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Ha30BeM 3HeprmI K0CMHqecKHX nyqeii, HeA0CTH)KHMhJe Ha C0BpeMeHHhlX ycK0-

pttTem1x, CBepXBhlC0KHMH. CeroAH» HaHBhICllla51 3HepfH}I qaCTHUhl, nonyqaeMa51 Ha 

BcTpeqH1,Ix nyqKax ycKopttTeJI» <l>HAJI, paBHa 900 foB (9 • 1011 :;iB). B na6o

paTOpHOH CHCTeMe K00pAHHaT 0Ha 3KBHBaJieHTHa 3HepmH HaJieTaIOIUero np0T0Ha 

Ha Il0K0»IUyIOc» MHllleHh *: 

2E2 2 · 81 · 1022 (:;iB) 2 

E11a6 ~ MC\ = 9 ( B) ~ 1, 72 · 10
15 

:;iB = 1, 72 TT:;iB. 
0, 94 · 10 3 

flocne nnaHttpyeMoro B 2006 r. 3anycKa LHC (11.EPH) Ha 3Hepmtt BCTpeqHhIX 

nyqK0B np0TOH0B 7 T:;iB 3KBHBaJieHTHa51 3Heprll}I B na6opaTOpnoii CHCTeMe 6yAeT 

paBHa ::; 1017 3B. fpaHHUa onpeAeJieHH» CBepXBhlC0KHX 3HepmH 0TOABHraeTC» 

npttMepHo Ha ABa nop»AKa (Ena6 > 1017 3B). Be» cospeMeHHa51 cptt3HKa 3Jie

MeHTapHhlX qacTHU Bhlp0CJia H3 q>H3HKH K0CMHqecKHX nyqeii. HccJieAOBaHH}I B 

K0CMHqecKHX nyqax, npoBeAeHHble B TeqeHHe ABaAuanmeTH}I (1932-1952), Chl

rpanH cpyHAaMeHTaJihHYIO p0Jih B CTaH0BJieHHH q>H3HKH 3,!leMeHTapHhJX qacTHU. 

B 1932 r. K.AHAepcoH 0TKphm no3HTpoH [1], B 1937 r. C.HeMepMeiiep H 

K.AHAepcoH [2] H ,[l)K.CTpHT H E.CrnsencoH [3] 0TKphIJIH µ-Me30H, B 1947 r. 

ll.narrec, ,[l)K.OKKHaJIHHH H C.flay:;inn [4] o6nap~HJIH pacnaA noJI0)KHTeJihHoro 

rr-Me3ona Ha noJIO)KHTeJihHhlH µ-Me3oH. PacnaAhI neiiTpaJihH0H H 3ap»)KeHHOH V
qacrnu 61,mn o6nap~enhl TaK)Ke B 1947 r. [5]. T-Me30H (K-Me30H, pacnaAaio

IUHiic» Ha 3 rr-Me3oHa) 6hln o6nap~eH B 1949 r. [6]. Kµ3-pacnaA 3acpttKCHpo

BaH B 1951 r. [7]. CymecTBoBaHtte HettTpaJihHOii A-qacTHUhl 61,mo A0Ka3aHo B 

1951 r. [8]. PacnaA KaCKaAHoro E--mnepoHa o6Hap~eH B 1952 r. [9], cyme

CTB0BaHtte E+-mnepoHa 6hlJIO A0Ka3aH0 B 1953 r. [10, 11). 3TH pa60Thl B o6na

CTH K0CMHqecKHX nyqeii (H p»A Apymx) Il0CJl~HJIH 0CH0BaHHeM AJI» BBeAeHH}I 

KBaHT0B0ro qncna "cTpaHHOCTb" H 3aK0Ha coxpaHeHH}I CTpaHH0CTH B CHJlhHhlX 

B3aHMOAeiicTBH»x (fenn-MaHH, HttJJJHA)KHMa, 1953 r.). 

Ha M0JUHhIX ycKopHTen»x B CCCP H ClllA B Haqane 50-x roA0B HayqHJIHCh 

AeJiaTh Il)"IKH 7r-Me30H0B, nocne qero q>H3HKa 3JieMeHTapHhIX qaCTHU Il0Jl)"IHJia 

MOIUHhIH HMilYJihC pa3BHTH}I 6naroAap» orpOMHOH CTaTHCTHKe co6bITHH, nony

qaeMhIX B CT0JIKH0BeHH}IX 7r-Me30HHhIX Il)"IK0B C MHJJJeH»MH, HeAOCTH)KHMOH B 

KOCMHqecKHX nyilax. C Tex nop q>H3HKa 3JieMeHTapHhIX qaCTHU npeBpaTHJiaCh B 

*B cj>IIJIIKC KOCMH'ICCKIIX Jiyqeii CBepXBLICOKIIX 3Heprnii IICDOJILJYfOTCJI 060JHa'leH11J1 1015 3B= 

= 1 TI3B; 1018 3B = 1 :ihB; 1021 3B = 1 33B. 



caMOCTm!TeJibHYIO H JlOpOroCTOjjlllYIO BeTBb Hay1m. ITpaBHTeJihcTBa Be)lylllHX CTpaH 

MHpa He )KaJieJIH Ha Hee )leHer - nocne B3pbIBOB aTOMHhlX 6oM6 qmHattcupoBa

JIHCh npaKTHqecKH Bee npoeKThl B 3TOH o6JiaCTH HaYKH-

Tenepb, Ha nopore BTOporo ThJCjjqeJieTHjj, cpH3HKH, Ka)l(eTCjj, no)lOWJIH K 

npe)leJiy )lOCTH)KHMhlX Ha ycKOpHTeJijjX 3Heprnfi 3JieMeHTapHblX qacrnu (1015 3B) 

u BhJH~eHbl CHOBa o6paTHTh BHHMaHHe Ha KOCMHqecKHe nyqu CBepXBhJCOKHX 

3Heprnfi (E > 1015 sB). K CO)KaJieHHJO, HHTeHCllBHOCTh KOCMnqecKux nyqefi 

pe3KO YMeHhlllaeTCjj c pocTOM ux 3Heprnu. ITpu 3Heprnu E = 1015 sB Ha 

3eMJIIO (Ha ypoBHe MOpjj) npHXO)lHT I qacrnua/KM2 • C . cp, HJIH I qacrnua Ha 

I M
2 

B I cp 3a 10 cyTOK. ITpu 3Heprnu E = 1016 
sB Ha 3eMJIJO npuxo)lHT 

0,1 qacrnu/KM
2

• c • cp, T.e. B 10 pa3 MeHhllle. ITpu 3Heprntt E = 1017 sB Ha 

3eMJIIO npHXO)lHT 0,01 qacTHu/KM
2

. C. cp, T.e. eme B 10 pa3 MeHhllle. 3a nocJie)l

HHe 35 JieT KOCMHqeCKHX Ha6JIJO)leHHH BH)leJIH OKOJIO )leCjjTKa qaCTHU C 3Heprnefi 

~ 1020 
3B, T.e. npttMepHO O)lHH cnyqafi Ha KBa)lpaTHhlH KHJIOMeTp B CTOJieTHe. 

HecKOJihKO JieT Ha3a)l 6hmu 3aperncTpHpOBaHbl )lBa CJIY'-1~ C HaHBhICWeH 

3Heprnefi KOCMnqecKHX nyqefi. B Mae 1989 r. B 51KYTCKe [12] 3apemCTpHpOBaHa 

qacrnua c 3Heprnefi (1, 2- 2, 3) • 1020 sB. Ee pemcTpauttjj 3KBHBaJieHTHa noToKy 

1, 9 • 10-26 KM- 2 • c- 1 • cp- 1. B OKrn6pe 1991 r. Ha ycTaHOBKe "Fly's Eye" 

('TnaJ Myxtt") 3aperncTpttpoBaHa '-!acrnua c 3Heprnefi (3~g•;~) • 1020 sB [13]. 
Ee perncTpauttjj 3KBHBaJieHTHa noToKy 7, 4 • 10-34 KM- 2 • c'- 1 • cp- 1. Hau6o

nee npttMe'laTeJibHOH oco6eHHOCThlO 3THX JlBYX cnyqaeB jjBJijjeTCjj TO, '-ITO. '-!a

CTHUhl npHWJIH npuMepHO C O)lHOrO H Toro )Ke He6ecHoro HanpaBJiemrn. AHaJIH3 

noKa3hIBaeT, '-ITO paccMaTpHBaeMble )lBa CJiyq~ CBepXBblCOKHX 3Hepmfi CBjjJaHbl 

ttau6onee BepOjjTHO c nepBH'-lllbIM npOTOHOM, HeHTpOHOM HJIH HeHTpHHO, T.e. c 

cpepMHOHOM [14]. 

KOCMH'-leCKHe qaCTHUhl C HaHBblCWeH 3Hepmefi C TeopeTH'-!eCKOH TO'-IKH 3pe

mrn )lOJI)KHbJ 6bJJIH 6hJ HMeTb nopor IIO 3Hepnrn, paBHhlH 5 . 1019 3B. KaK 

H3BeCTHO, B 1965 r. 6hJJIO o6Hap~eHO peJIHKTOBOe H3JiyqeHHe, paBHOMepHO pac

npe)leJieHHOe B KOCMH'-leCKOM npoCTpaHCTBe H IIO mneHCHBHOCTH COOTBeTcTByJO

mee TenJIOBOMY H3JiyqeHHIO a6COJIIOTHO '-!epHoro TeJia npu TeMnepaType ~ 2, 7 K. 

qepe3 ro)l fpefiJeH (ClllA), 3auenHH u KyJhMHH (CCCP) YKa3aJIH Ha TO, '-ITO 3TOT 

_Be3)leCylUHH cpOH peJIHKTOBOro H3JiyqeHHjj MO)KeT HaJiaraTh CHJihH<?e orpaHH'-leHHe 

Ha BepXHHH npe)leJI BhICOK03HepreTH'-leCKOro cneKTpa KOCMH'leCKHX nyqefi. 

ITpoTOH BhJCOKOH 3Hepmu, IIpOKJia)lhlB~ IIYTb B KOCMH'-leCKOM npOCTpaHcTBe, 

6y)leT CTaJIKHBaTbCjj C qJOTOHaMH peJIHKTOBOro H3Jly'-leHlljj H po)K)laTb 7r-Me30Hhl 

(HJIH e+ e- -napb1). ITopor po)K)leHHjj 1r-Me30HOB no 3Hepmu paBeH 5 • 1019 sB. 

BbIWe 3HepmH 5 . 1019 3B IIpOTOH, npoXO)ljjlUHH '-!epe3 cpoH peJIHKTOBOro H3-

nyqeHHjj, 6y)leT TepjjTh TaKYIO 3Hepml0 Ha po)K)leHHe 7r-Me30HOB (H e+ e- -nap), 

'ITO OH He CMO)KeT no)l)lep)KHBaTb CBOIO 3Hepml0 Bhlllle noporoBOH Ha pacCTOjj

HllH HeCKOJibKHX )leCjjTKOB MeranapceK. E)lHHCTBeHHhlMH BepOjjTHhlMH acTpocpu-

3H'-leCKHMH HCTO'-IHHKaMH npOTOHOB C YJibTpaBbJCOKHMH 3HeprHjjMll MOfYT 6bJTh 

2 

paJlHOKBa3apbl ll aKTHBHble ranaKTJiqecKHe j!Jlpa, HO OHH HaXO)ljjTCjj Ha paCCTOjj

HHjjX )laJiee 100 MeranapceK (1 MnK ~ 3 · 106 CBeTOBblX JieT). 06pb1B cneKTpa 

KOCMH'leCKHX nyqefi, paBHblH ~ 5 . 1019 3B, B o6JiaCTH CBepXBblCOKHX 3Hepmfi 

Ha3hIBaeTCjj o6pe3aHHeM fpefi3eHa-3auennHa-Ky3hMHHa (GZK-cut off). J].Ba cny
"~ BbJWeynOMjjHYTblX KOCMH'-!eCKHX '-!aCTHU C 3HepmjjMH > 1020 

3B BhIXOMT 3a 

npe)leJibl GZK-Mo)leJIH. 0)lHaKO OKOJIO ro)la Ha3a)l 6bJJIH ony6JIHKOBaHbl )lOnOJIHH

TeJibHhle pe3yJihTaTbl Ha6JIJO)leHHjj '-!aCTHU, H 3TY CHTyaUHIO Mbl 6y)leM o6c~aTb 

HH)l(e eme pa3. 

B o6JiaCTH 3Hepmfi KOCMH'-leCKHX nyqefi > 1015 
3B C noMOlllblO 6oJiblllllX 

3KCIIepuMeHTaJibHblX ycTaHOBOK cpH3HKH Ha)lelOTCjj nonyqaTh )lOCTaTOqHo 60Jib

wyJO CTaTHCTHKY HJIH Ha6JIJO)laTh 3K30THqecKHe co6hlTHjj, npe)lCTaBJijjJOlUHe HH

Tepec H 3Ha'-IHMOCTb )lJijj TeopeTH'-leCKHX o6o6meHHH. J].eHCTBHTeJibHO, Ha nnaHH

pyeMblX ycTaHOBKax C nJIOllla)lblO, npeBhlWaJ01UeH 1000 KM
2

, 6y)leT pemcTpHpo

BaTbCjj ~ 107 '-!aCTHU B CYTKH C 3Hepmew 1015 
3B, ~ 105 

qacTHU B CYTKH C 

3Hepmefi 1017 
sB. 

" ••. ITnaHnpyeMhIH B HaCTOjjlUee Bpe~rn Q)l(e-npoeKT (AIP) ••. rpa1muoJeH no 

CBOHM Macwrn6aM. B KOJIJia6opauun "ITpoeKT ITbepa Q)Ke" 6yJlYT npHHHMaTb 

yqacrne yqeHble H3 40 HHCTHTYTOB 19 CTpaH •.• IToJIHhlH npoeKT Q)l(e - 3TO 3200 
'-!epeHKOBCKHX C'-leT'-IHKOB, pacnoJIO)l(eHHblX Ha nJIOllla)lH 6000 KM

2
, Ka)K)lblH H3 

KOTOpblX CO)lep)l(HT 12 T BO)lbl. B nyqweM cnyqae 6y)leT pemCTpHpoBaTbCjj B ro)l 

OKOJIO 30 '-!aCTHU C 3Hepmefi Bblllle 1020 
3B. IToJIH~ CTOHMOCTh npoeKTa paBHa 

I 00 MJIH. JlOJIJiapoB"*. • 

TaKHM o6pa30M, KOCMH'-leCKHe JiyqH CBepXBhlCOKHX 3HepmH OCTalOTCjj cero

)lHjj BeCbMa npurnraTeJibHOH o6JiaCTblO HCCJie)lOBaHHH )lJijj cpH3HKH 3JieMeHTapHblX 

'-!aCTHU (oco6emw ecJIH HMeTb B BHJlY, '-ITO MHp 3JieMeHTapHblX '-!aCTHU 6bm OT

KpblT B nepHOJl )lO 1953 r.). 
HccJie)lOBaHH»M B o6JiaCTH KOCMH'-!eCKHX nyqew nocB»lUaeTC» 60JibWOe '-IHCJIO 

Me)K)lyHapOJlHblX KOHCpepeHUHH H CHMn03HYMOB. TaK, Ha'-IHH~ C 1968 r. npoBe

)leHO 14 eBponeHCKHX CHMfi03HYl\fOB: EepH H JlO)l3h - 1968 r.; AMCTep)laM H 

JlH)lC - 1970 r.; feTTHHreH u ITapH)I( - 1972 r.; cI>pacKaTH u Jlo)l3b - 1974 r.; 
JlH)lC - 1976 r.; KHJih - 1978 r.; JleHHHrpa)l - 1980 r.; PnM - 1982 r.; 

Kowuue - 1984 r.; EopJlO - 1986 r.; EanaTOH - 1988 r.; HoTTuHreM - 1990, 
1992 rr.; EanaToHcpIOpeJl - 1994 r. Ha'-IHH~ c 1980 r. npoBe)leHO 8 Me)K)ly

HapoJlHhlX CHMn03HYl\fOB: HaXO)lKa - 1980 r., Puo-)le-)KaHeiipo - 1982 r., 

ToKHO - 1984 r., ITeKHH - 1986 r., Jlo)l3h - 1988 r., Tap6e - 1990 r., 

MttqttraH - 1992 r., ToKHO - 1994 r. B qacTHOCTH, nocJieJlHHH TOKHHCKHH 

cttMn03HYM - VIII Me)K)lyHapOJlHbIH cttMnOJHYM no B3aHMOJleHcTBH»M KOCMH'Je-

*3pCJJOB B.n., HcaeB n.C. "Y QH~H eCTb B0JM0lKH0CTb BKJIIO'IHThCll B HCC/le/lOBaHHll KOCMH

'leCKHX Jl}"leii CBepXBblC0KHX 3Hepruii" - CM. ")ly6Ha. HayKa. Co11p)'lKeCTBO. nporpecc", 19 HOll6pll 

1997 r., N! 45 (3384). 
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CKHX nyqei-i OlJeHb BblCOKHX 3Heprni-i (24-30 HIOHJI 1994 r.) - 6bin noCBJlllleH, 
nOMHMO TeopeTHlJeCKHX eonpocoe, 3KCnepHMeHTaJJbHblM 1:1ccne.uoeaHHJIM aapou
HblX B3am.10.uei-icrn1:1i-i KOCMHlJeCKHX nyqei-i C 3HeprnJIMH, npeBbllllaJOllll:IMH YCKO
pHTenbHble (T.e. > 1015 3B), npoBe,!leHHblM C nOMOlllblO 3MYnbCl:IOHHblX KaMep Ha 
cne.uy10m1:1x BbICOTax: 

KaM6ana (Tn6eT) - 5400 M, 
1-laKanTM (Eon1:1e11J1) - 5200 M, 
TiaMHp (Ta,a)KHKHCTaH) - 4300 M, 
<l>y.!l)KH (5JnOHH51) - 3700 M, 
TJ1Hb-illaHb (Ka3axcrnH) - 3400 M. 

Ka)K,!lble ,!lBa ro.ua (no HelJeTHbJM ro.uaM) npOBO,!l51TCJI Me)K,!lyHapO,!lHble KOHq>e
peHUHH no KOCMHlJeCKHM nyqaM. B 1995 r. c 28 aerycrn no 8 CeHrn6pJ1 e PHMe 
npoxo.u1:1na 24-JI Me)K,!lyHapo.UHM KOHq>epeHUHJI. B uei-i yqacrnoeano OKono 800 
tJenoeeK H 6bmo npe.ucTaeneHo npttMepuo 1100 .uoKna,aoe. 25-JI Me)K,!lyHapo.u
HM KOHq>epeHUHJI no KOCMl:llJeCKHM nyqaM ,!lOn)KHa 6brna COCTOJITbCJI B IO)KHOH 
Acf>pttKe B 1997 r. 0 Hei-i y MeHJI HeT cee.uem1i-i. 

TeMaTHKa CHMn03HYMOB H KOHq>epeHUHH BeCbMa lllHpOKa, a B tJaCTH, Kaca-
10mei-icJ1 npo6neM q>H3HKII ::ineMeHTapHblX tJaCTHU, MaKCHMaJlbHO nptt6ntt)KeHa K 
npoeepKe CTaH,!lapTHOH MO,!lenH B o6naCTH ceepXBblCOKHX 3Heprni-i, KaK Mbl YBH
,!llfM H3 nocne.uy10mero mno)KeHHJI. 

113 ecero Muoroo6pa3HJI npo6neM ocrnHoBHMCJI mi cne.uy10m1:1x: 
1) 3HepreTHlJeCKHH cneKTp KOCMHlJeCKHX :nyqei-i l:I l:IX Xl:IMHlJeCKHH (Macco

BblH) COCTae; 

2) aapOHHa51 KOMnOHeHTa s llll:lpOKHX aTMOcq>epubJX nHBHJIX; 
3) HOBble xapaKTepHCTHKH B3aHMO,!leHCTBl:IJI aapOHOB ceepXBblCOKHX 3Heprni-i 

(BblCTpOeHHOCTb; KeHTaBpbl H MHHH-KeHTaBpbl; Hapylllen1:1e KOHq>ai-iHMeHTa; ,-ce
Mei-icrna C .!lBOHHblMH crnonaMH H .up.); 

4) npo6neMa "KoneHa" B KOCMHtJeCKHX nyqax; 

5) neKOTOpble CBe,!leHHJI O csepXBblCOKHX 3HeprH51X KOCMl:llJeCKHX nyqei-i 
(> 1020 ::iB); 

6) "nHBHH" 1 -nyqei-i (1 -ceMei-icrna). 

3To, KOHelJHO, .uaneKo He nonHblH nepetJeHb npo6neM q>H3HKH KOCMl:llJeCKHX 
nyqei-i. 

1. '.3HEPrETWIECKHH CIIEKTP KOCMWIECKHX JIYIIEH 
H HX XHMHqECKH:0 (MACCOBblH) COCTAB 

I1HTerpanbHblH cneKrp (HHTeHCHBHOCTb) scex KOCMHlJeCKHX nyqei-i B HHTep
sane 3Hepmi-i 10

10 
::iB < E < 3 • 1015 ::iB ua nosepxHocrn 3eMnH uennoxo 

onHChJBaeTCJI Bblpa)KeHHeM [15, 16]: 

[ 
1 ] 

1
•
7 

tJaCTHU 
I(> E) = E(faB) cM2 . c · cp · (1) 

4 

JJ,nJI ::iueprni-i E > 3 • 1015 ::iB cneKTp HMeeT q,opMy 

[ 
1 ] 

2 
tJaCTHU 

I(> E) = E(faB) cM2 • c · cp · (2) 

CneKTp (2) cnpase,llJIHB .uo ::iueprni-i ~ 3 • 1017 - 1018 ::iB. Mb1 BH.!lHM, tJTO np1:1 
::iueprn1:1 3-1015 ::iB ua6n10.uaeTcJ1 1:1moM ("Koneuo") cneKTpa: noKaJaTenb cTeneHH 
MeHJleTCJI CKalJKOM OT 3HatJeHH51 1, 7 .no· 3HalJeHH51 2; ero Mb) 6y,neM no.upo6HO 
o6Cy)K,!laTb Hl:l)Ke. "3HaH1:1e COCTaBa nepBHlJHblX KOCMHlJeCKHX nyqei-i s o6naCTH 
::iueprni-i 1014 - 1015 ::iB, 3HaH1:1e nonuoro cetJeHH51 ueynpyroro B3aHMO.Uei-icTBH51 
a,apOHOB aueynp l:I 3HaHHe K03q>q>HUHeHTa HeynpyroCTH Kueynp npH 3THX 3Hepfl151X 
no3sonJ1eT co3.uaTb KOnHtJecrneHHYJO TeopHIO npoxo)K,!leHH51 qepe3 semecrno tJa
CTHU csepXBblCOKHX 3Heprni-i, 6a31:1py10my10cJ1 Ha rnep,!lOM 3KcnepHMeHTaJJbHOM 
q,yH.!laMeHTe ... " [ 16, c.286-287]. 

51noHo-aMep1:1KaHCKHi-i cosMeCTHbii-i ::iMynbCHOHHbii-i 3KcnepHMeHT (JACEE) 
(13 nonerns 6annoHos) 6un npoee.ueu ,llJIJI 1:13yqeHHJ1 cneKTpa nepBHlJHbIX npo
TOHOB B o6nacrn 3Heprni-i 6onee 6 • 1012 ::iB, cneKTpa ren1:1J1 ,llJIJI 3Heprni-i 6onee 
2 • 1012 ::iB H ,llJIJI Jl.!lep c Z > 2 s HHTepsane 3Hepmi-i OT 0, 5 • 1012 ::iBIHYKnOH .uo 
93. 1014 ::iB/HYKnOH [17]. OKa3aJJOCb, lJTO npoTOHHblH cneKTp l:IMeeT HeKOTOpblH 
mnoM s pai-ioHe (4 - 5) • 1013 ::iB. MaKCHMaJJbHO npas.uono.uo6HhIH npoTOHHhii-i 
cneKTP HMeeT BH.!l 

dN = (7 49 ± 0 20). 10-2. E-2,64±0,12 1 (E < 4. 1013 ::iB) 
dE ' ' M2 · c · cp • T::iB - ' 

dN = (6, 17 ± 0, 80). 10-2. E-3,22±0,2s 1 (E > 4. 1013 ::iB). 
dE M2 • c • cp • T::iB 

fenHeBblH cneKTp onl:ICbJBaeTCJI O,!lHOH CTeneHHOH q>yttKUHei-i 

dN = (7, 76 ± 1, 43). 10-3. E-2,61±0,os 1 
dE M2 • c • cp • T::iBIHYKnOH 

MeHJleTCJI OTHOllleHHe lJHCna npoTOHOB K lJHcny Jl,!lep renl151 C ysenHtJeu1:1eM 3Hep
rnH: 

3ueprHJI, 10I"2 3B/H)'KJIOH 
Ornoweutte He/p 

10 
0,083± 
±0,025 

23 
0,107± 
±0,04 

32 
0,065± 
±0,026 

45 
0,089± 
±0,048 

75 
0,154± 
±0,070 

CneKTp scex ll.!lep c 3HeprH51MH 6onee 5, 1013 ::iB/Jl.upo c 3apll.UOM Z > 6 
3HalJHTenhHO 6onee nonorni-i no cpaBHeHHIO C npOTOHHblM. OTHOCHTenbHbIH co
CTaB npoTonos, renl151, rpynn ::ineMeHTOB (C-O), (Ne-S) H rpynnhI ll.!lep c Z 2'.'. 17 
npH 3HepmH 3, 7 . 1014 3B Bblpa)KaeTCJI coorneTCTBeHHO UHq>paMH: 14 ± 9%, 
23 ± 10%, 28 ± 11 %, 13 ± 7%, 24 ± 10%. Tip1:1 ::iueprn1:1 4, 5 · 1013 ::iBIHYKnOH · 
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TOT )Ke COCTaB BhlpID!<aeTC51 cne)lyIOIUHMH un¢paMH: 35 ± 8%, 30 ± 6%, 16 ± 4%, 

9 ± 1 %, 10 ± 1 %, T.e. OTHOCHTeJihHhIH COCTaB T5J)KeJIOH KOMnOHeHThl c YMeHh

weHHeM :mepmH YMeHbWaeTC51. B pac11eTax 11aCTO HCnOJihJYIOT "ttopManhHhIH" 

COCTaB KOCMH'leCKHX nyqeii (CM. Ta6n.l). 

Ta6Jmua 1 

E,::iB p, (%) He(%) CNO (%) T.!DKeJlhie (%) O'!eHh rnlKeJihle (%) 

1010 - 1012 . 90 8 0,6 +- 0,08 ➔ [17a] 
1015 42 17 14 14 13 
1016 42 13 14 15 16 

IIptt :mepm51x E > 1018 3B cneKTp HMeeT CJIO)KHy10 ¢opMy H He MO)KeT 

6hITh OilHCaH CTeneHHhIM JaKOHOM C O)lHHM noKa3aTeJieM CTene,m. IIo )laHHhIM 

11HCTHTYT3 KOCMOclJH3H'leCKHX HCCJie)lOBaHHH H a3pOHOMHH (51KYTCK) [18] HJ Ha-

6JIIO)leHHH no pa3BHTHIO WHpOKHX 3TMoc¢epHhIX JIHBHeH, 3TOT cneKTp HMeeT 

clJOpMy 

~~ (E) = K · E->.dE, 

f)le JlH)leKC A npHHHMaeT 3Ha'leHH51: 

B o6nacrn flE1 = 5 • 1016 - 1018 3B 

B o6nacrn flE2 = 1018 - 7 • 1018 3B 

B o6nacrn flE3 = 7 • 1018 - 2 • 1019 3B 

B o6nacrn flE4 = 2 • 1019 - 1020 3B 

2,98 ± 0,06, 

3,25 ± 0,08, 

2,65 ± 0, 10, 

3,50 ± 0, 18. 

(3) 

qT06hI o6'h51CHHTh TaKOe noBe)leHHe cneKTpa, H~Hhl HOBhie MO)leJIH pa3BH

TH51 WHpOKHX aTMoc¢epHhIX JIHBHeH, BKnl0113IOIUHe KaK npo6neMy HCTO'IHHKOB 

KOCMH'leCKHX nyqeii, TaK H npo6neMy B33HMO)leHCTBH51 3JieMeHTapHhIX 'l3CTHU B 

o6naCTH CBepXBhICOKHX 3Hepmii. 

3ttepreTH'leCKHH cneKTp KOCMH'leCKHX nyqeii C 3Hepmii E > 1018•5 3B H3-

Mep.HJIC51 Ha ycrnHOBKe AGASA (Akeno Giant Air Shower Array). 3a neptto)l c 

¢eBpan51 1990 r. no H0516ph 1997 r. [19] 6hmo tta6n10)leHu: 

3847 cnyqaeB c E > 1018•5 3B; 

461 cnyqaii c E > 1019 3B; 

6 cnyqaeB c E > 1020 3B. 

Ha pttc.l cneKTp dJ /dE YMHO)KeH Ha E 3 , 11To61,1 no)l11epKHYTh )leTanH 6hl

cTpo cna)la10mero cneKTpa, CneKTp onttchrnaeTCH ¢opMynoii 

{ 

K · (f,)--ro 
dJ /dE = K. (fJ--r2 

6 

1018,5 3B :::; E < ea 

Ea <E, 
(4) 

-en 
..... 
tJI 

C\J 

_§, 
C\J---

> 
Q) 

M~ 

w 
w 
~ 
:a 
Cl 
.3 

26 ,--,--,--,----,---,---,----,--,--,--~~~-r-+-r-r-r-, 

25 

. . . . . 
. . . 

23 L-'---''----''----''----'--'--'--'---'-__._~~~~~~~~~ 
18.5 19 19.5 20 20.5 

Log(E[eV]) 

P11c. I. 3ttepreT11'!ecK11ii cneKTp, Ha6moneHHhIH Ha ycraHOBKe AGASA (19]. Och opm1-

HaT )'MH0lKeHa Ha E 3. Ow116K11, o603Ha'!eHHhle qepTO'!KaMl1, npencTaBJUIIOT nyaccoH0B

CK11H BepXHl1H 11 H11JKHl1H npelleJihl Ha ypoBHe 62%, a CTpeJIKru.m YKa3aH BepXHl1H npeneJI 

- 90% C.L. nyttKT11pHID1 Kp11BIDI np!:ncTaRIUleT cneKTp, OlKHllaeMhIH OT BHeraJJaKTl1'1e

CKl1X 11CTO'IHl1KOB, paBHOMepHO pacnpeneJieHHhIX BO BceJieHHOH (aHaJJOr GZK-MOlleJll1, 

cM. cchmKy [ 11] 113 pa6oThl [ 19]) 

r)le --Yo H ,2 - noKaJaTeJIH CTeneHH COOTBeTCTBeHHO HH)Ke H BhIWe HeKOTOpOH 

ycnoBHOH 3HepmH Ea, xapaKTepHOH )lJl51 )laHHoro HHTepBana 3Hepmii. 

IIapaMeTp --y0 onpeAeJI51JIC51 HJ ycnoBH51 cornac1151 co cneKTpoM np11 E < 
< 1018•5 3B, ,o = 3, 16. 

Onpe)leJieHo Ha116onee BepoHTHoe JHatJeHHe napaMeTpOB: npH Ea = 10
19

•
01 

BeJIH'IHH3 ,2 = 2, 87~g:~~- 3TH peJyJihTaThl cornacyIOTC51 C paHee ony6nHKOBaH

HhlMH TOH )Ke rpynnoii AGASA [20]. 
KaK BHAHO Ha pttc. l, Ha6n10)leHHhtH cneKTP BhIXOJlHT Ja rpaHHUY GZK

o6pe3aHH51. EcJIH npe)lnOJIO)KHTh, 'ITO cneKTP KOCMH'JeCKHX nyqeii )lOJI)KeH COOT

BeTCTBOB3Th nyHKTHpHOH JIHHHH, mo6pa)KeHHOH Ha pHc.1, TO O)KH)laeMoe 'IHCJIO 

cnyqaeB C 3Hepmeii 1020 3B )lOJl)KHO 6b1Th Mettee O)lHOro. O)lH3KO peanhHhIH 3Hep

reTH'leCKHH cneKTp (6 cnyqaeB c E > 1020 3B) pacwHp51eTc51 Ja npe)leJihl GZK

o6pe3aHH51, H, CJie)lOBaTeJibHO, MO)KHO npe)lnOJIO)KHTh, 'ITO HCTO'IHHKH Hatt6onee 

3HepreTH'leCKHX KOCMH'leCKHX qacTHU Jie)KaT 33 npe)leJiaMH Harnett fanaKTHKH Ha 

paCCT051HHH )leC51TKOB MeranapceK OT Hee. 
Ha pHC.2 noKaJaHhl He6ecHbie HanpaBJieHH51, C KOTOphIX npHWJIH 6 KOCMH'le

CKHX qacTHU ceepxBhtCOKHX 3HepmH (E > 10
20 3B)'. Bhlwe 3HepmH 4 • 10

19 
38 
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Pttc. 2. He6ecHhie HarrpaIDJeHHJI B ranaKTHtJeCKOH CHCTeMe KOOpllHHaT Jl/lJI 6 CJl}"laeB c 

E ~ 1020 
38. 3awrpHXOBaHHaJI IUIOIUal!b yica3hIBaer HeHa6monaeMyio He6eCHYJO o6JJaCTb 

(o6pe3aHHe no 3eHHTHOMY ymy ::; 45°). YKa3aHa 3KBaropHaJJbHaJI H cyrrepranaKTH'leCKaJI 

IUIOCKOCTH 

TO'IHOCTb orrpe,!leJiemur He6eCHblX KOOp,!lHHaT COCTaBmma 1, 6°. Ha HarrpaBJie

HHJIX, C KOTOpblX npmmm 6 tJaCTHU, He BH,!lHO B03MO)KHblX BHeranaKTHtJeCKHX 

HCTOlJHHKOB KOCMHtJeCKHX JIYtJeH BblCOKHX ::meprntt, H 3TO O,!lHa H3 Hatt6onee 

B036)')K,lla!OIUHX 3ara,!lOK npOHCXO)K,!leHHJI KOCMHtJeCKHX JIYtJett. 

CetttJac 6JIH30K K 3aBepmeHHIO npoeKT "High Resolution Fey's Eye Detector" 

(HiRes), B03rJiaBm1eMbIH n.CoKoJibCKHM (YHttBepcttTeT IOrn, CWA). Ecnu crnrn

crnKa .!laHHbIX rpynnb1 AGASA BepHa, TO rpynna HiRes tJepe3 ro.!l nocne HatJana 

Ha6JIIO.!leHllil 6y.!leT HMeTb OKOJIO 16 CJIYtJaeB KOCMHtJeCKHX tJacrnu c E >" 1020 ::iB. 

Tor,!la cneKTP BbICOK03HeprerntJeCKHX tJacrnu (E > 1020 ::iB) 6y.!leT HJBecTeH c 

erue 6oJibllleH .!lOCTOBepHOCTblO. 

Ho ~e ceutJaC TeopeTHKH, He 0)KH,!laJI yBeJIHtJeHHJI CTaTHCTHKH, HIUYT cue

HapHH "HOBOH q>H3HKH" ,!lJIJI 061,JICHeHHJI npOHCXO)K,!leHHJI KOCMHtJeCKHX JIYtJeH 

c E > 1020 ::iB. TaK, T.YHJiep ,!lonycKaeT rnnoTeJy*, tJTO HettTpHHO c Maccou 

~ 1 ::iB o6pa3yeT KOMnaKTHYJO o6naCTb TeMHOH MaTepHH B npe,!leJiax ~ 50 MnK 

OT Hamett ranaKTlfKH. BbICOK03HepreTHtJeCKHe HeHTpHHO, po)K,!leHHble B .!laJie

KHX aKTHBHblX ranaKTHtJeCKHX JI,!lpax, CTaJIKHBaJICb c rano KOMIIaKTHOH o6naCTH 

TeMHOH MaTepHH, Mornu 6b1 pO.!lHTb npoTOHbI c E ~ 1020 ::iB. CetJeHne aHHHrn

JIJIUHH vii ➔ pp MaJJO, HO, KaK npe.!lIIOJiaraeT YHJiep, B o6JiaCTH Mace z0-6o3oHa 

OHO 6y.!leT HCIIblTbIBaTh 60JibllIOe pe30HaHCHOe yaeJIHtJeHHe. no pactJeTaM aBTOpa, 

pe30HaHCHaJI HettTpHHHaJI aHHHrHJI.SIUHJI MO)KeT BOCIIpOH3BeCTH ,!lOCTaTOlJHOe KO

JIHtJeCTBO npoTOHOB H q>OTOHOB, lJT06bI o6ecnetJHTh H~HbIH IIOTOK KOCMHtJeCKHX 

JIYtJett Bbuue GZK-nopora. PaJJIHtJHe B KOJIHtJecrne JIHBHett, o6pa3oBaHHbIX nporn

HaMH H q>OTOHaMH, MO)KeT o6ecnetJHTb ,!lOCTaTOlJHO CTpOrYJO npoBepKy rnnoTe3bl 

YHJiepa. 

*CM. Physics Today, October 1998, p.19-21. 
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Pttc. 3. Jl.mpcpepeHUHaJJbHblH ::meprerntJeCKHH crreKTp KOCMHtJeCKHX JJ}"leH [22] 

.!lBe oco6eHHOCTH cneKTpa KOCMHtJeCKHX JIYtJeH B HHTepBane 10
15 

3B < E < 
< 1020 ::iB rrpttBJieKaJOT oco6oe BHHMaHtte: 

a) "KoJieHo" - B o6nacTH 3Heprnu 3 • 1015 
::iB; 

6) "JIO,!lbl)KKa" - B o6nacTH 3Heprntt ~ 1019 
::iB. 

KoneHo B o6nacrn ::iHeprnu 3-1015 ::iB 6bIJIO o6Hap~eHo KynttKOBbIM H Xptt

cTHaHceHOM (MrY) OKOJIO 40 JieT Ha3a,!l [21], JIO,!lb[)KKa o6Hap~eHa OKOJIO Tpex 

JieT Ha3a,!l [ 18, 20]. B "3aKJIIOtJeHHH" aBTOpbl CTaTbH [20] IIHCaJIH: " ••• BbllIOJia)KH

BaHHe crreKTpa BOKpyr ::iHeprnH 1019 ::iB (ankle - "nO.!lhl)KKa") Ha6JIJO.!laeTCJI co 

JHatJeHtteM 2, 9a ... ". 
B 3THX .!lByx 3HepreTHtJeCKHX o6nacrnx oco6eHHO TIUaTeJibHO npOBO,!lHTCJI 

H3MepettHe cneKTpa KOCMHtJeCKlfX tJaCTHU H HX XHMHtJeCKoro (MaCCOBOro) co

cTaBa. 06a .SBJieHllil ("KOJietto" tt "JIO,!lbJ)KKa") BbirJIJI,!lJIT ,!lOBOJibHO BIIetJaTJIJIIOllle 

na pttc.3, Ha KOTOpOM mo6pa)KeH cneKTP nepBHlJHhlX KOCMHtJeCKIIX JIYtJeH, npe,!l

cTaBJieHHblH rpynnou AKetto (oKono 130 KM 3ana,!lHee ToKtto). 

EbICTpOTa H3MepeHllil KpHBOH cneKTpa B6JIH3H KOJieHa onpe,!leJIJieTCJI' BTO

pOH npOH3BO,!lHOH. KottetJHO, cpopMa KOJieHa 6y,!leT npoBepJITbCJI tt YTOtJHJITbCJI tt 

,!laJiee. Ho ~e ceuqac OtJeBH,!lHO, tJTO JII06aJI MO,!leJib cneKTpa KOCMHtJeCKHX JIYtJeH 

,!lOJI)KHa y.!loBJieTBOpJITh noBe,!leHHIO BTopou npoHJBO.!lHOH. B .!lOKJia,!le A • .U.EpnbIKH

Ha [22] npttBe,!leH pHCyHOK, ,!leMOHCTpHpYJOIUHH HH,!leKC ,!lHcpcpepeHUHaJibHOrO Ha

KJIOHa ::ineKTPOHHOH, MIOOHHOH H a,!lpOHHOH KOMIIOHeHT cneKTpa, IIOJIYtJeHHOro H3 

HJMepeHHH B mHpOKHX aTMoccpepHblX JIHBHJIX (lllAJI), - pttc.4. 
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Puc. 4. Jl,mpcpepeHuuarn,m1ii ttHneKc HaKJJoHa ::iJieKTpoMamurnoro ( e1 ), MIOOHHoro (µ) u 
anpoHHoro crreKTpOB a II!HpOKHX aTMOCcpepHbIX JIHBHllX [22] 

HCTOqHIIKII B03HIIKHOBeHII51 KOJieHa JlIICKYfIIPYIOTC51 JlO CIIX nop, II BO Bcex 

MO)leJI51X BllJl51T CJieJly10ume B03MO)l(Hb!e npIIqIIHhl ero B03HIIKHOBeHH51 [22]: 
a) IICTOqHIIKII KOCMll'IeCKIIX nyqeii; • 

6) MeXaHIIJM ycKopeHII51 KOCMIIqecKIIX nyqeii; 

B) pacnpocTpaHeHIIe K0CMll'IeCKIIX nyqeii B Me)K3Be3)lH0M npocTpaHCTBe; 

r) IIJMeHeHIIe xapaKTepIICTIIK B3aIIMO)leHCTBII51 KOCMll'IeCKIIX nyqeii C poCTOM 

IIX :meprnII. 

CooTBeTCTBeHHO, eCTh HeCK0JlhKO MO)leneii )lJI51 o61,5JCHeHII51 B03HHKHOBeHII51 

KOJieHa: 

a) JlHq>q>Y3IIOHHa51 M0)leJib [21,23,24]; 
6) MO)leJib KOMnaKTHOro HCTOtJHIIKa [25]; 
B) TpexcTOpoHHaa (three sites) M0JleJih [26]; 
r) MO)leJIII BJaIIMO)lettCTBII51 KOCMIItJeCKIIX nyqeii, B tJaCTHOCTII, MO)leJib C.H.HII

KOJlhCKOro [27], KOTopy10 Mhl .ceiiqac o6cy)lIIM OTHOCIITeJlhHO 6onee no)lp06Ho. 

" ••• ITpo6neMhI KJiacca MOJleneii rnna [27] cocT051T B cne)ly10weM: ecnn :mep

reTIItJeCKIIii crreKTp nepaIIqHhlX KOCMIIqecKIIX nyqeii IIMeeT nOCT051HHhlH HaKJIOH 

6e3 KaKoro-nII6o KOJieHa, HO B aTMoccpepe Ha6JIIO)laeTC51 HeO)KllJlaHHOe YMeHb

weHIIe IIHTeHCIIBHOCTII WIIpOKIIX aTMOCq>epHbIX JlIIBHeii (lllAJI), TO 3TO MO)KHO 

o6'b51CHIITh He)lOCTaTKOM 3HeprnII, nepe)laHHOH lllAJI, II He06XOJlIIMOCThlO BOC

CTaHOBJieHll51 nocT05JHHOro HaKJIOHa cneKTpa, Bhl3bIBa10wero lllAJI. 3awIITHIIKII 

rnnoTeJbl o6bitJHO npaqyr "He)lOCTaToK" 3HeprnII B HeKOTOphle HeHa6n10)laeMhle 

tJaCTlll.{hI. qT06b1 CJlenaTh 3TY TPYJlHOCTh Menee otJeBllJlHOii, C.H.HttKOJihCKHii Ja

MeH51eT KOJieHO B nepBIItJHOM 3HepreTIItJeCKOM cneKTpe MO)leJibHhIM IIJMeHeHIIeM 
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MaCCOBOro COCTaBa cneKTpa nO)l06Ho JlliCpq>YJHOHHOH MO)lem1. Mo)leJih, TaKIIM 

o6pa30M, npeJlnonaraeT nocTeneHHhlH nepeXOJl MaCCOBOfO (XIIMIIqecKoro) COCTaBa 

KOCMJ1lleCKIIX nyqeii BnepeJl K 6011ee T5J)KeJiblM 3JieMeHTaM. 

3Ta MO)leJib )leMOHCTpHpyeT CB»Jh XHMHqecKoro COCTaBa nepBIIqHoii KOMno

HeHTbl KJI C o6weii npo611eMOH HCTOqHJlKOB KJI, tJTO 06ecnetJ1rnaeT 6yJlyWIIH 

HHTepec K myqeHIIIO 3TIIX BOnpoCOB ••• " [23]. 
EcTh pa60Tbl [29,30], B KOTOpblX yrnep)l(JlaeTC51, tJTO KOJieHa He cywecrnyeT, H 

o61,51CH5JIOT 3TO 5JBJieHHe "6oJihWOH pOJlhK! HecTa6IIJibHhIX tJaCTHU", KOTOphie )lalOT 

6oJihlllOH BKJla)l B qIICJIO JIHBHeii. ,UmpcpepeHUHaJibHblH cneKTp, nocTpOeHHblH 

aBTOp0M pa60Tbl [30] (no IIJMepeHHIO qepeHKOBCKOro ll3JI}"leHII51), )laeT HaKJIOH 

· 1 = 2,660 ± 0, 097 B 0611acrn E ~ (3 • 1015 - 3 • 1016) 3B. 3TO oJHatJaeT, 

qTo KOJieHa HeT. O)lHaKO B KOHUe pa6oTbl aBTOp Jl06aBJI5leT, tJTO )lJI51 TBepJlOfO 

JlOKa3aTeJibCTBa OTCYfCTBH51 "KoJieHa" "He06XOJlHMO cywecTBeHHOe yaeJIHtJeHHe 

CTaTHCTHKH". 

EcJIH OTHOCIITeJihHO cpopMbl 3HepreTHtJeCKOro cneKTpa nepBIItJHOH KOMno

HeHThl KOCMIIqeCKHX JlY'leii ·eCTh npH6JIH3HTeJibHOe cornacHe MHpOBbIX )laHHhlX, 

TO OTHOCHTeJibHO XHMHtJeCKOro ee COCTaBa TaKOro cornac11a noKa He Ha6JIIO)laeTC51. 

CywecTBylOT HeKOTOphle 3aKOHOMepHOCTH pa3BIITH51 lllHpOKHX aTMOCcpepHbIX 

JIIIBHeii, KOTOpble )lalOT B03MO)KHOCTb onpe.uen»Tb MaCCOBhIH (XHMIItJeCKIIH) COCTaB 

nepBHqHOH KOMnOHeHTbl KOCMIItJeCKIIX nyqeii. 

JlHBHII, BhIJBaHHbie 51JlpaMH TOH )Ke 3HeprnH, tJTO H OT)leJibHO B351Tble npOTOHhl, 

pa3BHBalOTC51 II JaTyxa10T 6bICTpee, tJeM BhIJBaHHhle npoTOHaMH, nocKOJlhKY HMelOT 

MeHhWYIO 3Heprn10 Ha HyKJIOH. HyKJIOHhl 6011ee HII3KOH 3HeprnII nopo)l(JlalOT nH

OHbl II KaOHhl TaK)Ke 6onee HII3KOH 3HeprnII, pacna)lbl HeCTa6IIJihHhIX Me30HOB 

Be)lyr K HII3K03HepreT11tJeCKIIM KOMnOHeHTaM MIOOHOB, 3JieKTpOHOB II q>OTOHOB, 

aTMOCcpepHblH JIHBeHb nonyqaeTC51 MeHee WHpOKHM II JaTyxaeT 6bICTpee, T.e. cpeJl

H5151 rny6IIHa MaKCIIMYMa JlHBHeii, cpopMa HX pacnpe)leJieHII51 3aBHC51T OT XIIMIItJe

CKOfO COCTaBa nepBIIquoii KOMnOHeHTbl KOCMIItJeCKHX nyqeii (II, ecTeCTBeHHO, OT 

TeopeTIIqecKOH MO)leJIII pa3BIITH51 JIHBH» !). 
XIIMHtJeCKIIH COCTaB KOCMHtJeCKIIX nyqeii B HHTepaane 3Heprnii 1010 - 1012 3B 

IIJMepeH npllMhIMII MeTO)laMII II xopolllo II3BeCTeH [31]: BOJlOpOJl - 90%, feJIIIH 

- 8%, cpeJlHIIe 51Jlpa (C, Np) - 0, 6%, T5J)KeJihie 3JieMeHThI - 0, 08% (cM. 

Ta6JI. 1). 
rro Ha6JIIO)leHII51M, BhlITOJIHeHHblM KOCMJlqecKHMII rpynnaMII MfY II EaKCaH, 

cneKTp Mace nepBIItJHhIX KOCMIItJeCKIIX nyqeii C pOCTOM IIX 3HeprnII (B o6nacTII 

1015 - 1016 3B) yra)KeJI5leTC51. 3TOT BhIBOJl nO)lTBep)l(JlaeTC51 na6JIIO)leHII51MH Jlpy

rnx rpynn. 

B o6nacrn 3Heprnii ~ 1016 3B Ba)l(Hhle peJynhTaThI no onpeJleneHIIIO Mac

coBoro COCTaBa KOCMHqeCKIIX nyqeii 6hIJIII nonyqeHbl Ha ycTaHOBKe 'Tna3 Myx11" 

(Fly's Eye) II ycTaHOBKax, pacnoJio)KeHHhlX na AKeno (51noHll51) II Tanb-lllaHe. 

TaK, rpynna 'T11a3 MyxII" yrBep)l(JlaeT, · tJTO cpe,nnaa rny611Ha MaKCHMYMa 

JIHBH51 II <popMa ero pacnpe)leJieHH51 cornacy10TC51 C MO)leJlblO, B KOTOpoii OTHO-
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CHTenbHO T.H)KenruJ COCTaBJUIIOIUruJ KOCMH'IeCKHX nyqeii npH :mepmH ~ 1017 ::iB 

Ha'IHHaeT }'MeHbWaTbCH, a .llJIH npOTOHOB npH 3HepmH ~ 1019 3B CHOBa nocTHraeT 

6onbWlfX 3Ha'leHHH - ~ 70%. 
51noHCKruJ rpynna AGASA (ycrnHosKa Ha yposHe MopH, nnomanb ycTaHOBKH 

~ 100 KM2) If T.HHb-WaHbCKruJ rpynna He CTOnb onH03Ha'IHO yTBep)KJ.latoT O TaKOM 

H3MeHeHlflf Maccosoro COCTaBa nepBH'IHOH KOMnoHeHTbl. 

H3MepeHJfjj, BbJnOnHeHHble Ha npOTOHHOM cnyTHHKe [32], noKa3anH, '-!TO npo

TOHHruJ lfHTeHCHBHOCTb 6blcTpO cnanaeT C poCTOM 3HepmH, a nonHruJ HHTeHCHB

HOCTb nyqeii cnanaeT Me.llJleHHee, '-!TO YKa3blBaeT Ha "yrn)KeneHHe" nepBH'IHOH 

KOMnOHeHTbl KOCMH'leCKlfX nyqeii. 

Asrnpbl pa60Tb1 [33] natoT cnenytoIUHe umppb1: 

3Heprntt flpoTOHbl, fenttii, fpynna CNO, fpynna TJ1)KemIx 
(Ha H}'KJIOH), 3B % % % Jlllep, % 

2 . 1014 - 2 . 1015 53±28 24± 11 5±4 15± 10 
2 . 1015 - 2 . 1016 27± 10 45± 15 8±5 24± 11 

H3MepeHJfjj Maccosoro COCTaBa nepBH'IHOH KOMnoHeHTbl B o6naCTH 3Hepmii 

OT 1013 no 1016 3B nposonHnHCb MHOrHMlf rpynnaMH [34-39]. Pe3ynbTaTbl 

scex H3MepeHHH YKa3blBalOT Ha TO, '-!TO HMeeT MeCTO nepexon OT noMHHaHTHO

CTH nerKOH KOMnOHeHTbl K noMHHaHTHOCTlf TH)Kenoii KOMnoHeHTbl, nanpHMep, 

npoTOHbl If )Kene3o COOTHOCHTCH KaK 15% - 40% If 20% - 40% COOTBeTCTBeRHO 

Me)KJ.ly 1015 If 1016 ::iB/Hnpo. OTHOCHTenbHO 3aMeTHblH pa36poc naHHblX B pa3-

Hb!X pa6oTaX YKa3brnaeT Ha TO, '-!TO HCHOCTH B XlfMH'leCKOM COCTaBe nepBH'IHOH 

KOMnoHeHTbl B pattoHe "KoneHa" H BblWe HeT no ClfX nop. 

B CBH31f C npo6neMOH "KoneHa" If XlfMH'leCKlfM COCTaBOM cneKTpa s6nlf31f 

"KoneHa" B noKnanax C.H.HHKOnbcKoro [ 40, 41 J o6cy)KJ.lanacb npo6neMa Hapy

weHHH KOHcpattHMeHTa npH E ~ 1016 ::iB. 11crnpH'leCKlf, OKOno 40 neT Ha3an, 

6bmo o6Hap~eHO, '-!TO '-IHCno ::ineKTpOHOB s lllAJl HMeeT CKa'-!OK npH :mepfJfj!X 

nepBH'-IHblX '-laCTHU B o6naCTH 1015 - 1016 3B [21]. Torna )Ke .llJIH 061,HcHeHHH 

pe3ynbTaTa 6bmO Bb(J.lBHHYTO nsa npennono)KeHHH: 

1) nH6o npoHcxonHT H3MeHeHHe cneKTpa nepBH'-IHOro KOCMH'-leCKOro mnyqe

t-IHH C pOCTOM 3HepmH '-laCTHU; 

2) nH60 npOHCXOnHT HapyweHHe B npHpone Heynpymx B3aHMOneiiCTBHH KOC

MH'leCKHX '-!aCTHU c aTOMHblMH HnpaMH aTMOccpepbl 3eMnlf. 

TiepBoe Morno npOHCXOnHTb H3-3a HHTeHCHfPHKaUHH npOHHKHOBeHHH BHera

naKTH'-leCKOro KOCMH'-leCKOro HJnY'{eHHjj. Brnpoe npennonO)KeHHe Ka3anOCb He

BepoHTHblM B Te naneKHe ronbI H3-3a OTCYTCTBJfjj KaKHX-nH60 YKa3aHHH. TI03TOMY 

aHanH3HpOBanOCb B OCHOBHOM nepBoe npennono)KeHHe. Ho OHO He npHBeno K 

peweHHto npo6neMbI "KoneHa". 

3KcnepHMeHT "AnpoH" (Ha THHb-illaHe, 3300 M) HMen uenbto HCCnenosa

Hlfe BT0poro npennono)KeHHjj. TipH aHanme 3neKTpOHHO-q>OTOHHOH KOMnOHeHTbl 

12 

B lllAJl B CBH31f C H3MeHeHHeM nepBH'-IHOH KOMnOHeHTbl KOCMH'-!eCKHX nyqett 

B o6nacm 3Hepmi1 1016 ~ E > 2 • 1016 3B cnenosano 6b1 npennono)KHTb, 

'ITO MaCCOBblH COCTaB nepBH'-IHOH KOMnOHeHTbl CKa'IKOM MeHHeTCH OT 3Ha'-leHHH 

A ~ 4 no A ~ 20 [42]. TiocKonbKY TaKOe npennono)KeHHe HeBepOHTHO, HHKOnb

cKHH nbITaeTCH o6bHCHHTb }'MeHbWeHHe OTHOCHTenbHOro '-IHCna ::ineKTpOHOB H ,

KBaHTOB B lllAJl 3a C'-leT H3MeHeHJfjj xapaKTepa Heynpyroro HYKnOH-HYKnOHHOro 

s3a11Moneiicrn11H s o6nacm E ~ 2 • 1016 3B. OH npennonO)KHn, '-!TO npo11c

xon11T HapyweHHe KOHq>aHHMeHTa KBapKOB-cneKTaTOpOB, HX ocso6o)KJ.leHHe H3 

o6naCTll KOHq>aHHMeHTa seneT K po)KJ.leHHIO T.H)KenbIX 6o30HOB C sepOHTHOCTblO 

(1 - Kueynp), rne Kueynp - K03cpcp11u11eHT Heynpyrocm. Po)KJ.leHHe 6o30HOB c 

Maccoii (4 - 5) • 1014 3B/c2 H 11x nocnenytoIUHH pacnan Ha W-, Z-6o30HbI H 

anpoHbl ysenH'IHBaeT MHO)KeCTBeHHOCTb BTOpll'-!HblX anpoHOB nocne nepsoro B3a

HMonettcTBml 'laCTHU c 3Hepmei1 6onee 2 • 1016 3B 11 seneT K po)KJ.leHHIO anpoHOB 

11 MIOOHOB c 66nblllllM nepneHJ.lHKynHpHblM HMnynbCOM, '-!eM s o6bI'-IHblX npouec

cax MHO)KeCTBeHHOro po)KJ.leHHH, reHep11pyeMblX npoTOHaMH C TOH )Ke 3Hepmett. 

B 3TOM cnyqae pacnpeneneHHe 3HepmH BTOpH'-IHblX '-!aCTHU B anpoH-3fleKTpOHHOM 

nHBHe 6yneT COOTBeTCTBOBaTb xapaKTepHCTHKaM, Ha6ntonaeMblM B 3KCnepHMeHTe 

"A}lpoH" [41]. 
11TaK, Heo6xon11Mo, no MHeHHto H11KonbcKoro, uccnenosaTb CTPYKTYPY "crno-

nos" lllAJl c E ~ 2 • 1016 3B c noMOIUbto X-nyqeBbIX 3MynbCHOHHbIX KaMep Ha 

paccTOHHHH oT ueHTpa 1 -ceMettcTB 6onee 30 CM. 3m npo6neMa 6yneT myqaTbCH 

s npoeKTax AHH [43] If "Eo3bH", HO ux pean11Jau11H 3anep)KHBaeTCH. 

TeM He MeHee HMeHHO myqeHHe CTBOflOB lllAJl npenycMaTpHsaeTCH B npen

naraeMOM B.TI.3penoBbIM npoeKTe c03naHHjj B JJ:y6He, B O1151H, csoeo6pa3HOH 

Man03aTPaTHOH "qepeHKOBCKOH o6cepsaTOpHH flllBHeH KOCMH'-leCKOro umyqeHHH 

csepXBbICOKHX 3Hepmii (l.JOflK11 CB'..3)", KOTOpruI n03sonuna 6b1 seem Henpe

pbIBHbie CHCTe~taTH'-leCKHe ll .llJIHTenbHble (ronaMH) uccnenoBaHHjj 3TOH xapaKTe

pHCTl1Kl1 n11sHeH, a TaK)Ke '-!aCTOTbl 11X noHsneHl1H Ha ypOBHe MOpH, 11X 3Hep

rHl1, uanpasneHHOCTH, npoCTpaucrneuHoii CTPYKTYPhI ("cTBOnbHOCTb", 611HoKy

nHpHOCTb, BbICTpoeHHOCTb) 11 pemcTp11posaTb BCHKOro pona 3K30Tl1'-!eCKl1e HBne

HHH. Tipasna, 3Hepm11 ~ 2. 1016 3B 6yJ.lYT Haxon11TbCH Ha npenene B03MO)KHOCTeii 

Ha6opa xopoweii cTaTl1CT11KH. TaKl1M o6pa30M, npo6neMa H3Y'{eHHH 3HepreT11'-le

CKoro cneKTpa KOCMl1'-leCKl1X nyqeii HBJUleTCH He TOflbKO npo6neMOH aCTPOfP11-

3H'-!eCKOH, HO H npo6neMOH 113yqeHHjj B3al1MO}leHCTBHjj 3neMeHTapHblX '-!aCT11U 

CBepXBbICOKl1X 3Hepmtt. JJ:pyrag npo6neMa - 3TO CBH3b XHMl1'-leCKOro COCTaBa 

KOCMl1'-!eCKHX nyqeii c npo6neMOH HCT0'-IH11KOB K0CMl1'-!eCKHX nyqeii. Hccnenosa

HHjj, KOTOpbIe Morn11 6M nposo,nHTbCH B 0115111 B paMKax npoeKTa l.JOflKH CB'..3 

B o6nacTH 3Hepmtt 1015 - 1017 3B, 11 B 3TOB '-!aCTl1 np1106peTalOT aKryanbHOe 

3Ha'-leH11e. 
B ceHTH6pe 1997 r. B )KypHane "CERN Courier" noHBHnacb 3aMeTKa "Koc-

MH'-!eCKHe nyqH" [44], s KOTopott coo6manocb, '-!TO " ..• TonH EpmIKHH (<l>HAH) 

11 Apuonhn Bonbq>eHJ.laiin (JJ:apeM, Ben11Ko6p11TaHHjj) 06Hap~11n11 s6n11311 "Ko-
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netta" iwa cnerxa ynentttieHHhIX npttpamemrn B .UBYX ».aepHhIX HHTepBanax, cooT

BeTCTBYIDIUHX KHCnopo.ay tt :lKeneJy. 3TH ».upa »Bn»JOTC» xapaKTepHCTH'leCKHMH 

"apoMaTaMH KyxHtt" cynepHOBhlX 3Be3,!l ... PaccMaTpHBa» cynepHOBhie 3Be3,!lhl KaK 

HCTO'IHHK KOCMH'leCKHX nyqefi BhlCOKHX :meprnH H ycKopeHHe 3ap»:lKeHHhlX qa

CTHU KaK pa3neT OCTaTKOB cynepHOBOH 3Be3,!lhl B npouecce ee C:lKaTH», Epnhl

KHH tt Bonhq>eH,!laHn npe.anono:lKHnH, 'ITO 6onee TIUaTenbHhlH aHanH3 XHMH'leCKOH 

KOMnoHeHThl KOCMH'leCKHX nyqefi B paHOHe KoneHa .aacT 6onee nonHyJO xapaK

TepHCTHKY "oKpY:lKeHH»" cynepHOBOH 3Be3,!lhl, 'laCTHUhl KOTOpOH pa3neTaJOTC» B 

Me:lK3Be3,!lHOM ~pocTpaHCTBe KaK OTronocKH MOIUHhIX y.uapHhIX BOnH ... ". 

K CO:lKaneHHJO, H,!leHTHqlHKaUH» pacnono:lKeHml cynepHOBhlX 3Be3,!l Ha 3Be3,!l

HOM ne6e HCKnlO'lHTenhHO cnO:lKHa, nOCKOnhKY KOCMH'leCKHe nyqn OT cynepHOBhlX 

3Be3,!l pacnpocTpatt»JOTCH B cnneTeHHH cnnpanbHhlX Me:lKranaKTH'leCKHX MarHHT

HhlX nonefi H BhlHY:lK,!leHhl cne.aoBaTh BeChMa H3BHnHCThlM nyreM. 

JfraK, 3HepreTtt'leCKHH cneKTP KOCMH'leCKHX nyqefi H HX XHMH'leCKHH COCTaB 

ne:lKaT B OCHOBe pa3nH'lHhIX MO,!leneH HCTO'IHHKOB KOCMH'leCKHX nyqefi, Mexa

HH3MOB ycKopeHHjl KOCMH'leCKHX nyqefi H HX pacnpocTpatteHH» B Me:lK3Be3,!lHOM 

npocTpaHCTBe. 

OKono 30 neT tta3a,!l [45, 46] npe.anonaranOCh, 'ITO KOCMH'leCKHe nyqH 

ycKOp»IOTCH B tteKOTOphlX 3Be3.aax KaK ecTeCTBeHHhIX ycKopnTen»x. <l>epMH [47] 
n tteKOTOphle .upyrne aBTOphl [48, 49] npe.unonO:lKHnH, 'ITO KOCMH'leCKHe nyqn 

ycKOpHIOTCH y.aaptthIMH BOnttaMH BO B3phrnax CBepXHOBhIX 3Be3,!l. Ho B TaKHX MO

.aen»x MO:lKHO nonyqaTh 3tteprnn ~ 1015 3B, a ycKopettne .ao 3tteprnfi ~ 1020 
3B 

OCTaeTCH ttenOH»THhlM. 

YcKopeHne KOCMH'leCKHX nyqefi B npouecce 3BOnIOUHH cynepHOBhJX 3Be3,!l 

(ocraTKaMH cynepttOBOH - supernova remnants (SNR)) paccMaTpnBanoch BO 

MHOrHX pa6oTax (cnHCOK HeKOTOphIX pa6oT, B 'laCTHOCTH, MO:lKHO HaHTH B .uo

Kna,!le [50]). HanpHMep, aBTOphl pa6oThl [50] pewanH raJO,!lHHaMH'leCKOe ypaBtte

HHe ,!lHqlqlYJHOHHOro nepettoca .an» qlYHKUHH pacnpe.uenettn» KOCMH'leCKHX nyqeH 

f (r, P, t) B BH,!le 

of _ vw of 
- = V(kVJ) - (wVf) + - · p · - + Q at 3 at ' 

r.ae k - K03qlqJHUHeHT .UHq>q>y3HH KOCMH'leCKHX nyqefi, W - CKOpOCTh Me:lK-

3Be3,!lHOH cpe,!lhl, Q - qiyttKUH» HCTO'lHHKa, Htt)KeKTHpy10mero 'laCTHUhl B npo

uecc ycKOpeHH» y.uaptthIMH BOnHaMH, p - HMnynhC HH:lKeKTHpyeMhJX 'laCTHU, r -
nono:lKeHHe 'laCTHUhl. YpaBtteHHe pewanoch 'lHCneHHhlMH MeTO,!laMH npn onpe.ue

nettHhIX Ha'lanbtthJX H rpaHH'lHhJX ycnOBH»X. 

I1ccne.a0Bau11e icHtteTHKH ycKopettn» KOCMH'leCKHx nyqefi B SNR Bocnpom

BO.UHT HOBbJe Ba)l(Hble oco6eHHOCTH npouecca ycKopeHH». B 'laCTHOCTH, 6hrnO 

noKa3aHO, 'ITO ycKopeune 'laCTHU cq,epH'leCKHMH y.aaptthlMH BOnttaMH CHnhHO OT

nnqaeTCH OT npe.acKa3aHHH ycKopettH» nnOCKHMH BOnttaMH. CnnhHbJe y.aapHhle 
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Puc. 5. l13MCHCHHe 'IHCJJa a,upoHOB C E > 10 f::iB B JIHBHllX, Bhl3BaHHhIX nepBH'IHblMH 

noToKaMH C 3HCprHllMH 1014 , 1015
' 1016 

38 npH npoxo)l(JleHHH CJJOll aTMoccpepbl, Bblpa

)KeHHOro B f · CM
2 

BOmlhl SNR Bhl3hlBaJOT O'leHh :lKeCTKHH cneKTP KOCMH'leCKHX nyqeli, TaK 'ITO KOC

MH'leCKHe nyqn C O'leHh BhlCOKOH 3HeprneH nrpaIOT npeBannpy10my10 ponh. 

Ha6mo.aettne noTOKa ,-nyqefi BhICOKHX :meprnii n M»rxHx X -nyqefi OT SNR 
H 6onee TO'lHhJe H3Mepemrn XHMH'leCKOro COCTaBa KOCMH'leCKHX nyqefi, nmy

tJeHHhlX SNR, oco6emm B o6nacTH 1014 - 1016 
3B, noMoryr BOccoJ.aaTh 6onee 

nonuy10 KapTHilY B03HHKHOBeHH», ycKopemrn H pacnpocTpaHeHH» KOCMH'leCKHX 

nyqeH B Me:lK3Be3,!lHOM npocTpaHCTBe. Pa3BHTHe MeTO,!lHKH B npouecce ua6n10-

.aeHHH noKa:lKeT, KaKOH BKna,!l B H3Mepe1me XHMH'leCKOro COCTaBa KOCMH'leCKHX 

nyqefi CMO:lKeT BHeCTH npoeKT 40JIKJ1 CB3, opHeHTHpOBaHHhlH Ha Ha6n10.aeHHe 

KOCMH'leCKHX nyqefi B o6nacrn 3HeprnH 1015 
- 1017 

3B. 

TTpo6neMa "KoneHa" nccne.aosanach no pa3HhlM napaMeTpaM: cTeneHh pa3-

BHTH» nHBHeH, po:lK,!leHHhlX 'laCTHUaMH C 3Heprnefi B o6naCTH KoneHa, OOTOKH 

3HeprHH pa3HhlX KOMnOHeHT, MIOOHHa» KOMilOHeHTa nHBHeH H T.,!l. nocKOnhKY ,!lO 

CHX nop C'lHTaJOTC» He BnonHe ycTaHOBneHHhlMH nepBH'lHhlH cneKTP KOCMH'leCKHX 

nyqefi H xapaKTep B3aHMO,!leHCTBH» B o6nacTH 3HeprHH 1015 
- 1016 

3B, a TaK:lKe 

B CHny q>nJOKTyauHH »BneHHH, TeXHH'leCKHX norpellIHOCTeH 3KcnepHMCHTOB, Ha 

MHOrHe sonpOChl, CB»3aHHhJe C npo6neMOH "Konetta", noKa HeT O,!lH03Ha'lHhlX 

OTBeTOB. 

B 3TOM CMhicne Ha6n10.aeHH» B o6naCTH 3Heprnii "Koneua" Ha 6onhllIHX Bhl

COTaX .aaJOT 6onee peanbHhle OTBCThl ua 'laCTh BOnpocoB. B Ka'leCTBe npHMepa 

npHBe,!leM pe3ynhTaThl He,!laBHO BhmOnHeHHhlX ua BhlCOTe llaKanTa» (5200 M) H3-

15 



104 

2 e 
~1000 
.... 
0 

~ 
A 5 100 
z 
~ 

! 
~ .... 

2 e 

10 

a 

104 

1il 1000 
:i:: .... 
0 

~ 

1 z 
~ 

! 
~ .... 

100 

10 

1 

6 

1 

1 

al 5000m 
~rrrnr~m rn-rr--r---rT"TTTTTT 

i. ! : \\.\!: i : 1: Pii! i : i ! :::a 
··•·· : :~--~':-<,.~J 

; ~ i ; t) . i!:: 

,;;:~ 
.. 

~ 
;ji 

:!!i 
;:is\ 

! j ;q:~ 
: ;: .. 

1:i 

: 1:H 
. ·::: 

.. J .1 j ~juJ. ____ j __ L..l J.iulL___j_____j___uJ.illL....LLLuii. 

10 

i 'Ht:; 
~ i : : H~ . : ·-:;;· 
;, . ; ' . ~ . 

H .. 
•! 

i ~ ii,.~ 

~ ; ~ qli 

100 
Eh(GeV) 

i. , ..... 

; ! diH 

ii ;;.ii . ; ::::: 
I• ';!',l'I 

: ~ '. : : i 

;:i . ; inn 
i iHt;i 
• I : ii iiU 

-- - '---'- ili ___ l__j_J_jJlill 

10 100 
Eh(GcV) 

1000 

I ~ ~ i I I . ; ;, ~ .. 
H!: 
i;t: 
: i- ; ~ 
;:;, 
ini 

! . :: :; 

10000 

al 900m 

U 11 ll&Jiofo~v: fXl .. . ..... , 

t· ii iUU J.-Ll_1 

1000 10000 

Pttc. 6. 3HepreTH'ieCKHH cneKTP a,opoH0B Ha BLIC0Te 5000 M (a), Ha BbJC0Te 900 M (6) 

16 

! 

l 
1 
.I 
) 
' 

} 

MepeHHH aJlPOHHOH KOMITOHeHTbl lliHpOKHX aTMOCtpepHbIX JIHBHeii [51]. qHCJIO 

a,llpOHOB C E > 10 raB B JIHBWIX (npH ycJIOBHH, '{TO OHH B03HHKJIH OT coy)lapeHllil 

nepBH'iHbIX npoTOHOB) noKa3aHO Ha pwc.5. Pa3BHTHe a,llpOHHOH KOMITOHeHTbl H)leT 

HaMHOro 6b1cTpee, qeM 3JieKTpOHHOH. MaKCHMYM pa3BHTllil JIHBIUI o6Hap}')KeH B 

HHTepeane npoxo)K)leHllil cno.ll aTMoctpepbI 300-500 r/cM2 . 

PHc.6,a HJIJIIOCTpHpyeT 3HeprernqecKHH cneKTp a,llpOHOB Ha BbICOTe 5200 M 

no BepTHKaJIH pa3BHTllil JIHBIUI )lJI.ll Tpex pa3IIHl{Hb!X 3Heprnii nepBH'iHbIX KOCMH

qecKHX nyqeii. 

Ha pwc.6,6 noKaJaH TOT :lKe cneKTp,. Ho Ha ypoeHe 900 M. IlpenMymecrna 

Ha6JIIO)leHH.ll aJlPOHHOrO cneKTpa Ha 60JiblliOH (5200 M) BbICOTe O'ieBH)lHbl. EcTe

CTBeHHO, l{TQ pe3yJibTaTbl Ha6JIIO)leHHH HCITOJ!b3YIOTC.ll npH nocrpoeHHH pa3IIH'iHblX 

MO)leneii B3aHMO)leHCTBllil H pa3BHTllil JIHBHeii B aTMOCtpepe. 

2. HAHBblCIII~E '.3HEPrHH KOCMlflIECKHX JiyqE:fi 

Mb! }')Ke o6Cy)K)laJIH )lBa nepBbIX CJiyqa.ll KOCMH'ieCKHX nyqeii c HaHBb!Cmeii 

3Heprneii. Hx xapaKTepHCTHKH npHBe)leHbl B Ta6n.2. 

Tafumna 2 

Cnyqaii 3HepIWI, IloToK, a* c5* 
1020 3B (CM2 •c · cp)-l 

5£KyrcK 
(Matt 1989) 1,2 - 2,3 1,9. 10-36 75° ± 10° 44° 

Fly's Eye 

( OKTl!6pb 1991) 3 0+o,36 
, -0,54 7,4. 10-41 86° ± 9° 45° ± 4° 

*a, a - Hanp3IDleHHJI B He6eCHb[X KOOp,rurnaTax. 

3Heprllil ~ 2· 1020 3B 3KBHBaJieHTHa 3Hepmn B CHCTeMe l.{eHTpa Mace nop.ll)lKa 

700 TaB, npttMepHo B 100 pa3 6onbme TOH, KOTOPYJO O:lKH)laIOT nonyqHTb Ha LHC. 

Ilpe)lnOJiaraeTC.ll, 'iTO HCTOl{HHKH 3THX cnyqaeB BHeraJiaKTH'ieCKHe. 

PaJBHTHe JIHBH.ll B cnyqae ."Fly' s Eye" H IlJIOTHOCTb MIOOHOB B .llKYTCKOM cny
qae no)l)lep:lKHBaIOT JaKJIIO'ieHHe, 'iTO nepBH'iHbIMH qacTHl.{aMlf, BbI3BaBllilfMH 3TH 

co6b!Tllil, Moryr 6b!Tb JIH6o npOTOHbl, JIH60 .ll)lpa, JIH6o HeiirpHHO, HO He tpOTOHbl. 

B pa6oTe [14] npoBe)leH pac'ieT pacCTO.llHllil, KOTOpoe MO:lKeT npOHTH qacTHl.{a 

HJIH .ll)lpO B Me:lK3Be3)lHOM npocTpaHCTBe, JanOJIHeHHOM MHKpOBOJIHOBbIM 3JieKTpo

MarnHTHbIM IlOJieM H PaJlHO!pOHOM npH TeMneparype OKOJIO 3 K, B 3aBHCHMOCTH 

OT ee aHeprnH (cM. pnc.7). 

KocMH'ieCKHH npOTOH B O)lHOM aKTe B3aHMO)leHCTBllil Tep.lleT B cpe)lHeM 20% 
ceoeii 3HeprnH. qT06b1 )lOHTH )lO 3eMJIH C Ha6JIIO)leHHOH 3Heprneii, OH )lOJI:lKeH 

6b!JI 6bl HMeTI, 3HeprnIO, CKa:lKeM, ~ 3 . 1022 3B H npoiiTH paccTmIHHe B 100 MnK 
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Pttc. 7. Cpenttttii cao6onm,1ii npo6er (B MeranapceKax) JlJHI B3attMoneiicrnyromnx npoTOHOB 

Ii ,-Jiyqeii Ha 1i30Tp0nH0M q>OTOHHOM cpoHe KaK <pyHKl.llill ::rneprnli B 3JieKTp0HB0JlbTaX. 

<l>0H BKJIIO'laeT MHKpOBOJIHOBblH tt pantto'laCTOTHblH cpoHbl. }].nttHa npo6era ,-Jiyqeii a 

oTcyrcrntte pannocpoHa noKa3aHa nyHKTHpttoii JIHHtteii 

OT HCTOlJHHKa (1 nK = 3, 08 • 1013 KM, 1 MnK = 3, 08 • 1019 
KM, 100 MnK ;:::; 

;:::; 3 . 1021 KM). EcnH 6hI nepBHlJHru! 3HepnUI np0T0Ha paBHllnach ~ 1025 
3B, 

TO ero cpe;mee paCCTOJllrne OT 3eMnH C0CTaBJIJln0 6hI 276 MnK. B 3T0M cnyqae 

np0T0H HCilhITaJI 6hI 47 CTOnKHOBeHHH Ha MHKp0B0nH0B0M cpotte. l1nH, B KalJecTBe 

aJihTepttaTHBhl, Bep0llTH0CTh np0T0HY npOHTH 100 MnK 6e3 B3aHMO)leHCTBHJI paBHa 

1, 16 • 10-5 , a Bep0llTH0CTh npoHTH 276 MnK 6e3 B3aHMO,[{eHCTBHJI YMeHhlllaeTCJI 

,[{0 2, 4. 10-14_ 

Ha ttanpaBneHHJIX, 0TKyJla npH6hIJIH .[{Be K0CMHlJeCKHe lJaCTHUhl (CM. Ta6n.2), 

tteT KaH,[{H)laT0B B HCT0lJHHKH. 3apJl)!<eHHru! lJaCTHUa C 3Heprneii ~ 10
20 

3B He M0-

)KeT cymecTBeHH0 0TKJIOHHThCJI B Me)KranaKTHlJeCK0M, BeChMa MaJI0M, MarHHTHOM 

none. Ee rnpopa.llHYC npeBhIIUaeT pa3Mepbl ranaKTHKH. 

HanoMHIO, 'ITO Hallla ranaKTHKa - 061UHpHru! 3Be3,[{Hru! CHCTeMa, K KOTOpOH 

npHHa,[{Jle)KaT Conttue H ttallla 3eMnJI. Eonhlllrul lJaCTh 3Be3)l ranaKTHKH 3aHH-

18 

MaeT ofrheM nHH3006pa3HOH cpopMbI: nonepe'IHHK - OKOno 30 KnK (~ 1015 KM), 

T0nlllHHa ~ 4 KnK (1014 
KM). 3eMHOMY Ha6n10)laTen10 Hallla fanaKTHKa npe)l

CTaBJilleTCJI B BH)le Mne•moro flYTH - 0TCIO.lla rpeqecKoe Ha3BaHHe 'TanaK

THKa". TTonHrui Macca ranaKTHKH, BKJIIOLJru! Bee 3Be3)lbl H Me)K3Be3JlH0e BemecTB0, 

~ 10
11 

Mace Conttua, T.e. oKono 1044 r. 

fHraHTCKHe ranaKTHKH C0.llep)KaT 6onee 1011 3Be3)l, lJHCno ranaKTHK B Me

TaraJiaKTHKe 2 10
8

• TaKHM o6pa30M, o6mee lJHCno 3Be3,[{ BO BceneHHOH 6onee 

10
19

. OTCIO,[{a, B lJaCTH0CTH, B03HHKaeT Bonpoc 0 l!aCT0Te BCTpe'IaeM0CTH opra

HHlJeCK0H )KH3HH Ha Jlpyrnx nnaHeTax, n0HCK BHe3eMHblX UHBHnH3aUHH, CHCTeM, 

YMeIOUlHX C03)laBaTh HHcpopMaUHIO, xpaHHTh ee, nepe)laBaTh Ha paCCT0JIHHe. 

Pa3Mepbl 3Be3)l C nnaHeTHblMH CHCTeMaMH (THna ConHua) ~ 108 KM. 

Pa3Mepbl ranaKTHKH ( < 10
13 

3Be3Jl) ~ 3. 104 CBeT0BhIX neT = IO KnK. 

Pa3Mepbl CK0nneHHJI ranaKTHK (CO.llep)KaT Jl0 50 llpKHX ranaKTHK) 

~ 1 - 10 MnK ~ 107 CBeT0~hIX neT. 

CBepxcKonneHHJI ranaKTHK ~ 300 MnK (2 109 CBeTOBbIX neT). 

Cpe.[{H He6ecHblX Ten o6Hap~eHbI "KBa3apb1" (quasi stellar radiosource -

KBa3H3Be3,[{Hbie M0lllHbie BHeranaKTHlJeCKHe HCT0lJHHKH 3neKTp0MarHHTIIOro mny

lJeHHJI - aKTHBHhle ll)lpa )laJieKHX ranaKTHK - 0TKpblThl B 1960 r.). 

B03Bpamruich K JlBYM cnyqruiM K0CMH'leCKHX lJaCTHU CBepXBblC0KHX 3Heprnii, 

0TMeTHM, 'ITO, npOHJlll paCCT0JIHHe B 30 MnK B MarHHTH0M Me)KraJiaKTHlJeCK0M 

none, LJaCTHUa 0TKJI0HlleTCJI He 6onee 'leM Ha 10° (npu paclJeTe nonh3YIOTCJI 

xopolU0 H3BeCTHhIM Bhipa)KeHHeM: pc = 300Bp, r)le pc H3Mep51eTCJI B 3neKTp0H

B0nhTaX, B - B rayccax, p - B CaHTHMeTpax). B HanpaBneHHH, 0TKy)la npH6bIJIH 

o6e 'laCTHUbI, eCTh KBa3ap 3C 147, HO OH HaX0)lHTCJI Ha paccT0JIHHH 1000 MnK H 

HCKJIIOLJaeTCJI KaK HCT0lJHHK np0T0H0B. TaKHM o6pa30M, 0lJeHh B03M0)KH0, 'ITO B 

o60HX cnyqruix K0CMHLJeCKOH lJaCTHUeii 6bIJIO HeHTpHHO. 

KcTaTH, HanoMHIO, 'ITO Bhlllle, npu o6c~emrn pe3ynhTaTOB Ha6n10,[{eHHH, 

nonyqeHHbIX Ha ycTaH0BKe AGASA (cM. puc. I, 2), Mbl ynoMHHanu rnnoTe3y 

T.YJmepa, B C00TBeTCTBHH C KOTopoii HCT0LJHHKaMH ynbTpaBhlC0KHX no 3HeprnH 

K0CMHlJeCKHX lJaCTHU M0rJIH 6h1 6b1Th aHHHrttnJIUH0HHble HettTpHHHble npoueCCbl. 

EcnH BCe )Ke npe)lnon0)KHTh, 'ITO nepBHlJHOH lJaCTHUeii 6bmH np0TOHbl BHYTPH

ranaKTHlJecKoro np0HCX0)KJleHHJI, TO H3 aHaJIH3a cne)l0BaJI0 6bl, 'ITO ycKopeuue 

npOTOH0B ,[{0 3Heprnii 2 10
20 

3B B03M0)KH0 B ranaKTH'leCK0M MarHHTH0M none B 

"KphIJibllX" fanaKTHKH pa3MepoM 6onee 50 KilK: 

20 [ B ] R 
Emax = [lO 3 B] · 3 · 10-6 • G · 50 KilK · 

Ho TaKHe "KpbIJihll" npeBhIIUaIOT pa3Mepbl ranaKTHKH Il0lJTH Ha nopllJl0K, H 3T0 

6pocaeT Bhl30B C0BpeMeHHblM rnnoTe3aM CTpoeHHJI ranaKTHKH. MO)KHO npe)lno

n0)KHTh, 'ITO cymecrnyeT KaK0H-TO KonneKTHBHblH 3cpcpeKT ycKopeHHJI, Hanpm1ep, 

B cynepHOBOH 3Be3)le cnttpaiii.uoe ycKopeHHe C 0lJeHb TeCHblMH op6HTaMH, lJT06hl 

)l0CTHlJb CT0nh BblC0KHX 3Heprnii [52]. 
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Pttc. 8. HaHJI)"lllIHe OlleHKH HanpaBJJeHI-IH HCTO'IHHKOB KOCMH'!eCKHX '!aCTHll C 3Heprneif 

6onee 1019 3B, non)"leHHhle H3 aHanH3a llIHpOKHX aTMOccpepHblX flHBHeH no naHHl,JM no 

1992 r. Cn)"latt FH - "Fly's Eye"; cn)"latt A39 - AKeHo 

ITpupoaa ,!{ettCTBHTeJibHblX HCT0'IHHK0B K0CMH'!eCKHX Jiyqeii 0'!eHh BblC0KHX 

:rnepmii noKa He HCHa, HO npeano•neHHe 0T,!{aeTCH 0CTaTKaM cynepH0BblX 3Be3,!{. 

B ,!{0KJiaJle [53] npHBe,!{eHa KapTa He6eCHblX HanpaBJieHHH, c K0TOpblX Ha 

3eMJIIO npmwm K0CMH'{eCKHe 'laCTHUbl 0'leHh BblC0KHX :rnepmii (6onee 1019 313) 

- puc.8. 61,mo JaMe'leHo, 'ITO see HanpaBIIeHHH pacnoJio)KeHbl s6nmu He6ecHoro 

"3KBaTOpa". OaHaKo He6eCHble HanpaBJieHHH UJeCTH 'laCTHU, o6HappKeHHblX Ha 

ycTaH0BKe AGASA (CM. pttc.2), He cosna,uaioT c 3aKJIIO'leHtteM BonupeH,!{aHJia 

[53]. 
KaK npaBHJI0, MaCChl nepBH'lHblX 'laCTHU HeH3BeCTHbl, 'ITO Bbl3bJBaeT ,!{0-

Il0JIHHTeJibHble TpyaH0CTH C onpe,!{eJieHHeM HX HCT0'lHHK0B. AHaJIH3 nocJie,!{HHX 

3KcnepHMeHTaJihHbIX ,!{aHHblX YKa3bJBaeT Ha 3Hat.JHTeJibHblH noT0K TH)KeJiblX H,!{ep 

(sepoHTHee Bcero, )KeJie3a) B o6JiaCTH ~ 1018 3B. ITpo6JieMa HX HCT0'lHHKa 

"CT)"IHTCH B ,!{Bep1,". 5Iaep )KeJie3a 6onee 'leM B 20 pa3 6oJibllle np0T0H0B. 

KaK )')Ke He0,!{H0KpaTH0 n0,!{'lepKHBaJI0Cb BblUie, ,!{JIH 'laCTHU C 3Hepmeii 60-

m~e 1019 3B npeanonaralOTCH BHeraJiaKTH'leCKHe HCT0'lHHKH. 11x M9)KH0 Ha3BaTh 

HeCK0JlhK0, u Ha HHX ,!{0Jl)l(Hbl 6bITh HaJI0)KeHbl HeK0T0pbie orpaHH'leHl-fjf. 

Bo-nepBbIX, B HHX ,!{QJI)l(Hbl 6bJTb 3aJIO)KeHbl. 0'leHb BblC0KHe 3HepmH. 

Bo-BTOpbIX, noTepH 3HepmH Ha B3am.maeiicTBHe C K0CMHt.JeCKHM MHKp0B0JI

H0BhIM q>OHOM nptt 3Heprttj(X 6onee 5 . 1019 3B H npH K0CMH'leCKHX pacCT0HHHHX 

,!{QJI)l(Hbl 6hITh 0'leHb 60JihllIHMH. 

B-TpeThHX, 'laCTHUhl C 6oJihllIOH 3Hepmeii 6yaYT ucnycKaTh ,-JI)"IH, K0TO

phle, KaCKaJlttpyH, 6yaYT CYUieCTBeHH0 pa3MH0)KaThCH BO BceJieHHOH. OaHaKO HX 

BHeraJiaKTH'leCKHH Il0T0K B o6JiaCTH 3HeprHH 108 - 109 3B . XOp0UI0 H3BeCTeH. 

3aech B03M0)l(Hhl CYUieCTBeHHbie pa3H0rJiaCHjf. 
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BoJlhq>eff,!{aHJI [53] Ha3bJBaeT CJie,!{ylOUIHH CilHC0K Kaff,!{H,!{aTOB B Ka'leCTBe BHe

raJiaKTH'-leCKHX HCT0'lHHK0B K0CMH'leCKHX 'laCTHU CBepXBhlC0KHX 3Hepmii: 

I) CTOJIKHoseuue ra.naKTHK (cneu11an1,tt1,1e ranaKTHKH), s K0Top1,1x MamttTHhie 

IlOJIH Moryr HCilh!ThIBaTh .non0JIHHTeJihHble yseJIH'leHHH; 

2) raJiaKTH'leCK0e-MeTaraJiaKTH'leCK0e np0CTpaHCTBeHH0e CT0JIKH0BeHHe (no

,!{06Ho CTOJIKH0BeHHIO 3eMJIH C Me)KnJiaHeTH0H cpeaoii); 

3) aKTHBH0-raJiaKTH'leCKHe H,!{pa. 

lfro KacaeTCH CTpyttHhIX MO,!{eJieH, CilOC06HhIX o6ecne'lHTh YCK0peHHe 'laCTHU 

,!{0 3Hepmtt ~ 10
24 

3B, TO eCTh TeopeTH'leCKHe YKaJaHl-fjf, 'ITO noao6HhlH Il0T0K 

6yaeT CJIHUIKOM MaJI - Ha HeCK0JlhK0 nopH,!{K0B MeHhllle Ha6JIIO,!{aeMoro ,!{a)Ke 

MH Hau6onee 6naronpttHTHoro sapnaHTa CTpyH. 

TaKHM o6pa30M, "oxoTa" 3a HCT0'lHHK0M YJibTpaBblC0KHX no 3Heprttj(M K0C

MH'leCKHX 'laCTHU np0,!{QJI)KaeTCH. 

3. B3AHMO,ll,EHCTBIDI A,ll,POHOB YJlbTPABl>ICOKHX 3HEPI'HH 

BepHeMCH K 3HepmHM 'laCTHU 2': 1015 3B. ECTh HeCK0JlhK0 oco6eHHOCTeH 

B3aHM0,!{eHCTBHH aJlp0H0B B o6JiaCTH YJibTpaBblC0KHX 3Hepmii: 

I) "BhlCTpoeHHOCTh" c06bJTHH; 

2) cymecTBosaHne KeHTaspos; 

3) ,-ceMettcTBa 

H HeK0T0pb!e apyme. 

ITptt 6naronpHHTHOM CTe'leHHH o6cTOHTeJihCTB Ha BhJC0Te 3-5 KM HaJl ycrn

HOBKOH B pe3yJibTaTe pacna,ua n°-Me30Ha po)K,!{alOTCH ,!{Ba q>OTOHa C 3Hepmett 

2': 10
15 

3B. B aTM0ccpepe B03HHKalOT ,!{Ba Y3KHX, 0'leHh IlJI0THhJX n0T0Ka 'laCTHU, 

KOTOphle nocne npoxo)K,!{eHl-fjf, HanpttMep, CBHHUOBOH KaMepbI HaJl peHTreH0BCKOH 

nJieHKOH "pa3MHO)KalOTCH" H Ha nJieHKe C03,!{alOT Ilj(TH0 CnJI0UIH0ro noTeMHeHHjf 

,!{HaMeTPOM nopH,!{Ka J CM. TaKoro po,na IlHTHa Il0Jl)"IHJIH Ha3BaHHe "rano" H 

Tll.{aTeJihH0 aHaJIH3Hp0BaJIHCh B 3KcnepHMeHTe "ITaMnp" C ueJihlO HCCJie,!{0Bamrn 

B3aHMO,[{eHCTBl-fjf 'laCTHU B o6JiaCTH 3Hepmtt OT 1014 ,!{0 1017 aB [54]. 
AHaJIH3 pa3Mepos rano H ux CTPYKTYPHhIX oco6eHHOcTett noKa3aJI, 'ITO s He- . 

KOTOph!X CJl)"IlUIX, npasaa ,!{0B0JlhH0 pe,!{KHX, CBOHCTBa rano OKa3hIBalOTCH TaKo-. 

BhlMH, 'ITO npHXO,!{HTCH npeanoJI0)KHTh ero npoHCX0)K,!{eHHe OT nepBH'lH0ro TH)Ke

JIOfO H,npa, B 'laCTH0CTH, OT H,[{pa )KeJie3a, 'ITO aaeT ,[{Oil0JIHHTeJihHYJO B03M0)KHOCTh 

myqeHHH H,!{epHoro C0CTaBa nepBH'lHOH KOMil0HeHThl CBepXBhlC0KHX 3Hepmtt. Ho 

~me 0,[{Ha y,!{HBHTeJihHM oco6eHHOCTh HBJieHHjf rano " ••• C0CT0HT B He06hJ'lHOM xa

paKTepe CTPYKTJPhl CJI0)l(Hh!X raJIO, C0CT0Hll.{HX 113 tteCK0JihKHX "cTBOJIOB". KaK 

npaBHJIO, TaKue CTB0Jihl Il0'lTH CTporo "BhJCTpOeHbI" B,[{0Jih HeKOTOpoii npHMOH 

JIHHHH. Eme 6onee Y,!{HBHTeJihH0, 'ITO 11 OT,!{eJihHbJe, CaMhJe 3Hepm'lHhJe 'laCTHl.{hl 

Toro )Ke ceMettcTBa HMeioT TeH,[{eHumo BhicTpausaThCH B Tex JKe HanpaBJieHHj(X. 

B 'leM )Ke 3,!{eCh ,neno? ••• " [54, c.80]. KcTaTH, 3TOT sonpoc ,[{0 CHX nop OCTaeTCH 
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6e3 OTBeTa. 11ccJie}lOBaHHe npOHCXO)K.[leHml CTBOJIOB H HX BblCTp0eHH0CTH 6y.ueT 

TaK)Ke O}lHOH H3 uenett npoeKTa qonKM CB'.3 •. 

Han6onee OCTpblH HHTepec, cmnaHHblH c HCCJie}l0BaHHeM a.upoHHOH K0M

noHeHTbl, BbI3bIBaeT npo6neMa cymecTB0BaHIDI "KeHTaapoa" - oco6oro KJiacca 

51,!lepHblX B3aHMO}leHCTBHH 6oJiblllOH MH0)KeCTBeHHOCTH, B KOT0pblX He po)K.[la

lOTC51 7r-Me30Hbl. " ••• IIpo6JieMa B03HHKJia B 1973 ro.uy, K0r}la 51IlOH0-6pa3HJibCKM 

rpynna coo6mHJia o Ha6JIIOJleHHH nepaoro yttHKaJihHoro CJI)"IM TaKoro rnna [55]. 

B }laJibHettllleM 3TOH )Ke rpynnoii 6bIJIO o6HapJ)l(eHo eme 'leTblpe CJI)"IM KeHTa

Bp0B, a TaK)Ke P.51.!l co6blTHH HeCKOJibKO HH0ro THna, Ha3BaHHblX aBTopa~m "MHHH

KeHTaBpaMH" [56, 57]. OTJIH'lHTeJibHblMH CB0HCTBaMH KeHTaBp0B 6bIJIH xapaKTep 

pa3MH0)KeHIDI 'laCTHU B JIHBHe H 0'leHb 60JiblllOH nonepe'lHblH HMilYJibC pa3JieTa

lOIUHXC51 'laCTHU ( < p J_ > ::::: 1-2 f3B / C, 'ITO B TPH pa3a 6oJibllle Ha6JIIO}laeMblX 

CJI)"laeB MH0)KeCTBeHH0ro po)K.[leHIDI Me30HOB). B CB513H C npo6JieMOH cymecrno

BaHIDI KeHTaBpOB H MHHH-KeHTaBp0B B03HHKaeT HeCK0JibKO Bonpocoa: He M0ryT 

JIH KeHTaBpbl HMHTHp0BaTbCjJ qJJIIOKTyaUH51MH B pa3BHTHH 51JlepH0-3JieKTpOHHOH 

K0Mil0HeHTbl B aTMoccpepe? Ha6JIIO}lalOTC51 JIH aHaJI0rH'lHble co6btTH51 Ha .upymx 

BblC0TaX (4370 M - IlaMHp, 3800 M - <1>y.!l3H51Ma)? He Tep5110TC51 JIH co6bt

TIDI THna KeHTaBp0B B .upyrnx 3KcnepHMeHTaX H3-3a oco6eHHOCTett KOHCTPYKUHH 

peHTreH03MYJibCHOHHblX KaMep? •.• " [58]. 

ABTOpbl pa60Tbl [58] C0rJiaCHbl C TeM, 'ITO KeHTaBpbl cymecTBYIOT, Ha6JIIO

}laJIH MHHH-KeHTaBp0B B 3KCnepHMeHTe "IlaMHp" C. TOH )Ke npHMepH0 'laCTOTOH, 

KaK H 51IlOH0-6pa3HJibCKM rpynna, HO OTMeTHJIH, 'ITO MHHH-KeHTaBpbl M0ryT HMH

rnpoBaTbC51 q>JIIOKryaUIDIMH. 

B Ta6JI.3 npHBe}leHbl }laHHble 06 H3BeCTHblX CeMH KaH}lH}laTaX B KeHTaBpbl 

(B TOM 'lHCJie }lBa o6HapJ)l(eHbl Ha IlaMHpe). 

Ta6JIHlla 3 

HoMep CJJyqrui I II III IV V VI VII 
ToqKa B3aHMO}leHCTBml 

Ha}l KaMepoii, M 50 80 230 500 400 800 700 
TToJIHoe qHCJJ0 

Ha6moneHHblX anp0H0B 49 32 37 38 31 30 22 
TTonHrui 3Heprm1 

anpoHoB, 3B • 10
14 2,22 1, 79 1,69 1,44 1,67 4,86 4,44 

Nh, oueHeHHoe 

llpH B3aHMO}leHCTBHH 74 71 76 40 63 80 77 

"'E.Eh, 3B-10
14 3,33 3,7 3,5 3,4 3,5 15 10 

lJHCJJO ,e-B3aHMO}leHCTBHH 0 0 0 4 0 ? ? 
(oueHKa) 
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AHaJIH3Hpy51 }laHHbte, npHBe}leHHble B Ta6JI.3, 3a,!laelllbC51 BonpocaMH: 

a) M0)KH0 JIH H3BJie'lb H3 ycKopHTeJibHblX }laHHblX KaKHe-TO JKa3aHH51 Ha 

cymecTB0BaHHe KeHTaBpoa? EcTb JIH KaKOH-TO nocJie}loBaTeJibHblH nepexo.u OT 

ycK0pHTeJibHblX .uaHHblX K KeHTaBpaM HJIH 3TO C0BepllleHHO H0B0e j{BJieHHe, Ha-

6JIIO}leHHOe B K0CMH'leCKHX JI)"lax CBepXBblC0KHX 3Hepmtt? 

6) M0)KHO JIH B paMKax CTaH}lapTHOH M0JleJIH B npe.uene CBepXBblC0KHX 3Hep

mtt o61,51CHHTb ll051BJieHHe KeHTaBpoa?. 

qT06bt 0TBeTHTb Ha 3TH H .upyme B0np0Cbl, Heo6XO}lHMa eme 6oJiblllM CTa

THCTHKa, Heo6XO}lHMO y6e}lHTbC51 B peaJibH0M cymeCTB0BaHHH KeHTaBp0B. 

BblBO}lbl, K0T0pble }leJialOT cpH3HKH H3 aHaJIH3a a.upoHHblX B3aHMO}leHCTBHH 

npH 0'leHb BblC0KHX 3Hepm51X, C0CT051T B cne.uyIDIUeM. 

rno6aJibHble xapaKTepHCTHKH a.upOHH0T'O B3aHMO}leHCTBH51 npH 0'leHb BblC0-

KHX 3Hepnt51X K0CMH'-leCKHX JI)"lett ".upa~faTH'leCKH" H3MeH51IOTC51 H 0TJIH'lalOTC51 

OT ycKopJtTeJibHblX }laHHbllC: llH0Hbl 6onee He Jl0MHHHPYIOT. Ilo51BJI51IOTC51 MHIIH

KJiaCTepbl H mraHTCKHe KJiaCTepbl. ,llaHl!ble, Il0JI)"lellllble Ha qaKaJITM H IlaMHpe, 

BeJlYT K o6meMy 3aKJIIO'leHHIO, 'ITO a.up0Hbl, po)K.[lellllble B BblC0K03HepreTH'leCKHX 

B3aHMO}leHCTBH51X, He jJBJij{IOTC51 o6bI'lllblMH a.upoHaMH, K0T0pbte Mbl J)l(e 3HaeM, H 

M0ryT 6bITb 'leM-TO .upymM. B acTpocpH3HKe HM npHJlYMbIBalOT H0Bble Ha3Bal!H51, 

HanpHMep, X-'laCTHUbl (xHpOllbl). OTCIO}la .uenaeTC51 JlaJieK0 HJlYIUHH BblB0}l: eCJIH 

cymecTBylOIUM cxeMa CTaH}lapTHOH M0}leJIH nOJIHa, TO Ha6JIIO}leHl!blM "xHpOHaM" 

B Hett HeT MeCTa H Mbl }l0JI)KHbl HCKaTb npH'lHHY Il051BJiemrn HOBblX a.upoHl!blX 

C0CT051HHH. 

B TO )Ke BpeM51 OTPHUaTeJibHblH pe3yJibTaT noHCKa Kel!TaBp0B Ha YCK0pHTeJI51X 

UEPH H <I>HAn CTaBHT aonpocbt: 

a) npaBHJlbHO JIH Il0HHMalOTC51 K0CMH'leCKHe co6bITH51? 

6) M0)KeT 6b1Tb, nepBH'lHM '-laCTHUa a K0CMH'leCKHX JI)"lax He npoTOH, a 

"KBapKOBblH lllap", B03HHKalOIUHH B pe3yJibTaTe B3pbIBa HeKoTopoii "KaapKOBOH 

3Be3}lbl" [59]? 

IIpe.unonaraeTC51, 'ITO KeHTaBpocpattep6oJI po)K.[laeTC51 B BepXHHX CJI051X aTMO

ccpepbl Tj{)KeJJblMH K0CMH'leCKHMH 51,!lpaMH B ueHTpaJibHblX coy.uapeHH51X C 51,!lpaMH 

B03Jlyxa. Tor.ua, 'lT06b1 H3 BepXHHX CJI0eB JlOHTH JlO BblC0Tbl qaKaJITM, KeHTaBpo

cpaiiep6oJI }l0JI)KeH npOHTH CJJOH >. 2: 190 r/cM2 '! HMeTb BpeM51 )KH3HH ~ 10-1 c, 

TaK 'lT06bl a.upoHH3aUIDI np0H30IIIJia B6JJH3H }leTeKTOpa. P51}l xapaKTepHCTHK 3TOH 

TeopeTH'leCKOH M0}leJIH He CXO}lHTC51 C 3KcnepHMeHTaJibHblMH .uaHHblMH. 

OTMeTHM Il0ilblTKy DbepKeHa Il0H51Tb HCTO'lHHK B03HHKH0BeHH51 KeHTaBp0B B 

paMKax CTaH,!lapTHOH MO}leJIH [60]. Ou npeJlJ]araeT BBeCTH K0HUeilUHIO "HeopH

eHTHpoBaHH0ro KHpaJibHOro KOH}leHcarn", CYTb KOTOpOH COCT0HT B cne.uyIDIUeM. 

B )KeCTK0M KBapK-KBapK0B0M coy.uapeHHH paCIIIHpeHHblH o6'beM B036y)K.[leHHOro 

BaK~ta M0)KeT HMeTb H30T0ilH'-leCKH cnHHOBblH. "3aMopo)KeHHbltt" BeKT0p B H30-

T0ilH'leCKOM npocTpaHcTBe, TaK 'ITO Kor.ua BaKYYM MaTepHanmyeTC51 B IlH0Hbl, 

eCTb BblC0KM Bep051TH0CTb, 'ITO Il0JI)"lalOIUHeC51 '-laCTHUbl 6y.uYT JIH6o Bee Hett-
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TpamHbIMH, JIH6o Bee 3ap.SI)KeHHbIMH. OTHOllleHHe 1-IHCJia HettTpanbHbIX Me30HOB 

K nOJIH0MY lJHCJIY Me30H0B OH onpe.uen.SieT cpopMyJIOH 

dN 112 N(1ro) 
df ~ f ' f = N ( 1r) + N ( 1r±). 

3ap.SI.llOBM He3aBHCHM0CTb H npOCTM CTaTHCTHKa npHBO.llHT K TOMY, lJTO HaH-

6onee Bepo.SITHOe 3HatJeHHe f = I/3. 
3To Be.UeT K npettMymecTBeHHOMY po)K.lleHHIO 3ap.SI)KeHHbIX Me30H0B. B Ha

CTO.Silllee BpeMjj BO <l>HAJI [OTOBHTC.SI 3KcnepHMeHT no npoBepKe p.SI.ua CJie,!lCTBHH, 

BbITeKaIOlllHX H3 MO,!leJIH "HeopHeHTHpOBaHHOro KHpanbH0ro KOH,!leHCaTa". 

Cero,!lffjj Ha,!le)K.llbl BOJnaraIOTC.SI Ha HOBbie 3KcnepHMeHTbl Ha ycKOpHTeJI.SIX 

<l>HAJI H LHC, B KOTop1,1x ntt6o no.urnep.umc.SI cymecrnoBaHtte KeHTaBpOB, ntt6o 

6y.ueT onpoBeprnyrn. 

KpoMe KeHTaBpOB, Ha6JIIO,!lanHCb aHTHKeHTaBpbI c ,!l0MHHHpoBaHHeM ,-tJaCTHU 

(6e3 3ap.SI)KeHHblX tJaCTHU), qHCJIO ,-ceMeHCTB, Ha6JIIO,!leHHbIX Ha YaKanTM H 

IlaMttpe, BenHKO - CM. rn6n.4. 

Ta6nmta 4 

BhlCOTa fny61ma 3Kcno3HUH.SI LfHCJIO O0TOK, 

arMoccpephl, -y-ceMeHCTB -y-ceMeHCTB M
2 

• ron · cp 

r/cM2 M2, ron EE..,> 1014 3B 

l..faKaJITaJI 540 300 121 0, 350 ± 0, 046 
ITaMttp 

(coBeTCKO-

llnOHCKHH 

3KCnepttMeHT) 596 530 173 0, 370 ± 0, 032 
ITaMHp 

(OTlleJlbHO) 596 400 135 0, 300 ± 0, 033 

He 6y.ueM yrny6JI.SITbC.SI B xapaKTepHCTHKH ,-ceMeHCTB. OcTaHOBHMC.SI Ha cny
lJMX ,-ceMeiicTB C ,!lBOHHblMH CTBOJiaMH - KaK 61,1 .llBYM.SI CTPY.SIMH,. Jie)KalllHMH 

B OtJeHb Man0M TeJieCHOM yrne Ka)K)lM, qaCTHUI,I HMeIOT BHllHMYIO 3HeprnIO, KO

TOpM Jie)KHT BblWe nopora tJYBCTBHTeJibH0CTH .ueTeKTOpa (2: 2 . 1012 ::iB) • .[{Ba 

CTBOJia ,-tJaCTHU nonyqaIOTC.SI OT B3aHMO,!leiiCTBttjj KOCMHtJeCKOii tJaCTHUbl C .SI.llp0M 

B03.llyxa. 

TaKHM o6pa30M, npHMep1,1 3K30TH'IeCKHX cnyqaeB BO B3aHMO,!leHCTBH.SIX KOC

MHtJeCKHX tJaCTHU, KaK BHllHM, pa3H006pa3HbI: KeHTaBpbl H MHHH-KeHTaBpbl, KO

nnattapHOCTb (HJIH KnacTepHM BblCTpoeHHOCTb cnyqaeu), KOHUeHTpHtJeCKHe KOJib

ua HJIH KOJibUeno.uo6Hbie cnyqaH [61], cnyqaH c .llBOHHblMH CTBOJiaMH (HJIH 6HHO

KYII.SipHbie cnyqatt). 
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Puc. 9. 11HTerpaJibHbIH cneKTp ,llJISI nllTH CJI}"Iaea -y-ceMeHCTB c llBOHHbIM CTB0JJ0M 

11HTepec K CIIYtJMM c .llBOHHblMH CTB0JiaMH Bbl3BaH TeM, lJTO nonepetJHbIH 

HMnyn1,c' "pa3JieTa" }lB0HHblX CTBOJIOB OKa3bJBaeTC.SI 6on1,we npe}lCKa3bJBaeMOro 

KX,ll, tJTO YKa31,rnaeT, B03MO)KHO, Ha H0BYIO cpH3HKY [62]. Ha pttc.9 npe.llCTaBJieHo 

cpaBHeHHe 3KCnepHMettTanbHbIX naHHbIX no H3YtJeHHIO ,-ceMeiicTB C .llBOHHblMH 

CTB0JiaMH C TeopeTHtJeCKHMH KpHBbIMH [62]. BHllHO, lJTO 3KcnepHMeHTanbHbie 

TOlJKH co 3HatJHTeJibHblM npeBbIWeHHeM pacnOJIO)KeHbl Ha,!l TeopeTHtJeCKHMH KpH

BbIMH, paCClJHTaHHbIMH B paMKax TeOpHH B03MyllleHHH KX,ll. BeJIHlJHHa X12 
onpe.lleJI.SieTc.SI cJie.llyIOlllHM o6pa3oM: 

X12 = JE1. E2. R12 2: 100 T::iB. CM, 

[}le E1 H E2 - ITOJIHble 3tteprnH ,-KnaCTepoB B ,-ceMeiicrnax C .llB~ CTB0JiaMH, 

R12 - paCCTO.SIHHe Me)K.lly 3ttepreTHtJeCKH B3BeweHHbIMH uettTpaMH .llBYX KnaCTe

poB ,-KBaHTOB. U:eHTp ,-KnaCTepa onpe}leJI.SieTC.SI KaK 3HepreTHlJeCKH B3BeWeHHbIH 

ueHTp 
't"'n; E 
Lij=lTj j 

< Ti > = -I;-"-n-; -E---. 
j=l J 

3}leCb Tj - paCCTO.SIHHe Me)K.lly j-ii 'laCTHUeii B KnaCTepe H ee 3HepreTHlJeCKH 

B3BeweHHblM ueHTpOM, ni - lJHCJIO tJaCTHU B KnaCTepe, i = I, 2 (Hae HHTepecyIOT 

TOJibKO 2-KnacTepttbie ,-ceMeiicrna). 

He B}laBMCb B TeopeTHtJeCKHe .ueTanH paccMaTpHBaeMOii MO,!leJIH, OTMeTHM, 

tJTO B Heii napaMeTp Ac, xapaKTepH3YJOlllHH B03MO)KHYJO KBapKOBYJO no}lCTPYK

Typy, HMeeT TeH}leHUHIO K YMeHLWeHHIO H HaHJIYtJWM pactJeTHM KpHBM nonyqeHa 

}lJI.SI napaMeTpa Ac ~ 0, I T::iB. Ilo}lo6ttoe )Ke .SIBJietttte (po)K.lleHtte 2-KnacTepHLIX 
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,-ceMettcTB) HJ}"-laJIOCL eo <t>HAJI (CDF-Konna6opaum1, [63]) npH vs= l, 8 T3B 
e pp-coy.uapemuix. AeTOpI,J pa6oTLJ [63] He .ueKJiapHpOBaJIH npHCYTCTBHe HOBOH 
qJHJHKH, KOTOprui Morna CJie.!{OBaTL H3 HX 3KCnepHMeHTa, HaHJI}"-llllru! no.uroHKa C 
nOMOlllblO TaK HaJLJBaeMOH KOHTaKTHOH MO.UeJIH COCTaBHLIX KBapKOB 61,ma nony
IJeHa npH JHaIJeHHH Ac ::::: 1, 6 TaB (Mo.uen1, HMRS: Harriman, Martin, Roberts, 
Stirling). 

3ttaIJem1e Ac e CDF-3KcnepHMeHTe cymecTBeHHO OTJIHIJaeTC}I OT JHaIJeHH}I e 
BLJlllepaccMOTpeHHOM no.uxo.ue Ac :'.S: o, 1 TaB (CM. pttc.9) H HMeeT }IBHO npoTH
eonoJIO:lKHYJO T_eH,lleHQHJO K yeenHIJeHHJO. HanpallIHBaeTC}I BLIBO.U, IJTO e o6nacTL 
KOCMHIJeCKHX nyqefi BLJCOKHX 3Hepmtt, BH.llHMO, cne.uyeT BKJIJOIJaTL HOBYIO qJH
JHKY, e1,1xo.!{}lmyro Ja paMKH KXA. 

JfraK, HJ}"-leHHe ,-ceMeHCTB C .UBOHHLIMH CTBOJiaMH .uaeT Ba:lKHYJO HHqJOpMa
QHJO O BJaHMO,UeHCTBHH a,npoHOB npH 6oJILllIHX nepe.uaqax HMnyJILCOB. 

11 3.!{eCL ML) CHOBa B03BpamaeMC}I K npoeKTy qoJIKl1 CB3, B KOTOpOM my
IJeHHe CTBOJIOB ,-ceMeHCTB 6y.ueT O.UHOH HJ OCHOBHLIX 3a,naq 3KCnepHMeHTaJILHOfO 
tta6nJO.ueHH}I. 

4. 3AKJIJOqEHHE 

MttoJO 61,mo paccMoTpeHo He6on1,llloe KOJIHIJeCTBO acneKTOB q>HJHKH KOCMH
IJeCKHX nyqefi ceepxBLICOKHX 3Hepmfi, Hatt6onee npH6JIH:lKeHHLIX K BOJMO:lKHO
CT}IM HX myqeHH}I e 011.5111 e paMKax npoeKTa qoJIKl1 CB3: 

a) myqeHHe npo6neMLJ "KoneHa" (noee.uetttte attepreTHIJecKoro cneKTpa H 
XHMHIJeCKHH COCTaB cneKTpa); 

6) myqeHHe "CTBOJIOB" llIHpOKHX aTMOccpepHLIX JIHBHeH B HHTepeaJie 3Hep
mii KOCMHIJeCKHX nyqefi 1014 38 < E < 1017 3B (xapaKTepHCTHKa "CTBOJIOB", 
HX IJaCTOTa, HanpaeneHHOCTL, npocTpaHCTBeHHru! CTPYKTypa H .upyme xapaKTepH
CTHKH); 

B) noHCK 3K30THIJeCKHX co6LITHH; 

r) pa3BHTHe MeTO,UHKH qoJIKl1 CB3 noJBOJIHT paCllIHpHTL cneKTp Ha}"-IHLIX 
npo6neM .!{JI}! HCCJie,UOBaHH}I npHpO.ULI K_OCMHIJeCKOfO HJJI}"-leHH}I; 

.u) HeCOMHeHHO, 61,mo 61,1 Ba:lKHO HCCJie,UOBaTL 6uonomIJeCKHe acneKTLI BJIH
}IHH}I "cTBOJIOB" Ha :lKHBLJe 06-LeKTLI. 

KpoMe 3THX Ja,naq }I YKa:lKY Ha TeMaTHKY HeCKOJILKHX He.!{aBHO ony6JIHKOBaH
flI,JX CTaTeii B :lKypHaJie "Astroparticle physics", KOTOprui 6JIH3KO npHMLJKaeT K 
HHTepecaM Ha}"-IHLIX COTPY.UHHKOB HallJero HHCTHTyra: 

a) npo6neMa HettTpHHHLJX OCQHJIJI}ll.{HH; 

6) npo6neMa TeMHOH MaTepHH e Me:lKJBeJ,UHOM npocTpaHCTBe; 

B) npo6neMa pacnpocTpaHeHH}I 3JieMeHTapHLIX IJaCTHQ (npoTOHOB, ,-KBaHTOB 
tt .up.) Ha 6oJILllIHe KOCMHIJeCKHe paCCTO}IHH}I; 
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r) aHHJOTpOnH}I HanpaBJieHHH, c KOTOpLIX npHXO.!{HT Ha 3eMJIIO KOCMHIJecKoe 
HJJI}"-leHHe C 3Hepm}IMH > 1019 aB; 

.u) MO.UeJIH BJaHMO.UeHCTBH}I KOCMHIJeCKHX JI}"-leH OIJeHL BLJCOKHX 3Hepmii 
H .upyme. 

Cne.uyeT OTMeTHTL, IJTO 6JIH:lKattllJHe 15-20 JieT 6y.uyr ro.uaMH no.!{JIHHHOfO 
pacueeTa HCCJie.!{OBaHHH B o6naCTH KOCMHIJeCKHX JI}"-leH C 3Hepm}IMH 2: 1015 3B H 
OTKPI,JTH}I HOBLIX }IBJieHHH B qJHJHKe 3JieMeHTapHI,JX IJaCTHQ ceepxBLICOKHX 3Hep
mfi. 

B JaKJIJOIJeHHe }I npHHOllIY rny6oKyJO 6naro.uapttOCTL B.IT.3penoey, npttBJieK
llleMy Moe BHHMaHHe K npo6JieMaM myqeHH}I KOCMH'leCKHX nyqefi ceepXBI,JCOKHX 
3Hepmfi. Ott OJHaKOMHJIC}I C co.uep:lKaHHeM MOeH pa60Tl,J, c.uenaJI P}I.U QeHHbIX 
JaMeIJaHHH H no.uroTOBHJI 60JILllIYJO IJaCTb pHCYHKOB. 
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