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FAMMA-U3NYYEHUE TOBHOIO OUAMNA3OHA OT OCTATKA BCMbILLKN CBEPXHOBOW NAPYCA

Ocmamku ceepxHo8bIX cHUmMaromcsi OOHUMU U3 OCHOBHbIX UCIMOYHUKO8 2aslakmu4eckux KocMuyeckux siyqel (KJ) ¢ aHep-
a2usimu do 1077 3B. IkcnepumeHmanbHbIM nodmeepxdeHueM npucymcmeusi sdepHo20 komnoHeHma KJ1 @ ocmamkax ssiensiemcsi
ux 2aMma-u3jly4eHue o4YeHb 8bICOKUX 3Hepaul (6onee 100 3B) kak pe3ynbmam Heynpyaux cmoJikHoeeHul KJ1 ¢ MmuweHsmu-
amomamu Mex38e30Hol cpedbl BHYMpU U 8 OKpecmHocmu ocmamkos. B pabome paccyumaHbl oxxudaemMble MOMOKU MakKo20
2aMMma-u3snyqeHusi om o0Ho20 u3 6nwxkalwux k 3emne ocmamka ceepxHosol lMapyca. [[poaHanu3upoeaHa 03MOXHOCMb peau-
cmpayuu J10KaJlu308aHHbIX UCMOYHUKOS 2aMMa-u3sly4yeHusi eHympu ocmamka, o6ycrioenieHHbIX npucymcmeuem obnacmel
noebIWeHHOU MNJIOMHOCMU 2a3a 6 pe3y/ibmame ucrnapeHusi Mex38e30HbIx o61akoe 3a hpoHMoM ydapHol 80JIHbI ocmamka.

Knro4deenbie cnosa: kocMuyeckue siyqu, 2aMma-usJsiy4eHue, ocmamku ecrbliuieK c8epxXHO8bIX, ocmamok lMapyca.
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TEV GAMMA-RAY RADIATION FROM VELA SUPERNOVA REMNANT

Sources and mechanisms of acceleration of the cosmic rays (CR) — a stream of nuclei, electrons and, to a lesser extent,
antiparticles with a nonthermal power law energy spectrum extending to energies above 10% eV, are still unknown. Theoretical
calculations and experimental data show that the diffusive acceleration of the CR at the shock wave fronts (first order Fermi
mechanism) in Galactic sources, first of all in the Supernova remnants (SNR), may be responsible for the observed CR flux with
energies up to E < 108 eV. In this case, the lepton component of the CR (electrons, positrons) is confidently manifested in the
SNR due to synchrotron radiation in a turbulent magnetic field inside the SNR. At the same time, the proton and nuclear
component is not effective in synchrotron emission under typical CR parameters and magnetic fields in the SNR. Its presence in
the SNR can be revealed due to the hadron mechanism of gamma-ray generation — the decay of neutral pions generated by
inelastic collisions of the CR with particles-targets — atoms of interstellar medium inside and in the vicinity of SNR. Now only a
few SNRs with a detectable gamma-ray flux of a hadron origin are known, in which the interaction of SNR with molecular clouds
is observed, which provides the necessary concentration of particles-targets for CR.

In our work we calculate the expected fluxes of such gamma-radiation from the Vela SNR, one of the closest SNR to the Earth,
which evolves in a cloudy interstellar medium and is a potential candidate for the hadron mechanism gamma-ray source. The
possibility of detecting Vela SNR with modern (Magic, HAWC, H.E.S.S.) and future (CTA) gamma-ray detectors is analyzed. It is
shown that the sensitivity of CTA will be sufficient to detect the gamma-radiation generated by the hadron mechanism.

Also we analyzed the possibility of registration of localized sources of gamma-radiation within the Vela SNR due to the
presence of high gas density clouds. The fluxes from the two most massive clouds within the Vela SNR are calculated and
compared with the sensitivity of the modern and future gamma-ray detectors. It is shown that sufficient sensitivity to detect the
most massive clouds within the SNR will have the CTA facility if the spectrum of the gamma-rays generated by the hadron
mechanism is without cut-off on the energy 10 TeV.

Key words: cosmic rays, gamma-ray radiation, Supernova remnants, Vela Supernova remnant
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METEOPMU 3 MYNIbTUMOAOAJIbHUMU KPUBUMMU BITIUCKY: CMOCTEPEXXEHHSA TA AKICHI MOOENI

Po3znsHymo npo6nemy menesisiliHoi peecmpauii Memeopie 3 aHOMaslbHUMU Kpueumu 6JIUCKY, 30KpeMa 3 MyJIbmumMooasib-
Humu ma 6imModanbHumMu ix munamu. HasedeHo pe3ynbmamu crocmepexeHb 080X memeopie 3 momoky llepceidu, ompumaHi 3a
dornomozoro mesiegiziliHux cucmemM muny cynepizokoH. OGHa 3 Kpusux 65ucKy Mae MynibmumodasibHUll xapakmep i Moxe 6ymu
nosicHeHa Opob6IeHHAM mina, iHwa Hanexxumb 00 SI8HO eupa)eHoz20 6iModanbHO20 muny, sIKUU He MOXHa Ha Cb0200Hi ocma-
MmoYHo nosicHumu. 3anponoHoeaHo siKicHi modesni Onsi iHmepnpemayii Memeopa 3 6iModanbHOO Kpueoto 6nucky. OOHa 3 HUX
nepedbavyac d8o0KOMMOHeHMHuUl ckrad Memeopoida, Konu mino, No cymi, cknadaemscsi i3 08ox YyacmMuHOK. IHwull eapiaHm —
00HOpPIOHUl MOHOMIMHUlU Memeopoid 3i cneyugidyHO 2eoMempuYHOIO POPMOIO Mma fnapaMempamu MOXJIU8020 obepmaHHs
mina. 3anponoHoeaHi Modeni € Halnpocmiwumu 3a KinlbKicmro eapiamueHux napamempie i Moxyms npemeHdyeamu Ha Aoc-
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moeipHicmb npu ycniwHoMy npoeedeHHi KinbKicHo20 aHasnily. 3asHayeHo, w0 ocmamoy4yHo nidmeepdumu 4u crpocmyeamu
mun modeni MOXHa fluwe npu nposedeHHi NapanesnbHUX crnekmpasnbHUX crnocmepexeHb Memeopis.

Knroyoei cnoea: memeopu, eideocrnocmepexeHHsi Memeopie, aHoManbHi Memeopu, ghomomempisi, Kpuei 671uCKy Memeopis,
6imodanbHi ma mynbmumoOdanbHi kpuei 6nucky Mmemeopie, ¢izudHa Mooesnb pyxy Memeopa e ammocagbepi, sikicHUl aHani3 pe-
3ynbmamie criocmepexeHsb.

BeTyn. HuHi TenesisiviHi abo BigeocnocTepexeHHss MeTeopiB NPaKTUYHO MOBHICTIO BUTICHUNN cdhoTorpadivHi. Y MeTeop-
Hin 6a3i gaHux MikHapOLHOro aCTPOHOMIYHOIO COH3Y KiNbKiCTb hoTorpadiuHMx METEOPIB 3 PO3pPaxXOBaAHUMKN efeMeHTaMm
opbiTn ctaHoBuTL 4 873, y Ton Yac sk Gasa AaHux BigeocnocTepexeHb Hanivye Ginbwe 110 000 meTteopis (MDC IAU,
https://lwww.ta3.sk/IAUC22DB/MDC2007/) [1, 2] Ta HenepepBHO nonoBHEeTLCA [3]. Ha 3aranbHomy Tni 36inbLUEHHS KinbKo-
CTi AaHMX NPO MEeTeopw BCe YiTKile NposiBMsTECA 0COONMBOCTI AeAKUX iXHIX TUMIB, SIKi CYTTEBO BiOpi3HAIOTLCA BiA cepea-
HbOCTaTUCTMYHUX. Taki MeTEOpPU YacTo Ha3MBalTb aHOManbHUMU, NPUYOMY aHOMani MU MOXYTb BYyTU K KIHEMaTUYHI xa-
PaKTEepPUCTMKN AEeAKNUX METEOPIB, TaK i iXHi POTOMETPUYHI XapakTepUCTUKN.

Hanbinblw Knacu4yH1M BMNaAKoOM aHOManin KiHeMaTU4YHWUX napameTpiB MeTeopiB, Xo4a N He HOBUM, € HasBHICTb cepef,
CMoCTepexXyBaHUX METEOPIB YaCTUHOK, Lo NpuneTinu 330BHi CoHAYHOI cuctemun. Taki MeTeopoign MaroTb rinepOoniyHi re-
nioyeHTpuyHi opbitn (a<0, e >1), ogHak Ue LWe He € OKa30M iXHbOro 30BHILLHBOrO (BigHOCHO COHSIYHOI cnuctemu), To6TO
MiXX30PSHOrO MOXOAXKeHHsi. O4eBMAHO, WO 30NMMKEHHS MeTeopoida B MUHYNOMY 3 BEMMKOIO MIIaHETOK MOXEe 3MIHUTU OO0
TOro eninTu4Hy opbiTy YacTMHKM Ha rinepbonivyHy. HesBaxalun Ha HeogHOPa30BY peecTpaLito rinepboniyHux MeTeopoisis
3a gonomoroto pagapis [4, 5], 4OCTOBIpHI BUNagku peecTpauii Takmx 4YaCTUHOK B ONTUYHOMY Aiana3oHi € Haa3BUYanHO piakKi-
cHumK. MoBa e npo AOCTOBIPHO BM3HaYeHy rinepboniyHy opbiTy MeTeopoifa, OCKinbku Noxmbka 064YNCNEHHsT NOro LWBWA-
KOCTi Npu BXoAdi B aTMocdepy CTaHOBUTb 6nn3bko 1-2 km/c. Yu He eanHMM, ane HanBigoMiLLMM BMNAOKOM peecTpauii ABOX
SAIBHO BMpaXXeHUX MiK30PSHUX MeTeopoiaiB € poboTtu [6, 7], Ae NoBiAOMNAETLCA NPO TENEBI3iINHY PeECTpaLilo ABOX MiK30-
PSiHUX MeTeopoifiB 3 renioueHTpudHuMK weugkoctamm 49.9+1.7 ta 48.4+0.6 km/c, WO pa3om 3 noxvbkamu CyTTEBO
nepesuLLye rinepbonivyHy Mexy.

IHWKM TMNOM aHOManbHUX NPOSBIB € PEECTPaLis yNbTPaKOPOTKNX cnanaxiB MeTeOpPHOI aKTUBHOCTI OESKUX METEOPHMX
notokie. Y poboTi [8] noBigomnsieTbca npo peectpadito 100-150 meTeopiB 3a 2 ¢, a B [9] — npo 15 meTeopiB 3a 4 ¢ Ta
38 meTeopiB — 3a 2 ¢, WO cnocTepiranics B MeTeOpHOMY NOTOKOBI JleoHian. B ocTaHHilh poboTi pobuTbCA BUCHOBOK, LLO
iCHyBaHHSI KOMMNAKTHOI KNacTepHOi CTPYKTYPU YaCTUHOK Yy AeSKUX METEOPHUX POsiX PO3MIpOM Y Kiflbka COTEHb KiloMeTpiB
Mae 6yTv NpoayKoBaHe KOMETHUM SiAPOM He paHille OCTaHHbOrO NPOXOAXKEHHST HELO Nepurenito, To6To Le HOBi YTBOPEHHS.

LlikaBum nposiBOM aHOMarnbHOI NOBEAIHKA METEOPIB € CNOCTEPEXEHHA METEOPOIAIB, AOTUYHUX OO 3eMHOI atMocdepw,
KOMKW Nicns NPOXOAXKEHHS NepUretd YacTUHKa He BUMApPOBYETHLCS MOBHICTHO, @ NPOAOBXYE PyX Aani B KOCMiIYHMIA NPOCTIp.
MMicns 3ycTpidi i3 3emneto Takuii METeopoif HE3HaYHO MIHSE CBOIO OpbiTy, a Takox macy. 3a 3aranbHUMK O3HaKamwn faHe
ABMLLE MAE CrnocTepiraTcsa BiAHOCHO 4YacTo, OAHAK Ha CbOrofHi OMiLiMHO 3apeecTpoBaHO NuMLIe Kinbka noAin. Ackpasun
6onig -18™ 6yno 3apeecTpoBaHo BAeHb ¥ 1972 p. Hag Teputopieto CLUA Ta Kanagw [10]. Bonig mas macy 108 kr i BinctaHb
00 noeepxHi 3emni B nepurei 58 km. Tpu iHWIi meTeopu Oynu 3Ha4yHO cnabuwi: 6onig Hag Yexieto Ta Monbweto 1990 p. mas
30psHy BenuuuHy -6M [11]; Gonig -8™ 6yB 3apeecTtpoBaHuii y 2006 p. Hag Anodieto [12]; meTeop -4™ cnocTepirascsa y
2016 p. Hapg IcnaHieto [13]. Haricnabwwmii gotnyHmn meteop +3™ 6yno 3apeectpoBaHo y 2003 p. Hag YkpaiHoto [14], Teope-
TUYHEe MOAEentoBaHHs Moro pyxy B atmocdepi onucaHe B [15]. B ycix umx Bunagkax miHimaneHe 36nmxeHHs MeTeopoidis 3
nosepxHeto 3emni 6yno 6nusbko 100 kM. Taka HeBemnuKa KinbKiCTb 3apeecTpoBaHUX AOTUHHUX METeopOigiB MOXe, iMOBIp-
HO, ByTN NOSCHEHa NOMMUITKOBMMM OLiHKAMW TOYHOCTI 0BPOBKM METEOPHNX CMOCTepeXeHb — afXe NiCrs nepurero BUCOTU
TakvMx YaCTUHOK Hag piBHEM MOpPS hopManbHO NOYMHAKOTL 3pocTaT, WO Moxe ByTW NPURHATO 3a NOMWIIKY PO3PaxyHKiB,
a cam MeTeop BUKIOYEHO 3 KaTanory.

MeTeopwu 3 aHOManbLHUMKN BUCOTaMU NOSBU, TOBTO TakMMmu, WO nepeBuLLytoTb 130 KM, Ha CbOroAdHI BXe He € YNMOCH pi-
OkicHum [16]. 3a gonomorol TenesisinHMX cnocTepexeHb Byno 3apeectpoBaHo MeTeop -3.5™ 3 notoky lMepceig y 1993 p.
Hag Kuesom [17, 18] 3 BucoToto nosiBu 6nm3bko 137 kM. HanBigomilwmm cTaB BUNagok peecTpadii ABOX sickpaBUX MeTeopiB
-7™ Ta -4™ y AnoHii Npn cnocTepexeHHi MeTeopHoro noToky JleoHign B 1995-1996 pp. — BOHWM Manu BUCOTK NOSIBU Brn3bKO
160 km [19]. Mpwu cninbHMX doTorpadivHmx [20] i BineocnocTepexeHHsx [21] meTeopHoro noToky Jleorian B 1998 p. y Kutai
Ha Tenes.i3inHMX kamepax 12 6onigis NoYMHanNUcs cyTTeEBO paHile doTorpadivyHnx — aBTopu [21] geknapyoTb BUCOTY Nos-
Bn 145-200 km. MNapanenbHi cnocTepexeHHs Toro camoro notoky B MoHronii [22] fatoTb nuwe kinbka MeTeopiB 3 aHOMa-
nbHUMKM BucoTamm nosien 130—145 km. 3rogom meTeopu 3 BUcoTamu noseu Ginblue 130—175 kM peecTpyBanucsa HeogHopa-
30BO (X04a TOYHICTb 00YMCNEHb He 3aBxau Gyna AOCTaTHbO HAAMHOK), a iHOAi 1 He NuLe Y LWBUAKICHUX METEOPHUX MOTO-
kax [23-28]. 3aranbHoi Teopii, sika nosicHoBana 6 i3 isuyHoro nornsgy NosiBy METEOPIB Ha BUCOTI 3HAYHO BULLE He NnuLle
TemnepaTtypu BUNapoByBaHHA (abnsuii), ane v TemnepaTtypu NnaBfeHHs, Ha CbOrodHi He icHye. ABTopu [29] roBopsATb Npo
AndysHy CTPYKTypy MeTeopa Ha HaABenukux BUCOTaXx i NPO HOBWIA TN pagiauii (CBITIHHA), NOB'A3aHWU 3 yAAPHUMU 3iTK-
HeHHAMM 3 aTomamMu aTmocdepm [30], oaHak Taka Teopis HABOAUTBLCA NULLIE SKICHO | NOTpebye AoBeAeHHS.

He MeHW uikaBnMK 3 HaykoOBOroO nornsgy € poToMeTpuyHi aHomarnii B MeTeopax. Y nepuuy 4yepry, sk yxe 6yno ckazaHo
y [29], — ue Andy3Ha CTpyKTypa MeTeopa Ha NoYaTKOBUX HaABenukux BucoTax. fani astopu [31], BUKOPUCTOBYIOUMN LLBUA-
KicHy BigeoTexHiky (1000 kagpis/c), AEMOHCTPYOTb cneundivHniA BUIMSA METEOPHOI KOMM B sickpaBoro doniga, wo Ginble
Haragye bopMy yaapHOi XBUIi, IKy TakoXX HEMOXITMBO iHTEprpeTyBaTU B pamKax cyvacHoi Teopii. Y poboTtax [32, 33] Ha-
BOAATLCHA pe3ynbTaTtv 06pobku AesKMX MeTeopiB, AKi AEMOHCTPYHOTb, HA AyMKY aBTOpIB, NonepeyHi mxetu 3aBnosxku 0.5-
1 KM, NOSICHEHHS SIKMX 3ararioM, i 30Kpema B JaHOMY BUMaAKy, TakoX HE3po3yMmine — ake 3a pesynbtataMmm o6pobku me-
TEOpHMX 300pakeHb, OTPUMaHMX BMNALKOBO Kamepolo Ha Teneckoni Subaru [34], wrpuHa CBITHOI METEOPHOT KOMU NEXUTb
y aianasoHi 50—100 m (xo4a MAEeTLCA NepeBaxHO Npo crabki meTeopwm).

OpHuM 3 HanuikaBilunx PeHOMEHIB € aHOMarbHi KpuBi GNNCKY MeTeopa, OCKINbKN BOAW AEMOHCTPYIOTb HECTaHO4ApPTHY
NoBeAiHKY ABMWLLA, SKe 3aneXuTb Bif ryCTUHM Ta BHYTPILWHBLOI CTPYKTYPU KOCMIYHOI YaCTUHKW, 3oKkpeMa ii mopucTocTi. Kna-
CnYyHa KpuBa Onucky nepenbayae, WO MeTeop crno4vaTKy MOBIfbHO, @ NOTiM yce wwBualwe "po3ropsieTbes”, 30inbLUyoYn
Onunck, gocsirae MakcumarnbHOI BENMYUHM CBIiTIHHS, a NOTIM Aewo weuawe (iHoai — Ayxe WBuako) 3racae. Taka copma
KpMBOI BNMCKY AOCUTb YNEBHEHO MOSICHIOETLCH Ai€l0 MEepeBaXxHO ABOX MapameTpiB: N'yCTUHM aTMocdepu, ka 3pocTae Ha
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LAAXY MeTeopa, i BENUYNHOK NOoro Migens (nonepeyHoro Ao HanpsmKy pyxy po3mipy), SKMn 3MEHLLYETLCA Yepes Bunapo-
ByBaHHA Tina. KonmBaHHSA iHTEHCMBHOCTI GN1CKY B340OBX TPaEKTOpIl, Ski HeogHOpas3oBo cnoctepiranucs [35, 36] (iHoai —
OOCUTb CYTTEBI), XO4a i HE NMOSACHIOTBLCS KITACUYHOK TEOPIED PyXy MOHOMITHOMO Tina, oAHaKk OOCUTb NErko MoXyTb OyTu
iHTeprnpeToBaHi ApO6NeHHsIM YacTUHKK. Bapitoroum napameTpu ApOo6neHHsl, MOXXHA NOACHUTM AOCUTb PiBHOMAaHITHI onyKTy-
auii iIHTEeHCMBHOCTI BMMPOMIHIOBAHHS B TaK 3BaHWX MyNbTUMOAanbHUX KpuBMX G6nncky meTteopa. OgHak iCHyIOTb BUNagKu
6iModanbHMX KpMBKX BAMCKy, Konu 6nnck MeTeopa cnoyaTKy MOBHICTIO (ab0 Malxe NOBHICTIO) 3HWMKAE, a NMOTIM NOHOBIIO-
€Tbcs. 3MiHy BrIMCKY TakMx MeTeopiB AOCUTb BaXKKO NOACHUTU OPOBAEeHHAM.

Y pob6orTi [37] HaBoaATbCS BMOIPKOBI pe3ynbTaTh CMOCTEepeXeHb MeTeopiB, OTpMMaHMX 3a gornomoroto KaHagcbkoro
cnoctepexHoro komnnekcy CAMO, 3okpema 21 meTeopa 3 SBHO BupaxeHow bimoganbHol Kpusow 6nucky. BinbLiicTb
Takux KpuBMx BnMcKy CknagaeTbCs 3 NepLUIoro NAaBHOro Miky Ta ApYroro ACKPasilloro 1 gyxe piskoro. [na mogentoBaHHs
Takux KpmBmux GrMcKy aBTOpY BMKOPUCTOBYOTL Mogenb nunosoi kyni (dustball model), cnouatky po3pobneHy B [38], a noTim
YAOCKOHarneHy Ans ABOKOMMOHeHTHoro Tina B [39]. Po3rnsganack cuTyauis, Konu Aesika YacTuHa TYronnasKoi KOMMNOHEHTU
BXe Bigainunacs Bifg OCHOBHOIO Tifla A0 noyaTKy iHTEHCMBHOIO BUMapoBYyBaHHs. OnTuManbHa, Xo4a 1 He igeanbHa, anpok-
cumalist KpuBoi BrMcky BiabyBaeTbCA NPU Maci nonepeaHbo 3BinbHEHNX YacTuHok 107 kr ta 108 kr Tvx, sKi sanuWUNKCL B
"ckneeHomy" cTaHi Ha no4aTok abnsauii.

Y paHin poboTi NPONOHYETLCA A0 PO3rNAAY MEeTeop 3 ABHO BMPaXKeHO GiMoaanbHOK KpMBOK BrMCKy, Lo Hanexas Ao
notoky lNMepcein i cnocTepirasca B 1991 y Kuesi, i Habip skicHUX Mmogenei Ans Koro onucy.

Pe3synbTati cnocrtepexeHs. [ig yac cnoctepexeHb y 1991 p. MmeTeopHoro notoky lNMepceign Oyno 3apeecTpoBaHo Ki-
nbKa MeTeopiB 3 KONMBaHHAMW B KpuBin 6nncky [17, 18]. MNpu LpomMy oanH MeTeop AEMOHCTPYBaB KONMBAHHA B KpUBI 6niu-
CKy, TMMOBI ANnst mogeni ApobneHHs Tina (puc. 1). Bapitoloum KinbkKiCTb Ta Macy YacTUHOK, WO BigAiNsAlTbCA Big OCHOBHOIMO
Tina, i WBWMAKICTb iX BigAiNeHHs, To6To napameTpu ApobneHHs, MOXHa 1Nerko 3amoAentoBaTh Taky Kpusy 6rmcky.
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Puc. 1. He3HauHi konuBaHHS iHTEHCMBHOCTI BUNPOMiHIOBaHHSA y KpuBi 6nucky meTteopa (Mepceia, 1991),
SIKi MOXXHa NOSICHATM APOGNEHHAM Tina

laHnn meteop maB nepedaTtMocdepHy LWBMAKICTL v, =62.35 Km/c, noyaTkoBy Ta kiHUueBy Bucotn H, =102.2 Ta
H, =94.0 km, BignosigHo, i 6yB cepegHbLOI ACKpaBOCTi: abcontoTHa 30psiHa BenuMvMHa B MaKCUMYMI M =0.5", maca

m=85x107% «r.

OpHak iHWWIn MeTeop MaB ABHO BUpaxeHy GiMoganbHy Kpusy 6nvcky, npuyomy OyB 3apeecTpoBaHWI i onpaLboBaHuWii 3a
oboma NyHKTaMu CMOCTEPEXEHHST Maxe Ha BCil OinaHUi (3a BUHATKOM CaMoro no4arky) noro TpaekTopii. Ha puc. 2 HaBse-
AeHi Moro 306paxeHHs B OkpeMux kagpax 3 060x nyHKTiB cnoctepexeHHs (A — c. Jlichukun, B — c. MNununoswuui) i kpyea noro
6nucky, Takox nobygosaHa 3a ABOMa NyHKTamu. [py CnocTepexXeHHsIX BUKOPUCTOBYBaNUCb HaaqyTnNuBi TENEBI3ilHI cucTe-
MM TUMY CYMNepi30KOH, IKi, O4HAaK, MalTb AOBre MiCrnscBiYeHHs Ha MileHi nepeaaBarnbHOi TeneBisinHoi Tpyokn. Came umMm
MOSICHIOETLCS ICHYBAHHSA B OKpEMUMX BUOPaHWX Kagpax Maibke BCbOro iHTerpanbHoro 306paxeHHs meteopa. YTiM, NOpPiBHIO-
to4M 306paxkeHHs B kagpax i nobygoBaHy KpuBy OGnMcKy, MOXHA 3ayBaXxuTW, LLO MEPLUMIA MK Ha 300paXeHHsAX yxe AeLlo
3MEHLUMBCS BIGHOCHO ApYroro, oTxe, 306paxeHHs He BigobpaxalTb CTPOro (hOTOMETPUYHY KapTUHY MeTeopa B PO3BUTKY.
OTpumaHi BUOMMI 30psiHi BeNnuuHU M, MeTeopa 3a oboma MyHKTamm nepeBoannuncs B abContoTHY 30psHy BenuuuHy M

(Ha BigcTaHb 100 kM) 3a BigoMO hopMyroL
M=M,,+10-5IgR,

Ae R BupaxeHo B KM. Ha puc. 2 cBiTni Kpy>xk1 BignosigaTb BUMipam 3a NyHKTOM A, YOpHi — 3a nyHkToM B. CyuinbHa kpu-
Ba OTPUMaHa LUMSIXOM "3WMBaHHA" ABOX anpoKCUMYKUUX NMOMiHOMIB 5-ro Ta 3-ro cteneHs. Ak BUOHO 3 puC. 2, Ha Xanb,
nepLUMi Nik KpMBOi BGINCKyY, WO Mae MakCMMyM Ha BMCOTi 6rm3bko 105 KM, HE MOBHICTIO NOTpPanuB Yy Nore 30py, Tak camo
SIK | MoYaToOK MeTeopa.
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Puc. 2. BimopganbHa kpuBa 6nucky meteopa 3 notoky lNepceian, 3apeectpoBaHoro 14 cepnHs 1991 p.,

UT =20:55:51. Bini Kpy>XKu — NyHKT A, YOpHi — nyHKT B

KinemaTnyHi napameTpun meTteopa HaBeeHi B Tabn. 1, a came: BUCOTM H NOsiBU Ta 3HUKHEHHS!, BUAMMA AOBXWUHA Tpae-
KTOpii L Ta 4Yac icHyBaHHA t, 3eHITHWIA KyT BXO[PKEHHs1 MeTeopoiaa B aTMocdepy Zg ; MOAYni LWBMAKOCTI v Ta ekBaTopia-
NbHI KOOpPAUHATM O, O BWMAMMOrO Vis, NepeaaTMoCEepPHOro oo, reOLEHTPUYHOrO g Ta renioueHTPUYHOro h pagiaHTis;
eneMeHTH renioueHTpnyHoi opbiTn MeTeopoiga: a — Benuvka niseiCb OpbiTU, € — eKCUeHTpUcKTeT, i, w, Q — Haxwun, ap-
ryMeHT nepurenito Ta BUCXigHWIA By3on op6iTu, BiANoBigHO (yci KyTOBi enemMeHTU HaBefeHo Ha enoxy J2000.0).

Ta6nuuys 1
KiHemaTn4Hi xapakTtepucTukm meteopa 3 6imoaanbLHOK KPUBOK GIUCKY
TpaekTopis
Hp, km Hg , km L, km t,c Zg,°
>105.01 89.45+0.12 >27.98 >0.49 53.67+0.41
PapiaHT Ta wBMAakKicTb
Vis. o g h

oR,° 52.11£0.73 52.27+0.74 53.10+0.74 139.23+£6.14

or,° 60.89+0.25 61.13+0.25 60.79+0.26 87.79+0.53

v, km/c 58.56+£0.36 58.42+0.36 57.36+0.36 40.84+£0.40

OpGiTa
a,a.o. e i,° @,° Q,°
10.67£4.22 0.91+£0.03 109.03+£0.23 145.51+1.72 141.83321+0.00001
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3a Bcima o3Hakamu gaHui meTeop — Tunosui MNepceig. Makcumym 6nvcky B nepLiomMy nikoBi cTaHOBMB +2™, y Apy-
romy +3.5™, a B genpecii +4.5™, o maixke Bignosigae poHoBi Heba. Ak BUAHO 3 puC. 2, YYTNMBICTb CNOCTEPEXHOI ana-
patypu obmexysanacsa +5.5™, TUM He MeHLU NMOBHOro 3HUKHEHHS CBITiHHA He Biabynocs. 3a cdopmoto 6imoaanbHOI Kpu-
BOI GrIMCKY MeTeop He nianagae nig OCHOBHY YacTUHY onucaHux y [37], a Mae NpOTUNEXHWIA BUIMAL — NEPLUNIA NiK iHTEH-
CUBHUI, a apyrun cnabkuii. NMpoBeaemo siKiCHUIA aHani3 MOXNMBMX MOAENEN BHYTPIWHbLOT OyA0BM MeTeopoiga Ta po3Bu-
TKy BignosigHoro meTeopa.

AxkicHuM aHani3 i MoxxnuBi Mogeni meteopa. Y poborTi [37] aBTOpamu 3ragyeTbCs, WO HANMPOCTILLMM NOSICHEHHSM Oi-
MoZanbHMX KpMBUX BIMCKY MOrnv 6 CNy>KUTU OBi YaCTUHKK, SKi He po3ainsaoTbest anapaTypoto. OgHaK HUMM X NPUAMAaETb-
cs Bepcisi NMNoBoOi Kyni, Ae € 6araTto YacTMHOK ABOX Pi3HMX 3a po3mipamu 1 macoto TuniB, "ckneeHnx" BinbL neTioyoo pe-
YOBWHO Ha 3pa3ok nbogy. Mu He Byaemo po3rnsaaTv aHanoriYHy Mogernb, OCKifbkW, No-neplue, BOHa BXe AeTanbHO pos-
pobneHa B [38, 39] Ta [37], a no-gpyre Tomy, LLO Taka Mogenb Mae JocuTb 6araTo cTeneHiB BiNbHOCTI, TO6TO NapameTpis,
3MIHOK SIKMX MOXXHA KOpWryBaTh MOBEAIHKY Tina, WO B MPUPOAI HaBpsaag Yn Mae micue. Y AaHin poboTi My po3rnsiHEMO siKic-
HO NMLIE HarnpoCTiWi moaeni, siki mornu 6 onucaTtun Taki 6iMoaanbHi KpUBI GrIMCKY. Y TakoMy MOZEIOBAHHI, KpiM NpOCTOTH
Oynoswu Tina (abo Tin), 6yaemo 3Baxatu Ha i3nYHY MOXIUBICTb iCHYBaHHSA B MpUpoAi 4aHoro yTBopeHHs. 3aranomM 6ygemo
posrnggaT ABa TUNW METEOPOIAIB, Y SKMX y MepLIOMy BUNaAKy NMPUYMHOK ABOX NiKiB HA KPUBI GNNCKY € ABOKOMMOHEHT-
HWI cKnag KOCMIYHOT YacTMHKK, a B iHOMY — YacTuHKa nepenbavaeTbCcsi OQHOPIQHO Ta MOHOMITHOK, @ NpUYMHOI GiMo-
AanbHOCTi KpMBOT BrMcKy € reomeTpuyHa hopma MeTeopoiga.

Komno3utHui meTeopoig i3 ABOX KOMMNOHEHT. FK yxXe 3rafyBarnocsi, HalnpocTilniA BUNaaoK CNoCTepPEeXeHHst GiMmo-
AanbHOI KpMBOI BnMcKy — napanenbHWiA MONIT Ha Ay)Xe MarneHbKil BiACTaHi ABOX Pi3HMX YaCTMHOK, HaMpuKnag KaMm'sHoi Ta
YacTUHKK 3 nboay. Y BMNaAKy HaLOi CMOCTEPEXHOI anapaTypy KyTOBWI PO3MIp MiKCens CTaHoBWTbL 4', WO Ha BigcCTaHi
100 km Bignosigae npnbnmaHo 115 M. OTxe, Taki ABi YAaCTUHKM MalTb pyXaTUCA Ha BigcTaHi NPpMGM3HO TaKoro camoro Mno-
pSOKY 1 Togi 6yaoyTb CNPURHATI CMOCTEPEXHOID anapaTyporo sk ogHa. Bapitotoum ixHi macu, cbopmu Tin i rycTuHy, MoxHa
nigibpaTtn Taky noBeaiHKy ixXHiX KpuBux Gnmcky, sika 6 nNpu ix cknagaHHi 3abesneynna G6iMoganbHWIA BUMMSAA iHTErpanbHoi
kpuBoi (puc. 3 a). Cnig 3ayBaxuTy, WO AOCUTb NErko NiaibpaTn napaMeTpy TakMx YaCTUHOK ANS BUNaAKy, KONu nepLuni nik
Manui 3a iHTEHCUBHICTIO, @ apyrnii — Binbwmi, sk Byno onucaHo B [37]. Y npoTunexHomy BUNagky, TOOTO TakoMy, SKWUNA
HaBedeHo Ha puc. 2, nigibpaTn OBi YacTuHkK, ski 6 3abe3neunnu oyxe mane cBiTiHHS B Aenpecii iHTerpanbHOi KpMBOI, A0o-
CUTb BaXXKO — 3HAYHO NpOCTille 3MoAentoBaTh cutyauilo, ae rmubuHa genpecii 6yae HesHavHa, TOO6TO KpuBi BrMcKy ABOX
YaCTUHOK CYTTEBO MepekpuBatoTbes. MNpuunHa TyT odeBnaHa — BinbLu nerkonnaeka YacTMHKa Mae BCTUTHYTU JOCATTU TeM-
nepaTypu KWMiHHSA Ta MOBHICTIO BUNApyBaTMCS, NOKM iHLWWA Le He JocsArna CBOEi TeMnepaTypu iHTEHCMBHOIO BMNApOBYBaH-
HS, @ MOXIUBO, NuLLEe TemnepaTypu MNaBfieHHs, agXe He3HayHe CBITIHHA BXe MOXNMBEe Ans ii AeTeKTyBaHHSA N Yy LbOMy
BMNagaky. IHwow npobnemoto Takoi Moaeni € gakT iCHyBaHHsl Ha Manin BiACTaHi ABOX YaCTMHOK NPOTAroM TPMBanoro yacy —
Bil NTOKanbHOr0 PYMHYBAHHA YaCTUHW KOMETHOro SiApa. Y LbOMY BMMNaAKY 3HAYHO neriue npunycTuTu pyMHYBaHHS Takoro
Kam'sHO-NboA0BOro MeTeopoiga 6e3nocepeaHbo Nepea 4u Npu BXodi B 3eMHy atmocdepy.

IHWI, peanicTUYHILWI LWLOJO MOXNMBOCTI iCHYBaHHS BapiaHTX Takoi Mogeni HaBedeHi Ha puc. 3 6 Ta 3 B. Y nepwiomy Bu-
nagky (puc. 3 6) 6inbLw Tyronnaeka — kam'sHa abo 3ani3Ha — YacTMHKa MOKpUTa Wapom Binblu nerkonnaekoi, Hanpuknag
NbOAOBO-MUIOBOI CyMillli.

Fowo o o

Z ° 3 * 0
SOSESE SIS =R
ftod €« o « o -

Puc. 3. Pi3Hi BapiaHTM ABOKOMMNOHEHTHOI CTPYKTYpPU MeTeopoiaa, sika MoXe CNPUYMHUTU GiMoaanbHy KpuBY 6nmcky:
a — He3B'I3aHi YaCTUHKK, L0 pyXaloTbCsl NapanenbHo, NPUYOMy nerkonnaBka YacTMHKa NPaKTUYHO MOBHICTIO BUNAPOBYETHCS
[0 noyaTtKy abnsujii TyronnasBKoi YacTUHKW; 6 — Tyronnaeka YacTWMHKa NOKpUTa LLapoMm FierkonnasKoi,
sIka CNoYaTKy BUNapoBYETLCA, @ NOTIM BiAKPMBAE LUNSX ANA HarpiBaHHA 1 BUNapoBYBaHHSA TyronnasKoi;
8 — yrnamox BinbLUOi 3@ pO3MipOM YaCTUHKK, sika TaKkoX cknaganacs 3 6inbL Tyronnaskoro sapa
Ta MeHL Tyronnaskoi nepudepii — po3BUTOK cUTyaLlii aHanoriYHnin nonepeaHLOMY BUNaAKY;
cxemaTtuyHa kpuea bnuncky meTteopa, sika, Mo CyTi, € KOMMNO3WLE0 ABOX HE3aNEXHNX KpUBKX Brimcky
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CniBBiAHOLLEHHSA PO3MIPIB YACTUHOK, iXHi BHYTPILLHI XapaKTepuCTUKM Ta KyT BXOOXKEHHSI B aTMocdepy MOXHa BapitoBaTu
B NEBHMX Mexax AOBXMHM (Yac iCHYBaHHS) NepLioro Ta Apyroro nikis. Hanpwknag, (ave. puc. 3 a), ansa Toro, wob otpumatn
MOBHICTIO PO3PUBHY KpuBY GrMCKy mMeTeopa, Mpu TakoMy BapiaHTi HeobxigHo, Wwob nerkonnaeka YacTWHKa BunapyBanacs
MOBHICTIO A0 NOYATKy CBIiTIHHS TYronnaeKoi — iHaKLE CBiTiHHA MOBHICTIO HE MPUNUHUTBLCA. AHanoriYyHa cuTyauis Anst Mogeni,
306paxkeHoi Ha puc. 3 6 — meTeop Byae NpoaoBXKyBaTU CBITUTUCS B MiHIMYMI, OCKiNbKM BHYTPILLHS YacTUHKa BXe Oyae Bigk-
puTa Habiralo4omMy MOTOKOBI MOBITPS, @ 30BHILLHS BCe LUe NPoAOBXyBaTUMe BunapoByBaTuck. Cnig 3ayBaXuTu, LIO cutya-
Lis Moxe geLo abo CyTTeEBO 3MIHUTUCH NPU LWBUAKOMY 0OepTaHHi Takoi cdhepuyHOi YaCcTUHKK. Y LbOMY BUNaZKy BMNapoBy-
BaHHSA NOBEPXHi MOXe NTW pPiBHOMIpHO abo marxe piBHOMIPHO, i NpU JOCTaTHBLO HU3bKOMY KOediLieHTOBI TENIONPOBIAHOCTI
30BHILLHBOrO LLAPYy TOM MOXE NOBHICTIO BUNapyBaTUCS, He NepeAaBLUM AOCTaTHbO eHeprii BHYTPILLHIN YacTuHUi, — ToAi BOHa
3YCTPiHETBLCA 3 MONeKynamu noBiTps, 6yayyn [OBONI XONOAHOM.

Bunapok, 306paxeHuii Ha puc. 3 B, aHanoriyHMn nonepeHin cutyadii, ane obuasi cknagosi € ynamkom BinbLu KpynHOT
YacTWMHKK, WO crnovaTtky mana cdepuyHy (abo cxoxy) gopmy. BigMmiHHICTIO Takoi koHdirypauii BigHOCHO nonepeaHboi €
OYEBUHICTb eKpaHyBaHHSI BHYTPILLUHBbOI TYronyaBKoi CKIIaf4oBOi NOBEPXHEBOK PEYOBMHOK [0 MOBHOrO ii BUMApOBYBaHHS,
OCKiNbKu Taka reomeTpisa Tina 6yge cTBOpOBATU CTiIMKMIA MOro pyx B aTmocdepi. XoTinocsa 6 3ayBaxuTu, WO iaeHTUdiKaLis
Takoi [IBOKOMMOHEHTHOI MoAeni meTeopoiga Moxe OyTu nerko peanizoBaHa 3a OOMOMOIoK napanernbHUX CnekTpanbHUX
CMOCTEPEXEHDb 33 YMOBM, LLIO METEOP JOCTaTHLO SCKPaBUNA.

MoHoniTHUIN ogHOpiAHUIA MeTeopoi HenpaBUIIbHOI (bopMU. He3Baxatoun Ha O4eBMAHY CKMNafHICTb MOXINBOI pea-
ni3auii KinbKiCHOro aHanisy HaBeAeHuxX BULLEE Mogenen (Yepes Many KinbkiCTb Y HUX BapiaTUBHUX NapameTpiB), yce X Buaa-
€TbCA AouinbH1UM nobyaysaTy B NepCcrnekTuBi BiANOBIAHI KinbkicHi mogeni. OgHak we cknagHilum BuaaeTbest cnpoba nosic-
HUTK GiMoZarnbHi KpMBiI GNIMCKY 32 AOMOMOro MOZES PyXy OL4HOPIAHOrO MOHOMITHOro Tina. MpoTe MoXHa yaBUTK Tina He-
NpaBUSIbHOI rEOMETPUYHOT POPMU, SKi Yepes Liko CBOK 0COOnMBICTbL abo [O0AAaTKOBO Yepes panToBy 3MiHY iXHbOI OpieHTauii
nig Yac pyxy B atmocdpepi 3mornu 6 3ymoBUTH Taki cneumdiyHi Kpuei 6nncky.

HannpocTiwnm BapiaHTOM € YacTuHKa, sika obepTaeTbCs, i Npy LbOMY B NEBHOMY MONOXKEHHI Ti Migenb mMae aoyxe mane
3HayveHHs1. HanoueBugHiwa gopma — popma moHeTH (puc. 4 a). MNepwumin nik y kMBI Gnncky [OCAraeTbCH, KOMM YacTUHKa
NoBepPTaETbCS NMOBEPXHEKD MEPMNEHAMKYNSIPHO A0 HANPSIMKY PYXy, @ MiHIMyM — BiAnNOBIigHO KONMM BOHa NeTutb "peGpom Mo-
HeTW" ynepea. Opyruii MakCMMyM MOB'A3aHUIA MULLE YACTKOBO 3 MeprneHOMKYNsiPHOK OpieHTaLielo YacTuHkKM, a binble i3
3aBEepLUEHHsIM BMNApOBYBaHHSA B TyCTilIMX Wwapax atmocdepu. NeBHUM Heaomnikom Takoi Moaeni € ToW dakT, WO MOXMu-
BiCTb i WBMAKICT 06epTaHHsa OyayTb CUMbHO 3anexaTtu Big Macu, po3mipy Ta LUBMAKOCTI PyXy KOCMIYHOI YaCTUHKU Yepes
BEIMKEe aepofMHaMiyHe HaBaHTaXXEHHSA Npu 3ycTpidi 3 aTMocdepoto nnaHeTn, ocobnmBo y BiQHOCHO ryCTUX Luapax aTtMoc-
depun. Agxe, 04EBUAHO, CTIVKMM MOJNOXEHHAM YaCTUHKK € T OpieHTauis, Konu ii NOBEpXHsi NepneHauKynspHa A0 HanpsiMKy
pyxy, i Wob 3AiCHUTK NOBOPOT, METEOPOIf NOBUHEH MaTu AOCTATHIN o6epTanbHUA MOMEHT.

S |
1 0 1
= =

|
L

Puc. 4. Pi3Hi BapiaHTn chopmm Ta pyxy MOHONITHOro MeTeopoiga ogHOPiIAHOT CTPYKTYPM,
fIka MOXe CNPUYUHUTK BiMmopanbHy KpuBY Gnmcky:
a — Nnockuii MoHeTonoAibHUA MeTeopoia, Lo obepTaeTbesl, — MiHIMyM GnncKy 3yMOBREHWUI MiHIManbHUM Migenem YacTuHKK;
6 — UMNIHOPWYHWI raHTenenoaibHun MeTeopoia, y SKOro 3agHs YacTvHa NEBHWUIA Yac NOBHICTIO eKpaHyeTbCs NepeaHboto; 8 — MeTeopois,
aHanoriyHun 6, ane konu genpecis 6nMcky 3ymoBrneHa noro ogHopa3oBnm obepTaHHAM Ha 180°, BUKNIMKAHUM MNOCTYNOBUM
3MILLEHHSAM LieHTpa Mac; cxemaTnyHa Kpusa 6nmcky, Lo Bigobpaxae 3MiHy opieHTaLil YaCTMHKM NPOTSArom NosnboTy

Ha puc. 4 6 cxematnyHO 306paxeHUn UMNIHAPUYHWIA raHTenenodibHuii MeTeopoin, WO CKnagaeTbes i3 PisHMX 3a No3-
[OBXHIM PO3MipOM YaCTWHOK, siKi 3'eqHaHi By3bkuM "nepelumiikom”. MeTeopoig cnovaTky Mae pyxatucst BinbLLOK YacTUHO
Bnepeq — Takui pyx byae CTiikuM Yepes Te, Lo LeHTp Mac 6nwkumin go dpoHTansHoi YactuHu. e ogHielo ymoBoto CTin-
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KOro pyxy € 3Ha4HO GinbLUMA NonepeyHUii PO3MIp KOXHOT 3 YacTWH Tina, HiXk MO340BXHIN (TO6TO giameTp unniHapiB BinbLwni
HiXX IXHS goBxuHA). MNMepeHin i 3agHin uniHapyu MarTb abo ogHakoBun pagiyc, abo nepegHin Ginbwnn — Le 3abesnevye
NOBHY eKpaHi3aLilo 3agHbOi YaCcTMHWM MeTeopoiga. A By3bkuin 3'€QHY04MI "MICT" Mae NOpPiBHAHO Manui diameTp, WO MiHiMmi-
3ye nepefaBaHHs Tenna A0 3a4HbOI YaCTUHM, OCOGMMBO NMPU HU3LKOMY KoedilieHTi TeNnonpoBIAHOCTI pe4yoBUHW. Mo Mipi
BMMAPOBYBAHHS MepeaHbOi UUNIHAPUYHOI YaCTUHM iHTEHCUBHICTL BnmncKy meTeopoiga Oyae 3pocTatv nuwie 3a paxyHokK
36inbLUEHHsT TyCTUHU aTMocdepu, afxe Migens UMNiHOPUYHOro MeTeopoiga He 3MiHeTbCA. Mpu HabnMxeHHi poHTanb-
HOI NOBEPXHi YaCTUHKN A0 "nepeLuninky”, Wo 3'edHye nepedHio Ta 3adHI0 YacTUHUM Tina, eBomnouig MeTeopa MoXe WTu ABO-
Ma wwnsixamu. Y nepwomMy Bunagky (puc. 4 6) nepefHs YyacTvHa OOCUTb LUBUAKO 3HWKAE MOBHICTHO, OrofitoYM NPakTUYHO
XOnoAHy 3afgHIo YacTuHy meTeopoiga. Kpnea 6nvcky npy ubomy Mae MiHiMym (abo CBIiTiHHSA 3HMKaE 30BCiM), a Aani NoYMHa-
€TbCA hasa HarpiBaHHA Ta BMNApPOBYBaHHA 3a4HbOI YAaCTUHWM Tina, Aka Mae NPOXOAMTUN 3HAYHO IHTEHCUBHILLE, OCKIfbKM Bif-
OyBaeTbCHA B HUXKUMX, FYCTiLLMX LLapax atmocdepwm.

[eLo iHWWI BapiaHT pO3BUTKY MOAIN — KONM NO Mipi BUNapOoBYBaHHA NepeaHboi YacTWHM Tifa LEeHTp Mac meTeopoiga
3MILLYETBCS B 3aHI0 YACTUHY TiNna, 3a "nepewmninok”. Y uboMy BUNAAKY PyX MOXe CTaTh HECTIMKUM i 3'aBUTbCS 0bepTanbHuin
MOMEHT, SKWUIA, Y CBOKO Yepry, 3yMOBUTb po3BOpOoT Tina Ha 180°. 3 noyaTkoMm i NpOTArom po3BopoTy Tino Oyae opieHTyBaTu-
Csl CBOIMM BiAHOCHO XONMOOHVMMM YacTuHamu (3agHsa vacTvHa Gyae marke MOBHICTIO xonogHa, ane 6okoBa MOBEpPXHS ne-
peaHbOI YaCcTUHW — Hi) ynepen, Lo CNpyUYvMHUTL AENpecito B KpMBIN 6rnmcky meTeopa. mMmbuHa genpecii 3anexuTs Big Ae-
Tanewn reomeTpu4HOI hopmu Tina.

BucHoBku. 3anponoHoBaHi TyT mogeni chopmu, cknagy Ta gisavyHMX BracTMBOCTEN MeTeopoifiB i Aeskux ocobnmeoc-
Tew IXHbOro pyxy € HauMpOoCTILLUMK 3 TUX, L0 NPeTeHAaYoTb Ha NOsSICHEHHST BiModanbHKX KpMBMX GNKCKyY, WO iHOAi cnocTe-
piratoTeca B MeTeopax. Ha BigmiHy Big onucanmnx y [38, 39] Ta [37], Taki Mmoaeni MaloTb MiHIMYM BapiaTUBHUX NapameTpiB, i
3a MOXIMBOCTI KOPEKTHOrO Nigbopy unx napameTpiB Nig Yac KinbKiCHOro aHanisy 3ragaHi Moaeni 3MoXyTb npeTeHgyBaTu Ha
BULLY MMOBIPHICTb peanisauii B npupogi. MNMpoTe cnig 3ayBaxuTu, WO Taki sIKICHI Mogeni onepyrTb AyXe CXemMaTU4HUMMU
reoMeTpUYHMMM KOHpirypauismm MeTeopoifiB, ik MOHOMITHUX, Tak i ABOKOMMNOHEHTHUX. [pu KinbkicHOMy aHanisi Ta Bigno-
BiJHOMY 4MCMOBOMY MoOAenNtoBaHHi crig Oyoe po3rnagaTv He Nue Taki igeanisoBaHi, a i NpuMpoaHiWi popmu Tin Ta ixHi
komMnoauuii. Takox Haragaemo, Lo, iIMOBIpHO, Kpankow y B1bopi gisnyHoi Mogeni, sika HagiiHo onucye GimoaanbHy KpuBy
6nncky meTeopa, 6yae ycnilwHa peanisauis napanenbHUX CNeKTpanbHUX CNOCTEPEXEHD.

Cnuncok BUKOpUCTaHUX axepen
1. Jopek T.J. Current status of the~IAU MDC Meteor Showers Database : Proc. Astron. Conf. Meteoroids, 2013 / T. J. Jopek, Z. Kanuchova ; eds. :
T. J. Jopek, F. J. M. Rietmeijer, J. Watanabe, I. P. Williams. — Poznan (Poland) : A. M. Univ. Press, 2014. — P. 353-364.
2. Svoren J. Current status of the photographic meteoroid orbits database and a call for contributions to a new version /J. Svoren, V. Porubcan,
L. Neslusan // Earth, Moon, and Planets. — 2008. — 102. — 1-4. — P. 11—*14.
3. SonotaCo A meteor shower catalog based on video observations in 2007-2008 // WGN, the Journal of the IMO. — 37:2. — 2009. — P. 55-56.
4. Taylor A. D. Discovery of interstellar dust entering the Earth's atmosphere / A. D. Taylor, W. J. Baggaley, D. . Steel // Nature. — 1996. — 380. — 6572. — P. 323-325.
5. Baggaley W. J. Advanced Meteor Orbit Radar observations of interstellar meteoroids / W. J. Baggaley // Journal of Geophysical Research. — 2000. — 105,
A5. — P. 10353-10361.
6. Hawkes R. Optical detections of two meteoroids from interstellar space / R. Hawkes, S. Woodworth // Journal of the Royal Astron. Soc. of Canada. —
1997. - 91. - P. 218-219.
7. Hawkes R. Meteoroids from outside the solar system / R. Hawkes, T. Close, S. Woodworth // Proc. Int. Conf. Meteoroids 1998 / eds. W. J. Baggaley,
V. Porubcan. — Tatranska Lomnica, Slovakia, 1999. — P. 257-264.
8. Kinoshita M. Preliminary activity of Leonid meteor storm observed with a video camera in 1997 /M. Kinoshita, T. Maruyama, T. Sagayama
/I Geophysical Research Letters. — 1999. — 26, 1. — P. 41-44.
9. Meteoroid clusters in Leonids: evidence of fragmentation in space / J. Watanabe, |. Tabe, H. Hasegawa et al. // Publ. Astron. Soc. in Japan. — 2003.
- 55, 3. - P. L23-L26.
10. Ceplecha Z. Earth-grazing daylight fireball of August 10, 1972/ Z. Ceplecha // A&A. — 1994. — 283. — P. 287-288.
11. Borovicka J. Earth-grazing fireball of October 13, 1990 / J. Borovi¢ka, Z. Ceplecha // A&A. — 1992. — 257. — P. 323-328.
12. Meteor Network Team in Japan Earth-grazing fireball on March 29, 2006 / S. Abe, J. Borovi¢ka, P. Spurny et al. // European Planet. Sc. Cong. 2006,
Berlin, Germany. — 2006. — P. 486.
13. Earth-grazing fireball from the Daytime {-Perseid shower observed over Spain on 2012 June 10 / J. M. Madiedo, F. Espartero, A. J. Castro-Tirado et al.
/I MNRAS. -2016. - 460, 1. - P. 917-922.
14. Kozak P. M. Upward-moving low-light meteor — |. Observation results / P. M. Kozak, J. Watanabe // MNRAS. — 2017. — 467, 1. — P. 793-801.
15. Kosak M. JoTnyHi o 3emHoi atmoccdepu meteopwm / 1. Kosak // BicH. KuiB. Hau,. yH-Ty imeHi Tapaca LLesyeHka. ActpoHomisi. — 2017. — 1 (55). — C. 48-51.
16. Kosak . M. MeTeopwu 3 aHOManbH1UMK BUCOTaMM NOSIBU 3a TeneBisinHumm cnoctepexeHHssimu B Kuesi / M. M. Kosak // BicH. KuiB. Hau. yH-Ty iMeHi Tapa-
ca LLleByeHka. AcTpoHomist. —2017. — 2 (56). — C. 6-9.
17. Perseid meteor stream 1991-1993 from TV observations in Kiev / M. Hajdukova, V. G. Kruchinenko, A. M. Kazantsev et al. // Earth, Moon and Planets. — 1995.
—68. —297-301.
18. Catalogue of Perseid shower meteors on TV observations in Kyiv during 1991-1993 / V. G. Kruchinenko, A. M. Kazantsev, Yu. G. Taranukha et al. // Bull.
Kiev Univ. Astronomy. — 1997. — 34. — P. 94-117.
19. Meteor luminosity at 160 km altitude from TV observations for bright Leonid meteors /Y. Fujiwara, M. Ueda, Y. Shiba et al. // Geophys. Resydkcp
Letters. — 1998. — 25, 8. — P. 285-288.
20. Very precise orbits of 1998 Leonid meteors / H. Betlem, P. Jenniskens, J. Leven et al. // Meteoritics and Planetary Science. — 1999. — 34. — P. 979-986.
21. Atmospheric behavior and extreme beginning heights of the thirteen brightest photographic Leonid meteors from the ground based expedition to China
/ P. Spurny, H. Betlem, J. V. Leven, P. Jenniskens // Meteoritics and Planetary Science. — 2000. — 35. — P. 243-249.
22. Image-intensified video result from the 1998 Leonid shower: |. Atmospheric trajectories and physical structure /M. D. Campbell, P. G. Brown,
A. G. LeBlanc et al. // Meteoritics and Planetary Science. — 2000. — 35. — P. 1259-1267.
23. Extreme beginning heights for non-Leonid meteors / P. Koten, P. Spurny, J. Borovicka, R. Stork ; ed. Barbara Warmbein. — ESA SP-495. — Noordwijk:
ESA Publications Division. — 2001. — P. 119-122.
24. Gaehrken B. A bright, high altitude 2002 Leonid / B. Gaehrken, J. Michelberger // WGN, the journal of the IMO. —2003. — 31:5. — P. 137-138.
25. The beginning heights and light curves of high-altitude meteors / P. Koten, P. Spurny, J. Borovicka et al. // Meteoritics and Planetary Science. — 2006.
—41, Ne 9. — P. 1305-1320.
26. Results of processing of Leonids-2002 meteor storm TV observations in Kyiv / P. Kozak, O. Rozhilo, V. Kruchynenko et al. // Adv. Space Res. — 2007.
—39.-4.-P.619-623.
27. PF191012 Myszyniec — highest Orionid meteor ever recorded / A. Olech et al. // Astronomy and Astrophysics. — 2013. — 557. — A89. — P. 1-5.
28. Bright Perseid fireball with exceptional beginning height of 170 km / P. Spurny, L. Shrbeny, J. Borovicka et al. // Astronomy and Astrophysics. — 2014. —
563. —A64. — P. 1-6.
29. New type of radiation of bright Leonid meteors above 130 km / P. Spurny, H. Betlem, K. Jobse et al. // Meteoritics and Planetary Science. — 2000. — 35. — P. 1109-1115.
30. Popova O. P. Sputtering of fast meteoroids' surface (2007) / O. P. Popova, A. S. Strelkov, S. N. Sidneva // Adv. Sp. Res. — 39, 4. — P. 567-573.
31. Stenbaek-Nielsen H. C. "Shocking" Leonid meteor at 1000 fps / H. C. Stenbaek-Nielsen, P. A. Jenniskens // Adv. Space Res. — 2004. — 33. — P. 1459-1465.
32. Evidence for transverse spread in Leonid meteors / A. G. LeBlanc, I. S. Murray, R. L. Hawkes et al. // Mon. Not. R. Astron. Soc. —2000. — 313. — P. L9-L13.



ISSN 1728-273x ACTPOHOMIA. 2(58)/2018 ~ 55 ~

33. Jet-like structures and wake in Mg | (518 nm) images of 1999 Leonid storm meteors / M. J. Taylor, R. C. Gardner, I. S. Murray, P. Jenniskens // Earth,
Moon, and Planets. — 2000. — 82-83. — P. 379-389.

34. SuprimeCam Observation of Sporadic Meteors during Perseids 2004 / M. lye, M. Tanaka, M. Yanagisawa et al. — PASJ: Publ. Astron. Soc. Japan. —
2007. - 59. — P. 841-855.

35. Gorbanev Y. M. Odessa television meteor patrol // Odessa Astron. Publ. — 2009. — Vol. 22. — P. 60-67.

36. Stokan E. Transverse motion of fragmenting faint meteors observed with the Canadian Automated Meteor Observatory / E. Stokan, M. D. Campbell-
Brown // Icarus. — 2014. — 232. — P. 1-12.

37. Meteoroid structure and ablation implications from multiple maxima meteor light curves /1. D. Roberts, R. L. Hawkes, R.J. Weryk et al. // Proc.
Meteoroids 2013 / eds. : T. J. Jopek, F. Rietmeijer, J. Watanabe, |. P. Williams. — 2014. — P. 155-162.

38. Jacchia L. G. The Physical Theory of meteors. VIII. Fragmentation as cause of the faintmeteor anomaly / L. G. Jacchia // AJ. — 1955. — Vol. 121. — P.521.

39. Hawkes R. L. A quantitative model for the ablation of dustball meteors / R. L. Hawkes, J. Jones // MNRAS. — 1975. — Vol. 173. — P. 339-356.

M. Kosak, kaHA. pus.-maT. HayK,
AcTtpoHoMuUyeckan o6cepBaTopus
KneBckoro HaumMoHanbHoro yHusepcuteta umeHu Tapaca LlleBueHko, Kues

METEOPbI C MYJIIbTUMOANbHbLIMU KPUBbIMU BJIECKA: HABINMIOOEHUA U KAHECTBEHHbIE MOJEJN

Paccmampueaemcsi npobriema mesieeu3uoHHOU peaucmpayuu Memeopoe ¢ aHoOMaslbHbIMU KpuebiMu 6recka, 8 YacmHocmu
C MysibmuMoOasnbHbIMU U 6uMmodanbHbiMu ux munamu. [lpusodsimcs pe3ynbmambi HabnrodeHuli dsyx Memeopoe U3 Momoka
IMepceud, nony4yeHHbIe ¢ MOMOWbLIO Mesle8U3UOHHbLIX cUCMeM muna cynepu3okoH. O0Ha u3 Kpuebix 651ecka umeem MyJILMUMO-
OanbHbIl xapakmep u Moxem 6bimb 06bsicHeHa OpobrieHueM meJsia, Opy2asi MPUHaOdJIeXum K SI8HO 8bipa)eHHOMY 6umodalib-
HOMy muny, Komophblii He umeem Ha ce200HsAWHUl OeHb OKOHYamesibHo20 06bsicHeHus1. [pednazaromcesi kayecmeeHHble Mode-
U Onsi uHmepnpemayuu Memeopa ¢ 6umodanbHol kpueoli 6siecka. OGHa u3 Hux npedycmampueaem O80KOMMNOHEHMHbIU coc-
mae Memeopouda, koeda mesio, Mo cymu, cocmoum u3 deyx yacmel. [lpyzoli eapuaHm — 0OHOPOOHbIU MOHOJIUMHBIU Memeo-
poud co creyuguyeckoii 2eomempuyeckoli popmoli u napamempamu 803MOXHO20 epaujeHusi mena. lpednoxeHHble Modenu
sensAroMcs npocmelwuMu Mo Kosiudecmey eapbupyeMbix rnapamempos u mo2ym npemeHdoeamb Ha 00CMO8EePHOCMb Mpu yc-
newHoMm npoeedeHUU KO/IUYeCME8eHHO20 aHanu3a. OmMeyeHO, 4YMoO OKOHYamesibHo nodmeeplumb UNU OfnpoeepaHymMb murl
MoO0esniu MOXXHO MOJIbLKO NpU NposedeHuU napasnsesbHbIX cnekmpasnbHbix HabrodeHuli Memeopoe.

Knroyeenie cnoea: memeopsbl, sudeoHabsio0eHUe Memeopoe, aHoMaslbHble Memeopbi, homomempusi, Kpueble bsiecka me-
meopoe, ghusuyeckasi Modesib J8UKEeHUsT Memeopa 8 ammMocghepe, Ka4ecmeeHHbIl aHanu3 pe3ysbmamoe Habo0eHull.

P. Kozak, PhD,
Astronomical Observatory,
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

METEORS WITH MULTI-MODAL LIGHT CURVES: OBSERVATIONS AND QUALITATIVE MODELS

The problem of TV or video registration of meteors with anomalous light curves, in particular with multimodal and bimodal
types is considered. The results of observations of two meteors from Perseid shower, obtained with the help of TV systems of
super-isocon type are presented. The initial velocities of meteors were typical for Perseid shower meteors: 62.4 km/s and
58.4 km/s. One of the meteors has a light curve of a multimodal character, which can be explained by the fragmentation of the
body. Another light curve has an evident bimodal type, which has no final explanation for the present. In opposite to most of
registered for the moment meteors with bimodal light curves the given meteor from Perseid shower demonstrates the first peak
of illumination to be much more intensive, and the second one to be significantly lower. The maximal brightness in the first peak
was +2 magnitude, in the second one +3.5 magnitude, and in depression +4.5 magnitude which almost corresponds to the sky
background, while the sensitivity of our observational instruments was +5.5 magnitude; but nevertheless the entire radiation
disappearance was not happen. The qualitative models for interpretation of the meteor with bimodal light curve are proposed.
One of them stipulates for different variants of realization of the 2-components composition of a meteoroid, when a body as the
matter of fact consists of two particles. One of particles, inner as a rule, is high melting, for example a stone of iron; another one,
the cover, is lower melting, for example a mix of dust and ice. Other types of the models use the cases of uniform monolith
meteoroid of specific geometric shape. It is also intended that the meteoroid can rotate during its motion dependently on
changing body shape or shifting its mass center. The proposed models are the simplest in accordance with the number of
varying parameters, and can therefore pretend to their reality after successful application of quantitative analysis and according
numerical modeling. It is noted that the final confirmation or abolishment of the model type will be possible after carrying out
parallel spectral observations of meteors.

Key words: meteors, video observations of meteors, anomalous meteors, photometry, meteors brightness curves, physical
model of meteor motion in the atmosphere, quality analysis of observations results.



