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B pa6oTax [1, 2) Jl.JlMIKOHOB, B. IleTpoB H M. Ilom1KOB npeAJIO)KHJIH pa3-

BHTHe cxeMbl SU(3)-cHMMeTpHH ua COCTO.SIHH.SI c UOJIO)l(HTeJibHOU CTpaHHOCTblO 

s = + 1. EblJIO npOB03mawelio cymeCTBOBaHHe aunmeKyUJieTa 10, B KOTOpbIU 

BXO,llllT COCTO.SIHH.SI, CO)].ep)l(all{He 051Tb KBapKOB ( uudds). JluuaMHKa HOBbIX pe-

30HaHCOB OCHOBaua ua MOJ].eJIH KHpaJibHOfO COJIHTOHa. 3-ro )].aJIO B03MO)l(HOCTb 

oueuHTb MaCCbl, WHpHHbl H KBaHTOBbie qucna 0)1(H)].aeMblX HOBblX 3<p<peKTOB, 

npeAJIO)l(HTb <pOPMYJIY poTaUHOHHoro p.sJJ.a, )].a10my10 JaBHCHMOCTb Mace pe3oHaH­

coB OT HX CUHHOB. B BepWHHe aHTH)].eKynneTa B [l) CTOHT 0-pe30Hauc C Maccou 

M = 1,530 f3B/c2, WHpHHOU r ~ 15 M3B/c2, rnnep3ap.HJJ.OM y = 2, H30TODH­

qecKHM CDHHOM I= 0, co CUHHOM-qeTHOCTblO JP= 1;2+. 

runoTeJa aBTOpoB [1) JJ.eTanbuo o6c~aeTc.s B uenoM p.sJJ.e TeopeTuqecKux 

HCCJie)].OBaHHU, qffCJIO KOTOpblX npu6JIH)l(aeTC.SI K 50. IloJJ.p06Hbie o63opbl Te­

opeTuqecKHX pa6oT BMeCTe C p.HJJ.OM KpHTHqeCKHX 3aMeqauuu MO)l(HO HaUTH B 

ny6nuKaUH.HX [3-5). Bi [6, 7) pa3BHBalOTC.SI COBCeM JJ.pyrne 00)].XO)].bl K npo6neMe 

YKa3aHHbIX pe30HaHCOB: B [6] - ofue)].HHeHHe KBapKOB B )].HKBapKH C B03HHKHO­

BeHHeM CBepxnpoBO,llllll{HX CJIOeB, B [7] npeJJ.CTaBJieua quCTO KBapKOBa.H KapTHHa, 

B KOTOpou MOryT B03HHKaTb H30CKaJI.HpHbie, H30BeKTOpHbie H H30TeH30pHble co­

CTO.SIHH.SI H3 D.SITH KBapKOB (H 06b1qHbIX, H CTPaHHbIX), qTo CHJlbHO pacwup.seT KaK 

B03MO)l(Hb!U Ha6op KBaHTOBblX queen H Mace HCKOMbIX pe30HaHCOB, TaK H Bepo.sT­

HOCTH HX pacna)].OB (uanpuMep, 0-qacTHUa MO)l(eT HMeTb ua6op KBaHTOBblX qHCeJI 

1;2-, 3/2-, 5/2-). 

TipeJJ.CKa3aHHble B [ 1, 2) CBOUCTBa qacTHU H3 aHTHJJ.eKYUJieTa TaKOBbl, qTo no-

3BOJI.SIIOT ocymeCTBJI.SITb np.HMOU UOHCK 3<p<peKTOB. 3-ro H cpaBHHTeJibHO He60Jib­

wue MaCCbl, H J].OCryDHbie AJ].SI np.HMOfO H3MepeHH.SI WHpHHbl. TI03TOMY UO.SIBHJIC.SI 

UeJiblU p.HJJ. 3KCnepHMeHTaJibHblX pa6oT [8], B Ka)l()].OU H3 KOTOpbIX o6Hapy)l(eH 

peJoHauc B CHCTeMax nK+ HJIH pKJ c Maccou ~ 1,540 f3B/c2 u wHpHHoii 

3..,.. 25 M3B/c2. IloKa uu B OJJ.HOii HJ HHX He ua6n10JJ.anc.s He TOJibKO poTaUH­

OHHblU p.HJJ., HO He Ha6JIIO)].aJIOCb )].a)l(e H 6onee 0)].HOfO pe3ouaucuoro COCTO.SIHH.SI 

B YKa3aHHblX CHCTeMax. TaK)l(e ue onpe)].eJI.HJIHCb HH CUHH pe3ouauca, HH ero 

qeTHOCTb. 3-ro CB.H3auo B nepByJO oqepe)].b C He60JibWHMH CTaTHCTHKaMH 3KCne­

puMeHTOB, He)].OCTaTOqHbIMH TOqHOCT.SIMH H uanuqueM pa3HOro po)].a Bb16opoK. 

B npeAJ]araeMOH pa6oTe Mb! UODb!TaJIHCb no B03MO)l(H0CTH H3)"IHTb 6onee 

UOJJ.po6uo xapaKTepHCTHKH Ha6JIJO)].aeMblX 3<p<peKTOB. 
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1. METO,U:HKA 3KCIIEPHMEHTA 

l1ccne;:i:0Bamu1 rrpOBO.IUfJJUCb Ha MaTepuane C 1-M BOJJ.OpOJJ.HOH IIY3blpbKOBOH 
KaMepbI (hydrogenous bubble chamber - HBC) JIB3 Ol-Ull1, o6nyqeuuoii rryq­
KaMu KBa3UMOHOXpOMaTuqecKUX ueiiTpOHOB U3 cuuxpoqia3oTpoua JIB3. Tiocne 
ycKopeum1 ;:i:eiiTpOHOB B CHHXpoqia30Tpoue JIB3 B 1972 r. 6b1Jl C03JJ.aH uefiTpOH­
HblH Kattan ua 1-M HBC. UenbJO 3KcrrepuMeHTOB c ueiiTpouaMu 6bmo u3yqeHue 
rreHTaKBapKOB B CUCTeMax ~ ++ 7r+. 

KBa3ttMOHoxpoMaTw1ecKue ueiiTpOHbI (~Pn/ Pn ;:::,: 2, 5 %) rronyqanucb B pe-
3YJJbTaTe cTpurrrruura ycKopettttbIX .11.eiiTpouoB ua 1-cM Al-Murneuu, pa3MemeHHOH 
BHYTP" BaKYYMHOii KaMepb1 cuuxpoqia3oTpoua. HefiTpOHbI Bbrno;:i:unucb H3 ycKO­
puTem1 IIOJJ. yrnoM 0° K TpaeKTopuu ycKopettHblX ;:i:eiiTpOHOB. QqucTKa rryqKa 
HeiiTpOHOB OT 3ap5DKeHHbIX qacTUU rrpott3BOJJ.UJJaCb MarHUTHbIM rroneM ycKopu­
TeJJll, B KOTOpOM ueiiTp0Hbl rrpoxo;:i:unu OKOJJO 12 M, rrpe)KJJ.e qeM Bb!HTU U3 
CHHxpoqJa30Tpoua. Tiy3blpbKOBM KaMepa HaXOJJ.HJJaCb Ha paCCTOllHHH 120 M OT 
Al-MHIIIeHH. TiyqoK ueiiTpOHOB 6b1Jl xoporno KOJJJJHMHpOBaH H HMeJJ yrnoBOH pa3-
6poc ~nn ;:::::: 10-7 cp. B rryqKe He 6b!J10 rrpHMeceii HH OT 3apll)KeHHblX qacTHU, 
HH OT ,-KBaHTOB. Tio;:i:po6uoe OIIHCaHHe KaHana rrpeJJ.CTaBJJeHO B pa6oTe [9]. 

O;:i:HoMeTpOBM HBC 6hlna pa3MemeHa B MarHHTHOM none BenwqwHOH 
~ 17 Kfc. B pe3yJlhTaTe Mb! UMeeM xoporny10 TOqHOCTb H3MepettH}I HMIIYJJbCOB 
BTOpHqffblX 3apg)KeHHbIX qacTHU (HMIIYJJbCbl rrpOTOHOB B peaKUHH np -+ npK+ K­
H3MepgJJHCb co cpe;:i:ueii TOqHOCTbJO ;:::::: 2 %, K+, K- ;:::::: 3 %). YrnbI Bbmern qa­
CTHU H3MepgJJHCb C TQqffOCTblO ~ 0, 5°. 

Pa3;:i:eneHHe KaHanOB peaKUUH rrpOH3BOJJ.UJJOCb CTaHJJ.apTHbIM x2-MeTOJJ.OM C 
yqeTOM HMe!Oll{UXC}I ypaBHeHHH CB}I3H [ 10). B cnyqae H3yqaeMOH peaKUHH np -
npK+ K- eCTb OJI.HO ypaBtteuue CB}I3H Ha rrapaMeTphl (3aKOH coxpatteHHll 3Hep­
mH) H 3KcrrepwMeuTanbuoe x2-pacrrpe;:i:eneHue JJ.OJJ)KHO rro;:i:quugTbcg TeopeTwqe­
CKOMY pacrrpe;:i:eneHUIO x2 C OJJ.HOH CTerrettblO CB060JJ.bl. 

Ha puc. I, a rrpe;:i:CTaBJJeHbl 3KCrrepHMeHTanbHOe (mcTorpaMMa) U TeopeTU­
qecKoe (CIIJJOIIIHM KpHBM) pacrrpe;:i:eneHH}I x2 )J,Jl}I YKa3aHHOH peaKI.J;HH. BHJJ.HO 
xopornee COBrra;:i:euue BIIJJOTb )J.0 BeJJl{ql{ffbl x2 = 1. JJ:ng co6bITHH C x2 > 1 
HMeeTCll pacxo)K)J,ettue TeopeTuqecKoro u 3KcrrepHMettTanbttOro pacrrpe;:i:eneHHH. 
Tio3TOMY B ;:i:anbtteiirneM Mb! UCIIOJlb3yeM co6bITU}I, )J,Jl}I KOTOpb!X x2 ~ 1 (Ha 
pwc. I, a rpaHwua oTMeqeua cTpenKoii). B 15 % cnyqaeB co6b1Twg c TaKUM orpa­
uwqeuueM y;:i:oBJ1eTBopg10T JJ.BYM mrroTe3aM: Kattan np -+ npK+ K- u Kattan 
np -+ np7r+ 1r-. Tipu 3TOM x2 JJ.Jl}I mrroTe3bI c K-Me3ottaMu ( «K ») Bcer;:i:a 
MeHbllie, qeM x2 )J.Jl}I mrroTe3bl C 7r-Me30HaMU ( «7r» ). Bee JJ.aHHbie co6b!TH}I OTHe­
ceHbl K mrroTe3e «K ». OTJJHqug pa3Hb!X TeCTOBblX pacrrpe;:i:eneuufi B OJJ.H03Haq­

Hb!X (X;K» < 1, X2
«,r» > 6, 4) U JJ.BY3Haqffb!X (X;K» < 1, X;,r,, < 1) C06bITU}IX He 

06uap~ettb1. 

Ha puc.d, 6 H3o6pa)Ketto pacrrpe;:i:eneuue ue;:i:ocTa10mwx Mace B co6b1Tugx c 
x2 ~ 1. BHJJ.uo, qTo pacrrpe.11.eneuue ttMeeT MaKCHMYM rrpu 3Haqeuuu ue;:i:ocTaJO-

2 

meii MaCCbl, paBHOH Macce ueiiTpOHa C TOqHOCTblO 0, 1 M3B/c2
, H CUMMeTpuquo 

OTHOCHTeJJbHO MaCCbl ueiiTpoua. B ;:i:anbHeiirneM JJ.J]ll 60JJbWefi qHCTOTbl MaTepH­
ana oT6poweuo Manoe qwcno co6bITHH co 3uaqeHHllMH ue;:i:ocTa10mefi MaCCbI BHe 

HHTepBana, OTMeqeHHOro Ha rpaqJHKe CTpenKaMH. 

np ➔, npK:J., P. = 5,20 f3B/c 
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PHc. I. a) 3KcnepHMeHTaJJbHOe (rncrorpaMMa) H TeopeTH'leCKOe (CIIJJOWHas KpHBas) pac­
npe,ueneum1 x2 ,!!JUI peaKUHH np-----> npK+ K-; 6) pacnpe,ueneuwe ue,uocra10WHX Mace .1lJUI 

peaKUHH np -----> npK+ K- s co6b1THllX x2 ~ 1 

B pe3yJJbTaTe 3THX oroopos HMeeM 1558 co6bITHii peaKUHH np-+ npK+ K­
rrpu Pn = (5, 20 ± 0, 12) faB/c s ycnoBHllX 41r-reoMeTpHH (OTCYTCTBHe yrnoBblX 
BbI6opoK), pe3yJJbTaTbl o6pa60TKH KOTOpblX H rrpHBeJJ.eHbl HH)Ke. 

2. cJ>H31fqECKHE PE3YJlhTAThl 

Ha pHC. 2 rrpHBe;:i:eHO pacrrpe;:i:eneHHe 3qJqJeKTHBHblX Mace nK+ -KOM6HHaUHH 
H3 scex co6bITHH peaKUHH np -+ npK+ K- rrpw Pn = (5, 20 ± 0, 12) f3B/c. 
Pacrrpe;:i:eneuwe arrrrpoKCHMHposauo ueKorepeHTHOH cyMMOH qJOHOBOH KpHBOH, 
B3llTOH B BHJJ.e IIOJJUHOMa Jle)KaHJJ,pa 8-ii CTerreHH, H ;:i:eCllTblO pe30HaHCHblMH 
KpHBbIMU s q,opMe Epeiirn-Bumepa. CTpen1<aM11 OTMeqeubI rro;:i:06pattttb1e 3Ha­
qeuHll Mace pe3oHaHCOB. }loJJll q,oua B 3TOM pacrrpe;:i:eneHHH COCTaBJJlleT 75,8 %. 
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PHc. 2. Pacnpe.11eneHHe 3q>q>eKTHBHbIX 
Mace r.K+ -KOM6HHaUHH H3 Bcex co-
6bITHH peaKUHH np ----+ npK+ K­
npH Pn = (5, 20 ± 0, 12) faB/c. 
Il)'HKTHpHall nHHIDI - q>OHOBall KpH­
Ball, B'.llITall B BH,lle nonHHOMa ne)KaH­

.11pa 8-it CTeneHH. CnnoIIIHall nHHHll -

C)'MMa q>OHOBOH KpHBOH H .11ecl1TH pe-

30HaHCHbIX KpHBbIX B cpopMe EpeHTa­

Bttrnepa. HH)KHJill mc-rorpaMMa - pac­

npe.11eneH11e 3cpq>eKTHBHblX Mace nK+ -
KOM6HHaUHH, OTo6paHHbIX c ycnoaHeM 

{cos8~ < -0,85Ucos0~ > 0,85} 

Pttc. 3. Pacnpe.11eneH11e :;icpcpeKTHBHbIX 

Mace nK+ -KOM6HHaUHH 113 peaKUHH 

np ----+ npK+ K- nptt Pn = (5, 20 ± 
0, 12) faB/c )lnll co6hITHH, OT06paHHbIX 

C ycnoBHeM {-0, 85 < COS 0~ < 0, 85}. 
Il)'HKTHpHall nHHHll - q>OHOBall KpHBall, 
B3l1Tall a BM.lie nonHHoMa ne)KaHJ:1pa 8-ii 
c-reneHH. CnnoIIIHall nHHHll - cyMMa 

q>OHOBOH KpHBOH Ii BOCbMH pe30HaHCHblX 

KpHBbIX B q>OpMe Epeitrn-B11rnepa 

Tpe6oBaHHll K <pOHOBOH KpHBOU 3aKmO'lalOTC.sJ, BO-nepBbIX, B TOM, 'IT06bi 110-

rpelllHOCTH B K03<p<pHI.{UeHTaX Ka)KJ:IOro 'IJieHa IIOJIUHOMa npu ero IIO,!l6ope 6hIJIU 

He 6onee 50-:% H, B0-BTOpblX, 'IT06bi IIOJIUHOM OIIUCblBaJI 3KCnepuMeHTaJibHOe 

pacnpe,!leneHue nocne «Bb16pacbrnaHu.sJ» pe3oHaHCHbIX o6nacTeii c x2 = 1, O u 

4 

,/J5 = l, 4 (xapaKTepuCTUKU x2-pacnpe,!leJieHU.sJ C O,!lHOH CTeneHblO CB060,!lbl). 

,ll.rill pacnpe,!leneHu.sJ Ha puc. 2 x2 = 0, 92 ± 0, 29 u v75 = 1, 33 ± 0, 20. 3TH JKe 

3HalleHUll ,!lJill <pOHOBOH KpUBOH, HOpMupoBaHHOH Ha I 00 % co6b!TUH B rpacpuKe 

(c pe30HaHCHblMU o6nacT.sJMU), paBHbl x2 = 1, 40 ± 0, 19 " ,/J5 = 2, 38 ± 0, 14. 
CTaTHCTU'lecKa.sJ 3HalluMocTh pe3oHaHca c M = l, 541 f3B/c2 paaHa 4, 5 S.D. 

Ha TOM JKe rpacpuKe (CM. puc. 2) npe,!lcTaBJieHo pacnpe.!leneHue 

3cpcpeKTUBHblX Mace nK+ -KOM6UHauuii, OTo6paHHblX C ycJIOBUeM 

{ COS 0~ < -0, 85 LJ COS 0~ > 0, 85}, r,!le 0~ - yron BbIJieTa HeHTpOHa B 06-

ll.{eH cuCTeMe ueHTpa Mace (c. u. M.). BH.!lHO, 'ITO 3To pacnpe,!leneHue He uMeeT 

cymecTBeHHblX Bbi6pocoB " ycTpaHeHue ,!laHHblX co6b!TUH MO)KeT CHU3UTb ypoBeHb 

cpoHa ,!lJI.sJ pe30HaHCOB. 

Ha puc. 3 npuae,!leHo pacnpe,!leneHue 3cpcpeKTHBHbIX Mace nK+ -KOM6uHauuu 

M.sJ co6hnuii, oT06paHHhIX c ycnoaueM {-0, 85 < cos e~ < 0, 85}. Pacnpe,!le­

neHue annpOKCUMUpOBaHO HeKorepeHTHOH CYMMOH <pOHOBOH KpUBOH, B3.sJTOH B 

BH,!le IIOJIUHOMa Jle)KaH,!lpa 8-ii CTeneHH, H BOCeMblO pe30HaHCHblMU KpUBblMU B 

cpopMe Epeiirn-Bumepa. CTaTUCTU'leCKa.sJ 3Ha'IUMOCTb pe30HaHCOB, paCIIOJIO)KeH­

HbIX cnpaaa OT M = l, 541 f3B/c2
, HeCKOJibKO Bbipocna, a Y3KHX pe3oHaHCOB 

cneBa OT M = l, 541 f3B/c2 HeCKOJihKO ynana. 

Pttc. 4. Pacnpe.11eneHHe :;icpcpeKTHB­
HblX Mace nK+ -KoMfornauHii HJ pe­
aKUHH np ----+ npK+ K- npH 

Pn = (5, 20 ± 0, 12) f:;iB/c Mll 
co6bITHH, OTo6paHHbIX c ycnoBHeM 

{-0,85 < cos0~ < 0,85}. Il)'HK­

THpHall nHHHll - q>OHOBall KpHBall B 
BM.lie nonHHOMa ne)KaH,llpa 4-ii c-re­
neHH. CnnoIIIHall nHHHll - cyMMa cpo­

HOBOH KpHBOH H IIIeCTH pe30HaHCHbIX 
KpHBbIX B cpopMe EpeiiTa-BHrnepa 

np ➔ npK'°A Pn = 5,20 faB/c 
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,ll.rill nyq111ero 03yqeHUll MaJIOMaCCOBbIX pe30HaHCOB IIOCTpOeHO pacnpe,!le­

JieHue 3cpcpeKTUBHblX Mace nK+ -KOM6UHauuii C 111aroM 5 M3B/c2 (.!lo MaCCbl 

~ 1,663 f3B/c2). 3To pacnpe,!leneHue (CM. puc. 4) annpoKcuMupoaaHo HeKo-
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repeHTHOH C}'MMOH (pOHOBOH Kp1rnoii:, B3}1TOH B Bll,[le nOJIHHOMa ne)Kaimpa 4-ii: 

CTeneHH, H weCThlO pe30HaHCHhIMH KpHBhlMH B cpopMe Epeii:Ta-Bm"'Hepa. Pe30-

HaHC c M = l, 541 faB/c2 npesb1waeT cpott Ha 5, 2 S.D., c M = l, 605 faB/c2 -

tta 5, 4 S.D., c M = l, 505 f3B/c2 
- Ha 3, 1 S.D. 113 .D.attttoro rpacpHKa 6onee 

ToqHO onpe.D.eJI}IIOTC}I urnpHHhl pe30HaHCOB (CBO.D.Ky )].aHHhlX O pe30Hattcax CM. B 

Ta6JI. 1). 
HaMH 6bma npe.D.npHH}ITa nonhITKa yseJIHqHTh CTaTHCTHqecKyJO 3HaqHMOCTh 

HeKOTOpblX pe30HaHCOB. Otta OCHOBaHa Ha npe)].nOJIO)KeHHH, qTo pe30HaHChl o6pa-

3YIOTC}I npH noMOWH MexaHH3MOB K-o6MeHOB: B 0)].HOH H3 sepwHH COOTBeTCTBylO­

weii: )].HarpaMMhl 06pa3yeTC}I H3BeCTHhlli pe30HaHC (E* HJIH A*), pacna)].alOWHHC}I 

Ha p- H K- -Me30H, B .D.pyroii: - O)].HH H3 HCKOMhIX pe30HaHCOB B CHCTeMe nK+. 
TipH 3TOM K- -Me30H OT pacna)].a H3BeCTHOro pe30HaHca MmKeT 6b!Th CKOppe­

JIHpOBaH C pe3oHaHCOM B CHCTeMe nK+ qffCTO KHHeMaTHqecKH. B pe3yJihTaTe B 

CHCTeMe nK+ K- B pacnpe.D.eJieHHH 3cpcpeKTHBHhlX Mace MOryT B03HHKaTb nHKH 

KHHeMaTHqecKoro npOHCXO)K)].eHH}I. 
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PHC. 5. Pacnpe,ueJieHHe 3q>q>eKTHBHhIX 

Mace nK+ K- -KoM6HHaUHM HJ peaK­

UHH np -> npK+ K- npH Pn = 
(5, 20 ± 0, 12) f3B/c. HmKHJIJI rn­
crorpaMMa - pacnpe.uenettHe 3q>cpeK­

THBHhIX Mace nK+ K-' nocrpoeHHhIX 

TaK, qT06hI 3!pq>eKTHBHall Macca nK+ 
JieJKana B nonoce pe30HaHca C M = 
1,541 f3B/c2 

Ha pHc. 5 npe.D.CTaBJieHo pacnpe.D.eneHHe 3cpcpeKTHBHhIX Mace nK+ K- -
KOM6HHaUHH. B pacnpe.D.eJieHHH oTqeTJIHBO BH)].eH pg.D. oco6eHHOCTeii. CooTBeT­

CTBYIOWHX HYKJIOHHhIX pe3oHattcoB, pacna)].aJOWHXcg no cxeMe R - N K K, B 

Ta6nHuax MHpOBhlX )].aHHhlX HeT. 3TO KaK pa3 Te KHHeMaTHqecKHe OTpa)KeHH}I, 

0 KOTOpb!X IWia pe% BhJWe. Ha TOM )Ke pHC. 5 npHBe)].eHO pacnpe)].eJieHHe 3cp-

A>eKTHBHhlX Mace nK+ K-, nocTpoeHHhlX TaK, qT06h1 3cpcpeKTHBHa}I Macca nK+ 

6 

Jie)Kana B nonoce pe3oHattca c M = l, 541 f3B/c2• B .D.aHHOM pacnpe.D.ene­

HHH }!CHO Bll,[IHhl )].Ba crymeHH}I B HHTepsanax Mace nK+ K- 2,020-,- 2, 150 H 

2, 240-,-2, 280 faB/c2
• CooTBeTcTByJOmHe crymeHH}I cywecTByJOT H )].JI}! pe3oHaH­

cos B CHcTeMe nK+ c M = l, 606 f3B/c2 HM= l, 687 faB/c2 • 

Bb16Hpag o6nacTH Mace nK+ K-, cooTBeTCTBYJOWHe oTpa)KeHH}IM pe3oHaH­

coB B CUCTeMe nK+ C 3THMH MaCCaMH, nonyqaeM pacnpe.D.eJieHH}I 3cpcpeKTHBHblX 

Mace nK+, npe.D.CTaBJieHHbie Ha pHC. 6 )].JI}! pe30HaHCOB C Maccoii: 1,541, 1,606, 
H 1,687 faB/c2 . 

Ilo.D. K~b!M rpacpHKOM npHBe)].eHhl 3HaqeHH}I o6nacTeii:, BhI6paHHbIX no Mac­

caM nK+ K-, H yKa3aHbl rpaHUUbl )].OnOJIHHTeJibHOfO orpaHHqeHH}I no ymaM 

BbIJieTa BTOpHqHoro HeHTpoHa s o6weii: C. u. M. 3TO )].OnOJIHHTeJibHOe orpa­

HHqeHHe no ymaM HeCKOJlbKO yMeHbwaeT (pOH, HO OCHOBHOH 3cpcpeKT ycHJieHH}I 

npoHCXO.!J.HT H3-3a orpaHHqeHH}I no MaccaM nK+ K-. 

~ 30 c 
o· 
o. 
120 

8 
0 

~ 10 

j 

np ➔ npt'A P. = 5,20 [3B/c 
-------~ ~------~ 

1,541 a 

T 
6,8S.D. 140 

M° 
M 

0 f 30 

8 20 

e ., 
i 10 

:a2 

1,606 6 

T S,l S.D. 

~ c 
.,...· 
o 20 

f 
8 e 10 

j 

6 1,687 

1,541 

7 
~8 

S.D. 

1,447 

o--.---.--.-- o+---,---.---.--t' 0+'-----,---.-~ 
1,428 1,628 

M,.r, f3B/c2 

-0,70 ~ cos 0: 
{

2,05 ~ M,.r,c ~ 2,15 
2,24 ~ M,.r,c ~ 2,28 

1,424 1,690 1,956 

M,.r, f3B/c2 

-0,70 ~ cos 0: ~ 0,70 

{
2,10 ~ M,.r,c ~ 2,24 
2,28 ~ M,.r,c ~ 2,50 

1,419 1,719 

M,.r, f3B/c2 

2,24 ~ M,.r,c ~ 2,29 

PHC. 6. Pacnpe.ueneHHe 3cpcpeKTHBHhIX Mace nK+ ·KOM6HHaUHM H3 peaKUHH np -> 

npK+ K- npH Pn = (5, 20 ± 0, 12) f3B/c .!lJlll pe3oHattca c Maccoif: a) 1,541 faB/c2; 

6) 1, 606 faB/c2; e) 1, 678 f3B/c
2

. no.u rpacpHKaMH npHae.nettu JHaqeHHll o6nacreif, 

BhI6paHHhIX no MaccaM nK+ K-' H }'Ka3aHhl rpaHHUhl .uonOJIHHTeJihHOfO orpaHH'leHHJI no 

yrnaM BbIJieTa BTOpHqHoro ttei-i:TpOHa B o6IUeM C. u. M. TTyttKTHpHhlMH JIHHHJIMH o6o3HaqeHhl 

!pOHOBhie KpHBhie. CruIOWHhie JIHHHH - annpoKCHMHPYJOIUHe KpHBhie 
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Ka)K)loe H3 nonyqeHHbIX pacnpe.ueneHHH annpOKCHMHpOBaHO HeKorepeHTHOH 

C}'MMOH !pOHOBOH KpHBOH, B3.IITOH B BHAe nonHHOMa Jle:lKaUApa, H pe30HaHCHblMH 

KpHBbIMH B cpopMe EpeHTa-Bumepa. 

B pe3ynbTaTe MbI HMeeM 3HaqmenbHOe ycuneHue 3cpcpeKTOB OT Tpex o6pa6o­

TaHHbIX TaKHM o6pa30M pe30HaHCOB (BenuqHHbl CTaUAapTHbIX OTKnOHeHHH npHBe­

.ueHbl Ha rpacpHKax pHC. 6). IlpH 3TOM qucno co6bITHH B nHKax He }'MeHbwaeTC.11 

no cpaBHeHmo c o6pa6oTKaMH, npe.ucTaBneHHbIMH Ha puc. 2-4. 
Ha puc. 7 npe.ucTaBneHbI pacnpe.ueneHHR 3cpcpeKTHBHbIX Mace pK- -KOM6HHa- . 

l{HH c TeMH )Ke ycnOBH.IIMH BbI6opoK, qTo u Ha puc. 6. BHAHbl oco6eHHOCTH B 

pacnpe.ueneHHH 3cpcpeKTHBHbIX Mace pK-, COOTBeTCTBYIOlllHX H3BeCTHbIM :E* -, 
A* -pe3oHaHcaM (.uaHHbie oco6eHHOCTH xopowo BHAHbI H e pacnpe.ueneHHH 3cp­

cpeKTHBHbIX Mace pK-, nocTpoeHHOM 6e3 yKa3aHHblX orpaHuqeHHH). 

np ➔ npK'K· Pn = 5,20 f3B/c 

~ a ~ 1,5201 560 6 
} 401 To 8 

i:Q 

"' ~ 60 
~ft,665 '°;, 40 

0 

~ 
0 

~ ! ~ 

i 0 0 

140 
120 '8 20 10 '8 C) 8 C) 

0 0 20 0 e e -e II) 

~ 
II) II) 

j j :2 0 0 0 
1,387 1,587 1,787 1,417 1,617 1,817 1,387 1,587 1,787 

Mp1c-,f3B/c2 Mp1c-,f3B!c2 Mp1c-,f3Blc2 

-0,10 ~ cos e; -0,10 ~ cos e; ~ 0,10 

{ 2,05 ~ M,.x_+r ~ 2,15 
2,24 ~ M,.x_+r ~ 2,28 

{2,10 ~M,.x_+r ~ 2,24 
2,28 ~ M,.x_+r ~ 2,50 

2,24 ~ M,.x_+r :,;; 2,29 

PHc. 7. Pacnpe.ueneHHe Jqxl,eKTHBHbIX Mace pK- -KOM6HHal..UfM H3 peaKI.IHH np -> 

npK+ K- npH Pn = (5, 20 ± 0, 12) faB/c. Ilo.11 rpacpHKaMH npHee.ueHbI JHaqeHH.11 

o6JiaCTeii:, BbI6paHHbIX no MaCCaM nK+ K-, H yx:a3aHbl rpaHHI.lbl .uonoJIHHTeJibHOfO orpa­

HHqeHH.11 no yrnaM BbIJleTa BTopuquoro ueii:Tpoua B 06111eii: C. I.I, M. (a-u COOTBeTCTBYJOT 

pwc.6) 

HaMH c.uenaHbl oueHKH CnHHOB Ha6mo.uaeMbIX pe30HaHCOB B CHCTeMe nK+. 
Jln.11 3Toro 6bmH nocTpoeHbI pacnpe.11eneHm1 yrnoB BbmeTa HeHTpOHOB OT pacna.ua 

pe3oHaHcoB no OTH9weHu10 K HanpaBneHHJO noneTa pe3oHaHca B o6meu c. u. M. 

peaKL{HH. Bee BenHqHHbl nepeBe,!leHbl B CHCTeMY nOKO.sI pe30HaHca (cnupanbHa.11 

CHCTeMa KOOP.!IHHaT). B cnupanbHOH CHCTeMe KOOp,!IHHaT yrnOBbte pacnpe.uene­

HH.11 pacna.unoo qacTHL{bl onHCbIBaJOTC.11 C}'MMOH nonHHOMOB Jle:lKaUApa qeTHbIX 

CTeneHeH, MaKCHManbHa.11 CTeneHb KOTOpbIX paBHa (2J - 1), r.ue J - cnHH pe30-
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\ 
l 

! 
,t 
) 

np ➔ npK"~ Pn = 5,20 f38/c 

1,467 ~ M,.x_+:,;; 1,487 

a 

2 l·IIH'l1F1,i..WI 

I 
--0--.....--.... 

B° 0 0,5 
~ ...... · PO, C.L. = 72 % 
~ -- P2,C.L.=74% 

J 
I 

~ 
25, 1,595 ~ M,.x_+:,;; 1,615 

4 z 

6----0 0,5 

....... PO, C.L. = 18 % 

----- P2, C.L. = 49 % 
-- P2+6,C.L.=79% 

1,500 ~ M,.x_+ ~ 1,510 
---,., 6 

10 

0 

-10 '-----
0 0,5 

.. · · .. · PO, C.L. = 31 % 
-- P2, C.L. = 51 % 

1,630 ~ M,.x_+ ~ 1,655 
--- 0 

8 

-2 

-12 -----i 
0 0,5 

.. · .... PO, C.L. = 11 % 

----- P2, C.L. = 11 % 
-- P4+6,C.L. =56% 

,,...._ 
cos ®(Pn, PR.,J 

1,530::,; M,.x_+ ~ 1,550 

8 

6 

-4 

-14 ----"' 
0 0,5 

...... · PO, C.L. = 14 % 

----- P2, C.L. = 31 % 
-- P2+4,C.L.=62% 

1,670 ~ M,.x_+ ~ 1,730 

20 

10 

0 

-10 

e 

-20 ___ __. 

0 0,5 
...... · PO, C.L. = 11 % 
-- PS, C.L. = 67 % 

Puc. 8. Pacnpe.ueneHH.11 yrnoe BbIJleTa BTOpHqHbJX HeiiTpOHOB e cnHpanbHOii CHCTeMe KO­

Op.!IHHaT Mll pe3ouaucoe c Maccoii: a) 1,477 f3B/c2; 6) 1,505 faB/c2; e) 1,541 f3B/c2; 

z) 1,606 f3B/c2; o) 1,638 f3B/c2; e) 1,687 faB/c2 

HaHca (M.11 nonyuenbIx cnHHOB). TaKHM cnoco6oM oueHweaeTcll JHaqeHHe HH:lKHeH 

rpaHHUbl cmrna pe3oHaHca. AeTOpbl 6naro.11apHbl B. JI. JI106owwuy 3a HanucaHHe 

COOTBeTCTBYIOlllHX !pOPMYJI, Ha pHC. 8 npI-rne.11eHbl yrnoBble pacnpe.ueneHHll ,ll)lll 

wecTH pe30HaHCOB, MaCCbl KOTOpbJX HaXO)lSITCll B yKa3aHHblX Ha rpacpHKax HH­

Tepeanax. <l>oHOBbte pacnpe.ueneHHll cTpo.11Tc.11 HJ HHTepeanoe cnpaea u cneea OT 
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COOTBeTCTBy10ru:eii nonOCbl pe30HaHca H BblqHTalOTCR C Maccoii, COOTBeTCTBy10ru:eii 

)lone cpoHa B pe3oHaHCHOH o6naCTH. IIpH nocTpOeHHH 3THX pacnpe)leneHHH HH­

KaKHX orpaHHqeHHH no yrnaM BbineTa qaCTHU He npHMeHRnOCb (HCnOnb30BaHHe 

orpaHHqeHHH no yrny BbmeTa BTOpHqHoro HeHTpOHa He H3MeHReT pe3ynLTaTOB). 

IIpH annpoKCHMaUHH pacnpe)leneHHH Tpe6oBanOCb, qT06bI norpellIHOCTH B K03(p­

(pHUHeHTax no)lo6paHHblX nonHHOMOB Jle)KaH)lpa He npeBbilllanH 50 %. 
113 npHBe)leHHblX Ha pHC. 8 rpacpHKOB BH)lHO, qrn )lnR pe30HaHca C 1,467 < 

M < 1,487 f3B/c2 pacnpe)leneHHe H30TponHO H nonHHOMOB BbICllIHX CTene­

Heii )lnR ero onHcaHHR He Tpe6yeTCR, cne)lOBaTenbHO, ero cnHH J ? 1/2 . .I(nR 

pe30HaHca C 1,500 < M < 1,510 f3B/c2 HaH6onee BepORTHOe 3HalJeHHe cnHHa 

J ? 3/2, XOTR H oueHKa J ? 1/2 TO)l(e HMeeT )lOBOnhHO 60nhlll0H )lOBepHTenbHblH 

ypoBeHL . .I(nR pe3oHaHca c 1,530 < M < 1,550 f:;iB/c2 (pe3oHaHc, HaH6onee 

llIHpOKO o6cy)l()laeMbIH B ny6nHKaUHRX) Mbl HMeeM )lnR CnHHa J ? 1/2 )lOBe­

pHTenbHbIH ypoBeHb 3HalJHTenbHO MeHbllIHH, qeM )lnR 6onee BblCOKHX 3HalJeHHH 

cmrna. HaH60nbllIHH )lOBepHTenLHbIH ypoBeHb HMeeT oueHKa cnHHa J ? 5/2. 
Pe3oHaHc c 1,595 < M < 1,615 f3B/c2 HMeeT JlOBonLHO yBepeHHYJO oueHKY 

J? 7 /2. 
KaqecrneHHYIO oueHKY MO)KHO C)lenaTb H3 BH)la rpaq>HKOB: OHH )lOn)l(Hbl 

HMeTh (2J - 3) /2 3KCTpeMyMOB nnJOC O)lHH «TpHBHanhHbIH» npH COS 0 = 0, 
T. e. )lnR CnHHa J ? 7 /2 3KCTpeMyMOB )l0n)KH0 6LITb )lBa H «TpHBHanhHhlH» npH 

cos 0 = 0, qTo )lOBOnLHo xopowo (B npe)lenax norpellIHOcTeii) npocMaTpHBaeTcR 

Ha rpacpHKe pHC. 8, z. 
Ha pHC. 8, 0, e npe)lCTaBneHbl pe3ynLTaTbl Hccne)lOBaHHR cnHHOB )lnR 6onee 

TR)l(enblx pe30HaHCOB . .I(nR 1,630 < M < 1,655 f:;iB/c2 C xopOllIHM ypOBHeM 

)lOBepHR HMeeM J ? 7 /2, MR 1, 670 < M < 1, 730 f:;iB/c2 c ew:e 6onLllleii 

yBepeHHOCThJO - J ? 9/2. TR)l(enhIH pe3oHaHc c 1, 760 < M < 1, 790 f:;iB/c2 

HMeeT cna6ble oueHKH, qTo CBR3aHO C )lOBOnbHO nnOXHM B 3TOH o6nacTH pa3-

pellleHHeM no MaccaM H yBenHqHBaJOW:HMCR 3)leCh BnHRHHeM (pOHa Ha oueHKH 

CnHHa. 

Pe3ynhTaTbl HaCTORW:eH pa60Thl npe)lCTaBneHhl B Ta6n. 1. 
B nepBOH KOnOHKe noMeru;eHbl 3KCnepHMeHTanbHbie 3HaqeHHR Mace pe30HaH­

COB C HX norpellIHOCTRMH; BO BTOpOH - 3KCnepHMeHTanhHhie 3HalJeHHR nonHbIX 

llIHpHH pe30HaHCOB; B TpeTLeH - 3Ha'leHHR HCTHHHhlX llIHpHH pe30HaHCOB C HX 

norpellIH0CTRMH. 

11CTHHHhie llIHpHHbl pe30HaHCOB nonyqaJOTCR nocne KBa)lpaTH'IHOro BhllJHTa­

HHR H3 3KcnepHMeHTanbHOH WHpHHbl 3HalJeHHR cpyHKUHH pa3peweHHR no MaccaM, 

KOTOpaR yBenHqHBaeTCR C poCTOM MaCCbl no 3aKOHY 

I'res(M) = 4, 2 [ ( M - t, m) /0, 1 l + 2, 8, 

f)le M - Macca pe30HaHca, mi - Macca nOKOR BXO)lRW:eii B pe30HaHC lJaCTHUbl i, 
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Ta611u11a 1 

Mexp ± AMexp, faB/c2 rexp ± t::..rexp, faB/c2 rRes ± t::..rRes, faB/c2 Jexp S.D. 

1,447 ± 0, 007 0, 005 ± 0, 004 0, 004 ± 0, 004 - 3,2 
1,467±0,003 0, 008 ± o, 003 0, 008 ± 0, 004 - 2,3 
1,477 ± 0, 002 0, 005 ± o, 003 0 002+0,006 , -0,002 1/2 3,0 
1,505 ± 0, 004 0, 008 ± 0, 003 0, 005 ± 0, 005 3/2 3,5 
1,541 ±0,004 0,011 ± 0,003 0,008 ± 0,004 5/2 6,8 
1,606 ± 0, 005 0, 014 ± 0, 005 0, 011 ± 0, 006 7/2 5,2 
1,638 ± 0, 005 0, 016 ± 0, 011 () 012+0,015 , -0,012 7/2 3,6 
1,687 ± 0, 007 0, 027 ± 0, 007 0, 024 ± 0, 008 9/2 6,8 
1, 781 ± 0, 008 0, 029 ± 0, 012 0, 023 ± 0, 015 - 4,1 
1,870 ± 0, 019 0,036 ± 0,010 0,032 ± 0,011 - 5,9 

M H mi B3RTbl B e)lHHHUaX f3B/c2, BenHqHHbl 4, 2 H 2, 8 - B e)lHHHUaX 

M:;iB/c2 [11). HanpHMep, BenH'IHHa nonHoii llIHpHHbl cpyHKUHH pa3peweHHR MR 

pe3oHaHca c M = 1,541 f:;iB/c2 nonyqaeTCR :::::J 7 M:;iB/c2 . 

B 11ernepTOH KOnOHKe rn6n. 1 npHBe)leHbl 3HaqeHHR CnHHOB pe30HaHCOB. 3TO 

HH)KHHe rpaHHUbl CnHHOB, KaK o6'bRCHRnOCb npH o6Cy)l()leHHH npoueJlyphl oueHKH 

CnHHOB. 

B nRTOH KOnOHKe Ta6n. 1 npHBe)leHbl CTaTHCTH'leCKHe 3Ha'IHMOCTH pe30HaH­

COB, onpe)leneHHbie KaK OTHOllleHHe qHcna co6bITHH B pe30HaHce K KBa)lpaTHOM)' 

KOpHIO H3 'IHCna (pOHOBhlX co6bITHH nO)l pe30HaHCOM. 

OueHKa ce11eHHR o6pa3oBaHHR pe3oHaHca c M = 1,541 f3B/c2 B CHCTeMe 

nK+ H3 peaKUHH np ---+ npK+ K- npH Pn = (5, 20 ± 0, 12) f3B/c )laeT a = 
(3, 5 ± 0, 7) MK6. 

3. OECY)K,!(EHUE PE3YJihTATOB U BhIBO,!J.hl 

Mb! nonLITanHCb CHCTeMaTH3HpoBaTb nonyqeHHbie pe3ynhTaTbl, HCnOnh3YR 

cpopM)'ny )lnR pOTaUHOHHblX ypoBHeH, npe)lnO)l(eHHYIO B pa6ornx J:{LRKOHOBa 

H Jlp. [1, 2): 
M1=Mo+kJ(J+l). (1) 

3)lecL M 1 - Macca pe3oHaHca, J - ero cnHH, Mo - Macca noKOR conHTOHa, 

k - BenH'IHHa, o6paTHaR YJlBOeHHOMY MOMeHry HHepUHH conHTOHa (HcnonLJyeTCR 

TepMHHOnOrHR [2]). 
EcnH BHHMaTenbHO noCMOTpeTb Ha rpaq>HKH pacnpe)leneHHR 3cpcpeKTHBHhlX 

Mace nK+-KoM6HHaUHH (oco6eHHO Ha pHC. 4, f)le nocTpOeHHe BbmonHeHO c llla­

fOM 5 M:;iB/c2), TO MO)KHO 3aMeTHTb, qTo HapRJlY C CHnbHblMH oco6eHHOCTRMH 

HMeJOTCR H 6onee cna6L1e: npH M = 1, 467 f:;iB/c2, Bb16poc npH Macce B paii­

OHe M = 1,565 f3B/c2 H Jlpyrne. IT03TOMY Mbl npOH3B0)lHnH annpOKCHMaUHIO 
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Ta611uija 2 

N1 Mo= 1,462, faB/c2 k = 0,0090 Mo = 1,471, faB/c2 k=0,0107 

J MJ Mexp ± f1Mexp Jexp J MJ Mexp ± f1Mexp Jexp 

I. 1/2 1,469 1,467 ± 0, 003 - 1/2 1,471 1,477 ± 0, 002 1/2 
2. 3/2 1,496 1,505 ± 0, 004 3/2 3/2 1,511 1,505 ± 0, 004 3/2 
3. 5/2 1,541 1, 541 ± 0, 004 5/2 5/2 1,565 - -
4. 7/2 1,604 1,606 ± 0, 005 7/2 7/2 1,640 1,638 ± 0, 005 7/2 
5. 9/2 1,685 1, 687 ± 0, 007 9/2 9/2 1,736 - -
6. 11/2 1,784 1, 781 ± 0, 008 - 11/2 1,854 1,870 ± o, 019 -
7. 13/2 1,901 1,870 ± 0, 019 -

a 6 

pacITpe)l.eJieHHH Mace B 3aBHCHM0CTH OT CITHHa B )I.BYX BapHaHTaX. O6a OHM ITpe)I.­

CTaBJieHbl B Ta6JI. 2: a - )I.JI}! «CHJibHbIX» pe30HaHC0B, 6 - )I.JI}! «cna6bIX». BH)J.HO 

xopowee cornacwe 3KCITepHMeHTaJibHb1x )l.aHHbIX c cpopMynoir (1). B Ta6n. 2, a ca­

M~ 6onbw~ ITPMCKaJaHH~ Macca 1,901 (J = 13/2) M0,KeT o6pe3aTbcg cnpaBa 

cpa30Bb!M 06-i,eMOM H Ha 3KCITepHMeHTe npogBJI}!TbC}I ITPH MeHbwen Macce. B Ta6JI. 

2, 6 B TpeTbell H IT}ITOH CTpoKax 0TCYTCTBYIOT CBe)l.eHmI 06 3KCnepHMeHTaJibHblX 

3Ha'leHH}IX Mace H CITHH0B. IlpH 3THX Maccax HMeIOTC}I Bb16pocb1, K0T0pbie He 

06ecITe'1eHbl CTaTHCTH'leCKH KaK pe30HaHCbl. 

Eepg M0MeHTbI HHepuww B BH)J.e I = M 0r 2 H HCIT0JibJyg JHa'leHH}I k = l/21 

H3 Ta6JI. 2, M0)KH0 0ITpe)l.eJIHTb pa)J.Hyc C0JIHT0Ha. OH 0Ka3bIBaeTC}I paBHbIM ~ 
1,2 q>M, T.e. 6JIH30K K 7f-Me30HH0MY pa)J.Hycy (~ 1,35 q>M ). 

Mb! C)l.eJiaJIH )l.pyry10 aITITp0KCHMal.{HIO Ha6JIIO)l.aIOlllHXC}I HaMH p0Tal.{H0HHblX 

IT0JI0C, r)l.e Macca B036~eHHOro C0CT0}!Hlf}I 3aBHCHT He OT CITHHa pe30HaHca, a 

OT ero op6HTaJibHOro M0MeHTa l: 

M1 =Mo+ kl(l + l). (2) 

PeJyJibTaTbl ITpe)I.CTaBJieHbl B Ta6JI. 3: a - )I.JI}! «CHJibHbIX» pe30HaHC0B, 6 -
)I.JI}! «cna6b!X». 3Ha'leHH}I op6HTaJibHbIX MOMeHTOB BbI6paHbl ITpOH3BOJibHO, HO 

TaK, 'IT06b1 OHM He ITP0THBOpellHJIH 01.{eHKaM CilHHOB. 3TH OITHCaHH}I nyqwe y)I.O­

BJieTBopgIOT 3KCITepHMeHTaJibHbIM )l.aHHbIM. KpoMe Toro, «B wrpy BOWeJI» pe-

30HaHc nptt M = l, 44 7 r3B/c2, KOTOpbIH ITpogBJigeTcg B 6oJibWHHCTBe Ha­

wwx pacITpe)l.eJieHHll H 0 KOT0p0M roB0pHTC}I B HeCK0JibKHX TeopeTH'leCKHX aHa­

JIH3aX. 

IlpH C)l.eJiaHHbIX ITpe)I.ITOJIO)KeHH}IX 06 op6HTaJibHbIX MOMeHTax 'leTH0CTb pe-

30HaHca c M = 1,-541 r3B/c2 oTpHUaTeJibHa. Ecnw yqecTb eme 3Ha'leHwe ero 

CITHHa J = 5/2, TO M0,KH0 ITPH)J.TH K Bb!B0)l.y, 'ITO 3TOT pe3oHaHc He HaX0)I.HTC}I 

B BepwHHe aHTH)J.eKyITJieTa, npe)J.JI0)KeHHOro B [1, 2]. Ho eCTb Bep0}ITH0CTb, 'ITO 

B BepwHHe HaJC0)I.HTC}I pe30HaHC C M = l, 501 r3B/c2, y K0TOporo ITOJIO)KHTeJib­

H~ 'leTH0CTb H CilHH, paBHblll 1/2. Hawe OITpe)l.eJieHHe CilHHa pe3oHaHca npH 
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Ta611uija 3 

Mo = 1,481, f:3B/c2 k = 0,010 Mo= 1,447, faB/c2 k = 0,010 

f. Mt Mexp ± flMexp f. Mt Mexp ± flMexp 

0 1,481 1,477 ± 0, 002 0 1,447 1,447 ± 0, 007 
1 1,501 1,505 ± 0, 004 1 1,467 1,467 ± 0, 003 
2 1,541 1,541 ± 0, 004 2 1,507 1,505 ± 0, 004 
3 1,601 1,606 ± 0, 005 3 1,567 -
4 1,681 1,687 ± 0, 007 4 1,647 1,638 ± 0, 005 
5 1,781 1, 781 ± 0, 008 5 1,747 -
6 1,901 1,870 ± 0, 019 6 1,867 1,870 ± 0, 019 

a 6 

M ~ l, 505 foB/c2 He ITPOTHBOpellHT TOMY, 'ITO B 3TOM MeCTe M0fYT HaXO)I.HTbC}I 

)I.Ba pe30HaHca C M = l, 501 r3B/c2 H CITHHOM-'leTHOCTbIO JP = 1;2+ H pe-

30HaHC c M = l, 507 foB/c2 co CITHH0M-'leTHOCTbIO JP = 3 ;2-. Ilpw 3TOM 

o6a OHM O'leHb Y3KHe, HO C)I.BHHYTbI )l.pyr OTHOCHTeJibHO )l.pyra, 'ITO B pe3yJibTaTe 

)l.aeT cpe)I.Hee 3Ha'leHHe 3KCITepHMeHTaJibH0H M = l, 505 foB/c
2

. B o6nacTH 

MaJibIX Mace, TaKHM o6pa30M, Tpe6y10TC}I O'leHb TO'IHbie H ITO pa3peweHHIO, H ITO 

CTaTHCTHKe 3KCITepHMeHTbl. 

Mb! C'IHTaeM Heo6XO)I.HMbIM C)l.eJiaTb eme 0)1.H0 3aMe'laHHe. 

IIpo6neMa neHTaKBapKOB B03HHKJia eme B 60-x IT. ITPOWJIOro CT0JieTH}I. 

5I. E. 3eJib)I.OBH'I H A. ll. CaxapOB [ 12] BilepBbie TpaKTOBaJIH Ha6JIIO)l.aBWHeCg TOr)l.a 

::icpcpeKTbl B CHCTeMe p7r+7r+ KaK ITPO}JBJieHHe ITeHTaKBapKOBbIX COCTO}IHHH. HawH 

ITepBbie pa60Tbl [ 13] Ha 3TY TeMy CTHMYJIHp0BaJIH C03)1.aHHe YHHKaJibHOro HeHTpOH­

HOro ITyqKa [9] Ha 1-M HBC JIB3 ITOCJie ycKopeHH}I )l.eHTpoHoB Ha cHHxpocpa3o­

TpoHe JIB3. B 1979 r. B )KypHane «5I)J.epH~ q>H3HKa» [ 14] 6bIJia oITy6nHKOBaHa 

Hawa pa6oTa ITO Ha6JIIO)l.eHHIO )I.0BOJibHO Y3K0ro (r = 43 M3B/c
2 

) pe30HaHca B 

3q>q>eKTHBHbIX Maccax A++ 1r+ ( A -1r- )-KOM6HHauwn ITPlJ.. M = l, 440 faB/c
2 

co 

CTaTHCTH'leCKOH 3Ha'IHMOCTbIO 5, 5 S.D. 3TH pe30HaHCbl MO)KH0 6bIJIO TpaKTOBaTb 

KaK ITUHKBapKOBbie cocT0}IHH}I uuuud ( ddddu) )I.JI}! A++ 1r+ ( A -1r-). B TOM )Ke 

HCCJie)I.0BaHHH IT0CTp0eHa TpaeKT0pH}I Pe)J.)Ke )I.JI}! COCTO}IHHH C J = T H IT0Ka3aHo, 

'ITO Ha Heir HaX0AATcg N, A, E 55 (o6Hap~eHHbIH HaMH c M = 1,440 faB/c2). 

HaKJIOH TpaeKT0pHH 6bIJI 0KOJIO 1, 68 (faB/c
2
)-

2
. 

CymecTBOBaHHe TaKHX HOBbIX pe3oHaHCOB C J = T npe)J.CKa3b!BaJI0Cb B pa6o­

TaX A. A. rpwropgHa w A. Ii. Kall)J.aJIOBa [15] ITPH HCCJie)I.0BaHHH HMM CBepxcXOAA­

lllHXC}I ITpaBHJI CYMM )J.JljJ pacce}IHH}I pe)l.)Ke0H0B Ha qaCTHl.{ax. 11x ITpe)I.CKa3aHH}I 

C0BITaJIH C HaWHMH )l.aHHblMH. 

B 1983 r. HaMH 6bIJia OITy6JIHKOBaHa CJie)l.yIOlll~ pa6orn Ha 3TY Te­

MY [ 16] c yBeJIH'leHH0H CTaTHCTHK0H. 3aq>HKCHpOBaHo eme )I.Ba COCT0}!Hlf}I c 

M = l, 522 faB/c2 HM= l, 894 faB/c
2

• 

13 



I 

TaKHM o6pa30M, npo6JieMa COCTOSIHHH C qucJIOM KBapKOB 6oJibWe TPeX 06-

cy)K)laeTCSI ,naBHO H eCTb cxeMbl, HMeJOmHe npe,ncKaJaTeJibHYJO cHJiy. 

Ilo HaWeMY MHeHHJO, BOnpoc O qucJie KBapKOB He SIBJllleTCSI BIDKHblM B npe.n­

JIO)KeHHSIX n. nMIKOHOBa, B. IleTpoBa H M. IlOJISIKOBa. CHMMeTPHHHblH no.nxo.n BO­

o6me He HCilOJibJyeT IlOHSITHe «KBapK». llaHHblH IlO.D:XO.D: oqeHb 06UlHH, a IlOTOMY 

H ropa3,no 6oJiee BIDKHblH, qeM Mo,neJibHble coo6proKeHHSI. 

qTO KacaeTCSI 3KCnepHMeHTaJibHOH curyaU:HH, TO OHa npe.ncTaBJllleTCSI HaM 

qpe3Bb1qaiiHO CJIO)KHOH, Bo ucex 3KCnepHMeHTax, r.ne Ha6JIJO.D:aJIHCb 3cpcpeKTbl 

B CHCTeMax nK+ HJIH pKJ, BH,USIT TOJibKO 0.D:HH IlHK npH Macce B paiioHe 

1, 530-1, 540 f:;,B/c2• 3TO CBSl3aHO, IlO-BH,nHMOMY, C HH3KOH nepuuqHoH 3Hep­

rneii, He,nocTaToqHblM pa3peweHHeM no MaCCaM, MaJIOH CTaTHCTHKOH H HaJIHqHeM 

paJJIHqHblX Bb16opoK B 3KCnepHMeHTaX. 

HaM npe,nCTaBJISleTCSI, qTo HaH60Jiee cymeCTBeHHblM ceiiqac SIBJISleTCSI Ha6JIJO­

.neHHe eme xoTSI 6h1 o.nHoro peJoHaHca, onpe.neJieHue cnHHOB xoTSI 6b1 .nuyx pe­

JOHaHcou " TOqHoe onpe,neJieHHe ux wHpHH. Ilpe.ncKaJbIBaeMbIH JaKoH poem 

WHpHH pe30HaHCOB C pOCTOM HX CilHHa f ~ J 3 / M 2 [2] oqeHb )KeCTKHH. IlpH 

yueJiuqeHHH CilHHa B 5 pa3 WHpHHa B03pacTaeT B 125 pa3 H yuu.neTb qTQ-JIH6o Ha 

3KCnepHMeHTe MO)KHO, ecJIH H MaCCbl pe30HaHCOB CHJibHO B03pacryT, qTQ TPY.D:HO 

,nJISI Ha6JIJO,neHHSI, " Bbl3bIBaeT BOilpOCbl O cnpaBe,nJIHBOCTH HepeJISITHBHCTCKOro 

no.nxo.na, HCilOJibJyeMoro B MO,neJIH KHpaJibHOro COJIHTOHa. 

ABTOpbl 6Jiaro,napSIT B.fl.fl106owuu:a Ja IlOCTOSIHHYJO IlOMOUlb B pa6oTe, KO­

TopyJO OH OKa3bIBaeT Ha npOTSl)KeHHH MHOrHX JieT, a TaK)Ke E. A. CTpOKOBCKOro 

H M. B. ToKapeua, KOTOpbie He TOJibKO npHBJieKJIH Hawe BHHMaHHe K ,naHHOH 

cpHJHqecKOH npo6JieMe, HO u IlOCTOSIHHO npe.nocTaBJISIJOT BIDKHYJO cpHJHqecKyJO 

HHcpopMaQHJO. 

EJiaro.napuM E. H. KJia,nHHU:KYJO 3a pSI,n noJieJHbIX JaMeqauuii. 

Mbl npH3HaTeJibHbl BCeM COTPY.D:HHKaM O1-UIH, IlOMOraJOUlHM HaM u o6pa-

6oTKe MaTepuaJia: Jia6opaHTaM BEflB3, HH)KeHepaM nHT, 06cJiy)KHBat0mHM co­

OTBeTcrny10my10 annaparypy. 

Pa6oTa BblilOJIHeHa u paMKaX TeMbl 03-1-0983092/2004 B BEflB3 O1-UIH. 
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