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AxkmyansHocme. N3BecTHble Mofenu, anropuTMbl U TEXHUYECKue pe-
LWeHUA onpeaeneHnus KOOpPAUHAT BO3AYLUHbIX CYAOB YaCTU4HO Noj-
XOAAT ANA onpepfeNieHNA MeCTOMNONOXEHUA MaflbIX KOCMUYECKUX an-
naparoB, TaK Kak nocnegHue He UMelOT COGCTBEHHbIX CPEACTB onpe-
AeNeHuA U Nnepefayn KoopauHar. [laHHoe orpaHM4YeHue He MO3BONA-
€T BeCTU HenpepbiBHOE yNpaB/ieHUA MaJibiM KOCMUYECKMM annapaTroM
M CHMKaeT ero (yHKUMOHanbHble Bo3MoxkHocTu. Mpeanaraertca mc-
nonbL30BaTh aKTMBHO pPa3BUBaEMyl0 CMCTEMY aBTOMAaTUHYECKOro 3aBu-
CUMOro HabnioaeHUA-BeLLLaHUA, YCTaHAB/IMBAEMYIO Ha BO3AYLUHbIX CY-
AaxX U MO3BONAIOLLYIO NepefaBaTb X KOOPAWHATLI, B TOM YMcne Ha
Manbie KocMMYecKue annapartbl. Takue BO3fyLlUHble Cyfja cHUTalOTCA
cBoeo6pa3HbIMU MOABUKHBLIMU 3TAJIOHHBIMU 06LEKTAM B BO3/yLLIHOM
npocrpaHcTee 3emnu. B uccneposannm craButca u peluaerca Moau-
¢duumpoBaHHana 3afjada TPUaAHIYNAUMM — onpejesieHUe KOOpAWHAT
Manoro KOCMMYECKOro amnnapara fno KOoopAuHaTaM 3TafloHHbIX Mo-
ABMXHbIX 06bekTOB (BO3AyLiHbIX cyaoB). Llens Paspabotka cTpyk-
TYPHO! CXeMbl MOAYNsA, BbIYUCNAIOLLETO KOOPAMHATLI NOABUXKHOIO
KOCMMY€ECKOro annapara fnpu rnoMoLLM MaTeMaTu4ecKow Mozenu o6-
paboTKKu cUrHanos, Nosy4aeMbixX C 3TaJIOHHbIX BO3AYLUHbIX CYA 0B, Ne-
peaalowmx cobcTBeHHble KoopauHatel. Memodsl. B paMkax crtatbu
paccMaTpuBaloTca OCHOBHble husmnyveckue (acpexr [onnepa) u reo-
MeTpUYEeCKne COOTHOLLEHUA Nepefialin coobLLIeHN Mexay NPUeMHuU-
KaMu ¥ nepefaTymMKaMm, a TaKKe annaparHo-NnporpaMMHbie pelueHus,
npepHa3Ha4YeHHble AnA Nony4YeHusa ob6paboTkM KoopauHaT nepepart-
YMKOB coobLeHui Ha 6opTy Manoro kocMuyeckoro annapara. Mony-
YeHHble pe3ynbTaTbhl NO3BOJNIAIOT ONpeAeNMTL MeCTOMNOoJNoXKeHne Ma-
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noro KocMmMyeckoro annapara. O6ujasa cTpykTypHaa cxema Moayns
onpefeneHns KOoOpAMHAT MMeeT NapasienbHyio OpraHu3aumio u Mo-
JKET MPUMEHATBCA B BbICOKOMPOU3BOAMUTESNbHBIX BbIYUCIAUTENbHBIX
cucremax. Pesynemamesi. Ha ocHoBe MaTeMaTuieckow Mozenu nony-
YeHbl aNropuTM onpejeneHua o6NacTM HaxXOoXKAeHUA amnnapara M
CTpYKTypHaAa cxeMa MoAynsa o6paGoTku KoopauHart, oTnuvaloljaaca
Hanu4YMeM cneyuanusMpoBaHHOTrO 6JioKa NapannenbHOro mMomucka.
MopenupoBaHue anropuTMa Ha 3TaNoOHHbIX AAHHbIX MOKa3ano Heoo-
XOAUMYIO TOYHOCTb onpejeneHusa o6n1acTM HaXoXAEHUA annapara B
pesynbTate pelieHus MmoauduumposaHHon 3agaum. MonyyeHHbie
3Ha4YeHUA JUCNEepCUmn pacyeTHOW o6nacTu cBuaeTenbCTBYIOT 0 pabo-
TOCNOCOGHOCTU [aHHOrO NMoAxoAa M OMNpaBAbIBalOT annapaTtHoe pe-
LeHWe 3a/a4M onpefesieHUs KOOpAMHAT Manoro KOCMMYecKoro an-
napara. 3aknoveHue. CTpyKTypHas cxeMa MOAyNA onpepeneHns Mec-
TononoxeHua MKA Ha ocHoBaHuu curianoe A3H-B aensertca Han6o-
nee KOMNaKTHbIM M 3HEPreTU4eCckn MeHee 3aTpaTHbIM pelleHUeM, He-
»enu GPS, nossonsiowmm Bbiuncnatb koopauHatel MKA npu nomo-
LM MPUEMHOrOo yCTpoWcTBa, pacxoayto 3anac AKB tonbko nuwb Ha
npueM n o6paboTKy AaHHbIX. B oTnMYMK OT NpeacTaBneHHON CXeMbl
npueMa-o6paboTku u BbluucneHuns koopauHat MKA, cyuiecreylowme
nopoGHble pelleHns B paje HaHocNyTHUKOB ctaHpaapTta CubeSat nc-
nonb3yloT NOMUMO anropuTtMa o6paboTKM U NPUEMHOrO TpakKTa, elle
M nepepaiollee obGopyaoBaHue, KOTOpoe ABnAeTcA B pasbl Gonee
3HeprosarparHbiM, HeXXenu obopyAoBaHMe Npe/CTaBlieHHOE B Buje
CTPYKTYPHOM cXeMbl MOAYNA onpepeneHusa Mectononoxexnua MKA s
AAHHOM cTaTbe.
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BBenenue

Jliist obecriedenust 6€30MacHOCTH 10JIETOB MeskayHapoaHast
OpraHM3aIysl TPAXKIAHCKOW aBUAIlMU AKTHBHO HMCIOJIb3YET CTaH-
JapThl ¥ PEKOMEHIALNH Ui BO3AyIIHbIX cyxoB (BC) u momyue-
HUSI MX BaKHEHIIMX JICTHBIX JIAHHBIX. B KauecTBe CHCTEMBI, CIIo-
cOOHOI 0e3 3HAuUTENbHBIX (DMHAHCOBBIX M BPEMEHHBIX 3aTpar
00ecCIeunTh BBIIOJHEHHE TPEOOBAHUI 110 MOHUTOPUHTY MECTO-
TI0JIOKEHHST BO3YIIIHOTO Cy/IHA B HOPMAJIBHBIX YCJIOBHUSX I10JIC-
Ta Kaxple 15 MUHYT, sSBIISETCS CUCTEMa CIIyTHHKOBOTO aBTOMa-
THYECKOTO 3aBUCUMOro Habmoaenus-semanus (A3SH-B). Munu-
cTepcTBOM TpaHcropta P@ B nHTEpecax pa3BUTHs HaBHTALMOH-
Ho-uH(popManoHHoro obecrieuernss BC Obmu  BeIpaOOTaHBI
PEKOMEHAANNH 0 CO3IAaHHIO CHCTeM obecredeHus Oe30mMmacHo-
CTH Ha 0a3e POCCHHUCKHX KOCMHYECKHX KOMIUIEKCOB C MOJIC3HON
Harpyskoit A3H-B.

ABTOMaTHYECKOE 3aBHCHMOE HaOJII0/IeHUe-BelllaHne
(Automatic dependent surveillance-broadcast — ADS-B) — sra
cucTeMa HabmroeHus 3a Bo3aymiHeM cyaHoMm (BC), ocHoBaHa
Ha mepejade MH(OPMAIMK O COCTOSIHUM M XapakTepuctikax BC
B Ha3eMHBIH MyHKT yrpasieHus. [locTossHHO mepenaBaeMble
KOODPJMHATHI, CKOPOCTh U Kypc BC sBIISIOTCS BayKHEHITMMU JIeT-
HBIMH XapakTepucTukamMu BC, ucronb3yeMbIMH B HH(pOpPMAIH-
OHHO-TEXHHYECKHX CHCTeMax olecrieueHus: 0e30IacHOCTH I10JIe-
toB. Kpome toro, curnanst A3H-B moryt npuauMarbscst u oopa-
0aThIBATHCS HE TOJILKO B HA36MHOM ITyHKTE YIPaBICHHUS, HO U Ha
6opty apyroro BC nnm kocMuueckoro anmnapara. Tem He MeHee,
B HACTOSIIEE BPEMSI OPUTHHAIBHBIX OTEYECTBEHHBIX CXEM U all-
TOPUTMHUYECKUX PELICHUH, MOJTHOLEHHO HCIOIb3YIOIIUX CHCTE-
My A3H-B ¢ yueTom orpaHHYeHHBIX BBIYUCICHHN Ha O0pTy Ma-
JIBIX KOCMHYECKHUX armapaTos Her [1, 2].

I'maBHBII 3aMBICEeN U aKTYaJIbHOCTh HCCIIEOBAHUS CBSI3aHBI C
pa3paboTKON CTPYKTYPHOU CXEMbI MOAYJISI ONPEIEICHUS MECTO-
MOJIO’KEHUS MaJIbIX KOCMUYECKHX amlapaToB HA OCHOBE CHUTHa-
1o A3H-B. Cosmelenue nporeccoB npuema, J1eKOAUPOBaHUs
cooOrmieHnii ¥ HakorieHus: fanubix o A3H-B nepenarunkos, a
IIpU HEOOXOMMOCTH — Tepepauyn JaHHbIXx 0 BC B HazemHbIe
MYHKTBI yNPaBJICHUS MO3BOJISIET CYIIECTBEHHO ITOBBICHTH HC-
noas3oBaHusd MKA. Co3pnaHue CTpYKTYpPHOH CXEMBI MOAYJIS
ompeneneHns KoopauHat Ha 6opty MKA mo3Bosmr:

— MOJTydYaTh KOOPAWHATHI W WHBIC XapaKTEPUCTHKH BO3IYyII-
HBIX CYJIOB,;

— YTOUHSTh COOCTBeHHBIE KoopauHaThl MKA;

— HaKaIUIMBaTh NPUHMMAEMbIe JaHHBIE OT HEPENaroNINX Cy-
JIOB ¥ B YCTAHOBJIEHHBIX TOUKaX 3€MHOW IOBEPXHOCTH, IO 3a-
npocy, IepejiaBaTh JaHHbIE Ha HA3eMHbIC ITYHKTBI, WCIIOJb3Ys
BO3MOKHOCTH IpynnupoBok MKA;

— BBITOJIHATD (DYHKIIMH KOCMHYECKUX PETPAHCISITOPOB B 30-
Hax 0e3 BO3MOXKHOCTH ITpHEMa CUTHAJIOB Ha3eMHBIMH CTaHIIMSI-
mu A3H-B.

ITocTanoBKka 3aga4n

B wuccrnenoBanuy pa3BUBaeTCsl MOAXOJ K 3aJa4ue HErpepbIB-
Horo onpezaenerns koopauHaT MKA mo cooOmeHusIM OT qaT4u-
koB A3H-B, ycraHOBIeHHBIX Ha BO3IyHmIHBIX cygax. OcoOeH-
HOCTh JIaHHOT'O MEpexojia 3aKJI0YaeTCss B TOM, YTO STaJOHHBIC
00BeKTHI (BO3MYIIHBIC CY/A) SIBISIFOTCS TMOIBHKHBIMH, HO CKO-
POCTh KOCMHUYECKHX aIllapaToB SBJSICTCS ropas3no 0oJiee BBICO-
KO, 4TO MO3BOJIICT TOBOPUTH 00 OIPEICIICHIH 00JIACTH HAXO0XK-
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NHOOPMATUKA

JICHUS] KOCMUYECKOTO arapara ¢ y4eToM MOTPEeIIHOCTH pacue-
TOB.

[TycTh B BO3AYIIHOM MPOCTPAHCTBE MMEETCS N BO3AYIIHBIX
CY/IOB, IBIDKYIIMXCS Ha BbIcOTax 6-10 KM M mepemarouux CBOH
KOOPJIMHATBI, CKOPOCTh, KypC U JP. BCEM MOTCHIMAIBHBIM MPHU-
EMHHKaM, B TOM YHCIIC HU3KOOPOHUTAIBHOMY MAJIOMy KOCMHYe-
CKOMY armapary, Haxojsimemycs Ha Beicote 500-600 km. Cpenn
N BO3AYIIHBIX CYJIOB BBIACISACTCS KAK MUHUMYM 2 MaKCHMaJIbHO
yIaJeHHBIX JPYT OT Ipyra Cy/Ha, B MPOCKIIMU MEXTY KOTOPBIMHU
HaxoauTcss MKA ¢ Hen3BeCTHBIMH KOOPIHHATAMH.

3amaua onpeneneHus koopauHar (o6macti koopanuat) MKA
Ha OCHOBE M3BECTHBIX KoopauHaT BC mMeer 3amuch B BUJE ILIa-
HUMETPUYECKON 3aa4i HaXOXKACHHS BEPIIMHBI TPEYTOJbHUKA C
W3BECTHBIMH BHYTPEHHHMH YTIIIAMH W PACCTOSHUSAMU OT 2-X
STaJOHHBIX TOYEK, PUCYHOK 1.

Koopaunata MKA
MOJTyYeHHas! HA OCHOBAaHHUU
JIOTUICPOBCKOTO CIIBUTA
YaCTOTHI

Koopaunatst
BO3TYHIHBIX
CYJI0B

Obnacth
HAXOXKJICHUS

Puc. 1. Onpenenenne mectononoxeHns MKA

3/1ech IPeICTaBICHBI BBICICHHBIC 2 3TAIOHHBIX BO3YIITHBIX
cyaHa ¢ koopauHatamu (X1, Y1), (X2, Y2). HeussectHeie koopau-
natel MKA o6o3Hauensl (Space_X, space_y). Ha ocHoBanuu
MIpUMEHSEMBIX cooOmeHmit Ha yactote otBeta 1090 MI't n pac-
MaKOBKU MAKEeTa, CTAHOBUTCS BO3MOXKHBIM, HCIOJB3Ysl MaTeMa-
THUYECKUH ammapart, OnpeleauTh MecTomoinoxeHnss MKA.

Texuudeckn coobmenus ot cucremsl A3H-B nepematorcs B
PEeKUME paJMoBEIIaHus, YTO MO3BOJISIET €ro IMojy4aTh U odpa-
0otaTh JIIOOBIM TNPUEMHHUKOM YYyBCTBHTCIBHOCTBIO MHUHYC
100 nb/BTt. D10 MOryT ObITH BO3MyIIHBIE Cyaa win MKA, 06o-
pynoBannsbie cuctemoid A3H-B. Ha pucynke 2 npuBenieHa cxema
npuema-oopaboTku curHanos A3H-B.

GPS Hcnoassyeres
BO3/LY LIHBIMH CY1aMH
JUIS OTIPEICICHHS CBOHX
KOOp/HHAT

~ Kanan Chssm Meay BOSIY IHLMM CY/an,
WenoAwayeMusii 218 SueToNHpoBa

Bosayumoe cyaHo
HCTIOT3YET CHETEMBI
GNSS n/nan cueremy

HaKpameneriep JlucneTyepekuit ny Kt

B3N
Cranums nprema

coobuennii A3H-B

Puc. 2. O6mas cxema npuema-obpadorku curaanos ASH-B




NHDOOPMATUKA

B pamkax cucremsl A3H-B MOTYT HCHIONB30BaTHCS pas3imd-
HBIe KaHAJIBI ¥ CTAHIAPTHI TTepeiaun coobmiennii (cranaapt 1090
ES, craugapt UNA, craugapt 4 VDL). B pabore ucmons3yercs
crarmapt 1090 ES, npennasHaueHHbIN I HAOIIOICHHS 33 BO3-
JIYUIHBIMH CyJaMH M TPAHCHOPTHBIMH CPEJICTBAMH, OCHAIICH-
weiMu oTBeTunkamu A3H-B 1090 ES, a Tawke mis undposoii
00paboTku MH(POPMAIMK U TEPeaaud JAHHBIX HAOJIOJCHHS B
ueHtpsl OBJI. Coobmienre A3H-B kak cTpykTypa JaHHBIX UME-
eT auHy 112 GUT u cocTOUT U3 MsITH YacTeit (Tadm. 1).

Tabnuma 1
Crpyxkrypa coobuierus ADS-B

[ DF5 [ *3 | ICAO24 | DATA5 | Pl24

B nHayane cooOIieHus Bceraa nepeaaeTcsi KOMOBbIH HICHTH-
¢bukaTop Havana ceanca (mpedukc-npeamoyia UIUTENFHOCTHIO 8
Mkc). KomoBoe mone DF comepkur mpu3HaK, MO3BOJSFONIHIA
MIPUEMHUKY WJICHTU(QHULIUPOBATLCS W CHHXPOHU3MPOBATHCS C
nepenataukom. s pacimpeHHoi GopMel mepenadn 3To moie
nmeer konosoe 3Hauenre 10001, — rak HaseiBaemblil T DF17,
COZIepKAIIMI KOOPAMHATBL BO3AyLIHOrO cyaHa. Crenyromee
moJyie 3aHMMaeT 3 OuWra. B HHX 3aKOIMpPOBaHBI BO3MOXKHOCTH
MPUEMOOTBETUHUKA, KOTOPbIE 3aBUCAT OT HCIOJIb3YEMOTO TO/TH-
ma A3H-B [1, 2, 10].

[Mone ICAO conepuT 3aKOJUPOBAHHBIN B 24 OUTaX MEXKY-
HApOJIHBIM YHHKAJIbHBIA KOJ WM HJISHTU(PHUKATOP BO3IYLIHOTO
CyJHa.

[Tone DATA conepXuT 3aKoMpOBaHHbIA B 56 Outax codcT-
BEHHO makeT naHHbIX. [lepBbie 5 OuT maHHBIX — 3T0 Tosie TC
(Type Code), conmepskaliiee MOATHIT XPAHAIIUXCS TaHHBIX. [Tone
TC ompenenser Bu nepeaaBacMoil nHGopMaIuy, XpaHsiieiics B
nakete oyt DATA. B ocraBmiemcst 51 Oute makera CoIepKUTCS
uH(popMaIUs 0 BHICOTE, KypCe, MECTOMOIOXKEHUH U T.J., B 3aBU-
CHMOCTH OT HOATHIIA XpaHsumxcs qaHHbIx TC.

B Tabmuue 2 mpuesneH npumep CTpykTypbl mois DATA,
conepxkarero mHpopmanuio o koopamHaTtax BC B Bo3myxe ¢
6apoMeTpPUIECKOi BEICOTOM (Tabt. 2).

Tabmuua 2
Crpykryps monst DATA

Ilopsnok cnenoBanust Onucanue nosiei
6ut B makere DATA
1-5 Koj tunia gpopmara (Type Code)
6-7 Cratyc Habmonenus (Surveillance Status)
8 IMpusHak oxuHoii anterHsbl (NIC supplement-B)
9-20 Beicora (Altutude)
21 Bpewms (Time UTC)
22 Dopwmar (CPR)
23-39 Konuposannas mupuna B popmare CPR
(Latitude)
40-56 KoaupoBanuas mprHa B popmare CPR
(Latitude)

[Mone Pl (24 6ura) comepkUT MHPOPMALHIO VIS TETSKTUPO-
BaHHUs OLIMOOK B ITOJYYEHHBIX cooOImeHnsx. KoHnrpoapHas cym-
Ma A3H-B ucrons3yer mUKIHYECKHN KOHTPOIh M30BITOYHOCTH
JUIS TIPOBEPKH TPABHIBHOCTH IOJYYEHHOI'O COOOIICHUS, Ile
nociienaue 24 oura ABISIOTCA OUTaMU YETHOCTHA

UroObI ompenenuTs, Kakas WHPOPMALUsA COAEPIKUTCS B CO-
obmenun ADS-B, HeoOxommmMo 00paTUThCS K KOIY COOOIIEHHS,
ykazaHHoMy B Outax 33-37 coobmienuss ADS-B (i mepBbix 5
ourax cermenra DATA).

B tabauie 3 nokazaHbl OTHOIICHHS MEXKAY KaKAbIM KOJIOM
TUIIA U ero uHpopmanuei, conepxaiieiics B cermerare DATA.

TaGnumna 3
Wudopmarus, cogepiraniascs B KoJe KaKIOro COOOIICHU
ADS-B
ConepxaHue Kon
Omno3HaBaTeNbHbINA 3HAK CaMOJIeTa 1-4
[TonoxeHue Ha IOBEPXHOCTH 5-8
B Bo3ayxe nosuiws (¢ BeicoToi Bapo) 9-18
CKopoCTH B BO3yXe 19
IMosuis B Bozayxe (mo GNSS) 20-22
3ape3epBUpPOBAHO 2327
Craryc camoneTa 28
[eneBoe coctosiHre U MHGOPMAIINS O COCTOSIHUU 29
Cocrosiue skcmtyaranun BC 31

Jannoe ommcanme monedi A3H-B mosBomsier 3amath airo-
PUTMHYECKHE TPOIECCHl U MaTeMaTHYeCKUe BBIpaKEHUS o0pa-
6otku coobmennit A3H-B u, cOOTBeTCTBEHHO, yTOUHUTH TPebO-
BaHUS K CTPYKTypHOH cxeme monyist A3H-B ans mpuema u ne-
KoaupoBanus Ha 6opty MKA.

Meton peumieHust

M3BecTeH OCTaTOYHO CTAHJAPTHBIA MOAXOM MPOEKTHPOBaA-
HUSL MOIyNs nmpueMa-nepenaun curxanos A3H-B. On 3axiroua-
eTcsl B peann3aiyn GYHKIUH TPAHCISIIUK JITAaHHBIX B CTAI[MOHAP-
HBIM TIYHKT JUTS TTOCIeytommei oopabotku. TpeGosanust on-line
00pabotku coobmennit A3H-B He mpeapsBisSioTcs, 9TO SBISCT-
¢Sl KpUTHYIHBIM 17151 (PyHKIIMOHMPOBAHUS CHCTEMbI OOecTIeueHHs
6e3onacHoct BC. TunoBasi cTpyKkTypHasi cxema MOJyJIsl pué-
Ma-Tiepeiauy IPUBEeHa Ha PHCYHKE 3.

oy

> >

Puc. 3. CrpykrypHas cxema npuemunka A3H-B

4

0

Cxema, TIpe[CTaBICHHAs HA PUCYHKE 3, MpenHa3HaueHa It
npuema, AeKOJUPOBaHUs U JajbHeilel nepenadn naGopMaIum
npyrum MKA. B cxeme oTcyTcTByeT ONOK 00paOOTKH TaHHBIX,
Tak kKak MKA @QaxTudecku BBICTYIIACT PETPAHCIATOPOM IS
HA3eMHBIX IIYHKTOB [IPUEMa U yrpaBJieHus. [ 1aBHBIM HeJoCTaT-
KOM JIJaHHOW CXEMBI SIBJISIETCS HEBO3MOXKHOCTh BBIIMIOJIHEHUS Jie-
KonupoBanus Ha 6opty MKA, 4to cHMXKaeT onepaTuBHOCTb 00-
paboOTKH M ONpeIeIeH s MECTOIOI0KEHHSI.

B pamkax co3maHusi MOMYJIsl ONIPEEICHUSI MECTOIIOI0KEHHS
MKA paboraroriero Ha dactote pexxuma VDL-4 paspaborana
CTPYKTypHasi cXeMa MOJyJsl NpHeMa-o0paboTKHU-ONpeIesIeHHs
Mecromnonoxenust MKA, npencrasieHnas Ha pucyHke 4.
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Puc. 4. CtpykTypHas cxema MOJYJIsl OTIPEICICHUS MECTOOI0KEHHS
MKA

HoBusna mpeiaraemoii cxembl 00pabOTKH COOOIICHUIA
A3H-B 3akmogaercsi B BO3MOKHOCTH HX TIOJHOTO JEKOTHUPOBA-
Hust Ha 6opty MKA u HakorieHuu nosei mnonesHoil nHpopma-
UMM B DHEPrOHE3aBUCUMOW mamsATH. Takol HMHKEHEPHO-
KOHCTPYKTOPCKHH TIO/IXO/1 TIO3BOJISIET:

— BBLACINTH Ha O0pTy TpeOyeMyto MHpOpMaNUIO U3 IPHHHU-
MaeMoOro IaKeTa;

— COKOHOMUTbH SHEPTHIO 151 sku3HeoOecneueHuss MKA;

— BECTHM NPAKTUYECKH HENPEPHIBHBIII MOHUTOPHHI BO3/IYII-
HOH 00CTaHOBKHY,

— BBINIOJIHUTD TIEpe/iavy JAHHBIX B HanOoJiee IOJIXOJISIINX
MIPOCTPAaHCTBEHHO-BPEMEHHBIX KOOpAWHATaX OPOWTHI M TOTOJ-
HBIX yCIOBHSIX.

OCHOBHOE TIPAaKTHYECKOE MTPEUMYILECTBO MIEKTPOHHOTO MO-
IyJs onpeneneHus mecrononoxenns MKA — obecriedenue He-
HPEPBIBHOCTH ¢O0pa M BPEMEHHOTO HAKOIUIEHUS HH(GOPMAIHU O
napamerpax u nojoxxennu MKA.

HayuHo-TexHnueckast 3ajja4a poeKTa 3aKIto4aeTcs B IPOeK-
TUPOBAHUM apXUTEKTYpPhl MOIYJsd IIpUEMa-IAEKOIUPOBAHUSA-
xpanenust coobmennii A3H-B, umeromero B cBoéM cocrase
6sok Beuucienuil. CoBMmelnieHne OJOKOB Ipuema, Ipenodpa-
OOTKH, IEKOAMPOBAHUS U XPAHEHHS B OJTHOM MOJYJIC MPEICTaB-
JSIET Hay4YHbIH ¥ IPUKIIaJHOW HHTEpec.

CornacHo cxeme (puc. 3), CHUrHaN, IPHHAMACMblil aHTEHHO-
(unepHsIM 000pyIOBaHMEM, MomanaeT yepes Gpuistper, MUY n
cmecutens B AL, rae o mepeBogutTcs B HUGPOBYIO (opmy.
Janee momy4eHHBIH OHU(GPOBOM CHTHAT C MOMOIIBIO aITOpUTMa
oOpabatpIBaeTcs B OJIOKE BBIYHCICHUH, TIOCIIE YETO BBIICICHHBIC
T0JIsI TI0JIE3HOM MH(OPMALMK COXPAHSIIOTCSI B YHEPrOHE3aBUCH-
MOH IaMsTH MOAYJISL.

Takum 06pa3om, pazpabaTeiBaeMblii MOJIYJIb, 33 CUET peaju-
32l OCHOBHBIX M JIOTIOJHUTEIBHBIX (PYHKIMOHAIBHBIX BO3-
MOYKHOCTEH, IO3BOJISICT IOBBICUTh MHTEIUIEKTYAJIBHBIE BO3MOXK-
HocTH HM3KoopOuTansHoro MKA, nmeromero ¢ynkuun coopa,
CENEKINN U XPaHEHHsI HH()OPMALIH.

Pabora 0Oyoka BBEIYMCIIHTENIEH B COCTABE CO3MAHHON CXEMBI
(puc.3) ocHOBaHa HA OPUTHHAIBHOW MAaTeMaTHUECKON MOIen
onpeneneHns mecrononoxkenns MKA, ucnoms3yromeil gocra-
TOYHO TPUBHAJIBHBIC BBIKIIAJKH, HO 00CCIICYMBAIOIICH PCIICHHS
MOCTAaBJICHHON 3a/laul — ONPEACINTh O00JaCTh HAXOXKJICHHS
MKA B mpocTpaHCTBE Ha OCHOBE KOMOHMHAIIMU JOTIEPOBCKOTO
s dekra 1 TPUrOHOMETPUIECKUX 3aBUCUMOCTEH.

OCHOBOHM MaTeMaTHYECKOH MOJIENHN ONPECTICHUS] KOOPANHAT
MKA npu nomomu JOoIuIepOBCKOTO CIBHTa YaCTOTHI, SBISIETCS
(hopmyJia 3aBHCMOCTH JUTMHBI BOJIHBI OT YacTOTHI CHTHAJA, I/Ie
A=c/f (3mech C — cKOpOCTh cBeTa, fy — yacToTa HCmycKaeMbIX

HCTOYHUKOM BOJIH) [4, 12].
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Ecmi ucTounnk npubaMKaeTcs K HENOABUKHOMY HaOroaa-
TEJII0 CO CKOPOCTBIO V OTHOCHTEIBHO Cpefbl, TO A= (c—vVv)/ f .

OTcrofia 4acToTa, KOTOpYI OyAeT perucTpupoBaTh HENOBUK-
HBII TPUEMHUK, paBHa!

_h M
&

Ecnu ke MCTOYHHMK U HpI/IéMHI/IK ABMIKYTCSI OTHOCHUTCIIBHO
Apyr Apyra, To.

i %) @

3
c

Jnsa onpenenenus mecrononoxerans MKA u3 ¢popmynsr 1o-
IUICPOBCKOTO caBura 4actothl (1) BeIpakaercst CKOPOCThH JIBH-
HKYIIErocs 00beKTa:

f, =

Vo= 1_% 3)

rac fd— HJacToTa, MOJydY€HHass OT HOIIJICPOBCKOTO H3MEPUTEIIA

0

JaCTOTHI.
Hust (2) mpu msBectHOU Benuumue ckopoctu BC, ckopocTs
MKA paBHa:

f0~(C+VBC) (4)
f

Mra =€~

0

s hopmyi (3), (4) Gepercst uHTErpat O CKOPOCTH U OMpe-
JETSETCA PACCTOSTHUE OT MCTOYHMKA 10 Tpuemuuka. Crexyer
3aMETHUTH, YTO PACCTOSIHUE OYIET TOCTOSHHO U3MEHATHCS BBUILY
JBIKEHHS 00BEKTOB. J[JI 3TOr0 CYMTAIOT PACCTOSIHHE OT UCTOY-
HHKa JI0 IPUEMHUKA B OTIPEIEIICHHBI MOMEHT BPEMEHH:

b

t f f f
S=[c-a=-dt=c|1-—-"1t| =c|1--2|(t -t.)=
{c( ) - =t -t)

0 t 0

=lc-c- 2 (tl t)=Ct1—%t1—Cto+%to ®)

Kak uror, paccrosiuue S 10 IOIBUKHOTO 00BEKTa PaBHO!

t . 4 .

S _[c C+VBC)dt o f (C+VBC)t e f (C+VBC)(t1—t0)
& f, f, o f,
fo-(etVye)

c— . =t —ty) = f,-c— fy(c+vye ) (t—t)) =

0
=fycty—fo-cotg+ foovpe t — fv ty =[mk.S =vt]=>S

(6)

[TonmyueHHOE paccTOSHUE A7 MOJBIKHOTO M HETIOBUKHOTO
00BEKTOB MO3BOJISICT MPUMEHSATh K HUM M3BECTHBIC TPUTOHOMET-
puueckue GopMyIIb.
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Buxy Toro, uro paccrosaue or BC 10 HENOIBIKHOTO 00B-
€KTa M3BECTHO, a TAKXKe M3BECTHbI KoopauHathl BC, cTaHOBUTCS
BO3MOXKHBIM OTPEJIENIUTh KOOPAWHATY MPUEMHHUKA METO/IOM 00-
patHoi#t yrioBoit 3aceuku (puc. 5) [3-6, 11].

A n B
Puc. 5. Onpenenenne xoopauHat Touku N MeTo10M 00paTHOH yTiIoBOH
3aCCUKH

Ucnone3yst popmyner FOHra, nmanee BBIYHCISIOTCS KOOPIH-
HaTbl Hen3BecTHOH Touku N - Xy, Yy -

_ X, Ctg B + XgClga + Yy — Y,

N ctga + ctg g @)
_ YACtg B + ygCtga — X5 + X,

B ctga +ctg B

Yn

Hns onpenenenus yrios ¢ u 3 UCHONBL3YETCs TEOPEMa KO-
CHHYCOB!

2 2 2
cosy = m (8)

2-b-a

OmnpeneneHre MECTONOI0KEHHs HEMOIABUKHOTO NMPHEMHHKA
HaKJIQJbIBACT OrPAaHMYCHUs, CBSI3aHHBIC C aNMpOKCHMAaLUeH
KPHBU3HBI NOBEPXHOCTH 3€MJIM MEXKIY KOOpAMHATAMU 3TajIOH-
HBIX 00beKTOB [7-9].

Ha pucynke 6 m300paskeHO TpH STaJOHHBIX O0BEKTa, OTME-
yeHHbIx OykBamu B, C, D u npuemuux 4. [TyHKTHpHBIMU JTH-
HUSIMH BBIICJICHBI PaJInyC KPUBHU3HBI 3eMJIM M pa3HMIA BHICOT
BO3JIyIIHBIX CY/OB, KOTOPbIE OKa3bIBAIOT BIMSHHE Ha TOYHOCTH
onpeaeneHus koopauHat MKA.

Omnpenenenne MecrononokeHnss MKA BBIOTHSIETCS, TIpen-
monoxuB, uTo MKA n BC mepenBurarorcs ¢ pa3imudIHBIMA CKO-
pocTsaMHU.

Pe3yabTaThl M 00CyxKAEHUS

Jnst obecriedeHHss TOYHOCTU 3KCIEPUMEHTa, COCTOSIIErO M3
cepur n3MepeHnit B MoMeHT mojiéra BC HeoOXoauMo yduThI-
BaThb JIOIUIEPOBCKOE CMEIIEHHE YaCTOThI, BIMAIONIEE HA U3Mepe-
nue koopauHat MKA. Bbuti npousBeieHbl BEIYUCICHUSI OT TO-
YeK MECTHOCTH, IIPUMEPHO OIMHAKOBO YAIEHHBIX APYT OT ApY-
ra Ha OJHOM M TOM XK€ JIOIUIEPOBCKOM CMEIIEHHH YacTOTHI, C
yCIIOBHEM, YTO 4depe3 24 daca CIyTHHUK NPOHIET Ha TOH Ke Me-
cTHOCTBIO ¥ BC OyIyT HaXOAUTHCS B TOM K€ TIOJIOKEHHH.

Puc. 6. PasmerieHne U IpOIOPIHN MEKLY MOABMIKHBIMU STATTOHHBIMA
o0BEeKTaMU

B TaGnune 6 npeacraBieHbl HCXOHBIE JAHHBIE, TOTydaeMble
C BO3JYLIHBIX CyAOB Jisi pacuéra mecromnoioxeHnus MKA, rae
Hpc — BeicoTa BC Hag moBepxHOCTEIO MOps, Ve — ckopocTh BC,
R — paanyc 30mubI IOKpEITHA Tiepenatankom A3H-B (zaBucur ot
tuna BC).

Tabnuma 6

PacuerHble naHHble MecTononoxkeHnss MKA, Haxonsiuxcs Ha
P® (mosyyeHsl pu MOMOIIHN JOTICPOBCKOTO CIIBUTA YaCTOTHI)

(XY )hika
Neo Haxoxerge |  PACCTATAHHAIC IO JOIIIEPOBCKOMY Tlwcriep-
n/n BC CJIBHT'Y YaCTOTBI ous
1 2 3 4
1 Opér- (51,58; | (51,59; | (51,58;| (51,59; | (3,3 -10°7;
Vsmankoso | 39,11) | 39,10) | 39,10) | 39,10) | 2,5 -10%)
2 | Kypek-Open | (52,63; | (52,63; |(52,63;| (52,63; (0: 0)
37,65) | 37,65) | 37,65) | 37,65) :
3| Kypex- | (52,32; | (52,33; |(52,32;| (52,32; | (2,5 -10°;
Boporex 37,65) | 37,65) | 37,65) | 37,65) 0)
4 Opein- (52,59; | (52,59; | (52,59;| (52,59;
Apxanrens- | 37,94) | 37,94) | 37,94) | 37,94) (0;0)
CcKoe
5| Jlumewx- | (52,70; | (52,70; | (52,70;] (52,70; | (0;2,5
JlaHkoBO 36,80) | 36,79) | 36,79) | 36,79) -10%)

B tabnuie 6 Obuta onpejeneHa Mepa pa3opoca 3HaUCHUH Be-
JIMYHHBI OTHOCHUTENIBEHO €€ MaTeMaTHYeCKOTO OXKUIAHUS.

e  ——————
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BrIBoABI

1. TlpennoxeHa cTpyKTypHas cXeMa yCTPOMCTBa, MMeEIoIIast
napauleNbHYI0 OPraHU3alyI0 M allllapaTHO IOJEPKUBAIOIIAs
OCHOBHBIC OII€paliii BbIYHUCIICHUA KOOpAHUHAT.

2. MaremaTH4YeCKHii amnmmapar ONpeleIeHUus] 00JIacTh HaXO0XkK-
nennst MKA Ha 0OCHOBE T€OMETPUYCCKHX MPUHIUIIOB ITO3BOJISCT
OIpEJIeTNTh 00J1acTh, B KOTOPYIO MOMNaJaeT CepHs KOOpPAMHAT,
MOJYYCHHBIX C IMTOMOIIBIO JOTUICPOBCKOTO CABHTA YaCTOTEHI.

3. TomoXUTEeNpHBIN pe3yNbTaT MPUMEHEHHS MOJAETH Ompe-
nereHus: Mectononokennss MKA Ha OCHOBaHUH JOIUICPOBCKOTO
CIBWTA YAaCTOTHI COCTOUT B TOM, YTO KOOPIUHATHI OTIPEACISIOTCS
oT pa3nmuuHbiX BC, TpUHATHIX B €QUHUILy BPEMEHH, OTHOCH-
TEJIbHO YEero CTAHOBHUTCSI BO3MOYKHBIM ITOJYYHTh O0JIACTh TOYEK,
B KOTOpoit Haxonutcst MKA.

4. MonenupoBaHue W PacyeThl MOKA3ald, YTO CTATHCTHYE-
cKasi 00pabOTKa CMEIEHHsSI KOOPAMHAT OTHOCHUTEIBHO MOCTPO-
€HHOM 00JIaCTH IIPU TMOBTOPHBIX M3MEPEHUSIX Ha CJEIYIOIINX
BuTKax apwkeHus MKA moarBepkaaeT MOCTHKEHHE HEo0Xo-
JTUMOW TOYHOCTH pacueToB. Jlucmepcus, BBIYHCICHHAS IUIS Ce-
pUHM M3MEPCHUN KOOPIWHAT, IMOKAa3bIBACT 3HAYUTCIBHYIO TOY-
HOCTh ompezeicHus mecroronoxkenns MKA mertomom mormie-
POBCKOTO CMEIIEHHST YaCTOThI (TIOPSIOK OIEHOK JUCIEPCHU CO-
crasser 107).
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Abstract

Relevance. Known models, algorithms and technical solutions for determining the coordinates of aircraft are partially suitable for determining the loca-
tion of small spacecraft, since the latter do not have their own means of determining and transmitting coordinates. This limitation does not allow con-
tinuous control of a small spacecraft and reduces its functionality. It is proposed to use the actively developing system of automatic dependent surveil-
lance-broadcasting, installed on aircraft and allowing transmission of their coordinates, including to small spacecraft. Such aircraft are considered to be
a kind of mobile reference objects in the airspace of the Earth. The study poses and solves a modified triangulation problem - determining the coordi-
nates of a small spacecraft by the coordinates of reference moving objects (aircraft). Purpose. Development of a block diagram of a module that calcu-
lates the coordinates of a mobile spacecraft using a mathematical model for processing signals received from reference aircraft transmitting their own
coordinates. Methods. Within the framework of the article, the main physical (Doppler effect) and geometric relationships of message transmission
between receivers and transmitters and hardware and software solutions are considered, designed to obtain the processing of coordinates of message
transmitters on board a small spacecraft. The results obtained make it possible to determine the location of the small spacecraft. The general block dia-
gram of the coordinate determination module has a parallel organization and can be used in high-performance computing systems. On the basis of a
mathematical model, an algorithm for determining the area of finding the apparatus and a block diagram of the coordinate processing module are
obtained, characterized by the presence of a specialized parallel search unit. Modeling the algorithm on the reference data has shown the required accu-
racy in determining the area of the vehicle as a result of solving the modified problem. The obtained values of the variance of the computational domain
indicate the efficiency of this approach and justify the hardware solution of the problem of determining the coordinates of a small spacecraft. Conclusion.
The block diagram of the module for determining the position of the small spacecraft based on the ADS-B signals is the most compact and energetical-
ly less expensive solution than the GPS, which allows calculating the coordinates of the small spacecraft using a receiver, the consumption of the bat-
tery is only for receiving and processing data. In contrast to the presented scheme for receiving-processing and calculating the coordinates of the small
spacecraft, existing similar solutions in a number of nanosatellites of the CubeSat standard are used, in addition to the processing algorithm and the
receiving path, also transmitting equipment, which is many times more energy-intensive than the equipment presented in the form of a structural dia-
gram of the position determination module ICA, in this article.

Keywords: microcontroller, search unit, decoding, ship coordinates, triangulation
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