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§ 1. ·B B e A e H H e 

B liOCIIeAnee BpeMn HHT9HCUBHO OoCy~aiDTCH ABHaMuqecxue MOA91IU Me30HOB H oapu

OHOB, OCHOBa!IIIbie Ha npaAIIOIIOJKeHUU 0 cymaCTBOBaHUH KBapKOB, KBapKB cqnTaiDTCR HOCBTe

IIRMH OCHOBHblX CBOliCTB CBMMeTpnn, a Ma30Hhl U oapUOHhl paCCMaTpHBaiDTCH KaK CBR3aH

l!hla COCTOHHUR KBapKOB U aaTUKBapKOB, Xopomee Cornacue MaCCOBbiX lj>opMyn C 3KCIIepu

M9l!TOI\4 MOJKHo nonnTb cneAyiDmHM oopaaoM. ITpeAnonoJKUM, qro Macca xaapxa aenuxa 

Mq .. (5- 10) mP (rAe· mP -Macca npoToua), a 6on&moll Aelj>exT Mace o6ycnoa-

nea CB9pXCBIIbl!hlMH B38HMOAeliCTBHRMU, 

TorAa nonpaaxu K MaccaM canaaHHhlX cocTonunll, xoTophle nopnAxa necxon&xnx co

Tea Maa, AellcTBUTen&no Manhl no cpaanenniD c ai:mnqunoll aaanMoAellcTaun, KoMnencnpyiD-, 

, mero Macey .. 10 mp • 

Ill 
B paooTe OblliO IIOKaaauo, qTo ,HaCMOTpn Ha OOIIblliOll Aelf>eKT Mace, ABHJK9HIH~ KSap-

KOB BHyTpB COCTaBHOll qacTHlihl MOJKHO paccMaTpHBaTb KaK HapemiTBBHCTCKOe, 

HMIIYIIbC KBapxa B COCTaBI!Oll qacTnne IIOpHAKa mp • C , TOI'Aa AIIR anaqennn v/z 
m 1 1 . 

xaapxa nMeeM v/ c .. _P_ < ....- - . ...,.._ B aToll JKe paooTe noxaaano, qTo a<j>¢exTnnnan 
mp ~ 4u . 

Macca xaapxa B Meaone acT& p./2 , a a 6apnone m/3 , rAe p. n m ecTb cooT-

BeTcTaeuno MaCChl M930H8 ll oapUOHa, qTO H H03BOIIHIIO IIonyqnTb 3Haqeggg aHOM81IbHbiX 

Mai'HHTHbiX MoMeHTOB . 6apuonoa n Meaouoa, B nacTonmell pa15oTe, ocnoBhlBanc& Iia STOll 

npocToll MoAenn, Mbi paccMoTpli:M uexoTophle nponecchl pacna.noa Meaonoa R anexTpoMal'

HHTHbie pacmenneHUSl M8CC AIISI OapUOHOB H M930HOBo 

§ 2, Cnai5~>Ie pacnaAhl Meaouoa 

PaCCMOTpHM MOA91Ib0 B KOTOpOll rr , K -M930Hbl eCTb CBR3aHHbl9 COCTORHRSI KBapxa 

E +· + K+ + H .al!TRKBapxa, yAeM cquTaTb0 qTO pacnaAhl TUlia 1T -+ p. + Vp. -+ p. + Vp. 

lipOBCXOART nyTeM aHHBI'BIIHliBB KBapKa.B aHTBKBapKa, HaXOARlliBXCSl B CBR3aHHOM COCTOSI

HHH,H CXel\4aTUqecXB Oliii:Cb!BaiOTCR Ali:8I'paMI\4al\411: BHAa: 
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r . /1+ 

r><~ 
pH C, 

t!To6bl nanncaTb MaTpH'!Hhlli aneMenT, cooTBeTcTsyromlll! .nannoil cxeMe, Mbl ncnonb3yeM ne

pennTIIBIICTCKHfi xapaKTep ,llBHmeHHH KBBpKO~ BHyTpll COCT8BHOfi 'IBCTIIUblJ npeanonaran 

'ITO Upll 8HHHrii11HUHH KBBpK II SHTIIKBSpK npaKTH'!eCKII UOKOHTCH II HMeiOT aljl¢>eKTIIBHYIO Mac- > 

cy p./2 • 
... ....... 

nnn M8Tpii'IHOrO aneMeHTB IIMeeM: 

g - + 
M = ~(qyp. Yo q)(e Y>. (1 +Yo 

y2 
rne cornacno 

. ~I . . 
Teopnn Ka61166o g = G cosO .nnn pacna.na 

k k,\ 
)v)Tt/1{0) 

+ 
rr + .. p. +Vp. 

(2.1) 

6ea 113Menennn 
. + + 

g = G stnt:l .nnn pacna.!la K .. p. + "p. CTpBHHOCTII 0 C 113MenenlleM CTpBHHOCTII, 

MnomiiTenh ~ Bbr,llengeT 
1
S 

k ·. 
-cOCTOHHHe CHCTeMbl KBBpKa II 8HTIIKB8pK8o 

nnn BeponTHOCTII pacna.na UOI1Y'IIIM 

w 
2 

__&__ 

2~r 2 

2 
mp. 

2 

(1- mp. ) 2 • I t/1 (0)!2 
p.2 

(2.2) 

B .nanhnelil!leM Mht 6y.neM npe.nnonaraTh, 'ITO a .-eKTHBUbrl! noTenunan saanMo!lel!cTBIIH 
~-~IIJPI' ot-~ 

KBapKOB I!Mee~c R nopnn~·y;;;-··jt"""'·~··: ~r;;;HilKOB~l! AJIR scex' n~eB,IlOCK811Hp-
·. " -- em 

...... flbiX MeaoHOB, a p83HOCTH Mace MeaOHO+; o6ycngBiteHhl-.Y'TSf5KeireaHeM~Tj)eThero~xa;~· 
Torna nnoTHOCTb ::sapKOB 6y.neT onnnaKosori llnH scex nces.nocKannpHblX Meaonos 11 

pnsua 

j.V (0)12 _3_(_h_)-3 
41T m17 c · (2.3)' 

+ + 
00ilCT8B11HH ( 2.3) B Bblp-3'KeHI!e ( 2.2) ,lli1Sl BepOHTHOCTH pncna.na IT .. p. + Vp. > UOI1Y'IHM 

\\'(rr+ .. fl++v) 

2 2 
3 G cos () 

8:r 

+ 

2 a m~ 2 
mf' "I' (1-~) 

p. 

. 0TCIOilD. ::tnH. npeMenH .JKII3HU " -Meaona nonyqHM: 

r rr+ = 2.5 • 10-B 

(2.4) 

(2.5) 
-8 

'lTO XOpOUJO cornacyeTCH C 3KCnepnMeHT811bHhlM 3H8'!enneM 2,55,10 ceK. nm1 OTHOIIleHIIH 
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I l , I 
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+ + 
seponTuocreli pacnanos K .. p. + "p. 

W(K+ .. p.+ + v) 

W(rr+ .. p. +v) 

n + 1T 

tg
2 

0 

+ 
.. p. +Vp. HMeeM 

2 
m11 2 

(1 - :::-:r-) 
mk 

2 

(1- 2>2 
m2 

1T 

Hcnonb3yn tg
2 0 a 0,06, 11011Y'IIIM JlJIH BpeMeun m113HII K + -Me30Ha 3118'1eime 

<ito> 

'k+ ':: 
~ ~ 

8,2. 10 ceK , aKcnepnMeHTanhnoe 3Ha'!efme pasuneTcn 2.10 ceK. 3To yKaabmaeT 

US TO, 'ITO a<jl¢eKTIIBHblfi pa.nnyc HMbl He iisnneTCH UOCTOHHHblM .ll11H BCeX Me30HOB, YMeHb-

llleHIIe pa.n11yca Jli1H K -Meaona B 1,5 paaa .naeT npasnnbnoe 3Ha'!enne mnan11. PaayMeeT-

cn,nallla Mo.nenb ne npeTen.nyeT na TBKYIO 'rO'IHOCTb. 

3. 3neKTpoMarnnTHbre pacmenneu11n Mace 

B paccMaTpllsaeMoll Mo.nenll ueTpy.nuo oneniiTb aneKTpoMarnnTHbre nonpaBKII K MaccaM 

Meaonos 11 6apnouos. TaK KaK Mbl C'IHTaeM, 'ITO KBapKn npaKTII'IecKn noKOHTcn, TO aneKTpo

MarnnTnue UOUpaBKH K MaCCaM Me30HOB II 6apHOHOB o6ycnOBneHbl Ky110HOBCKHM B3aHMO.Ilefi

CTBHeM KBBpKOB H aneKTpOMBI'HHTHblMH HOHpaBKBMH K C06CTBe~Hofi Macce KBSpKOB, 

3neprnn KynonoscKoro saanMo.nellcTBHH KBapKos pasua: 

W12 ~ e _~ e:l f .!..:.!..!___ d
3
r d3 r 

( r 1- r2) 1 2 
(3.1) 

' ' h 
nonaraH, '!To aapH.Il KBapKoB pacnpe.nenea pasnoMepuo snyTpH ccjlepu pa.nnyca. R = _. __ , 

-~~/ lfBXO,IlHM: 1t . 

W
12

·= e
1 

e 2 (6am
11

), 1 
a a 137 

(3.2) 

3neKTpoMarnnTHble nonpaBKH K co6cTseanol! Macce KBapKa· nponopnnonanbua Ksa.npaTy ero 
2 

3apS!JlS: oM 1 = ~. e I 

B peaynbTaTe .nnH aneKTpoMarnnTHhiX · nonpasoK K Macce Meaoaos nMeeM: 
2 

op. = (6am" )el e2 + ~·(e 1 +e~ ). (3.3) 

0TCIO,Il8 ,lli1H pa3HOCTH f!BXO,IlHM: 

m + - m o = 3a m 
IT 1T '-

m 
k+ 

m ko 
1 ~ 2am" +y 

(3.4) 

3KcnepnMeHTanhnoe aaa'!enne paanocTn Mace (m 17+- m17 o ) = 4,6 MeV, a <jlopMyna (3.4) 

naeT (m
11
+- m170 ) = JMeV • · J.i3 ¢>opMyl1bl (3.4) HSXOilHM TBKme, 'ITO 
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/ 

!J. = 3(mk+- mk0 )-2(mrr+ -mrro) =- 20,9MeV (3.5) 

Aaauorti'IBbiM o6pa3oM MOJKHo Bbi'iHCnHTb sneKTpouarnnTHhle nonpaBKn K MaccaM 6apnoaoB: 

PP & a , :t ~ ~ 
8mB= l: e1 e 1 f I I d r d r +!J.(e 1 +e~ +ea ). 

1~1 <1~ (r 1 -r1 ) 
(3.6) 

CaoBa npennouaran, 'ITO 3apnn KBapKa B 6apnoae pacnpeneuen paBHoMepao BHyTpn c~epbi 
~ .h pannyca R = _. __ ,aaxonnu: 

m c 
IT 

8mB 3am" (Q-1)(Q + 2/3) +!J.'(2/3 + (1/3)·Q) (3. 7) 

OTCKiAa nonyqaeu: 

mP -mn = 2amrr +1/3•!J.' , 

."m -m-0 = 4ain -1/3 ,!J.' E"" t=. . IT {3.8) 

m . 
:t+- ml:o = -2am" + 2/3 .!J,., • 

lf3 ~opuyn {3.8) cnenyeT: 

(m -mn )+(m---m-0 )R6am" • 6MeV. 
p t=. t=. . {3.9) 

3ItcnepHMeHTaUbHOe 3HS'i9HHe STOll B9UH'il!Hbl 5,8 MsB. nanee H3··~opMyUbi {3.8) onpene-

nneu: 
!J.',. (m -m )+(m -m )=-9,2MeV. 

P n l;+ l:o 
{3.10) 

Hcnoub3yH penHTHBHCTCKoe ypaaaeane nun coCTaBHbiX Me3oaol3 n 6apnoaoB ~MoJKao noKa3aTb, 

'ITO 

_A_ 
!J.' 

.. 2 
~T 

mB = 
ml' 

2 - 3 • 
{3.11) 

3TO 3Ha'leHHe yAOBU8TBOpHT9UbHO cornacyeTcH CO· 3Ha'ieHH8M !J.~ : 2,3 , nOUy'ieHHbiM H3 

SKCnepnMeHTaUbHbiX . AaBHbiX, 

§ 4. 3ueKTpoMarnnTHbte pacnaAbi Me3onoB 

Bbi'incunu aepoHTHOCTH sneKTpoMarHHTHbiX pacnanoB BeKTOpHbiX Me3oaos aa ~ueKTpoa

ao-no3nTponnble nap"!· ByAeM c'inTaTb, 'ITO TaB:ne pacnaAbi nponcxoAH_T nyTeM aaanrnunnnn 

KBapKa n aaTnKsap~~:a, aaxonHmnxcH B cBH3aaaou cocToHaHn {cu. pnc. 2): 

6 

cb 

.. 

I· 

'1 

q 
P n c. 2· 

. MaTpH'iHbtil sueuenT TaKoro pacnana MOJKHO 3anncaTb B BHAe: 

e~ - . + 
M =- __ . Q (qy q)(e y,. e )r/1(0), 

· k V I' r-

rAe· 
1 . • 1 

Qru = 3y2 ' Q<P =- 3 ' 
1 Qj, =;;2 

+ e 

e 

{4.1) 

{aTH ~HOJKHTenn o6yCUOBn9Hbi Ap06HOCTbiD 3apHAOB KBapKOB H H30TOnH'i9CKOll CTPYKTypoll 

M930HOB). nun BepoHTHOCTH pacnaAa nouy'IHM: 
+ - 16rr ~ 2 2 

· W ( V .. e + e ) = -- • Q v • a I r/1 (0) I . 
3m~ {4.2) 

Macchi BeKTOPHbiX Me30HOB 3Ha'iUTeUbHO 6onbme ·uacc nceanocKaunpni>rx ue30HOB. erxec1:.::;, 

6yAeT M9Hbllie paAnyca CHU AUH nceBAOCKSUHpHbiX Me30HOB, T.e.· nOpHAKa 

R ':, __ h __ • 

mpc 

~ 
Torna Ann sepoHTnocTeil pacnanoB 6yAeM nueTb: 

W(V->e++e 
11'8 

2 2 p 
4a • Qv -;;;-2 

v 

{4.3) 

{4.4) 

B aacTonmee Bpeun 
W(ru->e++e-) 

wru 

no TpeM co6biTHHM pacnana ru -Me3oaa oneaeao OTHomeaue 

Ubi {4.4) AUH SToro 

-4 /5/ . 
'" 2 •10 , rAe Wru - nouaan mupuaa ru -Me3oHa • H3 ~opuy-

-4 
OTHOlli9HHH nouyqaeM 6, 7,10 • 

Pacuan~>x "o ->2y ,YJ ->2y ,x 0 
.. 2y B STOll MOA9UH aaauorH'IHbl ABYX~OTOHHOMY 

pacnaAy ~apan03HTpOHHH,H AUH oneHKH HX BepOHTHOCTH MOJKHO BOCnOUb30B8TbCH rOTOBOfi 

,PopMynol! 
2 

W=4a ·rr.lr/J(O)j 2 Q2_L 
• m2 {4.5) 

. 2 
MaoJKnTenb Q HOHBUHeTCH H3--38 Toro, 'ITO KBapKn· HMeroT Ap06Hb!lt 38pHA, 0H npHHH-

uaeT cue.nyromne 3Haqeann: 
2 . 

Q -_.l_ 
rr0 - 18 Q~ 

7 

1 

54 

2 
Qxo 

4 
"!'! {4.6) 



BepoHTHOCTb pacnana 110 -+ 2y OK83blB89TCH paBHol! 

2 2 W(110 -+2y) = Ta • m 
11 (4.7) 

0 -19 
HIIH BpeMH JKH3HH 11 -M930Ha 1,3,10 CeK. nony'leHHOe BpeMH lKH3HH Ha TpH llOpHnKa 

-16 
OTIIH'laeTCH OT 3KCnepnMeHTa/IbHOI'O ( 1,6,1Q CeK) • 

Bo3MOJKH0 7 3TO CBH3aHo C TeM, 'ITO Mbl HCllO/Ib30BanH CIIHIIIKOM rpy5yro MOile/Ib, neli-

CTBHT9/IbH01 9CIIH BHpTyanbHhlll KBapK HM99T HeCKOMIIeHCHpOBBHHyiO Macey M 
0 

TO Bpe..;. 

MH }!{H3HH frO no cpa_BHeHHIO C Bbipa.l!(eHH9M (4.7) yaenH'lHBaeTCH B (mM )2 paa. 3xc-
, 11 

nepnMeHTa/IbHOMy aaaqeanro ape Mean }!{H3HH oTBeqaeT M' ~ Sm., • PeanbHblll KI)apx 

'nMeeT,no-:-annnMoMy,eme 5onbwyro Macey. 

npyra.sr B03MO:KHOCTb 05'bHCHeHHH BpeMeHH }!{H3HH 11° -M930Ha COCTOHT B TOM, 'ITO 

Mbl MOJKeM CTpoHTb 5apnoHhi n MeaoHhi He na onnoro TpnnneTa xaapxoa; a na Tpex Tpnn

neToB KBapxoa, c · nenhiMH aap.srnaMn, coxpaa.sr.sr npn aToM OCHOBHbie BhiBOilhi Teopnn SU (6) • 

AMIIIIHTyna pacnana 11° -+ 2y 5yneT TOI'Ila CyMMOi! Tpex aMIIIIHTYil,H MO}!{HO ll05HTbCR TO

ro, 'lT05hi onn cxoMrrencnpoaann npyr npyra, naaa.sr npaennbnoe apeM.sr }!{H3HH rr 0 -Meao

na. 

nPHnmKEHHE 

/2 3/ 
Kax 5biiiO IIOKa3aHO B pa5oTaX ' 1cBR3aHHble COCTOHHHR B CHCTeMaX H3 KBBpKOB H 

aHTHKBapKOB B npenene 50IIbWOfi MaCChi KBapKOB B IIpHCYTCTBHH 3/IeKTpOMai'HHTHhlX B3aHMO

·nellcTBHfi OllHCbiBBIOTCR ypaBH9HHRMH: 

2. 2 2 2 
(p -p. )if>= {2(oM 1 +oM2 }+(['1 +r

2 
)p. Ap. 1¢>, (nn.sr MeaoHoB); (n,1) 

2 2 2 2 
( p - m2 )if> = {3 (oM 1 +oM 2 + o M8 )-t (I! +£; +~ )p. Ap.}rf> (nn.sr 5apHOHOB) • 

2 
3necb oM

1 - ynHTapnoe pacwennenne n co5cTBenna.sr anexTpoMarnnTna.sr Macca xaapxoa: 

2 2 
oM 1 = a(>.s ) 1 +{3{e ) 1 (n.2) 

2 
lJJieHbl B ypaBHeHHH ( n,1), conepJKamne oM

1 , naiOT BK/Iall B 3/IeKTpOMSI'HHTHbie MaCChi 

MeaonoB n 6apnonoa B nepBoM nopsnxe TeopnH aoaMymeanfi, a '1/IeHhi, conep}!{amne aep-

IIIHHHbl~ onepaTOpbl (rl )p. , naroT BKnanhi Bo BTOPC:M nopsnxe Teopnn aoaMymennll. B 

peaynbTaTe lliiH anexTpoMarnnTHhiX n ynnTapHhlX pacmennennll nony'lnM: 

" 2 2 2 . ) up. = 2 (oM I + 0 M2 ) + 2p. • W • ( e I e 2 ) (lliiR Me30HOB ; 

<n.3) 
2 . 2 2 2 

om = 3 (oM1 +o M2 +oM 8 ) +2 mW '•(e1 e2 +e1 e8 
+ e2 e3 ) (nns 5apnonoa) 

8 

" 
' . ' 

)' 

1) 

'" n 
~,. 
l. i' I' 
I i; 

\~. i 

f 
¥' 

l"f· ~I). i. 

!1\:i \ 

\I 

. \ 

'',' .· 

IJ .. 
. i:.') 

\ '·j 
' \ 

J 

B .Hamel! Monenn W H W' eCTb npOCTO 3HeprHH Ky/IO.IIOBCKOI'O B3aHMQilel!CTI 

napbl KBSpKOB W =W'~ 6amrr (•6MeV). Benn'lH.IIhl fl. n fl.' , aaeneH.IIhl~·a 

ecTb A= 1fL_ , A'= 3{3 ; nx 
2p. 'tin 

oTnomenne MO}!{eT 5blTb onene.11o xax A._ = .!. · ..!.-
/6/ fl.' 3 p. 

3aMeTHM, 'ITO HS OC.IIOB9 ( n,1) B pa5oTe 5bi/Ia nafillena CBH3b Mel!<lly YHHTapBhl 

pacmenne.HHRMH B 5apHOHHOM H M930B.IIOM MYIIbTHIIII9TaX, 

Ecna 5bl Mbl aaxoTenn yqecTb oTKnone.Hne Mace Me.aoaoa n 5apno.HoB oT cpenn1 

3HS'l9.11Hl!, T,O llOIIlKHbi 5biiiH BM9CTO (3,4) H (3,8) HSIIHCSTb 5onee TO'IHO: 

(m +-m )=~W 11 110 , l (m -m 0 )=-!-w+L 
k+ k " 3m k. 

1 . {3 
!l.N =(m., -mn) =TW+ _

2
_·-, 
mN 

!l.E "'(m,_ 
.f::.' 

-2 w _ _p_ 
-m-o>-y 2m_ 

1:: 1:: 

!l.I"' (m -m ) =-1 W + L 
I+ r .T mi 

Ha ljlopMyn (n.4) cnenyroT cooTnowennn: 

!l.N +AI mi + 2mN ms 
-· --

!l.E + 2/l.I 4ms: - mi mN 

!l.N+AI = m~+2mN .~ 
2/l.N -/l.E mN +_2ms mi 

xoTopble ynoaneTaopnTe/IbBO cornacyroTc.sr c axcnepnMeHToM, 

n H T 9 p a T y p a 

(nn.sr Meao.Hoa); 

(nna 5apnonoa). ( l 

(0,9 = 0,7) , 

(f ,, 

(1,0 = 1,1)' 

I. H.H. Eoronro5oa, E.B. CTp)•MHHCKHfi, A.H.. T dBXennnae. npenpHHT OHHH, n-I9E 
ny5na; 1965. 

2. H.H .. Eoronro5oB, HryeH BaH Xbey, n. CTOHHOB, E.B. CTpyMHHCKHll, A.H. Tasxen 
. B.i1. IllenecT. npenpHHT OHHH, n-2057, ny5na, '1965. 

a. H.H. Eoronro5~B, B.A. MaTaeeB, HryeH Bait Xbey, n. CTOH.IIOB, E.B. CTpyMH.IICK 
B.ll. IllenecT~ llpenpnHT OHHH, P-2141, ny5na, 1965 • 
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B aamen MOAenu W H W' OCTb IIpOCTO 3HeprHH KYilOHOBCKOro B3aHMOAOfiCTBHH 

rrapbi KBapxoB W =W':: 6am" ( .. 6MeV). BenH'IHHbl ft. a ft.' 

eCTb ft.=~ , 6:'=-l--- , ax oTaomeaue MOJKeT 6biTb oneaea·o xax 
~ m /~ 

1 BBOAOHHbi!. .B § 3, 

fi_2.m 
F-TT 

3aMeTHM 1 'ITO. aa OCHOBO ( IT.1) B pa6oTe 6bina HafiAeaa CBSI3b MOJKAY YHHTapHb!MH .. 

pacmenneaaSIMH B 6apuoaaoM a MeaoaaoM MynhTHrrneTax. 

Ecnn: 6bi Mbl 38XOTena y'IOCTb OTKilOHeaae Mace . M030HOB H 6apHOHOB OT CpOAHHX 

3Ha'Ieaan, TO AOilJKHbl 6binH BMOCTO (3.4) H (3.8) aarracaTb 6onee TO'IHO: 

(m +-m 0 )=~W, . " " 

Ha ¢opMyn (IT.4) ClleAyiOT COOTJIOWOHHH: 

.} 

mN 

KOTOpbiO YAOBil·9TBOpHTOilbHO CornacyroTCSI C 3KCIIOpiiMOHTOM. 

n II T g p a T y p a 

( rr.4) 
(AnSI M030HOB); 

(AilH 6apHOHOB). (IT;5) 

(0,9 .. 0,7) 

(IT.5) 

(1,0 = 1,1) 
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