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METOA ONPALIIOBAHHA CUHXPOHHUX CMNOCTEPEXEHbDb
MOKPUTTIB 3IP ACTEPOIAOM I3 KINIbKOX NYHKTIB

Po3mip i popma acmepoida Hanexxamb A0 OCHOBHUX lio20 xapakmepucmuk. Ceped 6azambox Memodie ompuMaHHs yux
napamempie Moxxe 6ymu eukopucmaHuli Memod criocmepexeHHs nokpummie 3ip acmepoidamMu 3ae0siKU MOXueocmi
3anyy4yeHHs1 eenukol Kinbkocmi crocmepizavyie — amamopie acmpoHoMmii. 3anpornoHosaHO Hoeuli Memod 38e0eHHsI
crnocmepexeHb MoKpummie i3 eiddaneHux nyHKkmie, ki ompumyrome pe3ysibmamu He3anexHo. Takul Memod nnaHyembcsi
suKkopucmosyeamu 0s1s1 NpoeedeHHsI criocmepexeHb 06'€OHaHHSIM criocmepizayie nokpummie e YKpaiHi.

Knroyoei crioea: acmepoidu, nokpumms 3ip.

BceTtyn. Po3wmip i hopma actepoifia HanexaTb 40 OCHOBHUX MOro XxapakTepucTuk. bes 3HaHHA unx BENUYUH HEMOXINBO
BM3HaAYMTV r'yCTUHY 1 anbbefo acTtepoifiB. Yci Ui napameTpu HeoOXiaHI ANst BUBYEHHS po3noginy peyvoBuH y COHsIYHIN cuc-
Temi. A Lie y CBOI Yepry NoTpibHO AN po3yMiHHA yHAaMeHTanbHUX NPOLECiB YTBOPEHHS 11 eBontolii COHAYHOT CUCTEMM.
IcHye kinbka mMeTodiB BU3HaYeHHs AiameTpiB acTepoidiB. ICTOPUYHO nepLinM MacoBMM METOOOM BU3HAYEHHs AiaMmeTpis
acTepoigis 6yB hOTOMETPUYHUI METOZ, KM 32 YMOBU NPUIHATTA 3HAaYeHHS anbbeno naBaB MOXIMBICTb OLHUTK edek-
TUBHWUI diameTp acTtepoiga, Hanpuknag [9]. Ane y LuboMy pasi BUHMKAE MOXIUBICTb HeNpaBuibHO B1bpatn anb6eno, Lo
npu3esene 0O cUCTEMATUYHOI NMOXMOKM B OLiHIOBaHHI AiameTpiB. IHWMI cnocib peanizoBaHo y npoekTi Near Earth Object
Wide-field Infrared Survey Explorer (NEOWISE) [6, 7]. Y ubOMYy NPOEKTI BUKOPUCTOBYIOTb KOMOIHOBaHI OLjiHKM 6nncky y BuW-
OUMIN | cepepHin iHppayvepBoHil dinsiHkax cnekTpa. Lle gae MoXnmBICTb He3aneXxHoro ouiHBaHHS anbbeno actepoigis i, sk
HacrnigoK, MiABMLLYE TOYHICTb OLHKM po3mipiB. MNpoTe TOYHICTb 3aneXxuTb Bif NPUAHATOI MoZeni, Ska Bu3Havae anbbeso acre-
poiga. Hanbinbl TOYHMM i NOBHUM METOAOM € BMMIpPIOBaHHSI NapamMeTpiB acTepoifiB 3a 4OMOMOro KOCMIYHMX Micin. BoHu
Bigomi, ue — Near-Earth Asteroid Rendevous, Giotto, Galileo, Deep Space, Deep Impact, Hyabusa, Dawn, Stardust, Rosetta,
Ta DART [8]. Ane KOCMiuHi Micii Hag3BMYanHO AOPOri MPOEKTM Ta A03BOMSIOTb OXOMNUTU HE3HaYHy KinbkiCTb actepoigis. [Ans
BENWKNX acTepoifiB BUKOPUCTOBYIOTL MeTo 306paxeHb i3 BUCOKMM KyToBMM po3agineHHaM (high-angular-resolution imaging)
Ha Teneckonax VLT ta KECK [11]. Ycboro Takum YMHOM YCTaHOBIEHO po3Mipun Ta dopmy 42 actepoiais. e oguH cnoci6 su-
MiptOBaHHSA iameTpiB acTepoifiB — 3a A0NOMOro iHTepdepomMeTpa. Takuin iHCTpyMeHT ByB CTBOpeHur Ha 6asi YoTMPbOX
8,2-MeTpoBMX Teneckonis, ki nepebyBalTb Ha HeBenukin BiacTaHi Mk HuMu [5]. BiH mae Ha3By Very Large Telescope
Interferometer-Midinfrared Interferometric Instrument (VLTI-MIDI). Ane Yepes yHikanbHICTb LibOro iHCTPYMEHTa BiH 3pigka Bu-
KOPVCTOBYETLCSA ANS BU3HAYeHHA AiameTpis, xo4a Oyno Kinbka Boanux BU3HaveHb AiameTpa i hopmMm actepoifis.

3 iHWworo 6oKy € NpsiMuI cnocib BU3HaYeHHS diameTpiB i YOPMM acTepoifiB, KU He NOTPEOYE YHIKanbHMX iIHCTPYMEHTIB
i MOXe OyTu BMKOpPMCTaHMI HaBiTb Ha HeBenuknx Teneckonax [10]. Ansa uboro Tpeba cnoctepirat NOKPUTTS 30pi acTepoi-
nom. Dikcyroum TpuBanicTb NOKPUTTS i 3HAOUM 3a epeMepraamu WBMAKICTb acTepoifa, MOXHa Nerko nopaxyBaTtn Xopay
(abo vacTuHy pgiameTpa actepoifa), Yepes siKy NPOXOAUB BUAUMUIA LWNSAX 30pi. HaBiTb OAMHWYHI CNOCTEPEXEHHS NOKPUTTIB,
TOOTO BU3HAYEHHS OJHIET XOpaW, MOXYTb OYyTU KOPUCHVMMM NpY BAANOMY po3TallyBaHHi cnocTepiradya B 30Hi MPOXOAXEHHS
TiHi actepoiga [1]. Ane HalLikaBiLMMK € CNOCTEPEXEHHS MOKPUTTIB i3 KiNbKOX MYHKTIB. Y TakoMy BMNagKy Mu mMaemo Habip
XOpA Ha pi3HUX BiACTaHAX Bi4 LeHTpa actepoifa. YkasaHi gaHi JonoMaraloTb He TiflbKM YTOYHUTK AiamMeTp, ane ix MoXxHa
BUKOPUCTATK ONS BCTAHOBNEHHS hopmu acTepoigiB. B YkpaiHi po3noyato poboTu 3i CTBOPEHHS Mepexi cnocTepiradviB no-
KpUTTIB, fka 00'eIHyE Kinbka amaTopiB i npodeciiHnx actpoHomis i3 Kuesa n Opecm [2]. Y TakoMy pasi cTae ayxe akTyanb-
HUM MUTaHHSA Npo cnyx6y Yacy, sika NOBUHHA MaTK BiAMNOBIAHY TOYHICTb ANSA 3BEAEHHS HE3aneXHUX BigaaneHux cnocrepe-
XeHb B €AMHY cucTemy. [1ns BUpiLIEHHST LbOro NuTaHHsA Oyna po3pobneHa 11 akTUBHO BNPOBAaXYETLCS Cepe crnocrepiradis
cnyx6a vacy Ha GPS-npwuiimadi [3, 4]. Y uinn poboTi 3anponoHoBaHO MeTOA 3BeAEHHS BigaaneHnx CnocTepexeHb NOKPUTTIB
3ip 4na BU3HaAYEeHHs1 po3MipiB i opMu acTepoigis.

Anroputm 3BefieHHsI cnocTepexeHb B oAHY cucteMy. AnroputMm nobyaoBaHO Ha BMKOpPUCTaHHI edhemepua, B SKMX
po3paxoBaHO TPeEK acTepoifa Ha noepxHi 3emni. Taki edpemepnam MoxHa 3HanTK 3a agpecoro https://asteroidoccultation.com.
Y HUX HaBeEeHO KOOPAUHATY TOYOK, Yepes siKi MpoxoauTb LEHTp TiHi acTepoiga, i BignosigHi MOMEHTM Yacy. [Ina Touku, sika
po3MillleHa Ha LbOMy TPeKy, HEOOXiAHO OOUYMCIIUTY MOMEHT, SIKUIA BIANOBIAAE HAWMEHLLUI BiACTaHI Big NONOXEHHS Npoekuii
LeHTpa acTepoiga (MakcumarnbHin dasi nokpuTTa). Big Luboro momeHTy Tpeba BigpaxoByBaTU MOMEHTU MOKPUTTS i BiOKPUT-
T 3ipkn. ®parmeHT i3 noaibHnx ecpbemepua HaBeaeHo B Tabnuui. Y Hill 3anMcaHO KOOPAMHATU TOYKM MakcumarnbHOI dasm
NOKPUTTS: AOBroTa i WMpoTa y rpagycax, MiHyTax i cekyHaax, BcecBiTHi yac, skun Bignosigae uMm koopauMHaTam, BucoTa 1
a3nMyT 30pi y rpagycax Ha Lell MOMEHT, a Takox BucoTta CoHus y rpagycax. 3p0o3yMino, Lo 6axxaHo NpoBOAUTU crocTepe-
YKEHHS1, KOIN 3aKiH4YylOTbCS aCTPOHOMIYHI CyTiHKM (abo wWwe He noyanucs), To6To CoHue Mae BUCOTY MeHLe Hixk —17°. [ani B
Tabnuui BKasaHoO OOBroTW, Ae MPOXOAATb MEXi TiHi acTepoida, 3 ypaxyBaHHAM MonepeaHiX OLiHOK po3MmipiB acTepoia.
Ockinbkn napameTpu pyxy actepoiga i Moro po3mipu BiaOMi 3 AesSKMMU MOXMOKaMu, TO HACTYMNHI AaHi Tabnuui NnokasyTb
MO>XITMBI MEXi 3MILLEHHS rPaHULb TiHi 32 paxyHOK X NoxXmnboK.

Ta6nuys
®parmeHT echemepuam nokputta 3opi UCAC4 595-015044 actepoigom 845 Naema 30 xxoBTHs 2022 p.
Centre Star Star Sun Path Limits Error Limits
. . Limit1 Limit 2 Limit 3 Limit 4
E. Longitude Latitude u.T. Alt Az Alt Latitude Latitude Latitude Latitude
49°00'00" 46°51'43" 0"57m12.6° 62° 240° -25° 47°15'46" 46°27'48" 47°41'10" 46°02'49"
48°00'00" 47°32'19" 0"57M24.6° 62° 237° -26° 47°56'17" 47°08'29" 48°21'36" 46°43'34"
47°00'00" 48°12'07" 0"57M36.4° 63° 235° -26° 48°36'00" 47°48'21" 49°01'13" 47°23'32"
46°00'00" 48°51'06" 0"57m48.1° 63° 232° -27° 49°14'54" 48°27'26" 49°40'01" 48°02'42"
45°00'00" 49°29'16" 0"57M59.6° 63° 230° -27° 49°52'58" 49°05'42" 50°18'00" 48°41'04"
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PosrnaHemo TpaekTopilo pyxy MakcumarnbHOI dasn NMOoKpUTTA MO NOBEPXHi 3emni i MONOXeHHS MYHKTY CMOCTEePEXEHHS
BiAHOCHO LUiei TpaekTopii. OBCTaBUHM MOKPUTTA NOKa3aHO Ha PUCYHKY. Toukn A i C — Hanbnwxdi Toukn edemepugHoro
TPEKy acTepoiga [0 NYHKTY cnocTepexeHb B. BE — BigcTaHb Big TOYKM cniocTepexeHb A0 Tpeky. [eoLUeHTpUYHi KoopamHaTtu
LMX TOYOK BignoBigHo (@a i Aa), (s i As), (Pc i Ac).

N

C

AlL—"p

Puc. Jo obuncneHb MakcumanbHoi dhasu NOKpUTTS AN NYHKTY CNOCTEPEXEHHSs (Touvka B):
AC — Bigpi3ok ecbemepuaHoro Tpeky actepoiga; BE — BigcTaHb Big TOUKM CNOCTEPEXEHDb A0 TPEKY;
CD — pi3Huus wupoT Todok A i C; N — niBHIYHWIA nontoc

OueBungHo, Wwo NA = 11/2 — @a, NB = /2 — @8, NC = 11/2 — ®c, AD = Ac — A, CD = @c — ¢a . Ha manux BigctaHsix Ha no-
BepXHi 3emni MOXHa He BpaxoByBaTW Pi3HULIIO pagiyciB Ans BignoBiAHWX TOYOK pUCyHKa. Togi, BUKOPUCTOBYOUM chopmynu
cdepunyHOi TPpUroHoMeTpii, AnA TpukyTHMKa ABC mMoxHa 3anvcaTu Take:

cos AB=sing, -sin g +cos @, -cos @y -cos(Ag =1, ),
c0s BC =sin ¢, -sin @y +cos . -cos @y -cos (A —Ag).

3 NpsiIMOKYTHOro TpukyTHMKa ACD

cos AC=cos(p —¢,)-cos(re —A,).

Kyt BAC MOXHa 3HaWTH i3 CniBBiAHOLUEHHSA

cos BC —cos AC -cos AB

cos ZBAC = - -
sin AC-sin AB

3 NpsIMOKYTHOro TpuKyTHMKa ABE
sin BE = sin AB-sin ZBAC,
sin AB-cos ZBAC

sin AE = )
cos BE
sin ~ABE =S AE
sin AB

Pi3Hunuto AOBroT MoXHa 3HanTK 3a HOPMyIoto

tan AE

tan(}\E —XA)ztan(kC —}VA)'M.

Oani iHTepnonsuieto 3a epemMepnaHMMM aHUMWU MOXEMO BU3HAYUTU MOMEHT Yacy HanbinbLIoi hasmn NoKpUTTS i LWMpo-
Ty @e. Bpaxyemo enintuyHictb 3emni, gka npyBoANTbL 4O TOrO, WO pagiyc Ans A4aHOro MyHKTY CMOCTEPEXEeHHsT MOXe Biapis-
HATUCS Big cepeaHboro. Toai NPSIMOKYTHI reoLeHTPUYHI KOOpAMHATU TOHOK CMIOCTEPEXEHHS PO3PaxoBYOTb 3a hopMynamu

\/7.2’ y . 2’ . 2
1—(e-sm(p) 1—(e-sm(p) 1—(e~sm(p)

Oe Re — ekBaTopianbHui pagiyc 3emni, € — nepLummn ekcueHTpucuTeT enincoiga. BiH BU3HavyaeTbes sk

R? —R?

i e COSQ -cosh _Rocosposinh R,-(1-¢€%) -sinx

Ae Rn — nonapHui pagiyc 3emni.
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JoBxuHa Bigpi3ka s, akun 3'egHye Toukn Bi E, 6yge Takum:

2 2 2
s:\j(xB —X) (Ve —Ve) +(z5—2) .
OcTtaTto4Ho BigcTaHb Xopan d, IKy OTPUMYIOTb i3 TPMBANOCTi NOKPUTTS, Bif LieHTpa acTepoifa o64mMCcnoemMo Tak:
d =s-cos(A, — A )-cosZ, ,

ae Ao i Zo — a3MMyT i 3eHiTHa BiACTaHb acTepoifa B MOMEHT MOKPUTTA, Ae — a3aMMyT HanpsIMKy Ha TOYKYy E, Akuin 3Haxoammo
3a hopmynamm

COS®, -sin(A, —A
sin . ABN = 205251 (ke — )
sin AB

A =2n—-Z ABN - Z ABE.

Matoum kinbka xopA Ta ixHi BiACTaHi Bif LieHTpa acTepoifa Ans pPisHUX NYHKTIB CNOCTEPEXEHHS, MW MOXEMO BiJHOBUTH
dopmy npoexLuii actepoifa Ha 3eMnio AN BKa3aHOro nokputTa. 3aBAaHHsA LbOro anroputMy nonsarano y 3HaxoKeHHi Bia-
cTaHi d JaHOro MyHKTY CMoCTepeXeHb Bif, TPaeKTopil LieHTpa acTepoiga aAns Toro, Wwob OyayBaTu 3anexHicTb po3Mipy Xop-
OM acTepoiga Bia BigcTaHi Ao noro ueHTpa. [ns noBHoro 3BeeHHsA Tpeba BpaxoByBaTU MOMEHTM NOYaTKy i KiHLS NOKPUTTS
BiHOCHO MOMEHTY MakcumarnbHOI pasun, Ky 3HaxoAATb iIHTEPronsALUielo 3a JOBXMHOK CTOPOHWU AE BiAOMKX MOMEHTIB Yacy,
KOMNK LeHTp TiHi nepebyBae B Toukax A i C.

BucHoBok. 3anponoHoBaHO MeTOA BM3HAYEHHS BiACTaHi 4O LEHTPa TiHi MYHKTY CMOCTEPEXEHHS NMOKPUTTS 30pi acTepo-
iAOM i MOMEHTY MakcMMarnbHOi dasu, sk HeoOXiAHMIN ONs 3BeAeHHsA GaraTbox pes3ynbTaTiB CrocTepexeHb i3 6araTbox
NyHKTIB B OQHY cucTemy. Taka npoueaypa noTpibHa ans yToyHeHHsA po3mipiB i hopMu NpoekLii acTepoiaa.
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METHOD OF PROCESSING SYNCHRONOUS OBSERVATIONS OF STAR OCCULTATION
BY AN ASTEROID FROM SEVERAL POINTS

The size and shape of the asteroid belongs to its main characteristics. Knowledge of these quantities is necessary to determine
the density and albedo of asteroids, as well as to understand the fundamental processes of formation and evolution of the solar sys-
tem. The most popular method for determining these values for asteroids is the photometric method. However, the accuracy of its
determination depends on the asteroid heating model used. There are direct methods for determining the shape - measurements
using space missions and ground-based interferometers using the largest telescopes. Such methods give accurate results, but are
not applicable for mass determinations. The method of observing the occultations of stars by asteroids is available to a wide range
of observers, including amateur astronomers. A community of observers is being formed in Ukraine, who plan to start regular ob-
servations of these phenomena. When processing such observations, you need to know the exact position of individual observers
and have a detailed occultation ephemeris, which can be found at https://asteroidoccultation.com. It is also necessary to have a
good time service, which will allow determining the moments of the beginning and end of the occultation with sufficient accuracy.
Detailed ephemeris provides information about the trajectory of the shadow on the Earth's surface, indicating the exact time the
shadow was in the given coordinates. The ephemeris also contains information about the horizontal coordinates of the star for the
center of the shadow at the same time points. The ephemeris also gives the coordinates of the edges of the shadow and their errors,
which include the errors of the predetermined asteroid diameter and the errors of the parameters of the asteroid's orbit. The article
provides a method for calculating the distance from the observation point to the trajectory of the shadow and a method for calculat-
ing the moment of time of the maximum occultation phase for a given observation point. It is possible to combine all independent
observations into a single system to determine the diameter and shape of the asteroid knowing these values. This method is
planned to be used for processing observations of the Ukrainian community of observers of occultations of stars by asteroids.

Keywords: asteroids, star occultations.
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