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O marepumasiax HOMepa

B mocnemaame romer Bce Gostee BO3pacTaeT aKTyaJabHOCTb MPOOJIEMBI KOCMUYECKHUX YTPO3, IPEXKJE BCEr0 KOCMMU-
geckoro Mycopa (KM), acrepouao-komerHoii onacHoctn (AKO), mpo6ieMbl TeMHOTO 1 CIIOKOHHOTO Heba (po-
61eMBI TOMEXOBON OOCTAHOBKM), & TaKyKe KOCMUYECKON MOTOJbl. JTa aKTYaJIbHOCTH IOJIEPKUBAETCS GOJIBIINM
BHUMAaHIEM, KOTOPO€e BeJIyIe CTPaHbl U KPYIHBbIE MeXKIyHapomaHble opranusaiuu (npexiae scero OOH) ynems-
10T 3T0# mpobseme. [IpuHATHIE B MUpE OPraHM3aIMOHHBIN TOIX0J] — IPOBEIEHNE JIOJTOCPOIHBIX HAIMOHAJIBHBIX
(rocyIapCTBEHHBIX) IIPOrPAMM € OUPEEIeHHBIM YPOBHEM MeXKIyHapoJHol kooreparuu. B Poccun peanuzyercs
rakag nporpamma (ACIIOC), Ho oHa orpaHudeHa O CBOMM 3aJadaM, B CIIUCOK KOTODBIX, HAIIPUMED, He BXOIUT
npobsiema AKO. st usydenus: u paspaboTKu METOJIOB [IAPUPOBaHUsI KOCMUYECKUX yIpo3 B Poccun HeoOXomMma
KOHCOJIUIAIUsT MMEROIINXCsl M Pa3BUTHE HOBBIX CUJI U CPEJICTB.

Baxnoe cobwrtue cocrosioch B saBape 2022 r. Pykosomurenem 'K «Pockocmocy [1.0. Porosumbim yTBeEp-
xKaeHa «Konmenmus co3manus cucTeMbl HH(MOPMAIMOHHO-aHAJIATHIECKOTO obecevTeHns 6€30TaCHOCTH KOCMITIe-
CKOW JIesITeIbHOCTH B OKOJIO3EMHOM KOCMHUYECKOM mpocTpancrBe «Mieunsrit myTh» Ha mepuox 2022-2025 romos
u Ha nepcriekTuBy 10 2035 roga» (nanee Konnenmust). Conepkanne KoHnennum ompe/iesnsierT CUCTEMHBIN MOIXO]
K U3YYEHUIO U [MAPUPOBAHUIO KOCMUYECKHUX yI'PO3, IIPH ITOM B ITOCJIEYIONIEM 3a IpUHsATHEM KOHIENIN MpoIec-
ce peajm3aluu 3ajad4 [LIAHUPYETCsl MAPOKOe IPUBJIEUYEHNE HayIHO-TEXHUYIECKOTo coobiectBa Poccun. Hayuno-
TEXHUIECKOe co00IIecTBO Poccun OTKIIMKHYJIOCH HA 9TO CYIIECTBEHHOE ITPEJIOZKEHNE.

18-21 ampenga 2022 r. B 3manun Uucturyra Kocmudeckux uccaenoBanuit PAH cocrosinacs Beepocceniickas
HAYYHO-IIPAKTUYIECKasi KOH(MEPEeHIs ¢ MexXIyHapoaHbiM yuactueM «Okosiozemnasi acrpoHomusi-2022». Kounde-
pennus ObLia opranuzoBana WucturyroMm acrponomun PAH u MucTuryTOoM KOocMmueckux ucciemoBanuii PAH.
Koudepennusi cocrosiiacb B 09HO-3a09HOM (opMmaTe; B Hell npuHsiin ydactue 170 uejmoBek u3 51 HaydHOU u
BegoMcTBeHHO# opranm3anuu Poccun, Tamxukucrana n Mekcukm.

Yernipe cexiuu KOH(MEPEHINH ObLIA TOCBAIIEHBI CJIETYIOIIIMM HAIPABICHUSM UCCIIEIOBAHUIL:

1. CoBpemenHoe cocTostare PYyHIAMEHTAJIBHBIX U TPUKJIAIHBIX HCCIeT0Bannit 00beKToB COTHETHON CHCTEMBI,
BKJIIOUAsT KOCMUYECKHUH MyCOp, ACTEPOUJIBI U KOMETHI, COIMKATONIecs ¢ 3emiieil, MeTeopHbIe Teja (MeTeopo-
uziel) B okosozeMHoM npoctpancrse (OKII) u T,

2. CoBpeMeHHbBIE U TTEPCIEKTUBHBIE METOIBI U CPEACTBA HAOJIOAEHUS OOBHEKTOB KOCMIUYECKOTO MyCOpa W Me-
teopubix Tes1 B OKII, a Tak:ke n3ydeHns acTeponIoB U KOMET, COTMKAIONIUXCS € 3eMJIEH.

3. UccmenoBanusi, MOBBIMIAOINE TOIHOCTD MPOTHO30B 00mielt obcranoBku B Cosuewnoit cucreme u B OKIL.
MeTomb! TTOBBINIEHNsT TOYHOCTH OIEHKU PHCKOB (BEPOSITHOCTH YIPO3bI CTOJIKHOBEHNUI ¢ KOCMUYECKUME OOb-
eKTaMM U UX NociecTsuii) B Koarekcre npodiaem KM n AKO.

4. Meronp! mapupoBaHusi yrpo3, cesa3aHHbix ¢ KM u AKO, u yMmenbienus noreHimajibHoro yiepba. Obiue
mpobutemsr 3xostoruun OKII, Bkirouast BOIpOoCkl BHY TPUPOCCUICKON 1 MEK Ty HAPOIHON KOOIIEPAIINT, IIPOOIeMy
TeMHOTO Heba U JIp.

Bosee nomyro nrdopMaImio o KoH(EPEeHIMT MOKHO HANTH Ha cajite agora.guru.ru/oza2022.

B mokmajax, ciaeaHHbIX Ha KOH(MDEPEHIUH, ObLIO IIPOJIEMOHCTPUPOBAHO, YTO U3y4deHrne (PU3MIECKUX, JTUHAMU-
YECKUX U JPYTUX CBONCTB MaJIbIX HEOECHBIX TeJI eCTECTBEHHOTO M MCKYCCTBEHHOI'O IIPOMCXOXKIEHNS B OKOJIO3EMHOM
MIPOCTPAHCTBE UMeeT OOJIBINOe 3HAYCHNE [JIsT PA3BUTUS KaK (DYHIAMEHTAIbHBIX KOCMIIECKAX MCCJIEIOBAHMIA, TaK
¥ UCCJIeIOBAHUN MIPUKJIATHOTO XaPAKTEPA.

B mesrom maygHO-tipakTnyeckas koudepenus «Oxonmozemuast actporomusi-2022» mokazaJia, ITO OT€IeCTBEH-
Hasl HAyKa 3aMHTEPeCOBaHa U TOTOBA K YYACTUIO B Pa3pabOTKe U peasn3allii IIPOrPAMMbI U3y YeHUs U ITapUPOBAHIS
KOCMUYECKUX yI'PO3.

B stom u mpeapiaymem Boimyckax «Hayuanbix TpymoB MHACAH»> mybimkyroTcst cTaThbu, HAIMCAHHBIE IO
JIOKJIaIaM, CIEJIAHHBIM HA KOH(DEPEHIINH.

At

Conpepcenarens OpranuzanuoaHoro Komurera kondepennuu wied-kopp. PAH B.M.IIIycros

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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OuHamunka n pumnsmnyeckme ocobeHHOCTN NOTEeHUMaNbHO ONacHOro
acteponga 2009 XO no HabnogeHusm B ['nccapckoii
acTpoHOMU4YecKow obcepsaTopum

Koxuposa I'., Bypues A.M., Cacdapos C.H., Carropzoma A.A.

HUnemumym acmpodusuku Hayuonarvrnol axademuu nayx Tadorcurucmana, Jywanbe, Tadrcurucmar

IIpescraBiieHbl pe3ysbTaThl MHOIOIIBETHBIX HAOJIIO/IEHNUI OTeHIMAaIbHO onacHoro acreporna (438908) 2009 XO, uposeeH-
HBIX B mepuoj, ero commkenus ¢ 3emieit B mae 2020 r. B ['uccapckoii acrponomuteckoii obcepBaropuu Uucruryra acrpo-
duznkun HAHT. Onpenenensl sKkBaTOpuabHBIE KOOPJWHATHI, TTOCTPOEHA BHIMMAas TPAEKTOPHUsI M MOKA3aHO, YTO CPeTHsIsI
TOYHOCTDL aCTPOMETPHYIECKOl 06paboTku He xyzke deM 0.063” u 0.093" 11 mpsMoro BOCXOXKIEHUS (v W CKJIOHEHHS §, COOT-
BETCTBEHHO. Bhrunciiena nepBoHavaiibHast opbuTa acreponia, U MoKasaHa ee OJIu3Kasl CXOXKECTb ¢ OpOuTOoil 3 6a3bl JAHHBIX
MPC. Nsmepensbl BuanMelii n abCoIOTHBLA Oyieck acreponga. AbcomoTHas 3Be3aaas Beananaa H = 20.21 £ 0.05™ 6auska
K ademepuaHomMy 3HadeHuto. [lokazaHo, 4TO B MepUOJl MOHUTOPUHTA OJIECK acTEPOUIa CYIIECTBEHHO He m3MeHsiics. 1loka-
3aTesn 1[BeTa COOTBETCTBYIOT ACTEPOMIAM CIEKTpaIbHOro tuma X. V3mepenusrit nuamerp orenunBaercs kKak 0.35 + 0.09 km
u 0.3240.04 k™ nipu anpb6eo 0.14 u 0.20, COOTBETCTBEHHO, YTO COIIACYETCST ¢ UMEIOIUMUCs JaHHbiMu. CoOnnzkenne ¢ 3eMiieit
He TIPUBEJIO K 3HAYUTEbHBIM N3MEHEHUSIM JTUHAMAIECKAX U (DU3NIECKUX CBOWCTB aCTEPOHUIA.

Ilocrymuna B pemakmuio 12.05.2022 r. [Ipunsara B nevars 02.08.2022 r.

Karoueswie caosa: acmepoud, nabarodernus, nomenyuasbHo onacHul acmepoud, gomomempus, kpusas baecka, duamemp

Dynamics and physical peculiarities of a potentially hazardous asteroid 2009 XO from
observations in the Gissar Astronomical Observatory

Kokhirova G.I., Buriev A.M., Safarov S.N., Sattorzoda A.A.
Institute of Astrophysics of the National Academy of Sciences of Tajikistan, Dushanbe, Tajikistan

The paper presents the results of multicolor observations of the potentially hazardous asteroid (438908) 2009 XO carried
out during its approach to the Earth in May 2020 at the Gissar Astronomical Observatory of the Institute of Astrophysics
of the National Academy of Science of Tajikistan. The equatorial coordinates are determined, the apparent trajectory is
constructed, and it is shown that the average accuracy of astrometric processing does not exceed 0.063"” and 0.093” for right
ascension « and declination §, respectively. The initial orbit of the asteroid is calculated and its close similarity with the
orbit from the MPC database is shown. The apparent and absolute brightness of the asteroid were measured, the absolute
magnitude H = 20.21 +£0.05™ is close to the ephemeris value. It is shown that the brightness of the asteroid did not change
significantly during the monitoring period. Color indices correspond to asteroids of the X-spectral group. The measured
diameter is estimated as 0.35+£0.09 km and 0.32+0.04 km with albedo 0.14 and 0.20, respectively, which is consistent with
the available data. The approach to the Earth did not lead to significant changes in the dynamic and physical properties
of the asteroid.

Received 12.05.2022. Accepted 02.08.2022.
Keywords: asteroid, observations, photometry, brightness, light curve, color index, diameter
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1. BBeaenue

Hossriit actreponn, commKaromuiicsa ¢ 3emieii, 661 oTKpuIT 9 gexabps 2009 r. B obcepsaropun Jla-Carpa B cna-
HUU ¥ 110y HanMeHosanue (438908) 2009 XO [1]. Acrepouns nepeMernaeTcst B MEXKIUIAHETHOM TPOCTPAHCTBE
co ckopocTbio Gosiee 21.8 KM/c, u nepuos ero obparenus cocraiger 2.5 roga. AGcosoTHbIE Gieck acTepousa
2009 XO pasen H = 20.65 3Be3aubix Beauunn [1]. JlocroBepHbIX CBezieHMiT O pasMepe acTepoujia B aKTYAJIbHBIX
fa3ax JaHHBIX He uMeercsi. B pabore [2] ¢ ucnonb3oBanneM 3HaueHust H U B IPEIIONOXKEHUN, UTO ONTHIECKOE
annbeno pasao 20%, 4TO ApuUe NpHHATON cpeaHell BeauunHbl anabbeno 14% nna AC3, numamerp acrepouza olle-
HeH Kak 0.24 kM. MuHnMmanbHOe MexkopbuTanbHOe paccrosiaue acreponya ¢ 3emuseit MOID = 0.001833 a.e. [1],
CJIEZIOBATENIFHO, ACTEPOU MOXKET COIMKATHCS ¢ 3eMJIeil 0 PACCTOSHUN mopsaaka 275 THICTY KM, ITO MEHbIIE T0-
porosoro 3uadenuss MOID = 0.005 a.e., mpuHATOTO Tt KJIACCH(MUKAIIAN aCTEPOUIOB KAK MOTEHITNAJIBHO OTACHBIX

Tabaumna 1: Daementsr opbutsr acreponma 2009 XO

Duoxa a, e q, Q, 1, w, Q, T}
a.e. a.e. a.e. rpaj. rpaj. rpaj.
21.01.22 1.858 0.544 0.848 2.869 0.349 140.611 | 27.875 3.80

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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Tabauna 2: 2Kypras wadmrogennii acrepoua 2009 XO B ['ucAO

Hara r, A, ph, N x @uabTp ‘e
a.e. a.e. rpaj,. ’
20.05.2020 1.113 0.102 7.684 370x R 5-60
21.05.2020 1.122 0.110 7.680 313x R 5-10
22.05.2020 1.128 0.117 7.776 10x B, 10x V, 258x R, | 5-60
10x 1
23.05.2020 1.136 0.125 7.950 148x R 5-30

Puc. 1: Acrepony 2009 XO, 21 mas 2020 r., A3T-8 I'ucAO, sxcrozurus 50 c.

st 3emstn. C y9eToM 9TOro, a TaKyKe pa3Mepa, IPEBLIIIAONIEro TOPOroBeit iumut 140 M, acTepon st ObLT BKIIOUEH
B I'DYIIY IOTEHIMAIbHO onacHbX acteponios (IIOA) [3].

Quementsl opbursr [TOA 2009 XO, npuna jiexartiero rpyime AmojioHa, puBeeHsl B Tab1. 1, rae a — 60J1b-
Iasi MOJIyOCh, € — IKCIEHTPUCUTET, ¢ U () — mepurejmitHoe u ade/IMiiHOe PACCTOSIHUSI, I — HAKJIOHEHHe OPOUTHI,
W — apryMeHT nepureius, {} — J0JIroTa BOCXOAAMEro y3ia, T; — xpurepuil Tuccepana [1]. Actepons nepeme-
IMAETCH [0 HI3KO HAKJOHEHHOHN K SKJIMIITHKE OPOWTE, Yo HAKJIOHEHWs cOCTaBjsgeT Bcero juinb 0.46°, ¢ MaabiM
nepureuitibiM paccrosganem (.34 a.e., COTVIACHO 3HAYEHUIO KpuTepus TuccepaHa ero opouTa KiIacCupUIMPyeTCs
KaK aCTEPOUTHAS.

CortacHo auHaMudeckuM pacderaM, B nepuos 2000-2091 rr. acrepon TpubINKaJICA U COMU3UTCA ¢ 3eMeit
Ha Pa3JINIHBIX paccTostHusX 11 pas [1]. 4 anpesst 2020 r. acTepOw, I IPOIIIEJ IEPUTENU CBOeH OPOUTHI, 1 1y Th I037Ke
B Mae IIPOU30IIeST 0OUepeIHOM OIM3Kuil 10/1X0 1 acTeponia K 3emie. B Houb ¢ 7 Ha 8 Mast acTepou/I IIpoJIeTes MIMO
Bemuin na paccrosiauu meree 0.022 a.e. (3.3 mun. kM). OrMeruM, 910 ciepyomiee cOIMKeHIe acTepoua ¢ 3emei
Ha paccrosianu 0.44 a.e. (66 mutH. KM) nponsoitier 4 nrons 2025 . [1].

2. Habmonenus u pe3yJabTaThbl

Ha reseckone A3T-8 I'uccapckoii acrponomuueckoii obeepsatopuu (I'mcAO) TA HAHT ¢ 20 mo 23 mas 2020 r.
BBITIOJTHEHBI HaOoeHns acteporga 2009 XO u moJsryueHO HEeCKOJIBKO COTeH ero m3obpaxkenuit. Tejgeckon mmeer
cserocuity D/F = 700 mm/2820 mm u cuabken [13C kamepoit CCD FLI ProLine PL09000 co coemytomumu xapak-
repucTukamu: noJie 3penus 44" x 44’ macmra6 1.75" /uukcesn. Vcnonb30Bauch CTaHAAPTHBIE IMUPOKOIIOJIOCHBIE
dusTpel BVRI cucrembr /Ixxoucona-Kosunca. s ymensinenus ypoBas myMoB [I3C kameps! annaparypa ObLia
oxJiaxKieHa 110 Temueparypbl —20°C.

C 20 mo 23 mast 2020 1. B 'ucAO nosydeno 900 cuumkoB B ¢dumibTpe R, a 22 mas mossydeno 288 CHUMKOB
B dunprpax BVRI. 2Kypnas nHabaomgennit u reoMmeTprdecKne acleKThl aCTePOnIa IpuBeIeHbl B Tabi. 2. M306pa-
xkenne acrepona 2009 XO, momydenHoe BO BpeMsi HAOJIIONEHUH, TTOKA3aHO HA, puc. 1.
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I'1l. Koxuposa u Jp.

Tabsmra 3: dkBaTopuaiababie KoopauHaTsl acreporga 2009 XO o nabmonenusm B I'ncAO.

Ne Hara, 2020 | Momenr nabmonennii (UT) | « ] m (3B. BeI.)
1 20 masi 17°54™m43°.77 15"14™m46°.73 [ —20°09'15".2 | 16.3
2 20 ma=a 17 55 26.97 15 14 46.84 -20 09 16.0 16.0
3 20 mas 17 56 10.17 15 14 46.92 -20 09 16.2 16.2
4 20 mag 17 56 54.24 1514 47.11 -20 09 16.5 16.0
) 20 mas 17 58 20.64 15 14 47.32 -20 09 17.2 16.4
6 20 ma=a 1759 03.84 15 14 47.40 -2009 17.2 16.3
7 20 masa 18 30 08.35 15 14 51.96 -20 09 30.9 16.3
8 20 ma=a 18 30 51.55 15 14 52.03 -2009 31.1 16.2
9 20 mas 18 32 18.81 15 14 52.25 -20 09 32.0 16.1
10 20 ma=a 18 33 02.01 15 14 52.35 -20 09 32.2 15.9
11 20 mas 18 33 45.216 15 14 52.47 -20 09 32.7 16.0
12 20 ma=a 19 50 11.328 15 15 03.54 -20 10 03.2 16.3
13 20 mas 19 50 54.528 15 15 03.65 -20 10 03.5 15.7
14 20 masa 19 51 37.728 15 15 03.76 —-20 10 03.6 15.6
15 20 maga 20 22 38.784 15 15 08.29 -20 10 15.5 15.6
16 20 masa 20 23 21.984 15 15 08.36 -20 10 15.8 15.7
17 20 ma=a 20 24 05.184 15 15 08.50 -20 10 16.0 16.3
18 20 masa 20 24 48.384 15 15 08.55 -20 10 15.9 15.9
19 20 ma=a 20 25 30.720 15 15 08.66 -20 10 16.4 16.1
20 20 mas 20 26 13.920 15 15 08.77 -20 10 16.7 16.2
21 20 ma=a 20 57 57.312 1515 13.45 -20 10 27.8 16.0
22 20 mas 20 58 40.512 15 15 13.55 —20 10 28.6 17.7
23 20 ma=a 20 59 23.712 1515 13.63 -20 10 29.1 16.5
24 20 mas 21 00 06.912 1515 13.70 -20 10 29.0 16.5
25 20 ma=a 21 00 05.012 1515 13.85 -20 10 29.0 16.7
26 20 mas 21 01 09.332 15 15 13.96 -20 10 29.2 15.8
27 20 ma=a 21 02 13.651 15 15 14.07 -20 10 29.7 16.0
28 21 mas 16 36 33.984 1518 22.14 -20 18 00.1 16.3
29 21 ma=a 16 37 26.688 15 18 22.16 -20 18 01.2 16.8
30 21 mas 16 38 20.256 15 18 22.37 -20 18 00.4 17.2
31 21 maga 16 39 13.824 15 18 22.50 -20 18 00.6 16.0
32 21 ma=a 16 40 07.392 15 18 22.53 -20 18 01.5 15.9
33 21 mas 17 04 28.742 1518 25.79 -20 18 11.8 15.6
34 21 ma=a 17 05 34.099 15 18 25.82 -20 18 11.4 16.4
35 21 maa 17 06 39.456 15 18 25.97 -20 18 12.6 15.9
36 21 ma=a 17 07 44.726 1518 26.11 -20 18 13.0 16.6
37 21 maa 17 08 50.083 1518 26.19 -20 18 13.3 16.5
38 21 ma=a 17 09 55.440 15 18 26.27 -20 18 13.5 15.9
39 21 mas 17 10 07.968 15 18 26.47 -20 18 13.6 15.4
40 21 ma=a 17 11 01.536 15 18 26.55 -20 18 13.8 16.1
41 21 mas 17 11 54.240 15 18 26.68 -20 18 14.0 16.1
42 21 maga 17 14 34.944 15 18 26.98 -20 18 15.4 16.2
43 21 mas 17 15 28.512 1518 27.14 -20 18 15.7 16.0
44 21 maga 17 16 22.080 1518 27.24 -20 18 16.3 16.0
45 21 maa 1717 15.648 15 18 27.33 -20 18 16.7 15.7
46 21 ma=a 17 18 09.216 1518 27.49 -20 18 16.7 15.8
47 21 maa 1719 01.920 15 18 27.59 -20 18 16.9 16.0
48 21 ma=a 17 19 55.488 15 18 27.69 -20 18 17.3 16.0
49 21 mas 17 20 49.056 1518 27.78 -20 18 18.1 16.1
50 21 maga 17 21 42.624 15 18 27.95 -20 18 18.1 15.7
o1 21 maga 17 24 23.328 15 18 28.27 -20 18 19.3 16.4
52 21 mas 17 25 16.896 15 18 28.36 -20 18194 16.2
93 21 ma=a 17 26 10.464 15 18 28.45 -20 18 19.7 15.6
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Ne Hara, 2020 | Mowment nabmonennii (UT) | « ] m (3B. Bes.)
54 21 mas 17728™50%.304 15"18m28%.83 | —20°1821".5 15.6
95 21 maga 17 29 43.872 15 18 28.94 -201821.4 15.6
56 21 mas 17 30 37.440 15 18 29.02 -20 18 21.6 16.0
o7 21 maga 17 34 10.848 15 18 29.49 -20 18 23.1 16.0
58 21 mas 17 35 04.416 15 18 29.61 -20 18 23.3 16.1
99 21 maga 17 35 57.984 15 18 29.74 -20 18 23.8 15.6
60 21 mas 17 36 51.552 15 18 29.82 -20 18 24.3 16.0
61 21 maga 17 37 45.120 15 18 29.98 -20 18244 16.0
62 21 mas 17 38 38.688 15 18 30.11 -20 18 24.7 16.2
63 21 maga 17 39 32.256 15 18 30.23 -20 18 25.2 16.1
64 21 mas 17 44 00.096 15 18 30.76 -20 18 26.9 16.0
65 21 mas 17 44 52.800 15 18 30.90 -20 18 27.5 15.6
66 21 mas 17 45 46.368 15 18 31.02 -20 18 27.7 15.8
67 21 maga 17 46 39.936 1518 31.12 -20 18 27.7 16.0
68 21 mas 17 48 27.072 15 18 31.35 —20 18 28.5 16.0
69 21 maga 17 49 20.640 15 18 31.48 -20 18 29.0 15.8
70 21 mas 17 50 13.344 15 18 31.56 -20 18 29.4 16.1
71 21 maga 17 53 47.616 15 18 32.02 -20 18 30.4 15.6
72 21 maga 17 54 40.320 15 18 32.13 -20 18 30.9 15.9
73 21 mas 17 55 33.888 15 18 32.26 -20 18 31.3 16.0
74 21 maga 17 56 27.456 1518 32.34 -20 18 31.7 16.1
75 21 mas 17 57 20.160 1518 32.48 -20 18 31.9 15.9
76 21 mas 17 58 13.728 15 18 32.58 -20 18 32.3 16.0
T 21 mas 17 59 07.296 1518 32.71 -20 18 32.5 15.9
78 21 maga 18 00 08.640 15 18 32.84 -20 18 32.8 16.2
79 21 mas 18 03 34.272 15 18 33.28 -20 18 34.1 16.0
80 21 mas 18 04 26.976 15 18 33.37 —20 18 34.7 15.9
81 21 mas 18 05 20.544 15 18 33.46 -20 18 35.1 15.9
82 21 maga 18 06 14.112 15 18 33.61 -20 18 35.5 15.8
83 21 mas 18 07 07.680 1518 33.73 -20 18 35.6 15.6
84 21 mas 18 08 38.400 1518 33.81 —20 18 35.9 15.9
85 21 mas 18 08 53.952 15 18 33.97 -20 18 36.3 15.8
86 21 mas 18 09 47.520 15 18 34.04 —20 18 36.3 15.8
87 22 mag 16 43 45.120 15 21 42.01 —20 25 56.1 15.6
88 22 maga 16 45 41.760 15 21 42.21 —20 25 57.0 15.8
89 22 mag 16 46 40.512 1521 42.34 —20 25 56.7 16.4
90 22 mas 16 54 28.800 15 21 43.30 -20 25 59.5 16.3
91 22 maga 16 55 27.552 15 21 43.38 —20 26 00.3 16.8
92 22 mag 16 57 24.192 15 21 43.59 -2026 01.4 16.2
93 22 maga 16 58 22.080 15 21 43.69 —20 26 01.6 16.6
94 22 mag 16 59 20.832 1521 43.79 —20 26 01.2 16.5
95 22 maga 17 08 61.440 15 21 44.84 —20 26 04.9 16.5
96 22 mag 17 13 56.064 15 21 45.46 —20 26 06.2 16.3
97 22 maga 17 14 54.816 15 21 45.53 —20 26 06.5 16.3
98 22 mag 17 16 52.320 1521 45.75 -20 26 07.4 16.3
99 22 maga 17 17 50.208 15 21 45.87 —20 26 07.5 16.2
100 | 22 maa 17 18 48.960 15 21 46.03 -20 26 07.8 16.
101 22 maga 17 22 43.104 15 21 46.37 —20 26 09.5 16.5
102 22 mag 17 26 37.248 15 21 46.84 -20 26 10.5 16.0
103 22 maga 17 27 35.136 15 21 46.92 -20 26 11.7 16.4
104 22 mag 17 32 28.032 1521 47.49 -20 26 12.4 16.8
105 22 maga 17 33 26.784 15 21 47.62 -20 26 12.7 16.5
106 22 mag 17 34 24.672 1521 47.75 -20 26 12.9 16.7
107 | 22 ma= 17 35 23.424 15 21 47.81 —20 26 13.5 16.3
108 22 mas 17 36 21.312 1521 47.93 -20 26 13.5 16.1
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No Hara, 2020 | Mowment nabmogenuit (UT) | o ] m (3B. Bes.)
109 22 mag 170 37™ 20°.064 150 21™ 48°%.03 —-20°26'14”7.9 | 16.2
110 | 22 ma= 17 42 12.096 15 21 48.59 -20 26 15.7 16.4
111 22 mas 17 43 09.984 15 21 48.70 -20 26 16.0 16.0
112 | 22 ma= 17 44 07.872 15 21 48.82 -20 26 16.3 16.1
113 22 mag 17 45 06.624 15 21 48.95 -20 26 16.8 16.2
114 | 22 ma= 17 46 05.376 15 21 49.00 -20 26 16.9 15.8
115 22 mas 17 47 04.128 1521 49.14 -20 26 17.6 16.0
116 | 22 ma= 17 48 02.016 15 21 49.28 —20 26 17.5 16.1
117 22 mag 17 51 56.160 15 21 49.69 —20 26 18.7 16.6
118 | 22 ma= 17 52 54.048 15 21 49.79 -20 26 19.1 16.7
119 22 mas 17 53 52.800 15 21 49.91 -20 26 19.5 16.6
120 | 22 ma= 17 54 50.688 15 21 50.00 -20 26 20.1 16.1
121 22 mag 17 55 49.440 15 21 50.10 —20 26 20.0 16.2
122 | 22 ma= 17 56 47.328 15 21 50.21 —20 26 20.7 16.0
123 | 23 ma= 20 34 48.000 15 25 00.72 -20 33 39.4 16.3
124 | 23 mas 20 35 51.936 15 25 00.80 20 33 39.4 16.8
125 23 mas 20 39 01.152 1525 01.14 —20 33 40.0 16.5
126 | 23 ma= 20 41 08.160 15 25 01.31 -20 33 40.9 16.6
127 | 23 ma= 20 42 12.096 15 25 01.38 -20 33 404 16.7
128 23 mas 20 44 18.240 15 25 01.62 -20 33 41.3 16.6
129 | 23 ma= 20 46 25.248 15 25 01.78 —20 33 40.7 16.1
130 23 mas 20 49 35.328 15 25 02.11 —20 33 41.7 16.2
131 23 maga 20 51 42.336 15 25 02.32 -20 33 43.1 16.0
132 23 mas 20 54 52.416 15 25 02.61 —20 33 41.7 16.3
134 | 23 mas 20 55 55.488 15 25 02.80 20 33 42.0 16.8
135 | 23 ma= 20 56 58.560 15 25 02.84 -20 33 43.1 16.5
136 | 23 mas 20 58 01.632 15 25 03.00 -20 33 42.1 16.6
137 23 mas 2101 11.712 15 25 03.23 -20 33 44.3 16.5
138 | 23 ma= 21 07 31.872 15 25 03.92 -20 33 46.4 16.6
139 | 23 ma= 21 13 52.032 15 25 04.50 -20 33 47.3 16.7

[TepBuunas o6paboTKa KaIpoOB MPOBEIEHA 10 CTAHAAPTHOI MPOIEAype C MCIOIb30BaHmeM KanpoB «Darks,
«Flaty u «Bias» mosiyueHHBIX B HOYM HAOIONEHWI M YYUTBHIBAIOIINX TEMHOBOW CHUTHAJI, BHIDABHUBAHUE IOJIEH
n300parkeHuii, ypoBeHb mymMoB u omubku Marpuiibl [13C-kamepnl. ActpoMerpudeckasi 06paboTKa HaOIIIOIeHU
ObLIa BBITIOJHEHA C TIOMOIIBI0 Tporpammuoro nakera (ITIT) ATTEKC-IT [4]. B kauecTse 0HOPHOTO UCIIOJIB30BaH aCT-
pomerpuueckuii karagor UCACSH, B KOTOpoM acTpoMeTpudecKasl TOUHOCThL KOOpPAUHAT 3Be3.1 He npesbimaer 0.05”.
IIpu u3MepeHusIX NCIoJIb30BaHa aneprypa pajaunycoM, 4.5 npoexims KoTopoii Ha HebGecHyI0 cdepy COOTBETCTBYeT
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Puc. 2: Bugumas rpaekropusa [TOA 2009 XO o nabmonenusm B ['ucAO u qanubiM JIpyrux HaOIOAeHT .
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~ 585.91 kM. DkBaropuasbabie kKoopauaaTel 2009 XO, HaiimeHHbIE B pe3y/IbTaTe aCTPOMETPUIECKUX U3MEPEHUt
KaJIPOB, IIPUBEJIEHBI B TabJI. 3.

B Tabu. 4 npexncrasienst cpeauue 3uadenus orkioHenuii (O-C)2 u (O-C)§ nnsa xoopmuHaT o u §, COOTBET-
CTBEHHO, & TaK»Ke UX CpeJHue KBaJpaTudHble OMUOKYN 0, U o5 10 HabaoaenusM B ['ucAQO. Kak BugHO, cpeHsist
0 BCEM KaIpaM OMIMOKa acTpoMeTpudIecKoil peaykiun He npesbimaet 0.063” u 0.093” s mpssMoro BOCXoxKaeHust
Q U CKJIOHEeHUsI §, COOTBETCTBEHHO. Pe3ysIbTaThl Ompejie/eHnss KOOPINHAT acTeponia o HaboaeruaM B ['ucAO
[IPUBEJIEHBI HA, PUC. 2, TJIE TI0 OCH aOCIMCC JIAHBI IIPSIMOE BOCXOXK/IEHUE (v U [I0 OCH OpAMHAT — cKJyioHeHue d. Ha atom
rpaduke (puc. 2) ciesa Jisi CpABHEHUsI IPUBEJIEHBI TAKYKe KOOPAMHATHI 00bEKTa [0 JPYTUM HAOIOAEHNIM U3 6a3bl
J@HHBIX [5].

Ta6suna 4: Cpenane passoctu (O-C) u ux craHmapTHbIe OTKIOHeHUs! 1uist acteponia 2009 XO
o HabsoaennsM B I'mcAO

Hara (o-cy” all (O-C)§ oy

20.05.2020 -0.148 0.033 0.294 0.052
21.05.2020 -0.171 0.050 0.288 0.030
22.05.2020 -0.157 0.063 0.233 0.050
23.05.2020 -0.177 0.020 0.291 0.093

st cpeiaero MoMeHTa HabJroIeHnil ¢ uctoab3oanneM 150 namepennii u [T STTIOC [6] Berauciena nepsoHa-
yaJIbHas OpOUTA aCTePONIa, IPUBEIeHHas B TabJI. 5. 3/1eCh JaHbI CTAHIAPTHBIE 9JIeMEHTHI OPOUTHI B PABHOIEHCTBUH
2000.0, a Takke n — cpeJiHee CyTOYHOE NBUYKEHNE, 0 — CPEIHsIs KBaapaTudHas omubdka. s cpaBaenus B Tab1. b
puBezieHa OpOUTa, BEIMHUCIEHHAS HA OCHOBE 693 M3MEPEHHBIX MMOJIOKEHUI acTeponIa M0 HAOIIOMEHNSIM B PA3INd-
HbIX 06cepBaropusx coryiacHo 6asze nanubix MPC [7], u B mocsienaem cTosibue NpUBEIEHbI BEJIUIUHBI PAZHOCTU
MeK]ly BBIYUCJIEHHON HaMu opburoii u opouroit MPC, o6o3nadennble Kak Y. Kak BUIHO, C yIETOM pa3HOCTH MO-
MEHTOB BPeMeHM, Ha, KOTOPbIE BhIUKC/IeHa opbuTa, 110 Hab oaeHnsM B ['ucAO mosrydyena opbura, 6Jm3Kast K opoure

MPC.

Tabmuna 5: Op6ura acreponsa 2009 XO, seruncsiennas o Habmonerusm B ['ucAO, u opéura MPC (J2000.0)

DJ1eMeHTHI OPOUTHI T'ucAO MPC [7] X
[mamnas paboral

Kos-Bo mostoxkennii, 150 693 -

UCIIOJIb30BAHHOE

JIJIST BBIYHCIIEHUST

OpOUTHI

T JD 2458934.940 JD2459864.467 -

Dmoxa JD 2458992.5 JD2459600.5 -

e 0.543617+0.000021 0.543616 1E-06

a, a.e. 1.85843340.000735 1.8584107 2.23E-05

q, a.e. 0.884805+0.000466 0.8848115 —6.5E-06

i, Tpas. 0.349307+0.000110 | 0.349631 -0.000324

w, Tpa. 140.6105184+0.000240| 140.610538 —2E-05

Q, Tpag. 27.874628+0.000170 | 27.874694 -6.6E-05

n, rpaj./cyT. 0.389035+0.000249 0.389036 -1E-06

o 0”.370 0"”.320 -

lj1st yTOUHEeHnsT HEKOTOPBIX (pusnmdeckux napamerpos acrepona 2009 XO mo craHaapTHO IPOIeype U ¢ Uc-
noab3oBanueM 1T ATTEKC-II [4] Boimoanena doromerpudeckas 06paboTKa KaipoB. BujuMble 3Be3/HbIE BEJINIH-
HBI OIIPEJIEIEHBI ¢ UCIOIH30BaHNEM 3Be3]T cpaBHeHust u3 Karajora APASS, njis KoToOpbix GJ1eCK OIpeIeieH ¢ TOY-
HocThio 0.03™ [§].

Ha puc. 3 npejcrasiiensl Kpusble OJiecka acrepounia B puiibTpe R, 3/16Ch 110 0c OpAMHAT OTJIOZKEHBI BHIIMbIE
3Be3JIHbIE BEJUYUHBI M U [0 OCH abCIucC — JAaThl HAOJOJAEHW B roJiMaHCcKuX jHAX. CpejHrne 3HAYEHUs] BUJIU-
MBIX 3BE3/IHBIX BEJIUINH 00bekTa, mosydenubie B duabrpax BVRI, mamer B Tabs. 6. Kpusbie 6/iecka mokaspBaoT
OTCYTCTBUE 3HAUYUTEJIbHBIX U3MEHEHWMI BUIMMBIX 3BE3JHBIX BEJUYMH, HeOosblme Kojebanus Osecka (mpeesiax
omubok u3Mepenuii) 21 Masi 00yCJIOBJIEHBI TIOTOHBIME YCJAOBUAMU. MOXKHO IPEIIOJIOKUTH, YTO HA IOBEPXHOCTU
acTeponia, COOTBETCTBYIONIEH (Hha30BOMY YLy HaAOJIIOJAEHU, OTCYTCTBYIOT KPYITHbIE 00PA30BAHUSI.
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Tabsmra 6: Bugnmbie 3se3aubie Besnnunabl acreponga 2009 XO mo nabmonerusy B 'ncAO

Tabmuna 7: A6comornbiii 6ireck H u nokazareau nsera acreponsa 2009 XO no madbmonenusm ['mcAO B 2020 .

mait  (UT), | B v R I

2020 r.

20.1909 - 16.42+0.07 -

21.2091 - 16.45+0.03 -

22.1914 17.56+0.02 16.83+0.05 16.42+0.06 15.88+0.07
23.1171 - 16.42+0.03 -

vait (UT), | B \% R I B-V V-R R-1 B-R
2020 1.
20.1909 20.13+0.01
21.2091 20.99+0.03
22.1914 20.94+0.02 | 20.214+0.05 | 19.80+0.06 | 19.254+0.07 | 0.73 0.41 0.55 1.14
23.1171 19.6940.03

Tabsmra 8: Onenka auamerpa acrepouga 2009 XO o mabmogennsy 'ncAO s 2020 1.
mait  (UT), | r, a.e. A, a.e. ph, rpa. Hg, 3B.Bem. D, xm D, xm
2020 r. (py=0.14) (p,=0.20)
20.1909 1.113 0.102 7.684 20.13+0.01 0.334+0.01 0.2740.08
21.2091 1.122 0.110 7.680 19.9940.03 0.344+0.03 0.2940.01
22.1914 1.128 0.117 7.776 19.8040.06 0.3240.04 0.384+0.04
23.1171 1.136 0.125 7.950 19.704+0.03 0.4040.02 0.344+0.04

A6comorHas BesmunHa H BBIYHCIEHA TI0 CIIELYONIEH TT0JIysIMIMprdecKkoil hopmysie, yanTreiatomieil basosbiil
yroa acreponya [9]:
H =m—5log(rA) 4+ 2.51og[(1 — G)D1 + GD,],

®; = exp[—Atg(2)" i = 1,2,

rye 8 — dazosbiii yroun (ph) obbekra, G — napamMerp HAKJIOHA, HAWIEHHBIH JIUIIb JJid HEGOJIBIIOrO YUC/Ia acTe-
POUJIOB, JJIsl OCTaJbHBIX NpuHsTO 3HadeHue G = 0.15, ®;, ®y — dyukuunm yria daser, A; = 3.33, A = 1.87,
B; =0.63 u By = 1.22 — ko3bdunmenTs, 3HaUEHAsT KOTOPBIX IPUBEJIEHBI B padoTte [10].

A6cosorable 3Be3mble Beanannbl acrepouia 2009 XO (cpennue 3HadeHus 3a HOYb) IPUBEIEHBL B TabJL. 7, r7e
TaK>Ke JaHbl BeqmanHbl nokasareseil msera B-V, V-R, R-I, B-R. l3mepentnie abCcoTOTHBIE 3BE3/THBIE BEJIMINHbBI
acreponsa B mojsioce R maxomsarcs B mmanazone ot 19.25 £ 0.07™ mo 20.94 + 0.02™, B duibrpe V H = 20.21 £
0.05™ u sTa BesmumHa O/M3Ka K 3demepuanomy 3Hadennio H = 20.65™. B mepuos MOHUTOPUHTA CYIIECTBEHHBIX
n3MeHeHuit abcorroTHOTO Oj1ecka B puiabTpe R He BBISIBIIEHO.

[Tokazarespb 1BeTa HapPsily C ajgb0E0 U CHEKTPAJBHBIM TUIIOM SIBJISIETCS BayKHON (DU3MYECKON BEJIUIUHOM,
TIO3BOJIAIONIEN OIPENE/IUTh IPUHAIJIE?KHOCTh ACTEPOUIa K KAKOMY-JIMO0 TAKCOHOMUYIECKOMY KJIACCY W Ha ITOH
OCHOBE TPEIOJIOKATH ero MuHepaJjorndeckuit coctaB. Muoromnserubsie HaOmonerns acreponga 2009 XO B 'm-
cAQO 103BOJIIIIN OIEHNUTH TTOKA3ATENN ero 1BeTa, IpuBeieHHbe B Tabsr. 7. B crarbe [11] npusoauTest quarpamma
PACIIOJIOXKEHNST PA3JIMIHBIX IOIYJIAINNIA MaJIbIX TeJl B COOTBETCTBHM € HOKa3arTessiMu 1Bera BV u V-R, rie Tak-
coHOMMUecKas Kiaccuduramnust acreponyios gana no Tholen [12]. Conocrasisis ¢ 9Toi quarpaMMOi Oy 9€HHBIE
B HACTOsIIell paboTe moKa3aresn 1BeTa, MoxKHO oTHecTn acrepons 2009 XO k crmekTpaabHOMY THITY X.

Db dexTuBnbIl qEaMeTp acTeponia D BEIMUCIIEH 10 CIEAYIONEMY IMINPUIECKOMY COOTHOIIEHUIO, IIPTHATOMY
JIUIsl OIIEHKHU Pa3MepOB acTepouioB [13]:

1329
- \/p_y 100-2H”

rje p, — reoMeTpudeckoe ajapbeno acreponsa, H — abcosoTHas 3BE3/HASA BEJIUYUHA B KAKOM-IU00 (GuabTpe.
Aubbemo 2009 XO He m3MepeHO, MOTOMY JIJIst P, MbI HCIIOJIb30Ba/ M JiBa 3Haderus — (.14 npunsToe B 6a3e JaH-
ubix [1] ms onenku pasmepa AC3 ¢ HeussectabIM anbbeno u 0.20 [6]. Onenku guamerpa acTepor/a [0 U3MEPEHHUIM
B duabTpe R npusesens: B Tabur. 8 u B cpenneM HaxosiTes B auanazone 0.3540.09 kv u 0.32+0.04 kM mpu anbbero

D
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20.05.2020 21.05.2020
1630 . . . : : : : : 1630 . . . . : ; :
16,35 - 4 16,35 4 4
16,40 - . . 5. @z 16,40 " - G . 4
- - 3 "o . o " T = ﬁ !‘r %
AR gl R i R P SRt
16.45 - 16.45 - ) L
E L]
16,50 4 16,50 4
16,55 i 16,55 i
16,60 : , : : : : , : 16.60 ; . . , . i :
58989.69 58989.70 58989.71 58989.72 58989.73 58990.70 58990.72 5899074 58990,76 58990.78
Hara, MJD Jarta, MJD
22.05.2020 23.05.2020
16,30 T T T T 16,30 T T T T
16.35 4 16,354 ]
4 16,40 §
k P e T e Y
16,45 1 E 1645 i
16,50 4 16,50 4
16,55 1 1655 1 1
16.60 - — . . . . ; : — 16.60 . . . : . . ; :
58991,70 58991.75 58991.80 58991,85  58991.90 58992.86 58992.87 58992.88 58992.89 58992.90
Jlata, MJD Hara, MJD

Puc. 3: Kpusbie 6s1ecka acreponga 2009 XO o Habsogaenusim B ['ncAQO.

0.14 u 0.20, cooTBeTcTBeHHO. Kax oTMedeHO BbIIE, JOMOJJINHHO pa3Mep 00bEeKTa He YCTAHOBJICH, UMEETCS OIEHKA
0.24 k™ [2], mo apyruM JAHHBIM auamerp oneHeH B mHTepBase 0.20 — 0.44 kM, cpenHee 3Hauenue 0.32 kM [14].
Tpebyercst nasbHeliee yrounenne ajap0en0 1 pa3Mepa acTePon/ia.

3. 3akJroyeHnue

B pesymbpraTte nabmomenunit morenmaibHo omacHoro acreponga 2009 XO, BoimosHeHHBIX B ['mccapckoit acTpoHO-
mugeckoit obcepsaropun UA HAHT B nepuos ero commxkenus ¢ 3emneit B8 mae 2020 r.:

OIPEJIEJICHBI MOJIOKEHNST 00bEKTA, OCTPOEHA BHIIMast TPACKTODHS;
JIOCTATOYHAS] TOUHOCTh ACTPOMETPHIECKON 06paBbOTKH MO3BOJIMIIA BHIUUCINTE EPBOHAYAIBHYIO OPOUTY, KO-
Topasi oueHb 6am3Ka K opbure 6a3pl manabix MPC [5];

e u3MepeH BuAMMBIH Osteck B duabrpax BVRI, mocTpoensr kpusbie O/1ecka 10 HAOIIOACHUSIM YEThIpeX HOYEH;
e orpe/iesieH abCOTIOTHBIN OJIECK, TI0 HAITAM U3MEPEHUSM €ro Bejandnna B puibTpe V 61u3Ka K 3heMepuIHoMY

3HaYCHHUIO [3];

® BbLIABJIEHO OTCYTCTBUE 3HAYUTE/IbHBIX n3MeHeHuil OJiecka B npejesax oImunboK I/ISI\/IGPGHI/IfH
® OIICHEHBI ITOKa3aTeJ/In IIBEeTa U CAeJIaHO IIPEAIIOJIO?KEHNEe O €eI'0 IIPUHAJIJICZKHOCTU K CHeKTpaJ’IBHOfI rpyiiie )(7

cocrosmedi n3 acreponsioB E-; M- u P-tunos [12]. Mer cuuraem, aro 2009 XO orHOCHTCst K M-THILY, BKIIIO-
YAIOIIEMY aCTEePOM/IbI METAJIMYECKOrO (2KeJjie30, HUKeJIb) cocTaBa co cpeaauM ajbbeno (coie 10% u menee
30%).

cpemuss onenka quamerpa cocraBmia 0.35+£0.09 kv u 0.32+0.04 kM mpu anpdeno 0.14 u 0.20 cooTBeTCTBEHHO,
YTO COMTIACYETCsI ¢ UMEIOIIUMUCST JAHHBIMA [0 pa3Mepy acreponja [2].

Huuamuyeckue u pusnyecKue TaHHble, [TOJIyYeHHbIE Ha, OCHOBE HOBBIX HAOJIIOJIEHUI, YKA3bIBAIOT, YTO COJIMKEHUE
acTeponsa ¢ 3emJieil He MPUBEJIO K MX 3HAYUTEIbHBIM m3MeHenusiM. Ilockonbky acrepoun 2009 XO emie He pas
commsuTcs ¢ 3emieil, HeOOXOIUMBI JaJIbHelle HaOJIIOIEHNsT C TIEIbI0 KOHTPOJIS €ro JUHAMUIECKAX XapaKTePH-

CTHUK 1 YTOYHEHUNA aﬂb6€ﬂ0 u guamMeTrpa.
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B nacrosimeit crarbe 06bEKTOM HMCCIIEIOBAHNS SIBJISIETCS MIPeABapUTE/IbHAs TEOPETUIECKAs OIEHKA ITPOMCXOXKJIECHUS aCTe-
poujios cemeiicrBa Pemuibl. OCHOBHBIE JUHAMUYECKHE TTAPAMETPHI aCTEPOUIOB, B OTJIUYNE OT OCKYJIUPYIOIIMX SJIEMEHTOB,
CITOCOOHBI OCTABATHCSA MOCTOAHHBIMU B MACIITA0AX JIECATKOB MUJIJIOHOB JIET, YTO ITO3BOJISET HCIIOJb30BATh MX B Ka4eCTBE
aHaJIN3a, IPOUCXOXK/IEHUST CEMENCTBA acTepon1oB. PusndecKre mapaMeTpbl JOCTATOYHO OOJIBIINX aCTEPOUIOB MOTYT OCTa-
BATbCHA MPAKTUIECKN HEM3MEHHBIMU B T€UEHME BCErO BPEMEHU WX CYIIeCTBOBaHUA. J[aHHBIN aHAIN3 MPEICTABIISIET NHTEPEC
C y4YeTOM HeJIaBHEro OOHapyKeHUsl CyOIMMAaIMOHHO-TIBIIEBOI aKTUBHOCTH DeMuIbI BOJIM3YU EPUTEIUsT U TIO3BOJISIET CI6/IATh
3aKJII0YEHNe O JajbHelIell He0OOX0IMMOCTH N3y YeHUsI JAHHOTO CEMECTBA aCTEePOUIOB.

Ilocrynuna B pemakiuio 10.05.2022 r. Ilpunsara B nmeuars 18.07.2022 1.
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Statistical analysis of the main physical and dynamic parameters of asteroids of the
Themis family
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In this article, the object of research is a preliminary theoretical assessment of the origin of asteroids of the Themis family.
The main dynamic parameters of asteroids, unlike osculating elements, are able to remain constant on scales of tens of
millions of years, which allows them to be used as an analysis of the origin of a family of asteroids. The physical parameters
of sufficiently large asteroids can remain practically unchanged throughout the entire time of their existence. This analysis
represents interest in view of the recent discovery of sublimation-dust activity of Themis near the perihelion and allows us
to conclude that there is a further need to study this family of asteroids.
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1. BBenenue

(24) ®emusia — acrepons TIABHOTO IT0sICa ACTEPOHJIOB C JOCTATOYHO GosbimuMm guamerpoMm (D = 198 kM [1]),
KOTODBII IPUHAJJIEXKAT K creKTpasbHoMmy kiaccy C (no knaccudukain ToeHa) ¢ HU3KUM 3HAYEHUEM T€OMeT-
puueckoro ansbeno (pv = 0.067 [1]) u Bosriasiser cemeiictBo Pemuzpt [2]. T'uapaTupoBaHuble COCIUHEHAS B CMECH
C OPraHMYIEeCKIMU 3aHUMAIOT, BEPOSITHO, GOJIBIIYIO YACTh OBEPXHOCTH STOrO ACTEPOUIA U PACIpPEeeIeHbl Ha Hell
JIOBOJIBHO PABHOMEPHO, Y IUTHIBAsI CPABHUTEIHHO HEOOIILIIOH JHAa30H H3MEHeHH Olecka acTeponia IPU BpaIe-
nuu [3]. C yuerom HemaBHero obHapyKeHus CyOJIAMAIMOHHO-TIBLIEBON akTuBHOCTH Pemuiapl BOIM3H Lepuresus
[4], B TOBEpXHOCTHOM BellecTBE BO3MOYKHO TAKXKE U COJIEPIKaHNE HEKOTOPOTO KOJIMIECTBA BOJSTHOTO JIbJIA WJIH €ro
KaKoe-TO JIOKaJbHOe obHarkeHune. Takoe [IpeIrosiozKenne HoATBepK/IaeTcst OOHAPY?KEeHUEM JIbJIa U OPIraHUKH Ha 110-
BepxHOCcTH DPeMUbl NpU ee HA3eMHBIX HabGMOMeHNsX BOm3n 3 MM [5]. TIpu 9TOM BOMSIHOM Jiej] He MOXKET JI0JIr0
HAXOJUTHCS B CTAOMIIBHOM COCTOSIHAH Ha HMOBEPXHOCTH ACTEPOHIA U3-38 PEryJIsIPHOIO HOBBIIIEHHST TOACOTHETHBIX
TEMIIEPATYD B IEPUTEINN U CyOInManuu jibaa. MoXKHO IPeAIoN0KATE, ITO CYyUECTBYIOT MEXAHN3MBI [TOIOTHEHNUST
3aIaCOB Jibjia Ha nosepxHocTd PeMuiipl, B IEPBYIO OUYepe/[b — ero 9KCKaBanus ¢ 60JIbIeil TIyOUHbI IPU yAAPHBIX
poreccax.

2. Omnmucanue ceMmeiicraa

CewmeiictBo @eMuibl — 3TO KPYITHOE aCTEPOMJIHOE CEMEICTBO, PACIIOJIOXKEHHOE BO BHEITHE YaCTU IJIABHOIO II0SICA
acrepon1oB Mexk Iy opouramu Mapca n FOmurepa. Ono maxogurcs uHa cpemaeMm paccrosanu 3.13 a.e. or CosHia
U ABJISIETCH OJIHAM M3 CAMBIX I'yCTOHACEJIEHHBIX ceMeiicTB. 10 coBpeMeHHBIM OIEHKAM aJrOPUTMa METOa HEPAPXU-
veckoii kiacrepusanuu (ot anri. Hierarchical Clustering Method, cokpamenno HCM), koTopslit uiner acrepousbt
¢ HEOOJIBIIIUM PACCTOSTHIEM MeXK Ty co00i MM JI0 OCHOBHOT'O acTeponia, cemeiicTBo @eMu bl HACIYUTHIBAET B CBOEM
cocrase 4782 acreponya [6]. CemeficTBO COCTONT B OCHOBHOM M3 HU3KOAJBOEIHBIX acTeponios Kiaacca C (puc. 1)
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Puc. 1: Pacupesenenue acteponsios cemeiicta OeMUJIBI 110 CIEKTPATILHOMY THITY (CBEPXY) M PACIIpEJIesICHHE ceMeii-
CTBa 110 pa3MepaM (CHHU3Y).

¢ HEU3KOTeMIlepaTypHOit MuHepasorueit. CTpyKTypa ceMeiicTBa IO GOJIBIION IOJIyOCH OPOUTBEI U pasMepaM Jud-
dbepeHIMpOBaHa: B IIEHTPE HAXOJATCS CaMble KpyIHbIe acreponsl (B ToM gmcie u 24 Pemnya), a Ha OKpanHe —
6osee Menkne. Bosbias moyoch opouTh (@), SKCIEHTPHCHTET (€) U HAKJIOHEHHEe OpOUT (1) acTepONIOB ceMeiicTBa
MIPUHUMAIOT caemyomue 3uadenus: 3.02 a.e < a < 3.270 a.e, 0.070 < e < 0.225, 0.40° < 7 < 3.450°. 'mcrorpammet
paCIpeiesIeHIsT STHX IaPAaMETPOB CEMENCTBA IIPE/ICTAB/IEHbI Ha PUC. 2.

3. Ananns

Besmunna Gosbrnoit moayocn (puc. 2a) (24) @emuzpbl ¢ BBICOKOH TOYHOCTHIO COBIAAET CO CPEJHUM 3HAUEHUEM
9TOTO IapaMeTpa JJIsl BCEro ceMeiicTBa. IToT hakT, a TakxKe HanbOJbImii pazMep PeMuIbl 10 CPABHEHUIO C JPY-
IPUMU 9WIEHAMH CeMefCTBa U CXOXKECTb UX 10 CHeKTpajbHOMY Tuily (puc. 1), ciyKarT IpsgMbIM yKa3aHUEM Ha TO,
YTO ITOT aCTEPOUJ MOXKET OBITH POJUTEHCKUM TEJIOM CeMeiicTBa (MM ero COXPAHUBIIEHCs OCHOBHON YaCThIO),
pa3apobIeHHBIM TIPU CHUJIBHOM yIapHOM coObiTHH. Ha 9TO yKa3bhIBAIOT, BEPOATHO, 3HAYUTEIbHBIE CMEIIEHUsT IKC-
IEHTPUCUTETOB U HAKJIOHEHWN OPOUT B CTOPOHY OOJIBIIMX 3HAYEHUIl acTEPOMJIOB MEHBINNX PAa3MEPOB, KOTOPBIE
MOTJIM BO3HUKHYTBH KaK IPH KAaTacTpOMUIECKOM yjaape, Tak U BejeacTsue (puc. 26, B) Gojee CHIBLHOTO BO3Jel-
crBusg 3ddPerTa JdpKOBCKOro, KOTOPHIH 38 KOPOTKOE BPEMsT MOXKET CYIIECTBEHHO M3MEHSITh OPOUTY acTEepOUIa, a
TakKe GOJIbIIell 1yBCTBUTEILHOCTH MAJIBIX TeJl (CUJILHON YyBCTBUTEIHHOCTH) HEGOJIBIIAM BO3MYIIIEHUIM CO CTO-
poHBI IaHeT. Pacmpenesienust TyIaBHBIX APAMETPOB aCTEPOUIOB, MJisi KOTOPBIX OIPEIEIeH CIIEKTPAJIbHBIN THUII
(MOBBOJISIET MCKIFOIUTD CIIyUaifHbIe ACTEPOUIBI U3 OBIIEro OKPYIKAIIero (hboHa) MOKA3hIBAET TAKYIO YK€ KAPTHHY.
Ananornunas KapTuHa HAGIIONAETCS U JIJIsT ACTEPOUJIOB, JIJIS KOTOPBIX OIIPeIeJIeHbl pa3sMepshl (BCe OHU UMEOT Jina-
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Puc. 2: Pacupejenenne cemeiictsa 1o 60mb1oii mosyocu (a), sxcrenTpucurery (6) n HAKJIOHEHUIO OPOUTHI (B).

MeTp GoJbIle 2 KM), 9TOOBI NCKJIIOUUTD BIIUSIHUSI MAJIBIX ACTEPOMJIOB, KOTOPBIE MOTJIM OBITH 3aXBAUEHBI 38 BPEMsI
IBOJIIOTIAT.

4. 3akJ/rodyeHue

ITo pacupenesrleHNI0 OCHOBHBIX [TAPAMETPOB Il PA3HBIX BHIDOPOK MOXKHO MPE/IITOIAraTh, YTO 3HAUNTE/IbHA YaCTh
aCTEpOUIOB PACCMATPUBAEMOIO CeMeHCcTBa OJIM3Ka 10 IPOUCXokaeHnio K (24) Pemuze u qomkHa 00/1a1aTh aHa-
JIOTUYHBIME CBOMCTBAMM, B TOM YHCJIE UMETh B HEJIPAX B COCTaBE CBOErO BEIIECTBA BOJSHOM JieJ W IPOSIBISATH
CyOIMMAIMOHHYIO AKTUBHOCTD BOJIN3H [IEPUTEIIHSI.

Pabora nognepxkana rpantom POOU 22-12-00115.
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CraTtuctnka meteopoB no pesynbTatamMm HabnwoaeHun Ha MMT-9
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Jlancuna H.B., Kapnos C.B., Beckun I'M., I'yraes A.I'., Isanos E.A.
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9-kanasbHas cucrema Munn-MeraTOPTOPA (MMT-9) nosgosisier ncciiesoBarb MeTeopsl ¢ GJECKOM BILUIOTH JI0 BUMMOI
3Be3Hol Besmaunbl 10.5™ ¢ BpemenubiM paspemenuem 0.1 cekyuapl. Baza mannubix cogepkut cpbiiie 330 ThICAY METEOPOB,
3apeructpupoBanibix ¢ 2014 mo 2022 r. B 6asucubix Habm0aeHnsx ¢ MMT-9 u mupokoyrosbabiM Teteckorniom FAVOR, 61t
3apEruCTPUPOBAHBI OKOJIO COTHH TPEKOB, JIJIsI KOTOPBIX OBLIN MOy Y€HbI TPACKTOPUN MeTeOpOB B arMocdepe. Hauarsr crek-
TpaJibHbIE HAOIIOJIEHUsI METEOPOB C MTOMOIIBI0 0ObEKTUBHOM MPU3MBbI, KOTOPOU CHabXKeH onuH u3 Kanajaos MMT-9. B stom
pexxume OyJlyT U3y4aThCsl CHEKTPbI METEOPOB BIUIOTDH JI0 6 BUJIMMOI 3B€3/IHOM BEJIMYUHBI CO CIIEKTPAJIbHBIM Pa3peleHueM

150 A.
Ilocrymuna B pemakmuio 10.05.2022 r. [Ipunara B nevars 28.07.2022 r.

Karouesvie caosa: MEMEOD, M@m@OpH’bLiZ nomow

Statistics of meteors based on the results of observations at the MMT-9 and meteor
research prospects

Lyapsina N.V., Karpov S.V., Beskin G.M., Gutaev A.G., Ivanov E.A.
Special Astrophysical Observatory of the RAS, Nizhny Arkhyz, Russia

The 9-channel Mini-MegaTORTORA (MMT-9) system makes it possible to study meteors with limiting apparent magnitude
to 10.5™ with a time resolution of 0.1 seconds. The MMT-9 database contains over 330 thousand meteors registered from
2014 to 2022. In double-station observations with MMT-9 and the FAVOR wide-angle telescope, about a hundred meteor
tracks were recorded, for which atmospheric trajectories were obtained. Spectral observations of meteors have begun with
the help of an objective prism, which is equipped with one of the MMT-9 channels. In this mode, the spectra of meteors
up to apparent magnitude 6 will be studied with a spectral resolution of 150 A.
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1. BBenenune

C 2014 r. ¢ TOMOIIBIO MMTUPOKOYTOJTHHOTO MHOTOKAHAJILHOTO TEJIECKOIAa BHICOKOTO BPEMEHHOTO pasperntenust Munm-
MeraTOPTOPA (MMT-9) uposoagarcsa nabmojuenus ceBepHoro Heba. VIHCTpYMEHT uMeeT JBa pexkuMa MOHUTO-
PUHTa — [IUPOKOIOJIbHBIN, KOIJa 9 KaHAJOB CHCTEMbI BBHICTPAWBAIOTCS B KBaJpaT 3 X 3 OOIMMM II0JIEM 3PEHUs!
npumMepro 30 X 30 rpajlycoB, U MCCJIEIOBATEILCKUI PEXKUM ¢ IoJieM 3peHusi okojio 10 X 10 rpajycos, Korja Bce
KaHaJIbl CUCTEMbI OPHEHTUPOBAHBI Ha OJIHY 00JI1acTb HeOa 1 HAOJIFOIEHUsT IIPOBOISITCS OJJHOBPEMEHHO C PA3/IMNYHBIMU
sKcrno3unuaMu 1 busbrpaMu (KaxKaplii KanaJ ocHaieH HabopoM cerodmwibTpoB BVR-/Ixkoncona u nossipusarmy-
OHHBIM (PUIILTPOM, KOTOPbIE MOI'YT OBITH BBEJIEHBI IIPU HEOOXOIUMOCTH 32 2—3 CEeKYHIbI).

OCHOBHBIM PEXKUMOM HAOJIONCHUI ABJISETCA MMUPOKOIOJBbHBIN MOHUTOPHUHT. [Lnommmaakn HAOIOgAI0TCA B Te-
genne 1000 cexyH)| Kaxkjas ¢ BpeMeHHbIM paspernenueM (.1 CeKyHIIbI, IIpU 3TOM OCYIIECTBJISIETCS] PABHOMEDPHOE
IIOKPBITHUE BCei JJOCTYITHOM 0bJ1acTu HEHa 33 HOUb. 3a BpeMsi paborel MMT-9 kazkias objacts miroma s 900 kBa -
PATHBIX T'PAJIyCOB HAOJIONAIACH OT HECKOJIBKHX MECATKOB J0 Thicgdn pa3. [loapobmee 06 ycrpoitctee MMT-9 u
peXnMax HaOJIIo/IeHIs HaUCcaHo B [1, 2].

B xome momuTOpHHTa OBLIM 3aPErMCTPUPOBAHBI TPAH3UEHTHBIE COOBITUS PA3IUIHON MPUPOIBI U JIUTETbHO-
CTH — Ha4YWHAas ¢ PparMeHTOB KOCMIUYIECKOIO MyCOpa U KOHYasl ONTHYECKUMH KOMIIAHbOHAMU T'aMMa-BCILIECKOB.

[Toacucrema aHau3a JaHHBIX B peajbHOM BPEMEHU BbIJIEJISIET U KJIACCU(MUIIUPYET OBICTPOIIEpEMEHHBIE 00 bEK-
ThI. Tekymuii KaJp cpaBHUBAETCS ¢ MEJIUAHHBIM KaIPOM, IIOJIyYeHHBIM II0 CEPUH IPEIbIYIIUX HOCIEI0BATETbHBIX
KaIpoB. B ciaydae obnapyrkeHusi HOBOro o0beKTa B Kajpe, hopMa ero m300pakeHus OIEHWBAETCH IO CTEleHn
BBITAHYTOCTH (B IIPEIIIOJIOXKEHUH, YTO PUTypa HA M300DPAKEHUU JLIANCOnabHast). Eciaun orHomenne 601bmoit
U MaJIoH ToJryocei 6obIie 5, TO 00bEKT MpeIBaPUTENbHO KIaCCUMUIMPYeTCcs: KaK MeTeop (110 OKOHYaHUH HabJIro-
JIEHUH MeTeOpbl IPOCMATPUBAIOTCS OIIEPATOPOM, JIOXKHBIE COOBITUS yAAAsIOTCs ). OUpenessiioTesl €ro PacTPOBbIe
U 3KBATOpUAJIbHBIE KOOPUHATHI, yIJIOBasi CKOPOCTh. 110 MUKCcesIsiM, MHTEHCUBHOCTD U3JIyYeHUsI B KOTOPBIX IIPEBBI-
mraeT 1mopor obHapyKeHus (Ha ypoBHE 30), OIpeesieTcs MHTErPAIbHbII 6JIeCK KAaK HA OTJEJbHBIX KaJpaxX, TaKk
¥ 110 BCeli ceprur KaJIPOB C METEOPHBIM COOBITAEM.
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Kaxmyto siciy1o HOUb HAOJIIOZAIOTCS 10 HECKOIBKIX COTEH METEOPHBIX TPEKOB ¢ H6JIECKOM BILIOTH JI0 BUIUMOIL
3Be3HON BesmmunHbl 10.5™. Yacrunpl, mopoxgatorie Hadswomaemble MMT-9 MeTeopHbIe COOBITHS, UMEIOT IIpe-
HMYITECTBEHHO MacChl OT JIECATKOB MHJLIUTPpaMM BILIOTH 10 1077 1 [3]. Cambie c/iabble perucTpupyemMble MeTeoph
MTOPOXKTAIOTCS IaCTUIIAMU, CPABHUMBIMU C KPYITHBIMU KOCMHYIECKUMU TTHLIMHKAMH.
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Puc. 1: Habmonagmmuecst yriioBble CKOPOCTH (BBEPXY CJIEBA), BUUMbBIC 3BE3/HbIC BEJIMIMHBl B MHHUMYME U MaK-
cumyMe Gisiecka (BBEpXy CIpPaBa) M JUIATENBHOCTH (BHU3Y CJI€Ba) METEOPHBIX COOBITHH B Oaze maHHbx MMT-9.
Buumble 3Be3/iHbIE BEJIMYUHBI perucTpupyeMbix Mereopos Tejieckoramu MMT-9, FAVOR, u abcoJitorHble 3BE3/1-
HBIE BeJMIUHBI B MeTeopHbIX ceTsix NFC [4], SonotaCo, Edmond [5] (BHu3y cunpasa).

2. Baza paunbix mereopoB MMT-9

Baza nannbix (B/L) comepkut Ha Hauaso mapra 2022 1. 6osee 330 ThICsIa MeTEOPHBIX coObITHI [6], 3aperncTpupo-
BanHbIX Ha, MMT-9 B niepuoy ¢ utonst 2014 r. o anpessb 2022 r. u aythb 60see 10 Thicsia — Ha FAVOR 3a nepuo,
¢ arycta 2006 r. mo mapt 2009 r. nsa kaxkjaoro mereopa B B/l xpanutcss KoopJnHaTHasd U (HPOTOMETPUIECKAS
nHMOpMAIUs, TPUBOIATCS OINEHKU JJIUTEILHOCTA COOBITUI u yryioBble cKOpocTn. OOHApPYKEHNE TPAH3UEHTHBIX
COOBITHH, B YACTHOCTH METEOPOB, W UX AHAJN3 IMPOUCXOIUT B PEAJTbHOM BPEMEHHU B XOJE IMTUPOKOYTOJIHHOTO MOHIM-
TOpHUHTa HEDA.

Hnsa xkaxgoro mereopa B B/l coxpansercs nadopMalus: KOOPAMHATHI TPEKa, OIMEHKA BUIUMON 3BE3THOM
BEJINUUHBI BJIOJIb TPEKA U U3MEHEHNe OTHOCUTEJHLHONW MHTeHCMBHOCTH U3JIy9YeHHsl BJOJIb Kajpa (JJIsl BCeX KaJpOoB
C METeOPOM ), a TaKKe MCXOJHbIe KaJpbl cobbiTus B dhopmare FITS.

Ha puc. 1 npuBomsaTcst pe3yIbTaThl CTATUCTUIECKOTO AHAJIN3a COBOKYITHOCTH XaPAKTEPUCTUK HAOJIOIAEMBIX
MeTeopoB, BodmozkHOCTH MMT-9 115 HAOIOEHS METEOPOB COMMOCTABIAIOTCA C BO3MOXKHOCTSIMU JIPYTUX HHCTPY-
MeHTOB. B xo1e 6a3ucubix Haboaennii cucremamu MMT-9 u FAVOR 65110 00HapyzKeHO, 9TO PErMCTPUPYEMBIE Me-
TEOPHBIE COOBITHS HAXOIATCS Ha, TAJBHOCTAX OT cTaunuii B muamnaszone 150-100 km. Tax Kak abcosoTHast 3Be3/1HAS
BEJINYMHA, METeOPa CUNTAETCS B MPUBEICHUN Ha JAJbHOCTH 100 KM, BO3MOXKHO COMMOCTAB/IATH BUIAMBIE 3BE3IHBIE
BEJIMIUHBI MeTeopoB, obHapykeHHbix MMT-9 u FAVOR, ¢ abcoroTHBIMY 3BE3/IHBIMU BEJIMYUHAMUI B JPYIUX Ha-
6/romaTesbHBIX porpaMmax. Cpemgauit 6/1eCK perncTpupyeMbix MeTeopHbix coobrtuit Ha MMT-9 na 2-3 3Be3mHbIE
BEJIMIUHDI cJiabee.
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Puc. 2: 306pazkenne METEOPHOIO TPEKa, IOJIy Y€HHOE B KaHaje 6e3 buabTpos (cjeBa) U B KAHAJE C YCTAHOBJICHHON
00 bekTUBHON pu3Moii (cupasa) 28 ausapst 2022 1., Bpems perucrpaimn — 22:57:17.6 UTC.

3. CriekTpbl 1 6a3uUCHBbIE HAOJIIOAEHUS

B samBape 2022 r. ma oxgmom u3 kanajgoB MMT-9 6puta ycramoBieHa OOBEKTHBHASI MPU3Ma CO CIEKTPAIBHBIM
pazpemenueM 150 A B gmanasone mmn Bos 4000-7000 A. Beum TIOJTy YeHBI M300paYKeHNs CIIEKTPOB HECKOJIBKHX
MEeTeOPOB ¢ OJIeCKOM BILIOTH 110 6 3Be3muoit Bestmanabl. Ha puc. 2 npuBesien npuMep n300pakeHuns CIEKTPA METE0Pa
3™, Tlo npeaBapuTe/IbHBIM pacyeTaM, HOJYYEHHOe CIEKTPAJbHOE pa3pelleHne IIO3BOJIUT OIpeesdaTh Haubojee
sipkue JuHEnA B crektpax mereopos (Fe I, Mg I, Na I) [7] u oneHuBaTh UX XUMHYIECKHH COCTAB M OCOGEHHOCTH
CBeUYEHUsl BJIOJIb TPEKA.

B 2018 r. 6611 BBEJIEH B TECTOBYIO SKCILIYATAIINIO MOJIEPHU3UPOBAHHBIN ITIPOKOYToIbHBIH Teseckon FAVOR
¢ noJiem 3perns 400 KBaJAPATHBIX IPaJyCOB U BPEMEHHBIM pa3perienneM 7.5 kaapos B cekyuzay [8]. Ocenbio 2018 1.
ObLIN poBeaeHbl bazucubie Haboaenns MMT-9 cosmectro ¢ FAVOR, B KOTOPBIX GBLIIO 3apErHCTPUPOBAHO OKOJIO
100 MeTeopHBIX TPEKOB ¢ OJIECKOM B MaKCHUMyMe JI0 7.5 3BE3/IHON BEJIMYUHBI. PaccTosiHre MeXK Ty MHCTPYMEHTAMMI
cocrasiisieT 3.8 KM, IPUMEpP METEOPHOIO COOBITUsI IIpuBejieH Ha puc. 3. CHHXPOHHbIE HAOJIIOIEHNUS] TIO3BOJISIIOT IIe-
peiiTu B IpOCTPAHCTBO OPOUT M MCCIEIOBATE JUHAMIUYIECKNE U KNHEMATHIeCKIe TapaMeTphl MeTeopoB. B KadecTBe
IIpUMepa IPUBOINTCS PACIPeIe/IEHAe MH MBIy aJIbHBIX PAJUAHTOB METEOPOB Ha HeDE U paIuaHThl HEKOTOPBIX Jeii-
CTBYIOIIAX HA 3TY COJHEYHYIO JIOJITOTY METEOPHBIX OTOKOB (puc. 3). NHauBumsyaibHble pajiualThbl OIPEIeIsIICh
JUISL CPEJIHUX TPAEKTOPHH HAGIIONAEMBIX METEOPOB [9].
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Puc. 3: CoBmeniennble n300parkeHnsl TPEKOB OHOTO MeTeopa, noiaydeHHbix Ha MMT-9 (cepxy) u FAVOR (cuu-
3y) — (cmeBa). Pactpesiesienne nHINBUIYAJIbHBIX PAJUAHTOB METEOPOB B CPABHEHWH C DAJIMAHTAMHI METEOPHBIX
[IOTOKOB, JIEICTBOBABIINX Ha yKa3aHHble HOUN HabsogeHnii. O603HaUEHNST MapKepOB: MoJiyOOil U PO30BbIN — WH-
JMUBUIyaIbHBIE PATUAHTH METEOPOB, 3aperucTpupoBaHHbIX 11 n 19 okTsi6pst 2018 1. cOOTBETCTBEHHO, CUHUN U KPac-
HBI — HEHTPBI PAJUAIMU METEOPHBIX OTOKOB Ha 11 n 19 okrabps 2018 1. cooTBETCTBEHHO (IO COTHEYHBIM JI0JI-
roram 198° u 206°), aKTHBHBIX B 9TOT II€PUOJ B IPUBEIEHHON 061acTi HebecHOMN cdephl. PajuaHThl METEOPHBIX
noTOKOB ykas3aubl 1o gaHHbM IAU Meteor Data Center [10, 11, 12, 13, 14| (cupasa).
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4. 3akJrodyeHue

C nomorpio cucrem MMT-9 u FAVOR M0oXKHO TPOBOIUTE UCC/IE0OBaHUS HAKOoJIee CJIabbIX METEOPOB, OOHAPY K-
BAeMbIX B OITUYECKOM JIHAIIA30HE.

BaarogaprocTu. Hacrosiniast pabora BIIIOJIHEHA B paMKax IpaHTa MUHHCTEPCTBa HAYKU W BBICIIErO 0Opa-
soBanusi Poccniickoit @eneparun 075-15-2022-262 (13. MHIIMY.21.0003).
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Nuunmarususit npoektr MCOH craprosan B 2004 r. mpu mojjep:KKe IPAHTOB. B paMkax IPOeKTa ObLIa OPraHM30BAHA
MeXKJTyHapO/IHasi Koomepalus obcepBaTopuil Jijisi HabJIIOAeHU acTepou10B. B ToOM 4wnciie ObLIM TPOU3BEIEHBI HOBBIE TeJIe-
ckombl ameprypoit 40—50 cM, a TakKe MOJIEPHU3NPOBAHBI WM OCHAINEHBI (POTOIPHUEMHON aNIapaTypoil HECKOJIBKO CYIIe-
CTBYIOIIUX TeJecKonoB arnepTypoit 60 cm — 2.6 M. VccietoBanust IpOBOJIATCS B TPEX OCHOBHBIX HAITPABJIEHUSIX — OTPAOOTKA
anmnapaTypbl 1 METOIUKH aCTEPOUIHBIX 0030POB € MAJIBIMU IIIHPOKOYTOJBHBIMHU TEJIECKOIIAMU, PETYISPHbIE KAMIAHUU POTO-
MeTpUYeCKnX HabGJIIO/IEHNIT U COMTPOBOXKIeHNE 0O bEKTOB, OOHAPYKUBAEMbBIX KUTANCKUM acTepOUIHbIM 0030poM. [losryuenne
GOJIBIIIOr0 MaccuBa KpuBbIX Ojiecka coreHn AC3 1MO3BOJIMIIO NPUHATH yYACTUE B IEJIOM PsJie MUOHEPCKUX TEOPETHUECKUX
¥ HaOJII0IaTeIbHBIX PabOT.

ITocrymuna B pemakmuio 09.05.2022 r. [Ipuusara B nevars 29.06.2022 1.

Kmouesvie caosa: acmepoud, gomomempus, acmpomempus, nouck AC3, cemv meseckonos

Tasks and results of asteroid research in the ISON project
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The initiative ISON project was started in 2004 with the support of grants. Within the framework of the project, an
international cooperation of observatories for asteroid observations was arranged. In particular, new telescopes with an
aperture of 40-50 cm were produced, as well as several existing telescopes with an aperture of 60 cm — 2.6 m were upgraded or
equipped with CCD cameras and filter wheels. The researches are carried out in three main directions — the development of
equipment and methods of asteroid surveys with small wide-angle telescopes, follow ups of objects detected by the Chinese
asteroid survey CNEOST, regular campaigns of photometric observations. Obtaining a large massif of light curves for
hundreds of NEA allowed us to take part in a number of pioneering theoretical and observational works.
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1. BBeaenune

OcBoeHNe 1 UCCIIeIOBaHusI OKOJI03eMHOr0 KocMmuueckoro npocrpancTsa (OKID) nmpusesio K 0COBHAHUIO T.H. ACTEPO-
UJHON OIIACHOCTH, IIOPOXKIAeMOii acrepongamu, comkaomumucs ¢ 3emieii (AC3). 3azaun oOHAPYKEHHS U Ka-
rajorusanun AC3, ucciieIoBaHusT IBOJIIONUN UX OPOUT U U3YUeHUsT X (DU3UKO-MIUHEPAJTOTHIECKUX CBOWCTB TIPe/I-
CTABJISIIOTCST IPE3BBIYAHO BaxKHBIMU. J[JIsT MX pelleHnsi Hy2KeH HaydHBI WHCTPYMEHT B (opme reorpadudecKn
PA3HECEHHOI CeTH ONTUYECKUX TEeJIECKOIIOB, IMEPEKPBIBAIOIINI BCE JOJIIOTHI 36MHOIO Imapa. IIOmbITKON co3/1aTh
no06HbIH nHCTPpYMeHT cTtas uHununaTuBHb npoekt ICOH [1], peanmsyemsiii ¢ 2004 1. 3a cueT TPAHTOB U X030~
TOBOPOB.

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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TEﬂEEKDI'IbI, BpPemMA HOTOPbIX Nony4aeTCA No Hay4HbIM 3aABHam

Puc. 1: Teorpaduaeckoe pacrnosoxkenne obcepBaropuit, BoiedeHubx B nmpoekt UCOH. Kpacupim 1iBeToM BbIIE-
JIEHBI 00CEpBATOPUN, KOTOPhIE YYaCTBYIOT B HaOJIIOIEHUSIX ACTEPOUIOB.

2. Ilepeuenn obcepBaTopuit HCOU APH, yyacTByomux B HAOJIIO/IEHUSX aCTEPOUI0B

NCOH — oTkpbITHI TPOEKT HA caMO(pUHAHCHPOBAHUH, IEJHI0 KOTOPOTO SBJISETCS ODeCIevYeHre HEe3aBUCHMOTO
WCTOYHUKA JAHHBIX 110 00bEKTaM MCKYCCTBEHHOTO U €CTECTBEHHOTO TPOMCXOXKICHUS IS HAYIHBIX U MIPUKJIATHBIX
3aga4. OcHOBHbIE HalpaBieHus HAOJMOMeHUil: KocMudeckuil mycop (upu koopauaanuu UIIM um. M.B. Kemngpi-
ma PAH u OO0 MUII «MICOH Basmucruka-Cepsucs ), acteponsl (npu koopaunaaiun HUU Acrporomun XHY
uM. B.H. Kapasuna), ontuuaeckoe 1ocsecseuenne raMma-seiieckos (npu koopaunamun UKW PAH) [2]. B macro-
amiee Bpemst cerb ICOH cocrasmstior 32 cobcTBEeHHBIX TesiecKomna B 19 myHkTax HabJojeHnit u 12 WHCTPYMEHTOB
10 obcepBaTopuii-mapraepoB. Tekyrmmit coctaB obcepBaropuii, corpyaungdatomux ¢ NCOH, nokazan na puc. 1.
KpacubiM nBeToM Ha HEM BBIJIEJIEHBI IYHKTHI, YIACTBYIOIIME B HAOIIOIEHIS ACTEPOUIIOB.

B pamkax mpoekta MCOH c¢ 2008 r. HauaTa opranmsarus MeKIyHAPOIHON Koomeparun 00CepBaTOPHil [Jist
dboromerprueckux Habonenuit acreponsios [3]. C 2010 r. cramu npoBoguThCst paboThl 1o noncky AC3 u komer [4].
C 2018 r. cozmaercs nojacucrema st orneparusHoro moaxsara AC3. C 3Toii 1ebio 6L pa3zpaboTaHbl HOBbIE Te-
seckonbl aneprypoit 40—50 cm — Canresnr-400A (Meiixuwin, CIITA), Canren-40030u (Mysbra, Anraii), OPU1-40
(Xypanaroror, Mouroaus ), OPU-50 (Auapymeska, Ykpauna), IB-400 (Yxropoa, Ykpauna; Kocana, Mekcuxka),
YB-500 (Yccypumiick, IIpumopckuit kpaii), a Tak»Ke MOJEPHU3UPOBAHBI UJIM OCHAIIEHBI (DOTONPUEMHON allnapaTy-
POii HECKOJIBKO CYTIECTBYIONINX TEIECKOIOB aneprypoit 6osee 60 cm (Ileiice-600 B Tapuxe, Boausus n vHa Maiina-
Hake, ¥Y36ekucran; AT-64 u 3TII B Hayunom, Kpeim, AC-32 B Abacrymanu, ['pysusi; A3T-8 8 Uyryese, Ykpauna,
PK-800 8 Masikax, Ykpanna; Ieitcc-1000 8 Cumense, Kpbim). Oun u3 1Byx acreponabix 0630pos — B Caitauar-
Cupunr, Ascrpasus (2015—2018 rr.) — 6w peasmzosan ua ocuose 40-cm acrporpada ACA cosmectHo ¢ AcTpo-
HOMUYIECKNM MHCTUTYTOM yHuBepcurera bepra. Kpome Toro, acrepoumusie nabdiomarensuse nporpamMvsl TCOH
peam3yroTCs Ha b TeJIecKonax, BpeMsl KOTOPBIX MojtyuaeTcs 110 HayaHbiM 3asBkaM (Ileiice-600 u Ieitec-2000 B Po-
xkene, Bosirapust; [eiicc-1000 na Taub-I1lane, Kazaxcran, A3T-8 B Jlecuukax, Ykpauna, A3T-22 na Maiinanake,
Va6ekncran). C 2021 r. nokynaercst Bpemst Ha 80-cm Teseckorie ACA o6cepsaropun Ceppo-Tosono B Yuin.

3. HanpaBJjieHusi acTepouHBIX HCCJIe/IOBAHU

PaboTb! BeyTcst B TPEX OCHOBHBIX HAIIPABJIEHUSX — IIOUCK HOBBIX ACTEPOUIOB M KOMET, [TO/IXBAT HOBBIX OTKPHIBaE-
MBIX aCTE€POHIOB (LOJIyYeHre aCTPOMETPUN JIJId YTOYHEHHsI OPOUT) U POTOMETPHsI ACTEPOUIOB JIJIsl UCCIIEI0BAHUIT
ux HU3MUECKUX CBONCTB (OIpesesieHne IapaMeTpPOB BpAIleHUus — IEPUOJa ¥ HAIPABJIECHUS BPAIIECHUs, KOODIH-



3ajtaun U pe3yJIbTaThl ACTEPOUIHBIX HccaenoBanuti B npoekre MCOH

125

Tabsmra 1: Obmas crarucruka o Habmogennio AC3 obcepsaropusimu ceru TCOH

OBcepsaropis Kon | Konngecrso | Konmnaecrso | KoanaectBo TounocTh
TAU | obbekTOB n3MepeHuit nupkyaspos MPC | usmepennit, "/
Cumens 094 | 74 1246 90 -0.11 / +0.15
AbBacrymanm 119 | 11 75 14 +0.14 / +0.22
Yyryes 121 | 29 462 39 +0.04 / +0.18
Kurab 186 | 57 672 93 -0.03 / -0.13
Annpymeska A50 | 414 3528 421 +0.01 / +0.08
Hero-Mekcuko H15 | 518 4106 899 -+0.00 / +0.02
Vaxkropos K99 | 3 118 3 +0.03 / -0.11
Tsaub-11Tans N42 | 23 1935 38 —-0.10 / 4+0.08
Myunbra N82 | 61 215 62 -0.01 / +0.01
Xypasaroror O75 | 113 424 121 +0.10 / —0.03
Caiinuar Copunar | Q60 | 187 1553 304 +0.03 / +0.00

> | 1490 14334 2084 -

HAT TIOJIFOCA, OCH BPAIEHUST aCTEPOUJIa, HOCTPOeHne Moesn ero Gopmbl). Kpome Toro, IpoBoasTest HAGIIOeHUsT
ACTEePONJIOB, BHIOPAHHBIX IEJISAMU JIJIsl PAJNOIOKAIIMOHHBIX SKCIIEPIMEHTOB (ACTPOMETDHUST JJisl yTOUHEHHs OpOUT
u oTOMeTpHUs 71T COBMECTHO 00paBOTKY € JAHHBIMU PAJMOIOKAINN) U KOCMIIECKAX MUCCHI.

C nomompio npobubix acreponanbix 0630pos MCOH B Meiixur (H15, CIIIA) u Caiigunr-Cupunr (Q60, As-
crpasius) Ha ocHoBe 40-cM TesIecKonoB ¢ nojisiMu 3penusd 1.75x 1.75 u 2x 2 rpajyca pazpabarbiBaiach 3bdeKTuBHAS
crparerust oucka AC3 (MeTonnKa ONTHMAJIBHOTO IIAHUPOBAHUS 00X071a HEGECHON cdephl), OTIAKUBAINCH PO-
60TU3NPOBAHHBIE HADJIIOIEHNUs (OCYIIECTBIISIICS TIOA00P KOMILIEKTa 000PYI0BAHNS M TPOTPAMMHOIO 06eCedeH st
(I1O), paspaborka 3aMKHyTOro KoMiuekca coberserHoro IO st poborusuposanubix obcepsaropuii). ITepexon
or croponnero I1O ynpasienus teneckornom k cobersernomy 110 KJIC [5] upuBeno K yBejandeHus: MOKPBITUS
nmebecnoit cdepnr Ha 25%. [IpoBoamnack 0TpabOTKa KOHIENIMN aCTEPOMIHBIX 0030POB «BTOPOH BOJHBI» — 0630~
POB C MAJIBIMA IIIUPOKOYTOJIBHBIMA TEJIECKOTAME, 00eCIEeINBAIOMIMME [TOJTHOE TOKPBITHE HEOEeCHOH cdephl, ITOObI
obHapyxkuBarh ObicTpble AC3, mporyIleHHble CHeaIn3uPOBAHHBIMEI 0030PaAME ¢ OOJIBIITIME TEJIECKOIIaAMHU.

OrnepaTuBHBIN I0JIXBAT HOBBIX OTKPBIBAEMBIX OOBEKTOB BBINOJIHSJICA Ha MepBoM 3Tare st nmpoekta OOH
TAWN o corsamenuto ¢ Esporneiickum kocmudeckum arearcrsoM (2018-2020 rr.), a 3aTeM — 10 3ampocaM KUTaki-
ckoro acrepouaaoro obzopa CNEOST no cormamenuro ¢ obceparopueit [lypryproit roper Kuratickoit akamemun
nayk (2020—2022 rr.). Ienbio aTux pabor gBJISUIUCH — HOJIYYEHHE BBICOKOTOUHBIX IIO3UIMOHHBIX HAOJIOIEHUN
(B TeueHMe YaACOB OCJe OOHAPYYKEHHsI) B MHTepecaX yTouHeHns: opout Hoebix AC3, oTpaboTka HAGIIOeHN MeI-
JIEHHBIX 00'beKTOB ¢ OyieckoM 10 21.2™ Ha Tejteckonax kjacca 40 cMm 3a cuer ciaoxkenus [I13C-kaipos, moJryueHue
[I3C-kaapoB ¢ TOYHON NMPUBSA3KON BpeMEHU JIjisi OBICTPBIX 0OBEKTOB, OOHApPY:KEeHIEe 00bEKTOB ¢ Ipyboil opouToii
Ha TEJIECKOMAX C OOJIBIINM IIOJIEM 3peHUs. B 9TUX HAOIIONEHUSAX TPUHUMAJIN YIaCTHE CJIEILYIONINE TEJIECKOIIBL:
40-cm 9UB-400 B Yakropoze (K99), 36-cm PK-360 B Kurabe (186), 40-cm OPU-40 B Xypasrorore (0O75), 40-cm
Canres-40030u B Myabre (N82), 50-cm OPU-50 B Angpymeske (A50), a Tak:ke Teaeckolbl HOTOMETPUYECKOL
KOOIIEPAIUH.

Mek 1yHapo/IHbIE KAMIIaHUU (DOTOMETPUIECKHUX HAOJIIOIEHUI OPraHN30BbIBAJIMCH B MHTEPECaX N3y YeHUs HelaB-
"o obHapyxkeHHbX AC3, B 0COOEHHOCTH MOTEHIMAHLHO OMACHBIX ACTEPOUJIOB, C IEJIBIO OMPEIEJIEHUs PA3MEPOB,
U3yUeHUs TapaMeTpPOB BpalleHus, (GpOPMbI TeJ W ONTHIECKHX CBOICTB IOBEpXHOCTEl. BbImosHsiace mporpam-
MbI uccsenoBannit AC3, opbuThl U CBOWCTBA T/ KOTOPBIX MPEANOJaraioT BO3MOXKHOCTL obHapykenust 1OPII-
sddexra (BausiHIEe HETPABUTAIMOHHBIX CHJ HA CKOPOCTU BPAINEHUS M HAKJIOHBI OCeil BpalleHWsl aCTEPOUIOB),
JUIsT OOHAPY>KEHUs JTBOMHBIX U KPATHBIX aCTEPOUIOB U OIPeesIeHrs] IapaMeTPOB 3TUX CUCTEM C aKIIEHTOM Ha 00-
napyxenue bu-AOPII-sdpdekra. Tak:ke B mporpammy HabJirojeHuil Bkiodatorcs Hebosbimme AC3 guamerpom
meree 300 M, KOTOpbIE MOTYT MMETb OY€Hb ObICTpOe BpaleHne. B HAOIIOMEHNAX €KeroqHO MPUHAMAN yIACTHe
ot 10 mo 17 teneckomnos. OcHoBy Koomepamnun coctaBistian Teseckomnsl: 2.6-m 3T 8 Hayunom, 2-m Ieitcc-2000
u 60-cm Ileiicc-600 B Poxene, 1-m Ileiicc-1000 B Taup-Illane u Cumensze. 80-cm B Ceppo-Tostoso, 70-cm AC-32
B Abacrymann, 70-cm A3T-8 B Uyryese u Jlecaunkax, 1.5 M A3T-22 u 60 cm Ieitcc-600 Ha Maiinanaxke.

4. IloxydyeHHBIE pPe3yIbTATHI

Habsroienust Ha TejiecKonax acTeporHbix 0030poB B Meiixuin u Caitauar-CiprHr IpOBOAMIIOCH YIAJIEHHO, Yepe3
Warepner, ¢ nenTpaan30BanHbIM mtanupoBanneM u odbpadorkoit [I3C-kaapos B Mockse. Paznecenne stux Tesecko-
OB TIO JIOJITOTE U TIIIPOTE TTO3BOJISIIIO BECTH TTOYUTH HEIPEPBIBHLIN MOHUTOPWHT HeOA M OCYIIECTBIISITEH OIEPATUBHBII
B3aUMHBII MOIXBAT OTKPBIBAEMBIX 00beKTOB. O0a Temeckona mokpeBaan 10 900 KB. rpajl. B CYTKHU C TPEIeIbHBIM
nporunanueM 110 20.5. Beuto noayueno 1 230 500 mo3UIMOHHBIX U3MepeHuit, OTKPHITO 14 (a Bcero B mpoekTe —



126 X. Yxao u jap.

T T L T v T L T ¥ I J | Ll T
- (154244) 2002 KL6
I Fﬂ'- "\l
. ~ '
o . N :
£ 324 - . \'-... 1 o
c ) | !
) - '. ]
419 u .
E n '- n n
o : Tt 3
2 = " '.l = ) -
E 38 ] L] % I. .
z ‘<~ - "
I. ‘,]
.f.
4.0+ Observed at Abastumani *= -Aug. 28, 2016
T T T d T J T ' T

— —
18 19 20 21 22 23 24 25
UT (n.c.)

Puc. 2: Kpusast Gisecka acreponna rpymubsl Amypa (154244) 2002 KL6, nonyuenHas 1o HabsomeHusM Ha 70-cM
tesieckorie AC-32 B AGacrymanu. PoroMerprudecKre HabIIOIEHNsT aCTEPON/Ia IIOKA3AJIN [IEPUO/T BPAIleHs PABHBIM
4.606 £+ 0.001 yac u ammInTyay Bapuanuii Osrecka 0.62-0.98™.

18) AC3, 8 komer, 20 rposguies FOmurepa, 4 obbekra cemeitcrsa Xuibia, 4 obbekra cemeitcrsa Lenrasp u 1605
acrepou10B [taBHOTO T051CA.

O6cepparopusimu cetu ICOH Ha perysisipHO#l OCHOBE IIPOBOIUINCH ACTPOMETPUIECKUE HAOJIIOIEHNsT MaJjIbIX
res1 Cosnednoii cucremsl, B uactaoctu, AC3, npuuem, Kak MOAXBAT TOJBKO 9TO OOHAPYKEHHBIX TeJI (CO CTPAHUIIBI
NEOCP), rak u uabirogenus yxke KarajoruzupoBanubix AC3, Tpebyromux yrounenus opoutbl. Beero mabiio-
nanock 1490 AC3, npu atom 6bLT0 OTy4ueHo 14334 m3mepenwusi, koropblie Borwm B 2084 mupkynsipa MPC. dis
paboThl ¢ JaHHBIMU OBLI CO3J[aH aBTOMATH3MPOBAHHBIN KOMILIEKC cOOpa M aHAJIM3a ONTUYECKUX U3MEPEHU Ma-
sbix rest CosHeuHol cucremsl [6]. B Tabu. 1 npejcrabieHa obmasi cTATUCTAKA TPOBEJIEHHBIX ACTPOMETPUIECKIX
mabironennit AC3 06cepBaTOPUSME CETH C OIIEHKAMM TOYHOCTH' HOJIYIEHHBIX H3MEDPEHHIL.

Mex nyrapoanoit kooneparmeii cetu UCOH kaxkapiit rog opranmsyeTcs HECKOJIBKO KaMIIaHmii (hoToMeTprue-
CKuX HaOJ/IONeHni, B cpeareM exxeroano Habmogaiorcsa or 50 1o 70 AC3 na 200-250 nouax. IToayuenne Ha mnpo-
TSKEHIH HECKOJIBKUX OIIIO3UIUIT GOJIBIIOro MaccuBa Kpubbix Giecka n3bpanubix AC3 (Gosee 600 KpuBbIx Grecka
Jutst nopsizika 300 acTeponIoB) MO3BOJIMIIO NPUHSITH YIACTHE B IIEJIOM Psijie MMOHEPCKUX TEOPETUIECKUX M HABJIIIo-
JaTesbHBIX paboT (7, 8]. IIpuMeps! MOCTPOEHHBIX KPUBBIX 0JIECKA MTOKA3aHbI HA pHUC. 2—4.

C Bosisieuenuem gauabix TCOH AOPII-adderr 6ot obuapyzxen s (1862) Apollo, (1620) Geographos,
(3103) Eger u (1685) Toro, Takzke Buepsble obuapy:ket 6u-10PII-adbdekr mia apoiinoro AC3 (88710) 2001 SLI [§].
C mpyroit croponbt, JOPII-addexT ne 611 3aperucrpuposan y (1865) Cerberus u (2100) Ra-Shalom, qjist KoTopbix
3ddekT ObLIT IpejicKa3aH U3 MoJeeil X (POPMHBI.

B 2018-2020 rr. B Teuenue 6osee 400 HOUel IpoBeieHbI poToMeTprdecKue Habmomenus cosee 150 AC3. Ha-
OJIIOIeHNsT TIPOBOININCEH CKOOPANHUPOBAHO B TPUHAIIIATH 00CEPBATOPUAX MUPA, C UCIIOIH30BAHUEM 15 TEJIECKOIIOB.
Cpemnu nabmonapmunxca AC3 — 29 BHOBb OTKPBITHIX, OoJiee 40 moTeHIMaJIbHO onacHbiX 1 10 aABoiiHbIX. Bhlin naii-
JieHbl nepuossl Bpammenus Ayt 26 AC3 ¢ auamerpanu 6ostee 500 M, B ToMm ancie guis (144332) 2004 DV24, (505657)
2014 SR339, 2003 NW1; (18172) 2000 QL7; (89959) 2002 NT7; (152754) 1999 GS6; (162082) 1998 HL1. Takxe
OATBEPKAEHBI IepUOALl BparieHus aist obosee, uem 20 AC3. Habimomanucs 6oee 35 AC3 ¢ aumamerpamu MeHee
300-500 M, cpemn KOTOPBIX 28 — 3TO BHOBbL OTKPBITHIE acTeponabl. OIpe e/ ieHbl WIN CACJIAHbI OIEHKN IIePHOIO0B
BpAIleHus JJIsi 22 U3 HUX.

Hlo crarucruxe MPC ¢ 2010 mo 2017 rr., ayst o6cepparopuii 186 u N82 — yCpeHEHHO, 10 HECKOIBKUM O6BHEKTAM.
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Puc. 3: CocraBuas kpusas 6iecka AC3 (326683) 2002 WP no nabmonerusm Ha 1-m resteckorne Heiic-1000 na Tsmb-
ITanbcKolt 06CcepBaTOPUH, ITIOKA3a/Ia OU€Hb BBITSHYTYI0, CUIapoobpasHyo popMy Tesa acTepousa. Brepsble ompe-
JleJIeH TIEPHO/], BPAIlleHNsI aCT€POHIA.

[Mposoaunacey dporomerpus AC3, HeoObIYHBIX TIO (hu3mUecKuM mapameTpaM. HabroeHns OXBATHIA aCTePO-
UJIBI, KOTOPBIE MOKA3BIBAIOT OYeHb OOJIbIINE aMILIUTY/bI KpUBLIX Osiecka (Gosbire 0,5™): (3552) Don Quixote,
(33342) 1998 WT24, (65733) 1993 PC, (144332) 2004 DV24, u acreponsipl ¢ JUIMHHBIMU TIEPUOJAMU BPAIEHUSI
(6ostee 12 uac): (11500) Tomaiyowit, (13553) Masaakikoyama, (88263) 2001 KQ1, (216689) 2004 HM1, 2003 NW1.
Takwme manHAbIe HEOOXOMUMBI JIJIS TOCTPOEHUST IUCAEHHBIX MOJENEH (DOPMBI 9TUX TEJI.

Pan acrepounos HabI0maICH € EJIBIO IOUCKA TPOosiBiieHuil ABoiicrBennoctu: (1943) Anteros, (15745) Yuliya,
(16816) 1997 UF9, (1866) Sisyphus, (68216) 2001 CV26, (152931) 2000 EA107, (454177) 2013 GJ35. Boiasiennst
npusHaku gsoiicteennoctn y AC3 (15745) Yuliya u (68216) 2001 CV26 (a paHee B KAHAUIATHI B JBOWHbBIE CHCTEMBI
6but 0oToOpans! acrepoussl (3122) Florence u (337866) 2001 WL15), kKpusble Giiecka KOTOPBIX TIOKA3AJIM HAJIAINE
VKJIOHEHWI OT MEPUOAMIECKON (DOPMBI, YTO MOXKET OBITH IIPOSIBJICHUEM BO3MOYKHBIX SIBJICHUN 3aTMEHHUN B ABOWHOM
cucTeMe.

ITpoBesieHbI MHTEHCHBHBIE HABIIONEHAS JIUIS HECKOJIbKNX m3BecTHBIX nBoitHbIx AC3: (7088) Ishtar, (31345)
1998 PG, (35107) 1991 VH, (65803) Didymos, (66391) 1999 KW4, (137170) 1999 HF1, koropbie GyyT UCIOIB30-
BaHbBI JJIsl YJIy4IIEeHUs IIaPaAMETPOB YNCIEHHBIX MOJIEIeH 9TUX JBORHBIX CUCTEM U JAJbHENIIEro aHaAIN3a IBOJIOINN
JIBOWHBIX acTepPOUJIOB Jjist ycTaHoB eHus Biusausg BYORP sddekra.

5. 3akJiroueHue

B pamkax npoexkra MCOH 6bL1 BBINIOJIHEH MHUITUATHBHBIN IIPOEKT 110 OTPabOTKE METOINKY U alllapaTypbl acTepo-
HUIHBIX 0030POB HA TEJIECKOIIAX YMEPEHHOI anepTyphl — mosaydeno 1 muH. 230 Thic. m3Mmepennit, oTKpbiTO 1646 acre-
pousos, B ToM gucie, 13 AC3 u 8 komer. Ilnanupyerca madars HOBbI 0630p Ha 40-cMm Teseckone ACA (modie
2x2 rpaji.) B Mekcuke u, KpOMe TOTO, IPEJIOIaraeTcs TPaATUTh 9acTh BPEMEHN Ha MOUCKOBBIE 3a/aun OyIyInero
JBojiHOTO 28 M Tesieckomna (moJie 3perust 6x 12 rpaj.) B Mapoxko.

B pamkax ;Byx rpaHToB OBLI OTJIaykKeH onepaTuBHBIN mojaxBaT HOBbIX AC3 Ha Teseckomax Kiacca 40-cM,
B ToM uwncie co ciaoxenueMm [I13C-kanpos obberToB o 21.2™. Ilposesenst nabmogenus 1490 AC3, momyuero
14334 acrpomerpudecknx m3mepennii, Koropsie Bouuin B 2084 nupkymnsapa MPC. Padorsr mpomomkaiores B TecHOM
Kooreparnnu ¢ Knraiickoil akagemMueit HayK.
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Puc. 4: Kpusas 6iecka 40-merposoro AC3 2016 PA40 nmo mabsomenusim Ha 2.6-M Ttesieckorie 3TIII, koropast
IMOKa3aJia CBepXOBICTPOE BpAIleHNe aCTEPONIa C IEPUOIOM, PaBHBIM 12.5 MuUH.

Cozana MexKIyHAPOHAsT KOOIIEPAIHS JJIsl PEryJisipHO# (DOTOMETPHUH aCTEPOUIOB, B cpeiHeM B roj 3a 200—250
Houell Habmomatores 1o 80 acreponnos (> 50 AC3 B rox). TlosyueHsl 3HAYMMBIE HAYIHBIE PE3YJIBTATHIL.

B wactu paborbr obcepparopun Taub-Illanb uccienoBanne puHaHCUPYETCsT A3POKOCMUYECKUM KOMHUTETOM
MunncrepcrBa 1udpoBOTO Pa3BUTHS, HHHOBAIWI U a9POKOCMUYIECKO TpoMbinuieHHocTH Pecybankn Kazaxcran
(mporpamma Ne BR 11265408).

C xwuTaiickoii cTOpOHBI 3Ta pabora mnojep:kuBaiach CTparerndeckoii MPpUOPUTETHON mporpammoii B-Tuma
Kuraiickoit Akagemun Hayk (rpaat Ne XDB41000000), McctenoBaTe bCKuM IPOEKTOM TI0 3AIIUTE OT KOCMIIECKOTO
Mycopa U OKoJI03eMHBIX acTeponos (rpartsr Ne KJSP2020020204, KJSP2020020102) u ®ongom Masbix miaHer.

PesynbraTer gannoit paboThl OCHOBAHBI, B TOM YHCJE, HA HAOJIOMATEIbHBIX JAHHBIX, HOJYIEHHBIX HA 1 M

resteckorie [leiicc-1000 HHKIT MHACAH B Cumense.
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Monsapumerp gna HabnogeHnsa komeT Ha Teneckone Leiicc-1000

Macios .A.!, Hukosenko 11.B.2

! Mnemumym xocmuveckux uceaedosarut PAH, Mocksa, Poccus
2 Mnemumym acmponomuu PAH, Mocksa, Poccus

OrnuceiBaeTcst NOJSIPUMETD, Pa3pabOTAHHBIN JUUIsi UCCJIEIOBAHUs IIPOTS?KEHHBIX 00beKToB Ha Tesieckone lleiice-1000 Cu-
men3sckoit obceparopuu UHACAH, u npumensiemasi Meroguka o0pabOTKMU €ro JIaHHBbIX. B HACTOsIEe BpeMsi OCHOBHBIMU
oObeKTaMu st HAbJIIO/IEHUI € 9TUM IPUOOPOM SBJISIIOTCS KOMETHI.

Tlocrynuna B pemakiuio 04.05.2022 r. Ilpunsara B neuars 18.07.2022 1.
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Polarimeter for observing comets on the Zeiss-1000 telescope
Maslov I.A.!, Nikolenko 1.V.2

! Space Research Institute of the RAS (IKI), Moscow, Russia
2 Institute of Astronomy of the RAS, Moscow, Russia

The polarimeter developed for the study of extended objects on the Zeiss-1000 telescope of the Simeiz Observatory INASAN
and the applied method of processing its data are described. Currently, the main objects for observations with this
instrument are comets.
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DOI: 10.51194/INASAN.2022.7.2.005

1. IToxspumerp

B crarbe omuceiBaeTcs mossipumerp (puc. 1), paspaboTaHHBIH JJIsS UCCJIEOBAHNS NPOTSYKEHHBIX OOBEKTOB HA
reneckone Ileiicc-1000 Cumensckoit o6cepsaropun THACAH (n.r.t. Tony6oii 3anus, Pecuy6iuka Kpeiv) [2], u

Puc. 1: Buemnuii Buj nossgipumerpa, ycranosiennoro aa reseckon eitcc-1000 [1].

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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npUMeHsieMast MeTOArKa 06paboTKu ero JaHHbIX [1]. B HacTosinee BpeMsi OCHOBHBIMU OObEKTAMU JIjist HAGJIIOIe-
HUI C 9TUM IIPUOOPOM SIBJISIFOTCsI KOMETHI. PacipejiesieHre NoJIsipU3aIi BOKPYT siipa KOMETHI II03BOJISIET JIEJIATh
BBIBOJIBI O pa3Mepe U OPUEHTAIMH YaCTHUIl B ee KOMe U XBocre. JIJist IOCTUXKeHUsT BBICOKON 4yBCTBUTEIBLHOCTH (TIO
SIPKOCTH) B IOJISIPUMETPE HUCIIOJIB3yeTcst NpeobpasoBaTesb GoKyca, yBesmausaromuii ceerocuiy 0 1:1.5. PaBoumnit
crekTpasbublit quana3oH — 400-700 am. V3mepenne JuHEHHON TOJIAPUSAIII OCYIIECTBIISAETCS IIyTEM MOy IeHUS
CEepUH CHUMKOB IIPU PA3JIMIHBIX YIJIAX IIOBOPOTA MOJISPONIA-aHATN3ATOPA.

B macrosiiiee BpeMmsi B IOJISIPUMETDE HCIIOJIb3yeTcsi Kamepa ST-6 ¢ BO3MOXKHOCTBIO M3MEDPEHHUsI B II0JIOCAX
RGB u tpex y3kux mosiocax 642, 662 u 684 um. ITosoca 662 HM HCIIOIB3YeTCsI JJIsT BbIJIeJI€HUs 00JIACTH CIIEKTPA,
COOTBETCTBYIOIIEl JIUHUU U3JIydeHusi CBsi3aHHOU ¢ amuHorpymmoit NHsy, nBe jnpyrue — jist BbljiesieHusi 00JIacTei
CIIEKTPA, CBOOOIHBIX OT JIMHUN M3JIy9€HUsI, ITO MO3BOJISET MCCJIEIOBATh PACCENBAHNE U3JTyYCHUsS HA MBLIN.

Kawmepy ST-6 nmnanupyercs 3amenuts Ha Kamepy FLI, 94T0 mo3BosmT cyImecTBEHHO yCKOPUTD TEMIT CHATHS KaJl-
POB U PACIIUPUTH COUCOK CIEKTPAJIBHBIX JUATA30HOB. [loyaaeMblii MaTepras He 3aBUCUT OT IPUMEHSIEMON KaMe-
PBbI, ITOCKOJIbKY METOMKa, 00PabOTKY IIPEJIIIOJIAraeT IIPUBEIeHNe BCeX KaJIPOB K CTaHIAPTHBIX [TUKCEJISIM Ha Hebec-
HOIt chepe ¢ pasperenneM okoJio 20 yIJIOBBIX CEKYHJI, IpMeHeHHbIH paHee B skcnepumente COBE/DIRBE |[3].

2. MeTtomuka obpaboTKM JaHHBIX

3a oHy HOYBb MBI IIOJIyYaEeM HECKOJIbKO JIECATKOB M300parkeHuili KoMeThl ¢ dkcrosurusmu 3060 ¢ mpu pasHbIX
TIOJIOYKEHUSAX TOJISIPOUIa-aHaan3aropa. llepBas qactb 00pabOTKN CHUMKOB TPAIUITMOHHAS — YI€T <«ILJIOCKOTO II0-
Jisl» ¥ aCTPOMETPHYECKas IMPUBS3Ka 1O 3Be3maM. [locite 9TOro mpoBOAMTCS yCPEeIHEHNE B CTAHIAPTHBIE MTUKCEJN
Ha nebecuoii cdepe [3|, B KOTOpbBIE TIONAIAIOT, IIPU UCIIOJIb30BaHUA KaMepbl ST-6, npumepno 45 nukceseil cHUMKA.
Iasee BoliensieTcs «DOHOBAs COCTABJIAIONIASLY — MEJIUAHHOE CPEJIHEE — U «3BE3/[HAS COCTABJIAIONIAT> — PA3HOCTH
MEXKly apupPMeTHIeCKUM U MEIUAHHBIM CPEJHUME 3HAYEHUSIMU. «3BE3JHAsl COCTABJIAIOIIAS> HCIIOJIb3YEeTCs JIJIst
KOPPEKINN JAHHBIX 38 U3MEHEHHE MIPOITyCKaHns aTMOC]EPDI B TedeHnN CheMKHU. [[0CKOIbKY KOMETBI CYIIECTBEHHO
MIEPEIBUTAIOTCS 38 BPEMSI ChEMKH, TO IIPOBOINTCS IPUBA3KA M300PaYKEHUIA TI0 TTOJIOYKEHIIO TTUKCEJIs ¢ MAKCUMAJThb-
HOI SIPKOCTHIO B ee KoMme. [locse 3Toro misi KaxKIoro u3 yrioB IIOBOPOTA TOJISIPOUIA-AHATN3ATOPA BEIUUCIISIOTCS
yCpe/iHeHHBIE (110 BCEM IOy UeHHBIM 38 HOUb JIAHHBIM ) M300paskeHnst «(bOHOBOM coCTaBIIsitoNeli», B KOTOPOit n306-
paXKeHus 3Be3]] yKe CYIIeCTBEHHO OCJIa0JIeHBbI, a TaKyKe CMa3aHbl 33 CYeT KOPPEKIINK KOODJWHAT Ha CMeIleHue
koMeThbl. OKOHUYATEIbHBIM PE3YJIbTaTOM JIJIsl aHAJIN3a, SIBJISIFOTCSI TPU M300parKeHUsl, COOTBETCTBYIOIINE CPEJHEMY
3HAYEHUIO U COCTABJIAIONINM TIepBoil TapMoHnKy Dyphbe /I yABOSHHOTO yIVIa TIOBOPOTA MOJISTPOUIa-aHAIA3ATODA.
Hajee, UCIONB3ysi HHTEPECYIOMNE YIACTKN N300PaXKEHUN, MBI CTPOUM 3aBUCHMOCTH aMiiuTyn Oypbe-rapMoHuK
OT CPEJIHEr0 3HAYEHUsI SIPKOCTU MUKCEeHl B UCCIEIyeMbIX 00JacTIX. YCpeTHEHHbIE HAKIOHBI JIJI 9TUX 3aBHUCH-
MOCTe#l TIO3BOJISIIOT OIEHUTH BEJIUYUHY TOJSIPU3AIMU B HCCaAeyeMoit objacTu. I[IpuMepb! MOJyIeHHBIX JTAHHBIX
IIPUBEJIEHBI Ha puC. 2-3.

3. llepcieKTUBBI

B nacrosiee BpeMst IpoBOAATCS PAOOTHI IO MOJIEPHUABAINY TOJIAPUMETPA, 3aKII0YAIOIIIeC B 3aMene Kamepsl ST-6
na kamepy FLI u ycTaHOBKY miepes moJsspuMeTpOM KOJIECA HA YeThIPE MOJIOKEHUS JJId O0OJIErIeHUs] CMEHBI Y3KO-
MIOJIOCHBIX CBeTOMMIBTPOB. Kojieco B Tpex MOIOXKEeHnsAX mMeeT CBeTOMmIbTPHI quameTpoM 60 MM, a B 9€TBEPTOM
TIOJTOKEHUH TIPOITYCKAET BECh CBET, TO3BOJISAS UCIOIb30BATHL HADOP ¢BEeTOMUILTPOB Kamepnsl FLI.

(6)

Puc. 2: (a) uzobpaxenne xomers: C/2020 F3 (NEOWISE) B cuekrpasbnoit mosmoce 570-700 HM, IOJIydeHHOE
24 wurong 2020 1., (6) ee ycpennennoe uzobpakenue 110 1ukceasM DIRBE ¢ BbrauTannem 3Be31HON COCTABIISIONIEH.
Toukamu OTMEYEHbI IUKCEJIH, PACIOJIOKEHHbIE HA YIJIOBBIX paccTognugx 1’ u 2’ or nenrpa sgpkoctu koMbl [4].
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Puc. 3: (a) uzobparkenune komersl JIxxakobunu-Iluanepa (21P) B mosoce 642 um (18 centsabps 2018 1.), (6) ycpen-
HeHHOe m306pakeHne GOHOBOI coCTaBIAIIIEH (¢ UCKITIOUeHIEM 3Be3/1), (B) 3aBHCHMOCTD HOJISIPU3AIIOHHOTO CUT-
HaJla OT SIPKOCTHOTO JyIst 9JIeMeHTOB (poHa B mpenesax 2’ or siapa xoMmerTsl. HakioH 9Toil 3aBHCHMOCTH JaeT
3HAUEHNE IOJIAPU3AIUY, B JaHHOM ciaydae 18% [5].

II3C-kamepa FLI ProLine 16803, umeer caemyromue xapakrepuctuku: dpopmar 4096 x4096, criekTpaibHbBIIT

muanaszon 360-800 M, pasMep mmkcens coctaBiagerT 9 MM, KBaHTOBBIA BeIXOH 55%. Typems FLI CFW 3-10,
¢ Habopamu ceerodpusibTpos: U, B, V, R, I cucremsr Johnson-Cousins u G, R, I, Z cucremsr Sloan. Ilojie 3penust
noJisspuMeTpa 1pu npuMmerennu kaMepnl FLI moxker 6b1Th yBeandeno 10 30 yruiosbix munyT. C kamepoit ST-6 oxo
COCTABJISIIO OKOJIO 15 yTJIOBBIX MUHYT, & HHOT/IA, C IEIbI0 YBEJIUIEHUs CKOPOCTH MIEPEIavn JAHHBIX, YMEHBIIAIOCh.
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BnusHne yrnepogocoaep>xauiero canosi NoOBepxXHOCTU perosuvTa
Ha cBeTopaccenBalowue cBocTBa actepouaos F-tuna

[Terpos /1.B., ZKyxymna E.A.

Kpovimcran acmpopusuveckasn obcepsamopus, PAH, Kpvm, Poccus

Acrepounpl F-Tuna o61a/1a10T JOCTATOYHO HU3KUM ab0e0, TOPsIJIKA HECKOJBKUX IPOIEHTOB. B TO ke caMoe BpeMsi, OHI
00J1aJAI0T OTHOCUTEIBHO OJHOPOIHOM ONTUIECKON MUKPOCTPYKTYPOIl, KOTOpasi 00bsICHSIETCHA OTI0KEHUSIMA yIJIePOIa Ha IO~
BEPXHOCTHU CUJIMKATHBIX YacTull. B janHoit paboTe ObLI0 IPOBEIEHO KOMIIBIOTEPHOE MOJIEJINPOBAHIE, UCCJIeYIOIIee BIUSTHUE
YTJIEPOIOCOJEPKAIIETO CJIOs HA CBETOPACCENBAIOIINE CBOMCTBA YaCTHIl. BBIIO moka3aHo, 9To Jake TOHKUIA cyoit (mopsaka
HECKOJIBKUX IIPOIIEHTOB) CIIOCOOEH 3aMETHO CHU3UTH (PAKTOp paccesiiust Qsca MOKPHITON yIJIEPOJOM CHIMKATHON YaCTHIL.
Ho mpm sToM Ha BemunHy MakKCHMyMa CTEIEHH JIMHEHHONW MOISPU3Anni Pnax TOHKHUI CJIOH yIVIEpOJa BIIMSET JOCTATOYHO
cimabo. CiietoBaTebHO, TIPU UHTEPIPETAIMY HAOJIOIATE/IbHBIX JTaHHBIX aCTEPOUIOB HEJIOCTATOYHO HCIOJIB30BATH TOJBKO
IIOJITIpUMeTPHUYECKHe JaHHbIe, IIOCKOJIBKY 3TO MOXKET IIPUBECTU K HeJIOOILEHKe yIJIEPOJOCOIePIKAIIEro CJIOs.

Tlocrynuna B pemakiuio 09.05.2022 r. Ilpunsara B neuars 20.06.2022 1.

Karoueswie caosa: acmepoudvl, PACCEAHUE CEEMA, KOMNBLIOMEPHOE MOOEAUPOBAHUE

Influence of the carbon-containing regolith surface layer on the light scattering properties
of F-Type asteroids

Petrov D.V., Zhuzhulina E.A.

Crimean Astrophysical Observatory of RAS, Crimea, Russia

F-type asteroids have a fairly low albedo, on the order of a few percent. At the same time, they have a relatively homogeneous
optical microstructure, which is explained by carbon deposition on the surface of the silicate particles. In this work, computer
simulation was carried out to study the effect of a carbon-containing layer on the light scattering properties of particles.
It was shown that even a thin layer (on the order of a few percent) can significantly reduce the scattering factor Qsca of a
carbon-coated silicate particle. But at the same time, a thin carbon layer affects the value of the maximum degree of linear
polarization Pmax rather weakly. Therefore, when interpreting the observational data of asteroids, it is not enough to use
only polarimetric data, since this can lead to an underestimation of the carbon-containing layer.
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YIJIEPOJOCOAEePKAILHH CIIOH

Puc. 1: Crpykrypa C/IOMCTON YaCTHIBI, UCIIOJIb3YEMOI IIPU MOJEIUPOBAHUN.
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1. BBenenune

Acreponnnr F-Tuma 061812107 HEKOTOPBIMI XapaKTepHbIMEI ocobeHHoCTsIMU. Briepeoie F-tum 6611 BBeieH B pabo-
Te [1] /15t BBIIeIeHNST ACTEPOUIOB ¢ HU3KUM aubbeno u mockuM (flat, Graromapst auemy tum u nostyuni Hassauue F)
crieKTpoM B jmana3one jyuH BosH 0.3—1.1 mxMm. Tunwassiii quama3oH ajibbeno acrepousioB F-turta cocrasiisier
0.03-0.07 [2]. CuekTpsl acreponos F-Tumna oTsmuaroTcest OT ClIEKTPOB ACTEPOUIOB JAPYIHUX TUIIOB T€M, YTO B HUX
€J1ab0 TPOSABISIOTCH (UM BOBCE OTCYTCTBYIOT) IIOJIOCHI IIOIVIOIIEHUsI, XapaKTepHble Jjid cuiukaroB. Cuauraercs,
YTO acTepOU/Ibl F-THIla COCTOAT U3 CMEeCH CHJIMKATOB M opranmveckux coepunenuii [3|. B knaccudukanuu Toena
27 acTepouioB OTHOCATCH K F-THILy, 9T0 COOTBETCTBYET JHIIb 0KOJIO 3% Beex KiaccubuImpoBaHHbiX 00beKToB [4].

[TomMumMo poTOMETPHUH U CHEKTPOMETPUU, B IIOCJIEIHEE BPEMsI aKTUBHO PA3BUBAETCS IOJISIDUMETPHS ACTEPOU-
JoB. Ee cyTh 3aKI09aeTCs B M3MEPEHNN CTelleHN JIMHEHHOH mosspusanun kak dbyHkun ot $ha3osoro yria (yriaa
MEK]ly HAIPABJICHUSIMU HABJIIOATE/Ib-aCTEPOr I 1 coJlHIle-acTepon). OmHuM U3 BaskHeAnx napamMerpos (ha3oBoit
3aBUCHMOCTH CTEIEHU JIMHEHHON TTOJIIPU3AINN sIBJISETCH BeIUINHA P .y, TIPeACcTaBIsAonas coboil MaKCUMaIbHOE
3HAYEHUE CTEIeHU JIMHEHHON MOJISPU3AIMHA U OUY€Hb CUJIHLHO 3aBUCHIIAd OT THUIA acTepousa [5].

Kak oxka3zajioch, MHOTHE acTepoubl F-Tumna 06J1aa0T HEOOBIYHBIME IOJISIPU3AIMOHHBIMU OCODEHHOCTSIMH,
BBIOMBasICh U3 Psijla HU3KOAJBOEHBIX aCcTEePOUJIOB JIPYIMX THUIIOB. BO3MOXKHOE OObsICHEHHE COCTOUT B TOM, UTO
[MOBEPXHOCTU ACTEPOUJIOB F-THlla MMEIT OTHOCHUTEIBHO OJHOPOJHYIO ONTUYECKYI0 MUKDPOCTPYKTYDPY, OTJIMIHYIO
OT APYTHUX TeJ ¢ HU3KUM ayibbe10. OmHNM 13 BO3MOXKHBIX MEXAHM3MOB, KOTOPBII MOXKET CIOCOOCTBOBATH ONTUYE-
CKOM OJTHOPOITHOCTH TIOBEPXHOCTH, SBJISIIOTCST OTJIO?KEHUsT YIVIEPOIa Ha IaCTUNAX BEPXHErO CJIOsT PETOJIUTa aCTePO-
una. OTI0KeHNsT MOTyT 06PA30BAThCA B Pe3yJIbTaTe MUPOJIN3a YTIIEPOJICOEPIKAIIEr0 (OPTaHUIECKOTO) BENeCTRa,
HOJ(BEPTIIIETOCS TIPOIECCY KOCMUYIECKOTO BhIBeTpuBaHus [6].

CrerieHb JIMHEHHOM TOJISIPU3AIMKA YACTO UCIIOJIb3YETCsI JIjIs MHTEPIIPETAIMN HAOJ/II0[aTe/IbHbIX JaHHbIX. Kak
MIPABWIO, CINTAETCS, YTO BOCIPOU3BEIEHHAS IIPYU ITOMOIIN KOMIIBIOTEPHOTO MOJIEINPOBaHNs (Ha30Bast KPUBAS CTE-
MeHN JIUHEHHON TOJISIPU3AINA ACTEPONIa CIOCOOHA MAaTh OJHO3HAYHYI0 WHMOPMAIU O (DUX3UKO-XUMHUIECKUX
CBOICTBAX YaCTHUI[ HA €ro MOBEPXHOCTH. B maHHON paboTe MBI HCCIIEIyeM, KAK CJIOH yIJIepoja Ha MOBEPXHOCTH
CUJINKATHBIX YACTHI] BJIMSET HA XapPAKTEPUCTUKN PACCESTHHOI'O CBETA.

2. KomIiibroTepHOEe MOJEJIMPOBAHUE

st uccneioBanms BAUSHUAS YTJIEPOJIOCOIEPKAIIETO CJIOS Ha PACCEUBAIOININE CBOMCTBA OBLIO MTPOBEIEHO KOMITHIO-
TepHOE MOJEJTUPOBAHUE ITPOIIECCOB PACCESTHMS CBETA CUINKATHBIMU YACTHUIIAMH, TIOBEPXHOCTb KOTOPBIX MOKPBITA
CJIOEM YTJIEPOICOIEPKAIIErO OPraHUIECKOro BermecTBa. Jjisg 9Toro 6bl1a NCIOIb30BaHA MO/IEb COMPIKEHHBIX CIIY-
YafHBIX TayCCOBCKUX 4YacTHIl 7], KoTopas 06Jaaer MepoXOBATOCTAMYI KaK Ha KPYIHBLIX, TAK U HAa MEJKUX Mac-
mTadax, ITO yCTPaHIeT BIUSHUE PEryAsSpPHOCTEN CTPYKTYpbhl. JacTuia, cocTosdmas u3 CUINKATA, ObLIa TOKPBITA
TOHKUM CJIOEM YTJIEPOJICOIEPIKAIIETo BerecTra (puc. 1). Pacdyer ceeTopaccenBarommx CBONCTB OCYIECTBIISIICS TIPH
HOMOIIU MeTOia MATPHIL GOPMBI JIJIsT YACTHUIL CJOUCTOH CTPYKTYpHI [8].

Brina uccnenoBana takas XapaKTEPUCTUKA PACCESTHHOTO CBeTa, Kak (pakTop paccesHust (Qsca, OUpEIersaeMast
KaK OTHOINEHUE CeYeHUs] PACCESHUs K ILIONIAJU MOIEePEeYHOro cedenns pacceusaromieil dactunst [9]. ®akrop pac-
CesTHUSI OIIPEJIEJISIET, HACKOJIBKO 3(h(DEKTUBHO IepepaccenBaeT CBET eIMHUINA, IJIOIAIA PACCENBAIONIET0 O0bHEKTA.
YemM BbIIITE 3TA BeJUUINHA, TeM 00bEKT 3ameTHee. /[ BbIYUC/IeHNH NCTIOIH30BAUCH TPU Pa3MeEPa PACCEUBAIONIIX
qactur, — 0.5 MM, 1.0 MM un 1.5 mxM. J[inHA BOJHBI TAIAIONIETO U3JIYUEHUsT ObLIa BBHIOPAHA COOTBETCTBYIO-
meit dunbrpam I (A = 0.8093 mxm) u R (A = 0.688 mkwm). Ilokasarenn IpesoMIIeHHs] CHIMKATA OBIIIN B3SITHI
u3 paborsl [10], moka3aTesu IpesOMIIEHNsT YTJIEPOI0COAEPIKAIIEro ¢jiosd — u3 paborsl [11].

3. PesyabTaTrhl 1 obcy2xkaeHue

Ha puc. 2 mokasana 3aBucumMocthb pakTopa paccesHus (Jsca OT OTHOCATEIHHON TOJIIIUHBI YIIEPOIOCOIEPIKAIIETO
€051 §, BBIPAYKEHHOTO B IIPOIEHTAX OT pajuyca JacTuiibl. OTHOCUTEIHbHAST TOJIIMHA YTIIEPOIOCOIEPIKAIIETO CJIOST
BBIUUCJISIETCS TI0 (hopMyJIe:

R
§ === 5 100%, (1)
Rsil
rie Rl — cpelHUil painyc CUIUKATHON YaCTHUIbI, & Rearh — TOJIIMHA YTJIEPOI0COAEPKAIIETO CJIOS.

Borauciienus nokasasm, 9ro Jaxke TOHKOro ciog (nopska 20%) 10cTaTodHo it TOro, 9To0bl ApKOCTb 00bEK-
Ta CHH3WJIACH B HECKOJIHKO pa3. IIpuueM ueMm MeHbIe pa3Mep PacCEenBaIONIeil YacTUIBI, TEM YMeHbIIeHne (hakTopa
paccesHrsl OKA3bIBAETCSI 3aMETHEE.

Takke OBLIIO UCCIIEIOBAHO BIUSIHUAE YTIIEPOJOCOEPIKAIIETO CJIOSI HA HOJSIPU3AIMOHHBIE CBOMCTBA PACCEHBAIO-
X gactuil. Jljist 3Toro 6bLIM BRIMKC/IEHBI (ba30Bble KPUBBIE U OIPeJejieHa BeJIMUYMHA MAKCUMYyMa IIOJIsIPU3AIIAN
Ppax- st 97010 XapakKTepuCTUKNA PacCesiHHOI'O CBeTa OBbLIN YCPEJHEHBI 110 pa3MepaM PaCcCerBaloIlell JacTUIIbI,
Tak 910 3hGEKTUBHBIN pasMep cocTaBmil rog = 0.49 MM, a addexTuBHas Bapuamus cocTaBuia Veg = 1.39 [12].
Puc. 3 mokaszbiBaeT 3aBUCHUMOCTD BETUIUHBI P,y OT TOJIIUHBI YTIIEPOIOCOAEPIKAINEro caosd. I3 pucyHka BUIHO,
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Puc. 2: BaBucumocts dakrtopa paccesnus (Qsca OT OTHOCHTEIBHON TOJIIIUHBI YIJIEPOIOCOIEPIKAIIETO CJIOSA JJTst
dursTpoB R u L.

YTO YIJIEPOJIOCOAEPKAIINN CJIOM OKa3bIBaeT 3aMETHOE BJIMAHNE Ha MaKCUMyM JIMHEHHON IOJIAPHU3aINN, OJIHAKO
CYIIECTBEHHBIM OHO CTAHOBUTCS IIPU BeCbMa OOJIBINOI TOJIIIMHE YTJIEPOIOCOIEPIKAIIETO CJIOH.

4. 3akJjgoyeHmne

B nammoit pabote ObLIO MCCIETOBAHO BJIMSHUE YTJIEPOIOCOIEPIKAIIETO CJIOS Ha MOBEPXHOCTU CUIUKATHBIX IACTHUIL
Ha, PACCEMBAIOIINe CBOWCTBA TAKUX UATHIL IIPU IOMOIIN KOMITLIOTEPHOTO MOJIEIUPOBAHNUs. BBIIO TTOKa3aHO, 9TO Ja-
2Ke OYeHb TOHKHUI CJIOH yIriieposa OKa3bIBaeT CYIECTBEHHOE BIUsIHUE Ha (PAKTOP PACCESTHUs, 3aMETHO €TI0 yMEHb-
mas. Takum oOpa3oM, HEU3KOe ajabbeno acTtepounoB F-Tuma u 0fMHOPOIHOCTH ONTHIECKUX CBOWCTB OBEPXHOCTH
MOIYT ObITH OObsICHEHBI HEGOIBIIUM KOIudecTBOM (10 20% TOJIIUHBI YACTHI[ PEroJUTa) OTIOXKEHUH yriaepoja
Ha YACTHUIAX BEPXHErO CJIOS PerojuTa. B To ke BpeMsi, Ha CTENeHb JIMHEHHON MOJSIPU3AINNA CIIOCODEH 3aMeT-
HO IIOBJIASITH JIMIIb JIOCTATOYHO TOJICTBIA cJioil yryieposa. CiieloBATEIbHO, IPU MHTEPIIPETAIIMY HADJIIOAATETbHBIX
JIAHHBIX HEOOXOJMMO YUHTHIBATDH HE TOJIBKO TOJIAPUMETPHUIO, HO W (POTOMETPUIO, WHAYE CJIOU YTJIEPOJa MOXKET
0Ka3aThCH HEMICHTUPUIMPOBAHHBIM.

Criucok smrepaTtypbl

1. J. Gradie and E. Tedesco, Science, 216, 1405, 1982.

2. E. F. Tedesco, P. V. Noah, M. Noah, and S. D. Price, Astron. J., 123, 1056, 2002.

3. M. J. Gaffey, J. F. Bell, and D. P. Cruikshank, in R. P. Binzel, T. Gehrels, and M. S. Matthews, eds., Asteroids II,
98-127 (1989).

4. D. J. Tholen, in R. P. Binzel, T. Gehrels, and M. S. Matthews, eds., Asteroids II, 1139-1150 (1989).



Buiustane yriyiepoziocozepzKallero CJja0s perojiiTa Ha CBeTopacCeuBaroliue CBOMCTBa acrepouioB F-tuna 135

60

Filter |

0O 5 10 15 20 25 30 35 40 45 50
0, %

Puc. 3: Besimunnaa MakcuMyMa CTEIIEHU JIMHEHHOM MOJISPU3AIUH [IPU PA3JIMIHON TOJIIUHE YIJIEPOI0COIEPIKAIIETO
ciost st puabTpoB R m 1.

D. V. Petrov and N. N. Kiselev, Solar System Research, 51, 271, 2017.

I. N. Belskaya, Y. G. Shkuratov, Y. S. Efimov, N. M. Shakhovskoy, et al., Icarus, 178, 213, 2005.

D. V. Petrov and N. N. Kiselev, Solar System Research, 53, 294, 2019.

D. Petrov, Y. Shkuratov, E. Zubko, and G. Videen, Journal of Quantitative Spectroscopy and Radiative Transfer, 106,
437, 2007.

9. D. Petrov, E. Zhuzhulina, and A. Savushkin, Acta Astrophysica Taurica, 2, 26, 2021.

10. A. Scott and W. W. Duley, Astrophys. J. Supp., 105, 401, 1996.

11. A. Li and J. M. Greenberg, Astron. and Astrophys., 323, 566, 1997.

12. J. E. Hansen and L. D. Travis, Space Sci. Rev., 16, 527, 1974.

® N> o



136

MeTtop onpepeneHnsa napameTpoB COOCTBEHHOro BpalLeHuns
KPYNHOrabapmntHOro KOCMmM4Yeckoro oobekTa

No aMNANTYAHO-4YaCTOTHbIM XapaKTEPUCTUKAM OTPA>KEHHOro
pPaAnNOo/IOKAaLLMOHHOIO CUrHaaa

Bennamunos C.C., Yo6oxenko .}O., Pemens B.A.

Hayuro-uccaedosamenveruti ucnoimamansvruit uenmp Llenmpaivrozo HaywHo-uccaedo8amenbckozo UHCmumyma
Bosdywmro-kocmuneckux cua Munucmepemea oboponw Poccutickoti @edepavuu, Mockea, Poccus

BecbMa akTyaJqbHOI CTAHOBUTCS 33J1a9a MPUHYIUTENLHOTO YAAJEHUs ¢ OPOUT KPyHmHBIX Kocmmaeckux oobektos (KO), na-
IpuMep, ¢ HOMOIIBIO CHENUabHBIX KocMudeckux annaparos (KA) 3axpara. YCIenHoCTh IPOBeieHus! 1000HOM onepanuu,
Tpebyromeit comkenns KA-3axsaranka u hpU3NIecKOro KOHTaKTa ¢ rnojjiexkaum yaaiaennio KO, 3aBucur or napaMeTpoB
coberBennoro Jprkenuss KO oTHOCHTENBHO €ro IeHTpa Macc, B YaCTHOCTH, OT yIJIOBOW CKOpOCTH ero Bparrenus. [Ipeia-
raeTcsl METO/I ONEPATUBHOIO OIPEE/IeHNs] HAIIPABJIEHUs U BEJIMYUHbBI yIJI0BOil ckopoctu Bpamenus KO Ha ocHoBe anajm3sa
U3MEHEHUs! IIUPUHBL ClleKTpa paguosokaimonHoro (PJI) sxXo-curhasa, MOIyYeHHOro OT JABYX CMEXKHBIX IIPOXOXKIEHUI 30H
neiictBus HaszemHbIX PJI crannmumit ma omHom BuTKe. IloKazaHbl OCHOBHBIE OrpaHWYEHUsI MCHOJIB30BaHUsA Meroma. lIpesmo-
2KEHHBII METOJ] MOYXKET IPUMEHSIThCS B YCJIOBUSIX OTCYTCTBUsI anpuopHoit mHdopMmarun o KO win obyuarorieil BHIOOPKH,
a TaK 2Ke MCIIOJIb30BaTbCsl B aBTOMAaTHIecKoM pexxkume pabdorsl PJIC mist omepaTuBHOI OIEHKHN mapaMeTpoB COOCTBEHHOTO
Bpaenus KO.

Tlocrynuna B pemakiuio 10.05.2022 r. Ilpunsara B nmeuars 18.07.2022 1.

Knoueswie caosa: cobcmeentoe 8pawerue, Cnekmp axo-cuehaid, paduosoKayUs

Determination of the space debris attitude rotation parameters by reflected radar signal
spectrum width changing

Veniaminov S.S., Ubojenko D.Yu., Remen B.A.

Scientific Research Center “Kosmos”, Moscow, Russia

The problem of forced removal of large space debris (SD) from their orbits, for example, with the help of a special capture
spacecraft becomes relevant. The success of such an operation which requires the approach of the “automatic arm” to
the space object (SO) to be removed also depends on the parameters of the SO. A method is proposed here for quick
identification of the direction and magnitude of the angular velocity of rotation of the SO based on the analysis of the
change in the spectrum width of the radar echo signal obtained from two adjacent passages of the polar patterns of ground-
based radar stations. The main limitations of the method application are shown. The proposed method can be applied in
the absence of a priori information on the SO to be removed or a training sample, and can also be used in the automatic
mode of the radar for prompt estimation of the parameters of the SO attitude motion.
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1. BBenenune

Bajaua OLEHKHU HapamMeTpoB COOCTBEHHOrO JBHKeHHs KocMmudeckoro obbekra (KO) ornocurenbHo ero mentpa
Macc (1. M.) BOSHUKAET, HAIPUMED, TIPH HEOOXOJAMMOCTH OIPEJIEJIUTh COCTOsSIHIE KocMmuieckoro amnapara (KA) B
cydae aBapuid, WM BHEIHEIO BO3JEHCTBUs JPYrOro €CTECTBEHHOIO, UM TEXHOT'€HHOTO HEOECHOIO Teja ¢ MoTe-
peit dynkimonagpHocTd KA, M HeJI0CTyIHOCTH TeJIeMeTPHUH, HAPYIIeHuil B paboTe CUCTEMBI CTAOWIM3AIUN U
r.11. KpoMe TOro, B CBsi3u C IIPOrPECCUPYIONINM 3aCOPEHUEM OKOJIO3eMHOro Kocmudeckoro npocrpancrsa (OKII),
Bce DoJiee aKTyabHOW CTAHOBUTCS 33J1a9a IIPUHYIATEILHOTO yAaJeHusT ¢ OpOUT KpynHBIX oTpadborasmmx KA min
paxer-aocureseit (PH) ¢ nomompio crermansubix KA 3axsara. Takoit KA tuna <igynansies [1] 6si1 Henas-
HO 3amyied KuraeM. YCIENIHOCTb IIPOBEJIEHUs TIOJ00HON omnepaliun, Tpedyromeil commkenust KA-3axBaTunka ¢
mojiexkanum yyastennio KO, 3aBUCHT OT CKOPOCTH COOCTBEHHOT'O BPAIIEHUSI HOCIEIHEr0, KOTOPYIO HEOOXOIMMO
OTIPEIEJIUTD.

Kpaiine Heobxommmo nMeTh TaKyo HHGOPMAIMIO IPU IPOBEIEHUN OMEPAIINHA BOCCTAHOBJIEHUST PAOOTOCIIOCO0-
wocru aapuitnoro KA. OCHOBHBIME CpEJCTBAMEH KOHTPOJIS KOCMHUYECKOTO MPOCTPAHCTBA, MO3BOJISIIONIUMHU I10-
JIyIUTh KOOPJAMHATHYIO M HeKoopamHaTHyo uHdopmarmio o KO, saBISOTCS OINITHKO-3JIEKTPOHHBIE U PaJIAO0JIO-
KaImoHHble cpejicTBa. COBpeMeHHbIE Ha3eMHBIE Pa/IHOJOKAIINOHHDBIE CPEJICTBA CUCTEMBI KOHTPOJIST KOCMUYIECKOTO
npocrpascrsa (CKKII) mo3BossiioT NOIYYATh JeTaJbHble aMILIATY/THO-IaCcTOTHBIe Xapakrepuctuku (AYX) orpa-
2KEHHOTO PAJMOJJOKAIIMOHHOIO CUTHAJA. B maHHOM cTaThe pacCMAaTPUBAETCH BO3MOXKHOCTH ITOJIYIEHUST CBEICHUH
o cobersennoro spamenus (CB) KO no undopmanun nasemusix PJIC.
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Ha cerommusamuuit meus 3amada onpenenenus mapamerpoB BekTopa CB KO B momHOCTBIO aBTOMATHYIECKOM
pekKuMe C BBICOKOW CTEIleHbIO OllepaTUBHOCTU He perieHa. [losromy mHbopmamnust o napamerpax CB KO wimn
0 IIpU3HAKe ero Haju4us He Karajorumsupyercs. COop u cucreMaTusalus 1mo100H0# nHGOPMAIUU I03BOJIUT OIle-
PaTHBHO OTCJIEXKUBATH COCTOsIHAE Kak neficrByromux KA, Tak u kpymnHoro kocmudeckoro mycopa (KM), yrounurs
BJIMSIHME BHEITHUX U BHyTpeHHnX cmi Ha napamerpbl CB KO Ha qinresbHBIX MHTEPBAJAX BPEMEHH.

Bospacraiomee Ka4ecTBO 3J€KTPOHHBIX KOMIIOHEHTOB W BbICOKasg pabodas dacrora (IJIMHBI BOJIH OT 1 MM
qo 1 M), uenosb3yeMast B paIHOJIOKAIMOHHBIX cucTeMax [2, 3, 4], mospossitor uaMepsaTh ckopoctb KO ¢ BBICOKOH
TOYHOCTBIO, & 3HAYUT Pa3jIndyarh JIOIJIEPOBCKUI YAaCTOTHBIN CIBUI' C BBICOKOU JMCKperusanmeil. Bce 310 MoxKer
CO3/1aTh HEOOXOIUMYIO U3MEPUTEIbHYIO JeTaju3anuio s onpeaenenus napamerpo CB KO. Uubivu ciioBamu,
pu pa3paboTKe COOTBETCTBYIONIETO METOIUIECKOTO AIapaTa eCTh BO3MOYKHOCTD PEIIUTh MOCTABIEHHYIO 38Ty
¢ MUHUMAJIbHBIMI SKOHOMUYECKUME 3aTPATAMHU, 9TO OCOOEHHO aKTyaJbHO IIPU BBICOKOI OOIIEll CTOMMOCTH HAa3eM-

ubix PJIC.
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Puc. 1: llpuanunuassabrit Bujg AYX 0TpaKeHHOTO CUTHAJIa OT MHOTOTOYETHON PaIMOIOKAIIMOHHON BpaIlatoeiics
e B (PUKCUPOBAHHBI MOMEHT BPEMEHM.
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Puc. 2: BeKTopHoe IIpe/icTaB/JieHne OCHOBHBIX paCcCMaTpUBa€MbIX IIPU BPallleHUN KO Besmmuumn.

2. CBsa3p napamerpoB Bpainenns KO mo m3aMeHeHHI0 CIieKTpa 3XO0-CUrHaJia

[Tpu paccmorpennn apuxkenns: KO 110 opbuTe u BOKPYT II.M. IPUMEM CJIEIYIOIIUE JIOMYIIeHNs] U OTPAHUIEHHS: Pa3-
pematomias crocobrHocTh PJIC 10 JaJibHOCTH M CKOPOCTHU UJI€AJIbHBIE; PAJIMOJIOKAIIMOHHAS 11eJIb [TPEJICTABIISIETCST
COBOKYITHOCTBIO OTJIE/IHHBIX OTPAXKAIONINX TOYEK; MOTEPSMU B MOIIHOCTH TPU OTParKEHUU CHUTHAJIa TIpeHebpera-
€M, T.e. paccesHre OTCYTCTBYET, KOI(PPUIMEHT OTparKeHusI KaxKI0i ToUkn papeH eamnauie; KO mpeacrasisgercs
KaK BpAIaionieecss TBEPI0E TEJIO B HbIOTOHOBCKOM II0JI€ CHJI, IZIOTHOCTH KOTOPOTO paBHOoMepHast; Ha KO meitcTBy-
€T TOJIbKO IEHTPAJIbHOE OJHOPOHOEe rpaBuTaimontoe moje 3emin; KO aBuzKercst 110 HU3KOI KPYrosoil opbure
B YCTAHOBUBIIIEMCSI PEKUME.

IMono6uas (BroJHe JOIycTUMAs) MJEAIU3alUs HO3BOJIsIeT He3 IOMeX COCPEIOTOUUThLCS Ha PEIIEeHUN [IOCTaB-
JIECHHOU 3aJa4W.
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Puc. 3: HO,ILBI/I)KH&H n CTallUOHapHasd HepHFeﬁHbIe CUCTEeMbl KOOpJIUHAT.
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Puc. 4: a) Yrusl 0, p, 3agatomue nanpasienue sekropos B IITICK, 6) ceass CCK u IITICK.

Ocnuosnoit nadopmarnmeit o0 KO, moxyaaemoit ot PJIC, aBisitorcst HAK/IOHHAS TAJBHOCTD, YIVIOBBIE KOOPINHATHI
U pauaiibHasi CKOpOCTh. 110Ce HsIst IOy qaeTcst u3 J0IuiepoBekoro emererns actorsl (JICH), koTtopoe 3apucut
OT TeKyIIeil pajuaJibHoi ckopocTu. [Ipu Bpamennn KO, HanpapjeHus JIMHEHHBIX CKOPOCTEl OT/Ie/IbHBIX ToueK KO
[OCTOSIHHO MEHSIFOTCSI OTHOCUTENHLHO TieHTpa Mace KO, a 3HaYWT, U MX IPOeKInM Ha JuHuiO Busuposanus (JIB)
TakzKe OyILyT MOCTOTHHO MeHsAThCs. A Tak kKak JICY 3aBucut ot mpoeknun ckopocru Ha JIB, cekTp sxo-curnaa
Oyaer uaMeHaTbesa B 3aBucumoctu or napamerpos CB KO (puc. 1).

Yrober nokaszars xapakrep 3apucumoctu JJCYH or CB KO, nHaunem ¢ pacemorpenust popmyaier pacaera J1CY [5]:

2V, 2,

fncu = X Tpfmzsna (1)

TJIe ¢ — CKOPOCTB CBETA, Augy, fusn — JVIMHA BOJHBI M TACTOTa M3JIyIaeMOTo CUTHAIA, V, — paanagbHas CKOPOCTh
00beKTa, KOTOPYIO B CBOKO OYEPeIh MOXKHO DPAa3JIOXKUTh HA JBE COCTABJISIONINE: CKOPOCTHb ABmkeHus m.m. KO
U CKOPOCTh BPAIlleHnsI BOKPYT IleHTpa Macce [6] (Tounee, nx nmpoeknunu Ha JIB):

Vp = HpJ’[B(VI(.M. + VBp)7 (2)

IMTpeacraBum KO Kak COBOKYIHOCTD OTAEIBHBIX OTPaXKaomux Toyek. Toraa dopmyiy (1) s KaxK o Toukn
MOKHO 3aIicaTh B BUJE:

Vo, = Ipge(Via. + Vip, ), i = 1N, (3)

rme N — xKomaecTBO oTpazkarorux Todek. JICH mis Kaxkmoit oTparkaloleil TOUKH OyIeT CKIIaIbIBAThCSI U3 JIBYX
COCTABJISTOIINX

2 2
f‘Z[CLIi = fL[C‘{"_M_ + fLLC‘{Bpi = Efn:sn . Hpj‘[B (VIL.I\/I.) + Efn3n . HpJ‘[B (VBpi)) (4)

[TepBas gacts 3aBucur ot asmkenust KO mo opbure Bokpyr 3emin, BHOCUT ocHOBHOM BKiIaa B JICYH u Hukak ne
sasucur or CB KO. A Bropas gyacTs nosiHocThi0 3aBucuT or napamerpoB CB KO. Ee moxeT u He ObITH B ciIy4dae
CTabUIN3UPOBAHHOTO JBUKeHNs 0 opbure (T.e. orcyTerust CB).

BBesieM HEKOTOpBIE BEKTOPHBIE BEJIMYMHBI JIJIs OIMUCAHUS [IPOIECCA BPAIIEHUs] OJHOW OTpParKatolleil TOUKM
BokpyT .M. KO: w — BekTop yrimosoit ckopoctu Bparienns KO, R — pamuyc-BekTop oTparkaroiieii TOUKu OTHOCH-
TesnpHO .M., D — pamnyc-Bektop o JIB ¢ nazemmuoit PJIC, mpoBogsimeit HaboieHne, (v — yroa MexK Iy JTUHETHON



Merou onpenesnennst napamerpos CB kpynraorabapuraoro KO no AYX orpaxkennoro PJI-curzasia 139

v D3
a) 0)

Puc. 5: a) d-cepa HapaBIeHNH BEKTOPOB JIOKAIMNA OTHOCUTEIBHO BEKTOPA BPAINEHUs ) CJIebl POXOXKICHMUIT
KO uepes 3ony aeiicreust PJIC Ha §-cdepe.

CKOPOCTBIO BpallleHus orTpazkatomeil Touxu u mampasienneM Ha PJIC, IIp;g(Vyp) — mpoexmus cxkopocTu orpa-
xkaromieit Touku Ha JIB, CXYZ — ceasannasa ¢ KO cucrema koopaunar (CCK), 8 — rekymuii yros nmosopora KO
B CCK (puc. 2).

PacroimmieM pacder IpoeKnuu BEKTOpa CKOPOCTH BpAIlleHUs Ha HampasieHue JIB s omHOl orparkarormeit
TOYKU:

V., D
—Dp (5)

st pacdera CKaJsSIPHOTO IPOM3BEIEHUST BEKTOPOB HEOOXOANMO BBIODATH CHCTEMY KOODJMHAT, B KOTOPOH OyieM
paccMaTpuBaTh B3aMHOE IOJIOXKEHHE BEKTOPOB CKopocTh 1 Hampasjenns na PJIC.

Poranmonnoe mgBuzkenmne sABjsgeTCs HAMOOIee PACIIPOCTPAHEHHBIM B KOCMOCE M TUIIUYIHO JIJIsi HECTAOUIU3UPO-
BAHHBIX M OKOHYMBINKX akTuBHOE cyiecrBoBanne IC3, PH, dparmenTos 3amycka, 0CKOJIKOB U ferajeil. B ycraHo-
BUBIIIEMCS PEYKUME TAKOE JBUKEHUE $BJISETCHA BPAIIEHNEM BOKPYT OCH MaKCHMAJbHOT'O MOMEHTA MHEPIUH C MeJl-
JIEHHO M3MEHSIIONIECsT CKOPOCTHIO U HAIIPABJIEHHEM OCH BPAIIEHUSI B IIPOCTPAHCTBE IO/ JeCTBUEM BHEITHUX BO3-
MYIIAIOIIAX MOMEHTOB (a3pOJIMHAMIIECKOTO, 'PABUTAIIMOHHOTO U MATHUTHOTO) [7].

C y4eToM NPHUHATBHIX OTPAHUYEHUI, HAIIPABJIEHNE U BeJUYInHa BeKTOpa Bpainenns KO Hem3MeHHbBI 1IpU JBU-
JKEHUH TI0 opbuTe, a 3HAYUT pe30HHO BbIOpaTh Takyio CK, B KoTOpoil BeKTOp w Tak ke Oyaer HemsMeHHbIM. Jjist
9TOro nojokaer noasuKHas nepureiinas cucrema koopaunar (IITICK), nenrp koropoii cosmeren ¢ m.m. KO, a ocu
HAIIPABJIEHHBI NapaJlIeIbHo cooTBercTByomuM ocsim nepureiinoit CK (IICK) (pue. 3).

Ipn(Vep) = [Viup| -cosa =

po, rpay
8
WANEXOU WOJOLY28 W EMHATRAD 020 AYXE UOIA - Yeda ‘g

orma, rpan

Puc. 6: /IBymepHasi nuarpamMma pecTaBieHus d-CHephl.

JlBmkeHune u BpaleHnue 0yIeM pacCMaTPUBATD B IEPUTEHHOIN MOABUKHOM CHCTEME KOOPIMHAT CX{1ep ;ep ;ep —
U !
ocb CZj,,, HaNpaB/IeHa NapauUleIbHO PaInyCy-BeKTopy nepurest opoutsl Ryep, ock CY, napasenbna HopMam

K TJIOCKOCTH Op6uTHI, a och CX{,. ) mapasuie/ibia KacaTe/ibHoil B epuree opouTsl, B cropony jpmxkenns KO mo op-

oure. Hauasio koopauuar C coBuajgaer ¢ nearpom macc KO. Hampasiienusi Bekropos B IITIICK 3amaercst nBymst

yrmamu o, p (puc. 4a). Ilepexon ms IITIICK B CCK ocymectsasterca mpymsa nosopotamu. Ilepsemv soxpyr CZi,,

Ha YTOTT 0y, BTOPBIM BOKPYT ocu CYj,,, MOTyHenHoil mocie mepBoro mosopoTa, Ha yroix —p,, (puc. 46).
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Bribpas CK, npomgomxum pactucsisarh ypasaenue (5). Tak kak spamenue 3amaerca B8 CCK (puc. 26), To
BeKTOp Vg, Heobxoaumo nepesectu n3 CCK B IITICK npu nomomu Marpuusl noBopora Mcck SIIcK ):

Vip, Rw cos f(t)
Vip, = Mcock—nnek (pw; 0w) - | Rwsin 5(t) , (6)
Vop./ mmek 0 CCK

rie 8 = By + w - t — yrox Tekymero nosopora KO B CCK. Ioxcrasnss dopmyny (6) B dbopmyy (4), moaydaem
maTeMaTnyaeckoe Boipazkerne JICYH uepes mapamerpsr Bekropa spamienust KO (7):

f,Z[CLIi :f(Di;pw;UwawaRiaﬁ(t))- (7)
w

Ilist aHa/mM3a, y100HO BBECTU 3aBUCUMOCTD U3MEHEeHUs mupuHbl criekrpa JICH:

AS(t) = fncu,. — faca,, . (8)

rae AS(t) — mupuna cnekrpa JICY, frcu = — #Hawmbosbmas gactora B cuekrpe JICY ma MomeHT Bpemenn t,
facu, . — mammenbmias acrora B cuekrpe JICY na MoMenT Bpemend t.

3. Metoz, onpeesieHus NapaMeTPOB BpalleHUs
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Puc. 7: I'paduk 3aBucumocTu n3Menenus muputbl ciekrpa JCY npu usmenennn yria ¢.

Anamsupyst dopmysst (5) u (7), yauThiBas CBOWCTBa CKAJSIPHOTO [POU3BE/IEHUs] BEKTOPOB, YCTAHABINBAEM,
9TO ecym BekTopa w u D xommmeapust (t.e. 6 = 0° wm § = 180°), To fncu, = fncwy, , , T-e. CIEKTP NPHHH-
MaeMOTO CHTHAJIA CXJIOIBIBACTCH B OJIHO 3HAYEHUE, 0OYCIOBICHHOE TOJHKO JIBUKEHUEM II.M. Ecin ke BeKTOpa w
u D nepuenpukyngpusl (r.e. 6 = 90°), T0O f;[cqﬁpi eo;f ﬂchpRmx]. VaureiBas 3t PAKTHI, MOYXKEM [IPECTABUTH
zasucumoctb JICH ot yrua 0 B Buje cdepbl, KOTOPYIO HazoBeM d-cdepoit (puc. Ha).

Taxxke cdepy MOXKHO peacTaBuTh B Buje 2D muarpammer (puc. 6). B KasKapiit MOMEHT BpeMeHH yros 6 Gyaer
MEHSIThCH, T.K. OyJIeT MEHAThCS Hampasienne Bekropa D, a 3uaunt asmxenne KO 1o opbure MOKHO TpeICTABUTD
B BUjie ciena na 0-cepe (puc. 56). [Ipu npoxoxkpenun depes sxBarop d-cdepsl, 3Hadenue orubdaromeil rpadbuka
fney,, (t) BymeT MaKCHMAJIBHBIM.

Eciin Ha omHOM BUTKe OyIeT JiBa TaKUX IPOXOXKJEHUsI Yepe3 IKBATOpP CQepbl, TO, BEKTOPHO IIEPEMHOXKAsI
BekTOpa D, 1Jist COOTBETCTBYIONIUX MOMEHTOB BPEMEHHU TIOJIYINM HAIIPABJIEHIE OCH, OJTHOHAIIPABICHHOE HCKOMOMY
BEKTOPY W MJIU IIPOTUBOIIOJIOKHO-HAIIPABICHHOE €MY.

[Tepuon Bpamenus KO onpenensiercss Ha OCHOBe cemeiicTBa D METOOB BBISBJIEHUSI CKPBITHIX MEPUOIAIHO-
creit [8].
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Puc. 8: Biok-cxema MeTO/la OIIpeJieJieHrd HallpaBJICHHUYA OCU U IIePUOJia BPallleHUA KO BOKDPYT IIE€HTPpa Macc.

4. AnropuTM omnpejiesieHIus IapaMeTpPOB BpallleHus

Bxomnabie nannabie. JIpa HabII0IeHTS JTUTEIbHOCTRIO 3—4 mIepuoia Bpalenus. Kaxkoe Hab to1eHne J0I>KHO OBITH
OT(}hUIBTPOBAHO OT IIIYMOBOI COCTABJIAIONIEH W TPEJICTABICHO B BUJE 3aBUCAMOCTH M3MEHEHUs ITUPUHBI JIOTIIe-
posckoro crekrpa AS;(t), rue ¢ = 1,2. Ha unrepsase nabmonenus Kaxiasa 3aucuMoctb AS;(t) nomkHa nMerh
JIOKAJIbHBIA MAKCUMYM, KOTOPBIH OyIeT COOTBETCTBOBATE MPOXOXKIEHUIO Yepe3 IKBATOP d-C¢hephl, a 3HAYUT, YyroJl §
Gyznet paser 90 rpaaycam (puc. 7). Tak ke JOKHBI OBITH MACCHBBI U3MEPEHNUH KOOPIMHAT BEKTOPOB IIOJIOXKEHHUSI
1o Bpemern R;(t).

Iepsoiii mar. Oupenesurs nepuosn spamenus KO Tko, myreM BblgBienus u3 3asucumoctu AS;(t) mepuo-
Jla BBICIIEro Iopsiaka 13 00yCIOBIEHHOTO M3MEHEHNEM yIVIa MOBOPOTa 3 [l KarK/IOro HaOJIIONEHNsI, IPIMEHSISI
KOHEYHO-PA3HOCTHBIN BapuanT D-MeToja IepBOro Hopsijka, IoapobHO omucanHoro B [8]. Visoennoe 3nadeHnue
nepuona Ig U ycpeJHEHHOE IO JIBYM HAOJIO/IEHNsIM OyJieT MCKOMbIM 1epruojoM Bpammenus KO Tko.

Bropoit mar. ITonaBurh NepuoOIUIecKyIo COCTABIAINLYI0 T3 U BBIABUTL cocrapisiontyio nporecca ASs, (t)
00yCJIOBJIEHHOTO M3MeHeHneM yria 0. s sToro npumMensiercs Jyiroboil cryraskuparommit duisTp 1o mepuony 13,
npuMep Takoro (puiIbTpa TakKe MOXKHO Haiitu B [8].

Tperuii mar. OupenesuTsb JOKAJIbHbIE MAKCUMYMbI cocTaBisiomux ASs, (t) 1 cCOOTBETCTBYIONIME UM MOMEHTHI
BPEMEHH tpax, HA HHTEPBAJIAX HAOIIOLCHUI.

YerepTslit mar. Onpenennts Bekropa nooxkerns KO R; Ha MOMEHTBI BDEMEHH trax, U3 MACCHBA U3MEPEHUI,
HopMuposaTh 1 nepesectu ux B IITICK.

[areiit mar. Onpegenurs Hanpasiaenne ocu Bparienns KO woc, MyTeM BEKTOPHOTO MEPEMHOXKEHUS BEKTOPOB
moJioKeHust R;, TMOJIyIeHHBIX HA YeTBEPTOM Inare. HampaBiieHue MOJy9eHHOrO0 BEKTOPa OYeT COOTBETCTBOBATH
Hanpasiaeruio ocu Bparnerus KO.

Bruixonubie panubie. [lepuos Bpaenne Txo u Hanpasienue ocu BparieHnss KO woey.

Biok-cxema ajroputma IpuBesieHa Ha (puc. 8).
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5. 3akJiroueHue

[IpemyioxKeHHBIIT METOM, MOXKET NMPUMEHSITHCA B YCJAOBUSX OTCYTCTBHUS anmpuopHoit nadopmarmn o KO wim o0y-
Jaroleil BBIOOPKHU, UTO SIBJISIETCSI IPEUMYIIECTBOM II0 CPaBHEHUIO C METOJIOM HeHpOHHBIX cereil. Vcmosib3oBanue
AYX oT ABYyX CMEXKHBIX ITPOXOXKJIEHUI IO3BOJISIET HA HE3HAYUTEHHOM MHTEpPBaJjie BPEMEHHU OIEHUTH MapaMeTphl
BpaIlleHsI HOBOTO Wik u3MeHuBIero csoto rpaekroputo KO. K npenmyinecrsam paccMOTPEHHOI'O METOJIa MOYKHO
OTHECTH BO3MOXKHOCTD IIOJTHOW aBTOMATH3AIINU IIPOIIECCA, BCEITOTOIHOCTH, JOCTATOYHO BBICOKYIO OIEPATUBHOCTD,
HE3aBHUCUMOCTH OT PA3PEINAoNieil CIOCOOHOCTH 10 JAJHLHOCTH U IPEIBAPUTEIBHO HU3KYIO CTONMOCTH BHEIPEHUS
texaudeckoro perrenus. K megocrarkam ciemyer oraectu Habmogenne KO neyms PJIC ma ognom BuTKe, OrpaHu-
JeHue B BUJIe CTaOMIM3UPOBAHHOIO BpAIEHNs, HEBO3MOXKHOCTh PAbOThI METOJIA [IPU OIpPEIe/IEHHBIX COYEeTaHUSIX
JIMHEWHbIX pasmepoB KO, 4acToThl BpallleHusl W JJIMHBI BOJIHBI M3JIy4aeMoro curiaja. JlajgpHeiimas ucciemoBa-
TeJbCKas paboTa OyIeT HampaBjeHa HA COBEPIIEHCTBOBAHWE METOA, M3ydueHne (hOpM M CIOCOOOB €ro IMPUMEHMU-
MocCTH ¢ cymecTByfomumu u nepcrnektuBHbiMu PJIC, a Tak:xe Bo3moxkuocTu ucnonb3oBanus PJIC kocMmuaeckoro
0a3snpoBaHMUSI.
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B mocmennmne rompr pacrer 4mciao 0OHAPYXKEHHBIX ACTEPOHUOB, MPOSIBJISIONUX CyOJIMMAIMOHHO-TIBLIEBYIO U MBLIEBYIO aK-
TUBHOCTB IOJI, JEHCTBUEM Pa3/IMYHBIX (hu3ndeckux pakTopoB. B j1aHHOI cTaThe paccMaTpUBAIOTCS PE3yJIbTAThl HETABHUX
CIIeKTPOOTOMETPUIECKUX HAOJIIONEHUIT HECKOJBKUX aCTEpPOrn0B [JIaBHOTO MOsiCa MPUMUTHBHBIX THUIIOB, HAXOIUBIIIXCS
BOn3u nepurenusi B gekadbpe 2020 1., KOTOpbIEe MOT'YT COJIEPKATH MOAIIOBEPXHOCTHBIE 3aJI€3KU BOJSHOTO Jibja. [Ipu anam-
3€ UX CIEKTPOB OTPAarKeHUs C IEJbI0 MMOMCKA MPU3HAKOB BEPOSATHON CyOINMAIIMOHHO-IIBIIEBONl AKTUBHOCTH IO/ BJIUSHIEM
MTOBBIIIIEHHBIX TTOJCOJTHEUHBIX TEMIIEPATYP U COJIHEUHBIX SPYITUBHBIX COOBITUI MCIIOJB3YETCSI METOJI «IA0JIOHOBS.
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Usage of “templates” of spectral types of asteroids for clarification of their mineralogy
and detection of signs of sublimation, dust and solar activities
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In recent years number of asteroids that show sublimation and dust activities under a variety of physical factors is increasing.
In this article we present results of recent spectrophotometric observations of several primitive main-belt asteroids that
were located near perihelion in December of 2020. These asteroids may have subsurface water ice deposits. The method
of “templates” was used in analysis of their reflectance spectra in order to find signs of possible sublimation activity under
increased subsolar temperatures and solar eruptive flares.
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1. BBenenune

Hameit rpynnoit 6p11u 001y9eHsl 1 U3y YeHbl HOBbIE CIIEKTPBI OTpaxkeHus acreponnos [nasuoro mosica (I'TI) mpe-
VMYIIECTBEHHO MPUMHUTUBHBIX THUIIOB, HAXOAAMNXCs BOJM3M mepuresusi. Ha oCHOBe aHa/m3a 9THX CIIEKTPOB OT-
paxkeHusi OBLT CIEJIaH BBIBOJ O TOM, 9TO, BEPOATHO, BO BPEMsl MIPOBEIE€HUs HAOJIOIEHN, 7 U3 9TUX aCTEPOUIOB
HPOSIBJISUIA CyOINMAIMOHHO-TIBUIEBYI0 AKTUBHOCTD [1]. VI3yueHue CHEKTPOB OTPasKeHUsI TPOBOJMIOCH PA3HBIMU
crrocobamMu, B 9aCTHOCTH, METOJOM <ITaDJIOHOB>.

Cy0bnMaImoOHHO-TIBLIEBAs AKTUBHOCTD ACTEPOUIOB — UHTEPECHBI BOIIPOC, MMOTOMY UTO TPAJIUIIMOHHO CUU-
TaJ0Ch, 9TO JII00OE MPOsBJICHNE TAKOW AKTUBHOCTH IPUCYINE TOJBKO KOMeTaM. JIWIb mocseqHune AeCaTUIeTHs
IIPUHECN OTKPBITHS HECKOJBKUX JIECATKOB ACTEPOUIOB, B TOW WMJIM MHON CTEMEHU MPOSABJISIONINX AKTUBHOCT,
no06Hy 0 KoMeTHOH (Hanpumep, [2, 3]). Takue oGHapPYKEeHUST HE CIIUNIKOM YaCThI, OJHAKO B IIOCJIEJHUX PaboTax
(mampumep, [4, 5]) caesaHOo IpeIIOIoXKeHNe, UTO ACTEPOUIBI MOTYT IIPOSIBJISITH OTHOCATEIBHO CIa0yI0 AKTUBHOCTS,
KOTOPYIO MOYKHO OOHAPY?KUTh HA UX CIIEKTPAX OTPAYKeHUs (110 HEOOBITHBIM MAKCUMyMaM PACCestHAs CBETa B TIPE/I-
oJiaraeMoii pa3pe:KeHHOM bLIeBOH 9K30cdhepe ITUX TeJl), HO KOTOPasd MOYKET ObITh He3aMeTHA Ha IIPAMBIX U300pa-
xkeunsgx. [losTomy HEOOXOMMMBI HOBBIE METOIBI N3YIEHUS CIEKTPAJIHHBIX XaPAKTEPUCTUK MAJIBIX ILIAHETHBIX TeI,
KOTOpBIE MOTYT IO3BOJIUTH OBICTPO U C BBICOKON TOYHOCTBHIO MJIEHTH(DUIIMPOBATH HAJUYNE B HUX JleTajeil, CBOii-
CTBEHHBIX U HECBOICTBEHHBIX JIJIsi MUHEPAJIOTUU [TOBEPXHOCTHOTO BerecTBa. OJHUM U3 TAKMX METOJOB SIBJISIETCS
MeTOJI, «I1a0JIOHOBY.

2. CyTh MeTOAa M yCJOBUS MOJYyUYEHUs CIIEKTPOB OTPAa*KEHWsI aCTEPOU/I0B

Brormeymomsiay Thiit MeTon 3akiodaercs B ciemyiomem. «[1labmoroMs MBI Ha3bIBaEM OOIIME CIIEKTPAJIbHBIE TPAH-
1Bl TAKCOHOMUYIECKOTO THUIIA. JTU IPAHUIBI ObLIN PACCUUTAHBI C UCIIOJIH30BAHNEM BCEX HOPMUPOBAHHBIX CIIEKTPOB
OTpayKeHHsl aCTEPOMJIOB KOHKPETHOTO TAKCOHOMHYECKOro Kiacca u3 Oasbl manubix SMASSIT [6]. Takum obpa-
30M, €CJIM PACCMaTPUBATH KOOPJMHATHYIO IJIOCKOCTh C HOPMUPOBAHHON OTparkKaTeJIbHOU criocoOHOCThIO 110 ocu Oy
71 JIUHON BOJHBI o ocu OX, «mabJoH» IpeicTaBiseT coboii Ha Heil 00JacTh, B Ipeaesax KOTOPOil ¢ 6OJIbIIoii

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2




144 A.A. CagesioBa u ap.

Actepoun 19 ®opryna (13.12.2020)
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Puc. 1: 1-2 — HOpMupoOBaHHBIE CIIEKTPHI OTpaxkeHusi acreponga 19 @opryHa, 3 — HOPMUPOBAHHBIN CIIEKTP OTpa-
JKeHust acrepona u3 6a3el qanubix SMASSII, 3enenas obacTh — «MabJIOH» TaKCOHOMHYECKOTO Kiacca Ch.

Actepounn 52 Espona (08.12.2020)
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Puc. 2: 1-4 — HopMHUpOBaHHBIE CIEKTPBI OTPaXKeHUs acTepona 52 Espona, 5 — HOPMUPOBAHHBIN CIIEKTD OTpaske-
Husi acrepona 13 6a3nl ganabix SMASSII, semenast 0bacTh — «IabJIOH» TAKCOHOMUYECKOTO Kjacca C.

BEPOSITHOCTBIO Oy/IeT HAXOAUTHCS CIIEKTP OTPAYKEHUsT aCTEPOUIA, TPUHAJIEIKAIIETO JAHHOMY TAKCOHOMUIECKOMY
turry. COOTBETCTBHUE CIIEKTPOB OTPAXKEHUsI PACCMATPUBAEMBIX B 9TOH CTaThe aCTEPOUIOB U «IMabJIOHOB» IIPOBE-
PSTOCh TOJIBKO Ha, JITMHAX BOJIH, MeHbIMUX (.7 MKM, TaK KaK B OCHOBHOM Ha OOJIBINMAX JJIMHAX BOJIH CIIEKTPDI
U3MEHSIIOTCsI, TIO-BUINMOMY M3-3a HAJUUU ¥ aCTEPOUIA PA3PE’KEHHOI MbLIeBOH 9K30cdeph! M0 mputnHe cyOJim-
ManuoHHO# akTuBHOCTH. CrIe1yeT OUepKHY Th, 9TO B IIOCJIeIHUX myOankamusx [1, 4, 5, 7] 6pun o6HapYKEHbI He
TOJIBKO OTJIeJTbHBIE ACTEPOUIBI, TPOSBJIAIONTIE aKTUBHOCTD, HO W WX I'PYNIIBI, COCTOSIIIE I3 HECKOJILKUX aCTEPO-
WJIOB, MPOSIBJISIIONINX AKTHBHOCTb OJHOBPEMEHHO IPHU IIPOXOXKIEHUU UMHU Mepuresns. BaXHO OTMETHUTH, 9TO ITH
aCTepOUJIbI HE CBS3aHBI MEXKTy COOOl, a TOJBbKO IMPOXOJAT Mepuresnii 0OJu3Ko 1Mo BpeMeHu. B 3Toit craTbe pac-
CMATPHUBAIOTCS 7 ACTEPOMIOB NpUMHUTUBHBIX THIOB (19 @opryna, 52 Espona, 177 Upwma, 203 ITommes:, 266 Anuna,
379 I'yenna u 383 fAuuna) u 1 acrepony Xk-tuna (250 BerruHa), NposSIBUBIINX, BEPOSITHO, TAKYIO OJHOBPEMEH-
HYIO CyOJIMMAIMOHHO-TIBLIEBYIO aKTUBHOCTH. KOPPEKTHOCTH MOJIYI€HHBIX CIIEKTPOB OTPAYKEHNUS PACCMATPUBAEMBIX
aCTEPOUIOB OIIPEIEIISIIIACH IIyTEM KOHTPOJIsT (POTOMETPUIECKUX YCIOBUI IO HOPMAPOBAHHBIM CIIEKTPAM CTAHIAPT-
HBIX (HEIlePeMEeHHBIX ) 3BE3/l COJIHEYHOrO THIIA, II0JIyY€HHBIM JI0 U oce HabJoaenuii acreponia. Takum o6pazom,
CIIeKTpaJIbHas MPO3PATHOCTb 3eMHOM aTMocdepbl MPAKTUIECKN HE MEHSIaCh 3a BpeMsl HaOJIOICHUT KaKJIOTO
13 acTepPOUIOB.
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Acrepoun 177 Vpma (13.12.2020)
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Puc. 3: 1-4 — HOpMUpOBAHHBIE CIIEKTPLI OTpakeHus acrepoua 177 Mpma, 5 — HOpMUPOBAHHLIA CIIEKTD OTPasKeHUSI
acreponsa n3 6a3bl gaHabIX SMASSII, semenas obiaacTh — «ImmadaoH» TakcoHOMHYecKoro kiacca Ch.

Acrepoun 203 TTomnes (14.12.2020)
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Puc. 4: 1-3 — mopmumpoBanHbIe CreKTpbl oTpakenus acreponma 203 Ilommest, 3esenas obsacTs — «mabIoH»

TakcoHoMu4aeckoro kJjaacca C.

3. PesynbTaThl

Paccmorpum niogpobree pe3ysibTaThl HAOIIOMEHW U aHAJIM3a IS KaykJoro acrepouja. Acrepous 19 Popryna.
Ha rpaduke uepHbIM 11BeTOM 0603HAYEH CIIEKTP OTparkeHus: acrepounia u3 6asbl SMASSII, KoTopblil uCIO/Ib30BaJI-
CsI KaK «39TAJOHHBIN». 3emeHas obracTh — «mabJjon» TakcoHoMmdeckoro kiacca Ch, K KoTropomMy TpUHAIJIEKHAT
acrepon. /IBe 1iBeTHBIE KPUBBIE — CIEKTPBI OTPAYKEHUS aCTEPOUIA, IOy IeHHbIe Hartei rpymmnoit. CrekTpbl oTpa-
JKEHHsT He COTVIACYIOTCSI C «ITAJOHHBIM» CHEKTPOM M MIAOJIOHOM COOTBETCTBYIONIETO KJIACCA U JOCTATOYHO CUIHHO
BBIXOJIAAT 32 €r0 IIPEJIEJIbl, HO XOPOIIO COTIACYIOTCS JAPYT € APYyTOM. Pe3ysbTaThl YMCIEHHOTO MOJEINpOBaHus |5
[IOKAa3aJ/Id, YTO MOIOOHBIN BHJI CIIEKTPA ACTEPOUJIA MOXKET OBITh IIPU3HAKOM HAJIMYUS Y HErO pa3perKeHHOH IK30-
cdepsbl, B KOTOPOI HET JIEIAHBIX YaCTUIl, HO IPUCYTCTBYIOT CHJIUKATHBIE WU CHJINKATHO-OPTAHMIECKNE TaCTUIIHI.

52 Eppomna npunamiexur rakconommdeckomy tuity C. CIeKTpbl OTpakeHus acTePOUIA JIeXKAT B IIPEJIEIaxX
mabsioHa. OHAKO CIEKTp 3 3HAYUTENBHO oTarndaercst ot cruekrpa SMASSIT u «imabonas B JJIMHHOBOJIHOBOI Ya-
cru. ITo pesyibpraTaM MOJIEIMPOBAHUS TAKON BUJ OTKJIOHEHUsI MOXKET OBITH IPU3HAKOM HAJIUYUSs JIEJSTHBIX JaCTHI]
Ha [OBEPXHOCTU MJIX BO BPEMEHHOI 3Kk30cdepe acreponsa. Ho Tak Kak TOJIBKO OJWH U3 IIOJIyYEHHBIX CIIEKTPOB
CIUJIBHO OTKJIOHUJICS OT <IMabJIOHA», TO HEJIb3s UCKJIOUNTH CJIyIaHbI XapaKTep STON BapUAIUH.

177 Upma npuHajiekuT K npuMuUTABHOMY TakcoHoMmmdeckomy tury Ch. KoporkoBosHoBasi 9acths Beex de-
TBIPEX CIIEKTPOB OTpaxKkeHusi VIPMBI IIPOXOINT BHYTPH <IMAOJIOHA» COOTBETCTBYIOIIETO KJIACCA M XaPAKTEPUIYET
HHU3KOTEMIIEPATYPHYO MUHEPAJIOTUIO € TIOBEPXHOCTHOrO BerecTa. Mojesmposanue nokassiBaeT [5], aro Habiro-
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Acrepounn 250 bertuna (10.12.2020)
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Puc. 5: 1-3 — HopMupoBanubie crieKTpbl oTpakeHus acrepounsa 250 Berruna, 4 — HOPMUPOBAHHBIN CIIEKTP OTpa-
JKeHust acrepona u3 6a3el qanubix SMASSII, 3enenas 061acTh — «MAOJIOH» TAKCOHOMHYECKOTO Kjacca XK.

Acrepoun 266 Anuna (10.12.2020)
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Puc. 6: 1-2 — HOpMUpOBaHHBIE CIIEKTPHI OTpaskeHusi acrepoua 266 Anuna, 3 — HOPMUPOBAHHBIA CIEKTP OTpa-
KeHusi acrepouia u3 6a3bl JaHHBIX SMASSII, 3esenast obiacTh — «1abJI0OH» TaKCOHOMHUYecKoro Kjacca Ch.

TaeMBbIil POCT CIIEKTPOB ACTEPOUIA HAa JJIUHHBIX BOJHAX MOXKET OBITH NMPU3HAKOM HAJUYUS Y HEro BPEMEHHOH
MBLIEBOH 9K30CMEPHI, COCTOSIIEH U3 CUINKATHO-OPTAHTIeCKIX JACTHII.

Takcornomuueckuii Tun acrepouyga 203 Ilommes: He ycraHoBiieH. AcTepoun]i uMeeT HU3KOE ajb0eno W, BUIU-
MO, IPUHAJIEIKUT HU3KOTEMIIEpaTypHOMY TUIly. C IOMOIIBI0 KOMIIBIOTEPHON IPOrPAMMBI 3TOMY aCTEPOUJLY ObLI
os106pan «mabsony Kiacca C, coryiacyromuiics: ¢ ero Hu3KoTeMIeparTypHoil MuHepaJjorueii. Ho mosryyennbie crex-
TPBI OTPAYKEHUsl BBIXOAAT 3a IIpeesibl JanHoro «mabsaonas. [lo pesyibraram MozgeaupoBanus [5] cocras mbLIeBOi
sk30cdepsr y [ommen MokeT OBITH CMEIIAHHBIM, COCTOSIIAM U3 YACTHUIL BOJSIHOTO JIb/A, CHJIMKATOB 1 OPTAHUK.

250 Berruna npuHaIeKuT K TAKCOHOMUYIECKOMY TUIy XK. XOTS 9TO HE IPUMHUTHUBHBIA THI, HO T€OMETPH-
Jeckoe ajIb0esio acTeponia JIEYKUT BOJIM3W HUKHEH IDaHUIBI OOINEro Jrana3oHa ero 3Ha4YeHUl JJIs aCTePOUIOB
IOJIOOHOTO THUIA. DTO MOXKET SIBJISIThCS MPU3HAKOM TOrO, UTO JUOO caMa [MOBEPXHOCTH MMeeT B CpelHeM OoJiee
HU3KOTEMIIEPATYPHBINA COCTaB, JUOO OHA MMEET BKJIIOUEHUS THUIA THAPOCUINKATOB WA BOISHOTO Jibaa. CrekTphl
oTpaxkeHusi BeTTUHBI HECKOIBKO OTKJIOHSIOTCS OT «IMabJI0Ha» TUMAa XK KAK B KOPOTKOBOJIHOBOM YACTH CIIEKTPA,
Tak u 6oJiee 3HAYUTENHLHO — B JUIMHHOBOJIHOBOM. [0 pesysbraraM MojienpoBanus 5] Takue u3aMeHeHus: MOI'YT ObITh
BBI3BAHBI 9K30C(HEpOoil CMENTaHHOTO COCTaBA, COCTOAIIEN TACTUIHO U3 JIEJSIHBIX YaCTHI] U B OOJIBITIEH TPOIIOPITNN —
73 CUJIMKATHBIX U OPTaHUIECKUX JACTHUIL.

266 Anumna npunayiexkur tuny Ch. Croekrp 1 HaxoauTcss BHYTPH <IIabJIOHA» U COIJIACYETCS CO CIIEKTPOM
u3 SMASSII. 970 noaTBep:K 26T HUZKOTEMIIEPATY PHY IO MUHEPAJIOTHIO acTeponia. JIpyroii ClieKTp BBIXOUT 38 [Tpe-
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Acrepoun 379 I'yenna (08.12.2020)
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Puc. 7: 1-3 — HOpMuUpOBaHHBIE CIIEKTPBI OTparkeHus: acrepousa 379 I'yerna, 4 — HOPMHUPOBaHHBII CIIEKTP OTpa-
KeHus: acrepona u3 6a3el qanubrx SMASSII, zenmenas obacTh — «IabI0OH» TaKCOHOMEIYECKOro Kiaacca C.

nedibl «mabionas. I1o pesysbraraM MojieupoBanus [5] Takue Bapualyu ClieKTpa OTPAYKEHUsI MOTYT OBITH BbI3BAHBI
HaJIMIUEM TIBLIEBON 9K30Cdhephl, COCTOSINEH N3 CUINKATHO-OPTAHUIECKUX TACTHII.

379 I'yenna orHeceHa K Tuiy C, OJIHAKO ITOJIyYE€HHBIE CIEKTPHI OTPaXKEHWsI C HUM He COoriacyrorcsi. MoxKHO
[PEJIIONIOKATh, ITO HexapakTepHas s acreponna C-tuna dopma cnekTpos orpaykeHusi ['yeHHBI (¢ oTdersn-
BBIM POCTOM K KOPOTKOBOJIHOBO{ [DAHUIIE) SBJISIETCS IPU3HAKOM HAJIMYIHs Y aCTEPOUIA CyOJIUMAIMOHHO-IIBLIEBOMI
9K30chepbl, YACTHUIBI KOTOPOI MMEIOT MPEUMYIIEeCTBEHHO JIEIAHON COCTAB.

383 Anuna HuskoTemuepaTypHoro tuna B, ograko dopma Beex Tpex MOy IeHHBIX CIIEKTPOB OTPAYKEHUST Pa3u-
TEJILHO OTJIMYAETCSI OT «IabJI0OHa» COOTBETCTBYIONIEro Kiacca u cuekrpa SMASSII, B Tom uncse — 1o 6OJIbIIOMY
TTOJIOKUTEJILbHOMY TpajineHTy. Takue 3HAUUTETbHBIE OTKJIOHEHHS TaKXKe MOXKHO OObSCHUTL HAJUIHEM TbLIEBON
9K30chEepBl, COCTOAIIEN N3 YACTHI] CUTUKATHO-OPTAHIIECKOTO COCTABA.

Acreponn 383 SAnuna (07.12.2020)

w 227

E ol [ ]"[Ia6non" knacca B

2 —1-UT = 19h08m

g 1.8F —2-UT=19h41m 3
3 —3-UT=21h0Im

o 167 —4_smassn

S o140

15 : \ 2
5 12}

s ’ 1
= 1T 4
3 08f

g |

E 0.6

a 04r

]

E 02 1 1 J

0.4 0.6 0.8 1
JlmmHa BOJIHBI (MKM)

Puc. 8: 1-3 — HOpMUpOBaHHDbIE CIIEKTPHI OTpazkeHus actepousa 383 Anuna, 4 — HOPMUPOBAHHBIHN CIEKTP OTpa-
KeHusi acrepouia u3 6a3bl JaHHBIX SMASSII, 3eeHast 061acTh — «11abJIOH» TAKCOHOMHYECKOTO KJjacca B.

4. Ob6cyxKaeHue

KpaTtko obcymnM Takke BEPOSTHBIE MPUIUHLI CYOJIUMAIIMOHHO-TIBIIEBON aKTUBHOCTUA PACCMOTPEHHBIX aCTEPOU-
710B. Bo-T1epBBIX, TOYTH BCE PACCMOTPEHHBIE aCTEPOUIbI MPUHAIIEKAT K TPUMATHBHBIM THIIAM, ITO IIPEII0JIaraeT
BO3MOKHOCTh HAJJUYNsI Ha HUX TOAIMOBEPXHOCTHOTO BOIAHOTO Jibaa. CIEKTPBI BCEX aCTEpPOW 0B OBLIM TOJIyte-
HBI BOJM3M MOMEHTA MPOXOXKICHUS Mepureans. TakuM oOpas3oM, IpH MOBBIMIEHUN TEMIIEPATYPLI BOISHO JIeT
MOT CyOJIMMUPOBATD, TOPOXKIas Ta30BbIe MTOTOKMU, YBJIEKAIONINE MbLIL. BTOpas BO3MOXKHAS IPUINHA TTPOSBICHUS
CyOJTMMAITMOHHO-TIBLIEBOH M TIBLIEBOM aKTUBHOCTHU, OCOOEHHO B ciaydae acrepouga 250 Bertuna, nmpunaiexkarie-
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ro Xk-Tuiry, — 9TO COJHEYHAas AKTUBHOCTH. 33 HECKOJBKO JTHEH /10 HAOJIOIEHUS PACCMATPUBAEMBIX ACTEPOUIOB
Ha CoJIHIEe TPOM30IILIa BCIIBIIIKA B PEHTIEHOBCKOM JIUAIIA30He, & 3aTeM — CBSI3aHHBIN ¢ Heifl KOPOHAJIbHBIN BHIOPOC
semectBa [1]. Takum o6pasoM, Ha acTepOUIbl, & OHU BCE HAXOUIINCH JOCTATOYHO GJIM3KO JAPYT K JAPYTY, HOJeH-
CTBOBAJIO CHAYAJIa PEHTTEHOBCKOE U3JIyUYeHMe, a 3aTeM — yJIapHasl BOJHA B COJHEYHOM BETpPE, IIPEJICTABIISIONEM
cO0OI MOTOK 3apszKEHHBIX YACTHIL (IIPEUMYIIECTBEHHO IIPOTOHOB U 3JIEKTPOHOB). BO3MOXKHO, 3T0 0KA3aJ10 CHIILHOE
JIECTPYKTUBHOE BO3ECTBIE HA TIOBEPXHOCTDH ACTEPOUIOB U IPUBEIO K 00PA30BAHUIO 3HAUYATEIHHON MACCHI IIBLIH
U ee 3jeKTpusanuu. TakuM oOpa3oM, u3ydeHne OTKJIOHEHUI CIIEKTPOB OTPayKeHUsl ACTEPOUJIOB OT COOTBETCTBY-
IONUX UM CHEKTPAJIbHBIX «IMA0JIOHOB» MOYKET OKA3aThCs MOJE3HBIM HE TOJIHKO B OOHAPYKEHUH BOJISTHOTO JIbJA
B COCTaBe aCcTEPOUIOB IIPUMUATUBHBIX THUIIOB, HO U B YyCTAHOBJIEHUN XapPaKTEPUCTUK YIAPHBIX BOJIH, BOZHUKAIOIIIX
[IPU COJIHEYHBIX BCIBIIIEIHBIX U IPYITUBHBIX COOBITUSX.

5. 3akJiroueHue

Wroramu paboThl SBJIsIETCS aHAJIN3 HOBBIX CIEKTPOB oTpaxkenusi 8 acreponos ['Tl, B Tom 1ncse mpu momomu me-
Toma «1mabsioHoB». [lo Kpaiineit Mepe y ceMu u3 9THX aCTePOUIOB OBLIN OOHADPY2KEHBI TPU3HAKH CyOJINMAIHOHHO-
bLIEBOH akTuBHOCTH. HaMu cjiesial BBIBOJI, O TOM, YTO BAPHUAIIUHU CIIEKTPOB OTPAXKEHUsI YKA3bIBAIOT UMEHHO Ha, Cy0-
JINMAIMOHHO-TIBLIEBY 0 aKTUBHOCTH aCTEPOUJIOB, & He Ha, HEOJHOPOHOCTD ITOBEPXHOCTH. DTOT BBIBOJI CJI€JIAH HA OC-
HOBE TOT'0, UTO TIPEJIETHHO BBICOKAsT HEOMTHOPOHOCTD aIb0e/10 MATEPUAJIOB Ha TOBEPXHOCTH TUX TeJl (OT YIVIHCTHIX
JI0 CHJIMKATHBIX ) HE MOXKeT 00bICHUTH OOHADYKEHHbIE GOJIBIINE OTKJIOHEHUS CIIEKTPOB OT «JTAJOHHBIX» (U3 Ga3bl
SMASSII). Kpowme Toro, 6puia cieiana OIeHKa HeU3BECTHOTO TAKCOHOMUIECKOro Kiacca acreponta 203 Tlommes.

C.A.A., B.B.B., III.M.II. Beipazaior 6iarogapuocts PH® 3a dunancosyio noguepxkky paborst (rpanr PHO
22-12-00115).
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MeTtop onpepeneHnsa napameTpoB COOCTBEHHOro BpalLeHuns
KpynHorabapmTHOro KOCMmM4eckoro obobLekta no cepumn
cpoTonsobparkeHni

Toxkan M.U., Beanamunos C.C., Yooxkenko /I.1O.

Hayuno-uccaedosamenveruti ucnoimamenvhoidi uenmp Llenmpasvrozo nayuno-uccaedo8amensbckozo UHCmumyma
Bosdywro-kocmuneckux cua Murnucmepemea o6oporv, Poccutickoti @edepayuu, Mockea, Poccus

IIpu perrennn 3a1a9 IPUHYIUTETBHOTO YAATEHAS KPYITHOTO KOCMUYECKOTO MyCOpPa C OPOUTHI B OKOJIO3EMHOM ITPOCTPAHCTBE
HEeOOXO/IMMO OLIEHUBATD [IapaMeTPhI JBIKEHUsI KocMudeckoro oobekra (KO), B ToM 4dnciie mapamerpsl COGCTBEHHOIO Bpallie-
HUsI OTHOCUTEIBLHO €ro IEHTPa MacC. TaK, Mpu MCIIOIb30BAHUY JIJIsT STOH €N CIIENHATBHOI0 KOCMIIECKOTO alapara THIa
aBTOMAaTHUYECKON PYKH HEOOXOJUMBIM yCJIOBHEM yCIIEXa OIE€PAIUU SBJISI€TCS OTCYTCTBUE HHTEHCUBHOI'O BPAIlEHU KOCMUYe-
CKOro o0bekTa. AHaorndHas mpod/ieMa BO3HUKAET IIPU OIIPEIEJIEHUH COCTOSTHUSI KOCMUYECKOI'O aIlllapaTa IIOC/Ie BHE3AITHOTO
OTKa3a ero CUCTeMbI CTaOHJIM3aIMy WK JII000# 1pyroil aBapuu Ha 60OPTY, NpHUBEIIEll K HAPYIIEHUIO €r0 OPUEHTAIUN. DTa
rHMOpMAaIHS HeOOXOAMMA MIPH BBITOJIHEHUN OIEPAIAN IO BOCCTAHOBJIEHUIO PAOOTOCIIOCOOHOCTH aBAPUHHOTO KOCMUYIECKOTO
anmapara. OCHOBHBIMY CPeJICTBAMIA MOHUTOPUHIA KOCMUYECKOI'O IIPOCTPAHCTBA, [TO3BOJISIIOIIMMHY [I0JIyYaTh KOOPIUMHATHYIO
¥ HEKOOPJIMHATHYIO WHMOOPMAIMIO O KOCMUIECKUX O00BbEKTaX, ABJISIIOTCS ONTUKO-3JIEKTPOHHBIE U PAINOJIOKAIIMOHHBIE CPEI-
crBa. B nanHOiM cTaThe mpeiaraeTcst MeTO/ OIpeiesieHns napaMerpoB cobcrsenHoro Bpamienuss KO, ocHOBaHHBIN Ha 1Ipeji-
[TOJIO’KEHUU O BO3MOXKHOCTH KOHTPOJISI HA Cepur (POTOM300PAKEHUN OT OJHOTO HA3EMHOI'O ONTUKO-3JIEKTPOHHOTO CPEICTBA
[TOJIOXKEHUSI BBIJIEJICHHON TOoUkU Ha noBepxHoctu KO.

Ilocrymuna B pemakmuio 10.05.2022 r. [Ipuusara B nevars 18.07.2022 1.

Knaoueswie caosa: kKocmuveckuti 065exm, napamempvs 8pauLeHus, Gomousodpasrtcerue

Method for determining the parameters of the large space debris attitude rotation by
photoimages series

Tokan M.I., Veniaminov S.S., Ubozhenko D.Yu.

Scientific Research Center “Kosmos”, Ministry of Defence, Moscow, Russia

When solving the problems of forced removal of large space debris from its orbit in near-Earth space, it is necessary to
estimate the parameters of the space object motion, including the parameters of the proper space object attitude motion.
So, when using for this purpose a special spacecraft of the type of an automatic arm, a necessary condition for the success
of the operation is the absence of the space object (SO) intensive rotation. A similar problem arises when determining
the state of a spacecraft after a sudden failure of its stabilization system or any other accident on board, leading to its
attitude disturbance. This information is necessary when performing an operation to restore the operability of an emergency
spacecraft. The main facilities of monitoring outer space allowing to obtain metric and non-metric information on space
debris are electro-optical and radar facilities. This article proposes a method for determining the parameters of the space
objects attitude rotation based on the assumption that it is possible to control the position of a special selected point the
SO surface on a series of photographic images from an electro-optical facility and the definite orientation of its rotation
vector.
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1. BBeaenue

ITpu pemeHny 3aJa4 NPUHYIUTEIBHOTO yIAJdeHus KpyHOrabapuTHOro kocmmaeckoro mycopa (KM) ¢ ero oko-
JIO3EMHON OpOUTHI HEOOXOJUMO OIEHUBATH IapaMETPhl €ro JIBUYKEHWs, B TOM YHCJIe IIapaMeTpbl COOCTBEHHOI'O
BpAIeHNs OTHOCUTEIBHO €ro IeHTpa Macc. Hampumep, mpu IpUMEHEHHH C STOH IEJbI0 KOCMHYECKOTO aIllapa-
ta (KA) Tuma aBromaruydeckoii pyku (Takoro, kak paspaboranuoe B TaubuzunbckoMm yausepcurere KA-3axsara
«irynasbies [1]), Heo6X0IUMbIM yCIOBUEM YCIIEITHOCTH OLEPAIUH SIBJISETCsI OTCYTCTBIE WHTEHCUBHOIO BPAIICHUS
HOJTIeXKAINEro 3axBaTy KocMudeckoro oobekra (KO). Arasornanas 3a7a4a BOSHUKAET IIPU ONIPEJIETIEHUN COCTOSI-
Hust KA 1mocjie BHE3AITHOIO BBIXO/Ia M3 CTPOsI €I'0 CUCTEMbI CTAOUIN3AINN, KAKO-In00 aBapuu Ha OGOPTY WX yaapa
KM, npuBojgamux K BOSHUKHOBEHUIO jBrxkeHnst KA oTHOCHTENBHO TeHTpa Macc. KpaiiHe HEOOXOAMMO UMETh Ta-
KYT0 MHMOPMAIMIO ITPU [TPOBEIEHUN OlIEPAIli BOCCTAHOBJEHUsT paboTocnocobHocTr aBapuitnoro KA. OcHoBHBIMEI
CPEeJICTBAMU KOHTPOJIS KOCMUYIECKOTO MPOCTPAHCTBA, MO3BOJISIIONINMU MOy IUTh KOOPANHATHYIO U HEKOODINHAT-
HYIO WHMOPMAIINI0 0 KOCMAYECKOM MYCOPe, SIBJISSIOTCS OIITUKO-3JIEKTPOHHBIE U PaJINOJIOKAIMOHHBIE cpejacTBa. Co-
BpPEMeHHBIE HA3eMHBIE ONTHYECKUE CPEJICTBA CUCTEMBI KOHTPOJIst KocMudeckoro npocrpascTsa (CKKIT) nossoastor
[IOJIyYUTh JieTajibHbIEe (POTON300PaKEeHNsI KOCMIIECKOro Mycopa. BospacTaoliee Ka4eCcTBO OIITHIECKUX U300paske-
HUIT IO3BOJISIET OIEHNBATH BHEITHEE COCTOSTHUE OOBEKTOB, €ro rabapuTHBIE XaPAKTEPUCTUKHU, BBIIEISITh U Pa3iIu-
JaTh XapakTepHble Toukn Ha noBepxuoctu KO. B mannoil crarhe mpeiaraeTcs METO, OIIPE/IEIEHUST TaPaMEeTPOB
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cobctBennoro Bparienns KO, ocHOBaHHBIN Ha ITPEIITOIOKEHNN O BO3MOKHOCTH KOHTPOJIS [TOJIOXKEHUST BBIIEIEHHOM
touku Ha noBepxHocTH KO Ha cepun poTonzobparkeHuii 0T OJIHOTO HA3eMHOI'O OITUKO-3JIEKTPOHHOI'O CPEJICTBA.

2. IIlpumenenue nmpeodbpaszoBanusi Xada JJjiss popMupoBaHus KOHTPOJbHbIX Touek KO
HA CEepUM ONTUYUYECKHUX M300parKeHuii

[Ipeanonaraercs, aro och Bpamerns KO HeNOABUKHA B MeONEHTPUIECKON HEBPAIIAIOIMIEHCsT cucTeMe KOODMHAT
OXYZ, cBazannoii ¢ nanpasjierneMm ocu OX Ha TOYKY BECEHHErO pPaBHOEHCTBHUsS. OITHYECKHE CPEICTBA MTO3BO-
JIAIOT TOJyIUTh sl m300pakeHuii ¢ dukcarueit HoBoro nosoxkenuns KO B mpocrpancrse. Kaxnoe nzobpaxe-
HUe ToJTyJaeTcss B KapTurHOi mwrockocrn (XY), nepreHauKyaspHoil BekTopy Busnposanust KO, HampapieHHOMY
OT TOYKM CTOSIHUsI OIITUIECKOTO CPpeIcTBa (KoOpAuHATHI cpeicTBa B OXYZ — mupota, 10roTa, BEICOTa HaJ| YPOB-
HeM Mopsi) Ha 1eaTp Mace KO. Ocp OX KapTUHHOMN ILUIOCKOCTH HAIIPAaBJIEHA TOPU30HTAJIBHO BIpaBo, ocb OY —
BepTUKAJbHO BBepX. IIpesaraeMblit MeTo 1 opeiesieHns mapaMeTpos cobcrBennoro Bpamennss KO orHOCHTEIHHO
€ro IMEeHTPa MaCC OCHOBBIBACTCS HA BHIOOPE W OTCICKUBAHUU B KAPTUHHON MJIOCKOCTH (hOTON300parKeHul KOOpu-
HAT BBIOpAHHBIX KOHTPOJIBHBIX TO4eK Ha nopepxHoctu KO. PacnosHaBaHie KOHTPOJIbHBIX TOUYEK OCYIIECTBIISIETCS
¢ HCIoJb30BaHneM IpeobpazoBanust Xada. [Ipeodbpazosanne Xada MHBAPUAHTHO OTHOCUTEIHHO ONEPAIINil CIBU-
ra, IOBOPOTa, MACHITAbUPOBaHUsI U PA3pabOTAHO JjIsi OOHAPYKEHUsI AHAJIUTUIECKH OIPEJIEIEHHBIX (DOpM (JIMHMIA,
KpyToB, ajuiniicoB) [2, 3, 4, 5]. Bocnosb3yemcesa npeobpasoBanuem Xada 1jist 10y 9eHUsST MHOXKECTBA IPAMbIX, OIIH-
coiBatormux KoHTYPHI pparmenToB KO. IlycTs koHTYpHOE M300parkeHrne pacCMaTPUBAETCsT KAK MHOYKECTBO TOYEK
(x,y) B UCXOMHOM TpOCTpaHCTBe. MHOMKECTBO NPSIMBIX, MPOXOJAIINX Yepe3 KAy TOUKY (X,Y), MOXKET ObITh
IPEJICTABJIEHO KaK MHOXKECTBO To4ek (d, x):

d=x-sin(y) +y - cos(x). (1)

rjie d — PacCTOsTHUE OT MPSAMOi JI0 HAavYaJia KOOPJAMHAT, X — YTOJ MEXKJy HOPMAJbIO0 K MPSMON U 0Chbio abCeImce
B HOJISIPHOI cHUCTEMe KOOD/IMHAT.

B ocnose npeobpazoBanus Xada ucmoab3yercs TOT (pakT, ITo JIIOOble IBe CUHYCOUILI B IIPOCTPAHCTBE ITapa-
MeTpoB d, X mepecekyTcs B Touke (d*, x*) TOJIBKO TOrJa, KOT/ia HOPOXKIAIOIAEe NX TOYKH B HCXOHOM IIPOCTPAHCTBE
Jieskar Ha npaMoit d* = x - sin(x*) + y - cos(x*) (puc. 1).

Puc. 1: Ucxonunoe nzobpazkenue B Koopaunarax (x,y) (cieBa) u mpocTpaHcTBO mapaMerpos (d, x)

CooTBeTCTBEHHO, YeM OOJIBbIIE TOUEK HA OTPE3KE MCXOIHOTO M300PaKEHUsI, TeM OOJIbIEe CHHYCOU/T IT€PECeKa-
ercs B Touke (d*, x*), KoTOpas onpejieisieT ypaBHEHUE IPIMOIi, coepKaiieil 3rorT orpe3ok. Pazmep uzobpazkenust
OTpaHUYeH, COOTBETCTBEHHO MOXKHO 3a/1aTh I'PAHUIIGI U IIAT U3MEHEHUsI 3HaYeHUi mapamMeTpoB d, . Koneunbim pe-
3yJILTATOM JINHEHHOTO Tpeobpa3oBanust Xada siBIIsieTcsl JBYMEPHBIN MaccuB (MaTPHIIA), TIOJOGHBINH aKKYMYJIISITOPY:
OJIHO M3MePEHNe STOI MaTPHUIIBI IIPeJICTaBIsieT cO00i KBAHTOBAHHBIN YyIoJI X, a APYyroe n3MepeHne — KBAHTOBAHHOE
paccrogrue d. Kaxmoit Touke (d*, x*) cooTBeTCTByeT 3/IEMEHT MATPUIIBI AKKYMYJISTOPa, KOTOPBIA paBeH KoJmde-
CTBY MEPECEKAIOIINXCsI KPUBBIX B MpocTpaHcTse d, Y . Asropursm mpeobpazoBanus Xada jist KaXK10# BO3MOXKHON
napbl 3Hadenuii (d*, x*) onpeessier, BIseTCS JIM KaXK/IbI [IUKCEIb UCXOJHOTO N300parkeHus IPaHUIeil KOHTypa
n300pakKeHHOr0 00bEKTa M IIPUHAJJIEXKAT JIM €ro KOOpAWHATH (,y) ypaBHeHHIO (1) Ipu 3aJaHHBIX 3HAYCHUAX
(d*, x*). Eciu 9T1 yCJI0BUST BBIIOIHSIIOTCS, TO COOTBETCTBYIONIHUN SJIEMEHT MATPUIIBI AKKYMYJISITOPA YBEJIMINBAET
cBoe 3HadeHne Ha 1. Takum oOpazoM, 3J1eMeHT ¢ HAMOOJIBIITNM 3HATEHUEM COOTBETCTBYET IPSMON JIMHUM, KOTOPAas
“MeeT HAMOOJIBIINYIO JJINHY Ha MCXOTHOM m300parkennu. Ha puc. 2b 3t Touku moka3aHbl OEIbIM.

ITo pesyspraTaM anam3a MATPHUIBI AKKYMYISTOPA BHIOMPAIOTCS JIEMEHTHI ¢ MAKCUMAJIbHBIM 3HATEHUEM U CO-
OTBETCTBYIOIINE YpaBHEHUs IPSIMbIX, OIUCBHIBAIOMINX OOHAPYKEeHHbIH KOHTYp m3o0paxkenusi KO. KoHTposbHbIE
TOYKN (,y) BHIOUPAIOTCS KAK TOUKH [epecevdeHns KOHTYPHBIX JIMHUH, TI0JyYeHHbIX Ipeobpasosannem Xada. Ca-
MBIMU PA3JIMYUMbBIMU SIBJIAIOTCS KOHTPOJIbHBIE TOUYKH, HAnboJIee yiIaJleHHbIE OT IeHTPa U300PaskeHus.

UcnonbzoBanue npeobpazoBanns Xada mMo3BOJIAET 00JIe€ TOTHO OMPEIETUTh KOOPINHATHI BBIIEJIEHHBIX KOH-
TPOJIBHBIX TOYEK Ha KaXKJIOM M300DarKeHUU /i JAJIbHEHIIero onpeerenns mapamerpos spamerns KO.
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Puc. 2: ITonygenue 6 Touek B npocrpancrse (d,x) (cupasa, b), 3ajaomux aHaIUTUIECKOE ONUCAHUE 6 MPIMBIX
JHUHR (coeBa, a).

Puc. 3: Pesyaprar npuMmenenus: npeobpasopanust Xada Jiist n300pakeHuii ncxoaaoro u nosepuyroro KO.

3. Onpenenenne napamerpoB Bpamienus KO

B tpexmepHOM mTpocTpaHCTBE KaXK 1asl TOUKA IIOBEPXHOCTH BPAIAIOIIETOCsH 00 bEKTA OMUCHIBAET OKPY2KHOCTD B ILIIOC-
KOCTH, [TEPIIEHIUKYJ/ISIPHON OCH BpallleHusi 06beKTa ¢ IeHTPOM B TOYKE IIEpeceveHusl OCU BPAIEHUsT U ITOM I1JIOC-
koctu. COOTBETCTBEHHO, HECKOJILKO TOYeK Ha noBepxHocTu KO, 1pu ero BpaleHuu, 06pa3yrT ceMeNCTBO OKPY K-
HOCTEH B MapaJlIeIbHBIX IUIOCKOCTSAX C IIEHTPAMH Ha OCH BpalneHusi. ¥ anTbiBas Bpaiienune KO, memecoobpasHo mc-
[TOJTh30BATH HECKOJIBKO METOI0B 00X0 18 00HAPY KEHHBIX TOUEK, YTOOBI HCKJIIOUNTH TOYKH, KOTOPBIE BHIAIY T U3 MOJIA
3peHns MpsiMOil BUAMMOCTH. B mpoeknun Ha mI0CcKoe n300pakeHune, B CIydae, KOT/Ia OCh BPAINEHNS He ITEePIEH -
KYJISIPHA IJIOCKOCTH NIPOEKINK (KAPTUHHAS [IJIOCKOCTh, IPUEMHNK CEHCOPA ), KarXK/as OKPYKHOCTh IIPeodpasyeTcst
B ajumic. jist cirydasi, Korja oCh BpallleHus IePIeH IUKYJISPHa [TPOEUPYONIEil IJIOCKOCTH, KaXK iasi OKPY>KHOCTD
npeobpasyercst B OTPe30K (IJLIUIC ¢ MaJIOH MOJIYOChI0 PABHOM HYJIIO).

st n3o0paxkenusi 00beMHON (DUTYPBI, PACCMATPUBAIOTCS TOJIBKO ITOCTOSTHHO HAOJIOAAEMble TOYKH, B Pe-
3yJIbTATE 9ero IMOJIydaeM CeMeCTBO CEerMEeHTOB JJUINIICOB WA CeMeHcTBO OoTpe3koB. OIHAKO B JAHHOM CIIydae
paccMaTpUBAETCsl CJIOXKHOE JIBUYKEHHME B IIpOCTpaHcTBe. Takum 0o0pasoM, B IOCIEI0BATELHOCTH H300parkKeHMil
[IOJIyYaeM U3MEHEHWs, CBsI3aHHbIE C COOCTBEHHBIM BpallleHHeM O00bEKTa, IIOBOPOTOM TOIOIEHTPUIECKOH CUCTEMBI
koopauaar (TTICK) Besencrue Bpamennst 3emun u jpurkenrneM KO B HENMOJBUKHON TeONEHTPUIECKON CHCTe-
me koopaunaar (I'CK), Bbipazkamomumces u3MeHEHUEM I0JI0XKEHUs JUHAM BU3MPOBAHUS KAPTUHHON ILIOCKOCTH. B
[IOJIBUKHON TEOIEHTPUIECKON CUCTEeME KOOD/INHAT BpalleHne 3eM/IN YIUThIBAeTCs B mepecyere mosioxkenns KA B
TOIOTIEHTPUIECKO#T cucTeMe KoopanHaT. HeobxoamMo HAWTH YTJIbI, OIPEIeISIONIue MOJI0XKEeHNe TePBOl KAPTUHHOIM
IJIOCKOCTU OTHOCUTEJIBHO ciemytorieit. [IpeobpaszyemM KOOpIUHATHI KarKI0TO TTOCJIEIYIONIEro n300paskKeHus K po-
eKI[UU Ha [I€PBYI0 KAPTUHHYIO IJIOCKOCTH B 3aBUCUMOCTH OT U3MEHEHUsI a3UMYyTa U yIJia MECTa JIMHUU BU3UPOBAHIMS
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Puc. 4: Bpa.H_[eHI/IG TOYEK IIOBEPXHOCTU BOKPYT OCH, IIPOECKIINN KPyTra Ha KaPTUHHYIO IIJIOCKOCTb.

Ha KapTuHHYW 1wiockocth B TIICK (2):

' =" - cos(Naz), Aaz — I3MEHEHTE a3UMyTa,

(2)

y =y - cos(Aug), Aug — n3MeHeHue yria MecTa.

JlaHHbBIM TEpexo K MCXOMHOW KapPTUHHON IIOCKOCTH TO3BOJISET KOMIEHCHPOBATH BPAIEHUE 3eMJIM, N3MEHEHUE
nosnoxkerns KO B mpocTpaHCTBe U OCYIIECTBUTH MTOUCK BEKTOPA OCU BPAINEHUS B MOABUXKHOM CHCTEME KOODIMHAT,
CBSI3AHHOI C TIOJIOYKEHUEM KapPTUHHOMN IIJIOCKOCTU HA MOMEHT BPEMEHHU t1 TOJIYUIEeHHs MePBOTO (hOTOM300PAXKEHMSI.
IIpemaraeMblit TOIXO/, TO3BOJISIET MOJYYIUTH HAOOP TOUYEK BPAIAIOIIETOCS OOBEKTA B €IMHON CUCTEME KOOPJIH-
HaT, GOPMUPYIOITHUil ceMeHCTBO IJIIUIICOB. BO3HMKAET 3a/1ata 10 OrPAHUTIEHHOMY HaOOPy OTPE3KOB U CETMEHTOB
9JLTUIICOB HA IJIOCKOM M300pakKeHNr BOCCTAHOBUTD OCh BpAIleHUs 00bEKTa B TpexMepHoM mpoctpancTse. [losmoxe-
HHIE OCH BPaIlleHUd B TPEXMEPHOM IIPOCTPAHCTBE, CBA3AHHOM C KaPTUHHON IIJIOCKOCTBIO, 3aJIa€TCA JAByMS YTJIAMMU:
(¢ — YTOJI HAKJIOHA OCH BPAINEHW OTHOCUTEIBHO KAPTUHHON IJIOCKOCTH W  — yroJI MOBOPOTa MPOEKITUU OCH
BpallleHusI Ha KaPTUHHYIO IJIOCKOCTh OTHOCUTEIHLHO OCH OPJIMHAT KAapTUHHON 1tockocTu. [IoncKk MCKOMBIX yTJIOB
OCYIIECTBJISIETCS 32 CUET TOCTPOCHUS U aHAJM3a YPABHEHU JIIUIICA TI0 BHIOPAHHOMY HAOOPY TOUEK.

Puc. 5: Tlonoxkenne ocu BpalieHud OTHOCUTEJIbHO KapTI/IHHOﬁ IIJIOCKOCTHU Ha OCHOBAaHUU PACIIO3HAHHOT'O 3JIJIUIICA.

VpaBHeHue IPOU3BOIBHOIO SJLIUIICA Ha KADTUHHOMN IIJIOCKOCTH 3a1aeTCs KPUBOH BTOPOro nopsizika [6, 7| B Bue:
A2*+B-2-y+C-y*+D-2+FE-y+F=0. (3)

JlanHasi cucTeMa ypaBHEHHI OJHO3HAYHO PAa3peIIaeTcss OTHOCUTETBHO 5 Touek 3jumica. COOTBETCTBEHHO,
HEeOOXO0/IMMO UMETh KaK MUHUMYM MITh (DOTON300parkKeHnit ¢ BRIOpAHHON KOHTPOJIBHON TOYKOI Ha, BCEX MATU M300-
PaXKeHUsIX.

Okcuenrpucurer duuica [7, 8, 9, 10, 11| oupeessier yroy o HAKJIOHA OCH BPAIIEHHs] OTHOCUTEILHO KAPTUH-
woit mockoctu. [Ipu o = 90° mosryvaem e = 0, a B 001IeM cirydae

e=1- (9)21cos2(90°a), (4)

a

2,/(A—C)2 + B2 5)
e= :
n(A+C)+/(A—C)? + B?
A BJ/2 D/2
rien = —sign |det | B/2 C E/2
D/2 E/2 F
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Suadvenus koadpdunmentor A, B, C' onpenessior yroJt  MeKy OCbIo OPAUHAT B KAPTUHHON IIIOCKOCTH U TIPO-
eKIueil OCu BpallleHusT Ha 9Ty IJIOCKOCTh:

1
“(c_-A— — ()2 2 )
arctan B (C A-/(A-C)?+B ) , B # 0;

0= (6)
0°,  B=0,A<C;

90°, B=0A4>C.
o = arccos (Ve) . (7)

B pesyabrare mosytunM KOOpAMHATHI HEHOPMUPOBAHHOTO BEKTOPA OCU BPAIIEHUS OTHOCUTEIBHO CHCTEMBI KO-
OpPJIMHAT, CBA3aHHON C KAPTUHHON IIJIOCKOCTBIO:

Ny b - sin(0)
ny | = | b-cos(d) |, (8)
n, b tan(«)

rae OOJIbITIAsT U MaJIast IIOJIyOCH SJIJIUIICA OIIPEIEJIAI0OTCHA 110 Cl)OpMyJ'IaMZ

_ \/Q(AE2+CD2 — BDE + (B2 — 4AC)F) (A+Ci (A+C)2+B2)
“0= B2 — 4AC 9)

Ilepexon B apyrue cucTeMbl KOOPJMHAT OCYINECTBJISETCS TIOCTEIOBATETLHBIMU IIPEOOPA30BAHUAME, CBI3AH-
HBIMH C TIOJIO2KEHUEM CTaHINH, OJydatorneil dporonzodbpakenus. [lepexom oT cucTeMbl KOODIWHAT, CBI3AHHOM
C KapTUHHOI IIJIOCKOCTBHIO, B TOIIOIIEHTPUYIECKYIO CUCTEMY KOODJMHAT, B KOTOPOIl JINHNA BU3UPOBAaHUS HaIIPaBJICHA
Ha KAPTUHHYIO IUIOCKOCTH CO 3HAYEHUSIMU I10 YIVIy MECTa Ug W a3UMYTY G2 OCYIIEeCTBIISIETCS 0 (POPMYJIaM:

Ny cos(ug) cos(az) sin(az) sin(ug) cos(az) Ng — T
Ty = | —cos(ug)sin(az) cos(az) —sin(ug)sin(az) | - | ny —vo |, (10)
") o — sin(ug) 0 cos(ug) N, — 2o

TIE Zo, Yo, Zo — KoOpAuHATHEI KO B TOMOIEHTPUIECKO CrCTEMe KOODINHAT, CBSI3aHHOM C TOYKON CTOSHUS OIITUKO-
3JIEKTPOHHOTO CPEJICTBA, HMOJTyduBIero ¢poronsobpazkenus. [lepexos B reOeHTPUIECKY 0 HHEPIUATIBHYIO CHCTEMY
KOOD/IMHAT OCYIIECTBJISIETCS IO (DOPMYJIaM:

Ny —sin(L) —sin(B)cos(L) cos(B)cos(L) ne — X,
Ny = cos(L) —sin(B)sin(L) cos(B)sin(L) |- | ny—Y, , (11)
n:) rox 0 cos(B) sin(B) "z = Zo ) trck

rie L, B — moirora u mupoTa CTOSHUS CTAHINN, X, Yy, £, — KOOPAUMHATHI TOYKH Oa3UPOBAHUS OITUKO-3JIEKTPOHHOTO
CPEJICTBa B TEOIEHTPUYIECKON MHEPINAIBLHON CHCTEMe KOOP/IMHAT.

Ilocnenmee m3MeHeHne KOOPAWHAT CBA3aHO C YIJIOM ITOBOPOTa 3E€MJIM BOKPYT OCH BPAINECHUS, OTBEYAIOINIEE
3BE3IHOMY BPEMEHHM Ha MOMEHT IMOJIyYeHHsl IepBoro ¢gporomsodbpaKkenus. OHO KOMIEHCUPYETCS YMHOMKEHUEM Ha
MaTpUILy IOBOPOTa OTHOCUTEIBHO ocu (7 reoleHTPUIeCKO CUCTEMbI KOODJUHAT Ha COOTBETCTBYIOUIUN YIoJI I0-
Bopota 3emimn. Ilepexos B opbuTasbHyO cucTeMy KoopauHat [12], cesizannyio ¢ Habmonaembim KO, ¢ u3BecTHBIME
HaKJIOHEHHUEM 1%, JIOJITOTOI BOCXOJSINETO y3i1a {) ¥ apryMeHTOM IepHresi OPOUTHI Wy, OCYIIECTBIIAETCS 10 (DOPMYJIaM:

Ny Qi2 Q2 Q13 Ny
Ty =1Q21 Q22 Q23] |ny ; (12)
2/ s Q31 @32 @33 n:/ rok

rje:
Q1,1 = cos(wp) cos(Q) — sin(wy) sin(2) cos(4);
Q1,2 = cos(wp) sin(Q) + sin(wy,) cos(£2) cos(i);
Q1,3 = sin(wp) sin(L);
Q21 = — Sin(wp) cos(€2) — cos(wp) sin(€2) cos(7);
Q2,2 = —sin(wp) sin(Q) + cos(wy) cos(£2) cos(i);
Q2,3 = cos(wp) sin(i);
Q3,1 = cos(wp) sin(i);
Q3,2 = — cos(€2) sin(i);

Q3,3 = cos(i).
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Taxum obpazom, mosry<aeH BeKTop ocu Bparneans KO oTHOCHTEIFHO IIEHTPa MAaCC B OPOUTAIBHON CHCTEME KOODIH-
HAT.

ljist otipetesieHust yriioBoii ckopocTu Bpariennst KO 0THOCHTE/IBHO TIOJIYyYEHHOTO BEKTOPA BPAIleHUs, ITPeIJIa-
raercsi UCIIOJIb30BATD CJIEJIYIONIUI TOIX0 ] P aHAJIN3€e TOCTPOEHHBIX JLIAIICOB B KAPTUHOMN IjIockocTH. Kazkias
MIOCJIeAYIONIAs TOYKA IJIIUICA HABJAeTCA pe3ysabraroM moBopora KO ¢ ydyeTom KOMITeHCAIMM BPAIIEHUsT KAPTUH-
Hoit mtockocru (2, 6). Yrosas ckopocthb cobersennoro Bpamienus KO onpezessgercs u3 ycioBust Pa3HOCTH yTJI0B
HAIIpaBJIEHNII Ha BHIOPAHHYIO KOHTPOJIBHYIO TOYKY B IIOCKOCTH BPAIEHUs, [IOJIyYEHHBIX C UHTEPBAJIOM BPEMEHU
7. Ha puc. 6 mokasaHo, KAK CBSI3QHBI KOODMHATHI TOUKH 3JIIHICA X U YIVIOBOE IOJIOXKEHHE COOTBETCTBYIOMIEH
KOOPJMHATHI Ha OKPYKHOCTH, IT0 KOTOPOIl Bpalaercs: Touka mosepxuoctu KO.

Puc. 6: CBsa3b koOpAuHAT OKPYKHOCTH U SJIJIUIICA.

st 3Toro HeoGXOAMMO TIepeliTh K KoopauHaTaM (&', §') ¢ IeHTPOM, COBIIQJIAIONIUM C IIEHTPOM OKPY>KHOCTH,
OIMCAHHOW BOKPYT JUINIICA, U TIe DOJIbInast moJyoch JeXuT Ha ocn OX:

()= (0 ) () -

rJIe KOOPIUMHATHI IIEHTPA OKPY2KHOCTHU, OMUCAHHON BOKPYT JUINIICA, OIPEIEIISIIOTCS 110 (DOPMYyIaM

_20D-BE _ 24E-BD
=g a0 T B2 _dAC

(14)

Torma yraosast ckopocts Bparienns KO mo pesynbraram anammsa m3obpakenuit KO, moxydeHHbIX ¢ HHTED-
BaJIOM BPEMEHU T, OIpeessercs no (dpopmyiie:

. Yo . Y1
arcsin ? — arcsin ?

w=2—= . : (15)

4. O1eHKa IIOTPENTHOCTU MCII0JIb30BaHUs MMpeoOpa3oBaHusa Xada B Meroe
onpeziesjeHus nmapamerpon BpamleHus KO

ITpeobpazoBanue Xada saBisiercs yCTONUIUBBIM K JT0GABJICHUIO BEIOGPOCOBOTO IIyMa (CJIydaiiHble TOUeUHbIE NCKAZKEe-
HU$l, PABHOMEDHO DPACIIPEJIEJICHHBIE 110 M300PAXKEHUIO), TIOCKOJIbKY IPeobIaiaioniee MHOKECTBO TOYEK IIPUHAIJIe-
KAT UCKOMBIM TpsMbiM KOHTYypa KO m, COOTBETCTBEHHO, IMMOMCK MAKCHUMAJIHHBIX JIEMEHTOB MATPHUITHI aKKyMYJIsi-
TOpa OT(UIBTPOBLIBAET €IMHIUIHbIE U PACCPEIOTOYEHHbIE OOHAPYKEHHbIE TOYKHU, OTpe3ku. HanboJibillee BIusHIE
Ha OIMMOKY OKa3bIBAIOT PA3MBITHE U pa3pelleHne n3obparkenust (puc. 7):

Heuerkuii KOHTYp NPUBOAUT K 0OPA30BAHUIO HECKOJBKHUX IPSMbBIX, OIMCHIBAIONIUX COOTBETCTBYIOILYIO I'DAHb
kouTypa KO, 910 MprBOANT K HEONPEIEIEHHOCTH X BHIOOPA U, CJIEIOBATEIBHO, CYIIIECTBEHHO BJIUSET HA TOIHOCTD
OTIpeJIe/IeHUsT KOOPJIMHAT JIIUIICA, a BIOCJIEJCTBUN — Ha MapamMeTpbl cobcTBenHoro Bparenus KO. Amamornaso
crnaboe paspelreHne N300parkKeHus WM €ro MaJblii pa3Mep He IMO3BOJISIIOT C JIOCTATOYHON TOYHOCTHIO OIPE/IEIUTh
KOOP/IMHATHI JLJIUIICA.

Kax BU/IHO U3 NOJIyYeHHBIX Pe3yJIbTaToB (pHC. 8), mapaMeTpbl COBCTBEHHOTO BPAIIEHAST KOCMIIECKOTO O0HEKTA
ONEHUBAIOTCS € JIOCTATOTHOM TOTHOCTBIO TP Pa3MBITAN H300paskennsd 710 4% . II10THOCTH BBIOPOCOBOTO MIyMa, IIpn
TaKWUX YCJIOBUSIX HE JAET CYIIECTBEHHOTO BKJIAIA B POCT OMUOKY M3MEPEHUI U MOYXKET HE YIUTHIBATHCsI. [[oBbINICHIE
YPOBHSI TOYHOCTH U3MepeHuit mapamerpos nmoBopora KO M0XKHO 100UTHCS METOJAME JOMOTHUTEILHON 00paboTKI
u3obpaxkennii [13, 14, 15].
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Puc. 7: Omubku ompesesiennst KOHTYPHBIX JUHUI Tpeodpa3oBanneM Xada Ipu pasMbITUN H300PaKEHUS.

45 =4—CKO no yr. HaKJI0OHa
=i—CKO no yr. nogopora

35 CKO no ckopocTH BpalieHHA

2,5 /
T/
—

%0 pasMBITHS H300paskeHHs

Puc. 8: Uzmenenne CKO mapamerpos cobctBernnoro Bpariennss KO OTHOCHTENBHO TIEHTPa MAaCC B CHCTEME KOOD-
JIMHAT, CBA3AHHON C KAPTUHHON IIOCKOCTHIO, B 3ABUCUMOCTH OT IIPOIEHTA PA3MBITUS N300PAKEHUA.

5. 3akJjroyenue

HecmoTpst Ha HEOOXOIMMOCTD COOTIOAEHNS OIIPE/IETIEHHBIX OIPAHNIEHUN HA KAYECTBO M300parKeHnil, TOYHOCTH TPa-
exkTopHoii mHpopmanuu o KO u KoHCTpyKTHBHO-TabapuTHble XapakTepuctuku KO, mpejjaraeMblii MeTOI OIIpe-
JleJleHusl IapaMeTpoB cobcTBeHHOro BpaitieHnsi KO OTHOCHUTE/IBHO €ro IeHTPa MacC UMeeT HeDOJIBIITYIO BBIYUCIIU-
TeJIbHYO CJIOZKHOCTH. OCHOBHBIMHU IIPEUMYIIIECTBAMHE sIBJISTFOTCSI BO3MOXKHOCTD IIPUMEHEHUSI B YCJIOBUSIX OTCY TCTBUSI
anmpuopHoit nHGoOpManun 06 00beKTe mim 00yJaroIeil BHIOOPKU, KOTOPbIe HEOOXOIUMBI IIPY UCIIOJIb30BAHIN METO-
JIOB HA OCHOBE HEMPOHHBIX CETEil, a TAK2KE BO3MOXKHOCTH paboThI 10 (hparmenty nzobpaxkenus KO, korma B mpsiMoit
BUAMMOCTH HABJIIOJAIOTCS TOJIBKO otnpeesennbie rpanu (pparments) KO. C yderoM TeHIeHIMI Pa3BUTUSA COBPE-
MEHHBIX OIITUKO-3JIEKTPOHHBIX CPEJICTB U CPEJICTB KOHTPOJIsI KOCMUYECKOTO IIPOCTPAHCTBA YKa3aHHbIe TPEOOBAHUS
K Ka4eCTBY U300parKeHU 1 TOYHOCTU TPAEKTOPHOM NHPOPMAIMK OYIYT €CTeCTBEHHBIM 00Pa30M JIOCTUTATHCSI CPeJI-
CTBAMM CAaMUX OITUKO-3JIEKTPOHHBIX cTaHnuii. [Ipeniokennpiit MeTo1 ocHOBaH Ha pabdore ¢ poTom300parkeHnsAMH,
[TOJIy9aeMbIMU C HA3EMHBIX ONTHKO-3JIEKTPOHHBIX CPEICTB 0€3 ydeTa BJUSHUS aTMOCHEPHI U APyTruX (hakTopoB,
CHIKAIONUX KAYECTBO M300parkKeHuil, OJHAKO OCHOBHBIE IMPUHIIAIIBI MOTYT OBITH MCIIOJIB30BAHBI B YCIOBUIX KOC-
MUYECKOr0 Oa3UPOBaHUsT OITUKO-3JIEKTPOHHBIX CPEJICTB.
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CYB/-ueHTpuyecknini cnocod naeHTunkKayuum onTUHECKNX N3MepeHuii
Tpymkosa E.A., FOpacos B.C.

Axyuoneproe obuecmeo «Hayuno-npoussodcmeennas xopnopauyus « Cucmemv, npeyuduonHozo npubopocmpoeruss,
Mocxkesa, Poccus

CoBpemennbie TpeboBaHUsT K 00pabOTKe M3MEPEHUIN OT PACIPE/IEJIEHHON CEeTH ONTUYECKUX U3MEPUTEBLHBIX CPEJICTB B €J11-
HOM KOODJMHAIMOHHOM IIEHTPEe ¢ 00mIeil 6a30# JAHHBIX BBIHYKIAIOT IIEPECMOTPETh BECh MPOIECC UICHTUMUKAIUU, OTOXK-
JIECTBJIEHUSI, YTOUHEHUsI U OOHApPYKeHUsI 00bEKTOB KOCMUYECKOr0 Mycopa. 1IpeiyioXKeH HOBBIM MOAXO0/T K UAEHTHMDUKAIIIT
U3MEPEHMI B YACTH PACUYeTa, XPAHEHWs U WUCIOJb30BaHUSA dPeMepHu]] KaTajJOoru3UPOBAHHBIX OOBEKTOB KOCMUYECKOI'O MY-
copa, a Tak»Ke B YaCTU PaHKUPOBAHHOI'O BBIOOPA OOBEKTOB-IIPETEHIEHTOB HA MJIEHTU(MUKAIINIO. DTOT MOJX0]T Oa3upyeTcst
HAa UCHOJIb30BaHuU BHyTpeHHuX MexanudmoB CYBI.

Tlocrynuna B pemakiuio 13.05.2022 r. Ilpunsara B nmeuars 29.08.2022 1.

Karoueswie caosa: obsexmovt kKocmMuneckozo mycopa, udenmudurayus onmuveckur udmepenut, CVBE/]

DBMS-centric method for optical measurements identification
Trushkova E.A.; Yurasov V.S.

Stock Company Research-and-Production Corporation “Precision Systems and Instruments”, Moscow, Russia

The entire process of measurements correlation, orbits updating and determination for space debris objects should be
reconsidered to satisfy the up-to-date requirements for centralized data processing from a large network of advanced optical
sensors. A new approach to the correlation of angular measurements in part of calculation, storage and use of ephemeris
for catalogued space debris objects, as well as in part of a ranked selection of applicant objects for correlation is proposed.
This approach is based on the use of DBMS mechanisms.
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1. BBenenune

U nenTudukanus HOBbIX U3MEPEHUI € KATAIOIU3UPOBAHHBIMU 00beKTaMu KocMudeckoro mycopa (OKM) asisercs
OJIHUM U3 3aTPATHBIX C BBIYACIUTE/IBHON TOYKY 3PEHUs] ITAllOB 00pabOTKN TPAEKTOPHBIX YIVIOBBIX M3MepeHuit. [ljist
PeIlleHrs 3TOM 331849l TPEeOYIOTCS TPYJI0EMKIE PACYeThl KPUTEPUEB OJIN30CTH MEXKJIy U3MEPEHHBIMU [TapaMeTpaMu
apmkennss OKM u ux pacueTHbIMU 3HAYEHUsIMUA. PacdeTHbIE 3HAUEHUSI TIOJIYYAOTCS € IIOMOIIBIO IIPOTHO3UPOBAHUS
oreHOK BeKTOPOB cocrosgans OKM un xapakTepuCTUK MOTPENTHOCTEH 9TUX OIEHOK HA MOMEHTHI M3MEPEHU.

B nacrosimnee Bpems B rieHTpax 00paboTKu nHMOPMAINY /I XPAHEHN N3MEPUTETHLHON HHMOPMAIINN U KATa-
siora OKM mpenmytiecTBenHO cTasu ucmoiab3oBarbes coBpemennbie CYBII. Habmomaromasica Tenmenusa Bo3pac-
TaHus dncia Karajgoru3upoBaHHbIx OKM u mOTOKa ONTHYECKUX M3MEPEHMUii 110 HUM TPeOyeT COBEPIIEHCTBOBAHUS
[IPUMEHSIEMBIX CIIOCOO0B MIEHTU(PUKAIIY JJIsi TAKOTO POJIa IEHTPOB.

Paspaboran CYB/I-lenrpudeckuii moaxom K HAeHTHGMUKAINN ONMTHIECKIX M3MEPEHUN OT ceTu HADJIIOIaTe b
upix crannuit (HC), nosossiiomuii cokparuTh BpeMst pacdera u 3anucu B BJI adbemepus KaTajsoru3upoBaHHBIX
OKM, a Takzke mpoBoauTh Ha cTopoHe B/l paHKUpOBaHHBIN BHIOOP OO0bEKTOB-IPETEHIEHTOB Ha MIACHTU(MDUKAIIIO.
OcHOBHOE OTJIMYHNE JAHHOTO MeTojia MAeHTHHUKAIME OT apyrux [1] 3akirodaercss B TOM, YTO BBIGOD OOBLEKTOB-
[IPETEH/IEHTOB Ha MIeHTU(OUKAIINIO IIPOU3BOIUTCSI HA ITalne 3amnucu uaMepurebHoi nadopmanuu B CYB/, a okoH-
yaTeJbHOE NPUHSATHE peleHust o npusaske usMmepenuit OKM ocyiecTBiisieTcst JIMIIb 110 Pe3yJIbTaTaM yTOYHEHUsT
opbutr OKM. Takoii mogxo/1 T03BOJIAET CYIECTBEHHO YBEJINIUTD TPOU3BOIUTEIBHOCTh 00PAOOTKY N3MEPUTEIHHOM
nHMOPMAINN 33 CYeT CHUXKEHUs TpaduKa 3ampocoB Mexay KiamenTckuMmu npuiaoxkenusmu n CYBIl, a rakxe
COKpAIIEHHsT YUCJIa PACCMATPUBAEMBIX O0bEKTOB-IIPETEHIEHTOB Ha UJIEHTU(MDUKAIIIO.

2. YUHAM pns pacyeTa m MCHOJIb30BaHUA 3deMepu/

[Ipemraraemerit CYB/I-nieHTpryecKknii criocod uaeHTUuGUKAIME ONTHIECKUX U3MEPEHUIN BKIIFOUAeT CJIEyIOIIIe aB-
TOMATHYIECKHU BBINOJIHSIEMbIE OCHOBHBIE ITAIbI PACYETOB:

1. Pacger u 3amucs B B/l apemepun Ha npencrosiniue cyTku no BceM KaTasorusupoBanabiM OKM.

2. Pacuer u 3amucs B B/l acdemepun ma mnpenpiaymme u MPEACTOAININE CYTKHU 110 BHOBb KATAJOTH3UPYEMBIM
OKM. OcymrecTBiisiercs 110 Mepe IosiBJIeHUsi paHee Hekarajoru3upoBanabix OKM anasiornyso stamy 1.
Bri60p 00beKTOB-TIPETEHIEHTOB U pacyeT KPUTEPUEB PAHXKUPOBaHUS IIpU 3anucu B b/l HOBBIX IIPOBOJIOK.
4. Bpibop 0OBEKTOB-IIPETEHJIEHTOB U PacyeT KPUTEPUEB PAH:KUPOBAHUS IIPU OTIPABKE IIPOBOJIOK HA IIOBTOP-

Hyio uneaTudukanuo. OCyImecTBIIsieTcs M0 Mepe HeOOXOIUMOCTU MOBTOPHON MIeHTU(MUKAIINNA U3MEPEHUI

AHAJIOTUIHO JTAILY 3.

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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5. TlpunsaTue perneHust Mo OJHO3HATHO UIACHTUMUIINPYEMBIM ITPOBOKAM.
6. BoisiBiieHnEe 0JJHOBPEMEHHO TIOJIyYeHHBIX TpoBogoK OKM.
7. Ilpunasitue pemennst 06 uaeHTU(UKAINE U3MEPEHUH HA OCHOBE YTOUYHEHHsI OPOUT OOBEKTOB-IIPETEHIEHTOB

C y49eTOM PaH?KUPOBaHUA U HaJIUINUA OJHOBPEMEHHO IIOJIY9YCHHBIX IIPOBO/IOK.

s ycrkopenust pacaera ademepu i, KarajgorusupoBanabix OKM u cyiecTBeHHOTO cOKpalieHust 00beMOB Xpa-
HUMO# HH(MOPMAIMN TIpe/IaraeTcsi IPUMEHsITh YHUBEPCAJbHBII YncieHHo-anamnTndecknii meroz (YIAM) mpo-
raosupoBanust jgemkenns OKM [2].

ITon yHUBEpCATBHOCTHIO METOA TIOHNMAETCS €0 IIPUTOTHOCTD [T 3P HEKTUBHOTO IT0 TOYHOCTHU U OBICTPOIEl-
cTBUio Tiporaos3upoBanust opoutT OKM ¢ pasinIHbIMEA BHICOTAMHU, SKCIIEHTPUCATETAMU U HAKJIOHEHUSMU. Y HUBEp-
CAJIbHOCTD JIOCTUTAETCS 32 CIET BHIOOPA HEOCOOEHHDBIX 9JIEMEHTOB OPOUT U yueTa B 000OIIEHHOM BHJI€ BO3MYIIIECHNUIA,
00yCJIOBJIEHHBIX HEIIEHTPAJIBLHOCTHIO TPABUTAIIMOHHOTO TI0JIsT 3eMJIH, COIIPOTUBJIEHIEM aTMOCKhEPDI, CBETOBBIM JIaB-
senueM u nputsikenueM JIyuer u CosHIa.

B kauecTBe 3aBUCHMBIX TepeMeHHBbIX B ypaBHenusx nasukenuss OKM B YHAM wucnonb3yrorcs Jlarpankesbr
(pPABHOJICHCTBEHHBIE) JIEMEHTHI OPOUT

(a‘7§7 m, P7 Q7 )‘)7

rjie a — GosbIas moyoch, = e cos(w+Q), n = esin(w + ), e — sKCHEHTPUCATET, W — APryMeHT nepurest, () —
JIOJITOTa BOCXOJAIIEro y3ia, P = sin % cos(), @ = sin % sin€), i — makmonerne, A = w + Q + M, M — cpennss
anomasns. B orimane or KemiepoBbix s71eMeHTOB OPOUTHI PABHOIEHCTBEHHBIE JJIEMEHTHI HE UMEIOT 0COOEHHOCTEH
MPU MAJIBIX IKCIEHTPUCATETAX U HAKJIOHEHUsX. B KadecTBe HE3aBUCUMO MTEPEMEHHON UCIIOIB3YEeTCsT BpeMs t.
OcHoBHas nJiest YNCIEHHO-AHAJIUTHIECKIX METOJIOB 3aKJ/II0UAETCS B PA3JIEJIEHUN MeJIEHHBIX U OBICTPBIX TIepe-
MeHHBIX B ypaBHeHusx jprkennst OKM u nepexosy K MHTErpHpPOBAHHIO YCPETHEHHBIX YPABHEHU, HE COIAEPIKAIINX
B IIPABBIX YaCTSX OBICTPBIX IIEPEMEHHBIX. [IpU MHTErPUPOBAHUN YCPEHEHHBIX YPABHEHUN UCIIOIB3YETCs TOPa3io
BOJIBINAI TI1ar, YeM MPU YUCJICHHOM HHTETPUPOBAHUU TEPBOHAYAIBHBIX YPABHEHUN JBUXKEHUSI B OCKYJIUPYIOMIMX
3JIeMeHTaX. BeleacTBre 3TOT0 YMC/IEHHO-AHAJIUTHIECKIE METOAbI 0DeCIeunBaioT 60JIbInee OBICTPOAEHCTBHAE TIpH
[IPOBEJIEHUH PACIETOB, U€M UHCJIECHHBIE METO/bI. 110 OTHOINEHNIO K AHAJIUTHIECKUM METOJIAM OHU UMEIOT JIyJIIyIo
TOYHOCTD, HOCKOJIBKY TO3BOJIAIOT 00JIee CTPOTO YIeCTh IPU HWHTEIPUPOBAHUN U3MEHIMBOCTH BO3MYIIICHUIA.

3aronoBo4Has Tabnuua

Tun nons Knaeuwa He Null Moy... Onucatue
integer Homep OKM
double precision(] Narpatskeebl O3 pacueTHol opbuTe: {a(km), ksi, eta, P, Q, lambda(rad)}
timestamp Bpems (UTC) DPACYETHOI OpBHTEI
timestamp Bpems (UTC) Hauana MKTEpEana pacyeTa
serial Meps. ko4 nextval
boolean false |"Cropen?” (true/faise)
Tabnuua gaHHbIX
| Twun nons Knasuwa He Null Moy o]
| integer
double precision{] Narparkestt O3 Ha momenT jd_begin: {a(km), ksi, eta, P, Q, lambda(rad)}
timestamp Bpems (UTC) rpanuuya uHTEpEaNa pacyeTa
timestamp Bpems (UTC) rpakiua uHTEpEana pacyeta
double precision[] Q1 narpatkeBbl O3: {a(km), ksi, eta, P, Q, lambda(rad)}
double precision]] Q2 narpatkessl O3: {a(km), ksi, eta, P, Q, lambda(rad)}
double precision]] Q3 narpatikesbl O3: {a(km), ksi, eta, P, Q, lambda(rad)}
double precision[] Q4 narpatkesbl O3: {a(km), ksi, eta, P, Q, lambda(rad)}
double precision [INUTENBHOCTE MHTEPBANa PacyeTa B CyTKax: ecnu "> 07, To "J_begin < jd_end", uxaue "K_begin > jd_end".
£ id_q_fuilv] oe_lagrange jd_begin [+]id_end [+]q1 a2 a3 o4 step [+]
. 9 298 86 6 08 0.0 06 0 0 020 04 4.0 020 10:56 06 0.0006 0.0006544 0.000654 0.0006 0.4602438
0 0.0 0 0 020 10 0 0 020 0.0006 0.000656 0.0006564 0.0006 0.460248
b 9298 513 fE3 6141163598,-0.0336 09306403,0 03.2020 03.2020 09:0 0.0006579200 {0.00065944 {0.000659 0.000660 0.460248
9 298 514|{8126.85536568558,-0.12042568740641,0.084!/ 24.03.2020 00:18:39.660 |23.03.2020 14:12:00.785 |{0.0009525395 {0.0009545¢ {0.0009537¢ {0. -0.421283
9298 514|{8126.85536568558,-0.12042568740641,0.084!/ 24.03.2020 00:18:39.660 |24.03.2020 10:24:57.731 |{0.0009525395 {0.0009514¢€ {0.0009506¢ {0.0009498( 0.421042
9298 514|{8126.85576614444,-0.12156746113116,0.082i 24.03.2020 10:24:57.731 |24.03.2020 20:31:15.802 |{0.0009498019 {0.00094907 {0.0009483(|{0.00094774 0.421042
9298 514|{8126.85616559533,-0.122685808760226,0.08'| 24.03.2020 20:31:15.802 |25.03.2020 06:37:33.874 |{0.0009477457 {0.00094734/{0.00094657 {0.0009463 0.421042
9298 515|{8321.55383786849,0.0184780400127844,-0.11/23.03.2020 22:45:57.188 |24.03.2020 09:14:28.435 |{0.0011149640 {0.0011160¢/{0.0011150¢/{0.0011160¢ 0.436473
9298 515|{8321.55432477683,0.0207003829740868,-0.1(| 24.03.2020 09:14:28.435 |24.03.2020 19:42:59.683 |{0.0011160562{0.0011169Z/{0.0011158¢/{0.00111664 0.436473
9298 515|{8321.55481205169,0.0229188272524603,-0.11| 24.03.2020 19:42:59.683 |25.03.2020 06:11:30.930 |{0.0011166445 {0.00111727/{0.00111623/{0.0011167<, 0.436473
9298 516|{8819.37091728692,0.0296945565517328,-0.2(| 23.03.2020 23:25:08.156 |24.03.2020 10:51:09.426 |{0.0002901656 {0.0002904¢ {0.00029034{0.00029071 0.476404
9298 516|{8819.37105564654,0.0319154833803861,-0.1¢/24.03.2020 10:51:09.426 |24.03.2020 22:17:10.696 |{0.0002907102 {0.00029111/{0.0002909€ {0.0002914( 0.476404
9298 516|{8819.371194302,0.0341325345023349,-0.199:/ 24.03.2020 22:17:10.696 |25.03.2020 09:43:11.966 |{0.0002914074 {0.0002918¢{0.0002917:{0.0002922¢ 0.476404

Puc. 1: Opranuzanus xpanenust apemepuy B BJ1.

Hpe;marae’rca 3(1)€M€pI/I,£LI>I B B,H XPpaHUTH B BHUJE CPEIHUX IDJIEMEHTOB, TOYHEE B BHJEC CPEJIHUX ISJIEMEHTOB
B 9eTbhIPpEX Y3JIOBBIX 3HAYCHUAX BPEMEHH Ha OJHOM IIare€ MHTErPUPOBaHUA, JOCTUTAIOIIEM OJHUX CYTOK. 3a cuer
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9TOrO CYIIECTBEHHO COKPAIAETCs 00beM 3alnchiBaeMoi n xpannMoit madgopmanuu B B/l mo sadpemepumam kara-
siorusupoBaHabix OKM. B mpomexkyTodHble MOMEHTBI BpeMeHU 3eMepHjibl OPOUT PaCCUUTHIBAIOTCS ITPOCTHIM
unTepnosmposanueM [2]. Ha puc. 1 npescrasiena oprannsamust xpanernst abemepus B BJ1. Tak, Bexymas — 3aro-
JIOBOYHAsT — TabJIMIIA COJMEPKUT 10 KayKJIOMy KaTaJOrH3UPOBAHHOMY 00beKTy JlarpaHKeBbl 3JIEMEHTHI PACIETHOMN
opbuTst u gary pacdera ddemepus. Camu ke 3heMepu bl 110 HACHTH(MUKATOPY 3aIUCH COIEPIKATCS B BEIOMOI Ta0-
jmare JaHubix. [t cyroanoro pacaera mo ogaomy OKM B Tabsmie JaHHBIX CHHAM IIBETOM BBIICICHDBI 3AITUCH JIJIs
TpexX IaroB MHTEIPUPOBAHUS ¢ COOTBETCTBYIOIMIMME JIarpaHKeBbIMU 3JIEMEHTAMU B Y€THIPEX Y3JIOBBIX 3HAYEHUSIX.
Kora sdpemepuibl paccunTanbl, 3anucaibl B B/l 1 TOTOBBI K HCIIOJIb30BAHIIO, MOYKHO IIEPEXOIUTH K CJIEILYIOIIEMY
9TAILy IPOIEcca UIAeHTU(DUKAIIIH.

3. PamkupoBaHHBII BBIOOD 00 bEKTOB-IPETEHIEHTOB

Cuenyromuit stan CYB/I-1ieHTprudecKoro moaxosa — 3ajada PaHKHPOBAHHOIO BBIOOpPa OOBEKTOB-IPETEHIEHTOB
Ha UJIEHTUMUKAIIIO — ObLI YCKOPEH 38 CYeT aHAJUTHIeCKNX (hOPMYJI pacdera BO3MOKHBIX HOpMaJieil OpOUT 1Mo Ko-
uycy nabsonenus HC.

MHO0KeCTBO TOUEK KOHYCa TPEXMEPHOTO MTPOCTPAHCTBA 0003HATIM

C(v,m,o,h) ={xeR?|(x—v) - n>cosa-|x—v|,(x—v) - n<h},

rae v = (v1,v2,v3)7 — Bepmmma Komyca, n = (n,ng,n3)’ — HampaBIATOIMIT eIMHIYHBI BEKTOp KOHyca (Ha-
IPaBJIeH U3 BEPIIMHLI BO BHYTPEHHIOK YacTh Komyca), 0 < o < § — nosopuna pacTsopa Komyca, h > 0 — BrpicoTa

KOHYCa (paCCTOHHI/Ie OT BEPIHINHBI IO OCHOBaHUA KOHyC&).

Puc. 2: Ob6bemtromuii KOHYC KOHYCa HabOJIFOIEHUs] U3MEPUTEILHON CTAHIIMKA U I'PAHUIIBI JIOILYCTUMBIX TOJIOXKEHUH
HOpMAaJIEil K IJIOCKOCTHA OPOUTHI.

[Iycrh mist paccMaTpuBaeMOro MOMEHTa BPEMEHH t OTHOI'O HADJIIOAEHHS IIPSIMOT0 BOCXOXKIEHUSI (v U CKJIOHEHUST
6 OKM rouka O — Havaso oTcuera cucreMbl KoopauHat (rieHTp 3emim), Touka K — HC ¢ TekymmM mosoxKeHneM
k-k=k-(ki,ka, kg)T, rae k — eauHMYHBIA BeKTOp HampasJeHus or nenTpa 3emun Ha HC. Haiinem eauHuambIit
BekTOp 1 = (cos a cos d, sin v cos d, sin §) mampasaerus ot crammun ma OKM.

Hazoseum konyc Cyiew = C(k,1, &, h) — KoHyCcOM HAGIIONEHNST CTAHIIA B PACCMATPUBAEMBII MOMEHT BPEMEHH.
Bajiaua COCTOUT B MOMCKE JIOIYCTUMBIX IIOJIOXKEHUN HOpMaJH K 1jiockoctu opburel OKM, 1. e. Takux miockocTei
opbuT, KOTOPBIE B MOMEHT | MMEIOT HEILyCTOe IlepeceveHre ¢ KOHYCOM HabJIF0/IEHUsI CTAHIUN.

Ha puc. 2 3enensiM nipeToM n300parkeH KOHyC HabJroeHust craniuu. CoriacHO PUCYHKY, 3aMETHM, 9TO €CJIH
MBI HaiieM 00bEMITIONTIAI KOHYC

C1span = O(Oa q= (qla q2, Q3)Ta “Ymin, OO)
JJIs1 KOHyca HabJIIOJIeHus], T. €. KOHYC ¢ BepinHON B Touke O W MUHMMAJIBHBIM PACTBOPOM, COIEPIKAIIUN KOHYC
nabJioienns (M300parKeH KPACHBIM I[BETOM), TO BO3MOXKHBIMU HAIIPABJICHUSIMH HOPMAJIU K ILIOCKOCTH OPOHUTHI
OyZeT MHOXKECTBO HAIlPaBJIEHUI

3 s s
R \ ({07 q, 5 — Ymin, OO} U{Oa —-q, 5 — Ymin; OO})
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Puc. 3: T'panutipr 0myCTUMBIX TOJIOXKEHUN HOPMAaJIEil K IJIOCKOCTH OPOUTHI JJI PA3JIMIHBIX [TOJIOXKEHUH KOHYCA
HaOJTIO/IEHNST M3MEPUTETHHON CTAHITIH.

Buapo, aTo mampasaaonumii BeKTop Kouyca Cgpan J1eKAT B mockocTn OK L, onpenensemoit Bekropamu k m 1.

ITposemem Bce HEOOXOAUMBIE TEOMETPUYECKIE IOCTPOEHUS B 9TOM IJIOCKOCTU (CM. puc. 3).

1.
2.

w0

5.

O6osnaunm 8 = ZOKL =7 — arccos (1 - K), Boound = T — 2¢.
|0A| = \/kQ + 2 2kh o5 (3 —¢), LAOK = arccos (—2“0114% (OA2 NI R )),

cos? e cos e cos? e

|OB| = \/k:2 + R 2kh o5 (8 +€), ZBOK = arccos (W (032 Y TS ))

cos? e cose cos? e

Ecmu 1 x k = 0, To mostozkum q = K, Ymin = ZAOK, unade nepeiijieM K CJIeIyIOMEMY TyHKTY.
O6oznaunm a = % = (a1,0az2,a3)’, b= % = (b1,b2,b3)T, n = ﬁ Moxkno Haiitu a u b Kak perienue
caeAyIolen 3aa49m:

n-a=0k-a=cos(LAOK),|lal]| =1,(ax k) -n > 0;
n-b=0,k-b=cos(£LBOK),|b||=1,(bxk) n<0.

O6oszraunm gepes A = (A1, Ay, Az)T, rae Ay = I - noks — nsks, Ay = — N - —n1ks +
ko ks ki ks
ngky, As = Zl ZQ = mky — noky, j = argmax;—123|4;|. 3amernm, uro |A;| > 0, . x. n L k.
1 ke

[Tepenummem nepBbIE JBa PABEHCTBA B CJIELYIONEM BUJE:
Aja= Af + FPjcos(LAOK),

Ille Hem3BecTHasd BeamanHa & € RY, P; — TpexmepHBIi BEKTOP-CTOIOET, CO/Iep KaImuil e IMHAIY Ha j-OM MecTe
U HYJII Ha OCTaBIIUXCS MeCTaX,

0 ns —MNg
F = —MNns3 0 ny
no —nN1 0
st moncka € mojictaBUM B TpeTbe paseHcTBoO (||al| = 1):

AlaTa=A? o (ATE+ PIFT cos (ZAOK)) (A& + FPjcos (LAOK)) Af <
& ATAE + (ATFP; + Pl FTA) cos (LAOK)¢ + (P FTFP;) cos® (LAOK) — A} =0 &
& &% — 2kj cos (LAOK)E + (1 — n?) cos? (LAOK) — A? =0.

Pemasi nmosiyuennoe kBajipaTHoe ypapHenue, HaxoauM . OKOHYATEIBHO, IIOC/IE PEIIEHUs] aHAJJOITIHBIM 00-
Pa30M ypaBHEHHUII OTHOCUTEIbHO b, pelrenne 3amuiiercs B Buie

o C"S(i# (A (kj + \/k:? +n2 —1+ A2 cos2 (ZAOK)) +FPj),
b %fjm{) (A (k& (/K2 402 =1+ A2 cos2 (LBOK)) + FP;).

IJle 3HAK «+» WM «—» GEpeTcsl COTIACHO BBIOJIHEHUIO COOTBETCTBYIOMIEro yeaosust (a X k) -n > 0 win (b X
k) -n<0.
Ecin 68— Bround < 0, Torma q = %(a+k), Ymin = %LAOK, nHavde q = %(aer), Ymin = %(LAOKJrLBOK).
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Haiinennoe B aHajumTHIeCKOM BHIE DEIIEHUE TOCTABJICHHON 3ajadn peasumsoBano B dyukiusx CYBII, aro
ITO3BOJISIET OCYIIECTBJISATH BHIOOP OObEKTOB-IIPETEHIEHTOB Ha WeHTUdUKAINIO Ha cTopone BJI.

Ha puc. 4 npeacrapien dpparment tabsmuibl B, comepxkarteit nadopmalmio 06 00beKTax IIpeTeHIeHTaX,
KOTOpas 3allojiHsgeTcs npu BBojie uaMmepenuit B8 BJ1 mocpencrBom Tpurrepusix ¢dpyukiuit. [lpu mepedbope karaJio-
rusupoBanabix OKM B cimcok o0bekToB-ipereraenToB Brogaorca OKM, HopMmaab K opbure KOTOPBIX TO3BO-
JITeT UM TOTEHIMAJIbHO IOMACTh BHYTPh KOHYCOB HaOJIIOIEHUS CTAHIINA B PACCMATPUBAEMble MOMEHTHI BPEMEHU.
JomomHuTEe IbHOE PAHKUPOBAHUE TTPETEHICHTOB OCYIIECTBJISIETCS 0 BO3PACTAHUIO BEJIUYINHBI OTK/JIOHEHHUS OT Ha-
TIPABJISIONIENl COOTBETCTBYIOIIETO KOHYCa, HAOIIOICHUSI.

Tun nons Knaeuwa He Null Mo ymonuaHuio Onucatune
‘ integer NaeHTUDUKALMOHHEIR HOMED TPEKa

V]
]

‘tinestamp L.al nowdmv() Bpems sanucu, IMB

‘double precision = Null DYHKUMOHEN, PACCUMTAHHBIN NO EXOAHEIM HEBA3KAM

‘smalhnt = 0 Mpustak obpaboTku Tpexa: 0 - e obpabotaH 1 - roTos k o6paboTke 2 - obpaboran 100 - HaxoguTCs B npouecce obpaboTku
‘sen'a] Meps. ko4 nextval(tracks_ident_id_set| MaeHTUdOMKILUMOHHLIR HOMED 33NMCK

‘integer = 0 HoMep KnacTepa, K KOTOPOMY OTHOCRTCS USMEDEHUS JaHHOTO TpeKa

‘double precision = Null YrnoBoe pacCTORHUE MEXTY Hanpasnesusmu MyHKT-Mporisupyemoe KO u Myskr-Usmep nonoxetue KO,
‘double precision = Null DYHKUMOHEN, PACCUMTAHHBIN NO OCTATOUHBIM HeERskaM MHK

Puc. 4: Opranuzamnus uadopmainn o6 obbeKTax-perenaenTax B BJ1.

Taxkke yzke mpu BBojie usmepenunii B B/ cpegcreamu CYBJI ocyiiecTiisiercs: pasjiejieHue IPOBOJIOK 110 IPYII-
maM, IOJIy9YeHHBIM OT OJHOTO M TOTO K€ M3MEPUTEJIHHOTO CPEICTBa Ha OJHUX M TEX XK€ KaJpax. ITa JacThb Cy-
IIECTBEHHA TSl TAaJbHENINero npuHasatus pemrennsi 00 naentudukanuu n3mepennii B obmactu 'CKO. Ha puc. 5
MIPE/ICTABJIEHO M300parkeHne 0OPabOTAHHOTO KaJapa C U3MEPEHUSMHU, Ha KOTOPOM BHIHBI OJIM3KOPACIIOIOXKEHHBIE
U3MEPEHNSsI, PelleHusi 00 MIeHTU(DUKAIIMK 110 KOTOPBIM TPeOyeTcs: IPOBOJUTD C YIETOM BCEX HE3aBUCHUMBIX H3Me-
peHuil IpyIbl.

Mony4yeHHble ogHoBpeMeHHo nposoaku CKO (O3K OKM, Bpasunug)
6 T T T T v .

R d
R d
5
Rad
T ¢
o annd - hnd —-——- o o
U 3 - -
% -
T 2 -
8 “s
* o

S -

0 -

-1

238 240 242 244 246 248 250 252

MpaAMoe BoCcxoxaeHue, rpag

Puc. 5: IIpoBoaku ot oxnoit u Toit xxe HC na ommom Kazpe.

4. Onenka 3¢pdHeKTUBHOCTH

o peanu3anuy HACTOSIIIETO TIOIXO0/1a IIPOIECC 00PabOTKKM M3MEPEHUil IPOBOIMJICS Ha OCHOBE pacuera 3deMepu]
s kaxkgoin HC. Ddemepuibl paccyuThIBaINCh B apaMeTpax HabOJIIOEeHUl B TOIOIEHTPUIECKO CHCTEME KOOP-
JTHAT.

Paspaboranusiit CYB/I-tieaTpraeckuit monxor K uaeHTHGUKAIINT U3MepeHuit oT pacupeaeerntoit cetu HC
YCIIEITHO TPUMEHSIETCS B T€YeHNe IBYX JieT. 3a 910 Bpems B B/, peanmmzosannoit Ha CYB/I PostgreSQL, nakomieno
okos10 70 MutH. 3ammceit apemepu. 3a 3TOT mepuo ObLIO 0O6padboTano Oosee 216 MH. M3MepeHuit o Oosiee, TeM
13.8 mutH. ipoBo1oK. CpetHee dmcyio 06pabaTbiBaeMbIX U3MepeHuit coctaBuiio 6osiee 300 ThICIY B CyTKU, IIMKOBLIE
3HaueHus: gocturajan 500 ThICSd.

st onieHKn 3 HEKTUBHOCTH MPEJIOKEHHOTO TIOIX01a K HACHTU(MUKAIINNA ONTUIECKIX M3MEPEHU OBLIO PO-
BEJIEHO CPaBHEHUE PE3Y/IbTATOB, OJIYIEHHBIX C IIOMOIIBIO CTAPOTO U HOBOTO TOIXO0B. Pe3yIbrars! mpeacTaBIeHbl
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Tabsmra 1: CpaBHeHHE CTAPOro W HOBOTO MOJAXOI0B K MACHTU(MOUKAIIUN ONTUIECKUX U3MEPEHMIA.

PAHBIIIE (s onuoit HC) ‘ CEUYAC (ana cern HC)

% cpeJHee BpeMsl pacdeTa CyTOYHBIX 3deMepus,

60 MuH ‘ 8 MuH

% cpeaHUI pa3mep OAHOU 3deMepUTHOM 3AIUCH:
245 GaiT ‘ 400 GaiiT
% cpeaHee YHCJIO CyTOYHBIX 3deMepUaHbIX 3anucei
2565000 (o6bem — 630 M6) ‘ 98000 (o6bem — 39 M6)
% cpeaHee YHMCJI0 06pabGaTbIiBaeMbIX U3MEPEHU B CyTKU
50000 ‘ > 300000 (mmx: 500000)

% BO3MOXKHOCTH OOpabGoOTKU M3MepeHuit

nenocpezacrsenso Ha HC ‘ B IleHTpe 06paboTKu mHMOPMAITHT

B TabJi. 1, rje npuBejieHbl 00beM U BPEMs PACUYeTa CyTOYHBIX 3(eMEPH]], a TaK¥Ke YUC/I0 00pabaThIBAEMbIX U3Me-
peHuii B CyTKU.

Anayiuz pesysbTaTOB CBHJIETEIHLCTBYET, YTO HOBBIM TOIXOJ TO3BOJIIET 3HAYUTEIHHO, Hosee dem B 10 pas,
COKPATHUTh 00bEM 3aInchbiBaeMoil 1 xpanumMoit B B/1 nngopmarinm, yCKOpUTh BpeMsl pacdeTa CyTOIHBIX dheMepuT
B 7.5 pa3, Ha MOPsIIOK IIOBBICUTH IIPOU3BOJIMTEILHOCTD 0OPAbOTKY U3MEPUTEILHON MH(MOPMAIUH.

OTMmeTnuM, 9TO IIpU CTAPOM MOX01e 1 yBendenun ducia HC, 06beM XpaHUMbBIX 3peMepu ] 1 BpeMsi 00pabOTKI
U3MEPUTEIbHON NH(pOPMAIMK yBeaudaTcs mpornopimonaabao yncity HC. JIjist HOBOro Ke I0JIX0/a B 9TOH CUTyAIMH
MIPUBEJEHHBIE OIEHKN OCTAHYTCS HEM3MEHHBIMU, T. K. OCHOBHBIE Y3JIbI 110 pacdeTy 3heMepu u BhIOOpY 00bEKTOB-
npererienToB He 3aBucaT or unciaa HC, uro obecneunBaer 3¢hbHEKTUBHYIO MACIITAOUPYEMOCTD 33/ Ia9H.

5. 3akJiroueHue

Peamuzamusa CYB/I-nienTprdeckoro moaxo/ia mMO3BOJIMIA OPIaHU30BATh MACIITAOMPYEMYO PaboTy IeHTpa obpa-
OOTKM ONTHUYECKOH m3MepuTebHOl nHdopMalmu oT pacupegesentoii ceru HC. Ilpumenerne YHYAM coBmecTHO ¢
payTperauMu MexanusMmamu CYB/I obecnieunsio yBemdeHrne Ha MOPSIJIOK CKOPOCTH 00pabOTKU M3MEPEHUil OT OIl-
TUIECKUX CPEJICTB.

Criucok smrepartypbl
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MoHUTOpUHI N nccnepoBaHmne 3HepreTUYeckoro gncbanaHca n Kaumara
3emnn, a Tak>xe acTepomaoB N KOMeT, conmxatruwmxca c 3emnein,
3K30MJ1aHeT, HOBbIX N CBEPXHOBbIX 3Be3[ C NOBEPXHOCTU J'Iyﬂbl1

A6ycamaros X. 1.

I'nasnasn (Ilyaxosckan) acmponomuseckasn obeepsamopus PAH, Canxm-Ilemepbype, Poccus

HenpepbIBHBIN MOHUTOPUHT U MCCJIEIOBAHUE JIOJITOBPEMEHHBIX OHOPOIHBIX BHICOKOTOYHBIX JIAHHBIX O CPEJIHEN0IOBOM SHED-
reTUIeCKOM Juchasance Mexk Iy 3emyeil u kocmocoM (D/13) Ha MpOTsAKEHNM MHOTUX JIECATHIIETHH HEOOXO MBI J1J1si KaJInb-
POBKH €r0 3aBUCUMOCTH OT IIMKJINYECKUX Bapuanuii coseanoit nocrosinuoit (CIT), a rakske j1s1 riry6GoKoro noHnManust hpusn-
YEeCKNX MEXaHM3MOB, OIPEIEJICHUST 3aKOHOMEPHOCTEH (POPMUPOBAHNS ¥ IIPOTHO3UPOBAHNUSA U3MEHEHUs KJINMATa. DTO HEIpe-
MEHHO TpebyeT CO3JaHMsI ¥ MCIIOJIb30BaHUsI HOBBIX JOJITOCPOYHO CTAOMIBHBIX (PUKCHPOBAHHBIX KOCMUYECKUX TLIAT(MOPM JIJIst
[IOCTOSTHHOI'O ¥ HEIIPEPBIBHOTO PEIPE3EHTATHBHOIO HaOJIIOIEHNS OJITHOBPEMEHHO 3a BCEl 3eMHOI OBEPXHOCTHIO. /IBa onnHa-
KOBBIX CITEIAAIbHBIX POOOTU3MPOBAHHBIX ONTHYECKUX TEJIECKOTIa-OJIM3HEIA, YCTAHABINBAEMBIX Ha IIPOTUBOIIOJIOXKHBIX KPastX
9KBATOPUAJILHOI 30HBI BUAMMOI oBepxHocTH JIyHBI, 13 KOTOPbIX cocrouT Jlynnas obcepsaropus (JIO), npeacrasaser co-
6ol cucreMmy, (DyHKIMOHUPYIOIIYIO B aBTOMATUYECKOM DeKMMe KakK eIuHbIi Tejieckorn. CucreMa TeecKOomoB-6JIM3HENoB,
CMeHsIs JIPpYT JIpyra, MOCJIE0BATEIbHO OyleT 06Cae0BaTh BCIO MOBEPXHOCTH 3EMJIM TOJBKO B HOYHOE BPEMsi HEIpepbIB-
HO B Tedenue Gosiee 94% BpeMeHHU JIyHHBIX CyTOK. 3alllUTa OT JIyHHOH NbUIM W €€ Ha3JeKTPHU30BAHHOCTU O0eCIednBaeTcst
BBIJBUKHBIM KO3BIPHKOM M O0€CIIedeHMeM CTOKa 3apsanoB. JIO obecrieumBaeT M3MepEeHHMsI BAPHAINNA aOCOTIOTHBIX BEJIMYIHH
BCEX HEPIHii, YXOAAIMNX C 3EMJNA B KOCMHUYECKOE MTPOCTPAHCTBO: YJ/IEBHON MOIIHOCTH, OTpaykeHHOo# rraneroit momu CII,
B CIIEKTPAJIbHOM jnarna3oHe 0.2-4 MKM 1 COOCTBEHHOT'O TEIIOBOTO M3JIydeHus: 3eMin B auana3onax 4-50 m 8-13 MKM OKHA
MIPO3PAYHOCTH aTMOCdephI ¢ TOrpenHocThI0 0koso 0.1%. TestecKonbI-6JIU3HEIBI B CBOGOIHOE OT HAOJIIOEHNi 3eMJu THeBHOe
BpeMsI TIOCJIE/IOBATEIHHO OyyT BECTH HEIPEPBIBHBIN 0030p Bcero Heba M0 KOOPAMHATHO-(POTOMETPUIECKOMY MOHUTOPHUHTY
COTMKAIOIINXCS C 3eMJIell aCTEPOUIOB M KOMET, OCOOGEHHO JieTsiiue co cTOpoHbl COJTHIA, & TaKKe HK30ILIAHET, CBEPXHOBBIX
¥ HOBBIX 3Be3]] B Auarazone 0.2-2 MKM.

Ilocrymuna B pemakmuio 07.05.2022 r. [Ipuusara B neuars 29.08.2022 r.

Kmoueswie caosa: Jlynnas obcepsamopus, snepezemuyeckuli ducbaaanc, CII, xaumam, cucmema meaeckonos-6ausneno0s,
aavbedo Bonda, axzonaaremol, acmepoudHo-KOMemMHaA ONGCHOCTID

Monitoring and research of the Earth’s energy imbalance and climate, as well as asteroids
and comets, approaching the Earth, exoplanets, novae and supernovae stars from the
surface of the Moon

Abdussamatov H.I.
Pulkovo observatory of the RAS, St. Petersburg, Russia

Continuous monitoring and study of long-term homogeneous high-precision data on the average annual energy imbalance
between the Earth and space (EEI) over many decades is necessary to calibrate its dependence on cyclic variations in the
total solar irradiance (TSI), as well as to deeply understand the physical mechanisms, determine patterns of formation
and forecast climate change. This certainly requires the creation and use of new long-term stable fixed space platforms
for constant and continuous representative observation of the entire Earth’s surface simultaneously. Two identical special
robotic twin optical telescopes installed on opposite edges of the equatorial zone of the visible surface of the Moon, which
make up the Lunar Observatory (LO), is a system that operates automatically as a single telescope. The system of twin
telescopes, replacing each other, will sequentially examine the entire surface of the Earth only at night, continuously for
more than 94% of the time of the lunar day. Protection against lunar dust and its electrification is provided by a retractable
visor and a charge drain. The LO provides measurements of variations in the absolute values of all energies leaving the
Earth into outer space: the specific powers, the TSI fraction reflected by the planet, in the spectral range of 0.2-4 um and
the Earth’s own thermal radiation in the ranges of 4-50 and 8-13 pm of the atmospheric transparency window with an error
of about 0.1%. Twin telescopes during the daytime free from Earth observations will consistently conduct a continuous
survey of the entire sky by coordinate-photometric monitoring of asteroids and comets approaching the Earth, especially
those flying from the direction of the Sun, as well as exoplanets, novae and supernovae stars in the range of 0.2—2 um.
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1. BBenenue

QyHIaMEHTAILHBIM TIOKA3aTeJIEM, OIMPE/ICIAIONIIM H3MEHEHNE COCTOSHUS TJIOOAJLHON HEPIeTUKHN KJIUMATUIE-
CKOIl CHCTEMBbI, SIBJISIETCS MCKJIOUUTEJLHO JIOJrOBPEMEHHAs BapUalys [VIOOAJIbHOIO TEIIOBOIO COCTOsHUs (Ter-
JIOCOJIEPKAHNS) BCEl IIAHETBHI B 11€J0M. 1109TOMY JI0JIFOBPEMEHHBIN BBICOKOTOUHBINA HENPEPBIBHBI MOHUTOPUHL

HIy6iukyercs: B HOPSIIKE UCKYCCHI
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OJIHOPOJIHBIX PelPe3eHTATUBHBIX JAHHBIX 00 SHepreTudeckoM jaucbasance Mexiry 3emuieii u kocmocom (DI3) sas-
JIsieTCsT BaXKHEHIelt HaydHOU TpobJsieMoit B HAJICXKHBIX HNCCJIEOBAHUSX U3MEHEHUs KJIMMATa U 0OYC/IaBINBAIONINX
5TV U3MeHeHns pusmuecKnx MexaHu3MoB [1, 2, 3|. UpessbruaiiHo CiI0XKHAST ¥ HeJMHEHAsI KINMATHIeCKask CUCTEMA
3aBUCUT OT COBOKYIIHOI'O BJIMSIHUSI MHOTOYUCJIEHHBIX (DU3NIECKUX IIPOIECCOB, MIPOUCXOSINNX 38 IEePHOJ] IIOPSIIKa
30 jter u GoJtee, B MOMCHACTEMAX OKEAH-CYIa-aTMOChepa, Ha KOTOPBIE, B CBOIO 0Y€PE/lb, BIUSIOT MHOXKECTBO pa3-
JMIHBIX (GAKTOPOB, IJIABHBIM 00pa3oM, kBas3uaByxBekoBoe m3menenne CII. V3ydenue 3nadnTebHBIX KOJeOAHMI
kimmaTa 3a nocaeanre 800 000 jieT oKa3bIBAET, YTO OCHOBHBIMU (DYH/IAMEHTAJIHHBIMY MPUIUHAMU Y€PEIOBAHUS
[IOTEIJIEHNST U TIOXOJIOJAHUS SIBJISTFOTCSI COOTBETCTBYOIIE KBA3UIBYXBEKOBBIE M ThICSTYEBEKOBbBIE IIUKJIMIECKUE KO-
siebanust CIT cOBMECTHO € ITOCJIEIYIONUMU OY€Hb BaXKHBIMHE IIOCJIEI0BATEIbHBIMUA MHOTOKPATHBIME BO3I€ACTBUSIMUI
MIPUYUHHO-CJIEICTBEHHBIX 3D MDEKTOB 00PATHON CBA3U, KOTOPDIE SBJISIOTCS TVIABHBIMU (DAKTOPAMH, YIIPABJISAIONIU-
MU KianmaTuaeckoii cucremoii [3]. IIpu srom CII gBisiercss 0CHOBHBIM (haKTOPOM, YIPABJISIONIAM KJIUMATHIECKOL
cucTeMoil 3emin, U JaXkKe caMble HE3HAYUTEbHBIE JOJITOBPEMEHHBIE €€ M3MEHEHUs MOTYT UMETh CEPbE3HBIE I0-
CJIEJICTBUS JIJIsi KJIMMATa 110 aHAJIOIMHU C IUKJIOM MUIaHKOBAYA C THICAYEBEKOBBIMU KOJIEOAHUSMU (POPMBI 3€M-
HO# OpOUTBHI C COOTBETCTBYMOIIMMK He3HaunTebHbIMU u3MeHeHusimu CII, Bemymum K BojbimmMm Jie JHUKOBBIM-
MeKJIeHUKOBBIM nepuogam [4]. Mamenenne D13, HezaBucuMO OT ero npudu, 3a 1epuoj, okoJo 30 jer u Gosee
SABJISIETCA OCHOBHBIM IOKA3ATEJEM IOCJIEIYIONEro COOTBETCTBYIOMIEr0 N3MEHEHUS KJINMATA U TVIOOAJIBHON TeM-
neparypbl. OJHAKO U3MEPEHHs BCEMHU CYIIECTBYIONIMMU HU3KOOPOUTAILHBIMU U eoCTalMoOHApHbIME [5, 6, 7, 8]
CIIlyTHUKAMM HE MOI'YT 00eCIedYnTh BBICOKOTOYHbIE naeHTHduKanun /13, Tak Kak HaAOJIOJA0T OrpaHuYeHHbIE 00-
JIACTH TIOBEPXHOCTH 3eMJu. JlJist yCIentHoro uccyeoBatus (PpU3NIECKUX MPUIUH U3MEHEHUsT KJIMMaTa 1 Hanbosee
BaKHBIX KJIMMATHIECKUX IAPAMETPOB, IMEIOIIIX OIPE/IEISIoNIee 3HAMeHNe 71T Pa3pabOTKU U CO3/IaHus Hanbosee
HAJIEXKHBIX METOJIOB IIPOTHO3WPOBAHUS TPSIYIIAX M3MEHEHWl KJIMMAaTa, HeOOXOIMMa OIePATHBHAA U JOJITOBpE-
MEHHAs HEIPEPBhIBHAA OTHOPOIHAs MHMOPMAIUS O BPEMEHHBIX BapPHUAINAX UX AOCOJIOTHBIX BEJIUIUH B TEUCHUE
MHOI'HX JECSTHJIETHI. DTO TpedyeT CO3JaHUsi HOBBIX JIOJI'OCPOYHO BBICOKOCTAOMJIBHBIX CTAIMOHAPHBIX KOCMUIYe-
CKUX TUIATGOPM Ha JOCTATOYHOM YJIAJIEHHH OT 3eMJIN JJIsi HEIIPEPBIBHOIO PEIPE3eHTATHBHOIO OJIHOBPEMEHHOIO
HAOJIIO/IEHUST 32 BCeil 3¢eMHOM MTOBEPXHOCTHIO B TE€UEHNE MHOTUX AecATusaeTuil. JIs yCrenHoro pemenust gaHHOi
pOOJIEMBI €IMHCTBEHHBIM MECTOM B KOCMOCE, 00ECIIEUNBAIONINM HAJIEYKHBIE U JI0JTOBPEMEHHBIE IIPSIMBbIE TTPEITN3H-
oumnble (¢ morpemuocTbio 20.1%) usmepenns aGCOTIOTHBIX 3HAYCHUI BCEX SHEPIHUiA, UCXOILAIIUX OT 3€MJIU, ABJIAETCSI
BUZMMAst I0BepxXHOCTh Jlyubl [2, 9]. Oxnako nposesenue HabmogeHnit 3emiiu ¢ I0BepxXHOCTH JIYHBI TOJIBKO B Uie-
aJIbHBIX YCJIOBUSIX JIyHHOI'O HOYHOT'O BPEMEHU HEIPEpPBIBHO B TedeHne 6oJiee MOJIOBUHBI BPDEMEHU JIYHHBIX CYTOK J0
[IOCJIETHETO BPEMEHH OCTaBAJIOCh OOJBINOI HepemeHHOH mpobisemoit. OHO cTa0 BO3MOXKHBIM OJiaroiapsi m300pe-
TEHHOMY HAMHU HOBOMY CIOCOOY HCC/IeIOBaHUS U3MEHEHWH KJIMMAaTa 3eMJIM U CHCTEME IBYX POOOTH3MPOBAHHBIX
CHIEIMAJIBHBIX ONTHYECKNX TEJIECKONOB-0JIN3HEIOB /I ero ocyIecTsiaeHus (narent PO Ne 2591263).

2. DHepreTuveckuii aucbasianc MexXay 3emJieii 1 KOCMUYEeCKUM ITIPOCTPAHCTBOM

/13 ompe/iessieTcst pa3HOCTHIO MEXKTY YACTBHBIMUA MOITHOCTSIMUA COJTHETHOTO U3JTY 9€HUST, TIOCTYHAIOIINMA BO BHEIIT-
HEE CJI0u aTMOCKHEPBI, U YXOIAIIMA B KOCMAYIECKOE MPOCTPAHCTBO €€ OTPAYKEHHON U PACCEsTHHOM JIOJISIMU, OIpe-
JlesisieMbIMU BesinanHO# anbbeno Borna 3emsm, a Takyke COOCTBEHHOTO TEILIOBOTO WU3JIyYEHUS, T. €. PA3HOCTHIO
MeK/Ty TOTVIOIIeHHO mwianeroit gosu sueprun CII u mzmyuaemoit 3emiteit B KocMUIecKoe IPOCTPAHCTBO YHEPrueit
COGCTBEHHOTO TEIUIOBOro u3iydenus |1, 9]:

(So +ASg)  (Ape + Adgr)(Se + ASe)

E = . - 1 —eo(T, + ATy, (1)

rne B — ynenbHas MOMIHOCTD W3MEHeHHsl Teriocojepskanus mianets! [Br/m?|, So — CII, ASs — mpupamnienue
CII, Apg — robanbHoe anbbeno 3emian Kak miaHeTsl (anbbeno Borna), AApg — npupamienne anbbeno Borza,
€ — M3JIyuaTesIbHAs CIIOCOGHOCTH (CTENeHb YePHOTHI) CUCTEMBI TIOJICTUIIAONIAS IOBEPXHOCTh-aTMochepa, o — Mo~
crosinHas Credana-Bosbivana, T}, — maneTapHas TepMoJUHaMHUYecKas TeMneparypa, AT, — ee mpupalieHue.
Wsmenenne kimvarta 3eMiid, OYEBUIHO, CJIEIyeT PACCMATPUBATH KaK (DYHKIWIO JOJTOBPEMEHHOTO OTKJIOHEHWS
913 or pasrosecHoro cocrostaus [1, 2, 3|. [TosToMy HEOOXOMUM JIOJTOBPEMEHHbI MOHUTOPUHI B T€YEHUE MHO-
WX JEeCATIIETHH TEILIOBOTO COCTOsiHUS IiaHeThl. OIHAKO B HACTOSINEE BPeMs WHTETPAJIBHBIMU PAIHOMETDPAMEI
U3MEPSIFOTCsT MHTErPAJIbHBIE MOITHOCTH cocTapsiiomux /I3 ¢ nmomompio KocMmuueckux anmapatos (KA) Ha Hus-
KOOPOUTAJIbHBIX U I€OCTAIMOHAPHBIX CIIyTHUKAX, IIOIPEIIHOCTb M3MEPEHUN KOTOPBIX C OIMMUOKAMH KaJUOPOBKU
cocrasiisgier nopsizika 1% [5, 6, 7, 8], HOCKOIbKY OHU CHOCOGHBI TOJIBKO K HEIIOCPECTBEHHBIM M3MEPEHUIM JHEp-
TUW U3JIy9eHUs, NCXOSINEro TOJbKO OT OTIEIbHBIX JdacTell mianeTbl. boprosoie pagnomerpsl DSCOVR B Touke
Jarpanzxka L1 cucrembr Coutrie-3emits [10] emoryT obecriequrs npsiMble U3MEPEHUsT YXOIAIIel 0T 3eMiiu SHePrun
TOJIbKO B OJIHOM HAIIPABJIEHUU, T. €. 3HAUEHHUs IeoMeTprieckoro ajbbeno 3emumn. Kpome toro, mamepenus: 9J13
Ha 6opry DSCOVR He MoryT ObITH HaJI€2KHO BBIIIOJIHEHBI, TIOTOMY 4uTO JIyHa, Bpalasch BOKPYT 3eMJi, BpeMeHa-
MU 3aKpbIBaeT co0Oii n300parkKeHne 3eMHOTO JIMcKa. BoJiee Toro, Bce opbuTaIbHBbIE KOCMUYECKHE AIapaThl HMEOT
OTHOCHUTEILHO HEDOJIBINON CPOK CIIY?KOBI M3-33 OTPAHUYEHHBIX YHEPTETHIECKNX BO3MOYKHOCTEH W HEBO3MOYKHOCTH
CO3/TaHUs JOJTOBPEMEHHON M BeCbMa BayKHOI (DYHIAMEHTAJIHHON 0a3bl OJHOPOIHBIX JAHHBIX O CPEIHETOI0BOM
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913. Ecau CII ue mensierca (ASg = 0), To npupalieHue TeMiepaTypbl 3eMIl eCTh Pe3yJbTaT IPUPAIICHUN
anbbeno Borna (AApg) 1 nporycKaHns OKOH PO3padHOCTH aTMocheps [1]

_ AAgeSe

AT =
160713

(2)

Yeenuuenue Tosbko anbbeno Bouna Ha AApg = +0.0003 (0.1%) npun wemsmennoit CII (ASg = 0) mpuse-
ner K monmkennio temmeparypol Ha AT ~ —0.027 K. Tlosromy KpaiiHe BaskHO U3MEPATH CcpeaHerooBoit /13
¢ norpemoctbio 0.1%.

3. IloBepxHocTh JIyHbI — MaeaibHas JOJTOCPOYHO BBICOKOCTAOMJIbHAST KOCMHUYeECKasi
njardopmMa 0ocoOOEHHO B HOYHOE BpeMs

Hay4ro 060CHOBaHHBIE CJIEXKEHUsI 38 M3MEHEHNEM KJIMMATa M ero UCCJIeIOBaHusl, & TaKyKe IPOrHO3 I'PSAJLYIIUX ero
U3MEHEHUIl B IIEPCIIEKTUBE JOJIKHBI OCHOBBIBATHCsI Ha, BHICOKOTOYHBIX HEIIPEPBIBHBIX OJHOPOJIHBIX JIAHHBIX 00 ab-
COJIFOTHOM BeJIMYKMHE CpeaHerogoBoro DJ13, moy4eHHbIX Ha IOCTOSIHHONW OCHOBE B T€UEHUE MHOIUX JIECSTUJIETHIA.
ITpu sTom Bapuarusa /13 wHezaBucumo ot ee mpuunH 3a nepuo 30 + 10 jier siBjIseTCst HETPEMEHHOH MEPOH moce-
JIYIOIIEro U3MEHEHUs KJIMMATA, IOCKOJIbKY HOCTOHHASI TePMUIECKO uHepimu ¢ [er|

t=0.095(1+0.42-1) (3)

npu raybure aktusHOro caost Okeana [ = 750 & 250 M [11, 12]. TIosTOMy 10JTOBpEMEHHBIH BHICOKOTOUHBIH MOHU-
topuur /13 HempeMeHHO TPEOYET CO3MAHUS U UCIOIb30BAHUS HOBBIX JOJTOCPOYHO BHICOKOCTAOMIBHBIX U (DUKCH-
POBAHHBIX CTAOMIBHBIX KOCMUYECKUX ILIAT(OPM HA JTOCTATOYHOM YIAJIEHAN OT 3eMJIH JIJIsi TIOCTOSHHOTO U Helpe-
PBIBHOT'O PEPE3EHTATUBHOTO HAOJIIOEHUS OTHOBPEMEHHO 33 BCeil 3eMHOI MOBEPXHOCTHIO B T€UEHNE MHOTUX JI€CS-
TUJIETHUIA, JJIs HEIIPEPBIBHOIO M3BJIEYEHUS U UCCJIEI0BAHUs OJHOPOIHON mHMOpMauu 00 u3MeHeHnn abCOJIFOTHOM
BeJIMYMHBI cpeiHerooBoro DJ13. ist 1oCTUKeHsT HaIesKHBIX IPEIU3MOHHBIX U3MEPEHH abCOIIOTHBIX 3HAYEHUH
KOMILIEKCa TJIODATBHBIX KINMATAIECKUX MapaMETPOB 3€MJIM — IOJHON SHEPIUH, yXOomAdieil ¢ 3eMyim B KOCMOC,
€INHCTBEHHBIM U TIEPCIIEKTUBHBIM MECTOM B KOCMOCE SBJISETCS BUIMMAsT TIOBEPXHOCTH JIyHBI, IMeIoIas naeaibHble
YCJIOBUS OCODEHHO B JIyHHOE HOYHOE BpeMs. 1Bep/ias MOBEPXHOCTH JIyHBI U MeIJIEHHOE HEe3HAUUTEIbHOE ee KOJIe-
OaHue IpY JIBUKEHUH BOKPYT 3eMJIU JIeJIAI0T BUIMMYIO IOBEPXHOCTH JIYHBI U1€aJIbHONM BBICOKOCTAOUIBLHOM IIIaT-
dopMoii B KocMOCe JjIsi YCTAHOBKHU OIITHYECKUX TEJIECKOIOB-POOOTOB JIJIsi IPOBEJIEHNSI Ha, BPEMEHHBIX MaciiTadbax
MHOT'HE JIECSITUJIETHS HEIIPEPBIBHBIX HAOJIIOIEHI OHOBPEMEHHO BCell TOBEPXHOCTU 3eMJIU B UJI€AJIbHBIX YCIOBUSIX
ee HOYHOIO BPEMEHW, KOTJa Temieparypa crabmimsupyercs ua ypoBae okosio 100 K. B pesynabrare mus pere-
HUS 9TUX HACYIIHBIX KJIMMATHIECKAX IPOOJIEM, a TaKKe JJIsi HEIPEPBIBHOTO 0030pa Bcero Heba 1o KOOPIUHATHO-
doTOMETPUIECKOMY MOHUTOPUHTY aCTEPOUIHO-KOMETHOI OIIaCHOCTH, IK30ILIAHET, CBEPXHOBBIX 1 HOBBIX 3BE3]] pa3-
paboTaH HOBBI poekT «JlyHHasi o6cepBaTopusi» (JIO). YeraHOBKA ONTHUECKUX TEJECKOIIOB HA yCTORIMBOI cTa-
[IUOHAPHOM IIaT(GOPME — TBEPIOI MOBEPXHOCTU JIYHBI MMeeT JIONOJHUTEIbHBIN PsiJ JAPYIUX YHUKAJBHBIX IIPe-
UMYIIECTB 10 CPABHEHUIO C X yCTAHOBKAMU Ha 60pTy opOuTasbHbXx KocMudeckux annaparos (KA) [2].

4. Jlyanas obcepBaTopusi AJisi MOHUTOPUHITA U MCCJEAOBAHUS YHEPreTUIEeCKOro
aucbasiaHca m Kjaumarta 3eMJIn

4.1. Monumopune u uccaedosarue snepeemuieckozo ucobaraHca 3emMat U KAUMAMG

Jlyunag obcepsaropus [2, 9, 13| nupeacrasiser coboil eMHYIO CUCTEMY IBYX CIIEIUAIBHBIX OITUIECKAX POOOTU3H-
POBAHHBIX TEJIECKOTIOB-0JIN3HEIOB THaMeTPOM riIaBHOro 3epkaJia 300 MM ¢ BbIIBIZKHBIM Ko3bipbKoM (COTP-300K),
GbYHKITMOHUPYIONIYIO TTOCIEI0OBATEIFHO B aBTOMATUIECKOM PEXKMME KaK €JIMHBIN Te/IeCKON TOJIbKO B JIyHHOE HOY-
HOe BpeMsl, 110 eINHON Hay4IHON mporpamme Habmonenuit Semsm (marenr PO Ne 2591263): ¢ MHOrOKaHAIBHBIMU
CIIEKTPAJIbHO-DA3JIEJIEHHBIMU IUPOKO- M Y3KOIOJIOCHBIME CIHEKTPOGOIOMeTpaMu (B3aMEH TPAIUIUOHHO UCIIOJIb3Y-
€MbIX MHTErPAJIbHBIX PAJAUOMETDOB); 3alUTa OT JIYHHOM! IIBIIA U €€ Ha3JIEKTPU30BAHHOCTH — BBIIBUKHOI KO3BIPEK
(matent PO Ne 155044) u obecneuenne croka 3apsaaos (marenrsr PO NeNe 164303 u 2613048). Tesreckorrbr Giu3Her st
COTP-300K 6yayT pacrojararbcst BJIOJIb SKBATOPUAJIBHON 30HBI Ha IIPOTUBOIIOJIOXKHBIX KpasiX JIyHbI Ha yiajeHun
+(80.9 £ 0.1°) or ee Bummmoro nerrpa. IIpu takom pasmemnennn COTP-300K Ha J1yHHON TOBEPXHOCTH TIOJHBIN
IUCK m300parkeHnsl 3eMJIn Bcerja OyleT HAXOMWTbCS B IMOJI€ WX 3PEHHs, a JIy4dd, UCXOISAINUe OT Hee, MAJAl0T
Ha JaHHBIE JIYHHBIE TIOBEPXHOCTH ITOYTHU IO KACATEIBHON — YroJI HAKJIOHA ONTHIECKON OCH TEJIECKOIIOB K JIYHHOM
noBepxHOCTH cocTaBuT MeHee 20°. 3a Bpems asukenus JIyasr BOKpyT 3emun cucrema aByx oansaerno COTP-300K
TIOCJIETOBATEIHLHO OyIeT 0603peBaTh CO BCEX PAKYPCOB BCIO 3eMHYIO ITOBEPXHOCTH MPAKTUIECKHU TIPH BCeX (DA30BBIX
yraax ot —170.9° g0 0° u ot 0° mo +168.8° menpepobiBHO B Teyenue 6osee 94% BpeMeHHU JIyHHBIX CyTOK TOJIBKO B
HOUHOe BpeMms [2, 9, 13]. B pesysbrare, 3a Iepuo CHHOAMYECKOTO JIyHHOTO MeCsIa OyIeT Moy IeHa IIPAKTUIECKH
HEpepbhIBHAS 3aBUCUMOCTD OT YTJIOBOW KOOPAWHATHI U3MEPSEMON MOIMHOCTH W3JIyIeHUs HaJl BCEHl TTOBEPXHOCTHIO
Semy BO BceM pabodeM CIIEKTPE M3JIyUeHUil. DTO MO3BOJUT SKCIEPUMEHTAIBHO HAJEKHO ONPEIEIITh (DA3OBBIT



166 X.N. AbrycamaroB

WHTETPAaJI, CBI3BIBAIONINI reoMeTpudeckoe aibbeno u aiapdeno Borma 3emsn. HenpepbiBabIT MOHUTOPHHT MCXO-
JISIIEro OT 3eMJIM ITOJIHOIO IOTOKA W3JIyUeHUs! IMO3BOJISieT PacCUMTaTh CPEIHEroJ0Boe 3HadeHue ajibbeno Boxja
U CODCTBEHHOT'O TEILJIOBOTO U3JIyUeHUsl 3eMJIA C YyIeTOM BCEX UX BapUAIWil, IPOU3OIIE/IIUX B TE€YEHUE BCEIO T'OJIA.

Teneckonbi-osmm3rensl COTP-300K cucremsbl mmociieioBaTe/IbHO, CMEHsIsl JIPYT JIPyra B aBTOMATUYECKOM pe-
KUMe, KaK eIUHBII TeJIeCKOII 00C/IEIYyIOT BCIO MTOBEPXHOCTD U aTMOChepy 3eMIn B UI€ATbHBIX YCIOBUAX HOTHOTO
BPEMEHN HenpepbhiBHO B Tedenne Gosee 94% mymmpix cytok. JIO mcnonbsys mssectuble snadenus CII obecriednT
JIOJITOBpEMEHHBI MoHUTOpUHr /I3 B clieKTpe ee COOCTBEHHOIO TEILJIOBONO M3JIy4YeHHUsI B jauaraszoHe 4-50 MKM
u ajb0eo BoHia 3eMitn B CIIeKTpe COJIHEYHOrO U3JjIydeHus B aquamna3one 0.2—4 MKM, a TakxKe B moJiocax 8—13 MM
OKH& NPO3PAYHOCTH aTMocdeph! (Uil BBISBIEHUsI U ONEHKN BKJIAJA NMAPHUKOBBIX I'a30B B M3MEHEHHHU KJIMMATA)
n 0.3-3 MM ¢ norpermuocTho ~0.1%. Hanexxnoe nsmepenne n nccie0BaHue paclpee/eHnst SHEPTAN U3y TeHIS
110 TTIOBEPXHOCTHU 3eMJIH, KAK UCXOJAIIETO TOJIBKO OT ocBerneHHoi CoHIeM ee BUIUMOIT 9YaCTH, TaK U OT JTF0O0TO ee
pernona B K- namazone, TpedyioT obecriedeHnsi TEIECKOIOM BBICOKOTO ITPOCTPAHCTBEHHOTO PA3PEIIEHNs TI0 BCe-
MY ITOJIy9aeMOMY M300parKEeHUIO IMTOJTHOIO JIMCKa 3eMJid. TaKyr BO3MOXKHOCTH Ha IoBepxHOCTH JIyHBI obecrieunT
HAIIPABJIEHHBIN Ha 3eMJII0 BHEOCEBOI Tpex3epKaJIbHBIH ClerualibHblil onTudeckuii Tejeckorn-pobor COTP-300K
¢ paboumm moJieM 3peHus aumamMeTpoM ~132’) onrmueckasa cxema KoToporo mnpezacrasiena va puc. 1. COTP-300K
OymeT cHAOXKEH PErnCTPUPYIONIUM SHEPTHUIO IOTOKA M3JIy Y€HUST MATPUIHBIM MUKPOOOJIOMETPUIECKIUM TPUEMHIKOM
uzsydenus (~2048x2048 nukc), OXBaTHIBAIOIIUM MU300pPaXKEeHUEe BCEro JIUCKa 3eMJIH, JIUHAMUIECKUM JIUAIIA30HOM
JeThIpe HMOPsIIKa, Iy BCTBUTEIbHBIE 3JIEMEHTHI KOTOPOT'O IIOKPBITHI 30JI0TO YepHBI0. VI cIioib3yeMast MaTpHIla OYEHb
JINHEWHA B JIMHAMUYECKOM Jiana3oHe criekrpa /(3 u 6yer umersh cTabuIbHYI0 BO BpeMeHH pabodyIo TeMIepary-
Py, 9TO 0DECIIEYUT ¢ UCIIOJIb30BAaHUEM CUCTEMY PA3JIMYHBIX (PUJIBTPOB MHTErPAJIbHBIE U3MEPEHUS SHEPIUHU IIOCTYIIa-
FOIIETO TTOTOKA M3JIyYeHUs, UCXOMAIIEr0 OT 3eMJIH, IOCIeI0BATEIFHO BO BCeM pabodYeM CIIEKTPAIbHOM JTHAIA30HE
mymH BoH 0.2-50 MKM W B OTIEJBHBIX €r0 IMHUPOKUX U y3KuX moJsocax. Mukpobosomerpudeckoil MaTpurieii te-
JIECKOIIA, B 9aCTHOCTH, Oy/IyT U3MepeHbl HHTerpasbHbiil (0T BuauMoil ocemensol CosHileM dacTu 3eMin) mMoToK
¢ GOJIBINOI TOYHOCTHIO (HHTETPUPYS 110 BCEM OCBEIIEHHBIM MHUKCEIsM MATPHIBI) U, MIPAKTUIECKH OJHOBPEMEHHO,
JeTajibHOe M300parkeHre 10 BCeil MOBEPXHOCTHU. llepesl MATPUUYHBIM IPUEMHUKOM U3JIyYeHHs YCTAHABJIMBAIOTCS
12 cmenHBIX DUIBTPOB, IPOILYCKAIOIINX TO0YEPETHO B 3TUX 3aAHHBIX CIIEKTPAIbHBIX HHTEPBAJIAX ITOCTYIAIONIEEe
n3inyuenne B KB-mumanasone 0.2-4 mxm n UK-gmamazome 8-13 MM, a Takke B 10 OTIEIBHBIX Y3KHX IOJIOCAX
muranazona 0.3-3 mxm. MukpobosiomeTpraeckasi MATPHUIA BMECTO OOBIYTHOTO MHTEIPAJIHLHOTO OOIOMETPA BIEPBBIE
UCIIOJIB3YEeTCsI JJIsl TOTO, YTOOBI U3MEPEHMST IIPOU3BOIUTH HANHO0JIee TOYHO U C BBICOKMM IIPOCTPAHCTBEHHBIM pa3pe-
IIIEHIEM T10 KazKJIOMY JIOKAJIbHOMY yYACTKY JUCKa 3eMJIM, UYTO IO3BOJIUT TaKKe BIIEPBbIe U3MEPUTH PaCIIpe e/ IeHUsT
MOIIIHOCTHY [TOTOKOB SHEPTUN M3JIyI€HUH IO BCEM IMAPOTAM U UCCIEIOBATDH JUHAMUKYI M3MEHEHUsT COOTHOITIEHUS 10~
TOKOB 9HEPIUU U3JIy9IEHUIT MEXK Iy HU3KUMU U BBICOKMMU MIAPOTAME — BayKHEHIIIEro KJIMMaTOO0Pa3yIoIero mpo-

3epkano 1
@D287MM

BxogHol spaqok
@230Mm

3epkano 3
D367MM

3epkano 2
@173MM

MnockocTb
n306paxeHns
32ZMM*32MM

Puc. 1: Onrugeckas cxema COTP-300K ¢ mporuBo3acBeTouHbIMEU OJieHIaMU. 1 paccupyrorcs 4 mydka Jiydeii, co-
OTBETCTBYIOIIUE KPAHUM TOUKAM HA M300PaKEHUN, 3aTOTHSIIONTNE BXOIHOM 3patoK TeJIECKOIIA.
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1mecca, a TakKe Hambojee TOYHO M3MEPHATH MOIHOCTh M3J/Iy9eHUsl, UCXOMLAIIEro TOJBKO OT ocBerieHHol CoJtHieM
yacTu 3eMJId, TaK KaK MMEHHO 3Ta BeJIUYNHA [TO3BOJIAT OIPE/IE/IsITh HaJleXKHbIe 3HAUEHHsI ee aibbe0 Bora.
COTP-300K cHab:keH CMEHHBIM MATOBBIM CTEKJIOM, YCTaHABJIMBAEMBIM Ha €r0 BXOJHOM 3padKe B IIEPUOJL
OJTHOM (pa3bl 3eMJin BO BPEMs IIPOBEJIEHUS] €XKEMECITHOIO0 KOHTPOJISI CTAOUJILHOCTU YYBCTBUTEIBHOCTH MUKPO-
00JIOMETPUIECKOIO MATPUIHOTO MMPUEMHUKA U3JIy9YeHUsI 110 PABHOMEDHOMY YPOBHIO OCBEIEHHOCTH B (DOKATBHOM
IUIOCKOCTH TEJIECKOIIa; & TAK2KE IT0 MOIHOCTU U3JIyYeHUs CTAHIAPTHBIX 3B€3], HAOIIOJAeMbIX HA JOCTATOYHOM yT-
JIOBOM V/IaJIEHUU OT HAlpaBjieHHus K 3emjie. B pesysbrare Jitoboe M3MeHeHne 3JIEKTPUYIECKOI0 CUTHAJIA Ha BBIXOJIE
KaXKJIOTO MMUKCeJIa MUKPOOOIOMETPUIECKON MATPUIIHI OYIET aBTOMATHIECKN YITEHO BBEJICHNEM COOTBETCTBYIOIIEH
nonpaBku. Ha puc. 2 mpejcrasiens rabapurabie pasmepbl COTP-300K B mpo/iosibHOM pa3pese ¢ OTKUHYTHIM
MaTOBBIM CTEKJIOM, & Ha puc. 3 — ero obmuit Bum, rae 1 — repmerndnast Tpyba; 2 — l-e BOrHyTOe 3€pKaJo;
3 — 2-e BhImyKJIO€ 3epKaJjio; 4 — 3-e BoruyToe 3epkajo; b — DIIY; 6 — BxoaHOi 3padyok ¢ muamerpom D; 7 —
MIPOTUBO3ACBETOYHBIE OJICHIBI; 8 — BBIABUXKHON KO3BIPEK; 9 — MEXaHU3M [E€PEMEINEHNs BBIIBU2KHOTO KO3BIPbKa
¢ npuBogoM 10; 11 — maToBoe cTeKJI0; 12 — IMapHup ¢ IPUBOIOM; 13 — mbLIe3alnTHas Jalia; 14 — HelmoIBuKHOe
OCHOBaHWE MOHTUPOBKHU; 15 — Bpamatomniascsa U-obpa3Has BepXHss 9aCTh MOHTHPOBKU 14 0 a3UMyTy BOKPYT
BEPTHUKAJbHON ocy; 16 — cpencTBa MOBOPOTa BEPXHEH YaCTH MOHTHUPOBKH 1O a3UMYTY; 17 — cpesicTBa MOBOPOTA
TPyOBI IO BBICOTE BOKPYT FOPU30HTAIBHOM ocHu; 18 — OMOpHBIE HOTHM YAIMU BBICOTOI 1O BepTHKaju mopsaka 300
mm; 19 — nosepxuocts JIyubl. 3amura (crpaxoska) ontudeckux ssemenToB COTP-300K B nounoe Bpems oT omryc-
KAIOIUXCs BEPTUKAJIHHO U3 BEPXHUX CJI0EB K30C(Ephl BeCbMa PEJIKUX YACTHUIL JYHHOH MbLIN ODECIEYTNBACTCS
BBIJIBMKHBIM KO3BIPHKOM, CHAOXKEHHBIM MEXaHU3MOM BO3BPATHO-TIOCTYHATEILHOTO IIEPEMEIICHUsI, Pa3MeIaeMbIM
HAaPAJUIENIbHO ONTUIECKOH 0CH HaJl BXOAHBIM 3padkoM (mareHT PO Ne 155044). Cucrema KoHTpPOJIst hoTOMETpHIe-
ckux xapakrepuctuk COTP-300K momosuauTensHO 06ecieanT KOHTPOJIb UX COCTOSHUS HE3ABUCUMO OT BO3MOYKHOTO
MIPOHUKHOBEHUS BECHhMa PEIKUX YACTHUIL JIYHHOH mbutn. [Ipyn TpaHCmOpTHPOBKE KO3BIPEK 33ABUTAETCS B MPEIEIIbI
Kopiryca TpyOBbI, JI0OBeJlsl €ro IPOoJibHbIe TabapuThl 10 6e3k03bIpbKOBOTO cocrostHus. COTP-300K s 3amurs
€ro 3epKaJi OT MPUIIOBEPXHOCTHBIX YaCTHI] 3aPSIKEHHON JIYHHOH MBI yCTAHABINBAETCSA B MEHTPAIBLHON 30HE Ya-
11U, BBINOJIHEHHOW B BHJIE TIEPEBEPHYTOTO YCEUEHHOTO KoHyca (puc. 2-3). B ropu3oHTAIBLHOM TI0JIOXKEHUN TPYObI
HIZKHAN Kpail BXOJHOTO 3PAYKa TEJECKOIa HAXOMUTCS BBINTE BEPXHETO YPOBHS JAIlld, & TOPIILI TPYOb 0€3 KO3bIPh-
Ka B BEPTUKAJHHON MPOEKIINN HE JOCTUTAIOT BEPXHEW BHYTPEHHEN MOBEPXHOCTH KOHYCA YaIld. Jarra BHITOJTHEHA
C OMOPHBIMY HOTAMH U BO3MOYKHOCTBHIO PACIIOJIOXKEHNUSI €€ HAJl POBHOI IJIOMIAIKOM TOBEPXHOCTH TAK, 9TO €€ BepX-
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Puc. 2: IIpogosbneiii paspes COTP-300K ¢ OTKMHYTBIM MaTOBBIM CTEKJIOM B CIIEIIAAJIBLHON MBLIE3AIIUTHON Jalie
7 ero rabapuTHBIE PA3MEPHI.
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Puc. 3: O6muii Bug COTP-300K ¢ OTKMHYTBHIM MaTOBBIM CTEKJIOM B IIBLIE3AIIATHON Yallle B IIPOIOJbHOM pa3pese
(comunesamuTHast 6ieHa He ykazaHa). Onruueckast cucrema COTP-300K pacrosaraercst B HaJIeXKHOM TepMeTHY-

HOM KOpIIycCe.

HUIl ypoBeHb pacroJiokeH Ha BbicoTe 6osee 1000 MM HaJi TOBEPXHOCTBIO. JlJisi 3aIUTBI 3€pKajl TEJIeCKOIa OT
MIPUTIOBEPXHOCTHBIX 3aPSIKEHHBIX YACTUIL JIYHHON [IBLIN BHEITHUE TOBEPXHOCTH YA M BXOHOTO 3PadKa, & TAKIKe
MIOBEPXHOCTh 3€PKAJI MOKPBITH JIEKTPON30IMPOBAHHBIMI JIEKTPOIIPOBOAAIIAMA O0OOJTOIKAME, TTOAKIIOYCHHBIMA
K OJIOKY 3JIEKTPOIMTAHUS, PACIIOJIOKEHHOMY B Uallle, UMEIOIUMHA JIEKTPUIECKUN 3apsi C 3aJaHHON YacTOTOM
CMEHBI MOJIIPHOCTH, B YaCTHOCTH, U B 3aBUCUMOCTHU OT CMeHbI JHsl 1 HouM (naTeHTHl P@ Ne 164303 u Ne 2613048).

Ompenensiembre JIO cpesHeroioBbie BeJnIuHbl ajtbbe10 BoHIa, COOCTBEHHOTO TEIIOBOTO M3JIYyUEHUS 3eM-
g u /I3 6yayT HPAKTUIECKHN HA MOPAI0K TOYHEE MHTErPAIbHBIX M3MEPEHU ITUX IMapaMeTpPOB OPOUTAIHHBIMEI
KA [2]. I'maBrast ocobeHHOCTH paspabaTbiBaeMoil HoBelimeil cucreMsl JIO cOCTOUT TakzKe B CO3JAHUN M UCIIOIB30-
BAHUU BBICOKO(MEKTUBHOTO MYJIBTUKAHAILHOTO THIIEPCIIEKTPOOOIOMETPA C BBICOKAM IIPOCTPAHCTBEHHBIM pa3pe-
IIIEHNEM II0 JIUCKY 3eMJIM B Ka4eCTBEe OCHOBHOI'O U3MEPHUTEIBHOIO ITpUOOpa B3aMeH TPaIUIIMOHHBIM UHTErPaIbHBIM
paguomerpam. Ob1mast KoHGUrypalys HayIHON [MOJIe3H0I Harpy3ku: Macca oiaHoro kKomiiekca HA COTP-300K ¢
00JIeryeHHBIMY 3epKaJjlaMy B 3alllUTHOM Jalie 6e3 COJIHEUHBIX Darapeil, aKKyMyJIsITOPOB U JBUTATEJENH MSTKOM 110-
cagkn — Mmeree 100 KT, a ero rabaputsl — Mernee 1500x 1500x 1500 MM>; TpebyeMas 3MeKTpIIecKas MOITHOCTD —
menee 100 Br. Ilpwem m nepemada maydHOil u CiIyKeOHONU HHMOPMAINKA C KAXKJIOTO TEJIECKONA OCYIIECTBIISIETCS
B JsiynHoe jHepHOoe BpeMmsi. COTP-300K ycranaBimBaercsi B IeHTpaJIbHOI 30HE CIIENNajbHO 000PYIOBAHHOM IIbI-
Jle3aluTHOH 4amu Ha BbicoTe Gostee 1000 MM Hax noepxHocTbIO (puc. 3). CHenuasbHas NBIIE3AMIUTHAS TAINA
COTP-300K 6yner mpucrocobiieHa Kak 0CaI09HbII MOJLYJIb C JIBUTATEISIMU MSTKO ITOCAJIKHU JjIs yCTAHOBKU TeJjIe-
CKOITa Ha TPedyeMOM yJacCTKe JIyHHOI ITOBEPXHOCTU. ByIeT ncnoib30BaH yCIeITHbIi OnbIT yecTaHoBKY ete B 2013 1.
AHAJIOTUYIHOIO [0 BCEM TeXHUYeCKuM napamerpam kuraiickoro Lunar-based Ultraviolet Telescope (LUT) 6e3 no-
cazounoro anmapara u 6e3 nmomommu kocMonasTos [14]. Kommieke COTP-300K nmonnocThio aBroMaTu3npoBaH, He
TpebyeT ydacTusi KOCMOHaBTOB B €0 yCTAHOBKE Ha IOBEPXHOCTH JIyHBI, HACTpOiKu u obciykuBanusi. CiexxeHne
3a 3eMmiieil TesIecKooM OyJIeT OCYIIECTBISATHCS HE HEIPEPBIBHO, a CTYIEHYATO C MHTEPBAJOM dYepe3 KarKjble 6—
16 gac, a ee n300pazkeHme Beeraa OyIeT HECKOJIBKO MEHbBIIEe pa3Mepa IIOMAIKN (pOTOIYBCTBUTEIbHBIX JIEMEHTOB
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Puc. 4: O6uwmii Buyg komiwiekca COTP-300K na nosepxnoctu Jlynsl (cosnednbie GaTapen, JBUraTesud MATKOM
HOCAIKA ¥ COJTHIE3AIUTHAS OJIEH A HE YKA3aHbI).

npueMHUKa u3aydenusi. Ha puc. 4 npencrasien obmmit Buy kommiekca COTP-300K na mosepxuoctu JIyuer. Pas-
pabarbiBaemabiit NASA kommoneHT OyayIneil cucreMbl HabJ/rO/IeHus 3a KimMmaroM — obcepBaropus CLARREO
[15, 16] — He npeaHA3HAYEH JJI NPOBEJIEHAS NPEIU3UOHHBIX U3MEPEHW BEJMIUHBI MOJIHBIX SHEPIUH OTPasKeH-
HOTO W PACCESHHOTO IJIAHETOW B KOCMHUYECKOE TMPOCTPAHCTBO BO BCEX HAIPABJIEHUSIX MOCTYIAIONIETO COJTHEIHOIO
U3JIydeHus U COOCTBEHHOrO TEILIOBOTO U3JIyUeHUsT 3eMJIU U, CJEeI0BATEeJLHO, onpeaesienus Bejnaunnl D13 [2].

4.2. Ocnosnoie ueau u 3adayu JIynnot obcepsamopuu

JIO npennasHaveHa Ha PEIIeHUs CJELYONUX BAKHEHIINX HAay YHO-IPUKIAIHBIX npobsem [13]:

e Jlo/ITOBpeMEeHHDBI MOHUTOPHUHT U MCCJIEOBAHIE TIOTOKOB SHEPTHUH OTPAKEHHOTO TLIAHETOW COTHETHOTO U3JTY-
YeHUsT U UCXOJSIIEr0 COOCTBEHHOTO TEIIOBOTO U3JIyU€HUsI B CIIEKTPAJIbHBIX guarna3doHax 0.2-4 m 4-50 MM
COOTBETCTBEHHO HEIIPEPBIBHO B HOUHOE BpeMd B Tedenue 6osee 94% JyHHBIX CyTOK ¢ norpemnoctbio ~0.1 %;

e BrepBble nsyduenne BaKHEHIEro KJIMMATOOOPA3YIOMEro (DU3MIECKOrO MPOIECCa MO JOJTOBPEMEHHOMY MO-
HUTOPHUHTY U3MEHEHHUs pacIIpejleJIeHNs MIOTOKa SHEPIuil M3JIydeHusd II0 IMHUPOTaM U JUHAMHUKNA U3MEHEHUd
COOTHOIIIEHUSI IOTOKOB HEPTUH M3JIyUeHNs MeXKJy HU3KUMU U BBICOKUMHU IIUPOTAMMU;

e Jlo/roBpeMeHHBIN MOHUTOPWHI U3MEHEHUsI HHTEIPAJIBHOIO IIOTOKA COOCTBEHHOI'O TEIJIOBOIO U3/TyYeHUsT 3eM-
Jin B Juana3oHe 8—13 MKM OCHOBHOT'O OKHa IIPO3PAYHOCTU ATMOCHEPHI IjIs UCCJIEIOBAHUS W BBISICHEHUSI
BKJIa/Ia TTAPHUKOBBIX Ta30B B KJINMATUIECKNEe M3MEHEHNS;

e lccienoBanme Bapuanuii aapdbeno Borma mianeTsl n (pU3NIECKUX TapaMeTpPOB aTMOC(EPHI U TOBEPXHOCTH
B 3aBHUCUMOCTH OT IMKamdeckux usmenennii CIT;

e Jlo/roBpeMeHHBII MOHUTOPUHI U H3y4YeHHe abCOJIIOTHON BEJIUYUHBI MHTEIPAJBLHOIO CPEJHEr0I0BOIO JHEp-
reTuIeckoro Jaucbajianca Mexkry 3emJieil 1 KOCMOCOM — HAaKOILIEHHOTO Tellia min ero jgedunura B Okeane
C UCIOJIb30BaHueM u3BecTHbIX 3Hadennii CII, ycranosiienue nx 3aBUCUMOCTH OT IuKJIndeckux sapuanuit CIT,
a TakyKe KJIMMAaTa;

e Ormpenenenne GU3NIECKUX MEXAHU3MOB (DOPMUPOBAHNUS, IPUUNHBI U 3aKOHOMEPHOCTH M3MEHEHUs KIMMAaTa,
HaIpaBJIeHUs U TJIyOUHBI €r0 N3MEHEHUIH;

e Brepenie cosanmne HeocTarolell, KpaiiHe HeOOXOUMOI, HanBayKHeNel (pyHIaMeHTaIbHON 6a3bl BBICOKO-
TOYHBIX JaHHBIX O[3 1 ero cocTaBJIAIONINX;

e JlosroBpeMeHHbI MOHUTOPUHT W MCCJIETOBAHIE O0JIATHOTO U CHEXKHO-JIEISTHOTO TOKPOBOB, PACTUTEILHOCTH,
KOHITEHTPAITIH a3po30Jieit U 030Ha, M JIp. B KaXKJOM DETHMOHE W IO BCell IIaHeTe MO MOHATOPHHTY B 10
OTJIEJIBHBIX Y3KUX ToJIocax jmana3ona 0.3-3 MKM;

e HemnpepoiBHblil 0630p Bcero HebHa 10 KOOPANHATHO-(POTOMETPHIECKOMY MOHUTOPHUHIY U UCCJIEIOBAHIIO COJIN-
KAIOIMMXCS ¢ 3eMJIeil acCTepOuJIOB U KOMET, OCODEHHO JieTsaux co croporbl CoJIHIA, a TaKKe IK3O0IJIaHeT,
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CBEPXHOBBIX U HOBBIX 3BE3[ B CBOOOHOE OT HAOJIIOIeHNIT 3eMJIN THEBHOE BPEMS [TOCJIEI0BATEILHO CHCTEMOM
JBYX TEJIECKOIIOB B juana3oHe 0.2—-2 MKM.

KoMIutekcHble U3MEPEHMs 110 BCEMY JIMCKY 3€MJIM OCYIIECTBJIAIOTCSA BO BCEM pabOUYEM CIIEKTPAJIbHOM JIUAIIa-
30He jyH BOJIH 0.2-50 MKM 1 B 3aIaHHBIX €ro JIBYX HIMPOKKUX U JIECSTH y3KuX uHTepBaiax kaxoro COTP-300K.
[IepBbIM KaHAJIOM OJHOBPEMEHHO PETHCTPUPYETCS IMOJHAsS dHeprus mdiaydenns 3emum B KB- u JIB-nmanazonax
criekTpa. Bo Bropom KanaJse mjis BbljieseHnst SHeprun ndiaydenns B KB-1manazone crekTpa uCmoap3yercs COOTBET-
cTByIOmui GUIbLTP, & UMEHHO IIJIOCKOIapaJebHas maacTuna nu3 kpapia-UV, KOTOpshIil, mMest KPACHYIO TPAHUILY
TIOJIOCHI TIPOITYCKaHUs Ha JIIMHE BOJIHBI 4 MKM, oTcekaeT usnydenne JIB-nuamazona ciekrpa. IloTok sueprun cob-
CTBEHHOTO TEILJIOBOTO U3JIYUEHUS B CIIEKTPAJIbLHOM juara3oHe 4—50 MKM Oy/IeT OIpe/ie/ieH MyTeM BhIUUTAHUST U3Me-
peHHoilt sHeprun ussydenns B KB-nuamnazone (Bropoit KaHas) 0T M3MEPEHHO SHePIUu MOJHOTO U3JLY YeHUS 3eMJIH
(nepsbiii kKanau). Tperuil Kanas ¢ GUIABTPOM, IPOILYCKAIONIUM U3JIyYeHUue B Auana3one 8—13 MKM, perucTpupyer
W3JIyIaeMyI0 SHEPTHUIO B IIPEJEIaX OCHOBHOTO OKHa Ipo3padHoctu armocdepsl. Habmonenus 3emuin B obsactu
TEPMUHATOPA HE MPOBOJIATCS, 8 BXOJIHOW 3PAvOK U T€PMETUIHBIN KOPIYC TEJECKOIIa, TIJIOTHO 3aKPbIBAETCS TepMe-
TUYHON KPBIIIKO, KOTOpasi OTKPBIBAETCsI TOJIBKO BO BpeMsi HabJtoieHnil. B Teuenue He 6oJstee 18 1 710 HACTYILIEHNST
u He Gostee 24 | 10CIe HACTYIUICHUS TIOJHOJIYHUS TEIeCKOIbI-0IM3HEIbI CTAHOBATCS HepaboToCHOCOOHbIMH (B IIe-
PHO/I, KOIJIa BUJIHA TOJLKO HOYHAs M OKOJIO HOUHAS CTOPOHA 3€MJIN) U3-3a UX OCBEIIECHHs COJHEIHBIM U3JIy 9eHUEM
7 Harpepa, a TaKyKe BBICOKOTO TeMIlepaTypHoro (GoHa BOKpYr HuX. Takoii, menee 6%, nepepbiB B HAOIIONEHUSX
SemJi BO3SMOXKEH TOJILKO B Te4eHMe He boJiee 42 1 3a BeCh IIPOMEXKYTOK BPEMEHU MEXKJLY JIBYMsI TIOCJIEI0BATE IbHbI-
MM TIOJTHOJTYHUSIMU 33 JIYHHBIE CYTKU, KOTJIa OTPaKEHHOE U PACCESIHHOE TLIAHETOH COTHETHOE U3JIyUeHUE B TIEPUOT
BUJIMMOCTY HOYHOI M OKOJIO HOYHOI CTOPOHBI 3€MJIM UMEET HUYTOXKHO MaJiyio J0Jit0 3Hepruu. OHa MOXKET OBITh
HAJIEXKHO OIPE/IEIEHA TOCPEICTBOM WHTEPIIOJSIIUN U He BHECET MPAKTUIECKH HUKAKOTO BJIUSHUS B TOYHOCTH W3-
MEpPEHHH U MOCIEAYIONEro Opeae/eHnsa 3HadeHnit arpden0 Bomma u cobCTBEHHOTO TEIIOBOTO U3y YeHUsT 3EMIIN.
Ob6mmwmit Bugx pasoBoit dpyHkuu 3emin BOmM3U ToukM ¢ = +180° BHOCHT MUHMMAJIbHBIN BKJIaJ B (pa30BbIil WH-
TerpaJi, T03TOMY HEBO3MOXKHOCTL ITPOBOIUTH MPsIMble HAOJIOMEHN B JHalla30Hax (Hhas30oBbIX yriioB « oT —170.9°
10 —180° u or +168.8° 10 +180° He BHeceT MpaKTUIECKN HUKAKOH omuOku. Ecim Ha 3TOM ydacTKe KpuBoil da-
30BO# DYHKITUH IIyTEM WHTEPIIOIAINN IPOJOJKATE JUHEHHO cragatomnieil B Hotb npu « = £180°, aTo mpuBemer
K OTJIMYHUIO OT MHTErpasia ucxoanoil dbyuknun meree gem Ha 0.001%, 94T0 3HAMUTENIHHO MEHBINE MPEIIOIAraeMON
TOYHOCTU W3MEPEHUl, CJIeJOBATEIHHO, ITOH OIMMMOKONI MOXKHO IpeHeOpeds mosHOCThio. Tomabko JIO, cocrosimas
u3 cucreMmbl JiByX OsmsHerop COTP-300K Ha yKasaHHBIX IIPOTHBOIIOJIOXKHBIX KpasiX BHJMMON 1moBepxHOCTH JIy-
HbI, pabOTaIOIUX TI0C/IeI0BATEILHO TOIBKO B JIyHHOE HOYHOE BpPeMsl HEIIPEPBIBHO B TedeHue Oosee 94% Bpemenn
JIYVHHBIX CyTOK B MECTaX WX YCTAHOBKU B ABTOMATHYIECKOM DPEXKHME€ KAaK €IMHBIN TEJECKOI, MO3BOJIAT IOJIyIaTh
KOMILIIEKC HAnbO0JIe€ TOYHBIX IJI00ATBHBIX KINMATHIECKUX TAPAMETPOB. DTO IMO3BOJIUT HANOOJI€E HAMIEZKHO OIIpee-
JIATH BEJIMYIUHBI CPETHEr010BOr0 /13 B 910Xy aKTHBHOTO CIIAJa U TPSIYIIEro HACTYILUIEHNs TIyOOKOTO MUHUMYMAa
CII. JIO B Teuenue 3HauuTebHO OoJiee 15 JjrleT obecreynT BarXKHENIIUMK HEJOCTAOIUMEI, KpaiiHe HeOOXOIUMbBIMU
HaJIe’KHLIMHU OJHOPOIHBIMY IJI06aJIbHBIMI KJIMMATHYECKIMA JAaHHBIME € TIorpemnHocThio ~0.1%, KoTopble He MOTyT
OBITH OJIYIeHbl HUKAKUME JIPYTUMH KOCMUYECKUMU MeTOJ[aMU X u3MepeHuit [2, 13].

4.8. Monumopune pusuveckur u onmudeckus Tapaxmepucmur 3emmots ammochepol
U NOBEPTHOCTNU

JlosroBpeMeHHbIE M3MEHEHNUsI ILJIOMAIeil 00JIATHOIO U CHEXKHO-JIE/ISTHOTO TIOKPOBOB, PACTUTEILHOCTH, KOHIIEHTPA~
Wit a’dpo30Jieil U 030HA, & TAKXKEe APYIUX (DU3NIECKUX W ONTUIECKUX XAPAKTEPUCTUK aTMOCKEphl U IIOBEPXHO-
ctu 3eMyin BeCbMa BAXKHBI [IJIsl BBISIBJIEHWsI TEHICHIWIT B TJIOOAJIBHBIX M3MEHEHHUSAX NPUPOIBI, aabbeno Bonaa
u Kjaumata. [losroMy jijist JIOKaJIbHOTO U TVIO6AJIBHOIO JIMCTAHIIMOHHOTO 30HIMPOBAHUsT 3eMJIU C TOBEPXHOCTH JIy-
HbI B (hokasbHON 1mockocTH Teseckorna-pobora COTP-300K jonomHuTeIbHO yCTaAHABINBAIOTCS MOCIEI0BATEIHHO
BBO/IUMble 10 MHTEP(EPEHIINOHHBIX (DUIBTPOB C Pa3IUYHBIMU U30JIMPOBAHHBIMU Y3KHMH II0JIOCAME IIPOITYCKa-
HUS B CHEKTpaJbHOM muana3one mmH BoJH (.3-3 mMrMm. [losyuaemble B TedeHME CYTOK B 9THX CIEKTPAIbHBIX
HHTepBajax u300paxkeHus ocseinenHoil u meocsemennoii (B UK-nuanazone) CouHnem dacreil IIaHETHI, HAPS-
JIy € napaJuleJIbHBIMA U3MEPEHUIMU YJIeJIbHBIX MOIIHOCTEH OTPAa*KEHHOI'O U PACCESTHHOIO COJTHEYHOI'O U3JIyYeHUs
U CODCTBEHHOT'O TEIJIOBOTO M3JIyYEHUsI 3eMJIH, [TO3BOJIAT OCYIIECTBUTDH JETAJbHBII MOHUTOPUHI COCTOSIHHS 3€M-
HOW ITOBEPXHOCTH, 0OJIATHOCTH, PACTUTEIBHOCTH, KPUOCHEPHI, KOHIIEHTPAIINN a3p0o30Jieil 1 030Ha BO BCEll IIJIaHETE.
Takoit MOHUTOPHHT C TIOMOIIIBIO Y3KOIIOJIOCHOTO MyJIbTUKAHAJIHHOTO criekTpobosomerpa COTP-300K mozBouT m10-
MIOJTHUTEJIHbHO UCCIIEI0OBATH KPATKOCPOYHBIE U JOJITOBPEMEHHBIE BAPUAIINN COCTOSTHUST TIOBEPXHOCTH U aTMOChEPHI
KaK BCEro 3eMHOTO IIapa, TAK U BCEX OT/IEIbHBIX PETHOHOB, & TAKXKE UX 3aBUCHUMOCTH OT COBOKYITHOT'O BO3IE€HCTBUS
KBa3uIBYXBEKOBOro U 11-ymerHux mukymdeckux uamenenuit CII. JIpyrumu akTyaibHBIMU HaIpaBIeHUSMEH B 00Jia-
CTH KJIUMATHIECKUX UCCJIeIOBAHUI SIBJISTFOTCS AHAJIN3 U OIIPEIe/IEHUE BJIUSHUS HA KJINMAT 3eMJIH JIOTI0JHUTEbHBIX
BBIOPOCOB U 3arpssHeHus aTMocdepbl, BbI3BAHHBIX UCIOJIb30BAHUEM paHee 3alaceHHoll snepruu (yrosb, nedTb,
Topd). YpOBeHb KOHIEHTPAIUY IIADHUKOBBIX Ta30B (IJIABHBIM 00PA30M BOSAHOTO MAPa U YIJIEKHUCJIOrO Ia3a) B aT-
Mocdepe OIpeesisseT MPOIYCKAHNEe TEIJIOBOr0 U3J/Iy9eHNsT 3eMHOI TIOBEPXHOCTH B KOCMOC Y€Pe3 OKHA ITPO3PATHO-
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CTH, IOCKOJIbKY C yBEJIUYIEHNEeM TJI00aTbHOI KOHIIEHTPAIINN TAPHUKOBBIX Ta30B MPOITyCKaHNE AaTMOCHEPHI B KOCMOC
yMmenbInaercs. Hanbosiee 3Ha4mMoe OKHO TTPO3PATHOCTH 3€MHOIT aTMOC(hEPBI COOTBETCTBYET CIIEKTPAJILHOMY JHa-
ma3ony 8—13 mxwMm. [losTomy 1t mccae0BaHUS JIOJTOBPEMEHHOTO U3MEHEHUS BKJIA A JTOJU TEILIOBOTO U3y YCHUsT
3eMHOM TTOBEPXHOCTHU, YXOJIANIEr0 HEITOCPEICTBEHHO Yepe3 JJAHHOE OKHO ITPO3PATHOCTHA aTMOChEpPhl B KOCMUYECKOE
MIPOCTPAHCTBO 0€3 MPOMEXKYTOYHOT'O MOTJIONIEHUs] ¥ IIOBTOPHOTO IIEPEN3JTyIeHNs, B 00IIee CyMMapHOe U3JTyIeHIe
Semin B JaHHOM Auaral3oHe ayiuH BoJiH B JIO mpeaycmoTpen crienmasibubiit UK-KaHasr 11 MOHUTOPHUHTA, YA IbHOM
MOITTHOCTUA CyMMAapPHOTO COOCTBEHHOT'O TEIJIOBOTO M3JIyU€HNUs IJIAHETHI B OKHE IMPO3PATHOCTU aTMOC(EPhI B JTUIA~
zone 8-13 MrM [2, 13]. Urak, mranupyembiii B JIO MOHUTOPUHT Bapuanuii SHEPIUU B CHEKTPAIHHOM JIMATIA30HE
OCHOBHOT'O OKHA& ITPO3PATHOCTU ATMOCHEPHI MO3BOJUT PETUCTPUPOBATHL U KOHTPOJUPOBATH BPEMEHHOE M3MEHEHNE
MIPOIyCKaHUS ATMOCHEPON TEIIOBOTO M3JIyI€HUs MOBEPXHOCTU B KOCMOC, 8 TAKXKE€ BBISBUTH U OIIPEJIEISITH OTHO-
CUTEJIbHBIM BKJIA]] BADUAINN KOHIIEHTPAIINY TAPDHUKOBBIX Ta30B B aTMOC]Epe B KINMATHIECKUAE M3MEHEHNUS.

4.4. Koopdurnammo-gpomomempuveckuts MOHUMOPUHZ U UCCACIO8AHUE GCMEPOUIOS U KOMEM,
coOAUACAIOWUTCA ¢ Bemaetl, a mardice IK30NAGHEM, CEEPTHOGHLL U HOBLIT 36€30

Commxkaromuecst ¢ 3eMyeil MOTEHITNAIBLHO OMMACHBIE aCTEPONIBI M KOMETHI, OCOOEHHO JIETAIINE K 3eMJIe CO CTOPOHDI
CoJiHIa, TPeICTaB/ISAI0T HAMOOJIBIILYI0 OIACHOCTD, ITOCKOJIBKY UX OOJIbINEe, YeM KPYIHBIX TEJI, U MOSBJISIOTCS OHU
HEOXKUJIAHHO. IOy siiss acTeponI0B U KOMET, IPUXOJISIINX C JHEBHONO Heba, CTOJIb XKe BeJIMKa, KAK U TeX TeJl,
KOTOpBIE MIPUXOJAT ¢ HOYHOro Heba. OJIHAKO IM0Ka HET TEXHUYIECKUX CPEJICTB JIJIsi MACCOBOTO OOHAPYIKEHUST TAKUX
00'BEKTOB, IOCKOJIBKY C MOBEPXHOCTH 3€MJIM OHHM HE MOTYT OBITH OOHADY?KEHBI B IHEBHOE BpeMs. [loaToMy oHE TTOKa
OCTAIOTCs CAMBIMY HEM3YI€HHBIMU HEOECHBIMU TeJIAMU U UMEHHO OHU IPEICTABJISIOT HAMOOJIBIIYIO OACHOCTD. de-
JISOMHCKWI METEOPUT OTHOCHUJICS K TOM YACTH MOITYJISAIINNA OKOJIO3EMHBIX aCTEPOUIOB, KOTOPBIE NBUKYTCA K 3eMJIe
co cropoubl Cosarfa. Cucrema JIByX TeJIECKOTOB-OJN3HEIIOB, PACIOIOKEHHBIX Ha SKBAaTOpe JIyHBI, B cCBOOOIHOE OT
HabJIIo/IeHnit 3eMJIM JTHEBHOE BpeMsl, CMeHslsl JIpyT JIpyTra, BO BceM pabodeM IoJie 3peHust quamerpom 132 mocie-
JIOBaTEbHO OYIyT BECTU HEIPEPBIBHBIN 0030p BCero HebOa MO KOOPINHATHO-(DOTOMETPUIECKOMY MOHUTOPHUHIY W
WCCJIEIOBAHUIO TOTEHITNAJIBHO OMIACHBIX ACTEPOUIOB U KOMET, COTMKAIONTUXCS ¢ 3eMJIeil, 1 9K30ILIAHET, IPUTOTHBIX
IS )KU3HU, & TaKyKe CBEPXHOBBIX U HOBBIX 3BE€3]] B UYETHIPEX IT0JIOCAX IMUPOKOTO CIEKTPAJLHOTO Auara3oHa (.2-2
MKM. OdeHb MeJjIeHHOe BpaleHue JIyHbI BOKPYT CBOeil OCH 3HAYMTEJBHO IMOBBIIIAET TOYHOCTH O3UIMOHUPOBa-
HUsI C IIOMOIIBIO OIITHYECKOIO TEJIECKOIA U MO3BOJINTh 3HAYUTEIBHO YBEJIMIUTh BPEMs SKCIIO3UIUN U KOJIMIECTBO
UCIOIB3yeMbIX 3Be31. [Ipu ocymecTsiieHnn 0630pa Bcero Heba B JIyHHOE JTHEBHOE BPEMST TEJIECKOIIBI-POOOTHI J0IIOJI-
HUTEJIBHO OYIYT UMETh aBTOMATUYIECKYIO CUCTEMY TOYHOTO CJIEXKEHUS C YyIeTOM BPAIIEHUs MOJIsd 3PEHUs U OJICHITY
U3 JBYX [OJOBUHOK IUJIMHIPA JJIsl 3aIIUTHL O0bEKTHBA TEJIECKOIIA OT COJIHEYHOrO U 3eMHOI0 u3Jrydenuii (Ha yaase-
Huu Gostee 15° ot Hanpasienust K CosHity (3emiie)), OTKUIBIBAIOIIIXCS 110 TOPU30HTAIBHBIM GOKaM BJI0JIb KOPITyca
TPyOBI IPH TPAHCIIOPTUPOBKE, & TaKKe Oy/yT UCHOIb30BATh CMeHHYIO (eauHy0 nin Mosandnyo) [13C maTpuiy
(~ 8000 x 8000 mukc). IosmHbiit KT 0630pa Beero Heba cucremoii Teeckonos-6msneros COTP-300K ¢ skcro-
sunmeit 0kosio 30 ¢ MOXKHO OCYIIECTBUTH IIPU HEIpePhIBHOM HaOsofaeHun 3a He Oosee 100 1. OrmenbHbIN 0030D
IUIOIIAIKY 3Be31HOTO Heba BoKpyT CoutHiia OyaeT ocyInecTBasaThes ¢ mepuoaoM B 10 pa3 menbire. Takum obpaszowm,
testeckoribl-poborer COTP-300K JIO moryt obHapyuBarh Teaa guamerpoM 6ostee 10 MeTPOB, MPEICTABIISIONIIE
HaMOOJIBINUI MHTEPEC C TOYKHU 3PEHHs] acTepoMIHO-KoMeTHOI onacHoctu. Tejeckomsr JIO, 3xkpaHupyst momaja-
HUE COJIHEYHOI'O M3JIydYeHWs Ha BXOJHON 3PadvoK TeJiecKomna OJIeHI0M, MOryT OOHAPYXKUBATH TaKXKe W JIeTsIIne K
Semite co croponbl CoIHITA aCTEPOUIBI U KOMETHI, BHECH OYEHDb CYIIECTBEHHBIN BKJIA B IJIAHETADHYIO 3aIUTY.
JIO cramer npodeccrnonaabHo 00630pHBIM « KocMudaecknM maTpyaeMs M0 paHHeMY OOHAPYKEHHUIO COMMKAIONTNXCS
¢ Semuteil acTeponI0B U KOMeT. 1IpOBOMMMBIi HEIPEPBIBHBII 0030p BCero Heba TaKKe MO3BOJIUT OTHOBPEMEHHO
BECTH HEIPEPBIBHBIN ITOUCK U MCCJIEIOBAHUE SK3OIJIAHET, IIPUTOHBIX JIJIsl YKU3HHU, & TaKyKe CBEPXHOBBIX U HOBBIX
3Be3I.

5. 3akiarodyeHue

CucremMa U3 JBYX TEJIECKOIOB-pPOOOTOB-6JIM3HEIOB OyIeT 110C/Ie/I0BaTE/bHO IPOBOAUTL 0030p YXOMAIIEHl B KOCMOC
SHEPIUii CO BCeil 3eMHOIT MOBEPXHOCTH W aTMOChEpPhI MPAKTUIECKN BO BCeX (PA30BBIX YIVIaX HEMPEPHLIBHO B TeUe-
Hue G6osee 94% BpeMeHN JIyHHBIX CYTOK TOJIBKO B JIyHHOE HOYHOE BpeMd. JloIroBeYHOCTD JIyHHON IIIaT(dOPMEL, ee
Hem3MeHHas TeMIepaTypHas cTabmibHocTh okoio 100 K B HOUHOE BpeMs B MecTaxX yCTAHOBKU TEJIECKOIIOB U OJ1-
HOBPEMEHHBI! 0030p BCEro JUCKa 3eMJIM, U ero IPaKTHYeCKN HelpepbiBHbIe HAOJIIO/IeHUs] pa3pabOTaHHBIM HAMU
cucremoit HA onrudeckux reseckonos-6su3nernioB COTP-300K ¢ nmosepxHocTH JIyHBI IO3BOJISIT IIPOBOIUTH OJIHO-
POJHbBIE N3MepeHnst abCOIOTHBIX CPeIHEero0BbIX 3Hadennii /13 u ero cocrapisrommx ¢ Toanoctbio ~0.1%. Cpen-
HEroJ0BbIe 3HAYUEHN aabben0 Bomma m coOCTBEHHOTO TEITOBOTO M3JIyUeHNs 3€MJIU KaK IJIAHETHI, OIPE/IeICHHBIE
JIO, u Ha ux ocuose (Trounoe suadenue CII Gyzer mosydueno u3s uaMepeHuil Apyrux KOCMUIECKUX IKCIIEPUMEHTOB )
pacder cpeHeroJoBoro 3uadenusi JJ13 OyaeT modTn Ha MOPSJIOK TOYHEE, YeM OIpeesiseMblii JIIOOBIM OpOUTAJIb-
HBIM KOCMHUYECKUM armnaparoM. JIyHHas obcepBaTopus B TeUeHNE 3HAYUTENILHO OoJiee 15 JteT BIepBbIe 00ECTIeTUT
HEJIOCTAIONNME KpafiHe HeoOXOINMBIMU BaKHEHITMMU OTHOPOIHBIMYU BBICOKOTOYHBIMU, HAUOOJIEE JTOCTOBEPHBIMU
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TI00AJIBHBIMU KJIMMATAIeCKUMU JAHHBIMA 00 m3MeHeHnrn abCOIIOTHOM BEJUYINHBI CPEIHETOM0BRIX 3HadeHnit JJ13,
aspbesio BoHma 1 cOGCTBEHHOIO TEIIOBOTO M3JIYYEHUs 3eMJIM U HAKAILINBAEMOI'O €2KEero/iHO n30bITKa Ui Jjiedu-
ruta sHeprun B OkeaHe 6Jarojiapst €ro TepMUYIECKOH HHEPIUH. DTH JAHHBIE 33 IIEPUO/] 3HAUUTEIHHO 60see 15 jeT
[IO3BOJISIT OTKAJIHOPOBATD U OIPEJIEIATH 3aBUCUMOCTD aDCOTIOTHON BEJIMYUHBI CPeiHerooBoro /13 ot nukimde-
ckux Bapuaruit CII, ¥To ciryKuT HaIeKHBIM WHINKATOPOM JIJIsT PEKOHCTPYKINY u3MeHeHuii 9/13 3a Bech mepuop,
ee (CII) BBICOKOTOYHBIX KOCMUYECKUX M3MepeHuii ¢ 1978 1. DTo BUEDBbIE O3BOJUT HAJNEXKHO U JOCTOBEPHO BbI-
SIBUTh U YCTAHOBUTH (PU3MIECKUE MEXaHU3MbI (DOPMUPOBAHUSI, IPUYUHBI U 3aKOHOMEPHOCTH U3MEHEHUI KJIMMaTa
Halel wianeTsl 3a nepuos 6osee wem 70 JeT u pa3zpaboraTh HamboJee HAJIEXKHBIE METO/bI €ro IPOrHO3UPOBA-
Husi. JIlyHHast 06cepBaTOPUS sIBJISIETCS YHUKAJBHBIM [IPOEKTOM U PelllaecMble B Hell BaxKHeliue GyHIaMEeHTAIbHbBIE
HayIHO-TIPUKJIAHBIE TPOOJIEMBI HE MOTYT OBITh BBITIOJHEHBI HIKAKIMHU JPYTUME CPEICTBAMMU, T. €. AJIbT€PHATUB-
HBIX «HEJIYHHBIX» DEIeHniT JAHHON BazKHeleil mpobsieMbl He cytiecTByIOT. Llesn u 3a1a4um, cocTaB HAY THOM T0JTE3-
HOI HATDY3KH, IIyTH U METOIbI peajm3anuu padpaborannoii namu JIyHHOIT 06CepBATOPUU TIETUKOM U TOJTHOCTHIO
I0JIJIep?KaHbl U coryiacoBanbl ¢ ApkruueckuMm u AHTapkruwdeckum HUW Pocruapomera, Aerospace Information
Research Institute of the Chinese Academy of Sciences (CAS), Innovation Academy for Precision Measurement
Science and Technology CAS, International Society for Digital Earth ISC, General National Space Science Center
CAS. Peanuzarmio JIyHHON 06CepBATOPUHU IIAHUPYETCS OCYIIECTBUTH COBMECTHO: HAYIHO-HCCIIETOBATEIHCKAMU
uncturyTamu Poccuiickoit akajgemun nayk, Pocrugpomera u the Chinese Academy of Sciences.

Aprop Gsaromapur A.A. Iapbysst 3a nmpoBesennblit pacder onrudeckoii cucrembl COTP-300K u 3a momornb
B IIOJINOTOBKE PUCYHKOB.
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®depop bpeguxnt n Ob6LWECTBO UTANBSHCKUX CNEKTPOCKOMNNCTOB

Yyanuun U.

Hayuorarvhoti uncmumym acmpogusuku, Ilarepmcras acmponomuneckan obecepsamopus, Ilarepmo, Umarus

B okTsa6pe 1871 1. HECKOIBLKO UTAIBAHCKAX ACTPOHOMOB OCHOBaJIN IiepBoe HaydHoe « OBIIEeCTBO UTAIbAHCKUAX CIIEKTPOCKOIIH-
CTOB», 3aHUMABIIIEECS] IPUMEHEHUEM CIIEKTPOCKONUU B 00j1acTu acTtpoHomuu. OHU JIONOBAPUBAJIMCHE O COBMECTHOM BEJIEHUH
[IPOrpaMMbl CIIEKTPOCKONIMYecKuX Habogennii sumba CosiHiia, 9T00bI OTC/IEKUBATD COJIHEYHYIO AKTUBHOCTH, CDABHUBATH
pPe3yJIbTaThl, HAXOJUTD CBSA3M MEXKY (POTOCHEPHBIME U XPOMOCKHEPHBIMU XaPAKTEPUCTUKAMU ¥ U3ydaTh B3aUMOJIEHCTBHE
Conuana n 3emun. [lo3ke or 3TOi MporpaMMbl, B OCHOBHOM, OTKA3AJIMCh, 8 ODMIECTBO PACIPOCTPAHUIIO CBOM WHTEPECHI HA
MTOIYJISIPU3AIIAIO CIIEKTPOCKOIIMYIECKUX UCCIIENOBAHNIA. «3aIIMCKU OBIIECTBAY CETOJIHST CINTAIOTCS TIEPBBIM aCTPOMPU3NIECKUM
2KYPHAJIOM: Ha €r0 CTPAHUIIAX MBI HAXOAUM COOPHUKHU CTATEH IO ACTPOHOMUYECKOI CIIEKTPOCKOINHN BCEX ITHOHEPOB acTPOdU-
3UKU. «3alUCKU» CTAJIU MEXKIYHAPOIHBIM XKYPHAJIOM, KOTOPBI B 3HAYUTEHLHON CTENEHN MTOCIIOCOOCTBOBAJ IIPEOIOJIEHIIO
TOrO COINPOTUBJIEHUS, C KOTOPBIM acTPOMU3NIeCKre NCCAETOBAHNS BCTPEYAINCH B TPATUIIMOHHOM aCTPOHOMIYIECKOM CO00-
mectBe. @.A. Bpenuxun 6611 wienoM «O0IecTBa CIEKTPOCKOIUCTOB», YTO MOJATBEPK/IAET €ro NPU3HAHNE KaK OJHOrO U3
[EPBBIX aCTPOMU3UKOB, & €r0 UCCJIEJOBAHNS CIUTAJIUCH HOBATOPCKUMU B MEXKLyHApOIHOM KoHTekcTe. OH COCTOsI B 1Iepe-
HCcKe ¢ npe3usieHToM obtectBa [IbeTpo TakkuHM 1 Omy6/IMKOBaJI HEKOTOPBIE U3 CBOUX paboT B «3amuckax». B sToil craTbe
MBI PACCMOTPUM €ro IyOsuKanuu u B 1ejiom BlanMmoornomenus @.A. Bpeauxuna ¢ «OB61ecTBOM CIIEKTPOCKOIIUCTOBY.

Tlocrynuna B pemakiuio 01.08.2021 r. Ilpunsara B mewars 01.10.2021 1.

Keywords: parnas corneunas Guaura, ucmopus acmporomul

Theodor Bredikhin and the Italian Spectroscopic Society
Chinnici 1.

INAF-Osservatorio Astronomico di Palermo, Palermo, Italy

In October 1871, some Italian astronomers established the first scientific society explicitly devoted to the application of
spectroscopy in the astronomical field. They agreed on sharing a programme of spectroscopic observations of the solar limb,
in order to monitor solar activity, compare their results, find connections between the photospheric and chromospheric
features and study Sun-Earth interaction. The programme was later mostly abandoned, but the interests of the Society
were extended to the circulation of the spectroscopic studies. The Memoirs of the Society are today considered the first
astrophysical journal: in its pages, we find collections of articles on astronomical spectroscopy by all pioneers of astrophysics.
They became an international journal that greatly contributed to overcome the resistance that the astrophysical research
met in the traditional astronomical community. Bredikhin was a member of this Society. This means that he was recognized
as an early astrophysicist and his studies were considered innovative in an international context. He was in correspondence
with its President, Pietro Tacchini, and published some of his works in the Memorie. In this paper, we shall examine these
aspects and, in general, Bredikhin’s relationship with the Society.
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1. Introduction

The phenomenon of the light dispersion through a glass prism was well-known in the 17th century and especially
studied by Isaac Newton (1643-1727), who called “spectrum” the colors produced by dispersed light. More than
two hundred years later, in 1802, physicist William Wollaston (1766-1828), for the first time observed a few dark
lines in the solar spectrum, but did not pay attention to this phenomenon, which he simply interpreted as lines of
separation of the different spectrum colors®.

Who first accurately studied the spectral lines was optician Joseph von Fraunhofer (1787-1826). In 1817 he
described the lines observed in the solar spectrum and named the most visible ones with alphabetic letters. He
understood that the dark lines were an intrinsic feature of sunlight but, of course, he lacked a theoretical apparatus
for explaining and interpreting them. This was provided, about forty years later, by Gustav Kirchhoff (1824-1887)
and his collaborators, who formulated the radiation laws; it became clear that the dark lines were absorption lines
revealing the presence of specific chemical elements in the solar atmosphere. Maps of the solar spectrum were
produced in laboratory by Kirchhoff himself and perfectioned by other scientists?.

For the first time, there was an instrument available for knowing the physical nature and the chemical
composition of the celestial bodies: the spectroscope. Until then, astronomy was restricted to determining positions
and orbits, and no additional knowledge was possible on stars, planets, comets and so on. The introduction of

LOn early spectroscopic observations, see [1].
20n early maps of the solar spectrum, see [2].

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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spectroscopy and photography in the astronomical field led to the development of a new astronomy, so-called

astrophysics?.

In the decade 18601870, astronomical spectroscopy provided important scientific results, including spectral
classification of stars, nebulae composition, cometary spectra, and many discoveries regarding solar physics®.
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Figure 1: Cover page of the first volume of the Memorie (1872); courtesy of INAF-Palermo Astronomical Obser-
vatory Library, Historical Section.

2. The Italian Spectroscopic Society

In Italy, some astronomers decided to share a programme of solar spectroscopic observations for monitoring the sun,
trying to find correlations between photospheric (sunspots, faculae) and chromospheric features (prominences).
The idea was first proposed by Jesuit father Angelo Secchi (1818-1878)°, a pioneer of astrophysics, who worked
in Rome at the Collegio Romano Observatory. He started a collaboration with his colleague astronomer Pietro
Tacchini (1838-1905)%, who worked at the Palermo Observatory. Both astronomers possessed almost identical
Merz equatorial telescopes and, in summer 1871, carried out simultaneous spectroscopic observations of solar
prominences and compared their results.

Secchi proposed to Tacchini to invite other Italian astronomers to join them in this kind of observations.
Giuseppe Lorenzoni (1843-1914) from Padua was soon involved in this research programme: his Merz refractor
was smaller than those in Rome and Palermo, so that comparisons could be also made with instruments having
different sizes.

In October 1871 they established the Italian Spectroscopic Society, together with other colleagues from Rome,
and Naples Observatories, namely Lorenzo Respighi (1824-1889) and Arminio Nobile (1838-1897)".

Its scientific programme included: monitoring (and drawing) of solar prominences; morphology of prominences,
sunspots, etc.; spectroscopic studies about their chemical composition; correlation of solar activity with polar
aurorae and geomagnetic perturbations.

30n the origins of astrophysics, see “The New Astronomy” by A. J. Meadows in [3].

40n the development of solar physics, see [4, 5].

50n Secchi’s life and scientific activity, see [6].

60n Pietro Tacchini and his studies, see [7].

"For different reasons, however, Respighi and Nobile never started an effective collaboration with the other members; on the
establishment of Society, see [8].
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Tacchini, President of the Society, was also Editor of the Memorie della Societa degli Spettroscopisti Italiani
(fig. 1), published from 1872, which are today considered the first astrophysical journal. In the incipit of the first
volume we read:

The spectroscope is undoubtedly the only instrument capable to extend our scientific knowledge with
new discoveries about the physical constitution of the Sun.

This statement is a sort of manifesto of the Society and clearly shows its original aim: to improve the knowledge
about the Sun through a programme of spectroscopic observations. The Memorie soon became an appreciated
international journal, awarded at the Universal Exhibition held in Vienna in 1873.

The Society drew the attention of other spectroscopists abroad, who started a correspondence, especially with
its President, Tacchini. He played an important international role in gathering those scientists who shared the
same interests, creating an appropriate community for exchanging the results of their spectroscopic observations
and providing a journal — the Memorie — for the circulation of their works.

3. Bredikhin and the Italian Spectroscopists

Theodor Bredikhin (1831-1904), in Russia, was one of the first foreign members of the Society and one of the
most active. In Rome, there are 11 letters by Bredikhin to Tacchini which are preserved in the archives of the
ex-Collegio Romano Observatory [10] (now a research institution for climatology, see below) and 7 letters in the
archives of the Rome Astronomical Observatory [11], p. 93, 189, 228. A few letters contain drawings or scientific
manuscripts annexed. Moreover, an undated letter (but datable 1876) from Bredikhin to Secchi is preserved in the
archives of the Gregorian University in Rome [12]. Most of the letters by Bredikhin are in Italian, a language that
he knew well. The correspondence was certainly wider but other letters, which are mentioned in these letters or in
some publications, seem to have been definitely lost. Below is the list of Bredikhin’s letters kept in Roman archives
(APUG = Archivio della Pontificia Universita Gregoriana; CREA-CMA = Consiglio per la ricerca in agricoltura
e l'analisi dell’economia agraria — Unita di ricerca per la climatologia e la meteorologia applicate all’agricoltura;
INAF-OAR = Istituto Nazionale di Astrofisica — Osservatorio Astronomico di Roma, located in Monte Porzio
Catone, near Rome; + ms = manuscript annexed; + d = with drawings).

Recipient Place Date Archive
To Tacchini  Moscow 1873, Sept. 6 CREA-CMA
To Tacchini — 1873, Nov. 11 CREA-CMA
To Tacchini — 1873, Dec. 12 INAF-OAR
To Tacchini — 1874, Jan. 18 INAF-OAR
To Tacchini — 1874, Feb. 7 INAF-OAR
To Tacchini — 1874, Jul. 14 4+ d CREA-CMA
To Tacchini — 1874, Jul. 21 +d INAF-OAR
To Tacchini — 1876, Feb. 14 INAF-OAR
To Tacchini - 1876, Mar. 14 CREA-CMA
To Secchi - [1876], Sept. 29 APUG
To Tacchini - 1879, Oct. 25 CREA-CMA
To Tacchini — 1881, Dec. 30 + ms INAF-OAR
To Tacchini — 1883, Mar. 14 CREA-CMA
To Tacchini — 1883, Apr. 15 INAF-OAR
To Tacchini  Kineshma 1883, Jul. 26 CREA-CMA
To Tacchini — 1883, Aug. 3 CREA-CMA
To Tacchini  Moscow 1883, Dec. 24 + ms CREA-CMA
To Tacchini  Pogost 1884, Jul. 29 CREA-CMA
To Tacchini  St. Petersburg 1897, May 8 CREA-CMA

The letters by Tacchini and Secchi to Bredikhin (if any has survived) are presently missing and should be
searched in Russian archives; anyway, the content of their letters can be deduced by Bredikhin’s replies. In
addition to the letters, there are 17 publications (two are letters to Tacchini) by Bredikhin in the Memorie of the
Society [13]; they are mostly in French and generally deal with solar spectroscopic observations or comets, his
favourite topic. These publications often contained comments by Tacchini and comparisons with the observations
carried out in Italy. Below is the list of Bredikhin’s publications in the Memorie (titles in original languages,
English translation in brackets):

8 Lo spettroscopio é senza dubbio il solo istrumento capace di arricchire la scienza di nuove scoperte sulla fisica costituzione del
nostro sole [9].
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Vol. 11 1873  “Osservazioni spettroscopiche del Sole fatte nell’estate 1872”

- - (Solar spectroscopic observations made in summer 1872)

Vol. 1III 1874  “Osservazioni spettroscopiche del Sole fatte nell’estate ed autunno del 1873”
- - (Solar spectroscopic observations made in summer and autumn 1873)

Vol. III 1874  “Spettro della Cometa Coggia (lettera)” (Spectrum of Comet Coggia [letter])

Vol. III, App. 1874  “Fenomeni osservati nella Cometa Coggia (lettera)”
- (Phenomena observed in Comet Coggia [letter])
Vol. IV 1875  “Osservazioni spettroscopiche del Sole fatte nel 1874 alla Specola di Mosca”

— - (Solar spectroscopic observations made in 1874 at Moscow Observatory)
Vol. IV 1875  “Spectre des nebuleuses” (Spectra of nebulae)
Vol. V 1876  “Osservazioni spettroscopiche del Sole fatte nel 1875 alla Specola di Mosca”

- (Solar spectroscopic observations made in 1875 at Moscow Observatory)
Vol. V, App. 1876 “Sur la queue normale de la Comete 1862 II” On the normal tail of Comet 1862 II)
X

Vol. 1881  “Sur la comeéte de 1825 IV” (On comet 1825 IV)

Vol. X 1881  “Sur la queue des cometes b et ¢ 1881”7 (On the tails of comets b et ¢ 1881)

Vol. XII 1883  “Sur la grande comete de 1882” (On the great comet of 1882)

Vol. XII 1883  “Recherches sur la grande comete de 1882, II” (Studies on the great comet of 1882, II)

Vol. XII 1883  “Note sur la queue du I type de la comete 1882, II” (Note on the type-I tail of comet 1882, II)
Vol. XII 1883  “Les ondes cosmiques dans la comete 1882, II” (On the cosmic waves in comet 1882, II)

Vol. XII 1883  “Sur quelques anomalies apparentes dans la structure des queues cométaires”

- - (On some apparent anomalies in the structure of cometary tails)

Vol. XIII 1884  “Les syndynames et les synchrones de la comeéte Pons-Brooks (1883-1884) (avec une planche)”
- - (Syndynames et synchrones of comet Pons-Brooks (1883-1884) (with a plate)

Vol. XXXI 1902  “Sur le role de Jupiter dans la formation des radiants composés”
- (On the role of Jupiter in the formation of composite radiants)

All papers are interesting and show that Bredikhin was up-to-date with the astrophysical questions that were
debated in those years, as well as with instruments and publications, and actively contributed to the international
discussion on these topics.

4. Bredikhin’s solar studies and the correspondence with Tacchini

Bredikhin was basically a volunteer member of the Society, from its establishment. He started his solar spectro-
scopic observations in summer 1872, in a property at Kineshma, near the Volga river. At that time, he was working
at the astronomical observatory of the University of Moscow (fig. 2), and became director of this observatory one
year later, in 1873. He published his first results in the Bulletin of the Imperial Society of Naturalists of Moscow,
which he was member of. Bredikhin described the instruments he used (fig. 3) — namely a Merz® equatorial
telescope and a direct vision spectroscope, also by Merz — and explained the method he adopted. It consisted in
observing solar prominences, measuring their position and height with a micrometer, and drawing them (fig. 4);
to draft sunspots and mark their positions; in the evening, to check the appearance of polar aurorae. The Russian
astronomer hence explicitly stated to have adopted the same programme of the Italian Spectroscopic Society:

From what I have just said, you see that, as far as my instrumentation allows, I've tried to follow the
rules of the programme adopted by the Italian Spectroscopic Society.'?

Bredikhin probably sent his observations to Secchi and Tacchini; the Jesuit was happy that the Russian
astronomer confirmed his results on sunspots activity and solar prominences. Bredikhin too, in fact, considered that
sunspots had two phases — quiet and active (the latter showing metallic eruptions) and proposed a classification
of the solar prominences into two classes (hydrogenic — also containing helium — and metallic, depending on
their chemical composition)!!. Secchi wrote to Tacchini:

I have received a writing by a certain Bredikhin from Moscow [...] he confirms our ideas and I see that
there is advancement.'?

For his part, Tacchini compared their drawings of solar prominences with those made by Bredikhin in the
very same days of 1872 and decided to publish an excerpt of Bredikhin’s work in the Memorie:

I have read the paper by Bredikhin, I have compared his drawings with ours and they fit very well: T
will publish an excerpt in the Memorie.'3

90n Merz, see note 21, [14].

100n voit d’aprés tout ce que je viens de dire, que je tdchais, en tant qu’il m’était permis par mes moyens instrumentauz, d’avoir
pour norme le programme adopté par la Société des Spectroscopistes italiens [15], p. 64.

1 Secchi’s (and Tacchini’s) classification of solar prominences was based on their morphology; of course, Bredikhin could not observe
the prominences’ details, as Tacchini and Secchi did, as his telescope was smaller than theirs — he hence used a spectral classification,
which was however in agreement with their results. On Secchi’s solar theories, see [18].

2o ricevuto uno scritto di certo Bredichin di Mosca in cui esso comprova le nostre idee e vedo che si fa progresso. (Secchi to
Tacchini, 14 June 1873, in [19], p. 300).

13 Ho letto l’articolo di Bredichin, ho confrontato le figure colle nostre e vanno molto bene: ne metterd un estratto nelle Memorie.
(Tacchini to Secchi, 21 June 1873, in [19], p. 301).
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Figure 2: The Observatory of Moscow University (from [16], plate facing p. III); source: Google Books).

Tacchini published Bredikhin’s observations in the second volume of the Memorie, together with some inter-
esting comments. Particularly, the comparison of Bredikhin’s drawings of solar prominences with his own drawings
as well as with those of Secchi and Lorenzoni (fig. 5) showed that the shape of the same prominences was per-
fectly comparable, especially in the observations by Bredikhin and Lorenzoni, who used instruments of similar
sizes. Tacchini praised the work of the “diligent and dutiful” Russian astronomer and concluded that the general
shape of each prominence was confirmed by this comparison. In September 1873, Tacchini wrote to Bredikhin an
encouraging letter that the Russian astronomer enjoyed very much. In fact, he replied:

I am very grateful for your kindest letter [...]: these words of appreciation — that from Italy, so loved
by me, reached me here, where few scientists are interested in the new and important branch of physical
astronomy — really make me happy.'*

This statement by Bredikhin confirms that, in Russia, astronomers who practiced spectral analysis met the
same disinterest as almost everywhere. In general, traditional astronomers were skeptical about spectroscopic
observations and kept the distance from them.

One of the main opponents to astronomical spectroscopy was Otto Wilhelm von Struve (1819-1905), influential
director of Pulkovo Observatory, who still stated in 1886:

As yet, astrophysical investigations are far from the standard of scientific accuracy possessed by classical
astronomy [...] God forbid that astronomy should be carried away by fascination with novelty and diverge
from [its] essential basis, which has been sanctified for centuries...'®

This kind of prejudice against astrophysics was quite widespread throughout Europe but, actually, it was
soon overcome with the creation of new establishments. In the decade 1870-1880, astrophysical observatories —
apart from astronomical observatories — were built in Meudon (France), Potsdam (Germany), South Kensington

M La Sua gentilissima del 3 settfembre] mi riusci molto grata: una parola d’approvazione, — che d’Italia, tanto amata da me,
pervenne qui, ove pochissimi s’interessano del nuovo ed importante ramo d’astronomia fisica, — mi rende proprio felice. (Bredikhin
to Tacchini, 6 Sept. 1873; CREA-CMA Archives, Rome.)

153truve, 1886, quoted in Meadows (note 3, [3]), p. 61.
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— 60 —

Mon instrument est un excellent réfracteur, sorli de
Fatelier de M. Merz de Munich vers le commencement
de I'été 1872, 1l est monté parallaliquement, comme on
le voit d'aprés le dessin ci-joint.

une quinzidéme de la grandenr naturelle.

L'objectif a louverturs de 8 lignes parisiennes, ol
la distance focale de 48 pouces parisiens. Lo grossisse-
menl monte jusqu'a 300.

Le réfracteur est muni d'un hélioscope (voir: Die
Sonne, von Seechi, herausgeg. von Schellen. pe. 36) et

Figure 3: Page illustrating the instruments used by Bredikhin for his solar spectroscopic observations: a refractor
telescope combined with a direct vision spectroscope, both made by Merz in Germany (from [17], p. 60).

(England), Catania (Italy). Inexorably, astrophysics was recognized as a new scientific discipline, apart from
astronomy6.

Tacchini probably invited the Russian astronomer to continue to send his solar spectroscopic observations for
publication in the Memorie, as Bredikhin wrote him:

I feel honoured from your kind invitation to send you my notes, I cannot be proud enough of it and I
consider myself obliged to be, in my Eastern astronomical station, a servant of Your honorable society.'”

Bredikhin intended to play an active role in the society and offered his collaboration; he wrote to Tacchini:

If you like to assign me any task, for instance, carrying out any simultaneous observation or other —
all will be exactly done.'8

In spirit of collaboration, Bredikhin sent reports on his solar spectroscopic observations from 1872 to 1875, and
wide excerpts were published in the Memorie. The complete series of observations was published in the Annals of
the Observatory of Moscow (fig. 6), whose publication was started by Bredikhin in 1874, once he became director
of the University Observatory. He was by then in a condition to freely decide his work programme and to include
solar studies.

In the same year 1874 the astronomical community was waiting for an important and infrequent phenomenon,
the transit of Venus above the Sun. The observations of this phenomenon were crucial to obtain accurate deter-
minations of the solar parallax and required to be made from many astronomical stations, as much as possible

161t is emblematic what French astronomer Hervé Faye (1814-1902) wrote in 1874 about the creation of a new observatory for
astrophysical studies:... this new branch of the old astronomy has a completely anew distinctive character. Here, Geometry and
Mechanics are replaced by Physics and Chemistry. [...] This new branch has taken root and is developing very quickly. For us,
old-fashioned astronomers, it is very difficult to recognize, for its ideas, its methods, its goals, and even the spirit which reigns, are
very different from ours. [...] It is the case of applying an important law [...] that of division of work. [...] The two sciences [physical
astronomy and classical astronomy] will develop in parallel, without getting in each other’s way, but using different aptitudes. (Faye,
1874, quoted in Chinnici (note 5, [6]), p. 4); on this topic, see also note 3.

1711 Suo gentile invito d’inviarle le mie note mi fa onore, di cui non posso abbastanza vantarmi e mi reputo obbligato d’essere
sul mio posto astronomico tanto orientale un servitore fido della Vostra societa onoratissima. (Bredikhin to Tacchini, 6 Sept. 1873;
CREA-CMA Archives, Rome.)

18 Se ella credera opportuno di darmi qualche carica, per esempio da fare qualche osservazione simultanea, od altro, — tutto sard
eseguito esattamente. (Bredikhin to Tacchini, ibid.)
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Figure 4: Drawings of solar prominences observed by Bredikhin in 1872 (from [17], pl. A).

distant among them. All the most advanced nations of that time organized official scientific expeditions. Bredikhin
was involved in one of the Russian expeditions and, in December 1873, wrote to Tacchini inviting him (or other
Italian spectroscopists) to join an expedition to Egypt, which was planned by the Moscow Society of Amateurs of
Natural Sciences. They also offered a grant of 1,000 roubles, on the only condition to have the exclusive about the
first communication of the observations. Tacchini, however, declined the generous invitation, explaining that he
was organizing an Italian expedition for making spectroscopic observations of the transit'® — an initiative that
Bredikhin appreciated:

I am very glad [to learn] that the Italian expedition has been organized, at last. It is well understandable
that you are obliged to decline [our invitation].?°

In July 1874, he wrote to Tacchini that he too intended to make spectroscopic observations of the phenomenon.
It is unclear if he changed his mind at Tacchini’s suggestion. Anyway, bad weather prevented the observation of
the phenomenon almost everywhere.

In the meantime, Bredikhin had tried to extend his spectroscopic observations — until then being basically
solar observations — to other celestial objects. In January 1874, he announced to have attempted to observe star
spectra, without success:

I have tried to observe the spectra of the fized stars with our large refractor (10.5 English inches), but
unsuccessfully until now; I have already complained about it to my friend Merz.?!

He did not explain the reasons of his failure, but probably abandoned this kind of studies, due to this
disappointment. This aspect would deserve further investigations.

In July of the same year, Bredikhin communicated to Tacchini his successful spectroscopic observations of the
comet Coggia, and sent a drawing of the comet. One week later, he described a phenomenon that he interpreted
as a detachment of matter from the nucleus of the comet, and sent another drawing. Tacchini published both
letters in the Memorie (see list in section 3, here) as requested by Bredikhin, together with a reproduction of the
second drawing. As usual, the complete series of drawings was instead published by Bredikhin in the Annals of
the Observatory of Moscow (fig. 7).

190n the Ttalian expedition for the transit of Venus, see [22].

20 Sono contentissimo, che la spedizione italiana si & finalmente organizzata. Si capisce benone, che voi siete obbligato di darci la
risposta negativa. (Bredikhin to Tacchini, 18 Jan 1874, INAF-OAR)

21 Provai d’osservare 4 spettri delle stelle fisse col nostro gran rifrattore (10.5 pollfici] Ingllesi]), ma questo non mi riesce finora;
ne feci gia un rimprovero al mio amico Merz. (Bredikhin to Tacchini, 18 Jan 1874, INAF-OAR.) Sigmund Merz (1824-1908) was
a well-known maker of optical instruments (especially refractors and spectroscopes) in Munich; see “The Merz Company: A Global
Player of 19th century” by G. Wolfschmidt and J. Kost in [14], pp. 19-38.
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Figure 5: Plate showing the comparison of solar prominences observed in 1872 by Bredikhin and the Italian
spectroscopists; the drawings marked with “B”, “T”, “S” and “L” are respectively made by Bredikhin, Tac-
chini, Secchi and Lorenzoni (from [20], pl. XXVT; courtesy of INAF-Palermo Astronomical Observatory Library,
Historical Section).

In the years, Bredikhin and Tacchini established a friendly relationship, with expressions of mutual cordiality.
They exchanged their photographic portraits?? and Tacchini described Bredikhin as “a dear person” in a letter to
Secchi?3. Tt is still unclear if they ever met in person, but it is highly possible that this happened on the occasion
of Bredikhin’s visit to Italy, announced in a letter to Tacchini dated 188424,

6. From solar observations to cometary studies

In 1873 Tacchini had suggested to Bredikhin to use the same scale of the Italian Spectroscopic Society for making
his drawings of the solar limb, in order to render easier their comparison. However, for Bredikhin, copying his
drawings in another scale would have implied a more time-consuming work and, in spite of his sincere desire to
collaborate with the Society, he could not continue this demanding work, because of his many duties: “I have
been very busy during all last months of the past year. Moreover, I am not only the director of the observatory,
but also professor, dean of the mathematics faculty and so on”?® he wrote to Tacchini, apologizing for the delay
in sending the drawings.

Actually, after 1875, there is no mention of Bredikhin’s solar observations in the Memorie, though they
were continued at least in the following two years [24, 25]. In the meantime, Bredikhin considered that statistical
studies on sunspots and other solar features were facilitated by replacing visual observations with photographs. He

22Gee Bredikhin to Tacchini, 18 Jan 1874, INAF-OAR.

23See Tacchini to Secchi, 28 Mar 1876, in [19], p. 413.

24See Bredikhin to Tacchini, 29 July 1884, CREA-CMA.

5... [sono stato] affaccendato tutti gli ultimi mesi dell’anno scorso. Debbo aggiungere ancora, ch’io non sono solamente il direttore
della specola, ma professore, decano della facolta matematica e via discorrendo. (Bredikhin to Tacchini, 14 Feb 1876, INAF-OAR.)
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Figure 6: Drawings of solar limb observed by Bredikhin in 1875 (from [21], pl. A; source: Google Books).

therefore wanted a programme of photoheliographic observations, which was entrusted in 1876 to Witold Ceraski
(1849-1925) [26] and then continued by Aristarkh Belopolsky (1854-1934)%C.

Tacchini was not the only member of the Society who was in correspondence with Bredikhin. Father Secchi
was too, even if to a lesser extent. In the archives of the Gregorian University, there is a letter by Bredikhin to
Secchi, in which the Russian astronomer mentions to have received a letter from Secchi. The content of the letter
probably regarded Secchi’s cometary studies, as we may infer from what he wrote:

I regret that my memoir on the tail of comet 1862 II is now in press and I cannot enrich it with
your beautiful observations [...] Your drawings and measurements of the [comet’s] jets are extremely
important and appropriate to shed light on the motions of the matter ejected from the nucleus. Next
winter I intend to make special investigations on this subject, whose results will form a huge supplement
to my memoir. Since I intend to make calculations, little by little, on all comet tails, I beg you to send
me your valuable observations which are printed in Italian...?”

The letter is datable 1876, because Bredikhin mentions the visit of Emperor of Brazil, Pedro II (1825-1891),
to his Observatory, which took place in that year. By then, Bredikhin’s investigations mainly regarded cometary
studies. Secchi was an expert observer of comets?®, and Bredikhin was of course interested in his works.

At present, no other letter by Bredikhin to Secchi has been found; their correspondence was probably sporadic
and obviously interrupted by the death of the Jesuit astronomer in February 1878. However, it is remarkable that
Secchi mentions Bredikhin’s solar observations in his famous book [18] (vol. 2, pp. 128 and 158), one of the most
important treatises of solar physics of that time.

26See [27]. Both Ceraski and Belopolsky also published papers in the Memorie of the Italian Spectroscopic Society; they can be
considered pioneers of astronomical photography in Russia.

27 Mi rincresce che la mia memoria sulla coda della cometa del 1862 II adesso si trova gid sotto torchi e ch’io mon posso per
conseguenza adornarla colle vostre bellissime osservazioni. [...] I vostri disegni e misure dei zampilli sono altamente importanti e
propri a darci lume sui movimenti della materia emessa dal nucleo. Questo inverno io mi propongo di farne uno studio particolare,
1 cui risultati formeranno un supplemento assai grave alla mia memoria. Avendo io l’intenzione di sottomettere al calcolo poco a
poco tutte le code delle comete, [...] mi Tivolgo a voi colla preghiera d’inviarmi le vostre preziose osservazioni, che sono stampate in
italiano ... (Bredikhin to Secchi, 29 Sept (1876), APUG).

28See [6], pp. 67-69; 164-165.
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Figure 7: Visual and spectroscopic observations of comet Coggia by Bredikhin in 1874 (from [23], pp. 80-93, plate
unnumbered; source: Google Books).

7. Final issues

After the death of Secchi, the scientific programme of the society was definitely compromised and solar observations
were slowly abandoned. Tacchini left Palermo for Rome, to replace Secchi as director of the Collegio Romano
Observatory in 1879, and his duties as Director prevented him to carry out regular solar observations, as in the
original intentions of the Society.

From 1880 on, Bredikhin only sent articles on comets, that had become his main research topic, and they were
published in the Memorie (see list in section 3, here)??. After his move to Pulkovo Observatory in St. Petersburg,
in about 1892, he still was in correspondence with Tacchini (fig. 8), even if less frequently.

In 1890, an official list of members of the Italian Spectroscopic Society was published for the first time, and
we find the name of Bredikhin, together with those of the main astrophysicists of his time. He was member of the
Society until his death: the last publication by Bredikhin in the Memorie, dated 1902, regarded meteor showers.

Tacchini died in 1905, one year after Bredikhin, quite deceived from the trend of the Italian astronomy, which
was coming back to traditional astronomical studies, basically abandoning spectroscopic research. The golden age
of the Italian Spectroscopic Society was slowly fading away?3°.

At the beginning of the 20th century, Italy (and Europe) had definitely lost their leadership in the astrophysical
research, which developed fast in the United States, thanks also to many private investments.

8. Concluding remarks

Theodor Bredikhin was among the protagonists of the rise of astrophysics in Europe and contributed to build a
network of open-minded astronomers who understood the importance of using spectroscopic means to enlarge the
horizons of the astronomical research.

His connection with the Italian Spectroscopic Society encouraged him to carry out spectroscopic observations
and allowed him to have international exchanges in this field, in spite of the general disinterest or, even more,
opposition, from a large part of the traditional astronomical community.

29 As a whole, in the years 1874-1888, more than forty articles on cometary spectra were published by many authors (Bredikhin was
one of them) in the Memorie: the journal of the Society, therefore, largely contributed to the development and circulation of cometary
theories.

30 As a consequence of this inner crisis and the post-war effort of restarting anew, in 1920, the Society decided to renew itself and to
change his name into Italian Astronomical Society, a name that still preserves today.
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Figure 8: Letter by Bredichin to Tacchini, dated 1897; courtesy of CREA-CMA (source: project TROMOS-INGV).

For his early spectroscopic studies, Bredikhin can be rightfully considered the founder of Russian astrophysics;
his scientific heritage was taken over by Bernhard Hasselberg (1848-1922), in St. Petersburg, and Belopolski
(previously mentioned), in Moscow.

Definitely, he can be numbered among those far-sighted astronomers that, with other members of the Italian
Spectroscopic Society, paved the way to modern astrophysical research.
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The zone of the total phase of the solar eclipse of August 19, 1887 passed through the territory of Russia. Every time
numerous expeditions with large complex instruments go to the area of the full phase zone. It takes a lot of effort and
money to be able to observe a total solar eclipse for a few minutes. A detailed study of the atmosphere and the corona of the
Sun in the XIX century was possible only during a total eclipse. The coronograph, which allows such studies to be carried
out outside the eclipse phase, was invented only at the beginning of the XX century. In 1887, many international scientific
expeditions were organized to observe this phenomenon. Italian astronomer Pietro Tacchini (1838-1905), director of the
Collegio Romano Observatory in Rome, appealed to the national government with a request to finance a small scientific
expedition to Russia, which was supported. The article is devoted to the description of this expedition.
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A total eclipse of the Sun occurred on August 19th, 1887 and it was visible from Russia. Many international
scientific expeditions were organized to observe the phenomenon. The importance of observing the eclipses was
mainly due to the opportunity to observe the solar corona, a feature which could be observed only when the sun
is eclipsed until the coronograph was invented at the beginnings of the XX century.

The study of the corona was very puzzling for the astronomers of that time because of the discrepancies in the
results of both the spectroscopic and polariscopic observations. In 1869, during a total eclipse, a bright emission
line was observed in the spectrum of the corona. It opened a long debate on its position and, as a consequence,
on its identification, a debate which was still active in 1887. Moreover, the measurements of the polarization of
the coronal light seemed to reveale the presence of reflected light, a result which was clearly in opposition to the
spectroscopic observations.

The Italian astronomer Pietro Tacchini (1838-1905) asked to the national Government to finance a little
scientific expedition in Russia. The financial situation of the Kingdom of Italy was not very flourishing and the
Minister gave the permission to send only two scientists.

At that time Tacchini was Director of the Collegio Romano Observatory in Rome; he was an eminent per-
sonality, very renowned over the international community thanks to his studies in solar physics, carried out since
1865 when he was astronomer at the Palermo Observatory. He was also the co-founder, with Angelo Secchi (1818—
1878), of the Societa degli Spettroscopisti Italiani, the first international scientific society especially devoted to
astrophysics and the editor of the Memorie, the official journal of the society which can be considered as the first
astrophysical journal.

Tacchini chose as fellow traveller his friend Annibale Ricco (1844-1919). Ricco was, at that time, astronomer
at the Palermo Observatory; there, he has taken the place of Tacchini and shared with him the same interests in
the solar spectroscopic research.

LCraTbsa ocHoBana Ha MaTepuasax, npejacrasiaenubix na VII Bpemuxunckux urenmsix/This paper is based on a talk presented at
VII Bredikhin conference.

Hayuanwie Tpyasr MTHACAH, 2022, Tom 7, BbITycK 2
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The President of the Russian Society of Physics and Chemistry in St. Petersburg, Nikolaj Grigorievitch Egoroff
(1849-1919) was informed of the intention of the Italian Government to send Tacchini and Ricco in Russia; he
contacted Tacchini to give him information and placed a translator at the Italians’ disposal.

Tacchini intended to reach one of the most oriental stations; Egoroff indicated a place near the Urals as the
most appropriate for observations; in fact, it was located at the intersection between the path of totality and
the river Viatka and, according to the russian meteorologists, it presented the greatest probability to have good
weather in the period of the eclipse.

Prof. G. Kleiber, member of the Society, was charged by Egoroff to accompany the little Italian scientific
expedition.

A month before the date of the eclipse, Tacchini and Ricco left Italy. They travelled to Vienna, where
they visited the Observatory, then to Warsaw, where they visited the University and the Observatory. A week
after the departure from Italy they reached St. Petersburg, where they stayed three days, just the time to visit
the University and other scientific establishments, such as the Pawlowsk Magnetic Institute and the Poulkova
Observatory, directed respectively by Heinrich von Wild (1833-1902) and Otto W. Struve (1819-1905). As it will
be expected, at Poulkova, the Italian astronomers were strongly impressed by the great 86 cm refractor. At that
time, the greatest refractor in Italy was the 50 cm telescope by Merz at the Milan Observatory, bought in 1878
and installed in 1886, which appeared as a minor instrument in front of the giant telescopes constructed in that
period in the rest of Europe and in the United States. At the Poulkova Observatory, Tacchini and Ricco met
Klaus Bernhard Hasselberg (1848-1922), an active member of the Societd degli Spettroscopisti and visited the
spectroscopical and photographical laboratory which Struve wanted to be built for him. Struve and Hasselberg
made a present of some photographs on glass and paper to Tacchini and Ricco; these photographs were later given
by Tacchini to the Museo Astronomico Copernicano, which was annexed to the Collegio Romano Observatory and
which he directed at the same time.

On August, 1st the little expedition left St. Petersburg and, three days after, they arrived in Nijny Novgorod,
at the terminal of the railway. Two days later they shipped on a steamboat and sailed the Volga and the Kama;
they had to wait two days for another steamboat to sail up the river Viatka and, the day after, they arrived in a
little station, Miedvietka, where they met another scientific expedition coming from Kazan and consisting of the
Director of the Kazan Observatory, prof. Dubiago, an astronomer, Parietski and two more persons. They were
directed to the north of the path of totality, to Mediany, near the town of Viatka; three other members have gone
on the south, to Tsepotkino.

The Italian expedition sailed up the Viatka with a smaller steamboat and arrived on August 11th to the little
village of Surwiskaja. They were welcomed by the local authorities, quartered in the public school and handled
with all kindness.

The first work to do was the construction of three wooden buildings for the instruments on a hill nearby.
The instruments carried by Tacchini and Ricco were two little equatorial telescopes; the first one belonged to the
Collegio Romano Observatory and was a legacy of the private Italian astronomer Ercole Dembowski; the second
one was lent by prof. Giuseppe Lorenzoni of the Padua Observatory. Both instruments were equipped with finders
for the direct visual observations.

For the spectroscopic observations, prof. Ricco had designed a kind of spectroscope which he called a “record-
ing spetroscope” (spettroscopio registratore); it was made by the French maker Duboscq and payed with the funds
of the Societa degli Spettroscopisti Italiani. The novelty in the design of this spectroscope is a simple device
for recording the position of the spectral lines. In fact, the second prism could rotate through an axis which
is connected to a lever by a cog-wheel; by moving the lever, the prism rotates and it is possible to adjust the
instrument in such a way that a spectral line falls exactly on the intersection of the cross-wires. By pushing the
button put on the lever, the position of the line was registered on a strip of paper, and repeating the registration
with known lines, a comparison could be made among their positions.

It is obvious that this system is fast but not very accurate — photographic means permitted to obtain more
exact results; this is probably the reason for which this device was never applied to the standard spectroscopes.
Another spectroscope, direct-vision type, made by Duboscq, was used by Tacchini. This instrument is probably
kept today at the Institute of Physics of the Rome University.

The main aim of the expedition was the observation of the “white prominences”, a feature which Tacchini had
observed on the occasion of an eclipse in 1882. Tacchini and Ricco would carried out spectroscopic observations
while Kleiber had to execute polariscopic observations in both the directions of the solar axis and the solar equator.
The instrument used by Kleiber was made in the physics laboratory of the St. Petersburg University and was a
modification of the polarimeter used by A. Wright in 1878 (see Publications of the U. S. Naval Observatory).

Unfortunately, a week before the day of the eclipse, the weather changed and became cloudy and rainy. The
instruments were set all the same and on the 14th everything was ready. In spite of a little improvement of the
weather on the eve, the night before the 19th, it rained. The astronomers were at the stations at 5 a.m. but the
sky was cloudy and rainy. A strong wind flapped the Italian and the Russian flags hoisted beside the camp. At
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about 7 a.m. the sky cleared up and it was possible to observe the sun partially eclipsed. Suddenly the clouds
covered the sun and the totality was completely lost; its beginning and its end were only revealed by a change in
the intensity of the daylight. It is easy to imagine the great disappointment of the astronomers as well as of all
the people gathered nearby the camp to observe the phenomenon.

Immediately after, the instruments were unset and boxed and, the day after, the little expedition sailed to
Kokarka, where they met prof. Dubiago, whose expedition suffered the same fate. The Italians accepted the
invitation to visit the Kazan Observatory and University on the return from Ekaterinenburg, beyond the Urals,
where they intend to go to visit the magnetic station established by Wild on the Monte Calvo. Finally, they
arrived in Nijny Novgorod on September, 2nd and they visited the laboratory of the photographer Karelin, who
had been member of the expedition headed by the German astrophysicist H. C. Vogel (1842-1907) in Iuriewitz.
This expedition too had not been successful. Karelin had obtained some photographs of solar prominences and
presented Tacchini with a copy of them. During the visit to his laboratory, Karelin showed to Tacchini, Ricco and
Kleiber a new chemical process to increase the sensitivity of the plates.

On September 4th, Tacchini, Riccé and Kleiber arrived in Moscow and visited the Observatory, where they
were welcomed by prof. Ceraski. They stayed in Moscow four days, then they took Kleiber’s leave: Kleiber left
to St. Petersburg, Tacchini and Ricco left for Venise.

All scientific expeditions whose stations were located on the west of the Urals were unsuccessful because of
bad weather conditions. On the contrary, the russian Handrikov, professor of astronomy at the Kiev University,
who went beyond the Urals, on the mount Blagodat, to observe the eclipse was quite successful and he reported
the results of his observations in a memoir. Handrikov had recorded five great prominences and a great red arc
on the solar limb during the eclipse. Tacchini immediately contacted Handrikov to know the exact positions of
the solar prominences in order to compare their positions with those observed the same day in Rome and Palermo
by two assistants, respectively, Ciro Chistoni (1852-1927) and Antonio Mascari (1862-1906). He found a good
agreement in the comparison of the results. These ones were compared also with some photographs obtained in
Japan by the photographer Sugiyama, reproducing the inner corona and showing the same agreement.

A report of the scientific expedition to Russia was published by Tacchini in 1888 in a book collecting all the
observations of eclipses made by Tacchini in his scientific career, “Eclissi totali di sole del 1870, 1882, 1886 e 1887”,
not containing therefore the observations of the transit of Venus on the Sun of 1874, which he had observed in
India. Tacchini will observe another eclipse in 1900 in Algeria and that was the last one. He was preparing to
leave for observing another eclipse when he died in 1905.
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