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AHHOTALIUA

Y4yeOHO-MeToauuecKkoe  IocoOue
npeaHa3sHaYeHo JyIsl TperojaBareicei
u ciymareinen Kypca «CryTHUKOBas
HaBUTAIMS JJII HE3PSYUX», a TaKKe
JUIST BCEX HMHTEPECYIOMMXCS JTaHHOMN
TeMaTuko. B mocobum paccmarpu-
BAIOTCS TPHUHIUIIBI paOOThl CHYTHH-
KOBOW HaBUTAIIMW B 1I€JIOM M OCOOCH-
HOCTH €€ (PYHKIITMOHUPOBAHHUS HA CCH-
COPHBIX YCTPOMCTBaX, paccKa3bIBaeT-
Csl O CaMbIX PaclpOCTPaHEHHBIX HABU-
ralMOHHBIX CUCTEMAaX.

Jlannoe nocobue u opyeue Hauiu
MemooudecKue mamepuaibl 8bl Mo-
Jlceme  HaumMu Ha Hawem oopa-
308amMeNbHOM  caume Nno  CCblLIKe

http://ksrk-edu.ru/.




IpuHIMIBLI PA0OTHI
HABUTALIMOHHBIX CHCTEM

MHorue u3 Hac HNOJb3YHTCA CIYT-
HUKOBOW HaBuranuer. Ho 3amymbl-
BAJIUCh JIM BbI, KAK 3TO BCE YCTPOECHO
U C 4yero HaumHanoch? J/[aBaiiTe pazoe-
pemcs!

TomukoM K Havaldy OpPaKTHYECKUX
paboT B 00JacTH CITYTHHUKOBOM pajv-
OHABUTALIMHU MOCTYKWJT YCTICIIHBIN 3a-
nmyck B CCCP 1iepBOro ncKyCCTBEHHO-
ro CIyTHUKa 3eMJIM B OKTAOpe 1957
roja.

B xoHne 1960-x romoB ObLIM CO3-
JaHbl HHU3KOOPOMUTAJIbHBIE  CITYTHH-
KOBBIC pPAAWOHABUTAIIMOHHBIE CHCTE-
Mbl «I{ukana» (CCCP) u «TpaH3uT»
(CIIIA). YcnemHsId ONBIT UX AKCILTY-
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[TprHIMIIBI pabOTHI HABUTAI[MOHHBIX CUCTEM

aTanuu MOATBEPAUII IIEPCHEKTUBHOCTD
CIIYTHUKOBOW paJMOHABUTALIMA KaK
OCHOBHOW JIMHUU PAa3BUTHUSA PaAJIUOHA-
BUTAI[AU B LIEJIOM.

['HCC B TOM BHUJE, B KOTOPOM OHH
CYIIECTBYIOT U UCHOJIB3YIOTCA Cervac,
3apoaninch B Hadane 1970-x romos,
korma Coserckuii Coro3 u CIIA npak-
THUYECKH B OJHO BPEMSI HadaIu pas3pa-
OOTKYy IIOOIBHBIX HaBUTAIIMOHHBIX
crnyTHUKOBBIX cuctem [JIOHACC wun
GPS. B Hacrosiiee BpeMst Kaxaas U3
ATUX CUCTEM MMEET Ha OpOUTE MOITHO-
[IEHHYI0O OpOUTAJIbHYIO TPYIIUPOBKY
HABUTAIMOHHBIX KOCMHYECKUX alla-
paToB, KOTOpPbIE 0OECIIEUNBAIOT MPEI0-
CTaBJICHHE YCJIYT B IJI00AJIbHOM Mac-
mraoe.




[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

[Tomumo  cuctembr [JIOHACC
u GPS, paboTbel 1Mo pa3BEPTHIBAHUIO
I7100a7IbHBIX HABUTAIIMOHHBIX CITYyTHH-
KOBBIX CUCTEM OpoBOAAT Kurtanl — cu-
crema BEWJIOY, u ctpansl EBporneii-
ckoro corsa — cucrema 'TAJIMJIEO.
Snonus u MHaus pa3BopaynBaroT pe-
T'MOHAJIbHBIC HABUTAIIMOHHBIC CITyTHU-
KoBbIe cucTtemMbl QZSS u NavIC coot-
BETCTBEHHO.

COBpGMeHHBIG HAaBUTI'allUOHHBIC
CITYTHHKOBBIC CUCTCMBI COCTOAT
n3 TpéX OCHOBHBIX J2JICMCHTOB.

1. KocMuyecKHuii CerMeHT

KocMuyeckni CErMeHT, COCTOs-
U U3 HAaBUTAIIMOHHBIX CITYTHHUKOB,
pEeJCTaBIsSIET COOOM COBOKYIHOCTH
UCTOYHUKOB  PaJHOHABUTAIIMOHHBIX
CUTHAJIOB, TIEPEJAIOIIUX OJHOBPEMEH-
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[TprHIMIIBI pabOTHI HABUTAI[MOHHBIX CUCTEM

HO 3HAUYMUTENIbHBIM O0BEM CIIyKEOHOM
uHpopmanuu. OCHOBHbIE (HYHKIIMHU
Ka)KJIOTO CIyTHHUKA — (POpMUPOBAHHE
U U3JTy4YECHUE PAJIMOCUTHAJIOB, HEO0XO-
AUMBIX JIJIS HaBUTALIMOHHBIX OIpe/ie-
JeHUN noTpeduTesieil 1 KOHTPOJIs 00p-
TOBBIX CHUCTEM CITyTHHKA.

mp.sucouuxopsumx‘s &v -
M "“\ . HKAHA CPEHHX OPBHTAX
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[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

2. HazeMHBIN CerMeHT

B cocraB Ha3eMHOro CcerMeHTa
BXOJISIT KOCMOJPOM, KOMAaH]JIHO-U3MeE-
PUTEIIbHBIN KOMIIJIEKC U LIEHTP yIpaB-
nenusi. KocmonpoM o0ecrnieurnBaeT Bbl-
BOJ| CITyTHHUKOB Ha TpeOyeMble OPOUTHI
IIpU MEPBOHAYATILHOM Pa3BEPTHIBAHUH
HAaBUTAIIUOHHON CHCTEMBI, a TaKXe
NEPUOINYECKOE BOCHIOJIHEHHUE CITYyTHH-
KOB II0 M€pE€ MX BBIXOJIa U3 CTPOS WU
BBIpaOOTKU pecypca. [1aBHBIMU 00B-
EeKTaMH KOCMOIpPOMa SBJISIIOTCA TEX-
HUYECKasl TTO3UIIUS U CTApPTOBBIN KOM-
mekc. TexHudeckas mo3uius ooecrne-
YuBaeT NpPUEM, XpaHEHUE U COOPKY
paKeT-HOCUTEJIEH U CITyTHUKOB, UX HC-
NBITAHUS, 3allpaBKy M COCTBIKOBKY.
B 4ucno 3amay cTapTOBOIO KOMILJICK-
ca BXOJAT: JIOCTaBKa HOCHUTEJISI C Ha-
BUTAIITMOHHBIM CIYTHUKOM Ha CTapTO-

~8~



[TprHUIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

BYIO IUIOIIAJIKY, YCTAHOBKA HA ITyCKO-
BYIO CUCTEMY, IPEANOJETHBIC UCTIBITA-
HUS, 3aIllpaBKa HOCUTEIIS, HABEICHUE
U ITYCK.

KomaHHO-U3MEPUTENBHBIA  KOM-
IJIEKC CHYKUT I CHAOXXEHUS Ha-
BUTAIMOHHBIX CIIyTHUKOB  CITYyXe0-
HOM MH{(pOpMaIue, HEOOXOUMOMN ISl
MPOBEACHUS HABUTAIIMOHHBIX CEaH-
COB, & TAKXE JJISI KOHTPOJISI U YIIPaB-
JICHUS UMU KaK KOCMHUYECKHMH arla-
paramu.

IlenTp ympaBieHHUsA, CBA3AHHBIN
MH(POPMAIMOHHBIMUA M YIIPABJISIOIIH-
MU PATAOIMHUIMH C KOCMOAPOMOM
U KOMaHIHO-U3MEPUTEIBHBIM  KOM-
MJIEKCOM, KOOPAUMHHUPYET (DYHKIIMOHU-
POBAHUE BCEX DIIEMEHTOB CITYTHUKO-
BOM HaBUT'AallUOHHOM CHUCTEMBI.

~O~



[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

3. Iloap30BaTe ILCKHHA CErMEHT

B 110/1630BaTe€IbCKUK CETMEHT BXO-
IUT anmaparypa mnorpeoutesneit. OHa
[pEeAHA3HAYaeTCA Il TpUEMa CUTl-
HAJIOB OT HABUTAIIUOHHBIX CIyTHH-
KOB, M3MEPEHMUSI HaBUTAIIMOHHBIX TIa-
paMeTpoB M 0O0pPabOTKH H3MEPEHUH.
Jlns pellieHuss HAaBUTAIIMOHHBIX 3aja4
B anmaparype IOTpeOuTeNs Ipeayc-
MaTpUBAETCs  CIeUaTIU3UPOBAHHBIN
BCTPOCHHBIM KOMIbIOTEp. PazHo0Opa-
3U€ CYILECTBYIOIIEH ammaparypsl IMo-
TpeOuTenae obecrneunBaeT IOTPeO-
HOCTH Ha3e€MHbBIX, MOPCKHX, aBUAIlHU-
OHHBIX W KOCMHYECKHUX (B TIIpejenax
OJIM>KHETO KOCMOCa) MOTpeOuTeIeH.

Korga wmbl 3amyckaeM HaBUTralu-
OHHBIA TPUOOP, TO XOTUM KaK MOXKHO
CKOpE€ MOJYUYUTh PE3YIBTAT — TOYHOE

~10~



[TprHUIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

MECTONOJIOKEHUE. A BEIb Ompeene-
HUE TEKYIIMX KOOPIAWHAT JOCTATOYHO
CIOXHBIA TIportecc! [/laBanTe ke pas-
OepEéMcs, Kak BCE 3TO MPOUCXOIUT.

Camas nepBas 3a7a4a HaBUTAIMOH-
HOTO YCTpPOMCTBA — CBSI3aThCSl C Ha-
BUTAIlMOHHBIM CHYTHUKOM. Kak TOJIb-
KO CBSI3b OyJIET yCTaHOBJICHA, MPOUC-
XOOUT TMepejadya ajibMaHaxa, TO €CTh
uHpopMaluu 00 opOUTax CHYyTHUKOB,
HaXOJISIIUXCA B paMKaxX OJHOW HaBH-
ralfuOHHOM cUcTeMbl. CBSI3U C OJHHUM
TOJILKO CITYTHUKOM HEIOCTAaTOYHO IS
MOJY4YEHUS] TOYHOTO MECTOIOJIOXKE-
HUSI, TTOOTOMY OCTAaBIIHUECS CITYTHUKHU
NepelatoT HAaBUTaToOpy CBOU d(PeMeEpH-
Ibl, HEOOXOJUMBIC JJIsl ONPEACICHUS
OTKJIOHEHUM, KOA(PPUIIMEHTOB BO3MY-
IICHUS U JIPYTUX ITapaMeTPOB.

~]]~



[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

A, BoOOIe, HaBUTallUOHHOE CO-
OOIlIEHUE BKJIIOYAET B €0 MacCy WH-
(dbopManuu:

« Ddemepuanas uHboOpMaIus, He-
o0XonuMasi ISl BBIYMCIICHUS KO-
OpIMHAT CIIyTHUKA C JOCTATOYHOU
TOYHOCTBIO.

o IlorpemHocTs pacxoxaeHus 0op-
TOBOM IIKAJIbI BPEMEHU OTHOCH-
TEJIbHO CUCTEMHOM IIKAJbl BpEMeE-
HU U1 y4ETa CMEUIEHUS BPEMEHHU
KOCMHUYECKOIO arrmapara npyd Ha-
BUTALIMOHHBIX U3MEPEHUSIX.

* PacxoxJieHue Mexay IIKaJIou Bpe-
MEHU HABUTALIMOHHOW CHUCTEMBI U
HAIIMOHAJILHOM IIKAJIOW BPEMEHHU,
IUISL PELICHUS 3a1a4¥ CUHXPOHHU3a-
U1 TOTpEOUTENIEH.

o IIpu3HaKu NPUTOAHOCTU C UHPOP-
MallUEU O COCTOSAHUU CITYTHUKA

A I1 THUBHOTI HCK YCHUA
~]2~



[TprHUIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

CITYTHUKOB C BBISIBICHHBIMH OTKa-
3aMM W3 HABHUTALIMOHHOIO pellle-
HUSL.

AllbMaHax ¢ uH(opmaruen 00 op-
OMTaXx M COCTOSIHMM BCEX allla-
paToB B TPYHIIUPOBKE JUJISI JIOJITO-
CPOYHOI0 TI'pyOOro MporHo3a JBH-
KCHHUSI CIIyTHUKOB W IJIAHUPOBA-
HUS U3MEPEHU.

[TapaMmeTpbl MOJI€IM HOHOC)EPHI,
HEOOXOIMMBbIE OJIHOYACTOTHBIM
NpUEMHHUKAM JUJISI KOMIICHCAIlMH
MOTPEITHOCTE  HABUTAIIMOHHBIX
U3MEPEHUN, CBA3AHHBIX C 3aJIEPK-
KOW pacIrpOCTpAHEHUsA CUTHAJIOB B
noHocdepe.

[TapameTpbl BpallieHUs: 3eMIn A1l
TOYHOTO MepecyeTa KOOpAUHAT I10-
TpeOuTEIIsl B pa3HbIX CUCTEMAaX KO-
OpJUHAT.

~]3~



[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

[lonHbIM MaKeT MAaHHBIX IMEepena-
€TCA Ha YCTPOMCTBO OKOJIO 12 Mwm-
HyT. [lo3TOMY, €CiM HaBUTalIMOHHOE
YCTPOMCTBO  BKJIFOYAETCS  BIIEPBBIE
WIN TOCJE JUIMTENbHOIO MEPEPHIBA,
TO TMPUIECTCS MOMOXKAATh ITOJNYYCHHUS
HYy:XHOW uHpopmanuu. Hapuranmon-
HOE€ COOOIlIEHHE NepeaaéTCsl HE OHUM
MIaKETOM, a OTJICJIbHBIMU OJIOKaMH, YTO
MTO3BOJISIET COKPATUTh BPEMS OXHUIA-
HUS.

Bpems oxugaHusa, WA TaK Ha3bl-
BAEMOE BpEMs XOJIOJHOTO CTapra, 3a-
BUCUT OT PAa3JIMYHBIX ITOKA3aTEJIEeU —
KaueCTBa NMPUEMHMKA, COCTOSHUS aT-
Moc(dephl, ITIyMOB, KOJUYECTBA CHYT-
HUKOB B 30HE BUJIUMOCTH H T.]I.

Bo BpeMs X0i0qHOTO cTapTa HaBU-
TalMOHHBIN IPUEMHUK JTOJIKEH TIPOJIE-

~]4~



[TprHUIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

JIaTb CICAYIOLICC:

 HailTu COyTHUK ¥ yCTaHOBUTH
C HUM CBA3b.

e [lomyuuThs ambMaHax U COXPAHUTH
€ro B MaMSITH.

 ITonyuuts 3emepuibl OT CITyTHU-
Ka U COXPaHUTh UX.

* Hantu ewi€ Tpu CriyTHUKA U yCTa-
HOBUTb C HUMHU CBSI3b, IOJIYYUTH
OT HUX d(EeMEpPUIbI.

* BbIYuCIUTh KOOPAUHATHI.

JlaHHbIE 11 aJibMaHaxa JCUCTBU-
TelbHbl B TeueHue 30 aHel, ademe-
pung — B teueHue 30 muHyT. [losTo-
My, €CJIM HaBUTAIMOHHOE YCTPOU-
CTBO BBIKJIIOYAJIOCh Ha HEIMPOIO0J-
KUTEIIBHOE BPEMS, TO IPOUCXOIUT
TAaK HA3bIBAEMBIW TOPAYUU CTAPT —
B IAaMATH HABUTaTopa YyxXKE€ HMe-

~]5~



[IpMHIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

€TCA AaKTyaJIbHbIM HA JaHHbIM MO-
MEHT aJlbMaHaX H 3(peMepuabl, II0-
OTOMY TMOCJE YCTAHOBIIEHUSA CBSI3U
CO CITYTHUKOM BBIYMCJIEHUE MECTOIO-
JIOKEHUA TPOUCXOAUT MPAKTUYECKHU
MT'HOBEHHO.

CymecTtByer €me€ W TEIUIbIM
CTapT — B 3TOM CJIydyae ajbMaHax sB-
JSIeTCA  aKTyaJlbHbIM, a 3(eMepHu/ibl
HYKHO OOHOBUTb.

[IpousBoauTEN HMCIOIB3YIOT pa3-
JTUYHBIE METOJIbl yMEHBIIIEHUS (a3bl
MOMCKA CITyTHUKOB M TOJYYEHHS Ha-
BUTAIITMOHHBIX COOOIICHUH, HampuMep,
CKauyMBaHWE M COXpaHEHHE ajdbMaHaxa
1 3peMepu/i 1o OEeCIIPOBOAHBIM CETIM
nepenayd AaHHbIX (MeTtonm Assisted
GPS uau A-GPS), ato ObicTpee, yem
M3BJICUCHUE dTUX JIAHHBIX U3 CUTHAJIOB

~16~



[TprHUIMIIBI pabOTHI HABUTAI[MIOHHBIX CUCTEM

JIOO0AJILHBIX HABUI'alTMOHHBIX CIIYTHH-
KOBBIX CUCTCM.

[ToBBICUTL TOYHOCTH U JOCTOBEP-
HOCTb OIIPEACICHUSI MPOCTPAHCTBEH-
HBIX KOOPJMHAT, CKOPOCTH JIBMIKCHHUS
U BPEMEHHU MO3BOJSECT JIOMOIHUTEIIb-
Has uH(pOpMaIUs, KOTOPYIO HPeJo-
CTaBJISAIOT I10JIb30BaTENIl0  (DYHKIHO-
HanpHbIe gonosiHenus [T HCC.

B Hacrosiee Bpems pa3BUBaAKOT-
Csl MSATh IIMPOKO30HHBIX CUCTEM JU(-
depenuuansHol koppekiuu: CJIKM
(Poccusa), WAAS (CIIA), EGNOS
(EBpoma), GAGAN (Mumus), MSAS
(AmonHus).

~] 7~



GPS

GPS

Nnes co3ganus
CIIYTHUKOBOW  Ha-
BUTALIMOHHOM  CH-
CTEMBI 3apPOAUJIACH
emt€ B S0-€ rogpl mMpOIUIOTO CTOJIETHS.
AMepUKaHCKas TIpylla yYeHBIX, Ha-
OJromaromiasi 3a 3almyCKOM COBETCKMX
CITyTHUKOB, 3aME€TWJIA, YTO NIPHU IIPH-
OJMM)KEHUM CITyTHHKA 4acToTa CHUTHa-
Ja YBEJIWYMBACTCA W YMEHBIIACTCS
IIPU €ro OTJAJIECHUU. DTO ITO3BOJIUIIO
MTOHATH, YTO BO3MOYKHO H3MEPUTH I10-
JIOKEHUE M CKOPOCTh CITYyTHHKA, 3HAS
CBOM KOOpJMHATHI Ha 3emJe, U Hao0o-
poT. OTpOMHYIO POJIb B PA3BUTHUM Ha-
BUTAIIMOHHOM CHUCTEMBI ChIrpajl 3a-
IyCK CIIyTHHUKOB Ha HHU3KYK OKOJIO-
3EMHYIO0 OpPOUTY.

~18~



GPS

Hctopus CO3/IaHUSA Global
Positioning System (GPS) Beaér cBoé
Hadano ¢ 1973 r., korma YmopasiieHHue
COBMECTHBIX IMpOrpaMM, BXOJIAIIICE
B cocTaB l[eHTpa KOCMHUYECKUX M pa-
KeTHbIX ucciaenoBanun CIIA, momy-
quja0 ykKazaHue MwuHHCTEpCTBA 000-
ponbl CIIIA pa3paborarh, HCHBITATH
¥ Pa3BEpPHYTh HABUTAIMOHHYIO CHCTE-
My KOCMHYECKOro Oa3zupoBaHus. Pe-
3yJITAaTOM JAHHOW paldOThl CTajla CH-
cTeMa, TOJy4MBIIas TMEPBOHAYAIBHOE
HazBanue NAVSTAR (NAVigation
System with Time And Ranging),
M3 KOTOPOro MpPsIMO CJIEAOBAJIO, YTO
CUCTEMA MpeJHAa3HauYCHa [JI peIe-
HUS JBYX TJIaBHBIX 3ajJlad — HaBHUTa-
A, T.€. OINpPEJCIICHUsS MIHOBEHHO-
ro TIOJIOKEHHUSI M CKOPOCTH IOTPEOH-
TeJe, U CUHXPOHHU3AIUM IIKaJl Bpe-

~]9~



GPS

MeHU. [IOCKOJIbKY WHUIIMATOPOM CO3-
nannst GPS sBistimoce MUHHCTEPCTBO
o0oponsl CIIIA, TO B KaueCcTBE MEPBO-
OuepeaHbIX 3aJ1a4 IIPeTyCMaTPUBAIOCH
pellieHue 3ajad OOOpPOHBI M HAIHO-
HaJIbHOM Oe3omnacHocTtu. OTCroma eme
OJIHO paHHEE Ha3BaHUE CHUCTEMbl —
00OpOHUTEIbHAS CUCTEMA CHYTHHUKO-

Boi HaBurauuu (Defense Navigation
Satellite System — DNSS).

Pa3paboTka KOHLIENIMU TOCTPOE-
HUS U apxutekTypbl GPS 3aHsma npu-
MepHO 5 JieT, U yxke B 1974 rony dup-
Ma Rockwell nmomyunna 3aka3 Ha u3ro-
TOBJICHUE TIEPBBIX BOCBMH KOCMHYE-
ckux anmnaparoB Block I anst cozmanus
JEMOHCTPAIIMOHHON cucTteMbl. Ilep-
BbIi KOCMUYECKHN armapar ObLI 3aIy-
meH 22 deBpans 1978 ., u B TOM ke

~20~



GPS

rony Rockwell monmyumna koHTpakT
Ha CO3JaHUE €lIE YEThIPEX armnaparos.
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GPS

amnmapara B TpEX OpOUTAIbHBIX ILJIO-
ckocTsx BbeicoToM 20200 KM M HakIoO-
HeHrueMm 63°. K mMoMeHTy Hadana ce-
pUMHOTO mpom3BOACTBA B 1989 romy
KOCMHUYECKHUX alllaparoB MoauduKa-
nuu Block Il 6b110 ipuHATO penieHue
00 H3MEHEHMH I1apamMeTPOB OPOUTHI
GPS, B yacTHOCTH, HAKJIOHEHHE OBLIO
M3MEHEHO Ha 55°, a KOJIMYeCTBO OpOu-
TaJIbHBIX TNIOCKOCTEH YBEIMYEHO 10 6.

Tak kak cucrema GPS co3gaBa-
Jach JUJISl IPUMEHEHUSI B BOCHHBIX I1€-
nsx, 70 10 2000 roma WCKYyCCTBEHHBIE
OTpaHUYCHUS Ha OINPEACICHUE MECTO-
MTOJIOKEHHUST CYIIECTBEHHO CJEp>KHBa-
JIU €€ BO3MOXHOCTH HCHOJB30BaHUS
B IPAXJIAHCKHUX LIEISX.

[lociie  OTMEHBI  OTpPaHUYEHUU
HAa TOYHOCTh OMNPEICIICHUS KOOPAUHAT

~D D~



GPS

omuoOka cHu3wiack co 100 go 20 m
(B mocnennux nokoneHusix GPS-npu-
€MHUKOB IIpU MACAIBHBIX YCIOBUIX
ommOKa He mpeBbimaeT 2 M). Takwue
YCJIOBUSI O3BOJIMJIM UCITOIb30BATh CH-
CTEMY JJIsl LIMPOKOTO Kpyra oOIux
U CIEIUATbHBIX 3a]1a4:

[IITaTHass opOuWTadbHasT TPyIIIH-
poBka GPS cocroutr wn3 32 OCHOB-
HBIX KOCMHYECKHX aIlapaToB, pacIio-
JO)KEHHBIX Ha IIECTH KPYTOBBIX Op-
onrax, o0003HAYaeMBLIX JATHHCKHUMU
oykBamu oT A 10 F. JIomoJHUTEIBHO
Ha HEKOTOPBIX OpOMTAX MOXKET HaXO-
OUTHCS OJWH WJIW JBa PE3E€PBHBIX all-
napara, npeJaHa3Ha4YeHHBIX JIJII COXpa-
HEHMSI TTapaMETPOB CUCTEMBI IIPU BbI-
X0JI€ U3 CTpPOss OCHOBHBIX. Hakione-
HUE OpOUTAJIBHBIX IIJIOCKOCTEM 55°,
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GPS

JIOJTOTBl BOCXOJSIIAX Y3JIOB Pa3iiu-
yarorcs Ha 60°. Beicote opout 20 200
KM COOTBETCTBYET IEPHUO]I OOpaICHUS
11 4 58 MuH, T. €. OpOUTHI KOCMUYE-
ckux amnmaparoB GPS sBnstorca cun-
XPOHHBIMHU. B HACTOAINKA MOMEHT UC-
nmoJib3yercss 30 KOCMHUYECKUX arrmapa-
TOB.
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[TTIOHACC

IJIOHACC

BriepBrie Ipe-
JOKEHUE MO HCHOJb-
30BAHHI0  CITYTHUKOB
JUIS. HaBUTallud OBLIO CJEeJIaHO Mpod.
B.C. IlleOmaeBuuem B 1957 1. Dra
BO3MOXKHOCTh ObLJIa OTKpbITA UM MpPHU
WCCJICIOBAHUN TIPUJIOKECHUN paJiioa-
CTPOHOMHYECKHUX METOHOB B CaMoJie-
ToBOXJAeHUU. llocime 3toro B 1menom
psAic COBETCKUX HWHCTUTYTOB OBLIU
MPOBEJICHBI  MCCICA0BAHMUS, ITOCBS-
IEHHBIE BOMPOCAM ITOBBIIICHUST TOY-
HOCTH HABUTAIMOHHBIX OINPEACIICHUM,
obecrniedeHus: TII00aIbHOCTH, KPYIJIO-
CyTOYHOIO INPUMEHEHHUS M HE3aBUCH-
MOCTH OT IIOTOJHBIX YCJIOBUW. JlaH-
HbIE€ UCCIIEA0BaHUs ObLIM MCIIOJb30Ba-
Hbl B 1963 I. 1Ipu ONBITHO-KOHCTPYK-
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ITTOHACC

TOPCKUX padoTax HaJ IEepBOM OTeye-
CTBEHHOW HH3KOOPOWUTAIBLHOM CHCTE-
mou «Iukaga». B 1967 r. ObL1 BBIBE-
JI€H Ha OpOUTY MNEPBBIM HABUTAI[MOH-
HbI OTEYECTBEHHBbIM CHYTHUK «Koc-
MOC-192».

Cucrema «llukana» Oblia clana
B OJKCIUIYaTalUI0 B COCTABE YETBHIPEX
cryTHUKOB B 1979 1. HaBuranmonusie
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[TTIOHACC

CIIyTHUKH OBLJIM BBIBEJICHBI Ha KPYIo-
Bble opOuThl BeicoToM 1000 KM ¢ Ha-
KJIOHEHHEM 83° W PAaBHOMEPHBIM pac-
npeJe/icHueM  IUIOCKOCTEH  OpOUT
BIOJIb 3KkBaropa. Cucrema «llukamgay»
MO3BOJISIJIa MOTPEOUTENI0O B CPEIHEM
yepe3 Kaxaple 1.5-2 wyaca BXOAUTH
B PAJAUOKOHTAKT C OJHUM W3 CIyTHH-
KOB U OMNPEACIISITh IIAHOBBIE KOOPIU-
HAaTbl CBOETO MECTA MPHU MPOJIOJIKU-
TEJILHOCTH HABUTAIIMOHHOIO CE€aHCa
10 5-6 MmuH. HaBurannonnasi cucrema
«Ilukama» wucnonap3oBana 0Oe33arpo-
CHbIE W3MEPEHUS JTAIBHOCTH OT TIO-
TpeOUTENd 0 HABUTALIMOHHBIX CITYT-
HUKOB. Hapsny ¢ COBEpIICHCTBOBAHU-
€M OOpPTOBBIX CUCTEM CITYTHHUKA U KO-
pabenbHON HAaBUTAIIMOHHOM arapary-
pblI, CepbE3HOE BHUMAaHUE OBLIO YIE-
JICHO BOIPOCAM TIOBBIIIEHUS TOYHO-
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ITTOHACC

CTHU OIPEICICHUSA U TPOTHO3UPOBAHUS
napaMeTpoB OpPOUT HABUTAIMOHHBIX
CITyTHHUKOB.

B nanpHEnIeM CriyTHUKYA CUCTEMBI
«I{ukana» ObUIH JOOOOPYNOBAHBI IPH-
EMHOU H3MEPUTEIBbHOU armaparypou
OOHApyKEHHUs TEpIAIINX OCICTBUE
O00BEKTOB, OCHAIIEHHBIX CIICI[UAJIbHBI-
MU paaunoOysamu. Mx curHaigbl NpuHU-
MAJIMCh CITyTHUKaMM cucteMbl «lluka-
7a» U PETPAHCIUPOBATIACH HA CIICIU-
aJbHBIC HA3€MHBIC CTaHIIUM, TAE MPO-
W3BOJWIOCHh BBIYHMCIICHUE TOYHBIX KO-
OpJINHAT aBAPUMHBIX 00BEKTOB (CY/OB,
CaMoJIETOB U Jp.). JlooCcHaIIEHHBIE an-
naparypord OOHapyKEHHSI TEPIISIIIUX
OenctBue crnyTHuUkU «l{ukama» BXxo-
nan B cucrtemy «Kocmacy», xoropas
COBMECTHO C aMEpHuKaHO-(ppaHKO-Ka-
HaJickoil cuctemon «Capcar» obpa3y-
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[TTIOHACC

€T €AUHYIO0 CIYyXKOy IOMCKa M cIrace-
Hus «Kocnac-Capcar», Ha CHETy KOTO-
POM YK€ HECKOJIBKO THICAY CHACEHHBIX
xkn3Hen. Co3maBanack «llukaga» (1 eé
moaepHu3anus «lukaga-M») 1 Ha-
BUTAlIMIOHHOTO 00ECIIEUEHUsI BOCHHBIX
noTpeOuTeNIel M AKCILUTyaTUpOBaiach
¢ 1976 rona. ITocne 2008 roma morpe-
outenu cuctemnl «llukamga» u «lluka-
na-M»» ObLIM IIepeBeJCHbBl Ha O0O0CIY-
xnBanue [JIOHACC, u skcruryaranus
ATUX CUCTEM ObliIa mpekpalieHa. Bbl-
MOJIHUTh TPEOOBaHUS OOJIBIIIOTO YMC-
Ja TOTpeouTesiell  HU3KOOpOUTATIb-
HBIE CUCTEMBI B CHJIy MPHUHIIMIIOB, 3a-
JIOKEHHBIX B OCHOBY MX IOCTPOCHHS,
HE MOTJIH.

JIETHBIE HCHBITAHUSI BBICOKOOPOU-
TaJIbHON OTE€YECTBEHHOW HaBUTAIIUOH-
HOU CUCTEMBI, MOJIYYUBIIEH HA3BAHUE
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ITTOHACC

I[JIOHACC (rmobOanbHass HaBUTalu-
OHHAasl CIyTHUKOBAasl CUCTEMA), OBbLIM
Ha4yaTel B OKTs0pe 1982 r. 3amyckom
cnytHuka «Kocmoc-1413». Cucrema
['JIOHACC Obl1a mpuHSTa B ONBITHYIO
skcruryaramuio B 1993 . B 1995
pa3BEPHyTa OpOUTAIbHAS T'PYIIIMPOB-
Ka MOJHOIO cOoCTaBa (24 KOCMHUYECKUX
amnraparoB «IJToHAcC» MEPBOTO MOKO-
JICHWS) ¥ HayaTa IITaTHAs 3KCIUTyaTa-
IIASI CUCTEMBI. BOJIbIIIUM HEIOCTaTKOM
ObUIO TIPAKTUYECKU TIOJHOE OTCYT-
CTBUE TPAXKIAHCKOW HABUTALIMOHHOM
amnraparypbsl 1 COOTBETCTBEHHO TPaX-
TAHCKUX OTPEOUTEIEH CUCTEMBI.

OpHako nmanee opOUTanbHAs TPyM-
mupoBka [JIOHACC, kak u cucrema
B 1I€JIOM, B CBSI3U C YKOHOMHWYECKHUMU
npooiaemaMu B 90-€ rogbl JOCTATOYHO
osicTpo aerpaaupoBana. K 2002 roay
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[TTIOHACC

opOWTalibHAsl TPYHIIUPOBKA CHUCTE-
Mbl [JIOHACC HacuuThIBaJIa TOJIb-
KO 7 KOCMHAYECKHUX amIaparoB, YTO HE
MOIJIO OO€CIIEUHUTh TEPPUTOpHIO Poc-
CMM HABUTAIIMOHHBIMU CUTHAJIAMU CH-
ctembl [ JIOHACC xoTs ObI ¢ yMepeH-
HOW HOCTYMHOCTbIO. TOYHOCTHBIE Xa-
PAKTEPUCTUKHU yCTynaau 0ojee 4eM Ha
nopsaok cucreme GPS, Cpok akTUBHO-
ro CYIIECTBOBAHUS KOCMHYECKOTO arl-
nmapara coctaisii 3 — 4 roja.

Curtyauuio C Jerpajaluel Cu-
crembl [JIOHACC ynanocs mepeno-
MUThH 3a CYET pa3pabOTKU U OTKPHI-
tus B 2002 roay denepaibHON Iee-
BOW MpOrpaMMbl, Oyiarogaps KOTOpOM
[JIOHACC B0300HOBHWJI TOJHOILICH-
Hyt0 padoty B 2010 rony.

~3]~



ITTOHACC

B nHacrosmee BpeMs uIratHas op-
outanbHas rpynnupoBka [JIOHACC
COCTOUT W3 24 CIIYTHMKOB, HaXOIs-
IAXCS HA CPEAHEBBICOTHBIX OKOJIO-
KPYrOBBIX OpOMTaXx C HOMMHAJIbHBI-
MU 3Ha4YCHUSIMHU BBICOTHI — 19100 kM,
HAKJIOHEHUsI — 64,8° m 1mepuoga —
11 gacoB 15 munyrt 44 cexynapl. 3Ha-
YECHUE TMEPUOJIAa MO3BOJWIO CO3/IaTh
YCTOMYHUBYIO OpPOUTAJIBHYIO CHCTEMY,
HE TpeOyIoIyl0, B OTJIMYKME OT OpOUT
GPS, nmg cBoero moajaep:kaHus Kop-
PEKTUPYIOIMMNX HUMIYJIbCOB MPAKTHUYE-
CKHM B T€UYCHHE BCEr0 CPOKA aKTUBHO-
ro CyliecTBoBaHus. HoMuHaIbHOE Ha-
KJIOHEHHUE 00ECIEYMBAET CTOIPOIICHT-
HYIO JOCTYITHOCTh HABUTAIIUU HA TEP-
putopun PO naxe npu yCiIlOBUU BbI-
X07a U3 OpOUTAJIbHOW TI'pyNIHUPOBKU
HECKOJIBKUX KOCMHUYECKHX aIlaparos.
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T'AJIMJIEO

T'AJIMJIEO

I'mobOansrHag Ha-
BUrallMOHHAsI CHYT- *
HHUKOBas CUCTEMA G ALl LEO
I'AJIMJIEO  co3na-
¢rcst EBponelickuM COr30M JIsl 00e-
CIICUCHHUSI HE3aBUCHUMOCTH CTpaH 4Jie-
HOB B chepe KOOpJAUHATHO-BPEMEHHO-
'O U HaBUTAIIMOHHOT'O 00€ECIICUEHHS.

EBponerckas mporpamMmma I0 CO3-
JAHUIO0 [IOOAJIBHOW HAaBUTAIMOHHOMN
cinyTHUKoBOM cucteMbl (I'HCC) odu-
[[MaIbHO ObLIa yTBepkAeHa B 1994 1.,
xorna EBponeilickuii coBeT moTpedo-
BaJl OT EBpPONEUCKON KOMUCCUU TIPE-
OPUHATH IIard MO Pa3BUTHUIO MHPOP-
MAIMOHHBIX TEXHOJIOTHH, BKJIIOYAS
M CIOyTHUKOBYHO HaBUTanuio. beuio
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T'AJIMJIEO

IPUHATO PEIICHUE Pa3BUBATH JBA Ha-
npasiieHus. [lepBoe U3 HUX — co3aa-
HHUE€ CHUCTeM (YHKIHUOHAJIBHBIX J0-
nomHeHur  cymectByromux [THCC
GPS u IJIOHACC. 3Ota nporpam-
Ma TOJlydwsia Ha3BaHue European
Geostationary  Navigation Overlay
Service (EGNOS). Btopoe Hampas-
JICHHE 3aKJII0YaloCh B CO3/IaHUU COO-
creenHon IT'HCC, mnpenna3znayen-
HOU Ui TPAXIAHCKOTO NPHUMEHEHHUS
U TOCTPOCHHOM HAa IPUHIMIIAX TIO-
CyAapCTBEHHO-YACTHOTO [IapTHEP-
ctea. B 1999 r. eBponenckuii mpo-
exT 1o cozganuto ' HCC momyuwmi yc-
noBHo¢e Ha3zBanue ['AJIMJIEO B 4decThb
UTAJILSIHCKOTO  acTpoHoMa [ amuieo
["anunes.

OKCIEPUMEHTAIBHBIE  CITYTHUKH
GIOVE-A u GIOVE-B Obumn 3amy-
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T'AJIMJIEO

IeHbl Ha opoutTy 28 nexadbps 2005 r.
n 27 anpena 2008 1. COOTBETCTBEHHO.
OcnoBHas 3amada GIOVE-A cocrosuia
B OIICHKE TOYHOCTHBIX XapaKTEPUCTUK
HABUTAIIMOHHBIX pPagrOCUTHAIOB TA-
JIMJIEO BO BCE€X YaCTOTHBIX AUANA30-
Hax, a GIOVE-B — B TectupoBannu
HABUTALIMOHHOM MOJIE3HOW HArPy3KH.
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T'AJIMJIEO

JIBa mEpBBIX HABHUTAIIMOHHBIX KOC-
MHUYECKHX ammnapara ObUIM 3ammyIlCHbI
20 oxts10pst 2011 ¢ moMoIIpI0 paKeThl
«Coro3-CTbh» ¢ kocmoapoma B Kypy.

OpOuranbHoe TmnocTpoeHue [A-
JIMJIEO mnpenamomaraer, 4ro Ha Op-
oute Oyner 30 KOCMHUYECKHUX arnapa-
TOB Ha TPEX KPYroBbIX OpOUTAX BHICO-
Tol 23222 KM, IEpUOJIOM OOpaIieHUs
14 4, maknonennem 56°. Ilo meneBo-
MY HA3HAYCHUIO MCIIOJB3YIOTCA 24 ar-
napara, 1mo 2 B KaxJ0ul OopOUTaIbHOMN
IIJIOCKOCTU  SIBJISIIOTCSL  PE€3€PBHBIMU.
Takass xoHdurypauuss TpynnupoOBKU
ObLiIa BbIOpaHa, MCXO/AS U3 rapaHTUPO-
BAaHHOI'O O0OecIeYeHUsT TPeOOBaAHUM 10
TOYHOCTH M JOCTYIMHOCTH HPU MHHU-
MaJIbHBIX 3aTpaTrax Ha KOPPEKIHIO Op-
OUTHI 32 BpEeMs CYIIIECTBOBAHUS KOC-
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T'AJIMJIEO

MMYECKOr0 amrmapara. B Hacrodmmu
MOMEHT TPYIIIUPOBKA COCTOUT M3 26
CITYyTHUKOB, UCTIOIB3YIOTCS 2 1.
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BEIDOU

Beidou

Beidou (BRUJIOY) —
KUTAlCKasl HaBUTallU-
OHHas cucrteMa B mepe-
Bosie Beidou — Ceepnaiii KoBiil, 310
KHWTaMCcKoe Ha3BaHUE co3Be3aus boib-
ot Mensenuiibl.

Nnes co3manusi KUTAUCKOU Ha-
[IMOHAJILHOW PETHMOHAJIbHOM HaBUTa-
[IUOHHOM CHCTEMBbI ObLIa MpeIoXKe-
Ha B 1983 rogy. Konuenmus CUCTeMBHlI,
HCIIOJB3YIOIIEH JiBa T€OCTaIMOHap-
HBIX KOCMMYECKHMX armapara (pado-
yee Ha3BaHUE cUcTeMbl Twinsat), mpo-
jia JKCIEPUMEHTAIBHYIO IIPOBEPKY
B 1989 1. DkcniepuMEHT ITPOBOAMIICS
Ha 0a3e JIBYX CBSI3HBIX KOCMHYECKHX
anmaparoB DFH-2/2A, y»e HaxoauB-
IIKMXCS Ha opOuTe.
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BEIDOU

[lepBblli 3Tamm CoO31aHUA CHUCTE-
Mbl Beidou Ob11 Havat B 1994 rony.
B 2000 roay ObLIO 3aIylieHo JiBa re-
OCTaIlMOHAPHBIX CIyTHHUKA: KOCMHUYE-
ckuii anmapat (KA) Beidou-1A (30 oxk-
T0ps1 2000) u Beidou-1B (20 nekabps
2000). 15 pexadbpss 2003 kuralickas
cucremMa Beidou mnepBoro mokoyieHUs
ObUIa cllaHa B KCILTyaTalluio. 3amyckK
TPETHEr0 T'eOCTAIMOHAPHOTO CIYTHHU-
ka Beidou-1C B 2003 romy ymaydiui
IKCIUTyaTallMOHHbIE  XapaKTePUCTHUKHU
CUCTEMBI.

Pazeutne cuctemnl Beidou BTO-
poro mnokojieHus, Beidou-2, Hadanock
B 2004 rony. K xonuy 2012 roaa Ob110
3anymeHo eme 14 cnyTHukoB (S5 reo-
CTAallMOHAPHBIX CITYTHUKOB, S5 CITyT-
HUKOB Ha HAKJIOHHOM TE€OCHHXPOH-
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oute U 4 cnyTHUKa Ha Cpei-

HUX OpOMTax), 4YTO IO3BOJUIIO 3aBEp-

HOM Op

IIUTh Pa3BEPTHIBAHWE OPOUTAIBLHOMN
rpynnupoBku. Beidou-2 Oblia paspa-

O0oTaHa MO MPHUHIUITY COBMECTUMOCTH
¢ Beidou-1, ¢ npumMeHeHHEM CXEMBI

ITAaCCUBHOI'O IIO3MIIHNOHHUPOBAHUA, YTO

BEIDOU
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BEIDOU

MO3BOJISIIO €M 00ecCIeunBaTh IMOJIb30-
BaTejie B cTpaHax A3HMAaTCKO-THUXOO-
KEaHCKOTO pPErroHa YCIyraMu OIlpe-
JICJICHUST MECTOIOJI0KEHUS, CKOPOCTH,
BPEMEHH, IITUPOKOJANANIA30HHBIX JIH (-
(epeHIuaIbHBIX MOMPABOK M OTIIPAB-
KM KOPOTKHX COOOIIICHUH.

Tperun 3Tan — 3TO CO3/1AHUE CU-
CTEMbI TpEeThero nmokoiaeHus: Beidou-3,
Hadar B 2009 romy. OCHOBHOM LEIIBIO
ABJIAECTCA  NPEIOCTABICHUE OCHOB-
HBIX YCIYT JJIsI [OJIb30BATENIEH, Ha-
XOIAIIUXCA HAa TEPPUTOPUM U AKBATO-
pun oboux IlIénkoBeIx myTen (Cyxo-
IIYTHOTO W BOJHOIO), & TAKXKE COCEI-
HUX PETMOHOB, U 3aBEPIICHUE PA3BEP-
TBIBaHUSI OPOWTAIBLHOM TI'PyNITHUPOBKU
13 35 KOCMUYECKHX armaparoB, MPeE-
HAa3HAYECHHOW JIsi OOECIEUYEHMS IJIO-
OaJbHBIX YCIIYT MOJb30BATEIICH.
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BEIDOU

Ha maHHBIM MOMEHT KOCMUYECKUU
cermeHT Beidou mnpeacrasisier coOoi
OpOUTAIBbHYIO TPYHIIUPOBKY CMEIIaH-
HOTO THIIA, COCTOSAIYI0 N3 30 KOCMU-
YEeCKHUX ammaparoB Ha opOuTax 3 TH-
noB (CpenHsisi KpyroBasi opOurta, reo-
CTallMOHapHasi OpOMTa, I€OCHHXPOH-
Hasi HaKJIOHHAas BbICOKasi OpOUTa).
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QZSS

QZSS

SlnoHckas  KBa-
3U3CHUTHAS  CHYT-
HUKOBasg  CHCTEMa
QZSS (Quazi-Zenith
Satellite System (QZSS) — »t1o0 peru-
OHaJIbHAsl HABUTAIlMOHHASl CIyTHHUKO-
Basi CUCTE€Ma, IIpelHa3HA4YCHHAas ISl
0O0CITy’)KMBaHUs MOTpeoOuTeneid B A3u-
aTCKO-TUXOOKEAHCKOM PETUOHE.

PaGoTbl o co3manuio QZSS Haua-
muck B 2003 1. ¢ pa3pabOTKH KOHIIEII-
uu, 3arem B riepuoa 2004 — 2005 rr.
OBLIO BBIMIOJHEHO ITPOCKTUPOBAHHE
U TEXHUKO-PKOHOMHYECKOE O00O0CHO-
BaHue mpoekTa. Pa3paborka paboueit
JOKYMEHTAIIUM Ha COCTaBHBIC YacTHU
QZSS nauvanace B 2006 ., a K UX HU3-
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QZSS

TOTOBJICHUIO SITOHCKUE CHEIHUAIACTHI
npuctynuiau B 2008 1.

[lepBbli  KOCMUYECKMK  ara-
par Michibiki Obu1 ycmemHo 3arry-
IIIEH Ha OKOJIO3EMHYIO0 OpOMUTY B CEH-
Ts10pe 2010 1. YcnemHoe 3aBepiieHue
JNETHBIX HCHBITAHUNA IO3BOJIMIIO BBE-
cti QZSS B ONBITHYIO 3KCILUTyaTaIIHIO
B utoHe 2011 .

Cucrema QZSS mpenmnonaraer
IPYIIIUPOBKY U3 4 KOCMAYECKUX allma-
paroB, 3 W3 KOTOPBIX HA KBA3U3ECHUT-
HbIX opOuTax (HakjioHeHue 43° + 4°
K DJKBaTopy) B TpEX OpOUTAIBHBIX
mockocTax. [Ipu aToM opOuTaNbHBIE
INIOCKOCTH paszHeceHbl Ha 120°. Ta-
KUM 00pa3oM, KaKIbld KOCMHYECKHUI
armapar HaxOIOWUTCS HAJ TEPPUTOPHU-
e ‘roHuM B TE€YeHUE 8 4acCOB Kax-
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QZSS

aple CyTKH (Yyrojl MecTa COCTaBJISIET
MuUHEMYM 60°). 1 ammapar pa3MelieH
Ha reocTalmoHapHOM opbOute. B mpo-
€KT CO3JaHUsI CUCTEMbBI TAKKE 3aJI0XKE-
Ha BO3MOXHOCTH IMOCJIEIYIOIIETO pac-
[IUPEHUS] TPYNIUAPOBKU 1O 7/ KOCMHU-
YECKUX aIrnaparos.
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NavIC

NavlC

OmHa u3 cambIx
«MOJIOJTBIX ) CH- i
CTeM — HHIUNCKas %’ﬂ'ﬁ 1ISro
HAaBUTAIIMOHHASL CHU-
crema NavIC.

B mae 2006 . Unmus yrBepau-
J1a TIporpaMMy CO3JIaHUsI CUCTEMBI pe-
TMOHAJIILHOM HABUTAllMOHHOW CIYT-
HukoBoM cuctembl (Indian Regional
Navigation Satellite System —
IRNSS), koTopas 101KHA 00ECIICUUTh
aBTOHOMHOE HaBUTAlIMOHHO-BPEMEH-
HOe oOecneueHne Ha MHauiickoM 110-
JIyOCTPOBE.

[lepBpli KOCMHYECKHUM ammapar
IRNSS-1a 3anymen 8 uromga 2013 r
dopmupoBaHUE INTATHOM OPOUTANB-
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NavIC

HOW TPYHIIMPOBKU M3 7 KOCMHYECKUX
armaparoB 3akoH4eHO B 2016 romy.
B tom xe 2016 rogy cucrema nonyqu-
na HoBo€ Ha3BaHue — NavIC.

Kondurypanus OpOUTAJIbHOMN
rpynnupoBku NavIC 1mo3BossieT ocy-
IIECTBIIATh KOOPIMHATHO-BPEMEH-
HO€ M HABUTAIMOHHOE OOCITYyKHWBaHHE
30HBI B nipeaenax 40° B.oq. — 125° B. .
u 40° ro.m. — 40° c.m. Takum obOpa-
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NavIC

30M, 30HA TMOKPBITUS CHUCTEMBI OXBa-
THIBAE€T BCIKO MATEPUKOBYIO 4acTh H-
I W TEPPUTOPHUIO, MPOCTUPAIOIIY-
toca Ha 1 500 xm 3a €€ mpenenamu,
B TOM 4HCJE OOJbINYI0 4acTh Oacceii-
Ha IHOnMCKOro okeaxa.
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HaBuraumoHHbI NPUEMHUK
B COBPEMEHHOM YCTPOICTBE

[lo omemkam ®Ha 2021 rToO&I
u3 6,5 MIpA HABUTAIMOHHBIX MPH-
EMHUKOB, KOTOPBIMHM TIOJIB3YETCS Ye-
JIOBEYECTBO, OKOJIO 6 MIIPJI HAXOMSAT-
csi B cMapT(doOHaXx, MIaHIIETaX, YMHBIX
yacax M MOAOOHBIX yCTpolcTBax. Ta-
KO€ KOJWYECTBCHHOE PACIIPEIICIICHUE,
HECMOTPST Ha HU3KYI0 CTOUMOCTh MPH-
EMHHUKOB 3TOTO THIIA, IPUBOIUT K CO-
OTBETCTBYIOIIUM (DMHAHCOBBIM  IIO-
kazarensiM. Emé negaBHo okoito 40%
BBIPYYKH OT TPOJaXK HABUTAIMOHHBIX
NPUEMHUKOB MPUXOAUIOCH HA KOMIIa-
Huu Qualcomm u Broadcom, crienma-
JTV3UAPYIOMINXCS HA MUKpPOCXEMax s
MOOWJIBHBIX YCTPOWCTB.
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Ecnyi eme€ HECKOJBbKO JIET Hazal
npuém ['HCC-curHamoB  ocCymiect-
BJISJICS OTIACIBHBIM YHIIOM, TO CEHi-
yac MPOMU3BOAUTEIN IONIUIM MO MyTH
oObeIMHECHUA (PYHKIIMA B  CHCTE-
max-Ha-kpuctaiuie  (CHK,  anm
System-on-Chip). Takue MuHKpocxe-
MBI 3aMEHSIOT MOJIYJIM Pa3IMIHOIO Ha-
3HAQUECHHUsS: MPOIIECCOPHl CUTHAIBHOMN
00pabOTKH, MNPUEMHUKH, BHACO aK-
ceJIepaTophl, MPOILECCOPhl MPUITOKE-
HUM U T.I. Jlugepamu 1o OpOU3BOI-
CTBY CHCTEM-Ha-KpUCTaJI€ SIBJISIOT-
cs Takue KoMmaHuHu Kak Apple (cepus
A), Qualcomm (cepusi Snapdragon),
Broadcom, MediaTek (cepust Helio),
Samsung (cepus Exynos), Huawei
(cepus Kirin).
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