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[TpuBeneHbl OCHOBBI TOCTPOCHHUS ACTPOMHEPIMATBHBIX HaBUTalMOHHBIX cucteM (AMTHC) Bo3myniHoro 1 Ha3eMHOTO
npuMeHeHHs1 Ha 0aze Oecruiar()OpMEHHBIX HAaBUTAIIMOHHBIX YCTPOWMCTB: acTpoBH3MpYyoliero ycrpoiicta (ABY),
nHepuuansHoi HaBuranonHo cucreMsl (MHC) 1 criyTHHKOBOrO HaBUTAIIMOHHOTO TpreMHHKa. CHOpMyITUpOBaHbI
TpeOOBaHMUs K ONTHYECKUM U 21eKTpOHHBIM KomitoneHTaM ABY AMHC. IlpuBenens! pe3ysbTarsl SKCIEpHUMEHTab-
Hoit orpaborku makera AMHC na 3emite n Ha oObekTe. PaccMOTpeHbI pa3iIndHbIe BapUaHThl aCTPOKOPPEKINU Oec-
tardopmennoit MHC, peanusyemsre B AHC.

KaroueBrnie ciioBa: 6GCHJ'IaT(1)OpMCHHaH aCTpOMHEpIUajlbHasA HaBUTAlIMOHHASL CUCTEMA, 6GCHJ'IaT(1)OpMeHHaH HUHEp-
IrajbHasA HaBUTAllTMOHHAA CUCTEMA, aCTPOBU3UPYIOILICC YCTpOﬁCTBO, BCEMUPHOC KOOPANHUPOBAHHOC BPEMHI.

BBenenue

Cy1ecTByIoT 33712491, TPeOYIOINEe BHICOKOTOUHBIX HABUTAIIHOHHBIX H3MEPEHUM, BBITIOIHS-
€MBIX TOJIHOCThIO aBTOHOMHBIMHU CPEJICTBAMHU, YCTAHOBICHHBIMU Ha OOpTy camodnera. Tpaauiu-
OHHO TaKUMU CPEJCTBAMU SIBIISIOTCSI MHEpLIMATbHbIE HaBuranuonusie cucremsl (MHC), ayBcTBU-
TEJIbHBIE AIIEMEHTHI KOTOPBIX, U3MEpsis MPUPAIECHUS YIJIOB M JHHEWHOW CKOPOCTH, MO3BOJISIOT
OTIpENIeIUTh BCE MapaMeTpbl OpUEHTANUU U HaBuranuu. OHaKo JTr000H, 1axe caMoil BBICOKOTOU-
Hoit MTHC mpucyiie HakoruieHue MOrpenrHoCcTeld TPAaeKTOPHBIX U3MEPEHHUH ¢ TeUeHUEM BPEMEHH.
[Toatomy st aBTOHOMHO# KOppekiuu norpemHocteid MHC tpebyercs mocTpoeHne alibTepHaTuB-
HBIX CPEICTB, CIOCOOHBIX U3MEPSTH HAMIPABICHUS Ha €CTECTBEHHBIC ACTPOOPHUEHTUPBI, HAIPUMEDP
3Be3/bl. TpyAHOCTh IpU pa3pabOTKe TAKUX CPENICTB 3aKIIOYAETCS B HEOOXOAUMOCTH PETUCTPALIUN
3B€3/1, B TOM YHCIIE TIPU JHEBHBIX YCIOBUSX OCBEIICHHUS.

3amava KpyraoCyTOYHOTO HAOMIOEHNUS 3B€3]l B HABUTAIIMOHHBIX LIEJISX B MPEAIIEeCTBYIO-
1[Me AECSATHIETHS pellaiach MyTeM HaBEJICHUS W JUIMTEIBHOTO YIEp)KaHHs ONTHUKO-3JIEKTPOH-
HBIX UHCTPYMEHTOB acTpOMHEPLUHAIbHBIX HaBUranuoHHueix cucteM (AMHC) B HampaBienuu Ha
HauOosiee SIPKUE 3BE3/IbI C MOMOIIBI0 TUPOCTAOMWIM3UpOoBaHHbBIX Miatdhopm (BopoOwes, 1968;
Gregerson et al.; bpanen, lImeirneBckuii, 1992). HaubGonee coBpeMeHHBIM MPHOOPOM TaKOTO
BHJa MOXXHO CUWTATh AaBHUAIIMOHHYIO HaBuranuoHHyio cuctemy LN-120G (Stellar-Inertial
Navigation System), pazpadorannyto kommanueit Northrop Grumman (CIIA) u no3uninonupye-
MYIO KaK caMyl0 TOYHYIO B MHpPE T0 yKazaHuto Kypca. B coctaB LN-120G BX0a4T BBICOKOTOUHBIE
JIa3epHBIC THUPOCKOIIBI, KBAPIEBhIC aKCEICPOMETPHI, CITyTHUKOBBIH HAaBUTAIIMOHHBIN MTPHUEMHUK
1 acTPOBU3HUP C MEXaHUUYECKHUM IMPUBOAOM, 00€CIEUMBAIOIINM HaBeAeHUE Ha 57 Hauboee sp-

KHX 3Be3[ (10 2-11 3B€31HON BEJTUYMHBI).



Cy1iecTBeHHOTO yYMeHbIeHusi ctoumocTt U rabaputoB AMHC, moBeilieHus: ee Hamex-
HOCTU M TOYHOCTHU MOYKHO JIOCTUYb IYTEM HCKIIFOUEHHUS U3 COCTAaBa CUCTEMbl BBICOKOTOYHOIO
MEXaHWYECKOTO YCTpPOMCTBa HaBEACHHUS U THUpOCTadbuiIm3upoBaHHON miatdopmbl (Gregerson,
Bangert, Pappalardi; Ummuackmii, 1976). Ins ¢yHKIImoHMpOBaHUS Takoi OecrimarhopMeHHON
AUWHC, He nmeronielt yCcTporcTBa HaBeACHHUS U TpeOyrolel HaOMoIeHNUs TPYNIbI U3 JBYX—TPex
3Be37] B IOJIE 3PEHUSI CUCTEMbI MpPH JII0O0H ee OpueHTAIMH, HEOOXOIMMO acTpOBU3HPYIOIIEEe
ycTrpoiictBo (ABY), cnocoOHOe «pa3inudark» ropasfao 00yiee TYCKIIbIE 3BE3/IbI.

Ha puc. 1 nokazana 3aBUCUMOCTb TpeOyeMOl UyBCTBUTEIbHOCTH MPUOOPA OT BEIUYMHBI
€ro IoJis 3peHus, ody4yeHHast 00paboTKOM 3Be3HOrO KaTanora. BuaHo, 4To gaxe npu MIMPOKOM
niosie 3penust B 30° ABY m0mKHO «pa3nuyuateky» 3Be3/bI A0 S5-i 3B€3MHON BETUYHHBIL. TakuM 00-
pasom, uckmouenue n3 AMMHC ycrpoiicTBa HaBeieHHs BEAET K HEOOXOAMMOCTH pabOThI CO 3BE3-
JlaMH, SIPKOCTb KOTOPbIX B 15-30 pa3 MeHblIe, yeM y 3Be3]] 2-i 3B€3/1HOM BeIMUYUHBI (TpeOyeMbIX
JUIS Y3KOIOJIBHBIX CHUCTEM ¢ HaBejaeHueM). Kpome Toro, mpu nepexozne OT HaBOISLIEHCS y3KO-
MOJIBHOM aCTPOBU3UPYIONIEH CUCTEMBI K IIUPOKOYTOIBHOMY OecruiaT)OpMEeHHOMY aHAJIOTy BO3-
HUKAIOT TEXHOJIOTHYECKHE TPYIHOCTH B YaCTU MPUMEHEHHS KaK ONTHKH, TaK U YyBCTBUTEIBHBIX

OJICMCHTOB.

3Be3aHas BeJIMYnHA

8 10 15 20 25 30
ITone 3penust ABY 20, rpazg

Puc. 1. Tpebyemas uyecmsumenvnocmo ABY 6 3a6ucumocmu om e2o nons spenus

B nacrosmeit paboTe paccMaTpuBarOTCs OCHOBHBIE MPUHIUIBI cO3AaHus Oecruiatdop-
MeHHo AMHC aBuanonHoro npuMeHeHus1, He Tpedytouieil HaBeaeHus. ONTUKO-3IeKTPOHHBIN
actpokoppekrop B 6ecrarpopmenHoit AUHC nomken Bu3upoBarh rpynmy 38e31 win ColnHie,
UACHTUPUIHMPOBATH UX B OOPTOBOM 3BE3HOM KaTajlore U B pe3yJbTaTe ONpPEesaTh HapaMeTpbl
OpHUEHTAINM MpU NoJIeTe Ha BbicoTax He MeHee 10 kM B s1r0boe Bpems cyTok. Cieayer 3aMeTUTh,
YTO pelIeHHE 3a]]aul aCTPOKOPPEKIIMY BO3MOXHO U Ha O0JIee HU3KUX BbICOTAX MPH YCIOBUU MPs-
MO BUJIMOCTH acTpOOOBEKTOB Ha 0e300JIauHBIX yYacTKax Heda.

becrnardpopmennas AMMHC cocroutr n3 ABY u Oecruiar¢opmMeHHONH WHEpUUATBHON
HapuranuonHot cucremsl (BMHC) Ha ocHOBE BBICOKOTOUHBIX Ja3€pHBIX THPOCKOIIOB, KBap-
LIEBBIX MASITHUKOBBIX aKCEJIEPOMETPOB M BCTPOCHHOI'O HAaBUTAL[MOHHOIO NPHUEMHHMKA CUTHAJIOB
CHC TJIOHACC/GPS. B coctaB ABY BXOmsT /JBa ONTHUKO-3JICKTPOHHBIX KaHaa, MpeIHa3HAa-
YEeHHBIX JUIsl BU3MpoBaHus 3Be3n M ConHia cooTBeTcTBeHHO. B xome paborst AMHC nomkna

MOJIHOCTBbKO ABTOHOMHO BBIYUCJIATH YTJIbI OPUCHTAIIMU U TaPaMCTPhl MCCTOIIOJIOKCHU A 00BEKTA.

10



BMHC ofecrneunBaeT BBICOKOYACTOTHOE M MOMEXOYCTOWYMBOE pEIICHUE 3ajady OpUEHTAIUU
Y HaBUTalu U GOpMUpPYET anpuopHyto nHpopmanuo s padotel ABY. ABY BeimonHseT me-
puonnueckyto acrpoxkoppekiuto bUHC, Berunciiss napameTpsl TPEXOCHONW OpUEHTALUU MIPU BH-
3UPOBAHUU T'PYMIIBI 3B€3]1 UM BTOPOTO YIJia JUIsl aCTPOKOPPEKLIUHU 10 U3MEPEHUSIM HAIIPABICHUS
Ha CoJIHIIEe B clly4ae 3aCBETKH 3BE3/THOIO ONTUYECKOIO KaHaja.

Tpexmepnas mozaenb Oecrutarhopmennonr AMHC mokazana Ha puc. 2. CONMHEYHBIH KaHas
ABY umeer nose 3penue £50°, Torma Kak 3aCBeTKa 3BE€3IHOT0 KaHayia TPOUCXOAUT MTPU OTKIOHEHUH
Comnnna ot ontuueckoi ocu B 40°, U B onpeesieHHbIE HHTEPBAJIbI BPEMEHU BO3MOYKHO OJTHOBpE-
MEHHOE (PYHKIIMOHHPOBAHHE 000MX KaHAJIOB. B qHEBHOE Bpems cyTok mpu yriax ComHia 6onee
40° ot onTHYeCcKOM OCH, a Takke HOUbK0 ABY Bu3MpyeT rpynimy 3Be31 U ONpenessseT mapaMeTpsl
TPEXOCHON OpHeHTaluK. B MpoTuBHOM ciyyae (pyHKIIMOHUPYET TOJIBKO COJHEUHBINH KaHaI.

[Tone 3penus Ilone 3penus
COJIHEUHOTO KaHaja 3BE3/IHOTO KaHaja

Puc. 2. Tpexmeprnas mooenv becniamgpopmennon AUHC

Pa3zpabotka OecrutarpopmenHoit AMUHC TtpeOyer pemieHuss HeCKOIbKMX 3ajad. Hawu-
OOJBIIYI0 TPYAHOCTh TPEICTABIACT CO3/IaHME TPHOOpa 3BE3THOW OPUEHTAIMH, CIOCOOHOTO
BH3MPOBATh M aBTOMAaTHYECKH BBIICIISATH TPYIITY 3BE3J B IOJIC 3pCHHS KaK B HOYHOE BPEMsI, TaK
u aHeM, rpu onu3kux yrmax ComiHia K ontudyeckoi ocu. OnpezneneHue napaMeTpoB OpUEeHTalun
10 W3BECTHBIM JIOKAJIM30BAHHBIM 3BE€3/1aM MPEACTaBISAET COO0M MOHATHYIO 3a/1a4y, TaK Kak B 9TOI
00JIaCTH HAKOIUICH 3HAYUTENLHBIN OIBIT MPH pa3padOTKe M KCIUTyaTalluy MPHOOpPOB 3BE3THOM
OpHUEHTAINH TSI KOCMHYECKOro mpuMeHeHus: (ABaHecoB u 1p., 2007; Avanesov et al., 2007).
Crnenyromum marom B pazpabotke AMTHC sisiercst unterpamust ABY ¢ Beicokotounoit BUHC
U pean3aius aJropuTMOB KaK aCTPOKOPPEKIINH, Tak u noaaepxku ABY no uzmepenusim BUHC.
OMHOBPEMEHHO C ATHM TpedyeTcs pa3padoTaTh COMHEYHBIN JATYUK, CIOCOOHBIN OMPEAeIsATh Ha-
npasieHre Ha COJHIIE B IIUPOKOM TI0JIE€ 3pEHHS, U TaKkKe HeOOXOAUMO MOCTPOSHHE aJrOPUTMOB

actpoxoppekiuu 1mo ColHIly ¢ y4eToM ero ahemepus.
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Bb100p 0CHOBHBIX MapaMeTPOB aCTPOBH3HUPYIOLIEr0 yCTPOCTBA

Bo3MoxHOCTB perucTpaiyy 38e371 Ha U300paKeHUH ydacTka HeObecHoU cepbl U TOUHOCTh
OTIpEe/IeTICHUs MMapaMeTPOB OPHEHTALUU 1O ITHUM CHUMKAM 3aBUCUT OT OTHOIICHUS MOJE3HOTO
CUTHaJa OT 3Be3/1bl K rymy ¢ona. [llym dona ckianpBaeTcs U3 3IEKTPOHHOTO U TEIIOBOTO IIyMa
BUJICOTPaKTa, (POTOHHOTO IIymMa OoT O6okoBOH 3acBeTku ComHIeM (TIocne MoaaBieHHs ee OneH-
10ii) 1 (POTOHHOTO IIyMa, BBI3BAHHOTO PACCESIHHBIM CBETOM B CTOJI0€ aTMOC(epbl, HAXOASIIEMCS
B nosie 3peHus kamepbl ABY. Tak Kak 3€KTPOHHBIN IIIyM B COBPEMEHHBIX ONTHKO-3JIEKTPOHHBIX
puOopax COCTABISIET €AMHULIBI U IECSITKU IEKTPOHOB, TEIIOBOU IIIYM YCTPAHSETCS OXJIaxk/e-
HueMm [13C-marpuiibl, a 60KOBast 3aCBETKa MOKET OBITh YCTpaHeHa OyieH 101 (kodhGUIMEeHT 1moa-
BJICHUSI OJIEH B OTIpeeNsieTcsl ee rabapuTaMu), TO OCHOBHBIM UCTOYHHUKOM IIyMa MOXKHO CUMTATh
paccessHHBIN CBET B CTOJIOE aTMOocdepsl B ToJIe 3peHus Iprbopa.

Hcxons u3 (yHIaMEeHTaIbHBIX CBOMCTB CBETa MOXKHO CUMTaTh, YTO CPEIHEKBAIpaTh-
yeckas BenuunHa (CKB) doTtonHOro myma ectb KBaJpaTHBbI KOpEHb U3 YPOBHs camoro (ona
Q,, BBIPAKEHHOTO B KOJMYECTBE (HOTOIIEKTPOHOB. Jlyist perucTpanuu 3B€31bl Ha U300paKEHUN
He00X0MMO, YTOOBI YPOBEHL CUIHana (¢ B CAMOM SAPKOM IHKCEIE 3BE3/IbI MPEBBIIIAI XOTS Obl

B 3-5 pa3 CKB myma, T.e. 4T00b1 OTHOMIEHNE curHai / mryM (SNR) peBbIIano eIuHUILY:

SNR = 3& (D
o,
e Q¢ — KOIMYECTBO (HOTOIEKTPOHOB B CAMOM SIPKOM TUKCEIE 3B€3/1bl; O, — KOIMYECTBO (PoTO-
ANIEKTPOHOB, 00pa3oBaHHbIX B nuKcenax [13C-marpuiisl GOHOBBIM U3TyUEHUEM.

U3 Beipaxenus (1) ciaenyet, 4TO OTHOIIEHHE CUTHAJ / IIYM PacTeT MPOMOPLHOHAIBHO
KBaIpaTHOMY KOPHIO M3 BEJIUYHMHBI HKCIIO3UIINH, T.€. YeM OoJblle (POTOIIEKTPOHOB OyIET CO-
OpaHo kamepoit ABY, TeM BbIllle OTHOIIIEHUE CUTHAJ / IIIyM JUIS 3B€3/ Ha KaJpe. JKCIO3UIIHS,
B CBOIO O4Y€pe/ib, OTPAaHUYEHA MOTeHIMaIbHOU siMoil [13C, BpeMeHem HaKoIIeHUs CUTHalIa, I1-
aMeTpOM BXOJHOTO OTBEPCTHS OObEKTHUBA, KBAHTOBOM UyBCTBUTENIBHOCTHIO [13C 1 nmpomyckHOit
CIOCOOHOCTBIO ONTUYECKOH CHCTEMBL. 3aMETHUM, YTO HAKOIIEHUE CHTHAIA, 00€CIEeYNBAIOIIETO
TOCTKEHHE TPeOyeMOro OTHOIICHHUS CUTHAJ / IIyM, MOXKET MPOUCXOIUTH KaK aHAJIOTOBBIM
nyteMm B moteHiuanbHoi sime [13C, Tak u ¢ moMompio MUGPOBOTO CIOKEHUS CEPUM KaJIPOB
B MOJyjie 00paboTKH.

OnHUM U3 OCHOBHBIX [TAPAMETPOB, OIIPEISISIONINX CIOCOOHOCTh ABY BH3HpOBATh 3BE3/1bI
Ha SIpKoM (pOHE, ABISIETCS YIIIOBOE pa3penieHne POToKaMephl. YBEITMYCHHE YIIIOBOTO Pa3pelICHHUs
MO3BOJISIET YMEHBIINTH (DOHOBOE HM3JIyu€HHE Ha MUKCEN MPOMOPIMOHAIBHO KBA/IPaTy YIIOBOTO
pa3mepa s1eMeHTa paspemeHus. [Ipu 3Tom, COXpaHUB CIOCOOHOCTH ONTUYECKON CHCTEMBI COOH-
parth CBET OT 3BE3/IbI B OJTUH IMHUKCEI, YIAETCS CYIIECTBEHHO MOBBICUTH OTHOIIICHHE CUTHAI / IITyM.
3aMeTuM, 4TO yIJIOBOE pa3pelieHne 3aBUCHT Kak oT pasMepa nukcena [13C-matpursl u Gokyc-
HOTO PAaCCTOSHUS, TaK M OT CIIOCOOHOCTH 00BEKTHBA C(OKYCHPOBATH SHEPTUIO OT TOYEYHOTO HC-
ToyHUKA. [Ipy OrpaHUYEeHHOM YIJIOBOM pa3penieHud 00bEKTHBA YMEHBIICHHE pa3Mepa MHKCea
CTaHOBUTCS HEAPPEKTUBHBIM U MPAKTUIECKU HE TPUBOAUT K YBEITUYCHHUIO YTIIOBOTO Pa3peLICHUS

Bceit OHTHKO-3J’ICKTpOHHOﬁ CHUCTCMBI.
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Hpyrum, He MeHee BaxkHbIM napamerpoM ABY sBnsercs ero mosne 3peHus. OueBHIHO,
4yeM LIMpe Mojie 3peHusi, TeM OoJiee sipKHUe 3BE3Ibl yAaeTcsl perucTpupoBars (puc. 3). U3 puc. 3,
WUTIOCTPUPYIOUIETO 3aBUCUMOCTD TOJIE3HOTO CUTHANla BU3UPYEMBIX 3BE3/ OT BEJIUYUHBI MO
3penusi ABY, BusiHO, yTO yBenudeHue nois 3peHus ABY ¢ 8 go 30° mpuBOAUT K YBEIUMYCHUIO

IIOJIE3HOI'0 CHUI'HAJIa Ha IMOPAd0K.
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ITosne 3penust ABY 20, rpan

Puc. 3. 3asucumocms nonesnoco cuenana suzupyemulx 36e30 om nois sperust ABY

Crenyromum KIIFOYEBBIM YCIIOBHEM, TTO3BOJISIONIMM MOBBICHTh OTHOIIICHUE CHTHA / IITyM,
spisercst padbora ABY B undpakpacuoii (MK) u kpacHoit oGmactax cnekrpa usznydenus. bonee
HaIISITHO 3TO BUHO HA puc. 4 M 5, TIe NPEACTaBICHBI CIICKTPAIbHBIC CBETUMOCTH 3BE3]1 HYJICBOU

BEJIMYMHBI U CIEKTpaJibHAs IPKOCTh aTMOC(EPBI.
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U3 puc. 5 BUIHO, YTO CHIEKTpasibHAs SPKOCTh aTMOC(hEphl CUIBHO MAJaeT ¢ YBeJIHUYCHUEM
JUTUHBI BOJHBL. {11 cHMOKeHHs (POHOBOTO CUTHANA I11eIeco00pa3HO YCTPAHUTh U3 CIIEKTpa UyB-
CTBUTEIILHOCTH ONTUYECKOT0 TpakTa 00JacTh MAaKCUMAIBHOTO CIIEKTpa M3Iy4eHHs] aTMOC(hepsl,
npuMeHsisi KpacHblil ¢unbTp. Hampumep, npu ucnons3oBanuu ¢unsrpa KC14, «oTpesatomiero»
06macTh criekTpa MeHee 6000 A, oTHoIIeHHe CHTHAN/IIyM yBeIHuMBaeTcs B 3,2 pa3a JuId Kpac-
HBIX 3Be31 kiacca K u B 2 pasza mis cuHux 3Be3q kiacca A. IIpu 3ToM Bpemsi SKCIIOHUPOBAHUS
JOJDKHO OBITH yBenMueHO B 4,2 pasza JUIsl MOJIy4YEHUS TOTO K€ ypOBHS (DOHOBOTO CHUTHasIa Ha
kaapax. Mcrnone3oBanue GUIBTpa ¢ Monocoii mpomyckanus eime 9000 A 1mo3BomnseT HOBBICUTS
OTHOILIEHUE CUTHAJ / IIyM B 9 pa3 A KpacHBIX 3B€311 U B 5 pa3 JUlsl CHHUX, OJIHaKO TpeOyeT yBe-
JIMYEHUU BPEMEHH HAKOILJIEHUs B 66 pas.

BaxHo OoTMETHTBH, YTO BpeMs HAKOIUICHHS CUTHajla OTPAaHUYECHO YCJIOBHUEM CTallH-
OHApPHOCTH CBeTa OT 3Be3n Ha miaockocTu [13C-marpuiibl BO BpeMs SKCIOHHUPOBAHUS TIPHU
YIJIOBBIX ABMXEHUAX Hocutens. Ha puc. 6 mpencraBieHbl pealbHO U3MEPEHHBIE HBOJIIOIUU
YIJIOB CamoJieTa MpPH €ro JBUKEHUHM B peXKUME aBTOmuiIoTa. M3 maHHBIX puc. 6 BUIHO, YTO
Ha HEKOTOPBIX yYacTKax IOJIeTa yIJIoBas CKOPOCTh MOXKET JOCTUTaTh 3Ha4eHWW B 1 rpan/c
u Oonee. [Ipu cTONL 3HAYUTEIIFHONW YIIIOBOW CKOPOCTH M300pakKeHUE 3BE3/blI Ha KAJIPE MOMKET
pacrpeensaThCs Ha JECATKU MUKCEJIOB, YTO HEJOIMYCTHMO MPU THEBHOH cheMKke. Takum 00-
pa3oM, BaXKHO MOHUMAaTh, YTO YIJIOBBIE BO3MYIIEHUS CaMoJieTa PEe3KO OTPaHUYMBAIOT BpeMs
HAKOIUICHUSI U300paKCHUS U BO3MOXXHOCTh YMEHBIICHHUS (JOHOBOTO U3IYYCHUS C MOMOIIBIO
ONTUYECKOTO (PUIbTpa. BpeMsi 5KCHO3UIMK TaKkKe CHIBHO CBS3aHO C IUAMETPOM BXOIHOTO
OTBEPCTHUSI OOBEKTHUBA: YBEIIMUCHHE OTHOCUTEIBLHOTO OTBEPCTHS B 2 pa3a MPUBOJUT K YMEHb-

INICHUIO BPEMCHH SKCIIO3UIIUU B 4 pasa.
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Puc. 6. Yenoswvie sozmywenus obvexkma
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dokycHOe paccTosiHue 00BEKTHBA BIMSIET MPAKTUYECKH HA BCE YCIOBHS ONTHMU3ALINU,
1 ero BBIOODP MPHUBOAMT K MPOTUBOPEUUBHIM pe3ynbraraM. C OIHON CTOpOHBI, yBenuueHue Ghoxyc-
HOTO PACCTOSIHUSI MOBBILIAECT YIJIOBOE pa3pelieHue, YTO MPUBOIUT K YMEHbBIIEHUIO (hOHA B MTHUK-
cene. C nmpyroit cTOpoHbl, yBenudeHHE (POKYCHOTO PacCTOSHHS BeYeT 3a co00il yMEHbIIEHUE
nonist 3peHust ABY u, kak crneacTBue, HEOOXOAMMOCTb PETUCTPUPOBATH CUTHAT OT O0Jiee TYCKIIbIX
3Be3d. Ha puc. 7 moka3aHo U3MEHEHHE OTHOILIEHUS CUTHAJ / IIIyM B 3aBUCUMOCTH OT (DOKYCHOTO

paccTosiHHsI 0OBEKTHBA.
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Puc. 7. Omnowenue cuenan / wiym 6 3agucumocmu om @oKyCHO20 paccmosHus 00beKmusa

Kak BuaHO Ha puc. 7, npu yBenuueHuH GokycHoro paccrosuus ¢ 50 1o 500 mm oTHOIIE-
HUE CUTHaJI / IIyM YJIy4YIIMIOCh Bcero B 2,2 pa3za. [Ipu 3ToM MOBBICHIIOCH YITIOBOE pa3pellieHue,
1, KaK CJIEJCTBUE, BO3POCIA YYBCTBUTEIBHOCTD K BIMSHHUIO BUOpAIMii B CMBICIIE MOSIBIEHUS (-
(bekTa «cMa3bIBaHUS N300paKeHUS 3BE3/IbI 10 HECKOIBKUM MuKcenaMm. KpoMme Toro, Ha mpakTHKe
JUISL ATUHHO(OKYCHBIX OOBEKTUBOB TEXHOJIOTHUYECKH TPYIHO 00ECIIEYUTh OCTPYIO (POKYCHPOBKY
B OIMH THUKCEJ B LIUPOKOM I0JIe 3peHus. B pesynbrare B psaje ciaydyaeB yBeanueHue (HoKycHOro
PACCTOSTHUSL MOXET TOJIKO YXYIIIUTh COOTHOIIEHUE CUTHAM / IIyM.

Urak, ¢porokamepa ABY AMHC nomkna o6naaare Gonbmoit [13C-marpuieit, odecne-
YUBAIOIIEH IIUPOKOE MOJE 3PEHUS], U MAJIEHBKUM MHUKCEJIOM, MO3BOJISIFOLIIUM JOCTHYb BBICOKOTO
yroBoro paspemenusi. Kpome toro, [13C-maTpuna A01kHa UMETh BBICOKYIO KBAaHTOBYIO UYyB-
CTBUTENILHOCTH B KpacHO# 1 MK-061acTsix cniekTpa u3nydeHus 1 OOJIbIIyI0 MOTEHUUATbHYIO MY
JUISL HAKOTIJIEHUS IOCTATOUYHOTO KOJM4ecTBa (POTO3NEKTPOHOB. OOBEKTUB acCTPOKaMEphl JOKEH
ObITh AM(PPAKIIMOHHOTO KAa4eCcTBAa M MMETh Ipe/ebHbIE XaPAKTEPUCTUKH B CMBICJIE YITIOBOTO
paspernieHus U abeppaluii o Bcemy Moiito 3peHus. borbioe BxonHoe oTBepcTre 00beKTHBa 00€-
CIIEYMBAET HAKOIUIEHNE 3HAUYUTEIILHOTO KOJIMYECTBA CBETA HA KOPOTKUX BbIAEpXkKax. B onrtuue-
CKOU CHCTEME MCIIOJIb3YETCsl KPACHBIN (DUITBTP, YCTPAHSIONINN CHHIOK0, 3eJICHYIO U JKEITYI0 YaCTH
CreKTpa u3inydeHus. Bpems Hakoruienus BupeonHpopmarmu B ABY 1omkHO OBITH BBEIOpaHO
C YYETOM YTJIOBOTO JIBXKECHHUSI CaMOJIeTa U 0COOEHHOCTEH pabOTHI 3aTBOpA.

B xone ontumuzanun napametpoB ABY 1o mepeuncieHHbIM KPUTEpHSIM ObUT IPOBEIEH
BBIOOp KITIOUEBBIX ero aneMeHToB — [I3C-marpuibl, 00bEKTHBA, ONTHYECKOrO (HUIBTpa U 3a-
TBOpa. [Ipu BeIOOpE paccMaTpUBAINCh IIPETEHACHTHD, UMEIOIIUE MPEIEIbHBIC XapaKTePUCTUKU
JUIsL COBPEMEHHOTO 3Talla Pa3BUTUSI TEXHHUKH, MOCIE YEro MPOBOIMICS JETalbHbIM (hoTomMeTpu-

YECKUI pacyeT, yYUTHIBAIOIIUN CIEKTPAIbHYIO SPKOCTh JHEBHOW aTMOC(epbl, CHEKTPaIbHYIO
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CBETHUMOCTD 3B€3]l U X pacIpeesieHrue Mo HeOOCBOMY, a TAKKE CIIEKTPaIbHbIE XapaKTePUCTUKI
[13C-marpur; u o0bekTHBOB. Kpome Toro, B pacuere yUUThIBAIACh PEAbHO JOCTIXKUMAs QyHK-
1Sl Pa3MBITHS TOYKA OOBEKTUBOB, OTpaHUYCHHAsI TU(PPAKIIMOHHBIM MTPEIETIOM.

B pesynbrare pacuera nokaszaHo, 4To HU ojHa U3 coBpeMeHHbIX [13C- nnu KMOII-marpui
HE MO3BOJISIET PELINTh 33/1a4y BUSUPOBAHUS IPYIIIBI 3B€3]] B TI0OOM ydyacTke HeOOCBO/Ia HA OJJHOM
KaJpe B JHEBHBIX YCIIOBHSIX OCBELICHHS: Ha PEIKOHACEICHHBIX 3BE3/1aMU ydacTkax Heba ABY
HE CIIOCOOHO BBIJICTUTH TOJE3HBIA CUTHAII OT 3Be3/ Ha (poHE (POTOHHOTO IIymMa OT PACCETHHOTO
cBeTa B CTOJI0€ arMocdepsl B mose 3peHus npuodopa npu ommskux yriax Comaia. bonee toro,
TaKHhe YyBCTBUTEIIbHbIE 3JIEMEHTHI U OOBbEKTHBBI, CKOPEE BCET0, HE MOSBATCS B 0003puMOM Oy1y-
IeM, WM 3TO OyJIyT CUCTEMBI CO CBepX00bIINM rabaputamu. B kauecTBe npuMepa MOXKHO TpHU-
BECTH KocMuueckuii Teneckon «Kemnep» ¢ GokycHbIM paccTosiHueM 0osiee 1 M, OTHOCUTEIbHBIM
orepctreM 1/1,2 u 42 I13C-marpuniamu ¢ o0mmM pazmepom okojo 250 MM, yCTaHOBJIEHHBIMU
B (okanbHOH mockocTr. CTonb OOJbIIasi YyBCTBUTENbHAS TNIOCKOCTh B COBOKYITHOCTH C TeJe-
ckonioM LlImuTa obecnieunBarot mosne 3penust 12°. Ecnu 6v1 Teneckon «Kerutepy ObLT HCTIONB30BaH
HE 10 HA3HAYEHUIO, a JUUISl BUSUPOBAHMsI I'PYIIIIbI 3B€3/] B THEBHOE BPEMSI CYTOK, TO JOCTUTHYTOE
OTHOUICHHWE CHUTHAJI / HIyM JUIsI CaMBbIX PEAKO HACEJICHHBIX 3BE3JlaMH yYacTKOB HeOa He Ipe-
BBIIIANO OBl €AMHUIBL. Takoe OTHOLICHHE OMATH )K€ TOCTUTAeTCs TOJIBKO MPH HCIIOIB30BAHUN
CJICKEHUS 3a 3Be37]aMH. DTO TOBOPHUT O TOM, 4TO Teneckon «Kermsepy perran Obl MOCTaBICHHYIO
3aJa4y Ha Ipezesie ¢ TOYKU 3peHust (OTOMETPHUU U HE perrai Obl ee BOBCE C TOUKU 3PEHHsI CTOM-
KOCTHU K BUOpanusM oObeKTa.

Tak >xe He oueBHIHA MEPCICKTHBA BU3UPOBAHMUS TPYIIIbI 3B€3/] B OTHOM KaJpe MpH Ipu-
emJIeMbIX rabapuTax o0bekTHBa B cirydae padotsl B IK-o6mactu cnekrpa. [losBnenue 6onpmmx
qyBCTBUTEIbHBIX [I3C-MaTpuIl co CeKTpaIbHBIM JUANa30HOM OT 1,5 MKM MO3BOJIUT 00€CTIEUUTh
IIMPOKOE MOJI€ 3pEeHHS U pabOTy MPH 3HAYUTENILHO CHIPKEHHOM aTMochepHoM cBeueHnH. O1HaKo
BCJIE/ICTBUE YBEJIMUEHUS MATHA DUpPH Ha ITHX JUIMHAX BOJIH PACTET U pa3Mep MUKCeNa, a Cleo-
BaTeNbHO, yBenuuuBaeTcs u (oH. CrnenyeT OTMETUTh, YTO UCTIOIB30BAHHUE JOCTYITHBIX COBPEMEH-
Hbeix MK-MaTpuil He M0o3BOJISET PElIUTh 3a/1a4y 0e3 HaBeICHUS.

[Tpu BBIOOpPE peanbHO JOCTUKHUMBIX ANIEMEHTOB sl mocTpoeHuss ABY mo kimaccuueckoi
ONTUYECKON CXeMe KOCMHMYECKOTO 3BE3[JHOIO JaTdrhKa MpPHU Pa3yMHBIX TaOapUTHO-MACCOBBIX
XapaKTepUCTHKaX ObLIO MOKAa3aHO, YTO BBHICOKOE OTHOUIEHHE CUTHAJ / IIyM JOCTHraercs Onma-
roziapsi UCIMOJb30BAHUIO OOBEKTHBA C (DOKYCHBIM paccTOSHUEM 125 MM M OTHOCHUTENIBHBIM OT-
BepctueM '/, u 40-meranukcenpHoi [13C-marpunsl (pasmep nukcena 6,8 Mxm). IIpu sTom ABY
paboraer B nuana3zone BoiaH oT 700 mo 1100 um. Ha puc. 8 mokazansl pe3ynbTarbl pacueTa JJis
BbIOpaHHBIX AJIEMEHTOB. B BepXHeM JieBoM yIiTy n300pakeH CUTHAJl OT Haubosiee TyCKIIOH 3Be3/Ibl,
KOTOpylo notpedyercsi Buzuposatb ABY npu kpyrosom nose 3penust 22°. Curnan ot Hee Oyner
cocTaBisITh 0KoIo 250-300 smextponoB. [Ipu 3ToM (oH, HAKOTIIICHHBIA 32 SKCIIO3MIINIO, OyaeT
~30 TthIC. 2nekTpoHoB ¢ CKO ¢oronHoro nryma oxosio 170 anekrpoHoB. B npaBoM BepxHeM yriy
Ha puc. 8§ OKa3aH CUTHaJ OT 3Be3/bl Ha (hoHe mrymMa. BuaHO, 4TO 3Be37a HE pa3iauyuMma IpH OT-
HOIICHWH CUTHAJ / ryM, paBHOM 0,4.

Kak Obu10 yroMsiHyTO BBIIIE, HAKOIUICHHE MOJIE3HOTO CHTHAJIA BO3MOXHO Onaromaps yc-

peaHeHuto cepun kaapoB. Onepainust yCpeaHEHUs! MPUBOAUT K CHIKEHUIO YPOBHS CIy4aitHOTO
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(hOTOHHOTO ITyMa B KBAAPATHBIN KOPEHb pa3 OT KOJIMUECTBA KaJAPOB, UCIIOIb3yEMbIX JJIsl yCpeIHe-
Hus. [lpu ycpeaHeHnn kaapoB OJJHUX U TeX jK€ yU4acTKOB HeOa BOKPYT 3BE3J1 U CBEJICHUU CUTHAlA
OT 3Be3/bl B o7iuH nuKcen [13C-MaTpuiibl Ha pa3NUYHBIX Kaapax, yAaeTcs MOBBICUTH OTHOLLIEHUE
CUTHaJ / IIyM B KBaJpaTHBIA KOPEHb Pa3 U3 KOJIMUECTBA yCpeAHseMbIX KaapoB. Ha puc. § B Huxk-
HEM IIPaBOM yIUIy TTOKa3aH pe3yibTar ycpeaHeHus 16 kaapoB co 3Be370i B 270 3JIEKTPOH U € HC-
XOIAHBIM 1TyMOM B 173 snekTpona. BuiHo, 4To mocie ycpeaHeHus YpOBEHb IilyMa ynani B 4 pasa,

OTHOIIIEHUE CUTHAJ / ITyM YBEJIHMYMUIIOCH JI0 2, a 3Be€3/1a CTalla pa3ininmMa Ha oHe JTHEBHOTO HeOa.
OnuH kaap

Nzo0pakeHne 3Be361 6m Curnan/mrym: 0,45
CIIEKTPaJIbHOIO Ki1acca A

4007 L
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Puc. 8. Pesynomam pacuema ABY

3aMeTHM, 4TO TMPEICTABICHHBIH pe3yJabTaT caado 3aBHCHUT OT COOCTBEHHOTO IIyma Ka-
Mepsl ABY, Tak Kak Jaxke mpu OOJIBIIIOM IO COBPEMEHHBIM MEpKaM COOCTBEHHOM IIIyMe KaMephbl
B 30 2JIEKTPOHOB CyMMAapHBIM IIyM HA KaJpe OyIeT COCTaBIATh 175 SIIEKTPOHOB, U OCHOBHBIC
YCWIHS TP PEIICHUHN 33]1a4d HaIpaBJICHBI Ha 00pb0y C BHEIIHEH MTOMEXO0H, KOTOpast CyIIeCTBYET

HE3aBHUCHUMO OT YyBCTBHUTCIbHOCTU U3MCPUTCIILHBIX CPCICTB.

Hccaenoanue makera AUHC

[Tocne BrIOOpa smementoB ABY Obutn pa3pa®oTaHbl MakeT M €ro MmporpaMMHO-MareMa-
THUYECKOe oOecrieueHue, a Taxke mposenena unterpanus ¢ BUHC. Ha puc. 9 npencrasien maker
ABY, ycranosnennsiii BMecte ¢ BUHC Ha oaHy oO0IIyi0 MOHTaKHYIO pamy. AJITOpHUTMHYECKAas
unterpaius ABY u BUHC B coctae AMHC 3akniroyaercss BO B3aUMHOM WH(GOPMALIMOHHON TIOJI-
nepkke nByx ycrpoiictB. BUHC dopmupyer anpuopnyto nnpopmarmio s ABY, HeoOxonumyto
JUIsL CBEJICHNUS 3BE3]] B CEPUAX KAIpPOB C TOYHOCTHIO J0 MHUKCENA, 4To no3BossieT ABY Busuposars

3B€3/Ibl U B pe3yJIbTaTe CBOMX BbIUMCIIEHUI koppekTrpoBath apeidsl BUHC. Ipouenypa cenenus
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Puc. 9. Makem ABY u BUHC na oonom ocrhosanuu (¢homo)

0,6 [Morpemnocts 1o crpokam [13C
0,41

0,21

hl M i ARAY 4 Mm ‘l |

ol T L] Lt T It
I 1000 '“I "rﬂ W17 4000 [ 5000 5000 It
027

Jonu nukcena ABY

Bpewms, ¢
0,44

-0,6-
0,8

0,6

[MorpemrocTs 1o cronbuam [13C

0,44

0,21
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0,21

0,44

Puc. 10. Iocpewnocmu BUHC na namumunymuvix UHmMepeaiax pemeHu,
npugedennvie k naockocmu I13C-wampuywl

3BC3/1 BLINIOJIHACTCA Ha OIPCACIICHHBIX MHTCPBAJIaX BPCMCHHU, 3a KOTOPLIC BUHC ne HakarmBaeT
CYHICCTBCHHBIX OTHOCHUTCIIbHBIX OIIIHOOK. HOBTOMy TpC6OBaHI/IH, MNPpCABABIKICMBIC K TOYHOCTHBIM

XapPaKTCPUCTUKAM BI/IHC, KaCaroTCia B OCHOBHOM HOI’pGH.IHOCTCfI, HAKOIINICHHBIX HAa OTHOCHUTCIIBHO
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KOpPOTKUX MHTepBasiax BpeMeHH. [lonoxkenue 38e37 B iockoct [13C-MaTpuiisl Bo BpeMsi 9KCIO-
3ULIMU BBIUUCIIETCS MO0 U3MEPEHHBIM yriaM opueHTanuu cuctemsl koopaunat (CK) BUHC otno-
cutenbHO reoneHTpuueckor CK u Tonouentpuyeckoit CK, n3BeCTHOMY BpeMEHHU U MaTpHIIE Tiepe-
xona Mexxny CK BMHC u CK ABY. Ha puc. 10 noka3anbsl oTHocuTeNnbHbIe TTorpemHoctd bUHC,
HAKOIUIEHHbIC HA MATUMUHYTHBIX MHTEpBajaX MHTETPUPOBAHUS, BhIPAXKEHHBIC B JOJISAX MUKCENa
[13C-marpunsr ABY.

B xome nazemuoii orpadotku AMTHC 6wi1 mpoBeneH cremyronwmii sxcriepumenT. AMHC,
YCTaHOBJICHHAs] HA HEMOJABMKHOM OCHOBaHUM ¢ ABY, HaBeneHHBbIM B HaJup, Bpallaiach BMECTE
¢ 3emuiel B MHEPIMAIBLHOM MPOCTPAHCTBE C YIIIOBOM CKOPOCTHIO OKOJIo 15 rpan/4. Kak axcriepumen-
TaJbHBIM, TaK M PACYETHBIM IyTEM OBLIO IMOKa3aHO, YTO SPKOCTh CTOJI0A aTMOC(EPHI B MOJIE 3PSHUS
ABY npu chemke B Haaup ¢ BbICOTHI 10 kM u ymie 40° mexny ConHueM U onTudeckoit ocsto ABY
OyleT SKBUBAJIEHTHA SIPKOCTH (PoHa mpu chemke ¢ 3emun U yrie ConHIa Hajl TOPU30HTOM B 3—5°,
T.e. mpu padote cpazy nocie Bocxona Comaia. [Tocnenaee 00yCcIOBIEHO CYIIECTBEHHBIM Pa3IniaueM
B Macce CJI0€B BO3/yXa M adpo3oliel B mose 3peHust ABY, Ha KOTOPBIX IPOMCXOIUT paccessHue CoJl-

HEYHOTO cBeTa. JloctarouHo ckasarb, uto 90% maccel arMoCcQepsl JISKUT HIKE YPOBHS B 10 KM.

250
200
150
100

50

YpoBeHb 11yma, €

Bpewms, 1

Vron Connma
K TOPH30HTY, Ipaj

Bpewms, 1

Puc. 11. 3asucumocms yposneii gpona u uiyma na kaope om yena Connya Hao 2opu3oHmom
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Ha puc. 11 nokxazano, kak ()OH ¥ IITyM Ha KaJipe€ pacTyT MPOMOPLHOHAIEHO BPEMEHH U YTy
Bocxona Connna. Kak Buano, npu yrax Connna 3—5° ¢on cocrasnser 25-30 ThIC. SIEKTPOHOB,
a 1ryM 030K K KBaJpaTHOMY KOPHIO U3 3HaYeHHsI (POHA; 3TO MOATBEPKIAET TO, YTO IIyM (DOTOH-
HbI 1 uMmeeT ciydaiHbiii xapakrep. CKB ¢ona cocramsier 150—170 anekrponoB. O6paboTka
M300paXeHUii 3Be3[l, MOMYUYEHHBIX B HOYHOE BpeMsi, MMOKA3bIBAET, UTO Camble TYCKIbIE 3BE3bl,
C KOTOpbIMU TIpueTcs padbotath ABY, numeror nnrerpanbhayto sipkoctb 200—300 351eKTpoHOB, YTO
MOJTHOCTBIO comtacyercs ¢ pacuetoM. Ha puc. 12 nokazano, kak CKO mryma yMeHbIIaeTcs Mmpo-
MOPLUUOHAIBHO KOJMYECTBY 00pabaThiBaeéMbIX KaApOB (TOYKAMH MOKa3aHbl IKCTIEPUMEHTATbHbIE

JaHHbIE, @ HEMPEPBIBHOIN KPUBOM OTOOpaXkeHa pacueTHasi 3aBUCUMOCTb).
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Puc. 12. 3asucumocmo ycpeonenHo2o wiyma Ha Kaope om Koauuecmed
YCpeoHseMblX Kaopos

Ha puc. 13 npuBeneHsl pe3ynbTaThl pacueTa MmapaMeTpoB TPEXOCHON OpPUEHTAIUU TMPH-
ooproii cucrembl koopauHar (CK) ABY otHocutenbHo skBaropuanbHoii CK, moiydeHHBIE
B X0JIe dKcriepuMenTa. Tak kak npubop Bpamaics B cocraBe AUHC BmecTe ¢ 3emiieid, TO yriibl
MPSIMOTO CKJIOHEHUs U a3uMyTa ABY NOJKHBI OCTaBaThCs HEM3MEHHBIMU MPU YCIOBUH KOMIICH-
caruu 3P QPEeKTOB MPENECCUu U HyTaluu 3eMHON ocu. Ha puc. 13 mokazaHbl psibl H3MEPEHUH,
MOJTy4YeHHBIC Ha 5-4aCOBOM OTpPE3Ke BpeMeHH, (DaKTHUeCKH MEPEeKPHIBAIOIINM BCE BO3MOXKHBIE
ypOBHU (POHOBOM OCBEIICHHOCTH, KOTOPbIE MOTYT BO3HUKATh MPH JKCIUTyaTallMd CHUCTEMBI Ha
BbicoTe 10 kM. 3eneHbIM MOKa3aHbl U3MEPEHMs], BHITIOTHEHHbBIE 0€3 YCPEAHEHUS IO OJUHOYHBIM
kagpam. KpacHoii nuHMel 0003Ha4eHbI yIiibl, Mony4eHHble yepennenuem 30 kaapos. Kak BuaHo,
nipu yrie Connia okosio 0°, alropuT™, UCHOJb3YIOMNWNA OTUHOUYHbBIE KaJIpbl, TEPSIET BO3MOKHOCTD
BU3MPOBATh HEOOXOAUMOE I pACIIO3HABaHUsI KOJIMUECTBO 3Be3/1. BakHO, UTO mpu IajbHeimen
3aCBETKE QJITOPUTM HE MPOU3BOAMT JIOKHBIX PACHO3HABAHMM, KOTOPBIE MOIVIM ObI BO3HUKATh
BCJIE/ICTBHE OOMBIIOr0O ypoBHS MmoMmex. Kak BUAHO, alNropuTM, UCTIONB3YIONUN 00paboTKy cepuit
KaJIpOB, MPOAOIDKACT HA/ICKHO pelIaTh 3a/lauy U IpU 3HAYUTENbHO OonblieM (GoHe.

U3 puc. 13 BUIHO, YTO YIVIBI OPUEHTAIMM UMEIOT HU3KOYACTOTHYIO COCTABIISIOLIYIO, 00-
YCIIOBJICHHYIO TeMIIEpaTypHbIMU JedhopMalusiMi KOHCTpyKimu Maketa ABY. Otu nedopmanmnm
YCTPaAHSIOTCA B TEPMOCTAOMIBHONW KOHCTPYKIMHU. PeanbHO AOCTHrHYyTasi TOYHOCTh, M3MEpPEHHAs

Ha IOJy4acOBBIX OTpe3Kax BpeMEHH, 0e3 YCpPEeTHEHUsI HOUbIO COCTABIISET OKOJIO 1 yII. ¢ MO IByM

20



yIjlaM OPHMEHTAallMH, ONpPEAESIoIMM opueHTaluio miockoctu [13C-marpuisl B MHEpUUATIBLHOM
MIPOCTPAHCTBE, U 4 YIII. C MO YLy, ONpPEAETSIOIeMy pa3BOPOT BOKPYT ontudeckoit ocu. Ilpu uc-
MOJIb30BAaHUM YCPEAHEHUSI TOUHOCTh MPU HOYHOM ChEMKE COCTaBIISIET COOTBETCTBEHHO 1,5 ymil. ¢
u 10 yr. c. [Tpu paGoTte 1HEM TOYHOCTD MPAKTUIECKH HE MEHSIETCS M COCTABIISCT 2 YL ¢ ¥ 12 yTIL. ¢©
IO pa3INyYHbIM yriiaM. JlocTikeHne MoA00HBIX TOYHOCTEH B BRICOKOPA3pEIIAOIIei CCTEME HEBO3-

MOXKHO 03 reoMeTpuueckoit kamnopoBku ABY u yuera addektoB nuctopcuu u abeppariuii.
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Puc. 13. Tounocmo usmepenuii ABY 6 3aeucumocmu om yena Connya Hao opu3oHmom

AHanM3 3KCIIEPUMEHTAIBHBIX JaHHBIX 00 YpPOBHSX IOJIE3HOTO CHTHajla U ()OHOBOH 3a-
CBETKH IIOKa3aJ, YTO pelIeHHE 3aJauyll BH3MPOBAHMUS 3BE3]l Ha BCEX ydacTKax HeOecHO cepbl
¢ BeIcoThI 10 kM u yrie Conania 40° oT ONTHYECKOM OCH MOTPEOyeT CIOXKEHHS OKOJIO 50 KaapoB.
B paspaborannom makere ABY peann3oBaHbl MIpOrpaMMHO-aNNapaTHBIE PEHICHUs] YCKOPEHHOTO
gyrenus [13C-marpuupl, 6arogapss 4eMy JOCTUTAETCS 4acTOTa OOHOBIIEHUS BHICOMH(OpMAIUU
U ycpenHeHus kajapoB okouo 2 ['i. Takum o6paszom, nomyyeHue TpedyeMoro psja u300pakeHun
3aiimer okoso 30 c.

CymecTtByeT BO3MOXHOCTh Ucnionb3oBaHuss AVHC B Ha3eMHBIX yCIOBHSAX. DKCIIEPUMEH-
TaJIbHO MOKA3aHO, YTO JJIsl BU3MPOBaHMA 3Be3/] B HauOosee OeTHOM 3Be3/laMH ydacTke HeOecHOU
cdepsl ¢ BHICOTHI ypoBHsI Mops npu yriie Connna 40° ot ontudeckoit ocu npudopa norpedyercst
obpabareiBaTh 0Kos1o 300 KaJapoB, KOTOpbIE MOTYT OBITh MOJy4YeHBI 32 2,5 MUH. O4EBUIHO, YTO
3aJja4ya ONpeeIeHUs HapaMeTPOB OPUEHTAIIUU TI0 CEPUH KaJIpOB OyAET YCIEIIHO pelieHa TOJIbKO
B SICHYIO TTOTO/TY.

VYca0BuUs peabHOro MoJIeTa MOTYT HECKOJIBKO YBEIMYMBATh HHTEPBAJl BpEMEHH, He00X01u-

MBI JJI1 HAKOIJICHHA KaJIpOB. BI/I6paHI/II/I o0BeEKTa MPUBOIAT K «Pa3sMa3bIBaAHUIO» SHCPIUH 3BC3/1bI
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1o mockoctu [13C-marpuiipl, 4T0 HEMPUEMIIEMO JIJIs1 PELIEHUS 3a/1a41 C MPEAETIbHO HU3KUM OTHO-
meHneM curtal / uryM. Kaapel, BBITOTHEHHbBIE MTPU 3HAYUTENLHOM YITIOBOM CKOPOCTH JBOIIOLIUN
00beKTa, Hellelnecoo0pa3Ho UCIIONB30BAaTh B MPOLIEAYPE YCPEIHEHUS, TaK KaK OHU MPAKTHUYECKH He
HECYT IOJIE3HOT0 CUTHAJIA B OHOM IHKCEJIE U YBEIMYMBAIOT IyM. [lo3TOMy B airopuTMuU4ecKoM
obecneuennn AVHC peanuzoBan pe:xuM aHalln3a TEKYyLIeH TUHAMHUKH 00bEKTa — MPU 3HAYUTEIb-
HOH BEJINYMHE YITIOBOM CKOPOCTH SKCITIOHUPOBAHUE HE BBIMIOJHAETCS, a 10 OKOHYAHNUU YKCTIOHUPO-
BaHUs [TPOBEPSETCA YIIIOBOE MEPEMELIEHHUE 3a BpeMsI HaKoIuIeHHs. Kaap cuuTtaeTcst HenpuroaHbM
JUId fainbHel oO0paOoTKH B Cllydae YIVIOBBIX MepeMelleHUil 00beKTa, MPEeBbIAONINX 32 BpeMs
AKCITIOHUPOBAHUS YIJIOBYIO 1IeHy 3 mukcenei [13C-marpuiisl (3T0 SKBUBAJICHTHO BOSHUKHOBEHHUIO
yrioBo# ckopoctu 6oree 0,3 rpan/c). Ha puc. 14 moka3ansl peaibHO U3MEPEHHBIC YITIOBHIE TIEpe-
MelieHus 00bEKTa, BO3HUKAIOIINE B XOJ€ PABHOMEPHOTO MPSMOJIMHEWHOTO JBM)KCHUS 32 BPEMS
skcro3uiuu 20 MC ¥ iepecuuTanHbie Ha IOCKoCcTh [13C-marpuiiel. Kak BuIHO, B TOIABISIONIEM
OOJIBIIIMHCTBE MOMEHTOB BPEMEHHU yCIIOBHE CTAI[MOHAPHOCTH BBIMONHsETCS, 1 ABY moxer cHu-

MaThb KaJpbl, IPHUT'OAHLIC IJIA OMPCACIICHUS IMapaMETPOB OpHUCHTAL[UH.

VrioBeie KoaeOaHust MO CTpOKaM
I13C-marpun, nukcen

VroBsle Konebanus 1o cToyonam
[13C-marpui, nukcen

Bpewms, ¢

34

Puc. 14. Yenosvie konebanus oovekma 3a 8pems IKCno3uyuu

Urak, ycpennsist npu HEOOXOAMMOCTH CEPHUH KaJpoB ¢ moMolkio nokazanuit BUHC, ABY
BU3HUPYET IPYIILY 3BE3J1, B TOM YHCIIE U JHEM, U OIPEAENSET MapaMeTPbl TPEXOCHON OpHEHTALIMU

C BBICOKOM TOuHOCTBIO. M3mepenns ABY ucnomns3yrores ans actpokoppekiun bBUHC.

Actpoxoppexuuss BUHC

Koppexuuss BMHC ocHOBaHa Ha MCHONB30BaHMM PA3ivuus B CHEKTpax IOIPEIIHOCTEN
aBToHOMHON BMHC u norpemHocTell BHEIIHUX JATYUKOB, U aCTPOKOPPEKLMS HE SIBISETCS HC-

kmouenueM. [lorpemnoctn aBroHomMHoit BUHC uMeroT HU3KOYaCTOTHBINM CHEKTp (IIyJIepoBCKHE
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U CyTOYHbIE KOJeOaHMs) M TEHICHIMIO K YBEIMYEHUIO CO BpEMEHEM, morpemrHoctu xe ABY
u BcTpoenHoro npuemHnka CHC — 6ornee BBICOKOYACTOTHBIE, ¢ MpakTudyecku HyiaeBbiMu CKO, uto
B 11e710M 1o3BossieT BoiaensaTh norpermHoctd BUHC (Grewal et al., 2001; Salychev, 1998; Titterton,
Weston, 2004; Crenanos, 2001).

B ocHoBe Meroponorumn actpokoppekunu BMUHC nexutr B3auMOCBSI3b MEXIY pa3ind-
HbiMU cuctemMamu koopauHat (CK), ucnonszyembivu B pabote AUHC. K ocHoBHBIM Takum CK

OTHOCATCA:

ECI — dynnamentansnas naepuuanbaas CK smoxu J2000;

ECEF — reouentpuueckast 3eMHas (rpunBuuckas) CK;

ENU — Tononientpuyeckas (mectHas reorpagpuueckas) CK;

B, — npubopnas CK BUHC (npasas npsimoyrosnbhas CK, ocu KoTOpoi CBA3aHbI CO CTPOM-
tenbHbIMU ocsimu BUTHC);

B, — nmpubopuas CK ABY (mpasas npsmoyrosibaas CK, ocu KOTOpO# CBSI3aHbI C OITH-

4yeckoil ockio U TiockocThio [13C-matpuisr ABY).

Bzaumocss3b MCKAY MEPCUNCICHHBIMU CK maTeMarndecku YI[06HO MMpeACTaBJIATL B BUIC

IPOCTOTO MaTPUYHOIO YpaBHEHHs, 3a1arouero nepexon or ECI k B
ST ST IMU ENU ECEF

CECI = CIMU ‘CENU 'CECEF 'CECJ > (2)

rae ¢S, — MaTpuIla, XapaKTepu3yollas yrioBoe moioxenue B . orHocurensho ECI, C)l —
ECI ’ ST 2 IMU

Marpuiia npussisku B, K By, onpejensemMas Ha sTare TeXHOJIOoru4ecko octupoBkn AMHC;
Civ» Cicpr» Crey. —  MaTpuusl nepexonos o ENU k B, , ot ECEF x ENU un ot ECI x ECEF,
COOTBETCTBEHHO.

B cBoto odepeib, MaTpuilsl Cong, ¥ Crof" W3 cocraBa ypaBHeHUs (2) MOTYT OBITH OMIpe/ie-

JICHBI B BUJIC

Cg‘]ﬁ}l = CY . Cﬁ . CW’ (3)
ngEF :Rpol.RS.N.P) (4)
rae
cosy 0 —siny 1 0 0 cosy —siny 0
CY= 0 1 0 ,Cy=|0 cost sinﬁ,Cw: sinyy cosy O|—
siny 0 cosy 0 —sin® cos¥ 0 0 1

MaTpULbl 3JIEMEHTAPHBIX TIOBOPOTOB Ha YIIIbI KPEHA 7Y, TaHraxka U U Kypca Y COOTBETCTBEHHO;
R, — MaTpulla, yYMTHIBAIOM[As CMEIICHHE TOJIOXKEHHS MOI0Ca 3emsn B 310Xy ¢ (B TeKyIIUi
MOMEHT BpEMEHH); R, — Marpuia ydyera CyTOYHOro BpameHus 3emiu; N, P — MaTpuIibl HyTaluu
U IIPELECCHH B DIIOXY f, COOTBETCTBEHHO.

C yuerom (3) u (4) ypaBHeHue (3) MOXKHO IPEICTABUTH B BUJIE€ COOTHOILICHUS
ST __ ST ENU ECEF
CEC] - CIMU ’ C;/ : C19 : Cy/ 'CECEF ’ CEC] (5)
W
ST _ ST IMU ENU
Cror =Cnw - Cpyu - Crepr - R

Ry NP, (6)

po
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OcHoBHol uH(popMmarueii, nocrynawomeir or ABY B BUHC, saBnsitorcs sneMeHThl Ma-

W3BECTHHI 10 Havana paborslt ATHC.

TPUILBI OPUEHTAINH Cjf, , @ HAPAaMETPbl MaTpull Cpyy, R,

Ntak, Ha OCHOBE MPEACTABICHHBIX COOTHOIIEHUH (2), (5), (6) U peanusyroTcsl pa3IudHbIe pe-

KUMBI (BapuaHThl) acTpokoppekinu bUHC.

Pesxxum xoMneHcanum norpemHocTei onpeaesaenus yriios opuenrauuu B BUHC

DTOT PEXHUM OCYIIECTBIISIETCS MTPU cOBMecTHOU 00padoTke B BUHC maHHBIX pueMHUKa
CHC u ABY. Ilepuoanyecku nonydaembie oT npuéMHuka CHC 3HaueHHs reo/le3nYeCcKuX In-

POTBI B ¥ 1OITOTHI L MECTONONOKEHUS 00BEKTa MO3BOJIAIOT C(HOPMHUPOBATH MATPUILLY Cr'y. B BHIE

—sin L cos L 0

ENU __ . . .
rcpr =|—SInB-cosL —sinB-sinL cosB |

cosB-cosL cosB-sinL sinB

ECEF
Marpuna Cr;” Boraucisiercst B coorserctsuu ¢ (PI] 50-25645.325-89, 1989) o cripaBou-
HBIM JIaHHBIM M MH(QOPMAIIMH O TOYHOM BCEMHpPHOM koopauHupoBanHoM Bpemenu (UTC), ome-
paruBHO nocrynatomiei ot npuemHuka CHC. 910 naeT BO3MOXKHOCTb ONPEAEIUTD BCE JIEMEHTBI

(Cﬁﬁf )1- ; MaTpuibl Cyy; IPU MCTIONB30BAHAH TIPEOOPA30BAHHOTO BhIpaKeHUs (3):

cn =(csn, ) -c - erer T ess ) )

ECEF

C apyroi croponsl, uzBectno (Grewal et al., 2001), uro smeMeHTb MaTpHUIlbl Chyy) 3a-
BHUCST OT MCKOMBIX OILICHOK yTJIOB TaHTaxka ¥, KpeHa Y, U pbICKaHUs \f, KOTOpbIE JIETKO Ompeie-

JIIIOTCA KakK

_ (CIMU ) _ (CIMU )
— ; mu) -, — ENU )13 . — ENU )21
V= arcsm(C NU )23, y = arctg o) Y =arctg— oy
ENU J33 ENU )22

IIor PCHIHOCTL OIPECACIICHUA T'COAC3UUCCKUX KOOPAUHAT MECTAa COOTBCTCTBYCT TOYHOCT-
HBIM XapaKTCPpUCTUKaM IMPUCMHHUKA CHC (CJII/IHI/II_[BI MeTpOB), a TOYHOCTBH OIIPCACIICHUA YITIOB
OpHUCHTAIUU 00BEKTa OTHOCHTEIIHHO TOHOHCHTqueCKOﬁ CK COOTBCTCTBYCT TOYHOCTU ABS’,

T.C. CAMHUIAM YITIOBBIX CCKYH/I.

—  KOPPEKTUPYEMBIi KaHAI ABTOHOMHBIM KaHaJ
a 5 B
0,401 . -0,55 84,2
§ 039 i
S 0381 ' 0,60 WN B
"~ 037 M 84,0 Nm\\rw

0,36 -0,65
600 1800 3000 4200 5400 600 1800 3000 4200 5400 600 1800 3000 4200 5400

Bpewms paboTsl, ¢

Puc. 15. Yenwt kpena (a), maneasxica (6) u ucmunnozo Kypca (8) no nOKa3aHusim a8moHOMHO20
u xoppekmupyemozo karnanoe BHHC 6o epems pedcuma komneHcayuu nocpeuiHocmetl Y2108
opuenmayuu (8 xooe nazemnou ompabomku maxema AMHC)
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Ha puc. 15 npuBenens! rpagyiku U3MEHEHHsI YIIIOB KPEeHa, TaHTa)ka U UCTUHHOTO Kypca,
MOJTyYEHHBIE TI0 MOKAa3aHUSIM aBTOHOMHOTO U MEPHOAMYECKH KOPPEKTUPYEMOTO KaHAIOB rpy0oit
BUHC B xome oaHO# U3 mepBbIX Ha3eMHBIX 0TpaboTok maketa AMHC. Pe3kue ckavku mokasa-
HUMl koppekTupyemoro kaHaisa BUHC cooTBeTCTBYIOT MOMEHTaM KOPPEKIMU YIIIOB OpUEHTALIMHU

(Bcero Ha mHTEpBasie BpeMeHH 1,5 4 0b110 30 KOppEeKIHii).

Pe:xnM KoMneHcalMy MOrpelIHOCTEll onpe/ie/ieHus reoie3un4ecKuX KOOpAUHAT
u yriia peickannss BUHC

DTOT peXUM pean3yercs B ciydyae nponaaanus uapopmanuu ot npuemHuka CHC usz-3a
MOTEPH CIIEKEHHUS 3a palMOCUTHAJIaMH, OTKa3a MpUEMHHUKA BO BpeMsi pabOThl UM 10 UHOM TO-
noouoi nmpuurne. Bpemst UTC, HeoOxoaumoe it BerauciaeHus MaTpuisl C fCC,EF , oTpeaensiercs
BeruuciuresieM bBUHC myTem moscdera TakTOB CBOETO MHKPOIIPOIIECCOpPA OT MOMEHTA MpoTaia-
Hus nHpopmaruu ot npuemauka CHC.

Jis morpemHocTel yrimoB KpeHa M TaHTaxa, BbIpadareiBaeMbix aBroHOMHOW BUHC,
XapaKTEPHO OTCYTCTBHE JIMHEHHBIX TPEHAOB U HHTEHCUBHOIO POCTa (aMIUIUTY/bI KojeOaHuM 1o-
rpemHocTell He npeBblmatoT 20 yIil. ¢), B OTIMYKE OT MOTPEIIHOCTEN yIvia phICKaHUS U T€0e3U-
YECKHUX KOOPJMHAT, IO3TOMY B PACCMaTPUBAEMOM PEKHUME OCYILECTBISAETCS UMEHHO MO3UIMOH-
Hasl KOPPEKLUs, a TAK)KE KOPPEKIUS yIila PhICKaHNs Ha OCHOBE COOTHOLIEHUS (5) U UMEIOLIUXCS
JTAaHHBIX.

Beipaxkenue (5) JIErko MOKHO IIPUBECTH K BUAY

C,-Ch =(C,)" (e, )" (el )ty - (cigr) ®)
ENU

JleBas vacth (8), T.e. mpoussenenue C, - Cprpp , MOXKET OBITH BBIPOKEHA YEPE3 UCKOMBIE

OLICHKH WIHUPOTHI B, NOATOTHI L M Kypca Y, YTO MO3BOJSET BBIUYMCIUTH ITHU OLEHKH Yepe3 diie-

. CENU .

MEHTBI Ipou3BeNeHUs C, - Cprpy

. (C'// ) nggF )32 B (CV/ ) CI?CVEUF )13

B= arcsin(C,,, ECEF )33’ L =arctg (C _CEU j R arcth,
73 ECEF J31 14 ECEF /3

ITosmyueHHbIE OLIEHKH B JalIbHEMIIEM UCTIONb3Y0TCs i pacyeta B bBUHC nonpaBok k Te-
KYILLIUM 3HAQYEHUSIM KOOPJIMHAT U yIJla PhICKAHUS.

[TorpemHocTu onpeneneHust MmectHoii BepTukanu B BUHC B coBokymHOCTH ¢ omMOKaMu
ABY npuBoasT K MAKCUMaJIbHBIM MOTPEIIHOCTAM ONPEAEICHU KOOpaAuHAaT rnopsiaka 450 M u yria
Kypca okoio 20 yri. c.

Ha puc. 16 npuBenens! rpaduku yriia HCTHHHOTO Kypca, IIUPOTHI M JOITOTHI, MOIYy4eH-
HBIE 10 MOKa3aHUSIM aBTOHOMHOTO U acTpOMHepIuaibHOro kananoB rpyooit BUHC B xone ogHoit

U3 MEepBbIX Ha3eMHbIX 0TpaboTok Makera AUHC.
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faCTpol/IHepHHaJ'IBHHI‘/‘I KaHaJl ABTOHOMHBIN KaHaJ

a () B
SS.SIM 38.0
B.15 55.8011] 379
378
84.08 5579

55.78 37.7
84.00 55.77 376
3751

6b0 1800 3000 4200 5400 600 1800 3000 4200 5400 600 1800 3000 4200 5400

Bpewmst paboTsl, ¢

Puc. 16. Yeon ucmunnozo xypca (a), wiupoma (6) u doneoma (8)
N0 NOKA3AHUAM ABMOHOMHO20 U ACMPOUHEpYUaiIbHo2o kanaroe BUHC
80 BPEMSL PENHCUMA KOMNEHCAYUU NOSPEULHOCMEN 2e00e3UHeCKUX KOOPOUHAM
u yena pvlckanus (8 xooe nazemuot ompabomxu maxema AMHC)

N3 rpadukoB Ha puc. 15 u 16 BUIHO, UTO aNTOPUTMHUUYECKH BeChMa MPOCTas acTpo-
KOPPEKLHs MO3BOJISIET CHU3UTH TEMIT HAKOIUICHUS MOTPEIIHOCTEH BBIXOJIHBIX MapaMeTpPOB
AUHC.

Pexxum onpenenenusi Bpemenu B BUHC

Jns BoimieynoMsiHyThiX pexxuMoB padotel AMUHC xapakTepHO MONHOE WM KOCBEHHOE
ucrnonb3oBanue nHopmaruu ot nmpuemunka CHC, 4To orpaHnunBaeT aBTOHOMHOCTh U cdepy
npumenenuss AVMHC. B naunOosnee xe HeONaronpusTHOM ciiyyae OTCYTCTBUS JAAHHBIX OT IpHU-
emurka CHC ¢ MomeHTa BKJITIOUEHHS cucTeMa OyZieT BBIHYX/I€HAa (P)YHKIITMOHUPOBATH MOJHOCTHIO
aBTOHOMHO. [Ipm 3TOM KpuTHYeCKHM (DaKTOpOM CTaHET OTCYTCTBHE WH(pOPMALUU O BPEMEHHU
UTC, 6e3 KoToporo HeMbICIUMO KoMILIekcupoBaHue ¢ ABY.

WNMeHHO 1u1st Takoro ciydasl NMpeajaraercs BapUaHT ONpPENETCHUs 3BE3HOTO TPUHBUY-
ckoro BpemeHu U BpeMeHu UTC no nanubiM ABY 111 crapToBOi HHUIIMAIU3alMK CPEJICTB CUUC-
nenus Bpemenu B AUHC.

Kak m B paccMOTpeHHBIX BbIlIE ciydasx mratHod paborsl AUHC, anropurmuyeckoit
OCHOBOM TaKoTo BapHaHTa pabOTHI ABIAIOTCS MPOCTHIE anredpandyeckre MaHUIYJISIIUN C ypaBHE-
HusiMH THNA (7) ¢ MOCIEAYIOUMM IPUMEHEHUEM K HUM OOIIEH3BECTHBIX YHUCIEHHBIX MPOLELyp
JUIS TIOJTy4E€HHs KOHKPETHOTO PE3YJIbTaTa.

Uzsectro (P 50-25645.325-89, 1989; Xapos, 2006), 4To OT TEKyLIEro BpEeMEHHU 3a-
BHCAT TaKME KOMIIOHEHTBI ypaBHEHUs (6), Kak R, N u P, npuyeM Takas 3aBUCUMOCTb CIIOXKHA,
IIPUHLIMIIAAIBHO HEIMHEWHA U MPEACTABIAETCS BECbMA HE3HAUUTENBHON C TOYKU 3PEHUS BIINSA-
Hus 3QPexToB HyTauu u npereccun Ha TouHOCTh ATHC npu paGore B KpUTHUECKOM PEXHUME.
B nanpHedmmx pacyerax Marpuibl R 10 yNpoOUIEHHOMY U IPE0Opa3soBaHHOMY ypaBHEHHIO (7)

OTO BJIMSIHUC HEC YUUTBHIBACTCA:

Ry=(R,, )" (C ) - (i) - ) -t ©)

C ENU CIMU

Jlis Beraucnenus 31eMeHToB MaTpull C oo s Cove

HE O0CTACTCsA HUYECTO MHOI'0, KaK MCIIOJIb-

30BaTh nokaszanusg bUHC.
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C ,Z[pyFOfI CTOPOHBI, MaTpula yueTa CyTOUHOTI'O BpAaIllCHHUA 3emiu B O6IJ_ICHpI/IH$ITOM npea-

CTaBJICHUU ABJIACTCA ManI/II_Ieﬁ HaIIPpaBJIAOIUX KOCUHYCOB BH/1d

cos(Sg,r +N,) sin(S,,, +N,) 0
R, =|-sin(S,,, +N,) cos(S.,,+N,) 0], (10)
0 0 1

rne S, — TPUHBUYCKOE cpennee 3Be3aHoe Bpems (GMT) B smoxy £, N — HyTauus B IpIMOM
BOCXOXXJICHHUHU B DIIOXY f.

I'punHBHYCKOE CpemHee 3BE3IHOE BpeMs MOXKHO BBIYUCIUTH 110 (9) u (10):
Sour =arcsin(RS)12 -N,» (11)

i Hero ke u3BecTtHa (PJ] 50-25645.325-89, 1989) crnenyromias annmpoKCUMUpYIOLIas 3aBUCH-

MOCTB:

Seur =1,7533685592+0,0172027918051- d +6,2831853032 - M + (12)
+6,7707139-10™° - 1* - 4,50876-10° - 7°,

rae d — uaTepBan BpeMeHu ot 31oxu J2000 10 3moxu ¢, OTIIMYAIOMUHAC OT BCEeMUPHOTO BPEMEHU
UT1, BBIpaXEHHOTO B JIOJISAX TEKYUIMX CYTOK, Ha U3BECTHYIO (anmpHOpHO paccunTaHHyio (Meéc,
1988)) BennuuHy nHTEpBana BpeMeHu ot 3noxu J2000 1o Hayana TEeKyIMX CyToK; M — BceMup-

Hoe BpeMs UT1 amoxu ¢, BBIpa)KEHHOE B IOJISIX CYTOK; T — MHTEpBal BpeMeHu ot 3noxu J2000 no

SMOXHU f, BRIPAKEHHBIN B FOIMAHCKUX CTONETHUAX MO 36 525 cpeTHUX CONMHEYHBIX CYTOK: T = 3655

HecmoTpst Ha MOCTOSIHHBIN €CTECTBEHHBIM POCT NMEPEMEHHOM T, CTApIUMK 4YJIEH ypaBHE-
Hus (12) ocTaHeTcst B TEUEHHE €IIe EIOro psja JIET MPEeHEOPEKMMO MaJIOH BEIIMYUHOU B Tep-
MHUHaX BpeMEHHU (IONM MHUKpoceKkyHna). Takum obOpaszom, 3amaua ompeneneHus Bpemenu UT1
CBOAMTCS B IEJIOM K PEIICHUI0 OOBIKHOBEHHOT'O KBaJPAaTHOTO alre0panvyeckoro ypaBHEHHs OT-
HOCHTEJIBHO TePEMEHHOM d.

OxoHUaTeNpHO OLIEHKA BCEMUPHOT0 KoopAnHUpoBaHHOro BpeMeHn UTC paccuntsiBaeTcs
Kak:

UTC=UTI - AUTI,

rne AUT1 — execyTouHast monpaBka K BCEMUPHOMY BpeMEHHM, MyOIuKyeMas B OT€UECTBEH-
HOM OroiiereHe «BcemupHoe BpeMsi U KOOPAUHATHI MOJI0Cay, B OloiIeTeHs X MexyHapo-
HoW ciy)0b1 Bpamenus 3emun (IERS) u mepenaBaemas panmocuraiaMu TOYHOTO BPEMEHU
(P11 50-25645.325-89, 1989; Onyan, I'uno, 2002).

ITorpemHocTh pacyeTa BPEMEHH, BbI3BAaHHAS HE3HAHUEM BEJIUYMHBI N , MOXKET TPEBbI-
CUTh 1 ¢, B CBA3M C YEM MPEJIAracTCcs BMECTO HEU3BECTHOTO TEKYLIETO 3HAYEHUS N HCIIONb-
3o0Bath (11) cpenHee 3HaueHHE PTOM BEIWYUHBI JJIA TEKYIIUX CYyTOK, pACCUUTHIBAEMOE 3apaHee
BeruuciuresnieM BMHC. DTo mo3BojisieT YMEHBIIUTH MOTPEHTHOCTh PACYETOB JO JOIMYCTUMOMN
BEJIMYUHBI (COTHIC I0JIH CEKYH/IbI).

[Tpumenenne mexanmu3ma pacuyera Bpemernn UTC menecooOpa3Ho mpu mepBOM Ke acTpo-

ceance AMHC, t.e. no Toro kak norpemuoctd bMHC noCTUrHYT 3HaYMTENBHBIX BEIMYUH.
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[Ipenmonaraercs, uto cuucienue Bpemenu UTC BeruucnurenbasiMu cpeactsamu AMHC ot mo-
MEHTa CTapTOBON MHUIIMAIN3AIIUY MTO3BOJIUT B OCTAJIbHBIX acTpoceaHncax ucnonb3onars B BUHC

KOMIICHCAaIluIo HOI‘pCI.HHOCTGfI OIIpCACIICHUA I'COACINYCCKUX KOOPANHAT U YIJIa PhICKAHUS.

3akJroueHune

Oxwupaercs, yto npumeHenne B AMMHC Bricokorounsix ABY nu BUHC u panuonansHoe
coueTanue BapuantoB actpokoppekiuu BUHC obecrnieunT aBTOHOMHOCTD B pab0OTOCIIOCOOHOCTh
nosiHOCThIO Oecrardopmennoit AMMHC caMoneTHOTO W OKOJIO3€MHOTO 0a3upOBaHMS, BO3ZMOXK-
HOCTb CO3/IaHUs KOTOPOH J0Ka3aHa B HACTOsAIIEH padoTe.

OueBuaHO, YTO B OnmmKaiiiieM Oyayuiem 1nojio0HbIe MajgorabapuTHbIE CUCTEMBI, 0011a]1at0-
IMHUE BBICOKMMHU XAPAKTCPUCTHUKAMU 11O TOYHOCTHU, HAACKHOCTH WU MMOMEXO3AIMUIICHHOCTH, ITOJTYy-

yar JajbHenInee pa3BUTHE U IIHPOKOE paclpoCTpaHEHHE.
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The principles of creating airborne stellar-inertial system

G.A. Avanesov ', R.V. Bessonov !, A.N. Kurkina!, E.A. Mysnik !,
A.S. Liskiv !, M.B. Ludomirskiy 2, I.S. Kayutin , N.E. Yamshikov ?

ISpace Research Institute of RAS, Moscow, Russia
E-mail: lkrasnop@ofo.iki.rssi.ru
? Electrooptika Corp., Moscow, Russia
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There is considered the main concept of creating airborne and ground-based stellar-inertial navigation systems, based
on strapdown inertial navigation devices — stellar tracker, inertial navigation system and satellite navigation receiver.
The requirements to optical and electronic components of inertial navigation system stellar tracker are formulated.
The results of inertial navigation system model experimental processing both on ground and on the object are given.
There are considered various astrocorrection versions of strapdown inertial navigation system implemented in stellar
inertial navigation system.

Keywords: strapdown stellar inertial navigation system, strapdown inertial navigation system, stellar tracker,
Coordinated Universal Time.
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