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AHHoTanus. [IpencraBieH nepcrneKTUBHBINA MOIXO0A K PEHISHHIO 33aa9i CHHXPOHHU3AINH IKaJI BPEMEHH C IPUMEHEHH-
€M TpeX MOOMIBHBIX pajinoTeNIecKonoB. IIpuBeeHb! Pe3ynbTaTsl pacdeTa HETOUHOCTH (DOPMUPOBAHUS IIKAIIBI BPEMEHU
OZIHOTO MOOWJIBHOTO PaJMOTEIECKOIa U MIKaJ BPEMEHH JIBYX APYIHX, YUaCTBYIOUIMX B HaOMoneHUN. [IpemioxKeHHbII
QJITOPUTM HO3BOJISET OLEHUTH OTPEIIHOCT ()OPMUPOBAHUS MECTHOI! IIKaJIbI BPEMEHH U CIIY)KUT B Ka4€CTBE PE3EPBHOIO
JUTSL TIOBBILICHHST yCTOMYMBOCTH (DYHKIIHOHUPOBAHHSI CUCTEMbI KOOPAWHATHO-BPEMEHHOTO M HABUT'AI[MOHHOTO 00ECIIeUEeHHMS.
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ALGORITHM FOR SYNCHRONIZING TIME SCALES OF SPATIALLY SEPARATED STANDARDS
USING MOBILE RADIO TELESCOPES
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Abstract. A promising approach to solving the problem of time scale synchronization using three mobile radio telescopes
is proposed. Results of calculating the inaccuracy of time scale formation of one mobile radio telescope and of time scales
of two others participating in the observation, are presented. The proposed algorithm makes it possible to estimate the
error in the formation of a local time scale and serves as a backup for increasing the stability of coordinate-time and
navigation support system functioning.
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OpHMM W3 NEPCIIEKTUBHBIX HAIIPABJICHUN Pa3BUTUS KOOPAWHATHO-BPEMEHHOIO U HABUTAIIMOH-
HOro obOecreueHus crelalbHbIX MOTPEeOUTENEH, a TaKke COBEpIIEHCTBOBaHUS [ ocyrapcTBEHHOM
CUCTEMBI €JUHOTO BPEMEHHU M ATAJOHHBIX 4acToT ,,llenp* sBasieTcss mpuMeHeHne MOOMIIbHBIX pa-
JTMOUHTEPPEPOMETPOB C UIMHHON 0a30i. AKTyaJIbHOCTh M BaXXHOCTh KOPPEKIIUHU IIKaJ BPEMEHU
00ycCIIOBJIEHa TE€M, UTO U3MEPEHUs, TPOBOJUMBIEC C TOMOILBI0 MOOMIIBHBIX PaAHOTEIECKOIIOB, MOTYT
obecreunts TouHOCTH 0,1 HC/cyTKRH [1, 2].
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PaccMoTpuM BO3MOXKHOCTB OIIPENEIEHUS BEJIMUMH pacXokaeHus mkan speMenu (I1IB) Tpex
MIPOCTPAHCTBEHHO PAa3HECEHHBIX CTaH1apToB yacToThl BpemeHu (CUB). B kauecTBe n3mepuTebHBIX
CPEeICTB UCTIONB3yeM MOOUIIbHBIE paauoTeneckonsl (MPT), peanusyromiye TEXHOIOTHIO PATUOUHTEP-
(hepoMeTpHuueCcKOro mpremMa u31yueHUs BHETAIAKTHUECKUX HCTOYHHKOB — KBa3apos [3].

[Ipoananuzupyem 3aiepKKy NpHUX0Ja CUTHAJA 110
OJTHOMY KBa3zapy OJIHOBPEMEHHO Ha Tpex 0azax: Afjp —
1-it MPT mexay 1-m u 2-m MPT, Atj3 — mexay 1-m u 3-m MPT,
Atrz — mexnay 2-m u 3-m MPT .

dopmann3zyeM COOTHOLICHHS JIsl YKa3aHHBIX 3a-
JIEPIKEK B MPEANOI0KEHUH, YTO UCTUHHBIE 3HAYEHUS 3a-
nepxeK At12ucr, At13ucrs Af23ycr HICKAKAKOTCS TOIBKO IPU
BPEMEHHOU NPUBA3KE PE3yJIbTaTOB IIPHEMa aHAJIOTOBOTO
CUTHAJIa, COOTBETCTBYIOIIETO U3TYyUYEHUIO BEIOPAHHOTO
KBa3apa, 4To MPUBOJUT K MOTPEIIHOCTH (POPMHUPOBAHUS
TEKyLIEH 1IKaJbl BpEMEHHU, KOTOPYIO U IIPEII0IaraeTcs
paccuuTarh (CM. PUCYHOK).

Torna coOTHOIIEHUS AJIs 3a/IEPKEK MPHU MPUEME U3IIyICHUS Ha TPU 0a3bl MPUMYT CIICTYIOIIHIA
BHJL:

Atz = At1oper + 011 + 0t2;
At13 = At 3pcr + 011 + 013;
Atr3 = Atpzyer + 0ty + 013,

rae 0t1, Oty, O3 — yxousl cooTBeTcTBYOmUX 1B CUB, Hcmonb3yeMbIxX MPU BPEMEHHOW MTPHUBSI3KE
u3mepenuit k LB coorBercTBenHo 1, 2 u 3-ro MPT.

CyMMupyeM JiBa MEPBBIX YPABHCHUS U BBIYTEM U3 CYMMBbI TPETHE:

At1p + Aty3 — Aty3 = Atioyer + 081 + 0ty + Aty3per + 011 + 013 — (Afpsyer + 0f2 + 813) =
= At12ucr + 2081 +At130cr — Af23pcr-

B 11eBO#i YacTH JaHHOTO BBIPAKEHHSI IIPEICTABIICHBI 3aICPIKKH, [TOJTyUYECHHBIE B PE3YJIBTATE Pealb-
HBIX U3MEPEHHIA, a B PABOM YaCTH — MX PaCUCTHbIC 3HAYCHHUS (MOTYT OBITH AlPUOPH MOTYUCHBI IPU
TOYHOM MPUBSI3KE HA MECTHOCTH MO3HMIINI (Pa30BBIX IICHTPOB AHTCHH PAIHOTEIECKOIOB) U YABOCHHAS
norpemHocTs yxona 1B CUB ans 1-ro MPT. Torna:

0ty = Aty + Aty3 — Atrs — (Af1uer + At13uer — A23ucr) =

= (At12 — At1ouer) + (At13 — Aty3uer) + (At23uer — Af23).

Hcnonb3ys jaHHOE COOTHOLIEHUE, MOYKHO PacCYUTATh HETOUHOCTH (hopmuposanus 1B st 1-ro
MPT u nonyuuts BeipakeHus 11 yxonos B ocranbsabix MPT B COOTBETCTBUM C BBIPAKEHUSAMHU

0ty = At1p — Atyoyer — 011 = (At13 — Af13uer) + (Al2zuer — AD23),

013 = Atr3 — Atrzyer — Ota = (Ataz — Atazyer) — (At13 — At13ucr).

Takum o0Opa3om, npu ucnosab3zoBanuu Tpex MPT, pa3melnieHHbIX B 3apaHee NPerU3UOHHO MPU-
BSI3aHHBIX MO3ULIMAX, MOKHO PELIUTh 3aauy cMHXpoHu3anuu 1B ynaneHHbIX cHHXpOHU3aTOpOB 0€3
HCIIONIb30BaHus onopHoit LIB.

[IpencraBnenHas MeToMKa MOXKET OBITh MCIOJIB30BaHa Mpu GpopMupoBanuu rpymnmnosoii [11B
JUISL IPOCTPAHCTBEHHO-PA3HECEHHBIX CPEACTB CUCTEMBI €JMHOTO BpeMEHH [4].
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Cienyer OTMETUTb, YTO MPEICTABICHHbBIC BBHIKJIAJAKUA YKAa3bIBAIOT HA MPUHIUIINAIBHYIO BO3-
MOXHOCTh pacuera yxoq0B IIIB CUB B ycioBusix, Korma NpuCyTCTBYIOT TOJBKO CUCTEMAaTUYECKUE
norpemHocTH (apeidnl) [5] BpeMeHHBIX [IKaT FeHEPATOPOB, UCIIONB3YEMbIX JUIS TPUBSI3KU TEKYIITUX
U3MEPEHUI K BPEMEHHOH IIKaJIe.

B o0miem cnyuae perieHus 3aa4u CHHXPOHHU3AIUH TaK)Ke CIIEAYET YUUTHIBATh TaKue PaKToOpBI,
KaK CJIy4alHbI€ IMOTPEIIHOCTHA U3MEPEHUI [6] M MX MOBBIIEHHYI0 HHTEHCUBHOCTD MIPU MaJIOW anepry-
pe aHTeHH, CBOMCTBEHHOW MOOMILHOMY BapHaHTy PaJAHOTENIECKONa; HEOTPEACIEHHOCTH, CBI3aHHBIC
C HEOJIMHAKOBOCTBIO TPACC PACIIPOCTPAHEHHS CUTHAJIOB OT BHETATaKTHUECKUX UCTOYHUKOB; HEUICH-
TUYHOCTH (PUAEPHBIX TPAKTOB U TPAKTOB MPUEMHBIX YCTPOUCTB; HETOYHOCTH MO3UIIMOHUPOBAHUS
MPT u np.

Biusinue nmepeducieHHbIx GaKTOPOB HA MPOILECChl KOOPAMHATHO-BPEMEHHOTO 00ecTeueHus
oTpeduTeNel XOpOoII0 U3BECTHO CIIEUAIMCTAM, U CYIECTBYET HEMAI0€ KOJIMYECTBO PA3IMUHBIX
METOAMK [7], MPU3BaHHBIX MUHUMHU3UPOBATh BO3MYIIAIOIIEE BO3/IeCTBIE ATUX (DakTopoB [8].

PaccmoTpenHsiii anropuTm OblT pa3paboTaH C LEJbI0 T0Ka3aTh BO3MOKHOCTh PELICHUS 3a1a4H
ciuenus [1IB ynaneHHBIX CHHXPOHU3aTOPOB 0€3 UCTOIh30BAHUS HABUTAIIHOHHOTO TOJISl CITY THUKO-
BBIX CUCTEM U TpaHcrnopTupyeMbix CUB 115 nepcnekTHBHOTO HalpaBieHUs] KOOPAUHATHO-BPEMEHHOIO
Y HABUTALIMOHHOTO 00ECTICYEHUS CIICUAIbHBIX MOTPEOUTENEH ¢ TOMOIIBIO TEXHOJIOTHH MOOUITHLHON
panuonHTEpPEpOMETPHH C NITUHHOM 6a30i npu ucnonb3oBanuu MPT.

CIIMCOK JIMTEPATYPBI
1. Whitney A. R. The Mark 5 VLBI Data System // Proc. of the 18th VLBI for Geodesy and Astrometry Working Meeting,
Apr. 2007, Vienna. P. 33-38.

2. Petrachenko B., Corey B., Himwich E., Ma Ch., Malkin Z., Niell A., Shaffer D., Vandenberg N. Final Report of the
Observing Strategies Sub-Group of IVS working Group 3 // VLBI2010: Current and Future Requirements for Geodetic
VLBI Systems. 2005.

3. XKykos E. T., Hsanog /. B., Kypoybos C.JI. Ciudenue yaaJeHHbIX CTaHAAPTOB YaCTOTHI B BpeMeHnu metomom PC/Ib //
Tp. UuctutyTa npukiaaaoi actporomun PAH. 2012, Bem. 23. C. 125-130.

4. FOoaes J]. n np. AHamu3 BHICOKOTOYHBIX METO/IOB CHHXPOHM3AIMH PAa3HECCHHBIX HCTOYHHKOB BBICOKOCTAOMIBHBIX
CUTHAJIOB YaCTOThI U TOYHOTO BpeMeHH // TeXHOJI0TuH Moy4eHus U 00padOTKH HHPOPMALIUK O TUHAMHUYECKHX 00b-
exrax u cucremax: CO. marepuainos Il Beepoc. Hayu.-nipakT. KoH}., 1 okT. 2021 1., MockBa. M.: 2022. C. 281-289.

5. Hapyk A. A., Hseanos /[. B., JKykoe E. T., Kapnuueg A. C. CpaBHEHHE IIKaJI BPDEMEHH U 9aCTOT C IIOMOIIBIO PaJIiOWH-
TepdepomeTpa HOBoro mokoneHus / Tp. Mucturyta npukianHoi actponomuu PAH. 2019. Ne 50. C. 79-86.

6. Boimnos A. B., Heanoe /[. B. Monepuu3aiust xpanuresieii Bpemenu u yactotsl PCIB komiutekca ,,KBazap-KBO* // Tp.
WncturtyTta npukiagHoit actponomun PAH. 2009. Beim. 19.

7. Qveun H. A., I'aspunenxo B.I., Aumunenxo A. A. n np. Pammonnreppepomerp ¢ HezaBucuMbIM npuemom HHI'Y —
HUP®U — Upbene. Ilepsoie pesynsrarsl // BectH. Huwkeropon. yu-ta um. H. 1. JloGauesckoro. 2013. N 1 (1).
C. 79-85.

8. Kpacosckuii I1. A., Kocmpomun B. I1., Kowenaesckuii H. b. CindeHne TeppuTOpUaIbHO yAaIeHHBIX 9acoB // Tp.
Wucturyra npukiagHoit actponomun PAH. 2009. Bemm. 20. C. 203-214.

CBEJIEHIA Ob ABTOPAX

Anopeir Ilempoeuu Anewkun — JI-p TexH. HayK, mpodeccop; BKA mm. A. . Mosxkatickoro, (akyisTeT paano-
QIEKTPOHHBIX CHCTEM KOCMHUUYECKUX KoMIutekcoB; E-mail: vka@mil.ru

Hnova Bacunvesuu Conomannulii — axbioHKT; BKA um. A. @. Moxkaiickoro, ¢akyiabTeT paarodIeKTPOHHBIX
cHcTeM KocMHYeCcKHX KomIuiekcoB; E-mail: ilya.solomyanniy@yandex.ru

[Mocrynuna B penakuuto 15.01.2024; onodpena nocie penensuposanus 19.01.2024; npunsra k myomukammu 22.03.2024.

JOURNAL OF INSTRUMENT ENGINEERING. 2024. Vol. 67, N 5 M3B. BY30B. MPUBOPOCTPOEHUE. 2024. T. 67, Ne 5


mailto:vka@mil.ru

458 A. IT. Anewxun, U. B. Conomsnnwiil

REFERENCES

. Whitney A. R. Proc. of the 18th VLBI for Geodesy and Astrometry Working Meeting, April 2007, Vienna, pp. 33—38.

2. Petrachenko B., Corey B., Himwich E., Ma Ch., Malkin Z., Niell A., Shaffer D., Vandenberg N. VLBI2010: Current and
Future Requirements for Geodetic VLBI Systems, 2005.

3. Zhukov E. T, Ivanov D. V., Kurdubov S.L. Transactions of the Institute of Applied Astronomy RAS, 2012, no. 23,
pp- 125—-130. (in Russ.)

4. Yudaev D.T. et al. Tekhnologii polucheniya i obrabotki informatsii o dinamicheskikh ob"yektakh i sistemakh
(Technologies for Obtaining and Processing Information about Dynamic Objects and Systems), Collection of materials
of the Il All-Russian Scientific and Practical Conference, Moscow, October 1, 2021, 2022, pp. 281-289. (in Russ.)

5. Tsaruk A., Ivanov D., Zhykov E., Karpichev A. Transactions of the Institute of Applied Astronomy RAS, 2019, no. 50,
pp. 79-86. (in Russ.)

6. Vytnov A. V., Ivanov D. V. Transactions of the Institute of Applied Astronomy RAS, 2009, no. 19. (in Russ.)

7. Dugin N.A., Gavrilenko V. G., Antipenko A. A., Dementiev A.F., Nechaeva M. B., Tikhomirov Yu. V., Kalinin A. V.,
Chagunin A. K. Vestnik of Lobachevsky University of Nizhni Novgorod, 2013, no. 1-1, pp. 79-85. (in Russ.)

8. Krasovsky P. A., Kostromin V. P., Koshelyaevsky N. B. Transactions of the Institute of Applied Astronomy RAS, 2009,

no. 20, pp. 203-214. (in Russ.)

—

DATA ON AUTHORS
Andrey P. Aleshkin — Dr. Sci., Professor; A. F. Mozhaisky Military Space Academy, Faculty of
Radioelectronic Systems of Space Complexes; E-mail: vka@mil.ru
llya V. Solomyanny —  Adjunct; A. F. Mozhaisky Military Space Academy, Faculty of Radioelectronic

Systems of Space Complexes; E-mail: ilya.solomyanniy@ yandex.ru

Received 15.01.2024; approved after reviewing 19.01.2024; accepted for publication 22.03.2024.

13B. BY30B. MPUBOPOCTPOEHUE. 2024. T. 67, Ne 5 JOURNAL OF INSTRUMENT ENGINEERING. 2024. Vol. 67, N 5



