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I". A. lModwueanoe — CTyaeHT kadheapbl KOMMbIOTEPHOTO NPOEKTUPOBAHNS ad9POKOCMUYECKIX NPMOOpPOB U
N3MepUTENTbHO-BLIYNCIIUTENBHBIX KOMMIEKCOB
A. I1. lTacmoykuH — Hay4HbI PYKOBOAMUTENb

MOBbILWEHWE 3O®GEKTUBHOCTU NOArOTOBKM NNIETHOIO COCTABA
HA OCHOBE NPUMEHEHWA KOMMNbIOTEPHBLIX MPOLIEAYPHbIX TPEHAXEPOB

[Mporpecc rpaxaaHckoi aBmaumm B LEemnom, Tpebyet paspaboTku 1 BHEAPEHUS HOBbLIX AGEKTUBHBIX
Mep B 0611acTb 0By4eHMs KMNAXKEN, NPAKTUYECKOrO MOBbIEHNS NPOdeccoHansHoro Macteperea [1]. B co-
BPEMEHHbIX YCMOBUSX OpraHu3aumus obyyeHns aomkHa 6biTb 6€30MacHON 1 AKOHOMWUYHOM, @ 3HA4UT Ahdek-
TUBHOW. [Ans obecneyeHus aTux ycrosui Haubonee Lenecoobpas3Ho B npoLecce UCMonb3oBaTh aBUaLMOH-
Hble TPEHaXepb!.
[pouecc NOAroTOBKM NIETHOTO COCTaBa MOXHO ONMcaTh CXEMOW, NpeacTaBneHHomn Ha puc. 1 [1].

MNpodeccroHanbHbIn
oT6op

A A v v

MoneTbl Ha
M3yueHne TeopeTnieckmx Wcnonb3oBaHve ayanoBmsyarnbHbIX TpeHVpoBKK Ha 6HO- 3aBepLuialowime
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Puc. 1. lMpoLecc noaroToBku NETHOrO CocTaBa

Mpyn 3TOM HEOOXOAMMO OTMETUTb, YTO 3Tanbl NOATOTOBKM NIETHOMO COCTaBa He SBNAKTCA He3aBUCUMbI-
MM, @ JOMKHbI NPOBOANTLCS B CTPOrOi NOCreAoBaTeNbHOCTY. Tak, Hanpumep, 0TpaboTka HaBbIKOB TOYHOIO
ynpasrieHus: 060pya0BaHMeM 1 ero AKCTnyaTaLui AOMKHA NPON3BOAMTLCS TONBKO NOCHE TOrO, KaK KypcaHTbl
XOPOLLO 3aMOMHSIT PaCcroNioXeHne aToro 0BOpyAOBaHHs, ero HasHayeHue, 0COOEHHOCTH, KaK WU B KaKoii Mo-
CreoBaTeNbHOCTY C HUM HY)XHO obpaLyaThes.

Takke CTOUT OTMETUTb, YTO ANS YCMELWHOr0 OCBOEHUS! HEOOXOAMMbIX 3HAHMIA, YMEHUIA U HaBbIKOB
HeobxoanMo obecneynTb HepaspbiBHOCTb MpoLiecca 00yyeHus [2]. B yacTHoCTH, Npu nepexode OT U3y4eHust
TEOPETUYECKMX KYPCOB K TPEHMPOBKAM Ha TpeHaxepax, y 06y4aemoro MoryT BO3HWUKHYTb ONpeaeneHHble 3a-
TPYLOHEHWS, CBSI3aHHbIE CO CMEHOI 06CTaHOBKM 0BYYeHNs, U3MEHEHEM MOPSAKA ero NpoBefeHus. ATn dak-
TOPbI MOTYT HEraTMBHO CKa3aTbCsl Ha BPEMEHM 0BydeHus (KypcaHTy noTpebyeTcs AnuTenbHOe Bpemsl, YToObl
03HaKOMUTBCS C HEM3BECTHON eMy paHee CPEAOi), a 3HAYUT U Ha ero 3KOHOMUYHOCTU. Takke, Npu HeaocTaT-
KE 3HaHWI1 YCTPOICTBA M MPUHLMNOB paboTbl HekoTOpbIX cucTeM AT, 06yyaemblit He CMOXET MOMHOCTbIO
OCBOMTb BCE OnepaLun HeobXoaUMble Ha AaHHOM dTane 0By4YeHNsl, BBUAY OTCYTCTBUS MOHUMAHUS BbINOMHS-
eMbIX UM (PYHKUMIA. Takum 0Bpasom, Mexay aTanamm oby4eHust JOMmKHa CYLLEeCTBOBATL OnpeaeneHHas CBsi3-



Ka, koTopas no3sonuna 6bl 3PEKTUBHO MCNONL30BATh 3HAHWS, NOMyYeHHble Ha Npedblayliem atane Ans
nepexoga Ha HoBblIi 3Tan 0by4yeHus.

Mokaxem cnocob peanusaumn Hepa3pbIBHOTO 06y4eHUs onepaTopa HaBuraTopa Ha npyMepe peLueHus
3afaun «PacyeT anemMeHTOB pa3BopoTay.

AnropuT™ peLLeHus JaHHOW 3adauv npeacTaBneH Ha puc. 2.

BxofHble AaHHbIe:
1) NInHna ynpexaeHHoro pa3sopoTa .| Pacuet paguyca

2) Yron passopoTa pasBopoTa
3) UctnHHasa BosayLlHas CKOpoCTb

Pacuet Pacuet
> BO3OYLWIHOAW —»  BPEMEHMN
CKOpOCTU pasBopoTa

4
CoobLLeHe camoneTy I

paccyuTaHHbIN yron

KpeHa U BKIoYeHue
cekyHaomepa - BbinonHeHune

O[IHOBPEMEHHO pasBopoTa

4
Mo ncreyeHnn I
paccynTaHHOro BpeMeHu
BO3BpaT camorieTa B
HayarnbHoe NosnoXeHne I

Puc. 2 Anroputm peLleHusi 3afaym «PacyeT aneMeHTOB pa3BopoTay

lMpu 3TOM B KayecCTBe MHCTPYMEHTOB peLUeHUs 3adauv MOryT BbICTYMaTb HaBUraLMOHHAs NUHeWKa,
KanbKynsTop W Apyrue cpeacTsa NnporpaMMHOro obyyerus.

Ha aTane TpeHaxepHOW NOAroTOBKM OnepaTop-HaBMratop BbINOSHAET Pa3sBopOT, BO3AENCTBYS Ha HEKO-
TOpbIE OpraHbl ynpasneHns AT, Npu aTOM pesynbTaT CBOMX AEUCTBUIA OTCMEXMBAET NO UHAMKATOpPaM, pacno-
NOXeHHbIM Ha paboyem MecTe 0by4aemoro.

[ns npumepa, nepeuncnnum, Kakue npubopbl 3a4eicTBOBaHbI MPY BbINMOSTHEHWM Pa3BOpOTa Ha crneun-
arnbHOM HaBUraLUMOHHOM TpeHaxepe WwrypmaHa « PEOPEH-H»: ykasaTenb wTypmaHa, BapuomMeTp, KOMOUHK-
POBaHHbI ykasaTesb CKOPOCTH, BapOBLICOTOMEP, aBUALMOHHbIE Yackl CAMOSETa, aBUArOpPU30OHT.

Anroputm BbINONHeHNs pa3sopoTa npu 3aHsaTum Ha CHTLL PE®PEH-H npeacTaBneH Ha puc. 3.

1) MpoBepka HavanbHoro kypca no YL
2) MNpoBepka NCTMHHOW BO3AyLLHOW ckopocTy no KYC 1%
3)[MpoBepka BbICOThI 1 BEPTUKANbHOW CKOPOCTH

1) 3apanue Yrna Kpena nHa Myan
2) 3anyck cekyHgomepa

v

1) KoHTponb yrna kpeHa no Al
2) KoHTponb BpeMeHu pa3BopoTa no cekyHaomepy

Mo ncreveHnn pacyeTHOro BpeMeHu
3 1) OcTaHoBKa cekyHgomepa
2) Bbixog n3 kpeHa My an

\

4

v
‘ [MpoBepka koHeYHOro Kypca

Puc. 3. Anroputm BeinonHeHus passopota Ha CHTLL PE®PEH-H

HenoaroToBREHHbI KypcaHT NOTPATUT ANUTENbHOE BPEMS Ha U3y4YeHNe MeCTOopacnonoxeHns npubo-
poB Ha CHTLW PE®PEH-H ux wkan, peakunn 1 cnocoboB BO3AENCTBUS HA HUX, YTO O3HAYaeT HeapdekTB-
HOE MPUMEHEHNE TPEHAXEepa Ha 3TOM 3Tane 06y4eHus.

[ns peleHus gaHHoi npobnembl HEOOXOAMMO YXe B NpoLecce TEOPETUYECKOro 0OYYeHUs NO3HaKo-
MUTb 06y4aemoro ¢ 0bopyaoBaHMeM, faTb eMy BO3MOXHOCTb 0TpaboTaTh BO3AEMCTBIE HA ANEMEHTbLI ynpaB-
NEHns, U3y4nTb rPagympoBKy NPUBOPOB U HAYYMTb CYMTBLIBATL NOKa3aHUS MHAMKAaTOpoB. Cpencrtso, C MOMO-



LbK0 KOTOPOrO MOXHO PELUMTb NOCTaBMEHHble 3a4aun JOMKHO ObiTb NErkoAoCTYNHLIM U NPOCTLIM B 0bpalLe-
HWKW, ANS TOro, YTOObI OCBOEHWE AUCLMNIMHBI HA AAHHOM 3Tane MO NPOXOAUTL Kak MOXHO Gorbluee Yncrno
KypcaHToB. B CBOW oyepedb, pocT yncna obyyaemblx, kak Npasuno, NpoBoLMpYeT NOTPebHOCTb pocTa Yncna
WHCTPYKTOPOB, MPWBMEYEHHbIX K NPEnogaBaHmnio Ha Tekyllem atane. [ing Toro 4tobbl a10ro u3bexatb Heob-
XOAMMO MPesoCcTaBuTb MONb30BaTENAM CPEACTBO 0Oy4eHNs, NO3BONALLEE OCBaKBaTL y4ebHbIi MaTepuan
CaMOCTOSATESNIbHO, CHabaMB €ro BCeMi HEOBXOAMMBIMIA UHCTPYKUMSMU U pa3paboTaB yaoOHbI MHTEpdenc
nonb3oBaTens.

B kayectBe Takoro cpeactBa obyveHus npenraraeTcs UCMonb3oBaTb KOMMBIOTEPHbIN NpoLesypHbIN
TpeHaxep (KIMT) Ha 6ase OpenEaagles.

OpenEaagles — 370 kapkac Ans NOCTPOEHUS UMUTALMOHHbIX MPUOXEHUIA, B YACTHOCTH, 3aTOYEHHbIN
noj, NOCTPOEHWE aBMALMOHHBIX CUMYNSTOPOB, OH COCTOUT 13 Habopa BubnmoTek, HaNMCaHHbIX Ha f3blke C++
W SBNsieTCs cBOBOAHBIM NPOrpaMMHbIM obecneyeHmem [3].

Crpoetve KINT moxeT 6bITb NpescTaBneHo B BUAE CXeMbl Ha puc. 4.

TekcTypbl,
WpndThI
Pann
aspoanHaMMUYECKmX
mogenen

> NanoFlightSim.exe

KoHurypaLmoHHbIn
dann (*.edl)

KoHdurypaumnoHHbin
dann (*.lua)

Puc. 4. PaboTa nporpammbl UMUTaLAN

LleHTpanbHbiM anemenToM KIMT sBnsietcs komnakTHeIA aBuacumynsatop NanoFlightSim (NFS), kotopbii
UCMonb3yeT OCHOBHbIE BO3MOXHOCTM OpenEaagles, 1 no3sonseT UMUTUPOBATb NONET Ha BblOpaHHOM Tune
camonerta. Npu 3anycke aBuacumynsaTopa Ans Co3AaHns UMUTaUMOHHOTO OKpyxeHns NFS ncnonbayet KoH-
curypaumonHble annbl CPT.edl u CPT.lua. lMpwn 3anycke WCnosnHsemMoro haitna CYMTbIBAETCA CTPYKTypa
cumynsauumn u3 panna CPT.edl n cosgaetcs Habop AnHamMUYecknx 06 bEKTOB, KOTOPLIE UCMONb3YHT BHELLHME
pecypcbl, Takue Kak annbl a3poaMHAMUYECKUX MOAENEN, TEKCTYPbI, WPUMTLI K T.N. 3aTeM UHULManuanpy-
€TCSH OCHOBHOE OKHO MPUSIOXEHUS U HAYMHAETCSH UMUTaLMS.

OroBopum noapobHee, YTO 0COBEHHOCTN KOHAUTYPaLMOHHBIX (haitnoB.

Onsa Toro y4tobbl nNpunoxeHue 6bin0 Gornee MoZynbHbIM M HacTpauMBaeMbiM, pa3paboTymku
OpenEaagles ucnonb3yioT cBOM COBCTBEHHBIN S3bIK OMMCAHWS HAcTpoek, OH HasbiBaeTcs EDL (Eaagles
Discription Language). Bce noctpoeHue cuctembl 0TobpaxeHNs MHPOpMaL MOXHO OCYLLECTBASATL Ha HEM,
a 3aTem NOAKMOYMTL K nporpamme umutaumn. KoHurypaumoHHbin dainn *.edl npeacrtasnseT cobon coBo-
KyMHOCTb KOMMOHEHTOB, 0bnajarowux onpeaenieHHbIM CBOACTBAMM, NPUYEM HEKOTOPbIE KOMMOHEHTbI MOTYT
BbITb YacTblo Apyroro 06bekTa bonee BbICOKOro nopsaka. Mo cytn, BeCb hann COCTOMT U3 OMKUCAHUS pasfny-
HbIX 0BBEKTOB M WX cBOWCTB. OfHAKO, ANS MOCTPOEHUS CUCTEMbI OTOBPaXEHUS MH(OPMALMK, B YaCTHOCTM
ANS NOCTPOEHNS UMMTATOPOB MHAMKATOPOB, Heobxoaumo obpabaTbiBaTb BO3AENCTBME NONMb30OBATENS Ha
UMUTaTOPLI OpraHoB ynpaBneHus. Asbik EDL He npeagycMaTpuBaeT Hanuune Kakux-nubo matemMaTuyeckux
BblpaxeHuit B camom *.edl cbaiine. Moatomy, B HeM 1CNONb3yeTcs cneumnanbHblii KOMNoHeHT «LUAsistemy,
KOTOPbIN NPUHUMAET CUrHan OT MMUTATOpa OpraHa ynpaBneHus O ero COCTOSHUK, BbINOMHAET BCe MaTeMaTy-
Jeckune npeobpasoBaHusl, OnUcaHHble B NpeaHasHaYeHHOM Anst aToro dhaiine *.lua, v BblgaeT pe3ynbTaT aToro
npeobpa3oBaHus. ATOT hann HanucaH Ha MHTEPNPETUPYEMOM A3blke NporpaMmmupoBanus LUA [4].

Takum 0Bpa3om, nocne BbINOHEHNS HEOBXOAMMBIX pacyeToB, NOMb30BaTENb CMOXET CHavana oTpa-
BoTaTb MeTOAMKY BbiNoONMHeHWs pa3sopoTa Ha KIT, a 3aTem BeINONHWTL 3agady n Ha CHTLL PE®PEH-H. Tak
Kak BCe HeobXxoauMble Ans BbINOMHEHMs passopoTta npubopbl gybnuposaHbl Ha KIMT n CHTLW PE®PEH-H,



obyyaeMblIii CMOXET BbICTPO NPUCMOCOBUTLCS K HEM3BECTHOMY MY paHee paboyemy MecTy obyyaemoro, Tem
CaMblM YMEHbLUMB BPEMS WUCMONb30BaHWe 6onee AOPOroCTOAWEr0 B NnaHe W3roTOBMEHMS W 3KcnnyaTtauumn
TpeHaxepa.

K noctonHcteam KINT MOXHO OTHECTH:

— MOZYMNbHOCTb U pacLIMPSEMOCTb;
—  KpoccnnatgopMEHHOCTb;

— MPOCTOTY B 0BCNYXMUBaHUM U SKCNyaTaLum;

—  UCronb30BaHue CBOOOAHO-PAcNpOCTPaHSEMOro NPorpaMMHOro obecneyeHus;

— BO3MOXHOCTb MCMONb30BaTbCs B HAYYHbIX UCCMEJOBaHUAX AN U3Y4YEHWNS B3aUMOAENCTBUS aBua-
LIMOHHOTO TPEHaXepa 1 YenoBeka-oneparopa.

BbiBogb!:

1. PaspabortaH nporpaMmHoe CpefcTBO 0By4eHusl, YCTpaHAoLLEe pa3pbiB MEXIY TanoM TeopeTunye-
CKOTO 0By4eHMst 1 TPEHAKEPHON NOATOTOBKE NO PELLEHUIO KOHKPETHOM 3afdaum — «BbinonHeHne passopoTa
camorieTa 1 nepexoaa Ha HOBbli 3Tan MapLLpyTay.

2. Co3aaH HEKOTOPbIN MHCTPYMEHTAPWIA U MOAFOTOBNEHbI OMUCAHKA MO CO3AAHMI0 MHOXECTBa Nogo6-
HbIX KOMMbIOTEPHBIX MPOLEAYPHbIX TPEHAKEPOB, NPeAHA3HAYEHHbIX NS PELLEHUS UHbIX 3adau.

3. CospanHbin KINT oTKpbIBaET NyThb K UCCNEA0BAHNIO BOMPOCOB 0By4aemocTn neTHoro coctaea. Co-
OpaHHble MaTepumarnbl No 3TOMYy UCCEeLOBaHMI0 MOTYT CTaTb OCHOBOM ANs cO3aaHust 6onee COBEPLUEHHbIX
obyuvaroLmx cucTem.
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