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BonunpgHbin pon meteoputa MnaHepopyr. Cnucok 14
MeTeopuToobpasyounx 00NNAHbIX 1 METEOPOUAHbLIX POEB

TepentneBa A.K., bBapabanos C.11.

HUnemumym acmpornomuu PAH, Mockea, Poccus

Spxwuit 6o —12.™5, mpoussemmii Mereopur LnanepGpyr, Habmonacs aas Hugepaansanmu 7 anpess 1990 r. B 18732m38°
UT. Ilepsoie onpenesnennst opOUT ObLIN OY€Hb MPUOIU3UTENbHBIMEA U TpeboBaau yrounenus. M. Jlanr6pok, mpoanaan3u-
pOBAB OCHOBHBIE JIaHHBIE, ITOJIyYMJI HOBBIE yTOYHEHHBIE 3JIeMEeHTHI opouThl Mereopurta lytanepOpyr. Mbl npumenun sty
CUCTEMY 3JIEMEHTOB B HAIIIEM MCCJIe0BaHuu. [[poaHaIn3upoBaB KATAJIOTH METEOPHBIX U OOJIUIHBIX POEB, Mbl HAILIU GOJIHI-
ublii poit 17-Ursa-Majorids. Ero opburasibHbie 971eMEHTBI COOTBETCTBYIOT OPOUTAJIBHBIM JIEMEHTaM MeTeopuTta lJianepopyr.
Bomumuerit poit n-Ursa-Majorids npunaamiexxkur 14 MmeTeopuTo0O6pa3yIoONuM posiM, HAWIEHHBIX HAMU. BbIsBI€HA acTepous-
Hasl accolanusi (Tpu acTepon/ia), BOSMOXKHO, CBsI3aHHasi ¢ MeTeopuToM Ly1aHepOpyr u ero GosmaHbM poeM 7)-Ursa-Majorids.
OTO IPUBOAUT K BO3MOXKHOCTH CYII[ECTBOBAHUSI B ACTEPOUIHO-METEOPOU/IHOM CHCTEME MAJIBIX TeJl. SHAYEHUS BEJIMIMHbI KOH-
cranTbl Tuccepana, BBIYUCIEHHBIE JJIs BCEX MATH OObEKTOB JIAHHON CUCTEMbI, [IOKA3BIBAIOT, YTO BCE 9TU OOBEKTHI, BKJIIOUAs
6o IHBI poil ¢ MeTeopuTOM lUtaHepOpyr, He MMEIOT CBSA3W HYM C KOMETaMH, HH C KOMETOHJAMH, HO MOI'YT MMEThb CBSI3b
¢ acreponmamMu. Bee msiTh 0ObEKTOB MMEIOT OYEHb ITOXOXKWE 3HAYeHMsT KOHCTAHTHI Tuccepana. Mbl Tak:ke MOXKEM C/1e/1aTh
[IPEJIIIOJIO’KEHNE, YTO B IPOIIJIOM BCE 9TU TeJIa MMEJH OJIHY OpOuTy.

Karoueswie caosa: memeopumo-obpadyrowuti nomox, 6osud, memeopum, opbuma, acmepoud

Fireball stream of the Glanerbrug meteorite. List of the 14 meteorite-producing fireball
and meteoroid streams

Terentjeva A.K., Barabanov S.I.
Institute of Astronomy of the RAS, Moscow, Russia

The bright fireball of —12.™5, that produced the Glanerbrug meteorite, was observed over Netherlands on April 7, 1990,
at 18732™38°% UT. The first orbit determinations were very approximate and naturally required revision. M. Langbroek,
having analyzed basic data, obtained new revised orbital elements of the Glanerbrug meteorite. We apply this system of
elements in our research. Having analyzed catalogues of fireball and meteoroid streams, we found fireball stream of the
n-Ursa-Majorids. Its orbital elements are consistent with those of the Glanerbrug meteorite. The n-Ursa-Majorids fireball
stream belongs to the 14 meteorite-producing fireball streams, found by us. The orbital elements of those streams are
presented. We revealed asteroid association (three asteroids) possibly related with Glanerbrug meteorite and its fireball
stream of 7-Ursa-Majorids. This leads to a possible existence of an asteroid-meteoroid system of minor bodies. Value
of Tisserand’s constant calculated for all five objects of this system reveals that all these objects including the fireball
stream and Glanerbrug meteorite are not related with comets or cometoids but they may be related with asteroids. All
five objects have very similar values of Tisserand’s constant. On the base of this Tisserand’s criterion does not contradict
to the assumption that in the past all these bodies could have shared the same orbit.

Keywords: meteorite-producing stream, fireball, meteorite, orbit, asteroid

DOI: 10.51194/INASAN.2021.6.3.001

1. Introduction

Clear skies during twilight have allowed many people to observe the bright fireball of —12™.5 on April 7, 1990 at
18132m38% UT over Netherlands. Its initial mass was from about 200 to 1000 kg [1]. The fireball was associated with
the fall of the Glanerbrug meteorite. M. Langbroek [2] writes: “At Glanerbrug near the Dutch-German border,
the Wichmann family discovered that evening that something had fallen through their roof, spreading hundreds
of stone fragments and roof tile fragments over the floor of their attic...”. The recovered total mass is about
800 g [3]. M. Niemeier and A. Bischoff [4] classify the Glanerbrug meteorite as an LL4-6 fragmental breccia with
huge L-chondritic clasts. As M. Langbroek [2] remarks, Dutch All Sky camera network was not working because
the meteorite fall occurred around sunset. As a result, based on a large number of eyewitness observations, a
trajectory, velocity and orbital data were obtained [1, 5, 6, 7]. However all those orbit determinations were rather
approximate and needed revision. M. Langbroek [2], having analyzed basic data, came to a conclusion that the
published orbit of the Glanerbrug meteorite [6] “appears to have suffered from a human error in the data input
and hence is incorrect”. The published results for the radiant and orbit are not in agreement. M. Langbroek
conclude that “the Glanerbrug orbit published in the 1992 paper is in error”. In his paper M. Langbroek [2] has
given new revised orbital elements of the Glanerbrug meteorite. He presented three systems of orbital elements
for three values of velocity. An initial velocity of 20.9 km/s has been chosen by him as the favoured solution. This
system of elements is used as a basis of our researches. It is presented in Table 1.

Hayunwie Tpyast THACAH, 2021, Tom 6, BeImyck 3
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Table 1: Orbital elements and other parameters of the Glanerbrug meteorite and its fireball stream of the n-Ursa-

Majorids.
Object name|Date Geocentric radiant |V, |a e q w Q i T Source
! ) km/s|AU AU
Glanerbrug 1990 VI 7 [208° +46° 20.9 (2.20 |0.59 |0.91 |222° |17.816°|23° |240° |[1]
meteorite
Fireball IV 25-V 25|203 +51 16.6 {2.404(0.578]0.995|194.0(53.3 15.6{247.3|No. 26 [2]

Note: Orbital elements of the Glanerbrug meteorite are given for the 2000.0 equinox; for the fireball stream they
are given for the 1950.0 equinox. Sources: 1 — Langbroek [2], 2 — Terentjeva [8].
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Figure 1: Family of minor bodies connected with the Glanerbrug meteorites.

2. Research results

Having analyzed catalogues of meteoroid and fireball streams we found fireball stream of the 7-Ursa-Majorids [8].
Its orbital elements and other parameters are consistent with orbital elements and parameters of the Glanerbrug
meteorite (Table 1, Figure 1). Fireball stream of the 7-Ursa-Majorids enter in the list of the 11 meteorite-producing
fireball streams, found by the authors [9]. We added three more meteorite-producing streams to this list and present
all the 14 streams in Table 2, due to their significance.

We note that a meteoroid system presented in Table 1 forms a wide stream of the n-Ursa-Majorids. The Earth
crosses it for 1.5 month approximately. How often among meteor showers are showers with long periods of activity?
Leaving aside ten “so-called” large streams we refer to minor showers that are incomparably more numerous and
that correspond of our subject. Among 249 minor meteor streams [16, 17], there are 8 streams (3%) with the
activity of the corresponding showers during a month and more. Among 78 fireball streams [8] we found 16 streams
(20%) with an activity of the corresponding meteor showers from one to two month (9 streams — one month,
4 streams — 1.5 months, 3 streams — 2 months). Thus among streams of large meteoroid bodies a fraction of
longer acting showers is greater. From the total number of asteroids 789069 (https://www.minorplanetcenter.net)
we have found a stream of three asteroids (Table 1, Figure 1) with orbital elements that agree well with orbital
elements of Glanerbrug meteorite and its fireball stream (Table 1). A range of longitudes of ascending nodes does
not create a problem but it makes a system wider with a longer period of visibility on the date. Never the less
mean value of longitude of ascending node for meteoroid system (Table 1) is equal £2 = 35° and for the asteroid
system (Table 2) this value is = 36°.

Figure 2 shows the ephemeris of theoretical geocentric radiant of asteroid 2010 JN71 (Table 3), whose orbit
is more similar with the Glanerbrug meteorite’s orbit. We calculated approaches of this asteroid’s orbit to the
Earth’s orbit and theoretical geocentric radiants in all points of approach (up to the distance of p < 0.20AU).
During 2.5 months asteroid’s geocentric radiant moves along the curve (Figure 1), located north of the ecliptic and
corresponding to the area in region of the orbit’s descending node. There is one point of closest approach of the
asteroid’ orbit with the Earth’s orbit (appulse) in region of the orbit’s descending node of May 22 (Ag = 61°.518,
equinox 2000.0) with p = 0.0305 AU. Geocentric radiant and velocity for the moment of appulse are as follows:
o =211°.6,0 = +57°.3; V; = 12.62 km/s, Vips = 16.81 km/s. All is quite acceptable consistent with the data
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Table 2: Meteorite producing fireball and meteoroid streams. Equinox 1950.0

No.in Stream Date Corrected Voo |a 3 q w Q i ™ Source
geocentric radiant
catalogue a 5 km/s| AU AU
1[1] nu-Orids 11-114 88° 12 16.4 | 1.8660.524]0.854 |51.70 | 112.5° [4.1° [ 164.2° | Tagish lake
meteorite [3]
201 (1] Xx-Virds 111 22-1V 28 |[183 ~11 19.6 |1.983(0.614|0.742|71.3 [197.0 |3.8 [268.3 (31 E
47(2] ¢-drads 1V 2-25 262.0 +60.3 |29.1 |3.26 [0.678|1.000]|187.7 [19.1 43.7 [ 206.8 |[5]
21A2[1] |a-Comds IV 7-10 196 +21 21.6 [2.66 |0.70 |0.782[241.9 |18.3 13.3 [260.2 |Pribram
meteorite 8E
26(1] n-UMads IV 25-V 25 |[203 +51 16.6 |2.404[0.578|0.995|194.0 |53.3 15.6 | 247.3 | Glanerbrug
meteorite 240F
37[1] p-Serds VII 3-31 232 -4 14.1 |2.447|0.594(0.992|197.3 |114.3 [3.3 |311.6 |405F
381(1] n-Serds VIII 14-30 | 286 -3 13.5 |1.73 [0.439|0.968|210.5 [150.2 |4.5 [0.7 38 E
44[1] S§Equ (N) VIII 18-X 22 | 319 +9 18.3 |2.629[0.659|0.868|228.5 [169.2 |9.3 [37.7 -
e-Grads (Q) 321 -13 16.3 |2.294[0.607|0.898(39.7 |[355.5 |2.8 [35.2 151 F
() 342 -52 18. [2.205(0.5890.907|43.1 |344.8 |[14.9|27.9 -
50[1] T-Cetds IX 28-XI 26 |18 -19 20.4 |2.442(0.667 [0.791 [58.4 |27.4 11.6 | 85.8 503 F
131 [4] 1-Pscds X 8-24 6 +4 20.1 [2.54 [0.70 |0.76 |65 22 4 86 [6]
55 [1] a-Andds X 12-18 2 +26 21.8 [2.441|0.688|0.738 [ 248.6 |201.2 |12.4 |89.8 [7]
64[1] Cam-Lepds (N) | XI 12-XII 8 |115 +70 14.6 |0.794|0.287 [ 0.566 |337.0 |228.9 [16.1|205.9 |-
() 91 —14 14.8 |0.898(0.266|0.658 | 127.8 | 66.4 12.7 | 194.2 |275 F
70[1] §-Arids (N) X1 22-XII 21 |53 +29 18.4 |1.826(0.560|0.766 |247.3 [251.1 |4.2 [138.4
(Q) 55 +18 19.4 |2.440(0.671|0.786 |59.7 [75.0 1.2 [134.7 [2191
() 61 +7 18.6 |1.982(0.591|0.788|62.8 |[75.4 5.8 |138.2
721[1] ¢-Tauds XII 1-27 82 +23 26.2 [2.164)0.756 | 0.518 | 275.7 | 260.0 |3.8 |175.7 |40 E,470 F,223 1

Notes: 1 — [8], 2 — [10], 3 — [11], 4 — [12], 5 — [13], 6 — [14], 7 — [15].
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Figure 2: Ephemerides of geocentric radiant of asteroid 2010 JN71 in the area of the descending node. Asterisk
marks radiant for the moment of appulse. QQ’ — ecliptic.

in the Table 1. Last, but not least [18], studying the secular perturbations of 109 minor meteor streams over the
interval for 4000 years by means of the Gauss-Halphen-Goryachev method, revealed what some meteor streams
have an interesting property: for 4000 years theirs longitude of perihelion

T=w+

stayed constant (with an accuracy of a degree), ¢ and e did not virtually change, inclination ¢ changed within
insignificant limits or change was less than one degree, and longitude of ascending node 2 rapidly decreased. For
example, for stream No.6 (p. 14) Q has decreased for 4000 years at 39° and for stream No. 33 (p. 40) — at 99° (!).
Anyway this leads to the formation of wider streams. If we apply the widely used criterion for the determination
of stream membership proposed by R.B. Southworth and G.S. Hawkins, then for two orbits (Table 1) we obtain
a value of Dg, = 0.26. For the Glanerbrug meteorite and the asteroid association (Table 3) we obtain a mean
value of Dy, = 0.33. It is quite appropriate for such a wide stream and association. For major streams such as
the Taurid-Arietid Dy, ranges from 0.29 to 0.32 [19]. Nevertheless, we should note that there are no universal
mathematical criteria. Not any criterion can take into account the whole range of orbits, individual properties and
peculiarities of meteor showers and streams. The used criteria give inappropriate results for the streams, whose
orbits are close to ecliptic, streams with N, S and Q branches, most of wide streams, etc. As Prof. Astapovich once
said, one cannot push the vast variety of phenomena into limits of formal mathematical criterion. Thus, requiring
Dgp to be less than 0.1 for all streams in the Solar System is incorrect. Mathematical criteria while searching, of
course, help to find required orbits, though these play a subsidiary role. The main role belongs to common sense
[20].
We calculated values of Tisserand’s constant C' for all five objects (Table 1, 3) by formula:

C = 1/a+2/a?/2\/ﬁcosi
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Table 3: Asteroid association possibly connected with the Glanerbrug meteorite and its n-Ursa-Majorid fireball
stream. Equinox 2000.0.

Name a e q Q w Q i ™
AU AU AU
2010 HZ104|2.24914]0.56766(0.9724 |3.52591|165° 77°.43868|20°24915|2420.96321

2010 JN71 |2.38401|0.58895/0.97994|3.78808|185.58146(62.45274 |17.72438 |248.0342
2018 FH 2.42459|0.58878(0.99704|3.85213|273.86372|330.48064|20.53192 |244.34436

Table 4: Tisserand’s constant for some objects presented on the given article.

Object C
Glanerbrug meteorite 0.6403
Fireball stream n-UMads|0.6214

2010 HZ104 0.5966
2010 JNT71 0.6199
2018 FH 0.6111

(where the perturbing planet is Jupiter, a — the asteroid semimajor axis, e — the asteroid eccentricity, i — the
asteroid inclination, a; — the semimajor axis of the perturbing planet — Jupiter). This constant is equivalent
to the constant Jacobi’s integral in the restricted problem of tree bodies. Bellow we present values of Tisserand’s
constant C for these objects (Table 4).

This study leads to following conclusions:the values of the Tisserend’s constant show that all five objects of
this meteoroid-asteroid system, including the fireball stream with the Glanerbrug meteorite, have no connection
with either comets or cometoids, but may have a connection with asteroids. In C-distribution of several minor body
populations (long-period, parabolic and short-period comets, asteroids, minor meteoroids streams, large meteoroid
bodies, including meteorite producing bodies) [21] the so-called group of “cometoids” is only located in the range
of Tisserand’s constant AC = 0.50 — 0.58. Beside Tisserand’s constant does not contradict the assumption that
all this bodies (Table 1, 3) with very similar values of constant C' (the average deviation from the absolute mean
is AC = 0.0112) could form in some single process or at least in sufficiently similar conditions. And possibly, that
in the past they could have shared the same orbits.

We calculated values of Tisserand’s constant for all meteorite producing streams showed Table 2. We cal-
culated value of Tisserand’s constant for all meteorite producing streams, from Table 2. It turned out that for
streams, the values of C' lie in the asteroid range 0.60 — 1.140, for two streams No 21A (C' = 0.567), No 131
(C' = 0.585) — in range of cometoids and for one stream No 47 (C' = 0.468) — in range of short period comets.

3. Conclusion

On the basis of the above, it can be concluded following:

1. Relation was founded of the Glanerbrug meteorite with famous meteorite-producing fireball stream of the
n-Ursa-Majorids.

2. The asteroid association (three asteroids) was revealed. This association together with Glanerbrug me-
teorite and its fireball streams 7-Ursa-Majorids may make up a single one system of related to each other minor
bodies.

3. Tisserand’s values show what all five objects of given meteor-asteroid system together with fireball stream
and Glanerbrug meteorite have not relation with comets or cometoids, but may have relation with asteroids. Good
the similarity of Tisserand’s constant value for all five object means that in the past they could have shared the
same orbit.

4. The calculation of the Tisserand’s constant for 14 meteorite-producing streams shows that 11 streams may
have a possible connection with asteroids, 2 streams with cometoids and 1 with short-period comets.

5. It is necessary to draw the attention of the creators of the Earth’s general space security system to the need
to include potentially dangerous meteorite-producing streams in the database for monitoring the Earth for space
disasters. This hazard was demonstrated by the recent fall of the Chelyabinsk meteorite in 2013, which was not
sporadic, but was associated with a meteoroid stream. Recall, by the way, that the radiants of meteoroids from
among the 66 studied by I.S. Astapovich [22] in 47% of cases coincided with the known radiants of meteoroid
streams.
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YnpaBnsiemoe npeganepTypHoe 3epkasio C 06,1acTbio HaBeAeHUst
50°%x120° gna 30 cm Teneckona KOCMUYECKO CUCTEMbI OOHapy>XeHUs
AekameTposbix actepougos (npoekt COOA)

Bycnaesa A.U., IImarun B.E., [Ilyrapos A.C.

HUnemumym acmpornomuu PAH, Mockea, Poccus

B pabore npeyioxkeHa KOHIENINST YIIPABJISEMOr0 MIPeIanepTypPHOro 3epKaJia JJjisi ObICTPOro MepeHaBENeHUs] IIUPOKOYTOJIb-
HOT'O TeJIeCKONa C TIojieM 3penus 3.75° u aneptypoit 30 ¢M 71T KOCMUYECKOH CUCTEMbI OOHADY YKEHHS JIEKAMETPOBBIX acTepO-
unos (npoexkr COJIA). Obnacrs HaBenenust cocrasisier 50° X 120°, BpemMst IepeHABEIEHNST MEXKJLYy COCEHUMM ILIOIIA IKAMY
e Gostee 3 c. Paccmorpennr Gumkaiinme poccuiickne n 3apyOerKHble aHAJIOTH, JTaHbl PEKOMEHIAINN 110 HCIOJIB30BAHUIO
yipasisiemoro 3epkaJia B mpoekre COJIA.

Karoueswie caosa: CcCRarupyrouwee 3eprano, wupo%oyzoﬂbnmﬂ meneckon, acmepoudﬂo—nomemuaﬂ onacHocmb

Pre-aperture slewing mirror with pointing area of 50°x120° for 30 cm aperture telescope
for the system of observation of day time asteroids (SODA project)
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We propose a conceptual design of a controlled pre-aperture mirror for the fast repositioning of a wide field telescope
with a field of view of 3.75° and an aperture of 30 cm for a space system to detect decameter sized asteroids (the SODA
project). The pointing area is 50° x 120° and the repointing time between the adjacent fields is less than 3 seconds. Similar
systems, equipped with a pre-aperture mirror, from different Russian and foreign projects have been considered, as well as
recommendations on the use of a controlled mirror in the SODA project.
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1. BBenenue

B KpynHBIX IpoeKTax, TeJECKOIl, KaK IIPABUJIO, YKECTKO Coe/InHeH ¢ 1iaTdopmoii. HaBemenne Ha 00bEKT OCYIIIECTB-
JIIETCST TIOBOPOTOM BCero KocMmmueckoro ammapara (KA) ¢ mocsepyromun yenoKoeHHeM U [epexojioM B PeXKUM
MPEIM3UOHHON CTAOMIN3AINN TIATMOPMBI ¢ TEJIECKOTIOM.

[Ipu IPOEKTUPOBAHUN OTHOCUTETHLHO MEJIKAX TEJIECKOTIOB, BLICTYMAIONIUX B POJIU JIOTIOJTHUTEIHHON MOJIE3HOM
HArpy3Ku, jinbo ecyim Ha KA nmeercs: 60JbIOe KOJIMYECTBO JAPYTUX HAYIHBIX IPUOOPOB CO CBOMMU TPEOOBAHUSMU
K OpHeHTaluu IIaTdopMbl, JTHO0 eciu TpeOYITCs OYeHb YacThble MEPEHABEIeHUs] HA OOJIBIINE YIJIbI, TEJECKOI
JIOJIZKEH obeclieunBaTh aBTOHOMHOE HaBEJIEHWE U CJIE’KEHHE 3a UHTEPEeCyIOIMM OOBbEeKTOM, a TaKKe, BEPOSITHO,
ABTOHOMHYIO KOMIIEHCAITUIO OCTATOYHBIX APEH(POB KOCMUIECKON TLIaTHOPMBL.

ABToHOMHOE HaBeJIeHIE HEOOIBITIOTO TEJIECKOTIA MOYKET OCYIIECTBIIATHCS JIBYMsI CIIOCOOAME — C TTOMOTIIHIO TIOJI-
HOANEPTYPHOTO 3ePKaJia, YCTAHOBJIEHHOIO MEPE]T, BXOIHBIM 3PAYKOM TEJIECKOINa, WA MyTeM YCTAHOBKU TEJIECKOIa
Ha [IOJTHOIEHHOE OIIOPHO-TIOBOPOTHOE YCTPOICTBO.

OCHOBHBIE [TPEUMYITIECTBA HABEEHNS C [IOMOIIBIO ITOJTHOAIIEPTYPHOIO 3epKaJia — ObICTPOTA HABEIeHUsT, MAJIBIT
MOMEHT WHEPIUH, U, KAK CJIEJCTBUE, HEOOBIION BO3MYIAIONINI MOMEHT BO BPEMsI [IEPEHABEICHUSI 1 BO3MOKHOCTD
€ro KOMIICHCAIIUN; HEJIOCTATKY — yBeJudeHre rabapuToB U MAcChl KOHCTPYKIMHU (pasmep 3epKaJia 60JIbIne BXOIHOI
AIlepTyPhl TEJIECKOIIA ), JOIOJHUTE/IbHAST OTPAXKAIOIIAsL IIOBEPXHOCTD B OLITUYECKOM TPAKTE.

OCHOBHBIE TIPENMYIIECTBA HABEJIEHUs C IOMOIIBIO OIIOPHO-IIOBOPOTHOTO YCTPOMCTBA — OOJIBIIHUI CEKTOpP Ha-
BeJIEHUsI; HEJIOCTATKU — YBEJIUYEeHNe CJI0KHOCTH KOHCTPYKIIUH.

B 2021 r. 8 UHACAH 6b11u 11poJ10J12KeHbl pabOTHI IO OIPE/IJIEHII0 KOHIIENITYaJIbHOI'O BUa IIEPCIIEKTUBHOTO
npoekra COIIA (Cucrema obHapyzkenus AHeBHbIX acreponaos) [1, 2] s obHapyKeHus J1eKaMeTPOBBIX aCTepo-
usoB, Jjersdmux co cropoubl Comama. Opua wim asa KA OyayT pasmernieHbl B OKPECTHOCTH TOYKA L1 CHCTEMBI
Bemns—CoJiHIle Ha pacCTOSHUNA OKOJIO 1.5 MJIH KM OT 3€MJIH.

Teneckorbr COJA 10/2KHBI 00ECIIEUNBATD JIBA PEKUMA PAOOTHI:

® DEXUM MaCCOBOI'O OOHAPYKEHMsI HOBBIX aCTEPOUIOB, JIETSIIIUX CO CTOPOHBI JIHEBHON HEOECHOM 1oJIycdeps;
® DEXXUM YTOUHEHUsI OPOUTHI OTIEIHHBIX OMACHBIX ACTEPOUIOB OT MOMEHTA UX OOHAPYKEHUS JI0 COMUKEHUS C
Semuteit.

OcuoBrast Kpurndeckas Texuojorus npoekta COJIA — cozfanue MUPOKOYTOJBHOTO TEJIECKOIa anepTypoii
0k0J10 30 cM C crCTeMOli OBICTPOrO IIEepeHaBEeIeHUsI C MIOMOIIBIO IIPeIallePTyPHOrO 3epKaJia. B pexxume MaccoBO-
ro OOHApYyKEeHMsI HOBBIX aCTEPOMJIOB TEJIECKOI JOJIXKEH OBITH CIIOCODEH KarKJble HECKOJBKO MHUHYT OCMATPUBATH

Hayunwie Tpyast THACAH, 2021, Tom 6, BeImyck 3
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Puc. 1: JIByxkoopuHaTHOE ONTUKO-MexaHmdeckoe ckanupytomee ycrpoiicrso BCKP-T, KA cepun «djektpo-JI».

KOHYCHBII ONTHYeCKUil 6apbep BOKPYTr 3emyin ¢ npoHuranueM jio 17™. B pexunme yrodHenusi opOuUTh n3bpan-
HBIX ACTEPOUJIOB TEJIECKOIl JIOJIZKEH 00ECIIeInBATh TOYHOCTD YTJIOBBIX M3Mepenuii jyumte 0.5 ma jymHHON IyTe
OT MOMEHTa OOHADYKEHUS TeJia HAa KOHYCHOM Oapbepe JI0 ero cOMmKeHus ¢ 3eMiieil, a Tak:ke (hbOTOMETPUIECKIE
M3MEpEeHUsI.

B macrosieit paboTe mpe/icTaBiIeHa KOHIIEIIUS IPEIAIIEPTYPHOTO IIOBOPOTHOTO 3epKaJia, 00eCIIeInBaONIast
obsacTh HaBejeHus teseckora 50° x 120°. Bpems mepenaBejienusi coctaBuT He 6ojiee 3 ¢, BpeMsi OJHOKPATHO-
ro 0030pa ONTUYIECKOTO Oapbepa BOKPYT 3eMJIM TPEMs TeJIeCKOIAMU COCTaBUT 3.5 MUHYTBI, ITO COOTBETCTBYET
TpeboBanusamM npoekta COJIA.

B cBosHoit Tabs1. 1 mpuBeIeHBI OCHOBHBIE TTAPAMETPBI TeJIECKOTa U TpeaanepTypHoro 3epkaiga KA COJIA.

Tabmuma 1: OcHOBHBIE TApaMeTPhI PeJAePTYPHOTO 3epKasia u Tejeckorna KA COJIA.

ITapamerp 3uavyenue
Aneprypa Tejeckorna, MM 300
DoKycHOE PacCTOsTHUE, MM 450
O6mas JIMHa ONTHYIECKOR CHCTEMBbI, MM 1100
CrekTpaJsibHBIA JUaa30H, HM 450-900
HuameTp 1moJist 3peHust, rpajlycoB 3.75
Pazmep gerexkropa, mm 30x30
TunoBast sKcHo3uIUA, C 2.4
IIpenensHoe nponunanue, 38. ei. (V) 17
Acrpomerpuyeckas TOYHOCTb €MHUIHOIO HAOJIIONEHNs, YIJI.C. 0.5
Paszmep npeparieprypHoro 3epkasia, Mm 480x 340
VYrou npokaduky 3epkasa (TaHraxK ), IpajLyCcoB +20...4+45
Yros npokadku 3epKaia (KpeH), rpajlyCcoB —60...4+60
O6stacTh 0630pa OJHOTO TEJECKOIA C IPEJATIEPTYPHBIM 3€PKAJIOM, TPaJLyCOB 50x120
Bpewms nepenaBesieHust Ha COCEIHIONI ILIOMIAJIKY, C 3
Bpemsa ocmorpa 6apbepa BOKpyr 3eMJyiu TpeMs TeJIECKOIIaMu, MUH 3.5
KonuuecTBo nepenasejienuit 3a 10 jrer, it 5-107

B nocenytomux pazjenax gano 60see mogapobHOe OMUCaHue MPeJAepPTyPHOTO 3epKaJjia, BKJIoUas JeiCTBYIO-
e aHAJIOIH.

2. Ilpumepsl peam3anum CUCTEM II€pEHaBEJEHUS TeJIECKOIa C IIOMOIIbIO ITpejarep-
TYPHBIX 3€pKaJl B APYTUX MPOeKTaX

B xauecTBe OCHOBBI JIjIsI IPOEKTUPOBAHIS IIPUBOJIA IIpeIaepTy pHOro 3epkaJia j1ist npoekta COJLA MOXKHO UCoJIb-
30BATH ONBIT CO3JAHUS JIBYXKOOPIMHATHOTO ONITHKO-MEXaHIMIECKOro ckaupytorero yerpoiicrsa BCKP-T (puc. 1)
or npubopa MCVY-I'C (MHOro30HaIbHOE CKAHUPYIOIEe YCTPOHCTBO IMAPOMETEOPOJIOTUIECKOTO obecnievdenust) [3].
Iamroe 3epkaJio paboTaeT B HelIpepbIBHOM pexkume coBMecTHO ¢ UK Teeckonom ameprypoit 220 MM, OCyIIecTBIIsIst
CTPOYHYIO W K&JIPOBYIO PA3BEPTKY JJIsl MOJIydeHns n3o0pakennit 3emn Kaxkjaple 30 MUHYT, YroJl CKAHUPOBAHUS
cocrapysger 10°. BCKP-T pazpaboran 8 CKB KIT UK PAH.
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Puc. 2: TIpoektr MTG: mozyns ckaruposanus (SCA) ¢ wiockom 3epkasom 300 MM (BBepxy ), Teseckorn FCI (BHu3y).

JIpyruM mpuMepoM HUCIIOIBL30BaHUS TTIOBOPOTHOTO 3EPKAJIA SIBJISIETCS €BPOMEHCKUIT METEOPOIOrNIeCKUil TPOEKT
Meteosat Tperbero nokosenus (MTG) [4]. IIporpamma MTG 6bL1a co3ziana B paMkax corpyanundectsa Mex iy EKA
u EUMETSAT. Teneckon FCI ciipoekrupopat u paspaboran kommanueiit OHB Systems. /Ijist HaBeieHus TejiecKomna
ucosb3yercst Momysb ckannposanusi (SCA) Ha OCHOBE IIOCKOTO TpeJANepTyPHOTo 3epkaJa [5], paspaboTaHHBI
komnanueit SENER (puc. 2). JIByxoceBoii KapJaHHBII CKAHEP ¢ YIIPABJIEHWEM 110 0OOPATHON CBSI3M OT SHKOJEPOB
00ecreunBaeT OTJIINIHYI0 TOYHOCTH HABEJEHUS M BBICOKYIO THOKOCTD, TO3BOJIAST OBICTPO CKAHUPOBATH 3EMJIIO0 U
MMPOCMATPUBATH KOCMIYECKOE TIPOCTPaHCTBO. TpeboBanust K 3epkajty nepenaseenns teseckona KA COIA ouenn
moxoxu Ha ocHoBHbIe Tapamerpbl SCA. OcunoBHble xapakTepuctuku SCA:

e Pazmep 3epkasta 300 mum;
e Yrou npokauku 3epkasia 30° jyst uncrpymenta FCI u 45° myis uncrpymenta IRS;
e Ckopocrb ckanupoBanus 10 2 °/c, Bpems passopora Ha 180° menee yem 3a 0.8 c;
e AGcCoIOTHAST TOYHOCTDH HaBEIeHUsA oNTHIecKoil ocu 170 prad, BKIIOYast OMMUOKN YIIPABJIEHUS U IIIyM 3HKO-
nepa;
TounocTs yuepxanusi o6bekTa 0.6 purad B Teuenun 10 c;
Mexanu3m OJIOKHPOBKHU Ha BPEMSI 3aITyCKa;
Cucrema jieMIpUpoOBaHUST JJTsT TOJJIEPyKAHUST TPEOYEMO TOYHOCTH B CJIydIae BO3MYIIEHUI CO CTOPOHBI IIIAT-
dOopMBbI.
B pamkax kwuraiickoit muccun na Jlyny Chang’E-3 8 NAOC/CAS (HanuonasbHas acTpoHOMUYECKas 06cep-
Baropusi Kuras/Kuraiickas akamemust Hayk) 6611 paspaboran sgynnbiil reseckon LUT (Lunar-based Ultraviolet
telescope) [6]. LUT wucnosb3yeT npenMyIiecTBo HabOAeHn it ¢ ToBepxHOCTH JIyHBI, T.K. OTCyTCTBHE ATMOCHEDHI I
Me/tennoe Bpairenue JIyuer. Teseckorn pacrnosoxken Ha nocagoaHoM moyste muccnn Chang’E-3. OcHoBHBIE Hayd-
HBIE 33J[a91 IPOEKTa — MPOJIO/KUTEIbHBIN (DOTOMETPUIECKIIT MOHUTOPHUHT TIePEMEHHBIX 3Be3 1 B OsimkaeM YO B
TeYeHne JEeCATKOB Hel, MpoBeieHne 0030pa rajJlaKTUIECKOl mIocKocT B OsmkaeM Y D.

Teneckon LUT [6] ourugeckoit cxembl Puun-Kperbena co cerocuioit 1:3.75 umeer aneprypy 150 mm, mose
spenns 1.36° x 1.36°, macmrab nzobpazkenus 4.76” /nukcesnsb. Ilepes BXOHOMN anepTypoil TesecKona yCTaHOBIEHO
IJIOCKOE 3€PKAJIO B KAPJAHHOM I10JIBECE C YIIPABJIEHUEM II0 JBYM OCSIM, KOTOPOE IT03BOJISIET HABOJUTH TEJIECKOI Ha
uHTepecyomue ucrounuku ¢ rounocroio 90”. B kauecrse merekropa ucnosbsyercs [13C AIMO CCD E2V47-20
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dopmata 1024 x 1024 nukcesteit ¢ yBeaumdaeHHoil YD 4yBCTBUTEIBHOCTBIO, C TEPMOIJIEKTPUICCKIM OXJIAXKIEHUEM 10
40°C Huke TeMIepaTypbl OKpyzKaroleii cpessl, padouas Temuneparypa [I3C cocrasmisier ot —40°C (Ha paccpere
i B cymepkax) 10 —20°C (B mosens). IIporunatomas cuiia resreckona cocrasiaser mAB 13 npu sxenosumnuu
30 c. JIBa cBeTommona € IEHTPAJILHON JUIMHON BOJIHBI 286 HM 0DecnedYnBaioOT IOJIyYeHHe BHYTPEHHErO IJIOCKOIO
nosist. Makcnmambaasa sddexrusrocts LUT ma aymre Bosmsr 250 aM coctasiasger 8%.

Hatch of cabin-Y Two-axis gimbal

Reflector

Telescope

Puc. 3: Cxema reneckona LUT, muccusi Chang’E-3.

KA «Muxaitno JlomoHocos», 3amymiennsiii B 2016 1., mmeer B coctaBe Hay4dHOil ammaparyps! npubop UFFO
(Ultra Fast Flash Observatory), npeHasHaueHHbIH /11 U3y UeHHs] TAMMa-BCILUIECKOB, COCTOSIIHUI 13 Teseckora YD
U OITHYECKOTO JIMANA30HOB ¢ aneprypoit 10 cM u perTreHoBckoit Kamepsl [7]. Tesmeckon cucrembr Puuan-Kperbera
¢ mosiem 3perns 17/ X 17’ 060pyl0BaH MIOCKAM yIIPABISEMBIM ITPEJAIEPTYPHBIM 3€PKAJIOM, KOTOPOE MO3BOJISIET B
Tedenne | CEeKYHIbl HABOMUTHCS Ha 00JIACTH, TI€ IIPOM30IIe]I TaMMAa-BCILIECK, 3aPETUCTPUPOBAHHBIN IITHPOKOYTOIhb-
HO¥ PEHTTeHOBCKOI KaMepoil. YTOJI IlepeHaBe/IeHns C IIOMOIIBIO 3epKaJja gocturaer 70°. YTiI0BOe pa3pelleHne Ha
MKII nerekrope cocrasisier 4" /mukcenb, cnekrpanbabiil auanazon 200-650 aM. O6muii Bec cGopKHu Teseckona ¢
3epKaJjiom coctasisgeT 11.5 kr, suepronorpedaerune 10 Br, rabaputsr 30x20X62 cM.

2. IlpepanepTypHoe 3epKajio epeHaBe/ieHns TejiecKora jisd npoekra CO/IA

[Ipenamepryproe 3epkaso nepeHase/erus teseckorna COJIA sBisieTcss HEOTHETIUMON YACTHIO ONMTUIECKON CXEMbI
TEJIECKOTIa, TAKIM 00Pa30M, OIITUMU3AIINS BCEH CUCTEMBI OJI?)KHA BECTUCH C YI€TOM raDapuTOB IJIOCKOTO 3€PKAJIA,
JMIOCTYIHBIX YIJIOB TPOKAYKN IO ODEMM OCSIM, MEXAHUIECKON KOHCTPYKIINU, OOECHEIMBAIONIEH YKECTKYIO CBIA3KY
Kap/IAaHHOTO TIOJBECa 3€pKaJia C ONTHUYECKON TPyOoil TejecKola, BO3MOXKHOCTH pa3MelneHus OseHy. IlomoOmbie
TPebOBaHUS CYKAIOT KPYT' MOTEHIINAJIBHO IPUTOIHBIX IIIMPOKOYTOJBHBIX ONTHIeCKHX cxeM jiist mpoekta COZA.
Onrnueckast cxema Teseckona (puc. 6) ocHoOBaHa Ha KaMepe 30HHEDEbIA U COCTOUT U3 JBYXJIMH30BOTO allep-
TYPHOT'O KOPPEKTOPA, BHYTPEHHUH 3JIEMEHT KOTOPOro paboTaeT B ABOMHOM XO7e Jiyueil, 3epkasia MaHxkeHa u 1By X-
JIMH30BOTO KOPPEKTOpa BO/IM3U (poKaabHOi mTockocTu. POTONPHEMHUK 1 KOPPEKTOP Pa3MEIIeHbl BHYTPH TPYOHI,
9TO MO3BOJISIET UCK/IIOYNTh BUHHETUPOBAHUE IIYIKA JI0 €0 OTPAXKEHUS OT IJIOCKOTO 3ePKaJIa.
[Ipu BBIOOpE TApaMETPOB 3epKaJa epeHaBeienns jiiist Tesreckora, jiiist mpoekta COJIA MbI pyKOBOICTBOBAJINCH
CJIEYIOIIUMY KPUTEPUSIMU:
e aneprypa Tejeckona 30 cum;
® 110JI€ 3peHus He MeHee 3°;
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Puc. 4: Hayunsrit npubop UFFO, KA «Muxaiisio JIomoHOCOB>.

® BpeMs II€PEHABEJICHUs MEXKJLYy COCETHUMU ILIOMaAkamMu (Ha BesmduHy 3°) ¢ YYeTOM YCIIOKOeHUs He GoJiee
3¢

® 3epKaJjio JIOJIKHO PACIojaraTbcs KaK MOXKHO OJIMKe K BXOJHOW anepType TeJIeCKOIa I MUHUMU3BAINN
pa3Mepa IIpeIAePTYPHOTrO 3epKaJia IePEeHABEICHUs] TEJIECKOTIA;

® YrOJI MPOKAYKHM [0 YIUIy TAHTayKa JOJKEH OBITh 0KOJIO 22.5° (OTKJIOHEHUe ONTHIeCKuX Jiydeit 45°);

® yroJI IIPOKAYKH 110 yIJIy KPeHa JIOJKEH ObITh MaKCHMaJbHO BO3MOXKHBIM, OoJiee 100°;

® IIPUBOJ, IO YrOJIy KPeHa JOJKeH ObITh Peai30BaH Ha MOMEHTHBIX JBUTATENISIX 0€3 MCIIOIb30BAHUST MEXAHM-
YeCKUX MMPUBOJIOB.

[MosicauM Kazk0e n3 TpebOBAHMIA.

Aneprypa Teseckora u mosie 3peHusi 00yCIOBJIEHBI TPeGOBAHNEM OGECIIEUnTh JOCTATOUHBIA TeMIl (KarKIpie
3.5 MuHYTBI) 0630pa KOHYCHOTO Gapbepa BoKpyr 3emsm B mpoekte COJIA u obecrieunTs MOCTATOUHOE KOTMIECTBO
3aCeYeK MPH MPOXOXKJICHUN HAOIIOMAEMOro Tejla Yepe3 ONTUIeCKuilt Gapbep.

Temn 0630pa KOHYCHOTO Gapbepa ONpeIesIsieTcss KOJTUNIECTBOM TIJIONMAI0K, SKCIIO3UIMEH Ha, KaXKI0# TLIOMIA/I-
Ke, BpEMEHEM CUHMTBIBAHUSI JETEKTOPA M BPEMEHEM I€PEHABEICHUs HA CJIEIYIONIYIO ILIOMAJKY C ITOCJIE/YIONUM
ycrokoeHneM. THIToBast 9KCIO3UIHS HA ILUIOMAJIKE COCTABIISIET 4 ¢, TIO9TOMY BpPEMSI IIEPEHABE/ICHIS HA CJICIYIONLYIO
IJIOMIAJIKY JOJIKHO OBITh MUHUMAJIbHBIM, He OoJiee 3 ¢. Ilo cpaBHeHuUIo ¢ 3T0il Beaumvunoii, Bpems ycrokoenust KA
MOKET OBITH CYIECTBEHHBIM, ITOITOMY HYXKHO PACCMOTPETH BO3MOYKHOCTH AKTUBHOW KOMIEHCAIIMHA OCTATOYHBIX
KOJIeHOAHMIT KOCMUYECKOTO AllllapaTa ¢ MOMOIIBIO 3epKaJia epeHaBeIeHUs TeJIECKOTIA.

VroJt mpoKadKuy 10 YTy TaHTaXKa HAPSAMYIO BJIMAET Ha pa3Mepbl 3epKaJia u oo1Lyio JauHy coopku. Ompeiess-
foriee TpeboBanue co croponsl mpoekta COJA — obecrnieuenue moIHOTO yTiia pacTBopa KoHyca He Menee 90°. Dto
TpeboBaHIe OObSICHSIETCS TeM, UTO OlTuMaJjbHas KoHdurypamnus mpoekta COJA cocTonT m3 Tpex OIMHAKOBBIX
TEJIECKOIIOB, KAXKJIblii U3 KOTOPBIX OTBEYAET 38 CKAHMPOBAHUE IIOJIOBUHBI KOHYCHOTO 6apbepa (puc. 7), T.e. 06JacTh
IepeHaBeIeHIs KayKI0T0 TEJIECKOI TOKHA, ObITh He MeHee 45°. Takum 06pa3oM, yros IpoKadKy 3epKaJia o YIuIy
TaHTaXKa JOJIKeH OBITH OKOJIO 22.5° — moJsioBuHA OT Tpebyemoit obactu 0630pa 45° [JTst OHOTO TEJIECKOIIA.
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3epKano nepeHaBeAeHNA Tenleckona

[eTtektop
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MoTop 1 aHKogep

Puc. 5: Konnenmnus tesreckora ¢ npejanepTypHBIM 3epKajioM repeHase/ienns st mpoekra COA.

S

Puc. 6: Bapuant onTu4eckoil CXeMbI TEJIECKOIIA ¢ TIPEJIAlIePTY PHBIM 3epKaJioM nepenaseienust st mpoekta COJIA.

Vroa mpoKavuKu Mo yIJIy KPeHa J0JIKeH ObITh MakCcuMaJIbHbIM, 60s1ee 100°, 9T00bI 00eCedInTh MAKCHUMATBHY O
06J1acTh 0630pa JJIs KaXKJI0r0 TEJIECKOTIA € MEIbI0 YBEJUIUTh 30HY IEPEKPBITHS MEXKY COCETHUMU TEJIeCKOIAMH.
OCHOBHBIM OI'PaHHYMUBAIOIINM (HAKTOPOM 3/1€Ch OYIEeT BUHBETHPOBAHUE CO CTOPOHBI COCEIHMX TeJIeCKONoB. 1Ipu
Hajuann B cocraBe KA COJIA Tpex rteseckonos, npumepao 50% obsactu 0630pa MOKET ObITH OJHOBPEMEHHO
OCMOTPEHO JIBYMsI TEJECKOIIAMH. DTO MO3BOJIUT YBEJUIUTH HAJIEKHOCTD CUCTEMBI 38 CUET PE3EPBUPOBAHUS TeJe-
CKOTIOE. IIpm O0TKa3ze oOHOrO TeecKoma Mpou3oiIeT moreps Jumb 17% oT 06acTn HABIIOAAEMOT0 ITPOCTPAHCTBA.
IIpn oTKasze AByX U3 Tpex TeIecKomnoB npousoiaer noreps 50% ot obnactu mabmonenns, T.e. KA COJIA Bce eme
COXPAHUT JIOCTATOYHYIO (DYHKIHOHAJIBHOCTEL. Hasmne nepekpoiTuii obacreit 0630pa gaeT BO3MOKHOCTD HAOJIIO-
JeHuil 0co00 ONACHBIX TEJI B PEKUME CJIEXKEHUST 38 00bEKTOM CHHXPOHHO JBYMs TeJiecKomamu ¢ ojHoro KA, gro
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Puc. 7: Kommnonoska obiiacreit 0630pa Tpex Teseckonon cucreMbl COJIA u3 Touku L1 B HOJSPHONA cuCTEME KOOP-
quHAT (3eMist B IIeHTpe).

YBEJUYIUT ACTPOMETPUIECKYIO TOYHOCTD. ACTpOMETpHYIECcKast TOYHOCTH HADJIIOIEHUI SIBJISIETCS OJJHUM U3 OCHOBHBIX
daKTOPOB, BJIUSIONMX HA TOYHOCTH IIPEJICKA3AHNS KOOPAUHAT BXOXKIEHNS TeJIa B aTMOChEPY.

B xozie peasmzarun nporpaMMbl HaOJIIOIEHNsI, KOTOPash BKIIIOYAET B cebsl OCIeI0BaATEeIbHOE (POPMUPOBAHIE
3aMKHYTOTO KOHYCHOTO Gapbepa BOKPYT 3eMJIH, CYIEeCTBEHHAS JI0JIsT TIEPEHABEICHUI TEJIECKOIIAa MEXKIY COCETHUMA
IUTOTIAIKAME MOXKET IIPOBOIUTHCS TOJIBKO TI0 OJTHOI KOOpAUHATE — 10 yIuIy KpeHa. [IpuBosm 9Toit ocu nosrkeH ObITh
paccYnTaH Ha OTPOMHOE KOJMYeCTBO Mepenaseennii (5-107), memomb3opanme KaKIX-TA60 MEeXaHTIeCKIX TTPHBOIOB
(1ecrepHu, YepBsUHbIe HAPbl) HepoycTuMo. OCh TaHraxka MOXKeT ObITh Pean30BaHa KaK Ha JIMHEHOM IIPUBOJIE
(puc. 5), Tak U HA MOMEHTHOM JiBUTaTese, anajgornaHo ckanepy SCA (puc. 2).

Hecmorpst Ha KaxKyIILyrOCsl «HEHAIEXKHOCThy Ipejiaraemoro s npoekta COJLA meToma HelnpepbIBHBIX I1e-
PEHABEEHMIT TeJIECKOIa C TIOMOIIBIO JOCTATOYHO KPYIHOro npenamnepryroro 3epkana, BCKP-T, nmpu cxoxux ra-
bapurax u pexkumax paborel, HauwHas ¢ 2011 r. u o HACTOsIIIee BpeMsi, TOATBEPINIIO CBOIO BBICOKYIO HAJIEZKHOCTD
B XOJIe IKCILTyaTanuu Ha mereoposiorndeckux KA cepun «sexTpo-JI».

5. 3akiarodyeHue

B pabore mpecraBiien BapuaHT peasu3alini IPEeJAepPTyPHOTO 3epPKaJIa JJIsi IIEPEHABEICHUS THPOKOYTOJIHHOTO
TeJIECKOIIa JIJIsl TIepCIeKTUBHOM KocMuydeckoi cucrembl COJTA.

B kadecTBe OCHOBBI JIjIsl IIPOEKTUPOBAHUS IIPUBOJA IIPEJAIIEPTYPHOTO 3€pPKajia MOXKHO HCIIOJb30BaTh OIBIT
CO3/TaHUs JIBYXKOODIMHATHOTO ONTHKO-Mexanmdeckoro ckaunupyiomiero ycrpoiicrea BCKP-T 8 CKB KII UKU
PAH jyia npu6opa MCY-I'C wiu asyxocesoit kapiaunnbiii ckanep (SCA), paspaboranubiit komnanueii SENER
st mpoekta MGT.

[Ipe/oKeHHbI BADUAHT Peasi3alii IPeAlepTyPHOTO 3epKaJia JJisd IePEeHABE/IEHIs TEJIECKOIa MOXKET pac-
CMaTPUBAThCS B KadecTBe OJHOrO u3 0a30BbixX 1pu nposeaenun HUP «COJIA».
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lNpenmyuiecTBa Masbix HayYHbIX KOCMUYECKUX MPOEKTOB

HNocunenko C.B.

HUnemumym acmpornomuu PAH, Mockea, Poccus

B nacrosimee Bpems B pamkax demepasbHO KOCMUYECKON MPOrPaAMMbl PEATM3YIOTCS TOJIBKO aMOWIIMO3HBIE MAaCIITaOHBIE
Hay4YHbIE TIPOEKTHI, JIJIsI KOTOPBIX XapaKTEPHBI CJIOXKHOCTH KaK TEXHUYECKOro, TaK U (PUHAHCOBO XapakTepa. /laHHBIE CJI0XK-
HOCTHM MOYKHO HMBEJIMPOBATHL IIyTeM (DOPMUPOBAHUs HEOOJIBIIOrO, HO CTAOMIIBHOIO TOCYIaPCTBEHHOIO 3aKa3a Ha MaJjble U
CpeJIHre HayJYHble KOCMUYECKHE MTPOEKTHI. BBINIO/IHEHNE TAaHHBIX IIPOEKTOB Yepe3 CTPYKTYpbl MUHUCTEPCTBA HAYKU U BBIC-
mero o0pa3oBaHUsl TaKKe IO3BOJIUT BBIPAOOTATH HOBBIE IIOJXOJbI, MO3BOJIAIOIIAE B MEPCIEKTUBE 3HAYUTEIHLHO MOBBICUTH
3 PEKTUBHOCTD B YaCTU CTOMMOCTHU U CPOKOB PeasIu3allii IPOEKTOB.

Karoueswie caosa: HAYHUHBLE KOCMUYECKUE NPOEKMDBL, UHHOBAUUOHHOE PA3BUMUE, PAKEMHO-KOCMUYECKAA OMPACAID

Advantages of small scientific space projects
Tosipenko S.V.
Institute of Astronomy of the RAS, Moscow, Russia

Currently, only ambitious large-scale scientific projects are presented in the federal space program of Russia. These projects
are characterized by both technical and financial difficulties. These difficulties can be leveled by the formation of a small
but stable government order for small and medium-sized scientific space projects. The release of these projects through the
structures of the Ministry of Science and Higher Education will also help to develop new approaches that will allow, in the
future, to significantly increase efficiency in terms of the cost and timing of projects.
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1. BBenenune

Hay4nble kKocMuYecKkue IPOEKThI BO BCEM MEPE B OOJIBIINHCTBE CBOEM DPEAJIM3YIOTCs 0 3aKa3y IIPaBUTENIbCTB. B
Poccun posp kak 3aka3zdmka, TaK W TOJIOBHOTO HCIIOJHUTE ST HAYYIHBIX TpoekToB BhimoaHseT 'K «Pockocmocs.
BrimiosiHeHe 9TUX IIPOEKTOB IIPOUCXOJUT B paMKax (ejepaibHoii kocmudeckoit nporpammbl (PKIT), koropas B
CBOIO OUEPEJIb PEAIN3yeTCs B COOTBETCTBUN C 3aKOHOM O TOCYapCTBeHHOM 000poHHOM 3akase [1]. CoorBeTcTBeHHO
U HaydJHbIE IIPOEKTHI B CTPaHe BEIYTCs B CTATyce rocOO0POH3aKa3a 0/l KOHTPOJIEM BOEHHOI'O IIPEICTABUTEIbCTBA.
OrpurnarebHOE BJIIMSHIE TAKOIO CTATYCa OYEBHJIHO, TAK IKCIEPTHI OTMEYAOT, YTO «CJIUSHIE BOEHHBIX U I'DaKIaH-
CKUX BUJOB KOCMUYECKON eATEJbHOCTH B OJHON CTPYKTYDE Ie/IaeT ee MeHee TMOKOU, He MO3BOJISIET aJeKBATHO
pearupoBaTh Ha CTPEMHUTEIHHO MEHSAIOIINECs PhIHOYHbIE YCJIOBUA> [2].

B ®OKII nayunbie KocMUYecKue IPOEKTHI PeaIn3yI0TCA B paMKax Hamnpabienns OyHIaMEHTATBHBIX UCCIIEI0-
Bauuit. Bromxkernoe dunancuposanne o OKII wa 2016-2025 rojabl mpuUBEJIEHO Jlajiee HA PUCYHKE, HA KOTOPOM
MOXKHO BUJIETH, uTO (buHaHcuposarue no Hampasaennto HIOKP cocrasiser okono 9% ot Beero Grogpkera (CM.
puc. 1).

B pamkax geitcrByromero @KII 2015-2025 3anianupoBana peajmsaiius psia HAYIHBIX IPOEKTOB C OOIIIM
obbemoM 6roKeTHOTO buHaHCHpOoBanus B 143,2 muipz. pybueii. Bee 3ammannpoBanubie Hay YHBIE TPOTPAMMBI sIBJISI-
IOTCSI OUeHb KPYTTHBIMU U ME3K Iy HAPOTHBIMU IIpoeKTaMu: Kocmuaeckue obcepsaropui («Crexrp-P», «Crektp-PI'»,
«Crektp-Y®», «Crekrp-M>» ), KocMudeckue annaparsl Juis ncciegopanus Jlyast («JIyna-Tmo6», «JIyna-Pecype-1»,
«JIyna-Pecypc-2», «JIyna-I'pyHT» ), CIly THUKY JJist n3ydeHust KoCMUUecKnX 3(hdekTos Ha opranu3Mbl («Bror-M» ),
aIaparsl Jyis uccaenopanus wianer Cosnednoil cucremsol («dxr3oMapcey», «xeneaurus-M» ) U cucTeMbl KOHTPOJIS
cosnneunoit akrusuoctu («APKA», «Uuareprenuno-3onzy, «Pesonancs).

2. HpenMyIHeCTBa MaJIbIX HAY4YHbIX IIPOEKTOB

Anayin3 npuBeIeHHBIX paHee MATEPUAJIOB MMO3BOJISIET YBUJIETH OCOOEHHOCTD, 3aKJIIOYAIONLYIOCS B TOM, 9TO BCE 3a-
IJIAHUPOBAHHBIE K PEAJIM3AIINN TPOEKTHI ABJISIIOTCSA KPYITHBIME, JOPOTOCTOSIIIIMEI U 0018 IaI0T JIJTUTE/TLHBIMU TT€PU-
OJIAMHY PEAJTI3AINN, B TOXKE BPeMsi HEOOIbINNE B YACTU XaPAKTEPUCTUK CTOUMOCTH U IIUKJIOB PEATU3AINY HAY IHbIE
IIPOEKTHI B KOCMHUYECKOI IPOIPaMMe He MPELyCMOTPEHBI. JKCIEPTAMI OTMEJAETCs, 9TO «B IIPOTPaMMe JIOMUHUDPY-
0T KPYIIHBIE U CJIOYKHBIE TTPOEKTHI, 33 [yMaHHbIe 3a9acTyI0 Aecstmierus nazasn. Croxkupmasics crpykrypa OKII
IIPOTUBOPEYUT MUPOBOMY OIIBITY, [IEMOHCTPUPYIOIIEMY KOMOMHAIIMIO OTHOCUTEIBHO PEIKUX OOJIBIINX ITPOEKTOB U
Pa3sHOO6PA3Msl MAJBIX CIYTHUKOB C CYIECTBEHHO MEHBIUMU CPOKAMH TIOJITOTOBKE> [3].

Peanuzarius KpymHBIX Hay9IHBIX IIPOEKTOB CBsI3aHA C PEIIEHHEM KAaK MHOTOUYUCIEHHBIX TEXHUYECKUX 3a7ad,
TaK U C IPEOI0JIEHIEM SKOHOMUYEeCKUX TpyHocTedt. [Ipu ob61eit HecTabMIbHON SKOHOMUYIECKO 0OCTAHOBKE B MUDE
U B HaIlleil cTpane (pUHAHCHPOBAHNE KOCMUIECKON ME€ATENbHOCTH YaCTO [MOIBEPTaeTCs MEPECMOTPY U KaK IPABUIIO

Hayunwie Tpyast THACAH, 2021, Tom 6, BeImyck 3
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BIOAKETHOE ®MHAHCUPOBAHME N0 GEQEPANLHON KOCMWYECKOH
NPOrPAMME HA 2016-2025 rOAbl (MIPA PYB.)
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Puc. 1: Pacupenenenne dunancupopanns OPKII mo manpasrennro HUOKP
(https://www.kommersant.ru/doc/2714095).

[IEPeCMOTP UZET B CTOPOHY ero yMenbiierus [4]. Tak HOMCK 10 3a1pocy «CeKBECTP KOCMUIECKON IPOrpaMMbl» B 110
UCKOBUKe SIHJIeKC BhIJaeT OoJiee 7 MUJLIMOHOB pe3y/IbTaToB. B ciie/icTBUN yKa3aHHBIX IPUYNH JeduiuTa OroJKeTa,
CEKBECTUPOBAHUIO TIOJBEPralOTCs B IEPBYIO OYEPe b UMEHHO HayYHbIE IPOEKTHI. DTa MPodIeMa yCyrybJIsieTcst TeM,
YTO KaK y2Ke OBLJIO CKa3aHO, BCE IIPOEKTHI B (hejiepabHOl KOCMUYECKOl TporpaMMe OUYeHb aMOUIMO3HbIE, T.€. 00JIb-
re, JOJITOCPOYHBIE U JTOPOTOCTOSIINE U TI0 CJIOKUBIIENCH TPAKTUKE KOHTPAKTYIOTCS HE CKBO3HBIM JIOTOBOPOM <10
KOHITa», & 3aKJOYAIOTCS TIO9TAITHO HA J9aCTh IMOCIEAYIOMNUX PA0OT B paMKaxX IPOEKTa Ha KOTOPBIE TPABUTEIbCTBOM
[IO/ITBEPXKIEHBI JEHEXKHBIE JITMUTBI. DTO MPUBOIUT K YACTOMY IIEPECMOTPY COCTaBa PadOT, CPOKOB BBIIIOJTHEHUS
U UX CTOMMOCTH (BCErjia B CTOPOHY YBeJMYeHHsl), a HeOOXOAUMOCTDb YTBEPKICHNs! JAHHBIX U3MEHEHU Ha YPOBHE
dejiepaabHOl KOCMUYECKON ITporpaMMbl IIpaBuTeibcTBOM Poccuiickoit Desiepaliiil U MOCJIEAYIONIUE JTUTE/IbHbIE
3aKJII0YEHNs JOTOBOPOB OT TOCKOPHIOparyu «PocKocMOCy «BHIM3» 110 KOOTIEPAIINHU B CBOIO OUEPEIh IEJIAI0T ITOT IIPO-
[IECC OYEHD JJIUTEJIbHBIM (0T rojia u 6oJiee), 3HAYUTEIHHO PACTAIMBAA CPOKU PEATU3AIMU U3HAYAIBHO JJIUTEbHBIX
¥ CJIOYKHBIX IIPOEKTOB. PerenneM manHo# mpobaeMbl MOXKeT ObITh JInbh0 00jiee TOUHOE DIOMKETHOE IIJIAHNPOBAHUE,
YTO JIOBOJIBHO CJIOZKHO B BUJLY CUJIBHOI IIOBEPXKEHHOCTU SKOHOMUYECKUM U ITOJIUTUIECKUM KPU3UCAM, JITOO CKBO3-
HOEe KOHTPaKTUpOBaHUE pabor ¢ aBancuposanueM 10 90% croumoctn u GoJiee, 9TO SIBISAETCA HEBO3MOXKHBIM JIJIsT
TAKUX KPYIHBIX TPOEKTOB.
B sTom paspese masibie u cpeaHne HAYIHbIE KOCMAYIECKIE TPOEKTHI JIUIIEHB YKA3AHHBIX HEIOCTATKOB U TIOTO-
MY 3aC/IyKUBAIOT OTAEJHHOIO BHUMaHUsA. Tak hOpMUPOBAHIE MOCYIaPCTBEHHOIO 3aKa3a HA HEDOJIbINNE HAy IHBIE
KOCMMYECKHEe IIPOEKTHI ¢ CyMMapHBLIM 0O0beMoM (buHaHcupoBanus seero B rof, 1% or ®KII mozpouT peajns3oBbl-
Barh j10 10 IPOEKTOB B T'0OJ, B TO BpeMs Kak B HacTosiilee BpeMsi B aeiictByromeM PKII npexycmorpeno Bcero 12
[IPOEKTOB 34 BECH JIECATUJIETHNN CPOK peasn3aliii. BhIIoTHeHre JJAHHOH 9aCTH TOCYIapCTBEHHOIO 3aKa3a 1eJIeCo-
obOpa3Ho BO3JIOXKUTH Ha MUHHCTEPCTBO HayKU U Bhiciiero obpazosanus B jurie PAH wmu coBera mo kocmocy PAH,
9TO JACT P JIOTOJHATEIHHBIX TPEUMYIIECTB:
® 3aKa3YMK HAIPSIMYI 3aMHTEPECOBAH B IIOJIOXKUTEJILHOM pPe3yJibTaTe CO3/aHusl M IeJIeBOro (byHKIMOHUPO-
BaHUsI ¥ KOHTPOJIMPYET IIPOIECC C TO3UIUI JIaJbHENIIEro MeJIEBOr0 SKCILUIYATAHTa TEXHUKU C ITOCTOSIHHOM
OTIEHKOI BO3MOYKHOCTH TOJIy9IEHHUsI C €€ IIOMOIIBI0 HAYIHOTO PE3yJIbTaTa,;
® OTHOCHUTEJILHO HEDOIBINAs CTOMMOCTD PEAM3AIIYI MAJIBIX TPOEKTOB MMO3BOJIUT 3aKJI0YATh C UCIIOTHUTETIEM
CKBO3HBIE KOHTPAKTHI U JOBOJUTEL apancuposanue 10 80-90% a1t MUHUMAZAIAN BJINSTHAS SKOHOMUIECKON
00CTAHOBKY B TOCJIEIYIOIIIE TOA HA PEATU3AINIO TIPOEKTOB;
® BO3MOKHOCTB BBITIOJIHEHHsI IPOEKTOB B (hopMe HayuHO-HccaenoBarensckux pabor (HUP) 6e3 Heobxomumo-
CTH BBINIOJIHEHUsT BceX TpeboBanuil moJioxkenust PK-11 u BoeHHBIX cuCTeM CTaHIapTOB, Oe3 TpeboBaHUil 1O
UCIIOJIL30BAHUIO UCKJIIOYUTEIHHO OTE€UeCTBEHHOM 31eMeHTHON 6a3bl (TOJIBKO € IOJIyYeHUEeM 3aKJIOUEHHs O
GezonacHocTn), 6e3 IPUBJIEYEHNsl BOGHHOIO IPEICTABUTE/IbCTBA U Ka3HAUEICKOro conpoBOXKIeHus. Bee 910
TIO3BOJIUT B KOPOTKHE CPOKM CHOPMUPOBATH HOBBIE TOJIXOIbI K CO3MAHUI0 KOCMUIECKON TEXHUKHU, MO3BOJIsI-
IOIIEe B IEPCIIEKTUBE 3HAYUTE/IBHO OBBICUTH 3(P(PEKTUBHOCTh B YaCTU CTOMMOCTH U CPOKOB peasin3alluu
IIPOEKTOB;
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® MUHUCTEPCTBO YK€ MMeeT Psifl HAYyJIHBIX U 00Pa30BATEbHBIX HHCTUTYTOB, UMEIOIINX KOCMUYIECKYIO JINIIEH-
3UI0, YTO MO3BOJIUT IPUCTYIIUTH K Peau3alud IJIaHa, He J0XKUJIasICh BHECEHUS U3MEHEHUN B IOJIOZKEHHUE O
JIMTIIEH3UPOBAHUN KOCMUYECKOM JIeATETbHOCTH;

® DsiJT HAYYHBIX U 00pa30BaATE/ILHBIX HHCTUTYTOB UMEIOT OIBIT U KOMIIETEHITUN B OOJIACTU CO3/IaHUsT KOCMITIE-
CKOl TEXHUKH, & TaKyKe HeOOXOINMbIE TPOU3BOICTBEHHBIE U UCIIBITATEIbHBIE MOITHOCTH.

3. Magsrit kocmudeckuit npoekt MTHACAH

B nacrosmee Bpemss 8 UHACAH Beserca nmpopaboTka Majoro HayqHONO KOCMHYECKOTO TPOEKTa M0 CO3IAHUI0
KOCMHUYECKOTO AIlIapaTa [Jlsd IPOBeIeHns HabJIIoIeHns sApKUX 00beKTOB u obiacreit B Y O-auara3one, He JOCTYII-
HbIX B paMkax o63opa GALEX. [Iys ynemieBiieHus: O0IIEdl CTOMMOCTH IIPOEKTA M yMEHBINEHNS CPOKOB Peasin3aliiu
[POEKTa KOCMUIeCKHi ammapar Oyer peanusosas B cradgapre CubeSat B8 dopm-dakrope 3U (cm. puc. 2).

3ona pasvemenna
Toe3sHOH HarpyskH

Puc. 2: CubeSat THACAH.

B kauecTBe 10sI€3HO HArpy3Kn OyjeT BBICTYyNIATh Kamepa yiabrpadmuoseroporo munamnasona (100-300 M) u
HoJIeM 3DEHUsl He MeHee 5 rpajycoB m MacmraboMm 11 cex/mukcens. IloesHas HArpY3Ka IIPOEKTHPYETCST TAKAM
06pazom, 4rTobbl Brmcarbed B rabaputsl 90 X 90 X 90 MM u 06sa1aTh Maccoli, He npesbimaomei 1 kr [5].

Peanmuzamus kocmudeckoro anmapara B crangapre CubeSat, a Tak»ke nCIob30BaHAe TPOTOJIETHOTO TIOIXO/A,
KOIJIa IIPOBEJIEHNE HA3EMHOM IKCIIEPUMEHTAIBHOM 0TpabOTKY IIPOU3BOIUTCS Ha TOM Ke 00pasiie, KOTOPBIN B JaJib-
HeiieM Oy/ieT 3aIIyIeH B KOCMOC, ITO3BOJIMT OCYIIECTBUTh CO3/IaHUE U 3aIlyCK CILyTHUKA B CPOK, HE IIPEBBIIIAOIINN
2 rona.

4. 3akJrodyeHue

[IpemioxKeHHBIIT TIOXO, TO3BOJIAET 3AIOJHATH OTCYTCTBYIOINTYIO B HACTOAIINAN MOMEHT HUIITY MAJIBIX HAYIHBIX [IPO-
€KTOB B KOCMHUYECKO# mporpamme Poccun ¢ 0mHOBpeMeHHBIM HUBEJINPOBAHUEM HEIOCTATKOB, CBSI3aHHBIX CO CJIOXK-
HOCTBIO peajim3anyuu n (HPUHAHCHPOBAHUS, XaPAKTEPHBIX JJIs OOJBIINX MPOEKTOB. Peanm3amus depe3 CTPYKTYPbI
MunucTepcTBa HAYKHU U BBICIIIET0 OOPA30BAHUSI TIO3BOJIUT Ha y2Ke CYIIECTBYIOIIEH Oa3e MPUCTYIIUTD K peaTn3aIiun
6e3 HeOOXOIMMOCTH BHECEHUsT U3MEHEHUN B 3aKOHOJIATEHLCTBO, ITO CAMO IO cebe sIBJSIETCs JIUTEbHBIM ITPOIEeC-
coMm. C 9KOHOMHMYECKOI TOYKH 3PEHUsI MaJible IIPOEKTHI O3BOJISIIOT BBIJIEISITH Ha HUX CPa3y BCIO HEOOXOJMMYIO
CyMMy ¥ 3aKJI09YaTh CKBO3HBIE KOHTPAKTHI, YTO MOYTU MOJHOCTHIO CHAMAET PUCKHU (DUHAHCHPOBaHUS. B wacTu
WHCTUTYIIHOHAJIBLHOTO HAIIPABJIEHUsI, OTJEJICHIE MAJIBIX IIPOEKTOB OT OOIIEro moToKa 0€3 paclpoCTPAHEeHUsT HA HUX
o0Imux TpeOOBAHUI 10 CO3JIAHUIO0 BOCHHOW TEXHUKM MTO3BOJIUT MPOpaboTaTh U ChOPMUPOBATH HOBBIE TTOIXOJBI K
peau3aIuu HHHOBAIMOHHBIX IIPOEKTOB, KOTOPbIE B JAJbHEHIIEM MOXKHO Oy/IeT MacIITabupoOBaTh.
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Kamepa nndpakpacHoro (TennoBoro) avanasoHa A/st KOHTPOAs

COCTOSIHUS1 aTMOocdepbl Hag, MOPCKUM FOPU30HTOM CUMMEN3CKO
obcepBaTtopun MHACAH

Hukonenko .B.!, Macos I1.A.2

L Hnemumym, acmpornomun PAH, Mockea, Poccus
2 .
HUrnemumym xocmuveckux uccaedosanuti PAH, Mocksa, Poccus

Nwmeromuiica na cumensckoii obcepsaropun THACAH undpaxpacublii 1aT9uk 06J1a9HOCTH KOHTPOJUPYET COCTOSHHUE aT-
Mocdepbl B paiioHe 3eHHWTA, OJHAKO MPU HaOJIIOIEHNN OOBbEKTOB CO 3HAYUTE/bHBIMUA OTPUIATEIbHBIMU CKJIOHEHUSIMU YKe-
JIATEJILHO UMETh MHQMOPMAIUIO O HAJTHMYIUN OOJAYHOCTH B I0KHOM HAIIPABJIEHHU HU3KO HAJI TOPU30HTOM. B crarhe ommcana
YCTAHOBJIEHHAsT JIJIsl TOM I1eJIM KaMepa U Pe3yJIbTaThl €€ TECTUPOBAHUSI.

Karoueswie caosa: ungpaxpacnasn xamepa, Cumeusckasn obcepsamopus, MHACAH, xonmpoav cocmoanus ammocgepo.

Infrared (thermal) camera for monitoring the state of the atmosphere above the sea
horizon of the Simeiz Observatory INASAN
Nikolenko I.V.}, Maslov I.A.2

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

The infrared cloud sensor available at the Simeiz Observatory INASAN monitors the state of the atmosphere in the zenith
area, however, when observing objects with significant negative declinations, it is desirable to have information about the
presence of clouds in the south direction low above the horizon. The article describes the camera installed for this purpose
and the results of its testing.

Keywords: infrared camera, Simeiz observatory INASAN, monitoring the state of the atmosphere

DOI: 10.51194/INASAN.2021.6.3.004

1. BBenenune

Jljist m3aMepenus pacupezienenus spKOCTHON TeMIepaTypbl arMocdepbl B HanpasjeHun Ha for (+45°) u 3eHuTHBIX
yrs10B 45—90° GbLIa ycTaHOBJIEHA KaMepa ¢ TEPMOIIapHOH MaTpurieli, naromeit nadpakpacHoe n3obpazkenue (puc. 1)
32 x 32 nukcesst. Kpome armocdepsl, B 1ojie 3peHnsT KaMephl TIONaJai0T TOBEPXHOCTh MOPsT U CyIia (puc. 2).

2. Annapatrypa

Nudpakpacuas kamepa ucnosabsyer npuemank HTPA32x32d12.1/0.8 (dbupmbr Heimann Sensor) mmeroruit Tep-
MonapHyo MaTpully ¢ 32 x 32 snementamu (tabi. 1) u repmanuneByo Jun3y (Tabi1. 2), KOTOpbIe 00ECIIEUUBAIOT MOJIE
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ApkocTHaa Temnepartypa, Llenbcus
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Puc. 1: Tlpumep mzobpakeHnst MoydeHHOr0 nHGpaKpacHoil KaMepoii (cieBa) U pacupeesieHus ipPKOCTHOMH TeM-
[epaTypbl OT BBICOTBI HAJl FOPU30HTOM (cIpaBa) B 1moJioce +6° OT HAIPABJIEHUS HA TOT.
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Puc. 2: Bug ma tor or 6armnu reseckona [leiice-1000 Cumensckoit obcepBaTopun.

Tabmmma 1: Cuerndukaiius TepMOIEKTPHIECKON MATPHUITHI

HyBCTBUTEILHOCTH 450 B/Br
6e3 ONTUKHU U CBETOMDUIILTPA
TenoBasi MOCTOsIHHAS BPEMEHH < 4 mc
Iludposoit nuarepdetic 12C
IITar MaTpuIbl 3JIEMEHTOB 90 MKM
Pasmep norionjaromeil nioma ik 77 MKM
MakcuMaJibHasi 4acToTa KaJpoB 60 I'g

Yucsio 9yBCTBUTEJIBHBIX 9JIEMEHTOB 1024

Tabauna 2: Onruyeckast cuerudukanus NK-npuemManka

DokycHOe paccTosiHUuEe 2.1 MM

Caerocuia 0.8

ITosne 3penns 90° x 90°

IIpocseTsioniee MOKPbITHE JUH3BI ~ OTPa’keHue oT rnosepxHoctu < 3%

Jutst mosiocel 8 < A < 11.5 MKM

3perns: 90° x 90°. IlpueMHUK MOAKIIOYEH K MUKPOKOMIbIOTEPY Raspberry Pi; ¢Bs3b ¢ KOTOpBIM OCyIIeCTBIIsIET-
cs mo WiFi. Onepanmonnas cucrema — Linux. [Iporpamma ynpasienuss u o6paboTKu WHGOPMAIIH, HATTMCAHHAS
Ha g3pike Python, ocymectsisier cymmvmuposanme 100 kamapoB MaTpuiisl, moaydaeMbix ¢ gactoroit 10 ' u mpeod-
pa3oBaHUe OTCYETOB, HA OCHOBE KAJHODOBKH KaMepbl, B SPKOCTHYIO TeMIIepaTypy M m3obparkenue. Kpome Toro
OCYIIIECTBIISIETCST 3aINCh BPEMEHN M3MEPEHUs U JIPYTUX HEOOXOAMMBIX HapaMeTpoB. [lepnoguaHoCTh ¢beMKH co-
crapysier 1-2 munyThl. CyTounblil 06beMm nndopmarun — okosio 6 Mbaiit. Boamoxken jJocTyn K HaKaIlIMBaeMON
nadopmarmn aepe3 HTTP-cepsep.

3. TectupoBanue

TecTtupoBanme KamMephbl 3aKJIIOYAJIOCH B €€ KAJNOPOBKE BHENTHAM YEPHBIM TEJOM IIPU PA3IUMIHBIX TEMIePaTypax
¥ IITATHON KPYTVIOCYTOYHONH PabOTe M0 ChEeMKHU IOPU30HTA B HAIIPABJIEHNN HA fOT. [IpuMeps! morydaeMbiXx KaapoB
IIpUBEJIeHbI Ha puc. 3. BepTukasbHble pa3pe3bl XOPOIIO MOKA3bIBAIOT HAJWYNE CIJIONIHON MJIN IOYTH CILIONTHON
06JIAYHOCTH, & TOPU30HTAIBHBIE — BBIJIEJISIOT OT/IE/IbHBIE 00iaka Ha dncToM Hebe (cMm. puc. 4).

4. 3akarodyeHue

TectupoBanue KaMephl TIOKA3aJ0 BO3MOYKHOCTH OOHAPYKEHUsT HAJININST O0JIATHOCTH HU3KO HA/l TOPU30HTOM U OTICH-
Ke TIOTOJHBIX YCJIOBUI B HAITPABJIEHUN HAJT MOPCKOH TIOBEPXHOCTHIO. DTO HAET JOMOJHATETLHY IO HH(MOPMAIAIO J1JIsT
KOMILJIEKCHO# cucTeMmbl yrpasjenus Tejeckona lleitcc-1000, B gacTHOCTH TIpn HAOJIIOIEHNN OOBEKTOB € OOJIBIHI-
MU OTPHUIATEIbHBIMA CKJIOHEHUSMU. B naspbHelineM IaHIpyeTcs aBTOMATA3UPOBATD MIPOIEAYPY PACIIO3HABAHUS
HAJINIUST OOJIAYHOCTHU B TI0JIE 3PEHUsT KAMEDHI.



Kamepa nagparpacHoro (TemmoBoro) auanasoHa 87

Bezobaaunas moroja

13 Ty

12 S,
40 20 o0 20 40
BbicoTa Haji FOpU3OHTOM, rpagychl

SApkocTHas Temnepartypa, Lienbcus
>

Ornenbabie ob1aKa

) ¥

6
-40 -20 0 20 40
BbicoTa Haf ropu3oHTOM, rpagychbl

SApkocTHas Temnepartypa, Llenbcus
N

Cromnasg 00/Ja9HOCTD

21

20

-40 -20 0 20 40
BbicoTa Haj rOpU3OHTOM, rpafychbl

ApkocTHas Temneparypa, Lienbcus

Hounoe Bpems

FApkocTHas Temnepatypa, Lienbcus
<

-40 -20 0 20 40
BbicoTa Haji ropu3oHTOM, rpaaychl

ﬂ.
Puc. 3: HpI/IMepr pa6OTbI KaMephbl JIJIsd Pa3JIMYHbIX ITOT'OIHBIX ch’IOBHfI. CTpeJ’IKOfI YKa3aHO MeCTO OTKJIOHEHU:A
APKOCTU aTl\lOC(l)epI)I OT ee TUIUYHOU 3aBUCUMOCTHU OT yriia Ha/JQ TOPU30HTOM, BBISBaAHHOI'O IIPUCYTCTBUEM obJ1aKa.
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Puc. 4: AsnmyTasbHOe pacipeieleHne SpKOCTHOM TeMIIepaTyphl IS BBICOTHI 24° HaJi TOPU30HTOM IPHU HAJMIAH
OT/IeIbHOTO obsiaka (To ¥Ke, 9TO Ha puc. 3).
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HabniopeHuns mapc-kpoccepos Ha 1-m Teneckone Cumensckoii
obcepBaTtopun MHACAH

Bapabanos C.11.}, Kpasnosa A.C.%?, Boikos 11.M.%2, Bakanac E.C.!

L Mnemumym acmporomuu PAH, Mocxkea, Poccus
2 locydapemesennsidi acmpornomuseckuts urncmumym um I1. K. ITmepubepea, Mocksa, Poccus

C 2010 r. Ha 1-m Tesneckone B CuMense MpPOBOASITCS MHOTOIBETHBIE HAOJIIOIEHNST aCTEPOUIOB, COUMKAIOIIMXCS C OpOUTOM
3emsmn (AC3). He Bcerga, no ycioBuam HabI0eHnil, BO3MOKHO uccienoBarb AC3 10CTATOIHON SAPKOCTH JJIsl TTOJLY 9€HUS
KaJeCTBEHHBIX HAOJIIOJEHU, 0COOEHHO TPU MHOTOIIBETHOM (POTOMETPHU, KOT/Ia OTKJIMK KaMepbl IPU KCIOJIb30BAHUU OT-
J[ETBHBIX (DUIBTPOB CIUIIKOM CJ1abd I MOy deHus JocToBepHOoit nHdopmarmu. [Ipu orcyTcTBUn nogxonsammux o0bEKTOB U3
rpynnsl AC3 MbI BeIGHpasn 00beKThl UccyefoBanus n3 6s1u3Koit rpynnsl K AC3 rpynmnsl Mapc-KpoccepoB. DTH acTepOUIbI
B PsiJI€ CJIyYaeB TaK¥Ke MOI'YT WJIM [I€PECeKaTh OpOUTy 3eMJIM MJIU HAXOAUTHCS JOCTATOYHO Osin3ko. [IpudeM B mporecce 3B0-
sirortun opout AC3 1 Mapc-KpoccepoB MOTYT MEHSITh IIPUHAIEXKHOCTD K POJCTBEHHOMY ceMeiicTBy. Tak»Ke O4eHb MHTEPECHA,
BO3MOXKHOCTH MCCJIENOBATH TAKCOHOMHUIO Mapc-Kpoccepos B cpapHennu ¢ AC3 n XxapaKTepuCTUKU COOCTBEHHOrO BPAIECHMSI,
Hapsiy C IBOJIOIMEN uX opouT. MBI IpeicTaBisieM pe3y/IbTaThl HAOIOIEHNI TPEX MapC-KPOCCEPOB, HADJIIOMABIIMXCST Ha 1-M
Tesieckorie B CuMense, U aHAJIU3 MOy UYEHHBIX JAHHBIX 110 IIEPUO/aM BPAINEHUS U XapaKTEPHBIM OCOOEHHOCTIAM U3MEHEHUsT
OJIeCKa ¥ TAKCOHOMMUH.

Knmoueswie caosa: opbuma, acmepoud, cnekmparvHuill KAaCC

Observations of Mars-crossing asteroids with 1-m telescope of Simeiz Observatory of
INASAN

Barabanov S.I.', Kravtsova A.S.1'2, Volkov I.M.12, Bakanas E.S.!

! Institute of Astronomy of the RAS, Moscow, Russia
2 Sternberg Astronomical Institute, Moscow, Russia

Since 2010, multicolour observations of approaching Earth’s orbit (NEA) asteroids have been carried out at the 1-m telescope
in Simeiz. Not always, according to the observation conditions, it is possible to study the NEA of sufficient brightness to
obtain high-quality observations, especially in multicolour photometry, when the camera response when using separate
filters is too weak to obtain reliable information. In the absence of suitable objects from the NEA group, we selected
objects of study from a group close to the NEA of the Mars crossover group. In some cases, these asteroids can also either
cross the Earth’s orbit or be close enough. Moreover, in the process of evolution of the orbits of NEAs and Mars-crossers,
they can change belonging to a related family. Also very interesting is the opportunity to study the taxonomy of Mars
crossers in comparison with the NEA and the characteristics of their own rotation, along with the evolution of their orbits.
We present the results of observations of three Mars crossers observed with the 1-m telescope in Simeiz and an analysis of
the data obtained on the rotation periods and characteristic features of the change in brightness and taxonomy.

Keywords: orbit, asteroid, spectral class

DOI: 10.51194/INASAN.2021.6.3.005

1. BBeaenue

VYuuThiBast OrpOMHbI HHTEPEC K Mapcy, 0cOOEHHO IPOSIBUBIIKIICS B IIOCJIEHEE BPEMSs, OTIIPABKH aBTOMATHIECKIAX
almapaToB, BhIBeJeHNe Ha opbuTy ciuyTHukH Mapca u mp., Hy>KHO UMEThb B BUJLy, YTO OKpyKeHHe Mapca cocras-
JISIeT TAKOH 2Ke 00'beKT MHTEPECOB KaK U OKOJIO3EMHBIE ACTEPOUJIBI JJIsi 3EMJIU, METEOPHBIE TIOTOKHU, OOJIMIHBIE POU
u T.11. Bee 3T 0OOBEKTHI MOTYT, C OHON CTOPOHBI, HAHECTU 3HAYNTE/HHBIN BPEJ, KAK KOCMUYECKUM allaparaM,
Tak u Oymymum noceserusMm Ha Mapce. [Ipu sTom 6m3octs FOnmrepa ropasno cuibHnee BIMsSeT HA OKPYKEHHE
Mapca, gem 3emuin. A KOJIMYIECTBO OKOJIOMAPCUAHCKUX ACTEPOUJIOB B HECKOJIBKO pa3 00JIbINe, I€M OKOJIO3€MHBIX.
D10 oKkpyxKenue Mapca, MoKeT ObITh He TaK CPOYHO U He TaK II0JIPOOHO, HO BCE Ke HY2KHO u3ydaThb. Tem 6oJiee, 4TO
YaCTh OKOJIOMAPCUAHCKUAX ACTEPOUIOB MOYKET OBITh NCTOYHUKOB HEOOXOIUMBIX IIOJIE3HBIX NCKOITaeMbIX. VCoib30-
BaHNE MHOTOIIBETHON (POTOMETPUN ACTEPOUIOB, B TOM HUHCJIe COMMKAIONIXCs ¢ opbuToit 3emin u Mapca sBisercs
MOIIIHBIM WHCTPYMEHTOM MaCCOBOT'O IOJTyYeHUs (DU3NIECKUX XapPAKTEPUCTHUK. TTIaTe bHO KaaudbpoBaHHble (hOTO-
METDBI JIake IIPU UCIOJb30BAHUHN TEJIECKOIOB HEDOJIBINON allepTypPhl TO3BOJIAIOT BHECTH CYIIECTBEHHBIN BKJIAJ B
[IOJIy YeHUE JIOCTOBEPHBIX JAHHBIX O (DU3UIECKUX ¥ MUHEPAJOTHIECKUX OCOOEHHOCTSIX UCCJIElyeMbIX HEOECHBIX TeJI,
TaKNX KaK aCTEPOUIbI COTMKAIONTHIECs ¢ opbuToit Mapca. DTo ceMelicTBO acTEepPOUIOB IO CBOUM OpOUTAM 3a9aCTYIO
ABJISIETCST OJIM3KUM K acTeponjiaM, cOMMmKaomuMes ¢ 3emiteil. B mporiecce aBosonum opouT Mapc-KpoccepoB OHU
MoryT repexoauThb B cemeitctBo AC3 u naobopor. Hekoroposie AC3 gBIAIOTCS OTHOBPEMEHHO U MapC-KpOCCepaMu.
3a nepuox vHabmonennit ¢ 2010 . Ha 1-m Testeckorre B CuMen3e ObLIN BBITOTHEHBI HAOIONCHNS HECKOJIBKIX MapC-
KpoccepoB. HacTh U3 9TUX HAOJIOJAEHMI MMEIOT JOCTATOYHO IPOTSIYKEHHBbIE PsiJibl M3MEpPEHUi, aHaJu3 KOTOPBIX
MBI IIPEJICTABJIsSIEM B JIAHHOIN cTaTbe. MeTonnKa IpoBeeHs N3MEPEHUN U NX aHaJIN3a, KOTOPYIO Mbl IIPUMEHSIEM,

Hayunwie Tpyast THACAH, 2021, Tom 6, BeImyck 3
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Ta6m/1ua 1: Op6I/ITaJ'H>HI>Ie JIEMEHTDBI 1 U3BECTHDLIC (bI/ISI/IquKI/Ie ITapaMeTpPbl UCCJIEIyEMbIX aCTE€POU/I0B, P— IIepuo/a

BpAIIEHUS acCTEPOU 1.

|aCTep0H/:L| e | a | q | i | Q | w |H |P,qacm| d |a1bedo|

313591 0.42]2.38(1.37|11.89(312.09| 32.12 (17.4 - - --
32575 0.34(2.22]1.47| 2.23 {229.10| 98.26 |15.2| 4.5344 |2.157| 0.325
8355 0.29(2.34|1.66| 7.70 |154.14|196.35|14.3| 6.0677 |3.874| 0.277
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Puc. 1: Kpusas 6ecka acreponsa 313591 B cucreme Re.

omcana Bkparie B [1] u [2]. duga npusenenus K crangapTHON (HOTOMETPUYIECKOl CHCTEME MbI UCIOJIb3yeM KO-
dunuenTsl peaykiun 6suskue K npuBoguMbiM B [3]. Bosee Tounbie 3navenus K03hbMUIMEHTOB U UCIIOIB3YEMbIX

METO/IOB pelyKINn 6y,71yT OHy6J’II/IKOBaHbI 1103 /1HEee.

2. PesynbTaTsl (poTOMeTpudeckoit oOpaboTKn m30paHHbIX acTEPOU/I0B

Acrepony 313571 nabsromasics B Tedenne 3 Hodeli B aBrycre 2014 r. Ilepuos Bpaienus acreponia ObLI paHee He
n3BecTen. Mbr Hamu 3Hadenue nepuoga P = 0.33 cyTok, cMm. puc. 1. VI3 uMeromuxcst JaHHBIX OIPEIETUTh DoJee
TOYHOE 3HAUEHNE TTEPUOIa HEBO3MOXKHO, Tpebyercs 60stee IINTEIbHBIN HAOIIOAATEIbHbIN pad. [loaydens BechbmMa
TOYHbBIE 3HAYEHUS IOKA3aTeIell [[BETa aCTepouia, COOTBETCTBYIOIINE TaKcoHoMuaeckoMmy Kiaccy Tosurena «Cs, [4],
CcM. puc. 2.

Acrepony 32575 nabuiroasicst B Tedenue 2 Hodeil B aBrycre 2014 1. Ilepuoy Bpaienusi acrepouna ObLIT HAMU
omnpesened kKak P = 0.1887 cyTOK, UTO MOJHOCTHIO COBIAJIAET C TPEIbIIYIINME U3MepeHusMu. Kpuas OJrecka
npejcrasiena Ha puc. 3. I3 BV Relc doTomerpun mosrydeHo 3HAYEHEe TAKCOHOMIYIECKOTO Kitacca «Q», cM. puc. 4.

st acrepounnma 8355 HAOJIOAEHNS TPOBOIUINCE JIWIb B OIHY €IWHCTBEHHYIO HOYb B TE€UEHHUE D YACOB IPU
M3BECTHOM TIEPHUO/Ie BpallleHns Mopsiaka 6 dacos, cMm. Taba. 1. [lomydennas BoHA He MPOTUBOPEUNUT YKAZAHHOMY
nepuojty, cM. puc. 5. IToryueH TaKCOHOMUYIECKHIT K1ace «A».
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Puc. 2: Cuexrp acreponma 313591, BocCTaHOBJIEHHBIH 13 MHOTOIIBETHOH (POTOMETPHUN.
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Puc. 3: Kpusas 6srecka acrepouma 32575 B cucreme Re.
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Puc. 4: CuekTp acrepouma 32575, BOCCTAHOBJIEHHBII 13 MHOTOIIBETHON (DOTOMETDHH.

Rc

0.1 ’ ° ..‘

. %0, .f. .,
00 .‘ “w .h .o
”o‘o ) °
o
W m e e
Puc. 5: KpuBas Ostecka acreponma 8355 B cucreme Rc.
5. 3akJrroueHmne

1. BeimosiHeHBI HAOJIIOIEHIS TPEX Mapc-Kpoccepos Ha 1-M Tejieckone B Cumense. Tpu acreponsa 10 00pabOTKM
Ha0JTIOTATEIbHBIX JAHHBIX UMEJIN N3BECTHBIE A0COIOTHYIO 3BE3IHY 0 BEJIMINHY, [IEPUOJT, BPAIIEHNUs, aJIb0€e10,
murametp. s 9Tux acTeponoB ObLIN YTOYHEHBI IEPUOIbI BPAIICHUA.

2. st BceX Tpex 00bEKTOB TOJIyIeHBI [TOKA3ATE/N I[BETA U BLIMTOJHEHBI OIEHKN TAKCOHOMUYIECKOTO KJIACCa.

3. ®oromeTpudecKre HAOIIOMCHUS MapCc-KpOCcepoB 6€3yCOBHO TOJIE3HBI U CaMU IO cebe, U YIUTHIBas 0COOBIi
nHTepec K Mapcy, ero oKpy2KeHHIo.

4. Hecomuenno 1meseBbie (poTOMETpUYIECKIE HAOIIOIEHNST MAapC-KPOCCEPOB MTO3BOJISAT ONPEIE/ISATh UX ITPOUCXOK-
JIeHUEe W 9T HAOJIOJeHNs OyIyT UMeTh He TOJIBKO HAYIHYIO, HO U MPAKTUIECKYIO EHHOCTb.
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Puc. 6: CrnexTp acreponna 8355, BOCCTAHOBJIEHHBIN U3 MHOTOIIBETHON (hOTOMETPHH.
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PepykTtop cdokyca gna teneckona Llericc-1000 Cumensckoi rpynnbl
3BeHuropoackon obcepsatopun MHACAH

Bapabanos C.11.1, TToranun C.A.2, Cassun A.J1.2, Bonkos 1.M.%2, Kpasmnosa A.C.12,
Huxkosenko 1.B.!

! Unemumym acmponomuu PAH, Mockea, Poccus
2 I'ocydapemesennnvidi acmponomuseckuts uncmumym um I1.K. HImepnbepea, Mocksa, Poccus

s ysenndenust yHKImoHa bHbIx BodmoxkHocTeil Leiice-1000 B Cumense B 2020 r. B paMKax pa3BUTHUs IPUOOPHON 6a3bl
MHACAH 6b110 BBIIYINEHO TEXHUYECKOE 3aJ[aHie Ha U3TOTOBJIEHHE (DOKAJILHOIO PEyKTOpPa TEJIECKOIa JJisl BBIIOJHEHUS
psijia 3a/1a4 IIOMCKOBOIO XapaKTepa ¢ BO3MOYXKHOCTBIO IIEpBUYHOM 06paboTKu (acTpoMerpusi 1 POTOMETpPHsL). 38 [aHNe BKJIIO-
a0 TpeboBaHme yBeawdeHus 1o 3perus g0 0.8° npu mcnosnb3oBanum cepuitabix [13C-kamep ¢ MaTpunaMu pasMepoM
mopsifika 80 MM B JMAroHAJIH JIJIst 00eCIIeYeH s MaKCUMAaJIbHO BO3MOXKHOI'O ITOKPBITHsT HeOeCHO cdeprl 6e3 rmoTepu KadecTsa
n300parkennsi. BbLI BBIIOJHEH PacdeT ONTUMAJIbHON ONTHYECKOW CXeMbI IPH IOMOINM IporpamMMbl pacdera ZEMAX u ma
6a3e onrudeckoro nponssoacrsa FAVIIT MI'Y usrorosien peaykrop dokyca. B crarbe npuBosiTCst pe3yibTarbl UCCIIE0-
Banus HoBoro peaykropa c¢ [13C-kamepoit FLI PL1608.

Karoueswie caosa: 113C-kamepa, gomomempureckas cucmema, MemeopHulll NnOmok, acmepouo
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Within the framework of the development of the instrumental base of INASAN a technical assignment for the manufacture
of a focal reducer was issued in 2020 in order to increase the functionality of Zeiss-1000 in Simeiz. The task included
the requirement to increase the field of view to 0.8° when using serial CCD cameras about 80mm in diagonal to ensure
maximum possible coverage of the celestial sphere without loss of images quality. The calculation of the optimal optical
scheme was carried out with ZEMAX software and a focus reducer was manufactured on the basis of the optical production
of the SAI MGU. The article presents the results of a study of a new reducer with CCD camera FLI PL1608.
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1. BBenenune

JIroboe pacimmpenre BO3MOXKHOCTEN HAOJIIOMATEILHON almapaTypsl BeJeT K YBeJIMIeHNI0 (DYHKITNOHATBHBIX BO3-
MOXKHOCTEH 9TOI anmaparypbl, & 3HAYAT K KAIECTBEHHOMY U KOJTMIECTBEHHOMY YJIyUIIEHUIO TOJIYIAEMbIX PE3Y/Ib-
traroB. Merposbiit Teseckon Iefice-1000 6611 3anymen B crpoit B 1990 1. [1]. C camoro Hadasa sKCIUTyaTauu
9TOTO TEJECKOIa OJIHOM M3 OCHOBHBIX 3aJ1aY SIBJISJIACH [TOUCKOBAsT 3314 PA3IHMIHBIX TEJ OKOJO3eMHOIO KOCMUYe-
CKOI'0 ITPOCTPAHCTBA. B IepByI0 HA 5TOM TeJIECKOIIE OYePe b BBIOIHSIMCH Habronenust V1C3 pa3imyHbIX KJIACCOB,
kocmudeckuit mycop. C 1994 r. Ha 1-M TejiecKolle BBIMOJIHSJINCH [TOUCKOBbIE HAOJIIOJIEHIS METEOPOUIOB METPOBOIO
U JeKaMETPOBOTO pa3MepoB. B kadecTBe mpumeMHUKOB m300pazkeHus ucnosb3oBananchk [13C-kamepsr ST-6, I1I-3,
S1C, S3C u ap. Bcee onm obmamanu mebombmmmvu [I3C-MaTpuiamu, KOTOpble CHJIBHO OMPAHUYUBAJINA IIONCKOBBIE
BO3MOXKHOCTHU CHUCTEMBI TEJIECKOI-IIPUEMHNK. [1ojie 3peHus Ipu 3TOM COCTABJISIJIO BCET'O HECKOJBKO MUHYT JIYTH.
Hy:xHO oTMeTuTh, 94T0, OBLIO CAEJIAHO HECKOJIBKO IOIBITOK M3IOTOBJIEHHS PEIyKTOPOB (DOKYyCa, KyCTAPHBIMU Me-
TOJAMK C HMCIIOJIb30BAHMEM yiKe mMeroreiicss ontuku. CaMblil «IIIHPOKOYTOJIbHBINY TpaHcdoKaTop ¢ bosiee-MeHee
[pUeMJIEMBIM Ka4ecTBOM u300pazkenus 6wt uzrorosien Hesvyenko, Cyvupnossim u Bapabanosbi [2]. ITosae xopo-
mmx n306pazkenuii mis 3Toro Tpancdokaropa cocrasuio okoso 20, a mpn ncnombzosanun [13C-kamepnr ST-6 —
17.8' x 13.3'. lannas KOMOMHAIMSA TO3BOJIANA TPOBOJNTH U3MEPEHHUS IIOJOKeHn 00bekToB 10 19™. CaMm TpaHC-
dokaTop OB TPOMOBIKIM, €r0 BHIHOC 33 KPEHEeXKHBIH (hI1aHer] TeecKoma COCTaBIIAI OKOJIO OJHOTO MeTpa ITO Tpe-
60BaJIO IOCTOSTHHOT'O BHUMAaHUsI U3-3a MOsIBUBIIEHCsT OMIACHOCTH KOHTAaKTa Ipubopa ¢ KOJOHHO# Teseckona. Ceituac
craju goctynabl [I3C-pueManKy O6/IBITIX JTUHEHHBIX PA3MEPOB [JIsi KOTOPBIX CTAPbBIi TPaHC(OKATOP HE MOT yIKe
obecriednTh XOPOoIne n300pakeHuns 0 BCeMY TOJII0 3peHns. B kakoii-to nepuos Bpemenn Teseckon [leitcc-1000
OKa3aJICs TOJT IOPUCAUKINEH YKPAWHBI, 9TO CAEJIaI0 OECCMBICTEHHON MOEPHU3AINIO TEJIECKOIA. BBIIOTHIINCH
TOJIBKO TEXHUYECKAs TOJJIEPKKA U SKCILUIYATAIlUsI HHCTPYMEHTa 110 JIOTOBOPY O HAYYHO-TEXHUYECKOM COTPYIHIIE-
cree ¢ KpAO, Ykpauna. [Ipu sToM cpejcrBa BKJaIbIBaIUCh TOJbKO co ctopoubl MHACAH, a nabuiromarenbHoe
BpeMsI JIeJIUJIOCh B PABHBIX JIOJISAX.

Hayunwie Tpyast THACAH, 2021, Tom 6, BeImyck 3
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Puc. 2: Pacuernnle nuzobpaxkenus. Juamerp kpyra 2.

[Tocyie BO3BpaIIeHUs TeJIeCKONa MO, IOPUCAUKINIO Poccnu MOsSBUIACH TIEPCIEKTUBA OCHAIIEHUS TeJIECKOTa
HOBBIM COBpPEMEHHBIM 00opyoBanueM. CTapble MOMCKOBBIE 3a8]aUi OCTAJINCh aKTYaJIbHBIMU, & TaKKe IMOSBUJINCH
HOBBIE, JIJIsi KOTOPBIX TOXKe TPeHOBAIOCh MAKCUMAJIBLHO OOJIBIIOE TI0JIsI 3PEHMUsI, HAIIPUMED:

1) Houck Tesn pazmepom Gosiee 1 M B M36pPAHHBIX METEOPOUIHBIX MOTOKAX: Pasmep paJuaHTa METEOPHOrO
MMOTOKA MOXKET COCTABJIATH JECSATKU TPaaycoB. Jljisi yBeaudeHusl BEPOSTHOCTH ODHAPYZKEHWS TeJ METPOBOIO U
JIEKAMETPOBOrO PAa3MePOB B MEPUOJIbI AKTUBHOCTH OTJEJIbHBIX (M30PAHHBIX) METEOPHBIX IIOTOKOB, OTOODAHHBIX,
KaK MMEMINX HaubOJIbIIYI0 BEPOSITHOCTh OOHAPYKEHHsS METEOPOHJIOB C pasMepaMmu 6oJjbine 1 M, HEOOXOIUMO
CKAHUPOBATH KaK MOYKHO OOJIBIIYIO 06J1acTh HeOA, U3 KOTOPOH MOXKET IPUJIETETh KPYIIHBI METEOPOU/I.

2) Bazaum, CBsi3aHHBIE C IONCKOM TPAH3MEHTOB (raMMa BCIUIECKU, TPABBOJIHBL, U JIP.) ¢ BO3MOYKHOCTBIO TIOJIY-
YeHUs MPeJIBAPUTETLHBIX (DOTOMETPUIECKUX U ACTPOMETPUIECKUX U3MEDEHMUIA.

3) UccnenoBanus MpOTAKEHHBIX 00'bEKTOB, POSBJIMIONINX JUHAMUKY PA3BUTHs B MACIITA0AaX PEAIbHOIO BPe-
MEHU.

4) TTouck yTepsiHHBIX OOBEKTOB: ACTEPOUOB, KOMET H T.II.

5) JIpyrue CXOKue 3aa4n.

2. OnmucaHue ONTUYECKOI CXeMbl U peain3alnuy HOBOTO (POKaJIBHOTO peayKropa 1-m
Teseckornia B Cumense

HamomuanM ocHOBHBIE XapaKTEPUCTUKU OMITHYIECKON cxeMbl Teseckona [leiicc-1000:
e Onruueckas cxema: Puan-Kpernen,
e Amneprypa: 1016 mm,
e DxBuBaJEHTHBIN (hoKyc cucTtembr Kaccerpena: 12632 v,

Ha reseckorre perysisipHo ucnosib3dyercss TobKo (okryc Kaccerpena, mosromy pempykTop okyca HEoOX0 UM
UMEHHO JIJIsI 9TOI onrTudeckoii cucreMbl. Ha puc. 1 mokazana onrudeckas cxeMa (POKaJIbHOIO pellyKropa. PeaykTop
cocrout u3 6 omuHOuHBIX JmH3 + 1 my6ser. Marepuassr: JIBOC, Ksapn, CaF2 (dioopur), Schott.
XapakTepuctuku (HOKATHLHOTO PEIyKTOPA:

OxBuBaJeHTHBIN okyc: 5700 Mmm
OrrocurensHoe orBeperre: F/5.61
Kosdbdumnuent penyknum: 2.216

Pabounit nrnanaszon e BostH: 400-900 HM
ITone spenns: 0.8° (@ 80 mm)
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Puc. 4: O6uwmii Buy npudopa.

e KagecTBo n3obpaskenuii mo BceMy 1ostio He xyxe 1.3,
UccemoBanne perykropa npoBoauioch ¢ ucnoiab3oBanueMm [13C-marpunpr FLI ProLine 4096 x 4096 ¢ nuaro-
HaJIbIo 52 MM mim 32",

3. UccrnenoBanme poromMeTpuydecKoii cucTeMbl HOBOTO peIyKTopa

[Tocse n3roToBIeHNs U TECTUPOBAHUS OBLI TPOBEIEHBI JOMOJHUTEIHHOE TECThI [IJTsi MCCJIETIOBAHMI BO3MOYKHOCTEH
HCIIOTb30BaHNs (POKATBHOTO PEIYKTOPA IS OIEHOK OJIECKa MCCIIEAYEMBIX OOBHEKTOB.

s uccienoBannss MHCTPYMEHTAJILHON (POTOMETPUYIECKO#l cucTeMbl OBIT UCIOJIb30BaH (POTOMETPUIECKUi
cTrangapT Juis cucreMbl /2xoucona-Kysunca, — paccessinHoe ckortenne M67. Mbl ncnosib30Baiin 3B€3JHbIE BEIHYH-
HBI IPUBO/IMBIE B http:/ /binaries.boulder.swri.edu/binaries/fields/m67.html. TanHoe ckomeHne yao6HO T€M, ITO
MMeeT KOMIIAKTHBIE Pa3MepPhl € JOCTATOYHO CHJIBHO OTIMIAONIUMUCS 10 MOKA3ATEIIM IBeTa 3Be31amu. [losromy
JUIsl HAOJIIOIEHUI CHCTeMBI Jlazke Ha TAKOM JyInHHO(GOKYcHOM nHcrpyMente Kak Lleiice-1000 (F = 12.8 M) B 1osie
3penust ucnoabayemoit MmaTpunbl FLI pasmepom 10” X 10" monasaer oHOBpeMEHHO JOCTATOYHOE JIJIs OIpe e IeHusT
CHUCTEMBI KOJIMYECTBO 3Be3/l. 3Be3/bl CKOILJIEHUsI HEMHOI'O sip4e, YeM 5TO HYKHO JIJIsi TOrO, YTOObI He OBITH B IIe-
peJiep:KKe 3a BpeMsl SKCIO3UINH, KOTOPOe ODECIIeYNBaeT YCPeIHEHNEe MepIiaHus moTtoka. 11o Hamemy onbITy, /st
METPOBOTO TEJIECKOIa 3TO BpeMs cocrasiser He mernee 10 cek. [losromy mpu m3mepenusix B mosocax BV Relc te-
JIECKOII CJIerKa pacoKycupoBaJsicsa. B KaxK 1ol moJsioce IeIai0Ch HECKOJIBKO IKCIO3UIINN TaK, YTOOBI 001Iee BpeMst

Puc. 5: Bug npubopa B paspese. [lociennsis rpymnmna JuH3 pacloiO?KeHa B TOIBIKHOM (DOKYCHPOBOIHOM y3JI€.
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Puc. 6: I'paduk xosdbdunmenra oTparkeHnst UCIOIH3YEMOTO MPOCBETIISAIONIETO MTOKPBITHS.

Puc. 7: OcrupoBka pejyKTopa Ha OITHIECKONH CKaMbe.

9KCIOHUpOBaHUs cocTaBisio He Menee 30 cekyuza. IIpu 0obpaboTke Bce moydeHHbIE B JAHHON (hoTOMETPUIECKO
10JI0CE KaJIPBI CKJIAIBIBAJINCD, 3Be3/1bl n3Mepsiinch nakerom IRAF. Onnoit 13 3Be3 IPUCBANBAJINCH CTAHIAPTHBIE
BEJINUUHBI, ee MOKa3aTel b [Bera o0o3Hauaercs B dhopmynax Huxke Kak (B — V)standard, BEJIMIUHBI IPYTUX 3BE37]
OTIPEIEJISIINCH OTHOCUTENIBHO 3TOM 3Be31b1. i1s Habronennuit Ob1n BhIOpaHbl 6e300/1auHbIe O3 Ty HHbIe HOUM. 18 HO-
s10pst 2020 1. OBLIN POBEIEHBI U3MEPEHNUSI B CTAHIAPTHON KOMILJIEKTAIIY anapaTypbl — Tesneckorn-+I113C-marpura,
13 ampesrst 2021 1. B IpUeMHOM TPAKTE JIOTIOJHATEIHHO HAXOIWICH PeayKTop (okyca. Bputo nHTEpECHO CpAaBHUTH
[IOJIy YeHHBIE PE3YJIbTATHI C T€M, ITOOBI OIEHUTH HACKOJBKO CHIBLHO M3MEHSIETCST (DOTOMETPUYECKAs] CUCTEMA IIPU
HCIIOJIB30BaHNN peayKropa. Hirke mpuBOAATCS Pe3ynbTaThl UCCIEI0BaHN. B jIeBOil KOJIOHKE IIPEJICTABIEHBI IPa-
bUKN pasHOCTH CTAHIAPTHON U MHCTPYMEHTAJBHOW CHCTEM B OTCYTCTBHE DEIYyKTOpA, CIpaBa — IIPHU HAJIATUN
penykropa. PoTomMeTprIecKue OJIOCH PACIIONIOXKEHBI 110 Topsaky ceepxy Bau3: U, B, V| Rc, Ic. I3 rpacdukoB Bu-
HO, 9TO 0e3 peyKTOpa MHCTPYMEHTAJbHAsT CucTeMa OJin3Ka K CTAHIAPTHOI BO BeexX moJiocax, Kpome B. Tem me
MeHee, JIaXKe B 9TO I0JI0Ce BO3MOXKEH Iepecder B CTaHIAPTHYIO CHCTEMY Mo JuHeHHOU dhopmyse. s mosrocst
U nabmromaeTrcs HEJIMHEWHOCTD, CBSI3aHHAA C TEM, YTO JAHHAs II0JIOCA IIPUXOJUTCS Ha 0bJsiacTh BajbMepoBCKOro
CKaJKa.

[TpuBbIruka HEKOTOPBIX HAOJIOAATENEH CTPOUTH yKa3aHHBIN rpaduk mHe or B — V, a or U — B omwubodHa.
Ha rpaduke npeacrasmennom Ha puc. 12 MbI BUAUM, 9TO OOJIBITMHCTBO TOYEK COCPENOTOYEHO B ODJIAKE B JIEBOM
qactu pucyrka. OHO BRouaer B cebs 3Be3/nl ¢ nmokasarensmu nsera —0.1 < B — V' < 0.35, 910 cooTBETCTBY-
eT crnekTpajabHbIM KjaaccaMm B9-F5. Jlnsa Bcex 9TuX 3B€3 NPABUIJIBHO NIEPECUYUTATH HHCTPYMEHTAJIbHbBIE BEJIMYUHbI
B CTaHJapTHBbIE HEBO3MOXKHO. BujHo, 4To omubKa Taxoro mnepexoja MoxkeT coctaBuTh Jo 0.15™. Ilpn nammyunn
y 00bEeKTa MEXK3BEe3/IHOTO MOIJIONIEHUS, CATYAINsS CTAHOBUTCH €Ile XYy2Ke, BCE MOKPACHEHHBIE 3BE3/Ibl MMEIOIIIe
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Puc. 8: O6mwmii Buj peykropa ycraHoBjeHHOro Ha Tejeckore 1leiicc-1000.
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Puc. 9: IIsetHoe nzobparkernune M13, moyrydaeHHOE ¢ HOBBIM PEIYKTOPOM IIYTEM CJIOYKEHUST M300PaKeHU B TOJI0CAX
BV Rc. NI36pITOYHAsT KPACHOTA O0bSICHSIETCS CUILHBIM OCJa0JIEHUEeM CUTHAJA B ToJioce B.

* Elliptic
o FWHM

1

FWHM (arcsec)

14 16
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Puc. 10: Ananus monydeHHBIX n300pakKeHui.
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Puc. 11: Paznocrs cranmapTHONl M MHCTPYMEHTAJIBHOI CHCTEMBI B 3aBHCHMOCTH OT TOKa3aress msera U — B.
Crpeskoii TIOKa3aHO MPUMEPHOE HAIIPABJICHNE JIMHUU MEXK3BE3JHOTO TOTJIONIEHUS .
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Puc. 12: PazHocTu craHmapTHBIX ¥ HHCTPpYMeHTa bHBIX cucTteM. CjieBa ¢ pejlyKTOpOM, cipaBa — 0e3 pejyKTopa.

HEIIOKPaCHEeHHbIN moKasaresb 1Bera U — B < 0.1 OyayT ucrpaB/ieHbl 32 Me:K3BE3J[HOE IIOIJIONIEHUE C ONIUOKOI
B 0.1™. B TOM CMBICJIe, 9TO OHH CJIeJIAIOTCsI OoJiee ToyyObIME. 1IpaBUIBHO TOJIB30BATHCS KAJIUOPOBOYHON KPUBOIA
npecrasienHoit Ha puc. 12. Ho u B aTOoM cirydae ciemyer He 3a0BIBATH O MeXK3BE3IHOM morommennn. [lpu Ha-
OJIIO/IEHUSIX ACTEPOUIOB TOBOPUTH O MEXK3BE3THOM TIOTJIOMIEHIH, KOHETHO, He UMeeT cMbIcja. Ho npu ompenesrennn
3BE3/IHBIX BEJIMYMH BTOPUYHBIX CTAHIAPTOB Ha KaJpe ¢ acTepPOMJIOM O HHUX 3abbiBarTh He crouT. IIpumep 101006-
HOTO HENPABHJILHOTO [IEPEBOJIa B CTAHJAPTHYIO CUCTEMY MOXKHO BHETh B Tabu. 1 u3 paborsl [3], rae ommubka B
noka3areste 1Beta U — B cocrasmiia 0.125™ B CTOPOHY €ro yMeHBIIIEHUS.

CpaBrenne (pOTOMETPUIECKUX CHCTEM C PEAYKTOPOM M 03 IPUBOMUT K CJIEAYIOMNM 3aKTIOICHUSIM:
1. Ilpn mammuuu pemykTopa HabOAeHus B mosoce U HeBo3MOXKHBI. Ha CHMMKaxX BUIHBI TOJBKO CAMBIE SIDKUE
HanboJjiee TOJTyObIe 3BE3bl, KOTOPBIe 0CJIab/IeHbl HA HECKOJBKO BeqndnH. ['paduk mepexoma MpeIcTaBiIsieT IBY-
nuBerHyto nquarpamMmmy U — B, B — V| T.e. CyIeCTBEHHO HeJIMHEEH, OTSATOIIEeH 3HAYNTEIbHBIMUA ONTUOKAMHU.
2. ITostoca B cuJIbHO CMeNIAeTCsl B KPACHYI0 00J1acTh, 6JIeCK 3Be3]1 CUJIBHO OCJIabJ/IeH PEeyKTOPOM, HO, IIPH HEODXO-
JIMMOCTH, HADJIIOIEHNS BO3MOXKHBI.
3. Ocrasbabie oJtocsr, V Rel e, cMmemarores peyKTOpOM B KPACHYIO 00JIACTh, IIPU 9TOM MOJI0Ca V' CTAHOBUTCS JTaKe
omke K crangapTtHoil. [Tosocsr Relc cmemmaiorces HesHaUnTEeIbHO. Haburronenns Bo BceX 3TUX MOJI0CAX BO3MOYKHBI
6e3 KaKux-Tu60 MoTepb TOUHOCTH.

VYpaBHeHUsI JjIs [I€PEX0Jia B CTAHJAPTHYIO CUCTEMY.
Be3 pemykropa:

UJohn = Uobs + 0.007 = A(B - V)obs

Bjonn = Bobs + 0.181 %« A(B — V)obs

Viohn = Vobs — 0.132% A(B — V)obs
Rc = Reops — 0.093 % A(B — V)ops
Ic = Icops +0.010 % A(B — V)obs
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C pemykTopom:

rje

Bjohn = Bobs + 0.39 % A(B — V)obs

Viehn = Vobs — 0.090 % A(B — V)obs
Re = Reops — 0.015 % A(B — V)obs
Ic = TIcons +0.017 %« A(B — V)obs

A(B - V)obs = (B - V)obs - (B - V)standard

4. 3akJ/ro4yeHue

1.

Wsrorositen u ucobitan GokagbHbI peaykTop Tesneckomra lleiicc-1000 B Cumense [ijisi yBeJMIeHUsT MOJIA
3peHus Tejieckona ¢ ucnojbdopanueM [13C-marpui ymepenaoro pazmepa (10 80 MM B JUATOHAIIHN).

lJ1st peajim3aliuu Ka4eCTBEHHOIO N300parkKeHus 10 BCEMY II0JII0 3PeHUs ObLIa NCIIO/Ib30BaHa, T-JIMH30Bas CXeMa,
C IPOCBeTJIeHreM Bcex mopepxHocTeil. CyMMapHasi moTepst CBeTa 3a CYeT IIPOIYCKAHUs COCTABJISIET IIPHUMEPHO
8%, cm. puc. 6.

Tecropbie Habmoaenust B CuMense mMoKa3aan XOpOIlee COOTBETCTBIE pacdeTaM — OIMMOKa M3MEPEHUS TIOJIO-
KeHus cocTasiasger He 6osee 0.2,

. Takke OBUIN BBITOJHEHBI OIEHKN (DOTOMETPUIECKON CHCTEMBI (DOKAJIHHOTO PEMLYKTOPA, KOTOPHIE MTOKA3AJIN

BO3MOKHOCTbH BBITIOJTHSITEL U3MepeHust 0J1ecKa 00beKToB B mosocax V, Re, I'c ¢ TounocTbio 10 0.004™.

. Tounnie U3MepeHusd B II0JI0CaX U, B 1HeBO3MOXKHBI U3-38, MaJIOi IPpO3PavYHOCTU OIITUKU PEYKTOPa B OJIM>KHEM

ynbTpaduoere.

. Cozmannbiit (pOKATBHBIN PEIYKTOP MOXKET UCIIOJb30BATHCHA KAK IMITATHBI MHCTPYMEHT JJjis YCTAHOBKU CO-

BPEMEHHBIX CHCTEM PErHCTPAINN N300PaKEHUl YMEPEHHBIX YTJIOBBIX PA3MEPOB, C YI€TOM ITOJIy9IEHHBIX Xa-
PAKTEPUCTUK IO aCTPOMETPUH U (POTOMETPHH.
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Puc. 13: Kapra ckomnenns M67 ¢ ykazannem nomepos 3Be311. CeBep BBEPXY, BOCTOK CJIEBA.
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Tabauna 1: 3Be3mgmabie Bemumuanuabl M67 B cucreme Jxomcona-Kysunca. Hymeparus 38e31 cooTBeTCTByET KapTe.

Howmep |V B—-V|U—-B|V —Rc|Rc—Ic
1 10.016 (0.029 |-0.472(-0.038 |-0.031
2 10.289(1.266 |1.358 [0.663 |0.562
3 10.453 (1.109 |1.018 [0.568 |0.498
4 10.489(0.576 |0.051 [0.340 |0.327
5 10.526(1.094 |1.000 [0.564 |0.489
6 10.534(1.123 |1.043 [0.583 |0.513
7 10.762(1.137 |1.103 [0.578 |0.528
8 10.899(0.436 |0.062 [0.268 |0.252
9 10.927(0.243 |0.112 [0.142 |0.154
10 10.946 (0.097 |0.073 |0.044 |0.056
11 11.063(0.221 |0.131 |0.116 |0.127
12 11.132(1.090 |0.968 [0.573 |0.499
13 11.262(0.130 |0.082 [0.048 |0.070
14 11.267(1.076 |0.962 [0.571 |0.508
15 11.306 [0.607 |0.146 [0.359 |0.335
16 11.313(0.292 |0.121 [0.163 |0.162
17 11.427(1.074 |0.960 [0.560 |0.492
18 11.485(0.885 |0.519 [0.488 |0.440
19 11.494(1.052 |0.901 [0.554 |0.499
20 11.544(0.406 |-0.039(0.251 |0.243
21 11.637(1.050 |0.909 [0.556 |0.499
22 11.833(0.886 |0.707 [0.504 |0.462
23 12.116 {0.457 |0.021 [0.281 |0.269
24 12.139(1.000 |0.801 |0.537 |0.477
25 12.213(0.671 |0.171 [0.384 |0.352
26 12.238(0.249 |0.064 [0.145 |0.155
27 12.247(0.563 |0.067 [0.332 |0.325
28 12.253(0.571 |0.072 [0.336 |0.320
29 12.380(0.981 |0.765 [0.520 |0.452
30 12.391(0.745 |0.270 [0.427 |0.394
31 12.411(0.562 |-0.060(0.342 |0.353
32 12.538 (0.587 |0.078 [0.349 |0.324
33 12.540(0.590 |0.100 [0.347 |0.334
34 12.561(0.579 |0.078 |0.344 |0.339
35 12.580(0.781 |0.294 [0.462 |0.419
36 12.589(0.581 |0.102 [0.348 |0.332
37 12.622(0.569 |0.050 [0.335 |0.334
38 12.629(0.613 |0.123 [0.357 |0.347
39 12.633(0.582 |0.100 [0.343 |0.328
40 12.640(0.606 |0.119 [0.355 |0.325
42 12.652(0.612 |0.133 [0.353 |0.324
41 12.653 (0.618 |0.125 [0.355 |0.322
43 12.665(0.502 |0.033 [0.298 |0.275
44 12.672(0.667 |0.190 [0.387 |0.358
45 12.683(0.694 |0.197 [0.396 |0.380
46 12.691(0.558 |0.041 [0.330 |0.317
47 12.692(0.588 |0.105 [0.348 |0.334
48 12.707(0.571 |0.050 [0.329 |0.330
49 12.724(0.560 |0.066 [0.332 |0.312
50 12.731(0.737 |0.279 [0.420 |0.366
51 12.752(0.818 |0.422 [0.450 |0.413
52 12.761(0.554 |0.054 [0.327 |0.316
53 12.772(0.742 |0.282 [0.408 |0.392
54 12.790(0.560 |0.078 [0.331 |0.310
55 12.796 [0.461 |-0.020(0.298 |0.301
56 12.811(0.730 |0.308 [0.401 |0.378
57 12.815(0.572 |0.067 [0.337 |0.322
58 12.819(0.557 |0.071 [0.337 |0.320
59 12.821(0.558 |0.071 [0.332 |0.302
60 12.854(0.526 |0.038 [0.321 |0.311
61 12.891(0.452 |0.004 [0.274 |0.263
62 12.906 [0.926 |0.627 [0.495 ]0.451
63 12.958 (0.914 |0.592 [0.488 |0.455
64 12.986 (0.849 |0.482 [0.466 |0.411
65 13.192(0.584 |0.06 0.335 |0.328
66 13.096 [0.599 |- 0.356 | 0.347
67 13.147(0.58 0.05 0.337 |0.317
68 13.174(0.589 |0.06 0.343 |0.332
69 13.192(0.584 |0.06 0.335 |0.328
70 13.077(0.564 |0.03 0.329 |0.313
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