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IIpeaucioBue

JlanHoe mocoOue mpenHa3Ha4eHO IS CTYACHTOB, HU3YYaloIUX KYPChI IO
CIIyTHUKOBBIM paguoHaBuraiimoHHsiM cucreMam (CPHC), B Tom uuncre:

- «Ocoobennoctu CPHC I''IOHACC, GPS, Galileo, Beidouy;

- «OCHOBBI IOCTPOEHUS CHYTHUKOBBIX PAJIMOHABUTALIMOHHBIX CUCTEMY;

- «OCHOBBI TEOPUHU PATUOHABUTALIMOHHBIX CUCTEM M KOMILJIEKCOBY;

- «Amnmapatypa noTpeOuTeneil CIyTHUKOBBIX PaIMOHABUTAITMOHHBIX
CUCTEM).

OcBoeHME MaTepualioB M pEIICHUE 3a7ady MO0 ITUM Kypcam BbIHYXIAET
CTyJICHTOB HCKaTh XapaKTEPUCTUKH pPaJUOHABUTALIMOHHBIX CUTHAJOB B
MHOTOYHCIICHHBIX W HE BCETNIa JOCTYMHBIX UM HUHTEP(EUCHBIX KOHTPOJIBHBIX
nokymenTtax (MKJI).

OcHoBHasi 1eJb MOCOOUST COCTOMUT B TOM, 4YTOOBI JaTh CTYJEHTaM
00bEIMHEHHBIE B OJHOM MECT€ CIpaBOYHbIE MaTepHaibl IO OCHOBHBIM
XapaKTEepUCTUKaM CYIIECTBYIOIIMX M TMepCcHeKTUBHBIX pamuocurnamoB CPHC.
Kpome Toro, B mocoOMHM KpaTKO H3JIOKEHBl MPUHILHUIBI  Pa3eICHHUs
paAroCUTHANOB, BHUABI Moayisuuu U Xxapakrepuble anss CPHC cnocoObl
VIUIOTHEHUS OTACIbHBIX KOMIIOHEHT paJHOCUTHANa, a TakKe METOJbI
KOJIMPOBAHMS HABUTAIIMOHHOTO cooOmenus, npumensiembie B CPHC.

B mocoOuu paccMOTpeHBI pPaJMOCUTHANIBI CYIICCTBYIONIMX B HACTOSIIEE
Bpems miobanmpHbIx CPHC: T'JIOHACC (Poccus), GPS (CIIA), Galileo
(EBpocoro3), Beidou (Kwurait). Takxke pacCMOTpPEHBI  PaauOCHUTHAIBI
pernonanbHbix CPHC (unauiickoit IRNSS u snonckoit QZSS) u paanocuraanbl
(YyHKIMOHATBHBIX  JOTIOMHEHUH K  CIyTHUKOBBIM  PaJMOHABUTAITMOHHBIM
cucremam SBAS.

1 Pa3penenue paaunocuraajos B CPHC

1.1 CemeiicTBO paIMOCUTHAJIOB

[Tpumenutensno k CPHC BBemeM TepMUH cemelicmeo paduoCucHaios —
HaOOp paJUOCUTHAJIOB OJHOIO TUIIA U OJHOW CUCTEMBbI, KOTOPbIE H3JIy4alOTCs C
pa3HbIX HAaBUTALIMOHHBIX CITyTHUKOB.

CemeiicTBa paiMOCUTHAJIOB OOBIYHO UMEIOT CBOM YHHUKaJIbHbIE 0003HAYECHMUS,
Harpumep «I'JIOHACC CTy», wm «GPS L2Cy». Ot 0003HaueHus NpUBEACHbI B
rpade «curnam» tabmun pasgena 6. (B mpaktuke mpumenenus CPHC wacto
BCTPEYAETCS] CUTyalusi, KOrJa MOJ CIOBOM «CUTHAJI» MOHUMAETCS CEMENCTBO
paauocurHanoB, Hanpumep «curdan Galileo ESay).

Jis  obecrnieyeHHs] pa3eNbHOIO IpHUeMa HABUTAIMOHHBIM MPUEMHUKOM
PaAMOCHUTHAIOB OT HABUTALIMOHHBIX KocMuueckux annaparoB (HKA) onno#t nnm
pazinudblx CPHC npuMeHStoT TOT WM WHOM MNPUHLMIO  pa3iciICHUs



paguocurdanoB. B cymectBytomnx CPHC npumeHSrOTCS CleAyrOIUe THIIbI
paszieseHus paIiOCUTHAJIOB: KOJIOBOE, YaCTOTHOE, (0a30BO€ U BPEMEHHOE.

1.2 KogoBoe pa3jaeJienue

IIpu KOM0BOM pa3zfefieHUH, PaauOCUTHAIBI OJTHOTO CEMEHCTBA H3Iy4aroTCs
HAa OJIHOM W TOW K€ HECYIIEH YacCTOTE€ W OTIIMYAKOTCS BHUAOM MOAYJIMPYIOIIEH
TMOC/IE/I0BATENBHOCTH  JanbHOMepHOro koxa G, (7). AHamuTideckas 3amuch

K, I

paarocHurHana nmpy KoJ0BOM pa3/iesicHuu umeet Bu [1]
5;(t)=4-G,,(1)G,,,(t)cos(wyf +¢,, ), (1.1)
rae [ — HOMep paauocurHana (cosmanatrommii ¢ Homepom HKA); G, (t) —

OumHapHas MOJYJIMPYIOMIAas IOCIEI0BAaTeIbHOCTh  JTAIbHOMEPHOTO  KOJa,
yHUKanbpHas Ui kaxaoro HKA u npunumaromas 3Hadenus +1; o, — Hecymas

yacroTta, oauHakoBas 1 Bcex HKA; ¢,, — HaganpHas ¢aza; 4— ammiuuryzaa
paroCUrHana; Gﬂci(t) — OuHapHasi TMOCJEA0BATEIbHOCTh  CHUMBOJIOB

HABUTALMOHHOrO Cco00menns. CHMBOJIbHAs CKOPOCTH  IIOCIEAOBATEIBHOCTH
G,.,(t) mHoro BbimIe, yeMy G, (?).

CrekTpajibHble IUIOTHOCTH PaJUOCUTHAIOB C KOJOBBIM pa3/ieJICHUEM
UJEHTUYHBI, T.€. HAKJIAJAIBAIOTCS APYT Ha APYyra, KaKk 3TO IMOKa3aHo Ha puc. 1.1.

AN (o)

TR

Pucynok 1.1 — I'paduk criekTpaqbHON TUIOTHOCTH MOILIHOCTH PaJuOCUTHAIIOB
C KOJOBBIM pa3JelIeHUEM

KonoBoe paznenenue paaioCUrHaioB UCIOIb3YETCS BO BCEX CYIIECTBYIOMIMX
3apy6exubix CPHC. B CPHC I'JTIOHACC komoBoe pa3jieneHne UCTIoIb3yeTCs B
paguocurHanax yacrotoro nuana3zona L3 (L30C), a Takke B NEPCHEKTUBHBIX



paguocurnanax ortkpsitoro aocryma L10OC, L20C u caHKIMOHMPOBAHHOTO
noctyna L1SC, L2SC B wacTtoTHbIx auana3zonax L1, L2.

1.3 YacToTHoOE pa3aejieHue

[Ipu yacTOTHOM pa3aeieHuu, paIMOCUTHAIIBI OJHOTO CEMENCTBA U3IIYYalOTCs
Ha Pa3HBIX HECYIIMX YaCTOTaX W TaKUM 00pa3oM pa3eisitoTCsA B CHEKTPAIbHOM
o0nacTu. AHaTUTUYECKas 3aliCh PaTUOCUTHANIA TIPU YACTOTHOM Da3fCICHUH
uMeeT Bu [1]

5;()=4-G,(1)G,,,(t)cos( @yt +@,,), (1.2)
rae [ — HOMEp paauocurHana (copmaparomuii ¢ Homepom HKA); G (t)—

OMHapHas MOYJIMPYIOIIas MOCIeA0BATEIbHOCTh, KOTOPask COAEPYKUT OJMH U TOT
Ke JnanbHoMepHbId Kox g Bcex HKA u npuHmMaromas 3Hadenus +1; o, ,—

HECyllas 4acToTa, yHUKanbHasd, Uil Kaxaoro HKA w3 BuamMon rpynnmpoBky;
¢,, — HavanbHas (asza; 4 — ammuTyJa paauocurHana; G, (t) — OuHapHas

HC,I
TI0CIIEJOBATEILHOCTh CHMBOJIOB HABUTAIMOHHOTO cooOmieHns. CHUMBONBHAS
CKOpOCTB TocienoBarensoct G, (¢) Muoro Boie, deMy G, (7).

CnexTpanbHble IJIOTHOCTH PaJUOCUTHAJIOB C YacCTOTHBIM pa3JelieHUueM
pa3HECEeHbl, KakK 3TO IOKa3aHO Ha puc. 1.2, XOTS MOTryT M YacCTUYHO
nepeceKaThCesl.

YacroTtHoe paznenenue ucnosbzyercss toidbko B CPHC TJIOHACC nns
W3JIy4aeMbIX B HacTosIee BpeMs curHaioB oTkpeiToro pocryna L10OF, L2OF wu
caHkimoHupoBaHnHoro noctyna LI1SF, L2SF.

A V(o) A A
\ﬂ J _
®, Oy @y @

Pucynox 1.2 — I'paduk criekTpabHON TUIOTHOCTH MOIIHOCTH PaInOCUTHAIIOB
C YaCTOTHBIM pa3/ieJICHUEM.

1.4 ®a3oBoe pa3aesieHue
[Ipu dazoBoM pazneneHun Hecylue KoJIeOaHHs paJuOCUTHAIOB CIABUHYTHI
mo ¢daze Ha 90° Opyr OTHOCHUTEIBHO JApyra — TaKUM OO0pa3oM, JIOCTHUTAETCS



OPTOTOHAJIBHOCTh A3TUX paguocurHaioB. [lockosibky ¢a3oBoe paznesieHue
MOKHO MPUMEHUTH TOJBKO K JBYM PaJMOCUTHAJIaM, OHO HE HCIIOJIb3YeTCs sl
paszieJieHus] CUTHAJIOB OJHOIO0 CEMENCTBA, KOTOPBIX HAMHOIro Oojbiie. OgHako
da3zoBoe pazneneHue mupoko npumensercs Bo Bcex CPHC mpu coBmecTHOM
n3nydeHnn ¢ Kaxkaoro HKA nByx KOMIIOHEHT OJHOTO CIOKHOTO PaJHOCHUTHAJA.
[Tpunmuner  ¢azoBoro pasneneHust paauocurHaioB B CPHC moapoGHO
M3JI0KEHBI B I1. 4.1 «KBajapaTypHOE YIIJIOTHEHUEY.

1.5 BpemeHnHoe pa3jiesieHue

IIpr BpeMEHHOM pa3fEeNeHUuN pPA3JIUYHBIE PAJUOCUTHAIBl H3IY4YalOTCA B
pa3JINYHBIE HEINEpPECeKaloInuecss NPOMEXKYTKH BpeMeHH. Ilo psay npuduH
BpeMeHHOe pazjaeneHue He npumensiercss B CPHC mng pasaeneHust curaanoB
OTHOTO ceMencTBa. VICKIIOYEHNEM SABIISIETCS JIMIIb CUCTEMA MEXCITyTHUKOBBIX
m3mepenun ['JIOHACC, B kortopod curHaisl pasnuudbelx rpynn HKA
W3JIy4YaroTCs B pa3IM4Hble BPEMEHHbIE MHTEPBabl. OQHAKO 3TU PaJUOCUTHAJIBI
HE JOCTYNHBI HIMPOKOMY Kpyry mnoTpeOuteneil. B To »xe Bpems ciemyet
OTMETUTh, YTO BpPEMEHHOE paznaeiieHne mupoko mnpumensercas B CPHC npu
COBMECTHOM H3i1yuyeHuu ¢ kaxaoro HKA nByX KOMIIOHEHT OJHOTO CIIOXKHOTO
paguocurtana. [IpvHIUIIBL BPEMEHHOIO pa3ACIICHUS IPUMEHHUTEIBHO K
MOCJIEAHEMY CIIYUar0 U3JI0KEHBI B 1. 4.2 «BpeMeHHO€e YINIOTHEHUEY.

2 Buabl moayasinuu paauocuraaioB CPHC

2.1 bunapuas ¢a3zosasa manunyasinusa (BPSK)

bunapuas ¢da3oBas MaHWMYJSIMS WCTOJIB3YETCA, TaK WM MHAYe, BO BCEX
pamumocurHanax Bcex CPHC. B oredecTBeHHOM nuTEpaType TaKOW BUL
Moaysiuuu o6o3HavaoT kak ®M-2, a B 3apybexHoit — BPSK (Binary Phase
Shift Keying). Ilpunuun OuHapHOW (ha30BOM MaHUMYJISIUM 3aKIOYAeTCs B
CJIEIYIOLIEM: MIPU NIepeXoie UCXOTHOM MOTYIUPYIOIeH MOCIe0BaTeIbHOCTH U3
0 B 1, da3a cuHycOMAaIpbHOTO CHUTHaJa HECYIIeW 4acToThl MeHseTcs Ha 180°.
OTO HKBUBAJICHTHO CMEHE 3HaKa HECYIIero KosieOaHus, Kak 3TO IMOKa3aHO Ha
puc. 2.1. TToaromy B (1.1) mm (1.2) 3a OuHapHyO (Ha30BYI0 MAHUITYJISIHIO
Hecylero KoneGanus orsedaror Muoxurenn G, (1), G,,(¢), npuHnMaromme

HC,I

3HayeHud +1 wim -1.



Pucynok 2.1 — Ilpunuun 6unapHoit Gpa3zoBoil MaHUIYJIALIMH

CnextpanbHas — 1wiotHocts  Mousoctd  (CIIM)  ormbaromeit  G(¢)

OMUCHIBAETCS BBIPAKEHHUEM [2]
2

sin( 7/,
Ny(f)=r. —( ) , (2.1)
T,
rie T, — JUMTeIbHOCTh DJIEMEHTApPHOTO CHMBOJA  MOXIYJIHMPYIOIICH

IMOCJICAOBATCIbHOCTH G(Z), KOTOpasd COBIAAACT C MJIMTCIbHOCTHIO CHUMBOJIA

JaTbHOMEPHOTO KOJIa.

Bripaxxenue (2.1) cnpaBeaiuBO B ciiydyae, Korja MnociaeoBaTeIbHOCTh G(t)
HEMIEpUOANYECKAs,, YTO COOTBETCTBYeT, Hampumep, curHanam CPHC c
CaHKIMOHUPOBaHHBIM JocTyrnoM. [l curnanioB CPHC ¢ oTKpeITEIM 10CTYynom
MOCJIEI0BATENBHOCTh G(t) aub0 CTPOro TEepUoIUYecKas, Jnu00 HUMEeT
KBa3UMNEPUOJNYECKUA XapakTep NpU MOAYJALUU JaJIbHOMEPHOTO KoJAa
HABHUTAIIMOHHBIM COOOmeHneM. B 93TOM ciyyae CHeKTpasJibHas TUIOTHOCTH
MOIIIHOCTU I orudaroien G(t) CTAHOBHUTCSI JUCKPETHOW, C IIarom
cnekTpanbHbix JmwmHHA Af =1/T, tme 7T — mepuom MOAYIUPYIONICH
NOCJIEI0BATENBHOCTH G(t) :



Ny(f)=r, % iéi(f—k/T). (2.2)

CHGKTpaJIBHa}I IIJIIOTHOCTD MOIIHOCTHU OM-2 paanoCHuraaia S (f)

COOTBETCTBYET CIEKTPaJIbHOM MIOTHOCTH orubaromieit (2.1) wim (2.2) ¢ yuetom
HOPMHUPOBKHU MOLTHOCTH U NIEPEHOCA Ha HECYLIYIO YacTOTy f, , KaK CXeMaTHYHO

ITIOKA3aHO Ha puc. 2.2.

Kak cnenyetr u3 puc. 2.2, CIIM ®M-2 paguocursana HOCHUT JICIECTKOBBIN
xapaktep. B rimaBHOM lenecTke cocpeaotrodeHo Oosee 90% Bcelt MOIIHOCTH
curHana. I[lostomy mupuny cnekrtpa ®M-2 pannocursana moJiarar0T pPaBHOU
IIMPUHE TJIABHOTO JienecTka. TeopeTuuecku, OOKOBBIE JEMECTKU CIIEKTPA YXOISIT
B OECKOHEYHOCTh B 00€ CTOpoHbI, onHako B mnepenaruuke HKA crodar
MOJIOCOBBIC (PYIIBTPBI, KOTOPHIE OTrPAHUYMBAIOT BHEIMOJIOCHOE W3IYyUYCHHE M
MOJIABJISIIOT OOKOBBIE JICTIECTKU CIEKTPA.

YpoBeHb 60KOBbIX
nenecTKkoB crnekTpa
-13,5 ob

LIMpMHa cnekTpa no
nepBbIM HyNAM

Af =2/r,

Pucynok 2.2 — CnektpajibHas MIOTHOCTh MOIIHOCTH PM-2 paguocuraaia

[Mupuna cnekrpa ®OM-2 paguocurHanza OMNpPEAENSieTCS JIUTEIbHOCTHIO
DJIEMEHTAapHOIO CUMBOJIA JAJIBHOMEPHOIO KOJa T., WM, YTO 3KBUBAJICHTHO,

4acTOTOM  CIENOBaHMSA JTUX cuMBONOB f, =1/t,. B mnogasmsromem
oonsmmHcTBe paguocuranos CPHC f, kpartna 6a3osoii wacrore 1,023 MI'L,

SBJISIIOIICUCS CKOPOCTBIO CJIEAOBaHUS CHMBOJIOB JaJdbHOMEPHOTO KOJa B
curHasie GPS L1 C/A. Tloatomy 11t 0603HaueHus: (ha3oMaHUIYJIMPOBAHHOTO
paguocurHansa ¢ MpoOU3BOJIBLHOM KpaTHOCThIO 7 0a3oBoi uactore 1,023 MI'1g
ucronb3yroT ooo3HaueHue BPSK(n).

[Tpumepsr:

- curHan GPS L1 C/A umeer moaynsuuio BPSK(1), mockonbKy yacroTa
CJI€JIOBaHUSI CUMBOJIOB €T0 JallIbHOMEpPHOT0 Kojia paBHa 1,023 MI'1;



- curHan [JIOHACC L30OC wumeer moaymsauuo BPSK(10), mockonbky
4acTOTa CJIeIOBaHUsI CUMBOJIOB €T0 JajdbHOMEpHOro koda paBHa 10x1,023 MI'g
=10,23 MI11;

- curnan Beidou B1I umeer Bun monymnsuuun BPSK(2), mockosibKy yacToTa
CJI€IOBaHUsI CUMBOJIOB €ro JaJIbHOMEpPHOro kojaa paBHa 2x1,023 MI'n = 2,046
MI 1.

Uckntouenuem  sBusitoress  paauocurHanel  [JIOHACC ¢ yacToTHBIM

pasneneHueM, JIsi KOTOphIX o0o3HadeHne Moy siaun Buga BPSK(n) meyno6Ho
u3-3a npobnoro n (511/1023 wmm 5110/1023).

2.2 Moayasiuusi paauocuraaja nudposoii nognecyuieit (BOC)

Hugpposas noonecywas — 310 MeaHApoBoe kojebaHue G, (t) , KOoTopoe
MOJyJTHPYeT paJOCHTIHAT s(t)=4-G(t)cos(wyt+9,), yxKe
MOJTyJIMPOBAHHBIN JaJIbHOMEPHBIM KOZ0M. B 00miemM Buje QyHKINS MOIYJISAIIUN
G, (t) onucsIBaeTcs (popmyioit

G, (t)= sign(sin(nfst + w)) .
B CPHC wucnone3yerca 3HaueHue Yy =0, a gacrora f, Oepercs KpaTHOU

MOJIOBHHE 0a30BOM 4acTOTHI, T.¢. 0,5115 MIm.
B aHrnos;3eiaHON MTEpaType 3aKOH MOAYJSAIMKA CUTHamMa MHQPPOBOU
nogHecymieit (¢ y =0) obo3nauaercs kak “Binary Offset Carrier” (BOC).
Takum o6pazom, BOC Momynsmust — 3TO MOAYJISIUS HECYIIETO KoJieOaHus
CJIOKHBIM IIU(GPOBBIM CUTHAJIOM G(t) = GHK(t) : Gsc(t). Puc. 2.3 wuntoctpupyer

(dhopMHpOBaHUE CI0KHOTO MOAYIUPYIOIIETO CUTHAJA G(t) s BOC(1,1).

OTMeTHM, 4TO TpaHULbl CMEHbI CHMBOJIOB JIalIbHOMEPHOI'O0 KOJa COBIAJAI0T
C TPaHUIIaMU CUMBOJIOB IIUGPOBOIA MOAHECYIIEH.



A T
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1
G. (1) -
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G(l‘) 0 | 7
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Pucynok 2.3 — Moaynsius iudpoBoi OAHECYIIICH

Hns omucanuss BOC momynsiiiuy MCMONB3YIOT JBa MapaMeTpa: 4YacToTy
BBIOOPKU CUMBOJIOB JAJIBHOMEPHOT'O KOJa f, M 4acTOTy LU(PPOBON NOJHECYILEN
f, . Hloatomy nns 3akoHa BOC moaynauuum BBeneHo o6o3HaueHne BOC(m,n),
rjae m — Ko3hPUIMEeHT KpaTHOCTH YaCTOTHI MOIHeCyIel 6a30Boit yacTore 1,023
MI'n (m=f,/1,023 MI'n), a n — k03(p(PUIUEHT KPaTHOCTU TAKTOBOM 4aCTOTHI
JaIbHOMEpPHOro Kojxa ©6a3oBoil uactore 1,023 MI'nm (n=f, /1,023 MIn).
OtmeTuM, 4T0 00bIYHO KO3 PUIMEeHTH M U n KpaTHsbI 0,5.

Pucynok 2.3 mM0XHO paccmaTpuBaTh Kak MPUMEP MOIYJSLMUU IO 3aKOHY
BOC(1,1) npu koTOpOM Ha OJTHOM CHUMBOJIE JAIbHOMEPHOTO KOJIa YKJIAIbIBACTCS
onud niepuop uudposoit moaHecymeil. B CPHC npumensitorcst ciienyroiiue
tunsl BOC wmopynmauuu: BOC(1,1), BOC(5,2.5), BOC(15,10), BOC(6,1),
BOC(10,5).

CIIM oruGatomeii G(t), s curHana ¢ BOC Mopnysnsiiiueld onuchIBaeTcs

BBIpOKEHUEM [2]
fisin&(nf/ ﬁ)tg{%%} npu f. = kf.,

c \

NBOC(f): ‘ (2.3)

Lcosz(nf/fc) 2 Ei) Hou :(k lj
AR tgLUS pu f, 3 Sos

rae k — nenoe 4uclo.



Bripaxenue (2.3) 3anucaHo A1 HENEPUOAMYECKON G(t), YTO XapaKTEPHO

s paguocurHanoB CPHC cankiumonupoBaHHoro jgoctyna. Ilpu Hamuaum
MEPUOJIUYHOCTH B G(t), TUMUYHON U1l PAJUOCUTHAIIOB OTKPBITOTO JIOCTYIIA,

CIIM npuoOperaet TUCKPETHBIN XapaKTep, aHATOTUYHO (2.2).

Tunuuneiii Bug CIIM pagnocurnana ¢ moxyisuueit BOC npuBeneH Ha puc.
2.4. ChnexktpajibHasg IUIOTHOCTh MMEET JiBa TJIABHBIX JIENIECTKA, B KOTOPBIX
cocpenorouyeHo 6oiee 90% momuoctu. [llupuny criekTpa Takoro paauocurHaia
MPUHATO OMNPEACNISATh 10 KpaHUM TpaHUIIAM TJIABHBIX JICTIECTKOB KakK

A =2(f,+1.).

N(f)

LUMPUHa criekTpa A
Af =2-1,023MTI'1t - (m + n)

.

y

f 1 | —_—— | -y g
x1,023 MMy x1,023 MI'y,
-
BOC(m,n)
Pucynok 2.4 — Buj cnekTpaibHON MUIOTHOCTH MOITHOCTH paanocurHaina ¢ BOC
MOIYJISIIAEH

3 MeToabl (pOpMHUPOBAHUSA JAJTBHOMEPHOI0 KOAa

3.1 Ta0aMYHBIN METOJ

Tabmuunblii MeTON sBIAECTCS HanbOOJee YHHBEPCATBHBIM W MOXET OBITh
npuUMEHEH Uis  (OPMUPOBAHUS TMPAKTUYECKH JIFOOOTO  MEePUOAHYECKOTO
JabHOMEpPHOTO Kojaa. [Ipu TabnmumaHOM METOo/Ie MaTbHOMEPHBINA KOJ XPAHHUTCS B
O5oke omepaTuBHOrO 3amomuHaromiero ycrpoiictea (O3Y), xommuecTtBo OWT
KOTOPOTO pPaBHO KOJIMYECTBY CHMBOJIOB JaJdbHOMEPHOTO KOJA. bBHUTHI
JTATbHOMEPHOTO Kojia BEIOMparoTcs u3 O3Y TaKTOBBIMH MMITYJILCAMHU, KOTOPHIS
TaKTHPYIOT CYETUHUK ajpeca (cm. puc. 3.1).
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GJJK ( { )
O3Y (N 6uT) -
OaHHble

(aanbHOMEpHbIN

TakToBble ‘ ‘ agpec koA)
MMMy NbChbI
- CuyeTunk agpeca no
clk mogynto N

Pucynok 3.1 — ®opmupoBanue 1aabHOMEPHOTO KOJIa TAOJIUYHBIM METOJIOM

Tabnuunenii meton odunmanbHo [3] pekoMeHIOBaH i (OPMUPOBAHUS
nanbHOMEpHBIX KooB B curHanmax Galileo E1-B/C u E6-B/C.

3.2 I'enepauusa M-nocJieoBaTeIbHOCTH

M-nocnenoBaTebHOCTh  (MOCIEIOBATEILHOCTh MAaKCUMAJIBHOM  JIJTUHBI)
MMEeT HAWIyYIIne KOPPESAIMOHHBIE CBOWCTBA M HaWOOJIee TPOCTON METOJ
dbopmupoBanus. DopmupoBanue M-mociaeqOBaTEILHOCTH  OCHOBAaHO  Ha
CABUTOBOM PETUCTpE C OOpaTHBIMM CBS35IMHU, Kak MoKa3aHo Ha puc. 3.2. Homepa
OTBOJIOB CIBUTOBOTO PETHCTPA, C KOTOPHIX CHUMAETCs CUTHAJl OOpAaTHOU CBSI3H,
OTIPENICTIAIOTCSA MOPOXKAAIOIIUM MOJMHOMOM. Hampumep, mig 1aqibHOMEPHOTO
kona paguocurdana L1OF I'NTOHACC nopoxaaromniuii oJuHOM UMeeT BU [4]

g(x):1+x5+x9. 3.1)

DTa 3amuck SABIAETCS YCIOBHOW M O3HAYAeT TO, YTO OTBOJIBI OOpaTHOM CBS3U

Oepytcs ¢ 5-ro U 9-ro TpUrrepos, a oOas JIMHA CIBUTOBOro peructpa N = 9
TPUTTEPOB.

Brixoanoii curnan G, (t) MOXKET CHUMAThCS ¢ IIoboro tpurrepa. Hampumep,

st (opmupoBaHus nampHOMepHOro koja paguocurHana L1OF T'NIOHACC
BBIXOJIHOW CUTHAJI CHUMAETCS € 7-TO TPUITEPA.

TunuaasIM HavyaJbHbIM COCTOSIHHEM TUISL reHeparopa M-
IIOCJIEIOBAaTEIIBHOCTH  SBJISIETCS  COCTOSIHME ~ «BCE  eQuHuubD». M-
TOCIIe/IOBATEILHOCTh OBTOPSETCS Kaxaple 2'-1 GHT, 10ITOMy HAYaNbHOE
COCTOSIHUE «BCE EIWHHULIBI» aBTOMATUYECKH OKAa3bIBAE€TCA BO BCEX SYEHKax
peructpa Kaxaplii nepuoxa. MHorga Bo3HUMKaeT HEOOXOIUMOCTh (POPMHUPOBATH
yceuennyro M-IOCIEI0BAaTENBHOCTb, TO €CThb KOrJa mepuoj Tpedyemoin
Mocle0BaTeNnbHOCTH L MeHbIe, ueM 2 -1. B 3ToM ciydae c6poc B HadambHOE
COCTOSIHME OCYILECTBIISIETCS MIPUHYIUTENBHO Uepe3 Kax/apie L Out.

11



TakToBbIE C6bpoc B HayanbHoe COCTOsiHME

nMnynbCbl

clk A Y v

Cymmarop no h
mopaynio 2
(XOR)

Pucynok 3.2 — ®opmupoBanue M-nocieq0BaTeibHOCTH

I'enepatop M-nociaen0BaTENbHOCTH — sIBJsETCS  0a30BbIM  OJIOKOM  JUIs
(bopMupOBaHUS NaJbHOMEPHBIX KOJOB OonbiinHCTBA paauocursaios CPHC,
KaK 3TO0 Moka3aHo B pazzeine 3.3. ['eneparop M-nocnenoBaTenbHOCTH O0e3 cOpoca
U yCEUEHUS HCIOJB3YeTCsl TOJbKO A (GopmupoBaHus panunocursaioB LxOF
I'JIOHACC. VYceuennas ~ M-mociie1oBaTENbHOCTh  HMCHOJB3YETCd B
panuocurnainax LxSF TJIOHACC. B rtabaumax pazgena 6, B rpade Ttuma
TaTbHOMEPHOTO Ko/la, M-mocnenoBaTenbHOCTh 0003HaueHa kak M(N) , rae N —
JUIMHA CABUTOBOTO PETHCTpa reHepaTopa.

3.3 Koabl, ocHOBaHHbIE HA KOMOMHUPoBaHuM M-nocJieoBaTebHOCTEl

BoJIbIIMHCTBO TAJIBHOMEPHBIX KOJIOB, HCIHOJB3YEMBIX B PpPaJMOCUTHANIAX
CPHC, cdopmupoBanbl MmyTéM CYMMHPOBAHUS I10 MOAYJIO 2 OTPE3KOB
pasnuuHbix M-miocnenoBarenbHocTel. OQUH TeHepaTop MaJIbHOMEPHOrO KOJa
MOKE€T HAaC4YUTHIBaTh A0 4-X TeHepaTopoB M-IOCIeI0BaTEIbHOCTEH, Kak
MoKaszaHo Ha puc. 3.3.

eHepaTop M-nocnegosaTteHocTy 1
(anvHa cauroeoro peructpa N1 6uT)

Cymmarop no
Mogaynto 2

[eHepaTop M-nocneposaTeHocTn 2
(anvHa casurosoro peructpa N2 6uT) \ (XOR)

,,,,,, M leHepatop M-nocnegosateHocTt 3
(anvHa casurosoro peructpa N3 6uT)

Jlornka cbpoca u TakTMpoBaHus

Y [eHepaTop M-nocnepoBaTteHocTn 4
(anvHa casurosoro peructpa N4 6uT)

Pucynoxk 3.3 — KomOunupoBanue M-1iociie10BaTeIbHOCTEH
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dakTuuecku, ueTbipe 12-OUTHBIX TeHepaTopa M-ToCiIen0BaTeIbHOCTH
UCIIOJIb3YIOTCSl TOJBKO st opmupoBanust P-kona cuctemsr GPS. Ocrtanbhble
KOJIbl OCHOBaHbI Ha CIIOKEHUH JIBYX M-IIOCIEA0BATENBHOCTEN.

B Tabnunax pasnena 6, B rpade «Tum nanbHOMEpPHOTO KOJa», UCIIOIb30BaHO
oboznauenne nxM(N), rme n —  KOJMYECTBO TeHeEpatopoB M-
nocieaoBaTeabHOCTH (2 niu 4), N — IMHa CIBUTOBOTO PETUCTPA.

Cpenn [anbHOMEpPHBIX KOJIOB, OCHOBAHHBIX Ha CJOXEHHH ABYX M-
MocIe0BaTeIbHOCTEN, HanboJee pacpOCTPAHEHHBIMHU SIBIIIOTCS K00bl [ 010a 1
koowl Kacamu.

3.3.1 Koanl I'oaima

Koaet Tonpa dopmupyrorcs myrteM cioxkenus (mo wmoayiawo 2) M-
MOCJIEIOBATEIBLHOCTEN OT JIByX T€HEPATOPOB OJIMHAKOBOM JJIMHBI, HO C Pa3HbIMU
HAYaJIbHBIMU COCTOSIHUSIMM U Pa3HbIMM HOMEpPAMH OTBOJIOB OOpPATHOM CBS3H.
Cxema ¢dopmupoBanus koja ['onma mpuBeneHa Ha puc. 3.4. JlnuHa (riepuon)
kona ['omna coBmagaeT ¢ JIIMHOM MCXOAHBIX M-1lociie10BaTeILHOCTEN.

‘ HavanbHoe cocTtosiHne 1 ‘

{} Cymmartop no

- eHepaTop M-nocnepoBaTeHoOCTH 1 mogzynio 2
(anvHa casurosoro peructpa N 6uT) (XOR)

G (1)
- enepaTop M-nocnegoBaTteHoCTy 2

(anuHa cgsurosoro peructpa N 6uT)

T

‘ HavanbHoe cocTosiHue 2 ‘

TakToBble nmnynbebl (clk)

Pucynok 3.4 — Cxema ¢popmupoBanus koja ['onna

Koast T'onmma wucnomnesytorcsi, Hampumep, B pamuocurHanax GPS C/A;
uHpoOpMallMOHHONW  KoMmoHeHTe paauocurHanra L1OC TJIOHACC,
panuocurnaiax Beidou B1I; IRNSS SPS; SBAS L1. Korga tpebyemas nnuHa
JaIbHOMEPHOTO Koja L MeHbIne COOCTBEHHOTO MEpHUoAa TeHepaTopoB M-
MOCJIEAOBATEIBHOCTH, IIPUMEHSETCS YCEeUeHHbIM Ko ['onma. B aTtoMm ciyyae
nociie opmupoBanus L cUMBOJIOB 00a renepatopa M-mocnenoBaTebHOCTH
NPUHYAUTEIHHO COPAChIBAIOTCS B HAUYaJIbHOE COCTOSTHUE.

B Tabaunax pasnena 6, B rpade «Tun JanbHOMEpPHOro Kojaa» Julsl Koja
I'onna ucnonb3oBano o6o3HaueHue «l'ona(N)», rae N — anuHa cABUTOBOrO
perucrpa B reHepaTopax M-1ociae10BaTeNbHOCTH.
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3.3.2 Koasl Kacamu

Koner Kacamu dopmupytorcst nyteM cioxkenus (1o mouaymiwo 2) M-
MOCJIEIOBATEILHOCTEM OT JBYX pa3HbIX TI'€HEPATOPOB, B KOTOPBIX JJIMHBI
CIABUTOBBIX PErHCTPOB oOTIMYalOTCs BaBoe. Cxema QopMupoBaHus Koja
Kacamu mpuBenena Ha puc. 3.5. JInmuna koga Kacamu B Outax paBHa JIMHE
M-1oce10BaTEILHOCTH OT HAaMOOJIee «IMHHOTO» TeHepaTopa.

HavanbHoe coctosHue 1 ‘

<L

'eHepaTop M-nocnepgoBaTteHocTy 1
(anuHa casurosoro peructpa N 6uT)

Y

Cymmartop no
mogaynio 2
Xor) 17 G, (¢)
[eHepaTop M-nocnegosateHocTy 2 AK

(anuHa casurosoro pernctpa N/2 6uT)

T

‘ HavanbHoe coctosHue 2 ‘

TakToBble nMmnynbebl (clk)

Pucynok 3.5 — Cxema ¢popmupoBanus kojga Kacamu

Konpr Kacamu ucnonb3ytoTcsi B MUJIOTHBIX KOMIIOHEHTAX PaJMOCUTHAJIOB
L10C, L20C, u B paguocurnaie L30C I''TOHACC. Kak npaBuio, Tpedyemas
JUTMHA JTaJTbHOMEPHOTo Koja (L) MeHbllle COOCTBEHHOro Iepuoja reHeparopa
koga Kacamu. B stom ciywae, mocie QopmupoBanusi L CcHUMBOJIOB, 00a
reHeparopa  M-mocne0BaTeIbHOCTH — MPUHYAUTENIBHO  CcOpachIBalOTCS B
HavyaJIbHOE COCTOsIHME, TakuM o0pa3om kona Kacamu ycekaetcs no TpeOyemoit
JUTUHBI.

B Tabmunax pasmena 6, B rpade «Tum maaTbHOMEPHOrO KOJa» IS
yceueHHoro koga Kacamu ucnonb3oBano o6o3nauenue «Yceu. Kacamu(N)», roe
N — J[nuHa CIBUIOBOTO pErucTpa B 0oJiee <«JIJIUHHOM» TeHeparope M-
MIOCJIEIOBATEIbHOCTH.

3.4 Koabl Beiiia

Koapl Beitna Oynyt npumensitecs Toibko B curHaine GPS L1C. Meron
dhopmupoBaHus kKoj10B Beilia 0CHOBaH Ha UCIOJIL30BAHUU MOCIIEI0BATEILHOCTH
Jlexxannpa L, . IlocienoBarenvHocts Jlesxannpa L, 3amana B MK [5]

OYKBaJIbHO HYJSAMH W eAuHUIAMH W wuMmeeT miauHy 10223 Oura, T.€.
k=0..10222. Kon Beitna W nna 3agannoro nomepa HKA ¢opmupyercs B
3aBUCUMOCTH OT MHJAEKCa Belna w no cieayromemy 3aK0oHy:

Wk(w):LkG-)L k=0...10222, (3.2)

(k+w)mod(10223)°
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rae «(k+w) mod(10223) » — OTiepanus B3ATUS CYMMBbI HHAECKCOB (k + w) 10

MoxyJito 10223.
Kak cnenmyer u3 (3.2), nnuHa MoCiIen0BaTeIbHOCTH Wk(w) paBHa 10223

OuTa, TOrJa Kak JJMHa JajibHoMepHoro koja B curHane L1C paBua 10230 6wur.
Henmocratomme cemMb  OUT  BCTABJISIOTCS B OMNPENCIIGHHOE  MECTO
nocienoBatensHocTd W, (W), KOTOpoe HasbIBAaeTCs HHIEKCOM BCTaBKU p. DTH

ceMb Out 3ananbl B UKJ] [5] kak 0110100. OxoHuaTenbHbIN 1adTbHOMEPHBINA KO/
u3 10230 6uT cocTaBiseTcs CIeAyIOIMM 00pa3oMm:

{01 10100, VVO...]OZZZ} npu p =1,

GHK(W7p): (33)
{VI/O...(p72) (W), 0110100, VI/(pfl)...lOZZZ} npu p > 2,

rae {*} — omeparusi TOOUTOBOM KOHKaTeHanuu. JIJisi uHAeKca BCTaBKU p =2,
KOJIOBOM IOCJIEOBATEIIBHOCTH Gm((w, p) He cyuecrtByeT. [lapamerpsl
w, p 3aaanbl B UK]] [S] ans kaxaoro Homepa HKA.

3.5 Hayio:keHHe OBEpPJIeHHOI0 KO/AA

HanoxxeHue AOMONMHUTENBHOTO KOJA, HAa3bIBAEMOIO0 OBEPJICHHBIM KOAOM,
OPUMEHSIOT JUISl CHWDKEHUS OTKIMKA OT MEIIAMIIUX CUTHAIOB HA BBIXOJAC
KOPPEIATOPOB HABUTALMOHHOI'O IPUEMHHUKA IIPU BPEMEHN HAKOIUICHHUSI, PABHOM
HECKOJIbKMM IIEPHOJaM JaJbHOMEPHOro Koaa. ITpu aToM miMHa nambHOMEPHOTOo
KOJa HE YBEJIMYMBAETCS, 4, CIEJOBATEIIbHO, IIOMCK pPaJAMOCHUTHAlIA HE
YCIIOXKHSETCS.

[Ipu HanOXKEHUU OBEPJIEMHOr0 KOJAA Pe3yJbTUPYIOIIAs MOCIEA0BATEIBHOCTD
MOJIy4aeTcsl MyTEM CYMMHPOBAaHHSA 0O MOAYJII 2 JAJIbHOMEPHOrO KoJa C
oBepieiHbIM KogoM. Ha miurensHOCTH OAHOTO OWTa OBEpIIEHHOTO KojJa
YKJIAJbIBACTCSI TOJIHBIA NEpUOJ JadbHOMEpHOro konxa (cM. puc. 3.6). Ha
HUKHEM rpaduke pUCYHKA 3.6 IIPUBEJICHA pe3yIAbTUPYIOLIAs
MOCJIEIOBATENBHOCTb, KOTOpPas COCTOMT W3 MPSAMBIX W HWHBEPCHBIX PEIUIUK

JaIbHOMEPHOr0 KoJa, 0003Ha4eHHbIX Kak G, 1 G COOTBETCTBEHHO.
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tG.(1)

n 6ut NMCn Gm( ‘ n 6ut NCnN G;m n 6ut MCM GM ‘ n 6ut NCnN G;m n 6ut MCM GHK

~Y

A Gox (t) OBepneHblii kog — m 6ut

1 0 1 ‘ 1 0 1

~Y

AG(1)=G, (1)®G, (1)

-
Bl

PesynbTupytowuii kog — m x n 6ut

n6ur NCM G, ‘ néurncn G, ‘ néurncn G, ‘ néwrncn G, ‘ néurNcn G,

~Y

Pucynok 3.6 — HanoxxeHnue oBepiieiHOro Koja

Takum o00pa3zom, pe3yiabTHPYIOIIAsl MOCIEA0BATENbHOCTh UMEET OOJIBbIINNA
IEpUOA, paBHBIM #n-m OWT, IIe 1 — JUIMHA JAIBHOMEPHOIO KOoja, /m — JJIuHa
OBEpJIEMHOTO Koxa. Takoe «UCKYyCCTBEHHOE» YBEIMYECHHE IEPUOAA IO3BOJISAET
CHU3UTh OOKOBBIE JIETIECTKH PE3yIbTUPYIOIIEH aBTOKOPPEISAIMOHHON (yHKIINH
MOJYJIMPYIOIIEH IIOCJIeN0BaTeNIbHOCTU. lIpuM HakomieHun B KoOpperaTopax
HaBUTaLlMOHHOTO IIPUEMHUKA HAa HECKOJBKUX MEPUOLax NAIBHOMEPHOIO Koza
ATO YINy4IlIaeT XapaKTePUCTUKU CIEKEHHUs 3a CclIaObIMH paJHOCUTHAIAaMU B
IIPUCYTCTBUM  CWIBHBIX. Bmecre ¢ TeM, BHYTpH pe3yJbTHPYIOLIEU
MOCNIEAOBATEIBLHOCTH COJEPKATCS NpsSMbIEe M HMHBEPCHBIE PEIUIMKH OoJiee
KOpPOTKOI'0 JaJIbHOMEPHOI'0 KO, YTO YIPOLIAET IIOUCK TAKOr0 paJuOoCUrHaia.

OBepieliHbIA KOJI XapaKTEpU3yeTCsl CTAHAAPTHBIMU ITAPAMETPAMHU: JJIMHOW B
OuTax, JUIMTEIbHOCTHIO OJJHOTO OMTa B MWUIMCEKYHIAaX W MEPUOJOM, KOTOPBIH
PaBEH MPOMU3BEACHUIO MEPBBIX IBYX IIApaMETPOB. JTU IMApaMETPhl IPUBEACHBI B
Tabaunax paszgena 6.

4 YII0THeHHe paMOCUTHAJIOB

B mpaktuke npumenenus CPHC Bo3HHMKaeT HEOOXOIUMOCTh H3Iy4aTh C
onHoro HKA B 0oJHOM M TOM € YacTOTHOM JAHana3oHE Cpa3y HECKOJIBKO
paguocurHainoB. Hampumep, B HKA TJIOHACC-M Ha kaxaol JuTepHOMN
4aCcTOTE M3Jy4daeTcss Mmapa paguoCUTHAIOB: OJMH JUI  TPaXIAHCKUX
noTpeduTeneil, a BTOPOM — M CHEUHATIBHBIX MnoTpedurenei. pyrum
IIPUMEPOM, SIBJISIETCS KOHILENUNS U3JIyYEHUS Mapbl PAAUOCUTHAIIOB: NUAOMHO20
(Pilot) wu unpopmayuonnozco (Data). TlunoTHeii u uHGOPMAIUMOHHBIN
paJlUOCUTHAJIBl U31y4arOTCAd HAa OJHOW M TOW XK€ HECyUed YacTOT€ U MOTYT
paccMaTpuBaTbCid KaK KOMHOHEeHmbl 00HO020 paoduocucrana. llunoTHas
KOMIIOHEHTa HE HMEET MOJIYJISIIUM HABUTAllMOHHBIM COOOIIEHUEM, U 3TO
MIO3BOJISICT JOCTUYbh MAKCHMAJbHBIX XapaKTEPUCTUK TOYHOCTU OLICHUBAHMS
YaCcTOTBl U 3aJECPXKKU, a TaKKEe YYBCTBUTEIBHOCTU U IOMEXOYCTOMYUBOCTH
npueMa. IIMIOTHYH0O KOMIIOHEHTY MHOrJAa Ha3bIBAIOT  U3MEPUTEIIBHBIM
PaJuOCUTHAJIOM, IIOTOMY, YTO OHa IpEJHAa3HAa4YeHa JUI1 U3MEPEHHUU NEPBUYHBIX
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pPaMOHABUTAIIMOHHBIX IMapaMeTPOB MpU pabOTe HABHUTAIIMOHHOW ammapaTypbl
notpeouteneit (HAII) B pexume crnexenus. MHdopmarnmonHass KOMIIOHEHTA,
KaKk cleQyeT W3 Ha3BaHWs, NpelHa3HaueH [UIs [epeJayd  JIaHHBIX
HaBUTAIIMOHHOTO coolmieHus. Ilpumepom aByxkommnoHeHTHOro Pilot/Data
panuocurnana sisisiercs L30C I'JIOHACC.

[Ipouenypy, obecrieunBaIIyl0 Mepeaadyy HECKOJbKHX PaJHOCUTHAJIOB TIO
onnomy paauokanary HKA—moTtpeOutens ¢ BO3MOXXHOCTBIO UX pa3eiIbHOM
o0pabOTKM Ha NOPUEMHON CTOpOHe, OyAeM Ha3bIBaTh VHIOMHEHUEeM
PaouUoCucHanos.

JUis obecnieueHUs: BO3MOXHOCTH pa3lielbHON 00pabOTKM Ha NPUEMHOU
CTOPOHE Pa3IMYHBIX KOMIIOHEHT IMEpeaaBaeMoro YIUIOTHEHHOTO paJrlOCHUTHAja
TpebyeTrcss 00eceunTh X OPTOTOHATBLHOCTD, & TAKXKE MOCTOSHCTBO CYMMAapHOM
orubaroniedt (mocineaHee HEOOXOAUMO H3-32  OCOOCHHOCTEH TMOCTPOEHUS
nepepatomero tpakra HKA). Jlns 3TOro nmpuMEHSIOT CHEHHUAIbHBIE METOIbI
YIUIOTHEHUS PaJMOCUTHAJIOB.

4.1KBaagpaTypHoOe yIUIOTHEHHE
KBagparypHoe yIUIOTHEHHME NIO3BOJISET IEpelaBaTb OJHOBPEMEHHO [Ba
HE3aBUCHUMBIX paJuocurHaia. Pannocurnansl cABUHYTHI MO (a3e Hecylled Ha
90° npyr OTHOCHTENBHO Apyra, MPU 3TOM MEXKIY HUMU MOXET ObITh 0OecTieueHa
TEOPETHUYECKH CTOIPOLIEHTHAS] OPTOrOHAIBHOCTh. AHAJIUTUYECKas 3aluCh
paaroCUrHaia ¢ KBagpaTypHbIM YIUIOTHEHUEM UMEET BH/L
sy (t)=A4-G,(t)cos(wyt + @, )+ 4- G, (t)sin( oyt + @, ), 4.1)

curnain 1 curHani 2

rae Gl(t), Gz(t) — Moaynupyiomue 1udpoBbIe IOCIEI0BATEILHOCTH,

MPUHUMAIOIIME 3HAYCHUS =1 W yYUTHIBAIOIIME HAJIOKCHHE Ha JAJbHOMEPHBIM
KOJT HABUTAaIIMOHHOTO COOOIIEHHUs, OBEpJEHHOrO Koja, u/uid 1udpoBoi
nogHecymen; A — INOCTOSHHAs aMIUIMTyJa PaJUuOCUTHANA; O, — Hecylas

4acToTa; (, — HadanbHas (asa.

OTMETHM, 4YTO HOCTOSHCTBO Orubaromeil obecreunBaeTcss He TONLKO B
YIUTOTHEHHOM PajIHOCHTHaNe sy (f), HO M B KaXIO M3 €r0 COCTABISIONIMX —

«curHan 1» u «curnan 2». Cur"aiabHOe co3Be3ue Ui Bcex KomMOuHanuii G, u
G, , IPOUJUTIOCTPUPOBAHO Ha puC. 4.1, npu yciaoBuu 4to ¢,=0.
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G=-1 | G=+l
G, =+1@ Q G =+l
// :QE) \\\

/ a \

/ CurHan1 | ™ \

P
QD/Gl =+1
G, =-1

Pucynok 4.1 — CurnanbHoe co3Be3/iie Npy KBaJApaTypHOM yIUIOTHEHUHU

MoOmHOCTH KaXXI0H CUTHAJIBHOM KOMIIOHEHTBl OJWHAKOBBI M PaBHBI
2
R=p=2
2
Hampumep, nns curnanoB ['JIOHACC ¢ dactoTHbIM pasneneHueM o0e
KOMITOHEHTHI panuocurHana (4.1) moaynuposansl 1o 3akony ®M-2 (BPSK), u
MOI'YT IPHHUMATbCs He3aBUCUMO, Kak PM-2 pammocurHansel. lIpu sTom

CyMMapHbIii  (YIUIOTHEHHBIN) paJHMOCHUTHAI sz(t) UMEET  K8AOPAMYPHYIO

($a3oBy0 MOAYJIAIMIO, KOTOpasi B 3apyOekHOM JuTeparype o0O3HAaueHa Kak
QPSK (Quadrature Phase Shift Keying). B ciyuae, koraa nocienoBaTeIbHOCTH
G, n1 G, MMEIT OJMHAKOBBIE CHUMBOJIbHBIE CKOpocTH, QPSK momymsmuio

ob6o3nauator kak QPSK(n), rmie n — actoTa BHIOOPKH CHMBOJIOB B €IMHHUIAX
6a3oBoii yactoTsl 1,023 MI't (ananorust c BPSK(n)).

4.2 BpeMeHHOe YIIJIOTHEHHE

Bpemennoe ymnotHeHue Ttaxke npumensercs B CPHC nmns coBMmecTHOro
U3JIy4ECHHs] JIBYX KOMIIOHEHT paauocursana. llpu BpeMEHHOM YIUIOTHEHUH,
KOMITOHEHTBI IIEPEIAI0TCS B Pa3HbIC HENEPECEKAKUINECS TIPOMEKYTKH BPEMEHU,
II0O3TOMY OHM OPTOTOHAJIBHBI HA JUINTEJILHOM BPEMEHHOM HHTEpBaie. IIpu stom
CyMMapHbIii  (YIUIOTHEHHBIN) paguOCUTHAN SIBIIIETCS HENpPEepbIBHBIM. B
paguocurtanax ['JIOHACC ¢ komoBbIM pa3lieieHHEM BPEMEHHOE YIUIOTHEHUE
OpPraHM30BaHO TaK, YTO CHaydaja mnepenaercs OuT nanbHOMepHoro kona (1K)
nepBol KOMITOHEHTHI, 3aTeéM — BTOpOH, aanee ciuenywoomuid out JK mnepsoit
KOMIIOHEHTBI, 3aTeM cienytomuit 6ut JIK BTopoit KOMIOHEHTHI, ¥ TaK Jajiee, Kak
MOKa3aHo Ha pucyHke 4.2 (moOuTHoe vepenoBaHUE (MYJIbTHILUIEKCUPOBAHHUE)).
butet JIK nepBoii komnoHeHThl 0003HavYeHb! Kak «d1,d2...» , a 6utsl JIK BTOpOI
KOMITOHEHTBI — KaK «p1,p2...».
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Gl(t) d1 d2 .
| | !
G2 (l‘) p1 | | p2 | .
i i ' ‘ t

Y y v Yy |
Gz (t) L d1 | p1 i} d2 p2 . .
T T 4

c c

Pucynok 4.2 — BpemeHHO€ yIUIOTHEHHE CUTHAJIOB

AHanmuThdeckast 3aIuch paanoCuraajia ¢ BPpCMCHHBIM YINIOTHCHHCM HMCCT
BHJI

s, (1) =A4- Gy (t)cos(oyt +¢,),

C () Gl(t), npu OS(tmOd(Z’EC))<’EC, (4.2)
)=

: G,(t), mpu 1, <(zmod(21,))<27,,

rae T, — JUIMTENIbHOCTh CHUMBOJIA PE3YJbTHPYIOIIEH I0CIEN0BaTEIbHOCTH;
Gl(t), Gz(t) —  MOIyJUpYMIIHWe  OH(PPOBBIE  IOCIEAOBATEIHLHOCTH,

OpUHUMAOIIME 3HauyeHus +1 W  yuuThIBaIOUIMe, 0OpU HEOOXOJUMOCTH,
HaJIO)KEHHE Ha JaJbHOMEPHBIM KOJI HABUTALIMOHHOTI'O COOOILEHUS, OBEPIICHHOTO
KOJa, W/1im nu(poBoi nogHecylel; A — MOCTOSIHHAs aMIUIMTY1a CUTHAIIA; M,
— HecylIllas 4acToTa; ¢, — HadaibHas (a3a.

Kak cnenyer w3 3amucu (4.2), YIUIOTHEHHMIO TOJUIEKAT TOJBKO OUTHI
uudpoBoil orubdaromei, a Hecyiiee KoJjieOaHue cos((oot+(p0) COXpaHsIeTCs
Hepa3pbIBHBIM 110 (ase.

[Ipu dopmupoBaHUM MOAYIUPYIOIIET0 CHUTHAJA MPEIIOoJaraeTcsi, 4YTo
JUTUTETLHOCTH CUMBOJIOB JTaIbHOMEPHOTO Koja UCXOTHBIX
nocnegosarenshocrel G, (t) u G,(f) BaBoe Gonblue, YeM IMTEIBHOCTH

CHUMBOJIa PE3YJIbTHPYIOLICH MMOCIIEI0BATENIBHOCTH: T, = 2T, .

IIpy BpeMEHHOM YIUIOTHEHWH DJHEPIUs MEPENATUYUKA PACIPENEIACTCS
IIOPOBHY MEXIYy KOMIIOHEHTaMU Gl(t) U Gz(t) 3a CYET paBEHCTBA

JUIMTENIbHOCTEN  repenadyd. IloaToMy OSHEprus HU3IydeHUss CyMMAapHOro
paguocurHaiga Ha JJIUTEIbHOCTH mepuona Ha 3 Ab BbIlle, Y€M DHEPIus
W3JIy4YEeHUs] KaXIOM CHUTHAIBHOM KOMIIOHEHTBI B OTJAEJIBHOCTH Ha TOM XKe
BPEMEHHOM HHTEpBAJIE.

Bpemennoe ymiotHenue mnpumensercs B curHaie GPS L2C, a takxke B
curHaiax L10OC, LI1SC, L20C, L2SC TI'JJOHACC. Bo Bcex ciyyasx nepBas
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MIOCJIEIOBATEIBHOCTD Gl(t) MOAYJUpPYeT  Hecyliee  KosieOaHue st

dbopmupoBanus UHOOPMAITMOHHONW KOMIOHEHTHI C JaHHBIMH HABUTAIMOHHOTO
coobmienus: (Data-paanocurnan), a Bropas GQ(t) MOZYJIUPYET HECYIIEE

KoneOanue miss GOPMHPOBAHUS TMUIOTHOH KOMIIOHEHTHI O€3 HaBHUTAI[MOHHOTO
coobmenus (Pilot-paguocurnann).

4.3 KomMOuHMpPOBaHHBbIEC BUAbI YIIJIOTHEHHSI
4.3.1 KBagparypHo-BpeMeHHOE YIJIOTHEHHUE PAJHUOCUTHAJIOB
I''TOHACC c¢ ko10BbIM pa3jaesienueM B nuanazonax L1 u L2

B cucreme I'JIOHACC BHenpsitoTCs NEPCIEKTUBHBIE HABUTALMOHHBIC
paAroOCHUTHANBI C KOJIOBBIM paszeneHueM. B nuanazone L1 OyayTt nepenaBarbes
CEeAYIOIIUE PaANOCUTHAIIBI [1]:

L1SCd — pagumocurHan CaHKIMOHHUPOBAHHOTO JOCTYIA, MOIYJHUPOBAaHHBIH
JaHHBIMU (MH(OpMALMOHHAS! KOMIIOHEHTA);

L1SCp — pannocuraan CaHKIIMOHUPOBAHHOTO JTOCTYNa, HE MOIYJIMPOBAaHHBIN
JaHHBIMU (MTUJIOTHASI KOMIIOHEHTA);

L10Cd — pagmocurHan OTKpPBITOTO AOCTyIa, MOJYJIMPOBAHHBIN JaHHBIMU
(mH(bDOpMaLIMOHHAS KOMITOHEHTA);

L10OCp — paguocuraan OTKphITOTO JOCTYIa, HE MOAYJIUPOBAHHBIA JAHHBIMU
(MUIIOTHAS KOMITOHEHTA).

B nuanaszone L2 OyayT nepempaBaThCs CeAyIOMUe paaruocurHansl [1]:

L2SCd — pammocurnan CaHKIIMOHMPOBAHHOTO JOCTYIA, MOJYJIUPOBAHHBIN
TaHHBIMH,

L2SCp — paprocursan CaHKIHOHUPOBAHHOTO AOCTYyNa, HE MOAYJIUPOBAHHBIN
JAHHBIMU (MTAJIOTHAS KOMIIOHEHTA);

L2 KCHU — curnan mis mepefadyu CiykeOHoi mHbopManuu (B TOM 4YHCIE
nHpopmMaru KocMuueckoit cucteMsl moucka u cnacenust (KCIIC));

L20Cp — paguocursan OTKpBITOTO JOCTYIIA, HE MOAYJUPOBAHHBIA JaHHBIMU
(MuIoTHAs KOMIIOHEHTA).

Takum o00pa3zom, B KaXIOM JAHamna3zoHe Nepenaercsa 1mo 4 He3aBUCUMBIX
paauocurHaia. [l coxpaHeHHs TMOCTOSHCTBA OTMOAOIIed WX CYMMBbI,
OpyUMEHEeHa TEeXHUKa KBaJIpaTypHO-BPEMEHHOro YIJioTHeHus. I[lpu »Tom
PaaMOCHTHAIBI OTKPBITOTO M CaHKIMOHMPOBAHHOI'O JIOCTYIA MEPENArOTCs Ha
pasHbIX kBagpatypax Hecyiei (I u Q), a Pilot- u Data- pagrocurnansl B Kax 10
KBaJIpaType MYJbTUIUIEKCUPOBAHBI 10 BpeMEHU. CXEMaTUYECKH ATO IMMOKA3aHO

Ha puc. 4.3.
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L10Cp
L20Cp

L1 L2

L10C
L20C

L10Cd
L2 KCU

L1SCd L1SCp L2SCd L2SCp

L1SC L2SC
Pucynok 4.3 — KBanparypHo-BpeMEHHOE YIUIOTHEHUE PATMOCUTHAIIOB
I''IOHACC ¢ xonoBbIM pa3zeneHueM B nuanazonax L1 u L2

4.3.2 Monayassuusa TMBOC B curnajse GPS L1C

B nunotHoii kommnoneHnTe curHaia GPS L1C npumeHeHO BpeMEeHHOE
VIUIOTHEHUE JIBYX KOMIIOHEHT CUTHaja, OJHAa U3 KOTOPBIX UMEET MOMYJSLIHIO
BOC(1,1), a gpyras — BOC(6,1). IIpu 3TomM yepenoBaHue TUIIOB MOAYJISALIMHU
peanuzyeTcss MyTéM CMEHBI YacTOThl IU(POoBOil mogHecymieil. Kaxnpiii mepuon
n3 33-x OUT JaTbHOMEPHOTO KOJa MOIYJIHUPYeTCsl IUGPOBOM MOTHECYIIEH Tak,
yTo OuThl ¢ HOMepamu 1,5,7,30 momymupyrorcs no 3akony BOC(6,1), a Bce
ocTtayibHbIe OUTHI — 110 3akoHy BOC(1,1) (cMm. puc. 4.4).
A

LlCP (t) BuTbl ganbHoMepHoro koga
p1 p2 ‘ p3 ‘ p4 p5 p6 p7 p8 ‘ L p30 p31 ‘ p32 ‘ p33 ‘
ﬁsc (t) Lincdposasi nogHecyLas !
A !
L1C, t) @ sc (l‘) Buabl MOaYNSILMM B pe3yNbTUPYIOLLIEN NocrefoBaTeNbHOCTM
BOC(6,1) | BOC(1,1) ‘ BOC(1,1) ‘ BOC(1,1) | BOC(6,1) | BOC(1,1) | BOC(6,1) | BOC(1,1) ‘ Bc_"f(j'” BOC(6,1) | BOC(1,1) ‘ BOC(1,1) ‘ BOC(1,1) ‘

t

Pucynok 4.4 — Mynerumuiekcaas moayisinus TMBOC(6,1,4/33) B
panuocurnaie GPS L1Cp

Takum oOpazom, 4/33 »sHeprum paguocurnana L1Cp oTBoautcs Ha
moxaymsituto BOC(6,1), a 29/33 — na monynsuuio BOC(1,1). B psane ciydaes,
koMrioHeHToit BOC(6,1) M0oxHO TipeHeOpeyb M MPUHUMATh TaKOW PaHOCUTHA
kak BOC(1,1). Kommnonenta c¢ wonymsmueit BOC(6,1) Ttpebyercs s
MOBBIIICHUS] TOYHOCTH H3MEPEHUI (a3bl AAIBHOMEPHOTO KOAa B YCIOBHUSAX
MHOTOJIy4€BOI'0 PaCpOCTPaHEHUS paIMOCUTHAIIA.

Hecmotpss Ha TO, uro monymsauus TMBOC oGecnednBaeT MOCTOSHCTBO
orubaromei mutoTHo koMmoHeHThl L1Cp, cymmapnsiid paguocuraan GPS L1C
HE UMEET NOCTOSHHYIO OIMOaI0NIyIO.
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4.3.3 Moayasuusa CBOC B curnaJge Galileo E1-B/C

Panunocurnan E1-B siBnsiercs OTKpBITHIM HHPOPMAIMOHHBIM PaJMOCUTHAIOM
B auanazone L1. Pagmocurnan EI-C sBmusgercs nmapHbIM €My HUJIOTHBIM
paguocurHanoMm. Kaxxaplil U3 3TUX paJuoCUrHajIoOB uMeeT coctaBHOM Bua BOC
MoxayJsiuu, nomyuuBmumi  HazBanue “‘Composite BOC” (CBOC). Cytb
Moxayssiuu CBOC 3akimrodaeTcss B TOM, 4TO KaKJIbIA OUT JaJIbHOMEPHOTO KOJa
MOJIYJIUPYETCS CYMMOW JIBYX HH(PPOBBIX TMOAHECYIIUX, COOTBETCTBYIOIIUX
byaknusm  BOC(1,1) u  BOC(6,1). Takum o6pa3om, B CyMMapHOM
paguocurHaie, MpUCYTCTBYET Kak KoMIoHeHTa ¢ moayisiueir BOC(1,1), tak u
koMmrnoHeHTa ¢ MoxyJsiiueir BOC(6,1). 9T KOMIOHEHTH MOTYT MPUHUMATHCA
KaK COBMECTHO, TaK U Pa3JieJIbHO.

Orubaromas paguocurnana E1-B/C 3anuceiBaercs B Bujie

5,,(1) :%GB(t)GHC(t)-(oc~sc(u)(t)+B-Sc(m)(t))—

| F=p 4.3)

_ﬁGc(’)Go(t)'(a'SC(Ll)(t)_B'SC(6,1>(t))’
El1-C
rae G, (t) — JaJIbHOMEPHBIN KOJ MH(POPMALMOHHON KOMIIOHEHTHI, CJIEIYIOIIUN
C CUMBOJIbHOM cKOpocCThio 1,023 MOuUT/Cc M npyuHUMAIOIUI 3HaUYeHus +1;
G, (t) — JAIbHOMEPHBIA KOJ TMWJIOTHOW KOMIIOHEHTHI, CJIEAYIOIMMUN C

CUMBOJIBHOM CKOpOCThIO 1,023 MOUT/C M mpuHUMAIONTUHN 3HaYeHUS *1;
G (t) — CUMBOJIBI HABUTAIIMOHHOTO COOOIIICHHMS, TPUHUMAIOIINE 3HAYCHHS +1;

G, (t) — OBEPJICUHBIN KOJI, MPUHUMAIOIINMN 3HaYeHus £1;
SC (t) — 1 poBas moaHecyas ¢ yacrorout 1,023 MI';
S¢s1 (¢) — madposas moxHecymas ¢ actoroit 6x1,023 MI';

o U 3 — nmocTosHHbIE KOA(DDUIIMEHTHI, paBHBIC: O =, /% , B= \/%

N3 (4.3) cnenyer, uro npu wmoayisanuu tuna CBOC wucnonas3yrorcs
COCTaBHBIC MOYJUPYIOIINE PYHKITUU:

(oc “SCa (1)+B- SCe1) (t)) — g curnana E1-B, u

(oc 8¢y (1) =B sCy, (t)) — st curnana E1-C.
Bun stux ¢ynknuii npuseaeH Ha puc. 4.5.
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Pucynok 4.5 — ®opmupoBaHre COCTaBHBIX MOIYJIUPYIOIINX (PYHKIIUI
uisi curdana ¢ moayssinuet CBOC

(OL " (1) +B5Ce, (t))
.

(a -8 (1) = B-sciy (t))

4.3.4 Mopyasimusa AItBOC B curnaJje Galileo ES

Panunocurnaner Galileo ESa u ESb oOpasyrot enunsiii paguocurnan Galileo
E5 ¢ Bumom monymsuuu AItBOC(15,10), B KoTOpoM, 1O CyTH, YIUIOTHEHO 4
He3aBUCUMBIX panuocurHaia: ESa-I, E5a-Q, ESb-1I, E5b-Q. B pe3ynbraTe Takoro
YIUIOTHEHUSI (GOPMHUPYETCS paUOCUTHAN, CIIEKTpalibHas MIOTHOCTH MOIIHOCTH
KOTOPOTO MMEET JIBa TJIABHBIX JICTIECTKA, aHAJIIOTUYHO CHEKTPY PaAUOCUTHANIA C
BOC monpynsiueit (cm. puc. 4.6). [lpuyem JeBbIid JENECTOK CHEKTPA COINEPKHUT
Tonbko paguocurHansl ESa-I m ES5a-Q, koTropsle MOXKHO NPUHUMATh Kak
KBaJparypHble paguocurHansl ¢ monyssinueil BPSK(10), a mpaBblil nenecTok
CreKkTpa — TONbKO pamuocurHanbl ESb-I u ES5b-Q, koTopble Takke MOMKHO
MIPUHUMATh KaK KBaApaTypHble paguocurHaisl ¢ moxyisuuedn BPSK(10), uro
OoTpaxkeHo B Tabmuue 6.3.

1176,45 MI'y 1191,795 MI'y 1207,14 MI'y,
A

A A

(QPSK(10))

(BPSK(10))

(QPSK(10))

| Galileo E5 (AltBOC(15,10)) |

Pucynok 4.6 — Komnonentsl pagunocursana Galileo ES ¢ monymnsueit
AltBOC(15,10)
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Kommiekcnast orubaromass coctaBHoro paauocurHana Galileo E5 ¢
moxayJsnueit AItBOC dhopmupyetcs 1o cieayroiiemMy 3akoHy [3]:

‘S.'ES(t):%(eESa—I(t)-'_jeESa—Q (t))[SCES—S( )= Jscps. S( T s /4)]+
)

1 :
+F(6E5b—1( + Jegs- Q SCps-s (t)+]SCE5—S (t_Ts,Es /4 ]"’

(4.4)

)L
2\/_( F3a I( +]eE5“ Q ) SCE5—P(t)_jSCE5—P(t_T;,E5 /4
)L

+ 2\/5 (EESIJ—I ( + Jepsy Q SCgs_p (t) + JSCps_p (t —T s/ 4):|
rac:
€5, (1) — OUHApHAs MOCIIENOBATEIBHOCTh HH(POPMALMOHHOH KOMIIOHCHTbI

curnana E5a (E5a-I);
€rsag (t) — OMHApHAs MOCIIeI0BATCIbHOCTD MMJIOTHON KOMIIOHEHTHI CHTHAJIa

E5a (E5a-Q);
epsy_, (1) — OMHApHAs [OCIEI0BATENFHOCTE HH(MOPMAIOHHOH KOMITOHEHTHI

curnana E5b (E5b-I);
€eshg (t) — OWHapHas MOCIE0BaTEIPHOCTh MUJIIOTHON KOMIIOHEHTHI CUTHAJA

E5b (E5b-Q);
€rsat = Crsa0Crsh-1€E5h-0 5 Crsa-0 = CEsa1€Esh1€ESH0 >
€rsh 1 = €rsy 0€rsa 1€E5a-05 €Esh0 = Crsh1€rsa1€ESa-0
SCrs_g (t), SCrs_p (t) — COCTaBHBIE MOy IUPYIONIHE QyHKIMH C TiepuogoM T, .,
BHJI KOTOPBIX TpuBeneH Ha puc. 4.7 [3]; T, 5= 1/(15x1,023 MI').
IocnenoBaTenbHOCTH €y, (1), €ps,o(t), gy (), €ps,o(t) mpuHEMAIOT

3HaueHus =1 (+1 COOTBETCTBYET JIOTHYECKOMY HYIIIO, -1 — JIOTHYECKOW STUHUIIE)
¥ UMCIOT CKOPOCTh CJICJOBAHMS 3JICMEHTAPHBIX CHMBOJIOB JIaJIbHOMEPHOI'O KOja
10,23 Mout/c.
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Pucynok 4.7 — CoctraBHbIe MOAYIUPYIOUIHE (PYHKINN
st paguocurHana Galileo ES ¢ momymnsmueit AItBOC (mmokazan oguH niepron)

5 Metoabl KOTUPOBAHNS HABUTAIIMOHHOTO COOOIIEHUS

5.1 Hanoxkenne meanjapa

Hanoxenue wmeanapa wucnosb3dyercs B paauocurHanax ['JIOHACC c
YacTOTHBIM  pazzaeneHueM. HMudopmanmonHsle  OUTHI  HABUTAIMOHHOTO
COOOIICHHUS, CIIETYIONTUE CO CKOPOCTHIO 50 OUT/C, CYMMUPYIOTCS 110 MOIYJIO 2 C
MEaHJpPOBOW IOCIIEOBATEIbHOCThIO, TEpUoa KOTopod paBeH 20 McC U
CUHXPOHEH C HMHTEpPBAJIOM CHMBOJAa HABHTAllUOHHOTO COOOIIEHUS, KaK 3TO
nokaszaHo Ha puc. 5.1. Takum 0O6pa3om, HaIOKEHHE MEaHIpa SABIISAECTCS OJTHUM U3
NPOCTEHIINX BapHaHTOB KOJWPOBAHMSA, IOCIE KOTOPOTO KOJOBas CKOPOCTh
1 poBO HHPOPMAIUH YABAUBACTCS.

CumBonsl undpoBoi MHopMaLmm

1 0 1 1 0

\J

MeaHgpoBas nocregoBaTenbHOCTb

1 0 1 0 1 0 1 0 1

\J

PesynbTupytoLme kogoBble CUMBOSbI

0 1 1 0 0 1 0 1 1

Tt

Pucynok 5.1 — Hanoxxenne meanapa npu KOAUPOBAaHUY HaBUTALTUOHHOTO
COOOLIEHUS

Hanoxenune wmeannpa BBogwioch B curHaiael [JIOHACC c¢  uenbro
yIY4IIEHUsSI CHUMBOJIbBHOW  CHUHXPOHM3AllUM HA  OJHOPOJHBIX  ydacTKax
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HaBUTAIIMOHHOTO COOOIIEHHUs, KOrJa MepelaloTcsi TOJbKO OJHU HYJHU, WIH
EIMHULIBI.

5.2 Ucnonb3oBanue OPM u IpoBepoOYHBIX CHMBOJIOB

OtnocutenbHast  (azoBass  manunyisinus (ODOM)  mpumenserca B
paguocurnanax I'JIOHACC c vactotHbIM pazgeneHueM. Cxema, MOSICHSOIIAS
npuHIUn padotsl ODPM-kozepa, moKka3aHa Ha puc. 5.2.

JInHna 3agepxkun

Ha 1 TaKT
bk —I— CVk -

Pucynok 5.2 — O®M-koaep

Beixonnele Outbl kogepa C, (GOpMHUPYIOTCS Kak CymMMa IO MOAYIIO 2
BXOAHBIX OMT Lu(ppoBoil nHpopMauu b, u BeIXOAHBIX OUT C,, 3aaepKaHHbBIX

Ha | TakT:
C,=bp®C,,, C,=0. (5.1)
OOM-koaupoBaHUE  MPUMEHSIETCS  JJIA  YCTPaHEHUsT  BO3MOKHOCTH
MHBEPCHOTO MpUEMa JIAHHBIX B 3aBUCMMOCTH OT HEONPEJEICHHOW HadalbHON
¢da3pl curHaiza, a TakXKe Ui YCTOWYMBOCTH K E€JUHUYHBIM CpPbIBAM
conpoBoxenus B cucteme DAIL. JleiictBurenbHo, Kak cieayer u3 (5.1), npu
nepenaue Hyis, ¢daza CUTHAla HE MEHSeTCA, a NpHU Iepelraye eIuHUIIbI
IPOUCXOAUT CKadok (a3pl mnepenasaemoro curhana: b, =C, @ C, . Takum

oOpa3om, uH(poOpManusg O HYJISIX MU EIUHHUIAX MEPeJaBaeMOro COOOIIECHUS
COJIEPKUTCSl TOJIBKO B CKaykax (pa3pl JEMOIYJMPOBAHHOIO CUTHAJIA, a HE B
a0COJIIOTHOM 3HAUY€HUHU (Pa3bl.

[IpoBepouHble CHMBOJIBI J00ABISAIOTCS K HCXOJHOMY HABUTAIMOHHOMY
COOOIICHUI0 Ha TOM € OUTOBOM CKOPOCTU ISl KOHTPOJIS OLIMOOK MpHema
coobmenus. Hanpumep, B pamnocurHanax ['JIOHACC LxOF mnpoepouHsbie
CUMBOJIBI SIBJISIFOTCS 8-OMTHBIM KOJIOM X3MMUHIA, MPUXOIAIIMMCS Ha KaXKJble
77 WHQOPMAIMOHHBIX OWUT. OTH MPOBEPOYHBIE CHMBOJBI MOTYT OBITh
HCIIOJIb30BaHbI JIJIs1 yCTPaHEHMs OJJHOKPATHBIX OIIMOOK, a TAK)KE JUISl BBISIBIICHUS
yeTHoro yucina ommbOok. B pamuocurnaie GPS L1 C/A wucnomedyercs 6
MPOBEPOYHBIX CHMBOJIOB Ha Kaxawpie 24 mHbopmarmoHHbX. OHM CiIy)KaT Kak
JUISL  BBISIBJIEHUS OIIMOOK (KOHTPOJb YETHOCTH), TaK M JJs YCTPaHEHHS
BO3MOKHOCTH MHBEPCHOrO npuemMa AaHHbIX (BMecTo ODM, ncnonb3yemMoil B
cucteme ' JIOHACC).

OOM-KkoAMpOBaHUE U MPOBEPOUHBIE CHMBOJIBI HE HW3MEHSIOT OMTOBOM
CKOPOCTHU UCXOJIHOTO U(POBOTO MOTOKA.
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5.3 CBeprounslii koaep FEC(133,171)

CBepTouHOe KOJupoBaHHE HaBUranuoHHoro coobmenus (Forward Error
Correction — FEC) npumensiercss uisi MOBBIIIEHUS TOMEXOYCTOMYMBOCTH €TO
npuema. B mnogaBisitomieM OONBIIMHCTBE MEPCHEKTUBHBIX PaAHMOCUTHAJIOB
CPHC TJIOHACC, GPS, Galileo, a Taxxke B paaumocurHaiax SBAS
npuMensieTcsi cBeprounslii kojep FEC(133, 171) ¢ konoBbIM orpaHueHUEM 7 U
KOJIOBOM CKOpPOCThIO 2. CTpyKTypa 3TOro Kojepa npuBeaeHa Ha puc. 5.3 [6].

—_—
133"

Bxoa Bbixop,

“171”
+ -+

Pucynok 5.3 — Ceeprounsiii kogep FEC(133,171)

Uucna (133,171) 3anucanbl B BOCBMEPUYHOM KOJI€ M OOO3HAYAIOT MAaCKH
OTBOJIOB C JIMHHWH 3aJCP>KKH JIJI1 BEPXHETO M HUKHETO TUIeYa, COOTBETCTBEHHO:
133 = 1011011, 171 = 1111001. 3naueHne KOJOBOW CKOPOCTH Y2 O3HAYAET, YTO
JUTATETHHOCTh KOJOBBIX (BBIXOJIHBIX) CHMBOJIOB BJBOE MEHBIIE JUTUTEIHLHOCTH
WH(QOPMAIIMOHHBIX  (BXOJHBIX) CHMBOJIOB: Ha OJWH HWH(POPMAITMOHHBIH
MPUXOAUTCS JBA KOJOBBIX CUMBOJA. [lepexitouaTenb B CBEpTOYHOM KOJiepe (CM.
puc. 5.3) NOKEH HAXOMUThCA B HIDKHEM IIOJIOKEHUU B TEPBOM TOJOBUHE
KaXJ10T0 MH(GOPMAIITMOHHOTO CUMBOJIA.

Ilpumeuanue. B cucmeme Galileo cmpykmypa oOanmHoco  Kodepa
Moouuyuposana max, 4mo CUMBON C BEPXHe20 Nieud, COOMBEeMmCmEYIue2o
macke 133, unsepmupyemcsi neped nooadeii Ha 8vix00. B mabnuye 6.3 maxot
ceepmounblil koodep oboznauen kax FEC(133,171).

5.4 Koast BUX (BCH)

Koawsl boyza-Hoyaxypu-Xoksunrema (BUX) sBusitoTcs mMHUpPOKHM Ki1accoM
LHUKJINYECKAX KOJOB C BO3MOYKHOCTBIO IOCTPOEHUS KOJAa C MUHHUMAJIbHBIM
KOZIOBBIM paccTOsiHHEM. B aHTIOsI3bIYHON JTUTEepaType 3T KOAbl 0003HAYAIOTCS
kak BCH (Bose-Chaudhuri-Hocquenghem). O6mas crpykrypa BUX-koxepa
npuBesieHa Ha puc. 5.4. B ocHoBe kojepa nexut reraeparop [ICII Ha ciBurosom
perucTpe ¢ oOpaTHBIMU CBA3SIMU JUTHHON N OHT.

Ucxonnas nudposas napopmanus pa3oruBaeTcst Ha OJOKH O M OUT Kax b,
npuueM m > N . B nepByro odepenp UCXOAHBIA OJOK M3 m OUT mepenaercs Ha
BBIXOJl Kozepa 0e3 W3MEHEHHMiIl, YTO COOTBETCTBYET HH)KHEMY IIOJOKEHUIO
nepekiaoyaTenss Ha puc. 5.4. CHBUTOBBIA PErHCTP WHULHUAIUZHPYETCS OT
BXOJIHOTO HMH(pOPMALIMOHHOTO OJI0OKa IO 3apaHee OINPEJEICHHOMY 3aKOHY.
(Hanpumep, B konepe curnana GPS L1C pa3mep BxogHoro 0j0ka COBHNAIAET C
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JUIMHOW CIIBUTOBOTO PETHCTPa, MOATOMY BCE OMTBI BXOJHOTO OJIOKA TPOCTO
3aMHCHIBAIOTCS B COOTBETCTBYIOIINE STYCHKHU MaMATH). 3aTeM MepeKIrovaTesb Ha
puc. 5.4 nmepeBoauTcs B BepxHee monoxenue, reaepatop [ICII raktupyercs (n-
m) pa3, B pe3ysIbTaTe uero Ha BhIXOJ MOCTYyMaeT (N-m) CUMBOJIOB C T€HEpaTopa.
OnucaHHbIl  TpoliecC  MOBTOpSAETCS Ui TOCIEAYIONUX  M-OUTHBIX
nH(OPMAITMOHHBIX OJIOKOB.

/”
(n-m) 6uT OT
» D1 «—p D2 reHeparopa
rncn
T Bbixog n 6ut (n>m)
WNunuynannsauma N ont
BxogHol 6510k m 6uT m 6ut n3

BXOAHOroO
6noka

Pucynok 5.4 — Kogep bUX: BCH(n,m)

Taxum obpazom, BUX-koaep koaupyeT udpoByro HHGOPMAIIHIO TT0 OJI0KaMm.
Kaxmomy napopManimoHHOMy 070Ky U3 M OUT COOTBETCTBYET KOJIOBBIN OJIOK U3
n 6uT (n>m). CiaenoBaTeabHO, KOA0Bas CKOPOCTh CUMBOJIOB Ha BBIXOJIE KOACpa B
(n/m) pa3 BeIIIE CKOPOCTH BXOAHOTO HH(POPMAIIMOHHOTO MTOTOKA.

bUX-konep ¢ mapamerpamu n=51, m=8, N=8 npumeHsercs s KOIUPOBAHUS
BpeMeHHu omnopHoro uHTepBasa (mapametp TOI) B paguocurnane GPS LI1C u
o0o3HaueH B Tabmuue 6.2 xak BCH(51,8). bBUX-konep ¢ mapamerpamu n=135,
m=11, N=4 npumensiercss /sl KOJUPOBAHMUS HABUTAIMOHHOTO COOOIICHUS B
curnanax B1I, B2 CPHC Beidou 1 0603nauen B Tabnmie 6.3 kak BCH(15,11).

5.5 Koasl LDPC

Kox ¢ w™amoil miIoTHOCThIO TPOBEPOK HA UETHOCTh HAa3bIBAaeTCs B
aHTIosA3bIYHOM NuTepatype “Low-density parity-check code” (LDPC). Otot xox
NPUMEHSIETCS Il KOJAUPOBAHUSI HABUTAIMOHHOTO COOOIICHUS B paJOCUTHAIE
GPS L1C. LDPC-komep paboraer mOOJOYHO, TpUYEM  BXOJHOU
nH(OPMAITMOHHBIN OJIOK U3 M OUT KOJUPYETCS B BBIXOJHOM OJIOK U3 2m OUT. m
= 600 Oout ana 2-ro Kagpa HABUTAIMOHHOTO cooOmieHus paguocurnaiga GPS
LIC, u m = 274 oura ana 3-ro kaapa. Ctpykrypa LDPC-konepa ocHoBaHa Ha
MaTpHIle TPOBEPOK UYETHOCTH H(m,Zm), COCTOSILIIE M3 m CTPOK U 2m

cronbuos [5]. Kaxmpiii snement marpuusl H(m,2m) pasen «O», mm «1».
Marpuna H(m,2m)pa36HBaeTc;I Ha mogMarpuiiel A, B, T, C, D u E, xax
MOKAa3aHo Ha puc. J5.5.
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H(m,2m) = 2m CT/(:JI6HOB

r N\
T
m CTPOK A B T £
C D E i1
- m > (m _1) >

Pucynok 5.5 — Matpuua nposepok yetHoctu st LDPC-konepa

I[Mogmatpuust A, B, T, C, D u Enonnocteio 3ananbl B [5]. T aBnsercs
HIKHETPEYTOJIbHOM MaTpHIICH.
AJITOPUTM KOJUPOBAHUS MOKHO U3JIOKHUTH CIETYIOIIUM 00pa3oM:

¢=—E-T'-B+D,

pl=—¢"(-E-T"-A+C)s",

pgz—T'l-(A-sT+B-plT), (>2)

r :‘S P P
rae s — OJOK U3 m BXOAHBIX MH(QOPMAIMOHHBIX OMUT, MPEICTABICHHBINA B BUJIE
BEKTOPA-CTPOKH; p, — OUT KOHTPOJIS YETHOCTH, P,— OJOK, COCTOSIIMNA U3 OUT

5

KOHTPOJISI YETHOCTH, MPEACTABICHHBIA KaK BEKTOP-CTPOKA; ¥ — pe3yibTaT
KOAMPOBaHU: OJOK U3 2m OUT Ha BBIXOJIE KOJAEpa.

Kak cnenyer u3 HmxHel ctpoku (5.2), BBIXOHOM 0JI0K Kozepa hopMupyercs
NyTEM IOCJIEI0BATEIBHOTO CKJIEMBAaHUS BXOJHOTO Oyloka s, OWTa KOHTpPOJSA

YETHOCTH p, U OJ0Ka OUT KOHTPOJS YETHOCTU P,. OTMETHM, YTO B aIrOpUTME

(5.2) UCHONIB3YIOTCA TOJABKO JBOWMYHBICE umcia. Onepandd  CIIOXEHUs,
YMHOXKEHHSI U MaTPUYHOTO OOpallleHusi CIEeAyeT TPaKTOBaTh KaK OIlepalu,
onpeneneHnbie Ha noJie ['anya GF(2), ananoruunele TeM e onepanysM Ha moJie
JIEHCTBUTENHHBIX urcel R.

6 Xapakrepuctuku paguoHaBuranuoHHbIX curiagos CPHC u SBAS

Xapaxktepuctuku paaunocuraanoB CPHC I'NIOHACC, GPS, Galileo, Beidou,
pernoHanbHbIx CPHC IRNSS u QZSS, a Ttaxxke pamuocurnaioB SBAS
npuBeAeHbl B Tabnumax 6.1 — 6.7, cooTBeTCTBEHHO. JlaHHBIE OCHOBaHBI Ha
cootBercTBytonux HMKJ[ u mnosicustomeit nureparype [1, 3-31]. [lannsle,
KOTOpbIE  HEIOCTYNMHbl MO TPUYMHE OTCYTCTBUA (WJIM  CEKPETHOCTH)
OMHMCaTEIbHBIX JIOKYMEHTOB 0003HAYCHBI B TAOIHMIIAX KaK «H/I».
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Tabnuua 6.1 — Curnans! rnodansaoit CPHC I'JIOHACC

HasuramuonHoe coo0lieHue

R JlanbHOMEpHBII KOJ OBeprelHbIN KO % = |, =
< m =
= =~ o A
) ) < ) ) o ERR|E A g
g =5 8E| § |3, | g | ¢ Se £ | gl . sl5.¢=5| E|E5EZ|8ES
s 5 = s2| 28| 5 |Ede & | Z 2 & | 2| g6|¢g e 2158|557
= = = 2 2 = 5, 2 QB o = = oS o S| 8 4|58 a5/ 52| Eas| sy
S g = SE| 5| K |gg2¢ E| £ | £ |BE E|E|55|53g285|f8|g82|Eet
) 1) Q Q =
>, 2| 5¢ s |22= E oy SZ E|&|<232|5gZE8| =|5E8E|Egz
5 = S © = = E 5 XN = S |5 5= 2 °ele >3 |8 e
T = s X 8 > K53
1602 + k -0,5625 LIOF 1 ppsk | o511 | 511 1 M(9) e 100 10 so | Me | 61 1,022
Ksanpa- | (L1 CT) aHap
LIxF (k=-7..46- TypHOE LISF 1000/ Vceu Me-
JUTEPHBII HOMEP) (L1 BT) BPSK 5,11 |5110000 et M(25) HET 100 10 50 anp -161 10,22
L20F Me-
1246+ k-0,4375 BPSK 0,511 511 1 M(9) HeT 100 10 50 -167 1,022
Ksagpa- | (L2 CT) aHap
L2xF (k=-7..46- TypHOE L2SF 1000/ Veeu
JIUTEPHBIN HOMED) (L2 BT) BPSK 5,11 |5110000 er!) M(ZS.) HET H/11 H/IT H/1t H/11 -167 10,22
L10Cd | BPSK(1) | 05115 | 1023 2 |Tonx(10)| 2 2 4 | 250 4 125 (153]5121) -161,5
L10C 1600,995 Bpemen- Veeu. 4,092
HOC | L10Cp | BOC(1,1) | 0,5115 | 4092 8 Kacamu HeT HeT -161,5
(12)
L2KCU | BPSK(1) | 0,5115 | 1023 2 |Tona(10) HeT 500 2 | 250 | FEC | -1615
Bpewmen- Yceu.
L20C 1248,06 Hoe | L20Cp | BOC(1,1) | 0,5115 | 10230 20 | Kacamu | 20 50 | 1000 Her -161,5 4,092
(14)
LISCd, | pocs 25)[ 127875 | o/ H/ u/ HeT 250 4 125 | FEC | -161,5
LISC, | L1:1600,995 |Bpemen-| L2SCd e A a A : 15,345
L2sc L2:1248,06 woe | LISCp, | picis, 2.5y 1,27875 | win w/n w/n Het Her -161,5
L2SCp
Vceu. FEC
L30Cd | BPSK(10) | 10,23 | 10230 1 Kacamu | 1 5 5 200 5 100 | 33| 1615
L30C 1202,025 KBanpa- (14) 20,46
TypHOE VYeeu.
L30Cp | BPSK(10) | 10,23 | 10230 1 Kacamu | 1 10 10 HeT -161,5
(14)
L3CBO yeex. 500 P-C+
1202,025 wer | L3CBO | BPSK(5) | 5,115 | 10230 2 Kacamn HeT 2 4000 o -1553 10,23
(TIpoexT) (14) (cumB./c) CSK8
[Ipumeuanus: ) B pexmMe CaHKIIMOHHPOBAHHOTO JOCTYTIA MIOC/IENI0BATENBHOCTh BT-K0/Ia He TIepHO/IHIHA.

? KOz[0BBIii MOJyJIATOpP OJIMH pa3 B 2 MC IPUHHMAET OJIOK 13 8 GUT udpOBOil MHGOPMAIMH i B 3aBUCHMOCTH OT 3HAYEHUS dTHX OHT muKTHdecku casuraet IICIT 1ampHOMEPHOTO KOa Ha 3a[aHHYI0 BETHUHHY.
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Tabmuma 6.2 — Curgais! riiooansaoit CPHC GPS

R JlansHOMEpPHBIN KOI Osgepaeiinblii kox | HaBuranmonHnoe coobuieHmne % = |, =
< m =
= = o 2
) ) ® o w a O | 4 ) T ERRE 8 o
= S < E = = = | B o AN| & &
5 3. | 588 | 3% 5 S s S 2 22 5| 8| <5208 58 E£/35g8g|225
o o « < o
z s =5 | ExZ 2 252 © = = |2 S| 2| E|E2S a8 28E|ggy
S S = °5 | EE S S 28 & S S |58 8| 2| &E|5E38E(F8/288 2|2 &
© =4 2 S s 2 § S os| E 2. e 5| &l c8|gFeES Sl 2o x|BE5 S
2 > 2 O g S = 2 EEl g | 2| M¥S|ERESE S| §S5|EEF
(] (]
= = Z = 2 S E-Ra = 5
Koapa C/A BPSK(1) 1,023 | 1023 1 [Tona(10) Het 50 20 50 3 1585 | 2,046
L1 1575,42 i ~6.2x10" 7 gmeit | 4xM
Typroe | P(Y) BPSK(10) 1023 770 | et | (orypt?) Het 50 20 50 ; 1615 | 2046
BCH
Licd BOC(1,1) 1,023 | 10230 10 Beit Her 100 10 | =50 |(51,8)/| -163 4,092
Cundaznas LDPC
LIC | 157542 17 0 lva 29733 BOC(L,1)
L1Cp + 1,023 | 10230 10 Bein | 10 | 1800 |18000 Her 15825 | 14,322
4/33 BOC(6,1) ?
L1: 157542 158/
—code? : ]
M-code L2: 1227.6 H/I BOC(10,5) 5,115 H/II H/IT H/IT H/IT H/I H/IT H/IT H/IT H/IT FEC 1389 30,69
KBagparyp- ~6.2x10"| 7 nmeit 4xM
L2P(Y)| 12276 | PPTOET p(y) BPSK(10) 1023 [7=700 | (et | (omypt?) HeT 50 20 50 _ 161,5 | 20,46
L2 CM 0,5115 | 10230 | 20 1\3;[3‘7‘) HeT 50 20 25 (153]551) -161.,5
L2C 1227,6 | Bpementoe BPSK(1) v : 2,046
L2 CL 0,5115 | 767250 | 1500 Mi;‘;) Her Her -161,5
15 BPSK(10) | 1023 | 10230 | 1 [2xm@3)| 1 | 10 | 10 | 100 10 so | FEC | 1379/
Ls 1176,45 | Koanpa- (3370|1570 | 0 ¢
Typroe Q5 BPSK(10) 10,23 | 10230 1 [2xM@13)| 1 | 20 | 20 Her '_115577’90/
[Ipumeuanus:

' B peskiMe CaHKIHOHUPOBAHHOTO 10CTyMMa P-kox GPS cKiIapIBaeTCs 10 MOLYIIIO 2 ¢ HENEPHOAMYECKOH KPHITOCTONKON MOCIEI0BATEIEHOCTHIO
W-xoga. [JnutenbHocTh ogHOTO cMBosia W-koaa paBHa 20-tu cumBoiiam P-kona.
?) CHrHaJI cO CIOKHOMN monymsinuerr TMBOC (cwm. 1. 4.3.2).
3 o unpopmarmu u3 [7].
Y MousocTs st pexnma «Spot Beamy, mpu kotopom m3myderrne HKA KOHIEHTpUpyeTcs B 3aaHHOM perrore [7].
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Tadomuna 6.3 — Curnais! riobansuaoit CPHC Galileo

R JlanbHOMEpHBII KOJ Ogepneitnbiii ko | HaBurammonnoe cooOieHne % =, B
< m =
& = a 2
) ) < o ) =R R =
5 e 3 £ < = = o Sl £ | o ElE_¢l <& =|E82|8¢8K
3 S o o 2 4 9 =] T oA o = = g 2| E = w5383 ¢e 2 I8 T | SEZR|EE =
= . = o 5 E S 2 55 © = = £ o @ = LI E o & 2 E S| R EE|QS e o
= B o= < O > 2 3 = <& = <& 3 o 4|2 a5 &4 Q = S| s B 3
5 s = = =g 5 g 88| E = = |58 E| £ | 25|58/ 85| E£8| 882 |EsE
© = 2 35 s 2 S S o5l E g B 1g g E 2 | 23|88 FE T3 S Eox|a5 5
: | =% S8 = |23 F | 2 5| 5| 2|=%g|5gg 58 F|EfE|Eis
(] S} o =]
T = °© = & 21 $73 |85
10/11 BOC(1,1)
El-B + 1,023 | 4092 4 Ta6m. Her 250 4 125 (1E3E]C71) -160,25 11’29222/2)
Ipocras 1/11 BOC(6,1) " - ’
El 1575,42 pa3HOCTh 10/11 BOC(1,1) 4092/
E1-C + 1,023 4092 4 Taou. 4 25 100 HET -160,25 14’322 2)
1/11 BOC(6,1) " ’
- E1-A |BOCcos(15, 2.5)| 2,5575 H/1 H/T H/1 H/1 H/1 H/NT 35,805
FEC
o 127875 [Ipocras E6-B BPSK(5) 5,115 5115 1 Tabu. HET 1000 1 500 (133.171) -158,25 10,23
> PasHOCTL [ g6 C 5115 | 5115 1 Ta6u. 1 [ 100 [ 100 HeT -158,25
- E6-A BOCcos(10,5) | 5,115 5115 1 H/IT H/IT H/IT H/IT 30,69
VYceu. FEC
ESa-1 BPSK(10) 10,23 10230 1 1 20 20 50 20 25 -158,25
- 33,171
Esa® | 117645 Ii;gi‘;ae F‘;ji(l}“) U33,171) 20,46
E5a-Q BPSK(10) 10,23 10230 1 Tonn(14) 1 100 100 HET -158,25
VYceu. FEC
ESb-1 BPSK(10) 10,23 10230 1 1 4 4 250 4 125 -158,25
- 133,171
EsbY | 1207,14 fgg’lﬁ F(;E(y) 33,171) 2046
E5b-Q BPSK(10) 10,23 10230 1 Tona(14) 1 100 100 HET -158,25
IIpumeuanus:

Y Curnan co cnoxHoit Monyisimueit CBOC (cm. 1. 4.3.3).
2) [IIupuHa criekTpa ¢ y4eTOM CUTHaIbHON KOMIOHEHTHI ¢ Moaysinueid BOC(6,1).
%) Kommonents! curaana Galileo E5 co cinoxkuoit Moaysimeii AItBOC(15,10) (e 1. 4.3.4).
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Tadomuma 6.4 — Cursais! riiooansaoit CPHC Beidou

R JlanbHOMEPHBIN KOJ Osgepaeitnblii kox | HaBuranmonHoe cooduieHne % =, B
[a] m —
I = o, a
o © S - o o e R E 8 o
5 TE| Sk = 5 .| g | @ el e| ¢| _ElE.gl=E| E|EZZ|EEE
g S= | 22| 22 = |Efo & | =2 23 & 2 |gc|g22 i8] E|SEE|EE>
= = = = S o = 298 < = |28 Z| 2|28 s|58S &gl e8| 2aE|z8 s
S == | 85| E& = s 2g & 2 = |58 E| 2 /85|5¢¢8|85|E28|882|56¢8
B = 5 S 2 § S o3| E e = £ E S| SS|ESEES S| ZSE|&k 3
3 s © = ST 7| B S5 R |2 |TglEFE|Fg| g|E~ESE”
&~ 7 N
= = G Gl = R |55
BIC data |11/44 BOC(1,1)| 1,023 | 10230 10 Yeex. HeT 100 10 ~50 | BCH/ L 650 | 4092
Keaina- Beiin LDPC
1575.42 Typilz)e 29/44 BOC(L.1) VYceu 4,092 /
; BIC pilot + 1,023 | 10230 10 Beiin | 10 [ 1800 18000 HET -160,25 143209
Bl 4/44 BOC(6,1) * ’
H/I B1A BOC(14,2) 2,046 H/I H/I H/I H/I H/I H/I 32,736
Yeeu. 1 [ 20 [ 20 50 20 [50*11/15] BCH
1561,098 IiBaiI(’)ae' BlI BPSK() 2,046 | 2046 U ronacin - 500 2 Booriuis| asin | 7163 4,092
yp B1Q BPSK(2) 2,046 H/I >400 H/I H/1 H/1 -163
* -
Ksagpa- | B3I BPSK(10) | 1023 | 10230 L axmaz) 204)| 2030 20 porus BCH 163 20,46
B3 1268.52 TypHOE HET 500 2 500%11/15| (15,11)
’ B3Q BPSK(10) 1023 | wa | >160 H/1 H/1 /1 -163 20,46
H/1 B3A BOC(15,2.5) | 2,5575 H/I H/1 H/I H/I H/1 H/1 35,805
5) Yeeu. 1 [ 20 ] 20 50 20 |s50%11/15] BCH ]
B) 120714 IiBai%i- B2I BPSK(2) 2,046 | 2046 N o~ 200 —Teooriiisl (sl 163 4,092
P B2Q°) BPSK(10) 1023 | win | >160 B/ H/1 H/ -163 20,46
Kpazpa- | B2b_I BPSK(10) 1023 | 10230 1 F(I:;;?ié) HeT 1000 1 ~500 | LDPC | -160" | 2046
B2b® | 1207,14 | PP"° "oy @7 | BPSK(10) 1023 | 10230 1 H/ H/ /1 (nmeercs) 1600 | 2046
Keaxpa- |,0p pob 19| BPSK(10) 10,23 | 10230 1 Pac, Her 1000 1 | ~500 | LDPC | -160 20,46
TypHOE - Tl'ona(13)
B2a data | BPSK(10) 10,23 | 10230 1 Pacu. |, 5 5 200 5 ~100 | LDPC | -159" | 2046
6) Ksanpa- lonp(13)
B2a 17645 |00y Do
. . _ 1)
B2a pilot | BPSK(10) 1023 | 10230 U Jronain| 1| 100 | 100 HeT 159 20,46
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[Tpumeuanus k Tabauue 6.4:
! 3HaueHns MOLIHOCTH JaHBI s cpeaneopoutansHbix HKA (MEO). [Ings HKA Ha reocunxponHbsix opoutax (IGSO) momHocts Ha 2 1b Huke.

?) CHrHa Co CII0KHOM moyssiueir QMBOC(6, 1, 4/33), em. [8] .

3 [IIupuHa criekTpa ¢ y4eTOM CUTHaJIbHON KOMIOHEHTHI ¢ MoayJisanueit BOC(6,1).
 Tns reocrammonapubix HKA (GEO) oBepieifHbIi KO OTCYTCTBYeT, idpoBas HHpopMarus nepeaaercs B hopmate D2 ¢ K010BO# CKOPOCThIo 500
our/c. [lnsa cpeaneopouransabix (MEO) n reocunxponnsix (IGSO) HKA mudposas nnpopmanus nepegaercs B popmare D1 ¢ kogoBoii ckopoctsio 50

our/c.

5 . .
) Curnan usnyyancs Tonbko ¢ HKA Beidou-2 u ve nogaepxuBaetcs B Beidou-3.

% Kommnonents curnana Beidou B2 co cioxHOi moxayisinuein ACE-BOC.
7 Heodunuansnas nadopmanus no qaHasM [9].

¥ Curnan M3JIy4aeTcs ToNbKo ¢ reoctannoHapHsix HKA Bmecto curnanos B2b I/ B2b_Q. B UK]] 3ape3epBupoBana BO3MOXHOCTH Oy IyIIIETO BBEICHHS
KBaapaTypHoil komnoneHTsl PPP-B2b Q.

Ta6muna 6.5 — Curnanel peruonanbHoii CPHC IRNSS

. JlanpHOMEpHBIN KOJ Osgepaeiinblii koa | HaBuranmonHoe coobuieHue = = =
oo m < =
= < N o 4
S 2 = o = 2 2l L T ER|CAF
= = = < E =2 = 2 o 5| & O = | 5o R|x &C
o o - = 2] & Qo = = ~| O QO
g g o 52 | 3 = S do & = 8> 5| 2| =s8(82% I8 E|SEg|E==
= — T o = o = 2 55 2 T < 2 m |8 O = S| aX=5|°2 0o -
= = B o= o = 2 3 & = = = & = o 4| a8 &4 E A = e S| s B 3
S S = = £ E 5 S 23| & £ e |58 E| £ | 255|598 25/ E£E8882|EaE
= E o = 3 = S SS = (= e £ = 8| goledg FEo Sl ZEoxlas s
> = O p= = = () = = O | % &= Y S =R=
8 > < ST = | B EE x| 2 SIE%E=E ¢g|ESZ|EEF
o = 2= % 1€ 73|18 5
L5:1176,45 FEC | L5:-159
SPS S: 2492.028 S s BPSK(1) 1,023 1023 1 Tonn(10) HET 100 10 50 133.171)| S:-162.3 2,046
BripaBHu- L5 -156
RS L5: 1176.45 Bjiil;ﬂ Sy 4 BOC(5,2) 2,046 H/R H/1 H/R H/R H/11 S:-159.3 20,46
:2492,02 -
$:2492,028 s, | BOCG2) | 2046 | wa | wa | wha wn He Sters | 2046
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Tabmuna 6.6 — Curnansl peruonansnoit CPHC QZSS

R JlansHOMEpPHBIN KOI Osgepaeiinblii kox | HaBuranmonHnoe coobuieHmne % = |, =
< m =
= =~ o A
) ) ® o w a O | 4 ) T ERRE 8 o
= S < E o = | B o | ¥ =
g .| 88 |25 > |§4. & | 8 52l s ¢ <E|Eo8lzs| E|BEez|2es
z s =5 | ExZ 2 252 © . = |2 S| 2| E|E2S a8 28E|ggy
= b} E o E o Ef‘ e 2= < © = = = < o =i ﬁ = 8 5| o ﬁ = ol o 02|z
O =l 5 2 5 3 o 2 5Ql E = = |8 8 E S| 5o0|s S 8 So|lFg| o258
2, E o SES = s 25 = (=¥ g S| E o, S o|lE o s|lE S Sl D Qe =E|las >
2 > 2 O g S = 2 EEl g | 2| M¥S|ERESE S| §S5|EEF
Q Q
o = Z = 2 R -Rar- Al
C/A BPSK(1) 2,046
L1 1575,42 R BOC(L) 1,023 | 1023 1 |[Tonx(10) HeT 50 20 50 - -158,5 4002
BCH
casMi | L1CD BOC(1,1) 1,023 | 10230 10 Beiin HeT 100 10 ~50 |(51,8)/| -163 4,092
LIC | 157542 LDPC
29/33 BOC(1,1)
LICP + 1,023 | 10230 10 Beitn | 10 | 1800 | 18000 Her 15825 | 14,322
4/33 BOC(6,1) ?
LIS 1575,42 HeT LIS BPSK(1) 1,023 | 1023 1 |[Tonx(10) HeT 500 2 250 (153]551) -158,5 2,046
code 1 Veeu. 250 P-C +
2,5575 | 10230 4 HeT 4 2000 -158,7
L6l 1278,75 | Bpemennoe | (LOD) BPSK(5) KaC;M“ 29 (cums./c) CSK§ 10,23
cey.
code 2 2,5575 1048575 410 Kacaw (20) HET Her -158,7
code 1 Veeu. 250 P-C +
(L6D) 2,5575 | 10230 4 scanm (20) HeT cmmic)| 4 2000 | iram| -159.82
L62 1278,75 | Bpemennoe code 2 BPSK(5) . 250 PC 10,23
cey. =
(L6E) 2,5575 | 10230 4 lcacanm 20) HeT cmmic)| 2000 | pien| 159,82
L2CM 0,5115 | 10230 | 20 131?;;) HeT 50 20 25 (lg’fl(;l) -161,5
L2C 1227,6 Bpemennoe BPSK(1) Voou - 2,046
L2CL 0,5115 | 767250 | 1500 MO HeT Her -161,5
FEC
Ls 1176.45 Kaaspa- 15 BPSK(10) 10,23 | 10230 1 2xM(13)| 1 10 | 10 100 10 50 | 33.17m| ~157:0 2046
TypHoe Q5 BPSK(10) 10,23 | 10230 1 2xM(13) ]| 1 20 | 20 Her -157,0
[Ipumeuanus:

) HKA usnyuaer mi60 C/A mu6o C/B curaan, KoTopble OTIHUAITCS TOMBKO HammureM muppoBoit moauecymeii 8 C/B curuare.
2 Curaan co cnoxHoit Moaysiueit TMBOC (cum. mm. 4.3.2).

3 ¥ .
) KozoBBIit MOy IATOpP OJHMH pa3 B 4 MC IPUHHMAET GII0K U3 8 61T udPOBOIt HHPOPMALHMH U B 3aBUCHMOCTH OT 3HAYCHHUS ITHX OUT LUKITHIECKH

casuraet [ICII nanpHOMEpHOro K0J1a Ha 33JaHHYI0 BEIMUUHY.
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LDPC - Low-Density Parity-Check Code

MEO - Medium Earth Orbit

MOPS - Minimum Operational Performance Standard
MSAS - Multi-Functional Satellite Augmentation System
QPSK - Quadrature Phase-Shift Keying

QZSS - Quasi-Zenith Satellite System

SBAS - Satellite-Based Augmentation System
TOI - Time of Interval

TMBOC - Time-Multiplexed BOC

WAAS - Wide Area Augmentation System
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