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AsTopecjJepaT pa3ocnaH "2~" UIO.n, 2017 roAa. 

YYeHbll-1 ceKpeTapb AHCCepTa41!10HHOro coseTa __H, 
AOKTOp cPII131!1KO-MaTeMaTI!l'iecKHX HayK ,// · v ~ I. A. KapaMbiWesa 

06w,a~ xapaKTeplllCTIIIKa pa6oTbl 

AKT)'aJlbHOCTb npo6neMb1 

CoepeMeHHa.R Teopi!I.R c1.1nbHbiX B3ai!IMOAe~cTBI1~ - KBaHTOBa.R xpoMOAI!IHaMI!IKa (KXA). on~cbl

eaeT B3ai!IMOAe~cTel!le KBapKoB 111 rntooHoe. nep-ryp6aTI!IBHble pacYeTbl B KXA c pa3no>KeHI1eM 

no KOHCTaHTe CB.R31!1 a 8 (Q2 ) B03MO>KHbl TOnbKO np11 BblCOKI!IX 3Hepr1!1.RX 11 6onbWI!IX nepeAaHHbiX. 

I!IMnynbcax Q, T. K. np11 yMeHbWeHIIII!I nepeAaH.Horo I!IMnynbca KOHCTaHTa CB.R31!1 so3pacTaeT scneA

CTBI!Ie KoHcpa~HMeHTa 1..\BeTa. B o6nacr11 HI!13KI!IX 3Hepr11~ KXA npi!IMeHI!IMa np11 1!1cnonb30BaHI111 

Henep-ryp6aTI!IBHb1X MeTOAOB, TaKI!IX KaK paCYeTbl Ha peWeTKaX, B03MO>KHOCTI!1 KOTOpbiX oq)a

HI!IYeHbl Bb1411Cni!1TenbHbiMI!1 MOlJ..\HOCT.RMI!I KOMnbtoTepoe. An.R on11caHI!1.R N N- B3ai!IMOAe~CTBI!1~ 

np11 H1!13KI!IX 3Hepr11.RX TpaAI!II..\I!IOHHO 1!1CnOnb3f10TC.R cpeHOMeHOnOri!IYeCKI!Ie nOTeHI..\I!Ianbl (6-lQj, 

He tB.R3aHHble HenocpeACTBeHHO c KXA. 

Bo3MO>KHOCTb npi!IMeHeHI!I.R KXA An.R onl!lcaHI!I.R B3ai!IMOAe~CTBI!1~ aApOHOB np11 H1!13KI!IX 3Hep

ri!I.RX AaeT 3cpcpeKTI!IBHa.R HI13K03HepreTI!14eCKa.R TeOpi!I.R- Kl!lpanbHa.R TeOpi!I.R B03MYlJ..\eHI1~ (xPT), 

OCHOBHble npi!IHI..\I!Inbl KOTOpoi1 ccpopMnl!lpOBaHHbl B pa6oTaX 8a~H6epra (11-13). 8MeCTO I!ICXOA

HOrO narpaH>KI!IaHa KXA. 3ah1!1caHHoro B TepMI!IHax KBapKOBblX 111 rntooHHbiX none~. BBOAI!ITC.R 

3cpcpeKTI!IBHbl~ narpaH>KI!IaH B TepMI!IHax aApOHHbiX none~ - Me30HOB 111 HyKnOHOB. B KaYeCTBe 

3cpcpeKTI!IBHOro Kl!lpanbHoro narpaH>KI!IaHa 11cnonb3yeTc.R narpaH>KI!IaH Ha116onee o6lJ..\ero BI!IAa, 

YAOBneTBOp.RIOlJ..\1!1~ BCeM CL1MMeTp11.RM I!ICXOAHOrO narpaH>KI!IaHa, B TOM 411Cne, CnOHTaHHO Hapy

weHHO~ Kl!lpanbHO~ CI!IMMeTp1111 KXA. Teopiii.R B03MYlJ..\eHIII~ crpo111Tc.R KaK pa3no>KeHI!Ie no no

no>KIIITenbHbiM CTeneH.RM V OTHOWeHIII.R (Qf/l.xf• rAe Q- XapaKTepHbiH 3-IIIMnynbC KOHKpeTHOrO 

aApOHHOro npOI..\ecca, a Ax - xapaKTepHbl~ aApOHHbl~ MaCWTa6 ,..._, 1 r3B. PaAIIIKanbHOe OTniii

YIIIe xPT OT cpeHOMeHonoriiiYeCKIIIX MOAene~ N N-B3aiiiMOAe~CTBI!1~ COCTOI!IT B TOM, 4TO xPT 

TecHo CB.R3aHa c KXA Kl!lpanbHO~ CIIIMMeTpl!le~. K11panbHa.R ci!IMMeTpi!I.R AIIIKT)'eT onepaTOpHyto 

CTPYKTYPY scex YneHoe 3cpcpeKTIIIBHoro narpaH>KI!IaHa, np11 3TOM BKnaAbl T.R>KenbiX Me30HOB 111 

HyKnoHHbiX pe3oHaHCOB, He yYI!ITbiBaeMble .RBHblM o6pa30M B K1!1panbHoi1 3cpcpeKTI!IBHO~ Teo

p1111, 3aiiiHTerp1!1pOBaHbl B napaMeTpbl TeOp1111, Ha3biBaeMble HIII3K03HepreTIII4eCKI!IMIII KOHCTaHTa

MI!I (LE(- low energy constant). 0AHaKO, 41!1CneHHble 3HaYeHIII.R 3TI!IX KOHCTaHT He cpi!IKCI!IpyeTC.R 

Kl!lpanbHO~ CI!IMMeTpl!le~ Ill I!IX He06XOAI!IMO 1!13BneKaTb 1113 3KCnep1!1MeHTanbHbiX AaHHbiX. 

HI13K03HepreTIII4eCKa.R KOHCTaHTa d B narpaH>KI!IaHe onpeAen.ReT Cl!lny KOHTaKTHOfO YneHa 

(N N)21r. 3Ta KOHCTaHTa no.RBn.ReTC.R np111 on111caHI!IIII peaK411111 OAI!IHOYHoro ni!IOHHoro pO>KAeHIII.R 

N N -t N N1r, a TaK>Ke BXOAIIIT B MaTpi!IYHble 3JleMeHTbl P.RAa APYrlllx ManoHyKnoHHbiX npo-

1..\eccos, TaKIIIX KaK peaKI..\I!I.R ropeHIII.R BOAOPOAa pp -t de+v., peaKI..\111111 pa3sana Ae~TpoHa noA 

Ae~cTellleM Hei1Tp1!1HO, nornolJ..\eHIII.R n11oHa Ha Ae~TpoHe c po>KAeHI!IeM cpoToHa 1r-d -t nn-y, 

3axsaTa J.L-Me3oHa Ha Aei1TpoHe J.L-d -t nnv", 6eTa-pacnaAa Tpi!ITI!I.R 111 APYrlllx. H113K03HepreTI1-

YecKa.R KOHCTaHTa d, 6yAYYII1 onpeAeneHa 1!13 OAHOro npol..\ecca, Aanee MO>KeT 6b1Tb 1!1Cnonb30BaHa 

B pacYeTax Ha6ntoAaeMbiX Beni!IYIIIH AJI.R APYr11x npol..\eccoe. B HaCTO.RlJ..\ee speM.R, 3HaYeHI!Ie napac 

MeTpa d nonyYeHo c 6onbWI!IML1 owi!16KaML-I L-13 AaHHbiX no ,8-pacnaAy Tpi!ITI!I.R [14], 6onee TOYHble 
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pe3ynbTaTbl o:>KIIIAatOTCJI 1113 AaHHbiX 3Kcnep1!1MeHTa MuSun no peaK4111111 Jl.-d -t nnvl' [15], KOTo

pbre HaXOAHTCH e craAIIIIII o6pa6oTKIII. CpaeHeHI!Ie 3Ha'ieHIIIL1 3Toro napaMeTpa, 1113Bne'leHHbiX 1113 

pa3nlll'iHb~X npo4eccoe, AOn:>KHO nocny:>t<IIITb ea:>KHOL:l npoeepKoL:l caMocornacoeaHHOCTIII TeopeTI!I

'ieCKoro noAXOAa. 

Bo3MO:>KHOCTb 1!13Bne'ib KOHCTaHTy d 1113 AByxHyKnOHHoro B33111MOAeL1crei!IH AatOT peaKI..IIIIIII 

OAHOni!IHHOro pO:>KAeHIIIH B N N CTOnKHOBeHIIIHX. nplll 3TOM, Heo6XOAIIIMO paccMaTpi!IBaTb npo

l.leCCbl c po:>t<AeHI!IeM p-sonHOBbiX ni!IOHOB N N -t N N1r, KOTop~;ore CBH3biBatOT 5-sonHOBble nap1>1 

Ha'lanbHbiX Ill KOHe'lHbiX HyKnOHOB. 

-BepWI!IHa (NN) 21r B3ai!IMOAeL1CTBIIIH npiiiCYTCTByeT B np04eCCe pp -t pn7r+, B KOTOpOM KQ

He'lHaH NN napa HaXOAIIITCJI B cni!IH-TplllnneTHOM S-cocroHHIIIIII 38 1 , a Ha'ianbHaH- s cniiiH

CI!IHrneTHOM 180 • 0AHaKO, 1113Bne'lb KOHCTaHTy d 1113 3TOrO np04eCCa C BbiCOKOL:l TO'iHOCTbtO eABa 

nl!l B03MO:>KHO, TaK KaK KOHTaKTHbiL:l 'lneH AaeT BKnaA TOnbKO B nepeXOA 180 -t 38 1p Ill He AaeT 

BKnaAa.B nepexOA 1 D 2 -t 381p, aMnniiiTYAa KOTOporo 3Ha'li!ITenbHO 6oJJbWe 1113-3a CIIIJlbHOL:l CBH3111 

Ha'lanbHoro NN KaHana c KaHanoM B036Y:>t<AeHI!IH b.(1232)-1113o6apb1.* 

Apyrotl pa3peweHHbiL:l nepexoA c d-'iJJeHoM COAep:>t<IIIT cm1H-CIIIHrneTHytO (S = 0) S

sonHosytO napy HYKJJOHOB 180 B KOHe'iHOM COCTOHHIIIIII C p-BOJlHOBbiM ni!IOHOM. TaKOL:i nepeXOA 

OCyll\eCTBnHeTCJI B 11130CIIIHr11eTHOM (I = 0) KaHane peaKI..IIIIIII pn -t {pp} 8 7r-, B KOTOpOM B03-

6y:>t<AeHI!Ie b.(1232) 3anpell\eHo coxpaHeHI!IeM 11130Cni!IHa. 3AeCb {PP}s o6o3Ha'iaeT pp-napy B 180 

COCTOHHIIIIII, BbiAeJJHeMytO B 3KCnep111MeHTe nYTeM orpaHI!I'ieHI!IH 3Hepr1!1111 B036y:>t<AeHI!IH B nape 

Ew 3Ha'leHI!IHMIII Ew < 3 M38. PeaKLIIIIH pn -t {pp}.1r- c o6pa3oBaHI!IeM cni!IH~CIIIHrneTHoro 

AlllnpoTOHa HBJJHeTCH Ha1116onee 'ii!ICTOL:i AnH HaAe:>KHOrO onpeAeneHIIIH d-'ineHa. 

l.\en~;. pa6oTbl 

L\enbtO AIIICCepTal.IIIIOHHOL:l pa60Tbl HBnHeTCH 3KCnep1!1MeHTanbHOe 1113y'leHI!Ie KBa31!1-CB060AHOL:i pe

aK1..1111111pn -t {pp} 8 7r- s6nll13111 3Hepr1!11!1 353 M3B Ha HyKnoli: 

AnH nony'leHI!IH I!IHcjJopMal.lllllll o nepexoAe 381 -t 1S0p, coAep:>t<all\eM KOHTaKTHoe B3ai!IMOAeL1-

CTBIIIe, He06XOA111MO npoBeCTIII napl.llllanbHQ-BOnHOBOL:l aHanll13 aMnniiiTYA peaKI..IIIIIII pn -t {pp} 
8
7r-. 

AnH Toro, 'iT06br OTAeni!ITb 1113ciBeKTOpHbiL:l KaHan (I = 1) oT 11130CKanHpHoro (I = 0) B aM

nni!ITyAe peaKI..IIIIIII, Heo6XOAIIIMO 1113Mep111Tb OAHIII vi Te. :>Ke Ha6ntOAaeMble AnH ABYX peaK4111L:l 

. pp -'t {pp} 8 7r0 Ill pn -t {pp}8 7r- B OAIIIHaKOBOL:i KIIIHeMaTIIIKe. 06e 3TIII 3aAa'll!l - BbiAeneHI!Ie 

11130CKanHpHoro KaHana peaK4111111 pn -t {pp}.1r- 111 nposeAeHI!Ie nap4111anbHo-sonHoBoro aHan1113a 

ee Cni!IHOBbiX aMnniiiTyA - HBnHtOTCsl OCHOBHbiMIII 3aAa'iaMI!I HaCTOHLL\eL:l AIIICCepTal.lllllll. 8br6op 

3H~pr1111!1 ny'lKa 353 M38 o6ycnosneH TeM, 'iTO 3TO AOCTaTO'iHO HII13KaH 3Hepr111H AnH npiiiMeHI!I

Mo'-:1'1!1 xPT Ill np111 3TOL:l imepr111111 paHbWe y:>t<e 6~;.rna nony'leHa 'iaCTb AaHHbiX: 

B paMKax 3TIIIX 3aAa'i Ha ycTaHOBKe ANKE (COSY-Juelich, repMaHIIIH) 6brna npeAnO:>Ke

Ha nporpaMMa IIICCJ1eAOBaHI!IL:i, BKJitO'iatOLL\aH 1113MepeHI!Ie AlllcPcPepeHI..IIIIanbHOrO Ce'ieHI!IH Ill BeK-. . . 

TOpHoL:l aHani!13111PYtOLL\eL:l cnoco6HOCTIII, a TaK)Ke cniiiH-KoppenHI..IIIIOHHoro K03cPcPIIII..IIIIeHTa Ax,x 

B npol.lecce np -t {pp}.7r- nplll 3Hepr1!1111 Tp =0,353 r3B. Pe3ynbTaTbl 3TIIIX 3Kcnep1!1MeH-
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TOB, a TaK:>Ke COBMeCTHOrO napl.llllanbHQ-BOnHOBOrO aHanl!13a· A3HHbiX peaKI..IIIIL:i pp -t {pp} 8 7r
0 

Ill pn -t {pp }s1r-, nono:>KeHbl B OCHOBY HaCTOHLL\eL:l AIIICCepTal.lllllll. 

Alllc:PcPepeHI..IIIIanbHOe ce'ieHI!Ie 111 aHanii13111PYtOLL\aH cnoco6HoCTb peaK4111111 np -t {pp}s1r- 6br

nlll nony'ieH~I B 3Kcnep111MeHTe TRIUMF (16, 17] B KBa31!1cso6oAHOM pd-s3ai!IMOAeL1cTBII1111 np111 

Tp =0,353 r3B, OAHaKO, yrnosotl Al!lana30H 3TIIIX pe3ynbTaTOB He BKntO'laeT B ce6H o6naCTIII yr-. 

nos BblneTa n111oHa snepeA 111 Ha3aA, oco6o sa:>KHble np111 pa3no:>KeHII1111 no nap4111anbHbiM sonHaM. 

AHanii13111PYtOLL\aH cnoco6HOCTb TaK:>Ke 6brna 1113MepeHa np111 Tn = 345 M3B B PSI (18], OAHa

KO, np111 3TOM l!lcnonb3osanocb orpaHI!I'leHI!Ie no 3Hepr111111 so36y:>t<AeHIIIH Ew < 6 M3B, B CBH3111 

C 'ieM 6blnlll B03MO:>KHbl npi!IMeCI!I pp Tpl!lnneTHbiX p-BOnH, KpOMe TOrO, pe3ynbTaTbl B o6naCTIII 

BblneTa ni!IOHOB Ha3aA I!IMetOT 3Ha'li!ITenbHble norpewHOCTIII. B CBH3111 c 3TIIIM, B03H1!1Kna 3aAa'la 

pacw111peHI!IH yrnosoro A111ana3oHa 1!13MepeHHoro AlllcPcPepeHI..IIIIanbHOro ce'leHI!IH (da /dfl.) 111 seK

TopHoL:l aHanll13111pytOLL\ei1 cnoco6HoCTIII Ay(ll), 111 AOnonHeHIIIH Ha6opa Ha6ntaAaeMbiX 1!13MepeHI!IeM 

cni!IHOBbiX KOppenHI..IIIIL:l Ax,x 111 Ax,z• 'iTO 03Ha'lano 6bl npoBeAeHIIIe nonHoro nonHp1!13al.IIIIOHHoro 

3KCnep111MeHTa. 

Hay'lHaH HOBII13Ha 

B AI!ICcepTal.lllllll on111caHbl sneps~;ore npoBeAeHHble 1!13MepeHIIIH AlllcPcPepeHLII!IanbHOro ce'leHI!IH, aHa

nll13111pytOLL\eL:l noco6HoCTIII Ay(ll) 111 cni!IH-KOppenHI..IIIIOHHbiX K03cPcPII14111eHTOB Ax,x 111 Ay,y peaK4111111 

pn -t {pp}
8
7r- B nonHoM yrnosoM Alllano3oHe np111 3Hepr111111 ny'lKa 353 M38. lt13MepeHI!IH, npo

BeAeHHble s AaHHoi1 pa6oTe B OAI!IHaKO~biX KI!IHeMaTI!I'leCKIIIX ycnoBIIIHX c AaHHbiMIII no npo4eccy 

pp -t {pp}
8

7r0 (19], no3BOnlllnlll BnepBble onpeAeniiiTb C TO'iHOCTbtO AO A111CKpeTHOi1 HeOAH03Ha'l

HOCTIII o6e cniiiHOBble aMnniiiTyAbl 11130CKanHpHoro KaHana peaK4111111 pn -t {pp} 8 7r- 111 nposecr111 

napl.l111anbHQ-BOnHOBOi1 aHanll13 3TIIIX aMnniiiTYA C y'leTOM BKnaAa S-, p- Ill d- BOnH 7r-Me30Ha. 

TeopeTI!I'lecKaH 4eHHOCTb 111 npaKTI!I'ieCKaH 3Ha'li!IMOCTb 

npaKTill'leCKaH Ill Hay'iHaH 3Ha'ii!IMOCTb nony'leHHOrO pe3ynbTaTa COCTOIIIT B TOM, 'iTO BbiAene

HI!Ie aMnniiiTYAbl nepeXOAa 381 -t 1Sop, KOTOpaH COAep:>KIIIT HII13K03HepreTI!I'ieCKIIIi1 napaMeTp 

K111panbHOi1 Teop111111 d, AaeT Heo6xoAIIIMYtO IIIHcjJopMal.lllltO AnH 1113Bne'leHI!I~ 3Toro napaMeTpa 1113 

AaHHbiX no peaKI..IIIIIII pn -t {pp} 8 7r-. CpasHeHI!Ie c pe3ynbTaTaMI!I AnH KOHCTaHTbl d, O:>KI!IAaeMbi

MIII 1113 APYr111x AaHHbiX, no3BOni!IT nposepi!ITb caMocornacosaHHOCTb xPT-Teop111111. B TO :>Ke speMH 

pe3ynbTaTbl nposeAeHHoro aHanl!13a noKa3biBatOT, 'iTO AnH ycrpaHeHI!IH A111CKpeTHoi1 HeciAH03Ha'i

HOCTIII B nony'leHHbiX peWeHIIIHX AnH nap4111anbHbiX BOnH He06XOAIIIMO BblnOnHIIITb 1!13MepeHI!Ie 

K03cPcPII14111eHTa cni!IHOBOi1 KoppenHI..IIIIIII Ax,z• KaK Ha1116onee 'iYBCTBI!ITenbHoro K BIIIAY Hai1AeHHbiX 

peweHI!IL:l. npeAnO:>KeHI!Ie COOTBeTCTBYtOLI.\ero 3KCnep111MeHTa 6blnO CAenaHO Ha ANKE-COSY (21] 

111 OA06peHo nporpaMMHbiM KOMIIITeTOM COSY. Apyr111M sapl!laHTOM npi!IMeHeHIIIH nony'ieHHbiX 

. pe3ynbTaTOB napl.llllanbHQ-BOnHOBOrO aHanl!13a Ill ycrpaHeHI!IH ero HeOAH03Ha'iHOCTIII 6yAeT IIIC

nonb30BaHI!Ie Hai1AeHHbiX aMnni!ITyA npo4eccos pn -t {pp} 8 7r- 111 pp -t {pp}s1r0 
AnH oniiiCaHIIIH 

AaHHbiX o peaK4111111 pa3Bana Aei1TpoHa pd -t {pp}.n np111 Toi1 :>Ke 3Hepr111111 350 M3B B ycnosi!IHX 

KI!IHeMaTI!IKIII ynpyroro pd-pacCeHHIIIH Ha3aA (22]. 
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MeTOAIII'leCKIIIM pe3ynbTaToM AaHHOiii pa6oTbl cTana pa3pa6oTKa npo4eAYP aHaJ11!13a AaHHbiX, 

nonyYeHHbiX C MI!IWeHbiO C npOTSI:IKeHHOiii HaKOni!ITeJlbHOiii H'leiiiKOiii B 3KCnepi!IMeHTe C n01151piii-

30BaHHbiMIII nyYKOM 111 MI!IWeHbiO. 3Ta MeTOAI!IKa npi!IMeHHnacb B aHaJ11!13e PHAa npol\eccoe e 

1!13MepeHI!IHX c ABOiiiHoiii nonHp1!13al\l!leiii Ha ANKE (23-25]111 Mo:>KeT 6b1Tb lllcnonb30BaHa B APYrlllx 

3KCnep111MeHTaX C HaKOni!ITeJlbHOiii H'leiiiKOiii. 

Ha 3all.\IIITY BbiHOCHTCH: 

1. BnepBble npoBeAeHHoe 1113MepeHI!Ie AlllcP¢epeHL\IIIanbHOro ceYeHI!IH dCT/dO 111 npoTOHHoiii 

aHa111113111py10ll.\eiii cnoco6HOCTIII A~ npo4ecca jYn -+ {pp}.1r- np111 3Heprl!ll!l npoTOHHoro 

nyYKa Tv = 353 M3B-e nonHOM yrnoeoM IIIHTepeane np111 HIII3Koiii 3Hepr111111 B036Y:>KAeHI!IH 

AlllnpoToHa Epp < 3 M3B. 

2. OnpeAeneHI!Ie npoTOHHoiii aHaJ11!13111py10ll.\eiii cnoco6HOCTIII A~ c IIICnOJlb30BaHI!IeM epeMeHHoiii 

I!IHcjlopMal.\111111 c eepwiiiHHoro AeTeKTopa ANKE, o6ecne'li!IBaiOll.\e~ cpaBHeHI!Ie c pe3yllbTa

TaMIII TRIUMF B OAIIIHaKOBbiX YCJ10BIII51X Epp < 1, 5 M3B. 

3. Pa3pa6oTKa MeTOAIIIK onpeAeneHI!Ifl nonHp1!13al\l!llll nyYKa 111 MI!IWeHI!I B 3Kcnep111MeHTe c ABOiii

Hoiii non51p1113al\l!leiii, yYeTa cPOHa Ill BOCCTaHOBJleH1!151 KOOpAIIIHaTbl BepWIIIHbl B3ai!IMOAeiii

CTBIII51 nplll 1113MepeHI!IIII C MI!IWeHbiO C HaKOni!ITeJlbHOiii 51'leiiiKOiii. 

4. OnpeAeneHI!Ie AlllcPcPepeHL\I!IaJlbHoro ceYeHI!IH dCT /dO, npoTOHHoiii A~ 111 HeiiiTpoHHoiii A~ 

aHaJ11!13111PYIOll.\IIIX cnoco6HOCTeiii AllH npo4ecca iiji-+ {pp },1r- 1113 AaHHbiX 3Kcnep111MeHTa c 

ABOiiiHOiii n01151p1113al\llleiii. 

5. BnepBble npoBeAeHHoe 1113MepeHI!Ie cni!IHOBbiX KoppenHL\IIIOHHbiX K03cPcPIIIL\I!IeHTOB Ax,x 111 

A11,11 B peaKL\111111 iiji-+ {pp}.1r- np111 Tn = 353 M3B. 

6. npoBeAeHI!Ie COBMeCTHOfO napl\lllaJlbHO-BOJlHOBOfO aHaJ11!13a npOL\eCCOB pp -+ {pp}.rr0 Ill 

pn-+ {pp}.1r- np111 3Hepr111111 353 MJB: 06ocHoBaHIIIe Heo6xoAI!IMOCTIII 1113MepeHI!Ifl K03cP

¢111LlllleTa Ax,z B npol\ecce pn-+ {pp} 8 1T-. 

7. nepeoe 1113MepeHI!Ie Cni!IHOBbiX KOppe115IL\IIIOHHbiX K03cPcPIIIL\I!IeHTOB Ax,x Ill Ay,y AJ151 peaKL\111111 

iiji-+ d1r0 • 

f.npo6al\1!151 pa6oTbl 

Mlll~ep1113Jlbl AIIICCepT3L\IIIIII 6b1Jllll AOJlO:>KeHbl aBTOpOM Ha Me:>KAyHapOAHbiX KOHcjlepeHL\IIIHX 

SPIN'2012 ()J.y6Ha, PoCCIII51, 17-22.09.2012), MESON'2012 (KpaKOB, nonbwa, 31.05-5.06.2012), 

3aceAaHI!I51X HeMel\Koro cPIII31!1'lecKoro o6ll.\eCTBa DPG ty1eetin_gs 2011, 2012, 2013 rr. 111 pa6oYI!IX 

coeell.\aHI!IHX nonb3oBaTeneiii CIIIHxpoTpoHa COSY CANU-FFE 2011 111 2013 rr. 
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nlll'lHbliii BKJlaA COI!ICKaTeJ151 B peweHI!Ie paCCMaTpi!IBaeMbiX B AIIICCepTal.\111111 3aAa'l 51BJ151eTC51 

onpeAeJlHIOll.\IIIM. AeTop npi!IHI!IMan yyacr111e eo ecex 3Tanax BbmonHeHIIIH pa6oTbl, BKJ110Ya51 npo

BeAeHI!Ie 3KCnepi!IMeHTOB, o6pa60TKY Ill aHaJ11!13 AaHHbiX 11 nOAfOTOBKY ny6J11!1Kal\llliii nonyYeHHbiX 

pe3yllbTaTOB. Pe3ynbTaTbl 1113MepeHIIIiii AlllcllCpepeHL\I!IaJlbHOro ceYeHI!IH 111 nonHp1!13al\I!IOHHbiX Ha-

6n10AaeMbiX B peaKL\111111 pn -+ {pp },rr-, a TaK:>Ke napl\l!laJlbHo-eonHoeoro aHaJ11113a 3Toiii peaKL\111111 

nonyYeHbl aBTOpOM. 

ny611111Kal\l!llll 

)J.IIIccepTal.\11151 ocHoBaHa Ha pa6oTax [1-5], ony6ni!IKOBaHHbiX B :>KypHanax "Physics Letters B", 

"Physical Review C" , "European Physics Journal" 111 "CI>i1131!1Ka 3JleMeHTapHbiX YaCTI!Il.\111 aTOMHoro 

fiApa", peKOMeHAOBaHHbiX BAK. 

(TpyKrypa Ill o6beM AIIICCepTal.\111111 

)J.IIIccepTal.\11151 cocTOIIIT 1113 BBeAeHIIIH, YeTblpex rnae, 3aKJ110'leHI!Ifl, cn111cKa mneparypbl 111 npl!lno

:>KeHIIIH. 06ll.\llliii 06beM AIIICCepTal.\111111 COCTaBJlf!eT 125 CTpaHI!IL\ Ill BKJ110'l3eT B ce651 35 p111CYHKOB 

111 9 Ta6111114. 51!16Jli!IOrpacjJIIIH COAep:>KIIIT 96 Hai!IMeHoBaHI!Iiii. P111cyHKIII 111 Ta6Jli!IL\bl HyMepyiOTCH no 

rna saM. 

OcHOBHoe COAep>KaHIIIe pa6oTbt 

Bo BBeAeHI!IIII o60CHOBaHa aKryaJlbHOCTb IIICCJleAyeMOiii npo6neMbl, CcPOPMY11111pOBaHbl L\elll!l pa6o

Tbl, nepe'li!ICJleHbl nonyYeHHble HOBble pe3Y!IbTaTbl, a TaK:>Ke npiiiBeAeHa CTpyKrypa AIIICCepTal.\111111; 

B nepeoiii rnaee on111calia npo6neMa npi!IMeHI!IMOCTIII Teopl!llll CIIIJlbHOro B3aiiiMOAeiiicTBIII51 KX)J. 

B o6naCTIII HIII3KIIIX 3Heprllliii Ill onpeAeJ1eHI!I51 KOHCTaHT KOHTaKTHOfO B3aiiiMOAeiiiCTBIII51 Kl!lpan~ 

HOiii TeOpllllll B03Myll.\eHI!Iiii B AByx- Ill TpeXHYKllOHHbiX B3ai!IMOAeiiiCTB11151X. np111 3TOM o6oCHOBaHa 

He06XOAIIIMOCTb nonyYeHI!I51 HOBbiX 3KCnep111MeHTaJlbHbiX AaHHbiX B npOL\eCCe pn -+ {pp} 8 7T- Ill 

npi!IBeAeH Kp3TKIIIiii o63op 3KCnep1!1MeHT3JlbHOiii CI!ITYal.\111111 B 1113Y'leHI!IIII 3TOfO npOL\eCCa. 

KeaHTOBaH xpoMOAIIIHaMI!IKa ocHoBaHa Ha L\BeToeoiii SUc(3) Kan1!16poeoYHOiii rpynne 111 no-

3TOMY HBnHeTCH Hea6eneeoiii Kan1116poBOYHoiii Teop111eiii nonH. ~3 Hea6eneea xapaKTepa Teopl!llll 

cneAyeT aCIIIMnTOTI!I'leCKa51 CB060A3 KXP,, T. e. KOHCTa!"Ha CB513111 CIIIJlbHbiX B3ai!IMOAeiiiCTBIIIiii 

a,(Q2) noraplllcPMIII'leCKIII yMeHbWaeTC51 C pOCTOM KBaApaTa nepeAaHHOro IIIMnynbca Q2 -+ 00, 

a 8 (Q2 ) ~ /lnQ2 • 0AHaKO 3TO :>Ke CaMOe CBOiiiCTBO TeOp111111 npi!IBOAIIIT K B03pacTaHI!IIO 6eryll.\eiii 

KOHCTaHTbl CB513111 a.(Q2) np111 MaJlbiX nepeAaHHbiX IIIMnynbcax. no 3Toiii npi!IYI!IHe nocrpoeHI!Ie 

TeOp111111 CIIIJlbHbiX B3ai!IMOAeiiiCTBIIIiii KaK TeOpllllll B03Myll.\eHIIIiii C pa3JlO:>KeHI!IeM no KOHCTaHTe CBH-

3111 no a.( Q2) B03MO:>KHo TOJlbKO np111 BbiCOKIIIX 3Hepr111HX. K111panbH351 JcjlcjleKTIIIBHaH Teopi!IH nonH 

xPT 6b1Jla BBeAeHa, KaK 3cPcPeKTIIIBH351 HIII3K03HepreTIII'lHa51 TeOp11151 no OTHOWeHI!IIO K KX)J. (26}. 

B OCHOBe 3TOiii 3cPcPeKTIIIBHOiii TeOpllllll Jle:>KI!IT 51BJleHI!Ie, Ha3biBaeMOe CnOHTaHHbiM HapyweHI!IeM 

KlllpanbHoiii IIIHBaplllaHTHOCTIII KX)J. [27]. Ecn111 orpaHIIIYIIITbCH ceKTopoM u 111 d KBapKoB, T. e. IIIC

KJliO'li!ITb CTpaHHble Ill T51:>KeJlble KBapKIII 1113 paCCMOTpeHIII51, TO MaCCbl TOKOBbiX KBapKOB MaJlbl 

(mu = 4 M3B, ffid = 6 M3B) no cpaBHeHI!IIO c xapaKTepHbiM MaCWTa6oM KX)J. M ~ 1 r3B [27}. 
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no3TOMY XOpOWIIIM np1116JJIII~eHI/IeM ,[IOJJ~eH 6b1Tb KlllpaJJbHbliil npe,[leJJ, B KOTOpOM MaCCbl TOKOBbiX 

KsapKOB paBHbl HYJJIO mq = 0. Tor,[la, lllcnoJJb3Y.R 1113BeCTHoe csoiiicTBO MaTpiii'!HbiX 3JJeMeHTOB 

raMMa-MaTPIIILI ,[\111paKa 7 11 no 6111cn111HOPaM 1f-y11 1/J = 1/Jn111/JL + 1/JR'Y111/JR. rAe 1/JL = HI - 'Ys)'I/J 

111 1/JR = HI+ 75)1/J - JJeBble 111 npasble KBapKOBble non.R, KBapKOBbliil 'IJJeH narpaH~IIIaHa KX,[l s 

KlllpaJJbHOM npe,[lelle MO~HO 3aniiiCaTb B Blll,[le 

L~cD = '2:)1/JJRi'Y11 D 111/JJR + 1fJJLi'Y11 D 111/JJL)· 
I 

{1) 

[113 3TOrO Bblpa~eHI/I.fl CJie,[lyeT, 'ITO B Klllpa!lbHOM npe,[leJJe JJeBble Ill npaBble KOMnOHeHTbl 6e3-

MaCCOBbiX KBapKOB He CMeWI/IBaiOTC.fl, Ill JJarpaH~I/IaH .RBJJ.ReTC.fl CYMMOiil BKJJa,[IOB JJeBbiX Ill 

npaBbiX KsapKoB LQcD = LL + LR. l!13ocniiiHOBa.R CIIIMMeTpiii.R SU(2) np111 3TOM pacwl/1-

p~eTc.R ,[10 He3aBIIICIIIMbiX 1/130CniiiHOBbiX CIIIMMeTpllliil OT,[IeJJbHO ,[IJI.fl JJeBbiX Ill npaBbiX KBapKOB 

SUL(2) x SUR(2). MaTeMaTI/I'!eCKIII 3Ta CIIIMMeTpiii.R 3KBIIIBaJJeHTHa CIIIMMeTpllllll OTHOCIIITeJJbHO 

rpynnbl SUv(2) x SUA(2), BKJJIO'laiOIJ.Ieiil seKTopHble (V) 111 aKclllaJJbHo-BeKTopHble (A) SU(2) 

npeo6pa3oBaHIII.R. TaKIIIM o6pa30M, cornacHo o6cy~AaeMoiil KlllpaJJbHOiil CIIIMMeTp111111 narpaH~l/1-

aHa (1}, B Mlllpe a,[lpOHOB Hap.RAY C Xopowo 11138eCTHbiMIII 1/130TOnlll'leCKIIIMIII MYJJbTIIInJJeTaMl/1 

(SUv(2)-c111MMeTpiii.R}, AOJJ~Hbl cyiJ.IeCT808aTb TaK~e 111 3epKaJJbHble MYJJbTIIInneTbl (SUA(2)

CIIIMMeTp111.R), KOTOpble CO,[Iep~aT TaKI/Ie ~e COCTO.RHIII.fl C 0,[11/1HaK08biMIII MaCCaMI/I Ill CniiiHaMIII, HO 

npoTIII8onono~Hbl no P-'leTHOCTIII. 0AHaKo 3epKaJJbHble MYJJbTIIInJJeTbl aAPOH08 8 np111po,[1e He 

Ha6JJIOAaiOTC.R. TaKa.R CIIITYai..IIII.R Ha3bJ8aeTC.R cnoHTaHHbiM (AIIIttaMIII'!ecKIIIM) HapyweHIIIeM CIIIM

MeTp111111. no TeopeMe roJJ,[ICTOyHa [28], nplll CnOHTaHHOM HapyweHl/1111 Henpepbi8HOiil CIIIMMeTp111111, 

so3HIIIKaiOT 6e3Macco8ble 6o30Hbl c KsaHT08biMIII '!IIICJJaMIII reHepaTopo8 HapyweHHoiil CIIIMMeT

PIIIIII. B AaHHOM cny'!ae HapyweHHoiil SUA(2) CIIIMMeTp111111 3TIII K8aHT08ble 'IIIICJJa co8na,[laiOT c 

K8aHTOBbiMIII '!IIICJJaMl/1 1/130Tp111nJJeTa niiiOHOB JP = o-' T = 1. (Tporo 6e3MaCC08biX CI/IJibHO 

B3aiiiMO,[IeiilCT8YIOIJ.IIIIX 'laCTIIII..I B nplllpO,[Ie He cyiJ.IeCT8yeT, 8 TO ~e 8peM.R niiiOHbl I/IMeiOT He06bl'l

HO MaJJyiO Macey, I35 -140 M3B, 'ITO MHOrO MeHbWe, '!eM Tl/lniii'!Ha.R a,[lpOHHa.R Macca ~ I r3B. 

CornacHo npe,[lnono~eHl/110 HaM6y [29], niiiOHbl .R8JJ.RIOTC.R (nce8Ao)roJJACTOYH08CKIIIMIII 6o30Ha

MIII. 

B OCH080nonaraiOIJ.IIIIX pa6oTax BaiilH6epra [11-13] CcPOPMYll111p08aHbl npiiiHL!IIInbl xPT. BMe

CTO IIICXOAHoro narpaH~IIIaHa KX,[l, 3an111caHHoro 8 TepMIIIHax K8apK08biX 111 rJJIOOHHbiX noneiil, 

880,[11/ITC.R 3cjJcjJeKTIII8Hbliil narpaH~IIIaH L.11 s TepMIIIHax a,[lpOHHbiX noneiil - Me30H08 111 HYK

JJOH08. B aApOHHOM cneKTpe 1/IMeeTC.R 6onbwoiil pa3pbl8 Me~AY MaccaMIII nllloHos 111 8eKTOpHbiX 

M~OHOB p(770) Ill w(782). no3TOMy, ecTeCTBeHHO npe,[lnOJJO~IIITb, 'ITO Macca niiiOHa 3a,[laeT M.Rr

KYIO wKany, Q ~ m,., KOTopa.R s KlllpaJJbHOM npe,[leJJe o6paiJ.IaeTC.R B HOJJb m,. = 0. MacwTa6 Ax., 

C KOTOpbiM CJJe,[lyeT cpa8Hl/18aTb Macey niiiOHa 1/IJII/I IIIMnyJJbC Q KOHKpeTHOrO a,[lpOHHOrO npOI..IeCCa, 

paCCMaTplll8aeMOro 8 paMKaX 3cPcPeKTIII8HOiil TeOpllllll, IIIMeeT nop.R,[IOK ~ I r3B. K111pallbHa51 CIIIM

MeTpiii.R AIIIKTYeT CTPYKTYPY onepaTopo8 83aiiiMOAeiilCTBIII.R, a ero IIIHTeHCIII8HOCTb onpe,[leJJ.ReTc.R 

Hl/13K03HepreTI/I'leCKIIIMIII napaMeTpaMl/1 TeOp111111, KOTOpble He06XO,[IIIIMO 1/138JieKaTb 1/13 3KCnep111MeH-
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TaJJbHbiX ,[laHHbiX. 0AIIIH 1113 KJIIO'!eBbiX napaMeTp08 3TOiil Teopl/1111 - KOHTaKTHbliil (N_N)2 7r 'llleH 

- BXOAIIIT 8 npol..leCcbl po~AeHIII.R niiiOHOB _N N --+ N N1r 86!11113111 nopora, ropeHIII.R 80AOPOAa 

pp--+ de+v •• 3aX8aTa J.t--Me3oHa AeiilTpOHOM J.t-d--+ nnvl-' 111 APYr111e. Cpe,[ll/1 APYrlllx npo1..1ecco8 

OAHOniiiOHHoro po;>K,qeHIII.R peaKL!III.R pn --+ {pp}.1r- .R8JJ.ReTC.R Ha1116onee npe,[lnO'!TIIITeJJbHoiil AJJ.R 

onpe,[leJJeHI/I.R CIIIJibl KOHTaKTHOrO 83ai/IMO,[IeiilcT8111.R. B CB.R31/1 C 3TIIIM OCHOBHOiil 3a,[la'!eiil ,[11/ICCep-. 

Tal..lllllll 6biJIO noJJy'!eHI/Ie HOBbiX nOJJ.Rplll3ai..IIIIOHHbiX ,[laHHbiX 06 3TOM npo4eCCe. 

np111 OrpaHIII'!eHl/11/1 5-, p- Ill d- BOJIHaMl/1 7r-Me30HOB, pO~,[IaiOIJ.IIIIXC.fl B peaKI..IIIIl/1 pn --+ 

{pp}.1r-, 3Ta peaK4111.R oniiiCbiBaeTc.R 5-10 napl..llllaJJbHbiMl/1 aMnJJIIITyAaMIII. no3TOMY AJJ.R npo8eAe

HIII.R nap4111aJJbHD-BOJIHOBOrO aHaJIIII3a Heo6XO,[IIIIMO 1113Mep111Tb ,[leB.RTb He3aBI/ICIIIMbiX 8eiJ.IeCTBeH

HbiX napaMeTpOB (Ha6JJ10AaeMbiX}, 1 'ITO n0380JIIIIT MOAeJJbHD-He3aBI/ICIIIMbiM o6pa30M 1113BJJeYb 

KOHTaKTHbliil d-'IJJeH (N N)21r. LJaCTb Heo6xo,[II/IMoiil111HcPOPMal..lllllll 6bJJJa nony'!eHa 1113 1113MepeHIII.R 

Henon.Rpiii308aHHoro AlllcPcPepeHL!IIIaJJbHOro ce'leHIII.R peaKL!IIIIII pp --+ {pp }.1r0 B 3Kcnep111MeHTe 

WASA-CELSIUS np111 3Hepr111111 ny'!Ka 350 M3B [30], no38oniii8WeM nony'IIIITb A8a K03cPcPIIII..IIII

eHTa pa3JJO~eHIII.fl A111¢cj:lepeHL!IIIaJJbHOro Ce'!eHI/I.fl no CTeneH.RM cos B. l!13MepeHI/Ie Ay Ill do/ an 
8 K8a31/1C8060,[IHOM npOI..IeCCe np--+ {pp} 8 7r- noTeHL!IIIaJibHO n0380JJ.ReT HaiilTIII 6oJJbWee '!IIICJIO 

K03cPcPIIII..IIIIeHTOB B pa3no~e~llllll no cos B. Ha OCH08e AaHHbiX 3Kcnepi!IMeHTa TRIUMF [16, 17] 

no 1113MepeHIIIIO Ay 111 do/dO. 8 npo4ecce np--+ {pp} 8 7r- np111 3Heprllllll 353-440 M3B a8TOpbl 

3Toro 3KCnepi!IMeHTa npo8elllll napl..llllaJJbHD-80JIH080iil aHaJJJ/13 C y4eTOM n.RTIII aMnJIIIITYA· 0AHaKO 

yrno8oiil A111ana3oH 3Ha'IIIITeJJbHO y~e nonHoro IIIHTepsana [0, 1r], no3TOMY npo1..1eAypa 8b1AeJJeHIII.R 

K03cPcPIIII..IIIIeHTOB pa3JJO~eHIII.fl no nOJJI/IHOMaM ne~aHApa B 3TOM CJJy4ae HeOAH03Ha'!Ha B npiiiH

I..IIIIne. [II a8TOpb1 [16] cj:laKTI/I'!eCKIII HaWJil/1 HeCKOJibKO peWeHIIIiil napl..llllaJJbHO-BOJIH080rO aHaJIIII3a 

AJJ.R 8Cex 3Heprllliil, 3aTPYAH.fl.RCb Bb16paTb cPIII3lll'!ecKIII 3Ha4111MOe peweHI/Ie. ,[laHHble AJJ.R aHaJJIII-

3111PYIOIJ.Ieiil cnoco6HoCTIII 1113 PSI [18]6bllllll nony'!eHbl c orpaHI!I4eHIIIeM Ha 3Hepr11110 so36Y~AeHIII.R 

Epp < 6 M3B 111 no3TOMY He MOrYT 6b1Tb IIICnOJJb308aHbl 8 nap1..1111aJJbH0-80JJH080M aHaJJI/I3e aM

nJJIIITYA paCCMaTpiiiBaeMOiil 3AeCb peaKI..Il/1111 pn--+ {pp}8 7r- 8 KOTOpOM Tpe6yeTC.fl Bbl,[leJJeHIIIe 1S0 

npoTOHHoiil napbl. Henon.Rpiii30BaHHoe ce'leHI/Ie peaKL!IIIIII dp --+ PspPP7r--_ AJJ.R paccMaTp1118aeMoiil 

o6nacr111 3Heprllliil TaK~e 6biJJO nony'!eHo KOJJJJa6opa1..1111eiil COSY - TOF [31]. HecMoTp.R Ha 

TO, 'ITO napa pp 6bllla Bbl,[leJJeHa, He,[IOCTaTO'!Ha.R CTaTIIICTIIIKa He n03BOJII/Illa 8b1AeJJI/ITb co6biTIII.fl 

c orpaHIII'leHI/IeM Ha 3Hepr11110 so36y~AeHIII.R Epp < 3 M3B. TaKIIIM o6pa3oM, AO npo.BeAeHIII.R 

3KcnepiiiMeHT08, paccMaTplllsaeMbiX s AaHHoiil pa6oTe, np111 3Heprllllll ny'!Ka 353 M3B 6biJJIII no

JJy'!eHbl AaHHble TOJJbKO o do/dO. 111 Ay s HenoJJHOM yrnosoM Alllana3oHe. 1..\eJJbiO 3Kcnep111MeHTa 

ANKE [21] ~8JJ.RJJOCb pacwlllp111Tb yrno8oiil A111ana3oH Ay(B) 111 AOnonHIIITb Ha6op Ha6JJIOAaeMbiX 

1113MepeHI/IeM cniiiH08biX Koppeli.RI..IIIIiil A~,x 111 Ax,z• 4TO no380JIIIIJIO 6bl nposecTIII noJJHbliil noJJ.Rplll-

3ai..IIIIOHHbli1 3KCnep111MeHT, T. e. HaiilTIII MOAYJJIII o6e111x CniiiH08biX aMnJJIIITYA Ill 1/IX OTHOCI/ITeJJbHYIO 

cj:la3y, Ha 3TOM OCHOBaHl/11/1 npo8eCTI/I napl..llll<lJibHD-80JIH080iil aHaJil/13 Ill TeM CaMbiM BbiAeJJI/ITb 

aMnJJIIITYAY nepeXOAa 3S 1 --+ 1S0p, CO,[Iep~aiJ.IYIO KOHTaKTHbliil d-'!JieH. 

10611\aR An>l ecex aMnn~T}'A cjJa3a He~3Mep~Ma ~ n03TOMY MO>KeT 6b1Tb Bb16paHa npo~3BOnbHO. 
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Bo sropoi1 rnase AaHo on111caH111e CIIIHXporpoHa COSY [32]111 'lacrei1 ycraHOBKIII ANKE [33], 

111cnonb30BaHHbiX AnSI nony'leHIIISI npeACTaBnSJeMbtX pe3ynbraros. B Hei1 TaK:>t<e npiiiBOASITCSI ycno

BIIISI Ill MeTOAIIIKa npoBeAeHHOro 3KCnep1!1MeHTa. 

CIIIHxporpoH COSY o6ecne'li!1Baer ycKopeHIIIe HenonSip11130BaHHbiX 111 nonS1p11130BaHHbiX npo

roHHbiX Ill Aei1TpOHHbiX ny'lKOB AO IIIMnynbCOB 295 M3B/c- 3.65 r3B/c. Ha OAHOM 1113 npS1Mo

n1!1Hei1HbiX y'laCTKOB Konbl!a ycKoplllrenSJ COSY pacnono:>t<eH MarHIIITHbti1 cneKrpoMerp 3apSI:>t<eH

HbiX 'laCTIIIL! ANKE (p111c. 1). OcHOBHbiMIII KOMnoHeHraMIII cneKrpoMerpa SIBnSIIOTCSI MarHIIITHaSI 

CIIICTeMa, BHYTpeHHSISI MIIIWeHb Ill HeCKOnbKO AeTeKTOpHbiX CIIICTeM (60KOBble AeTeKTOpbl nonmKIII

renbHbiX 111 orpllll!aTenbHbiX 'laCTIIIL!, nepeAH111i1111 sepwi11HHbti1 AereKropbt). MarHIIITHaSI CIIICTeMa 

ANKE cocro111T 1113 rpex AlllnOnbHbiX MarHIIITOB. Aea MarHIIITa D1 111 D3 1!13MeHSIIOT rpaeKrop11110 

ny'lKa ycKoplllrenSJ, OTKnOHSISI ero Ha yron a (sapblllpyerCSJ B npeAenax 0° -10.6°) c BHYTpeHHei1 

op6111Tbl Ha MIIIWeHb B MI!1WeHHOi1 KaMepe Ill B03Bpall.laSI ny'lOK Ha CTal!IIIOHapHyiO op6111ry nocne 

ero B3ai11MOAei1CTBIIISI C MIIIWeHbiO. rnaBHbllii cneKTpOMeTp111'leCKIIIi1 MarHIIIT D2 OTKnOHSieT ny'lOK 

Ha yron 2a. 

02 

P111c. 1: CxeMa MarHIIITHoro cneKrpoMerpa ANKE. 

B 3KCnep111MeHTaX 111CnOnb30Ban111Cb ABa Tlllna MIIIWeHei1: KnacrepHaSI MIIIWeHb, KOTOpaSI npo-

1113BOA111na HenonSip11130BaHHbte Aei1rep111eBbte crpy111 BbtcoKoi1 nnorHOCTIII (Ao 1014 aroMoefcM
2

), 111 
r;· 

n011Sipi1130BaHHaSI MIIIWeHb C HaKOni!1TenbHOi1_SI'lei1KOi1, np01113BOAIIIBWaSI nonSipi1130BaHHble Ill Heno-

nSipi113<?BaHHble ny'lKIII BOAOPOAa. HaKOnlllrenbHaSI Sl'lei1Ka npeACTaBnSJeT co6otii orKpbtTYIO c AByx 

CTopoH T-o6pa3HYIO rpy6Ky, e KoropyiO HarHeraeTCSI ra3 1113 IIICTO'lHIIIKa ABS. Pa3Mep rpy6KIII 

20 X 15 X 370 MM3, CTeHKIII rpy6Ki11 AenaiOTCSI 1113 aniOMIIIHIIIeBoi1 cPOnbrlll TOnll.IIIIHOtii 20 MKM, 

noKpbiTOtii 5 MKM cnoeM rectJnoHa, npenSITCTBYIOll.IIIIM noeepXHOCTHOi1 peKoM61!1Hal!111111 nonSiplll-
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30BaHHbiX aroMOB. nonSip1113al!IIISI ra3a e Sl'lei1Ke coxpaHSieTCSI 6naroAapS1 pacceSIHHOMY non10 

MarHIIITa D2. rnaBHaSI BepTIIIKanbHaSI KOMnOHeHTa nonS! Ha Bd~M npOTSI:>KeHIIIIII Sl'leliiKIII Ill BXOA

HOi1 rpy6KIII npeBbiWaeT KPIIITIII'leCKYIO Benlll'liiiHY, He06XOAIIIMOi1 AnSI coxpaHeHI1SI nonS1p1113al!111111. 

Pe3ynbTIIIPYIOll.laSI nnorHOCTb MlllweHIII pasHa 1.3 · 1013 arfcM2
• 

CneAYIOll.lllle AeTeKropHbte CIIICTeMbl lllcnonb3oBanlllcb AnSI 1113MepeHIIISI niiiOHHoro pO:>t<AeHIIISI 

B pn-cronKHOBeHIIISIX: nepeAHIIIIii AeTeKrop (F.D - Forward Detector), AeTeKrop nono:>t<IIITenbHO 

3apSI:>t<eHHbiX 'laCTIIIL! (PD - Positive Detector), AereKrop OTPIIIL!arenbHO 3apSI:>t<eHHbiX 'laCTIIIL! 

(ND- Negative Detector} 111 sepw111HHbti1 AeTeKrop- KpeMHIIIeBbllii rpeKOBbllii renecKon (STT

Silicon Tracking Telescope). Bo ecex 3TIIIX AeTeKropax, 3a IIICKniO'leHIIIeM STT, 111Cnonb3YIOTCSI 

MHOronpOBOnO'lHble nponOpl!IIIOHanbHble KaMepbl AilS! BOCCTaHOBJleHIIISI TpeKOB Ill Cl\111Hl\1111111Sil\111-

0HHble c'leT'liiiKIII MSI nony'leHIIISI IIIHcPOpMal\~1~ o speMeHIII nponera 111 3Hepri11111 'laCTIIIl\. B PD 111 

ND speMSI nponera 1113MepSJercSJ Me:>t<AY craproebtMIII 111 cronoebtM111 c'leT'liiiKaMIII. A~SI roro 'lTo-

6bt 3To speMSI 6bt110 MaKC111Ma11bHbiM, craproebte AereKropbt pacnono:>t<eHbl HenocpeACTBeHHO 3a 

OKHOM 02. lflHcPOpMal\IIISI 06 3Hepren14eCKIIIX norepSIX T3K:>Ke 111CnOJ1b3yeTCSI AnSI IIIAeHTIIIcPIIIKal\111111 

43CTIIII.I. npeAenbl IIIMnyJlbCHQrO aKcenTaHca AeTeKTOpOB nOJlO:>KIIITeJlbHO Ill OTPIIII.IaTeilbHO 3ap51-

:>KeHHbiX 'laCTIIII.I (0.15-1.1) r3Bfc, A11S1 nepeAHero AeTeKropa- (0.4-3.7) r3B/c. STT npeAHa-

3Ha'leH A115l per1!1crpa1.1111111 H1113K03HepreTIII'lHbiX nporoHOB 111 Aei1rpoHoB, BbtneratOll.IIIIX 1113 Mlllwe

HIII, Ill BOCCTaHOBJleHI/ISI rpeKOB periiiCTplllpyeMbiX 'laCTIIIl\- TeneCKOn COCTOI1T 1113 Tpex KpeMHIIIeBbiX 

AeTeKropos, IIIMeiOll.IIIIX crp11noey10 crpyKrypy Ha ABYX cropoHax A11S1 onpeAeneHIIISI KOOPAIIIHar 
' rpeKa 'laCTIIII.Ibl. Crplllnbt Ha pa3HbiX cropoHax Ka:>t<Aoro AeTeKropa pacnono:>t<eHbl eepriiiKaJlbHO 

Ill rOp11130HTanbHO. lf13MepeH1!1e 3HepreTI/I4eCKIIIX norepb B Ka:>KAOM OTAeJlbHOM CJlOe n03BOJ1SieT 

np01113BeCTIII 111AeHTIIIcPI1Kai.IIIIIO OCTaHOBIIIBWetiiCSI 'laCTIIIl\bl. npoTOH peri1CTplllpyeTCSI B CJly'lae, KQ

rAa OH npOXOAIIIT KaK M11HIIIMYM OAIIIH CliOi1. TOilll.IIIIHa CJlOeB rpeKOBOro renecKona B nopSIAKe 

OT BHyrpeHHero K BHeWHeMy COCTaBnSieT 60 MKM, 300 MKM Ill 5100 MKM. lf1AeHTI1cPIIIl\IIIPOB3Tb 

nporoHbl no D..EfE B03MO:>t<Ho A11SI3Heprllllii or 2.5 AO 40 M3B. 

B 3Kcnep11MeHre, npoBOAIIIBWeMCSI e 2009 roAy, I.IIIIPKY11111poean eepriiiKanbHO non51p113oeaH

Hbti1 nporoHHbti1 ny'loK c KI1HeT!II'leCKO~ 3Hepr11ei1 353 M3B. HanpaeneHIIIe nonSip113al.lllllll MeHSI

nocb Ka:>t<Abti11.1111K11 ycKop111renS1 (6 MIIIHyr). B peaKl\11111 Pd ~ {PP}srr-+Pspec• 6btCTpbte npoTOHbl 

1113 napbt {pp}s, nony'leHHbte np111 B33111MOAei1crsllll1 ny'!Ka c Aei1rep111esoi1 KnacrepHoi1 MIIIWeHbiO, 

per111CTp11poean111cb e nepeAHeM AeTeKrope 11 e AereKrope nono:>t<I1TellbHO 3apSI:>t<eHHbiX 'laCTIIIl\. 

niiiOHbl, pO:>t<Aa10ll.ll1eCSI Ha ManbiX yrnax C.l\.M., periiiCTp111pOBaJ11/1Cb B AeTeKTOpe OTPIIII.IaTeJlbHO 

3apSI:>t<eHHbiX 'l3CTI11.1, a MeMeHHbte cneKraropHble npoTOHbl Pspec - e eepw11HHOM AeTeKrope 

STT. 

3Kcnep111MeHT C ABOi1Hoi1 nonSipi11331.1111ei1 npOBOA11nCSI B 2011 rOAY C 111Cnonb30B3HIIIeM none

pe'lHO nonSip11130BaHHOro Aei1rpOHHOro ny'lKa (nonSip1113a1.111SI nepeKniO'lanacb pa3 e 10 MIIIHYT) 11 

n01151p11130BaHHOi1 BOAOPOAHOi1 M1!1WeHI1 C HaKOniiiTenbHOi1 Sl'lei1KOi1 (HanpaeneHIIIe nonSip1113al.llllill 

MeHSJnOCb Ka:>t<Abte 5 ceKYHA). 3Hepr111SI Aei1rpoHHoro ny'lKa cocraBJlSIJla 726 M3B. Bee nporoH-
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Hble napbl 1.13 dp-+ {pp},1r- + Pspec per1.1crp1.1posan1.1cb s PD. a cneKTaTopHble npoTOHbl Ha 3TOT 

pa3 Hecnl.1 nonos1.1Hy 1.1Mnynbca nyYKa 1.1, TaKI.1M o6pa3oM, nonaAan1.1 s FD. 

TpeTb~ rnasa nocs.1lll\eHa on1.1caH1.110 o6pa6oTKI.1 AaHHbiX cneKTpoMeTpa ANKE, nonyyaeMbiX 

s 3Kcnep1.1MeHTax c OAHOKpaTHO~ 1.1 ASO~Ho~ non~p1.13a41.1e~. B 3TO~ rnase npeAcrasn~IOTC~ 

MeTOAbl Kan1.16pOSKI.1 cneKTpOMeTpa, SOCCTaHOSneHI.1~ C06biTI.1~ 1.1 SbiAeneHI.1.11 np04eCCOS S 3KC

nep1.1MeHTaX Ha ANKE, np1.1seAeHa MeTOAI.1Ka SbiYI.1TaHI.1~ cjJoHa 1.1 soccraHosneHI.1~ sepW1.1Hbl s 

1.13MepeHI.1~X C npOT.11>KeHHO~ HaKOni.1TenbHO~ ~Ye~KO~. 

An~ soccraHosneHI.1~ TpaeKTOp1.1~ YaCTI.14 s FD, PD 1.1 ND 1.1cnonb3yeT~ 1.1HcjJopMa41.1~ c 

MHoronposonOYHbiX nponop41.10HanbHbiX 1.1 APe~cjJosbiX KaMep 3TI.1X AeTeKTopos. KaMepbl pac

nonaraiOT~ s o6nacTI.1 pacce.11HHoro non~ MarHI.1Ta D2, KOTopoe np1.1SOAI.1T J11.1Wb K He3HaYI.1-

TenbHOMY OTKnOHeHI.110 TpeKOS OT np~MO~ J11.1HI.11.1. 3TO n03SOn~eT 1.1CnOJ1b30SaTb S 06JlaCTI.1 Ae

TeKTOpOS npOCTYIO MOAeJlb np~Moro TpeKa. MHoroKpaTHoe KynoHoscKoe pacce.11HI.1e T3K>Ke He 

OKa3biSaeT Cyll\eCTSeHHOfO Sni.1~H1.1~ Ha TpaeKTOp1.110 Y3CTI.1L\bl Me;>KAy KaMep3MI.1 1.1 YYI.1TbiSaeT~ 

COOTSeTCTSYIOll\1.1MI.1 AOnycKaMI.1 S npo4eAype pacn03HasaHI.1.11 TpeKOS~ 

np1.1 peri.1CTP341.11.1 ASyx 1.1 6onee Y3CTI.14 s AeTeKTOpax FD, PD 1.1 ND, AJ1~ onpeAeJ1eHI.1~ Tl.1na 

YaCTI.14 MO>KeT 1.1CnOnb30SaTb~ pa3HOCTb 1.1X 1.13MepeHHbiX speMeH nonaAaHI.1.11 S CL\1.1HTI.1nJ1~41.1-

0HHbl~ cYeTYI.1K. B cnyyae po>KAeH1.1~ 3TI.1X YacTI.14 s OAHOM s3ai.1MOAe~cTSI.11.1 nyYKa c MI.1WeHb10 

1.1 1.13 eAI.1HO~ sepW1.1Hbl, 3Ta pa3HOCTb pasHa pa3HOCTI.1 speMeH nponeTa YaCT1.14 OT MI.1WeHI.1 AO 

cYeTYI.1KOS C':.tof· C Apyro~ cropoHbl, npeAnonO>KI.1S onpeAeneHHble 3HaYeHI.1~ Mace napbl YaCT1.14, 

pa3HOCTb speMeH nponeTa C':.r(p!,p2 ) MO>KHO SbiYI.1Cni.1Tb C yYeTOM SOCCTaHOsnefiHbiX 1.1Mnynb

COS 1.1 Ani.1H TpaeKTOp1.1~. TorAa, Ha rpa¢1.1Ke 3aSI.1C1.1MOCTI.1 Me>KAY 1.13MepeHHO~ 1.1 SbiYI.1CJ1eHHo~ 

pa3HOCT.11MI.1 co6biTI.1~, AJ1~ KOTOpbiX npeAnonaraeMble MaCCbl oKa3aJ11.1Cb sepHbl, pacnono>KaTcll 

H3 Al.1aroHaJ11.1. 8 3KCnep1.1MeHTe C npoTOHHbiM nyYKOM TOJlbKO STOp1.1YHbl~ Ae~TpOH 1.13 HOpM1.1po

SOYHOro npo4ecca pd-+ d1r0 + Pspec per1.1cTp1.1posan~ s FD, a 3H3YI.1T, speMllnponeTHbl~ MeTOA 

1.1AeHTI.1cPI.1Ka41.11.1 6biJ1 Henp1.1MeH1.1M. B 3TOM cnyYae, Tl.1n YaCTI.14bl onpeAeJl~JlCll no 1.10HI.13a41.10H

HbiM noTepllM s fOAOCKone FD. npo4eAypa Kan1.16poSKI.1 noTepb 3Hepr1.11.1 oni.1CaHa s pa6oTe [35). 

0npeAeJ1eHI.1e Tl.1na YaCTI.14 S sepW1.1HHOM AeTeKTOpe 6biJ10 S03MO>KHO Ha OCHOS3HI.11.1 1.10HI.13a41.1-

0HHbiX noTepb 3Hepr1.11.1 AJlll Y3CTI.14, OCT3HOSJ1eHHbiX SO STOpOM 1.1n1.1 TpeTbeM CJlOe. 

B 3Kcnep1.1MeHTe c OAI.1HOYHO~ non~p1.13a41.1e~ 1.1C~OJ1b3osan~ sepT1.1KanbHO nonllp1.130SaH

Hbl~ npoTOHHbl~ nyYoK 1.1 Ae~Tep1.1esa~ KnaCTepHa.11 MI.1WeHb. Pa3Mepb1 nyYKa (a= 3- 5 mm) 

1.1 Ae~Tep1.1eso~ crpy1.1 (0 = 1 CM) He SHOCI.1J11.1 Cyll\eCTSeHHO~ HeonpeAeneHHOCTI.1 S SOCCTa

HaSnl.1saeMble KI.1HeMaTI.1YeCK1.1e napaMeTpbl 1.1 o6naCTb S3ai.1MOAe~CTSI.1ll CYI.1TanaCb TOYeYHO~ S 

ro;m30HTanbHO~ npoeK41.11.1. 3aAaYe~ 3Kcnep1.1MeHTa llSJl~JlOCb nonyYeHI.1e Al.1cP¢epeH41.1anbHoro 

ceYeHI.1.11 1.1 seKTOpHo~ aHaJ11.131.1PYIOll\e~ cnoco6HoCTI.1 npo4ecca jJn-+ {pp},1r-, YTO Tpe6osano 

onpeAeJ1eHI.1ll a6coJ110THO~ CSeTI.1MOCTI.1, a TaK>Ke non~p1.13a41.11.1 nyYKa. ,[\Jlll 3TOrO Heo6XOAI.1MO 

fiblnO OnpeAeJ11.1Tb OTHOWeHI.1e CSeTI.1MOCTe~, nonyYeHHbiX C pa3Hb1M1.1 HanpasneHI.1llMI.1 SeKTOpa 

non~p1.13a41.11.1 nyYKa. 
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,[lnll Sb1AeneHI.1ll npo4ecca pd-+ {pp }.1r- + Pspec• npoTOHHa~ napa {pp}; perl.1cTp1.1posanacb 

s nepeAHeM 1.1 6oKosoM AeTeKTopax, s AOnonHeHI.1e K YeMy Tpe6osanocb AeTeKT1.1posaHI.1e n1.16o· 

1r- s ND, n1.16o cneKTaTopHoro npoToHa Pspec s STT. npoTOHHble napbl HaAe>KHO OTAeJllliOTCll oT 

APYrl.1x nap YaCTI.14 1.1 eAI.1HCTSeHHbl~ 1.1CTOYHI.1K cjJoHa np1.1 sb1AeneHI.11.1 A1.1npoToHos- cnyya~Hble 

cosnaAeHI.1ll YaCTI.14, SKJlaA KOTOpbiX He npeSbiWan 7%. Ha 3Hepr1.110 S036y>t<AeHI.1ll npOTOHHO~ 

napbl {AL-~npoToHa) 6biJ10 Hano>KeHo orpaHI.1YeHI.1e Epp < 3 M38. 

111AeHTI.1cPI.1Ka41.1ll npo4ecca pd -+ {pp},1r- + Pspec np01.13SOAI.1nacb no seni.1YI.1He HeAOCTa

IOll\e~ M3CCbl peaK41.1L-I. YposeHb cPOHa S cnyYae peri.1CTp341.11.1 7r- 6biJ1 HI.13KI.1M (5-8%), YTO 

no3BOJ11.1no 1.1cnonb3osaTb Anll Hero npocToe nL-~He~Hoe on1.1caH1.1e. OcHOSHbiM 1.1CTOYHI.1KOM cjJoHa 

np1.1 per1.1cTpa41.11.1 cneKTaTopHoro npoToHa 6biJ1 cjJoH cnyYa~HbiX cosnaAeHI.1~ • .Qn.11 nonyYeH1.1ll 

cjJopMbl 3TOfO cPOHa S cneKTpax HeAOCT310~~ MaCCbl 1.1CnOnb30S3J11.1Cb 1.1CKYCCTSeHHO CKOHCTpy-

1.1pOSaHHble C06biTI.1~. ,[\nll Sb1AeJ1eHI.1ll KSa3L-!CB060AHO~ peaKL\1.11.1 pn-+ {pp}8 7r- S C06biTL-IllX 1.13 

nL-~KOB HeAOCTaiOll\e~ MaCCbl, 3Hepr1.1ll cneKTaTOpHoro npoToHa orpaHI.1YI.1sanacb csepxy T,pec < 6 

M3B. 

,[\nll peaKL\1.11.1 pd -t ~7r0 + Pspec Ae~TpOH S KOHeYHOM COCTOllHI.11.1 AeTeKT1.1posanCll S 

FD 1.1 SbiAenllnCll no noTepllM 3Hepr1.11.1 s roAOCKone, np1.1MeCb npoTOHHoro cjJoHa np1.1 3TOM 

He npesblwana 10%. CneKTaTopHbl~ npoToH perL-~cTp1.1posan~ s STT aHanori.1YHo cnyYaiO 

pd-+ {pp}s1r- + Pspeco 1.1 3AeCb T3K>Ke 1.1CnOnb30SaJ10Cb orpaHL-!YeHI.1e Tspec < 6 M38. npol.\eCC 

1.1AeHTL-IcPVIL\I.1POSaJ1Cll no SeJ11.1YI.1He HeAOCTaiOll\e~ M3CCbl, paBHO~ MaCCe 1r0. 3HaYeHI.1ll CSeT1.1MD

CTI.1 1.1 nonllp1.13a41.11.1 nyYKa onpeAenlln'l.1cb no A3HHbiM KSa31.1-cso6oAHOro npo4ecca pn -+ dn°. 

1/13 1.130TOni.1YeCKO~ VIHS3p1.1aHTHOCTI.1 cneAyeT, YTO CeYeHI.1e 3TOfO np04eCca pasHO nOJlOBVIHe 

ceYeHVIll pp-+ d1r+, a see cni.1HOSble Ha6n10AaeMble 3TI.1X peaKL\~~ cosnaAaiOT. 3HaYeHI.1ll Al.1¢

cjJepeHL\1.1anbHoro ceYeHI.1ll 1.1 Ay Anll pp -+ d1r+ np1.1 3Hepr1.11.1 353 M38 c xopowe~ TOYHOCTbiO 

oni.1CbiSaiOTCll cjJa30SbiM aHani.130M SAID [36), npeACKa3aHI.1ll KOToporo cosnaAaiOT s6nl.131.1 353 

M38 C V1Mel0ll\1.1MI.1Cll 3KcnepV1MeHTanbHbiMI.1 AaHHbiMI.1 C TOYHOCTbiO 5% An.11 CeYeHI.1ll 1.1 6% 

Allll A~. IIIHTerpanbHall cseTI.1MOCTb 6b1Jla onpeAeneHa pasHo~ L = {2312 ± 110) H6-
1
, cpeAHee 

3HaYeHI.1e nOJ1llp1.13al.\l.11.1 nyYK3 C yYeTOM OWI.16KI.1 HOpM1.1pOSKI.1 COCTaSI.1J10 p = 0.66 ± 0.06. 

B 1.13MepeHI.11.1 c ASO~Ho~ nonllp1.13341.1e~ VICnOJ1b3osanc~ sepT1.1KaJ1bHO seKTOpHo non~pV13o

saHHbl~ Ae~TpOHHbl~ nyYoK 1.1 nonllp1.13osaHHall SOAOPOAHall MI.1WeHb ANKE c HaKoni.1TenbHO~ 

llYe~KO~. l.J,eJlbiO 3KCnep1.1MeHTa fiblnO 1.13MepeHI.1e nonepeYHbiX Cni.1H-KOppeJ1lll.\1.10HHbiX K03cPcPI.1-

L\I.1eHTOS Ax,x 1.1 Ay,y s npol.\ecce iijJ-+ {pp} 8 7r-, Anll Yero 6biJ10 Heo6XOAI.1MO onpeAeJ11.1Tb 

nonllp1.13al.\l.110 nyYKa 1.1 MI.1WeHI.1 1.1 OTHOCI.1TeJ1bHble CSeTI.1MOCTI.1 AJlll pa3HbiX HanpasneHI.1~ SeK-. 

Topos nonllp1.13al.\1.1~. PeaK41.1ll dp-+ {pp}8 7r- + Pspec SbiAeJlllJlaCb no cneKTaTopHoMy npoToHy, 

3aperi.1CTp1.1posaHHOMY s AeTeKTope FD 1.1 ASYM npoTOHaM s PD. CneKTaTop Pspec• s npOTI.1-

sonono>KHOCTb cnyYaiO C Ae~Tep1.1eSO~ MI.1WeHbiO, YHOCI.1n OKOJ10 nOJ10SI.1Hbl 1.1MnyJ1bCa nyYKa 1.1 

SblneTan noA yrnaMI.1 oKono 0 s na6. CI.1CTeMe, a 1.1Mnynbc npoTOHos 1.13 napbl {pp}, 6bln SASOe 

MeHbwe 1.1Mnynbca cneKTaTopa. ,[lnll onpeAeneHI.1ll Tl.1na YaCTI.14 1.1Cnonb30san~ MeTOA oT6opa 
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no epeMeHl/1 npollEha. )J,IIInpOTOHbl, KaK 180 COCTO~Hl/1~, Bbl6lllpalll/1Cb cpeAIII BbiAelleHHbiX nap 

npoTOHOB HallO>KeHIIIeM orpaHIII4eHIII~ Ha 3Heprllll0 eo36Y>KAeHIII~ AlllnpoToHa Ew < 3 M3B. AHa

llOr1114HbiM o6pa30M no BpeMeHl/1 npolleTa BbiAell~lliiiCb npOTOH-AeihpOHHble napbl B cofibiTIII~X 

HOpM111pOB04HOro np04eCca dp ~ d1r0 + Pspeco B KOTOpOM KaK AeihpoH, TaK Ill Pspec AeTeKTIII

poBalliiiCb B FD. 3Ha~ Tlllnbl 3aAeTeKTIIIpOBaHHbiX 4aCTIII4, npo4eccb1 dp ~ {pp},1r- + Pspec 111 

dp ~ d1r0 + Pspec BbiAell~lliiiCb no Bell1114111He HeAOCTaiOI!.\eiii MaCCbl B HI/IX, paBHOiii Macce nlllo

HOB m,.-, m,.o, COOTBeTCTBeHHO. )J,n~ BbiAelleHI/I~ KBa31/1CB060AHOiii KIIIHeMaTIIIKIII, KIIIHeTIII4eCKa~ 

3Hepr111~ cneKTaTopHbiX npoTOHOB 6bllla orpaHIII4eHa T.pec < 6 M3B. 

PeaK4111111, aHalloriii4Hble 1113y4aeMbiM npo4eccaM dp-e3aiiiMOAeiiicTBIII~. npOIIICXOAIIIlllll TaK>Ke 

nplll B3ai/IMOAeiiiCTBIIIIII ny4Ka C ~ApaMIII alliOMIIIHIII~ 1113 CTeHOK HaKOniiiTellbHOiii ~4eiiiKIII, 4TO CTallO 

OCHOBHbiM IIICT04HIIIKOM HeycrpaHI/IMOrO cPOHa B 3KCnep111MeHTe. )J,ll~ onpeAelleHI/I~ 3TOiii cPOPMbl 

6bllllil npoBeAeHbl OTAeJlbHble 1113MepeHIII~ c nycToiii ~4eiiiKoiii, a TaK>Ke c ~4eiiiKoiii, 3anollHeHHoiii 

a30TOM, KOTOpble TaK>Ke 6bllllll nOABeprHYTbl npo4eAype BbiAelleHIII~ 1113y4aeMbiX np04eCCOB, Ill 

nolly4eHHble cneKTpbl HeAoCTaiOI!.\IIIX Mace oniiiCbiBalllll cf>oH np111 Hallo>KeHIIIIII Ha aHallOriii4Hble 

cneKTpbl All~ BOAOPOAHbiX co6b1TIIIiii. • 

B 4eTeepToiii rllaBe npeACTaBlleHbl pe3yllbTaTbl 1113MepeHIII~ AlllcP<f>epeH4111allbHoro ce4eHIII~. 

BeKTOpHOiii aHalli/I3111PYIOI!.\eiii cnoco6HOCTIII Ill nonepe4HbiX CniiiH-KOppell~41110HHbiX K03cPcPIII4111eH

TOB e npo4eccaxpn ~ {pp},1r- 111 pn ~ d1r0
• L·hllaraeTc~ npol.\eAypa coeMeCTHoro napl.\lllallbHO

BOllHOBoro aHalll/l3a peaKL\IIIiii pn ~ {pp}.7r- Ill pp ~ {pp}s1r0 , Ill o60CHOBbiBaeTC~ HeOfiXOAIII

MOCTb AOnOllHIIITellbHO.rO 1113MepeHI/I~ CMeLUaHHOrO CniiiH-KOppell~41110HHOrO K03cPcPIII4111eHTa Ax,z 

B npOL.\ecce pn ~ {pp},1r-. 

B CIIICTeMe OTC4eTa, B KOTOpoiii ny40K HanpaBlleH no OCI/I l Ill OCb Y nepneHAIIIKYll~pHa nllOC

KOCTIII peaK4111111, a ny40K Ill MI/ILUeHb nOll~p11130BaHbl nepneHAIIIKYll~pHO K nllOCKOCTIII KOllb4a ycKo

piiiTell~ CO 3Ha4eHIII~MIII nOll~p1113a4111111 p Ill Q, COOTBeTCTBeHHO, AlllcP<f>epeH4111allbHOe Ce4eHI/Ie 

peaK4111111 HYKl10H-HYK110HHoro B3aiiiMOAeiiiCTBIII~ MO>KHO 3anl/lcaTb: 

da da p Q 2 . 2 )] 
dfl =(dfl)o[l+(PAY +QAy)cos</>,.+PQ(Ay,ycos </>,.+Ax,xsm </>, , (2) 

rAe (da/dfl)0 - Henoll~plll3oBaHHoe ce4eHIIIe, ¢,.- a3111MYTallbHbliii yroll BbllleTa nllloHa B lla6opa

TOpHoiii CIIICTeMe oTc4eTa. AHalliii3111PYIOI!.\IIIe cnoco6HOCTIII ny4Ka A: 111 MIIILUeHIII A~. TaK>Ke KaK 111 

CniiiH-KOppen~4IIIOHHble napaMeTpbl Aii• ~Bll~IOTC~ <f>yHK4~1~MIII noll~pHoro yrlla BbllleTa n111oHa 

0,. 

Cn111Hoea~ crpyKrypa peaK4111iii pp ~ {pp}.1r0 111 pn ~ {pp}.1r- c cniiiH-CIIIHrlleTHbiM Alll

npoTOHOM B KOHe4HOM COCTO~HIIIIII OAIIIHaKOBa Ill COOTBeTCTByeT peaK4111111 Tlllna ~ + ~ + ~ o+o-. 

!t13.~pe6oeaHIII~ coxpaHeHIII~ 4eTHOCTIII 111 yrlloeoro MOMeHTa Ha4allbHa~ HyKJ1oH-HYK110HHa~ na

pa AOll>KHa IIIMeTb cn111H S = 1. )J,ee He3aBIIICIIIMble cKall~pHble aMnlliiiTYAbl, A 111 B, MO:>KHO 

onpeAelliiiTbB TepMIIIHax nollHOiii aMnlliiiTYAbl M: 

M = S · (Ap + Bk) , (3) 
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I 

rAe S- BeKTop noll~p1113a4111111 Ha4allbHoro cniiiH-TplllnlleTHoro N N-cocTo~HIII~. p 111 k- eAIIIH1114-

Hble BeKTOpbl B C.4.M., HanpaBlleHHble BAOllb IIIMnyllbCOB HalleTaiOI!.\ero npOTOHa Ill KOHe4HOrO 

niiiOHa, COOTBeTCTBeHHO. 

CniiiHOBble Ha6ll10AaeMble Bblpa:>t<aiOT~ B TepMIIIHax cKall~pHbiX aMnlliiiTYA A 111 B CJ1eAYIOI!.\IIIM 

o6pa30M [26]: 

da 
(-)o 
dfl 
da AP(-)o 

y dfl 
da 

Ax,x(dfl)o 

da 
Ax,z(dfl)o 

AQ 
y 

~1.2i 
•.:!, ' 
~ 1' 

.g 0.8 

0.4 

0.2, 

:P (IAI2 + IBI2 + 2Re[AB*] cos 0,.), 

~(2/m[AB*] sinO,), 
4p 
k 
4
P (IAI2 + IBI2 cos 20, + 2Re[AB*] cos(),) , 

-~(2IBI7.sin 0, cos 0" + 2Re[AB*] sin 0"), 
4p 

A: , Ay,y = 1 , Az,z = - Ax,x , Az,x = Ax,z · 

. If 

0r . ' .. , . 't • t" .. , 
-1 -0.5 n n.::: 1 

(4) 

P111c. 2: Henoll~p11130BaHHoe AlllcP<f>epeH4111allbHoe ce4eHIIIe peaK4111111 pn ~ {pp},1r- B 3aBIIICIII

MOCTIII OT KOCIIIHyca niiiOHHOro yrlla BbllleTa. Pe3yllbTaTbl ANKE co CTaTIIICT1114ecKIIIMIII norpew

HOCT~MIII noKa3aHbl nycTbiMIII KpyraMI/I. Pe3yllbTaTbl TRIUMF All~ peaK4111111 pn ~ {pp} 8 7r- no

Ka3aHbl KpeCTaMIII [17]. np01113BOllbHO MaCLUTa6111pOBaHHble pe3yllbTaTbl, nolly4eHHble 1113 AaHHbiX 

TRIUMF All~ 7r- 3He ~ pnnspec [41], noKa3aHbl 3Be3A04KaMIII. nyHKTIIIpHOiii KpiiiBOiii o6o3Ha4eH 

Ky61114eCKIIIiii cPIIIT AaHHbiX c ANKE, a cnllOLUHoiii lliiiHIIIeiii - pe3yllbTaT nap4111allbHD-BOllHOBoro 

aHalllll3a. 

Pe3yllbTaTbl All~ AlllcP<f>epeHL\IIIallbHoro ce4eHIII~ da/dfl KBa3111CBo6oAHOiii pn ~ '{pp} 87r

peaK4111111, npoiiiHTerplllpoeaHHoro no IIIHTepeally 3Heprllllll eo36Y>KAeHIII~ Ew = (0 - 3) M3B 111 

ycpeAHeHHoro no 3<f><f>eKTIIIBHoiii 3Hepr111111 ny4Ka Tfree = 353 ± 20 M3B, noKa3aHbl Ha p111c. 2. 

Ha TOM >Ke plllcyHKe TaK>Ke noKa3aHbl AaHHble 3KcnepiiiMeHTa TRIUMF All~ KBa3111CBo6oAHOro 

1r- po>KAeHIII~ [17]. KaK CJ1eAyeT 1113 plllcyHKa, pe3yllbT3Tbl 3Kcnep111MeHTa TRIUMF oxeaTbiB310T 

TOllbKO 4eHTpallbHble yrllbl BbllleTa niiiOHa (17], a HOBble A3HHble pacnpoCTpaH~IOT~ Ha BeCb 

yrllOBoiii Alllana30H. 

Pe3yllbT3Tbl All~ aHalllll3111pyiOI!.\eiii cnoco6HOCTIII A~ npeACTaBlleHbl Ha p111c. 3. npllleMlleMoe 

corllacl/le co 3H34eHIII~MIII A~ 3Kcnep111MeHTa TRIUMF [16]-Ha6ll10AaeT~ np111 6ollbLUIIIX yrllax 
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~0.2 

~ ~ a) 
~0.1 

:g 0 

.j: 

-6~-~~3~0~~6~0~~9~0~~1~20~~1~5~0~180 
e~m [deg] 

PIAC. 3: a) npo1A3BeAeHIAe IA3MepeHHOii aHaJ11A31APYIOll.leii cnoco6HOCTI11~ 11 A~<~cPciJepeH411aJlbHOro 
ce'-teHI1.il peaK41111 pn -7 {pp} 8 7r- np~<~ 3Hepr1111 353 M3B s 3aB11CI1MOCTI1 OT ni10HHOro yma 

BbiJleTa. nyHKTIApH0£1 Kp11BOiA o603Ha'-teH Ky611'-teCKIAiA cjJ11T, a CnllOWH0£1 JliAHIAe£1 - pe3yllbTaT 

nap411aJJbHD-BOJJHosoro aHaJJI13a. b) A~. nony'-leHHa.il Ha ANKE (nycTble Kpyr11) lA e TRIUMF (16] 
{KpeCTbl). WTp11xosaHHOiA 11 cnnowHoiA JJI1HI1.ilMI1 noKa3aHbl pe3yJJbTaTbl AeJJeHIA.il AJJ.il cPI1TOB c 

naHeJJIA a) 11 113 p11c. 2. 

BbiJleTa niiiOHa, a TaK~e o6a Ha6opa AaHHbiX AeMOHCTp11pytOT CIIIJlbHYIO HeCI1MMeTp111'-tHYIO OC-

1..\IAllll.ill..\1110 s 1..\eHTpallbHOii yrnosoii o6nacTIII. 0AHaKo, s o6nacTIII ()" ::; 60° Ha6JJtOAaeTc51 cy

ll.\eCTBeHHoe pacxo~AeHIIIe pe3yJJbTaTOB KaK All.il aHaJJI13111pytOll.leii cnoco6HoCTIII A~. TaK 111 AJJ51 

ce'-leHI151 do-jdO., noKa3aHHoro Ha p111c. 2. 

OnpeAeJJeHIIIe A11cjJcjJepeH4113JlbHOro Ce'-teHI1.il Ill aH3J1113111PYIOll.leii cnoco6HOCTI1 peaKI..\IAI1 np -7 

{pp}s7r- B dp KI1HeMaTI1Ke Aaih B03MO~HOCTb y6eAIIITbC.il B npaBIIIJlbHOCTI1 npoBeA€HIII51 3KCne

p1AMeHTa c ABOiiHoii nOll.ilp1A3341Aeii, 6onee CJlO~Horo AJ151 aHaJJIA3a. npoTOHHa.il lA HeiiTpOHH351 

3H3J11A31APYIOLI.\1Ae cnoco6HOCTIA 6biJ11A nony'-teHbl IA3 A3HHbiX C ABOiiHo£1 nOll.ilp1A.3341AeiA nyTeM 

ycpeAH€HIA.il no nOll.ilp1A331..\IAOHHbiM COCT051HIA.ilM ny'-!Ka lA MIAWeHIA, COOTBeTCTBeHHO lA npeACTaB

JleHbl Ha p~<~c. 4. 8 4e11oM, KaK ~<~ o~~<~AaJJocb AJJ.il AaHHoro npo4ecca, pe3yJJbTaTbl All.il A~ ~<~ A~ 

noJJHOCTbtO cornacytOTC.il Apyr c ApyroM (p~<~c. 4b), '-ITO noATBep~AaeT KoppeKTHOCTb 3Kcnep~<~-

MeHTa 11 ero aHaJJIA3a. 

An.il onpeAeJJeHIA.il cniAH-Koppell.ili..\IAOHHbiX Ko::JcjJcjJ~<~u,~<~eHTOB, 3an~<~weM 3Kcnep~<~MeHTallbHYtO 

a~~MMeTpiAIO B 3KCnep!AMeHTe C ABOiAH0£1 nOll.ilp1A33U,IAeii, IACnOJlb3Y.il COOTHOWeHIAe 2, CJleAytO

li.\IAM o6pa3oM: 

E1 - E2 ( . 2 A 2 ) ~ = El + E
2 

= PQ Ax,xSlll rP-rr + y,yCOS rP-rr , (5) 

rAe E1 == Nn + Nu_, E 2 == NH + Ntt. 3AeCb N o3Ha'-taeT '-IIACJJO eo6biTIAii, 3aper~<~CTp~<~posaHHbiX 
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P111e. 4: Ha6JJtOAaeMble, nony'-teHHble All.il peaK4111A pn -7 {pp},1r- np11 ::JHepr11111 353 M3B np11 

orpaHI1'-teHI11A Ha 3HeprllltO B036y~A€HIII.il A~<~npoToHa Epp < 3 M3B. (a) HenoJJ.ilp11130BaHHoe A11cP

cjJepeH41AaJJbHOe Ce'-t€HI1e. ·Pe3yllbT3Tbl, nony'-leHHble B 3KCnep11MeHTe C OAIIIHO'-IH0£1 nOll.ilpiA3a-

4111eii [1] noKa3aHbl 3aWTp11XOBaHHbiMI1 o6JJaCT.ilMI1, KpiABa.il noKa3biBaeT Ky61A'-teCKI1£i cPI1T 3TI1X 

AaHHbiX. l.JepHbiMI1 TO'-IKaMIII o603Ha'-teHbl pe3yllbTaTbl CO CTaTIIICTIII'-teCK0£1 norpeWHOCTbiO, nony

'-teHHble s 3KcnepiiiMeHTe e ABOiiHoii non.ilp111334111eii (2]. TaK KaK He 6biJJo AOCTIIIrHYTO a6coJJtOTHoii 

HOpMaJ11113aU,IIIIII, 3Ha'-teHIII.il Ce'-leHIII.il 6biJ1111 HOpM111pOBaHbl Ha np01113BOJ1bHbl£i 06ll.\lll£i MHO~IIITeJTb. 
AaHHble TRIUMF [17] o6o3Ha'-teHbl TpeyronbHIIIKaMIII. (b) npoTOHHa.il aHaJTIII3111PYIOll.\3.il cnoco6-

HOCTb A~ (TO'-IKIII), HeiiTpOHHa.il aHaJT~3111PYtOll.\a.il cnoco6HOCTb A~ (3aWTp111xoeaHHble o6nacr111), 

noJTy'-teHHble OAHOBpeMeHHO B 3KCnepiiiMeHT€ e ABOiAH0£1 nOll.ilp113al..\11e£i (2]. 

+-+
+ 
50 100 150 

ex [deg] 

Pille. 5: CniiiHOBble KOppeJT.ilU,110HHble K03cjJcjJIIIU,IIIeHTbl AJT.il peaKU,IIIIII np -7 {pp}.n- nplll 3Heprllllll 

353 M38 co CTaTIIICTIII'-teCKIIIMIII norpewHOCT.ilMIII, KaK cPYHKU,IIIIII niiiOHHoro yrna BbiJTeTa [2]. (a) 

Ay,y· rop11130HTaJTbHOii JTIIIHIIIeiA noKa3aH cjJIIIT KOHCTaHTOii. (b) 3Ha'-teHIII.il Ax,:z; 6biJ1111 noJJy'-leHbl 

noCJJe HaJJo~eHIII.il Tpe6osaH11.il Ay,y = 1 AJT.il scex yrnoe BbiJTeTa nllloHa. 
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c pa3m14Hb1Mlil HanpaeneHlii~Mlil non~plil3al\lil~ nyYKa 111 Ml!IWeHlil, a PQ - npoL-~3BeAeHlile non~

p1113al\lil~ nyYKa 111 Ml!IWeHlll. 3KcnepliiMeHTaJJbHble AaHHbJe 6bJJJlil pacnpeAeJJeHbl no n~Tlil 6111HaM 

no yrny BbJJJeTa n111oHa 8, 111 BeJJlll'll!IHa f./ PQ cpliiTlilpoeanacb JJliiHe~Ho~ ¢YHKL\lile~ no cos2 ¢, B 

Ka>KAOM 6111He. Pe3ynbTaTbl All~ cnliiH-Koppen~4liiOHHbJX napaMeTpoe B 3aBliiCliiMOCTlil oT IJ, no

Ka3aHbl Ha p111c. 5. Benlll'll!IHa Ay,y AeMoHcTplllpyeT xopowee cornacL-~e c O>KliiAaeMbJM 3HaYeHlileM 

Ay,y =: 1 [26]. l.JTo6bJ yMeHbWl!ITb HeonpeAeJJeHHOCTlil B pe3yJJbTaTax AJJ~ cnl!IH-KoppeJJ~L\L-IOHHoro 

K03¢¢L-~4lileHTa Ax,x• All~ ecex 3HaYeHlil~ yrnoe 8, 6bJJlO 3a¢l!IKClllpoeaHo 3HaYeHl!le Ay,y = 1, 

nocne yero Jll!IHe~Hbl~ no cos2 ¢rr ¢111T 6bJJ1 noeTopeH, 111 TaKliiM o6a30M 6bJJ1 nonyYeH pe3yJJbTaT, 

noKa3aHHbl~ Ha plilc. 5b. 

B PWA npo4eAype l!lcnonb30Banl!ICb see AaHHbJe, nonyYeHHble AJl~ Alll¢¢epeHL\lilaJlbHoro ce

YeHlil~, A~ 111 Ax,x AJl~ peaKL\lillil pn -t {pp} 8 1r- [1,2], a TaK>Ke AaHHbJe AJl~ ceYeHlil~ 111 A~ AJl~ 

peaKL\lillil pp -t {pp}.1r0, TaK>Ke nonyYeHHbJe Ha ANKE [19]. 3Kcnepl!IMeHT npoBOAliiJl~ B oKpecT

HOCTlil 3Heprlil~ 353 M38, Ill AJl~ TaKl!IX Hlii3Kl!IX 3Heprlil~ MO>KHO npeAnOJlO>KliiTb, 'lTO BKJlaA BHeCYT 

JlliiWb Hlii3Klile nliiOHHble napl\lilaJlbHble BOJlHbl. nepBbl~ napl\l!laJlbHQ-BOJlHOBO~ aHaJll/13 HL-13K03Hep

reTL-14HbiX AaHHbiX AJl~ nliiOHHoro 3axeaTa Ha AlilnpoToHe B ~Ape 3 He- 11"-PPs -t np np111 T" = 85 

M3B, YTO COOTBeTcTeyeT Tn = 425 MJB B Cl!ICTeMe noKO~ nd - 6bJJ1 npoAenaH c yYeToM s- 111 

p-BOJlHOBbiX nOliiHOB [20]. 0AHaKO, KaK 6bJJ10 noKa3aHo [30), BKJlaA nl!IOHHbiX d-BOJlH 3Ha'll!ITeJleH. 

B HaweM aHaJllil3e YYliiTbJBaiOT~ YneHbl pa3no>KeHlil~ AO nliiOHHbiX d BOJlHBKJliO'll!ITenbHO, AJl~ 

KOTOpbiX l!IMeeTC~ Tplil pa3peweHHbiX nepeXOAa 1113 Ha'laJlbHOrO COCTO~Hlil~ I= 1: 3P0 -t 1S0s, 

3 P2 -t 1 S0d 111 3 F2 -t 1 S0d. 06o3Ha'll!IM 3Tlil aMnnliiTYAbJ KaK M!:, Mf 111 M/f, cooTBeTcTBeHHO. 

B cnyyae HaYaJlbHoro cocTO~Hlil~ I = 0 cyLl.leCTByeT ABa p-BOJlHOBbiX (no KOHeYHbJM nliloHaM) 

nepexoAa, 3S1 -t 1S0p 111 3 D 1 -t 1S0p. CooTeeTCTBYIOLlllile aMnnliiT)'AbJ o6o3Ha'll!IM KaK M% 111 

Mf!. npeHe6pera~ CB~3bl0 KaHaJlOB 3 Pz Ill 3 Fz Ill, npl!IMeH~~ TeopeMy BaTCOHa [38, 39], MO>KHO 

3a¢l!IKCl!lpoeaTb ¢a3bl KOMnneKCHbiX aMnJlliiT)'A M!:, Mf 111 M/[. 0AHaKo, cneAyeT 3aMeTl!ITb, YTO 

TaKa~ npOL\eAypa He MO>KeT 6b1Tb l!ICnOJlb30BaHa AJl~ ABYX aMnJll!ITYA C p-BOJlHOBbiMlil nliiOHaMl!l 

lil3-3a CliiJlbHO~ CB~3lil Me>KAY HaYaJlbHbiMlil 3 S1 Ill 3 D1 COCTO~Hlii~M11. 

3cpcpeKTbl HeonpeAeJleHHOCTlil B HOpMaJll!l3al\lillil AaHHbiX 6bJJllil liiCKJliO'leHbl C nOMOLl.lbiO no

CTpOeHl!l~ nonHo~ HeAl!laroHanbHO~ Koeapl!laHTHO~ MaTplil4bl M AJl~ lii3MepeHHbiX TO'leK 111 ML-I

Hl!IML-13al\l!llil 06Ll.le~ cpopMbl x2 = DiM;:/Dj, rAe D; - lii3MepeHHOe OTKJlOHeHL-!e i-~ TO'lKlil. nol!ICK 

rno6anbHoro MliiHl!IMyMa x2 npol!I3BOAliiJ1C~ cHaYana H~ ceTKe B npoCTpaHCTBe eenlil'll!IH 111 ¢a3 p

BOJlHOBbiX aMnJlliiT)'A, a aMnJll!IT)'Abl S Ill d BOJlH 6b1Jllil 3acpliiKClilpOBaHbl C nOMOLl.lbiO cp1na AaHHbiX 

po~eHlil~ 7r
0 • B pe3yJlbTaTe, 6b1Jllil Ha~AeHbl Tplil MliiHliiMyMa c O'leHb 6Jll!I3Kli1Mlil 3Ha'leHl!I~Mlil x2 ' 

nocne Yero n~Tb aMnJlliiT)'A cpliiTlilpOBaJll!ICb B6Jll!l3lil OT Ka>KAOrO 1113 MliiHliiMYMOB. 

. Ha p111c. 6 noKa3aHbl Ha~AeHHbJe Tplil PWA-peweHlil~ AJl~ Ha6n10AaeMbJX peaKL\lillil np -t 

{pp},1r- B cpaBHeHlillil c AaHHbJMlil ANKE. )J,aHHbJe AJl~ Alil¢¢epeHL\lilanbHOro ceYeHlil~ 111 aHa

Jllil3lilpy10Ll.lel1 cnoco6HoCTl!l A~ onl!ICbJBaiOT~ OAliiHaKoeo xopowo eceMlil TpeM~ peweHl!I~Mlil. C 

AP'fro~ CTopoHbl, npeACKa3aHl!l~ AJl~ cnl!IH-Koppen~L\liiOHHOro KoJ¢¢1114111eHTa Ax x 111, oco6eHHO, 
/ ' 
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Pl!IC. 6: npeACKa3aHlil~ napl\l!laJlbHQ-BOJlHOBOro aHaJll!l3a AJl~ peaKL\lillil pn -t {PP}s1r- AJl~ 3Hep

rlillil 353 MJB, Epp < 3 MJB; cnnowHa~. c AJlliiHHbiMlil wTplilxaMlil 111 c KopoTKliiMlil wTplilxaMl!l 

JlL-IHlillil cooTBeTCTBYIOT pa3HbJM peweHl!I~M. TaK>Ke npeACTaBneHbl 3Kcnepl!IMeHTaJlbHbJe pe3ynb

TaTbJ. (a) )J,lll¢¢epeHL\lilanbHOe nonepeYHoe ceYeHl!le; (b) aHaJll!l3liiPYIOLlla~ cnoco6HOCTb A~. no

nyYeHHa~ B 3Kcnepl!IMeHTe c ABO~Hol1 non~plil3al\l!le~; (c) Ax,x; (d) Ax,z. 3Kcnepl!IMeHTaJlbHbJe 

AaHHble Ha AaHHbl~ MOMeHT OTCYTCTBYIOT. 

AJl~ Ax,z• 3aMeTHO OTJll!l'laiOTC~ APYr OT APYra. )J,aHHble AJl~ Ax,x• nonyYeHHble B 3TO~ pa6oTe, 

He npOTliiBOpe'laT B 06Ll.ll!IX YepTaX BC~M TpeM npeACKa3aHlii~M Ill n03TOMy, Y'lliiTbiBa~ CTaTlii

CTlil'leCKlile HeonpeAeJleHHOCTlil, HeJlb3~ CAMaTb OKOH'laTeJlbHbl~ Bbl6op B nOJlb3Y KaKoro-nlii60 

peweHl/1~. npliiHl!IMa~ BO BHl!IMaHl!le paAl!IKaJlbHble OTJllil'lL-1~ B npeACKa3aHl!I~X AJl~ Ax,zo 3KCne

p111MeHTaJlbHble lii3MepeHlil~ 3TO~ BeJllil'lliiHbl OKa3bJBaiOTC~ OC06eHHO Ba>KHbl AJl~ pa3peweHlil~ 

HeOAH03Ha'lHOCTlil B npoBeAeHHOM aHaJll!l3e. 

noMliiMO OCHOBHOI:t 3aAa'llil 3KCnepliiMeHTa C non~plii30BaHHbiMlil nyYKOM Ill Ml!IWeHbiO- onpe

AeJleHl/1~ cnl!IHOBbJX Ha6niOAaeMbiX npo4ecca iip -t {pp} 8 1r- - Te >Ke AaHHble no3BOJlliiJllil 1113-

eneYb cnL-~H-Koppen~L\liiOHHbJe Ko3¢¢lil4lileHTbl Ax,x. Ay,y peaK4lillil iip -t d1r0 [3]. lth lii30Cnl!IHO

BO~ liiHBapl!laHTHOCTlil CJJeAyeT, 'lTO Ce~eHl!le npOL\eCCa np -t d1r0 AOJl>KHO 6b1Tb BABOe MeHbWe 

Ce'leHlil~ pp -t d1r+, a BCe CnliiHOBble Ha6J110AaeMble B 3Tl!IX npOL\eCCaX AOJl>KHbl 6b1Tb OAliiHaKOBbl. 

PeaKL\111~ pp -t d1r+ lii3YYaeT~ AaBHO, 111 K HaCTO~Ll.leMy epeMeHlil HaKonneH o6wlilpHbl~ Ha6op 

AaHHbiX. 3Tlil AaHHbJe 6bJJllil lilcnoJlb30BaHbl B ¢a3oeoM aHaJll!l3e SAID An~ JHeprlil~ npoTOHHo

ro nyYKa AO 1.3 r38 [36). HanpOTliiB, cyLl.leCTeyeT OTHOCliiTeJlbHO HeMHOro lii3MepeHl!l~ Ce'leHl!l~ 

np -t d1r0 [43,44), Ill eLl.le MeHbWe lii3BeCTHO 0 Cnl!IHOBO~ 3aBl!ICl!IMOCTlil npo4ecca. )J,aHHbl~ aHaJll/13 

CTaBl!IJl CBOel1 3aAa'le~ BOCnOJlHliiTb 3TOT npo6en Ill cpaBHliiTb pe3yJlbTaTbl pn-B3al!IMOAe~CTBlil~ C 

AOCT)'nHbJMlil AaHHbiMlil pp -t d1r+ 111 npeACKa3aHl!I51Mlil ¢a3oeoro aHanlil3a. )J,n51 peweHl/151 3TO~ 

3aAa'llil npl!IMeH51Jll!ICb MeTOAliiKlil Bbl'lliiTaHl/151 cpoHa Ill BOCCTaHOBJleHl/151 eepwliiHbl B3al!IMOAe~CTBlil51 

nplil lii3MepeHlillil C Ml!IWeHbiO C npOT51>KeHHO~ HaKOnl!ITeJlbHOl1 51'le~KOl1, pa3pafioTaHHbJe nplil lil3y-
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~eHIIIIII npol\ecca fip-+ {pp}s'lr-. 

.{ 

<~ 

100 
1~, (deg] 

P111c. 7: CniiiH-Koppemll\IIIOHHble K03cPcPIIIL\IIIeHTbl (a) Ax,x 111 (b) Ay,y• nony~eHHble An~ peaK-
1..1111111 np-+ d'll"0 , B 3aBIIICI/IMOCTI/I OT niiiOHHOro yrna BblneTa ()" B C.L\.M. [3]. To~KI/I noKa3aHbl 
CO CTaTIIICTI/I~eCKI/IMIII norpeWHOCT~MIII. 3Ha~eHI/I~ CIIICTeMaTIII~eCKIIIX norpeWHOCTeiii 0603Ha~eHbl 
3awTp111xoeaHHOiii o6naCTbiO. Pe3ynbTaTbl cpaBHIIIBaiOTC~ c npeACKa3aHIII~MIII SAID [36], o6o3Ha

~eHHbiMIII CnnoWHOiii niiiHIIIeiii. 

npol\eAypa nony~eHI/I~ 3Ha~eHIIIiii CniiiHOBbiX KOppen~l.lllliii B peaKL\111111 fip -+ d7r0 aHano

riii~Ha TOiii, ~TO lllcnonb3yeT~ An~ nony~eHIII~ Ax,x 111 Ay,y An~ KBa31/1CB060AHOiii peaKL\111111 

np-+ {pp}.'ll"-. Pe3ynbTaT noKa3aH Ha p111C. 7, o6a K03cjJCpllll\llleHTa xopowo oniiiCbiBaiOTC~ pe

weHI/I~MI/I SAID [36]. 0TMeTIIIM, ~To cy1.4eCTBY101.4111e np111 3Heprllllll 350 MaB AaHHble An~ Ax,x 

111 Ay,y B npol\ecce pp-+ d'll"+ [42], 111Me101.4111e norpewHOCTIII, cpaBHIIIMble c eeniii~IIIHOiii ClllrHa

na, 111 noToMy He noKa3aHHble Ha p111c. 7, cna6o en111~eT Ha pe3ynbTaTbl napl\lllanbHo-eonHoeoro 

aHanl!l3a. 

B 3aKniO~eHIIIIII cyMMIIIPYIOTC~ pe3ynbTaTbl, nony~eHHble B AIIICcepTal\IIIOHHoiii pa6oTe. 

1. Bnepeble 6blnlll npoBeAeHbl 1113MepeHI/Ie 111 aHani/13 AaHHbiX no A111cP¢epeHL\IIIanbHOMY ce~e-

. HIIIIO dcr/dO. 111 npoTOHHoiii aHaniii3111PYIOI.4eiii cnoco6HOCTIII A~ npol\ecca jJn-+ {pp},'ll"- np111 

3Hepr111111 npoTOHHoro ny~Ka Tp = 353 MaB e nonHoM yrnoeoM IIIHTepeane 111 nplil 3Heprllllll 

Bo36Y>KAeHIII~ AlilnpoToHa Epp < 3 MaB. nony~eHHble pe3ynbTaTbl, e OCHOBHOM, cornacy

IOT~ c AaHHbiMIII TRIUMF np111 Toiii >Ke aHeprllllll ny~Ka 111 EPP < 1.5 MaB, B orpaHIII~eHHbiMIII 

. l.leHTpanbHbiM IIIHTepeanoM yrnoe. 

2. np111 IIICnOnb30BaHI/II/I IIIHcPOpMal.\111111 0 BpeMeHIII nponeTa ~aCTIIIL\ C BepWIIIHHOrO AeTeKTQ

pa·ANKE, npoTOHHa~ aHani/I3111PYIOL4a~ cnoco6HOCTb A~ 6blna nony~eHa c orpali111~eH111eM 

Epp < 1.5 MaB, 'iTO no3eon111no npoeecTIII cpaeHeHIIIe c pe3ynbTaTaMIII TRIUMF B OAIIIHaKo-
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BbiX ycnosl!l~x. ,D,aHHble ANKE B o6o111x cny~a~x xopowo coenaAaiOT, np111 3TOM coxpaH~eT~ 

Ha6n10AaeMoe pacxO>KAeHI/Ie c AaHHbiMIII TRIUMF • 

3. npol\eCC fip-+ {pp}.7r- 6bln BnepBble IIICCneAOBaH C npi!IMeHeHIIIeM BeKTOpHO non~p1113Q

BaHHOrO AeiiiTpOHHoro ny~Ka 111 non~piii30BaHHOiii npoTOHHOiii MIIIWeHIII. Pa3pa6oTaHbl Me

TOAIIIKIII non~piiiMeTpllllll e aKcnepiiiMeHTe c ABOiiiHoiii non~p1113a1..1111eiii, y~eTa ¢oHa 111 eoccra

HosneHIII~ KOOPAIIIHaTbl BepWIIIHbl i'lplll 1/13MepeHI/II/I C HaKOni/ITenbHOiii ~~eiiiKOiii. 

4. ,[l,lll¢¢epeHL\IilanbHoe ce~eHIIIe dcr /dO., npoTOHHa~ A~ 111 HeiiiTpOHHa~ A~ aHaniii3111PYIOI.4111e 

cnoco6HOCTIII 6blnlll onpeAeneHbl An~ npol\ecca np-+ {pp},'ll"- 1113 AaHHbiX c ABOiiiHoiii no

n~p1113al\llleiii. Pe3ynbTaTbl AeMOHCTPIIIPYIOT xopowee coenaAeHIIIe c A111¢¢epeHL\IIIanbHbiM 

ce~eHI!IeM 111 aHaniii3111PYIOI.4eiii cnoc;p6HoCTbiO A~. nony~eHHbiMIII B aKcnepi!IMeHTe c OAIII

HO~Hoiii non~p1113a1..1111eiii, ~To roeopi!IT o BHYTpeHHeiii caMocornacoeaHHOCTIII y~eTa CIIICTeMa

TIII~ecKI!IX 3cPcPeKTOB. 

5. 6blno npoBeAeHo nepeoe 1!13MepeHI!Ie cni!IHOBbiX Koppen~L\IIIOHHbiX K03cPcPIIIL\IIIeHTOB Ax,x 111 

Ay,y B peaKL\111111 np-+ {pp},'ll"- nplll Tn = 353 MaB. Pe3ynbTaTbl cornacyiOTC~ c Teope

TI/I~eCKIIIM O>KIIIAaHIIIeM 111 Ay,y ~en~eT~ KOHCTaHToiii Ay,y = 1 B nonHoM IIIHTepeane yrnoe, 

TOrAa KaK een111~111Ha Ax,x AeMOHCTplllpyeT rny6oKIIIiii MIIIHIIIMYM B paiiioHe 0';" = 60°. 

6. KoM61!1Hal\lll~ ecex nony~eHHbiX cni!IHOBbiX Ha6niOAaeMbiX 111 ce~eHI!I~ no3eon111na npoeecTIII 

COBMeCTHbliii napl\lllanbHQ-BOnHOBOi:l aHani/13 npOL\eCCOB pp-+ {pp} 8 7r0 Ill pn -+ {pp} 87r

nplll 3Hepr1111!1 353 MaB. 6blnlll HaiiiAeHbl Tplll B03MO>KHbiX peweHIII~ aHanl!l3a, paeHo YAD

eneTeop~I01.4111e 3Kcnep111MeHTanbHbiM AaHHbiM. 6blno noKa3aHo, ~To Ha111ny~w111iii cnoco6 

pa3peWI/ITb HeOAH03Ha~HOCTb - 1/13MepeHI/Ie CMeWaHHOrO CniiiH-KOppen~L\IIIOHHOrO napa

MeTpa Ax,z· Pe3ynbTaTbl aHanl!l3a Heo6xOAIIIMbl An~ onpeAeneHI!I~ KOHCTaHTbl KOHTaKTHoro 

(N N)27r e3aiiiMOAeiiicTBIII~ e KlllpanbHOiii Teop111111 B03MYI.4eHIIIiii. 

7. Cni!IHOBble Koppen~L\IIIOHHble K03cPcPIIIL\IileHTbl Ax,x 111 Ay,y 6blnlll 1113MepeHbl enepBble An~ 

peaKL\111111 np -+ d7r0 . Pe3ynbTaTbl AeMOHCTPIIIPYIOT xopowee cornac111e c nap1..1111anbHo-

BOnHOBbiM aHanlii30M SAID An~ peaKL\111111 pp-+ d'll"+, a TaK>Ke c 111Mei01.4111MIIIC~ AaHHbiMIII 

Az,z An~ 3Toiii peaKL\111111. np1113HaKOB HapyweHI/I~ 1/130CniiiHOBOiii I/IHBaplllaHTHOCTI/I Bbi~BneHo 

He 6blno. 

B np111no>KeH111~X AaeTc~ aHani/13 cl!lcTeMaTIII~ecKIIIX HeonpeAeneHHOCTeiii e npoBeAeHHbiX 3Kc

nepiiiMeHTax, a TaK>Ke Oni/ICaHI/Ie KI/IHeMaTI/I~eCKI/IX nepeMeHHbiX IIICCneAyeMbiX npOL\eCCOB . 

Cn111coK ny611111Kau,111iii no TeMe AIIICcepTaU,IIIIII 
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