHcaTb, 'ITO 

w1 (E) 3vE -pE~, 
(13) 

rne v 1 H i-t ~ nonne*aiiiHe aKcnepHMeHTanbHOMy onpeneneHHIO 
• > - /16/ ' 

nono)KHTenbHble KOHCTaHTht •. B pa6oTe noKaaaao, 'ITO nnsr 

aaeprHfi no HeCKOnbKHX coTeH.KHnoaneKTpOHBOnbT 

Z
2 . 2 

a e m 

n1\2R' k • 
2" 

(jJ "'---
1non. 5 · ( 14) 

PeaynbTSTbl OnHCaHHhiX Bhiiiie H3MepeHHH. CO CBHHUOM (pHc~2) 
. . /20/ 

BMeCTe C nony'IeHHblMH HSMH H3 pa60Tbl H306pa)KeHbl COB- . 

Mec:rao Ha pHc. 8. 06pa6oTKa H~ ~eTonoM H:anMeHbiiiHX KBanpa-

TOB no tP9PMyne (13) naeT cneny;oiiiH~- 3HS'I9HHSI KOHCTaHT: 

H3 

Ke 

v .;.1 
(1,92:!:0,20) Mas , 

. . -1/2 
· P = _(o,oos: 0,037)Mas , 

KOTOpb!X BTOpOe C nOMOIIIbiO COOTHOIII9HHSI . ( 14) npHBOAHT K OI!eH-
. . ·. -42 3 .. 

a 0 = (0,7:!:5,4)•10 CM • TaKHM o6paaoM, MO)KHO YTB9PIKASTb, 

'ITO.C BepOSITHOCTbiO 68% an ne*HT B npe~enax· -·: 

-4,7·10-42 
3 • 

CM <a < 
D· 

-42. 3 
6;1•10 CM ( 15) 

0UeHKa (15) - OAHOI'O nopSIAKa C TeopeTH'I9CKH O)KHAaeMOfi 

BenH'IHHOfi •. nanbHefimee ee YTO'IHeHHe· conpSI)K9HO -·c 6onblliHMH Tpyn

HOCTSIMH. HaTepnpeTanHro. TaKHX. )Ke, ao 6onee ioqahtx HaMepeaHfi 
~ ' ' • - • ., . • c ' • 

MOI'yT OCn(l)KHHTb pe30HaHCbi0 , KOTOpbte~ eCTb.·AS)K9 · y' CB,HHI!a. Boa-. 

MO)KHO, 6onee nepcneKTHBHbiM OKS)K9TCSI H3MepeHHe 0'19Hb Manofi 

SCHMMeTpHH npH eme 6onee ·HH3KHX aHeprHSIX HefiTpOHOB, 
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0CHOBHbl9 HTOI'H HCCne.QOBaHHfi, OllHCaflHhiX B AHCCepTaUHH, 

MOJKHO ccpopMynnpoBaT&. cneAyiOIUHM o6paaoM:· 

1. CoaAaHa ycTaHOBKa H paapa6oTaHa MeTOAHKa AnSI H3Mepe

HHSI yrnOBhiX pacnpeAeneHHfi paCC9SIHHSI .KHnosneKTpOHBOn&THhiX 

HefiTpOHOB SIAp8MH, 

2, BnepBhie H3MepeHhl OTHOCHTen&Hhie yrnOBhi9 pacnpeAeneHHSI 

H9HT.pOHOB B o6naCTH SH9pi'HH "' 1..:.40 KSB. Ha .SIApaX 11 aneMeH-

TOB, 

3, noKa38HO, 'iTO aCHMM9TpHSI ·pacceSIHHSI BilepeA-Ha3aA on-

• peAenSieTCSI llOTeHUHan&HhiM paccesiHHeM, •a MeXaHH3M COCTaBHOI'O 

SIApa BHOCHT a' Hee nHIUb He6on&IUOfi BKnaA, 

4. YcTaHoaneHhi aaKoHoMepHOCTH noBeAeHHSI acHMMeTpHH B 

·aaBHCHMOCTH OT SHepi'HH HefiTpOHOB H MaCChi paCC9HBaiOIUHX SIAep. 

0HH YAOBneT.BOpHTen&HO BOC'tlpOH3BOASITCSI llpOB9A9HHhiMH paC'leTaMH 

no onTH'leCKOfi ~O.QenH SIApa, 

5, Ha6niOAeHa aHOMan&HaSI aCHMMeTpHSI pacceSIHHSI aefiTpo-

HOB SIApaMH naHTaHa, npOSIBnSI!Oill8SICSI B TOM, 'lTO. Ce'leHHe paCC9SIHHSI 

anepeA MeH&me ceqeHHSI pacceSIHHSI H'a3aA. 

6; B cal:Ian c aHOMannen aa naHTaHe paccMoTpeH aonpoc o 

3HaKaX aMnnHTYA pacceSIHHSI B S- H . p -COCTOSIHHSIX, npeA·lt

noJKeHhl ABa B03MOlKHhlX 06:bSICH9HHSI aHOManHH ·n npoaHanH3Hpo

BaHhl · cneACTBHSI, K KOTOph!M OHH ilpHBOJ:{SIT, noKa3aHO, 'lTO .STOT 

BOnpoc. Tpe6yeT .Qan&HefiiUHX SKCnepHMeHTan&HhiX HCCne.QOBaHHfi, 

7, Ma H3MepeHHH pacceSIHHSI HefiTpOHOB Ha CBHHUe .nony'leHa 

BepXHSISI, SKCilepHM9HTan&HaSI OU9HKa,KOScpcpHUH9HT4 sneKTpH'leCKOfi 

llOnSipH3yeMOCTH. HefiTpOHa, KOTOpaSI J:{O HaCTOSIIll9I'O BpeMeHH SIBnSJ-

9TCSI HaHny'liUefi. 
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