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8 nocne1ume rO)lbI (>Olll,WOO 3B8'18BB8 B TeopeTB'l8CK!iX HCCneJlOBSBBSIX CTpyKTypbl 

8TOMHbIX Slll8P npBOOpenB M8T8M8TB'l8CKH8 M8TO)lbI1 pa3BBTbl8 B Te,opBB CBepxnpOBO)lll-
/1 2/ - , MOCTH, 

1 
• 3TB M8TO)lbI ll03DOIIHnH paCCM8TpHD8Tb CHCT8Mbl B38BMOJl8llCTBYIOIIUIX q,epMBO-

: BOB H Y'IBTblD8Tb Ty '18CTb KOppenmtBll B CHCTeMe, KOTopag B03HBK88T OT OCTBTO'IBblX 

(Be CBO)lJlll(BXCsi.K, caMocornaconaBBOMY non10) B38BMO)l8llCTBHli qaCTBil C paBHbIMB B npo

TBBOllOnOll{HbIMB MOM8HT8MB ( BMnyn&CaMB) • Boron10!>0B anepBbl8 nocTaBBn Boiipoc o5 ycno::-__ · 

n1 -BBB CBepxTeKy'leCTB B TeOpHB·Slllepuoll M8T8pHB ~, - -
Bop B llP• · oopaTHnH BBHM8HH8 Ba aaanorH'IHOCTb Cll8KTpOB B036yllC)leHBSI Slllep 

B cnepxnpononauxoa. B cneKTpax B03oyllC)leHHSI '18TH0-'18TBbIX Slllep, xax B B CBepxnpo-

BOJlHBK&X, cymeCTByeT 311epreTH'lecxas men&, OTJlensromas· nepBoe nuyTpeuuee B03oyll{)lea

uoe COCTOSIIIB8 · OT OCHODHOrO. 0)lHO'l8CTII'1118SI MO)l8nb llp8)lCK83b!D88T IIOSIDneBH8 nepaoro 

DHyTpeBHero B03oyllC)lelll!SI B '18TBblX )l8cj,OpMHponaHBblX ,mpax OObl'IBO ~PB 3HeprHSIX B llSITb

wecTb pa3 M8HbWHX, '18M aa6nIO)l88Mhie. 8 cneKTpaX B8'18THbIX Slll8P llp8)lCK83bIB88M8SI 

• OJlHO'laCTH'IIIOli Mo)len&IO nnOTHOCTb HHll{allmHX yponuell oKa3brnaeTCH np11Mepuo B JlDa pa3a 
/4/ 

M8HbW8 3KCnepl!M8HT8nbHOli • 

MeTO)lbl Teop1rn cnepxnpODOJlllMOCTH 6hinH nocminoBaT8nbHO p83BHTbI B TeopHB _Sl)lpa 

B psine paoOT/
5,0/ • 8 3TIIX paoOTaX fiblno llOK838H01 'ITO YK838HHbl8 __ BblW8 38KOHOM8pHOCTII 

cneKTpOB .Slll8P MOI'YT OblTb OO'bSICH8Hbl npH y'leTe OCTSTO'IBblX, TSK H83blB88MblX' napHblX 

D::laHMOnellCTDBll ayKnOHOB,- Haa6onee· B8ll{Hb1MH OKa3a;H~b KOpOTxonellCTDYIOlltH8 B38HMO!l-eli

CTBHSI npHTHrHB810llt8ro THna Me)KJ:ty uyKnoaaMH C paBHblMH B llpOTIIBOnOnOll{HblMH MOM8B

T8MH. 

\ 
napBb18 B38HMO)l8HCTDHSI OTD8TCTD8HHbl _T8Kll{8 38 OTKnOH8HH8 BaonronaeMblX MOM8H-

/7 / ' TOB HHepnnH OT Dbl'IHCneuBblX no MO)l81IH npameBHSI ll{8CTKoro pOTaTopa 1 38 pa3BOCTb 

Mace : '18TH0-'18THl,IX B, ll8'18TBblX. Slll8P· BnHSIHHe napBbIX xoppenmtBll cymeCTB8HllblM oopa.:. -

30M CK,aa1>maeTcsi B nponeccax 6eTa-pacnaJla, raMMa-nepeXOJlOB, B an&,j,a-pacna)laX B 

p,me npyrHX Hnep~blx npoueccoa. 

lfccnenona11n10 BnHHHIISI napnhIX _KoppenmtHll Ba PS!ll CBOllCTB )lecj,opMHpOBaHB1>1x _Slllep 

H llOCBSllll8118 HaCTOSIIJl8SI .n'IICCepTanHsr. 

8' nepnoll rnane )ll!CC8pT81lllH paCCMOTp8Bbl M8T8MSTII'18CKH8 DOnpOCbl OCTSTO'lllblX 

D3anMonelic:TnHll uyKnoaoB; H3 oomero raMHn&TOBH&Ha napuoro B3&HMonellcTBHH Bhlne-
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Jlll8TCll MO/l81IbHblii napHblll raMHJlbTOHHaH C KOpOTKO/lellCTBYIOlllHMH B3 aHMO/l8MCTBHllMH 

np11TstrHBa10111ero Tlma: 

H = }: 
•.u 

E a+ a - G 
• ea aa 

}: 
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••# 

+ + a a a,a,. 
•+ a- •- •+ 

,,_ 
(l) 

rne E
0 

- O/lHO'laCTH'IHbie 3nepr1m ypoaneil cpennero nonn, 
+' a 
ea 

a ea - onepaTopbl po)l{ne-

' HIil! H y~H'ITO)l{8Hllll styKJlOHOB C na6opoM KBaHTOBblX 'IHCen ( s; u=+_l) ; G - KO,HCTaHTa 

napHoro B3aHMO/l8MCTBHst. PacCMOTpeHbl H81!:0TOpble' qJH3H'l8CKH8 OCHOBaHH!I )lJl!I Bbl/l8Jl8HH!I 

"MO/l8JlbHOro raMHJlbTOHllaHa. 

. .· m, 
B § 2 nayqaeTC!I aapHallHCHHblii MeTon Eoron106osa , 11oaaonruo111Hii nyTeM KaHOHH-

'18CKoro npeo6pa30BaHll!I qiepMH-aMnJIHTYJl H MHHHMH3allllH 3HeprHH no napaMeTpaM npeo6pa-

30BaHll!I nony'IHTb npH6Jlll)l{8HH08 peweHH8 )lJl!I MO)l8JlbHOro raMHJlbTOHHaHa. H~teH~o. npH 

KaHOHH'18CK,.OM npeo6pa30BaHHH.BHAa: 
+ 

a = u a 
8(J • ■,-a +av 11

aw (2) 

a+= u a+ +uv a 
ea • a,-n a SU 

[a 
'oU 

,a+,L=o ~ ;. 
au IU!I <T,CT 

U 
2+ V ~ 1 . . (3) 

raMII/IbTOHHaHOM ( 1 ) , CTaHOBIIT-cneKTp HH)l{BMWHX noa6y)l{neHHii CHCT8Mbl, onHCbIBaeMoll 

CH KBa3H'laCTH'IHblM C SHeprneil 0/lHOil KBa3H'laCTHllbl ,--;' 

•
0
=y ( E 

8
-A) 2 + C 2 , , (4) 

. rne 

C G l: uav a• (5) 

A - x11M1I'rnCK1til n0Tenu11an cncTeMbI. B ite'leTHbIX rutpax HMeeM aoa6y*nellllll He'leTHoro 
; I 

'IHCJla KBa3H'laCT1m; a 'n '18TllblX 11npax - B036y)[{AeHHll '18THOro 'IHCJla KBa311'18CTIIU. Jlnyx.:. 

KBa311'1aCTII'IHLl8 noa6yr.<nemrn D '18TH0-'18THblX 11npax OT)l8Jl8Hbl OT OCIIOBHOro uienblO 2c. 

B § 3 nepno11 rnanb1 1u1ccepTau1m cqiopMym1ponaHbI oc11osb1 cnep~TeKy'leii Monenn 

11npa, Tpe6yroweii. BLtnOJIH8Hllll 3aKOHa coxpaHel!Hll 'IIICJia 'laCTIIU B cpenHeM B 'oCHOBHblX 

/9/ .• 
II B036yn<ne1mux COCTOl!HllSIX. ll/l8p • CnenCTBll8M 3TOro TpeooBaHllll llBJlll8TCll 3qi<peK'.T 

QJIOKUpOBKII, Bblpa)Kaiomniic11 B lt3M8Hemm napaMeTpOB U II 
8 

V ,(111160 C It A . 
/lJIH pa3Jlll'IHblX COCI'OS!llllii SJJ1ep. COOTB8TCTB8HHO nmr xan,noro COCTOllHltll 11npa nony'la,eM 

He3aBl!Cl!Mble ypaBH8Hltll llJlll u 
O

n v • ( n1160 C II A ). 

KoHCTaHTa napnoro B3al!MOneiicTBHll G ~ton<eT ObITb onpeneneHa na pac'leTOB 

'18TIIO-He'leTHOi\ pa3HOCTH Mace (napHblX 3Heprnii). 

BTopa11 rnana nnccepTannn nocssnueHa nccnenosastnro cneKTpOB necj,op,.mposaHstbrx 

nnep D penK038M8JlblIOH o6naCTH, Ha snexTpOHHO-C'l8THOil MawnHe OblJllt Bbl'lltCJI8Hbl cnex

Tpbl p11na H8'18THLIX II 'l8TH0..:'leTHblX SIJ18P, 
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Ha ociione aHaJIH3a 3KCnepHMeHTaJlbHblX naHHblX 6blna nponeneHa MOllHqJHKanHil CX8Mbl 

/10/ - . - · - . _ 
HIIIIbCCOHa .-B paC'18Tax HCHO/Ib30Banacb 8/lHHail )lJlll ncex nnep B p8/lK038M8JlbHOil. 

o6naCTn cxeMa 0/lHO'laCTll'IHblX yposneii,, He Y'IHTb!Baroman 113M8H8HlI8 napaMeTpa Jl8qJOpMa

llHII nnep. 

B § 2 BTopoil rnaBbl nanararoT.Cll pac'le_Tbl napHblX sneprnil, H03BOJIHBWll8 Bb16paTb 

KOHCTaHTbl napnoro B3allMO/l8HCTBllll, PacC'IHTaHHbl8 3Ha'leHHll napHblX sneprHil COBHSJlaIOT 

/11/ 
C sz:cnepHM8HTaJlbHblMII B npenenax 100 K3B • Ha pac'leTa napHblX sneprnll 6bIJIH Bb16pa-

Hbl KOHCTaHTbl napnoro B3allMO)lellcTBHll B neiiTpOHHOll ll npOTOHHOii CIICT8Max: 

G 
N 

26 
MeV 

A 
28 

G z= ""7\" MeV (6) 

rne A / - uaccosoe 'lncno. 

ITpoaHaJIH3HpOBaHo noseneHHe KOppenS!llUOHHOll qiynKuuu C /lJlll OCHOBHblX U B03-

6y)[{AeHHbIX COCTO!IHHli smep, Y'leT SqJ<p8KTa OJlOKUpOBKH llpHBO/lHT K YM8HbW8HHIO B8JIU'lHHbl 

C B H8'18THblX nnpax Ha 20-30% OTHOCUTeJlbHO OCHOBHbIX COCTOHHHil cocenHHx '181'HO-'I8T

Hb!X nnep. ·aq,qiexT 6n01rnposKn CHJlbHO ocna6n11eT csepxTeKy'lne csoiicTBa cHcTeMbI npn 

HU)l{ailWBX JlBYXKBa3H'laCTU'IHblX B030y)[{AeHUHX, 3To npHBO/lUT K TOMY,· 'ITO HH)l{al!wne /lBYX~ 

, . /12 13/ 
_KBa3R'laCTH'IHbl8 B030y)[{AeHHH Jl8)1{ST HHJ!{e menu (2C) I • 

P.eayJibTaTbl paC'l8TOB CU8KTp0B . .0/lHO- U /lBYXKBa3H'laCTH'lHblX B030Y)KA8HHii B H8'18T-

llb!X u '18THO-'l8THblX nnpax. ll3JIO)l{eHbl ·B § 3. 

CnepxTeKy'leCTb YB8JIH'lIIBaeT llJIOTHOCTb HH)l{BiiWHX onHOKBS3H'laCTH'IHblX ypoBHeil 

/12/ -
B H8'18Tllb!X 11npax 1IpHM8pHO B 1, 7 paaa, I 'ITO xopowo cornacyeTCH C SKCnepBM8HTanb-

' /4/ . 
HblMII )lSHHblMH 

BbI'IIICJieHbl CII8KTpbl nnyXKBa3n'laCTU'IHblX B036y)[{AeHnii B PHll8 ·'leTHO-'leTHbIX SIJ18p 

c 152 < A < 160 H 164 < A < 186 u upoaHanna11poaaHb1 HeKOTOpble cxeMbI 6eTa-pacn11Aa 

- - - /1112 14/ , 
' Hll8P B yKa3aHHblX o6naCTllX I • • • B 'laCTHOCTn, B nnccepTaunn npllBO/lllTCll paCC'IUTaH:-

,· Hble ':IIeKTpbl B Dy 
164

11 w184 • KaK upanHno, SHeprnn Bbl'IHCJI8HHb!X n Hao,nrona,e~b!X 

8KCII8pHM8HTaJlbHO nnyxxna3H'laCTll'lHblX COCTOHHHii xopowo cornacyroTCH' Me)[{Ay' cooon. -

. · U4 
B Taonune npuneneH paCC'll!TaHHblil CII8KTp llBYXKBa3H'laCTH'lHblX B03oy)[{AeHUH B Dy . li 

/15/ 
SKC1Iep1tM8HTa/IbHble naHlibie, nony'l8HHbl8 II3 peaKUHil , 

B § 4 nccnenyroTCH sqiqieKTbI naaiiMoneiiCTBnsr KBa3H'laCTnu, He y'IHTbrnaeMbie B csepx~ 
, ' . 

TeKy'lefi Monenu SIJlpa. IToKa3aHO, 'ITO y'leT STUX B3aHMO/leiicTBHii · npunonnT K pacmenneHHIO 
' . ' ' , 

BblpO)[{AeHHblX B csepxTexy'lell Monenn nsyXKBa31t'laCTU'lHb!X COCTOHH1tll B. '18TllO-MaCCOBblX 

H/lpax. ITonHaH npoeKUHH MOMeHTa KOJllt'l8CTBa )1Bll)l{8HHH llBYXKBa3U'laCTH'lHOro COCTOHHHSI 

K. paBHa 0
1
+ 0

2
, nn6o 10

1
-0

2
1, rne 

CUMMeTpHu. SIJlpa, Y'leT 

{l - npoeKUIIH MOM8HT~B KBa31t'laCTBil na' OCb 

I \ -- .' . 
B3a;IMO)l8HCTBllll, npHBO/lSl1U8ro K pacmennem110· STU~ COCTOHHHil, 

npOBO/lUTCH B nepBOM IIOPH.lKe Teopnn D03MYlll8HUll C .npOCTblM DOT8HUUanoM 
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V 
12 

4,rg8 (r\-f'J[l-a +a il
1
i!J (7) 

rne g H a - napaM8Tphl B3allMO)l8liCTBHH, u
1 

-MaTpHllbl Ilaynn. 80nHOBbl8 <j,yHKllHH JlBYX-

KBa3H'laCTll'lHbIX COCTOHHHli KOHCTpynpyIOTCH 1!3 0/lHO'lSCTll'lHblX BOllHOBbIX <pyHKUHli M0/18/IH 

' . 1101 · 
HllilhCCOHa • nn.11 3H8pr11H pacmenneHHSI JlY0ll8THbIX co=OS!Hl!li nony'leHbl npOCTbl8 Bbipa-

lK8HllSI un·.11 H8'18THO-H8'18THbIX ll ~eTHO-'leTHblX HUep COOTBeTCTBeHH'o: 

6. E <H,·"·'= E c K =In - n I> - ECK = n + n , 
· 1 2 I 2 (8) 

=-2al A r l+(-1)1+NtN2 8 1+ B I, 
ti' KO 12. 

6. E = E( K = I (l - fl I ) - E ( K = (l + (l ) = 
1 2 1 2 

(9) 

= ( 1 - 4a) I A 
12

[ 1 + { -1) I+N l+N 2 8 ] + B I 
. KO 12 

r11e I ' - cmm COCTOHHHH, N
I 

ll N2- rnaBHble KBaHTOBble 'lllcna 0/lHO'lBCTH'lHblX COCTOHHllli. 

Bb1paJKeHHH nnn · A n B 
1 

secbMa rp0Mos11x11. Hccne11onaHa acnMnTOTIIKB aTHX Bbipa,KeHnf) 
12 2 , 

ll nony'leHbl npaBHJ!a CJIOJK8HIISI MOM8HTOB KBa3II'laCTllll, ycTaHoBneHHbie <peHOM8HOJ!Ol'll'18CKII 

. . . /18/. . . 

rannaxepoM ll MowKOBCKHM • HMeHHO, B H8'18THO-H8'18THbIX .!lllPSX HHJKSliWIIM no aHep-

r11H oxaabrnaeTCH cocTOHHI!e c I = 1(0 / (l J , a B 'l8THO-'leTHbIX - cocToS!Hlle c I= 0 

(Clll!Hbl HYKJIOHOB napanneJJbHbl II 8HTIInap8JJJ18JlbHbl COOTB8TCTB8HHQ). YK83b!Ba8TCH B03MO)K

HOCTb Hapy~eHIIH npaBnn rannaxepa-Mowxoncxoro B cny'lae fl = fl • Texan B03MOlKHOCTh 
I 2 · . 

pean11syeTCSI axcnepnMeHTallbHO B Ho 
168

, r11e COCTORHl!e C ·I=O ne)l{IIT HIIJK8 COCTOHHHH 

c I= 1 1171 

838llMO)leliCTBU8 KB83U'l8CTllll npHBOJlUT TaKlKe K 8HOM8nhHOli poTSllllOHHOli nonoce 

C K = 0 • B T8KUX nonocax nee YPOBHH C 'l8THb!M Cnl!HOM C)lBHnyTbl OTHOCHT8JlbHO 

ypOBHei!: C H8'18THblM CllHHOM, 8 '18CTHOCTH, TaKaSI aHOMSnhHS.11 poTamIOHHSH nonoca HS0llIO-, 

H 
166/17/ 

.aeHa B o • 

8 )lllCCepTaUIIH npnBe)lGHhl pe3ynhTaTbl Bbl'IHCnemlli aHeprnli pacmennemrn pH/la ABYX-

KBa3H'laCTU'lUbIX · COCTOHHllli, IlapaMeTpbl a H 

166 156 
mennemrn B Ho n ·Gd 

g ·nblonpanncb ns pac'leToB•aHeprnll pac-

non'lepKnBaeTCH cymeCTBeHHan ponb cnHHOBbIX Clln BO BCeX ynOM.!IHYTbIX a¢cpeKTax •. 
., 

8 , H8'18THO-H8'18THblX .11/lpax pacmenne1me ll C)lBllr ypoBHeli B poTalll!OHHblX nonocax uen11KOM 

06ycnonneHb1 cnHHOBhIMH cnnaMH. B. 'leTHO-'leTHbIX HUpax 6onhwyro ponh B acjxjiexTax B3al!MQ-:-

)leliCTBIIH KBa311'1aCTll11 HrpaeT· TaKJKe O0M8HHblll 'lnen. 

. Haxouen •. B § 5 BTopoll rnaBbl )ll!CCepTalll!ll paCCMaTpIIBaIOTC.11 TpeXKBa3U'laCTII'IHble 

COCTOHHHH B ll8'18THhIX 11ecpopM11poBaHl!bIX .11/lpax. 3A8Cb B3alIMOll8ilCTBII8 Tpex KBa3H'laCTllll 

x) . A "' 
ACIIMIITOTll'lGCKIIll npe)len 12ll B 12 nony'laeTCH npn CTpe~memm ne..,opMa!lllll K 

6eCKOH8"HOCTll •. B 3TOM npenene KBaHTOBhle 'IHCna n s ('lllCIIO ocmmnHTopHblX KB8HTOB 

BA<>Pb oc11 CHMMeTpIIH HJlpa) 11 ~ _(npoe1<1111.11 cII11uonoro. M0MeHTa 11a OCh CIIMM8TpHII .!lllpa) 

=aHOBSITCH. XOpOWBMII KBal!TOBbIMII 'll!CnaMu. 

·B 

,, 
,.!} 
'/, 
l 

r 

l :1\ 
_J.t,' 

r· 
.·.1 
' . 

. . I .. I ~, 
. ' I 

/. i; 
nr 
II,\ 
t,f 

r 
1 

•1· 

t 
l 
,)\ 

/ ' ,/ 

~j)1J 

.npHBOllllT K nomsneHHro B cnexTpe MYnhTnnneTa H3 '18Tblpex ypOBHell. Ha_ OCH?Be npocToro. 

noTeHUHana B3aHMOJl8liCTBllSI (7) paCCMOTp8HO pacmennenne ypoBneli B MYnhTnnn~Tax JlllH 

co=oSIHHli Tnna {2n,p) ~ Jllloo {2p,n) • Ilony'leHhl BblpaJKeHHSI 11nS1 aneprnll pacmenneHHSI aTnx 

COCTO.!IHHli B nepBOM nopHJlK8 TeOpllll B03MYDl8Hll.!I 'lepe3 JlBYX'la=n'IHbl8" MaTpH'IHbie aneMeH

ThI, .BIUIIO'laIOmne B ceoH Bblpal!<eHHH THna A l2 H Bj2 • Hccne110BaHa acnMnTOTHKa nony

'18HHbIX BblpalKeHHli ll nalii,.eHbl npaBnna CllOlK8HH.!1 MOM8HTOB Tpex KB83ll'laCTHU. HM8HHO, 

HaHBbICDlllM no aHeprnn B MYnhTHnneTe OKa3bIBaeTC.!I co=OHHH8, B KOTOpOM CllllHbl I JlBYX 

HellTpOHOB (npOTOHOB) napannenhHbl, a CllllHbl npOTOHa (HeliTpOHS) aHTHnapannenhHbl HM. 
. - . 

nonOlKE!Hlle Tpex .HHJKaliIIIHX yp~BHei!: B MYnhTHnneTe oxa3~saeTC.!I 3aBHC.!llllllM. OT B8nH'llllll,I 

cnnHOBbIX_ cnn. TTpoaHaJlll3HposaHo nonoJKeHHe yposHell B MYnhTHnneTe, xorna, a 'MeHneTc.11 

OT nyn.11 no ¼ (3H8'18HllSI a•> ¼ npOTnnope'laT npan11naM rannaxepa-Momxoncxoro). 

IlpoBeneHbl BhI'IUCJJeHIISI 11nS1 p.11/la MynhTHnneTOB c TeMH JKe napaMeTpaMn a II g , 'ITO 

. . 
ll B; '18THO-M8CCOBbIX H/lpax. IlpoaHaJlll311pOBanbl axcnepHM8HTanb1U,Ie JlaHHbl8 no TpeXKsasn-

. ., 177 177 
'fflCTH'lHbIM COCTOHHIIHM n Lu 11 Hf (cM. pnc. 1 ). 

Bee H3nOlK8HHbl8 pesynhTaTbl no acpq,8KT8M B3aHMOJl8liCTBIIH KBa3ll'18CTHll COJl8plKSTC.!I 

/11 18 19/ 
B paooTaX aBTOpa 

1 1 
, 

/20-22/ 
TpeThn rnana nnccepTaUHH OCHOBaHa Ha pa6oTax n noCB!lllleHa nccnenonaHHIO 

snnHHHH napH~X xoppenS!llllil Ha nepoirH0=11 {3 -n 

.!lllpax. 

y -nepeXO)lOB B 11ecpopMHpOBaHHblX. 

B· § \ H3J!OlK8Hbl pesynhTaTbl paC'l8TOB aoCOJIIOTHhlX 3Ha'l8HHII . log ft nnSI paspeweHJiblX 

6eTa-n~pexo11os B Monenn HnnhccoHa. nony'leHHble 3Ha'leHnn ft OTnH'laIOTCSI _OT. axcnepn-

MenTanhHbIX O0bl'IHO Ha nonTopa nop.!lllKa, 8 MO)lenn H83aBHCHMbIX 'laCTllll 0eTa-nepeXO)lbl 

Ha· JlbIPO'IHbl8 COCTOHHHH aimpemeHbI. Y '18T napHbIX xopp8llS!llllil npHBO)lllT K Il0.!1Bn8HlllO MHOlKH,

Tenn R /3 B sepo51THOCTH 6eTa-nepexo11a. Tax,Ann,8--pacna11a Tnna {2n+ 1➔ 2n; 2p➔ 2p+ 1) 

.· HM88M C;.TO'IHOCTblO AO ~HOX<HT8JIH' 6n11sxoro K 8)lllHIIU8: 

R tJ' [ u\'ml u<,2P>] 2, (10)' 

.rAe . u I ll u t - napaMeTpbl KaHOHll'l8CKOl'O npeo6pa30BaHH.!1 Boron1060Ba, Bhl'11ICllH8Mbie 

JlJIH Ha'lanhHOro ll KOH8'1l!Oro COCTOSIHHll · nellTpOHHOli II IIPOTOHHOll CHCT8M COOTBeT=Benno. 

BbI'll!CJl8HllH R13 ll Y'l8T HX B sepoHTHOCT>IX 6eTa-nepexonon 'npHBO)lHT K JJY'l.WGMY cornaCHIO 

TeOpllII _II 3KCnep.IIMGHT80 O)lH8KO OCTaeTCH BCe · )1(8 paCXO)K)l8Hll8 MelK)ly T80p8Tll'l8CKIIMll ll 

axcnepnMeHTanbHblMll 3Ha'IGHIIHMII ft B cpe)lHGM B W8CTb-C8Mb pas •. 3To· pacxolK)leHHe •. 

, 110-Blllll!MOMY, SIMH8TCH cnenCTBll8M ynpomen11oll MO)l8Jlll Cp8Jlll8ro nonn II Hey'leTa Apyr11x 

oc-raTO'IHhIX naanMOAellCTBIIll. 

. . /23/ 
B pa60Te ohino npennolKeHo paCCMOTp8HIIe OTHOWe~nll BepoHTHOCTeli DeTa-nepe-

.XO)lOB (paapeweHl!blX ll/Ill 3aIIpemeHHbIX)OAHOro TIIII8 B COCe)lHIIX HUpax. Ecnu <pJJIOKTyan1111 

cpe11~ero IIonn OT HUpa K .!lllPY cna6o i::xa3hIBaIOTCSI na nepoHTHOCT>IX f5eTa-IIepexoAoB, TO 
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STD OTHOW8HHSI onpenen.BJOTCSI OTH,OW8HDSIMD <liaxTopoB R /3 B cocenHDX H)lpax •. A:Hanna axcne

pHM8HT8/lbHblX naHHblX IIOlt83b1B8eT, 'ITO Taxoll nonxon HB1ISI8TCSI B8CbMa non83Hb1M D Il03B0-
' , /24/ 

mteT CDCT8M8Tll3llpOBaTb 6eTa-nepexonbl B paann'tHblX H)lpax • B 't8CTHOCTll, HaMD TaXaSI 

CllCTeMaTnaaunSI Obl1Ia npoaen~Ha a H)lpax c 152 ~- A "',,. 160
1141

• ,!-

·g 2 TpeTbell rnam,r nocamneH ,nccnenoaaHDio B1Ill~HllSI. napHb!X xoppenSIIlDll Ha aepoHTHO

CTll raMMa-nepexonOB MelKJly BHYTpeHHllMD B036ylK)leHDSIMll B H8't8THblX ne<j,OpMDp0B8HHblX 

. HJlpax. 

Y'teT napHblX Koppenmmll OK83blB88TCSI,OC008HHO B8:lKHblM npn paCCMOTP8HDD 'aneKTpD-
' ·. 

't8CKDX nepexonoa. IlpnaeneHH8H BepoHTHOCTb 81I8KTPD't8CKOro nepexoria M}'/lbTDilO/lbHOCTD A 

MOJKeT Ob!Tb aanncaHa B anne: 

B(EA)= B (E),,) R , 
s.p. ti ·Y (11) 

rne Ry · - <iiaKTOP, o6ycnoaneHHblll napHbl~H KoppennnuHMD, a B s.p. (EA) - onHO'tllCTD'tHaSI 

. npnaeneHHan BepODTHOCTba Bnn R,y 38BllCllT OT BblOOpa MOne/lbHblX <j,yHXUlllia TaK, p.zrn 
OObl_'tHbIX oapnllHOBCKDX <j,yHKUllli 

2 

Rr--' ulu2-vlv21, (12) 

rne u iI V - napaMeTpbl K8HOHll't8CKOro npeo6pa30B8HDSI Boronro6oaa, Bbl'tllCneHHbl0 

-nnSI Ha'tan&Horo ll KOHe'tHOro COCTOSIHllll ' H8't8THOro H)lpa. Y'teT a<j,<j,eKTa 6noKHpOBKD ll npo-

8KTHpOBaHne 6apnn110BCKDX <j,yHKunll na npocTPaHCTao nanHoro 'qucna 'tacTnu MeHS!IOT Bllll R.y~ 

8 nuccepTllllllll ll31IOJK8Hbl peay/lbTaTbl paC'teTOB' <j,aKTopoB R ·nnSI aneKTPll'tCCKllX nunon&-
y /22 23/ . 

Hb!X. nepexonoB B ne<j,OpMUPOBllHHblX smpax; npoaeneHHblX B pa6oTax • • p 8C't8Tbl noxa- , 

aanu, 'ITO <j,aKTopM R ,y 01taa_blaa10TCH oco6ewio ManbrMu (n npnaonDT K c11n&Holi aanepJKKe 

El - nepexonoa). ecnn XDMD't8CKlll! IlOT8HUHan neJKllT MelK)ly onHO'taCTH'tHblMU·ypoBHSIMH,· 
' " ' .. ,-3-4 

y'taCTByromnMn a nepexone. Benu'tnHa RY a aTnx cnyqaHX MoJKeT 6bITb nopSillKa 10. -~O. 

n OKa3blBaeTCH cymecTBeHHO aaaucmneli OT ManbIX naMeHeHHll napaMeTpoa 11.1o;enn Hnn&cc,o-' 

Ha. llnSI BblSICH8HH.lt TO'IHOCTH paC't8TOB B STHX cny't~SIX OblnH npoaeneHbl Bbl'tl!C1I8HH.lt R,y 

c paam1'tHbIMn 11.1one/lbHb~MH <j,yHKUIIHMH. Ha pnc. 2 np11aeneHbl HeKOTOpbre peayn&TaTbI STIIX 

Bbl'111cneHnl!. 01taaanoc&, .'ITO xorna R 
Y 

O't8Hb M81Ibl, peayn&TaTbl pac~~TOB C pa3nH'tHbl-

MH <j,yHKUll.ltMH' nnoxo cornacylOTCH M8ll<AY co6ol!. B A pyrux Cny'iaSIX Bbl't11CneHHbl8 c'paalm't-

HblMII MOJl8/ll,HblMD q>yHKUH.ltMll R 
Y 

6nnaK11 Me)l(Jly co6ol!. Ilpoaene110 cpaaueHHe BU'tncneH-

Hbrx RY c -Ha6nronaeMblMD <iiaKTopaMn aanpe'l'a F N, , paBHblMn· OTHoweHnro, a1tcnepnMeHTa/lb

Hb1x npnaeneHHblX BepOHTHOCTeli K Bbl'tHCneHHblM B Monenn Hnn&ccoua. Ilony'teHHOe cornacne 

HB1IHE!TCSI 'B o6meM ~8YJl0B1I8TBOpll T8/ll,HblM, H 3TO, no-aunHMOMY. 06ycnoane110 KaK 118Jl0CT8T

K8MH Monenn Hnn&ccoHa, TBK u ney'teToM paanH'tHblX AononHHTe~itblx aaanMonel!cTanli. B 

CB8PX!E!KY'i,eli MonenH smpa_. Ilpoaenen T8KlKe ananu3 a1tcnepnMeHT81IbHblX OTHOW8Hllll Bepo~ 

HOCTel! El-nepexonoa OJ'!Horo Tnna B pa31IU'tHblX, Slllpax II cpaBH81UI8 C OTHOW8HIISIMII _R.y 

B 9THX HllPBX. AHanH3 noKaaan 'lp_03Bbl'tal!eyro 'tyBCTBHTeilbHOCTb BepOHTHOCTeli El -nepexo-

;~ 

8 

\ 

·J 

noa K qlnlOKTyalUIII cpenHero nomr. IloSTOMY KOnH't8CTB8IIHbl0 paC't8Tbl Bepo'srrHOCTell El

nepexonoB HOKB HllXO!lHTC.lt Blle npenenoB TO'IHOCTH CBepxTeKy'teli MOnenH Slllpa. 

/11,12,14 18 19 20 21 22/ 
0CHOBHbl8 peaynbT8Tbl _nnccepTamm ony6nHKOBaHbl B paoOTax • • .' , • 

H )l01IOlK8Hbl Ha XIII II XIV H XV eJKerO!lHblX COB&lllaHHS!X no H!l8PHOli cneKTpOCKOHIIH. 
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TaCim1ga*> 

:: o,164 

HeiiTpOHHUC .lUlYXKB33ll'!aCTll'IHUe 
COC~Ol!!lllll 

Kom)nry-' K. 3J1epr1rn MeV 
paUllll , Bhlt!IJCll. 

K,KtI 6- .I,7 I-

K,i{tI 2t I,9 
3t 

i{-I ,Kt! It I,9 6t 

K-I,Kt2 3~ 
2,2 2-

ii-2,KtI 2- 2,2 5-

,{,K+3 5+ 2,4 O+ 

K+I,;{+2 4- 2,4 3-

;{-1,J{ ~- 2,6 0-

K+I,Kt3 I- 2,8 6-

K-2,K 4t 2,9 I+ 

K-2=52It; ic-I=642f; 1{=523J; 

K+I=633t; K+2=52IJ; K+3=5I2t; 

8Kcnep1rn. 

(I ,680) 

(I,987} 

:'."(, 

!1pOTOHilh,e .lUlYXl(BU311'1UCTll'IHh!e 
COCTOHHIUI 

Kom;mry- 3ttepr11a 
]JaIUll! K• .cuti;1c. 

2-
K,Ktl 5- I,4 

K-I,KtI 6- I,8 I-

i{,Kt2 2t 
It I,9 

Y.-I,K 4t 2,I It 

K-2,l{t2 I+ 
6t 2,I • 

K+I,it+2 4-
3-. 2,I 

I 
lt-I,K+2 2+ 

3+ 2,2 

i{-2,J{ I-
4- 2,4 

K,K+3 5+ 
2+ 2,6 

K-2,K-I 5-
0- 2,8 

K-2=532t; K-I=4I3J; K=4IIt; 

K+I=523 f; K+2=4IH; K+3=404J; 

MeV _ 

bi,:cnep. 

(I ,680) 

(I;987) 

lE)B OCi03HatieHilllX Oi\HOtiaCTl11/Hh!X YPOBHell cpe,lHero IlOl!H K,K+I ,i{+2, • • • l!Cil0l!I,30BaHU 
KB3!!TOBUe 'l'.'!Clla U0,1\elll! H11mccotta'• N, .,,A II :£-+¼ft) ; .x--% ,.,_ 
YponeHI, i{ COOTBeTCTByeT IlOBepXHOCTH ¢epl.lll. 
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----.., ' 

ll 177 
10Jb 

9/2.+(62't}t 

+ 1 ~~Cf" 1"1, 
(l} +, ,i4/<!~ -~.J {162.4)f+J5't'I-H-CSft,)IJ 
~ f230'<:'- {(62'fJt:-(5f'tJ♦ +(5ft,)t} <i+i! t tf48--.l.:.':J __ _ 

LJ11m. 
~ - 970 {(62/i)t+ (5flt)t +(lt04-)fj 

2. f 3 I · <:::::&~ 
{(624)t +(514-)f, +(S/2.)f J 

-,-----(¥+) 
85't q• :-./' . 23+{(lt04)J+(5f4}f+(Sn)tJ I I 2112+

21
_ T · 

,a
T 

11-' 
2 

636 !.§+ 
2 

. u+ -'162 ----:==---'tl/0 T 

ff_+ 289 --==:.,_-268 T 

Ir (5f'IJf 1so--,:--.:=::= 12.2 ¾ + 2 , 

7 + (404}1 o f77 \ 
2 - · .· Lu · 

7f 

~ 

f087 ----... 19/2.+ 

f018 ---11-

883 ---1112+ 

794- ---i-
709 ---15/2+ 

5'92 --- ,s-
sss---13/2. ... z 
4 27 1112.+ 
4-0, 1-
321 _ __,.;. __ ! + (624-)t 

2.50 ---11-

113 p-----2 
0 

12 Ht 
177 

·:r(s1~Jt 

Tc 
177 

7!J a. 

7 
./\ 

·177 177 , 
Pac. 1. TpeXJraa3H'i8CTH'IHbl8 B036y»meHH.II'. B Lu H Hf • 3KcnepHM0HT8llLHbl8 

llSHHb18 ·B:Hrrbl H3 ·pa6oT: G.T.Eivan. Bull. Am. Phys. Soc.,2., 18 (1964); J,Blok, 

D.A.Shirley. Phys. Lett., ~ 232 (1964); 
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r':.' 
, . . , .... , r· (6+-2)t ~cs21)t •' l: 

',. 
~ ~f/ \ I \ 

\I I 
I I' 
I ,, 
\. I I 
\ \ I 
I I 
\ I /. 
I I I 

;;•f I I II I I I 

\ I 
I 
I 

1.4 I 
I 

, I I , ,,1 

I 
I I 
I I 

' 
1 . ,, ,. 

\ \\J ;, \ I 
' ,, I I 
\ ,, I I 
\ I I I I 

I f ,, 
I I ,.-a1 ,,,, 
I I 1 

Y. / I I 

"'' I I I I I Dllb11
~ 

I I 
I I I 

I I 
I / · (633}' ;;:: cs12i, 

Gd"' I 
I I 
I I 
I 1. 
I I'• 
I 1: 
II~ 

·• ,0 ' ,, 113 DS 91 97 ., "" ··~ ,os N 

, Pnc. 2. <i>aKTOpbl R,y nnH JlBYX THilOB El - n~p8XO)l0B B H/lpax C H8'18THblM 

'IHCilOM HellTpOHOB N ; Bbl'IHCil8HHbl8 C MO]l8nbHblMH q,yHKllHSIMH: 

X-, :- - X 1 - fiea Y'l8T8 S<pq,8KT8 finoKHpOBKH j o - o 2 - C Y'l8TOM 

a<j,q,eKTa finOKHpOBKH j x- - - X 1' - C npoeKTHpOB8HHblMH Ha npoCTpaH

CTBO C ]l8HHblM 'IHCilOM '18CTHllj - 2' - C npoeKTHpOB8HHblMH 

H yqHTblB810lltHMII aq,q,eKT . finOKHPOBKH, KBanpaTHK8MH OTM8'18Hbl q,aKTOpbl 

aanpeTa F N B paann'!Hb!X H/lpax. ' 
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