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OI>ID;A51 XAP AKTEPHCTHKA PAI>OTbl 

,[(11ccepTaI(llOHHa51: pa6oTa IIOCB5J:II(eHa 11ccne,r:i:oBaHlllO oco6eHHOCTeii KO

repeHTHOH ,r:i:11cco1(11a1(1111 B H,r:i:epHoii 3Mynbc1111 H,r:i:pa 9 C, c1:111Ta10:rn:eroc51: o,n:HllM 

113 KJII01:1eBbIX 3JieMeHTOB B aHan113e CTPYKTYPHbIX oco6eHHOCTeli H,r:i:epHo:H: Ma

Tep1111 B6JI113ll rpaHllI(bI IIpOTOHHOH CTa6llJibHOCTll [ 1-3]. 0Ha 5J:BJI5J:eTC51: pa3Bll

TlleM He,r:i:aBHllX pa6oT COTPY.n:H111:1ecTBa EEKKEPEJ1b Ha HyKnoTpoHe OH5IM 
rro 113y1:1eH1110 KnacTepHoii CTPYKTYPhI 51,n:ep 7Be, 9Be [ 4] H sB [5]. 06ny1:1em1e 

CTOIIKll 6brno BbrnonHeHo Bo BTopH1:1HOM rry1:1Ke HyKnoTpoHa OH5IM B 2006 r., 

ccpopM11poBaHHOM Bo cpparMeHTaIJ;HH rrepBH1:1HbIX H,r:i:ep 12C c 3Hepr11e:H: 1.2 A 
f3B. 

Enaro.n:ap51 peKop,r:i:HoMy rrpocTpaHCTBeHHOMY pa3perneHHIO rrpH perHcT

pau;HH 3ap51:)KeHHbIX 1:1aCTHI(, COCTaBJrn10:rn:eMy 0.5 MKM, MeTo,n: 51:,IJ;epHOH 3MYJib

CHH o6ecrre1:1HBaeT IIOJIHOe Ha6mo,r:i:eHHe aHCaM6ne:H: cpparMeHTOB peJI51THBHCT

CKHX H,n;ep. CTPyKzypa a-KnacTepHbIX cocT051Hllii pH,n;a nerKHX .51,[(ep y)Ke 11ccne

,n:0Banacb ,[(OCTaT01:1HO ,r:i:eTaJibHO rrpH peJI51TllBllCTCKOM ~parMeHTaI(llH B 51,r:i:ep

HOH 3MYJII>CHH. YHllKaJibHbie B03MO)KHOCTH 3Toro MeTo,n:a B 11,n;eHTllc}?HKau;HH 

pen51TllBHCTCKllX cpparMeHTOB II03BOJIHJIH llCCJie,n;oBaTb KJiaCTepH3aIJ;HIO ll30TO

IIOB 6'7Li, 7Be H sB Ha ocHoBe ,n:eliTPOHOB, TpllTOHOB H 51,n:ep 3He. Hm-16onnrna.5I 

IIOJIHOTa aHaJIH3a ,IJ:OCTllraeTC.51 ,lJ;JI.51 co6bITHH KOrepeHTHOH ,[(HCCOIJ;llal(HH, He 

corrpoBO)K,[(aIOII(llXC51 o6pa30BaHHeM cpparMeHTOB MHIIIeHH 11 pO)K,[(eHlleM Me30-

HOB, rrorry1:1HBllIHX HaHMeHOBaHHe «6errbie» 3Be3,IJ:bl. TipH BCeM 3TOM 51:,[(epHa51: 

3MYilbCH51: coxpaH.5IeT HCKJII01:1HTeJibHOe IIOJIO)KeHHe B OTHOllieHllll rrpo6neM pe

JI.5ITllBHCTCKOH ~parMeHTaIJ;HH, IIOCKOJibKY .n:pyrHe MeTO,IJ:bI He MOryT rrp116n11-

3HTbC.5I K rro.n:o6HbIM Ha6n10,r:i:eHH.5IM. y Ka3aHHbIH 3KCIIep11MeHTaJibHbIH MeTO,[( 

II03BOJI.5IeT He TOJibKO pernaTb aKTYaJibHbie rrpo6neMbI H3y1:1eHH51: CTPYKTypnI 

51:,n;epHOH MaTepHH peJI5J:THBHCTCKOH cpparMeHTaIJ;HH, HO H o6Hapy)Kl1Tb HOBbie 

5J:BJieHH.5I B cp113HKe peJI5J:THBHCTCKHX KrracTepHbIX CHCTeM - 51:,[(ep c ll36bITKOM 

rrpoTOHOB. 

AKryaJihHOCTh ;::u1ccepTagttoeeoii pa6oTbI. 3Ha1:111TeJibHbie yc11n11H Ha 

COBpeMeHHOM 3Tarre cpH3HKH aTOMHOfO .51,[(pa cocpe,r:i:OT01:1eHbI Ha H3y1:1eHHH 

cTpyKrypnI 11 MexaHll3MOB B3aHMo,n:elicTBll51: pa,r:i:HoaKTllBHbIX H,r:i:ep. Co3,r:i:aHHe 

rry1:1KOB TaKHX 51:,n:ep II03BomreT pa3H006pa311Tb llCCJie,[(OBaHH.51 KJiaCTepHbIX aH

caM6ne:H:, B03HllKaID:W:HX rrpH HX ~parMeHTaI(HH. HyKnOHHbie KoppenHI(Hll B 

H3oTorrax OT Li .n:o C c 3arronHeH11eM p-06ono1:1KH rrpo51:BJI51IOTC51 B KnacTep113a

U:Hll HYKJIOHOB B ner1:1a:H:rnHe 51,r:i:pa H HYKJIOHHI>Ie rrapbI. ITpe,r:i:cTaBJIHeTcH, 1:1To 

3BOJIIOIJ;H51: TeopeT.H1:1ecKoro orr11caHH.5I CTPYKTypnI H,r:i:epHo:H: MaTepHH cocTOHT B 

rrepexo,n:e OT KJiacTepHOH KapTHHbI B crry1:1ae 51:,[(pa 6Li K 06ono1:1e1:1HOMY OIIHCa

HHIO. Crr11HbI H,n:ep 11, KaK rrpaB.Hno, MarHHTHbie ,r:i:HrronI>Hbie H 3neKTpH1:1ecKHe 

KBa,r:i:pyrronbHbie MOMeHTbI HX OCHOBHbIX COCT0.5IHHH cne.n:yIOT rrpe,r:i:CKa3aHH.5IM 

06onoqe1:1HOH MO,[(eJIH 0 3aIIOJIHeHHll HeHTpOHHOH 11 rrpoTOHHOHp-06onoqK11. 

Cy:rn:ecTBYIOT ycrrernHbie orrHcaHH51 3THX rrapaMeTPOB H B KnacTepHbIX Mo,r:i:em1x. 

TipH KJiaCTep113aIJ;Hll He6oJibllIHe rpyrrIIbI HYKJIOHOB, COOTBeTCTBYIOII(lle ner-
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lJaihmiM 51,r:i;paM 4He, 3He, 2H H 3H, Be,r:i;yT ce651 KaK u;errOCTHbie o6pa.3oBaHH51, 

1ITO, rrpe)l(,r:i;e Bcero, rrpo51Brr51eTC51 B Manoii: 3HeprHH oT,r:i;erreHIDI KrracTepoB, 

MeHbIIIeii:, 1IeM oT,n:erreHHe oT,n:errhHbIX HyKrroHoB. TaKHM o6pa.30M, ,n:rr51 p
o6orro1Ie1IHbIX 51,n;ep o6orro1Ie1IHa51 H KrracTepHa51 KapTHHa 51BJI51IOTC51 B3a11Mo,n;o

rrorrH51IOIIJ;HMH. 5!,n;pa, c 3aIIOJIH51IOIIJ;eii:c51 p-o6orr01IKOH H Bbipa)KeHHhIMH Krra

CTepHbIMH oco6eHHOCT51MH, HrpaIOT porr:o «rra6opaTopHii:» ,l1;JI51 rrpoBepKH MO,r:i;e

rreii: orrHChIBaIOIIJ;HX CTPYKTYPY 51,n:ep. B 1IacTHOCTH, cTpyKTYPhI H3 KrracTepHoii: 

OCHOBhI H crra6oCB513aHHhIX BHeIIIHHX HYKJIOHOB B coce,n;HHX 51,Ll;pax 8B H 9C MO

ryT HMeTb MarHHTH:Oie MOMeHTbI OTJIH1IH:Oie OT rrpe,r:i;CKa.3aHHH o6orro1Ie1IHOH MO

,n;errH . .5I,n;pa Ha rpaHHu;ax CTa6HJibHOCTH II03BOJI51IOT H3y1IaTb 3cpcpeKThI HapyIIIe

HH51 H30CIIHHOBOH CHMMeTpHH. Hx CHJibHa51 H30TOIIH1IeCKa51 aCHMMeTpH51 Tpe6y

eT BKJII01IeHI:I51 3He, TaK l:I HYKJIOHOB KaK 3JieMeHTOB KJiaCTepHOH CTpyKTYPhl 

51,n:ep. CBoeo6pa.3He CTPYKTYPI>I 51,n:ep 8B 11 9C B03MO)KHO orrpe,n;err51eT cu;eHapHli 

H cKopocTh rrpoTeKaHH51 KJII01IeBbIX rrpou;eccoB HyKneocHHTe3a. 

lleJihlO ,UHCCepTaguouuoii paOOThl 51BJI51eTC51 113BJie1IeHHe CBe,n:eHHH 0 

KJiaCTepHOH CTpYKType H B036y)K,n:eHHhIX COCT051HIDIX MaJIOH3Y1IeHHOro 51,D;pa 9C 

H HCCJie,n;oBaHHH ,ll;HHaMHKH rrpou;ecca KorepeHTHOH ,n;11ccou;Hau;11H 9C --+ 33He, 

CTaBIIIeli u;eHTpanbHOH rrpo6rreMOH ,r:i;aHHoro HCCJie,n;oBaHH51 . 

Ill I I • 

HayquaH HOBH3Ha u 3uaquMOCTh .uuccepTaguouuoii pa6oThI. He

CMOTp51 Ha 6onee tieM IIOJIBeKa, rrpoIIIe,n:IIIHe co BpeMeHH OTKphinrn, H B Ha

CT051IIJ;ee BpeM51 51,D;po 9C OCTaeTC51 MaJIOH3Y1IeHHbIM. 3To o6CT051TeJibCTBO CB51-

3aHO c oco6oli CJIO)KHOCTbIO HCCrre,n:oBaHH51 HeliTpoHo,n;ecpHIJ;HTHbIX 51,n;ep rrpH 

HH3KHX 3HeprH51X. Pen51THBHCTCKa51 cpparMeHTaIJ;H51 51,n;pa 9C, orrHpa10IIJ;eec51 Ha 

B03MO)KHOCTH MeTo,n;a 51,r:i;epHOH 3MYJibCHH, KatieCTBeHHO paCIIIHp51eT B03MO)l(H0-

CTH HCCJie,n;oBaHH51 ero KrracTepHbIX oco6eHHOCTeli. 

C1IHTaeTc51, 1ITO B u;enoM xapaKTep11cTHKH 51,n;pa 9C orrpe,n;err51IOTC51 CB513bIO 

OCHOBhI 7Be c rrapoii: BHeIIIHHX rrpOTOHOB. TI03TOMY ,l1;JI51 KorepeHTHOH ,l1;HCCO

u;Hau;m1 51,n:pa 9C cne,n;yeT O)l(H,D;aTb JIH,n;HpoBaHH51 KaHanOB 8B + p (rropor 1.3 
M3B), 7Be + 2p (1.4 M3B), a TaK)Ke KaHanoB, CB513aHHhIX c ,n;Hccou;Hau;Heli oc

HOBhI 7Be ( CBhIIIIe 3 M3B). B rrocne,n:HeM crrytiae MO)KHO O)l(H,D;aTh cxo,n:cTBa c 

y)Ke ycTaHOBJieHHOH TOIIOJIOr11eli ,ll;l:ICCOIJ;HaIJ;HH 51,r:i;ep 7Be H 8B. 

2 



KaqecTBeHHo HOBo:H: oco6eHHOCTbIO ,z::i;;rn 51,z:i:pa 9C cTaHoBHTC51 B03MO)l(HbIM 

3aceneHHe pattee He tta6nID,z:i:aBinerocH cocT051HH51 Ha,z:i: rroporoM 16 M3B, co

CT051II(ee H3 Tpex KJiaCTepoB - 5:1:,z:i:ep 3He. 3To MO)KeT rrpOHCX0,11;HTb B pe3yJinTaTe 

BHpTyanhHOH rreperpyrrrrHpOBKH He:H:TpoHa H3 a-qacTHqHoro KnacTepa B cpop

MHpyIDII(HHCH KJiaCTep 3He (pHc. 1). 06Hapy)KeHHe rrepexo,z:i:a 51,z:i:pa 9C B 33He 

Morno 6bI YKa3aTb Ha rrpHMeCb COCT051HH51 33He B OCHOBHOM COCTOHHHH 9C. 

3KcrrepHMeHTaJibHa51 ou;eHKa BepoHTHOCTH B03HHKHOBeHH5I KOHqmrypaU:HH 

33He B KorepeHTHOH ,11;HCCOU:HaU:HH 51,z:i:pa 9C yKa)KeT Ha ee Bee B BOJIHOBOH 

<i>YHKU:HH OCHOBHoro COCTOHHHH 9C. 3Ta BeJIHqHHa rrpe,z:i:cTaBJI51eT u;eHHOCTb rrpH 

BbJqHCJieHHH MarHHTHOro MOMeHTa 9C Ha OCHOBe KJiacTepHbIX BOJIHOBbIX cpyHK

U:HH. TeM caMbIM rrpo51BHTCH ponh rny6oKo CB513aHHbIX KnacTepHbIX cocT051HHH 

B OCHOBHbIX COCTOHHHHX 51,11;ep. 

HaY'IHo-npaKTuqecKaH u;euuocTh pa6oThI cocToHT B rro,z:i:TBep)K,z:i:eHHH 

<i>opMHpOBaHH51 BTOpHqHoro rryqKa c .Il:OMHHHpoBaHHeM peJI51THBHCTCKoro H30-

TOIIa 9C Ha HYKJIOTpOHe 01UII1 H rronyqemrn o630pHOH HH<i>opMaU:HH ITO 3ap51-

,11;0BOH TOIIOJIOrHH H KHHeMaTHqecKHM xapaKTepHCTHKaM <i>parMeHTOB B rrepH

<i>epHqecKOH ,11;HCCOU:HaU:HH H30TOIIa 9C. Pe3yJibTaTbI HCCJie,z:i:oBaHHH BHOC51T HO

BbIH BKJia,z:i: B rrpe,z:i:cTaBJieHHH 0 CTpyKzype o,z:i:Horo H3 KmoqeBbIX 5:1:,z:i:ep Ha rpaHH

u:e rrpoTOHHOH CTa6HJibHOCTH H pacnmp51IOT OCHOBY ,11;JI5J: rrpoBe,z:i:eHH5I HCCJie,z:i:o

BaHHH c peAATHBHCTCKHMH pa,z:i:HoaKTHBHhIMH 51,z:i:paMH Ha HYKJIOTpoHe OIUII1 H 

,z:i:pyrHX ycKOpHTemi:x 51,z:i:ep. 0HH CTaHOB51TC51 rrpoMe)KyToqHbIM :narroM K HCCJie

,z:i:oBaHHIO cTpyKTYPbI cne,z:i:yIDII(HX H,z:i:ep 1°C H 12N , a Bcne,z:i: 3a HHMH - HeCB51-

3aHHbIX 51,z:i:ep 6Be, 7B, 8C H 11N. 
JluqnhIH BKJiap; )J,HCCepTaHTa IlpH HCCJie,z:i:oBaHHH B3aHM0,11;eHCTBHH 51,11;

pa 9C B 3MYJihCHH tteo6xo,z:i:HMO 6bmo rrpeo,z:i:oneTb ,z:i:Be rrpaKTHqecKHe rrpo6neMbI. 

Bo-rrepBbIX, 3TO ,z:i:oMHHHpoBaHHe B ccl>opMHpoBaHHOM rryqKe 51,z:i:ep 3He, HMero

II(HX TY )Ke MarHHTHyro )KeCTKOCTh, KaK H 9C. 3ToT <i>aKTop pe3Ko ycno)KHHJI 

CKaHHpOBaHHe H orpaHHqHJI HCIIOJib30BaHHbIH IIOTOK 51,z:i:ep 9C BeJIHqHHOH 2000 
cne,z:i:oB (51,z:i:ep 3He rrop51,z:i:Ka 20000 cne,z:i:oB). Tpe6oBaHHe rrpHeMneMoro ypoBH.H 

CTaTHCTHKH HX B3aHMO,z:i:eHCTBHH c,z:i:enano Heo6xo,z:i:HMbIM IIOJIHbIH rrpocMOTp 

o6nyqeHHhIX cnoeB 3MYJibCHH. Ha 3TOM 3Tarre ,z:i:HccepTaHT yqacTBOBan B rroHcKe 

B3aHM0,11;eHCTBHH H KOOp,11;HHHpOBaJI pa6oTy no HaKOIIJieHHIO HX CTaTHCTHKH. 

Bo-BTopbix, Heo6xo,z:i:11Mo 6bmo y6e,z:i:HThC51 B ,z:i:oMHHHpoBaHHH 51,z:i:ep 9C Ha,z:i: B03-

MO)l(HbIM BKJia,z:i:oM ,z:i:pyrHX H30TOIIOB, B oco6eHHOCTH IO,llc, KOTOpbie MOrJIH 6bI 

6bITh 3aXBaqeHbI rrpH o6nyqeHHH. CpaBHHTeJibHbIH aHaJIH3 oco6eHHOCTeii ,z:i:Hc

cou;HaU:HH Hccne,z:i:yeMoro H30Torra yrnepo,z:i:a H coce,z:i:HHX 51,z:i:ep rro3BOJIHIT pe

IIIHTh H 3TY rrpo6neMy. TaKHM o6pa3oM, pemeHHe MeTo,z:i:HqecKHX H ci>H3HqecKHX 

3a,z:i:aq OKa3aJiaCb CB513aHHbIM. ,D:HccepTaHTOM 6bIJI BbIIIOJIHeH Heo6xo,z:i:HMbIH 

o6neM H3MepeHHH Ha MHKpOcKorrax H BbIIIOJIHeH rrocne,z:i:yIOII(HH aHaJIH3. 

OcuoBnhle noJio'1\'.eHu.H, BhIHOCHMhie aBTopoM ua 3am;ury, cocT051T B 

cne,z:i:yrolI(eM. 

1. ,D:oKa3aTeJibCTBO o6nyqeHH51 51,z:i:epHa5I 3MYJibCH51 peJI51THBHCT-
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CKHMH .sr.n;paMH 9C. 
2. Pacrrpe.n;eneHHe no Bepo.HTHOCT.HM KaHaJIOB KorepeHTHoii .n;Hc

cou;HaQHH peIDITHBMCTKHX .si.n;ep .sr.n;pa 9C H Ha6mo.n;eHHe HOBoro 
KaHana KorepeHTHoii .n;Hccou;MaQHH B TPH .sr.n;pa 3He. 

3. Orrpe.n;eneHHe BKJia,n:a KOMITOHeHTbI 33He B OCHOBHOe COCTO.H
HM.sI .si.n;pa 9C. 

4. Orrpe.n;eneHHe .si.n;epHoro .n;mppaKI.I;MOHHoro B3aHMo.n;eiicTBH.sI 
KaK MexaHH3Ma KorepeHTHOM )J;HCCOQHaQHH .sr.n;pa 9C. 

5. I1orryqeHHe yKa3aHH.H Ha B03MO)l(HOCTb cymecTBOBaHH.sI pe3o
HaHcHoro COCT05IHH.sI B CHCTeMe 23He B6JIH3H rropora o6pa30-
BaHH.sI. 

Anpo6aguu: pa6oTbI. OcHOBHbie pe3yrrbTaTbI pa6oTbI 6bIJIH rrpe,n:cTasrre
HbI COHCKaTeJieM JIHqHo Ha crre.n;yIOII.I;HX KOHcpepeHQH.sIX H COBeII.I;aHH.sIX - «Pro
gress in High-Energy Physics and Nuclear Safety», JlrrTa, YKpawHa, 2008; 
«Relativistic Nuclear Physics: from Hundreds MeV to TeV» CnoBaKH.sI, CTapa 
JiecHa, 2009; «CecCH5I-KOHcpepeHQH5I ceKQHH .H,n:epHOM cpH3HKH OT,n:erreHH.H cpH-
3HqecKHX HayK P AH » I1T3<l>, MocKBa, PoccH.si, 2009; «Hadrons Structure and 
QCD: from Low to High energies», raTqHHa, PoccH.si, 2010; «XX International 

. Baldin Seminar on High Energy Physics Problems «Relativistic Nuclear Physics 
and Quantum Chromodynamics» ,[(y6Ha, PoccH.H, 2010, a c ero coasTopcTBOM 
Ha «2nd Workshop on «State of the Art in Nuclear Cluster Physics» EpIOcceJib, 
EenbrH.sr, 2010; «The 21st European Conference on Few-Body Problems m 
Physics», CanaMaHKa. I1crraHH.sI, 2010. 

Ily6JIUKau;uu. I1o MaTepHanaM ,n:HccepTaQHH orry6JIHKOBaHO 6 rreqaTHbIX 
pa6oT, rrpHBe.n;eHHbIX B CITHCKe JIHTepaTypbI (B TOM qwcrre, B pecpepHpyeMbIX 
HayqHbIX )l(ypHanax). 

CTpyKrypa H 06'heM pa60TLI. ,[(HccepTaQH.sI COCTOHT H3 BBe,n:eHH.sI, Tpex 
rrras, 3aKJIIOqeHH.sI, rrpHJIO)l(eHH.sI H crrHcKa JIHTepaTypbI, co.n;ep)l(amero 45 Ha
HMeHoBaHHM. Pa6oTa H3JIO)l(eHa Ha 88 CTpaHHu;ax MaIIIHHOITHCHOro TeKCTa, 
BKJIIoqaIOII.I;HX 46 pHcyHKOB, 9 Ta6mu.i; H 14 MHKpocpoTorpacpHii B3aHMO,n:eiicT
BHM peJI.sITHBHCTCKHX .H,n:ep c .sr.n;paMH cpoT03MYJibCHH. 

KP ATKOE CO):(EP)KAHHE ):(HCCEPTAIJ;HH 
Bo BBe,LJ;eHHH .n;aeTc.si orrHcaHHe H3BeCTHbIX CTPYKTYPHbIX oco6eHHOCTeii 

.si.n;pa 9C H rrepcrreKTHBHbie BorrpocbI ero ,n:anbHeiirnero Hccne.n;oBaHH.sI (B.1 ). Ha 
ocHoBe .n;aHHbIX coTpy,n:HHqecTBa EEKKEPEJTh rrpe,n:cTasneH 063op 3ap.si.n;oBoii 
TOITOJIOfHH KOrepeHTHOM )J;HCCOI.l;Ha[(HH coce,n:HHX H30TOITOB - lO,llB, 7'9Be, 8B, 
IO,l l,I2c H 12N (B.2). 3TOT o63op OITHCbIBaeT rro.n:xo,n:bI K HCCJie,n:oBaHHIO H C03,n:a
eT ocHosy ,n:rr.si cpaBHHTeJibHoro aHaJIH3a H3yqaeMoro .si.n;pa. Ha 3Toii ocHoBe 
ccpopMyJIHpOBaH rrrraH HCCJie)J;OBaHH.sI, KOTOpoMy crre.n;yeT )J;aJibHeiirnee H3JIO)l(e-
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HHe (B.3). 

B r JiaBe I rrpe,n:cTaBJieH rrepBHqffblll aHanH3 o6nyqeffIDI 51,n:epHOH 3MYJib

CHH BO BTOpHqHoM rryqKe C - He. B Mccrre,n:oBaHM51X c MCIIOJih30BaHMeM 3Mynr:.

CHH, o6rryqeHHOH BO BTOpHqHbIX rryqKax, Heo6xo,n:HMO o6ecneqHTb npocTOTY 

M,[(eHTHcpHKa1(HH H3yqaeMbIX 51,n:ep. 06cy:>K,[(aIOTC51 oco6eHHOCTH ,n:aHHOro o6rry

qeHH51 (§I.1 ). C 2002 r. coTpy,n:HHqecTBOM EEKKEPEJib Be,n:yTc51 o6rryqeHM51 

51,n:epHoii 3Mynr:.cMM B BnepBr:.ie co3,n:aBaeMr:.1x Ha HyKnoT_PoHe OI1JllI rryqKax 

rrerKMX 51,n:ep, B TOM qHcJie pa,n:MoaKTMBHbIX. ,[(rr51 cpopMHpOBaHM51 BTOpMqHbIX 

nyqKoB pa,n:MOaKTMBHbIX 51,n:ep HCnOJih3YIOTC51 MarHHTOOIITMqecKMe KaHanbI 

TpaHcnopTHpOBKH B 3an Br:.me,n:eHHhIX nyqKoB. TeM caMbIM B03HMKaIOT B03-

MO)l(HOCTM aKTyaJibHbIX M opHrHHaJibHbIX 3KcnepMMeHTOB no 51,n:epHOH cpM3MKe. 

K Haqany HaCTOHII..I,eii pa60TbI 3MYJibCHOHHbie CTOnKH o6nyqeHbI B nyqKax pe-
7 9B s 10 11B """ v 6 v JI51TMBHCTCKHX M30TOIIOB , e H , , • '¥H3HqecKHM aHaJIH3 3TMX 0 nyqeHMM, 

npe,n:cTaBrreHHbIH BO BBe,n:eHHH, ,n:an ocHoBy ,n:rr51 HOBbIX o6rryqeHMH B 6orree 

CJIO)l(HbIX BTOpHqHbIX nyqKax HeiiTpOHO,n:ecpM1(MTHbIX H30TOnOB yrnepo,n:a, 

cpopMMpyeMr:.Ix npM cpparMeHTau;HM ycKopeHHr:.1x 51,n:ep 12C. HeycTpaHMMOH 

npHMeCbIO rrpM MarHMTHOH cenapau;HH M30Tona 9C HBJIHIOTCH 51,n:pa 3He, MMeIO

Il.I,He TO )Ke OTHOIIIeHMe 3apH,n:a Zpr K MaccoBOMY q.Ifcrry Apr, qTo M 9C. 0,n:HaKo, 

6naro,n:ap51 9-KpaTHO 6oJibIIIeH y,n:eJibHOH MOHH3a1(MM H,n:ep 9C no cpaBHeHHIO c 

HOHM3a1(MeH perr51TMBHCTCKHX 3He cne,n:bl 3He MO)l(HO OT6poCMTb npM Haqanr:.

HOM CKaHMpOBaHMH rryqKQBbIX cne,n:oB, BOIIIe,lJ;IIIMX B 3MYJibCHIO. 

OrrMcaH nepBMqHr:.Iii noMcK H oT6op co6b!TMH, onpe,n:eneHMe cpe,n:Hero 

npo6era A, 3ap51,il;OBbIH COCTaB nyqKa (§I.2). ,[(nH nOHCKa B3aMMO,n:e:H:CTBHH B 

3Mynr:.cMOHHbIX cno51x Mcnorrr:.3oBanMcr:. MHKpocKonr:.1 MEH-9. IIoMcK BepIIIMH 

B3aHMO,[(eHCTBHH ocyrn;eCTBJI51JIC51 npocJie)l(HBaHMeM nepBMqHblX cne,n:oB. ,[(AA 

OT6opa 3THX cne,n:oB 3MYJibCH51 CKaHHpOBaJiaCb co CTOpOHbI BXO,n:a nyqKa, 3aTeM 

OTo6paHHbie nyqKOBbie cne,n:r:.1 npocMaT_PMBaIOTCH OT BXO,[(a B nnaCTMHKY ,n:o 

B3aMMo,n:eiicTBM51 HJIH Bhixo,n:a H3 cnoH. IIpocrre)l(MBaHMe no crre,n:aM ,n:aeT B03-

MO)l(HOCTb 3aperMCTpMpOBaTb Bee THnbI B3aHMo,n:e:H:CTBH51 6e3 ,[(MCKpHMMHa1(HH, 

qTo no3BOJI51eT orrpe,n:errHTb cpe,n:HMe )J;JIHHbI npo6era 51,n:ep /..., c npHeMrreMo:H: 

ToqHoCTbIO. 

0THOIIIeHHe HHTeHCHBHOCTeii 51,n:ep Zpr > 2 H Zpr = 2 cocTaBHJIO npMMepHo 

0 .1. 3TOT cpaKTOp onpe,n:eJIHJI ,[(JIHTeJibHOCTb o6nyqeHHH, COCTaBHBIIIYIO OKOJIO 

100 1(HKJIOB M, KaK crre,n:cTBHe, cTaTMCTHKY. IIo,n:qepKHeM ern;e pa3, qTo ,n:aHHoe 

o6rryqeHHe HOCHJIO onbITHbIH xapaKTep, H rrpH ero rrpoBe,n:eHHH 6r:.rno Ba)l(HO 

M36e)l(aTr:. nepeo6nyqeHH51 3Mynr:.cMM 51,n:paMH 3He. KpoMe Toro, 6r:.rno o6Hapy

)l(eHo rrpMCYTCTBHe qacTM1( c Zpr = 1 B npMMepHo paBHOM COOTHOIIIeHHM c 51,lJ;

paMH c 3ap51,n:aMM Zpr > 2. 
Ha rrpocMoT_PeHHOH ,n:rrMHe rpeKoB 253.7 M 6r:.rno o6Hapy)l(eHo 1746 He

yrrpyrMx B3aHMO,n:e:H:CTBHH (B OCHOBHOM 51,n:ep C), qTo ,n:aeT cpe,n:HHH npo6er 

J...,(9C) = 14.5 ± 0.5 CM. ll3-3a Toro, qTo cpe,n:H OT06paHHbIX TpeKOB ,lJ;OMHHHpy

IOT TpeKM 51,n:ep 9C, MO)l(HO cqHTaTb 3TO 3HaqeHHe /..., 51BJI51eTc.si ou;eHKo:H: HMeHHO 

HX rrpo6era. OHO COOTBeTCTBHe o6rn;e:H KapTHHe ceqeHHH Heyrrpyroro B3aHM0-
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,n:eH:cTBH51 nerKHX 51,z:i:ep co crra6oH: CB513hIO KrracTepoB. ,ll;aHHhle no A.(A), KaK H 
,n:aHHhie no ceqeHH51M HeynpyrHx B3aHMo,n:eH:cTBHM nerKHX 51.n;ep, YKa3hIBaIOT Ha 
To, qTo 51,z:i:po 9C He HMeeT yBeJmqeHHoro pa3Mepa. 

IIpHCYTCTBHe B cocTaBe ny11Ka 51.n;ep 3He OKa3aJIOCh none3HhIM ,ll;JI51 .n;o
norrHHTeJihHOM npoBepKH npaBHJihHOCTH HaCTpOMKH ny11Ka H, B TO :>Ke BpeM51, 
,z:i:rr51 no.n:cTPOMKH npou:e,n:yphl H3MepeHH51 MHoroKpaTHoro KynoHOBCKoro pac
ce51HH51 (§1.3). 3TOT MeTo,n: 51BmieTC51 Ba:>KHbIM ,ll;JI51 H,n:eHTHcpHKaD;HH co6hITHM c 
~ 33He. 

E: 0.45 p z 
<'.! 

0.4 

d 
0.35 #-- ... ~ 

• ~ 

3He • ' • • I • 
0.3 ' • I • 

' • 
4He ' • 

' ' ' • 
0.25 • ' • • 

/' ' • I ' I • I \ ' • 
0.2 • • 

' • • \ • • • 
0.15 • • \ I • • • • • \ • 

0.1 ' • I \ • • • 
0.05 • \ • • • 

" • • . 
0 1 2 3 4 5 6 7 8 9 

p~c, GeV 

Pnc. 2. Pacrrpe,n;enem1e M3MepeHHI>IX BeJIH"tJMH p~c .nmr cne,n:oB 51,nep 3He H3 cocTaBa 
rry"tJKa (3He, 3anITpHXOBaHHa5I rncrnrpaMMa) ll o,n:H03ap5I.JJ:HbIX <i>parMeHTOB «6eJibIX» 3Be3,n 
~zfr = 5 + 1 n 4 + 1 + 1 (p) (oTKpDITM rncrnrpaMMa); yKa3aHI>I m1rn,n:aeMI>Ie pacrrpe,n;eneHH5I 
,IJ;JUI ,neiiTpOHOB (d) ll 5!,D;ep 4He 

Pacnpe,n:eneHHe no H3MepeHHhIM 3Ha11eHH5IM pBc ,z:i:n51 30 .H.n;ep He, npoH3-
BOJihHO Bb16paHHbIX H3 COCTaBa BTOpHqHoro ny11Ka, npe.n;cTaBJieHO Ha pHC. 2. 
lHCTOrpaMMa COOTBeTCTByeT HOpMHpOBaHHOMY pacnpe.n;eneHHIO BeJIH1IHHbl 
p~c .n;n.H .n;Byx3ap.H,ll;HhIX 11acnIU: nepBHqHoro ny11Ka. 3To pacnpe.n;eneHHe xopo
IIIO onHChIBaeTC.H e.n;HHCTBeHHOM cpyHKD;He:H: f'aycca cpe,n:HHM 3HaqeHHeM <pBc>He 
= (5.1 ± 0.1) 13B npH cpe,n:HeKBa,n:paTHqHoM OTKJIOHeHHH O"He = 0.8 !3B. Cpe.n;
Hee 3HaqeHHe paBHO <pBc>He 6JIH3KO K O:>KH,n:aBIIIeMyc.H ,n:JI.H .H,n:ep 3He 3Ha1IeHHIO 
5.4 !3B (,n:n.H 4He - 7.2 f'3B). Mo:>KHO 3aKJII01IHTh, 1ITO B noToKe .H,n:ep He B 
ccpopMHpOBaHHOM ny11Ke ,n:OMHHHpyeT H30TOn 3He. 3HaqeHHe O"He .HBJI.HeTC51 
npHeMJieMhIM .z:i:rr51 pa3,n:eneHIUI H30TonoB 3He H 4He, B oco6eHHOCTH, BHYTPH 
KOppenHpOBaHHhIX rpynrr. 

IIpe.n;cTaBrreHa 3ap.H,n:OBa51 TononorH51 nepHcpepH11ecKo:H: cpparMeHTau;HH 
.H,n:pa 9C (§1.4). Cpe,n:H HaH:,n:eHHhIX co6hITHM HMeeTc51 167 «6eJihIX» 3Be3,n: -
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co6oITMH KorepeHTHOH ,n;Mccou;Ma:u;tIM 51,n;ep c 3ap51,n;aMM Zpr = IZfr. Hx pacnpe
,n;eneHMe no 3ap51,n;oBbIM KoHqrnrypau;M51M c IZfr = 4 - 7 npe,n;cTaBneHo B Ta6-
JIMIJ;e 1. ,[(n51 cpaBHeHM.H npHBe,n;eHa CTaTMCTMKa co6bITMH c o6pa30BaHMeM 
<l_)parMeHTOB MmneHM. 

Ta6mui;a 1. Pacrrpe,n;enem1e qHcna «6em::iIX» 3Be3,n: Nws ,n:JUI rrepBHqHbIX cne,n:oB c 3a-
p5I,n:aMH Zpr II Q:i IZ 0 3ap5I,Zl;OBbIM KOH HrypaI.J;H5IM fr 

IZfr 
zfr 

Nws 
6 5 4 3 2 1 

7 (Zor = 7) - 1 - - - 2 1 
6 (Zor = 6) - 1 - - - 1 15 
6 (Zor = 6) - - 1 - - 2 16 
6 (Zor = 6) - - - - 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 (Z0 r = 4) - - - - 1 2 -
4 (Z0r = 4) - - - - 2 - -

4 - - - - 1 2 5 

0CHOBHa51 BeTBh co6hITMH KorepeHTHOH ,[(MCCOIJ;Mau;MM npe,n;cTaBJieHa 108 
«6enoIMM» 3Be3,n;aMM c IZfr = 6, qTo cne,n;oBano O)KM,[(aTh npH ,n;oMMHHpoBaHMM 
51,n;ep yrnepo,n;a cpe,n;M MHOr03ap.H,ll;HbIX qacTMI.J; nyqKa npH rrpHH51ThIX ycJIOBM51X 
oT6opa. Cpe,n;M MHoroo6pa3H5l KaHanoB <l_)parMeHTaIJ;MM HaH6onee u;eHHhIMM 
,[(JI51 HaCT051ru;ero MCCJie,[(OBaHM51 51BJI5IIOTC51 KaHaJihI, COOTBeTCTBYIDI.ll;Me KaHanaM 
,n;Mccou;Mau;MM 51,n;pa 9C c caMhIMM HM3KMMM noporaMM 8B + p M 7Be + 2p, a TaK
)Ke KaHan ,[(MCCOI.J;liall;MM 3He, 5IBJI51IOI.ll;MHC51 3K30TMqecKMM ,[(JI5l ,n;aHHOro Heif
TpOHO,n;eqmu;MTHOro .H,n;pa. Co6nITM51 B nocne,n;HeM KaHane MoryT cqMTaTbCH 
KaH,n;M,n;aTaMM ,n;JI51 KorepeHTHOH ,n;Hccou;Mau;MM 9 C ~ 3 3He c noporoM 16 M3B. 
TipHMepbI co6nITMH TaKoro THna B3aMMO,n;eifcTBMH npe,n;cTaBJieHbI Ha <l_)oTorpa
<l_)M51X TI. I, TI.2 M II.3 npHJIO)KeHM5I. 0TMeqaeTC51 npH6nM3HTeJihHOe paBeHCTBO 
CTaTMCTMKM B 3TMX KaHanax. 

B «6enDix» 3Be3,n;ax M30TOIIbI C, Be M B pa3,n;en51JIMCb no 3ap51.LJ;OBbIM 
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K0Hqm:rypau;iu1M BTop.RY:HhIX cpparMeHTOB IZfr M nocne,ny10m;MM M3MepeHM51M 

3ap51.[(0B nepBUY:HhIX CJie.[(OB Zpr· 3ap51.[(bl 51.[(ep nyqKa Zpr M cpparMeHTOB zfr > 2 

orrpe.[(eJI51JIMCh no.[(cqeTOM nnoTHOCTM o-3JieKTpOHOB N8 Ha cJie.[(ax. Pe3yrr1>TaThI 

orrpe.[(eJieHM51 3ap51.LI;OB nepBHqHbIX 51.[(ep M cpparMeHTOB M3 co6bITMH KorepeHT

HOM .[(MCCOI(Ma:QMM IZfr = 5 + 1 M 4 + 1 + 1 II03BOJI51IOT 3aKJIIOqMTh, qTo Bee co-

6nITM51 o6pa3oBaHhI 51.[(paMM Zpr = 6 (pMc. 3 ). ,Il;JI51 M3MepeHHhIX 3ap51.[(0B cppar

MeHTOB Ha6JIIO.[(aeTC51 mKM.[(aeMoe CMem;eHMe no OTHOIIIeHMIO K pacrrpe.[(eJieHMIO 

.[(JI51 51.[(ep nyqKa. 

4 

2 

0 10 20 30 40 
Na 

Pnc. 3. Pacnpe,n:erreHHH t.mcrra <5-3neKTpOHOB N5 Ha 1 MM ,n:nHHhI ,n:nH cne,n:oB nyqKo
BbIX qacTHU ( OTKpbITM rn:cTOrpaMMa) H penHTHBHCTCKHX cpparMeHTOB c 3apH,n:aMH Zrr > 2 
(3armpnxoBaHHM r:acTorpaMMa) B «6enbIX» 3Be3,n:ax IZrr = 5 + 1 H 4 + 1 + 1 

Erraro.[(ap51 OTCYTCTBHIO cTa6MJihHhIX H30TorroB 9B M 8Be, co61>ITM5I c 

cpparMeHTaMM c 3ap51.ZJ;aMM Zrr = 5 M 4 M M.[(eHTHcpM:u;MpoBaHHhIMM 3ap51.[(aMM Zpr = 
6, MoryT 6nITh cpa3y HHTeprrpeTHpoBaHhI KaK 9C ~ 8B + p M 7Be + 2p. Pe3yJih

TaT H.[(eHTHcpHKau;MM cpparMeHTOB Zrr = 1 M3 3TOH rpyrrrrhI co61>ITHM MeTo.[(oM 

MHOroKpaTHOro pacce51HH51 rrpe;:i;cTaBJieH Ha pHc. 2 (He 3aIIITpMXOBaHHa51 rHCTO

rpaMMa). Pacrrpe.n;eJieHMe HMeeT <p~c>H = (1.5 ± 0.1) f3B M crH = 0.4 f3B, qTo 

COOTBeTCTByeT npoTOHaM. Ilo cym;eCTBy, M.[(eHTHcpHKaQH51 B .[(aHHhIX CJiyqa51x He 

51BJrneTC51 Heo6XO.[(MMOH, H 3TH npOTOHhI CJiy)KaT .[(JI51 TeCTHpOBaHHH H KaJIM6-

pOBKH. TaKMM o6pa3oM, rrpo:u;e;:i;ypa M3MepeHH51 MHoroKpaTHoro pacce51HM51 pe

JI51THBHCTCKMX M30TOIIOB H e:ru:e pa3 TIO.[(TBep)K.[(aeT npaBMJihHOCTh cpopMHpoBa

HH51 rrepBHqHoro nyqKa. c .[(pyroH: CTOpOHhI, OHa pacIIIHp51eT OCHOBY .[(JI5I H.[(eH

TMcpHKa:U:MM 51.[(ep He, pO)K.[(eHHhIX rrpH .n;Mcco:u;Ma:o;HH 51,IJ;ep C. 
AHaJIM3 .[(aHHhIX Ta6nHIJ;hI 1 CBM.[(eTeJibCTByeT o .ZJ:OMHHHpoBaHMM MHO)Ke

CTBeHHhIX KaHaJIOB cpparMeHTa:U:MM 2He + 2H M He+ 4H. B cJiyqae 51.IJ:pa 9C co-

6nITM51 c TaKOH TOTIOJIOrMeii .[(OJI)KHbI B03HHKaTb rrpH KorepeHTHOH .[(HCCO:U:Ha

IJ;HH 51.[(pa-OCHOBbI 7Be. I1x COOTHOIIIeHMe COOTBeTCTByeT cJiyqaIO KorepeHTHOM 

.[(MCCOIJ;HaIJ;MH nyqKoBoro 51,IJ;pa 7Be. KpoMe Toro, npHCYTCTBYIOT B3aHMo;:i;eiicT

BH51 c pa3BaJIOM H,IJ;pa C Ha Li + 3H, qyo TaK)Ke mrm;:i;aeTcH npH .[(Mcco-
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,n;nccou;irnuyi:H 51,r:t;pa-ocHoB:oI 7Be. Crre,n;yeT OTMeTHTh o6pa3oBaHMe rnecTH «6e

rr:o1x» 3Be3,r:t; c ~ 6H, MHKpocpoTorpacj:>HH rrpHMepoB TaKH:X co6hITHH TaK)Ke 

rrpHBe,n;eH:oI B rrpnno)KeHH51 (pnc. 11.6, 11. 7) (Ta6rr. I.1 ). B crrytia51x H30TOIIOB 

lO,ll,l2C co6:0ITH51 TaKoro THIIa rpe6yIOT O,r:t;HOBpeMeHHbIX pa3BaJIOB ,r:t;Byx IlJIH 

Tpex KrracTepoB 4He. CB513aHHhie c rrpeo,n;orreHHeM oqeH:o BhICOKHX rroporoB, 

OHM rrpaKTiltieCKM He MOI'JIH 6:01 rrpoTeKaTh 6e3 o6pa30Bamrn c]:>parMeHTOB Mil

rneHH. HarrpoTHB, CXO)l(He rrpou;ecchl, CB513aHHhie c pa3BaJIOM TOJihKO rrapbl KJia

CTepoB He, Ha6rrro,n;arrnc:o ,r:t;JI51 «6err:o1x» 3Be3,n; 7Be ~ 4H n 8B ~ SH. TaKHM 

o6pa3oM, cTaTHCTHKa MHO)KeCTBeHHhIX co6:01TMH IZfr = 6 He rrpoTHBopeqnT BhI

Bo,n;y 0 ,r:t;OMHHHpOBaHHM H30TOIIa 9C B COCTaBe rrytiKa H YKa3bIBaeT Ha rrpeHe6-

pe)KHMO MaJihIH BKna,n; coce,n;HHX H30TOIIOB yrrrepo,n;a. 

6H 

31% 

SB+p 
20% 

,----------------,,---- ------------------------1 

I 6~ SB+p I' 

I 6Yc 14% I 
I He+4H I 

I. 27% 7Be+2p 

~5% 

i 
7Be+2p , 

1s% I 

21% 4% I 23% 15% , 

PHC. 4. ITpo:u;eHTHOe COOTHOIIIemi:e OCHOBH:OIX KaHaJIOB ,z:t;HCCOIJ;lla:UHH 51,z:t;pa 9C B co60I

Tll5IX c cpparMeHTa:u;Heli MHIIIeHH (cneBa) H B «6en:o1x» 3Be3.z:i;ax (crrpaBa) 

CooTHOIIIeHHe co6:01THH Ntr H Nws ,r:t;JI51 rpyrrrr:o1 co6:01THH IZfr = 6, rrpe,n;

CTaBJieHo Ha KpyroBOH ,n;HarpaMMe (pHc. 4). flpH6JIH3MTeJibHOe paBeHCTBO ,n;o
rre:H: KaHaJIOB B o60HX crrytia51X orrpe,n;eJI51eTC51 «XOJIO,r:t;HhIM» MexaHH3MOM, o60HX 

THIIOB rrepnc}:>epnqecKOH c]:>parMeHTart;HM, rrpoTeKaIO:r.u;e:ii rrpH MMHHMaJihHOH: rre

pe,n;atie B036y)K,r:t;eHH51 crreKTaTopaM. 3aMeTHOe OTJIHtIHe rrp051BJI51eTC51 TOJihKO B 

3-tiaCTHtIHOM KaHarre IZfr = 2 + 2 + 2. Ero ,n;orr51 pe3KO B03pacTaeT rrpH oT6ope 

«6eJihIX» 3Be3,n; - c 4 % B cnyqae HaJIHtIH5I c]:>parMeHTOB MHIIIeHH ,n;o 15 % ,r:t;JI51 

«6en:oIX» 3Be3,r:t;. TaKHM o6pa3oM, KorepeHTHbIH MexaHH3M OKa3hIBaeTC51 6orree 

3c}:>c}:>eKTHBHhIM ,r:t;IDI 3acerreHH5I cocT051HHH 3He. Cc]:>opMynnpoBaH B:omo,n; (§1.5), 
0 TOM, tITO COBOKYIIHOCTb ,n;aHHhIX ITO H3MepeHHIO 3ap51,r:t;OB rrytiKOBhIX cne,n;oB, 

3ap51,r:t;OBOH TOIIOJIOI'MH c]:>parMeHTOB B rrepnc]:>epntieCKHX CTOJIKHOBeHH51X 51,r:t;ep 

yrrrepo,n;a, a TaK)Ke rro H,r:t;eHTHcj:>HKart;HH perr51THBHCTCKHX H30TOIIOB 3He yKa3hI

BaeT Ha TO, qTo B rryqKe, HCIIOJih30BaHHOM ,r:t;JI51 o6rrytieHH5I 3MYJihCHH, ,r:t;OMHHH

PYIOT HMeHHO 51,r:t;pa 9C. TaKHM o6pa3oM, rrorrytieHo rro,n;TBep)K,r:t;eHrre Toro, tiTo 

Ha HyKrrorpoHe 0115Il1 BrrepB::oie ycrrernHo perneHa 3a,n;atia C03,r:t;aHH51 rrytiKa 51,n;ep 
9C. 06rrytieHHhle B 3TOM rrytiKe CJIOH 51,r:t;epHOH 3MYJibCHH MoryT CJIY)KHTh 3KCIIe-
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pHMeHTanbHOH OCHOBOH ,n;mr H3yqemrn B3aHMO,IJ;eHCTBHH .H,n;pa 9C. 
rJiaBa II nOCB.HIIJ;eHa HCCJie,IJ;OBaHHIO KaHanaM KOrepeHTHOH ,Il;HCCOIJ;HaIJ;HH 

51:,n;ep 9C c OT,n;eJieHHeM npOTOHOB. <I>parMeHTbI peJI5J:THBHCTCKOfO .H,n;pa BbIJieTa
IOT B Y3KOM nepe,n;HeM KOHyce, yron paCTBOpa KOToporo MO)l(eT 6bITb npH6JIH-
3HTeJibHO ou;eHeH no <i_lopMyne <8fr> ~<sin 9rr> = Pp/P0, r,n;e Pp - cpe,n;HHH HM
nynhc <I>epMH-,n;BH:>KeHH51: HYKITOHOB B .H,n;pe CHap.H,n;e, a Po - HMnynhc Ha Hy
KJIOH 51:,n;pa-cHap.H,n;a. TipH HMnynhce .H,n;pa-cHap51:,n;a 2.0 A f'3B/c H <I>epMH

HMnynhce Pp ~ 200 M3B/c <8fr> paBeH 0.1 (HJIH 6°). I1HTepec BhI3hIBaIOT yrno
Bbie pacnpe,n;eneHH5I peJI5l:THBHCTCKHX <i_lparMeHTOB H HX yrJIOBbie KOppeJUIIJ;HH 
(§II.1 ). l13MepeHH5I yrJIOB BbIJieTa BTOpHqHbIX qaCTHIJ; npOH3BO,ll;HJIHCb KOOp,ll;H
HaTHbIM MeTo,n;oM. l13MepeHHe Koop,n;HHaT ToqeK TPeKoB npoBo,n;HJIOCh nocne
,n;oBaTeJibHO B O,ll;HOM HanpaBJJeHHH ( CJieBa HanpaBO H OT noBepXHOCTH CJ105I K 
cTeKny) no xo,n;y nyqKa HaqHHa51: c nepBMqHoro TpeKa H ,n;anee ,n;n.H Bcex TpeKoB 
<i_lparMeHTOB o,n;HoBpeMeHHO. Ha TPeKe nepBHqHoro .H,n;pa 9C H TpeKax <i_lparMeH
TOB H3Mep.HJIHCb no 6 TpoeK (x,y,z) KOOp,ll;HHaT TOqeK. Illar H3MepeHHH COCTaB
JI5J:JI 200 MKM, npH o6iu;e:H: ,ll;JIHHe TpeKa, HCnOJih3yeMOH ,ll;J15J: H3MepeHH51: 1.2 MM. 
I1pe,n;nonara5J: JIHHeHHYIO 3aBHCHMOCTb (y=ayx+by H z=azx+bz) KOOp,ll;HHaT ToqeK 
TpeKa, MeTO,ll;OM HaHMeHbIIIHX KBa,n;paTOB HaXO,ll;HJIHCb K03<jl<jlHu;HeHTbI a H b 
annpoKCHMHpy10iu;ero noJIHHOMa nepBOH CTeneHH 3aBHCHMOCTeH KOOp,Il;HHaT 
z(x), y(x). Tio Ha:H:,n;eHHbIM K03<i_l<i_)HIJ;HeHTaM ay, a2 , onpe,n;eJ15J:JIHCb yrJibl (a, <p) 
,IJ;JI51: TpeKa .H,n;pa 9C H TpeKOB tj>parMeHTOB. Ha pHC. 5 npHBe,n;eH npHMep BOCCTa
HOBJieHHbIX HanpaBneHHiI BbIJieTa (yrnoB a, cp) <i_lparMeHTOB B npou;eccax 9C ~ 
8B + p (pHc. 5 (a)), 9C ~ 7Be + 2p (pHc. 5 (6)) H 9C ~ 33He (pHc. 5 (B)) no H3-
MepeHHhIM KOOp,ll;HHaTaM ToqeK Ha TpeKax. 

IIpH onpe,n;eneHHH BerrHqHH yrnoB 3KcnepHMeHTanbHbie TOqKH, nony
qeHHhie npH H3MepeHH5J:X anrrpoKCHMHpOBanHCb nOJIHHOMOM nepBOH CTerreHH. 
Ko3cpcpHu;HeHThI noJIHHOMa onpe,n;eJI5l:JIHCh no MeTo,n;y HaHMeHbIIIHX KBa,n:paToB. 
Ha pHc. 6 npHBe,n;eHbI pacnpe,n;eneHH51: BenHqHH OTKJIOHeHHiI fl.y, fl.z Koop,n;HHaT 
3KCnepHMeHTanbHblX TOtJeK OT COOTBeTCTBYJOIIJ;HX Koop,n;HHaT ToqeK, orrpe,n;e
JI5J:eMbIX annpoKCHMHpyIOIIJ;HMH IIOJIHHOMaMH (y=ayx+by H z=a2x+b2). IIpH 3Ha
qeHH5l:X <fl.y> H <fl.z> 6m-13KHX K HYJIJO, 3HaqeHH51: BenHqHH cpe,n;HeKBa,n;paTHqe
CKHX OTKJIOHeHHH ,ll;JI.H BbI60pKH H3 42 H3MepeHHbIX TpeKOB cpparMeHTOB COCTa
BHJIH O",:iy=(l.14±0.013)xl0-1 MKM, O",:iz=(6.6±0.l8)x10-1 MKM. Pa36poc BeJIHqHH 
fl.y H /)..z OTJIHqaeTC.H, npH6JIH3HTeJibHO B 10 pa3, HO He rrpeBbIIIJaeT 6onee qeM B 
2 - 3 pa3a TOJIIIJ;HHY H3Mep51:eMoro TpeKa. Pa3nHqHe 0605l:CH5J:eTc.H TeM, qTo npH 
H3MepeHHH KOOp,ll;HHaT ToqeK TpeKOB Z-Koop,n;HHaTa orrpe,n;eJI5J:eTC51: MeHee ToqHo. 

IIpe,n;cTaBneHMe oco6eHHOCTe:H: <i_lparMeHTau;1111, ocHoBaHHoe Ha H3Mepe
HH5l:X non51:pHbIX yrnOB 9 BbIJieTa <i_lparMeHTOB, He,ll;OCTaToqHo YHHBepcanbHO 
,ll;JI51: cpaBHeHH.H 3KCnepHMeHTaJibHbIX ,n;aHHbIX rrpH pa3JIHqHbIX, rrycTb H 6JIH3KHX 
3HaqeHH.HX 3Hepr11:H:. Eonee ymrnepcanbHhIM .HBJI5l:eTc51: cpaBHeHHe pe3ynhTaTOB 
no BenHqHHaM rronepeqHhIX HMIIYJihCOB <i_lparMeHTOB 

Py~ Afr Po sin 9 (1) 
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PRC. 5. IlpHMep BOCCTaHOBJieHHbIX HarrpaBJieHHH BbIJieTa (yrrroB a, cp) cpparMeHTOB o6-
pa3yiomnxc5.I B rrpo:o:eccax a) 9C ---+ 8B + p; 6) 9C ---+ 7Be + 2p n B) 9C ---+ 33He 
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PHc. 6. Pacrrpe.r:i:eneHH5I BeJ1Ht.J:liH OTKJ10HeHHH /J.y (cneBa), /J.z (crrpaBa) Koop,n:HHaT 

3KCIIepHMeHTaJ1bHblX TOt.J:eK OT COOTBeTCTBYIOID;MX KOOp,n:HHaT TOt.J:eK, orrpe,n:enxeMbIX arr

rrpOKCliMHpyIOrn;HMH IIOJIHHOMaM:a 

QqeBM,z::t;HO, qTO Ha:H60Jiblllee 3HaqeHHe HMeeT pa.3peIIIeH:He no yrny 8, 
pacnpe.n;erreHHe no KOTopoMy «np:aJKaTO» K Hymo. Ilp:a aHanH3e pacnpe.n;erre

HHM Pr a-KrracTepHbIX 51,z::t;ep npe.n;norraraeTC.H, qTo Bee <l:>parMeHTbl c 3ap5I,D;OM zfr 
= 2 .HBJI5IIOTC5I H30TonoM 4He, qTo Ha:H6orree Bepo.HTHO. IlocKoJihKY 3HaqeHM5I PT 

cKrra,z::t;bIBaIOTC.H H3 HMrryrrhCOB, norryqaeMbIX <j_)parMeHTaMH np:a pacna.n;e 51,z::t;pa

cHap.H,n;a M cyMMapHoro HMnyrrbca OT,n;aqM, norryqaeMoro npM CTOJIKHOBeHMM c 

MHIIleHbIO ( 3<P<PeKT «bounce off»), TO MOJKHO nepeHTH K PT B c. u;. M. CHCTeMbl 

N a-<PparMeHTOB corrracHo 

* _ ~ Pri 
PTi -pTi - ~ N 

l 

(2) 

PacCMOTpeH:ae Kopperr.HD;HM MeJK,z::t;y qaCTHD;aMH, COCTaBJI5IIOI.IJ,HMH MHOfO

qacTifqHbie KOHeqHbie COCT05IHH5I 5!,z::t;epHbIX peaKD;llM npH BbICOKHX 3HeprH5IX, 

no3BOJI5IeT ycTaHOBHTh 3aKOHOMepHOCTH HCCJie,n;yeMbIX npou;eccoB If ocyI.IJ,eCT

BllTb BbI6op MeJK,n;y MHOroq:acrreHHbIMH MO,z::t;eJibHbIMH no.n;xo,n;aMH, KOTOp.bie He

pe,z::t;KO npHBO,II;5IT K y,n;oBJieTBOpHTeJibHOMY onHCaHHIO O,z::t;HoqacTHqHbIX pacnpe

.n;erreHHM. 

3HeprH5I B036yJK,z::t;eHH5I CHCTeMbl <l:>parMeHTOB MOJKeT 6bITb npH6mnKeHHO 

onpe.n;erreHa KaK pa.3HHD;a MeJK,n;y HHBapHaHTHOM Maccoii <l:>parMeHTHpyIOII(eM 

CHCTeMbl H Maccoii nepBHqHoro 5!,z::t;pa H COCTaBJI5IeT Berr:aq:HHY rrop.51,D;Ka He-
* CKOJI.hKHX M3B Ha HYKJIOH <j_)parMeHTa Q = M - M, r.n;e M - Macca ocHOBHoro 

COCT05IHH5I 5!,z::t;pa, COOTBeTCTBYIOI.IJ,ero 3ap.H,n;y M Becy aHaJIH3HpyeMOM CHCTeMbI, 

M* - HHBap:aaHTHa.H Macca c:acTeMbI <l:>parMeHTOB M*2 = (,L:Pj)2 = ,L:(Pi ·Pk), a Pi,k 

- 4-HMnyrrbCbl <l:>parMeHTOB i H k. 
B ,n;aHHOM Hccrre,n;oBaHHH 3Hepr:a.H B036ylK,z::t;eHM5I Q onpe.n;err.Hnacb KaK 

<j_)yHKD;M5I yrrra pacKpbITM.H Q(0). Hanp.HMYIO B 3Kcnep:aMeHTe M3Mep5IJIHCb 

TOJibKO KOOp,z::t;HHaTbl T01IeK TpeKOB ,[t;JI5I BOCCTaHOBJieHH5I np5IMbIX. T.K. Q H3Me

p5IeTC5I KOCBeHHO, ,[t;JI5I onpe.n;erreHM.H a6coJIIOTHOM M OTHOCHTeJibHOM norpenrno

CTH Heo6xo,z::t;MMO BOCITOJib30BaT.bC5I crre,n;yIOI.IJ,HMH COOTHOIIleHM5IMH (3) : 
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~Q(E>) := (~Q(0).~0) 2 EQ(e) := (i__1n(Q(0)).~0) 2 
dE> dE> (3) 

r,n;e ~E) a6COITIOTHa5l: KBa,n;pani~Ha.H OIIIH6Ka KOCBeHHOrO H3MepeHH5l: CO

OTBeTCTByIO:rn;ero yrna pacKpbITH5l: cpparMeHTOB, Bbl~HCJieHHa.H TaKHM )K'.e cno

co6oM. 

KaHaJibI 9C ~ 8B + p H 7Be + 2p HMeIOT HaH6orree HH3KHe rroporH 1.3 H 

1.43 M3B H COCTaBJI.HIOT OKOJIO 30 % CTaTHCTHKH co6I>ITHH KorepeHTHOH ,ll;HC

co:u;Ha:u;HH c IZfr = 6. YrrroBbie pacrrpe,n;eneHH.H cpparMeHTOB B 3THX KaHarrax, a 

TaK)K'.e yrrrOBbie Kopperr.HI.J;HH cpparMeHTOB, co,n;ep)K'.aT CBe,JJ;eHH.H CB.H3H BHeIIIHHX 

npOTOHOB H HX rrapbl B 5!,n:pe 9C. Ib-3a HOBH3Hhl HCCJie)J;OBaHH5I 5!,n:pa 9C, npe,n;

CTaBJI5l:eT HHTepec ,n:a)K'.e Ha MaJIOH CTaTHCTHKe Bhl5IBHTb no rrapaMeTpaM yrrro

BhIX pacrrpe,n;eneHHH oco6eHHOCTH ero CTPYKTYPhI (§II.2). Ha pHc. 7 rrpe,n;cTaB

rreHhl pacrrpe,n:erreHH.H no IIOJI5IpHoMy yrny e peJI.HTHBHCTCKHX cpparMeHTOB B, 
Be Hp. Ha HX ocHoBe B Ta6rr. 2 npHBe,n:eHhI rrpoCThie o:u;eHKH ,n:rr.H rrorrepe~Horo 

HMIIYJibca PT B rrpH6JIH)K'.eHHH PT~ ArrP0sin0. 

i 

: -i_J" l 

2 

I ~ 

• ~ : :::'=.,,_:,':. 

4 -t ............................ ; 
.............. L_ 

.............................. ! 
'"""""""! 

0 20 40 60 80 100 
0, x 10·3 rad 

P:ac. 7. Pacrrpe.n:enemrn: ITO rromipHOMY yrny e peJUITHBHCTCKH:X cpparMeHTOB c 3ap51-
.n:aMM B «6eJibIX» 3Be3.n:ax l:Zrr = 5 + 1 M 4 + 1 + 1 

Ta6mrua 2. IIapaMeTpbI pacrrpe.n:eneHMH rrorrepetrnoro MMIIYJII>ca PT rrepe.n:aHHoro 
qi 6 9C 8B 9C 7B 6 ~ 8B 7B 6 parMeHTaM B co blTH51X - +p, - e+p a TaK)Ke .[(JUI co blTMM - e+p H3 pa OTbl. 

SB+p 7Be + 2p 7Be+p 

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

a <PT z>z> M3B/ c 130 ± 26 115 ± 17 64 

<P/>M3B/c 77±14 74±9 66±12 

a <Pl> M3B/ c 51±10 44±6 58 
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Ta6rrm:.i:a 3. TiapaMeTp:o1 pacrrpe.n;erremrii CYMMapHoro rrorrepeqHoro HMrryrr:oca LlT 
rrepe,n;aHHOfO CHCTeMe B co6:omu1x 9C~8B+p, 9C~7Be+p a TaK)Ke .n;m.1 co6:0ITHH 8B~7Be+p. 

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

IPTM3B/c 246 ± 44 280 ± 53 95±15 

al:PTM3Blc 165 ± 31 191±37 73 

* <PT >M3B/c 76±12 76± 7 62 ± 11 

* a <PT > M3B/ c 46±9 43 + 5 54.2 

Pacnpe,n;enemrn cyMMbI nonepeqHDIX HMnynocoB CHCTeMDI <l>parMeHTOB 
Pr (P z, Py) ( HnH nonHhIH nepe,n;aHHhIH HMnyrr:oc) oTpa)l(aeT MexaHH3M Kore
peHTHOli ,n;Hccou;Ha:U:HH. B Ta6rr. II.3 npe,n;cTaBneHbI cpe,n;HHe 3HaqeHHH <Pr(sB + 
p)> H <Pr(Be + 2p)> H COOTBeTCTByIOrn;He O". MO)l(HO 3aKJIIOqHTb, qTo o6a 
pacnpe,n;eneHH5l HaXO,lJ;5lTC5l B o6rraCTH, KOTOpa5! xapaKTepHa )J;JI5l H,n;epHOH ,lJ;H
<jlpaKI.J;HOHHOH ,n;Hccou;Ha:U:HH. BerrHqHHa nonepeqHoro HMnynhca CHCTeMbI 
<jlparMeHTOB onpe,n;errHeTC.51 pacceHHHeM 51,D;pa OCHOBbI 7Be, HMeIOrn;HM 6onbIIIYIO 
BepOHTHOCTb, qeM pacceHHHe npOTOHa. 

IlocKOJibKY 3HaqeHHH BeKTopa PT (P 2 , Py) CKrra,n;bIBaIOTCH H3 HMnyrr:ocoB, 
norrycmeMhIX <l:>parMeHTaMM npH pacna,n;e H,n;pa-cHapH,n;a H cyMMapHoro HMnyrr:o
ca OT,n;aqH, norryqaeMoro npH CTOJIKHOBeHHH c MHIIIeH:OIO (3<l><l>eKT «bounce 
off»), TO ero BeKTOpHbIM Bbl"lJHTaHHeM MO)KHO nepeliTH K Pr* <l:>parMeHTOB B HX 
cncTeMe u;eHrpa Mace. CooTBeTCTByIOrn;He cpe,n;HHe 3Ha-Y:eHHH H a, npF.rne.n;eH
HDie B Ta6n. 3, yKa3:0IBaIOT Ha He3HaqHTeJibHOCT:O TaKoH: KoppeKU:HH. TaKMM 06-

* pa3oM, BenHqHHbI cpe,n;HHX nonepe-Y:HDIX HMITYJibCOB <Pr> npoTOHOB B KaHarrax 
sB +pH 7Be + 2p B npe.n;errax ornH6oK paBH:OI::::::; 70 M3B/c. 3Ta BenH-Y:HHa npH-
6nH3MTeJihHO coBna.n;aeT c HMnyrrbcaMH B cnyqa51x 9Be --1' sBe + n H B --1' 7Be + 
pH COOTBeTCTByeT HepenHTHBHCTCKOMY ,lJ;BH)l(eHHIO BHeIIIHero flYKJIOHa. 

IlpHBe,n;eHHbie 3HepreTWieCKHe cneKrpbI Q KaHarra 9C-1- 7Be + 2p yKa3DI
BaIOT Ha B03MO)KHYIO ,n;Hccou;Hau;HIO no KacKa,n;HoMy KaHarry 9C --..;. sB (--1- 7Be 
+ p) + p. KoppenHU:HH no a3HMYTaJibHOMY yrny Epse, o6Hapy)KeHHaH B Kore
peHTHOH ,D;HCCOU:Ha:U:HH 8B--..;. 7Be + p, OTCYTCTByeT, H pa3BaJI H30Tona 9C onpe
.n;en5leTC5l H,n;epHbIM ,n;mppaKI(HOHHbIM pacceHHHeM Ha T5l)l(eJibIX H,n;pax H3 COCTa
Ba 3MYJibCHH (§ll.3-5). 

r JIABA III nocBHrn;eHa H3y-Y:eHHIO o6pa30BaHH5l COCTOHHHH 33He - u;eH
TpaJibHOH npo6neMe HaCTOHrn;ero HCCJie,n;oBaHHH. B Ta6n. I.1 OTMeqaeTC.sI o6pa-
30BaHMe 16 «6eJIDIX» 3Be3.n;, HMeIOrn;Hx KOHeqHble COCT05lHH5l 3He. BepoHT
HOCTb ,ll;HCCOU:Ha:U:HH no 3TOMY KaHarry cpaBHHMa c Bep05ITHOCTbIO HaH6onee 
0)1(H,lJ;aBIIIHXC5l KaHaJIOB ,D;HCCOI(Hal(HH. 06parn:aeT Ha ce65l BHHMaHHe 3Ha-Y:H
TeJI:OHbIH Bee KaHarra c B:OICOKHM noporoM 9C--..;. 33He (15.88 M3B), cpaBHHM:o1H: 
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c KaHaJiaMH OT,z:i;eneHH51 O)J;HOI'O MITH rrapbl HYKilOHOB, HMeIOII(HMH HaH6orree 
HH3KHe rroporH ,z:i;Hcco:u;Hau;mI (1.30 H 1.43 M3B). 3To o6cT051TerrocTBO MO)KeT 
YKa3oIBaTo Ha 3aMeTHYIO rrpHMeCo BHpTyanoHOH KOMIIOHeHTbl 33He B CTpyKTY
pe OCHOBHoro COCT051HH51 51,z:i;pa 9C. 

8 -- cpparMeHTbI He 

••• ••••• 3 3He 

4 

2 

0 2 4 6 

I" 
I \ 

I \ 
I \ 
I \ 
I \ 

I \ 
\ 
\ 

8 10 
p~c, PlB 

PHc. 8. Pacrrpe.r:i:eneHHe mMepeHHbIX BenwmH p~c .IJ:IDI .IJ:BYX3ap.H,n:HI>IX <i>parMeHTOB H3 
«6eJibIX» 3Be3,l( 3He H H3 IIOJIHOCTbID H,l(eHTH<i>Hu;HpOBaHHhIX co6nITHH 33He (T01:Ie1:Iml5I mc
TOrpaMMa); rryHKTHpOM ycnoBHO rrpe.n;crnBneHo O)KH.l(aeMoe pacrrpe.n;erreHHe ,n;n.H 4He 

KanH6poBoqHoie H3MepeHH51 ppcHe 30 cne,n;oB rryqKoBhIX 51,n;ep 3He, rrpe,n;
cTaBrreHHole B rnaBe I, H H3MepeHH51 ppcHe 75 crre,z:i;oB He, BblIIOilHeHHole MeTO
,Il;OM MHOrOKpaTHOro pacce5IHH51, II03BOil5IIOT c,n;enaTo 6orree Ha,n;e)KHOH H,n;eHTH
cpHKau;mo co6hlTHH 9C -+ 33He. I13MepeHH51 y,n;anoco BoIIIOilHHTo TOJioKO Ha 22 
crre,n:ax He H3 «6eno1x» 3Be3,n: (pHc. 8). IIonyqeHo cpe,n;Hee 3HaqeHHe <pPcme> = 

( 4.9 ± 0.3) r3B rrpH 0'3He = 0.9 f3B, qTo COOTBeTCTByeT pe3yJibTaTaM KaJIH6pOB
KH Ha 51,II;pax rryqKa 3He. ,[(on51 cpparMeHTOB, KOTOpoie MO)KHO 6bIIlO 601 orrpe,n:e
JIHTo KaK 51,n;pa 4He, 51BJI51eTC51 He3HaqHTeiloHOH ITO cpaBHeHHIO c 3He. 

B KaqecTBe ,n;orrorrHHTerroHoro TecTa B 3MYJioCHH, o6nyqeHHOH B cMe
waHHOM rryqKe 7Be - 1°C - 12N c TeM )Ke HMrrynocoM Ha HyKnoH, H3MepeHol Be
rrwnrno1 ppcHe Ha 23 crre,n;ax He B «6errolX» 3Be3,z:i;ax 10C -+ 2He + 2H. Hcrrono-
30BaJIHCo C06hlTH51 ,Il;HCCOD;HaD;HH qepe3 OCHOBHOe COCT051HHe 0+ 51,Il;pa 8Be, pac
rra,n: KOTOporo rrpoHCXO,Il;HT Ha ,n:Ba 51,n;pa 4He [ 6]. 

Orrpe,z:i;eneHHe ppc Bcex $parMeHTOB y,n:arrocTo BhIIIOJIHHTo TOJioKO B Tpex 
«6erro1x» 3Be3,z:i;ax 3He (pHc. 8). IIorryqeHHoie 3HaqeHH51 II03BOil51IOT HHTeprrpe
THpoBaTo 3TH 22 co6olTH51 KaK TpOHHOe o6pa30BaHHe 51,n;ep 3He. I1HTeprrpeTaD;H51 
3THX co6olTHH KaK 10C -+ 33He + n MaJIOBep051THa, TaK KaK B 3TOM crryqae rro
Tpe6oBarraco 601 MO,Il;HQJHKau;H51 He o,n;Horo, a rrapoI KrracTepoB 4He c rrpeo,z:i;orre
HHeM rropora KaK MHHHMYM 3 7 M3B rrpH Tpe6oBaHHH rrepH<jlepHqecKoro B3aH
Mo,n:eiicTBH51 6e3 o6pa3oBaHH51 tjlparMeHTOB MHWeHH. MHKpotjloTorpacpHH ,z:i;Byx 
H3 H,II;eHTHQJHI.I;HpOBaHHolX co6olTHH 9C ~ 33He rrpe,n:cTaBJieHbI Ha pHC. Il. l H 

15 



pHc. IT.2 npHJIO)l(eHH51, a TaK)l(e Ha p11c IT.3 npHBe.n;eH npHMep co6hITH51, B KOTO
poM y.IJ;aJIOCh H,IJ;eHTHCpHI(HpOBaTh TOJihKO O,Il;HH H3 Tpex reJIHeBhIX cpparMeHTOB. 

0cHOBHa51 qacTb CTaTHCTHKH ITO nOJI51pHOMY yrny eHe <l_lparMeHTOB He 
CKOHI(eHTpHpOBaHa B KOHyce 0He < 10-2 pa.n; (§lll.2). Pacnpe.n;eJieHHe ITO a3HMY
TaJihHOMY yrny Me)l(.n;y <l_lparMeHTaMH c:2He (pttc. 111.4) He YKa3hrnaeT Ha 3<l_l<l_leKThI 
acHMMeTpHH. YrrroBhie H3MepeHH51 crre.n;oB II03BOJI5IIOT .n;m Ka:>K.n;oro aHcaM6JI51 
3 3He noJiyqHTh Henocpe.IJ;CTBeHHO CB513aHHbie c HHMH 3Ha1IeHH51 ero IIOJIHOH 
3HeprHH Q(33He) Ha.n; Macco:H: 33He H nonHoro nonepe1IHoro HMIIYJibca 
PT(33He). 

Pacnpe.n;eneHHe no 3HeprHH c11cTeMhI Q(33He), npe.n;cTaBJieHHoe orpaHH-
1IeHo B OCHOBHOM o6rraCThlO Q(3 3He) < 40 M3B, r.n;e cpe.n;Hee 3HaqeHHe COCTaB
JI51eT <Q(33He)> = (12 ± 2) M3B npH cr =8 M3B. Pacnpe.n;eneHHe no rronHoMy 
rrepe.n;aHHOMY HMIIYJibCY .IJ;JI51 KOHqmrypal(HH 33He HaXO,Zl;HTC51 B o6rracTH 51.n;ep
HOH .n;ttcppaKI(HOHHOH .n;ttccol(Hal(HH. Ero rrapaMeTPhI HMeIOT He 3HaqeHH51 
<PT(33He)> = (335 ± 79) M3B/c npH cr =294 M3B/c. 

3Ha1IHTeJihHa51 Bepo51THOCTb npol(ecca 9C ~ 33He .n;enaeT ero 3cp<l_leKTHB
HbIM HCT01IHHKOM COCT051HHH 23He B6JIH3H nopora (§III.3). IIpe:>K.n;e Bcero, HH
Tepec rrpe.n;cTaBJI5IeT IIOHCK aHaJIOrOB pacrra.n;a 51.IJ;pa 8Be 113 OCHOBHOro COCT05I
HH5I o+ B crreKTPe Q(23He ). Pacnpe.n;erreHHe ITO yrny pa3JieTa B nape <l_lparMeHTOB 
@2He rrpe.IJ;CTaBJieHO Ha pHC. 9. 0CHOBHa5I ero lJaCTh, COOTBeTCTBYIOII(a51 30 rra
paM 2He OIIHCbIBaeTC5I pacrrpe.n;eneHHeM f aycca c rrapaMeTPaMH <82He> = ( 46 ± 
3) ·10-3 pa.n; H a = 16 ·10-3 pa.n;. CooTBeTCTBYIOII(ee pacnpe.n;eneHHe rro 3HeprHH 
Q(23He) orpaHIPieHO B OCHOBHOH qacTH o6JiaCTblO Q(23He) < 20 M3B. 3Ta :>Ke 
oco6eHHOCTh - o6pa3oBaHHe Y3KHX nap - rrpo51BJI51eTC5I TaK:>Ke B pacnpe.n;eneHHH 

* ITO a3HMyTaJihHOMY yrny Me)l(.n;y cpparMeHTaMH e 2He B CHCTeMe l(eHTpa Mace B 
«6eJihIX» 3Be3.n;ax 9C~33He. Pacnpe.n;eneHHe .IJ;JI5I co6bITHH, co.n;ep:>Kall(HX Y3KHe 
rraphI, npo5IBJI5IeT xapaKTepHyIO KoppeJI51l(HIO B o6JiaCTH MaJibIX H 6oJihIIIHX yr-

* JIOB 8 2He· 
0.n;HOBpeMeHHO, 6naro.n;ap5I rrpeBOCXO,Il;HOMY npocTpaHCTBeHHOMY pa3pe

IIIeHHIO 3MYJihCMOHHOro MeTo.n;a, Ha6JIIO,IJ;aIOTC5I BOCeM:O Y3KH:X nap 2He, yroJI 
pa3JieTa KOTOphIX orpaHH1IeH 82He < 10-2 pa.n; (pHc. IIl.8). 3TH naphl BhI,IJ;eJI5IIOT
C5I B oco6yIO rpyrrny CO cpe.IJ;HHM 3HaqeHMeM @ (23He) = ( 6 ± 1) X 10-3 pa.n; npH <J 

= 3 pa.n;. Pacrrpe.n;eneHHe 3THX nap rro 3HeprHH Q(23He) HMeeT cpe.n;Hee 3Ha1Ie
HH5I <Q(i3He)> = (142 ± 35) K3B rrpH (j = 100 K3B. TaKHM o6pa30M, HeCMOTp5I 
Ha HeB:OICOKYIO CTaTHCTHKY' .n;aHHOe pacrrpe.n;eneHHe YKa3bIBaeT Ha HHTpHrYIO
Il(YIO B03MO:>KHOCTh cyll(eCTBOBaHH5I pe30HaHCHoro COCT05IHH51 23He rrpaKT:Hqe
CKH Ha.n; caMhIM MaCCOBbIM noporoM 23He. 
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Pnc. 9. Pacrrpe.n:erreHne rro rrapHoMy yrny 82He, Me:>K.I(y cpparMeHTaMH B «6eJihIX» 
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Pnc. 10. CyMMapttoe pacrrpe.n;errettne no rrapHoMy yrrry E>2He, Me:IK.UY perr5ITHBHCTCKH
MH 51,n;paMH cpparMeHTaMH He B co6bITH5IX 8B --+ 2He + H c o6pa3oBaHneM <J?parMeHTOB 5!.Upa 
MllIIIeHH llJIII Me30HOB H B «6eJibIX» 3Be3.I(aX 9C --+ 33He; IIYHKTHpOM YKa3aH BKJia.I( «6e
JlhIX» 3Be3.I( 

,II;mI npoBepKH B03MO)KHOrO cy:w;eCTBOBaHmI pe30HaHca B CHCTeMe 23He 

npoBo,n:HTC5I aHaJIH3 ,n:aHHbIX coTpy,n:HWieCTBa EeKKepeJib 8B ~ 2He + H. ,Il;JI5I 

ycttJieHH5I 3cpcpeKTa o6pa3oBaHH5I Y3KHX nap 23He B 3TOM Kamure oT6ttpanHCb 

B3aHMO,n:e:H:cTBH5I conpOBO)K,n:aeMbie <jlparMeHTaMH 51,n:pa MHIIIeHH HJIH Me30Ha

MH. IlpH TaKOM ycJIOBHH np0Hcxo,n:1u 3<jlcpeKTHBHbIH OT6op co6bITHH c BbI6bI-
v 4H sB BaHHeM HeHTpOHa H3 KJiaCTepa e B 5:1,n:pe B pe3yJibTaTe Heynpyroro B3aH-

MO,n:e:H:cTBH5I. Tor,n:a pacnpe,n:eJieHHe 8(23He) ,n:JI5I 51,n:pa 8B npHo6peTaeT BH,n: 

CXO)KHH c pHC. 9 H np05IBJI51eTC5I OT- OT,n:eJibHa51 rpynna Y3KHX nap c 
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rrapaMerpaMH <8(23He)> = (4.5 ± 0.5) ·10-3 pa,n; rrpH a l.5'10-3 pa,n;, COOTBeTCT

BYIOII(HMH cnyq:a10 B «6eJibIX» 3Be3,n;ax 9C ~ 33He, mmcaHHoMy BbIIIIe. CyM

MapHoe pacrrpe,n;eJieHHe no rrapHOMY yrny 82He, Me)K,n;y pemITHBHCTCKHMH 5I,IJ;

paMH cpparMeHTaMH He B co6bITH5IX 8B ~ 2He + H c o6pa3oBaHHeM cJ?parMeH

TOB 5!,n;pa MHIIIeHH HJIH Me30HOB H B «6eJibIX» 3Be3,n;ax 9C ~ 33He rrpe,n;cTaBJieH

HOe Ha pHC. 10, ycHJIHBaeT YKa3aHHe Ha cymecTBOBaHHe OKOJIOIIoporoBoro pe-

30HaHca 2 3He. Eonee Toro, B03HHKaeT Borrpoc o rrpHpo,n;e IIIHpoKoro ITHKa c 

MaKCHMYMOM B paiioHe 8(23He);:::::: (40 - 50}10-3 pa,n;. KoHetJ:HO, 3Ta Ba)l(Ha5I Ha

xo,n;Ka 3aCJIY)l(HBaeT rrpoBepKH H H3yqeHH5I Ha 3HaqHTeJibHO 6oJibIIIeii CTaTHCTH

Ke. 0,n;HHM H3 ee TeXHHqecKH 6orree rrpOCTbIX BapHaHTOB MO)l(eT OKa3aTbC5I co-

6bITH5I ,I.l;HCCOI.I,Ha:IJ;HH 7Be ~ 2 3He c BbI6HBaHHeM HeiirpoHa H o6pa30BaHHeM 

cpparMeHTOB 5!,n;pa MHIIIeHH HJIH Me30HOB. TaKHM o6pa3oM, 5I,n;epHa5I 3MYJibCH5I, 

o6rryqeHHa5I peJI5ITHBHCTCKHMH 5!,n;paMH 9C, rrp05IBJI5IeT ce65I KaK 3cpcpeKTHBHbIH 

HCTOtJ:HHK «IIIHpOKOilOJIOCHOrO» IlOHCKa pe30HaHCOB B CHCTeMe 2 3He, I103BO

JI5IIOII(ero coptteHTHpOBaTb HCCrre,n;oBaHH5I B03MO)KH0 O,I.l;HOro H3 KJIIOqeBbIX 

rrpoI.I,eCCOB 5!,n;epHOH acTpocpH3HKH. 

B 3AKJIIOqEHHH ccJ?opMynttpoBaHbI ocHoBHbre pe3yrrhTaTbI ,n;Hccep

TaI.I,HOHHo.ii pa60TbI, KOTOpbie COCT05IT B crre.n;y10meM 

1. 5I.n;epHa5I 3MYJibCH5I o6rryqeHa B rrytJ:Ke peJI5ITHBHCTCKHX 5I,IJ;ep 9C, Brrep

Bbie ccpopMHpoBaHHOM Ha HyKrrorpoHe OI15.IH rrpH cpparMeHTaI.I,HH 5!,n;ep 12C c 

3HeprHeii 1.2 A f3B/ c. ,[I;oMHHHposaHHe B rryqKe cpe,n;H BTOpHqHbIX rrerKHX 

5I,n;ep HMeHHO H30TOI1a 9C I10,I.l;TBep)K,I.l;aeTC5I H3MepeHH5IMH HOHH3aI.I,HH 5I.n;ep BTO

pHqHoro rrytJ:Ka, oco6eHHOCT5IMH 3ap5I,ll;OBOH TOilOJIOrHH HX cJ?parMeHTaI.I,HH, a 

TaK)Ke H3MepeHH5IMH HMITYJibCOB corrpoBO)l(,IJ;aIOII(HX 5!,n;ep 3He. 

2. IbytJ:eHo pacrrpe,n;eneHHe no sepo5ITHOCT5IM KaHarroB KorepeHTHoii ,n;Hc

coI.I,HaI.I,HH peJI5ITHBHCTKHX 5!,n;ep 51,IJ;pa 9C, KOTOpoe BIIHCbIBaeTC5I B ,n;aHHbie ,IJ;JI5I 

6onee rrerKHX HeiiTpOHO,n;ecpHI.I,HTHbIX 51,n;ep c ,n;o6aBJieHHeM ,n;Byx MITH O,I.l;HOro 

rrpoToHoB. Oco6eHHOCTbIO ,n;HccoI.I,HaI.I,HH 51,n;pa 9C 5IBJI5IeTc5I HOBbIH KaHarr Kore-
~ 3H peHTHOH .n;HccoI.I,HaI.I,HH B TPH 5I.n;pa e. 

3. Bepo5ITHOCTb KaHana KorepeHTHoii ,n;ttccoI.I,HaI.I,HH c BbICOKHM rroporoM 

3 3He, COCTaBJI5IeT 14 %, qTo rrpH6m13HTeJibHO COBrra,n;aeT co 3HaqeHH51MH ,IJ;JI5I 

KaHaJIOB c OT,IJ;eJieHHeM o,n;Horo JiIJIH napbl HYKJIOHOB, HMeIOII(HM HH3KHe rroporH. 

3TO Ha6rr10.n;eHHe YKa3bIBaeT Ha 3HaqHTeJibHbIH BKJia,IJ; KOMilOHeHTbI 3 3He B oc

HOBHOe COCT05IHH5I 5I,IJ;pa 9C. 

4. <l>H3HqecKHM MexaHH3MOM KorepeHTHOH ,I.l;HCCOI.I,HaI.I,HH 5!,IJ;pa 9C 5IBJI5I

eTC5I 5I,IJ;epHoe ,I.l;HcppaKI.I,HOHHOe B3aHMO.n;eiiCTBHe, qTo ycTaHOBJieHo Ha OCHOBe 

H3MepeHHii rroJIHbIX rrorrepeqHbIX HMITYJibCOB (HeCKOJibKO coT M3B/c), rrepe

,n;aHHbIX aHcaM6JI5IM cJ?parMeHTOB B KaHarrax c oT,n;eneHHeM HYKJIOHOB H KaHane 
3 3 He. 

5. B KaHarre 9C ~ 33He, o6Hapy)l(eHbI KoppenHpoBaHHbie rrapbI, cocT05I

mHx H3 5I,IJ;ep 2 3He C OTHOCHTeJibHbIMH yrrraMH pa3JieTa ,I.l;O 10-2 pa.n;. 3TO Ha-

6JIIO,IJ;eHHe yKa3bIBaeT Ha B03MO)KHOCTb cymecTBOBaHH5I 
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pe30HaHCHoro COCT051HIUI B CMCTeMe 23He B6JIM3M rropora o6pa30BaHM51 M Bbl

,IJ;BMraeT rrpo6JieMy ero rroMcKa rrpM 3HeprMM pacrra,z:i;a (142 ± 35) K3B. 

,l.(MccepTau;mo 3aBeprnaeT ATJiac MaKpo<l>oTorpacln1ii B3aMMo,z:i;eiicTBMiI 

peJI51TMBMCTCKMX 51,z:i;ep 9C c 51,D;paMM <l_JoT03MYJihCMM. 3a,z:i;a-qa ,z:i;aHHOro rrpMJIO)l(e

HM51 COCTOMT B HarmI,IJ;HOH ,n;eMOHCTPaI.I;MM IlOJIHOTbl M ,I1;0Ka3aTeJibHOro xapaKTe

pa Ha6mo,z:i;eHMH B 3MYJihCMM. Ha pMcyHKax 11, 12 M 13 rrpe,n;cTaBJieHhI rrpMMepbI 

06cy)l(,n;aBrnMxc51 rrpou;eccoB. 

PFic. 11. Co6hITFie cpparMeHrnu;1rn C ~ B + p nrna «6enrurn 3Be3,n:a. Ha cpornrpacpFIFI 
OTMeqeHbI BepmFIHa B3aFIMO,n:eiicTBmI (I. v.) FI CTPY5.! OCKOJIKOB 5.1,n:pa CHap5.!,n:a, COCT05.!lll;a5.! FI3 
MaCCFIBHOro OCKOJIKa (8B) FI npoTOHa (H) 

' 
Prrc. 12. Co6hrrFie cpparMeHTau;FIFI Be+ 2p TFina «6ena5.!» 3Be3,n:a. Ha cpornrpa-

cpFIFI OTMeqeHbI BeprrrnHa B3aFIMO,n:eHCTBFI51 (I.V.), KOTOpa5.! rrorrana rro.n: MapKFipOBQqHyIO ceT
KY' FI CTPY5.! OCKOJIKOB 51,n:pa CHap5.!,n:a, COCT05Illl;a5.! ll3 MaCCFIBHOfO OCKOJIKa (Be) FI .D:BYX rrpo
TOHOB (H) 

··" 
~""""'"'"''· .. o, '"# ,<fH!lfm,c,,,'<'!it.Hpl~.,'if·il\,"-"_,,,.:.O,,~ffi .,,,, -if'ffe'A<-<• 

PFic. 13. MaKpocpornrpacpFI5.! «6eno:ii» 3Be3JlbI 9C ---+ 33He rrpFI 3HeprnFI 1.2 A f3B. Ha 
BepxHeii cpornrpacpFIFI BH,n:Ha BepmFIHa ,n:1ICcou;nau;Fin (I. V.) H CTPY5.l cJ.>parMeHTOB B Y3KOM KO
Hyce; rrpFI npo,n:BmKeHFIH B.lJ:OJib cTpyFI promrqaJOTC5.! TPFI peJI5.!TFIBFICTCKFIX cJ.>parMeHrn, (He) 
(HFI)l(H5151 cpornrpacpFIH) 
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