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KpaTKUe coo6UjeHUR 011J!Jf N• 6{ 45 j -90 
YAK 539.172.5 

PEAKU11H rr+ + 12 C-+ p + p +X 

JINR Rapid Communications No.6{ 45 j -90 

I1PI1 3HEPri1HX I1110HOB 26-39 M3B 

IO.K.AKHMOB, 11.11.rai-icaK, M.r.ropHoB2
, . M.H.roc-rKHH, 

IO.E.rypoB2
, C.Il.KpyrnoB 1

, C.I1.Mep3JIRKOB, K .O.OraHeCRH, 
E.A.IlaciDK, C.IO.IlopoxoBoi-i, A.I1.PygeHKO, 11.11.CTpaKOBCKHH1 

, 

A.B.IllHUIKOB2 

fionyqeHbi nepBhie JKcnepHMeHTaJibHbie peJyJibTaThi no norJIOIUe­
HHIO 1T+ -MeJOHOB C JHeprHHMH 26 - 39 MJB Ha H.o;pe ymepo.o;a C HC· 
nycKaHHeM .[(Byx npOTOHOB. fioKaJaHO, 'ITO OCHOBHbiM MeXaHHJMOM 
nOfJIOIUeHHH HBJIHeTCH nOfJIOllleHHe Ha KBaJH,[(eHrpOHHOH nape B H.[(· 
pax. fipH JHeprHH OKOJIO 28 MJB OOHap)')KeHa peJoHaHCHaH ocooeH­
HOCTb B JHepreTH'IeCKOH JaBHCHMOCTH nOJIHOfO Ce'leHHH C UIHpHHOH 
MeHbUie 3 MJB no JHeprHH na.o;aJOmHx nHOHOB. 

Paoora BbmoJIHeHa B JiaooparopHH H.o;epHbiX npofirreM 0 11RI1. 

Reaction rr+ + 12 C-+ p + p + X 

at Pion Energies of 26-39 MeV 

Yu .K.Akimov et al. 

The first experimental results for absorption of rr+ -mesons of 26 -
39 MeV energies in the carbon nuclei with two outgoing protons 

are presented. It is obtained that the absorption by the quasi-deuteron 
is the main channel of absorption mechanism. A resonant structure 
with width less than 3 MeV is observed in the energy behaviour of the 
total cross section at the energy of incident pion close to 28 MeV. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

B noHHMaHHH npo~eccoB nornomeHHR nHOHOB RApaMH g o HaCTOR­
mero BpeMeHH OCTaeTCH MHOrO HeRCHOrO, HecMOTpR Ha TO, 'ITO 3TH 
peaK~HH HHTeHCHBHO H3Y'IaiOTCR HeCKOJibKO geCRTHJieTHH, CO BpeMeHH 
nORBJieHHR nepBbiX ny'IKOB nHOHOB Ha YCKOpHTeJIRX. 

1 JleHwupaiicKuu uHcruryr ROepHou tjju3UKU AH CCCP 
2 MocKOBCKUU UHJICeHepHo-tjju3U'IecKuu uHcru ry r 
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Teo peTHtieCKHH HHTepec K npoueccaM norno~eHHH nHOHOB CBH-

3aH C B 0 3MO)KHOCTblO noJiytieHH.R HHQ>OpMai.J;HH 0 HeHyKJIOHHblX CTene­

H.RX CB06 0,lJ;bl B .R,n;pax ( Me30HHblX H ~ -H306apHblX j , a TaK)Ke )K~Jia­

HHeM B b lHTH Ha ypoBeHb KBapKOBOrO OOHCaHH.R B3aHMO,lJ;eHCTBH.R 

a,n;pOHOB C .R,n;paMH, CJie,lJ;CTBHeM KOTOpOrO MO)KeT 6biTb 06Hapy)KeHHe 

.n;H6apHOHHhiX HJIH MYJibTH6apHOHHhrx pe30HaHcOB B H.n;pax. 

H aH6onee HHTeHCHBHO HCCJie,n;OBaJIHCb peaKI.J;H.R 7T+ d-+ pp H o6paT­

Ha.R eH p p-+ 1T+ d, KOTOpbie .RBJI.RlOTC.R OCHOBHblMH KaHaJiaMH norno­

~eHH.R H po)K,n;eHHH nHOHOB npH npoMe)KyTO'IHhiX :meprHHX. O,n;HaKo 

HaH6onee nOJIHbie Ha6opbl 3KCnepHMeHTaJibHbiX ,lJ;aHHbiX HMelOTC.R 

B o6nacTH 3HeprHH nHOHOB, 6nH3KHX K pe30HaHCHOH [ 100- 250 M3B] . 

3HatiHTeJibHO MeHhllle Hccne,n;oBaHo norno~eHHe npH T 1T < 100 M3B. 

Ha pHc. 1 npe.n;cTaBJieHa CBO.n;Ka ,n;aHHhiX no nonHhiM cet~eHHHM peaK­

UHH 7T+ d -+ pp 
11 1

• J1MelO~Hec.R ,lJ;aHHhie 3atiaCTYlO npOTHBOpetiHBbl. 

TeM He MeHee o6pa~aeT Ha ce6.R BHHMaHHe yKa3aHHe Ha HaJIH'IHe 

cTpyKTyp hi (npoBana) B o6nacTH Trr ~ 28 M3B (ys-= 2,04 f3B/c2
) • 

.UnH npoueccoB norno~eHHH rr+ -Me30HOB Ha .n;pyrHx H.n;pax npH 

3HeprHHX Trr < 60 M3B 3KcnepHMeHTaJibHhre .n;aHHhre OTCYTCTBYIDT, 

8.0 ...,--------------------, 
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PHc. l . Cso,ru<:a JJ:a.HHhix 11 1 no noJIHbiM ce'!eHHHM peaK~HH 7T+ d-+ pp. 
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XOTH C TO'IKH 3peHHH HCCJie,D;OBaHHH H,nepHOH crpyKTypbl IIHOHbl HH3-

KHX 3HeprHH o6Jia,n;aiOT onpe,neJieHHhiM npeHMyi.UeCTBOM • .lleJIO B TOM, 

'ITO CetieHHH B3aHMO,neHCTBHH nHOHOB B 3TOH o6JiaCTH 3HeprHH OTHOCH­

TeJILHO Manbi. 3Ta OC06eHHOCTh n03BOJIHeT notiyBCTBOBaTL 0 6 JiaCTH 

H,D;pa rny6)1(e TeX, KOTOpbie 3(>H,D;HpyiOT IIHOHbl 6oJiee BbiCOKHX 3H eprHH, 

B oco6eHHOCTH pe30HaHCa, r,ne 60JihlllaH tiaCTL B3aHMO,D;eHCTBHH npOHC­

XO,D;HT Ha noeepXHOCTH H,npa. 

OnHcaHHaH CHTYaUHH CTHMyJIHpoeana npoee,neHHe Hccne,no BaHHH 

norJIOI.UeHHH rr• -Me30HOB H,npaMH npH 3HeprHHX IIHOHOB 20- 60 M3B. 

· B Hacronmeii pa6oTe npe.ncraeneHbi nepBbie proyJILTaTbi, nonytieHHbie 

Ha n,npe yrnepo,na. Hccne,noeanacL peaKUHH rr• + 1 2 C __. p + p + X c Bbi­

,neneHHeM KaHaJia C o6pa30BaHHeM .D:BYX npOTOHOB B KOHetiHOM COCTOH­

HHH npH 3HeprHHx na,naroll.{Hx nHOHOB 26, 28, 30, 32, 36 H 39 M3B. 

llocTaHOBKa 3KCnepHMeHTa 

Ji3MepeHHH npOBO,D;HJIHCh Ha KaHane nHOHOB HH3KHX 3HeprHH 

n2 CHHXPOUHKJIOTpoHa J111H<I> 12 '· HcnOJih30BanacL .Me30H006 pa3yiO­

I.UaH MHllleHL H3 Be. 3axeaT qacrHu B KaHan npoHcxo,nm n on yr­

JIOM 60° K npoTOHHoMy nytiKy. KaHan o6na,naeT cpaBHHTeJILHO Manoii 

,D;JIHHOH, OKOJIO 8 M, 'ITO Ba)I(HO npH pa6oTe C nHOHaMH ManbiX 3H eprHH. 

B KaHane HMeeTCH ,D;Ba noeopOTHbiX MarHHTa: O,D;HH B Hatiane, ,npyroH 

B KOHL{e. 3To J].aeT B03MO)I(HOCTh CHH3HTL npHMecL MIOOHOB B nytiKe. 

B cepe,nHHe KaHana, e npoMe~TOtiHOM <Poicyce, pacnonaraeTcH KOJIJIH­

MaTop, onpe,neJIHIOI.L{HH HMnyJlbCHbiH pa36poc nytiKa. CocTaB nytiKa on­

pe,neJIHJICH no BpeMeHH npomrra13 1 • B KatieCTBe CTapra HCnOJih3 0BanCH 

CHrHan CO CL{HHTHJIJIHL{HOHHOrO ,D;eTeKTOpa Ha BbiXO,D;e KaHaJia, B Katie­

CTBe cronoeoro cHrHana - pa,nHotiaCTOTa ycKopmenn. TotiHo cTL on­

pe,neneHHH ,D;OJIH IIHOHOB B nytiKe COCTaBJIHJia ~ 1,5%. B ,D;Ha ila30He 

3HeprHH 26-39 M3B ,D;OJIH IIHOHOB H3MeHHJiaCb OT 63 ,no 78% . 
.[(JIH TOtiHOrO HaXO)I(,D;eHHH 3HepreTHtiecKHX napaMeTpoB nytiKa 

HCnOJlb30BaJiaCL MeTO,D;HKa, OnHCaHHaH e 14 1
• Ji,neH MeTO,D;a COCTOHT 

B TOM, 'ITO B KaHaJie npHCYTCTBYJOT TH)I(eJibie 3apH)I(eHHbie llaCTHUbl 

(p, d, t, ... ) C TeM )l(e caMbiM HMnyJILCOM, 'ITO H IlHOHbi, HO C MaJibiM 

npo6eroM. fu 3HeprHH MO)I(HO H3MepHTL C nOMOI.UblO TOHKOr O noJiy­

npOBO,D;HHKOBOrO ,D;eTeKTOpa no nOJIHOMy norJIOI.UeHHIO. 3Ta M eTO,D;HKa 

n03BOJIHeT H3MepHTh 3HeprHIO nytiKa C TO'IHOCTLIO ~ 200 K 3B. JiM­

nyJILCHbiH pa36poc B nytiKe onpe,neJIHeTCH lllHpHHOH KOJIJIHMaTOpa. 

KaHan no3BOJIHeT nonytiaTL t:.p/p :! 2,5%. B ,naHHoM 3KCnep HMeHTe 

HcnoJIL3oeancn pe)I(HM c l::.p/p :! 5%. YMeHLllleHHe HMnyJibCHo ro pa3-

6poca npHBO,D;HT K cymecreeHHOMy yMeHhllleHHIO HHTeHCHBHOCTH nyq-
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C5-C16 

IE 
PHc.2. CxeMa ycraHoBKH. 

Ka. B o n HcbraaeMbiX ycnoaHRx HHTeHCHBHOCTh nHOHHoro nytiKa co­

CTaamma 103 -104 c- 1 • 

3Kcn epHMeHT HpOBO,li;HJICH C nOMOI.l.U>lO IIIHpOKOanepTypHOrO 

CI.UfHTHJIJIHUHOHHoro ro,D;ocKona-cneKTpoMeTpa 
1 5 1

• Ha pHc.2 npHae,D;e­

Ha CXeMa yCTaHOBKH. YCT!lHOBKa COCTOHT H3 ny'IKOBbiX ,D;eTeKTOpOB 

C1, C2, K OTOpbre HCnOJih3YIOTCH AJIH H3MepeHHR cocTaaa ny'IKa no ape­

MeHH npOJieTa, a TaK)f(e, B KOM6HHal.{HH CO C'leT'IHKaMH aHTHCOBna,D;e­

HHH C3 (c oTaepcrHeM 3x3 cM2
) H C4 (TOPUOBbiH),AJIH TpHrrepa ycTa­

HOBKH H H3MepeHHR BXO,li;Hll.{ero nOTOKa qaCTHI.{ AJIH HOpMHpOBKH. 

B aaKyyMHOH KaMepe KaHana noMell.{eH nonynpoBOAHHKOBbiH AeTeK­

Top D AJIH H3MepeHHR 3HeprHH nytJKa. ro,D;OCKon-cneKTpOMeTp COCTO­

HT H3 ABeHaAUaTH AeTeKTopoa C5 -C16 H3 nnacTHKoaoro CUHHTHJIJIHTO­

pa, KOTOp bie fiOMell.{eHbi B repMeTH'IHYIO KaMepy . KaMepa MO)f(eT Ha­

fiOJIHHTbCH ra3aMH (H 2 , D 2 , He) npH pa6oTe c ra30BbiMH MHIIIeHHMH 

HJIH OTKa 'IHBaThCH B CJiy'lae pa60Tbi C TBep,D;OH MHIIIeHblO BHyTpH 

H npH cPOHOBbiX H3MepeHHHX 6e3 MHIIIeHH • .IJ:eTeKTOpbi 06'be,D;HHeHbi 

B TpH CeKI.{HH no 'leTbipe B Ka)f(,li;OH H o6pa3yiOT 'IYBCTBHTeJibHbiH 06'beM 

a aH,ll;e napannenenHne,D;a c pa3MepaMH 100x100x600 MM. 3HepreTH'Iec­

Koe pa3pe iiieHHe ,D;eTeKTOpOB COCTaBJIHJIO BeJIH'IHHY- 10% . 

I13MepeHHR npOBO,li;HJIHCb C MHIIIeHhlO H3 yrnepO,D;a TOJII.I.{HHOH 

0,42 r/cM 2 
, KOTOpaR noMell.{anacb a ueHTpe ycTaHoBKH. YcTaHoaKa 

npH 3TOM OTKa'IHBaJiaCb. .llJIH H3MepeHHH cPOHa MHIIIeHb YAaJIHJiaCb 

H3 KaMepbi. .IJ:JIH 3anyCKa yCTaHOBKH HCUOJib30BaJIOCb yCJIOBHe npO­

XO)f(,ll;eHHH tJaCTHUbi qepro AeTeKTOpbi C1, C2, OTCYTCTBHR CHrHanoa 

c C3, C4 H cpa6aTbiBaHHH AByx rpaHeH ro,D;OCKona. Ka)f(,D;Oe co6biTHe 

xapaKTepH30BaJIOCb HHcPOpMal.{HeH 06 3HeprOBbi,D;eJieHHRX B ,ll;eTeKTO­

paX, HOMepaMH Cpa6oTaBIIIHX ,D;eTeKTOpOB, MOHHTOpHbiMH C'leTaMH, 

apeMHnpOJieTHOH HHcPOpMaQHeH 0 nytJKOBbiX tJaCTHI.{aX . 
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06pa60TKa H aHaJIH3 pe3yJILTaTOB 

flpH o6pa6oTKe pe3yJibTaTOB H3MepeHHH OT6HpaJIHCb Te C06bi­

THH, r.ne cpa6oTaJIH .nae npoTHBonOJIO)I(HLie rpaHH ro.nocKona H 3Hepro­

Bhi,neJieHHe B Ka)J(,ll,oH H3 HHX 6hmo 6oJibllle 25 M3B. Pa3JIHtrnhie KOM-

6HHaQHH ,neTeKTOpOB COOTBeTCTBYIOT pa3JIH'IHblM yrJIOBbiM ,nHana30-

HaM BhiJieTaiOIUHX 'laCTHQ. B HaCTOHIUeH pa6oTe npe,ncTaaJieHbi pe3yJib­

TaThi ,nJIH C06hiTHH, Kor,na o6a npOTOHa nona,naiOT B QeHTpaJibHyiO CeK­

QHIO ro,nOCKOna. 3TO COOTBeTCTBYeT yrJIOBOMY ,nHana30HY 40 - 140°, 
npH'IeM yroJI pa3JieTa 60Jibllle 80° . .llJIH OT06paHHblX- C06hiTHH CTpOH­

JIHCb cneKTpbi cyMMapHoro 3HeproBhi,neneHHH ,nayx npoTOHOB c Bhi­

'IeTOM <t>oHa. BenH'IHHa <PoHa cocTaBnHJia ~ 5% npH cyMMapHOM 3Hepro­

Bbi,neneHHH .nayx npoTOHOB 6oJILllle 60 M3B H MeHee 1% npH o r paHme­

HHH Ha 3HeprHIO B 110 M3B. Ha pHc.3 npe,ncrnaJieH TaKoH cneK Tp, no­

JIY'IeHHhiH npH T rr = 39 M3B. CneKTP xapaKTepH3yeTcH 'leTKO Bhipa­

:>KeHHhiM MaKCHMyMOM, CBH,neTeJibCTBYIOIUHM 0 npeHMyiUeCTBeHHOH 

250 

100 

50 

o~~~~~~~~~.n~~~~~~norl 

0 50 100 150 200 250 
Tpp, M3B 

Pnc.3. CneKTp cyMMapHOH :meprHH nayx npoTOHOB . 
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Pac.4. 3 8BHCHMOCTb nono>KeHHJI MaKCHMyMa cneKTpa cyMMbi 3HeprHH .JJ.Byx 

npoTOHOB OT 3HeprHH fia)J.IUOII.\ero nHOH8. 

ponH KBa3H,D;eihpoHHoro MexaHH3Ma nornomenHH rr• -Me3onoa. non 

KBa3H,D;eii:TpOHHbiM MeXaHH3MOM DO,O:pa3yMeBaeTCR MeXaHH3M, KOr,o:a 

mou norn omaercR ua KBa3Hcao6onuoii neih'pouonono6uoii nape nyK­

nouoa B R,O:pe. ,ZJ;pyrHM apryMeHTOM, DO,O:TBep)l(,ll;aiO!UHM KBa3H,D;eH­

TpOHHbiH MexaHH3M peaK~HH, MO:JKeT C1IY:JKHTb npe,o:CTaB1IeHHaR: 

Ha pHC.4 3aBHCHMOCTb D01IO:JKeHHH MaKCHMyMa cneKTpa 3HeprHH ,O:ByX 

npOTOHOB OT 3HeprHH na.D:aiOIUHX DHOHOB. JlHHeHHaR 3aBHCHMOCTb, 

C HaK1IOHOM, 61IH3KHM K"e.D:HH~e, CBH,D;eTe1JbCTByer 0 TOM, 'ITO BCR KH· 

HeTH'IecKaR 3HeprHH DHOHa pacnpene1IR:eTCR Me:JK,o:y .D:BYMR Bbi1IeTaiO­

IUHMH npo TOHaMH. Hcxo,o:R H3 3Toro, MO)KHO npennono:JKHTb, 'ITO ace 

C06biTHH, ne:JKaiUHe BbiWe MaKCHMyMa, - 'IHCTO KBa3H,IJ;eHTpOHHOrO 

npOHCXO:JK,O:eHHH. Tor,o:a B paHOHe MaKCHMyMa MO)KHO Bbi,O:e1JHTb CHM­

MeTpH'IHYlO o6nacTb (o6nacTb (a) ua pHc.3) H o6nacTb (6), nony<~eH­
nyJO Bbi'IHTaHHeM 'IRCTH (a) H3 Hcxonnoro cneKTpa. O'leBH.D:Ho, o6-

nacTb (a) COOTBeTCTByer KBa3H,IJ;eHTpOHHOMy MexaHH3My peaK~HH, 
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PHc.5 . 3HepreTH'IecKilf! 3aBHCHMOCTb nonHoro ce'IEHHII .D:IUI co6brrHH 

H3 qaCTH (a) cneKTpa Ha pHc.3 . 

a o6nacTb (6) - ~pyroMy MexaHH3My, HanpHMep, c BhineToM Heihpo­

Ha, KOTOphlH He 3aperHCTpHpoBaH yCTaHOBKOH. 
Ha pHc.5 npe~craaneHa 3HepreTH<IecKaH 3aBHCHMOCTh nOJIHor o ceqe­

HHR peaKUHH B OTHOCHTeJlhHhlX e~HHHUaX, nony'leHHaH ~Jlfl BCeX C06hi­
THH H3 o6nacTH (a) . llpH 3HeprHH oKono 28 M3B npoaanaeTca oco6eH­
HOCTh {MHHHMyM). llpaMaR Ha pHC.5 ecTb pe3yJ1bTaT <l>HTa JlHHeHHOH 
<l>Y"KUHeH no 'leThipeM TO'lKaM (~aHHhie npH 28 H 30 M3B HCKJ110'le­
Hhl) . .[{na 3Toro <t>HTa nony'leHo 3Ha'leHHe x2 = 0,95, Tor~a KaK npH 
<t>HTe acex illecTH TO'leK X2 nony'laeTCR paBHhlM 13,8. 0TKJ10HeHHe 
OT JlHHeHHOH 3aBHCHMOCTH B TO'lKaX 28 H 30 M3B COCTaBJ1ReT 4-5 CTaH­
~apTHhlX OTKJlOHeHHH. llOJ1Q)KeHHe oco6eHHOCTH MO:>KHO OUeHHTb KaK 

(28,5 ± 0,5) M3B. lliHpHHa B~HMOH CTPYKTYPhi - 3 M3B. 3 HepreTH­
'lecKHH pa36poc ny'lKa TaK)f(e cocTaanaeT ,aenH'lHHY - 3 M3B, cne~oaa­
TeJibHO , co6cTaeHHaa illHpHHa cTpyKTyphi MeHbille 3 M3B. PmoHaHCHOe 
noae~eHHe HMeeT MecTO MR C06biTHH, COOTBeTCTBYIOIUHX KBa3H~eH-
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TpoHHoMy Mexa.HH3MY. Ecnu conocTaBHTb 3TY 3aBHCHMOCTh c ,uaHHhiMH 
,D;JIR npOI:~ecca 7T+ d --> pp, TO Ha6mo,uaeTCR: CTpOroe COOTBeTCTBHe OTHOCH­

TeJibHOrO noae,ueHHR ceqeHHH 3THX npo~eccoa. nocne,uHee o6cToR:TenL­
crao MO)f(HO CllHTaTb eme O,D;HHM llO,D;TBep)f(,D;eHHeM KBa3H.D;eHTpOHHOrO 

npOHCXO)f(,D;eHHR: C06hiTHH H3 o6JiaCTH (a) cneKTpa 3HeprHH .UBYX npo­

TOHOB. O~eHKa a6comoTHoro 3HatleHHR nonHoro celleHHR npH 3HeprHH 
39 M3B COCTaBJIR:eT (21 ± 4) M6. 0niH6Ka B a6coJIIOTHOH HOpMHpOBKe 
CBR:3a.Ha C HeTOI.IHOCTbiO 3Ha.HHR: aKCenTa.HCa ycTa.HOBKH H R:BJIR:eTCR: O,D;­

HOH H TOH )f(e ,D;JIR acex 3HeprHH nHoHoa. 0THOCHTenLHhie owH6KH 
B 3HeprerHtleCKOH 3aBHCHMOCTH onpe,D;eJIR:IOTCR: 3%. 

Bo3MO)f(Hbi HecKOJihKO no,uxo.uoa K HHTepnpeTa~H o6Hapy)f(eH­
HOro R:BJieHHR:. 0.D;HH H3 aapHa.HTOB ,D;JIR: peaK~HH 7T+ d -> pp o6cy)f(,D;anCR 

a pa6oTe16 1
• ELmo noKa3a.HO, 'ITO TaKan CTPYKTypa o6nR:CHHMa ao3-

MO)f(HhiM Ha6JIIO,D;eHHeM ,ll;H6apHOHHOrO pe30HaHCa C KBaHTOBhiMH llHC­
JiaMH 3 

p 2 npH T7T = 28 M3B (vs = 2,04 r3B/c2
) . 3Ta aeJIHllHHa ,D;O­

CTaTO'IHO xopowo cornacyeTCR c noJio)l(eHHeM pe,u)f(eBCKOH TpaeKTo­
pHH ,uunp oTOHOB c H3ocnHHOM I = 1 a TO'IKe J = 2 a paMKax Mo,uenH 
MeWKOB 1 7 1

• ,llpyroe 06'bR:CHeHHe 3TOrO R:BJieHHR paCCMaTpHBaeTCR: 
B pa6oTe 18 

I , r,ue BhiCKa3a.HO npe,n;nOJIO)f(eHHe 0 TOM, 'ITO Ha6nro,n;aeMaR 
cTpyKTypa MO)f(eT 6hiTb nponaneHHeM noporoaoii oco6eHHOCTH (Kacna) 
npH OTKphiTHH HOBbiX Ka.HanOB peaK~HH. B qaCTHOCTH, B KalleCTBe Ta­
KOrO KaHana MO)f(HO paCCMaTpHBaTb B036y)f(,D;eHHe rHra.HTCKOrO ,D;H­

UOJibHOrO pe30Ha.HCa. YcHJieHHe noporoaoii aHoManHH a KaHane no­
rnomeHHR MO)f(HO o6nR:CHHTL, ecnu paccMaTpHBaTL npo~ecc KaK ,uayx­

CTYlleHtlaThiH: CHaqana B036y)f(,ueHHe rHra.HTCKoro pe30Ha.Hca, 3aTeM 

nornomeHHe nHoHa. B TaKoM no,uxo,ue 3HeprHR nHoHa nona,uaeT a o6-
nacTL < 5 M3B, r,ue HMeeT MecTo pe3KHH, KaK 1/v, poeT celleHHR no­

rnomeHHR . B 3TOH pa6oTe ,uaercH o~eHKa BeJIHllHHhi B03MO)f(HOro 3¢­

<t>eKTa - 3 M6, 'ITO 6JIH3KO K Ha6JIIO,D;aeMOMy. 

liHTepaTypa 

1. Jlamea A .B., CTpaKOBCKHH .H . .H. - KoMnHJIR~HR 3KcnepHMeHTanb-

HhiX ,D;a.HHhiX ,D;JIR: npo~ecca pp <==* d1T+. Jl.: JI.HH<l>, 1985. 
2. BonlleHKOB B.A. H ,up.- llpenpHHT JI.HH<I> ~ 612, JI., 1980. 

3 . raiicaK .H . .H. H ,up. - Coo6meHHe O.HH.H 13-87-820, .lly6Ha, 1987. 
4. raiicaK .H . .H. H ,up.- llT3, 1988, N~ 1, c.22. 
5. AKHMOB lO.K. H ,up.- llT3, 1980, N2 4, c.24. 
6. CTpaKOBCKHH .H . .H., naciOK E.A. - B c6.: Tpy.D;hi IV ceMHHapa 

no npor paMMe Hccne.uoaa.HHH Ha Me30HHOH ¢a6pHKe .HH.H AH CCCP. 
M.:.HH.H AH CCCP, 1986, c.241. 

12 



7. KoH.n;paTIOK JI.A. - B c6.: Tpy.n;LI 2 CHMno3nyMa no NN- H hA­
B3aHMo.n;eiicTBWIM npH npoMe)K)'TOliHbiX 3HepriDIX. Jl.: JllfH<1>,1984, 
c.402. 

8. Khankhasaev M.Kh.- JINR Preprint E4-89-821, Dubna, 1989 . 

PyKOnHCL nocrymma 3 ceHTH6pH1990 ro.n;a. 

13 



- -

KparKue coo6U4eHUR OHJ/11 N• 6{ 45 j -90 
YAK 539.12 

JINR Rapid Communications No.6{ 45 J -90 

DIQUARK-FOUR QUARK CLUSTER MODEL 
FOR S"" -1 DIBARYONIC RESONANCES 

L.Popa*, V.Popa*, B.A.Shahbazian 

We present aM .I. T.-like bag model incorporating diquark and chromo­
magnetic contributions and its predictions concerning S = - 1 diba­
ryons. The model was initialy used to describe non-strange low mass 
dibaryons. 

The investigation has been performed at the Laboratory of High 
Energies, JINR . 

.[(HKsapK-lleThipexKsapKoBaR KJiacTepHaR Monenh 
nnH nu6apnoHHhiX pe3oHaHcos c S = -1 

JI.Ilona, B.Ilona, E.A.IUax6imm 

Ilpep;cTasneHa MO)J;enh THna MIT-MeWKa, BKniO'!aromaH 1¥fKBapK 
H XpOMOMafHHTHhie BKlla,ll;hl B npHMeHeHHH K )J;H6apHOHHhiM pelo­
HaHCaM c S = -1. BhmonHeHo cpaBHeHHe c JKcnepHMeHTOM. 

Pa6oTa BbiiTOnHeHa B na6opaTOpHH BbiCOKKX :meprHH O'HJU1. 

1. Intro duction 

In some previous papers /1/ a model for non-strange low mass 
dibaryons based on the M.I.T. bag approach has been presented. In 
the frame of the usual M.I.T. hypothesis /2/, this model, introducing 
a diquark-four quark cluster structure of the bag in the 3*-3 colour 
representation and assuming the effect of the chromomagnetic in­
teraction between clusters, leads to a very satisfactory agreement with 
the bulk of published experimental data/3( The differences between 
the experimental values and the predicted ones for the non-strange 
dibaryonic masses are in general less than 20 MeV /c2 and may be attri­
buted to the neglection of higher order contribution to the masses 

*Institute of Atomic Physics, Institute of Gravity and Space Sciences, 

P.O.B. Mg-6, Bucharest-Magurele, Romania 
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as spin-spin and spin-orbit interactions. Excepting the model presented 
in paper I 41 (but which does not explain all the experimental data), 
the low mass non-strange dibaryonic spectra can be completely under­
stood only in this approach. An interesting feature of those calculations 
is that the agreement is not restricted to the masses of the more fre­
quent (NN) dibaryonic candidates, but also to more complex states, 
found in (NN rr) invariant mass spectra I &I . 

In the case of 8= -1 dibaryons, the conventional M.I .T. bag pre­
dictions are in relatively good agreement with the experimental can­
didates, but an attempt to apply to such states our modified version 
can be justified by the possibility of understanding both the 8 = 0 
and the 8= -1 dibaryons starting from the same basic hypothesis. 

In this paper we compute the masses of the strange 8 = -1 di­
baryonic resonances and we make some considerations about their 
stability and decay modes, in terms of a diquark-four quark cluster 
bag structure. 

2. The Mass Values for the 8 = -1 
Dibaryonic Resonances 

The lowest mass for the six-quark bag is obtained if we assume 
that in the s state the bag is made from a diquark and a four-quark 
cluster in the 3*-3 colour representation of the 8U(3) colour group: 

(1) 

The diquark inclusion is justified by the fact that more conventional 
two-quark - four-quark state could be stable against the decay into 
two normal baryons only in the presence of a centrifugal barrier bet­
ween clusters, namely only in orbitally excited states. As the diquark 
is considered to be a massive bound state of two (massless) quarks, 
the diquark wave function would not completely overlap with the 
wave function of any of the (massless) quarks in the four-quark cluster, 
even in an s state of the bag, so such configuration would have the 
possibility of surviving a non-vanishing interval of time before decaing 
into two baryons. 

The M.I.T. mass operator for a six quark bag with such a structu-
re is: 

4 11 3 z0 6 ai(miR) 
M(R)=-BR --+ 2 N . R +m(6;1)·[~., + ~ 2 ], (2) 

3 R i=t t .._ 
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where: N i is the quark number operator, B is the bag pre'Ssure asso­
ciated with the properties of Q.C.D. vacuum (B = 59.2 MeV.fm-3 ), 

a ( m .R) is the energy of the i th quark in the 1s state. In the following 
w~ sh

1
all consider the non-strange quarks to be massless, and a light 

strange quark (m 8 = 279 MeV). 
The mass of the state is obtained by minimizing the expectation 

value of the mass operator (2) with respect to the ba7 radius. As long 
as a linear approximation a i ( r) =a i ( mi R) is valid I 6 the radius can 
be parametrized as 17 I: 

R =roN 113 

with r 0 = 0.72 fm. In this situation one would get a(O) =an = 

= 403 MeV fm and a 8 (m 8 R) = 570 MeV fm. m(6;1) denotes the 
strength of the colour-magnetic interaction in a six-quark bag containing 
one strange quark (m(6;1) = 54.1 MeV). 

The values of the used parameters are those derived in paper l si 
from the fit of conventional baryonic and mezonic spectra. ~1 and 
~ 2 are group-theoretical factors which are dependent on the spin,"favour 
and colour of each component cluster. Their general form is: 

2 2 2 
~=-l/4N(l0 -N) +1138 +112Fc +Fr, (3) 

where N is the number of quarks in each cluster, S2 is the squared 
spin operator, F~ and F; are squared Casimir operators for the SU(3) 
colour, respectively for the SU(3) irreducible representations corres­
ponding to each cluster. For the colour representation (1) the eigen­
value ofF; is f~ = 4/3. 

In order to compute the group theoretical factors ~ 1 and ~ 2 we 
start from the SU(6) ireps. for the (q 2) 3* and (q 4)

3 
clusters. These 

ireps. decompositions into SU(3) colour and SU(2) spin ireps. are pre­
sented in Table 1. The decomposition of SU(3) ireps. and the flavour, 
hypercharge, izospin and spin contents for each possible state are pre­
'sented in Table 2. The states that contribute to the Y = 1 strange di­
baryons are listed in Table 3. 

As there are two possibilities of locating the strange quark (in 
the four-quark cluster or in the diquark), computations have been 
performed in both hypotheses. Table 3 includes the values for the 
~1 and ~2 group theoretical factors, the quantum numbers as well 
as the masses for the predicted states. 

In order to determine the masses of the orbitally excited states 
we have assumed that they belong to linear trajectories in the 1 - M 2 

plane: 
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Table 1. The decompositions of SU(6) ireps. for (q2) * and (q4) 
clusters in SU( 3) and SU(2) ireps. 3 3 

Cluster SU(6) irep . Decomposition 

(q2)3"' 1211 (3*,0) e (6,1) 

(q4) 
3 121011 (3,0) e (3,1) e (6* ,1) Ell (15,0) Ell 

3 
e(15,1) e (15,2)e (15s,1) 

(q >~. !56! (8,1/2) e (10, 3/2) 

2 -1/ 2 
41Tac =(21Ta

8
Bfc) , (4) 

where ac is the colour-dependent Regge slope, f ~ = 4/3 denotes the 
eigenvalue of the quadratic Casimir operator of the supposed colour 
representation, B is the bag pressure and a

8 
=g 2; 4", with g being the 

quark-gluon coupling constant. Finaly, the value of the Regge slope is: 

The above presented calculations are similar to those performed by 
Jaffe /9/ as including the colour magnetic interaction in the intercept 
and treating the fine structure as a !-dependent perturbation . 

3. Consideration about the Stability 
and the Decay of the Y 1 Dibaryonic Resonances 

The Y = 1 dibaryon in the s wave could decay into two colour­
less baryons which follow the fission of the ( q 4)3 cluster. If the colour 
magnetic interaction determines the stability of the (q 4)3 cluster, 
the change in the colour magnetic interaction could indicate in what 
extent the fission of the bag into two colourless parts is energetically 
favoured/lO / . 

The variation of the strength of the colour magnetic interaction 
during the fission of the (q4)3 cluster into one colourless baryon and 
a quark (that consequently will form the second baryon with the di­
quark) is measured by: 

8M=M (q 4
) -M (q 3 ) -m !!. (q 4 ) 

m 3 m 1 - 11.2 12 3 ' 

and 

(5) 

(5' ) 
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Table 4. The variation of the colour-magnetic interaction. (Eq.5) 

a) The stran~e quark in the (q4)3 cluster 

ciJ) 
10(0,1)3/2 jdl4/ (14eV/c2 ) 1 ) 8(0,0)1/2 8(0,1)1/2 f~ f(y,i 6 

3(1/3,1/2)0 * 25 .20 
3(1/3,1/2)1 * * 5 .60 
3(1/3,1/2)1 * 22 .40 
((1/3,1/2)1 • • 2 .80 
~(1/3,1/2)1 • 14 .00 
3 (1/3,1/2)0 • • 8 .40 

15(1/3,1/2)0 • • * 8 .40 
15(1/3,3/2)0 * • • 8 .40 
15(1/3,1/2)1 • • 11 .20 

15 ( 1 /3. 1 /2 ) 1 * 5 .60 
15(1/3,3/2)1 * • 11 .20 

15 ( 1 /3. 3/2 ) 1 • 5 .60 
15(1/3,1/2)2 * * 16 .80 

15(1/3,1/2)2 • o.oo 
15(1/3,3/2)2 * • 16 .80 
15(1/3,3/2)2 * o.oo 

156(1/3,3/2)1 * • 28.00 

156 (1/3,3/2)1 * 16.80 

b) The strange quark in the (q2)3 * diquark 

11-
6(4/3,0)1 * 2.80 

Et<4/3,0)1 • 14.00 
15(4/3,1)0 • * 8.40 
15(4/3,1)1 • 11.20 
15(4/3,1)1 * 5.60 
15(4/3,1)2 • 16.80 

15 N/3,1 )2 • o.oo 
156(4/3,2)1 • 28.oo 

156(4/3,2)1 * 11 .20 
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In order to compute D. 1 and D. 2 one has to use also Eq.(3) and the 
SU(6) irep . {561 for the (q 3 )

1 
singlet. The decompositions in SU(3) 

and SU(2) ireps. and the f(j, i}
8 

contents are those presented in Tables 1 
and 2 for the (q 3) 1 singlet. The dibaryonic stability should increase 
as the absolute value of 8M decreases, so it is reasonable to admit that 
the widths of the dibaryonic resonances should have the same variation 
pattern as I 8M 1: namely the states with small I 8 M I should have rela­
tively smaller widths. 

The variation of the colour-magnetic interaction (Eq.5) was compu­
ted in both hypotheses: the strange quark being assumed to belong 
to the 4-quark cluster or to the diquark. Table 4 lists the obtained 
values. 

For the states with C > 0, a possible decay mechanism would 
be by q -q pair creation. In order to conserve the angular momentum 
and the parity, in such transitions D. e and D.s should be equal to unity . 

4. The Co mparison with the Experimental Data 
and with the Conventional M.I.T.-Bag Calculations. 

Conclusions 

In order to compare our predictions with experimental data, we 
have used the results from nC and rr -c collisions at 7, respectively at 
4 Ge V /c I 11/ . These experimental data are in good agreement with 
those obtained by other groups/12/ , and consist mainly in the obser­
vation of 1\ P-dibaryonic candidates. In Table 5 we present our pre­
dictions concerning the quantum numbers, the variation of the chromo­
magnetic in teraction (which in the previous paragraph we have claimed 
to have the same variation pattern as the width of the resonances) 
and the masses compared to the experimental values of masses and 
widths, as well as with the conventional M.I.T. predictions for the 
masses (as quoted in paper 111/). In the same table we have included 
the A p'rrcandidate / l1/ which, in our model, is explained as an orbitally 
excited dibaryonic state. 

One could see that both our predictions (the strange quark assumed 
to be in the 4-quark cluster or in the diquark) and the conventional 
M.I.T. ones are in good agreement with the experimental findings, but 
we should remaind the reader that while the usual M.I.T. calculations 
are unable to explain the non-strange dibaryonic candidates, our model 
is applicable to those states, too /1/. The final test able to discerne 
between ou r approach and the traditional one would be the unambi­
guous experimental determination of the quantum numbers of the 
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of the strange diharyons, as our states are obtained in lower orbital 
momenta than the M.I.T. ones. 

If we agree with the interpretation of the variation of the chromo­
magnetic in teraction during the handronisation of the 4-quark cluster 
as a quantuty related to the width of the resonance, then the hypo­
thesis of the appartenence of the strange quark to the 4-quark cluster 
is clearly favoured by the comparison between predictions and experi­
mental data. As in the literature there are enough arguments to consi­
der the role of non-strange diquarks in the hadronic structurella/ , 
while there is much less evidence for strange ones, we conclude that 
this variant of our model has more chances to be realistic. 
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KparKue coo6rqeHUR OJfJ/Jf N• 6/45 I -96 
YAK 539.12.01 
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TO THE PROBLEM OF KL -+ 1r 
0 n DECAY 

M.K.Volkov 

It is shown that the contribution of intermediate vector mesons 
to the KL -+ 1r

0 yy amplitude, intensively discussed in literature in .recent 
years, is close to zero provided that the group SU(3) breaking is taken 
into account . At the same time, the contribution of intermediate scalar 
mesons is essential. The obtained estimates for Br(KL-+ 1r

0 yy) conform 
with the recent experimental data Br(KL-+ 1r

0 yy) = (2.1 ± 0.6)·to- 6
. 

The investigation has been performed at the Laboratory of Theore­
tical Physics, JINR. 

0 npo6n eMe KL -+ 1T 
0 n paCI)Ma 

M.K.BorrKoB 

B pa6oTe IIOKa3aHO, 'ITO BKJia,IJ; IIpOMe>KyTO'lHbiX BeKTOpHbiX Me30· 
HOB B aMIIJIHTYAY pacrra,o;a KL-+ 1T

0 yy, HHTeHCHBHO o6cy>KAaBUIHHCH 
B rrHTepaType rrocrreAHHX neT, 6rrH30K K Hymo rrpH yqeTe HapyweHHH 
rpynllbi SU(3). B TO >Ke BpeMH JaMeTHyro pom HrpaeT BKrra.o: OT rrpo· 
Me>KyrO'IHbiX CKaJIHpHbiX Me30HOB. IJorryqeHHbie OUeHKH Ha Br(KL -> 

-+ 1r
0 11') y.o:oBrreTBOf>HIOT cymecTBYIOIUHM JKcrrepHMeHTaJibHbiM .o:aH· 

HbiMBr(KL -+1r0 yy) = (2,1 ± 0,6)·10- 6
. 

Pa6oTa BbmorrHeHa B Jia6opaTopHH TeopemtJecKoH: <PH3HKH 011JIH. 

Recently , the KL-+ 1r
0 e• e- decay is intensively discussed in litera­

ture 11 - 5 1
• An increased interest in this decay stems from a possibility 

of studying on its basis the nature of CP parity violation in future expe­
riments KL -+ 1r

0 e•e- 16 1*. If the CP parity is violated, the decay pro­
ceeds through a one-photon intermediate state. However, a competing 
process conserving the CP parity is possible here which proceeds through 
a two-photon intermediate state, KL-+ 1r 0 n -+ 1r 0 e• e-. Therefore, for 
a thorough study of the KL -+ 1T 0 e• e- decay we need good information 
on the KL(p) -+ 1r

0 (p 1 )r(q1 )r(q2 ) process too. The amplitude of the 
latter can be written as follows: 

"'Note that as early as 1966 it was proposed for the first time in 17 1 to verify 
the CP invariance by studying the K L -+ 1r

0 e• e- decay. 
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TKc·•IToYY ;, (/q1)()q2) !A(ql~q~-gv1Lq1q~ +B[-(pq1) (pq2) gllll ­

-(q1~)Ifpll + (pq1)pllq1L2+(pq2)If~] l. 
(1) 

The KL ... W
0 e+e- decay can essentially be influenced by the part 

of the amplitude (1) containing factor B. The first term of (1 ) gives the 
contribution to the KL .... IT0 e + e- decay, proportional to the electron 
mass, and therefore, it can be neglected. 

Factor B in the amplitude (1) is determined by the cont ributions 
of diagrams with intermediate vector mesons (p and w, see fig 1) 11- 3 1 . 

In this paper we show that if the SU(3) group breaking is taken into 
account 181 , the contribution of these diagrams to the sum of three 
transitions K L .... ( 1T

0 
, 77 , 77' ) ... 1T

0 y y is almost equal to zero in the re­
gion of most probable values of mixing angles of singlet-octet compo­
nents of 77 mesons, -20 ° ;$ e ~-18° . Thus, it turns out that the com­
peting role of the CP conserving part of the amplitude is small and the 
one-photon intermediate state in this reaction should play the decisive 
role, which makes it easier to observe the CP violation. 

At the end of this paper we shall show that factor A is i fluenced 
not on7t by the meson-loop contribution KL.., rr0 rr +IT- ... IT0 yy discussed 
earlier 1• 2• 91 but also by the transitions KL.., ( 1T

0
, 77, r( ) ... rr 0 yy me­

diated by scalar mesons f
0

(700), f0 (975), f0 (1400) and a0 (983) (see 
f . 2) / 10, 11 / . Ig. . 

In order to describe the K L.., ( IT 0
, 11 , 77' ) transitions we take the 

effective Lagrangian of weak interactions in the form / 12, 13• 8/ 

err 
L F = Grl v' 2 s1 c1 c3Q ~S= 1 ' (2) 

Fig. I. Diagrams with the intermediate vector mesons. KL.., ( rr 0
, 77, 77 ' ) transitions 

are considered in the two quark -loop approximation . 
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K~, r; ,,~' ,. "' ,. . 
~tlf 

F 

~r 

~ 

~r 

K,. tt ";M' f,~J.'~.r 
~,,,~a. 9 

F 'i{• (-

F ig.2. Contact diagrams with the intermediate scalar mesons. 

where 

Q ~S=1 = Q = Q 1 - 1.6Q 2 + 0,033Q3 - 0.0.18Q5 + 0.1Q6' 

fr' 
+ 

GF / y'2s1 c 1c 3 =1.77-10-6 Gev-2 , s1 = sin¢1' c
1 

=cos¢
1 

are elements 
of the Kobayashi-Maskawa matrix 1 141 and Q1 are four-quark opera­
tors. As an example, we give here only the most important operator 
Q 6 (the·operator of the "penguin"-type) 

- v 5 
Q6 = [sa Y (1- Y ) db] l - 5 

[ qb.y)l + Y ) qa] ' 
q = u, d, s 

Here a, b = 1, 2, 3 are colour indices. The remaining operators can be 
found in ref. 18 • 121 • The effective Lagrangian (2) satisfies the selection 
rules I ~ s = 1, I ~I I = 1/2, 3/2. Since the value of the matrix elements 
of the . transitions < K L I Q l rr0 

, TJ , TJ' > depends mainly on the opera­
tor Q

6
, we write down these elements in the explicit form only for 

the operator mentioned above18 1 

< rr0
i Q 6 1 K "> = pX, 

<77 IQ
6
IK0 > = [-(2/ 3+p)sinfJ'+ v'2 F / F (1 /3+p')cosfJ']X, (3) 

8 1T 

<TJ' I Q
6
1 K0 > = [ -(2/ 3 + p) cosO'- y' 2 F /F 

17
(1 / 3 + p') sinO ' ] X. 

Here e' = e
0 

- 8 , where 80 =35.26 o is the angle of ideal mixing and 
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8=-18° or -20°, F 77 = 93 MeV, FK= 1.2F17 and F 8 =1.3F 17 are the 
decay constants of 17, K mesons and a pseudoscalar state involving only 
strange quarks 1151 . X = < 17°1Qr_IK0 > =3.5·10-3 (GeV)

4
• The para­

meters p and p ' are equal to 

2 2 2 
p= 64(1 + A) (Z muF17 / MF.K) [ 1- >..FK / (2(1 + A.)F 17 )] ~ 47, 

, 2 2 2 2 
p =64A.(l+A.)(ZmuF17 / MFKF8 ) [1-FK/ (2(1+A.)F17 )]-;;61, (4) 

where X= m 5 /mu = 1.64, z-1 = 0.511 +[ 1 - (2gPF 77/m f] 112 l is 
the renormalisation constant of 0 - mesons, caused by t~e t ransitions 
o-... 1+ (1+-axial-vector meson), rna =1260 MeV is the mass of the 
axial-vector meson a 

1
1171 , mu• ina,[ (Z - 1)/6Z] 112= 280 MeV 

is the u quark mass, ms is the s quark mass 115• 161 *, gp is the constant 
of the decay p ... 217 (g%/477 =a-p ~ 3) and M is the K nieson mas . 

It is seen from the above formulae that in the case of exact SU(3) 
symmetry (mu= m

8
, F 77 = FK= F8 ) (3) and (4) result in a us al SU(3) 

symmetric relation between the matrix elements <K 0 
\ Q 6l77° , T/ , T/' > 

which have been used in papers 11 - 31. · · 
Using formulae, given in paper 181, one can obtain the following 

values for the matrix elements of the transitions K
0 

... 77°, T/ , T/, for 
two different values of the angle 8 

8 = -18° < 17°IQI K" l> ;= 4.9X; < 77 1 Q I K ~ = 3X; <Ti' l Q I K ~= -10.6X.­
(5) 

8 =-20° < 17° I Q I K~ =4.9X; < 17 \Q IK 0 > =2.6X; < 77'\Q\K~ = -10.7X; 

<17 1Q \K"> (5 8' - , < 7)' 1Q I KG:>_ l = x + cos + v 2 sin f.l F I F 
9 

) 
M2-m2 17 M2-m2, 

n 17 

= I 4,5 ·10-9 OeV -~ 
3.4.10-9 oev-1, 

0=-18 ° 
8=-20°. 

*Mass m=280MeVco"espondstothe value m =1260MeV I 171. Jfm = u a, a., 
= 2lt · F 77'"= 1140 MeV, then m =330 MeV. The experimental value of m has not 

p u ~ 

yet been established definitely and is within the limits mentioned here 116, 18( 

Formulae (3) and (4) have been derived in the approximation of two quark-loops 
providing transitions K0 _, rr 0

, 17, 17' (see 181 and Fig. I). 
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The experimental values are equal to 1 171 

-12 
ofK =(7.24±0.36).10 eV, 

L -+ ·YY 
T - 3 4 1 - 9 -1 KL -+ ·yy - •• 0 GeV 

It is seen that at () =- 20° one can obtain a good agreement between 
theoretical and experimental data. 

KL ... 11~yy a) Vector Mesons 

The contributions of diagrams with intermediate vector mesons 
(Fig.l) to factor B (see (1)) equal 

5aa. GFs 1c 1c 3<tr0 IQ I K "> 
B= e 6, 

17 2F2[ (p -q )2-m2](M2-m2) 
1T 1 p 71 

where (m = m ) p (L) 

6 = l+ 
3sin8'<171QIK">(M 2

- m!) 
+ 

·5 <rr0 IQ I K">(M2-m~ 

3 cos()'<17'1Q IK">(M 2 -m 2
) . 71 

5 <11°iQ I K">(M 2-m 2J 
17 

(6) 

(7) 

In the C{I.Se of exact SU(3) symmetry, using formulae given in pa­
pers 1 1, Sl , for the coefficient 6 we get* 

6 = 1 - 0.09 + 0.21 = 1.1 (8 = -18 °)' 

!:l = 1 + 0.03 + 0.21 = 1.24 (() = -20°). 

However, if the breaking of the SU(3) group is taken into account 
this coefficient sharply decreases due to the compensating influence 
of the 17 meson pole. Indeed, formulae (5) and (7) result in 

6 = 1 - 1.270 + 0.266 = -0.04 (() = -18 °) ' 

!:l = 1 - 1.13 + 0.26 = 0.13 (() =- 20°). 

*Analogous results can be obtained from formullle ( 3) and (4) if F71 = FK = F8 , 

,\ =1 , p=p ' . Here, the contribution of the 17 meson is very small and at () =- 19.5° 
it equals zero because < 17 1 Q

6
i K 0 > = :3 112 p X cos (28 0.- ()). 
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Thus, in the region of most probable values of the m1xmg angle, 
- 20° :S e s; - 18°, the coefficient l'l is very small and r ns through 
the zero value under the change of e in this interval. The amplitude 
(6) will give a negligible contribution to the general width of the decay 
KL ~ 77oyy 

(8) 

that can be verified by comparing (8) with the recent experimental 
result 1 19 / 

-14 -6 r o =(2.7±0.8)·10 eV, Br(KL~77°·yy)=(2.1±0,6) .10 . 
KL ~77 ·YY 

(9) 

b) Scalar Mesons 

To describe the part of the amplitude KL ~ ( 77°, TJ, TJ, ) ... 77°.yy 
which is connected with the processes proceeding through intermediate 
scalar mesons and contact vertices (see Fig.2), one can use the results 
obtained in 110a,b/ in which the decay TJ ... 77°.yy width and pion pola­
rizabillty were calculated. Then for the factor A (see (1)) we get 

(10) 

where 
3 sin8'<TJ iQ\K0o;>(M 2 -m~ cosfJ'<TJ'IQ jKO;>(M 2 -m;) 4m~ 

l'l '=-[ ----·--__:,:- + H 1---l + 
5 <77oiQ I K ">(M2-m2) <77ol Q I K ">(M2-m 2,) m2 -s 

. TJ TJ ao 

+ 1 - 4rtJ2 [ _______ 1~------+ c + -~1--1 
u m2 -s-iy's'f (y"s)B(s -4m 2) 

ro ro 77 
m2 -s m2 -s 

r' r" 
C' 

Here, in the channels with mesons TJ and TJ' there appears an isovector 
scalar meson a

0
C(O +l with mass rna = 983MeV; and in the channel 

with 17° meson, three isoscalar scalar re~onances 0~ (0 + +), two of which 
f~(975) and f ~, (1400) are well kno':"n and are contained i the tables 
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of experimental data 1171 and f 0(700) is not yet uniquely determined 
though in many experimental papers there are indications of its existence 
(see 1201 ). In the linear u-model the scalar meson f 0(700) plays the role 
of au particle, the lightest isoscalar state 115,21. 22/ . It should be taken 
into account in describing within the u-model such processes as rr-rr scat­
tering, pion polarizability, etc/lOb, 15, 221 . This meson has the mass 
in the range 700-900 MeV and a large decay width into two pions, 
which makes its detection very difficult. Therefore, in formula (10) 
one should take into account its width 1151 (m2 ~m2 +4m2) 

U TT U 

[t (mr) = (3Z/2nmr)(m~ / F 17 ) 2 [1-(2m 17/ mr ) 2 ] 112 . (11) 
0 0 0 0 

The remaining scalar mesons have considerably smaller decay widths. 
Therefore, the width will be taken into account only for the f 

0
(700) 

meson. 
Note also that the f ~(975) meson mainly consists of strange quarks 

and only a small admixture of u and d quarks favours its decay into 
two pions with a relatively small width (26 MeV) I 171 . With allowance 
for experimental data on the decay of this meson into two photons 1231 

.[t = (0.24 ±0.06 ± 0,15) keV (MARK ll); =(0.31 ±0.14±0.09)(Cryst.Ball). 
o ..... YY 

one can introduce the coefficient c = 0.07 in formula (10) and to estab­
lish that. the influence of this resonance on the decay KL ... rr~,-y is 
insignificant. Thus, in further calculations it can be neglected. 

The contributions of contact diagrams in the amplitude (10) 
almost cancel out and scalar mesons give decisive contributions to tlie 
total decay width, KL ... rr~yy , commensurable only with the contribu-
tion of the channel KL ... rr 0 rr +rr-... rr 0·yy l 2,9l 

o,ao, Cl't o > 1.3·10 eV 11=-18° 1810151 
r o = m = 730 MeV ' ' . 

( ! , { -14 

KL-+
17 

YY 0.9·10-14 ev 8=-20° to 

c) Mesons Loops 

Following paper I 21 we give expressions for factor A of the 
K L ... rr0 rr + rr- ... rr'?yy and K L ... rr° K+K- ... rr0 .yy amplitudes 

A'rr,K)=5.1 a G F s
1 

c 
1
c 

3
/v2 rr[ (1-m 2 / s) F(s/m~ -(1-(M 2 + m~/s)F(s/M 2 )], 

TT (12) 

where the loop function F(z) can be found in 121. The amplitude (12) 
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leads to the decay width 

r (rr, K) o 

KL -+ TT ·YY 
-14 

=0.86·10 eV. 

The total contribution of the amplitudes (10) and (12) to the Kc•rr0·yy 

width are (with allowance for the width off 0(730)) 

rKL-+TT0 yy = 3.3·10-14 ev; Br(KL -+TTO·yy) = ' 2.64 .lQ-6 0 =-20° {

3.9 · 10-
14

ev {3.07·10-6 0=-18° 

me =730 MeV. 
If for the mass of f0 one takes the value 800 MeV we obtain ° · 

r 0 = ; Br (K ... TT ·YY) = 
KL-> rr ·YY 2.5.10- 14eV L 2.0 ·10 - 6 0=-20° {

3.0·10-
14

ev o {2.3·10-
6 

0=-18° 

m r = 800MeV. 
Finally, if the meson fo is removed from (10), we get too Yow values 
for the K L-+ rr".yy width 

r o ={·0.75·1o-
1
"sv 8=-18° 

KL-> rr ·YY . 0,8 ·10-1\V 0 = -20 °. 

This fact may be considered one more important indicat ion to the 
existence of a light scalar resonance with a large width. 

We wish to thank S.B.Gerasimov and A.B.Govorkov for useful 
discussions. 
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ON THE HARMONIC OSCILLATOR REALISATION 
OF q-OSCILLATORS 

D.Gangopadhyay, A.P.Isaev 

The general version of the bosonic harmonic oscillator realisat ion of 
bosonic q-oscillators is given . It is shown that the currently known 
realisation is a special case of our general solution. 

The investigation has been performed at the Laborato ry of 
Theoretical Physics, JINR. 

0 peaJIH3a~HH q-OC~HJIJIRTOpOB rapMOHH'IeCKHMH 

OC~JlJIRTOpaMH 

n.raHrOllll)lbH, A.ll.HcaeB 

llonyqeHo o6mee npencrasneHHe JliiH 6oJOHHbiX q-oCUHJlJIHropos 
B repMHHax o6bi'IHblX 6030HHblX OCUHJIJIHTOpOB. fi"oKaJaHO, 'ITO .H3· 
secrHoe no CHX nop npe.o;crasneHHe nonyqaercn KaK 'laCTHbiH cnyqaH 
HJ Hawero o6mero peweHHH. 

Pa6ora BbinOIIHeHa B J1a6oparopHH reopetH'leCKOH <PHJHKH OH.HH. 

Recently, there has been much interest in quantum Lie algebras 
which first appeared in the investigations of the quantum inverse scat­
tering problem while studying the Yang- Baxter equatiom/ 11 . These 
quantum algebras can be considered as a "deformation" of the Lie al­
gebra with the numerical deformation parameters or q = es , such that 
the usual Lie algebra is reproduced in the limit s .. 0, i.e. q .. 1. It has 
been shown that this structure essentially connects with quasi-trian­
gular Hopf algebras and its generalisation to all simple Lie algebras 
has been given 121 • There also exists the quantum generalisation of 
the Jordan-Schwinger mapping for su(2)q algebra 1 31 . Moreover 
a q-oscillator realisation of many other quantum algebras has also been 
obtained 1 4•51 . In ref.4 a harmonic oscillator representation of the 
q-oscillators was also given. The motive of this paper is to show that 
the harmonic oscillator realisation of the q-oscillators admits a more ge­
neral solution than the one currently in vogue 141 • 

The basic equations characterising the q-defonned bosonic oscilla­
tor system are 
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+ + -N N+ N aa - qa a = q , = , (1) 

[ N, a] = -a, N a =a (N -1), (2) 

+ + + + 
[ N, a ] = a , N a =a (N + 1) , (3) 

where a, a+ are annihilation and creation operators and N is the number 
operator. 

Consider the case when q is complex. Then (1) implies 

* * -N a a+ - q a+ a = ( q ) • 

• a+a 

So from (1) and (2) we get 
q-N _ (q* )-N 

q* - q 

Substituting (5) and (6) in (1) then gives 

q-rtq* - .q-1) = (q*)-:N(q _ (q*)-1). 

(4) 

(5) 

(6) 

(7) 

Now taking q = I q I e Ia , q* = i q I e-la and putting these in (7) 
we have 

e-ia(N+ll ~ q l __ 1_)=eia(N+l)( iq i __ 1_). 
I q l I q J 

Equation (8) has two solutions 

I q l 1 . I ~I 1.e. q l = 1 
l q 

and 

e-2ia(N+l) = 1 i.e. _!!_m 
a = N+1 

(8) 

(9a) 

(9b) 

with m being some integer. The second solution is not appropriate for us 
as we consider q as a number and not as an operator. Let us take the first 
solution (9a) viz. q = e 1a. Then eqs. (5) and (6) can be rewritten as 
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(10) 

where [x] =(qx-q-x):! (q -q-1
). Itisstraightforwardto verifythat 

(10) is indeed a solution of (1) even if q is real. 
Let us address ourselves to determining the representation of the 

operators a and a+ in terms of ordinary oscillators a, ~--- described by 

~ "+ [a, a ] = 1, 
A 

N = a+a = aa+ - 1, 

..... ,.., """ "' ""'+ """+ 
[ N, a 1 = -a, [ N, a ] = a • 

(11) 

~ 

where N is the usual number operator. We now find the solutions for a, 
a+ and N satisfying equations (1 ), (2) and (3) together with 

~ ~ ~ 

[N, N] = 0, [N, al =-a, [N,a+] =a+. (llb) 

From (llb) one immediately has 

~ ~ ~ 

N = <ll(q, N), a = af(q, N) · (12a) 

with <ll and f some arbitrary functions at this moment. Reality of f 
and (12a) then give 

+ . '!"" """+ a = f( q, N) a • (12b) 

Substituting (12) in (1) yields • 

2 ~ " 2 ~ " -<ll (q, N) -N 
f (q, N + 1) (N + 1) - q C (<\, N) N q = q (13) 

With q = e 8 this means 

~ 1 2 ~ ~ 2 ~ ... 
<ll(q,N) =-- Jn[f (q,N+1) (N+1) -q! (q,N)N]. (14) 

s 

Now from (2) and (3) we have 

(15a) 

(15b) 

f\.ltting equation (13) in (15a) results in the functional equation 

F(q, N) c.l + q)- F(q, N -1) - F(q, N + t) = o. 
q 

(16) 
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where F(q, N) = f2 (q, N)N, The same equation is also obtainable from 
(15b), A 

In order to solve eq,(l6) for F(q, N) note that 

A A 

F(q, N) ... N (17) 

for s ... 0 or q ... L This is simply because f(q, N) ->1(a ... a ) when q ->1. 
Hence, we have the following systems of equations: 

(q+..!..)F (q,N) -F(q,N-1) -F(q,N+l) =0, 
q 

A A 

FO.N) =N, <ll(l,N)=N, 

A A ...:<IJ ( q N) -N 
F(q,N+l)-qF(q,N)=q ' =q • 

(18a) 

(18b) 

(18c) 

The last of these equations is essentially equation (13). From (18c) 
we have 

F(q,l) = qF(q, O) + q...:<ll(q,O). (19) 

From (18a) and (19) we get 

F(q,2) = q2F(q,O) +(q +q-l)q-<ll(q,O~ 

A little algebra then leads to the general term 

N -<ll(q,O) 
F ( q, N) = q F ( q, 0) + [ N] q • (20) 

It is readily verified that (20) satisfies (18a). Hence (20) is the 
solution of j18a) for arbitrary F(q, 0) and <ll (q, 0):... Moreover, note 
that if F = F( q, N) is a solution of (18a), then F = F( q, - N) is also 
a solution. 

It is by now obvious that we may write the general solution as 

N 
F(q, N) = q <llll(q) -q-N<Il2(q) 

q - q-1 

where <ll1,2 are arbit~ary funct~n~ with the restriction that 
= L Then, using F(q, N) = f 2(q, N)N we arrive at 

r:x;;;-:: q-N<Il-
r c q, N) = J ~1 2 

N(q- q-t) 
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(21) 

<ll1,2(1) = 



so that 

Aj~i <Ill - q-N<Il2) 
a=a 

N(q-ql) 

N = N -l..ln<ll • s 2 

a+ = j ( q :<Ill - q -N<Il2) ;.+ 
N(q-q-1) 

(22) 

That the solutions (22) satisfy all the fundamental relations may be 
easily established. Choosing <ll 1 = <ll 2 = 1 gives the presently known 
realisation 14/ 

Thus we prove that taking into account the additional conditions 
(llb), the representation (22) is the most general. 

A si!J!ilar an~ysis for feiJPionic q-oscillators leads to the known 
result b = b, b + = b +, and M = M after imposing the requirement M = M 2 

for the number operator. 

It is our pleasure to thank A.T.Filippov and J.J;.ukierski for.enligh­
tening discussions. 
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CB.H3b llPI1BEllEHHhlX llii1PI1H C R-MATPI1qHhiMI1 
PE30HAHCAM11 (MHOrOKAHAnbHOEOBOBmEHI1E 
"TEOPEMhl 0 llBYX CllEKTPAX") 

B.H.3axapheB 

MarpHl(ll B3aHMo,O:eHCTBIDI KOHe'IHOfO pa,o:Hyca IIOJIHOCTbiO orrpe­
,o:emr:erCH rrono)l(eHIDIMH R-MarpW!HhiX pe3oHaHCOB H 3Ha'leHIDIMH 
aMrrnHry.o: HX rrpHBe.o;eHHhiX IIIHpHH IE,\' YA!z j, r.o:e a - HOMep KaHana . 
0Ka3biBaercH, B cnyqae M KaHanoB MO)I(HO Bbrpa3HTb YA!z c ro'IHOCTbiD 
.o:o ornocHrenhHbiX 3HaKoB HX a -KoMrroHeHT qepe3 IE.\ I H eme M 
(Bcero M + 1) rro,o:o6HhiX crreKrpoB, orBe'laiDI.l.IHX .o:pyn tM nHHeil:Ho 
He3aBHCHMbiM O,o:HOpoAHbiM rpaHH'IHbiM ycnOBIDIM. ,UaeTCH IIpoCTOH 
BbiBOA COOTBeTCTBYIOI.l.IHX 4JopMyll AJIH CHCTeMbi CBH3aHHbiX KOHe'IHO­
pa3HOCTHbiX ypaBHeHHH IIIpeAHHrepa. PaccMaTpHBaercH rrpe.o:err He­
rrpepbiBHOH rrpocrpaHcrBeHHoii rrepeMeHHoii . B crryqae pacu;eiiJleHHhiX 
ypaBHeHHH IIOJIY'IeHHbie 4JopMyllbi rrepeXO)J)IT B HaH,o:eHH»Ie paHee 
.o:mr: or.o:errbHbiX ( OAHOKaHallhHbiX) ypaBHeHHii EM JleBHTaHOM H 
M.f .fachiMOBhiM 111. B rrpHJio)l(eHHH paccMarpHBaercH KOHe'!Ho­
pa3HocrnaH reopMa o AByx crreKrpax. 

Pa6ora BbiiiOJIHeHa B JJa6oparopHH reoperWieCKOH 4JH3HKH OJUII1 . 

The Relation between the Reduced Widths with R-Matrix 
Resonances (The Multichannel Generalization of the 
Two-Spectra Theorem) 

B.N .Zakhariev 

The finite-range interaction matrix is completely determined by 
the positions of the R-matrix resonances and by their reduced width~ 

I E.\, YA!z I, where a numbers the channels. It appears, that in the 
case of M channels it is possible to express the Y,\a up to the relative 
signs of their a -components through the set {E ,\ I and else M (at all 
M + I) similar spectra, corresponding to other homogeneous linearly 
independent boundary conditions. A simple derivation of relevant 
formulae . for the system of the fmite-difference Schroedinger equations 
is given. The limit of the continuous space variable is considered. For 
the uncoupled Schroedinger equations these formulae coincide with 
the single-channel result by B.M.Leviant and M.G.Gasymov 111, In 
the appendix the finite-difference two-spectra theorem is considered. 

The investigation has been performed at the Laboratory of Theore­
tical Physics, JINR. 
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Bse,n enHe 

B crau,napTHoH nocTaHOBKe O,IJ;HOKaHaJibHOH o6paTHoH cneKTpa.nb­
HOH 3a,naqH noTeHUHaJI o,IJ;H03Haquo onpe.nen.R:eTc.R: oeouHbZM ua6opoM 

napaMeTpos: noJio:>KeHH.R:MH yposueii :meprHH EA ( R-MaTpHQHbiX pe-
3ouaucos ) H HOpMHpOBOQHbiX KOHCTaHT yA (aMnJIHTy,IJ;aMH npHBe­
,neHHhiX IIIHpHH). LlJI.R: noTeHUHaJlbHOH .R:Mbi C ¢lopMOH, CHMMeTpHQHOH 
OTHOCHTeJibHO ee ueuTpa, ,IJ;OCTaTOQHO 3a,IJ;aTb JIHWb {E A} (CM. / 2/ ). 
E.M.nesHTauoM H M.r.rachiMOBhiM 111 6hmo noKa3auo, QTO s o6r..ueM 

O,IJ;HOKaHaJibHOM cnylJlle ,nsoHHoMy ua6opy {E A , y A l 3KBHBa.neHTHhi 
ua6opbr .ns yx cneKTpos {E A , E ll l , OTseqaroi..UHx .nsyM He3aBHCHMbiM 
cnoco6aM 3a,IJ;aHH.R: o,D;Hopo,D;HhiX rpaHHQHbiX ycnoBHH 3a,naqH lllTypMa -
flHyBHJIJI.R: (TeopeMa o ,nsyx cneKTpax). 

Ha np orynKe s oKpecTHOCT.R:X 3aMKa flH6HQe, r.ne npoHcxo,nHna 
KOH¢lepeHQH.R: "CTporHe pe3yJibTaTbl B KBaHTOBOH ,IJ;HHaMHKe" (11 -
15 HIOJI.R: 1990 r., qC<t>P), OTBetla.R: Ha MHOrOtlHCJieHHhie MOH "¢IH3HtleC­
KHe" sonpochr MaTeMaTHK H3 )loueuKa M.M.ManaMy,n BhiCKa3aJI MHe­
HHe, liTO ,IJ;OJI:>KHO cyr._uecTBOBaTb MHOrOKaHaJibHOe o6o6r._ueHHe TeopeMbi 
o .nsyx cneKTpax 111 . 3To nocJiy)I(HJio CTHMYJIOM ,nJI.R: ,nauuoii pa60Thi. 

Oco6euuo npo3paquo TeopeMa o ,IJ;Byx cneKTpax ,noKa3hiBaeTC.R: 
(cne,ny.R: B .H.MenbHHKOBy, cM. 121 , c.41-43) ,IJ;JI.R: KoHet~Ho-pa3HOCT­

HhiX ypasneHHH. HH:>Ke 3TO ,noKa3aTeJibCTBO o6o6r._uaeTc.R: ua cnyqaif 

M -cs.R:3aHHhrx o6hiKHOBeHHbiX ,nH¢1¢lepenuHanbHhiX ypasueHHH Ill pe­
,nHHrepa. B npHJio:>KeHHH paccMaTpHBaeTC.R: Kouequo-pa3HOCTHa.R: Teope­

Ma o .nsyx cneKTpax M.R: cnyqa.R: nepeMeuuoro Ko3¢l¢IHUHeHTa npH BTO­
poii npOH3BO,IJ;HOH B ypaBHeHHH Illpe,D;HHrepa (noTeHUHaJI, 3aBHC.R:I..UHH 
OT CKOpOCTH). 

Kouequo-pa3HOCTHa.R: MHoroKaHaJibHa.R: 

3a,na t~a 

PaccMoTpHM cHcTeMy M-cB.R:3aHHhiX Kouequo-pa3HOCTHhiX o,IJ;Ho­

MepHbiX y paBHeHHH Illpe,D;HHrepa (h = 2m = 1): 

'I' (n + 1) - 2'1'a (n) - 'I' a (n - 1) ~ v (n) 'I' (n) = E 'I' (n) , ( 1) 
a . + k a{3 {3 a a 

tJ.2 {3 

r,ne !J. - mar Kouequo-pa3HOCTHoro ,nH¢1¢lepenuHposaHH.R:, Ea =E -fa, 
fa - 3HeprHH n<?poros Bo36y)I(,IJ;eHH.R: uenpephrsuoro cneKTpa s Kana­
nax a. 
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0.nHOPO.IUfblM rpaHWIHblM YCJIOBWIM 

(2) 

oTaet~ruoT co6cTaeHHbie 3Hat~eHHH E = E ,\ 3a,nat~H lllTypMa - fleyaHJI­

JI.R (1), (2) . 3THxco6craeHHbiX3Hat~eHIDi:KoHetiHoeqHcno : (N+l) M , 
paauoe t~Hcny ueH3BecTHbiX a ypaBHeHHH (1) c yt~eToM ycnoBHH (2) . 

0603HatiHM UAa ( n) -KOMOOHeHTbl COOTBeTCTBYJOI.UHX C06CTBeHHblX 

BeKTOp-$yHKI.I;HH, y,noBJIEITBOpHIOI.UHe ycJIOBWIM OP'fOHOpM HpOBKH 

H OOJIHOTbl: 

M N+ 1 

I. I. u ,_ (n) u, 'a (n) tl = aM , 
a=ln=l""' 1\ 

(3) 

(N+l) M 
I. u,_(n)uL,(m)=a,o / tl. >-= 1 = 1\U aa nm 

(4) 

<l>yHKI.I;WI rpHHa a en. m) .D;11.R ypaaHeHHH (1) ": 

a , (n+l,m)-2a , (n,m)-a ,(n-l,m) 
aa aa aa 

--------------------------------------- + 

(5) 
M 

+ 4 V a (n)aa ,(n,m) -E a ,(n,m) =a , a / tl 
{3 = 

1 
a/J f.Ja · a aa aa nm 

MO)I(eT 6biTb uaH.nena .nayMH cnoco6aMH. 3aMeHHM a npaao u t~aCTH 

ypaaneuHH (5) npoH3ae,neuHe CHMaonoa KponeKKepa . c n o MoUU.IO 

cooTHoweHHH noJIHOTbi (4) H aocnon.&3yeMcH TeM, tiTO onep aTop A 
B JieBOH tlaCTH (1) HMeeT C06CTBeHHbie BeKTop-$yHKu;HH C K OMOOHeH­

TaMH u Aa • Pa3.D;eJIHM o6e tUlCTH (5) Ha ( H + ; - E f), r .ne ; -

,!J,H8.rOHaJibHa.R MaTpHua C 311eMeHTaMH fa , H DOJiytiHM 

u'M. .Cn) u .\a, (m) a , (n, m) = I. , 
aa . E,\ -E 

(6) 

DOCKOJI&Ky ,D;eHCTBHe lPYHKI.I;HH OT onepaTopa f(}l) Ha ero C06CTBeH­

Hbie lPYHKU:HH u ,\ 3KBHBaneHTHO yMHO)I(eHHIO ua C(E ,\ ) , a noporo­

Bbie KOHCTaHTbi (a , o.nJD{aKOBbie .D;JIH acex ypoaueu 3HeprHH E ,\ , co-

KpamaiOTCH. 
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llpH n = m = N + 1 a nepeXO,!UiT B R-MaTpHUy MHOrOKaHaJibHOH 

CHCTeMLI (1), (2) c noJio)KeHHRMH E.\ R -MaTpH11HbiX pe30HaHcoa 

H aMnJIHTy .IJ;aMH npHae.n;eHHbiX lliHpHH y M = U M , 
.lJ.pyr oii cnoco6 peweHHR CHCTeMbi (5) - npHMeHHTb cpopMyny 

KpaMepa (6y.neM nonaraTb m = N + 1 ) : 

G , (N +1, N+1) =A~,(E);D(E), aa ..... 

r.ne D - .neTepMHHaHT CHCTeMbi (1), (2): 

D(E) 
M(N + 1) 

ll (E- E.\ ) , 
A= 1 

(7) 

(8) 

a Aaa' - .n;eTepMHHaHTbi, OTJIH'IaiDIUHecR OT D 3aMeHOH a -ro cron6-

ua COOTBeTCTBYIOI.UeH MaTplfUbl Ha BeKTOp-cTOJI6eu, OTBe'laiOIUHH npa­

BOH 'laCTH CHCTeMbi ( 5) c m = N + 1 H cpHKCHpOBaHHbiM a' . Bnaro.na­

pR TOMY , 'ITO B 3TOM CTOJI6ue OTJIH'IeH OT HYJIR JIHWb O.IJ;HH 3JieMeHT, 

.IJ;eTepMHHaHT A aa' COBna.IJ;aeT C COOTBeTCTBYIOIUHM anre6paH'IecKHM 

.IJ;OnoJIHeH HeM MaTplfUbl K03cpq>HQHeHTOB CHCTeMbl ypaaHeHHH (1), (2), 
a npH a = a' - c .n;eTepMHHaHTaMH MaTpHU K03cpcpHuHeHTOB M 
Opyzux 3 a.IJ;a'l Ha C06CTBeHHbie 3Ha'leHHR: CHCTeMbl (1) C rpaHH'IHbiMH 

ycJIOBHRM H, uecKoJILKO MO.IJ;HcpHuHpOBaHHbiMH no cpaaueHHIO c (2) 

'I' (0) = 
a 

'I' (N + 1) = (1 - 8 , ) 'I' (N + 2) a aa a 
(9) 

. a' 
0603Ha'IHM C06CTBeHHble 3Ha'leHHR 3a.IJ;a'l (1), (9) KaK E l1 , a COOT-

BeTCTBYIOIUHe .IJ;eTepMHHaHTbl MaTpHUbl K03cpcpHUHeHTOB Bblpa)KaiOTCR 

11epe3 HHX : 

M (N +1) -1 
A A= a a ll (E- E~). 

. IJ.=1 ,.. 
(10) 

CneK TpaJILHbie ua6opbi ( acero M + 1 ua6opoa) : I E .\ I , I E : I ; 
a= 1, 2, .. . M 6y.nyT HCnOJib30BaHbi .IJ;JIR nocTpoeHHR KOMnoHeHT HOpMH­

poaO'IHbiX BeKTOpOB y M . 
B t~acTHOM cnyt~ae, Kor.na ypaaueHHR a CHCTeMe (1) pacuennRIDT­

cR ua H e3aBHCHMbie ypaaHeHHR IIIpe.n;HHrepa, .IJ;eTepMHHaHT D(E) pac­

na.naeTcR ua npoH3Be.IJ;eHHe napuHaJILHbiX .neTepMHHaHTOB Da (E) .IJ;JIR 

OT.IJ;eJibHb iX ypaaHeHHH, H aHaJIOrHliHO cpaKTOpH3YIOTCR .IJ;eTepMHHaHTbl 

Aaa (E) : 
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M 
D(E) = ll D (E) 

a a 
(8') 

A (E) !'l = D (E) ll' D(3(E) , 
aa a (3~a 

(10') 

r,!l;e napu;HarrhHbiH ,!l;eTepMHHaHT D a (E) OTBe'laeT N co6c TBeHHbiM 

3Ha'leHHHM a -ro ypaBHeHHH (KaHaJia CO cneu;HarrbHbiM rpaHH'lHbiM yc­

JIOBHeM t/J (0) = t/J (N + 1) = 0). CneKTp CHCTeMbl (1) npH pac-a a 
u;enneHHH ee ypaBHeHHH pacna,!l;aeTCH Ha CYMMY M He3aBHCHMbiX 

cneKTPOB OT,!l;eJibHbiX ypaBHeHHH. Bbipa:>KeHHe (7) ,!l;JIH <I>YHKU:HH rpHHa 

npH n = N + 1 C y'leTOM (8) H (10) HMeeT BH,!l; OTHOilieHHH nOJIHHO­

MOB no E , KOTOpoe MO:>KeT 6biTb npe,!l;CTaBJieHO B BH,!l;e cyMMbl 

(eM. <t>opMyJiy 1.7.4. B KHHre: KopH r •• KopH T. CnpaBO'lHHK no MaTe­

MaTHKe. M.: HayKa, 1974): 

G (N + 1, N + 1) . (11) 
a a j=l(E-E 

r,!l;e k.\ - KpaTHOCTb co6CTBeHHbiX 3Ha'leHHH E.\(k.\~ M). llpH OT­

cyTCTBHH BblpO:>K,!l;eHHH co6CTBeHHbiX 3Ha'leHHH E.A K03<!><!>Hu:HeHTbl 

b .\j HMeiOT BH,!l; 

ba =A (E ) / D'(E) \ (12) 
.\1 aa .\ E = E.\ 

CpaBHHBaH (11) H (8) npH a= a H n = m = N + 1, nonyqaeM 

y 2 =A (E, )/D'(E) I 
.\a aa 1\ E =E.\ 

M(N+l)-1 M(N+l) 
1 n (E -E a) I ll' (E,\-E). 
f'l Jl.= 1 J1. J1. II= 1 

TO ecTb KBa,!l;paTbl KOMnOHeHT BeKTOpa HOpMHpOBOK Bblp a:>KalOTCH 

qepe3 co6cTBeHHbie 3Ha'leHHH M + 1 cneKTpa.ITLHbiX Ha6op os 3a,!l;a'l 

(1), (2) H (1), (9). 0rHOCHTeJibHbie 3HaKH KOMnOHeHT ·Y.\a , Y,\(3f. 0: 

,!l;OJI:>KHbl 6biTb Onpe,!l;eJieHbl OT,!l;eJibHO ( 06mHH 3HaK BeKTOpa H OpMHpO­

BOK He Ba:>KeH) • 

Kor,!l;a o6 3TOM pe3yJILTaTe (TeopeMa M + 1 cneKTpa ) y3Harr 

B.M.JleBHTaH, KOTOpblH B HIOJie npHe3)1(aJI B ,lzy6HY Ha KOH<!>epeHu;HIO 

no HeJIHHeHHbiM ypaBHeHHHM, OH BbiCKa3aJI B03pa:>KeH~e, 'ITO B npe,!l;e­

Jie HecBH3aHHbiX ypaBHeHHH - pacu;enneHHbiX KaHaJIOB C ,!l;HarOHaJib· 
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HOH MaTp nu;e:H B3aHMo,IJ.e:HcTBHH (xopoum:H TeeT, 'IT06bi c,IJ.enaTb pe-

3YJibTaT npo3pa"'1He:H) - .D.OJI)K}{O 6biTb 2M, a He M + 1 cnexcrpos -

no ,IJ.Ba Ha Ka)I(,IJ.Oe H3 M OT,Il,eJibHbiX ypaBHeHHH (no TeopeMe 0 .D.BYX 

cneKTpax ). Ka3anocb 6LI, - yHH'ITO:>KaiOIUee 3aMe'laHHe. Ho nocne 

KOpOTKOr O "ncnyra" BblfiCHHJIOCb, 'ITO npH C'leTe CneKTpOB H)')K}{O 

y'IHTbiBaTb pa3HHIJ;Y cneKTpOB CHCTeMbi ypaBHeHHH H OT,IJ.eJibHOrO ypaB· 

HeHHH ( c neKTP pacu;enneHHOH cncTeMbi npe,D.cTaBnfleT co6o:H cyMMY M 
He3aBHCHMbiX O,IJ.HOKaHaJibHbiX cneKTpOB) H He C'IHTaTb cneKTpbi ,IJ.JIH 

o,IJ.Horo H Toro :>Ke KaHana ,IJ.Ba:>K,D.bi. 

B CJiy'lae, KOr,IJ.a. CHCTeMa (1) pacna,IJ.aeTCfl Ha He3aBHCHMbie ypaB­

HeHHH, <f>opMyJia (14) nepexo,IJ.HT B o6bi"'IHYIO CBfl3b Ka)l(,Il,OH napu;HaJib· 

HOH HOpM HpOBKH C OBYMR cneKTpaMH COOTBeTCTBYIOUJero ypaBHeHHH, 

a MHO:>KHTeJIH B 'IHCJIHTeJie H 3HaMeHaTene ( 13) , OTHOCfiUIHecfl K ,D.py­

rHM ypasHeHHHM, coKpamaiOTCH. llpn 3TOM M + 1 cneKrpoe o6Uieil 

CUCTeMbl ypaeneHUU (1) 3'K8U8atleHTHbl 2M napijUatlbHbiM cneKTpaM 

pacijenneHHbiX ypaeHeHUU C He3aBHCHMbiMH rpaHH"'IHbiMH yCJIOBHRMH, 

OTBe'laiOJUHMH (2), (9). 

llpe ,D.eJI HenpephlBHOH npOCTpaHCTBeHHOH 

nepeMeHHOH 

EcTecTBeHHO o:>KH,IJ.aTb, 'ITO B npe,D.ene !l -+ 0, N-+ "" <f>opMyna 

(13) 6y.D.eT sepHa ,IJ.Jifl o6LI"'IHoro ypasHeHHH Illpe,D.HHrepa c HenpepbiB· 

HOH nepeM eHHOH: 

Y~ = Aaa (E A) / D'(E) \E=E A 

=!_(E,-E~) ll'(E -Ea) / (E,-E) 
!l 1\ 1\ J.l. J.l. J.l. 1\ J.l. 

(14) 

B cnyt~ae BhlpO)l(,Il,eHHR co6cTBeHHbiX 3Ha'leHHH 

Tbl b~j CJie,IJ.yeT HaxO,IJ.HTb nOCJie,IJ.OBaTeJibHO 

E A K03<f><f>HIJ;HeH­

H3 COOTHOUieHHH 

[ c,b ,\ (E) = D(E) / (E - E A ) ] : 

!lAaaCE >. ) =bAit c,bA(EA), 
,\ 

!lA~a(E ,\ ) = b Ak /~ (E ~_) + b AkA-1c,b A (E A)' 

..... 
(k,\ -1) (k,>.-1) (kA-2) 

!lAaa =b~k,\c,bA (EA) .+k,\b,\k,\-1<1>.\ (E,\)+ 

• • . + k ,\ ! b A.l c,b ,\ (E ,\ ) . 

46 

(15) 



AsTop 6naronapeH M.M.ManaMy,ny H B.M.JiesmaHy 3a CTHMynH­
PYIOIUHe ,nHCI<yccHH no TeMe pa6oTbi. 

llpHJIO:>KeHHe 

lloTeHQHaJihi, 3aBHCRI..QHe OT CI<OpOCTH 

Tai< Ha3biBaiOTCR noTeHQHanhi, 3aBHCRIUHe OT onepaTopa HMnyJib­
ca p = - 'i/ ; o6bi'IHO HX 3anHCbiBaiOT B cpopMe 

"2 d d v(p ,x)=v(x) + [-v
1

(x) -v
1
(x)-) / 2, 

dx2 dx2 
(1ll) 

rne v(x) H v1 (x) - pa3Hhie cpyHI<UHH oT x . Tai<He noTeHQHanhi 

HCnOJib3YIOT, HanpHMep, B Me30HHOH TeOpHH R,nepHbiX CHJI. 11x pa3-
HOCTHbiH BapHaHT ("I<Ba3HJIOI<aJibHbiH" nQTeHQHaJI C OTJIH'IHbiMH OT Hy­

JIR 3HalleHHRMH Ha JI~eX ,nHarOHaJIRX. MaTpHQbl raMHJibTOHHaHa, CM. / 2/ 

CTp.5Q): 

-[ 1 + v
1 

(n) /2) I 'P(n + 1) - 2'P(n) + 'P(n -1) 1/ 6. 2 + v(n) 'P(n) + 
(2ll) 

+ lv
1 

(n + 1) 'l'(n + 1)- 2v1 (n) 'P(n) + v 1 (n -1) 'P(n -1) l/26.2 = E 'l'(n) 

3aMellaTeJieH TeM, liTO llHCJIO 2N 3HalleHHH V H V l Ha I<OHe'IHOM HH· 
Tepsane n = 1, 2, ... N cosna.u.aeT c llHCJIOM cnei<TpaJibHhiX napaMeT­

pos IE,\ , y ,\I 3a,u.allH lllTypMa - JlHyBHJIJIR, a OTJIHilHe oT cny~~an 
o6hi'IHoro pa3HOCTHoro ypasHeHHR lllpe,nHHrepa c N 3HalleHHRMH no­

I<aJihHoro noTeHQHana, I<orna Me~ 2N napaMeTpaMH IE A, y ,\ I 
non:>KHo 6hiTh N CBR3eH. B 3TOM OTHOilleHHH cny~~aif pa3HOCTHoro no­
TeHQHana, 3aBHCRI..Qero OT CI<OpoCTH, 6JIH:>Ke I< CJIYilaiO ypasHeHHR lllpe­

,nHHrepa c o6hi'IHbiM noTeHQHaJIOM, I<orna napaMeTpbi IE,\' Y>. I aroa­
BHCHMhi ,npyr OT ,npyra. 

TeopeMa ,nn11 nsyx cnei<Tpos B cnyqae ypasaeHHR (2ll) cosnana­
eT c (14) nnn o.zuwro KaHana. 

1IHTepaTypa 

1. JleBHTaH B.M., racbiMOB M.r.- YMH, 1964, 19, tf- 2, c.3. 
2. 3axap~oes B.H., Cy3hi<O A.A.- lloTeHUHaJihiH I<BaHTOBoepacceRHHe. 

llpRMaR H o6paTHaR 3aD.allH. M.: 3aeproaTOMH3,naT, 1985, c.41-43. 
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Pyi<onHch nocrynHJia 27 asrycTa 1990 rona. 
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NEUTRON 2 0 8 Pb SCATTERING AND THE ELECTRIC 
POLARIZABILITY OF THE NEUTRON 

Yu.A.Alexandrov, L.Koester*, G.S.Samosvat, W.Waschkowski* 

Neutron transmission cross sections of 2 08 Pb were measured for 
four energies. These data were the basis to evaluate the electric pola­
rizability of the neutron: an = (0.4 ± 1.5)·10-3fm 3 for a ne 
= - 1.32 ·10-3 fm and an=( - 1.1± 1.5)·10-3 fm 3 for ane = 

= - 1.59 ·10 - 3fm . 

The investigation has been performed at the Laboratory of Neutron 
Physics, JINR and in Garching Laboratory, Fed. Rep. Germany. 

Pacce.RHHe HeihpoHOB Ha 2 0 8 Pb H 3JieKTpmecKa.R 
noJI.RpH3yeMoCTb HeifrpoHa 

JO.A.AneKcaHApOB HAp. 

IlorrHbie HeihpoHHbie ce'!eHHH 2 0 8 Pb HJMepeHbi rrpH 'ICTbipex JHep­

rHHx HCihpoHOB. Ha OCHOBC IIOJIY'ICHHbiX AaHHbiX CACJiaHa OUCHKa 
JJICKTpHilecKOH rrorrnpHJyeMocm HCHTpoHa: an = (0,4 ± 1,5)· 
• 10- 3 <f>M 3 IIpH ane = -1,32 ·10 -3<f>M H an =( -1,1 ±} ,5) ·1 0-3<f>M 3 

. . -3 
rrpH ane = -1,59·10 <f>M. 

Pa60Ta BbiiiOJIHeHa B ITa6opaTOpHH HeHTpoHHOH <f>HJHKH OHRH 
H B fapXHHrCKOH rra6oparopHH, <l>Pf. 

The last attempts / "1-3/ to measure the coefficient an of the 
neutron electric polarizability from precise measurements of the neutron 
total cross sections gave only the upper limits for the an value of (1 + 2) · 
·10-3 fm 3 order. It is just on the level of theoretically expected 
meaning of a and the value for proton a =(1.07 + 0.11) ·10 -3 fm3 /4/ 
So any defin~ value of this fundamental !onstant is absent up to now. 

The main difficulty in the works 11-a/ is the correct considera­
tion for the neutron resonances, our knowledge of which is limited. 
Therefore, in this work instead of natural lead and bismuth used in/1-3/ 
we measured the total cross sections of double-magic 208 Pb which 
had very rare resonances. 

*Garching, Fed.Rep.Germany 
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Table 

Energy 1.26 eV 18.6 eV 128 eV 1970 eV 

11.441(5) 11.509(14) 11.503(16) 11 .468(7) 

corr 10-24 2 a
8 

, em 12.434(5) 12.494(14) 12.485(16) 12.443(7) 

We had three metallic samples 8.7, 14.3 and 15.6 mm thick en­
riched with 208 Pb up to 97 .3%, which had been used in different combi­
nation on the installations at three beams of the FRM reactor in Gar­
ching, West Germany. The methods of the measurement are described 
in / 2,5/. The results for four energies of neutrons are listed in the Table 
as measured and corrected cross sections. The latter ones correspond 
only to s-wave potential scattering on 208 Pb and are obtained by sub­
tracting from a;eas small contributions of solid state effects, Schwinger 
scattering, other isotopes, p-wave neutrons and the contribution of 
two 2°8 Pb s-wave resonances. The resonance parameters of all lead 
isotopes were taken from / 6/ . 

If we write h i 

ascorr =: ;; sinoo sin(oo+27]0):! :~ sin 2 (oo+77o) . (1) 

where o0 is the phase shift of nuclear s-scattering, 

11 ::kZfa+ka MZ 2 e2 /(n 2R)(1- .E.. kR), 
0 n 3 

f is the atomic form-factor, a"'- -~a , ane is a neutron-electron 
A+l ne 

scattering length, R is the radius of the nucleus, so it is easy to obtain 
from (1) the following expression 

rr MZ 
2 

e 2 

a1i2 

1 j a ifrr 1 j a c#rr 
"' k arcsin (k 1 ) --arcsin (k 2 --8--) 

1 4rr k 2 4rr 

(2) 
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where indices 1 and 2 refer to two different energies (note: 8
0 

< 0 and 
o < 11 < 18 I ). 

Dor tile evaluation of an now we can practically use only the 
energies 1.26 and 1970 eV. Then from equation (2) for the data taken 
from the table and considering the value of ane = (-1.32± 0.04)x 
x10-3 fm 12•8 / we have 

an = (0.4 ± 1.5)·10-3 fm3; (3) 

inthecase of ane=(-:-1.59 ±0.04t·10-3 fm / 1,9/ 

an= (-1.1 ± 1.5) ·10-3 fm 3 . (4) 

These evaluations do not practically differ from the earlier 
ones lr .. - 31 , but they are more reliable, because of much smaller correc­
tions on neutron resonances. 

Now these investigations are in progress to achieve higher accu­
racy. Moreover, the measurement of a coherent scattering length of 
208 Pb at the energy much less than 1 eV should permit one to have 
a new independent result for ane too. 
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CIIEKTP I130CKAJUIPHbiX KOJIJIEKTHBHblX MO.Ll H,llP A 
B MO,llEJIH YIIPYroro <l>EPMI1-C<l>EPOI1llA 

C.I1.EacrpyKoB 1 
, M.JI.Eo6pbillleB 1 

, B.B.ry.uKoB 1 
, A.I1.Pe.UbKHH 1 

, 

<l>.,lleaK2
, A.B.CylllKOB 

l1JyqaeTCH Ili1HaMI1Ka <t>opM11pOBaHHH 1130CKaJillpHblX KOJIJie KTHB­
HbiX BOJ6)')KueHI1H Hapa B Mouenl1 ynpyroro c<t>epo11ua, napaMeTpbi 
JJiaCTH'IHOCTI1 KOTOpOrO M11KpOCKOlli11.JeCK11 onpe,lleJIJIJOTCJI B <t>epM11-
raJOBOM np116JII1)[(eHI111 . fiOJI}"'eHHble OIJ,eHKI1 3Hepr11H BOJIH ynpyr11X 
ue<t>opMaiJ,I1H CpaBHI1BaJOTCJI C 3KCnep11MeHTaJlbHbiM11 ,llaHHbiM11 ,llJI.II 
JJieKrp11'1eCKI1X 11 MarHHTHblX 1130CKaJI.IIpHblX pe30HaHCOB 11 COllOCTaB­
JI.IIJOTCll C paC'IeTaMI1, BblllOJIHeHHbiMI1 paHee B aHaJIOfH'IHOH MO,lleJII1, 
r.ue paccMarp11sanc.11 MeHee liD!pOK11H Knacc peweHI1H ypasHeHI1H JlaMJ, 
B OCHOBHOM, C <t>eHOMeHOJIOfl1'1eCK11 llO.U06paHHbiM11 napaMel paMI1. 

Pa6ora BbmonHeHa B J1a6oparop1111 reopeTI11.JeCK11H <PI1311KI1 OIUHI 
11 Ha Ka<t>e.upe reoperl1'1eCKOH 11 .RaepHoH <PI1311KI1 CaparoscKoro rocy­
.uapcrseHHoro yH11sepc11rera. 

Nuclear Spectrum of Isoscalar Collective Modes 
in Elastic Fermi-Spheroid Model 

S.I.Bastrukov1
, M.L.Bobryshev1

, V.V.Gudkov 1
, A.I.Red'kin 1

, 

F.Deak2
, A.V.Sushkov 

The formation of nuclear isoscalar collective excitations is studied 

in the elastic spheroid model with the nuclear elasticity parameters 
calculated in the Fermi-gas approximation. The comparison of theore­
tical and experimental energies of the electric and the magnetic reso­
nances is presented. We also compare our results with previously per­
formed analogous calculations where restricted class of solutions of the 
Lame equation has been considered and elasticity parameters have 
been phenomenologically adjusted. 

The investigation has been performed at the Laboratory of Theore­
tical Physics, JINR and at the Department of Theoretical and uclear 
Physics, Saratov State University. 

1 YHuaepcurer UM. H.r. CfepHbiWeBcKozo, Caparoa 
2 YHuaepcurer P.3raewa, Eyoanewr 
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P'7' 

11HTeHCHBHO npOBOAHMbie B nOCJie,D;HHe rO,D;bl HCCJie,D;OBaHHR: KOJI­

JieKTHBHb i X R:,D;epHbiX ABH)I(eHHH MeTO,D;aMH MeXaHHKH KOHTHHyyMa 

y6e,D;HTeJib HO AOKa3biBaiOT, 'ITO MaKpOCKOnH'IeCKHe CBOHCTBa R:,D;pa 

HaH60Jiee 3aMeTHO npOR:BJIR:IOTCR: B AHHaMHKe <t>opMHpOBaHHR: BbiCOKO­

Jie)l(ai.UHX rHraHTCKHX B036y)I(AeHHH. llo.o:Tsep)I(AeHHeM TOMY cJiy)I(HT 

TO'IHOe B OCnpOH3Be,D;eHHe 3KCnepHMeHTaJibHOH CHCTeMaTHKH UeHTpOH­

AOB 3Hepr HH rHraHTCKHX pe30HaHCOB B 3aBHCHMOCTH OT MaCCOBOrO 

'IHCJia, Bbi pa)l(aeMOH A- 1 13 
-3aKoHOM. B 6oJibUJHHCTBe pa6oT no MaKpo­

CKOnH'IeCK OH R:,D;epHOH AHHaMHKe aHaJIH3 pe30HaHCHbiX B036y)I(,D;eHHH 

CTpOHTCR: H CXOAR: H3 npe,D;CTaBJieHHH 0 R:,D;pe JIH6o KaK 0 )I(H,li;KOH Kanne, 

JIH60 KaK 06- ynpyrOM c<t>epOH,D;e, paBHOBeCHble napaMeTpbl KOTOpblX 

y.o:aeTCR: B bi'IHCJIHTb MHKpOCKOnH'IeCKH. llpH CpaBHeHHH yKa3aHHbiX 

MaKpOTeOp HH o6pamaeT Ha ce6R: BHHMaHHe HX paCXO)I(,D;eHHe B OQeHKaX 

OTHOCHTeJibHOH pOJIH BHyTpeHHeH 3HeprHH KHHeTH'IeCKOrO <t>epMH­

ABH)I(eHHR: H noTeHUHaJibHOrO B3aHMO,D;eHCTBHR: npH Bbi'IHCJieHHH 3Hep­

rHH H30CKaJIR:pHbiX pe30HaHCOB, a TaK)I(e B npe,D;nOJIO)I(eHHR:X 0 BeKTOp­

HOH npHpOAe B036y)I(,D;aeMbiX noJieH CKOpOCTeH H CMei.UeHHH. 

B pa6 oTax 
11 

-
6 1

, r.o:e R:,D;epHaR: AHHaMHKa Mo.o:enuposanacb rapMo­

HH'IeCKHMH KOJie6aHHR:MH ynpyroro lllapa, napaMeTp .o:e<t>opMaUHH 

pacUJHpeHH R: H30TponHOH R:AepHOH cpeAbi A., CBR:3aHHbiH JIHHeHHO 

c a.o:ua6aTH 'IeCKHM Ko3<P<PuuueHTOM C)I(HMaeMOCTH K, nu6o 3aAaBaJICR: 

<t>eHOMeHOJIOrH'IeCKH, JIH60 Bbi'IHCJIR:JICR: MHKpOCKOnH'IeCKH C CHJiaMH 

CKHpMa. O .o:HaKo npHBOAHMbie B JIHTepaType 3Hat~eHHR: nocne.o:Hero 

o6na.o:awT CJIHUJKOM 6oJibUJOH Heonpe.o:eneHHOCTbiO (K = 180-540 M3B), 

KOTOpa.R H a npR:MYIO "OTpa)l(aeTCR: B paCC'IHTbiBaeMblX 3HalleHHR:X 3Hep­

rHH (3JieKTpHlleCKHX) pe30HaHCOB H 3aTpyAHR:eT HOHHMaHHe TOrO, Ka­

KOH H3 <l>H3HllecKHX <l>aKTOpOB AOMHHHpyeT B npouecce <t>opMHpOBa­

HHR: rHraHTCKHX COCTOR:HHH. B 3TOH CBR:3H npe,D;CTaBJIR:eTCR: QeJieco­

o6pa3HbiM paCCMOTpeTb TaKOH BapHaHT MOAeJIH ynpyroro c<t>epOH,D;a, 

r.o:e see nap aMeTpbi ynpyrocTH R:Apa onpe.o:enR:JIHCb 6bi TOJibKO KHHe­

TH'IeCKOH 3HeprHeH OAHO'IaCTH'IHOrO <t>epMH-ABH)I(eHHR: B OCHOBHOM 

COCTOR:HHH, T .e. Ha OCHOBe <t>epMH-ra30BOH KHHeTH'IecKOH KapTHHbl, 

onHCbiBaeMOH . ypasHeHHeM llaH.o:ay - Bnacosa. C TaKOH TO'IKH 3peHHR: 

6y.o:eT BbirJIR:AeTb 6onee nocne.o:osaTeJibHbiM cpaBHeHHe MOAeJIH ynpy­

roro <t>epMH -c<t>epOH,D;a C rH,D;pO,D;HHaMH'IeCKOH MO,D;eJibiO <l>epMH-KanJIH, 

nocKOJihKY nocne,D;HR:R: 6biJia nocTpoeHa Ha nepet~HCJieHHbiX BbiUJe 

MHKpOCKOnH'IeCKHX OCHOBaHHR:X, a noJiylleHHbie B ee paMKax 6ecna­

paMeTpHlleCK He OQeHKH 3HeprHH TO'IHO BOCnpOH3BOAR:T 3KCnepHMeH­

TilJlbHO ycTa HOBJieHHYIO CHCTeMaTHKy AJIR: H30CKaJIR:pHbiX pe30HaHCOB 

no BCeH nepHOAH'IeCKOH Ta6JIHUe 
17

-
9 1

• 

B HaCTOR:I.UeH pa6oTe rJiaBHOe BHHMaHHe Mbl KOHUeHTpHpyeM 

Ha BOnpoce : KaK CHJibHO 3aBHCHT KOJIJieKTHBHbiH cneKTp OT KOH-
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KpeTHOrO BHAa B036y:>KAaeMbiX AecpopMaQHOHHbiX llOJieH CMemeHHH, 

.RBJI.RIOII.\HXC.R perneHH.RMH ypaBHeHH.R JlaM3 AJI.R ynpyroro mapa co 

CBOfiOAHOH rpaHHUen? 

B npoBOAHMbiX HH:>Ke nocTpoeHH.RX ccpepHt~ecKoe RAPO PaAHyca 

Ro = r0 A- 1 13
, CO CllHHOM HOJib B OCHOBHOM COCTO.RHHH MHK pOCKOllH­

qecKH HAeaJIH3HpyeTC.R BblpO:>KAeHHOH (no CllHHY H H30CllHHy , T.e. H30-

CKaJI.RpHOH) cpepMH-ra30BOH CHCTeMOH. qHCJIO KBa3HllaCTHU nonaraeT­

C.R paBHbiM MaCCOBOMy liHCJIY .RApa A, Macca KBa3HllaCTHUb l - Macce 

cBo6oAHOro HYKJIOHa m. TorAa paBHOBeCHbie nJIOTHOCTb p 0 H AaBJieHHe 

P0 BbiliHCJI.RlOTC.R, cpaKTHlleCKH, 6e3 napaMeTpoB 

3m 
Po , Po 

5 

97T 
[-]I /3

1 8 

rAe VF - rpaHHliHa.R CKOpOCTb cpepMH-ABH:>KeHH.R. 

(1) 

QqeBHAHO, liTO CTOJib ynpomeHHbie npeACTaBJieHH.R M o ryT fibiTb 

onpaBAaHbl npH 3HeprH.RX B036Y:>KAeHHH, rAe .RAPO npa KTHlleCKH 

3a6biBaeT o6 o6onot~eliHbiX cTpyKTypHbiX oco6eHHOCT.RX OA HOllaCTHli­

Horo ABH:>KeHH.R B OCHOBHOM COCTO.RHHH H OCTaT<JliHOM B3aH Mt>AeHCT­

BHH, npHBOA.Ril.\eM K cnapHBaHHlO. 0TMelleHHbie MHKpOCKOllHllecKHe 

CBOHCTBa BHYTPH.RAepHoro ABH:>KeHH.R, KaK H3BeCTHO, OTlleTn HBO npo­

.RBJI.RIOTC.R B HH3K03HepreTHlleCKOH (Ao 3-4 M3B) o6nacTH KonneK­

THBHoro cneKTpa, ll03TOMy paCCMaTpHBaeMa.R HaMH MOAeJib npH HH3-

KHX 3HeprH.RX 3aBeAOMO He npHMeHHMa.· 

,Un.R pellleHH.R llOCTaBJieHHOH 3aAaliH paCCMOTpHM JIHHeapH30BaH­

HYlO ¢opMy ypaBHeHHH 13-MoMeHTHoro npH6JIH:>KeHH.R MaK poc:KonH­

qecKOH .RAepHOH AHHaMHKH, KOTOpbie HMelOT BHA 

ap 
at 

auk 
+ Po_a __ = 0, 

xk 

0, 

auk 
+<') . . --) 

I) ax 
k 

(2) 

(3) 

0, (4) 

... ... .... 
rAe p(r, t), Ui(r, t), aij(r, t) - MaJibie OTKJIOHeHH.R IIJIOTHOCTH , cpeAHeH 

CKOpOCTH B03fiy:>KAaeMOrO llOTOKa H TeH30pa BHyTpeHHHX Hanp.R:>Ke­

HHH; p o , ~o = 0, P ij ~ Po o ij - Hx paBHOBeCHbie 3Hat~eHH.R. 
YpaBHeHH.R (2)- ( 4) nerKo MoryT 6biTb npHBeAeHbi K B HAY KJiac-. 

CHllecKoro ypaBHeHH.R AHHaMHKH ynpyroro KOHTHHyyMa, ecnH nono-
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)I{HTb, 'ITO Cpe,D;HHH CKOpOCTb B036y)I()J;aeMOrO nOTOKa u(r, t) CBH3aHa .... ,.. 
c noneM cMel.l{eHHH S(r, t) - ocHOBHOH ,nHHaMHtJecKOH nepeMeHHOH 

TCOpHH y n pyrOCTH - COOTHOUICHHCM 
... .... 

-+-+ aS(r,t) 
u(r, t) = 

at 

llO,D;CTaBJIHH ( 5) B ( 4) H 3aTCM B ( 3) , nonytJaeM ypaBHCHHe 
... 

a2 S .... .... 
p 0 --

2
- = 2P 0 grad div S + P 0 AS, 

at 

(5) 

(6) 

KOTOpoe 6y,neT TOtJHO COBna,D;aTb C ypaBHCHHCM JlaM3 ,D;JIH ynpyrHX 

KOJie6aHHH H30TpOnHOH cpe,D;hl 
1 1 0 1 

Po 
a2 s 
a t2 

= (A + p)grad wvs + pAS, (7) 

ecnH npHHHTb, tJTO K03¢¢H~HeHT .ne¢opMa~HH paCUIHpeHHH A H K03¢­

¢H~HeHT ,ne<f>opMa~HH C,D;BHra K KpytJCHHH J.L ( napaMCTpbl JlaM3) paB­

Hbl MC)I{,D;y C060H H Onpe,neJIHIOTCH CB060,D;HblM O,D;HOtJaCTHtJHbiM <f>ep­

MH-,D;BH)I{CHHCM HYKJIOHOB B OCHOBHOM COCTOHHHH, T .e . A= J.l = Po. 
11MeHHO no TOR npHtJHHe, tJTO npH BhitJHCJieHHH napaMeTpos ynpy­

rocTH H,np a HrHopHpyiOTCH 3¢¢eKThi o6onoqetJHOH cTpyKTyphr cpe.n­

Hero nOJIH, a TaK)I{C MaKpOCKOnHtJecKOH nOTCH~HaJibHOH 3HeprHH, 

tJaCTO BbltJHCJIHCMOH Ha OCHOBe HYKJIOH-HYKJIOHHbiX CHJI CKHpMa HJIH 

MHr,n~a, HO ytJHJ:hiBaeTCH KBaHTOBhiH xapaKTep OAHOtJacTHtJHoro 

ABH)I{CHHH no op6HTaM, .nonycKaeMbiM npHH~HnOM naynH, BCIOAY 

HH)I{C 6y,neM rOBOpHTb 0 H,D;pe KaK 06 H30TpOnHOM, ynpyrOM <f>epMH­

c<f>epOH,D;e . 

,llJIH HaXO)I{,D;CHHH C06CTBCHHbiX tJaCTOT 3JiaCTHtJHbiX rapMOHH­

tJCCKHX K OJie6aHHH BpeMeHHYIO 3aBHCHMOCTb nOJICH CMCI.l{CHHH CJie­

,nyeT yqec Tb MHO)I{HTCJICM eiwt . ll03TOMY ypaBHCHHC (7) nepenHUICM 

B BH,D;e 

.... .... .... 
p 0 w 2 S + (A + ll) grad div S + :AS = 0 (8) 

H ,D;OnOJIH HM YCJIOBHCM OTCYTCTBHH HanpH)I{CHHH, HOpMaJibHbiX K rpa­

HH~e, 

---na I 
5 

= 0, (9) 

.... - -
r,ne n - B CKTOp BHCUIHCH HOpMaJIH K nosepXHOCTH H,D;pa, a - TCH30p 

HanpH)I{CHHH a ij B 6e3biH,D;CKCHOH 3anHCH. 

B Te opHH ynpyrHx Kone6aHHH cnnoUIHOH H30TponHOH cpe,nbr 

paCCMaTpHBaiOTCH TpH BH,D;a rapMOHHtJCCKHX ,ne<f>opMa~HH: paCUIHpe-
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HR ( C)!(aTHR) , C,ll.BHra H KpytJeHHR 
11 0 1

• llepBhie ,ll.Ba OIIHCb lBaiOTCR 

CTHHHO BeKTOpHbiMH nOJIRMH CMemeHHH, n03TOMy B ,ll.aHHOH MO,ll.eJIH 

M 6y.D.yT COOTBeTCTBOBaTh B036y)!(,ll.eHHR 3JieKTpHtJeCKOrO THna. Mar­

HTHhie B036y)!(,ll.eHHR CBR3aHbl C ,ll.BH)!(eHHRMH cpe,ll.bl, KOTOp bie 3a,ll.a­

lTCR nceB,ll.OBeKTOpHbiM nOJieM CMemeHHH. 

1. .lln~ ~e<PopMaU.HH pacumpeHHR ( C)!(aTHR) BeKTOpHoe none 

MemeHHH 8 1 (r, t) B C)!(HMaeMOH H30TpOnHOH cpe,ll.e HMeeT HeH yJieByJO 

·aCXO,ll.HMOCTb H RBJIReTCR noTeHU.HaJihHbiM 

(10) 

.D.e jn(z) - c<PepHtJecKaR <PYHKU.HR BeccenR, P n(cos8) - <PYHKU.HR 

Ie)!(aH.D.pa. 0Ho onHChiBaeT npO.D.OJihHhie BOJIHOBbie .D.BH)!(eHH R c BOJI­

<OBhiM lJHCJIOM k 1 = W / C 1 H <!>a30BOH CKOpOCTbJO 

:\ + 2JJ I / 2 
I = ( ) 

Po 

i3 
= y- VF . 

5 
(11) 

'paHHlJHOe yCJIOBHe (9) npHBO,ll.HT K ,ll.HCnepCHOHHOMy y p aBHeHHJO 

1H,!J.a 

(12) 

lonyCTHMbie tJaCTOTbl ,ll.aiOTCR Bblpa)!(eHHeM 

j 3 VF 
,;:\ m = k 1 (:\, m)c 1 = - -- z:\ m · 

• 5 R0 • 
(13) 

3.D.eCh H HH)!(e Ka)!(,ll.Oe 3HatJeHHe Z = kR0 HyMepyeTCR nOpR,ll.KOBbiM 

roMepoM MYJihTHnOJihHoro pa3JIO)!(eHHR n = :\. 11H.D.eKCOM m OTMe­

meTCR HOMep KOpHR ,ll.HCnepCHOHHOrO ypaBHeHHR npH 3 a,ll.aHHOH 

vtyJihTHnOJibHOCTH :\ H Z:\ m = k(:\, m)R0 • 

2. C<PepHtJeCKHe BOJIHhi C.D.BHra xapaKTepH3YJOTCR B OJIHOBhiM 

IHCJIOM kt = W /Ct H pacnpOCTpaHRJOTCR CO CKOpOCTbJO 

J.1 I / 2 r:; 
:t = (- ) = -/ ~ v F · (14) 

Po 5 

lHCTO C,ll.BHrOBbie .D.e<!>OpMaiJ.HH 3a,ll.aiOTCR nOJIOH,ll.aJibHhiM ( onpe,ll.e­

leHHR TOpOH,ll.aJibHOrO H nOJIOH,ll.aJihHOrO BHXpeBhiX noJieH CM . B 
11 1 1

) 

lOJieM 

(15) 

[lHcnepCHOHHOe ypaBHeHHe ,ll.JIR Onpe,ll.eJieHHR tJaCTOT nonepetJHblX BOJIH 

~,ll.BHra HMeeT BH,ll. 
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......-

jn+l (z) 
2z = z2 - 2(n2 - 1). 

jn(z) 
(16) 

CaMH )Ke qacTOTbi 3THX Kone6rumi1: AaJOTCH Bbipa)KeHHeM 

j 1 VF 
wA. m = kt (A., m)ct = - - zA. m· 

• 5 R0 • 
(17) 

3 . ilOCKOJlhKY ypaBHeHHe (8) HBJIHeTCH JIHHeHHbiM, TO B B03MO)K­
HblH KJiaCC ABH)KeHHH, OTBe'lalOI..QHX B036y)f(AeHHHM 3JieKTpH'IeCKOrO 
THna, MOry T BXOAHTh perneHHH, npeACTaBJIHeMble KaK cynepn03HIIHH 
AecpopMaiiHH pacrnHpeHHH H CABHra S3 = S1 +S2, T.e. 

S~ 1 (;, t) = A ngradjn(k1 r)Pn (cosO)+ 

+ Bn rot rot; jn(ktr) P n(cosO). 

(18) 

,UHcnepCHOHHOe ypaBHeHHe AJIH perneHHH ( 18) npeACTaBJIHeTCH B BHAe 

I [ 2(n2 -=1 ) - x2 ] jn (x)+2xjn+ 1 (x) I ![ 2n(n -1)2 -3z2 ] j n (z)+4zjn+l (z) l-
• (19) 

-12n(n+1 ) ((n-1)jn(x)-jn+l(x)]ll2(n~1)jn(z)-2(z)jn+l(z)l =0, 

r~··x2 = 3z2 . qaCTOTbl Bbl'IHCJIHIOTCH no cpopMyJie (13). 

4. K orAa cpeAa npeAnonaraeTcH HeC)KHMaeMoii, BMecTo (18) 
npeAbiAYI..UHH CJiy'laH OllHCbiBaeTCH noneM BHAa 

~~~ ~ S! (r, t) = A ngradrnPn(cosO) +Bnrotrotrjn(ktr)Pn(cosO). (20) 

CooTBeTCTByromee eMy AHCnepcHOHHOe ypaBHeHHe 3anHCbiBaeTCH 

B cpopMe 

2(n + 2)jn+l (z) = zjn(z). (21) 

Bbipa)KeHHe AJIH qacTOTbi AaeTCH cpopMynoH: (17). 

5. COCTOHHHH aHOMaJihHOH 'leTHOCTH B AaHHOH MOAeJIH cpopMH­
pyiOTCH KpyTHJlhHbiMH KOJie6aHHHMH, KOTOpbie 3aAalOTCH TOpOHAaJih­
HbiM nceBAOBeKTOpHbiM noJieM 

g~ag(;, t) = rot; jn (ktr)P n (cosO) . (22) 
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rpruiH'IHOe ycJIOBHe (9) npHBO,IUIT K ,D.HCnepcHonnoMy ypaan enHIO ,D.JIH 
tlaCTOT nonepetiHbiX BOJin KpyqenHH 

djn(z) 

dz 
(23) z 

Bbipa)KenHe ,D.JIH tlaCTOT KpyTHJihnhiX KOJie6aHHH HMeeT BH,D; ( 17). 
3neprHH H30CKaJIHpnhiX B036y)K,ll;enHH paCCtlHThiBaiOTCH no H3BecTHOH 
KBanTOBO-MeXaHHtleCKOH cPOpMyJie 

E(A.7T)=nw._. 
m 1\,m 

(24) 

B tlHcnennhiX pact~eTax 6hmH HcnoJih30BaHhi Bhi6HpaeMbie o6hitlno 
3naqenHH KOncTanT : h = 197,32858 M3B/c , m = 931,5016 M3B/c2 

H r 0 = 1,16-1,25 cPM. CpaanenHe nanmx ou:enoK 3neprHH c 3KcnepH­
MenTOM npHae,n;eno a Ta6nHu;ax 1 H 2. Menhiiiee 3naqenHe 3neprHH 

Ta6nHu;a 1. TeopeTHtlecKHe H 3KcnepHMenTanhnhie 3neprHH 

rHraHTCKHX 3JieKTpHtleCKHX pe30naHCOB. 3Be!3,D.OtlKOH noMe-

qenhi cornacyiOiu;HecH 3nat~enHH. THn ynpyrHx .n.ecllopMau;HH 
OTMetlen HH,D;eKCOM B o6o3naqenHH 3neprHii: 1 - TOJibKO ,n;e-

cPOpMaU:HH paCIIIHpenHH - C)KaTHH; 2 - TOJibKO ,D.ecPOpMal(HH 
C,D;BHra; 3 - cynepn03HU:HH ,D;BH)KenHH 1 H 2; 4 - TO )Ke, 

tlTO H 3, no ,D;JIH neC)KHMaeMOrO cllepMH-CcPepOH,D;a. 

A_7T Et A1 13, E2 AI /3, E3 Al i3, E4 A1 13, E AI /3 
3KC n ' 

M3B M3B M3B M3B M3B. rHraHT • 
pe30naHChi 

o• 81~94* neT 44-51 neT 73-82 /1 5 I 

1- 130-151 71-82 60-69 46-53 ? 

2+ 41-47 55-64* 47-55 52-61 62-66 11 5 I 

3- 66-80 88-102* 69-81 58-68 100-120 115 I 

4+ 96-111 121-141 88-103 64-74* 55-85 116 I 

5- 122-142 232-269 109-127 68-79 ? 
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Ta6nuua 2 . Bbi'lHcneHHbie H 3Kcne-

pHMeHTaJib Hbie 3HeprHH MarHHTHbiX 

pe30HaHCOB 

'A1T Es A I 13, E::~KcnA-1 /3' M3B 

M3B rHraHT. pe30HaHCbl 

1+ 101-122 ? 

2- 45-53 43-56 11 2 I 

3+ 78-82 ? 

4- 93-109 ? 

nony'leHo c r 0 = 1,25 ¢M, 6onb­

rnee npu r 0 = 1,16 ¢M, npH'leM 

BCe TOOpeTH'leCKHe 3Ha'leHHH OT­

HOCHTCH K HHJKaHlllHM KOpHHM 

( m = 1) ,ll.HCnepCHOHHbiX ypaB­

HeHHH. KaK BH.D.HO H3 Ta6nuu, 

cneKTp H30CKaJIHpHbiX 3JieKTpH­

'leCKHX B036yJK,ll.eHHH cymecT­

BeHHO 3aBHCHT OT BeKTOpHOH 

npupo.D.bi nonH cMemeHHH. Ha 

OUeHKH 3HeprHH TaKJKe CHJibHO 

BJIHHeT npe,ll.nOJIOJKeHHe 0 CJKH­

MaeMOCTH ( HJIH HeCJKHMaeMO­

CTH) H,ll.epHOrO KOHTHHyyMa. 

Hau6onee npuMe'laTeJibHbiH pe-

3YJibTaT ,ll.aHHOH pa60Tbi, no Ha-

llleMy MHeH HIO, COCTOHT B TOM, tiTO 3HeprHH rHraHTCKHX KBa,ll.pynOJib­

HOrO H OK TynOJibHOrO pe30HaHCOB npaKTH'lecKH TO'lHO nepe,ll.aiOTCH 

MO.D.eJiblO ynpyrux KOJie6anuii necJKHMaeMoro ¢epMu-c¢epoH.D.a, 

KOr,ll.a B036 yJK,ll.aeMOe none CMeiUeHHH HBJIHeTCH 'lHCTO BHXpeBbiM­

nOJIOH,ll.aJibHbiM. 3TOT BbiBO,ll. HBJIHeTCH rJiaBHbiM, 'ITO OTJIH'l:aeT HalllH 

paC'leTbl OT BCeX BblnOJIHeHHbiX panee aHaJIOrH'l:HhiX HCCJie,ll.OBaHHH, 

H COBepllleH HO paCXO,ll.HTCH C BbiBO,ll.OM rH,ll.pO,ll.HHaMH'lecKOH MO,ll.eJIH 

¢epMH-Kannu, r,ll.e yTBepJK,ll.aeTCH, 'ITO B036y)f(,ll.aeMhie KOJIJieKTHBHhie 

nOTOKH tiHCTO nOTeHUHaJibHbl. 

06pam aeT Ha ce6H BHHMaHHe eme H TO, 'ITO 3HeprHH ,ll.HnOJibHOrO 

B036yJK,ll.eHHH, TaKJKe o6yCJIOBJieHHOrO nOJIOH,ll.aJibHbiMH BOJIHaMH 

C,ll.BHra, TO'lHO COBna,ll.aeT CO CrJiaJKeHHhiM no BCeH nepHO,ll.H'lecKOH 

Ta6JIHUe 3 K CnepHMeHTaJibHbiM ¢lHTOM 3HeprHH ,ll.HnOJibHOrO rHraHT­

CKOrO pe30 HaHCa, KOTOpbiH o6menpHHHTO TpaKTOBaTb KaK H30BeK­

TOpHbiH. 0 .D.HaKo .D.aHHOe npe,ll.nonoJKenue Hea,ll.eKBaTHO oTpaJKaeT 

3HepreTH'leCKHe nOJIOJKeHHH CHJibHOKOJIJieKTHBH3Hp0BaHHbiX reKca­

,ll.eKanOJibHbi X COCTOHHHH. ,UJIH onHCaHHH 3KCnepHMeHTaJibHO Ha6JilO­

,ll.aeMOH ,ll.HH aMHKH ¢lopMHpOBaHHH BbiCOKOMyJihTHnOJibHbiX H30CKa­

JIHpHbiX rHr aHTCKHX MO,ll., BH,ll.HMO, HeJib3H orpaHH'lHBaTbCH 3BOJilOUHeH 

TeH30pa .D.e¢ opMauuH: JIHlllb BToporo panra
11 2 

•
1 3 1

• 

MarHHTHbie COCTOHHHH, BO BCeX BapHaHTax MO,ll.eJIH ynpyroro 

c¢epoH,ll.a, CBH3biBaiOTCH C B036yJK,ll.eHHeM TOpOH,ll.aJibHOrO nOJIH 

KPYTHJibHbiX Kone6anuii. Cy,ll.H ·no HMeJOIUHMCH 3KcnepuMeHTaJibHbiM 

3HeprHHM H MHKpOCKOnH'lecKOMY aHaJIH3y, ,ll.aHHOMy ,ll.JIH 2- -pe30HaH­

ca B I 1 4 
I, 3TOT MexaHH3M HBJIHeTCH npaBHJibHbiM. 
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KpaTKUe coo614eHUJ! OHJ/11 N• 6{ 45 J -90 

YAK 539.172.17 
J/NR Rapid Communications N o. 6{ 45 j -90 

CEqEHH.H OBPA30BAHH.H HEfiTPOHO.UE<l>.HIJ;HTHbiX 
H30TOllOB At B PEAKU:HH 1 8 1 Ta + 2 6 Mg 

A.H.AHApeea, '.U-.U.Bor,lJ.aHOB, A.B.EpeMHH, A.n.Ka6a'leHKo, 
O.H.Ma.TI&Iwes*, IO.A.My3&1'1Ka, B . .H.llycr&IJibHHK, 
r.M.Tep-AKOOb.RH, B . .H.qenarHH 

llpoBe,ll;eHbl JKCnepHMeHTbl no HJMepeHHIO CetJeHHH (xn)-KaHaJIOB 
B peaKUHH I 8 ITa + 2 6 Mg. nonytJeHbl naHHble 0 3HatJeHHJIX ce'ieHHH 
C HCnapeHHeM HeifTpoHOB B o6JiaCTH :meprHH B036y)l(.[leHHJI COCTaBHO· 
ro H,ll;pa OT 53 no 92 MJB. nposeneHO cpaBHeHHe JKcnepHMeHTaJibHbiX 
pe3yJibTaTOB C MO,II;eJibHbiMH pacqe~aMH, BblllOJIHeHHbiMH Ha OCHOBe 
CTaTHCTH'ieCKOH Mo.o;eJIH Mpa no MonH<I>HUHpoBaHHOH nporpaMMe 
ALICE. nonytJeHo xopowee comacHe pactJeTa c JKcnepHMeHTOM. 

Pa6on BbmoJIHeHa B Jla6opaiopHH H.o;epHhiX peaKUHH 011HI1. 

Cross Sections of the Production 

of the Neutron-Deficient Isotopes of At 
in the Complete-Fusion Reaction 1 8 1 Ta + 2 6 Mg 

A.N.Andreyev et al. 

Experiments have been carried out to measure the (xn)-channel 
cross sections in' the reaction 181 Ta + 2 6 Mg . Data on the cross sec­
tions of the 4n+7n channels have been obtained for the compound 
nucleus excitation energies ranging from 53 to 92 MeV . The results 
obtained are compared with the model calculations using modified 
program ALICE. It is shown that the calculated results agree fairly 
well with experimental ones. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions , JINR. 

HHTepec K H3y'leHHJO ce'leHHH o6pa30BaHHR npO.ll.YKTOB nommro 
C1IH.RHH.R C 85 ~ Z ~ 95 B peaKQH.RX C T.R)I(e1IbiMH HOHaMH o6yC1IOB1IeH 
TeM, 'ITO 3Ta o6naCTb .RB1I.ReTC.R nepeXO,lJ.HOH no OTHOWeHHIO K TaKOMy 
aa)I(HoMy <t>aKTopy KaK ,lJ.e1IHMOCTb .R.ll.pa. B 3TOH o6naCTH .R,ll.ep npoac­
XO.ll.HT yMeHhWeHae )I(H.lJ.KOKane1IhHoro 6apbepa ,lJ.eneHHR oT 2!! 10 M3B 

*HHcruryr JIOepH&zx ucC/IeooeaHuu AH CCCP, MocKea 
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)I,JIH HeH'rpoHo,ne¢>HUHTHhiX H3oTonoa Po-At .no':!: 2,5 M3B )I,JIH HeH'rpo­

Ho.ne¢>HUHTHhiX H30TOnOB Pu-Am. 11MeHHO C 3THM o6CTOHTeJThCTBOM 

06bi'lHO CBH3biBaiOT pe3KOe yMeHbWeHHe cetleHHH (xn)-peaKUHH: OT ,ne­

CHTKOB Mruum6apH AJIH Po-At .no .non eli MHKpo6apHa ,nnH U-Pu 11 - 3 1• 

XopOWHM 06'beKTOM )I,JIH HCCJie,D;OBaHHH nOBe,D;eHHH CetleHHH 

(xn)-peaKUHH B 3aBHCHMOCTH OT CTeneHH HeKrpOHHOrO ,ne¢lHUHTa 

B 3TOH o6nacTH H,nep HBJIHIOTCH H30TOnhi At. TaK KaK )KH,D;KOKanenL­

HhiH 6apbep ,neneHHH AJIH 3THX H,nep exue ,D;OCTaTO'lHO BbiCOK, TO MO:>KHO 

paccllHThiBaTL, 'ITO ero yMeHLWeHHe c yMeHLWeHHeM Maccoa oro tlHCJia 

He cKa:JKeTCH CHJibHO Ha cet~eHHHX Hccne,nyeMbiX peaKUHH. H a KonneHHe 

3KCnepHMeHTaJibHbiX ,D;aHHbiX nO a6COJIIOTHbiM CelleHHHM peaKUHH 

npe,nCTaBJIHeT HHTepec KaK )I,JIH 6aHKa H,D;epHbiX ,naHHbiX, TaK . H ,D;JIH 

YTO'lHeHHH TeopeTHilecKHX MO,D;eJieH H,nepHbiX peaKUHH B ,naHHOH o6-

JiaCTH. 

Pa6oTa npoao,nHJiaCL Ha UHKJIOTpoHe Y-400 JUIP 011fll1. B 3Kcne­

pHMeHTax HcnonL30Banc~ BhiBe,neHHbiH nyt~oK 2 6 Mg c 3HeprHRMH 136 
H 164 M3B. 11HTeHCHBHOCTb nyt~KOB Ha ¢lH3HllecKoii MHWeHH ,nHaMeT­

poM 12 MM COCTaBJIHJia (3+6) •1011 
llaCT./C , 3HepreTHtlecKHH pa3-

6poc 1,0+1,5 %. BnoK-cxeMa 3KcnepHMeHTa npHae,neHa Ha pHc.l. 113-

MeHeHHe 3HeprHH 6oM6ap,nHpyiOJUHX HOHOB C WarOM 3+6 M3B npOBO­

,IJ;HJIOCb C nOMOIUbiO aJIIOMHHHeBbiX H THTaHOBbiX norJIOTHTeJieH. 3Hep­

rHH nyt~Ka nocne npOXO)f(AeHHH norJIOTHTeJieH KOHTpOJIHpOBaJiaCb 

no 3HeprHH HOHOB, pacceHHHbiX Ha TOHKOH (200 MKr/CM
2

) 30JIOTOH 

¢>onLre Ha yron 30°. 113MepeHHH npoao.nHJIHCb noaepXHocmo-6apLep­

HbiM nonynpoao,D;HHKOBhiM ~eTeKTopoM (lllln) . B Kat~ecTae MHWeHH 

2 3 4 5 G 7 I 9 

PHc.l. EnoK-exeMa 3KcnepHMeHT81IhHOH yCTaHOBKH. 1 -

nornoTHTeJJH, 2 - Au·pacceHBaTen&, 3 - AeTeKTop AJIR H3· 

MepeHHH 3HeprHH HOHOB IJY'IK8, 4- MHWeHh, 5- BXOA· 

H8H AF!&cpparMa, 6 - ~HHAP ci>apaAeR, 7 - cenapaTop , 

8- BpeMRIIpoJJeTHhie AeTeKTOphi, 9- IIOJlyiipoBOAHHK 

BhiH AeTeKTOp. 
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HCnOJib30BaJiaCh npoi<aTaHHafl <l>oJihra H3 TaHTaJia TOJII.UHHOH 
0,8 Mr/cM2 .TonmHHa MHilleHH onpenemmacb B3BelllusauueM. CocTaB 

H O,ll;HOpO,ll;HOCTb no nJIOI.Ua,ll;H KOHTpOJIHpOBaJIHCb MeTO,ll;OM peHTreHO· 
<PmoopecueuTnoro aHaJIH3a. ToquocTh s oripeneneuuu TOJIIUHHhi pa-
6oqeii MHilleHH 6Lrna ue xy)Ke 10%. 

Ornen euue nponyKTOB peaKUHH nonuoro CJIHHHHH oT nyqi<a 
H npo,ll;yKTOB peaKUHH nepe,ll;aq ocymecTBJIHJIOCb C nOMOI.UblO KHHe­
MaTuqecJ<Or o cenapaTopa BACMJU1CA 14

'
5 1

, B KOTOpOM npoucxonnT 
pa3neneuue nponyi<TOB peaKUHH no 3Jiei<TpnqecJ<oH )KecTKOCTH. 

lleTeKTHpylOI.Uafl CHCTeMa COCTOHJia H3 ,ll;BYX BpeMHnpOJieTHbiX 
,ll;eTeKTOpOB Ha OCHOBe MHI<pOI<aHaJlbHbiX nJiaCTHH H nonynpOBO,ll;HHKO­

BOrO ,ll;eTeKTOpa, H3rOTOBJieHHOrO MeTO,ll;OM HOHHOH HMnJiaHTaUHH. 
lleTei<Top 6LIJI pa3neneu ua soceMb ue3aBHCHMhrx nonoc. 3a cqeT 
oXJia)K,ll;eHHH ,ll;eTei<Topa 3HepreTuqeci<oe pa3pelllenue Ka)K,ll;oH nonocbr 
6LIJIO He xy)Ke 25 K3B. 3Jiei<TpOHHaJI annapaTypa no3BOJIHJia nony­
quTh ,ll;JIH Ka)Knoro neTei<Topa nauuLre o6 3HeprH.Hx u speMeHH npo­
JieTa Mep oTnaqu, speMeHH ux npuxona s neTei<Top, 3HeprHH u speMe­

"" a-pacnana HYKJIH,ll;OB, "s6HThix" s neTei<Top. 
113MepeuH.H 3<l><l>eKTHBHOCTH cenapaTopa nposonHJIHCh uenocpen­

crseuuo B Ka)K,ll;OM 3KcnepnMeuTe. llnH 3Toro nocne pa6oqeli MHilleHH 
yCTaHaBJIHBaJICH aJIIOMHHHeBhiH c6opHHK C TOJIIUHHOH :!! 1,8 Mr/CM2

, 

KOTOphrH nocne 10-15-MHHyTHoro o6nyqeunH nepeuocHJICH 3a speMH 

:!! 30 C 6e3 HapyllleHH.H Bai<yyMa I< nonynpOBO,ll;HHKOBOMy ,ll;eTeKTOpy, 
paCnOJIO)KeHHOMy B MHilleHHOH KaMepe Ha paCCTOHHHH :!! 20 CM OT MH· 
llleuu. B · npoMe~TOK speMeHH :!! 15 MHH npoBo,ll;HJIOCh H3Mepeuue 
pacnana M H "B6HToii" s c6opHHK aKTHBHOCTH. Auanoruquoe H3Me­
peuue npOBO,ll;HJIOCb ,ll;JIH aKTHBHOCTH, "B6HTOH'' B ,ll;eTeKTHpYIOI.Uee 
ycTpOHCTBO nocne cenapaTopa. Cpasueuue nannhrx ,ll;JIH c6opnni<a 

u neTei<Tupyromero ycTpoiicTBa no3BOJIHJIO onpe,ll;eJIHTh 3<l><l>eKTHB­
uocTh cenapaUHH C TO'IHOCTblO ± 25% no aKTHBHOCTHM C nepHO,ll;OM 

nonypacnana ~ 1 MHH. 

Pe3yJI LTaTw 3KcnepnMeHTOB 

MnenTn <l>ni<auH.H ua6nronaeMhiX s 3KcnepuMeuTe uyi<JIH,ll;OB 
nposonHJiach no 3HeprH.HM a-nepexonos u nepuony nonypacnana 
,ll;JIH ,ll;OJirO)KHBYI.UHX aKTHBHOCTeH. 3ueprHH a-nepeXO,ll;OB ,ll;JIH H30· 
TOnOB At B 3TOH 06JiaCTH MaCe XOpOillO H3BeCTHhi, H n03TOMy H3Jiy­
qaTeJIH H,ll;eHTH<I>HUHPYIOTCH cpaBHHTeJibHO npOCTO. 3uaqeHHH a-BHJIOK, 
ueo6xo,ll;HMhre ,ll;JIH BhrqucneuH.H ceqeHHH, 6panucb H3 16 1

• llonyqeuuwe 
3HaqeuuH ceqeuuii npHBeneuhr B Ta6nuue. llpu pacqeTax 3Hepruu 
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Ta611uijll. (/)yHKijUU 8036yJtCOeHWI 0/IJI (xn)-KaHa.no8, no!ly'leHHbZe 

8 peaKIIUU 1 8 1 Ta + 2 6 Mg 

E* M3B 
Ce'leHne, M6 

4n 5n 6n 7n 

53,0 10 2 
56,0 14 15 
60,0 7 28 
62,0 7 39 1 
68,0 2 37 6 
69,0 1,6 25 10 
73,0 0,7 13 20 1 
80,0 0,7 11 7,5 
87,0 3 12 
92,0 1 8 

B036y:>K,D;eHiffi COCTaBHOrO R.D;pa 3Heprua IlY'IKa C'IHI'aJiaCb paB­

HOH 3HeprHH ny'IKa Ha BbiXO,D;e H3 MHWeHH. lloTepH B MHWeHH 

y'IHTbmaJIHCb no Ta6nuuaM 17 1 • )ln:a pac'lera BeJIH'IHHbi Q peaK­

uno HCUOJlb30BaJIHCb Ta6JlHUbl Macc18 1 • CTaTHCTH'IecKaR OWH6Ka 

10 2 

..; . 

I() 
10 ::ll 

rxl 
:s:: ::r: 
rxl ::r • 
rxl 
u 

10 _,+---~--~--~--~--,---,---,---,---~--~ 
45 55 65 75 85 95 

3HEPI1HI B03BYlK~EHHH, M3B 

PHc.2 . <l>YHKI.\HH so36y>KAeHHH Ana (xn)·K&Hanos peaK~HH 181 Ta + 2 6 Mg. 

• , A, • , o - 4 , 5, 6, 7n peaKI.\HH cooTBeTCTBeHHO . 
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1':" 

A,JUI 60JiblllHHCTBa pe3yJILTaTOB He npeBbilllaeT 5 % , H TO'IHOCTb UOJiy'leH­

HbiX 3Ha'leH HH Ce'leHHH onpe.u,eJIReTCR TO'IHOCTblO H3MepeHHR 3<P<PeK­

THBHOCTH Ce napaUHH, TOJII.IJ;HHbi H O)J.HOpOA,HOCTH MHllleHH, TOKa ny'IKa. 

KOHTpOJib, npoae.U,eHHbiH no BOCUpOH3BO.U,HMOCTH pe3yJILTaTOB B OT­

.u,eJibHbiX H3 MepeHHRX, UOKa3aJI,'ITO 3KCnepHMeHTaJibHaR TO'IHOCTb CO­

CTaBJIReT ± 20% MR 3aBHCHMOCTH OTHOCHTeJibHOrO BbiXO)J.a HYKJIH)J.a 

C H3MeHeHH eM 3HeprHH ny'IKa H ± 40% )J,JIR 3Ha'leHHH a6COJllOTHbiX 

Ce'leHHH. H a pHc.2 UOKa3aH BH)J. <l>YHKUHH B036y)!(.U,eHHR MR OT)J.eJib­

HbiX (xn)-KaHaJioB B peaKUHH 1 8 1 Ta + 2 6 Mg. IIony'leHHbie a 3Kcne­

pHMeHTe 3Ha 'leHHR Ce'leHHH TaK)!(e npHBe.U,eHbi B Ta6JIHUe. 

06cy)!( .U,eHHe pe3yJILTaTOB 

AHaJIH3 nony'leHHbiX 3KcnepHMeHTaJibHbiX .u,aHHbiX o ce'leHHRX 

(xn)-KaHaJIOB peaKUHH 6biJI BbinOJIHeH Ha OCHOBe CTaTHCTH'IeCKOro 

paCCMOTpeH HR npouecca .u,eB036y)!()J,eHHR o6pa3ylOI.IJ;HXCR COCTaBHbiX 

R.U,ep. Pac'leT npOBO)J,HJICH C UOMOI.IJ;blO MO.U.H<l>HUHPOBaHHOH npo­

rpaMMbi ALICE-' 9 1 aHaJiorH'IHO MeTO.U.HKe, onHCaHHOH a pa6oTe 11 0 1 • 

B pa6oTe
11 0 1 

BbinOJIHeHbi pac'leTbi H 3KcnepHMeHTaJILHO H3MepeHbi 

Ce'leHHR ( x n)- H (p, xn)-KaHaJIOB peaKUHH UOJlHOrO CJIHRHHR 
1 8 1 Ta + 2 4 Mg H 1 6 5 Ho + 4 0 Ar. IIonaranocL, 'ITO 6apLep neneHHR,Be­

JIH'IHHy KOTOporo HY)!(HO Bbl'IHTaTb H3 3HeprHH B036y)!()J.eHHR R.U,pa 

B ce.)J,JIOBOH TO'IKe. onpe.u,eJIReT· 

CR <t>opMyJio H • 1 0 2....-----------, 

Br(l) = C ·B? \1) + .6.Br(Z, A), 

rne B~P 5 (1 ) - 6apLep .U.eJieHHR 

B MO.U,eJIH B pai.IJ;alOI.IJ;eHCR 3apR­

)!(eHHOH Kan JIH /I 1 I; C - CBO· 

60A.Hbi}i nap aMeTp; .6.Br(Z,A) -
o6ono'le'IHaR nonpaaKa' K 6apL­

epy )J,eJieHHR COCTaBHOrO R.U,pa, 

PHc.3 . CpaBHeHHe 3KcnepHMeHTaJib · 

flb!X ( 0 ) H paC'IeTHbiX (£l ) 3HatleHHH 

nonepet!HbiX cetleHHH B (xn)·KaHane 

.lVIII peaKUHH I 8 ITa+ 2 6 Mg. npH pac· 

tleTax 6panocb C = 0,9 . 

64 

10 
~ 

r:LI 
~ 10 ::r:: 
r:LI ::r 
r:LI 
u 

f\ . \ 
\ 

0... 
\ 
\ 
~ 

trncno HCUAPEHHhiX HER'rPOHOB 



paBHafl pa3HOCTH 3KCnepHMeHTaJibHOrO H )I(H,ZJ;KOKaOeJibHOrO 3Ha'leHHH 
Mace H,npa. llpOBO,D;HJIHCb pacqeTbi H B npe,nnOJIO:>KeHHH, 'ITO 6Br= 0. 
B pa6oTe 11 0 1 6hmo noKa3aHO, ~o y,nosneTBOpHTEmbHoe cornacHe 
3KCnepHMeHTaJibHbiX ,D;aHHbiX C paC'IeTHbiMH noJiy'laeTCH npH C = 0,9 
H 6Br= 0, 'ITO COOTBeTCTByeT yMeHbllleHHIO 6apbepa ,neJieHHH Ha 1 M3B. 
HcnOJib30BaHHe 3THX napaMeTpos ,nJIH pact~eTa (xn)-KaHaJIOB peaKQHH 
1 8 1 Ta + 2 6 Mg TaK:>Ke ,naeT xopolllee cornacHe c pe3yJibTaTaMH 3Kcne­
pHMeHTa. 

Ha pHc.3 Kpy:>KKaMH OTMe'leHbi 3KcnepHMeHTaJibHbie 3Ha'leHHH ce­
'leHHH (xn) -KaHaJIOB B MaKCHMyMax COOTBeTCTBYIOI.I.(HX cPYHKUHH B03-
6y:>K,neHHH ,nJIH peaKUHH 1 8 1 Ta + 2 6 Mg. Pact~eTHbie 3Hat~eHHH o6o3Hat~e­
Hbi TpeyrOJibHHKaMH. 

3aKJIIO'IeHHe 

B peaKUHH 1 8 1 Ta + 2 6 Mg B lllHpOKOM ,nHana3oHe 3HeprHH nony­
'leHbi 3KCnepHMeHTaJibHbie ,D;aHHbie no ce'leHHHM (xn)-peaKQHH BnJIOTb 
,D;O X = 7. llpose,neH TeopeTH'IecKHH paC'IeT C npWMeHeHHeM CTaTHCTH­
'IecKOrO no,nxo,na. llOKa3aHO, 'ITO HCOOJib3yeMbiH MeTO,D; paC'IeTa XOpO­
lllO OOHCbiBaeT Ce'leHHH HCnapHTEmbHbiX peaKUHH OOJIHOro CJIHHHHH 
B o6nacTH At-Po. 
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2. AH,npees A.H. H ,np.- H.z:\epHaH cPH3HKa, 1989, T.50, Bbin.9, c.619. 
3. Gaggeler H.W. et al.- GSI-Bericht, 1989, No.29. 
4. Yeremin A.V. et al.- NIM, 1989, A274, p.528. 
5. Yeremin A.V. et al. - JINR Preprint, E15-90-34 7, Dubna, 1990. 
6. Westmeier W ., Merklin A. - Cathalog of Alpha-Particl~s from Radio-

active Decay. Karlsruhe, 1985, No.29-1. 
7 .Northcliff R.L., Shilling R.F.- Nucl. Data Tables, 1970, A7, p.233. 
8. Zeldes N. et al.- Mat. Fis. Scr. Dan. Vid. Selsk 3, 1967, o.5. 
9. My3bi'IKa IO.A., llycTbiJibHHK E.H.- llpenpHHT OH.H¥1, )];3-83-644, 

)l;y6Ha, 1983. 
10. Andreev A.N. et al. -JINR Preprint, E7-89-809, Dubna, 1989. 
11. Cohen S., Plasil F., Swiatecki W.- Ann. Phys., 1974, No .82, p.557 . 

PyKOnHCb noczynHJia 30 asrycTa 1990 ro,na. 

65 



~ 

KparKue coo6~qe11UJ1 OHJIH N• 6{ 451-90 
YAK 539.164 + 539.172.17 

J/NR Rapid Communications No.6[ 451-90 

HOBbiE HYKJU1,llbl 2 2 6 
•
2 2 7 Np 

A.H . .AHnpees, ,ll.,ll.Bor,IJ.aHOB, A.B.EpeMHH, A.ll.Ka6at~eHKo, 
O.H.ManbillleB 1

' r.M.Tep-AKOIIbHH, B.lf.qenHrHH, III.Illapo2 

C HCnom.JOBaHHeM KHHeMaTH'IecKoro cenapaTopa BACHJII1CA 

H,IJ.eHTH$ HintpoBaHbi HOBbie HJOTOnbi 226 • 227 Np . 11,IJ.eHTH$KKaUHH 
HyKJIH.IJ.OB npoBo,D.lplaCb nocne "in-flight" cenapaumr no Ha6nxop;eHHIO 

ueno'IKH HX nocne;zyxoiUHx a-pacnap;oB. l1JoTon 227Np 6hm nony'leH 
B peaKUHH 22Ne+2°9Bi.l1JOTOn 226Np H,IJ.eHTH$HUHpoB3H B npop;yK­
TaX peaKUHH noJIHoro CJliDIHWI 22Ne +209Bi H 26 Mg+205T1.3HeprW1 

a -pacnap;a 227Np: Ea =(7680±20) KJB. ,llJm 22~p o6HapylKeHbi p;Be 

a-JIHHHH: E al = (8000 ±20) KJB H E a 2 = (8060 ± 20) KJB. 
Pa6oTa BbinOJIHeHa B Jia6opaTOpHH HAepHbiX peaKUHH 011Rl1. 

The Ne w Nuclides 2 2 6
' 

2 2 7 Np 

A.N.Andreyev et al. 

The neutron-deficient isotopes 226, 227Nphave been produced in the 

complete fusion reactions and were identified after in-flight separation 

with the kinematic separator V ASSILISSA, followed by their implanta­

tion into a silicon detector and the observation of the genetic relation­

shipS' of subsequent a-decays. The isotope 227Np was produced in 

the 22 Ne+209Bi reaction, the isotope 226Np was produced in the 

reactions 22 Ne+209 Bi and 26 Mg+205 Tl. 227Np was found to 

decay with Ea =(7680 ± 20) keV and for 226Np two a-lines at 

Ea 1=(8000 ±20) keV and Ea 2 =(8060 ±20) keV were observed. 
The investigation has been performed at the Laboratory of Nuclear 

Reactions, JINR. 

B 3KCn epHMeHTaX HCfiOJib30BaJICH BbiBe,IJ.eHHbiH ny'IOK HOHOB 
22Ne QHKJIOTpoua Y-400 JHIP OlUIH co cpe,D.HeH HHTeHCHBHOCTLIO 
~ 10 12 'laC.'T./C H 3HeprHHMH (109 ± 1) M3B H (121 ± 1) M3B Ha MH­

llleH.H. Bpam aromaaca MHllleHb H3 2° 9 Bi TOJII.UHHOH 0,32 Mr/cM 2 6LI­

na H3rOTOBJieHa MErrO,IJ.OM BaK}'yMHOrO HafibiJieHHH Ha fiO,IJ.JIO)f(Ky 

H3 aJIIOMHHHH TOJII.UHHOH 1,6 _ Mr/cM2. fi,D.pa OT,IJ.a'IH, BbiJieTeBlllHe 
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H3 MHllleHH, OT,ll;emiJIHCb OT HOHOB nyqKa H npo,nyKTOB peaK I.Uffi nepe­

,naq c noMOI.I.U>fO :meKTpocTaTHqecKoro cenapaTopa BACI1JII1CA It · 2/ 

H nOCJie npOXO)f(,ll;eHHR .ll:BYX lllHpOKOanepTypHbiX BpeMRDpOJieTHbiX 

,neTeKTOpOB C TOHKHMH (30 +40 MKr/cM2) IUieHKaMH HMIUiaHTHpOBa­

JIHCb B nonynpOBO,ll;HHKOBhiH ,ll;eTeKTOp, H3rOTOBJieHHbiH MeTO,ll;OM 

IUiaHapHOH TeXHOJIOrHH, o6meii IUIOllla,ll;bfO 35 CM2, p a3,ll;eJieHHhiH 

Ha 8 He3aBHCHMhiX nOJIOC. 3cpcpeKTHBHOCTb cenapai.IHH .ll:JIR n po,nyKTOB 

(xn)-KaHaJia peaKI.IHH H3MepRJiaCb 3KCnepHMeHTaJibHO B peaKI.IHRX 

22Ne + 197Au, nat. W H paBHRJiaCb (2,9±0,2) %. C HCnOJib30BaHHeM OX­

JI~eHHR .no 265 K 3HepreTHqecKoe pa3pellleHHe ,neTeKTopoa 6biJIO 

He xy)f(e 25 K3B ,nJIR a-qacrHI.I c 3HeprHeii 7+ 9 M3B . .[VIR H3MepeHHR 

6biCTpbix (T 1; 2 < 50 MKC) nocne.noaaTeJibHbLX a-pacna.noa npuMeHR­

nacb CHCTeMa H3 ,nayx AUn. 3HaqeHHR 3HeprHH a-pacna.no a ,nnR H3-

aecTHbiX HYKJIH.ll:OB 6paJIHCb H3 pa6oTbi / 3/. 

3KcnepHMeHTaJibHbie pe3yJibTaTbi 

11,neHTHcpHKai.IHR HYKJIH.ll:OB npoao,nHJiaCb MeTO.ll:OM a - a -Koppe­

JIRI.IHH (eM., HanpHMep, I 4/ ). nonyqeHHOe 3HaqeHHe 3Hepr HH a -pac­

na.na ,nnR 227Np xopolllo coana,naeT c proyJibTaTaMH Haum x nepahiX 

3KCnepHMeHTOB no H,ll;eHTHcpHKai.IHH 227Np , H3JIO)f(eHHbiM H B pa6o­

Te / 5/ . 1130TOn 227Np H,neHTHcpHI.IHpoaaH no XOpOlllO Bhl.ll:eJieHHbiM 

KoppeJIRI.IHRM a-JIHHHH c 3Hepmeii Ea ( M) = (7680 ± 20) K3B, c a­

JIHHHRMH ,noqepHHX npo,nyKTOB: 223 Pa, 219Ac H 215 Fr . H a pHcyHKe 

N 30-r----.----..--r----.-----. 
d 

20 

10 

227 
Np 

223 
Pa 

n 219 215 
Ac Fr 

8500 9000 9500 10 00 
3HeprHR, K3B--

219 2 15 
Ac+ Fr 
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npHBe,neH p e3yJlbTaT KOppeJI.fii..UiOHHOrO aHaJIH3a ,Il;JI.fl MaTepHHCKoro .fi,Il;· 

pa 227Np BO BpeMeHHOM OKHe 0-25 MC. 06mee 'IHCJIO 3aperHCTpH· 

pOBaHHbiX a-pacna,IJ;OB, npHnHCaHHbiX 227Np , npH .D;BYX 3Ha'leHH.fiX 

3Hef:rHH ny'IKa, COCTaBHJIO 120 C06biTHH, H3 HHX - 70 C06biTHH npH 

E ( ~e ) "' ( 109 ± 1) M3B Ha MHweHH. llepHo.n nonypacna.na .not~epHHX 
a -aKTHBHOCTeH T 1; 2 =5 ± 1 MC XOpOlliO COBna.n;aeT C H3BeCTHbiM ,IJ;JI.fl 
223 Pa. liMnyJibCbi, HMeromHe 3HeprHro B .n;Hana3oHe 17- 18 M3B, 

Mbl HHTepn peTHpyeM KaK pe3yJibTaT flOJIHOrO HJIH 'laCTH'IHOrO CYMMH· 

poBa.HH.fl .n;o qepHHX npo.n;yKTOB: 219 Ac H 215 Fr . 
H3oTo n 22~p 6biJI nony'leH B peaKUHH 22 Ne + 209 Bi npH 

E( 22 Ne) = (121± 1)M3B Ha MHllleHH H H,IJ;eHTHqlHUHpOBaH no KOppeJI.fl· 

UHHM c H3BecTHbiM .n;oqepHHM npo.n;yKTOM-
214 Fr ( Ea =8,42 M3B, 

T 1; 2 "'5,0 Me). 06Hapy)KeHbi .nse a·JIHHHH c 3HeprHHMH E a 1 = 

= (8000 ± 20) K3B H E a 2 = (8060 ± 20) K3B, .fiBJI.fllOI..UHec.fl MaTepHHC· 

KHMH B u eno'IKe a -pacna.nos, npHBO,Il;.fii..UHX K .n;oqepHeMy H.n;py 21 4Fr . 
06mee 'IHCJIO KOppeJIHQHH COCTaBJI.fleT ,IJ;JI.fl E a l ( M) =(8000 ±20) K3B 

Ea (D)= 8 420 K3B 11 co6biTHH H ,IJ;JI.fl Ea 2(M) = (8060±20) K3B­

E (D) = 8 420 K3B TaK)Ke 11 co6biTHH. llepHo.n nonypacna.na ,IJ;JI.fl a 
3THX KOpp eJI.fiUHH, H3MepeHHbiH MeTO,IJ;OM a· a·KOppeJI.fiUHH, paBeH 

T 1; 2 = 8 + 4 MC H Haxo.n;HTC.fl B cornacHH c cyMMOH nepHo.nos nony­

pacna.na n~qepHHX npo.nyKTOB ( 222 Pa+ 218 AC+ 214 Fr ) . TaKHM o6-

pa30M, 3TH KOppeJIHUHH MOryT 6biTb npHIIHCaHbl pacna,ny H30TO· 

na 226Np H ero ,noqepHHX npo.n;yKTOB. KpoMe 3Toro, 3aperHCTpHposa­

Hbi KoppeJIHUHH c nepHo.n;oM nonypacna.na T 1 ; 2 = 2,5:::_~, 5 Me MaTe· 

pHHCKHX a·JIHHHH ·a1 H a2 C ,Il;O'IepHHMH a·pacna.n;aMH C 3HeprHeH 

B ,IJ;Hana30He 8,5 718 M3B, KOTOpbie Mbl CB.fl3biBaeM C flOJIHbiM HJIH qa­

CTH'IHbiM cyMMHpOBaHHeM HMnyJibCOB OT a-pacna,na ,Il;O'IepHHX npo· 

,nyKTOB: 22 2pa H 218Ac • 

H3oTo n 226 Np 6biJI H,IJ;eHTH¢>HUHPOBaH TaK)Ke B peaKUHH 

26 Mg + 20 5 Tl npH 3HeprHH E ( 26 Mg) = ( 142 ± 1) M3B Ha MHllleHH. 

MeTo.n;oM a· a-KoppeJIHUHH 6biJIH nonyt~eHbi ,naHHbie, aHaJIOrH'IHbie 

,IJ;a.HHbiM ,IJ;JI.fl peaKQHH 22 Ne + 209 81 . 06mee 'IHCJIO KOppeJIHUHH 

a 
1 

- 214 Fr paBHO 2 co6biTH.fiM, a2 - 214 Fr- 3 co6biTH.fiM. 

TaK KaK cpe.n;HHH HHTepBaJI Me)K,IJ;y npHXO,Il;OM .fi.D;ep OT,IJ;a'IH B ,ne--

TeKTOp B HalliHX 3KCnepHMeHTaX COCTaBJI.fiJI : 0,1 C H 6biJI CpaBHHM 

c O)KH.D;aeMbiM nepHo,noM nonypacna.na ,IJ;JI.fl 226 • 227 Np (T 1; 2 ( 226 Np) = 

= 56 Me H T 
11 2 

( 227 Np). 2 c / 6/ ) , TO Mbi He nposo.n;HJIH H3MepeHH.fl 

nepHO,Il;OB n onypacna,na ,Il;JI.fl 3THX H30TOflOB. 

B Ta6nHue npHBe.n;eHbi 3Ha'leHH.fl Qa -BeJIH'IHH .n;JIH H30TonoB 
226,2f7Np B CpaBHSHHH C ,naHHbiMH CHCTeMaTHK / 6,8/ H Ta6JIHU 

Mace / 7,9/ . 
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Ta611u14a 

Qa -BeJIHtlHHbi, M3B 
~po 

Hawu / 6 / / 7 I /8 / / 9 / 
pe3y JILTaTbl 

8,15± 0,02 7,91 8,17 8,35 7,92 
8,20 ±0,02 

7,82± 0,02 7,46 7,78 7,95 7,36 

IJonepe'IHbie Ce'leHIDI o6pa30BaHIDI COCTaBJIHIOT (70± 40) H6 npH 
3HeprHH E( 22 Ne)=(121±1) M3B.D;JIH 226Np H (0,3±0,15) MK6nJIH 
227Np npH3HeprHH E(22Ne)==(109±1) M3B. 

llocne nonroTOBKH 3Toro MaTepuana K ne'laTH Mhi nony-
. 'IHJIH coo6meHHe / 10< 'ITO a peaKQHH 209 Bi + 22 Ne npH ENe = 

= 121 M3B Ha6nmnanucL naa a-H3Jiy'laTeJIH c E a== (8044 ± 20) K3B, 
T 1; 2 = 31 ±8 MC H E a = (7680 ±20) K3B, T 1; 2 ==(510 ±60) MC. 3TH 
a-aKTHBHOCTH 6hiJIH npHnHCaHbl a-pacna,naM 226Np H 227Np , COOT­
BeTCTBeHHO. 
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