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HecKonLKO AecsTaneTBB Ha3aA acnonL30Bauae Tenno

BLIX, a 3aTeM B pe3oHaHCHblX HeBTpOHOB n03BOllBllO nepeBTB 

K WBpOKOMY BCClleAOBaHBID raMMa·pacnaAa KOMnayHA·Co

CTOSHBB SAep. MLI nonyqana B03MO>KHOCTL B3yqaTL y -ne

pexoALI He TOllbKO Me )KAy cpaBHBTellbHO npOCTblMB COCTOS

HBSMB S-> S /none AeSTellbHOCTB SAepHOB cneKTpOCKO· 

naB/ /I/, HO B Me)I(Ay oqeHb CllO>KHblMB uaqanbHbiMB B AO· 

BOllbHO npOCTbiMB KOHeqHblMB KOMnayHA- COCTOSHBSMB B6nB-

3B OCHOBHOrO COCTOSHBJI SApa C -> S 
TaKoB nepexoA Aan B03MO>KHOCTL nonyqBTL HOBYID o6-

wapuyro BH4>0pMaUBID 0 cnBHaX B qeTHOCTJIX HB3KOne>KaUUIX 

COCTOJIHBB B pacnaAaiOUUIXCJI COCTOSHBB - HeBTpOHHblX pe-

30HaHCOB, a TaK>Ke o caMOM MexaHB3Me y -pacnaAa, B qacT

HOCTB, - 0 BllBJIHBB raraHTCAoro ABnOllbHOro pe3oHaHca 

Ha BepOJITHOCTB y·nepeXOAOB 
2

/ • 

,lJ.anLHeBWBM nporpeccoM B B3yqeuaa caMoro npouecca 

Y -pacnaAa MO>KeT JIBBTbCJI BCClleAOBaHBe y ·nepeXOAOB Me>K· 

AY ABYMJI KoMnayHA·cocTOJIHBJIMB: C .... C. Cno>KHOCTL /Muo

roKoMnoueHTHOCTL/ TaKBX COCTOJIHBB AaeT BAeanLHOe yc

peAHeHHe BepOJITHOCTeB nepeXOAOB no BCeM "cTpyKTYPHbiM" 

KOMnOHeHTaM, no3BOllJIJI B 6onee "qacTOM" BRAe Ha6niDAaTb 

npoJianeuae o6IUBX 3aKOHOMepuocTeB y -pacnaAa. He ac

Knroqeuo, qTO Mbl CMO>KeM nonyqBTb npB 3TOM B HOBble 

CBeAeHBJI 0 npoueccax 4>parMeHTaUBB npoCTbiX COCTOJIHBB 

no KoMnayA,-cocTOJIHBJIM, o qeM 3AeCL roBopan npo4>eccop 

ConoBLeB 3 • H3yqeuae y -nepexoAOB Tana C _, C BHTe

pecuo a noToMy, qTo OHB arparoT 3HaqaTenLHYID ponL ua 

uaqanLHOB CTaABB o6pa30BaHBJI MHOroqacneHHbiX KaCKaAOB 

a cneAOBaTenLHO, BnB}IIDT ua Benaqauy a 4>nYKTyauaa nonuoi 

paAHaUBOHHOB WBpBHbl. 
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OfihlqHo npu 3TOM Mbl HMeeM ,n;eno co cpaBHHTenLHo 
MBrKHM y -u3nyqeHHeM /E ::;:2 M3B/, Hero u.n;eHTHcPHKa
~HB B CMblCne OTnHqH.R OT rtepeXO,LJ;OB C aHanorHqHOH 3Hep

rHeH, HO THna S .... S cno:>tma. HeKoTopble B03MO)I(HOCTH 
,LJ;ll.ll H,LJ;eHTHcPHKa~HH TaKHX nepeXO,LJ;OB B cpe,LJ;HHX H T.lf)l(ellblX 
.11,n;pax npuBe.n;eHLI B ma6A. 1. 

O,n;HaKo HHTeHCHBHOCTH HH,LJ;HBH,n;yanLHblX y -nepexo.n;oB 
Me)I(,LJ;y KOMnayH,n;- COCTO.IIHH.IIMH oqeHb Mallbl /Ha ypOBHe 
10-4 oT o6~ero qucna y -pacna,n;oa7, II ux o6Hapy)l(eHHe 
B T.lf)l(ellbiX .II,LJ;pax Ha cPOHe KOMllTOHOBCKHX XBOCTOB OT fionee 
)l(eCTKOrO H HHTeHCHBHOrO H3nyqeHH.II .RBn.ReTC.II llOKa, no
BH~HMOMy, HepemeHHOH 3a,n;aqeii:. ~n.R oqeHh nerKHX B,n;ep 

3,LJ;eCb HHTepeCHO OTMeTHTb pafioTy B.A.IJo.RpKOBa H,LI;p. / 4/, 

Hccne.n;oBaBWHX peaK~HH l2C(n,yn') H 16 O(n,yn') .06-
nyqa.lf .11,n;pa yrnepo,n;a H KHcnopo,n;a HeiiTpoHaMH c 3Heprueii 
14,9 M3B, OHH 3aperucTpHpoBanu MBrKoe y -u3nyqeHHe 
B COBna,n;eHHH C HeHTpOHaMH. 3HeprH.R 3THX HeiiTpOHOB 
fihlna BblfipaHa ,LJ;OCTaToqHo BbiCOKOH, qTofihi HCKmoqHTb 
perncTpa~uro ofihlqHoro Heynpyroro pacce.RHHB, H,LJ;Yll.lero 
qepe3 nepBOe B03fiy)I(,LJ;eHHOe COCTO.IIHHe KOMnayH,n;- .II,LJ;pa. 
CneKTPLI y -u3nyqeHHB cocTo.RnH H3 HecKonLKHX y3KHX 
H wupoKnx nHHHH B ,n;uana3oHe 30-300 K3B. O,n;HaKo ux 
HHTeHCHBHOCTb Ka)l(eTC.II CllHillKOM BblCOKOH ,LJ;ll.ll TOro, qTofibl 
npOCTO Ofi'b.RCHHTh ee ,LJ;HllOllbHblMH nepexo,n;aMH Me)I(,LI;y 
YPOBH.IIMH COCTaBHOrO .R,n;pa. 

KpoMe Toro, B cBoeii neK~HH Ha I I Me)l(,n;yHapo.n;Hoii 
wKone no HeiiTpOHHoii cPH3HKe I AnywTa, CCC P, 2-19 anpe
ll.ll 1974 r ./ ~)I(.XapBeH ynOM.RHyn 0 perHCTpal.I,HH nepBHqHbiX 
y-nepeXO,LJ;OB npH pe30HaHCHOM 3aXBaTe HeHTpOHOBB 57 Fe 
flO HX 3HepreTHqecKOMy C,LJ;BHry. 

3,n;eCb Mbl no,n;pofiHee OCTaHOBHMC.II Ha O,LJ;HOM, y)l(e 
peanH30BaHHOM Ha 3KCnepHMeHTe, MeTO,LJ;e ITOJiyqeHH.II HH
cPOpMai.J,HH o y-nepexo,n;ax THna C .... C c noMOII.lLIO peaK
I.J,HH ( n, y a) . 

PeaKI.J,HIO ( n, y a) MO)I(HO paccMaTpHBarh KaK ,n;Byx-
cTyneH'IaTLiii npouecc pacrra,n;a KOMnayH,n;-cocTO.RHHB/o6pa-
30BaBweroc.R nocne JaxBaTa HeiiTpoHa/ cHa~ana 3a cqeT 
ucnycKaHH.II y- KBaHTa c JHeprueii ~ l M3B, J. 3aTeM - a
'iaCTHI.J,bi, YHOC.II~eii BCIO OCTaToqHyiO 3HeprHK1 B03fiy)I(,LI;eHH.II 
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npoMe)KyToqHoro KoMnayH~·cocTOJIHHJI. KoHeqHo, oepoJIT

HOCTb BMneTa Ha BTOpOM 3Tane a-qaCTHUM B MHnnHOHM 
pa3 MeHbWe BepOJITHOCTH BMneTa BTOporo Y ·KBaHTa, 

HO ee perHCTpaUHJI ll03BOnJieT O~H03HaqHO H~eHTH$HUHpo

BaTb y -nepexo~ THna C -> C • Heo6xo~HMO no~qepKHYTb, 
qTo xopowee ycpe~HeHHe oepoJITHOCTH TaKoro pacna~a no 

npoMe)KyToqHMM COCTOJIHHJIM ~aeT B03MO)KHOCTb ~enaTb 
~OBOnbHO 06IUHe 3aKmoqeHHJI 0 CBOBCTBaX y -nepeXO~OB 
THlla C -> C Ha OCHOBaHHH H3MepeHHB B 1-:-2 pe30HaHCaX. 

BnepoMe Ha B03MO)KHOCTb TaKoro npouecca yKa3anH 

XeB:$eTu T ~p. /5/, oueHHB ero oepoJITHOCTb KaK "'0,1o/o 

OT BepOJITHOCTH a·nepexo~a H3 3aXBaTHOrO COCTOJIHHJI 

B OCHOBHOe COCTOJIHHe ~oqepHero JI~pa. llepooe 3KCrrepH

MeHTanbHOe Ha6nro~e&Jfe peaKUHH ( n, y a ) npHHa~ne)KHT 
0Kero H MaK$epnaB:Hyl 6 ~ KOTOPLie, o6nyqaJI 

143 Nd Tenno

BbiMH HeBTpOHaMH, _3apent:CTpHpOBanH WHpOKOe pacn~e~e

neHHe a - qacTHU, B03HHKaiOIUHX B peaKUHH 14'N d( n, y a) 4° Ce 
Me)K~y Y3KHMH llHKaMH a -qaCTHU, COOTBeTCTBYIOil\HMH a· 
nepexo~aM B OCHOBHOe H nepooe B036y)K~eHHOe COCTOJIHHJI 

JI~pa-npo~yKTa 14° Ce /puc. 1/. IliHpoKoe 3HepreTHqecKoe 

pacnpe~eneHHe a- qacTHU a peaKUHH ( n, y a) o6'bJICHJieTcB 

60nbWHM qucnoM peanH3yeMMX rrpoMe)KyToqHhlX COCTOJIHHB. 

flo OUeHKaM aBTOpOB, ceqeHHe 3TOrO npouecca Ha TerrnOBMX 

HeBTpoHaX OKa3anOCb paBHMM 0,3 M6H, qTo B 70 pa3 

MeHLwe ceqeHHB peaKUHH ( n, a) H a 10 6 pa3 MeHbWe ceqe

HHJI (n, y) .llo3~Hee aHanoruqHwe H3MepeHHJI c rroMOil\biO 

~pyroB MeTO~HKH 6MnH llOBTOpeHM KBHTeKOM H ~p. B l.le

xocnooaKHH 171. Ha pe3oHaHCHMX H~BlTpoHax peaKUHJI ( n,ya) 
u u T1 6 /8 H3yqanacb Haweu rpynnou a ,...,y He • 

llOCKOnbKY OC06eHHOCTH y-pacna~a HeBTpOHHhlX pe3o

HaHCOB /3aXBaTHMX COCTOJIHHB/ XOpOWO H3BeCTHhl ay~H
TOpHH, a a ·pacna~ KOMnayH~- COCTOJIHHB eiUe OCTaeTCJI 

3K30THKOB, Ka)KeTCJI uenecoo6pa3HhlM CKa3aTb HeCKOnbKO 

cnoa o 3aKoHoMepHOCTJIX 3Toro npouecca. 

llpooe~eHHMe a ,IJ;y6He Hccne.nooaHHB nonHbiX o -wupHH 

~nJI ~ooonbHO wupoKoro Kpyra s~ep-MHWeHeil OT 64 Zn 

~0 177 H£ H napUHanbHbiX a -wHpHH HeqeTHbiX H30TOllOB 

CaMapHJI H HeO~HMa llOKa3anH, qTO, TaK )Ke, KaK H B cnyqae 

y -pacna~a, $nyKTyauHH napuHanLHMX a -wupHH onucbiBaiOT

cJI pacnpe~eneHHJIMH llopTepa-ToMaca c I'= l, a HX cpe~HHe 
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3HaqeHH~ Hennoxo BOCnpOH3BOA~TC~ CTaTHCTHqecKOH Teo

pHeH, ecnH «)aKTOp npOHHUaeMOCTH All~ a -qacTHU ( T e ) 
paccqHTLIBaeTc~ no onTHqecKoi MOAenH /9 I. EAHHcT:eH

HbiM CB060AHLIM napaMeTpOM 3ToH MOAenH 6blna MHHMa~ 
qaCTL OnTHqecKoro noTeHUHana, KOTOpyiO Mbl nOA6HpanH, 

HCXOA.H H3 nyqwero OnHCaHH~ HMeiOIIUIXC.H 3KCnepHM,HT~nL

HbiX AaHHbiX B peaKUHH ( n , a ) , M o:>KHO noKa3a TL l O ~ qTo 

cpeAHHe 3HaqeHH.H nOllHbiX a -wHpHH 

<['a > OITT 

H «)nyKTYHPYIOT C 

__Q_ I Taer 
277 e,r 

2 2 
v ,}, = (I T of ) /I T of. 

3't' ff aL ff aL 

/1/ 

/2/ 

3AeCL D - cpeAHee paccTo.HHHe Me)I(AY pacnaAaiOIUHMHC.H 

COCTO.HHH.HMH C AaHHbiM CnHHOM H qeTHOCTLIO, T ae f - «)aK

TOp npOHHUaeMOCTH, 3aBHC.HIUHH OT op6HTallLHOrO MOMeHTa 

a -qaCTHUbl e H ee 3HeprHH /KOHeqHoro COCTO.HHH~ f /. 
CyMMHPOBaHHe BeAeTC.H no BCeM 3HaqeHH.HM e ' AOnycKae

MLIM 3aKoHaMH coxpaHeHH~ qeTHOCTH. 0TMeTHM, qTo a p.a:Ae 

cnyqaea /HanpHMep, THna 177 
= 4- _. J 77 = 0 + / a - nepeXOALI 

3anpell(eHbl a6COlliOTHO H He Ha6niOAaiOTC.H B 3KCnepHMeHTe. 

Ha puc. 2 OTHoweHHe <f' > •wn K <f' > HnniOcTpHpyeT 
a ""'-' a onT 

cnpaBeAllHBOCTL TeopeTHqeCKOrO OnHCaHH.H HMeiOIIUIXC.H 3K-

cnepHMeHTallLHbiX AaHHLIX no a -wHpHHaM. 

CxeMaTHqecKH peaKUHIO ( n. ya) MO)I(HO npeACTaBHTL 

B TaKOM BHAe: 

A+n -> C" L 

C' l 

C!' 1 

.... A o -> An .. • Af i '·' 

a 
--> s 

.... A f ' 

rAe A 0 , A f i , A f - KBaHTOBLie xapaKTepHCTHKH HHAHBH

AyanLHLIX COCTO.HHHH npoMe)l(yTOqHLIX H KOHeqHoro .HAep. 

8 
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Puc. 2 

TorAa ceqeHHe peaKUHH ( n, y a ) 6yAeT nponopuHoHanLHO 

npOH3BeAeHHIO Tpex BepO~THOCTeH:o6pa30BaHH.HCOCTaBHOrO 
.HApa, HCnycKaHH~ M.HrKoro y-KBaHTa H BbllleTa a -qaCTHUbl 

H3 npoMe)l(yToqHoro COCTO.HHH.H 

a ( n , ya ) "' W ( E ) • W ( E ) • W ( E , e ) . 
nn yy a aa 

/3/ 

~n.H ynpoll(eHH.H pacqeTOB HCnOnL3yeM HeCKOllLKO npH6nH

)I(eHHH: 
a/ c 3KcnepHMeHTanLHOH ToqKH 3peHH.H YA06Hee H3yqaTL 

3TY peaKUHIO B Tex cnyqa.ax, KOrAa y KOHeqHoro ~Apa nepaoe 

B036Y)I(AeHHOe COCTO.HHHe, Ha KOTOpoe MO)I(eT HATH np.HMOH 

a -pacnaA, ne)I(HT AOCTaToqHo BbiCOKO. Il03TOMY, npHHHMa.H 

BO BHHMaHHe, qTO Bepo.HTHOCTL HCnyCKaHH.H a -qaCTHUbl 

3KCnOHeHUHallLHO naAaeT C ee 3HeprHeH /noA6apLepHbiH 

npouecc/, AOCTaToqHO yqHTbiBaTL TOllLKO a -nepeXOAbi 

B OCHOBHOe COCTO.HHHe AOqepHero .HApa. B qacTHOCTH, All.H 

9 



143
N d ( n, y a ) 

14° Ce OTHOWeHHe BepOJITHOCTeH a -nepeXO.IJ;OB 

B OCHOBHOe H nepBoe B036y*,IJ;eHHOe COCTOJIHHJI COCTaBJIJI
eT ,500. 

6/ MO:li<HO npe,IJ;nOJIO>KHTL, 'ITO npoMe>KyTO'IHOe COCTOJI

HHe ,\ fi 3acenJieTCJI TOJILKO npJIMLIM Y -nepeXO.IJ;OM H3 

COCTOJIHHJI ..\ 0 . Pac'leTLI no CTaTHCTH'IeCKOH TeOpHH noKa-

3LIBaiOT, 'ITO .IJ;nJI E "' 1,5 M3B :no BwnonHJieTcJI c Toq
HOCTLIO, JIY'IWe:B 'leMY10~. 

B/ fiOCKOJILKY npoMe>KyTO'IHLie COCTOJIHHJI ,\ f i lle>KaT 

HH>Ke 3HeprHH CBJ13H HeHTpOHa B n, TO HeHTpOHHLIH KaHan 

pacna.IJ;a .IJ;JIJI HHX JaKpLIT H nonHaJI WHpHHa pacna,IJ;a onpe

.IJ;enJieTcJI npaKTH'IeCKH nonHo:B y -wapaHo:B. Mw nonarana 

I',r· (E£_),1' (R), 
A I I Y D /4/ 

C'IHTaJI, 'ITO pa,IJ;HaUHOHHaJI WHpHHa H3MeHHTCJI Hecy~eCT
BeHHO npa yMeHLWeHHH 3Hepraa B036y>K.IJ;eHHJI Ha 1-1,5 M3B. 
3KcnepHMeHTaJILHLIM nO,IJ;TBep*.IJ;eHHeM 3TOrO MO>KeT cny
>KHTL TOT l)aKT, 'ITO nonHaJI y-WHpHHa CJia6o MeHJieTCJI npH 

nepexo,IJ;e OT O.IJ;Horo 'leTHoro H3oTona K .IJ;pyroMy npa 
L\B0 d M3B. 

llapuaanLHaJI WHpHHa .IJ;BYXKacKa.IJ;Horo npouecca 'lepeJ 

COCTOJIHHe A f i B 3TOM CJiyqae MO>KeT 6LITL 3anHCaHa KaK 

r .(..\o .... Ar ..... o) ya1 1 

r (E ,e ) 
a..\fi a a 

r ( A 0 .... ..\ f i) !e a --r ( B ) 
y y n 

/5/ 

)J,nJI cpaBHeHHJI C 3KCnepHMeHTOM He06XO.IJ;HMO nony'IHTL 

nonHyiO WHpHHy r ' JIBJIJIIO~YIOCJI CYMMOH /5/ no npoMe

>KYTO'IHLIM COCTOJI~~JIM ,\ f i , a TaK>Ke BH.IJ; 3HepreTH'IeCKOro 

cneKTpa a- 'laCTHU B peaKUHH ( n , ya ) - N ( £ ) . 
ya a 

llapuHaJILHYIO pa.IJ;HaUHOHHYIO WHpHHy l y (A O -> A f i ) MO>K

HO BLipaJHTL qepe3 O.IJ;HolfCTH'IHYIO oueHKY Ba:BcKonl)a 

BepoJITHOCTH y -nepexo,IJ;a ( E ) MYllLTHnOJILHOCTH e)' I II I 
sW ( Ey; ~ 'e y) H l)aKTOp JanpeTa HF ( ~' e y) ' aHano
rH'IHLIH HCnOJIL3yeMOMy Jlo6HepOM /! 2 ( 

10 

r (..\o,..\r·) =! 
a 1 fy 

w M e ) S ( Ey, E' y 

-M
HF( E,ey) 

/6/ 

,lJ,nJI TOrO 'IT06LI nony'IHTL TeopeTH'IeCKHH cneKTp a -

'laCTHU B peaKUHH ( n , y a ),He06XO.IJ;HMO ycpe.IJ;HHTL 3Ha'leHHJI. 

l ya f i no npoMe>KyTO'IHLIM COCTOJIHHJIM B Y3KOM 3Hepre

TH'IeCKOM HHTepBane L\ < < Ea.' B KOTOpOM MO>KHO npeHe6pe'IL 

JaBHCHMOCTLIO r a OT Ea ' a TaK>Ke C'IHTaTL cpe,IJ;Hee pac

CTOJIHHe Me>K.IJ;y npoMe>KyTO'IHLIMH COCTOJIHHJIMH D f i no

CTOJIHHLIM H BOCnOJIL30BaTLCJI BLipa>KeHHeM /1/. B 3KCne

pHMeHTe TaKoe ycpe,IJ;HeHHe no HHTepBany ('.. "" 100 K3B 
npOHCXO.IJ;HT 3a C'leT KOHe'IHOrO pa3peweHHJI cneKTpOMeTpOB 

a -qacTHU. Tor,IJ;a 

-
N (E ) 

ya a 

s "'<.E = E - E ; ~, eY ) 
L\ ! _ y aOM a __ ·_ 

2 rr If (Bn ) f y H F ( E• e y ) 
X /1/ 

!T n(E ). ea at a 

3.IJ;eCL Ea
0

- 3HeprHJI a -qacTHULI npH npJIMOM pacna.IJ;e, H3 

=!._aXBaTHOrO B OCHOBHOe COCTOJIHHe KOHe'IHOrO JI,IJ;pa, £a , 
E a- JueprHH cooTBeTCTBYIO~ero pacna.IJ;a .IJ;llJI cepe)J.HHLI 

HHTepBana !"' • HHTepecHo, 'ITO l)opMa cneKTpa N ya ( E a) 
He JaBHCHT OT nnoTHOCTH npoMe)KyTO'IHLIX COCTOJIHHH. 

,IJ,nJI nony'leHHJI nonuo:B wapHHLI paccMaTpHBaeMoro .IJ;BYX

cTyneH'IaToro npouecca Heo6xo.IJ;HMO cyMMHpoBaHHe no aH

TepBanaM !"'i 

iya('\0 .... 0) 
1\ 

W "" M n ) 
S (Ey; E; ry 

~[t: HF(Me) /\1 r y E y 

X 

2rrl- (R Y n 

/8/ 

x L T af 1 l\i · r 
TenepL, no.IJ;cTaBJIJIJI B Bblpa)Keuae /7 I u /8/ JHa'leHBJI 

o.IJ;HO'IaCTB'IHLIX oueHoK BaiicKonl)a /I 
1 

B cpaBHBBaJI ux c 
pe3yllLTaTaMB 3KCnepBMeHTa, MLI MO)KeM nony'IBTL CBe-

II 



,!J;CHaJI 0 MYRLTaflORLHOCT JIX y - nepeXO,!J;OB Tana C-> C , O.Qe
HaTL .n;ns uax cllaKTOPitl 3anpeTa HF. 

Ecna BLI'Iacneuae ciJaKTopoa 3anpeTa npe.n;cTaanseT au
Tepee a3- 3a B03MO)KHOCTa cpaBHCHaJI C ,zJ;aHHLIMa s,n;epHOB 
cneKTpocKonaa /nepexo.n;LI Tana S _, S I, To .n;ns .n;auuoii 
ay.n;aTopaa rrpe.n;rrO'ITaTeRLHeii MO)KCT OKa3aTLCJI BLI'Iacne
Hae canoaoii ciJYHK.Qaa ,n;ns y- nepeXO,!J;OB MC)K,!J;y KOMrrayH,n;
cocTosuasMa. ,l(ns El -ana Ml -nepexo.n;oa 

Sy 
r. l < .::....r._~:_ > 

D E3 
y 

/9/ 

B uaweM cnyqae, nonaras .n;ns npocTOTLI, 'ITO npeaanapyeT 
TORLKO O,!J;Ha MYRLTanonLHOCTL y -nepexo,n;a a a -qacTa.QLI 
BLineTaiOT npeaMy~eCTBCHHO C O,!J;HaM 3HalfeHaeM f, nony
lfaM: 

277 s =
y D 

f' .f' (B 
ya y n 

/I..IA. <E 3 T n >A. 
Lli y ar. Lli 

Hna, o6o3Halfas nnoJ.Qa.n;L no.n; TeopeTalfecKoii Kpaaoii 
cneKTpa B ( n, y a) peaKuaa KaK 

A ya 
"'3 /I..IA.<E ·T n >A., 

Lli y ar. Lli 

/10/ 

a -

/11/ 
aMeeM 

277 ~af'y(Bn) __ 

D A 
s 

y /12/ 
ya 

Jionee KOHKpCTHO OC06CHHOCTa peaKJ,Iaa ( n • Y a ) MLI 
143 N paCCMOTpaM Ha npaMepe JI,n;pa·MaWeHa d. 

Jl.n;po 
143 

Nd JIBnseTcJI noKa e.n;HHCTBeHHLIM, Ha KOTopoM 
peaK.QaJI ( n, y a) 3KCrreparaeHTaRLHO a3ylfanaCL Ha Tenno
BLIX I 6 ' 

71 a pe3oHaHCHLIX S/ ueiiTpouax. 3To He cnyqaiiuo, 
nocKonLKy a/ cocTaauoe JI,n;po 144 Nd npa 3Hepraa B036y:>K
.n;euaJI llOpJI,!J;Ka 3Hepraa CBJI3a HCBTpOHa aMeeT OTHOCaTenL-

12 

HO BLICOKyiO npoHa.QaeMOCTL ,!J;RJI BLIReTa a -qacTa.QLI; 6/ ,n;o
qepHee JI,!J;pO l40Ce aMeeT MaralfeCKOe qacno HCBTpOHOB 
N = 82, a cne.n;oaaTenLHO, 6onLwyro 3HepreTalfeCKYIO ~enL 

/1,6 M3B/ Me)K,!J;y nepBLIM B036y)K,!J;CHHLIM a OCHOBHLIM 
COCTOJIHaJIMa. llocne,n;Hee fl03BORJICT Ha6nro,n;aTL ,!J;BYXCTy
llCH'IaTLIB pacna,n; C MaHaManLHLIMa llOMCXaMa OT llpJIMOrO 
a -pacna,n;a 3aXBaTHOrO COCTOJIHaJI. 

Ha puc. 3 npaae.n;eua cxeMa B03MO:>KHLIX nyTeii pacna.n;a 
BLICOKOB036y)K,!J;eHHLIX COCTOJIHaii KOMnayH,n;- s,n;pa 144 N d, 

J"' EnleVJ 

T 180 
143

Nd(n,a01. t°Ce tt_:) tit 

<:== 

N"' 

ECMeVJI"' 

.J---..... r 85 MoV ' ' I 
I 

I 

~~ ~ 
~91 r 
t60 r 

,- 144 Nd 
60 84 

0 r 
NO 
~Ce 0 

Puc. 3 

77 - - + 
llocKonLKY .n;ns pe 30HaHCOB c J = 4 a- nepexo.n; 4 -> 0 3a-
npeJ.QeH, peaKuas ( n, ya) .n;aeT a -qacTa.QLI c MaKcaManL
uoii 3Hepraeii B cneKTpe, 'ITO 3HalfaTenLHO o6nerqaeT pe
racTpauaro 3Toro npouecca .n;a*e npa nnoxoM pa3peweuaa 
no 3Hepraa a -qacTa.Q. 

13 



IlpB pacna,IJ;e pe30HaHCOB C pa3HbiMB CnBHaMB B 3aBB

CBMOCTB OT MynLTBnOnLHOCTB nepBB'IHbiX y -KBaHTOB npo

BCXO,IJ;BT OT60p no CnBHaM B 'leTHOCT.HM npoMe)l(yTO'IHbiX 

COCTO.HHBH Afi, 'ITO B CBOIO oqepe,D;L <lJBKCBpyeT op6BTanLHble 

MOMeHTbl BbllleTaiO~BX a- 'laCTBU B npBBO,IJ;BT K B3MeHeHBIO 

aepo.HTHOCTB npo:u;ecca B :u;enoM. Ha puc. 4 npe,IJ;cTaBneHLI 

}ff -hl'!'exodbl Ef-n£~pexoilbt 

~ 
'J'-NltzNiiJ6l 

cl:-wriiulfbl fc3 
ill 

~ o+ 

Puc. 4 

CnBHbl B 'leTHOCTB npoMe)l(yTO'IHbiX COCTOJIHBH B op6BTanL

Hble MOMeHTLI a -qacTu:u;, peanuJyeMLie B cnyqae nu6o 

El-nu6o ~n-nepexo,IJ;oB B peaK:u;uu 
143 Nd ( n, ya )14

°Ce.3a cqeT 

ycpe,D;HeHBJI no npoMe)l(yTO'IHbiM COCTOJIHBJIM BepOJITHOCTB 

nepBB'IHLIX y -nepexo,IJ;oB O,IJ;Hoii u Toii )l(e MynLTunonLHOCTB 

,!J;llJI pe30HaHCOB C ]
77 

= 3- BllB 4- 6y.D;yT Mano OTllB'IaTLCJI. 

B TO )l(e BpeMJI BTOpaJI CTa,IJ;BJI peaKD;BB 6y,IJ;eT JaBBCeTL 

OT BenB'IBHbl op6BTanLHOr6 MOMeHTa, YHOCBMOro a -qacTB

:u;eii. IloCKOllLKY 

T (C = 2) 
a 

T <P=3) _a _____ ::_ 4, 
T (e = 5) 

a 

1131 
T (C = 4) 

a 

OTHOWeHBe WBpBH peaKIJ;BB ( n, )'a ) ,IJ;llJI pe30HaHCOB 

C pa3HLIMB CnBHaMB BeCLMa 'IYBCTBBTellLHO K MynL

TBnOnLHOCTB nepBB'IHbiX y-nepeXO,IJ;OB: 

14 

l 
1 

I 
I 

w(E l) 

w(Ml) 

r ya (3) 

r (4-) 
ya 

T a3 

Ta3+Ta5 

Ta2 + Ta4 

Ta4 

- 0,8. 

"' 5 1141 

1151 

TaKOBLI B03MO)I(HOCTB nonyqeuuJI <lJuJB'IecKoii uu<lJopMa

u;uu B3 auanuJa npocTeiiwux 3KcnepuMeHTanLHLIX ,IJ;aHHLIX 

no (n, ya) -peaK:u;uu. 

OcTaHOBBMC.H KpaTKO ua 3KcnepuMeHTax, B KOTOpLix 

BJyqanacL peaKUB.H ( n, y a) • 

BnepBLie peaKUBJI (n, ya) 6Lina JaperucTpupoaaua 

ua TennoB~x ueiiTpouax B MaK- MacTepcKoM yuuaepcuTeTe 

B Kaua,IJ;e 6 1. qT06LI uJ6aBBTL cneKTpoMeTp a-'laCTBU 

OT cy~eCTBeuuoro <lJoua y-nyqeii pa,D;ua:u;uouuoro JaxBaTa 

HeiiTpOHOB (17 ( n • y) /17 ( n, ya) > 10 l) , aBTOpbl TpaHCnOpTB

poBanB a -qacTBUbl OT MBWeHB 143Nd ,IJ;O .D;eTeKTOpa C no

MO~LIO cne:u;uanLHbiX IJ;BllBH,D;pB'IeCKBX anL<lJaBO,IJ;OB C 3lleKT

pocTaTB'IeCKOH <lJoKyCBpOBKOH Ha paCCTOJIHBe npBMepHO 

6 M. 3TO n03BOllBllO nony'IBTL Ha KpeMHBeBOM ,IJ;eTeKTOpe 

BLICOKOe paJpeweuue no 3Hepruu a -qacTuu;. 

Ilo3.D;Hee KauTeK u ,IJ;p. n?B!opunu 3TO B3Mepeuue ua 

peaKTope B P)l(e)l(e lqCCP I 7 
• )J.nJI nyqwero OT,IJ;eneHBJI 

a-'laCTBU B3 peaK:u;BB (n, ya) OT 4Joua OHB ucnonLJOBanu 

TenecKon, npe,D;cTaBnJIBWBii co6oii co'leTauue .D;BYX KpeM

HBeBLIX ,IJ;eTeKTOpOB -TOHKOrO, perBCTpBpOBaBrnero y,IJ;enLHYIO 

noTepJO 3Hepruu d F: 1 d x , u ToncToro, perucTpupoaaawero 

nonuy10 3HepruJO. HJMepeHBJI no,IJ;TBep,D;unu, 'ITO wupoKuii 

rop6 Me)I(,IJ;y y3KBMB nBKaMB ,IJ;eHCTBBTenLHO o6ycnoBneH 

a-qaCTBIJ;aMB, npOBCXO)I(,ZJ;eHBe KOTOpbiX MO)I(HO 06bJICHBTL 

peaKu;ueii 143Nd ( n, ya) O,IJ;HaKo nony'leHHoe 3Haqeuue ce

'leHBJI ,!J;llJI TennOBbiX HeiiTpOHOB OKa3allOCL B 3 raJa 60nL

WBM Ia (n, ra) = 0,9 M6HII7 1, 'leM B pa60J'e I 1. HopMB

pOBKa ceqeuuii ( n, ya) B o6oux cnyqaJIX npoBO.D;HnacL Ha 

ce'leHHe peaKUHB 1 ·l 3 1" d ( n, a 
0 

) , paBHOe .D;nJI TennOBLIX 

HeiiTpOHOB 21,28 M6H, T.e. Ha nnOIIJ;a,IJ;L nBKa ,!J;llJI a-nepe

XO,IJ;a B OCHOBHOe COCTOJIHHe. 

IlpB'IBHa paCXO)I(,IJ;eHBH pe3yllLTaTOB 3TBX ,IJ;BYX 3KCnepu-

15 



MeHTOB, no-B.H,IJ;HMOMy, Jie>IOIT B Heonpe,u;eJieHHOCTH Bbl'IH

TaHHJI 4Joua -B cnexTpe a - qacTHU Me>K,IJ;y nuxaMH A H B 
I puc. 1/ H sxna.u;a "xsocTa" OT nuxa A • 

HanH'IHe B a - cnexTpax nuxa A·, cooTBeTCTBYIOID;ero 

a -nepexo.u;y B ocuosuoe cocTOJIHHe ,u;oqepuero Jl,u;pa, ro

sopHT 0 TOM, 'ITO npH 3aXBaTe TenJIOBblX HeiiTpOHOB B OC

HOBHOM peaJIH3yeTCJI cocTOJIHHe c ]
77 

= 3- I CBJI3auuoe 

cocTOJIHHe c E 0 = -6 3B/. B CBJI3H c BLUUecxa3aHHblM 

npe,u;cTaBJIJIJIO HHTepec HCCJie,IJ;OBaHHe peaKD;HH 143 N d ( n, ya) 
7T -

s pe3ouauce E 0 = 55,4 3B c J = 4 . 3TH H3MepeHHJI Mhl 

nposenu ua HMnyJILCHOM peaKTope IHi P, pa6oTasweM B xa

'leCTBe 6ycTepa C JIHHeHHblM YCKOpHTeJieM 3JieKTpOHOB. 

3ueprHJI ue:B:Tpouos Bhl,u;engnac~o no speMeHH nponeTa c 

~a3peweHHeM 130 HCeK/M, an~oliJa-qacTHD;bl OT peaKD;HH 
43

Nd(n, ya) H 
143 Nd(n, a) auaJIH3HposaJIHCb no 3H~p-

rHH C nOMOII(LIO .IJ;BYX HOHH3aD;HOHHblX KaMep. BcJI MHOro

MepHaJI HHiiJOpMaD;HJI 3allHCblBaJiaCL Ha MarHHTHYIO JieHTyll 3( 

B yCJIOBHJIX MaJiblX Ce'leHHH H HH3KHX CKOpOCTeH C'leTa 

npHWJIOCL HCnOJIL30BaTL ,IJ;OCTaTO'IHO TOJICTble MHWeHH 

/2,2 MZ/CM2, nJIOJ:D;a,IJ;LIO 2 X 635 CM 2 /, 'ITO npHBeJIO K 

yxy.u;weHHIO pa3peweHHJI no 3HeprHH a -qacTuu;.u;o 800 K3B. 

Ha puc. 5 npuse.u;eua 3aBHCHMOCTL OT speMeHH nponeTa 

C'leTa a - 'laCTHD; ,IJ;eTeKTOpOM B peaKD;HH ( n, a) , a TaiOKe 

CXeMa pacnOJIO>I<eHHJI HOHH3aD;HOHHOH KaMepbl Ha ny'IKe 

ue:B:Tpouos. Bsepxy - 3HeprHJI ue:B:Tpouos B 3B H nono>1<euue 

H3BeCTHblX pe30HaHCOB, b - BpeMeHHOe OKHO ,IJ;JIJI noJiy'leHHJI 

aMnJIHTy,u;uoro cnexTpa a -qacTHU B pe3ouauce 55,4 3B, 
a H c - TO >1<e .IJ;JIJI 4Joua. Ha cne.u;yroiD;eM pucynKe I puc. 6/ 
npe,u;cTaBJieH BapHaHT no,u;roHKH, COOTBeTCTBYJOID;HH HaH

MeHLWeH BeJIH'IHHe X- KBa,u;pa T, a - cneKTp ,IJ;JIJI npJIMOrO 

a -nepexo.u;a B nepsoe B036y>K,IJ;euuoe cocTOJIHHe, b - cnexTp 

( y, a)-pacna.u;a, c - cyMMapHaJI KpHBaJI. IIo.u;po6HblH auaJIH3 

pe3yJILTaTOB 3TOrO 3KCnepHMeHTa npose,u;eH B pa6oTe/B/. 

IIonblTKH onucaTL 3KCnepHMeHTaJILHblH a -cneKTp TOJILKo 

nepeXO,IJ;OM a 
1 

OKa3aJIHCL Ha ypOBHe ,IJ;OCTOBepHOCTH HH)I{e 

lefo no KpHTepHIO IIHpcoua. 

qT06bl YTO'IHHTL ceqeuue peaxu;HH 143 Nd( n, ya) B 

Tennoso:H o6nacTH, ue.u;asuo Mbl nposenu Taxoe H3Mepeuue 

ua peaxTope IHi P, Bbl,u;eJIJIJI Tennosble ueB:TpOHLI no speMeHH 

npoJieTa. ,nnJI yMeHbWeHHJI B aMnJIHTy,IJ;HOM cneKTpe a -qac-

16 

THD; XBOCTa OT MOII(Horo llHKa a O B CTOpOHy HH3KHX 3Hep

rHH HCnOJib30BaJiaCL cneu;HaJILHaJI 3JieKTpOHHaJI CXeMa, KO

Topag ,IJ;HCKpHMHHHpOBaJia ~ -qaCTHD;bl llO,IJ; MaJibiMH yrnaMH 

K nosepXHOCTH MHWeHH/
14 

• Pe3yJILTaTbl H3MepeHHJI BeJIH

'IHH lya H BepXHJIJI OD;eHKa ,IJ;JIJI 123Te /CM. HH)I{e/ CYMMH
poBaHbl B ma6A. 2. 

N. 

ISU 

uoo 

Sll 

tOOl 500 

~DIIfilll 
Z50 

~ ii!r 
1 a 1 ! 

so E. 2s too 

1 
••~Nd ( n.oc) , .. o C e 

200 

3HIJ-~-
! 

~~ I 
I 

li ! ! 
! 1- •t :_ i\ .. 

100 

~. I\ I \ :'"'\:} ,.,~'-'f;,f"i\ti·,i,,>: I 
I .... \ : ~.~. ..__.... I 0 ~ "J "-.........! I 400 'It """"' I .300 I I 200 o• ~oo 

Puc. 5 

IIepe:H.u;eM K auana3y 3KcnepaMeHTaJILHLIX pe3yJILTaTos. 

ConocTaBJIJIJI 3KcnepuMeHTaJILHblH cnexTp a -qacTHu; H3 

peaKD;HH (f, ya) Ha TenJIOBblX HeHTpOHaX, ,a,pHMep, H3 

pa60Tbl /
7 

/6JIH3KHe ClleKTpbi nOJIY'IHJIHCL B 6 H y Hac/, 

C TeopeTH'IeCKHM, paCC'IHTaHHbiM C TO'IHOCTbiO ,IJ;O llOCTOJIH

HOrO MHO>I<HTeJIJI no liJopMyne /7/ .IJ;JIJI y-nepexo.u;os pa3Hb1X 

MYJILTHnOJibHOCTeH, MO)I{HO C,IJ;eJiaTb BbiBO,IJ; 0 TOM, 'ITO OC-

HOBHYIO pOJIL B peaKD;HH ( n, ya) , a CJie,IJ;OBa TeJILHO, H B 
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MJirKHx y- nepexo.D;ax THna C .... C , Hr~aroT El- HJIB Ml - nepe

XO.D;LI I CM. puc. 7/. 3aBHCHMOcTL EY ,IJ;JIJI HHTeHCHBHOCTeii 
y -nepexo,D;os 3.D;eCL He HMeeT MecTa /KpHBaJI E2 /. 

~nJI aHaJIB3a OTHOCHTenLHoro BKna,D;a El- H Ml-nepe

XO.D;OB MO)KHO BOCUOnL30BaTLCJI OTHOWeHHeM BeJIB'IHH r a 

.D;nJI pe30HaHCOB C pa3HLIMB CfiHHaMH/CM. BLipa)KeHHJI /14/ 

H I 15/ I. B Haweii nepsftii pa6oTe /8 I MLI socnonL3osanBcL 

.D;aHHLIMH MaKclJapnaiiHa 
61 H nony'IHnH YKa3aHHe Ha npe

o6na,D;aHHe Ml-nepexo,D;os. Ceii'lac, B CBJI3H c pe3ynLTaTaMH 

KBHTeKa/
7

/ H HaWHMH /eM. 111U6A. 2/, eCnB HCUOnL30BaTL 

- -7 B Ka'leCTBe cpe,D;Hero 3Ha'leHHJI rya (3 ) =1,6.10 3B 
C 0WH6Ko:ii B 50~, OKa3LIBaeTCJI, 'ITO w

3
KC = 1,5 ± 1,3. 

CpasHeHHe :noii senH'IHHLI co 3Ha'leHHJIMH wT ( E l) = 5 H 

w T ( Ml) ::. 0, 8 rosopHT B nonL3y Ml - nepexo,D;oB. 0.D;HaKo 

npH CYIQecTsyroll(e:ii TO'IHOCTH 3KcnepHMeHTanLHLIX .D;aHHLix, 

UO-BH,IJ;HMOMy, 3TOT BLIBO,D; HenL3JI UpHHHMaTL 6e3oroso

PO'IHO. B To )Ke speMJI yKa3aHHe Ha 3aMeTayro ponL MI -ne

peXO,IJ;OB B MJirKHX y -nepexo,D;ax Me)K,D;y KOMnayH,D;-COCTOJI

HHJIMH HaWno ~eKOTOpoe fiO,IJ;TBep)K,IJ;eHHe B He,D;aBHe:ii pa6o

Te An.D;ea H .D;p/ 15 ~ llpH aHanH3e cneKTpos y -ny'leii B peaK-

UHH 
147 

Sm ( n, y) OHH fiPHIDnH K BLIBO,D;y, 'ITO HCnOnL30Ba-

HHe .D;nJI El -nepexo.D;os 3aBHCHMOCTH OT 3HeprHH c Y'leToM 

rHraHTCKOro ,IJ;HUOnLHoro pe 3 OHaHca UpHBO,IJ;HT K TO My, 'ITO 

npH E y "' 1 ,5 M 3B BHTeHCHBHOcTH Ml - nepexo,D;os npesLiwa

JOT HHTeHCHBHOCTH EI -nepexo,D;os. ~nJI 6onee onpe,D;eneH

Horo 3aKnro'leHHJI o BKna,D;ax El- H Ml -MynLTHnonLHOcTeii 

B Y -nepeXO,IJ;LI THUa C-> C He06XO,IJ;HMO fiOBLICHTL TO'I-
HOCTL B3MepeHHJI BenH'IHH f' . 

ya 
B 111a6A. 3 npHBe.D;eHLI 3Ha'leHHJI cllaKTopos 3anpeTa .D;nJI 

y - nepexo,D;os THna C .... C , nony'leHHwe H3 HawHx 3Kcne

PHMeHTanLHLIX .D;aHHLIX Ha OCHOBaHHH BLipa)KeHHJI /8/ B 

.D;Byx KpaiiHHx npe,D;nono)KeHHJix: nH6o see nepexo,D;w HMeroT 

TOnLKo MYnLTHnonLHOCTL Ml , nH6o - TOnLKo El • B no

cne,D;HeM cnyqae 3Ha'leHHJI IIF nonyqaroTcJI .D;BY3Ha'IHLIMH. 

llpB paC'IeTe T a e no OUTB'IeCKO:ii MO,IJ;enB ,IJ;JIJI 'leTHLIX 

op6HTanLHLIX MOMeHTOB f MLI OKa3LIBaeMCJI B o6naCTB 

Y3Koro onTH'IecKoro rHraHTCKoro pe3oHaHca. 0,D;HaKo cy

ll.{eCTBYJOII.{aJI OUTH'IeCKaJI MO,D;enL He .D;aeT B03MO)KBOCTH 

TO'IHo onpe,D;enHTL nono)KeHHe OUTH'IecKoro pe3oHaHca. llo3-

ToMy npBBO.D;JITCJI .D;Ba Ha6opa HF ( El) (a)- B cnyqae 
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Cy~eCTBOBaHHJI B ~aHHOH 06JiaCTH aTOMHLIX Be COB H ~Hana-
30He 3Heprail a -qacTH.U E raraHTCKoro pe3oaaaca a 

a 
(b)· B CJiy'lae ero OTCYTCTBHJI. 

HanoMHHM, 'ITO yMeHLweaae a 20 ~a3 HF(Ml) no 

cpaaaeaaro c HF ( El) ~JI.II nepexo~oa C .... S OTMe'lanocL 

paaee, aanpaMep , a pa6oTel2 /. AaanorH'IHLie ~aHHLie ~JIJI 
pa~Ha.D;HOHHLIX CHJIOBLIX ~YHKIJ;HH npHBO~JITCJI B Ta6JIHIJ;e 4. 

To'IHOCTL npaao~HMLIX a 11106/1. 3, 4 aenH'IHH HF a 

Sy ~JIJI nepexO~OB C-+ C ,nO-BH~HMOMy, MO)I(HO OIJ;eHHTL 

MHO)I(HTeJieM 273. qT06LI KaK-TO CHCTeMaTH3HpOBaTL 3K· 

cnepHMeHTaJILHLie ~aKTOpLI 3anpeTa ~JIJI pa3JIH'IHLIX THnOB 

y· nepexo~oa I 11106/1. 3/, nonpo6yeM cpaBHHTL ax c oqeaL 

rpy6LIMH TeopeTH'IeCKHMH oneaKaMH. Eena 3a Mepy ~par
MeHTanaa O~HO'IaCTH'IHOrO eOCTOJIHHJI Me~y B036y~eHHLI· 

MH eocTOJIHHJIMH npHHJITL aeJIH'IHHY D 'Jrr /D 0 , r~e D 
0 

:= 
:= 15 M3B - paecTOJIHHe Me*~Y o~Ho'laeTH'IHLIMH ypoBHJIMH 

B noTeHIJ;HaJILHOH JIMe /8/, TO, rpy6o rOBOpJI, o6pa THaJI Be-

JIH'IHHa ~aKTOpa 3anpeTa no OTHOWeHHIO K O~HO'IaeTH'IHOH 
oneHKe ( HF) OAH ~OJI)I(Ha BLipa)l(aTLeJI npoa3ae~eaae~ 
TaKHX BeJIH'IHH ~JIJI Ha'laJILHOrO H KOHe'IHOrO eoeTOJIHHH 

-l 
(IIF) OAH 

o!" 
- I -D-

o 

0]17 
f n-
o 

/16/ 

llo~e'IHTaHHLie TaKHM o6pa3oM 3Ha'leHHJI ( IIF)
0

AH npa

ae~eHLI B noene~Heil KOJIOHKe 11106/1 • 3. CpaaHeHHe c 3Kene

paMeHTaJILHLIMH 3Ha'leHHJIMH, aanpaMep, e IIF(Ml), no

Ka3LIBaJOT ,
2 

'ITO :'!JI.II nepexo~oa C .... S MLI HMeeM "yeane

aae" "'10 - 10 , a ~JIJI nepexo~oa C .... C - npaMepHo 

10
5 

- 10
6 

/nO'ITH KBa~paTH'IHO/. 3TO, BepOJITHO, CBJI· 

3aHO e eyiiJ;eCTBeHHLIM BKJia~OM B nepexo~LI 83 KOMnayH~

eOCTOJIHHH 3Ha'IHTeJILHO 60JILWero 'IHeJia KOMnOHeHT BOJI· 

HOBLIX ~YHKIJ;HH, B 'laCTHOeTH,MHOrOKBa3H'IaeTH'IHLIX KOM

noHeHT. 

lloeKOJILKY r ya, eornaeHo eTaTHCTH'IeCKOH Teopaa, 

XOpOWO yepe~HeHa no npOMe)l(yTO'IHLIM eoeTOJIHHJIM, TO 

H3MepeaaaJI ~JIJI o~Horo pe3oHaaea npaae~eHHaJI wapaaa 

22 

r I A OTpa)l(aeT o6IIJ;He eaoileTBa npo.u;eeea y - pae-ya ya 
na~a, He 3aBHCJI~He OT HH~HBH~yaJILHLIX CBOHeTB pe3o-

HaHea ana Jl~pa. B KaKoii-To Mepe noae~eHae TaKoil npa

ae~eHHOH WHpHHLI ~OJI)I(HO 6LJTL aHaJIOrH'IHO noae~eHHIO 
nOJIHLIX pa~Ha.D;HOHHLIX WHpHH HeHTpOHHLIX pe30HaHeOB. 0~

HaKO TaKoe npe~eKa3aHHe, OCHOBaHHOe Ha CTaTHeTH'IeeKOH 

MO~eJIH, e~e Tpe6yeT 3KenepHMeHTaJILHOrO nO~TBep)l(~eHHJI. 
B 3TOH eBJI3H oKa3anocL 6LI aenoHJITHLIM pa3JIH'IHe a 

4 pa3a aeJIH'IHH HF anasy ~JIJI~Byxpe3oHaHeoa 143Nd, 

/eM. KOJIOHKH /a/ B 11106/1. 3 H 4/ eCJIH 6LI npe~nOJIO)I(eHHJI, 
B KOTOpLIX OHH paCC'IHTLIBaJIHeL, OKa3aJIHeL enpaae~JIHBLIMH. 

B ~pyrax Jl~pax peaKIJ;HJI ( n , y a ) enenaanLHO noKa He 

H3y'lanaeL. Ho ~JIJI oneHKH aeJIH'IHHLI I'ya csepxy MLI 

MO)I(eM BoenOJIL30BaTLeJI HeKOTOPLIMH pe3yJILTaTaMH H3Me

peHHH peaK.o;HH ( n, a ) . A eena TaKaJI oneHKa ~aeT sena

'IHHY S 3aMeTHO HH)I(e, 'I eM ~JIJI 143 N d , TO 3TO MO)I(eT 

CJIY)I(HT;: yKa3aHHeM Ha OTKJIOHeHHe OT CTaTHCTH'IeeKOH 

TeOpHH. 

0TeyTCTBHe a ·e'leTa B eHJILHLIX pe30HaHeax, r~e a -
nepexo~ Ha OeHOBHOe eoeTOJIHHe 3anpe~eH, HHOr,LJ,a n03BO

JIJieT noJiy'IHTb ~OBOJILHO HH3KHe 3Ha'leHHJI BepXHHX OIJ;eHOK 

1 a . B 'laCTHOeTa, Heaa6nro~eHae B peaK.u;aa 12 3 'I e ( n, a ) 
cJnLHoro pe3oHaaea c E 0 = 2,24 3B no3BOJIJieT nony'IHTL 

BepXHIOIO Oll,eHKY S /eM. 11106/1. 4/ Ha ypOBHe, npe~eKa-
y u u 

3biBaeMOM CTaTHeTH'IeCKOH Teopaea. 

B CBJI3H C 3THM MLI nJiaHHpyeM B 6JIH)I(aHwee speMJI 

3KcnepaMeHTLI no yTO'IHeHaro TaKax oueaoK ~JIJI Jl~ep 
123

Te H 
9 5

Mo / 18
/, a B ~aJibHeilweM H H3y'leHHe eneKTpOB 

N y a B peaKII,HH ( n, y a) Ha 3TH X H HeKOTOPLIX ~pyrHx 
Jl~pax. fiepcneKTHBHLIMH OKa3LIBaJOTCJI He TOJlbKO Jl~pa 
B6JIH3H MarH'IeCKHX 'IHCeJI npOTOHOB H HeHTpOHOB, HO 

n 5 l7ly 187 0 H TaKHe · Jl~pa- MHWeHH, KaK , e , b , s , ~JIJI 

KOTOpbiX npH 3aXBaTe s ·HeHTpOHa o6pa3yJOTCJI KOMnaya~

COCTOJIHHJI C J r; = 0-. 113 3THX eOCTOJIHHH npJIMOH a- pacna~ 
B KOHe'IHble COeTORHHR C 'leTHbiMH enHHaMH H nOJIO)I(HTeJib

HOB 'leTHOCTbiO /Tuna o+' 2 + H T .~./ 3anpe~eH, 'ITO ~aeT 
B03MO)I(HOCTb peaKII,HB ( n, ya) KOHKypapOBaTb no BHTeH

CHBHOeTH e peaKII,BeH (n, a) • 

TaKHM o6pa3oM, MO)I(HO KoHeTaTapoaaTL: 

a/ Y*e nepaLie 3KcnepaMeHTLI no H3y'leaaro ~ayxeTy-

23 
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neH"'a roB: peaKIJ,HH ( n, y a) .D.aJIH opHrHHaJihHYIO HHCpopMaiJ,HIO 

o aepos:rHocr s:x H DPHPO.D.e Ms:rxHx y- nepexo,D,oB Me)K)J;y 
KOMDayH,D,- COCT011HH11MH C -> C ; 

6/ HMeeTC11 ellJ,e IJ,eJibiH P11.D. 11,D,ep · B WHPOKOM ,D,Hana30He 

aTOMHbiX BeCOB /60 <A < 190/, nepcneKTHBHbiX C TO"'KH 
3peHH11 H3Y1:feHH11 peaKIJ,HH ( n, ya) 

Mo)KHO Ha.D.es:rhcs:, "'TO K III CHMD03HYMY HaWH 3HaHHH 

o y -nepexo,D,ax THna C-. C 6Y.D.YT 3Ha"'HTeJILHO WHpe. 

B 3aKJIJO"'eHHe aarop npHHOCHT 6naro,D,apHoCTh B.H.<I»yp
MaHy 3a DOJie3Hhle .D.HCKYCCHH. 
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