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Kasanw pacnaaa cocTORBBA rarasTcxoro peaoaaaca npa 
paaBBilBOHHOM 38XB8Te rr":.Me30HOB 

06cyJKaaJOTC!I Kaaanbl pacmenne&Bll nerxax sr.aep npa paaaanaoa&oM 
aaxaaTe rr- -Meaoaoa. lleTam.ao accneaoaaa pacnaa xaaapynom.eoA aeTBa 
peaoaaeca a ee npo!!Bneaae B aaepreTaqecKax cneKTpax seATpoaoa, 
Cornacao pac'leTaM B 19% cny'laea paaaanaosa&IA aaxaaT ,--Meaoaoa 
B lllo CODpOBO}I{JlA8TC!I BCnyCJHIHB8M aayX ayKnOKOB, 

Pa6oTa BbiDonBeHa B na6opaTOpHB TeopeTaqecxoA ,Pa3HKB OIHIH. 

npenpBHT 061o8.1lHB8BBOI'O HBCTBT)'T8 ll.ll8pHb1X BCCII8.11088HHA • .Qy6aa 1978 

Gmitro M., Tosunjan L.A., Eramzhyan R.A. 

Decay Channels of Giant Resorlf\nce States 
ln the Radiative Pion Capture 

P2 - 11562 

Decay channels in the radiative pion capture reactions 
are discuss.?d and their respective yields calculated, Specific 
consequences of a recenUy suggested quadrupole excitation mode 
in the (rr-,y) reaction are found and their experimental investiga
tion is urged. A yield o( about 19'fo of the total decay w:ls estima
ted for the tw~nucleon decay channels even for the light nuclei 

like 18 0. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1. BBE,4EHHE 

K aacTOJm~euy speMeHB Koau;emur• o .llOMBHBp)'IOJIJ;ei 

poJIB KOJIJieKTBBHhiX COCTOJIHBi Jl,llpa THUa rBraHTCKOrO 

pe30HaHCa B npou;eccax pa,llBaiJ;HOHHOrO 3aXBaTa rr·Me30· 

HOB nerKBMB .ll,llpaMB nony'lana p.11.11 :JKcnepBMeHTanLHYX 

UO,IlTBep~eHBB. 0,1lHO B3 OCHOBHhiX - npOJIBn,HBe pe30· 

HaHCHOi CTPYKTyphl B cneKTpax y • KBaHTOB 1-3/, ,l{e

TanLHhle pac'leThl CUeKTpOB y- KBaHTOB B OOnLWBHCTBe 

nerKBX Jl,llep Oa3BpOBanBCL Ha y'leTe TOnLKO CUBH·,IlBnOnL· 

Hoi seTBB pe3oHaHca /o6ycnosneHHoi ,lleicTBBeM onepa

Topa [ aY 
1 

] J I. llpB TaKOM no,llXO,Ile BhiCOK03HepreTB

qecKyJO 'laCTL cneKTpa B030YlK.IleHBJI JI,Ilepaoi cacTeMw I ei 

COOTBeTCTByeT HB3K03HepreTB'IeCKaJI 'laCTL y·cneKTpa/ 

He y,llaeTCJI onacaTL. 3Ta 'lacTL cne'Tfa B036y~eHBJI 
nerKBX JI,Ilep, KaK noKa3anB pac'leTw 4 aa .ll,llpe 16 0 , 
CB.K3aHa CO CUBH·KBa,llpynonLHOB BeTBLIO pe30HaHca /ooyc

noBneHBOi: ,lleicTBBeM onepaTopa [aY
2

] J /, KOTopoi co

OTBeTCTB)'IOT nepeXO,Ilhl HyKnOHa 'lepe3 OOOnO'IKY /TaK 

Ba3YBaeMhle 2ri.w ·B030YlK,IleHBJI/. Ha CUBH·KBa,llpynonL· 

BYIO BeTBL B030YlK,IleBBJI npBXO,IlBTCJI 44~ BBTeBCBBHOCTB. 

KaK cne,llyeT B3 pac'leToB, y'leT KOH~Brypau;ai TBna 

,llBe 'laCTBIJ;hl - ,llBe ,llhlpKB (2p- 2h) KaK B BOJIHOBOB ~YBKIJ;BB 
OCHOBBOrO COCTOJIHBJI Jl,llpa MBWeHB, TaK B B BOJIHOBhiX 

~YHKu;BJIX pe30HaHCHhiX COCTOJIBBH Jl,llepHOH CBCTeMhl OKa· 

3anCJI BalKHhiM ,llJIJI KOJIB'IeCTBeHHOrO OUBCaHBJI peaKIJ;BB. 

fionBhiB BhiXO,Il y· KBaHTOB, COrJiaCHO paC'IeTaM / 4~ COCTaBBn 

R TeoiJ. = 2,1~; :JKcnepBMeHTaJILHaJI seJIB'IBHa7
5

/ :R 3Kcn. = 
= (2,27±0,24) ~. 
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CocTo.aua.a raraHTCI<oro pe3ouauca pacnonmKeHw sue

npepwsuoM CDei<Tpe. II03TOMY DOCJieAOBaTeJII.HOe ODBCaHBe 

paAftaiUIOHHOrO 3aXBaTa 11 -Me30HOB MO)I(eT 6wTJ. OCYUleCT

BJieHO Ha OCHOBe eABHOrO DOAXOAa I< ODBCaHBJO Dp.KMWX 

B pe30HaHCHWX DpOQeCCOB, npoTei<aiD~X DpB DOrJIOUleHBB 

Me30Ha /6/,0AUai<O Tai<oii DOCJieAOBaTeJII.HWB DOAXOA MO)I(eT 

6WTI• peaJIB30BaH DOI<a JIBIUh B orpaHB'IeHHOM 'IBCJie CJiy'la

eB. )l,eJIO B TOM, 'ITO B eAHHOM DOAXOAe B03HBI<aeT Heo6-

XOAHMOCT:b pemeHB.K 60JihWOrO 'IBCJia 3aQeDJI.KIO~XC.K HH

TerpO-AB~epeHIUiaJihHWX ypasueuaii. 3Ta TPYAHa.& 3aAa'la 

npai<TB'IeCI<B pemaeTC.K B DpB6JIH)I(eHBB, I<OrAa .&AepHa.& 

CBCTeMa B I<OHe'IHOM COCTO.KHBB ODBCWBaeTC.K cynepno-

3BQBeii TOJihi<O 'laCTB'IHO-AWPO'IHWX COCTO.KHBB. B Tai<OM 

DpB6JIH)I(eHBB pe30HaHCW OI<a3WBaiOTC.K pe3I<O CI<OHQeHTpB

pOBaHHWMB B B03HBI<aeT Dp06JieMa BX pa36poca. 

Pa36poc pe3ouaucos B uacTO.&Ulee speM.a uaa6onee1 

3~ei<TBBHO YAaeTc.a y'leCTh B paMI<ax MOAeJIB o6ono'lei<,' 

B I<OTOpoii npeHe6peraiOT TeM «<Jai<TOM, 'ITO BCI<OMWe co

CTO.KHBJJ HaXOAJJTCJJ B HenpepWBHOM CDei<Tpe.H I<ai< DOI<a3w

BaeT aHaJIB3, BO MHOrBX CJiy'laJJX, I<OrAa Ha nepeAHBB DJiaH 

BWXOAJJT 3~ei<TW, CBJJ3aHHWe C pa36pOCOM pe30HaHCOB, 

Tai<OB DOAXOA D03BOJI.KeT Jiy'IWe OTpa3BTh OCHOBHWe 3ai<OHO

MepHOCTB npoQecca B036y)I(AeHB.& B pacnaAa npoMe)l(yTO'IHoi 

.&Aepuoi cacTeMw. KoHe'IHO, npa onacaHBB PJJAa xapai<Te

pBCTBI<, Tai<BX I<aic yrJIOBOe pacnpeAeJieHBe BWJieTeBWBX 

HeiiTpOHOB OTHOCBTeJIJ.HO HanpaBJieHB.K BWJieTa y-I<BaHTOB, 

ii<orAa Ba)I(HW «<Ja30BWe COOTHOWeHBJI Me)I(Ay pa3JIB'IHWMB 

'laCTJJMB aMDJIBTYAW, 3aAa'la HenocpeACTBeHHOrO y'leTa 

uenpepwsuoro cnei<Tpa B paMI<ax eABHoro DOAXOAa swxo-

: ART Ha nepeAHBB DJiaH. 0AHai<O B AaHHOB pa6oTe MW He 

/ I<acaeMc.a yrnosoii I<oppen.aQBB ueiiTpouos B paccMaTpBsaeM 

, TOJihi<O 3HepreTB'IeCI<Be xapai<TepBCTBI<B npoQecca (rr, y) • 

B PJJAe pa6oT/cM., uanp., hi I nonaranoc~o, 'ITO pe-

3YJIJ.TaTw, nony'leuuwe 6e3 y'leTa uenpepwsuoro cnei<Tpa, 

MOryT 6WTh aMBTBBHO AODOJIHeH.W pe3yJIJ.TaTaMB pac'leTa 

npJJMoro MexaHB3Ma sw6asaHBJJ HYI<JIOHOB. H XOTJJ, Aeii

CTBBTeJIJ.Ho, DpJJMWe HeiiTpOHW He Y'IBT.WBaiOTCJJ B pe3o

HaHCHOM DOAXOAe, BX BI<JiaA He JJBJIJJeTCJJ aMBTHBH.WM. 

Kai< DOI<a3aHO B pa6oTe/S/ Ha OCHOBe eABHOrO ODBCaHBJJ 
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npouecca pacllleDJieHBJJ JJApa B peai<UBB (rr, y), BeT 'leT

I<oro I<PBTepBJJ AJIJJ pa3rpaHB'IeHBJJ 3TBx ABYX MexaHB3MOB. 

HMeeTcJJ CYUleCTBeHuaJJ 'laCTh, I<OTopaJJ MO)I(eT 6wTh yq
TeHa /no I<paiiueii Mepe, TeXHB'IeCI<B/ I<ai< B paMI<ax 'IBCTo 

pe3ouaucuoro, Tai< B B paMI<ax npJIMoro MexaHB3Ma. llo3-

TOMY MeXaHB'IeCI<Oe CJIO)I(eHBe CI<OpOCTeii nepeXOAOB, no

Jiy'leHH.WX B ABYX I<paiiHBX CJiy'laJJX, DpBBeAeT I< AByi<paT

HOMY y'leTy OAHBX B TeX )l(e 3~ei<TOB. Kai< DOI<a3aHO B pa-

6oTe /8/, Ha AOJIIO 'IBCTO DpJJMOrO MeXaHB3Ma, He Y'fBT.W

BaeMOrO pe3oaaucuoii MOAeJihiO, B npouecce 16 O(rr- , y) 

DpBXOAHTCJJ (10 +15)~ DOJIHOB BHTeHCBBHOCTB. JiOJiee TO

ro, B o6JiaCTB JIOI<aJIB3aQBB CDBH-ABDOJihHWX pe30HaHCOB 

/BDJIOTh AO 3HeprBi B036y)I(AeHBJJ CBCTeMW 16 N, paBHOi 

15 M3B/ BI<JiaA np.&Moro MexaHB3Ma oi<a3aJICJJ o'leHJ. Man. 

0AUa B3 DPB'IBH Tai<oro 3~ei<Ta - OTHOCBTeJIJ.HO MaJiaJJ 

BeJIB'IBHa nepeAaHHoro BMDYJIJ.ca B npouecce (u, y). B 
npoueccax, rAe nepeAaHHWB BMDYJihC CYUleCTBeHBO 60JIJ.

me, pOJih MexaHB3Ma DpJJMOro B.W6BBaHBJJ HYI<JIOHOB CTa

HOBBTCJJ OCBOBHOB /9/, 

Ha uaw B3rJI.&A Ba)I(HWii pe3yJihTaT, I<oTop.wii cJieAyeT 

B3 pa60TW /8/, COCT,OBT B TOM, 'ITO OH 3ai<peDJIJJeT BWBOAW, 

CAeJiaBBWe Ha OCHOBe MOAeJIB, He Y'IBTWBaiOUlei HenocpeA

CTBeHHO BenpepWBH.Wi cnei<Tp /3,4/, B D03BOJIJJeT DpB

MeHJJTh ee AJIJJ accJieAoBaHBJJ Qenoro PJJAa APYrBx 3Hepre

TB'IeCI<Bx xapai<TepacTBI< npouecca (rr,x). B AaBuoi pa6oTe 

6yAeT DpOAOJI)I(eH Ba'laTWi B pa6oTe 14/ aHaJIB3 3Bepre

TB'IeCI<BX xapai<TepacTBI< npouecca 16 0(7T,y). Ocaosuoe 

BBBMaBBe 6yAeT yAeJieuo napQ&anhHWM cnei<TpaM)I(eCTI<BX 

y-I<BaBTOB B CDei<TpaM BCDYUleBBWX BeiTpOHOB. XoT.K I<OHI<

peTHWi aHaJIB3 npoBeAeH HaMB AJIJJ .KApa 160 , TeM He 

Meaee pe3yJIJ.TaTw auana3a MoryT 6wTh pacnpocTpaueuw 

I<a'leCTBeHHO ua see JJApa 1p-o6oJIO'II<B. PacnpocTpaaeuae 

pe3yJIJ.TaTOB Ha WBpOI<BB I<pyr JJAep onpaBAaHO TeM, 'ITO 

HaiAeHH.We 3ai<OHOMepHOCTB CBJJ3aHW C 06UlBM CBOiCTBOM 

.KAepHOi CBCTeMW - B036y)I(AeHBeM rBraHTCI<Oro pe30HaH

ca B, B 'laCTHOCTB, ero CDBH-I<BaAPYDOJihHOi BeTBB. 3I<

cnepBMeHTaJIJ.Ha.K DpOBepi<a npeACI<a3aHBB TeOpBB D03BOJIBT 

AOBOJihHO o6cTo..&TeJIJ.Ho nposepBTh pJJA npeAcTaBJieHBii o 

.&Aepuoi CTPYI<Type B MeXaHB3Me npouecca, DOJIO)I(eHHWX 

B OCHOBY ODBCaHB.K npouecca (rr ,y ). 

5 



B nocne.nYJOIIJ;eM pa3,nene cTaTJ.8 w:w o6cy,n8M pJI.n 
napD;8&nbHWX xapaKTep8CT8K npou;ecca (rr, y ), CBJI3aHHWX 
c pacna.now: cocTOJIH8ii r8raHTCKoro pe3oHaHca no HeiiT
poHHOMY KaHany. 0CHOBHWe pe3yn&TaTW pac'leTa 3T8X 
xapaKTep8CT8K np8se,neHw B pa3,nene 3. 

2. BJJX0,4 H CIIEKTP )J{ECTKHX 
y- KBAHTOB H HEHTPOHOB 

3xcnep8MeHTan~oao 8ccne,nyew:oii sen8'18HOii s npou;ecce 
(rr ,y) JIBnJieTCJI BWXO.D; R 8n8 3HepreT8'1eCK8H cneKTp 
W(EY) (dR = W(E Y) dE Y) lKeCTK8X y -xsaHTOB. Tax xax 

B nerK8X JI,npax rr -w:e30HW 3axsaTwBaiOTCJI xax 83 &-, 

Tax H 83 p-op68T Me3oaToMa, TO R = R 8 + RP 8 W =W 8 +Wp. 
Ben8'18Ha R 

8 
ecTb npo83Be,neH8e OTHomeH8JI r ls lcxo

poCT8 pa,n8aD;80HHoro 3axsaTa rr -w:e30HOB ).. ls K nonaoii 
CKOpOCT8 A l 3aXBaTa 1T ·Me30HOB C ls ·op68TWI 8 OTHO· 
C8Ten&Hoii 3a~eneHHOCT8 s- yposHeii w 

8 
: R 

8 
== r 

18 
(J) 

8 
• 

Allanor8'1HWM o6pa3oM onpe.neneHa 8 sen&'I8Ha R P. Me3o
aTow:awe napaw:eTpw wf 8 A f o6w'IHO 6epyTcJI 83 3Kcne
P8MeHTan~oHwx ,naHHwx, a cxopocT8 pa,n8aD;80HHoro 3axsaTa 
paCC'I8TWBaiOTCJI. 

CxopocTJ. pa,nuau;80HHOro 3axsaTa rr -w:e30HOB JI,npow: 
16 0 pacC'I8TWBanac& ~ ocHose sonHoswx WYHKD;8ii:, no
cTpoeaHwx s pa6oTe I 4 : ocHOBHoe cocToJIH8e JI,npa 16o 8 
pe30HaHCW nonOlK8TenbHOB 'leTHOCT8 On8CWBan8Cb cynep
n038D;8eii: KOHW8rypau;8ii B nonoce Ohw- 8 2h(u - B03-
6ylK,D;eH8B; pe30HaHCW OTpHD;aTenbHOB 'leTHOCT8 - cynep
n038D;8eii: KOHW8rypau;8ii B nonoce lhw- 8 3hw - B036ylK
,neH8ii. B3a8w:o.neiicTB8e MelK,ny HyxnoHaM8 B JI,npe on8-
cwsanoc& noTeHu;HanoM Ta6aK8Ha. C 3T8M lKe B3a8w:o
.neiicTB8eM paCC'I8TWBan8Cb COCTOJIH8JI nonOlK8TenbHOB 'leT
HOCT8 B JI,npe 15 N. KoTopww: cooTBeTCTBYIOT KOHW8ry
paD;88 T8na qacT8D;a - .nse ,nwpK8 lnp8'leM qacT8D;a aaxo
.D;BTCJI B 2s- 8n8 ld -o6onoqxel 8 KOHW8rypau;HJI ls-1 . 
0CHOBHOe COCTOJIH8e JI,D;pa 15 N(l/2-) H ypoBeHb 3/2-

-1 I E * = 6,3 M3BI C'I8Tanuc& '18CTO ,nwpo'IHWM8 (p 
1
;

2 
8 

Pg}2 COOTBeTCTBeHHO). 
Pe3oHaHcw B JI,nepHoii C8CTeMe 16 N pacna,naJOTcJI, 

6 

rnasaww: o6pa3oM, nyTeM 8cnycxaH8JI HeiiTpoHoB. Pac'leT 
ueiTpOHHoro KaHana pacna.na nposo.D;HnCJI B paw:xax R -
MaTp8'IHOi TeOp88 B 4!opManB3Me np8Be,D;eHHWX W8p8H/10/. 
3TOT nO,D;XO.D; .D;OBOnbHO ycneWHO 8CnOnb3reTCJI .D;HJI On8· 
CaH8JI pacna,na nerK8X JI,nep 8 n03BOnJieT KOppeKTHO OTpa· 
38Th OCHOBHWe 3aKOHOMepHOCT8. TaKOe YTBep~eH8e oc
HOBaHO Ha pe3ynbT,TaX MHOrO'I8CneHHWX KOHKpeTHWX pac· 
'leToB I cw.., Hanp., 11/ 8 112/ I peaKD;8ii: paciD;enneH8JI JI,nep 
no,n ,neiiCTB8eM y-KBaHTOB. 

BepoJITHOCTb B036ylK,neH8JI pe3oHaHca i B JI,nepHoii c8c
TeMe B npou;ecce (rr, y) c nocne,nyiOID;BM 8CnycxaH8eM 
HeiTpOHa no KaHany C C op68T&nbHWM MOMeHTOM f c 8Me • 
eT cne,n}'IOID;IIii B8,n: 

- 1 

Ri rfc 111 
wt ., --- . --- • 

R rt 
tot tot 

B /1/ R 1 8 R tot - napu;8an&Hwii lc B036y~eH8eM pe3o
HaHca i I 8 nonawii swxo.n y "'KBaHTOB, np8'1eM Rtot = ~ R 1 , 

1 
i 

r.ne cyw:w:a 6epeTcJI no seeM pe3oaaHcaw:. r tot - nonaaJI 
WHP8Ha pe3oHaHca, Il - napu;8an&HaJI mup8Ha, cooTBeT
CTBYIOID;a.l xaaany c. lloc1te.na.&.& onpe,nen.&eTc.& qepe 3 xsa.n
paT np8se,neHHoi W8PHHW Yfc , xapaKTep83YJOID;eii se
po.&THOCTit aaxo~eH8.1 Hyxnoiia Ha nosepxaocT8 KaHana 
c , sonaosoe '18cno k 8 npoH8u;aew:ocTJ. 6ap~oepa P f 
rffc =2kPt y fc .. Pa,n8yC KaHana nonaranc.l paBH~M 
R = 3,4:f 4>M. 

3. PE3YJihTATM PACflETOB H HX OECY)J{,4EHHB 

Ha puc. 1 noxa3aH pacC'I8Taaawii cnexTp v·KBaHTOB 
B peaKD;H8 16 0 (rr- , y ), · o6ycnosneHHwii Bo36ylK,neH8eM 
Cn8H-,D;8nOnbHOB 8 Cn8H-KBa,npynonbHOB BeTBeii:pe3oHaHCa. 

TeopeTH'IecKaJI Kp8Ba.l nocTpoeaa B npe.nnonolKeH88, 'ITO 
KalK.D;Wii pe3oHaHc 8MeeT 6peiiT-B8rHeposcKYJO 4lopw:y c m8-
p8Hoii 2 M3B B o6nacT8 3Hepr8ii E y ::;_125 M3B. B BH.D;e 
r8CTOrp~,~~~ np8Be,D;eH 3KCnep8MeHTanbHWB cneKTp y -
KBaHTOB 5 , KOTOpWii BKnJO'IaeT OKOnO 50 000 C06WTHB, 
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P 16 - ) uc. 1. CneK•P y- K6aH.06 6 peaKI#UU 0 (TT ' y • ru-
c•ozpaMMa - 3KCnepUMeH.OIIbHbiU cneK•p; CMOIIIHOJI Kpu-
60.11 - pacc-.u•aHHbiU. Kpu6a.ll a - cneK•P y- K6aH•o6, 
o6ycA06AeHHbiU cnuH- c)unoAt-Hoil 6e•6bl0 peaoHaHca; Kpu-
60.11 b - coo•6e•c•6eHHO cnuH- K6ac)pynoAbHOU. 

3aperacTpapo:aa.HBbiX no 6aaaM wapaaoii 200 KaB. Cnaa
lzumom.aaJI seTB& B036y)I(.AeHBJI noKaJIB30Baaa B 3Hepre
TB'IecKoii o6nacTB Ey = (110+ 130) MaB. HB3K03Hep
reTB'IecKaJI 'laCT& cneKTpa y·KBaHTOB o6yCJIOBJieHa CnHH· 
KBa,ApynoJI&H~ii BeTB&IO pe30HaHCa B CBJI3aHa C 2hw 
B036y)I(.AeHBJIMB JI,Apa. 

PaccMOTPBM Tenep& xapaKTepacTBKB npou;ecca, csJI-
3aHHwe c pacna.AOM pe3oaaacawx cocTOJIHBii. Ha puc. 2 
npBBe,AeH nOJIHbiH Heii.TpOHHbiH cneKTp, KOTOpbliinpe,ACTaB
JIJieT co6oii CYMMY napu;BaJI&HbiX HeiiTpOHHbiX cneKTpOB. 
Caosa, KaK B aa puc. 1, C'IBTanoc&, 'ITO Ka)I(.AaJI pe3oaaac
HaJI JIBHBJI B cneKTpe HeiiTpOHOB BMeeT 6peiiT- BBrHepOBCKYJO 
clx>PMY c wapaaoii 2 MaB. Bw.AeneH BKJia.A B noJIBwii cneKTp 
,ABnOJI&HOH B KBa,ApynOJI&HOH BeTBeii pe30HaHca. B BB.Ae 
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Puc. 2. CneK•P 6b1Ae•e61Uux Heu•poHo6 npu pac)uai#UOHHOM 
aax6a•e rr- - Mf3QH06 Jl{)poM 16 0. ruc•ozpaMMa - peayAe-
.a• U3MepeHUJI I 131,KpU60JI 1 - nOIIHbiU Heil•poHHbiU cneK•p, 
KPU6a.ll 2 o•6e-.ae• 6KAac)y cnuH- c)unoAt-Hoil 6e•6u peao
HaHca, Kpu6a.ll 3 - cnuH- K6ac)pynoAt-Hoil 6e•6u. 

racTorpaMMbl npase,AeH 3KcnepaMeHTaJI&Hblii cneKTP I 13/. 

B IJ;eJIOM y,AaeTCJI BOCnpOB3BeCTB OCHOBHble 'lepTbl 
B3Mepeaaoro cneKTpa. XapaKTepaoii qepToii cneKTpa JIB
JIJieTCJI HaJIB'IBe MaKCBMyMa npa 3HeprBB aeiiTpOHOB E n = 
= 4+5 MaB. Oa o6ycnosnea pacna,AOM pe3oHaHcos 2~ 
IE* = 6,6 MaB/ B ocaosaoe cocTOJIHBe .AO'Iepaero JI,Apa 
15N B 1'i IE* = 13,4 MaB/ aa yposea& 3/2- B 15N 

Pe3KO 3aHIDKeHHbiM /KaK B so scex ,Apyrax pac'leTax/ 
no cpaBHeHHIO C 3KCnepBMeHTOM OKa3biBaeTCJI BbiXO,A Heii.T
poaos B MJirKoii /acnapaTeJI&Hoii/ 'laCTB cneKTpa. ITpaqa
Ha - He,AOCTaTO'IHbiH pa36poc ,ABnOJI&HbiX COCTOJIHBH. 

Ksa,Apynon&HaJI seTs& pe3oaaaca ae KOJIJieKTBBB3B
pyeTcJI no,Ao6ao .ABnon&Hoii /eM. puc. 1/. Oaa oKa3wsa
eTcJI pa36pocaaaoii no wapoKOMY BHTepsany 3Hepraii. lionee 
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TOro, ee reHeanorR'IeCKaJI CBJI3L C COCTOJIHRJIMR JIApa 

!A= 15 JIBnJieTCJI O'leHL pa3BeTsneHHoii. B pe3ynLTaTe -

B HeiiTpOHHOM cneKTpe, o6ycnosneHHOM pacna,AOM 3TOB 

seTBR, pe3oHaHcHaJI cTpyKTypa npaKTR'IeCKR He npoJis

nJieTCJI. CaMaJI >KeCTKaJI 'laCTL HeiiTpOHHoro cneKTpa CBJI-

3aHa C pacna,AOM KBa,ApynonLHOB BeTBR pe30HaHCa B oc

HOBHOe COCTOJIHRe ,AO'IepHero JI,Apa 15 N. Ha BYCOK03Hep

reTR'IeCKYID 'laCTL HeiiTpOHHOrO cneKTpa npRXO,ARTCJI 0,27 
HeiiTpOHOB Ha O,ARH >KeCTKRi y -KBaHT, eCnR liiRKCRpOBaTL 

HeiiTpOHY c 3Heprsei En > 10 M 3B, R 0,19 HeiiTpOHOB 

na O.ARH >KeCTKRi y -KsaHT nps 3Heprss En > 15 M3B. 
A6comoTHYe 3Ha'leHRJI BYXO.AOB y -KsaHTOB R3 peaK

lUIS 16 0 ( rr, y), CBJI3aHHLle c 3aceneHReM onpe,AeneHHoro 

KOHe'IHOrO COCTOJIHRJI ,AO'IepHero JI,Apa 15N, npRBe,AeHY 

B •a6AUfle. C H&R60nLWei RHTeHCRBHOCTLIO 3acenJIIOTCJI 

OCHOBHOe COCTOJIHRe 1/2- R COCTOJIHRe 3/2-, rnaBHYM 

o6pa30M 3a. c'leT pacna,Aa cnsH-,ARnonLHoi se'I'BR pe3o

HaHca. 3TO CBJI3aHO C TeM o6CTOJITenLCTBOM, 'ITO B COOT

BeTCTBYIDIIUIX sonHoBYX WYHKIUIJIX .AOMRHRPYIDIIUIMR JIBnJI

IOTCJI 'laCTR'IHO-,ALlpO'IHYe KOMnoHeHTY: 2s -1p-l RnR 

1d-1p-1 . 

Ksa,ApynonLHaJI seTBL pe3oHaHca pacna,AaeTcJI npes

MymecTseHHO Ha ypoBeHL 3/2- (E * = 6,3 M3B)R YPOBHR 

nono>KHTenLHoi 'leTHOCTR JI,Apa 15 N, pacnono>KeHHLle BYWe 

nopora nocne.AYIDmero scnycKaHRJI HeiTpoHa snsnpoToHa. 

BonHoswe IIIYHKURB 3TRX pe3oHaHcos co,Aep>KaT KoMnoHeH

TY (28 RnR 1d) 1s-1, ~2p RnR lf) lp-l R (f
1
f

2
}1p-2 , 

r,Ae 'lepe3 f 
1 

s t 2 o6o3Ha'leHY 2s- sns 1d -cocTOJIHRJI. 

BYCOKOne>Kall(Re COCTOJIHRJI JI,Apa 15 N onRCYBaiOTCJI cynep

n03RURei KOMnoHeHT TRna ~2s RnR 1d) lp - 2 
• Il03TOMY 

reHeanorR'IeCKaJI CBJI3L KBa,ApynonLHOi BeTBR pe30HaRca 

C BLlCOKOne>KaiiUIMR COCTOJIHRJIMR JI,Apa 
15 N BenRKa. 

Ha,AnoporOBYe COCTOJIHRJI JI,Apa 15N 3&TeM 6y,AyT 

pacna,A&TLCJI nyTeM RCnycK&HRJI npOTOHa /COOTBeTCTByiO

Il(RB nopor paseH 10,21 M3B/ sns HeiTpoHa /nopor 

10,83 M3B/. TaKaJI cneuslllsKa pacna,Aa 6y,AeT xapaKTepHa 

H ,AnJI OCTanLHYX JI,Aep lp - 060nO'IKR, TaK KaK OHa CBJI3aHa 

C 061l(RMR CBOBCTBaMR nerKRX JI,Aep - CRnLHYM pa36pocoM 

KBa,ApynonLHYX pe3oHaHcos. Bo scex 3TRX JI,Apax cne,AyeT 

o>KR,AaTL 3aMeTHOrO BKna,Aa KaHanOB (rr- ,y2n) RnR ,AWKe 

KaHana (rr-, ynp) s nonHyiO sepoJITHOCTL pacmenneHRJI 
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Ta6Aufla 1 

BYXO.A >KeCTKRX y-KsaHTOB, npRBO.AJimsi K 3aceneHRIO 
onpe,AeneHHYX COCTOJIHRB JI,Apa 15 N B peaKURR 
16 0(rr-,yn) 15N. HH,AeKCY"+" R "-" OTHOCJITCJI K BKna,Ay 

pe3oHaHcos nono>KRTenLHoi R oTpsuaTenLHoi 'leTHOCTR 
COOTBeTCTBeHHO. 

YpoBHH SJJlpa 15N 

TT 
J E~ MaB 

112 0,0 

1 /2+ 5/2+ • 5,3 
-3/2 6,3 

5/2+ 7,2 

3/2+ 7,3 
OcTanhHbie 

CBSI38HHble 

COCTOSIHHSI 

YpoBHH rrono*Mrenbaon 

qeTHOCTH, ne*8Wife 

BbiWe rropora HyKnoaaoro 

paaaana 

CyMMapHbiH BbiXOA 

Bb!XOA y -KB8HTOB 

a enMHHuax 10-4 

R+ R- R .. R+ +R-

12 

7 

23 

5 

1 

5 

42 

95 

63 

1 

31 

0,2 

< 0,1 

<0,1 

2 

97 

75 

8 

54 

5 

5 

44 

192 

JI,Apa. B JI,Ape 16 0 Ha .AOniO 3TRX .ABYX KaHanos npsxo,AHTCJI 

OKOJIO 19~ BCeX C06LITHB. 

)l;ononHRTenLHYIO HHiilopMaURIO 0 pOJIH KBa,ApynonLHOB 

BeTBR pe 30HaHCa MO)I(HO nony'IRTL npH CpaBHeHHH HeiTpOH

HYX cneKTpos B .ABYX npoueccax: (rr-, y) H (fl-, v ), B no

cne,AHeM cny'lae 3Ta seTBL npoJIBJIJieTCJI oqefL cna6o 

/ee HHTeHCHBHOCTL He npeBLIWaeT 10~, TOr,Aa KaK B npo

uecce (rr-, y) - OKOJIO 44~/. ConocTasneHHe o6oHx cneKT

pos npose,AeHo Ha puc. 3. 3KcnepHMeHTanLHLie ,AaHHLie no 

HeiTpOHHOMY cneKTpy npH 3aXBaTe MIOOHOB B3JITLI H3 pa-

60TLI /14/, 
CneKTP HeiTpOHOB OT fl-3axsaTa He HMeeT .AJIHHHoro 

"XBOCTa", B npOTHBOnOJIO)I(HOCTL cny'laiO pa,AHaUHOHHOrO 
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Puc. 3. Cne~e•p ewAe•ee,ux Heii•poHoe e npo14eccax 
a/ (p.-, V 11): CnAO,HaJI KpU6aJI - pe3y111»•a• U3MepeHUJI /14/, 
,.pux- nyHK•upHaJI - pe3y11••a• pac-.e•Q; 6/ (rr -, y): zu
c•ozpaMMa - pe3yllt.•a• U3MepeHUJI I 13/, CnAO,HaJI KpU-
6aJI - pe3yAt.•a• pac'le•a c y'le•oM cnuH- KeaopynoAt.Hoii 
ee•eu zuzaH•cKozo pe3oHaHca, "'•pux-nyHK•upHaJI - 6e3 
y'le•a. 
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3axsaTa rr-Me3ouos, H3·3a cna6oro npoasneuua KBa~py
nonLuoii BeTBU pe3ouauca. Pe3ynLTaTbl pac'leT·a Ka'lecT
seuuo cornacyiOTCa c U3Mepeuu~a~Mu ueiiTpouu~a~Mu cneKTpa
Mu /eM. puc. 2 u 3/. 

TeopeTu'lecKue KpUBble nonyqeubl B npe~nono>Keuuu, 
'ITO pe30HaHCbl B HeiiTpOHHOM cneKTpe, nOKa3aHHble Ha 
puc. 3a,6 B BU~e BepTUKaJlbHbiX nuuuii, UMeiOT 6peiiT
BUruepOBCKYJO wopMy u wupuuy, paBHYJO 2 M3B. Pe3ouauc~a~, 
noKa3auu~a~e B BH~e cnnowu~a~x sepTuKanLHbiX nuuuii, co
OTBeTCTBYIOT pacna~y B OCHOBHOe COCTOAHHe ~oqepuero 

a~pa 15N( 1/2-) , a B BU~e nyHKTHpHOB nBHUU - B B036y>K
,neuuoe cocToauue 3/2- (E * = 6,3 M3B). 

4. 3AKJIIOflEHHE 

Pe3ynLTaTbl, KOTop~a~e MY o6cy~unu B .nauuoii pa6oTe, 
nonyqeuy ua ocuose Kounenu;uu o .noMUHUPYJOIUeii ponu Kon
neKTUBHbiX COCTOAHUB a~pa TUna ruraHTCKUX pe30HaHCOB 
B nponecce (rr ,y ). Pauee 6~a~no noKa3auo, 'ITO TaKoii no~xo~ 
no3BonaeT onuca Tb rpocc- CTPYKTYPY cneKTpa B036y>K,ne
uua a~epuoii cucTeMbl B nponecce (rr, y ). PaccMoTpeuu~a~e 
B ~auuoii pa6oTe xapaKTepucTuKu 3aTparusaiOT ropa3,no 
rny6>Ke ~eTanu a,nepuoii CTPYKTypbl . 

HaM npe,ncTasnaeTca, 'ITO u3y'leuue TaKux xapaKTe
pucTuK B nponecce (rr ,y ), a TaK>Ke u B ~pyrux nponeccax, 
~YIUUX 'lepe3 B036y>K~euue KOnneKTUBHbiX COCTOAHUB a~pa 
Tuna rurauTcKoro pe3ouauca /pacceauue 3neKTpouos c 
3Heprueii E = 50 +80 M3B ua3a~. clloTopo>K,neuue rr -Me-

e v / 30HOB, pa~uanuouu~a~u 3axsaT rr -Me3ouos ua neTy u T.~. , 
asnaeTca o~oii U3 rnasuwx 3a~aq B uacToaiUee speMJI. 
H nenL uacTOJIIUeii pa6oTbl - noKa3aTL, KaKyiO uuwopManuiO 
npu 3TOM MO>KHO nony'IUTb. 

qyo >Ke KacaeTcJI nponecca (rr ,y ), TO npe~cTaBnJieT 
UHTepec nonyqeuue 3KCnepHMeHTanbHOB UHWOpMaQUH 0 ~BYX
uyKnouuoM Kauane peaKnuu. Cornacuo nonyqeuubiM pe-
3ynLTaTaM, ua 3TOT Kauan ~on>Kuo npuxo~uTLCJI 19~ scex 
C06biTUB, CBJI3aHHbiX C pa~UaQUOHHbiM 3aXBaTOM. Ilpe~CTaB
nJieT 6onLwoii uuTepec U3y'leuue TaKux xapaKTepucTUK, KaK 
cneKTp y·KBaHTOB B COBna~eHUU KaK C ueiiTpOHaMU, TaK 
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H C MJirKHM y·KBaHTOM OT BbiCBe'IHBaHHJI B036y)K.l{eHHOrO 

COCTOJIHHJI ,noqepHero JI,npa A-1 /CM. TaK)Ke pa6oTy /15/j. 

3KcnepHMeHTam.aoe H3y'IeHHe nepe'IHCJieHHLIX 3Hep

reTH'IeCKHx xapaKTepHCTHK, a TaK)Ke yrJIOBbiX KOppeJIJI:UHB, 

D03BOJIHT c,neJiaTI• Ba)I(HbiB mar B DOHHMaHHH KaK MexaHH3· 

Ma pa,nHa:UHOHHOrO 3aXBaTa 17 ·Me30HOB, TaK H BODpOCOB 

JI,nepHoii CTPYKTypbl. 

B 3aKJUO'IeHHe aBTOPLI npHHOCJIT 6naro,napaocT& 3Kcne

pHMeHTaTopaM, BXO.l{JII:uHM B KOJIJia6opaJUUO no3aHHa 

MIOHXeH • IJ.IOpHX, H OC06eHHO npocil. K.~03ecily H npocil. 

IT. TpiOOJUO H .n-py r .WTpaccaepy 3a 03HaKOMJieHHe c ao

BbiMB 3KCnepBMeHTaJI&HbiMH .l{&HHLIMH. ABTOpbl 6naro,nap

Hbl T&K)Ke ,n·py P .BIOHWY 3& DJIO,l{OTBOpHble 06Cy)K,neHHJI 

H P .A.CaKaesy 3& ero BKJia,n aa paaaew 3Tane pa6oTbl. 
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