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T. A. CbI4y — MarucTpaHT kadeapbl KOMMbIOTEPHON MATEMATMKM 1 NPOrPaMMUPOBAHUS
A. A Knioyapee (KaHA. TEXH. HAYK, A0L.) — HAYYHbIA PYKOBOAMTENb

OCOBEHHOCTW NOCTPOEHWA TPEHAXEPOB 11 CAMOJIETOB PAXIAHCKOW ABUALIUK

ABWaLMOHHbIV TPEHAXEP — 3TO UMUTATOP noneTa, NpeaHasHavYeHHbI AN HA3eMHOM NOArOTOBKM MUMOTOB.
B aBMaLMOHHOM TpeHaXepe UMUTMPYeTCS AMHaMuKa noneTa 1 paboTa caMoneTHbIX CUCTEM W ABUraTenen ¢ no-
MOLLbIO CneumanbHbIX MOAenei, peannsoBaHHbiX B NporpaMMHOM obecneyeHni BbIUCIIMTENBHOTO KOMMNeKca
TpeHaxepa. MoCcTpoeHne 1 MOLENMPOBaHNE aBUALMOHHBIX TPEHAXEPOB YXKe Ha MPOTSHKEHWUM HECKONMBKUX Aecs-
TUNETUIA OTHOCATCS K OBHOMY M3 OCHOBHbIX HanpaBreHWn passBuTus B obnacti 0by4eHns camoneToBoxae-
HWt0. TpeHaxepbl NO3BONSAOT 06y4aTh NEPCOHAN CaMOfeTa WTATHbIM W HELUTATHBIM CUTYaLMsaM, obyyaTb Numo-
TOB W MOBbIWATL KBanudukauuo, otpabatbiBaTb pasfnuyHble HaBblki M obecneunBaTtb 6e3onacHOCTb none-
T0B [1].

TpeHaxepbl rpaxgaHCKoN aBuaLmn NPeCcTaBAST BO3MOXHOCTU U (PYHKUMM peanbHOro camoneta u oT-
BeyYalT TpeboBaHNAM CTaHAapPTOB, NO3TOMY BCE TPEHAXKEPL! UMEKOT CXOAHYI0 CTPYKTYpY (puc.1) BHe 3aBMCHUMO-
CTW OT MOAENM CaMOoNeTa, Ha KOTOPbIN 3TOT TPEHaXeP CTPOUTCS.

naHMpoBaHWa 1 bacxoda Tonnuea

CTaHLl'I/Iﬂ WHCTPYKTOPa [nHamuku noneta camoneta

MoroaHbIX YCnosuit CucTema Bu3yanuaauum

— Bbibop asponopTa
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L BbifOp NOroAHbIX YCTIOBHiA Mogynb o6pa60TKmvnporpaVMMHom " KOHTPONEPbI 1 3MyNSTOpb!
annapaTHomn YacTei

HaBuraumoHHas 6a3a faHHbIX

— AaponopTbl
— B3neTHble nonochi
— MapLupyTbl BO3AYLIHbIX TPACC

— TOYKM, MapKepbl U MarHUTHbIE Masiku
— MMpouenypbl B3neTa u nocaskm

Puc. 1. Cxema obLLelt CTPYKTYpbl TpeHaxepa

ABuaLOHHbIE TPEHAXEPHI UMEKOT OCHOBHOBOMONAratoL/e COCTaBNSOLME, TaKNe Kak:
— MaTemaTuyeckast MOAerb;
— HaBurauuoHHasi 6asa [JaHHbIX;

—  KOHTPOMMepbl 1 AMynsaTOpbI.

Kaxgas 13 aTux nogcuctem SBRsSeTCs TON YacTbio, 6e3 KOTOPOI HEBO3MOXHO (hyHKLMOHUPOBaHWE TpeHa-
xepa. Matematuyeckas Moaenb obecneymBaeT onucaHe MOLENM CaMoneTa, ero AMHaMIKy, 3arpy3ky TOnnvBea,
paboTy aBuraTenen.

KoHTponnepbl 1 aMynsTopbl — 9TO BHYTPEHHASA BU3yanu3auus paboTel TpeHaxepa. IT0 Komnac, Aucnnew,
YCTPOWCTBA BBOAA AaHHbIX AN KOPPEKTUPOBKM MOMeTa, YCTPOMCTBA YNpaBneHUs BbIBOLOM WHopMaumn Ha
Ancnnesix.



HasuraunoHHas 6a3a gaHHbIX COAEPXUT MHAPOPMALMIO O AaHHbIX, KOTOPbIE MPUMEHSIOTCS TOMBKO B rpax-
[aHCKOM aBnaumm: 06 asponopTax, B3NETHbIX Morocax, 0 NpoLeaypax B3neTa 1 nocagku, 0 pagmomasikax v T.4.,
0 TOM, YTO HeoBXOAMMO ANS COBEpLUEHUS nofieTa no MapLupyTy cnegosaHus. OCOBEHHOCTLI0 NOCTPOEHUS Tpe-
Ha)XepOoB ABNSIETCS HaBUrauMoHHas 6asa AaHHbIX — 3TO YHMBEpcanbHas NMogcucTeMa, KoTopas He 3aBuUCHUT OT
TMNa TPeHaxepa W OT TWNa CaMoneTa, Tak Kak CoaepXMUT AaHHble HeobXoauMble ANns MobOro rpaxaaHcKoro ca-
moneta. HaeuraumoHHas 6a3a gaHHbIx cTpoutcs Ha ocHoBe neTHoro ctaHaapta ARINC 424-18. ARINC 424 -
PeKOMeHyeMblIi CTaH4APT aBMALMOHHON NPOMBILISIEHHOCTW ANS hopmaTa 1 cofepxaHus (hannoB aspoHaBura-
LIMOHHBIX JaHHbIX, UCNOMb3yeMbIX Npu NOLArOTOBKe 6a3 AaHHbIX 4719 a3pOHaBUraLMOHHbIX cucTeM. BoceMHaaua-
Tas pefakuyms AaHHoro ctaHaapTa bbina BeinywweHa 23 Hosbps 2005 roga B Mapunenge CLUA [3].

[laHHbIn CTaHaapT coaepxuT B cebe onncaHne TOro, YTO AOMKEH cofepxaTb (ain aspoHaBUraLMOHHbIX
[aHHbIX U KaK 3TV JaHHble JOMKHbl ObiTb NpeacTaBneHbl. PUKCUPOBaHHLIN pa3mep 3anuck, UKCMpOBaHHOE
PACMoNOXeHNe 3NEMEHTOB 3anucy AenaeT dopmat yaobHbIM AN Pas3nMYHOro poaa MaluMHHOM 06paboTku.
AspoHaBurauuoHHas HMopMaums, 3anucaHHas B AaHHOM ¢opmarte, nepefaéTcs B BUAe TEKCTOBOrO haina ¢
(brKcMpoBaHHON AnNMHON kaxgomn 3anucu, pasHom 132 cumsonam ASClI-koga. Kaxaas 3anucb COCTOMT U3 OT-
AENbHbIX MOMen, KONMYECTBO W ASIMHA KOTOPbIX 3aBUCAT OT BUAA WHGOPMALWK, NPeACTaBEHHON B KOHKPE THOMN
3anucu. 3annucb MOXET UMETb MPONYLLEHHbIE UMW He3aMnoSHEHHbIE Nons. MNponyLLeHHble Nons — 370 pe3eps Ans
[anbHenLero CoBEPLUEHCTBOBaHNS (hopmaTta, a Hes3arnosHEHHbIE NONS YKasbiBaT HA OTCYTCTBME MO KaKUM-
NMB0 NpUYMHAM KOHKPETHOW a3pOHaBUraLoOHHON MHAOPMaLnK.

HaBuraunoHHast 6a3a AaHHbIX akTUBHO UCMONb3yeTcs BO BpeMst paboTbl TpeHaxepa, noaToMy Ans Hee
rMaBHbIMK KPUTEPUSIMU SIBNSIETCS CKOPOCTb BbIBOPKM AaHHbIX U fobaBnenus. [Ins peanusaunm HaBuraLMOHHON
6a3bl AaHHbIX BbIK BbIBpaHbl TPU NporpaMmHbix NpoaykTa: SQLite — pensauyuonHas CYB[, MongoDB u FastDB —
HepenaunoHHble CYB. B pamkax uccnenoBaHust paboThbl 3TUX NporpaMMHbIX CPeacTB Obinu npoBeaeHb! TECTbI
NPOM3BOANTENBHOCTH, MOKa3biBaLme Haubonee onTUMarbHOe CPeAcTBO paspaboTkyM HaBuraumoHHOW 6asbl
AaHHbIX. MpoBOANNNCH TECTbI HA A06ABINEHNE HABUrALMOHHBIX AaHHbIX, YAANEHUE U BbIOOPKY.

Bpemsa gobasneHun gaHHbIX
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Ha rpachuke fobasneHust aaHHbIX (puc. 2) BugHo, yto FastDB u SQLite oguHakoBo GbicTpo gobasnsoT
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Puc. 2. I'padmk gobaBneHust aHHbIX

AaHHblE, 3a UCKIIYeHNeM Bbibpoca B caMoM Havane akcnepumerTa y SQLite CYB[.


http://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/ASCII
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Puc. 3. T'pachmk BbIOOPKM JaHHBIX

Mo rpachuky BbibOpkY (prC.3) AaHHBIX MOXHO CAenathb BbiBOA, YTO Y Bcex CYB[] ectb BbIGPOCHI N0 BpeMe-
HW, HO camoe Bornblioe konuyecto y SQLite. Y MongoDB, Takke kak u y SQLite, BcTpeyaeTcs [OCTaTOMHO
BorbLuoi BbIBpOC B Havane TeCTUPOBaHMs, T.e. npu Bblbopke nepsblx 10 3Ha4YEHUI.

FasiDB  MongeDB  SOlie
10 0,4237 0,3652 0,4531
100 0,0612 0,0573 0,0671 0 0,1 0,2 02 04 05
1000 0,0082 0,0076 0,0084)
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Puc. 4. lnarpamma yaaneHus sanucei

Mo anarpamme yganeHust 3anucen (puc. 4) MoXHO caenatb BbiBog, YTo SQLite yganser 3anucy gonblue
ocTanbHbix CYB[.

Mo utoram TectupoBaHus bbina BoibpaHa CYB[] FastDB, kak Hanbonee ctabunbHas CYB[], otBevatowas
BCEM MOCTaBIIEHHbIM NS Hee 3agavam. PesynbtatoM paboThl HaBUraLMOHHOM Basbl AaHHbIX MOXHO Ha3BaTb
HaBMraLMOHHbIA OMCNNei, KOTOpbIA 0ToBpaxaeT COCTOsiHME MoneTa camoneTa. XapaKTePUCTUKNA HAaCTPOEHHbIX
MarHWUTHbIX MasikoB, MapLLPYT CeLoBaHus, TUM NyTEBbIX TOYEK M CKOPOCTb CamoneTa.



Puc. 5. [1Ba pexvMa HaBUraLMoHHOro aucnnes

Ha pucyHke 5 nokasaHbl ABa pexuMa HaBWUralMOHHOTO Aucnnes Bo BpeMs noneta no mapwpyty CaHkT-
MeTepbypr — XenbCuHkW. B npaBom YacTv NokasaH PEXWUM C HACTPOEHHLIMU MarHUTHBIMI Masikam pasHom Ya-
CTOTHOCTU, Ha PUCYHKE OHU oTOBpaxatoTcs padnuyHbiMu cTpenkamm (VOR v ADF). B npaBom BepxHeM yrny no-
Ka3blBAETCA aKTUBHAs NyTeBas TOYKA, NO HANPaBMEHWO K KOTOPON ABMKETCS Hal camoneT. Komnac nokasbiBaeTt
Kypc camorneTa [2]. B neBoit yacTv nokasaH pexum nosieTHOro MriaHa, ero MOXHO NpocMaTpueaTth BO BpeMs no-
neta OT TeKyLlen TOYKM 4O TOYKM NOCafKW, Ha HeM M300paxeH 3axo4 camoneTta Ha nocagky Ans 15 nonocsl B
asponopTe ropoaa XenbCuHKA. AKTUBHBIA MapLUpYT noneTta nokasbliBaeTcs 40 NOMochl NOcagKu, 3a nosocon —
3axof Ha BTOPOW Kpyr B CriyyYae HeyaaBLIENCS Nocagku.
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