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KpaljJT O.E., ne6eueB n;n., HayMOB !O.B., 

CII30B H.B. 
61 

faMMa-pacnau ~Hanoi'OBhiX peaoHaHCOB Cu • 

Pl5 - 7072 

HaMepeHhi I'aMMa-cneKTphi pacnaua: 11306ap.,-aHanoi'OBhiX peaoHaHCOB 
(HAP) B peaKUllll 60 Ni(p,y) 61 Cu. npn Ep =1599, 1605 II 1620 KSB B03-

6ylKUaJOTCR KOMnoHeHThi TOHKOii CTPYKTYPhi p 3/2 HAP, npn E p =1674KaB 
[5 ; 2 HAP n npn E P =1856 KSB - p1 f2 HAP. 06HapylKeHhi aiiTHKOppe

llSIUHII M~lKllY llHTeHCIIBHOCTSIMII nepeXOUOB Ha OCHOBHOe If Hll3KOB036y)KlleHHbie 

COCTOS!HIISI llllSI p 3j2 HAP. Ha aHall113a COOTHOWeHIIH MelKUY Bellii'IIIHaMII 
ft 11 B(Ml) , a -TaKlKe nepexouoB Tuna· aHanor--aHTnaHanor- uenaeTCSI. BhiBOll 

0 cyWeCTBeHHOM BllHSIHIIII napHOI'O CniiH-1130CnHHOBOI'O B3aHMOUeiiCTBIISI, 

Coo6meHHe 06be.n;HHeHHOrO HHCTHTyTa l!,llepHbiX HCCJie,liOBaHH~ 

jzy6Ha, 1973 

Kraft O.E. 1 Lebedev P.P. 1 

Naymov Yu.V. 1 Sizov I.V. 
Pl5 - 7072 

y -Decay of the Analog Resonances 

Gamma-spectra of the decay of the isobar-analog re
sonances (IAR) are measured for the reaction 60 Ni{p, y) 61 Cu • 
The components of thin structures: P3/2 of IAR 1 . f s/ 2 .and 

p 1/2 of IAR1 are excited at EP = 15991 1605 1 1620 keV 
1 

Ep= 1674 keV and EP = 1856 keV 1 respectively~ Anticorrela
tions are observed between the intensities of transitions 
to the ground and low-excited states for p 312 of IAR.From 
the analysis of relations between ft and B(MI) values, as 
well as of transitions of analog-antianalog type, a con~ 
elusion is made about the essential effect of the pair 
spin-isospin interaction. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1973 
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0TKPhiTHe H HHTeHCHBHOe.nccne,noBaHHe TOHKOH CTpyK
T)'phi HJo6ap-aHanoroBLix peJoHaHcoa- /HAP I npnneno K 

·noHHMaHHIO Toro o6cTOHTenhCTBa, 'ITO HAP npe,nciaanHK>T . 
co6oii npnMep "MHKpornraHTcKoro" peJoHaHca:,. Ko~.na (>T_- . 
HOCHTenhHO npocioe BOJ6y:lK,neHHe pacnpe,nen.HeTcH no cno:lK
HhiM KoHdJnr:yp'aunHM·cocraaHoro 11,npa.: Hccne.noaaHHe Me
xaHHJ~.ui. TaKoro pa.cnpe.neneHmi, caoiicia "npoMe:lKyTo'I'Hoii 
CTPYKTYPhl" npe,ncTaBn.Rer'.6onLmoii HHTepec. · _ · -

O,nHHM HJ . y,no6HhiX crioco6.oa HJy'leHHH. _ananoroBhiX · 
cocTOHHHH ·ol<aJanop; .nccne,i(oaanne nx .raMMa.-pacna,na, .. 
B '-iaCTHOCTH, 'HCCne.noaalme- raMMa-'pacna.na 'KOMllOHeHT 
TOHKOH CTpyKTYPhl HAP.. . . . . . ~ . . . . . 

'· 'CneKTPhl raMMa-nyqeii B peaKUHH r,;:;-~) .HJMepHnHCb 
HeO,nHOKpaTHO ,nnH paJnH.:IHhi~ 'peJc:maHCOB, o,nHaKO TOHhK.O 
c noHBneHneM Ge ( Li ): >.neTeKTopoa 6onLmHx 'o6'heMOB 
oKaJanoch BOJMO:lKHhiM nony'IHTh .neTanLHYIO u ~Ha,ne:lKnyw 

HHdJopMaUHIO o6 3TiiX cne_KTpax. H,nenTHlPHKaUHH aHanorOBhiX 
peJOHaHCOB B peaKUHH (p:, y) ll03BOnHna·. HHTepnpeTHpOBaTh 
,naHHhie 0 raMMa-pacnaJie C HOBhiX TO'IeK JpeHHH /J-s/. ' 

Ha.no oiMeTHTh, 'ITO HaH6onee nonHLie ,naHHhie o raM-· ·· 
Ma- pacna.ne , HAP 11· Ha.H~~>nee ·Ha,ne:lKnannx HHTepnpeTaUHH 
cyiUeCTByioi . .rinH H.ii.ep c. A ,; 30 ~H ii.nep· I 7/2 o~onoqim .. 
,I:(nH 6onee T H:lKenhiX H.iJ.ep', ,naHiihiX. He,nocTa T.O'IHO .. ,B CBHJH: 
c :niiM Mhi 'npoaenn;nJyqeime · raMMa-pacna,na· p 3/2 · · ,. 
{5/2 H p 1/2 _HAP B ~ 1-Cu. . 

. 
.II._ 3Kc~eP,uMeHmaAbHbze. ycAoeu.H 

. .. . . 60 . '. . 61 . 
HAP noJ6y:lK,nannch , a . peaKUHH . Ni (p, .y) Cu • Ha· 

pH C. 1 a H306pa:lKeHhl ynpoiueHHhie: cxeMhl ypoBHeii 60 Ni ' 
6J cu' H nono:lKeHHe HAP'B 61 Cu . . . 
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CaMorro.I{.I{ep)KHBaroma»c» MHWeiJL 60 Ni /950/o o6orame
HHH/, TOnll(HHoii 10 M KZ/ eM. 2 /=- 1 K3B .I{nH · npoTOHOB c 
3Heprueii 1,6 M38/ o6nyqanacL npoToHaMu, ycxopeHHLIMH 
Ha 3nei<TpocTaTH4eCKOM reHepaTope / E P ;,.ax = 5 M38/ 
JIH<I> •QHJUI. Toxu cocTaBnHnH 5-10 MKa. MonoxpoMa'fuq
HOCTL nyqJ<a nyqwe, qeM 5.10..;.4 • <l>yHKUHH. B036y)K,I{eHHH 
peaxuuu ( p, y) H3MepHnacL B ,I{Hana3onax :mepruii npoTOHOB 
/na6opaTopHaH cucTeMa/ 1580 - 1640 1<38, 1660 · 
1690 1<38, 1845 - 1865 1<38. Ilpu- H3Mepen:Hu cPYHKUHH. 
B036y)K,I{eHHH raMMa-nyqH c 3HeprueiiBi.Iwe 3 M3i3 perucT- · 
pupooanucL :KpucTannoM Nal(Tl) /50 x ·so eM/; paciio
no)KeHHLIM ITO):{ yrnOM 90° I< nyqJ<y Ha pa~CTOHHHH;=-3'CM-OT 
OCH ITY4Ka. 

Ilocne o6napy)KeHHH H H,I{eHTHqJHI<aUHH . "lfAP, raMMa
cnei<Tphi ero pacna,I{a H3MepHnucL · · Ge (Li) · ~,I{eT~I<TopoM 
o6neMOM =- 40 cM

3 u perucipupooanucL 4000-xananLHhiM 
ananu3aTOpOM. 3nepn!TH4eCI<Oe · pa3pewenue· COCTaB.iHinO 
"'7 K38 ,I{nH raMMa-nHHHH c :meprueii6,4M38. CTa6HnLHOCTL 
CHCTeMLI ±1 Kanan /=- 2 1<38/ 3a =- 100 qacoo pa6oTLI. 
BpeMH H3MepeHHH o,I{noro raMMa-cnei<Tpa -. oT JO ,I{O 
20 qacoo. Bo opeMH H3Mepenuii cnei<Tpoo ocymecTBnHncH 
KOHTpOnh 3a TeM, 4T06bi 3HeprHH ITpOTOHOB COOTBeTCTBOBana 
MaKCHMYMY pe 30HaHca. 

Hoeumu¢u IWIJU.R. pe3ouauco8 

0CHOBHOH uenLIO pa60Tbl 6binO H3MepeHHe raMMa ~ CITeKT
poo pacna,I{a HAP. 0.I{naxo .I{nH 3Toro na.I{o 6Lmo npe)K,I{e 
BCero HaHTH H H,I{eHTmllHUHPOBaTb pe30HaHCbi. . 

<l>ynxun» B036y)K~eHHH B 'peaxuuu 60 Ni (p, y) · · 6Lma 
H3Mepena B 1957 ro.I{y /6/ B ,I{Hana3oHe oT 725 .I{O 1793 i<38. 
B 3Toii pa6oTe, a TaK)Ke B pa6oTe /7/ 6Lmu H3MepeHLI 
yrnoBLie pacnpe.I{eneHHH naH6onee cunLHLIX raMMa~nepe
xo.L{oB ,I{nH nei<oTopbiX pe3oHancoo. HecMoTpH na. TO, ttTo 
B o6eux pa6oTax HcnonL30BanucL KpHcTannLI Nizf (Tl) , 
MO)KHO nonaraTb, liTO CUHHbl HaH6onee CHflbHbiX pe30HaHCOB 
onpe.I{eneubi .IlOCTaToqno Ha.I{e)KH!J. EciecToenHo, ·qTo u.neH-• 
ru!fJuxauuu HAP B 3THX pa6oTax· He·nposo,I{nnocb.: 
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PHc. 1. a/ ynpomenHaH cxeMa HH3Konemamux cocTOHHHii --:--
61 Ni, u nono)KeHHe HAP B l'il Cu.·6/ cPYHKUHH B036y)K.I{eHiiH 

(p,y)peaxuuu B ,I{Hana3oHax EP = 1580-1640 ·K36~ 1660-
1690 1<38, 1845-1865 K38.•a/ aenu4HHa B(Ml).,I{nHnepexo
.llOB C pe3(>HaHCOB 1599, 1605,: 1620, '!674 H 1856 1<38. 
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HAP ,COOTBCTCT:iJyroi.QHH OCHOBHOMY COCTOHH~IO 61 Ni (3/2-), 
,D;On>KeH HaXO.D;HThCH npH 3HeprHH B036y>K.n;eHHH"'6,4M38 

B 
61 

Cu /pa3HOCTh Kynouon(amx 3Hepruii. 61 Cu -. 61 Ni 
·panna 9,41 M38. Pa3HOCTh Mace 61 Cu - 61 Ni ·coci·an
nnei 2,23 M38/. 3/2-- auanoronoe cocTonuue B 61 Cu 
6hrno u.n;eHTHlPHUHponauo B peaK:u;uu 60 Ni ( 3 He , d) 6 1 CuI B, 9/ 

npu 3Hepruu B036y>K.n;euun 6,402 M38. 06hrquo HAP npo
nnnnroTcn B lPYHKIJ;HH B036y>K.n;eHHH (p, y) peaKIJ;HH KaK 

. uau6onee CHllhHble pe30HaHChi, qTo o6bHCHHCTCH, BH.D;HMO~ 
HX OTHOCHTenhHO npOCTOH CTpyKTypoii. B HY>KHOH HaM 

·o6nacTu 3Hepruu no36y>K.n;euux ecTh Tpu cmihHhiX pe3ouauca 
IE P = 1599, · 1605 u 1620 1<38/, cnnHhi I<OTOphiX, cornacu~ 
pa6oTaM 1 6 ,71,pannhi 3/2. liy.n;eM cqHTaTh, qTo 3TH TPH 

· pe3ouauca HBnHIOTCH . I<oMnoueHTaMH TOHI<oii CTPYKTYPhi 
3/2- -pe30HaHca, auanoronoro OCHOBHOMy COCTOHHHIO. 61 Ni . 
H3Mepeuuax uaMu !lJyui<p;ux no36y>K.n;euux n o6nacru Er "' 
"'1600 1<30 H3o6pa>Keua ua puc. 16. 

llepnoe BoJGy>K.n;euuoe cocToxuue 61 Ni ( 5/2-) ,.· uaxo
:nuTCH ua BblCOTe 68 1<38. B peai<IJ;HH ~ 60 Ni( 3 He, dj6 1cul9/ 
auanor JTOMY cocTonuuro 6hrn u.neuT.u!lJu:u;uponau ua BhiCOTe 
6,469 M3e; · B (p: y) peai<:u;uu na6nro.n;aeTc.J{ cpanuuTeiihuo 
cnnhHhiH peJonauc npu E P .·= 1674 .1<38 · co.cnuuoM 5/2.16 1_ 

.. Mhi · cqnTaeM, .qTo 3TOT peJouauc HBnHeTcH auanoroM 
'. COCTO.HHUIO 68 1b8 5/2~61 Ni /puc. 26/. 

K Tai<o.M:y iice Bblno.n;y, oTnocuTenhuo nono>Keuux nepnhlx 
.n;nyx HAP, npuw.im aniopLI co()6I.Qeuux /Jo~·· " · · 

B o6nacTu, r.n;e .n;on>KeH uaxo.n;uThcn ananor nTop<iMy 
B036Y>K.D;CHHOMY COCTOHHUIO 61 Ni(J/2 -) , lPYHI<IJ;UH B036y>K-

. .n;euu.s B ( P, y ) - peai<:u;uu pauee ue H3Mep.JJ:nach. O.n;uai<o 
He.D;aBHO ony6nui<OBaHhl pe3yllhTaThl U3Mepeuuii lPYHKUHH 
B036y>K.D;CUUH B peai<IJ;UU (p,p

0 
}.c BhiCOKHM Jla3peiiieHHeM/Ht 

B ynpyroM pacce.JIUHU B COOTBCTCTBYIOI.QeH o6naCTU 3Hep
rHH BH.D;Ubl UCCKOllhKO 1/2- pe3ouaucoa, 'uau6onee CUllhHLIMU 
U3 KOTOphlx HnnnroTc.H · .n;na . c 3HeprnnMH E P = · 1856 u 
1875 1<38. . .. 

B(p,y) peaKIJ;HH. uaJi6o.iree CHllLHhiM OKa3anc.JI pe30HaHC 
.cEP= 1856 K38. /puc. 16/. · 
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Pnc. 2. CneKTp · raMMa-nyqe:ii H3 pacna,IJ,a pe3oHaHCOB 
15~9, 1605 H 1620 K38. 
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I II. 3KcnepuMeHitla.llbllbte pe3y.rrbmambl 

lihmH H3MepeHhi raMMa-cneKTPhi B (p, y) peaKUHH rrpn 
3HeprHHX npoTOHOB . Ep = . 1599,' · 1605, 1620; 1.674 
H 1856 K38: Ha pnc. 2 rrpnBe,IJ,eHhl H3MepeHHhie cneKTPhi. 

· KaK rrpasnno, Ha,IJ,emao H,IJ,eHTmlmunpyiOTCH rrepexo,IJ,hl c 
· pe30HaHCa Ha HH3KOnemamne COCTOHHHH /c 3HeprHeH B03- . 
'6ym,IJ,eHHH ,IJ,o"" 2300 K38/. llepexo,IJ,hi ua ypoBHH c 3Heprneii 
B036ym,IJ,eHHH "" 3 M38 ycTauosneHhi .Meaee ua,IJ,emao, TaK 
KaK raMMa-crreKTP B o6naCTH 2-3 M38, oqeHh cnomeH. 
0THOCHTellhHhie HHTeHCHBHOCTH llpHMhiX TaMMa- nepeXO,Il,OB 
c Kam,IJ,oro pe3ouaaca na yposnH 61 Cu ,IJ,ani>I B Ta6nnue L 

· 3,IJ,ech me ,IJ,aHI>I rrapuHani>Hhle ra:MMa·-wHpHHhi ryi n s~nfqHHhi 
B(Ml},rronyqeHHI>Ie cne,IJ,yiOIUHM o6pa3oM~ B pa6oTe 6 6I>mH 
orrpe~eneHhl IIOllHhie raMMa-wHpHHhl ry ,IJ,nH pe30HaHCOB 
'E P =. 1599, 1605 H 1620 K38: 0,6, 0,5 H 0,4 38 COOTBeT
CTBeHHO. llorpeWHOCTH s' Ollpe,D,eneHHH r y BenHKH: 3Jla· 
qeHHH Ollpe;n;eneHhl. C TOql!OCThiO ,IJ,O. MHO)KHTellH .2. 3TO 
cB~3aHo, B rrepsyro 'oqepe,IJ,h, c neo,IJ,H03HaqnocThiO pa3no
meHHH cnomnoro raMMa-crreKTpa, H3Mepennoro CUHHTHn-
nHUHOHHhiM ,IJ,eTeKTOpOM. . . 

. B HaWHX H3Mept:lHHHX rronyqeiJ:hi OTHOCHTeJlhHhie HHTeH-
'CHBHOCTH IIOllHhiX raMMa-wHpHH 300: 180 : 160 ,IJ,llH . 
pe3onancos 1599,' 1605, 1620. Momno omn,IJ,aTh, qTo nan
Mi:mJ>wyro · rrorpewnoCTh B pa6o'ie. I 61 HMeeT senHqnna 
ry ,IJ,llH pe30HaHCa 1620 K38: 3TO H30ll,HpOBaHHhiH pe30HaHC, 
B pacrra,IJ,e KOTOporo. ,IJ,OMHHHpyeT nepexo,IJ, ila OCHOBHOe 
COCTOHHHe. ll03TOMY Mhl llpHHHMaeM HCXO,IJ,HOe . 3mi.qenHe 
ry ,IJ,llH pe30HaHCa 1620 K38 paBHhiM 0,4 38. 3aTeM,"' HC-

110llh3YH HaWH OTHOCHTellhHhie CHllhl pe30HaHCOB, UaXO,Il,HM 
BenHqHHhl Ty ,IJ,llH ,IJ,pyrHX pe30HaHCOB • fiapunanhHhie raM- . 
M~·WHpHHhl r.yi , IIPHBe,IJ,eHH!>Ie B Ta6n~ 1, nonyqeUhl H3 
ananH3a · OTHOCHTellhHhiX HHTeHCHBHOCTeH IIpHMhiX raMMa
nepeXO,IJ,OB. llorpeWHOCTh rrapUHallbHhiX raMMa-WHpHH, Ua:ii-
,IJ,eHHhiX TaKHM o6pa30M, Mhl· OUeHHBaeM B 300fo. . 

Benn<iHHhi B(Ml) na:ii,IJ,eHhi B rrpe,IJ,nonomeunn, · qTo see 
nepexo,IJ,hl - qncri>Ie Ml. 3To rrpe,D,rrOJiomenne. KameTcH ··pa-
3YMHhiM, TaK KaK IIPH raMMa-pacna,IJ,e pe30HaHCOB qnCThie 
E 2-rre.pexo,IJ,:i:.I. MHoro cna6ee, ;.qeM Ml-:- nnn _El -nepexo,IJ,hi. 
KaK rrpasnno,· aa6nro,IJ,aBwnecH E2 -rrepexo,IJ,hi npn pacna,IJ,e 
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pe3oiiaHCOB 3aTOpMO)KeHhl no cpaBHeHHIO C O,!I;HOqaCTH'-IHOH 
ou;enKoii:·. Ecnn npe;nnonmKHTh; _qTo naum nepexo,!l;hi - qnc
Thie E2, To onn oKa3annch 6hi ycKopeHHhiMH a 2 -I 0 pa3 ,
qTo ManoaepOHTHO. AJJ xapaKTep _nepeXO,!I;OB Ha OCHOBHOe 
cocTOHHne c pe3onancoa I599, · I605 n 1620 K38 no,~~;
TBep)K,!I;eH 3KcnepnMenTanhHO B pa6oTe I 61. 

Ha pnc. I 8 npnae~eHhi aenn4nHhi R (M 1) ,~~;m1 pacna,~~;a 
H3yqeHHhiX pe30HaHCOB. 

IY. 06cyJICo.eHue pe3yAbmamo8 

Ocnoanoe, nepaoe n BTopoe. B036y:a<;:~eHHhle cocToHHHH 
61 • . . . 

Nt Momno cqnTaTh npaKTnqecKn qncThiMH o,~~;noqacTnqnhiMH 
p 312, f 512 n pJI2 neii:TpOHHhiMH cocToflHHHMH. CneKTpo
cKonnqecKne tf>aKTOphi r2] +l)S, onpe,~~;eneHHhie B peaKu;nn 
60 Ni ( d, p) 61 Ni , pa~Hhi 1 ,49; 3,04; · 1,23 cooTBeT
CTBeHno /I 2/. llo3TOMY pe30HaHChl J599, 1605 H 1620 K38 
Momno cqnTaTh KOMnonenTaMn TOHKoii: CTPYKTYPhi P 312 
HAP, pe3onanc 1674 K38 -I 512. HAP, a pe3omi.nc 1856 -
KoMnoneHToii: pI 12 HAP. 

Ocnoanoe, nepaoe n BTopoe ao36ym,~~;eHHhle. cocTOflHHH 
6 

I Cu - 1-aKme o,~~;noqacTnqnhie, c npoTonnoll: Kontf>Iirypau;neii: 
p 312 , p 112- n [512, cooTBeTCTBeHHO. CneKTpocKonnqecKne 
rfjaKTOphi (2l.+l)C 2S H3 peaKu;nn 60 Ni ( 3 He, d) 6 I Cu pas--

. Hhi 0,96; o,49 n I ;o cooTBeTcTaenno 191. __ 
Cne,~~;yroutne B036ym,~~;eHHhie cocTOHHHH . 6 

I Cu Momno 
paCCMaTpHBaTh KaK cnomHhle COCTOflHHfl, o6p~30BaHHble 

OT CBH3n_· O,!I;HOqacTnqnoro . .ijBH)I(eHHH ll KonneKTHBHhiX 803-
6ym,~~;ennll: ocToBa 60 Ni I I3/. ·'-. 

llpocl-oii: xapaKTep HH3Konemamnx cocToHHnii: 6
I Cu 

cymecTaenno . ynpomaei- anann3 nonyqeHHhiX pe3yni.TaToB. 

I .. T> H: T ~ - K o M n o n e H T 1.1 H A P 

TonK~H CTPYKTypa HAP B03HHKaeT npn-pacnpe,~~;enennn 
cnnhi co6CTBeHHO ananora c ll30CnHHOM To +.!.... == T > no 

2 
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. 1 
eoeTOHHHHM ·eoeTaBHoro H.IJ;pa e· H3oerrHHOM. To- 2..= T < 

06bJqHo Bee xapaKTepHbie qepTbl raMMa-paena.na MAP 
npe.neKa3biBaiOTeH B npe.nnono)KeHHH, qTo pe3oHaHe - qHe- · 
ThiU T > pe3onane. O.nnaKo .na)Ke B enyqae pe3oHanea, 
B BOllHOBOU cPYHKIJ;HH KOTOporo IIpeo6na.naeT T> KOMIIOHeH- · 
Ta, raMMa-paena,IJ; Ha HeKOTOpbie YPOBHH MO)KeT OIIpe.ne
miTbeii T < -KoMnonenTou. Boo6me roaopH, 3KenepHMeH
TanhHO MO)KHO peiiiHTh, KaKOU KOMIIOHeHTOU onpe.nenHeTeH 
paena.n, eenn H3yqaTh paena.n na o.nnn H TOT )Ke ypoaeHh 
e pa3HhiX KOMIIOHeHT TOHKOU eTpyKTYPhi MAP. BepoHTHOeTH 
nepeXO,Il;OB, KOTOpbie OIIpe,D;enHIOTeH T> KOMIIOHeHTOU, ,Il;Qll)K
Hhl 6biTh nponopn;nonanhHhi BKna.ny. ananoroaoro eoeTOHHHH 
B ,IJ;aJIHhiU pe3onaue, T.e. Bennqnue rp · 

Mbl li3MepHnH raMMa-.eneKTpbl e Tp~X KOMIIOHeJIT p 3/2 
MAP I EP ::: 1599, 1605 H 1620 K3B/. O.nuaKo aennqnnhi 
f p ,D;nH 3THX pe30HaiieOB HeH3BeeTHhl, TaK qTQ .IlpHMOe 
epaanenne npoaeeTH B naeToHmee ''BpeMH uenh3H. Eenn 
npe.nnono)KHTh, qTo nepexo.n na KaKoe- nn6o eoeTOHIIHe 
onpe.nenHeTeH T > KOMIIonenTou MAP, TO, epaBIIHBaH :rioae
,IJ;eHHe OTHOeHTellbHbiX HHTeJieHBHOeTeU raMMa- nyqeu _IIPH 
nepexo.ne or pe3onanea K pe3onaney, MO)KJIO ua.neHTheH 
nonyqHTh KaKHe- TO onpe.neneHHhie pe 3ynhTa Thi. 

llpHMeM, . qTo rrpn paena.ne p 3/2 MAP B 61 Cu nepexo.n 
na oenoanoe eoeTOHHHe onpe.nenHe_:reH T> KOMIIoneuTou MAP. 
B no.n.nep)KKY TaKoro npe.nnono)KeHHH MO)KJIO BhieKa3aTh 
ene,IJ;yiOilJ;He apryMeHTbl .. 0eHOBHOe eoeTOHHHe 61 Cu .,HBnH

eTeH anTnananoroBhiM .no oTnomennro K p3/2 MAP /eM. 
n. 3 uaeT. pa3.nena/. MnTelienauoeTh M1 -nepexo.noa 
e T> KOMnonenThi MAP paenpe.nenHeTeH Me)K.ny nepexo.na:Mn 
ua anTnananoroaoe eoeTOHIIHe H na TaK Ha3hiBaeMhle 
eoeTOHHHH Tliiia eiiliH-cPllHII. /2/. fipaB,IJ;a, B enyqae {7 /2 
o6onoqKH nep~xo.nhl na anTHananoroaoe eoeTOHHHe onpe
.nenHIOTeH T< -KoMnonenTou MAP, no onn eHnhuo 3aTopMo
)KeHhi. B nameM )Ke enyqae nepexo.n ua qenoanoe eoeToH
HHe - eaMbiU eHnhHhiU B enyqae pe30HaHeOB 1605 H 1620 K3B 

H O,IJ;HH H3 . eaMhiX eHllbHbiX ,I:(llH pe30HaHea 1599 K3B. 

,D;anee, H3 cpaaneHHH c {3 -pacna.noM /nyHKT 2 na
cToHmero pa3.nena/ BH.nno, qTo raMMa-nepexo.n na ocnoa-
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HOe _eoeTOHHHe eHllbHee, qeM IIpe,D;eKa3biBaeTeH H3 {J -pac
na,IJ;a~ ManoaepoHTHO, . qTo6bi ycHneuHe. npoHcxo.nHno 3a 
eqeT T < KOMIIOHeiiThi MAP. · · 

q T06hi onpe.nenHTh,. KaKou KOMIIOHe!ITOu MAP onpe.ne
llHIOTeH IIepeXO,Il;bl Ha ,IJ;pyrHe COeTOHHHH, MO)KHO cpaBHHBaTb 
OTIIOeHTellbHbJe HHTeHeHBHOeTH raMMa-nepeXO,IJ;OB Ha 3TH .. . 

eOCTOHHHH C IIepeXO,IJ;OM Ha OeHOBHOe COeTOHHHe ,D;nH pa3HhlX 
pe3onancoa. KonnqeeTBenno y.no6no BeCTH K03cPcPHIJ;HeHT 
KoppenHn;HH p, onpe.nenHeMhiU cne.nyromnM o6pa3oM: 

:£(r 0
: -r? )(r 1.-r ~) 2 

[ 
i Y' Y' Y' Y' 1 :£c 
~====~===~=-~= ](1 -- ' 

....;:£ rro .:..ro }:£(r 1-ri) 2 2 :£(( .-r 
yi · y i y,i y i Y' Y 

r, 2 ) • 
) 

/1/ 

r o j 
3,IJ;eCb •y , r y - OTHOCHTellhHbie raMMa IIIHpHHhl ·neP.e-
~,IJ;O~a OCHOBHOe COCTOHH~e (ry0

) H Ha ypoBeJib j (•[; ) 
r; , r:. - 03HaqaeT cpe.nnee IIO pe30HaHCaM, CYMMHpoaa-
JIHe IIO Z - ·CyMMHpOBaHHe IIO pe30HancaM H f - IIOrpem-
HOCTb BennqHJibl. rt · .. . . 

Ecnn na6nro.naeTCH npHMaH nponopn;HonanhHOCTh Me)K.ny 
BepOHTHOCTblO IIepeXO,Il;OB Jia OCHOBJIOe COCTOHJIHe H Ha 
ypoB~Hh j .nnH acex pe3ouancoa,· To·p 1 . ~ + 1. B cnyqae 
OTCyTCTBHH KOppem_IIJ;HH pi = 0 · . . 

Ecnn nepexo.nna ypoaenh j onpe.nenHeTcH T>KoMno
neuTou, To MO)KJIO o5Kii,na Th, 'ITO. p 

1 
"' 1 . Ecnn nepexo.n 

OIIpe.nenHeTCH T < KOMIIOHeHTOU, TO· Ha nepBbiU B3rllH,IJ; 
Ka)KeTCH, qT_O p j ,IJ;Oll)KHO 6biTh OKOllO HYllH, T~K KaK 
T < KOMIIOHeHTa CO,IJ;ep)KHT 6onhiiiOU na6op pa3nHqHbJX KOH-

cPHrypaD;HU H KOHeqHhl~ pe3yllhTaT ,IJ;llH BepOHT~OCTH nepe
XO,IJ;a · npe.ncKa3aTh uen~3H. ITonyqenHhie naMH aennqnnhi 
Pi npnae.nen-bx B Ta6nnn;e, 2. BH.nno, qTo · .nnH nepexo.noB 
Ha HH3KOne)l{aiiJ;He COCTOHHHH 61 Cu, BKniOqaH COCTOHHHe 
1390 K3B , BenHqnna p; c 6onhiiiOU TO~HOCThlO 6nH3Ka 
K - 1, T.e. Ha6niO,IJ;aiOTCH aJITHKOppenHIJ;HH. 3TOT pe3yllhTaT 
Mo)i{no IIOHHTh cJie.nyromnM o6pa30M. ITepexo,IJ;hi Iia cocToH
IIHH p 1/2, {5/2 H. ypoBeHi. 1390 K3BOIIpe.nenHIOTCH T< -KoM
IIOIIeHTOU MAP, o.nnaKo 3Ta KOMnouenTa ne HMeeT cno)KHOU 
cTpyi<Typ:hx, TaK qTo B pacna~e npoHBnHeTcH OTHOCHT.enhno 
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npocraH I<outiJ~rypa~uH •. B >:noM cnyqae B03HHI<aei auru
:KoppenHUHH: .lJeM 6onLwe ·r> I<oMnoueura a pe3oliauce, 
TCM CHJibHee nepe~o.zi Ha ~ _'ocHOBHOe C~CTOHHHC, . H .. lJCM 
?.n~nLrne BI<na.n T.< ~oMnou~nTLI, ._ TeM cna6ee nepexo.n ua 
paccMa TpuaaeMLiii. ypoaeub. 

. ,,.MC)K.IJ;i BCJIH'IHHOH {t .IJ;JIH-, {3 -nepexo,na H3 OCHOBHOro 
. COCTOHHHH Ha HCI<OTOpoe COCTOHHHC B. 61 Ni H BCJIH'IHHOH 
B(Ml) .IJ;JIH. raMMa-nepexo.na H3 · cooraeTcTBYIOmero HAP ua 
ociioauoe COCTOHHHe .61 Cu MO)KeT .cymecTao~aTb CBJJ3b, 
I<OT()paH· Bblpa)KacTCH CJIC.IJ;YIOII{CH cfJopMynoii: 

Jt 
l/OlKJ 

(''1 + I) 1' B(Ail a) - au /2/ 
o . ' · ( 21 f + I) 

3.IJ;CCb T0 - H.30cnuu:auanoroaoro COCTOHHUH, ,/l(Af/. a}-. npu
BC.!J.CHHaJJ BCpOJITH()CTb. H30BCI<TOpHoro M/ raMMa-nepexo,na. 

Bbipa)Keuue /2/ nonyqaeTcJJ. B npe.IJ.nono)Kenuu; 'ITo 
HAP - 'IHCToe. cocTo1iuue H CBJJ3biBaeT nennquuy ft · TOJILKo 
_co; cnuuosol'i. 'Iac'r,h!o oneparopa All nepexo.na. B Ta6nnu.e 3 
,IJ;aHbl BCJI_UlfUHbl . {t 1 BbllfUCJICHHblC 03 U3BCCTHblX BCJIU
'IUH ·ft . .IJ;JIH jJ -pacna.na 61 Cu . u senuqnubi B(Afl) H3 
raMMa~pacna.na HAP.-. , . . 

,LJ;n~ · p :I./2 HAP . .IJ.ana CYMMa Benuqnfi B(M/).u;nH nepe-.. . . . • 61 . . 
XO.!J.OB Ha OCHOBHOe COCTOJIHHe Cu C pe30HaHCOB EP = 
= 1599, 1605, 1620 K3e. Ha6niO.naeTcH 3Halfurenbnoe 
npeB.hiWeuue B(MJ) no cpaauenniO c ae.Jiuqu~ol'i B(Ml,o), 
nonyqeuuoji H3 {3 -pacna.na. . . . 

. Ilo. o.nuoqacrnquol'i ou.eui<e ycnJ_Ieuue .ll.JIH p 3/2 .... p .1/2 
raMMa- nepex-o.na B03MO)KHO, npnMepuo, B 1,5 pa3a. O.nnai<o 
U3BCCTHO,; 4To aficOJIIOTH~H BCJIUlJHHa MaTpU~IHOro 3Jie
MCHTa {3 -nepeXO.IJ.a npnfiJIU3HTCJibHO Ha nopH.IJ;OK MCHbWe 
o.nno'IacTn'Inoii ou.eiiKu. TopMo)Keuue _ o6n.HCHHeTc.H ·· TeM, 
'ITo ua6niO.naeT'cw Kouu.eu,rpan:n.H · CHJibl p -nepexo.noa B 
o6n.acru a6nu3u auanoroaoro pe3ouauca;. B cunoaoii cfJynK
u.uu raMMa-nepexo.noa, CBH3aHHbiX c auanoroBbiM cocTo.H-
HHeM, TaK)i(C ITPO.HBJI.HIOTC.H Mai(CHMYMbl /2.7/. . 

Koun:eurpan:u.H I<aK {3 -nepexo.noa, Tai< u raMMa-ne
pexo.noa CB.H3aua c uanH'IHeM ocraroquoro .· B3aHMo,neii
CTBH.H ·Tuna ~ fi. Tj a1 a i , cfJai<Top TOpMO)KCHH.H .IJ;JI.H raM: 
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Ma-nepexo)J.OB Ha. HH3KOJie)Kamne cocToa:mix Mem:.llie, "<JeM 
.ziiin · · {3 -nepexo.n.cia il3- 3a cymecTaoaaHnn op6HTaJibHoii ..{8.6,;. 
TH a · onepaTope B{M1) ; ':faKHM o6pa3oM, op6iiTaJibHaH 
qac·Tb MO>KeT .n.aTb ycnneHne raMMa-nepexo.n.oa 3Ha<Ji1Te:rib-
HO 60JibWee,, qeM :no O)J.HO<JaCTH<JHbi¥ o~eHKaM. . . ' .: ... 

,D;n» cnyqan {5/2 HAP raMMa-nepexo.n. Ha ocHoBHoe 
coc}'OHHHe, TaK >Ke KaK H cooTBeTcTayromnii: {3 -nepe·xo.n., · 
3an)pMo>KeHbi. IIpHMbix .n.aHIILIX, no3aonnromnx cy.n.it:Tb o .n.o
MHHnpyrome-8: B nepexo.n.e KoMnoHeHTe ·HAP, HeT, o.n.HaK~ . 

' nepexo.n. cna6biH H, CKopee acero~ onpe.n.enHeTCH T< KOM-. 
noHeHTOH, TaK <JTO cpaBHeHHe C {3 -pacna)J.OM He .HMeeT 
CMbiCJia. 

IIpn pacna.n.e p 1/2 HAP Ha6mo.n.aeTcH CHJibHbiH raMMa
nepexo.n. B OCHOBHOe COCTOHHHe. COOTBeTCTBYIOIQHH {3 -nepe..: 
XO)J. HMeeT lg {t = 5,5. 

IIpe.n.nonaraH, <JTO 3TOT raMMa-nepexo.n. orrpe.n.enneTCH 
T> KOMnoHeHToii HAP /.n.nn caMoro CHJibHoro nepexci.n.a npn 

" pacna.n.e HAP 3TO ecTeCTBeHHOe npe.n.nono>KeHHe/' noJiy<JHM 
- 'Manyro aeJIH<JHHY cnnHoaoii: 'mc'i'n onepaTopa raM:Ma;.m!pe-

xo.n.a no cpaaHeHHio c BeJIH<JliHOH Op6HTaJibHOH q;.\:cTH 
/Ta6n. 3/. KaK . n· .B cnyqae pacna.n.a P 3/2 HAP 3cPcPeKT · 

- . . .. " 
. MO>KHO 06'bHCHHTb 6onee CHJibHOH K(>H~eHTpa~HeH CHJihl 

raMMOB·TeJIJiepOBCKOro. f3 -nepexo.n.a no ,cpaBHEmHIO. C KOW 
~eHTpa~ne-H: CHJibi M1 raMMa-nepexo.n.oa ., 

3. IIepe·xo.n.LI · aHa'no'r.: aHT'HaHanor 

Bcne.n.cTBHe cymecTBOBaHHH 3Heprnn · CHMMeTpHH Ha-
6mo.n.aeTCH H30CnHHOBOe pacmenneHHe H)J.epHhiX 'coCTOHH:"fH• 
Pa3HOCTb 3Heprnii: Me>K.D.Y T> H T< cocTOHHHHMH ahipa>KaeT
CH cne.n.yromeii: cPOPMYJIOH 

v. ' 1 
E :. - E < = - 1 (T + -) 

T> T A 0 2' ' /3/ 
1: 

r.n.e T 0 - H30cnnFi n.n.pa-MniiieHH, A :-" aTOMHhiH aec n.n.pa
MHIIIeHH H V1 -· :KoHcTaHTa, onpe.n.ennroniaH BKmiJ::\ (ri 'i ) 
B3anMo.n.eiicTBHH. 06i>I<JHO ·T <;..;. Ko~moHeHTa. pacnpe.n.eneHa 
no . M_HOrHM -peaJibHhiM x.n.epHbiM . YPOBHHM. O.n.HaKO qacTO .· 
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O)J.HO COCTOHHHe HeCeT 3Ha<JHTeJibHyiO )J.OJIIO T <·KoMnOHeHTbi • 
TaKOe ._ COCTOHime, HMeromee 60JibWOH cneKTpOCKOnH<JeCKHH 
ciJaKrop, n Ha3biBaiOT aHTHaHanoroBLIM:· B - 61 Cu ocHOBHoe 
·coc.ron:Hiie · (p 3/2); ypoaiin 475,0 K:Je (p 1/2) H: 970,0 K:Je 

( {5/2) MoryT CtJHTaTbCHaHTHaJianoroBhl:MH rio OTHOWeHHIO 
K HAP p3)2, .p 1/2 _H { 5/2 COOTBeTCTBeHHO. . 

Ecmi paCCMaTpHBalOTCH COCTOHHHH THDa <JaCTH~a nJIIOC. 
nHepTHLiii ocToa, TO .n.nn npnae.n.eHHoii' aeponTHOCTH M1 nepe-

• xo.n.a:· aHaiwr-aHTHaHanor MO>K_JIO nony<JHTb: 

9· 2 · 1 .1..12 
B(M1)=n-(2T. +1)<T. M"10!T M > j(i+1Jf"T 2 I X· 

o 11 ' ' T f . T T 1 Ti T
0 

· 

2 
X ·(gp-g~}' /4/ 

r.n.e T0 - H3ocnHH ocroaa, i - yrnoaoii MoMeHT He<JeTHoii 
<JaCTH~hi, g p H g n • rHpOMarHHTHbie OTHOWeHHH )J.JIH 
npoTOHa H HeHTpOHa. 

BLI<JHCJieHHLie· no 3Toii clJopMyne 3Ha<JeHHH B(M 1) npn
ae.n.eiJLI B no,cne.n.Heii: KOJIOHKe Ta6n. 3. IIepexo)J.LI p 1/2 .... p 1f 2 

{ 5/2 [512 . . 
H · -+ . .n.on>KHhi 6~Th cnn;Ho ocna6neHLI no cpaa-
HeHnro c nepexo.n.oM P 3 2 

-> P 3 2
'
1 

3To CBH3aHo c niM, 
. l ' l 1 <JTo B nepBLix .n.ayx cnyqanx 1 = - .y, aa TpeTLeM i= + T· 

3KCnepHMeHT nO)J.TBep>K)J.aeT 3Ty 3aKOHOMepHO,Tb, o.n.yaKO. 
_ OJJI?CHTe1bHhie HHTeHCHBHOCTH nepeXO)J.OB pl 2 

-> p 1 2 _ H 
{ -> {

5 2 
'· nony<JeHHble 3KCnepHMeHTaJibHO, He COOTBeT

CTBYIOT TeopeTH<JeCKHM. Han6onee BepOHTHO, <JTO 3TO CBH· 
3aHo c BKna.n.oM · pacna.n.a T< KoMnoHeHThi HAP. 

3KcnepnMeH:ranLHLie a6conroTHLie aeJIH<JHHhi B(M1) aHa
nor-aHTHaHanor TaK>Ke CHJihHO OTJIH<JaJOTCH OT npe)J.CKa-
3aHHhiX. ,D;nn pacna.n.a p 3/2 HAP 3Toro cne.n.yeT O>KH.D.aTb, 
TaK KaK y<JeT BJaHMO,tieiiCTBHH ( T. T. ·a. a/ );He06XO)J.HMhiH 
.D.JIH noHHMaHHH OTJIH<JHH BOlla) OT' H(M1J,npnae.n.eT K Top
MO>KeHHIO nepexo.n.a Ha aHTHaHanor. 

0TJIH<JHe 3KcnepnMeHTaJILHbiX 3~a<JeHnii B(M 1) oT Teo: 
penltlecKnx .n.nn p 1/2 n f 5/2 MAJ> can3aHo c Heo6xo.n.n
MOCTLIO yqenl · KaK B3aHMo.i{eiiCTBHH (r

1 
T. ·a. a. ) , TaK 

· I & I 
n BKna.n.a T< KOMnoHeHThi HAP. 
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Br.woob! 

IlpH pacna,ne. KOMnoHeHT TO.HKOH . CTPYKTyphi p 3/2 
auanoroaoro pe3oHaHca· Ha6nro,naJOTCH aHTH.KoppeJIHIJ;HH / 
Me>K,ny BepOHTHOCT:HMH nepexo,noii· a'a OCHOBHOe H' HH3· , 

. Korie)f(am8e cocroHHHH · 6 1 Cu . Hanuque aHTHKoppenHn;Hii ·. _ 
MO:>KeT 6biTh 06'hHCHeHO TeM 06CTOHTeJibCTBOM, 'ITO KOM· . 
n'oHeHTa T< HAP, npOHBnHIO~aHCH B raMMa-pacna.ne Ha . 

~ .' ' . I ' • . , ";. • 

HH3KOJie:>Kall(He COCTOHHHH, HMeeT CTOJih :>Ke npOCTYJO CTpyK-
Typy, Kai<: H T > KOMnoHeHTa HAP. 

B nepexo.nax H3 p 3/2 H p 1/2 HAP Ha ocHoBHhie cocToH
HHH cnHHoBaH 1-IaCTh onepaTopa MJ nepexo.na oKa3hiBaeTc.R 
3Ha'IHTeJILHo MeHhwe op6HTaJihHOH qacTH. Ka'leCTBeHHo 
3TOT 34l4leKT MO>KeT 6hiTh o6'h.RCHeH MeHhweil cTeneHhiO 
KOHn;eHTpauuu Ml raMMa-nepexo.noa no cpaaueuuro c Kou
n;e.HTpan;ueii cunhi raMoa- TennepoacKux f3 -nepexo.noa, B03-
HUKaiOll(eH U3- 3a HaJIU'IU.R OCTaTO'IHhiX ajauMo,neiicTBHH 
.Tuna I ( r, r

1
· (J •. a

1 
) • · ~ 

. lj • ' . 
· B COOTBeTCTBUU C npe,ncKa~aHHHMU O.l(HOtJ:a7TU'IHOHJMO~ 
,neJiu nepeXO,l(hl aHaJior·aHTUaHanor TUna { 5 2

-> fS 2 . U 
p I/2 ... p J/2 • 3aTopMo:>KeHhi rio cpaaueuuro · c ·nepexo,noM 

. p 3/2 -> p 3/2 . 0,nHaKO · KaK · OTHOCUTeJibHble UHTeHCUBHOCTH 
nepexo.noa, TaK H aenutJ:uHh! B(Ml) ,Bhi'IUCJieHHhie rio o.nuo
qacTu'IHOH' · MO,nenu; . OTJIU .. IaiOTC.si "oT 3KCnepuMCHTaJihHhiX. 
3TO yKa3hiBaeT Ha Heo6XO,l(UMOCTh ytJ:eTa B3aUMO.l(CHCTBUH 
Tuna I (r~ .r 1 a i a1 . .) npu cpaaueuuu c 3KcnepHMeHTOM. 

i, I • . 
B 3aKJIIO'IeHue aBTOphi Bbipa:>KaiOT caoro 6naro,napHOCTh 

.H.IimocKo, A.ConTaiiy, 3.repnuKy, K.ByilueKy 3a noMOll(h 
·a npoae.neuuu 3KcnepuMeHToB, rpynne 3Kcnnya.fau;uu 3r-5 . 
no.n pyKoao,ncTao:M H.A, qenyptJ:eHKo · 3a o6ecneqeuue 6ec
nepe6oiiuoil •pa60Thl ycKOpHTCJIH; a TaK:>Ke 10 .H. ryceBy 
u E.H.Moqynoay 3a yqacTue B H3Mepeuu.Rx. ., .. 
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