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1 • BBE,QEHHE 

3Kcnep~MeHTanbH~e ~ccneAOBaH~fl P-He4eTHoA acMMMeTpM~ any 
BblneTa y -KBaHTOB OTHOCMTenbHO HanpaBneH~fl cn~Ha naAaiO\ll~X 

nonflp~30BaHH~X HeHTpOHOB Ha4anM npOBOA~TbCR/1/ C 1964 roAa. 
KpoMe ac~MMeTpM~ any B peaK~~~ (n, y) M3MepRnacb TaK>Ke '21 M 
~MpKynRpHaR nonRp~3a~Mfl y-KBaHTOB, B03H~Ka~~aR npM paA~a~~OH
HOM 3aXBaTe HenonRpM30BaHH~X HeHTpOHOB. 06~4HO ~3y4ancfl KOH
KpeTH~H IMe>KAY cocToRH~flMM i M f I >KeCTK~A y-nepexoA nocne 
aaxsaTa Tennosoro HeATpoHa I E ~r- nopRAKa 3HeprM~ CBR3~ HeATpo
Ha Bn I. Ben~4~Hbl a~~ ~ a i~ 6brnM ~3MepeHbl Ha RAp ax 117Sn , 
113 Cd ~ 35Cl I eM. 1 1- &I I, M MX 3Ha4eH~fl ne>KaT B ~HTepsane 
10-3 -1o-4• 

Cor nacHo pa6oTe 161 sen~4MHbl P ~f M a i:Y onpeAenR~TCR KaK 

p ~f = (W R - w L) I (W R + w J . 111 

if if if if 
dany dany dany dany 

<-r- -UI<- T+ -1) dO dO dO dO . 121 

rAe WR(L) - sepoRTHOCTb BbrneTa npasolnesol-nonRp~aosaHHoro y -

daif 
KBaHTa, a ~f(l)- AM$$epeH~ManbHOe Ce4eHMe (n,y)-peaK~M~, 

dO 

M3MepeHHoe B lnpoT~BI HanpasneH~~ nonRp~aa~M~ HeATpoHa. B cny-
4ae, KOrAa MO>KHO orpaH~4~TbCR y4eTOM TOnbKO ABYX COCeAHMX pe-
30HaHCOB, ~MeeM, Hanp~Mep, Anfl ~MpKynRpHOH nonRp~aa~~M 171 

171 

'f 
3AeCb G-s(p) - nap~ManbHafl wMp~Ha y -nepexoAa ~3 s(p) -peaoHaHca 
i B COCTOflH~e f ; f' ns M f' np - COOTBeTCTBY~~~e HeHTpOHHble WMpM
Hbl. CMMBOn~ [ s] M [ p] 03Ha4a~T sen~4~Hbl [ s(p)] = (E- E s(p) ) 2 + 
+ f' ;(p) I 4, npM4eM E - 3HeprMfl HeATpOHa, E s(p) ~ f' s(p) - 3Hepn R 

~ nonHaR WMPMHa KOMnayHA-pe30HaHca s(p). v(i) :=<sJVcJIJ p > 
MaTpM4H~H 3neMeHT Cna6oro B3aMMOAeHCTB~R, CMeW~Ba~~ero COCTOflH~e 
i C COCeAH~M~ COCTORHMflM~ npoT~BononO>KHOH 4eTHOCT~. Y4~T~BaR, 
4TO B >KeCTK~e paA~a~~OHH~e nepeXOA~ OCHOBHOH BKnaA BHOC~T MynbT~
nonbHOCTb eA~HM~a,nony4MM B aHanorMM C 161 

AnR TennOB~X HeHTpOHOB 
""- l .. ~"'\'*-- .. }~ .. -·--~"'.-..-.-

' :: . l : • ..: ·•• . i•.''Thty11 
. •. . : ~ . '• '.'J:Sil~ 
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/4/ 

3AeCb Y4TeHo, 4TO B TenJ10BOH T04Ke r » r 1-1 ns np EP »E,~.B cny
o6o6~eHHe tl>op-4ae, KOrAa BKJ1aA Aa~T 6onee 4eM ABa pe3oHaHca, 

MYJ1 /3/ 1-1 /4/ He B~3~BaeT 3aTPYAHeHHH. 
B~pa~eHHe AJ1~ acHMMeTpHH air OTJ1H4aeTc~ oT /4/ TOJ1bKO cnH-

'HOBbiM tl>a KTOpOM: 
ny 

rAe I - cnHH ~Apa-MHWeHH, a J1 1-1 Jf - cnHH~ Ha4aJ1bHoro 1-1 Ko
He4Horo COCTO~HHH. 

HeAaBHo 6~n1-1 nony4eH~ '8/ 3KcnepHMeHTaJ1bH~e AaHH~e no acHM-

MeTpl-11-1 a;y 1-1 41-1pKyn~pHoH non~p1-13a4H1-1 P; AJ1~ nonHero cneKTpa 
peaK4HH (n,y) Ha Tennos~x HeATpoHax. H3MepeHH~ 6~n1-1 nposeAeH~ 

Ha ~Apax Cl, Br, Cd, Sn 1-1 La. 0Ka3anocb, 4TO tl>aKTOpbl ocna6ne-

HH~_2senH4HHbl an~ (P;) no CpaBHeHI-1~ C a~~(pJf) COCTaBJ1~10T OKOJ10 
1 0 AJ1~ ~AeP Sn 1-1 Cd 1-1 OKono 0, 2 AJ1~ 6onee nerKoro ~ADa Cl. 
04eBHAHO, 4To cy~ecTBeHHa~ AOJ1~ nony4eHHbiX tl>aKTopos ocna6neHH~ 
onpeAen~eTCR CaMOH CYTbiO npHMeHeHHOH B pa6oTe ' 8 / MeTOAHKI-1, a 
HMeHHO, TeM, 4TO H3y4aeM~e 3tVtVeKT~ B3BeWHBaiOTCR no OTHOWeHI-110 
K nonHoMy 4HCJ1y Hcny~eHHbiX y -KBaHTOB. TaKHM o6pa30M \, AJ1R ~ 

KOJ11-14eCTBeHHOi1 HHTepnpeTa41-11-1 noJ1y4eHHbiX 0
' BeJ11-141-1H a..., 1-1 p-ny y 

Heo6XOAHMO KOppeKTHO OnHCaTb I-1HTerpaJ1bHble y-cneKTpbl 1-1 nap4HaJ1b-
H~e HHTeHCHBHOCTI-1 y-nepeXOAOB, a TaK~e y4eCTb AKHaMH4eCKOe 
YCHJ1eHHe 3tl>tVeKTOB HeCOXpaHeHH~ 4eTHOCTI-1 B KOMnayHA-COCTO~HH~X. 

2. nOCTAHOBKA 3A,LWlH H OCHOBHbiE <l>OPMYnbl 

Pe3yJ1bTaT 3KcnepHMeHTa 8 ' no H3MepeHHIO 4HPKYJ1RpHoA nonRpH3a-

~ 
41-11-1 Py HHTerpaJ1bHOrO TOKa ¢OTOHOB ~· HCny~eHH~X nocne 3aXBaTa 
TenJ10BbiX HeHTpOHOB o6pa340M, COAep~a~HM CMeCb H30TOnOB, 3anH
WeM B BHAe 

Bn(Z,N+1) 

~ n(Z,N) a yCZ.N) ( JP(E ) t (E ) F(E ) E dE 
= ..l:L_ ____ n _______ o y y y y y' /6/ 

- ~(Z,N+1) 
f ~ n(Z, N) any (Z, N) [ J(E ) F(E )E dE 

N o Y y y Y 

rAe n(Z, N) 1-1 any(Z,N)- OTHOCHTeJ1bHOe COAep~aHHe 1-1 nOJ1HOe ce-
4eHHe paAHa4HOHHoro 3axsaTa AJ1~ RApa-MHWeHH (Z. N). B tl>OpMyne /6/ 
HHTerpHpOBaHHe npOBOAHTC~ AO 3HeprHH CB~31-1 Bn(Z,N + 1) COOTBeT-

2 

CTBY~~ero KOMnayHA-~APa C eeCOM Ey, y4HT~Ba~~HM TOKOB~H MeTOA 
perHCTPa4HH tl>OTOHOB. tl>yHK4HH E(Ey) 1-1 F(Ey) onpeAenR~Tc~ 3Kcne
PHMeHTaJ1bHOH MeTOAHKOH pa60Tbl 181

. 

8XOA~~a~ 8 COOTHOWeHHe /6/ HHTeHCHBHOCTb y-cneKTpa J(Ey) 
onpeAen~eTc~ tl>apMynoA 

J(Ey) 
171 

I. 
r,r ' 

3Aecb POPr 03Ha4aeT 3aceneHHOCTb pacnaAHoro coc;o~HH~ f c 3Hep
rHeA Er H nOJ1HO~ paAHa4HOHHOH WHPHHOH r·f~~ rff • npH4eM AJ1~ 

Y r' Y 
3axsaTHoro cocTO~HH~ i- POP1 = 1. 

BeJ1H4HHY JP(Ey)3anHweM B BHAe 

JP(Ey) = JP( 1)(Ey) +JP<2>(Ey) 
1,81 

1r" rr' 
= Py (E )I.r,(E ) + ~ POPrlrr'(Ey)Py (Ey), 

Y 
1 

Y r':rf1 

rAe ~BHO Bb1AeJ1eH BKJ1aA OT nepBH4HbiX Y -KBaHTOB JP( 1)(Ey).4J1eH 
Jp(2)(Ey) B tl>OpMyJ1e /8/ CBR3aH C BKJ1aAOM BTOpH~HbiX y -KBaHTOB 

1-1 BKJ1~4aeT B ce6R 4HPKYJ1RpHy~ non~p1-13a41-110 pff (E ),onpeAen~eMyiO 
., • Y Y - ,.., Q 1n1 

~bl~dlt\eHVIeM I VI lid { "t / , ~ KU I U~UM ~ L.UU I ~e I L. I""'"' L. ~dUU I dM¥1 

OTHOWeHHe v(i)/E p AOJ1~HO 6biT b 3aMeHeHO Ha BeJ1H41-1HY 
~ 

v(f) Dr = C/ J Dr /9/ 

3AeCb Dr - cpeAHee paccTORHHe Me~AY KOMnayHA-YPOBHRMH npH 3Hep
rHH so36Y~AeHHR E r· 3Ha4eHHe C tl>HKCHpyeTc~ tl>eHoMeHonorH4eCKH 

1
9,7/ 

HJ1H Bbi4HCJ1ReTC~ TeopeTH4eCKH ' 10• 111 

3aMeTHM, 4TO, KaK CJ1eAyeT 1-13 onpeAeJ1eHHi1 /7/ 1-1 /8/, B tl>op
MYJ1e /6/ HHTerpHposaHHe no Ey noApa3¥MesaeT cyMMHposaHHe no 
AHCKpeTH~M 3HeprH~M y -nepexoAOB E ~ . 

HccneAyeM nOAP06Hee CBOHCTBa BeJ1H4HH~ P~, onpeAen~eMoH tl>op
MynoA /6/. 3HaMeHaTeJ1b OTHOWeHH~ /6/ nponOP4HOHaJ1eH ycpeAHeHHOH 
no I-130TOnaM nno~aAH nOJ1HOrO y-cneKTpa. 8 OTCYTCTBHe HCKa
~aiO~HX tl>aKTopos F(Ey)·Ey3Ta nno~aAb npocTo pasHa cpeAHeA MHo
~ecTBeHHOCTH y-KaCKaAa ~. 4HCJ1HTeJ1b B~pa~eHH~ /6/ npeACTaBJ1~eT 
co6oi1 CYMMY 4J1eHOB THna 

u~ rr' r rr') lf2 
ys YP 

r r 
ys 

/10/ 
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R8nR~~HXCR AnR AOCTaT04HO cnomH~X COCTORHH~ f cny4a~H~MH 8enH-
4HHaMH, nOCKOnbKf 3Ha4eHHR nap~HanbH~X WHPHH HHAH8HAyanbH~X 
y -nepeXOA08 ['~f CHnbHO <bn~KTYHPY~T 1121 8 COOT8eTCT8HH C pac

npeAeneHHeM nopTepa-TOMaca. nonH~e WHPHHbl l~ 1 8XOAR~He 8 /10/, 
HMe~T 3Ha4HTenbHO MeHbWY~ AHCnepcH~ H nna8HO yMeHbWa~TCR C no
HHmeHHeM 3HeprHH 8036ymAeHHR Er.KpoMe Toro, H38eCTHo 1121, 4TO 
8 np,eHe6pemeHHH 8KnaAOM 8aneHTHOrO MeXaHH3Ma aMnnHTYAbl WHPHH 
(['yf ) 112 HMe~T cny4a~Hble 3HaKH AnR pa3nH4HbiX KOM6HHal.IH~ Ha-
4anbH~X H KOHe4H~X COCTORHH~ (f, f'). TaKHM o6pa30M 1 He3a8HCHMO 
OT 3HaKa MaTpH4HOrO 3neMeHTa cna6or£ 83aHMOAe~CT8HR v(f) 8 
4HCnHTenb 8~pameHHR AnR 8enH4HH~ py /6/ 8XOAHT CyMMa 6onbWOrO 
4HCna cny4a~H~x /no 3HaKy H aMnnHTYAe/ cnaraeM~x, KOTopy~, 
orpaHH4H8aRCb AnR npOCTOTbl cny4aeM MOHOH30TOnHO~ MHWeHH, aanH
WeM 8 81-iAe 

( JP (E) F(E) f(E) EdE = L\I (1) + ~I (2) = /11/ 

= ~ pif"I. "(Eif")¢(Eif;, )Eif" + ~ POP I ,pff' A..(Eff')Eff' 
y d y y y fffy'~'y y' 

f" f',f"i 

rAe ¢(E) = f(E)F(E). 
nocKOnbKY o6~ee 4HCnO y-nepeXOAOB B 4HCnHTene H 3HaMeHaTene 

/6/ OAHHaKOBO, TO OTHOWeHHe nocneAHHX Ol.leHHM 4epe3 OTHOWeHHe 
HX cpeAHHX 3Ha4eHH~. YcpeAHRR 8blpameHHe /11/ no aHcaM6n~ KOM
nayHA-COCTORHH~ i H no COCTORHHRM f, f', f", nony4HM 

•• rn ••IP) n 
/12/ 

L.!...l. - UL - V 9 

/13/ 

/13'/ 

rAe 4epTa 03Ha4aeT ycpeAHeHHe, a CHMBonoM D o6oaHa4eHa AHCnep
CHR COOT8eTCTBY~~e~ 8enH4HHbl. 

B KOHKpeTHbiX 3KCnepHMeHTanbHbiX ycnoBHRX 181 peanH3yeTcR 3<1l
c)leKTH8HOe ycpeAHeHHe no COCTORHHRM f, f , H f", B TO apeMR KaK 
COCTORHHe i /6nHma~WH~ K TennOBO~ T04Ke s-pe30HaHC/ OKa3biBaeT
CR cny4a~HO~ 8bi60pKol7i H3 aHCaM6nR ypOBHe~ KOMnayHA-RAPa. TaKHM 
o6pa30M, ecnH 8KnaA BTOPH4HbiX KaCKaA08 L\I(2) He paseH Hyn~ TOnb
KO a cHny KOHe4HOCTH AHcnepCHH I 13 'I, TO 8KnaA nepSH4HbiX y
nepeXOA08 L\I( 1) onpeAenReTCR KOHKpeTH~MH /He CpeAHHMH/ 3Ha4eHHR
MH aMnnHTYA napl.IHanbH~X y-wHpHH H MOmeT 6b1Tb Bb14HCneH nHWb 
TOrAa, KOrAa 3TH aMnnHTYA~, BKn~4aR HX 3HaKH, H38eCTHbl H3 He-
3aBHCHMbiX 3KCnepHMeHTOB. nocKOnbKY B HaCTOR~ee 8peMR npoBeAeHHe 
TaKHX 3KCnepHMeHTOB npeACTaBnReTCR 3aTPYAHHTenbHbiM, TO eAHHCT-
8eHHOI7! TeopeTH4eCKOI7i aenH4HHO~~ KOTOPY~ MOmHO COnOCTaBHTb Ha-
6n~AaeMOMY 3Ha4eHH~ CYMMbl (L\1 ( ) + L\1 (2) ) , RBnReTCR cpeAHeKBaA-

4 

paT-HOe oTKnoHeHHe nocneAHe~ - y' D (L\I (1)) + D (L\ I <2>) .3To, KOHe4HO, 
He 03Ha4aeT, 4TO Ha OnbiTe Ha6niOAaeTCR 8enH4HHa cpeAHeK8aApaTH4-
HOrO OTKnOHeHH~, a OTMe4aeT TOnbKO TOT <baKT, 4TO H38ne4eHHe 
<bH3H4eCKO~ HH<bOpMal.IHH 8 11 HHTerpanbHbiX 11 3KCnepHMeHTaX THna 

181 

MOmeT 6~Tb npo8eAeHO nHWb 8 AYXe CTaTHCTH4eCKOro nOAXOAa. 
PaccMoTpHM Tenepb <bOPMY cneKTpa, onpeAenR~~ero 4HCnHTenb 8e

nH4HHbl P~ !61. Hcnonb3YR 8blpameHHe AnR paAHaLIHOHHO~ cHn080~ 
<I>YHKLIHH El H Ml y -nepeXOA08 8 8HAe 

/14/ 

nony4HM c y4eToM 14/ H 110/, HanpHMep AnR D(~I (1
)), 

D(L\I ( l) /15/ 

nocKOnbKY CHn08ble <I>YHKLIHH /10,1 31 Sy(Ml) H Sy (El), a TaKme <I>YHK
LIHR 181 r/J(Ey) cna6o 3aBHCRT OT 3HeprHH Ey ,TO MaKCHMYM cneKTpa 
D(~I (1)) - E\l), , <bopMHpyeM~~ y6b1Ba~~e~ c pocTOM Ey nnoTHOCTb~ 
KOHe4HbiX cdcT~~HH~ p r (E r = B0 - Ey) H paCTy~e~ <llYHKLIHe~ (Ey ) 

8 

cMe~eH K 6onbWHM 3HeprHRM Ey- E01 <B 0 no cpaaHeHH~ c MaK-
- ymax -

CHMYMOM (Ey) =3 M38 nepBH4HOrO y-cneKTpa, 8XOAR~ero B 3HaMe-
max 

HaTenb 161 H nponOPLIHOHanbHoro S ( ~~) ¢ (Ey) Pr (Er) E;. AHanorH4HaR 

CHTYal.IHR HMeeT MeCTO H AnR BKnaAa 8TOPH4H~X KaCKa~8 D(~I (2) ) . 
TaKHM o6pa30M, 4HCnHTenb H 3HaMeHaTenb aenH4HHbl PY 16! onpeAe
nR~TCR pa3HbiMH o6naCTRMH nonHOrO y -cneKTpa H OKa3biBa~TCR npaKTH-

4eCKH He3aBHCHMbiMH. 
PaCCMOTpHM OTHOWeHHe BKnaAa BTOpH4HbiX y -KacKaA08 D(L\I (

2
) ) K 

aKnaAY ne~8H4HbiX y-KsaHTOB D(~I (l) ). HHTepec K H3y4eHH~ ponH 
4neHa ~I ( ) onpeAenReTCR TeM o6CTORTenbCT80M, 4TO ero 06Hapy
meHHe no3BOnHnO 6bl nony4HTb HH<bOpMaLIH~ 06 ycpeAHeHHOM no MHOrHM 
COCTORHHRM f MaTpH4HOM 3neMeHTe v(f) cna6oro 83aHMOAe~CTBHR, 
4TO npaKTH4eCKH Heocy~eCTBHMO nQH H3y4eHHH senH4HH p ~f (a~~ ) 
HnH 8 ycnOBHRX, KOrAa BKnaA B p~ Aa~T TOnbKO nepBH4Hble y -nepe
XOAbl· EcnH AnR MaTpH4HOrO 3neMeHTa VU) cnpaseAnHBO COOTHOWeHHe 
/9/, TO c)lOpMa cneKTpa D(~I (2)) onpeAenReTCR TOnbKO B~4HCnReMbiMH 
8enH4HHaMH. nocKOnbKY aenH4HHa aaceneHHOCTH POPr• 8XOAR~aR 
a ~I(2) ,pacTeT c yMeHbweHHeM 3HeprHH Er,To nonomeHHe MaKCHMyMa 
cneKTpa D(L\I (2) ) - E ~2~ax CMe~eHO no OTHOWeHH~ K MaKCHMYMY 
cneKTpa D(~I <1>) - E <1> ~ ~ Ha 8enH4HHY ~E (E <2> = E <1> -~E) onpe-ymax- ""'tt ymax ymax • 
AenReMy~ KOHKpeTHbiM XOAOM c)lyHKLIHH POPr(ErJ.TOrAa c y4eToM c)lopMyn 

19/, /10/, /131 H /15/ OTHOWeHHe y'D(L\I(2))/D(L\I(1)) 3anHWeM 
B BHAe 

5 



./16/ 

rAe .&:'E 2: 1 M3B - WHPHHa "KonoKona" cneKrpa D(L'll (2)). 

AHailH3 $OPMYI1~ /16/ noKa3biBaer, 4TO 6e3 npoeeAeHHR AeTailbH~x 
pac4eTOB 3HepreTH4eCKOI71 3aBHCHMOCTH 3aceneHHOCTH POPe (E c) Heilb-
3R anpHOpH npeHe6pe4b BKilaAOM BTOPH4H~X y-KaCKaAOB, nocKOilbKY 
MailOCTb $aKTOpoe, BXOAR~HX B KBaApaTHY~ CK06Ky B $OpMyile /16/, 

- r 1 cs ) 
MO>KeT KOMneHCHpOBaTbCR BeilH4HHOI7! ,j p .(8 )f1E _ n »l. 

I n rr(Bn-L'lE) 

npe>KAe 4eM nepei71TH K 06CY>KAeHH~ pe3yilbTaTOB paC4eTOB,3aMeTHM, 
4TO H3MepReMaR B 3KCnepHMeHTe/8/ 11 HHTerpailbHaR 11 aCHMMeTpHR 

l 
any MO>KeT 6~Tb 3anHCaHa C nOMO~b~ npHBeAeHH~X B~We COOTHOWeHHA 

pl -AilR y ,eCilH B COOTBeTCTBy~~HX $OpMyilaX nOilO>KHTb £(EY.) = f 

= F(Ey) = 1 1-1 3aMeHHTb BC~AY ee!lH4HHbl p~r Ha a~~= P/rA if , rAe 
$aKTOp A if onpeAeileH Bblpa>KeHHeM /5/. 

3. 06CY*AEHHE PE3YflbTATOB PAC4ETOB 

Ha OCHOBe $OpMyil, npHBeAeHH~X B~We, 6~111-1 paCC4HTaH~ BeilH4HH~ 

p; H a~ C HCnOilb30BaHHeM KaCKaAHOA MeTOAHKH I t4/. BXOAR~He B Bbi-
41-!CileHHR CHilOBble $YHK1..1HH S y(El) H Sy(Ml), C nOMO~b~ KOTOpbiX 
.. -~~~~~~~~··~~~· .. - --.. ~ .. --·--~- /15/ ---.... - ___ ,_,,,_,, .. ,_ ..... - ...... 
./ ,..,...,. ..,,. ,._ o ....,..., ,...~ o o .._. .. o.., o ,....,. ...,, orO'-W'"'"''-""''"' 1 -~ o 1 ,.._,~I+ lUI'- ....... Mro.._. """'"-"'II or,.n..... '-lolr'l t"'rll lUI 

1-1 y-cneKTP~ rennoeoro 3axeara PRAa c$epH4eCKHX RAeP, 6pailHCb 
H3 pa6or 110• 131. Cy~ecreeHHoA xapaKrepHCTHKoA KOMnayHA-AAPa, 
6e3 3HaHHA KOTOpOI7! HeB03MO>KHO paCC4HT~BaTb Ha KOilH4eCTBeHHOe 
OnHCaHHe nOilHOrO y -cneKTpa H OCTailbHbiX CneKTPOCKOnH4eCKHX ee
IlH4HH1 OnpeAeilR~~HX 3Ha4eHHR pyl H a~ , RBilReTCR 3aBHCHMOCTb 
OT 3HeprHH B036Y>KAeHHR nilOTHOCTH COCTOAHHA pa3HOrO CnHHa H 4eT
HOCTH1 BKI1~4aR AeTailbHY~ HH$OpMai..IH~ 0 AHCKpeTH~X HH3KOile>Ka~HX 
COCTOAHHAX. K C4aCTb~1 AilA BCeX H3y4eHH~X B pa6ore '8! AAep TaKaR 

Hrl$OpMai..IHA HMeeTCA. npHMeHAA AilR HHTepnOilAI..IHI-1 nilOTHOCTH Me>KAY 
H3BeCTH~MH 3KCnepHMeHTailbH~MH 3Ha4eHHRMH Pr(Ef) npH 3HeprHH B03-
6y>KAeHHA E f B6JlH3H Bn H 3HeprHH E r ~ 1 '5-2' 5 M3B MOAH$H1..1HPOBaH
Hy~/15/ npOI..IeAYPY pa60Tbl llS~ YAaeTCA /6e3 HCnOilb30BaHHR ceo6oA
H~X napaMeTpOB/ YAOBJleTBOpHTeilbHO OnHCaTb HHTerpailbH~e xapaKTe
pHCTHKH y-cneKrpoe HCCileAyeM~x AAep. Ka4ecreo onHcaHHR AeMoH
crpHpyercA AilR AAPa l14cd Ha pHCYHKe. 3aMeTHM, 4TO AilR H30Tonoe 
nonyMarH4eCKoro /Z = 50/ onoea reopeTH4eCKHe nonH~e WHPHH~ npe
e~wa~r 3KCnepHMeHTailbH~e, OAHaKO nOilHaA MHO>KeCTBeHHOCTb y-cneKT-
pa M onHc~eaercA YAOBnereopHTeilbHO. l 

B ra6IlHI..Ie 1 pacc4HTaHH~e eenH4HH~ P~ 1-1 any cpaBHHBa~TCA c 
cooreercrey~~HMH 3KcnepHMeHTailbH~MH 3Ha4eHHAMH ' 81 B rex cny-
4aRx, KOrAa 3KCnepHMeHT npOBOAHilCA Ha ecreCTBeHHOA CMeCH H30TO-
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3KcrrepHMeHTaJibHbiH I crrnowHan 
KpHBanl H TeOpeTHqecKHH lrryHK
THp I rroJIHbiH crreKTP y -nyqeil 
TeiiJIOBOrO 3aXBaTa HeHTpOHOB AJifl 
KoMrrayHg-ngpa 114cd. 

nos, 8 Ka4eCT8e 8en~4HH 

n(Z, N)a 0 y (Z,N) ,8XOAH~~x 8 $op
Myny 161, nOACTa8nHn~Cb ~X 3KC
nep~MeHTanbH~e 3Ha4eH~H ~3 KOM
nHnH4HH 11 7/, np~ pac4eTaX 8e-

I_ I. 
n~4~H Py H any, npH8eAeHHbiX 
B Ta6nH4e, HCnOnb308an~Cb 3Ha-
4eHHH MaTp~4H~X 3neMeHT08 cna-

lS 

tO 

U5 

6oro 83a~MOAe~cT8~H v(i) ~ 3HeprH~ Ep ~3 pa6oTbl 1181 IAnH HAPa 
114 Cd npHHHManocb 3Ha4eHHe v(i), nony4eHHoe 1181 AnH HAPa 1 12Cd/, 

3aMeTHM, 4TO 8KnaA 8TOpH4H~X y-K8aHT08 8 4~CnHTenb $OpMyn~ 
161 OKa3anCH cnHWKOM Man~M, 4T06~ MO~HO 6~n0 paCC4~T~BaTb Ha 
ero 3KcnepHMeHTanbHOe o6Hapy~eH~e np~ H3MepeHHH 8enH4HH P;. 
3TOT pe3ynbTaT 4en~KOM o6ycno8neH HeAOCTaT04HO 6biCTpbiM pOCTOM 
3aceneHHOCTH POPr (Er) npH yMeHbWeH~~ 3HeprH~ so36Y~AeH~H Er. 
TaK~M o6pa3oM,_ np~ 8~4~cneHH~ K03(jl$~4~eHTa acHMMeTpHH a~y 8To
P~4H~e y-nepexoA~ He Y4HT~8an~cb, nocKonbKY AenonHpH3a4~H 
npoMe~yT04HbiX COCTOHHH~1 f, 3aCenHeMbiX npH pacnaAe 4aCT~4HO 
nonHp~308aHHOrO 3aX8aTHOrO COCTOHH~H i , npH8eAeT K yMeHbWeHH~ 
~ 6e3 TOrO He3Ha4~TenbHOrO 8KnaAa KaCKaAH~X y-K8aHT08, 

AnH AanbHe~wero aHanH3a npeAcTa8HM pacc4~TaHH~e 8en~4~Hbl 

8 cneAY~~eM HarnHAHOM 8HAe: 

I. ifo p 
P y = P y I if 

0 
V N3¢ HF P , /171 

if 0 

rAe p y H I ifo - 4~PKYnHpHaH nonHpH3a4HH H cpeAHHH OTHOCHTenb-
HaH HHTeHC~8HOCTb pa3peweHHOrO no 4eTHOCTH y-nepeXOAa 8 HH~a~
wee COCTOHH~e fo, N3¢ - 3$$eKTH8HOe 4~Cno y -nepeXOA08, Aa~~ee 
8KnaA 8 A~cnepcH~ 1131, a $aKTOp HFp onpeAenHeTcH cooTHoweHHeM 

HF 
p 

· r · r · r 
F(E I 0) E I 0 (E I 0) 

y y ( y 

- F(E max ) E max 
(/.l y y 

118/ 

E max 3AeCb y OT8e4aeT MaKCHMyMy nOnHOrO y-cneKTpa C y4eTOM HC-
Ka~a~~HX $a KTOP08 F (E y) E y • I, 

AnH ~HTerpanbHO~ ac~MMeTp~~ any MO~Ho 3an~caTb 8~pa~eH~e 

1191 

8 

,. 
I 

' 

I 

l 

B Ta6nH4e npHBeAeH~ 3HaieHHH 8enH4~H N3¢ ~ HF, nony4eHH~e 
~3 T04Horo pac4eTa P~ H any • EcnH np~HHToe 8~we npeAnono~eHHe 
0 np~MeHHMOCTH CTaTHCT~4eCKOrO on~caHHH AnH cpeAHHX HHTeHC~8-
HOCTe~ y-nepeXOA08 cnpa8eAn~80, TO 3Ha4eHHH N3¢ 8 $OpMynax 
117/-1191 onpeAenH~TCH 8 OCH08HOM nnOTHOCTb~ H~3KOne~a~HX 8Q3-
6y~AeHH~X COCTOHH~~, Aa~~~X 8KnaA 8 ~HTerpanbH~e 8enH4~H~ 

I. I. 
Py H any . TeM He MeHee Manbte 3Ha4eH~H N3¢ He 03Ha4a~T, 4TO 
11 pa6oTaeT 11 orpaHH4eHHOe 4HCno nepexoA08. Ae~cT8HTenbHO, KaK 

8HAHO H3 Ta6nH4~, OTHOWeHHe 8enH4HH P;, paCC41TaHHbiX 6e3 y4eTa 
8KnaAa ~eCTKHX HHAH8~AyanbHbiX Y -nepeXOA08 Py (Herrp.) K nonH~M 

8enH4HHaM Pf Kone6neTcH 8 npeAenax 0,45-0,8. 
Heo6xoAHMo OTMeTHTb, 4TO AnH 4eTHo-4eTH~x HAep 114cd H 118 sn, 

rAe H3-3a Mano~ nnOTHOCTH HH3KOne~a~~X COCTOHHH~ nOA4epKHYT 
I. I. 

8KnaA ~eCTKHX y -nepeXOA08, T04HOCTb on~CaHHH 8enH4HH p y H any 
C noM~b~ np~HHTOrO 8 AaHHO~ pa6oTe CTaTHCT~4eCKOrO nOAXOAa Mo
~eT 6~Tb xy~e, 4eM AnH He4eTHO-He~eTH~x HAeP La ~ Br. TeM He 
MeHee YA08neT80pHTenbHOe 8 4en0M CornaCHe TeopeTH4eCK~X H 3Kc-

I_ I. 
nepHMeHTanbHbiX 8en~4HH p y H any nOKa3bt8aeT 803MO~HOCTb H38ne-
4eHHH HH(j>OpMa4H~ 0 MaTpH4H~X 3neMeHTaX V(i) 8 3Kcnep~MeHTaX 
HHTerpanbHoro T~na. 

_ lknonb3YH 3Ha4eHHR CllaKTopo8 HF P ~ HF a t-~3 Ta6Il~4bt, 8eilt-~4HH~ 

Pif ~ a~~ ~3 pa6oT 11"51, a TaK~e 3Kcnep~Me~TailbHbte HHTeHc~8-
nu'- o VI jjd;:if.Jt:Wt:HHbiX IIU '-It: I HOC 1 ~ y -nepeXOA08 1 if i 04eH~M 8KnaA~ 
~HAH8~AYailbH~x y -nepexoAo8 8 8ent-~4HH~ pYI. ~ any no (jlopMyne 161 
lc coOT8eTcT8Y~~MH MOA~<I>HKa4~RM~ AnH a~ I. B cny4ae RAPa 
114 Cd HMeeTCR HH$OpMa4HR 0 3Ha4eH~RX p~~(~~) H HHTeHC~8HOCTRX 
I if y -nepexoA08 Ha ocH08Hoe 10+1 ~ nep8oe 8036Y~AeHHoe 12+ I 
COCTOHHHH. C y4eTOM 3TO~ HH(j>OpMa4~~ 8KilaAbl 8 ~HTerpanbH~e 8en~-
4~Hbl OT nepeXOAa 8 OCH08HOe COCTOHHHe COCTa8nR~T a I. (1 +-+ 0+) = 
= -11,63+0,31·10-6 ~ P~(1+ .. o+)= -/2,1+0,51·10-6, ~YcooT8eT
CT8Y~~~e-8KnaA~ OT nepeXOAa Ha ypo8eHb 2T 04eH~M C nOMO~b~ 

AaHH~X pa6oT~ 121 'KaK an~(1+ -+ 2+) :: 1 '1· 1 o-6 ~ P;(1+-+ 2+)=-2 ,4 ·1 o-6
• 

Bt-~AHO, 4TO 04eHKH P; ~ a;y c y4eToM TOilbKO y-nepeXOA08 Ha A8a 
H~~H~X yp08HR HApa ~ 14Cd He npoT~8ope4aT 3KCnep~MeHTanbH~M 
pe3YilbTaTaM /8/, 

AHanor~4HO AnR HAPa 118 sn MO~Ho 8bt4~cnt-~Tb 8KnaAbt 

a I. (1+-+ 0 +) ={2,9 ± 0,6 }· _ 5 
ny 1,4 ± 0,3 

10 
' 

rAe 8epxH~e IHt-~~Ht-~el 4H<I>P~ nony4eHw c ~cnonb308aHt-~eM AaHH~x/3,4/ 
B~AHO, 4TO 04eHKa 4~PKYilRpHo~ nonRp~3a4~1-1 P~ (1 + .. o+) • 

OKa3biBaeTCH lc y4eTOM CMeCH H30TOn08 8 o6pa34el H~~e 8ent-~4HHbl 
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(PI) ;s; I (l+ o+) y :lKCn. , B TO BpeMft KaK any -+ CYUieCTBeHHO npeBbl-
waeT 3Kcnep~MeHTanbHY~ sen~4~Hy. 3T£ yKa3biBaeT Ha Han~4~e Ae
CTPYKT~BHO~ ~HTep¢epeH4~~ BKnaAOB any (i-+ f) OT nepeXOAOB Ha 
pa3n~4Hble cocTOftH~fl f, aHanor~4HO cny4a~ fiAPa 114 Cd. TaK~M o6-
pa3oM, Ha OCHOBe COOTHOWeH~~ T~na /6/, /17/-/19/ YAaeTCft np~
BeCT~ B COOTBeTCTB~e 3KCnep~MeHTanbHble AaHHble no Ben~4~kM 

·r ·r I Py (a h) Anfl ~HA~B~AyanbHbiX y-nepeXOAOB ~ sen~4~HaM Py a 0 y 
Anfl ~HTerpanbHbiX cneKTpoB. 

B pa6oTe 181 6bm~ TaKll<e nony4eHbl 3Ha4eH~ft a I 
" 36 ny P y- Anfl KOMnayHA-fiAPa Cl. 3aMeT~M, 4TO 3Kcnep~MeHTanb-

Hble AaHHble no nonHbiM cneKTpaM /19/ ~ nap1..1~anbHbiM y -nepexoAaM 120/ 

B 3TOM fiAPe yKa3biBa~T Ha HenpaBOMepHOCTb ~CnOnb30BaHHOIO BbiWe 
CTaT~CT~4eCKOIO on~caH~ft cneKTPOCKOn~4eCK~X sen~4~H. 0AHaKO 
Han~4~e YH~KanbHO~ 3Kcnep~MeHTanbHO~ ~H<t>opMal..l~~ o6 ~HTeHc~s
HOCTflx nap1..1~anbHbiX Y -nepeXOAOB ~3 CMeW~Ba~UI~XCft no 4eTHOCT~ 

pe30HaHCOB n03BOnfteT AeTanbHO nQOaHan~3~pOBaTb MexaH~3M ¢op
M~pOBaH~ft ~HTerpanbHbiX sen~4~H PI ~ a I , ~cnonb3Yft ¢opMynbl 
T~na /6/. MaTp~4Hbl~ 3neMeHT ~0 tna6o~~ B3a~MOAe~cTB~fl ~3Bne-
4eM ~3 AaHHbiX pa6oTbl ' 51 no ¢opMynaM /3/-/5/. Hcnonb3Yfl ~H<t>opMa-
1..1~~ o nap1..1~anbHbiX y -nepexoAax ~3 pa6oTbl !20/, nony4~M ~i) = 
= /11 ,5+5,8/-10-2 3B. Anfl fiAPa 36 Cl ~3BeCTHbl 120 ' 3Hepr~~ B03-

- TT 
6y~AeH~ft ~ 3Ha4eH~ft Jff 14 H~~H~X ypOBHe~, np~4eM y-nepeXOAbl 
Ha H~X ~C4epnb1Ba~T OKOnO 70% Ben~4~Hbl nonHbiX paA~ai..I~OHHbiX W~p~H 

CMew~Ba~UI~XCft no 4eTHOC T~ pe3oHaHcos. Y4~Tb1Bafl B ¢opMyne /6/ 
TO~bK~-~Kn~Abl yKa3aHHbiX !~OBHe~, nony4~M MaK~~ManbHY~ Ol..leHKY 
L.\"' ..... '"J .Jint-'IIVt'l IIV.J lntJVI..>OL..\VIVI 1 y tl IIJJC:J...\IIUJ 1Ufflt::.HV1V1 UU U~V1HdKUt:::IUL f V1 

3HaKOB Bcex aMnn~TYA nap4~anbHbiX y-nepeXOAOB: 

I 2 , 6.:!:_1 , 3 I . 1 o - 4 . 

np~H~Mafl so BH~MaH~e cn~HOBble <t>aKTOPbl Air 151. nony4~M aHanor~4-
Ho Anfl ~HTerpanbHO~ ac~MMeTp~~: 

I 
(any)KOr. •c- 137.:!:_181·10-6

. 

l I 
3aMeT~M, 4TO 3H~4eH~e (P y )Kor. CYUieCTBeHHO npeBblwaeT (Py hKcn. = 

/6,4+0,51·10- .3To yKa3b1BaeT Ha HecnpaBeAn~BOCTb npeAnono~e
H~ft 0 KOrepeHTHOCT~ cnarae~biX B 4~Cn~Tene ¢opMynbl 161. B TO 
~e speMft cornac~e Me~AY (a 0 y)Kor. ~ (a~'JKCII.=-127,8.:!:_4,91·10-6 
nerKo o6bftCHfleTCft TeM o6cTOftTenbCTBOM, 4TO cn~HOBble ¢aKTOpbl Ar 

- 1 Anfl nfiT~ KOHe4HbiX YPOBHe~ f ~Me~T OTP~I..IaTenbHble 3HaK~, nOftBne-
H~e KOTOpbiX ~M~T~pyeT cny4a~HOCTb 3HaKOB aMnn~TYA y-nepeXOAOB. 
Ba~Ho nOA4epKHYTb, 4TO BB~AY ~ecTaT~cT~4HOCT~ ~'~APa 36cl B cyM
Max, onpeAenft~ll\~X 3Ha4eH~fl (Py):lKcn~ (a;:yhKcn .. 6onbW~HCTBO cnara
eMbiX 6n~3K~ no Ben~4~He. 3To yc~n~BaeT AOCTOBepHOCTb BbiBOAa 
0 cny4a~HOCT~ 3HaKOB 3T~X cnaraeMbiX. 

10 

TaK~M o6pa3oM, B MOAenbHOM cny4ae fiAPa 36Cl nOATBeP~AaeTffl 
np~HfiTbl~ BbiWe MexaH~3M ¢opM~posaH~ft ~HTerpanbHbiX sen~4~H Py 
~ a I ny 

4. 3AKJli04EHHE 

Pe3ynbTaTbl npoBeAeHHoro aHan~3a yKa3biBa~T Ha B03MO~HOCTb 

KOn~4eCTBeHHO~ ~HTepnpeTal..l~~ 3KCnep~MeHTOB T~na/S/ no ~3MepeH~~ 
I..I~PKYnflpHO~ nomlp~3al..l~~ ~ K03¢¢~4~eHTa aC~MMeTp~~ B nonHbiX 
y-cneKTpax nocne 3axsaTa Tennosoro He~TpoHa Anfl ftAep, K KoTo

PbiM np~MeH~Mo cTaT~CT~4ecKoe on~caH~e. CneAyeT OTMeT~Tb, 4TO 
aHan~3 ~HTerpanbHbiX sen~4~H pi ~ ai Anfl 3T~x ftAeP no3sonfteT 

y ny 
nony4~Tb ~H<!>OPMal..l~~ 0 MaTp~4HOM 3neMeHTe cna6oro B3a~MOAe~CTB~ft 
v(i) 6onee npocTbiM cnoco6oM, 4eM B cny4ae 3Kcnep~MeHTOB no 
~3MepeH~~ P ;r ~ a~~ , rAe Anfl ~3Bne4eH~ft sen~4~H v(i) Heo6xoA~
MO AOnonH~TenbHO ~MeTb AaHHble o6 aMnn~TYAax y-nepexoAOB ~3 
CMeW~Ba~ll\~XCft S- ~ p-pe30HaHCOB. 

Anfl ftAeP, B KOTOPbiX yc~neH BKnaA y -nepexoAOB Ha A~CKpeTHble 

YPOBH~, KOn~4eCTBeHHaft ~HTepnpeTal..l~fl AaHHbiX no pl ~ al CTa-
6 

- f_ ny 
HoB~TCfl onee cno~Ho~, np~4eM B npeAene, KOrAa 'pa6oTaeT" OA~H 
nepeXOA, 3T~ Ben~4~Hbl no ~H¢OpMaT~BHOCT~ CTaHOBftTCft 3KB~BaneHT
HbiM~ Ben~4~HaM p ~f ~ a ~~y, 

B cseTe npoBeAeHHbiX B AaHHO~ pa6oTe pac4eTOB npeAcTaBnfteTcfl 
~HTepeCHO~ npftMaft 3KCnep~MeHTanbHaft npoBepKa BKnaAa ~eCTKO~ 
....... ,.."'r ... ,..~ ...... , ...................... - ...... ~--- ..... ····- -~-·· ~~- , . .,.. 

,.....,.,..,., ._,,_,~, ........ .,.. ~'''''-'' 1-"._. .. ,uooul'-' .._..._.. .. ,,.,-.I'IIIUI .l.y lfl any 101'\., MOIIJJVIMC:~, 

o6pe3afl 3Hepr~~ per~cTp~pyeMbiX y-KBaHTOB Ha yposHe 6 M3B, 
Anfl fiAPa Br MO~Ho o~~AaTb yMeHbWeH~ft 3¢¢eKTa B K03<I><I>~LI~eHTe 
ac~MMeTp~~ ~Y np~MepHo B ABa pa3a. Apyr~M cneACTB~eM Hawero 
paCCMOTpeH~fl, 3acny~~Ba~ll\~M 3KCnep~MeHTanbHO~ nposepK~, ftBnfteT
Cft npeACKa3aH~e 0 Cyll\eCTBOBaH~~ C~nbHbiX y-nepeXOAOB ~3 p -pe3o
HaHCa 1, 33 3B Ha B036Y~AeHHble ypOBH~ fiAPa 118Sn, Han~4~e KOTOPbiX 
MO~eT YCTpa~Tb npOT~Bope4~e B 3KCnep~MeHTanbHbiX ~ TeopeT~4eCK~X 

sen~4~Hax a ny · 

B 3aKn~4eH~e asTopaM np~ftTHO Bblpa3~Tb 6naroAaPHOCTb ~.I.A6osy, 
B.n.An<t>~MeHKosy, I.B.AaH~nftHY, 3.A.KonoMeHcKoMy, B.A.Ha3apeHKo, 
Jl.5.n~KenbHepy ~ 3.H.Wapanosy 3a nnoAOTBOPHble o6cY*AeH~fl ~ no
MOlllb B pa6oTe. 
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7 ~~HB 1983 rOAa. 

ByHaKOB B.E. H ~p. P4-83-379 
3~eKTbl HeCOXpaHeHHH qeTHOCTH B CeqeHHHX pa~HaQHOHHOrO 
3axsaTa 

Be3 HCITORh30BaHHH CB060~Hb~ rrapaMeTpOB rrpoBe~eH TeopeTH
qecKHH aHaRH3 3~eKTOB HeCOXpaHeHHH qeTHOCTH B ceqeHHHX pa
~HaQHOHHOrO 3aXBaTa TennOBb~ HeHTpOHOB. Ha OCHOBe rronyqeHHOro 
y~osneTBOPHTenhHoro cornacHH pe3ynhTaTOB pacqeToB c 3KCnepH
MeHTaRbHbiMH ~aHHblMH 06CYJK,D;a10TCH B03MOJKHOCTH H3BneqeHHH KOnH
qeCTBeHHOH HHcPOpMaQHH 0 MaTpHllHb!X 3ReMeHTaX Cna6oro B3aHMO
~eHCTBHH. llpe~OJKeHhl BapHaHTbl 3KCrrepHMeHTaRhHOH npoBepKH c~e
naHHblX TeopeTuqecKHX rrpe~cKa3aHHH. 
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The theoretical analysis of parity nonconservation effects 
in radiative capture cross-sections for thermal neutrons 
has been done with no use of free parameters. The satisfactory 
agreement between the results of calculations and the expe
rimental data enables one to investigate the possibilities 
of obtaining new information about the matrix element of 
weak interaction. A possible experimental test of proposed 
theoretical predictions is discussed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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