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BBenenue

Bapuonnas acummerpus Bceenennoit — 31o Hab/0/1aeMoe Ipeodiaianne B BUIU-
Moit wacTtu BceeeHHoI BelliecTBa HaJl aHTUBEIIECTBOM. DTOT HaOJIIOJATEIbHBIN (hakT He
MOKeT ObITh 00bsICHEH HEU B paMKax CraHIapTHOI Mojesn (XOTs TaKue MOIBITKE TIPOU3-
BOJIWJINCH ), HU B paMKax OOIIell TeOprr OTHOCUTETHLHOCTH — JIBYX TEOPHH, sIBIAIONIIXCA
OCHOBOII COBpEMEHHOI KocMmoJjioruu. Hapsty ¢ mpocTpaHCTBEHHON ILIOCKOCTHOCTBIO Ha-
osr0/1aemoii BeesterHo# u 1pobsieMoii TOpu30HTa OH IIpeJICTaBIgeT coOOi OUH U3 acIeK-
TOB IIPOOJIEMbI HAYAbHBIX 3HAYEHUN B KOCMOJIOI'HH. ,

Bce gacturpl, coctapisionine MaTepuio BOKPYT HAC, TaKUe KaK JCKTPOHLI U IIPO-
TOHBI, UMEIOT BEPCUU AHTUBENIECTBA, KOTOPBIE MOYTH UJEHTUYIHDLI, HO C 3€PKAJIbHBIMHI
cBoiicTBaM. Koria aHTUBeIeCTBO U YacTUIa MaTepUH BCTPEYAIOTCA, OHU aHHUTUIUPYIOT
B BU/I€ BCIBIIIKA SHEPTUN .

CymiecTBoBaHUe 3Be3] aHTHUBENECTBa B [a/lakThKe Kak BO3MOMKHAsl CUTHATYpa JIJIs
UHQIIATMOHHBIX MOJIeIell ¢ HEOTHOPOIHBIM OAPUOCUHTE30M MOXKET OCTABUTH CJIEJ B BUJIE
KOCMHUYECKUX JIydeil aHTUBEIeCTBa, & TaKyKe MX BTOPUYIHBIX HCTOYHUKOB (AHTHUILIAHET U
AHTHMETEOPUTOB), PACCESTHHBIX TeJI B HAIIEM IaJIaKTHIeCKOM rajio. [1oTok aHTHMeTeopH-
TOB MOXKET OCTaBHUTDH CBOIO FKCILJIOZUBHYIO TaMMa CUTHATYPY IIPU CTOJKHOBEHUM C JIyHHO
IIOYBOI, a TaK:Ke 3eMHOM, IOIMUTEPUAHCKON 1 cosHevuHoit armocdepamu. OIHAKO PacIpo-
cTpaHeHVe B raJakTHKe U MTOC/IeMyIolee ncnapeHne B raJaKTHIeCKOM BeIeCTBEHHOM Ta3e
nojlasiger cample jerkue (m < 107%r) anrumereoputnbl. Tem He MeHee, camble TAKeIbIe
anTuMereopuThl (m > 1072 r g0 106 T) HE MOTYT GBITH OTKJIOHEHbBI UJIM aHHUTUIUPOBAHBI
AHHUTUIATNIAEN Ha MOBEPXHOCTH TOHKOT'O TaJIAKTUYECKOrO Ta3a; OHU MOTYT BPe3aThCAd B
Commnre (mmm penko FOmumrep), aro npusBemer K B3PBIBHOMY TaMMa-COOBITHIO 1 3¢ dheKT-

HOMY TPEKY C OTCKOKOM U JIa2Ke IIPOTAJIKUBAIOIIEH aHHUTWIsAIneil Ha Kpomocdepe u do-

Tocepe.
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1 Omnucanue uccJjegoBaHUS

B nannoit paboTe ucciemyeTcs pacipocTpaHeHe METEOPUTOB aHTHBEIIECTBA B TaIaK-
tuke u CoJineunoit cucreme. B gactnocTn, nmogaumaercs mpobdsema (hopMUPOBaHUS KOCMU-
YeCKOU IbLIM OJMHOYHBIM IIAPOBBIM CKOILJIEHUEM 3Be3]] aHTuMaTepun. PaccMarpuBaeTcs
HECKOJIBKO abCTPAKTHBIX MOJIeNell, B paMKaX KOTOPBIX HCCIETYIOTCS TTPOIeCChl (hopMupo-

BaHUA IIBLJIN.



2 Hecrtporag olienka BepoOsSITHOCTH OOHapy-
2KEeHHNd IIapOBOr'0 CKOIJIEHUS 3Be3]] aHTH-

MaTepuun

CortacHo BOSHUKHOBEHUIO OAPUOHHOI aCUMMETPHH B PAMKaX MOJIe/In BoIbIoro B3pbI-
Ba, B BUAUMON 1dacTu BcesreHHoit Hab/01aeTCs peodialanne BeIecTBa Ha/l aHTUBeNe-
ctBoM. OJIHAKO, COBPEMEHHBIE IIPEJICTABJIEHUS He NCKJII0YAIOT BO3MOYKHOCTD CYIIECTBOBA~
HUs CI'YCTKOB aHTHUMATEPHUH C MOMEHTa OCHOBaHUs BceseHHoil, a Takyke (hopMUpOBaHUS
U3 Hee 3Be3I.

[To namabiM MaraHuTHOTO ajbda-crekrpomerpa AMS-02; ycranosiennoro na 6opTy
MKC, B 2018 roay craso oOHAPYKEHO CPei MUJLIUAPIOB sJIep T'eJiis KOCMUIEeCKUX JIy-
Yeil HECKOJIBKO siJIep aHTUTeJHs, YTO ABJISAETCH MMEePBBIM CBUJIETETHCTBOM TOTO, YTO OpU-
IIHAJIBLHOE aHTUBEIIECTBO COXPAHUIIOCK.

Uccrenosarenn Uucturyra Wccnenosannit Acrpodusukn u [lnanerosorun (IRAP)
MPEJITIOYKUIIN UCIOJIb30BATh JIJIsi TIOUCKA AHTU3BE3J raMMa-JIydr, KOTOpble MOTyT 0o0pa-
30BBIBATBHCS BCJIEJICTBHE B3AMMOJIECTBUA MaTepuu ¢ antumarepueit. Vckmouns u3 5787
HCTOYHUKOB TaMMa-U3/IydeHrs (B HAOJIIOICHUAX UCIOIb3yercs Teaeckon Fermi), pesyib-
TaT JAPYrUX acTPOMU3NIECKUX SIBICHUIT, (DOPMUPYIOMUX TaMMa-U3/ydeHne (IyIbCcaphl,
KBa3aphbl, TaMMa-BCILIECKH ), ObLI0 0T0Opano 14 KauauiaroB B anTu3Be3/bl. C yIeToM Mo-
JIeJIn AKKPEIUH BOKPYT aHTU3BE3/] UCCJIEIOBATEN TOJIY IH/IM MAKCUMAJIbHOE YUCJIO0 3BE3]]
AHTUMATEPHUH, UYTO C yUETOM UyBCTBUTEJILHOCTU TejiecKona Fermi, cocrapiiser B cpejgHeM
2,5 aHTU3BE3/Ibl Ha OJMH MUJIIMOH OOBITHBIX 3BE3I.

JlaHHbBI pe3ysibTaT Onpejie/isdeT BepOATHOCTh OOHAPYKEHUs 3Be3/Ibl aHTUMATEPUN C
YYEeTOM HAKJIQ/IBIBAEMbBIX OI'DAHUYEHUN, O0YCIOBIEHHBIX TEXHUYECKIME BO3MOMKHOCTSIMU

COBPEMEHHOI HAayKMU.
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Puc. 2: Cnekrpockornr AMS-02



3 AOGcTpakTHadg MOJeJIb N30JMPOBAH-
HOTO IITapOBOT0 CKOILJIEHUS 3Be3]l

aHTHMaTepnuum

CorjlacHO TeopHuH, CBOWCTBA aHTHUBEIIECTBA AHAJOIMYHBI CBOMcTBaM BemiecTBa. Vc-
XOJIsI U3 9TOr0, MOYKHO CIIPOEIUPOBATH BCE IMOCTIEYIONINE 3aKIIOUEHUsI, OTHOCIIIECT K
OOBIYHBIM ITAPOBBIM CKOIIJIEHUSM Ha IIIapOBble CKOILIEHUS 3Be3/] anTuMarepun. [Ipu sTom,
nJieau3upyeM Hally MOJIE/Ib, 00YCJIOBUBIINICH, 9TO IAPOBOE CKOILJIEHNE AaHTU3BE3 T He TI0/I-
BepraeTcsd aHHUTMJIAIINN, KaK U BCE IPOEIUPYEeMble Ha HEro ITPOIECCHI.

[Toce obpazoBanmst 3Be3]1 MEPBOrO MOKOJIEHUs, CaMble MAaCCUBHBIE M3 HUX B3PbIBa-
I0TCS KaK CBEPXHOBBIE, BBIJIyBas JIOKAJbHBIN Ta3 M3 CKOIJIEHUS, T0JIaBjsds JajabHeiinee
3Be31000pa30BaHuE.

B cuny chepuueckoit cummerpum Halmeii Moje/ M U CKOPOCTH YIApPHOII BOJIHBI JI0
40 ThIC. KM/C YaCTUIBI PA3JIETAIOTCd B PaJMAJILHBIX HAIPABJIEHUAX, YTO B Kyle C OT-
CYTCTBUEM JIPDYTUX OOBEKTOB B OKPYKEHHUH M, KaK CJIEJICTBHE, IOCTOPOHHETO BJIUAHUSA Ha
TPAEKTOPUIO BLIOPOIIEHHBIX YaCTHIL, HE MTO3BOJIAET ITPOM30UTH CTOJKHOBEHUIO HA PAHHUX
JTanax.

Temnepbp BepHEMCSI K MOJIEHN, TJie CKOILJIEHHE 3Be3] aHTUMATEPUU MMEET B OKPYIKe-
HUU OOBIYHYIO MaTepuio. [Io npuduHe oTCyTCTBUSA CTOJKHOBEHUS BBLICTEBIINX YaCTHIL Ha
JTare BbLIeTa U3 00JaCTU B3PHIBA, a TaKKe, HUITOKHOCTU PA3MEPOB CAMHUX YaCTHII, aH-
HUTWJIAIAS HE TTO3BOJISIET IIPOCYIIECTBOBATH BHIOPOIIIEHHOMY BEIECTBY HEOOXOIMMOE, JIIs
JIAJIbHEHIIIIX TIPOIIECCOB KJacTepoobpas3oBanus, Bpems. Kak ciieicTBre, Mbl He MOXKEM

OXKMJIATH TOSIBJICHUSI AaHTUMETECOPUTOB B 00JIACTU 3eMHOI aTMOChepPHI.



SakKJIrouYeHue

Wcxoist 3 BBIMIEIIPUBEIEHHBIX PACCYZKJICHUI CYIIECTBOBAHUE AHTUMETEOPUTOB KaK
CJIEJICTBUE B3PbIBa CBEPXHOBON M3 aHTUMAaTepuy KpaiiHe MajioBepodTHO. B janbHeiiem
IIJIAHUPYETCA IIOJKPENUTh BLIIIEN3JIOKEHHBIE PACCY2KACHUA MaTeMaTUYeCKUMU BBIKJIAI-

KaMH.
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