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1. B B e JJ. e H H e 

B nocneJJ.HHee apeMH 6onhrnoe BHHMaHHe npHBneKaeT npo6neMa H3y­

qeHHH HJJ.epHbiX peaKUHii:, c nepeJJ.a'leii: HecKOnhKHX HyKnOHOB. Y)!{e B HaCTOH­

rnee apeMH c 6onhlliHM ycnexoM Hcnonh3YJOTCH peaKUHH THna (t,p ·) ang 

H3y'ieHHH CTpyKTypbl KaK neT'KHX, TaK H TH)!{enbiX HJJ.ep. 

0JJ.H8KO TeOpHH erne He MO)!{eT YllOBneTBOpHTenhHO OllHC8Th peaKUHH, 

Bbi3B8HHble TH)!{enbiMH HOHaMH. B /l8HHOi1 pa60Te H3y'ia!OTCH HeKOTOpbie 

oco6eHHOCTH TaKHX peaKUHii:. PaccMaTpHBaJOTCH peaKUHH THna 

A + B .. ( A -k ) + ( B + k ) 

C k = 2 B npH6nH)!{eHHH O/lHOCTyneH'i8TOT'O npouecca nepeJJ.a'IH llBYX HyKno-

HOB 

A-k 

: l ~ B+k 
H3yqaeTCH aonpoc o B03MO)!{HOCTH nonyqeHHH cneKTpocKonH'ieCKoro ~aKTo­

pa JJ.nH HCllYCK8HHH JJ.eii:TpOHOB H3 peaKUHii: C nepeJJ.aqeii: JJ.BYX HyKnOHOB. 
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2. TeopHH 

. I 1 21 
KaK rroKa3aHo B pa6oTax ' • , ce'leHHe peaKUHM c rrepenaqei!: llBYX 

HYKJ!OHOB HMeeT BHll: 

rne 

HHe 

HOB, 

'L " N 'L ' 2 
AN B ) 

N L N L 
( 1 ) a .. ( l 

A N 'L '- cTpyKTYPHhiM, a B N 'L '- llHHaMH'IeCKHM $aKTop. CyMMHpOBa-
NL N L 

HlleT IIO BCeM IIpOMe)l(yTO'IHbiM COCTOSIHHSIM llBYX rrepenaBaeMhiX HyKno-

u N 'L' 12 I 
CTpyKTYPHhi.H !lJaKTop A HMeeT BHll • 

' ' A 
AN L - RR' I ( K 

NL 
) ( 

NL 

B+k 

k 

t/2 
} l ( T 1 T 1 z I T 2 T 2z , T k T k·z } X 

(T4 T4Z ITa T3Z ,Tk Tkz) x< xl I x2,xk><x41x8,xk> (2) 

x( A N+L/2 

A -k ) 

8 + kN t-L /2 
--) 

B 
K(nf,NL,Lk) K(nf,N'L', L~ ). 

3nech HHneKChi 1,2,3,4 OTHOCHTCH K SinpaM A , A-k , B H B + k • <PaK-

TOphi R , R' conep)l(aT Bee HeorrpeneneHHOCTH, CBH3aHHhie c aaBHCH-

MOCThJO CTpyKTypHOrO !lJaKTOpa OT p8JlHYC8, .QJISI IIpOCTOThl B (2) IIOnaraeM 

R= R '= l · ( T 1 T 1 z I T 1 T 1 z , T k T k z. ) - Koa!lJ!lJHUHeHThi Kne6wa-

fopnoHa. OcuHnnSITopHhie KBaHTOBhie 'IHCna rpyrrrrhi nepenaBaeMhiX HyKnoHoB 

0603Ha'leHhl cnenyJOWHM o6pa30M; n , f - BHyTpeHHHe KBaHTOBbie 'IHCna, 

N , L- KBaHTOBbie 'IHCna, xapaKTepH3YJOWHe llBH)I(eHHe ueHTpa TSI)I(eCTH rro 

OTHoweHHJO K SIJlpy A - k , N ', L'- KBaHTOBbie q cna, xapaKTepH3 YJOWHe 

llBH)I(eHHe UeHTpa TSI)I(eCTH IIO OTHOWeHHIO K SillPY 8 • BenH'IHHhi Lk ,L'k-

Op6HTaJibHbie MOMeHTbl rpyiiiibl IIepenaBaeMhiX 'IaCTHU IIO OTHOWeHHIO K Sill-

paM A'- k H B COOTBeTCTBeHHO, 

I1HTerpaJ!bJrrepeKphiTHH <x lx •X >K(ne,NL,Lk) H<x lx •X >K(nf,N'L',L'k) 
I 2 k 4 3 k 

N 'L' 
CTPYKTypHoro !lJaKTopa A N L • SIBJI SilO TC S1 rnaBHh!MH MHO)I(HTenSIMH 
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j, 

<x 1 1 )(. 2 ,x ( HHTerpan rrepeKphiTHSJ o6onoqeqHoi!: BOnHOBoA !l!YHKUHH SIJlpa 

c o6ono'le'IHhiMH :BOnHOBhiMH !l!YHKUHSJMH Hnpa A - k · H k OTneneHHhiX 'lac­

THU ( reHeanorH'IeCKHA Koa!lJ!lJHUHeHT). B HeM Y'IHThiBaeTCSI CTPYKTypa Hnep 

B H8'18J!hHOM H KOHe'IHOM COCTOSIHHSIX, K(n e, NL, L k ) - HHTerpan nepeKpbJ­

THSI BOnHOBOH !lJyHKUHH OTJlenbHhiX HyKnOHOB C BOnHOBOM !lJyHKUHei!: rpyiiiibl 

H3 k -'18CTHU, H8XOJlSII!leiicSI B IIpOM8)1(YTO'IHOM COCTOSIHHH, I1HTerpan 

K(nf , NL, L k ) Y'IHTbiBaeT o6pasoBaHHe rpynrrbi H3 k HyKnOHOB C BHYTpeH 

HHMH KB8HTOBhiMH 'IHCnaMH 

MH ueHTpa TSJ)I(eCTH N, L . 
n , f H C OTHOCHTenhHhiMH KB8HTOBblMH 'IHCna­

I1HTerpanhi nepeKpbiTHSI K (n e ,N 'L'' L ~). 

< X 4 

H < X! 

Xa.xk> orrpenenHJOTCSI aHanorH'IHO HHTerpanaM K (nf , NL, Lk) 

x 
2 

, X k > cooTseTCTBeHHo, 

feHeanorH'IeCKHe KO<l~HUHeHTbl < x I x .x > ,<x lx .x > SJsnHJOTcs 
1 2 k 4 3 k 

!lJaKTOpaMH, KOTOpbie Hrpa!OT H8H6onee cymeCTBeHHYIO pOJih JlnSI B036y)I(Jle­

HHSI ypOBHeA, CsoACTBa <lTHX KOa!lJ!lJHUHeHTOB xopowo H3BeCTHhl, 

I1HTerpanhi nepeKphiTHSI K (nf, NL , L k) H K (nf ,N' ·L', L ~)co-

nep)l(aT sasHCHMOCTh OT KBaHTOBhiX 'IHcen N ; L H N ', L , 3TH HHTerpa-

nbl He SIBnSIIOTCSI He38BHCHMhlMH, 

B hipa)l(e HHe 

r 
A N+L/2 

(-) 
A- k 

B k N'+L/2 
(-+-) K(nf,NL ,Lk) K(nf ,N'L',L\ 

B 
(3) 

He 4JaKTOpH3yeTCSI B BHJle IIpOH3BeJleHHSI COMHO)I(HTeneA, OJlHH H3 KOTOpbiM 

saBHCHT TOnbKO oT Slllep A H A - k, a npyroA - TOnbKo OT Slllep B H 

B + k 

Heso3MO)I(HOCTh 4JaKTOpH3aUHH ce'leHHSI HBnHeTCH cnencTBHeM rrpenno­

no)l(eHHSI o TOM, 'ITO rpyrrrra nepenaBaeMhiX qacTHU HMeeT onpeneneHHbie 

KB8HTOBhie 'IHCna K8K Sk, T k H f k ( CIIHH, H30CIIHH H CHMMeTpHH), TaK 

H n f , KOTOpble IIpH rrepena'le He MeHSIIOTCSI, 
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CneKTpoCKOITHqecKHii ljlaKTop .ueiiTpoaoe, onpe.ueneHHhiH .unH rpynnhi 

.QBYX HyKnOHOB, H8X0.11H!11HXCSI B HH)K8HllleM COCTOHHHH ITO BHyTpeHHHM KBaH-

" /3,4/ 
TOBbiM ( OCUHnnHTOpHbiM) qncnaM n "'f .. 0 , HMeeT cne.Qyi0!11HH BH.ll : 

s "' ( ~ )t/2 
A N+L/2 

A-k) <x lx ,xk > K 0 (n=O,f=0 ,N,L,L ) 
A A-k k 

(4) 

Cne.uoeaTenbHO, pa3HHUa Me)K.uy cneKTpocKonnqecKHM ljlaKTopoM peaKUHH c 

nepe.uaqeii ABYX HyKnOHOB H CITeKTpOCKOITHqecKHM QJ8KTOpOM .QeHTpOHOB COC­

TOHT npe)K.Q9 BC9f'O B ITOHBneHHH pa3Hb1X HHTerpanoB nepeKpblTHH: K ( n f , 

N 'L ', L k) B cnyqae peaKUHH, a K ( 00 ,N 'L', L k) - B cnyqae HcnycKaHHH 

.QeHTpOHa, 

CrreKTpocKorrHqecKHH ljlaKTop peaKUHH nepe.uaqH .ueyx HyKnOHOB paeeH 

cneKTpOCKOITHqecKOMy QJ8KTOpy HCITYCK8HHH .119HTpOH8 TOnbKO TOf'Aa, K0f'A8 

H3 COBOKYITHOCTH HHTerpanOB K ( n f,N'L', L ~ ) OTnHqeH OT HynH TOnbKO 

HHTerpan K ( 00, N'L' , L' k ) , T.e. Kor.ua nepe.uaqa HyKnoHOB rrpoHCXOAHT 
x/ 

H3 OS ot5onoqKH HaqanbHoro H.Upa. 

3. PeaKUHH ( 
3 He,P) ,( 9 Be, 7 Li ) ,( 11 B, 9 Be ) 

~. 

CneKTpocKOITHqecKHii QJaKTOp .unH peaKUHH ( 
3 He, P) LtaeTCH ljlopMy noii 

t/2 s ... -~ < x4 I x 3 , x k > H ( s k , T k ) 
J,I.:k=0,2 

(5) 

( S k T k ) "' ( 0, 1 ) , ( 1, 0 ) 

f'Lle 

x/ 
YpoBHH rapMOHHqecKoro ocuHnnHTopa ( 3He,P) ot5o3Haqa!OTCH qepe3 

OS ,OP, lS, Od, lP, Of .... KaK B paooTe 6pe.uH H MomHHCKoro 151, 

6 

:'1.·· .. ' 
·~ j 

~', 

~ 

l 
. 
. 

. 

' 

H ( s k ' T k ) "" < X I I X 2 ' X k > T ( L k = 0 ' L ,k ) 

T (L k ,L~) .. I. ( A )N+L/2 ( B+k )N'!-L/2 
ntNL,N'L' A-k B B 

x K (nf, NL ,L k) K (nf, N 'L', L' k ) . 

N 'i., 

NL 

PaccMoTpHM cnyqaii B030Y)K.119HHH ypoeHeii c H3MeHeHHeM H30CITHHa ~ T,. 1 

B aToM cnyqae ljlopMyna (5) .uaeT 

s t/2 .. J..,.o <x4 I X3, xk > H ( 0, 1 ) 
J ,L k ,2 (6) 

< sk , T k ) .. ( 0, 1 ) • 

CneKTpocKorrnqecKHii ljlaKTOp peaKUHH THna ct'B , 
9 Be) HMeeT BH.U: 

s1
/

2 
.. I. < X I X 'X > I. < X I X ' X 

, 4 3 k l 2 k 
J Lk ..0,2 J ,Lk..0,2 

(Sk,Tk) .. (0,1),(1,0) 

> T (L ,L' 
k k 

+,I-, <x 4 lx 3 .xk>I. <x 1 1x 2 ,xk> 
J , L k .t J , Lk =1 

T (.-L L' ) (7) 
k. k 

( S k' T k ) .. ( 0, 0 ) , ( 1, 1 ) • 

PaccMoTpHM cnyqait, Kor.ua BhmonHSieTCSI ycnoeHe. 

I. 
J,Lk..0,2 

< x 1 I X 2 'Xk >T(L ,L' .o) .. I. <x lx ,x >T(L ,L' .. 2) 
k k JL..0 2 t 2 k k k 

• k • 

"' G ( Sk , T k ) , (8) 

H onpe.uenHM 
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·F ( S k , T k ) "" I < X 1 1 )( 2 , X k > T ( 1, 1 ) 
J ,L k•l 

(9) 

(Sk,Tk) .. (0,0),( 1,1) . 

Tor a a 

S 
1
/

2 
= I <X 1 X , X > G ( S , T 
,, 4 3 k k k 

J ,Lk ..0,2 

(Sk,Tk) =(0,1),(1,0) 

( 10) 

+I <x 1x ,)( >F(S ,T 
J ',L' =I 4 3 k k k 

k 

( S , T ) = ( 0, 0) , ( 1, 1) 
k k 

nnR CI19KTpOCK011HqecKOT'O ~aKTOpa pe8KUHH, llpH KOTOpoii B036y~Jl89TCR ypo­

B9Hb Koaeqaoro R.llpa c H3MeaeaHeM HsocnHaa ( !'!. T • 1 ) , nonyqaeM 

1/2 
S .. I < X 1 

J'L':02 4 
• k • 

X , X > G (0, 1 ) 
3 k 

·•. 
( S , T 

k k 
= ( 0, 1 ) ( 11 ) 

+ I < X 4 1 X3 , X k > F ( 1, 1 ) 
J ',L ~·ol 

( sk , T k ) = ( 1, 1) . 

CpasaeaHe (6) H (11) noKa3hiBaeT, qTo cneKTpocKonHqecKHe ~aKTOpbi pe-

3 II 9 
aKUHH ( He, p) H { B, Be) OTnHqaJOTCR Jla~e npH BhmonaeHHH ycnoBHR 

(8), 3Ta pa3HHU8 llpOHCXOJlHT npe~,/le BCero OT TOro, qTo B peaKUHRX C 

nepeaaqeii JlBY X HyKnOHOB H8,/l0 CyMMHpOB8Tb 110 BCeM npoMe~yToqHblM 

COCTOHHHRM JlBYX nepe,ll8B89MbiX HyKnOHOB, 

8 

4, nHCKYCCHH 

06bJqHO peaKUHH C nepeaaqefi H9CKOnbKHX qaCTHU paCCI08TpHB8!0TCH 

TaK, K8K 6y.llTO 6hi nepe,ll8B89Mble qaCTHUbl MOf'nH HaXOJlHTbCH TOnbKO B ca­

/6/ 
MOM HH3KOM COCTOHHHH 110 OCUHnnRTOpHblM KB8HTOBbiM qHcnaM n , E • 

DpH TaKoM npeanono~eHHH CTpyKTypHbJii ~aKTop HMeeT BH.Il: 

'L, A 1/2 
AN "'I( k )( Mk ) I ( T T 1 T T , T T ) ( T T 1 T T , T T ) 

N L I lz 2 2z k kz 4 4z 3 3z k k z 

X <X I X ,)( > < )( 1 )( .x > 
I 2 k 4 3 k 

( 12) 

A /+L/2 ( M )N'+L'/2 K( 00 ,NL, Lk) K (OO,N'L', L k). 
x( A-k B 

Bbipa~eHHe ( 12) ~aKTopv.ayeTCH aa ase aesaBHCHMhiX apyr oT apyra qacTH 

N 'L' 

A "' 
N L a N 'L '• 

(13) 
aN L 

• /11/ 
llnH npoMe~yToqaoro cocTORHHH co cxeMOH IOara asyx nepeaa-

saeMhJX HyKnOHOB nonyqaeTCR K ( ""' 0 'e '"0 'N 'L , ' L' k ) = 0 • 

CneaosaTenbHO, cneKTP soa6y~JleHHR KOHe'!Horo R.llpa aaeTCR senH'!H­

Hoii aN 'L' , a BenH'IHH8 aN L B8~Ha TOnbKO ,/lnH nony'!eHHH a6con!OTHO­

f'O ce'!eHHR. 3To oaaaqaeT, qTo ecnH 6bJ asa nepeaasaeMhiX HyKnoaa aaxo-

JlHnHCb TOnbKO B llpOMe~yTO'!HOM COCTOSIHHH C n,. E ., 0 , TO ClleKTpbl 

B036y~JleHHH KOHeqaoro HJlpa, nonyqeHHhie B peaKUHHX ( 3 He,p) H ( 11B, 9 Be) 

Ha OJlHOM H TOM )l(e HJlpe MHlli9HH, 6binH 6bJ llOXO)I(H Jlpyr Ha Jlpyra H 

MOf'JUI 6hi Bblp8)1(8TbCH qepe3 C119KTpOCKOI1HqecKHe ~aKTOpbl ,/lnR HCI1YCK8HHH 

,/leHTpOHOB. 

H o aa caMOM aene npeanono)l(eHI!e o TOM, 'ITO a sa nepeaasaeMhiX 

HyKnOH8 H8XOJlHTCH TOnbKO B llpOMe)l(yTO'IHOM COCTOHHHH C n .f = 0 , He-

cnpaseanHBO. 
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npH cyMMHpOB8HHH no BCeM llpOMe)l(yTO"'HbiM COCTOSIHHSIM no KpaliHeif 

MepeoAHHH3 K(nf,NL,L )K(nfN'L' L') 
k ' ' k 

AnSI Ka)I(AOH KOH~Hry-

paUHH HyKnOHOB B npOMe)l(yTO"'HOM COCTOSIHHH OTnH"'eH OT HynSI, ecnH TOnb­

KO nepeA8HHhie HyKnOHbl npOHCXOASIT He H3 0 8 -060nO"'KH ( CM, Ta6nuuy 1 

AnSI SIAep 0 p -o6onO"'KH ) • 

feHeanorH"'eCKHe K03~~HUHeHTbl AnSI HCnyCK8HHSI ABYX "18CTHU no CXe­

/11/ 
Me lOHra . H3 SIAep OP-o6ono"'KH cpaBHHMhi no BenH"'HHe c reHeano-

rH"'eCKHMH K03~~HUHeHTaMH AnSI HCnyCKaHHSI ABYX "'aCTHU no CHMMeTpH"'eC­

/2/ 
Koii cxeMe lOHra • !lnSI HnmocTpaUHH B Ta6nHue 2 AaHhi BenH"'HHhi 

~ 
J 

<x 1 lx 2 .xk> ( 14) a L 
k 

AnSI npoueccoB 
3 

He _. p , 
9 Be -o 

7 
Li H

11 
B _. 

9 
Be , KOTOphie Bhi"'HcneHhi c 

u 17/ 
BOnHOBhiMH ~YHKUHSIMH MOAenH npoMe)l(yTO"'HOH CBSI3H 

Ma 3THX 3Ha"'eHHH cneAyeT, "'TO BenH"'HHhi,xapaKTepHayromHe nepe!la"'y 

/111 /2/ 
ABYX HyKnOHOB B npOMe)l(yTO"'HbiX COCTOSIHHSIX no CXeMaM lO Hra H 

COOTBeTCTB8HH01 MOryT 6hiTb CpaBHHMbl, 

B Ta6nHuax 3 H 4 npHBeAeHhi npHMepbi cTpyKTypHhiX ~aKTopoB, Bhi"'HC-

"' 17/ u c neHHhiX C BOnHOBbiMH 'l'YHKUHSIMH MOAenH 1IpOM8)1(yTO"'HOI1 CBSI3H, YM-

MHpOB8HHe rrpOH3BOAHnOCb no BCeM KBaHTOBb!M "'HCnaM n e ' N 'L ' N,' L , 

(H CIIHH8MH KaHana J J' ) 6e3 y"'eTa AHHaMH"'8CKHX ~8KTOpOB BN'L, • 
, NL 

B Ta6nHue 3 AaHhi cTpyKTYPHhie ~aKTOphi peaKUHii ( 11 B, 9 Be) H ( 9 Be, 7 Li) 

AnSI cnyqag, KOrAa H30CIIHH B036y)I(AeHHOro ypOBHSI KOHe"'HOrO SIApa OTnH"'a­

eTCSI OT H3ocnHHa SIApa-MHWeHH Ha eAHHHUY. B Ta6mrue 4 AaHhi aHanorH"'­

Hhie CTpyK'i:'ypHhie ~aKTOphi AnSI peaKUHH ( 3 He, p ) • B TO speMSI KaK B 

peaKUHSIX (
11 

B, 
9 

Be) , ( 9 Be, 7 Li )npoMe)l(yTO"'Hhie cocTOSIHHSI KaK [2]3 18 • 

[2] 
31 

D , TaK H [11]
33 

P AaroT BKnaAhi B cTpyKTypHhiH ~aKTop, cpaB-

HHMhie M8)1(AY co6oi1:, B peaKUHH ( 
3
He,p) TOnbKO OAHO COCTOSIHHe [2) 31 8 

A8eT BKnaA. noaTOMy cneKTp KOHe"'HOrO SIApa, nony"'eHHhiH B peaKUHSIX 
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B, 
9 Be HnH ( 

9 Be, 7 
Li ) , He AaeTcSI o6hi"'HhiMH cneKTPOCKOIIH"'eCKHMH 

~aKTOpaMH AnSI HCIIYCK8HHSI AeHTpOHOB 1 KaK 8TO HMeeT M8CTO B peaKUHH 

('
3 

He, p ) • 

AHanorH"'Hhie peaynbTaThi nonyqaroTCSI B cnyqae soa6y)I(A8HHSI yposneli 

6e3 H3MeHeHHSI H30CnHHa ( Ta6nHUbl 5 H 6), 

8hiBOAhi 

B pa6oTe HCcneAosanHCb cTpyKTypHhie oco6eHHOCTH peaKUHH c nepe­

Aa"'eii ABYX HyKnOHOB, npeAnonaraeTCSI HanH"'H8 M8X8HH3M8 peaKUHH C OA­

HOCTyiieH"'8TOH nepeAa"'eii rpynnhi H3 ABYX HyKnOHOB, 

M3 paccMoTpeHHSI aToro MexaHH3Ma cneAyeT, "'TO cneKTpbi Boa6y)l(-

tt 9 9 7 • 
AeHHSI KOHe"'Horo SIApa, nony"'eHHhie B peaKUHSIX ( B, Be) HnH ( Be, L1~ 

K8K npaBHnO, He nOXO)I(H Ha CII8KTpbl B036y)I(AeHHSI1 nony"'eHHhie B peaKUH­

SIX ( 
3 

He, p ) Ha TaKOM )l(e SlApe MHWeHH. CxoACTBO cneKTpos B036y)I(A8HHSI 

KOHe"'HOro SIApa B peaKUH SIX ( 11 B, 9 Be ) H ( 9 Be, 
7 

Li) , c OAHOH cTopoHhi, 

H ( 
3 

He, p) 1 C Apyroii CT0p0Hhl 1 He MO)I(eT cny)I(HTb AOK838T8nbCTBOM TO­

ro, "'TO MeXaHH3M peaKUHH (
11

B, 
9 

Be)H ( 
9 

Be; Li).i!BnSieTcSI npoCThiM Mexa-

HH3MOM nepeAa"'H ABYX HyKnOHOB, 
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1-lHTerpan nepeKpblTHSI K ( n ,r , N,L ,L, ) 

------------------------------------------n r N L L • [ r. l 
--------------------- --

0 0 I 0 0 [ 2] 
I 0 0 0 0 [ 2] 
0 I 0 I I [II] 
0 0 0 2 2 [2] 
0 2 0 0 2 [2) 

--------

13 

---------------------
K ( nf ,NL , L• ) 

~- ----------==----

0,707 

-0,707 

I 

0,707 
I 
i-D, 707 



Ta6nHua 2 

BenH'IHHa a1 , Bhi'IKcneHHaSI MeJKay OCHOBHhiMH 
'k 

COCTOSIHHSIMH Ha'lanbHOrO H KOH9'1HOrO Slllep 

2a. l1cnycKaHue npoHcxoaHT c Tk • 1 

----------------------------------------------------------------
[2J31s [~J ?>1D [1 i]33p 

-------------------~----- -------
( li.e~p) -0,2361 

lBe~ li1
) I 0,0944 

(B-f1eJ) o,242 

-0,0268 

0,05I8 

-0,595 

0,0794 

----------------------------------------------------------------

26. l1cnycKaHHe npoucxoanT c T k .o 

------------~-----------------------------------------------
[2] 13_s [!1.] HD [1t]11p 

---------
(~.d.) I 
( Li 6, ~) -0,996 O,OI8 -0,077 
(Hlp) 0,236 

(Be~ Li~) 0,0459 0,302 -O,I08 

( 81~ 8e9~ -0,0946 -0,298 -0,0668 

·--------------------------------------------------------------

14 
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Ta5nHua 3 

CTpyKTypHhie cpaKTOphl peaKUHli (
11 B, 9Be) H ( 

9 Be, 7 Li ) . T k ml 

---~-~~~:;0~--~~~~-- --- --~--~~~=-:~~~:~~E;;~~:;~i,~~g~_::::::-
.L . .r_J;:8c ;;eop r;:J!.:§==-==-=-~D____1!_2_~3~=-

Pt!Dwl{u~ (B/_li9-) :' j 1 

L·jl- B 9 I 1 ~ e .312 112 l 0 o 
l J 

1,16.10-2 
2,08.10-J 

-1,48.10-2 
ill '2_ 112 [ - 1 2 J 2 
II I I 
512 112 j 2,4.3 ! 2,.3 

Be9~ !3 11 I. Jl2 112 

112 112 
512 1/2 

!0 
I 
;2,13 
,1:4,46 

16,81 

0 

1.9 
5,2 
6,9 

J,J2.10-2 

9,12.10-J 
-1,18.10-J 
1,01.10-1 

I 
.312 112 

c."~ Nllf o 1 I ~.~3 .2,4 -4,.30.10-J 
1,22,10-2 

PeMtfu.L rs;1sl) I 
L;1-~ &9 

&9-..., 8 11 

c'~ N1lf 

0 1 .f5,~ 

I 
.3121121 o o 1 2,42.10-2 

I I ., ' -J 1 2 1 2 - 2,2 5,06.10 
512 112 2,4.3: 2,.3 -.3,62.10-2 

Jl2 1121 0 0 1,67.10~~ 
112 1/2 I 2,13 1 1 9 2,22,10 
512112 i 4,46: 5,2 -2,87.10-3 

! I ') 
.312 112: 6,81, 6,9 6,57.10-~ 

o 1 : 2..~ 1 .2)4 -1,07.10-2 

I I I 1S 2 -2 
I I 

-1,14.10-J 
-9,46.10-4 
6,77.10-J 

-6,88.10-J 

-4,2.3.10-J 
5,48.10-4 

-6,41.10-J 

7,.35.10-4 
-2,08.10-J 

4,55.10-1 
4,25.10-1 

-2,88.10-1 

-7,90.10-2 

8,21.10-4 
6,64.1o-.J 

-9,0.3.10-.J 

8,5.3.10-.J 
-.3,24.10-2 

-3 -2 2,67.10 -5,92.10 

1 7 -J o-2 ,7 .10 -5,66.1 
1 27 -2 -2 - , .10 J,OJ.10 

J,J~.lO-J 

7,94.10-J 
-1,03.10-J 
1,19+.10-2 

-1,.35.10-J 

3,86,1C-3 

7,71.10-3 

-1,10.10-4 
-8,64.10-4 
1,17.10-J 

1,11.10-J 

4,2.3.10-J 
I : j 

0 1 I - 11~ 3,05,10 

~ _____ L__ __L ______________ _ 
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Ta6nHua 4 

CTpyKTYPHbre <i>aKTOpbr peaKUHil ( 3 He,p). T k • I 

------.---.-----------------. -----1--------------------.---------
I{oHeqHoe H~po l{OH(J}Mrypal(MH HJII\JIOHOB 

--·l .. -- jE3wc l E-TEDp. . 31~--- · . · 
-----LL--!-.J "'!!!.,..-=--=-~~~~"'-4-=-:-. ~:!-=-·=:=~ . ..:.-== .... -=-=·= .. =-===-=--

Pea 1< 1.f u..t, { He,3 p) 

L·r o 9 
1 ___,. oe 

Be9~B11 

I 

J/2 

1/2 

5/2 

J/2 

1/2 

5/2 

J/2 

C 1~ N1'1 o 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1 

/__:__1 

0 0 4,J5.10""'2 

2,2 1,71 .1o-2 

2,43 2,3 -1,21.10 -1 

0 0 2,39.10-1 

2,13 1,9 7,51.10-2 

4,46 5,2 -9,71.10-3 

6,81 6,9 1,53.10-l 

.2,,~ .2,4 -2,13.10 -2 

15,?, i 6,06.10-2 

i ___ _j ____ l _____________ 

---------------------------------------------------------------
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Ta6nHua 5 

CTpyKTYPHbre <j>aKTopbl peaKUHll ( 11 B, 9&) , ( 9 BH, 7 Li) T • .o 

Eil
----::-:;:­

--~--·-···-' E,l<c: ErEop. 
T 
~===-==-g . [ 

Pea.Hf41f.£ (Be, !iF) 

f./"1~ Be9 
'J/2 1/2 o o 

1/2 1/2 - 2,2 

5/2 1/2 2,4'J 2,3 

8eJL_, B.u 3/2 1/2 0 0 

1/2 1/2 2,l'J 1,9 

5/2 1/2 4,46 5,2 

ct~ N11f : 1 0 0 0 

Pet1¥t.f~{B~1Bl) • 
L(f~ f3e9. 3/2 1/2 0 0 

' 1/2 1/2 - 2,2 

5/2 1/2 2,43 2,3 

&l_,. B11 3/2 1/2 0 0 

1/2 1/2 2,13 1,9 

5/2 1/2 4,46 5,2 

c 1~ N1'1 1 0 :o 0 

-------------------------------~---------
Ii.OHl_(,virypal.lHH H;)1lulOHOB 

B npoMe~;yTOqHOM COCTOHHHH 

[.2] ~~ [2] 130 [11J 11P 
------------------------------ - -

-2,91.10 -3 1,08.10 -1 4,69.10-1 

4' 92.10-3 -1,81.10 -2 4,l'J.1o-1 

-2,15.10 -2 -1,11.1 o-1 -2,42.10-1 

1,69.10-2 2,72.1 o-2 -6,99.10-2 

1,J8.10-2 1,74.10 -2 8,42.10-4 

-2,93.10-4 2,69.10 -2 6 -3 5,0 .10 

2,25.10-3 -2,62.10 -2 -5,16.10 -3 

4,11.10 -2 o-2 o-2 9,79.1 - 5,02.1 

-4,J5.10-3 6 -3 1, 2.10 6 -2 ,J9.10 

51 43.10-2 3,57.10-2 1,94.1 o-2 

1,89.10-1 1,2J.1o-1 1,32.10 -2 

3,59.10-2 -5,71.10 -3 -1,12.10-4 

4,76.10-j 2,47.10-2 -1,81.1 o-3 

~-2, 'J7 .1 o-3 -2,61.10-2 1,69.10 -3 

I 

----------------------------------------------------------------
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Ill 

Ta6nuua 6 

CTpyKTYPHhie lj>aKTOphl peaKunll (3 He, p ) ( 6 Li, a ) • T •• o 

---,---------------------y-------------------------------------
1 . 

hoHet!HOe '~ Konq,nrypa~lil.il HyiCJIOHOB 

___ .L_ •. _____ ,g,Qp~--- --·--· B npOMGlK.J.~!?.!lli.QM .. .9Q.QTOjjH~H1 ... ., 

; J T · :Vc :s.:t · [:1.] 13s [2] t30 [11] ''p 
p~u.g_ (j~:;)r---~1£-~ -r-.......... --====-===-====-

L·r D 9 · 1 ''----"' oe 3/2 1/2! 0 0 2,08.10-
: -2 

112 112 - 2,2 I -1,91.10 

5/2 1/2! 2,43 2,3 1 1,20.10-2 

Be9
---"?1!/1 

3/2 1/2 i o o I' 4,19.10-1 

1/2 1/2 2,1J 1,9 1,06.10-1 

5/2 1/2 i 4,46 ' 5,2 1,04.10-2 

- c 1~ N1't -2 1 0 ; 0 0 3,42.10 

P~al<~u.L (Li?eJ.) . 
o-1 7,16.10-1 -2 Lt'r__., k.9 \3/2. 1/2 · 0 0 i 2,23.1 -1,15.10 

.1/2 1/2 I 6 -2 1,22.10-3 -3 - 2,2 ' - ,84.10 9,29.10 
I 

1,74.10-1 -3 1,39.10~2 ; 5/2 1/2 2,43 2, 3 i 7,92.10 

&1~1311 3/2 1/2 0 0 2,85.10-1 -9,16.10-3 6 -3 -6,9 .10 

1/2 1/2 2,1J 1,9 1,53~1o-1 -6,70.10-4 1,28.1 o-3 

'5/2 1/2 4,46 ' 5,2 -1,60.10-2 1,65.10-3 -3 
I 

1,21.10 

c'~ N1'~ I 1 0 I 1-3,43.10-2 1,75.10-3 2,17.10-3 0 I 0 

----------------------------------------------------------------
18 
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