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PEKOMEHJALA MC3-R M.1787

Onucanme cucTem U ceTeil paIMOHABUTALMOHHOM CIlyTHUKOBOM CJIy:KObI
(kocmoc-3eMJIsl 1 KOCMOC-KOCMOC) H TeXHUYEeCKHE XapaKTepuCTHKH
nepeaaruX KOCMUYECKUX CTAHIIMIA, pa00TAIIMX B M0J0CAX YACTOT
1164—1215 MI'n, 1215-1300 MI'n 1 1559-1610 MI'y

(Bonpocst MC3-R 217/4 m MCD-R 288/4)
(2009)

Cdepa npumeneHus

B nacrosmeit Pekomenmannu npencrasieHa HHGopManus o0 OpOUTANBHBIX MMapaMeTpax, HaBUTAIlMOHHBIX
CUTHAJIAaX U TEXHUYECKHX XapaKTEPHCTHUKAX CHCTEM U CETeH paJuMOHABUTAMOHHON CIYTHUKOBOW CIIy»KOBI
(PHCC) (kocMoc-3emisi, KOCMOC-KOCMOC), paboTarommx B Tmojocax dYactoT 1164-1215 MIT,
1215-1300 MI'm u 1559-1610 MIu. Dta wuHboOpManus mNpeaHa3HAUEHA IS HCIIONIB30BAHUSA IIPH
OCYIIECTBJIICHUH OIICHKH BO3MEHCTBUA moMex Mexnay cuctemamu u ceTsimu B PHCC mexny PHCC u
JIPYTHMU CITy’)KOaMH U CUCTEMaMHU.

Accambres paguocssizu MCO,

yuumoleas,

a) YTO CHCTEMBI U CETH PaJIMOHABHTAIIMOHHOW criiyTHUKOBOU ciry:k0bl (PHCC) Ha BceMupHOUH OCHOBE
MIPEIOCTABISAIOT TOYHYIO HH(MOPMAIUIO i MHOXKECTBA TNPUMEHEHHUU OINpEAENeHHs] MECTOIONIOXKEHNUS,
HaBUTAIlMW ¥ CHHXPOHM3AIIHH;

b) YTO CYIIECTBYET sl pabOTAIONMX U TUIAHUPYEMBIX K BBOJY B JKCIUTyaTal[MI0 CHUCTEM U CeTeH
PHCC;
c) gyto B Otuere MCD-R M.766 conepxutcss mHGOpMANWs, OTHOCSIAACS K (yHKIIMOHUPOBAHUIO

PHCC B nonoce gactot 1215-1300 MI';

d) 4TO Jt00as COOTBETCTBYIOIIMM 00pa3oM OOOpY/OBaHHAs 3E€MHAas CTaHIUS MOXET NPUHUMATh
HaBHUTAIMOHHYTO HHpopManuto oT cucteM u cereit PHCC Ha BceMupHOM OCHOBE;

e) gTo B Pexomenmaruu MCO-R M.1831 mpezacraBiena METOIUKa OIEHKH MEKCHCTEMHBIX TTOMEX B
PHCC, koTopast moJKHA UCTIONB30BAThCS B MPOIIECCE KOOPAUHAIIMY MeXay cucteMamu U ceTssmu PHCC,

pexomenoyem,

1 yto B mosocax 1164—1215 MI'n, 1215-1300 MI'n u 1559-1610 MI'i JO/KHBI MCIIOJIB30BaThCS
XapaKTEPUCTUKHU, TPEACTABICHHBIC B ONHMCAHUM MEPEAAIOIINX KOCMUYECKHUX CTAHIMA U CHUCTEM B
npunoxeHusx 1-9:

1.1 MIpH OTIpeAeTICHNH METOIUKN U KpUTEPUEB I B3aUMHOM KoopauHauuu cucreM u cereit PHCC;

1.2 MIpU OLIEHKE BO3JEHCTBUS Momex Mexay cuctemamu U ceraMu PHCC (xocmoc-3emiss U KocMoc-
KOCMOC) ¥ CUCTeMaMH ApYTHuxX ciyx0 ¢ yaetom cratyca PHCC no cpaBHEHHIO C 3TUMHU APYTHMH CIyX)Oamu;

2 yTo cienyroniee [Ipumeuanue 1 101KHO paccMaTpUBaThCs KaK 4acTh HacTosel PexoMeHnanmu.

[TPUMEYAHUVE 1. — B mpunoxeHusx K HacTosmed PekoMmeHanuu TepMHMH "NMUamna3oH 4acTOT CHrHaja" O3Ha4yaer
JMana3oH 4acToT paccMarpuBaemoro curana PHCC (ms cucrem CDMA: Hecymas yacToTa + IOJOBHUHA LIIMPHHBI
MOJIOCHI CHUTHANA (ECNIM He yKaszaHo MHoe); Juisi cucteM FDMA: ocHoBHas uyactora + (HOMep KaHana * 4acTOTHOE
pasHeceHne) + TOJIOBHHA LIMPHHBI TOJIOCH! KaHana). Takke MO/DKeH OBITh IPHBENEH AHAra30H HOMEPOB KaHAJOB.
Junana3oH 4yacToThl curHaiia Belpaxaercs B MI .
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Ipunoxenue 1

TexHuveckoe onucaHne CUCTEMbI U XapPAKTEPUCTUKH NepeIalouX KOCMUYECKNX
CTAHI U 11002J1bHO HABUTAUMOHHOM cnyTHUKOBOM cuctembl 'JIOHACC

1 BBenenue

Cucrema I'JIOHACC cocroutr u3 24 CHYTHHUKOB, Pa3MELIEHHBIX C PaBHOMEPHBIM CIOBHUTOM B TpEX
OpOUTANBHBIX IUIOCKOCTSIX, MO BOCEMBb CIIyTHUKOB B Ka)IOW IUIOCKOCTH. YTOJ HAKIOHEHUS OPOHTEHI
coctapisgeT 64,8°. Kaxaplii CIyTHUK TIepeIaeT HaBUTAIIMOHHBIE CUTHANBI B TpexX auana3zoHax: L1 (1,6 ['T),
L2 (1,2TTu) u L3 (1,1 I'T). CiyTHUKYM pa3auyaroTcs 3Ha4YeHHEeM HeCylleld 4acTOThl; ONMHAKOBAs HecyInas
4acTOTa MOXKET HCIOJIb30BATbCAd AHTUIOAHBIMU CITyTHHUKaMH, DPACIIOJIOKEHHBIMH B OJHOM IINIOCKOCTH.
HaBurannoHnsle CUTHaJdBl MOAYJNHPYIOTCA HENPEpPHIBHON JIBOMYHON IOCIIEAOBAaTENBHOCTBIO (KOTOpas
COACPKUT MHpOpMaLuio 00 3deMepuax CIyTHUKA M BPEMEHH), a TaKKe IMCEBAOCTYYalHBIM KOJOM JUIS
H3MEpEeHHH TnceBaoaanbHOCTH. [lonb30BaTenb, MOMYYarOMMi CUTHANBI OT YEeThIpeX WK Oonee CIyTHHKOB,
AMEET BO3MOXKHOCTH OINPEACIUTh C BBICOKOM TOYHOCTBIO TPH KOOPAWHATHI MECTOIOJOKEHUS U TpHU
COCTaBJISIOIINE BEKTOpa cKopocTH. HaBuramuonHble ompenencHHs BO3MOXKHBI IPU HAXOXKACHUU Ha
MTOBEPXHOCTH 3€MJI WJIN OKOJIO HEE.

1.1 TpeGoBaHus M0 YacToTe

B ocHoBe TpeboBanuii mo wactote mnsi cucreMbl [ JIOHACC nexxaT mpo3padyHOCTh MOHOCQEPHI, OIOKET
pPaAMONMHUE, TPOCTOTA IOJB30BATEIBCKUX AHTECHH, IOJIABJICHHE MHOTOJIYYEBOCTH, CTOMMOCTb
obopymoBanuss W TmookeHus Permamenta paawocBsizu (PP). Hecymme dbacToThl pasimdaroTcs Ha
0,5625 MTI'y B quana3one L1, Ha 0,4375 MI'u B quana3one L2 u Ha 0,423 MI'i B quana3one L3.

C 2006 rona HoBele ciyTHUKHU B cucteme I'JIOHACC ucnons3yror ot 14 1o 20 Hecymmx 4acToT B pa3HbIX
muamazoHax. B mmamaszone L1 wmcnome3ytorcs Hecymme 4wactotel oT 1598,0625 MI'm (HwkHAS) 10
1605,3750 MI't (BepxHss), B nuana3one L2 MCHons3yroTcs Hecyne 9acToThl OT 1242,9375 MI'tt (HyKHSI)
mo 1248,6250 MI'm (Bepxusisi), B auanazoHe L3 umcmonmb3yroTcs Hecymue dactotel oT 1201,7430 MI't
(amxkusn) no 1209,7800 Ml (BepxHsisi). HomuHanpHBIe 3HAUYEHUSI HECYIIUX YacTOT JJISI HABHTAI[MOHHBIX
pamuocHurHaioB, ucnoib3yemble B cucteme I JIOHACC, npuBeneHs! B Tadmute 1.

TABJIMIIA 1
HoMuHanbHbIE 3HAYEHUS] HECYIIUX YACTOT JJISI HABUTAIIMOHHBIX PATHOCUTHAJIOB
B cucteme JIOHACC
K (Ne mecymeii | Fg"? Fg"?

YacTOThI) (MTI'u) (MTI') (MTI'n)
12 - - 1 209,7800
11 - - 1209,3570
10 - - 1208,9340
09 - - 1208,5110
08 - - 1 208,0880
07 - - 1207,6650
06 1 605,3750 1 248,6250 1 207,2420
05 1 604,8125 1248,1875 1206,8190
04 1 604,2500 1247,7500 1206,3960
03 1 603,6875 12473125 1 205,9730
02 1 603,1250 1246,8750 1205,5500
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TABJIMLA 1 (oxonuanue)

K (Ne necymeii F"! Fg'? F"?
YacCTOThI) (MTI'm) (MTI'n) (MTI'm)
01 1 602,5625 1 246,4375 1205,1270
00 1 602,0000 1 246,0000 1 204,7040
01 1601,4375 1 245,5625 1204,2810
-02 1 600,8750 1 245,1250 1 203,8580
-03 1 600,3125 1 244,6875 1 203,4350
—04 1.599,7500 1 244,2500 1203,0120
05 1599,1875 1 243,8125 1202,5890
—06 1 598,6250 1 243,3750 1 202,1660
-07 1 598,0625 1 242,9375 1201,7430

Ha xaxxao#i Hecymeit 4acTore ocyIiecTBIsIeTCs epeaada AByX dazoMaHuITy IMpoBaHHbIX (Ha 180° mo dasze)
HaBUTAIIMOHHBIX CHTHAJIOB CO CIBUTOM o (haze Ha 90° (B kBagpaType). DTUMH CUTHAJIAMH SIBJISIFOTCS CHTHAI
crarnaptHoit TouHoctu (CT) u curHan Beicokoit Tounoctu (BT).

2 00630p cucrembl

Cucrema I'JIOHACC ofecneurnBaeT HaBUTAMOHHYIO HH(OpMAIMIO W CHTHAJbl TOYHOTO BPEMEHH IS
Ha3€MHBIX, MOPCKUX U KOCMHUYECKHX I10JIb30BaTENICH.

Cuctema paboTaeT IO TMPUHIUITY MMACCHUBHOW TpHaHTyIsmuu. OO0pymoBaHWE TIOJIL30BATEICH CHCTEMBI
I'JIOHACC ocymecTBiasieT U3MEpeHHEe IICEeBIOJATbHOCTH U paJAMajbHON IICEBJOCKOPOCTH IO BCEM
BHJIUMBIM CITyTHHUKaM W TPUHUMAeT HMHPopManuo 00 3deMepumax CIyTHUKOB M MapaMeTPbl BPEMEHH.
Ha ocHOBaHHMM STHX JaHHBIX PACCUUTHIBAIOTCS TPU KOOPJMHATHI MECTOIOJIOKEHHS IOJIb30BaTesl U TPU
COCTaBJISIOIIMX BEKTOPa CKOPOCTH, a TaKXE BBINOJIHICTCS KOPPEKTHPOBKA 10 BPEMEHH M 4YacTOTe.
B cucreme I''TOHACC ucnons3yetcs cuctema koopaunar [13-90.

3 Onucanme cUCTEMBI

Cuctemy I'JTOHACC cocTaBISIOT TpH OCHOBHBIX CETMEHTA: KOCMHYECKHI CErMEHT, CETMCHT YITPABJICHHS 1
IOJIb30BaTEIIbCKHI CETMEHT.

3.1 KocMu4uecKHii cerMeHT

Cucrema ['JIOHACC coctouT u3 24 CIyTHHUKOB, pa3MEMIEHHBIX B TpPEX OPOUTAIBHBIX IUIOCKOCTSX, ITO
BOCEMb CITyTHHKOB B KaXJI0¥ IIocKOoCTH. [L1ockocTh pasHeceHbl Mexay coboit mo monrore Ha 120°. Yron
HaKJIOHEHUsI opOUTHI cocTaBisieT 64,8°. CIIyTHUKH B TUIOCKOCTH Pa3MENICHBI C PABHOMEPHBIM CIBUTOM TIO

aprymenTy mupoThsl 45°. [lepuon ux obOpamienus cocrasiser 11 yac. 15 mun. Beicota opOUTEI coCTaBIseT
19100 kM.

3.2 CerMeHT ynpasBJieHUSs

CermMeHT ymnpaBJIEHUS COCTOMT W3 LIEHTpa YIPABIEHUS CHUCTEMONH M CeTH CTaHUMH KOHTpois. CTaHIuU
KOHTPOJISI OCYILECTBISIIOT H3MEpEHHE OpOUTANbHBIX IapaMeTpoB CIYTHUKOB W CIOBUTa II0 BPEMEHHU
OTHOCUTENIPHO TJAaBHBIX YacOB CHCTEMBl. OTH [JaHHBIE MEPENAIOTCS B LEHTP YNPABICHUS CHCTEMOH.
B nentpe Ha eXeJHEBHOW OCHOBE NPOHM3BOAMTCS BBIYMCICHHE dPeMepH] U TapamMeTpoB KOPPEKIHUH
BpEMEHH U Tepeniada coOOIEeHUH Ha CITy THUKH Yepe3 CTAaHLIMU KOHTPOJIS.
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3.3 IMoab30BaTEJLCKHH CErMEHT

[Tonb30BaTENbCKUI CETMEHT COCTOUT M3 OOJIBIIONO YHCIIA MOJIb30BATENbCKUX TEPMHUHAIOB Pa3HBIX THIIOB.
[Tonp3oBaTenbCKUil TepMHUHANT 00pa3ylOT aHTEHHA, MPHUEMHUK, MPOIECCOP M YCTPOHCTBO BBOAA-BBIBOJA.
3710 000pYZOBaHUE MOKET HCIOJIB30BATHCS B COYETAHMM C IPYTMMH HABUTALIMOHHBIMH HpUOOpaMH s
MOBBIILICHUS TOYHOCTH U HAJAEKHOCTU HaBUTalMH. Takoe coueTaHUE MOXKET ObITh OCOOCHHO IMOJIE3HBIM AJIS
m1aT(opm, XapakTepU3YIOUINXCS BBICOKUM YPOBHEM JUHAMUYHOCTH.

4 CTpyKTypa HABUTalMOHHOTO CUTHAJIa

Crpykrypa curHana CT ommHakoBa B oOomx aumamazonax L1 m L2 w ornwyaercs B awmama3one L3.
DTO0 nceBAOCTydaliHas MOCIEIOBATEIBHOCTh, KOTOpash CYMMHPYETCS 1O MOIYIIO JBa C HEMPEPHLIBHBIM
MIOTOKOM JIBOMYHBIX JaHHBIX, MepefaBaeMbix co ckopocteto 50 6ur/c (L1, L2) u 125 o6ur/c (L3).
[IceBnocnyyaiiHas OCIeIOBAaTENFHOCTh XapaKTepusyercs 4actotoit anemenToB 0,511 MI'n (s L1, L2) u
4,095 MI'nt (s L3) u meprogoM moBTOpeHuUs 1 Mc.

B muanazonax L1, L2 u L3 curnan BT sBasercs Takke nceBIoCTydYaliHON MOCIEN0BATENBHOCTHIO, KOTOpas
CYMMHPYETCSl 110 MOJYJIIO JBA C HEMPEPHIBHBIM MOTOKOM JBOMYHBIX JaHHBIX. YacToTa 3IEMEHTOB B 3TOH
MCceBJoCIyyaiiHON mocienoBaTebHOCTH coctaBisier 5,11 Ml B guanasonax L1 u L2 u 4,095 MI'n B
nuamasone L3.

JBouuHBIC JaHHBIE coaepkaT MHpopMauuio o0 3deMepuaax CIyTHUKOB, BPEMEHH U APYTYIO MOJE3HYIO
rH(OpPMAITHIO.

5 MoOIIHOCTB M CTIEKTP CUTHAJIOB

[lepenaBaemble CHrHAJIBI UMEIOT BIUIMOTHYECKYIO NPABYIO KPYroBYIO MONAPH3ALMUIO C KO3((PHUIMEHTOM
SJUIMNTUYHOCTU He Xyke 0,7 B nuanazonax L1, L2 u L3. MuHuManbsHas rapaHTupyeMasi MOLIHOCTh CUTHaja
Ha BXOJ¢ IpHeMHMKa (Tipenronaras ycwienue anTeHHsl 0 1bu) ompenemnsercs kak —161 nbBt (—131 abm)
qis curdanoB CT u BT B nuamazonax L1, L2 u L3.

B cucreme T'JIOHACC wucnone3yroTcs Tpu kiacca usnydenus: 8M19G7X, 1IMO02G7X, 10M2G7X.
XapakTepUCTUKU 3TUX CUTHAJIOB IIPUBEACHBI B TabuuIe 2.

TABJIMLA 2
Xapakrepuctuku curaanos cucremsl 'JIOHACC
MaxkcumaabHasa | MakcuMaJbHas
Iupuna
o IIUKOBas CIIeKTpaJibHasA Yceuniaenune
YacToTHBIH Kaace M0JIOCHI
MOIIIHOCTDHb IJIOTHOCTb AHTCHHBI
AUana3soH HU3JTyYeHUs nepeaaTimka W3y ueHust MOIIHOCTH (IIB)
(M) (aBB) (B(BT/T'w))
L1 10M2G7X 10.2 15 =52 11
1IM02G7X 1,02 15 —42
L2 10M2G7X 10.2 14 —53 10
1IM02G7X 1,02 14 —43
L3® 8M19G7X 8,2 15 -52,1 12
8M19G7X 8,2 15 —-52,1

" Jea curnana TJIOHACC caOBHHYTHI OTHOCHTENBHO ApYT Apyra Ha 90° (B KBagparype).
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Orubaromas CeKTpaibHOM MOIIHOCTH HABUIAIIMOHHOTO CUTHAJIA ONUCHIBaeTCs QyHKIMEH (sin x/x)2, re:

x=n(f=f) 1,
rie:
f: paccMaTpuBaemas 4acToTa;
fe:  HecyImas 4acTOTa CHTHAJIA;
f; dacToTa BIEMEHTOB CHUTHAJIA.

I'maBHBIA JemecTok cmekTpa oOpasyeT OmepaTHUBHBIN cHeKTp curHaiga. OH 3aHUMAaeT IIUPHUHY MOJOCH,
9KBHUBaJIEHTHY!O 2f,. IllMpuHa nenecTkoB SKBUBaJIeHTHA f.

Ipunoxenue 2

Texnuuveckoe onucaHue U XapaKTEePUCTUKH IJ100a1bHOM CUCTEMBI
onpenesenust mecronosoxenus (GPS) Navstar

1 BBenenue

Texymas uapopmanust o ['modanpHOM cucteme onpeaencHus: Mecrononoxenus (GPS) Navstar OecrmatHo
JIOCTYIIHA 10 azipecy http://www.navcen.uscg.gov/gps/geninfo/. Uudopmarius o cucteme GPS, paboratoreit
B muanazonax 1215-1300 MI'm u 1559-1610 MI', BkIOYeHa B HOBEHIIYIO BEpPCHIO CrenHu(UKauu
naTepdetica GPS IS-GPS-200, conepxanryro yBeaoMieHHS 0 iepecMoTpax. Muadopmarus o cucteme GPS,
pabotaromiei B quamazone 1164—1215 MI'n, BkiItoYeHa B HOBEHIINYIO BepcHio crienupukanun uHTepdeiica
GPS IS-GPS-705, conepxamryro yBemomieHus 0 mepecMoTpax. MHpopMaims o KOCMUYeCKOM CEerMeHTe U
cermerte ympasieaus GPS comepxkurces B mokymente GPS SPS Performance Standard.

OcHoBHas cnyTHHKOBasg rpymnmnupoBka GPS cocrout mMuHMManbHO M3 24 HAXONANIMXCS B JKCIUTyaTalllu
CIYTHHKOB, pa3MEIECHHBIX C pABHOMEPHBIM CABUI'OM B HIECTH OPOUTANBHBIX IIOCKOCTSIX, YTOJ HAKIOHEHHS
KOTOphIX cocraBiser 55°. CmytHuku GPS obneraror 3eMiro Kaxaplii 12 4acoB, u3iydas HeTpEpHIBHBIC
HaBUranuoHHble curHaiuel. Cucrema oOecmeyuBaeT TOYHOE  OIpEIENCHHE IPOCTPAHCTBEHHOT'O
MECTOTIOJIOKEHHS B JTIOOOH TOUKE Ha MOBEPXHOCTH 3eMJIIM WIIM OKOJIO HeEe.

1.1 TpedoBanus no yacrore cucrembl GPS

B ocHoBe TpeOomanmii mo wactore i cucteMbl GPS nexkar omenka TpeOoBaHWN TOJIb30BaTeNICH
K TOYHOCTH, TOYHOCTh y4eTa 3aJep)KKH paCIpPOCTPAHEHUS B HANpaBICHHH KOCMOC-3eMJIs, TOJABJICHUE
MHOT'OJIy4€BOCTH, CTOMMOCTb 000pyI0BaHUs, a TakKe KOHGHUrypanuu. /IBa kaHana UMEIOT LIEHTP Ha YacToTe
1575,42 MI't (cursan GPS L1) u Ha wacrore 1227,6 MI't (curaan GPS L2). Ilerrpom TpeThero kanama
GPS sasnsercs wacrora 1176,45 MI'n (curnan GPS LS), u 3T0oT kaHan moafepXUBaeT MPUMEHEHHS IS
Ipa)IaHCKOM aBHAIIUU.

Kanan L1 ucnone3yercs sl ompeneneHus] MECTOIMONOXKEHHUS MOJIb30BAaTeNd ¢ TOYHOCThIO 22 M. Bropoit
CUTHAJI, TIepemaaBaeMblii Mo obomM kaHamam, L1 m L2, oGecneumBaer mmsa P(Y)-KOZOBBIX HPHEMHHKOB
HEO00XOJMMOE 4YaCTOTHOE pa3HECCHWE M YBEIWYCHUE IIMPUHBI IOJIOCHI JUISl TIOBBINICHUS TOYHOCTHU
W3MEpEeHHs JabHOCTH TPU OIPEJIeICHHH BpEMEHH 3a/IepKKH Ha PacIpOCTPaHEHUE B HAIIPABICHUU 3eMIIS-
KOCMOC U TIOAABJICHUA MHOTOJTYYE€BOCTH B IICIIAX MOBBIMICHUS OOIIEH TOYHOCTH HA MOPSAOK BEIMUUHEL. J[7is
obecrieueHUsT HEOOXOIMMOIr0 YaCTOTHOI'O PA3HECEHHUS U YBEJIMYCHHS IIUPHHBI MOJOCHI YIS TOBBIIICHUS
TOYHOCTH M3MEPEHHUS MNaNbHOCTH IMPU OINPEACICHUH BPEMEHH 3aJCPKKU Ha PacIpOCTpaHEHUE B
HamnpaBleHUH 3eMJIS-KOCMOC M PE3ePBHPOBAHUU MOTYT WCIOJIB30BATHCS JIIOOBIE COYETAaHUS NIByX W Oolee
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kaHajoB. CUTHaBI rpaxaaHckoro HazHadenus L1 u LS obecnieunBaroT 3TH BOZMOKHOCTH JIJISl IPHEMHUKOB
TpaKIAHCKOHN aBuaiuu, a curHanel L1, L2 u L5 Takxke oOecrmeduBaoT 3Ty BO3MOXKHOCTH IS MIPUEMHUKOB
KOMMEPYECKOI0 Kiacca.

2 00630p cucrembl

GPS — 310 HenmpephBHO (GYHKIMOHUPYIOMAS BCETIOTOMHAS PaTUOCHCTEMa KOCMHYECKOTO Oa3WpoBaHUS,
npe€aHasHa4YCHHad [JIs1 HaBUTAllUH, ONPCACICHUA MCCTOIIOJOXCHUA W II€p€aadyd CHUIHAJIOB BPEMCHHU U
oOecrieunBaromas 4Ype3BBIYAMHO TOYHOE ONpEACICHUE MPOCTPAHCTBEHHOTO MECTOMOJOXKCHHUS U
WHPOPMAITUIO O CKOPOCTH C TOYHOW MPHBS3KOW K CSIUHOMY BPEMEHH JUIsl TOJIb30OBaTenel, MMEIONIHX
COOTBETCTBYIOIIEE 000PYIOBAHUE U HAXOSIIUXCS B IIOOOM TOUKE Ha TIOBEPXHOCTH 3E€MITH HIIH OKOJIO Hee.

Cucrema paboTaeT Mo MpUHLMIY NaccuBHOW TpuaHTyisinun. O0opynoBanue mons3oBarens GPS cragana
BBIMOJIHSET H3MEPEHHE IICeBAONAIBHOCTH IO 4YeThIpeX CIYTHUKOB, PAacCUMTHIBACT WX IO3ULUHA U
CHUHXPOHHU3YET UX CUrHaibl BpeMeHu ¢ GPS ¢ nmomouipio nomy4eHHbIX 3eMepua U napaMeTpoB KOPPEKIUH
BpemeHH. (M3MmepeHusi Has3bIBaloTca "TICEBAO", MOCKOJBKY OHH BBINOJHAIOTCS IO HETOYHBIM dYacaMm
MIOJI30BATEIISI M COJEPKAT IOCTOSHHYIO OIIMOKY CMELICHHUS BCICACTBHE CMEILICHUS YacOB IOJIb30BaTENs
otHOocuTenpbHO BpemeHn GPS.) 3arem oOopynoBaHme ompenenseT MPOCTPAHCTBEHHOE MECTOITOIOXKCHUE
[I0JIB30BATEN B T'EOLEHTPUYECKON HETMOJBM)KHON OTHOCHUTENBHO 3eMIIM JEKapTOBOHW CHUCTEME KOOpJIHHAT
(ECEF) — Bcemupnoii reogesudeckoii cucteme 1984 rona (WGS-84) u cmenieHne noiabp30BaTeNbCKUX YacOB
oTHOcUTENbHO BpeMeHU GPS myTem BBIUMCICHHS COBMECTHOTO PELICHUS YeThIpeX YPaBHEHUH JaJbHOCTH.

AHaJIOFI/I‘-IHO, IMPOCTPaHCTBECHHAA CKOPOCTH IMOJIB30BATEIA U BEJIMYMHA IMOIIPABKU YaCOB MOT'YT OIIPCACIIATHCA
OyTeM PpCUICHUA YCTBIPEX ypaBHCHI/II\/'I CKOpPOCTU HM3MCHCHUA HAJIBHOCTU IO H3MEPCHHUAM CKOPOCTHU
HU3MCHCHUS ICCBAOAAIBHOCTH A0 YCTBIPCX CITYTHUKOB.

st rpakmaHckmx — monb3oBatene  GPS  obOecmeumBaer  cimyk0y — CTaHIAPTHOTO — ONPEHEIICHUS
mecrononoxenus (SPS).

3 CerMeHTHI CHCTEMBI

CucreMa COCTOUT H3 TPEX OCHOBHBIX CETMCHTOB: KOCMHYECCKOI'O CEIrMEHTa, CETMCHTA YIIPABJICHUA U
MMOJIL30BaTEIBLCKOTO cerMeHTa. Himke ommucanbl OCHOBHBIC ®YHKHHH KaXa0ro CCrMeHra.

3.1 KocMu4yecKkHii cerMeHT

Kocmudecknii cermeHT 00pa3yroT ciyTHHKH GPS, xoTopble QyHKIMOHHPYIOT Kak "HeOecHbIe" OMOpHBIC
TOYKM, H3ITydalollue M3 KOCMOcCa TOYHBIE KOAMPOBAHHBIE I10 BpPEMEHH HABUTAIIMOHHBIE CHUTHAJIBI.
JeiicTByromasi TpynmupoBKa COCTOMT MHUHHMAIbHO W3 24 CIyTHUKOB, HAaXOIAIIMXCS Ha 12-4acoBbIX
opbuTax, 00JbIIIas MOIyoCch KOTOPBIX cocTarisieT 26 600 kM. CIyTHUKH pa3MelleHbl B MECTH OPOUTAIBHBIX
IJIOCKOCTSX, HAaKJIOHEHHWE KOTOPBIX OTHOCUTENBHO SKBaTOpa cocTaBiseT 55°. Kak mpaBuio, B Kaxaou
IUIOCKOCTH pa3MEeIeHO He MEHee YEeThIPeX CITyTHHUKOB.

ChyTHHK TIPEACTABIIACT COOO¥M CTAOMIM3MPOBAHHBIM MO TPEeM OCSIM KOCMHUeCKuid ammapar. OCHOBHBIMU
3IIEMEHTaMH €r0 IJIaBHO HABHUTAIIMOHHOM MOJIE3HON HArPY3KH SBIISIOTCS ATOMHBIC CTaHIAPThI YaCTOTHI JIJIsI
TOYHOU CUHXpOHMH3aAlUH, IPOLHCCCOoOp IA XpaHCHHS HaBUTallMOHHBIX JaHHBIX, CX€Ma CUTrHaJloB
ncepnocaydaiinoir momexu (PRN) mist reHepupoBaHMs CHUTHajla W3MEPEHHs IadbHOCTH, U TEPEIaroIas
aHTeHHa auana3zona L. OHOYacTOTHBIE Nepeaad 00ecneunBaroT 6a30ByI0 HABUIalKI0, @ MHOTOYaCTOTHBIC
nepenayd  TMO3BOJSIFOT CKOPPEKTHPOBATh BPEMsi PACHpPOCTPAHEHHs CHUTHAlAa C Yy4YeTOM 3alIepKKd B
noHocadepe.

3.2 CermeHT ynpaBJieHHSA

CerMeHT ynpaBJICHAS COCTOUT M3 TIaBHOW cTaHmmu yrpasieHus (MCS), Ha3eMHBIX aHTCHH M CETH CTaHITHI
koHTpoiiss. Ha MCS neXuT OTBETCTBEHHOCTh 32 BCE ACIEKTHI YIIPABJICHUS TPYIITAPOBKON W KOHTPOJIS €e
(hyHKITMOHUPOBAHMUSL.
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3.3 IMoab30BaTEJLCKHH CErMEHT

[Nonp3oBaTenbCKuil cerMeHT 00beIHsIET B cede BCe TOIb30BaTEIbCKIE YCTAHOBKH M TOAJIEPKHUBAIOLICE HX
obopynoBanue. [lonp3oBarenbckas yCTaHOBKA COCTOUT, KaK MPaBUIIO, U3 aHTEHHBI, PUEMHHKA/TIpOIIeccopa
GPS, xommbroTepa W yCTpPOWCTB BBOAA-BBIBOJA. JTa YCTAHOBKA 3aXBaTBIBACT M  IPOCICKHUBACT
HABHUTAIIMOHHBIA CUTHAI OT YeThIpeX WM OoJiee CIIyTHHKOB, HAXOJSIIIUXCS B 30HE BHIMMOCTH, U3MEPSET
BpeMs PacIPOCTPaHEHUsS ITHX CHUTHAJIOB WM JOMIUIEPOBCKUAE CIABUTH YACTOTHI, MMPeOOpa3yeT MX B 3HAUYCHUS
TICEBAOJAIBHOCTA M CKOPOCTH M3MEHEHHS TICEBIOAIBHOCTH U OTPEAeiseT MPOCTPAHCTBEHHOE ITOI0KEHHE
U CKOPOCTh, a Tarke yctaHaBnuBaeT Bpems GPS (Bpems GPS ortnmmuaercs ot Bpemenn UTC, HO pa3HHLa
COCTaBISIeT MeHee CeKyHAbl, u curHaisl GPS HecyT mHpopmamuio ans nmpeoOpa3oBaHHs MEXKIY 3TUMH
nByMmst 3HadueHusAMH. Kpome Ttoro, Bpems GPS sBngercs mnocrosHHeM, a Bpema UTC wumeer
KOPPEKTHUPOBOUHYIO ceKyHy.) [loap30BaTenbcKoe 000pyA0BAHIE MOXKET OBITH BECbMa Pa3HOOOPA3HBIM — OT
OTHOCUTENIBHO MPOCTOTO W HMEIOIIEr0 HEOOJBIIYI0 Maccy MNpPUEMHHMKAa 1O CJIOXKHBIX HPUEMHHUKOB,
00BbeIMHEHHBIX C APYTUMHU HABUTAIIMOHHBIMUA AATYMKAMH WM CHCTEMaMH JUIsl 00eCleYeHUs TOYHOCTH B
cpene, OTINYaroLIeiicss BBICOKON JUHAMUYHOCTBIO.

4 Ctpykrypa curnana GPS

IlepenaBaemblii co CnyTHMKA HaBUTAaLMOHHBIA curHan GPS comepUT TpU MOAYIHPOBAHHBIX HECYIIHMX
gacrotel: L1 ¢ meHTpansHoOl wactoroit 1575,42 MI'u (154 fp), L2 ¢ uenTpansHO#H yacroroit 1227,6 MI'y
(120 fo), m L5 ¢ mentpampHO# wactoroit 1176,45 MI'm (115 fy), tae fo= 10,23 MI'm. fo — 3TO BEIXOZ
0OpTOBOTO aTOMHOI'O CTaHJAapTa YacTOTHI, C KOTOPHIM KOT€PEHTHO CBSI3aHBI BCE T€HEPUPYEMbIC CHTHAJIBI.
Hwmxe npencraBneH mepedeHb CHTHAIIOB Ha Kaxaoil Hecymiei gactote GPS (u Gonee moapoOHO omucaHbI
CUTHaJIbl, UMEIe Oojee OAHOrO KOMIIOHEHTa) M INPHUBEIEHO Kparkoe omucaHue PU mapamerpos u
rapaMeTpoB 00pabOTKH CUTHAJIOB.

Ha necymeii wacrore L1 GPS nepenaer tpu curnana. Oto curransr L1 C/A, L1 P(Y) u L1C. L1C umeer nBa
KOMITOHEHTa, KOTOpBIC IMepemaroTcss jaubo B ¢ase, aubo co casurom Ha 90°. Eciu xommonentsl L1C
nepenatorcs co capurom Ha 90°, L1Cp orcraer or L1Cp mo daze Ha 90°. Ommr xommonent L1C,
ob6o3HavaeMmsrii L.1Cp, MOIymupyeTcs collepKaliuM JaHHbIe COOOIIeHneM, a apyroi, o0o3nadaemsbrii L.1Cp,
JAHHBIX HE COMEPXKUT (T. €. SBJISICTCS] TOJHKO MIJIOTHBIM), U B 3TUX KOMIIOHCHTAX HCIIONB3YIOTCS pa3HBIC
KoJbl u3MepeHus: nanpHOoCcTH. (He comepkamuii TaHHBIX KOMIOHEHT YIJIy4IllaeT XapaKTePUCTHKU cOopa U
cnexxenns PHCC.)

Ha Bropoit Hecymeit yactote, L2, GPS nepenaet tpu curnana. Oro curnanst L2 C/A, L2 P(Y) u L2C. L2C
MMeeT JBa KOMIIOHEHTa C BPEMEHHBIM MyJbTUIUIEKcHpoBaHHeM. OauH komnoHeHT L2C mopymmpyercs
COJIEpKaIllM JJaHHBIE COOOLICHUEM, a IPYrofl KOMIIOHEHT IaHHBIX HE COICPXKUT, U B 3TUX KOMIIOHEHTaX
HCIIOJIB3YIOTCA PA3HBIC KOAbI USMCPCHUA NaJIbHOCTH.

Ha mecymeit uwactore L5 GPS mepemaer ogmn curHan, obo3nadaembli LS. Curmanm L5 wumeer nBa
KOMITOHEHTa, KOTOpBIE MEpeNaroTcs co caBurom 1o ¢ase Ha 90°. Ogun KommoHeHT L5 Momynupyercs
COJIepIKaIllUM JTaHHBIE COOOIICHUEM, a JAPYTrOi KOMIIOHEHT JaHHBIX HE COJICPIKUT, U B 3TUX KOMIIOHEHTaX
HCTIONIB3YIOTCS Pa3HbIe KOABI M3MEPEHUS TadbHOCTH.

B Ttabmunax 3, 4 u 5 mpencTaBieHsl NepeYHM 3HAYEHW OCHOBHBIX MapameTpsl mnepenau GPS. Dtun
napaMeTpbl BKITIOYArOT cieayronire PU xapakTepuCTHKY: YaCTOTHBIN JWAla30H CUTHAA; ITUPUHY TTOJOCHI
o ypoBHI0 3 n1b cmyTHHKOBOTO (mibTpa PU mepemarymka; MeToa MOAYJSAIIAN CHUTHAJIOB; MUHUMATBHBIN
YpOBEHb MOIIHOCTH MPUHUMAEMOT0 CHTHaJa Ha BXOJ€ AaHTEHHBI IepelaT4yHKa, pPacHoJOKEHHOTO Ha
MIOBEPXHOCTH 3EMIIH.

Taxke B Tabnmmax coaep.aTcs TapaMmeTphbl ITUGPOBOH 00paOOTKM CHUTHAJIOB, B TOM YHCJE YacTOTa
3JIEMEHTOB Koja rceBaociydaiHoii momexu (PRN) u 3HavueHus nudpoBoi CKOpPOCTH Mepeiadul JaHHBIX U
3JIEMEHTOB HABUTALMOHHOTO cooOmieHus. Kpome Toro, mns kakaod Hecylleil 4acTOThl MpEACTaBICHBI
napamMeTphl MOJIIPH3AIUN U MAKCHMATBHOW 3JUIMITHYHOCTH CITy THUKOBOM TepeIaroeii aHTCHHBI.

OyHKIUS KOJOB ONPEICICHUS JAbHOCTH (TakKe Ha3biBaeMbIX konamu PRN) siBiisieTcst 1BOMHOM:

— OHHM 00ECIeYNBAOT XOPOILIME CBOMCTBA MHOMXECTBEHHOTO MJOCTYNa K pa3HbIM CITyTHHKAaM,
MOCKOJIBKY BCE CIIyTHHUKH OCYILECTBIISIIOT Iepejlady Ha OJMHAKOBBIX JBYX HECYIIUX YacTOTax H
OTJIMYAIOTCS OJMH OT APYTOT0 TOJIBKO YHUKAJIBHBIMHU MCHOJIb3YeMbIMU KogaMu PRN;

— X KOPPEIIIUOHHBIC CBOMCTBA IIO3BOJISIOT OCYHICCTBJIATh TOYHOC U3MEPECHUC BPEMCHU HpI/I6LITI/I$I
u OT6paCI>IBaTI> CUT'HAJIbl, BBI3BAHHBIC MHOT'OJIYUCBOCTHIO U ITIOMCXaMHU.
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3HaueHus, MpeACTaBICHHbIe B Tabmunax 3, 4 U 5, SBISIOTCS PEKOMEHIIOBAaHHBIMH ISl MICTIOJIb30BaHUS B
rporiecce HavaIbHOU OrleHKe coBmecTuMocTtu mo PYU ¢ GPS.

5 MOIIHOCTB M CTIEKTP CUTHAJIOB

Ha cnyramkax GPS wucnonp3yroTcs aHTeHHBI ¢ (DOPMHUPOBAaHHEM ITyda, KOTOpPBIE H3IydYalOT CHTHAIBI C
MPaKTUYECKA PABHOMEPHBIM  paclpeneiieHHEM MOITHOCTH, TpeTHAa3HAYeHHBIC IS PHUECMHUKOB,
HAXOJAIIUXCS OKOJIO ToBepxHOocTH 3emud. llepemaBaemple CHUTHAIbl HWMEIOT TMIPaBYI0 KPYTOBYIO
MOJISIPU3AIMIO C JJUITMIITUYHOCTHIO, XYAIIUE CIlydad KOTOPOW MpeNCTaBieHbl B Tabmumax 3, 4 w5 s
YIJIOBOTO Auana3ona +14,3° ot Haaupa.

6 ITapamerps! nepenaun GPS

ITockonpky GPS mepenaer naBuramnuonnsie curaainbl PHCC B HampaBieHHH KOCMOC-3eMJIs B TPEX T0JI0Cax,
mapameTpel niepenaun GPS mpencraBnensl B Tpex Tabmumax mo Tpem mojocam PHCC, B KOTOpBIX
OCYIIECTBIISIETCS Tiepe/iaua HaBUTalMOHHBIX curHanoB GPS.

Kpome dazosoit manunymsmuu (PSK) B GPS wucnomssyercs monymsuus BOC. BOC(m,n) o3nagaer
MOJIYJISIIIHIO C OMHApHBIM pa3lejCHUEM Hecylled YacTOThl, CMEIICHHE HECYyIIel YacTOTHl COCTaBIISET
m x 1,023 (MI'm), komoBas ckopocth n X 1,023 (MbaneMmeHT/c), HopMaau30BaHHAs CIIEKTpaTbHAs TNIOTHOCTh
MOIIHOCTH OTIPEICISCTCS BEIPAKCHUCM:

(nfT, Y
7. "2 ) sin(ansT)
BOC”1,VI (f) = n = N

m (thTsw]z sin (n f T.,,)"

b

2

rue:
f- uacrora (I'm);
T,,:  TEepHOJ CMEIICHUS NPSIMOYTOJIBHOTO UMITYJIbca Hecyme (s); T. e. 1/(m x 1,023) Mkc.

Monynsmus BOC, wucmonp3dyemass B GPS, co3maer pomonHHTEnbHBIC (Da30BBIE TEPEXOAbl B IIpeeinax
KKIO0ro IMepHojaa 3JeMeHTa pa3BeprThiBatorierocs koga PRN. KomuuecTBO MOMONHUTENBHBIX (Da30BhIX
MIEPEXOJIOB SIBJIACTCS (DYHKIMEH m 1 1, KOTOPBIC OMMCAHBI BBIIIE, U COCTABIISACT (m/n) pa3 CKOPOCTH KOJOBBIX
sneMeHToB PRN.

6.1 ITapameTps! nepenaun curnanos L1 GPS

GPS ucnons3yer s paboThl Heckoybko curaaioB B mosoce PHCC 1559-1610 MI'u. Oto curnanst L1 C/A,
LIC u L1 P(Y). Curnan L1C cocrout u3 nByx kommnoneHToB. OamH kommnoHeHT, L1Cp, Momymupyercs
coJieprKallliM JaHHbIe cooOmmenuem, a aApyroi, L1Cp, nanabix He comepkut. OCHOBHBIEC TapaMeTpPHI IIepeaad
L1 GPS npencrasenst B Tadurie 3.

Hus L1Cp ucnone3yercs moaymsiius BOC(1,1), nns L1Cp ucnons3yercs Moayisius, HazeiBaemas MBOC,
U OH MyJIbTUIUIEKCHpYyeTcs B mepuox Bpemenn wmexay BOC(1,1) m BOC(6,1). MBOC wumeer
HOPMAaJIM30BAHHYIO IIOTHOCTH CIEKTpabHON MomHOCTH (PSD), onpenensieMyro BEIpaKEHUEM:

29 4
MBOC(f) = _BOCI,I(f) + _BOCG,] (f) .
33 33
O6mas PSD xomnonentoB L1C noka3ana Ha pucyHke 1 U onpesensercs: BRIpaKeHHEeM:

SU)=%BOQ&ﬂ+%ABQXD=%%MXhU)+%BOQﬂf%
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PUCYHOK 1
60 PSD curnana L1C
s LA
[\
oAl A

YA AY \ A\

Hopmanu3zosanuast PSD (1b)

-10 -5 0 5 10

Yacrota oTHOCHTENBHO Hecymel (MI 1) 178701

TABJIMILIA 3
Ilepenaua curnana L1 GPS B noJoce yactor 1559-1610 MI'n
IMapameTtp (eqMHULIBI) 3HauyeHue napamerpa
YacToTHbIii Auana3od curHana (MI'm) 1575,42 + 12 (C/A, L1CD, L1CP u P(Y))
1,023 (C/A, L1CD & L1CP)
Ckopocts nepenaun smeMeHToB koga PRN (ManemenT/c) 10.23 (P(Y))
CKOpOCTS Iepeiadyl ONTOB/3IEMEHTOB HAaBUTAIIMOHHBIX JAHHBIX 50 6ut/c/50 snement/c (C/A u P(Y))
(6ut/c/anement/c) 50 6ut/c/100 smement/c (L1CD)
BPSK-R(1) (C/A))|

BPSK-R(10) (P(Y))
BOC (1,1) (L1CD)
MBOC (L1CP)

(Cwm. IIpumeuanue 3)
(Cwm. IIpumeuanue 1)

MeTOZ[ MOAYJIAUH CUTHaJIa

Tonspuzanus Ipasas xpyrosas (RHCP)
OnmuntuaHocTs (1b) Makcumanasso 1,8
—158,5 (C/A)

-163,0 (L1CD)
—158,25 (L1CP)
—161,5 (P(Y))

(Cwm. IIpumeuanue 2)
[upuna nonoce! mo yposHto 3 1b PYU ¢unbrpa nepenatunka (MI ') 24

IMPUMEYAHUE 1. — Ins napamerpos GPS PHCC BPSK-R(n) o3Hauaer OuHapHYI (a30BYyH0 MAHHITYJSIHIO C
UCIIOJIb30BaHMEM IPSIMOYTOJIbHBIX 3JIEMEHTOB, CKOPOCTh IepeAadyd KOTOpbIX coctamisieT n X 1,023 (Manement/c).
BOC(m,n) o3Ha4uaeT MOAYNALHUIO C OMHAPHBIM pa3eiCHHEM HECYIIeH YacTOThl CO CMEUICHHEM HECYIIEH 4YacTOThI
m X 1,023 (MI'1t) 1 CKOPOCThIO mepenadn 3eMeHToB 1 X 1,023 (Maaement/c).

[MPUMEYAHMUE 2. — MunumanbHas NMpUHAMAaeMas MOIIHOCTh HM3MEPSETCS Ha BBIXOJE JIMHEHHO MOJIIPU30BAHHOU
STAJIOHHOW MPUEMHOHN MOJIH30BATENbCKOM aHTEeHHBI 3 AbH (PacoI0KEHHON OKOJIO MOBEPXHOCTH 3eMJIH) IS XYALIETO

Cllydasi HOPMaIbHOH OpHEHTalWH, KOrJa CIYTHHK HaXOIMTCS BBINIE yIJla MecTa 5° HaJ TOpU30HTOM 3eMiH B
HAarpaBJeHUH HAOMIOJICHUS OT TIOBEPXHOCTH 3€MIIH.

MuHuManbpHbI ypoBEeHb MOIHOCTH IIPUHUMAEMOTr'0 CUTHAJIa Ha BBIXOJIE
STaJIOHHOH aHTeHHBI (1bBT)

I[MPUMEYAHUE 3. — bonee moxpo6ro MBOC onmcana B pa3zene, IpeAlIecTBYIOMIEM HaCTOAIIeH Tabue.
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6.2 IlapameTpsl nepenaun curnanos L2 GPS

GPS ucnonn3yeT st paboThl HeCKOJIbKO curHajioB B nojoce PHCC 1215-1300 MI't. Oto curnaner L2 C/A
(penko), L2C u L2 P(Y). Curnan rpaxnanckoro HazHadeHuss L2C cocToUT U3 KaHalla HABUTAIIMOHHBIX
MAHHBIX C BpPEMEHHBIM pasJelieHueM (Ha3bIBa€MBIM IPOCTO KaHAJIOM JaHHBIX) W KaHalld, B KOTOPOM
OTCYTCTBYIOT JaHHBIC (TaKe Ha3bIBACMBIM IMHIJIOTHBHIM KaHasoMm). OCHOBHEIE mapamMeTpsl mepemayd L2 GPS
MIPEJCTABIICHBI B TaOHIIE 4.

TABJIMLIA 4
Ilepenaya curnasos L2 GPS B nosnoce yacror 1215-1300 MI'n

IMapameTtp (eAUHUIIBI) 3HayeHue MapamMeTpa

YacToTHbIH Tuana3oH curdaia (MI'm) 1227,6 £ 12 (C/A, L2C u P(Y))

1,023 (C/A & L2C)
10,23 (P(Y))

CxkopocTs nepenadu siaemeHToB koga PRN (ManemeHt/c)

CkopocTh nepesiaun OUTOB/37IEMEHTOB HABUTAITMOHHBIX 50 6ut/c/50 anement/c (C/A u P(Y))

JAaHHBIX (OUT/C/37eMeHT/C) 25 o6ur/c/50 anement/c (L2C)
BPSK-R(1) (C/A & L2C)

MeTtox MOy SIMA CUTHAIA BPSK-R(10) (P(Y))
(Cwm. Ilpumeuanwue 1)

[Monspuzanus [pasas kpyrosas (RHCP)

DM THYHOCTD (1B) MakcumaibsHo 3,2

MuHUMaNBHBIH YPOBEHb MOIITHOCTH IPUHIMAEMOTO CHTHajIa ~164,5(C/A & P(Y)

yP » P ~160,0 (L2C)

Ha BBIXOJIC ATAJOHHOU aHTeHHHI (1bBT) (Cw. Tpumeuanue 2)

[upuna nosocer 1o yposuto 3 a1b PYU ¢unbrpa nepenarunka
(M)

[NPUMEYAHUE 1. — Ina mapamerpoB GPS PHCC BPSK-R(#) o3nadaer OmHapHyr0 ()a30BYI0 MaHHUIIYJIILIHIO C
WCTIOJh30BAHNEM TIPSMOYTOJNBHBIX 3JIEMEHTOB, CKOPOCTh Iepenavyn KOTOphIX coctaBisieT n X 1,023 (Mbanement/c).
BOC(m,n) o3HagaeT MOAYJSIIMIO ¢ OWMHApHBIM pa3/IeleHHEM HECYIIeH YacTOThI CO CMEIIEHHEM HEeCYIIeW YacTOTHI
m % 1,023 (MI't) 1 CKOPOCTBIO mepenaun 3eMeHToB 71 X 1,023 (ManemeHT/c).
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[NPUMEYAHUE 2. — MuHuManeHas NpHHUMaeMas MOIIHOCTh HM3MEpSIeTCS Ha BBIXOJE JMHEHHO MNOJSIPU30BAHHOM
STaJIOHHOW MPUEMHOM MOJIb30BATEIBCKON aHTEHHBI 3 U (PacIoI0KEHHON OKOJIO MOBEPXHOCTH 3eMIIH) ISl XYALIECTO
clay4yasi HOpPMaJbHOM OpHEHTAllMM, KOrja CHYyTHUK HAXOJWTCs BbIlIEe yrjila mMecta 5° HajJ TOPU30HTOM 3eMiHd B
HaTpaBJICHUU HAOIOJCHHS OT IOBEPXHOCTH 3eMITH.

6.3 IapameTpsl nepenaun curnanos L5 GPS

GPS ucnons3yet s paboThl 1Ba HaBUTAIMOHHBIX curHaa B mosioce PHCC 1164—-1215 MI't. KomnoHeHTHI
curtanos, L5I u L5Q, ucnonb3yrorcs co casurom Ha 90° u mepenarorcs ¢ paBHON MomIHOCTHIO. L5Q He
COJIEP)KUT JaHHBIX (Takke HaszpIBaeTcs "MIOTHHIM" KaHaioMm). L5 comepxuT HaBUTAllMOHHBIE NaHHBIC,
obecrieunBaromye WHOOPMAIMIO I CHHXPOHHU3AIIMH, HABUTAIMH W OMPEICICHHUS MECTOIOIOKCHHUS.
OcHoBHbIe mapameTpsl nepeaay LS GPS npexacrasiens! B Tabnuie 5.
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TABJIUIIA 5
Ilepenaua curnanos L5 GPS B mojioce yacror 1164-1215 MI'n

11

IMapameTp (eqMHUIIBI)

3HaueHune napamerpa

YacrotHsidi iuana3oH curHaina (MI'r)

1176,45+ 12

CkopocTh nepeaadu 3aemMenToB koga PRN (MaiemMeHT/c)

10,23

CKOpOCTh Iepeadn OUTOB/3JIEMEHTOB HABHTAIIHOHHBIX

JaHHBIX (6HT/c/2MeMeHT/C) 50 6ut/c/100 anement/c (L5I)

BPSK-R(10) (Cwm. [Ipumeuanne 1)
[paBas kpyrosas (RHCP)

MeTtox MOIyTISIAA CUTHANA

[Tonspuzauus

MakcumansHo 2,4
—157,9 (L5I)

—157,9 (L5Q)

(Cwm. IIpumeuanue 2)

DmmnTHIHOCTH (15)

MuHMMaNbHBIH YPOBEHb MOIIHOCTH IPUHIUMAEMOTO CUTHaJIa
Ha BBIXOJI€ ATAJOHHON aHTeHHHI (1bBT)

[upuna monocs! mo yposHio 3 1b PY ¢unpTpa nepenardanka
(M)

[NPUMEYAHUE 1. — Ina mapamerpoB GPS PHCC BPSK-R(n) o3nadaer OwmHapHy0 ()a30BYI0 MaHUIYJSIIHAIO C
HCTIOJIh30BAHNEM IMPSIMOYTOIBHBIX JIEMEHTOB, CKOPOCTH Tepeladn KOTOPhIX cocTaBisieT 7 X 1,023 (ManemeHT/C).
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[NPUMEYAHUE 2. — MuHuManeHas NpHHUMaeMas MOIHOCTh HM3MEpSIeTCS Ha BBIXOJE JMHEHHO MNOJSPU30BAHHOU
STAJOHHOW MTPUEMHON MOJIb30BATENbCKON aHTEHHBI 3 NbH (PacoJI0KEHHON OKOJIO MMOBEPXHOCTH 3E€MJIH) ISl XY/IIIETO
Cly4as HOPMAaJbHOM OpHMEHTAllMU, KOTJa CIIyTHHK HAaXOJUTCA BbIIIE yriaa Mecra 5° HajJ TOPU30HTOM 3€MIIM B
HalpaBJIeHUH HaOJIONEHHsI OT NMoBepxHocTH 3emin. OOmmas npuHIMaeMasi MOIHOCT, KOMOMHanuu curaanos L51 u
L5Q co capurom Ha 90° coctansier —154,9 nbBT.

Ipunoxenune 3

TexHuyecKkoe ONUcaHue u XAPaAKTCPUCTUKHU CUCTEMbI Galileo

1 BBenenue

Cucremy Galileo oOpasyer rpynmupoBka u3 30 cryTHUKOB (27 OCHOBHBIX CIIyTHUKOB M TPH 3allacHbIX
HaXOJSAIIUXCSI Ha OpOWTE) MO JNECATh CIYTHUKOB B KaXJIOM M3 TPeX PaBHO Pa3HECEHHBIX OPOUTATBHBIX
IUIOCKOCTEH, YTOJI HAKJIIOHEHHSI KOTOPBIX COCTaBIsIeT 56°. Kaxkaplil CyTHHK MepeaaeT OANHAKOBBIC HECYIINE
YacTOThl  JUIA  HABUTAIMOHHBIX  CUTHAJOB. OTH  HaBHWTal[MOHHBIC  CUTHAJBl  MOJYJUPOBAHbBI
CTPYKTYPUPOBAaHHON JIBOMYHOW TOCJIEIOBATCIBHOCTBIO, COJCPIXKAIICH KOAWPOBAHHBIC JIaHHBICE OO0
sdemMepuiax U BPEMEHH, M HMMEIOT JOCTATOYHYIO NIUPUHY TOJOCHI s oOecreueHus HeoO0X0IUMOMN
HABUTAIIMOHHOM TOYHOCTH 0€3 TNpUMEHEHHs JBYCTOPOHHEH Tmepelavyd WM JONIJICPOBCKAX CIBUTOB.
Cucrema oOecreunBaeT TOYHOE OINpENeNIeHHE MPOCTPAHCTBEHHOTO MECTOIOJIOKEHHUSI B OO0 TOUYKe Ha
MTOBEPXHOCTH 3eMJISL WJIH OKOJIO HEe.

1.1 TpeGoBaHus M0 YacToTe

B ocHoBe TpebGoBanmii mo uacrore s cuctembl Galileo nekar oleHka TpeOOBaHHMU IMOJB30BATENEH K
TOYHOCTH, TOYHOCTH y4yeTa 3aJepKKH pPACIpPOCTPAHCHUS B HANPABICHUU KOCMOC-3eMIIs, IMOJaBJICHUEC
MHOTOJTy4€BOCTH, CTOMMOCTh OOOpYIOBaHHWsA, a Takxke KoHurypamuu. s paboter cucremsr Galileo
WCIIONIB3YIOTCSL YETBIPE HWCXOMHBIX KaHama: Kaxaeld cmyTHUK Galileo TOCTOSHHO TiepemaeT dYeThIpe
KOTEPEHTHBIX, HO HE3aBHCHMO HCIOIb3yeMblx PU curnama Ha 4acToTax (B KpYIJIBIX CKOOKaxX yKa3aHbI
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Ha3BaHUs COOTBETCTBYIOIIMX curHanoB) 1176,45 MI'm (ES5a), 1207,14 MI'u (ESb), 1278,75 MI'n (E6) u
1575,42 MTI'r1 (E1). Best coBOKYNTHOCTD JieCSTH CHUTHAJIOB, MYJIbTHITIEKCUPOBAHHBIX U MOIYJIUPYIOIIUX TPU
Hecyliue, mepefacTces M paslessieTca Ha pasHble CIyXObl. DTH TpH MepeAadd COAEp)KaT KOMIIOHEHTHI,
KOTOpBIC MOTYT OBITH peoOpa3oBaHbI TUTS obecrieueHus cIryx0 "omnpeneneHue
MecTonoJiokeHust/Hapuranus/cuaxporusanusa” (PNT) B pasmnuaeix  koHuUTyparusax. MuorooOpasue
KOH(UTYpaluii TPUEMHUKOB 00ECIIEUYUT MPUEM OJHOTO HIIM HECKOJBKO KOMIIOHEHTOB, COOTBETCTBYIOIIHX
MPUMEHEHUSIM W KOHKPETHBIM MOTPEOHOCTSAM TMOJIb30BaTeNsi. Bce KOMIIOHEHTHI CHTHaOB (HECyLIHe,
TIOAHECYITHE, MHU(POBBIE CKOPOCTH IEepeladd JAaHHBIX) KOTEPEHTHO BBIBOIATCS IO OOPTOBBIM OOITAM
ATOMHBIM YacaM.

Takoe pa3HECCHUEC YaCTOT U IIHMPUHA MOJIOCHI, UCTIOJIB3YEMBIC B CUCTEMC Galileo, YBCINYUBAKOT TOYHOCTDH
AAJIBHOCTH TIpHU OHNPCACIICHUHN 3aJCPIKKU PACHPOCTPAHCHHA B HAIIPAaBJIICHUH KocMoOcC-3eMis U yiayqaiaroT
IIOJaBJICHUE MHOTI'OJIYYEBOCTH IJIA ITOBBIIICHUA 061]16171 TOYHOCTH.

2 00630p cucrembl

Cucrema Galileo —3T0 HempepblBHO (DYHKIMOHMpPYIOIIAs BCEMOTOgHAs CHCTEMa KOCMHUYECKOTO
0a3upoBaHMs, IpeJHA3HAYCHHAs A PaIUOHABUTALMM, OIPEAEICHUS MECTONOJIOKCHHS U Iepeaayu
CHUTHaJOB BpEeMEHHM U obecleynBarolias 4Ype3BbUAalfHO TOYHOE OINpeiesieHHe MPOCTPAHCTBEHHOTO
MECTOTIOJIOKEHHSI W HWHPOPMAIMIO O CKOPOCTH C TOYHOM TMPHBS3KOW K EOWHOMY BpPEMEHH s
MOJIb30BaTENell, MMEIOIIMX COOTBETCTBYIOIIEE OOOPYNOBAaHME M HAaxXOIIIIMXCS B JIIOOOH TOYKE Ha
IIOBEPXHOCTH 3€MJIM MU OKOJIO HEe.

Cucrema paboTaeT o MPUHIUITY TacCUBHON TpuaHry siunu. O0opynoBanue noib3oBatens Galileo cnagana
BBIMOJTHSCT H3MEPEHHE IICEBAOJATBHOCTH JI0 HYEThIpeX CIYTHUKOB, PACCUMTHIBACT WX TO3UIMHA U
CHHXPOHHU3YET UX CUTHAJIBI BPEMEHH ¢ CHCTeMHBIM BpeMeHeM (Galileo ¢ moMomibio mosry4eHHbBIX ddhemepu u
napaMeTpoB KOPPEKIUK BpeMEHH. 3aTeM 000pyJIOBaHUE ONpPENENsIeT NPOCTPAHCTBEHHOE MECTOIOJIOKECHUE
none3oBatens B Hazemuoit onmopHoii cetu Galileo (GTRF), coBmectumoii ¢ MexayHapoqHOH Ha3zeMHOU
onopuoit ceteto (ITRS), m cmemenne mMoE30BaTEILCKUX YacOB OTHOCHUTENbHO BpemeHH Galileo myTem
BBIYKCIICHUS] COBMECTHOT'O PEIICHHsI YeThIpEX YPaBHEHH JaTbHOCTH.

AHaNOrMyHO, MPOCTPAaHCTBEHHAs CKOPOCTDh U BEJIMYMHA MOMPABKU YaCOB MOJIb30BATENS MOTYT OIPENEIIThCA
MyTEM pELICHUS] YETHIpEX YPaBHEHUH CKOPOCTH M3MEHEHHs [MAIBHOCTH 10 HU3MEPEHHAM CKOPOCTH
WU3MEHEHHs TICEBI0TATBHOCTH IO YETHIPEX CITyTHHKOB. VI3MepeHMs Ha3bIBAIOTCS "TMCeBAO", MOCKOIBKY OHHU
BBITIOJHSIOTCS. 10 HETOYHBIM (HEIOPOTMM) yYacaM TOJb30BaTelsl B NMPUEMHHUKE U COJEP)KaT MOCTOSIHHYIO
omKOKy CMEIEHHS BCICACTBUE CMEILEHHS YacOB MOJIb30BATEIIsl OTHOCUTENBHO BpeMeHH Galileo.

2.1 IIpumenenus cucremsl Galileo

"Cnacanue xu3Hn"

Crnyx6a "cnacanus xu3Hu" Galileo mocTymHa Ui WMEIOIIUX KPUTHYECKOE 3HAYCHHE NPUMEHEHHWH B
aBuanuy (0T (QYHKUMI HaBUrauMyd Ha MapHIpyTe A0 TOYHBIX 3aXO0J0B Ha MOCAJAKY), JKEJIE3HOJOPOKHOM H
MOPCKOM TPaHCIIOpTE.

Kommepueckne

Cucrema Galileo ocymiecTBISIET KOMMEpPUYECKOE PAacIpOCTpaHCHUE MAaHHBIX, YHPOIIAOIIMX pa3paboTKy
POo(heCCUOHANBHBIX MTPUMEHEHUH U 00CCIIEUUBAIOIINX OBHIIICHUE TPOU3BOAUTEIBHOCTH 110 CPABHCHHIO C
0a30BBIMU YCITyTaMH, B YACTHOCTH B aCMEKTE rapaHTHH 00CTYKUBAHUSL.

MaccoBblii pbIHOK

Cucrema Galileo mpemocTaBiseT OTKPBITYIO O€CILIaTHYIO 0a30BYIO CITy’kOy, B OCHOBHOM BKJIIOYAIOIIYIO
MpPUMEHEHHUS I OOIIEeTr0 IIOJIB30BAaHUSI M YCIYTHM OOIIero xapakrepa. JTa Ciayk0a o0O0CITyKuBaeT
COOOIIECTBA MMOJIB30BATENCH, aHAIOTHYHEBIE 00cTykuBaeMbiM cuctemoit GPS SPS. Cucrtema coBmectnMa ¢
GPS.
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TI'ocynapcTBeHHBIH CEKTOP

Cucrema Galileo mnpenmocraBisieT 3amuppoOBaHHYH yIpaBisdeMyro rocyaapctBoMm ciyx0y (PRS),
MOJIb30BATHCS  KOTOPOH MOTYT TOJNBKO TOCYAapCTBEHHBIC OpPraHbl, OTBETCTBEHHBIC 3a TPAKIAHCKYIO
000pOHY, HAITHOHAIBLHYIO O6€30MaCHOCTh U OXPAHy MPaBOIOPSIIKA.

3 CerMeHTHI CHCTEMbBI

CucreMy 00pa3ylOT TpH OCHOBHBIX CETMEHTa: KOCMHUYECKHMH CEIMEHT, CErMEHT YIpPaBICHHS U
OJIL30BATEIILCKUI CerMeHT. Huke omrcanbl OCHOBHBIC (DYHKITUH KaXKJJOTO CETMEHTA.

3.1 KocMuueckHui cerMeHT

Kocmudeckuii cerMeHT cucTeMbl 00pa3yroT ciiyTHuku Galileo, koTopbie (QYHKIIMOHUPYIOT Kak "HeOecHbIe"
OTIOPHBIC TOYKH, M3Iy4aloUIUue U3 KOCMOCAa TOYHbIE KOJUPOBAHHBIC IO BPEMEHHU HABUTAIIMOHHBIC CHUTHAJIEL.
JeiicTByromiasi TpynImUpPOBKa COCTOUT U3 27 CIIyTHUKOB (TUTFOC TPH 3aITaCHBIX CIYTHHUKA), HAXOSIIHUECs Ha
14-gacoBBIX OpOHUTax, OOJBITIAS TOTYOCh KOTOPBIX cocTaBisgeT okojo 30 000 km. CIyTHUKH pa3MelIeHBI B
TPEeX OpPOUTAIBHBIX IIOCKOCTSIX, HAKIIOHEHUE KOTOPBIX OTHOCUTEIHLHO 3KBaTOpa cocTaBiseT 56°. B kaxmoi
IDIOCKOCTH Pa3MEIEHO IO JIECATh CITyTHUKOB.

3.2 Ha3zeMmHBIi cerMeHT

Hasemusiii cerment cuctembl Galileo ocymiectBiseT ympasieHue Bcedl rpynmnuposkoit  Galileo,
KOHTPOJIUPYST COCTOSHHE '"3IOpOBBs" CIIyTHHKOB M 3arpyXas JaHHbIC JUIS WX [OCICAyIOIIeH
[IMPOKOBEIATEIbHON Tepenaun moib3oBarenissM. OCHOBHBIE SJIEMEHTHI 3THX JAHHBIX, CUTHAJIOB IS
CUHXPOHHU3AIIUU YacOB M OPOUTAIBHBIX 3(PeMepHl BRIYUCIIAIOTCS Ha OCHOBAHUU M3MEPCHHM, BBITOIHAEMBIX
OXBaTBIBAOIIEH BECh MUP CETHIO CTAHIIUM.

Ha3zeMHBIi cerMeHT BBIMOJTHSIET Cleayronue (yHKIINH:

- YIIpaBJICHUE IPYHIIMPOBKON ¥ KOHTPOJIb COCTOSIHUSL CITyTHUKOB;

- 00paboTKa ¥ KOHTPOJIb HABUTAITMOHHOW WH()OPMAITIH ¥ IIETOCTHOCTH;

- ciyxeOHOe oOecrieueHre U KOHTPOJIb XapaKTepUCTUK kKocmuueckux amnmnaparos (TTC);

- Hepe):[atla Ha CHYTHI/IKI/I IIOJICTHBIX JAHHBIX.
3.3 IMoab30BaTEJLCKHH CErMEHT

[Tomp30BaTeNbCcKkHil CETMEHT O0BEIMHSET B ce0e BCE MOJIB30BATENBCKIE YCTAHOBKH U MTOEPKUBAIOIIEE MX
obopynoBanue. [lonp3oBaTenbcKas ycTaHOBKA COCTOUT, KaK MPAaBHUIIO, U3 aHTCHHBI, TPUEMHHKA/TIpoIieccopa
Galileo, koMmbIOTEpA ¥ YCTPOICTB BBOAA-BBIBOJIA. DTa YCTAHOBKA 3aXBAThIBACT HABUTAIIMOHHBIC CUTHAJIBI OT
BCEX CITyTHHKOB, HaXOJSIIUXCS B 30HE BHAWMOCTH, NpeoOpa3yeT WX B 3HAYEHHUS IICEBIOJAILHOCTH W
CKOPOCTH W3MEHEHHWS IICEBIOJAIBHOCTH W ONpEeNsseT MPOCTPAHCTBEHHOE IIOJIOKEHHE, CKOPOCTh U
CHUCTEMHOE BPEMS.

4 Crpykrypa curnana Galileo

Hwxke npuBeneHo kpatHoe omrcanue curHaimoB Galileo, JOCTYHHBIX IS WCIIONB30BAaHUS B MPUMEHEHUSIX
HaBUTAllUXU Y CUHXPOHU3AIlU.

a) Cuzcnan E1 Galileo

LenTtpanpras uactota curHama El Galileo cocraBmser 1575,42 MI'm. CurHanm COCTOMT U3 Tpex
KOMIIOHEHTOB, KOTOPbIE MOTYT HCIIOJb30BaThCS OTAEIBHO WIM B COYCTAHUM C APYTMMH CHTHaJaMH — B
3aBUCUMOCTH OT NPOU3BOAUTEIBHOCTH, OMPENCNIIeMON KOHKPETHBIM NMPHUMEHEHHEM. OTH KOMIOHEHTHI B
OCHOBHOM TIPEJOCTAaBISIOTCS i OTKpeITor ciyxO0br (OS), "cimyxObl cnacanms xwm3HH" (SoL) u
rocynapctBeHHON cimyk0s1 (PRS), koTOphle BKITIOYAIOT HAaBUTAMOHHOE cooOmienme. Hecymas wacrora
curHana E1 Galileo mogynupyetcs merogom MBOC mist ciyx6 OS u SoL, u ¢ npumenenuem koaa BOCcos
(15,2.5) nns PRS.

Monynsmus BOC — 310 coco0 co3manus ¢GOpMBI CIIEKTpa (paclpeaeiieHne IUIOTHOCTH CIEKTPaTbHON
MOIITHOCTH IO YacToTe) mnepenaBaemoro curHana. CurHansl tuma BOC, kak mpaBuiio, UMEOT (Qopmy
BOC(fsupfenip), TAE 4aCTOTBI 0003HAYEHBI KaK MHOKHMTEIM CKOPOCTH mepeaauu sneMeHToB koaa GPS C/A,
umeronero 3Hayenue 1,023 Maaement/c.
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[InoTHOCTE ciekTpanbHOM MorHOCTH curHana PRS Galileo onpenensiercs cienyromum BIpaKeHUEM:

2sin (thj sin’ [thj
<fC 4fY

Gocur. 10 (S = 1o
nf cos[ i J

s

rae 2f; f. = n f; =15 x 1,023 MI'y — 310 yacToTa mogHecyieH, a f. = 2,5 x 1,023 MI'y — yacrora 351eMEHTOB.

Mopynsauus MBOC TakoBa, uto ciekTp G,;,-(f) CUrHaNa BEIYUCISAETCS KaK:

10 1
GMBOC(f) = HGBOC(l,l)(f) + HGBOC(&I)(f) )
rue:
2
tan (T?j sin [f{}
ST s Je
Grocis,. 10 (S)= e f
IpH:
f;= 1x1,023 MI' kak yacrora nogHecymie u f, = 1 x 1,023 MI' kak ckopocTs mepenadn
snemenToB st BOC(1,1);
f;= 6% 1,023 MI' kak yacrora nogHecymie u f, = 1 x 1,023 MI' kak ckopocTh epenadn
anemenTtoB st BOC(6,1).
b) Galileo E6

Curnan E6 Galileo nepemaercs ¢ nenTpansHoi wactotoit 1278,75 MI't npu mmpuae nonockl 40 MI .

Curnan E6 Galileo obecrieunBaeT KaHaJl paclpOCTpaHCHHS MaHHBIX IJI1 KOMMEpYeckoi ciayx0br (CS),
rocygapctBeHHol ciyk0b1 (PRS), B 00oux cinyuasx BKIIOYEHO HaBHTalMOHHOe cooOmieHue. Hecymas
gactota E6 momymupyetcst komom BPSK(5) ans obecnieuenus ciayx6b1 CS. Hecymas curnama E6 Galileo
takke Momymmupyetcs komoM BOCcos(10,5) mrst obecriedenus cimyx661 PRS (cnektp curnama E6 Galileo
mis PRS omnuceiBaeTcs TeM ke ypaBHeHHEM, 4To H crhekTp curHaia El1 PRS, Bemme, HO mpu
£=10x1,023 MIuu f. =5 x 1,023 MI'm).

c) Galileo E5

Hentpanpaoit yacToroii curHana ES5 Galileo E5 sBnsercs gactora 1191,795 MI't m npu ero reHepanuu
npumensiercss moxyisinust AItBOC Ha vacrore moxHecymiedt B 00okoBoii monoce 15,345 MI'u. Dta cxema
obecrieunBaeT JBa OOKOBBIX JICTIECTKA.

Hwxawmii 6oxoBoit nenectok curaana ES Galileo Ha3eiBaercs curnanom ESa Galileo n obecniedunBaet BTOpOi
curHay (TpWeM Ha pa3HEeCEHHBIX YacTOTax) IS OTKpBITOW ciaykx0el (OS), BKIOUYas COOOIICHMUS,
coJieprKalllie HaBUTallMOHHBIE TaHHEIC.

Bepxnuii 60xoBoii nenectok curHana E5 Galileo Ha3wsiBaercst curnanom ESb Galileo n obecnieunBaer obe
CITYXOBI — OTKpHITYIO ciy’k0y (OS) u "cmacanme xu3Hu" (Sol), BKIIFOYass HaBUTAITMOHHBIC COOOIIECHUS C
coo0IIeHreM, coiepKalluM HHPOPMALIUIO O KOMIUIEKCHOW IIETIOCTHOCTH.
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CriektpanbHas TNIOTHOCTH MoIHOCTH curHana AltBOC onpenensercs crneayonim oopa3om:

cosz(zan
G ausoc(f) = A/, s {COS2 [iJ - cos (iJ —2cos (iJ cos (ﬂj + 2} ,

nf? 2( f J 21, 2/, 2/, 4/
cos 2

f;=15x1,023 MI'y — yacrora nmojgHecyiei, a f. = 10 x 1,023 MI'1; — yacToTa 3JIeMEHTOBR.

TIe:

5 MOIIHOCTB M CTIEKTP CUTHAJIOB

MuHUMaNBHBIA YPOBEHb MOIIHOCTH TPHUHUMAEMOTO CHUTHAIA Ha TIOBEPXHOCTH 3€MIIM JUIS JIFOOOTO yTiia
MECTa, PaBHOTO WX TpeBbimatomero 10°, mpu yclIoBUM HACAITBHO MOIXOJIICH W U30TPOITHON aHTCHHEI
0 nbu, coctaBasger —152 n1bBT n1g curnanos ES5, E6 u E1.

6 PaGouas yacrora

Cuctrema Galileo ocymiecTBiseT mepeaady HaBUTAMOHHBIX PAIMOCHTHAIOB Ha YETBIPEX PAa3HBIX pabounx
4acToTax:

- Galileo ESa: 1164-1188 MI 1.

— Galileo ESb: 1195-1219 MI'.

- Galileo E6: 1260-1300 MI 1.

— Galileo E1: 1559-1594 MTI'w.

Ipunoxenue 4

TexHnuyeckoe ONMUCaHHUE U XAPAKTEPUCTUKH KBAa3U3EHUTHOM
CILYTHMKOBOM cuctemMbl (QZSS)

1 BBenenue

KBasuzenutHyto crmyTHHKOBYIO cucteMy (QZSS) o0pa3yrooT TpH CIyTHUKA, Pa3MEIIEHHBIE MO OJHOMY B
KaKIOH U3 TPEeX paBHOPA3HECEHHBIX OPOUTAIBHBIX IIOCKOCTSIX, YTOJl HAKIIOHEHHSI KOTOPBIX COCTaBsieT 45°.
Kaxknmprii cIryTHUK TepeaeT 4eThIpe OJWHAKOBBIC HECYIHE YacTOTHI JUIsl HAaBHTAITMOHHBIX CHTHAIOB. DTH
HaBUTallMOHHBIC CHUTHANBl MOAYJIUPOBAHBI 33JaHHON JBOUYHOM IMOCIIENOBATEIBHOCTHIO, COJEpKalleh
KOJMPOBaHHBIE JaHHbIE 00 3deMepuaax W BPEMEHH, W HMEIOT JIOCTATOYHYH IIMPUHY IOJIOCHI IS
obecrieueHUsT HEOOXOAMMOW HABUTAIMMOHHON TOYHOCTH 0O€3 NMPUMEHEHHUS IBYCTOPOHHEH Tepemadu WiIH
JOTITIIEPOBCKUX CJIBHUTOB.

1.1 TpeOoBanus Mo yacTore

B ocHoBe TpebGoBaHmii mo wacrore s cuctembl QZSS nexaTr oneHka TpeOOBaHWU IOJIb30BaTeNel K
TOYHOCTH, TOYHOCTH yYeTa 3aJepPKKH PACIpPOCTPAHCHHS] B HANPABICHUM KOCMOC-3eMIIsI, IOJaBJICHUE
MHOTOJTyY4E€BOCTH, CTOMMOCTH OOOpYyJIOBaHUs, a Takke KoHpurypauuu. Jlns pabotel cuctembr QZSS
WCTIONB3YIOTCS TPU UCXOIHBIX KaHana: 157542 MI' (L1), 1227,6 MI'n (L2) u 1176,45 MI'u (L5). byzer
nmobaBiieH sKkcrepuMeHTanbHbIN curHal (LEX) ¢ neaTpansHoit yactoroit 1278,75 MI'm (LEX).
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Cucrema QZSS obecrieunBaeT HaBUTAIMOHHOE OOCITy)KMBaHUE Il peTHOHOB BocTouHolt Azun u Oxeannd,
B KOTOPBIE BXOIUT SmoHwMS.

2 00630p cucremMbl

Cuctrema QZSS — 310 HenpeprIBHO (PYHKIIMOHUPYIOIIAS BCETIOTOIHASI CUCTEMAa KOCMUYECKOTo 0a3upoBaHus,
IIpeJHa3HaYeHHas A1 PaJuOHABUIalllH, OIIPEIeNICHUS MECTONOJIOXKEHHUS U Nepefadd CUI'HAJIOB BPEMEHH,
KoTopasi obecrieunBaeT copMmecTuMblie curHanel ¢ GPS (L1, L2 u L5), a Taxke OJuH dKCIepUMEHTAIbHBIH
CHUTHAJI, coJiepKaluii cooOIIeHus ¢ 0oJiee BRICOKOM CKOPOCTBIO MepeAayn JaHHBIX.

Cucrema paboTaeT 1Mo MPUHITUITY TaCCUBHOW TpHUaHTYSIuA. [101p30BaTENbCKUI IPUEMHUK CHCTEMBI QZSS
CHaYaJla BBIMOJHSICT U3MEPECHHE ICEBIOMATBLHOCTH, CKOPOCTH H3MEHEHUS IICEBIAONATBHOCTA WIH ACIbTY
MICEBIOAATLHOCTH O HE MEHEE YeM YEThIPEX CIIYTHHUKOB U PACCUUTHIBAECT MECTOIOJIOKEHUE CITyTHUKOB, UX
CKOPOCTh U CMEIICHHE BPEMEHH TI0 WX YacaM OTHOCHUTEIIFHO 3TATOHHOTO BPEMEHH C TIOMOIIBIO TTOTy9IeHHBIX
JAHHBIX 00 ddeMepriax U mapaMeTpoB KOPPEKITMHU JacoB. /lanee mMpreMHHK ONpeelsieT MPOCTPaHCTBEHHOE
MECTOIOJIOKEHHE U CKOPOCTh IOJB30BATENsl B TEOLEHTPUUECKOW HEMOJBIKHON OTHOCHUTEIBHO 3eMId
nexaproBoii cucteme koopauHaT (ECEF) MexnynaponHoii 3emuoit cucreme orcuera (ITRF) u cmemenne
TTOJTH30BATEIBCKUX YACOB OTHOCUTEIBHO ATAIIOHHOTO BPEMEHH.

3 CermMeHTBI CHCTEMBI

Cucrema COCTOUT H3 TPEX OCHOBHBLIX CCTMCHTOB: KOCMHUYCCKOI'O CEIrMCHTA, CCTMCHTA YIIPABJICHUA U
IOJIB30BaTEIbLCKOI0 cerMeHTa. Himke onmcanbl OCHOBHBIC (l)yHKI_II/II/I KaXXa0ro CCrMeHra.

3.1 KocMuueckuid cerMeHT

Kocmudeckuii cermeHT 00pasyror cnyTHUKH QZSS, KOTopble QyHKIHOHHPYIOT Kak "HeOecHble" OmopHBIE
TOYKH, HU3Iy4YalOlle M3 KOCMOCAa TOYHBIE KOJUPOBAHHBIC 110 BPEMEHH HAaBUTAllMOHHBIE CHUTHAJIBI.
JeficTBytomas TpynIAUpoOBKa, COCTOSINAs W3 TPEX CIyTHUKOB, GYHKITMOHUPYET Ha 24-X YaCOBBIX OpOMTAX,
amoreil KoTopbeIx coctaBngeT 39 970 kM, nepurei — 31 602 kM. Kaxplif U3 Tpex CIyTHHKOB pa3MeIleH B
COOCTBEHHOH OTAEIBHOM OPOMTANbHOW IUIOCKOCTH, HAKIOHEHHWE KOTOPBIX OTHOCHTENBHO 3KBaTOpa
coctaBisieT 45°. OpOuTaNbHBIE TUIOCKOCTH UMEIOT paBHOE pasHeceHue (1. €. Ha 120° mo ¢asze) U CIyTHHKH
TaKk pa3HeceHbl MO ¢aze, YTO B KaXIbld TEKYIIMH MOMEHT BHIMMBIM BCETJa SIBISIETCS CITyTHHK,
HaXOAIIMICS Ha BBICOKOM YIJIE MECTa OTHOCUTEIHHO SITOHUH.

CIyTHHK TpeACTaBIsieT COOOW CTAOMIM3WPOBAHHBIA MO TPEM OCSIM KOCMHUYecKHil ammapar. OCHOBHBIMHU
3JIEMEHTAMH €T0 T'JIaBHOU HaBHI‘aHHOHHOﬁ MOJIe3HOM Harpys3Kku ABJIAIOTCA aTOMHBIC CTAaHAAPTHI YaCTOThI AJIA
TOYHOW CUHXPOHU3ALMU, TMPOLECCOpP JUIsl XPAaHEHUS HABHUTAIlMOHHBIX JIAHHBIX, CXEMa CHTHAJIOB
[ICEBJOCITYYaifHON TMMOMEXH Ui TeHEPUPOBAHHUS CHUTHAIOB OIPENEICHUs IaIBHOCTHA, W Tepefaromas
aHTeHHa, paboraromas B moyioce gactot 1,2/1,6 I'T, co cxemoii GopmMupoBanms Tyda, KOTOpas IepeaacT
CUTHAJIBI C MMOYTH PAaBHOMEPHBIM paclpeeiicHHeM MOIIHOCTYA Ha YeThIpeX 4acTorax B mojoce 1,2/1,6 [Ty
JUTS. TIOJIh30BATeNICH, HAXOMSANIMXCS HAa TIOBEPXHOCTH 3eMiM WM OKoyio Hee. [lepemava Ha JBYX yacTtoTax
(manpumep, L1 u L2) ucnoms3yercss IS KOPPEKTUPOBKH HMOHOC(HEPHBIX 3aIepKeK, BIUAIONMIMX Ha BPEMS
pacnpocTpaHeHHs CUTHajA.

3.2 CermeHT ynpaJ/ieHHs

CerMeHT ympaBieHHUs! BBIIOJHSACT (QYHKIHHU CJIEXKEHHUsS, pacdeTa, OOHOBICHUS U KOHTPOJS,, HEOOXOOUMBbIE
IUIl YTIPaBJICHHUS BCEMM CIyTHHKAaMHM B CHUCTEME Ha €XEIHEBHOW OCHOBe. CErMEHT COCTOMT U3 IJIaBHOM
cranuuu ympasienuss (MCS), pacnonoxkeHHOH B SIMOHMM, Ha KOTOPOH BBIMOJHSETCS Bcsi 00paboTka
JaHHBIX, W psAla pPa3MEILEHHbIX Ha OOJBLIOM PACCTOSHUM CTAHIMHA KOHTPOJS, KOTOpBIE HAaXomsITCs B
00J1aCTSIX, BUIUMBIX U3 KOCMUYECKOTO CEIMEHTA.

CraHIIMM KOHTPOJIA OCYIIECTBIISIOT MAaCCHBHOE CIEKEHHE 32 BCEMH CITyTHHKaMH, HaXOAAIIUMIUCS B 30HE
BUJUMOCTH, U U3MEPSIOT JaHHBIE JUIS ONpeieNeHus NalbHOCTH U JaHHBbIE JOMNIUIEPOBCKOTO CABHra. JTH
naHHble oOpabatbiBaroTcss B MCS anst pacuera adeMepun CIIyTHUKOB, CMEICHUS YacOB, OTKJIOHEHUE YacoB
U 33JICP’KKU PaCTPOCTPAaHEHHUs, KOTOPBIE 3aTEM UCIIONIB3YIOTCS JUIsl Iepeiaul Ha CITyTHUKH COOOIIEHHH. JTa
oOHOBJIeHHast HH(pOpMaLUs NepefacTcs Ha CIIyTHUKU Uil XpaHEHUs! B MaMATH M MOCEIYIOLel mepeaayn
CIYTHHKAaMH KaK 4YaCTH HaBUT'ALIMOHHOT'O COOOIIEHHS MOJIb30BATEIISIM.
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3.3 IMoab30BaTEJLCKHH CErMEHT

[Tosb30BaTENbCKHI CETMEHT 00BEIUHACT B ce0C BCE MOJIb30BATENBCKIE YCTAHOBKH U MOIJICPIKUBAIOIICE MX
obopynoBanue. [lonp3oBarenbckas yCTAHOBKA COCTOUT, KaK MPABUIIO, U3 aHTCHHBI, PUEMHHKA/TIPOIIeccopa
QZSS (Taxxe moanepxkuBatoniero curHansl GPS), koMIbloTepa u yCTpOHCTB BBOJIa-BBIBO/IA.

OTa ycTaHOBKA 3aXBaThIBACT U MPOCJICKHUBACT HABUTALIMOHHBIM CUTHAJ OT YeThIpeX WM 0ojee CIlyTHUKOB,
BKJIIouasi oguH (win Oosee) cnyTHHKOB QZSS u oxuH (wm Oonee) crytHrkoB GPS, Haxopsimuxcst B 30He
BUAMMOCTH, u3Mepsier Bpemsi PU mepenmaum, ¢asel PU curHamoB u AONMIIEpOBCKHE CABUTH YaCTOTHI,
mpeoOpa3yeT MX B 3HAYEHHUS IICEBIOJAIBHOCTH U OIpEAeiIseT NPOCTPAHCTBEHHOE MECTOIOJIOKCHHUE,
CKOpPOCTb, CMEIIIEHHE BpeMEHH NMPHEMHHUKAa OTHOCUTEIHFHO ITAIOHHON CHCTEMBI BPEMEHHU.

Ilonp30BaTeNnbCKOC O60py,E[OBaHI/IG MOJKET OBITH BECHMa pa3HOO6p33HBIM— OT OTHOCUTCIIbBHO IIPOCTOTO U
HUMCIOIICTO HC6OJ’ILIHYIO MacCy NpUCMHHKA OO0 CJIOXKHBIX MPUCMHUKOB, O6’LG,Z[I/IHCHHLIX C JApyrumu
HaBUTI'allMOHHBIMU JaTYUKAMHW WX CHCTCMaMHU IJIA obecrieyeHrss TOYHOCTH B cpene, 0TJ'IPI'-IaIOH.ICIZC5[
BBICOKOH TMHAMUYHOCTBIO.

4 Crpykrypa curnana QZSS

ITepenaBaemblIif CO CITyTHHKA HAaBUTAITMOHHBIA curHaI QZSS comep XUT YeThIpe MOMYIHPOBAHHBIC HECYIIIHE
gactotel: L1 ¢ nenrpanbpHoit wactororr 1575,42 MI'u (154 fp), L2 ¢ uenrpanbHO#l yactoroir 1227,6 MI'y
(120 fo), L5 ¢ uentpanbroii uactotoit 1176,45 MI'u (115 f;) m LEX ¢ uentpansHo#t wactotoit 1278,75 MI'
(125 fy), toe fo=10,23 MI'i, a fy — BBIXOAHOH CHTHall OOPTOBOTO YCTPOWMCTBA 3TAJIOHHOW YaCTOTHI, C
KOTOPBIM BCE€ T€HEPHUPYEMBbIE CUTHAJIBI KOTEPEHTHO CBA3aHBI.

Curnan L1 cocTOMT W3 4YeTHIpeX CHUTHAJIOB C JBYXMO3MUMOHHOW (azoBoi maHumymsinuerd (BPSK),
MYJBTUIUIGKCHPOBAHHBIX CcO cABUroM Ha 90°. JIBa W3 HUX MOAYNHUPYIOTCA MABYMS pa3HBIMU
pa3BepTHIBAIOIIUMHUCS KOJaMH TiceBrociydaitHoi momexu (PRN), KoTophie SBIISIOTCS CyMMOM IO MOIYJTIO
JIBa TIOCJIEI0BATEILHOCTEH BBIXOAHBIX CUTHAJIOB ABYX 10-OUTOBBIX PETHCTPOB CABHra C TUHEHHOI 0OpaTHON
cBs3pi0 (10-0mtoBeie LFSR), ¢ TakroBoii wactotoit 1,023 MI'm u nepuomom 1 mc. Jlo npumenenns BPSK
KB U3 HUX CyMMHPYETCS IO MOJIYJIIO JIBA C IBOMYHOM TMOCIIEI0BATEIFHOCTHIO HABUTAIIMOHHBIX JaHHBIX
co ckopocthro mepemaun S0 Out/c/50 anement/c wim 250 6ut/c/500 3nement/c. [lBa npyrux curHaia
MOAYJIUPYIOTCS ABYMSI Pa3HBIMU Pa3BEPTHIBAIOLIMMUCS KOJAaMU ¢ TakToBOHM wactoToil 1,023 MI'n u nByms
OJIMHAKOBBIMU NPSIMOYTOJBHBIMM CUTHaJIaMH ¢ TakToBoM wactoroil 0,5115 MI'u. IlocnepoBarenbHOCTH
JMAHHBIX CYMMHPYETCS TI0 MOZYJIIO IBA C OJTHUM U3 HHUX.

Curnan L2 mogynupyercsa metogoM BPSK ¢ pazseptriBatonumes kogom L2C. Kox L2C umeer TakToByrO
yactoty 1,023 MI'i ¢ anbTepHAaTUBHBIMH PAa3BEPTHIBAIOIIMMUCS KOAAMH, UMEIOUIUMHU TAaKTOBYIO YacTOTY
0,5115 MI'm: L2CM wumeer mepuox 20mc, a L2CL — mepuwonm 1,5 ¢. IlociaemoBarenbHOCTh JaHHBIX
25 6ut/c/50 3meMeHT/C CyMMHPYETCs IO MOJIYJIIO JIBA C TUM KOJIOM 10 (ha30BOM MaHUITYJISIIHH.

Curnan L5 coctout u3 aByx curnanos ¢ BPSK (I u Q), koTopbie MyJIbTUIIEKCUPYIOTCS CO CABUTOM Ha 90°.
Curnansl B 00onx kaHamax — | u Q — MOAyIHpyIOTCS IBYMSI Pa3HBIMH Pa3BepTHIBAIOIIUMHUCS Komamu LS.
O6a pasBepreiBatomuecss koga LS5 umeror TakroByro wactory 10,23 MI'm u mepuox 1 mc. [IBonunas
MOCIIEIOBATEIILHOCTh HABHTAIIMOHHBIX AaHHBIX S50 0ut/c/100 smement/c mepemaercs mo kaHaiy [, a mo
kaHay Q maHHBIC He repenaTcs (T. €. He COAepKalluil TaHHBIX CUTHAI SBJISAETCS "MHIOTHBIM").

Curnan LEX Taxxe momymnupyetcs MmetomoM BPSK. st pasBepThIBatomerocst Kojia ¢ TAKTOBOW YacTOTOMH
5,115 MI't1 ucnionb3yetcs HaOOp KOPOTKUX MOCIIEA0BaTEIbHOCTEH K010B Kacamu.

5 MoOLHOCTD U CHIEKTP CUTHAJIOB

Ha cnytaukax QZSS wuCcmonb3yroTcss aHTEHHBI ¢ (DOPMHPOBAHHUEM JIyda, KOTOPHIC HM3JIYYarOT CHTHAIBI C
MPAKTHYECKU PAaBHOMEPHBIM paclpee/icCHUeM MOIIHOCTH, MPeIHA3HAUYCHHBIC JIJIsl IPHEMa T0JIb30BaTEIIMU
cucteMsl. [lepegaBaeMble CUTHAIBI HMEIOT TpaByio KpyroByr mnoisipuzanuio (RHCP) ¢ samauntuaHOCTHIO
ayume 1,2 ab gns curnana L1 u nyume 2,2 n1b nns curnanos L2, LS u LEX. MomHOCTH NpUHUMAEMBIX
nosp3oBaTessiMu curHanoB (URP) mms yriioB mpuxoma OTHOCHUTENHHO CIyTHHKOB Ooiiee 10° ompenesiroTest
IpU  JONMYIICHUW, YTO AaHTCHHA TNpueMHHUKA XapakTtepusyercs 0 nbu u umeer mnpaByl0 KpYroByIO
nossipu3aruio (RHCP).
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MunnmaneHsbie rapantupyemsie URP s curnanos L1, L2, LS u LEX npeacrasnens! B Tabnunax 6, 7 u 8.

6 Pabouas yacrora

B cucreme QZSS curnan L1 nepegaetcs B wactoTHOM cerMeHTe 1559-1610 MI'n, curnan L2 u curnan LEX
nepemaroTcss B yacToTHOM cermente 1215-1300 MI'm u curnan LS5 mepemaeTcsi B 4aCTOTHOM CETMEHTE
1164—1215 MI'u, kotopsie pactpeneneas PHCC.

7 DYyHKIUH TeJeMETPUH

Hcnonp3oBaHue CHUTHAJIOB TeleMETpuH B Tmosocax dwactor 1164-1215MIm, 1215-1300 MIm wu
1559-1610 MI'u mst cuctemer QZSS He TpeOyeTcs.

8 Iapametrpsl nepenauun QZSS

ITockonbky cuctema QZSS mepenaer HaBuranuonsusle curHansl PHCC B HampaBneHun kocMoc-3emiisl B
YeTBIpEX TOJ0CaX YacTOT, mapaMmeTphbl mepenad QZSS mpeAcTaBiIeHB B YETHIpEX TaOMWIAX IO YETHIPEM
nosiocam PHCC, B KOTOpBIX OCYyIIECTBIAETCS Mepeaaya HaBUTallHOHHBIX cUrHaJIOB QZSS.

8.1 IapameTpsl nepenaun curianos L1 QZSS

Cucrema QZSS ucnonbs3yeT Heckoiibko curaanoB B mojoce PHCC 1559—-1610 MI'n. Oro curHansr L1 C/A,
L1C u L1-SAIF. llapamemput cuenana L1C okonuamenvHo ewje He onpeoenenvl, NOIMOMy npeocmaesienHule
6 maobauye 6 3navenus L1C mocym uzmeHumocs.

TABJIMLIA 6
Ilepenava curnasos QZSS B moJioce yactor 1559-1610 MI'ny

IMapameTp (enMHUIBI) 3HayeHue mapamerpa
Hecymias wacrora (MI ') 157542
CKopocCTh mepeaadu 37eMeHToB kojga PRN 1.023

(Mbnement/c)

50 out/c/50 snement/c (C/A)
250 6ut/c/500 snement/c (L1-SAIF)
25 our/c/50 anement/c (L1C)

BPSK-R(1) (C/A u L1-SAIF)
MeTtox MOIYJSIAA CUTHAIA BOC(1,1) (L1C)
(Cwm. Ipumeyanwue 1)

CkopocTh mepeadn GUTOB/IIEMEHTOB HABUTAIIHOHHBIX
JMaHHBIX (OUT/C/37eMEHT/C)

IMonspu3anus u AIMITHYHOCTS (Ab) IIpasas kpyrosas (RHCP), makcumym 1,2

—158,5 (C/A), =163 (L1C conepxwut nanusie), —158,25
(L1C ue conepxur manubix), —161 (L1-SAIF)
(Cwm. Ipumeyanwue 2)

MuHuMaNbHbI YPOBEHb MOIIHOCTH IPUHUMAEMOIO
CUTHAJIa Ha BXoje aHTeHHBI (1BBT)

[upuna nostockr 1o ypossto 3 1b PY ¢unsrpa
nepeararka (MI )

[NPUMEYAHUE 1. — Ins mapamerpoB QZSS PHCC BPSK-R(n) o3Hauaer OmHapHyr (pa30ByH0 MaHUITYISALUIO C
HCIOJIb30BAHUEM MPSIMOYTOJBHBIX 3JIEMEHTOB, CKOPOCTh Mepenavyr KOTOpbiX cocramiser n X 1,023 (Manement/c).
BOC(m,n) o3navaer MOAyISLMIO C OMHAPHBIM pa3/ieIeHMEM HECYIIedl 4acTOThl CO CMELIEHHEM HeCyIeld 4acTOTHI
m X 1,023 (MI'y) 1 ckopocThio niepegayun aieMeHToB 7 X 1,023 (Manement/c).

32

[MPUMEYAHUE 2. — MunnManpHas IpruHAMaeMasi MOITHOCTE QZSS mpu MOMyImeHn:, 9T0 MUHUMAaIbHOE YCHUIICHUE
AQHTCHHBI NIPUEMHHKA BO3HWKaeT mpu yrinax 10° wiam GONBIIMX HAX TOPU30HTOM 3€MIIH, BUAMMBIM C TIOBEPXHOCTH
3emun.
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8.2 ITapameTps! nepenaun curaanos L2 QZSS
QZSS ucnonw3yet it paboTsl ABa curHana B monoce yactor PHCC 1215-1300 MI'tt. Oto curnanst L2C u
LEX.
TABJINIIA 7
Ilepenaya curnasos L2 QZSS B moJtoce yactor 1215-1300 MI'n
IMapameTp (enMHUIBI) Onucanune napamerpos PHCC
Hecymast wactora (MI'1) 1227.6
CKopocCTh mepeaadu 37eMeHToB kojga PRN 1,023 (L2C)

(MbasemenT/c)

CKOpOCTH Iepeadn OUTOB/3JIEMEHTOB HABUTAIIHOHHBIX
JAaHHBIX (OUT/C/37eMeHT/C)

25 out/c/50 sanement/c (L2C)

MeTtox MOy ISIAA CUTHANIA

BPSK-R(1) (L2C)
(Cwm. Ipumeyanwue 1)

IMonspu3anus u AIMITHYHOCTS (Ab)

[IpaBas kpyrosas (RHCP); makcumansHo 2,2

MuHuManbHbI YPOBEHb MOIIHOCTH IPUHUMAEMOTO
CUTHaJIa Ha BXoje aHTeHHBI (1BBT)

—160 o0mras MOIITHOCTE
(Cwm. Ilpumeyanwue 2)

upuna nostockr 1o yposuto 3 1b PY ¢uibrpa
nepenatynka (MI'm)

32

[NPUMEYAHUE 1. — [Ins napamerpoB QZSS PHCC BPSK-R(n) o3Hauaer OuHapHyr (a30BYyH0 MaHHIYJISALUIO C

HCIIOJIh30BAHUEM MPSIMOYTOJIBHBIX 3JIEMEHTOB, CKOPOCTh Mepeiaun KOTOPhIX cocTaBiseT 7 X 1,023 (ManemeHT/c).

[NPUMEYAHUE 2. — MunnManpHas IpruHAMaeMasi MOIMHOCTE QZSS mpu MoMymmeHn:, 9T0 MUHUMAaJIbHOE YCUIICHHUE
AHTCHHBI NIPUEMHHKA BO3HUKaeT mpw yrinax 10° miam GONBIIMX HAX TOPU30HTOM 3€MIIH, BUIAMMBIM C TIOBEPXHOCTH

3emin.

TABJIMIIA 8
Ilepenaua curnano LEX QZSS B nosaoce yactor 1215-1300 MI'n

IMapameTp (exMHULbI)

Onucanne napamerpos PHCC

Hecymras wacrora (MI ')

1278,75

CkopocTb nepesiauu 31emenToB kojga PRN (Manement/c)

5,115 (LEX)

CKOpOCTH mepenadn OUTOB/3IEMEHTOB HABUTAIIHOHHBIX
JIaHHBIX (OUT/C/3]IeMEHT/C)

2 x6ut/c/250 snement/c (LEX)

MCTOI[ MOZIYJISINA CUTHAJIA

BPSK-R(5) (LEX)
(Cwm. IIpumeuanue 1)

[Monsipuzanus n 3MIUNTHYHOCTS (15)

RHCP; makcumanbho 2.2

MuHuManbHbI YPOBEHb MOIIHOCTH IPUHUMAEMOIO
CUTHaJa Ha BXoJie aHTeHHbI (1BBT)

—155,7 061mast MOLIHOCTE
(Cwm. IIpumeuanue 2)

[upuna nostockr 1o yposuto 3 1b PY ¢unsrpa
nepenaranka (MI'm)

56

[NPUMEYAHUE 1. — Ins mapamerpoB QZSS PHCC BPSK-R(n) o3Hauaer OmHapHyr (pa30ByH0 MaHUITYISALUIO C

UCIIOJIb30BaHUEM IIPSIMOYTOJIBHBIX 3JIEMEHTOB, CKOPOCTh IIepeiaun KOTOPbIX coctaBisieT # X 1,023 (ManemeHT/c).

[NPUMEYAHUE 2. — MunanManpHas npuHAMaeMasi MOITHOCTh QZSS mpu IomymieHny, 9T0 MUHUMAJIbHOE YCHIICHHUE
AQHTEHHBI NIPUEMHHUKA BO3HUKaeT mpu yriax 10° uiam GOdBLIIMX HaX TOPU30HTOM 3€MJIH, BUIAMMBIM C TOBEPXHOCTH

3emin.



20 Pex. MC2-R M.1787

8.3 IHapameTps! nepenaun curnanos L5 QZSS LS

QZSS ucnons3yeT A pabOThHI ABa HABUTAITMOHHBIX curHajia B roioce yactor PHCC 1164—-1215 MI'. Ot
cur"anel, L51 u L5Q, ucnone3yrotcs co capurom 90° u mepenaroTcs ¢ OAMHAKOBOW MOIIHOCTHIO. CHrHamI
L5Q He comepxutr nmaHHbIe (Takke HasbiBaeTcs "mWiIoTHBIN" kaHam). Curnan L5I, ¢ apyroit cTOpOHBI,
CONEPKUT HABUTANMOHHYIO HWHDOpMAIuUio Uil  CHHXPOHHW3AIlMH, HABHTAIlMH W ONPEICICHHS

MECTOIIOJIOKCHHUA.

TABJINIIA 9
Ilepenaya curnasos QZSS B moJoce yactor 1164-1215 MI'n

MMapameTp (exMHUIIBI) Onucanune napamerpos PHCC
Hecymast wactora (MI 1) 1176,45
CkopocCTh mepeaadu 3aeMeHToB kojga PRN 1023

(MbasemenT/c)

CKOpOCTh Mepeaun OUTOB/3JIEMEHTOB HABHTAIIHOHHBIX

JaHHBIX (GHT/c/2eMeHT/C) 50 6ut/c/100 3nement/c (L5I)

BPSK-R(10)

MeTo MOAYISAIIMN CUTHAJIA
MOy I (Cwm. Ipumeyanwe 1)

[Monspu3anus 1 AUIMITAYHOCTS (Ab) [Ipasas kpyrosas (RHCP), 2,2
MuHHMATBHBIA YPOBEHb MOIITHOCTH IPUHIMAEMOTO —157.,9 na xanan (L5I o L5Q)
CUTHaJIa Ha BXoje aHTeHHBI (1BBT) (Cwm. IIpumeuanue 2)

upuna nostockr 1o yposuto 3 1b PY duibrpa

nepenatunka (MI') 38,0

[NPUMEYAHUE 1. — [Ins napamerpoB QZSS PHCC BPSK-R(n) o3Hauaer OuHapHyr ()a30BYyH0 MaHHIYJIALHUIO C
HCIOJIh30BAHUEM MPSIMOYTOJIBHBIX 3JIEMEHTOB, CKOPOCTh Mepeiaun KOTOPhIX cocTaBiseT n X 1,023 (ManemeHT/c).
[NPUMEYAHUE 2. — MunnManpHas IpuHAMaeMasi MOITHOCTE QZSS mpu MoMymeHn:, 9T0 MUHUMAaJIbHOE YCUIICHHUE

aHTEHHBI MMPUEMHUKA BO3HHMKaeT mpu yriax 10° wiu OONbIIMX HAJ FOPU30HTOM 3eMIIH, BHIMMBIM C MOBEPXHOCTH
3emin.

Ipunoxenue S

TexHnuyeckoe oNUCaAHNE U XapAKTEPUCTHKHU CIIyTHUKOBOM CHCTEMbI
nuddepennuanbubix nonpasok MTSAT (MCAS)

1 BBenenue

MexayHapoaHas opranuzauus rpaxnanckoi apuanun (MKAO) onpenenuna riodaibHyI0 HaBUTALIHOHHYIO
cnytHukoBy0 cucreMy (IHCC) kak "BceMUpHYIO CHCTEMY OIpENeleHHs MECTOIOJOXKEHHS U BPEMEHH,
KOTOpasi BKJIIOYAeT OAHY WM 0ojiee CIyTHHUKOBBIX IPYIIHUPOBOK, IPUEMHUKH Ha OOPTY JETaTEIbHBIX
anmapaToB M KOHTPOJb IENOCTHOCTH CHCTEMBI M KOTOpas o0ecreynBaeTcs IONpaBKaMH IO Mepe
HEOOXOOUMOCTH Ui TOAACpKaHHsT TpeOyeMbIX HABHTAIIMOHHBIX XapaKTEPUCTHK ISl TUIaHHUPYEMBIX
onepanuii”, u pazpadoraiza MexayHapoaHbIE CTAaHAAPTH U PEKOMEHAYEMYIO MIPAKTUKY TSl OecriepeOoiHOTO
rI100AILHOTO a3POHABHTAIIMOHHOTO 00CITYKHUBAHUSI.

HaBurammonnoe o6ciyxuBanne 'HCC Oyzaer oOecnednBaThCs C TOMOIIBIO PAa3IMYHBIX KOMOWHAIMNA
cnenytomux snemMentoB 'HCC, ycraHOBNEHHBIX Ha 3emje, Ha CIYTHHKEC WIH Ha OOpPTY JETaTeIbHOTO
armmapara (JIA):
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a) I'mobanpHas cucrema onpeneienus mectomnonoxerus (GPS).

b) I'moGanbHas HaBuraunonHas ciytHukoBas cuctema (IJIOHACC).
c) BoptoBas cucrema mudepenimanbabx momnpaBok (ABAS).

d) CryTHHuKOBas cuctema auddepeHanbHbIX TonpaBok (SBAS).
e) Hazemnas cucrema auddepennmanpabix monpasok (GBAS).

f) [Mpuemuuk 'HCC nHa 6opty JIA.

CnytHukoBasi cucteMa nuddepeHunansHeix nonpaBok (MCAS) Ha ocHOBe MHOrO()YHKIHOHATBHOTO
tpancnoptHoro cnyTtHuka (MTSAT) saBasercs cucremoit SBAS, ompenenennoit kak "cuctema
mddepeHInaTBHBIX MOMPABOK MIMPOKOTO MOKPHITUS, B KOTOPOH ITOJIb30BAaTENb MONy4YaeT HHPOPMAIHIO O
mddepeHInanbHBIX TOMPaBKax OT MepeaTynKa, yCTaHOBIEHHOTo Ha 60pTy cnyTHHKA". MCAS BbINONHSET
¢dynkuro PHCC B MTSAT.

J1a moBBIIEHUST HAAEKHOCTH U ycToWdnBOCTH cucTeMbl B MCAS ucnomns3yrotest asa MTSAT. Kaxnsiid
MTSAT mnepemaer onmHy HECYIIyI0 YacTOTy JUIs CHTHAIOB auddepeHnuansHol monpaBku mias GPS
(curaamet PHCC). OTr curHaIIBI cCoepIkaT CiIeayIonTyo HHGOPMAIIHIO: ONpeAciieHne JATBHOCTH, COCTOSTHUE
cinytHukoB GPS, ocHoBHas muddepeHnnansHas nonpaBka (KOPPEKTUPOBKU ddemepun cnyTHHKOB GPS u
BpeMeHH) U TouHast AuddepeHnuansias nomnpaska (MOMPaBKU ¢ yYETOM MapaMeTpoB HOHOC(HEPHI).

1.1 TpeGoBaHus 0 YacTOTE

TpeboBanuss mo yactore mas MCAS ompepensrorcs kanmamom L1 GPS ¢ menTpambHOM 9acToTOM
1575,42 MTI'm.

TpeboBanust k "Oe3zomacHOCTH" a’pOHABUTALUHN OOYCIOBIMBAIOT OCOOYI0 Ba)KHOCTH TOTO, YTOOBI OpyTrHe
CIIy>KOBbI paliOCBs3M HE IPUYHHSUIN BPEIHBIX IIOMEX a3POHABUIALIMOHHBIM I10JIb30BATEIISIM.

Oynknus PHCC mis MTSAT tpeGyer yactotsr mist puaeproii tuann PHCC B nuHMu BBEpX OT Ha3eMHOM
3emHOl ctanuuu (H3C) k cmyTHMKaM, M 4TO Takoe HCIIOJIB30BAHME AOCTATOYHO 3AIIMIIEHO OT APYTHX
curHanos OCC.

2 0O030p cucTemMbl

MTSAT obpasyer kocmmyeckuid cerMeHT MCAS u OCylIeCTBISET IIMPOKOBEMIATEIFHYIO Iepenady
nHpopmaruu o nomnpaskax GPS umeronM cooTBeTcTBYONIEE 000PYI0BaHUE TI0IB30BATEISIM, B YACTHOCTH
i o0ecniedeHus "0e30macHOro" (yHKIIMOHUPOBAHUS TPAYKIAHCKON aBHAIINH.

[onb3oBatenbekoe o6opyaoBanue MCAS BBITIOJNHSAET M3MEPEHHsI MPOCTPAHCTBEHHOTO MECTOIIOJIOKCHUS
nonb3oBatenst GPS B reoneHTpuyecKkod HENOABUKHOM OTHOCHUTENBHO 3eMJIM JEKApTOBOM cucTeMe
koopauHat (ECEF) — Bcemupnoii reomesmdeckoii cucreMe 1984 roma (WGS-84) u momydaer maHHBIE O
nenoctaoct GPS, renepupyembie Ha MCS ¢ HCHONB30BaHHEM [AHHBIX, TOMyYaeMbIX Ha HAa3eMHBIX
crarnusax koHTpoist (GMC) B peallbHOM MacIiTabe BpeMEHH.

3 CerMeHTHI CHCTEMbBI

Cucrema MCAS cOCTOUT M3 TPEX OCHOBHBIX CErMEHTOB: KOCMHYECKOTO CETMEHTA, HA3¢MHOT'O CErMEHTa U
npuemHrka SBAS Ha Oopty JIA (monb3oBareibCkuii cermeHT). Huke ommcaHbl OCHOBHBIC (DYHKIIMU
KaXJIOTO CETMEHTA.

3.1 KocMuueckHui cerMeHT

Kocmuuecknii cermenT MCAS sBnsieTcs HaBUralmoHHOM mosne3Hoi Harpy3kod MTSAT wu ocymecTBisieT
nmoBTOpHYt0 Tiepenady curHamoB PHCC, renepupyeMbix Ha3zeMHBIMH 3eMHBIMH craHiusamu  (GES).
I'pymmupoBka, cocrosmas w3 nByx MTSAT, GyHKIIMOHMpYET Ha ABYX T'€OCTAlMOHAPHBIX OpOMTax
135°B. 1., 140°B. 1. wm 145°B. 1. Coytauk MTSAT — 3TO cTaOMIM3UPOBAHHBI TIO TPEM OCSIM
KocMu4eckui anmapaT. OCHOBHBIMM 3JIEMEHTaMH €ro HaBUTAlMOHHOM Harpys3ku SBISIOTCS IpHEMHas
aHTEHHA [UI1 CUTHAJIOB (UIOEPHOM JIMHUM, IepelaBacMbIX IO JIMHUU BBEPX OT HA3€MHBIX CTaHLUI,
MIOHMXKAKOIIUK TIpeoOpa3oBareb 4acToThl ¢ mojockl 14 I'T go momockr 1,5 I'T, MOIIHBIA yCHIUTENb IS
CUTHAJIOB CIYXeOHOH JTMHUM M Tiepenalomas aHTeHHa ¢ (JOPMHPOBAaHUEM JIyda, KOTOpas M3Iy4yaeT CUTHAIBI
C MPAKTUYECKH PABHOMEPHBIM paclpeielecHIeM MOIIHOCTH, IIPEeJHa3HAYeHHbIE IS I0JIb30BaTeeH.
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3.2 Ha3zeMHEBIe cerMeHThI

Hazemnsiii cermeHT oOpasyror ase craHimu MCS, yerblpe HazeMHble cTaHuuu KoHTpois (GMS), nBe
CTaHIIMU KOHTpOJs u u3MepeHus naiabHoct (MRS) m moacuctema cetu cesizu (NCS). MCS sBnsroTcs
ocHOBO# cucteMbl MCAS u pacnonokeHbl B IEHTpaX aBUAIIMOHHBIX CIYTHUKOB B XuTauu-oxta u Kobe.
IIpn HamMuuu ABYX CTaHIIMH BO3MOXKHO H30€XaTh INPEPBHIBAaHHUS OOCITYKHMBAaHUS BCICACTBHEC OTKa3a
00opyIoBaHUS, CTUXUUHBIX OCJCTBHUN W TPHUPOAHBIX Bo3aeicTBHil. GMS — 3T0 cpencTBo A mpHema
nmanaeix MCAS, nepenaBaembix or MTSAT, u nepenaun ux Ha ctaniuu MCS uepe3 NCS. Oy npuHUMAarOT
curHael L1 n L2 (1227,6 MI'm) GPS, xoTopsie HCONIB3yIOTCA I KOHTpois curHamoB GPS um omeHkm
3aJIePIKKK IPOX0XKIeHUS noHOCcheprl. OHM PACIIONIOKEHBI B YETHIPEX TOYKAX, a UMEHHO B ropozaax Cammnopo,
Tokuo, ®ykyoka u Haxa. B pynkumu MRS Bxoaut cO0p OCHOBHBIX TaHHBIX, HEOOXOUMBIX JUIsI H3MEPEHUS
nanbHOCcT o3unuu MTSAT st BeIpaOOTKH NAaHHBIX W3MEPEHHS AAaNbHOCTH (JaHHBIE IS OINpeJeIeHUs
MECTOTIOJIOKECHHS JKBHBaJICHTHHI maHHBIM GPS), B momomnenme k ¢yskmusm GMS. Cranmuun MRS
YCTaHOBJICHBI B JIBYX MO3UIUSAX Ha BOCTOYHOH U I0)KHOU TpaHuIax 30HbI oocimyxuanus MTSAT, a umeHHO
Ha ["aBaitsx u B Kanbeppe, ABctpanus, ¢ TeM 4TOOBI 00€CTIeYUTh BBICOKOTOYHOE U3MEPEHUE NaTbHOCTH 10
OpOUTHI OTaromapst CO3MaHMIO ITHMPOKOH Oa3kl.

33 IToab30BaTENLCKHH CErMEHT

[Tonw3oBarensckuii cerment (npueMHuk SBAS Ha Oopty JIA) ompenenseT MecTONOJNIOKEHHE CaMoOJeTa,
nucnonb3yst rpynnupoBkn GPS u curman SBAS. Ilpuemnnk SBAS Ha Gopty JIA coOupaer naHHBIC
U3MEpEHUs JANbHOCTH M KOPPEKTHPYIOIIME JaHHBIE W UCTOIB3YeT WX U OMpEeIeNieHUs] IEeTIOCTHOCTU U
MOBBILIEHHUS TOYHOCTH OIPEIENEHUS MECTOIOIOKEHHUS.

4 CrpykTypa curnana MCAS

Curnanst PHCC mss MCAS coBmectumsl ¢ curaainoMm L1 GPS u aBisroTcss MOAYTUPOBAHHBIMU HECYIITIMHU
C IEeHTpaIbHOU "yacToToi 1575,42 MI't u mmpuHoit monocsr 2,2 MI't. IlepenaBaemast mociea0BaTeIbHOCTh
SIBIIIETCS. CyMMOH TI0O MOJYJIO JiBa HABHTAIlIOHHOTO COOOIICHUsS, MOCTYMHAIOIIEr0 CO CKOPOCTHIO
500 cumBosioB/c, m 1023-O6mtoBOTO KOma TIIceBHOCHTydYaitHOW momexw. Jlamee Hecymas MOIYIHPYETCS
metogoM BPSK ¢ gacroroii 1,023 Mbanemenr/c.

5 MOIIHOCTH M CTIEKTP CUTHAJIOB

B MTSAT wucnons3yeTcst aHTeHHa ¢ (POPMUPOBAHUEM JTyda, KOTOpas W3Iy4daeT CHUTHAIBI C MPaKTHYECKH
pPaBHOMEPHBIM paclpeesieHHeM MOIIHOCTH, MpeIHa3HadeHHble A rnonb3oBateneit MCAS. IlepenaBaembie
CUTHAJIBI UMEIOT NPaBYIO0 KPYToBYIO MOJsSIpU3aliuio. XapakrepucTuku curHanoB MCAS, nepegaBaeMbIX co
cnytHukoB MTSAT, npencrasiens! B Tadmuie 10.

TABJIMIIA 10
XapakTepucTuku curaajgoB MCAS
MaxkcumagabHas | MakcumMajbHast
IIpucBoeHnnas Ycunenue
Hecymas NHUKOBast IJIOTHOCTH
Tun u3ay4eHds | MHPUHA MOJOCHI AHTEHHBI
yacrora (MI'n) (MI'n) MOIIHOCThH MOIITHOCTH (15u)
" (1BBT) (1B(B1/kI'w)) :
2M20G1D 22 13,0 -17,3
157542 20,0
2M20G7D 2,2 16,0 -143
6 Pab6ouast yacrora

Kocmuueckuii cermenr MCAS ¢ynkunonupyer Ha wactote curHaina L1 GPS c umenTpanbHOl Hecymiel
yactotol 157542 MI't ¢ mupuHo momocsl 2,2 MI'm B cermentre mojockl 1559-1610 MI'w,
pacrpeiesieHHON paJioHaBUTAIMOHHON CITyTHUKOBO# CITyk0e.
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7 DOyHKIUH TeJeMETPUH

Hcnonp3oBaHue CHUTHAIOB TeIEeMETpUH B monocax dactor 1164-1215 MI'm, 1215-1300 MI11,
1559-1610 MI'm u 5010-5030 MI'11 mist cuctemsr MSAS He TpeOyercs.

IHpunoxenue 6
Texnunveckoe onucanue u xapaxkrepuctuku cereii LM-RPS

1 BBenenune

B cocraB cereit LM-RPS BxoaaT ciyTHUKY ¢ moie3Hoil Harpy3koil mHoroyactotHol PHCC, Haxonsmuecs
Ha TeOCTallMOHApHOW opOuTe, W JBE CTaHUUHU CBs3u mo juHMKM BBepxX (GUS), xaxmas u3 KOTOPBIX
MOAICPKUBACT OJHY HABUTAIMOHHYIO MOJIE3HYI0 HAarpy3ky. TekyImas peanu3amusi COCTOUT U3 CIYTHHUKA B
no3uuuu 133° 3. 1., 1 BTOporo cnyTHuKa — B no3unuu 107,3° 3. 1.

Cern LM-RPS B mozumum 107,3°3. 1. u 133°3. 1. obOecrreymBarOT YHUKAJIBHYIO IMTHPOKOBEIIATEIHHYO
ciryxx0y PHCC nns ®enepansHoii aBuanmonnoi anvuauctpauu (PAA) Coenunennsix 1ltatoB AMepuku
(CIIA), ocymiecTBusisi MIUPOKOBEIIATENBHYIO TIepeaady, KoTopas obecneunBaeT oxpar HarmoHanpHOH
cucTemMbl opranm3arnuy Bo3aymHoro asmxeHus CILIA (NAS). Cetu LM-RPS sBisiroTcst 9acThio TII00aIBHOM
cucteMbl pacrpoctpaneHust auddepennuanbapix nonpaBok AA (WAAS). B Oyaymem Moryt ObITh
BBeJICHBI AonoiHuTeNnbHbIe ceTn LM-RPS mis obecrieuenus ciyx0Obl, aHAIOTHYHON CITyTHUKOBOH cHUCTEME
muddepeHInanbHbIX TonpaBok (SBAS), i aBUAIIMOHHBIX aJIMHHHCTPANNN W HAI[MOHAIBHBIX BO3IYIIHBIX
MIPOCTPAHCTB B OCTANBHBIX dacTsax Mmupa. Cerm LM-RPS mpenocTaBisroT AOMONHHUTENBHBIC IaHHBIC,
KOTOpble  gononHstoT  nanHele GPS, oOecmeunBas wuHMoOpManmuioo O  IEJIOCTHOCTH, IIyTEM
mpokoBemarensHoi nepeqaun GPS, W ToOBBIIEHWE TOYHOCTH W JIOTIOJHEHHWE K CHTHAJIaM HW3MEPeHUs
nanpHOCcTH GPS 171 aBHAITMOHHBIX TOJIB30BaTelIel. ABHAITMOHHBIC ITOIH30BATEM HCIONB3YIOT SBAS B
nensix  obecrieueHWs — OOJbINEH TOYHOCTH M LEJNOCTHOCTH  JJIsl HaBUTaMM H  0€30MacHoro
(hyHKITMOHUPOBAHMUSL.

2 0O0630p cucrembl

Ceru LM-RPS ¢QyHKIHMOHUMPYIOT Kak KOMMeEpUecKas Ciyx0a, MpeIoCTaBIIAomas aBHAIIMOHHBIM
AJIMHHHUCTPAIUSAM HEOOXOIMMYIO IIUPOKOBEINATeNIbHY 0 ciiy:)k0y PHCC.

OcymecTBinsiemas KOCMHYECKUMH cTaHIusMu cetn LM-RPS mmpokoBemiarenpHas mepenaya cooOIIeHUi
WAAS obecrieunBaeT TpeOyemMoe TIOKPHITHE HAIMOHAIHHOTO BO3AYIIHOTO IPOCTPAaHCTBA  IPH
MUHUMAJILHOM KOJIHMYECTBE MEPEAaTINKOB M YCTPAHSICT MHOMKECTBO TEXHUYECKHX MPOOJIEM, CBSI3aHHBIX C
HazeMHbIMH cucTeMamMu nuddepeHnuanpHpix  nompaBok. Cers LM-RPS - 310  rubpunnas
UPOKOBEIATeIbHAS CTy’k0a, ucrmonb3ytomas kak juaur BBepx PCC, tak m muamm BEHM3 PHCC, dto
JICJIaeT €€ HECKOJIbKO 0oJiee CIIOKHOW MO CPAaBHEHHUIO C (PUKCHUPOBAHHON CIyTHHKOBOH ciyxooi (PCC),
BBITIOJTHSIFOIIE OOBIUHBIC NIMPOKOBENIATEeNbHBIC Mepenadn. HedopmarupoBanHoe coobrienne WAAS
NIPUHUMAETCS OT IMaBHbIX cTaHUUd WAAS HazemHbpiMu cTaHuussMu LM-RPS B HazeMHOU ceTH CBsI3U U 10
nepeayu Ha CITyTHUK TOJBEpraeTcsa mpoBepke. HazemHas cTaHIIMS MPUMEHSET YIPEKIAIONIYI0 KOPPEKIIUIO
omuboK K coobmeHuto WAAS u BpeMeHU s COTJIACOBaHHWs ero ¢ smoxoi moxkanpa GPS u 3atem
MIepeIaeT 3TO COOOIIEHHE TI0 JIMHUHM BBEPX HA HABHTAIIMOHHYIO TIOJIE3HYIO HArpy3Ky, KOTOpas MPUHUMAET U
OCYIIECTBIISIET €ro IOCIEAYIONIYI0 IMUPOKOBEINATENbHYI0 Tepefady Ha IOBEPXHOCTh 3eMIM H I
ABHUAIMOHHBIX MOJIb30BaTENeH, HAXOISAIIMXCS B TIpeIeNiaX 0XBaThIBAEMOT0 HAIIMOHAIHHOTO MPOCTPAHCTBA.

3 Kondpurypanus cucremst

Cetrp LM-RPS cocTout u3 AByX 9acTei — CITyTHUKH WM KOCMHYSCKHA CETMEHT W HAa3eMHbBIC CTAHIINH WU
Ha3€MHBIN CETMEHT.
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3.1 KocMu4uecKHid cerMeHT

OTtaenbHBIE CITyTHUKY, NTepBoHadanbHO LM-RPS B mo3zunuu 133° 3. 1. u LM-RPS B mo3umuu 107,3° 3. 1. 1,
BeposiTHO, nomonHuTenbHed LM-RPS, oOcnyxuBaromuii npyrue oOmactu, 00pa3ylOT CIIyTHHKOBBIH
cermeHT ceteit LM-RPS. Kaxneiii ciyTHUK (DYHKIIMOHHUPYET HE3aBUCHUMO, KaK 4acTb Ooyiee KpyIMHOH
cucteMel WAAS, oOecrieunBas HameXHBIH CcHTHAT B KocMmoce (SiS) TpakTHYECKH IOCTOSHHO
(mapexxaocTh 99,9995%).

CrnyTHHKM NMPUHUMAKOT cooOiieHne WAAS OT OJHOW WM JBYX HA3eMHBIX CTAHIUN C JIMHUCH BBEpX U
BBITIOJTHAIOT WX MTOBTOPHYIO TIepenady Ha 3emitro, oOecrieunBasi MBOHHOM SiS B 30He moKpwITHA. [lmansr Ha
Oynyiiee TpeOYIOT OTOIHEHHUS TPEThero SiS it 00ecneueHus: OYeHb BRICOKON HaeHOCTH (> 99,9995%).

Kaxxnas HaBuranmoHHast moJjie3Has Harpy3ka — 3TO MPOCTOM CITyTHUKOBBIM peTpaHCciATOp TuHa "nuieid" wim
"mpsimast apipa”. Kakaplii w3 HUX NMPUHUMAET IMepelaHHoe MO JIMHWUU BBepxX coobmeHue WAAS Ha mapy
KaHAJIOB ¢ (PUKCHPOBAHHOW YacTOTOM B Tostoce yacToT juHNH BBepx ®CC 6 I'T'm, o60o3HaueHHBIX LM-RPS
C1 u LM-RPS C5, xoTopbie OCyIIECTBISIOT QUIABTPALXIO U TpaHCIAIHIO B yacToTel LM-RPS L1 (B monoce
gactoT 1559-1610 MI'm) u LM-RPS L5 (B noioce gactot 1164—1215 MI'm). D10 Te ke 4acTOTHI, KOTOPBIC
o6o3nauensl B Ilpmmoxkenmn 2 kak L1 GPS u L5 GPS, cooTBeTcTBeHHO. YCHINTENHM W CIICHAILHEBIC
anTeHHsl nepenaroT curHanbel PHCC Ha 3emuro, oOecmeumBasi TII00aTbHOE MOKPHITHE Jyda IO BCEH
noBepxHocTH 3emiu 10 BbicoTsl 100 000’, uto BKiIIOYaeT TpedyeMoe MOKPHITHE BO3AYLIHOTO MPOCTPAHCTBA.
30HAa MOKPHITHSI ONIPEAEISETCS KOHYCOM C YTJIOM HarpaBJieHus 8,75°.

3.2 Ha3zemHBIl cerMeHT

Kaxnas mapa cranumit GUS LM-RPS pabGotaer kak pe3epBHpOBaHHBIH KOMIUIEKT, oOeclieunBas OJHY
BBICOKOHA/IE’KHYIO JTMHUIO BBEpPX 7151 oHOTO cnyTHUKa LM-RPS.

Craammu GUS 00beIUMHEHBI B CETh C MOMOIIBI0 CYXOIYTHOH CETH, KOTOpas COCIUHSET MX C CHCTEMOM
WAAS. GUS ocymecTBISIIOT CBS3b MEXAY CO0OW M C TIJIaBHOM craHmmen ympaBieHus WAAS s
onpenenenus Toro, kakas craHuus GUS HasHaueHa B kadecTBe ocHOBHOM GUS mis mmpoxoBemaTenabHOR
nepemaun cooOmeHnss WAAS Ha HaBHTAalMOHHYIO TIOJNIE3HYIO HAarpy3Ky, M Kakas CTaHIWS SBISAETCS
nyomupyromeir  GUS. ybmupyromas GUS ocymecTBiIseT IMHPOKOBEIIATSIBHYIO Iepeaady CBOETO
coobmienrst WAAS na PY Harpy3ky v HaXOIUTCS B rOpsSYEM Pe3epBe Ha CITydal OTKa3a OCHOBHOW CTaHIIHU.

Cranuust GUS coctout u3 nByx 0a30BBIX IpyII 000pyNOBaHUS: ceTeBoe 000pyIOBaHHE U 000pYyIOBaHHUE
00pabOTKH aHHBIX B 000pYJOBaHKe, BHIIOIHAONICE epenady curaanoB Ha paguodactote (PU). CereBoe
obopyznoBaHue U 00opyaoBaHHe 00padOTKM AaHHBIX MPHHUMaeET coobienue WAAS 1o cyXxomyTHO# ceTH u
OCYILIECTBIISIET IPOBEPKY COACpXKAIIMXCA B HEM JaHHBIX, 3aTeM MpeoOpasyeT ero CIPYKTypy B
COOTBETCTBYIOIYI0 CTPYKTYpy CHUTHajJa UIIMPOKOBEIATEIbHOM mepenadu, ¢OpMUpysS CHTHal Ha
npomexxytouHoit yactore (I14) 70 MI'u. Curnan T4 nanee tpancimupyetcs B yactoTel C1 u C5 LM-RPS,
YCUJIMBAETCS U MepeacTcsa Ha HABUTALIMOHHYIO MOJIE3HYIO Harpy3Ky ¢ MOMOIIBIO apaboInuecKol aHTEHHBI
muanaszona C (PY obopynoBanue).

Crannus GUS o6opynoBaHa aHTCHHOW JIsl TIpUeMa CUTHAJIOB, MEpeAaBacMbIX HABUTAIIMOHHOHN IMOJIE3HOM
Harpy3koil (muuusa BHHM3) Ha obe LM-RPS, m curnamoB L1 u L5 GPS mns pacuera m KOppeKTUPOBKH
HOHOC(EPHBIX 3aJlepKeK BO BPEMEHHU pachpocTpaHeHusi curHana. llepemada curHama mo umieidy ot
HaBHUTAIIMOHHOW TOJIe3HON Harpy3kd Ha cranmuio GUS mo3BOJSIET MCHONB30BaTh SiS IS OompemesieHus
JaTbHOCTH, C TeM YTOOBI MOBBICHTH YPOBEHb JOCTYIIHOCTHM HABUTAIIMOHHOTO CHTHAjla B TO3WLMIX U B
nepuoasl BpeMeHH HexpoctaTouHoro nokpeitust GPS. GUS Taxke mpuammaer nepemaun GUS (moroca
gacToT 6 ['T) m curranel L1 u LS, nepemaBaeMble 10 CIIYTHUKOBOW JIMHUW BHU3, C TEM YTOOBI yOCTUTRCS,
YTO CHUTHaJd He TOBpexaeH. I[loBpekIeHHble CHTHANbl BBI3BIBAIOT IEPEKITIOUEHHE O00O0pYyIOBaHHEM
00paboTku maHHBIX OocHOBHOM GUS Ha pes3epBHYyIO, a pe3epBHOM — Ha ocHOBHyl. Ecnmm curnan mo-
MpeKHEMY  TOBpPEXKIEH, 000opyJoBaHHE OOpa0OTKM MJAaHHBIX TepefAacT BMECTO COOOUIeHHS C
middepenunansapiMu onpaBkamu WAAS cooOuieHne ¢ mHCTpyKIHeH "He ucronb3oBats”. KomOuHanms
yeteipex craHmuid GUS u aByx cmytHukoB LM-RPS B mosmmmsx 133°3. a. u 107,3° 3. 0. oGecneunBaeT
MIPaKTHYECKH TIOCTOSIHHOE HAaJM4We OJHOTO HAJEKHOTO CHUTHana SiS B HaIMOHAIFHOM BO3YIITHOM
MIPOCTPAHCTBE, B pe3yibTare dero mocturaercs tpeOyemas DAA HamexHOCcTh. Bo3MoxHBIe Oymymine
kocmuueckue craHuud LM-RPS Ha apyrux oOpOUTaNbHBIX MO3UIUAX OYIyT (YHKIIMOHMPOBATH IS
oOecrieueHus aHAJOTHYHBIX YPOBHEH HA/IE)KHOCTH JUISl aBUAITUOHHBIX aJIMUHUCTPAINI B IPYTUX PETHOHAX.
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4 Curunaa LM-RPS

Cetu LM-RPS ocymiecTBISIIOT IIUPOKOBEIIATENIBHYIO TIepeiady KOPPEeKTHPYIONNX cooOmennii 1t WAAS
Ha Kaxnpoi w3 aByx uactoT, L1 LM-RPS u L5 LM-RPS. Crpykrypy curnana mis cooOmeHuii SBAS
orpenenseT aBualmoHHoe coobmectBo. Coobmenns SBAS nMeror ToT ke 0a30BbIN GopMar U CTPYKTYpY,
9TO W HaBuUTanMoHHble cuTHaIBEl GPS, mepemaBaemple Ha 3TMx dYactorax cmytHmkamMu GPS. Jlns \mx
ucnojib3yercs ¢opmat u crpykrypa GPS, mockonbky oHu, kak u coobmeHus GPS, mpenHazHaueHbl s
IpreMa COOTBETCTBYIOIIMM 00pa3oM 000PYAOBaHHBIMU IOJIb30BATEIbCKUMHU IPHEMHUKAMH.

OO6mrast cTpykTypa curHaia Biimodaetr koa C/A ¢ MHTETpHUPOBAHHBEIM B HETO KOJoM cooOmenus WAAS u
rpaKIaHCKUM KoaoM, mofgo0HeM GPS. Cuctema moctpoeHa TakuMm oOpa3oM, YTO JIMOO OJWH M3 KOJOBBIX
curHainoB C/A u P(Y), mu6o 06a 3Tu cUrHaia MOTyT OBITh BKJIFOUCHBI B JIMHUIO BBEPX H, CICIOBATEILHO,
nepeaansl no auHusAM BHU3 L1 LM-RPS u L5 LM-RPS.

®dopmar curHana A IHApoKoBemarenbHON mepemaun L1 LM-RPS OGomee moapoOHO ommcaH B
cneunpukaunu WAAS mns L1 (FAA-E-2892B), a ¢opmar curnana i [IUPOKOBEIIATENFHON Mepeaadn
LM-RPS L5 ompenenen B cnenudukanyu curaaios, coctaBieHHoit RTCA ms LS (RTCA/DO-261).

YpoBHHM CHTHAJIOB IMHUPOKOBemarenbHoi mepenaun LM-RPS o xananam L1 n L5 ¢ kocMuduecknux cTaHIAl
LM-RPS-133W u LM-RPS-107.3W mnpuBenenst B Tabmumie 11. YpoBeHb TmepemaBacMoro CHUTHaja
yMEHbIIAeTca MPUMEpHO Ha 3 Ab OT MMKOBOro 3Ha4Y€HUs B TOUKE HaJWpa CIyTHUKA J0 3HAYEHHs Ha TpaHULE
30HBl TOKPBITHS MNpU yrie npuuenuBanus §,75°. MoxHO o0Xuaath, 4to ocrtaiabHble cetd LM-RPS
(YHKIMOHUPYIOT aHAJIOTHYHBIM 00pa3oM.

TABJIULIA 11

3HaveHHns MOIIHOCTH CHUT'HAJIA MUl curHaaoB L1 u L5,
nepepaBaemMbIx co cnyTHukoB LM-RPS

IIukoBas 3¢ppekTUBHAA
HM30TPOINHO U3JTydaemasi LM-RPS L1 LM-RPS L5
MOIIIHOCTh
(1BBT)"”
LM-RPS-133W 36,6 33,0
LM-RPS-107.3W 34,2 349

) IMMKOBAasA MOIIHOCTH B TOYKE HaAWpPa 30HBI IICPEIAYHN.

5 Padouue yactorsl LM-RPS

Yacrotel juis nmauU BBepX LM-RPS TmarensHO BBIOMpanuch, Tak YTOOBI HCIIONB30BaTh JOCTYIHYIO
LIMPHHY IIOJIOCHI B TIOJIOCAX 4acTOT (PMKCHUPOBAHHOM CITyTHHKOBOI CIIy>kKOBI, HE cO37aBas IPU 3TOM IIOMEX
muansM BBepx PHCC wunu apyrum noctasmukam yeryr @CC. B LM-RPS nns cnytaukoB LM-RPS-133 W
n LM-RPS-107.3 W ucnons3ytoTcst TUHUM BBEpX B pactipeHHoM auamaszoHe C (6425-6700 MI'm). Otu
4acTOTHI JIMHUI BBEpX, perynupyemble aHamornyHo yactoraMm @CC, yka3zaHbl 34€Ch B CIIPABOYHBIX LIEIISIX.
Hdua C1 LM-RPS-133W, xortopslii TpaHciupyercd B L1, B kauecTBe Hecyleil HCIONb3yeTcsl 4acToTa
6639,27 MI'n, a C5, xoTopslii Tpancaupyerca B LS, mepenaercsa Ha dactoTe 6690,42 MI'u. Curnan LM-
RPS-107.3W C1 nepenaetcs Ha yactore 6625,45 MI', a curnan C5 — Ha yactoTe 6676,45 MI'L.

Jst TMHUNA BHU3, KaK OTMEYaioch paHee, ucmonb3yroTes GPS-L1 wa wacrote 1575,42 MI'm u GPS-L5 na
gactore 1176,45 MI'l. B ciity TOro 4To OHM HCIONB3YIOT T€ ke 9acToThl, 4To u GPS, curnamst LM-RPS
oTnnyarorcs ot apyrux curtanoB GPS B kananax L1 u LS ucnons3zoBanueM yHukanbHoro koga PRN. Oto
ananorudao cucreme GPS u nmpumenenuto B Heit koga PRN s kakmoro otaenbHoro cnytHruka. Kog PRN
KOOpIUHUPYETCs ¢ orneparopoM cucteMbl GPS st obecrieueHus COBMECTUMOCTH € IIUPOKOBEIIATEIEHBIMHU
nepenadamu GPS u npyrux curnanos, nogoousix GPS.



26 Pex. MC2-R M.1787

6 CrekTp ynpaBJ/ieHHS M TeJleMeTPHH

Coytaukun LM-RPS B mosmmmsix 133°3. 1. m 107,3° 3. 1. SBISIOTCS BBIHECEHHBIMH HABUTAIIMOHHBIMHU
MOJIC3HBIMH ~Harpy3kaMu, KOTOpble (YHKIIMOHHPYIOT KakK 'CIlyTHHKH-KBapTUpbI'. OHH COBMECTHO
WCTIONB3YIOT CpeICTBa JABYX KoMmMmepuecknx cnyTHUKOB DPCC. DyHKIUM YIIpaBIEHHUS W TeEIEMETPHUU
obsequHeHb! ¢ cucteMamu TT&C, pa3MemeHHBIMH Ha KOCMUYECKHX KopaOisix. biaromapst coBMecTHOMY
ucnonp3oBannio ¢yHkmuit TT&C mns cuctemsr LM-RPS He Tpebyercss MOMOTHHUTENBHBIN CHEKTp,
HEOOXOIUMBIM Uil ynpaBieHus ee chnyTHuUKamu. bynymme crmytHukd LM-RPS, npennaszHauennsie amst
00CITy)KMBaHWS JAPYyTUX YacTed MHpa, CMOTYT (QYHKIIMOHHPOBATH JHOO aHAJIOTHMYHBEIM 0O0pa3oM Kak
"cryTHUK-KBapTHupa', TMO0 KaK CaMOCTOSTEIbHBIC CITYTHUKH, UMEIOIIKE Creraibable 4acToThl s TT&C
B nquanasone 4/6 I'T'.

7 Iapamerpsl nepenaun LM-RPS

ITockonpky LM-RPS mepemaer HaBuramumonusle curHanel PHCC B HampaBieHHH KOCMOC-3eMIIsI B ABYX
MoJIocax 4acToT, napaMmeTpsl nepeqaun LM-RPS npencrasnens B AByx Tabauuax no asym monocam PHCC,
B KOTOPBIX OCYIIECTBISACTCA NepeAada HaBUrallMOHHbIX curHanoB LM-RPS.

7.1 ITapamerpsl nepenaun curnanos L1 LM-RPS

OcHoBHbIe TapameTpsl epenaun curaanoB L1 LM-RPS npexncrasnens B Tabmuie 12.

TABJIUIIA 12
Ilepenaua curnagos L1 LM-RPS L1 mosoce yactot 1559-1610 MI'n

IMapameTp (exMHULbI) 3HaveHHe mapaMeTpa

YacToTHbIN Auama3on curaana (MIm) 157542 +12

CkopocTb nepeaauu 3neMeHToB kojga PRN

(MbiemeHT/c) 1,023

CkopocThb nepeiaun OUTOB/3JIEMEHTOB HABUT'AIIUOHHBIX

JaHHbIX (GUT/C/aMeMeHT/C) 250 6ut/c/500 amemenT/C

BPSK-R(1)

Meron Moaynsiuuu curHana
A Moy (Cwm. [Ipumevanue 1)

Honspuzauus IIpaBas kpyrosas
OnmuntraHOoCTh (1b) MakcumansHo 2,0
MuHHMMaNbHbIA ypOBEHb MOLITHOCTH IPUHUMAEMOTO —158,5

CHTHAJIa Ha BBIXOJIE 3TAJOHHOM aHTeHHBI (1BBT) (Cwm. [Ipumeganue 2)

[Hupuna monocs! o yposHio 3 1b PU ¢unstpa
nepenarynka (MI'm)

[NPUMEYAHUE 1. - Ins mapamerpoB GPS PHCC BPSK-R(n) o3Hauaer OwHapHyo (a3oByIo
MAaHUIYJSAIUIO0 € UCTIOJIB30BAHUEM MPAMOYT'OJIbHBIX 3JIEMEHTOB, CKOPOCTh NMEPpEAadn KOTOPLIX COCTABIACT

n x 1,023 (ManemenT/c).

IMPUMEYAHMUE 2. — MunumManbHas npuHuMmaemasi MomHoctb LM-RPS n3mepsiercs Ha Bbixoje JIMHEHHO
MOJIIPU30BAaHHON DJTAOHHON TNPHEMHOW IMONB30BATEIbCKON aHTEHHBI 3 AbHW (PacmojOoKEHHOW OKOJIO
MTOBEPXHOCTU 3eMIIH) [T XY[IIIETO CIIy4as HOPMAallbHOW OpHUEHTAIlNH, KOT/Ia CITyTHUK HAaXOIUTCS BBIIIE
yriaa MecTa 5° HaJl TOPH30HTOM 3€MIIH B HAaIIPaBJICHHH HAOIIOACHUS OT MOBEPXHOCTH 3EMIIH.

24,0

7.2 IMapameTpsl nepenaun curanos LS LM-RPS

OcnoBnble napametpsl nepegad LS LM-RPS L5 npeacrasnens! B Tabmume 13.
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TABJINIA 13
Ilepexaua curnaga L5 LM-RPS B moJioce yactor 1164-1215 MI'n

IMapameTtp (eqMHULIBI) 3HauyeHue napamMerpa
YacroTHbIH tnanazon curraia (MI i) 1176,45+12
CkopocTb nepenadn 3aemMeHToB koga PRN (Manement/c) 10,23

CKOpocCTh mepeadyu OUTOB/3JIEMEHTOB HABUTAIIMOHHBIX

JaHHBIX (GHT/C/2eMeHT/C) 250 6ut/c/500 snement/c

BPSK-R(10)

MeTton Moy AN CUTHANIA
AMOZY AN (Cwm. Ipumeyanwe 1)

Tlonspuzanus IIpaBas xpyrosas
OnmuntuyHoCTh (1b) Maxkcumansso 2,0
MuHMMaJIbHbIN ypOBEHb MOLTHOCTH IPUHUMAEMOTO -157,9

CHTHaJIa Ha BBIXOJIE STAJIOHHOW aHTeHHH! (1bBT) (Cm. ITpumeuanue 2)

Mupwunaa monockl o yposHio 3 1b PY ¢unbTpa

nepenarauka (MI ') 24,0

[NPUMEYAHUE 1. - Ins mapamerpo GPS PHCC BPSK-R(n) o3Hauaer OunHapHy! (Ha3oByIO
MaHMITYJSIIUI0 C HCIOJBb30BAHMEM MPSMOYTOJBHBIX JJIEMEHTOB, CKOPOCTh MEPEadd KOTOPBIX
cocraisiet n X 1,023 (ManemeHT/c).

ITPUMEYAHME 2. — MuauManpHasi TpUHUMaeMash MOITHOCTh HM3MeEpseTcss Ha BBIXOJE JIMHEHHO
MOJISIPU30BAaHHON ATAJOHHON MPUEMHON IOJIB30BATEIbCKON aHTEHHBI 3 AbH (pacmonokeHHOH OKOJIO
MOBEPXHOCTH 3eMJIM) JUI XYJIIETro Ciy4as HOPMAJIbHOW OpHEHTAlWH, KOTJa CITyTHHK HaXOIHUTCS
BBILIE yIJIa MecTa 5° HaJl TOPU30HTOM 3eMJIM B HAIIPABJIEHUH HAOJIOAEHHS OT ITIOBEPXHOCTH 3EMIIH.

Hpuioxenue 7

TexHuveckoe onucaHne CUCTEMbI U XapPAKTEPUCTUKH NepeIaouX KOCMUYECKNX
crannuii cucreMsl COMPASS

1 BBenenue

Cucremy COMPASS o6pasyer rpymmupoBka wu3 30 HEreoCTalMOHAPHBIX CIIYTHUKOB H  IISTH
rEOCTAMOHAPHBIX CIYTHUKOB B mosummsix 58,75°B. a., 80°B.a., 110,5°B. 1., 140°B. 1. u 160° B. 1.
Kaxapiii criyTHUK TiepefaeT YeThIpe OJMHAKOBBIC HECYIIWE YACTOTHI JIJIS HABUTAIMOHHBIX CHUTHAJIOB. JTH
HaBUTAI[HOHHEIC CHUTHAITBI MOy THPYIOTCS NpeBapUTEIBHO OTIpeIeNIEHHOM JIBOUYIHOM
MOCJICIOBATEILHOCTRIO, COJCPIKAICH KOIWPOBaHHBIC MaHHBbIE 00 3deMepumax ¥ BPEMEHH, U HMEIOT
JIOCTATOYHYIO IIUPUHY MOJIOCHI JIJIsl 00ecTiedeHst He0OX0JMMON HABUTAIMOHHOM TOYHOCTH 0€3 MPUMEHEHUS
JBYCTOPOHHEW TMepeJaydl WK JOMIUICPOBCKUX cABUroB. CucTeMa 0O0eClednBacT TOYHOE OMpECTCHUE
MPOCTPAHCTBEHHOTO MECTOIOJIOKEHHUS B JIFO00H TOUKE Ha TOBEPXHOCTH 3eMIISL UITH OKOJIO Hee.

1.1 TpeOoBanus mo yacrore

B ocHoBe TpebOoBanmii mo dactore Ans cuctemMbl COMPASS nexar oneHka TpeOGOBaHUN MOJB30BATENCH K
TOYHOCTH, TOYHOCTh yYeTa 3aJepPKKH PaCHpOCTPAHCHHSI B HaIpPaBICHUH KOCMOC-3eMIIsI, TONaBJICHUE
MHOTOJIy4€BOCTH, CTOMMOCTh 000pYZOBaHus, a Takxke koHpuryparmu. Jns padotsl cuctemsl COMPASS
HCIIONB3YIOTCS TPU MCXOMHBIX KaHama: 1575,42 MI'n, 1191,795 MI'n u 1268,52 MI'u. Takoe pa3HeceHue
4acTOT W IIMPHUHA MOJOCH, Ucnoiab3yeMblie B cucteMe COMPASS, yBennuuBaOT TOYHOCTh JAIBHOCTH MU
OTIPEIICIICHUH 3aJICPKKH  PACIIPOCTPAHCHUE B HAMPaBICHUH KOCMOC-3eMJII W YIydIIaloT TOJaBICHUE
MHOTOJTyY€BOCTH JIJIsl TIOBBIIICHUS O0IIEH TOYHOCTH.
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Cursaisl TCIICMCTPUN U TCXHUYCCKOI'O O6CJ'Iy>KI/IBaHI/I$I pasMCIIaOTCd B IIOJIOCE YacCTOT, pacnpeﬂeneHHoﬁ
A TCJIEMETPUN.

2 00630p cucrembl

Cucrema COMPASS — 5710 HenpepblBHO (YHKIMOHWUPYIOIIAs BCEMOTOMHAS CHCTEMa KOCMHYECKOTO
6a3I/IpOBaHI/I$I, npe€aAHasHauCHHasA Ui paduOHaBUTIallid, OIPCACIICHUA MCCTOIIOJOXCHUA W II€peaadyun
CHUTHAIOB BPEMECHH U OOCCIeYMBAIONIas YPE3BBIYAHHO TOYHOE OMNpEIeNiCHHE MPOCTPAHCTBEHHOTO
MECTOTIOJIOKEHUST YW WHQOPMAIMI0 O CKOPOCTH C TOYHOH TPHBS3KOW K EIMHOMY BpPEMEHH ISt
NOJIb30BaTelNel, MMEIOMIUX COOTBETCTBYIOIEE OOOPYJOBaHME M HAXOISIIMXCS B JIIOOOH TOYKE Ha
MTOBEPXHOCTH 3EMIJIU WJIK OKOJIO HEe.

Cucrema COMPASS pabotaer 1o NPUHIIUAITY TACCHBHOW TpHaHTYJAIuH. OOOpyIoBaHWE TOIH30BATEIS
COMPASS cHauvana BBIIONHSAET U3MEPEHHE TMCEBIOJAIBHOCTH 0 YETHIPEX CIIyTHUKOB, PACCUUTHIBAET UX
MO3UIIMK W CHHXpOHHM3yeT ux curHaibl Bpemenn ¢ COMPASS ¢ nmomMoimbio monydeHHBIX 3demepus u
[apaMeTpoB KOPPEKIHU BPEMEHU. 3aTeM 00OpyOBaHHE ONpeneNseT NPOCTPAHCTBEHHOE MECTOIIOIOXKEHUE
[IOJIb30BATENII M CMEIIEHHEe TMOJb30BaTeNbCKUX YacoB OTHOcuTenpHO Bpemenn COMPASS myrem
BBIYUCIJICHHUS COBMECTHOTO PELICHUS YEThIPEX YPaBHEHUH JaTbHOCTH.

AHaJIOFI/I‘-IHO, IMPOCTPaHCTBEHHAA CKOPOCTh U BEJIMYMHA IMOIIPABKKU 4YaCOB IMOJIB30BATECISA MOTYT ONPCAC/IATHCA
OyTeM PpCUICHUA YCTBIPEX ypaBHCHI/II\/'I CKOpPOCTU HM3MCHCHUA HAJIBHOCTU IO H3MCEPCHHUAM CKOPOCTHU
HU3MCHCHUS ICCBAOAAIIBHOCTH A0 YCTBIPCX CITYTHUKOB.

3 CermMeHTBI CHCTEMBI

Cucrema COCTOUT H3 TPEX OCHOBHBLIX CCTMCHTOB: KOCMHUYCCKOI'O CEIrMCHTA, CETMCHTA YIIPABJICHUA H
IOJIB30BaTEIbLCKOI0 cerMeHTa. Hike onmcanbsl OCHOBHBIC (l)YHKI_II/II/I KaXXa0ro CCrMeHra.

3.1 KocMuueckHi cerMeHT

Kocmuuecknii  cerMeHT 00pa3yloT TSATh TI'EOCTAllMOHAPHBIX CIOYTHUKOB W TPYIIUPOBKA U3
30 HereocTalMOHAPHBIX CIYTHUKOB, KOTOpble (YHKIMOHHPYIOT Kak '"HeOecHble" OIOpHBIE TOYKH,
HW3IyYaolue M3 KOCMOca TOYHbIC KOAWMPOBAaHHBIE 110 BPEMEHM HABUIALIMOHHBIE CUTHAIBL [IATh
TFEOCTAMOHAPHBIX CIYTHUKOB pa3MemieHbl B mosunuax 58,75° B. m., 80°B. m., 110,5°B. 1., 140°B. 1. u
160° B. 1. [e#icTByromas rpynnupoBka u3 30 HEreoCTaIMOHAPHBIX CITyTHUKOB COCTOUT U3 27 CIyTHUKOB
MEO wu tpex cnytHukoB Ha Tpex HakIOHHBIX ['CO (IGSO) opburax. 27 cnytHukoB MEO pa3mernieHsr B
TpeX OpOUTAIBHBIX IUIOCKOCTSIX, HAKJIOHEHHE KOTOPBIX OTHOCHTEIHHO 3KBaTOpa COCTAaBISIET MOpsaka 55°, a
BbICOTa OpOUTHI — mpubmM3uTensHO 21 500 kM. B Kaskaoil MIIOCKOCTH pa3MelIeHbl AeBATh CIIyTHUKOB. Tpu
cnyTHUKa Ha HakIoHHBIX ['CO pa3sMemieHsl B OpOUTAJIbHBIX IUIOCKOCTSIX, HAKJIIOHEHHE KOTOPBIX
OTHOCUTEIBHO DJKBATOpa COCTaBJISIET OKOJO 55°, a mepecekaromias noirora — oxoio 118°B. 1.
I'eocTannoHapHble CIIyTHUKY M TPYNIIMPOBKA UMEIOT OAMHAKOBBIE MoJie3Hbie Harpy3ku PHCC.

3.2 CermeHT ynpaBJ/ieHUA

CerMeHT ympapleHHUsl BBIONHSACT (DYHKIUU CIEXKEHHUs, pacyeTa, OOHOBJICHUS U KOHTPOJISl, HEOOXOIUMEBIC
JUIs YOpPaBJICHHUsS BCEMM CIIyTHMKaMHM B CHCTEME€ Ha €XeJHEBHOW OcHOBe. CEerMeHT COCTOMT M3 TJIaBHOU
crarnuu yrpasieHus (MCS), pacrionoxxenHo#t B [lexknne, Kuraii, Ha KoTOpOl BBITIONHSETCS BCsA 00paboOTKa
JAHHBIX, M psAla Pa3MEIIEHHbIX Ha OOJBLIOM PACCTOSHUM CTAHIMH KOHTPOJS, KOTOPBIE HAaXOIATCS B
00JIaCTSIX, BUJUMBIX 3 KOCMHYECKOTO CErMEHTA.

CraHIUU KOHTPOJSI OCYIIECTBIISIOT IACCHBHOE CIIC)KEHHE 332 BCEMHU CIIyTHHUKaMM, HAXOISILIMMHUCS B 30HE
BUIVNMOCTH, W HW3MEPSIOT JAaHHBIE IS ONpEeIeNieHUs AaJbHOCTH M JaHHBIE IOIIUIEPOBCKOIO CIBUTA.
Otn nannele obpabarbiBarorcss B MCS s pacyera sdeMepu CIyTHHKOB, CMELICHHUS] 4acOB, OTKJIOHEHHS
YacoB M 3aJIePXKKH PaclpOCTPAaHEHUs, KOTOPBIE 3aTEM HCIIOJIB3YIOTCS Ul I'€HEpaluH NepeJaBaeMbIX I10
JWHUU BBEpX coOOIIeHUi. Jta oOHOBIeHHas WH(oOpMaIusa mepefaeTcs Ha CIYTHUKU JUIS XpaHEHUs B
maMsITU ¥ MOCIeayoel Iepeladyn CIy THUKAMH KaK 4acTH HaBUTAIIOHHOTO COOOIICHUS ITOJIb30BATEIISIM.

3.3 IMosb30BaTEJNLCKHH CErMEHT

ITonp3oBaTenbcKuil cerMeHT 00beuHsIET B ce0e BCe IO0Ib30BATEIbCKIE YCTAHOBKH M HOAJIEPKHUBAOLIEE X
obopyznoBanue. [lonap3oBaTenbckas ycTaHOBKA COCTOUT, KaK MPaBUIIO, U3 aHTEHHBI, IPUEMHHUKa/TIpoLieccopa
COMPASS, xoMmmpoTepa U YCTpPOWCTB BBOJA-BBIBOAA. JTa YCTAHOBKA 3aXBaThIBACT U MPOCIEKHUBAET
HaBUTAllMOHHBIM CUI'HAJ OT YEThIpeX WM OoJiee CIyTHHKOB, HAXOIIIIUXCS B 30HE BUIMMOCTH, U3MEPSET
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Bpemsa PY nepenaun, ¢assl PY curraaoB U IONIUIEPOBCKUE COBUTM YacCTOTHI, IpeoOpasyeT WX B 3HAYCHUS
NICeBAOAANBHOCTH, (a3bl Hecyled W CKOPOCTh HM3MEHEHHMsS IICeBIOJANbHOCTH, W  OMpeIenseT
MIPOCTPAHCTBEHHOE MECTONOJIOXKEHHE, CKOPOCTh M cucTeMHoe BpeMs. [losnb3oBarenbckoe 06opyaoBaHHE
MOXET OBITh BeCbMa pPa3HOOOPa3HBIM — OT OTHOCHTENBHO IMPOCTOr0 M HMEIOILEro HEOONBLIYI0 Maccy
[IPUEMHHMKA 10 CJIOXHBIX IPUEMHHMKOB, OOBEIMHEHHBIX C IPYTMMH HAaBUTALIMOHHBIMHU JAaTYUKaMHU MU
CUCTEMaMH JJIs 00ecTIeyeHHsI TOUHOCTH B Cpefie, OTIMYAIOIeCs BRICOKON TUHAMUYHOCTHIO.

4 Crpykrtypa curnana COMPASS

Hwxke npuBommtTcs kpatkoe ommcanne curaamoB COMPASS, nocTymHBIX 11 HCIONB30BAaHUS B
IMPUMCHCHUAX HABUTAIIUN U CUHXPOHU3ALIUU.

4.1 Curnaiasl COMPASS B nmosoce yacror 1559-1610 MI'x

Hus padoter cucrembt COMPASS wucnonb3ytorest nBa curtana B nojoce yactotr PHCC 1559-1610 MI.
IlenTpanbHO YacTOTOM 3TUX IBYX CUTHAJIOB siBNigeTcs yacTora 1575,42 MI'11.

Hus curnana Bl wucnome3dyercs wmopynsmus BOC(14,2). Curnan Bl moamymupyercs JIBOMYHOU
MTOCIIEI0BATEIFHOCTHI0 HABUTAIMOHHBIX JaHHBIX CO CKOpOCThio mepenadn 50 o6ut/c/100 snement/c. CurHan
B1 cocrout u3 AByX KOMITOHEHTOB cO caBuroMm Ha 90°. OmmH KoMmoHeHT, Blp, Mogymupyercs TBOMIHON
MIOCJIEZI0BATEILHOCTHIO HABUTAIIMOHHBIX JTAHHBIX CO CKOPOCThI0 niepenaun 50 6ut/c/100 anemeHT/c, a mpyroi
KOMITOHEHT, B1p, TaHHBIX HE COJICPIKUT.

Curnan B1-C cocTouT u3 IByX KOMIIOHEHTOB co caBuroM mo (aze Ha 90°. Ogur xommoHeHT, B1-Cp,
MOIYJIUPYETCS IBOWYHOM TOCIEIOBATEILHOCTHIO HABUTAIIMOHHBIX JAHHBIX CO CKOPOCTHIO Tepeaadu
50 6ut/c/100 sement/c, a npyroit KoMnoHeHT, B1-Cp, 7aHHBIX HE CONEPIKHUT.

Hus B1-Cp wmcmomesyercss monynsimus BOC(1,1). s B1-Cp wucmonedyercs monymsmuss MBOC.
HopmanmzoBanHass ImIoTHOCTE crekTpanbHoW MommHocTH (PSD) MBOC ompenpensercs ClemyrOnaM
obpazoM:

MBOC(f) = %BOCM(J‘) +%Bocé,l(f> .

O6mias PSD kxomnonentos curnana B1-C onpenensercs cienyromum o0pa3om:

S(f) = % BOC,,(f) + % MBOC(f)= % BOC,,(f) + ﬁ BOC,,(f).

4.2 Curnaasl COMPASS B nosoce yactot 1164-1300 MI'ny

st paboter cuctemser COMPASS ucnonssytorest aBa curaaia B mosoce gactor PHCC 1164-1300 MIm.
Oto curHanel B2, B3 u B3-A.

HentpanbrHoit yactoToi curHana COMPASS B2 sBasierca wacrora 1191,795 MI'n u npu ero resepauuu
npumensiercss Monyisanus AItBOC Ha wactoTe mogHecyteid B 60koBoit nosoce 15,345 MI'u. CriekrpanbHas
IJIOTHOCTH MOITHOCTH curHaia AltBOC onpenenseTcs ciaenayrommmM o0pa3om:

— 1 COSZ (nﬂc ) 2 & _ Tvc _ Tsz‘ &
G(f)= 2717, cos (nfT. /) {cos (nf 5 ] cos (nf 5 ) 2cos (nf 5 jcos (nf 1 J+2}

1 o
rae T, =—- f,. — 4acTOTa MOJHECYIIEH, f. CKOPOCTh MEpeiauu NIEMEHTOB, 1, — MEepHOJ JIEMEHTOB U Ty, —

sc f
sc

TIEPHOJ ITOTHECYTIEH.
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Curnan B2 cocTouT u3 ABYX KOMIIOHEHTOB co caBuroM mo (paze Ha 90°. OmgmH KOMmoHeHT, B2p,
MOIYJIUPYETCS TBOMYHOW TOCIEAOBATEILHOCTRIO HABUTAIIMOHHBIX NAaHHBIX CO CKOPOCTBHIO TIepenadu
50 6ut/c/100 smement/c, a Ipyroit KOMIOHEHT, B2p, TAHHBIX HE CONEPHKHUT.

Hentpanbuoit yactoToil curHana B3 sBasercs vacrora 1268,52 MI'u. Hecymas mMomynupyercs METOAOM
QPSK xoxom mceBmociydaiinoit momexu (PRN) co ckopocTteio mepemaum smemenToB 10,23 MbanemeHt/c
(Bxanamel wnmm B kaHane Q) W [0 MOAYNISAIMH CYMMHpPYETCS 10 MOJYJIIO JBa C JABOWYHOH
MOCJIEe0BaTENFHOCTHIO HABUTAIIMOHHBIX IaHHBIX CO CKOPOCThIo nepeaaun 500 out/c.

IlenTpanbHoil yactoToi curHaiga B3-A Taxxke siBngercs vactora 1268,52 MI', u B HEM NpUMEHsSETCA
moaysinus BOC(15,2.5). Curnan B3-A cocToUT U3 IByX KOMIIOHEHTOB CO CABUIoM 1o ¢asze Ha 90°. Onun
KOMIIOHEHT, B3-Ap, Moxymupyercss ABOMYHOH TOCIEAOBATEIbHOCTHIO HABUTAIMOHHBIX JaHHBIX CO
ckopocThio nepenaun 50 6ut/c/100 anement/c, a qpyroit KOMIIOHEHT, B3-Ap, TaHHBIX HE COJEPIKUT.

5 MouHOCTD U CIEKTP CUTHAJIOB

Hwuxe npuBeneHsl 3HaYE€HUS MUHUMAJIBHOTO YPOBHSI MOIIHOCTH NPUHHMAEMOI'O CHTHAaja Ha MOBEPXHOCTU
3emuu auist TFOOOTO yTIia MeCTa, PaBHOTO WIJIH MPEBBIIIAIOIIETO 5°, IPU YCIOBUH UEALHO COTIIACOBAHHOW U
HU30TPOIHOM aHTeHHBbI 0 A1bu.

Curnan B1: —153,4 nbBT g cetu MEO, —155,2 nbBt m1s cetu GSO/IGSO.
Curnan B1-C: —156,4 nbBT g cetu MEO, —158,2 nbBt m1s cetu GSO/IGSO.
Curnan B2: —153 nbBT niusa cetu MEO, —154,8 nbBT mus cetn GSO/IGSO.

Curnan B3/B3-A: —156,5 nbBt nng cetu MEO, —158,3 a1bBT mis cetu GSO/IGSO.

Ipunoxenune 8

TexHuveckoe onucaHue U XapaKTePUCTUKH
HABUTAIIMOHHLIX ceTed Inmarsat

1 BBenenue

CeTn HaBUIaLIMOHHBIX PETPAHCIATOPOB Inmarsat BKIIIOYAaOT BOCEMb CIIyTHUKOB C IOJE3HOH Harpy3koi
PHCC na reocraunonapHoii opoute 11t o0ecreueHnus 0XBaTa KOCMUYEeCKOro MPOCTPAaHCTBa, aHAJIOTHYHOTO
oxBary cucteM SBAS. Ilare mnones3nbix Harpy3ok PHCC 4BnsioTCsi OZHOKaHAJIBHBIMU IOJE3HBIMHU
Harpy3kaMd Ha CHyTHHKax Inmarsat Tpethero mokonenws (Inm-3), a Tpu monesnsie Harpy3kum PHCC
SIBJIAIOTCS MHOTOKaHAJBHBIMU TOJIE3HBIMHM Harpy3kaMHd Ha CIIyTHHKax Inmarsat 4eTBepTOro MOKOJEHHS
(Inm-4). Kpome oGecnieuenus oocnmyxusanusi B PHCC Te ke cnyTHHKH 00eCleunBaroT ciy0y MOABHKHOM
CITyTHUKOBOW cBs3u B monocax gactoT [ICC 1,5/1,6 I'Tn. Hmwke mpuBoauTcst nHOOPMAITHS IO COCTOSIHHUIO Ha
ceHts0ps 2008 roza.

OpOuranbHble MO3ULUHN CIIyTHUKOB, OKKAaeMble HaunHas ¢ ¢espans 2009 roga, nmokasansl B Tadmuie 14.
Crenyer OTMETHTh, YTO CIIyTHUKH MOTYT BpeMs OT BPEMEHH II€PEMEIIAThCs, YTO ONPEASNIIeTCs] OOIUMH
CHUCTEMHBIMH TpeOoBaHMsAMHU. Bce u3iyueHHMs HPOXOIAT IMPOLELYPY KOOPAMHAIMM B COOTBETCTBHUU C
PernamenToMm paauocesazu MCD. HeoOxomumast uabopMalius i IpeABapuTeIIbHON My ONHUKaluy, 3ampoca
0 KOOpIMHALIMY U O 3asBICHUM NIpeacTaBieHa agMuuuctpauueii Coenunennoro Koponescraa.
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TABJIMLIA 14
OpOuTajnbHas 10JIroTa CIIyTHUKOB
CnyTHUK OpoOuTanbHasi NO3MLUSA

3F1 64° B. 1.
3F2 15,5°3. 1.
3F3 178° B. 1.
3F4 54° 3. n.
3F5 25° B. &I
4F1 143,5° B. 1.
4F2 25°B. 1.
4F3 98° 3. 1.

1.1 0030p cucTeMsbl

B nacrosmee Bpems cuctema Inmarsat obecriednBaeT ABE HaBUTAIIMOHHEIE TIOJIC3HBIC HArpy3ku Inm-3 ms
KOCMHYECKOH crcTeMbl quddepeHunansapx nonpaBok (SBAS) — EBponeiickoil reocTaliioHapHOH CITy:KOBI
HaBurannoHHOro nokpeitus (EGNOS).

B coBpemennoit cucteme EGNOS Espormelickoe kocmmdeckoe areHrctBo (ESA) wmcmommssyer naBa
HaBUTALIMOHHBIX peTpaHcisaTopa Inm-3 Han pernoHoM AtTnaHTh4eckuil okeaH, BocTok (AOR-E) B mo3unun
15,5°3. 0. (cmytHuk 3F2) u wag permonoM Wumuiickuii okean, 3aman (IND-W) B mosunuum 25° B. 1.
(crytHuK 3F5).

2 Kondurypanus cucreMmbl

CeTp HaBUTallMOHHBIX pETPAHCIATOPOB Inmarsat COCTOUT M3 HABUTallMOHHBIX PETPAHCIATOPOB
(xocMHYecKuil cerMeHT) Ha ciyTHUKax Inmarsat-3 u Inmarsat-4, nocrynHsix s Gyakuit SBAS.

2.1 KocMuueckHi cerMeHT

HaBurannoHHBIN peTpaHCHATOp Ha KaXAOM CIYTHHKE cepuH Inm-3 — 3TO MpOCTOil peTpaHcIsATOp THIA
npeoOpaszoBaTesst YacTOThl WK "mipsMas aplpa". Bee CyTHHKM NPUHUMAIOT MEpEJaHHBIA MO JIMHUHM BBEPX
curHasr SBAS B ogHOM KaHae ¢ GUKCHPOBAHHOM 9acTOTOM, KOTOpas HAXOIUTCS B MIPeaeiaX MOJ0CH 9acTOT
OCC 5925-6700 MI'1. Dror curHan QuibTpyeTcs, M ero 4dactora mnpeobpasyercs B wactoty GPS-L1
(uenTpanpHas yacrota 157542 MI'nm) m Takke mepenmaercs IO JMHHUM BHU3 B mosoce dactoT PCC
3400—4200 MI'.

HaBuranuonsnsle peTpaHCHATOPbl Ha KaXKIOM M3 CIOYTHHKOB Inm-4 Tarxke SBISIOTCS NPOCTBIMU
peTpaHciIsTOpaMM THNA IpeoOpa3oBaTeist 4acTOThl WM "mpsimMas Owipa”. Bce COyTHMKM HpPUHHMAOT
nepefiaHHble 10 JIMHUU BBepX curHaibl SBAS B mape kaHanoB ¢ ()MKCHPOBAHHOW 4YacTOTOH B mpexaenax
nosockl yactor ®CC 5925-6700 MI'i. OTu curHaibl QUIBTPYIOTCS, M €ro 4acToTa mnpeoOpasyercs B
gactoty GPS-L1 (ueHtpampHas uactora 1575,42 MI'm) um B uactoty GPS-L5 (uentpanbhas dacrora
1176,45 MTI'm).

B cnyuae nByx cmyTHHKOB — Inm-3 u Inm-4 — curnan PHCC ycunuBaetcs u nepenaerca Ha 3eMII0 depes
"rnobanpHy0" aHTEHHY, oOecreurBas MOKPHITHE BHIUMOW YacTH TIOBEPXHOCTH 3€MIIM U JIETaTeIbHBIX
ammaparoB Ha BbeicoTe mpuMmepHo A0 100 000 ¢t (oxomo 30 000 M). DT cHUCTeMBI pa3pabOTaHBI IS
TMIOBBIIICHUS] YPOBHS LIEJIOCTHOCTH U TOYHOCTH MEPBUYHBIX HaBUTalmoHHbIX curHanoB GPS u ['NIOHACC.

2.2 Ha3zeMHBIii cerMeHT

Henpumennmo — Inmarsat obecriedrBaeT 0XBaT KOCMHYIECKOTO TIPOCTPAHCTBA TONBKO 11t SBAS.
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3 Curnaiasl SBAS

CeTn HaBUTallMOHHBIX pETpPaHCIATOpOB Inmarsat mepenaroT Koppektupylomue coodmenus SBAS mubo
Tonbko Ha yactore GPS-L1 (Inm-3), nubo na obenx uwactorax — GPS-L1 u GPS-L5 (Inm-4). CtpykTypy
curHana ans coobmennit SBAS omnpenenser aBuannoHaoe coobmectBo. Coodmenus SBAS nmMeror ToT ke
0a30BBI (popMaT M CTPYKTYpPY, UTO W HaBUTAITMOHHBIE CHUTHaNbI GPS, mepemaBaemble Ha ITHX YacTOTax
cnytaukamMu  GPS. [Ins Hux wucnone3yercs ¢opmar u crpykrypa GPS, mockonbky oHHM, Kak |
coobOmenust GPS, mpenHasHaueHbl I OpUeMa  COOTBETCTBYIOIIMM  00pa3oM  000pyIOBaHHBIMH
[10JIb30BATEIILCKUMH IPUEMHUKAMH.

OO0mas cTpykTypa curHajia BkiarodaeT koj C/A ¢ MHTErpUpOBaHHBIM B HEro KojaoM cooOuieHus SBAS u
rpaxaanckuM kojom, moaooueiM GPS. Cuctema moctpoeHa TakuM 00pa3oM, 4TO JHOO OJUH M3 KOJOBBIX
curHainoB C/A u P(Y), m16o 06a 3Tu curHama MOTyT OBITh BKJIFOYEHHI B JIMHUIO BBEPX H, CIEIOBATEIHHO,
nepenanbl o JuHusAM BHU3 L1 u LS.

®opmat curHana L1 6onee moapodHo onucan B cienuduranun WAAS mist L1 (FAA-E-2892B), a popmat
curHana L5 onpenenex B crienudukanuy curaanos, coctaBierHoit RTCA msa LS (RTCA/DO-261).

YPpOoBHM MOITHOCTH HaBUTAIIMOHHBIX CUTHANIOB, iepeAaBaeMbix o L1 u LS ¢ kocmudeckux cranuuii Inm-3
u Inm-4, npeacrapnens! B Tabnuile 15. YpoBeHb NepeaBaeMoro curHaja yMeHblIaeTcst mpuMepHo Ha 3 1b
OT TMKOBOTO 3HAUEHHUS B TOUKE HAJHMpa CIIyTHUKA 10 3HAYEHUS HA TPAHUIIC 30HBI MOKPBITUS MPHU YT
OTKJIOHEHHUS OT OCH OKOJIO 8,75°.

TABJINLIA 15
HomunanbHas* 3.u.u.M. (IBBT) curnamsos L1 u LS (muk sy4a)
CoyTHHK L1 LS
Inm-3F1 33 N/A
Inm-3F2 33 N/A
Inm-3F3 33 N/A
Inm-3F4 33 N/A
Inm-3F5 33 N/A
Inm-4F1 314 29,9
Inm-4F2 31,4 29,9
Inm-4F3 31,4 29,9

*  CornacHo 3asBkam MHMapcar, npejacraBiieHHbIM B MCD.

[MPUMEYAHUE 1. — [IukoBast MOIIHOCTb B TOYKE HAIWpa 30HBI MOKPBITUSL
nepemaayu.

OTH CHTHaJBl OTJIMYAIOTCS OT Apyrux curHainoB GPS wmcmonp3oBanmeM yHukambHOTO Koma PRN. Orto
ananorudno cucteme GPS u mpumMenenuto B Hel pa3HbIX KogoB PRN miis kaKaoro OTACNIBHOTO CITyTHHKA.
Kong PRN koopaunupyercss ¢ omeparopom cuctemMbl GPS st oOecriedueHuss COBMECTUMOCTH C
HIMPOKOBEIATENFHBIMU TIepeAadaMu IPYTHX CUTHAIIOB, MOA00HBIX GPS.

4 CrnexkTp ynpasJjieHHs U TeJieMeTpUH

HaBuranuoHHnble peTpaHCIATOPHl ABJSAIOTCA YacTbio Oojiee KPYMHOM CIYTHHKOBOW TIOJNE3HOW Harpyskdu,
KOTOpasi BKIIOYAEeT PETPAHCIATOPHI, OOECIIEYMBAIOIINE ITOJBIKHBIE CITyTHUKOBBIE CITY:KObl. (DYyHKIHN
YIIpaBJICHUS U TEIEMETPUH 00beauHEHHI ¢ cucteMaMu TT&C, pa3MeneHHpIMA Ha KOCMHYECKHX KOpaOsax.
brnaromaps coBmectHoMy ucnonbs3oBaHuio ¢GyHKIHH TT&C AOMOTHUTENBHBIA CHEKTp AN yNpaBICHUS
HaBUTAIIMOHHBIMH PETPAHCIATOPAMHU HE TpeOyeTcs.



Pex. MC2-R M.1787 33

Ipunoxenue 9

TexHuyeckoe onucaHue U XapaKTEePUCTHKH
cetd SBAS NIGCOMCAT

1 BBenenue

B cocraB cereil ciyTHHKOBOW cucteMbl nuddepeHnnansHbix nonpaBok Nigcomcat (NigSAS) BxomsaT Tpu
reocTallMoOHapHbIX crmyTHHKa. CoBpeMeHHOH peanuzanueil sBiusgercs cnyTHUK NIGCOMCAT-1G
(42,5° B. 1.), BeIBeneHHBIW Ha opbutry 13 mas 2007 roma. Cnytaukun NIGCOMCAT-1A (19,2°3.1.) u
NIGCOMCAT-1D (22°3. 1) HaxomsATcs Ha dTarne IUIAHUPOBAHUSA. OTH TPH CIOyTHHKAa OyAyT HECTH
OJIMHAKOBYIO mone3nyto Harpy3ky PHCC.

2 YacToTHBIN IUIaH U IL1AH NOJSPU3aALUU

Kaxk mokazano B Tabnwre 16, Kaxaplii CITyTHAK MPUHUMAET TIepeaBaeMble TI0 JIMHUK BBEpX CUTHAIBI SBAS
B AuaIria3oHe Cu nepeaacT 1o JMHUAM BHU3 HABUTAIIUOHHBIC CUTHAJIBI B TMAIIa30HC L.

TABJIMLIA 16
Kanan Hacrora Honspuzanus HInpuna moJiockl
(MI')
C1-nmuHus BBepX 6 698,42 LHCP 4 MI't
C5-nunus BBEpX 6 639,45 LHCP 20 MI'g
L1-nmuaus BHU3 1575,42 RHCP 4 MI'n
L5-nuuns BHN3 1176,45 RHCP 20 MI'x

3 IMoab30BaTEJLCKHH CErMEHT

Cucrema NigSAS paspaborana coBMeCTHMON ¢ cucTeMamu quddepeHimanbabix monpaBok GPS u Galileo.
CrenoBarenbHO, OHa OyneT OOecIevrBaTh JAHHBIE O IEIOCTHOCTH M KOPPEKTUPYIOLIME NaHHBIC s
MIPHEMHHUKOB, coBMecTMBIX ¢ GPS/Galileo.

4 Ha3zeMmHbIii cerMeHT

Henpumenumo, mockonbky cucrtema NigSAS nomkHa o0ecrednBaTh OXBAaT KOCMHUYECKOTO MPOCTPAHCTBA
IUTs cyliecTBytonux cereit SBAS.

5 HaBurauuonnas ciay:xoa

3oHa npuema B AuanazoHe L Bkmowaer Adpuky, 3anaanyio u Boctounyio EBpomy u Asuro 11 mosie3Hoi
Harpy3ku PHCC NIGCOMCAT-1G.

6 HaBuranmoHHBIH CUTHAJ

Cucrema NigSAS nepenaer coobmenus SBAS Ha Hecymmx wactotax L1 u L5 co cTpykrypoii ¢popmara
GPS. Mertonsl MOAYIALMH COCTaBISIONIMX CUTHAJI CHH(A3HBIX KOMMOHEHTOB (I) M KOMIOHEHTOB co
capurom 1o aze 90° (Q) 3aBucaT ot BbIOOpa Hecymied 4acTothl. CurHam SBAS 0T KaXAOTro CITyTHHKA
OTIIMYAETCs OT IPYruX curHaioB SBAS wmcmonap30BaHreM KoJOB TiceBaocydainoi momexu (PRN). butoBas
CKOPOCTb IIepeayr HaBUTAIIMOHHBIX IaHHBIX Ha 00€HX 4acToTax cocraBisieT 50 our/c.



34 Pex. MC2-R M.1787

6.1 Curnaa L1

Yactora L1 1575,42 MI'nm momymupyetcs merogom BPSK B kamame I xomom rpyGoro ompemeneHus
mectomnonoxenuss PRN L1 ¢ wacroroii anementoB 1,023 Manement/c u jymHoit kona 1023. Beibop merona
MOAyJupoBaHUs KaHana Q ocraerca 3a apenparopoM mnone3Hod nHarpysku PHCC, nns cetu koToporo
GNSS/SBAS 6ynyt mepenaBathcs nuddepeHnranbable nmonpaBku. B tabmume 17 npuBeneHa mapameTphbl
3TON CUCTEMBI.

TABJIMLIA 17
MaxkcumanbHas MaxkcumanbHast
IIpucBoeHHas Ycunenue
Hecymast Oobo3HaveHue NMHKOBAast IUIOTHOCTH
gacrora (MI') U3JIy4YeHHS [Hupuha MOIIHOCTH MOIIIHOCTH AHTEHHLL
noJiocbl (MI') (1BBT) (1B(B1/T'n)) (nbwn)
4M00X2D 4,0 17,9 —42,1
157542 13,5
2M20X2D 2,2 17,9 —42,1

6.2 Curnaa L5

Yacrora LS5 1176,42 MI'u monmynupyercss B oboux kaHanax — [ m Q — aByms pasabiMu kogamu PRN LS.
Yacrtora simemenToB Kaxkaoro koma PRN L5 cocraBmser 10,23 Manement/c, miuna xoga 10 230. Oxgnako
HaBHUTAIIMOHHBIMH JTAHHBIMA MOIYJHUPYETCS TOJIBKO CHH(A3HBIM KOMIIOHEHT. bollee BBICOKAas CKOPOCTH
curHana L5 ynyumraer (yHKIHIO aBTOKOPPENSIMH IOJIB30BATEIBCKOIO CerMeHTa. boiiee moapoOHas
nH(popMaIus npeacTaBicHa B Tadbmuie 18.

TABJIMIIA 18
MaxkcumanabHas | MakcumaabHast
IIpucBoennas Ycunenne
Hecymas Oo6o3HaueHue NUKOBast IVIOTHOCTH
yactora (MI'm) H3JIyYeHHUs [HHpHHA MOIITHOCTD MOIIIHOCTH AHTEHHLI
noJocsl (MI'n) (16B1) (1B(BT/T')) (nbn)
20M0X2D 20 16,5 —53,5
1 176,45 13,0
4M00X2D 4 16,5 —43.5
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