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06m;aH xapaKTepHCTHKa pa60ThI 

AKTyaJILHOCTh TeMhl. ~epHbie peaKD;HH c yqacTHeM ,n:eiiTpoHOB 

Tpa,n:HQHOHHO HCIIOJib3YIOTC5I .ll;JI5I H3)"1eHHJI Hyc<:JIOH-HYKJIOHHOro B3aHMO,n:eiicTBHJI 

rrpH rrpoMe)l(yToqHhIX H BbICOKHX 3HeprHJIX, a TaK )Ke cTpyKTypbI rrerKHX H,r:i;ep Ha 

MaJibIX Me)l(HYKITOHHhIX paccTOHHHJIX. CrrHHOBaJI cTpyKrypa rrerKHX 51,n:ep nrn:poKo 

Hccrre,n:oBarracb B TetieHHe rrocrre,n:mrx ,n:ecJITHrreTHii c Hcrrorrb30BaHHeM KaK 

3JieKrpOMarHHTHbIX, TaK H a.n:poHHbIX rrpo6HHKOB. 0,n:HOH H3 OCHOBHblX 3a.n:aq 3TMX 

HCCrre,n:oBaHMll rrpH rrpoMe)KyTO"l!HbIX H BbICOKHX :meprHJIX 5IBJIJIJIOCh rrorr~eHHe 

HH<i>opMaU:HM 0 BbICOKOHMIIYJihCHhIX KOMIIOHeHTax rrerKHX JI,n:ep c u:errbIO H3~eHM5I 

rrp05IBJieHHJI peIT5ITHBHCTCKHX 3<P<l>eKTOB H HeHyc<:JIOHHhIX CTerreHeii: CB060.IJ:bl. 

PeaKU:HH dp ~pd, d d ~ p 3H, d 3He ~ p 4He JIBJIJIIOTC5I npocTe:ii:IIIHMH 

rrpou:eccaM.H c 60JibIIIOH rrepe,n:aqeif HMIIYJibCa H II03TOMY MOrYT HCIIOJih30BaTbC5I KaK 

MHCTpyMeHT ,ll;JI5I H3)"1eHH5I CTpYKTypbl rrerKHX 51.IJ:ep. B paMKax MO,n:errH 

g,r:i;HOH)'KJIOHHOro o6MeHa (OHO), IIOJI5IpH3aQHOHHbie xapaKTepHCTliKH ,n:aHHbIX 

peaKU:HH tIYBCTBHTeJibHbI K crrHHOBOH cTpyKrype rrerKHX JI.n:ep. Ifayqemre peaKU:HH 

d A ~ p x B6JIH3M rropora pa3BaJia ,n:eiiTpOHa II03BOJI5IeT, c O.IJ:HOM CTOpOHhl, 

.ll;OCTMrHYTb MHHHMaJibHbIX Me)l(HYKJIOHHhIX paccT05IHHM B .n:eiITpoHe rrpH ,r:i;aHHOM 

HatiaJibHOM 3Hepnm, H, c .n:pyroil CTOpOHhI, HCCJie,n:oBaTb B3aHMO.IJ:eMCTBHe B 

KOHe"llHOM COCT05IHMH ,[(JI}! CHCTeMbI x HcrroJib30BaHHe B KatieCTBe MHIIIem1 51,ll;pa A 

II03BOJI5IeT ,IJ;OCTHrHyTb MeHbllIHX Me)l(HYKJIOHHbIX paCCT05IHHH, "lleM B crryqae 

B3aHMO,IJ;eMCTBH5I ,r:i;eHTpOHOB c BO,n:opo,n:oM. IloIT5IpH3aU:HOHHbie Ha6JIIO,ll;aeMhie 

,r:i;aHHOM peaKU:HH, B qacTHOCTH, TeH30pHa5I aHaJIH3HPYIOIIJ:a5I crroco6HOCTb Tzo ' 

tIYBCTBHTeJibHa K OTHOIIIeHHIO DIS BOJIH B .n:e:H:TpoHe. Ha HaCTOHIIJ:HH MOMeHT He 

cyiu:ecTByeT TeopHM, KOTOpaJI MO)l(eT o6'b5ICHHTb IIOJI5IpH3aQHOHHbie Ha6rrIO,r:i;aeMble 

.ll;JIJI peaKU:HH ,n:eHTpOH-rrpoTOHHOro pacce5IHH5I Ha3a,n: H HHKJII03HBHOro pa3Barra 

.n:eiITpOHa O,Il;HOBpeMeHHO. 

PeaKQHH nepe.z:i;aqH o,n:Horo HJIH HecKOJibKHX HYKJIOHOB HCIIOJih3YIOTC5I B 

KaqecTBe HHcrpyMeHTa ,n:JI5I rronyqeHH5I acTpo<l>H3HtiecKHx S-<l>aKTopoB. PeaKu;HH c 

nepe,n:aqeif o,n:Horo HyKJioHa, nrnpoKo HCIIOJib30BaJIHCb ,z:i;m1 M3yqeHIDI CTPYKTYPhI 
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cTa6HJibHbIX 51,n:ep. AHaJIH3 TaKHX peaKI(HM onpe,n:eJrneT nepe,naqy yrnoBoro 

MOMeHTa, KOTOpa51 ,n:aeT HHcpopMa:u:mo 0 crnrne H tJeTHOCTH KOHetJHOro COCT051Hllil. 

"llyBCTBHTeJTbHOCTb ceqemrn ,ll;JI5I O,ll;HOHYKJJOHHblX KOMnoHeHT no3BOJI51eT nonyqHTb 

cneKrpOCKOnHtJeCKHe cpaKTOpbI. 3TH Ha6mo,n:aeMble Moryr HCnOJ1b30BaTbC51 )l;J151 

BbllJHCJieHH51 3acerreHHOCTH O,ll;HOtJaCTHlJHbIX opfouarreif B 51,n:pax. 

TaKHM o6pa3oM, norryqeHHe HOBbIX nomipH3aI(HOHH:OIX ,n;aHH:OIX ,n:rr51 peaKU:HM 

d d ~ p x H d 12C ~ p 13C' qyBCTBHTeJ1bHhIX K cnHHOBOM crpyKType ,n:eifrpoHa H 

yrnepo.n;a, npe,n;cTaBJI5IIOT orpOMHYIO Ba)KHOCTb. 

I(eJihlO paOOThl 5IBJ15IJ10Cb H3MepeHHe :mepreTHtJeCKOH 3aBHCHMOCTH 

TeH30pHOH aHaJI113MpyIO:I.IJ;HM cnoco6HOCT11 T20 ,n;rr.a peaK:U:11M d d ~ p x 11 

J 12c ~ p 13C npH :mepnrnx Td = 140, 200 H 270 M3B H yrrre pacce.aHH5I 0°, a TaK)Ke 

H3Mepemrn yrrroBOH 3aBHC11MOCT11 BeKTOpHOM Ay 11 TeH30pHbIX A)I)' ' Axx H Axz 

aHan113HpYIQru:11x crroco6HocTeH: peaK:U:HH d 12c ~ p 13C npH Td = 270 M3B H yrrrax 

OT 6 .n:o 18 rpa,n;ycoB c na6opaTOpHOH CHCTeMe rrpH 3HeprH11 270. 

HayqHaR HOBH3Ha pa6oThI. 

1. BnepBI>Ie norryqeHbI BbICOKOTOtJHbie ,n;aHHbie no TeH3opHo:H 

aHaJI113HpyIOru;eif crroco6HocT11 T20 peaK:U:HH d d ~ p 3H 11 d d ~ p X rrpH 

Hat.J:arrbHbIX 3HeprH.Hx ,n:eH:TpoHa Td = 140, 200 H 270 M3B H yrrre pacce51HID.I 0°. 

2. Bnepshle rrOJ1yqeHbI .n;aHHI>Ie no TeH30pHoii aHan113Hpymrn;e:H cnoco6HocT11 

T20 peaK:U:H11 d 12c ~ p 13c• npH HatJaJIE.HbIX 3HeprH.Hx ,n;eiiTpoHa Td = 140, 200 H 270 

M3B 11 yrrre pacce.aH1151 0°. TeH30pHa.a aHaJIH3HpyIOru;a.a cnoco6HocTb T20 npHHHMaeT 

OTp11:u:aTeJibHbie 3HatJemrn KaK ,ll;J151 KaHaJIOB c B036y)K,D;eHHeM 51,n:epHbIX ypoBHeM 13 C' 

TaK H ,JJ;JI51 o6rraCTH KOHT11HyyMa. 

3. BrrepBbie rrorry11eHbI ,n:aHHbie no BeKTOpHOH AY H TeH30pHbIM AYY , Axx H Axz 

aHarr11311pyIOru;HM crroco6HocT51M peaKU:H11 d 12c ~ p 13C* rrpH r,1 = 270 M3B H yrnax 

,n:eTeKTHpOBaHH51 npoToHa OT 6 ,n;o 18 rpa,n;ycoB B na6opaTOpHOM CHCTeMe. 
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Hay'IHo-npaKTH'lecKa.H 3Ha'IHMOCTL pa6oTM. 

IIonyqeHHhie pe3yn:hTaThI no aHaJIH3Hpy10m;HM cnoco6HOCTHM peaKU:HH 

J d ~ p x H d 12c ~ p 13C npH Td = 140, 200 H 270 M3B pacnmp.si:IOT 

3KcnepHMeHTaJihHbIH MaTepHaJI H ,n:aIOT HOBYIO HH<j:>OpMaIJ;HIO, Heo6xo,n:HMYIO ,UJIH 

pa3BHTIDI TeopeTHqecKHX MO,n:ene:H onHcaHHH TpeXH)'KJIOHHblX CHCTeM H ,n:eHTPOHa 

Ha MaJihlX MeJirnyKJIOHHhIX paccTOHHH51X, a TaKJI\'.e noHHMaHHH Mexaml3MOB 

pacCMOTPeHHbIX peaKI.J;HH. 

Anpo6a:um1 pa6oTLI H ny6JI11Kau;1111. 

OcHOBHhie pe3yJihTaThI ,n:HccepTaU:HH ony6nHKOBaHbI B )l(ypHanax "The 

European Physical Journal Special Topics", "International Journal of Modern Physics 

A", "51.n:epHa.si: cpH3HKa". Pe3yJihTaTbI ,n:oKJia,n:hmanHCb Ha p.si:,n:e Me)l(.n:YHapo,n:HhIX 

KOH<j:>epeHU:Hil H ceMHHapoB, B TOM qifcne: Ha VII-oM H IX-oM pa6oqHx coBem;amrnx 

no peJIHTHBHCTCKoil 51,n:epHo:H <j:>H3HKe "Relativistic Nuclear Physics: from Hundreds 

of MeV to TeV" (Mo,II;pa-fapMOHH51, CnoBaKH51, 2006; CTapa JiecHa, CnoBaKH51, 

2009); Ha Me)l(,n:yHapo,n:Ho:H KoHQ:>epem.i;HH "CHMMezjJHH H crrHH" SPIN-Praha-2007 

(IIpara, tiexH51, 2007); Ha XVIII-OM Me)l(.IJ;yHapo,II;HOM CHMII03HyMe no rrpo6JieMaM 

cpH3HKH BhICOKHX :meprHH !SHEPP (,ll;y6Ha, 2006); Ha Me)l(,n:yHapo,n:HOM CHMII03HyMe 

FM50 (ToKHO, 5InoHH51, 2007); Ha XIX-oil Me)l(.n:YHapo,nHoH KOHcpepeHU:HH no 

MaJioqacTHqHbIM cHcTeMaM FB19 (EoHH, fepMaHIDI, 2009); Ha XII-oM H XIII-oM 

Me)l(,n:yHapo,nHhIX KOHcpepeHI.J;HHX no crrHHOBoil cpH3HKe "Workshop on High Energy 

Spin Physics"(,ll;y6Ha, 2007, 2009); Ha IX-oil, X-o:H, XI-oil, H XII-on HayqHhIX 

KOHcpepeHI.J;HHX Mono,n:hIX yqeHhIX H crreu;HaJIHCTOB OIUIH (,ll;y6Ha, 2005-2008 rr.). 

OcHOBHhie pe3yJihTaThI ,n:HccepTaU:HOHHOH pa6oThI ony6nHKOBaHhI B pa6oTax [ 1-18]. 

06neM H cTpyKTypa pa6oThl. 

,ll;HccepTaU:HH COCTOHT H3 BBe,neHH51, qeTbipex rnaB H 3aKmoqeHHH. IloJIHhIH 

o6oeM ,IJ;HccepTaIJ;HH COCTaBJIHeT 94 CTPaHHIJ;hI, BKJIIOtJa.H 18 Ta6JIHU:, 36 pHCYHKOB H 

CIIHCOK JIHTepaTypbI H3 109 HaHMeHOBaHHH. 
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AsTop 3a:rn;u:rn;aeT 

1. Ilpoil,e.I(ypy JiI pe3yJibT3Tbl H3MepeHM5I TeH30pHOM aHaJIH3MpyIOIIl,eM 

cnoco6HOCTH T20 peaKIJ;HM d d -1- p 3H H d d -1- p x rrpM HaqaJI:OHblX 3HeprHHX 

.ri:eM:lpoHa Td = 140, 200 H 270 M3B H yrne pacce5IHH5I 0°. 

2. Ilpoil,e,n;ypy JiI pe3yJI:oTaTbl M3MepeHM5I TeH30pHOM aHaJIH3Hpyrolll,eM 

crroco6HocTH r20 peaKil,MH d 12c -1- p 13 C* npH HaqanhH:o1x 3HeprH5IX .n:eiiTpoHa Td = 

140, 200 H 270 M3B H yrrre pacce5IHH5I 0°. 

3. Ilpoil,e,n;ypy H pe3yJibTaTbl H3MepeHM5I BeKTOpHOM A)' H TeH30pHbIM A)')'' Axx 

H Axz aHanH3Hpyrom;MM crroco6HocT5IM peaKil,HH d 12C -1- p 13C• npII Td = 270 M3B II 

yrnax ,I(eTeKTIIpoBaHHH rrpoTOHa OT 6 ,[(0 18 rpa,n;ycoB B rra6opaTOpHOM CHCTeMe. 

Co,1J;ep~aH11e .ri:nccepTau:nu 

Bse.ri:eHue nocB.am;eHo o63opy 3KcnepHMeHTMbHbIX H TeopeTHqecKHX pa6oT no 

aHamI3Y HYKJIOH-,n;eii:TpOHHoro H ,n;eiilpoH-H.I(epHoro B3aHMo,n;eiicTBMM. B HeM 

o6ocHOBaHa aKTyaJibHOCTb ,[(MCcepTall,HH, ee HayqHaH HOBM3Ha H npaKTH"lleCKaH 

3Ha"l!HMOCTb, rrpHBe,IJ;eHO KpaTKOe co.n:ep)l(aHHe pa60Tbl no rnaBaM. 

B nepsoii n1ase npMBe,n;eHa o61Il,aH cxeMa .[(JUI H3MepeHHH norr.apH3all,HOHHbIX 

Ha6mo.n:aeMbIX Ha ycKOpHTeJibHOM KOMnneKce RIK.EN, onHcaHbl HCnOJib30BaHHOe 

3KCnepHMeHTaJibHOe o6opy,n;oBaHHe, opraHH3a:IJ;HH 3JieKTpOHHKH cqHTbIBaHHH H 

pa6oTa TpHrrepa. 

B nepBoM pa3,I(erre orn1cb1BaeTC5I o6m;a5I cxeMa no H3MepeHHIO BeKTOpHoii AY 

H TeH30pHbIX AYJ' ' Axx JiI Axz aHanH3Hpyrom;Hx cnoco6HOCTeM peaKil,HM d d -1- p x H 

d 12c -1- p X rrpH 3HeprH5Ix 140, 200 H 270 M3B Ha ycKopHTeJibHOM KOMnneKce 

RARF (RIKEN Accelerator Research Facility). IloIDipH30BaHHbIM .ri:eMT})OHHbIM 

rryqoK o6ecneqHBaJIC5I HCT011HHKOM non5IpH30BaHHblX HOHOB (HITH). IIorr5IpM3all,H5I 

.ri:e:H:lpOHHoro ny-qKa M3Mep5Inac:o ,I(BJM5I rron.apnMeTpaMM (SWPOL H DroomPOL). 

HHTeHCHBHOCTb rry-qKa, KOTOpaH H3Mep.anacb c nOMOID;bIO 11arrm <l>apa,I(e5I, 

BapbHpoBanac:o OT 1 ,n;o 120 HA B 3aBHCHMOCTH OT yrrra ,n;eTeKTHposaHH5I. )J{HBoe 

BpeMH CHCTeM:OI c6opa ,n;aHH:OIX COCTaBJIHJIO 6onee 80%. Pacce5IHH:Oie 113CTHil,bl 
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,n;eTeKTIIpOBaJIIICb ,n:peii:cpoBblMII KaMepaMII, pacTIOJIO)l(eHHblMII rrepe,n; 3-MH 

Cll,IIHTIIJIJIHIJ,IIOHHbIMII C1IeT"lIIIKaMH. ~eHTIIcpIIKaIJ,lrn qacTIIIJ, OCHOBbIBaJiaCb Ha 

aHaJIII3e BpeMeHII rrporreTa 11aCTIIll, II IIOHII3all,IIOHHbIX IlOTepb B nrraCTIIqecKIIX 

Cll,IIHTIIJIJIHIJ,IIOHHbIX ,n:eTeKTopax. llMTIYJibC ll yrorr BbIJieTa qacTIIIJ,bI 

BOCCTaHaBJIIIBaJICH no IIHcpOpMall,IIII ll3 ,n:peii:cpOBbIX KaMep II OilTH1IeCKOM MaTpHll,bI 

crreKTpoMerpa. 

&:ottering 
dmmh.~ 

P11c. 1. CxeMa crreKTpoMel'pa SMART, SWPOL - rrom1pHMeTp, PQl, PQ2 11 PQ3 - KBa,r:i;pyrromHbie 

MarHHThI, PD 1 H PD2 - ,r:i;HrrOJihHE>Ie MarnHTbI, FP 1 H FP2 - rrepBrur H BToprur <iJoKanbHa51 

rrnocKOCTh, MWDC - MHororrpoBOJIO'!Hill! .r:i;peH:<iJoBrur KaMepa. 

Bo BTOpOM pa3,nerre OIIHCbIBaeTCH HCTOqHMK IIOJIHpH30BaHHbIX HOHOB. B 

3KcrrepHMeHTe HCIIOJib30BaJIHCb qeTblpe MO.I(bl TIOJrnpH3all,HH: HerromipII30BaHHaH, 

qncTO BeKTOpHaH, 1IIICTO TeH30pHaH ll CMeIIIaHHaH MO,n;a (M=0,1,2,3). ll3MepeHHbie 

3HaqeHMH IlOJIHpII3alJ,IIII COCTaBJI5IJIM OT 46% .no 85% OT MaKCIIMaJibHO B03MO)l{HblX. 

B TpeTheM pa3,n:erre orrIICbIBaIOTCH rrorrHpIIMeTphI ,n:rrH M3MepeHmI rrorrHpn3alJ,MII 

,IJ;eii:rpoHHoro rryqKa. IIepBI>IM rroITHpnMeTp (DroomPOL) IICTIOJib30BaJicH ,n;JIH 

IlOCTOHHHOro MOHMTopnpoBaHmI TIOJrnpH3alJ,mi. BTopoH: IlOJIHpHMeTp (SWPOL) 

ll3MepHJI IlOJIHpII3all,HIO )l;O H rrocrre Ka)l(.noro II3MeHeHIIH yrrra rra,neHIIH 

IIOJIHpll30BaHHOro ,n:eii:TpOHHoro rryqKa Ha MIIllleHb. Ilpou;ecc II3MepeHHH 

rromipH3all,IIH rryqKa OCHOBbIBaJICH Ha ll3MepeHHH aCHMMerpHH B yrrpyroM dp 

pacceHHllll TIO.I( yrrroM, r.ne BeJIH1IllHbl TeH30pHOM H BeKTOpHOM aHaJIM3HpyIOIIJ,HX 
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crroco6HOCTeli MMeIOT 60JibIIIHe 3HaqeHM5I. IloJI5IpM3aQH5I ,n;eMTPOHHOro rryqKa 

Bh1qncmmaci, MeTo,n;oM ycpe,n;Hemrn: 3HaqeHMM 113 SWPOL 11 Droom rrmuipnMeTpoB. 

Ilepe,n; ycpe,n;Hem:IeM rromrpI:I3a:u;m1, I:I3MepeHHa5I Droom IIOJI5IpI:IMeTpoM, fo.rna 

CKoppeKTI:IpOBaHa Ha perr5ITMBMCTCKOe Bpai:u;eHMe CIIMHa MarHMTHblMM ::meMeHTaMM 

KaHarra. 

B qeTBepTOM pa3,rt;erre OIIl:ICbIBaeTC5I MeTO,!J; IIOJiyqemrn 3HaqeHMM IIOJI5Iplf3al(Hl:I 

,n:eliTPOHHoro rryqKa. Orrpe,n;eneHHe 3HaqeHMM IIOAApM3al(HH rryqKa ocymecTBJI5IJIOCb 

ll3 l:IJ:ICJia rrorryqeHHblX rrorre3HbIX co6bITllll ll ll3BeCTHbIX BeJII:Iql:IH aHaJIM3Mpy10i:u;Mx 

crroco6HocTeli peaKQMl:I yrrpyroro dp pacce5IHH5I. 

B IIHTOM pa3,n;erre on11cbrnaeTc5I crreKTpoMeTp SMART (Swinger and Magnetic 

Analyzer with a Rotator and a Twister), npII IIOMOII.J;M MarHMTHOM cMcTeMbI KOToporo 

BhIIIOJIH5IJil:ICh l:I3MepeHH.H l:IMIIYJihCOB pacce5IHHbIX qacTHI.J;. 3CKM3 crreKTpoMeTpa 

SMART c .n:eTeKTHpymu~e:H: arrnapaTypo:H: rrpe.n:cTaBJieH Ha pIIc. 1. 

Tpe6yeMhIM yrorr na.n:emur nyqKa rrorr5IpH30BaHHbIX .n;eMTPOHOB Ha MHIIleHb 

HacTpanBaJic5I rrpn noMOII.J;H Bpai:u;eHH5I SWINGER MarHHTa BOKpyr ocn rryqKa. 

Pacce.a:HHhle qacTHI(bI npoxo.n;nrrn tiepe3 KBa.n;pyrronhHbie II ,n:nnoJibHhle MarHMTbI, 

pacnoJIO)KeHHbie B Q-Q-D-Q-D K0Hqrnrypa:u;1m. Pacce5IHHhie rrpoToHhl 

penICTpl:IpOBaJIHCb B yrrroBOM ,IJ;l:IaIIa30He OT 0° .n;o ~20° B na6opaTopHOM CHCTeMe 

cooTBeTCTBeHHO. OrpaHJ:ItJeHM5I Ha yrrrhl BbIJieTa tJacTM:u; 6bIJIH o6ycnoBJieHhl 

MarHHTHOM )l(eCTKOCTbIO OITTHl:JeCKOM Cl:ICTeMbl. 

B ITHTOM pa3.n;erre nepBOM rrraBbl OITHCaHa npol(e,n:ypa .n;eTeKTHpoBaHM5I tJaCTlll(. 

,[(rr5I orrpe.n;eneHmI TPaeKTopn:H: pacceHHHbIX qacTMI( ncrrorrb30Barracb MHc]:>opMal(ll5I 

MHOrorrpoBorroqHbIX .n;pe:H:c]:>oBhIX KaMep. 

B rnecToM pa3.n;erre KpaTKO OIIHCbIBaeTc5I ::meKTPOHHKa H cxeMa Tp11rrepa. 

Bo BTopoii: niaBe onJ:IcaHa rrpol(e.n;ypa Bh1.n;erreHM5I rrorre3HbIX co6bITHM H 

rrorryqemrn aHarrH3Mpy101:u;Mx crroco6HocTeli peaKI(MM d d ~ p 3 H J:I d d ~ p X rrpII 

Td = 140, 200 II 270 M3B II yrrre pacce5IHMH 0°. 
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IIepB:bIM pa3,n;err IIOCB.SIIU:eH H,D;eHTHQJHKaI.J;HH IIpOTOHOB, KOTopa.sI 6brna 

OCHOBaHa Ha aHaJIH3e 3HepreTH"CJeCKHX IIOTepb B rrrraCTH"CJeCKHX Cl(HHTHJIJI.sIU:llOHHblX 

,n:eTeKTopax, a TaIOKe Ha MmpopMa:u;m1 o BpeMeHH nporreTa -.:iacTIIl(bI Me)K,n;y 

MHllieH:blO H TO"CJKOM perllCTpau;IIH. 

::: ::::::::.:::_ ...... ::::.::· .. :::p::: :~_- ~.: ..... ·_:_::::::::.·.·.·.· .. 
150 ................... . 

250 ................................................................ . 

2 .... .. . .................................... "· ....... .. 

:: ::-:: :~:~~~~ 

Pnc. 2. Koppemrri;mi: aMIIJIHT)'A cmHanoB B 

AByx c11;irnTttnmru;noHHhIX cqeyqnKax AMP 1 

H AMP2 H AMPl H AMP3. 

1000 

600 

600 

400 

200 

o""""""._._..'""-'"'......._........._...._...~......._._._~ 

0 500 1000 1500 2000 

TDRF 

Pnc. 3. BpeM5I-nporreTHhIH 

rrpoTOHOB 

BTopH-ciHa.sI -.:iacTHU:a (npoToH) C"CJHTarracb H,n:eHTM<Pm.i;HpoBaHHoii, ecrrH 

BhIIIOJIH.sIJIMCb crre,n:yromHe ycrroBHH. Bo-rrepBI>Ix, qacTHU:a ,n:oJI)KHa 6I>rna 

perMCTPHPOBaThC.sI BCeMH TpeM.sI CI.J;HHTHJIJI.sIU:llOHHhIMH ,IJ;eTeKTopaMH H aMIIJIHTY.ll:hl 

CHrHarroB AMPl, AMP2 H AMP3 .D;OJI)KHhI 6bITh cKopperrMpoBaHhI. BTopbIM 

ycrroBHeM .sIBJI.sIJIOC:b orpaHHqeHHe Ha BpeM.sI rrporreTa. PaccTO.sIHIIe OT MecTa 

pacnoJio)KeHH.sI MMmeHH .n:o <PoKaJII>HOH rrrrocKOCTH FP-2 cocTaBmrno 17 MeTPOB, qTo 

6bIJIO .n:ocTaTO"CJHhIM .n:rr.s1 pa3,n:erreHII.sI -.:iacTHU: pa3HOro copTa c O,D;HHaKOBbIM 

HMrryrrhCOM. Ha pHc. 2 rroKa3aHbI Kopperr.sIU:HH aMIIJiHTY.lJ: AMP1-AMP2 ll AMP1-

AMP3 ,n:rr.s1 cJiy-qa.s1 perHCTPaI.J;HH rrpoToHa npH 3Hepnrn 270 M3B. TaK KaK cHcTeMa 

c6opa 3aIIHChIBaJia ,n:aHH:bie H3 ,D;Byx 6aHqe:H: ycKOpHTeJI.sI, TO IIOJie3Hbie co6bITII.sI 

HaKarrm:rnaJIHCh B ,n:Byx IIHKax. Bb1,n:errem1e npoTOHOB TIO BpeMeHJI rrpoJieTa IIOKa3aHO 

Ha pHC. 3. 

Bo BTOpOM pa3,n:erre OIIHCaHa rrpou:e,n;ypa BOCCTaHOBJieHH5.l yrrroB pacce.sIHH.sI. 

YroJI na,n:eHH.sI nyqKa H3MeH.s.i:Jic.s.i: BpameHMeM SWINGER MarHHTa. Yrorr BhrneTa 

-ciaCTIII.J; BOCCTaHaBJIHBaJIC.sI ITO HH<PopMa:U:HH H3 ,n;pe:H:cpOB:blX KaMep H rrapaMeTpaM 
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orrTHtiecKoiI MarpmJ;I:.I crreKrpoMerpa SMART. Ka)l(,IJ;aH HacrpoiIKa yrna SWINGER 

Marmna COOTBeTCTByeT orrpe,D;eJieHHOMY HHTepBany yrrroB BbIJieTa qacTHI(. Ilpn 

yrrre rroBopoTa SWINGER Marmua Ha o' BbI,IJ;eJIHJIIICb co6bITIIH y,IJ;oBrreTBOpHIOII(IIe 

ycJIOBIIIO (}cm < l .4°. 

B rpeTI>eM pa3,IJ;erre on1IcaHa npoI(e,n;ypa rronyqeHIIH none3HbIX co6bITIIH ,IJ;JIH 

peaKI(IIH d d ~ p 3H II d d ~ p X. 3cpcpeKT Ha ,IJ;eiITeplIII 6hlJI noJiyqeH nyTeM CD2 

- c BbltIHTaHIIH 3HepreTII"lleCKIIX cneKTpOB ,IJ;JIH Ka)l(,lJ;OH MO,Il;bl IIOMp1I3aI(IIII HII:H. 

,D;JIH 3TOH I(eJIII C'fPOIIJIMCh crreKTphl no 3HeprHII B036~,IJ;eHHH Ex ,IJ;JIH 

3aper1IcrpnpoBaHHbIX rrpoTOHOB Ha CD2 H C MmneHHX. IIonytieHHhie TaKHM o6pa30M 

crreKrpbI no 3Heprm1 B036~,IJ;emur ,n;JIH CD2 II C MmneHeiI B cnyqae perHcrpaI(HM 

rrpOTOHa rrpnBe,IJ;eHbI Ha pHC. 5. 0TKpbIThie M 3anITpHXOBaHHbie rHCTorpaMMbI CJieBa 

o3HatiaIOT crreK'TphI, noJiytieHHhle Ha CD2 H yrJiepo,D;e cooTBeTCTBeHHO. 

Events 

1400 

1200 

1000 

800 

600 

400 

200 

0 

-10 -s 0 s 10 
Ex, MeV 

PHc. 4. 3HepreTHt:IecKHe crreKipbI rrpoTOHOB, rronyqeHH:Oie Ha ,n:ell:TepHpoBaHHOM 

IIOJIH3THJieHe(CD2) H yrnepo,n:e(C) rrpn yrne pacce5IHH51 0° ,IJ;JI5I 3HepmH 200 M3B. 0TKpbITa5.I 

rncTOrpaMMa cooTBeTcTByeT 3cpcpeKTY Ha CD2 MHIIIeHH, IIHK rrpH Ex=O M3B cooTBeTcTByeT 

6HHapHoH: perun~HH d d ~ p 3 H , o6nacn, B palioHe Ex=7 M3B rrpe,n;cTaBJI5IeT co6oH: peaKI(HH 

pa3BaJia .n;eH:TpoHa d d ~ p x; illTpHXOBaHHa51 mcTOrpaMMa - 3cpcpeKTY Ha yrnepo,n:e. 
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B "l!eTBepToM pa3,nerre mrn:caHo rrony-qemrn aHamI3Hpy10rn;Mx crroco6HocTeii 

,I(J151 peaKU:MH d d --+ p 3H M d d --+ p x' KOTOpbie 6bIJIM rrony-qeHbl M3 aCMMMeTpHH 

rrorre3Hblx co61>1TMii .I(JI51 pa3HbIX MO.I( HIIll M rroMpH3aU:MM ,neiiTpoHHoro rry-qKa. 

B TpeTLeii rJiaBe orrMcaHa rrpon:e.n:ypa aHaJIM3a 3KcrrepHMeHTaJibHbIX ,naHHbIX 

I_I Bbl.I(erreHM51 rrone3HbIX co61>1TMH .I(JI51 peaKn:Mii d 12c--+ p 13C rrpH 3HeprH5IX T d = 

140, 200 M 270 M3B M yrne pacce5IHM51 o'' a TaK '.IKe rrpH 3HeprHM Td = 270 M3B MB 

,I(Malla30He yrrra pacce5IHM51 rrpOTOHa OT 4' .n:o 18° B rra6opaTopHOH CMCTeMe. 

IIepB1>1ii pa3,n:err rrocBRm:eH oT6opy rrorre3HbIX co61>1TMM .IJ:JI51 peaKU:Mii Ci 12C--+ p 13C. 

N 
6000 

5000 

4000 

3000 

2000 

1000 
'° 00 C'l 
0000 

0\ 
00 
0 
M 

0 
0 

0.5 0.505 0.51 0.515 0.52 0.525 0.53 

P, GeV/c 
PHc. 5. HMIIYJTbCHbIH crreKTP rrpOTOHOB ,ll;IDI peaKI.lHH d 12C--+ p 13C* rrpH 3HeprnH 140 M3B H 

yrrre pacceJIHIDI 0°. IlHKH COOTBeTCTB)'lOT ypOBHJIM 5.1,n:epHoro B036)')K,n:eHIDI 13C. 

TaIOKe KaK M ,2l;JI51 peaKU:MM d d --+ p 3H M d d --+ p x' M,lJ;eHTH<pHKaU:M51 BTOpH"l!HbIX 

"lJaCTMU: orrpe.n:err5IJiaCb no . aHaJIM3Y 3HepreTM"lJeCKMX IIOTepb B rrrraCTM"lJeCKHX 

CU:MHTMJIJI51U:MOHHbIX .n:eTeKTopax, HHcpopMaU:MM 0 BpeMeHM rrporreTa Me'.IK.IJ:Y 

MMilleHbIO M TO"lJKOH perMCTpan:MM. c O.IJ:HOH CTOpOHbl, -qacTMI(a ,Zl;OJI'.IKHa 6brna 

perMCTPHpOBaTbC5I BCeMM rpeM5I Cl(MHTMJIJI5ll(MOHHbIMM ,n:eTeKTOpaMM M aMIIJIMTY.IJ:bl 

cnrHarroB AMP 1, AMP2 M AMP3 .n:orr'.IKHbI 61>1Tb cKopperrHpoBaHbI. C .npyroii 

CTOpOHbI, ycJIOBMeM 5IBJ15IJIOCb orpaHMqemrn Ha BpeM5I rrpoJieTa. lIMIIYJibC M yroJI 
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BbIJieTa 1:Iacni:u; BOCCTaHaBJIHBaJIHCb no HH<i_lopMau;:m1 H3 MHOronpoBOJIOl{HblX 

,n:peH:<i_loB:hIX KaMep H rrapaMeTpoB orrTH1:IecKoli MaTpHIJ;hI cneKTpoMeipa SMART. 

Bo BTopoM pa3,n:erre orrHcaHo orrpe,n:erreHHe ypoBHeii H,rt;epHoro B036y)l{):(eHHH 

yrrrepo.n;a ,rt;AA peaKIJ;HH J 12C ~ p 13c•' ):(JIH 11ero HCnOJib30BaJIHCb HMilYJI:hCHbie 

cneKTpbI. 3KcrrepHMeHTaJibH:hie ,n;aHH:hie cpaBHHBaJIHCh c pac11eTaMH nOJIY"LJ:eHHbIMH 

H3 KHHeManiKH (cM. pnc. 5). 

B IpeTbeM pa3,n:erre orrncaHo rrorry1:IeHHe aHarrH3npy101u;nx cnoco6HocTeli ,n;rrH 

peaKu;nH J 12c ~ p 13C*. 

B nepsoM rryHKTe TPeT:hero pa3,n;erra orrHcaHo norry1:IeHHe aHaJIH3HpyromeH: 

cnoco6HocTH T20 ,rt;JIH peaKUHH J 12 C ~ p 13c* rrpH Td = 140, 200 H 270 M3B H yrrre 

pacceHHHH O' . 

Bo BTOpOM IIYHKTe TpeTbero pa3,n;erra OIIHCaHo nOJIY"LJ:eHHe aHaJIH3HPYIDIIIHX 

cnoco6HocTeli ,n:rrH peaKIJ;HH d 12c ~ p 13c• rrpH Td = 270 M3B n yrrrosoM ,n:Harra3oHe 

pacceHHHH rrpOTOHa OT 4° ,n:o 18° B na6opaTopHOH CHCTeMe. 

B 11eTBepToii nrnse npe,n:cTasrreHbI pe3yrrhTaTbI no 3HepreTH1:IecKoli 

3aBHCHMOCTH TeH30pHOH aHaJIH3liPYIDIIIHH crroco6HOCTH T20 .IJ:ITH peaKIJ;liH d d ~ p x 

H d 12c ~ p 13 C rrpH Td = 140, 200 H 270 M3B H yrrre pacceHHHH 0°, a TaK)l(e rro 

yrrroBOH 3aBH:CHMOCTH BeKTOpHOH AY H TeH30pHbIX AYY , Axx H Ax= aHaJIH3HPYIDIIIHX 

cnoco6HocTeii peam.i;HH J 12c ~ p 13C npH Td = 270 M3B. IIorry1:IeHHb1e 

norrHpH3aIJ;HOHHbie Ha6mo,n:aeMbie cpaBHHBaIDTCH c rrpe;:i:cKa3amrHMH Mo,n:errH OHO H 

pe3yrrhTaTaMH, rrorry11eHH:hIMH rrpH 6orree HH3KHX 3Hepnrnx. 

B rrepBoM pa3.n;ene ornrcaHo npH6JI11)1(eHHe Mo,n:errH O,rt;HOHYKJIOHHoro o6MeHa, 

B paMKaX KOTOporo TeH30pHbie aHaJIH3HPYIDIIIHe crroco6HOCTli peaKIJ;HH d d ~ p 3H 

rrpH npoMe)l(yT011HbIX 3Heprirnx 1IYCTBHTeJibH:hl K OTHOmeHHlO D/S KOMilOHeHT 

BOJIHOBbIX <PYHKIJ;HH 3 H H ,n:eH:rpoHa. 

Bo BTopoM pa3;:i:ene rrpe,n:cTasrreHbI pe3yJibTaTbI no aHaJIH3HPYIDIIIHM 

cnoco6HocTHM peaKI.J;HH d d ~ p 3H H d d ~ p X rrpli Td = 140, 200 H 270 M3B H 
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yrne pacce5ImUJ: 0°' KOTOpbie cpaBHHBaIOTC5! c pacqeTaMH, OCHOBaHHbIMH Ha 

MexaHM3Me O,Il;HOHYKJIOHHOro o6MeHa. 

Pe3yJinTaTbI no TeH30pHo:li aHanH3Hpy10ru:e:li cnoco6HocTH T20 ,n;mr peaKD;MM 

J d ~ 3H p c perMcTpau;tte:li rrpoToHa rro.n: yrnoM 180° B c.u;.M rrpe,n;cTaBneHbI Ha pnc. 

6. CITJIOIIIHbIMM rpeyrOJibHHKaMM. 0IIIM6KH 5IBJI5IIOTC5! cpe,n;HeKBa,n;paTM11HbIMH OT 

CMCTeMaT11qeCKMX M CTaTHCTRlJeCKMX OIIIM60K. CMCTeMaTHl:JeCKHe OIIIH6KM 

o6ycJioBneHbI ToqHoCTbIO orrpe,n;eneHmc rroJI5IpH3au;MM rry-q:Ka. CrrJioIIIHbie M 

rryHKTHpHnie nMHMM - pe3yJinTaTbI pacqeToB, BbIIIOJIHeHHbIX B paMKax Mo,n;enn OHO 

c MCITOJib30BaHMeM BOJIHOBbIX QJYHKD;MM ,n;eiITpoHa M rpexl:JaCTlfqHoro CB5!3aHHOro 

cocT05!Hmr, KoTophle noJiy-qeHbI ,n;AA CD-EoHH M rrapmKcKoro HYKJIOH-HYKJIOHHbIX 

IlOTeHu;MaJIOB COOTBeTCTBeHHO. 3HaK T20 OTpHu;aTeJieH, qTo CBH,IJ;eTeJibCTByeT 0 

1IYBCTBMTenbHOCTM K OTHOIIIeHMIO D/S BOJIH B ,n;eiirpoHe. Ha 3TOM )Ke pHCYHKe 

IIOKa3aHbl .n:aHHbie, nony-qeHHbie ,Il;JI51 peaKD;MH J d ~ 3H p If J d ~ 3Hen c 

perncTpau;MeH 3 H M 3 He (.n:mr 0° ). IlonmKMTeJibHbIH 3HaK T20 COOTBeTCTByeT 3HaKy 

OTHOIIIeHM.51 D/S BOJIH B rpexl:JaCTMlJHOH CB.513aHHOH CMCTeMe. 

0.5 

-0.5 

-1 

- - - - - - Paris 
-- CD-Bonn 

............ 

* dd-> 3Hen(0°) 

O dd->3Hp(0°) 

A dd->3Hp(18Q0 ) 

0.1 0.15 0.2 0.25 0.3 0.35 0.4 
Ed, GeV 

PHc 6. 3KcrrepHMeHTaJibHbre pe3yJibTaThI rro TeH3opHoi1 aHaJIH3Hpyroru;ei1 crroco6HocTH T20 

peaKIJ;HH J d -4 3H p (TpeyroJibHbie CHMBOJibI: rro,n; yrnoM 180° B c.u;.M, OTKpbITble CHMBOJibI -

rro,n; yrnoM 0°) H J d ~ 3 Hen ( CHMBOJibI-3Be3,D;bI) rrpH :rneprm1x ,n;ei1TpoHa Ed = 140, 200 H 270 

M3B. CrrnoIIIHbie H rryttKTHpHbie mrn1rn - pe3yrroTaTbI pacqeToB, BbIIIOJIHeHHbIX B paMKax Mo,n;enH 

OHO, KOTOpore rronyqeHbI ,n:n51 CD-EoHH H rrapmKcKoro HYKJIOH-HYKJIOHHbIX rroTeHu;n:arroB. 

11 



Pe3yJibTaThI ,ll;JUI TeH30pHOH aHaJIH3Hpyro:ru:e:H crroco6HOCTH T20 .L(JJ51 6HHapHOH 

peaKIJ;HH H peaKIJ;HH pa3Barra .L(eHTPOHa B dd - B3aHMO.L(eHCTBHH rrpe.L(CTaBJieHhI Ha 

pHc. 7. B paMKax .L(OCTHrHyTo:H: 3KCrrepHMeHTaJihHOH ToqHocTH 3HaqeHIDI T20 He 

OTJrnqaIOTC5I ):(JUI o6rraCTH, f.L(e cy:ru:eCTBeHeH BKJia.L( KaHaJIOB d d ~ p d n H 

dd~ppnn. 

I-~ 
0 

-0.2 j. ~ 
... dd->p3H 

... 
* dd->pdn 

-0.4 <ll- o dd->ppnn 

-0.6 

-0.8 
Paris 

-1 
CD-Bonn 

-1.2 

-1.4 0.1 0.15 0.2 0.25 0.3 0.35 0.4 
EdGeV 

PHc. 7. 3KcrrepHMeHTanbHbie pe3ymTaTDI ):(JUI TeH30pHoii aHaJimHpyrom;eii crroco6HocTH T 20 

peaKJ:J;HH d d ~ p 3H ('rpeyroJibHhie CHMBOJibl) M d d ~ p x (oTKpbIThie CHMBOJibl H 3Be3):(bl) 

rrpH 3Heprmrx ):(eHTlJOHa rd = 140, 200 M 270 M3B H yrJie paccej{HM}I 0°. CrrJIOIIIHbie M 

II)'HKTHpHoie JIMHHH - pe3yJibTaTbI pacqeToB, BblIIOJIHeHHbIX B paMKax Mo,n:eJIH OHO, KOTop:r,ie 

rroJiyqeHDI ,n:M CD-I>oHH H rrapmKcKoro Hyi<JI0H-HYKJIOHH01x rroTeHu;HanoB cooTBeTcTBeHHo. 

B TpeTheM pa3.L(erre rrpe.n;cTaBrreHhI pe3yrrhTaThI no aHaJIH3Hpyro:ru:e:H 

crroco6HocTH T20 .L(JI5I J 12c ~ p 13C rrpH Td = 140, 200 H 270 M3B H yrrre pacce5IHH51 

0° . Ha pHc. 8 rrpe,n:cTaBrreHbl 3KcnepHMeHTaJihHhie .L(aHHhie TeH30pHo:H: 

aHaJIH3Hpyro:ru:e:H crroco6HocTH T20 rrpH Td = 140, 200 H 270 M3B H yrrre pacce5IHH51 

0° .l(JI5I d 12C ~ p 13 C(g.s.) - Kpyrrrble CHMBOJibl, ,Z:(JI5I d 12C ~ p 13 C* (3.089 M3B) -

KBa.n;paTHhie CHMBOJihI, ,Z:(JI5I d 12C--) p 13c* (3.6845, 3.854 M3B) TpeyrOJihHble 

CHMBOJihI. BerrnqHHhI T20 YMeHhIIIaIOTC51 c yBerrJ:IqeHHeM HaqaJihHOH 3Hepnrn:x 

.n;eliTPOHa. TeH30pHa5I aHaJIM3Hpyro:ru:a51 cnoco6HocTh T20 coBna,n:aeT ,nrr51 KaHarrOB 

d 12C ~ p 13C*(3.089 M3B) H d 12 C ~ p 13 C*(3.6845, 3.854 M3B). 3HaK Tzo .l(JI51 KaHaJIOB c 

o6pa3oBaHHeM 13 C(g.s.) H 13 C* OTpHD;aTerreH, qTo roBopHT 0 qyscTBMTeJihHOCTM K 
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crrHHOBOM cTpyKType ,n;eMTPOHa. 3To MO)l(eT 6I>ITI> o6ycrroBrreHo TeM, tITO 

KHHeMaTHKa ,n:aHHbIX peaKI(HM 6JIH3Ka K KHHeMaTHKe dp - yrrpyroro pacce.srnm1 Ha3a,n;. 

T2o 
0 

-0.2 

-0.4 

-0.6 

• 

100 150 

• -Cl 12c -) p 13C (g.s) 
111 - Cl 12c -) p 13c' (3.089 MeV) 
.& _Cl 12c -) p 13c' (3.6845+3.854 MeV) 

... 
ii 

200 250 300 

Td, MeV 

PHc. 8. 3KcrrepHMeHTaJibHMe pe3yJihTaTb1 ,D;mI TeH30pHo:ll aHaJIH3Hpyrom;e:ll crroco6HocTH T 20 

peaKI.J;HH d 12C ~ p 13C(g.s.) (KpyrJihie CHMBOJibI) If pea.KIJ;HH d 12C ~ p 13C' (KBa,n:paTHbie 

CHMBOJibI - rrepBbIH ypoBeHh z.n;epHoro B036)')K.n;eHH>I 13C' rpeyroJibHhie - C)'MMa BTOporo H 

rpeTbero ypoBH>I COOTBeTCTBeHHO) I1pH :rnepTIUIX ,D;eHrpOHa. Td = 140, 200 H 270 M3B H yrne 

pacce>IHH>I 0°. 

0,6 • d12C- p1aC(g.s.) 0,0 • d12c _ P1sC(g.s.) 

"' "f 
0,4 

V d12C- p13C* ., ,, d'2c - P13c· ... ... ..,. 
-0,4· • 0,2 • • 

~ ... I ~ -0,8 • o,o. ., ... .... 
<C <( 

., 
-0,2 • -1,2 

'I • -0,4 • -1,6 
1,0 . ' 1,0 

0,8 0,8 
... 

y ... .... 
0,6 .... .,. 0,6 

~ - • ... N • " ,,. 
~ 0.4 f • >< 0,4 • • <C ,, <C • ... 

" • 0,2 0,2 

0,0 
0 2 4 6 8 10 12 14 16 18 20 

0,0 
0 2 4 6 8 10 12 14 16 18 20 

01ab(deg) elab(deg) 

PHc. 9. YrnoBbie 3aBHCHMOCTH BeKTOpHoli AY H TeH3opHbIX AYJ, , Axx, Axz aHaJIH3Hpyrom;Hx 

crroco6HocTe:ll peaKD;HH J 12c ~ p 13 C' (g.s.) (KpyrJibie CHMBOJibI) H J 12c ~ p 13c' 

(TpeyrOJibHbie CHMBOJibI) rrpH :rnepnrn 270 M3B. 
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B tieTBepToM pa3.nerre rrpe.ncTaBrreHbI pe3yrrr:,TaTbI yrrroBbIX 3aBMCMMocTeif 

aHarrM3Mpyiorn;i1x crroco6HocTeif peaKI(MH d 12C ~.P 13 C* rrpM Td = 270 M3B. 

,l.(aHHbie ITO yrrroBOH 3aBMCHMOCTH BeKTOpHOH Ay H TeH30pHbIX Ayy ' Axx H Axz 

aHaJIM3Mpyiorn;Hx crroco6HocTeif pea:cru:MiI d 12c ~ p 13 C(g.s.) M d 12c ~ p 13C* rrpM 

3HeprMM 270 M3B H yrrrax .neTeKTHpoBamrn rrpoToHa OT 6° .no l 8° B na6opaTopHoif 

CHCTeMe IIOKa3aHbI Ha pMC. 9. Kpyrrrhie CHMBOJibI COOTBeTCTBYfOT peaKI(HH 

d 12C ~ p 13C(g.s.)' a TpeyroJibHhie CHMBOJibI peaKI(HH 

d 12C ~ p 13C* (3.089, 3.6845, 3.854 M3B). 1fa pHCYHKOB BH,[(HO, tITO rrpM MaJibIX yrrrax 

BeKTOpHa5I A)' aHaJIH3HpyIOII(a5I crroco6HOCTb ,[(JI5I d 12C ~ p 13 C(g.s.) - HMeeT 

rrorro)KHTerrhHhIH 3HaK, a ,[(JI51 d 12c ~ p 13 C* - OTIJHIJ;aTerrhHhIH. B To speM5I KaK 

TeH30pHa51 Axx crroco6HOCTb ,[(JI5I 3THX peaKI(HH _:_ OTpMI(aTeJibHa, Ayy H Axz -

rroJIO)KMTeJibHhI. Ha pHc. 10 rrpe.ncTasrreHo cpaBHeHHe .naHHhIX no aHaJIM3HpyIOII(MM 

crroco6HocT51M Av, AYY, Axx M Axz ,[(JI51 peaKI(HH d 12C ~ p 13 C(g.s.) JI d p ~pd 

rronyqeHHhie rrpM :rneprHM 270 M3B B 3aBMCMMOCTM yrna pacce5IHH5I B c.I(.M. TaK KaK 

peaKI(H5I d 12C ~ p 13 C(g.s.) M3yqanacb B KMHeMaTMKe 6JIM3KOH K KHHeMaTHKe dp­

yrrpyroro pacce5IHH51, TO cpaBHeHMe aHaJIM3MpyIOII(HX crroco6HOCTeH MO)KeT ,[(aTh 

HmpopMaI(HIO o MexaHH3Me peaKI(HM Ho qyscTBHTeJihHOCTH K cTpyKType H.nep 12 C H 

13 c . 3HaK BeKTOpHOH aHaJIH3MpyIOII(eH crroco6HOCTH Ay ,[(JI5I .nsyx peaKI(HH -

rrpOTHBOIIOJIO)KeH, tITO MO)KeT 

B3aHMO,[(eHCTBH51 ,[(JI5I cnyqa51 

roBopMTh o 

dp- H d 12C-

pa3JIHtIHH CITHH-op6HTaJibHOro 

B3aHMo.neifcTBHH. TeH3opHa5I 

aHaJIM3HpyIOrn;a5I crroco6HocTh AYJ' Be.ri;eT ce651 rroXO)KHM o6pa3oM ,[(JI51 .[(Byx 

peaKI(HM. 0Ha HMeeT IIOJIO)KHTeJibHYIO BeJil'.ItIMHy, tITO rosopMT 0 tIYBCTBHTeJibHOCTH 

K crrHHOBOH CTIJYKType .ne:H:1'poHa. TeH30pHa5I aHaJIH3HpyiomaH crroco6HocTb Axx ,[(IT5I 

peaKI(HH d 12C ~ p 13 C(g.s.) MMeeT 60JibIIIHe 01'pHI(aTeJibHbie BeJIHtIHHbI. c .npyroif 

CTOpOHhI Axx(180°) - IIOJIO)KHTeJibHa. TaKJ:IM o6pa30M Axx peaKI(HH d 12C ~ p 13 C(g.s.) 

MMeeT ropa3)l;O 6orree CHJibHYIO yrrroByIO 3aBHCHMOCTb tieM peaKI(l:IH dp - yrrpyroro 

12c TX 13c. pacce5IHH5I, tITO TaK )Ke OTpa)KaeT tIYBCTBl:ITeJihHOCTb K CTpyKrype 51,[(ep ¥.L 
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3HaK TeH30pHOH aHaJIH3Hpyro:rn;ei1: crroco6HOCTH Axz KaK ,D;IDI peaKI.J;HH 

d 12C ~ p 13C(g.s.)' TaK H ,D;JUI peaKI.J;HH d p ~ p d - IIOJIO:>KHTerreH. 

PHc. 

0 

Axx -0.5 

-1 

-1.5 

1 

A 0.8 
xz 

0.6 

0.4 

0.2 

--- ----~ ---~ ---o- -- ~-- -f---~ -_·_ ': _ -----_.a__ - - ---

! 

, , , , I , , , , I , , , , I I , , , , I , 

D 
D D D + 

D D 

D D e 
D ------------------u---.i;J..----------------------

0 D 
D 

D D 
D 

D 
D 

D o.__. ......... _.__..._...__.__.__._..._ ............... _.__.__...__.__._..._...._ ................. _.__.__.._ ........... 
155 160 165 170 175 

10. YrnoBaH 3aBHCI1MOCTb aml.JIH3Hpyrorn;HX crroco6HocTeil: peaKQHM 

d 12C ~ p 13 C° (g.s.) (Kpyrm1e CHMBOJibl) H d p ~pd (OTKpbITbie CHMBOJibl) rrpH :meprnH 270 
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B 3aI~JIIO'lfeHJrn: ccpopMyJIHpOBaHbI OCHOBHbie BhIBO,IJ;bI ,IJ;HCcepTan:1rn:: 

1. BrrepsLie rron~eHhI BhICOKOTOlfHhie ,n;aHHhie no TeH30pHoi1: 

aHaJIH3Hpy10:rn;ei1: cnoco6HOCTH T20 peaKQIIM d d ~ p 3H II d d ~ p x npII 

HalfaJihHhIX 3Hepnurx .n:elirpoHa Td = 140, 200 II 270 M3B H yrne pacce5.1:m:rn 0°. 

3KcnepHMeHTaJihHhie .n:aHHhie no T20 CBH,neTeJihCTBJIOT 0 ee lfYBCTBHTeJibHOCTH K 

crrHHOBOH cTpyKType .n:e:H:TpoHa. 0TpmJ;aTeJihHhIH. 3HaK BeJIHlfHHhI TeH30pHoli 

aHaJIH3HpJIOrn;ei1: crroco6HOCTH 0.o peaKQII51X d d ~ p 3H H d d ~ p x OTpa)l(aeT 

3HaK OTHOIIIeHl'.UI D/S KOMnOHeHT BOJIHOBOH <PYHKU:HH .neiiTpoHa. 3HalJeHH51 

TeH30pHOH aHaJIH3Hpy10m:ei1: cnoco6HOCTII T20 B peaKU:HH d d ~ p x COBna.n:aIOT B 

npe.nenax ,IJ;OCTIIrHyTOH T01IHOCTII ,IJ;JI5.1: o6JiaCTH, r.n:e cyn:i:ecTBeHeH BKJia,n; KaHaJIOB 

d d ~ p d n H d d ~ p p n n COOTBeTCTBeHHO. 

2. BnepBI:.Ie norr~eHhI ,n;aHHhie no TeH3opHoli aHaJIH3Hpy10m:ell: cnoco6HocTH 

T20 peaKU:HH J 12C ~ p 13c• npn Ha1IaJihHbIX 3HeprHHX .n;ell:TpoHa Td = 140, 200 n 270 

M3B n yrne pacceHHHH 0°. TeH30pHM aHaJIII3Hpy10m:a51 cnoco6HocTh T20 npHHIIMaeT 

0TpIIn;aTeJihH01e 3HalfeHIIH KaK ,n;JI51 KaHanoa c so36y)l(.neHHeM 51,nepHhIX ypoBHeli 13 C, 

TaK II ,IJ;JI51 o6rracTII KOHTIIHyyMa. 

3. BnepBhie rronyqeHhI ,n;aHHhie no BeKTOpHOM AY H TeH30pHhIM AJ'Y , Axx II Axz 

aHaJIH3HPYIOIUHM crroco6HocTHM peaKU:IIII d 12c ~ p '3C' rrpn Td = 270 M3B II yrJiax 

,[(eTeKTHpoBamrn npoTOHa OT 6 ,n;o 18 rpa.n:ycoB B na6opaTOpHOH CIICTeMe. 

TeH30pHoie aHaJIH3HpJIOm:He cnoco6HocTH AYY H Axz se,n;YT ce65.I: IIOXO)l(JIM o6pa3oM 

KaK ,IJ;JI51 peaKL(HH d 12c ~ p 13 C(g.s.), TaK H ,n;JIH dp-yrrpyroro pacceHHHH. 0HH 

HMeIOT noJIO)l(JITeJihHYIO BeJIHlJHHy, lJTO rOBOpH:T 0 tJYBCTBHTeJibHOCTH K CIIHHOBOM 

cTpyKType .n;elirpoHa. BeKTopHM A.v II TeH30pHa5.I: Axx. aHaJIH3Hpy10m:ne crroco6HocTH 

,[(ITH peaKU:HH d 12c ~ p 13 C(g.s.) HMeIOT 6orrhIIIHe oTpHn;aTeJihHhie BenHqJ:IHhI. 

3KcnepIIMeHTaJihHhie ,n;aHHhie no A.v H Axx peaKL(HH d 12C ~ p 13 C(g.s.) HMeIOT 

ropa3,D;O 6orree CHJibHYIO yrnoByIO 3aBHCHMOCTh, qeM ,IJ;JI51 peaKU:HH dp-yrrpyroro 

pacce51H1UI, qTo orpa)J(aeT 11yBCTBHTeJihHOCTh K cTpyKType 51,nep 12c n 13 C. 
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