Tpyabl MHCTUTYTA TPUKIagHOV acTpoHoMuu PAH, Beim. 45, 2018
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B nocsienHue rofbl aKTMBHO COBEPIIEHCTBYIOTCSI TeXHUYECKME CpefiCTBa
KBAHTOBO-OINTUYECKMX HaAOIIOmeHU JIyHbI M MCKYCCTBEHHBIX CITyTHUKOB
3emsn (pa3pabaThIBAIOTCSI HOBbIE CITYTHUKM M BBICOKOTOUHBIE M3MEPUTEh-
Hble KBAaHTOBO-OITUYECKNE CUCTEMBI). DTO, B CBOIO Ouepe.b, BeJET K Heoo-
XOJIMMOCTY TIOCTOSIHHOTO COBEPILIEHCTBOBAHMS TEXHUYECKUX CPeNCTB, METO-
OB ¥ aJrOpMUTMOB O06GPAGOTKM TIOIydYaeMoii M3MepUTEeNbHOI WHbOpMa-
unm [1].

['7IaBHBIA MeTpPOJIOTrMYecKuit eHTp I'ocyaapCcTBEHHOI CY>KObI BpeMeHM,
4acToThl U mapamerpoB BpameHusi 3emun (ML, T'CBY) yuyactByer B psime
HayYHO-MCCIeI0BATENbCKMX Y OMBITHO-KOHCTPYKTOPCKUX PabOT, HATIpaBIeH-
HBIX Ha COBEPIIEHCTBOBAHME CPEICTB 00pabOTKM M aHa/lM3a JaHHBIX Ja3ep-
HbIX U3MepeHuit IC3 u JIyHbI.

B 2016 rogy B I'MILI I'CBY 3aBepiieHa MomepHM3anus IPOrpaMMHOrO
KOMILIEKCa OTpeJiesieH sl TapaMeTpoB BpalleHusl 3eMJIu T10 JIa3ePHBIM M3Me-
pPEHMSIM, BBITTOJTHEHA pa3paboTKa HOBBIX MPOrPaMMHBIX CPEICTB B YaCTU Ka-
JUOPOBKM OPOUT BBICOKOOPOUTATBHBIX ¥ HU3KOOPOUTATBHBIX CIYTHUKOB C
JCIIONb30BaHyeM JaHHBIX CITyTHMKOBOJ jasepHoi manbHoMmeTtpun (CJI) [1],
BBICOKOTOUHOT'O OIpefeeHus] KOOPAMHAT CTaHIVii HabmoaeHus. Bams3urcst K
3aBepIIeHNI0 CO3JaHKe MPOrpaMMHO-AIMapaTHOTO CpPeJCTBa OIpeeaeHus
BCEMMPHOTO BpeMEHM 110 HabJII0IeHUSIM JIYHbI.

KioueBbie ciioBa: mapameTpbl BpamieHus 3emm (I1B3), ciyxk6a T1B3,
CITyT-HMKOBAS Jia3epHasi JajbHOMeTpus, MexxmyHapoaHast caykba Jia3epHoi
nokauuu (ILRS), nazepnas noxkauys JIyaer, 'MLI T'CBY.

BBenenue

JlazepHast yokaiust Jiyaol u VIC3 — OAMH M3 OCHOBHBIX METO/IOB M3yUeHUs
BpameHusl 3eMyu. B HacrosIeit paboTe MpoOBeeH CPaBHUTEIbHBIM aHAIU3 pe-
3y/JIbTATOB 9KCIUTyaTallMM WM MCIBITaHMIT pa3paboTaHHBIX ITPOrpaMMHO-all-
MapaTHbBIX cpelcTB. [Ioka3aHO, YTO TOYHOCTH IMOTYYEHHBIX pe3yabTaTOB COOTBET-
CTBYET TOUHOCTM JIYUIIMX MEKIYHAPOIHBIX OIIpeie/ieHNii, UTO CBUIETEeIbCTBYET O
BBICOKOM HAyYHO-TE€XHINYECKOM YPOBHE BBITIOJTHEHHBIX PaOOT.
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Ha3sHaueHMe U CTPYKTypa MporpaMmm

MopepHu3MpoBaHHasl IporpaMmmMa o06paboTKY M3MePUTENbHOI MH(pOpMann
CJI] mpemHa3HauyeHa [Jis1 pellleHys YeThIPeX OCHOBHbBIX 3a4a4:

— nporHo3upoBanue I1B3;

— nporHo3upoBaHue opout MC3 (Lageos 1 u Lageos 2);

— onpenenenne I1B3 (Xp,Yp);

— cdopmuposanme SINEX-daiinos.

CTpyKTYpHO IMpOorpamMMa COCTOMUT U3 IIeCTY 6JIOKOB:

1) c6op u moaroroBka (aitioB, HEOGXOAMMBIX IJisI KOPPEKTHOI paboThl, Te-
CTUpOBaHMe BXOIHbBIX JaHHbIX, GOpMUpPOBaHMe pe3yabTUPYIONIMX (aiiioBs;

2) 06paboTKka HabJTIOeHNIT OIHO WM HECKOIbKUX OPOUTATbHBIX YT}

3) popmupoBaHKe U pellieHMe MaTPUIL yCTOBHBIX ypaBHEHMI;

4) mporHO3upoBaHMe OpPOUT;

5) nmporuosupoBanmue [1B3;

6) dopmupoBaune SINEX-daiinos.

B pamkax coctraBHoit yactu (CYU) OMBITHO-KOHCTPYKTOPCKOI paboTsl (OKP)
«ddemepunpi» B 2017 rogy B 'MLL T'CBY OI'YIT «BHUUOTPU» 3aBepiraeTcst pa3pa-
60TKa MPOrpaMMHO-aNIapaTHBIX CPEJICTB OIpe/iesieHs BCeMUPHOTO BpeMeH! T10
pesysibTaTam JiazepHoii jokamuu JIyHsl (ITAC BB).

ITAC BB BK/IIOUaeT B ce0SI TPM OCHOBHBIX ITPOTPAMMHBIX 0JIOKA:

1) c60op M TOArOTOBKA HEOOXOAMMBIX [HJisT paboThl (aiijoB, TECTMPOBaAHME
BXOJIHBIX TaHHBIX, GOpMUpPOBaHME Pe3yIbTUPYIOMNX HaIoB;

2) 06paboTka HaGJIOAeHNIT Ha IBYXHEeIeJIbHOM/MeCSUHOM UHTEePBAaJe;

3) bopmupoBaHue U pellieHe MaTPHIL yCIOBHBIX yPaBHEHMIA.

Oo6pao6oTka y1azepHbIx HaOmoaeHuit IC3 Lageos 1 u Lageos 2

C IOMOIIbI0 MOAEPHU3MPOBAHHOIO ITPOTPAMMHOTO KOMILIEKca 6pM 06pabo-
TaHbl JIa3epHble HaOMOmeHMs 38 CcTaHUMII OBYX TeOAMHAMUUYECKUX CIYTHUKOB
Lageos 1 u Lageos 2. Ha 7-CyTOYHBIX Ayrax yTOUYHSUIMCh HauyaJbHbIE MMapaMeTpPhI
op6uT U mapameTpsl Bpaienus 3emun [1, 2]. CpaBHeHMe BbIUMCIEHHBIX 3HAUEHUIA
B3 ¢ pannbiMu IERS CO04 mokasajo, UTO CpedHeKBaapaTUuecKue OTKIOHEHUS
(CKO) BbIUMCIIEHHBIX KOOPAMHAT MoJioca Xp u Yp oT maHHbIX MeXmyHapomHO
CTykObI BpatieHus 3emuin u cucteM koopauHat (IERS) cocrasnsior 0.10 mas u
0.11 mas cootrBeTcTBeHHO. OTKIOHEHUSI MOJTyYeHHbIX KOOPAMHAT MOJII0CA OT JaH-
HbiX [ERS C04 (1o BceM OCHOBHBIM MeTomaM olipenenenus I1B3) 3a 2016 rop noas
Bcex LleHTpoB 06pabOTKM M aHa/M3a JAHHBIX NpUBeIeHbl B Tabimume. CpegHue
KBaJipaTUyecKye MOrpenrHocTy onpenenenys [1B3 mjis neHTpoB 06paboTKY 1 aHa-
nusa ganHbix (ITOA/T) MALL KBHO u UITA PAH (ripefcraBieHHbIe B TaOJINIIE) TTOTY-
YyeHbl Ha OCHOBE JAaHHBIX, €XXeCyTOUHO MPe0CTaB/IsIeMbIX 3TUMM OpraHu3alUsIMU
B LIOA]] TMI] I'CBY, myTem ux cpaBHeHus ¢ fanHbiMu IERS EOP C04.
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Tabnauna

TouHocts onpenenenus [1B3 B 2016 r. cpeactBamu ['CBY

Hcnons3yemsie cpencrpa Cp. KB. IOTPELUIHOCTH Cucremariieckie
MIOTPEIIHOCTH
UTl Xp Yp UTl Xp Yp
(mc) (0.001™) (mc) (0.001")
Jlasepnas nokauus 11C3
WITA, BHEIIHSS OLICHKA 0.035 0.20 0.19 0.000 +0.04 | -0.05
VALl, BHeUIHss OIICHKA — 0.16 0.15 — -0.25 +0.08
I'MLI, BHemrHsist OlIEHKA — 0.10 0.11 — +0.03 [ +0.06

0O6paboTKa 1a3epHbIX HAOGTIOAeHNUI JIYHBI

B TecTOBOM pexkume BBIMIOJHEHO oOIpeneneHue pasHocreit O-C (one-way) 1o
U3MEPUTENIbHOI MHGOpMalUM ¢ HabmomaTeabHOV craHuyyM GRSM (YroJKOBbBI
otpaxkaTtesnb Apollo15, 2015 rom). Pe3yabTaThl olipeiesieHs TOKa3aHbI Ha puc. 1.

Onpepenexusie 3HavenmA O-C no u
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Homep anavenun O-C (2015 rog, cTanumn GRSM )

Puc. 1. Pesynbratsi onpegenervst O—C mo usmepuTtesibHON nHboOpMaIum

HabmonartenbHoi cranuu GRSM (yronmkoBsiit oTpaxkarenb Apollol5, 2015 rox)

3ak/oueHne

ITporpammbl, paspaboranHbie B TMII I'CBY, 1T03BOJISIIOT peliaTh MIMPOKUIL KPYT
3a/au 1Mo 06paboTke KBAHTOBO-ONMTUUECKMX Habmonenuit C3 u Jiynol. Pe3ynbra-
Tl Berumciaenuii [1B3 B 2016 romy nokasanu, uyto onpefessembie [1B3 (Mo faHHBIM
NC3) uMeT TOUHOCTh Ha COBpeMeHHOM ypoBHe, CKO BCceMMpPHOTO BpeMeHHU T10
JlAaHHBIM JIa3epHOI1 jiokauu JIyHbel He Xyxke 60 MKC (B cpaBHeHUM ¢ JaHHbIMU [ERS

EOP C04).
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Improvements in the MMC SSTF Tools to Analyze
the LLR and SLR Observations

E. N. Tsyba, N. A. Vostruhov

The LLR and SLR technologies have been actively developed in recent years.
New satellites and very precise measurement systems are appearing currently. This
brings the necessity to improve continually the facilities, methods and algorithms
which analyze the measurement data obtained [1, 2].

The Main Metrological Center of the State Service of Time and Frequency
(MMC SSTF) participates in the scientific and development work to improve the
systems for analyzing and evaluating the LLR and SLR data.

In 2016, the MMC SSTF upgraded its software for determination of the Earth
rotation parameters using the LLR and SLR measurements. New software was de-
veloped for the high-orbital and low-orbital satellite orbit calibration using the SLR
data and for the very precise positioning of the observational stations. The soft-
ware for determination of the Universal time based on the LLR observations is
nearing its completion.

A comparative analysis of the maintenance and test data of the developed
software and hardware is presented in this article. It is shown that the accuracy of
the results obtained matches the best international standards. It is the evidence of
the high scientific and technical level of our work.

Keywords: Earth's rotation parameters, Earth Rotation Service, satellite laser
ranging, International Laser Ranging Service (ILRS), Lunar laser ranging, MMC
SSTE.



