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IIpoBe,lJ.eH MBKpOCImnHqecKH:it pac"tJeT CeqeHBA peaKlJ,d pp -+ PfJT1, pn -+ pn1J 1'1 pn -+ d1] 

OOJIH3H nopora. MCCJle,n:oBaJIBCb B03MO)KHOCTB pO)K,lJ.eHHH Tj-Me30Ha qepe3 npOn;eCCbl O,lJ.H060

3OHHOro o6MeHa (OBE) c yqeTOM npOMe)KyTo'tJHblX 1r, p, 1], (1-Me30HOB, a TaK)Ke MexaHl'I3M 

npHMoro pO)K,lJ.eHl'IH.. 9<t><peKTbl B3aHMo.n;eftcTBBH HYKJIOHOB B Ha'laJIbHOM JII KOH~,qHOM co-

CroSIHHHX nOCJIe.n.OBaTe.!lhBO yqllTblBa.JIHCb. IIOJIyq€HHble pesYJIbTaTbI HaxO,n:HTCH B KOJIBqe

CTBeHHOM COrJIacHl'I C 9KCnepJlIMeBTaJIhHblMH MHHblMH. IIoKa3ano, qro MexaHH3M o6MeHa 

nHOHOM Hrpae:r ,n:OMHBHpyIOmylO pOJIh B npon;eccax pO}J{,lJ.eHHH Tj-M€30Ha. 

ON THE 1]-MESON PRODUCTION IN NUCLEON-NUCLEON COLLISIONS. 

V. V. Barn, A. M. Gasparian, A. E. Kudryavtsev, J. Haidenbauer\ C. Hanhart1, 

J. Speth! 

A microscopic calculation of the reactions pp -+ pprJ, pn -+ pnT} and pn -+ d1] have 

been performed in the near-threshold region. The production mechanisIIls which have been 

included consist of rescattering terms with M = 'ff, p, T}, (T meson exchanges and the direct 

Tj production. Effects of the final (FSI) and ~initial state (lSI) interaction between the 

nucleons are fully taken into account. The results are in the quantitative agreement with 

the experimental data. It is shown that the pion exchange mechanism plays the leading role 

for the 1]-meson production. 
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1. BBe~eHHe 

HHTepec K HCCJIe,Il,OBaHBIO npo~eccoB pO>K~eHBH Me30BOB B HYKJIOH-ByMOBHhIX coy~apeBB

SIX nepe>KBBaeT 3HR'IHTeJIbBhI:it BCnJIeCK B DOCJIeAHHe ro)l.ld. rJIRBHblM 06pa30M 9TO CB.H3aHO 

C DOTOKOM HOBhIX 9KCDepHMeBTaJIbHhIX ~aHHhIX no pO>K~eH:mo 7r-, 1]-, r/- B .zq>. Me30HOB 

B6JIH3B Dopora, nOHBJISIOlU,HXCH Ha Pa3JIH'IHhIX SKcnepHMeHTaJIbHblX <l>a6PHKRX. 9TH "aH

Hble B cOBOKyrrHocTH C TeOpeTB'IecKHM aHaJIB30M OTKPblBaJOT yHHKaJIbHYlO B03MO>KHOCTb 

)J.JJH YCTa.HOBJIeH1UI peaJIbHOrO MexaHR3Ma pO>K,ll.eHHH P83JIH'IHhIX Me30HOB, a TaK>Ke ~JIS 

B3yqeHH}l CBOftCTB MeOOH-HYKJIOHHOro H HYKJIOH-HYKJIOHHOro H3aHMO~efkTBHft. B nOCJIe~

HHe I'O)1.hI BRMeTBJICS Cy~ecTBeHHhIA DpOrpecC B HCCJIe)1.0BaHBB peaK~B N N -t N N 1f C 

po~eHHeM DHOHR [1, 2, 3, 4, 5}, KOTOpaa }lBJISeTCS OCHOBHbIM BeynpyrHM KaHaJIOM NN

B3aBMo~eftcTBHs. O)1.HaKO peaK~B c po>K)l.eHHeM 60JIee TSI>KeJIbIX Me30HOB H, B'I:aCTHOCTH, 

77-MeooHa nOKa HCCJJe~OBaHbl 3HR'IHTeJIbHO xY>Ke. 

IIpH BeeM 06HJIHH TeOPeTB'IecKHX BCCJJe)1.oB8.Hd npo~eccR pO>K,ll.eHH}l 77-MC30HR B NN

coy,n;apeHHHX [6, 7, 8, 9, 10, 11, 12, 137 14, 15] OCHOBHOA Bonpoc 0 TOM, KaKoit Mexa.HH3M 

pO>K,D.eHHS SBJI}leTC9: rJI8.BHbIM, )1.0 CID{ nop OCTa.eTcsr OTKphITbIM. IIpH 9TOM npo~ecc O~H

06030HHoro 06MeHR HyKJIOHOB Pa3JIH'IHbIMH Me30HaMH He nO~BepraeTCSI COMHeH1no II HBJJ}l

eTCsr CTaPTOBOft TOliKoD Beex Cyrr(eCTBYJO~ HCCJIe,n;OBaHD. O,n;H8.KO OCTaeTeR HeBbISCHeH

HhIM, KaK01t liS 06MeHHhIX Me30HOB HrpaeT Be.n:ymyJO pOJIb B npo~ecce PO>KlI.eHHR 1]-Me30Ha. 

B lIacTHOCTH, B p.H)1.e PaOOT [8, 11, 12, 13] npe,n;noJIaraeTc.st, liTO Be.n.ymy.ro pOJIb )1.0JI>KeH 

HrpRTb 06MeH TSI>KeJJLlM BeKTOpHbIM Me30HOM p, TOr)1.a Ka.K B .n.pyrHX pa60Tax (14, 15J 

ero BKJIa.,lI; JIH60 npe~OJIRraeTCsr MaJIblM, JIH60 Boo6~e He pacCMaTpHBa.e1'CH [10]. KpoMe 

TOI'O, YCTaHOBJIeHHe pe8JIbHOro MeXaJm3MR po>K,ll.eBH}l 77-Me30HR D03BOJIHJIO 6b1 IICCJIe.u;o

BaTh ponb pe30HRHca 511 N*(1535). MH30CTb KOTOporo K CYMMRPBOI Macce 1]N-CHCTeMbI 

(~+ mN ~ 1496M9B) B pea.KIJ;HH NN -t NN77 .u;OJI>KHR HaKJI~BaTb cY~ecTBeHHblA OT

De'IaTOK Ba 77N-B3aHMOlJ.eACTBHe KaK B npo~ecce pO>K,D.eHHH, Ta.K H B KOHellBOM COCTOOHH. 

,lI,pyroA BR>KB01t ~eJIblO myqeHHH npo~ecca po>K)l.eHHH 77-Me30HR HBJI.steTCH HCCJIe,n;OB8J{He 

94>4>eKTOB B3aHMO,lI.e:A:CTBHH HyKJIOBOB B KOBe-.:mOM (FSI) B HRlIaJIbHOM (lSI) COCTOHHHHX. 

nOBHMRHBe <pH3HKB 3TICX 06~ 3<p<peKTOB .stBJIXeTCH He06xo,lI.HMbIM )1.JIX HCCJJe,lI.OBaHHH npo

~eccOB pO>K)J.eHHH Pa3JIH'IHbIX Me30BOB (He TOJIbKO 77) B NN-coY)1.apeBHlIX. B 60JIblIIHHCTBe 

http:Be.n.ymy.ro
http:npe,n;noJIaraeTc.st
http:O,n;H8.KO
http:BCCJJe)1.oB8.Hd
http:I'O)1.hI
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PaOOT, CBSl3aHHbIX C pOlK,ll;eHHeM Me30HOB, FSI- H ISI-3<P<PeKTbI Yl:JHTHBaKlTCSI O>:feHb npH6nH

>KeHHO, C npHMeHeHHeM He.D;OCTaTO'iHO 06ocHOBaHHbIX nO)J,XO.D;OB .D;JISI nO.nyqeHHSI a6COJIIOTHbIX 

Be.nH'IHH Ce'IeHHSI. 

HaKOHel~, XOTeJJOCb 6bI IIO.D;'IepKHYTb, >:fro MHOme H3 TeOpeTH'IecKHX Mo,n;e.n:eii npHBO,n;SIT 

K pe3ynbTaTaM, KOTOpHe HaxO.D;SlTCSI B Kal:JecTBeHHOM COrJIacHH C c~ecTBylOm;HMH 9KCnepH

MeHT8MH 110 pea~BH pp -t PP'fl [16, 17]. o,rUIaKO B 60JIbmHHCTBe H3 HHX He paCCMaTpHBalOTCSl 

.D;Pyme KaHaJIbI peaK~B NN -t NN1J, a HMeRHO pn -t pn1J H pn -t d1J. B CBHSH C aTHM no

SlBJIeUHe HOBbIX Ha.D;e>KHbIX 9KcnepHMeHTaJIbHbIX .D;aHUhIX no 9THM peaKlJ;1UIM [18, 19] Kpalue 

Ba)KHO, TaK KaK 9TO 1103BOJlKeT ocy:m;ecTBHTb e,ll;BHbIii TeOpeTH'IecKBii aHaJIH3 060BX H30cnH

BOBbIX KaRMOB (1=0,1) B Pa3JJ:Hl:JHbIX peaKI1.HSIX NN -t NN1J H, CJIe,n;oBaTeJIbHO, HMO>KHTh 

SHal:JBTeJlbHbIe orpaHIPleHHK Ha cym;ecTBylOm;He TeOpeTHl:JecKHe MO}1;eJIH. 

2. PaCqeT peaK~H NN -+ NN'fJ 

PacCMOTPHM MexaHH3M pO>K,lJ.eHBK 1J-Me30Ha B HameM no,o;xo.n;e. CmpTOBoA TOl:JKoA Hamero 

HCCJle,lJ.OBaHHK HBJIHeTCS 60PHOBCKoe npH6Jm>KeHHe HCKa>KeHHHX BOJIH (DWBA), B KOTOPOM 

aMlI.1IHTY,lJ.a peaKD,HH pa3,lJ.eJISieTCH Ha 9<P<peKTH BSaHMO,lJ.eiicTBHK 'IacTHD; B Hal:JaJIbHOM (lSI) 

H KOHel:JHOM (FSI) COCTO:H'HHHX H HeIIOCpe,lJ.CTBeHHO npOlWCC PO>K)J.eBHH, T.e. 

(1) 

f.D;e IXa:} - BOJlHOBaSI <PYHK~.H cB060~ l:JaCTHI1. B Ha'IaJIbHOM HJIH KOHel:JHOM COC'fOSlHHKX 

(a = i, f), Go CB06o,lJ.HaJr <PY~HK rpHH8, TNN NN T-M8TpHu;a, A2-t3 6opHoBcK8Sl 

aMIIJIHTY.D;a pO:>K,lJ.eHHSI. B 9TOA <popMYJIe He yqTeHO 1JN-B3aHMO,lJ.eitCTBHe B KOHe"<IHQM co

CTOSlHHH • .L(eJJO B TOM, 'iTO 3KCnepHMeHTaJIbHHe ,lJ.aHHbIe [16, 18, 20] CBH,lJ.eTeJIbCTByIOT 0 

Ba>KHOCTH aTOm B3aHMo.D;eAcTBBK TOJIbKO B O'IeHb Y3KOit 06JIacTH 9HepmA Q $ 10MaB Ha,lJ. 

1f-nOporoM. flO9TOMY H3Yl:JeHHe MexaHH3Ma ~eHHK 1}-Me30Ha, KOTOPoe HBJI.HeTCH npe,lJ.- ~ 

MeTOM Hamero Hcc.ne,lJ.OBaHHK, MO>KeT 6bITb npOBe,lJ.eHO 6e3 Y'Iem 1JN-B38.HMO,lJ.eitCTBHSI B 

06JI8CTH 9Hepmii 10 M3B $ Q $ 50 MaB. AMnJIHTY,lJ.a pO:>K,lJ.eHJUI A2-+3 B HameM nO)J.XO,lJ.e 

eOCTOHT H3 ,lJ.HarpaMM, BKJIIOqaiOm;HX nepepaCCe.HHHe e 06MeHaMH 1r-, ()-, rr, c-MeSOHaMH, a 

TaIOKe npKMoro 1J-pO:>K.D;eHHH• .L(HarpaMMbI, pacc'iHTbtBaeMbIe B HameR creMe, nOKa3aHH ua 

pHC.1. O)l,HH H3 npHHIQrnHMbHhIX MOMeHTOB uamero Hcc.ne,lJ.OBaHHa: COCTOHT B HCnQJIb30Ba

HmI peanHCTH'iecK01t MO,lJ.eJIH MN-B3aHMO,lJ.e1tcTBHSl, B KOTOpoA Bee aJIeMeHTapHbte aMllJIHTY

.n;bI M N -t 1JN, BXO)'J,ffiI:Qie B aMnJIHTY.ll.Y pO:>K,lJ.eHHK 1J, TpaKTyIOTCSI COrJIaCOBaHHO. KpoMe 

TOro, NN FSI- H ISI-3<p<peKTbI Y>:fHTbIBalOTCSI nOCJIe.n;onaTeJIbHo. IIo,lJ.'IepKaeM, 'ITO 3a HCKJIIO

l:JeUHeM HeKoTophIX 06'beKTHBHhIX aeonpe,lJ.eJIeBHOCreH, CBSlSaHHbIX C <PeHoMeHOJIOfnecKoit 
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PDC. 1 . .LJ;HarpaMMhI, )l,aJOlI\He BKJIa)l, B npo~ecc pOJK)l.eHHH TJ-Me30Ha B peaKIJ,HH N N -+ N N 1] 

B HameM nOAxOAe. 

npHpO)l,o'D BepUIHHHhIX <PoPM<paKTOpoB B BbIDOPOM KOHCTaHThI CBR3B 1]NN, pac"leT, BbIllOJI

HeHHblA B .n,aHHoA pa60Te, He co.n,ep>KHT KaKJrX-JIB60 CB060)l,HbIX napaMeTpoB. 

2.1. Mo,n;eJIh Me30H-HYKJIOHHOrO (M N) B38.HMo,n;eAcTBHB 

B )J,aHHOM p3.3,D;e.ne o6cY)J(,lJ;aeTCH CTpYKTypa H pe3YJIbTaThI Me30H-HYKJIOHHoit (MN) MD

.n,eJIH, BCnOJIb3yeMoit. B H8.IDeM pac"leTe npOIJ,eccoB pO)J(,lJ;eHHSl TJ-Me30Ha. 9Ta MO,lJ,eJIb 6hIJIa 

p83pa60TaHa B IOJIHXe O.Kpe.1IeM [21, 22]. OCHOBHaSJ IJ,eJIb MO,lJ.eJIB O,D;HoBpeMeBHoe onH

caIDfe 1['N -<p830BbIX c,I.l.BllTOB H BeynpyrOCTeit, a TaK}f(e Ce"leBmi nepexo,n.a 7rN --t M N C 

po}f()l,eHHeM TJ- B p-Me30HoB. MO,lJ.eJIb OCBOBhIBae'rCR Ha pemeBHB peJIHTHBBCTCKOro YpaBBe

HUH THna JIuDDMaHa-IlIBBBrepa)J.1Ig CBCTeMLI C mecThlO CBR3aHHLrMlI KaHaJIaMB, a lIMeHHO 

http:p3.3,D;e.ne
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1I"N, 1JN, pN, erN, 11"6. H 1rN4«1520). Bce MN-nOTeHlJ,HaJIbI CKOHCTpy.n:POBaHbI Ha OCHOue * 
q,eKTHBHbIX JIarpaH*BaHOB C BCnOJTh30BaHHeM BpeMsrynopsr,lJ,OqeRHoft TOOpHB B03Mym;eHHI 

(TOPT). IToTeHIJ,HaJIbI COCTOHT H3 t-KaHaJIbHbIX MesORHbIX 06MeRoB, 8-KaHaJIbHbIX peso

HaHCHbIX rpa<PHKOB 1'1 U-KaHa.JIl>HbIX 6apHoHHbIX 06MeRoB. ,lJ;aHRaH MO,lJ,eJIb o6ecneq]lBaeT 

Y,lJ,OMeTBOPHTeJlbRoe oIIHcrume nO'ITH BceX 1I"N-napIJ,HaJIbHbIX aMlIJIHTy,lJ, c J ~ 3/2 [21]. B 

qacTHOCTH, B Su-napIJ,HaJIbHOA BOJIRe, KOTOPasr HBJISIeTCH BaH60JIee Ba.>KHol )J,JlH peaKD;HH 

N N -t N N 1J B6JIH3H ee nopora, Ha6JIIo,ll.aeTCH xopomee corJIacHe C SKCl1epHMeHTaJIbBbIMH 

,lI.a.HBbIMH B o6JIacTH S; 70 MaB Ba,lJ, noporOM pO*)J,eHBH fJ (1JN-l1opor ~ 1486 MaB) (CM. 

l1YBKTHpBbIe KpHBbIe Ba pBc.2). ITOSTOMY 9Ta MO,ll.eJIb HBJIHeTCH xopomeit cTapToBOI TOq-

Phase shift (degree) elasticity (11) 
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PHC. 2. 1rN-q,a30BbIl C,lI.BHr H ynpyroCTb B 811-napIJ,HaJIbHOA BOJIHe. IIYBKTHpBhIe KpHBbIe 

l1pe,ll.CTaBJIHIOT pe3YJIhTaTbI BCXOABOit MO,ll.eJIB, TOr,na KaK CDJIOIDBbIe JIHHHH COOTBeTCTBYlOT 

pesynbTaTaM paC'Iem c yqeTOM ,lI.0110JIBHTeJIbHbIX ,lI.BarpaMM B KaHane pN -t 1JN. 

KOI: P,1UI Bamero pacqe:ra. Ha OCBOBe STOft MO,lJ,eJIB BaM}{ 6hIJIH pacCqHTaBht BReMaCCOBhte 

(off shell) aMDJIBTY,lJ,ht nepexO,lJ,a M N -t 1JN, BCnOJIb3yeMhIe B paCqeTe pO*)J,eHBH 7f"Me30aa. 

B~BbIM cne,lJ,CTBBeM HCnQJIb30BaBHH MO,lJ,eJIH HBJIHeTaI: TOT <pa.KT, 'ITO OTBOCBTeJIbBhte q,a

3ht Me~ BKJI8.)J,aMH paanHqBhIX Me30BOB <pHKCIq)OBaBbI H He HBJIHlOTCH cB060ABhtMB l1apa

MeTpaMH. 9TO HBJISleTCSI OTJIB'lHTeJIhBOI OCo6eRHOCTblO Hamero pacqeT8., T.K. B aOCOJIIOTBOM 

60JIblIIBHCTBe TOOPeTH'IecKHX HCCJle,ll.OBa.B.Hit OTBOCBTeJIbHaSI .:pasa BbJ6HpaeTCSI pYKaMH )J.JIH 

,lJ,OCTB*eHHH R8.HJIyqmero.Cq:r:.naclul C axcnepBMeHTOM. 

OTMeTHM, OABaKO, 'ITO 06cY*,lI.aeMaH M N-Mo,neJIb B ee BCXOABOI: uepCHH He co,nep*HT 

HeKOTOpbIX <pH3H'leCKHX npou.eCCOB (BanpHMep, nOTeHn;HaJlOB npHMoro nepeXO,ll.a pN -t 1JN), 

KOTOpble ,lI.OJI*Hht l1PHcYTCTBOBaTb H Ba>KHhI )VIH BCCJle,nOBaHHH MexaHH3Ma po*,neBHH 7f" 

Me30Ha. IIoSTOMY MbI pa3pa60TaJIH MO,lJ,Hq,BIl,HpOBaHHyIO BepCHIO MO,lJ,eJIH, B KOTOPYlO BKJllO

qeHIx ,u.onO.1I1JHTeJIbHbJe .D;:Harp3.MMhI nepexo,na pN -t 1JN 'lepes pe30HaHC 8u N*(1535), ,no

MHHHpYlOlI\H1: B 06JIacTH nopora 1J-pO>K,lI.eH:HH. B pesyJIbT8.Te 6htJIO ,nOCTHrnyro YJIY'lmeRHe B 

onHcaHHH 11" N-HeynpyrocTH B Ba*HeA'mel ,D;JIH Hac nap:U;:H8JIbHOA' BOJIBe 811 B 06nacTA ::mep

http:pesyJIbT8.Te
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rnit ~ 60 -:- 70 M3B Ha..n. lIoporoM 7]-pO}f()J;eHHH (CM. ClIJIOIDHble KpHBbIe Ha pHc.2). BJIHHHHe 

3THX )J.HarpaMM Ha npou.ecc N N -+ N N 1] npOaHa.rrlf3HpoBaHo B pas,n;eJIe 3. 

2.2. NN ISI-3cPcPeKThI B npo~ecce pO}f(,n;eHHH 1J-Me30Ha 

PaccMarpHM clIe~<pH'tJecK!!e CBoitcTBa ISI-9<p<peKToB 

• 	 ISI-::KP<l>eKTbf paCCMaTpHBRlOTCH npH ,n;OCTaTO'IHO BhICOKHX 9HeprH>IX, lIO KpaitHeit Mepe 

B cpaBHeHHH C FSI B C 06JIacTbIO 3HeprHA, npH KOTOPhIX npBMeHHMhI CTaH)J.apTHhIe 

lIOTeHll.HaJIbHhIe MO,n;MH NN-B3aBMo)J,eitcTBBH. B "tJaCTHOCTH, JIa6opaTopHaH 9HeprnSl, 

COOTBeTCTByro:m.aSJ 7]-nopory, paBHa 11Gb = 1250 M9B. 

• 	 lSI He BJIHHeT Ha 3HepreTHqecKoe lIOBe,n;eHHe lIpOlJ,eCCa 'TJ-pO)K,n;eHHH B6.rrH3H lIopora, 

T.K. HR"tJaJIbHbIe lIpOTOHbI CJIBIDKOM 6bICTPbI H, lI03TOMY, CJIa60 qyBCTByIOT He60JIbmHe 

BapHalJ,HH 9HeprnH B6JIH3H lIopora. (Ha"tJaJIhHhIit HMlIyJIhC B cms p~ ~ 800 M9B/c 

B cpaBHeHBB C KOHe"tJHhlM pi ~ 200 M9B/c B BHTepecyrom;e"A: Hac 06JIacTB BMB3B 

'TJ-nopora). 

• 	 NN-pacceHHBe B paccMaTpHBaeMo"A: o6JIacTH 3Heprnit HBJISleTCH CBJIbHO HeynpyrBM 

6JIaro)J,apH pa3pemeHHhIM lIPOlJ,ecCaM MYJIbTBlIBOHHoro pO)K,l1;eHHH. IIoKasaHo (CM., Ha

lIpHMep, [23] ), "tJTO B TaKOM CJIy"tJae lSI lIPHBO,n;HT K YMeHhIDeHHIO ce-qeHlur peaKIJ.HH. 

Xopomo H3BeCTHO, 'tJTO 06JIacTb lIpHMeHHMOCTH CTaH,lI;apTHbIX peaJIHCTH"tJeCKHX NN

MO)J.e.neii, COOTBeTCTByrom;mc BOHHCKOMY (full model, Bonn B H ,l1;P.) [24, 25] If IIapB)f(cKD

MY [26] rro1'eHlJ,HaJIaM, orpaHB"tJHBaeTCll lIOporoM pO)K,ll;eHHH 7f-Me30Ha. TaK KaK Ha"tJaJIbHaSJ 

3HeprBH HYKJIOHOB B peaKlJ,HH N N -+ N N'TJ ropaa,n;o 60JIbme ,n;a)f(e rropora ,n;ByxnHOHHD

ro pO)f(,l1;eHHSI, Tpe6yeTCH HeKOTOpaSJ aJIbTepHaTHBHaSJ Mo,n;eJIb ,l1;JISI KoppeKTHoit TpaKTOBKH 

ISI-3<p<peKToB. TaKaS! Mo,n;eJIb (rro)J. HaaBaHHeM CCF) 6bma Pa3pa6oTaHa XaA,n;eH6aY3pOM H 

APyrnMH 127]. Bee ,lI;HHaMH"tJecKHe 9<p<peKThI BKJIIO"tJeHhI B 3Ty MO)J,Mb B TO"tJHOM COOTBeTCTBHH 

C lIOJIHO:A BOHHCKO:A MO)J,MbIO. B8.)f(Ho, 'llTO HeynpyrHe KaHaJIbf N.6.- H ~~-B3aHMo,n;eitcTBHH 

Y'llBTbfBaIOTCSI B 3TO"A: MO)J.eJIH, 3<p<peKTBBHo lIapaMeTpB3YH 7fN N - B 11"11" N N -lIpOMe>KyTO"tJHbIe 

COCTO.HHHH. Ha pHc.3 lIpe)J,cTaBJIeHbf Pe3YJThTaTbI MO)J,MB CCF )l.JIH NN-<p8.30BbIX C,n;BHrDB H 

HeyrrpyrocTeA B 3PO- H IP1-rraplJ,HaJIDHhIX BOJIHaX, KarophIe H smJIffiOTCH npe,ll;MeTOM Hamero 

HHTE!peca npH pac"tJeTe ISI-3¢<l>eKTOB. Ha OCHOBe xopomero COrJJacHSJ C 9KcnepHMeHTaJIbHbf

MB ,lI;aHHblMB MbI ,lI;MaeM BbIBO,ll; 0 peaJIBCTB"tJHOCTH .n.aHHoA MO,n;e.nH B :IJ,e.necOO6P8.3HOCTB ee 

BCnOJJb30BaHHSJ npH pac'1'eTe NN ISI-3<P<PeKTOB. 

B ,lI;a.HHoA pa6are MhI HClIOJIb3yeM ,lI;Ba Pa3Jm'1'HbIX MeTO)J.a paC'1'eTa ISI-3<l><PeKTOB - rrpH

6JJH>KeHHhlii nO)l;xo,n;, BBe)J;eHHhfii B 123]' H MeTo,n;, KOTOPbf:A MhI 6Y,ll;eM Ha3blBaTb "nOJIHbI:A 

pac"tJeT". Pa3JIH'llHSI Me)K,l1;y HHMB COCTOHT B TOM, 'ITO npH paCqeTe neTJIeBOrO lfHTerpa.rra c 

http:MO,n;e.nH
http:peaKIJ.HH
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PHC. 3. ¢>a30Bhrli C)J.BHr d H HeynpyrOCTb f/ = cos2p, pacc"<lHTaHHhIe )JlIH 3Po- H lP1

napn;H8JJbRhIX BOJlH Ha OCROBe MO,IJ.eJJH CCF [27]. 

yqeTOM lSI B nepROM H3 HHX pacC'lIHTblBaeTCH TOJlhKO d-CPYHKqHOHHbID 'lIJIeH, CBSI3aBHblit C 

yaw.raPROCTbIO, TOr,ll.a KaK B nOJlHOM pac'IIeTe KpOMe TOro ytJHThIBseTCH HHTerpan no neTJle 

B CMhlCJIe rJIaBHOro 3Ha'teHHH (P.V.). B npH6JUDKeHHOM nO)J,Xo,ll.e ISI-a¢cpeKTbI CBO)J.HTCH K 

CPaKTOPY onpe,n.eJleHHOMy Ha pHc.4. rJlaBHOe npeHMym;ecTBO npHMH>KeHHOA TPaKTOBKH co

CTOHT B TOM, 'tTO ISI-<l>aKTOp BblpIDKae'J'Cg TOJIbKO 'tepe3 on shell NN-,n.aHHbIe CP830BbIit 

C)J.BHr 6 H HeynpyrOCTb f/: 

(2) 

T.e. MO,ll.eJlbHO He3aBHCHM. 3,n.ecb Pi (E) - HMfiyJIbC (sHeprnH) Ha'IIQJ1bHbIX HYKJIOHOB B CHCTeMe 

2 fJe2i5 -1 
Il,eHTpa Macc, aNN T-MaTpm:t.a TNN CBH3aHa COif TJ COOTHomeHHeM T = 

rrE 2ip 
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I :;: 

PHC. 4. Onpe.n.eneHHe ISI-<paKTOpa B npH6mnKeHHoM nO)J.Xo.n.e. 

TPHBHaJIhHoe CJIe.n.CTBHe Bhlpa>KeHHH (2) COCTOHT B TOM, "ITO j112 :'5 HI +'1)'l,T.e., HCnOJIb3YH 

npH6JIH}[(eBBhl:A no)J.Xo.n. [23], MbI nOJIY"IaeM, "ITO ISI-<paKTop Bcer.n.a MeHbme e,IJ.HHHn.hl H, 

CJIe~OBaTeJIhHO, YMeHbmaeT a6COJlIOTHYJO BeJIH'IHBy Ce"IeHJIIH. 

OTMeTHM, o.n;HaKO, 'ITO .n;a)Ke B TaKOM ynpom;eHHOM nO)J.Xo.n;e HMeJOTC.H HeKOTOphle 06'beK

TBBHhle Heonpe.n.eJIenHOCTH npH pac"IeTe ISI-3<p<peKTOB. IIepBaH np06JIeMa CBH38.H& C Be.n.o

CTaTKOM 9KcnepHMeBTaJIbBbIX .n.aHHbIX no H3MepemuIM Ha He:ATpoHHo:A MHmeHH npH BblC()

KHX :meprHlIX, T.e. ,ll.JI.H pn-paCCe.HHHH. ,IVUT 1P1-napll,HaJIbHOA BOJIHbI Ha"laJIbHbIX HyKJlo

BOB, KOTOP8.S1 .HBJ}.HeTCH Be.n;ym;ei JVIH peaKJ1,H:A pn -t J1n'1 H J1n --+ d'1, 9KcnepHMeHTa,ilbHhle 

.n.aHHhle .n.OCTynnbI TOJIbKO .n.o 9Hepm"ft 11ab 1300 MaB. Il03TOMY pO}[(,lJ;eHHe 7]-Me30Ha, 

KOTOPoe cTapTyeT C 11ab = 1250 MsB, n&Xo.n;wrCH na caMOM XBOCTe H3MepenHbTX .n.8.HHhlX. 

BTOpaH np06J1eMa 3TO MaJIOCTb ISI-<paKTopa, "ITO 03H&"IaeT Ba.>KHOCTb ISI-3<p<peKToB, T.K. 

OOcOJIJOTHaH BeJIH"IHHa Ce'leHHH peaKJ1,HH Hanp.HMYJO OT HHX 3aBBCHT. 3Ta MaJIOCTb pe-

3YJIbT&T CHJlbHO:A KOMneHCa.r:J;HH Me>K.n;y "IJIeHaMB 1 H '1008(26) B Bblpa.>KeHHH (2). II09TOMY 

)l,8.)f<e He60JIhIIme BapHa.JJ,lIH aH '1 MOryT npHBocTH K 3aMeTHblM Pa3JJHqHHM B ISI-<paKTOpax. 

CpaBlmM, HanpHMep, pe3yJlbTaThl .D.J1.H lSI B 3 Po-napll.HaJIbHoA BOJIHe Ha nopore peaKll,HH 

PP --+ 'f1PI1, paCCQHTaHHbIe, HCnOJIb3YH on shell .n.aHHble H3 NN-MO.n;e.nH (27} H .n.aHBhle <p330

BOro 8.HaJIB3a rpynnbl SAID [28]. Kax CJIe.n.yer H3 TaM.I, OTKJlOHeHHSI ,...., 10 - 20% )1,JJH 6 

H '1 npHBo.n;5IT K Pe3YJIbTaTaM .n;JIH ISI-<paKTOpoB, KOTophle OTJJHQa.:IOTC.H npHMepHO Ha 40%. 

,L\pyroe cne.n;CTBHe KOMneHCaJ1,HB B (2) COCTOHT B TOM, 'ITO P.V.-HHTerpan, KOTOPbIM .n;o CHX 

nop npene6peranH, B .n;eACTBHTeJIbHOCTH, MO}[(eT BJIH5ITh Ha BeJIHQHHY ISI-a<P<peKTOB. KaK 

y)l(e OTMe'laJIOCb, ISI-<paKTOp, paCC"'IBTaHHbI1i no <p-JJe (2), YBHBepcaJIeH, T.e. He 3a.BHCHT 

OT MexaHH3Ma po~eHHSI. KOHeQHO }[(e, P.V.-HHTerpan Hapymaer STy ynHBepC3JlbHOCTb, 

T.K. OH saBHCHT OT )J,HHaMH'IOCK'HX XapaKTepHCTHK, CB.H3aHHbIX C KOHKpeTHbIM 06MeHHbIM 

http:NN-MO.n;e.nH
http:KOTOP8.S1
http:e,IJ.HHHn.hl
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SAID 1112 NN model 1112 
{) = -61.3 {) = -67.0 

7] =0.71 0.19 fJ =0.55 0.13 

ISI-c:};mKTophI B 3 P o-napII,H8JIbHo:R BOJTHe Ha IIopore peaK~H pp -t PPf/, pacC"IHTaHHble, 

HCIIOJIh3YH on shell )l,aHHhIe U3 NN-MO)l,eJIU [271 H )l,aHHhIe <pa30BOro aH8JIU3a rpynnhI SAlD. 

Me30HOM, TaKHX KaK Macea Me30Ha H MN T-MaTpun.a. II09TOMY 6bIJI BbIllOJIHeH pac-creT 

)l,HarpaMM, npe)J,CTaBJIeHHbIX Ha puc.I, C y"leTOM P.V.-HHrerpana B Ha"l8JIbHOM COCTOS1IHH 

KaK B O,n;HQ-, TaK H B )J.ByxTIeTJIeBbIX )J.HarpaMMax. IIpH pac-crere P.V.-HHTerpana 6bIJlO HC

n0JIb30BaHO npH6JlH}KeHUe, BBe.n;eHHoe B JIJITepaType BaTHHu"IeM U )l,p. 110], npu KOTOpOM 

)l,JlS[ pa.c-creTa aMIlJIHTY)l,bI pO>K,l\eHHa: npOMe)Kyro1:JHbIe HyKJIOHbI B ISI-IIeTJle pa.cCMaTPBBaIOT

C.H Ha MacCOBO:R nOBepXHOCTH. B T8.6JI.2 npHBe)l,eHbI 3Ha-creHRH ISI-<paKTOpa, pace'tJHTaHHhle 

BMH3H nopora 1]-Me30Ha ,!VIa: 3Po-IIapl:{HaJIbHo:R BOJlHbI pp-naphI, a TaK}Ke 3Ra1:JeHB.H ero 

COCTaBJIHIOlII,HX: BKJIM 6opHoBCKOro "'IJIeHa, P.V.-HHTerp8JI H {)-<pYHKII,UOHIibIA: YHRT8pHm 

-crJIeR (U.T.) B BU)ry 3aMeTHbIX pa3JlFld Me)K,Dy pe3YJIbTaT8MH aTHX IIO.n;xO,n;OB 1I0,n;-crep

Q=l MaB Born U.T. I P.V. 1112 eq.(2) IIGI2 
1r 

p 

." 
a 

O.88+0.57i 

-0.46+0.7i 

0.73+0.48i 

O.0l-0.59i 

O.5-0.56i 

0.45-0.39i 

OA1-0.46i 

-O.1l+0.41i 

O.09-0.4i 

0.0S-0.l8i 

-0.1-0.l3i 

-O.04+0.06i 

t 
0.13 

.l

0.35 

0.03 

0.08 

0.11 

3Ha-creHH.H ISI-Q>aKTOpa, paCC"'IHTaHHbIe IIpH Q=::l MaB HM T}-IIoporoM )\JIH 3 Po BOJl

RbI npOTOHHoit napbL 1112 COOTBeTCTBYeT ISI-<paKTOPY, pa.cc-qHT8.HHOMy, HCnOJIb3Y.H IIPU

MH>KeHHoe BhlpruKeHue (2), Tor,n;a KaK IIGI2 - nOJIHbIit ISI-<paKTop, f'qHTbIBaJOlII,Bit T8J()Ke 

BKJIM P.V.-HHTerpaJI& B ISI-IIeTJle. TaK)Ke IIpOe)l,eHhI BKJIMbI 6opRoBCKoro "'IJIe:Ha, P.V.

HHTerpaJIa H {)-<pYHK~OHHOro "'IJIeHa OT YHRTapHOeTH (U.T.). 

KHBaeTCa:, "ITO P.V.-HHTerpa.n B ISI-IIeTJle HrpaeT BR)KHYIO pOJIb H )l,OJI.>KeH Y'tJHTbIBaTbCH. 

BOJIee TOro, OH HapymaeT YHHBepCanbHOCTb ISI-a<pQ>eKToB, npHBO)l,Sr K cym;eCTBeHHo p8.3

JlFIHhIM ISI-Q>a:KTopaM JVlH Pa3./IU1:JHbIX Me30HHhIX 06MeH08. B "Ia.cTHOCTH BKJIM P-Me30Ha. 

CHJlbHO nO~aBJIeB B cpaBHeHHH e IIHOHHblM. TIpH"'IHHa STOro HBJIeHUH )l',BOHKa. Bo-nepBbIX, 
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MacCbI STHX Me30HOB CHnhHO pa3J]]{qHhl. I1PllCYTCTBHe MacChi 'I'J1.,r = 140 M9B B nponaraTO

pe npOMe>KYTO'IHoro Me30Ha npHBOroIT K 3Ha"lHTe.nhHO 60nhmeMY no.n.aB.neHIIIO BKn3.AOB OT 

6o.nhlIIHx HMnynhcoB, qeM B cJIyqae p-Me30H8 (mp = 770 M3B). ,lI.pyroA HCTOqHHK Pa3J}'B"qB:"A 

- 3TO off shell nOBe.a,eHHe T-MaTpHIJ; nepexo,n;a M N -t T}N. Off shell T-MaTpH!(a nepexo,lJ,a 

11" N -t T}N K8.K <pYUK!(Ha: HaqanhHoro IIMnyJIbca B C.!(.H. nO~aB.na:eTCa: 3Ha.q1lTe.nhHO 6hI

crpee, "IeM 8.MI1nHTy.n.a pN -t T/N. 06a 3THX ~KT8. npHBo,n;BT K 6o.nhmeMY 3Ha1JeHHIO 

P.V.-HHTerpaJIa. AIUJ nHOHa, qeM )I,JIa: p. AHaJIOrB'IHhlit s4>q,eKT Y)Ke OTMe1JaJICH B Hamel 

p860Te npo NN FSI-~eKThl [29], r,n;e yqeT off shell 3&BlICHMOCTlI aMTIJUITY)J.bl pO)K):(eHHH 

npHBo,n;HJI K POCTY HHTerpa.n:8 B CMhlCJIe rJIaBHOrO 3BaqeBHa:, npHqeM, qeM CIIJJbRee 6hlJIO 

nO,lJ,aBJIeHHe BKna,lJ,a OT 60nhIIIHx HMTIYJIbCOB, TeM 60JIbme 6h1JIa Be.nHqHH8 HHTerpaJIa. 

,I:Vul nap!(HaJIhHOA BOJIRhI 1 PI, ,n;alOm;eA BKn3.A B peaK!(HIO pn -t pnT/, CHTya!(HSI BeMBoro 

OTJIHqBa npOCTO nOTOMY, qTO KOMTIeHCa!(HH B on shell <popMYJIe 2 He CTOJIh CHJlhHbI on shell 

ISI-<paKTop 3,n;eCh paReH 0.3 BMecTO 0.1 B 3 PO-BOJIRe. O,lJ,HaKO ,lJ,a>Ke B STOM CJIyqae BJIHHRlIe 

P.V.-HHTerpana .a,OCTaTOqHO Ba>KHO, B oco6eHHOCTB )J.JIH 1I"-Me30Ba (CM. Ta6n. 3). 

Ta6JIII!(a 3 

IP1 on shell nonHhlA P&C"IeT 

INNmodd IISA.ID 111' I Ip I I" I ItT 
0.3 10.28 0.71 0.2 , 0.23 10.31 

ISI-q,aKTOp, paCC1JHTaHHbl:ft )I,JIH 1 P1-nap!(HaJIhHOA BOJIHhl pn-CRCTeMhI B npH6JIH>KeBHOM 

(on shell) H nOJIHOM nO)J,XO,lJ,ax (T.e. C yqeTOM P.V.-HBTerpa.na). 

2.3. NN FSI-ac:l>c:I>eKThI B peaK~H N N -+ N N 7] 

9<P¢eKThl B3aHMo.a,eitcTBHH HyKnOHOB B KOHeqHOM COcroSIHHH B pe~HX C pO)K):(eHHeM 

p83JIH1JHblX Me30ROS B N N -OOY,lJ,apeR1UDC nO,lJ,p06HO BCCJIe,1J.OB8JIBCh B RaillBX ope)J.bl..u.y~ 

pa60TaX [29, 30] (CM. TaK>Ke pa60Thl [23, 31]). B qacTHOCTB, B [29,30] 6bI.nO rrpO,lJ,eMOHCTpH

POMHO, qTO N N FSI He MO>KeT 6l:.lTh OT.n;e.neHO OT aMIIJIHTY)J.bl pO)K):(eHHR )1)1.9: nOJIyqeHHSI 

Ha.,n;e>KHblX KOJIlIqecTBeHHbIX rrpe,lJ,CKa3aHlI"A no CeqeHH.HM 3THX peaK!(H"A. TaK>Ke 6h1JIO TIOKa-

3a.HO, qTO Hcrro.nh30B8HHe <PYHKIJ,'HB MOCTa. )J.JISI NN-TIOTeH!(RanOB TIpH O!(eHKe FSI-~KTOB 

npHBO)J,HT K Pe3YJIbTaTaM cym;ecTBeHHO OTJlK'lHhlM OT peSYJIhTaTOB KoppeKTHoro pacqem. B 

~aHHO"A pa.60Te NN FSI-3<p<peKThl TPaKTYIOTCH TIOCJIe)J,OBaTeJ1bHO, T.e. pa.cqe-r neTJIeBbIX HB... 

TerpaJIOB Be,1J.eTCR C Y1JeTQM pea.nhHO"A ,lJ,HHaMBKB KaK NN T-MaTpHIJ.bI, TaK H aMTImtTY)J.bI 

pO)l()l;eHHH (A2--.3 B <PoPMYJIe (1)). 

http:aMTImtTY)J.bI
http:MaTpHIJ.bI
http:CeqeHH.HM
http:aMIIJIHTY)J.bl
http:P.V.-HBTerpa.na
http:aMTIJUITY)J.bl
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3. Pe3YJIhTaTbI paCqeTa peaKD;HH N N -+ N Nl1 

ITepe,ll; '!'eM, K8.K npe,n;CTaBHTb pe3yJIbTaTbI no nOJIHhIM CC"CIeHHgM, nOJlY'CJeHHhIe B paMKax 

Hameit nOJIHo:A: MO,ll;eJIH, MhI XOTHM cnenn<pJiIll,HpoBaTb IIapaMeTphI, BCnOJlb30BaHBhIe B pac

"JeTe, T.e. KOBCTaHThI c~.SQH~L l:y~,'paMcTphI 06pe3aHn: B <P0pM<paKTOpax MeSOH-6apHOHBbIX 

nepnmB, 9TH napaMeTpbI np}l~eAeBhI B TOOJIA. Ilo'CJTH DCe OHH, 3a HCKJIKJ'IeHHCM ,ll;aHHhIX 

Ta6mm,a 4 

mM(MsB) ~ 
4'1f AMNN(MsB) 

1r 134.97 14.4 1300 

p 769 0.84JKp 6,1) 1400 

11 547.45 1.8 1500 

(j 550 5,689 1700 I 
3Ha'CJeHHH Me30BHhIX MacC, KOHCT8.HT CBH3H H napaMeTpOB 06pe3a:BBSI, HCnOJIb30B8.HHhIX 

B pacqeTe. Bo Bcex Me30H-6apHOHHh[X BcpnmHax BCIIOJIb30BaH MOHOnOJlbHhI:A THn <P0PM

<paKToPOB, 

IIO 7]-Me30HY, B3HThI H3 nOJIHo:A BOHHCKO:A Mo,n;eJIH (7]-Me30H He BKJIlO'IeH B STY MO)J.eJIb). 
2 

IIpH 9TOM 3HaqeHHe 
9

fl
N 

rv 1.8, nOJIyqeBBOe Ba OCHOBe Mo.n,eJIB SU(6), HCnOJIb3YeTCH B4: 

MN-MO,11.eJJB [21}. IIo9TOMY B Ba.rneM nOJIBOM paC'IeTe B corJlacIDI c MN-MO,ll;eJlbIO TaIOKe 

92 

HCnOJIb3yCTCH 3Ba'leHHe 1:.N = 1.8. OTMeTBM B TO )Ke BpeMSI, 'ITO 8BTOphI paOOT [12, 15] 

YTBep>K,ZI,aIOT, 'ITO TOJIbKO O'leHb MaJIoe 3HaqeHHe AJI51 :no1t KOHCTaHTbl n03BOJI5IeT OIIHcaTb 
2 

9KcnepHMeHT no pe8.KIUIH PP -+ PJ171. HanpHMep, JIH1lIb 3HaqeHHe -
9~:N = 0.4 HcnOJIh30BMOCb 

B 115), a B [12J BKJIa)J, 1l-Me30Ba Boo6~e Be yqHTblBaJICH. 

Pe3YJIbTaTbI nOJIBOI'O pacqeTa,,n;JIH peaKn;H:A: pp -+ PJ171, pn -+ pn1J H pn -+ dT/, nOJJY'IeBBhIe 

Da OCROBe BCXO,D,HoA MN-MO,11.eJJB (CM. paa,ll;eJI 2.1.), npe,n;CTaBJIeHbT Ha pBc.5 nYBKTHpHhIMll 

JIHBBSlMH. KaK BB.D,HO 113 ,1l;aHBOrO PHCynKa, ,n;JIH peaKll.HH pprJ MbI nOJIyqaeM nepeon;eHKY 

npHMepBO Ha 30%, Tor)J,a KaK MSI pn -+ pn1J pacqeT HC)J,OOIl,eHHBaeT 3KcnepHMeH'IMbHhIe 

)l,aHHbIe Ha 40-50%. Ilo3TOMY OTHomeHBe cC'IeHH:A HC,1l;OOI1,eBBBa.eTCSI Ha q,aKTop nopK,1l;Ka 

2 (CM. nynKTHPHYIO JlHHHlO Ba pHc.6). CBTYa.n;HSI C pn -+ dry OqeHb CXO,ll;Ha c pea.I'<I\lleit 

pn -+ pn'l], T.K. 06a npOIl,ecca onpe,n;eJISIIOTCSI H3OCIIHHOHhIM KaHaJlOM I = 0 (3aMCTHM, 'ITO 

,n;JISI pn7]-peaKn:BH 9TO nepHO, nOCKOJlbKY BKJI8Jl; OT KaHMa c I = 1 3Ha"JBTeJIbHO MeHhme, 

"IeM OT 1= 0). 

TarorM" 06paaoM, Ham nOJIHhlA: paCqeT, OCHoBaHHbIit Ba HCXO~O:A IOJIBXOBCKoA M N - [21] 

H BOHHCKHX N N-MO)l.eJIsrx (25, 27], II03BOJIKeT HaM OnHCaTb Ka"lecTBeBHO 9KCnepHMeBT8JIb

BhIe )l.aHBhIe no nOJIBhIM CeqemUIM BO Bcex KaHaJI&X peaJal.BH NN -t NNf/. O)l;HaKO HB'1'&

http:peaJal.BH
http:peaKll.HH
http:KOHCT8.HT
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PRC. 5. IToJIlIble Ce"lel'fHSI peaKll.Hit pp --+ pp1J (cBepxy), pn --+ pnTJ (B ll.eHTpe) H pn -t dTJ 

(CHH3Y). ITYHKTHpHhle JIHHHH npe,ll;CTaWUUOT pe3YJIhTaThl nOJIHoro paC"IeTa C HCXOll.HOit M N-

MOll.eJIblO [21], Tor.n;a KaK )l;JISl CnJIOWHhlX KpHBhlX .n;onOJIHHTeJIbHhle )l;HarpaMMhI nepexo.n;a 

pN -t T]N 'Iepe3 pe30HaHc S11 N*(1535) BKJIlO'IeHhl B MN-MOll.eJIb (CM. TeKCT). 
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PBC. 6. OTHomeHBe CeqeHBit peaKI~ldl pn -+ pn'f} B pp -+ W'f}, pacc'lHT8.BHblX B nOJIHoA 

MO,n.eJIB. 0603Ha'l{eHBH TaKRe >Ke, KaK Ha pBc.5. 

pecHO nOCMOTpeTb, CMO>KeM JIB MbI yJIyqmBTb Ha.IInI pe3YJIbTaThI, ecJIB 'l{aCTBqHO Mo,n.epHH3H

pyeM M N·Mo,n.eJIb, ,n.068.BBB K Hea HeKOTOphIe ,n.onOJIHBTMbHhIe ,n.Barpa.\.{MbI. MhI Y>Ke yno

MHH8.JIH B p8.3,n.eJIe 2.1., 'l{TO H3Ha'laJIbHaH MN-Mo,n.e:nb He co,n::ep>KHT KaKHX-JIH60 ,z:q>eseCHblX 

BKJIa,u.OB B npo~ecc pN -+ 'f}N, KOTOPhIft npe,n.CT3.BJ1HeT ,n.JUt Hac BHTePec. KOHe<JRO, aMTIJIBTy

,n.a nepexo,n.a pN -+ 'fiN He paBHa a6JIaro,n.aps: H8.1mQmO CHCTeMhI co CBH3aHHhIMH KaHaJIaMH, 

HO .n.pesecHhIe 60pHOBCKBe ,lJ.HarpaMMbI, B npBH~Bne, TO>Ke ,n.OJI>KHhl 6bITb BK.IIIO'l{eHhI'. Tax 

KaK MbI HHTepecyeMcH :OOJIH:;umoporOBhIM pO>K,n.eHBeM 'T}-Me30Ha B NN-CTOJIKHOBeHIUr.x:, Ko

TOpoe xapaKTepH3yeTCH CBJIbHhIM BJIIUIHHeM pe30HaHCa 811 N*(1535), HaM Ka>KeTCH BnOJIHe 

ecTeCTBeHHbIM ,n.06aBJIeHHe nOTeHD.BaJIOB pN -+ N* (1535) -+ 'f}N, pN, 1fN B BCXO,n.HylO MN

MO,n.e.rrb. B ,n.eftcTBHTMbHOCTH, T.K. nOTeH~HaJIbI nepexo,n.a 1f'N -+ N*(1535) -+ 1f'N,'f}N BBe

,n.eHbI B HCXO,lJ.HYJO MO,n.e:nb, CBH3b N*(1535) C .n.pYrnMH M N-KaBaJIaMH ,n.OJI)KHa 6blTb Y'lITeHa 

B JII060M CJIyqae H3 co06pa>Kemrlt CaMOCOrJIaCOBaHHOCTlI CHCTeMbl co CBH3aHBbIMH KaHaJIa

MH. OTMeTBM e~e pas, "'ITO BKJIlO'IeHPIe :nux ,n.Har·paMM n03BOJISIeT ,n.OCTH'l{b JIyqmero co

rJIacHS: C 1f'N-HeynpyrocTblO 'fI (CM. pHC. 2) B S11 napD.HaJIbHOA BOJIHe. OKa3hIBaeTCS:, 'lITO 

npH 9TOM T-MaTp~I nepexo,n.OB pN -+ 'f}N B 1fN -+ 'f}N H, B OC06eHHOCTH, me: OTHOCHTMb

Has: <p8.3a TaK>Ke "'IacTHqHO H3MeHs:IOTCS:. B CJIyqae HCXO,lJ.HoA M N-MO,n.eJIH aMnJIHTYAh1 1r

H p-06MeHHbIX BKJIa.D;OB nO'llTH OPTOroHaJIbHhI .n.pyr ,n::pyry. nOOTOMY Me>K)ly 9TBMH BKJIa,u.a

MH DpaKTlT'IeCKH HeT HHTeJXP.epeHD;HB. ,L(onOJIHHTeJIbHbIe ,lJ.HarpaMMbl, KOTophIe MhI BBMB 

B M N-MO)1,eJlb npHSO,lJ.SlT K HeKOTOpoA Mo,n.H<pBKan.HH B opHeHTan.HH 9TlIX aMllJIHTY,n. B KOM

http:opHeHTan.HH
http:Mo,n.H<pBKan.HH
http:nepexo,n.OB
http:BKJIa,u.OB
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IIJIeKcHo:li IIJIOCKOCTH H, KaK CJIe,n;CTBHe, K IIOsrBJIeHHtO 9¢<peKTa HHTep<pepeHI\HH. TIPH 9TOM 

Mbl Ha6JI1o.n.aeM .n.ecTPYKTHBHy:IO HHTep<pepeHI(HtO )l,JUI H30TPHDJIeTHoro KaHMa ([ = ·1) H 

KOHCTPYKTHBHYIO . - )J,JIH CJIY'iaH C I = 0 I 'iTO IIPHBO,D;HT K O'ieBb xopomeMY corJIacmo C 

sKcnepIIMeHT8JIbHblMH ,n;aHHblMJI BO Bcex KaHaJIax peaKn.JlH. Pe3YJIbTaTbI, OCHOBaHHbIe Da 

Mo,n;epHH3HpOBaHHo:l M N-M0l1.eJIJI, npel1.CTaBJIeHbI Ha pBC. 5 B 6 CDJIOltIHblMB JlHHHftMB. 

CTOHT OTMeTHTb, 'iTO HBTepcpepeBn;Hft Me>K,Dy 1f- H P-Me30HHbIMH 06MeHaMH ftBJlHeTCH 

TalOKe KJIIO"IeBblM MOMeHTOM B He,n;aBHeit pa60Te <DSJI,n;Ta H BHJIKHHa [12]. 3aMeTHM npH 

9TOM, qTO OTHOCHTeJlbBblit 3BaK Me:>KlI,y 1f H p-BKJla.n;aMH B pa60Te [12] He 6bIJl <pHKCHPOBaH 

KaKoit-JIH60 MO,n;eJIbIO H <paKTH'leCKH 33.,1l;aBaJICH PYKaMB. KpoMe TOro, NN ISI-~KTbI 

ytlHTbIBMBCb B STOit pa60Te npH6JlH>JreHHbIM 06P8.30M. B BameD MOl1.eJlH mrrep<pepeHII.Hft 

Me:>KlI,Y BKJIa)l;8.MJI 1['- H p-Me30HOB 3BaQHTeJIbBO MeHee Ba:>KHa. OHa Hrpae:r POJIb 3Q><PeKTa 

TOHKOit HacTpo:liKH. Ce'ieHJlH peaKn;Hit NN -+ NN1] paaYMHO OITHCblBaIOTCSI Y:>Ke Ha OCHOBe 

HCXOlI,Hol IOJIHXOBcKo:l M N -MOl1.eJIH C nOCJIe,ll.OBaTeJlbHblM y'ieTOM ISI-3<jJ<PeKTOB. 

C I\eJIbIO YCTaHOBJIeHJlSl )l.OMBHHpYIOm;ero MeXaHB3Ma pO){(l1,eHHft ?]-Me30Ba MbI TaK:>Ke 

npoaHaJIH3HpOBaJIH BKJIa,rI.hI pa3JIHQHbIX Me30HHblx 06MeHOB II npHMoro pO:>K,n;eHHH (CM. 

pHc.1) B IIOJIHoe Ce"leHHe. KRK BHl1.HO H3 Ta.6JI.2, )J,JIH peaKIJ;HH PP -+ PP1'J ISI4aKTOp )J,JIH 

1f-06MeHa noqTH Ha nOpSll1.0K 60Jlbme, qeM)J,JIH p-06MeHa H B 3 p8.3a 60Jlbme, qeM )J,JIH 1] 

H (J COOTBeTCTBeHBO. 9To 03BaQaeT, 'iTO ISI-3<jJ<PeKTbI nO,lJ,aBJISlIOT BKJla,lJ, OT 1f-06MeBR 3H3

10' 

25 35 45 
QlMeV] 

PBC. 7. BKJIa..n;bI P83JIUQHbIX Me30HHbIX 06MeHoB B peRKn;HlO pp -+ pprj B IIOJIHOit MOl-\eJIH. 

TIpe,rt;crRBJIeHHbre pe3YJIbTaTbT OCHOBRRhI Ha HCXO,rt;RO:li M N-MO/l..eJIH. 

http:nOpSll1.0K
http:BKJIa,rI.hI
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'tfWl'eJIbHO CJIa6ee, "ieM OT ,zwyrHX Me30BOB. ITOSTOMy, Hey,IJ,BBHTeJ1bHO, 'ITO 1r-06MeH Hrpaer 

.n;OMIDmPYlOIIJylO pOJIb B HanIeM pac"ieTe peaKD,HH pp ~ P'fJ1l (CM. pHC. 7). TeM He MCBee, 

BKJla,!l.hI ,lij)yrHX Me30HOB, B "!8.CTHOCTH 1I-06MeB& H npRMoro po~eHHR TaX>Ke C~eCTB€H

Hbl. OTMeTHM, O,IJ,Baxo, "iTO OHH Ba>KHbI rJIaBHbIM 06p8.30M H3-3a HHTep<pepe~OBHhIX 3¢

<peXTOB. 06MeH 1]-Me30HOM H npRMoe pO>K)1;eHHe .n;aJOT XOHCTpYKTHBBbTe BKJIa)1;hI B peaxn;mo 

pp ~ pprj, Tor.n;a KaK HHTep¢epeHn;HOBHble 3¢<PexTbI OT (J- H p-Me30HOB .n;eCTPYKTHBHhI. 

Pea.KIl,lIH pn -t pnll onpe.n;MHCTCH fJIaBHhIM 06pasOM KaHaJIOM C H30cnDHoM· I = O. 11,.0

MHHPIpYJOIll,U pOJIb 3.n;eCb BBOBb npHBa.IVIex<WT rmOHHOMY 06MeHY. BKJIa,!l.bI 1]- H p-Me30HOB 

npOTHBOnOJIOX<BbI no xapaKTepy B CpaBHeBHH C peaKIJ.Heii pp -t PP1], T.e. BKJI3.)l, OT 1] .n;ecTPYK

THBCB, TOr.n;a KaK OT P XOBCTPYKTHBeB H 3Ha'fHTeJIhHO 60JIee cym;ecTB€H. ITpRMoe pox<.n;eHHe 

CHona pa6cr.raeT KOHCTPYKTHBBO H em BKJIa)1; nO'fTH nOJIHOCTbIO KOMDeHCHpyeTCSI BKJI3Jl,OM 

OT 1]-06MeHa. POJIb (J-06MeHa. OKa.3bIBaeTCSl mI"iTOX<HO MaJIoit 

4. 3aKJIIOQeHHe 

B pa60Te npOBe.n;eB .n;eTaJIhBhIit reopeTH"'OCKldt aHMH3 Pa3JIH"'HhIX xaHaJIOB pea.Kn;HH N N ~ 

NNlI (T.e. pp ~ pp11, pn -t pnll,pn -t d1]) OOJIH3H nopora (~HepnJH H8.)J, noporoM S 50M3B). 

I1cCJle.n;oBaJIHCb B03MO>KHOCTH po>KAeHHSI 1]-Me30Ha tJepe3 npon;ecc nepepacceslHHSI c npOMe

X<yTO"iHbIMH 06MeHaMH 1r-, p-, 1]- H 0'-Me30H&MH, & TaK>Ke npRMoro 1]-pO>K.n;eHPIH Ha O)J,HOM 

H3 HyKJlOHOB. ITpHHn;HnHaJIbHhIMH MOMeHTaMH HCCJIe.n;OBaHHSI SlBJISIlO'.l'CR HCnOJIb30BaHHe pe

aJTHCTH"!eCKoii IOJIHXOBCKOit Mo.n;eJIH Me30H-HYKJIOHHOro B3aHMo.n;eitcTBHH [21] H nOCJle.n;oB&

Te..JThHaSl TpaKTOBKa NN 181- H FSI-a<}lQ>eKTOB. 06HapY>KeHO, "'ITO ISI-s<P<peKTbI B peaKTJ;HH 

N N -+ N NTJ He .SIBJI.HIOTCSl ymmepc8JIhHbIMH OTHOCHTeJIbHO 06MeHa P83JIH"iBbIMH Me30HaMH. 

Ilo.n;tJepKIlBaCTCH, "'ITO yqeT ISI-s<Pq,eKToB cym;ecTBeHHO BJU'fSleT Ha a6c0JIIOTHYlO BeJIH"'IHHY 

Ce"ieHHSl, YMeHbmag ee B HecKOJIbKO pas (npHMepHO B 3 pasa AJUI o6MeHa nHoHoM). ITpo

Be.n;eHHbI:A paC"ieT He co.n;ep>K1IT K&KHX-JIH60 CB060.n;HhIX napaMeTpoB, BBO)1;HMbIX pyxaMH 

BCe KOHCTaHTbI CB$l3H H napaMeTPbI 06pe3amUI B q,opMq,aKTopax B351ThI H3 nOJIHoli BOHH

CKoil MO.n;eJIB. I1cKJIIO"!eHBe COCTaBJISleT JIHIDb KOHCTaHTa CBSl3H gflNN, 3aqmKcHpoBaBHaSl C 

nOMOnJ;bIO M N-MO.n;eJIH. 

B pe3YJIbTare .n;OCTHrHyTO KOJIH'IecTBeBHoe COrJIacHe pacC'fHTaHHhTX nOJIHbIX ce"'leHldt C 

9KcnepHMeHTaJIbHbIMH )l,aHHbIMH no BceM KaHMaM peaxn;HH NN -t NNTJ. YCTaHOBJIeHOt 

"'ITO seJJ.Ym;Yro pOJIb B npon;ecce pOX<)l.eHH.H 1]-Me30Ba BMH3H nopora HrpaeT MeXaHB3M ne

pepacceSlHHSl C 06MeHOM 1r-Me30HOM. BKJI3JJ.bI JJ.PyrHx 06MeHHhIx Me30HOB (11 H p), 3 TaKx<e 

npon;ecca npRMoro pO>K)1;eHH$!" 1]-Me30Ha Ha O)J.HOM H3 HYKJIOHOB, )l,OJI>KHbI Y"iHTbIBaTbCSI B 

CHJIy In BJIHSlHH.H Ha a6coJIlOTHyro BeJIH'IHHy cetJeHHi 3a ctJeT HHTep<pepeBn;UH C UHOHHOit 

aMlIJIHT)')l,oit. BKJI3Jl, (J-06M.eHa npeHe6pe:HCBMO Ma.'l. 

http:BKJI3JJ.bI
http:BKJIa,!l.bI
http:BKJla,!l.hI
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