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N paccqHT8Hbl CKOp:>CTR napuHanbHbiX nepe

XOAOB H ClleKTp lKeCTKHX y -KBSHTOB C HCn;nb3088HHCM HOBOI"'O oH!J<jleKTHB

HOrO 1"'8MHnbTOIIK8H8, nonyqeHHOrO B pa6oTe 12/. faMKnbTOHHaH ynoaneT

BOpReT Tpe60B8HHHM K8nH6poeoqHoli HHBBpHSHTHOCTH H yqHTbiBBeT ~epMIICB
CKOe ABHlKeHKe HyKnOIIOB 8 RApe. Cor naCHO pacqeTBM, npOBCAellHLIM B HOCTOR 

Well pa6oTe, CyMMBpHbiii BbiXOll Y -KBSHTOB, COOTBeTCTByiOIIHIX CDHH-lllfDOnb

HbiM B036ylKlleHHHM S!llpa, yMeHbiUBeTCH HB 10-15%, a BbiXOll y -KBBHTOB, 

COOTBeTCTBYIOillHX CllHH-KBBllpynonbHOli BeTBH B036ylKileHHSI,- Hll 30%, 0CHOB

Hble OTnHqHH OT peaynbTBTOB pacqeTOB C TpllllHUHOHHOli cpopMOH raMKnbTOHRll 

HB 06ycnoaneHbl HOBbiM KHHeMBTRqeCKHM ~BKTOpOM, OAHilKO B cna6biX nepeXO

ASX 38MeTHyiO pOnb TBK~<e KrpaiOT HyKliOJfllbie CKOpOCTHbie qneHbl H KKHeMa

TKqeCKSH nepeHOpMKp08K8 KOIICTSHT 3~KTKBHOrO rBMHllbTOHHBHa. 

Pa6oTa BbinOl!HeHa B na6opaTopuu TeopeTuqecKoli ¢H3HKH OVI.HH. 

npcnpHHT 06beAHHCHHOrO HHCTHTYTS SUlepHblX HCCliellOBSHHli, lly6H8 1978 

Gmitro M. et al. P2 - 11991 

The Influence of Gauge Invariance and 
Nucleonic Fermi-11otion on Radiative Pion 
Capture on 16 0 

Partial transition rates and the y-ray spectrun 
for the r.adia tive pion capture reaction on 16 o have 
been evaluated by using an effective Hamiltonian which 
is gauge invariant by construction and also contains the 
nucleonic Fermi-motion effects. As compared with the 
results obtained for the traditional effective Hamilto
nian, a 15-20% reduction of y -ray yields is observed. 
It can be almost fully related to a new kinematical 
factor. The nucleon velocity terms which appear in the 
new Hamiltonian may cause changes in the most weak parti 
al transitions only. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR, 
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1. BBEI(EHHE 

llpouecC pa.IJ.BaUBOHHOTO 3aXBaTa llHOHOB aTOMHbiMH 

.II.IJ._{)aMH JIBnJieTCJI Ba>KHbiM HCTO'IHHKOM HH<!lopMaUBB 0 CTpyK

Type BbiCOKOB036y>K.IJ.eHHbiX JI.IJ.epHbiX COCTOJIHBH, B oco6eH

HOCTB KonneKTBBHbiX cnsH-BJocnHHOBbiX pe3oHaHcoa. Has-

6onee nonHO, KaK 3KCllepBMeHTanLHO/l{ TaK B TeopeTB'IeC

KB, B3y'leHbl JI.IJ.pa lp -o6ono'IKB, r.IJ.e a peJynLTaTe npo

Be.IJ.eHHbiX paHee BCCne.IJ.OBaHBH Bbi.IIBneHbl OCHOBHble 3aKOHO

MepHOCTB BOJfiY>K.IJ.eHB,./2-7/ B pacna.IJ.a/B/ KOnneKTBBHbiX 

JI.IJ.epHbiX COCTOJIHBH. 

llps TeopeTB'IeCKOM aHansJe JToro npouecca MO>KBO 

ycnOBHO Bbi.IJ.enBTL TpB OCHOBHbiX JneMeHTa, BXO.IJ.JllUIIX 

a pac'leT. 

a/ MeJoaTOMHble xapaKTepscTBKII: aonHOBble cllYHKUIIII 

MeJoHa Ha op611Te (n, £>, nonHble cKopocTB nornmueHIIJI 

Me3oHa JI.IJ.POM Anf B csm.l nornmueHIIJI wnf, TO ecTL 

.IJ.OnJI Me30HOB, JaxaaTbiBaeMbiX JI.IJ.POM c ypoBHJI ( n, f); 
6/ JI.IJ.epHble BOnHOBble <ilYHKUIIII 11n11 JI.IJ.epHble Ma Tpii'IHble 

JneMeHTbl; 

B/ 34MileKTIIBHbiH raMIInLTOHBaH npouecca. 

llepable .IJ.Ba nyHKTa .IJ.n.ll peaKUIIB 16o(rr-,y)
16N no.IJ.

po6Ho 06Cy>K.IJ.aniiCL B pafioTe/4/, 0TMeTIIM TOnLKO, 'ITO 

34MtleKT, CBJI3aHHbiH C y'leTOM CnO>KHbiX KOH<!lllrypaUIIH KaK 

B OCHOBHOM, TaK II B B036Y>K.IJ.eHHbiX COCTOJIHIIJIX, OKa3anCJI 

BeCLMa 3Ha'IBTenLHbiM II npHBen K yMeHLWeHBIO BbiXO.IJ.a 

y -KBaHTOB C nepeXO.IJ.OM B CBJI3aHHble COCTOJIHIIJI .II.IJ.pa 

l6N a 2,2 pa3a, a nonHoro BbiXO.IJ.a - a 1,5 pa3a no cpaaHeHBJO 

c pacqeTaMB a npocToi qacTII'IHO-.IJ.biPO'IHOH MO.IJ.enB. B 
paMKax llcnonLJyeMoro no.IJ.XO.IJ.a y.IJ.anocL aocnpoBJBeCTB 
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rpocc- CTpyKTypy cneKTpa B036ylK~eHBJI Jl~pa l6N, · BJ1B 

cneKTpa y "KBaHTOB. 

qTO KacaeTCJI TpeTbero nyHKTa, TO 3aMeTBM, 'ITO 

B 60J1bWeii: 'laCTB KOHKpeTHbiX pac'leTOB pa~BaUBOHHOrO 

3aXBaTa llBOHOB BCllOJ1b30BaJ1CJI 3clxlJeKTBBHbiH raMBJlbTOHB" 

aH npouecca/9-lll, llOJly'leHHbiH B CTaTB'IeCKOM /no BM" 

nynbcy HyKnoHa/ npe~ene BMnynLcHoro npa6nHlKeHBJI. 0~
HaKO 3TOT raMBJlbTOHBaH He TOJlbKO He y'IBTbiBaeT HYKJ10H" 

Bble CKOpOCTHble 'IJleHbl, HO I}JaKTB'IeCKB npBBO~BT K Hapy

weHBIO KanB6pOBO'IHOH BHBapBaHTHOCTB. JIBHWH BB~ H eff 
C y'leTOM 3TBX 3clxlJeKTOB, a TaKlKe BCeX rl ·BOJlHOBbiX 

l{JleHOB 3J1eMeHTapHOH aMllJlBTY~bl I}JOTOpOlK~eHBJI, 6biJ1 no

Jly'leH B pa6oTeiiW.B03HBKaiOmHe npB 3TOM KBHeMaTB'Iec

KBe nonpaBKH y'IBTbiBaJIBCb a pa6oTe 17 I npa pac'leTe pa~aa
UBOHHOrO 3aXBaTa llBOHOB B yrnepo~e, O~HaKO llOJ1HbiH 

paC'IeT C HOBbiM 3clxlJeKTBBHbiM raMBJlbTOHBaHOM ~0 HaCTOJI· 

mero BpeMeHB OTCYTCTBOBaJl. 

,nnJI BbiJICHeHBJI KOJlB'IeCTBeHHbiX OTJ1B'IBH pe3yJ1bTaTOB, 

K KOTOpbiM npBBO~BT BCllOJ1b30BaHBe HOBOrO 3clxlJeKTBBHOrO 

raMBJlbTOHBaHa, a HacTOJIIUeii pa6oTe npoae~eH pac'leT 

XapaKTepBCTBK pa~BaUBOHHOrO 3aXBaTa llBOHOB JI~pOM 16
0. 

2. 3tiHI>EKTHBHMH TAMHJibTOHHAH PAI{HAaHOH
HOTO 3AXBATA IIHOHA 

B BMllYJlbCHOM npa6nalKeHBB 3clxlJeKTBBHblii: raMBJlhTOHB

aH pa~BaUBOHHOrO 3aXBaTa llBOHa, ~eii:CTBYIOmHH Ha nepe

MeHHble HYKJ10HOB, BMeeT BB~ CyMMbl O~HO'IaCTB'IHbiX one· 

paTopoa: 
A ........ 

-i k X • -> (-> -> ) ->) ( ) H rr"' ~e lfdr8r-x. H.c,bo (r r_ j. 
e j==l l l nl m 

/1/ 

--> ... .... 1 .... 
3~eCb k - BMllYJlbC I}JoTOHa, X. = r. - -r ~ r. 

l I 1-\ I t 
- KOOp~BHa· 

Tbl i.- ro HYKJlOHa, OTC'IBTaHHble OT UeHTpa MaCC Jl~pa, 
c/>nfm ( r) - BOJlBOBaJI I}JyHKUBJI DBOHa Ha Ne30aTOMHOH 

op6BTe C rnaBHbiM KBaHTOBbiM 'IBCJ10M n, op6BTaJ1bHbiM 

NONeHTOM f B ero npoeKUBeii m, r_ - B30CllBBOBbiB one

paTop, nepeao~JimHii npoToH a ueiiTpoH. OnepaTop Hi 
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BblpalKaeTCJI qepe3 t -MaTpBUY 3J1eMeHTapHoro npouecca 

Ha j -oM HYKJlOHe Jl~pa H. == ( 2 77 )
3 

• t .. 
l l 

C HCllOJ1b30BaHHeM npB6J1BlKeHBJI CTaTB'IeCKBX /" 3aMO" 

polKeHHblx"/ HYKJIOHOB B npelKHBX pa6oTax1
9

•
111 6blno no

ny'leHo cne~yromee BblpalKeHBe: 

. ...* ! .... .... < ...... )I 2 Hi ""-1G 0 (A. A ai + B ai kq f1. + 

+ C-(ai k)q/f1.2 + iD[qk]/f1. 2 + E(aiq_)q/f1. 2 l, /2/ 

r~e co = ~vL (1 + 
fl k 

II \ -,, 
n: 

11 B m - MaCCbl Me30Ha B 

HYKJlOHa, --;~ - BeKTOp llOJ1JipH3aUBB I}JoTOHa (A = ± 1 ), a j -

MaTpHUbl llaynB j - ro HYKJlOHa, q - onepaTOp BMllYJlbCa 

Me3oHa, ~eii:CTBYIOIUBH Ha ero BOJ1HOBYIO I}JyHKUHIO. 

KaK 6blno 3aMe'leHo a pa6oTel 12~ BblpalKeHBe /2/ He 

y'IBTbiBaeT nocne~oaa TeJlbHO Tpe6oaaHHii Kana6poBO'IHOii 

HHBapaaHTHOCTB. Oco6eHHO uarnJI~Ho 3TO npoHBJIJieTCJI npH 

paccMoTpeHHB nepexo~oa c nepe~aqeii: JI~PY 6onbweii: qacTB 

C06CTBeHHOH 3HeprBB llBOHa, KOr~a ~JlJI I}JoTOHa npBMeHBMO 

~nHHHOBonuoaoe npa6nalKeHHe. llpH 3TOM BblpalKeHHJI I 1/, 
/2/ npHBO~JIT K 3aBBCHMOCTH CKOpOCTH nepexo~a OT 3HeprHH 

l}loToHa ,\ ( i .... f),.. k, Tor~a KaK H3 o6max coo6palKeHHii 

CKOpOCTb J11060r0 npouecca C H3J1y'leHHeM ~J1HHHOBOJ1HOBOrO 

l}loToHa ~onlKHa 6b1Tb nponopuaouanLHa k 3 . llpH'IHHa npoTB

aope'IBJI B TOM, 'ITO npB I}JopMaJlbHOM BCllOJ1b30BaHBB CTa· 

TB'IeCKoro npe~ena BB~ aMnnBTY~bl 3J1eMeHTapuoro npouec

ca, cnpaae~nHBblii: npa ycnoBBB KynouoacKoii Kana6poBKB 
.... -> ( k • ( = 0) aeKTop-noTeuuaana l}loToHa a c.u.a. rrN , 

acnonL3yeTCJI l}laKTB'IeCKB a c.u.a. rr A. 3aMeTBM a CBJI3B 

C 3TBM, 'ITO npe~JlOlKeHHbiH B pa6oTe /II/ cnoco6 yqeTa 

~epMBeBCKOrO ~BBlKeHBJI HYKJ10HOB, CBO~JIIUBHCJI K 3aMeHe 

k B q B BblpalKeHBB /2/ BMllYJlhCaMB OTHOCBTeJlhHOrO 

~BHlKeHBJI, a Toii lKe Mepe ue y'IBTbiBaeT Tpe6oaaHBJI 

KaJ1H6pOBO'IHOH BHBapBaHTHOCTB. 
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C y'leTOM tiJepMHeBCKOrO )].BB>KeHB.II HyKnOHOB H KanB6-

pOBO'IHOH HHBapHaHTHOCTH oneparop H j BMeeT cne)].yiOUUIH 

BB.D./12/: 

Hi = -iGo Xk ~ gs(1~ e s ), 131 
0 R 

r.D.e aenB'IBHa x0 "' p. (2m + p. )/(2m -t 2p.) coana.D.aer c 

HMnynbCOM tiJoTOHa npH pa,D;HaU,BOHHOM 3aXBaT_j: llHOHa CBO

fiO.IJ.HbiM npOTOHOM; .IIBHbiH BB.D. onepaTopoB () s npBBe.D.eH 

B ma6A. 1. TaM >Ke .IJ.aHbl Bblpa>KeHB.II .D.n.ll KOHcTaHT g 
s 

_ Ta6Auf.la 1 

Oneparopbl e B KOHcraHTbl g 3tlJtlleKTBBHoro raMHnbTOHB-s s 
aHa 131. 
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14 

15 

16 

~ 
IT 

<f(q.i<) 

Q((T.R) 
da .. i<J 

?(;(.?) 

?(?t'."P) 
(;.K) -p 
Cic;.P) 

1- C"K. 0.) (K }) 
c;."K)(K.a) P' 

(~.lt) p 
o;~~)(i(.P). 
i [Q. T<J (K. P) 

~[~,;~ --] i [Q. p 

;(Q.'K) [P .. "KJ 

A. 

b) 

gl 
s 

II 
gs 

A+y(B+C+E-2H) 

c) 

C+x(2A-JC)+yE C+x(2A-3C)+yE 

D(1-3xl 

-A-B 

-s-e-E 
A-C 

-C-E 

-B-<:-E-2F 

B+C-G 

-E 

E-G· 

-H 

-D 

-D 

-H 

D(i-3x)+yH 

C+E-A 

0 

A-c 
-c-E 
G-B-C 

B+C-G 

-E 

E 

-D 

-D 

-H 

0 

103alB) 103 Ila) 
"'s Bs 

-33.2 -32.9 

8.5 7.1 

-28.5 -28.5 

9.1 9.0 

28.4 30.7 

-2.3 0,0 

-0.3 -0.3 

2.5 2.5 

-o.6 1. 7 

-1.7 -1.7 

-30.4 -30.4 

56.8 30.4 

0.9 o.o 
-11.7 -11.7 

-11.7 -11.7 

0.9 o. 9 

--~ ~"9 ? -Odo3Ha'leHJlR: JC 7 lt/1 k I , P • p/a, Q ,. q/r- ; x ·fr-/m, y =4-Ck/t">-f<t.../ml. 
a) 3Ha'lellllll j, npH k = 120 llaB/C 

b) £ 2( I) • (k/~)B-2x(A+B)-y(C+E) 

c) g2(II) ~ (k/~)B+2x(C+E-A)-y(C+E-G) 
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qepe3 noporoahle 3Ha'leHB.II napaMeTpOB 3neMeHrapHoii aM

nnHTY.D.bl tiJoropo)K)J.eHB.II I s - aonHoBoii napaMerp A, p -

aonHOBble napaMeTpbl B, C, D, d - aonHOBble napaMeTpbl 

E, F, G, H I. )l.aa aapBaHTa KOHCTaHT g s cooraercrayror 

pa3HbiM CllOCOfiaM 3KCTpanOnJII.{BB 3a MaCCOBYIO llOBepx

HOCTb BHBapBaHTHblX aMnnHTY.D. F i ( S, t) tiJoropo)K)J.eHB.II 

nBoHa Ha HyKnoHe. B o6oBx cny'la.llx 3Ha'leHBe KBa.IJ.para 

nonHoii 3HeprBB s B3.11TO Ha nopore tiJoropo)K)J.eHB.II, a B03-

Mo:>t<Ha.ll 3aBHCBMOCTb HHBapBaHTHblX aMnnBTY.D. BBe Mac

COBOH noaepxHoCTB or .IJ.OnonHBTenbHblX nepeMeHHblX He 

y'IBTblBaeTcJI; 3Ha'leHBe t B nepBOM aapBaHre/
12/ Bblpa

:lKaeTC.II qepe3 BMnynbCbl OTHOCBTenbHOrO )].BB>KeHB.II "nBOH

HyKnOH" B "tiJOTOH-HyKnOH", KOTOpble 3aTeM Bblpa>KaiOTCJI 

qepe3 BMnynbCbl Me30Ha, tiJoroaa B HyKnoaa B na6oparop

aoii CHCTeMe OTC'IeTa; BO BTOpOM BapBaHTe t Bblpa>Kaer

C.II aenocpe.IJ.CTBeHHO qepe3 BMnynbCbl tiJoroHa B Me3oHa 

B na6opaTOpHOH CHCTeMe: 

2 -+-+) 
t = fl - 2kp. + 2(k q . 

llOMHMO npBBe,IJ;eHHbiX B Jla6A. 1 onepaTOpOB, BMeeTC.II 

TaK>Ke 11 'lneHOB, KBa)].paTB'IHbiX flO HMnynbCY Me30Ha 

B CBJI3aHHbiX c d -aonHOBbiMB KOHCTaHTaMB E, .F, 'G, H. 
0)].HaKO B HaCTO.II~eii pa6oTe 3TH qneHbl He y'IHTbiBanBCb, 

llOCKOnbKY OHB MOryT 6b1Tb cymeCTBeHHbl nHWb npB 3aXBa

Te Me30Ha C op6BTanbHbiM MOMeHTOM f ~ 2, TOr)].a KaK npB 

f< 2 BX BKna)]. nponopU,BOHaneH (Z/137)2-f, 
Hcnonb3oBaHHble B aacroJimax pacqerax 3Ha'leHB.II na-

paMerpoB 

'A=-33,2·10-3
, B"'+4 8·10-3 

' ' 

C=-32,9·10-3
, D=+11,7 ·10-~ E=30,4·10-3 141 

B3.11Tbl B3 pa60Tbi/Il/; OHB 6nB3KB K "peKOMeH)].OBaHHbl~" 
cpe.D.HBM 3Ha'leHBJIM"' 1', a raK>Ke K nony'leHHbiM B pa6ore 

121. 
3aa'leHB.II ocranbHblX napaMeTpoB 

-3 . -3 H F = -0,85-10 , G = -26,4-10 , -0,9·10-3 lSI 

B3.11Tbl B3 pa60Tbi/I2/, 
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KaK BH.D.HO H3 cpaaHeHHJI Bhlpa>KeHHH /2/ H /3/, npHHJI

ThiH B HaCTOJII.QeH pa6oTe 3<W!eKTHBHhiH raMHJILTOHHaH, 

B OTJIH'IHe OT HCDOJIL30BaBWerOCJI paHee, CO,D.ep>KHT: 1/ ,D.O

DOJIHHTeJILHhiH o6I.QHH KHHeMaTH'IeCKHH MHO>KHTeJIL k/X O • 

o6ecne'IHBaiOI.QHH npaBHJILHoe noae,D.eHHe cKopocTH nepexo,D.a 

B ,D.JIHHHOBOJIHOBOH 06JiaCTH; 2/ HOBble onepaTOphl, JIBHeii

Hhle DO HMDYJILCY HYKJIOHa; 3/ "KHHeMaTH'IeCKYJO" nepeHop

MHpOBKY H3BeCTHhiX pauee 'IJieHOB I s =2,3,4/, acne.D.CTBHe 

KOTOpOH KOHCTaHThl g
2

, g
3

, g
4 

OTJIH'IaiOTCJI COOTBeTCT

BeHHO oT B, C, D. 

3. PE3YJihTAThl PACqETOB 

,lJ,JIJI BhiJICHeHHJI pOJIH nepe'IHCJieHHLIX BLIWe OTJIH'IHH 

3<W!eKTHBHOrO raMHJILTOHHaHa OT HCDOJIL30BaBWerOCJI pa

Hee, Mhl npoaenH pac'leThl ( rr-, y) -npo:u;ecca Ha JI,D.pe 
16 0 C BOJIHOBhiMH ciiYHKD;HJIMH 060JIO'Ie'IHOH MO,D.eJIH, B KO

TOpLIX Y'ITeHLI KOHciiHrypa:o;HH ",D.Be 'laCTH:Uhl - ,D.Be .D.LIPKH" 

/ 21i w H 311 w I KaK a ocHoBHOM cocTOJIHHH JI,D.pa 
16 0, TaK H B KOHe'IHLIX COCTOJifH'X 

16 N. 3TH ciiYHKD;HH 

HCDOJIL30BaJIHCL pauee B pa6oTe 4 .D.JIJI pac'leTa Toro >Ke 

npo:u;ecca C npe>KHHM 3<W!eKTHBHhiM raMHJILTOHHaHOM. 

Pacc'IHTaHHLie 3Ha'leHHJI cKopocTeii nepexo,D.oB 

.\
1 

(rr- + 16 0-+y + 16 N) H .\ 2 ""(rr- + 16 o .... y+ 16 N) a caJI-

3aiiHhle COCTOJIHHJI 0- 1- 2 :.p 3- JI,D.pa 16N npuae,D.eHLI B 

JIQ6A. 2. 3,D.eCL >Ke ,D.aHhl BhiXO,D.Ll /Ha O,D.HH Me30H/ 3THX 

COCTOJIHHH R 8 = (JJ 8 A18 /A 18; Rp = wp,\2p/A2p; R = R 8 + RP' 
DOJiy'leHHhle C y'leTOM CYMMapHLIX CHJI norJIOI.QeHHJI W 

8 
= 

0,085 H wp =0,915 /T.e. ,D.OJIH Me30HOB, KOTOphle norJIOID;a

IOTCJI JI,D.pOM COOTBeTCTBeHHO H3 BCeX S- H p - COCTOJI

HHH/ H 3KcnepHMeHTaJILHLIX 3Ha'leHHH WHPHH ypoaueii Me-

30aToMa/I3, 14/rls = 1'i·A 18 = 7,64 K-:JI:3 Y1 f'2p= 1i·A2p = 4,7 3B: 
3TH Me30aTOMHhle xapaKTepHCTHKH, a TaK>Ke BOJIHOBLie 

ciiYHKUHH re30Ha Ha op6HTe B3J1Thl TaKHMH >Ke, KaK H B 

pa6oTe/ 4 • B cTpoKax a/ npHBe.D.eHhl pe3yJILTaThi/B/, no

ny'leHHhle C npe>KHHM 34MlleKTHBHhiM raMHJILTOHHaHOM, T .e. 

c onepaTopoM Hi a BH.D.e /2/; a cTpoKax 6/ - Te >Ke 

pe3yJILTaThl, YMHO>KeHHhle Ha KHHeMaTH'IeCKHH cilaKTOp 
2 (k/x

0
) ; B CTpOKaX B/ H r/ DpHBe,D.eHhl pe3yJILTaThl 

8 

I 
I 

J 
I 

Ta6Aufla 2 

CKopoCTH nepexo,D.OB ,\ nr H BhiXO.D.hl y - KBaHTOB R npH 

B036y>K,D.eHHH CBJI3aHHLIX COCTOJIHHH JI,D.pa I oN B pa,D.HaD;HOH

HOM 3aXBaTe DHOHOB JI,D.pOM 160: 
a/ pac'leThl c onepaTopaMH /2/; 
6/ TO >Ke, 

2 
HO C y'leTOM )J.ODOJIHHTeJILHOrO cilaKTOpa 

(k/x
0

) ; 

a/ pac'leTLI c onepaTopoM /3/; KOHCTaHThl g
8 

cooT

aeTCTBYIOT aapHaHTY f BhiXO,D.a 3a MaCCOBYIO noaepXHOCTL; 

r/ TO >K:e; aapHaHT II BLIXO,D.a 3a MaCCOBYIO DOBepx

HOCTL. 

Jljf A1s A2p Rs Rp R 
f [1o"i·j [fo'oc-f} [ 10-6

] [to-'] uo-"] 

a 0 5.63 0 7.2 7,2 

o- b 0 5,48 0 7.0 7.0 
B 0 0,68 0 0.9 0.9 
2 0 0.07 0 O.I O.I 
a 39,5 97.0 28.9 !24.3 !53.2 

r g 38.4 S4,4 28.! !20,9 !49.0 
t, 42.2 68.3 3J.9 87.5 IIB.4 
t 42.0 69.9 30.7 89,5 !20.2 
a 234.6 !26!.0 I7I.8 1615.9 !787, 7 

2- b 228.3 !227.0 !67.2 !572.6 !739.8 
B 249.5 !285.0 !82.7 !646.6 !829.3 
z, 252.3 !238.0 !84.6 !584. 7 I7G9.3 
a 12.0 275.3 8.8 3!:i2.8 36!.6 

3- ~ II.6 266.7 8.5 34!. 7 350.2 
B !3,6 348.0 9.9 445.9 455,9 
z !3.5 337,! 9.8 43!.7 44!.5 
a 286,! !638.9 209.5 2!00.2 2309.7 

L_ 0 280.3 !593.6 203.8 2042.2 2246.0 

J"' 
g 3J5.3 !702.0 223.5 2!80.9 2404.5 

f z 307.8 I645.I 225,! 2!06.0 233!.! 

aitcn. I50CJ±300 
-~---

paC'IeTa C HOBhiM 3<W!eKTHBHhiM raMHJILTOHHaHOM /onepa

TOp Hi B BH.D.e /3/ I H KOHCTaHTaMH g s, cooTBeTCTByiO

I.QHMH aapHaHTaM I H II /eM. 11a6A. 1/ BhiXO.D.a 3a Mac

coayiOnoaepxHoCTL. 
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AHanoraqHhle aenaqaHhl, npocyMMHpoaaHHhle no seeM 
cocTOBHH.IIM c onpe,neneHHhlM cnHHOM I J =0, 1, 2 a 3 I, 
,nnB OTpHUaTenLHOH qeTHOCTH npHBe,neHhl B ma6A. 3, ,nnB 
nono)I(JITenLHOH qeTHOCTH - B ma6A. 4. CneKTP cl>oTOHOB Hl 
peaKUHH 160( rr-, y) 16 N noKaJaH aa pacyaKe lracTorpaM
Ma - JKcnepaMeHTanLHhle ,naaable I IS/ I; cnnowaa.11 Kpaaa.ll -
pacqeT C npe~HHM raMHllbTOHHaHOM, nyHKTHpHaB - C HO
BblM Jcl>cl>eKTHBHhlM raMHnLTOHHaHOM. TeopeTaqecKae Kpa
Bble nonyqeHhl nyTeM pa3MblTHB BblXO,nOB OT,nenLHblX coc
TO.IIHHH l",nHCKpeTHblX" B 3TOH MO,nenal no pacnpe,neneHHIO 
lipeB.Ta- Baraepa c WHPHHOH Ha nonyBblCOTe r =l ,25 M3B 
,nnB CBB3aHHblX COCTOBHHH H r =2 M3B ,nnB BCeX OCTanL
HblX, qyo 6nH3KO K 3KCnepHMeHTanLHOMY pa3peWeHHIO. 

12001- Events/ 0.4 MoV II I~ 
~ 

1000 16oi .. -.,,16N• rn i -j) 

800 

\:t\ II I 600 

1'-1 I 
400 

:·~r~~~~ 140 19~' I I I I I 130 11~ I I I I I 12b1
1~~ I I I I I 1 1~1

1

~~ I I I I I I 6
130 

L ____ L-----~--~----~----~----~ 
E ~- 50 40 30 20 10 

Puc. CneKIIrp y - KeaHII06 npo11ecca 
160( rr -, y) 

16
N* . 

TUCIIOZpaMMa - 3KCnepUMeH11, CnAOWHa.R KpU6a.R - pac"lell 

CO cmapbiM 3(/HJeK111U6HbiM ZQMUAbiiiOHUQHOM, nyHKIIIUpHa.R -

paC"4e111 C H06biM 3tPfPeK111U6HbiM ZQMUAbiiiOHUQHOM. 

llonHblH BblXO,n ci>OTOHOB, pacqaTaHHblH C HOBblM raMHnL
TOHHaHOM ,cocTaanBeT R =1 ,74~ ,nnB nepaoro cnoco6a JK
cTpanonBUHH Ja NaccoayiO noaepxaocTL, ,nnB BToporo R = 
l ,65~, TOr,na KaK pacqeT C npe~HHM raMHllLTOHHaHOM 
.naeT R=2,14~; 3KcnepaMeHTanLaoe/I5/Jaaqeaae R =12,27± 
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Ta6Aulla 3 

CyMMapHhle CKOpOCTH nepexo,nOB B COCTOBHHB OTpaua TenL
HOB qeTHOCTH a: r, 2-;-3- B,npa 16 N H BhlXO,nhl y -KBaHTOB. 
CTpOKH a, 6, B, r COOTBeTCTBYIOT TeM ~e BapaaHTaM 
pacqeTa, qyo a a ma6A. 2. 

:;Iii .A 1s A2p Rs Rp P. 

j r 1o-~~-~1 [tot2c-1J [ 10-"] [to-"] [ 10-4] 

a 1.17 1.50 1.50 

p- b 0.94 1.21 I.21 
I 0.31 0.40 0.40 
2 0.14 0,18 0.18 

a 8.68 16.2 6.36 20.71 27.06 

r b 7.17 13.3 5.25 I6.99 22.24 
B 7.75 I4,2 5.68 I8.23 23.9I 
'2 7, 7I I4.0 5.64 !7,95 23.59 

" !0.7 58.I 7.81 74.4! 82.22 

2- ~ 9.46 5I.3 6.92 65.76 72.69 
l I0.4 51.6 7.60 66.07 73.67 

2 I0.4 48.6 7,58 62.25 69.83 

a 0.24 6.33 0.!8 8.II 8,29 

J 0 0.22 5.65 o.16 7.23 7,39 
g 0.24 6.4! 0.18 8,22 8.40 

z 0.24 6.26 o.18 8.0! 8.!9 

a 19.6 8I.8 I4.35 !04.7 II9.I 
0 17.0 7I.2 12.33 91.19 103.5 

.I J- l -18.4 72.5 13.46 92.92 !06.4 
'2 18.4 69.0 13.40 88.39 IOI.8 

0,241~- Hoabli raMHnLTOHHaH npaao,nHT K xy,nweMy corna
CHIO C 3KCnepHMeHTOM. CB.Il3AHO JIB 3TO C KOHKpeTHblM 
Bbl60pOM Me30ATOMHblX napa.weTpOB BilK npo.asneHHeM .Ka
.KBX- TO HOBblX Jcl>cl>e.KTOB - noxa BeJICHO. 

AaanB3 o,naoqacTaqablx .waTpaqawx :me.weHTOB B pe-
3ynLTATOB pacqeTa,npHBe,D;eBBWX B •a6A. 2-4, n03BOllJieT 
c.nenaTL onpe,neneaawe 3a.KJDOqeaaJI o poJIH yToqaeaai 
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Ta6Auija 4 

CyMMapHLie cKopocru nepexo)J.oB B cocro.RHH.II noJIO)KH

renLHo:i qeTHOCTH 0~ 1~ 2~3+ .II)J.pa 16 N H BLIXO)J.LI y -KBaH

TOB. CTpOKH a, 6, B, r COOTBeTCTBYIOT TeM )Ke BapHaHTaM 

pacqera, qro H B ma6A. 2. 

J'ii A is )up Rs Rp R 
j [ 10 16c- 1] [fot:zc-~1 [to-"] [ 10-4 ] [ 10-1,] 

a 0,26 0.34 0.34 
o+ ~ 0.17 0.22 0,22 

8 0.18 0,23 0.23 
IL 0,19 0.24 0.24 
a !,46 12.90 !.07 !6.54 17.60 

1+ ~ 0.82 7,23 0.60 9,26 9,86 e !.08 8,83 0.79 II.31 !2,!0 
2 !.04 7.75 0,76 9,92 !0.68 

a I. 78 26.66 I.:D 34,!6 35.46 

~+ b I.I4 !6. fi) 0,83 2!.!5 2!.98 e !.54 20.03 I.I3 25.66 26.79 
2 !,53 !8,96 I.I2 24.28 25.40 

a 2.03 3!.03 1.49 39.76 4!.25 

3+ b !.44 21,57 1.05 27.64 28.69 g 1.89 21.!4 1.39 27,09 28.47 
z 1.87 20.70 1.37 26.5! 27.88 

Cf 5.27 70,85 3.86 90.80 94.67 
r 

~l 
s 3.40 45.47 2.48 58.27 60,'!5 
t 4.5! fi) 018 3.31 64.29 67.59 
z 4.44 47.60 3.25 60.95 64.20 

! 

J~eKTHBHoro raMHJILTOHHaHa pa)J.HaUHOHHoro JaxBara. B 
HaH60Jiee CHJihHLIX nepeXO)J.aX B llOJIHOM BLIXO)J.e 4JOTOHOB 

qneHLI J4>4JeKTHBHoro raMHJILTOHHaHa, nponopuuoHaJILHLie 

HMllYJILCy HYKJIOHa, npo.IIBJI.IIIOTC.II BCCbMa CJia6o; OCHOBHLie 

OTJIHqH.II pe3yJibTaTOB pacqeTOB C )J.BYM.II BH)J.aMH oneparopa 

H. CB.II3aHLI C KHHCMaTuqeCKHM 4JaKTOpOM k/x O' JTOT )Ke 

«bJKTOp onpe)J.eJI.IIeT B OCHOBHOM OTJIHqHJI Me)K)J.y )J.BYM.II 

paccqaraHHLIMH cneKTpaMH 4JoroHoB /eM. pucyHoK/. B ro 

)Ke BpeM.II )J.JI.II CJia6hlX nepeXO)J.OB /HanpHMCp, B CB.II3aHHble 
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cocro.IIHH.II C 3- I BJIH.IIHHe HYKJIOHHhiX cKopocTHhiX qneHoB 

oKa3hiBaerc.ll JaMeTHhiM I )J.O 20- 30~/, npuqeM B O)J.HHX 

CJiyqaJIX OHH YCHJIHBaiOT BCpO.IITHOCTh nepeXO)J.a, B )J.pyrHX -

yMeHLWaiOT. B oqeHh cna6biX nepexo)J.aX o+ .. o- HYKJIOH

Hble CKOpOCTHhle qJieHbl H KHHeMaruqecKa.ll_llepeHOpMHpOBKa 

KOHCTaHT g 2 , g 3 /g 4 3)J.eCh He )J.aeT BKJia)J.a no npaBHJiaM 

OT6opaj pa)J.HKaJihHO MeH.IIIOT pe3yJILTaT. 3aMeTHO BJIH.IIIOT 

HYKJIOHHble CKOpOCTHble qJieHhl TaK)Ke Ha CllHH- KBa)J.pynOJih

HYIO BeTBb B036y)K)J.eHH.II npH norJIO~eHHH Me30Ha H3 s -
COCTO.IIHH.II. JTO CB.II3aHO C TeM, qro BKJia)J. "rJiaBHoro" 

nepBoro qneHa J4>4JeKTHBHoro raMH~JOHHaHa B nepexo)J.hl 

HyKnoHa qepe 3 o6onoqKy no)J.asneH 4 , a TPH cne)J.yro~x 
qneHa, nponopuuoHaJILHLie oneparopy HMnynLca Me3oHa, 

)J.aiOT oqeHh MaJILIH BKJia)J. B 3aXBaT H3 S -cOCTO.IIHH.II. 

06~ee H3MeHeHHe cyMMapHOrO BbiXO)J.a 4JoTOHOB, COOT

BeTCTBYIOIUHX CllHH- )J.HllOJihHOH BCTBH B036y)K)J.eHH.II, npH 

3aMeHe CTaporo J4>4JeKTHBHOro raMHJibTOHHaHa HOBbiM COC

TaBJI.IIeT OKOJIO 15'fo. IlocJie Bbi)J.eJieHH.II o6~ero KHHeMaTH

qeCKOrO 4JaKTOpa (k/ Xo )2 J4>4JeKT yqeTa CKOpOCTHbiX HyKJIOH

HbiX qneHoB Is =5 + 16 B ma6A. 1/ H nepeHOPMHpOBKH 

KOHCTaHT BO BTOpOM, TpeTheM H qersepTOM qJieHaX He 

npeBbiWaeT 8'fo npH 3aXBa Te H3 S - COCTO.IIHHH H 3'fo -

npu Jaxsare H3 p -cocTO.IIHH:i Me3oaroMa. HaKoHeu, pa3-

JIHqHJI pe3yJILTaToB, nonyqeHHhiX c oneparopoM H. B 4Jop-
J 

Me /3/, HO C )J.BYM.II BapHaHTaMH JKCTpanOJI.IIUHH 3a Mac-

COBYIO llOBepXHOCTh, OKa3biBaiOTC.II He3HaqHTeJihHbiMH, 3a 

HCKJIIOqeHHeM nepeXO)J.OB o+ .... o-. H3 npHBe)J.eHHbiX pe3yJIL

TaTOB BH)J.HO, qro )J.JI.II nposepKH reoperuqecKHX npe)J.cras

neHH:i o ( rr-, y) -npouecce 6onLwo:i HHTepec npe)J.cras

JI.IIJIO 6bl JKCnepHMeHTaJihHOe pa3)J.eJieHHe nepeXO)J.OB Ha 

OT)J.eJibHble B036y)K)J.eHHble /llO)J.llOpOrOBhle/ COCTO.IIHH.II .II)J.pa 
l6N. 

IlpoBe)J.eHHbiH B HaCTO.II~e:i pa6oTe aHaJIH3 OTHOCHTC.II 

K MaruqecKOMY .II)J.py. 0)J.HaKO MO)KHO O)KH)J.aTb, qro OCHOB

Hble BbiBO)J.bl cnpaBe)J.JIHBbl H )J.JI.II )J.pyrHX JierKHX .II)J.ep, 

r)J.e, O)J.HaKO, JKCnepHMeHTaJibHOe Bbi)J.eJieHHe nepeXO)J.OB, 

uau6onee HHTepeCHhiX )J.JI.II nposepKH reopuu, MO)KeT oKa-

3aTLC.II 6onee )J.OCTYllHbiM. 

CJie)J.yeT OTMeTHTh, qro MaJibiH cyMMapHhiH J4>4JeKT 

HYKJIOHHbiX CKOpOCTHbiX qJieHOB B 3HaqHTeJihHOH Mepe o6yc

JIOBJieH KOMlleHcauHeH BKJia)J.OB OT)J.eJibHbiX CJiaraeMhiX. 
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