LATVIJAS UNIVERSITATES
ZINATNISKIE RAKSTI

600. sejums

ASTRONOMIJA

20

ZEMES MAKSLIGO PAVADONU
LAZERLOKACIJA



LATVIJAS UNIVERSITATES
ZINATNISKIE RAKSTI
600. séjums

ASTRONOMIJA
20

ZEMES MAKSLIGO PAVADONU
LAZERLOKACUA

34 Universitates
BIBLIOTEKA

ACTA UNIVERSITATIS LATVIENSIS
Volume 600

ASTRONOMY
20

SATELLITE LASER RANGING

708



40020

Latvijas Universitales Zinatniskic raksti 600.s¢jums
ASTRONOMIA 20
Zemes miksligo pavadoqu lazerlokacija

Zinatniskais redaktors 1. Vilks. Riga: LU, 1995. 98 Ipp.

LU Zinatnisko rakstu s¢rija "Astronomija” tick’ publicéti darbi par
debess mehanikas un astrometrijas, kosmiskas ficodézijas un geodinamikas
un astronomiskas aparitbiives problemim. Saja krajuma publicétajos
zindtniskajos rakstos  galvenokart  aplikotas ZMP lazerstaciju
modemizicijas problémas, ka ari isi skarti debess mchanikas un
astronomijas pedagogijas jautajumi.

Acta Universitatis Lalviensis, scr. Astronomy conlains scientific
papers concerning problems of celestial mechanics and astrometry, space
geodesy and geodynamics and astronomical equipment. This issuc mostly
deals with problems of modernization of SLR stations. Some problems of
celestial mechanics and astronomy education are noted, too.

Redakcijas kolggija:
L.Vilks (zin.red.), V.Gedrovics,
I.Kreicberga, L.Laucen'cks, K.Salmigs

O©Latvijus Unversitite, 1995



ACTA UNIVERSITATIS LATVIENSIS

]l

1995, Vol.600 : Astronomy, Ser. 20
SATURS
M.Abcle. Teleskopa TPL-1 optisko sistemu JustERaND. ...c..cueciomcescnens cecsusensens 5
M.Abcle. Teleskopa TPL primard un sckundird spogula attiluma ictckme uz
aticla kvalitati un sckundara spogula icstadisanas metodika. ... 11

V.Gedrovics, M.Paunoncns, A.Pavénis, J.Zagars. Pirmais mchaniskis
precizitates noven&jums lazertalmeram LS-105 Metsahovi (ﬁo:m_;.: )i

V.Lapodka. Impulsu sadalitajs lazertcleskopa sola motoricm. ....o.evveioiensenss

L. uumck&m Mazas planclas meklcSanas am,.ihul.n apn. l,m.ta“.ana
1as atklaSanas tuvuma.

A.Pavénis. ESclonctu rindu procesors PC datoram. ........ceewveoseesmassisssssbossacess

K.Salmig3, R.Noiberts. Integréts programmnodrosinajums ZMP lazerstacijas
VAIMOZIDRRN e Liecsiusmnsirpmmonis bibsirmisossip S b Hr 55 00 da R G0 A b b beni

A.Stoikovs. "All-all" montjuma oricnticijas modelclana lazertalméram
ULIS- Riga.

A.Stoikovs. Lazertilméra ULIS-Riga galvena teleskopa u}km.quas pcu;unu

A.Stoikovs, M.Abcle. Lazertilméra ULIS optiskis mtcm:r. jusicSanas
metodika.

A.Stoikovs, V.Laposka. Lazertalméra ULIS poacsuncinms prccmmlcs
[T 1 A s ety et et SR T Vi U S 0o e

A.Stoikovs, J:Zagm. M.Abcle, V.Lapoika. mgas otrais lazertalmers ULIS -
MEMJUMU SEKUMS. ..oeverrnrereeneasearasssasasssases

I.Vilks. Jaunas kunccpcuas astronomijas  macibu  grimatd Lal\'uas
vidusskolam. .. T R e RS,

A.Stoikovs, J.i'.agar!. M.Dnmiu'ova. "Alt-alt” moniéjuma paramciru
notcikSanas metode teleskopam, kas strada vertikdla koordindtu
SIslcma T TG R PO TR PN ST R ST PPTI

Blbllograf' iskais rﬁdﬂajs par Lalvqaa Umvers:lalcs Zmalmsko rakstu seriju

R, U 1y ke e L E (A o S T A SOl TR s

19
27

31
37

43

46
53

57
67
71

77

83



i ACTA UNIVERSITATIS LATVIENSIS

1995, Vol 600 Astronomy, Ser. 20

CONTENTS

V. Abele. Collimation of optical systems of telescope TPL-1. e
vi.Abcle. Influence of distance between primary and secondary mirrer of TPL
telescope on image quality; methods of collimation of sccondary
IIITOY, ‘squiasasusesisis

/Gedrovics, M.Paunonen, A.Pavénis, Y.Zhagars. The first approach of the

mechanical accuracy for LS-105 SLR telescope in Metsahovi
(Finland). :
’ Laposhka. Impulse distributor for stepper motors. ..ovivveeeeeinarennnns
..Lauccnicks,Calculalion of search region for a minor planet in
the vicinity of its discovery. -
«.Pavenis. ESPC, a processor of echeloned series for PC compaubles ...........
~Salminsh, R.Ncubert. Intcgrating softwarc tools for SLR obscrvation
C1Te 1 TRo i L A o e e, R N S e R L e el p
.Stoykov. Modeling of "alt-alt" mnum of SLR telescope ULIS-Riga. ............
.Stoykov. Investigation of main telescope resolution of SLR system "ULIS"
= RAgR. L SR s sl
.Stoykov, M.Abele. Mcthods of collimation of optical syslcm of SLR
telescope ULIS. . s
.Stoykov, V.Laposhka. Expcnmcmal :nvcsugauon of posmomng an.n.uracy
of'SLR telescope LILIS: ..occiinninidc Busiiisatosbiaiiiatinnnssatiohioitatssisiensenns
Stoykov, Y.Zhagars, M.Abcle, V.Laposhka. Second Riga SLR telescope
ULIS ~'start of IEABMTING. L. .coiviiinmiimiiiisnsisinistnssasisisisssbnsaseasbbosnente
Vilks. New conceptions in astronomy textbook for Latvian high-schools.
Stoykov, Y.Zhagars, M.Dimitrova. Method of determination of “alt-alt”
mount’s parameters for telescopes in the vertical reference frame. ...
bliographic index of Acta Universitatis Latviensis, ser. "’ Astronomy’"........

11

19

31

37

43

53

57

67

71
71

83



ACTA UNIVERSITATIS LATVIENSIS
1995, Vol .600 Astronomy, Ser. 20

IOCTUPOBKA OINTHYECKMX
‘CUCTEM TEJIECKOINA TILUI-1

M.AGene
Acrpouomuqecxan oGcepsatopun JlaTeniickoro yHHsepcHTeTa

Abstract
This paper contains instruction of collimation for optical system of TPL-1 telesc
Acceptable parameter changes are given, 100.

Kopsavilkums
Teleskopa TPL-1 optiskds sisiémas justcSanuy na punktiem un dolas nepicciefamas
parametru piclaides.

1. IOcTupoBka mnockux sepkan teseckona TIUI-1

1.1. Y3 rugupyromero yerpoiietsa 'Y BEINHMAIOTCA ONTHYECKHE JAEMEHTHI H
scrapisiores auadparmut [, u I, (puc.l). B naipon BCTamisieTcs rasoBblil Aazep
OKT o 3a3KuMaeTcs I0CTHPOBOUHBLIMI BUHTAMK B,

1.2. Ha uentpaibHyio RTYAKY TIaBHOTO IEPKaNd CTABMTCH IOCTHPOROMHOL
upncnocoGuenne IOY W B €10 rHe3io CTeBHTCA 4BTOKONTUMATOP. Hismepsercs
PAcCTOAHNE OT BEpXHER YACTA ABTOKOMINMATOPd 0O KPOHUITEHHOB KPEIUIEHHH
BTOpHYHOro 3epkana. Bumramn B; apiokommuMaTtop HaKHOHASTCA TaKHM 06paicw,
4TOGBI BEPXHAS HACTH ABTOKQLTHMATOPA HAXOMIUIACK HA OJMHAKOBOM PACCTOAHUH (+
1 MM) OT Beex KpOHIUTEAHOB.

13. B rHe3no OCTHPOBOYMHOIO YCTPORCTBA CTABHTCH 3epkato 3 «
NONYNPOIHAYHbIM NMOKPLITHEM C 3KpuHoM 3.

1.4. Ha xonue 1py6ul oKycCHPYIOUIEro YCTpOCTBa WIH OTAGILHO CTABHTCH
aKpan 3;,

1.5. KectupopouneiMi BuwTamMy B, nyu nazepa Hampawiserca vepes
M&¢Pﬁmﬂ .II, H ﬂ;.

1.6. Tlpowssommics wCTHPOBKA 3Jepkara 3, nNepneHguRy/Mspuo  och
IOCTRPOBOYHOrO YCTpOACTRA 9,-0-,. HOna sroro 3epkano 3, nosopauusaetch
yeThipe monoxenua uepes 90 u Ha 3Kpanc D, OTMETUOTCA TOUKH NEPECEdLIiig
Ra3’epHoro Jayya (pac.2) Ay, A, A; it A, [eoMeTpudecKdM NyTeM HAXOUAT HeHTp
nanpam C,. Ha 31y 104Ky HaBogsT Jiy 4 Jla3epa HakoHssl 3epKano 3, suaramu By

1.7. TpyGa Tenecxona BaKIOH9ETCS B. TOPHIOHTAILHOE NOJIOKEHHE H NO
AIMMYTY TEASCKON OPHETIHPYSTEA HALaelbHO OCH THM'PyKoniero yerpodicrsy O,
O, Ha skpese I, orMewverce TouKa OepeceieHHsi JjialepHoru Jjyda B,
NMosopaarsass veneckon no wikMyry 4epea 90" nouyvator Toukd B,', By, b’
(puc.3). Ecmd BCS TOMH HC FOMIMMAKICH HA 3KDahe, TO BLHT2MA IOCTHDOBKH
sepkana B nentp DATYLLL 10%EK Tepeveluaercs K NeHTpy 3zpana. lient) durypni
C, HaxogRTCH 12OMETPHUECKEM NyTeM H W/IA NpPH ilOLOINH FOCTHPOBOY IbIX BHMTUB
B; naxknronom 3eprana 3, HANPARINETCS Ha3CPHbIT Ay,
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1.8, Buyrpn xopnyca 1KHEH 4acTH Teneckona Haj AHXPOHYECKHM 3EPKAIoM
CTABUTCA IKpan I, € OTBEPCTHEM, KOTOPbIfi COBMELIAETCH € NPOXOMALIMM Na3ePHbIM
Ny4oMm.

1.9. Bunramu B, otpazkennsiii ot sepkana 3; najepubifi Ay HanpaBifeTcH Ha
3KpaH D, OTMEHIOTCS TOUKH NEPECEedEHHs NPH MOBOPOTE TEJNECKONa MO A3HMYTY
uepes kaxane 90" (puc.d) maxopsres xoopaunatsi Touks C, Ax,,dy,. Ias
copmerichng 10Uk C, © UCHTPOM OTBEPCTHA 3KpaHa HEOGXOAHMO nepemelats 3,
BAOML HOPMUII Mt BEAMMHHY Az, B THINpYylOWwee YCTPONCTBO Ha BENHuYHHY Ay, B
FOPHIOHTANILHOM HANPARTCHHH , KOTOPBIA BLIYHCIAIOT No (hopmynam

ko li=o, v
h.—m"{";ﬁ.‘: *0,4&3_:. (l) k
1 rl' 0 "
Ay, = Sh ~ 064y} . ; (2)

rne f, - paccTosiie HenTpa 3epana 3, no sepkana 3,
{, - paccTosume oT ‘aKpana 3, 10 3eprana 3y,
f, - paccrosime ot auadparmst [, no 3epkana 3;.

Paccronnis HIMEPAIOTCS NO ONTHYECKOMY NYTH.

1.10. Sepxano 3, ®  ruaupyiouiee YCTPOINCTBO  NEpEeMEILAlOTCs  Ha
BLIMNCACHHBIE paccTosunsA. Buntamu By nyw najepa HanparaseTcs HAa OTMEMEHHYIO
touky C; ma okpane 3. Buwramu B, orpaxenusii or 3; nyy nanpasasercs ua
orsepere B Ikpane .. Ecmi npn nosopore Teneckona N[O alHMyTy ayy
nepemeiaeres Ha skpane 3, e Gonee yem £1 MM 1 akpane D, ne Gonee 3 MM, TO
IWCTHPOBKY 3epRasta 3; MOXKHO CHMTATL 3aKOHYEHHOH H MOXHO NpPHHATS, YTO
aasepubii ayy coenaiaet ¢ oceo O O,.

1.11. INpoi3soauTes IOCTIPOBKA AHXPOHYECKONO 3epKana. JKpan 35 cTaBuTCA
na mecto (hokyca rNUBHON ONTHYECKON cMCTeMbl Teneckona. Buwtamu B sayd
SLIBOANTCA WA UCHTP JKPaHa, COBNANAIOIErO C MEOMETPHYSCKHM UCHTPOM TpyObi
(POKYCHPYIOWIETO yCTpOiicTBAa. OKpaH  yNansercs B[O0Ab OCH HA PACCTOSHHE
A, =100 mm. Ecan npu 3TOM TOMKa REPCCEYSHHRA NA3EPHOIO NiyHa CMELIACTCR He
Ganee Ay, <2 MM, TO IOCTHPOBKY JIHXPOHYECKONO 3JepKaia MOXHO CHHTaTh
saxouyeHnoi. Ecn Ay, >2 MM, TO BuuTam# B, 3epkano nepemeujaerca saons
HOPMai Ha BETHYHEY Az, , KOTOPas BhlYMCAAETCA no hopmyne '

e (r 'AY]

et )
rme £, - PaccTOSHHE TOYKH (DOKYCHPOBKM OT BEpPTHKAJLHON OCH NOBOPOTA
Teneckona. :

[locne cmemenus 3epkana yy BHOBbL HANPABIAETCH HA UEHTP AHadparmbl B
(oKanbHOH WIOCKOCTH H JIA -KOHTPOJA NPOBEPAETCA CMEILCHHE TOYKH NpH
nepedokycHpoBKe. :

1.12. [1anee npoH3BOAHTCA BHICTARNSHHE BTOPOIO JHAMORAABHONO 3epKana 3,,
KOTOpbfi 3aKpeiel Ha KOHNe ueHTpanbHofi Tpy6el. [lns sroro Teneckona
NOBOPaYHBAETCA BOKDPYT MOPH3OHTANBLHONR OCH HA YTAbl 0°,45° u K TOpH30HTY.
Ha skpaue D, ormewatores Touke B,”, B,” u B,", cootBercreyomue arum yrnam
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(pnc.5). Haxommres uentp oxpyxuoctd C,” npoxomsmmii 4epes 3TH TONKH.
Haknonom zepkana 3, suwrtamu Bg sJadtepubiit fiyd BLIBOMMTCS HA 3Ty TOMKY.
Teneckon cHOBA NOBOPAYHBAETCH HA 0°, 45" u 90°. Jlazepupiit nyy ne AoMKeH
nepeMelaThea 10 3KpaHy Iy, HO HA IKpiaHe D, OTMEYAETCA MYTh OTPAXKEHHOrO
aalepHoro yya (puc.6) Toukamu [1,”, I1,”, I1;". Onpeneasiiores KOOpAMHATS! HEHTPa

OKpYXHOCcTH Ax, Ay, . Jlna coBMEmEn#s UEHTPa OKPYXHOCTH C HAYWIOM
KOOPAMHAT HEOOXONUMO NEpeMeltaTs 3epKano 3, Ha BeIHUKNY Az, H NOAWHAHHK
TOPH3ONTAILHOMN OCH HA Ay,, KOTOPbIE MOXKHO BEIMHCANTL No (hopmynaM

Az, =-015Ax, ; (4)

Ay, = 0424y, . (3)
lNocae nepememienus 3€pKaja H OCH CHOBa BHMHTaMu Bg nasephbiit nyu

HANPARIAETCA HA TOMKY c’ wa akpane 3. Buuramu B, oTtpakenuwiit ayu
HanpaBnserca B orsepcTHe 3Kpanwa D,. Ecnu npu mosopote Teneckona BOKpYr
rOPHIONTANLHON OCH TOYKAa Ha 3Kpane 3 CMEIAETCH MEHee 4eM Ha | MM M Ha
aKpane 3, MEeHee Y“eM Ha 3 MM, TO IOCTHPOBKY 3epKana 3, MOXHO CHUTATSH
3aKOHYEHHOH.

1.13. Hamepsercs pacCTOAHHE TOMKH cl’ or uewtpa aKpana I, no
Koopuubare X (sposis ocn O,0.). Ha ary senwuuny cmemaercs sepkano 3,.
Bunramu By nyu nanpasnsercst 8 orseperite akpana 3., Ecnu npn atom Touka Ha
okpane O, naxonutca ne Gonee yeM 2 MM OT USHTPA, TO JOCTHPOBKY IUIOCKHX 3EPKan
TENECKONA MOXKHO CYHTATL 3aKOHYEHHOM.

2. lleuTpupoBxa raaBHO# ONTHUCCKOH CHCTEMBI TENECKONA

2.1. B ruesno 10CTHPOBOYHOIO YCTPOHCTBA BCTABNAETCS asTOKOWLMMaTop AK
(puc.7). Ha Bepxniol0 4YACTb aBTOKO/IHMATOPA OfEBAETCA OTKAOHSIOIICE
npucnocoGrenne ¢ npusmamit I'ly u IT,. Teneckon nosopauusaeTcs 8 BEPTHKUILHOS
nonoxenue. Ilpuama Tl, ssopmres B mydox M oGvexius OB dokycupyercs na
ABTOKOJUIHMALMONHOE H306PAKEHHE KPECTA, OTPAXKEHHOrO OT MaBHoro 3epkana I';.

2.2, Tlpou3soAMTcs UEHTPOBKA [NABHONO 3epKald. ABTOKOLTHMATOD
nosopauusaercs npuamoin Il, B cropowy Bumta S,. Bemrom B,

aBTUKO/UIHMAL{HOHHOE HA300paXKeHHE KpecTa BGLIBOIHTCA B LEHTP NONA 3PEHHS
okynstpioro mukpomerpa OK,. [lenaercs orcuer oKynspHOro MHKpOMeTpa N, .
Aﬁolcunnmmp DOBOPAYHBAETCA HA BHHT S, H [&NaeTcad OTCHET N,'. Ha
OKYAPHOM MHKPOMETPE YCTAHABIHBAETCSA OTCYET N; .
N,'=N,'+-§~(n,'—-ﬂ,'); ©)
Buntom S, 3€pKano HaKIOHAETCH TakeM oOpajoM, WToObl KpecT

ABTOKOVUIHMALLHOHHOrO  H300paXkeHHs COBIARAN CO [ITPHXOM OKY/IAPHOro
- MHKPOMETpa. ABTOKOMUIEMATOD CHOBa IOBOPAYHBACTCH HA BMHT S, B Gepercs oTcyer
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N, , noroa na 8HuT S,. Buiuncaserca nenpasaennbii orcuer BHATa N, 10 oTCcuery
N, # N,

N, =N, +§_(~“ -4, Q)

BuuroM S, KpecT HABOANTCR Ha BhIMuCACHHLUT orcueT. CHoBa NpoBepaOTCs
oreyerst NUNLUN . Ecnn oTiUIONCHIE OT CPEHETO 3HAYMCHHSA HE NPEBOCXOANT
12 pen. (1 pen=0.01 MM) OKynspHOro MHKPOMETPY, UEHTPOBKA MABHOIO 3epKaa
JaKONMCHA M BINTLE §,.8..§, (PHKCHPYIOTCH CTONOPAMM.

2.3, Tlpou3sopuTcst HCHTPOBKA NPEIOMISIOWEH NOBEPXHOCTH BTOPHUHOIO
seprui.  Iie 3Toro  Mexwjly  KpasMmil  [MdBHOrO W BTOPHYHOIO  3epKana
HAKONCHHIKAME HUBapubIX wranr 11,1, BBICTUBASRETCA PACCTOAHHE =923 MM,
Hakoneunux cronopures. [lpuisa [l suisopwres m3 nyuxa u obGuextus OB
hoxycupyeres Ha aBTOKOMIMMILMOHNOE W306PIKEHIC KPECTAa OTPAXKEHHOMO OT
JIMN30BOI MOBCPXHOCTH BTOPHMIOrO 3epKina (B HHXKHEM NONOXeHMH 06LEKTHBA
OB). Asrokoumsarop nosopaunsaercs npuamoit Tl B cropony Hakoneunnka 1, o

’

HIMepseTes  nonoxenne Kpecra M, . Onpenensierca  orcuer M, npoTHB
Hakoneunuka 1,. HakoneunukoM 1, BBICTARAACTCH OTCHET OKYNAPHONO MHKpOMETpa

M, , KOTOPBIil MOAXHO BBIYHCHNTS N0 (hopmyne
RGP +§~(M:' - M,']; (8)

AuanornynbiM  ofpa3oM HIMEpSeTCs H  HMCMpPUBISIETCH OTCHET MNPOTHB
HaKoucHunka 1,

M, =M, +—§—(M,' -M,"); ©)

Korfia otcyerst M," : M," s M,‘ OT/HMAIOTCA OT CpejHero MeHee yem Ha +3 nen.
OKYAPHOIO MHKPOMETPA, IOCTHPOBKY AHI30BON NOBEPXHOCTH BTOPHSMHOIO 3epKana
MOXKHO CHTATL JKOHYCHROM 1 HAKOHEUHUKY 1,1, cTOnopATCeA.

2.4. [lpousBosnTcd UEHTPOBKA - OTPAXKAIOWEH MNOBEPXHOCTH  BTOPHYHOIO
sepkana.  Jlna  atoro  oGLexTHB cboxycnpyerca HA  ABTOKOJUIHMALUMOHHOE
H306piKCHIle KPECTa, OTPAXKEHHOTO OT BEPXHEH NOBEPXHOCTH BTOPHYHOrO 3epKana
(B Bepxuem nonoxennd oGvektisa OB). Mamepsiorca nonoxenns Kpecra
L, ,L, .L,' B 10JI€ 3peHHS oxynxpuom MHKPOMETPA NPOTHB IOCTHPOBO4HbLIX BHHTOB

B,.B, H NpY>XHHHOIO NpiXKHUMa B, .
Bunramu B, u B, BhICTARIETCH cpefuui orcyet L = -}(L,' +L,,' +L,').

Honyckaercs oknoHeHue oT cpefHero orcdera ue Gonee wem na +3 pen.
OKYJIRPHONO MHKPOMETpA. '

[lpu  semonmensd  3Toil  nApomeNypsl ONTHYECKAR CHCTEMA TCNCCKOI
OTHLIOCTHPOBaKA H He TpeOYeT NONONHHTENLHOM IOCTHPOBKH N0 HIOOPAKEHHAM IBCIL.
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BIIMAHUE PACCTOSIHUA MEXILY NMEPBUYHBIM U BTOPUYHbLIM
3EPKAJIOM TEJIECKOITA TIN
HA KAYECTBO U30BPAXEHHWS U METOIIMKA
BbICTABJIEHUS BTOPUYHOI'O 3EPKAJIA

M. AGene
AcTpoHoMHuecKan oGeepsatopna JlaTBHACKOro yHHBEpCHTETA

Abstract

Adjustment of distance between telescope’s primary and sccondary mirror is described.
Methods ol image quality determination using dilferent diaphragms also arc given.

lSopsa\rilkums

Darba aprakstita teleskopa galvend un sckundird spogula attiluma iestddifana un auéla
kvalitates noteikdana pEc diafragmam, kuru izméri doti tabuld.

1. AGeppauun reneckona TILJI

Ilnn onpegencHust BAUAHHS PACCTOSHUS MEXOY 3epKalaMH Ha KauecTso
n3oGpaxenua Hamu Gbun nposefeH aGeppanHOHbIR pacyer, pe3yibTaTbl KOTOPOro
APHNArAIOTCSA.

IMopanok pacnevaTkn CAEAyIOLHIE: HA NEPBbIX ABYX CTPOUKAX IEMaTalorcs
HCXOfIHbIE MAAHHLIE, NPH KOTOPLIX MPOBOAHNCA pacyer: R - pamayc BXoaHoro
orsepcti, BETA - MakcHManbiblii yrom cpensero nyda ¢ ONTHYECKOH OChIO
(nonosuna nons spenus), XFM - npepnaraemas 10uka (POKYCHPOBKH (HQIOBHII
nonst 3penun), DIO - obparyan BenHMMIA PacCCTOAHMS NOpeaMeTa OT BXOAHOM
nauacparmel (wis Touks B Geckomeunoctn DIO=0), VER - ueua pencnusn
, FOPH3OHTANBLHON WKANB! AGEPPAUHONHBIX rpaiHKoB (B MKM).

lanee ne4aTajoTcA KOHCTPYKTHBHbBIE NAPAMETPb! ONTHYECKON CHCTEMbl H
pe3yabTathl raGapHTHOrO pacyera.

B nepeoil KOMOHKE mNeyaTaeTcA MOPANKOBBIM Homep | ommuueckoi
NOBEPXHOCTH, CYHTaA OT BXOAHOW m;ad)pamu BO BTOpONi KWIOHKE paauyc
KPHBH3HbL! ONTHYECKON MOBEPXHOCTH R,

PagHyc CUHTaeTCs NONIOXHTENbHLIM, €CH BLITYKIOCT: obpamena X Rmavany
cHCTEMBI Koopuuar (puc.1).

B Tperbeil xonoske neuataerca L, - paccrosHue [0 iTofl MOBEpPXHOCTH OT
Opeflbityiied. L, paBHO PACCTORHMIO OT IUIOCKOCTH BXOHHOM AnadparMbl {10 nepsoi
NOBEPXHOCTH ONTHYECKON CHCTeMbl. B manbHefiax KoOHKAX Ne4aTaloTCs 3HAYCHHS
K03(PPHUEHTOB NPEIOMACHES CPEAbI NEPel IOl NOBEPXHOCTHIO.
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Puc. 1. Onmeteckie ROBEPXHOCTH UEHTPHPOBINHON CHCTEMBI.

th’lmmmL.MIlf}mﬂ
pas A, B A,. YO, Y¥+ | Y- - o3@avaior BHICOTHI NEpEcCevcHs JYYel ¢ ONTHYECKOH
nosepxuocTsio. YO coorsercTayer ciyualo, KOFfia MCTOMHWK CBETa HAXOAWTCR Ha
ONTHYCCKOR ockH cucTemsl, 2 YF ® Y™ - maN HaxaoHNOrO mywa C© yrioM C
oirH4eckoi ocsio BETA. B mocnensest crpouxe i=k, m maussie omsocwres K
jokamerofi mmockocTR. Ly paswo zagHemy orpeaky S' omTHuEcKoR cHCTEMBI
Buecro YOy newaraercs XF - paccrosume cpokansiiofl NIOCKOCTH OT BXOAHOM
mpaparmei. Y, ¥ Y, - KOOPHEHATH! HaXAOHHbIX Kpainmx ayvedt ua doxanssodn
NNOCKOCTH.

B xonosxax ¢ oGodmauenmsmm MA u Ml newaralorcs nonymsamerpsi
CBETOBOTO OTBEPCTHA  ONTHHECKOH MOBEPXHOCTH (HE WCHOALIYIOTCH  OpH
abeppaunonsoM pacyere). [locne raGaMusl PEwaTaloTCR OCHOBHLIC NAPaMETPhi

ONTHYECKOH CHCTEMSI.
Poxycroe paccrosune cucrems: FOKA ssiuncasercs no dopmyne
FOKA = YK /1g{BETA) (1)

ine YK - xoopmunata Y newtpa uwiobpaxesws mpm yrme BETA. Cdepuueckas
abeppanms SFER  npescramnser cofo#f pasuENy 3ajARX OTPE3KOB NN 30H C
swicoroit RO u 0.6R0. Xpomaraueckas aGeppanus ssiuucnsercs anm 3ou 0.8R0 s
k, B A, B obossasaerca HROM. Koma KOMA, acrurmamiom ASTIL xpusuiua
LIEK, xpomamasd yeenmuenus ‘PALH sbivmcasercs 8 AHNEHHBIX eJWHHNAX Ha
jpexamsgoi nockocTn. Bee nuRelinsie BETHINELI NENATAIOTCS B METPax, YIJOsse B
FpRRycax-
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Puc. 2. lMpononsasic aSoppaipss TeRcCKONOS.

JHanee mnevaratorcs abGeppaumounsie rpagsxs jns ymos noms B=0
B=1/2BETA » mecpuauosansioil 8 caruTranbiEoll miockocrsx. B=BETA 1akxe 8
MECPMANOHARLHON H carwTransnoil meockocex. [lo oc x mewaraTes BeRwwHHLI
aGeppaumii, no oca y paaguyc 30us or RO no RO. Ecm aGeppawss npesocxomsr +10
eauENl, uesa xotopuix passa VER, 70 coomeercrsywoman Touka meuaracrcs 8
. xomosxax "-" wam "+". Kpusuie, obozuauenumie 1, coomsercraysor 4, 2 -4, , 3 -
4,. Ecan xpusuic cOBNagalor. TO NEYaTACTCA HANMEHLINNE REACKC.

- Pacwers! npoM3IBOMMINCE [N WANNLI BoRNE! A, = A, = A,= 0,53 sxar.

B nocaepunx nATH BapEaNTax NpHBEASH pacueT abeppalHOHELIX KPHBLIX AN
TEAECKON2 BMECTE © XoMmuescatopoM aleppansii rugEpylomero ycroiicrsa. B
omuuHe or abeppaumii 3 ™hassom oxyce mocne xommescaTopa abeppaunE
OPAKTHYCCKH HE JABHCKT OT PACCTORNER MEXIY 3cpkanamu. Pacuer aposojwics mm
A, =053 mxwm, A, — ynn aaeun D, A, — pan semun C. M3 pacueros MoxsEo chenats
BLIBOJL, YTO Ka4ecTBO W300paxKeHns B MAANPYIOUIEM YCTPO#CTBE HE MoXeT Guims
KpHTEpHEM KavecTsa H306paxeEms 8 rmasmom ¢Qokyce. [lns paGomsi rmassodl
ONTHYECKOH CHCTEML! B KaWCCTBC KOMANMATOPE H NPHCMHEKA HINyYOHHS NpPH
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nokaun JIynsi neoGxoanMo NOAyyHTh KPYXKOK MHHHMUILHOrO iHaMeTpa B IMaBHOM
tpokyce. [List 3TOro MOKHO HCNONBLIOBATE MCTOANKY, NPHBEACHHYIO HIDKE,

Tatumua 1. Buiunc 1E A NONEpPEYHbIX H NPOIOILHLIX abeppalti
Bapnawrst | 2 3
L,=9019 L.=9021 L,=9023
/R cig o dy Os By ds by &s
mkm mm mkm mm mkm nm
1 24 20 2.2 0 1.0 0 0
09 27 30 0.8 10 03 0 0
08 30 -10 -0.3 -10 -0.3 -10 -0.3
07 34 -30 =11 -20 -0.6 0 0
0.6 40 -30 -1.2 -10 -0.4 10 0.4
0.5 48 -30 -1.4 0 0 20 0.9
04 60 -20 -1.2 0 0 30 1.8
03 80 -10 -0.8 10 08 30 2.4
0.2 120 0 0 10 1:2 20 24
0.1 241 0 -0 10 24 10 2.4

I Iponamxenve Tabnuus |.

Bapuanti! 4 5

L,=9025 L,=9027

/R CIg o Sy &s dy ds
mkm mm mkm mm
1, 24 -40 1.0 -80 -1.0
0.9 27 -20 -0.5 -30 -08

0.8 30 a 0 s ) 0
0.7 34 10 0.3 30 1.0
0.6 40 30 )2 50 20
0.5 48 40 1.9 70 33
04 60 50 30 70 4.2
03 80 50 4.0 60 48
02, 120 40 .48 50 - 6.0
0.1 241 20 4.8 30 72

2: MeTojuKa BLICTABAEHHA BTOPHYHONO 3EpKaia Ha MHHHMYM aGeppanHi
Kak nokajan onbiT, onpemenuts nonepeunsie abeppaunn B (poKaibHOR

UIOCKOCTH  3aTPYAHWTEAbHO. DBbUl npuMeneH MeToll H3MepeHHs  NpojloNbHOR
abeppaunn. [Lis atoro GbuiH BLIMHCHEHBI TIPOJIONbHLIE AGEPPALMH N0 JAHHBIM
saprantos |-5. [Mpoponsusie abeppausnn 85 Buruncisuines o gopmyne

d. =0, ctga (2)
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rae 8, — nonepeynas aGeppauys, & — anepTypHbIil yroa.

Ilaunsie BeivHCnenu npusenens! B Tabnuue | 4 R3oGpaxens! rpadryeckH Ha

2

P Mpononsasie aGeppauni MIMEPAIHCH C NPHMEHEHHEM. J0MANLILIX AHadparm,
KoTopuie ofesanuch Ha TyGyc TY, uUCHTPHpYIOUUHE ERABMOE JEPKano TENecKona.
Kaxnas auaparma. sbipe3aerT OnpeAecHHyI0 301y OF BXOAMOFO 3payKa o0mex v
Pasmepst auacpparm ¥ paguyca 308 nphsefenst B Tabnuue 2. Maobpaxenue 38c....
PACCMATPHBAETCA OKYAAPOM Yepel HuTepepeHUHOHHbY (DHALTP HA [IHHY BOJIHbI
A=0.53 mxm. [denaercs orcyer X' AAA KaXOM AHaparmMbi H M3 HEFO BLIMHTaeTCH
nonoxenne Gokyca Gea auacpparmbt X'y PeayabTats oTiagsiBaiores Ha rpadux
puc.2. B kauecTse npumMepa NpHBEACHBL PE3YNbTaThl HIMEPEHHA AR yeTanoBKH N2
8 Pure. [lo xapakrepy «xpusoii oOUpENERRIOTCA HEOGXOAMMBIE NEPEMELICHHS
sTopiusoro 3epkana. [lns onpeneneums nonepeqnsx aGeppauuii - H AKaMmeTpa
#300pAKEHHA MOXKHO. DANE30BATLES dopMynodi (2).

3. llposepka m 1ocTHpOBK2 KOMnencaropa aGeppanui

[lnn xoMneHCAUHH XPOMATHMECKIX H nonesbix abeppaumit B reneckone TIUT
HCTIOALIYETCA NMH3OBOH Komnencatop aGeppaumit. Ero MoxHO mnposeputs H
OTBIOCTHPOBATE, HE HCIONBLIYA CAOXKHBIX NPHOOPOB,

Jins 3T0M0 KOMIEHCATOP CHMMAETCR C Teleckona H B HeHTpe (okanbuoh
OOBEPXHOCTH CTABAT TOYEHHbIA HMCTOMHHX cBeta (puc.4.), mpeactamnsowmii coboil
auadparMy WAK MHDY, BOACBEYWBAEMYIO Yepea martoBoe cTekno M namnouxon J7

HeM kopnyca K2 aumdosoro Gnoka JI/ oTHOCHTENRHO Kopmyca
xomnencaropa K/ BeicTasnsercs pacyerusii 3anuuit otpesox S’ mexny muadparmod
¥ sepumpoil nmocnepmedt ammdbl. HMioOGpaxenne amacpparmsl paccmaTpHBaeTcs
oxynspom OK co wxanoit Il [lna naGmofieHnss B MOHOXPOMATHYECKOM CBeTe
ucnonb3yor wuTephepenuvonnbil punstp. MepemeienueM kopayca K7 ¢ nua3amu
JI2 no6uBaloTca MakKCHMAILHON PEIKOCTH NPH MONOXpoMaTHyeckoM ceete ¢ A=0.53
mkm. Mepemewenne K7 anons ocu cuasio menser cheprueckyio abeppaunio.

‘Munumanbhias octaTounas cdepudeckas abeppanus He fODKH2 6biTh Gambie
0.05 mxM B hokyce R. YunwTsisas, ¥TO KOMNEHCATOP HA TenecKone paGoraer kax
yKOpaunBajoias CHCTEMa, TO OCTaTo4Hbie abeppanui, BHOCHMBbIE KOMIIEHCATOPOM,
ue fomkunl Gurms Gonsie 0.015 mm. Ha Teneckone kommeHcatop peKoMeHmyeTcs

PACHOAAraTh B PaCUCTHOM NONOXKCHHH, 8 (POKYCHDOBKY OCYMCCTBHTL WIMCHEHHCM
s.
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Puc. 3. Ormiveckas cuctema teneckona TTUT] ¢ sonanbhol anadparmoi. -
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TaGnuua 2. Pasmepnl auagpparmst

Ne
anadp. /RO Du_: Dm
| 0,01 144 -
2 0,73 113 144
3 0.55 81 113
4 0,37 49 81
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THE FIRST APPROACH OF THE MECHANICAL ACCURACY FOR
LS-105 SLR TELESCOPE IN METSAHOVI (FINLAND)

V.Gedrovics', M.Paunonen’, A.Pavénis', Y.Zhagars'

! Astronomical Observatory of University of Latvia,
? Finnish Geodetic Institute, Helsinki, Finland

Abstract

This paper contains graphical representations and the first analysis of measurements that
was done to study instrument orientation errors for SLR telescope 1.8-105 in Metsahovi
(Finland). All measurements can be divided into two parts: measurements of limbs uccuracy
against motor step count and star observations that gives instrument orientation errors, 100.

Kopsavilkums

Darbia sniegti graliki un isa analize m&rijumiem, kas tika veikti, lai noteiktu Metsahovi
observatorijas  lazerteleskopa LS-105 mehinisko precizititi.  Péfjums  veikts  teleskopa
uzstidiSanas un reguldlanas darbu ietvaros. Aisevidki tika novénéia teleskopa redukiora
precizitiie attiecibi pret limbiem. Instrumenta orientdcijas precizitate tika novériéta, novérojot
Zvaigenes,

1. Introduction

Let us introduce for cons:denng measurements done in SLR station
Metsahovi (Finland) to study new SLR telescope LS-105 three coordinate systems:
# horizontal coordinate system;
* coordinate system defined by telescope limbs;
» coordinate system defined by count of stepper motor steps (here we assume that

mechanical hysteresis of the telescope can be neglected or is taken into account).

It is not necessary to introduce second coordinate system in case if we are
always moving telescope from one start position (e.g., electronic zero points).
Therefore we tried to establish relationship between all these three coordinate
systems.

2. Measurements of limbs

To establish differences between coordinate system connected wnh telescope
limbs and one connected with count of motor steps we moved telescope per one
coordinate with constant step (going each time constant number of motor steps) and
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reading coordinates from limbs afier each stop. These measurements were done for
both azimuth and elevation.

2.1, Measurements for azimuth

The telescope was moved with constant step. of 18000 motor steps 5° at first
from 5" to 365" and then back to 0", The differences between these both coordinate
systems that we have got are shown in Fig.l. The difference between both
directions appears to be rather constant and of about 40". The area about azimuth
345" was measured with lesser step because of peak that can be seen in both plots in
Fie 1. The results are shown in Fig.2.

150
w] |~ From0°to360° |
1 L=t From 360°10 0° | *
504 o & eI 3 e .o. .
.‘. ."‘q .-‘-- ! .
0 l.-.‘. ;’ ol 'n.'.’%."‘
— 4 ~. L ] ) '.
L 50 4 .'. . :- n‘".‘fh‘-i
S - o dal
§ 100 i'q '.. FT-I
3 . . 'y
150 4 = % . f'
% -y . - o
200 - !
- "hﬂ"-' f?
250 - o
0 w200 500 %0
Azimuth (*)

Fig. 1. Steps-limbs relationships for azimuth.

2.2. Measurements for elevation
Similar measurements were done for elevation. This time telescope was
moved at first from 0° to 90° and after that back to 0° with step 7200 motor steps
'2"). The differences between both passes appear to be rather small with the
sxception of an area above elevation 82°. The results of these measurements are
shown in Fig.3.
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Fig 2. Steps-limbs relationship for azimuth near 345",
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Fig 3. Steps-limbs relationship for elevation.
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2.3. Estimate of stohastic part

The difference between values.read from limbs in ascending and descending
passes (Fig. 3 for elevation) allows to estimate the accuracy of our measurements
together with stohastic accuracy of telescope caused by mechanical effects.

That difference is presented in Fig4 for azimuth (the average value of
difference is subtracted in this case) and in Fig.5 for elevation (the elevations above
82" is removed due to large difference visible in Fig.3).

These difterences have an order of about 10 arcseconds (probably due to
measurements accuracy with optical micrometers). Final tests probably can give
better results.

204 =
| |
e r gl
< f’irj| F‘\ ’;
F oL T BRRFU
go 1. Lo h-d i
X | ” Ui
I RIY S | \}
104 ,‘. i
0 100 LS 5 - .
Azimuth ()

Fig. 4. Stohastic part of difference between ascending and descending passes for azimuth. -
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Fig. 5. Difference between ascending and descending passes for elevation. .

3. Star observations

Star observations allow to determine almost all parameters of our instrument
model that characterizes relationships between three coordinate systems defined
above (excepting some that are more independent). At first star observations were
done in two nights without any instrument model. In 24th November, 1994 we
selected stars for observations near almucantarat h- 40°. The dependence of manuai
corrections done to put star in the middle of the field of view is shown in Fig. 6.
Similar observations were done in the next night. At first we selected stars near
almucantarat h=40" then near azimuths 45°, 90° and 135°, The manual corrections
for stars with h=45° are shown in Fig. 7.

These star observations were used to derive some very preliminary instrument
model (data from limb measuremcnts were not used). The zero point corrections
were rather inaccurate. To test this model some more star observations were made
in 28th November, 1994 near almucantarat h=45". The results of these observations
are show in Fig.8 for azimuth corrections and in Fig. 9 for elevation corrections. In
both these figures corrections added manually to the instrument model are shown as
manual corrections and the totul corrections (manual plus model) are shown as full
comections. Some systematic trend appears probebly duc to some’ hardware
problems, '
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Fig. 6. Star observations in 24th November, 1994,
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Fig. 7. Star observations in 25th November, 1994.
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Fig 8. Star observations in 28th November, 1994 (Azimuth).
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Fig 9. Star observations in 28th November, 1994 (Elevation).
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Fig. 10. The remaining part steps-limbs relationship after model subtracting.

The preliminary instrument modei was used to repeat measurements of limbs-
steps relationship similar to ones described above. In this case the corrections
caused by instrument model were excluded. The remaining pan of this relationship
(with some shift) is presented in Fig. 10:
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PACITPE/IEJIMTE/b UMITYJIbCOB J1J151 IWWAT'OBbIX JIBUFATEJIEN

B.Jlanomka
ActpoHomuyecKas obcepaatopus JINTBHAICKONO yHisepenTeTa

Abstract
In the clectro-mechanical part of sutellite laser ranging telescopes are: used differca
stepper motors. This paper describes circuits of impulse distributor for stepper motors.

Kopsavilkums
Pavadogu lazertdlméru teleskopu pievados izmanto dazida tipa soju dzinéjus ar dazadu
fazu skaitu. Raksid aprukstitas impulsu sadalitaju shémas soju dzingjiem ar dazadu faze skaitu,
kas izstridiras un aprobélas LU Astronomiskaji observatoriji,

B npuBojax i TENECKONOB CHYTHMKOBON JIa3epHOR  [WIbHOMETPHH
HCTNOL3YIOTCH WAropbie ABHratenl padmitunbiXx Tnos. Tak na Teneckone TIUI
ycranosnenst marossie asurareny IS5 ww N4 (¢ 6 u 3 dasamu
cooTsercTeeno), Ha Teneckone YITUC630 ycranopnens! ST hajoBble wWarossie
apnraTeny. HacroAuwus cratea nocsauiena paspaGoTKe PacnpefaiInTes HMIYAbCHbIX
curnanos. Ha puc. | a. usoGpaxena nooyepeanocts Bruo:Henns ¢as aas 115, a ua
PHC. I 6. - Toxe camoe oA WWArOBOMO ABHraTMIA, HCNONL30BAHHONO B LIpUBOILE
Teneckona YJIUC-630.

[Tpyu nocTymnenuy TaKTOBLIX CHIHAMOB (IIArOB) OT HMMNYJIBCHOTO IeHEpaTopa
HeoGxonumble (ha30Bble COOTHOWCHHS (DOPMIPYET PACHPEASAHTENL HMIYJILCOB
(PH). Ha puc.] creayer, wro PU mns LIS monxen BO3BpaTHTLES B HAYaibHOE
cocrosuue nocae noctymienus Kl=12 waros, omaensnan pasa sroro nsurarens
AomKHa ObiTh AKTHBHINpOBaHA B  TeyeHHH noctywnenus NI=5 maros u
YAEPXKHBATLCA B MACCHBHOM COCTOSHHM BO Bpema NpHXoNa octanbibix M1=7 waros
(K1=N1+M1). Ina AsHraTenei, YCTaHORTEHHBIX Ha YIIUC-630,
npojlojukuTensiocTs unkia K2=10 maros. Kaxnan ¢asza B aKTHBHOM # (ACCHBHOM
COCTOHHHH HUXOMWTCA B TEHEHHH 5 Waros, T.e., N2=M2=5.

PaspaGoranunit PM mns M5 coctouT u3 2 yHHBEPCANBHLIX PEriCTPOB H
HECKONBLKHX MRBepTopos. 3uavenus N w M onpepensior paspaiHOCTh PErHCTpPoB.
- [lns WIJ1-5 nepsbiil peructp 5-TH pa3psnubif, BTOpoM - 7-MK paspsfilbli. Pernctphl
BKJIIOMEHBI NO KONbUEBOH cxeme, BO uWndOpMauHs NPH NPOXOXKACHHWH H3 OHOINO
perucTpa B Apyroi AONONHHTENbHO HHBEPTHPYETCS.

[pu npamom cpsure undopmanas OT BbIXOAA CTApUIEro pas’paja Nepeoro
PErHCTpa Hepes HHBEPTOP MOCTYNAET Ha BXOM MIAMILErO pa3psd BIOPOTO PerucTpa,
a uidpopmaLiia OT BbIXOfla CTapliero papsjia BTOPOrO PerHcTpa Yepe3 HHBEpTOp
NOCTYNaeT Ha BXOf MIANmero papsja nepsoro perucrpa. [Mpusmun paborst PH B
TAKOM peXHMe NOKa3aH Ha puc.2. i
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[lpy oGparnom casire unchopmaluus OT BHIXOAA MIAQUIETO pa3psafia Nepsoro
PEricTpa MEpes HHBCPTOP NOCTYNACT Ha BXOA CTAPILIEro pa3psfa BTOPOro pericrpa,
a unhopMauis OT BLIXOAY MINIErO pa3psfa BTOPOTO PErHCTPA Yepe3 HuBepTop
HOCTYNACT BO BXOJL CTAPUICTO PA3PARL NEPBOrO PErucTpa.

Hpunusnnansuan cxema PH ¢ ncnons3osaninem CrangapTHbix MAKpocxem 155
cepuit npusesena na puc. 5. lNMocne noetymnenus curnana CBPOC no aukun cGpoca
00a perucTpa NEPCXOJIAT B HYNCBOC COCTOAHHE, COCTOAHNE JIMHUH +/- onpepeaser
Hanpawienue casnra impopMaiin 8 PM nocne noctymnensst waros no TakTosBoR
umme f. Tlpasoe manpamneniie  oGecneyuBiCTCH NOICAOBATENLHBIM CABHIOM
wudopmanny B pernctpax, obpaTthHoe - napawenboill  3anucsio. Cpasnubas
BBLIXOMBIC CHIWILI Ha piC. 2 ¢ (Pa30BBLIMI COOTHOWIEHUAMIL Ha pHC. | a, BURHO, YTO
CHIHWIbL OT BLIXOKOB NEPBOTO PErHCTPA NEPER HX NORaYell Ha WMAroBbii ABHrATElb
HCOGXOANMO JIONONHITENBLHO IHHBEPTHPOBAT.

Jlna waronsix genrareneil ¢ 3-ma win 5-Teio (hulaMH B NOJYIIATOBOM peXXuME
N=M, noosromy cxem ,PH ynpougercs M COCTOMT  TOALKO M3 ORHOIO
YHUBEPCUILHONO PEriCTPa H HECKOJILKHX HiBepTopoB. lpn npasmom casure (puc. 3.)
HuOPMALMS € BBIXO/IA CTAPIIETO PAIpsla PECHCTPA Yepe3 MHBEPTOP NMOCTYNAET Ha
BXO/l MLLILETO paspaa, npn oOpaTHoM casHre i opMauHa C BbIXOAA MAAAWIErO
paspsjla PEerucTpa  HCpe3 HHBEPTOP NOCTYNAECT HA BXOA CT4pliero  pericrpa.
Mpuuwmuaneian cxema P otoGpaxena ma puc.4. PaGora cxembi coBpanieT ¢
paGotoit cxempt PU puacemorpennoro ssne. Ixkcmiyatauws PH moxasana, wro
notepa HHGOPMALIK B PErHCTPAX NPHBOAHT K cGoio paGotsl PH u Bcero npusopa
Teneckona Juiephoro fanuuomepa. FloaToMmy fomKHLI NPHHUMATLCH MEpbl s
cipKkenns wymos 8 uenax nutaunst PH (gononuurensisie XOHAEHCATOPb B UENsX
IITAHIA OKONO CaMilX PEerHcTpoB ¥ Ap.) 1 pononxenue cxemsl PH Gnoxom
KOHTpORA.
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CALCULATION OF SEARCH REGION FOR A MINOR PLANET
IN THE VICINITY OF ITS DISCOVERY

L.Laucenicks,

Astronomical Observatory of University of Latvia
Abstract

The algorithm for calculating minor planet’s search region in the vicinity of its discovery
by variation geocentric distances is presented. Numerical examples are given for minor planet C-
553=1983RQ4.

Kopsavilkums

Dots algoritms, ki p@¢ diviem mazis planélas poziciju novérojumicm, varigjot
geocentriskos  atdlumus, wvar aprékinit 1as meklE3anas apgabaly  (atklaZanas redzamibas
intervala). Hustracijai snicgts skaitlisks piemérs mazajai planétai C-553=1983RQ4.

For a newly discovered minor planet (asteroid), the following situations may
occur:

1) the spherical coordinates a;, §; of the positions are obtained only for two
moments t; (i=1,2);

2) the spherical coordinates a,, §; of the position and the velocities of their
change d,.S, are obtained for a single moment t,.

In such cases, it is impossible to determine a preliminary elliptical orbit
unambiguously without making additional assumptions. In the first case, to apply the
classical Gauss method, one needs the third observation a3, 8; made at a certain
time t3, while in the second case, to use the classical Laplace method, observations
. @,,8, made at the moment t, are necessary. Supposing that the asteroid is

discovered at perihelion of its orbit (or near perihelion), where the condition
#-7=0 holds, it is possible to use the Vaisala method (Vaisala, 1939; Dirikis,
1990). In the papers of Marsden (1991), Bowell a.0. (1989) the elliptical elements
of orbits from two observations are calculated assuming that the values of semi-
major axis a and eccentricity e are fixed. In ow opinion the selection of pairs of
the parameters (a.¢), (o3, 83), (p1, p2) 2.0. for the computation of elliptical elements
of orbits is equivalent and it is depending upon method used for computation of.
elliptical elements of orbits. We notice too that the set of Viisélas orbits contains
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a circular orbit when sign of eccentricity ¢ is changed (Laucenieks a.o., 1988;
Laucenieks, 1993).

Our task is to show a way to obtain additional observations within the mtu'val
of visibility (approximately 1-2 months afier the initial observations), enabling one
to derive the preliminary elliptical orbit. As a solution of this problem, we introduce
the following algorithm: _

1) Values of geocentric distances p,™, p,;"™ (in the second case p;™, p,™,
respectively) are chosen arbitrarily, and elliptical elements {d™™, ™™, (™)
Q™ ™™ M™™ 3} for the Keplerian orbit (D™™) are determined mbjec( to
condition thal

A <d™™<A;, and "™ <E
(for near Earth objects a™™(i - ™™) < I).

2) For a certain moment t; within the interval of visibility, the spherical
coordinates o™, 3,™™ of the positions (search region ITy) as well as velocities
of their varation &, “™.8 “" are calculated for cvery orbit D™™. One can

fm.m)

compute ™™, $,"", m,"™ a.0. values if it is necessary for identification.

3) Dcpending on organization and form of observations, a moving barrier is
constructed, i.e. for a certain moment ty.; = t; + At; and smtable orbit . DY the
values

%‘{u): m(uh_ d.rm ﬂl.

B =500+ § P AL : ;
are calculated. The quantity At, coutains the time of exposure (or fixation of
object) and the time of movement of instrument to some other place. A scan over
these values ought to lead to the desirable result with great probability.

As an illustration we present a numerical example for minor planet C-
553=1983R(Q4 in form of tables and figures.
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Table 1. Observations of asteroid C - 553 = 1983 RQ4 (MPC 14018)

Nr. Date o 5 Nr.obs.
1. 83 09 04 87510 22"10™32' 91 -03°25-40" 8 95
4 83 09 06.86816 2208 59. 04 -03 42 489 95
3. 83 09 09.88067 2206 42. 44 D408 493 95
4. 83 09 15.91402 2202 34. 94 ~05 00 358 95

Table 2. Ephemerides computed from elements ~ as derived from three observations
(1,3,4) using classical Gauss method, with succeeding improvement from all
observations obtained in the year 1983

t o & p
830913 |22"04"50 -04° 36 1.229
831003 | 215561 -07 10 1316
83 1023 | 215861 -08 40 1.470
831222 | 230646 -05 48 2.088

 Elements: 83 0903;: a=2.47177, e=0.16569, i =0.1214, Q= 33544,
®=3.5670, M, = 5.4997

Table 3. Ephemerides computed from two observations (1,2) using
Viisild's method (Dirikis, 1990)

83 1003 831023 831102
(253 a < o 8 o 8 o 8
1.0 |2.2318 | 0.1048 |21 57.20 0701 220272 -0812 {2209.98 -0817
1.2 123527 {00661 |2]15615 -0704 |215948 -0824 |{220540 -0835
14 124276 |0.0127 | 215532 0706 |215687 -0834 |2203.63 -0851
1.6 |2.4669 |-0525 |2154.63 0707 [215470 0842 [2158.50 -0905
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Table 4. Ephemerides computed from two-parametric (p,, p2) elements (see table Sin
(Laucenieks, 1993)) derived from two observations (1.2) using method of parametrization

831102 831222
P P o & P a 8 P
0,900 | 0.898 |22"12"6 |-08°47 1116 |23"33™s |-03°57" | 1.513
0902 | 22127 -08 14 1.246 | 23249 -03 46 1.768

0.904 |22127 |-0800 1311 123211 |-0342 |1.895
0906 |2212.7 |-0747 1375 123176 |-0339 |2.021
0911 (22128 |-0726 1.504 |2311.7 |-0335 |2272

1225 | 1.223 |22040 |-0915 1.479 23102 |-0605 i919
1.227 |22046 |-0848 1.607 | 23046 |[-0545 |2169"
1.229 |22049 |-0836 1.67) | 23022 |-0538 [2293
1.231 (22052 |-0825 1.735 | 22599 |-0531 |2416

'1.236 | 22055 |-0806 1.863 | 22555 |-0519 |[2662

1442 (1439 121598 |-0929 1.716 | 22577 |-0712 [2176
1.444 [ 22006 |-0905 1.843 | 22536 |-0649 |2422
1.446 | 22009 |-08 54 1906 | 22518 |-0640 |2545**
1.448 | 22012 |-0844 1970 [22502 |-0631 |[2.667
1.452 | 22018 |-0825 209 (22472 |-0616 (29210

1.658 | 1.656 |2156.4 |-0940 1.949 | 22471 -0808 | 2425
1.660 | 21573 |[-0918 2075 (22442 |-0743 |2669
1.662 |21576 |-0908 2138 22429 |-0732 |2.791
1.665 | 21579 |-0859 2202 |22416 |-0723 [2912
1.669 |21586 |-0842 2328 22394 |[-0705 |3.154

1.875 | 1.873 21'53.6 -09 50 2.180 | 2238.1 -08 56 2670
1.877 | 21544 -09 30 2306 |2236.0 -08 30 2912
1.879 | 21549 -09 20 2368 | 22351 -08 18 3032
1.881 | 21553 -09 12 2431 | 22342 -08 07 3153
1.886 | 21 56.0 -08 55 2.557 122326 -07.48 3.393
*) almost true;**) almost circular,




CALCULATION OF SEARCH REGION FOR A MINOR PLANET 3
IN THE VICINITY OF ITS DISCOVERY

2|3" 22"

Fig.1. Vicinity after discovery:

e visible, almost true trajectory of the asteroid,;
o Viisald's ephemerides (one-parametric);

® two-parametric search region.

v

Fig.2. Search region (for December 22, 1983) and field of vectors, which determine
the change of search region.
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Table 5. Search region IMy(c™™, 8,'"™) characterizing values (for December 22, 1983):
e a, 8, p - spherical coordinates of the position of asteroid on the celestial sphere and
corresponding geocentric distances; : :
* a,d, p - correspondingly, velocities of their alteration;
* a,d,y- values of the resulting vector (a, §) and angle which it forms with the axis of right -
ascension. ;
o 5

p a ) p o Y
(au) | (Wd) (0/d) | (awd) | (radrid) | (rad)
23.%57 =303 | 152 0.034 0.169 0.008 0.0094 0.3195
2336 -3.68 191 0.028 0.141 0.012 0.0077 0.3248
23.20 -3.57 228 0.024 0.121 0.016 0.0066 0.3281
23.17 -6.05 1.93 0.029 0.131 0.009 0.0080 0.2910
23.04 -5.60 |2.30 0.024 0.114 0.012 0.0067 0.2988
2294 =530 | 267 0.021 0.099 0.016 0.0058 0.3042
2297 716 | 219 0.026 0.110 0.009 0.0072 0.2704
2287 -6.63 2.56 0.022 0.097 0.012 0.0062 0.2800
22,79 -624 (292 0.019 0.087 0.016 0.0054 0,2869
22.719 -810 |244 0.024 0.091 0.009 0.0065 0.2488
2.7 -7.51 280 0.021 0.083 0.012 0.0056 0.2599
22.66 -706 |3.16 0.018 0.075 0.016 0.0049 | 0.2684
23.11 -5.77 {210 0.027 0.123 0.010 0.0074 0.2962*
*) computed from elements as derived using Gauss method.

Fig.3. On illustration for one of the possible cases of moving barrier.
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ESPC, A PROCESSOR OF ECHELONED SERIES
FOR PC COMPATIBLES

A. Pavénis

Astronomical Observatory of University of Latvia

Abstract

The concept of echeloned series is generalized as that of a formal structure covering
sequences of abstract algebras. Its inductive character paves the way to a computer representation
by way of binary trees. The code implementing the subjacent algebraic operations and their
connectivity is independent of the concrete nature of the nested algebras. The programs are
written in C for PC compatiblcs under MS-DOS. A list of examples substantiates the claim that -
the scheme widens the arca of symbolic manipulations in celestial mechanics far beyond that of
standard Poisson series. The specialized formulae manipulation system is developed in form of
procedure library that contains various functions that can provide perfcrming symbolical
manipulations on different functions that appears in problems of celestial mechanics.

Kopsavilkums

Saja darbd aplokola specializ€la analitisku  parveidojumu . sisicma, kas izstridita
piclictojuinicm debess mehiniki, izmantojot edelonétu rindu reprezentaciju bindro koku forma.
Algoritmi opericiju veik3anai ar rinddm nav ticdi atkarigi no konkrétam lunkcijam, kuras ictilpst
rindis. Programmas ir uzrakstitas C programméSanas valodi prick§ MS-DOS. Aplikotie pieméri
parida, ka aptvertd funkciju klase ir ievérojami plafika nckia Puasona rindas. Ir izveidota
procediiru bibliotcka, kas atjauj veikt opericijas ar rindim, kas satur daZiadas debess mehanikas
uzdevumos sastopamas funkcijas.

The development of analytical theories of the molion of celestial bodies often
requires manipulations with very large expressions, that practically cannot be done
without specialized formulae manipulation systems. General formulae manipulations
systems (REDUCE and others) are sufficiently less effective for solution of these
problems than specialized ones that are developed for manipulations on some more
parrow class of expressions. Therefore there are specialized systems worked out for
applications in celestial mechanics. Many of these systems are intended for
manipulation with Poisson series (UPP [2], MAO [9], PSPC [1], ete.). The class of
Poisson series often is insufficient for solution of some problems. Therefore an
attempt to develop specialized formulae manipulation system that allows to use
symbolically different special functions that appears in celestial mechanics was
done.
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Let (€,)_, . be a finite family of sets. The elements of Eo are called
echeloned series if (i) lor 0 € < n, E, is a commutative ring, and (ii) for 0<i<n, E;is
an algebra over the ring /;.,. The tenminology was coined by Deprit to designate
very special series-appearing in Lunar Theory [3]. Rom [10] gave an account of the
software package he had composed to handle the nesting starting with the algebra
Ly of multivariate Fourier series over the algebra £, of multivariate polynomials with
coeflicients in an alpebra /25 of certain types of simple fractions over numeric field
I75. Nowadays, transcending the narrow context in which Deprit and his
collaborators operated, one would rather refer to echeloned series as elements in a
set Eg at the head of an algebra nesting. For a review of processors made for
concrete algebra nestings, the reader is directed to ([2]), [5].

We have taken a more abstract standpoint. We have established the software
framework representing the category of algebra nestings for unspecified rings. The
operations which endow £, with the structure of a ring and that of algebra over E;.y
are coded in generic fashion. The approach, we have just learned, is reminiscent of
that taken by Deprit and Miller [4]. They.work in LISP on unusual work stations.
For our part. quite independently from them, we began some years ago in assembler
language on a main frame IBM 370 [8]. Later on we tummed to C as our
programming language, and pursued the advancement of our ideas on PC
compatibles under MS-DOS. .

We have managed to leave the user full liberty to individualize the rings and
algebras entering a concrete nesting. This' way, instead of forcing the solution of a
problem in the format of Poisson series, we offer the option of extracting from the
problem the algebra nesting it calls for naturally, Then code the specificities and
bring the bundle of particulars to the kernel of our system; it will take care of the
articulations. Unbeknown to us, we have espoused the programming philosophy that
presided over the edification of AXIOM [6]. In difference from this approach we
focused exclusively on echeloned series, that allowed to reach higher effectivity.

The series we use can be represented in the following general form (a part of
multiindexes are omitted):

$=C=C{"+Y C"F"

W o h

ctk} :C{;.n +1 c(w:Ftl-!} (l)

e hwm

O<k<n

where C* and F® (0<k<N) are coefficients and functions of k-th level. C™ are
numerical coefficients. (1) can be written in a different form:
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S=CY =€ 2, bid c‘ A _
C(t) > C{v; i Z:-IIZ -.ﬂ :;Fu 1) (2)

O<k<n

Echeloned series are represented internally as binary frees. The algorithms w»
developed do not determine the exactly the kind of functions F™ and (k=1,...,/V- .
the series contain. This approach allows us to use expressions that contams variovs
functions of celestial mechanics: the inclination functions F,_ (1), the Henscn
coefficients F;"(e)and others,

The kemel part of the system performs basic manipulations on serics and
calls user supplied functions for manipulatioins on representation of functions the
series contain. The kernel can be divided into two mutua'ly inieiacting parts:

e the subsystem that builds ncw series;
s the subsysicm that provides basic manipulations on series and sends
commands to series buildirng subsystem to obtain result.

Binary operations on series (multiplication, addition, subtraction) are realized
in form of recursive procedures. Most of unary operations (for example finding
derivative of sery) can be realized by scanning argument and replacing nodes that
represents elements of one of the functions iypes with some expression. To add a
ncw function to the formulae manipulation system it is necessary to wrile
procedures that defines basic manipulations on represeutations of these functions:

* how to find product of two these functions;
e how to find derivative of specified fimction with respect tc one of argunent;
* how to represent these functions on listing.

This list is of course not full because of user can provide his ovn
manipulations on functions he introduces.

For example the expansion of the 2-nd zonal harmonic of gravitational field

1
R,, =1, i:;ii((}-isin‘ DX +3sin? 1. X% cos(M - 20) +

+{(4 - 3sin” DX;*° cosM +2sin* 1- X cos(M + 20) 3)
+4sin® 1: X737 cos(ZM + 20 ) +--

can be represented as the following binary tree:
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¥
o -2 wosM=-30) 2 cos(M) - cos(M +20)
b J + J
Y ") sn' 1 > e %X . o (4)
7 N7 J 4
2 Y, o Y > sn'l an'l
Ya - % Ya

The full form of trees is being used while building new series when performing

some operation. In the second form all direct pointers to other nodes are removed

and only types of each node are left, Both forms are equivalent because the ordering

of these types is introduced. The second form is being used for holding series.

Acting ourselves like users, we have adjoined to our system procedures to

include several algebras: '

» the domain of free algebras generated by finite family of symbols, and their
tensor products (embodied as sets of subscripted variables);

» nzonometric functions which arguments are linear combinations of elements of
a ring with integer coefTicients: sin(3"k,X,) and cos(} k,X,));

* thc product of integer powers of previously defined arguments: [Tv" ;

‘s the integer powers of linear combination of frequencies w:th integer
cocflicients (Tk0,) " and their products;

= partial denvatives of frequencies with reepect to orbttal clements (e.g. de

and their products;
o the set of Hansen coefficients x“'(e‘} as they appcar in the development of

functions of vanables for elliptic Keplerian orbits and their derivatives;
* the set of Hansen inclination coefficients F_ (1, yand their derivatives;

s numeric coefficients C*™are treated as rational numbers if their numerator and
denominator fits in 32-bit integer numbers, otherwise floating point numbers are
being used automatically.

The list is by no means exhaustive, quite the contrary. Itismnltosuggeﬂthe .

wide range of possibilities of an abstract approach to™ symbobc processors in’

celestial mechanics and other areas of applied mathematics.
The first version of this system was developed mainly in ASSEMBLER

language on IBM/370 system computer and worked under operating system VM

CMS. A comparison of this version and Poisson series processor UPP was done for
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iterative solution of Kepler equation. The tests showed that our system has
approximately 2-3 times higher effectivencss than UPP for similar problem:

The second sufficiently improved version of this specialized fornmulae
manipulation system was developed in C language for IBM PC compatitles. The
memory requirements were sufficiently reduced for a new version, so 1t is slim
enough to work even in real mode under MS-DOS, although the size of all
expressions can sufficiently exceed 640K limit, because of XMS and disk is being
used for swapping. The only CPU dependent part of this package was realization of
arithmetic manipulations on numeric coefficients. Therefore we think that to port
this system to other platforms it is necessary to rework rather small part of this
system.

~ As another test a building of the canonical transformation was chosen
averaging the Hamiltonian of the motion in the ficld of 2-nd zonal harmonic up to 4-
th order. Hori-Deprit method was being used here. In this example the following
functions were introduced:
» symbolic constants fin, 1, /> and products of their integer powers;

e integer powers of n, = Jﬁ" a
o

e trigonometric-functions of k M + k.6 ;

» divisors (kM + k.0) °;
inclination functions (and their derivatives);
Hansen coefTicients (and their derivatives),

As the third test we obtained a generating function of second order Koza
theory [7]. This example required more complicated manipulations on series than
previous ones, because expressions contained explicitly true anomaly and geocentri
distance, but we had to compute derivatives with respect of Delaunay canonica!
elements.
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INTEGRATING SOFTWARE TOOLS FOR SLR
OBSERVATION SUPPORT

K.Salminsh', R.Neubert®

! Astronomical Observatory of University of Latvia
? GeoForschungsZentrum Potsdam, Germany
 Abstract
We describe in this article a2 way to improve software usability at SLR (Satellite Laser

Ranging) station by creating a user friendly shell, designed to improve and streamline interface for
common tracking procedures and integrale existing software into unified system, while keeping
changes to existing programs to minimum. Such a system LPAD was successfully introduced at
SLR station GFZ-Potsdam, Germany.

Kopsavilkums
Darbi apskatita iesp&ja uzlahot ZMP novérofanas stacijas programmatiras ekspluaticijas
ipadibas, izveidojot specidlu lictotdju Zaulu, kura Jauj apvienol jau ¢so3ds programmas vienold
sislémd, veicot tajas tikai minimﬂlnsimaiqns.élthﬁﬂﬁmﬁknmuiditauniwim
cksplutacija GFZ-Potsdar. |

One of the disadvantages of current SLR technology wher compared to other
contemporary space geodesy techniques, such as GPS, PRARE or DORIS is a
lower standardization level of observing equipment and tracking support software.
Also currently there is necessity of the human operator presence not only to make
observations, but also to perform post tracking data analysis before sending it to co-
ordinating center. The software used in many SLR stations shows the same diversity
as a hardware. Our experience shows that in single place in active use can be pro-
grams from different sources written in different programming languages
(FORTRAN, C, Basic to name a few). Some of them are inherited from elder and
less capable minicomputers and have primitive and often incompatible user inter~
faces. This situation seems to be quite common to many SLR stations [1}. Today's
requirements for managing SLR networks have made access to INTERNET or
any other intemmational data exchange network at SLR station essential for fast result
delivery [2]. The existing mix of different programs together with observed data
handling creates serious maintenance problems for station operators. The radical
solution is to rewrite all programs from scratch, but in many cases the required
time and resources to do it is unacceptably high. This paper shows 4 particular so- .
lution for increasing routine tracking efficiency by improving existing station soft-
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ware usability and reducing time requirements for interpass activities while preserv-
ing existing programs from radical changes.

Work recently carried out at Astronomical Observatory together with SLR
ream at GFZ-Potsdam demonstrates one possibility to improve the situation. The
basic idea was to design a user friendly software shell, which will serve as a front
end to existing applications, offering modern user interface, easy access to common
iracking and SLR data handling tasks while hiding much of the complexity caused

v using many different programs. Basic shell features are:

» The use of a plobal configuration file for storing data related to one or more pro-
grams and containing ‘information about satellites, tracking parameters, station
coordinates and location of the data files. The configuration file is maintained by
the shell, so the change in configuration is taking effect to behavior of all related
programs. It is possible to change configuration information by loading different
configuration files allowing to use more than one set of programs. Such flexibil-
ity is very uscful during new program testing process.

» Ability to use user defined programs to perfonn tracking and other associated
tasks for SLR support.

» Utility functions - configuration file cdmng. report generation, data sending and
receiving via INTERNET, etc.

The main advantage of this approach is preserving the already existing pro-
grams from radical changes, if any. Our experience shows, that the changes were
marginal, mostly related with use of global configuration files and passing informa-
ton from shell to other programs. This approach allows to adapt new shell features
gradually while offering modern user interface with mouse support, pull down
menus and on-line help. As an example, the user is able to select a group of passes
via mouse or keyboard and quickly generate predictions with EUROLAS integra-
tion package (supplied by RGO) or any other defined in configuration, run tracking
program for selected pass, prepare full rate reports and perform all other tasks, as-
sociated with satellite tracking. The only requirement for programs to operate under
shell, is to use compatible data files and exploit global configuration files. Current
implementation of this shell operates under PC-DOS/MS-DOS and was written in
Borland C++ using Turbo Vision application framework. Eventual future enhance-
ments may include better support for network use, ability to communicate with other
programs (e.g. network software), when running under modern operating systems’
such as OS/2 or MS-Windows/NT.
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Conclusions. After many months of everyday use, experience gathered at GFZ-
Potsdam shows that the current implementation fulfills the initial requirements and
considerably improved the tracking efficiency.
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MOJ1EJIMPOBAHHE OPHEHTALKWH “AJIT-ANIT”
MOHTHPOBKH JIASEPHOI'O JAJIbBHOMEPA
YIIUC - PHTA

A _Croiixos
AcTtponomideckas obcepaaropua JlaTenfickoro yHubepcHTeTa

Abstract
The results of one experimental investigation of angular accuracy of SLR telescope ULIS-
Riga pointing to defined point in the sky are given. Influence of some rest systematic errors to
angular accuracy is presented. Possible errors’ sources such as deformations of mechanical "ali-
alt" mount are taken into account in mathematical model of SLR station. The distribution of
behavior of angular accuracy is demonstrated by results of measures of 450 stars’ positions. This
model can be useful in future applications of unvisual mode satellite tracking for this station.

Kopsavilkums

Raksta apskatiti  lazericleskopa ULIS-Riga pozicion@%anas lepkiskis precizithies
cksperimentilds izpdies rezultdti.  Konstruets 5 icleskopa monigjuma matemitiskais modelis.
Analizé izmantoli 450 zvaigZgu poziciju mérijumi.

Cneundpuka  ponpoca  opueHTauMH  “anTanT’  MOHTHPOBKH A
ACTPOHOMHYECKHX H fajepHbIX HaGnlofennii HMCKYCCTBEHHBIX CNyTHHKOB 3emnu
CBA3aNZ € OCOOGEHHOCTBIO €€ KOOPHAMHATHON CHCTEMbl, MPHBA3AHHON K camomy
HHCTpyMeHTy M, B ofimeM ciyuae, He COBNajaolledi C MHHKaKoh M3
PacUpoCTPAaHEHHBIX ACTpoHOMHYECKHX cHcrem. Mexoas 3 coolpaxenus, 4ro ee
MOXHO PAacCMATPHBATL KaK MOAY-CHHYIO H3 NOPHIOHTANLHOA CHCTEMb KOOPAMMAT

NOCPEACTBOM NOBOPOT2 Ha % ee paGoueil MIOCKOCTH C NONOXKHTENLHBLIM

HaNpaBNeHREM OCH Z B cropoHy HaGnioparens, Gynem Ha3biBaTh TaKYlD CHCTEMY
sepruxanbyofi. Ha'puc.] ona nokasana smecte ¢ ropusontanbuofl cucremon. Canss
MEXTY HHMH, HCTIO/L3YS NONAPHLIE KOOPAMAATEI, RACTCA KaK:
coshcosA =singcosycosA, —sinA sing
coslisin A = cospcosysinA  +cosA, sing, @ E[“E"-';“]‘-‘i’ e[0xn]:x]. (D)
sinh = cos@siny
Popmynnl cBa3H (1) oxasniBalorcs BecbMa YIOOGHbIMH B NIPONECCE OPHERTAUNH
“anrart’ moHTHpPoBKH. B nepsom npnGmikenns, 4roGbl onpemenwts A,
HOCTATOYHO oOfpeAenuTs Koopmumatel [lonspuoft 3seanmt oUMi  [o,w] =
Hcnons3oBats (1).
Nancrefumii Apouece OPHEHTALHN NPOMCXOAHT C HCHOALIOBAHWEM YAAHHO
BbLIOPAHHON MATEMATHHECKON MOMIENIH, YYHTLIBAKMIER BOIMOXHBIE (DHIHUECKHE



MODELING OF “"ALT-ALT" MOUNT OF SLR TELESCOPE ULIS - RIGA 47

HCTOURNWKH TOIPEIHOCTH HABCNCHMS W ANCKBATHO OMICHIBAIONICH NOBEACHHE
peanbHol MONTHPOBKH.

Opuenraunsa “arrant” montuposkn YJIMC - PUTA nponssoniiace ha Gase
yxe cosfanunix momeneit [1], [2], anpoGuposanbix ma nopobGuoil cucreme B
Banrapun, 8 OGcepsaropun  xocmuyecxoi reogesun TUIAHA, ¢ 6 u 8- yrnosbimu
NapaMeTpami, COOTBETCTBYIOUIMMH. HEKOTOPBLIM MEXAHHUCCKIM M ONTHYECKHM
AedeKTam CHCTEMbI, C NOMOMIBIO KOTOPbIX GbUIa JOCTHIHY T TOMNOCTb HABCACHHS Ha
3aaHHyl0 Touky HeGecuofi cipepnt 12-15 arcsec. Dma sennumuna Obna Brom:ue
poctaTtouna ana eneil nazepuoit nokauuu MC3 B ceoe spema (19871989 i), B
OTAMYHH OT MONENHPOBAHNHA OPHEHTALMI K Kanubposxy Hapesicuun B Boarapun, rue
suibnpamiics waGmonenus 32-35 pasioMepHo pacnpeaeicinbix 3se3n pabouero
AHANA3OHA JIA3EPHOTO panbHoMepa, B Pure creness aBTOMaTHIAM  CTOHIMM
nozsomvia noayunts BbIGopKy u3 450 3se3n. Oum BHIGHPWIHCH KaK 10 MalbiM
Kpyram uepe3 kaxnbie |0 rpanycos no Beicote, Tak B no GonbliMy Kpyram,
ODPOXOAAIKM YEPe3 IEHUTHYIO OGMUCTL H COOTBETCTBYIOMIMM BRIMICHIIO MO OCAM
H Y umpure nonockt 58 rpagycos. Ilepen nasepeHneM no KaxioMmy W3 Kpyros
3BE3J1, TENSCKON TOYHO BLICIABAICA HAMMHAN C OJIHON BLIXO/HOI NO3NIHH B 3EHNHTE.
Takum o6pasom, Obui cobpaH AOCTATOYHBLIA OOLCM JIAHHLIX, KOTOpBIT fgan
BO3MOXKHOCTS POBECTH YITYGNIEHHOE HCCACAOBANHE B ITOM HANPaRIEHIN.

Ha nepsom stune no naGniogenuam Ionspro# aseas «UMi B koopaunaTax
@ 1 Wy u corsacuo (1) Gbina onpesiesienta BeNHYHHA A, B NEPBOM HPHOMIIKEHHH.
Hanswe, ycnons3ys Takke (1), BblyicacHHbIE BHARMBIE MecTa B KoopaunaTax [A,h]
nepesbiMucHAmMcs B koopammatel [¢,y]. Ha pwsc2 pano pacnpepeneune
HaGmofaeMbIX 383/l B NOJIE 3pCHHA ONTHYECKOH cHeTeMbl. KonueHrpuyeckne Kpyru
B CETKC OKYARpa MEPEAYIOTCH 4epe3 Kaxable | MuH. AyrH, BHYTPH Camoro
Manenbkoro kpyra ¢ @=1' oun uepenmyiorca uepes Kaxasie dm =10 arcsec.
Opuentanys nois 3peHns B raasioM Teneckone AV (B BEpTHKANLHOM HANDABRNCHHH)
& AH (B ropH3oHTANLHOM HANPARICHIH) OTHOCHTENLHO M3MCHEHHS ¢ M \Y AaeTcA
KaK:

Ap= m(—AHsiny, + AVcosy,)

cosy,
Ay =m(AHcosy, + AVsiny,) - (2)
n
0 50 ks

2

e m - uacnrraﬁauixoatb&bmeu'r

Ha puc2, 3,4, 5 mas ynoGcTsa pacCMATPHBAHES IONE OPHEWTHPOBAHO TAKHM
obpa3oM, 4ro  H3MEHEHHS AQ DpOHCXONAT B TrOpH3OHTANLEOM, a Ay B
BEPTHKAAbHOM Hanpasieswd. Puc.2 paeT nepBOHavanbHOE pacTpefcneHHe
paGioflaeMbIX 38E3M NOCHE NHEEHHOH KOpPpPEeKNEH No OoO0EHEM OCAM C [ENBI0 HX
NONafAHNS B HOJE 3PERNHs TeNecKonEYecKol cucreml (2@ = 207). Hesssxa B aToM

HayanbHOM NPHONIDKEHAH WIN KaXNOok B3 ocell COOTBETCTBEHHO O, =2 YUl MMH.,
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G, =2 yra. sl Puc.6 jlaer npeactamiciie o (yHKUMOHANLHBIX 3aBHCHMOCTAX
OCTATOMHBIX PAIHHIL 0cC:
A = (), Ay = f(¢), Ap = f(w), Ay = f(v).
3neck wiyuto npeobnagaionce pacceanue no ock Y. Creayioum 2TanoM SEIN0CH
ucnonslosaitie Gnupanmerpiteckoit mogenu 1], onucsisaionieit RINsHE OCHOBHBIX
MCEXUHMMCCKNX 1 ONTHYMCCRUX ne(t)cma (omwux flocne IOCTHPOBKH masnoit
ONTHYCCKON  CHCTCMBl  TCJICCKONA), TakiX KiaK CYUIECTBOBAHME HaKJIOHa OCH
Bpauenis Y omoeutenio Oz - p,, HeNepneHARKYARPHOCTS ABYX OCEH BpalleHHA
@ W W-p,, KOUNIMAIIA TIIBHON ONTHYECKON CHCTEMBI P,, HECOBNAfEHHE
HYACBLIX OYNKTOB € 3eHNTOM 1O OGCHM OCAM PP, H HETOMHOCThL ONpefencHHA
A, = p, - Cama MOIeb AUCTCH Kak:
A’ =—cospAp, +sinyA, + Ap, 3

Ay’ = =sinwtggAp, = coswigpAp. -+ secpAp, +tgpAp, + Ap, &
Bnepsuie sun (3) nonyyen 8 [1] nyrem pewenis cucreMmbl YCIOBHbIX ypaBHEHHI,
ROAYHEIHLIX H3 PARIOKSHIA AP H A\ IO MIbiM NpHpaiennam Ap,

M=Z%ﬂpﬂ Ay =Z%’-Ap. )

Puc.3 jaer pacnpencnciite naGmoaaeMbiX 36e3fl B NOJE 3pEHHA YK€ BOCAS
npumenenus - Gnapaserpusecko mopens. Coorsercrsento o, =12 arcsec u

o, =30 arcsec. 2ror pelynsTaT QAT FApalTHPOBAHKOE Nonananue HaGnioaaeMbIX
38¢31 B | MUH. YIOBOE NONE [IUBHONO TEAECKONA. AHANMINPYS pacApefencHue
octarounbix padnun OC, npencTasieHnbIX HA pic.7, NPHXOMAKM K 32KJIIOYESHIIO O
cyuecToBannl Koppeaswn npu A =f(p), Aw={(y), T.e. nocre acicTeus
MOJIENH OCTANKCH ORNONEPEMEHNLIE KOPPeIsuMn ans omuOKH no OGEHM OCHM.
OcoGo ClulbHO OHA BLIPAXEHA 110 OCH Y, FAE pAcceanue nourn B 2.5 pasa Gonswe.
DTOro CALNOBN0 OXIAATH, YUNTBIBAA, YTO G-MupaMETPHUECKAA MOMEIb YYHTHIBACT
feexTsl MEXAHUKH, JOCTHPOBKH H TNPHBA3KH, HO BE YYNHTHIBAeT pAedexTsl
HESJIMHENHOrO XaApaKTepa, TAKHE KAk FRyTHE TPYOb! TelecKona H Ocell  MOHTHPOBKH,
SKCUCHTPHCHMTETL! PeAYKTOPHBIX — Mexammdmos. Kak onucath BAMSHHE — 3THX
apexror na owuOGKy HaBefieHHA  Teneckoma, paccmorpeso B [2], mre
npepnaraeTes pacwupentas monens. K coxanenuio, poGamieHHe napameTpos,
YUHTBIBAIOLHX OLIKOKH HEAHHEHHOTO XapaKTepa BHAAa Sinyp, M sinyp,, KOTopbie
yxe panu pesynstar sa YJIUC-Boarapus, 3necs e cpaGoramn sdbexrusuo.
Cneys norake momxona Mopenuposawma 8 [2),  wmml  peunng

2y +n :
wz p,) (yunTbiBas HANA30H

MCCEoBATh 3ABHCHMOCTH THHA COSQP, H oo{

aamenenns ). T.e. (3) YK€ UCPEXOMHT B BUL:
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. Ap' = —cospAp, + sinyA, + Ap, + cos(2p)Ap,

Ay’ = —sinytgpAp, — cosytggAp, + secpAp, + tggAp, + Ap, +sin(2iy) \p, )

| Peaynetar  anpoGuposaunii  oTHX

4 ABYX BO3MOXKNBIX (DYHKIMOHUILHBIX JaBH-

5’ cumocTell  wunocTpiipyer  pucd., rme

HaGMIONACTCH  MYBCTBITENBITOE YMENbile:

: HHE paccesmus  oTKAOnCHs  nabmonac:

) N MBIX 3BEI1 OTHOCHTCALHO UCHTPA NOJA

% Jpenns 0o obenMm  ocam.  3acck

¢,=86 arcsec; o =142 arcsec.

Paccmartpisas pacnpejienense  ocTatoy:

ubix  pammy OC  (puc.8), = moxmno

7 CALNATH BBIBOJL, TO PACHINPEIHE MOJICAH

3 a(ppexTiBlo - HOACNCTBOBVIO, M 4TO

PUEY, Cllinetise sepridionsi OCTACTCA NONTH HE3AMOTHAA KOppensis
TOPHIOHTAALHON TONOUCHTPINIECKON cctemst.  PH AY = fly).

Ciientysi  BBILWIEYNOMSNYTOIl JIOTHKE
H H3 3BPHCTHYECKHX COODPAKCHHA OTHOCHTENIHO MOBS/CHNA PEUILHON MCXAHIKH H
ONTHKH CHCTEMbI TEJIECKONA, NO OCH \Y annpoGHpOoBAN CLIE O AONCAHHTCALHBLIA
NapaMeTp,  YUNTLIBAIOWME  BOIMOXKHYIO  (PYHKIIOWWIBIYIO  3aBHCHMOCTH
Ay = sin(4y)p, . Ileiicraie 31010 AONOAHKHTENHOrO NAPAMETPA MOAEAH H300PAKCHO
Ha puc.5 u puc.9. HecMotps Ha To, uTO 0coGoe yMEHbLHICHHE HEBA3KH N0 oGCHM
ocaM e npom3oumo (o, =8,2  arcsec Ho, = 13,6 arcsec) no cpaBHennio
¢ B-napaue'rpimecxoﬁ MOJIEVILIO, PACCESIHHE NO OCH P HUCTONBKO YMECHBIUWIOCH,
4T0 nouth Bee 450 nalnogaeMbix 38830 BXOAST B Kpyr nons 3pennst o =20  arsec,
Ora Benuuina, MNPH AAHHBIX TAPAMETPAX KOUMIMAPYIOWEN TeNecKOnH4YecKoi
cHCTEMB! = paibioMepa, (DOKycHpoBke Ha  GECKOHEMHOCT M MHHHMATLHOR
AHBEPreHIMA JONAKPYIOMIEro naleproro myuka ~25-30 arcsec, rapaHTHpyeT ero
nonaganue  Ha  nosepxuocts HC3 (noppalymepaercs, YTO MApALIENbHOCTL
HINYYAIOWIEr0 W MPHEMHOrO KAaHAIOB OTLIOCTHPOBAHA M COXPAHAETCA 110 BCeMy
paGouemMy Anana3ony LUIbHOMEPR).

Ha puc.10, pis ynyuwenss npeacrapienus H3MeHEHHS BEJIHUYHHLI OUIMGKH
HABCJCHHS MO BceMy paGoueMy AManasoHy, Aansl  3-MepHble H30GpaKeHHA
Ap = (P, ,P1ssPss®: W) AW =F(P,iPss s Py P W) COMIacHO . MONY4eHHOH
KOHeWHOH Mofieni u3 9 mnapamerpoR (x=¢, y=\). SBHo BbIpaxenuyio
ACCHMMETPHIO - NOBEPXHOCTH OWMOKM N OCH Y MOXHO  OOBACHHTH
HECHMMETPHUHOCTRIO KOHCTPYKIHI CHCTEMb] OTHOCHTENLHO 3TOH OCH BPALICHUS H, ©
ApYrofi CTOPOHbI, CYUMICCTBOBAHHEM 3UMCTHONO IKCHUEHTPHCHTET!  [IPHBOANONO
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mexamiriva. Flocnepnmit apexr, Bupnmo, NpHCYTCTBYET H 1O ApYrod ocw, o B
MEBBINCH CTENCH,

B naGmoiennax suGHPAIHCH 3BE3Ab! A0 6 3BEINHONM BEARIHIBLL. ITO CBAZANO C
uebonbiol  OGHAPYARNTCABHON  ClHOCOOHOCTBIO  TEJIEBHIHOHHOI Kamepal
resteckona. ToMROCTL CANMNYMHONO IBMEPEHNA NaNoXeHus  AN(pPAKUHOHHONO JiicKa
wi00paKkenns B HEHTpe noas 3penns Gbuta nopsaaka 10 arcsec. Ilpu 3roit TounocTn
heUKCanMn  MOXKHO  CHITITD, 4910 nochendas  9-napaMerpHueckas  MOAeNb
HCHEPIBLIBACT  BOIMOKHOCTH  NPOAGJUKECHHA  MOAEAHPOBAHHA = OPHCHTALHH
vorTrpoBky. Jlanbheiinice  MOACAHPOBAHHE BOIMOXHO TONLKO TPH YCNOBHH, YTO
TPHEMHAN.  CHCTEMR  NIOIBONSNCT PEAIZ0BATL TOYHOCTL (PHKCAUME HaGAIOfaCMbIX
wean e menee 1,52 arcsec (oGwmunstit andpakukonHbiil npegen ans IToro
maMerpa Teieckona 600 mm). Moxuo pekomeraosath HaGmiofenns 38e3n ot 6 no 8
IBEYIHON BEAMMIKB! € NEJIbIO YMEHBIICHHS NONPCUIHOCTH  BH3yalLlol (uKcaumn
HEHTPA HIOOPAKEHMUA. i

Jlureparypa
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Mexaysaponssiii nayansiit cesunap “Jlaxephsie cnymnkossic nanbHoMepst [lro noxoaenns™,
Codpun, 2630. 05. 1986 .

Croiikos  A. Pacmmpensas yriosonapameTpiieckas Mofens YJIMC630:  anann
IKCNEPHMEHTUILHBIX pelyibTaTor KanuGposku cranumi YJIMC no onopubiM 3se3maM. Acta
Universitatis Latviensis Nr.586, ser. Astronomy 19, Riga, 1993.
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Puc. 2. lNepeonasanshoe mcnpen&icauc Puc. 3.Pacnipepencnie Tex e 38e31 nocie
HaluuofaeMbIX 18e3 B NONe IPEHEA TEIECKoMNa. AeiicTait 6 NapaMeTPHUECKOR MOJIENTH.
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Puc.4.Pacnpenenenite naGniogaembix 38e311 0oc- Puc.5. Pacnpeaenenie naGiiofaesmbix 38ean
nc aeficTein 8 napaMCcTpHYEcKOi Mo, nocne AeicTBIA I NapaMeTPIriecKOil MO,

a) - é)
- Pnc.6. MNMepsoyavaisioe pacnpeaencuue pasiiui OC no oGenm OCAM 10 APIMEHEHHS MOJETH.
aye  de)fle)+ Sw=flg) 6)e  B(p)=fly); + S(w)=fly)

a) 2 )

Pyic.7. Pacnpenenenste patm O-C 1o oGenm 0ciM nocse npiMeHenis 6napaMeTputeckoi
MOneL.

aye dMyp) o)+ S(w)=Ho) o 6)e  S(0)=fy); + d(y)=fy)
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a) 8
Puc.8. Facnpeneaeniite pasnii OC no obenm ocaM nocie npiMeHerns 8-napametpyeckoi
MOAeNH.

e deRok+ S(w-fe) 6  e)=Rvi+ S(y)=Av)

Puc.9. Pacnpepeneniie pasuitt OC no obeliM 0caM nociie NpuMerckus 9-1apaMeTpiyecKoil
MOfIenH,

a) e B(e)=Ru) + Sw)=fle)

Pic. 10. Mosepxuocms owmGke AQ= f{py, pPa...., Ps. @, W), A1 = APy, Pr..-y Pou O, W),

? e[— %;%} v €[0;x] 9napamerpuaeckoi moaenn.
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UCCJIENOBAHME PA3PELIAIOIEN CITIOCOBHOCTU
TJIABHOIO TENECKONA
JIABEPHOTO JAJTbHOMEPA YJTUC - PUI'A

A.Crofixos
AcTpokomuueckas obcepsatopis Jlateufickoro yuuaepeireta

: Abstract
An original and practical method of star observation is applied to find some aberrations of
the main Coudet optical telescope system of satellite laser ranging system ULIS-Riga. An analysis
of diffraction quality of the system is given.

Kopsavilkums
Tiek demonstrdts origindls un praktiski piclictojams panémiens tclcskup.: galvenas
oplikas aberdciju noteikSanai. Veiku izSkintsptjas analize Jauj noteikt optiskas sistemas kvalitat,

C noMombI0  HETPAPHUMOHHOPO  METOfla  MPOBENEHO  HCCNENOBAHNUC
pajpewlaioniel CNOCOGHOCTH ORTHYECKOH CHCTeMb! rmasHoro Teneckona YJIMC.
Flpeacrasnenbl pe3ynsTaTel AHAIHIA Ka4ECTBA WIOGPAKEHIA.

 Pazpewaromian  cnocoGHOCT: MIABHOrO TENECKONa NA3EPHOTO JlaNbHOMEPA
SBNAETCH BAXHLIM NoKalaTenem ero kasecrsa. Mmes peansnyio konuyecTseHHyio
OuUeHKY palpeiaionlell cNOocoGHOCTH NP ONPEENEHHbIX ATMOCHEPHLIX YCIOBUAX,
MOXHO CYAHT, HACKONbHO TOMHO HIrOTORNEHL! CAMH ONTHYECKHE MOBEPXHOCTH,
K4KOBa TOYHOCThH KCTHPOBKH M NpOHHUAIONAS CHIR 1eneckopa. Y [1aBHoro
Teneckona najepsoro panchomepa .YJIMC wumelorca jme  acthepuveckne
nosepxHocTH (Ha puc.! oroGpaxeHa onTHYECKas CHCTCMa IIABHOrO Teleckona). B
TaGnue 1 pambi DapameTphl ONTHYECKHX TNOBCpPXHOCTEl. YpasueHue lepBoro
TIaBHOTO uapaﬁonuttecxom JepKaia 3ajaeTcs KaK:
y? = 6400x%, - (1
a ypasHeHHe nosepxuocm BTOPOrO THIT HYECKOrO 3epKana Kak:
=-1866.667x + 0.7778x". (2)
Onmiueckas cacmun ragHoro Teneckona - Kyne ¢ oxksHBanenTHBIM (DOKYCHLIM
. paccroauuem {;, = 11200 mm, orHocuTensHoe orseperie A = 1:17.78 u none
apenns 20=20'". Hnsmmuauerpacomacuo Teopus [1] jucppaknuonnas rpanEna
paspemialomiell cnocobHoCTH
W, = 1.22 )/d [rad] = 251643 (A/d) yrn.cex. 3)
nonysaeres y, = 0.22 yrn.cex. M3 3a u3ecTubiX HaGmoNATeAbHBIX OMpaHHYCHHH
1), Taxnx kak ymmpense 3se3fHbIX wioGpakennlt armocdeproil TypOyIeHTHOCTIO
B MEpUaHHA, HAM HE YNACTC M3IMEDHTE Y, MEHbIIe ueM .1 yar.cex., ecid He
BPHEMEHFIOTCH METOlb KOMICHCAUHE arMOC(epHBIX HCKaXeHHH. DTa BeNHYHHA
FHIHYEA 1A GONMLOIHX TEAECKONOB B NEACTBATE/IbEO XOPOIIHX MecTaxX HaGoNeHHH
(k coxancnuio, Pura Be ABAASTCH TAKHM MECTOM).
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Jns onpepenienia paspewiatoell cnocoGHocTH Teneckona 6bul HCNoNb30BaH
TOT KE MCTO/l, KOTophil yxe npumensuics B 1986 roay npun nposepenuu
necienosans nepsoi moaenit JIL-YJIUC 8 Boarapun. CymsocTs METOAA COCTOMT B
MEpetti  MecTononoKena  (hokyca IR HECKONLKHX — PafMalbHbIX  30H
TOICCKOIMMCCKOIT CHCTEMBI PN moMout KonbuesbiX anacparm. [lanee cnepmyer
BLIMICIICHIE KPUBLIX DPONOALIOK M nonepeunolt aGeppanid CHCTEMbI H HX
CPABHEHHE € TCOPCTHYCCKHUMN KpuBbiMi. Meron ssasercs MoanHUMPOBAHHBIM
seroftost [Mapraaia, VHIrTLisas, 4To 31eCk BHOCHTCH AONOIHHTENLHAS CYObLEKTHBHARA
oumGxa saGmodrens. Tlpu 310M HEoCTATKE METOAL AaeT GBICTPOE H C [IOCTATOUHOM
TOUHOCTLIO NPHOAIEKCHHOC NPENCTIARICHHE O PAIPLIIIIOIEHf COCOGHOCTH CHCTEMBI.

Jlis ymenniemist cyGLEKTHBHOR NOrpemwHocT! HaGofaTenst NPOBOAMAKCH
naGioenis auyx asesn - Honspnoi aUmi n enaGoit 3seaast u3 [onsproro pana, #
nonoxenis (POKyca HIMCpPsAnCL JICCATL pa3 B Kaxnoi 3one. B oraGn.3 panm
PeIyABTTHE IMEpeni nonoxeins pokyca F uis wecrs 3ou mwupunoit 5r = 33 mm.
B uerseprom cranGuke paust pasumust 8=F-F,. Hcxons u3 reomerpuueckoro
cMBiCId  oupepenenns nonepewuoil  aGeppauiit $;-0, i COOTBETCTBEHHO 1O
onpenencHio s nonepeunon aGeppainy h=stga navo 8 natoM cronGuke. Jinuuu
noncpennoit aGeppauin B oboux ciyuanx u3oGpaxensl Ha puc.2 H- puc.3
cootsercraenno i aUmi u caasboit aseane (3pesnma 2). [ Bulyanu3anuu
HCNOALIORINE  KBUIPATHYEAR  aNNPOKCHMANMA  BLIYHCIACHRBIX  PElyibTATOB
nonepeunoit aGeppatiit.  florpemnocts onpenenenns nonoxenns ¢oxyca pasia
o=l Mm, Kotopust coorsercTsyer oumbGke o=0.025 MM B onpenchun Kpusoil
nonepeunon aGeppaii. TIpi napaserpax masworo teneckona JII-YJIUC, onuoit
YII0BOJt CCKYHIC B NONE 3peiis CooTBeTCTBYeT nuueinbii paimep 0.050 mm B
(hokwILINON IWIOCKOCTH. DTO 03HAYLET, YTO TaKHM 00pa3oM Mbl MOXKEM ONPERSNT
PAIPELIAIONYIO COCOGIOCTL € TOMHOCTBIO J10 O,=0.5 ymIoBBIX CEKyHf, KOTOpas
BIOAHE AONYCTHM, MMES BBHAY NTO, HE3ABMCHMO OT METOAA HIMEPEHHS, HAM HE
YAACT €5 ONPeNesinTh BCJIMYHHY Menee | YraoBOH CEKyHAs! DPH PEanbHbiX
arMocchepubix yenosiusix naGniofgenuil. Asanuinpys oba ciyuas, u3 puc.2 m puc.3
BHINO, YTO BO BTOpPOM cCllyuae HMmeeTcst Gojlee BLIPHYTAA KPHBaA MONEpevHOM
aGeppawy. TTpu 31oM camoe Gonbimoe 3uavuchse e npessuuaer 0.05 mm, Te. 1
ymosyio cexynny. Ha pucd gana cymmapHan kpusasa ana obeux 3sesn. OOGnyui
BLIBOJ| B PE3Y/ILTATE 3TOTO IKCMOEPHMEHTA TAKOB, YTO NOCKE IOCTHPOBKH I[MABHbI
teneckon JIIYJIUC umeer paspewamouryio cnocoGHOCTL ¢ BENMHYHROHA \y, He Gonee
uem 1 yrn. cek., koropasi gocratouua yia naGmonenus UC3 tana JIATEOC.

Jlurepatypa

1. Muxenscon H.H. Ommiveckue reneckons!. Teopus # kosctpykuns. Mocksa, 1976.
2. Yokep I'. Actposomuueckie HaGmogenns. Mocksa, 1990,
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Ta6.1. Mapaserpst raasioro Teaeckona YJIHC

d; (mm) I (mm) 1, (mm) excentr. d; n,
600 0.0 -3200.0 1.0 -1.0
150 -1200.0 -933.0 13333 10
65 2800.0 00 0.0 10
almi Ta6.2. Papettaoltis cnocobiocts Teneckona ¥JTHC
30Ha 1, /r 7, (mm) F, (mm) 8,=F,-Fu 5, 1poy
04 116.5 348 r2 0013
0.5 149.5 330 -0.6 -0.008
0.6 183.5 343 0.7 0.012
0.7 2165 326 -1.0 -0.019
08 2495 342 0.6 0014
0.9 283.5 32.5 -1.0 -0.027
38e3na 2 Ta6.3. Paspewoutas cnocoGiocts Teneckona JI YIIHC
20Ha r./r r (mm) F, (mm) 5,=F,-Fu 5 tgoy
04 116.5 390 45 0047 -
05 1495 327 -1.8 -0.024 .
0.6 183.5 356 1.1 0018
0.7 2165 30.0 4.5 -0.087
08 2495 338 -0.7 0016
09 2835 36.0 1.5 -0.037
first parabalc mirror
second mirror
hyperbolic mirror
h..‘.
\Iu]'
eyepeece diflection | | | prism
lqjj

Puc. 1. lnasnas onmveckas cHcTema saseproro pansnomepa YJTHC.
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Puc. 2. Kpusas nonepevnoil aGeppauns s Puc. 3. Kpusaa nonepevtioil aGeppaumu ms
HaGmonenns cUmi. HaGmoaeHHA cnaboii 38esl,

A5, mm

0.030

0020¢
Qo0
ao L 2 1 L

0'60 Q80 10 r

- 000~
-0020
- 0030

Puc.4. Cyuuapnﬂ KpHBas ionepeuroft abeppaui masHoro Teneckona YJIMC.
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METOIMKA IOCTUPOBKM ONTUYECKOW CHUCTEMbBI
JIABEPHOI'O JJAJIBHOMEPA Y JIU C

A.Croiikos, M.AGexne
Actponomiyeckan oGcepsaropia JlaTeuiicKoro yHusepeimeTa

Abstract
"Ali-alt” mount of satellite laser ranging station ULIS has special configuration of optical
sysiem. There are two telescopes - the first with 630 mm diameter as a receiver and second -
with 120 mm diameter as a transmitier. A procedure of putiing in right the positions all optical
elements is described. By using this procedure, it is possible to get diffraction (diameters of star

images does not exceed 2 arcsec).
The second part of tuning procedure contains exact collimation of opmal axes of both
telescopes.
Kopsavilkums
Rakstd apskatita metodika, ki jiregulé lizeneleskopa ULIS optiskie clementi, lai icgitu

nepiecicamo precizititi,

Crneuncpuxka Bonpoca IOCTHDOBKH ONTHYECKOH CHCTEMbI | Na3epHOrO
coyTaukoro pansiomepa YJIMC sasncur 8 Gonblioll cTenesy oT ocoGeHHOCTH ee
reomeTpuueckofl xondurypannn. 3nech cosmemensl ase Kondurypaunn Kyne na
oniHoN “anrant” monTHposke. Ha puc.14 nana npununnuanbhas cxema TENECKONOB
Kaccerpan-Kyne min nepepaus # npuema naszepHoro uamyvenus. Mmnoctpauuio
npoxoXneHns Jgyued 4Yeped maesnlit Teneckon YIIMC cm. puc.l Ba crp.55
HacToniero c6opHHKa. :

3necy npeAcraBNeHa METOAHKA IOCTHPOBKH STHX JIBYX ONTHYECKIX CHCTEM.
lNpn cofmopenHH NOPANKA BLINONHEHHN HHXKEyKajaHHbiX onepauuit, obec-
NEYHBACTCH UCHTPHPOBKA H YCTAHOBKA HAKIOHA KAXNOMO ISMEHTA CHCTEMb! C
ofuwieit yrnosoft omuOKOH OTKAOHCHMS BHIMDHOH NMHHH B paGoueM YrIoBOM
JManaloue He Gonee | yra.MHH.,, KOTOpYi0 NOCNE BLIMONHEHHS 3TaNa TOHKOH
1I0CTHpOBKK MOXHO foBectd Ao 10 yrn.cex. CuHTas, YTO KAYECTBO H3TOTORNCHHS
CaMHX NOBEPXHOCTEH COOTBETCBYET TPEOOBAHHAM NA3IEPHOMN NOKAUMA (MAKCHMANBHAS
omKGKa OTKAOHEHHA KAXIOH TONKH MOBEPXHOCTH He JOXa npesbumats A/10 mo
CPaBHEHHIO C TEOPETHYECKH 3alaiHbIMK), B Pe3ynbTaTe CTHPOBKH obecneYnBaercs
Ka4ecTso NH(pPaKnNHOHHOrO H306paXKeHHS, KOTOPOE XapaKTepH3YeTcs NHAMETPOM
REPaKIHOHKOrO KpyTa B rAaBHOM (hOKyce He npessimaionienM 2 yrii.cex.

Takolt Xe' HOPAROK TOYHOCTH MOXHO NOMY9HTh CHocoGOM COBMEHICHHS
BHIHDHBLIX JIHAMHA OOEHX TeNecKomoB. IToT cilocol paccMaTpHBAaeTcs B nocnc,uncﬁ
YaCTH KOCTHPOBOYROM NPONERYPbL.
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Puc. 1. Bucasnchile ropiioRTansiofl ocH Teneckona.
HOcmuposka npuGopa nponisoauTcs noche nonuoii cOGOPKH Ba OyHKTE
Rabmonenui.

1. lopusonTuposanne oceit npa'ﬁopo
1.1. OcBoGoXnaloTcs PeryHpoBOtHbIE BHHTHI NPABoro NojmHnEMka 5 u 6
(puc.1).

1.2. Ha cneusanbpie MIOMEAKE FOPIIOHTAILHON OCH 2 CTABHTCA HaKNafHOR
yposetis | mapamiensiio ocut 0,—0, 8 ropisowranerom sanpasnesny. [lonycriman
norpeumocts £30”. 3amarusaiores runTs! 5 1 6,

1.3. Yposeun crasutcs Ha naoumanky 7 napaanensso ocu 0,-0,. [Mosoporom
sokpyr oci O,—0, npu nomomu peuratens LIM1 eeicrasnserca oce 0,-0,

HTALHO ¢ TouHOCTHIO £307,

1.4, Yposens | crasuTcs Ha miowanke 8, caR3anuoll ¢ KOPOYCOM TejecKona

(puc.2). : o

|
b

e ool il

e

Puc.2 BoicTasneHne BepTHKRALHON OCH TENECKONA.
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[Tosoporom Teneckona Bokpyr oci O, reoMerpiueckast OCh ONpaBbl 3epKala

Puc. 3 a. KOcmposouroe npuenocoGienne Ha TpyGe Tenccxkorna.

0,-0, nanpamisierca Ka 3eHHT. PHXCUPYIOTCA HYNLNYHKTH! YIVIOBLIX AATUHKOB IO
0GOHM OCAM IUIH 3ANUCLIBAIOTCA HX MNOKAZAHHA JUIH TOMKH JEHHTA.

2. IOcTHPOBKA ONTHHECKOH CHCTEMbI TECCKONA

2.1. Ha nepenuuit KoHeil TpyGnl Teleckona CTABMTCA IOCTHPOBOYHOE
nprcnoco6nenne 9 (puc. 3) u komnencupyomui nporisosec 10.

2.2. Tlo yrnomeiM natduxam ocsk O, manpamnsieTcs B 3CHHT H TOYHOCTH
YCTAHOBKH KOHTPOJIMPYETCS HAKNAAHbIMH yposusaMi (n.1.3. v n.1.4.).

S
13 16
0 s

6.1
16.22

= |l II'_\

gl ey

Pic.3 6. PannivibHas UCHTPHPOBKA MABHOrO 3epKasa.

2.3. Buntamn 12 ocs 1octuposouitoro npucnocobnenus O,~0, gosmemaercs
C reoMeTpHiecKoit ocklo onpassl 3epkana 0,—0;. Tonoxenne ocit kKowgponupyercs
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yposuem 11, BpamaioniMcs BMECTE € NOBOPOTHON  NacThio IOCTHPOBOMHOTO
npucnocoGuenns.  Koutponb  npow3BOAMTCS B [IBYX  NEpNEHAMKYASPHbIX
Hanpawienusix ¢ nosoporom Ha 180" nomsuxnoit wactw. IMocne locTHposkH oceit
BunThl 12 cronopsires.

2.4, Jis ynoGersa paGoTsi TpyGa Teneckona nanpamercn B FOPH3OHTANBHOE
nojoxenre (puc.d).

2.5. Pappanbnoe  UCHTPHPOBaHHE  TABHOIO 3epkana. Bpa'wlwaa TpyGa,
10CTHPOBOMHOrO npHcnocoGACHHS HABOANTCH Ha HAPYXHbLI Kpai 3epkana 14.
[pensapumebhbiii OTCHET MO WKW MHKpoMerpa 15 pamen 18.6, monoxenue
ofbekTiBa +12 MM YCTAHIBAMBAETCA OTHOCHTEIBHO TOMKH (DOKYCHPOBKH Ha
Geckoneuiocts no wrwie 6. Fponssoautca Tounas ¢okycuposka oxkyaspa na
cerxy M kpaif 3epkiuia. [Tooyepemo nasBoiTCs KpecT HUTER 3pHTENbHON TPYOL Ha
Toukd Al, A2 ¥ A3 # 3uaniceIBalOTCS OTCYeTH! WKWIbl MAKpoMerpa 15. U3 Hux
oGpazyerca cpepiee apuhmeriveckoe, U anmG mKansl 15 crairces B pacuetHoe
nonoxenne. Buimamu 16.1; 16.2 n 16.3 cMemaerca uenTp 3epkaia 10 COBRANEHHS
Kpas 3epKajia ¢ KPecToM B MOAE 3PEHHA 3pnTensHoi TpyGbi. Ecam pasnocts otcuera

Piic. 4. Bua B nane 3penus 3pHTeasHOR TpyGst.
HE MPEBOCXOMT ' +2 fleN., YTO COOTBETCTBYET CMEUICHHIO UeHTpa 3epkana +0,2 MM,
BanThl 16.1-16.3 3a1srnparoTes ¥ CTONOPSTCS.

2.6. Ycrpanenne HaK[OHA IaBHOTO 3epkana. Bxmouaercsa namnouka 18
3puTenbEOf TPyGhl. TpyGa Haknonsercs Ha 9.2 penesms No iUKane MHKPOMETpa H
tpoxycupyercs Ha —8 MM oT orcuera msa 00.

Jlpoeogurcs TouHad (POKYCHPOBKA aBTOKOIIMMIHOHHOrO H306paxeHus
KpecrTa W MHKPOMETPHHECKAM BHHTOM COBMEMIAIOTCH H300paXKeHHs Kpecra ¢
TAHPCHUHANbHOM MHHuel Hirrel. [lenalorcs OTCYeTsl B TPEX NONOXEHHAX NOBOPOTHOH
YacTH KOCTHPOBOYHOTO NPHCNOCOGNCHHA 4epes 120° NPOTHB NONOXCHHA BHHTOB
17.1, 172 u 17.3. [lanee noctynaioT KaK B HyHKTe 2.5., HO PEryHpOBKY NPOBOAST
suntamu 17. [loGHBAIOTCA COBNAAERH OTCYETOB +2 e, MHKPOCKONHYECKOro
sAnTa. Baams 17 cronopares u 3aTATHBAIOTCA NpHKHuMB! 19,

2.7. PapnanvHas UCHTPHPOBKa BTOpHMHOrO 3epKana, Teneckon wasoautcs na
HApPYXKHBIA Kpafi BTOpHYHOro 3epkana. [lanusic ans npeisapHTEAbHOR YCTAHOBKH:
thokycupopanne +1 mm, Haknon 3,8 mm.
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Octposka nposoputes Kak B 2.6., Ho paGorator sunrtamu 20. [lonycrimas
TOYHOCTh *1 gen. MHKPOCKONMYECKOH WIKanbl (Menb4e yBEIMMCHHMA 33 CueT
GOoNbIIOTO yRANCHHA BTOPHYHONO 3epKana).

! 2

A

‘9% — "’(.
By, L T7 WY . oy

2/ o, ’ 72

Puc.S. Ycrpanenué HAKNONA MaBHON JepKana.

2.8. Ycipanerue HAKNORA BTOPHYHOrO 3epKafa NPOBONUTCA AHANOTHYHO
5.2.6. Mcxonusie pannsie: (oKycHpoBka — 5 MM, HakinoH 3,3 MM, fonyck +2 gen.
mukpomeTtpa. Bpawasor suntst 21 (pac. 5).

2.9. Octuposka aMaronanbHoro 3epxaia Teneckona. 3puTenbhas TpyGa
JOCTHPOBOYHOIO Npicnocobnenus dokycupyeres (orcyer O no WKane OCTHPOBKH) H
HAMPARIAETCH NAPANIENLHO OCH BPAUICHHA IOCTHPOBOYHOIO npHcnocoGnenns. B
AOIE 3PEHMs TeNCCKONa BBOANTCE 3€pKano NEpPEKAoYaTens © CHEMaercs
doTonpueMHEK.

Ilpn neoGxopmmoctu AmadhparmMa ocpemaerca nammol 23, OCTHPOBOYHOE
npucnocolienue noovepenso nosopawusaercs ua yrust 0°, 90°, 180°, 270° (puc.7) u

HIMEPAETCH NOAOXKEHHe Auadparmbl.
! Hamepenns nposojsTcA OpE yriax Nopopora Teneckona no ocH O, Ha yraax
~60° n +60°. INonyuator 3mauenus koopansat uesTpa ;madparmst X, Y-, X,, V..
MNomyucHubIC IHAMCHHA KOOPAKAAT HAKOCAT HA rpathuk (puc.8).

Touxs Py, P_, P, ao/okus! Aexars Ha OKPYXHOCTH, USHTP KOTopoil B obmeM
cryyae Haxogurcs B 1ouke C. Ecam toswa C cosmagaer ¢ Toukof O, 1O
ANATOBAILHOE 3EPKANO NPABANBLHO OTIOCTHpOBaHO, Eonmy xoopaEmatel Toukm C
pasinl X¢ K Y , TO Ha KOOpAHEATY X BAHACT Pa3HOCTh NOBOPOTa BHATOB KPETUICHHA
nuarosanbRoro 3epxana 24 u 25 (prc.9), a Ha Koopnuuaty Y suaT 26.

Tocne cosmemensn Touke C ¢ HauanoM KOOpAEHAT C TOWHOCTHIO 1 pei.
BHHTBI CTONOPAT H IOCTHPOBKA 3epKana 3aKOH4EHa.
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Putc.6. HOcTnposka AHaroHanbHONO 3cpKana.
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2.10. IOcmiposka npu3m 1enccKonsoro Kanana. Teaeckon CTaBHTCS 8
CpeiHee NOJNOKEHNE NO OTHOWEHHIO KO BTopodt ocH. HOCTHPCBCUHLIMK BHHTAMH
npusmbt (puc.10) 27 u 28 joGusaioTes Nonoxenua, Korpa u3obpaxenus nuacdparmel
COBNAQAET C UEHTPOM IOCTHpOBO4HOro npucnocobnenua (rouka 0, pue8).

TNposepaeTca ycTanosKa npH nceopore Teneckona ua 180" sokpyr ocn O,—0,. INpu

Yy, 0
Y B

270°

Puc.7. KDcmposousoe nprcnocolnelne Ha TpyGe Teneckona.
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HeoOXOHMOCTH TPOBOJIAT IOCTRPOBKY Auadparmel s cosMentenus ¢ ockio 0—0,.
2.11. OcTupoBKa Na3epHOro KoLIMMATOpPA.
Ha montuposky (puc.11) nancsaercs
NpH3IMEHHbIT MOCTHK 29,
y ; Yepes cornacyoutyo JIHH3Y
2 JIA3EPHOTO KOLTHMATOPA NMPONYCKAETCA Ayy
P rajoBoro Jjiasepa. B none 3penna rmasnoi
4 ONTHYCCKON  CHCTeMbl  4Epe3  OKynAp
HubnoflaeTest NATHO OT cOKYCHPOBAHHOIO
naseproro naryyenns (puc.12).

P IO0cTHpoBOUNLIMI BHHTAMH Fa30BbIA

C Na3ep BBOANTCA B UCHTP NONA IPEHHA.

0 Busrramu 31 poOuBaloTcss  NOCTOAHHORO

X NONOXKEHHA [ATHR NpPH TNOBOPOTE BOKPYT

ocH O.—0,, a4 nosopaumusas AHATOHWILHOE

Puc.8. Onpenenesne ucHtpa 3EPKAN0 NPHBOAAT NATHO B UEHTP NoiA
KpHBUAIL, 3peHns.

2.12. PokycHpoBKa ONTHYECKON CHCTEMb! NMPOH3BOAMTCS NO 3BE3aM WIH
ynanexHoMmy - npenmery. Bo Bropom ciyuae Hamo yumThlatTh NE(OKYCHPOBKY,
KOTOPYIO MOXHO BLIYHCAHTH No hopmyne:

j =itg) | S|

5TTs
me S, — paccroauue fo npeamera. [ledoxycuposka pasua: Af =S, - f.
Tpn Heo6XoARMOCTH MEHAETCA PACCTORHKE MEXKMY 3EPKATAMM,

TaGimua 1. Yrcrossie fanHbie 118 NPOBLACHIA ONEPaliHil IOCTHPOBKH.

N2 Onepauns Haxnou

| | PammansHas ueHTpMposka sepKana 134= . 7.7 1186
2 | Ycrpanensie HAKNOHA MABHOMO 3epKana 1143 3.8 9,2
3 | PamanbHas UHTPHPOBKA BTOPHUHOTO 3eprana | 123 1,6 |38
4 | YorpaneHne HIKAOHA BTOPHYHORO 3epKana 1173 14 3.3
5 | HOcruposxa nwaronansoro sepkana i npuamst | 122Y 0 0

3. Tonkas OCTHPOBKA IIaBHOH CHCTCMBbI TEJIECKONA

3.1. lNpepnonaraercs, 4To nposeaeHs! Bee sramht 2.1.-2.9.
: 3.2. BpurenbHan TpyGa IOCTHPOBOYHOIO mpHcnocobnenna (okycmpyercs ma
Geckoneynocts. Co  CTOPOHBI OKYAApa [MaBHONO TeNecKona HaGmogaercs
u3obpaxeHne KpecTa W3 aBTOKOQUIHMAWNOHHOTO npHcnocoGnenns. Takam obpadom,
Hcnonbayercd  GoAbIIOE YBEiliYeHHe TIMABHOH TENECKOTNHYECKOH CHCTEMBI H
HMHTHPYETCH HCKYCCTBEHHas 3B€3la B €ro mnosie 3peHHs. TOYHOCTh namyYaeMoH
JOCTHPOBKH MOXHO OLEHHTH, HCIONB3YS CETKY OKyNApa. S

3.3. Tlosopaumsas cucremy sokpyr ocH 0,—0,, okxynspHas cerxa
NEHTPHPYETCA MyTEM MONY4YEHHA HENONBHXHOCTH CBETION0 KPECTa B Noje 3PEeHHA.
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Puc.9. Ocmiposouninie BiHTHE Puc. 10, FOcTupoBosHbIe BUNTHI
AAIOHWILHOND JCPKILLA, - MPHIMBI.

3.4. Ipu nosopore cicremst sokpyr ocH 0.—0,, # € HCNONILIOBAHHEM BHHTA
23 npow3sOANTCA TOMHAA IOCTHPOBKA MPH3MbI MNABHOTO TENECKONa, NpPH 3TOM

HEOGXOMHMO  CHCANTD 34 HENOABHXHOCTLIO CBETNOrO Kpecta B nosae 3peHHA
THICCKONa. §

A
, 5
J, :
'_“/_Z l/J -
02 ; B o W s ] QZ
Puc. 1 1. Mpuasennnlil MOCTHK HA Puc.12. Bua 8 nane IpeHus
TenecKone, TenecKona.

3.5. Hzobpaxenue CBETNOrO KpecTa UEHTPHPYETCH OTHOCHTENLHO CETKH
oKynsipa npi nomoui BunToB 24, 25, 26 (puc.9) AnaronansHOro 3epkana.

3.6. B cnyvwae TpymHOCTH NOMYHMEHHS HEMNOABHXKHOCTH CBETHOIO KpecTa
cornacio 3.4. HeoOXOOMMO TNEPEMECTHTL [IHATOHANLHOE 3EPKaio NApaMIENbHO
camomy ceGe BBEpX WIH BHW3 HA BEANUMHY A TaK, WTOObl €0 3ISPKANMHAR
NOBEPXHOCTh NPOXONWIA TOYHO YEepe3 TouKy nepeceuenns ocu spamenus O,~0; u
ONTHYECKOH OCH IMABHOro TeAeCKOona.

4. Bropoil BapHaRT IOCTHPOBKH NApPAMIEAbHOCTH OOOMX KaHanos 6e3
NpHMEHEHHA Fa30B0T0 a3epa.
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Pue. 13. Pokyciposka ONTHYECKON CHETCMBL
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Puc. 14. Onmiveckan cxema Teneckona YJTHU
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4.1. Co cropoust paithokycupylomeil NHH3bI NA3ePHOro KOJKMaTOpa Yepes
OKy/IAPHBI MHKPOMETP, C(DOKYCHPOBAaHHbI Ha 3a1HIOW (DOKaNbHYIO MIOCKOCTL
KOUIHMATOPHON CHCTEMBI, HaGnioflaeTes H306paXeHne OCBelleHHON CETKH oKynspa
17 B rnasnoli Teneckonn4eckon cucreme (em. pyc.l na crp. 55 pannoro cGopnuka).

4.2. Ilpn noMou IOCTHPOBOMHBIX BHHTOB 41 OKynsSpRbIfi MHKpPOMETP
UeHTpHpYeTea oTHOCHTebLHO ocH Bpawenus O,—0,, npn 3TOM HeoGXONMMO CEAHTD
3a HENOABIDKHOCTLIO HI0OpaXKeHns okynsaphoit cerkn 17 8 none spem OKYNAPHOIro
MHKpPOMETpA.

4.3. Tlpu noMou IOCTHPOBOUHBIX BHHTOB 31 NPH NOBOpOTE CHCTEMBI MO OCH
0.~0,, noGusalorca cvosa Henoasmxnoctd cetku 17. Takum oGpasom, nenaercs
TOHKAsS FOCTHPOBKA NPH3IMCHHOrO GRoKa NA3EPHOro KOANUMATOpa.

44. MHioGpaxenue cerkn 17 ueHTpHpyeTcs C OOMOMUIBIO BHHTOB
AsaroHankHoro 3epkana 30.

5. OGnepuuenbli MeTO[ IOCTHPOBKH NAPAUIENLHOCTH BHIYaNnbHOIO H
KOLTHMAIHOHHOTO KaHAIOB

5.). CymHocTs MeTOAA COCTONT B NPOBEIEHHHN ONEPALHIl AHANOTHYHBIX
onucannbiM Boiue (4.1-4.3), Ho naGnofian NPH 3TOM H306PaXKEHHE KOUTHMATOPHOR
CHCTEMBbI iepe3 OKyJSp riasHoro Tesieckona. Iins aTofi uean onTH4ecKas CHCTEMa
Kouemartopa hokycupyercs Ha 6eckoneunocts. [lpefnonaraercs, 4To NpHIMEHHbIR
MOCTHK YK€ OThIOCTHPOBAH. ;

visual charnne!

%f@%@ !\%hﬁm ey

T calimation
collérmation el 7 g device
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Puc.15. Tpoxoxaesne nyyei Hepes MaBHYIO OMTHYECKYIO CHCTEMY .
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SKCNEPUMEHTAJIbHOE HCCINEIOBAHUE HCTOUYIIMKOB OHIMBOK
TOYHOCTH HABEIEHWS JIABEPHOT'O JIAJIBHOMEPA YJIMC

A. Croiikos, B. Jlanonixa
Actponomuveckan oGeepratopis Jlateuiickoro yuubepeimeTa

Abstract
Measurements of the hysteresis of electromechanical transmission of "alt-alt” mount of
satellite laser ranging system ULIS are done, the systematical curves of angular errors are found.
The results are checked on real instrument’s work. A combination of theoretical modeling of
angular errors sources and experimental determination of some of them will be useful in future,

Kopsavilkums
Eksperimentili izpetitas alt-alt sistemas  pavadogu lazertilméra ULIS-Riga "alt-alt”
montéjuma clekiromehiniska pievada histerézes. Noteikias pievada sistemitisko lepkisko kjodu
funkciondlas sakaribas, Rezultati aprobéti instrumenta reilaja darbd. Nakamaja darba stadija
Jjasaskano cksperimentali iegptie rezultati ar 3o kjadu avotu teorctisko modehi:

B [1]  paspaGotana 8 nupaMCTpHUCCKas MOf&L  YIIOBbIX  OutiGoK
monTiposkit naieproro fanbhomepit YJIMC n meroanka xwnnGposKH TOMHOCTH
HaBefleHN Teneckona no onopubiM 3se3naM. Ilo sroit Meronuke onpenensercs
obuwian ownGka nasepenss. B npencrumnenuoit paGore NPOHIBEACHO OTACALHOE
HCCNENOBAHIE NPHBOAA M CHCTEMb! OTCHETa MNOAOKCHMA TENECKONA JAICPHOro
pansioMepa YJIMC-Pura u onpepenenst yriossie olmiOGKi, BHOCHMBIE 3ITHMH
CHCTEMaMK  MPH  YCTAHOBKE TRJICCKONA HA  3a0aHAYI0 TOUKY M NPH JIOKAIMH
Hekycersennoro cnyriika 3esum (MC3). ]

[Mocae ycTaHOBKH CHCTEMbI OTCHET? MONOXKEHHA TENECKONa HA Aa3CPHOM
pwibHomepe YJIHC-Pura nossunachk BO3IMOKHOCTh HCUIEAOBATE NPHBOJL OTALIBLHO OT
APYrHX MEXAHHYECKIX CHCTEM JIlbHOMEpA.

Cucrema OTCUETA NONOKEHHA TENECKONA COCTONT H3 CTEKSNHHLIX JIMCKOB, Ha
OlHOl MOBEPXHOCTH KOTOPBIX HAHECEHbI Mepe3 KUKMLII UEnbii rpajyc acienHs
(prc.6), ¥ H3 OKYISIPHBIX MHKPOMETPOB, NPH MOMOMIH KOTOPLIX 3TH MAENEHMA
orcuntbiBalorcs. CTEKIAHNLIE [IMCKH JKECTKO NPHKPEIUIEHb! Ha OfHOM H3 KOHIOB
Kaxknoit w3 oGeHX oceft M UEHTPHPOBANLI OTHOCHTESbHO COOTBETCTBYIOLIEH OCH
spamienus. OKyNSpPHbIE MHKPOMETPb! MPHKPEMIEHb! HEMONBHIXHO K KOHCTPYKUHH
fepxatenst ocu. [orpenHocTs HIMEPEHNs NONOXEHHA rPafyCHON METKH no:ry‘iaetm
e Gonee 3 arcsec.

I1pHBOA ABNAETCH HCTOUHHKOM CACAYIOUMX YIOBbIX OumGoK [1]:

o ymoBas  onmbKa, CBA3ANNAA €  IKCUCHTPHCHTETOM  PElyKTOPHBIX  Y3NIOB
OTHOCHTEJIBHO OCeli NOBOPOTA;

®  ymiosas owHOKa H33a III'O(!Tl‘d NOAIUHITHHKOB B TOYKAX KPCIVICHHA K [ABYM OCAM,
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e ymiopuas ounmGKi. BHIIBAHNAA  HEPABHOMEPHOCTHIO pACTIONOXEHHS 3y6bes
PEAYKTOPHOTO Bl
Hcxois 13 KOHCTPYKTHBHBIX COOOGpPAXKEnuil, NPEANONAracTes, YTO CHCTEMa
OTCUCTd HONOKCHIA TEICCKONA JIA3CPHOFO [ANbHOMEpa BHOCHT AONOJHHTENLHbIE
ownbKi, KOTOPbIC HCOGXOAUMO YHMMTHIBATH 0PN  BLICTARNEHHH TENECKONa M
onpenencuit ero nonoxenns. Mcrounnxasu aTHx onGoK ABAAIOTCA:
® JKCUCITPHCHTET MG OTHOCHTENLHO OCH TIOBOPOTA;
®  OmNGKH HAHCCCNNS feaCHIr na MG,
IKCHEPUMENT NPOBOIVICA OTAMILHO NO Kaxiaoit u3 oceh. C nomoutbio
CHCTCMB!  yNpamienus  AaICpHbiM  [AMLHOMEPOM  TRJIECKON  BhIBOAWICH  Ha
onpeneacanyio Toury @ = (=60; 60)°, y = 0% win @ =0°, y= (0; 180)°, u nocae ee
BLINOAHCHIA CHITHIBAIOCH NOJOKCHIE TENCCKONR O WIH .
HrtolGni nccne/oBath  FHCTCpe3nc NPMBOfiA,  MCHAAOCH HanpaBleHHEe
ABICKEHNA, A i yMenbiicnus ownGoK CUMTHIBAHMA, IKCnepuMenT Gbul npo-
HEJIAH HETBIPE pida N0 Kkiod 13 oced. PesyawTarst npusenenst Ha puc. 1 1 2.
YrioBhic OUMGKM UPHBOAA M CHCTEMBI OTCHETA  MONOXEHHS = TeJecKona |
poCTHralOT o aGcomoTiibg 3naveniam 8' no ocu @ H no ock . Cpasnenune
PE3YALTITOR JKCNEPHMENTA C MOAENBIO  YMIOBBIX  OWKGOK NPHBOAA Na3EpHOTO
panbiomepa  YJIMCG630, paspaGotamioro 8 [1] nokadsiacr, 4To ocHOBHbIM
HCTOMNHKOM YFIOBOM 0WNOKit NPHBOAA SBASETCH IKCUCHTPHCHTET PERYKTOPHbBIX
Y08 W AUMG0B OTHOCHTEABLHO oOccil nopopora. M3 nonyuyeHHbiX pe3yasTaTon
BHAHO, YTO no o6ciiM OcsAM npnsofa wmeercs riucrepesnc. 1o ocn @ ero seanyuua -
pocruraer 10", ano oo y - 30",
Jlns ncenenosanus rucrepednca Gbul CASNAHE CACAYIOMMA 3KCNEPHMEHT:
I. Haunuam c wucxommoil  mo3uuu @ =0° u w=90" TeAecKon
nepemetncs o @=0°, w=30" uepes xaxmpit ueawmit rpagyc. Ilps stoM
CHHTBIBUIHCH NOKaZans AMMGOB (0 — NuiHA — Ha puc.5.
2. Ilocne nocruwkenns w=30" Teneckon nepemewancs B o6paTHOM
HanNPawICHUH YSPe3 KaXablil rpanyc - NHuuA ee, :
3 Haunnas KaXJIylo YCTaHOBKY TeecKona ¢ Bixosoro nonoxexus @=0° u
w=90", Teneckon nanpaanancs ua y=85", 80°, ?S".... 30" (npu @=0")- Aumua +,
notoM Teneckon Ghin podspamen madag ma 1° - mwsus . [is creayiomero
H3MEPEHHA, TECKON CHOBA YCTAaHARIHBANCA B HCXOAHYIO BO3HUMIO.
AHUIH3UPYA NOMYYSHHbIC AaHHbIE, MOXKHO CACNATh CNENYIOUHE BLIBOMALI

1. Jlunus ommGkH, nonydyeHHaR B SKCHOEPHMEHTE 3, ' NpH NEPBOHAYANLHOM
RaNpaRNEeHUA Teneckona B oOmeM He cOBDAgaeT C juuuedl owwGKu,
nosyuensoi B axcnepumente 1. Ona HAXOMMTCH MEXIY IHEEAME FHCTEPCIHCA B
npsAMOM B o6paTHOM HanpamICHEH.

2. Jinnus yrnopoi OMHGKH NONOXKEHHN TENECKONa, NOTyYeHEAR B IKCUEpEMERTE 3,
KOT/la TeNecKon K3 ONpPENENeHRoN NO3HIMY Banpam/suics Ha rpagyc Kasaj, TOuHO
COOTBETCTBYET NHHAH, HOy4EHHOH B aKcnepHMenTe 2.
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MerofioM  HauMmeHbMX  KBagpaToB  Gbumit  madifncubl  xodahpuimenTsl
NONHHOMHAILHON annpoKcHMamuy, onuceiBalowes  A(p)=F(p) n A(y)=F(y) Ges
yuera rucrepesnchoro sthdexta. Ocrosauns st 3Toro gact whiso 1. :

MMonyyenusie peynbTatsl Gbuld  anpoGHPOBaibl B CHCTCME  YNPamicHuA
AAICPHLIM AWILHOMEPOM, H YUMTHIBUINCH MPH CACAYIOUIEM IKCNCPHMEHTE KAk
owHGKH NpHBOfMla M CHCTeMbl oOTCueTa nonoxkewns Teieckona. [lonyuenisie
peaynsTathl oroGpaxenst #a puc. 3 # 4. Ocrarounnte owmMGKH CBRIAHBI €
HETOYHOCTHIO ANNPOKCHMALHM M HEYYTSHHBIM THCTCPE3HCOM NpPHBOA M Ne
apessuuaior 25" no oGenm ocam.

v :
oy dH")
=
a SR
w} ‘,f *
00 Vy
b ' - m
" . | V() 0 y{o)
100 100 0+ i + 4
0 2 100 = 0
Puc.1. Yraosas ownbka npisosa no ock ¢. Puc.2. Yriosan own0Ka NpHBoja no ocH .

Puc.3. OcratouHbie yImosbie OIHOKA Puc.4. Ocrarousbie yropsie ommHOKH
ocH . APHBOJA N0 OCH Y.
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Puc.6. Jlumbsr YIIHIC.

Jlurepatypa

1. Crofixos A. Pacummpennas yrmosonapameTpuieckas mofens YJIIHC630 u ananus
SKCNEPHMEHTALHAIX PeayibTaTon Kam6posky cranums YJIUC no onopHbiM sseanam. LU
Zinaniskie raksti, Nr. 586, Riga, 1993, 53-56 Ipp.
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BTOPOM JIABEPHBIA NAJIBHOMEP B PUI'E - YJIMC.
HAYAJIO U3MEPEHUN

A Croiikos, 10.XKarap, M.AGene, B.JIanomka
Actponomutieckas obcepaatopis JlaTanfickoro ywisepeumera

Abstract
Achievements in mmp!enng ol satellite laser ranging system ULIS in Riga is reported.
An original "alt-all® mount is used, what allows to reach all points in observed celestial
hemisphere. All measure cquipment is imobile during work®s scances. Two different optical
systems are used: one for emiuting the laser radiation with 120 nun diameter and other with 630
mm diameter for receiving and for visual control. At the moment (March 1995) the presents
about 10 aresee pointing error and about 3 cm MSR 1o target distance.

Kopsavilkums

Raksta np\Lalm padaritais darbs pavadogu lazertilméra ULIS-Riga sagatavoiand un
modernizéSand. [zmantots originals "alt-alt™ monigjums, kuras darbibas apgabala nav lokacijai
slégiu zonu,  Viss méraparstiza darba Juikd atrodas nekustiga  stavokli.  Iamantotas 2
teleskopiskas optiskas sistémas: viena ar 120 mm diametru, lai formétu zondejosa lizerstara
geometriju un otra ar 630 mm diametru atstarotd signala uziverSanai un teleskopa uzvadiSanai,
Stacijas ick32jo laiku var sinhronizét ar GPS palidzibu vai citu @rgju laika avow. Uz doto
momentu (1995.g. martu) stacija nodrodina 10 aresee liclu uzvadiSanas precizitati un 3 em vidgjo
kvadritisko kjadu, mérot attalumu lidz nekustigam merkim.

1. Beeneune

Ucropita stopoii nasepuoil cranuun 8 Pure - YJIMC navanace Becnon 1984
roga, xorma B Hucruryre Kocmuuecxux wuccnegposannit “COSMOS™ B Crapa
3arope, 8 Bonrapun coBmectHo ¢ Actponomuueckoii oGeepsaropueii Jlarsuiickoro
yHHBEpCHTETa Hauanack padpaborka npoekta YJIMC - npumenenwe “anrant’
MONTHPOBKH MU ueiei nasepuoil noxkamwnn MC3. [locne 3asepuienus nepsoro
obpazua |1], wa Teppuropun reopeanycckoit oGeepsaropun INIAHA B Boarapun
Hauatacs pabora no ero 3anycky. Ycneumbii 3anyck B 1987 rony nan ocuosanue
VIS COBMANMS elme ABYX Takux crannmit. Omna #3 wux B Henonxo# Kondurypauuu (s
ocHoBHOM Ga3oBaA MOHTHpOBKa U onTika) 8 1988 rony Goua nocrasnena B Pury. K
COXANCHHIO, TOCIEAYIOUHE NEPeMeiibl B BOCTOMHOCBPONEHCKHX CTPaliax OTPA3IACh
#a 3toM npoekrte. Heemotps ua 1o, 4To Goarapckiil NATENTHbIH WHCTHTYT OpPR3HAN
4BTOPCKHE MpaBa WICCTH apTopoB (Tpoe GoNrapos M Tpoe JaThllied), Ha 3Ty
OPHIHHWILHYIO  patpaGoTKy, faibHemuan paGota no 3ToMy npoekty Obula
OCTaHOWIEHz.

B 1993 rony Actponommieckas obcepsatopust JIaTBrilcKoro yHHBEpCHTETA
pennuid AOBCCTI A0 KOHUA ITOT NPOEKT W YUHICTROBATH C HHM B IKCHE[HUHH B
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0xunom noayuwapun. Ilocne nonworo oGHOBACHHS ynpamienus, perucTpHpyioumen
HaCTH N HEKOTOPHLIX MEXAHHYCCKEX yanos 8 sisape 1995 roga Geuin nonyyeHsb!
NepBLIE PE3YALTATHI MPH KanHGpOBKE H3IMEpeHns paccroannx [0 HEMNONBMKHOM
MHIUCHH. \

2. MonTrpOBKa

TpHMEREHO  OpUIHHANBHOE  KOHCTPYKTHBHOE  PEINCHHE  HCIIONb30BATL
AByXocHylo “anTant” MORTHPOBKY (cM. puc.l Ra cTp. 58 mactosimero cGophuka),
KOTOpas HMEET HECKONBKO NPEHMYNIECTE N0 OTHOIEHHIO K YXK€ H3BECTHLIM THNAM
MOHTHPOBKH:-

® OTCYTCTBYIOT 0COOBIE 30HbI (TAKHE KaK OGNACTh 3EHHTAa NPH ANT-a3WMYTAILHOI
monmiposke). Tounee, onn nonyyatorcs Bie pabouero muanaizona naGniofaeMol
yacTi ieGecHoll cephl, TaK KaK KOOPIHHATHYIO CHCTEMY “AnT-ant” MOHTHPOBKH
MOXHO CHHTATH MNOAYYCHHON W3 TOPUIOHTANLOH TONOHEHTPHYECKOH, MyTEM
nosopora ocHosHOR wiockocth XY #a % (oM. prc.] na 84 crp. macroamero
cOopunka);

® YrnoBOH AMANAIOH uaﬁmoneuna y €[-%:2] mna THaBHOM ocH ® @ €[—1;3] s
BTOPOIi OCH;

* yinoGCTBO pasMellienns W3MepHTeIbLROM annapatypbl (OHa OCTAETCA HENOABIKHON
BO Bpemsi paGoTst); :
paimepni 3000x2500x2600 mm;

® BEC MOHTHPOBKH - He Gonee 1.5 ToHH.

_' 3. OnTHveckas cucTeMa

Ipimenena creiyiomas ONTHYECKas CHCTEMA:

s jsa Teneckona Kyne, hoKychl KOTOPBIX HAXONSTCA B NPOTHBOMONOXKHBIX KORIAX
TaBHoi OCH Bpamenws “anranr”  MowTHpoBkM (cM. pHc. 15 sa crp. 66
HacTosmero cGopunKa);

e mnphemHan  omTHueckas cucrema KaccerpsuKyme ¢ achepuueckumu
NIOREPXHOCTAMH [JIaBHONO H BTOpHuYHOre 3epkan. I'nasnoe napaGonmueckoe
sepkano muamerpoM 630 MM m3roToBAEHO W3 cHTAWIA (WA NOAYNEHHS
MHAHMAIBHBIX TEPMAYECKEX flehopMaltii);

® CHCTEMa pacCUHTAaHA HAa AH(PAKIHOHNBLIA MHHAMYM aGeppailuil H3O0paXeHHs W
NpH ‘Xopomefl JOCTHPOBKE pasMep AE(MPAKNHOHHONO KpyXKKa HaGmiofaeMo#
3Be3IBI HE npesbimaer 1.5 arcsec wis ycrosuil B Pure [2];

* 3pHTENLHOE NONE MABRONO TelecKona pacikpero go 207,

B NepefaromeM (1a3epHoM) TpakTe Hcnonb3osad Teneckon [anwies ¢ aueptypoﬁ
120 mm 1 xoathduumesToM KowTHMaLK 15;
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*  Bpauomeccd AHArOHANLHOE 3EPKano CHHXPOHIBHPOBAHO C KOMILIOTEPOM - B
3aBiicHMOCTH OoT 3dieMepuabl KOHKPETHONO CNYTHHKA NPOHCXOMMT pasien
THAMPYIOUISTO H PETHCTPHPYIOLIETO TPAKTa;

® AR THAHPOBANHA HCNOAL3YETCH WIEKTPOHHO-ONTHYECKHIT npeobpajosarens CO
cooTseTCTRYloHel comacyloueii omrukoi. K meMy MOXHO NOMKIIOYHTS
TEACBHIHIHOHHYIO KaMepy;

® ans obGbemitoll (hUALTpaliK WyMOB B (POKyce MpHEMHOID TeNECKoNa yCTaHCRICH
HaGop nonesbix Auacpars; ;

® CcTeKnAHHbIE AMMOBI  [AIOT  BO3MOXHOCTE  KOHTPONHPOBaTs  TOYHOCTH
oTpabarbiBalis YIAOBLIX NO3HIKI TEAECKONA NO KaXUOH H3 IBYX OCEi.

4. Jlaéu’:pm.li nly'lm

Ha pannom arane ucnerranna crannan YJIUC npuvensercs YAG- Nd nasep
Ha BTOpOIt rapmonnke A=532 nm ¢ napameTpamu:

® [UIMTCABHOCTH HMITYNBCA, MHKOCEK. (320+20)
® 3Hepris ummynsca, Mk > 100
® pacxoxaeuue nyuka, mrad <0.5

IeyxkonTypas oxnaxpaiollas CHCTEMA aBETOMATHYECKH craGuimlupyer
paGodyio TeMnepatypy RajepHoOil ronosxn, paGoralouei Ha vacrore fio 5 Hz.

5. Cucrema ynpasnenus

Cucrema ynpasnenuns Gasupyercst na IBM PC coBMecTHMOM KOMIbIOTEpE WS
KOHTpOAA ¥ NepeHyYHON 06paboTKH JaHHLIX,

® HCOOMb3YIOTCA [IATOBRIE JBHFATENH C KPy™iEM MomeHToM 7.5 N/m
AHCKPETHOCTHIO OfIHOIS Miara Ha ocM 1.5 arsec;

® [OCTHCHYTA yrnosas ckopocTs 2 degr/s;

o ana seiuucnenus s(emepunst HMC3 w  mepsuuHo# 0o6paGoTKE  famHBIX
HenoAs3yeTcn coGeTenHan paspaboTka ACTPOHOMHYECKOH OOCEpBATOPHE NAKET
nporpamm SATKOMP, apanTuposansblii 1S 3TON0 THNA MOBTHPOBKH.

6. Cucrema perucrpanus

Cucrema peructpaniy COMTIS paspaGorana B MECTHTYTE SNEKTPOHHKE
(Pura). Ee xapaxrepucTuxu:

® H3MEpEHHE MNTEDBANOB BPEMCRH 3ajAHHLIX HOPMANH3OBANHLIX CHIHANOB C
TunHYHORN norpemsocTsio He Ganee 40 ps;

® OlEHKA MHTEHCHBHOCTH (POHOBOIO HOTOKA MO 5’!06 coburmus/cex;



) A_STOYKOV, Y. ZHAGARS, M. ABELE, V.LAPOSHKA

® CCNCKUMA OTPKCHHBIX CHIHAIOB B PEAnbHOM BPEMCHU B 3ABHCHMOCTH OT
unpopmanui 06 apesmepune UC3;

PPekTHBILIT CAMOKOHTPOL OCHOBHBIX TAPAMETPOR B OTHENBHBIX PEXHMAX.

B cucreme peructpawsn ucnoabiyercs pyGuamesulit CTARAAPT BpPEMEHH.
Boamoxua npusaika K ITanomy spemenn ¢ norpemmoctsio He Gosee 1 ps ¢
nomounio GPS npuesmunka.

Henonways  onwir nepsoro obpasua YJIMC wu  paspaGoranmoit monenw
nedexros mouruposku [3], [4] ocensio 1994 roga Geua mposencna paGota no
OPUCHTMUIN | BCKTOpa  HaBefiehnst  Teneckona. KannGposxa nposemena no
naGmoneitam 450 3sean 8 paGouem amanazone MOHTHPOBKH. B pesyasrare aroit
pabGoTul Gbuta JOCTHIHYTa TOMHOCTh HABEACHHS [MABHOMO TEACCKONA CTAHUME MO
JAMAHHON  TOMKE BIUIMON  wacTi HeGecHOR cepbl © NOIPEUINOCTBIO  He
npessunatomedt 10 aresee. (Cwm. puc. 5 8 [4]). PaGora B 3TOM HanpasneHus
BPOROIKACTCH.

SatConn/Call. Laser calihration 1995 February 26 19:26:34
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Abstract

New astronomy textbook is prepared in Latvia. It is provided for students of high-school,
studying astronomy by choice. The highest purpose of the book is to lead the student through
different space structures and help him imagine the size and construction of them. It includes
themes about astronomical knowledge of ancient Latvians and modern astronomical researches in
Latvia. Beside essential astronomy facts and laws, this book contains the additional material, what
allows to use the textbook in two levels: for basic and advanced course teaching Wide
supplement about constellations allows to use the textbook also as practical sky guide.

Kopsavilkums

Latvija. sagatavola jauna astronomijas micibu grimata. Ta parcdzéa  vidusskolu
skoléniem, kas macds astronomiju ki izvéles prickSmetu. Gramatas galvenais mérkis ir veidot
prickstaty par daZidam debess kermepu sistémam, o izmériem un urbovi. Taja icklautas 1@mas
par astronomijas attistibu Lawviji - no senlatvieSu prick$statiem lidz musdienu pétijumiem.
Neskaitot galvenos  astronomijas  fakws un  likumsakaribas, grimati ictveris plads
papildmateridls, kas Jauj to izmantot gan pamatkursa, gan profilkursa maciSanai. Plass piclikums
par zvaigznajiem jauj izmantot gramatu ari ki debess cejvedi.

1. Historic remark
Last astronomy textbook for high-schools, written by Latvian author, was published
in 1936 [1]. After the second world war, for several decades Vorontsov’s-
Velyaminov’s book [2] was used in Latvian schools. One of the first Latvian
editions of this book was published in 1946, Book was revised several times, but,
taking into account new achievements of astronomy, its structure becomes obsolete.
Book was provided for 35 lessons' course.

2. Astronomy as a discipline by choice
During the educational reform in Latvia, astrono.nyv becomes one of the second
group’s discipline by choice. First group conta‘ns disciplines by choice that must be
offered by school (table 1). The second group contains diseiplines by choice, that
can be offered, if they correspond to interests and possibilities of the school [3],
Course by choice is given, if at least 5 studerts are going to learn it. Data of
Ministry of Education and Science of Latvia [4] show that in school-year 1993./94,
astronomy was studied in 13 Latvian high-schools, but the next year in 62 high-
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schools. As we can see, only small part of all high-school students is studying
astronomy (fig. 1). It is a big step backwards, comparing with the situation, that
before 1991 astronomy was compulsory discipline (like all others). Though there are
some positive changes. Now astronomy course is enlarged to 70 lessons. It is a step
forward, because 35 lesson's course was too short. New experimental curriculum in
astronomy [5] and standard of knowledge in astronomy [6] is prepared.

3. Purposes and trends of new astronomy textbook

In 1995 in Latvia is prepared new astronomy textbook [7]. Its highest purpose is to
give to student the notion about basic structures of Universe (planets, stars,

galaxies), their size, construction and link between them. Significant astronomy

facts and laws are considered, turning more attention to the results obtained and less

to the methods. The book is made in a descriptive manner, basic text contents few

of formulae or complex physical conceptions. Such approach allows to involve in

teaching astronomy not only the teachers of physics, but also the teachers of the

other exact disciplines.

Table 1. Astronomy among the other high school disciplines.
COMPULSORY DISCIPLINES DISCIPLINES BY CHOICE THAT

MUST BE OFFERED | CAN BE OFFERED
Latvian Language and Literature | 2nd Foreign Language [ Visual An
Mathematics Geography History of Culture
Foreign Language Computer Science Ethics
Latvian and World History Physics 3rd Foreign Language
Physical Culture Chemistry ‘ASTRONOMY
Biology ‘Housekeeping
Man/Nature/Society Apprenticeship
Music Technical Graphics
Amateur Artistic Work Principles of Business
and Economics

Astronomy book is almost independent from physics course. Electromagnetic
waves, gravity and other important things are shortly described. Of course, student
must have some elementary knowledge of physics, mathematics and other exact
disciplines at the level of primary school. For example. question about atomic
structure is not considered. Radiance of astronomical objects is analyzed in wic:
range of electromagnetic waves, not only in visible light.

A lot of attention is tumed to history of astronomy. Looking, how the models
of world structure are changed and developed through the centuries, it is easier to
understand the contemporary level of human knowledge. Global ecology questions
are also considered — how a development of civilization influences environment of
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our planet and nearby space, and, from the other side — how cosmic processes
influence animate nature on Earth.

ASTRONOMY ASTRONOMY RHYSICS °

0,8%
School-year School-year School-year
1903./94, ' 1904./95. - 10983./04.

Fig.1. Relative quantity of high-school students, studying astronomy and physics.

New astronomy textbook is nationally oriented. It means, that all examples
and exercises, where it is possible, are adapted to Latvia conditions. Enough of
attention is turned to development of astronomy in Latvia — from astronomical
notions of our ancestors till the contemporary astronomical researches.

Much of attention is given to illustrative material — pictures, diagrams, tables.
It is provided to use some stereo pictures, if it is necessary for better understanding,
for example, speaking about spatial location of stars.

New astronomy textbook can be used also as popular-science literature and
sky guide. It contains description of constellations, star charts and observing
methods. :

4. Structure and methodical principles of the book

The book is composed of six chapters. The first chapter is an introduction. It
considers visible movements of celestial objects, telescopes and principles of space
flights. The second chapter pives review of astronomy development — from ancient
times till contemporary epoque. The third chapter contains wide information about
Earth, Moon, eclipses, planets, comets and meteors. The fourth chapter gives
attention to stars, including Sun, — their characteristics and structure. The fifth
chapter considers star systems — our Galaxy and others. The sixth chapter
summarizes information about constellations, star charts, observation methods and
astronomical exercises.
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The book has multilevel scheme of organization. The main part of the book
contains basic material, given in normal print. The most important conceptions are
given in bold print (fig. 2). A lot of additional materials, containing interesting
astronomy facts and hypotheses, historical remarks, physical analysis of
astronom:cal phenomena, are given in small print, And, the last, but not the least, is
additional material of the sixth chapter. These topics can be selected by teacher
itself and inserted, where necessary. Teaching material from the last two groups is
non-compulsory. Such structure allows to use the book for basic and advanced
astronomy course teaching.

Most important conceptions

Basic material

Basic Advanced

Course Course
T

Additional mafcrial inserted in the basic fext l

3 ) | —— 4 879w i s S

4

Additional material of Chapter 6

Fig.2. Astronomy textbook contains four different groups of teaching material.

Astronomy textbook can be made in different manner. One author describes
different branches of astronomy, the other author accent laws of nature in micro-
and macro- world, the third one gives more attention to development of Universe,
and so on. Author has selected four main principles :

e to consider different astronomical objects, moving from near to far (fig. 3):
 give more attention to spatial configuration of different structures in universe;
= to consider celestial bodies in their development;

o to connect description of astronomical objects with their visibility in the sky.



NEW CONCEPTIONS IN ASTRONOMY TEXTBOOK FOR LATVIAN HIGH- 81
SCHOOLS

Galaxies, Universe

Sun, stars, Galaxy

Moon, planets

Earth
O

Fig3. Astronomical objects are &escribed from the nearest to the farthest ones.

5. Problems met during the writing of the book

The problems, met during the writing, are following:

the selection of material — how wide to describe each theme. To say only some
phrases about quasars, for example, it meéans to say nothing. From the other side,
too much of information makes confusion, and also the volume of the book is
eliminated;

does to make deep physical analysis of astronomical phenomena (star pulsation,
for example), or to make broad description of it (what are the periods of pulses,
what are the spectral classes of pulsating stars, etc.). Author is tended to the
second approach. The solution of these two problems is always partially
subjective;

different numencal values found n different data sources. Even bright stars can
“have” different values of brightness. Typical example is Alpha Centaur. It is
visual binary star, unresolvable with unaided eye. One data source gives
brightness of A component (+0.06), [8]. Other gives the brightness of both
components together (- 0.29), [9];

using of some astronomical term in Latvian language i1s not stable and some
terms are not well selected. For example, “meteor stream” is translated literally
in Latvian as “crowd of meteor bodies™, Instead of this, author proposes “swarm
of meteoroids”. Wider analysis of astronomical terminology in Latvian language
is different theme and cannot be given here;

the book quickly becomes obsolete. Astronomy is a very dynamic science, new
discoveries come one after another. For exammple, during the writing of the
textbook, comet Shoemakers-Levy 9 run into the Jupiter and new asteroids
beyond Pluto were found. These facts are included in the book, but the book will
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not contain, for example, new data about Jupiter, which will be given by
“Galilleo™ probe at the end of 1995, ete. Of course, basic astronomy facts remain
untouched.

References

S.Slaucitajs, A Liberts, Cosmography for High-Schools. Riga, 1936, in Latvian.’

. B.Vorontsov-Velyaminov. Astronomy for High-Schools. Riga, 1987, in Latvian (translated.

from Russian).

Sample of Lesson Plan in High-School for School-Year 1994./95. Latvian Ministry of
Education and Science. Riga, 1994, in Latvian.

Data of Center of Educational Information. Latvian Ministry of Education and Science. 1995,
in Latvian,

Curriculum of Astronomy (experimental, author 1.Vilks). Latvian Ministry of Education, Riga,
1993, in Latvian,

Standard of Knowledge of Astronomy in High-School (author 1.Vilks). Latvian Ministry of
Education and Science, Riga, 1995, in Latvian.

1.Vilks. Astronomy for High-School (in preparing).

1 Klimishin. Elementary Astronomy. Moscow, 1991, in Russian;

V.Straizhis. Astronomy. Kaunas, 1993, in Lithuanian.



ACTA UNIVERSITATIS_I_._ATVIENSlS
1995, Vol.600 Astronomy, ser 20

METOJ ONPEJNENIEHHUS NAPAMETPOB “ANTT-AJIT”
MOHTHPOBKH TEJIECKOIIA, PABOTAIOILEIO B
BEPTUKAJIBHOW CUCTEME KOOP/IMHAT

A. Croiixos', 10. )Karap' . M.Jlummposaz

: AcTpoHomuueckan obcepsatopin JlaTsiiickoro ynusepeimeTa
= HIM Koemoce, AH Boarapuu

Abstract

Developing the mount errors model for the "alt-alt" mounted telescopes, given in the [1],
the present paper deals with the determination of the mounts parameters. The basic method used
is differential linearisation together with the MSM. The model with 6 parameters is discussed but
number of parameters is not limited. The results have been tested for ULIS type SLR stations
using the "alt-alt" type mount. - ]

Kopsavilkums

Autistot "ali-alt” tipa moni@juma kjodu modeli, kas aprakstits [1], darbd analizéta
moniéjuma parametry aoleik3ana. Ka pamatmetodes lictotas diferenciala lincarizacijo kopd ar
maziko kvadritu metodi. Aplikots gadijums ar scSiem parametriem, bet to skaits faktiski nav
ierobeZots. Rezulidti lietoti un parbauditi ar pavadopu lazenalméru ULIS, kura teleskopam ir
“alt-alt” tipa monidjums.

B coorsercTeuM ¢ TeopueHl BeprHKanbHON win antant” Mowruposki [1],
CBAJb MEXTY FOpHIOHTANBHON (reofie3nuecKoli) cucremoli koopauuar (X,Y,Z) u
BEPTHKANLHON (x,y.Z), OMNCHIBACTCH MATPHUHBIM YPaBHEHNHEM: ‘

| g e
y ' =‘G,_<—Au)c.[§] ;i (1

me G, B G, - MaTPHILbl IOBOPOTA COOTBETCTBEHHO OKONO OCel X M Y.

C nppyroft cropombi; W3- |2] cBA3s Mexay TrOpHIOHTANbHON R Bropoil
3KBATOPHAILHON CHCTEMOIl KOOPAHHEAT ONUCHIBASTCA CACAYIONIMMA ypasHenisiMu:

X 3

Y}=G,(0-3)G,(s-xHy} . 2)
) -2

z 2
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X X :
yp =G,(x-9G,(5-oNY}. €)
Z) mi ; T . Z :

Cpasuusan dopmynst (1), (2), (3),
NojyHaeM CBA3b MEXK/y BEPTHKANLHOH H
BTOPOil  3KBATOPHWILHON  CHCTEMaMH
KOOpPAHHAT. Z

Pic. 1. BeprukanbHas cHCTEMa KOOPAHHAT.

x #e

¥t =G,(-A)G.(5)G,(0- G, (- 7Ny} . @
z v 3 z =

X .

ly =G.(x-5)G,(-o+ g)G.(%)G,(r\‘.) ¥ s (5)
z = Z ¥

Ilepexons K cpepuuecknm KOOPAMHATAM, NONyuaeM Bbipaxenus (4), (Sj B BULE:
- sinl = (cosdsin@cost - sinScosy)sin A, -cosdsintcosA,,

cos(siny = sindsing + cosdcospcost, ©)
cos{ cosy = (sind cosp - cosB sinp cost)cosA, — cosdsintsinA,,

me 8§ W U — cxuoweHse M 4acoBoil yro, a @ — reorpauueckas MmMpoTa
obcepsatopun, { B Y — cpcpHYECKHE KOOPAMHATH! B bepmmmoi CHCTEME
KOOP/IHHAT, & A, - a3HMYT €€ OPHCHTALMH.

sind = cosl sinysing + (cosCcosycosA, —sin{sinA,)cosp,

cosbsint = —(cos{cosysin A, +sin{cosA,), : (7

mwdnt=wsCsinv—{mCamwmA.-siquin_A,}sino.

B caiyuae, xorna A, =0, HONY4AEM YNPOINEHHBIC COOTHOMEHES:

sin{ = —cos8sint,
cos( sin y = sin8sin @ + cosd cospcost, 8)
cos( coswy = sindcosg - cosd sin@cost,
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sind = cosCcos(y - @),
cosbsint = —-sinC, 9)
; cos@sint = cosCsin(y - @). :

PeanbHan actponomirieckan MOHTHPOBKA Gyaer paGoTaTb B KOOPAMHATHOR
cucreme (x',y’.z") B oOUIEM Chiydae OTAMYAIOUICHCA OT MACWILHON BEPTHKAILHOR
CHCTEMBI (X.y,Z) NO CACAYIOUIM NOKATATENNM:

® HEKOTOPBI  HAKAOH TOPHIONTAIBHON OCH K nnocxécru ropu3oNTa,
X2paKTepHIYeMBIH YoM i
*  HenepneHNKYASPHOCTS OCER PEAILHONO TenecKona {% +k)3

_® KOMMMMAUMA, T.C. HENEPNCHANKYARPHOCTL ONTHHECKOH OCH KO BTOPOi# OCH
TeNecKona, XapakTepHiyemas HEKOTOPbIM YoM C.

Bausinne BLILICYKA3AHHBIX OTKAOHENN Ha KOOPAHHATHYIO CHCTEMY peanbroil
ACTPOHOMMYECKOR MONTHPOBKM paccmoTpennl B [1]. Anroputd, ¢ nomouisio
KOTOPOTO MO W3IBCCTHLIM BEPTHKATLHLIM KOOPAHHATAM HEGECHOTG CBeTWNA (x,y,2)
MOIYT OuiTh BLIMHCACHBI YINOBble cepiyeckie BEPTHKANbHLIC KOOPAMHATHI B
CHCTCME PEaibHOrO HICTPYMEHTA © a3HMYTOM A, Ecii H3BECTHbI napaMeTpst i, k, ¢
H YPMbl NOBOPOTA OTHOCHTENLHO HYAEBbIX penepos (AM,,AM_) NO ABYyM OCAM,
CACAYIOMIHI: .

Cravana BbiuHCISEM NPAMOYroNbHbIE KOOPAHHATL! B BEPTHKANLHON CHCTEME,
YUKTBIBAR HAKAOH FOPHIOHTANLHOMN OCH i:

x _
=G.(—i)1y . (10)

z

.

N = x

ITocne 3toro nepexosum K coorseTcTyomelt cgepuyeckoi CcHCTEME
KOOpAHHAT:

¢ = arcsin(z' / p), (11

X

Ocraeren yuecTe KOUMMMAUMIO M HENEpPneHgHKYASpHOCT: oceil, Torga
NONYYHM:

\y = arccos

L
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C'=C+AM.,
o : (12)

u'=AM, +(c+ksin{)secC,
me §° # y' ecTh BuMHCAeH#ble cepHyEcKHe KOOPAHHATLI B CHCTEME peanbHOro
HUCTPYMCHT:. ;

Bojmikaer npoGaema: kax onpegenuTts napaMerpsl ik,c,AM  AM_.A, H
KAKHE H3 HHX MOTYT GbiTh HIMEPCHBI HCMOCPEACTBEHHO. ;

Ecnu wimepeiuie Haknoda | BNOANE BOIMOXKHO, HECMOTPA Ha CBRJAHHLIE C
STHM TEXHUHCCKHC TPYAHOCTH, TO A OCTAIbHBIX BeAHYMH k,.c,AM.,AM_,A, 310
HCBOIMOXNO,  Besmumunl  9THX  napaMeTpos  3aBHCAT  MpexXae BCEro  or
KOHCTPYKTHBHBIX  OCOGCHHOCTCH  MONTHPOBKH, IOCTHPOBKH  ONTHYECKOW M
MEXANHYECKON cueTes Teneckona, Crenosarensio, HeoOGXOAKM METOMl, ¢ NOMOUILID
KOTOro ONpCnenenne YrioselX RapaMeTpos ik.c.AM,. . AM_ A, BOIMOXHO AN
Mo6of KOHKPETHON CHCTEMb! NPH KOHKPETHLIX YCIOBMAX IOCTHPOBKH.

Ouesuaio MMEIOT MECTO 3uBHCHMOCTH:

C'=6"ik,c.AM A, a,8,1),

p (13)
v = y'(Lk,c.AM_ A, ,a,5,1). _
[pupawmenns koopauuar {' ¥ y’ MOXEM NPEACTABUTS B BHAS:
ﬂZ ;
AA, Ac Ak
I B +,.| h—’.,, +am‘._l
(14)
gt _Q = o 5 € ay
o a “°N+a—ﬂ—la,.a.M° +EL“A°+E|LD&* aAM' o .um"
Cornacuo (12)
t‘_c—'=£=0‘ m' =]. N _mc.
e, ok a‘mc
A
&% am,
TaK, 4o cicrema (14) nproGpeTacT BrA
A':'-'-g.{ Ai+£| AA, +AM_,
a =0 aAl! Age
il (15):

A\p'=ﬂl Ai+ 2y AA, +Ac-secC + Ak -1gC’ + AM
y=0 aAD Aguig



METHOD OF DETERMINATION OF "ALT-ALT" MOUNT'S PARAMETERS 87
FOR TELESCOPES IN THE VERTICAL REFERENCE FRAME

Bocnonsayemea (10), (11), (12) [nas HAXOXKNCHHA OCTANbHLIX HACTHBIX
npou3sofubix. Hanpumep:

X X _Lpx Xy Ko
A A pxd A oA

XX Ky Xy X (re:
A, OA, XA, dpdyaA, o,
B urore nonyyaes cHCTEMY YCNOBHBIX YPaBHEHHiL:
S A+ —=—AA, +AM., : :
I“f- - ""Z (l?}
Av'=—3Y g YT A, +secC-Ac+igl-Ak+AM,,
ST x' -l»y
win, ecnu Bocnionbayemes (11): "
AL = sinWAi —coswAA, +AM_, a8)

Ay’ = —cos ynglAi - sin yiglAA, + secCAc + tgCAk + AM .

Puc.2. KoopanHaTvan cHCTEMA MO 3PEHNS.
Takum ofpajom mnoay4ueHa CHCTEMAa YCNIOBHBIX YPaBHEHHH JUIA HAXOXACHHN
Al AAAM.  AM _Ac, Ak 3aBICRILAS OT HIMEPEHHBIX BENNYHH AL H Ay'.
Beanunnst AC" M Ay’ CBAJaHBI C HENOCPEACTBEHHO HaGEOAAEMbIME
napamerpaMs AH AV, NOCPeACTBOM COOTHOWEHHHA:
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Ay =
AC, = x(AH, cosy, + AV, siny,), (19)
Y. =W, +G, ~Z

2
AH AV, WIMEPSIOTCH HCNOCPEACTBEHHO N0 TOPHIONTANSHON M BEPTUKAALHON OCAM
H.V aas i—toro uasepenns (puc.2) 8 oKyaspe TeaecKona.

Cucresa  nusciinuix  ypasuenuii (18) pemactcs MCTOROM — HaMMEHBUINX
ksaparos [4] . Hocae wero anm onpenencus peaibibix XOOPAHKAT 8 BEPTHKANLHOM
cuCTEME MHCTpYMenTa 07 M w' HeolGxoaumo noacrasuts B (11) u (12) sainennse
IVANCHUS NONPABOK AL AA, Ac Ak AM. AM, x napametpam i,A,.ck, a TaKxe
HOBLIC JHaMCHAR AN # AM, .

Yxazanusiit MCTOAl HE OIPAHNMCH MO HHCAY BAPAMETPOB, RIMSIONIMX Ha
TOYHOCTL HABCACHMS, T.€. OH MOKeT ObiTh HCHOALIOBAH H anR Gombiuero wHCAa
napamctpos. Hanpusep. smoryr Ouims noGasnens! M CHCTEMaTHYecKue  ommbiu.
POIYKIOPOH, PN 3TOM. KOHCHHO, HCOGXOMNMO 3HaTL ABHYIO (QYHKUHOHARLHYIO
3ABHCHMOCTS:

C'=9+L(3R,)
w'= W*r..‘&gln
me SR, .5R, - cucTeMaTHyCckue omnbKH peayKTopos.

MeTon et BO3IMOXHOCTS W npuasaky cranuus Tuna YJIMC no 3seanawm [5]
H KamGpoBKH TOMHOCTH HABCACHNER TCACCKONA.

CapanTipoBanHy10 YIAI0BYI0 TOUHOCTE MOHTHPOBKH MOXNO ONDEACANT: DO
cacayouteit (opayne |3]:

B:(.‘_\ +ko’ )fﬂ'(i—k)i. 21

me A - cymmapuas olmGKa CHCTEMATHYECKMX HewsecTHbX 3 dexTos,

6° = D(Ax,) - ARCHCPCHA CAYHARRON BENHYHNB! Ax ,

X - xoppeamumoumsii  Ko3(QduumMeNt, yuMTHBUOWNE CREIL MY
OTRENLHBIME I3MepenuAMY, a N - uncio wImepennil.

Nurveparypa

s&mm?éwuamemmﬂ.mw

2 Rpﬁmﬂéﬂwmm-ﬁmﬂmamm
Hayxa, 1

3. SmescGepr [LE. Onpenencnine Isiokesia N0 pe3ynbTaTaM iaMcpernil. Mocksa, 1976.

4. Xpucros X . Maresammeckse meronsl $usnkn. Hayxa s uckyccrso, Codua, 1967.

5. Abene MK ¥ gp. Yuuscpcamuan sadcpuas wamcpimenssan cramuwns YJIMC, Bucmas
reopeaus BAH N®13, Codum, 1988.
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BIBLIOGRAFISKAIS RADITAJS
PAR LATVIAS UNIVERSITATES ZINATNISKO RAKSTU
SERUU "ASTRONOMUA"

Latvijas Universitates Zinatnisko rakstu sérijo  “Astronomija” iznak kops
1960.gada. Sis ir 20. numurs - tatad jubilcjas izdevums. .

LU Zinamisko rakstu 556.s¢juma (Astronomija, sérija 18, 1990.gada)
piclikuma snicgls parskats par katra icprickSizdola Astronomijas sérijas numura
izdoSanas gadu, 13 nosaukumu. Lidz 1975.gadam (sérijai 11) 13 tka 1zdota ka LU
zinatniskic raksti; hde 1988.gadam (serijai 17) - ka resoru zinainisko raksio
krajumi ar atSkirigiem tematiskiem nosaukumicm. Ar 1990.gadu tick atjaunoti LU
zindtniskic raksti (ari to s€jums numericija) un to icdalijums sérijas. DiemZel,
icprick¥min€taja numeracija izlaists 1980.gada  starpresoru  zinatniske rakstu
krajums astronomija "Zvaigigu cauriclanas momentu automidtiska regiswrésana”
(Astronomija, sérija 13a).

Zinatnisko rakstu 175.s¢juma (Astronomija, sénija 8, 1973.gadd) piclikuma
snicgls universitales  Astronomiskas obscrvatorijas  darbinicky  un aspirantu
publicétic: zinatniskic darbi Zinatniskos rakstos lidz 1972 gadam. Atzimésim, ka
sakot ar 1981.gadu (Astronomija, sérija 14) zinatnisko rakstn krijumwos tick
publicéti zindtniskic darbi an no citam PSRS astronomiskam jestadens.

Saja Zinatnisko rakstu “Astronomija” sérija 20 snicdzam parskatu par
publicélajiem zindtniskajiem darbiem  laika intervala no 1973.gada  lidz
1993.gadam. Parskata uzraditi autori (allabéta kartiba), darba nosaukums anglu
valoda, sérijas “Astronomija”™ numurs un lappuscs.

Nr. Astors ; Raksta nossukums Nr. Lpp. -

1. Abakumov [ Some improvements of the AFU-75 Satellic 18 117-126
Tracking Camwra for imaging geostationary
Satelfites

2 Abalakia V. The new  LALL (1976, 1979) system of M 96103
astronomical constants

3. Abele M Testing of an optical compensator on photoclectric 12 59-62
reflecting zenith tube .

4. Abefe M. Mukins . Saicllite laser mnging dala reduction, accounting 15 118-121

E for the width of the light pulsc

5. Abcle M. Viaters J - On the determination of the iclescope orbital axis 12
oricntation

3
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Autors

Abele M., Viaters J.,
Balodis 1.,
Lauvceaicks L

Abele M., Viaters 1.,
Balodis 1.,
Laucenieks L.
Balodis J.

Balodis J.

Balodis 1.

Balodis 1.,
Abakumov L

Batrakov Ju,

Ratrakov Y.,
Mimuahmudov E.

Belyaev N.,
Shaporev 5.
Belyvaev S,
Degtjarev V.,
Eventave Y.

Bitevska G.,
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Bichevska G.

Bichevska G.,
Gedrovies V.

Bordovitsyna T.,
Shefer V., Harin B.

Britals J.
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About canth satellite pass observing parmmeter
varialions b

On the effectivity of use of minimization methods
in the anificial satellite orbit detenmination

Automated star identification
The star catalogue reading algorithm

Complex program for automatical reduction of
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Computation of exposure moments for photos
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On computing the astervid position by the Encke's
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onder initial touch
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= 1979g)
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elevation control
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instruments

The zenith distance selting's accuracy examination
of the automatic transit instrument

An improved star transit timing device for the
transit circle

The investigation of the motion of some special
asteroids

A perturbed eccentric anomaly as an independent
variable for canonical differential equations

On the efficiency of Newton method's analogues
in the orbital parameter improvement problem
About oscillations of plasma tails of Comets Abe

(1970 XI), Kohoutek (1973 XiI) and West (1976
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17
17
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14

19
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16

17

14
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137-146
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138157

5267
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3-10

58

61-69
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81-85

122-126

T1-84

197-200

T1-86

517

TI-87
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33
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Degtjarev V.,
Belyaev §.,
Eventave Y.
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Medinsky A.
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Murga V.
Dirigis M.
Dirikis M.

Dirifis M.
Dirigis M.
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Gedrovics V.
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Gedrovies V.
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Rakstu nosaukums

Determination of visibility conditions of a cosmic
object from space stalioas or systems

Madification of the principle of adaptive receiving
for laser ranging devices

Optimization of receiving devices of the laser
salcllite rangers from the point of view of
statistical theory

About use of YAG: Nd and ruby transmitters for
laser ranging of antificial Eanth satellites

Development of efficient receiving hardware for
laser satellite on the hasis of serial measurement
equipment

. Optimization of pumping regime of satellite laser-

ranging transmitler active clements

Some peculiarities in the motion of asteroids close
to U1 commonsurability with Jupiter

Simple method for pambolic orbit detennination
from two observations

About stellar perturbations of comets

About asteroidal motion in  the vicinity of
Kirkwood gaps

On the use of Vaisala’s method for asteroid orbit
delermination

Close encounters of short-period comets with
Jupiter 3

Main peculiarities in resonant motion of comets
and metcor streuns

On spectra of some functions 1

A star transit moment registralor based on
intcgration of the photovollaic current

Optimal way of photovoliaic current integration in
automated zenith tube

On the gucstion of star transit moment registering

Calculation of cphemeris for avtomated zenith
tube

Computation of apparent places of the stars for
zenith twhbe observations

Nr.

17

17

13

19

17
14

18

16

17

13

16

18
16

Lpp.
3443

155-159

146-154

206211

3-10

18-23

100-111
87-95

45-53

97-102

61-71

28-34
67-T1

70-76

82-87
63-69
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49.
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53.

55.

6l.

Aulors
Gedrovics V.

Gedrovics V.

Ginev L, Stoikov A.,
Toncheva A.

Gorshkov V.,
Shcherbakova N.

Gorshkov V., Platais
V., Polozhentsev D.
Ivanovs A.

Ivanovs A,

Jvanovs A.

Ivanovs A.

Judrups O,

KelmanE.,
Kharichey V.

Kharin A.

Raksta nosaukums
The 15 BCM-5 desk top computer as a control
unit for astronomical instruments
Automatic of photoclectric bent-beam zenith tube
The use of a spectrum pantitioning clement for
improving of laser ranger’s spectml selection
On the obscrvational estimation  on - thermal
instrument and refractional crmors
On individual catalogucs RI-B0 and RI-B6 right

ascensions of stars oblaned at the Time Service of
University of Latvia

Phutoelectric device for delermination of  mean
passage moment of stars

System of automatic steering for the transit
instnunent

On the automation of the photoclectric transit
instrument

Personal and instrumental error leaps in the
photoclectric  time-service  of  Astronomical
obscrvatory in the years 1970-73.

Star wransit moment  registration  device  with
multiple conlact processing capability and direct
infonmation to a computer

Automatic adjustment oIlhcnurkgcacmnrmlh:
star mean transit moment reconder

Ephemeris computations in case of illconditioned
On the accuracy of orbit delenmination of short
period comels

Continual equivalence of dynamical systems on
torus _
Transit instrument observations without support

Modified Newton method and some problems of
discrele maximum

Numerical research of one  problem of  the
improvement of asteroidal orbits

Invanani: and cmror cestimate  of the star
identification prohlem

Organizing problems of positional ohscrvations of
miitjor plancts by means of astrometry

13a

14
18

11
13a

12
14
14

12

Lpp.
100-111

173-180
166-172

77-82

17-28

86-99

151-156
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122-128

044
168-171

113-121
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73.
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75.

76.

Marsko N., Ushian
N., Kudack K.
Mikins E.

Murga V.

Murga V., Esselbal

Ogrips M.

Ogrigs M.
Ogrigs M.

Ogrips M.

Oidov Dan-Aa

Raksia nosaukums

The Oont cloud evolution under the influence of
the Galactic fickd

On consideration of cffect of light pressure in
numerical prediction orbil of geodetic AES

On the unimodality of the sum of mandom
variables

On the sccuracy of the photographic observations
in the Riga satellite tracking station

Computation of the mobilc bamier arca by
minimization method

On parametrization of orbits and ephemeris
About computation of minor plancts’ scarch
cphemernis

Some AES tracki -4

Secular and long period perturbations of Pluto by
Neptune

Muodemization of the tmnsmitter of the laser
range-finder LD-2 Uzhgorod

The ontical armangement of the star cataloguc on
computer for satellite position reduction

Choice of regimes of charging the solid -state
lasers used in satcllile ranging

Stabilization of pulsc parameters of satellite laser-
ranging sysicm transmiiting devices

photoclectric device in the determination of the
mean moments

Results of detennination of the mean star
transitmoments

On alignment of the general of reference impulses
for detennination of the mean star transitmoments
Device for direct registration of mean passage

moments of stars wﬁhwnskm!mlum digital
printcr

Ahmuxmtlkmmd
the star transit

Nr.

17

17

12

19

17

13

12

13

17

14

Registration of star transit moments on scveral  13a

levels

Lpp.
7299

. 62-69

90-107

24-37
127-137
76-84

136-150

68-75
160-165
218-225

186-191

3-11
64-76

80-90
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9.

101,

Auvtors
Pavenis A,
Pavenis A.,

Gedrovies V.
Pogony A.,

Khrutskaya E.
Radzijevsky V.
Kevina .

Revina [,

Revina 1.
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Roze L.

Roze LA, Roze
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Rozenbergs P.
Rubans A.
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Evdokimova L.

Salitis A.
Salitis A.
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Salitis A.
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On the execution of analytical operations with
ccheloned series by computer

On  ecphenwris  compulation and  observations
reduction algorithms for the automated zepith tube
Automiatic tape-recording and treatinent of the
readings of meridian circle ocular nxcrometer

On existence of massive trups-plutonian bodies
wilh retrograde motion

Influence of the discovery selection in the
distribution of comets

Nearby stars in the future and in the past o
estimate perturhation at comet motion

About the limits of the solar systen

Penurbations of stars on the motion of long-period
conwls

On the use of under transits of stars in studying
time service eatalogues

Azimuth stability of the transit instrument of the
Latvia State University

About level reading of transit instrument
Application of controlled frequency dividers 1o
tracking devices

Linking the information for the control computer
to an shsolute time scale

Detenmination of probabilistic characteristics of
visibility of spacecrafis by differential procedure
On the evolution of long period-comcts

On the evolution of the perihelion distances of the
orbits of long period comets

About stellur influence on the change of pe:lhcbm
distance of long-period comels

The analysis of distribution of comets by the
SCmi-major axis

On calculation of mean velocity change in the
long-period comet problem

Mean squarc value of the transversal impulse in
the long-period comet problem

Dependence of measurement precision upon the
shape, of the object

Nr.
18

17

12

16

12

17

13
13

17

12

13
18

17

17

15

14

14

15
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18-24

185-191
45-54
126-143
6375
121-126

23-27

15-22
178-184
162-167

50-67
136-140
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70-81

25-29
112-120

9-17

10-17
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Autors

Shaporev S.

Shaporev S.

Shefer V.

Shefer V.

Steins K.
Steins K.

Seeins K.

Steins K.

Steins K.
Steins K., Balodis J,
Steins K., Divina L.,
Revina 1.
Stwins K., Ivanovs

Steins K., Ivanovs

Steins K., Kaupuda
E., Ivanovs A.
Sweins K., Kaupusa
E., Rozenbergs P.
Steins K., Kaupusa
E., Rozenbergs P.
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Steins K.,
Laucenieks L
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About the improvement of orbital elements of
long-pericd comets
A new crilcrion for rough emors seleciion in
astropomical observations
Estimation of probability characteristics of the
observational errors of the short-period comels
Influence of time transformations upon cfficiency
of pumerical inicgration of regularized motion
cquations
Numerical integrations of equations of the motion
and equations in the varialions of KS variable
Generalized intermediate orbils for initial pans of
perturbed trajectories
A generulized method of delermination of star

. i for sockdental siects
On the requirements to the clock correction
computation program
Estimation of lateral refraction
On the applications limits of the Optic formula
Introduction of automatic CS for the passage
i = A ical ot
Investigation of the distortion of acrophotophilm
emulsion layer
On the influence of nongravitational forces in the
motion of comets
A mirror grating for automatic lelescope pointing
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The catalogue for automatic photoelectric
observation of stans from TSC
The brightness error of the astronomical time
determinations of the Latvian State University
On the accuracy of -the star transit moment
A spherical lamellar refraction mode] with linear
comrections
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The method of mobile barrier for predictions of
the satellite appearing
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123, Steins K., Ogrips A, On using of the movable track in observations of 9 24-53
Ivinovs A, the star toansitmomenls

124, Swins K., OgripSM, About synchronizition’ of reference marks for 14 181-185
detenmination of the mean moments

125, Steins K., Ogrigs ~ “Titne lig of the signals With rsfricted amplitude 138 75-80

M., hvanovs A. of a phutoclectric device
126, Steins K., Revinal.  Subility of quasi-parabolic orbits in the cometary 12 76-89
clowrd
127, Steins K., Device for determination of eror of the mean star 9 54-63
Rozenbergs P trapsitimoments
128.  Steins K., Salitis A.  Amulysis of cometary diffusion equation 15 349

129. Steins K., Salitis A. * The model of ‘star motions for determining star 14 40-48
perturbations in cometary motions

130.  Srovkov A. Lixtension of angle-parmmetrization model ULIS- 19 53-66
630

131. Swies A, Kalaipa  Investigation of functioning dynamics of control  13a  116-121

R chuin-wheel
132, Swics A, Kalnipa  Investigations  of [unctionating dynamics of 13 8594
R. control chain-wheel

133, ‘Tomanov V. Statistics of nearly parsbolic Comets 15 1827

134.  Tomanovs V. A runark 1o the Hypothesis of cruplion origin of 14 56-60
comets

135, Tomanovs V. Families of ncarly parsbalic comets connccted 14 49-55
with Mercury and Venus

136.  Topolnikov V. Consideration of aiming errors of the laser anging 18 131-138
estimating astronomical measurements ellectivity

137.  Tsitsin F. Genesis and evolution of an cnsemble of the Sole 19 97-117
system comet bodies: some  thenuodynamical
aspects »

138. Vilks I On reduction of photoelectric  zenith twbe 17 192-196
obscrvations

139. Vjaters J. Un the detennination of the stars crossing lhc AE., 12 2838
vbservation zouc

140, Vjaters J, The investigation of the FST-150 cantrol and 16 5062 .
anzle incasupng systems devices i ts

141. Zagars J. Adout calculation of nomial aud svachroaowy 10 6674
positions of saleliiter Tray

142, Zagars J. Tte calculation o1 vertical bamier for prediction 13 3545

143, Zagars J, Single parameter sets of satzllite orbital slements 12 10%-120
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144, Zagars ). Calculation of parametsization constants 12 121-135

145. Zagas J, Zagars N.  Possibilities of determination of carth gravity Geld 10 75-83
local anomalies from satellite ohservitions

146 Zarips A. On the unification of computer storage of satellite 14 163-172
tracking duta

147. Zanps J. On the prognosticating of satellite pass usmg the 13 46-54

mobile vertical barricr
148. Zarinsh A., Zhsgars  Influcnce of the Farth rotation on the satellites 16 13-24
J. visible tmjectories

149. Zanins A. A comparison of MTLRS-1 and Riga SLR 19 48.52
obscrvations obtained during  august-september, -
1991

150. Zarins A Satellite observations support soflware package 19 38-47
for [BM PC

151, Zarinsh A, About polynomical representation of satellite’s 16 25-30
laser observations

152. Zannsh A. On sceuracy of the approximation of a satellite's 17 13-33
visible tnjectory by a little circle

153. Zarinsh A. On modeling of geostationary satellite's visible 18 54-62
motion

154. Zeinalov R. On improvement of the orbital elements of the 15 §8-98
satellite using obscrvations with inaccurate time
fixation

155. Zhagars J. . Determination  of  eclipse  and  reemergence 18 63-69
moments of the satellite approach points in
satellite visibility prediction tasks

+ 156. Zhagars J. Some properties of satellite visible trajectories 15 52-65
157, Zhagars J. Satellite visibility on the sky 17 5-12
158. Zhagars J. Analytical improvement of satcllite ephemeris 15 99-112
Laucenieks L. <

159. Zuwm! - Zarinsh  Sacllites visible trajectory in the case of circular 16 3-12
orhits

160. MI Zm’nsh Solutions of the satellite and observers approach 15 66-76
equations

161,  Zhagars Ju. Investigation of the generalized tangential 14 147-162
approximation of satellites visible motion

162. Zhagars Y. Direct methods of the orbit delermination (survey) 19 72-96



