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MpepucnoBue

[lepBast poccuiickas ammaparypa CIIyTHHKOBOW HaBWTAIlMH, ITOOBIBAaBIIAs B
KOCMOCE, — OTO JKCIEPHMEHTAIIbHAS ammapaTypa KOCMHYECKOTO Ha3HaueHUS
ACH-2401-2I1 pa3paboTtku Poccuiickoro MHCTUTYTa paJuiOHABHTAIIMA H BPEMEHH
(Cankt-IlerepOypr). DkciepuMeHT OB OCYIIECTBIICH B aBrycre—aekaope 1998 r.
Ha KocMmudeckoM ammapare «Coro3 TM28», KOTOpBIi COCTBHIKOBAJICS C OpOUTAIb-
HOM craniet «Mup». JlanpHelmme pa3paOoTKu anmaparypsl CIIyTHUKOBOW HaBU-
rayy TPOBOIMINCE JUIsI MeXXTyHapoJHOW KOCMUYECKOW CTaHITUH, TJ€ B OTIHYNE
OT OOJNBIIMHCTBA JPYTMX KOCMHUYECKUX allllapaToB MMeEJICS JOCTYI K armaparype,
BO3MOXXHOCTH 3aMEHBI WJIM BO3BpaTa Ha 3eMito oTka3zaBmux 01oxoB. Ha MKC 6wt
MPOBEIICH PsJ SKCIEPUMEHTOB C almnapaTypoi CITyTHHKOBOW HaBWTAIlH, B TOM
YHUCIIe U MEXIYHapOIAHBIX ¢ yuyactueM cnenuanuctoB NASA u ESA, no uccneno-
BaHHWIO BIMSHHUS Pa3IMYHBIX KOCMHUYECKHX (AaKTOpPOB Ha paboTy ammaparypsl
CITyTHUKOBOHM HapuWranuu. bnaromaps stuMm skcnepuMmerTam B PKK «DHeprms»
HAKOTUJIEH OTPOMHBIA OMBIT PabOTHI IO CO3AaHUI0 KOCMUYECKMX HAaBUTAIIHOHHBIX
cucteM Ha 0a3e anmapaTypbl CIIyTHHKOBOW HaBUTAllMH, a Takke 1mo (opMHpOBa-
HUI0 UHPPACTPYKTYPHI U UX HA3eMHOW OTPAOOTKH M HCITBITAHUH.

B PKK «3ueprus» Obiia pa3paboTaHa U BHEIpEHA HA KOCMUYECKUX KOPaOIsIX
«Coroz MC» u «IIporpecc MCy, a Taxxke Ha MKC yHuKanpHasi 0 CBOUM XapakTe-
puctukam ammaparypa ACH-K, obecrieunBaroriasi onpenencHne opoOUTs M OpHEH-
TaIMK KOCMUYECKOT0 ariapara, a TakyKe ero HaBuraiuro npu commkennu ¢ MKC.

B Ttakoit Oospmoit kopmopammu, kak PKK «Oneprus» paboraer Ooiee
1000 ciennanicTOB 1O HABUTAIWY ¥ YIPABJICHUIO JBIKEHHEM KOCMHYECKOTO arl-
napara, Ho Bce OHU 00ydYalnCh KJIACCHYECKOI CUCTeMe HAaBUTAIlMH U YIPaBICHUS
nerxeHneM. CHenuanucToB M0 KOCMHUYECKOW HaBUTAllMU Ha 0ase TioOanbHOM
CITyTHUKOBOW HAaBUTAIMOHHOW CHCTEMBI BCETO HECKOJBKO denoBek. [losTomy aB-
TOPBI CPOPMYIIUPOBAITH OCHOBHYIO 1€ CO3aHUs TAHHOTO TPYAa — IMOATOTOBUTD
KypC JEKIUH M0 KOCMHWYECKON HaBHTAIlMM Ha 0asze Ti00adhbHOW CITyTHHKOBOU
HABUTAIIMOHHON CHCTEMBI, MMOCTPOCHHBIA Ha OIBITE CO3/aHHUS PEaTbHBIX CHCTEM
anmapaTypsl HaBHTaIlMM KOCMHYECKOTO arlnapara, MO3BOJSIONINA 00ecreunTh
MOATOTOBKY CIIEIUAICTOB NaHHOTO HAIpaBIIEHHUS IS KOCMHYECKOH OTpaciu B
BEyIIUX By3aX CTPaHBI.

Kypc nexuuit BkimowaeT B ce0sl pacCMOTpPEHHE IIUPOKOTO Kpyra BOIIPOCOB,
CBSI3aHHBIX C CO3JIaHUEM OOPTOBBIX CPEACTB HABUTAIIMH IS aBTOHOMHOTO OIpe/ie-
JICHUsI OpOMTHI KOCMHYECKOTO ariapaTa, U HAIPaBJICH HAa Pa3BUTHE y CTYICHTOB
3HaHWH, YMEHUH W HABBIKOB, MO3BOJIIONIUX CAMOCTOSATENHHO PEmaTh BOMPOCHI
MMPOEKTUPOBAHUS U Pa3pabOTKU CIOKHBIX MHOTO(QYHKIIMOHAIBHBIX CHCTEM KOCMU-
YeCKOW HaBWraliuu Ha 0a3e TiI00aJIbHOM CIYTHHKOBOW HABUTAIIMOHHON CHCTEMBI
JUTSI IIAPOKOTO KJIacca HU3KOOPOUTAIBHBIX, BBICOKOOPOUTAFHBIX M BEICOKOAJLIHII-
TUYECKIX KOCMHYECKUX aIapaToB.



6 Ilpeoucnosue

Wznanume cocrout u3 11 rnas.

B raaBe 1 paccMOTpeHBI OCHOBHBIE 33]]a4H, & TAKXKE MOHATHUS U ONPE/IeIICHUS
KOCMHUYECKON HaBWTAI[MH, Pa3IMYHble IIKAIbl U (OpPMAThl BPEMEHHU, UCIIONIB3Ye-
MBIC B HaBUT'AllUKM KOCMUYCCKUX allllapaToOB IO M3MEPCHUAM almapaTypbl CIIyTHH-
KOBOM HAaBHUTAIlMM, a TAaK:KE€ OCHOBHBIC CHUCTEMBI KoopAuHaT. [lokazaHo HeBO3MY-
IIEHHOE BMKCHHE KOCMHYECKOTO aIlfapara, KeTIepOBbl AIEMEHTHI OpOUT U JIpy-
THE MPEJICTABICHUS BEKTOPA COCTOSHUS KOCMUYECKOTO arnapara.

B raaBe 2 paccMOTpeHO BO3MYIIEHHOE JIBH)KEHHE HU3KOOPOWTANBHBIX KOC-
Mudeckux anmaparoB (Ha npumepe MKC) u BBICOKOOPOHTANBHBIX KOCMHYECKHIX
ammaparoB (Ha npuMepe cnyTHHKOB GPS). McciiemoBansl MOACIIH BCEX COCTABIIS-
IOIUX BO3MYIIAIONINX YCKOPEHHH, 3aMETHO BIIMSIONIMX Ha JBIKEHHE KOCMHUYE-
CKOTO armmapara, BKJIYas BO3MYIIEHHs, OOyCIOBIEHHbIE (YHIAMEHTaIbHBIMHU
napaMerpaMu BpaiieHus: 3emiu. [IpeanoskeHbl ynpoIieHHbIe anropuTMbl GopMu-
pOBaHUS BO3MYIIEHUH i OOPTOBOTO MOCITUPOBAHUSA, MHOTOKPATHO TOBHINIAIO-
1pe OBICTPOACHCTBUE MPU MPAKTUICCKOM COXPAHCHUH €r0 TOYHOCTH.

B rnaBe 3 u3inokeHBl METOJIBI UHTETPUPOBAHUSI YPABHEHUN NBMXKCHUSI KOC-
MHYCCKOro ariapara U uX TOYHOCTb. Hpe,unomeH MCTOJ NPCACTAaBJIICHUA BCKTOPaA
COCTOSIHMSI KOCMHYECKOTO arlfapara B MPHUPAIICHUAX, IS KOTOPOTo OBICTpOaeH-
CTBHEC PCUICHUA 3aJa4 IIPOTHO3a IMOBLIMIACTCS 110 CPABHCHUIO C 6BICTpOZ[eI>’ICTBHeM
KJIACCUYECKOTO MeToAa uHTerpupoBanus PyHre — KyTTel ueTBepTOro nopsjaka B
~5 pa3 npu To# K€ TOUHOCTH.

B raaBax 4—6 paccMoTpeHa wmumeosiorus TmoctpoeHHs cucreM GPS u
I''IOHACC, pexoMeHayemble OQHUITHATBHBIMA JOKYMEHTaMH aJTOPUTMBI 00pa-
00TKH MH(OPMAIIMH, TOCTYMAKIIEH OT HABUTAIMOHHBIX CITyTHHKOB B alllaparypy
MOTPeOUTEINS, OllEHEHa TOYHOCTh M OBICTPOJNEHCTBHE STHX AITOPUTMOB, MPEIIO-
JKEHBI METOJIbI TIOBBIIIICHUSI TOYHOCTH.

B raaBe 7 npuBeneHbl METO/IbI JUHAMUYECKON (DMIBTPAIMH OJHOMOMEHTHBIX
M3MEPEHHUI KOOPJWHAT M CKOPOCTHU alllaparypbl CIyTHUKOBOW HaBUTanuu, obec-
MEYNBAIOILEH MOBBIIICHHE TOYHOCTH (OPMHUPYEMON OLIEHKH KOCMHYECKOIo arra-
paTa o CpaBHCHUIO C TOYHOCTHIO OJTHOMOMCHTHBIX HaBUT'aAlITMOHHBIX pemeHHﬁ.

B raaBe 8 npoananmm3upoBana TOYHOCTH orieHKH opoutelt MKC, dopmupye-
MO 1o peaibHBIM u3MepennsM ACH-M c ucrnonbp30BaHHEM PacCMOTPEHHBIX al-
TOPUTMOB AMHAMUYECKON (DHIIbTPAIIHN.

B raaBe 9 paccMOTpeHBI METOIBI THHAMHUYCCKON (PHIIBTPAITUN «CBIPBIX» W3-
Mepennit ACH, obnagaroriue cynieCTBEHHBIME MPEUMYIIIECTBAMHE TI0 CPABHEHHIO C
JTUHAMHYECKON (DUIbTpaIiel n3MepeHni KOOPAUHAT KaK 110 TOYHOCTH (HOpMHUPY-
€MOH OIEHKH OpOUTHI KOCMHUYECKOTO arllapara, TaKk i YCTOWYMBOCTU OTHOCHTEIb-
HO pa3IMYHBIX BO3MYIIAOMIUX (DAKTOPOB.

AnroputMbl (OPMHPOBaHUS OLCHKH OPOUTHI B MPUPALICHUSIX IO «CHIPHIM»
n3MepenussiM ACH u m3mepenunsm OecraropMeHHON MHEpLUUATFHON HAaBUTALU-
OHHOM CHCTEMBI, 00JIaarolue CYIECTBCHHBIMH MPEUMYIICCTBAMU KaK O OBICT-
POICHCTBHIO, TAK U TIO TOYHOCTH (POPMHUPYEMOIi OLIEHKH pacCMOTPEHHI B ri1aBe 10.

I'maBa 11 mocsmeHa 0cOOEHHOCTSM HaBUTAIUM BBICOKOOPOMTAIBHBIX KOC-
MUYECKHX aNlapaToB II0 HM3MEPEHUSM alapaTypbl CIIyTHUKOBOW HaBUTAIWH.
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[IpeanoxkeHbl aNTOPUTMBI JUHAMHYECKOW (QUIBTpalluK W3MEpeHHH, NpPOBEICH
aHaJM3 TOYHOCTH (OPMHUPYEMOH OLIEHKH OpPOUTHI, UCCIENIOBAHO BIHMSIHUAE HA TOY-
HOCTh Pa3JIMYHbIX BO3MYILIAIOIIUX (haKTOPOB.

ITo 3aBepiieHMH Ka)XIOH IJ1aBbl (TEMbl) IPUBEICH CIHCOK KOHTPOJIBHBIX BO-
MIPOCOB, PE3YyJIbTaThl OTBETOB Ha KOTOPBIE YUUTHIBAIOTCS MPHU MOABENCHUU UTOTOB
00y4eHus 3a ceMecTp BO BpeMs CAAa4M 3a4eTa U 3K3aMEHa.

Jamusnii xypc aBropsl uutatoT B MI'TY um. H.D. baymana, MockoBckoMm (u-
3uKo-TexHu4eckoM HHeTuTyTe (MPTU) 1 B aciupantype PKK «Oneprus».

B 3aknirodeHune criegyer ckaszaTh, UTO HACTOSAILIMM Kypc JIEKIMH cO3/aBajcs B
nporecce pa3paboTku peanbHbIX cucteM HaBuranuun MKC u ee monynei, kopad-
neit «Coro3» u «IIporpeccy, «IIunotupyemoii TpaHCIOPTHOM CHCTEMBI HOBOTO TIO-
KOJICHHSI», UCCIIEIOBATENbCKUX CIIYTHUKOB U IPYTUX 0OBEKTOB, pa3pabOTaHHBIX B
PKK «3Oneprus». U camoe HemocpeCTBEHHOE yJacTHe B 3TOH paboTe MpuHUMAaIH
kouterd U ydenuku aBTopoB: C.H. Poxko, A.C. Cemenon, M.A. KpacHomoib-
ckuit, O.}0. Cnenymkun, M.U. JlappkoB u apyrue. Xodercs BHICKAa3aTh UM OTPOM-
HyI0 OJIarOfapHOCTh 32 aKTMBHOE yYacTHE B IOATOTOBKE HACTOSILEIO H3AaHUS.
Oco0yt0 TpU3HATETHHOCTh aBTOPHI BeIpaxaroT F0.B. bynrakoBoii 3a ee Tpyn mo
0(OPMIICHUIO U PEAAKTUPOBAHUIO U3AHMSI.



CNNCOK OCHOBHbIX COKpaLEeHUN

AM — aHTEHHBIA MOAYJb

ATIl — anmaparypa moTpeOnuTeIst

ACH — anmaparypa CIlyTHUKOBOW HaBHTaIlUU

BBC — OOpTOBas BEIYUCIHUTEIbHASI CHCTEMA

BUHC — OecmaTdopMeHHAs HHEPITHATbHAS HABUTAIIMOHHAS CHCTEMA
BII — OJIOK TUTaHUA

bIIBM — 0opTOoBas NEeHTpaJIbHAs BHIYUCIUTENbHAS MAIInHA
B3O — BBICOKODJUTUNITHYECKAs: opOnTa

ITCK — I'punBHUCKas reorpadudeckas cucTremMa KOOPIHHAT
I''IOHACC — I'mobanbHasi HaBUTalMOHHAsl CITy THUKOBAsi CUCTEMA
I'CK — IpUHBHYCKas (IPSIMOYTOJIbHAS) CUCTEMa KOOPAUHAT
I'CHC — I'mobanpHas CIIyTHUKOBAsI HABUTAIIMOHHAS CHCTEMA
Ico — reocTaloHapHas opouTa

I'oBY — l'ocy1apCTBEHHBIN 3TAJIOH BPEMEHU U YaCTOTHI
133 — NMHUCTAHIIMOHHOE 30HIUPOBAHHE 3EMITH

HAI1O — JIBUTATEIIN IPUYAIMBAHUSA U OPUEHTALIUN

AC — JIeIUTENb CUTHAJa

JINY® — aTYUK yTJI0BOM CKOPOCTH

EKA — EBpomnelickoe KoCMUY€CKOe areHTCTBO

nno — MHEepUHaJIbHBIE UCIIOJHUTENIBHBIE OpTaHbl

UK — UHTepdericHbIi KOHTPOIBHBIA JOKYMEHT

NI — uHTepdelicHas maTa

HUCK — UHEpLHAJIbHA CUCTEMA KOOPAUHAT

KA — KOCMHUYECKHH amnmapar

K — KOPPEKTUPYIOIIHM IBUTaTENb

KUK — KOMaH/IHO-U3MEPUTENIbHBINA KOMILIEKC

KCB — KOOpAUHATHI, CKOPOCTh, BPEMsL

MBMB — MexnyHapoiHOE OI0pO Mep ¥ BECOB

MKC — MexxayHapoiHasi KOCMUYeCKash CTaHIIUS

MIIB — MOJLyJIb IPUEMOBBIUNCIIUTEIbHbII

MCB3 — MexnyHapoHas ciry>k0a BpalieHus: 3eMin

HBM — HaBUTAIIMOHHBIM BHIUUCIUTEIbHBIA MOJTYJIb

HUII — HA3€MHbII U3MEPUTENBHBII IYHKT

HM — HaBUTALIMOHHBIA MOJYJIb

HO — HHU3Kas opouTa

HIIM — HaBUTAIIMOHHBIM MPUEMHBIN MOTYJIb

HC — HaBUTALIMOHHBIN CIIy THUK

OCK — opOuTanpHas cHUCTEMa KOOPIUHAT

I1B3 — TMapaMeTphI BpaIeHus 3eMITH



Cnucox oCHOBHbBIX cOKpaujenutl

M
o
alnl
TCI
Ch
CBU
CcHu
CKJI
CCK
YA
yCM
vy
LIBM
nyn
111B

CP
GDOP
GPS
PR
PVt
UT
UTC

— MPOLIECCOPHBIA MOJTYJIb

— NporpaMMHoe o0ecrieueHue

— MpOLECCOpHas IIaTa

— IICeBJOCTyYaiiHas MOCIEN0BaTENIbHOCTD
— conHevHas 6aTapesi

— CBEPXBBICOKAsI YaCTOTA

— CUCTeMa U3MEPEHUI

— cOnmxaromuil KOPPEeKTUPYIOIMIN ABUTaTeNh
— cBs3anHas (¢ KA) cucrema koopauHar
— YCTpPOMCTBO aHTEHHOE

— YCHJIUTEINb CEKYHIHOM METKHU

— YCTPOMCTBO YCHUIIMTENbHOE

— LIEHTpaJbHAasl BEIYACIUTEIbHAS MaIIMHA
— llenTp ynpasieHus NOJIETAMH

— IIKaja BpeMeHH

— careers phase (uHTerpanbHas (aza)

— Geometric Dilution of Precision (reomeTpuueckuii hakrop)
— Global Positioning System

— pseudoranges (TICEBI01aTBHOCTD )

— position, velocity, time

— YHHUBEPCAIBHOE BpPEMS

— YHUBEPCAIBHOE MEXKIyHAPOIHOE BPEMs



OCHOBHbIE TEPMUHDI U ONnpepeneHnn

AKcejiepoMeTp — YCTPOWCTBO, (hOpMUPYIOIIEe BBIXOAHBIE CHUTHANBI, MPO-
MTOPIIMOHATBHBIC TIPOCKITUAM JTUHEHHBIX ycKopeHnid KA, 00yCIIOBICHHBIX BCEMH
HErpaBUTAIIMOHHBIMU CHJIAMM, Ha OCH YyBCTBUTEIBHOCTH aKcelepomerpa. Akce-
JIEPOMETP MOXKET OBITh MOCTPOCH HA Pa3HBIX GU3NIYECKUX MPUHIUIAX U OTINYATh-
Csl AWAIla30HOM M3MEPSeMBIX JTMHEWHBIX yCKOPEHHA, TOYHOCTHIO M3MEPEHHUS ITHX
YCKOPEHMUIA.

AJbMaHax — Ha0op MapaMeTpoB, IO KOTOPBIM MOTYT OBITh PACCUUTAHBI KO-
OpPIMHATHI ¥ CKOPOCTH HABUTAIIMOHHBIX CITyTHUKOB Ha TPeOyeMbIii MOMEHT BpeMe-
HU ¢ HU3KOW TOYHOCTHIO. [1o anmbmanaxy B ACH ompenensieTcsi CIUCOK BUIUMBIX
HaBUTAIIMOHHBIX CITyTHUKOB.

Anmapatypa morpeduTeNIsi — DIIEKTPOHHOE yCTPOWCTBO, MPUHUMAIOIIEE U
obpabatsiBaromee curHansl or 'CHC, dopMupyroriee mapaMeTpsl IBHKEHUS T10-
TpeOuTeNs.

B30 — Bricokoammntiueckas opouta KA ¢ mepuonom 12 unu 24 4, Hakmo-
HeHueM ~63°, Huszkum niepureem (1000...2000 kM) ¥ BEICOKMM arioreeM.

I''IOHACC — poccuiickas I'mobanbHasi HaBUranMOHHAsl CIIyTHUKOBAs CHU-
cTema.

I'CHC — TI'nmo0anpHas CIIyTHUKOBAas HaBUTAIIMOHHAS CHUCTeMa, 0OecreunBa-
fomas BO3MOXHOCTh C TIOMOIIBIO  CHENUAIBHBIX JIEKTPOHHBIX IPUEMHBIX
YCTPOMCTB OTIPEAETATh MapaMeTPhl ABIKEHUS TOTPEONTES.

I'CO — reocraunonapHas opbura KA, Gnu3kas K KpyroBoil, coBmazaeTr c
IUIOCKOCTBIO 3KBAaTOpa M UMEET nepuoj 24 u.

HNHNO — wHepuuanbHbIe UCMIOMHUTEIBHBIE OPTaHbl, OCYIIECTBISIOT yIpaBie-
Hue opueHTanueir KA myTteM M3MEHEHHS COOCTBEHHOTO CYMMAapHOTO KHHETHYE-
ckoro MomeHTa. MO noapaznensroT Ha Maxosuku U cuiogvle 2upockonsi. Maxo-
BUKH MEHSFOT COOCTBEHHBIN KMHETUYECKHI MOMEHT OJlarojapsi U3MEHEHHUIO CKO-
POCTH BpaIEHHS TSHKEIIOTO pOoTOpa Oe3 M3MEHEHNUS HalpaBJIeHHU OCei BpaIlleHus B
CCK. CunoBble TUPOCKONBI UMEIOT MOCTOSIHHYIO BBICOKYIO YIJIOBYIO CKOPOCTH, a
M3MEHEHUE KMHETHYECKOT0 MOMEHTA OCYIIECTBIISIETCSA 3a CUET IOBOPOTA OCHU PoO-
Topa. MaxoBuKHU ucnofib3yroTcd Ha KA ¢ ManbIMu MOMEHTaMU UHEPIIUHU, CUIIOBbBIE
rupockornbl — Ha KA ¢ 6oipIIMMH MOMEHTaMHM WHEpLWH, HalpuMep, Ha opoOu-
TanbHOM ctaHiuu «Mup» nu Ha MKC.

KCB — undopmarmonnoe coobmenne ot ACH, comeprkaiiee BEKTOPBI KOOP-
JIUHAT U CKOPOCTH TOTPEOUTENS C MX MPUBA3KONW K TOYHOMY BPEMEHH.

«Kype» — paanonaBuranuoHHas cuctema, oOecrieuuBaronias cOMMKEeHHe
kopabneit «Cor3» u «lIporpecc» ¢ opOWTaNbHBIMH CTAaHIUSAMHU (HAYWHAS C
1980-x romoB). CucteMa UMeeT aKTUBHYIO YacTh, KOTOpas YCTaHABJIMBAETCS Ha
KOpalJib, ¥ MaCCUBHYIO, YCTaHABIMBaeMylo Ha cTaHIIMH. CrcTeMa SBJIsIeTCS MHO-
TOAaHTEHHOH U OTpeAeNseT AalbHOCTh U CKOPOCTh H3MEHEHUS NaTbHOCTH MEXKIY
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anTeHHaMu KA W cTaHmmu i pa3iuyHbIX KOMOWHanui aHTeHH. [lo u3mMepse-
MBIM IapaMeTpaM OTpeAenseTcd OTHOCUTENBbHBIN BEKTOpP COCTOSHUS M OTHOCH-
TeIbHAsl OPUEHTANHS, TI0 KOTOPBIM CHCTEMa YTPaBIEHUS OCYIIECTBISET CONIKe-
HUe ¢ JanbHOoCcTU ~50 KM 10 Kacanus. HeqocTaTkoM JaHHOW CHUCTEMBI SIBISIETCS
ee OoJbIITast Macca, BRICOKOE DHEPTOMOTPEOICHNE U CTOMMOCTD.

MKC — MexayHapoaHas KOCMUYecKasl CTaHIUs, TIEpBbI MOAYIb KOTOPOM
Ob1 3amymieH B 20 HosOps 1998 r. — QyHKIHOHATBEHO-TPY30BOH OJ0K «3aps»,
o1 BeIBeAeH pakeTod «lIporoH-K». 26 mrons 2000 roma k ¢yHKIIMOHAIBHO-
rpy3oBoMy OnoKy «3apsi» OB MPUCTBHIKOBAH CIYXEOHBIH MOAYNh «3Be3ma», a
2 Hos10pst 2000 T. TpaHCTIOPTHEIN MUIIOTHPYEeMEBIi kKopadib «Coto3 TM-31» mocra-
B Ha 60pT MKC sKkumma mepBoii OCHOBHOM IKCIICTUITHH.

Ceiivac MKC Bkitouaer AecaTku MoOJIyJied, U3TOTOBJIEHHBIX pa3HbIMH CTpa-
HaMU B paMKax MEXIYHapOJHOIo coTpyaHuuecTBa. CTaHUUS SIBISETCS MUIOTUPY-
€MOM, Ha Hel HenpephIBHO pab0TaIOT MEKIYHAPOIHBIE SKUTIaKH.

Oopatublii HC — HaBUranuoHHBINA CIYTHUK, 00CCIICYHBAIOINNN HABHUTAIWIO
BBICOKOOPOHTANBHBIX U cpenHeopouTanpabix KA. Takne KA, Haxomsachk BeIme op-
out HC, momanarot B moJjie 3peHUs H3TyJalonuX aHTeHH Toiabko TeX HC, koToprie
HaxoAsTcs 3a 3eMiel B okpecTHocTH ropusonTta. Hampumep, ACH, ycranoBieH-
Has Ha ['CO, Moxxet paborats Tonbko 1o oopaTHeiM HC. Ecnu paccTossHuEe Mex Iy
HI3koopouTanbHEIMU KA 1 npsmeiMu HC coctapiser 21...25 ThIC. KM, TO paccTo-
saHue Mexnay reocrannonapabiM KA u oopatasiM HC mocturaer 70...75 ThIC. KM.
YBenuueHne pacCTOSHUS MPUOTN3UTENHHO B 3 pas3a TpeOyeT it padoThl ¢ 00pat-
HeiM HC mpriMeHeHus criennanbHbIX aHTeHH.

IIpeneccuss 1 HyTanmusi OcH BpameHusi 3eMJIH — YIJIOBOE JABI)KEHHE OCHU
BpallleHUs] 3eMJIM B MPOCTPAHCTBE BCIEICTBUE BO3MYIIAIOLIMX BO3ACHCTBUI Ha
«HechepruuecKyo» 3eMirto rpaBuTarmonHoro oyt Conana, JIyHBI U TIaHET.

PB — pasronsslii 6510k, obecnieunBaromuii BeiBeneHne KA ¢ Hu3Kol opOUTHI,
BbIcOTOI ~200 KM, Ha BBICOKYIO, BKItodas ['CO, BDO, MexmaneTHple OpOUTHL U
T. 1. PB, kak mpaBuio, uMeeT XMMUYECKUH JBUTATENb C BHICOKOW TATOM.

«ChpIpble» W3MepeHUs] — IMEpPBUYHBIE MapaMmeTpel, usMmepsemele B ACH:
TICEBAOANFHOCTH W WHTerpanbHbie (pa3sl (Wm mceBaockopocTH). [1o «chipbiv»
n3mepernsM B ACH BBIUNCIAIOTCS OCTaIbHBIE BBIXOHBIE TTApAMETPHL.

OPJ] — »neKTpOpeakTHBHBINA JBHUraTeib, B KOTOPOM padouee TelO B BHIEC
IJIa3Mbl Pa3TOHSETCS SJICKTPOMATHUTHBIM IOJEM JI0 BBICOKUX ckKopocTeil. DPJI
paboTaroT Oyraromapsi dJIEKTPOIHEPTHH, BbIpabaThIBAEMOM, KaK MPaBUIIO, COJTHEY-
HBIMU OaTtapesmu. Y aenbHas Tsara OPJ] B 5—10 pa3 Bellle yaeabHOM TSITH XUMHUYe-
CKUX JIBUTATeNIeH, U, KaK CJIEJCTBHE, Macca IMOTPEOHOTO /ISl BHIIIOJHEHUS 3a1a9u
pabouero Tena yMeHbIIaeTcs B necatku pa3. Ho OPJl nMeer HU3KyO TATY (Tpam-
MBI) M UCIIOJIB3yeTCsl Al noBbiBeneHust KA Ha BBICOKHE OpPOUTHI B TEUEHHUE JIU-
TETHHOTO BPEMEHU (MECSIIBI).

demepuabpl — HaOOp mapaMeTPOB, IO KOTOPHIM MOTYT OBITh PACCUHTAHBI
koopauHaThl U ckopocTH HC Ha TpeOyemblii MOMEHT BPEMEHHU € BBICOKOI TOYHO-
cteto. [lo ademepumam B ACH BBIMHCHSAIOT KOOPIWHATHI U CKOPOCTH TOTpeE-
ourens.
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Broadcast-3dpemepunnt — >demepunl, nepeaasaemoie or HC ¢ onpenench-
HOMW 4acCTOTOM.

J2000 — umHepumanpHasg cuctemMa koopauHat, copmajaromas ¢ I'CK Ha mo-
MeHT BpeMenn UTC 11:58:55,816 01.01.2000 r. IIpunsTa B KauecTBE YHUBEPCAIb-
noit UCK.

Leap sec — paccornacoBanue mKaibl cucteMHoro spemenu GPS co mkanoit
UTC na 1ienoe 9uciio CeKyHII BCIEACTBHE perysipHoi kKoppekiuu mkansl UTC Ha
LENYI0 CEKYHITY.

GDOP (Geometric Dilution of Precision) — reomeTpudeckuii (akTop, Xxapak-
TepU3YIOIIMH B3aUMHOE reoMmerpuueckoe pacronoxkenne HC um morpeOutens u
ompenensomuid To9HOCTh hopmupyeMbix KCB mo n3MepeHusiM 1aHHOTO HaOopa
HaBUTAIIMOHHBIX CITYTHUKOB.

GPS — I'moGanpHas crryTHHKOBas HaBurannonHas cucrema CLIA.



BeepeHue

B xonue XX B. BOKpyT 3emMii OBIJIO CO37JaHO PYKOTBOPHOE II00aIbHOE HABU-
raloHHOE T0JIe, TO3BOJIAIoNIee B KOPHE U3MEHUTh OTHOIIEHHE YelIOBeKa K Bpe-
MEHHU H TpocTpaHCcTBY. CrloXKHEWIIass KOr/Ia-To 3ajjada OIpeeNeHns BpeMEeH!U U
MTOJIO’KEHUS B TIPOCTPAHCTBE CETOHS PEIIAeTCs C BRICOKOW TOYHOCTHIO MTPaKTHYe-
cku mrHoBeHHO. C 6 siHBapst 1980 roga ¢ 00 1 00 mun 00 ¢ uaeT OTCYET BpeMEHHU
GPS. He uckmtoueno, yto korga-to xajieHaapb GPS B cuily cBOUX €CTECTBEHHBIX
TEXHUYECKUX MPEUMYIIECTB CTAaHET eMHBIM MUPOBBIM KalleHAAPEM YEIOBEUYECTRA.
Bo BcskoMm ciiydae MHOTHE TEXHHYECKHE CHUCTEMBI YK€ CEerolHs pa0oTaloT Io
Bpemenu GPS, B Tom uncne u OopToBas mkana Bpemenu MKC — cucremHoe Bpe-
M GPS, orcunTeiBaemMoe B cekyHAax oT Haudana 3pel GPS (T.e. or 6 aHBaps
1980 roma ¢ 00 1 00 mus 00 c).

Kpome GPS B Mupe co3maHbl ¥ cO3/1al0TCS IpyTHE TI00aTbHBIE CITyTHUKOBBIE
HaBurannonuele cucremsl (I'CHC), mampumep, Poccuiickas 'CHC T'JIOHACC,
KoTopasi Takxke, kak W GPS, mo3Bonser He3aBHCHMMO pemiaTh BeCh KOMIIJIEKC
3aJa4 TPOCTPAHCTBEHHO-BPEMEHHOTO obecreueHns motpeburens. Kpome Ttoro,
I'NIOHACC yaauno ponomnusier GPS. CoBMecTHOE HCIOJIb30BAaHUE CUTHAJIOB JIBYX
CHUCTEM B OJHOH ammaparype MoTpeOWTeNs BO MHOTHX CIIy4asx OOecIedyuBacT
HECOMHEHHBIE TIPEUMYIIECTBA [T0 CPABHEHHIO C BO3MOXKHOCTAMU TObko GPS.

CymectByet Taxke eBponeiickas [[CHC TI'anuneo (Galileo), Haxonsmiascs Ha
JTare co3JaHus CITyTHUKOBOU rpynmupoBku. [lo coctosHuio Ha HOsOph 2016 1. Ha
opbute HaxoauTcs 16 CIyTHUKOB, 9 AEHCTBYIOIIMX U 7 TECTUPYEMBIX, a TAaKXKe B
paspaboTke Haxomutcs kutaiickas BeiDou. Kaxknas u3 aTux cucrem ¢ TOYKH 3pe-
HUS TOTpeOuTeNns MoXeT paboraTh aBTOHOMHO. OJHAKO co3/1aBacMas yCHIIUSIMH
Tpex MHUPOBBIX KocMudeckux nepxkas (Poccun, CIIIA, KHP) u EBponeiickoro co-
1033, OOBENMHEHHAs TJI00ANbHAS CITyTHUKOBAsS HABWUTAIIMOHHAS CHCTEMa HECO-
MHEHHO TpeACTaBIseT c000il PyKOTBOPHOE UyZ0, OTKPHIBAIOIIEE MPUHIUITHAIBHO
HOBBIE TEXHUYECKHE BO3MOXXHOCTH ISl MHOTHX OTpaciieil MPOMBIIIIIEHHOCTH. JTO,
MpeXxJe BCEro, Ha3eMHbIH, MOPCKOH M BO3JYIIHBIM TPAHCIOPT, CTPOUTEIHCTBO,
obecrieueHre HHANBUAYATLHOW 0€301TaCHOCTH | T. T1.

Coznanne ['CHC mno3Bonsier peann3oBaTh MPUHLUNHUAIBHO HOBBIE METOJBI
pelIeHusl Bcero KOMIDIEKCa 3ajlad MPOCTPAHCTBEHHO-BPEMEHHOTO OOecreueHus
ynpaeieHust kocmudeckumu anmaparamu (KA), BKIToYaroiero 3a1a4u HaBUraluu
Ha y4acTKe BBIBEJCHUS, OpOUTAIBHOM M ydacTke ciycka KA B atmocdepe, opueH-
TalU¥ U OTHOCUTEIHHON HaBUrauu rnpu commkennn KA.

Ucnonr3oanue I'CHC cymiecTBeHHO, MHOT/IA Ha TIOPSIKH, MOBBIIIIAET TOYHOCTh
Y CHIDKAeT BpEMs peIleHHs 3a/1auM, TI03BOJISIET OCYIIECTBIISTh PEIIEHUsI aBTOHOMHO,
0e3 3a/1eiicTBOBaHMS Ha3eMHOT0 M3MEPUTEIFHOTO KOMIUIEKCA, a TAKXKe CyIECTBEHHO
MO3BOJISIET CHU3UTH Maccy, rabapHThl, JHEProNnoTpedIeHHE U CTOMMOCTD aNrapaTHo-
TO COCTaBa CHCTEMBI 10 CPaBHEHHIO C alllapaTrypoi, pelaromieil NepedrciIeHHbIe
3aaull  TPAAWIMOHHBIMH criocoO0amu. CeromHs HaBUTAIlMOHHBIE TIPUEMHUKH
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['NIOHACC u GPS ucnonp3yroTcs NpakTUYECKH BO BCEX OTPACISAX HPOMBIILICHHO-
CTH, X IPOU3BOACTBO pacTeT B FTeOMETPHUYECKON IPOrPECCHH, TEM HE MEHEE BHEAPE-
Hue ACH B KocMHYeECKyr0 TEXHHUKY UAET KpaiiHe me[uieHHo. HecMoTps Ha To uTO
cuctemsl [JIOHACC u GPS passepnytsl enie B 1980-e roabl 1 GyHKIMOHHPYIOT
oostee 25 ner, naneko He Bce KA ceromnst ocHamenst ACH. Ilpu 3ToM HU Ha OJTHOM
n3 cymectByromux KA He peanu3yroTcsi B KOMIUIEKCE BCE TEpEUHCIECHHBIE BBIIIE
Bo3MoxxHOCTH ACH. Kak npaBuiio, cymiecTByrommas anmaparypa 1o CBoei CTpyKType
AQHAJIOTMYHA Ha3eMHBIM HABUI'AIMOHHBIM MPUEMHHUKaM U obecrieunBaeT (opMUpoBa-
HHE TOJIBKO TEKYIIUX BEKTOPOB KOOpAMHAT U ckopocTd KA, TOUHOCTH KOTOPBIX HE-
JOCTAaTOYHA JUIsl PELIEHHS MHOIMX HABUTAIIMOHHBIX 33724 B KOCMOCE.

MoXHO Ha3BaThb HECKOJBKO OOBEKTHUBHBIX IPUYMH 3aMEIUIEHHOI'O PacIpo-
crpanenuss ACH B kocMHUYeCKOH TEXHUKeE:

* KOHCEPBATU3M IPU pa3paboTKe KOCMHUYECKON TEXHHKH, 0OyCIIOBICHHBIN ee
BBICOKOM CTOMMOCTBIO — KaK IMpaBuio, MepBblil cepuiinbiii KA cepun gomkeH ra-
PaHTUPOBAHHO MCIIOJHHUTH CBOIO MHUCCHIO, TO3TOMY pazpaborunku KA mpenmoun-
TAIOT HMCIOJIB30BaTh OTPa0OTaHHYI0, MHOTOKPAaTHO HCHBITAHHYIO ammaparypy,
MyCTh OHAa M YCTYINAeT M0 CBOMM XapaKTEPHUCTHKaM HOBOM, 0ojiee COBpEMEHHOM
amnmaparype;

* TSDKEJIbIe YCIJIOBHSA KCIUTyaTalliil TEXHUKH B KOCMOCE — TIeperpy3Ku U BUO-
panmu mpu BbiBeneHHWH U cmycke KA, Bbicokas paauaiusi, OONbIINe Tepenajabl
TEMIIEpaTyp W IaBJCHUS, TPEOOBaHMS [UINTEIbHON OE30TKa3HON HKCIUTyaTaluu,
HHU3KOT'O 3HEPronorpediieHus], OrpaHUYECHUI Macchl, 00beMa U T. II. — YacTo OKa-
3BIBACTCS, YTO (DPUPMBI, IPOU3BOAALINE JIydlIne 00pa3Lbl TEXHUKH Ul Ha3eMHOM
9KCIUTyaTaluy, He CIIOCOOHBI MPOU3BOANTE AaHAIIOTHYHYIO TEXHUKY AJIsl KOCMOCa;

* CJIO)KHOCTBH BOCIIPOM3BEICHHSI MPH OTPa0OTKe ammapaTypsl Ha 3emiie ycio-
BUI ee KOCMHUYECKOW 3KCIUTyaTallid — HEPEeIKO Ha3eMHOE MCIBITaTelIbHOE 000-
pyJlOBaHME HAMHOTO CJOXKHEEe U JOpO’Ke CaMOil HCHBITBIBAEMOIl ammapaTyphl.
WHorna ObIBaeT, 4TO T€ WJIM MHBIE YCIOBHS PEaTbHOTO KOCMHUYECKOro MoJjeTa BO-
00111e HEBO3MOYXKHO CMOJICIMPOBATh Ha 3eMJIe;

* OTCYTCTBHE WJIM HEJOCTATOYHOCTh OOpaTHOW CBS3M JUIA TUArHOCTUKM OTKa-
30B alnaparypsl Ipu ee JETHOM dKCIUTyaTaluu — mocie BbiBeneHus KA na opobu-
Ty, KaK MPaBUJIO, OTCYTCTBYET (U3MUYECKHI JOCTYN K ammnapaTrype, a UMEroIascs
TejgeMeTpuueckas mHpopManus, nocrynatomas ¢ KA Ha 3emito, yacto ObIBaeT
HEIOCTATOYHOM Il OJHO3HAYHOIO ONpEAETICHUS NPUYMH BO3HUKHOBEHHS 3aMe-
4yaHuil K paboTe anmnapaTypbl M €€ 0TKa3a;

* OTCYTCTBHE BBICOKOKBAJM(PULIUPOBAHHBIX CHEUHUAINCTOB [0 THPOCKOIHH,
OINTHKE, PAANOTEXHUKE, BBRIYMCIUTENbHON TEXHUKE CO3/aHBbI LeJIble OTpaciu, pa-
00Tal0T MHCTUTYTHl U TPOU3BOACTBEHHBIC MPEANPHUATHS, HO MO TAaKOMY TIJI00ajb-
HOMY U MEPCHEKTUBHOMY HalpaBICHUIO KOCMUUYECKON HaBUTallMH, KaK HaBUTaIUs
KA mo curnanam 'CHC, o0y4eHue B By3ax CTpaHbl IPaKTUYECKH HE BEAETCS, MMO-
9TOMY HEOOXOAWMO TOTOBHTH CHEIHATHCTOB M B OOJACTH KOCMHYECKOW HaBUTa-
un 1o curHanaMm ['CHC. Tonpko B 3ToM ciyuae mpumeHenne ACH oGecrieuut
KayeCTBEHHBII CKa4OK B TEXHHKE KOCMHMYECKOTO YTPaBJIEHHUS, KaK 3TO MPOUCXO-
JIAJIO0 TIOCIIe co3anust 60pToBbIX LIBM, THpOIMHOB, 3BE3HBIX TATUHKOB.



naea 1
3a4ayn KOCMUYECKON HaBUrauum.
HeBOBMyLI.I,EHHoe ABMXXEHNE KOCMUNYECKOro annaparta

1.1. 3a4a4M KOCMUNUYECKOW HaBUrauum

Kocmuueckas nagueayusi — MHPOKOE TOHITHE, U Pa3HBIMU aBTOPAMH TpaK-
Tyercs mo-pazHomy. [IpuBeneM kpaTkoe OmMCcaHHWE 3TOTO TEPMHUHA, MPEICTABICH-
HOE aBTOpaMU B HOBOW PellaKINK DHIMKIONEINN MAIIMHOCTPOSHHUS:

«Kocmuueckas Hapuranus (OT JaT. navigatio — MOpEIUIaBaHue, navigo —
TUTBIBY Ha KOpalie, navis — Kopabiib) — 001acTh HAYKH U TEXHUKH, OTHOCSIIASCS
K HaBHWTanuu Kocmuieckux ammaparoB (KA). B y3koMm 3HaueHWH KOCMHUYECKas
HABUTAIMs peIlaeT 3a7ady ONpPEIEeICHUs TEKYIIEro MOJIOKEHUS U CKOPOCTH IICH-
Tpa macc KA, a Takyke MPOTHO3MPOBAHUS €0 JABMXKEHUS. B ImMHUpokoM 3HAYCHUH
KOCMHUYECKass HaBHUTAIWMsI BKJIIIOYAET TAKXKE OINpeNeeHne W MPOTHO3MPOBAHUE IIa-
pameTpoB yrioBoro asmxeHuss KA — opuenraiuu oceii KA B mpocTpaHcTBe U €r0o
yriIoBoil ckopoctr. CrcreMa KOCMHUYECKOW HABUTAITUH, BBIMTOJHSIONIAS PEIICHHE
HAaBUTAIIMOHHOM 3a/a4y, B OOIIeM cCiydae BKIFOYaeT OOPTOBBIE, KOCMHYECKHE
HA3EMHBIC H3MEPUTEIILHBIC U BHIYUCIUTEIBHBIC CPEICTBA. B 3aBUCHMOCTH OT TUIA
MPUMEHSIEMBIX HAaBUTAIMOHHBIX U3MEPHUTEIBHBIX MPUOOPOB KOCMHUYECKAsh HaBHUIra-
U IEATCS Ha PaJOHABUTAIINIO, aCTPOHABUTAIINIO, HHEPIHAIHHYIO HAaBUTAIHIO.
B 3aBucMMOCTH OT y4acTKa WM BHJIa TPACKTOPUH B IIEJIOM MPHHITO TOBOPHUTH 00
OpOWTATBPHOW W MEXKIUIAHETHOW HABWUTAIlMU. PajrioHaBHTAaIlWs BBIOJHIECTCS II0
HM3MEPEHUAM JIaIbHOCTENW U CKOPOCTH M3MEHEHUs AayibHOocTel Mexay KA u nzme-
PUTEIHLHBIMUA aHTCHHAMH, PACIOJIOXKCHHBIMH B pa3HbIX Touykax 3emuu. [lo atum
nauHeM B LlenTpe ympasieHus nojetamu KA ocyiiecTBiseTcs onpeneiacHue ma-
pameTpoB nBmkeHus KA.

C konna XX B. Han0ojee YHUBEPCAIBHBIME CPEICTBAMHU HABUTAI[UH KaK Op-
outanbHBEIX KA, Tak W Ha3eMHBIX OOBEKTOB cTaimu [ J100ambHBIC CIIYTHHKOBBIC
HaBurannonnele cucreMbl (I'CHC): GPS (Global Positioning System) u
I''IOHACC. B Hactosiiee Bpemst ujaet paspadotka espomnetickoit 'CHC Galileo u
kurtaiickoit BeiDou. Kocmudeckas HaBurarus mo n3meperusm I'CHC otHOCHTCS K
opbutanbHON paguoHaBuranuu. OrpeneneHne napameTpoB nBwkeHus KA 3mech
OCHOBAHO Ha M3MEPEHUSX MATBHOCTH U CKOPOCTH M3MEHEHUS NaTbHOCTH MEXIY
KA wu maBurammonasiMu criyTHHKaMu ['CHC, mapaMeTpsl IBIKEHUS KOTOPBIX U3-
BECTHBI C BBICOKOM TouHOCTBIO. Ilo curHamam I'CHC moryT ompenensatbcs He
TOJIBKO TapaMeTphl ABMKEeHHS 1eHTpa Macc KA, HO u ero opueHTarms. AcTpoHa-
BUTANHS BBITTOJHAETCS 110 M3MEPEHUSIM yTIIOB MeXAy ocsimMu KA u 3Be3mamu, mia-
HETaMH WM OPUEHTUPAMU Ha IOBEPXHOCTH IIJIAHET C U3BECTHBIMH KOOPIMHATAMH.
WueprmanbHast HaBUTAIUS OCHOBaHA HA CBOMCTBAX PA3IUMYHBIX YCTPOICTB BBITIOJN-
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®opmynsl (1.65)—~(1.75) moka3pIBalOT, YTO MIECTH KOMIIOHEHT BEKTOPOB X u

X B3anMHO OQHO3HAYHO OMPEACIIAIOT MICCTh KCIJICPOBBIX 2JICMCHTOB Op6I/ITLI, nu
caMu MOTr'yT paCcCMaTpUuBAaTbHCA B KaUC€CTBEC 3JICMCHTOB Op6I/ITI>I, T. €. €CJIM Ha KaKOMU-

TO MOMEHT £y U3BECTHBI BEKTOpbl X¢ U X, TO KOOpIUHATH U ckopocTh KA X u

X MOTryT OBITH ONPEACIICHBI 7S JII0OOT0 IPYroro MOMEHTa BPEMEHHU.
[lecTuMepHBIN BEKTOP, HHOTIa Ha3bIBAEMBI BEKTOPOM cocTossHUSA KA

E=| - |, (1.77)

MoxkeT ObITh 3aaH B ICK mwmm B I'CK. 31eck Oyzaem Ha3pIBaTh BEKTOPOM COCTOS-
HUSI HOPMUPOBAHHBIN IECTUMEPHBIM BEKTOP, UMEIOIIMH CIIEIYIOINI BUI;

X
— Ry
&= - |, (1.78)
X
Vo
rie Ry— cpeaHuii paguyc OpoOUTHI; Vy — KpyroBasi CKOPOCTh OPOUTHI PainycoM R.
KonmponbHble onpocbi
1. Uro Takoe KOCMUYECKasi HABUTAIMS, Ye€M OTIMYAIOTCS 33a4H OJIMKHETO U
JansHero KkocMoca? KakoBel OCHOBHBIE 3a/1a4 KOCMHUYECKOW HAaBUTALUH B OJIIK-
HEM U JanbHeM KocMmoce?
2. Kak popmupyercs Bpems UTC?
3. Yem otnuuaetcs mkaia spemerr UTC ot mkanet UT1? Uto Takoe leap sec
u norpaBka dUT1?
4. Kakast cBs13b MeXKIy cucteMoit koopauHat WGS-84, 113-90.02?
5. Kak cBs3anbI reorpaduueckas cuctemMa KoopauHaT u npsimoyronbaas ['CK?
6. Kak cBsa3sbI cucrema koopaunar J2000 u I'CK?
7. Uto Takoe ypaBHEHUE HEBO3MYIIEHHOIO ABMxKeHUsT KA?
8. Uro Takoe KeriepoBbl JIEMEHTHI OPOUTHI?
9. IlocTOSHCTBO KakHUX MapaMeTpOB ONPENEIISIOT NePBble MHTETPabl SHEPIHU?
10. Yro Takoe ypaBHeHue Kemnepa?
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BO3MyLI.I,EHHOE ABMXXeHne KoCMn4yecKoro arnnmnaparta,
BO3MYLLAOLWME YCKOPEHUA, AeCTBYIOLLME Ha Hero.
MO,D,GJWIpOBaHVIe ABMXEHNA KOCMUYECKOTOo arnmnaparta

2.1. Bo3amyLueHus, Bausowme Ha opoutol KA
VYpaBuenue npwkenus KA (1.50) npeamonaraer, 4yTo Ha HEro IEHCTBYeET
€IVHCTBEHHAs] ICHTpaJIbHAs CWIA TPABUTALMOHHOIO TOJs, paBHAas %)? . s
r

ATUX yCIOBHHA B 1.4 OBITH TOTydeHBI (GOPMYITBI HEBO3MYITICHHOTO IBIDKEHUS KA.
B neiictButensHocTr ke Ha KA KpoMe LeHTpaIbHON CHUJIBI IEHCTBYET LENBbId P
JIpYyTUX, TOCTATOYHO CHJIBHO BIUSIOIIUX HA ABMXeHue, cuil. [Ipu 3ToM meHTpas-
Has cuia Ui opouTtansHoro KA, cyecTBeHHO IPEBOCXOAAIIAs BCE OCTAIBHBIC, U
OTIpesieIsieT OCHOBHYIO €r0 TPAaeKTOPHIO, a BCE JPYTHe CHIIbI — OTKJIOHEHUS WU
BO3MYILICHUS peajbHOM TPaeKTOPHH OT OCHOBHOM.

Ilon meficTBHeM BO3MYINAIOIIMX YCKOPEHHH MEHSIOTCS HMapamerpbl OpOUTHI
KA. Hanpumep, 11eCTh KEIJIEPOBBIX JIEMEHTOB OPOUTHI U3MEHSIOTCSI BO BPEMEHH.
Wx Texymiue 3HaYSHUs HA3bIBAIOTCS OCKVAUPVIOWUMU KENAEPOBbIMU IIeMEHMAMU.
[To 3HaYEHHIO OCKYIHPYIOMIUX 3JIEMEHTOB opOuThl Mo Qopmynam (1.65) mMoxHO
ONpEeleINTh TEKYILUE 3HaYEHUs] KoopAuHAT U ckopoctu KA. AHanoruyHo, mo te-
KYIIMM 3HaYCHHUSIM KOOpArHAT U ckopocTu KA o opmyiam (1.66)—(1.76) MmoxHO
MOJTyYUTh OCKYJIHPYIOIIUE KEeTJIEPOBBI AJIEMEHTHI OPOUTHI.

OCHOBHBIMH HCTOYHHKAMH BO3MYIIAIOIINX YCKOPEHUH, eicTByommx Ha KA,
HaxoJsIuecs Ha opouTe 3eMilu, SBISIIOTCS:

* [PaBUTALMOHHBIC BO3MYIIECHHUS, O0YCIIOBJICHHbBIE HELIEHTPAIILHOCTHIO I'PABU-
TAIMOHHOI'O I10JIs 3eMIIH;

* aTMocdepa 3em;

* rpaBUTALMOHHBIE BO3MYIIEeHUs OT JIyHsl u ConHua;

* BOBMYIIIEHHS OT CHJI COJTHEYHOTO JABJICHUS M CHJI CBETOBOTO JABIICHHUS OT
anp0eno 3eMiu;

* CBETOBBIC M TEIIOBBIE U3IY4YeHHUs OT camoro KA;

* [PaBUTALMOHHBIC BO3MYIICHUS, BbI3BAaHHbIE U3MEHEHUEM (OPMBI 3eMIIH U3-
3a MPUJINBHBIX BO3eHcTBUN Ha 3emutto oT JIyaer n ComHIla;

* IpaBUTALMOHHBIE BO3MYIIIEHUSI OT BeHephl U APYTrux MjiaHeT.

Kpome nepeuncneHHsix, Ha nBmkeHne KA BauseT MHOXKECTBO 0ojiee MEIKUX
BO3MYLIECHHUH, KOTOPHIMU MOXKHO IIPEHEOpEYb.

3HaueHNe KaXJI0T0 U3 MPUBEAEHHBIX BbIIIE BOZMYIIEHHH 3aBUCHT B OT OpOU-
Tb1 KA. B Tabn1. 2.1 npuBeaeHs! mpuMepHbIE 3HAUEHUSI BO3MYIIAIOUINX yCKOPEHHH,
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Touka L, MOAXOONAT IJISI KOCMHYECKOTO TEJIECKOIa — 31eCh 3e€MIs IOYTH
IIOJIHOCTBIO 3aCJIOHSET COJIHEYHBIN CBET U caMa He MellaeT HaOIIoAeHUAM, TaK KaK
oOparieHa K L, HEOCBEIIICHHOH CTOPOHOM.

Touka L, cucremsl 3emiis — JlyHa MOXKET CTaTh HACAIBHBIM MECTOM IS
CTPOUTENLCTBA MUIOTUPYEMOW OpPOMTAIBHON KOCMHUYECKOW CTaHIUU, KOTOpas,
pacronarasch Ha MOMITYTH MexXAy 3emieit u JIyHoH, mo3Boimia Obl JIETKO TOCTHYh
JIyHBI ¢ MUHMMAaJIbHBIMU 3aTpaTaMy TOILJIMBA U CTaTh KJIIFOYEBBIM Y3JIOM IPy30BOT0
MOTOKA MEXTY 3eMJIeil U HAIllUM CITyTHUKOM.

KOHmpOﬂbele eonpochi

1. Kakue Bo3MmyIleHus: NeUCTBYIOT Ha JBUXKEHUE LieHTpa Macc KA, ux mpupo-
Jla ¥ IopsaoK?

2. Kak BnusieT cxkatue 3eMiid Ha HBOJIIOIUIO TTapaMeTpOB OPOUTHI?

3. Kak BnusieT rpaBUTAIlIOHHOE TIOJIE 3eMIIM, €r0 HOPMaJIbHAs M aHOMaJIbHAs
COCTaBJISIONINE Ha OPOUTHI HU3KOOPOUTAIBHEIX U BBICOKOOPOUTANBEHBIX KA?

4. Kak BimseT a’poAuHAMHYECKOE BO3MYIICHHE Ha OPOUTY HHU3KOOPOHUTAIb-
HbIX KA?

5. Kak BnustoT rpaBuTaniioHHbIe Bo3MyIeHus ot JIyHsl u CoJHIIA Ha TBUXKe-
HUC HU3KOOPOUTATLHBIX U BEICOKOOPOUTATHHBEIX KA ?

6. Kak Bus0T BO3MyIIeHUs, 00YCIOBICHHBIE TapaMeTpaMH BpaleHUs 3eM-
JIY, Ha JIBIOKEHUE HU3KOOPOUTAILHBIX M BEICOKOOPOUTAIbHBIX KA?

7. Kakue BbI MOKeTe Ha3BaTh 3ameuaTenbHbie opouTel KA? KakoBbl ux cBoMi-
cTBa?



nasa 3
MeToAbl UHTErpUPOBAHUSA YPAaBHEHUN ABUXEHUA
KOCMMWYECKOro annaparta

3.1. UHTerpupoBaHue ypaBHeHun aBnxxeHns KA
meToAoM PyHre — KyTTbl yeTBepTOro nopsapka

JBmxenue KA omnuchiBaeTcsi ypaBHEHUSAMHU JIBH)KCHUS, HAIpUMeEpP, YPaBHEHU-
em apmwkeHns KA B UCK (2.32). 3nas HauanbHbIN BekTop coctostaus KA, wHTe-
TPUPOBAHUEM YPaBHEHUS NTBUKEHUS MOKHO BBHITIOJHUTH MPOTHO3 BEKTOPa COCTOS-
HUS Ha 000 Jpyroi MOMEHT BpeMEeHHU. TOYHOCTh MPOrHO32a 3aBUCHT KaK OT TOY-
HOCTH YpaBHEHHUH, ONHWCHIBAIOMUX nBIKeHHe KA, Tak W OT TOYHOCTH METOHa
WHTErPUPOBAHUS YPABHEHUN JBUKCHUSI.

B 1. 2 ObuM paccMOTpPEHBI 3aBUCUMOCTH TOYHOCTH TPOTHO32 OT TOYHOCTH
Moxenu nBmkeHUsT KA © peanm3oBaH KIACCHYSCKUNW METOJ HMHTETPHPOBAHUS
ypaBHEHUs OBWKEeHNs — MeToa Pynre — KyTTel 9eTBepTOoro mopsaaka, odecnedn-
BaIOIIMI BEICOKOTOYHBIN MPOTHO3 BEKTOpa cocTosiHus. [Ipu BEIOpaHHOM I1are WH-
TErPUPOBAHUS, PaBHOM | ¢, MPOTHO3 Ha MHTEPBAJI HECKOJIBKO CYTOK, BBIMOIHCH-
HBII 3TUM METOJOM, KaK Il HU3KUX, TaK M JJISI BBICOKUX OPOUT BBITIOJIHSIETCS C
TOYHOCTBIO HECKOJIBKO CAHTUMETPOB. I103TOMY paHee npu U3y4yeHUH 3aBUCUMOCTH
TOYHOCTH TPOTHO3a OT TOYHOCTH MOJIENH ABMKEHUSI MBI IIPEHEOPETIN METOIude-
CKOH OommMOKOHN MpOrHO3a, ONpeAcisieMOil METOJOM WHTerpupoBanus. [IpuBenem
aNTOPUTMBl WHTETPUPOBAHMS YpaBHEHUH ABWKEHHUS MeToqoM Pynre — KyTTsl
YeTBEPTOrO MOPSAKA.

Paccmotpum 3anauy Komm

X = f(%.t); ¥(to)=%o. 3.1)

PexyppenTHblil anroput™M GopMUpoBaHUs BeKTopa cocTossHUs Ha (i+1)-M ma-
re IMeeT BU

_ —_ 1
x,~+1=x,»+g(K1+2K2+2K3 +K4), (32)
re
K1=hf(3_5i,fi);
Ks=hf[ % +1K b+,
2 = i 2 1, ti 2 s

(- 1 h
K3=hf(x,»+§K2, l‘,+§j,

K4 =h (E, +K3, t; +h),
h — mar HUHTETrpUpOBaHUIL.
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Tak, paccMoTpeHHbIE (PYHKIMU UCTIONB3YIOTCS B OopToBOoM [10, obecrneunBas
nporao3 aeumxeHns KA B npupamenusx ¢ yuetoM nsmepenuit BUHC. B npouecce
paspaboTku nanHoro 10 oOBIYHO mMapasuiesbHO pa3padaThIBaeTCs MOJENb peallb-
Horo nmBmwkeHns KA. Ona co3gaetcst He3aBucHMO oT 6opToBoro 110, a anropuTMsr
9TON MOJENM peayIn3yIoT Apyrrue MEeTOoJbl MOJEINpoBaHud. B aTom cimyuae Bepu-
¢ukanmo paspadarsiBaemMoro I1O OCyIIECTBISIOT MyTEM CPaBHEHHS BBIXOIHBIX
MapaMeTpoB C COOTBETCTBYIOIIMMH IapaMeTpaMu Monend. VX coBNajeHue WU
ONMM30CTh SABISIOTCS OJHOBPEMEHHBIM IOJTBEP)KICHUEM IMPAaBHIBHOCTH pa3pada-
teiBaemoro 110 u I10 mogenu.

PaccmatpuBaemoe 3nech [10 paspabareiBanoch Ui pelIeHHs 3aJaddl CIycKa,
B Kotopoii 6oproroe I1O dopmupyer oreHky tpackTopuu KA 1o u3smepeHusmM
BUHC u mporHo3 ero ABWXKEHHS B IpaBUTAllMOHHOM moje. llapamnensHo Oblia
co3aHa MoJenb ABkeHns KA, B KOTOpOil MOAEIMPOBAIOCH JBUKEHHE CITyCKae-
MOTO amnmapara ¢ y4eTOM BO3ICHCTBHSA adpOJUHAMHYECKHUX M TI'PaBUTAIMOHHBIX
cun. MHTEerpupoBaHue ypaBHEHWM NBM)KEHHs BBIINOJIHSUIOCH METONOM PyHre —
KyTtTsl weTBeproro nopsaka. [Ipu stom 3amaueit 6oproBoro 10 sBnsnocs Gopmu-
pOBaHHE OLICHKHM TPAEKTOPHM CIIyCKAaeMOI'O almapara, OJM3KOH K MOAEIHPYEMOM
peanbHOI TpaekToprH. Pe3ynbpTaTsl cpaBHEHUS! POPMUPYEMO OIIEHKH TPACKTOPUH
C YYETOM Pa3IMYHBIX BO3MYIIAIOMINX (PaKTOPOB C peabHON MOJAEIHPYEMOH Tpa-
exTopuell OyayT npuseneHs! B 1. 10. AHanu3 3TUX pe3yJIbTaToOB MOATBEPAMII Ipa-
BUJIBHOCTh (DYHKIIMOHUPOBAHMS PACCMOTPEHHBIX B HACTOSILIEM pasJliesie Ipo-
rpamMMHbIX QyHKIMid f BINS u f INTEGR.

KoHmposibHbie 80npochl

1. KakoBbI anropuTMsl HHTETPUPOBaHMs ypaBHEHHs ABrkeHus KA meromom
Ditntepa u Pyare — KyTTsI 9eTBepTOTO TIOpsaka?

2. KakoBa TOYHOCTH MeTO/la MHTErpupoBaHus Diinepa? Kakne MeToabl MOBBI-
LIEHUS TOYHOCTH BBl MOKETE NMPENTIOKHUTH?

3. Yro Takoe BekTop cocTosaHus KA B mpupanieHusiX ¥ METOJl UHTErpUpPOBa-
HUs ypaBHeHHA ABMkeHus KA B npupatmeHusx?

4. KaxoBbl anropuTMmbl MHTErpupoBaHus ypaBHeHuil apmwxeHus KA B MCK
BMHC ¢ yuerom nzmepennii BUHC?

5. KakoBwI anropuTMBl pacuera IpHuparieHni kaxymeics ckopoctd B BUHC?

6. UTo Takoe peKyppeHTHBII alropuTM WHTETPUPOBAHHS YpPaBHEHHMH JBHKe-
Husa KA B npupamenusix otHocutensHo ['CK ¢ yuerom uzmepenuit BUHC?
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OnpepeneHune opbut. FnodanbHbie CNYTHUKOBbIE
HaBuraunoHHsblie cuctemsbl NOHACC un GPS,

MX OCHOBHbIE XapaKTepUCTUKU

4.1. OnpeneneHune opouTt KA no HazeMHbIM
pagvousmepeHusam

Ho pazsepteBanmst [[CHC GPS un I'JIOHACC naumbonee pacrnpocTpaHSHHBIM
METOJOM onpeneneHust opoutsl KA ObUT METOJ TPaCKTOPHBIX PAANOU3MEPEHUM, IS
peanu3anuy KOTOporo B psijie Ha3eMHBIX n3MepuTenbHbIX myHKToB (HUII) ycranas-
JUBAJIM CIEHHAIBHYIO paauoanmaparypy, kortopas npu nponere KA Ham cooTBet-
crytomM HUIT usznyyana B Hanpasienun Ha KA paanocurHan onpeneneHHON va-
CTOTBL. DTOT CUTHAN NpuHUMaJcs Ha KA, ycunmBancs v TpaHCIHPOBAJICS Ha 3eMITIO.
Ha 3emute mociie mprema 0OpaTHOTO CHTHAA ONpeNeNsiach 3aep)kka MeXITy IpHe-
MOM H U3JIy4YeHHEM CHTHANA, a TAK)KEe M3MEHEHUE YacTOTHI HECYIEro CUTHana. 3a-
JIepKKa TIPHHATOTO CHTHAlla COOTBETCTBOBAJA JTBOWHOW MAJbHOCTU (IIEIIEHHON Ha
CKOpPOCTh CBETa ¢) OT Ha3zeMHOro m3nmydarens no KA, a m3MeHeHHWe 4acTOTBI —
JBOMHOM npoekiuy ckopoct KA B HampaBieHUH Ha H3Ty4aTeb.

OnucaHHyI0 CXeMY U3MEPEHUN WILTIOCTpUpPYET puc. 4.1.

B pesynbTaTe uaMepeHuil, BoIMoIHEHHbIX HeckoabkuMu HUII Ha nByx-Tpex

COCE/IHUX BUTKaX, (POpMUPOBATINCH MACCUBBIL:
D;; — naneroct KA B MOMeHTHI #; 10 j-ro HUII;
/ DD / { : /D, D
HMHII 1 HMUII 2 HMUII 3

Puc. 4.1. CxeMa Ha3eMHbIX HAaBUTAIIMOHHBIX H3MEPEHUN

I
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KoumposnbHble onpocsbi

1. KakoBbI OCHOBHBIE XapaKkTepucTuky U mapamerpsl cuctemsl [ JIOHACC?
2. KaxkoBbI OCHOBHBIE XapaKTEpUCTUKU U MapameTpsl cucteMsl GPS?

3. Uto Takoe «ChIpble» U3MEPEHHMS B ammapaType norpeourens?

4. Yro takoe mikana Bpemenu [ JIOHACC u xakoB opmar ee npeacraBieHus?
5. Uro takoe mkana BpemeHu GPS u kakoB ¢popmart ee npencraBneHus?

6. Kak popmupyercs mkana BpeMeHH B HABUTAIITHOHHOM TIpHEMHUKE?
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AnbmaHaxu n 3apemepupbl FMOHACC n GPS.
ANroputmMmbl pacyeTa KOOPAUHAT U CKOPOCTU
HaBUrayuMOHHOro CNYTHMKA NO ajibMaHaxam

n acpemepungam. TOUHOCTHbIE XapaKTEPUCTUKMU
N «BpemMs XU3HU» aJibMaHaxoB u spemepupg,
cuctem MNOHACC u GPS

5.1. 06wWwme cBefeHunA

ITocne onpeneneHus NCeBIOAATBHOCTU U IICEBAOCKOPOCTH MOXKHO BBIIIOIHATh
ompezesieHHe KOOPIMHAT U CKOPOCTH aHTEHHbI IPUEMHHKA 1O (opMyJiaM, aHajo-
ruuHbM (4.9) u (4.13), nonyyennsM B 4.2. OHAKO AJ1s1 TOr0 HEOOXOJUMO 3HATh
koopauHatel 1 ckopocts HC. Kpome Toro, namepeHus B anmapaType moTpeOuTesst
MPOBOJSTCS B COOCTBEHHOM IIKAJIE BPEMEHHU aIllapaTypbl, 2 MOMEHT U3JTy4eHHsI
IPUHITOTO CUI'Haja M3BECTEH B IIKaie BpeMmeHu Kaxgoro HC. Bce atu Bpemena
OTAMYAIOTCA ApPYr OT Apyra. [ns mpoBemeHUss MOTpeOUTENSIMH HaBUTALMOHHBIX
ompeesIeHUH, IPUBSI3KA K TOUHOMY BPEMEHH M Uil TUIAHUPOBAHUSI HaBUTALMOH-
HBIX CEaHCOB MPEIyCMOTPEHbl HaBUTallMOHHBIE co00LIeHus, nepenaBaembie oT HC
MOTPEOUTENTIO B MACCUBAX TaHHBIX.

Mo coneprkaHUIO HABUTAIMOHHOE COOOIIEHHE Pa3elisieTCs Ha ONePaTUBHYIO U
HeomnepaTuBHY0 WHpopMammoo. OneparuBHas WHOOPMAIUS OTHOCHUTCS K TOMY
HC, c 6opra xotoporo mepenaercs OaHHBIH HaBUTALlMOHHBIA paJdOCHUTHAJ, CO-
JlepoKaILuin:

— ouudpoBKy MeTok Bpemenn HC;

—cneur mkaiel BpemMeHH HC OTHOCHTENBHO MIKadbl BPEMEHH CHCTEMBI
I'TIOHACC unu GPS;

— OTJINYME HECYIEH 4YacTOThl M3JIy4yaeMOro0 HAaBUTALMOHHOTIO PaAMOCHIHAJa
0T HOMUHAJILHOTO 3HAYEHUS;

—a¢emepunst HC (mapamerpsl opOUTHI, NO3BONSAIOLINE ONPEAEIUTH C BBICO-
KOI TOYHOCTBIO KOOpIUHATHI U ckopocTh HC B 110001 MOMEHT BpeMeHH).

HeonepaTtuBHas nH(bOpMaIUs COACPKUT ATbMaHaX CUCTEMBI, BKITFOUAIOIIUI:

— naHHbIe 0 coctosiHuM Bcex HC cucremsl (albMaHaxX COCTOSIHUSA);

— CIIBUT LIKaJIbl BpeMeHu Kaxoro HC oTHOCUTENIbHO MIKaJIbl BpEMEHHU CHCTeE-
me1 ' JTIOHACC umn GPS;

— napameTpsl opouT Bcex HC cucrems! (anbMaHax opouT);

— casur mkanel BpemeHu cuctemsl [JIOHACC nnu GPS otHOcuTensHO Bce-
mupHoit mkaisl UTC.
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JIOKECHHBIA METOJ JUHAMUYeCKoU (uibTpanuu broadcast-3¢peMepu]l UCIONb30Ba-
HUS KaKOW-THOO MOMOMHHUTENbHOW MH(POPMALUH, a TONBKO 332 CYET MaTeMaTh4e-
ckoit oOpabotku mnepemaBaembix morpebutemro HC TJIOHACC broadcast-3¢e-
Mepu, MO3BOJIMI CYLIECTBEHHO OBBICUTh TOYHOCTD NEPENABAEMBIX d(eMepu] Ha
MOMEHT #,. Tak, oOcHOBHasi cocTaBisromas omnoku koopauHat HC mo BepTukamu
yMeHbIIMIach Ooliee 4eM B 4 pasa, a ocTanbHble — B 1,5-2 pa3a. MoxkHO Tipesmno-
JIO)KHUTh, YTO B 3TOM CIIydae COCTABJISIONIAs omuOoK PVt, o0ycioBiIeHHas OIMN0-
kamu 3¢pemepun ['JIOHACC, ymenpmuTcst B ~3 pasa, a COCTAaBIISAIONIAS OMINOOK
PVt, o6ycnoBnennas omubkamu ckopoctd HC, ymensimutes B ~10 pas.

KoHmposibHbie 80npochl

1. KakoBbI anroputmsl pacdera koopAuHaT U ckopoct HC mo naHHBIM aib-
manaxa [ JIOHACC?

2. KakoBbl alropuT™Mbl pacuera KoopauHaT U ckopoctd HC mo maHHBIM alib-
manaxa GPS?

3. KakoBsl anropuTMel pacuera koopauHaT U ckopoctd HC 1o maHHBIM 3de-
mepun I'JIOHACC?

4. KakoBbl anropuT™bl pacyera koopAauHaT U ckopoctd HC mo maHHBIM 3de-
mepun GPS?

5. KakoBbl TOUHOCTH (OPMUPYEMBIX BEKTOPOB COCTOSHHUSI TI0 JAHHBIM ajbMa-
Haxa u a3pemepun [ JIOHACC?

6. KakoBbI TOYHOCTH (DOPMUPYEMBIX BEKTOPOB COCTOSTHHS TIO JaHHBIM aJIbMa-
Haxa u dpemepun GPS?

7. KakoBBl BO3MOXKHOCTH TOBBIIICHHUS] TOYHOCTH MPOTHO3a U «BPEMEHH JKU3-
Hu» s¢emepun ' JIOHACC u GPS?
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Anroputmbl GOpMUPOBAHUA
HaBUraLMOHHbIX onpeaeneHnin B annapaTtype
CNYTHMKOBOMW HAaBUTraL UMK

6.1. Pacyet NonNpaBoK K U3MepeHusam nceBaofaNbHOCTEN

ITocre hopMupoBaHUS «CBHIPBIX» W3MEPEHHH, BEKTOPOB KOOPIAMHAT U CKOPO-
ct HC, a Taxxe MomnpaBoK K «CHIPBIMY» U3MEPEHHSM IO ONepaTHBHOW MHQOpMa-
un, noctynatomeii or HC, MOXXHO NpUCTYNHTh K PELICHUI0 HABUTALIMOHHOHW 3a-
Jlauy, 3aKJII0YAlONIelicsl B ONpEAEIeHUH BEKTOPOB MOJOKEHUS U CKOPOCTH aHTEH-
Hel ACH motpeburens.

B HaBHTAIMOHHBIX PUEMHUKAX MOXKET (POPMHUPOBATHCS Pa3HBI COCTAB «ChI-
PBIX» U3MEPEHNH, MOXKET OBITh pealn30BaHa pa3jindHas BpeMEHHas MPHUBSI3Ka W3-
MepeHHi K BHYTPEHHHM WJIM CUCTEMHBIM 4acaMm. Bce 3T 0COOCHHOCTH JIOJIKHEI
OBITH YYTEHBI NIPU peasM3ally AJITOPUTMOB pEIICHHs] HaBUTAIIMOHHBIX 3a/1a4, KO-
TOpBIE TAKKE MOTYT OTJINYATHCHL.

B nepByro odepenp paccMOTPUM alNTOPUTMBI KOMIICHCALIMU Pa3IMYHOTO POJia
BO3MYIICHUH TCEBJIOJABHOCTEH, MO0 KOTOPHIM OMNpEAEISIeTCS BEKTOP KOOPAWHAT
MoTpeduTes.

Bekrop xoopauHAT MOTpeOUTENsI OMpEAEsIeTcsl M0 3HAYCHUSM BCEX JIOCTO-
BEpHBIX MceBAoAalNbHOCTEH PR;, cHOPMHUPOBAHHBIX Ha JAHHOW CEKyHAE, NpH
HaJIMYUU JOCTOBEPHBIX 3demepun, coorBercTByromux HC. B mepByio ouepenb
COCTaBJIAIOT crucok Takux HC, miist KaKaoro u3 KOTOPHIX (POPMHUPYIOT TOMIPABKH,
COOTBETCTBYIOMMUE omnoOKkaM qacoB HC OTHOCHTEIHRHO CHCTEMHOTO BpeMEHH (JIIs
GPS — mo dopmyne (4.39), mna 'JIOHACC — mo dopmyne (4.37)), mis GPS
Takke (OPMUPYIOT PEIATUBUCTCKHE monpaBku 1o Gopmyne (4.40), mns
I''IOHACC B pexume GPS+TJIOHACC nomnpaBku Ha pacxokKIEHHE CHCTEMHBIX
mkan Bpemern GPS u ['JIOHACC no dopmyie (4.36).

CriemyronuyM 3TarmoM pacdera MOMPaBOK MCEBI0JAIBHOCTEH SBISIETCS pacueT
BekTopoB mepemenienns HC 3a Bpems pacnpoctpanerus curaana or HC morpedu-
temo. Beraucisior koopauaatel HC Ha MomeHT mpuema curdasia B ACH u mpose-
JeHust u3MepeHus. JlonmycTiM, N3MepeHHE BHIITOTHEHO B IIETYI0 CEKYH/y BHYTPEH-
HHUX YacoB MpHEMHHUKa. B mpouecce u3MepeHuil onpenensercs CMEeHue T, IIKa-
JIbl IPUEMHUKA OTHOCUTENILHO CUCTEMHOM mIKaibl. Eciii B HaYambHBI MOMEHT 3TO
CMeIlleHue HEU3BECTHO, TO €r0 MOXKHO CUUTATh PaBHBIM HyJi0. C ydeToMm 3HaHUS
T, ONPEJENACTCS MOMEHT IIPUEMA CUTHAIIA B CHCTEMHOM BPEMEHH [, 4 TAKKE KO-
opauHatsl X (t.) coorBercrBerHo st [JIOHACC u GPS.

[Tpu mposenenun nzmepennii ACH oObIYHO TIONIOKEHUE TIOTPEOUTENST U3BECT-
HO C KaKOW-ITHOO TOYHOCTHIO, HATIPUMED, BEKTOP MPEIBIAYIIEr0 PeleHus, KOTO-
PBI MOXKET HCIIOJIB30BAThCS IS pacdyeTa BpEMEHU pachpocTpaHeHus. Eciam 3ToT
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Puc. 6.9. Tunosoii rpaduk omrbok n3mepenuii koopauaar ACH-M MKC

MKC, nomyuennoit mo 5000 m3mepenuii PV¢, mpenmecTBOBABITNX TEKYIIEMY W3-
Mepenuto. PacueTHas TOUHOCTh chopMuUpoBaHHON OpOUTH meHTpa macc MKC mo
KOOpIWHATaM cocTaBisier 5 M. Ha rpadukax HaOMIODAIOTCS BCILISCKH OITHOOK
amruATy0i 10 40 M. IMEHHO 3TH BCIUIECKH MPEACTABIAIOT co00# ommoOKu, 00y-
CJIOBJICHHBIE TMEPEOTPAKECHUSIMU CHTHAIOB OT AJIEMEHTOB KOHCTpyKiuu KA. Jlms
0003HaYEHUS ITUX OMIMOOK B MUPE YCTAHOBHJICH OOUICTIPUHATHIA TEPMHUH multi-
path, KOTOpBIN B JaNbHEHIIeM OyJeT HCIOJIb30BaThCS M B HACTOAIICH pabore.
®opmupyembie ACH PVt Mo>XHO IpUHUMATE 3a BeKTOp cocTosHust KA, TouHOCTh
KoToporo cocrasisieT 20...40 M 10 ONOXKEHHIO U 3...5 cM/c o ckopocTH. OHAKO
Takasi TOYHOCTh OKA3BIBACTCS HEJJOCTATOYHOM JJISl PEIICHISI MHOTHX 3a7a9 KOCMH-
yeckol HaBurainuu. HeoO0XxoquMoCTh MOBBIICHHUS TOYHOCTH TOTpeOoBaia n3MeHe-
Hus uaeosnorun noctpoeHuss ACH kocMuueckoro HazHadeHHUS MO CPABHEHHIO C
uneonorueid moctpoeHus tpamunmonHod ACH mis Ha3eMHOTO WCIOIL30BaHUA.
Ocob6ernnoctn ACH KOCMHYECKOTO HAa3HAYCHHS PACCMATPUBAIOTCS B CIICIYIOIIHX
TJIaBax HACTOSIIETO Kypca JIEKITHH.

KoumposnbHblie onpocbi

1. KakoBbI anroputMsl (JOpMHPOBAHHSI BEKTOpa KOOPAWHAT OTPeOHUTEIS?

2. KakoBbl anropuT™bl opMUpOBaHUS BEKTOpa CKOPOCTU MOTpeOUTENS?

3. Kakue nonpaBku K U3MEPEHHBIM I1apaMeTpaM HEOOXOAUMO YUHUTHIBATh IPU
(hopMHpOBaHUH BEKTOPa KOOPIUHAT MOTpeOUTENS?

4. Kakue monpaBku K U3MEPEHHBIM ITapaMeTpaM HEOOXOJMMO YUUTHIBATH MPU
(hopMHpPOBaHUH BEKTOpPa CKOPOCTHU MOTPeOUTENS?

5. KakoBbI anroputmsel pacdueta monpasku k yacam HC B cucreme ['JIOHACC?

6. KakoBbI anroputmsl pacuera nonpasku k yacaMm HC B cucreme GPS?
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®opmupoBaHue OLEHKN OpbUTbI
HVI3KOOp6VITaJ1beIX KOCMHUNYECKUX annapaTtos
Nno U3SMepeHUaM KOOpAUHAT annapaTypbl
CI'IyTHMKOBOﬁ HaBUrauyuu

7.1. 06wWwme cBepeHUNA

[To um3mepenusm ['CHC npuHIMNHUAIBEHO MOXKET OCYLIECTBISTHCS HaBUTALUS
mo0eix KA, Haxomsammxcs B 30He aeicteus ['CHC, t. e. anmapatypa ACH cmoco6-
Ha mpuHUMaTh U oOpabatpBath curHaiel HC. OGnacte ucnonb3oBanus ['CHC
OTIpeNIeNsIeTCsl MOIMHOCTRIO m3mydaeMoro HC curHana u 4yBCTBHTEIEHOCTBIO CYIIE-
CTBYIOIIEH ammapaTypsl moTpedutens. B Hacrosimee BpeMsi COOTHOIIEHHE MEXKITY
MOIIIHOCTBIO U3Ty4aeMOIo CHUTHAJla U YyBCTBUTEIBHOCTHIO TAKOBA, YTO HABUTALIUA
o mmMepernusM ['CHC moxket BemonasAThCs st KA ¢ opouramu o ~50 000 kM.
[Ipu >TOM M3MEpeHHss BO3MOXKHBI TOJIBLKO B TOM ciydae, eciii KA Haxomutcst B 00-
JIACTHU JUarpaMMbl HallpaBlieHHOCTH u3nydaromed antenasl HC. C yueTom 3Toro u
cornacHo MeronaMm HaBuramuu 1o mmepenusM ['CHC, opouter KA mMoxHO pasze-
JIUTH HA TPH KJacca:

— Huskue opouts (HO);

— BeICOKO3IUTHATITHYECKHE opOuTHl (BDO);

— reocranoHapHeie (wiu Beicokue) opoutsl (I'CO).

Jliis mepednciieHHBIX TpeX KiaccoB opouT KA NmpHHIMNHANBEHON SBISICTCS BH-
numocts HC antennoit ACH, ycranoBienHoil Ha cooTBercTBytomeM KA. Tumnossie
rpadukn yrcna BuauMbeix HC myist 3TUX opOUT NpuBeneHs! Ha puc. 7.1-7.3.

Yucno suguMbix HC

1
79200 t,c

12
10
8 (0
6
4
2
0

1 1 1 1
21 600 36 000 50 400 64 800
14 400 28 800 43200 57 600 72 000

Puc. 7.1. Bunumocts npsmerx HC GPS na MKC

1
7200

Ha puc. 7.1 na npumepe ACH-M MKC nokazana suaumocts HC ms HO. U3
rpaduka BUIHO, YTO YHCJIO BUAUMEIX CITyTHHUKOB cocTaBisier 6—9 HC. Takoe ko-
nugectBo HC mocratouno mns dhopmuposanus KCB ¢ mocratogHo BRICOKO# TOY-
HocThiO: 20...30 M 1o monoXkeHuo U 5...15 cM/c mo ckopocTu.
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Paccmotrpennsiii  anroputM ObLT peanu3oBaH B Moaenu aBmxeHus HC
I''IOHACC u GPS npu ¢opMupoBaHHH BHICOKOTOYHOT'O MPOTHO3a 3THX CITyTHHU-
KOB, PacCCMOTpPeHHBIX B 5.5 (cM. puc. 5.13, 5.14). ObecniedeHne TaKoro MporHo3a ¢
METPOBBIMU TOYHOCTSIMH ITOATBEPXKIACT BBICOKYIO TOUHOCTh (POPMUPYEMOI OLIECH-
KM CHJI COJTHEYHOTO JIaBJICHMS.

Ha puc. 7.24 npuBeaeH rpaduk OLEHKH YCKOPEHHUS OT CHJI COJTHEYHOTO JIaBlie-
HUs oHOTO M3 cimyTHUKOB GPS. OrneHka nmomydeHa pacCMOTPEHHBIM BEIIIIE METOOM
JUHAMHYECKOW (UIIbTpalMy 1O TepenaBaeMbiM 3TUM CIyTHHKOM 3demepuiaM.
I'paduk nemoHCTpHpYET Hpoliecc HacTpolku Gopmupyemoii onenku. Hynesoe mpu-
OIIDKEHHE OLEHKH ObUTO 3amaHo paBHEIM 107 M/c’. Koppekius OLEHKH BBITOTHS-
nack 1o broadcast-3pemeprnam, OOHOBISBIIUMCS Kaxable 2 4. JIUTeTbHOCTD TPO-
1ecca HaCTPOMKM cOCTaBWIIA ~24 4, TIOCIIE YEero YCTaHOBMIIOCH IOCTOSIHHOE 3Have-
HHE YCKOPEHHs OT CHJI COJIHEYHOTO AaBieHms, paBHoe 8,9-10°° m/c”. IMomyuenHoe
3HAUEHHE COTTACYETCS C JAHHBIME, IPUBEICHHbIME B Ta0m. 2.1 (107 M/c?).

KoHmposibHbie 80npochl

1. Yro takoe muHamuueckas ¢puibTpanus namMepeanii ACH?

2. Kak 3aBucar ommOku (HOpMHpPYyEeMOW OIIEHKH OPOWUTHI OT OMMOOK H3Me-
peHmii?

3. Kak 3aBucat ommOku GopMUPYeMOl OLEHKH OpPOUTHI OT OMIMOOK MOZEIH
IPaBUTALMOHHOIO 110JIs17

4. Kak 3aBucsat omubOku GopMUpyeMoii OIIeHKH OpOMTHI OT OMIMOOK MOJEIH
aTMocheps?

5. Kak 3aBucsaT ommbOku (HopMuUpyeMor OIEHKH OPOUTHI OT OMIMOOK MOJEIH
rpaBUTAHOHHOTO Bo3aeicTBus JIyHnbr u ComHiia?

6. Kax 3aBucat ommOku GopMUPYyeMOil OLEHKH OpPOUTHI OT OMHOOK MOAETH
COJIHEYHOTO JaBJICHUS?

7. Kak 3aBucsaT ommbOku (GopMupyeMoit OIeHKH OpOHUTHI OT OMMOOK MOJIEITH
rapaMeTpoB BpalieHus 3emMin?
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AHanu3 own60K hopMUPYEMOI OLLEHKN OpOUTDI
no peanbHbiM usmepeHnam ACH-M MKC

8.1. 3aBUCMMOCTb TOUHOCTU (hOPMUPYEMOI OLLEHKU OpOUTDI
OT OWWNOOK M3MepeHU

PesynbraThel BAMSHASA pa3TUYHBIX BO3MYIIEHWH HA TOYHOCTH OPOUTHI, (hopMu-
pyeMoi 1O MpPEJIOKEHHBIM alTOPUTMaM JTUHAMUYECKOW (PrIbTpaluy, OCHOBAHEI
Ha MozpenupoBanun m3mepenuit ACH u opoutsl KA. B HacTosiem pasgene nosiy-
YEHHBIEC PE3YNbTATHl MOAEIUPOBAHUS HOATBEPKIAIOTCS PEaJbHBIMU JIETHBIMU U3-
Meperusmu ACH-M, seimonaerasiMa Ha MKC npu niposenennu B 2010-2011 .
CHEIUATBHBIX JETHBIX SKCIEPUMEHTOB IO MCCIIEOBAHUIO JOCTUTaeMOW TOYHOCTH
HABUTAIUU HU3KOOPOUTANBHEIX KA.

YUToOBI OIEHUTH BIWSHHUE PEAbHBIX OomuOoK m3mepernii ACH Ha TOYHOCTH
¢dopmupyemoii onenku opoutsl, Ha MKC ObLIM MpOBEACHBI U3MEPEHUSI Ha TPex
He3aBUCUMBIX npueMHHKax ACH, aHTeHHBI KOTOPBIX YCTaHOBJIEHBI MOJ Pa3iud-
HBIMH yIJIaMU K MECTHOM BepTukanu. OJHa U3 aHTCHH HalpaBliCHA B 3€HUT, a IBE
JIPYTHE OTKJIOHEHBI OT BEPTHKAIH BOKPYT TpoaoibHoi ocu MKC Ha yrier +40° u
—40° cootBercTBeHHO. [l03TOMY BCE TpH MpHEMHHUKa paboTany Mo pa3HbIM CO3BE3-
nmusim ciryTHHKOB GPS 1 mumenu pasnuuneie ommOku KCB.

Ha puc. 8.1 mpuBenmensl rpaduku OmmMOOK W3MEpPEHUN KOOpPIWHAT IICHTPA
macc MKC kaxnoro mpuemHuka. ['paduku ommbOOK MOCTPOCHBI OTHOCHTEIBHO
OIICHOK OPOUTHI, OJYUYSHHBIX 110 STUM HU3MEPEHUSM JTUHAMUYECKOW (UIIbTparueit
C MMOCTOSTHHOW BpeMeHH, paBHOH | BuTOK. V3 mpuBeneHHBIX Tpa)uKOB BHIHO, YTO
OIIMOKU U3MEPEHNUH MPUEMHUKOB MPAKTHUYECKH HE KOPPEITHPOBAHBI MEXIY COOOM.
MuHuManpHbIe OMIMOKH HAOMIOAAOTCS y TIEPBOTO MPUEMHKKA, aHTCHHA KOTOPOTO
HarpasieHa B 3¢HUT. Ce10BaTEIbHO, B €€ MOJIE 3PEHUS HAXOAUTCA MaKCUMAalbHOE
grcno HC.

Bumumocts HC 6okoBeiMu anTenHamMu MKC CylecTBEHHO XyKe, UeM «3e-
HUTHOI», U MOCKOJIBKY OHH Pa3BEPHYThl B MPOTHUBOMOJIOKHBIE CTOPOHBI, CO3BE3-
il BUAUMBIX 3THUMH AHTEHHAMH CIIyTHUKOB CYIIECTBEHHO OTJIMYAKOTCS APYr OT
npyra. Kpome toro, B moje 3peHMs] KaXJI0M M3 aHTEHH IOMAJal0T MepeoTpaKeH-
HBIC CUTHAJIBI OT PA3JIMYHBIX 37eMeHTOB KOHCTpyKInu MKC. B pesynbrate ommo-
KU U3MEPEHUI U3-3a MEePeoTPaXKEHUSI CUTHAJIOB Pa3IUYHbI ISl KaXA0T0 HaBUTallk-
OHHOTO NMPHEMHHKA U 00YCIIOBIMBAIOT OMHMOKKA (HOPMHUPYEMBIX IO 3TUM U3Mepe-
HUSIM oneHOK opOutel MKC, a 3Ha4uT M COCTaBJISIONINE OIIMOOK 3THUX OLIEHOK
OTIUYAIOTCA ApYT OT Apyra. OHM 00YCIOBICHBI HETOYHOCTHIO MOJEIH JBIDKEHUS
KA u paBHBI U1 BCeX TpeX OILIEHOK, TaK KakK MPpH (GOPMHUPOBAHUH STUX OIEHOK HC-
MOJB3YIOTCS OJIMHAKOBbIE MoOjJenu nBMxkeHus KA. B uTore pa3HOCTH OILIEHOK,
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ITpu nocrostaHOM Bpemenu ¢uibTpa 1000 ¢ (puc. 8.13, 2 u 8.14, 2) Bcrecku
omMrOOK OLEHKH M0 KOOPAWHATAM «CIIaKUBAIOTCS», 3HAUEHHUsS OMIMOOK Ha OO0Jb-
1Iel 4acTH TPAeKTOPUHU HAXOJUTCS B JUanazoHe 5 M, MakcuMalbHbIe OIHOKU He
MPEBBIILAIOT § M.

OmmOKH OIEHKH CKOPOCTH Ha OOJBINEH YacTH TPACKTOPHH HAXOISATCS B THa-
nazoHe 1 cm/c, MaKCUMaIIbHBIE OITMOKHU HE MPEBBIIIAIOT 2 CM/C.

Takum 00pa3oM, TPHUBEICHHBIC BBINIC TpaUKH ITEMOHCTPHPYIOT YPOBEHB
omnOoK GOpMUPYEMOil OLIEHKH OPOUTHI IO KOOPAMHATAM U CKOPOCTH B 3aBHCHUMO-
CTH OT 3HA4YeHHS MOCTOSHHOW BpeMeHH (PHIIbTpa, BHIOOP KOTOPOU SBISETCS BaK-
HBIM 3JIEMEHTOM MTPOEKTHUPOBAHHS CHCTEMBl aBTOHOMHOM HaBHTAITHH.

KoumposnbHble sonpocbi

1. Kax 3aBucur onenka opoutet MKC ot ommbok usmepenuit ACH-M mo pe-
3yJbTaTaM JETHBIX UCIBITAHUI?

2. Kak 3aBucut onenka opoutsl MKC 1o pe3ynbraTaM JIETHBIX UCIIBITAHUN OT
OIHOOK MOJIETTH TPABUTAIIMOHHOTO OIS 3eMITu?

3. Kak 3aBucur ouenka opoutsl MKC 1o pe3ynbTraTtam JETHBIX UCTIBITAHUH OT
omub0K MoJienu aTMochepsl?

4. Kak 3aBucut onenka opoutsl MKC 1o pe3yibraTaM JETHBIX UCIBITAHAHA OT
omKrOOK MOJIENN rpaBUTAMOHHOTO Bo3neiicTBus JIynsr u ConHua?

5. Kax 3aBucur onenka opoutst MKC mo pesynbratam JETHBIX UCTIBITAHUH OT
omKMOOK MOJZIENIN CMELIEHUS 1oJfoca 3eMiuan?
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AnHamMmuuyeckaa punbTpaumusa «CbipbiX» U3MepeHumn
annapatypbl CNYTHUKOBOM HAaBUTALUM.
3aBMCUMOCTb TOYHOCTU (hopMmuUpyemon

MO «CbIPbIM» U3MEPEHUAM OLLeHKU OpOUTbI

OT BO3MYLaloLWmX haKTopoB

9.1. ANropuTMbl AUHAMMUYECKON (PunbTpaLum
n3MepeHuin NceBaofanbHOCTH

B paccmotpenHoli auHamudeckoil ¢unbTpaunu usmepennii ACH B kauecTBe
M3MEPSIEMOT0 BEKTOpa HCITOJIB30BAJICS BEKTOp koopamHaT KA, dopmupyemsrii B
ACH 0ogHOMOMEHTHO IO CUTHaJIaM BHIUMBIX B 3TOT MOoMeHT HC, mpu 3TOM, eciu
gyrcino BuauMbIX HC MeHblIe 4eThlpex, TO BEKTOp KOOpAHMHAT MOTpeOuTens He
¢dopmupyeTtcs. st mporiecca GUIBTpauy 3TO O3HAYAET, YTO M3MEpEHHe B JlaH-
HBII MOMEHT OTCYTCTBYeT. Kpome Toro, mpm HeOIaronpuaTHBIX KOH(QUTYPAUIX
BunuMblx HC ¢ Gompmum ypoBHeM GDOP BO3HHKalOT TMOBBIIIEHHBIE OIIMOKH
(hopMUpPYyEMBIX KOOPAWHAT Jake MPH XOPOIIeM KauecTBe M3MEPEHUI TICeBI0AaIb-
HOCTEH. DTH TMOBHIMIICHHBIC OMTUOKU MPUBOAAT K CHHKEHHIO TOYHOCTH (GOPMHUPYE-
MOi1 orieHKH opOuTHI. [loaTOMY HEenecooOpa3Ho UCKIIOYUTH MPOMEKYTOUHBIH 3Tam
(opMupoBaHHs OLEHKH opOuThl — (opmupoBanue naHHbix KCB, a B xauectBe
M3MepPSAEeMbIX TTapaMETPOB JIJISl BHIMTOTHEHUS (DUIIBTPAIMH HCIIOIB30BaTh HEMOCPE -
CTBEHHO TIICEBJIOJIAIBHOCTH, SBIAIOIIMECS TMEpBUYHBIMU u3MepeHusiMu B ACH.
OpHako B COCTaB OMMOOK ICEBAOAATBHOCTEH BXOAMT COCTaBISIOMIAsl, 00yCIOB-
JIeHHasi OMMOKON 9acoB MpHeMHUKA. VICKITIOYUTE 3Ty OommOKy MOXKHO, B35B pas-
HOCTH TiceBmomambHOCTeW aByX HC, T.e. B KadecTBe M3MEPECHHUU WCIIOIL30BaTh
pasHOCTh TceBAoaanpHOCTe!. Ecnu Tekymee co3pe3ane BunuMbix HC coctout u3

n CIIYTHUKOB, TO B KaUC€CTBC TCKYLICTO BCKTOPAa M3MCPCHUA E_ﬂ,, 6y,[[6M HCIIOJIB30-
BaThb n—MepHBIfI BCKTOP IMOMIAapHBIX paSHOCTCﬁ HceBﬂOHaHBHOCTGﬁZ

PR, - PR,

— | PRy —PR;

Eu = . 9.1)
PR, - PR

Ecmu u3Becrna HCKOTOpas HadajlbHas OLICHKA BCKTOPAa COCTOSHUSA KA é;, a
TaKXEC B(l)eMepI/I,Z[BI HC, TO JICTKO MOXHO OIIPEACINUTb OLCHKHW IICCBAOAAIILHO-
(v *
CTCH PR, ", COOTBECTCTBCHHO, OLICHKY BCKTOPAa U3MCPCHUA:
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HHEM BO BpeMeHH 4ucia usmepenuil (1. e. BuanMbix HC). YuuTeiBas ManocTs mry-
MOBOH cOCTaBIISAIOUICH, MOKHO CUMTaTh, YTO MPU AWHAMHYECKOH (PribTpanuu mo
«CBIPBIM» U3MEPEHUSIM € a3POJMHAMUYECKON CaMOHACTPOMKON ommOKu GhopMupy-
MOl OIICHKH OpPOWTHI COOTBETCTBYIOT OIMMOKAaM OIIEHKH OPOHTHI, (GOpMUPYEMOM
o KCB.

9.5. BnMsiHue Ha TOYHOCTb (QOPMUPYEMOIT OLLEHKN OpOUTbI
rpaBUTALMOHHbBIX BO3MYLLeHUM OT JlyHbl 1 ConHua,
CONTHEeYHOro AaBeHus, NapaMeTpoB BpalLeHnsa 3emMnum

VY CTaHOBJIEHO, YTO OMIMOKH OLIEHKH OPOHTHI, POPMUPYEMOI IO «CBHIPBIM» U3-
MEpeHHUsIM, OJIM3KHU K OmuOKaMm oneHku, ¢popmupyemoit mo KCB, ¢ Toit naums pas-
HUILIEH, 4TO IIpH (YOPMHUPOBAHUH OLIEHKH 10 «CBHIPHIM» U3MEPEHUAM OLIMOKU OLIEH-
K{, 00YCIIOBJICHHBIE COOTBETCTBYIOIIMMH BO3MYILEHHAMH, UMEIOT IIYMOBYIO CO-
CTaBISIOILYIO 0 aMIUIMUTY/AE Ha IOPAJOK MEHBLIYI0 OCHOBHOW COCTaBJISIOLICH
ommOku. OTIYHre OMMUOOK OIEHKH OPOUTHI IO «CBIPHIM» U3MEPEHUSIM, 00yCIIOB-
JICHHBIX BIIMSTHHEM BCEX PAaCCMATPUBAaEMbIX MEJNKHX BO3MYIIEHHH OT COOTBET-
CTBYIOLIMX COCTaBJIIOUIMX OMIMOOK oueHKH opouthl no KCB, anamornuHo — Ha
OCHOBHYIO COCTaBJIIOLIYIO0 OIIMOKH HaKJIAIbIBACTCS ILIYMOBAas COCTaBIIAIOILAS,
CYIIECTBEHHO MEHbIIas TI0 CPAaBHEHHUIO ¢ OCHOBHOW. Ho Tak kak paccmaTrpuBaemble
COCTABIISIIOIINE OMIMOOK OLEHKH caMH Mo ceOe Majbl, IIyMOBBIMU COCTaBIISIFOILIH-
MH 3THX OIIMOOK MOXHO npeHeOpeus. [loaromy Oynem cuntarb, 4To U mpH Hop-
MHUPOBAHUHN OLICHKU OPOUTHI IO «CHIPHIM» H3MEPEHHUSM COCTAaBIIIOIINE OIMIMOOK
olleHKH, o0ycioBieHHble BiusHueM Jlynbl u CollHIa, CHIaMU COTHEYHOTO JaBlie-
HUSI, TTapaMeTpaMy BpalleHusl 3eMIIM aHaJIOTMYHbI OIIMOKaM OLICHKH, (opMHpYye-
Mmoit mo KCB (cMm. puc. 7.19-7.22).

KoumposnbHble onpocsbi

1. KakoBbl anropuT™Mbl TUHAMUYECKOW (DWIBTpAllH W3MEPEHHH MCEeBI0IATb-
HOCTH?

2. Kak 3aBucHT olLleHKa OpOUTHI, MOTyYeHHAss METOAOM AWHAMHUYECKOH (uiib-
TpaLUK U3MEPEHUH IICEBIOAATBHOCTEH, OT OLIMOOK MOJENN I'PaBUTALMIOHHOIO 110~
15 3emnu?

3. Kak 3aBucHT olieHKa OpOUTHI, MOTyYeHHAss METOAOM AWHAMHYECKOH (MiIb-
TpaIy N3MEPEHHH IMCeBI0JATBHOCTEH, OT OMHUOOK MOIETH aTMOC(hEphI?

4. Kak 3aBHCHUT OlLIEHKa OpOWTHI, TOTyYCHHAs! METOAOM JHHAMHUYECKON (Prib-
TpaMl HM3MEPEHUIl IMCEeBAOAAIBHOCTEH, OT OMIMOOK MOJENIN TPaBHUTALMOHHOTO
BoznetictBus JIyasr u Conama?

5. Kak 3aBucHT olieHKa OpOUTHI, MOJTy4YeHHass METOIOM JAUHAMHYECKOH (HHITb-
TpalUUN M3MEPEHUH IMCeBIOAAIBHOCTEH, OT OMMOOK MOJENH CMEIICHUs IMOJIoca
3emnu?
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®opmunpoBaHue OLEeHKNU OpbUTbI B NpUpaLLEHUAX
c yuetom nsmepenuin bUHC u Koppekuunen oLeHKH
MO NOJIHbIM «CbIpbIM» U3MEpPEHUAM

10.1. 06w Me cBefeHUsa

AnroputMsl GOpMHUPOBAHUS OLEHKH OPOUTHI [0 U3MEPEHUSIM KOOPAUHAT U TIO
M3MEpEeHHIM TICeBIOAaIbHOCTEN pa3paboransl npumeHuTeabHO K ACH-M MKC,
HaxOJIAMIeHCsT B TacCUBHOM Mosiere. OHM obOecrednBaoT (OPMUPOBAHNE BHICOKO-
TouHOH oneHkn opobutel MKC kak 1o koopIuHaTam, Tak U 10 CKOPOCTH, YTO Jie-
MOHCTPHUPYIOT Irpa MKy, IPUBEJCHHBIC Ha puc. 8.6. BrICOKas TOYHOCTH STHX aJIro-
PUTMOB JOCTHTaeTcsl Onarojaps BBICOKOTOYHOMY MOJEITHUPOBAHHUIO YPaBHEHUH
nekeHuss KA npu GuibTpanuu U3MEpeHUd ¢ OOJIBINON TOCTOSHHOW BpeMEHU
(T=15500 c). Onnako Takasi IOCTOSHHAS BPEMEHU MOKET OBITh peain30BaHa TOJb-
KO Ha maccuBHBIX KA, ABHKEHHE KOTOPBIX MOKHO JIETKO CMOJEIHPOBATH C BHICO-
Ko# TouHOCThI0. Ha muHamMuanbix KA, y KOTOpBIX YacTo pabOTaroT ABUTaTEN, Ha
mo0bIx KA mpu kKoppekiuu opOHUTHI, a TaKkke Ha ydacTkax opoutsl KA, rie Bo3-
JIEHCTBYIOT OOJIbIIME BO3MYIIAIONINE YCKOPEHHsl (HalpuMep, MpH CIyCKe B aTMO-
cdepe), OoIbIINE TOCTOSIHHBIE BPEMEHH HEJIOITY CTUMBI.

[Ipn ymeHbIIEHHH TMOCTOSHHONW BpPEMEHH TOYHOCTH OIIGHKH CYIIECTBEHHO
CHIDKAeTCsl KakK [0 KOOpIWHATaM, Tak M 1Mo ckopoctu. Hampumep, rpaduku, npu-
BezieHHbIe Ha puc. 8.13 u 8.14, nemoHcTpHpyIOT omKOKu otleHKH opouThl MKC 1o
KOOpJIMHATAaM U CKOpPOCTH, (OPMUPYEMOH NpU pasHbIX 3HAYCHUSAX IOCTOSHHOIM
BpeMeHH. ['padku MOKa3pIBAIOT, YTO CYIIECTBEHHOE TOBHIIIEHUE TOYHOCTHU OIICH-
KU OpOMTHI TOCTHTAETCS TIPU MOCTOSHHBIX BpeMeHn ¢unbTpa 7 > 1000 c. A npu
MaJbIX MOCTOAHHBIX BpeMeHH (7' = 30 c¢) TOUHOCTDH OIIEHKH 10 KOOpAMHATaM OCTa-
eTcsl TaKOH ke, Kak U TOYHOCTh u3MepeHuid ACH, a olieHKa Mo CKOpoCTH 3Ha4YH-
TEJIBHO YXYIIAeTCsl. DTO OOBACHIETCS TEM, YTO BEKTOP U3MEPEHUH, peain3yeMblit
B PAaCCMOTPEHHBIX alTOpHUTMaX, BKIFOYaeT Toiabko n3Meperns ACH mo koopanna-
TaM WU 10 TICEBIOJANBHOCTH, TOT/A KaK JUIsl JUHAMUYHBIX OOBEKTOB, JOMyCKa-
OUMX (QUIBTPALUIO U3MEPEHUH TOJBKO C Majlol MOCTOSIHHOW BPEMEHH, MOBBILIIE-
HUE TOYHOCTH OIIEHKH MOXeET OBITh JOCTHTHYTO 3a CYEeT BKJIIOYEHHS CKOPOCTH
B COCTaB BEKTOpa M3MEPEHHH WM NpPUpAIIEHHH WHTETpalbHBIX (pa3, B ciydae
¢$unbTpanmu «CeIpbix» n3mMepenuit ACH.

B 1. 9 6but0 Takke MOKa3aHO, YTO TMHAMUYEcKash (PUIbTpaLus IMCEeBIOAATb-
HOCTEH MMeEeT UENbIi PsiJl MPEUMYIIECTB 110 CPAaBHEHHIO C JUHAMHYECKOW (PUITb-
Tparueit BeKTopoB koopauHat, hopmupyemeix ACH. D10 1 Goyiee BBICOKas TOY-
HOCTh (POpMUpPYEMOii OLIEHKH OpOUTHI, He3aBUCHUMOCTh OT uncia HC u reomerpu-
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Bo3M0OXXHOCTE OLIEHKHN yCKOpeHU# oT aBurareneit ¢ momombio ACH mpumaer
ACH HoBoe kauecTBO. COBMECTHO C ONpEIECIEHUEM OpPUEHTALMU OIpeleseHne
yckopenuil no3Bossier ¢ nomouipio ACH na KA pemurts 3agaun BUHC. Hampu-
Mep, OJTHOM U3 TaKUX 3a/1ay sBIseTCs ynpasieHue BrioueHusMu K/ npu koppek-
i opoutsl. s aToro Ha KA MCTONe3yroTcs akcenepoMeTphl, YCTaHOBIICHHBIE
o ocu KJI. [1pu BKIFOUEHUHM ABUraTENs aKCEIEPOMETP OCYIIECTBISIET HHTETPUPO-
BaHWE MPOJOIHHOTO YCKOPEHHUS M MO JOCTIDKEHUH KaXyIIEeHcs CKOpOCTH (WHTe-
rpaja OT YCKOPEHHUS ) 3aIaHHOTO 3HAUEHUS OCYIIECTBIISIET BhIKiIoueHue KJI.
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Puc. 10.16. Yckopenus ot neurareneid B CCK Ha yuyacTkax danbHEro u

OJIMDKHETO COJIMKEHMSI:
a — peansHOe YCKOpeHue; 6 — yckopeHue, usmepeanoe ACH

AmHanornuyHas 3ajada MOKeT ObITh pemieHa ¢ nomoisio ACH mHTerpuposa-
HUEM 3HAYCHUS KaXYIIErocs YCKOPEHHS dcck;, chopmupoBanHoro mo (10.60).
Oxumaemas omuOKa ONpeNeseHHsT BEKTOpa KaKYLICWCS CKOPOCTH COCTABISIET
5...10 cM/c, 9TO COOTBETCTBYET TOUHOCTH (POPMHUPYEMBIX UMITYJIECOB CKOPOCTH Ha
yJacTke gaipHero commkeHus kopabieit «Coros3» u «IIporpecc» ¢ MKC.

KoumponbHbie onpocbi

1. KakoBbl anropuTMbl IMHAMUYECKOH (DUIBTPALIUM MOJIHBIX «CHIPBIX)» HU3Me-
pennit ACH B nmpupamenusax?
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2. Kak BIusIOT BHEITHUE BO3MYILAIONINE YCKOPEHUS Ha YCTONYUBOCTH OLIEHKU
opouTHI, HOPMHUPYEMOH METOIOM TUHAMUYECKOW (DUIBTPALUH IONHBIX «CBHIPBIX»
m3mepenuid ACH B npupamenusix?

3. Kak 3aBHCHT TOYHOCTH OIIEHKH OpOUTHI OT uucia HC B rpymnmmupoBKe CITyT-
HUKOB?

4. KakoBbl anropuT™Mbl GOPMUPOBAHMS OLEHKH OPOUTHI MO KaXKyLIEHCs CKO-
poCTH IIpU OOJBIINX YCKOPEHHUSIX OT KOPPEKTUPYIOLIUX JBUraTeIen?

5. Kak MOXHO CKOMIIEHCHUPOBATb BJIMSHUE YCKOPEHHH OT JBUTATENIEH IpH
(OpMHPOBaHHUH OLIEHKH OPOHTHI MO KaXKyILeics ckopocTu?
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HaBMI'aLIMH BblCOKOOpﬁVITaHbeIX

KOCMHUYECKUX annapaToB N0 U3MepeHnam
rno6anbHbIX CNYTHUKOBbIX HABUTALMOHHbIX CUCTEM

11.1. 06w me cBefeHUsa

K #u3kuM opOuTam ¢ TOUKH 3peHus HaBuranuu 1mo u3Mmepenusm 'CHC Oynem
OTHOCHUTH OpOHTBHI, Ha KOTOPBIX B BepXHel monychepe (Hal MECTHBIM FOPH30HTOM)
BCerJa WM MOYTH Bcerga Haxoautcs uyeTbipe u Oonee HC. TumoBoii rpaduk Bu-
numoctt HC GPS antrennoit ACH-M MKC, HanpaBieHHOH B 3€HUT, IPEACTABICH
Ha puc. 7.1. Uucmo ogHOBpEMEHHO BUANMBIX ciiyTHHKOB HC HaxomuTcs B amuama-
30HE 5...12, T. €. cpenHee ux yucno cocrasiser ~8 HC.

C yBenuueHHeM BBICOTHI OPOUTHI YMCIO BHUAWMBIX CITyTHUKOB YMEHBIIIAETCS,
MOSIBIIAIOTCSA YYaCTKH OpPOWTHI, Ha KOTOPBIX MX MeEHbIe deTwipex. JlampHeimee
YBEJIMYEHHUE BBICOTHI MIPUBOJUT K YBEIMUYEHHIO KOJUYECTBA TAKUX YYAaCTKOB M UX
mmtenbHocTd. Ha Beicote cBpime 2000 KM y4acTKH OpOHUTHI C YUCIOM BHAUMBIX
HC menee ueTpIpex HAUMHAIOT IO CYMMapHOW IITUTEIHHOCTH MPEBBIMIATh YIACTKH
¢ yncinoM HC Gonee wersipex. [Toaromy BeicoTy 2000 KM yCIIOBHO OyZeM CUHTATh
TpaHUIle MEXIy HU3KMMH U BBICOKMMHU OpOMTaMu. B kauecTBe mpumepa HU3KO-
op6uransHoro KA paccmarpuBaace MKC. Bosmoxxaoctrn 'CHC B wacTtu pemre-
HUs HaBuTanuoHHOo# 3amaun MKC mccnmenoBanvch Kak IIyTeM MOJICTUPOBAHUS U3-
mepenuit ACH, Tak u ¢ HCIOJIb30BaHUEM PeabHBIX JIETHBIX JAHHBIX, MTOTYyUYECHHBIX
Ha MKC B miporiecce mpoBeZieHHs pa3IMyHbIX KCIIEPIMEHTOB, a TAKXKe B IPOIIecce
mraTHoU pabotet ACH-M MKC.

B kauectBe npumepa BbicokoopOuTanbHbIX KA Oynem paccmaTpuBaTh CIyT-
uuku, Haxoagmuecs Ha B3O, I'CO, a taxxe HC I'JIOHACC u GPS. Ocobennoctu
¢byaknuonuposanns ACH na BOO u I'CO OynyT miccmeoBaThCs MyTeM MOACITH-
pPOBaHUS C UCIOJIB30BaHUEM pa3paboTaHHBIX Mojenei aeuxeHuss KA. Pesyiaprarht
MOJIETIMPOBAHUSI MOKHO CUUTATh BEPHBIMH, €CJIH €CTh aOCONIOTHAs YBEPEHHOCTH B
MPaBUIIBHOCTH pa3paboTaHHBIX Mojeneil. CerofqHs CyIIeCTBYeT YHHMKaJbHAas BO3-
MOKHOCTh TPOBENEHHS TakoW BepHU(HUKAINK C UCTIONB30BAaHUEM BBICOKOTOYHBIX
adpemepua cnytankoB [JIOHACC u GPS. B UnTepHeTe s 3THX CITyTHUKOB TIpe-
CTaBJICHBI pealbHbIE BBICOKOTOYHBIE 3(eMepuabl, TMONyYeHHBIE MOCTOOPabOTKOMH
TepeIaBacMbIX TIOTPEOUTENo broadcast-3peMepra ¢ HCIOIB30BAHUEM JIOTIOTHH-
TENBHBIX U3MEpEeHHH. DPeMepuIbl MPEeICTaBICHbI B BUJIE BEKTOPOB KOOPAMWHAT IICH-
TpoB Macc ciyTHUKOB B ['CK (W(GS-84) nuckperHocthio 15 MuH. MIX TOUuHOCTH cO-
CTaBISeT €IWHUIIBI CAaHTHUMETPOB (IeKiapupyemas TOYHOCTh ddemepun GPS —
3 cM, I'JIOHACC — 5 cm). Orto o3Havaert, uto mist cinytaukoB [ JIOHACC u GPS
WCCIIC/IOBAHUS MOXKHO TPOBOJUTH MPAKTUYCCKU C HJICATHHBIME JaHHBIMH 00 HX
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POBAaHUHU TPABUTAIIMOHHOTO MOJIS 3€MJIM C TOYHOCTBIO 70 ~8 MOpSAAKa M rpaBUTaA-
LOUOHHBIX Bo3MyIIeHus1X oT JIynsl u ConHua obecreynBaroT TOYHOCTh IO KOOPIH-
Hatam ~200 M, o ckopoct — 1,5 cMm/c.

IIpu mpoBenennm Koppeknmuu opouTel KA ¢ MOMOIIBI0 KOPPEKTHPYIOMTHX
JIBUraTesieil omrOKN OLEHKH Pe3KO BO3PACTaloT, OAHAKO OHM MOTYT OBITH 3HAUYH-
TEJIBHO CHIDKCHBI IyTeM YMEHBIICHHS MOCTOSHHBIX BpemeHH Ty u Ty. Crnemyer
OTMETHTh, YTO IIOCTOSIHHbIE BPEMEHH OTPaHUYEHB! YCIOBUAMU yCTOWYHBOCTH IU-
HaMHYEeCKON (UIbTpaINy, 3aBUCIIIUMH, B TOM 4Hcie, oT anbManaxa HC u oco-
6enHo ot uucna HC B cmyTHHMKOBOH TpymmupoBke. [lomydyuTh aHaIUTHYECKH
YCIIOBHSL YCTOMYMBOCTH HEBO3MOXKHO B CHJIY CYIIECTBEHHOIH HEIMHEHHOCTH IPO-
necca JUHAMUYECKoW (UibTpanuu (0COOEHHO IJisi BBICOKMX OpPOHT MpPU MalloM
yucne BuauMbix HC). TloaTomMy nccienoBanne TOYHOCTHBIX U AMHAMUYECKHUX Xa-
paKTepucTUK (OPMUPYEMOI OLIEHKH OPOUTHI TOJDKHO BBIMOIHATHCS AT KaXKAOTO
KA wu anpmanaxa HC. IlpuBencHHBIC BBINIC PE3yJbTaThl MOACIHPOBAHUS ITO3BO-
JISFOT OLEHUTH IMOJIyYeHHBIE TOYHOCTH B T€X WMJIHM WHBIX pexumax padbotsl ACH u
cucteM KA. Ilpu npoextupoanuu KA nns onpeneiaeHus: TOUHOCTHBIX XapaKTepu-
CTUK CHCTEMBbl HEOOXOIUMO BBIIONHATh AHAJOTMYHOE MOJEIMPOBAHHUE C YUETOM
KOHKPETHBIX XapakTepucTHK KA, ero opOUTHI M COCTOSTHUS T'PyHIMPOBOK HaBUTa-
LMOHHBIX CITyTHUKOBBIX CHCTEM.

KonmposibHbie 80npochl

1. B uem 3aknrodaeTcss HaBHUTAIMs BRICOKOATUNTHYECKHX KA 1m0 m3mMepeHusm
ACH B OKpeCTHOCTH TIiepuTest ¥ Ha IMOJTHOU opOuTe?

2. Kak Bo3MyIIeHHs BIUSIOT HA OIICHKY OpOUTHI? biaromaps yeMy oCTUTaeT-
¢Sl TOYHOCTDH HaBUTALMuU?

3. B ueM 3akiroyaeTcs HaBUTallMs TeocTalMoHapHbIX KA 1O MOJTHBIM «ChI-
pBIM» U3MepeHusIM OT oopatHeix HC?
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