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06m;aH xapaKTep1-1cT1-1Ka pa6oThI. 

AKTyaJibHOCTb TeMbl. 51,u.epHbie peaKD;IIII c yqacTIICM peJIRTllBIICTCKIIX 

,u.e:iITpOHOB Tpa,U.IIIJ;IIOHHO IICIIOJib3YIOTC5I ,11.JIR g3yqeHH5I HYKJIOH-HYKJIOHHoro 

B3alIM0,1J.CHCTBll5I IIplI BhICOKIIX 3Hepr1IRX, CTPYKTYPhI JierKHX 51,11.Cp Ha 

MaJibIX MC)KHYKJIOHHbIX paCCT05IHll5IX, MexaHll3MOB p0)K,11.CHII5I MC30HOB II 

6apHOHHhIX pe30HaHCOB. 

CnlIHOBaR CTPYKTypa JierKHX R,u.ep·rnlipOKO IICCJie,11.oBanach B TeqeHHe 

IIOCJIC,11.HIIX ,u.ecRTHJieTIItl: C llCIIOJib30BaHIICM KaK 3JieKTpOMarHHTHhIX, TaK 

II a,u.pOHHhIX IIp06HIIKOB. rJiaBHOll 3a,u.aqefi 3TIIX llCCJIC,11.0BaHIItl: IIpll 

npOMC)KYTOqHbIX II BbICOKIIX 3Heprn5IX 5IBJI5IJIOCb IIOJiyqeHHe 1IHCpOpMau;1I1I 

0 BbICOKOIIMIIYJibCHbIX KOMIIOHCHTax JierKHX 51,U.ep C u;eJibIO g3yqeH1IR 

np05IBJICHII5I peJIRTllBIICTCKIIX 3cp<peKTOB II HCHYKJIOHHbIX CTeIIeHetl: CB060,U.b1. 

,II:eTaJibHOe g3yqcHHe CTpyKTY pbl JierKIIX 51,U.Cp B npou;eccax C 6oJibllillMII 

nepe,u.aqaMH IIMIIYJibCOB K 0,11.llHOqHoMy HYKJIOHY MO)KCT 06ecneq1ITb 

IIOJiyqeHHe Ba)KHOH IIH<pOpMau;1I1I O IIpHpo,u.e II CBOllCTBaX 51,11.CpHbIX CHJI, 

,u.e:iicTBYIOID;llX Me)K,u.y KOHCTIITY3HTaMH R,U.ep, II II03BOJIIITb c,u.eJiaTb BbI6op 

MC)K,U.y pa3JIIIqHbIMII MO,U.CJI5IMII 3TIIX CIIJI. · 

CpC,11.II 51,U.ep ,u.efiTpOH 3aHHMaeT oco6oe MCCTO, TaK KaK B 

HepeJIRTllBllCTCKOH <pll31IKC OH OIIIICbIBaeTCR KaK npocTeil:rnaR CJia6o 

CBR3aHHa5I CIICTCMa ,11.BYX HYKJIOHOB. O,u.HaKo, B TO BpeMR, KaK CTaTHqeCKIIC 

CB0llCTBa ,u.e:iITpOHa THIIa 9Hepr1III CB5I31I, cpe,u.HeKBa,u.paTIIqHoro pa,u.Hyca, 

MarHIITH0ro II KBa,u.pyIIOJibH0ro MOMCHTOB xoporno II3BCCTHbI, ero CTPYKTypa 

Ha MaJib!X paCCT05IHII5IX II3yqeHa ropa3,U.O xy)Ke. Ilo Mepe yBeJIIIqeHII5I 

3Heprn1I ,u.eil:TpOHa II ero HYKJIOHOB peJIRTIIBIICTCKlle acpcpeKTbl HrpaIOT 

BCe 66Jihll1YIO pOJib Ha MaJib!X MC)KHYKJIOHHbIX pacCT05IHII5IX, a TaK)KC 

B ,11.HHaMIIKe B3alIM0,1J.CHCTBII5I. ,IJ:pyro:iI BOIIpOC COCTOHT B TOM, KaK 

cpyH,U.aMCHTaJibHbie CTeneHII CB060,U.bl CllJibHOro B3alIM0,U.eil:CTBll5I (KBapKll 

ll rJIIOOHb!) MOryT IIp05IBJI5ITbC5I Ha paccTORHIIRX, cpaBHIIMb!X C pa3MepoM 

HYKJIOHa. C TOqKII 3peHHR KBaHTOBoi-l: xpoM0,11.IIHaMIIKII (KX,II:) Ha STIIX 

paCCTORHirnX npOIICX0,11.IIT nepexo,u. OT Tpa,U.IIIJ;IIOHHOH HYKJIOH-MC30HHOll 

KapTHHbl 51,U.pa K CIITyau;IIH, Kor,u.a HYKJIOHbl TepRIOT CBOIO IIH,11.llBll)J.YaJibHOCTb 

lf B03M0)KH0 IIp05IBJieHIIC HeHyKJIOHHbIX: KBapK-rJIIOOHHb!X IIJIII 6apttOH-

6ap1IOHHblX CTenenei-l: CB060,U.bl B 51,U.pax. CJie,U.OBaTCJibHO, HCCJIC,11.0BaHHe 

CTPYKTYPbI 51,U.ep Ha MaJib!X paCCT05IHII5IX neo6xo,U.IIMO ,11.JIR IIOCTp0CHHR 

peaJIIICTIIquofi TeOplIII CHJibHb!X B3alIMO,U.Ci-l:CTBHH. 

TaK KaK CIIIIH ,u.ei-l:TpOHa paBeH 1, 9TO ,u.aeT nrnpOKIIe B03MO)KHOCTH 

B rrpoBe,U.eHIIH MHOrOqlICJICHHb!X IIOJI5IpH3aIJ;IIOHHb!X 9KCIIepttMeHT0B C 

1 



y<'IaCTIIeM ,rr,eitTpOHOB, II CJie,l].OBaTCJibHO, B rroJiy<IeHIIII rrpIIHI~HITIIaJihHO 

HOBOH 1mcpopMau;r1r1 0 ITOBC,l].eHHH He3aBIICHMb!X Ha6mo,rr,aCMbIX, HeKOTOpb!C 

II3 KOTOpb!X <IYBCTBIITCJibHb! K ,rr,eTaJI5IM CTpyKTYPbl JierKHX 5I,1].Cp Ha 

MaJib!X paCCT05IHII5IX. cho TI03BOJI5ICT C,l].eJiaTh BhI6op MC)K,ll.y pa3JIH'IHblMH 
• . .;...ot 

MO,l].eJI5IMII 5I,1].CpHb!X CIIJI MC)K,l].y KOHCTIITY3HTaMII. 

C ,rr,pyroit CTOpOHbI, TaK KaK H30CTIHH ,rr,eitTpOHa paBeH Hymo, pcaKD;II5I 

HeyTipyroro pacce5IHII5I ,rr,eitTpoHOB Ha Bo,rr,opo,rr,e, H(d, d')X, ceJieKTHBHa 

ITO OTHOIIIeHHIO K He,rr,eTeKTHpyeMoit CIICTCMe C II30CTIIIHOM 1 /2, H ,rr,aHHblll 

TIPOI~ecc MO)KCT 6hITb IICTIOJib30BaH ,l].JI5I TIOJIY'ICHII5I Ba)KHOit IIHcpOpMaD;HH 

o cpopMHpOBaHHII 6apHOHHb!X pe30HaHCOB N*(1440), N*(1520), N*(1680), 
N*(2190) H ,rr,pyrnx. 

8KCTiepIIMeHTbl TIO H3y<IeHHIO TeH30pHOll H BeKTOpHOit aHaJIH3HpyIOiu;HX 

CTioco6HocTeit, Ayy II Ay, B IIHKJII03IIBHOit peaKI\IIII cpparMeHTau;r1r1 

,ll.CitTpOHa Ha BO,l\Opo,rr,e r1 5I,1].pax c HCTIYCKaHHeM TipOTOHa c 6oJihIIIIIMH 

Tiorrepc<IHhIMH HMTIYJihCaMH Ha cr1Hxpocpa30TpoHe J1B8BB Ol15Il1 r1 

TeH30pHoit aHaJIII3HpyIOII~eit cTioco6HocTII T20 peaKu;IIit dd ------, 3Hen r1 

dd ------, 3
Hp rro,rr, HyJieBhIM yrJIOM TIPH TipOMe)KyTO'IHhIX ::iHepmHx Ha 

ycKopr1TeJihHOM KOMTIJieKce RIKEN 6bIJIII HaTipaBJICHhI Ha TioJiy<IeHHe 

HOBOH HHcpOpMaD;IIH, Heo6XO,l].HMOH ,l].JI5I pa3BIITII5I MO,l].CJieit TeopeTH'IeCKoro 

orrncaHH5I cmmoBoit CTPYKTyphI ,rr,eitTpoHa, 
3
He II 3H Ha paccT05IHHHx, 

cpaBHHMbIX C pa3MepoM HYKJIOHa. TioJiy<IeHHhie 3KCTiepHMCHTaJihHbie 

,JJ;aHHbIC TIO TeH30pHoit H BeKTOpHOit aHaJIH3HpyIOiu;IIM CTIOC06HOCT5IM, Ayy 
H Ay, B peaKD;IIH HeyTipyroro pacce5IHII5I ,rr,eitTpOHOB BbICOKHX 3HeprHit 

Ha TipOTOHax H 5I,1].pax ,l].OTIOJIH5IIOT HHcpOpMaD;HIO O CTPYKType ,rr,eitTpOHa, 

H3BJie'ICHHYIO II3 ,rr,pyrr1x Tipou;eccoB, H Ba)KHbl ,l].JI5I TIOHHMaHH5I MexaHH3MOB 

p0)K,l].eHH5I 6apIIOHHbIX pe30HaHCOB. 

II;eJihIO pa60Tbl 5IBJI5IeTC5I HCCJIC,l].OBaHHC TCH30pHbIX H BCKTOpHbIX 

aHaJIH3r1py10II\IIX CTioco6HoCTeit, Ayy r1 Ay, peaKu;IIit cpparMeHTaD;HII 

,rr,eitTpoHa B TipOTOHhr, (d, p ), II Heyrrpyroro pacce5IHH5I ,rr,eitTpoHa, ( d, d')X, Ha 

rrpoTOHax r1 5I,1].pax c BbIJICTOM BTOpII'IHbIX <JaCTHD; c 6oJibIIIHMII TIOTiepe'IHblMH 

HMTIYJibCaMII ,l].JI5I TIOJIY'ICHH5I HOBOH IIHcpOpMaLJ;HII O CTIIIHOBOH CTPYKType 

pCJI5ITIIBIICTCKOro ,rr,eiiTpOHa II MCxaHH3Max B036y)K,l].CHII5I 6apHOHHbIX 

pe3oHaHCOB; IICCJie,l].OBaHIIC TCH30pHOit aHaJIII3IIpy10uwii CTIOC06HOCTII T20 

peaKu;IIii dcl ------, 3Hen II dd ------, 3Hp TIO,ll. HYJICBhIM yrnoM TIPII TipoMe)KyTo<IHhIX 

::iHepmHx B o6JiaCTH <IYBCTBHTCJihHOCTH K CTIIIHOBofi CTPYKType 
3
He II 

3H Ha 

MaJibIX MC)KHYKJIOHHbIX paCCT05IHH5IX. 
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Hay-:1HaR HOBII3Ha pa60ThI. 

Tipe,1].JIO)KeH 3KCTiepIIMCHT II BTiepBbie TIOJIY'ICHb! CIICTeMaTII'ICCKIIe ,rr,aHHbie 

TIO TCH30pHOit II BCKTOpHofi aHaJIII3IIPYI011\IIM CTioco6HocT5IM, Ayy II Ay, B 

peaKD;IIII cpparMeHTaD;IIII ,rr,eitTpOHa c Ha'IaJibHbIM IIMTIYJibCOM 4.5-9 raB/ c 

Ha B0,1].0po,rr,e II 51,1].pax TIPII 6oJibIIIIIX noTiepe<IHb!X IIMTIYJibCax npOTOHOB, 

<IYBCTBIITCJibHbie K CITIIHOBOH CTPYKType peJI5ITIIBIICTCKOro ,rr,etiTpOHa. 

BnepBbie noJiy'ICHbI ,rr,aHHbIC no TCH30pHOH II BCKTOpHOii aHaJIII3IIpyIOiu;IIM 

cTioco6HocT5IM, Ayy II Ay, B peaKD;IIII Heynpyroro pacce5IHII5I ,rr,efiTpoHa c 

Ha'IaJibHbIM IIMnyJihCOM 4.5-9 raB/ C Ha B0,1].0pO,ll.C II 51,1].pax nO,l]. HCHYJICBbIMII 

yrJiaMII BblJICTa BTOpII'IHOrO ,rr,efiTpOHa B o6JiaCTII B036y)K,l].CHII5I 6apIIOHHbIX 

pe30HaHCOB. . 

BbITIOJIHCH aHaJIII3 TIOJI5IpII3aD;IIOHHbIX 5IBJICHIIii ,l].JI5I peaKD;IIII HCYTIPYrOrO 

pacce5IHII5I ,1].CHTpOHa B o6JiaCTII B036y)K,ll.eHII5I 6apIIOHHbIX pC30HaHCOB 

B paMKax IIMnyJihCHOrO npII6JIII)KCHII5I. TioJiy<IeHhI TipC,1].CKa3aHII5I ,l].JI5I 

Ha6opa nOJI5IpII3aD;IIOHHhIX Ha6JI10,rr,aeMhix peaKD;IIII ( d, d')X II ou;eHKII 

OTHOIIICHII5I 3aBIIC5I11\CH OT CTIIIHa K HC3aBIICttMoii OT CTIIIHa <IacTeit aMnJIIITY,ll. 

::iJieMeHTapHhIX Tipou;eccoB N N ------, N N*. 
TI pC,1].JIO)KCH 3KCI1CpIIMCHT II BnepBbie noJiy'ICHbI ,rr,aHHbie no TCH30pHOll 

aHaJIII3IIPYI011\Cii cTioco6HocTII T20 peaKu;IIfi dd ------, 3Hen II dd ------, 3
Hp 

TIO,ll. HYJICBhIM yrJIOM TIPII ::iHepm5Ix Ha<IaJihHOro ,rr,eitTpOHa 140-270 M::iB, 

<IYBCTBIITCJibHbIC K CTIIIHOBOH CTpyKType 3He II 3H Ha MaJihIX MC)KHYKJIOHHbIX 

paCCT05IHII5IX. 

TI poBe,rr,eH aHaJIII3 peaKD;IIII dd ------, 3
Hen(3Hp) B paMKax o,rr,HoHyKJIOHHoro 

o6MeHa. TioKa3aHO, 'ITO <JaCTb nOJI5IpII3aD;IIOHHbIX Ha6JIIO,l].aCMbIX ,rr,aHHOit 

peaKD;IIII <IYBCTBIITCJibHa K cnIIHOBOit CTpyKType 
3
He(3H) Ha MaJihIX 

paccT05IHII5IX. 

Har1HO~ npaKTifqecKa51 3HaqlfMOCTb pa6oThl. 

Pe3yJibTaTbI TIO TCH30pHOit II BCKTOpHOH aHaJIII3IIpyIOII~IIM cnoco6HOCT5IM, 

Ayy II Ay, peaKD;IIII cpparMeHTaD;IIII ,rr,eitTpOHa Ha TipoToHax II 51,rr,pax 

B IIIIIpOKOM ,1].IIana30He TIOTiepe<IHbIX IIMnyJihCOB npOTOHOB cyiu;ecTBCHHO 

,ll.OI10JIH5IIOT IIMCI011\IICC5I 3KCI1CpIIMCHTaJibHbIC ,rr,aHHbIC II ,rr,aIOT cpaKTII'ICCKIIH 

MaTepIIaJI ,l].JI5I pa3BIITII5I TCOpCTII'ICCKIIX MO,l].CJICH onIICaHII5I ,ll.CHTpOHa Ha 

MaJibIX paCCT05IHII5IX. 

,D:aHHbIC TIO TCH30pHOH II BCKTOpHOll aHaJIII3IIPYI011\IIM CTIOC06HOCT5IM, Ayy 
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II Ay, peaKU,IIII HeyITpyroro pacce5IHII5I ,n;eliTpoHa Ha ITpOTOHax II 51,n;pax, 

ITOJIY'ICHHbIC B Tex )Ke KIIHCMaTII'ICCKIIX ycJIOBII5IX, 'ITO II ,n;mr peaKU,IIII 

cpparMCHTaU,IIII ,n;e:11:TpOHa B ITpOTOHbI, ,n;aroT HOBYIO Ba)KHYIO IIHq>OpMaU,IIIO 

0 MexaHII3MaX B036y)K,ll;CHII5I 6apIIOHHbIX pe30HaHCOB B o6JiaCTII M·acc ~ 1.4-

2.6 fsB/c2. 

,Il;aHHhre ITO TeH30pHoii aHaJIII3IIpyrom;eii cIToco6HocTII T20 peaKU,IIH dd -----+ 
3Hen II dd -----+ 3Hp ITO,n; HyJieBbIM yrnoM ITPII 3HeprII5IX Ha<JaJihHoro ,n;eiiTpoHa 

140-270 MsB, ITOJIY'ICHHbie c BbICOKOH CTaTIICTII'ICCKOH II CIICTeMaTII'ICCKOH 

TO'IHOCTbIO, ,n;aroT Heo6xo,n;IIMYIO IIHq>OpMaU,IIIO ,ll;Jl5I pa3BIITII5I MO,ll;CJiefi 

OITIIcamrn CITIIHOBOH CTPYKTYPbI Tpex-HyKJIOHHbIX CIICTeM. 

B xo,n;e peaJIII3aU,IIII ,n;aHHOH pa60TbI ,ll;JI5I II3MepCHII5I BeKTOpHOH 

ITOJI5IpII3aU,IIII ITY'IKa ,n;eiiTpOHOB B JIB9BB 6hIJI BITepBhre IICITOJib30BaH 

ITOJI5IpIIMeTp, OCHOBaHHbIH Ha KBa3II-yITpyroM ITpOTOH-ITpOTOHHOM 

pacce5IHIIII, IICCJie,n;oBaHbI B03MO)KHOCTII ,n;aJibHeiiIIIero yMeHbIIIeHII5I 

CIICTCMaTII'IeCKIIX OIIIII60K II3MepeHIIH ITOJI5IpII3aU,IIII ITY<JKa. ,Il;aHHbIC 

IICCJIC,ll;OBaHII5I Ba)KHbI ,ll;Jl5I ITpO,I1;0JI)KeHII5I CITIIHOBOH ITporpaMMbI Ha 

HyKJIOTpoHe JIB9BB II B ,n;pymx Hay<JHbIX 11,eHTpax. 

Arrpo6au;1rn pa60Thl M rry6JIHKau;HH. Pe3yJibTaTbI, Jie)Kall\IIe B OCHOBe 

,ll;IICCepTaU,IIII, OITy6JIIIKOBaHbI B )KypHaJiax ".H,n;epHa5I <l>II3IIKa 11
, "KpaTKIIe 

coo6m;eHII5I O11.HH", 11 fIIIChMa B 91..JA.H", "Phys.Lett.B", "Eur.J.Phys.A", 

"Few-Body Systems 11
, 

11 N uovo Cimento A 11
, 

11 N ucl.Instr. and Meth. in 

Phys.Res. A" II ,n;p. OHII ,n;oKJia,D;hIBaJIIICb II o6cy)K,n;aJIIICh Ha ceMIIHapax 

O11.HH, Ha XIV-oM (OcaKa, 5IITOHII5I, 2000), XV-oM (JioHr-AiicJiaH,n;, ClllA, 

2002), XVI-oM (TpIIecT, 11TaJIII5I, 2004) Me)K,n;yHapo,n;HhIX KOHcpepeHU,II5IX 

ITO CITIIHOBoii q>II3IIKe; Ha XVI-oii Me)K,n;yHapo,n;Hoii KOHcpepeHU,IIII ITO 

ITpo6neMaM q>II3IIKII MaJio<JaCTII'IHbIX cIIcTeM (TaiiITeii, TaiiBaHh, 2000), 

Ha I-oii (Ho,n;a-KaIIIIIBa, 5IITOHII5I, 1999) II II-oii (lllaHxaii, KHP, 2002) 

A3IIaTCKO-TIIXOOKCaHCKIIX Me)K,n;yHapO,D;HhIX KOHq>epeHU,II5IX ITO ITp06JieMaM 

q>II3IIKII MaJIO'IaCTII'IHhIX CIICTCM; Ha IX-oii Me)K,n;yHapO,D;HOH KOHq>epeHU,IIII 

ITO CITCKTpocKOITIIII a,n;poHOB "HADRON-2001 11 (ITpoTBIIHO, 2001); Ha XV­

OM, XVI-oM II XVII-OM Me)K,n;yHapo,n;HhIX CIIMIT03IIyMax ITO ITpo6neMaM 

q>II3IIKII BhICOKIIX 3HeprIIii (,IJ;y6Ha, 2000, 2002 H 2004); Ha Me)K,n;yHapO,ll;HhIX 

pa6o<JIIX COBem;aHII5IX ITO ITp06JieMaM CITIIHOBOH q>II3IIKH BhICOKHX 3HeprIIii 

(,l];y6Ha, 2001 II 2003); Ha VI-oM (BapHa, BoJirapII5I, 2001) II VII-oM 

(CTapa JiecHa, CJioBaKmr, 2003) Me)K,n;yHapo,n;HhIX pa6o<JIIX coBem;aHII5IX ITO 

peJI5ITIIBIICTCKOii 51,n;epHoii q>II3IIKe "RNP: from Hundreds of MeV to TeV"; 
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Ha Me)K,n;yHapo,n;Hoii KOHcpepeHU,HH ITO CTPYKType a,n;poHOB "Hadron Structure 

2004" (CMoJieHIIu,e, CJIOBaKII5I, 2004) II ,n;p. 

OcHOBHbie pe3yJihTaThI ,ll;IICCepTalJ,HII OITy6JIHKOBaHhI B pa60Tax [1]-[47]. 

06'heM M CTPYKTypa pa6oTbl. 

,Il;IIccepTaU,IIOHHa5I pa6oTa II3JIO)KeHa Ha 17 4 CTpaHIIu,ax, COCTOIIT II3 

BBe,n;eHmI, IIICCTII rnaB II 3aKJIIO'IeHII5I, co,n;ep)KIIT 44 pIICYHKa, 12 Ta6JIIIU, II 

CITIICOK 11,IITIIpyeMOH JIIITepaTypbI H3 233 HaIIMeHOBaHIIli. 

ABTOp 3aru;mu;aeT 

1. ITpou,e,n;ypy II pe3yJibTaTbI II3MepeHH5I TeH30pHOli H BeKTOpHOH 

aHaJIII3IIpyrom;IIx cIToco6HocTeit, Ayy II Ay, peaKU,IIII cpparMeHTalJ,IIII 

,n;eiiTpOHa Ha ITpOTOHax II 5I,D;pax ITPII 60JihIIIIIX ITOITepe'IHbIX IIMITYJihCax 

ITPOTOHOB (,n;o 900 MsB / c) II peaKU,IIII HeyITpyroro pacce5IHII5I ,n;eitTpoHa 

Ha ITpOTOHax II 5I,D;pax ITO,ll; HeHyJieBbIMII yrJiaMII BhIJieTa ITPII IIMITYJihCC 

Ha'IaJihHOro ,n;eiiTpOHa 4.5-9.0 rsB/c Ha CHHXpocpa30TpOHe II ycTaHOBKe 

"C<I>EPA" JIB9BB O11.HH. 

2. BbIBO,ll;hI II3 pe3yJihTaTOB II3y<JeHII5I peaKU,IIII cpparMeHTaU,IIII 

ITOJI5IpII30BaHHhIX ,n;eitTpOHOB B ITpOTOHbI C HeHyJieBhIMII ITOITepe'IHbIMII 

IIMITYJibCaMII O 'IYBCTBIITeJihHOCTII ITOJiy<JeHHbIX ,n;aHHhIX ITO Ayy K 

CTPYKType peJI5ITIIBIICTCKOro ,n;eitTpOHa. 

3. BbIBO,ll;bI H3 pe3yJihTaTOB II3y<JeHII5I peaKU,IIII HeyITpyroro pacce5IHII5I 

,n;eitTpOHOB o 'IYBCTBHTeJihHOCTII ITOJiy'IeHHhIX ,n;aHHhIX ITO Ayy II Ay K 

B036y)K,n;eHIIIO 6apIIOHHhrx pe3oHaHcoB c MaccaMH lvlx ~1.4-2.6 fsB/c
2

. 

4. ITpou,e,n;ypy II pe3yJibTaThI II3MepeHII5I TeH30pHOH aHaJIII3IIpyrom;eit 

cIToco6HocTII T20 peaKU,Hit dd -----+ 3Hen II dd -----+ 
3Hp ITO,ll; HyJieBhIM yrJIOM 

ITPII sHeprII5IX Ha'IaJihHoro ,n;e:iiTpoHa 140-270 MsB Ha ycKopIITeJihHOM 

KOMn;JieKce RIKEN (.HITOHII5I) Ha CITeKTpoMeTpe SMART. 

5. BhIBO,ll;hI II3 pe3yJihTaToB II3y'IeHII5I peaKU,IIit dd -----+ 
3Hen II dd -----+ 

3
Hp o 

'IYBCTBIITeJihHOCTII ITOBe,n;eHII5I TeH30pHOli aHaJIII3IIpyrom;eii CITOC06HOCTII 

T20 K cITIIHOBoit cTpyKType 3He II 3H Ha MaJihIX Me)KHYKJIOHHhrx 

paCCT05IHH5IX. 

6. MeTO,ll;IIKY IICITOJib30BaHII5I ITOJI5IpIIMeTpa, OCHOBaHHOrO Ha KBa3II­

yITpyroM ITpOTOH-ITpOTOHHOM pacce5IHHII, ,ll;Jl5I H3MepeHII5I BeKTOpHOli 
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TIOJI5IpH3au;1rn TIY'IKa ):\Cil:TpOHOB B JIB9BB H ):\aJihHeil:rnero yMeHhIIICHHH 

CHCTeMaTH'ICCKHX OIIIH60K H3MepeHHll TIOJI5IpH3aIJ;HH. 

CO,LJ;EP)KAHME ,LJ;MCCEPTAQMM. c;s 

Bo BBe,n;eHMM o6ocHOBaHa aKTYaJibHOCTb ):\HCCepTau;HH, ccpopMyJIHpOBaHa 

u;eJib pa60TbI, ee HOBH3Ha H Hay'IHO- TipaKTH'ICCKa5I u;eHHOCTb, TipHBC):\CHO 

KpaTKOe CO}:\Cp)KaHHe ):\HCCepTaIJ;HH TIO rJiaBaM. 

B rrepeoii rJiaBe ):\aHO KpaTKOe OTIHCaHHC 3JICMCHTOB ycTaHOBKH 

11 C<l>EPA 11 H TIOCTaHOBKH 3KCTiepHMCHTOB TIO H3MepeHHIO TIOJIH3au;HoHHbIX 

Ha6JIIO):\aCMbIX peaKu;Hfi B3aHMO):\CllCTBH5I peJI5ITHBHCTCKHX ):\CllTpOHOB C 

51,ZJ;paMH. 

B TICpBOM pa3}:\eJie rJiaBbI OTIHCbIBaeTC5I o6iu;a5I cxeMa 3KCTiepHMCHTa Ha 

ycTaHOBKe II C<I> EPA 11
• Bhrne):\eHHbiil: H3 cHHxpocpa3oTpoHa TIY'IOK ,n;eiiTpOHOB 

C HMTIYJibCOM 4.5-9 faB / C HaTipaBJI5IJIC5I Ha BO,ZJ;OpOJ\HYIO HJIH 51,ZJ;CpHyIO 

MHIIICHh, HaXOJ\HBrnyrocH B6JIH3H cpoKyca F5 KaHaJia VPL THmI'IHaH 

HHTCHCHBHOCTb COCTaBJIHJia OT 5 . 108 ,n;o 2 . 109 
):\Cil:TpOHOB 3a IJ;HKJI. 

,ll;aHHbie 6bIJIH TIOJIY'ICHbI TIPH HaCTpOil:Kax MarHHTHbIX 3JICMCHTOB ycTaHOBKH 

,ZJ;JI5I HMTIYJibCa BTOpH'IHbIX qacTHIJ;, COCTaBJI5IBIIIero ~0.5-0.9 OT HMTIYJibCa 

Ha'IaJibHOro ):\CfiTpOHa. 

Bo BTOpOM pa3}:\CJie TICpBOll rJiaBbI OTIHCbIBaeTC5I CTIOC06 H3MepeHH5I 

H KOHTpOJI5I TIOJI5IpH3au;HH TIY'IKa ):\CfiTpOHOB. TeH30pHa5I TIOJI5IpH3aIJ;H5I 

,n;eil:TpoHoB H3MepHJiaCh c TIOMOIIJ;bIO ycTaHOBKH 11 C<I>EPA" H3 peaKIJ;HII 

A ( d, p )X c ,n;eTeKTHpoBaHHeM TipOTOHa, BbIJieTaIOIIJ;HM TIO,ZJ; HYJICBhIM yrnoM 

C HMTIYJihCOM Pp ~ ~Pd, T.e. B KHHCMaTII'ICCKOll o6JiaCTH, r,n;e TCH30pHa5I 

aHaJIH3Hpyroiu;a5I CTIOC06HOCTb T20 xoporno H3BCCTHa H HMCCT 60JibillYIO 

BCJIII'IHHy. II pH TIOJiy'IeHHH 3Ha'IeHHfi TCH30pHoii TIOJI5IpH3aIJ;HH TIY'IKa 6hIJIH 

Y'ITCHhI acpcpeKTbI MCpTBoro BpeMCHH ,ZJ;JI5I TIOJI5IpH3au;HOHHbIX H3MepeHHll 

[43]. BeKTOpHa5I TIOJI5IpH3aIJ;H5I TIY'IKa H3MCp5IJiaCb C TIOMOIIJ;bIO TIOJI5IpHMCTpa, 

OCHOBaHHOro Ha H3MepeHHH aCHMMeTpHH KBa3HyTipyroro Pl>- paCCC5IHII5I Ha 

TOHKoil: CH2 MHillCHH [44]. ,JJ;aHHbiil: TIOJIHpHMeTp 6hIJI Tipe,n;BapHTCJibHO 

TipoKaJIH6poBaH TIPH aHepmH Tp ~810 MaB/HYKJIOH MeTOJ\OM CH2-C 

BhI'IHTaHH5I [45, 44] . CTa6HJibHOCTb aCHMMCTpHii paCCC5IHH5I BJICBO 

H BTipaBO E±, TIOJIY'ICHHhIC Ha TIOmrpHMeTpe [44] TIPH HMTIYJibCC 4.5 

raB/c Ha HYKJIOH TIPH yrJie pacce5IHH5I TIPOTOHa 8°, TIOKa3aHbI Ha pHc.l. 

CHCTeMaTH'ICCKHe OIIJH6Ke H3MepeHHll BCKTOpHOil: H TCH30pHOil: TIOJI5IpH3au;IIil: 
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TIY'IKa COCTaBJI5IIOT ~5%. 

B TpCThCM pa3,ZJ;CJie KpaTKO OTIIIChIBaeTC5I TpIIrrep TICpBoro ypOBH5I H 

BpCM5ITipOJICTHa5I CHCTCMa ,ZJ;JI5I H,ZJ;CHTH<pHKaIJ;HH qacTHIJ;. B Ka'ICCTBC 

TpHrrepa TICpBoro ypOBH5I HCTIOJih30BaJIHCh COBTia,n;eHH5I CIIrHaJIOB co 

CIJ;HHTHJIJI5IIJ;HOHHhIX C'IeT'IHKOB. CcpopMHpOBaHHhlll CIIrHaJI TpHrrepa 

IICTIOJih30BaJIC5I B ,n;aJihHeil:rneil: JIOrHKe H B Ka'ICCTBC CTpo6a ):\JI5I 3apH,n;-u;mppa 

Tipeo6pa30BaTeJieil: II BXO):\HhIX pemcTpOB. 

0.1 

e+ 

0.05 

0 

le-I 

0.05 

T 

'- ~ ~+66 66 
b 6 6 

I 
l 

I 

~ 

I 
"T 

'\960?909900000009'"¢P/q697'4; 
0 c__ _ _____._ __ ____._ __ ~ 

10 20 
measurement number 

PHc.l ArnMMeTp1m E±, rroJiyqeHHhie Ha rromrp1IMeTpe [44] rrpn: n:MrryJihce 4.5 f3B/c 

Ha HYKJIOH rrpn yrJie pacceHHHH rrpOTOHa 8°. 

IIpou;e,n;ypa H):\CHTII<pHKau;HH qacTIIIJ; TIO BpCMCHH HX TipOJICTa OTIJICaHa B 

'ICTBCpTOM pa3}:\CJie. ,ll;JIH 3TOil: u;eJIH B xo,n;e 3KCTICpHMCHTa HCTIOJih30BaJiaCb 

HH<pOpMaIJ;H5I co 2-x CIJ;HHTHJIJI5IIJ;HOHHhIX C'ICT'IHKOB H CIJ;HHTIIJIJI5IIJ;HOHHOrO 

rO):\OCKOTia, COCT05IIIJ;ero H3 8 HH):\HBH,ZJ;YaJihHhIX C'ICT'IHKOB. ,ll;eTCKTOpbI 

HaXO,ZJ;HJIHCh Ha paCCT05IHHH 34 H 28 MCTpOB OT MCCTa paCTIOJIO)KCHH5I 

TpHrrepHbIX CIJ;HHTHJIJI5IIJ;HOHHhIX C'ICT'IHKOB. Pa3perneHHe BpCM5ITipOJICTHOll 

CIICTCMhI COCTaBJI5IJIO 0.2 HCCK. 

II pH OT6ope Toro HJIH HHOrO BH,ZJ;a 'IaCTHIJ; <pOHOBhIC co6hITH5I 
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TIOJIHOCTbIO IICKJIJOqaJIIICb YCJIOBIIeM, qTo6hI IIHq:>OpMaIW51 o. BpeMeHII 

TipOJieTa ,n.eTeKTIIpyeMOfi qacTIIIJ;bI COOTBeTCTBOBaJia O)J.HOMY TIITIY qaCTIIIJ; TIO­

KpafiHefi Mepe )J.JI51 2-x II3 3-x He3aBIICIIMbIX BpeM51-TipOJieTHbIX CTie~TpOB. 

KoppeJI51IJ;II51 2-x BpeMeH TIPOJieTa qaCTIIIJ; )J.JI51 HaCTpOfiKII MarHIITHbIX 

3JieMeHTOB ycTaHOBKII Ha IIMTIYJihC 7.0 f3B/c Tipo,n.eMoHcTp1IpOBaHa Ha pn:c.2. 

Bn:,n.Ho Ha,n.e)I<HOe pa3,n.eJieH1Ie ,n.efiTpOHOB II TipOTOHOB. 

1000 
d~uterons · ········· · 

750 

500 

250 

0 

360 

Pn:c.2. Koppe.rurn;mr 2-x He3aBI!CHMblX BpeMeH npoJieTa 'IaCTHU: ,n:mr HaCTpOfiKH 

MarHHTHblX 3JieMeHTOB Ha HMIIYJlhC BTOpHqHblX 'IaCTHU: 7.0 rsB/c. 

B TI5ITOM pa3,n.eJie OTIIICbIBaeTC5I Tipou;e,n.ypa MO)J.eJI1IpOBaHII5I ycTaHOBKH. 

AKceTITaHC ycTaHOBKII 6bIJI BbJqlICJieH MO)J.eJI1IpOBaH1IeM MeTO)J.OM MoHTe­

KapJIO C yqeTOM TiapaMeTpOB TiyqKa HaqaJibHOrO ,n.efiTpOHa, 5I)J.epHoro 

B3alIMO)J.efiCTBII51 II MHOrOKpaTHOro pacce5IHII5I B MIIIIIeHII, B B03,n.yxe, 

Ha OKHax IIOHOTipOBO)J.a II ,n.eTeKTOpax, TIOTepb 3Hepr1III TiepBIIqHoro II 

BTOpliqHoro ,n.eiiTpOHOB II T.)J.. l1MTIYJibCHbifi aKCeTITaHC COCTaBJI51JI !:::,.p/p rv 

±2% AKceIITaHC TIO TIOJI5IpHOMY yrJiy COCTaBJI5IJI ±8 IIJIII ±18 Mpa,n. B 

3aBIICIIMOCTII OT MecTa paCTIOJIO)KeHII5I MIIIIIeHII. 

B IIIeCTOM pa3,n.eJie rJiaBbI OTIIIChrnaeTC51 Tipou;e,n.ypa TIOJiyqeHII5I 

aHaJIII31Ipy10iu;1Ix CIIoco6HocTefi Ayy II Ay peaKu;1Iii A ( d, p) X II A ( d, d') X. 

8 

BTopa51 rJiaBa TIOCB5IIIJ;eHa OTIHCaHHIO 3KCTiepn:MeHTa TIO II3MepCHHIO 

TCH30pHofi aHaJI1I311:py10iu;efi cTioco6HocTII T20 peaKIJ;IIii dd ---+ 3
Hen n: 

dd ---+ 3Hp TIO)]. HYJICBhIM yrnoM TIPII 3Heprn5Ix 140-270 M3B Ha ycTaHOBKe 

11 SMART 11 Ha ycKoplITeJihHOM KOMTIJieKce RIKEN (5ITIOHII5I). 

B TiepBOM pa3)J.eJie rnaBbI 0TIHCbIBaeTC5I o6iu;a5I cxeMa 3KCTiep1IMeHTa 

Ha cTieKTpoMeTpe 11 SMART 11
• IlyqoK TIOJI5Ip1I30BaHHbIX ,n.eiiTpoHOB 

06ecTieq1IBaJIC5I IICTOqHHKOM TIOJI5Ip1I30BaHHbIX IIOHOB aTOMapHoro THTia. 

,II,errTpOHbI ycKOp5IJIIICb )J.O Tpe6yeMOH 3HCprM1I (140, 200 IIJIII 270 

M3B) TIOCpe,n.CTBOM )J.BYX IJ;HKJIOTpOHOB. l13MepeHIIC II KOHTpOJib 

Tiom1p11:3au;1I1I rryqKa ocyiu;ecTBJI5IJIC5I )J.BYMH TIOJI5IplIMCTpaMH. IlyqoK 

ycKopeHHbIX ,n.eiiTpOHOB HaTipaBJI5IJIC5I Ha MHIIICHb, Tipe,n.cTaBJI5IIOI.IJ;YIO co6ofi 

JIH6o ,n.errTep1IpOBaHHblli TIOJIII3TIIJICH, JIII6o yrJiepo,n. )J.JI5I ou;eHKH q:>OHa. 

BTopn:qHhie qacTIIIJ;bI (3H~, 
3
H, TIPOTOHbI II T.,n..) per1ICTp1IpOBaJIIICb 

CIIeKTpOMCTpOM 11 SMART 11
, COCT05IlIJ;HM II3 )J.BYX ,ll,IITIOJibHbIX H Tpex 

KBa,n,pyTIOJibHbIX MarHIITOB H ,n,eTeKTHpy10iu;eii CIICTeMbI. l1,n,eHTHq:>IIKau;n:5I 

qaCTIIIJ; OCHOBhIBaJiaCb Ha aHaJIII3C BpeMeHII TIPOJICTa qacTIIIJ; II BCJIIIqHH 

HOHII3aIJ;IIOHHbIX TIOTCpb B TIJiaCTIIKe CIJ;IIHTIIJIJI5IlJ;IIOHHbIX )J.CTCKTOpOB. 

ToqHoe 3HaqeH1Ie yrJia pacce5IHH5I II IIMTIYJihCa qacTn:u; oTipe,n.eJIHJIHCh 

ITO HHq:>OpMaIJ;HII MHOrOTipOBOJIOqHblX ,n,peiiq:>OBbIX KaMep II OTITn:qecKIIM 

xapaKTCplICTIIKaM MarHIITHoro CTieKTpOMeTpa. 

BTOporr pa3,n,eJI OTIIICbIBa8T Tipou;e,n,ypy II3MepeHH5I II KOHTpOJI5I 

IIOJI5IpH3ari;IIII TiyqKa ,n,errTpOHOB BO BpCM5I 3KCTICpHMCHTa C IIOMOIIJ;bIO 

)J.BYX TIOJI5Ip1IMCTpOB, OCHOBaHHb!X Ha II3MCpCHIIII acn:MMCTplIH yrrpyroro 

dp- pacce5IHII5I. Co6hITII5I, cooTBeTCTBYIOIIJ;IIC d'[J- yTipyroMy pacceHHHIO, 

Bbl,ll,CJI5IJIHCb ,[l,JI5I Ka)K,ll,OH II3 CTIIIHOBb!X MO,ll, HCTOqHHKa TIO BpeMeHHOH 

H aMTIJIHTY,ll,HOii IIHq:>OpMaIJ;IIII co CIJ;HHTIIJIJI5IIJ;HOHHblX )J.eTCKTOpOB. 

CJICTCMaTJiqecKa5I OIIIII6Ka 3KCTiepJIMeHTaJibHb!X ,n,aHHbIX, o6ycJIOBJICHHa5I 

II3MepeHIICM TIOJI5Ip1I3aIJ;IIH TiyqKa, HC TipCBb!IIIaJia 2% ,ll,JI5I BCCX 3HeprJiii. 

TpeTJiii. pa3,n,eJI TIOCB5IIIJ;eH OTIIICaHIIIO Tipou;e,n,ypbI JI3MepCHJifi JI 

JI,[1,CHTIIq:>JIKari;IIII qacTIIIJ;. l1HTCHCIIBHOCTb TiyqKa B 3KCTICp1IMCHTC 

II3Mep5IJiaCb IJ;IIJIIIH,ll.pOM <llapa,n,e5I JI TIITIIIqHO COCTaBJI5IJia OT 1 ,n,o 2 

HA. ,IJ,errTeplICBOii MIIIIICHbIO CJIY)KIIJia TOHKa5I TIJieHKa )J.CfiTep1IpOBaHHOrO 

TIOJIJI3TIIJICHa CD2. ,Ii,JIH Ka)K,n.ofi HacTpOttKII CTieKTporpacpa TipOBO,ll,IIJIJICh 

JI3MepeHH5I Ha CD2 JI yrJiepo,n,e ,D,JI5I TIOJiyqeHII5I 3q:>q:>eKTa OT ,!].errTep1I5I 

Tiocpe,n,cTBOM CD2-C-BhJqlITaHH5I. 

Tpn: CIJ;IIHTIIJIJI5IIJ;IIOHHb!X cqeTqlIKa 6hIJIII pacTIOJIO)KCHbl B q:>OKaJibHOH 
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IIJIOCKOCTH crreKTpOMeTpa. CnrHaJihI C HHX HCIIOJih30BaJIHCh B COBrra,n;eHH.HX 

)l;JI.H Bbipa6oTKH cnrHaJia Tpnrrepa co6hITH.H n )l;JI.H IIOJiyqeHH.H BpeMeHHOfi 

n aMIIJIHTY,ll;HOfi HHCpOpMaU,HH, Heo6xo,n;nMOfi )l;JI.H n,n;eHTmpnKaU,HH qacTHU,. 

O)l;HHaKOBhIM HMIIYJihCOM ITO BpeMeHH rrpoJieTa. ,11,JI.H o,:6opa · qacTHU, 

orrpe,n;eJieHHOro copTa Tpe6oBaJIOCh, qT06hI aMIIJIHTY,ll;hI CHrHaJIOB BO Bcex 

Tpex Cll,HHTHJIJI.HU,HOHHhIX ,n;eTeKTOpax COOTBeTCTBOBaJIH 3HeprOBhI)l;eJieHHIO 

)l;JI.H ,n;aHHOrO THIIa qacTHU,. Pnc.3 ,n;eMOHCTpnpyeT KOppeJI.Hll,HIO aMIIJIHTY,ll;hI 

cnrnana B o,n;HOM H3 cu,nHTHJIJI.HU,HOHHhrx cqeTqnKOB AM A n pa3HHU,hI 

BpeMeHH rrpnxo,n;a BhICOKoqacTOTHOrO CHrttaJia U,HKJIOTpoHa OTHOCHTeJihHO 

cpa6aThIBaHn.H Tpnrrepa. Bn,n;Ho Ha,n;e)KHOe Bhr,n;eJieHne 
3
He OT cpoHa 

O)l;H03ap.H,ll;HhIX qacTHU,. 
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R.F.signal 

PHc.3. Koppe.rrn:u;mr aMIIJIHTY)];hI cnrnaJia B O)];HOM H3 CD;HHTHJIJIHD;HOHHbIX 

cqeTqJIKOB AM P1 H p83HHD;bI BpeMeHH rrpnxo.n;a BbICOKoqaCTOTHOrO cnrHaJia D;HKJIOTpOHa 

OTHOCHTeJihHO cpa6aTbIBaHHH TpHrrepa. 

MHororrpoBoJioqHhre ,n;peficpOBhie KaMephr, MWDC, rrpe,n;Ha3HaqeHHhre ,n;JI.H 

orrpe,n;eJieHH.H TpaeKTOpHH qaCTHU., 6hIJIH TaK)Ke pacrrOJIO)KeHhI B cpoKaJihHOfi 

IIJIOCKOCTH. 9cpcpeKTHBHOCTh BOCCTaHOBJieHH.H TpeKa qacTHU,hI 6hIJIO 
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Jiyqrne 99%. IIapaMeTpbI TpeKa C HCTIOJih30BaHHeM OIITHqecKoii: MaTpHU,hI 

crreKTporpacpa II03BOJI.HJIH orrpe,n;eJIHTh HMIIYJihC H YrJihI BhIJieTa qacTHU,hI 

H3 MmneHn. 9HepreTnqecKoe pa3perneHne o6ecrreqnBaJIOCh MarHHTHOfi n 

TpeKOBOfi CHCTeMaMH H COCTaBJI.HJIO "' 300 K3B. 

B qeTBepTOM pa3,n;eJie rrpo,n;eMOHCTpHpOBaHO Ha,n;e)KHOe BhI,ll;eJieHHe 

3cpcpeKTa Ha ,n;eil:Tepnn MeTo,n;oM CD2 - C- BhrqnTaHH.H. 11MrryJihCHhre 

crreKTphr 3He H3 peaKu,nn B3anMo,n;eil:cTBH.H ,n;eil:TpoHa c MnrneHhIO CD2 rrpH 

3Heprn.Hx 270, 200 n 140 M3B rroKa3aHhI Ha pnc.4a-46 (JieBa.H qacTb). 

3arnTpHXOBaHHhie o6JiaCTH COOTBeTCTBYIOT H3MepeHH.HM Ha yrnepo,n;Hoil: 

MHIIIeHH. CrreKTpbI IIOCTpoeHbI B 3aBHCHMOCTH OT 3HeprHH B036y)K,n;eHH.H 

He,n;eTeKTHpyeMofi CHCTeMbI EX. 

a) 

JI) 

" t ., 
z 

c) 

-10 -5 0 5 10 -5.0 -2.5 0 2.5 5.0 

Ex, MeV 
PHc.4. ITpou;e.n;ypa CD2 - C-BhrqnTaHHH ,lJ,JIH KaHaJia dd -> 3He(0°)n: a - 270 M3B, b 

- 200 M3B ll C - 140 M3B. JleBaH qacTh: CBeTJibie ll 3aIIITpHXOBaHHbie rHCTOrpaMMbI 

COOTBeTCTBYIOT Bb!XO,D;aM co6hITHi1 OT CD2 ll yrnepo.n;Hoi1 MHIIIeHei1 COOTBeTCTBeHHO. 

ITpaBaH qacTh: rHCTorpaMMhr, .n;eMOHCTpHpyroru;ne KaqecTBO CD2 - C-BhiqHTaHHH. 

KaqecTBo rrpou,e,n;yphr CD2 - C- BhrqnTaHH.H ,ll;JI.H 3He rrpo,n;eMOHCTpnpoBaHo 

Ha pttc.4a-4c (rrpaBa.H qacTh). B cJiyqae ,n;eTeKTnpoBaHH.H 3H Bhrxo,n; OT 
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I 
yrnepo,n;a no,n; nHKOM npH Ex = 0 MaB npeHe6pe)KHMO Ma.JI. 

B nHTOM p83,n;eJie rJiaBbI onHCbIBaeTCH npou;e,n;ypa noJiy'IeHHH TeH30pHOll 

aHaJIH3Hpyroru;eJi: cnoco6HocTH T20 peaKu;HJi: dd - 3
Hen H dd - 3Hp no,n; 

HyJieBbIM yrJIOM. I1oK83aHO, 'ITO 11 cpaJibllIHBa51 11 aCHMMeTpHH, a TaK)Ke 

acpcpeKT HCKa)KeHHH T20, o6ycJIOBJieHHbifi KOHe'IHbIM yrnOBbIM aKcenTaHCOM, 

B ycJIOBHHX ,n;aHHOrO 9KCnepHMeHTa He npeBbilliaJIH 1 %. 

B TpeTLe-ii rJiaBe o6cy)K,n;aroTCH noJiy'IeHHhre pe3yJibTaThI no 

aHaJIH3Hpyroru;HM cnoco6HocTHM Ayy H Ay peaKD;HH cpparMeHTaU,HH 

peJIHTHBHCTCKHX ,n;efiTpOHOB Ha BO,D;Opo,n;e H 51,D;pax npH 60JibllIHX nonepe'IHbIX 

HMnyJibCax ,n;eTeKTHpyeMbIX npOTOHOB [1 ]-[15]. 

B nepBOM pa3,n;eJie rJiaBbI npHBO,D;HTCH Ta6JIHD;bI c ,n;aHHbIMH no 

aHaJIH3Hpyroru;HM cnoco6HocTHM Ayy H Ay peaKD;HH cpparMeHTaU,HH 

peJIHTHBHCTCKHX ,n;eii:TpOHOB Ha BO,n;opo,n;e H 51,D;pax npH HMnyJibCe Ha'IaJibHOrO 

,n;eii:TpoHa 4.5-9.0 raB/c. 

Bo BTopoM pa3,n;eJie rnaBhI 

MO,D;eJib )KeCTKHX coy,n;apeHHfi, 

KpaTKO onHCbIBaeTCH peJIHTHBHCTCKaH 

B paMKax KOTopoii: OCHOBHOll BKJia,n; B 

BbIXO,D; npOTOHOB no,n; HeHyJieBbIMH yrJiaMH OTHOCHTeJibHO HanpaBJieHHH 

HaJieTaroru;ero ,n;cii:TpoHa ,n;aroT npHMaH cpparMeHTaU,HH ,n;efiTpoHa H npou;ecc 

pacceHHH5I HYKJIOHa ,n;efiTpOHa Ha HYKJIOHe MHIIIeHH. 

Tpeni:ii: p83,n;eJI nocBHru;eH aHaJIH3Y ,n;aHHbIX no TeH30pHoii: 

aHaJIII3Hpyroru;efi cnoco6HocTH Ayy peaKD;HH 9 Be( d, p) X, noJiy'IeHHhIX npII 

HMnyJihCe Ha'IaJibHOro ,n;eii:TpOHa 4.5 raB/c H yrJie ,n;ereKTHpyeMoro npOTOHa 

80 Mpa,n; [11, 12]. CpaBHeHHe noJiy'IeHHbIX pe3yJibTaTOB C npe,n;CK83aHH5IMH 

B paMKaX MO,D;eJIH )KeCTKHX coy,n;apeHIIfi C HCnOJib30BaHHeM napH)KCKOll 

B<D,l], ( CM.pIIc.5) noKa3bIBaeT, 'ITO no Mepe yBeJIH'IeHHH HMnyJibCa npOTOHOB 

pe3yJibTaTbI pac:<IeTOB BCe 60JibIIIe paCXO,D;5ITC5I C 9KCnepHMeHTaJibHbIMII 

,n;aHHbIMH II 3aBHCHMOCTb Ayy OT HMnyJibCa Bee 6oJiee onpe,n;emICTC5I 

npou;eccoM npHMOfi cpparMeHTaD;HH ,n;efiTpoHa. 

XopoIIIee corJiaCIIe ,n;aHHbIX, noJiy'IeHHbIX B HaCTOHiu;eM 9KCnepHMeHTe 

[11, 12], c ,n;aHHbIMH, noJiy'IeHHbIMH no,n; HyJieBbIM yrJIOM B TOH o6JiaCTH 

BHyTpeHHHX HMnyJibCOB k, r,n;e HX 3Ha'IeHH5I onpe,n;eJI5IIOTC5I rJiaBHbIM 

o6pa30M npo,n;OJibHbIMH HMnyJibCaMH npOTOHOB ( CM.pIIc.6), no,n;TBep)K)];aIOT 

c,n;eJialiHbill paHeC BbIBO)J; 0 npH6JIH)KeHHOll He3aBHCHMOCTH Ayy OT 9HeprHH 

,n;efiTpOHOB. IloaToMy npH MaJihIX pr BHyTpeHHHfi HMnyJihC k MO)KeT 

6bITb HCnOJib30BaH B Ka'IeCTBe yHHBepCaJibHOfi nepeMeHHOll ,D;JIH onHCaHHH 

CTPYKTYPhI peJIHTHBHCTCKoro ,n;efiTpoHa. 
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CpaBHeHIIe ,n;aHHhrx no Ayy npH MaJihrx nonepe'IHhrx HMnyJihcax npoTOHa 

(,n;o 300 MaB/c) c pe3yJihTaTaMH p83JIH'IHhrx no,n;xo,n;oB noK83brnaer, 'ITO 

HII o,n;Ha U3 MO,D;eJieJi: He n03BOJI5IeT nOJIY'IHTb KOJIH'IeCTBeHHOro corJiaCHH C 

nOJI5IpII3aU,HOHHbIMH ,n;aHHbIMH BO BCeM )J;Han830He H3MepeHHbIX HMnyJibCOB. 

A,, 
0.8 

0.6 

0.4 

0.2 

'~t 
- 0 -2 7 2,5 3 . 3.5 

p, GeV/c 

PHc.5.3aBHCHMOCTb TeH3OpHOli atta.J11I31Ipyrorn,eli 

cnoco6aocTa Ayy peaK~aa 9 Be(d, p)X npa 
4.5 r3B / c c BbIJieTOM npOTOHOB no,n; yrJIOM 80 
Mpa,n; OT lfMilYJibCa peracTpllpyeMbIX npOTOHOB. 

lllTpax-nyaKTIIpHa.>I KpaBa.>1 pe3yJihTaT 

pacqeTa B paMKax MO,n;eJia >KeCTKax coy,n;apeaali 

C lfCilOJib3OBaH!feM BOJIHOBOli cpyHK~lflf ,n;eliTpOHa 

,n;JI>i Ilapa:>KCKoro noTea~aana c yqeToM 

BKJia,n;a TOJibKO np>IMOli cpparMeHTa~lflf, 

IIITplIXOBa.>I KplIBa.>I - cyMMapHblli BKJia,D; 

np>iMOli cpparMeHTa~"" " >KeCTKoro pacce>1aa>1, a 

CilJIOII1Ha>1 KpHBa>I - TO :>Ke C Y'IeTOM lfMilYJibCHOro 

pa3peII1eHH>I 3KCnepaMeHTaJibHOli ycTaHOBKll. 

CD 
¢ 

o~I• \ ~ I I 

-o 8.oo 0.25 o.5o o. 75 1.00 
k, GeV/c 

PHc.6.CpaBaeaue noBe,n;eaa,i Tett3opaoli 

aiianu3upyrorn,eli cnoco6aocTu Ayy peaK~"" 
pa3BaJia ,n;eliTpoaa npu MaJihIX nonepeqab1x 

mmyJihCax C npe,n;CKa3aHlf>IMlf pa3JI1fqHblX 

MO,D;Meli C yqeTOM HettyKJIOHHbIX CTeneaeli 

CBo6o,n;hl B ,n;eliTpoae. CnJIOIIIHa.>I JIHHlf>I 

COOTBeTCTByeT pacqeTaM C lfCIIOJib3OBaHHeM 

cTatt,n;apTaoli Bct>,n: aa ocaoBe Ilapa:>KCKoro 

HYKJIOH-HYKJIOHHOro noTea~uana. IlITpaxoBa>i 

If IIYHKTIIpHa>I JillHlflf - pe3yJihTaTbl pacqeTOB 

C lfCilOJib3OBaHaeM ru6pa,n;Hb!X Bet>,[( [42]. 
KX,n: MOTHBttpoBaHHa>i acaMIITOTaKa 11,.n,i Ayy 
ITOKa3aHa )KHpHOH CIIJIOIIIHOH JIHHHeii. 

B 'IeTBCpTOM pa3,n;eJie o6cy)K,n;aroTC5I ,n;aHHbie no TeH30pHOfi 

aHaJIII3IIpyroru;efi cnoco6HOCTH Ayy peaKD;HH, noJiy'IeHHbie npH 60JibIIIIIX 

rronepe'IHhrx HMnyJihcax. npoToHa ( 6oJiee 500 MaB / c). IloJiy'IeHo xopoIIIee 

cornacHe pe3yJibTaTOB U3MepeHH5I TCH30pHOfi aHaJIH3Hpyroiu;eu crroco6HOCTH 

Ayy peaK~HH 9 Be(d,p)X rrpH HMIIYJihce Ha'IaJihHoro ,n;efiTpoHa 5.0 raB/c H 

yrne ,n;eTCKTHpyeMoro npOTOHa 178 Mpa,n; [7, 9, 13, 14] c npe,n;cK83aHH5IMH 

MO)J;CJIH )KeCTKHX coy,n;apcHHfi C HCnOJib30BaHHeM peJIHTIIBHCTCKOii B<D,l],, 

noJiy'IeHHOfi B )J;HHaMHKe Ha CBeTOBOM cppOHTe. 

CHCTeMaTII'IeCKHe H3MepeHH5I TeH30pHOll aHaJIH3Hpyroru;efi cnoco6HOCTII 

Ayy peaKU,IIH pa3BaJia ,n;eiiTpOHa Ha BO,D;Opo,n;e II yrJiepo,n;e 6bIJIII BbIIlOJIHCHhI 

npII Ha'IaJibHOM HMnyJihCe 9 .0 raB / C B IIIIIpOKOM ,D;IIan830He nonepe'IHhIX II 
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TipO,n;OJibHbIX HMTIYJihCOB TipOTOHa [1, 2, 4, 8, 10, 15]. IlOKa3aHO, 9TO ,n;aHHhie, 

TIOJiy9eHHbie KaK Ha BO)];OpO)];HOil:, TaK H Ha 51,n;epHOil: MHIIIeH5IX HaX0)];5ITC5I B 

cornaCHH B Tipe,n;enax )];OCTHrHYTOil: 3KCTiepttMeHTaJibHOil: T09HOCTH. 

o., 
A,, 

o., 

0.2 

-0.2 

A o.o 
"rt b' 

b) 

\\ o···· ···t······'<'~\ ....... . 
'·,,, 0 \ ·----~ ).. 

···-....... \.._:,. '"¥-

c) d) 
? 

~! '.~:J~>-_i, -04 

-0.6 ~~-~~-~~-~~-~~~ 
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.-4 0.6 0.8 1.0 

P,, GeV/c 

Pnc. 7 .3am,cHMOCTb TeH3opHolt aHaJIH3HPYJOI.l\elt 

cnoco6HocTH Ayy peaKI.\HH pa3BaJia ,WltTpoHa 

OT nonepe'IHOro HMTTYJibCa npOTOHa PT npH 

q)HKCHpOBaHHblX BeJilf'IHHax ).\OJilf np0,1.\0JibHOro 

MMnyJibCa x B CMCTeMe 6ecKOHe'IHOro lfMTTYJibca: 

a) x ~ 0.61, b} x ~ 0.67, c) x ~ 
0.72 " d} x ~ 0.78. CnJIOIIIHbre JIHHlflf -

pe3yJibTaTbl Bbl'llfCJieHlflt B MO).\eJilf )KeCTKOro 

pacce,rmrn C lfCTTOJib30BaHlfeM peJIHTlfBlfCTCKOli 

B<I>,D;; IIITpMXOBble " nyHKTMpHbre JilfHlflf -

BbI'IMCJieHMH co CTaH,1.1apTHbIMM B<I>,D;. 

_;,..-i,, 

0.5 ~------~-------

Ayyo• f + 
a) rt 

o., 

b) 

0.21~ _:~ ················•· ···~···t~···· 
-0.2 1-~-~-~-+.--~-~---l 

A,,0.2 ~) ( \ d) 
0.1 :: ..... .. rt-;;; 

-o., L..-~~-~-.....1.-~-~-~__. 
-1.0 -0.7 -0.4 -0.1 -0.7 -0.♦ -0.1 0.2 

cos X 

Pnc.8. 3aBMCMMOCTb TeH30pHolt 

aHaJilf31fPYJOI.l\elt cnoco6HOCTM Ayy peaKI.\lflf 

pa3BaJia ,1.1eltTpOHa OT nepeMeHHOlt cos X 
(ii· k)/lkl npM q)MKCMpoBaHHbIX seJIH'IHHax 

BHyTpeHHero lfMTTYJibCa npOTOHa k: a) ~600 
M3B/c, b} ~700 M3B/c, c) ~800 M3B/c " d} 
~950 M3B/c. CnJIOIIIHb1e JIMHHH - pe3yJibTaTbI 

Bbl'IHCJieHlflt B MO).\eJIH )KeCTKOro pacceHHHH C 

lfCTTOJib30BaHMeM peJIHTlfBlfCTCKOlt B<I>,D;. 

3Ha9eHH5I TeH30pHoil: aHaJIH3ttpyroru;elt cTioco6HocTH Ayy Tiprr 

<plIKCHpOBaHHbIX BeJIH9HHax )];OJIH Tipo,n;OJibHOro HMTIYJibCa X B ClICTeMe 

6eCKOHe9HOrO lIMTIYJibCa rv 0.61, rv 0.67, rv 0. 72 H rv 0. 78 Tipe,n;CTaBJieHbI 

COOTBeTCTBeHHO Ha pHC. 7 a, b, C II d B 3aBIICHMOCTII OT TIOTiepe9HOro 

IIMTIYJihCa TipOTOHa PT· BII,n;Ho, 'ITO ,n;aHHhre TIO Ayy TIPII <pIIKCIIpoBaHHhrx 

3Ha9eHII5IX TipO,ll;OJibHOro IIMTIYJibCa X 3aBIIC5IT OT TIOTiepe9HOro IIMTIYJibCa 

PT cne,n;yroru;IIM o6pa30M: BeJIII9IIHbI Ayy TIOJIO)KIITeJibHbI TIPII MaJibIX 

PT lI MOHOTOHHO yMeHbIIIaIOTC5I C yBeJIII9eHHeM TIOTiepe9HOro lIMTIYJibCa 

)];JI5I BCex 3Ha9eHIIH x. ,l];aHHOe TIOBe,n;eHIIe TipOTIIBOpe9HT Tipe,n;CKa3aHH5IM 

peJI5ITIIBIICTCKOil: MO)];eJIII )KeCTKOro pacce5IHII5I C IICTIOJib30BaHrreM KaK 

14 

1 
I 

I 
l 

l 

cTaH,n;apTHhIX B<l>,LJ;, TaK II peJI5ITIIBHCTCKoil: B<l>,LJ; KapMaHoBa. 

,Ll;aHHbie TIO Ayy, COOTBeTCTByroru;IIe cpe,n;HeMy BHyTpeHHeMy IIMTIYJihCY 

HYKJIOHa k ~600 MaB/c, ~700 MaB/c, ~800 MaB/c II ~950 

MaB / c, Tipe,n;cTaBJieHHhre B 3aBIICHMOCTII OT TiepeMeHHOil: cos x 
(-n · k)/lkl, cpaBHIIBaIOTC5I C pe3yJihTaTaMII pac9eTOB C IICTIOJib30BaHIIeM 

B<l>,Ll; KapMaHoBa Ha pIIc.8a, b, c II d. BII,n;Ha CIIJibHa5I 3aBIICIIMOCTh 

3Ha9eHIIil: Ayy OT TiepeMeHHOil: cos x II OTJIII9He OT pac9eTOB TipII 6oJihIIIIIX 

BHyTpeHHIIX IIMTIYJihcax HYKJIOHa. Oco6eHHOCTII TIOBe,n;eHII5I TeH30pHOil: 

aHaJIII3IIpyroru;ett CTIOC06HOCTII Ayy, a HMeHHO: CIIJibHa5I 3aBIICIIMOCTb 

3Ha9eHIIlt Ayy OT TIOTiepe9HOro IIMTIYJihCa PT TIPH <pIIKCttpoBaHHhrx 

3Ha9eHH5IX )];OJIII TipO)];OJibHOrO IIMTIYJibCa X IIJIII 3aBIICHMOCTb Ayy 
OT TiepeMeHHOtt cos X TIPII <pIIKCIIpOBaHHbIX 3Ha9eHII5IX BHyTpeHHero 

IIMTIYJibCa k, 5ICHO ,n;eMOHCTp!fpyroT, 9TO a,n;eKBaTHOe OTIHCaHIIe TIOJiy9eHHbIX 

3KCTiepIIMeHTaJibHblX ,n;aHHblX MO)KeT 6hITb )];OCTIIrHyTo C IICTIOJib30BaHIIeM 

B<l>,Ll;, 3aBIIC5Iru;ett OT 6onee 9eM O)];HOil: TiepeMeHHOtt. 

B TI5ITOM pa3,n;ene rnaBbl o6cy)K,n;aIOTC5I pe3yJibTaTbI TIO BeKTOpHott 

aHaJIII3IIpyroru;ett CTIOC06HOCTII Ay peaK~IIII <pparMeHTaD;IIII ,n;ettTpOHa. 

BenII9IIHa Ay Mana, HO He TipeHe6pe)KIIMa, 'ITO MO)KeT 6hITb 

IIHTepTipeTIIpoBaHO, KaK BJIII5IHHe CTIIIH-3aBIICIIMOtt 9aCTH aMTIJIIITY,ll;bl 

HYKJIOH-HYKJIOHHoro pacce5IHII5I. 

qeTBepTaH rJiaBa TIOCB5IIU;eHa pe3yJibTaTaM TIO aHaJIII3rrpyroru;IIM 

cTioco6HocT5IM Ayy H Ay peaKD;IIII HeyTipyroro pacce5IHH5I peJI5ITHBIICTCKHX 

,n;ettTpOHOB Ha Bo,n;opo,n;e II 5!,ll;pax TIPII 6oJibllIIIX TIOTiepe9HbIX IIMTIYJibCax B 

o6naCTH B036y)K,n;eHII5I 6apHOHHbIX pe30HaHCOB [17, 18, 19, 20, 21, 22]. 

B TiepBOM pa3,n;ene rJiaBbl TipHB0)];5ITC5I Ta6JIIID;bl C ,n;aHHbIMH TIO 

aHaJIII3IIpyroru;rrM cTioco6HocT5IM Ayy II Ay peaKu;IItt HeyTipyroro pacce5IHII5I 

,n;ettTpOHOB Ha B0,ll;Opo,n;e lI 5I)];pax TipH HMTIYJibCe Ha9aJibHOro ,n;efiTpOHa 

4.5-9.0 faB/ c. YKa3hmaeTC5I ,n;IIaTia30H II3MepeHHhrx 4-x IIMTIYJihCOB t 
II He,n;ocTaIOru;IIx Mace Mx )];JI5I pa3JIH9HbIX KIIHeMaTH9eCKHX ycJIOBIIH 

TipoBe,n;eHII5I 3KCTiepIIMeHTa. 

Bo BTOpOM pa3,n;ene OTIIICbIBaIOTC5I TIOJI5IpII3aD;IIOHHbie 3<p<peKTbl B 

(d, d')X- peaKIJ;IIII B o6nacTII B036y)K,n;eHH5I 6apIIOHHhIX pe30HaHCOB. 

BbIIIOJIHeH aHaJIH3 TIOJI5IpII3aD;IIOHHblX 5IBJieHIItt HeyTipyroro pacce5IHII5I 

,n;efiTpOHOB Ha HYKJIOHe B paMKax HMTIYJibCHOro TipH6JIII)KeHlI5I (HTT) [16]. 

IloKa3aHO, 9TO B ,n;aHHOM TIO,n;xo,n;e TeH30pHa5I aHaJIH3Hpyroru;a5I CTIOC06HOCTb 

Ayy OTipe,n;eJI5IeTC5I B OCHOBHOM CTIIIHOBOtt CTpyKTypofi ,n;ettTp0Ha, B TO 
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BpeM.H KaK BeKTOpHa.H amUI11311pyrorn;a.H CITOC06HOCTh Ay 3aB11CllT T~K)Ke OT 

OTHOllleHll.H CITl!H-3aBl!Cl!MOil: 11 He3aB11CllMOil: OT CITl!Ha qacTeil: aMITJil!Ty,n; 

aneMeHTapHoro ITpou;ecca N N ----* N N*. KpaTKO OITl!Chrnae'l_'C.H MO­

,n;eJih o6MeHa W-Me30HOM B t-KaHane, B KOTopoil: ITOBe,n;eH11e TeH30pHoil: 

aHan11311pyroru;eil: cIToco6HocTH peaKu;1111 (d, d')X qyBCTB11TeJihHO K cBoil:cTBaM 

6ap110HHhIX pe30HaHCOB N*. 

:1 / 

-0.5 '----~-----~-------' -1.s -1.2 -o.9 -o.6 -o.3 a.a 
t, (GeV/c)' 

Pnc.9.TeH30pHaH aHaJIH3apy10ru;a51 cnoco6HOCTh 
Ayy Heynpyroro pacceHHHH ,a;eiiTpOHOB Ha 
6epHJIJIHH Ha yroJI ~80 Mpa,a; npH 4_5 
f3B/c [19, 20] H Ha yroJI ~178 Mpa,a; nptt 
5_0 f3B/c [21](TeMHhie TpeyrOJihHHKH tt 
KBa,a;paThI, COOTBeTCTBeHHO) H Ha BO,a;opo,a;e 
no.a; HyJieBhIM ymoM npa 4-5, 5_5 f3B/c H 9 
f3B / c ( CBeTJible TpeyrOJihHHKH, KBa,a;paThl H 
Kpy)l(KH, COOTBeTCTBeHHO) B 3aBHCHMOCTH OT 
4-aMnyJihCa t_ KpttBh1e BhI'lHCJieHhI B IHI (16] c 
HCnO,~h30BaHHeM CTaH,a;apTHhIX B<I>,!J;_ 

A,, 

0.5 

--
--

" 

-1.4 -0.7 0.0 

t, (GeV/c)' 

Pnc.10. TeH30pHaH aHaJIH3HPYJOW:aH 
cnoco6HocTh Ayy Heynpyroro pacceHHHH 
,a;eiiTpOHOB c HMnyJihCOM 9_0 f3B/c Ha ymepo,a;e 
H BO!];Opo,a;e npH pa3JIH'lHhlX ymax BhIJieTa 
B 3aBHCHMOCTH OT t_ CBeTJihie poM6h1 -
,a;aHHhie, noJiy'leHHhie paHee no.a; HyJieBb!M 
yrJIOM- CBeTJibie H TeMHhie CHMBOJihl - ,a;aHHhie, 
noJiy'leHHhie B ,a;aHHOM 3KCnepHMeHTe Ha 
yrJiepo,a;e a BO,a;opo,a;e (22]- KpHBhie Te )l(e, 'ITO a 
Ha pac_9_ 

B TpeTheM pa3,n;ene pe3yJihTaThI ITO TeH30pHOil: aHaJI113Hpyrorn;eil: 

cIToco6HocT11 Ayy peaKu;1111 HeyITpyroro pacce.HHll.H ,n;eil:TpoHa Ha Bo,n;opo,n;e 

11 .H,n;pax cpaBHl!BaIOTC.H c ITpe,n;cKa3aH11.HMll Mo,n;eneil: IHI [16] 11 o6MeHa 

W-Me30HOM B t-KaHaJie_ ,II:aHHbie ITO Ayy, ITOJiyqeHHhie B xo,n;e ,n;aHHOro 

aKcITep11MeHTa ITp11 l!MITYJihcax HaqaJihHoro ,n;eil:TpoHa 4.5 faB/c [19, 20] 11 5_0 

raB/c [21] Ha 6ep11JIJI1111, cpaBHl!BaIOTC.H Ha p11c_9 C ,n;aHHhIMll, nonyqeHHhIMH 

paHee Ha BO,n;opo,n;e no,n; HyJieBhIM yrnoM, B 3aB11Cl!MOCTll OT 4-11MnyJihCa t_ 
,II:aHHhre no Ayy, nonyqeHHhie np11 11Mnynhce HaqanhHoro ,n;eil:TpoHa 9 faB/c 

[22], ITpe,n;cTaBJieHbI Ha p11c.l0 COBMCCTHO C ,n;aHHhIMll, ITOJiyqeHHhIMH paHee 

Ha BO,Il;Opo,n;e ITO,Zl; HyJieBhIM yrnoM. Kp11Bhie Ha p11c.9 11 p11c.l0 BhJq11cJieHhI B 

HIT [16] C l!CITOJih30BaHlleM CTaH,n;apTHhIX B<l>,II:. 
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I] 

Ha6nro,n;aeTC.H He3aBl!CllMOCTh Ayy OT aTOMHOrO HOMepa Ml!llleHll, a 

TaK)Ke YHl!BepCaJihHOCTh ITOBe,n;eHll.H B 3aB11Cl!MOCTll OT ITepeMeHHOil: t. 
OTn11q11e ,n;aHHhrx ITO Ayy OT npe,n;cKa3aH11il: HIT [16], TaK)Ke KaK 11 OT 

ITOBe,n;eH11H ,n;aHHhIX B npou;eccax ynpyroro dp- 11 ed- pacce.HH11il:, noKa3hIBaeT 

qyBCTBl!TeJibHOCTh Ayy K B036y)K,n;eHll.HM 6ap110HHhIX pe30HaHCOB C MaccaMll 

Mx ~1.4-2.6 raB/c2. ,II:aHHhre ITO Ayy B o6nacrn Bo36y)K,n;eH11.H 

nerK11x 6ap110HHhrx pe3oHaHCOB (Mx ·~1.4-1.7 faB/c2
) He ITpOT11BopeqaT 

ITpe,n;cKa3aHll.HM MO,n;eJill o6MeHa W-Me30HOM. 
B qeTBepTOM pa3,n;ene rnaBhl o6cy)K,II,aIOTC.H pe3yJihTaThl no BeKTOpHOil: 

aHan11311pyroru;eil: cIToco6HocT11 Ay peaKu;1111 ( d, d') X Ha Bo,n;opo,n;e 11 .H,n;pax 

B o6JiaCTll B036y)K,n;eHll.H 6ap110HHhIX pe30HaHCOB. 

A, 

0.5 ~------i:o/,~ 
l __ ,:.J.::::;- ~ Ofz~:~-··········· .. -······································· 

-05 ft 

-1 L---~-----~------' 
-1.5 -1.2 -0.9 -0.6 -0.3 0.0 

t, (GeV/c)' 

Pnc.11. BeKTOpHaH aHaJIH3Hpy!OW:aH 
cnoco6HoCTh Ay B HeynpyroM pacceHHHH 
,a;eiiTpOHOB Ha 6epHJIJIHH npH 5_0 f3B/c Ha 
yroJI ~178 Mpa,a; [21] B 3aBHCHMOCTH OT 4-x 
HMnyJihCa t. KpttBbie Bhl'lHCJieHhl B MII [16] c 

HCnOJih30BaHHeM CTatt,a;apTHhlX B<I>.Il:-

A, 

0.5 

l u ~~j 
-0.5 '-----------------' 

-1.6 -1.2 -0.8 -0.4 0.0 

t_ (GeV/c)' 

Pnc.12. BeKTOpHaH aHa.~H3ttpyJOW:aH 

cnoco6HoCTh Ay peaK~HH (d, d')X npH 9-0 
f3B/c [22] Ha ymepo,a;e H BO,a;opo,a;e npa 
pa3JIH'lHhIX ymax BhIJieTa B 3aBHCHMOCTH OT t_ 
KpHBble Bhl'lHCJieHhl B MII (16] c HcnOJih30BaHHeM 

CTaH,a;apTHhlX B<I>,n:. 

Ha pnc.11 ,n;aHHhie ITO BeKTOpHoil: aHan11311pyroru;eil: cnoco6HocT11 Ay 
peaKD;llll HeyITpyroro pacce.HHllH ,n;eil:TpOHOB Ha 6ep11JIJIH11 ITPll HaqaJibHOM 

11Mnynhce 5.0 raB / c 11 yrne ,n;eTeKT11poBaH11.H ~ 178 Mpa,n; [21] cpaBHHBaIOTC.H c 

ITpe,n;cKa3aHH.HMH HTI [16] c ucnoJih30BaH11eM cmH,n;apTHhIX Bc:I>,II:. HeHyneBhie 

3HaqeH11.H Ay np11 Mx ~ 1500 MaB/c2. B paMKax HIT [16] o6'hHCHHeTC.H 

3aMeTHhIM BKJia,n;oM 3aBllC.HID;eil: OT CITl!Ha qacTH 9JieMeHTapHOil: aMITJillTY,Zl;hI 

N N ----* N N* peaKu;11n. 
,l],aHHhre ITO BeKTOpHoil: aHaJI113ttpyroru;eil: cIToco6HocT11 Ay ( d, d')X 

peaKu;1111, ITOJJyqeHHhie ITpll HaqaJihHOM llMITYJihCe 9.0 raB/ C B o6JiaCTll 
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He,D;OCTaIOID;IIX Mace Mx ~2.2-2.6 raB/c
2 

[22], ITpe,n;cTaBJieHhI Ha pIIc.12 KaK 

q>yHKIJ;II5I t. OTHOCIITeJibHO 60JibIIme 3HaqeHII5I Ay ITpII jtj rv 1 (raB/c)2 

MO)KHO IIHTepITpeTIIpOBaTb KaK 3aMeTHbifi BKJia,n; 3aBIIC5Irn;efi OT ··cITIIHa 

qacTII aMITJIIITY,D;hI aJieMeHTapHoro ITpou;ecca N N -t N N* B~o6JiaCTII .Mace 

6apIIoHoB Mx ~2.2-2.6 raB/c2• 

B IIHTOtt rJiaBe ITpe,n;cTaBJI5IIOTC5I pe3yJihTaThI ITO TeH30pHoit 

aHaJIII3IIpyIOw;efi cIToco6Hocrn T20 peaKa;IIfi dd - 3Hen II dd - 3Hp 
ITo,n; HyJieBhIM yrnoM ITpII 3Hepm5Ix HaqaJihHoro ,n;efiTpoHa 140-270 MaB 

[28]-[41]. 

B ITepBOM pa3,D;eJie rJiaBbI ITPIIBO,D;5ITC5I Ta6JIIIIJ;bI C ,n;aHHbIMII ITO TeH30pHofi 

aHaJIII3IIpyIOw;efi cIToco6HocTII T20 peaKa;IIfi dd -t 3Hen II dd -t 3Hp 
ITO,D; HyJieBbIM yrJIOM. BeJIIIqIIHbI T20 ,D;JI5I o60IIX 3ap5I,D;OBO-CIIMMeTpIIqHbIX 

KaHaJIOB 
3Hp II 3Hen ITpII 3Hepm5Ix 140 II 200 MaB, Haxo,n;5ITC5I B xopoweM 

COrJiaCIIII ITPII ,D;OCTIIrHyTofi 3KCITepIIMeHTaJibHOll TOqHOCTII. TaKIIM o6pa30M, 

B ycJIOBII5IX ,n;aHHOro 3KCITepIIMeHTa ,D;JI5I dd -t 3He(0°)n II dd -t 3H(0°)p 
ITpou;eccoB HapyweHII5I 3ap5I,D;OBOfi CIIMMeTpIIII He o6Hapy)KeHO. 

BTopofi pa3,D;eJI ITOCB5IID;eH aHaJIII3y ITOJI5IpII3aIJ;IIOHHb!X 5IBJieHIIfi ,D;JI5I 

peaKIJ;IIII dd -t 
3Hen ITO,D; HyJieBbIM yrJIOM [23]. IToKa3aHo, qTo 

B KOJIJIIIHeapHofi reoMeTpIIII ITpou;ecc dd -t 3Hen(3Hp) MO)KeT 6hITh 

3aITIICaH B TepMIIHax 5 He3aBIICIIMbIX KOMITJieKCHbIX aMITJIIITY,D;, 3aBIIC5Itu;IIX 

OT HaqaJibHOfi 3HeprIIII. IToJiyqeHO o6rn;ee Bbipa)KeHIIe ,D;JI5I TeH30pHofi 

aHaJIII3IIpyIOw;efi CIToco6HocTII T20 . 

B TpeTbeM pa3,n;eJie ITOJI5IpII3aa;IIOHHbie 5IBJieHII5I ,D;JI5I peaKIJ;IIII 

dd -t 
3Hen ITO,D; HyJieBhIM yrnoM aHaJIII3IIpyIOTC5I B ITpII6JIII)KeHIIII 

o,n;HoHyK.i:cOHHoro o6MeHa (OHO) [23, 24, 25]. fIOKa3aHo,qTo TeH30pHa5I 

aHaJIII3IIpyIOtu;a5I CITOC06HOCTb T20, o6ycJIOBJieHHa5I ITOJI5IpII3aa;IIefi 

HaJieTaIOw;ero ( ITyqKOBOro) ,n;efiTpOHa, B ycJIOBII5IX ,n;aHHOro 3KCITepIIMeHTa 

OITpe,n;eJI5IeTC5I IICKJIIOqIITeJibHO CITIIHOBOfi CTpyKTypofi 3He. TaKIIM o6pa30M, 

B paMKax ITpII6JIII)KeHII5I OHO ITOJIO)KIITeJibHhifi 3HaK T20 B IICCJie,n;yeMoil: 

o6JiaCTII 3HeprIIfi ( CM. pIIc.13) OTpa)KaeT ITOJIO)KIITeJibHblll 3HaK OTHOIIIemrn 

D/S- BOJIH B 
3
He(

3
H) B IIMITYJihCHOM ITpocTpaHCTBe. B aToit CB5I3H 

MO)KHO 3aKJIIOqf1Tb, qTo HaIIIII ,n;aHHhie qyBCTBIITeJihHbI K D-COCT05IHIIIO B 
3
He(

3
H). KpIIBhie Ha pIIc.13 pe3yJihTaTbI HepeJI5ITIIBIICTCKIIx BbiqIIcJieHIIil: 

B paMKax OHO [25] c IICITOJih30BamieM CTaH,n;apTHhIX BOJIHOBhIX ¢YHKIJ;IIit 
3
He. Pe3yJihTaTbI 3KCIIepIIMeHTa HaXO,D;5ITC5I B KaqeCTBeHHOM COrJiaCIIH C 

BhiqIIcJieHII5IMII, BhIIIOJIHeHHhIMII B paMKax MexaHII3Ma OHO [25]. 
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T20 
0.5 ··• ... 

\~~ o~---------

\ 

-0.5 \ 
-1 

\-....... . 

-1.5 L--~-----~-----~----' 
1.25 1.5 0 0.25 0.5 0. 75 

Td, GeV 

Pn:c.13. TeH30pHa.H aHaJIH3npyIDII\a.H 

crroco6HOCTb T20 a peaKIJ;H>Ix dd --+ 
3Hen 

(3aIIITpHxoaaHHbie KPY)KKH) H dd ..... 3Hp 
(OTKpbITbie TpeyrOJibHHKH) B KOJIJIHHeapHOli 

reoMeTpHH B 3aBHCHMOCTH OT KHHeTH'IeCKOli 

3HeprHH Ha'laJibHOro Ael!TpOHa (40, 41]. KpHBble 

- pe3yJihTaTbI BbI'lHCJieHHll B paMKax OHO 'AJI" 
CTaH,D,apTHbIX BOJIHOBbIX <pyHKIJ;Hli 3He. 

T20 

0.5 

.lL~-- -------< 
-0.5 

-1 

-1.5 '-----------~------' 
0 0.1 0.2 0.3 0.4 0.5 0.6 

k, GeV/c 

Pn:c.14. TeH30pHa.H aHaJIH3HpyIOII\a.H 

crroco6HocTb T20 B peaKIJ;H>IX dd --+ 3Hen 
(3aIIITpHXOBaHHbie KPY)KKH) (40, 41] H 

d3He ..... 3Hed (oTKpbITbie KBa,rrJ>aTbI) B 

3aBHCHMOCTH OT aHyTpeHHero HMIIYJibCa k. 
KpHBbie - pe3yJibTaTbl Bbl'lHCJieHHli B paMKax 

OHO 'AJI" CTaHAaPTHbIX BOJIHOBbIX <pyHKIJ;Hli 
3He 

C Y'leTOM peJI>ITHBHCTCKHX rrorrpaBOK. 

B qeTBepTOM pa3,n;eJie ,n;aHHbie, ITOJiyqeHHbie ,D;JI5I peaKIJ;IIII dd -t 3He(0°)n, 

cpaBHIIBaIOTC5I c ,n;aHHhIMII ,D;JI5I rrpou;ecca d3He -t 
3Hed B 3aBIICIIMOCTII 

OT BHyTpeHHero IIMITYJibCa k ( CM. pIIc.14). ,l],aHHbie ,D;JI5I o60IIX rrpou;eccoB 

,n;eMOHCTpIIpyIOT YHIIBepCaJibHOCTb ITOBe,n;eHII5I B 3aBIICIIMOCTII OT ITepeMeHHOfi 

k. KpIIBhie - pe3yJihTaThI BhiqIIcJieHIIfi B paMKax OHO ,D;JI5I cTaH,n;apTHhIX 

BOJIHOBbIX <PYHKIJ;IIfi 3He C yqeTOM peJI5ITIIBIICTCKIIX rrorrpaBOK. 

Pa3JIIIqIIe Me)K,n;y ,n;aHHbIMII II BblqIIcJieHII5IMII MO)KeT 6hITb o6ycJIOBJieHO 

KaK BKJia,n;oM MexaHII3MOB OTJIIIqHbIX OT OHO, TaK II Hea,n;eKBaTHhIM 

orrIIcaHIIeM cTpyKTYPhI 
3
He Ha MaJihIX paccTo5IHII5IX. 

B rneCTOH rJiaBe o6cy)K,n;aeTC5I B03M0)KH0e ITpO,D;OJI)KeHIIe IICCJie,D;OBaHIIfi 

CTPYKTYPhI JierKIIX 51,z:i;ep Ha MaJihIX Me)KHYKJIOHHhIX paccT05IHH5IX II 

MexaHII3MOB B036y)K,D;eHII5I 6apIIOHHbIX pe3oHaHCOB BO B3aIIMO,D;efiCTBII5IX 

peJI5ITIIBIICTCKIIX ,n;efiTpOHOB C IIpOTOHaMII II 5!,D;paMII. 

B rrepBOM pa3,D;eJie o6cy)K,D;aIOTC5I ITpO,D;OJI)KeHIIe 3KCIIepIIMeHTa ITO 

II3MepeHIIIO TeH30pHOfi II BeKTOpHOfi aHaJIII3IIpyIOrn;IIx CITOC06HOCTefi, Ayy II 

Ay, a TaK)Ke B03MO)KHOCTb II3MepeHII5I ITOJI5IpII3aa;IIII ITpOTOHa Py II rrepe,z:i;aqII 

ITOJI5IpII3aa;IIII OT ,n;efiTpoHa K ITPOTOHY Kt peaKIJ;IIII A ( d, p) X ITPII 6oJihIIIIIX 
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ITorrepeqHbIX IIMITYJihcax Ha ycTaHOBKe 11 C<I>EPA 11 . 

BTopoi1: pa.3,n;eJI ITOCB5IIIJ;eH o63opy B03MO)KHbIX ITOJI5IpII3aD;IIOHHbIX 

3KCI1CpIIMeHTOB ITO II3yqeHIIIO B036y)K,ll;CHII5I 6apIIOHHhIX pe3oHaHCOB B 

peaKD;IIII ( d, d')X [16] B J1B9BB. l13MepeHIIe TeH30pHoi1:~,, ITOJIHpII3au;1m 

BTOpwrnoro ,n;ei1:TpOHa Pyy B03M0)KH0 C ITOMOID;bIO cyru;ecTByroru;ero 

ITyqKOBOrO TeH30pHoro ITOJI5IpIIMeTpa. B CJiyqae IICITOJih30BaHII5I 

HaqaJibHOro ITyqKa TeH30pHO-ITOJI5IpII30BaHHhIX ,n;ei1:Tp0HOB B03MO)KHO 

TaK)Ke II3MepeHIIe TeH30p-TeH30pHofi ITepe,n;aqII ITOJI5IpII3al\IIII KJff peaKD;IIII 

(cl, cl')X. Pa3Meru;eHIIe BCKTOpHoro ITOJIHpIIMeTpa ,n;ei1:TpOHOB Ha ycTaHOBKe 
11 C<I>EPA 11 IT03BOJIIIT II3MepIITh Py II Kff peaKD;IIII (cl, d')X B o6JiacTII 

B036y)K,ll;8HII5I 6apIIOHHbIX pe30HaHCOB B IIIIIpOKOM ,n;IIaIT8.30He ITOITepeqHbTX 

IIMITYJibCOB. 

B TpeTheM pa3,n;eJie o6cy)K,n;aeTc5I ,n;aJihHefirnee IICCJie,n;oBaHIIe 

ITomrpII3au;noHHhIX im6Jiro,n;aeMhrx peaKo;IIi1: dd -t 
3
Hen II dd - 3Hp. 

l13MepCHII5I 3HepreTIIqecKOll 3aBIICIIMOCTII T8H30pHOll aHaJIII3IIpyroru;efi 

cIToco6HocTII T20 II BeKTop-BeKTOpHoi1: CITIIHOBOfi KoppeJIHD;IIU Cy,y B 

KOJIJIUHeapHOll reoMeTpIIII ITpe,n;CTaBJI5IIOT co6oit H8COMH8HHbiit IIHTepec )];Jl5I 

pa3BIITII5I pa3JIIIqHhrx Mo,n;eJiei1: OITIICaHIIn CTPYKTyphr 3He(
3
H) Ha MaJihIX 

paCCT05IHII5IX. 

B qeTBepTOM pa3,n;eJie o6cy)K,n;aIOTC5I B03M0)KHOCTII ITOJI5IpIIMeTpIIII 

,n;eitTpOHOB BhICOKIIX 3HeprIIit B J1B9BB. YMeHhIIIeHIIe CIICTeMaTIIqecKoit 

OIIIII6KII B II3MepeHIIII ITOJI5IpII3aD;IIII M0)K8T 6bITb ,ll;OCTIIrHyTo ITyTeM 

ITpOBC,ll;8HII5I a6coJIIOTHOll KaJIII6pOBKII B8KTOpHOll II TCH30pHOit ITOJI5IpII3aD;IIll 

ITyqKa ,n;eitTpOHOB BhICOKIIX 3HeprIIi1: [47]. 

B 3aKJIIO'-IeHIUI ccpopMyJIIIpOBaHhI OCHOBHhie BbIBO)];bI ,ll;IICCepTaD;IIII: 

1. IIpe,n;JIO)KeH 3KCITCpIIMeHT U BITepBbie ITOJiyqeHbI CIICTeMaTIIqecKIIe 

11,aHHhIC ITO TeH30pHOll II BeKTOpHOit aHaJIU3IIpyroru;IIM CITOC06HOCT5IM, 

Ayy II Ay, peaKu;nII cpparMeHTaD;IIII ,n;eitTpoHa Ha Bo,n;opo,n;e n H,n;pax 

ITPII HaqaJibHOM IIMITYJibCe ,n;eitTpOHa 4.5-9 f3B / C B IIIIIpOKOM )];IIaITa30HC 

ITorrcpeqHhIX IIMITYJihCOB (,n;o 900 M3B / c) ,n;eTeKTIIpyeMbIX ITpoTOHOB 

[1]-[15]. )];aHHbie ,n;eMOHCTpIIpyIOT qyBCTBUTeJibHOCTb K CITUHOBOit 

CTpyKType ,n;ei1:TpOHa Ha MaJihIX Me)KHYKJIOHHbIX paccT05IHII5IX. 

• IIpII MaJihrx ITOITepeqHhIX UMITYJihcax (PT :S:300 M3B/c) Ha6Jiro,n;aeTcn 

xopolllee corJiacne ,n;aHHhIX ITO Ayy, ITOJiyqeHHbIX B xo,n;e BhIITOJIHCHII5I 

HaCTOmu;efi pa60TbI, C ,n;aHHhIMII, ITOJiyqeHHbIMII paHee ITPII 

pa3JIIIqHbIX 3HeprII5IX ITO)]; HyJieBhIM yrnoM. TaKIIM o6p8.30M, 

20 

CJia6a5I 3aBIICIIMOCTb Ayy OT HaqaJibHOfi 3HeprIIn ,n;etl:TpOHa II 

yrna ,n;eTeKTUpOBaHII5I ITPOTOHa ITPII MaJihIX rrorrepeqHbIX HMIIYJihCax 

rrpOTOHa YK8.3hIBaeT Ha TO, qTO B ,n;aHHOtl: KHHeMaTnqecKofi 

o6JiaCTH BHyTpeHHHtl: HMIIYJibC k MO)KeT 6hITb HCI10Jib30BaH B 

KaqecTBe YHHBepCaJibHOtl: rrepeMeHHOfi )];JI.5I OIIHCaHH5I CTpyKTYPhI 

peJIHTIIBIICTCKOro ,n;efiTpOHa. 

• Oco6eHHOCTII IIOBe,n;eHII5I TeH30pHOfi aHaJIII3IIpyroru;etl: crroco6HOCTII 

Ayy, a IIMeHHO: CIIJihHaH 3aBIICIIMOCTh 3HaqeHIIfi Ayy OT rrorrepeqHoro 

IIMIIYJibCa PT rrpII cpHKCIIpOBaHHbIX 3HaqeHII5IX )];OJIII rrpo,n;OJibHOro 

IIMITYJibCa X B CIICTeMe 6ecKOHeqHoro IIMITYJibCa HJIH 3aBIICIIMOCTb 

Ayy OT rrepeMeHHOfi cos X = ( n. k) I lkl rrpII cpIIKCIIpOBaHHhIX 

3HaqeHII5IX BHyTpeHHero IIMIIYJihca k, .5ICHO ,n;eMOHCTpIIpyroT, qTo 

a,n;eKBaTHOe OIIIICami;e ITOJiyqeHHhIX 3KCIIepnMeHTaJibHhIX ,n;aHHbIX 

MO)KeT 6bITb ,ll;OCTIIrHYTO C IICITOJib30BaHIIeM B<I>,LI,, 3aBIIC5IID;etl: 

OT 6oJiee qeM 0,ll;HOfi rrepeMeHHOll. O,n;HaKO, peJI5ITIIBIICTCKa5I 

cpyHKD;II5I ,n;etl:TpOHa, IIOJiyqeHHa5I B -,n;IIHaMHKe Ha CBCTOBOM cppOHTe 

II 3aBIIC5IID;a5I OT ,ll;BYX rrepeMeHH1?IX, He ,n;aeT KOJIIIqeCTBeHHOro 

OITIICaHII5I 3KCIIepIIMeHTaJihHbIX ,n;aHHhIX, B oco6eHHOCTII, rrpII 

6oJibIIIIIX BHyTpeHHIIX HMIIYJihCax HYKJIOHa B ,n;efiTpoHe. 

• OTJIIIqHoe OT HYJI5I 3HaqeHIIe BeKTOpHOtl: aHaJIII3IIpyroru;efi 

crroco6HOCTII Ay peaKD;IIII cpparMeHTaD;IIII ,n;eil:TpOHa CBII)];eTeJibCTByeT 

0 BKJia,n;e 3aBIIC5IID;efi OT CITIIHa qacTII aMIIJIIITY,ll;bl HYKJIOH­

HYKJIOHHOro pacce5IHII5I. 

2. BrrepBbie IIOJiyqeHhI ,n;aHHbie no TeH30pHOH II BeKTOpHOfi 

aHaJIII3IIpyroru;IIM crroco6HocTHM, Ayy II Ay, peaKD;IIII Heyrrpyroro 

pacceHHIIH ,n;efiTpoHa Ha Bo,n;opo,n;e II H,n;pax rro,n; HeHyJieBhIM yrJIOM 

BbIJieTa BTOpIIqHoro ,n;ei1:TpOHa, qyBCTBIITeJihHbie K B036y)K,n;eHIIIO 

6apIIOHHbIX pe30HaHCOB C MaccaMII Mx ~1.4-2.6 f3B/c
2 

[17]-[22] . 

• ,Ll,aHHbie ITO Ayy ,n;eMOHCTpIIpyroT YHIIBepCaJibHOCTb IIOBe,n;eHII5I B 

3aBIICIIMOCTII OT rrepe,n;aHHOrO 4-x IIMIIYJihCa t II CJia6yro 3aBIICII­

M0CTb OT HaqaJibHOro IIMIIYJihCa, aTOMHOro HOMepa A MIIllleHII II 

yrna ,n;eTeKTHpOBaHII5I pacceHHHOro ,n;etl:TpOHa. IIpII MaJibIX \t\ (:s; 
0.3 (f3B/c)2) Ayy paCTCT JIIIHeil:HO ,n;o 3HaqeHII5I rv 0.4, 3aTeM IIJiaBHO 

YM8HbIIIaeTC5I ,n;o HYJI5I rrpII it\ rv 1.0 - 1.4 (f3B/c)
2

• 

• ,l];aHHbie no Ayy, IIOJiyqeHHbie B o6JiaCTII Mx rvl.4-1.7 f3B/c2, He 

rrpOTIIBOpeqaT rrpe,n;CK8.3aHII5IM MO,ll;8JIII o6MeHa W-Me30HOM. IIpII 
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MaJlhIX t Ha6mo,n;aeTCfl OTJUl'IHe OT ITpe,n;cKa3aHHH I1I1 '[16], 'ITO 

TaK)Ke roBOpHT O 'IYBCTBHTeJibHOCTH Ayy K B036y)K,n;eHHflM JierKHX 

6apHOHHhIX pe30HaHCOB. 

• OTJIH'IHe ,n;aHHhIX ITO Ayy peaKr_i;HH ( d, d')X, IToJiy'IeHHhIX ITpH 

HMITYJihCe Ha'IaJihHOro ,n;efiTpOHa 9 raB/c, OT ITpe,n;cK~3aHHH I1I1 [16] 
H OT ITOBe,n;eHHH ,n;aHHhIX B ITpou;eccax yITpyroro dp- H ed- pacceHHHfi, 

ITOKa3bIBaeT 'IYBCTBHTeJihHOCTh Ayy K B036y)K,n;eHHflM 6apHOHHhIX 

pe30HaHCOB B o6JiaCTH Mace He,n;eTeKTHpyeMOH CHCTeMhI A1x ~2.0-
2.6 faB/c

2 
. 

• OTJIH'IHOe OT HYJIH 3Ha'IeHHe 

cIToco6HocTH Ay B paMKax I1I1 
BeKTOpHOH aHaJIH3Hpyroru;efi 

[16] HHTepITpeTHpyeTCfl KaK 

cyru;eCTBeHHafl pOJib 3aBHcmu;efi OT CITHHa 'IaCTH aMITJIHTYA 

N N -+ N N* ITpou;eccoB B o6JiaCTH Mace tte,n;eTeKTHpyeMofi 

cHcTeMhr Mx ~1.4-2.2 raB/c
2

. 

3. Tipe,n;JIO)KeH 3KCITepHMeHT [23]-[25] H BITepBbie ITOJiy'IeHbI ,n;aHHbie ITO 

TeH30pHofi aHaJIH3Hpyroru;efi cIToco6HocTH T20 peaKu;Hfi dd -+ 
3
Hen H 

dd-+ 3Hp ITO,n; HyJieBhIM yrJIOM ITPH atteprHHX Ha'IaJihHoro ,n;efiTpoHa 

140-270 MaB [28]-[41]. 

• ,ll,aHHbie )l;Jlfl dd-+ 3He(0°)n H dd-+ 3
H(0°)p ITpou;eccoB HaXO)l;flTCfl B 

xoporneM corJiaCHH ITPH ,ll;OCTHrHyTofi 3KCITepHMeHTaJlhHOH TO'IHOCTH, 

CJie)l;OBaTeJihHO, HapyIIIeHHfl 3apH,ll;OBOH CHMMeTpHH B ,n;aHHOM 

3KCITepHMeHTe He o6Hapy)KeHO. 

• TioJIO)KHTeJibHbIH 3HaK BeJIH'IHHhI T20 H ee yBeJIH'IeHHe C pOCTOM 

aHeprm1 Ka'IeCTBeHHO o6'bHCHHeTCH ITOBe,n;eHHeM OTHornemrn D/S­
BOJIH B 3He(3H) B paMKax MexaHH3Ma OHO. 

• Pa3JIH'IHe Me)K,n;y ,n;aHHhIMH ITO T20 H pac'IeTaMH OHO MO)KeT 6hITh 

CBH3aHo c ttea,n;eKBaTHhIM OITHCaHHeM cTpyKTyphr 
3
He(

3
H) Ha MaJihIX 

paCCTOHHHflX. 

4. B xo,n;e peaJIH3aIJ;HH ,n;aHHOH pa6oThI )l;Jlfl II3MepeHH51 BeKTOpHOH 

ITOJIHpH3au;1rn ITY'IKa ,n;eti:TpOHOB B JIB9BB 6hrn BITepBhie HCIIOJih30Batt 

ITOJIHpHMeTp, OCHOBaHHbIH Ha KBa3H-yrrpyroM ITpOTOH-IIpOTOHHOM 

pacceHHHH [44, 45, 46], IICCJie)l;OBaHbI acpcpeKThI MepTBOrO BpeMCHII B 

IIOJI5IpH3ar_i;HOHHhIX H3MepeHH5IX [43], rrpe,n;JIO)KeH crroco6 a6COJIIOTHOH 

KaJIH6pOBKH IIOJIHpH3ar_i;HH rry'IKa ,n;errTpOHOB BhICOKIIX 3HeprHfi [4 7]. 
,ll,aHHbie HCCJie)l;OBaHHfl Ba)KHbI )l;Jlfl rrpo,n;OJI)KeHHfl CITHHOBOH rrporpaMMbI 

Ha HyKJIOTpoHe JIB9BB. 
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