OcHoea ecex CPHC — nepedaya u
usMepeHue epeMeHU




- Jlekumns 2. LLikanbl BpeMeH#M
n cuctembl KoopanHat CPHC
FMOHACC, GPS, Galileo, banpoy

 lllkana BPEMEHMU — BpeMeHHada «KoopanHaTHas» cuctema,
CBA3aHHAaA C KOHKPETHbIMN YaCaMW.

- LLikana BpemeHu cuctemsl (LLIBC) — wkana BpemeHu, cBa3aHHas C
YyacamMu paguoHaBUrauMoOHHOW CUCTEMBI.

+ LLikana BpemeHu notpedburtens (LLUBI1) — wkana BpemeHu, cBsA3aHHadA
C YacamMmu notpeodutens.

- bopTtoBas wkKana BpemeHu (bLLUB) — wkana BpemMmeHun, cBA3aHHagda C
Yyacamy 6opToOBOro CMHXpoHu3npyroulero yctpomncrtea (BCY) KOHKPETHOro
HKA

* LLIkana BpemMmeHu HaBurauuoHHoro curHana (LLUB{HC}) - wkana
BpemMeHu, cesizaHHaga ¢ [NCI1 ganbHomepHoro koga curHana {HC} B
dpa30BOM LEHTPE aHTEHHbI, N3ny4vatolen 3ToT curHarn

2 http://www.navipedia.net/index.php/Time_References in_GNSS
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N Bpemsi B TMOHACC

UK NTOHACC. OOLwee onucaHne cuctemsbl.
Penakuusa 1.0 (http://www.spacecorp.ru/)

3 WKAIbl BPEMEHU CUCTEMbI NMOHACC

3.1 HaBuraunoHHo-BpemeHHble onpegenerus B cucteme MNTOHACC ocyLLecTBNSOTCA C UCNONb30BaHMEM CrieayroLmx wkan speMmenn (LLUB):
- WKana BcemunpHoro spemenn (UT1);

- LWKana yH1BepcanbHOro KOOpAUHUPOBAHHOIO BpeMeHW rocy4apCTBEHHOrO nepBnYHOro atanoHa Poccunckon denepaumm UTC(SU);

- wkana spemenun cuctemsl (LUBC) NMMOHACC;

- LLUKana MOCKOBCKOro aekpetHoro Bpemenu (MOB);

- 6opToBas wkana spemexu (BLLUB);

- LWKanbl BpeMeHN HaBuraunoHHbix curHanos (LLUIB{o6o3Ha4yeHne curHana});

- LWKana BpeMeHn annapaTtypbl noTpebutens (LLUBIM);

- MexxpgyHapogHas wkana atomHoro spemeru (TAl).

3.2 UT1 — BcemupHOoe BpeMsi MO LKane, B KOTOPOW 3a HavanbHbIA MOMEHT NOCAEAYIOLLMX CYTOK NPUHATA HUXKHASA KyribMuHaums CpegHero
CornHua Ha HayanbHOM MepuanaHe 1 y4TeHO BNUSHUE ABMXEHUS MOSoCcoB 3eMn Ha NONoXeHne MepuanaHoB.
Mcnonb3yeTca ansa ydyeta HepaBHOMEPHOCTU BpaLLeHna 3emnn.

3.3 UTC(SU) — wkana BpemeHu ocynapCTBEHHOIO 3TanoHa 4acTtoThl U BpeMeHn Poccun, 3agaBaemas rocygapCTBEHHbIM NePBUYHLIM 3TafIOHOM
BpeMeHu 1 YactoTbl (MIBY) Poccunckon ®epepaumm. Wkana UTC(SU) aBnseTcs cTyneH4YaTo paBHOMEPHOW LLKANoWn; OHa Nepuoauyecku
noaBepraeTcsa CEKyHAHOM Koppekuun Ha 1 ¢, ocyecTBnsiemMon no pewenunio MexayHapogHoro 6topo BpeMenu, koraa pasHocts (UT1 — UTC) no
MoAyno JoCcTUrHeT BenuymnHbl ot 0,75 oo 0,9 c.

3.4 MOB — MockoBckoe gekpetHoe Bpemst TMOB cdopmupyeTtcs kak Bpema TUTC(SU) Ha wkane UTC(SU) nntoc 3 yaca (10800 c):

TMOB = mod86400[TUTC(SU) + 10800(03 4 00 muH 00 c)]
MapameTpbl Mogenen oBmxeHus LeHTpa Macc HKA 1 napameTpbl NOAMHOMUANBHBLIX MOAENEN, ONUCKIBAIOLLMX pacXOXOeHUe pasfiMyHbIX LiKan
BpeMeHu B cucteme NMTOHACC, onpegensatoTcsa B wkane MB.
LWkana MOB koppeKkTupyeTcs o4HOBPEMEHHO C nraHoBou koppekumen £1 ¢ wkansl UTC(SU) TUTC(SU). Koppekuuns wkansl UTC(SU)
NpoM3BOANTCSA, Kak NpaBuso, C NepMoaMYHOCTbIO 1 pa3 B rog (B nontopa roga), B koHue ogHoro n3 ksaptanos (B 00 4 00 muH 00 c): ¢ 31 gekabps
Ha 1 aHBaps, ¢ 31 mapTa Ha 1 anpens, ¢ 30 nioHs Ha 1 uong, ¢ 30 ceHTAbps Ha 1 okTAbpsa no wkane UTC(SU) (B 3 4 00 muH 00 ¢ no wkane MAB)
N OCYLLEeCTBIISIETCH OAHOBPEMEHHO BCEMM NOSb30BATENAMM, BOCMPOM3BOLAALLMMN UK Ucnonb3yowmnmmy wkany UTC(SU).
B HaBuraunoHHom coobuieHnmn paguocurHanos NMTOHACC npeaycmoTpeHo 3abnaroBpemMeHHoe yBegoMeHne notpebutenen o gate n 3Hake
CEKYHOHOWN KOppEeKLUN.




— UKO NTOHACC. OOLwee onucaHme cuctemsbl.
Penakuusa 1.0 (http://www.spacecorp.ru/)

3.5 WBC INMOHACC — wkana BpemeHnu cuctembl [TIOHACC T, 970 wkKana, OTHOCUTENBHO KOTOPOW OCYLLECTBNAETCA CUHXPOHM3AUUS LiKan
BLWB HKA v wkan BpemeHn HaBuraumoHHbix curHanos. LWBC MNTOHACC TIT1 aBnsieTca HenpepbiBHOW MaTeMaTUYECKOW LLKarown BpeMeHH,
KoTopasa hopmMuMpyeTcs Ha OCHOBE CUrHaNoOB HECKOSbKMX BbICOKOTOYHbLIX BOOOPOAHbIX CTAHAAPTOB YAacTOThl, BXOAALLMX B COCTaB LEeHTPanbHOro
cuHxpoHmsaTtopa (LIC) cuctembl IMIOHACC. CyToyHas oTHOocuTeNbHas HeCcTabunbHOCTL (O) BOOOPOAHBLIX cTaHAapToB YacToThl LIC cocTtaBnseT
2E—15. WWUBC INMOHACC TTIJ1 koppeKkTupyeTcsi 0GHOBPEMEHHO C MraHoBoW koppekumen +1 ¢ wkansl UTC(SU) TUTC(SU) u MOB TMAB (cm. 3.2).
Bcneacteue atoro, mexay WBC MNMOHACC n MOB He cywecTByeT casura Ha Lienoe 41cno cekyHa. B Gyayuiem Bo3amMoxeH nepexop K
NCrnonb30BaHMIO HenpepbiBHOM Wwikanbl LUBC. [Ons aToro, B HaBuraumoHHbIX coobluenusx curHanoB MMTOHACC ¢ kogoBbiM pasgeneHnem
npegycMoTpeHbl COOTBETCTBYIOLLME pe3epBbl.

3.6 BLLB — 6opToBas wkana BpemeHu. NoHsaTue BLUB ncnonbsyetcsa Tonbko ansa curHanos [TIOHACC c yactoTHbIM pasgeneHuem. BLUB j-ro HKA
NMOHACC c yacToTHbIM pa3geneHuem otoxgectanseTcs ¢ dason MNMCI1, mogynupytoLwen HecyLlyio B aManasoHe L1, B pa3oBoM UeHTpe
aHTEHHbI, U3ny4aroLLen 3TOT MOAYNNPOBaHHbINM curHan. CyToyHasi oTHocuTenbHas HectabunbHocTb BLUB (o) coctaBnseTt He 6onee 1E-13.

B HaBuraunoHHbix coobuieHnax scex curHanoB [TIOHACC ¢ yacToTHbIM pa3geneHmemM coobLalnTca napaMeTpbl NOSIMHOMUAaNbLHOW Moaenu,
onpegensaowme cmelleHme BB oTHocuTensHo LLUBC, a Tak e CMeLLeHna LwkKarn BpeMeHU BCEX CUrHaNoB € YaCTOTHbIM pasferneHreM (3a
NCKIOYeHrEM LWKanbl, 3agasaemMont ason NCI1 guanasoHa L1) otHocuTenbHo BLUB.

B curHanax NMOHACC c kogoBbIM pasgerneHveM noHstue BLUB He ncnonbsyeTcs.

3.7 Wkanbl BpemeHW HaBUraumoHHbIx curHanos (LLUB{o6o3HaveHne curHana}) ¢ kopgosbiMm pasgenenHnem MNMOHACC otoxgecTBnstoTcs ¢ hazamum
MCI aTnx curHanoB B )a30BOM LIEHTPE aHTEHHbI, M3MyYatoLlen 3TN curHanbl. B MHOpMaLMOHHBIX KOMMOHEHTaxX HaBUraLMOHHBLIX COOOLLEHNIA
BCEX CMrHaroB C KO4OBbIM pasgeneHnemM coobLarnTca nHanBMAayarnbHble NnapaMeTpbl NOMHOMMAarbHbIX MoAenen, onpeaensitoLmnx cMeLeHne
LWKanbl BpeMeH JaHHOro curHana otHocutensHo LLUBC, a Tak e cMmelleHune LWKanbl BpeMeHU MUIOTHOM KOMMOHEHTbI JaHHOro curHana
OTHOCUTESTbHO ee NH(POPMALMOHHON KOMMOHEHTHI.

TOYHOCTb B3aMMHOW CUHXPOHU3AUUK LLIKan BpeMeHn curHanoB pasHbix HKA coctaBngeT 8 He (0).

MorpelwHocTb cBepkn Wwkan Bpemenun paguocurHanos ¢ LLUBC MNMOHACC He npesbliwaeT 10 HC HA MOMEHT NPOBEAEHMNST CBEPKM.

Mpwn cekyHaHbIX koppekuuax WBC MOHACC, ocyulecTBrnsieMblx B MOMEHTbI NaHoBbIX koppekuunn UTC(SU), npoBoantca ogHOBpEMEHHad
Koppekuus wkan spemenn curHanos HKA MNTOHACC nytem nameHeHus oungpoBKn nocneaoBaTenbHOCTM CeKYHAHbIX MMnynbcos BLUB Bcex HKA
MMOHACC. O6wme pekomeHaaumm no opraHmdauunn soldmncrieHnin B Al NMIOHACC B MOMEHT NpoBeAeHMsI NNTAaHOBOW CEKYHOHOW KOppeKLUmmn
UTC(SU) npueegeHbl B npunoxeHumn .

3.8 WBI — Wkana BpemeHn annapaTypbl noTpebutens. B 3aBucnumoctn ot ocobeHHocTern noctpoerus All, LLUBI moxeT 3agaBaTbCs ONOPHbLIM
reHepaTopom All, nogsepraTbCcsa Nepnoan4eckon ANCKpPeTHOM NMbo NnaBHOM CUHXPOHM3aLUNUK, ocyLlecTensemon B Al Ha ocHoBe 00paboTku
N3MepeHUin HaBUraLMOHHbIX NapamMeTpoB.

3.9 TAl - MemayHapquaﬂ LLIKana atToOMHOro BpemMeHun, paBHoOMepHaa LKaria atToMHOro BpemMmeHu, paccymTbiBaemad Me)KD,yHapOD,HbIM 6l0p0 mMep “n
BECOB.
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S— Bpemsa B GPS

IS-GPS-200E (http://www.gps.gov/technicallicwg/):

3.3.4 GPS Time and SV Z-Count.

GPS time is established by the Control Segment and is referenced to Coordinated Universal Time (UTC)
as maintained by the U.S. Naval Observatory (UTC(USNO)) zero time-point defined as midnight on the
night of January 5, 1980/morning of January 6, 1980. The largest unit used in stating GPS time is one
week defined as 604,800 seconds. GPS time may differ from UTC because GPS time shall be a
continuous time scale, while UTC is corrected periodically with an integer number of leap seconds. There
also is an inherent but bounded drift rate between the UTC and GPS time scales. The OCS shall control
the GPS time scale to be within one microsecond of UTC (modulo one second).

The NAV data contains the requisite data for relating GPS time to UTC. The accuracy of this data during
the transmission interval shall be such that it relates GPS time (maintained by the MCS of the CS) to UTC
(USNO) within 90 nanoseconds (one sigma). This data is generated by the CS; therefore, the accuracy of
this relationship may degrade if for some reason the CS is unable to upload data to a SV. At this point, it
is assumed that alternate sources of UTC are no longer available, and the relative accuracy of the
GPS/UTC relationship will be sufficient for users. Range error components (e.g. SV clock and position)
contribute to the GPS time transfer error, and under normal operating circumstances (two frequency time
transfers from SV(s) whose navigation message indicates a URA of eight meters or less), this
corresponds to a 97 nanosecond (one sigma) apparent uncertainty at the SV.

Propagation delay errors and receiver equipment biases unique to the user add to this time transfer
uncertainty.




S— Bpemsa B Galileo (GST)

+50 HC

Havano:
00:00:00 22.08.1999
(GST = UTC)

LLIBC Galileo

LieHTparnbHbI CUHXPOHU3ATOP
cuctembl Galileo

¢y

BLIB

ATOMHbIE Yachl
HaBUrALMOHHOIO
CnyTHUKA

B3

annaparypsi

LUB{HC}
n3nyyaroLlas
aHTEHHa




— Bpemsa B Galileo (GST)

The GST is given as 32-bit binary number composed of two parameters as
follows:

e The Week Number is an integer counter that gives the sequential week number
from the origin of the Galileo time. This parameter is coded on 12 bits, which
covers 4096 weeks (about 78 years). Then the counter is reset to zero to cover
additional period modulo 4096.

e The Time of Week is defined as the number of seconds that have occurred
since the transition from the previous week. The TOW covers an entire week
from 0 to 604799 seconds and is reset to zero at the end of each week.

The GST start epoch shall be 00:00 UT on Sunday 22nd August 1999 (midnight
between 21st and 22nd August). At the start epoch, GST shall be ahead of UTC
by thirteen (13) leap seconds. Since the next leap second was inserted at
01.01.2006, this implies that as of 01.01.2006 GST is ahead of UTC by fourteen
(14) leap seconds.

The epoch denoted in the navigation messages by TOW and WN will be
measured relative to the leading edge of the first chip of the first code sequence
of the first page symbol. The transmission timing of the navigation message
provided through the TOW is synchronised to each satellite’s version of Galileo
System Time (GST).

10



— Bpemsa B bangoy (BDT)

1. Wikana BpemeHu BDT — HenpepbIiBHaA: CeKyHAbI
KoopAanHauum oTcyTcTBYHOT, Kak B GPS un Galileo

2. Hayano LWWB BDT B 00:00:00 1 auBapsa 2006 r. no
UTC

3. OTknoHeHue BDT ot UTC nopaepxuBaeTca B
npepenax 50 Hc (no moaynto 1 cekyHAaa)

LUuntaTta UKO:

The BeiDou navigation satellite system Time (BDT) is adopted by the
BDS as time reference. BDT adopts the international system of units (Sl) second
as the base unit, and accumulates continuously without leap seconds. The start
epoch of BDT is 00:00:00 on January 1, 2006 of Coordinated Universal Time
(UTC). BDT connects with UTC via UTC (NTSC), and the deviation of BDT to
UTC is maintained within 50 nanoseconds (modulo 1 second). The leap second
information is broadcast in the navigation message.

11



dopmaTt Bpemenu N1OHACC
N4 : N;:t

N4 — HomMmep YeTbIpeXneTHeEro nepuoaa, nepsbIiv roq
NnepBoro 4YetblpexnetTna cooreetcTeyeT 1996 rogy
(N4=1...31, 5 6uT®);

N, — Tekyllaa garta, kaneHgapHbIM HOMepP CYTOK
BHYTPW YeTbIpexyieTHero nHTepearna, HauynHasa c 1-
ro sHBap4sa BucokocHoro roga (N+=1...1461).

t — KONMYECTBO CeKyHA OT Ha4yana TeKYLLNX CyTOK

* OTO co3gaeT npobrnembl C HEOAHO3HAYHOCTLIO AaTthl ¢ nepunogom 128 net

12



_— dopmart BpemeHun GPS

WN : TOW

WN - Homep Heaenu HavynHasa ¢ 6 ssHBaps
1980 r, no moagynto 1024 (10 ouT)*;

TOW — KonnyecTtBO cekyHO OT Havarna
TeKkyllen Hegenwu

* OTO co3gaeT npobrnembl C HEOAHO3HAYHOCTLIO AaTthkl ¢ nepuogom ~19,5 net

13



_— dopmaTt BpemeHun Galileo

WN : TOW

WN — HoMep Heagenu HadymHasa ¢ 22 aBrycra
1999 r, no moaynto 4096 (12 ouT)*;

TOW — KonnyecTtBO cekyHO OT Havarna
TeKkyllen Hegenwu

* OTO co3gaeT npobnembl C HEOAHO3HAYHOCTbLIO AaThkl ¢ nepuoaom ~78 ner
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_— dopmaT BpemeHu banpgoy

*

WN : SOW

WN — Homep Hepenu HavnHada ¢ 1 aHBap4
2006 r, no moagynto 8192 (13 ouT)*;

SOW — konn4ecTBO CeKyHA OT Ha4vana
TeKkyllen Hegenwu

970 co3paeT npobnembl ¢ HEOAHO3HAYHOCTLIO AaThl C Nepnogom ~156 net

15



-
[ eoUueHTpUYeckada cucrtema

KoopAauHaT, cBA3aHHaA ¢ 3eMnen

Onpepenenue. LleHtp NCK

COBMELLLEH C LIEHTPOM Macc
3emnun, ocb OZ HanpaBrneHa
No ocu BpalleHnsa 3emMnu B
cTopoHy CeBepHOro nostoca,
ocb OX NexuT B NNOCKOCTU
3€MHOro 3KBaTOpa U CBA3aHa
¢ [ puHBUYCKMM MepUANaHOM,
ocb OY gononHdaeTt cucrtemy
KoopAMHaT OO0 npaBoun

I

['eorpadunyeckum
CeBepHbin [ontoc

1 —
" MNepeceyeHne [PUHBUYCKOro
MepuamMaHa 1 aKkBaTopa
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-
[ eoueHTpPUYECKME CUCTEMbI

koopauHat B CPHC

Cucrtema Ha3BaHue
FMOHACC: M3-90.11
GPS: WGS-84
Galileo: GTRF
banaoy: BDCS

Camoe rnaBHoe:
M3-90.11 = WGS-84 = GTRF = BDCS = ITRF*
C TOYHOCTbLIO 2...3 cM!

17 *ITRF = International Terrestrial Reference Frame



