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AHOTAIIA Y cmammi 3anponoHo8aHO YMOYHEHHs 8UpAsie OISl AHAIMUYHO20 PO3PAXVHKY 6I0XUNECHb PI3HUX OYIHOK
NONI0JICEHb 30PSHO20 00'€KMY 6 eK8amopiaibHill cucmemi KOOpOUHam, MIHIMyM CYMU MAKUX 6i0XUieHb € Kpumepii
00CKOHANI020 NAPOCNOIYHEHHST 6 3a0aui OMOMOMCHEHHs. SUMIpo8ans acmponomiuno2o CCD-kadpy i3 30psHum
Kamanozom. YmouneHHs: npeocmasienux y cmammi ¢popmyn 0si i0XUNEHb PISHUX OYIHOK NOJIONCEHb eK8AMOPIaAbHUX
KOOpOuHam Hebechux 0b'exmie 0036015110Mb NIOSULUMU MOYHICMb CNOCMEPENCEHb 8 CYUACHIU ACMPOHOMIL.

Knrouosi cnosa: gioxunenns, CCD - kadp, nebecruil 00'ekm, exeamopiaibhi KOOPOUHAMU, GIOXUNEHHS NO CXUNEHHIO,
BIOXUNEHHSL NO CXOONCEHHIO, OYIHKA NONONCEHHS.

AHHOTAITHA B 0annoii cmamve npedsiodiceHo YMouHeHUue 8bipaxceruil 0isi AHAIUMU4ecKo20 pacuema OmkI1oHeHUll
PA3IUYHBIX OYEHOK NOJIONCEHUsL 36€30H020 00beKma 6 IKEAMOPUATIbHOU Ccucmeme KOOPOUHAM, MUHUMYM CYMMbl
KOMOPbIX AGIAEMCs KPUMepuem COBePUEHHO20 NapoCOYemanust 8 3a0aue OmoNCOeCMENeHUsl ACPOHOMULECKO20
CCD-kaopa co 36e30ubiM Kamano2om. Ymounenue npeoCmasieHHblX 6 cmamve Qopmyi O OMKIOHEHUU PA3TUYHbIX
OYCHOK IKBAMOPUATILHBIX KOOPOUHAM HebeCHbIX 00beKmMo8 N03604AI0M  NOBbICUMb MOYHOCHb HAOMOOEHUN 8
COBpPEMEHHOU HADIIOOAMENbHOU ACMPOHOMUU

Knroueewvie cnosa. omrxnonenue, CCD -xadp, nebecuviii 0bvekm, K8amopuaibHvle KOOPOUHAMbL, OMKIOHEHUE 1O
CKIIOHEHUIO, OMKJIOHEHUE NO 80CXONCOCHUIO, OYCHKA NOJIONCCHUSL

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

BBenenne
B pabGore [1, 2] mokazaHo, 4To 3ajgada
OTOXJeCTBIIeHUs1 acTpoHomuueckoro CCD-kaapa
[3, 4] co 3Be3gHBIM KaTaloroM CBOAMUTCA K

HaXOXACHUIO COBEPLICHHOIO IapOCOYETaHHs B
COOTBETCTBHH C HEKOTOPBIM METaKPUTEPHEM.
JaHHBIE MeTakpUTEepUil MOXeT OBITh CBEAEH K
COYETAHHIO  OTKIOHEHMH MEXAy  OLEHKaMu
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MOJOKEHUH  HEOECHBIX  OOBEKTOB  BHYTPH
yKa3aHHbIX map. [locieqHue OTKIOHEHHS U
SIBIISTIOTCS. KPUTEPUEM OTOXKIECTBICHUS KaJpa I10
3BE3/IHOMY Y30pYy.

AHaIu3 TUTEPaTyphl

Hcxons u3 psaa TEXHHYECKUX COOOpakeHNH

1enecoo0pasHo B KayecTBe KpHUTEpUs
OTOXKICCTBIICHUSI ~ WCIONB30BaTh  yKa3aHHbIC
OTKIIOHGHHSI B OJKBATOPHAJIbHOH  CHUCTEME

koopauHat [5, 6]. MHbpIMU clloBamMH, 4acTO INPHU
aHAJIM3€ B3aWMHBIX OTKJIOHGHHH  pa3jMYHBIX
OLIEHOK MOJIOKEHHUS HEOECHBIX OOBLEKTOB ITOIHOE

OTKJIOHCHHUE pacKiIapIBaOT Ha JIBE
cocrapisifoinie. IlepBas W3 HUX, — OTKJIOHEHHE
AS TIO CKIIOHGHHIO — TMPEACTaBiIseT co0oit
OTKIIOHEHHWE  MEXKIY  OIEHKAMH  ITOJI0KEHHS

HeOecHOro 00beKTa BHYTPH MeEpUAMaHa OJHOW U3
OIICHOK. EcrectBenno CUNTaThb, 4YTO YKa3aHHasd
BBIIIC OLCHKA, COOTBCTCTBYIOIAd MCpHIUAHY,
MpH3HAeTCs 3a JTaloH. Tak, Hampumep, eciu
CpPaBHMBAIOTCS OLEHKM Kajapa (M3MepeHus) u
KaTajora, TO 3a TAJIOH MPUHUMAIOTCS W3MEPEHUS
Karasora.

Takum obpazom, OTKJIOHEHHUE 1o
CKJIOHEHHIO TIPEJCTaBIsIET CO00M OTKIIOHEHWE
MEKIy OIEHKaMH TIOJOKEHHS B IIJIOCKOCTH
MepuaraHa, COOTBETCTBYIOIIIETO OLIEHKE,
BBIOPaHHOH B KadecTBE JTajoHa (B IIJIOCKOCTH
MepuIraHa »JTajoHa). Bropoe OTKIOHEHWE —
OTKJIIOHEHHE Acaj IO TPSIMOMY BOCXOXICHUIO —

SIBIISICTCSL  OTKJIOHEHMEM MEXAY Ppa3IMYHBIMU
OLIECHKAMH IIOJIO)KEHUII HEOEeCHOro OOBEKTa BHE
IUIOCKOCTH MEpHUANAaHa ITaJIOHa.

OTkoHeHus MEXIY Pa3InYHBIMU
OLIGHKaMH 3KBAaTOPHAJIBHBIX KOOPAMHAT (IIPSIMOTO
BOCXOXIIGHHS M CKJIOHEHMS) OOHMX U TeX e
HeOECHBIX  OOBEKTOB HE  MOTYT OBITh
MpeACTaBIEeHbl IPOCTOM UX pa3Huleld. B yacTHoM
ciydae JaHHOE YTBEpKACHUE Kacaercs
OTKJIOHEHUH MEXKIY U3MEpEeHUSIMU U
KaTaJOKHBIMH 3HAYECHUSIMH TTOJIOKEHUST HeOECHBIX
00BEKTOB.

B murepatype [7, 8, 9] moctarouHo dacto
OTKJIIOHEHHE AS 10 CKIOHEHHIO NPENCTaBISETCS
NpOCTOM pa3HULed OLEHOK. B cBow ouepens

OTKJIOHGHHE M0  TPSIMOMY  BOCXOXKICHHIO
npe/cTaBisercs HopMyIIoil:
A =(as —ag)-Cosds . (1)
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Bripakenue (1) umeer sicHbI (U3MUECKUN
cMbIc. Ha skBaTope OTKIIOHEHHE Aq TIO TIPSIMOMY
BOCXO)KJICHHIO PaBHO apU(pMETHUECKOH Pa3HOCTH
3HAUYEHUH Pa3IUYHbIX OLIEHOK MPSIMOT0
BOCXO)KJIeHUs1 HeOecHOro oobekTa. Ha momroce Bce
BO3MOJKHBIE 3HAUEHHUS MIPSIMOT0 BOCX0XAeHUs oT 0
1o 360 TpaxycoB COOTBETCTBYIOT OJHOM M TOH XK€
TOYKe — Tomocy HebecHoW  cdepsl. B
COOTBETCTBUU C ITHM, OTKJIOHEHHE MO MPAMOMY

BOCXO)KIEHHIO it momioca (5 =90°) Oymer
MPU3HAHO PABHBIM HYIIO TMPH JIOOBIX 3HAYEHMSIX

OLICHOK MPSIMBIX BOCXOXKICHUH g U O .

Ienb0 crarbu  SBIAETCS  YTOYHEHUE
dbopmMyn AN OTKIOHEHHH pa3iIMYHBIX OLICHOK
(mpexxae Bcero M3MepeHus Kajapa W KaTaJloKHOTO
3HAUYEHMs) IKBATOPUAIBHBIX KOOPIAMHAT HEOECHBIX
00BEKTOB.

IlosHOE OTKJIOHEHHE MEKIY Pa3THYHbIMHA
OlleHKAMH 3KBaTOPHAIbHBIX KOOPIUHAT
He0eCHOro 00LeKTa

IlonHOE OTKIOHEHHWE MEXIY pa3IMYHbIMHU
OIlEHKAMH 3KBATOPUATBHBIX KOOPAWHAT HEOECHOIO
o0beKTa SIBISIETCS IEHTPAIBHBIM YIJIOM (YTOl C
BEPIIMHON B TIIEHTpe HeOecHOW cdephl) MexIy
IByMsS TIOJMOXKEHUSIMH oOBeKkTa Ha HebecHoU
cdepe, COOTBETCTBYIOIIUMHE PA3INIHBIM OI[CHKAM.

Onpenensiercs MOJTHOE OTKJIOHEHHUE
crenytommM obpasom. OIeHKa TOTOXKEHUS j-TO

00BbeKTa, COrJIacHO IJAaHHBIM KaTajlora, 3aJaercs
9KBATOPHAIBHBIMA KOOP/IMHATAMH Clcqtj s Ocat -

JlexkapToBbie KOOPAMHATBL  Xcatj: Ycatj
Zcatj TOYKM (HAYANO CHCTEMbBl KOOPIMHAT

HaXomUTCSA B IleHTpe HeOecHoW cdephl) ¢
OKBATOPHUAIBHBIME KOOPIMHATAMH  Qcqij, caj HA

chepe eamHHMYHOrO paamyca
Beipaxkerrem [10, 11]

OHpeACIIAIOTCA

Xcatj SINQcqtj COS 5catj

 Xcatj =| Yeatj |=| COST41jCOS Ocat] )

antj sin 5catj

HenTpanbHbli  yron  MexAy  ABYMs
OLICHKAMU TONOKEHUA OObEKTa xj1 U Xj2

ompenensercs Beipaxkenuem [10, 11]:
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XcatjL * Xcatj2 * Yeatjl - Yeatj2 + ZeatjtZeatj2 3)

2 2 2 2 2 2
\/ Xeatit t Yeatit + antjl\/ Xeatj2 T Yeatj2 T Zeatj2

00s(j1. Zj2) =

Tak kak wuccilenyeMble TOYKM JIeKaT Ha
chepe eOMHUYHOTO pajgryca, TO 3HAMEHATENb
BeIpakeHHns (3) paBeH 1 mo ompenenenuto. Tem
CaMbIM, 3HAYCHHUEC HCKOMOI'O ITIOJTHOI'O OTKJIIOHCHU A,
3HaUYEHHE MCKOMOTO IIEHTPAJIbHOIO YIiia MEXIY
JIBYMsI ~ OILICHKAMH IIOJIOKEHUs O0BbEKTa Ha
HeOecHOM cdepe, ONpeneNseTcs BhIPpaKCHUEM:

Aqpj =arccos( Xeat1 - Xcatj2 + Yeatit * Yeatj2  Zeatjt * Zcatj2) (4)

st ynobcTBa M3JIOKEHHUS W BOCIPHSATHS
Mmarepuana Jaiee B OOO3HAYCHHUH OTKIOHCHUI
Aaj U ASj MHJEKC j OMyCKaeTcs..

[ns BbIBOJA BBIpaXEHUW [JI1 BBEAEHHBIX
YKa3aHHBIM BBIIIIE obpazom OTKJIOHEHH
MMOHAJIOONTHCA YpaBHEHHE TUIOCKOCTH MepUIHaHa
U TPSMOYTOJIBHBIE KOOpAMHATHI Touek S, W, G
(puc. 1). Canraercs, 4To TOYKa S XapaKTepU3yeT
W3MepeHrne (Hampumep, OIEHKY  ITOJOKEHHS
o0BeKTa TO pe3ynbTaTaM o00paboTKH Kanpa), a
Touka G — XapakTepu3yeT ITAIOH (KaTaJIOKHYIO
OIICHKY TIOJIOXKEHUS JTOr0 JKe O00BekTa). B
JaIbHEHIIeM Ui YOPOUIEHHS  W3JI0KEeHHS
Marepuayia Todka S Oymer  Ha3bIBaThHCSA
n3MepenreM, a Touka G —3TaIoHOM.

3

Puc. 1 — Hzobpasicenue uzmepennoii S u
amanonnol G oyeHoK noaodicenus 06veKma
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nomtoc cepsl N ¢ koopauHatamu (0,0,1) , 1eHTp
cheput O ¢ koopauHatamu (0,0,0) u Touky E Ha

3KBaTOpe chepsl c KOOpJUHATAMU
(Sincg;cosag; 0). Ilpu ostom ypaBHeHHE

JIaHHOH IUIOCKOCTH MOXKHO MIPEACTaBUTh
crenyromum obpasom [10, 11]:
X—XO XN—XO XE—XO
Y=Yo YN—Yo Ye—Yo|=0. (5
Z—ZO ZN—ZO ZE—ZO

Ilocne moncraHoBkM B BeIpakeHue (5)
BBIPQXCHUU JJIs1 KOOPIMHAT TOYEK MoJtoca chepsl
N, nenrpa chepst O, y3iaa mepuauana E:

X 0 sinag
y 0 cosay=0 ©6)
z-1 -1 -1

Ilocie  packpeiTus  ompemenutens  (6)
ypaBHEHHUE MJIOCKOCTH MEPUIMAaHa ITAJTOHA MOKHO
3aImcaTtb B BU/JIC:

Xcosag —ysinay =0. (7

WHpIMU  crioBamMH, ypaBHEHWE IJIOCKOCTH
MepuanMaHa dTanoHa (TMJIOCKOCTH —MepHJIUaHa,
npoxojsieil uepe3 Touky G, COOTBETCTBYIOIIYIO
3TaIOHHOMY/KaTaJIOKHOMY MTOJIOKECHUTO
HeOecHoro oobekTa [10, 11]) nmeer Bua:

Ax+By+Cz+D=0, (8)
e
A=cos ag,
B =-sin ag;
C=0;
D=0. 9)
OTHOCHTEIILHO BBIpaKEHHM IS

NpPSIMOYTOJbHBIX ~KOOPAWHAT W3MEPeHUs S U
stanona G (puc. 1).

CornacHo BbIpaXeHHIO (2) HMEIT MeCTO
TOX/IECTBA:

Xg =SiNag COS Iy ;
Ys =COS g COS O ;

Ha cpepe. zg =sindg; (10)
ITnockocThb MCpHJUaHa 3TaJIOHA MPOXOAUT
qcpe3 3 TOYKH C H3BECTHBIMU KOOpJUuHaTaMHU:
ISSN 2079.5459 23



Xgq =SiNag CoS &y ;
Yg =COS g COS &g ;

z4 =sinsy .(11)

g

Henecoobpazno BBECTH TIPOEKIIHIO
M3MEPCHUS S Ha IUIOCKOCTh paHEe BBEICHHOTO
MepuauaHa. JlaHHas To4yka Ha pHUCyHKe 1
o0o3HaueHa OykBoi W.

st HaxoXXJeHus KoopauHaT Touku W

MO>KHO HCIIOJIb30BaTh apaMeTpuy ecKoe
yYpaBHEHUE HIPSIMOH, MEPIIEHIUKYISIPHOI
IIJIOCKOCTH paccMaTpuBacMoro MepuIraHa
[10, 11]:

X_XOZy_yOZZ_ZO =t. (12)
A B C

Ucxons u3 (12) 3HaUCHUS KOOPIUHAT TOUKH
W onpenensrorcs BeIpaKEHUIMU:

Xyw = At + Xg ,

Yw =Bt +vyg,
Zy = Zg . (13)

B pesynbTate MOACTAHOBKHM BBIPAKCHHS
(13) mna xoopmuHaT TOoukMn W B ypaBHEHHE
ITOCKOCTH (8) MOXKHO 3amucaTh BBIPAKEHUE IS
(hopMaTEHOM TIEpEeMEHHOM t !

AXg + Byg

t=—
A2 1 B2

(14)

Breipaxxeane (14) ¢ yderoMm moOCIemIHETO
BBIPAXECHHSI MOKHO TIEpENHCcaTh B BUIE:

Ax; + By
Xw=—A o s
A“+B
_ _p X +Bys
B e
Zy = Zg. (15)

Cormacuo (10), (11), (9), momHs, 9TO TaK

Kak A=cosag, TO (1—A)2:sin2ag, MOKHO

3anucaTh BBIPAXKCHUC AJ1s1 KOOPAUHATHI Xy -

Xy =Sin® ag -sinas - cos 5 +
+00s ag -sinag - COS g COS J =

=siNag -C0s Js (Sinag sinas +Cos g - COS ) -

Ucnone3yst ¢opMmyny KocHHyca pa3HOCTH
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yrmoB  [10, 11] mocnemHee — BBIpaKeHUE
HEePENUIIEeTCs B BUE:

Xw =Sinag - cos J - cos(as —ag) - (16)

Amnanoruuyno, coriacHo (10), (11), (9),

noMHsi, 4yro (1- BZ) = cos? Qg MOXHO 3alucaTh

BBIPAXKCHUEC UL KOOPAUHATEL Y,y .

Yw =sinag -cosag -sinag - €os 5 +

+coszocg -COS axg COS Og =

=C0S g - COS S (Sinag Sinag +CoS g - COS ) -

Hcnonb3yst ¢GopMyiny KOCHHYca pa3HOCTH
yrnos [10, 11]:

Yw = C0S g - €08 J5 - C0S(axs — axg) - (17)

He tpymHo mokaszath, 4to ¢ yderoMm (2)
cormacHo (15):

z,, =Sinds . (18)

OTki10HEeHme Aa no NpsSIMOMY
BOCXOXKICHHUIO, C TOYKH 3pPEHHUS TEOMETPHH,
ABIISIETCA NEHTPAJIbHBIM YTIIOM MEKIY TOYKOH S,
pacroNoXXeHHO! Ha cdepe eAMHIYHOTO paanyca, U
mwiockocteio NOE MepuamaHa dTajoHa, KOTOPHIi
cooTtBercTBYeT ToUuke G (prcyHoK 1).

Ananutryeckoe BEIpYKEHHE TUTS
HaxOXJIEHUS 3HAYEHUS OTKIOHEHUS Aa TIO
IpSIMOMY BOCXOXK/ICHHO MOXKHO HaWTH
CIIEYIONTIM 00pazoMm.

Yron wmexay Bekropom Toukn G ¢
KoopauHatamMn  (Xg,Yg,Zg) ¥ IUIOCKOCTBIO

MepuIMaHa OJTajJoHa ¢ mapamerpamu A, B
onpenensiercs Boipaskennem [10, 11]:
Ax+ By +Cz

sinAa =
\/x2 +y2 472 ><\/A2 +B24+C?

(19)

3namMenarens B BeIpakeHuu (19) pasen 1,
TaK Kak BekTop OS M BCE 3 TOUKHM, HCHIONB3yeMbIe
JUIL  TIOCTPOEHHWsS]  IUIOCKOCTH  MEpHIMaHa,
pacrmonoxeHsl Ha cepe eTMHUYHOTO paauyca.

Hcxonst w3 BBIpaKeHUH Ui MapaMeTpoB
npamoit (8) M koopamHaT BekTopa OS  (10)
3HaYeHUE UCKOMOTO OTKJIOHEHHSI Ag TI0 TIPSIMOMY
BOCXOKJICHHIO (3HaueHHE yria MEXKAY
TUIOCKOCTBIO MepHIHaHa dTajioHa (8) M BEeKTOpoOM
OS ) MOXET ObITh MPECTABIEHO BHIPAKCHUEM:

24

ISSN 2079.5459



Aazarcsin((COSag -sinag —sinag -COSO{S)-COS5S).

Hcnons3yst Toxaecrso [10, 11]:
sin(fa@—0)=co0s o -sina—sind-cosa .

ITocnennee BrIpakeHHE MOXKHO IE€pENHCATh
B BHJIE:

Aazarcsin(sin(as —ag)-cos 55). (20)

Beibop crocoba HaxoXIeHHs yria uepes
3HAa4YCHUE €ro CUHyca CBS3aH C TeM, YTO (QYHKIIUS
CHHyCa OJHO3HAYHO OIpe/elieHa B TEPBOM U
YeTBEpPTOM KBaJIpaHTaX, B OTIIMYHE OT KOCHHYCA.

[pu MIPOBEIEHUH ACTPOHOMHYECKUX
HAONIONICHUH  UCCTIelyeMble  OTKIOHEHHUs He
MIPEBBIIIAIOT EANHUILY YTIOBBIX CeKyHA. M3BecTHO,
YTO 3HAYEHHE CHHYCa MallbIX YIJIOB paBHO
3HaueHHWIo (B paauaHax) 3TuxX yrioB. Mcxoms u3
3TOr0, B YAaCTHOM Cllydae MaJbIX 3HA4YEeHUI
OTKJIOHEHUH BbIpakeHue (20) A OTKIOHEHUS A«
[0 IPSIMOMY BOCXOXKAECHHIO MOXKHO IIepenucaTh B
Buje (1).

WHorna xpome 3HaueHHS CHHYCa HMCKOMOTO
yrina  1enecooOpa3HO  IOMOJHUTENBHO  HMMETh
3Ha4yeHUWe KOCHMHyca  JaHHoro yrma. [Jlns
HaXOXJEHUs KOCHMHYca COS(A¢) OTKJIOHEHHUs IO

MPSIMOMY BOCXOXKJICHHIO HEOOXOTMMO HAWTH YTOI

Mexay BekTopamm OS u OW , rme Touka W
SIBJISIETCS  TIPOSKIIMEeH W3MepeHus (Touku S) Ha
IJIOCKOCTh MepHuanaHa dTajoHa (pucyHok 1). s
ATOT0 MOXXHO BOCITOJIB30BATLCS BEIpaKEHUEM (4):

Aa = arccos( Xs Xy + Vs Yw + ZsZy) - (21)

C yuerom Bwipaxkenuit (10) m (11) mms
KOOPJWHAT U3MEpEHUs (TOUKa S) U ero MpoeKInH
HAa MepUIMaH dSTaioHa (Touka W) He TPYAHO
JI0Ka3aTh TOXICCTBO:

X Xw + YsYw +ZsZy =

sinag -cos? Os -sinag -cos(ag —as) +

+ COS g -cos? 05 COs a g - COS(ag —as)+sin2 S5 =

2
=008 &5 - Cos(ag — ag) x
x(sinag -sinag +Cos ag 'COSC(g)-i-SinZ og =
02 2 2
=$in Jg +008“ &5 -C0s“ (g —t5) =.

=sin® 5 sin® (org — ars) +c08% (g —ats)
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Takum  oOpasom, BBIpaXXEHHE IS
OTKJIOHEHUST Ag 10 TPSIMOMY BOCXOXJCHHIO
MOKET OBITh MPENCTaBICHO KaK 4epe3 (QYHKIHUIO
apkcunyca (1) Tak W uepe3  (QYHKUUIO
apKKOCHHYCA!

Aa = arccos(sin 2 5 +cos? & cosz(ozg -ay)) .(22)

Kak ObIIO yKa3aHO BBIIIE, OTKIOHEHUE Ac
[0 CKJIOHEHHUIO TPENCTaBIseT COOOH OTKIOHEHUE
MEX/Ty OIIEHKaMH ITOJIOKEHHUSI HeDeCHOro 00BheKTa
BHYTpPU MepHaMaHa OJHOW M3 oreHok. s ero
HaXOXK/ICHHS HEOOXOANMO OTIpEJIeTUTh
KOOpAWHAThI TOYKH W, KOoTOpas SIBJISICTCA
MPOCKIIMEH TOYKH S Ha IIIOCKOCTh MEpU/IM aHa.

NapIMU  cOBaMM, OTKJIOHEHHE AJS TIO
CKJIOHEHHIO, C TOYKH 3PEHHS TeoMeTpHu chepsl,

MIPENCTaBIIsIET CO00M yroi Mexmy Bekropamu OG

1 OW . (pucyHOK 1), TO €CTh IIEHTPAIBHBIA Yrom
MEXy HANpPaBICHUSMH Ha 3TajJOH U TPOCKITHIO
M3MEPEeHHUs Ha TIOCKOCTh MEpHIMaHa 3TaloHa.

AnanuTtHyeckoe BBIpa)KEHHE ULt
HaXOXKJICHWS 3HAYEHHWS OTKIOHEHHS AS TI0
CKJIOHEHHWIO MOKHO HAMTH CIEAYIONM 00pa3oMm.

3HayeHue yrina MEKIY IBYMS
pAacCMOTpEHHBIMH ~ BekTopamH OG u  OW
OTIpEIIENIACTCS BRIpAKECHUEM (4):

AS = arcoos( Xg Xy + Yq Yw +ZgZy) - (23)

C yuerom Bwipaxenuit (10) m (11) mmsa
HaxOXJIEHUS KOOpJAWHAT W3MepeHus (Touka S) u
€ro IMPOCKIINK Ha MepUAaH 3Tajlona (Touka W) He
TPYIHO J0Ka3aTh TOKJICCTBO:

XgXw +YgYw +2gZw =
2
Sin® ag - C0S 0y - COS 5 - COS(g — ) +
2
+C0S” &g - COS &gy COS g X

xcos(ag —as) +sindg sindg =

= C0S O + COS Jg - COS(arg — s ) X

.2 2 . . _
x(sin® ag +00s” ag) +sindg sindg =

=5iNJg SiNdg +C0s Js COS Iy Cos(arg — ) -

Takum  obOpasom, BBIpOXEHHE  JUIA
OTKIOHEHUSI AS TO CKIOHEGHHIO MOXET OBITh
MIPEICTaBIECHO TaKxke qyepes ¢byHKIMIO
apKKOCHHYcCa:

A3 =arccog(sind Sind, +cosd, cosd, cos(a,, —a.,)) (24)
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Kak u myist cimydast OTKJIOHEHHUS IO IPSIMOMY
BOCXOXKJIEHUIO, KPOME BBIPa)KE€HHS Uil KOCHHYCa
OTKJIOHEHHUsT TI0 CKIIOHCHHUIO, IIeJeco00pa3Ho
HATH  BBIp@KEHUE [ CUHYyCa  JAHHOIO
OTKJIOHEHUS. 3HAYCHHE CHUHYCa OTKJIOHEHHS IO
CKIIOHEHHI0 A5 MEXKIy [JBYMs 3aJlaHHbIMU

BekTopamu OG u OW  ompexensercs Kak
OTHOHICHHUE MOAYJd BEKTOPHOI'O IIPOU3BCACHUSA

ATUX BEKTOPOB K TMPOU3BEACHUIO HX MOMIYJCH
[10, 11]:

[0G,0w]

SINAS = — .
‘OG‘X ow

(25)

Monynu HCXOOHBIX BEKTOPOB 0G u OW
paBHbl 1, Tak kak OHM JeKaT Ha cdepe
€IMHUYHOI0 pajauyca.

Takum  oOpazom,  3HadYeHHWEe  CHHYca
OTKJIOHEHUSI II0 CKIOHEHHIO AJ MOXeT ObITh
MIPEJCTABIIEHO BBIPAKECHUEM:

SINAS = ‘[(%,O_W]‘ : (26)

KoopanHaTbl BEKTOPHOTO TMPOW3BENEHUS

BEKTOPOB E 158 W MOXHO 3armcaTtb B BUIC
[10, 11]:

Xgw YgZw — YwZg

Zgw XgYw = XwYg
C yuerom Beipaxenuit (11), (16), (17), (18),
IUTST KOOpIWHAT JTalioHa (Touka G) W TPOEKITMH
M3MEpEHHsS Ha TUIOCKOCTh MEpHUIMaHa 3TaJoHa

(rouka W) KOOpAWMHATBI PacCMAaTPUBAEMOIO
BEKTOPHOT'O MIPOU3BENCHUS IPUMYT BHI:

Xgw = C0S g - C0S &y - SiNds —
—C0S @ - C0S 55 - Cos(ag —axs) -SiNdy ;
Yew =sinag - €08 J - cos(ag — as) X
><sin5g —sinag o00559 -Sindy ;

IZgw =0.

BBIpa)KGHI/IC JJIA KBaapaTa MOAYJIA
HCKOMOI'0 BCKTOPHOI'O MNPOU3BCACHHA BCKTOPOB

OG u OW wmmeer Bux [10, 11]:
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— 2
‘[OG,OW]‘ =X2qw + y2qw + 2%qw =

e 2 2
=005 &g -C0S” &g -Sin“ Jg +

2 2 2 ‘02
+C0s” g - €0 Jg - €0 (arg — ) -SIN“ 5y —

2 .
—200s” ag - €S 5y - SiNJs x
XC0S 55 - Cos(ag — as) -Sindy +

2

; 2 2 (2
+sin g -C0s” &g - €0 (g — @) -SiN“ &g +

02 2 in2
+8In® ag -€C0S” &y -SIN® &g —

02
—2sin” o - €0 J5 - COS(arg — a5 ) X

-sin &y - cos 5y -sin 55 .(28)

HepBoe n IIATOC Cliara€MbI€ ITIOCJIICIHETO

BBID@KEHUS  HMMEIOT  OOIIME  COMHOXHUTENN
cos? o -sin? S - Nx VHJIMBUTyaJIbHBIMU

COMHOXHUTCIISIMU SABJIAIOTCA 0052 ag " Sin2 ag .

CrnenoBaTenbHO, CyMMa JIaHHBIX CJIaraeéMbIX
TPE/ICTABIISETCS BHIPAKEHIEM COS> o -sin? S5 . 1o

AHAJIOTUYHONM TPUYMHE CyMMa BTOPOTO H
YETBEPTOr0 CIIaraeMbIX ITOCIEIHET0 BBIPAXKEHUS
MOJKET OBITP TIpeCTaBlIeHa BHIPAKEHUEM

cos? Ss -COSZ(ag —ag) -sin? Sg -

B cBoro ouepens cyMma TPeTbero u mecToro
CIIaraeMBIX MTOCIIEIHETO BBIPAYKEHUS ONPEIeIISIeTCS
BBIPAKECHHUEM .

€0S &y -SiNJg - COS 55 - Cos(ag — axs) - SiNJyg -

Takum oOpazom, BeIpakeHHe (28) mpumer
BUI:

G
sin? O cos? g +cos? O sin? g cosz(ocg —ag)—
—2sinJs - COS Sy - COS O <
xsindy - cos(ag —as) =
= (sin J cos &y —Cos & sin &y cos(arg — as))? .(29)
Takum oOpaszom, cormacHo (26), (29)

OTKJIOHEHUE II0 CKJIOHEHHIO AS MOXKET OBITh
OpeACTAaBJICHO BhIPpAKCHUCM!

A3 =+arcsin(sind, cosd, —cosd sind, cos(a, —a.)) .(30)

26

ISSN 2079.5459



Beipaxkenust  (24), (30) mpencraBisioOT
3HAYCHUS] CHHYCa M KOCHHYCa OTKJIOHEHHUS II0
cKiIoHeHMto. MlHorna, 1 oHO3HAYHOCTH pacyera
3HaueHui yrma Ha wuHTepBaie or 0 mo 27,
HEOOXOIMMO HCIONB30BaTh 00a 3TH 3HAYEHUS.
IMoutn Bcerga B MpaKkTHKE COBPEMEHHBIX
ACTPOHOMHYECKHX HaONIOJICHUH OTKIOHEHUE He
MPEBBIIIAET HECKOJIBKUX YTIOBBIX CEKyHI. B aTHx
YCIOBUSIX JUIS ONpEACICHUS OTKIOHEHUS 110
CKJIOHEHHIO HEOOXOJIMMO HCIOIb30BaTh
BeIpaxkeHue (30). CBsI3aHO 3TO ¢ TeM, YTO (PyHKIUSA
CHHyCa OJHO3HA4YHO OIpejeseHa B MEpBOM U
YETBEPTOM YETBEPTSX.

OTHOCUTENBHO  aHaimM3a  (U3UYECKOro
CMBICTIa  BBIPAXEHWH JUIsI  OTKJIOHEHHS IO
ckioHeHHIoO AS (24), (30). Beipaxenue mon
apkcuaycoM B (30) 0e3 MHOXKHTEIS BTOPOrO
claraeMoro  cos(ag —as)  IPEACTaBIIsCT coboi

BBIPOKCHUE JULSL CHHYCA PA3HOCTH A =85 — I

Cormnacao COBpPEMEHHOM MIPaKTHKE
aCTPOHOMHMYECKHX  HAaONIOAEHHH  OTKIIOHEHHE
Aa = agy —ag TI0 IPSIMOMY BOCXOK/ICHHUIO MaJIo (He

MIPEBBIIIAET SAUHHUITY YIIIOBBIX CEKYH).
CrenoBartebHO, yarie BCEro
cos(ag —as) =1. CrepoBarenbHo, vame BCEro

BBIpOKCHUE 30) SIBJISICTCSI TOXKIECTBOM
AS =arcsin(sin(A)) . MubiMu cii0BaMu, MPU MaJIbIX

3HaUeHWsIX  (4TO  COOTBETCTBYET  IPAKTHKE
COBPEMEHHBIX ACTPOHOMHYECKHX HAOJFOICHU)
OTKJIOHEHWS 10  TPSAMOMY  BOCXOXKICHHIO
Aa=ag—as OTKIOHEHHE IO CKIOHEHHIO A5

MOXET OBITh ONpPEIEICHO IYyTeM MPOCTOrO
anreOpanvecKkoro BBIYUTAHUS 3HAYCHHH
CKJIIOHEHHSI, COJCPKANMXCSI B HM3MEPCHUH U
Karasore (FJIM B pa3HBIX KaTajorax):

AS =85y . (31)

AHann3

Hns  anammza (24), (30) wuHTepeceH apyrou
KpaiiHuii cimyyail. Cnydaif, Korja 3Ha4yeHHE
Aa =ay —ag cocrasisier npuMepHo 180 rpaaycos.

Takoil ciaydail MOXET HMMETh MECTO IIpH
HaONMIOGHUKM  MOJSIpHOM  objacTtu, — Korza
«A3MEPEHHE» U <«OTAIOH» HAXOAATCA «C PA3HBIX
cropoH nomoca». C popManbHOW TOYKH 3peHus,
cos(ag —as) NpUHEMACT 3Ha4deHue -1. Ilpu sToMm,

BbIpakeHHe 1monx apkcuHycom B (30) 6e3
MHOJKHUTENS BTOPOTO CIIATAEMOrO  COS(@g — o)

npeacTaBIsACT coboi BBIpAXXCHHUEC i1 CHHYCaA
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CyMMBI  J5+0g. [l aHammsa, ¢ y4eroMm
paccMOTpeHHusl  MpUIOSIpHOH  obmacth,  00e
OLICHKH CKJIOHEHUS y100HO NPENCTABUTH

CIEAYIOIMM 00pasoM s =7/2—&s, g =7n/2—¢&y .

Ucnonw3yst ¢opmynsl npuBuzaenus [10, 11], He
TPYAHO JI0Ka3aTh TOXIECTBO

sin(ds +9g) =

SiN(z/2 - &5 +7/2—54) =

sin(zr — (s +&g)) =sin(es +&g) .

CrnenoBatensHo, cornacHo (30) BeipaxkeHue
JJIS1 OTKIIOHCHUA IO CKIIOHCHUIO B JTaHHOM
YaCTHOM cllydae IPUMET BHI:

AS=¢gg+ég. (32)

MNHbpIMH  crioBaMM, B JIaHHOM 4YaCTHOM
ClIy4ae pacloIOKEHUS] «U3MEPEHUS» U «3TaJOHA»
C Ppa3HbIX CTOpPOH IOJNIOCAa» OTKIOHEHUE II0
CKIIOHEHHUIO PaBHO CyMMe€ JIOMOJHEHUN 3HA4YeHUI
OIIEHOK CKIIOHEHUH 00beKTa 10 7/2.

Hanpumep, 1Be OIEHKM CKJIOHEHUS OJHOU
3Be3/6I (OMHOTO HEOECHOT0 00hEKTa) OTUHAKOBEI U
COCTaBJISIIOT 89 TpagycoB, a COOTBETCTBYIOIINE MM
OLIEHKH MPSIMOTO BOCXOKJICHHSI paBHBI
coorBerctBeHHO 30 m 210 rpamycos. IIpsmoii
pacuer apupMeTHIecKOl Pa3HOCTH JacT HYJEBOe
3HAUEHHE OTKJIOHEHHS I10 CKIOHEHHIO (COTJIACHO
BeIpaxkeHnto (31)) u orkmonenue B 180 rpamycoB
10 IPSIMOMY BOCXOKJICHHIO.

AHanu3  CBHIETENhCTBYET B  IIONIB3Y
JIOKHOCTH IAHHBIX BBEIYUCIIEHUH. Oo6e
paccMaTpuBaeMble OIEHKH HaXOIITCS Ha OJHOM
Mepuarade (Ha OJHOW 1yre OONBIIOTO KpyTa,
MIPOXOJISIIEH Yepe3 Mmoitoc cepsl).

CrnenoBaTenbHO, OTKIIOHEHHE MO TPSIMOMY
BOCXOXKICHHUIO JODKHO ObITh paBHO 0, a
OTKIIOHEHUE T10 CKIIOHEHHUIO COCTABIIATH 2 Tpajayca
(2=(90-89)+(90-89)). B oriaMume OT MOPAMOro
pacdera pasHocTH (dopmyna (32) sSBHO yKasbIBaer
Ha MpaBUWIBHBIA OTBET B 2 rpaayca. EcTecTBeHHO,
TakoH e OTBeT Oyler IaH NpU HCIOJIB30BAHUU
BMecTO Hee Oonee odmieii hpopmysst (30).

BeiBoabI

B cratbe YTOUHCHBI  BBIPpAXXCHUA  UIA
AHAJIUTUYICCKOIO pacyera OTKJIOHCHUH Pa3IMYIHBIX
OIICHOK ITOJIOKCHUA 3BC3JHOT'O 00BeKTa B
3KBaTOpPIaJ'ILHOﬁ CUCTEMC KOOpAWHAT, MHHHMYM
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CYMMBI KOTOPBIX SIBIIAETCS KpUTEpUEM
COBEpILIEHHOTO0  MapocodyeTaHus B 3ajade
OTOXKJECTBIIEHUsI acTpoHoMHuueckoro CCD-kaapa
CO 3BE3JHBIM KaTaJoroM. bpUIO T0Ka3aHO, YTO
BBIp@XXEHHE JJI1 OTKJIOHEHUS AS MO CKIOHEHHIO
npeacrasisieTcs Beipaxenuamu (24), (30). B csoro
o4yepelb OTKIIOHEHHE IO MPSMOMY BOCXOXKJIEHHIO
npeacrasisiercs popmynamu (20), (22).
Hcnonp3oBanue TPaJULIMOHHBIX
BBIPQKECHUMN, KaK II0KAa3ajl IIPUBEACHHBINA B CTaThe
aHalM3, HE BcerjJa OMNpaBJaHO, a TaK ke
HempueMJieM  Tpu  HaOMIOAeHWM  HEOECHBIX
00BEKTOB B TOISIPHBIX 00JACTSAX, YTO OCOOEHHO
BaXXHO JUIS acTPOHOMOB-HaOIIOAaTeNe Ipu
MIPOBEJCHNN COBPEMEHHBIX MCCIIEIOBaHMI.
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