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06rn;rur xapaKTepHCTHKa pa60ThI. 

AKTYa.JihHOCTh TeMhI. 

CTpyKTypa JierKIIX sr.n;ep IlHTeHCIIBH0 II3Y'IaJiaCh nocJie.n;HIIe .n;eCHTII.'IeTIIH C no­

MOIII;bIO 3JieKTpo1.rnrHIITHbIX II a.n;pOHHbIX npo6HIIKOB. B pe3yJibTaTe 6hIJIO HaKOnJie­

HO HeMaJIO 3KCnepIIMeHTaJibHOro MaTep11ana, B OCHOBHOM, no CTpyKType .n;eil:TpOHa. 

,l1,aHHhIX no CTPYKType TpeXHyKJIOHHbIX CIICTeM (3 H II 3 He) MaJIO II pe3yJibTaThI 

HeO,IJ,H03Ha'!Hhl. Em;e MeHbIIIe .n;aHHbIX cym;ecTByeT no IIX CnIIHOBOii CTpyKType. 

TpexHyKJIOHHbie CIICTeMbI (3 He II 3 H) IIMeIOT HeCKOJibKO IIHTepeCHbIX CBOHCTB. 

OHII HBJIHIOTCH CIIJibHO CBH3aHHbIMII CIICTeMaMII II IIX OCHOBHhie C0CTOHHIIH MOJKHO 

OnIICaTb c nOMOIII;bIO <l>aMeeBCKIIX BhI'IllCJieHIIii. OTJIII"IIIe OT MHOronyKJIOHHbIX 

CIICTeM 3aKJIIO'IaeTCH B TOM, 'ITO CnIIH B TpexHyKJIOHHbIX CIICTeMax C03,IJ,aH BCeMII 

HYKJIOHaMII, a a MHOr0HYKJIOHHbIX CIICTeMax OH o6ycJIOBJieH CIIJIHaMII HeCKOJibKIIX 

BaJieHTHhIX HYKJIOHOB. 

fJiaBHOH 3a.n;aqefi IICCJie.n;oaaHIIii TpexHyKJIOHHbIX CIICTeM IIpII npoMeJKyT0'lHbIX 

3HeprIIHX HBJIHeTCH noJiy'leHIIe IIH<pOpMaIIIIII O BbICOKOIIMnyJihCHbIX KOMn0HeHTax 

sr.n;ep C IIeJibIO II3y'leHIIH peJIHTIIBIICTCKIIX 3cpcpeKTOB II HeHyKJIOHHbIX CTeneHeil: CB0-

60,IJ,hI. CpaBHIIBaH npe.n;cKa3aHIIH Mo.n;eJIII c 3Kcnep11MeHTaJihHhIMII pe3yJihTaTaMII 

M0JKHO npoBepIITb a.n;eKBaTH0CTb IICn0Jih3yeMOll M0)l;eJIII HYKJI0H-HYKJI0HHOro B3aII­

M0,IJ,eficTBIIH. 

,l1,JIH no.n;po6Horo on11caHIIH CTPYKTYPhI 11 CBOil:CTB TpexHyKJI0HHbIX CIICTeM Heo6-

X0,!1,IIMO TaKJKe y'leCTb BJIIIHHIIe pa3H0CTII Mace KBapK0B B II3y'laeMoil: CIICTeMe. 1fa 

pa3H0CTII Mace KBapK0B BbITeKaIOT MaJibre, HO IIHTepeCHhie 3cpcpeKTbI. O.n;HIIM 113 

CJie,IJ,CTBIIil: HBJIHeTCH )l;IIHaMII'leCKOe HapymeHIIe CIIMMeTpIIII, IIpIIB0)l;HIII;ee K CMeIIIII­

BaHIIIO JierKIIX Me30H0B II aapymeHIIIO Il30CIIIIHOB0ll CIIMMeTpIIII. 

IJ;eJihlO pa60Thl HBJIHeTCH IICCJie.n;oBaHIIe BeKT0pH0il: Ay II TeH30pHbIX Ayy, Axx 

II Axz aHaJIII311py10m;11x cnoco6HOCTeil: peaKIIIIii dd ---+ 3
Hen II dd ---+ 3

Hp npII 3Hep­

r1111 270 M3B ,IJ,JIH II3y'leHIIH cnIIHOBOii CTpyKTYPhI BbIC0KO-IIMnyJihCH0il: K0Mn0HeHTbI 

BOJIHOBbIX <PYHKIIIIii 3 He II 3 H Ha MaJibIX MeJKHYKJIOHHbIX paCCTOHHIIHX II nOIICK B03-

MOJKHOro HapymeHIIH 3apH,Il;OBOii CIIMMeTpIIII B 3epKaJihHbIX KaHanax 
3 He n II 3 H p. 

,l1,JIH MeTO,IJ,II'leCKIIX IIeJieil: II3MepHJIIICb napaMeTpbI BhlBe.n;eHHOro .n;eil:TpOHHOrO ny'l­

Ka Ha HyKJIOTpOHe, IIOKa3aHa B03MOJKHOCTb IICnOJib30BaHIIH peaKIIIIII dp ynpyroro 

pacceHHIIH npII 3HeprIIII 270 M3B ,IJ,JIH ll3MepeHllH IIOJIHpII3aIIIIII .n;eil:TpOHHOrO ny'!Ka 
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Ha CTaHIJ,IUI BHyTpeHHe:ii MJIIIIeHJI HyKJIOTpOHa. 

Hayqmu1 H0BII3Ha pa60TbI. 

BnepBhie nOJIY,:IeHhl BhICOKOTO'IHhie ,n;aHHhie no BeKTOpHo:ii Ay JI TeH30pHbIM Ayy, 

Axx JI Axz amwrn3Jipyrom;nM cnoco6HOCTHM peaKIJ,JI:ii dd - 3Hen JI dd - 3
Hp npJI 

3HeprJIJI 270 MaB B o6JiaCTJI, COOTBeTCTByrom;e:ii MaJihIM Me)KHYKJIOHHhIM pacCTOHHJI­

HM. Pe3yJihTaTbI no aHaJIJI3Jipyrom;JIM cnoco6HOCTHM cpaBHeHhI C npe,n;CKa3aHJIHMJI 

MO)];eJIJI Ha ocHoBe o,n;HOHYKJIOHHoro o6MeHa (OHO) c JICnOJih30BaHJieM Yp6aHCKo:ii, 

ITapJI)KCKo:iJ: JI RSC BOJIHOBhIX q>yHKIJ,JI:iJ: 3 He. OnJicaTh 3KcnepJIMeHTaJihHhre ,n;aH­

Hhre no TeH30pHbIM aHaJIJI3Jipyrom;JIM cnoco6HOCTHM y,n;aJIOCh TOJihKO npJI MaJihIX 

yrnax JI TOJihKO Ka'leCTBeHHO, B OCTaJihHOM JIHTepBaJie ,n;aHHaH MO)];eJih He BOCnpOJI3-

BO)];JIT ,n;aHHhie. ~rn Y'leTa peJIHTJIBJI3Ma ,n;aHHhie cpaBHJIBaJIJICh C TeopeTJI'leCKJIMJI 

BhI'IJICJieHJIHMJI, OCHOBaHHhIMJI Ha MJIHJIMaJihHO:ii cxeMe peJIHTJIBJI3aIJ,Im C JICnOJih30-

BaHJieM Yp6aHCKO:ii BOJIHOBO:ii q>yHKIJ,JIJI 3 He. XoTH pa3HJIIJ,a B pMHTJIBJICTCKOM JI 

HepeJIHTllBJICTCKOM onncaHJIJI ,n;aHHhIX )];OBOJihHO 60JihIIIaH, noBe,n;eHne ,n;aHHhIX orrn­

caTh He y,n;aJIOCh. 

BnepBhie BhIIIOJIHeHO cpaBHeHJie ,n;aHHhIX no aHaJIJI3JipyIOm;JIM cnoco6HOCTHM 3ep­

KaJihHhIX peaKIJ,JI:ii dd - 3Hen JI dd - 3Hp npJI 3Heprn:JI 270 MaB. I1oKa3aHo, 'ITO 

BeKTOpHaH JI TeH30pHhie aHaJill3Jipyrom;Jie CTIOC06HOCTJI 3epKaJihHhIX peaKIJ,llii COB­

na,n;aIOT H Tipe,n;enax )];OCTJirHyTo:ii 3KCnepJIMeHTaJihHOfi TO'IHOCTJI. 

BnepBhie JI3MepeHa BeKTOpHaH TIOJIHpJI3aIJ,JIH BhIBe,n;eHHOro ny'IKa ,n;ei!:TpOHOB ll3 

HyKJIOTpOHa. I10Ka3aHa B03M0)KHOCTb JICTIOJih30BaHJIH peaKIJ,JIJI dp YTIPYrOro pac­

ceHHJIH TIPJI 3HeprJIJI 270 MaB )];JIH JI3MepeHJIH nOJIHpJI3aIJ,JIJI ,n;e:iiTpOHHOro Tiy'IKa Ha 

CTaHIJ,llll BHyTpeHHefi MIIIIIeHJI HyKJIOTpoHa MeTO)];OM BhI)];eJieHHH co6hITlli!: no 3Hep­

reTII'leCKJIM TIOTepHM 'laCTJIIl, B CIJ,llHTllJIJIHTOpax ll pa3HHIJ,e BpeMeH TipOJieTa. ITony­

'leHhI pe3yJihTaTbI no JI3MepeHHIO TiapaMeTpOB ,n;e:iiTpOHHOro ny'IKa Ha HyKJIOTpOHe. 

I1oKa3aHo, 'ITO )];JIH )];aJihHe:iJ:IIIJIX TIOJIHpH3aIJ,HOHHhIX 3KCTiepnMeHTOB Heo6xo,n;HMO 

YJIY'IIIIeHJie TiapaMeTpOB BbIBe,n;eHHOro TIY'IKa ,n;e:iiTpOHOB. 

HayqHo-npaKTIIqecKrui: 3HaqlIM0CTh pa60Tbl. 

IToJiy'leHHhie pe3yJihTaThI TIO BeKTOpHOfi Ay JI TeH30pHbIM Ayy, Axx ll Axz aHaJill-

3HpyIOIIJ,llM cTioco6HocrnM peaKIJ,Hfi dd - 3Hen n dd - 3 Hp TIPJI 3Heprnn 270 MaB 

pacmnpHIOT 3KCTiepJIMeHTaJihHhifi MaTepJiaJI H ,n;aIOT HOBYIO llHq>OpMaIJ,HIO, Heo6xo­

)];HMYIO )];JIH pa3BllTJIH TeopeTH'leCKJIX MO)];eJiei!: onHCaHllH TpexHyKJIOHHhIX CJICTeM 

3 I{ e ll 3 H Ha MaJihIX paCCTOHHllHX JI TIOHHMaHHH MexaHJI3Ma peaKIJ,Hll. 
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Pe3yJihTaThI TIO cpaBHeHHIO aHaJill3Jipyrom;nx CTIOC06HOCTefi 3epKaJihHhIX peaK- . 

IJ,H:iJ: d~l - 3Hen n dd - 3 Hp TIPJI 3Hepnm 270 MaB ,n;aroT orpaHn'lemrn )];JIH Mo,n;Er 

nett, Y'IHThIBaIOm;JIX HapymeHJie 3apH)];OBO:ii CllMMeTpJIJI. 

ITpoBe,n;eHhl JI3MepeHJIH TiapaMeTpOB BhIBe,n;eHHOro ,n;ei!:TpOHHOro TIY'IKa HyKJIO­

TpOHa, ll3MepeHHe ero TIOJIHplI3aIJ,HJI H TIOKa3aHa B03M0)KH0CTh JICTIOJih30BaHHH pe­

aKIJ,HH dp YTIPYrGro pacceHHJIH ,n;.rrn H3MepeHJIH TIOJIHpH3aIJ,JIH ,n;efiTpOHHOro TIY'IKa 

Ha CTaHIJ,HJI BHJTpeHHe:ii MHIIIeHJI HyKJIOTpOHa. ,Il;aHHhie MeTO)];JI'leCKJie pe3yJihTaTbl 

,n;aIOT Heo6xo,n;nMyIO JIHCpopMaIJ,HIO )];JIH TipOBe,n;eHIIH )];aJihHeHIIIJIX TIOJIHpJI3aIJ,JIOHHhIX 

3KCTiepHMeHTOB Ha HyKJIOTpOHe. 

Anpo6au,1I.si: pa6oThI II ny6.rrnKaIJ,IIII. 

OcHOBHhre pe3yJihTaThr ,n;ttccepTaIJ,JIH oTiy6nnKoBaHhI B )KypHanax "Acta Physica 

Slovaca 11
, 

11 lnt. Journal of Modern Physics 11
, "Eur.J .Phys.A 11

, "Phys.Part.Nucl.Lett 11
• 

Otttt ,n;oKJia)];hIBaJIJICh Ha ceMHHapax BBJIB8 OIUIM, Ha VIl-oM (CTapa JleCHa, Cno­

BaKHH, 2003), VIII-OM (,I!;y6Ha, 2005) n IX-OM (Mo,n;pa-rapMOHHH, CJIOBaKHH, 2006) 

pa6o'IJIX cOBem;amrnx TIO peJIHTHBJICTCKoi!: H,n;epHo:ii q>JI3JIKe 11 Relativistic Nuclear 

Physics: from Hundreds of MeV to TeV 11
; Ha Me)K)];YHapo,n;Hofi KOHq>epeHI~HH no 

cTpyKType a,n;poHOB 
11
Hadron Structure 200411 (CMoJieHJIIJ,e, CnoBaKHH, 2004); Ha 

XVl-oM, XVII-OM JI XVIIl-oM Me)K,n;yHapo,n;HhIX CHMTI03nyMax TIO Tipo6neMOM q>JI-

3HKJI BhICOKJIX 3Heprni!: (,I!;y6Ha, 2002, 2004); Ha X-oM JI Xl-oM Me)K)];YHapo,n;HhIX 

KOHq>epeHIJ,HHX TIO CTIHHOBOfi q>JI3HKe 11 Workshop on High Energy Spin Physics 11 

(,I!;y6Ha, 2003, 2005); Ha 11-0M Me)K,n;yHapo,n;HOM CJIMTI03JiyMe TIO TIOJIHpJI30BaHHhIM 

ncTO'IHJIKaM JI MnrneHHM 11 lntern. workshop on Polarized Sources and Targets 11
; Ha 

VIl-o:iJ:, VIII-oil:, IX-o:ii JI X-ott Hay'IHhrx KOHq>epeHIJ,HHX MOJIO)];hIX y'leHhIX JI CTie­

IJ.Ha.TIHCTOB OM.HM (,I!;y6Ha, 2003-2006 rr.). OcHOBHhre pe3yJihTaThI ,n;nccepTaIJ.JIH 

OTiy6JIHKOBaHhl B pa6oTax [1] - [20]. 

06'heM II CTPYKTypa pa60ThI. 

,Il;JiccepTaIJ,HH COCTOHT H3 BBe,n;eHJIH, 'leThipex rJiaB, 3aKJIIO'leHJIH H TIPHJIO)KeHHH. 

I10JIHhlfi ofrheM ,n;nccepTaIJ,Jill COCTaBJIHeT 96 CTpaHJIIJ,hI, BKJIIO'laH 16 Ta6JIHU., 34 

pncyHKa JI CTIHCKa JIJITepaTyphl H3 150 HaHMeHOBaHH:ii. 

ABTop 3~1I~aeT 

• ITpou.e,n;ypy JI pe3yJihTaThI H3MepeHHH BeKTOpHOfi Ay lI TeH30pHhIX Ayy, Axx 

JI Axz aHa.TIH3Hpyrom;Jix cTioco6HOCTefi peaKIJ,Hfi dd - 3Hen JI dd - 3 Hp npn 

3 



3Hepnm 270 M3B, 110Jiy'IeHHhIX Ha ycKopnTeJihH0M K0MIIJieKce RIKEN. 

• Bhrno,ri;hr H3 pe3yJihTaToB 110 peaKn;nHM dd -+ 3Hen n dd -+ 3Hp, 'IYBCTBHTem,_ 

H0CTh TeH30pHhIX aHaJIH3npyrorn;mc c11oco6HOCTefi K 0THor11eHnro D/S B0JIH B 

3 He (3 H), 11pn MaJihIX yrJiax B c.n;.M. 

• BhIBO,rJ;hI ll3 pe3yJihTaTOB 110 cpaBHeHHIO aHaJIH3Hpyrorn;nx c11oco6HOCTefi peaK­

n;nfi dd-+ 3Hen n dd-+ 3Hp 11pn 3Heprnn 270 M3B. 

• Pe3yJihTaThI 110 ll3MepeHHIO HHTeHCHBH0CTH H BeKTOpH0fi 11omrpn3an;nn BhIBe­

,ri;eHH0ro 11y"!Ka ,ri;efiTpOHOB HyKJIOTpoHa 11pn HMIIYJihcax 3.5 n 5.0 f3B/c; a 

TaK)Ke 11apaMeTp0B BhIBe,ri;eHH0ro IIY'IKa ,ri;efiTpOHOB Ha HyKJIOTpOHe. 

• MeTO,rJ;HKY HCII0Jih30BaHHH II0JISipHMeTpa, 0CH0BaHH0ro Ha peaKD;HH dp y11py­

roro pacceSIHHH Ji;JIH H3MepeHHH II0JIHpH3an;nn ,ri;efiTpOHHOrO IIY'IKa Ha CTaHD;HH 

BHyTpeHHefi MHIIIeHn HyKJIOTpoHa 11pn 3Heprnn 270 M3B. 

Co,n;ep:>IGllrn:e ,n;HccepTa~mI 

Bo BBe,n;eHHH 11pHBO,rJ;HTCH ofoop 110 B0llp0CaM, paccMaTpHBaeMhIM B ,ri;nccep­

Tan;nn, o60CHOBaHa aKTYaJihH0CTh ,ri;nccepTan;nn, C<pOpMyJinpoBaHa n;eJih pa60ThI, 

Hay'IH0-11paKTH'IeCKaH n;eHH0CTh, a TaK)Ke 11p:irne,ri;eH0 KpaTK0e co,ri;ep)KaHHe ,ri;nccep­

Tan;nn 110 rJiaBaM. 

B nepBoii rJiaBe 11pnBe,ri;eHa o6rn;asr cxeMa ,ri;.,rn H3MepeHHH II0JIHpn3an;noHHhrx 

Ha6;rro,ri;aeMhrx Ha ycKopnTeJihH0M K0M11JieKce RIKEN, orrncaHo o6opy,ri;oBaHne n pa-

60Ta Tpnrrepa. 

B 11epB0M pa3,ri;eJie 0IIHChIBaeTCH o6rn;asr cxeMa 110 H3MepeHHIO BeKT0pH0fi Ay H 

TeH30pHhlX Ayy, Axx H Axz aHaJIH3Hpyrorn;nx crroco6HoCTefi peaKn;nfi dd -+ 3Hen 

n dd-+ 3Hp rrpn 3Heprnn 270 M3B Ha ycKopnTeJihH0M K0MrrJieKce RARF (RIKEN 

Accelerator Research Facility). Ilo;rsrpn30BaHHhlfi ,ri;efiTp0HHhlfi rry'I0K o6ecrre'IHBaJI­

csr HCT0'IHHK0M II0JIHpH30BaHHhIX H0HOB (HIIH). I1oJIHpH3an;nH ,ri;efiTp0HH0ro IIY'I­

Ka H3Mepsr;rach ,ri;ByMH 11omrpnMeTpaMH (SWPOL n DroomPOL). HHTeHCHBHOCTh 

11y'1Ka, K0T0paH ll3Mepsr;rach C II0M0in;hIO 'IallIH <I>apa,ri;esr, BapbHp0BaJiaCb OT 1 ,ri;o 

120 HA B 3aBHCHM0CTH OT yr;ra ,ri;eTeKTHp0BaHHH. )KnBoe BpeMH CHCTeMhI c6opa 

,ri;aHHhIX C0CTaBJIHJIO 6o;ree 80%. PacceHHHhle 'IaCTHIJ;hI ,ri;eTeKTHp0BaJIHCh ,ri;pefi<po­

Bh!MH KaMepaMH, paCII0JI0)KeHHhlMH 11epe,ri; 3-MH CD;HHTHJIJISIIJ;H0HHhlMH C'IeT'IHKa­

MH. H,ri;eHTH<pHKaD;HH 'IaCTHD; 0CH0BbIBaJiaCb Ha aHaJIH3e BpeMeHH rrpOJieTa 'IaCTHIJ; 
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If H0HH3aD;H0HHblX II0Tepb B IIJiaCTHKe CD;HHTHJIJIHIJ;H0HHblX ,ri;eTeKT0p0B [71, [111, j13I. 

ilMIIYJibC ll yroJI BbIJieTa 'IaCTHIJ;hl B0CCTaHaBJIHBaJICH 110 HH<pOpMan;n:n ,ri;pefi<poBb!X 

KaMep ll 0IITH'IeCK0fi MaTpllIJ;bl crreKTp0MeTpa. 

Bo BT0p0M pa3,ri;eJie 0IIHChIBaeTCH HCT0'IHHK IIOJIHpH30BaHHbIX H0H0B. Hc110Jib30-

BaJIHCb 'IeTb!pe M0,rJ;bl II0JIHp:irnan;HH: HeIIOJIHpH30BaHHaH, 'IHCTO BeKTOpHasr, 'IHCT0 

TeH30pHaH H CMeIIIaHHaH M0,ri;a (M=0,1,2,3). l13MepeHHbie 3Ha'IeHHH II0JIHpH3an;nH 

C0CTaBJIHJIH OT 46% ,ri;o 85% OT n,ri;eaJibHblX. 

B TpeTheM pa3,ri;eJie 0IIHCbIBaIOTCH II0JIHpHMeTpbI ,ri;.,rn: H3MepeHHH 110JIHpH3an;HH 

,ri;efiTp0HHoro rry'IKa. IlepBhifi 11o;rsrpnMeTp (DroomPOL) ncrroJih30BaJICH ,rr..rrsr IIOCTO­

HHnoro M0HHT0pnpoBaHHH rro;rsrpH3aD;HH. BTopofi rro;rsrpHMeTp (SWPOL) H3Mepsr;r 

II0JIHpH3aD;HIO ,ri;o H II0CJie Ka)Kll;oro ll3MeHeHHH yrJia rra,ri;eHHH II0JIHpH30BaHH0ro ,ri;efi­

Tp0HH0ro rry"!Ka na MHIIIeHb. Ilpou;ecc H3MepeHHH II0JIHpH3au;:irn IIY'IKa 0CH0Bb!BaJI­

CH na ll3MepeHHH aCHMMeTpHH B yrrpyroM dp pacceHHHH rro,ri; yrJI0M, r,ri;e BeJIH'IHHbl 

TeH30pnofi ll BeKTOpHofi ana.n:ii:3Hpyrorn;Hx CIIOC06HOCTefi HMeIOT 60JibIIIHe 3Ha'IeHHH. 

3Ha'Iennsr anaJIH3Hpyrorn;Hx crroco6HocTefi peaKn;nn dp y11pyroro pacceHHHH 6brnn 

II0Jiy'IeHhl MeT0,rJ;0M a6COJIIOTHOfi KaJIH6pOBKH II0JIHpH3aD;Hll ,ri;eil:Tponnoro IIY'IKa H3 

peaKn;Hn 12C ( d, a) 10 B* [2+]. Ilo;rsrpH3aD;HH ,ri;efiTpoHHoro rry'IKa BhI'IHCJIHJiach MeTo­

,ri;oM ycpe,ri;neHHH 3Ha'IeHHfi ll3 SWPOL 1I D-room II0JIHpHMeTpa. Ilepe,ri; ycpe,ri;HeHn­

eM II0JIHpH3all,HH, H3MepeHHaH D-room II0JIHpHMeTp0M, 6hIJia CK0ppeKTHp0BaHa Ha 

peJIHTHBHCTCK0e Bparn;enHe cmrna MarHHTHbIMH 3JieMeHTaMH KaHaJia. 

B 'IeTBepT0M pa3,ri;eJie orrnchmaeTcH crreKTpoMeTp SMART, Ha K0TOpOM BhIII0JI­

HHJIHCh H3MepeHHH. Herrocpe,ri;CTBeHHO rrepe,ri; KaMepofi pacceHHHH Haxo,ri;HJICH rro­

JIHpHMeTp SWPOL. PaccesrHHhre 'IaCTHD;hI 11poxo,ri;HJIH 'Iepe3 KBa,ri;pyrrOJihHbie H ,ri;H­

II0JihHhre JIHH3hl, paCIIOJIO)KeHHhie B Q-Q-D-Q-D KOH<pnrypau;nn. PacceHHHbie 'Ia­

CTHD;hl 3 He H 3 H perHCTpHpOBaJIHCh B yrJIOB0M ,ri;narra3oHe OT 0° ,ri;o ~ 100° H OT 

30° ,ri;o ~ 70° B c.n;.M, COOTBeTCTBeHHO. 

B IIHTOM pa3,ri;eJie rrepBofi rJiaBhl OIIHCana rrpou;e,ri;ypa ,ri;eTeKTHpOBaHHH 'IaCTnn;. 

,lJ;JIH orrpe,ri;eJieHHH TpaeKTOpHH pacceHHHhlX 'IaCTllD; HCIIOJih30BaJiaCh HH<pOpMan;HH 

MWDC. 

B rneCTOM pa3,ri;e;re KpaTKO 0IIHChIBaeTCH 3JieKTp0HllKa H cxeMa Tpnrrepa. ,lJ;JIH 

orrpe,ri;eJieHHH BpeMeHH rrpoJieTa 'IaCTHD; ll IIOJiy'IeHHH 3HepreTH'IeCKHX IIOTepb 1IC­

IIOJih30BaJIHCh TPH IIJiaCTH'IeCKmc CD;HHTHJIJIHD;HOHHhlX C'IeT'IHKa. CnrnaJihl OT Ka)f(­

,ri;oro <pOTOYMHO)KllTeJIH Pa3BeTBJIHJIHCh Ha TpH CHTHaJia. IlepBhlfi HCIIOJih30BaJICH 

,ri;Jrn: IIOJiy'IeHHH aMIIJIHTy,ri;nofi HH<pOpMan;mi:, BTOpofi H TpeTIIfi IIOCTYllaJIH Ha <pop­

MHpOBaTemi: co CJie,ri;Hin;HM 11oporoM (CFD), c MaJihlM (LLD) n 6oJihIIIHM (ULD) 
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TIOpOraMll cpa6aTI,rnamrn:. TaKllM o6pa30M, 'lacTnqhr, He IIMelO~IIe ,ll;OCTaTO'IHYlO 

,meprnlO Ha npoJieT 'lepes Bee TpII CqIIHTIIJIJIHIJ;IIOHHbIX C'leT'IIIKa, m160 C 3HeprIIefi 

Bh1me TIOpora ULD, 6hIJill no,n;aBJieHbI TpIIrrepoM. TaK KaK noporII ycTaHaBJillBaJIIICh 

nporpaMMHbIM o6pa30M, TO cy~eCTBOBaJia B03M0)KHOCTb OTKJilO'IIITb COBTia,D;eHIIe C 

TpeTbIIM C''IeT'IIIKOM npII perIICTp~lllI HlI3K0-3HepreTII'leCKlIX 'laCTIIq. 

Bo BTopo:u: rmme onncaHa Tipoqe,n;ypa aHaJIH3a 3KCnepnMeHTaJihHhIX ,n;aHHhIX, 

onpe,n;eJieHHH IIOJIHpII3aqHH ,n;efiTpOHHOro TIY'IKa, Bbl,D;eJiemrn TIOJie3HbIX co6hlTllfi ll 

TIOJiy'leHIIH BeKTOpHofi Ay ll TeH30pHbIX Ayy, Axx II Axz aHaJill3IIpylO~llX cnoco6HO­

CTefi peaKqnfi dd-+ 3Hen II dd-+ 3Hp. 

B TiepBOM pa.3,n;eJie OIIllCbIBaeTCH TIOJiy'leHIIe TIOJie3HbIX ll <pOHOBblX C06bITllfi )];JIH 

OTipe,n;eJieHIIH TIOJIHpH3aqnH ,n;efiTpOHHOro ny'IKa. Tipoqecc IIOJiy'leHHH TIOJie3HblX 

ll <pOHOBbIX co6bITllfi COCTOHJI ll3 3-x 3TaTIOB. Ha nepBOM 3Tane ,n;eKO,ll;llpOBaJiaCb 

llH<pOpMaqHH ll3 ,ll;BOII'IHOro KO,n;a. BTOpofi 3TaTI COCTOHJI ll3 3aTIIICII ,n;aHHb!X B NTU­

PLE ,D;JIH ,D;aJibHefimefi o6pa6oTKII. B NTUPLE 3aIIIICh!BaJIHCh aMTIJIHTY,D;hI, Bpe­

Mena TipOJieTa, Tipll3HaK CTIIIHOBOfi MO,ll;bl, HOMep cpa6oTaBmefi Tiapbl ,n;eTeKTOpOB ll 

llH<pOpMaqHH O Bb!COKO'laCTOTHOM CllrHaJie ll3 qHKJIOTpOHa. Ha TpeTheM 3TaTie Ha 

aMTIJIHTY,D;Hhle n BpeMH-IIpOJieTHbie CTieKTpbI 6bIJill HaJIO)KeHbl YCJIOBHH n IIOJiy'leHO 

KOJIII'leCTBO TIOJie3HhlX n <pOHOBhlX co6b!Tnfi ,D;JIH ,n;eTeKTOpOB L, R, U n D ,u,nH Bcex 

MO)]; TIOJIHpll3aqnn. 

Bo BTOpOM pa.3,n;eJie OTIHCbIBaeTCH IIOJiy'leHHe IIOJIHpH3aqnn ,n;efiTpOHHOro Tiy'I­

Ka. OTipe,n;eneHne 3Ha'leHHfi TIOJIHpII3aqnII IIY'IKa ocy~eCTBJIHJIOCb H3 'IHCJia IIOJiy­

'leHHb!X TIOJie3HbIX co6hITIIfi H II3BeCTHbIX BeJIH'IHH aHaJill3HpylO~llX CTIOC06HOCTefi 

peaKqnn yTipyroro dp pacceHHIIH. O6a TIOJIHpnMeTpa (DroomPOL n SWPOL) co­

CTOHJIH ll3 4 nap ,n;eTeKTOpOB Ii pa60TaJill Ha OCHOBe H3MepeHHH aCHMMeTpllH Jp 
YTIPYroro pacceHHllH. 3Ha'leHHH BeKTOpHOfi plf ll TeH30pHofi plfz KOMTIOHeHT TipoeK­

qHH II0.1rnp113aqnII ,n;eil:TpOHHOro IIY'IKa Ha OCb z, yrJIOB /3 n ¢ (HanpaBJieHne BeKTOpa 

TIOmrpn3aqnn OTHOCHTeJibHO OCH CllMMeTpnn) OTipe,n;eJIHJillCb MeTO)];OM HanMeHbillllX 

KBa,n;paTOB. BKJia,n; CIICTeMaTH'leCKO:fi omn6Kll lI3MepeHHH TIOJIHpH3aqnn, o6ycJIOB­

JieHHbI:fi Heonpe,n;eJieHHOCTblO aHaJill3HpylO~HX CTIOC06HOCTe:fi Ay, Ayy, Axx ll Axz pe­

aKqllll dp YTIPYrOro pacceHHHH, 6b!JI TaK)Ke Y'ITeH MeTO,ll;OM TIOBTOpeHHH Tipoqe,n;ypbl 

MllHllMH3aqnn C pa3JIH'IHbIMH BXO)];HbIMll 3Ha'leHHHMll aHaJill3HpylO~HX CTIOC06HO­

CTe:fi. 

B TpeTheM pa.3,n;ene onncaHa npoqe,n;ypa oT6opa TIOJie3HhIX co6hITn:fi ,D;JIH peaK­

qnii dd-+ 3Hen II dd -+ 3Hp. 11,n;eHTH<pIIKaqnH 'lacTnq oTipe,n;eJIHJiaCh TIO aMTIJIHTy,n;e 
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Pnc. 1: Koppe.rum;HH aMITJIHTYA AMPl vs. Pnc. 2: CneKTP no BpeMeHH npoJieTa MH 

AMP2 H AMP2 vs. AMP3 MH 
3 He. IIHK 3 He. llhpHxOBhie JIHHHH nOKa3hIBaIOT rpaHH­

npH MaJihIX aMnJIHTyAax COOTBeTCTByeT OAH03a- I.\hI MH BhIAeJieHHH 3 He. 

PH>KeHHhlM qaCTHI.\aM. 

cnrHaJia B cqnHTllJIJIHTOpe n BpeMeHH npoJieTa. Ha pnc. 1 II pnc. 2 IIOKa3aHbI KOppe­

JIHqnn aMTIJIHTy,n; AMPl vs. AMP2, AMP2 vs. AMP3 n pacTipe,n;eJieHne TIO BpeMeHn 

TipoJieTa ,D;JIH 3 He. 

AMTIJIHTY,D;hI cnrHaJIOB AMPl, AMP2 n AMP3 ,D;OJI)KHbI 6hITb cKoppeJinpOBaH­

HhIMH . .D:m1 CJiy'laH ,n;eTeKTnpoBaHHH HII3K0-3HepreTII'IHbIX 'laCTllq YCJIOBHe CMHr'la­

JIOCb n Tpe6oBaJIOCb 'IT06h1 CKOppennpoBaHhI 6brJIH TOJihKO ,n;Be aMTIJIHTY,D;hI: AMPl 

II AMP2. BTOpbIM yCJIOBIIeM HBJIHJIOCb orpaHII'leHIIe Ha BpeMH TipoJieTa. PaccToH­

HIIe OT MeCTa paCTIOJIO)KeHIIH MIImeHII ,ll;O <pOKaJibHO:fi TIJIOCKOCTII FP-2 COCTaBJIHJIO 

17 MeTpOB, 'ITO 6bIJIO ,ll;OCTaTO'IHbIM ,ll;JIH pa.3,D;eJieHIIH 'laCTIIq c O,ll;IIHaKOBbIM IIMTIYJib­

COM. 

qeTBepTbI:fi pa.3,D;eJI TIOCBH~eH OTIHCaHIIIO Tipoqe,n;ypbI BOCCTaHOBJieHIIH TpeKa. 

MMTIYJibCbI II yroJI BTOpH'IHbIX 'laCTIIq (3 He ll 3 H) aHaJIII3IIpOBaJIIICb C TIOMO~bIO 

IIH<pOpMaqIIII MWDC. 9HepreTII'lecKoe pa3pemeHIIe, KOTOpoe o6ecTie'IIIBaJIOcb Mar­

HIITHO:fi II TpeKOBO:fi CHCTeMaMII ,ll;OCTIIraJio ~ 300 K3B. .Il:JIH TIOJiy'leHIIH TpaeKTOpIIII 

'laCTIIq, TiepeceKaIO~IIX MWDC, IICTIOJib30BaJICH MeTo,n; HanMeHhmIIx KBa,n;paToB. 

<I>nn1pOBaHHe TipOBO)];IIJIOCb TOJibKO TOr,n;a, Kor,n;a 'laCTnqa perIICTpHpOBaJiaCb KaK 

MHHHMYM B Tpex ll3 'leTbipex X-TIJIOCKOCTe:fi. 9cp<peKTHBHOCTb BOCCTaHOBJieHHH Tpa­

eKTOpnn na,n;ana c pocToM yrJia SWINGER MarHnTa, TeM He MeHee, ee 3Ha'leHne 

6b!JIO Ha ypOBHe 99%. 

B JIHTOM p83,D;eJie OJIHCaHa npoqe,n;ypa BOCCTaHOBJieHHH yrJIOB pacceHHHH. YroJI 

na,n;eHHH ny'IKa Ha MIImeHh BapbnpoBaJICH Bpa~eHneM SWINGER MarHnTa. B 3KC-
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Pnc. 3: IloJIY'IeHHhie crreKTpb1 A,"rn peaKI.J;HH dd _, 3Hen B 3aBIICHMOCTH OT ,mepm11 B036y)K,!J,e­

HHH Ex rrpH ,mepr11H 270 l\faB II yrJiax 5°' 32° 1 54° Ii 94° B c.u;.M. COOTBeTCTBeHHO. OTKpbIThie 

11 3aIUTpHXOBaHHbie rHCT0rpaMMbl CJieBa 03Ha•Ia!OT cneKTpbI, Il0Jiy'leHHbie Ha CD2 II yrJiepo,11.e 

C00TBeTCTBeHH0. Crrpaaa Il0Ka3aHbl pe3yJihTaTbl CD2 - C Bbl'IIITatt=. 

nepHMeHTe 6bIJI noKpbIT ,n;nana.3OH yrJIOB OT 0 ,LIO 110 rpa,IzyCOB B C. u;. M. Ka,)K,n;aR 

HacTpofiKa yrna SWINGER Marmna cooTBeTCTByeT onpe,n;e.n:eHHOMY HHTepBaJIY yr­

JIOB BbIJieTa 'IaCTJII.J;. Pa.36JieHHe yrJIOBOro JIHTepBaJia 6bIJIO BbIITOJIHeHO TaKJIM o6-

pa3OM, '1T06bI 6bIJia o6ecne'IeHa pa.3yMHaR CTaTHCTJI'IeCKaR onrn6Ka MR TeH30pHOfi 

aHaJIH3Hpyrom;efi cnoco6HocTJI Ayy ~ 0.02. TaKHM o6pa.3oM, yrJIOBO:fi JIHTepBaJI 6brn 

pa36HT Ha 6HHbI C maroM 2 rpa,1zyca B c.u;.M. 

B mecTOM pa.3,n;e.n:e onncaHa npou;e,1zypa C D2 - C BbI'IJITaHHR. ,Il;JIR noJiy'IeHJIR 

aHaJIH3Hpyrom;nx cnoco6HocTefi peaKu;H:fi dd--; 3
Hen JI dd--; 3Hp ,n;aHHhre Ha6npa­

JIHCb Ha ,n;Byx MHIIIeHRX (GD2 H C). 8cpcpeKT Ha ,n;e:fiTepnJI 6bw noJiy'IeH nyTeM 

GD2 - C BbI'IHTaHJIR [11], [13] MR Ka)K)l;o:fi MO,[(hl noJIRpH3au;nJI I1TII1. Ha pnc. 3 

n pnc. 4 noKa.3aHhI cneKTphl MR peaKII,JI:fi dd--; 3Hen JI dd--; 3Hp B 3aBHCJIMOCTJI 

OT ,meprHJI B036y)K,!l,eHJIR Ex TIO,[( yrJiaMJI 5°, 32°, 54°, 94° JI 32° H 54° B C.II,.M. 

COOTBeTCTBeHHO. BJI,[(HO xopoIIIee Ka'IeCTBO npon.e,Izyphl BbI'IHTaHJIR. 

Ce,n;bMO:fi pa3,n;eJI nOCBRm;eH onncaHHJO IIOJIY'IeHHR IIOJie3HbIX co6bITJifi B yrJIO­

BOM ,n;nana3OHe OT 7° ,n;o 26° B c. u;. M. ,n;JIR CJIY'IaR ,n;eTeKTHpoBaHHR 
3 He. B 
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Pnc. 4: IloJiy'!eHHble crreKTpbI ,[\JIH peaKu;1111 dd -+ 3Hp B 3aBHCIIM0CTH OT 3Hepr1111 ao36y)K)l;eH11H 

Ex rrp11 3Hepm11 270 M3B rrpH ymax 32° II 54° B c.u;.M. OTKpbITbie Ii 3aIIITpllX0BaHHbie I"IICTO­

rpaMMbl CJieBa 03Ha'!aIOT crreKTPhI, IIOJiy'!eHHbie Ha CD2 II yrJiepo,11.e C00TBeTCTBeHH0. Cnpaaa 

noKa3aHhI pe3yJihTaThI CD2 - C BhI'l11TaH11H. 

CJiy-qae perHCTpaII,HJI 3 He B yrJIOBOM ,n;nana3OHe OT 7° ,LIO 26° B c.u;.M. pa.3peIIIeHHe 

no ,meprHH B036y)K,!l,eHHR Ex 6hIJIO pa.3JIJI'IHO ,[(JIR yrJiepo,n;Ho:fi H C D2 MJIIIIeHH ( H3-

3a pa.3JIH'IHOfi TOJIID;HHbI). B ,n;aHHOM yrJIOBOM ,[(Jiana.3OHe npon.e,1zypa noJiy'IeHHR 

noJie3HbIX co6bITHfi 6bIJia MO,[(H{pHI.J;HpOBaHa. CneKTp no 3HeprHJI B036y)K,[(eHHR Ha 

yrJiepo,n;e (pHTHpOBaJICR HOpMaJibHbIM pacnpe,n;eJieHHeM. lllHpJIHa rayccOBCKJIX nJI­

KOB ,[(JIR yrnepo,n;a 6bIJia HaCTpOeHa TaKHM o6pa.30M, '1T06bI OHa COOTBeTCTBOBaJia 

IIIJipHHe nHKOB C D2 cneKTpa H 3aTeM ,[(JIR coxpaHeHHR KOJIH'IeCTBa C06hlTJifi B nHKe 

6bIJia CKOppeKTJipOBaHa ero BbICOTa. ,Il;anee o6pa60TKa npOH3BO,[(JIJiaCb o6bI'1HbIM 

cnoco6oM. ,Il;aHHaR npon.e,1zypa oKa3aJiacb BnOJIHe Ha,[(e)KHOfi. 

B BOCbMOM pa.3,n;eJie onncaHO noJiy'IeHHe aHaJIH3Hpyrom;Jix cnoco6HOCTe:fi. ,Il;aH­

Hb!e ,[(JIR Ka)K,[(OH aHaJIH3Hpyrom;e:fi cnoco6HOCTH 6bIJIJI noJiy'IeHhl [1] - [13] C HC­

nOJib3OBaHHeM onpe,n;eJieHHbIX MO,[( nOJIRpH3aII,HH ,n;e:fiTpOHHOro ny'!Ka. ,Il;JIR noJiy'Ie-­

HHR BeKTOpHOfi Ay JI TeH3OpHofi Ayy aHaJIH3Hpyrom;e:fi cnoco6HOCTH ,n;aHHbie Ha6H­

paJIHCb npH HenOJIRpH3OBaHHOfi, 'IHCTO BeKTOpHofi, 'IHCTO TeH3OpHOfi JI CMeIIIaHHOfi 

MO,[(ax. ,Il;JIR noJiy1'JeHHR TeH3OpHOfi aHaJIH3Hpyrom;efi cnoco6HOCTH Axx HCnOJib3OBa­

JiaCb TOJibKO HenoJIRpH3OBaHHaR, 'IHCTO TeH3OpHaR H CMeIIIaHHaR MO,[(a. 

B ,n;eBRTOM pa.3,n;eJie onncaHa npon.e,1zypa noJiy'IeHJIR aHaJIJI3Hpyrom;nx cnoco6-

HOCTefi npH yrJiax 6oJibIIIe 7° B C.II,.M. AHaJIH3Hpyrom;Jie cnoco6HOCTH npH yrJiax 

60JibIIIe 7° 6hIJIJI noJiy'IeHbI H3 aCJIMMeTpHH noJie3Hb!X co6hlTJifi ,[(JIR pa.3HbIX MO,[( 

I1TII1, H nOJIRpH3aII,HJI ,n;efiTpOHHOro ny'!Ka. 
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B ,n;eCHTOM pa.3,n;eJie OnHCaHO nOJIY'{eHHe aHaJIH3Hpyrorn;HX cnoco6HOCTefi npH 

yrnax MeHee 7° B c.u;.M. IIpH 3THX yrnax yqHTbIBaJiaCh He TOJibKO 3aBHCHMOCTb 

OT yrna pacceHHHH 0, HO H OT a3HMYTaJihHOro yrna <I>. ~H nonyqeHHH aHaJIH3H­

pyrorn;efi cnoco6HOCTH Ayy (Axx) Heo6xo,n;HMO TaK>Ke yqeCTh n: BKJia,n; OT Axx (Ayy)­

,1],JIH 3TOro yrJIOBOfi ,n;n:ana30H no yrny <I> 6hIJI pa.3,n;eJieH Ha qaCTH no 15 rpa,n;yCOB. 

AHaJIH3Hpyrorn;n:e cnoco6HOCTH 6bIJIH nOJiyqeHbl MeTO,!l;OM <pHTHpOBaHHH aCHMMeT­

pHH. 

B TpeTheii rmme noJiyqeHHbie nOJIHpn:3all;HOHHbie Ha6nro,n;aeMbie cpaBHHBaroT­

CH C pacqeTaMH, OCHOBaHHbIMH Ha MexaHH3Me 0,D;HOHYKJIOHHOrO o6MeHa. TaK>Ke 

cpaBHHBalOTCH aHaJIH3Hpyrorn;n:e cnoco6HOCTH ,D;JIH 3epKaJibHbIX KaHaJIOB 3 He n H 

3 H p npH 0.D;HHaKOBblX yrJiax C u;eJiblO nOHCKa HapymeHHH 3apH.D;OBOfi CHMMeTpHH. 

B nepBOM pa.3,n;eJie onn:caHO npn:6JIH>KeHn:e MO,n;eJIH 0,!l;HOHYKJIOHHOrO o6MeHa, B 

paMKax KOToporo TeH30pHaH aHaJIH3n:pyrorn;aH cnoco6HocTh peaKu;Hil: dd ---> 3Hen 

n: dd ---> 3Hp npn: npoMe>KyToqHhIX aHeprnHX qyBCTBHTeJibHa K OTHOIIIeHHIO D/S 

BOJIHOBbIX <pyHKll;Hfi 3 fl e ll 3 H COOTBeTCTBeHHO. 

Bo BTOpOM pa.3,n;eJie nonyqeHHbie nOJIHpH3au;n:oHHhie Ha6nro,n;aeMhie cpaBHHBa­

lOTCH C pacqeTaMH, OCHOBaHHbIMH Ha MexaHH3Me 0.D;HOHYKJIOHHOrO o6MeHa. IIo­

JiyqeHHhie 3HaqeHHH npHBO,D;HTCH B Ta6nn:u;ax. ,lJ,aHHbie no yrJIOBOfi 3aBHCHMOCTH 

BeKTOpHOH Ay H TeH30pHblX Ayy, Axx H Axz aHaJIH3Hpyrorn;Hx cnoco6HOCTefi peaK­

U:Hfi dd ---> 3Hen n: dd ---> 3Hp npn: aHeprnn: 270 MaB [1] - [13], [20] nOKa3aHhI Ha 

pn:c. 5. Mo>KHO BH,D;eTh CHJibHYIO BapHall;lllO noJiyqeHHblX ,n;aHHbIX B 3aBHCHMOCTll OT 

yrna B c.u;.M. IIpn: MaJihIX yrnax aHaJIH3Hpyrorn;n:e cnoco6HocTH Ayy H Axx OTpHu;a­

TeJihHhI, TO eCTb npOTHBOnOJIO>KHhl BeJillqHHaM aHaJIH3Hpyrorn;HX cnoco6HOCTefi Ayy 

H Axx peaKu;Hfi d p ---> p d H d 3 He ---> p 4 He, KOTOpbie qyBCTBHTeJibHbl K BHy­

TpeHHefi CTPYKType ,n;efiTpOHa. OTpHu;aTeJibHbie 3HaqeHHH TeH30pHbIX aHaJIH3Hpy-

10IIJ;llX cnoco6HOCTefi Ayy H Axx peaKU:HH dd ---> 3Hen npH MaJihIX yrnax MoryT 6b1Th 

o6'bHCHeHhI B paMKax Mo,n;eJIH OHO. TaKoe noBe,n;eHHe ,n;aHHhIX Haxo,n;HTCH B Kaqe­

CTBeHHOM COrJiaCHll C TeOpeTHqeCKHMll pacqeTaMH, B KOTOpbIX npe,n;CKa3aHa npHMeCh 

D-COCTOHHHH B 3 fl e. C ,n;pyrofi CTOpOHhI, TeH,n;eHU:HH noBe,n;eHHH TeH30pHblX aHaJIH-

3Hpyrorn;Hx cnoco6HocTeil: npoTn:BonoJIO>KHa pacqeTaM OHO ,n;a>Ke npH yrnax MeHee 

15° B c.u;.M. qTO KacaeTCH yrJIOB 6onee 15°' TO Ha6nro,n;aeTCH cephe3HOe OTKJIOHe­

HHe Me>K,n;y 3KCnepHMeHTaJibHblMll ,n;aHHblMH H HepeJIHTHBHCTCKHMll BbiqllcJieHHHMll 

OHO. OTKJIOHeHHe Me>K,n;y ,n;aHHhIMH II pacqeTaMH Ha pn:c.5 MO>KeT 6hITh CBH3aH­

HO C Hea,n;eKBaTHbIM OnHCaHHeM CnHHOBOfi CTpyKTypbI 3 He Ha MaJibIX paccTOHHHHX. 
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Pnc. 5: YmoBaJI 3aBHCHMOCTh BeKTOpHoii Ay H TeH30pHbIX Ayy, Axx H Axz aHaJIH3HPYK>~Hx 

cnoco6HOCTeii peaKIJ,Hii dd--> 3Hen (OTKPhITbie CHMBOJib1) H dd--, 3Hp (3aKphIThre CHMBOJib1) rrpH 

3HeprHH 270 M3B B c.11,.M. CrrJIOilIHhle, ToqeqHhie H IlITpHxOBaBHhie KPHBhie rrpe,n;cTaBJI.HIOT pe-

3YJihTaThI HepeJrnTHBHCTCKHX BbJqJICJieHHii B PaMKax MO,ll;eJIH OHO C HCIIOJib30BaBHeM BOJIHOBblX 

<PYHKIJ,Hii 
3He Ha OCHOBe Yp6aHcKoro, IlapmKcKoro H RSC HYKJIOH-HYKJIOHHhIX rroTeH11,Ha.rroB co­

OTBeTCTBeHHO. 

B ,n;aHHhIX no BeKTOpHofi aHaJIH3Hpyrorn;efi cnoco6HocTn: Ay peaKU:HH dd ---> 3Hen 

(dd---> 3Hp) BH.D;HhI HeKOTOpbie CTpyKTYPhI, XOTH pacqeThI, BhIIIOJIHeHHhie B paMKax 

MO.D;eJIH OHO npe,n;cKa3hIBaIOT, qTo Ay ,n;oJI>KHa paBHHThCH Hynro. TaKHM o6pa3oM, 

,n;aHHbie no BeKTOpHOfi aHaJIH3Hpyrorn;efi cnoco6HOCTH Ay YKa3bIBc110T Ha HaJillqlle 

,n;onoJIHHTeJihHOro K OHO MexaHH3Ma peaKU:HH. 

Ha pHC. 6 noKa3aHa TeH30pHaH aHaJill3Hpyrorn;aH cnoco6HOCTb Ayy peaKll;llll 

dd ---> 
3 Hen npH aHeprnH 270 MaB II pacqeThI OHO, HCnOJih3yrorn;He peJIHTH­

BHCTCKyro ll HepeJIHTHBHCTCKYIO BOJIHOByro <pYHKll;lllO 3 He Ha OCHOBe Yp6aHCKO­

ro HyKJIOH-HYKJIOHHOro noTeHU:HaJia. PenHTHBH3M B BOJIHOBOfi <pyHKll;llll 3 He 6bIJI 

yqTeH cornaCHO MllHHMaJibHOH cxeMe peJIHTHBH3au;n:H. Bn:,n;Ho, qTO HCnOJib30BaHHe 

peJIHTHBHCTCKOfi BOJIHOBOfi <pyHKll;llll 3 He He npHBO,!l;HT K OnHCaHHIO ,n;aHHbIX no 
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Pnc. 6: YrJioBaH 3aBHCHMOCTh TeH30pHoll aHaJIH3Hpy!Orn;ell crroco6HocTH Ayy peaKI_\HH 

dd-+ 3Hen . CrrJIOIIIHM (ToqeqHM) KpHBM rrpeACTaBJIHeT pe3yJihTaThI HepeJIHTHBHCTCKHX (pMH­

THBHCTCKHx) BblqHCJieHHil B paMKax OHO C HCIIOJih30BaHHeM BOJIHOBOil <PYHKl_\lflf 3 He Ha OCHOBe 

Yp6aHCKOro HYKJIOH-HYKJIOHHOro IIOTeHI_\HaJia. 

TeH30pHofi amtJIII3IIpyrom;efi cnoco6HocTII Ayy. CTpyKTypa 3 He MO:lKeT 3aBIICeTh OT 

6oJiee '!eM O,Il;HOfi nepeMeHHOfi, KaK II B CJiy'lae ,n:efiTpOHa, r,n:e Ha6JIIO,n:aeTCH 3aBIICII­

MOCTh cnIIHOBOfi CTPYKTyphI OT .Il:BYX nepeMeHHhIX. 

TpeTIIfi pa3,n:eJI nOCBHID;eH noIICKY HapyrneHIIH 3apH,Il;OBOfi CIIMMeTpIIII. Ha 

pIIC. 7. noKa3aHa pa3Hmi;a Me:lK.n:y BeKTOpHOfi Ay II TeH30pHhIMII Ayy, Axx II Ax, 

aHaJIII3IIpyrom;IIMII cnoco6HocTHMII peaKIJ,IIfi dd -+ 3Hen II dd -+ 3Hp npII aHeprnII 

270 MaB [4], [7], [12]. IloJiy'leHHhre 3Ha'leHIIH npIIBO,n:HTCH B Ta6JIIIIJ,ax. 

B IICCJie,n:oBaHHOM yrJIOBOM ,n:IIana30He pa3HIIIJ;hl aHaJIII3npyrom;nx cnoco6HOCTefi 

6JIH3Kll K HYJIIO. KpoMe Toro, He Ha6JIIO,n:aeTCH 3aBHCllMOCTII OT yrJia. 

B qeTBepToii rJiaBe onIIChlBaeTCH aKcnepIIMeHThI no nccJie,n:oBaHnIO cTpyKTyphr 

JierKIIX H,n:ep Ha HyKJIOTpOHe. 

,Il;aHHaH rJiaBa co,n:ep:lKHT Pe3YJihTaThI llCCJie,n:oBaHIIH napaMeTpOB BhlBe,n:eHHOro 

rry'!Ka ,n:efiTpOHOB HyKJIOTpOHa, ormcaHne nOJIHpllMeTpa ll ll3MepeHHH BeKTOpHofi 

noJIHpII3arwn ,n:efiTpOHa Ha OCHOBe pp KBa3nynpyroro pacceHHIIH, a TaK:lKe ncnOJih30-

BaHIIe peaKIJ,llll dp ynpyroro pacceHHllH ,Il;JIH ll3MepeHIIH nOJIHpII3aIJ,IIII ,n:efiTpOHHOro 

ny'!Ka. 

B nepBOM pa3,n:eJie OnIIChIBaeTCH llCCJie,n:oBanne napaMeTpOB ny'!Ka HyKJIOTpo­

Ha. IIapaMeTphI ,n:efiTpOHHOro ny'!Ka 6hIJ1ll II3MepeHhI B 2002 r. npn KIIHeTII'leCKHX 

:rneprIIHX ny'!Ka OT 1.0 ,n:o 2.0 raB. B Ka'!eCTBe ,n:eTeKTOpa nOJIO:lKeHHH ny'IKa IIC­

nOJih30BaJIHCh MHOronpoBOJIO'IHbie ,n:peficpoBbre KaMephI C paCCTOHHHeM Me:lK.n:y npo-
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Pnc. 7: YmoBM 3aBlfCUMOCTh pa3HOCTell aHaJIU3Hpy!Orn;HX crroco6HoCTell Ay3He - Ay3H, 

Ayy3He - Ayy3H, Axx3He - Axx3H If Axz3He -Axz3H· 

BOJIO'!KaMn 2 MM. Pe3yJihTaThI npIIBe,n:eHHOfi pa60ThI MO:lKHO o6o6m;nTh CJie.n:yrom;IIM 

o6pa30M. 8MnTTaHC ,n:efiTpOHHOro ny'IKa ,Il;JIH aneprnfi 1.0 - 2.0 raB nOKa3bIBaeT 

3Ha'lnTeJihHYIO 3Heprern'leCKYIO 3aBIICHMOCTh (cM. pnc. 8) [14). Me:iK.n:y 1.0-2.0 raB 

3MIITTaHC ,n:efiTpOHHOro ny'!Ka MeHHeTCH ~ 2 pa3a )J.JIH X ll y. 8MnTTaHc cy HMeeT 

3Ha'leHne 60Jihrne 'leM c: x n OTHorneHne cy / c: x n3MeHHeTCH OT 1.3 ,n:o 2 B HHTep~ 

BaJie _aHeprIIfi 1.0-2.0 raB. ,Il;JIH npoBe,n:eHnH aKcnepIIMeHTa no n3MepeHnIO T20 u 

Cy,y' B peaKu,un d3 He -+ p4 He neo6xo,n:nMo cym;ecTBeHHO YJIY'IIIIUTh napaMeTpbr 

BhIBe,n:eHHOro ny'!Ka HyKJIOTpOHa, oco6enno B BepTHKaJihHOM HanpaBJieHIIll. 

Bo BTOpOM pa3,n:eJie onnChlBaeTCH ll3Mepettne BeKTOpHOfi nOJIHpn3aIJ,IIll BhIBe,n:eH­

noro ,n:efiTpOHHOro ny'!Ka B paMKax npoeKTa PHe3. IIpnBo,n:nTCH onncaHne noJIH­

pIIMeTpa, OCHOBaHHOro Ha U3Mepettnn JieBo-npaBOfi acnMMeTpllII KBa3n-ynpyroro pp 
pacceHHllH. I1HTeHCIIBHOCTh BIIepBhie BhlBe,n:eHHOro noJIHpll30BaHHOro ,n:efiTpOHHOro 

ny'IKa HyKJIOTpOHa B xo,n:e ll3Mepettnfi COCTaBJIHJia ~ 2.5 . 107 'lacTnu,/u,nKJI (cM. 

pIIC. 9) [15), [16). IIoJIHpllMeTp, noMem;eHHhifi B cpoKaJihHOfi IIJIOCKOCTII F3, 6hIJI nc­

nOJih30BaH ,rvrn II3MepeHHH IIOJIHpII3aIJ,llll BeKTOpHO IIOJIHpll30BaHHOro ,n:efiTpOHHOro 

IIY'!Ka rrpn IIMnyJihCax 3.5 n 5.0 raB/c. IIoJIHpII3aIJ,HH BhIBe,n:eHHOro ,n:efiTpOHHOro 
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Pnc. 8: O~eHKa 3MHTTaHca ,n;eliTpOHHoro rry'IKa ,n;.m1 Koop,n;11HaThI X (BepxHHli p11cyHoK) 11 Y 

(HIDKHHli p11cyHOK) OT 3HeprHH ,n;eliTpOHHOro IIY'IKa. O=,n;aeMoe IIOBe,n;eHHe 3MHTTaHca C HOpMH­

pOBKOli rrpH 60JihlIIHX 3Heprlli!X HapHCOBaHO CIIJIOIIIHOli KpHBOli. 

ITY'IKa, ycpe,n;HeHHaH ITO CITIIHOBhlM MO,D;aM, COCTaBJrnJJa 0.540±0.019 II 0.606±0.014 

ITpII 3.5 II 5.0 f3B/c [15], [16]. CITeIIIIaJJhHOe IICCJJe,n;OBaHIIe 6bIJJO ITOCBmIIeHO or~eHKe 

CIICTeMaTII'IeCKOii orrm6KII TpIIrrepa, IICITOJJh3YH HeITOJJHPII30BaHHblll ,n;eiiTpOHHhlll 

ITY'IOK. IIpII IIMITYJJhCe 3.5 f3B/c 6bIJJO ITOKa3aHO, 'ITO yMeHhIIIeHIIe KOJJII1'.JeCTBa 

COBITa,n;eHIIII MaJJO BJJIIHeT Ha CIICTeMaTII'IeCKY10 OIIIII6Ky II3MepeHIIii. 

B TpeTbeM pa3,n;eJJe OITIIChIBaeTCH IICITOJJh30BaHIIe peaKIIIIII dp YITPYrOrO pacce­

HHIIH ,D;JJH II3MepeHIIH ITOJJHpII3aIIIIII ,n;eiiTpOHHoro ITY'!Ka Ha CTaHIIIIII BHyTpeHHeii 

MHIIIem1 HyKJJOTpOHa. I13MepeHIIe aHaJJII3IIpyIDIIIIIX CITOC06HoCTeii Ay, Ayy II Axx 

peaKIIIIII dp YITPYrOro pacceHHIIH B IIHTepBaJJe 300-500 M3B B o6JJaCTII MIIHHYIY­

Ma ITOITepe'IHOro Ce'IeHHH Ha BHyTpeHHeii CTaHIIIIH HyKJJOTpOHa 6hIJJO ITpe,D;JJO)KeHO 

B paMKax ITpoeKTa LNS . .D:JJH ITOJJy'IeHnH ,n;ocToBepHhIX 3Ha1'.JeHnii aHaJJII3npy10IIwx 

CITOC06HOCTeii Heo6xo,n;IIMO IIMeTh xopomnii M0HIITOpHHr ITOJJHpH3aIIHH ,n;eii.Tp0HH0rO 

rry'IKa. .D:JJH 3TOii n;eJJH ITp0BeJJOCh HCCJJe,n;oBaHne B03M0)KH0CTII BbI,LJ;eJJeHHH II0JJe3-

HhIX co6brrnii dp yITpyroro pacceHHHH [17], [18], [19]. 
.D:aHHOe IICCJJe,n;oBaHIIe ITpOBO,[J;IIJJOCh B MapTe 2005 ro,n;a C IICITOJJb30BaHIIeM CTaH­

,n;apTHOii ,n;eTeKTIIPYIDIIIeii aITITapaTyphr LNS ITpII 3HeprIIII 270 M3B. qeThrpe ITaphr 
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3aBHCHMOCTh HHTeHCHBHOCTH BbIBe,n;eHHOI'O IIOJlllpH30BaHHOI'0 IIY'IKa ,n;eliTpOHOB OT 

,n;eTeKTOp0B 6bIJJII pacnoJJO:lKeHhI CIIMMeTpII'IHO, BJJeBO, BnpaBO, BBepx II BHII3 no,n; 

yrJJOM 86.5° B ClICTeMe n;eHTpa Mace. Ka)K,D;hlii II3 ,n;eTeKTOpOB C0CTOIIT II3 ,D;BYX 

CIIHHTIIJJJJHIIIIOHHbIX C'IeT'IIIKOB c TOJJIIIllHOii CIIlIHTIIJJJJHTOpa 0.5 II 2 CM Ha 6a3e 

cpoTOYMHO:lKIITeJJeii FEU85. 

Ha pIIC. 10 a) II b) noKa3aHa KOppeJJHIIIIH 3HepreTII1'.JeCKIIX noTepb ,D;JJH ITpOTOHOB 

II ,n;eiiTpOHOB II pacnpe,n;eJJeHIIe no pa3HIIIIe BpeMeHII npoJJeTa Me)K,[J;y ,n;eTeKTOpaMII 

perncTpnpylOIIIIIMII npOTOHhI II ,n;eiiTpOHhI. I,f3 npIIBe,n;eHHbIX pIICYHKOB BII,D;Ha B03-

M0)KH0CTb BhI,D;eJJeHIIH co6hITIIii Ha OCHOBe 3HepreTII1'.JeCKIIX ITOTeph 1'.JaCTIIII B CIIIIH­

TIIJJJJHT0pax II BpeMeHII npoJJeTa. <I>oH OT yrJJepo,n;a COCTaBJJHeT ~ 1 %. ,n:aHHaH 

TexHIIKa 6hlJJa npIIMeHeHa paHee B ycKopIITeJJhHOM KOMnJJeKce RJKEN. 

B 3aKJIIO'leHHH ccpopMyJJIIpOBaHhI OCHOBHhie BhIB0,D;hI ,[J;IICCepTaIIIIII: 

1. BnepBhie noJJy'IeHhl BbICOK0TO'IHbie ,n;aHHhle ITO BeKTOpHoii Ay II TeH30pHbIM 

Ayy, Axx II Axz aHaJJII3IIpy10IIIIIM cnoco6HOCTHM peaKIIIIII dd -> 
3Hen npII 

3HeprIIII 270 M3B [1-13, 20]. 

• Pe3yJJhTaThI no aHaJJII3IIpy10IIIIIM cnoco6HOCTHM cpaBHeHhI C npe,n;CKa3a­

HIIHMII MO,[J;eJJII Ha OCH0Be o,n;HoHyKJJOHHOro o6MeHa C IICn0JJh30BaHIIeM 

Yp6aHcKoii, IIapII:lKCKOii II RSC BOJJHOBhlX cpyHKIIIIii 
3 He. OnIIcaTh 3KC­

nepIIMeHTaJJhHhre ,n;aHHhie no TeH30pHbIM aHaJJII3IIpy10IIIIIM cnoco6HOCTHM 

15 



ADC KOppe11l'll..(Vl>l 
700 

600 

5(Xl 

400 

3(X) 

.. ;.{• 

(a} 

200 
250 300 350 400 450 500 550 600 650 7(X 

TOF pa3HVIL(a 
250. 

200 

150 

100 

50 

(b) 

olr2ri -::d~) , ,SJnn.."'--'1..,-:-4--::--r:::ioC::z r I 

60 80 100 120 140 160 180 200 220 240 

P11c. 10: Bh1,n;e.rrettae dp yrrpyrax co6hITHli rrptt 3ttepmtt 270 M3B. a)-KoppeJUII_\HSI 3ttepreTH­

qecKax IIOTeph )J;JISI rrpOTOHOB H ,n;eliTpOHOB B IIJiaCTHKe. b )-pacrrpe,n;e.rreHHe ITO pa.3HHl_\e BpeMeHH 

rrpoJieTa Me)K,lzy rrpOTOHHhIM H ,n;eliTpOHHh!M ,n;eTeKTOpaMH. 

y,n;aJIOCb TOJibKO npH MaJibIX yrJiax lI TOJibKO Ka'I8CTB8HHO, B OCTaJibHOM 

HHT8pBaJie ,n;aHHaH MO,ll;8Jlb He BOCnpOH3BO,ll;lIT ,n;aHHhie. HecOOTBeTCTBJie 

M8)K,ll;Y 3KCnepHMeHTOM lI TeOpHe:li npH 60JibIIIHX yrJiax B c.u;.M. MO)KeT 

6bITb CBH3aHO C Hea,n;eKBaTHhIM OnlICaHHeM BOJIHOBO:li q>yHKD;lllI 3 He Ha 

MaJihIX pacCTOHHlIHX lI BO3MO)KHbIM npOHBJieHJieM peJIHTlIBHCTCKlIX 3q>­

q>eKTOB, KOTOphre MOryT HrpaTb cym;eCTBeHHY10 pOJib npll ,n;aHHO:li 3Hep­

rHH. 

• ,Ll;JIH y'IeTa peJIHTlIBlI3Ma ,n;aHHhie cpaBHlIBaJilICb C TeopeTJI'IeCKlIM BhI'IlIC­

JI8HHeM OCHOBaHHbIM Ha MlIHlIMaJibHO:li cxeMe PeJIHTlIBH3au;JIH C lICIIOJib-

3OBaHHeM Yp6aHcKofi BOJIHOBo:li q>yHKD;lllI 3 He. XoTH pa3HJiu;a B pemr­

THBHCTCKOM lI HepeJIHTlIBlICTCKOM onJICaHHlI ,n;aHHhIX ,ll;OBOJibHO 60JihIIIaH, 

IIOB8,ll;8Hll8 ,n;aHHbIX OIIHCaTh He y,n;aJIOCb. 

• B rrim6JIJI)K8Hllll O,ll;HOHYKJIOHHOrO o6MeHa BeKTOpHaH aHaJIH3Hpy10m;aH 

cnoco6HOCTb ,ll;OJI)KHa paBHHThCH HYJIID, 'ITO He Ha6JI10,n;aeTCH. B ,n;aHHhIX 

Bll,ll;Ha CTPYKTypa, KOTOpaH ofrhHCHHeTCH HaJIH'IHeM ,n;onOJIHJITeJihHbIX Me­

xaHlI3MOB peaKu;JilI. 
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2. BrrepBbie noJiy'IeHhI ,n;aHHbie no BeKTOpHott Ay lI TeH3OpHbIM Ayy, Axx JI Ax, 

aHaJIIl31Ipy10m;HM cnoco6HocTHM peaKD;lIII dd -+ 3Hp npH aHeprnII 270 MaB 

[1 - 10, 12, 20]. 

• IIpoBe,n;eHO cpaBHeHJie ,n;aHHbIX no aHaJilI3lIPY10Iu;HM cnoco6HOCTHM ,n;aH­

HOfi peaKu;m1 c peaKu;IIefi dd -+ 3Hen npH aHeprnH 270 MaB c D;Mh10 

nOJICKa BO3MO)KHOrO HapyrrreHIIH 3apH,ll;OBOfi CIIMMeTplIII. 

• ,Ll;aHHhie no BeKTOpHofi II TeH3OpHbIX aHaJII131Ipy10m;Hx cnoco6HOCTHX 3ep­

KaJibHhIX peaKu;IIfi npH O,ll;IIHaKOBbIX yrJiax COBna,n;a10T B npe,n;eJiax ,n;o­

CTilrHyTofi 3KCnep1IMeHTaJibHOfi TO'IHOCTlI. 

3. IIoJiy'IeHhI CJie,n;y10m;He MeTO,ll;Il'IeCKlle pe3yJihTaThI B paMKax nOJIHpI13au;JIOH­

HOfi nporpaMMhr JIB9. 

• BnepBhle Il3MepeHa BeKTOpHaH noJIHp1I3au;1rn BhIBe,n;eHHOro ny'IKa ,n;ett­

TpOHOB HyKJIOTpOHa C nOMOm;h10 noJIHplIMeTpa, OCHOBaHHOro Ha KBa3IIY­

npyroM pp pacceHHillI [15, 16, 19]. B xo,n;e II3MepeHIIfi lIHTeHCIIBHOCTb no­

JIHplI3OBaHHOro ,n;efiTpOHHOro nJ'IKa npII IIMnyJihCax 3.5 II 5.0 raB/c co­

CTaBJIHJia ~ 2.5· 107 
'IaCTlIU:/U:IIKJI. I10JIHp1I3au;JIH BhIBe,n;eHHOro ,n;efi'l'pOH­

HOro ny'IKa, ycpe,n;HeHHaH no CnlIHOBhIM MO,ll;aM, COCTaBJIHJia 0.540±0.019 

lI 0.606±0.014 npll 3.5 II 5.0 faB/c, COOTBeTCTBeHHO. 

• I1oKa3aHO, 'ITO ,ll;JIH ,ll;aJihHefiIIIIIX noJIHp1I3au;JIOHHbIX 3Kcnep1IMeHTOB Ha 

BhIBe,n;eHHOM ny'IKe HyKJIOTpOHa Heo6XO,ll;lIMO yMeHhIIIeHJie 3MIITTaHca 

ny'IKa, oco6eHHO B BepTIIKaJibHOM HanpaBJieHillI [14]. 

• I10Ka3aHa BO3M0)KH0CTb IICnOJih3OBaHJIH peaKD;lIH dp ynpyroro pacce.11-

HlIH npll 3Heprn1I 270 M3B ,ll;JIH II3MepeHIIH nOJIHplI3au;JIJI ,n;efiTpOHHOrO 

ny'IKa Ha BHyTpeHHefi CTaHD;IIII HyKJIOTpOHa MeTO,ll;OM BhI,ll;eJieHJIH co6bI­

Tllfi no 3HepreTJI'IeCKlIM noTepHM 'IaCTlID; B Cil;IIHTlIJIJIHTOpax II pa3HI1u;e 

BpeMeH npoJieTa (17-19]. 

B npHJIO)KeHHH onlICaHO onpe,n;eJieHIIe aHaJIII3llpy10m;1Ix cnoco6HOCTefi. IIplI­

Be,n;eHa CBH3b Me)K,ll;Y aHaJilI3I1py10m;1IM1I cnoco6HOCTHMlI B cq>epil'IeCKOM lI ,n;eKap­

TOBOM npe,n;cTaBJieHJIII. 
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