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Baenenne. Kparkniit ucropuueckuii axekype

Jhiomsim Beerna HeoOXOUMO OBLIO NYTEUIECTBOBATE MO MHPY — HAXOAUTE €1y, HCCIe0BaTh
H 3aBOCBBIBATHL HOBBIE 3eMAH, TOprosars. Jlns Toro urobel noGparses Ao tpebyemoro
MYHKTA 4 BEPHYThCS Hazal B 6€301acHOCTH, TpebOBANIOCH yMenoe NPUMEHEHYe 3HaHUT ans
OTIPEAENECHHS TEKYHIEr0 MECTONO/I0KEHHS W HATPABICHHsA, B KOTOPOM HYXHO JABHIATHCS.
Panbiue mTypMaHbl PYKOBOICTBOBANIMCL OPHEHTHpPaMH Ha MECTHOCTH, 3BE3IaMH WM
nonoxenvieM CosHua B TMOMJEHb, HO HAa HE3HAkoMOH TEPPHTOPHH W NPH CHIBHOM
001a4HOCTH JOCTATOYHO TpyaHe OBLIO ONPEAEAUTh, B KAKOM HAIMpaBiCHHH HeoOXOIHUMO
asurarsed. C pasBHTHEM MOPEXOICTBA M PAaCHIMPEHHEM FPAHMIL HCCISNOBAHHOIO MHpa
HOABHIIKCH HOBbie IIPHOOPHI KOMIIAC, CEKCTAHT, XPOHOMETD, KOTODBIC NMOMOFaNH PelIaTh
ATy HEApOCTYW 337a4y MYTELIECTBEHHMKAM H SABISMHCh €JIMHCTBEHHBIM CPEACTBOM
OTIPEACTICHUA TEKYIIUX KOOPAHHAT M HANPABICHHA NBWKECHHMA BILIOTE A0 CEpeliiHhi XX
BEKa.

Dpa pagHo OTKpPHIIa HOBbIE BOIMOMKHOCTH NEPE HenoBedecTBOM. BuUi coznams
PANMOHABHTAIMOHHbLIE CHCTEMBl 3eMHOTO Oa3WpoBaHMA IS YIPaBICHHS JBHXKCHHEM
MOPCKOTO ¥ aBHALIMOHHOIO TPaHCIOpTa, Takue xak «Annda», «Yalikay (CCCP), «Jlopau»
(HATO) u muorre apyrue. MHOTHE U3 9TMX CHCTeM paboTaloT M NO HACTOALIEE BPEMS, HX
OTIHUMTENLHOM 0coBGeHHOCTHIO sBNiseTca Henonk3oBanne CIIB u JIB panuoananasoHa.

Huist mpumepd, caMas pacrpoCTpaHEeHHas aBWANMOHHAN pPRIHMOHABHTAMOHHAS
cucrema «OMeray BeleT Hepelavyd ¢ BOCBMH CTaHIIMH, PACTHONOKEHHBIX B ABCTpPAIMM,
Sinounn, Hopserny, JluGepun, Aprentire, Ha o. Peionnon, B wrare Cepephan Jlakora u Ha
Iapaiisx. CeepXATHHHEBIE PATHOBOIHE] PACHPOCTPAHAIOTCH Ha OYeHb GONBILNE PAcCTOAHMS,
ciefys KPHBH3HE MOBEPXHOCTM 3eMHoro iapa. HasmanHele BoceMb  CcTaHumM#
obecnieumBaoT TM00anBHEIH oXxBaT. Kamaas CTaHUMA TEDPEAAeT CHrHadbl Ha YeTBIPEX
(HMKCHPOBAHHBIX 4ACTOTaX B BOCBMH BPEMEHHEIX MHTEpBAax Ha otpeske Bpemenn 10 c. V
Kaxof cranumd Habop MHTEPBANIOB MMEET COOCTBEHHYIO CTPYKTYpY, a pabora craHumMit
CHHXPOHHIMDYETCA [OCPENCTBOM aroMublXx d3acos. [Ipmemmuk cucrembl  «Omeran,
YCTaHOBJIEHHEI Ha camonere (MnM Ha Kopalne), ONMpeNensicT CBOES MECTOHaXOKICHHE,
HCNO/IL3Ys U3BECTHBIE KOOPAMHATEI MEPeAIOIIMX CTAHUMI H U3MEPEHHBIE YI/IbI NPHHATLIX
curnanos. [lepsonHayaiHo HeoOXOAKMO HCIONL30BATEL CHIHANLL, TIO MeHbLIEH Mepe, Tpex
cranumid. [Jlanee aoctaroyHo curHanoB aByx crasumi. Cucrema CJIB-naBuraimmn
NO3BOJAET ONpEAEMTh TEeKYIee MECTOHAXOMUICHHE TPAHCIOPTHOMO CpejcTsa INpH
VCIIOBMM, YTO ¢ro NEPROHAYATBHOC INOJONEHME M3BECTHO H3 Kakoro-iubo Jpyroro
HCTOYHHKA. '

OCHOBHEIMK HEJOCTATKAMH TAKMX CHCTEM HBAIOTCA  GONbHIME pazMephi
NEPEARIOLINX GHTEHH, BHICOKHE HAKIAMHBIE SKCILTYATAlMOHHbIE PACXOIb], HU3KAR TOYHOCT
OTPENENEHHA TEKYUIMX - KOOPWHAT M BHICOKAA 3aBHCUMOCTh TOHHOCTH ONPEACICHHS
KOOPAMHAT OT MCTEOPOIOTHYECKHX H IeNMOreoUIHYECKHX YCIOBHIA.

Bumecre ¢ TeM, B 1957 roay, BO BpeMs 3aMycka NEPBOTO HCKYCCTREHHOTO CITyTHHKA
Jemnu (MC3), rpynna cOBETCKUX YueHBIX TOA pykoBomcTBoM B. A. KoteasHukoBa
IKCIEPHMEHTATLHO NOATREPAHIA BO3MOMKHOCTE ONpEAeNeHHA napaMeTpos asmkenns HC3
[0 Pe3y;I6TATAM M3MEPEHHH JOTJIEPOBCKONO CIABHIA YacTOTH CHIHANA, W3/IY4acMOoTo YTHM
cnythrkoM, Ho, 4to camoe raaBHoe, GbUIa YCTAHOBJIEHA BO3MOXKHOCTE PelleHHs 00paTHOH
3aJ@4K — HAXOWACHHE KOOPAMHAT NMPHEMHMKA N0 U3MCHCHHOMY JIOTUIEPOBCKOMY CABHIY
cHrHazna, uaayuaaemoro ¢ MHC3, ecnu napameTps! ABHKEHHA ¥ KOOPIHHATHI ITOrO CIYTHUKA
u3sectHel, [Ipn nBMxeHuM no opOHTE CNYTHHK HM3AYYaET CUMTHAA ONpeleleHHOH 4acTOoThl,
HOMMHAI KOTOpO M3BECTEH Ha NpPHEMHOM KOHUe (notpeburento). Tlonoxenne UC3 B
Kmblﬁ MOMEHT BpEMEHM H3BECTHO, TOYHEE, €ro MOXKHO BBIYHCIHTE HA OCHOBAHHH
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HHPOPMALMK, IAIOKEHHOH B CurHanc crnyrtHuka. [loTpeGurens, M3Mepss HacTOTY

NPRINESMIETD K HEMY CHIHaNa, CPpaBHHBAET ee C ATANOHHON W TaKuM Oﬁpa‘JOM BBIMHCIAET
AONACPOBCKHH CABHT 4acTOTEL, OOYCnOBACHHBIH ABMKEHMeM cnyTHUxa. HMimepenus
NPOBOAATCA HENPEPBIBHO, HTO MO3BOJHET NOCTPONTL (DYHKUHIO H3IMEHEHHS YacTOTHI
Monnepa. B onpeneneHibiii MOMEHT BPEMEHH HAcTOTA CTAHOBMTCH PaBHOM HYMIO, A 3aTeM
MeHsieT 3Hak. B MoMenT paseHctsa Hymo wactoTsl [omiepa morpebutens HaxoauTcs Ha
JTHHKY, KOTOPas ABIACTCH HOPMATHIO K BEKTOPY JBHXEHUA CIYTHUKA, KAXK 3TO [NOKA3aHO HA
puc.1. Henons3ys 3aBUCHMOCTS KPYTH3HBI KPUBOH AOIIEPOBCKOH YACTOTEI OT PACCTOSHMS
mexay notpeburenem u UC3, u usMepus MOMEHT BpeMenu, koraa vacrora [lonnepa papHa
HYIO, MOKHO BBEIYMCIWTL KOOpOMHATH [oTpeburend. Takum obpazoM, HCkycCTBEeHHbIH
CIyTHUK 3€MIH CTAHOBHTCA PAl{OHABHIAUHOHHOW ONOpHOH craHuuei, KOOpAHHATEI
KOTOPO# H3MEHAIOTCS BO BPEMEHH BCNE/ICTBHE ABIDKCHUA CIIYTHHKA N0 OpOHTE, HO 3apaHee
MOryr OBITH BHIYMCAGHH A3 moGOro MOMeHTa BpeMeHu 6aroaaps emepuaHoi
unopMaunK, 3aN0KEHHON B HABUFAUWOHHOM CHTHATE CITYTHHKA,

Opbura cnymnxa

_UL_LJJ_

ﬂonneposcxoe cmeu_ieHne ‘-IaCTOTbI
Puc. 1

B konte 50-x - Havane 60-X rofjoB pPAAOM HAYYHO-MCCNIEIOBATENBCKHX HHCTUTYTOB
Coperckoro ¢o103a NPOBOZMIMCE HMCClenoBaHWA [0 Teme «COYTHHKY, CTABIIHE
BIIOC/IEACTBHM OCHOBOH /115 NOCTPOCHUA OTECHECTBEHHOM HHIKOODOUTANLHOMN CIYTHHKOBOMH
CHCTeMBl TiepBoro noxonesus. B 1967 romy mHa opGury Osul BhIBeAeH nepButi
OTCYECTBEHHBIH HaBurauuonHeld cnytHuk «Kocmoc-192». B 1976 r. mHa Boopyxenue
Coperckoit Apmun GbIna MPUHATA HABHrAUHMOHHO-CBA3HAR crcTeMa «Lluknon-E» B cocrase
WIECTH Kocmuieckux annaparoB (KA) «Ilapycr, ofpamarommxcs Ha OKOZONMOSPHEIX
opfutax seicotodt 1000 kM. Yepes Tpu roja Gwina coana B JKCTINYATAUMIO CIYTHHKOBAS
panuonasurannonnas cucreMa (CPHC)wllukana»s cocrase uetsipex KA na op6urax toro
e knacea, yro M y KA dlapyce M ecni nepBas cHCTeMa HCMONEIOBANACH HCKTIOUHTENBHO
B nutepecax MO CCCP, To Bropas npenHasHaqanack, IMaBHAIM 06pasoM, 18 HABMIALAK
FPajUIaHCKWX MOPCKHX CYAOB.

[lapanensho ¢ a1uM, nochie yeriemHoro 3anycka B CCCP nepsoro UC3, B CIIIA B
JaGoparopun npuknanHo# usnky yHusepcurera Jxona Monkuuca npooastes paGoTH,
CBA3AHHEIE C BO3MOXKHOCTEK) H3IMEPCHHA MnapaMeTpoB CHrHANa, H3y4aeMoro CHOYTHHKOM.
Tlo u3MepeHusM BHIYHCIAIOTCH APAMETPE] BHKEHMS CIYTHHKA OTHOCHTENBHO HA3eMHOTO
nyHKTa Habmozaenus. Pewenue oGparHofi 3aaaun — A0 BpeMeHH.
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Ha ocmoBe »THX HccieaoBaHuit B cepeaune 60-x romos B CUIA cosnaercs
ACIICPOBCKAA CYTHHKOBAH PaIWOHABHTAUHOHHAS CHCTEMA NTCPBOTO NOKOMCHHA «Transity.
Taxk we kak w B Coserckoi CHCTEME, KOODIHHATHE, HCTOMHHKA BBIYHCIAKITCH 1O
JOTLAEPOBCKOMY CABHIY “acTOThI CHIHaNa oAHoro u3 7 cnytHuxor. HC3 umetot kpyroesie
MonspHble opOUTHL ¢ BBICOTOH Ham nopepxHocTsio 3emny ~1100 kM, mepron oSpaieHus
cnythrkoB «Transit» pasen 107 munytam. OcrOBHOe HazHaucHHe cHcTems! «Transity —
HaBHTAUHMOHHOE O0ECTIeMEHIE NYCKa ¢ IOABOANBIX 100K OanaueTudecknx paker «Polaris».
Oruom cucremsl cuntaetcs aupextop Jlabopatopuu npuknanuoii dusuku P. Kepunep. B
koHle 60-x romoB cucrema «Transity CTAHOBHTCA MOCTYIHOM AN KOMMEPYECKOro
HCTIONB30BAHHUS.

OcHaueH®e CNYTHHKOBOH HaBMralMOHHOH anmapartypoli CymoB TOproBoro ¢nrota
0Ka3a10Ch O4CHE BLIMOAHLIM, NNOCKONBKY ﬁnam,ﬂapa NOBBILEHHK) TOYHOCTH CYNOBOKICHHA
¥AABAMOCE HACTONBKO COKOHOMHTE BDCMA TUTABAHMA H TOMNHBO, 4TO 60}7’['0835[ armnaparypa
norpebuTens okynana cefs nocie nepsoro e rojga skcriyaranmu. B penom, 3a Bpems
xomMepueckoro ucnonbsopanus CPHC «Transity Toproseim inotom CILIA coxosomneno
MOPCKHUMH TIEPEBO3HUKAMHU [OPAIKA HECKOJIBKUX COTEH MUJTMOHOB nonaapos CHIA.

OAH&KO TOYHOCTE BBIMHCJICHHA KOODIAHHAT nmpeﬁm’ena B CHCTEMax nepeoro
nokoaeHus B 00bINOH CTENEHM 3aBHCHT OT TOYHOCTH ONpEAeNeHHS ero colcTBeHHOR
ckopocTH. Tak, ecad ckopocTe 00bEKTa OnpefieneHa ¢ norpetmtocTeio 0,5 M/c, To 310 B
CBOIO OHEpeib MPUBEAST K ouMlke onpeneneHns koopauHar ~500 M. J{ns HenoxsmxHOTO
0o0beKTa ITa BEIHYHHA YMEHbIuaeTca 10 50 M.

Tax, B xoae vcneitaunii cucrem «1{uxnon-b», «luxagay v npenuiecrsosasiei
uM cucteMmil «llyxnon» ORAO YCTAHOBNEHO, YTO MOrpPEeIIHOCTL MECTOONPEAS/HMHA
JBWKYUIETOCS CYHA 110 HABHTALIMOHHBIM CHTHAJIAM 3THX CITYTHHKOB coctasnsger 230... 300
M. BelCHWIOCH TaKKe, YTO OCHOBHOH BKIal B TOCPEWIHOCTD HABHIALMOHHMLIX
onpejeneHAd BHOCAT MOTPETHOCTH IIEPEAABAEMBIX CITYTHHKAaM COOCTBEHHBIX 2deMepHA,
KOTOPBEIE PACCYMTHIBAIOTCA M 3akjainbiBalotess Ha Gopt KA cpencTBaMu Ha3eMHOIo
koMnnekca ynpasnenua (HKY). Kommnexc nNpHHATHX CHELHANLHBIX MEp N03BONMI
YTOYHUTh KOOPAHHATHI M3MEPHTENLHBIX CPEACTE H BRIYHMCIMTL NMapaMeTpsl COraacyiouieH
MOJIE/¥ TPABMTAIHOHHOTO TI0/1A 3eMAY, NPEAHa3HAYSHHOH CNEeUMAanbHO 1% ONPEneIeHNS H
MPOTHO3MPOBAHKA TAPAMETPOB IBHKEHHA HABHTAUMOHHBIX KOCMMYECKHX AariiiaparoB
(HKA). B pesynpTate TOYHOCTh MNEPENABACMBIX B COCTABE HABHIallMOHHOTO CHTHasTa
cobersennsix ademepusn Oblna MOBLILIEHA NPAaKTHMECKH HAa MOPAAOK, TaK YTO HX
MOTPEIHOCTE Ha MHTEpBase CYTOYHOro NporHo3a He rpesbinana 70...80 m. Kax caencreue,
OTrPEIHOCTE ONPEACNCHHS MOPCKMMHU CY/IaMM CBOEr0 MECTOTIONOMKEHHS YMEHBIHUAACE [0
80...100 m.

K COXKAIELHHI), BBITOJIHHTE TDCGOBaHHSI BCCX MOTCHUHHAABHBIX KITACCOB HOBLIX
notpedurenei HH3KOOPOUTATRHBIE CHCTCMBI HE MOTAM B CHITY TIPUHLIHTIOB, 3AM0KEHHEIX B
OCHOBY MX mocTpoeHms. Tak, €cau s HEHOABMKHBIX mnoTpeburenel, HMeOmMX
JBYXKAHATBHYIO TIPHEMHYIO &nHapatypy, NOrPEliHOCTL ONPENCNCHHS MECTOTIONOKEHUS
yaanock cHu3uT: Ao 32 M (nawHeie aag amepukadckod CPHC «Transit»), To npu
IOBHJKEHHWH MOTPEIUHOCTH Cpa3y K€ HAYMHAIOT BO3PACTATh M3-32 HETOYHOCTH CHHCIEHHS
nyTH - Hu3kooptutaneHeie CPHC He No3ponsiu ONpEnelIaTh CKOPOCTh ABMkeHMS. Bonee
TOTO, N0 NOIYY2EMbIM HIMEDEHHAM MOWKHO ONPCACTHTE TOUBEKO OBE NPOCTPAHCTBEHHBIC
KOOpAMHATHI. BTOpPhIM HENOCTATKOM HHM3KOOPOWTANBHBIX CHCTEM ObLIO OTCYTCTBHME
rno6adsHOCTH ROKPLITHS, IOCKOABKY, HAMPHMED, HAa IKBATODPE CNYTHHKH MPOXOLHIH Yepes
30Hy BMAMMOCTH noTpebuTens B cpeaneM deped 1,5 yaca, 4TO JONYCKACT MPOBEACHHE
TOMBKO AHCKPETHRIX HABHIALIMOHHBIX CE€aHCOoB. HaI(OHCLl, BBHAY HCHO/Ib30BAHHA B CCaHCe
anms oasoro HKA npogonskuTensHOCTh M3MepeHHi Moxer aoxonuts o 10..16 Mum.

-

bonsinas JUIATEIBHOCTE CEAHCOB M 3HAMHTENbBHBIE HHTEPRANTE] MEKAY HHMH OeaarT
HEM30EKHBIM NIPUMEHEHHE CTIELMATBHBIX MeponpusTHit And cuucackms nyTi. [Tpu ITom
OWMOKK CHUCIIEHUA ¥ OFPAHHYMBAIOT TOYHOCTH MECTOONpeneneHus. TeM He MeHee, Obina
HCTIBITAHA CAMOJICTHAS AMNApaTypa NPHMCHHTEALHO K CHIHAdaM Kak ccrembl «Transity,
Tak u «lluxama». Tipu oatom noarsepamnock, 4TO MOTPENIHOCTh  OTIpEAeneHNs
MECTONOJOKCHHA cHabo BUCUT OT MAHCBDOB CaMOJieTa H JICHCTBHTENLHO onpeaensaerca
NPEUMYUIECTBEHHO MO PEIHOCTAMH 3HAHHSA TyTeBON CKOPOCTH, HE BLIXO/% 3a npejenst 1.8
KM.

Hexois 13 Bbliie H3I0KEHHOTO, IPAKTHIECKK OJHOBPEMEHHO, B Hayase 70-X rogon
8 CCCP u CIHA nauunaores pabots naa CPHC proporo mokosicHus. OHH M3HAuaIBHO
NPOCKTHPOBANKCE KAK CUCTEMBI, KOTOPBIM BCE TEPEUHCIEHHBIE HENOCTATKH HE
cBoWcTBeHHEL. ['1aBHBIM TpeGOBAHHEM TNPH NPOEKTHPOBAHMH ObLIO  ObECHEHEHHE
notpeburemo B M0G0 MOMEHT BDEMEHH BOSMOXHOCTH  ONpEfeieHus Tpex
IPOCTPAHCTREHHBIX KOOPAHHAT, BEKTOPA CKOPOCTH M TOYHOTO BPEMEHH.

B CIIA nporpamma nonyuuna Hasearue NAVigation Satellite providing Time And
Range (NAVSTAR), T. ¢. HaBHIaUMOHHAA CIYTHHKOBAX CHCTEMZ, OGeCneYdBaION(as
M3MEPEHHE BPEMEHH M MecTono/okenks. HenocpeacTennas peanusaqus nporpaMmbl
Hawanack 8 1977 romy c sanyckoM nepsoro cnyTHka. OCHOBHBIM HA3HAYEHHEM
NAVSTAR spisercs BbICOKOTOYHA HaBMraiMs BOCHHBIX 00BCKTOB. B cepenmue 80-x
ronos cucrema NAVSTAR Osl1a nepeBefeHa B KAace cHCTEM ABOHHOTO HAIHAYEHWUS, T. €.
OTKPBITA IS TPAKAAHCKHX Mojk3oBaTenei. B Hacrosuiee spems aTa cucreMa Gonbmie
u3BectHa non umeHem Global Positioning Satellites (GPS). Huorna » amreparype
BCTpeyaetes apofiHoc Hazsanne NAVSTAR-GPS. K 1996 roay passeprhiBaHFe CHCTEMBI
6ui0 monHocTRIO 3aBepuieno. [To coctosuumio Ha 22 Hions 2004 roza 8 NAVSTAR-GPS
mocTynHo 29 paGoumx CIYFHHKOB, paBHOMEPHO pACHPEIENEHHBIX MO opburam
(nonHOQYHKUHORAABHAR CHCTEMA TOAPA3YMEBACT MHREMYM 24 pabouux cnyTHHKA).

B nexabpe: 1976 r. 6bio npunsro Ilocramosnenue LK KIICC u Cosera
Munnctpos CCCP «O paseeprhipannu EXHHON KOCMMYMECKOH HABMCALMOHHON CHCTEMBI
INMOHACC  (TJIOGaisnas  HAsuranwonmas — CrnytauxoBas  CucreMa)y. 310
TOCTAHOB/IEHHE MO CYTH NHIIL Y3AKOHMIIO Y€ HauaBuwivecs paloTel M0 CO3JAHMIO HOBORH
CHCTEMBl W ONpeaeiio Nopanok ee paspabotkn u seneirauuid. Jlernoie wcnbiTanus
cuetrembl IJIOHACC Guum mavats: 12 okratps 1982 r. samyckom neproro KA 110654
«Yparau» Nelln u jaByx raGaputHo-BecoBbiX MakeroB |1®654IBM. B cenrsbpe 1993
roga cucteMa fbina oQULHANBHO TIPHHATA B SKCILIYATAlMIO B HENOMHOM coctase. Tak xe
kak ¥ Amepuxanckas GPS, INIOHACC spasercs cucTeMoil OBOMHOIO HA3HAYECHMH, T.e.
HABUTALMOHHLIC CHTHAJBI AOCTYNHBI M O IPaXKIaHCKHX nonk3osareneii. [To cocroaawio
Ha 1 oxrs6psa 2005 roga B [TIOHACC nocrynno 13 paBounx cmyTHHKOS, HEPaRHOMEPHO
pacmpeenentHbx no opbuTam (MONMHOGYHKUHOHAALHAS CHCTEMA TOApasymesaeT 24
paGounx HKA, munumym neobxomimo 18 HKA), u3 mux 2 criytruka cepuut «I JIOHACC-
M» (cpox rapantHpoBanHo#i paGoTei Ha opbute — 7 ner). Hauara paspaborka e
repmeruyHoro Kocmudeckoro annapara «IJIOHACC-K» ¢ yseawvennnim go 10-12 ner
CPOKOM aKTMBHOIO CyiuecTBoBaHus, MndopMaimio 0 COCTOSHUM KOCMMYECKOTO CErMeHTa
I'JIOHACC moxuo monyunts 8 cern INTERNET na caiire 1lentpa ynpasnenus noseramu
PO (http://www.mcc.rsa.ru/IACK VO/RUS/StatSys/OrbCon/m_svvect. htm).

Bmecte ¢ TeM, B konue 90-x - nauyane 2000-x ronos Esponeitckui coioz (EC)
cosmectio ¢ Esponefickav kocmuueckmm  arenrctsom (EKA) wauamu paborst oo
CO3M1aHHEO  eBpoTielickod  CHYTHUKOBOH pPanHOHABMIALMOHHOH CHCTEME! TNOGANLHOrO
nosuuuounposatis «GALILEO». Tnannpyemsie cpoku 3aiycika npoekya B 3KCILTY &TALHIO

.. 2008 r. Tlpoext npeaycmarpusact sanyck 30 HKA. B EC noawepxusaior, yro CPHC
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«GALILEO» sBisercd rpaxiaHcKoW cucTemoR M OyAeT yRpaBisThCd [PakAaHCKUMU
sduaMy. YacTHeIC NPEMfIPUATHS MOTYT YMACTBOBATH B OCYUIECTBICHMH NPOCKTa yKE Ha
craguy paspaGorkn. B mesoM, pacxonwl Ha paspaloTKy, CO3AAHUE W PAsMELIEHWE HA
opGurax 30 HKA, a Takke Ha HaleMHBIE COOPYKEHHA OUCHHBAIOTCA B 3.2 — 3,4 mapa. eBpo.
PoiHOK yeiyr, cBssaHHbli ¢ npoextoM «GALILEO», oueHMBAeTCA NpUMCPHO B 9 mupa.
espo B roa. Komuccus EC oxuiaet, 4TO peanusalyis 3TOTO NPOSKTa MO3BOIMT CO3AATH
nopszxa 140 Teic. HOBBIX pabounx MecT.

1. MeToabl pelieHHsl HABHUI AUMOHHO 3aAa4H B CIYTHHKOBLIX
PaAHOHABHTAUNORHBIX CHCTEMAX BTOPOTO NOKOJIeHHA

OCHOBHLIM CcOJCpKAHMEM HaBuraumonroif 3anaun B CPHC ssnsercs onmpenencsue
TIPOCTPAHCTBEHHO-BPEMEHHEIX KOODAWHAT MOTPEDHMTENA, @ TAKKe COCTABISIOMMX €ro
CKOPOCTH, 1103TOMy B PE3y/IBTATe DCIICHWS HABUTALMOHHOW 3a1auu JOMKEH OwiTh
Ofpejie/ieH PACIIMPEHHEI BEKTOP COCTOAHMA noTpeburens /1, KOTOPLIH B HHEPUHANLHOH
CHCTEME KOOPAMHAT MOMHO NPEACTaBUHTHL B BHIES!

H=[xyztt'x’y'z7.

DNleMEHTAMH 3TOF0 BEKTOPA CIykar NPOCTPAHCTBEHHBIE Koopausarel {x, y, =z}
norpeGuTens, BpeMEHHad MONDABKA ! WIKATBl BPEMEHM IOTPEOWTENA OTHOCHTEALHO
cucTeMHOH IIKa/ihl BPEMECHH, a TakkKe COCTABISIONME Bektopa ckopoctk {x', y', z'}, T~
niepHo/ 0BpalleHis HABHTAUMOHHOTO CITYTHUKA. bonee noApobHO ONOpHas 1IKAN2 BpeMEHH
CPHC 6yner paccMotpesna B pasziene 4.

DIEMEHTH BEKTOP2 OTPEOUTENA HENOCTYNHB HEMOCPEACTBEHHOMY M3MEPCHHUIO C
TIOMOIIBI0 PANUOCPEACTE. Y NPHHATOrO PajvOCHIHANA MOIYT H3MEPATHCA TC KN HHBIE
[1apameTphi, HAMPUMED 3ANePiKKa HIH NOIUICPOBCKOE CMElleHHe YacToThl. Mavepsembili B
MHTEpECaX HABMTALMM MAPaMETpP PAIMOCHIHANR HA3BIBAIOT PAOUOHAGUZAYUOHHBIM, 2
COOTBETCTBYIOLMA €My ICOMETPHYECKHW MapaMeTp — HAGU2AYUOHHBIM. Taxum ofpa3om,
3a1epKKA CHTHANA2 T M ©€r0 JOIIIEPOBCKOE CMEIICHWE HACTOTBI foon ABISIOTCH
PANMOHABMTAIMOHHEIMU MAPAMETPAMH, 4 COOTBETCTBYIOMAS UM AAIbHOCT 10 00BekTa D v
pammanbHas CKOPOCTh cOmwKenHs 0ObEKTOB V), CIlyaT HABMIALUMOHHEIMK N1aPaMETPaMH.
CBs3b MEXIY JTHMH MapaMeTPaMy AaeTCs COOTHOIICHMAMMU:

D = et Vp=foonhs

rHie ¢ — CKOpOCTb CBeTa; 4 - TMHa BOHbI u3nyyaemoro HKA curnana.

I'tOMETPHYECKOE MECTO TOYEK [MPOCTPAHCTBA ¢  OJMHAKOBHIM  3HAUCHHEM
HABMIALMOHHOIO NApaMeTpa Ha3LiBalOT nogepxHocmsio noaoocenus. llepeceuenue ABYX
110BEPXHOCTEN TIONOKEHAS ONPENEAET AUHUIO NONONCEHUS — TEOMETPHHECKOS MECTO TOUCK
NPOCTPAHCTHA, HMMEIOMMX JiBa ONPENC/CHHBIX 3JHAYCHAS JBYX HABHMAUMOHHLIX
rmapameTpos. Mecmononovicenue ONPEAENACTCA KOOPIMHATAMY TOYKM [EPECEHCHHS Tpex
NOBEPXHOCTEH NON0KeHUs. B pine ciy4aes (M3-3a HENMHEHHOCTH) JIBE SHHWHA NONOKCHNA
MOIYT MepecekarTess B ABYX Toukax. Ilpu JTOM OJIHO3HA4HO HAHTH MECTONOJOKEHHE
MOKHO, TONMBKO WCMOMB3yA MOTIOAHWTENBHYK [I0BEPXHOCTL TONOKEHUA MW HHYIO
KHEGOPMALHIO 0 MECTONOAOKEHHH 00HEKTa.

Jins pelueHMS HABWIAUMOHHON 3a/1atu, T.€. HAXOKACHMA BCKTOPR notpeburens 17,
HCHONE3YIOT (YHKIMOHANBHYIO CBS3b MEXY HABHTALMOHHBIMM TIapamMeTpaMu o
KOMITOHEHTAMHM BexTopa noTpebuTens. COOTBETCTBYIONME (PYHKUHOHANBHBIC 3aBHCHMOCTH
MPHHATO HA3LIBATE HABUSAYUOHHBIMU PYHKYUAMIU,
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Hasurauionsble (yHKUMH A8 NPOCTPAHCTBEHHBIX KOOPAMHAT moTpebHTENs
MOXKHO OTPENSIHTE C NOMOLIRID PA3THIHRIN paBHDB}HlHOCTEﬁ AdNBHOMEDHBEIX, Pa3HOCTHO-
JAATGHOMEPHBIX,  YIJIOMEDHBIX ~METOZOB M WX komGuHaumii. Jlas  nojydenus
HABHIAUMOHHBIX QYHKUMH, BKIIOYAIOIIUX COCTABIAIOLIME BEKTOPA CKOPOCTH MoTpebuTens,
MCHO/B3YIOT PALHAITEHO-CKOPOCTHBIE METO/IBL,

1.1. JansHoMmepHBIi MeToa

Hanbonee npocroit nanbHOMEPHEIH METO HABMIALMOHHBIX OfpeElencHHH OCHOBaH Ha
naccyBHLIX (6€33anpoCHBIX) u3Mepenuax aansrocti D; mexay i-M HKA u notpeburenem.
B 3TOM MeETOAE HaBMTALMOHHBIM NapaMeTpoM fBMACTCS AanbHOCTH [, 8 MOBEPXHOCTHIO

nosoxenns — cdepa ¢ paauycom D; ¥ USHTPOM, PacrioNOXKEHHbIM B 1ienTpe Macc i-ro HKA.
Ypasnenue cepri

D, =[x, —xf + (-3 + (- 2F 2. (L

3necs X;, ¥ z; — M3BECTHLIE HA MOMEHT M3MepeHHs koopauHatsl i-ro HKA (¢ yyetom ero
NEPEMEIICHHS 32 BPEMS PAcTIpOCTPAaHEHHs CHIHANA); X, ¥, Z — KOOPAMHATH noTpeburens.
MecTononoxenue NoTpeGMTENA, T.c. KOOPAHHATEL X, Y, 2, ONpEINsiorT Kak
KOOP/AMHATH! TOYKH MEPECEHEHUA TPEX TIOBEPXHOCTEHR TONOKEHHA, IPYTHMH CAOBAMH TPEX
chep. [losroMy nang peamzauni JadbHOMEDHOrO MeETOJa HeoOXONMMO H3IMEpPHTH

nansnoctd (1.1) 10 Tpex HKA, te. i =1,3.

Takum o0pa3oM, L Ja1BHOMEPHOINO METOHAa HABHTalMOHHAas GYHKIHA
npeacraeiser coboii ccteMy U3 Tpex ypaBHeHHH BHaa (1.1). Beuny HemineWHOCTH TaKo#
CHCTEMBl YpaBHeHHH BO3HMKaeT npoOlieMa HEOJHO3HAYHOCTHM ONPEAENEeHMs KOOPAWHAT
notpefuTens, YCTpaHAeMad ¢ [OMOIUBIO H3BECTHOH NOTPeOMTEMO AONOAHWUTENLHOK
uH(opMalEy (OPHEHTHPOBOYHBIE KOOPAMHATE! NOTPeOMTENA, €ro PaiHalbias CKOPOCTh H
T.1.).

B (1.1) nesiBHO MOApa3syMeBaeTCs, YTO BCE BEIMUHHBL JOIKHE! ObITE B3STHL B OJIHH
H TOT K& MOMeHT BpeMeHH. OHAKO KOODAMHATHI CIYTHHKA TPUBA3aHL! K BopTOBO# nikane
BPEMEHH, 3 NOTPEGUTENE MIMEPAET 38AEPKKY CHIHANA M ONPEACHACT CBOM KOOPJMHATEI B
cBoeii wkane BpeMend. Eciu mixatsl BpeMeHH HEalbHO CHHXPOHH3HPOBAHBL, TO Mpobnem
He BO3HHKAET. [TPH HAHYMM PACXOKIACHHA [ ' UIKAJI BPEMEHH BOSHHKAET cMelleHue D' = ct’
HW3MEPEHHOH  JaNbHOCTM OTHOCHTE/IBHO HCTHHHOH W TOYHOCTE  OMNPEICJICHHA
MECTOTIONOKEHUA TMOTPEOMTENs MNANacT, MOJTOMY HEZOCTATKOM METONA NBIAETCA
HEOOXONMMOCTh OYEHE TOYHOH mpuBa3kM wkan spemenn HKA w  morpeburens.
VMeHsIUMTE  BAMAHME 3TOre  (akTopa MOXKHO, YCTAaHOBMB ¥  norTpeburens
BHICOKOCTAOMNLHEI CTAHNAPT YacTOTHI W BPEMEHHM H TICPHOJAMYECKM MPOBOAA €ro
xanubposky no Hoprosoi mkane Bpemenn HKA. OaHaxko BsICOKOCTAOMABHBIE ITANOHKL
BpeMEHH 10CTaTOYHO JAOPOTH M HE MOTYT OBITE HCNIONB30BAHB! ¥ MAccOBOTO noTpebuTens.
Co3ziaHye OTHOCHTENIEHO JCIICBRIX BHICOKOCTaGHIBHBIX JTaNOHOB BPEMEHH (YacTOTHI) —

TpYJHAs TeXAWYeckas npobaema, MO3TOMY B HACTOSLIEE BpeMa GoJiee IMHPOKO NPUMEHSIOT
MCEBAOAANBHOMEPHBIH METOI.

1.2. MeToa nceppoaaabHocTeil

ITon ncesmonaneHocteto oT i-ro HKA no nmorpeburens noHHEMaIOT HIMEPEHHYIO JaibHOCTE
Dy i 0o atoro HKA, ornuuarontyrocs oT MCTHHHOR JanbHOCTH D; Ha HEHW3IBECTHYIO, HO
TIOCTOSHHYIO 33 BPEMs ONPEACTCHMS HABMTALIMOHHBIX napaMetpor Benuumny D’. Takum
o0pazom, 418 neepnoaansHocT! 0 i-ro HKA MoxHoO sanucars



D, =D, +D= [(x ~xF +(y, - ) +(z, - z)‘*]y2 +D'. (12)

B [ICEBA0ANTBHOMEPHBIX METOOAax, OCHCBaHHBIX Ha HIMEPEHHWAX
HCCBAOAANBHOCTENM, B KAYeCTBE HABWMALMOHHOrO napamerpa Beictynaer Dy,
ITOBEPXHOCTBIO NOAOKEHHA TTO-NPENKHEMY ABIISETCA CHEPa C HCHTPOM B TOHKE LEHTPA MACC
HKA, o paidyc 31ofi cdepsl M3MEHEH Ha HEM3BECTHYW Bemuumuy D'. Himepenue
necesgogansHocteit o Tpex HKA npuBoaur x CHCTEME H3 TPEX YpaBHEHHH ¢ IETHIPEMSA
HeWsBecTHBIMM (X, », z D'). B pewenmn 370l CHCTEMBI YpaBHEHMA BO3HMKACT
HEOTpeleneHHbil napaMeTp, W JUid  YCTPAHCHHS BOBHHKINEH HEONPEACHEHHOCTH
HeoOX0IAMO NMPOBECTH AOMONHUTENEHOE H3MEPEHHE, T.€. H3MEPHTH NCEBROJATLHOCTL 10
yerBeproro cyrtuuka. [TonydenHas Takum o0pasoM CHCTEMa HYETBIPEX YPABHEHHH uUMeeT
TOYHOE DEIEHHE, W, CJCAOBATENBHO, MECTONOJIOKCHHE NOTPeGUTENs NpH H3MEPCHHAX
TNICEBAOANBHOCTEN oOnpeaensercs KAK TOYKA [EPCCEYCHHA UETHIPEX MOBEPXHOCTEH
MONOKEHHS. .

HeoGxonuMocTe HaxoskiacHdas B 30He Bumumoctd uersipex HKA npemssisnser
JIOCTATOuHO KecTkHe TpeGoBanka k crpykrype ceth HKA, kOTOpEIE BEINONHAIOTCH TONBKO
8 cpeaneopGuransHbix CPHC ¢ BICOTOM OpOUT CITYTHHKOB HAJ NOBEPXHOCTHIO 3emim ~20
000 xm.

TcenaonansHOMEPHBIH METOJI HE HAKJIANLIBAET KECTKMX OrPaHHYCHUH HA 3HAYEHHE
norpemnoctd D= cf’ (MOrPeUIHOCTH BPEMEHHOH KAL) K M03BOAAET OJIHOBPEMEHHO C
OTpeac/iCHHEM MCCTONMOMOXEHHA BEIYHCIATE OTKIIOHEHHUE HIKANLL BPEMEHH ﬂOTpCﬁI-ITCJlﬁ.

2. OnKcanue CIYTHHKOBLIX PaAHOHABHIAUMOHHEIX CHCTEM BTOPOro NOKOJIEHUH.
OcHOBHbIE ONOMKEHHS

Ocnosroe HasnadcHue CHPC sroporo nokosiieHus — riao0anbHas onepaTiBHas HaBHralua
NPH3EMHBIX TTOABHKHBIX OGBEKTOB: HA3EMHBIX (CYXOMYTHBIX, MODCKHX. BO3AYHIHBIX) H
HU3KOOPOMTANEHEIX KOCMMUecKHX. TepMuH «riobanbHas ONEPaTHBHAS HABUTALHMS»
O3HAYAET, YTO NOABHKHOMA 00BEKT, OCHAILEHHBIH HABHraUMOHHLIM Npuemnukom (HAII),
MoxeT B moGoM MecTe NPH3EMHOTO NPOCTPAHCTBa B M0G0 MOMEHT BpEMeHH ONPEAEIHUTE
(YTOUHHTE) TAPAMETPLI CBOETO JBHKEHWS —— TPH KOODIMHATHL H TPH COCTABIAMOLIHE
sekropa ckopocts. [lpumumnel mnoctpoenns CPHC TJIOHACC, NAVSTAR
«GALILEO» B ofmux ueprax WACHTHHHBL, HO OTIHYAIOTCH TEXHWHECKAM BBITIOTHEHUEM
HOACHCTEM.

2.1. ApXHTEKTYpA CNYTHHKOBLIX PAAHOHABHIAUHOHHBIX CHCTEM

CPHC Broporo NMOKOJIEHHS BKmOYaioT B ceOf Tph cermenta (puc 2):. opOuTanbHyio
rpynmuposky (OI) HKA (xocMuueckiil CErMEHT); Ha3eMHbIH KOMIUIEKC YIpaBIeHus
(HKY) opGurassno#i rpynnupoekod HKA  (cerment ynpasneHus), anmaparypy
noms3oBarenci  (cerment norpebureneif). M3 5THX TpEX CErMEHTOB [OCNEAHHH,
annaparypa noak3oBarelei, SBISeTCA CaMbiM MHOTOYHCICHHBIM.

B CPHC Broporo NOKOJACHHA NPHMEHSAIOTCH HABUTAUMOHHBIE KOCMMYECKHE
ammnaparsi (HKA) Ha Kpyroewlx reoueHtpuueckux opburax c seicotoit ~20000 xm Haa
nosepxHoctbio 3emmu. Taxum ofpasom, 3a cytku kaxapiii HKA cosepmaer npumepHo 2
obopota Bokpyr 3emim. Braroaaps KCIoONE30BAHUIO aTOMHEIX CTaHIApTOB YacToThl (ACH)
Ha HKA 8 cucreme oOecreudBacTcs B3aUMHAA CHHXPOHM3AUMA HABUIAUHOHHBIX
PAIMOCHIHATOB, H3NyHaemMeix opbuTanshoil rpymmiposkoit HKA. B HAT1 na noasmxHOM
0OBeKTE B CeaHce HABHIanM{ NPHHUMANOTCH PAZMOCHIHANLI HE MEHEE 4EM OT YeThIpex
paanopuamMeix HKA M HCIOARSYIOTCA AUt H3MEPEHHA TPeX pasHocTel AansHOCTeH H Tpex
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pasHOCTEH pauMaNkHLIX CKOpocTeit 00bekTa oTHOCHTENLHO HeThipex HKA. Pesynsrarsl
uamepenuit 1 apemepunnas nudopmauus (3H), npwsrras or kaxiaoro HKA, nossonsior
onpefenuTs (YTO4HUTR) TPU KOOPAMHATHL W TPH COCTARMSMIOIMME BEKTOPA CKOPOCTH
NOJABMKHOTO OBBLEKTA W ONPENEeNnuTh cMmeuieHne Tukanbl Bpemeds (LIB) obnexra
orhocuteasno 1B cucremel. B CPHC uucno notpedutencit He OrpaHHIHBAETCH,
nockonsky HATT ue nepenaer pannocurianst Ha HKA, a toneko npunuMaer ux ot HKA
(maccuBHAN ABTOHOMHAS HABUTALNA).

Cartaant JApRERSEAN ComenT ROTPeSHTe N

Puc. 2. Ceamenmol CRYMHUKOEHIX PAOUORABUZAYHOHHBIX CHCMEM

Paguonasurauuonsoe nojie 8 CPHC sroporo mokoneHus Hapsly ¢ OCHOBHOI
dyuxkuuein (rnodankHas ABTOHOMHAS ONEPATHBHAA HABHTALMA [PW3EMHBIX MOABHKHBIX
00BLEKTOB) O3BOIAET IPOBOAHTE!
®  JOKAJIBHYI0  BbICOKOTOUYHYID  HABMTALMIO HA3EMHBIX  TOABMMHBIX  00BEKTOR
(CYXOTYTHBIX, MOPCKHMX, BO3AYHIHEIX) Ha OCHOBE AM(QepeHLHATBHBIX METON0B
HABHFallHH C HPHMCHCHHGM CTaUHOHAPHLIX HA3CMHBIX KOPPEKTHPYIOLIHX ﬂaHuHﬁ;

- BBICOKOTOUHYH) OTHOCHTEABHYIO TeONeIHYECKYID «IPHBA3KY YN YAAICHHBIX HAZEMHBIX
0OBEKTOR;

®  B3AUMHYIO CMHXDOHH3ALMI0 CTAHNApPTOB HacTOTel M BPEMEHH Ha  YIANCHHbIX
Ha3eMHBIX 00BEKTAX]

®  HEONEDATHBHYID ABTOHOMMYIQ HABHTAIMIO CPEAHEOPOMTANLHEIX  KOCMHUCCKHX
00BCKTOB;

. ONpCAC/IEHHE  OPHEHTRLUHH obbekTa Hd OCHOBE paJ_[I-iOHHTépq)C[)OMe’!pH‘IeCKHK
H‘}MBP&.‘.HH?‘E fa 0BLEKTe © NOMOILBLIO HABHI ALMOHHBIX PAMTHOCHTHAIOB, NMPHHHMACMLIX
pa3HeCCHHBIME aHTCIHAMH.

2.2, @opMUpoOBaHKe PAAMOHABUTAUNOHHOTO noas (Ha npumepe NTOHACC)
HapuraumoHusie  paguocurianel,  w3iyuaemsie  wmrateeiMp HKA,  obpasyior
PAJIMOHABHIALHOHHOE MTOJIE B 0KOJIO3EMHOM TIPOCTPAHCTBE.
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B CPHC TJIOHACC kawnsii wrarhsii HKA wanyuaer Hasuranmoumsie
PANMOCKTHAME! B CTOPOHY 3€M/M C MOMOIIBIO NEPEJAIOINKX aHTeHH, pafouas wacth
nuvarpaMmel HanpasjieHHocTH (JIH) koToprix umeer mmphny 2¢y=38° 1 «ocBenacT» JHCK
3eMJH ¢ H30BITKOM 10 BBICOTHI /y HAZl TIOBEPXHOCTRIO.

PaGouyio wacts JIH MOXHO APEACTABHTL B BHIE KOHYCHOTO PAAHOIYHA C YIJIOM
24 npu pepinune. O4eBUAHO, YTO

singg=(hytr)/(H+r),

rae r = 6400 kM — panuyc 3emmu; = 19100 kM — Boicora opGurst HKA. Toncrasus
@=19°, nomyuum hy = 2000 k.

WzobpaxceHne  NpOAONBHBIX  CeueHHi
KOHYCHBIX paguoiyyelt nepenarommX aHTeHH ABYX
HKA nano na puc.3. KoHycHetli 1yg criomsoii 10
BCTpe4H ¢ 3emlieH, a 3a IMcKOM 3eMiu CTaHOBHTCS
TIOJTBIM,

Ilpn nonno#% opGHTANBHOMN rPyHAKPORKe
(24 wrarusix HKA) panmonasuraunonHoe none
Ha BbicoTax h < hy = 2000 kM mempepuiBHO B
[IPOCTPaHCTBE, T.€. noTpedurens B moGoit Touke
ITOT0 MPOCTPAHCTBA «OCBEINASTCA» PANHONYYaMH
He MeHee yeMm oT dernipex HKA, ofpasyionnix no
OTHOUICHHIO K HEMY YIOBJIETBOPMTENLHOE MO
reoMerprucckoMy  akropy  cosBesgHe  JuiA
ONEPaTHBHOFO  ABTOHOMHOTO  ONpEAeieHMs
KOOPAMHAT H BEKTOPA CKOPOCTH.

Ha pricotax © > h, panvonasurauuonHoe
NOJIE CTAHOBMTCA JIMCKPETHBIM B TIPOCTPAHCTBE.
Kocmuueckne 00neKkThl Ha BhICOTaX hy < h < H «OCBEWICHBDY pPaaMoIydaMu OT
HeoOXOMMOr0 /I OMCPATHBHON HABHMAlMKM CO3Be3fUs (HC MeHee geTeipex HKA,
Bkmouas HKA wHike MECTHOrO ropusoNTa) He BE3E, A TONBKO NPH HAXOKICHHH B
onpeneneHHbIX 061aCTIX HPOCTPAHCTRA.

Kocmiieckue oObekThl Ha BhicoTax h > H (Hampumep, Ha reocTalfOHAapHOH
opbute) GyayT «OCBEHIEHB» HA HEKOTOPBIX YYactkax cmoef opGuTHI PaTHOTYHdOM OT
oaxoro uax asyx HKA (npu nonuoidi opOuranenoit rpynnupoeke), u HATT Moxer e
ONEPATHBHO oOMpefenuTs OpOUTY KOCMHYECKOro ofbEKTa Ha OCHOBE 00paGoTKH
pe3yNbTaTOB [PHEMa HABUFAUMOHHBIX DANHOCHTHANOB HA «OCBEWICHHBIXY YYaCTKAX
Op6HTEL

OrpanuiuMcsl PacCMOTPERNEM HENMPEPBIBHONO PAlHOHABUTAIMOHHOTO N0Jis (h<Hy).
OcHOBHOH XapaKTEPHCTHKOH PAIMOHABHIALMOLHOIO MOJIS AN HA3EMHOTO MOTpebuHTens
ABJAIOTCE  MOIIHOCTH  HABHTALHOHHOIO  PaJMOCHTHANA OT  OKOJO3EHWTHOTO |
npuroprsontHoro HKA wa erixope «crammapruod» npuemvioll antenmnt (Ge3 yuera
OTpaxeHHH OT HOBEpXHOCTH 3emnu):

Po= P, G(9) Go( ) /47 R,

riae P, — MOIIHOCTE M3NydeHMs nepenarduka; G(¢) — kodbduUuMEHT HAnpaBieHHOCTH
nepejaloilel aHTEHHB! (C y4eToM RoTeps B AQY) B HanpaBjeHHH @ Ha HPHEMHYIO
antetiny; Go(f) — ko3pGUUMEHT HANPABICHHOCTH «CTAHAAPTHOMY» MPHEMHOI AHTEHHLI B

Puc. 3
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HANPABNCHAM [} HA MEPEIAOULYIO AHTEHHY, A — JUIMHA BOJHBI Hecyulero koaebanns
PAAHOCHTHAA; R ~— NATKHOCTh OT IPHEMHOMN AHTEHHBI JI0 NEPEAAIOIEH AHTEHHDL,
B cucreme TJIOHACC nepemaioumie  aHTeHHb! 15  HABMFALHOHHBIX
paavocurHanos na HKA umeroT kpyrosyio iipasyio noaspusaumio H3IyYEeHHS.
Kosgduusent nanpasacunocts G(g) NeEpEnalowMx aHredH B pabodeM cextope
Hanpas/ieHuil @ < 19° OTHOCHTENBHO OCH SHTEHHEI COCTABNSET

@, yrirpaa. 0° 15° 19°
G(¢),ab (1600 MT'iy) 10 12 8
G(@)ab (1250 MI'w) 9 ' 11 9

B kauectse «craumaprHoiin MPUEMHOW  aHTEHHBL  ya00HO paccMaTpHBATE
M30TPONHYIO NPHEMHYIO AHTCHHY C KpyroBo# nonspuzauueit, Go(f) = 1.

Jamsocts R ot npuemHol aHTeHHRI, pa3MELEHHOH 1A NOBEPXHOCTH 3eMiM, A0
okaseserutHOrO (= 90°) HKA cocrasut R = H = 19100 kv, a0 HOpHropu30oHTHOTO (=
5°) HKA cocrasut R = 24000 xm.

Biomker MommocT Py Y3KONOAOCHBIX HABUIAIMOHHBIX PATHOCHIHANIOB Ha BEIXOJE
«CTAHOAPTHOH» NPAEMHOMN aHTEHHAI;

1600 MI'y 1250 MTu
S, yra. rpaa. 90° | 59 90° | 50
Py, a5 Br +15+1 +9+]
G(@), 1B +10 +12 +9 +11
(AM47RY’, nb -182 -184 ~180 ~182
Go(ﬁ)s 4B 0 0
Py, 1b ~157+] | -15741 -162+1 | -162+1

OTMeTHM, HYTO MOIIHOCTh HABMPALMOHHOIO pAAMOCHIHATA, MpHHAMAEMOr0
HA3CMHBIM  MOTPEOWTENIEM € TIOMOLIBIO H3OTPONHONH AHTEHHB,, ONMHAKOBA JUIN
OKOJIO3EHUTHOrO M npuropuzontHoro HKA,

2.3. Kocmuueckuii cermenT
OcHoBHoN reoMerprueckoi XapaKTepHCTUKOH opbOHTANtEHOMA rpyniupoBky wraTHeix HKA
8 CPHC, oT K0TOpO# 3aBHCHT TOMHOCTL HABMIALMH HA3EMHLIX norpebureneii, spnsorcy
r€OMETPHYECKUE CBOHCTBA cossesnus HKA,
KOTOpOe «BHAMT» HaseMHbIH noTpeburens.
MunuMalibHO HEOGX0NUMOE I HAZEMHOTO
notpeburens  ONTHMANBHOE  CO3BE3AHE
conepiut versipe HKA: ogun HKA s6m3n
senura, tpu HKA 86mmsm  ropusoura

PAaBHOMEPHO Pa3HeceHHBIX no
HATIPABIIEHHIO.

2.3.1. 'TIOHACC

[Monnas NpPOEKTHAs opbuTansLHas

rpymmmposka (O) 8 CPHC TJIOHACC [1]
conepxut 24 wrarusix HKA na kpyroabix

Puc. 4. L ce
opbHTax ¢ HakTOREeHHeM i=64,8° e 4, Ceensue. HECA B0
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OTHOCHTE/LIO HKBATOPUANEHON MI0CKOCTH B TPEX OPBUTANLILIX MAOCKOCTAX M0 BOCEMb
HKA B kaxcaoit., JIOACOTE BOCXOASWWX  Y3A0B  Tpex OpOMTANLULIX  [UIOCKOCTCH
pazMHAloTes HOMUHAEHO Ha 120°. HomuuansHbii nepran obpaiuenns HKA pasen T=11
4 15 muH 44 ¢, U, COOTBETCTBEHIO, HOMHHAILHAA BRICOTA KPYTOBOH OPOMTEI COCTABNZET
19100 kM nazg nosepxHocThio 3emi. B kaxioi opButansuoi miockoct socemb HKA
Pa3HECEHB! 10 APFYMEHTY MIMPOTL! HOMHHAARHO Yepes 45% 1 apryMeHTH! IMPOTHE BOCEMHU
HKA B Tpex opSirraistblX MIIOCKOCTAX CABHHYTH! Ha 213°. 3a apemsa skciuryaraunn HKA
na opbute (ao 7,5 aer) peaspHpie nojoxenns HKA s OU wmoryr orimuarscs oT
HOMUHUIBHLIX He Gosee uem Ha £5°,

Ha puc.4 mobpaxeua monens opburasstoi rpynuuposky B cucreme [JIOHACC »

BUAE TPCX OPOMTLILHBIX KOJCIL

2.3.2. NAVSTAR-GPS

[Monmas OI' B cucreme NAVSTAR-GPS (2]
cogepiut 24 wrrateerx HKA wa kpyrosoix
CHHXPOHHBIX opOuTax C MEPHOAOM
obpamenus T = 124 00 mMun (BeicOTa OPOUTHI
cocrasaser  okomo 20200 km wan
HOBEPXHOCTRIO 3EMIIH) B IECTH OPOHTAABHBIX
mnockoetax (no uersipe HKA B kawaoi) ¢
HAKTOHEHUEM =55° OTHOCHTENLHO
IKBATOPHAILHOH TIOCKOCTH, JNOATOTH
BOCXO/IAIIMY  Y3JIOB KOTOPBIX CMEILEHB! ¢
paTepBaNoM  HomupanekHo 60°  (pue.  5).
UYersipe  cnyTHMKAa  HC  PacipelelicHbl Puc. 5. Coszgezoue HKA NAVSTAR-
paBHOMEpHO B APEIENax OJHOI IIIOCKOCTH - GPS

mo jpa cliyrHvka obocobneHHo, ¢ yraoMm

MexLy HuUMH apubausurensho 30 rpazycos.

2.3.3. «GALILEO»

Enponeiickuit coo3 copmecTHo ¢ Esponefickum
KOCMMYECKHM ArcHTCTBOM MPHHANKM PElISHHTS
crpouts cucteMy «GALILEO» rakum obpasom:
yrobel  oHa Obuid, C OAHOH  CTOPOHLI,
MAKCHMAJIBHO COBMECTHMOH ¢ AMEPHKaHCKOH
NAVSTAR-GPS, no ¢ aApyroit cTopoHLL, Moria
(yHKiMOHHpOBaTL abCOMOTHO HE3ABUCHMO OT
Hee. TakuMm oOpasom, CO3BE3AME CNYTHHKOB
«GALILEO» Gyaer cocrosts u3 27 CIyTHHKOB
B Tpex opOHTANBHBIX NAOCKOCTAX, Kaxaas ¢ 9
CIYTHHUKAMH, PABHOMEPHO PACIPEALICHHBIMH B
npeaciax  kpyropoH  opbutel.  Kmouessie
napamerphl - opGuranenedi paguyc Oyner -
pases npubanzntensno 23600 KUAOMETPOB M
cikAoHeHHe 56 rpalycoB  OTHOCHTEIIBHO
IKBATOPHANILHOH THIOCKOCTH. Y100k
ofecneynBaTh HCOOXOUMMYIO HIOBLITOUHOCTS HA
OpOWTE ¥ M10380AUTH OBICTPOE BOCCTAHORJEHHE
B CAYYae OTkasa CIYTHHUKOB, Npeanonaraores

Puc. 6. Obwedunennoe cozeezdue
GPS-«GALILEO» ¢ 24
HKA NAVSTAR-GPS u 27
HKA « GALILEO»
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TPH aKTHBHBIX PE3CPBHBIX COYTHHKA, 110 OXHOMY B KaX10i opouTansHoii niockactd, Ha

puc. 6 nokasaHo p3aumHoe pacrionoxkenne HKA obweaunenmoit cucremst GPS —
«GALILEO» [3].

2.4. HazemHblii KOMILIEKC yNpaBieHus
Hazemuelii komnaekc ynpasnenus (HKY) opburanshoii rpynnuposkoit HKA seinonnaer
4eTBIPE MPYIIAl 3a1aY:

1. ademepuaHoe H HacTOTHO-BpeMeHHOe oGecnieuenme HKA;

2.  MOHMTOPHMHI PATHOHABHIALMOHHOTO ITOJIA;

3. panuoteneMerpuueckuit MoruTopurr HKA;

4. KOMaHZHOE M MPOTpaMMHOE paauoynpaeiexne Gpyukuuonaposanuem HKA,

Jna CHHXpOHM3AlMM 1IKaN BPEMEHH PAsAMYHEIX CIIYTHHKOB ¢ HeoOGXoamumoii
TOYHOCTEIO Ha Bopry HKA menofikaytores LezneBsle CTAHAAPTEl YACTOTH ¢ 0THOCHTENLHOH
necrabunsHocTsio nopszka 1077, Ha sasemuoM xommuexce YIpaBleHUs HCIONB3YETCH
BOMOPOAMBIN CTAHAAPT ¢ OTHOCUTENBHOM HecTabuabHOCTRIO 107, Kpome Toro, B cocras
HKY BXOAAT CpeicTBa KOPPEKLMM LIKAT BPEMCHW CIyTHWKOB OTHOCHMTENLHO 3TAAOHHOMH
HIKATB ¢ NOTPeHOCTEI0 35 He. ,

Hazemnsiit cermenr oBecnieunBact 3demMepuiHoe 06ecnedeHHe CIYTHHKOB, JTO
03H2YaeT, 4YTO HA 3EMJIE ONPEHEHAIOTCH NAPAMETPhl JABIKEHWA CHOYTHHKOB U
TPOTHO3HPYIOTCH 3HAUEHHA DTHX MAPAMCTPOB HA 3apaHee ONpeieNEHHBIR NpPOMEXKYTOK
spemeHH. [lapameTpsl M WX NPOTHO3 3aKJIalbIBAKOTCA B HABHFAUMOHHOE cooblueHwe,
NepenasaeMoe COYTHHKOM Hapaay ¢ nepeaadelf HaBHralmouHoro curhana. Cioma ke
BXO/IT YaCTOTHO-BPEMEHHbIE MMONpaBKH GopToBolf INKaNkl BPEMEHHM  CIIYTHHKA
OTHOCHTEIBHO CHCTEMHOrO BpeMeHH. M3Mepenue M rporxHos napaMerpos apwxenus HKA
TIPOM3BOJAATCY B DBalIMCTHYECKOM LIGHTPE CHCTEMBI MO Pe3y/JbTaraM TPaeKTOPHBIX
M3MEPEHHIT TANBHOCTH A0 CITYTHHKA U €0 PagNanbHON CKOPOCTH.

24.1.TJIOHACC

CerMeHT HA3EMHOrQ KOMMJIEKCA YNPABICHHS NPEICTaBleH Ha puc. 7. Ddemepuanoe
obecneuenne (J0) HKA o3Hauaet: onpenencHne U Nporko3 mapamerpos asmkenns HKA
wsaknanky» Ha OGopr HKA sdemepwinod mndopmanun (3H) ana kaupos undposoit
undopmauun (LIA) B HABMrauHOHHLIX PANMOCHIHANAX.

YacrorHo-speMeHHoe obecneuenue (TBO) HKA o3navaer onpenenenue  nporto3
Goprosoit wxansi spemenu (bILB) orvocurenso mxanst Bpemend (LIB) cucremsl
«3aknanky» na 6opt HKA yactotHo-spemennsix nonpasok (UBIT) k BILB, nomemaemsix B
kazpet LM B HaBHraLMOHHEIX pajHOCKHTHATIAX.

Onpenenenne W mpors#os napamerpos  aswxenus HKA  ocymectsaser
banmucrigeckuit nentp (BLI) cucremst Ha ocHOBe pe3y/IBTATOR TPACKTOPHEIX H3MepeHHit
DAalbHOCTH H panMaibHol ckopoctH HKA, moctynaiommx or cer#  HaseMHBIX
PANHOTEXHHYECKHX «3aTPOCHBIXY KOMaHAHO-H3MEpHTENbHEIX nyHkros (KHII). B HKY
Henofk3yoTes He MeHee Tpex KHII, pacronoskeHHBIX Ha TeppHTOpry Poccun (3anamxas,
LEHTpalbHad, BOCTOuHas) Ha reorpadmueckodl mMpote B npeaenax 50°...60%.m. KHIT na
reorpaduueckoii wmpore He MeHee 50°%c.m. «HaGmopaer» kawawit HKA nmpu yriax

BO3BBILICHUA HE MeHee 5° B TEUCHME CEANCOB AIHTEABLHOCTHIO 1...5 4 HA KOKIOM BHTKE
opbutel HKA.
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Puc. 7. Ceamerm nazemuozo komnaexca ynpasnenus INTOHACC

2.4.2. NAVSTAR-GPS

Cerment Hasemuoro kommaekca ynpasnenus NAVSTAR-GPS npencrasnes wa puc. 8.
Komnnexe Beinonnser auanoruusie [JIOHACC sanaun. B HaseMHBIX KOMILTekcax
ynpasnenua cucreMsl NAVSTAR-GPS, B otnuuue ot cucremst TJIOHACC, noacucremsl

aeMepuanore  obecneveHUs W YACTOTHO-BPEMECHHOTO  OGECTEHEHHS  NOCTPOEHDBI
COBMECTHO.

| ey vipanie
® Jlvdny Supan cHut
a Hamowna antonsa .*'la

Puc.8. Ceemenm nasemnozo komnrexca ynpasnenus NAVSTAR-GPS
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Munucreperso Otoponbt CLUA ynpasnsier cucremoll ¢ NOMOUIBIY HeThIPEX
HA3eMHBIX CTaHUMH yNpaBlicHHA - TTaBHAs% CTAHLUMA W TPH CTAHLMM YNpPaBleHHA MTOTOKAMH
JAHHBIX!
e  CTaHLMH CACKEHHS HEMPEPHIBHO OTCACKUBAIOT CIYTHHKH H [IEPEAAIOT
HHGOPMAITHIO HA rIABHYIO CTAHLUIO,
®  [71aBHas CTAHUMA BRIMHCIRET NONPABKHM CHHXPOHH3ALHY ATOMHBIX HACOB
cnyraukos. Oxa Take uenpapnset opOutansHyio uudopMamio (Dhemeprint
cnyrHukoB). I iaBHas craHuus nepenaér pesynbTarTsl cBoel paboThl CTaHIMAM
3arpy3KH.
e  CraHiuuM ypaBnedHs NOTOKAMH JaHHBIX 0GHOBALIOT HHGOPMALHIO,
EPEJIABAEMYIO KKABIM CIYTHHKOM, HCIIONB3YA JAHHBIE, HONYYSHHBIE OT
TNABHOM CTaHIMH. ’

3. ®opmath! PATHOCHTHAJIOB, HCTIOJIB3YEMbIX B CIIYTHHKOBLIX
PAOHOHABHIALHOHHBIX CHCTEMAX BTOPOTO NOKOTEHHA

3.1. CTpyxTypa HABHTAHHOHHBIX paguocuruaios B cuereme IJIOHACC

B cucreme INIOHACC ncnonb3yercs 4acToTHOE pasfienenue curianos (FDMA), kakaniit
wratHeli HKA B opGuTansHoif rpynriMpoBKe NOCTOAHHO M3Ny4aeT wWyMmonofobHsle
HernpepbIBHbIE HABMTALMOHHBIE P3AMOCHTHAILI B ABYX JHama3oHax 4acror 1600 MI'm u
1250 MI'n. B HATIl HaBHrauMoHHEE M3MEpeHHs B JBYX IHMANa3oHax 4acToT MO3BOJAIOT
HCK/TIOUHTE HOHOCGEPHEIE NOTPEIIHOCTH U3MEPEHUI.

Kaxpeii HKA wmeer uesuespiit ACY, ucnonesyemsii ans  QopMmuposaHus
Ooproso#t mkans! (BILB) 1 HaBuranmonHsix pagnocuryaios L1 = 1600 MI'uu L2 = 1250
MIn.

Illymoniogobueie HaBurammonHsie paguocurdanst B O HKA  pasanwarotcs
Hecymuvu wacTotamu. [lockoneky s B3ammuoantunoaneix HKA B opbHTansHeix
NAOCKOCTHX MOWHO NPUMEHATH OJMHAKOBRIC HECYITHE YacTOTHI, To A 24 wrratHeix HKA
MMHEMAILHO HEOOX0AMMOE HCIIO HECYILMX YacTOT B KKIOM AHANA30HE 4acTOT paBHo 12.
Jlauroe yTBEpRUICHHE IOCTATOYHO OMCBHIHO, ECIIH HMETH B BUIY HA3EMHLIX NoTpeduTeneH
{CYXONYTHBIX, MOPCKMX, BO3IYILUHbIX), HOCKOJbKY B 30HE PaAMOBHAHMOCTH HAIEMHOTO
notpe0uTens He MOTYT OJIHOBPEMEHHO HaxXOAWTBCA B3aWMHO aHTHnoaseie HKA.
Kocmuueckuii riotpedHTeis MOKET ONHOBPEMEHHO «BUJIEThY B3anMuoantunoansie HKA.
Opnaxo uMeroTed ABa GnaronpuaTHLIX obcToATENLCTRA.

INepBoe 3axmovacTcs B TOM, YTO U3 ABYX B3anMHoaHTUnoaHsix HKA xots Ger onux
OyHeT HaXOAWTHCA HIDKE MECTHOTO TOPH30HTA MO OTHOIUEGHMIO K KOCMMYECKOMY
notpebaTemo. l1pakTHUeckH HEBO3MOKHO NPHMEHHWTL HAa KOCMHYEcKOM OObeKTe 0aHy
IIHPOKOHANPABICHHYIO AHTEHHY, CTIOCOOHYIO NMPHHHMATE HABWTALMOHHBIC PANHOCHIHAILI
or Beex «BuauMeix» HKA Bemie W Hmke mectHoro ropuzonrta. [Tosromy B HAIT na
KOoCMMYEeCKOM 0bbexTe ApUMeHAIoT: nTHb0 O0IHY WMPOKOHANPABACHHYH) BHTEHHY s
npyeMa HaBMFALMOHHBIX paguocurHasos ot HKA, wnaxoasumxcs BelIE MECTHOTO
ropusonTa; b0  HECKONBKO 4HTEHH M HECKOJIBKO MPUEMHHKOB s  NpHeMa
HABHTAUMOHHBLIX panuocHrHanoB oT HKA, naxoasmmxcs Bellue W HHKE MECTHOFRO
FOPHIOHTA.

B obowx apuanrax HAIl Ha kocmuueckom oObexTe OyAeT OCYIIECTBIATH
peKTHBHYI0  HPOCTPAHCTBEHHYIO CEJIEKLHIO HABHMTAlMOHHBIX PAIHOCHIHANOB OT
B3anMHoaHTHoAHBIX HKA.

Bropoe obcrosrenscrBo 3akmoyaercs B ToM. 4ro B HAIT B ceance HaBuraumn

- OCYIICCTRAAETCH HOHCK HCC)/I.LICﬁ HACTOThl K&KAOTO DPHHHMAEMOI0 HABHTAIMOHHOIO
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paznocKraana B mpenenax y3ko# nomocst (~1 kl'u) okono mporHozupyemMoro 3HaueHns ¢
Y4ETOM AOTUIEPOBCKOrO ¢ABMra HecyiieH uactothl. JlomiepoBckuii capur mMOmer HUMeTh
MakCHMabHEie SHawenna £5 xI'u B HAII Ha nazemHBIX 00bhekTax u +40 kI'u B HAII na
HM3KOOPOUTaNbLHEIX KOcMHueckHX obbexrax. Crenomarensno, 8 HAIT wa xocmudeckom
obbekTe  ocyuiecTBisercs dGQeKTHBHAS [ONIEPOBCKAS CENEKLMA HABMIALMOHHBIX
paduoCHTHANIOB OT panHoBuIMMerx HKA,

Taxum 00pasoMm, HaBMrauMOHHBIC DAIHOCHIHALI B3auMHoanTHnonHex HKA ¢
OIMHAKOBLIMY HECYIIMMH YacTOTaMH GYAYT HaaeKHO pasmenennt B HAIT Ha kocMuteckom
00beKTe 3a CHET NPOCTPAHCTBEHHON M AOMIICPOBCKOH CEeKUMH.

Hasuraunonnstit panmocursan 1600 MI'y — asyxkomnosenTuiit, Ha 3anannoi
Hecymed 4acrote B panMoriepenatduke GOPMMPYIOTCH IBA OAMHAKOBBIX 10 MOIHOCTH
ryMonogo6HeIX GasoMaHMITy IMPOBAHHbBIX HABUTalIHOHHAIX PAIMOCHIHANA «B KBAIPATYpPE»
(B3auMEEIH cABHT N0 Pase Ha £90°): y3KOTIONOCHSI B IIMPOKONOROCHLIH.

V3KOMONOCHBIA — HaBuralMoHHRIH  pamdocursan 1600 Ml ofpasyerca
TOCPENCTBOM MaHMMynsiiMu  Qasel necymero xonebanms Ha 180° nepuoanveckoi
ABouyHO mcesgocnyqafinod nocaenosarensHocteio (TICTI) ¢ TakroBolt wacroroii Fy =
0,511 MI'u # ¢ nepuogom nosropenus T, =1 mc (511 takros). IICTI1 npeacrarnser coGoit
M-nocnenoRatensHOCTs ¢ XapakTepucTHuecKHM noimmHomom 1 + X + X5 Tyrem
unsepTuporanna [ICTT1 nepenalorcs metku Bpemenn (MB) 6opromo#t mkankl BpeMenu
(BILIB) HKA u iBouunbie cuMBoist undposolt uudopmatmu (L), Metka BpeMeHu nMeer
AnuTensHOCTS 0,3 ¢ M nMepenaeTcs B KOHUE KAX/I0r0 JABYXCEKYHIHOTO MHTEPBANA BPEMEHH
(B xOHUE dHeTHBIX CeKyHH). MerTka BpemeHd comepkut 30 IBOHYHBIX CHMBOJOB
JauTensHocTeio 10 Mc M mpeacraBaser cofol YKOPOUEHHYIO HAa OfMH cHMBOA 31-
CHMBOJILHYIO M-110CIC IOBATEABHOCTE,

B kaxnol asyxcexyHaHo# crpoke Ha uHrepsane Bpememu 1,7 ¢ nepemaiorcs 85
ABOHYHBTX cumBonos LM, anmurensroctsio 20 MC ¥ NEPEMHOKEHHBIC Ha MEAHID, MMEIOLIHI
IHTENLHOCTS cuMBoNoB 10 mc. I'panunk! cumponos meanapa, MB n LM korepenTuss. B
NPHEMHHKE ¢ TOMOMIBI MEAHJIPA OCYINECTRIAETCS CHMBONBHAS CHHXpOHM3aLua Ans MB u
€ €€ NOMONIBIO ~— CTPOYHAR H CUMBOJIbHAA CHHXpOHH3aLma LA,

HlInpoxononocHerf  HapWrauMoHHsil  pagmocurmanr 1600 MIu  oGpasyercs
NOCPEACTBOM MaHunynauuu Qasel Hecymero koneGamms na 180° nepuommueckoi
AsonuHe# -nocenoparensHocTeio [ICTI2 ¢ raxrosoli wactotoit Fp=5,11 M@ Tlyrem
unsepruposanua TICTI2 nepenatores peowunbie cumeonsl M mnurensnoctrio 20 Mc.
Cpykrypa curhana [JIOHACC nna wacrorst 1600 MIu npencraBnena Ha puc. 9.
Y3xononocuelit curnan B auanazore L1 & 1600 MI'u nocrynen nns eex notpeburencii B
sone Buaumoctn HKA. IllupokomosocHeI CHrHanm Ha 3TOM  9acToTEé  MOXKET
HCROJIE30BATECA TPANAAHCKMMH T01K30BaTENAMH, HO TONLKO C caHkumu MHHHCTEpCTBa
o6opoubl PO. Curnan B auanasone L2 » 1250 MI'u npefsasHauen A8 BOSHHBIX HYK, ¥
€r0 CTPYKTYPa HE PACKPLIBACTCH.

Hapuraumonuelit  pamwocursan 1250 MI'n, wusmyyaemmit HKA  nepsoit
MOAM(PHUKAUUH — OHOKOMIIOHCHTHSIA HIMPOKOTIONOCHBIH 1WyMONOAOOHEIA paayocHruan,
obpa3yeMblil  TOCpeACTBOM MaHunynsAnmu ¢assl  Hecywiero xoneGanus wa 180°
nepHoaHieckoi nsonynod [ICT2 (F,= 5,11 MI'u) Ge3 uHBepTHpOBaHMS, T.¢. (e3 nepeaayn
1{M. Hasuraunonssiit panvocursan 1250 MINu, namyuacvetiit HKA Bropoit Monmdukaty,
Gyzer comepxaTh ABA ONMHAKOBLIX MO MOIIHOCTH HWiyMONonoGHex pamvocurHama 1250
MTI'u B kBazpatype:

1. y3kononocHu HaBMralMOHHBIA panuocur#an 1250 MI'u ¢ TICIII (F, =
0,511 MI'y, Ty=1 mc);

19
2. MMPOKONONOCHBIA HaBMrauuoHHeHi panuocuraan 1250 MI'u c IICIT2
(F2=5,11 MT'ut) Ges LIH. :

TMockonsxy dacrota wiBepTHposanus TICTI MHOro MeRBIIE €€ TAKTOBOH 4acTOTHI,

TO HIMPHHE OCHOBHOTO «jemecTka» orubaromedl CrexTpa MOUIHOCTH IIyMOnoaoGHOro

$a3oMaHHITYAMPOBAHHOTD HABMPAIIMOHHONO DAiHOCHrHANAZ PaBHA JIBOHHOMY 3HAYEHUIO

taxroBoi uacrotet [ICIN. CnemomaTesmbHO, MIMPHHA OCHOBHOrO «ienectka» orubarouieit

CIIEKTPa MOIMHOCTH Y3KOMOJIOCHOTO HaBMralMOHHOro panHocursana pasa 1,022 MIu,
mupokomonocHoro — 10,22 MM

HMOVALCH HAEHMARORHOO
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Puc. 9. Cuenan I''TOHACC ¢ duanazone 1600 MI'y cocmoum u3:
e 2pybozo daibHOMEPHO20 K00Q, Nhepedasaemozo CO CKOPOCMbIO

g ]

511 Kbum/c (2);

®  nocnedosamenbHOCMY HABUZAYUOHHBIX OaHHBIX, Nepedasaemblx
co ckopocnivio 50 bum/c (a);

e meandposozo ronebanus, nepedasaemozo co ckopocmvio 100
6um/c (6)

IMpn npoextuposanun CPHC IMIOHACC 6Osina BrpafoTaHa CleAyIOmas «CeTkay
HOMHHAJIBHBIX 3HAYCHHH HECYIMX 4acTOT JUIA HaBHTALMOHHBIX DAJHOCHTHANOB B ABYX
JIVarna3oHax dactot — sepxueM 1600 MI'u (B) u Himxaem 1250 MI'u (H):

Sfor =faotkAfs [0=1602,0000 MI'n; Af,=0,5625 MI'g;
fur =FastkA S fe0=1246,0000 MI'n;  Af,=0,4375 MI'n;
Foilfux = 9/7;
roe k — ycnosHBHE NOPAAKOBEHT HOMED. NApel HECYLIMX YacToT fu H fip A0A
HaBKraiMoHHLIX paguocurranos 1600 MI'n 1 1250 MIn,

PaguoniepenartiMky  HaBMrauMoHHBIX  pandocurHamoe B HKA  mepsoi#
MOAHDHKAIMH HITYHalOT HABHTALIHOHHBIE PAIMOCHTHANBL HA HEPEKIIOYAEMBIX HECYIIHX
YyacToTax ¢ HomepamMu k=1, ... ,24.

TMpuBeneM 3Ha4eHMs KPalHIX HECYHINX HaCTOT HABMIALMOHHEIX PATHOCHTHAJIOB!
f21=1602,5625 MI't;  f,24=1615,5000 MI';
fu=1246,4375 MI'L;  f04=1256,5000 MI';
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PaGoume CnexTpsl HaBUMAUMOHHLIX PAAMOCHTHANOB HA HECYILIHX YacToTax ¢
HOMepaMHu k = 1, ...,24 3aHUMAIOT NOOCKH YACTOT:
®  Y3KOUONOCHBIC HABUTAUHOHHBIE panuocurHansl 1602,0...1616,0 MI'y;
®  IIAPOKOJIONOCHBIE HABUIAllMOHHBIC pamvockrHansl 1597,4.1620,6 MIy,
1241.3...1261,6 MI'n.
B nuanasone uacror 1600 MI'u u 1250 MT'i cornacko Pernamenry panuocssin
BLLICACHBI [TOOCK! YaCTOT:

® Ui cnyTHHKOBOH pamoceazu (Kocmoc — 3Bemns) 1559,0...1610,0 Mg
1215,0...1260,0 MI'i;
¢ Iuit BO3NYWHOH paauoHassrammm 1559,0...1626,5 M@,

BAKP-87  pacnpesenun  nmonocy  uactor 1610,6..1613,8 MI'u g
PAJMOACTPOHOMHUHU HA TMEPBHYHOH OCHOBE. UTOOBI CHM3UTE M B AanpHEHIEM HONHOCTHIO
HCKHOHHTE PAAHONOMEXH PaaKoTENeckonaM B ananasone yacror 1610,6...1613,8 MIu co
CTOPOHBL HABMIAUMOHMHBIX ~pajHockrHanos cucremsl TJIOHACC, Aamunmcrpanus
cucremel IJIOHACC npuiisna B 1993r. pewenne, cornacuo KOTOpPOMY Ang 24 mTaTHsix
HKA B cucreme TITOHACC 6yayT ucrnonssoparbes clenyromye HoMepa (k) Hecymmx
YacToT:

1. 101998 r. k=1,..,15; k=21,....24;
2. c1998r. no2005r. k=1,..,12;
3. c2005r.k=-7,..4.

¥Ynpoinennsie u3obpaxenus orubaiouseit CTEKTPOB MOIIHOCTH Y3KOHOJIOCHEIX M
UIHMPOKOMONOCHEIX HABHTAUMOHRHEIX pANMOCHTHAN0B 1600 MI'y 1/l HA3BAHHEIX BLILE TPEX
3TanoB npuseacHsr Ba puc. 10. K 2005 r. u3 paguoacTpoHOMMZeckol TONOCH Synyr
BBIBE/ICHB CTIEKTPLI IUHPOKONIONOCHEIX M Y3KONOJIOCHBIX HABHTALIMOHHEIX PATHOCHTHAIIOB.
Oro Gyzer peataoBaHo 3a cueT npumenenns HKA BTOPOH MOZMQMKAUMH, B KOTODOJ
NEPENATYHKN  HARBUTAUMOHHBIX  DANMOCHIHANOB MOTYT HM3NIYYaTh HEBUrALMOHHBIE
E;a;uoc;g‘aanu Ha mobol nape nepekmOMAaeMBIX HECYWMX HacToT ¢ HOMEpaMH k=-
,0,..+12.

2 T

M wawoem, * (IVIVYY S—

1595

1605 1510 1615 1620 I, My 1595 1600 1605 1610 1615 1620 1, Mg
I I —

Puc. 10. ¥Ynpowennvie uzobpasicenus ozubaoweti CHEKMPOB MOUHOCTU YIKOROROCHEIX U
WUPOKONONOCHIX HAGUZAYUOHHBLY paduocucnanocs 1600 My

Crpyktypa IIH 8 y3KON0/M0CHLIX HABHIALHOHHBIX paavocuraanax 1600MIu.

Jlts  naBuraumowsbix pamvocursanos LU ¢dopmupyerca Ha Gopry HKA Ha ocmoge
AanubiX, nepenasaeMbix oT HKY cuctemsl Ha 6opt HKA ¢ nomowsio PaaMOTEXHHYECKHX
cpexcrs. Tepenasaemas B HaBHTALUMOHHEIX paaumockrHaax LU CTPYKTYPHpOBAHA B BuIe
CTPOK, KaZpoB M CYNCpKaIpoB. ,

B y3skonosocnoM maBMramMoHHOM pamuocurhaie 1600 MIi crpoxa LM wmeer
AJIMTENBHOCTD 2 ¢ (BMecTe ¢ MB) H coaepauT 85 IBOHUHBIX CHMBOJOB JTHTEALHOCTRIO no
20 Mc, nepenaBatMEIX B OTHOCHTENEHOM KOE. TlepBsiil CHMBOJI KXKIOA CTPOXM ABNAETCH
HAYQIIEHBIM ((XOMOCTRIM») JUTR OTHOCHTENBHOTO Koma. TIOCTEIHWE BOCEMb CMMBOJIOB B
K@KAOH CTPOKE AB/IAIOTCA MPOBEPOYHBIMH CHMBOJAMH KOMA XeMMUHIa, MO3BOSIOUIMMH
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MCTIPAB/ATH OJWHOYHBLIH OWHOOYHBIH cHUMBON W OOHApYXHBATH /BA OMMGOYHBIX
cumBosia B crpoke. Kanp conepaur 15 crpok (30 ¢), cynepkanp S xaupos (2,5 Mun).

B cocrase xaxaoro kaapa nepenaetca noaHe o6nem oneparusHoit LI u uacts
anbMaHaxa cucreMsl [Monusiif anbMaHax mepenaercs B IIpeenax Cynepkajipa.

Omneparusnas LI B xanpe oTHocutrcs k HKA, manyyaromemy HaBMTAariHOHHBIHK
PATHOCHTHAN, H COTEPHKHT;

®  npu3Haku gocToeepHocTh LIH & xanpe;

®  BpeMs Hawana Kaapa t:

*  bemepuiHyio HHBOPMALIMIO — KOOPAWHATH! H MPOK3IBOAHKE Koopmuuat HKA p
NpSMOYTOJIBHOH FEOICHTPHYECKOR CHCTEME KOOPIHHAT HA MOMEHT BPEMEHH ty;

®  4acToTHO-BpeMeHnsie nonpaskd (YBIT) Ha MoMeHT BpeMmenw t; B BHae
OTHOCHTE/IbHOM NOUPABKK K HECYIeH YaCTOTe HABMTAIMOHHOTO PAAHOCHIHANA M
nonpasky k BILIB HKA;
BPEMA ;.
Bpems t;, k xotopoMy «mpuBssansi» DU u UBIL, kparun 30 MuH or Havama
CYTOK.

AJIEMaHaX CHCTEMBL CONEPHKHT:

BPEMS, K KOTOPOMY OTHOCHTCH a/ibMaHax;
napaMeTpsl Op6HTHI, HOMED [Iaphi HCCYIIHX 4acTOT ¥ monpaBky k BLIB ans
xaxxaoro wratHoro HKA s OI' (24 HKA);

* nonpaeky k IIIB cucremsr otHocurensHo LB cTpanb, norpemsocTs Nonpasku
He bonee 1 mkc.

AneManax cucteMsl HeoOxomMM B HABHMALMOHHOW anmaparype IMOiL30BaTeNs
(HAIT) ans nuanuposanusd ceanca Hapuraiun (BLGop onTumansHoro cosseasus HKA) u
IULst TIpHEMa HABHTALMOHHBLIX PAJHOCHTHANIOR B CHCTeMe (NMPOTHO3 AOILUIEPOBCKOrO CHBHTA
Hecyuel wactotel). OneparusHas [{U ueobxoauma B HAIT B ceance Hasuralum, Tak Kax
UBI1 puocaTca B pesynstarsl MamcpeHmd, a OW HCHONB3yercs NpH ONpeleNeHHM
KOOP/JMHAT H BEKTOpPa CKOpOCTH noTpeburens.

3.2, CTpykTypa HaBHTAUMOHHBIX PAAROCHTHANOB B cucreme NAVSTAR-GPS

B CPHC NAVSTAR-GPS Hcroib3yi0Tcs CHIHANbI MHOKECTBEHHOID

pazgenenuem (Code Division Multiplies Access — CDMA). [Ipencrasum ceBe
Y3KOMONOCHRIA CHTHAJ, MOXY/IHPOBAHHEIH HEKOTOPOH TOCHEROBATENLHOCTLI0 NAHHLIX CO
CKOpOCTHIO, cKakeM, 9600 bps. Ilycts ecTh YHHKanbHad, TOBTOPAIOWIANCH,
NCEBAOCHYHARHAN TOCNEN0BATENLHOCTE JAHHBIX CO 3HAYMTENLHO GoNblUEd CKOPOCTHIO,
Hanpumvep 12,5 Mbps. Ecnn MensaTs ¢asy y3KOMOMOCHOrO CHIHANA B COOTBETCTBMH €
TICEBAIOC/TY4aHHOM M0CNEI0BATENBHOCTRIO, TO MBI NONYYHMM LiyMONOnoOHel curman ¢
IHPOKHM  CTICKTPOM, colepxkamuii B cebe wuupopmaumio. Ecnu paceMorpers, 4TO
MPOMCXOJHT C TOYKH 3PEHHA YACTOTHI - TO HOMYYUTCA, 4TO HHGOODPMAUMOHHEIA CHTHAN
«PacIUIBIICA» MO CneKTpy mymononobHoro curmana. Teneps 0CTanock BhLIATHE JTOT
UIHPOKONONOCHBIH CHrHa B 3Hp.

Ha nytv oT nepenaTyyka K IPHEMHHKY K CHIHATY N00ABSATCH NOMEXH ¥ CHIHAE! OT
Apyrux nepenaryuxos. [lpunsteit ¥ JeMOAyNHPOBAaHHEIA [UMPOKOMNONOCHEIH CHrHAan
TICPEMHOXKHM C TOYHOH KOTHMEH mymononobHOro CHrHana, KOTOPEIH MCTIONLIOBANICA ANA
MoRyasuMK (3aech HeoOxomHMMa OYEHb BHICOKAA CTENEHb CHHXPOHM3AUM NpPHEMHHMKA H
NepeAaTYHKa), B NOJYYHM Y3KOTIOMOCHYIO COCTABAIONIYIO C OYeHb BLICOKOM 3Hepriel na
SIIMHHULY WaCTOTHI — NepeJanHblii moTox AaHHeX. Tak Kak MOMEXH M CHTHANLI OT JPYTHX
HCTOYHHKOB HE COBMAAAIOT ¢ HMCMONB3OBAHHEIM MIYMOTIONOGHBIM CHTHANOM, TO NOCHE
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NepeMHOMCHHA OHH eIe Oonpme HPAcCnoN3IyTCA» M0 CIEKTPY H HX IHEPTHA HA SAHHMITY
YaCTOTHl YMEHBLINTCA.

Taxum 0o6pasoM, MCMOMB3YS PA3NU4HLIE NMCEBAOCHYHANHBIE TIOC/IEAOBATENLHOCTH
{Kolpl), MOKHO OPraHM3OBaTh HECKOJABKO HE3ABHCHMBIX KAaHAIOB MEPENAayH JAHHLIX B
OHOHK H TOMH e 10J10Ce YacTOT.

Hy®Hno ckasarb, 9TO BBINIECOPUBENCHHOE ONHCAHWE 3TOH TEXHOJAOIMHM CHABHO
YTIPOILEHO, HO, HANEIOCh, AACT NPEACTARIECHHE O TOM, KaK 3To Bee paboTaeT.

Takum obpazom, B cucreme NAVSTAR-GPS wucnonssyiotcs HempepeIBHEIE
IyMonono0HbIE HABUTALHOHHEIE PATHOCKTHANBE HA ABYX HECYINMX wacrorax (BepxHeil H
HIKHEH)

L1=1575,42 MI'1;; L2=1227,6 MT'1s,
M NPHMEHAETCA KOMOBOE PA3JENeHUE HABMMaUMOHHBIX PAAMOCUTHANOB I8 24 LITATHRIX
HKA.

HaswrauuoHnsld  paguocHrian Ha  BepxHel  Hecymed wactote L1—
JBYXKOMIIOHEHTHBIH, OH COJCpXHT JBa (PA3OMAHHIYIMPOBAHHEIX MIYMONONOGHLIX
HaBHralnHOHHEIX paJlHOCHIHaNa B Keagparype (casur no ¢ase nma +90°): y3xkononocHsiil U
HIMPOKOTOIOCHEIH.

V3komonocHelit HaBuranMoHHEIR panvockraan L1 obpasyercs nocpenctsoM
MaHMnyIauMH a3kl Hecymero koneGanus nHa 180° mepumoguueckoit TICIT1 ¢ takrosoi
gactoroit Fy = 1,023 MI'u u ¢ nepuonom noetopenns T; = 1 Mc. Isouunsie cumpoist LI
anurensHOCTRI0 20 Mc mepenatorcs uHBeptTHposanuem TTICTI1, TICTIl HasmBaloT koxoM
cBoGomnoro _gocryna C/A (Coarse Acquisition). DTOT CHrHanm JoOCTYmeH BCeM
nonszosarenaM cHcremMet NAVSTAR-GPS. Onuako TOYHOCT: ABTOHOMHBIX H3MEpeHHH
paccTosHHI ¢ 6r0 NOMOIIBIO HEBLICOKA.

L1= 1575.42 MHz

C/A- KO/ (1.023MHz)
JULAPULRLATI
HABHT'. COOBI, (50 Hz)

L1

P-kox (10.023 MHz)

MALLArT

L2=1227.6 MHz

A

Puc. 11. Cmpykmypa cuznana NAVSTAR-GPS

L2

IHupoxononocHslii HABHrauMoHHEIT panmocurran L1 ofpasyercs nocpeactsom
mMasunynaaud $assi Hecywero konebanus Ha 180° nepuommueckoit T1CII2 ¢ Takrosoit
qacroroii Fy = 10,23 MI'u. [Jipowunnie cumBonsl [IU nnvrensHocthio cHMBonos 20 mc
nepenatorca uuseptiposannem [ICI12. TICTI2 HasmBator 3aummennsiM koaoM (Protected
unu P code), oH nepemaercs C NEPUOAOM MOBTOpeHMA 7 CYTOK (TaK Ha3bIBAEMBIH
HeNenbHbid LMKI), pa3 B HEACNIO MPOMCXOIMT CMEHAa 3TOTO KOfAa Ha BCEX CIYTHHKAX.
IMoaromy usMepeHns no P-kopy MOFYT BBINONHATE TOJBKO HOJNB30BATENH, NONYYHBIIHE
paspeiueHue Munucrepcrea oboponsl CIIIA. Kpome sroro, Munucrepereo 060OpoHbI
CHIA npeanpuHsno Mepsl JONOMHWTENHHOM 3ammThi P-koga: B moGoit MoMmenT 663
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npeaynpexneHus MoxeT ObiTe BkmoueH pexum AS (Anti Spoofing). [Ipu stom
BHITIONHACTCS NONONHUTENLHOE KogupoBanue P-xoja, ¥ o npespaumaercs B Y-KOZI.
Pacimdposka Y-xoja BO3MOKHA TOJILKO ANNApaTHO, ¢ MCTONA30BARHHEM CIHELHATLHOR
MUKpOcXeMbl (kpunrorpadmueckoro Kmova), KoTOopas ycraHamnusaetcs B GPS-
NPHEMHHKE,

Hasurauyonnsiit panmocurHan L2 — 0JHOKOMNOHEHTHBIA, INHPOKONONOCHHIH,
oOpasoRaH DOCPEACTBOM MaHMTyMsuuMu (assl Hecymero konefanms Ha 180°
nepuomuueckoft  IICM12 Ges wHBepTHpORaHHA. DTOT CHTHAN MpefHasHadveH Jns
MCTIONBL3OBAHHA BOCHHEIMH MONB30BATE/SMH H Er0 CTPYKTYDA HE PACKPEIBAETCS.

C 2005 romga nauar 3aiyck ¥ SKCIUTYatauMs MoaepHMsdpoBanHo# Bepcum HKA
NAVSTAR-GPS - Block IIR-M. Hx oriuuuie 0T NpembLIyImHX BepcHif 3aKOYAETCA B
nepepave C/A xopa na yacrore L2CS(Commercial Service) = 1227,60 MI'u. DToT cHraan
npeHA3HaueH /uis fonee TOYHOTO MECTOONPEALICHHA KOMMEPYECKHX NOJb30BaTeneH, T.¢.
ITOT CEPBHC fABNAETCA MnarHuiM. [loaHEIR LMKN BBOAA B IKCIUTYaTanMio NOAOOHEIX
CIYTHUKOB NaHRpyerca 3asepints k 2010 roay. '

C 2007 roma B eucremy NAVSTAR-GPS mwiaHHpyeTcs BBECTH HOBBIH
rpakuaHcKui curvan Ha wactore L3 = 1176,45 MI'u. I'paxnanckuit ko Ha vacrote L5
MOKHO CuUMTarh NofobHeM cymecTyomeMy P(Y) kony ¢ keanpatypHo dasoroit cxemoit
monynanu QPSK(10).

3.3. CTpyKTypa HABHTAUHOHHBLIX PaaHocurHanos B cucteme «GALILEO»

Cucrema « GALILEO» siensierca Hoeo# CPHC Broporo nokosenus. OHa NOKa A0CTaTOMHO
CKYTIO TIPEICTABJICHA B JIMTEPATYPE, MIO3TOMY OCTAHOBMMCSH Ha CTPYKTYPE HABHIALIHOHHLIX
CHTHAJIOB M npefocTaBaseMeix yroif CPHC cepsucax nveckoneko noapobuee.

Esponeiicknm Coobmecteom (EC) B mapre 2001 roza Gwina yupexnena I'pynma
paspaborkn curnamos CPHC «GALILEO» (Galileo Signal Task Force - STF). Cpeau
IePBOCTENEHHEIX 32124 NPOeKTHpPoBaHUA Horo# cucremsl, STF BrInennia cOBMECTHMOCTS
H BO3MOXHOCTH B3awMozelctBua cuctemsl «GALILEO» ¢ apyrumu CoyTHHKOBBIMH
HAaBHTalMOHHBIMA cucreMamu, ocofeHHe ¢ NAVSTAR-GPS, a takxe BO3MOKHOCTH HHOTO
HCMONBE30BaHMA CHCTEMBI B TOH YaCTH PAAMOYACTOTHOTO CHEKTPa, B KoTopoi «GALILEO»
6yner paGorare., ITomutuka Esponefickoro coofuiectsa B ONpelNCICHHY HanpaBacHHH
paseuThs «GALILEO» BHAHa B pelleHHH 3acefanus TpancnoprHoro Cogera (Transport
Council Meeting), cocrosBmerocs 17 mons 1999 roga, onpefenwBIIero: «CHCTEMa
«GALILEO» nomksa 6biTh OTKPEITOIM rno6ansHolt cHCTEMOH, NONHOCTEIO COBMECTHMOIH C
NAVSTAR-GPS, Ho oanospeMenno ObITE MOAHOCTRIO HE3ABHCHMOM OT HEey,

Esponelickoe cooGuIecTBO 3anIaHHpPOBAO  MPENOCTABACHUE MMOJIB30BATEAAM
cucrembl «GALILEO» u4eThlpex HaBMTAUMOHHBLIX H OHOTO NOHCKOBO-CNACATENLHOIO
(SAR) cepsuca. OcHoBuo#i curman cucreMsl «GALILEOw, mnpenHasHaveHHBI s
okazauns ycnyrd «Otkpwuitoiii cepsucy {Open Service - OS) ¢ BHICOKMM Ka4ecTBOM,
COCTOMT M3 INECTH pPasNWYHLIX HABMIAIMOHHBIX CHTHAJIOB HA TPeX HECYINHX YacToTax.
Texuugeckne xapaxrepuctuky OS Oymyt, mo kpaitHell Mepe, paBHBI TEM, KaXUMH WX
OKHMAAOT MOMYy4HTH OT MOJCPHH3AUMH TEKYLICrO TOKOJEHHA CIYTHHKOB CHCTEMBI
NAVSTAR-GPS, samwranuposantofi k 2008 romy, u Gymymeit cmcreme GPS IIL
apXMTEKTypa KoTopoi ceifdac paspabarbisaetcs.

INon HE3aBUCHMOCTBIO CHCTEM NOJPA3YMEBAETCS HX 3AlMTA MAM YMEHBLIEHHE
BEPOATHOCTH OJHOBPEMEHHOrO BHIXOJA M3 CTPOS JABYX CHCTEM. 310 MOkeT ObiTh
ZIOCTHTHYTQ OTHacTH IYTEM Da3flenbHOro oOCHY)KUBAHMA HAE3€MHOM W KOCMHYECKOH
HHQPAacTPYKTYpH! M CHCTEM YNIPaBNCHHSA, OTYAacTH — MyTeM BBeleHus B Jjelicrsne
CTIELHATBHO PA3PAbOTAHHAIX TUNOB CHIHAIOB M HHOTO PACTIPSAENCHHS YaCTOT.
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3.3.1. YacToThi M CEKTPLI PAAHOCHTHAIOB B cHctreme «GALILEO»

Cucrema «GALILEO» 8 cpoeii pabore 6yaer uenoms308ats 10 HABHMALMOHHEIX CHIHANOB
€ npasodi KPYropo¥ nonspulauMer B ananasone yacror 1164-1215 MIMu (ananasonst ESa u
E3b), 1260-1300 MI'u (amwanmason E6) m 1559-1592 MIu (awanasosbi ‘EZ-LI-E_ZI},
ABAAIOIIMXCA YACTBIO 4YACTOT, BhUENeHHEX ans Radio Navigation Satellite Service.
(YacroTnsii nuanason E2-L1-E1 nHorxa ofosnauaior kak L1 nns yao6ersa). Ha pHCYHKE
12 ppusenen ofwMii B, NOKA3aH THIT MOAYNALMHM, CKOPOCTh TEPEAadd 3NEMEHTOR
CHIHANA H JaHHBIX MLt KAKAOTO U3 3THX cUrHanos. Taike Ha pUCYHKe BEUIENEHB! HECYIIHe
HACcTOTHl W Awanasonsl dacrot, ofuue ¢ cucremoit NAVSTAR. Bcee crnyTHHKH CHCTEMBI
«GALILEO» COBMECTHO HCHIONB3YIOT OAHY HOMMHATBLHYIO HacToTy, NPHMEHAN TEXHHKY
KOIEKTHBHOIO JIOCTYNA C KOMOBLIM pa3jeneHneM kaHanos (CDMA).

. Yacrora

: U nenocerecm u passax SISA
.Qa-::mh&ﬁ suanasor Galileo S

: e CHUHAEN € ROHTROREM

. :
AYacmormii muanascs Navstar i 7;‘::;‘:; ::fiw .
HCHONBIVIERSS KOLMPCBEMME J4HHD:
s CHTTATI, & OYPAIISOUNIH ASCTYRIM,
HOHONES YRR KOSHDOBAHAS B8 HHLG

Kaman asasu Gallleo SAR

Puc. 12. Cnexmp wacmom cuznana cucmemer « GALILEO»

Llects cursanos, Bkmouas TPH Kawana 6e3 nepeiaud AAHHBIX WM C «ITHAOT
curHanoM (konoBsas KoMOMHAUMS, HE MOAYIHPOBAHHAS AaHHBIMA), GyayT ZOCTYIHEI BCem
nons3oBarensM cucremnl «GALILEO» B amanasonax E5a, ESb u E2-L1-El ua Bcex
HECYIIHX HaCTOTax, BEIAENEHHEIX i OS u crayxG ckopoit MeAMIHHCKOH MOMOIH (Safety-
of-life Services - Sol). [lpa curhana B muanasone E6, 3aumppoBanHsie KOAOBBMM
KOMOMHALIHAMY, BKIIOYAA OMMH KaHan Ge3 nepelai AAHHEIX, JOCTYTIHEI JHIUL TeM
TIONE30BATEAM, KOTOpLIC MONY4MIM MpaBo Ha paGoTy ¢ cucremoll uepes nposaiinepos
kommepuceckoro cepeuca (Commercial Service - CS). Y, vakonen, apa curnana (ogun B
auaniasone E6 u oamn B E2-L1-El), 3amudposauusie kOXOBHIMH KOMOHHAUHAMK,
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ACCTYIHbE JIMLIL N0/1L30BATENIAM, 3aDErHCTPHPOBaHHLIM B CepBrce roCy1apCTBEHHOTO
ynpasierus (Public Reguiated Service - PRS). Iins nepenauu Beex coobwmeinii ¢ nansmnmu
MCTIORBIYETCH MOAYpa3psiHAf KOAMpYiomas cxema Viterbi. Yerbipe pasnuuHeIX THIE
AQHHKIX TNCPENAOTCA C MOMOIIBI0 PA3THYHLIX CUTHANOB cucTeMbl «GALILEOy: JIaHHEIE
OS, nepenapaembie Ka BECYIIMX YACTOTAX B AHANAZOHAX E5a, E5b m E2-L1-El:

* fauHele OS  JOCTYNHBI BCeM MONB3OBATENIM M COACPkKAT B OCHOBHOM
HABHIALMOHHEIE JaHHBIC H JaHHbIC ABAPHITHO-CIIACATENLHBIX cnyx0 SAR;

* Janssie CS, nepenaBaevbie Ha HECYIIHX YACTOTAX B JAHANA3OHAX E5b, E6 u E2-
L1-El. Bee CS naunsie 3auMdpoBaHEl B NPENOCTABINIOTCS uepe3s cayxOy
NpOBAHACPOB, CBAIAHHBIX C LEHTPOM ynpasnemus Galileo Control Centre.
Mloctyn K JTHM KOMMepuecKHM naHHBIM OCYINECTBIAETCH NOIL3OBATENEM
HENOCPE/ICTBERHO uepes CBOEro npoBatinepa.

® JAauHee SoL, BKMOYAIOWHC B OCHOBHOM IaHHMIC C TOYHOCTBIO CHIHAJOB B
kocmoce (SISA). Jloctyn k 3THM JaHHEIM MOMET GbITh YNpaBnseMEIM, [OKa 3T0
He npeasuanTed B Omokaifuee spems,

¢  ZzauHbie PRS, nepenasaemsie ga Hecymux HACTOTaX B AuanasoHax E6 u L1.

3.3.2. CxeMu1 MOAYASUMH PAIHOCHIHANOB B CHCTEMe «GALILEO»
Panee npeanoxennsiit nian pacnpenenenus HaCTOT, LCICBbIC CEPBHCH, GasHpylomuecs Ha
curaanax cucremii «GALILEO», THns! Momyasumu PasNHYHBIX HocHTeNeH HHdopMauun B
CHCTEME CTANH PE3YNLTATOM KOMIPOMHCCA I CREMYIOUHX KPUTEPHEB: _
®  MHHMMH3AIWA SKCIYATAIMOHHBIX [I0TEPh CHYTHHKOB CHCTEMB «GALILEO» 3a
CHET HCHOJB30BAHHA COBPEMEHHBIX JAOCTHKEHHE B 0GAacTH CIYTHHKOBEIX
KOMIIOHEHTOR:

®  MHHHMH3AUMA IHCPIONOTPEDACHHN CIYTHHKOR «GALILEO»;

®  MHHMMH3AIMA YPOBHA HOMEX, HABOIMMBIX CHTHAIAMH «GALILEO» ma

npHeMHnEd NAVSTAR;

¢  ONTHMH3ALMA XapaKTCPHCTMK M CBA32HHOE C JTHM YCIOKHEHHE Oynymmx

MPHCMHBIX YCTPONCTB MoJIs30BaTeNel cHereMel «GALILEO».,

CnenyiomiHe nozpasnens! onucwBaroT BLOOp THNA MONYIALHM s Kaxmod
HECyIueH Jactorel cucrembt «GALILEO». Mlna auanasona E5 awamms KOMITPOMHCCHBIX
pemenuit eme nponomkaerca. [lostoMy Ml Gyzem ommchisars B2 ANBTEePHATHBHBIX
PELICHHA C PACCMOTPEHHEM KaXIOro M3 HAX.

Ypasuenus 3.3.1 - 3.3.3, onmcnmaromue MaTeMaTHYECKH DPA3IHYHEIE CXCMbI
MOIy ALMH CUTHAJIOB, HCMOMB3YIOT CIEAYIONLYIO cucreMy obo3HaveHuik;

e Cf (1) — KOHOBAs MOCTEAOBATCARHOCTL B kanale Y ("Y" crour 3a 1 n Q mas
ABYXKaHANEHOrO CMrHana wimi 3a A, B umu C nas TPEXKaHAIBHOIO CHrHama) as
necymelt wacrorsr X ("X" HAXOIWTCH B AMANA30HAX ESa, E5b, E6 unu L1);

D/ (1) ~ cHruan ¢ naumbMy Ha kanae Y Ha JHanaloHax yacrotThl X;

Fl— necymas yacTora Ha auanasoHax 4actoTsl X,

U!(®) - nonnecymas wactora kanana Y sa auanasosax yacToThi X.

M - wmmgexc  Moaymsuwmm, acCOUMHpyIOmHURCA ¢  MOIU(HUMPOBAHHON
rexcagiasoBol MonyaumeH,

Monyasiuus necymeii yacrore: 8 Aanaione E5
Moaynsiuss B 37oM AuanasoHe ocyuiecTrsETCS MO ONHOH M3 CHEAYIONBX CXEM:

Cxema A: Jlsa curnana ¢ dazosoi Manumy;Isuked # casurom ¢asei Ha 90 rpanycos
(QPSK  (10)) renepupyiores CHHXDOHHO M NEpejaloTCs 4€pe3 1Ba  PasAe/ibHEIX



LIKPOKOTIONOCHEIX kaHana B ananazoHax ESa u E5b coorsercraenno. [anee apa pasnnix
(E5a u E5b) carmama ycuimsaiotes pasnensHo M oObeIMHAIOTCE 110 pagHouacTore B
BBIXOIHOM MynsTHILIeKcope (OMUX) no nepenaun Ha Hecyumx yacrorax 1176.45 MI'LL u
1207.14 MI'1 cOOTBETCTBEHHO.

Curnan nuanaszona ES5, MOZY/IHPOBaHHBIA N0 TIPUBENCHHOH CXEME, MOXET OBITH
onucaH ypasxennem 3.3.1. -

Sgs(t) = (Crs, (NDgs, (F)cos(2nF s 1) - C2, (2) SIN(2aF o, 1)) +
23 (Césa (r )Désa (1) cos(RmF s, t) - Cgsa (1) sin(2af g, 1)) @33.1)

Cxema B: OnMHOMHEIN WIMPOKOMONOCHBIT CHTHAN [EHEPUPYETCH B COOTBETCTBMM ©
TpeGoBaHAMM MOIMpULIPOBaHHON GHaprO# dasoBoit Manumy sy (BOC), HasaHHOI
moaymsamuei AtBOC. B met aprymentsl (f5, f¢) 03nauaiorT uwactoTy moaHecymeR f5 u
KOJIOBYIO MOC/EN0BATENEHOCTL fo. Jlanee CHrHAN yCHIMBAETCH CBEPXIEHPOKOMONOCHEIM
YCHIIATENEM NIEPE MITyYCHHEM Ha Hecymieh sacrore 1191.795 MINi.

Mogynsuma o cxemé B - 5T0 HOBas KOHLeENIMs moayaaumn. Haubonee
MHTCPECHBIH acreKT ITOM KOHLENLAHK 3aK/OYacTCH B 0GBEIMHEHHHE ABYX CHIHAJOB (ES5awn
E5b) B xoMOunMpOBAHHEI CHIHAN C MOCTOSHHOH ormbaiomeit, KOTODEIH 3aTeM MoOKeT
GbITh IIpOTYIICH 4epe3 CBEPXINMPOKOMONOCHHN kaHan. Jlanee 5TOT WMPOKONONOCHE
curuan MoxeT OpiTh 00paboTan NpUEMHUKAMA.,

AnbrepHaTHBHas cxema Moaymsun BOC (AItBOC) ocHoBana Ha craHmapTHOl
cxeme Moy iuu. Cranpapraas cxema moayminmi BOC — 510 kaaapaTHisas MOAY/IALAS
rofiHecynIeH, NPy KOTOPO#H CHrHAT NEPEMHOKAETCH ¢ NOMHECYIeH YacToTOH /5, MMeroieit
CNEKTP CHTHAa, Pa3snENneHHBIH Ha [Be YacTH W pacrojaraomuiics no obe cropousl
Hecyme#t 9acToTH - cnea W cnpasa. Ilens AItBOC - remepanms OmMHOYHOIO curuana
TOAHECYIEH, HMEIOLIETO KOTOBYIO JTOCHEACBATEILHOCTE CUTHANA cTanzapTHo# BOC. Dro
TNO3BOJNT COXPAHWTL MIPOCTOTY PEANH3alMM W TOCTOSHHYIO OrHGaiomylo, Aaloulyio
BO3MOXHOCTD BBLIENHTH GOKOBYIO cocTarnsmoutyio. [Touck koMmpomucea B peanH3auMy 1
BhIbope MexAy napamerpaMy 06paboTKH CBEPXIIMPOKONIONAOCHOrO curana THia BOC (15,
10) u napamerpamu coBMecTHOH O6PaGOTKM NBYX pa3fEGNBHBIX CHTHANOR QPSK co
CKOpOCTLIO nepeaayu aaHubx 10 Mcps B iwanaszonax E5a u E5b yxe nposoautes.

Monyasiusg Hecymux 4acToT B guanazone E6

Curnan B nauamasone E6 comepkuT TpM KaMana, NepefaBacMbiX HA ONHOM HECYILEH
dactore. Cxema yTIOTHEHUS T4 TPEX KAHANOB ABJAETCH TJIABHBIM MYHKTOM HEIHCIUIHHMX
paccyineHHil, NoCKoALKY Tpebyer oueHs TIATENbHON M akKypatHOR onTMMM3aLMM. DToT
MpoLECe ONTHMK3ALMK N0DKeH GpaTh B pacueT CHOKHYIO W 3anyTaHHYIO KOHUEHUWIO
peanu3alki NPHHIUIIOR MOAYJIALMY B anfaparype CIyTHHKOB H IIPHEMHUKOB, TaK e Kak
¥ B3aMMOCBA3aHHEIC paboyue XapakTepUCTHKH (BKITIOYAS NPoGieMs! COBMECTHMOCTH).

Yike HCCIeNOBAaHB! PEUEHHS € NPHMCHEHHEM BDEMEHHOTO YIUIOTHCHMS M
npaMEHeHUeM MOAU(HUKPOBaRKOi rekcadasoboll Moaynauuu. [1pu ucriosis3oBaHkK TakoH
monynsuun curtan QPSK, nomyuenneit or koMOGMHALMH CHIHAIOB IBYX KaHAOB,
MOAYIMPYETCH 0 (hase CHrHANOM TPETHEro KaHajia CO 3HAYSHMEM WHICKCA MOIYIALMH,
HCTONB3YEMBIM JUIsl YCTAHOBKH COOTHOLIEHHS MOIHOCTEH BCEX TPEX KAHAIOB.

C aruMu nonymICHHAMM CHIHal B AWanazoHe E6 MoxeT GbiTh MaTeMaTHyecki
onucan popmyod 3.3.2.

27
S5 (1) = [Cra (DL ANU L () cosm — C g (¢)sin m) cos(2aF,f) - (3.32)

~[CE ()DL (t)cosm + CLODL UL (CE, () DE, (1)Cr e (t)sin m]sin(27F, 1)

Jns oBecnieyeHns COBMECTHMOCTH C COOTHOLIEHHEM MOLIHOCTCH YKa3aHHBIX TPex
KaHAIOB 3HAYCHHE HHIEKCA MOTYNALHHE M3 KomxHo Gbirs BeIGpano pasuemM 0.6155.

Moayasuns wecymux sacror s auanasone E2-L1-E1

Curuan 8 auanasone L1 Tawke CONCPAHUT TPH KaHATA, NEPEIABAEMBIX Ha OAHOM HecyuieH
4acToTe ¢ HCIIONB30BAHMEM TeKCAPasOROl MOy ATUKK. BpeMeHHOE YIIOTHEHHE KaHANOB B
HaCTOsIIEe BpEMS aHaJIH3MpyeTCs.

Ilpn ucnonb3osanun MoauGHUMpPOBanHOH rexcadazoBoil MOJAY/IALHHE B JHaNa3cHe
E2-L1-E1 B xauecTBe OCHOBHOTO PEIICHHS CHIHAA MOXeT ObITh ONHCAH BoipakenueM 3.3.3.

S,()= [,Ci{l (0D} (U] (tycos m~CL (U EC (1)sin m]cos(2rF, 1) - (3.3.3)
~[CLODLOU S (t)ycosm+CAMNDA@U ABOCEDE (H)CE (f)sin m]sin(2aF,,t)
AHANOTAYHO NPEABIAYIIEMY, HHAEKC MOAYIAIMA M5 HCONB3YETCA ¢ BeuauHok 0.6155,
Croambie TaHHEe 0 curHanax cuctemst «GALILEO» nokasans! B TaGauie.

[NapameTpe! OCHOBHOIO HABHIAHMOHHOrO CHrHANA cHcTeMsl «GALILEOy.

Yacrorasiit

AnETAOR E5a E5b E6 E2-L1-El

Kanan I Q I Q A B C A B C
2,04

Cxopocte | 10Mc 10Mcpd 10 {10Mep 5,115 5,115| 5,115 mx 1,023 2,046 | 6

nepefadd  |ps P Mcp:l s Mcps| Meps; Meps Mcps | Mcps | Mcp
S

BOC

Tun O‘a’;ggg‘;;’?;’g'}” BOC | BPSK | BPSK | | 22) | BOC

MOIY ALY wnit 188 QPSK(10)] (10,5) {5) (5) ;?1(:]?} (2,2)

peopocs | 50 | He | 250 | He eooxon| 1000 | He Heobxom|250| He

c;faaonoa ¢/cex lonpen.| c/cek | onpex. | onpen. | c/cex | omp. onpea. [c/cexjomnp..

B tabnuue: QPSK 5 - azopas Manunyaaums co casHrom ga 90 rpajycos;
BPSK 5 - 6unapuas (azosas MaHHIY LM

3.3.3. lnuna koaosoro ciora B cueteme «GALILEO»

JinuHa KOZOBOTO cCnoBa [ KAHANOB  CHCTEMBI «GALILEO», nponycxaiommux
HABHTAlMOHHBIE [AHHBIC, 10/DKHa OBITh repefiaHa C TOYHOCTEIO A0 OOHOTO CHMBONA
KOJ0BOH mnocnenosarensHOCTH Viterbi B riotoke coobumenddi s MPEROTBPAILCHMAN

MOABEHHA KONOBOH HEOMpPEACNEHHOCTH. PeayNbTHpylOmas AAHHA KOZOBOIO COBA
noxasasa B Tabnuue.




28
Pa3fpoc 0CHOBHBIX XapaKTEPHCTHK KOJ0B.

29
GPS B auanasone L5. Ilpuemzukn ¢ nosbluiennoi tounoctsio (IA) Moryr Takke
ApUHEMAaTh CHIHaILl ESay u ESag,

Pacnipenenenne cHruanos o cepsucaM cucremsl «GALILEOy

K h T JnuTensHOCTE KOJOBOH JlnHa Hauna
Anaibly  THIl AaHHbIX 10C/ICI0BATEILHOCTH NEPBHYHOTO KO | BTOPHIHOTO KOIA
E5g 0S 20 mc 10230 20
ESag | Her manneix 100 mc 10230 100
E5b QS/CS/Sol. 4 mc 10230 4
ESby § Her nanneix 100 mc 10230 100
E6, PRS TBD - -

E6g CS 1 Mc 5115 -
Eé¢ Het aannsix 100 mc 10230 50
Llg PRS TBD - -
Llg OS/CS/SoL 4 mc 8184 -
Llc Her nanHBIX 100 mc 8124 25

OS,SF | OS,DF | OS,IA | 0S.SoL | CS, VA | CS,MS | PRS
E3a (I, Q) * * * *
E5b (1, Q) * * *
E6 (A) *
E6 (B, C) * .
L1 (A) *
L] (B’ (:') * * * ® * *

Jna xananos 6e3 nepenadu JaHHbIX OCHOBHBIM siBJfeTcA 06paboTka KOTOBEIX CIOB
Gonsluof mimsel, T. €. cnoB jnmuHOH g0 100 mc. Oasako TakkKe HCCACAYWOTCS H
anbrepHaTHBHEIE pemieHus. [lepBoil  anbTepHATHBOM TAKOMY pElICHMI) ABAseTCH
orcnexusaide curianoB NAVSTAR ¢ KOpPOTKMMHE KOJIOBBIMH COBaMH (JUTHHOR 1o 1 Mc)
B Auanazone L5, coBnanaomyuMi B HEPBOM NPHOMMKEHHE ¢ KOJOBBIMH C/IOBAMM PaBHON
mmmHel «GALILEO» n capunyteiMu mo dase na 90 rpanycos. Bropoll aikTepHaruBoit
ABNACTCSA MCNOIL30BAHME 3HAYMTENRHO 00nee MIMHHBIX KOIOBBLIX C/IOB, KOTODHIE MOTYT
HMETh ANMTeNbHOCTh 0 0.75 ceKkyHOBL, Kak B CAy4ae C TPaXIaHCKHMH CUrHANAMH B
nunanazone L2. B cayuae ucnonb3opanus auanasoHos E5a w ESb oTH pemienns momxust
OBITh NONE3HBL JANA oTipeic/IeHHA ANHHB KOMOBRIX CIOB TIPH aHAIHIE YYBCTBHTEILHOCTH K
MECTHBIM TIOMEXaM.

3.3.4. llndposauue B cucreme «GALILEO»

B uacTHOCTH, KOABI MIUQGPOBAHUA (C AOCTYNHOH MO LEHE NHLIEH3UeH), KOTOpPbIE MOTYT OBITH
yaaneHb no TpefoBanHio ¢ 3eMIK, ObUIH JAEHO NPEANOKEHE! A8 KOOHPOBAHWA CHTHAIIOB
cucTeMbl KoMmepueckoro cepeuca (Commercial Service - CS). Lludposanne konon
AONKHO OBITE PeanH3OBaHO Kak TEXHWKA YMpaBleHHd AOCTYNOM K JaHHBIM H kojaM Oe3
BBEACHHA MHOKECTBA OIPaHMYEHMIT M JONOJHWTENBHBIX YCIOBMA 178 MONB30BATENCH,
Beemenne/ynanene mudpoBaHus CUrHana HE JO/DKHO CO31aBaTh nperpan  unis
NeHCTBYIOIMX TONk3oBaTenel, a peueHHe npobieM KOAWPOBAaHHA HOIKHO OBITH
pe3yNnbTATOM MOMCKA KOMMPOMHCCZ MpH AHAIM3E TNEPCeKTHB GYAyUIETo phIHKA
kommepueckoro ceperca (CS) W anexpatHoM 3amurel, HeobxoauMoi ans Ge30nacHOCTH
3TOT'O PhIHKA.

3.3.5. PacnpeaejieHHe CHCHAJIOB No cepBucam B cucteme «GALILEO»

Cuctemsl mepenauyst WHQOPMALMK  [OMKHLL GYAyT TNPENOCTABANTH MNOIL3OBATENAM
KAaTEropuy CEPBHCHOrO OOCTyKWBaHHA, yKasaHubic B Tabnune. CHCHAML «OTKPHITOrO
cepeucan (OS) 6yayT uenons3oBaTk He3alIH(pPOBAHHEIE KONOBRIE MOCACA0BATEILHOCTH U
HABMTAUMOHHEIE JaHusie B auanaszonax ES u E2-L1-El. OnxouactoTheie npuemunku (SF)
Gyayt paborars ¢ curnanamu B amanasoHax E2-L1-E1 n E2-L1-E1C, a takke cmoryr
NpUHUMATEL KOOWpOBaHHsle curHansl C/A cucremsl GPS B auanasoue L1. [IsyxuacroTubie
APHEMHMKH NPHBHMAIOT Taroke curHanbl ESap v ESag, u B noTennunane, cHrHam cCHCTEME

CS8 - koMmepuecKHit CepBHC PRS - cayx6a o6mecTBeHHOT0 peryIHpoBaius
DF - gByxuacToTHEIM NIpHEMHHK SoL. - cnyx6a cxopo#i MenuuHHCKOH TOMOLEH
1A - npueMmyK NOBBIIEHHO TOUHOCTH  SF - 0IHOMACTOTHBIHA NIPHEMHHIK

MC - MHOro4acTOTHBIH MIPHEMHKK VA - kanan ¢ 106aBicHHON CTOUMOCTLIO
OS - cepBHC OTKPLITOrO 40CTYNA

Cnyxba cxopol MeauIHckoi noMotun (Sol) zomkHa Heilonb308aTs OS KOAOBHIE
MOC/E0BATS/ILHOCTH H HABMIAIMOHHBIC IaHHLIC HA BCEX 9YacToTax aAmanasosos ES u E2-
L1-El. Kommepuecku#i curHan CS Tawke nomked pabotath ¢ OS  KoJOBLIMH
MOCACAOBATEALHOCTAMM W HABMTAIIMOHHEIMH JaHHBIMH B Auanazonax E2-L1-E1B u E2-L1-
EIC, a rake ¢ NONONHHTENBHBIMH IIH(POBAHHBIMM JAHHHIMH ¥ KOJOBBIMH
NOCACAOBATENBHOCTAMY cHrHanoB E6g u E6c. B [omonseHuwe XK 3TMM  CUrHanam
MHOTOYACTOTHBIH  muddepeHumansupii  kommepyeckuit  kanan CS  wucnons3yer
Hewndposanubie KOAOBBIC DOCHEAOBATENLHOCTH OS M HABHTAUMOHHLIE AAHHMIE Ha
necymux wvacrorax, curHanamm ESa u  ESb. Curnamm cayx6 obmecTsensoro
PCTYJIHPOBAHKS JIOMKHBI HCITONB30BaTh UG PoRaHHbIe PRS xoa0BkIE OCHEN0BATENLHOCTH
¥ HABMTALMOHHbIE IaHHbie B ananaloHax E6 u E2-L1-El npencrasacuusle curuanamu E6,
n E2-L1-El,,

Boamoxnoctu cucrembl «GALILEO» s aBapnitHo-cnacatensubix cay#6 (SAR)
Curnaner Gemcreus ciyxbul cnacenna SAR (0T Bbi3OBOB H3NYHAOUIHX CHIHAJIBHBIX
MadgkoB no oneparopoB cayxbet SAR) Gynyt ofuapyxens cnythukamud «GALILEO» B
Ananasoxe wactor 406.0 - 406.1 MI'n u 3areM nepecianbl HAa CIENMATHIMPOBAHHEIE
HA3EMHBIC CTAHIM Ha YacroTax aManasona [544 — 1545 MI'u, obozHageHHOro kak 16
(HIDKE HABMTALHOHHOTO AManazona E2, 3apescpsupoBAHHOIO 32 aBAPMIHBIMH CITyGamu).
O6parnsii curnan ¢ nausemMi SAR (0T SAR onepatopor 1o Maska, H31YHaIOLEro CHIHaj
GeacTsus), KOTOPHIf HeOOXOMMM JUIA MOATBEPXKACHHS MONYYEHHA CHrHAZA TPEBOrW M
KOOPAHHAUMY CIACATENBHEIX KOMami, Oyner noGaBNeH B JaHHLIE CEPBHCA OTKPLITOTO
nocryna OS v nepefiad ¢ Hecymelt uacroroii B nuanazoue yacror E2-L1-E1,

4. OnopHeie WKATbI BpeMeHH

CHYI‘HHKOBHQ PANHOHABHTALHOHHLIC CHCTEMB! HBIAIOTCH NpPOCTPAHCTBEHHO BPEMEHHBIMH
CHCTEMaMH ¢ 30HOH jelicTBHA, OXBATHIBAIOUIEH BCE OKOJIO3eMHOE NPOCTPAHCTBO, H
(ynkuoHupyer B coGCTBEHHOM CHCTEMHOM BpeMenn. Baiuoe mecto 8 CPHC sToporo
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MOKOJNCHHS OTBOAMTCA TpoOneMe BPEMEHHOH CHHXPOHM3ALUMM mojcucTeM. Tak,
NPOCTPaHCTBeHHO-BpeMenHan npussaska secex HKA onpeaenser samasmyio opGuranshyio
kondurypaunio cern HKA. BpemeHHas CHHXPOHM3AIHA BaxkHa M 1M obecrieueHus
3a02HHOH [OCNEeNOBATE/ILHOCTH M3nyueHus curuanoe Bcex HKA. Ouna ofycnasnusaer
BOBMOXKHOCTh TIPUMEHEHHSA NACCHBHBIX JATEHOMEPHBIX (IICeBIOAANEHOMEDPHBIX) METON0B
usmepennit. [lpu srom Bee noacucremsr CPHC pomknBl QyHKUHOHHPOBATE B eaMHON
HIKAJE BPEMEHH,

4.1. ExnHAnGl Mep BpeMeHu
ITpuBesieM OCHOBHEIE TIOMATHSA, OTHOCHIIMECH K EAMHHUAM Mep BDEMEHM, KOTOpPHIE
HCIONIB3YIOTCS s BpemeHHoli mnpuesasku curHanos CPHC, mnpocrpaucTeennoro
nonoxenus HKA u 1. 1.

PaccMOTpuM aBE Ipynmnbi CAMHMIL OTCHETA BPEMEHH — ACTPOHOMHYECKHE H
HEACcTPOHOMUYeckue (aromubie). OCHOBHOM acTPOHOMWYECKOM eluHEued BpeMeHu
spasirores cymiu (86 400 cex) — MHTepBan BpeMeHHW, 3a KOTOpEIH 3emilst AenaeT ofuH
NONHEIA 060POT BOKPYT CBOEH OCH OTHOCHTENBHO KakOH-mMGO QEKCHpOBAaHHON TOWKH
oTcYeTa (TOYKA BECCHHETO PAaBHONCHCTBHA, UEHTP BHAMMOrO Jycka CONHLIZ, «CPEUHETO
Comuua» ¥ T. A.), CYTKM OTIMYAIOTCS MO ANHTCIBHOCTH M MMEIOT PasHO¢ Ha3BaHue.
3se3onvie cymxu T, (3Be3aHELA nepron o6pameHus 3eMnu) OTCIHTHIBAOTCH MEWIY ABYMS
NOCAEAOBATENLHBIMM  BEPXHHMH NOJOKEHHAMH (KyTBMUHALMAMH) TOYKM BECEHHEro
pasHOAcHCTBHA. MHTEpBal BpeMEHH OT MOMEHTa BepxHel KyNbMHHAUMM 3TOH TOHKH,
BRIpAHEHHBIA B 1onax T, HA3LIBAIOT 36e30Hb6IM spemener. OObIMHO Bpems, H3MEPEHHOE Ha
JaHHOM MEPMAMAHE, HA3bIBACTCA MECTHRIM BPEMEHEM J[AHHOrO MEDHAMAaHZ, T.e. B
paccMaTpUBAEMOM CYy4ae MECTHBIM 3BE3NHLIM BpEMEHEM MepHaHaHa. MecrHoe 3Be3nHoe
Bpems S HIMEPACTCA YACOBBIM YIJIOM ! TOYKH BECEHHENO PaBHOIECHCTBHA y (Touky BecHsl
und OBHA) OTHOCWTENBHO MECTHORO HelecHoro mepiamana L (puc. 13). Ha pHcynxe
fIOKa3aH  BHA  CCBEPHOTO
nonyuiapss HebecHol chephl
ceepxy, rae Py — CepepHblit
nomoc.  Yacomoii  yron
ananorwyeH recrpaduueckott
JONAroTe, OTCYMTHIBACTCA OT
HebecHoro MEpHAHaHa
nabmogarens no 4acoBoH

Y
CTpENKE W H3MEpsercs B
4acoBOM Mepe — wacax,
MHUHYTAaX, CEKYHIaX.

3sezanoe BpEMH
MOXHO BLIPA3UTE H B
VLIOBBIX  3HAYCHHAX  C
Y4ETOM TOIO, 4TO 3a OIUH
uac 3eMas TOBOPAYMBACTCHA Puc. 13. Onpedeneniie mecmnozo 36e301020 6pemenu
Ha 15° Hampumep MectHOMY
3BE3AHOMY BpeMeHH S =2 4 3 MuH 1 cex COOTBETCTBYET yroi, pasHbii 30°45° 157",

Jlis TOUHBIX PacyeToR CIGAYET YYHTHIBATH TAKKE, YTO OCh BPALICHHS 3eMiH
COBCPIIACT MEUICHHBIC NEPHOAWYECKHME KoaeGaTelbHElE [BMKEHWSA, COCTOALUME M3
npeyeccuu (ABWKEHUE MO KOHYCY) M wymayuh (nebombume xomeGamus) ocu. Ma-aa
OPCUECCHH M HYTAlMii TOYKAR BECCHHETO DaBHOACHCTBHA [Nepememaercs. Ecmm
YUYHTBIBACTCA TOJIBKO NPELCCCHOHHOE ABMKEHUE, TO MOTYHAIOTCH CPeaHee {paBHOMEpPHOE)

Hebechaiii sxBatop
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JBERJIHOC BPEMA H CPEANHE 3BC3IAHLIC CYTKH. Eciu xe YUHTLIBAETCA M HYTralMA, ToO
MOAYHACTCA HCTHHHOE 3BCIIHOC BPCMA. MectHoe 3BE3HAHOC BpOME, H3IMCPCHHOC HA
| prHBHYCKOM MepHANAHE, HAZLIBACTCA OOLINHO ZPUHBUYCKIM F6€30HBIM EpeMeHem S.

Uctunnble conneyrbe CYTIKH 7” OTCHMTBIBAKOYT O HHEHUM KYJNEMUHALHASM LEHTDA
BHIMMOIO JIHCKa COJI!'lLIEl («HCT}‘]HHOFO CGJ’IHI]R»} Hz-3a HEPABHOMEPHOCTH ABIDKCHHA
JeMau 1o QPGHTC H HCHapainenisHOoCTH ocel ee CYTOUHOI'0 H MOAHYHOrO BPALICHUS T“
HENOCTORHHO, [03TOMY B MOBCEAHEBHOH M3HM 3a OCHOBHYI)  CIHHHULY BPEMEHM
HUPHHAMAKT CPEUHHE CORHCYHBIC CYTKH 7}_.‘,)., KOTODLIC OTCHHTLIBAIOTCA [IQ HMEKHHM
KEVIIBMHHAUHWAM  «CPESAHETO COJ’[HLl‘dJ) - HnoTeru4eckoi TOYKH, [)aCC‘IHTaHHOﬁ B
NPEANOIOKEHHH €¢ PABHOMEPHOTO ABMKeHHs o opburte. «Cpennee Connue» cosepuiaer
OUHH TIONHBIA 000poT no HebGecHOMY IKBATOPY 34 TAKOE He Bpems, KaKk H HacTosLiee
Conxue no JKHITHKS, # NPOXOIAT TOYKY BCCCHHEIO PABHOACHCTBHA OJIHOBPEMCHHO €
CGJ’IH].[CM. HHT&pBﬂJ’I BpeMeHH 07T MOMCHTA HIDKHER KYIEMHHALUMH GCPCIHETD COJ’{HL{a}),
nupamcunmﬁ B A0nAx 71.{,, Ha3bIBACTCH CpEdHﬁM COAHEYHBIM GPEMEHEM WIIH cpeo.umr
epemenem. Mecmuoe cpednee épema WIMEPASTCH 4acCOBBIM yrjioM «cpeanero ConHuan
UTHOCHTCIIBHO MECTHOIO MCDH/IHaHE, YBEJIHYCHHBIM Ha 12 4. Mecrnoe cpenHce Bpemsa,
W3MEpeHHOE Ha ['PUHBUHMCKOM MEDUAMAHE, HASBIBAIOT ZPUHGUUCKUM CPEOHUM GpeMeHeM
GMT (Greenwich Mean Time). 3uauenue 7., cOOTBETCTBYET cpeineMy 3HaueHuio T, 3a
o,

[Nopcuurano, uTo 24 4 3BE3NHOrO BPEMEHH PaBHLI npumepro 23 4 56 mun 4,091 ¢
cpeanero BpemMeniy, T.e. 7, = 86 164,091 ¢ cpenuero spemeni.

Hz-3a HEPEABHOMEPHOCTH CYTOYHOTO Bpau(CHHA 3emun 3BC3IHBIC B COJIHEYHBIC
CYTKN HE3HAYUTCIIBHO M3MCHAKOTCH. ,ﬂa’[ﬁ TOMHBIX DACHETOB BBCACHO PABHOMEPHO TEKYLCS
Bpems — sghestepudnoe (tepeBkivMciennoe) gpema ET, rae eIMHMUA Mepbl BpeMeHd -
apemepudnan cexynda, paccuuTanias kak 1/86400 nonst cpefHel BPOAOMKHTENBHOCTH
BPEMEHH B OTipeReneHHblH nens 1900 r.

Co3ganne cepxcrabunbHBIX ATOMHBIX STalOHOB HACTOTH! (BPEMEHH) TIO3BOIMIO
NEPEHTH K HedacmporomMuyeckomy cnocofy U3MEpPEHHS BPEMCHH M BBECTH UCKYCCTBCHHYIO
CAMHUILY MEPBl BPEMCHH, HE 34BHCALLYIO O'f 0CODEHHOCTEH BpalleHHs 3eMiH, - amoMHyIo
cekyndy, GAM3KYI0 k demMepAamnod. ATOMHAs CEKYHAA NPHHSTA B KAUECTBE ©RHHHIIbI
uamepenna spemenn Ha X1I Tenepansrodt xondepeHuuH no MepaM M secam B 1967 r,
ATOMHAS® CCKYHAA paBHa WHTEpPRANY BpPEMEHH, B TEYEHWE KOTOPOTO COBEPIIAETCA
9192631770 komeGaHui, COOTBETCTBYIOINMX PE3OHAHCHOM UYacToTe 3SHEPreTHYeCKoro
Hepexoda MERAY YPOBHAMH CBCpKTUHKGﬁ CTPYKTYPBI OCHOBHOIO COCTOAHMA ATOMaA LIE3HA~
133 npy OTCYTCTBHYU BHEIUHUX BO3ASHCTBHI.

ATomuas CEKYHUO ABAACTCH OCHOBOH 11IKAMEL] ATOMHOFO BPCMCHH AT u NpHHATA B
HacTosIee BpeMs 3a ean My Bpemenu B cucreme CH (Bmecto ademepuatoi cexyHitsr).
OCPC}]H{?HH& NoKazaHui PA3AHMYHBIY ATOMHBIX 3TANOHOB BPEMEHH MO3BOJAMID CO3JIATh
KAy MEKITYHApOJHOTO atoMHoro BpeMenn TAL

4.2, CHcremMbl 0TCUHETA BPEMEHH
Beemuproe spems UT (Universal Time). D10 BpeMa CoAcpKHT TOJ, MECsL, 4HCI0, Hac,
MMHYTY W cekyuay. llepBric TPH BeNMYHHBI OTCUMTLIBAIOT 10 OOLICTIPHHATOMY
(I'puropuanckoMy) KaNeHIaprd, OCTANRHBIE — [0 MECTHOMY CPEIHEMY BPEMEHHM Ha
I'punBHHCKOM MepHAKAHE {7 Dra cHcTeMa oTcyera BeeneHa B 1928 1. 111 Uenepansuoit
accambiicelt Mex,IYHAPOIHOTO ACTPOHOMMYECKOTO COI034.

BeemupHoe Bpemst fy  M3MCPACTCH  WACOBBIM  yrWoM  «cpeimero  CosHua»
OTHOCHTENLHO ['DUHBHUCKOrO MepuiiMaHa, yBemudeHHniM Ha 12 4. Tak Kak JIBiKeHue
Homocos 3emiin 00yCIaBIMBAET MIMEHEHHE TTOJIOKEHUS MEPHIMAHOR, TO TI0 CTENEHH yueTa
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BOMYIIAIOMWKX  (JAKTOPOB  PAITHYAIOT  CHEAYIOILHE PasHOBHAHOCTH  BCEMMPHOI'O
BpeMeHi: UT0 — BceMUpHOE BpeMs, MOTy4aeMOe B PE3yLTATE TEKYIMX aCTPOHOMMYECKHX
HIMEPEHRH OTHOCHTEIBHO HEYYTEHHOro NonpaBkaMH [ punBHUYCKOr0 Mepuanana; UTT —
BCEMHDHOE BpeMs CpenHero [DHHBMYCKONO MepHaMaHa, paccuMTaHHOe G YHETOM
ABIKEHUS NOMOCOB. OHO ABNAETCH OCHOBOH AAs H3MEpeHus BPEMEHH B NOBCEAHEBHOH
#u3uu; UT2 ~ ormuvaerca or UT/ ce3oHHBIME nonpaskamu; UTIR — ornnuaercs ot UT2
[IOTIPAaBKaMH Ha PHIUBEL

3amernM, uto UT paBHO MeCTHOMY CpeaHEMy BPCMEHH MHHYC reorpauueckas

Aonrota mecta Habmoxmatens L; S, (rpHHBHUCKOE 3Besanoe BPEMA) PABHO MECTHOMY
3BE3/IHOMY BPEMEHH S MUHYC L, NPH 3TOM BOCTOMHAS JI0JIOTa TIONIOKUTENBHAS, 3amanHas —
OTPHLIATEIBHAS.

Beemupuoe koopaunnposannoe Bpemsi UTC. Ero o6sriuo nenonssyior s noncesesHoi
KU3HH, MIMCDACTCH 110 ATOMHBIM 4acaM, N0KA3aHHs KOTOPLIX MEPHOTMUECKH (C nepHoOaOM
0,5 ... 2,5 ronta) xoppekrupyiotes Ha 1 cek Tak, 9ToGb pasnocts (UT-UTC) ve npessinana
0,9 cex. Curnanst UTC nepenaiotes no pazmoseiarensusiM cersm. PasHocrs TAI - UTC
cocrasiana +25 cex na 1 ausapa 1990 r. foctouncrea UTC — CPaBHHTENLHO BRICOKAS
PaBBOMEPHOCTb KNk, NPHCYIIAS ATOMHOMY BPEMEHM; NPHBA3KA K €CTECTBEHHBIM
TIPHPOIHBLIM NpoLicccaM (BOCXON, 3aX01T), YTO XapaKTepHO I COTHEYHOro BPEMEHH,

Hosicroe Bpemst ZT. D10 BpeMms CONEPKHUT rOJL, MECSTL, K 4HCII0, KOTOPEIE OTCHHTHIBAIOTCS
QHANOTHYHO BCEMHPHOMY BpeMeHH UT, uackl MHHYTHI M CEKYHIIBI — KAK MECTHOE cpelHee
BpeMs OCHOBHOTO (LCHTPalbHOro) reorpaduueckoro MCDHIHAHA pPaccMaTpHBAEMOro
4acosoro nosca {, ne gopmyne ZT = UTC + An, tae An— HOMEp YacoBoro nosica. Ioscuoe
BpeMa BBENeHO B GonbmuncTee cTpan ¢ 1884 1, 8 Poccum — ¢ 1919 r. Ipn 3toMm
NMOBEPXHOCTE 3eMiH Oblia pasneneHa Ha 24 yacoBIX nosca, HUEHTPAIbHbAIE MEPHIHAHBI
KOTOPBIX OT:H4aloTCs 1o poarote Ha 15° (1 4). JIng Mockssr An = 2 4. JHocrouncreo
TOACHOrD BPEMEHM — YAOGCTBO HCMOLI0BAHMA B TIOBCEAHEBHOM KHM3HK, TAK KaK He
TPEGYET YTOUHEHHS BPEMEHH NIPH COOTBETCTBYIONIMX MEPEMCILIEHHAX B0 napaniens.

MectHoe fexpernoe mpems. 3t BPEMA OTIMMACTCA OT noscHoro Bpemenn ZT Ha
JCKPETHYIO 10GaBKy Afjip, YCTAHABMMBAEMYIO U KAKAOH MECTHOCTH 3aKOHOJATENsHo, B
CCCP 310 Bpems cywecrsosato zo 1981 r. B Hactosuee Bpems B Poccun aelictayer
CHCTEMA JIETHETO BPEMEHH.

Jletnee spems. D10 BpeMst £y = ZT + 2 4. O6bIuHO AeTHee Bpems JSHCTBYET exeronHo ¢ 2
'1 HOYH NMOCASAHEr0 BOCKPECCHHS MApTa JI0 3 4 HOMH NOCIEIHEro BOCKPECEHUN ceHTA0ps,
KOTZla BBONATCA 3NMHEE BPEMA fyyy. OHO coOTBETCTByeT CYLIECTBOBABIIEMY paHee
ACKPETHOMY BPEMCHH C 106aBKOH Atggp = 1 4. T.e. typ= 2T + 1 4. Hexpernoe (nernee)
BPEMSA 4aCOBOr0 1105ica C An = 2 Y HA3KIBAIOT MOCKOECKIUM NeMHUM spemenem. OueBUaHO,
4TO, HANPHMED, B HOSGPE MOCKOBCKOE Bpems pasHO UTC + 2 4 + | 4, BMae — UTC+2 9+
24

CHcrema ovcuera Bpemenn, ucrionbdyemast 8 TNIOHACC ~ UTC(GL), otnnuaercs oT
UTC. Bo-niepseix, cHcTeMHOE spems [JIOHACC, kak n UTC(SU), cMeeHo oTHOCHTENEHO
UTC ma +3 uensix waca. Bo-BTOpHIX, OHO TaKKe otnu4aerca ot UTC nonoxeunem
BPEMEHHOH (CekyHAHOH) merTku: HanpuMep, K KoHUY HOoAGpa 1996 roaa pasuocTs
[UTC(SU) - UTC| pasusinack mpumepHo 8 MHKPOCEKYHAAM,

Iorpeburens cucremnr T'JIOHACC, NPHHMMAs CHMIHAABI CHYTHMKOB, MOXET
CBCPUThL COOCTBEHHBIE Yachl ¢ CHCTEMHBIM Bpemexem IJIOHACC, Cucremuoe Bpems
dopmupyercs na ocnose mxanst Lentpanshoro ¢hixponnsaropa I JIOHACC n npusssano
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k UTC{SU) - wxane spemenn I 'OCYAPCTBEHHONO 3TANOHA YACTOTH H Bpemenn Poccun.
Peanbhbie Texuudeckue H UNGOPMALMORHBIE BO3MOKHOCTH T'JIOHACC nossonsior
OTPEOMTE/IAM  CREPATH COBCTBEHHBIE YACH OTHOCHTENHHO CHCTEMHOTO BpEMEHH
IJIOHACC ¢ norpemHoCTBI0 eAMHHYHEBIX cBepok He Xyxe 30 sc (I sigma). B
HaBuranMonrHoM cooSwennn [JIOHACC nepenacrcs TEKYIIES 3HAYCHHE PACKOAICHHS
MOy cucTeMHpM BpemeneM u UTC(SU). Cornacko Hurepdeticnomy konTpoaskomy
Aokymenty Ha cucremy [JIOHACC [3], sto nossonser morpeburemo CBEPATH
coOCTBEHHBIE Yackl OTHOCHTenbHO UTC(SU) ¢ norpewHocTei0 1 Mic. Onpako, peannho
CYWICCTBYIOIME  TCXHUYECKHE BOIMONKHOCTH CHCTEMbI TIO3BOJISIOT  yMEHBILHTS Ty
uorpemnocts o 20-30 nanocexyua (1 sigma).

Spemepunst ITTOHACC npusizans k UTC(SL). Tockonsky UTC(SU), kak u
UTC, He sBisercs HempephishOR mIKamol BDEMEHH BCACACTBHE €€ MePHONHYECKOMH
CCKYHAHON KOppekiMM (PoBOAMMOH MO Mepe HeobXxomuMocTH ubo 30 HIOHA, 1HGo 31
Jiexabps), 1o cucremuoe Bpems [TIOHACC Takoke KOPPEKTHPYETCA Ha 1IE/I0€ HHC/I0
CEKYH.

Cucremnoe apemn GPS (GPST) npusssano « mixane U7 C(USNO). Pacxoxzenne mexny
GPST u UTC nomnepxupaerca B npenenax 1 MHKpOCEKYHiB! (N0 Moaymo 1 cexynpaa).
Cermenr ynpasienus cucremoil GPS (Tnamumlit reseparop epemenn GPS Master Clocks)
00ecreynBaeT MOCTOAHRYIO CHHXPOHHM3AllMIO CHCTeMHOro Bpemenu GPS ¢ UTC ¢
lorpentHocTeio A0 30 we (1 sigma). Dro nmossonser notpeburensm GPS monywars UTC
IPAKTHYECKH € TOH e TOYHOCTHIO.

Ddpemepuist GPS npusasaner x UTC(USNO). B otmmume ot UTC(SU) wu
cactemuoro  ppemenn T'JIOHACC, UTC(USNO) u cucremuoe Bpems  GPS me
KOPPEKTHPYIOTCA B MOMEHT NPOBEJICHHS CEKYHIHOH KOppeKLuH UTC, a nonpaska Ha
neioe yueno cexyua mexxay UTC(USNO) u UTC (delta time CEKYHIHOH Koppexuun)
lIepPEaCTCA B COCTABE HABHMIANMOHHOTO coobmenus GPS. Cnenosarentso, UTC(USNO)
Kak OMOpHas Wkama N8 CHCTeMHOro BpemenH GPS ocraercs HENPEPLIBHOH IIKANOH
HpEMEHH.

Cucremuoe spems CPHC «GALILEO» (GST) nmomxso crath HenpephBHOH wKaok
APEMEHBLIX MapKEPOB, YNPABIACMBIX CHCTeMOH MeXIyHApOIHOTO ATOMHOIO BPEMEHH
(TAI) co cmewenneM menee 33 HaHocekyH. Mirrepsan snauenns GST, peipaxkennnili, kak
lpemA cmelueHus oTHocutenbHo TAI, momken 6wTh pasen 50 HaHOoceKyHIaM ans 95
'IPOLICHTOB BPEMEHW B TEYEHHC JHOOBIX TOJOBBIX BPEMCHHEIX WHTCPBAIO. Bpemennas
pasivua Mexay 'GST u UTC Gyzer TpaHcIMpoBarhecst mofb30BaTensm Yepes CIYTHHKH
cHereMpt «GALILEO»,

4.3. Ilkabl BpeMeHH CNYTHHKOBLIX PANHOHABHI AUHOHHLIX CHCTEM

Kax Gputo saveueso B wawane pasmena, Bce  nOJCHCTEMSL CPHC  nomkHul
(yHKIHOHMPOBATL B SIHHON IuKaNe Bpemeny. Ha npakTuke peainzosath aro TpeGopanue
HC peajlbHO, TaK KaK JUIR €I0 BLINOAHEHHA B KOKIOH roacucreMe {cerMenTe) HeoGXOmHMO
HCMOJE30BATE OAHOTHIIHGIE BHICOKOTOYHBIE FTAJ0HB BPEMEHH H YaCTOTH (D4B). ITosromy
# CPHC BTOPOrO NOKOACHHS BBLLIENSIOTCS HECKONBKO LIKad Bpemenn  (LIB),
OTAMYAIOUIHXCS CTa0HIIBHOCTBIO: CHCTEMHAA INKANA BPEMEHH (CIIB); GoproBas mkaia
upemenn (BIUB) HKA; nikana spemenn notpeGurens (LUBII).

Cucremuas 1IB HenoCpeaCTBEHHO WM KOCBEHHO HCTIONB3YeTCs s BPEMEHHOH
HPHBAZKH OCHOBHBIX NpOUEcCOB BO BceX moacuctemax CPHC. Oua tdopmupyerca u
thepuBaeres  Havbonee  CTaOMABHBIMM  JATYHMKAMU BPEMEHH, BXOAAIIMMH B
tosicueremsl CPHC, — KBAHTOBBIMH CHCTEMHBIMH TAIOHAMH BpEMEHH H 4actorsl (COBY)
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HA3EMHOTO KOMAHIHO-H3IMEPHTENIBHOIO KOMILIEKCE, BRICOKA# CTAbHILHOCTL KOTOPBIX
ofecreunBacTCs  CHEUMANLHEIMI  MHKEHEPHO-TEXHHYECKUMH M ANTOPHTMUHECKUMHU
peuieHusMu.  Hanpumep, TpH HCOONLZOBAHMM  CHCTEMHOTO  9TalloHa, mmpr;:;ﬁ
BOCIIPOM3RONMT €AMHHLLY CHCTCMHOTO BPEMEHY C OTHOCHTERBHOM norpetHoctsio + 1-1077,
yxoll GOPMUPYCMOit CHCTEMHOM 1TKANLI BPEMEHH COCTABUT 3 MKC 3a TOL.

Boprosas IIIB cmyrunka, K KOTOPOM NPHBA3RIBAIOTCA COOTBETCTBYIONIME
uapwralmonnste curnanst HKA, dopmupyeres xsanTosbiM Goproseiv DBY (B3UB). Onu
paBorator B Gonee HeGnaronpuaTHeIX ycnosuax, uem CDBU, nostomy uemsbexHo
pacxoxaenue mexcay BLUIB u CUIB. lkana pemenu norpebutend uanbonee HecrabunbHa
n cmemena otHocutearno CHIB w BIIB, rax kax dopmupyercs u noanepkHBacTcs
KBApLEBLIM OMOPHBIM FEHEPATOPOM, BXOAAIHMM B KOMIUIEKT annapaTypsl NoNb30BATEIS.

4.4, CHHXPOHU3AUMS INKAN BPEMEHH
Komanauo-nameprrensibiii  komnmexe (KHMK) ofecneuupacT CHHXPOHM3AUUIO IUKAJ
spemenyt neex HKA myTem HX cBEPKM W KOPPEKLWH.

Cuuxpounsauus Goproseix mwkan spemenn HKA. Csepka wikan ppemesn B CPHC
NO3BONAET ONpPeiensTh 3Hadenne yxoa BILIB ornocurensro CIIB. B nponecce ceepku no
npunsTeiM Ha KMK masuranuonsemv curnatam HKA uamepsiercs 3HaueHue BPEMEHHM B

umn
BILIB #a MOMEHT M3ydeHHs CUIHAIA CIYTHUKOM T, p . B MOMENT ero npuema pacueriioe
Bpemst 1o BLHB:

IMUB = t;ﬁfﬂ + Arpac + Arp_a, + Atam + Aramr !

rne Af .. - Bpems pactpocTpanenns curuana ot i-ro HKA no KHK; At -yxon BILIB

U3-32 PEAATHBUCTCKMX 3 PEKTOB, PACCUATHLIBAEMEIH C TOYHOCTBIO N0 €AMHULL HAHOCEKYHII;

Arum

NPpoYHUc annaparypHbie A METOA0AOrHYECKHE [MOTPEITHOCTH.

Yxon BIIB ornocutensio CIIB onpenenseTcst Npy CpaBHEHHH RBRIYUCACHHOTO K
CKoppemeoaaHuoro frm © HIBECTHRIM CHCTEMHBIM BRCMEHEM .‘fch

B 3aBHCHMOCTH OT MPONEAYPH! HAXOMICHHS BENMUYMHB! RansHocTH jo i-ro HKA
pasnuualotr naccusweie (CPHC tuna NAVSTAR-GPS) nnu axmusiste (CPHC THna
TJTIOHACC) meTonb! CBEPKH LKA BPEMEHH.

Koppexuus BILIB rnpoussoaurcs oObrdHO npu ee vxome otHocutensno CIIB,
TNpEBBIIAOILEM  HONYCTHMEIC 3HAYCHHA. KDppCKLlBﬂ BRIpAMACTCA B COBMEIICHHH
spemennblx uHTepBanos B BUIB u CIIOB (npouemypa dasuposanua BILUB) u (wmu) s
yTOUHeHUH uX oumdposkn (nponeaypst xoppekuuu koza BIIB nHa uenoe yucno eaunuy
apemenn). (@asuposanpe ofecncumBaer To4HOCTR coBmeutenns IIIB  no  mecarkos
HAHOCCKYH/L.

Jaurensupie HaGaionenus 3a pacxoxacHnem stix B nossonsior yeranosuts ero
FAKOHOMCPHOCTE H IPOrHOZHPORATE Ha Tpeﬁycmmﬁ MOMEHT BPEMCHH C CO[)TBC'TCTB}'TOH[Eﬁ
TOYHOCTHIO.  TTPOrHO3UPOBAHME — CHCTEMAaTHYeckoHM  cocraensouieil  yxona LB
oGecneyrBaeT BO3MOKHOCTE OCYILECTRICHHA anropuTMudcckol koppekuuy BILB, koraa
onpeaensercs moneis yxona bUIB u ee napaMeTpsl, T.€. 4aCTOTHO BPEMCHUBIC NONPABKM,
KOTOpBIC 3aKNabBaloT B NaMats DBM cnyTthuka ¢ nomMomieto crienmansioi cranuuy KUK
¥ KOTOpBIE B JancHeiilleM nepepatotces notpeburenam cosmecrso ¢ deMepuaHOH
uHpopMalHeH.

- cusar onpenengemoit BIIIB us-3a pedpakiyy pajnoson B atmocdepe; At S
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B CPHC Broporo noxkongHHs, yNMpaBlseMbiXx ¢ OFPAHHYEHHBIX TepPHTOpPHH,
lieobxoaumoets  mporsosupopanus BIIB u ee yxoma oOycnosieHa TeM, HTO
HernocpencTeenHas koppexuna BIIB moxer npouseoauTees TONLKO snH3onuuecks. Kpome
BHYTpHCHCTEMHOH cnHxponnsauud KMK ofecneunpaer npusasky W (WiaM) onpeaeneHue
yxoaa CHIB otHockrensno UTC.

CuHxponu3auuMsi WKaabl BpemenH norpeburenn. Haxoxaenue noTpeGutenem
Goproeoro epemenn HKA u coorsercraenno cuctemuoro spemens CPHC ocymecrsnsercsa
¢ [OMOUIBIO HABHTaUMOHHLIX CHrHw10B, NpHHATEIX 0T HKA. [lpu arom Moxer Obith
PEaAM30BAHO HECKONBKO Crocol0B CHHXPOHM3AUMHM [UKAIBI BpeMeHd mnoTpeburens,
OTIHYAIDIMXCA  TOYHOCTBIO:  pacyer  MOMpaBKH  moTpeGHTENs Ha  OCHOBE
TICEBAOAATLHOMEPHEIX H3MEPEHHH, HMCIOIL30BAHME METOK BPEMEHY, MEPEHaBacMbiXx B
HABHIAUMOHHOM CHIHanme! MNPUMEHEHWE [IATbHOMEPHBIX KOJOB, [epenaBaeMsIX B
HaBUralHoHHOM curname HKA.

l'[ephsm criocod  ocHOBEIBaeTCH (B nepBOM TIPUOGNIDKCHWH) HA TOM, 4YTO
uudopmanns, monyuenHas notpebureneMm B curnanax HKA, wucrnonssyercs kak and
pacyeta Tekyuiero yxona bIUB orxocutensno CIIB, tak # ang npusssku ILBIT « CIIB
npi HaxomneHuu nonpasku k ILUBII (Bpemennodl koopauuarsl norpeburens ¢'). Dror
Cc110cod UIMPOKO PacnpocTpaHeh M OGeccUUBAET TOYHOCTE MIMEpeHHit He XyKe 1 MKC.
Bropoii crioco6 ocHOBbIBaETCS HA TOM, YTO JAHHEIC O TEKYUIEM CIYTHHKOBOM BPEMEHH
(merkn Bpemenn HKA) u o nporuose yxoga BIIIB B omopHbie MOMEHTHI BpeMeHH
otHocutensto CLIB nepenawtes norpeburensM B HABUAUMOHHOM cO0GIIEHHH, TOYHOCTS
npussku BT B 3T0M cayuae onpeaensercs omnbxoil onpenenenus gansHocty o1 HKA
Ao notpeburens. TpeTuit ciocob aHanornyeH NMPEALAYHIEMY ¥ OT/IHYAETCHS B OCHOBHOM
BHAOM HAEGOpPMAIMH, Henois3yeMol B curnane HKA.

5. Onopuble cHCTEMBI KOOPAHHAT
Dopmel H pasMepE! 3eMTH MOTYT OBITh ONUCAHB!
nByms crmocobamu. OnuH cnocod - onMcanue Teoun _ SRR e
BUIMMOH (pu3HYeckol TIOBEPXHOCTH, BK/IHOYas
TIOBEPXHOCTH MOpeH W OKeaHOB, PABHWHBI,
CKJIOHB! X0IMOB U ropil. Bropoit cnocob - ato
H3IMEPEHHE CHIBI TDKECTH. DTH [Ba MOAX0Aa
0GBEMHAIOTCS, KOTIA MBI TOBOPHM, YTO BEICOTA 4
Osepecra  coctamiser 8848 merpor  Han 1
CPEXHHM YPOBHEM MOPS. ’

Teoun — 310 ypOBHEHHas MOBEPXHOCTH
NOTCHUMANA CH/Bl TSKECTH, COBMAjAOMIAs ¢
TOYHOCTBIO OKOAO 1 Merpa € ypOBHeM
MupoBoro okeaHa B CHOKOAHOM COCTOSHHH.
Beprukansroe nonoxenue oGbexTa Ha 3EMHOM
NIOBEPXHOCTH MOXHO ONpEfeliuTh, H3MEPHB
3HAYEHHE CHITB! THAXKECTH B JAaHHOH TOYKE M CpPaBHHB €r0 CO 3HAYCHHEM CHIILI TAKECTH Ha
CpelHeM ypoBHe MOps. K COXaIeHMIO, TEOMA - 3TO CHOKHAS MOBEPXHOCTL, KOTOpas He
MOKET OBITE TOYHO OTIHCAHA 3aMKHYTOH MaTeMaTHYeCKOH topmyno#,

Marematiyeckue Moaens MOryT GBITh GAM3KHM K ONMMCHIBAEMOM TOBEPXHOCTH, HO
He snysfoTes ef konusmu. Ecan 3emas Gbina 651 TONHOCTEIO JKHAKOH, TO NP BPAlIEHUH
ona wumena Obr  opmy oniumconsa. ITo3TOMY INIMIICOMT ABASETCH  XOPOLIUM

Puc. 14
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MaTeMaTHIECKHUM MpHONIKEHHUEM K CCTECTBEHHOM (hopMe reomia, Kak 9T NOKA3aHo Ha
puc. 14,

B CPHC sroporo NOKOIEHHS
HCHIONB3YIOTCS TCOLICHTPHICCKHE
TIOABHXKHBIE CHCTEMBl KOOPAMHAT, Kak
a10 nokasano Ha puc. 15. Ilenrp oroi
CHCTEMBI KOODJHHAT pAacToNOKEH B
uentpe Mace 3emmu. Ock OZ nanpasiena
BAONL OCH BpamIeHWs 3eMiIM B CTOPOHY
Cesepuoro nomoca Py. Ock OX fenut B
TUTOCKOCTA 3eMHOTO JKBAaTOpa H CBS3aHA
¢ IpuusuuckuM  Mmepuauadom G
[nockocts OXZ onpenensier HOACKEHHE
HYRB-ITYHKTA [IPHHATOH CHCTEMEI OTCYETA
noaror. Ocs OY 1ONONHAET CHCTEMY
KOOPAMHAT A0 IPaBOit,

QOcp OX B mpoliecce CYTOYHOrQ
BPAalliCHUA  TEPHOAHYECKH  DIPOXOAMT
TOYKY  BECEHHEro  paBHOACHCTBHA.
Murepsal BpeMEHH MekAy JABYMS TAKHMM  [OCACACBATENBHEIMH  MOMEHTAMH
COOTBETCTBYET OIHHM 3BE3HBIM CYTKaM.

B reonenTprueckoit NOABMKHON CHCTEME KOOPAHHAT GopMHpYeTCs MHGOpMaLs 0
JBIDKEHUMM CITYTHMKOB, KOTOpas MEPEAacTcs B HABHTAKMOHHOM COOOMIERMH OTPEOHTENO.
B aJTol ke CHCTEME KOOPAMHAT Ha JTane BropuiHol o6paCorku MHopmaumu B
anmaparype NoTpefUTeNs PacCYMTHIBAIOTCH KOOPIMHATEL CAMOTO NOTpebuTeLs.

Onuako norpeburens B GonbplIeH

Puc. 15. Ieoyenmpuyecxan nodeuxcrasn
cucmema KOOpouHam

CTETIEHH HHTEPECYIOT TakiHe KOOPIHHATEL, I
KaK BHICOTA, HIHPOTA W J0ATOTA, KOTOPHIC

OTHOCATCA K 2e00e3udeckon cucmeme [ H
Koopounam. ' e0€3HIECKHE KOOPIHHATEI ¥

TOYKM CBS3aHBl C  MaTeMaTHYecKoi b

MOIENbI0 3eMiiM B BMIE 3JUIMICOMAA xnn‘mpmmn‘ B

(puc. 16) ¢ Gomemo#t noayocsio a, IWIOCKO(TH

nexamei B 9KBATOPHANBHON MIIOCKOCTH, - a
u manodt nomyoceto b. [eodesuyecxan
wupoma B Touxu IT onpenensercs kax
Yyron MEXAy HOPManbi X NOBEPXHOCTH
JJUIMACOHAA M [UTOCKOCTLIO 3KBATOpA.
Teodesuneckan donzoma L touxn IT
onpefiendeTci  Kak  Yrom  Mexay
[UIOCKOCTBIO HAYANBHOIO MEDPHMIHAHA W TUIOCKOCTREO MEpHAHAHA, MPOXOAALIETro tepe3d
touxy [T (noJioKUTENBHOE HApaBICHHE CYETa JONTOT — 0T ['PHHBAYCKOro MCpHAHaHA K
BoCTOKY). [eodesuuecxan ewicoma H onpejenscics Kak paccTOAHHE NO HOPMaiH OT
NOBEPXHOCTH JUIANICONAA RO TouxH [T,

HaiinenHsie B XOA€  HABWIalMOHHBIX  ONpEAeneHHl  NpAMOYrollbHbIE
reolEeHTpHYECKHe KOOPAMHATH {X, y, z} moTpebutens AomkHmt ObITh npeobpasopastl B
reojesuueckue koopamuarst {B, L, H}. VYxasaHHmie KOODAMHATHI ~CBH3aHbI
COOTHOMECHHAMH:

Puc. 16. 3emnoti anauncoud
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x={(N+ H)cosBcosL;

y=(N+H)cosBsinL; (5.1
z=[(1-e*)N + H]sin B,

rae
a

J1—e’sin’B

e= Jl -b’[a* = V2a-a? - IKCLEHTPHCHTET 3JIUTICONA;

N=

a =1~bfa - napaMeTp CRATUS HLIUTICORTA.

5.1. OnopHeie CHCTEMBI KOOPAHHAT, HCNOJb3YeMbIe CY THHKOBBIX
PARHOHABHI ALMOHHLIX CHCTEMAX

CPHC TJIOHACC ucnoab3yer onopHyio chcreMy kKoopauuar «llapamerpui 3eman
1990 roaa» (T13-90). I13-90 nomyuena no pe3ynsTaraM HaOMONCHHH reOAE3HHECKHX
crryriukos TEQHK, B ToM 4Hcie HOIUIEPOBCKHX, HANbHOMEPHBIX PaJHOTEXHHYECKHX M
NA3CPHBIX M3MEPEHMH, U3MEpCHHI BHICOT CIIYTHHKA HaJ [OBEPXHOCTRI0O MOpA H
(ororpadmpopatuil KocMHYCCKMX amnapaTos Ha doue 3sesaxoro Heba. [Ipn nonysennn
113-90 ucnons30BAIUCE TaiOKe PAIMOTEXHHUIECKHE H Ja3€PHBIC M3MEPEHHA MAIBHOCTH 10
cnytaakoB cucteM [JIOHACC u DTAJIOH, rpasumerpudecKkue AaHHbiE HA Cyile H
Muposom okeane [1, 4].

I13-90 pxmouator B cel8 diyHIaMEHTAABHREIE ACTPOHOMHYECKHE M eOJC3HYECKHE
IOCTONHHbIE, EAMHYI0 TeOueHTpHueckyrd cHcTemy koopmnar (ECK), wmonemn
I'PABMTALMOHHOIO NONS 3eMIHn B Buiae KO3 (HIHEHTOB Pa3/I0KEHHA FCONOTEHIHANA B PAL
no cheprueckuM QYHKUMAM CHCTEM TOYEHHBIX MACC, KATANOIM BBICOT reoMja Han oOmHM
3eMHBIM Jjumanicoraom. Cucrema koopaunar [13-90 3axpennesa Ha NOBEPXHOCTH 3eMiH
KOOpIMHATAMH HYHKTOB KOCMUYECKOii reonesndeckoi cera (KI'C).

I13-90 BBoAMT CieaAy0IIHEe TAPAMETPL! 061IEro 3eMHOI0 JINIHICONAA:

BOJIBIIAS MOJIYOCH, M ..overicrericarirecainsnsens .6378 136
SHAMEHATENE CICATHIL «..omiiiviiannasssasssnsminssiasisininisnitsnnssi R A 298,257
I'paBHTALMOHHOE YCKOPEHHE Ha 3kBaTope 3eMiu, MIal ... 978 032,8
[Tompaska K rpaBUTALMOHHOMY YCKOPCHHIO Ha YPOBHE MOPA,

ofycIoBIeHHAs BIMAHHEM 3eMHOR aTMoCeprl, MIall .....oevveceieinns -0,9.

CPHC NAVSTAR-GPS ucnoab3yer onophyo cHcremy koopaunar «World Geodesic
System, 1984» (WGS-84) (Muposas reosmesuueckas cucreMa 1984 ropa). Boeuno-
Tonorpaduyeckoe arewrcrso CLIA srimonanniao npeobpazosanue oxono 100 noxamsHeIx
reoje3nueckux cHereM keopaunar kK WGS-84. C aroif uensio Guina BeINONHERA NOKANbHAs
NPHBA3KA MHOTHX TEOIE3H4ECKHX NYHKTOB K COOTBETCTBYIOIIMM MYHKTaM KOCMHYECKOH
reojIe3n4eckoil ceTH, KOOPIMHATEI KOTOpHIX ObILIM onpeenensl no Kabmonennwav. CHavana
9710 Obliv HabmoaeHua cryTHukoB cucteMsl TRANSIT, a B nocienHee BpeMs - CHCTEMBI
GPS.

Yro kacaeTcs NOKATBHBIX KOOPAMHAT BbICOT, TO OHM OCHOBAHBI HA PAlIHYHBIX
onpeneneHusx yposHa Mopa. Jlo cHx nop HeT eIUHOM MMPOBOH CHCTEMEI OTCHETA BBICOT,
crnocofHOM CBA3aTH 3TH JIOKANBHbIE BHICOTHEIE KOOPAHHATEL,
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Hexopnoe onpenenene n peannzauns WGS-84 yaosnersopsior TpeGoBannam

Munucrepcra oGoponst CIIIA x kaprorpaHpoBaHWIO TEPPHTOPHH M TeONe3HYECKHM
TpefosannaM. TOYHOCTE NIAHOBLIX KOOPAMHAT B 3TOJ cHcTeme, pasuas 1-2 M, Guina Gonee
YeM [OCTaTo4HOH Ans KpyluHomacwrabHoro kaprorpapuposania. To4YHOCTE BLICOT
3aBHCENR OT TOro, Kak OnliM onpegenenbl npesbilueHua. Ecnu ans  sroé  neau
HCTI0AL30BANOCE HUBEIMPORAHHE [-ro Kiiacca, BLICOTH ONPEAESIHCE OHEHE TOHHO (0 M)
M0 OTHOMEHMIO K JIOKankHOMY YPOBHKO Mops. [Ipy HMBEIHPOBAHHH TIPEBBLULICHUS
OLEHMBANIMCh MO BBICOTAM [0 OTHOWICHWIO K annuncouny WGS-84, u ucnohnsoBaiuce
BRICOTLI €0H A, ONIpeNe/IeHHbIe 110 Moaein WGS reonaa.

WGS-84  ucnonesyer Monens cEPHHYECKOr0 TAPMOHMHYECKOTO PACIIMPCHUS
FPABHUTALMOHHOTO MOTCHOMAAA BBEPX B ONPEIEICHHOM Nopsiake u 40 360 rpanycos.

Onopuas cucrema koopannat B CPHC «GALILEO» (GTRF) npuusTa B COOTBETCTRMM
€ MEKIYHapOAHBIMH TPAKIAHCKMMH CTaHapraM. TeM He MeHee, OTOpHBIE CUCTEMB!
BPEMEHH H KOOPAMHAT JO/DKHBI Ga3sMpPOBATLCH HA I'EOAE3NYCCKHX OTOPHBIX CTAHUMAX K
ITATOHAX BPEMEHH, OTHYHBIX OT TEX, KOTOPBIC MCIIONB3YIOTCA B cucTeMe NAVSTAR. Dro
TapaHTHPYET HE3aBHCHMOCTH 0OCHX CHCTeM, NO3BO/AS OAHOH CHCTeMe NeHCTBOBATE Kak
pe3epBHOE pelieHHe Al APYTOH CHCTEMBL

GTRF fomkHa Ha TpaKTMKE CTATh HE3aBUCMMBIM “JIEHOM MexTyHaponHoi
Cucremnt  Onmopueix  Koopmunar (ITRS), cosmawHo# Ilewtpassusm  Vrnpasnesuem
Mexaynapoauo#i Cryx6er Bpamerns 3emmu (IERS). [Tonyuennas cucteMa KoOpAMHAT
OIIMPacTCA HAa KOOPAMHATEI HaseMHLIX craHiuit cucreMsl «GALILEO». Cucrema
NAVSTAR wucnonsyer cucremy WGS-84 (n e MOAHHKALMM), KAK ONOPHYIO CHCTEMY
KOOPJIMHAT, NpHYeM 3Ta cHcTeMa Tawke cosgana ITRS u onupaercs Ha koopaMHATHI
craHuui ynpaenenus NAVSTAR.

Kak oxHnaerca, OTTHYHA B KOOPAMHATAX, MONYYEHHBIX OTHOCHTENLHO CHCTCM
WGS-84 u GTRF He nonxub MPEBBINIATS HECKONBKHX CAHTHMETPOB. [loatoMy, ¢ TouKH
3penus BO3MOXKHOCTH B3ammogeiicteug obewx CPHC, nompaszymesaercs, uto WGS-84 u
GTRF 6yayT mpakTH4ecKM HMACHTHYHBIMK (B pPaMKaX BO3MOKHON TOYHOCTM) NpH
peammzauuyu  obeux pewenuit ITRS (T.e. MX CHMCTEMb! OMOPHBIX KOOpAMHAT GyAyT
COBMECTHMBI). 2TOH TOYHOCTH BMOJIHE MAOCTATOYHO JUIN HABHTALMOHHBIX 34134 W
GonpluMHCTRA NPYTAX KaTeropwit MoJB30BaTeNell; OCTATOYHAS pajHvIA TOPSIKA ABYX
CAHTHMETPOB HMHTEPECHA NHINEL yueHbiM-reodisnkam. B cnywae, koraa Heobxoguma
abcomoTHas ToYMOCTh, Npeo0pa3oBaTh napamerpsl 10 TpeGyemol TOYHOCTH MOTYT
cHelManucTel BHewHero cepeica «GALILEO».

6. Annaparypa norpebureneii

Annapatypa notpefuTens npeAHasHauyeHa: ans npuema curhasos or HKA; esiBopa
paboucro coszpesamsa, T.e. BEIGOPA TEX HAXOAAIMMXCH B 30HC PAJHOBHAMMOCTH
HaBUFALHOHHBIX CITyTHHKOB, M3 CHIHANOB KOTOPLIX OyieT M3BNEKaThCs HABUraUMOHHAsA
HHpOpMalIKE; ONpeNieIeHHE BeKTopa noTpebnTens

m'=[xyzD' V.V, V.

K coepemenntiM CPHC npenssiBmsioTcss BBICOKME TpeGOBAHMA NO TOYHOCTH
HaBHIALMOHHEIX OnpexeneHuif. 2710 olycnapnupaer HeoOXOMMMOCTE PACCMOTPEHMS
METOJIOB ONTHMANLHOH 06paloTkyi CHTHANOB M W3BJIEHEHUS MHDOPMALMH NPH NOCTPOEHHH
HAaBHTAUMOHHLIX NpueMHHKOB. Ilo cBOEH CyYTH HaBMraumoHHas 3aja4ya ONpeAeneHus
BexTopa norpeburens /T’ sBnsercs 3amavell OLEHMBAHWA KOOpAHHAT oOrexta (B o6imeM
clyvyae MNOABHAKHOIO) M0 HaBMIONEHMAM CHTHANOB OT MCTOUHMKOB M3NYYeHUs ¢
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H3BCCTHBIMH KOOpAMHaTaMu. MaTemaTHyecknm annapatoM, HO3BOSIONMM [POBOIMT
CHHTE3 OOTHMANbHBLIX CHUCTEM OUCHWBAHMA KOODAMHAT 0OBEKTA, CHAYKMT TEOpHS
ONTHMANBLHOMA PunbTpaLKy.
O61was nocranoBka 3a024u GopMyIHpyeTea cienyouum obpasom. ITycrs Ha Bxon
npuemuika CPHC nocrynmaer peanmsaums y(1), npeacrasnsiowas coGoii ALAUTHBHYIO
cMeck curaana Stt, A, & u) v momexu n(1):

() =8t A", 8, 1) +n(t); (6.1)

Curnamsnas ymcws S(4,A(M1"),0, () » waGmonenns peampawmn y(1)

MOXKET COCTOATE W3 OAHOTO HIM HECKONBKHX CHIHAJIOB, COOTBETCTBYIOUIMX, HalpHuMep,
Pas/IH4YHLIM HABHT3LHOHHEIM CITYTHHKAM,

N
SUAUT), 0, 1) = 3 S, (4, 4,(IT'),5,, 1), 62)
Jj=1

€ 4; — BEKTOP DAIHOHaBUTALUMOHHBIX NAPAMETPOB CHrHANA J-ro HKA, Te. Tex
NapaMeTpoB, M3 KOTOPBIX H3BNCKACTCH HABHTAUMOHHAs MH(OpMAlLs; M — BexTOp
HapaMETPOB CHTHANA, B KOTOPBIX HE CONEPHNUTCS HARMIAUMOHHAS MHGOpPMAUMA, MOITOMY
MX MOKHO CYHMTATh HEMHPOPMALMOHHEIMK; & — AMCKPETHBIH napameTp, HecyLiHii
/IONOHATCIRHYIO HABATALMOHHYI0 HHYOPMAUHIO. PaIMONABHTAMOHHLIME NapaMeTpamMy
A B CPHC sBnsiorcs (cM. pasx. 1) 3a0EpKKA CUTHAJIA T M JONIEPOBCKOE CMEIICHUE
HACTOTHL fi,, (NPH TPHEME OIHOMOMEHTHO HECKOJIBKHX CHMTHATOB B ypasHeHun (6.2)

KUAWEM T, foun s J =1, N ). Panuonasuraumonnsie napamerps B cBoio ouepes 3aBHcaT

or Bekropa /1" norpeburens, 1.e. 711, foou(11). K HeMH(OPMAILIMOHHEIM 1apaMeTpaM
OTHOCHTCA, HANPUMEP, aMIANTYAA CHrHaNA 4. AJUIMTHBHYIO NOMEXY R(?) YacTo [HOJAraroT
Ge/IBIM TAYCCOBCKHM LIYMOM C HY/EBHIM MATCMATHYECKMM OXHIGHHCM U MarpHueR
/ABYXCTOPOHHHX CHEKTPANLHBIX MAOTHOCTCH Ny/2. CuruambHad diyuxums ot j-ro HKA
MO3KET GBITh ONMCAHA COOTHOLICHHEM!

S,(t)=4h, (t -, )cos((a)o +27 5 } +9, ), (6.3)

e A — aMIIHTYaa CHrHana; h}. (t = ;) = MoAynupyromas (yxxuus, ofycnosnenHas

MOAY/AIMEH NaibHOMEPHLIM KOLOM M TEpesaveil HABMrAIMOHHOMO coobmwenus; @ —
cayuaiinas HavansHas dasa curaana.

3apa4a CUHTE3a ONTHMATEHOHW CHCTEMBI $uneTpaunu  GopMyaupyercs  Kax
OTLICKAHHE TAKOW CUCTEMBI, KOTOpas B pe3yaptate 0O6paboTku mabmozenwit (6.1) s
KOKAbE  MOMeHT BpemeHH ! Qopmupyer ouerky 7 ‘(1) mextopa norpeburtens c
MUHHMAIbHOH AHCTIepcHeH OlHOKA OueHMBAHMS.

Teopust  onthmansHOR (MASTPALMK HO3BONAET PELIHTE  ChOpMYTHPOBAHHYIO
sanady B obwiem suae. OZHAKO MONYYAIOWIMECH NPH ITOM AnTOPUTMB  QHILTPAITAK
/LOCTATOUHO CIIOKHEI M B HACTORILES BPEMS HE PEATH3YIOTCA B CyHICCTBYIOLIEH annapaType
NoIbL30BATENAA. '

Hns ynpounenus annaparypel norpeGurens 3anaqy TOMY4EHHS OLEHOK BEKTOpa
/1'(t) pasbusaiot va aBa yrana oBpadoTku: REPEUYHYIO U 6MOPUNHYIO,

Ha orane nepuunofi  ofpaGorku peumaercs  3ajaya  (MIBTPailiK
PAAMOHABHIAUMOHHLIX NAPAMETPOB CHTHANA, @ HA Tane BTOPUYHOA 06paboTkm
ABIACTIAIOTCA OUCHKHM BEKTOPA MOTPEOHTENA ¢ HCNONB30BAHNEM NOMYYEHHBIX HA TIEPBOM
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ITANE OUCHOK PATHOHABHIAIMOHHEIX NapaMeTpoBR W COOTBETCTBYHOMIKWX HABHIallHOHHBIX

QyHKUMI.

6.1. llpunuune) nocrpoenns 1 GyHKIHOHUPOBAHNS ANNAPaTypbl noTpebureneit
Annaparypa norpeGureneit (8 nameHefiiueM npuemnux) CPHC npemnasnauewa mans
olpeaeileHHsA NPOCTPAHCTBEHHBIX KOOPAHHAT, BEKTOPA CKOPOCTH, TEKYIIEr0 BPEMEHH H
JAPYTHX HABHralMOHHBIX MMAPaMETPOB B pe3y/bTaTe MpUeMa U 00paGoTKH PaTHOCHIHANIOB,
npuuateix ot HKA.

Ha Bxon npwemauka noctynaior curdansl or HKA, HaxogsmMxcs B 30HE
panvoBHIMMOCTH. Tak Kak Ans pemieHus HABMTALMOHHOM 3a/lauy HEOOXOAUMO M3MEPHTE
MCEBAOAAILHOCTH M IICEBROCKOPOCTH OTHOCHTEJNBHO, Kak MUHHMYM, udeteipex HKA, To
NPHEMHHK JT0JKeH ObITh MHOrOKaHansHbM (0T 4 10 12 kaHanoB B oGuiHbIX M Gonee 12 B
cosmetenHsix [JIOHACC, GPS u « GALILEO»).

CompeMenHble  NPHEMHHKH — ABIAIOTCA  BHANOTO-UM(POBEIME  CHCTEMAaM,
COUETAIOIMMH aHATOroBYIO M UMpposyio o6paboTky curuanos. Ilepexon na nndposyio
06paloTKy CUIHAJIOB OCYIECTB/ISETCA HA OXHOM M3 HPOMEKYTOUHBIX YaCTOT.

Taxum 06pasom, IPHEMHUK MOXKHO PA3AEANTH HA TPH QYHKLHOHARLHBIE YACTH:

L panuo4acToTHYIO HacThb,

®  nupoBoil KOppenaTop;
®  [OpOLECCop.

C Bbixona aHTEHHO-(MIEPHOTO YCTPOHCTBA (@HTEHHBI) CHPHAN MOCTYNAeT Ha
PanMoyacToTHYIO Hacth (puc. 17). OcHoBHad 3aia4a ITOR YACTH 3aKMIOYAETCA B YCHICHHH
BXOMHOFO CHMrHana, QUALTpauud, NPeobpPa3OBAHMM YaCTOTEL W AHATOrO-HH(POBOM
npecObpasosanuu. [lomuMo 3TOro, ¢ pamHO4ACTOTHOH $ACTH MNPHEMHHKA HOCTYNaeT
TakTORas yacrora Ans uudposodl vactu npuémHuka. C BHIXOA PanMOYacTOTHOH YactH
unpoBsie OTCHETH BXOAHOIO CHTHANA NOCTYTIAIOT HA BXO UHGPOBOTO KOppeIsTopa.

Ayt

#
3
I

KOPPEIUMORHbIe HETerpams! |

1) 1 Q(¥), pesymmsrarst immepe-,

HOH ITAPAMETPOB CHTHATA.,

Lndpossie orcwemsior CPHC 1 Ornpoueccopa x xoppenaropy:s
Taxropax wacToTa Koppenaropa |

o e e e s o we - o wl e e

]
¥
]
i Or XoppenaTopa K Iponeccopy: :
C
]
;
¥

Henspre x |

i
Wmﬂm:??{‘; rm-lpsﬁmum:

. e e e e R

Pue. 17. Obobujernan cmpykmypHas G1oK-cXema npueMnuxa

B xoppenstope B umdporoit gopme dopmupyrorcs orcyersl cundasanx I(k) u
kpaaparypHeiX (k) COCTABIAIOWMX CHMFHANA, KOTOPHIE ABNSIOTCA OCHOBOH paboThi
JITOPHTMOB MOMCKA CHTHANOB NO 3a1EpPWKE M YaCTOTE, BHITHCICHHA NCEBAOALTEHOCTH,
crexenns 3a ha3oii cUrHana ¥ BLUIETEHHA HABUTALIHOHHOFO cO0bIIEHHS.

Otcuérbl KOPPEARUHOHHBIX HHTETPATIOB NOCTYNAIOT B MPOLECCOD AN AabHeHITEH
obpaborkn n sambikanns nerens ANl (dasosas asromomcrtpoiika) u CC3 (cxema
CIeEHHS 32 3alepkKoii). MamMepenns mapaMeTpoB CHrHana B npUEMHUKE NPOH3BOIATCH He
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HEMOCPEACTBCHHO 10 BXOAHOMY CHIHaly, @ MO €f0 TOYHOW Konmu, (opMHpyeMoi
cucremamu QAT u CC3. KoppemsnnonHste naterpaisi I 1 O n03BOSIOT OLUEHHTH CTENIEHD
«IIOXOXKECTH®  (KOPPeNUPOBAHHOCTH) ONOPHOTO H  BXOZHOTO CHCHANOB. 3anaua
KOPpEIATOpa, MoMHMO (opMHpOBaHMA WHTerpasoB / u O, — dopmuposars OTIOPHBIH
CHIHAT,  COINAcHO € ynpaB/siONMME  BO3JCHCTBMAMH  (KOJAMH  yNpaBieHns),
NOCTYNALHME ¢ nponeccopa. KpoMe T0ro, B HEKOTODHIX NPHEMHMKAX KOPPEAATOP
(hopMUpYET HEOOXOIMMBIE H3MEDPEHHS OTIOPHBIX CHFHANOB H EPENatT MX B NpoLIEcCop L
haneHeiimedl ofpaborku. B To ke Bpems, Tak Kak ONOPHBIE CHIHAIL B KOPPENATOpE
(opMUPYIOTCA 110 YNPAaBAAIOWMM KOJAM, MOCTYHAICUIHM ¢ npoueccopa, T0 HeoOXOAHMEIE
H3MEPCHUA OTIOPHBIX CHTHAIOB MOXHO NPOM3BOJMTL HETIOCPCACTBEHHO B MpOLIECCOpe,
00pabarbiBas COOTBETCTBYIOWIMM 06Pa3OM YUPABISIOIIAE KOABL, YTO K AETAETCH BO MHOIHX
COBPEMEHHBIX NPHEMHUKAX.

JankHoCTE TpH  paiHOTEXHHYECKHX HM3MEPEHHUAX XapaKTepu3yercs BpeMeHeM
PACHPOCTPAHCHUA CHIHA/A OT OOBEKTA U3MEPEHHN JIO H3MEpPHTENbHOTO nynkTa. B CPHC
H3YHCHHE CHTHANOB CHHXPOHH3HPOBAHO CO WIKATOH BPEMEHHM CHCTEMBI, TOYHES, CO
WIKAOH BPEMEHH CTIYTHHKA, H3AYYAOIIEro JaHHEM curHan. B to xe BpeMS, MOTpEOUTE L
NMEET HH(OPMALIMIO O PACXOKACHHH IIKATH BPEMEHH CIYTHHKA M CHCTEMEL [ndporas
uh(opMalKs. NepeNaBaeMas Co CIYTHMKA, TO3BOJSAET YCTAHOBUTH MOMEHT H3yHeHHs
HEKOTOPOro {parMenTa CHrHana (METKM BPEMEHH) CIIYTHWKOM B CHCTEMHOM BPEMEHH,
MowmenT npuéMa 31oro dparMeHTa onpejensercs 1o UIKaie BpeMeHn npuéMHuka. 1llkana
BpeMenr NpuEMHUKa (NOTPe6uTEns) GOPMHPYETCS ¢ NOMOUIBIO KBADIEBhIX CTaHaapToB
‘HCTOTHI, NOJTOMy HAOMOAAETCA NOCTOAHHBIA «yXOA» IHKATH BPEMEHU NpHEMHHKA
OTHOCHTEThHO IIKAINBI BpEMCHH CUCTEMEL. PasHoCTs Mexay MOMEHTOM npréma dparMerTa
CHPHAMA, OTCHWTAHHBIM TIO HIKAJC BPCMEHH NPHEMHMKA, ¥ MOMEHTOM HIIYYEHMS €ro
CNYTHHKOM, OTCHHTAHHBIM [0 MIKANE CIYTHHKA, YMHOKEHHAA HA CKOPOCTS CBETA, SBIIETCS
HCEBAOAGABHOCTEIO.

Koppeasunonusie  nuterpamsl, Qopmupyemsie B KOppensTope, I03BOJAIOT
WICICANTS MOMYASIMIO CHTHANA CIYTHHKR CHMBOAAMH HHGOPMANUH U BEIMHCIHTE METKY
BPEMEHH BO BXOAHOM CHIHauie. MeTKH BpeMeHIi CeayioT ¢ NEpUOTMYHOCTEIO 6 ¢ ansa GPS
u 2 ¢ ana [JIOHACC wu ofpasyior cBoeobpasHylo 6(2)-cexynaryio wkary. B npegenax
OIHOrO AU STOH WKALLI HEPHOALL JATBHOMEPHOIO K02 00pasyior 1-Mc wkany. Onxa
MHILTHCEKYH/IA Da3fICNCHa, B CBOIO 0Yepeab, HA OTACHLHBIE JneMeHThL Ams GPS — 1023,
st TIOHACC — 511. Takum o6pasoM, 3feMeHT AATHHOMEPHOTO KOAA MO3BOMMIOT
OMpEaCINTL NaAkHOCTL A0 COYTHUKA C morpemHoctsio = 300 M. [Jlan Gonee TouHOTO
onpeaecHus  HeOOXOMMMO 3HaTh (asy reHepaTopa JalBHOMEPHOrO Koja. CXeMsi
1IOCTPOCHHA OIOPHBIX TEHEPATOPOB KOPPEAATOpa NO3BOJMAIOT ONpelensTh ero daly ¢
To4YHOCTBIO 10 0,01 nepuosa, YTO COCTABASET TOMHOCTE OHApEIeIeH s TICeBA0AaNbHOCTH 3
M.

Ha ochosanun namepennii mapaMeTpoB ONOPHOrO rapMOHHYECKORO xoneGaHus,
(hopmupyemoro cucremoit ®AI, onpenensior HacTOTy M hasy Hecyuiero koncOauus
cuyTHHka. Ero yxoa OTHOCHTENBHO HOMMHANRHOrO 3HAYCHHS AacT Jonneposckoe
CMCLICHUE YaCTOTHI, MO KOTOPOMY OLCHHBACTCH CKOPOCTh MOTPEOMTENN OTHOCHTENLHO
cuyThika. Kpome T0ro, (azossic usmeperus Hecyielt n03BoASIOT YTOYHUTS AAILHOCTS 10
CTYTHHKA C NOTPEIIHOCTEIO HECKOIEKHX MIJUTAMETPOB.
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6.2. Mepecuer KoopaMHAT NOTPeGHTEAR H3 3EMHOH B reoae3nUecKyI0 cucremy

KOOpPAHHAT

ANTOPHTM OLECHKH HABUTrALIHOHHBIX HAPAMETPOB dropMupyer oleHKH BekTopa notpetuTens
B FCOLEHTPHYECKOH cucTeMe koopamuar OXYZ, ceazamuoli ¢ 3emneit. lotpe6urens B
TIONABNAIOWIEM GONBUIMHCTRE CIIYUacB WHTCPECYIOT CBOH KOOPAMHATHL B Ie0JE3WYECKON
CUCTEMe KoopIMHaT (cM. pasaen 5). [ToaToMy B HaBUTALMOHHOM NPUEMHHMKE HEODXOAHMO
OCYILECTBUTh MEPCCHET KOOPHMHAT W3 FEOLEHTPUYECKOH CHCTEMBI B FEONC3MYECKYIO.
Ob6ume dhopMys CBASH ABYX CHCTEM KOOPIMHAT HMEIOT Bl (5.1), a nepecuer no Irum
BBIPOKCHUAM MOXET ObITh PEAIH30BAH CIICAYIOMHMM BBMHCIHTENBHEIM AITOPHTMOM:

1) HCXOIHEIE JIAHHBIC KOOPIMHATHI X, ¥, Z B ICOLEHTPHYECKOH CHCTEME KOOPIHHAT
OXYZ; mpixonnsie jaauubie — koopauHathl B, L, H B reomesuueckoil cHCTeme
KOOPAMHAT;

2) BBIYHCIAETCH BCIIOMOTaTeIbHAA BEIHYMHA:

2
D=qjxt +y%;
3) aHanHIupyeTcs 3uavenue D:

ecru D =0, To B:’%zlzl);}:=0; H =zsinB-avl-e’sin’ B ;

ecm D>0,10 [ = arcgin(y/D);
npuatoM ecmHx>0,y>0, o L=1L,;

ectux<0,y>0,toL=mx-1L,
ecmx<0,y<0,tr0lL=nx+L,;
ecmnx>0,y<0,roL=27-L,;

4) AHATHIUPYETCA 3HAUCHUE 2!

ecnnz =0, o B=0, H= D-a;

B APYTUX CNyYasX HAXOASTCA BCTIOMOTATENbHbIE BEMUYHHDI I, ¢, P!

r=+x*+y* +2*; c = arcsin(z/r); p = ez%r;
peanv3yeTca UTEpalMOHHAIH ipoLiecc:

s=0;b=c+s; g = arcsin| —20ZD) ).

EC/IH MOOYIIb PasHOCTH |s; — 5;| < &, Ilie £ - TpedyeMad TOYHOCT b BEMHCIECH]H, TO

B=b; H=DcosB+zsinB-ayl—e’sin’ B :

B npoTuBHOM Cily4ae NONAracTes s; = s; M BHYUCICHUA TIOBTOPSIOTCS, HAYUHAS C pacyeTa
b. Bo Beex cyqasx BeiGupaercs £ = 0,0001 .

[Mocne maxosxcnenns B, L, H cranossTca Takke n3secTHOH MaTpuLa repexoia H3
TCOLEHTPHYECKOH CHCTEMBI KOODIAMHAT B MPAMOYIONBHYI0 TOPH3OHTANBHYIO, HTO
NO3BOJACT  OCYUICCTBUTL  IIPpe0Opas’0BaHUE  COCTABIAIONIMX  CKOPOCTH  JIBHKCHHS
NOABHKHOTO ofbexTa.
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