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AHOTAL[IA Y cmammi 3anponoHO8AHO YMOYHEHHs 8UpA3i6 Osl AHATIMUYHO20 PO3DAXYHKY GIOXUNEHb DIZHUX OYIHOK
NOI0JICEeHb 30PSIHO20 00'€KMY 6 eK8amopiaibHill CUCHEMI KOOPOUHAM, MIHIMYM CYyMU MAKuX 6i0XUleHb € Kpumepii
O0OCKOHANI020 NAPOCNOAYYEHHS 8 3a0aul OMOMOJICHeHHA eumiptoéanb acmponomiunozo CCD-kadpy i3 30psHum
Kamano2om. YmouHeHHs npeOcmasieHux y cmammi (popmyi OJi iOXUNIEHb PIZHUX OYIHOK NOJ0NHCeHb eK8AMOPIAIbHUX
Koopounam nebechux 00'ekmie 00380510Mb NIOBUWUINU MOYHICIb CHOCMEDPENCEHb 8 CYHUACHIU ACTNPOHOMIL.

Knrouosi cnosa: gioxunenns, CCD - kadp, Hebecrutl 00'ekm, exeamopianbHi KOOpOUHamu, iOXUIeHHs NO CXUJIEHHIO,
BIOXUNIEHHS NO CXOONCEHHIO, OYIHKA NOTONCEHHS.

AHHOTAILIHA B 0annoti cmambe npediodiceno YmoyHeHUue 8blpadceHull 01 aHATUMU4ecko2o paciema OmKIOHeHull
PA3IUYHBIX OYEHOK NOJIONCEHUs. 36e30H020 00BEKmMA 6 IKEAMOPUALbHOU cucmeme KOOPOUHAM, MUHUMYM CYMMbl
KOMOPbIX SGTEMCsl KPUMepuem COBEPULEHHO20 NAPOCOYEMAHUsl 8 3a0aye OMOJICOeCMEIeHUsT ACMPOHOMUYECKO20
CCD-kadpa co 38e30HbIM KAMAI02oM. YmouHeHue npedCmasieHHbix 8 cmamse opmyn 0 OMKIOHEeHUU PA3TUYHbIX
OYEHOK IKBAMOPUATLHBIX KOOPOUHAM HeDeCHbIX 00beKmo8 HO360JSII0M NOBbICUMb MOYHOCHbL HAOII0O0eHUll 6
co8pemMenHOll HaOII00ameabHOU ACMPOHOMUU

Knroueevie cnosa: omxnonenue, CCD -kadp, mebecnviii 0o0vekm, 9K8AMOPUAIbHbIE KOOPOUHAMbL, OMKIOHEHUe No
CKIOHEHUIO, OMKIOHEHUE NO BOCXONCOCHUIO, OYEHKA NOLONCEHUS.

ANALYTICAL EXPRESSIONS FOR THE CALCULATION OF DEVIATIONS
BETWEEN ASSESSMENTS OF THE HEAVENLY OBJECT IN THE PROBLEM OF
IDENTIFICATION CCD-FRAME

N.DICHTYAR *, IA. MOVSESIAN, S. CHLAMOYV, V. SAVANEVYCH
Kharkiv National University of Radio Electronics, Kharkiv, UKRAINE

ABSTRACT Clarification of the expressions for the analytical calculation of deviations of different assessments of the
stellar object in the equatorial coordinate system is suggested in the article. It is advisable to use specified deviation in
equatorial coordinate system as a criterion for identifying based on the number of technical reasons.

Full deviation is resolved into two components during analysis of mutual deviations of different assessments of stellar
objects. The first component is a deviation in declination. It is a deviation between the estimates of stellar object
position in the meridian of etalon estimate. The second component is a deviation in right ascension. It is a deviation
between the estimates of stellar object position outside of the meridian of etalon estimate.

Etalon estimate should be measurement of the stellar catalog if we compare the estimates between frame and stellar
catalog. The minimum sum of assessments of the object is the criterion for a perfect matching in the identification
problem of astronomical CCD-frame with the star catalog.

Perfect matching is in accordance with certain criterion. It can be reduced to a combination of deviations between the
estimates of the provisions of stellar objects within these pairs. Recent deviations are a criterion of the frame
identification on the star pattern. The accuracy of observations in modern observational astronomy will be improved by
using described expressions in this article.

Keywords: deviation, CCD-frame, celestial object, equatorial coordinates, the deviation in declination, deviation
ascent.

Beenenne
B pabGore [1, 2] mokazaHo, 4To 3amada
OTOXXJEeCTBIIEHHS acTpoHoMmdeckoro CCD-kampa
[3, 4] co 3BE3EHBIM KATaJOTOM CBOAWTCS K

HaXOXXICHUIO COBEPIIEHHOIO0 I1apOCOYEeTaHUs B
COOTBETCTBUU C HEKOTOPbIM METaKpUTEPHEM.
JlaHHBINE MerakpuTepuii MOXET OBITh CBEIEH K
COYETaHHIO  OTKJIOHEHMH MEXAy  OLCHKaMu

© H. 10. IUXTAP, 4.C. MOBCECSH, C.B. XJIAMOB, B.E. CABAHEBUY 2015

ISSN 2079.5459

21



MOJOKEHUH  HeOeCHBIX  OOBEKTOB  BHYTPH
yKka3aHHBIX map. llocmenHue OTKIOHEHHS W
SBIISIIOTCA KPUTEPUEM OTOXKIECCTBICHUS Kajpa I10
3BE3THOMY Y30pYy.

AHaJIH3 JUTEPaTypPhI

Hcxonsa u3 paaa TEXHUYCCKUX C006pa)KeHHﬁ

1enecoo0pasHo B KauecTBe KpHUTEPHS
OTOXKJCCTBIICHHSI ~ HCIIONB30BaTh  YKa3aHHBIC
OTKIIOHEHUST B DJKBATOpUAJBbHOH  CHUCTEME

KoopauHat [5, 6]. MHpiMH clioBaMu, 4acTo IpH
aHaJdu3e B3aUMHBIX OTKJIOHEHMH  pPa3iIMYHbBIX
OLIEHOK TOJIOKEHUSI HEOECHBIX OOBEKTOB IOIHOE

OTKJIOHEHUE pacKiaabIBarOT Ha TIBE
cocrapmsitomue. IlepBas U3 HUX, — OTKJIOHEHUE
AS TIO CKJIOHEHHWIO — TPENCTaBIsgeT CoOOoit
OTKIIOHEHHE MEXAY OLEHKaMU  TOJOXKEHUS

HeOecHOro o0beKTa BHYTPH MEpUANAHA OJHOU U3
OleHOK. EcTecTBeHHO cuMTaTh, YTO YyKa3aHHAS
BBIIIE OLIEHKA, COOTBETCTBYIOINAS MEpHUINAHY,
MpHU3HAETCA 3a STAlOH. TaK, HampuMep, ecliu
CPaBHHMBAIOTCSl OIIGHKM Kajapa (U3MepeHus) u
KaTranora, TO 3a 3TaJOH IPUHUMAIOTCS U3MEPEHUs
KaTaJora.

Taxum o0pazom, OTKIIOHEHHE IO
CKJIOHEHHIO MPEACTAaBIsACT COOOM OTKIOHEHUE
MEKIY OLCHKAMH IONOKEHHS B IUIOCKOCTH
MepHInaHa, COOTBETCTBYIOIIETO OIICHKE,
BBHIOpDAaHHOH B Ka4eCcTBE JTallOHA (B TUIOCKOCTH
MepHIHaHa »JTajoHa). BTopoe OTKIOHeHHE —
OTKIIOHEHHE Aq; TO HPSMOMY BOCXOKICHHIO —

SBIISIETCSl  OTKJIOHEHMEM MEXAY PpazIuyHBIMHU
OLIEHKAMH TIIOJIO)KEHUI HeOecHOro o0beKTa BHE
IUTOCKOCTH MEpUANAaHa ITaJIOHa.

OTkoHeHus MEXIY Pa3IUYHBIMU
OLIEHKAMH 3KBaTOPHAJIBHBIX KOOPAWHAT (IPSMOro
BOCXOXIEHMS M CKJIIOHEHHs) ONHUX M TeX XK€
HeOECHBIX  OOBEKTOB  HE  MOTYT OBITH
MpEACTaBIEHbl IPOCTOM UX pas3Hulled. B yacTHOM
ciydae JaHHOE YTBEpKACHHUE Kacaercs
OTKJIOHEHUH MEXIY HU3MEpEHUSIMH u
KaTaJOKHBIMH 3HAYEHUSIMH TTOJIOXKEHUST HEOECHBIX
00BEKTOB.

B mutepatype [7, 8, 9] mocrarouHo dacto
OTKJIOHEHHE AJ M0 CKIOHEHHIO NPENCTaBIAETCS
NpOCTON pa3HULIEd OLEHOK. B cBow ouepens

OTKJIOHEHHE 10  TPSAMOMY  BOCXOXKICHHIO
TIpeCcTaBIsIeTCs POPMYITOH:
Aa=(ag —agz)-cosd. (1)
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Beipakenne (1) umeer sicHBIN (U3HUECKHIA
cMbIciI. Ha skBaTope OTKIIOHEHHE Aq 10 IPSIMOMY
BOCXOJK/ICHHIO PAaBHO apU(METHYECKOH pa3HOCTH
3HAQUYEHWH  pa3MUYHBIX  OIEHOK  IMPSIMOrO
BOCXOXJIeHHs HebecHoro oobekra. Ha momioce Bce
BO3MOJKHBIEC 3HAYCHUS MPSIMOTO BOCXOXKIeHUS OT
1o 360 rpaaycoB COOTBETCTBYIOT OAHOM M TOM K€
ToOuyke — moirocy HeOecHoir  chepel. B
COOTBETCTBUU C ITUM, OTKIOHEHHUE IO TPSIMOMY

BOCXOXKJEHHIO M momtoca (5=90°) Oyner
MPU3HAHO PABHBIM HYJIO MPU JIOOBIX 3HAYCHUAX

OLCHOK MPAMBIX BOCXO)K,Z[CHI/II;’I O{S n ag .

Heab0 cratbu  SBISETCS  YTOYHCHHE
dbopMyn AN OTKIOHEHUH pas3iMyYHBIX OLCHOK
(mpexie Bcero M3MepeHus Kajpa U KaTaJloKHOTro
3HAYCHUS) SKBATOPUATBHBIX KOOPJMHAT HEOCCHBIX
00BEKTOB.

IlosnHoe OTKIIOHEHHE MeKAY Pa3THnYHbIMHA
OIllICHKaMH1 3KBaTOpI/IaJIbeIX KOOp[lI/IHaT
He0eCHOro 00hLeKTa

[lonHOEe OTKIIOHEHHE MEXKOY Pa3IHYHBIMU
OLIEHKaMH 3KBaTOPUAIBbHBIX KOOPAWHAT HEOECHOrO
o0BbeKTa SIBISETCS IIEHTPAJIbHBIM yIJIOM (Yrosa ¢
BEpUIMHOW B IeHTpe HeOecHOH cdepbl) MexIy
IBYMSl TIONIOKEHHAMH OOBEKTa Ha HeOecHOU
cepe, COOTBETCTBYIOIINMH PA3TUIHBIM OLIEHKAM.

Ompenensercs HOJTHOE OTKJIOHEHHE
cneqyromuM oopazoM. OIeHKa MONOKEHHS | -TO

06T>€KTa, COrjiaCHO JOaHHBIM KaTajiora, 3aJacTcCia

SKBATOPUATBHBIMH KOOPIUHATAMH ¢y 5 Oy -

JlexkapToBble KOOPAMHATBl  X(.gzs Veay s

=z TOYKH (Haqano CHUCTEMBI KOOpPAWHAT

cay
HaxoAWTCA B IeHTpe HebecHOW cdepbl) ¢

DKBATOPUATBHBIMU KOOPJHHATAMU oy, Opgyi  HA
chepe eIMHMYHOrO pagMyca  ONPENEIAOTCS
BeIpaxkeHueM [10, 11]
Xcatj sin Qqij COS 5ca,j
KXeatj =| Veay | = | COSU €08 5catj Q)
Zcay sind,. atj

HenTpanbHblid  yron  MEXIy  JIByMA
OLICHKAMHU MOJNOXKEHUA OObeKTa y;; H X2

omnpenensercs Beipaxennem [10, 11]:
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Xeajl * Xea2 +ycatjl *Veatj2 + ZeatjlZeatj2 (3)

os(zji )= 2 2 [ 2 2
\/xcarjl + Yeatjl + Zeagl \/xcatj2 + Yeat2 + Zeat2

Tak kak HCCIeayeMble TOYKM JIeKaT Ha
chepe eOMHUYHOTO paguyca, TO 3HAMEHATENb
BoIpakeHust (3) paBeH 1 mo ompenenenuioo. Tem
caMbIM, 3HaUE€HHE HCKOMOT'O TIOJIHOTO OTKJIOHEHHS,
3HaYeHHUE HMCKOMOIO LEHTPAJBHOIO YIjida MEXIY
IBYMsS  OIIGHKaMH TIOJNIOKEHHS oObeKkTa Ha
HebecHOM chepe, onpenensiercs BEIpaKeHUEM:

A12j = arccos(xcatjl “Xeat2 +ycatj1 “Yeay2 +angjl 'ang'2) (4)

Jlns ynobcTBa W3JIOKEHHS W BOCIPUSATHS
MaTepuana Jajee B OOO3HAUCHHU OTKJIOHCHHH
Aa; M AS; MHJIEKC j OIyCKaeTCsL.

s BBIBOZA BBIpQKEHHH IS BBEIEHHBIX
VKa3aHHBIM  BbIIE  00pa3oM  OTKJIOHEHHH
MOHAZOOUTHCSl ypaBHEHUE IMIIOCKOCTH MEpHIHaHa
U MpsSMOYroibHBIE KOOpAWMHATHI Touek S, W, G
(puc. 1). Cauraercs, 9To TOYKa S XapaKTEpU3YET
u3MepeHne (HampuMmep, OLEHKY IOJOKEHHS
o0bekTa TO pe3yapTaTaM o00paboTKM Kazpa), a
Touka G — XapakTepu3yeT 3TajJOoH (KaTaJOKHYIO
OLIEHKY TIOJOXKEHHS JTOro ke oObekta). B
JaJpHEWIIeM Uil yIOPOIICHUS — U3JIOKEHHS
MaTepuaga Touka S Oymer  Ha3bIBaThCS
nu3MepeHneM, a Touka G —3TaJoHOM.

£

Puc. 1 — Uzo6padicenue uzmepennou S u
amanonunoi G oyeHok nonodicerusi 0ovexma

Ha cghepe.

[TmockocTh MepuauaHa 3TajoHA TPOXOIUT
gepe3 3 TOYKH C HW3BECTHBIMH KOOpIWHATAMU:
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nommoc cepel N ¢ koopauHatamu (0,0,1) , TEHTP
cheper O ¢ koopauHatamu (0,0,0) u Touky E Ha

3KBaTOpe cepst c KOOpAUHATAMHU
(sina g cos ag; 0). [Ipu »TOM ypaBHEHHE
JTaHHOU IJDIOCKOCTM ~ MOXHO  NPEACTABUTH
cremyronM oopasom [10, 117]:

X —=Xp XN — X0 Xg — X0

Yy=Yo YN—Yo YE—Y0o|=0_ (5

zZ—2Z ZN T2y ZE — 2y

[locne moncranoBkM B BhIpakeHHe (5)
BBIPQKEHHUH AJIs1 KOOPAMHAT TOUYEK IOJ0ca cepsl
N, nentpa chepsr O, y31a mepunuana E:

X 0 sinay

h% 0 cosag|=0 ©6)
z-1 -1 -1
[locne packpeitust  ompenenurtenst  (6)

YpaBHCHHUC IJIIOCKOCTHU MEpUJIUaHa 3TaJIOHA MOXXHO
3a1McaTh B BUJC:

xcosa, —ysina, =0. @)

WHbpIMU cnoBamM, ypaBHEHHE IJIOCKOCTH
MepuauaHa JTajoHa (IJIOCKOCTH MeEpUANaHa,
npoxonduell yepe3 Touky (G, COOTBETCTBYIOLIYIO
3TaJIOHHOMY/KaTaJIOKHOMY MOJIOKEHHUIO
HeOecHoro oobekTa [10, 11]) umeer Bua:

Ax+By+Cz+D=0, ®)
rae
A=cosa g5
B=-sina g5
C=0;
D=0. )
OTHOCHTEIHHO BBIPaKEHUI IniE:

MPSIMOYTONTBHBIX ~ KOOPJIMHAT H3MEpeHHss S |
stanona G (puc. 1).

CornacHO BBIpaXeHHIO (2) HWMEIT MECTO
TOXJIECTBA:

X, =sinag cosJy ;
Yg =COS g COS Oy ;
¢ =sind ; (10)

=z
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Xg =sinag cos 5g ;

Vg =C0SUg COSOg ;

g
zg =sindg .(11)
LlenecoobpazHo BBECTH MPOEKITHIO
M3MepeHHss S Ha IUIOCKOCTh paHee BBEICHHOTO
MepuanaHa. JlaHHas Touka Ha pHCyHKe |
obo3HaueHa OykBor W.
JInsg  HaXOXKICHUS KOOPAWHAT TOYKH W

MOXHO HUCIIOJIB30BATh napaMeTpuICCKOC
ypaBHEHHE HPSIMO¥A, HEPICHINKYIIAPHOM
IIJTIOCKOCTH paccMaTpuBacMOro MEpUuaraHa
[10, 11]:
X—XO:y—y():Z—Z() =t (12)
A B C

Ucxonst u3 (12) 3HaueHUs KOOPAWHAT TOUYKU
W onpenensitorcs BhIpaXKeHUSIMU:

X, = At +xg,
Yy =Bt +yg,
Zy = Zg - (13)

B pesynpTaTe NOACTAHOBKH BBIPAXKECHHA
(13) mns xoopauHaT Toukn W B ypaBHEHHE
IUIOCKOCTH (8) MOXKHO 3amMcaTh BBIpRXKEHHE IS
(hopManIbHOI epeMEeHHOH ¢

o AXs T BYs (14)
A2+

Bripaxkeane (14) ¢ yderom mocieaHEro
BBIPXECHHS MOKHO TIEpENHCcaTh B BUE:

Axg +By
X, = _A—A; +st <
Axg + By,
ra= BT A
A°+B
Z,, =Zg. (15)

Cormacuo (10), (11), (9), momMHA, YTO TaK

Kak A=cosag, TO (1—A)2=sin2ag, MOXKHO

3alMcaThb BBIPAXKEHUE JI1 KOOPAUHATHI X, :

.2 .
X,, =sin” ag -sing - c0s & +

+00s g -Sincrg - COS @ COS O =

=sinea,, -cos,(sina

o sina, +cosa

-cos e ) .

4 4

Ucnons3yst dopmyny kocmHyca pa3HOCTH
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yrmoB  [10, 11] mocnemHee  BBIpa)KeHHUE
MIEPENUILETCS B BUJE:

x,, =sina

g 008 O -cos(ag —ag) . (16)

Amnanornuno, cormacao (10), (11), (9),

IOMHA, 4YTO (l—Bz) = cos? g, MOXHO 3amucaTh

BBIPAXKXCHUC JI1 KOOPpAWHATHI y,, :

Yy =sina, -cosa, -sinag -cos 5 +
2 —
+cos” ag - COS 0 COS Oy =
=008 Qg - COS O (SN SiNag +COS g - COS ) -

Ucnons3yst opmynny kocmHyca pa3HOCTH
yraos [10, 11]:

Yy =008 g o8 I -cos(a; —ag) . (17)

He Ttpyzmno mokazath, yTo C yderoMm (2)
cormacHo (15):

z,, =sind;. (18)

OTtknoHeHue Aa o MpsIMOMY
BOCXOXJIEHHIO, C TOYKH 3PEHUS TEOMETPHH,
SIBJISIETCSI LIEHTPAIBHBIM YIJIOM MEXKIY TOYKOH S,
pacrnonoxeHHo! Ha cepe eIMHUYHOTO paanyca, 1
mwiockocTeio NOE Mepuanana sTanoHa, KOTOPBII
cootBercTBYeT Touke G (pUCyHOK 1).

AHanuTHuecKoe BBIpa)KEHHE ISt
HaXOXKIEHUS 3HA4YeHHs OTKIOHEHHS Aa 1O
IPSIMOMY BOCXOXICHHIO MOKHO HalTH
CIIEIYIOIIIM 00pa3zoM.

Yron wexny BekropoMm Touku G c

KOOPAMHATAMU (Xg,Vg,Zg) W IUIOCKOCTBIO

MepHAuaHa JTajJoHa ¢ mnapamerpamu A, B
onpezensaerca Boipaxenuem |10, 11]:

sinAg = Ax+ By + Cz

.(19)

x2 +y2 +z2 ><\/A2 +B%+C?

3HameHatens B BoIpakeHUH (19) pasen 1,
TaK KaK BeKTop OS W BCE 3 TOUKH, HCIIONB3yEMbIe
JUIST  TIOCTPOEHHSI  IUIOCKOCTH  MEpHIHMaHa,
pacrnoioXeHbl Ha chepe eMHUIHOTO paanyca.

Hcxonss w3 BbIpaXeHUN Ui HapaMeTpoB
npsmoit (8) u koopaumHar Bektopa OS  (10)
3HAaYEHHNE NCKOMOTO OTKIIOHEHHSI A¢ TIO TIPSAMOMY
BOCX OJKJICHHIO (3HayeHue yria MEXKTY
TJIOCKOCTBI0 MepHuAnaHa 3TajoHa (8) M BEKTOPOM
OS ) MOKeT GBITh PEICTABICHO BHIPAKEHIEM:
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Aazarcsin(cosa -sinag —sina 'cosas)'cosé's).

g g

Ucnone3ys toxnectso [10, 11]:
sin(a — &) =cosd-sinx —sind - cos « .

Ilocnennee BBIPpAKCHUC MOXHO MEPCIUCATh
B BUIC:

Aa = arcsin(sin(as —ag) o8 d ) (20)

BeiOop cmocoba HaxoxaeHHS yryia 4depes
3HAa4YEHUE €ro CHHyca CBA3aH C TEM, YTO (QYHKIHS
CHHyCa OJIHO3HAa4yHO OIpeAeieHa B IEPBOM H
YEeTBEPTOM KBaJpaHTaX, B OTJIUYME OT KOCHHYCA.

[Ipu MPOBEICHUHU ACTPOHOMHYECKHX
HAOMIOEHUH  HWCCIeqyeMble OTKJIOHEHUS He
MPEBBILIAIOT €AMHUILY YTIOBBIX CeKyH. V3BecTHO,
YTO 3HA4YeHHE CHHYCAa MajblX YIJIOB PAaBHO
3Ha4YeHUI0 (B paauaHax) 3THX yrioB. Mcxonms u3
3TOr0, B YacTHOM Cllydyae MaJbIX 3HAYEeHHUH
OTKIIOHEHUH BbIpaxkeHue (20) st OTKIOHEHUS Aa
M0 MPSIMOMY BOCXOKICHHIO MOXKHO II€pPENucaTh B
Buze (1).

WHorna xpome 3Ha4€HHS CHHYCa MCKOMOTO
yrna  1enecoo0pa3HO  JAOMONHUTENBHO — HMMETh
3HaYeHHEe KOCHMHyca JaHHoro yria. Jnsa
HaXOXXIEHUSI KOCHHYCa cos(Ac) OTKIOHEHHS IO
MPSIMOMY BOCXOKJIEHHIO HEOOXOIUMO HANUTH YToI
MeXy BekTopamu OS u OW , Thoe Touka W
SIBIIACTCST TIPOEKIMer w3MepeHus (TOYku S) Ha
MJIOCKOCTh MepHuAraHa »TamoHa (pucyHok 1). [lms
STOTO MOYKHO BOCIIOJIB30BATHCS BEIpaXKeHUEM (4):

A = arccos( Xy Xy, + Vs Vo + ZsZ ) - (21)

C yuerom Belpaxenuit (10) m (11) mns
KOOpJWHAT U3MEpEHus (ToUKa S) U ero MpoeKInn
Ha MepuanaH »TanoHa (Touka W) He TpyTHO
JIOKa3aTh TOXKIECTBO:

XgXyy + VsV T 252y =

sinog -cos? O -sinag -cos(a, —og )+

+ cos o -cos? 05 cosay -cos(ag —ozs)+sin2 o

g
= cos? O - cos(ag — atg) x

X (singy - sinag +cos ¢ - COS g ) +sin’ a, =
_ il 2 2 _
=sin” §; +cos” J; -cos” (2 — ) =.

=sin’ J sin? (ag —as)+c0s2(ag —ay)
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Takum  oOpasom, BEIpQXEHHWE  JJIA

OTKIIOHEHUS Aq TI0O TPSIMOMY BOCXOXJICHUIO

MOXKET OBITh MPEJCTABICHO KaK 4epe3 (pYHKIIHIO

apkcuayca (1) Tak w®  uepe3  (pyHKIUIO
apPKKOCHHYCA:

A = arccos(sin O +cos? S cosz(ag —ay)) .(22)

Kak Ob110 yKazaHO BbIIE, OTKIOHEHHE Ac
M0 CKJIOHEHHIO MPEACTaBIIseT cOOOW OTKIOHEHHE
MEXKIY OLEHKaMHU IOJOKEHHUs HeOECHOTr0 00beKTa
BHYTpH MeEpUIMAaHA OAHOM W3 OLEeHOK. [ms ero
HaXO0XJICHHS HE0OX0aUMO OIIPENENNTh
KOOpAMHATBl TOYkH W, KOTopass sBISeTcs
MPOEKIMEN TOUYKH S Ha IIIOCKOCTh MEPHINAHA.

WHpIMM crnoBamM, OTKIOHEHHE AS IO
CKJIOHEHHIO, C TOYKH 3PEHHSI TeOMEeTpuu cgepsl,

MpeAcTaBIseT cO0OH yron Mexay BeKTopaMu OG

v OW . (pucyHOK 1), TO €CTh IIEHTPANBHbINA YromI
MEXKIY HalpaBJICHUSMH Ha STaJlOH M MPOEKLHUIO
W3MepEeHHs Ha IIOCKOCTh MEpUANaHa 3TaJIOHa.

AHanuTHuecKoe BBIpa)KEHHE IS
HaxXOXKIEHUS 3HAYEHUS OTKIOHEHUS AS TI0
CKJIOHEHHIO MOJKHO HalTH CIEIYIOIHUM 00pa3oM.

3HayeHue yrina MEKIY IBYMS
PAacCMOTpEHHBIMH ~ BekTopaMH OG u  OW
OIIpeNeNnseTcs BEIpakeHneM (4):

AS =arceos(Xg Xy, + Vo ¥y +2g2y,) - (23)

C yuerom Belpaxenuit (10) m (11) mns
HaXOXJCHUSI KOOPJIMHAT M3MepeHHs (Touka S) u
€ro NMPOEKINK Ha MepUANaH dTaoHa (Touka W) He
TPYJHO JIOKa3aTh TOXJECTBO:

XXy + VoV t+ZgZy =

)
SIn” arg - C0S Oy - COS O - COS(Ag — ) +

2
+008” g  COS Oy COS Jg X

xcos(ag — ;) +8ind, sind; =
=08y - Os - cos(arg — ) X

.2 2 . . _
X (sin” ag +cos” ag) +sind, sind; =

=8ind; sindy +00s & c0s 5 COS(Ag — ) -

Takum obpazom, BBIpaKCHHE IS
OTKJIOHEHUSI AS TI0 CKJIOHEHHIO MOXET OBITh
MPEICTABICHO TaKxKe yepes (G YHKIHIO
apKKOCHHYCA!

A =arccos(sind sing +00sd, 00sd, cos( o, —a,)) (24)

ISSN 2079.5459

25



Kax u mis cirydast OTKJIOHEHUS 10 TIPSIMOMY
BOCXOXJCHHUIO, KPOME BBIpAXKEHUA ISl KOCHHYCa
OTKIIOHEHUS TI0 CKIIOHCHHIO, IIeeco00pa3Ho
HalTH  BBIpRXEHWE I CHHyca JaHHOTO
OTKJIOHEHUS. 3HAUEHHE CHHYCa OTKJIOHEHHS IO
CKIOHEHHI0 A5 MEXAy JBYMS 3aJaHHBIMHU
BEKTOpaMu oG u OW OTIpENENAETC Kak
OTHOIIIEHHE MOJYJA BEKTOPHOTO MPOU3BEICHUS

9TUX BCKTOPOB K MNPOU3BCACHUIO HUX MO,Z[y.]'Ieﬁ
[10, 11]:

jo5.07

sinAd = (25)

‘%‘x ow|

Moy HCXOMHBIX BEKTOpoB OG u OW
paBHBI 1, Tak Kak OHHM JeXar Ha cdepe
€AMHUYHOIO paauyca.

Takum  oOpa3oMm, 3HaYeHHE  CHHYca
OTKJIOHEHUs TO0 CKIOHEHHWI0O AS MOXET OBITh
MIPEACTABIEHO BBIPAXKEHUEM:

SinAS = ‘[&;,W]‘ . (26)

KOOp,I[I/IHaTLI BCKTOPHOI'0 MPOU3BCACHUA

BCKTOPOB E nu W MOXHO 3amnucaTtb B BHAC
[10, 11]:

Xgw YgZw ~Vwig

XpZo —X

giw | @7
Zgw xgyw_xwyg

Yew g

C yuerom Beipaxennii (11), (16), (17), (18),
JUTsT KoopAWHAT 3TanoHa (Touka G) W TPOEKIUU
U3MEpEeHHs Ha IIOCKOCTh MEpUAMaHa 3TaJOHA

(rouka W) KOOpAWHATHI PacCMaTPHUBAEMOTO
BEKTOPHOT'O TPOU3BENECHUS IPUMYT BU:
X =C08 Qg - €08 Jg - sind —
—C0S g - COS O - COS(Ag — ) -SINDg ;

YGw =sinQ, - 08 5 - cos(ag — ) X

Xsind, —sina, - cos O, -sindy ;

ZGw =0.

Breipaxkerme g KBagpata  MOXIYIA
HMCKOMOTO BEKTOPHOTO TIPOW3BENEHUS BEKTOPOB

OG u OW wumeer Buz [10, 11]:
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— 2
[0G.oW )" =% gw+ ¥ g + 2% g =

2

_ 2 -2
=008" Qg +C0S” Jg -sin” O +

+COS2 (24

2 2 ;2
g 1C08” O -cos”(ag — @) sin” Oy —

2 .
—2c08” ag - OS5y -SINO, X
XC08 0, - cos(Qg — ) -SiNS, +

+sin’ a

2 2 2
g "C08” O -cos” (g —arg)-sin” O, +

) 2 )
+sin” a4 -cos” 5, -sin” O —

;2
—2sin” a, - c0s & - cos(arg — o) X

-sin S, - cos 5 -sinJ .(28)

HepBoe n IIATOC cCliara€MbI€ ITOCICIHET O

BBIPQKEHHSI ~ MMEIOT  O0IMe  COMHOMKHUTENH
2 2
cos” &, -sin” & . Nx MHIUBUIYaJIbHBIMU

COMHOKHTEIIAMH SBJISIOTCS COS> ag, " sin? g -
CrnenoBaTeabHO, CyMMa JAaHHBIX CIaracMbIX
MPENCTABIIAETCSA BBIPAXKEHUEM cos? Og4 -sin? 6, .1lo

aHAJIOTHIHOMN IMPpUYINHEC CymMMa BTOpPOIr'o n
YCTBCPTOIr'0O ClIaraCMbIX IOCICAHCIO BbIPAKCHUA
MOXET OBITh npeacTaBJICHA BBIPAXKCHHUCM !

2 2 - 2
cos” O, -cos” (g —arg)-sin” O, .

B cBoro odepeab CyMMa TPETHEro U HIECTOI'O
cllara€MbIX IMMOCICAHET' O BBIPAXKCHUSA OIPEACIIACTCA
BBIPpAXKCHUEM !

C0S O +SINJ - €08 O - COs(Ag — &) - SINOg .

Taxkum oOpaszom, BwIpakeHue (28) mpumer
BUI:
—
‘[OG, OW]‘ -
sin’ J cos? Og +cos? J sin’ Og oosz(ag A
—2sInd; - €S 5, - o8 O X

xsind, - cos(agy — ;) =

= (sin &; cos O — oS I sin g cos(arg — A )? .(29)

Takum oOpasom, cormacao (26), (29)
OTKJIIOHCHHE MO CKIOHCHHIO A5 MOXeET ObITh
MPEICTABICHO BHIPAKEHHEM:

A3 =ztarcdn(sind cosd, —cosd sind, cos(a, — o)) .(30)
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Beipaxkenust  (24), (30) mpencraBisIOT
3HA4YeHUS] CHHYCa W KOCHHYCa OTKJIIOHEHHUS II0
CKJIOHEeHHI0. IHOTIa, U1 OMHO3HAYHOCTH pacyeTra
3HaYeHUil yrma Ha wuHTepBase or 0 mo 2r,
HEOOXOMMO HCIOJIB30BaTh 00a 3TH 3HAYEHUS.
Iloutn Bcerma B MpakTHKE COBPEMEHHBIX
ACTPOHOMHYECKHX HaONIONEeHUH OTKIOHEHHE He
MPEBBIIAECT HECKOJIBKUX YIJIOBBIX CEKyHA. B aTux
YCIAOBUSAX JJsl ONpENeNeHHsT OTKIOHEHUS 110
CKJIOHEHHIO HE0OX0AUMO HCTIOJIB30BaTh
BoIpakeHue (30). CBsI3aHO 3TO C TeM, 4TO QPyHKIHS
CHHyca OJHO3HAYHO OIpenelieHa B IEpPBOH U
YETBEPTON YETBEPTIX.

OTHOCUTENBPHO  aHamM3a  (PUBHYECKOTO
CMbICTIa  BBIPOKEHHH A1 OTKJIOHEHHS  TI0
ckioHeHHI0O AS (24), (30). Bwipaxkenue mon
apkcuHycoM B (30) 0€3 MHOXHUTENS BTOPOTO
CIaraeMoro  cos(crg —@g) HPEACTABIACT co0oif

BBIPAXXEHUE JUL CHHYCa Pa3HOCTU AS =5 — I, .

CornacHo COBPEMEHHOMN MPaKTHKE
aCTPOHOMHYECKMX  HaONIONEHWH  OTKJIOHEHHE

Aa = o, —a 10 IPAMOMY BOCXOK/ICHHIO MaJIO (He

MPEBBILIAET SAUHUILY YITIOBBIX CEKYHI).
CrnenoBaTensHo, qarie BCETO
cos(ag —a,)=1. CnenoBarenbHO, dYaIle BCEro

BBIpaXKEHUE (30) SIBIIAETCSA TOXIECTBOM
A6 = arcsin(sin(Ad)) . UHbIMU crioBamMu, IPU MajbIX

3HAYeHUSAX  (UTO  COOTBETCTBYET  IIPAKTHUKE
COBPEMEHHBIX AaCTPOHOMHUYECKUX HaOIIOAEHUH)
OTKJIOHEHHST ~ TI0  TpPAMOMY  BOCXOXKICHHUIO

Aa=a,—a, OTKIOHEHHE IO CKIOHEHHIO A5

g
MOXET OBITh ONpEEeNIeHO TyTeM TPOCTOrO
anreOpanvecKoro BBIYUTAHUS 3HAYCHUH
CKJIIOHCHUSI, COJEpXAIUXCI B U3MEPCHUU U
Kartasore (FJIM B Pa3HBIX KaTajorax):

AS=5,~5,. 31)

AHaaun3

Jns amammza (24), (30) wuHTEpeceH apyroi
KpaitHuil cimywait. Crmywali, Korja 3Ha4eHUe

Aa =a, —a, cocraBisier npuMepHo 180 rpaxycos.

Takoil ciayyalliT MOXET HMMETb MECTO HOpHU
HaONIOJICHNH  TOJSIPHOWM ~ OOJacTH, KorJa
«M3MEpEeHHe» U «OTANOH» HAXOIATCA «C Pa3sHBIX
ctopoH momtoca». C GopMaabHOW TOYKH 3pEHUS,
cos(ag —a) HPUHUMACT 3Ha4deHue -1. Ilpu oTOM,

BBIpaXeHHe mojx apkcuHycom B (30) ©Oe3
MHOJKHTEI BTOPOro CJaraeMoro cos(ag —ay)

MIpeJCTaBisieT co00i BBIpAXKEHHWE I CHHYcCa
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CYMMBI O +0,. [Mnd aHammsa, ¢ y4eroM
paccMOTpeHHs  NpHUIOIApHOM  obmactu, o0e
OLEHKM  CKIIOHEHHS  yJOOHO  IpPEACTaBUThH

CIIE/IYIOLNM 00pasoM 5 =7/2—¢&g, Jg =7/2~¢&, .

Ucnonesyst ¢opmynsl npusugenus [10, 11], e
TPYAHO A0Ka3aTh TOXKIECTBO

sin(d +0,) =

Sin(z/2—¢&, +7/2—&4) =

sin(z — (&5 +&4)) =sin(e; + &) .

CrnenoBatenbHo, cornacHo (30) BeIpaxeHue
JUIs1 OTKJIOHEHUS IO CKIIOHEHHIO B JAHHOM
YaCTHOM CIy4yae MPUMET BUI;

Ad =g, +¢ (32)

g

WHpIMH  clOBaMH, B JaHHOM YacTHOM
CITydae PacHONIOKEHUS «H3MEPEHUSD» U «ITaJOHa»
C Pa3HBIX CTOPOH IIOJIOCA» OTKJIOHEHHE I10
CKJIOHEHHUIO PaBHO CyMME JIOTOJIHEHUH 3HaYeHUI
OIICHOK CKJIIOHEHHH 00BeKTa 10 7/2 .

Hanpumep, nBe OLEHKH CKIOHEHHS OIHOU
3Be3/1bI (OTHOTO HEOECHOTO 00hEKTa) OIMHAKOBHI U
COCTaBIISIIOT 89 IparycoB, a COOTBETCTBYIOIINE UM
OLICHKH IPSIMOTO BOCXOKACHUS paBHBI
coorBercTBeHHO 30 u 210 rpamycos. Ilpsamoit
pacuer apupMEeTHUYECKOH Pa3HOCTH JAacT HYJIEBOE
3HAa4YeHUE OTKJIOHEHHUS IO CKIOHEHMIO (COTrIacHO
BeIpakeHn0 (31)) u orxnonenne B 180 rpagycos
10 IPSAMOMY BOCXOXKJIEHHUIO.

AHanu3  CBHUIETENBCTBYET B IOJB3Y
JI0KHOCTH JAHHBIX BBIYUCJIEHUN. O0e
paccMaTpuBaeMble OLEHKH HAXONATCS Ha OJHOM
MepuanaHe (Ha OXHON myre OONBIIOrO Kpyra,
MIPOXO/ISIIIIEH Yepe3 Mmoitoc chephl).

CrnenoBaTenbHO, OTKJIOHEHHE IO NPSIMOMY
BOCXOXKIIEHHIO JODKHO Obith paBHo 0, a
OTKJIOHEHHE MO CKJIIOHEHHUIO COCTaBJIATH 2 rpaayca
(2=(90-89)+(90-89)). B ornuume OT mNPAMOTO
pacdeta pasHocTH (opmyna (32) sIBHO yKa3bIBaeT
Ha NpaBUJIBHBIA OTBET B 2 rpagyca. EcTecTBeHHO,
TAaKOW >XKe OTBET OyHeTr AaH MpPH HCIOIb30BaHUH
BMecTO Hee Oomee oomeit popmyast (30).

BriBOaABI

B cratbe yTOYHEHBI BBIpAXEHHA JUIA
AHATUTHYECKOTO pacyeTa OTKIOHEHUH Pa3MuIHBIX
OLIEHOK TIOJIOKEHUSI  3BE3JHOTO0 OOBEKTa B
9KBATOPUANBHON CHCTEME KOOpIMHAT, MHHHMYM
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CYMMBI KOTOPBIX ABIISIETCS KpUTEpPHEM
COBEpIICHHOI'O  MAapocodeTaHus B 3ajade
OTOXAeCTBIIeHU acTpoHoMudeckoro CCD-kampa
CO 3BE3OHBIM KaTajoroMm. bpuio noka3aHo, 4TO
BBIpQKEHHE AJISl OTKIOHEHUS AS TO CKIOHEHHIO
npeacrasisiercs Beipaxenusmu (24), (30). B croro
odepens OTKIIOHEHHE IO MPSIMOMY BOCXOXKAECHHUIO
npexacrasnsgerca hopmymnamu (20), (22).
HcnonezoBanue TpaIUIMOHHBIX
BBIpQKEHHI, KaK ITOKa3al NMPHUBEICHHBIA B CTAaThE
aHalM3, HE BCerga ONpaBAaHO, a TaK ke
HempueMJIieM TOpd  HaOmoAeHHMH  HeOEeCHBIX
00BEKTOB B MOJISIPHBIX 00JACTAX, YTO OCOOEHHO
BaXXHO JUI1 acTPOHOMOB-HAONIO#aTeNed IpH
MPOBEIEHUH COBPEMEHHBIX HCCIEAOBAaHHM.
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