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3KcnepHMeHTbl ·a KOCMH'ieCKHX ny'iax no H3MepeHHlO 
KOS<t>ii>HllHeHTa HeynpyroCTH < K > , T. e. .uonH nepBH'iHOif 
aHeprHH, nepe.uaaaeMOH npH B38HMO.UeifCTBHH ny'iKy BTOpH'i­
H bIX qaCTHU, IlOKaaanH, 'iTO aTa Be.llH'iHHa cna6o 38BHCHT 
OT aTOMHoro HOMepa .sr.upa A H HMeeT BH.U < K > ,..,, 

0 06=-0 08 
A ' • ' [1,2] , nH6o B.llHSIHHe .sr.upa oTcyTcTayeT [3] 
T aKoe noae.ueHHe a.upoHa a .sr.uepHOM aemecTBe , a TaK*e 
p.sr.u .upyrHX aKcnepHMeHTanbHbIX .uaHHbI x , eme a 80-x ro­
.uax IIOpO.UH.llH HOBble I'HilOTe3bl: HYK.llOH CTpSIXHBaeT .sr.uepHOE 
none H Heo6xO.LlHMO HeKoTopoe apeM.sr .un.sr ero aoccTaHoane­
HH.sr [4] • a 6onee Il03.UHee KnaCCH'ieCKOe H KBaHTOBOMe­
XaHH'ieCKOe paCCMOTpeHHe npo6neMhl npHBeno K KapTHHe 

B38HMO.UeHCTBHSI HyKnOHa B .sr.upe, OilHCaHHOH B pa6oTe [4]. 
EcnH npHHSITb, 'iTO aoccTaHoaneHHe .sr.uepaoro non.sr HyKnoaa 

IIpOHCXO.UHT 3a BpeM.sr, nponopUHOHanbHOe n.opeHu-<PaKTOpy 
q aCTHUbI Q , T. e. 't :: 't 

0 
1' 1 TO STO 03Ha'iaeT, 'iTO 

aHeprH'iHa.sr 'iaCTb cneKTpOB BTOpHqHblX a.upOHOB H3 HyKnOrt­
-sl.LlepHbIX H HYKJIOH-HYK.llOHHblX B38HMO.Ueii:CTBHH Cu!.l II8.Ll8IOT 
.upyr c .UpyroM. K TaKOMy BblBO.Uy MO)l{HO IlPH.UTH TaK)l{e H3 
npe.ucTaBneHHH napTOHHOH TeOpHH (cM.HanpHMep [5] ) • 
paapa6oTaaaoif cpaBHHTenbHO He.uaaHo. CornacHo STo.H Teo­

PHH a<t><PeKTHBHOcTb aaaHMo.ueifcTBH.sr a.upoHoa o6ycnoaneHa 
Ha.llH'iHeM HH3KOaHeprH'iHOH qaCTH cneKTpa napTOHOB, noc­
pe.UCTBOM KOTOPbIX npOHCXO.LlHT B38HMO.UeHCTBHe. Jln.sr .. Kac­

Ka.uHpoaaHH.sI' .uo Me.uneHHbIX a.upoHOB c 6bICTpOTOli ~ He-
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o6xO.llliMO BpeM51 t '.::< d · e 13 [5] , r ne d HeKOTOpa51 

nOCT051HHa51. 

B CB513H c a K TyanbHOCTbIO naHHOI'O aonpoca aa)KHO ero 

H3y'leHHe npH caepxycKOpHTenbHbIX SHeprH51X B anpoH-51JlpO 

B3BHMOJle :iicTBH51X. B HaCT051IUee apeM51 TaKy10 HHCIJOpMaUHIO 

M O )K HO nony 'IHTb H 3 SHepr eTH'leCKHX xapaKTepHCTHK CTOJIK­

HOBeHHH O.llliHO'IHbIX anpoHOB KOCMH'IeCKHX ny'IeH c aTOMHbI­

MH 51)lpaMH, n ony'IeHHbIMH Ha HOHH3BUHOHHOM K anopHMeTpe 

npH PL ~ 1000 fsa. 

H s M epe HHe MaKpocKOilH'l e CKOro c e 'leHH51 . 

06me H3BeCTHa51 ¢opMyna )lJI51 H3MepeHH51 Ce'IeHH51 , 

N == No e - Px 
( 1 ) 

CB513bIBaeT noTOKH Hepacce51HHhIX N H nepBH'IHhIX 'IaCTH U 

"'0 Ha 51)lepHOH M HIUeHH TOJIIUHHOH x. 3necb Bep051T-

HOCTb p nponopUHOHaJibHa nnOTHOCTH 51)lep Ha e)lHHHUY ny-

TH P = _1_ ,,, N11 6· ~ 6A'", rne N /\ - 'IHCJIO ABara.npo , 
'\L11. A lt1. ·mp 

A - aTOM HbIH HOMe p 51Jlpa-MHUiemi:. Bepo51THOCTb P M O)KeT 

6b!Tb npeJlCTaBneHa H KaK IlpOH3Be)leHHe ITJIOTHOCTH 5l)lep 

p~ NA/ A 
)lOM 51)lpe 

Ha e)lHHHUy Ha Bep051THOCTb pacce51H li51 Ha K a )K­

p ' 
A 

P= NA 
A 

I NA 'a 

PA =. A 5i'ZA PA 

r ne Sf 'Z.~A ecTb re OMeTpH'IeCKOe ce'IeHHe 51Jlpa, a PA -

M epa ero Henpoapa'IHOCTH, yKaahraa10ma51 Ha 

pacceHBaeMbIX 51JlpOM. 

TaKHM o6pasoM, H3MepHB noTOKH 'IaCTHU 

H 3Ha51 TOJIIUHHy MHUieHH x Ha HOHH3aUHOHHOM 

ynaeTC51 H3MepHTb MaKpOCKOilH'IeCKOe ce'!eHH0 
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non10 'IaCTHll, 

f\I H No 
KanopHMeTpe, 

6tn. 

.J_ ..;: \ 

!v\eTO)l onpeneneHH51 Ce'IeHH51 B38HMO)lefiCTBH51 BHp­

TyanbHbIX a.npOHOB c BHyTpli51JlepHbIMH HyKno:HaMH. 

DpennonO)KHM, '!:TO BsaHMone:iicTBHe anpoHa , BhICOKO:ii 

SHeprHH BHYTPH 51Jlpa npoHCXOJlHT cneny10mHM o6pa3oM: 

a) B pesynbTaTe CTOJIKHOBeHH51 anpoHa c HYKJIOHOM .o6pa­

syeTC51 nytioK 'IBCTHU, pacnpeneneHHbIX no HeKOTOpOMy 

cneKTpy; 6) npH CBOeM )lBH)KeHlm 'Iepes 51Jlp0 'ISCT·HUbl 

ny'!Ka MOI'yT B3aHMO)leHCTBOBaTb c HYKJIOHaMH 51Jlpa He­

saBHCHMO npyr OT npyra '!epe-3 HeKOTOpoe BpeM51 't 
Heo6xOJlHMOe )lJI 51 rrpH06peTeHH51 51JlepHOI'O IlOJI51. 

Tenepb nocTaBHM TaKy10 saJla'Iy: MO)KHO nH H3MepHTI: 

ceqeHHe B3aHMOJleMCTBH51 qaCTHU yKasaHHOI'O ny'IKa ~~H 
c BHYTPH51JlepHbIMH HyKnoHaMH Ha HOHH3aUHOHHOM KanopH­

MeTpe? 

EcnH 6br Ha HOHH3aUHOHHOM KanopHMeTpe 6bwa 

B03M0)KH0CTb rioC.J.iHTaTb 'IHCJIO 'IaCTHU ny'!Ka ilo ' ~ nocne 

B3aHMOJleHCTBH51 c 51,0epHbIM BemecTBOM HeKOTOpOM TOJIIllH-

Hhl 6 R , TO saMeHHB B ¢opMyne ( 1) X Ha 6. R . 
MO)KHO nony'IHTb 3Ha'IeHHe ~~H • OnHaKo, np51MOe H3-

MepeHHe cneKTpa 'laCTHU BHyTpH51JlepHOI'O ny'IKa JlO H 

nocne B3aHMOJlelicTBH51 B cnoe 51,0epHoro aemecTaa 

Ha KanopHMeTpe He npe,0cTaBn5leTC5l B03MO)KHbIM. KaK H3-

BeCTHO, . Ha STOH ycTaHOBKe MO)KHO H3Mep51Tb SHeprH10 

B3aHMO,OeM CTByJOmeli '18CTHUbl HJIH qaCTHU, O)lHOBpeMeHHO 

ynaBIIIHX Ha Hee. HcnOJib3Y~M STO CBOMCTBO KanopHMeTpa 

,011,11 onpe,0eneHH5l 6 ~H H npocne)lJfM sa a,0poHOM onpeneneH­

HOli SHeprHH E ' ynaBIUHM Ha MHIIIeHb . c aTOMHbIM HOMe-
0 

pOM A. nocne CTOJIKHOBeHH51 c 51Jlp0M A 6yeyT pO)K,OeHbl 

'IaCTHUhI c HMny.rrhCaMH B HHTepBane · Pmt.n -7-· P ma.x 

DpH STOM no rny6liHe ycTaHOBKH 6y,0eT Ha6n10,0aTbC H 

sneKTpOHH0-51)lepHbIM JIHBeHb. c pe,1lH5151 SHepr H51 'IaCT H U 

a6n H3H ocu 6y,0e T 6onhIUe, 'IeM Ha nepmjlepHH n poc T paH­

CTBeHHoro pacnpeneneHH51 JIHBH51, . T. e. 'IaCTHllbI c l!Mnynh­

caMH p "" .P :mcu.6YJlYT saperHCTpHpOBaHbl B HeKOTOpOM 

y3KOM HHTepaane yrnoa 8 • 8 + A 8 B6JIH3H OCH 
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nHBHSI. 11oHH38UHOHHbIA: KaJIOpHMeTp Il03BOnHeT npocne.[UITb 

aa npoCTpaHCTBeHHbIM pa3BHTHeM nHBHSl c TO'IHOCTblO AO 

pa3Mepoa HOHH38UHOHHhlX KaMep H, cneAOBaTenbHO. aa Bhl-

COKOSHeprH'IHbIMH 'ISCTHUSMH. 

LleA:CTBHTenbHO, nocne nepaoro B3aHMOAeA:CTBHSI c 

HyKnOHOM .si:.upa o6paayeTC51 ny'IOK :a..upOHOB c BbICOKOSHep­

I"H'IHOA 'laCTblO cneKTpa B HHTepBane HMnynbCOB p • p + 
1 1 

+ A P H yrnos a
1 

, 8 + A 8 , onpe.uen51eMbIMH He­

ynpyrJM ce11eHHeM ·B38HMoheii:CTBH.J 6~"A • Ilpu STOM 

BbICOKOSHe.prH'IHbIM 'IBCTHUSM B yKa3aHHOM HHTepaane HM­

nynbCOB H yrnOB 6y.ueT COOTBeTCTBOBaTb OTHOCHTellbHaH 

E 
nonH saeprHH V = E 1 BbI.UeneHHa51 OKono oc:H 51.llep-

Horo nHBH51. o 

Ecnu senH'IHHa V aaBHCHT OT paaMepoB 51.llpa, T.e. 

OT KpSTHOCTH B38HMO.Ueii:CTBH51 ny11Ka qaCTHU c H.UepHbIM 

BeIUeCTBOM, TO STO Il03B01IHT onpe.llenHTb HHTepecy10mee 

Hae ceqeaue 0 F>H MH MHWeHeA c coana.i:ta10IUHMH aaaqe­

HH51MH OTHOWeHHSI TOlllllHHbI MIIWeHH. K npo6ery B38HMO-

)leii:CTBH51 B HeA ~ 
i\ '" hA 

LleAcTBHTenhHO, nycTb y aac HMeeTc51 R.llpo A
1 

u 

noToK a.llpOHOB onp~.lleneaaoA saepruu E • ITocne aaaHMO­

.ueii:cTBH51 N Ai 11acTHil c 51.UpOM A
1 

B 
0 

HHTepsane OT­

aocuTenbHbIX SHepruA 'Vnop 1 Vnop + AV nop H yrnoa 

8
1 

, 8
1 

+ A 9
1 

6y.lleT aaperucTpupoaaao HeKoTopoe 
1 d 2 NA1 

OTHOCHTenhHOe qucno co6brTHA N Ai dvd.Jl 
Tenepb K 51.Upy A

1 
.uo6aaHM .uoEonHHTenbHhIA cnoA 51Jlep-

Horo aemecTBa TOnIUHHoil: AR , T.e. <l>aKTH11ecKH 

B03_!'MeM .upyroe 51.llpO A2. Ecnu B ,Jl-OilOlIHHTenbHOM cnoe 
AR 6y.ueT npo:HCXOAHTb B38HMOJleACTBHe, TO 11aCTHUbI 

ny11Ka Ha H.llpa A
1 

6yJlyT BbIOhIBSTb ua HHTepaana Vnop ,. 

V"nop + Allnor H 61 I 81 + A 81 38 C'leT HX JCaCKa­

.UHp0B8HH51 .uo Me.i:tneHHblX a.upoHOB. 110 STOMY B yKaaaHHOM 

HHTepaane OTHOCHTGllbHhlX SHeprua H yrnoB 6y.ueT aape­

I"HCTpHpOB8HO 'IHCnO C06b!THH c nnOTHOCTblO Bep09THOCTH 
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" 
II 

I daNA2 
fl/ Az dv d .R. r.ue N Ae eCTb qucno a.llpOHOB He-

ynpyro B3aHMO)leii:CTBYIOlllHX c 51ApOM A2. 3 .uecb ayJKHo 

y11ecTb, qTo B cnoe b. R MO)l{eT npouaoATH aaaHMO.lleil:cT-

BHe c Manoit nepeJla11eit :aHeprHH BTOPH11Hb!M qa<:THUaM, 

acne.ucTBHe qero 11ucno co6hITHA B HHTepsane A 1T Ha 51.llpe 

A 6y.ueT aaah1weHo. 
2 

3Ha.si: 'IHCUO B38HMOAeACTBHA, y.uoBneTBOp51101IIWC: BbI6-

paHHblM ycnoBHHM, Ha 51.Upe A
1
. H A

2 1 MO:lKHO nocquTaTb 

'IHCnO BTOp:H'IHblX B38HMO.UeHCTBHA a)lpOHa c conpOBO)l{JleHHeM 

B BHpTyanbHOM COCTO.slHHH. TeM C8MbIM Il051Bm1eTCS B03M0)1{­

HOCTb nony-qeHHH HH$OpMBUHH 0 npocTpaHCTBeHHO-BpeMeH­

HOM pa3BHTHH aa.pOHHblX CHCTeM, 06paay10muxcs npH COyJla­

peHHH a.upoHOB c BHYTPHH.llepHbIMH HyKlIOHBMH Ha Sl~b!Ke npo-
6erOB HnH ceqeHHA. ' 

Cne)loaaTenbHO, ce"leHHe <b r; H 6yAeT onpeAensTbCH 

no $opMyne 

2 z ~R · 

JI(_i dNA1 __ 1 dNAz)dvd.n.:?:1-exp(--12 ) (2) 
NA 1 d vdn. N Ae. d vd.l2. :>t fitf ' 

ve 

J> 
r.ue 6tH = ~~ • .P - nnOTHOCTb 51.UepHOI'O BeIUeCTBa, 

n - KOHUeHTp8UH51 HYKlIOHOB B 51P.epHOM BeIUeCTBe. _ 

Lln51 onpe.ueneaus A R 12 MO*HO npHH51Th, "ITO R 

4/3 R 1 r.ll: R = ~cba.&s/sr - a$$eKTHBHb1it pa.llayc 

HJlpa. 0Tc10.ua 6R1a = 4/3 " ( RA 
2 

- R A 1 ) • 0TMeTHM, 

'ITO npH onpe.ueneHHH 'IHC118 B38HMOJleACTBHH d?N 
dv-d.Jl 

HeOOXOJlHMO y11eCTb npOCTpaHCTBeHHOe pa3BHTHe H.UepHOI"O 

nHBHH B pa3Hh!X MHWeHsx [6] 
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PeaynbTBTbI o6pa6oTKH SKcnepHMeHTanbHbIX naHHbIX no 
¢opMyne (2) hnSI nonyqeHHSI KOnHqecTBeHHbIX oueHOK 6y­
nyT IIpHBeneHbl B nanbHeH: lllHX :ry6nHK8Ul!SIX. 

AsTop 6naronapeH c.f.JVlaTHHSIHY aa noneaHbre coseTbI 
H B.B.AsaKSIHy, C.P.resopKS!Hy, r.H.fpHrOpSiey, 3.A.JVlaMHlJ.­
.>KaHSIHy aa aKTHBHOe y<>aCTHe B o6cy.>KneiIHH naHHOH: pa6o­
Tbr. 
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