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B nocneaHee apeMSI 6bino ycTaHoBneno, 'ITO cjlopM¢aKTOp bi Heynpyroro 

pacceSIHHS! sneKTpOHOB BbiCOKHX 3HeprHH H8 S!Jlp8X lp -o6onO'IKH Jl8~T UeH-

/ 1-3/ 
HY~ HH~pMauH~ o6 accouHHpoBaHHH HyKnOHOB B sTHX Siapax • B q acT-

HOCTII, 6binO BbiSICHeHO, 'ITO S!llpO 
6 Li o6naaaeT S!pKO B bipa>KeHHOH 8CCOUH-

8THBHOH CTpyKTypoil, npH'IeM o6oco6neHHe HyKnOHHbiX 8CCOUH8UHH B 3TOM 

Slape H8CTOnbKO BenHKO, 'ITO anSI OUHC8HHS! CBOHCTB 
6

Li MO>KHO U OI!Me-

HS!Tb npOCTY~ a-· d MOJlenb 6ea 8HTHCHMMeTpH38UHH Me>Kay 8CCOU118UIIS!-

/2/ e 
MH • TaKoe npoSIBneHHe accouHaTHBHOil CTPYKTypw B Slape Li Tpe6 yeT 

COrnaCOB8HHS! C JlpyrHMH 3KCnepHMeHT8nbHhlMH Jl8HHhlMH, OTHOCS!WHMHCS! K 

3TOMY Siapy • 

/3/ 
PacqeTbi cjlopM$aKTopa ynpyroro M 1 -pacceSIHHSI sneKTpoHoB, 

HMnynbcnoro pacnpeaeneHHSI a -'18CTHU OTJl8'1H npH nornomeHHH OCT8HO-

BHBWHXCS! TT 

HOB B peaKUHH 

cpyHKUHii & Li 

-Me30HOB H cpyHKUHH yrnOBbiX KOppenSIUHH KOHe'IH biX npoTO

e Li ( p, 2p) 5 He c Hcnonb30B8HHeM napaMeTpoB BonHOBbiX 

, onpeae neHHhlX H3 ananHaa neynpyroro KBaapynonbHoro 

pacceSIHHS! sneKTpOHOB H8 3TOM Slape, UOK838nH, 'ITO YK838HHbJe Jl8HHLie He-

nnoxo cornacy~TCSI c cjlaKTOM cyutecTaeunoro o6oco6neBHSI nyKnOHHbiX ac-

coullauni1 B Sinpe 
6 Li 
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B H8CTOHWel pa6oTe HBpHAY C A81lbHeiWHM pBCCMOTpeHHeM ABHH~X no 

pacceHHH~ aneKTpOHOB HB RApe 

& 
~ - pacnaaa Hapa He n 

6 Li npOBOAHTCH TBK~e 8H81lH3 npoueccoB 

- 38XB8T8 HB RApe 
& Li c uenbJO no-ll 

nyqeHHH aononHHTe /lbHO I HH~OpMBUHH 06 BCCOUHHpOBBHHH HyKilOHOB B 8 T HX 

HApax. noK83~BaeTCH 1 t{TO COBOKynHOCTb yKB3BHH~X ABHH~X MO~eT 6~Tb 

nOHHT8 H8 eAHHOA OCHOBe 1 ecnH AllH HX pacCMOTpeHHH npHB/leKaeTCH MOAe/lb 

HyKnOHHhiX accounaunli ( M HA) 1 KOTopaH npeacTaBnHeT co6oA annapaT 1 Han6o-

Ill 
nee yao6HbiH AllH onHCBHHH a~!J'eKTOB 8CCOUHHpOBBHl!H HyKnOHOB 

B MHA swpo 6 Li npeanonaraeTCH cocTOHWHM na a- n d- accouna-

uHA 1 ABH~YillHXCH Apyr OTHOCHTellbHO apyra H o6MeHH B810WHXCH HYKilOH 8 MH 1 

6 • 121 
T . e . BOilHOBbie <jlyHK UHH HH3lUHX COCTOHHHI l1 38 nHChiB810TCH B BHQe: 

"' (; LM 1 

1 " ~ I . .. 1 ) ~ -- A I cp ( a ) cp ( d)«<> ( r) )( ( S1 T) 1 
8 LM 

y NL 
(1) 

rae N -HOpMHpOBO t{HbiH MHO~HTe/lb; 

" A - o n ep8TOp BHTH CHMM9TpH38UHH ; 

cp(a),cp(d) -BHyTpeHHHe BO/lHOB~e ¢yHKUHH a - H d - accou 11 a unA 

COO T B9 TCTBeHHO ; 

«J>bM(~ - BO/lHOB8H ~Y HKUHH OTHOCHT91lbHOT'O ABH~eHHH BCCOUH8UHI; 

x (S, T )-cnnH -naocnHHoBaH cp yHKUHH Hapa . 

B cBo~ o>repeah l 

Q 4 
.... -· 2 

~ 1 
4 

¢ (a ) co exp I - -L S l ; 
.. 

(rl-R a) R ~-- I r I 
2 !z 1 

a 4 leo I 

¢ (d) co exp I -~ 
6 ~ ~ ~ _1_ 

& 

I (1 - R ) 
2 l · R I 

.. 
r 

2 
Jr. d I d 2 lr. 

lr.=5 lr.=5 

4 

,, 

«l> (;) c: r 2 exp ( - .1._ f3 r 2 ) Y L'. ( {l ) 
LM 3 M r 

JlllH HH3IUH X COCTOHKH I: C L =0 H 2. 
Ill 

J.13B9C THO 1 t{TO B npenene a I "" a 2 "' f3 ( ~ -- "' 
a I 

s o nuonaH tflyHKUHH (I) H (2), 6naronapH .aelcTBHJO onepaTopl! 

pH38UHH A, nepe xo.llHT C TOt{HOCTb!O JlO ITOCTOSIHHOT'O MHO~HTe 

HYIO ,0/lHOBYIO <jlyHKUli!O s 4 p 2 
[ 42 ] L co 0 H/lH 2 > 

pOHbi 1 ecnn napaMeTp x ~/a, , x apaKT9pH3Y JOWHA: nepeK 

UH8Uifl, CT BHOBHT CSI MB /l blM , TO pOilb 06MeHa HYKilOH8M H Me>K 

Mlf, o6yC/lOB/leHIIOT'O 8 HTHCHMMeTpHeii BO/l i!OBOA <jlyHKUllll 1 CTB I 

M8/lOH1 H M bl HMeeM .aeno C tflyHKUHelt 

.. .. 1 .. 
'I' (r

1 
•• • r.)-=--'l'(cd¢{d)«l> (r)X(S, T), 

LM · u - LM 

yNL 

ra e 'JI (a ) -eHyTpe HHSISI, nonHOC Tb!O 8HTHCHMMeTpHqH8H U 

HB e.alfHllUY B0/11106851 tflyHKUHSI a -accounaunn. 

<t>yHKUHSl ( 3)' no cyiUeCTBy, HB/lSleTC Sl B OilH OBOI! (jlyHKliHerr 

a - ·d -Mo.aenn. 

K aK nOK838/l 8 H8/lH3 ABIII! b!X no ynpyr oMy H HeynpyrOM) 

MY pacceRHHJO 6btCTpbrx a n eK TpOHOB c aoa6y~aemreM ypoBHSI 

( 2,1 8 MaB) a Sl.Clpe 
8 Li , onuoapeMenHoe onnca HHe :: 

nocnrraeTCH B MH A npn O.ll HOM n TOM ~e 3Haqemrn napaMeTI 

y "' 0,7 
121 

3 HI1 '19 Hiie Xe: 0,3-0,4 COO TB8 TCTBye T CyW 

o6oco6neHn~ accoun a unfi, T.K. n p •r TBKOM X OUM e ll HYKJJc 

8CCO LUtaU IISIMI! llT'paeT M llllYIO pOilb : ¢ opMt>BKTOpbl 1 p a CCt{lfT BHH ! 

roM y•Ie T e lli!THCHMMeTp1!.'31l UIIH , npa KTl! •l e C I<H COBIII:lJlBIOT C Te~ 

non y •LeHbl fie3 ee y q i',Tn , T. e . C TPYKTypa Sl !lpa 8 Li OKB3 b!B8e1 
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L =0 H 2. llnSI Hlf31UHX COCTOSIHHH C 

Ill 
HaaecTno , 'ITO a rrpenene 

( 2) 

( _!!_ !: X "' 1 i ~Ey•l) 
a I a I 

aom1oeaS1 <jlyHKUifSI ( I) 11 ( 2), 6naronapSI nelicTBHIO orrepaTopa aHTHCUMMeT-

pHa auuu A, rrepe xonnT c TO'IHOCTbiO no nocTOSIHHoro MHO>KnTenSJ a o6anoqeq-

HYIO 'OilHOBYIO ~yHKUHIO s 4 p 2 
[ 42] L = 0 HllH 2 > • C npyro A C'l'O-

poH b! 1 ecnH rr a p a MeTp x = f3 / a 
1 

, x a p aKTepuay iOum A rrepeKp b! B a nR e acco-

Ulf8UHH, CTBHO BHTCSI M 8 11 b!M 0 TO p011b o6MeH a HYKilOH8MH Me>KllY 8 C COU118UHSI-

Mil, o6ycnOBileHHOrO BHTHCHMMeTpHeli BOilHOBOH ~yHKUHH, CT8 HODHT C SI TBK>Ke 

Mano tt , H M b! HMeeM neno C <lJyHKUHeli 

~ 1 ~ 
IJI (~ 1 ••• r.) .. --IJI(cz)¢(d)«<> (r)'X(S, T), 

LM · u Ll.! ( 3) 

y'NL 

rne IJI ( Q ) -BHyTpeHHSISI 0 110/lHOCTbiO 8HTliCHMMeTpH'IH8 SI n HOpMHpOD8HH8SI 

HB eAHHHUY BOilHOB8SI <tJyHKU H SI a -accounauHH, 

<l> y l!KUHSI ( 3) I 110 CyUieCTBy, SI BnSi e T C SI BOilH OBO ii QJYHKHHe rr 11pOC T e rmreli 

a - d -Monenn. 

K a K 110K83.'111 8H81lH 3 A B IIH!A X 110 y n pyroMy H He yn p yroMy KB8 A PYI10ilbHO-

My p acc e SIHHIO 6b!CTpb!X 3 /le KTpOHO B C B036y>KAemteM ypODJISI J rr e 3 + 

( 2,18 M 3B ) a S!llpe 
8 Li , onuoap e M e HHoe onuca uH e 3THX n a HH b!X 

llOC TIH' B OT CSI B MHA npn OJl HOM H TOM >Ke aua q e unH rr a paM e TpO B xe0,3-0,4 

y c 0,7 
121 

X = 0,3-0,4 COOTDB TCTBye T C y Uie CT BO HHOMY 

o 6 oco6 n e HHIO 8 C COUH 8 Ull fl 0 T.K, n p H T8KOM X 0 6 M OH HYKil0118 MH M e :>!<ll Y 

8C COUH U UI!SlMII n r paeT MUil YIO pOil b ! QOp M ·:!JaKTOpb!, p aCC 'IHT8HH b!e HpH CTpO-

roM Y'! 8 T e U I!THC H MMBT p 1!.'3.:1 U I !I! , fi [J B KTH'!OC !< H COHI! {lfl{I IOT C TeMI! 0 KOTOpb! e 

8 Li OK A3 hlD8e T C Sl 6 nH3KOH K 
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11 p ocTo il a - d - MOQellH 1 H 110 9 TOM Y QllH OI1H C8HHH C BO (!CTB 9 TOf'O 

51Qp8 MO)KHO H C I10llb30B8Tb BOllHOBYIO !jlyHKUHIO ( 3 ) • 

nepeAQeM Te11epb K paCCMOTpeHHIO Q8HHhlX 110 Hey11 p yroMy M 1-pac-

ceHHHIO 6b!CTpb! X aneKTpO HOB Ha Rape 
6 Li 

Y poaeHh J"=o+ (3,56 Mea) a Li 11pHH8!lne)KHT H30TOI1H'!eC '( 0 -

MY TpHIIneTy c T = 1 1 He , 
8 Li * , 8 

Be 3TO 03H8'!8eT, '!TO T 8KOH ypo -

BeHb B & Li H OCHOBHOe COCT051HHe 
8 He o6naaa10T CXOA HOH CTpyK-

TypoA. no3TOMY 8 H 8 llH 3 Hey11pyf'Of'O pacceH HH51 3 lleKTpOHOB C B036y w.QeHHeM 

ypoBHSI J" =0+, T = l B 
6 

Li , B !IOI10nHeHHe K a a HH biM 110 f3 - pac l1a 

AY • He i a a cT B03MO)KH OC Tb 110llY 'lHTb He38BHCHMYIO HH~OpM8UHIO 0 CTpyK-

6 

Type OC HO BHOf'O c o o:: TO H HHR R apa He • 

vb 11pa e Hn OT60p8 110 op 6 HT8 llbHOM y MOMeHTy H '!eTHOCTH c n enyeT, 

'!TO pacceHHHe 3 lleKTpOHOB H8 
6 Li C B036y)KQeHHelv! ypO BH51 J 'fT = 0+ 1 

T = 1 B bi3B8HO 11o11epe'!HOii M 1 COCT 8Bll5l!OUleA 3 lleKTpOM8f'HHTHOf'O 

B38HMOQeil:CTBH 5I ./
4

/ 

Pac'leT , 11poaeaeHH h l M n 11pen11ono)Ke HJHI a-d - MoaenH 6e3 aHTHCHMMeT-

pH38UHH Me)KJ.Iy 8CC OUH8UH SI MH fl llH B Li 1 T . e . C OOllHOBblMH r yHKU HHMH 

( 3) 11pHBOAHT K c n e ay JOIII B MY I:l i>I pa )K e Hw to nns <POPM<?aKTOpf.l Hey npyroro M 1 

paCCeHHH51 3JleKTpOHOB : 

lh 
I F(M 1 • q2 ; { -· 0 t) ,2,~ ( _ h ~~-L \ 2 

\1 r 2 

2 
9 1/2 1/ 2 71/

1
2 1/z 

X l X2 y I y 2 

I 1 -
7 3 

(xl+x2) (y l +y2 ) 
' l ( X r X ) 

l 2 

1 
' p l - ( - .. - ) 

• ex > ( x r x 2 
' . I 

6 

:1 2 

( y - y ) 2 
__ P---~-

33 
_q_2 _ 

al 

+ ( q2 2 ( 4) 
2 - - ) !2 

i35 (X l + x ) a 
2 I 

2 
_ __ 1 ---) _ q_ l . 
2(y + Y ) al 

I 2 

rae y P = 2, 79 H y n =-1,91 - M8I'HiiTHble MOMBHTbl 11p01 

poHB COOT BeTCTBCHHO; M - Macca nyxnoHa; q- HMilYllbC , llE 

3 llCKTp OHy 11pH paCCBHHHH , llHQCKChl l 11 2 B 118p8MBT(J8X OTHOC! 

HOMY H no36Y )I'J.IBHHOMY COCT051Hii!O 'u COOTBeTCTBBHHO, 

Pe3 ynhTa Tbl pac'!eTa, BbmonneHHoro a ( 4) npn 3Ha'!e HIII1 

X I =0,4 H y 1 =0,7, orrpeaeneHH hlX 11 3 8 HBllH38 KB8A~ 

p8CCBSlHH51 3 11 CKT(JOHOB, npeQCTaBn e Hb l H8 pHC , 

-2 
C51 p 8BH blM 0,-133 !j!M , KaK Al!H CB0 60!lHOA 

!51 
QBHhl 3KC11CpHM e HT8 llbH hlB ll8 HH hlB 

), n apaMCTp a 

a -'laCTilU hl. T AM 

nocKOllbKY !jlopMljlaKTOpbl Crta6o 38BH C51 T OT Bem:'!HHbl 11 8 [.•< 

TO y 
2 

D bl6Hp8 llCSl paBH biM y 1 • no 118paMe T py x
2 

6 N n 

BapbiipOB8HHe, Yf3 pnCyHKa BHQHO , '!TO 3KCnepHMBIIT8llbH b!e J.lfl HJ-

COOTBeTCTBYIOT 11peAC TBBl!eHH!O 06 a - d C TpyKType ypOBHSl 

B RApe 
6 Li • H aHnyqmee cornac11e nony'!aeTcR npH cnenyJOUll 

HX 11apaMeTpon: x 1 =0,4 n X 2 =0,35, 

npencTaBnReT HHTepec cornacoaaHne nanuw x no neynpyro 

CeRBHIO 3 l!eKTp OHOB H8 6 Li C B036y)K,'\eHHeM ypOBH H j" = 

C JlBHHblMH 110 npeMe!HI )KH3HH 9 TOI'O ypOBIIH 110 OTil'J l!eHHIO K J 

Ay. Pe3yl1bT8Tbl COOTBeTCTBYJOIIIero p8C'l e T a 11peACT8Bl!eHbl Ha j:: 

pnCyHK8 BHAH0 1 '!TO I!MeeTCSI Ka'!eCTBeHHOe COf'li8CHe 3 THX ASH 

)K8lleHH101 KOllH'leC TBeHHOe Cp8BHeHHe HeB03M0)KH0 npoBeCTH H3 -

/6, 7/. 
3H8'!HOCTH H MeJOIIIHXCSI 3 KC11epnMeHT8 llbHhlX A8HHhlX 

C uel!b!O nony'leHHSI AOilOl!HHTenbHOi.f If He38BHCHMOf.i HH!f!OJ: 

accounaTHBHoi1 cTpyxType SJAep 
6 Li H 

6 He 1 ueo6xoAHMO pac< 

UeCChl C Y'l8CTHBM o60HX SJAep. 

O co6bJf.i HHTepec rrpencTaBnReT peaxunR 

/l + 6Li -. 
6 

He + v 

7 



rne y P = 2, 79 H y n =-1,91 - MarHHTHblC MOMCHTbl npOTOH8 Jf HCHT-

pDH8 COOTBCTCTBCHHO ; M - Mace a nyKnoua; q- nMnynbc, nepeaaHHbJii 

aneKTpOily IIpH paCCCSIHIHI , liHilCKCbl 1 H 2 B napaMeTp8X OTHOCSITOI K OC HOB-

HOMY H B035Y)I'JlCHHOMY COCTOSIHHIO •u COOTBCTCTFICHHO, 

Pe3ynhT8Tbi pac'l e Ta , Bbmonnennoro s ( 4) npn 3 Ha'le HnH napaMeTpoB 

X I =0,4 H y 1 = 0,7, onpenene nH N X H3 a nanH3a KsanpynonbHoro 

paCCC51HHSI an CKTJJOHOB, npCACTaBn CHbl Ha pliC o 

-2 
CSI pBBHhiM 0,133 <jJM , KBK Jln5J CD050LU10il 

/5/ 
ACHN 8KCIICpHMCHTanbHNC Jl8HHNC 

1, n apaMCTp a I BbJ5npan-

/2/ 
nocKonhKY <jlopM<jlaKTOpbr cna5o 3BBHCfi T oT nemP-IHHbl na r•aMPTpa y , 

TO y 
2 

BhJ5HpanCSJ pABHb!M y l • no rrapaM CTpy x
2 

5NnO npOBCJlBHO 

sapbHpoaaJme. 113 pncyHKa BHJl HO, 'ITO aKcrrepaMeHTanbHLie JJ.El HH hte xopowo 

COOTBeTCTBYIOT IIpencTaBneJIHIO 06 a - d CTpyKType ypOBHI'I J 17 
= 0+ 1 T = 1 

B RApe 
6 Li • H a nny'lwee cornacHe nony'laeTCSI rrpM cnelly!OlliMX 3H8 '!CHH-

11X napaMeTpon: X I =0,4 II 

npeJlcTaBnHeT nnTepec cornaconanHe naHHblX no ueynpyroMy M 1-pac -

ceSIHHIO aneKTponoB ua 6 Li c no35y)J(neHneM ypoBHR ]
17 = 0+ (3,56M 9B) 

c .naHHbiMH no npeMeHJr )J(H3HH aToro y poBJJR no OTII'J"lWJIHIO K M 1 - nepexo-

ay. Pe3ynbT8TbJ cooT aeTCTBYIOlllero pac'!eTa npeJlcTaaneHbr na pHc . 2. 113 

pHcynKa BHJlHO, 'ITO HMeeTcR Ka'!ecTBeHnoe cornacHe a TMX Jl8HHNX. K co-

)J(8neHHIO, KOnH'!eCTBeHHOe Cp8BHeHHe HeB03M0)J(Jl0 TipOBeCTH 113- 38 HeOAH0-
/6 , 7 I . 

3H8"1HOCTH HMe!OlUHXCSI 8KCITepnMeJI T8 nbHblX il811HbiX 

C uenbiO nonyqeHHSI JlOnOnHMTenbHOA H HC38BHCHMOH HH<jJOpM8UHH o5 

accouHaTnBHofJ cTpyKType RAep 
6 Li n 6 He 1 Jieo5xoanMo paccMoTpeTb npo

ueccN c yqacTneM o5onx Rnep. 

Oco5bJii nHTepec rrpeJlcTaBnSJeT peaKUHSI 

( 5) 
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/F(fl 

-3 
10 

-~ 
10 

0.400 

0.300 

Q2SO 

L'" I I 1 I I \t ) ' ) -;;1 I I I I I I il!" {0 I 1 1 {. 0 
O,S , 

o2. ; /m-2.} 
;,. (. I 

P11c . I. <Po pM~'£lKTO'' r;E>ynpyroro paccclt iiii H 3n eKTpo nou na Hn re 
6 

Li c 
B036yx<ncmt eM ypo u rHt J 17

= 0 + ( 3 ,56 M 3 u ) . 

8 

I( 
I 

( 
f 

J 

~ 
I 

B TeopeTH~eCKHX pa60T8X OH8 paCCMOTpeHa AOBOnbHO ll• 

.. " /10/ " 
H aH6onbrueH nonHoTOH oTnH~aeTc~ pa6oTa , B Ko TopoH 

~yBCTBHTenbHOCTb 3Ha~eHHg Bepo~THOCTH pe8KUHH (5} K BH 

tPYHKUHH ~Aep 6 Li H 
6 He. B ~acTHOCTH, paccMaTpHBaeT 

MHA ~Apa 
6 Li , npeano>KeHHhiX paHee pa3Hh1MH a BTopa J> 

3HepreTH~eCKOrO CTieKTpa , 3 HeprHH CBg3H B OCHOBHOM CO CT 

KB8Ap8TH~HOrO paAHyca 3TOrO ~Apa. 0CHOBHO H Bb!BOA 1 K KO' 

/10 / 
OHH 1 38Kn~~aeTC~ B TOM, ~TO napUH 8 nbH8g BepO~THOCT 

T8 H8 
6 Li C rrepeXOAOM B OCHOBHOe COCTO~HHe 

6 
He~ 

TenbH8 K BenH~HHe MOAe nbHbiX napaMeTpOB. nos TOMY 3Ii8~l 

npeACT8Bn~eT 38A8~8 B bl ~HcneHH~ BepogTHOCTH pe8KUHH (5) 

ljlyHKUH i1 M HA, rrapaMeTpb1 KoTopbiX onpeaeneHbi H3 sKcnep 

HeyrrpyroMy pacce~HH~ s neKTpoHoB. 

npe>KAe ~eM Bbl~HCn~Tb BepO~TIIOCTb 1J. - 3 8 XB8T8, 

8KCTiepHMeHTanbH b!M 3H8~eHHeM BenH~HHbl f T ang {3 

c uenb~ orrpeaeneHHg napaMeTpoa tPYHKUHH M HA 9Toro gap< 

HeHTpOH8 B 
6 He .HyKnOHHOH 8CCOUH8UHelf , 38TIHilleM BOnHO 

6 . 
He B BHAe 

1[1( 
1 .. 6 He ) = -- 1[1 ( a ) ¢ ( 2 n ) <l' ( r ) x (S = 0, T = 

v'NL 

H, HCIIOnb3yg ljlyHKUH~ ( 3) An~ 

f T = 
6200 M 2 

>. 2 M 2 

LM 

6 
He , rrony~HM: 

3· 2 8 1!2 
X 

1 
(X +X ) 

1 2 

7/2 
X 

2 

2 t:/ 13 2 
rae X = ( g ~-'I g ) 

A V 
= 1,4 - OTHO Uler!He KB8Ap8TOB 8KCH8nbH 

KOHCT8HT cna6oro B38HMOAeifCTBH~. 
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/8-11/ 
B TeopeTH~ecKHX pa6oTax oHa paccMoTpeHa noBonbHO rronpo6Ho • 

/10 I 
HaH60nbW8H ITOnHOTOH OTnH~aeTC~ pa60T8 1 B KOTOpOH HCCnenyeTC~ 

~yBCTBHTenbHOCTb 3HaqeHH~ Bepo~THOCTH peaKUHH (5) K BHUY BOnHOBbiX 

cPYHKUHH ~nep 6 Li H 
6 He. B ~acTHOCTH , paccMaTpHBaeTCSl p51n QJYHKUHH 

MHA Hupa 
6 Li , rrpenno)!{eHHbiX paHee pa3HbiMH aaTopaMH un~ orrncaHHSl 

aHepreTH~eCKOrO CI18KTp8 1 3HeprHH CB513H B OCHOBHOM COCTOSlHHH H CpeuHe 

KB8Up8TH~HOrO pannyca 3TOrO Hupa. 0CHOBHOH BbiBOU 1 K KOTOpOMy llpHXOUSlT 

/101 
OHH 1 38KniO~aeTC51 B TOM, qTQ rrapunanbH851 BepOHTHOCTb p. - 38XB8-

Ta Ha 
6 Li C rrepeXOUOM B OCHOBHOe COCTO~HHe 6 He, o~eHb ~yacTBH-

TenbH8 K BenH~HHe MonenbHbiX rrapaMeTpoB. D oaTOMY 3H8~HTenbHbiH HHTepec 

rrpeUCT8Bn51eT 38U8~8 Bhl~HcneHHSl BepOSlTHOCTH pe8KUHH (5) C llOMOWbiD 

cjJyHKUH ti M HA, rrapaMeTpbr KOTOpbiX orrpeneneHbi H3 aKcrrepnMeHTOB rro 

HeyrrpyroMy pacce~HHID aneKTpoHoB. 

Dpe*ne ~eM Bbr~ncnHTb aepo~TnocTb p. - 38XB8T8 , BOCITOnb3Y8MC51 

3KCI18pHMeHTanbHbiM 3H8~eHH8M BenH~HHbl f r {3 
6 

He -pacrrana 

c uenbJO orrpeneneHH~ rrapaMe T poB QJYHKUHH M HA aToro ~npa . c~nTa~ .II Ba 

HetiTpoMa B 
6 He HyKnOHHOti accounauneti , 38ITHWeM Bo n HOBYIO ¢yHKUHJO 

6 . 
He B BHUe 

'P( 
1 ... 

6 He ) = -- IJi ( a ) ¢ ( 2 n ) <lJ ( r ) X (S = 0, T = 1 ) 
LM 

.j NL 

6 
H , HCITOnb3)'~ QJYHKUH!O ( 3) An~ He , rrony~HM : 

f r = 
6200 

M 
7 

(x + x ) 
1 2 

( 6) 

( 7) 

2 {3 {3 2 
r ue X = ( g / g ) = 1,4 - OTHOUlerme KB8Ap8TOB 8 KCH 8 nbHOH H BeKTOpHO H 

A V 

KOHC T 8HT c n a6oro B38HMO.Il8HC T BH51 . 
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DpH BbiBOn e ( 7) n p e nnonara nocb rronuoe nepeKpb!BanHe Me>Kny <tJynKUHSIMH 

¢ (d) H f/> ( 211) , T.e. Y J ., Y 2 • 

f pa¢JHK 3 8BHCHMOCTH p8CC'lliT8 HIIOrO C ITOMOUlb 10 ( 7) 3 H8 1teHJiSI f r OT 

BemPili Hb J ITapaMeTpa x 2 
IIpH 3H8'IeHHH x 1 =0,4 ITpHBene H Ha pHc. 3. MH-

HllM8J1bHOe 3H 8 'teHHe 4JyHKJIHH f r (X 2 ) , paBHOe 740 ceK, COOTBeTCTByeT 

ITOJ1HO M Y ITepeKp b!B8HH IO paAH8J1bHblX 'IBCTeJi BOnHOBblX tPYHKUHH H8'18nbHOrO 

H Koue quoro SJAep. 3 a wTp HxosauHaSI ITonoca H3 o6pa>KaeT o6naC Tb 3KCITepH-

MeHT 8J1b HO OITpeneneHHWX 3H8'le HH A fr OT M 8 KCHM8J1bHOrO 3 H 8 'le HHSI 1 

/12/ /13/ 
paBHoro 862 c e K , n o M JIHHManbHoro, pasuoro 793 ceK • B s Ty o6-

/12/ /14/ 
n a CTb IToiTanae T a u a q e uue f r =802 ceK , oiTpeneneHnoe B ITpH yc-

penHeHHH peaynbT<l T OB q e T bl p H8AU8TH 3 KCITepHMeHTOB, 

Pea y nbTB T bJ p ac'I e T a ITOK 8 3bJB8JOT , 'ITO naHHbJe ITo f3 -paciTany He 

LlBIOT OllH03H8'IHOit HH¢JopM8UUH 0 BenH'lHHe ITapaMeTpOB 8CCOUH8THBHOH tPYHK

UHH 
6 He • Cpasue ;me c Ll8HH b JMH ITO pacceSJHHJO sneKTponoB c soa6y>KlleuueM 

6 L' auanorosoro cocT051HH51 B Slnpe 1 ITOK 8 3bJBaeT, 'ITO peanbHbJM ana'le-

HHeM ITapaMeTp a o6oco 6 neHHSI 8CCOUH8UHH B 51Llpe 
6 

He 51BJ151eTC51 3H8'leHHe 

X 2 • 0,3, 

DepeiineM TeiTepb K BbJ'Iucneuu51M Bepo51THOCTH Jl -38XB8T8 H8 Slllpe 

6 Li , o'ITHCbiBaeMoro pea KuHeff ( 5). 

B paMKax yHHBepca nbuoro V - A -B38HMOAeHCTBHSI $epMH H rH-

IToTe3bi coxpaHSIJOUierocSI s eKTopnoro ToKa sTa sepOSITHOCTb HMeeT cnelly

/8/ 
JOUIH tf BH Ll 

All 

2 2 
Go_,ll 

J 
2" 

rlle 

2 2 1 
G =GA +--

G-T 3 

dO 

4" 

q 2 

I MG-T I 

2 
GP-2GPGA). 

10 

(8) 

r;-,3g 

(2 

Q.. 
8 

4 

0 
0, 2. O,'t 0,6 

Pac . 2. 3aBnCHMOCTb paCC'lHTauno.<1 llHI,JH H bJ M 1 nepexona B 

nH'lHHbJ napaMeTpa :: 2 • a - 3 KcnepnMeHT"'J1bHbJe naHl 

6 - 3KCITepHMeHT8J1bHhle DUHHWe pa6oT w/
7 / . 

}~ 

12.00 

1000 

aoo F''''<<<<<<<<<rx' c c / / ( ' 5>U ««<'' « <<<< 

600 

0 0.2.. 0.1( 0.6 

P11c . 3 . 3ABI'CllMOCTb p<1CC'1HTa Huoro 3HI.l'ICJIJJ51 f r 

6He OT BenJF!Aclhl napaMeTpa X 2 

1 1 

0.8 

!lJ15! f3 
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0 
O. 't 0,6 

Pac . 2. 3anncHMOCTb paccqH TDHHOti liiHrJMHbi M 1 nepexona 13 
6 

Li oT B7"6; 

JlHqHHbl napaMeTpa :: 2 • £l - 9KCnepHMey.;)'IJlbHbie DDHHh!e pa60T bl • 

6 - 3 KCnepHMeHTBJlbHhle DUHHhle pa60TW • 

f~ 

12.00 

600 

0 0.2. O. 'f 0.6 
P11c . 3. 3nBI' C ll~10CTb pn c cL!lfT<J HI!oro 3 H t l'ICIIIHI f r 

s He oT BeJllf'1 , I •Ihi napaMeTpa x 2 

1 1 

o.a Xz 
nm1 f3 - jJa c nnnn 



B cBOIO o'!epenb , 

IL Jl ) q 
GA .. gA-&v( Yp - Yn ""2M 

G P .. I & ~- & ~- & 1-'V( Y p- Y n) I TM-
H 

I' {3 
g A "' g A 

, ~-~= 0972, 13 v , v. 

faMO B - T e nnepOBCKHlt IHt epHbiii MBTPif'IH blH ::meMeHT B (8) onpe.[!e JUi e T C H B bl -

pa.>KeHH e M : 

2 
I MG- TI 

1 
A 

(-) ...... 
I I < fl I r exp ( -i q r 

1
) u 

1 I 
2JI+1MI,Mf J~l 

ra e ¢ (r ) - He penR TifBHCTCKOR BOnHODOR ~YHKUHH 
Jl l 

K - op6 wre M e.3oaTOMtl . 

llns1 n e rKIIX H C!JeLI HHX Rl.lejJ BOnHOB8R QJYHKUHH 

2 

¢ ( r ) ji> ] (9 ) 
Jl J ' 

/l -Me3o iw n a 

!l - Me3oHa cna6o 

MeHReTCR BHyTp H Rl.lpB . noaTOMy 0 6 hl'IHO ee BWHOCRT H3 - riOfi 3H 8 KD HH -

2 
T e rpaJw, 38MeH~R q.JeJJ.HHM 3Ha'INmeM < ¢1-1 > ep • Y no6uo rronb30BWTbCH 

6e3p83MepHOH BenH'Ilf!I OH 

rAe 

2 
R "'< ¢ > 

!l ep 
/<¢(0)>2 

J1 

< ¢ ( 0) >2 = ( a l m ' ) 3 I rr • 
Jl !l 

12 

2000 

~ 

I~ 
"l 

~ < 
1500 

1000 

0 ~ 8 12. 

PH:c. 4. 3aBHCHMOCTh aepoRTHOCTH J1 -aaxaara na Hape 

naaeAeHHoro rrceBAOCKanHpa. 

13 

{6 

eu 



2000 

fSOO 

fOOO .__ __ ...,.._.,...__, ___ .._.__,~...,..-....----

0 8 12. {6 

P!!c. 4. 3aBHCl!MOCTb aepo5!THOCT!! I.L --:38XB8Ta Ha RApe e Li OT Benl!'ll!Hbl 

HaBeneHHoro rrceBnocKanHpa. 
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• 

miL 
3aecb m ~ = - ITpHse aeHHaS! Macca 

1 + m 1.1 I A M /15/ 
J.L - Me30H8 1 a =1 / 137, 

6 Li oHa oKa3anach B ennqnHa R Bhl4HCneHa s pa6oTe , ilnH 

paBHOH 0,92, 

0TMeTHM, qTo ITpH BhlBOAe (8) ITpeHe6peranOCh BKn8AOM qneHOB, 38 -

/ 9/ 
BIICS!!UHX OT CKOpOC TH, T,K, OHH COCT8BnS!IOT nHIUh HeCKOnhKO ITpoueHTOB 

ilm1 Hapa 

AIL = 4(aZ 

6Li 

3 m, ) 
1.1 

2 

G 2 R 
G-Tq 

" 2 
J 

d n q 

4" 
I M G -T I 

2 

( 10) 

B hlqnc n eHHe p aan a nhHoro HHTerpana B (9) B ITpeanono)l(eHHH M HA 

6e3 8HTHCHMMeTpH38UHH Me)I(AY 8CCOUH8UHS!MH AnSI HAep 
8 Li H 

6 
He 

CBOAHTCS! K BhlqH c neHHIO paaH a nbHOrO HHT erpana AITS! Heytipyroro 

M 1 -pacce HHHH ::mexTpoHOB Ha Hape 
6 

Li • B pe3ynhTa Te nonyqHM: 

2
1o 1/2 112 r2 3/2 2 

A = D 
X I X2 y I y 2 2 q 1 2 

1.1 
ll- -- + (-q-)2 12. 

(X +X ) 7 (y + y )3 9(x 1 +x 2) a I 135 (x 1 + x/ a I 
I 2 I 2 

( 11) 

2 
1 

• :exp !-
1 )-q-1 + 

3(x 1 +X~ 2 (YI+y2) a 
II 

rae 
2 2 

D= ( aZm' ) 3G Rq 
1.1 G-T--2 

" 

14 

np11 J.L - 38XB8Te Ha 
6 Li BhlneTeBIUee HeATpHHO 

q *' 100,56 M3s/c. KoHcTaHTa cna6oro B38HMoaeH:cTBHH 

HOM 
-49 3 f3 f3 

1,40•10 3pr • CM H g A/ gV =-1,18. 

Pe3ynhT8Tbi pacqeTa sepoH THOC T H 1.1 -38XB8T8 ITpH 

3HaqeHHS!X ITapaMe T pO B X I = 0,4 ; X 2 = 0,3() n ·o,3s 
H3 l\8HHhlX ITO pacceS!HHIO 3neKTpOHOB H f3 -paciTaay , ITPJ. 

nonyqeHHhle 3HaqeHHS! BepOS!THOCTH 

X 2 =0 ,3
1

6nH3KH K 3HaqeHHIO 

J.L -38XB8T8 ITpH X , 

-1/10 / 
A 1.1 = 1160 ceK • J 

noMOIUhJO "ynyqweHHoH:" <f>yHKUHH MHA, KoTopaS! 6bma ITpea; 

/16 / 
aepMyToM ciTeuHanhHO anH ITpasHn~Horo OITHCB HHH cpeat 

xl 
ro paaHyca 3 Toro Hapa • K oHcTpyKUHH 3 ToA !jlyHKUHH oTmt: • 

UHH ( 3), HCITOnh3yeMOH H8MH: OH8 HBnHBTCS! MHOrOITapaMeTJ 

/2/ 
ITapaMeTp x HBHbiM o6pa3oM He BXOAHT. B pa6oTe 

qTo MaxcnManhHoe ITepeKp biBaHne <I>YHKUHH B nnhaepMyTa n q 

AOCTHraeTCS! ITpH 3HaqeHHH IT apaMe T pa X =0,3, qTo 6nH3K( 

MblM H8MH ITapaMeTpaM. 3THM H 06bSICHS!IOTCS! 6nH3KHe 3Haq< 

HhlX aepOS!THeCTeA p. - 38XB8Ta, 

1181 
CpasHeHH e c 3KCITepHMeH T a nhHbiMH aaHHbiMH ITO 

ITOK83bJBaeT, qTO ITpH x 2 =0,35 cornacHe c TeopHeH: xopc 

AnSI 6onee aeTanhHOrO Cp8BHBHI!S! He06XOAHMO 6b!nO yqeCTb H CKC 

BKnaa KO TOp hlX TipHBen 6hl K HeKOTOpOMY ysenHqeHHIO Teope~ 

pOS!THOCTH 38XB8T8 , 3TO rrpHBeno 6bJ K nyqiUeMy cornaCHIO 

T oM. OaHaKo Mhr He ITpecneaosanH 3 TY uenh. 

T axnM o6pa3oM, aHann3 aaHHbiX ITO HeyiTpyroMy M 1 

e L' f3 6 3nexTpoHos Ha Hape 1 , - p aciTaay He H ll 
6 

Li , rrposeaenrrbrH: s paMxax MHA , no3BOnSieT c en11 

x/ 0TMBTHM 1 4TO <j>yHKUHS! (3) T8K)I(e ITp8BllnhHO OITHChlBaeT 

paTH4H bttl paanyc Sl apa 
6 Li : < r 2 > l/2 =2,4 <f>e 

y 1 =0,7) • 
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p. -38XB8TB H8 & Li BhlnBTBBWBB HB ATpHHO HMBBT HMnynbC 

q Jo 100,56 M sa/ c . KoHCTBHTa cna6oro B38HMoneAcTBHSI 6bin8 B3SITa paB-

-49 3 f3 f3 
HOI 1,40• 10 apr•CM H g A/ gV =-1,18, 

/17/ 
p. -38XB8T8 npH onTHMBnbHblX 

X 
1 

= 0,4 ; X 2 = 0,30 H "0,35 , onpeneneHHblX 

H3 A8HHb!X no paCCBSIHHlO 3nBKTpOHOB H f3 - pacnaAy, npHBBABHbl H8 pHc.4 1 

nonyqeHHhlB 3HaqeHHSI BBpOSITHOCTH 

X 2 =0,3
1

6nH3KH K 3HaqeHH10 

p. - 38XB8T8 npH X 
1 

=0,4 H 

-11 10/ A p. = 1160 ceK , aaAAeHHoMy c 

noMOIUblO "ynyqweHHoA" <jJyHKUHH MHA, KoTopaSI 6bma npeAno:>KeHa BHnb 

/16 / 
AepMyTOM cneUH8nbHO AnSI npBBHnbHOro onHC8HHSI cpeAHeKB8Ap8THqHO-

x/ 
ro panHyca 3Toro SIApa • KoHCTpyKUHSI 3TOA <jJyHKUHH oTnHqaeTCSI oT <jJyHK-

UHH ( 3), HCnOnb3yeMOA H8MH: OH8 SIBnSieTCSI MHOronapaMeTpOBOlt H B Hee 

/2/ 
n a p a MeTp X SIBHbiM o6pa30M He BXOAHT. B pa6oTe 6bln0 H8ltAeHO, 

qTO MBKCHMBnbHOe nepeKphlB8HHe <jJyHKUHH B HnbAepMyTa H <jJyHKUHH ( 3) 

AOCTHr&eTCSI npH 3HaqeHHH napa MeTp8 X =0,3, qTO 6nH3KO K HCnOnb3ye -

M blM H8MH napaMeTp8M, 3THM H 06bSICHSilOTCSI 6nH3KHe 3HaqeHHSI paccqHT8H-

H\,IX aepOSITHeCTeA p. -38XB8T8, 

118/ 
CpaBHeHHe c sKcnepHMBHTanbHbiMH ABHHbiMH no p. - 38XB8TY 

nOK83biB8eT, qTO npH x 
2 

=0,35 cornacHe c TeopHei1 xopowee . KoHeqHo , 

AnSI 6onee ABTBnbHOrO Cp8BH B HHSI HB06XOAHMO 6b!n0 yqeCTb II CKOpOCTHbiB qnBHbl, 

BKnBA KOTOphlX npHBBn 6w K HBKOTOpOMY yaenHqBHHlO TeopeTnqeCKOA Be 

pOSITHOCTH 38XB8T8, 3TO npHBeno 6bl K nyqrneMy cornaCHlO C 3 KCnepnMeH-

TOM. OnHaKo Mbi He npecnenosan11 3TY uenb. 

TaKHM o6pa3oM , aHanH3 ABHHhlX no aeynpyroMy M 1 - pacceSIHHlO 

s n e KTpOHOB Ha RApe eLi f3 - pacnany 
8 He n p. - 3axsaTy HB 

8 Li , nposeneHII b !t'I B p a MKax M HA, no3BOn51eT c enHHolt TOqKH 3pe-

x/ 0TMe THM, qTO <jJyHKUHSI (3) T8K:>K e npa BHnbHO OITli C hlB8BT C peAHBKB8A-

p 8 THqHJ.,l l\ p 8 AHYC 51Apa & Li : <r 2 >1/2 =2,4 !jlepMH(X 1 =0,4 H 

Y I =0, 7), 
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HHH IT OHHTb COBOKyiTHOCTb 3THX A8HH hl X1 ~TO , B CBOID o~epeAb 1 HBnHeTCH 

AOITOnHI!TenhHblM ITOAT13ep>KAeHHeM IIpOHBn eHHH 8CCOUHHpOB8HHH Hy KnO HOB B 

HApax 6 Li H 
6 He 

ABT Opbl 6naroAa pHT B. f. HeyAa~HH a H JO.<P.C MupHoBa 3a HHTepec K pa -

6oTe H M~oro~ucneHHwe o6cy>KAeHHR. 

n I! T e p a T y p a 

1. B.f.He yAa'lHH , JO. <P. CM!!iJHOB Atomic Ene rgy Review.~,_157 (196 5). 

2. JO. A .KyAe npoa, JO. <P . CMHpHoB, M . A . '-I e6oTapea. H<P,!, 1048 ( 1966 ). 

3 . JO.A .Ky AeHpOB, B.f. HeyAa~HH, c.r.Cepe6pHKOB, JO.<P. CMHpHOB , H<P §., 

1203( 1967). 

4. R.S.Willey. Nucl. Phys., .!Q, 529 (1963) . 

5. R.M.Hutcheon, T .E.Dr a ke, V.W.Stobil, G.A.Beer, H.S.Caplan. 

Nucl. Phys., A107, 266 (1968). 

6. L.Cohen, R .A .Tobiss. Nucl. Phys., 14, 243 (195 9). 

7. W.C.Barber, F'.Berthold, G.Ricke, F'.E.Gudden. Phys. Rev.,120, 

2081 (1 960). 

8. A.F'ujii, H . Primakoff. Nuovo Cimento J:.b. 327 (1959). 

9. H.Uberall. Phys. Rev., 116, 218 (1959). 

10. A.Lodder, C.C.Jonker. Phys. Let., ~ 245 (196 5). 

11. C.W.Kim, H.P rima koff, Phys. Rev., 140, B566 (1965). 

J.Delorme . Nuovo Cimento ]S 1360 (1.964). 

12. S.Malmskog, J .Ko nijn. Nucl. Phys., 38, 196 (1962). 

13. J.K.Bienle in, F'.P leasonton. Nucl. Phys., _]], 529 (1962). 

Nucl. P hys ., 10, 6 94 (1 963). 

14. T.Lauritsen, F'.Ajzenber g . Nucl. Phys., ·].§., 20 (1 966). 

15. K.W.F'ord, J.G. Willis . Nucl. Phys., 22z_ 295 (1962). 

16 

16. E.W.Schmid, K. Wildermuth, Y.C.Tang. Phys.Let.,1., 263(1963). 

17. JO.A .KyAeHpoa, P . A .3paM>KRH. Coo6meHHR MelKA. CHMIT03HyMa rro cTpyK

Type RApa • .ll y6Ha , 1968 CTp. 133. 

18. J.P.Deutsch, L.Grenacs, P .Ig o-Kemenes, P .Lipnik, P.C.Macg. 

Phys. Lett., 26B, 315 (1968). 

--

PyKOITHCb rroc Tyrruna B H3AaTenbCKH~ OTAen 

2 aarycTa 1968 roAa. 

17 


