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Pa6om BblllOJIHeHa B Jia6opaTOpHH $H3HKH BLICOKHX :mepmH: 

HM.B.H.BeKcnepa H A. M. oaJIJ(HHa 06'beJ(HHeHHoro HHCTHT)'Ta HJ(epHLIX 

HCCJieJ(OBaHHH 

HayqHLie pyKoBOJ(HTeJIH: 

KaHJ(HJ(aT lf?H3HKO-MaTeMaTHqecKHX HayK 

.• J 

KaHJ(HJ(aT $H3HKO-MaTeMaTHqecKHX HayK 

O!f?H~HaJILHLie orrrroHeHTLI: 

J(OKTOp <iJH3HKO-MaTeMaTHqecKHX HayK, 

rrpo!f?eccop 

KaHJ(HJ(aT <lJH3HKO-MaTeMaTHqecKHX HayK, 

J(O~eHT 

~ 

3APYEI1H 

ITasen HropesHq 

APTEMEHKOB 

,lJ;eHHC AJieKCaH,!!pOBlfq 

rJIArOJIEB 

BHKTOp BHKTOpOBifq 

1JEPHbllllEB 

EopHc AH,!!peesHq 

BeJ(y~ee HayqHo-HccneJ(oBaTeJILCKoe yqpe)J(J(eHHe: PoccHHCKHH HayqHLrn 

~eHTP «KypqaTOBCKHH HHCTHT)'T>>, r. MocKBa. 

3aiiJ;HTa COCTOHTCH « )) 2011 r. B « )) qacOB Ha 3aCeJ(aHHH 

J(HCCepTa~HOHHOrO COBeTa ,lJ; 720.001.02 IIpH 06'beJ(HHeHHOM HHCTHT)'Te 

H,!!epHLIX HccneJ(OBaHHH (141980, r. ,ll;y6Ha, yn. aKaJ(eMHKa A.M. oaJIJ(HHa, J(. 4, 

Koprr. 3, KOH<!JepeH~-3aJI Jllf>B3) 

C J(HCCepT~HeH MO)J(HO 03HaKOMHTbCH B 6H6JIHOTeKe Jla6opaTOpHH <!JH3HKH 

BbiCOKHX 3Hepmif IIO BbiiiieyKa3aHHOMY a,!!pecy. 

ABTOpe<!JepaT pa3ocnaH « » 2011 r. 

YqeHLIH ceKpeTapb J(HccepTa~HOHHoro 

. COBeTa, KaHJ(HJ(aT <iJH3HKO-MaTeMaTHqecKHX HayK 
/ 

~P/fir~ 
/ P '/;~A. Ape<!JLeB 

Olilli,MI XAP AKTEPIICTIIKA PAiiOTbl 

):VfccepTa~HOHHaH pa60Ta IIOCBH~eHa HCCJieJ(OBaHHIO .OC06eHHOCTeH KO

repeHTHOH J(HCCO~Ha~HH B HJ(epHOH 3MYJibCHH HJ(pa 
9
C, cqHTaiOIIJ;erOCH OJ(HHM 

H3 KmoqeBLIX 3JieMeHTOB B aHaJIH3e CTPYKTYPHLIX oco6eHHOCTeii HJ(epHoii Ma

TepHH B6JIH3H rpaHH~bl IIpOTOHHOH CTa6HJibHOCTH [1-3]. 0Ha HBJIHeTCH pa3BH

THeM HeJ(aBHHX pa6oT COTPYJ(HHqecTBa EEKKEPEJih Ha. HYKJIOTPOHe o1151i1: 
no H3yqeHHIO KJiacTepHoii CTPYKTYPLI HJ(ep 

7
Be, 

9
Be [4] H 

8
B [5]. 06nyqeHHe 

CTOIIKH 6Lmo BblllOJIHeHo so BTOpHqHoM rryqKe HYKJIOTPOHa OlUII1 B 2006 r., 
c!f?opMHposaHHOM so !f?parneHTa~HH rrepsHqHLIX HJ(ep 

12
C ~ 3HepmeH: 1.2 A 

r3B. 

EnaroJ(apx peKopJ(HOMY rrpocTPaHCTBeHHOMY pa3perneHHIO rrpH perHcT

pa~HH 3apH)J(eHHbiX qacTH~, COCTaBJIHIO~eMy 0.5 MKM, MeTOJ( HJ(epHOH 3MYJib

CHH o6ecrreqHBaeT IIOJIHOe Ha6JIIOJ(eHHe aHCaM6JieH lf?parMeHTOB peJIHTHBHCT

CKHX HJ(ep. CTPYKT)'pa a-KJiacTepHLIX cocTOHHHH pxJ(a nerKHX HJ(ep y)J(e Hccne

J(OBanacL J(OCTaToqHO J(eTaJibHO IIpH peJIHTHBHCTCKOH lf?parMeHTa~HH B HJ(ep

HOH 3MYJILCHH. YHHKaJILHLie B03MO)J(HOCTH 3Toro MeTOJ(a B HJ(eHTH$HKa~HH 

peJIHTHBHCTCKHX lf?parMeHTOB II03BOJIHJIH HCCJieJ(OBaTb KJiaCTepH3a~HIO H30TO

IIOB 
6
•
7Li, 7

Be H 
8
B Ha OCHOBe J(eHTPOHOB, TPHTOHOB H HJ(ep 

3
He. HaH60JibiiiaH 

IIOJIHOTa aHaJIH3a J(OCTHraeTCH J(JIH C06biTHH KOn;peHTHOH J(HCCO~Ha~HH, He 

COIIpOBO)J(J(aiOIIJ;HXCH o6p~OBaHHeM lf?parMeHTOB MHIIIeHH H pO)J(J(eHHeM Me30-

HOB, rronyqHBIIIHX HaHMeHoBaHHe «6eJILie» 3Be3J(bl. ITpH seeM 3TOM HJ(epHaH 

3MYJILCHH coxpaHHeT HCKJIIOqH'feJibHOe IIOJIO)I(eHHe B OTHOIIIeHHH rrpo6JieM pe

JIHTHBHCTCKOH lf?parMeHTa~HH, IIOCKOJibKy J(pyme MeTOJ(bl He MOryL IIpH6JIH-

3HTbCH K IIOJ(06HLIM Ha6JIIOJ(eHHHM. YKa3aHHLIH 3KcrrepHMeHTaJILHLIH MeTOJ( 

rro3BOJIHeT He TOJILKO peiiiaTL aKT)'aJILHLie rrpo6neMLI H3yqeHHH CTPYKTYPLI 

HJ(epHOH MaTepHH peJIHTHBHCTCKOH lf?parMeHTa~HH, HO H 06Hapy)J(HTb HOBbie 

HBJieHHH B lf?H3HKe peJIHTHBHCTCKHX KJiaCTepHbiX CHCTeM - HJ(ep C H36biTKOM 

IIpOTOHOB. 

AK'I)'aJibHOCTh ,!!HCcepTayuouuoH: pa6oTM. 3HaqHTeJILHLie ycHJIHH Ha 

COBpeMeHHOM 3Tarre lf?H3HKH aTOMHOrO HJ(pa ·COCpeJ(OTOqeHbl Ha H3yqeHHH 

CTPYKT)'pLI H MexaHH3MOB B3imMoJ(eiicTBIDI paJ(HOaKTHBHLIX HJ(ep. C03J(aHHe 

rryqKOB TaKHX HJ(ep II03BOJIHeT pa3H006pa3HTb HCCJieJ(OBaHHH KJiaCTepHbiX aH

CaM6JieH, B03HHKaiO~HX IIpH HX lf?parMeHTa~HH. HyKJIOHHbie KOppeJIH~HH B 

H30TOIIaX OT Li J(O C C 3aiiOJIHeHHeM p-o6onoqKH IIpOHBAAIOTCH B KJiaCTepH3a

~HH HYKJIOHOB B nerqaifrnHe Mpa H HYKJIOHHLie rrapLI. ITpe,!!CTaBAAeTCH, qTO 

3BOJIIO~HH TeopeTHqecKoro orrHcaHHH CTPYKTYPLI. HJ(epHoii MaTepHH cocTOHT B 

rrepexoJ(e oT KJiacTepHoii KapTHHLI B cnyqae H,!!pa 
6Li K o6onotieqHoM:y orrHca

HHIO. CrrHHLI HJ(ep H, KaK rrpaBHJIO, MarHHTHLie J(HIIOJILHLie H 3JieKTPHqe~KHe 
KBa,!!pyiiOJibHbie MOMeHTbl HX OCHOBHbiX COCTOHHHH CJieJ(yiOT IIpe,!!CKa3aHHHM 

o6onoqeqHQH MOJ(eJIH 0 3aiiOJIHeHHH HeHTPOHHOH H IIpOTOHHOH p-o60JIOqKH. 

Cyrn;ecTBYIOT ycrrernHLie orrHcaHHH 3THX rrapaMeTPOB H B KJiacTepHbiX MOJ(eAAx. 

ITpH KJiacTepH3a~HH He6onLrnHe rpyrrrrLI eyKJioHos, cooTseTcTBYIO~He ner-
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~ 4H 3H 2H 3H 6 . . , 6 qaiilliiiM H.n;paM e, e, II , Be.n;yT Ce H KaK IJ,eJIOCTHbie 0 pa30BaHHH, 

'ITO, npe)K)l;e scero, npoHBJrneTcH B Manoii :JHepriiii oi.n;eneHIIH KJiacTepoB, 

MeHbmeii, '!eM oT.n;eneuiie oT.n;eJibHbiX nyKJIOHOB. TaKIIM o6pa3oM, .n;nH p
o6oJio'le'!HbiX H.n;ep 060JIO'le'lHaH II KJiaCTepHaH KapTIIHa HBAAIOTCH B3aiiMO)l;O

nOJIHHIOIIJ,IIMII. 5J.n;pa, C 3anOJIHHIOIIIeHCH p-o60JIO'IKOH H Bbipa)l(eHHbiMII KJia

CTepHbiMII OC06eHHOCTHMH, IIrpaiOT pOJib «Jia6opaTOpiiii» )l;AA npoBepKII MO)l;e

Jieii oniiCbiBaiOIIJ,IIX CTJ>YKTYPY H.n;ep. B 'laCTHOCTII, C1pyKzypbi II3 KJiaCTepuoii 

OCHOBbl H CJia60CBH3aHHbiX BHelliHIIX nyKJIOHOB B COCe)l;HIIX H.n;pax 
8
B II 

9
C MO

ryT IIMeTh MarHIITHbie MOMeHTbi OTJIII'lHbie OT npe.n;cKa3aHIIii o6onoqequoii MO

.n;eJIII. 5J.n;pa Ha rpaHIIU,aX CTa6IIJibHOCTII ri03BOJIHIOT II3y'laTb 3cpcpeKTbl Hapyme

HIIH II30CniiHOBOH CIIMMe1piiii. I1x CIIJibHaH II30TOnii'leCKaH aCIIMMe1piiH 1pe6y

eT BKJIIO'leHIIH 
3
He, TaK II HYKJIOHOB KaK :JJieMeHTOB KJiacTepuoii CTJ>YKTYPbi 

H.n;ep. Csoeo6pa3IIe CTJ>YKTYPI>I H.n;ep 
8
B II 

9
C B03MO)KHO onpe.n;eJIHeT cu,euapiiii 

II CKOpOCTb npoTeKaHIIH KJIIO'leBbiX npou,eCCOB nyKJieOCIIHTe3a. 

UeJibiO ,llnccepTaguouuoii pa6oTLI HBJIHeTcH II3BJie'leHIIe cse.n;euiiii o 

KJiaCTepHOH CTJ>YKType II B036y)K.n;eHHbiX COCTOHHIIHX MaJIOII3y'leHHOrO H.n;pa 
9
C 

~ ~ · 9C 33H II IIccne.n;osamm )l;IIHaMIIKII npou,ecca KorepeHTHOII )l;IIccou,IIaiJ,IIII ~ e, 

cTasmeii u,eH1paJibHOii npo6neMoii .n;auuoro IIccne.n;osaHIIH. 

© 
~ 

~ 
0~ ~~ 

PIIc. 1. CxeMaTII'lHaH .n;IIarpaMMa nepexo.n;a 
9
C ~ 33

He 

HayqnaH noBH3Ha u 3naqnMOCTb ,llnccepTaguouuoii pa6oTbi. He

CMOTJ>H Ha 6oJiee '!eM nOJIBeKa, npome.n;miie CO' BpeMeHII OTKpbiTIIH, II B Ha

CTOHIIIee BpeMH H.n;po 
9
C OCTaeTCH MaJIOII3y'leHHbiM. 3TO o6CTOHTeJibCTBO CBH-

3aHO C OC06oii CJIO)KHOCTbiO IICCJie)l;OBaHIIH HeHTJ>OHO,ll;ecpiiU,IITHbiX H,ll;ep npii 

HII3KIIX :JHeprnHx. PeAATIIBIICTCKaH cpparMeuTau,IIH H.n;pa 
9
C, oniipaiOmeecH ua 

B03MO)KHOCTII MeTo.n;a H,ll;epHOH :JMYJibCIIII, Ka'leCTBeHHO pacmiipHeT B03MO)KH0-

CTII IICCJie)l;OBaHIIH ero KJiaCTepHbiX OC06eHHOCTeii. 

C'!IITaeTcH, 'ITO B u,enoM xapaKTepiiCTIIKII H.n;pa 
9
C onpe.n;eJIHIOTCH CBH3biO 

OCHOBbl 
7
Be C napoii BHelliHIIX npOTOHOB. IJO:JTOMY )l;JIH KOrepeHTIIOH )l;IICCO

IJ,IIaiJ,IIII H,ll;pa 
9
C CJie.n;yeT O)KII)l;aTb JIII,ll;IIpOBaHIIH KaHaJIOB 

8
B + p (nopor 1.3 

M:JB), 
7
Be + 2p (1.4 M:JB), a TaK)Ke Kauanos, CBH3aHHbiX c .n;IIccou,IIau,IIeii oc

HOBbi 
7
Be ( CBblme 3 M:JB). B nocne.n;ueM cnyqae MO)KHO O)KII)l;aTh cxo.n;cTBa c 

y)Ke ycTauosneuuoii Tononorneii .n;IIccou,IIaU,IIII H.n;ep 
7
Be II 

8
B. 

2 

KaqecTseuuo uosoii oco6euuocTbiO .n;m1 H.n;pa 
9
C cTaHoBIITCH B03MO)I{HbiM 

3aCeJieHIIe paHee He ua6JIIO)l;aBIIIerocH COCTOHHIIH ,Ha.n; noporOM 16 M:JB, CO

CTOHIIIee II3 1pex KJiaCTepoB .- H.n;ep 
3
He. 3TO MO)KeT npOIIC?CO)l;IITb B pe3yJibTaTe 

BIIpzyanbuoii neperpynriipOBKII ueii1poua II3 u-qacTII'lHoro KJiacTefa B cpop

MIIpyromiiiicH KJiacTep He (piic. 1). 06uapy)KeHIIe nepexo.n;a H.n;pa C B 3
3
He 

MOrJIO 6bi YKa3aTh Ha npiiMeCb COCTOHHIIH 33
He B OCHOBHOM COCTOHHIIII 

9
C. 

3KcnepiiMeHTaJibHaH OU,eHKa BepOHTHOCTII B03HIIKHOBeHAA KOHcpiirypaiJ,IIII 

33He B KOrepeHTHOH )l;IICCOIJ,IIaiJ,IIII H.n;pa 
9
C yKa)KeT Ha ee BeC B BOJIHOBOH 

9 . 
cpyHKIJ,IIII OCHOBHOrO COCTOH~IIH C. 3Ta BeJIII'liiHa npe,ll;CTaBJiHeT U,eHHOCTb npii 

Bbi'liiCJieHIIII MarHIITHOrO MOMeHTa 
9C Ha OCHOBe KJiaCTepHbiX BOJIHOBbiX cpyHK

IJ,IIH. TeM caMbiM npoHBIITCH poJib my6oKo CBH3aHHbiX KJiacTepHbiX cocToHHIIii 

B OCHOBHbiX COCTOHHIIHX H)l;ep. 

Hayquo-npaKTIIqecKaH QCHHOCTb pa6oTbl COCTOIIT B no.n;<:Bep)l(.n;eHIIII 

cpopMIIpOBaHIIH BTOpii'IHOrO ny'!Ka C. )l;OMIIHIIpOBaHIIeM peJIHTIIBIICTCKOrO II30-

TOna 9C ua uyKJioTpoue 01151!1: II nonyqeuiiii o63opuoii IIHcpopMaiJ,IIII. no 3apx

.n;osoii TOnOJIOlliii II KIIHeM~lTII'leCKIIM xapaKTepiiCTIIKaM cpparMeHTOB B nepii

cpepii'leCKOH .n;IIccou,IIaU,IIII II30Tona 
9
C. Pe3yJII>TaTbi IIccne.n;~mauiiH BHOCHT uo

Bbiii BKJia)l; B npe.n;cTaBJieHIIH 0 C1pyKzype O)l;HOrO II3 KJIIO'leBbiX H,ll;ep Ha rpaHII

U,e npOTOHHOH CTa6IIJibHOCTII II pacmiipHIOT OCHOBY )l;JIH npose.n;eHIIH IICCJie)l;O

BaHIIH c peAATIIBIICTCKIIMII pa.n;IIoaKTIIBHbiMII H.n;paMII :Ha uyKJioT{>oue OI151I1 II 
.n;pyriix ycKopiiTeJIHX H.n;ep. Ouii cTaHOBHTCH npoMe)KyTO'lHbiM :JTariOM K IICCJie-

. . 10 12 . . . . . 
)l;OBaHIIIO CTJ'YKTypbl CJie.n;yiOIIIIIX H.n;ep C II N , a BCJie)l; 3a HIIMII - HeCBH-

3aHHbiX H.n;ep 
6
Be, 

7
B, 

8
C II 

11N. · 
JluqHbiH BKJia.ll ,llHCCCpTaHTa IJpii IICCJie)l;OBaHIIII B3aiiMO)l;eHCTBIIH H.n;

pa 9C B :JMYJibCIIII ueo6xo.n;IIMo 6biJIO npeo.n;oneTb .n;se npaKTII'leCKIIe npo6neMbi. 

Bo-nepBbiX, :JTO .n;oMIIHIIposauiie B ccpopMIIr,osauuoM ny'!Ke H.n;ep 
3
He, IIMeiO

IIIIIX TY )Ke MaruiiTHYIO )l(eCTKOCTb, KaK II C. 3ToT cpaKTop pe3i<o. ycJIO)KHIIJI 

CKaHIIpOBaHIIe II orpaHII'liiJI IICnOJib30BaHHbiH nOTOK H.n;ep 
9
C BeJIII'liiHOH 2000 

cne.n;os (H.n;ep 
3
He nopH.n;Ka 20000 cne.n;os). Tpe6osauiie npiieMJieMoro ypoBHH 

CTaTIICTIIKII IIX B3aiiMO)l;eHCTBIIH c.n;eJiaJIO He06XO)l;IIMbiM nOJIHbiH . npOCMOTJ> 

o6ny'leHHbiX cnoes :JMYJihCIIII. Ha :JTOM :JTane .n;IIccepTaHT yqacTBOBaJI B noiicKe 

B3aiiMO)l;eHCTBIIH II KOOp,ll;IIHIIpOBaJI pa6ozy no HaKOnJieHIIIO IIX CTaTIICTIIKII. 

Bo-BTopbiX, ueo6xo.n;IIMo 6I>mo y6e.n;IITbCH B .n;oMIIHIIposauiiii H.n;ep 
9
C ua.n; so3-

MO)I{HbiM BKJia)l;OM .n;pyriiX II30TOnOB, B OC06eHHOCTII IO,IIC, KOTOpbie MOrJIII 6bi 

6biTb 3axBa'leHbi npii o6nyqemill:. CpaBHIITeJibHbiii auaJIII3 oco6euuocTeii .n;IIc

cou,IIaU,IIII IIccne.n;yeMoro II30Tona yrnepo.n;a.II coce.n;HIIX H.n;ep no3BOJIIIJI pe

miiTb II :JTY npo6neMY. TaKIIM o6pa30M, pemeuiie MeTo.n;II'leCKIIX II cpii3II'leCKIIX 

3a)l;a'l OKa3aJiaCb CBH3aHHbiM. ~ccepTaHTOM 6biJI BbiiiOJIHeH He06XO)l;IIMbiH 

o6'beM II3MepeHIIii ua MIIKpOCKonax II Bbmonueu nocne.n;yroiiJ,IIii auann3. 

OcuoBHbiC nonomeHHH, BbiHOCHMbiC aoTopmu u~ 3aDIH!Y, cocTOHT B 

cne.n;yroiiJ,eM. • ; 

1. )J;oKa3aTeJibCTBO o6nyqeHIIH H.n;epHaH 3MYJibCIIH . peAATIIBIICT-
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CKIIMII H,ll;paMU 9C. 

2. Pacnpe.n;eneHue no sepmiTHOCTHM .KaHanos KorepeHTHOii .n;uc
coQnaQuu penHTIIBUCTKnx H.n;ep H.n;pa 9C u Ha6mo.n;eHue Hosoro 

KaHana KOrepeHTHOH ,li;UCCOQUaQUU B:J?U H.n;pa 3He. 
3. Onpe.n;eneHUe BKJia.n;a KOMnOHeHThl 3 He 'B OCHOBHOe COCTOH

HIIH H.n;pa 9C. 

4: Onpe.n;eneHue H.n;epHoro .n;u<PpaKQUOHHoro B3auMo.n;eiicTBUH 

KaK MeXaHU3Ma KOrepeHTHOH ,li;UCCOQUaQUU H.n;pa 9C. 
5. IlonyqeHue YKa3aHUH Ha B03MO)KHOCTb cyiQeCTBOBaHUH pe3o

HaHcHoro COCTOHHUH ·n CIICTeMe 23He B6JIU3U nopora o6pa30-
BaHUH. 

Anpo6auun pa6oTLI. OcHoBHbie pe3yJII>TaTbi pa6oTbi 6I>mu npe.n;cTaBne

Hbi COUCKaTeJieM JiuqHo Ha CJie.n;yiOIQUX KOHtPepeHQUHX If COBeiQaHUHX - «Pro

gress in High-Energy Physics and Nuclear Safety», Jlma, YKpaiiHa, 2008; 
«Relativistic Nuclear Physics: from Hundreds MeV to TeV» CnosaKnH, CTapa 

JlecHa, 2009; «CecCUH-KOHtPepeHQUH CeKQIIU H.n;epHOHf'tPII3IIKU OT,ZI;eJieHUH tPU-
3HqecKIIX HayK PAH » 11T3<l>, MocKBa, PoccUH, 2009; «Hadrons Structure and 

QCD: from Low to High energies», TaTqnHa, PoccuH, 2010; «XX International 

Baldin Seminar on High Energy Physics Problems «Relativistic Nuclear Physics 

and Quantum Chromodynamics» ,lzy6Ha, PoccuH, 2010, a c ero coasmpcTBOM 

Ha «2"d Workshop on «State of the Art in Nuclear Cluster Physics» EpiOccenb, 
Eeni>rnH, 201 0; «The 21st European Conference on Few-Body Problems in 

Physics», CanaMaHKa: 11cnaHnH, 2010. 

IIy6nnKauuu. ITo MaTepuanaM .n;uccepTaQuu ony6nuKoBaHo 6 neqaTHbiX 

pa6oT, npuse.n;eHHbiX B cnucKe nuTepazypbi (B TOM qucne, B petl>epupyeMbiX 
HayqHbiX )KypHanax). 

CTpympa U o6'beM pa60Tbl. ~IICCepTaQUH COCTOUT II3 BBe.n;eHIIH, Tpex 
mas, 3aKJIIOqeHUH, npuno)KeHUH u cnncKa JinTepazypbi, co.n;ep)KaiQero 45 Ha

UMeHoBaHuii. Pa6oTa U3JIO)KeHa Ha 88 crpaHnQax MaiiinHonucHoro TeKcTa, 

BKJIIOqaiOIQUX 46 pucyHKOB, 9 Ta6JIUQ If 14. MlfKpOtPOTOrpa<Puii B3aUMO,ll;eHCT

BUH penHTUBUCTCKUX H.n;ep c H.n;paMn <PoT03MYJII>cuu. 

KPATKOE CO)J.EP)KAHHE )J.HCCEPTAIJ;HH 
Bo Boe.n;euuu .n;aeTCH onucaHue H3BeCTHbiX crpyKrypHbiX oco6eHHOCTeii 

9 
H.n;pa C u nepcneKTHBHbie sonpocbi ero .n;anbHeiiiiiero uccne.n;osaHUH (B.1 ). Ha 
ocHoBe .n;aHHbiX corpy.n;HuqecTBa EEKKEPEJih npe.n;cTaBJieH o63op 3apH.n;osoii 

TOnonoruu KorepeHTHOH ,li;HCCOQHaQUH COCe,li;HIIX U30TOnOB - 10
•
11

B, 7
•
9Be, 8B, 

10 It 12 . 12 . 
· • C u N (B.2). 3ToT o63op onucbiBaeTno.n;xo.n;bi K uccne.n;osaHniO u c03.n;a-

eT ocHosy .n;nH cpaBHHTeJII>Horo aHanu3a u3yqaeMoro H.n;pa. Ha.3Toii ocHose 

c<PopMYnuposaH nnaH uccne.n;osaHUH, KOTOPOMY cne.n;yeT .n;ani>Heiiiiiee H3JIO)Ke-

4 

HUe (B.3). 
B rnaoe I npe.n;cTasneH nepsuqHI>Iii aHann3 o6nyqeHUH H.n;epHoii 3MYJib

cuu so BTopuqHoM nyqKe C - He. B uccne.n;osaHUHX c ucnoJib30BaHneM 3MYJib

cuu, o6nyqeHHOH BO BTOpuqHbiX nyqKaX, He06XO,li;UMO o6ecneqJfTb npOCTOTY 

U,ll;eHTUtPUKaQUU II3yqaeMbiX H,ll;ep. 06cy)K,ll;aiOTCH OC06eHHOCTU .n;aHHOrO o6ny
qeHUH (§I.l). C 2002 r. CO'rpy.n;HnqecTBOM EEKKEPEJih se.n;yTcH o6nyqeHUH 

H.n;epHoii 3MYJibcuu B snepBbie co3;n;asaeMbiX Ha HyKJiorpoHe 01151M nyqKax 

JierKIIX H.n;ep, B TOM qucJie pa.n;uoaKTIIBHbiX. ,lVrn tPOpMUpOBaHIIH BTOpUqHbiX 
nyqKOB pa.n;uoaKTUBHbiX H,ll;ep UCnOJib3YIOTCH MarHIITOOnTuqeCKUe KaHaJibl 

rpaHcnopTnpoBKU B 3aJI BbiBe.n;eHHbiX nyqKoB. TeM caMbiM B03HUKaiOT B03-
MO)KHOCTU aKTyaJibHbiX II OpUrUHaJibHblX 3KCnepUMeHTOB no H.n;epHOH tPU3UKe. 

K Haqany HaCTOHIQeii pa6oTbi 3MYJibCIIOHHbie cTonKu o6nyqeHbi B nyqKax pe
JIHTIIBUCTCKUX U30TOnOB 7

•
9Be If 8

•
10

•
0 B. <l>U3UqeCKUH aHaJIII3 3TUX o6nyqeHUH, 

npe.n;cTaBJieHHbiH so Bse.n;eHuu, .n;an ocHoBy .n;nH HOBbiX o6nyqeHuii B 6onee 
CJIO)l(HbiX BTOplfqHbiX nyqKax m!iirpOHO,ll;etPUQUTHblX lf30TOnOB yrnepo.n;a, 

<PopMnpyeMI>IX npu <PparMeHTaQuu ycKopeHHbiX H.n;ep 
12

C. HeycrpaHuMoii 

npnMeCbiO npu MarHIITHOH cenapaQUU U30TOna 
9
C HBJIHIOTCH H.n;pa. 

3
He, UMeiO

IQIIe TO )Ke OTHOIIIeHue 3apH.n;a Zpr K MaccosoMy qucny Apr. qTo u 
9
C. O.n;HaKo, 

6naro.n;apH 9-KpaTHO 60JibiiieH y.n;eJibHOH UOHU3aQUU H.n;ep 
9
C no cpaBHeHIIIO C 

UOHII3aQUeH peJIHTIIBUCTCKHX 3He CJie,ll;bl 3He MO)KHO OT6pOCUTb npu HaqaJib

HOM CKaHUpOBaHUII nyqKOBbiX CJie,li;OB, BOIIIe,li;IIIHX B .3MYJibCIIIO. 
OnucaH nepsuqHf>Iii noucK u oT6op co6I>nnii, onpe.n;eneHne cpe.n;Hero 

npo6era A, 3apH,li;OBbiH COCTaB nyqKa (§L2). ,lVrH noucKa B3aUMO,ll;eHCTBUH B 

3MYJibCIIOHHbiX cnoHx ucnOJib30BaJIUCb MUKpocKonbi MEH-9. IloncK sepiiiUH 

B3aUMO,ll;eHCTBIIH ocyiQeCTBJIHJICH npocJie)KUBaHUeM nepsuqHbiX CJie,li;OB. ,lVrn 
OT6opa 3TUX CJie,li;OB 3MYJibCIIH CKaHUpOBaJiaCb CO CTOpOHbl BXO,ll;a nyqKa, 3aTeM 

OT06paHHbie nyqKOBbie CJie,ll;bl npOCMarpuBaiOTCH OT BXO,ll;a B nnaCTIIHKY ,li;O 
B3anMo.n;eiicTBUH unu BI>Ixo.n;a U3 cnoH. Ilpocne)KuBaHne no cne.n;aM .n;aeT B03-

MO)KHOCTb 3aperucrpupoBaTb BCe Tlfnbl B3aUMO,ll;eHCTBIIH 6e3 ,ll;lfCKpUMUHaQUU, 

qTo no3BOJIHeT onpe.n;enuTb cpe.n;Hne .n;nnHbi npo6era H.n;ep 'A c npueMneMoii 

TOqHOCTbiO. 
0THOIIIeHue UHTeHCIIBHOCTeii H.n;ep Zpr > 2 u Zpr = 2 cocTaBUJIO npuMepHo 

0.1. 3TOT <PaKTOp onpe.n;enun .n;nuTeJibHOCTb o6nyqeHUH, cocT~lBIIBIIIYIO oKono 

100 QUKJIOB If, KaK CJie,li;CTBUe, CTaTUCTUKY. IJo.n;qepKHeM eiQe pa3, qTo .n;aHHOe 

o6nyqeHne Hocuno onbiTHbiH xapaKTep, u npu ero npose.n;eHuu 6I>mo Ba)KHO 3 .. . 
u36e)KaTb nepeo6nyqeHUH 3MYJII>cuu H.n;paMn . He. KpoMe Toro, 6I>mo o6Hapy-
)KeHo npucyTCTBUe qacTUQ C Zpr = 1 B npuMepHO paBHOM COOTHOIIIeHUU C. H,ll;-

paMU c 3apH,ll;aMU Zpr > 2. . 
Ha npocMorpeHHOH .n;nuHe rpeKoB253.7 M 6biJIO o6Hapy)KeHo 1746 He

ynpyrux B3aUJ\.IO,ll;eiicTBUH (B OCHOBHOM .i.n;ep C), qm .n;aeT cpe.n;HUH rrpo6er 

AeC) = 14.5 ± 0.5 CM. l13-3a TOro, qTO cpe.n;u OT06paHHbiX TpeKOB ,li;OMifHUpy

IOT rpeKu H.n;ep 9C, MO)KHO cquTaTb 3TO 3HaqeHue 'A HBJIHeTcH oQeHKoii.nMeHHO 

UX npo6era. 0HO COOTBeTCTBIIe o6IQeii KapTUHe ceqeHUH Heynpyroro B3aUM0-
5 



~CHCTBIDI nerKHX H~ep CO cna6oif CBH3bl0 KnaCTepOB. J(aHHbie ·no A(A), KaK H 
~aHHbie no ceqeHHHM Heynpyrux B3aHMO~eiicTBHH nerKHX H~ep, yKa3biBaiOT Ha 
TO, qTO H~po 9C He HMCeT ysenuqeHHOrO pa3Mepa. 

ilpHCYTCTBHe B COCTaBe nyqKa H~ep 3He OKa3anOCb none3HbiM ~nH ~0-
nonHHTellbHOH npoBepKH npaBHllbHOCTH HaCTPOHKH nyqKa H, B TO :>Ke BpeMH, 
~nH no~CTPOHKH npou.e~ypbi H3MepeHHH MHoroKpaTHoro KYllOHOBCKoro pac
ceHHHH (§1.3). 3n:)T MeTO~ HBnHeTCH Ba:>KHbiM ~nH H~eHTmfmKaU.HH C06biTHH C 

-33He. 

0.15 

0.1 

0.05 

d 
.:··· ..... . . 

: ·. . . 
:' \ : ~ . . . . . . . . . \ 

. .J 

3He 

4He 

"/' I \ 
\ 
\ 
\ 
\ 

\. 
~ 

0 1 2 3 4 56 7 8 9 

ppc, GeV 

PHC. 2. Pacrrpe,l(eJieHHe H3MepeHHbiX BeJIH'IHH p~c ,l(IDl CJie,l(OB H,Z(ep 
3
He H3 COCTaBa 

IT)"'Ka eHe, 3a1IITpHXOBaHHall rHCTOrpaMMa) H O,l(H03apH.l(HbiX cpparMeHTOB «6eJib!X)) 3Be3,!( 

IZrr = 5 + 1 H 4 + 1 + 1 (p) (oTKpbrrrur mcTorpaMMa); yKa3aHbi mKH,l(aeMbie pacnpe.l(eJieHHH 

.l(IDl ,l(eiirpoHOB (d) H H,Z(ep 
4
He 

Pacnpe~eneHHe no H3MepeHHbiM 3HaqeHIDIM p~c MH 30 H~ep He, npoH3-
sonbHO Bbi6paHHbiX H3 COCTaBa BTOpHqHoro nyqKa, npe~CTaBJieHO Ha puc. 2. 

· rucmrpaMMa COOTBeTCTByeT HOpMHpOBaHHOMY pacnpe~eneHHIO BeJIIIqHHbl 
p~c ~nH ~ByX3apMHbiX qacTHU. nepsuqHoro nyqKa. 3To pacnpe~enemte xopo
IIIO OnHCbiBaeTCH e~HHCTBeHHOH ifJYHKIJ.HeH raycca cpe~HHM 3HaqeHHeM <p~c>He 
= (5.1 ± 0.1) r3B npH cpe~HeKBa~paTHqHOM OTKnOHeHHH O'He = 0.8 r3B. Cpek 
Hee 3HaqeHHe paBHO <p~c>He 6nH3KO K O:>KH~aBIIIeMyCH ~nH H~ep 3He 3HaqeHHIO 
5.4 r3B c~ 4He- 7.2 r3B). Mo:>KHO 3aKniOqHTb, qTO B noTOKe H~ep He B 
clflopMHpOBaHHOM nyqKe ~OMHHHpyeT H30TOn 

3
He. 3HaqeHHe O'He HBnHeTCH 

npHeMneMbiM ~nH pa3~eneHIDI H30TOnOB 
3
He ll 

4
He, B oco6eHHOCTll, BHyTPll 

KoppennposaHHbiX rpynn. 
ilpe~cTasneHa 3apMOBM TononornH nepnlflepnqecKoii lflparMeHTau.nn . 

i~pa 9C (§1.4). Cpe~n Ha~eHHbiX co6biTllH nMeeTcH 167 «6eni>IX» 3Be3~-
6 

'I 

co6I>ITHH KorepeHTHOH ~uccou.uau.un H~ep c 3apH~aMH Z 0r = IZrr- l1x pacnpe
~eneHHe no 3apH~OBbiM KOH!flurypaiJ.IDIM c IZrr = 4 - 7 npe~cTasneHo B Ta6-
nuu.e 1 ~ ~ cpasHeHIDI npuse~eHa craTHCTHKa co6bi~HH c o6pa3osamieM 

ifJparMeHTOB MHIIIeHH. . 

Ta6JIHUa 1. Pacnpe.l(eJieHHe 'IHCJia «6eJibiX» 3Be3,!( Nws .l(IDl nepBH'IHbiX cne,l(OB c 3a

PMaMH lpr no 3aPMOBbiM KOHcpHrypaUHHM IZ rr 

IZrr 
Zrr Nws 

6 5 4 3 2 1 

7 (Zor= 7) - 1 - - - 2 1 

6 (Znr= 6) - 1 - - - 1 15 

6 (Zor= 6) - - 1 - - 2 16 

' 
6 (Zor= 6) - r - - 3 - . 16 

6 - - 1 - 1 - 4 

6 - - - 1 1 1 2 

6 - - - 1 - 3 2 

6 - - - - 1 4 28 

6 - - - - 2 2 24 

6 - - - - - 6 6 

5 (Zor = 5) · - - 1 - - 1 2 

5 (Zor = 5) - - - 1 - 2 3 

5 - - - - - 5 2 

5 * - - - - 1 3 -
5 * - - - - 2 1 3 

4(Zor=4) - - - - 1 2 -
4 (Zor = 4) - - - - 2 - -

4 - - - - 1 2 5 

OcHOBHM seTBb co6biTHH KorepeHTHOH ~uccou.nau.uu npe~cTasneHa 108 
«6enb1MH» 3Be3~aMH c IZrr = 6, qn)" cne~osano o:>Kn~aTb npu ~OMHHHposaHHH 
H~ep yrnepo~a cpe~H MHOrD3apH~HbiX qacTHti nyqKa npH npHHHTbiX ycnoBHHX 
oT6opa. Cpe~H MHoroo6pa3IDI KaHanos lflparMeHTaU.HH Hau6onee u.eHHbiMH 
~nH HaCTOHIIJ.ero HCCne~OBaHHH HBllHIOTCH KaHanbi, COOTBeTCTBYIOIIJ.He KaHanaM 
~HCCOU.HaU.Hll H~a 9C C caMbiMll HH3KHMH noporaMll 

8
B + p H 

7
Be + 2p, a TaK

:>KC KaHan ~uccou.uau.uu ·3He, HBnHIOIIJ.HHCH 3K30THqecKHM MH ~aHHoro Heii
TPOHo~elfluu.mHoro H~pa. Co6I>ITIDI B nocne~HeM KaHane MoryT cquTaTbCH 
KaM~aTaMH ~ KorepeHTHOH ~uccou.uau.uu 9C- 3

3
He c noporoM 16 M3B. 

ilpHMepbi co6biTHH TaKoro THna B3aHMO~eHCTBHH npe~cTaBJieHbl · Ha lfloTorpa
lflHHX n.1' il.2 H il.3 npuno:>KeHIDI. OTMeqaeTCH npu6nH3HTellbHOe paBCHCTBO 

CTaTHCTHKH B 3THX KaHan ax. • ·: 
B «6eni>IX» 3Be3~ax H30TOnbi C, Be n B pa3~enHnuci> no 3apMOBbiM · 

7 



KoH<!Jnrypan:IDIM BTOpH'IHblx <!JparMeHTOB IZrr n · nocJieJJ.YIOruHM H3MepcHHHM 
3apHJJ.OB nepBH'IHbiX CJie)],OB Zpr· 3apH,!I,bl H,!l,ep nyq:Ka Zpr li _<!JparMeHTOB Zrr > 2 

onpe,!l,enxnncb no)],c'leToM nnoTHocrn 0-31IeKTJJOHOB N 0 Ha cne)],ax. Pe3yni>TaT&I 

onpe,!l,eJieHHH 3apH,!I,OB nepBH'IHbiX H,!l,ep li <!JparMeHTOB li3 C06biTHH KorepeHT

HOH )],Hccon:nan:nn IZrr = 5 + 1 li 4 + 1 + 1 no3BOJIHIOT 3aKJIIO'lliTb, 'ITO see co-

6r:.unx o6pmoBaHbi HJJ.paMn Zpr = 6 (pnc. 3). ,IV!x M3MepeHHI>IX 3apx,!l,oB <!Jpar

MeHTOB Ha6JIIO)],aeTCH O)KH)],aeMOe CMeiiJ;eHHe no OTHOllieHHIO K pacnpe,!l,eJieHMIO 
JJ.JIH x,tiep ny'IKa. 

-l . .J 

Ztr=4 Ztr=5 zpr =6 

10 

Pnc. 3. Pacrrpe.D.eJieHHH 'IHCJia o-3JieKTJlOHOB Ns Ha 1 MM .llJIHHhi .D.JIH CJie.D.OB rry'IKO

BbiX qacTn~ "(oTKpniTaH rncTorpaMMa) n peJIHTHBHCTCKHX <!JparMeHTOB c 3apH)laMH Zr, > 2 
(3aiiiTJlHXOBaHHaH rncTOrpaMMa) B «6eJiniX» 3Be3)lax IZrr = 5 + 1 n 4 + 1 + 1 

Enaro,!l,apx OTCYTCTBHIO cTa6nnhHbiX H30Tonos 9B li 8Be, co6biTHH c 

<!JparMeHTaMH c 3apx,!l,aMH Zrr = 5 li 4 li H)],eHTH<!Jnn:nr,osaHHhiMH 3apx,!l,aMli Zpr= 
6, MoryT 6r:.ITI> cpmy HHTepnpeTnposaHr:.I KaK 9C ~ B + p n 7Be + 2p. Pe3ynr:.

TaT H)],eHTH<lJnKan:nn <!JparMeHTOB Zrr = 1 H3 3TOH rpynni>I co6r:.unii MeTOJJ.OM 

MHOrOKpaTHOrO pacceHHliH npe,!I,CTaBneH Ha pHC. 2 (He 3alliTPliXOBaHHM rHCTO

rpaMMa), Pacnpe)],eJieHHe liMeeT <pPc>H = (1.5 ± 0.1) r3B li (jH = 0.4 r3B, 'ITO 

COOTBeTCTByeT npOTOHaM. Ilo cyiiJ:eCTBy, li)],eHTH<iJHKaU:HH B )],aHHbiX CllJ'IMX He 

HBJIHeTCH He06XO)],liMOH, li 3TH npOTOHbl CJiy)KaT )],JIH TeCTHpOBaHIDI li KaJIH6-

pOBKli. TaKHM o6pmoM, npon:e,!l,ypa H3MepeHnx MHoroKpaTHoro pacceHHHH. pe

JIHTHBHCTCKHX H30Tonos H ern;e pa3 no)],TBep)K)].aeT npaBHJII>HOCTI> <!JopMnposa

HliH nepBli'IHOrO ny'IKa. C JJ.pyroii CTOpOHbi, OHa paCllilipHeT OCHOBY )],JIH li)],CH
Tli<lJHKaiJ:Hli H,!l,ep He, po)K)],eHHhiX npn JJ.Hccon:nan:nn H)].ep C. 

AHaJIH3 )],aHHI>IX Ta6nnn:r:.I 1 CBH)],eTeJII>CTByeT o )],OMHHHposaHHH MHO)Ke
CTBeHHbiX KaHanos <!JparMeHmn:nn 2He + 2H n He + 4H. B cnyqae x,!l,pa 9C co-

6r:.nnH C TaKOH TOnonomeii )],OJI)l(Hbl B03HliKaTb npH KorepeHTHOH )],liCCOIJ:Ha

U:lili H,!l,pa-OCHOBbl 
7
Be. lfx COOTHOllieHHe COOTBeTCTBYCT cny'laiO KOrepeHTHOH 

JJ.Hccon:nan:nn ny'IKOBoro. HJJ.pa 
7
Be. KpoMe. Toro, npncyTCTBJIOT B3aHMOJJ.eiicT

BliH C pa3BaJIOM H,!l,pa C Ha Li + 3H, 'ITO TaK)Ke O)KH)],aeTCH npH )],liCC0-

8 

JJ.HCcon:nan:nn HJJ.pa-ocHOBI>I 7Be. Cne)],yeT OTMeTHTI> o6pmosaHne rnecTH «6e.,. 
nbiX» 3Be3)], C ~ 6H, MHKpo<!JoTorpa<!Jmi npnMepos TaKHX. co6I>ITHH . TaK)Ke 

npnBe)],eHhi B npnno)KeHIDI (pnc. I1.6, II. 7) ( Ta6n. 1.1 ). B cny'IMX H30TonoB 
10•11•12C co6I>ITIDI TaKoro Tnna TPe6yiOT OJJ.HOBpeMeHHI>IX pmsanos JJ.BYX rnm 
TPex KJiacTepos 4He. Csx3aHHble c npeo)],oneHneM oqeHI> BbiCOKHX noporos, 

OHM npaKTH'leCKH He MOrJili 6bi npoTeKaTb 6e3 o6pa30BaHMH <!JparMeHTOB Mli- · 

rneHH. HanpoTHB, CXO)l(He npon:ecci>I, -CBH3aHHI>Ie c pmsanoM TOJII>KO napbl KJia

cTepos He, Ha6niOJJ.aJIHCI> JJ.AA «6eni>IX» 3Be3)], 
7
Be ~ 4H n 

8
B ~ 5H. TaKHM 

o6pmoM, cTaTHCTHKa MHO)KeCTBeHHhiX co6r:.unii IZrr = 6 He npoTHBope'IHT Bbi

BOJJ.Y 0 ,!I,OMliHHpOBaHHli li30TOna 9C B COCTaBe nyqKa li YKa3biBaeT Ha npeHe6-

pe)KliMO MaJibiH BKJia,!l, COCe,!I,HliX li30TOnOB yrnepo,!l,a. 

6H 

I 

7Be+2p 
18% 

6H 

, 2He+2 .. 
I 21% ~ 4% I: 23% ~ 15% 

Pnc. 4. Ilpo~eHTHOe COOTHOIIIeHHe OCHOBHbiX KaHaJIOB )J.HCCO~Ha~HH H.D.pa 
9
C B C06bi

THHX C <!JparMeHTa~HeH MHIIIeHH (cJieBa) H B «6eJibiX» 3Be3)lax (crrpaaa) 

CooTHOllieHne co6I>ITHH N1r li Nw5 JJ.1IH rpynni>I co6I>ITHH IZrr = 6, npe,!l,

cmsneHo Ha KpyrOBOH ,!I,HarpaMMe (pHC. 4). IJpH6JIM3HTeJibHOe paBeHCTBO )],0-

JieH KaHaJIOB B o60HX cnyqaHX onpe,!l,eJIHeTC11 «XOJIO,!I,HbiM» MeXaHH3MOM, o60HX 

TlinOB nepn<!JepH'IeCKOH <!JparMeHTaUHli, npoTeKaiOrn:eii npn MliHliMaJibHOH ne

pe,!l,a'le B036y)K,!I,eHli11 cneKTaTOpaM. 3aMeTHOC OTJili'IMe np011BJI11eTC11 TOJibKO B 

3-qacTH'IHOM KaHane IZr, = 2 + 2 + 2. Ero )],OJIH pe3KO B03pacmeT npn oT6ope 

«6eJibiX» 3Be3,!1, - C 4 % B cnyqae mUIH'lli11 <!JparMeHTOB MlillieHli ,!1,0 15 % · )],JIH 

«6enr:.IX» 3Be3)],. TaKHM o6pmoM, KorepeHTHI>IH · MexaHH3M OKa3I>IBaeTC11 6onee 

3<lJ<!JeKTHBHbiM ,!I,AA 3aceneHIDI cocToHHHH 3He. C<!JopMynnposaH BI>IBOJJ. (§1.5), 

0 TOM, 'ITO COBOKJnHOCTb )],aHHbiX no li3MepeHHIO 3apH,!I,OB ny'IKOBbiX CJie,!I,OB, 

3apHJJ.OBOH TOnOJIOrHli <!JparMeHTOB B·nepn<!JepnqecKliX CTOJIKHOBeHHHX H)].ep 

yrnepo,!l,a, a TaK)Ke no H,!l,eHTH<!JnKan:nn penxTHBHCTCKHX H30Tonos 
3
He YKa3hi

saeT Ha TO, 'ITO B nyqKe, liCnOJib30BaHHOM )],JI11 o6nyqeHli11 3MYIII>Clili, )],OMliHli

pyiOT nMeHHo HJJ.pa 9C. TaKHM o6pmoM, nony'leHo noJJ.TBep)K)].eHne Toro, 'ITO 

Ha HYKJIOTPOHe OIUII1 snepsr:.Ie ycnernHo perneHa 3a,!l,aqa co3,!1,aHIDI nyqKa HJJ.ep 
9C. 06nyqeHHble B 3TOM ny'IKe CJIOli H,!l,epHOH 3MY1IhClili MOryT CJIY)KliTb 3KCne-

9 



pi1MeHTaJibHOH OCHOBOH ~IDI II3yqemrn: B3aiiMO~eii:CTBHH H~pa 9C. 
rJiaBa II nOCBH~eHa HCCJie~OBaHHIO KaHarraM KorepeHTHOH ~IICCOIJ.IIaiJ.IIII 

H~ep 9
C C OT~eJieHIIeM npOTOHOB. <l>parMeHTbl peiDITIIBIICTCKOrO H~pa BbiJieTa

IOT B Y3KOM nepe~HeM KOHyce, yroJI pacTBopa KOTOporo MO:lKeT 6biTb npi16JIH-

3IITeJibHO ou.eHeH no Q_JopMyne <8rr> ::::: <sin 8r,> = PF/Po, r~e PF- cpe~HIIH HM
nynbc <!>epMII-~BH:lKeHHH HYKJIOHOB B H~pe CHapH~e, a Po - IIMnyJibC Ha Hy

KJIOH Mpa-CHapH~~t Ilpii HMnyJibCe H~pa-cHapH~a 2.0 A r3Bic H <l>epMII

IIMnyJibCe PF::::: 200 M3Bic <8r,> paBeH 0.1 (HJIH 6°). MHTepec Bbl3biBaiOT ymo

Bbie pacnpe~eneHHH peJIHTIIBIICTCKIIX Q_JparMeHTOB H IIX ymoBbie KoppeiDIIJ.IIH 

(§JI.l ). l13MepeHHH yrJIOB BbiJieTa BTOpiiqHbiX qaCTHIJ. npOI13BO~IIJIIICb KOOp~II
HaTHbiM MeTo~oM. lliMepeHHe Koop~IIHaT ToqeK TPeKoB npoBO~IIJIOCb nocne

~oBaTeJibHO B O~HOM HanpaBJieHHII ( CJieBa HanpaBO II OT nOBepXHOCTII CJIOH K 

cTeKJiy) no xo~y nyqKa HaqiiHaH c nepBIIqHoro TPeKa H ~arree ~JIH Bcex TPeKOB 

Q_JparMeHTOB o~HOBpeMeHHO. Ha TPeKe nepBIIqHoro Mpa 9C II TPeKax Q_JparMeH

TOB II3MepHJIIICb no 6 TPOeK (x,y,z) Koop~IIHaT ToqeK. War H3MepeHIIH cocTaB

JIHJI 200 MKM, npii o6meii: ~JIIIHe TPeKa, IlcnoJib3yeMoii: ~ffH I13MepeHHH 1.2 MM. 

IIpe~nonaraH JIHHeii:eyiO 3aBHCHMOCTb (y=ayx+by H z=azx+bz) Koop~IIHaT ToqeK 

TPeKa, MeTo~oM HaHMeHbiiiiiX KB~paTOB Haxo~IIJIIICb K03QJQJIIIJ.IIeHTbi a H b 
annpOKCHMHpyiO~ero nOJIIIHOMa nepBOH CTeneHH 3aBIICHMOCTeH KOOp~IIHaT 

z(x), y(x). flo Haii:~eHHbiM K03QJQJIIU.HeHTaM ay, az, onpe~eJIHJIHCb yrJibi (a, cp) 
~JIH TpeKa H~pa 9C II TPeKoB Q_JparMeHTOB. Ha pHc. 5 npHBe~eH npiiMep Boccm
HOBJieHHbiX HanpaBJieHIIH Bbmem (ymoB a, <p) Q_JparMeHTOB B npou.eccax 9C --+ 
8
B + p {pile. 5 {a)), 

9C--+ 7
Be + 2p (pHC. 5 (6)) H 

9C--+ 33He {pHc. 5(B)) rio H3-
J11epeHHbiM Koop~HHaTaM ToqeK Ha TPeKax. 

. flpii onpe~eJieHIIH BeJIIIqiiH yrJIOB 3KCnepHMeHTaJibHbie TOqKII, noJiy

qeHHbie npii H3MepeHHHX annpOKCIIMIIpOBaJIIICb nOJIIIHOMOM nepBOH CTeneHII. 

Ko3QJQJHU.HeHTbi noJIIIHOMa onpe~eJIHJIHCb no MeTo~y HaiiMeHbiiiiiX KB~paTOB. 
Ha pile. 6 npiiBe~eHbi pacnpe~eJieHHH BeJIIIqiiH OTKJIOHeHIIH !:l.y, !:l.z K,Oop~IIHaT 
3KCnepiiMeHTaJibHbiX ToqeK OT COOTBeTCTBYIO~IIX KOOp~HHaT ToqeK, onpe~e

JIHeMbiX annpOKCHMHpyiO~IIMII nOJIIIHOMaMII (y=ayx+by H z=~x+bz). flpii 3Ha
qeHIIHX <!:l.y> II <D.z;> 6JIH3KIIX K HYJIIO, 3HaqeHHH BeJIHqHH cpe~HeKBa~paTIIqe
CKIIX OTKJIOHeHIIH ~JIH Bbi60pKI1 Il3 42 H3MepeHHbiX TPeKOB Q_:lparMeHTOB COCTa-

1 . I . 
BIIJIII <:rt.y={l.14±0.013)x1Q· MKM, <:rt.z=(6.6±0.18)x10- MKM. Pa36poc BeJIIIqiiH 

/:l.y H /}.z OTJIHqaeTCH, npi16JIH3HTeJibHO B 10 pa3, HO He npeBbiiiiaeT 6oJiee qeM B 

2 - 3 pa3a TOJI~IIHY H3MepHeMoro TPeKa. Pa3JIIIqiie o6'bHCHHeTcH TeM, qTo npii 
II3MepeHHH Koop~HHaT ToqeK TPeKOB z-Koop~IIHaTa onpe~eiDieTCH MeHee ToqHo. 

IIpe~cTaBJieHHe oco6eHHOCTeii: Q_JparMeHTaU.HH, ocHoBaHHoe Ha H3Mepe-
. HIIHX noiDipHbiX ymoB 8 Bbmem Q_JparMeHTOB, He~ocTaToqHo YHIIBepcarrbHO 

~JIH CpaBHeHHH 3KCnepi1MeHTaJlbHbiX ~aHHbiX npH pa3JIIIqHbiX, nyCTb II 6JIII3KHX 

3HaqeHHHX 3Heprnii:. Eonee YHIIBepcarrbHbiM HBIDieTcH cpaBHeHIIe pe3yJibTaTOB 
no BeJIHqHHaM nonepeqHbiX HMnyJibCOB Q_:lparMeHTOB 

PT::::Ar,Posin8 (1) 
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PHC. 5. IlpHMep BOCCTaHOBJieHHbiX HanprumeHHll BbiJieTa (ymoB a, cp) <l>parMeHTOB o6-
pa3)10mHXCH B rrponeccax a) 

9C--> 8B + p; 6) 9C--> 7Be + 2p n a) 9C __. 33He; . . . 
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Pnc. 6. Pacrrpe.neneHHJI BeJIH"'HH OTKJIOHeHnii "'-Y (cnena), /',.z (crrpana) Koop.nnHaT 
3KCIIepHMeHTaJibHb!X TO"'eK OT COOTBeTCTBYJOlllHX KOOp_nHHaT TO"'eK, orrpe_neJIJl:eMb!X arr
rrpOKCHMHpyiOUlHMH IIOJIHHOMaMH 

QqeBH,ll,HO, qTo HaH60Jibiiiee 3HaqeHHe HMeeT pa3peiiieHHe no yrny 9, 
pacnpe,ll,eJieHHe no KOTopoMy «npua<aTO» K HYJIIO. llpH 11HaJIH3e pacnpe,ll,ene

HHH PT a-KJiacTepHbiX H,ll,ep npe,ll,nonaraeTcH, qTo Bee <lJparMeHThi c 3apH,ll,OM Zrr 

== 2 HBJIHIOTCH H30TonoM 
4
He, qTo HaH6onee BepoHTHO. flocKOJihKY 3HaqeHHH PT 

CKml)J,biBaiOTCH H3 HMnyJihCOB, nonyqaeMhiX <lJparMeHTaMH npH pacna)J,e H,ll,pa

CHa!JH,ll,a H cyMMapHoro HMnyJibCa OT,ll,aqJI, nonyqaeMoro npH CTOJIKHOBeHHH C 

MHIIIeHblO (3<lJ<lJeKT «bounce off»), TO MO)J(HO nepeHTH K PT B C. Q. M. CHCTeMhl 

N a-<lJparMeHTOB cornacHo 

• _ "PTi 
PTi - PTi - L.J N 

I 

(2) 

PaCCMOTpeHHe KOppeJIHQHll Me)J(,ll,y qaCTHQaMH, COCTaBJIHIOIQHMH MHOrO

qacTJiqHbie KOHeqHbie COCTOHHHH H,ll,epHbiX peaKQHll npH BbiCOKHX 3HeprHHX, 

n03BOJIHeT ycTaHOBHTb 3aKOHOMepHOCTH HCCJie,ll,yeMbiX npoQeCCOB H ocyiQeCT

BHTb Bhi6op Me)J(,ll,y MHOroqJicJieHHbiMH MO)J,eJihHbiMH nO)J,XO)J,aMH, KOTOpbie He

pe,ll,KO npHBO,ll,HT K y,ll,oBJieTBopHTeJibHOMY onHcaHHIO O,ll,HoqacTJiqHhiX pacnpe

,ll,eJieHHH. 

3HeprHH B036y)J(,ll,eHHH CHCTeMbl <lJparMeHTOB MO)J(eT 6biTb npH6JIJI)J(eHHO 

_ onpe,ll,eJieHa KaK pa3HHQa Me)J(,ll,y HHBapHaHTHOll MaCCOH <lJparMeHTHpYfOIQeH 

CHCTeMbl H MaCCOH nepBJiqHoro H,ll,pa H COCTaBJIHeT BeJIJiqJIHY nopH,ll,Ka He

CKOJihKHX M3B Ha HYKJIOH <lJparMeHTa Q == M* - M, r,ll,e M - Macca ocHOBHoro 

COCTOHHHH H,ll,pa, COOTBeTCTBYIOIQero 3apH,ll,y H 8ecy aHaJIH3HpyeMOH CHCTeMbi, 
• *2 2 

~ - HHBapHaHTHaH Macca cHcTeMhi <lJparMeHTOB M == CIPj) == I(Pi ·Pk), a Pi,k 

- 4-HMnyJihCbl <lJparMeHTOB i H k. 
B ,ll,aHHOM HCCJie,ll,oBaHHH 3HeprHH B036y)J()J,eHMH Q onpe,ll,eJIHJiacb KaK 

<PYHKQMH yrna pacKpbiTHH Q(e). HanpHMYIO B 3KcnepHMeHTe H3MepHJIHCh 

TOJibKO KOOp,ll,HHaTbl ToqeK TpeKOB )J,JIH BOCCTaHOBJieHHH npHMbiX. T.K. Q H3Me

pHeTCH KOCBeHHO, )J,JIH onpe,ll,eJieHHH a6COJIIOTHOH H OTHOCHTeJibHOH norpeiiiHO

CTH Heo6XO)J,HMO BOCnOJib30BaTbCH CJie,ll,yiOIQHMH COOTHOIIIeHMHMH (3): 

12 

LlQ(e) := t(~Q(e).fle)
2 

ctj(e) :=J(~In(Q(e)).fle)2 
de de <3> 

r)J,e fle a6COJIIOTHaH KBa,ll,paTHqHaH OIIIH6Ka KOCBeHHOrO H3MepeHHH CO

OTBeTCTBYIOIQero yrna pacKpbiTMH <lJparMeHTOB, BbiqHCJieHHaH TaKHM )J(e cno
co6oM. 

9 8 7 .. · 
KaHaJihi C ~ B + p H Be + 2p HMeiOT HaH6onee HH3KHe nopom 1.3 H 

1.43 M3B H COCTaBJIHIOT OKOJIO 30% CTaTHCTHKH C06biTHH KOrepeHTHOH )J,HC

COQHaQHH c IZrr = 6. YrnoBhie pacnpe,ll,eJieHMH <lJparMeHTOB B 3THX KaHanax, a 

TaK)J(e YrJIOBhie KOppeJIHQHH <lJparMeHTOB, CO,ll,ep)J(aT CBe)J,eHihi CBH3H BHeiiiHUX 

npOTOHOB U UX napbl B H,ll,pe 
9C. }f3-3a HOBH3Hbl HCCJie)J,OBaHUH H,ll,pa 9C, npe,ll,

CTaBJIHeT HHTepec )J,a)J(e Ha MaJIOH CTaTUCTHKe BhiHBHTb no napaMeTpaM yrno

BbiX pacnpe,ll,eJieHHH oco6eHHOCTU ero CTpyKTypbi (§II.2). Ha pnc. 7 npe,ll,cTaB

JieHhl pacnpe,ll,eJieHMH no noJIHpHOMY yrny e peJIHTHBHCTCKUX <lJparMeHTOB B, 

Be up. Ha ux ocHoBe B Ta6n. 2 npnBe)J,eHbi npoCThie OQeHKn ,ll,JIH nonepeqHoro 

HMnynhca PT B npn6JIH)J(eHim PT::::: Ar,P0sin9. 

-l :"'''''-······1 

~ i 

:~-r----J _____ r, 
8 7Be 

's 
............... p 

2 

0 20 

! 
L ........................... i 

60 

, ............. 1 

' ; 
80 100 

9, x 10'3 rad 

Pnc. 7. Pacrrpe.neneHHJI no rroAApHoMy ymy 9 penll:THBHCTCKHX cpparMeHTOB c 3apJI
.naMn B «6eJibiX» 3Be3_nax IZr, = 5 + 1 H 4 + I + I 

Ta6JIH!la 2. IlapaMcrpbi pacrrpe.neneHnii rrorrepe"'Horo HMIIYJibca P· 
4'1-'• -···---· •• - ----· .. ~~ --~ u rp, ..__-. n~:-r-0 a TaKlKe _nJIJl: COObiTHH "tl->'tle+p H3 pa60Tbl 

sB+p 7
Be+ 2p 7

Be+p 

<Pl>
2> M3B/c 217 ± 36 207 ± 24 97± 13 

a <Pl>
2> M3B/c 130± 26 115 ± 17 64 •• 

<PI>M3Bic 77± 14 74±9 66± 12 

a <PI> M3Bic 51± 10 44±6 58 
;-

13 



Ta6nnqa 3. llapaMeTphi pacrrpe.nenennil. C)'MMapnoro rrorrepeqnoro ffMIIYJihca IPT 
rrepe,nannoro cncTeMe B co6hiTIU!X9C-+8B+p, 9C-+1Be+p a TaiOKe. JI)UI co6hrrHil. 

8B-+7Be+p. 

sB+p 7Be+ 2p 7Be+p 

IPTM3B/c 246 ±44 280 ±53 95 ::i: 15 

a.LPTM3Bic 165 ± 31 191 ± 37 73 

<PT*> M3Bic 76± 12 76±7 62 ± 11 

a <PT*> M3Bic 46±9 . .J 43 +5 54.2 

Pacnpe.n;eneHHe cyMMbi nonepeqHbiX HMnynocos cHcTeMbi <J>parMeHTOB 
PT (Pz, Py) (HJIH noJIHbiH nepe.n;aHHbiH HMnynoc) OTPa)l(aeT MexaHH3M Kore
peHTHOH ,n;HCCOQHaQHH. B Ta6n. 11.3 npe.n;cmsneHbi cpe,n;HHe 3HaqeHHH <PT(

8
B + 

p)> H <PT(Be + 2p)> H COOTBeTCTBYIOIQHe cr. MO)l(HO 3aKJIIOqHTb, qTQ o6a 
pacnpe,n;eJieHHH HaxO)l;HTCH B o6JiaCTH, KOTOpaH xapaKT~pH~ )l;JIH H,n;epHOH ,ll;H
<j>paKQHOHHOH ,n;HCCOQHaQHH. BenHqHHa nonepeqHoro HMnynoca CHCTeMbi 
<j>parMeHTOB onpe,n;eJIHeTCH pacceHHHeM H,n;pa OCHOBbl 

7
Be, HMeiOIQHM 60JibinylO 

BepOHTHOCTb, qeM paCCeHHHe npOTOHa. 
ITocKOJibKY 3HaqeHHH seKTopa PT (Pz, Py) cKJia,n;I>IBaiOTCH H3 HMnynocos, 

nonyqaeMbiX <J>parMeHTaMH npH pacna.n;e H.n;pa-cHapH.n;a H cyMMapHoro HMnyno
ca oT,n;aqH, nonyqaeMoro npH CTOJIKHOBeHHH c MHIIIeHbiO (3<j><j>eKT «bounce 
off»), TO ero BeKTOpHbiM BbJqHTaHHeM MO)l(HO nepeHTH K PT • <j>parMeHTOB B HX 
cHcTeMe QeHTPa Mace. eooTBeTCTBYIOIQHe cpe,n;HHe 3HaqeHHH H cr, npHBe,n;eH
Hbie B Ta6n. 3, YKa3biBaiOT Ha He3HaqHTeJibHOCTb TaKoii KoppeKQHH. TaKHM o6-
pa3oM, BeJIHqHHbl cpe,n;HHX nonepeqHbiX HMnyJibCOB <PT*> npOTOHOB B KaHaJiaX 
8B +pH 7Be + 2p B npe.n;enax ornH6oK paBHbi::::: 70 M3B/c. 3m senHqHHa npH-
6JIH3HTeJII>Ho cosna.n;aeT c HMnynocaMH B cnyqaHx 9Be ~ 8Be + n H B ~ 7Be + 
p H COOTBeTCTByeT HepeJIHTHBHCTCKOMY ,ll;BH)l(eHHIO BHeiiiHero HYKJIOHa. 

llpHse.n;eHHbie 3HepreTHqecKHe cneKTPbl Q KaHana 9e~ 7Be + 2p YKa3bi
BaiOT Ha B03MO)l(HYIO )l;HCCOQHaQHIO no KaCKa,n;HOMY KaHany 9e ~ 8B ( ~ 7Be 
+ p) + p. KoppeJIHQHH no a3HMYTaJibHOMY yrny Epse. o6Hapy)l(eHHaH B Kore
peHTHOH ,ll;HCCOQHaQHH 8B ~ 7Be + p, OTCYTCTByeT, H pa3BaJI H30TOTia 

9
e onpe

,n;eJIHeTCH H,n;epHbiM )l;H<j>paKQHOHHbiM pacceHHHeM Ha TH)l(eJibiX H,n;pax H3 COCTa
Ba 3MYJibCHH (§11.3-5). 

. 3 r JIABA III noCBHIQeHa H3yqeHHIO o6pa3oBaHHH COCTOHHHH 3 He - QeH-
TPaJibHOH npo6neMe HaCTOHIQero Hccne.n;osaHHH. B Ta6n. 1.1 oTMeqaeTcH o6pa-
30BaHHe 16 «6eJibiX>> 3Be3,n;, HMeiOIQHX KOHeqHbie COCTOHHHH 3He. BepOHT
HOCTb ,tiHCCOQHaQHH TIO 3TOMY KaHany cpaBHHMa C BepOHTHOCTblO HaH6onee 
O)l(H)l;aBIIIHXCH KaHaJIOB )l;HCCOQHaQHH. 06pa~QaeT Ha ce6H BHHMaHHe 3HaqH
TeJibHbiH sec KaHana c BbiCOKHM noporoM 9e ~ 33He (15.88 M3B), cpaBHHMbiH 

14 

C KaHaJiaMH OT,n;eJieHHH O)l;Horo HJIH napbl HYKJIOHOB, HMeiOIQHMH HaH6onee 
HH3KHe noporn ,n:HCCOQHaQHH (1.30 H 1.43 M3B). 3TO o6cToHTenoCTBO Mo)l(eT 

. 3 
YKa3biBaTb Ha 3aMeTHYIO npHMecb BHpzyanoHOH KOMTIOHeHTbi 3 He B CTPYKTY: 
pe OCHOBHOro COCTOHHHH H,n;pa 9e. 

N.v 

8~ -- <jlparMeHni He 

•••••••• 3
3
He 
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Pnc. 8. Pacrrpe.l{enenne H3MepeHHhiX Bennqnn ppc· JI)UI ,l{BYX3apMHhiX 4JparMeHTOB H3 
«6eJihiX» 3Be3,!{ 3He H H3 IIOJIHOCThiO ll,l{eHTH4JHI~HpOBaHHhlX CQ6hiTHH 33He (Toqeqnrur mc
TOrpaMMa); rrymcrnpoM ycnoBHO rrpe,l{CTaBJieHo O)l(H,l{aeMoe pacrrpe.l{enenne ;:iJJ.H 4He 

KanH6posoqHbie H3MepeiiHH p~cHe 30 cne.n;os nyqKOBbiX H,n;ep 3He, npe.n;
CTaBJieHHbie B rnase I, H H3MepeHHH p~CHe 75 cne,n;OB He, BblllOJIHeHHbie MeTO
,ll;OM MHOrOKpaTHOro pacceHHHH, n03BOJIHIOT c,n;eJiaTb 6onee Ha,ll;e)l(HOH H)l;eHTH
<j>HKaQHIO C06biTHH 

9
e ~ 33

He. l13MepeHHH y,n;aJIOCb BblllOJIHHTb TOJibKO Ha 22 
cne.n;ax He H3 «6enbiX» 3Be3.n; (pHc. 8). ITonyqeHo cpe,n:Hee 3HaqeHHe <p~c3He> = 
(4.9 ± 0.3) r3B npH cr3He = 0.9 r3B, qTQ COOTBeTCTByeT pe3yJII>TaTaM KaJIH6poB
KH Ha H,n;pax nyqKa 

3
He. ,[(OJIH <j>parMeHTOB, KOTOpbie MO)l(HO 6oiJIO 6oi onpe,n;e

nHTb KaK H,n;pa 
4
He, HBJIHeTCH He3HaqHTeJibHOH no cpaBHeHHIO C 3He. 

B KaqecTBe · .n;onommTeJioHoro nicm B 3MYJib.CHH, o6nyqeHHoii B eM e-
. 7 IDe I2N · · rnaHHOM nyqKe Be - - c TeM )l(e HMnynocoM Ha HYKJIOH, H3MepeHbi se-

JIHqHHbi p~cHe Ha 23 cne.n;ax He B «6enoiX>> 3Be3.n;ax IDe ~ 2He + 2H. Mcnono-
3osanHcb C06biTHH )l;HCCOiiHaQHH qepe3 OCHOBHOe COCTOHHHe 0+ H,n;pa 8Be, pac-

. . 4 
na.n; KOTOporo npoHcxo,n;HT Ha .n;sa H,n;pa He [6]. 

Onpe.n;eneHHe p~c Bcex <j>parMeHTOB y.n;anoCTb BbinOJIHHTb TOJibKO B TPex 
«6enoiX» 3Be3.n;ax 3He (pHc. 8). ITonyqeHHbie 3HaqeHHH rio3BOJIHIOT HHTepnpe
THposaTb 3TH 22 co6oiTHH KaK TPOHHoe o6pa3oBaHHe H,n;ep 3He. I1HTepnpeTaQHH 
3THX C06biTHH KaK IDe~ 33

He + n MaJIOBepOHTHa, TaK KaK B 3TOM cnyqae no
TPe60BaJiaCb 6oi MO,n;H<j>HKaQHH He o.n;Horo, a napoi KJiacTepos 4He c npeo.n;one
HHeM nopora RaK MHHHMYM 37 M3B npH TPe6osaHHH nepH<j>epHqecRoro roaH
Mo.n;eiicTBHH 6e3 o6pa3oBaHHH <j>parneHToB MHIIIeHH. MHKpo<j>oTOrpa<j>HH .n;syx 
H3 H.n;eHTH<j>HQHpoBaHHbiX co6oiTHH 9e ~ 33He npe.n;cTasneHbl Ha pHc. IT.l H 
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puc. IT.2 npuno:lKeHirn, a TaiOKe Ha puc IT.3 npuBe.n;eH npuMep co6oiTUH, B KOTo
poM y.n;arrocb u.n;eHrn<PuQupoBaTb Toni>Ko o.n;uH u3 TPex renueBI>IX <PparneHTOB. 

OcHOBHaH qacTb CTaTUCTUKU no nonHpHOMY yrny eHe <PparMeHTOB He 
CKOHQeHTPUPOBaHa B KOeyce eHe < 10'2 pa.n; (§111.2). Pacnpe.n;en(mne no a3HMY
TMbHOMY yrny Me:lK.n;y <PparneHTaMH E2He(pnc. III.4) He YKa3biBaeT Ha :J<P<PeKTI>I 
acnMMeTPHH. YrnoBI>Ie H3MepeHHH cne.n;oB no3BOAAIOT .n;AA Ka:lK.n;oro aHcaM6AA 
33He nonyqHTb Henocpe,D;CTBeHHO CBH3aHHbie C HHMH 3HaqeHHH ero nonHOH 
:JHeprnn Q(33He) Ha.n; Maccoii 33He . n nonHoro nonepeqHoro nMnynoca 
PT(33He). .J 

Pacnpe.n;eneHne no 3Heprnn cncTeMI>I Q(33He), npe.n;cTaBneHHoe orpaHH
qeHo B OCHOBHOM o6naCTbiO Q(33He) < 40 M:JB, r.n;e cpe.n;Hee 3HaqeHHe COCTaB
nHeT <Q(33He)> = (12 ± 2) M:JB npn cr =8 M:JB. Pacnpe.n;eneHne no nonHoMy 
nepe.n;aHHOMY HMnynocy ,Zl;JIH KOH<l>nrypaQIIII 33He HaxO,ZJ;IITCH B o6naCTII H.n;ep
HOH .n;n<PpaKQIIOHHoii .n;nccoQnaQIIII. Ero napaMeTPbi IIMeiOT He 3HaqeHHH 
<PT(33He)> = (335 ± 79) M:JB!c npii cr =294 M:JB!c. 

3HaqnTenoHaH BepoHTHOCTb npoQecca 9C ~ 33He .n;enaeT ero :J<P<PeKTIIB
HbiM IICTOqHIIKOM COCTOHHIIH 23He B6J1II3II nopora (§111.3). flpe:lK.n;e BCero, IIH
Tepec npe,D;CTaBnHeT nOIICK aHanOrOB pacna.n;a H,D;pa 8Be II3 OCHOBHOrO COCTOH
HIIH o+ B cneKTPe Q(23He ). Pacnpe.n;eneHIIe no yrny pa3neTa B nape <PparMeHTOB 
e2He npe,D;CTaBneHO Ha puc. 9. OcHOBHaH ero qacTb, COOTBeTCTBYJOIQaH 30 na
paM 2He oniiCbiBaeTCH pacnpe.n;eneHIIeM raycca C napaMeTPaMII <E>2He> = ( 46 ± 
3) ·10·3 pa.n; ncr= 16 ·10·3 pa.n;. CooTBeTCTBYJOIQee pacnpe.n;eneHII~ no :JHeprnn 
Q(23He) orpaHIIqeHO B OCHOBHOH qacrn o6naCTbiO Q(23He) < 20 lVbB. 3Ta :lKe 
oco6eHHOCTb - o6pa3oBaHne Y3KIIX nap - npoHBnHeTcH TaK:lKe B pacnpe.n;eneHIIII 
no a3IIMYTMbHOMY yrny Me:lK.n;y <PparMeHTaMII E • 2He B CIICTeMe QeHTPa Mace B 
«6enoix» 3Be3.n;ax 9C~33He. Pacnpe.n;eneHne .n;nH co6onnii, co.n;ep:lKaiQnx Y3KIIe 
napbl, npOHBnHeT XapaKTepHyiO KOppenHQIIIO B o6naCTII MallbiX II 6onbiiiiiX yr-

* JIOBE 2He• 
O.n;HoBpeMeHHO, 6naro.n;apH npeBocxo.n;HoMy npocTPaHCTBeHHOMY pa3pe

rneHIIIO 3MYJibCIIOHHOro MeTo.n;a, Ha6niO,ZJ;aiOTCH BOCeMb Y3KIIX nap 2He, yron 
2 . 

pa3neTa KOTOpbiX orpaHnqeH E>2He < 10· pa.n; (puc. 111.8). 3TII napbl Bbi,D;eJIHIOT-
CH B oco6yiO rpynny CO cpe,D;HIIM 3HaqeHIIeM E> (23He) = (6 ± 1)x10"3 pa.n; npii 0' 

= 3 pa.n;. Pacnpe.n;eneHne :JTIIX nap no :JHeprnii Q(23He) IIMeeT cpe.n;Hee 3Haqe
HIIH <Q(23He)> = (142 ± 35) K3B npii 0' = 100 K3B. TaKIIM o6pa30M, HeCMOTPH 
Ha HeBbiCOKYIO CTaTIICTIIKy, .n;aHHoe pacnpe.n;eneHne YKa3biBaeT Ha IIHTPIIryiO
IQyiO. B03MO:lKHOCTb cyiQeCTBOBaHHH pe30HaHCHOrO COCTOHHHH 23He npaKTIIqe
CKII Ha.n; CaMbiM MaCCOBbiM noporOM 23He. 
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PHc. 9. PacnpeJleJieHHe no napHoMy ymy E>2He, MeJK,ZJ;y cpparMeHTaMH B «6eJibiX» 
3Be3Jlax C -> 3He; JIHHIDI- cpHT cpyH~Hefi raycca 
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PHC. 10. CyMMapiioe pacnpeJleJieHI!e no mipHOMY ymy e2H., Me)i(Jiy pemrTHBHCTCKH
MH Jl)lpaMH cpparneHTaMH He B co6biTHJIX 8B -> 2He + H c o6pa3oBaHHeM cpparneHTOB Jl)lpa 
MHIIIeHH HJIH Me30HOB H B «6eJibiX» 3Be3Jlax 9C -> 33He; nyHKTHpOM YKa3aH BKJI~ «6e
JibiX» 3Be3Jl 

,l(mi npOBepKII B03MO:lKHOro cyiQeCTBOBaHIIH pe30HaHCa B CIICTeMe 23He 
npoBo.n;nTcH aHanii3 .n;aHHbiX COTPY,D;HnqecTBa EeKKepeno 8B ~ 2He +H • .[Vrn 
ycnneiiHH :J<P<PeKTa o6pa30BaHIIH Y3KIIX nap 23He B 3TOM KaHane oT6IIpannco 
B3aiiMO,D;eHCTBIIH COnpOBO)K,Zl;aeMbie <PparMeHTaMII. H,D;pa MIIIIIeHII IIJIII Me30Ha
MII. flpii TaKOM ycnOBIIII npOIICXO,Zl;IIT 3<P<PeKTIIBHbiH oroop C06biTIIH C Bbi6bi
BaHIIeM HeiiTPOHa II3 KJiacTepa 4He B H.n;pe 8B B pe3ynoTaTe--Heynpyroro. B3aii
Mo.n;eiicTBIIH. Tor.n;a pacnpe.n;eneHne E>(23He) .n;AA H.n;pa 8B npno6peTaeT BII.n; 
CXO:lKIIH C piiC. 9 II npOHBAAeTCH OT- OT,ZJ;enbHaH rpynna Y3KIIX • nap C 
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napaMelpaMH <8(2
3
He)> = (4.5 ± 0.5) ·10·3 

pa.n; npn cr 1.5'10"3 
pa.n;, cooTneTcT

nyromnMH cnyqaro B «6eJII>IX» 3Be3,n;ax 
9C----+- 33

He, onncaHHOMY Bblme. CYM
MapHoe pacnpe,n;eJieHHe 00 napHOMY yrny 82He, Me)l(,n;y pemiTHBHCTCKHMH H,l(

paMH <f!parMeHTaMH He B co6I>ITHHX 
8
B ----+- 2He + H c o6pa3oBaHHeM <flparMeH

TOB H,D;pa MHilleHH HJIH Me30HOB H B «6eJibiX» 3Be3,n;ax 
9C----+- 33

He npe,n;cTaBJieH

HOe Ha pnc. 10, ycnnnnaeT YKa3aHne Ha cym:ecTBOBaHne oKononoporonoro pe-

3oHaHca 2 3He. Eonee Taro, B03HHKaeT nonpoc o npnpo.n;e mnpoKoro nnKa c 

MaKCHMYMOM B paiioHe 8(2
3
He)::::: (40- 50}10"3 

pa.n;. KoHeqHo, :na Ba)I(HaH Ha

xo,n;Ka 3aCJIY)I(HBaeT nponepKH H H3yqeHHH Ha 3HaqnTeJibHO 60JibilleH CTaTHCTH

Ke. O,n;HHM H3 ee TeXHnqecKn 6onee npocTI>rX napnaHTOB MO)I(eT OKa3aTI>CH co-

6I>ITHH ,l(HCCOI.(Hal(HH 
7
Be ----+- 2

3
He C Bbi6HBaHHeM HeHlpOHa H o6pa30BaHHeM 

<f!parMeHTOB H.n;pa MnmeHn HJIH Me30HOB. TaKHM o6pa3oM, H,n;epHaH 3MYJII>CHH, 

o6nyqeHHaH peJIHTHBHCTCKHMH H,n;paMH 
9C, npOHBJIHeT ce6H KaK 3<fl<fleKTHBHbiH 

HCTOqHHK «IDHpOKOllOJIOCHOrO» llOHCKa pe30HaHCOB B CHCTeMe 2
3
He, ll03BO-

JIHIOIUero COpHeHTHpOBaTb HCCJie,D;OBaHHH B03MO)I(H0 O,l(HOrO H3 KJIIOqeBbiX 

npol(eCCOB H,D;epHOH aC1pO<flH3HKH. .. 
B 3AKJIIOqEHU:U: c<flopMynnponaHbi ocHOBHI>Ie pe3yJII>TaTI>I .n;nccep

Tal(HOHHOH pa60Tbi, KOTOpbie COCTOHT B CJie,n;yromeM 

1 . .5I,n;epHaH 3MYJibCHH o6nyqeHa B nyqKe peJIHTHBHCTCKHX H,D;ep 
9C, Bnep

Bble c<flopMnponaHHOM Ha HyKJioT}JoH.e OIUIH npn <flparMeHTal(HH H,n;ep 
12

C c 

3Hepmeii 1.2 A r3Bic. ,lJ;oMHHHpOBaHHe B nyqKe cpe,n;H BTOpnqHbiX nerKHX 

H,D;ep HMeHHO H30TOlla 9C llO,l(TBep)I(,D;aeTCH H3MepeHHHMH HOHH3al(HH H,D;ep BTO

pnqHoro nyqKa, oco6eHHOCTHMH 3apH,D;OBOH TOllOJIOrHH HX <flparMeHTal(HH, a 

TaK)I(e H3MepeHHHMH HMllYJibCOB conpOBO)I(,l(aiOUJ:HX H,D;ep 
3
He. 

2. ff3yqeHO pacnpe,n;eJieHHe no BepOHTHOCTHM KaHanOB KOrepeHTHOH ,l(HC

COI.(Hal(HH peJIHTHBHCTKHX H,D;ep H,D;pa 
9C, KOTOpoe BllHCbiBaeTCH B ,n;aHHbie ,l(JIH 

6onee JierKHX HeHTpOHO,n;e<fJHI.(HTHbiX H,D;ep C ,n;o6aBJieHHeM ,D;BYX HJIH O,l(HOro 

npoTOHOB. Oco6eHHOCTbiO .n;nccol(Hal(HH H,n;pa 
9C HBJIHeTCH HOBI>IH KaHan Kore-

, 3 
peHTHOH .n;nccol(Hal(HH B T}JH H,n;pa He. 

3 
, 3 .. BepoHTHOCTb KaHana KorepeHTHOH .n;nccol(Hal(HH c BI>ICOKHM noporoM 

3 He, cocTaBJIHeT 14 %, qTo npn6JIH3HTeJII>HO conna.n;aeT co 3HaqeHHHMH ,n;JIH 

KaHanOB C OT,D;eJieHHeM O,l(HOrO HJIH napbl HYKJIOHOB, HMeiOUJ:HM HH3KHe noporH. 

3to Ha6JIIO,D;eHne YKa3biBaeT Ha 3HaqnTeJibHbiH BKJia,n; KOMllOHeHTbi 33
He B OC

HOBHOe COCTOHHHH H,D;pa 
9C. 

4. <l>H3HqecKHM MexaHH3MOM KorepeHTHOH ,l(HCCOI.(Hal(HH H,D;pa 
9C HBJIH

eTCH H,D;epHoe ,D;H<flpaKI.(HOHHOe B3aHMO,D;eHCTBHe, qTQ ycTaHOBJieHO Ha OCHOBe 

H3MepeHHH llOJIHbiX nonepeqHbiX HMllYJibCOB (HeCKOJibKO COT M3B/c), nepe

,D;aHHbiX aHcaM6JIHM <flparMeHTOB B KaHanax c oT,n;eneHneM eyKJioHoB n KaHane 

33
He •. 

5. B KaHane 9C ----+- 33He, o6Hapy)l(eHI>I Koppe.llnponaHHI>Ie napi>I, cocToH

mnx H3 H,D;ep 2 3He C OTHOCHTeJII>HbiMH yrJiaMH pa3JieTa ,l(O 1 0"
2 

pa,n;. 3TO Ha-

6JIIO,D;eHHe YKa3biBaeT Ha B03MO)I(HOCTb cyll(eCTBOBaHHH 

18 

pe30HaHCHOrO COCTOHHHH .B CHCTeMe 2
3
He B6JIH3H nopora o6pa30BaHHH H Bbi

,D;BHraeT npo6neMy ero noncKa npn 3Hepmn pacna.n;a (142 ± 35) K3B. 

,D;nccepTal(HIO 3asepmaeT ATJiac MaKpmJJoTorpa!J!uu B3anMo.n;eiicTBHH 

peJIHTHBHCTCKHX H,n;ep 
9C C H,n;paMH <floT03MYJibCHH. 3a,n;aqa ,n;aHHOrO npHJIO)I(e

HHH COCTOHT B HarJIH,n;HOH ,n;eMOHClpal(HH llOJIHOTbl H ,l(OKa3aTeJibHOrO xapaKTe

pa Ha6nro,n;eHnii B 3MYJII>CHH. Ha pncyHKax 11, 12 n 13 npe,n;cTaBJieHbi npnMepbi. 

o6cy)l(.l(aBmnxcH npol(eccon. 

Pnc. 11. Co6hrme ilJparMeHTai(HH ,C --+ •B + p THila «6emum 3Be3)la. Ha 4JoTOrpa4Jnn 
OTMeqeHhl BepiiiHHa B3aHMO)leHCTBHH (l.V.) H CTPYH OCKOJIKOB H]lpa CHapH)la, COCTOHmaH H3 
MaCCHBHOro OCKOJIKa (8B) H IIpOTOHa (H) 

"f.;. 

...._~ ~ 

~-~

'· 
- l ' 

-: ..... ~··S"~~·JiftlH ' ..... -
· P~c. • 12:· C;6~~::¢;~~:a~;9C --+ Be + 2p T~~~~<6enax» 3~e3)la~ Ha 4J;T;~a-

4Jnn OTMeqeHhl BCpiiiHHa B3aHMO)leHCTBHH (l.V.), KOTOpaH IIOIIaJia IIO)l MapKHpOBQqHyiO CeT
Ky, H CTPYH OCKOJIKOB H)lpa CHapH]la, COCTOHmaH H3 MaCCHBHOrO OCKOJIKa (Be) H JlBYX rrpo

t· 
TOHOB (H) . 

' • ' -'I' : ~. .-.. ~ ~- • = .... ' --. . --
G --/9·--,.....-~ -·-~---~~··._...; __ ·~4--·-··-··-- -·--9cc:7 ~ ;;. .;. •· • He · · 

~- Tv.~ ~ He He 

·' -·- -~ --- ----.:...~- ·-· .. --~-~ ~- '": ~ --..... "_. -----0··,·-.... _ ~-.................... "':'no-."""""'1t" ...... :.::-...J",.-~.--; .-.. ~.,r.. ..... ":=,:--::.-.~~~:::A_~ .. . ..... 

Pnc. 13. MaKpo4JoTorpa4Jnx «6enoii» 3Be3)lhi 9C--+ 33He rrpn :mepmn 1.2 A fJB. Ha 
BepxHeii 4JoTorpa4Jnn BH)lHa BeprrmHa JlHCcounaunn (I.V.) n CTPYH ilJparMeHTOB B Y3KOM Ko
Hyce; rrpn rrpo)lBH)J(eHHH BJlOJih CTPYH pa3JinqaiOTCH TPH peJIHTHBHCTCKHX ilJparMeHTa (He) 
(HH)J(HHH !lJoTOrpa«jJHH) 
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