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(Tekct ctatbu Ha aHml. 3. — English text of the
article — p. 255)

Ha ¢pone nutennexkryanusaunm cucrem
ynpaBJieHUs1, NOsIBJIEHUSI CITyTHUKOBOH
HaBuraymv aBTopbl paccmMaTpuBaioT
npo6s1ieMbl TeXHOJIOrn4eckom
COBMECTUMOCTHU 3JIEKTPOHHbIX CPEACTB
KOMMYHUKaLNA U TEXHOJIOrTM4€CKOro
KOHTPOJIS NOABUXXHOIo cocTaBa
nNpUMeHUTEesIbHO K NporpaMmmMmamM oby4yeHus:
CTYAEHTOB u nNpakTukos. [Noka3aHsbl
0COOEHHOCTHU 3/IEKTPOHHOM KapT y4acTka
cnepoBaHus noesaa, aTarbl ee co3gaHns
C NMOMOLLbIO CEPBUCHOIO YCTPOWCTBa,
coaepxaHue MakeTa, npoLuecc OoTpaxeHus
KoopAMHAT 06BEKTOB U UX NMPUBSI3KN

K KoopAauHaTam y4acTtka. [Jenaercs
mMeTogosiorndeckas oyeHka HabmoaaemMbim
ynpaB/ieH4€eCKUM peasiusiM, yCJI0BUSIM
BOCIPOU3BOACTBA «3HaKa [eiCTBUS»

B «CaMo AeliCTBUe».

KnwoyeBble croBa: xeneaHas gopora,
obpa3oBaHNe, UHTEeJIJIEKTYallbHasi CUCTeMa,
BJIEKTPOHHAs kapTa y4yacTka, CryTHUKOBasi
HaBuraumsi, TexXHoJ1I0rn4eckasi ANXoToMus,
nporpamMmMmHoe obecrie4eHune, y4ebHsbie
nporpamMmsl, QYHKLMN, METOLOIOMMSI.
|
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Kak 3HaK Hay4YuTb
npeepawaTtb B 4eNCTBUe

BuTtanwuii COJIOBbEB
Vitaly N. SOLOVIEV

Pasunxun Huxoaaii Eeo-
posuy — KaHoudam mex-
HUYecKux Hayi, 0oyeHm,
npopexmop — oupexmop
Hnemumyma npukaadHsix
mexnonoeuit, MUUT,
Mockea, Poccus.
Boponosa Huna Uena-
moesHa — Kkanoudam
MmexXHUYecKux Hayk,
3amecmument OUpeKmopa
HUIIT MUHUT, Mocksa,
Poccus.

Coao6veé Bumaauii Huxo-
aaeeuy — npenodagamens
MEKXT MUHUT, Mocksa,
Poccus.

HTEeJJICKTyaJIn3allusl YIIpaBJeHus Ha
TPaHCIOPTE MEHSIET MPUBBIYHBIEC
MOIXOMbI K OLIEHKE MPUMEHSIeMBbIX

CPEICTB, TEXHOJOTUYECKON COCTABISIOLIECH

OpraHM3yeMbIX Ha TIPOM3BOICTBE MPOLIECCOB.

JI71s1 KOppeKTHOM paboThl KOMILJIEKCHOTO

JIOKOMOTHUBHOI'O YCTPOMCTBa 0€30IMacHOCTHU

(KJIYB) B ero coctaBe KpoMe OCHOBHBIX 0J10-

KOB 00s13aTe/IbHbI, 110 HBIHEIIHUM MEpKaM,

aHTeHHA U MMPUEMHUK CITyTHUKOBOI HaBUTa-

1IMM, a TaKXe BJeKTPOHHAs KapTa ydyacTKa
clieIOBaHMS Toe3aa. Y HUX CBOM U BMECTe

C TeM CUCTeMHBbIe (DYHKIIMOHAIbHBIE 3a1aUH.

B TocynapcrBeHHOM 0Opa3oBaTeIbHOM
crangapte CITO cneuunanbHocTu «TexHuue-
cKasl 9KCITyaTalusl TMOIBUXHOTO COcTaBa

KeJie3HbIX Jopor» B 2002 romy Oblia BliepBbIe

BBeJeHa nucuunianHa «JJoKkoOMOTUBHBIE

ycTpoiicTBa 6e3omacHocTu». [To mpoiecTBun

13 neT 3TH ycTpoiicTBa MpeTepIiein KayecT-

BEHHbIE U3MEHEHMUS, B UX KOHCTPYKIIMIO

¥ 00CIIy>KMBaHUe UPOKO BHeapstiuch UT-

TEXHOJIOTUU.

B MHcTuTyTE TIpUKIAIHBIX TEXHOJOTUM

MMUMUT paspaboraHa mporpamma oOydeHMUsI,




oTpaxaroniasi CoBpeMeHHbIe HayuHbIE U TeX-
HOJIOTUYECKUE JOCTHKEHUS TIPU IKCTUTyaTa-
11, PEMOHTE Y TEXHMUYECKOM O0CTYKMBAHUT
npubdopos 6e3omacHocTu. [Tporpamma BKIIO-
YaeT TeopeTUYeCKrne OCHOBBI M OCBOEHUE
MPaKTUIECKUX IIPUEMOB pabOTHI ¢ TpUOOpaMu
0e30MacHOCTH.

TIpuéMHUK CIyTHUKOBOW HaBUTALUU,
TOJTy4asi C TOMOIIbIO aHTEHHBI HABUTAITMOH -
HYI0 MH(GOPMAIIMIO, OCYIIECTBIISIET pacuer
KOOPIMHAT CBOETO MECTOIIOJIOXKEHUST, TEKY-
1Iei CKOPOCTHU, aCTPOHOMUYECKOTO BpeMEeH!
U BBIIAYy 3TUX MapaMeTPOB B OJIOK 2JIEKTPO-
HUKU OOPTOBOTO YCTPOMCTBA C TIEPUOIUIHO-
CTBIO OJIVH Pa3 B CEKYHLLY.

DJeKTpoHHas KapTa — oOblYHas reorpa-
(bnueckast Kapra B 3JIEKTPOHHOM BUJIE, TIPS~
Ha3zHauYeHHas TSI XpaHEeHUST KeJIe3HOT0POXK -
HBIX KOOPIMHAT U JAHHBIX XKEJIe3HOIOPOKHBIX
00BbeKTOB (CBeTO(GOPOB, CTaHLUI, MOCTOB,
Tepee3a0B U T. /1.) reorpauieckKnx KOOpau-
HaT MyTeBbIX KIJIOMETPOBBIX CTOJIOOB. 3a CUET
WX CPaBHEHMSI C TEKYIIIMM MECTOTIONIOKEHUEM
JIOKOMOTHMBA OTIPEIEIISIIOTCS €TO KeJIe3HO/I0-
POXHBIE KOOPIMHATHI, HA OCHOBE KOTOPBIX
peniaronuii 610K JOKOMOTUBHOTO KOMILIEK -
ca HaXOIUT PACCTOSTHUE JI0 OJIVDKAMIIINX TIpe-
MSATCTBUM.

Becb ucnosbzyemblii Ha 60pTy Habop B3a-
MMOJAEHCTBYIOIINX 3JEKTPOHHBIX CPEICTB,
OTHOCSIIIMXCS K MHTEJUIEKTYaIbHOM cCTeMe
YIIpaBJIEHUS IOKOMOTHBOM, YeTKO paciicaH
10 MpeaHa3HaYeHHBIM (DYHKIIUSAM U UMEeT
BBIZICJICHHYIO €My POJIb JUISl TIOJIyYeHUsT pe-
3yaprata. OMHAKO KaXIblii CUCTEMHBIN 2J1e-
MEHT COXPaHSIeT ITPY 3TOM U HEK1e COOCTBEH -
HbIe 0COOEHHOCTH, 3HaHWE/He3HaHUE KOTO-
PBIX B TOM MJIM MHOM CTETIEHU MOXKET ITOBJIH -
SITh Ha BBITIOJIHEHUE MPUIAHHBIX UM BMECTE
WJIY TIOPO3HbB 3a/1a4.

Ha mpumepe ogHOTO M3 TaKMX 3IeMEH-
TOB — CEpBUCHOTIO yCTpolicTBa (popMupoBa-
HUs 25eKTpoHHOI KapThl (YPK) — MoxHO
HaIISITHO YOS IUTHCS U B CAMOM €r0 3HAYMMO-
CTU, U B HEOOXOIMMOCTH YCTPOMCTBA BCeX
JeTajieil paboTaroIiero MexaHm3ma, ajirOpyT-
Ma yIpaBjeHUs TTPolleccaMu, JIeKTPOHHOMI
TeXHUKOU, cpeacTBaMu obecrieueHus 6e3-
OTIACHOTO JIBIZKEHUST PEJTbCOBOTO TPAHCTIOPTA.

ITosTanmHOE M3ydeHre TTporpaMMBbl Kypca
MOBBIIIAET YPOBEHb TEOPETUUECKOTO 00yUe-
HUS ¥ 3aKPeTUICHUST €T0 Ha TTPaKThKe.

Y®K npumeHsieTcs B IBYX BapraHTax —
CTallMOHApHOM, Ha paboyeM MecTe omepa-
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TOpa, U MOOMJIBHOM, B KaOMHE BCEX TUIIOB
JIOKOMOTHUBOB, MOTOP-BarOHHOTO U CIICIIN-
aJIbHOTO CAMOXOJHOTO ITOABMKHOTO COCTa-
Ba, YTO IIPY YYACTUH MEPCOHATBHOTO KOM-
mproTepa ¢ nporpammamu «KoHcTpyKTOp»
IMO3BOJISAET MOJYUYUTh B TpeOyeMOM BUIE
KapTy yJ9acTKa CJIcJOBaHUS TOe3/a.

Pa3zpaboTka 271eKTpOHHOM KapThl COCTOUT
W3 TpeX MOCJIe0OBATEIbHBIX 3TAIIOB:

— Co3yaHue Makera.

— ITpuBsi3Ka MakeTa K MECTHOCTH, TO €CTh
CHSITHE TeorpaIecKX KOOPAMHAT JIJIsT K-
JIOMETPOBEIX CTOJIOOB.

— 3anmch SJIEKTPOHHOM KapTHl B TTAMSITh
KIIYB-V.

Ilepen HavyamoMm paboT ornepaTop J0JKeH
3aIPOCUTH B CITY:KOaX IyTU, CUTHAJTU3AIUN
W CBSI3M JAHHBIE T10 3KeJIe3HOTOPOKHBIM 00b-
eKTaM, HaXOISIIMMCS B IIpe/ieliax co3aaBac-
MO 2JIEKTPOHHOM KapThl (JIOO B TAOJIUYHOM
BUJIE, TMOO IMyTeBHIE IUTAHBI CTAHIINIA 1 TTepe-
TOHOB).

3aTeM HEOOXOOMMO MBICJICHHO IIpeICcTa-
BUTb BECh 00BEM pabOThI: HAMETUTD KOJTUE-
CTBO 3aHOCHMBIX 3JIEMECHTAPHBIX YYaCTKOB
W WX MPOTSLKEHHOCTh., DIIEMEHTAPHBIM CUM-
TaeTcs y9acTOK ITyTH, OT KOTOPOTO Ha BCeM
ero IPOTSLKEHWU HET HU OIHOTO OOKOBOTO
OTBETBJICHUS WJIM ITepecedeHUs C IPYTUMU
ydyacTtkamu. JIro0oe cTaHLIMOHHOE pa3BUTHUE
CUNTaeTCsd KaK MHOTOITYTHOE ITPOIOJIKEHIE
TOTO XK€ CaMOTO yJacTKa, a He KaK HECKOJIBKO
HOBBIX YYACTKOB.

Llenecoodbpa3zHOCTb BHECEHUS KaXKI0T0 U3
OOKOBBIX IyTEil Ha CTAHIIUU OIIPEICIISICTCS
HaJIMIUEM Y 3TOTO ITYTH XOTsI ObI OJHOTO U3
JKeJIE3HOIOPOKHBIX 00BEKTOB: «IIaTGopMar,
«CBETOMOP», «TYIMUK», «MOCT», «TOHHEJIb>
T .

BBoauTh yuacTKy MOXXHO B JII0O0¥ mocie-
JIOBaTEILHOCTHU, He 00s13aTeILHO B TOM, KOTIa
OHM CJIEIYIOT IPYT 3a APYTOM Ha MECTHOCTH.
IpaHnIaMm y9acTKOB CIIYKUT MMPU3HAK «Ha-
Yaj0/KOHe», MPUCYIIUN KUJIOMETPOBBIM
crojibam. I1pu 3TOM HavallbHbIE U KOHEUYHbIE
KIJIOMETPHI YIACTKOB TJIABHBIX ITyTEil B UeT-
HOM ¥ HEYETHOM HaITpaBIICHUY JOJLKHEI OBITH
OIMHAKOBHI.

dopMupoBaHUEe 3JIEKTPOHHOM KapTHl
MOKET IMPOU3BOAUTHCS KaK OMHUM, TaK U He-
CKOJIBKHMM OltepaTopamMu. B aToM cirydae Bech
00beM paboOT mEeJUTCS MO KM-ydyacTKaMm
M CO3IAI0TCST CAMOCTOSITEJTbHBIC 3JIEKTPOHHEIE
KapThl, KOTOPBIE B JAJIbHEHIIIEM ITPY ITIOMOIIH

Pa3uvHkuH H. E., BopoHoea H. U., ConoebéeB B. H. Kak 3Hak HayuuTb NpeBpaLiaTth B AENCTBUE



nporpaMMbl «MapsAdd» COenUHSIOTCS B OTHY
Kapry.

Co3nmaHue yJyacTka HauMHAaeTcsl ¢ pac-
CTaHOBKU KWJIOMETPOBBIX CTOJOOB. s
5TOr0 B IIporpamme «Constructor» ciemyeT
BbIOpaTh KHOIIKY «y4aCTOK» Ha MaHeJu
JKeJIE3HOJOPOXKHBIX 00BEKTOB. 3aTeM yKa-
3aTh MECTO Ha paboyeM CToJie, TAe IMpe-
CTOUT pa3MecTUTh ydyacTok. Jlajee B OT-
KPBIBIIEMCSI OKHE «CBOWCTBa 00beKTa»
yKaszaTh JUHEHHYIO KOOPAMHATY, IPU3HAK
HavaJia y9acTka U U3MEeHeHUe KOOPIMHATHI.

ITpu popmMupoBaHUU AMaIa30HA yyacT-
Ka HaJ0 y4yecTb, YTO OOBEKTHI ITOCIETHETO
KWJIOMETPOBOTO yJyacTKa He YUTAIOTCS.

ITocne BBoma mociiefHEr0 KUJIOMETpa
BBOJSITCSI KMJIOMETPHI HOBOTO yyacTkKa,
C TeMHU e HOMepaMH MyTell U B COOTBETCT-
BUU C TEMHM Xe MpaBujamMu. PasnensiTeh
Yy4acTKM HEOOXOAMMO JJIsI TOTO, YTOOBI
3aTeM M3 HUX MOXKHO OBIJIO COCTaBISTh
pas3nuYHbIe MapIIPYTHl ABMXeHUsI. OTcueT
JIMHENHOUW KOOPAMHATHI Y KUJIOMETPOB
HOBOTO Y4acTKa MOXET BECTHCh MPOU3-
BOJIBHO, OH HE CBsI3aH C KOOpAMHATaAMU
MpeabITYIIETO.

HampaBienue nBukeHUS Ha OTAEIbHO
B3SITOM Y4acCTKe OIpeIessieTcs mapaMeTpoM
«M3MEHEHUE KOOPIMHATHI».

[Tonst «reorpacuyeckas MMpoTa» U «Te-
orpaduueckasi J0JroTa» Ha IepBOM 3dTare
CO3MaHMs KapThl UMEIOT HyJIEeBbIEe 3HaUe-
HUS.

«IupoTa» — reorpacduyeckas MupoTa,
MOJIy4eHHAasl CO CITyTHUKOBOTO MPUEMHUKA
BO BpeMsI IMpoe3jia KHJIOMETPOBOTO CTOJI0a
(3aHOCUTCSI TPOTPAMMOIT ABTOMAaTUIYECKH ).
Yucno B mosie mpeacTaBiseT paaldaHHYIO
Mepy yria, yMHOXeHHY0 Ha 108,

«Jlonrora» — reorpacduyeckas 10JITOTa,
TOJIy4eHHAasl CO CITyTHUKOBOTO MPUEMHUKA
BO BpeMsI IMpoe3/ia KHJIOMETPOBOTO CTOJI0a
(3aHOCUTCSI TPOTPAMMOIT ABTOMAaTUYECKH ).
Yucno B mosie mpeacTaBiseT paaldaHHYIO
Mepy yria, yMHOXeHHYo Ha 108,

«Hauano/xkoHell y4.» — TT03BOJISIET O0b-
eIUHATh 00bEKTHI «y4aCTOK» B MAPIIPYTHI.
3HayeHUe «1» COOTBETCTBYET MEPBOMY
Y4acTKy MaplipyTa, «2» — IOCJeIHEMY,
«0» — M0O60MY TPOMEXKYTOUHOMY.

«Kon pagnokaHama» — 3amaeT Koja Ha-
CTPOMKM 4acTOTHI paguoKaHaa B IPUEM-
HUKe/TepeaTInKe U3 COCTaBa armapaTypbl
KJIYB-VY Ha Kaxa0oM M3 y4acTKOB CJie10-
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BaHUs JJOKOMOTHBa. BBoa mapamerpa BO3-
MoxeH B auana3oHe ot 0 mo 15. Yucao «0»
O3HaYaeT OTCYTCTBUE palroKaHaa.

«MI3MeHeHre Koop/l.» — 3a/1aeT TPaBUIb-
HOE HaIlpaBJIeHHE LIS ITyTH Ha TAaHHOM yJacT-
ke. 3HaueHue «0» COOTBETCTBYET JIBKEHUIO
B CTOPOHY BO3pacTaHWsI KUJIOMeTpaxa Io
BCEM ITYTSIM C HEYETHBIMU HOMEpaMu, a JJIst
BCEeX IyTeil C YeTHBIMM HOMEPAMU — B CTOPO-
Hy YObIBaHUS KWJIOMETpaxa. 3HaueHue «1» —
BCE€ HA0OOPOT.

«ITepekpecTok» — yKa3bIBaeT Ha MPEAeib-
Hoe B pamkax rorpetrHoct CHC (30 meTpoB)
cOmpKeHne,/mepecedeHre KIMJIOMeTpa ¢ KUJio-
METPOBBIM OTPE3KOM M3 JIPYTOTO ydyacTKa
KapThl. Bo3aMoxHbI 3HaueHus: «0» — KWJo-
MeTp He cOmKaeTcsl/iepecekaeT KUJIOMeTPhI
C IPYTHX Y9aCTKOB B KapTe, «1» — conmmkeHue,/
repecevYeHue MPONCXOINT.

Janee B KapTy BHOCSITCSI Pa3IMUHbBIC XKe-
JIE3HOIOPOXHBIE 00BEKTHI («CBETO(OP»,
«cTpesika» 1 apyrue). Kaxabslii KMiomMeTp
npencrasiseT coboil 10 mukeToB (MUKET —
100 M), 4TO MO3BOJISIET YCTAHOBUTD KEJE3HO-
JIOPOXHBIN 00BEKT C TOUHOCTBIO 10 TTUKETa.
ITpu pazMelieHUN OOBEKT KECTKO TTPUBSI3bI-
BaeTCs K 3TOMY KMJIOMETPOBOMY YYacCTKY.
IToaToMy 1 ynaneHue KUJIoMeTpOBOTO y4acT-
Ka ITyTH BJIEYEeT 3a CO0O0 ymnajieHre BCeX Ipu-
BSI3aHHBIX K HEMY OOBEKTOB.

«JIMH. KoopauHaTa» — JUHEeHas XKee3-
HOJIOPOXHAasi KoopAnuHaTa 00beKTa, 0ToOpa-
xaeTcsl B MeTpax. JIMHEWHBIM CBOWCTBOM
00agaoT Bce 0€3 UCKTI0YEHUS TUTIBI 00beK-
ToB. I 0O6beKTa TUMA «y4acTOK» — 3TO
CBOWCTBO COOTBETCTBYET JIMHEUHON KOOPIU-
Hare KMJIOMETPOBOTO cTOJ10a. [{71s1 TpOoTSIKEeH -
HBIX 00BEKTOB («CTAaHIIUS», «OT. MECTO»,
«MOCT», «Ilepee3q», «ImardopMar, «TyH-
HeJb») — KOOpJAMHATa Havyajla 00beKTa, BbI-
OpaHHOI KaK HaMOOIbIIIas I HaMEHbIIIast
B COOTBETCTBUU C HaNpaBJIeHUEM JIBVKEHUS
o mrytu. [ToJe mo3BoJisieT BBECTH YUCTIO B T -
arazone ot 0 1o 16777215.

«HazBaHue» — Ha3BaHMe 00BEKTA, KOTO-
poe KIIVB-Y uHaynupyeT MallMHUCTY MpU
noabe3e K 00beKTy (MPenSITCTBUI0). Makcu-
MaJIbHasI JJTMHA CJI0BA He JOJDKHA MPEBHIIIaTh
8 3HAKOB.

«Homep mmytu» — IIyTh, Ha KOTOPOM pac-
MOJIOKEH OOBEKT. BhicTaBisieTcs: aBToMaTH -
YeCcKU TIPY BHECEHUM OOBEKTA B KapTY.

«[TpusHak PK» — ToIbKO y 00 bEKTOB TUIIA
«cTaHuus». OnpenensieT HaIuJue Ha JTaHHOM

Pa3unHkuH H. E., BopoHoBa H. U., ConoBbéB B. H. Kak 3Hak HayunTb NnpeBpallatb B AEUCTBUE
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Puc. 1. UnniocTpaumm npeacTaBrieHns 371€KTPOHHOM KapTbl B MPOrpamMMHOI cpeae oGy4yeHus.

CTaHIMM anmnapaTypbl HIM(MPOBOro paanoKa-
Haja ajs cBsa3u ¢ ycrpoiictBom KJIIYB-Y Ha
JIOKOMOTUBE (3HaueHue «1» — Hanuuue, «0» —
OTCYTCTBUE).

«CKop. Ha XENTHI» — TOJIHKO Y 0OBEKTOB
TIa «cBetodop». OmnpenensieT CKOpoCTh
MnpociiefoBaHUs CBETO(POPOB C MOKa3aHUEM
KENTHI». DTa CKOPOCTh YCTaHABIMBACTCS
MprKa30M HayajJbHMKA XEJIe3HOU TOpPOTH.
PaszmepHoCTb — KM/4. MakcMallbHOE 3Have-
Hue — 255.

«Cxop. ciegoBaHUsI» — JJIs1 BceX 00beK-
TOB, KPOME THUIIa «CBETO(OP» U «TOPMO3a».
OnpenensieT CKOpOCTb MPOCIEA0BAHUS ITO-
ro o0beKTa, UCXOJS U3 MECTHBIX YCIOBUMA
W HampaBJIeHUS OBUXEHUS mo nyTu. s
MPOTSKEHHBIX OOBEKTOB OrPaHUYEHUE BbI-
Jlep>XUBaeTcsl Ha Bcell NIMHE 00beKTa. DTa
no3uLus, Kak u «CKop. Ha XKEITbIN», CIIYKUT
1711 GopMUpPOBaHUS TOMYCTUMON CKOPOCTU
JBUXKEHUS 110 00beKTaM IMPU UCTIOIb30BaHUU
annapatypbl KJIVB-Y. [lnsg o6bekTa Tumna
«TYIIMK» CJIEJIyeT 3aaBaTh apaMmeTp cO 3Ha-
yeHueM «0».

«CKop. Ha4. TOPMOXKEHUST» — TOJBKO IS
00BEKTOB TUIIA «TOpMO3a». OTpenesser ycra-
HOBJIEHHYIO CKOPOCTb Hayajla TOPMOKEHUS
B HavaJie yyacTka MmpoObl TOPMO30B.

«Yacrora AJICH» — 3agaeT Hecyllyio ya-
croty KaHana AJICH Ha naHHOM yyacTke.
Bo3moxxabI 3HaUeHUS: «0» (OTCYTCTBHE KOIM -
poBanus PII), 25, 50, 75. PaamepHocTb — Ii1.

«Hanmuuue AJIC-EH» — onpenensieT Ha-
JIMYYe Ha yyacTKe KonupoBaHus KaHaia AJIC-
EH. Bo3MoXHBbI 3HaueHus:: «l» — Hajauuue
AJIC-EH, «0» — oTcyrcTBHE.

«JlnmuHa» — 3amaeT UIMHY O0bEeKTa B Me-
Tpax. O0BbEKTHI, 00J1aAaI0IIME ITUHOM: «CTaH-
US>, «OI. MECTO», «MOCT», «II€PEE3I»,
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«u1atopmar, «TyHHedb». JIst 1pyrux o0b-
€KTOB 3aJaloT 3HaueHue «0».

MaxkcumMaibHasi MPOTIKEHHOCTb 00b-
€KTOB, KOTOPYIO MOXHO 3aHOCUTH B KapTy,
cocTtaBiseT 8191 MmeTp. OObEeKTHI OObIIEH
MPOTSI>KEHHOCTU NOJKHBI pa30UBaThCS Ha
YacTU U BHOCHUTBCS IMOCIEI0BATEIbHO 0€3
HaJIoXeHW ApYyT Ha Apyra. Hanpumep, npu
JUTMHE TeperoHa 10 KujioMeTpoB U 3alaH-
HOM Ha HEM OTpaHUYEHUU CKOPOCTHU B Kap-
Ty Ha KaXJIOM U3 MyTeil BHOCSTCS IOcCie-
MOBATEJbHO JBa 00BbEKTa «OIl. MECTO»
¢ piuHamMu 7000 metpoB u 3000 mMeTpoB
(momycTrMa npyrasi NpoMopIUs AJWH).
Hayano BTOporo o6bwekta 3aHOCUTCS MO
KOHEYHOI KoopauHate nepBoro. O6a 00b-
eKTa JOJIKHBI 00JlalaTh OAMHAKOBBIM Ha-
00OpOM TOTIOJHUTEIbHBIX CBOMCTB (Ha3Ba-
HUE, CKOPOCTh cliegoBaHusl, yactota AJICH
M TakK jajee).

J1n1s1 00 beKTa «TOPMO3a» 3aJaeTCs pacyeT-
HBI TOPMO3HOW MYTh.

«YKJIOH MyTU» — TOJABKO Y OOBEKTOB THIA
«cBeToOp», COOTBETCTBYET JJIMHE OJIOK-
yuactka. [lepen BBOOOM 3HaU€HUE CIAEAYET
YMHOXUTH Ha 1000 1 OKpYTJIUTH A0 LIEAOTO.

«YCI1. pa3pelnraronnii» — 3aIaeTcsl TOJIBKO
y OOBEKTOB THIIA «CBETO(OP»: NMPU3HAK pa3-
pelIeHus1 0e30CTaHOBOYHOTIO MTPOCIEAOBAHUS
YKa3aHHOI'o cBeTodopa ¢ 3anpeuialonum
MoKa3aHUEeM Ipy30BoOMY Toe3ny. Bo3MoxXHBI
3Ha4YeHUs: «1» — pa3pelieHre Ha TTPoCyIeno-
BaHue, «0» — 3anpeT. [TonoOHbIe cBeTODOPHI
OIpeAesSIIoTCs MPUKa30M HadyaJlbHUKA JOPO-
TH.

«[ToaTsir» — TONBKO y OO BEKTOB TUIIA «CBE-
Toop». 3agaeT MpU3HaK pa3pelieHus Moa-
TSITUBaHUSI K CBeTO(OPY € 3ampenialonium
MoKa3aHUEeM Maccaxupckomy roesny. Bos-
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MOXHBI 3HAUeHMUS: «1» — paspelIeHue Ha
noatsruBaHue, «0» — 3amnper.

«Tun npoObl» — TOJBKO Y 00BEKTOB «TOP-
MO3a». YCTaHaBJIMBAET MECTO OTIPOOOBAHMUS
TOPMO30B B 3aBUCMMOCTH OT MX TUTIA (BUA):
«0» — MecTO OrMpoOOBaHUST ABTOMAaTUIECKUX
TOPMO30B, «1» — MecTo ormpoooBanus DIIT.

«Bua mpoObI» — TOIBKO Y O0BEKTOB «TOP-
MO3a». YCTaHaBIMBAET BUJ MeCTa OIpoOoBa-
HUS TOPMO30B: «0» — OCHOBHOE MECTO, «1» —
pe3epBHOE MECTO.

«Tum reHepaTopa» — TOJBKO Y OOBEKTOB
tuna «1-Kk CAYT». 3agaet Tin myTeBOTO Te-
Hepatopa CAYT: «0» — npeaBxoqHou, «1» —
BXOJTHOM/MapIIPyTHBIN, «2» — BBIXOTHOI.

«Homep reHeparopa» — TOJILKO Y OObEKTOB
tuna «1-k CAYT». 3agaer HoMep MyTeBOIo
renepatopa CAVYT. [Inama3zoH 3HaYeHU:
0...15.

«Homep neperoHa» — TOJIBKO Y 0OEKTOB
trna «1-K CAYT». 3amaer komupyemsriii [TTY
CAYT HoMep ciemyroliero neperona. uama-
30H BO3MOXHBIX 3HaueHUIA: 0...2047.

ITpu BbIOOpE 0OBEKTA «ITyTh» HA0 UMETh
B BUJLY, UTO yIaJieHNe KWIOMETPOBOIO y4acT-
Ka BJIeYeT 3a CO0OW ymajieHue BCeX JIPYTUX
00BEKTOB, PACIIOJIOXKEHHBIX HA HEM.

* * %

CyMMUpYysT 0COOEHHOCTH IEMOHCTPUPYe-
MBIX OTICPALNii, HA3HAYCHE STATIOB CO3MAHUS
KapThl, HETPYIHO 3aMETUTh U T hepeHITN-
poBaTh (110 KpaliHeil mepe, st ce0sl) OCHOB-
HBIC M BTOPOCTEIICHHBIC OPUECHTUPHI ICICT-
BUIA, UX JJOTUCTUKY. Ho 3TO He 3HAYUT, 4TO
KaKOM-TO YCJIOBHBIM BTOPOCTEIICHHBII ITyHKT
B 00IIeM TepedHe IMPOIEeAypP MOXKET OBITh
WCKJTIOUEH M3 O0pallleHusT WA yTpadyeH yac-
TaHO. CMBICIT IeTaIn3aliny rpoliecca huk-
calli COMYTCTBYIOIINX IBIDKCHUIO TT0e31a
KOOPIMHAT KaK pa3 1 MOTIepKIUBAETCS BEIBO-
IIOM U3 TeHUW CKPBITOI (popMaIn30BaHHOM
WHCTPYKIKEH ICTUHHOM 3HAUMMOCTH CHava-
Jla 3HaKa JIEUCTBUS, a TIOTOM M CAMOTO TIpel-
T0JIara¢MoTo ACHCTBUS. DTO MIPUHINITAAIb-
HBII UL yIIpaBJICHUSI MOMEHT: COTIPSTKEHUE
3HaKa (CUMBOJIa) U OXWMAAeMOTO 3a HUM
nevictBus. Ecnu He cpabaThiBaeT OMUH 2Jie-
MEHT CUCTEMEI, BBITIagacT HeKast (PYHKIISI, TO
HEeN30e3KHO TePsIeTCS TIOTHOLIEHHOCTh PE3YITh-

Tara, KauecTBa (U1 KOPPEKTHOCTU, KaK ObLIO
0003HaUYeHO paHee) coBeplIaeMolii pabOThHI.

Ha nmpumMepe coznaHus 3J1eKTPOHHOM Kap-
Thl y4acTKa CJIEAOBAaHUS MOe3[a MPOSIBISIOT
ce0s Ipex/Ie BCero TpU Mpr3HaKa CTOJIb BaX-
HOM 31ech (PYHKIIMOHABHOM CBS3U yIIPABJIS -
€MbIX 3JIEMEHTOB CUCTEMBbI, TPU3BAHHOU
obecreynBaTh HaIeXHOCTbh CITyTHUKOBOTO
HaBUTALIMOHHOTO KOHTPOJIS:

a) elMHas 1iesieBast 3aJaHHOCTb U BbITeKa-
[o11asl OTCI0Ja YIOPSI0YeHHOCTh, MOCIeI0-
BaTEJbHOCTh COBOKYITHO OCYIIECTBISIEMBIX
B pa3HbIX TOYKAX J1€UCTBUM;

0) TMXOTOMMUSI TEXHOJOTUYECKOTO SI3bIKa
KOHTPOJIMPYIOILEN CUCTEMbI — 3JIEKTPOHHBIX
CUMBOJIOB U MX BOCTIPOM3BO/ICTBA B ICHICTBUE;

B) yIpaBJjisieMasi COueTaeMOCTh HAaBUTALIM -
OHHBIX, MOOUJIBHBIX (OOPTOBBIX) U HA3EMHBIX
CPEACTB KOHTPOJII 3a JIBMXKEHUEM T0e31a Ha
y4JacTke MyTH.

MMeHHO 3Ta YMCTO METOM0J0rnYecKast
CTOpOHA BOMpOca JOKHA B KOHEUHOM CUETe
OIpeAe/sATh OTHOLIEHUE K 3asIBJICHHOM B CTaThe
TeMe. DJIEKTPOHHBIE (B TOM YUCJIE CITyTHUKO-
BbI€) KOMMYHUKAIIMU, KAHAJIBI OPTaHN30BaHHO
LMPKYJIPYIOIIEH 1 aIpeECHO OPUEHTUPOBAHHOMN
WHGOPMALIMKU JAal0T CETOAHSI UHYIO TIIyOuHY
TEXHOJIOTUYECKOTO KOHTPOJISI, K KOTOPOIA pU-
XOAUTCS alaNTUPOBaTh YUEOHBII MTpoLiecc.

VYkazaHHbIE TOAXOABl K OpraHU3alluu
y4eOHOro Kypca MO3BOJISIIOT 00yYarommnuMes
KAUYeCTBEHHO M3y4yaTb 3TAIlbl TOCTPOCHUS
3JIEKTPOHHOM KapThl yyacTKa, IIyoxKe ocBau-
BaTh MpodeccuoHaabHbIe KOMIETEHIINH, YTO
MOBBIIIAET YPOBEHb MOATOTOBKU U KBATUDU-
Kauuu oyayuux BeimyckHukoB UTTT MUAUT.
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HOW TO TEACH TO TRANSLATE A TRACK SIGNAL INTO ACTION

Razinkin, Nikolai E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Voronova, Nina I., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Soloviev, Vitaly N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Against the background of intellectualization of
control systems, emergence of satellite navigation the
authors consider problems of implementation of
technological compatibility of electronic means of
communication and control process of rolling stock,
using electronic map of train sections, into teaching

process. The features of electronic maps, stages of
its creation with the help of the service unit, layout
content, process of reflecting coordinates of objects
and their relation to the coordinates of track section
are shown. Methodological assessment is done con-
cerning observable managerial realities, conditions of
reproduction of «sign of action» in «action itself».

Keywords: railway, education, intelligent system, electronic map of the area, satellite navigation, techno-
logical dichotomy, software, syllabus, functions, methodology.

Background. Intellectualization of transport
management changes the usual approaches to the
assessment of the means used, the technological
component of processes organized in manufacturing.

For correct operation of integrated locomotive
safety devices (hereinafter — ILSD) in its composition,
in addition to basic units, should be included obliga-
tory by today’s standards: antenna and satellite navi-
gation receiver, as well as an electronic map of train
movementarea. They have their own and at the same
time system functional tasks.

The state educational standards of secondary
vocational education specialty «Maintenance of rail-
way rolling stock» (discipline «Locomotive safety
devices») was firstintroduced in 2002. After 13 years,
these devices have undergone qualitative changes,
in their design and service IT technologies were
widely implemented.

At the Institute of Applied Technologies of MIIT
has been developed a training program that reflects
the latest scientific and technological achievements
in operation, repair and maintenance of safety de-
vices. The program includes theoretical foundations
and development of practical methods of work with
safety devices.

Objective. The objective of the authors is to
consider formation process of electronic map of train
movement area.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
modeling.

Results. Satellite navigation receiver, receiving
navigation information via the antenna, calculates
coordinates of its location, current speed and astro-
nomical time and issuance of these parameters in the
electronics unit of onboard device once every second.

Electronic map is a common geographical map
in electronic format for storing railway coordinates
and data of railway facilities (traffic lights, stations,
bridges, crossings, etc.), geographic coordinates of
mileposts. Comparing them with the current location
of the locomotive railway locomotive coordinates are
determined, on the basis of which decider determines
the distance to the nearest obstacle.

All used on board a set of interacting electronic
means, relating to intellectual locomotive control
system, is clearly described on the intended functions,
and has a dedicated role to get the result. However,
each system element retains some own characteris-
tics, knowledge / ignorance of which in varying de-
grees, can affect the performance of assigned to them
together or separately tasks.

On example of one of these elements — service
map formation device (hereinafter - MFD) — it is pos-
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sible to clearly ascertain its importance, and the ne-
cessity of all parts of working mechanism, control
algorithm of processes, electronic equipment, means
of ensuring the safe movement of rail transport.

Gradual learning of course program raises the
level of theoretical training and its consolidation into
practice.

MFD is applied in two options — stationary, at the
operator’s work place, and mobile, in the cabins of all
types of locomotives, multiple unit(MU) and special
self-propelled rolling stock (SSRS), that with the as-
sistance of a personal computer with software «De-
signer» allows to get a map of train movement in the
required form.

Development of electronic maps consists of three
successive stages:

— Creating a layout.

— Binding layout to the area, i. e. removal of geo-
graphical coordinates for mileposts.

— Writing an electronic map into the memory of
ILSD-U.

Before starting work, the operator must request
atdepartment of track, signaling and communication
data for railway objects which are located within the
created electronic map (either in a tabular form, or
track plans of stations and hauls).

Then itis necessary to visualize the entire volume
of work: to determine the number of transmitted ele-
mentary sections and their length. Elementary is
considered a part of the route, from which along the
entire length there are no side branches or crossings
to other sections. Any yard track is considered as
multitrack continuation of the same site, and not as a
number of new areas.

The feasibility of introducing each of side tracks
at the station is determined by the presence near this
track at least one of railway facilities «platform», «traf-
fic light», «deadlock», «bridge», «tunnel» and others.

Areas can be entered in any order, not necessarily
the one in which they follow one another over the ter-
rain. The borders of area are a sign of «beginning /
end of the section» inherent in mileposts. At the same
initial and final kilometers of the sections of main
routes in even and odd directions must be the same.

Work on electronic map creation can be made by
single or multiple operators. In this case, the entire
scope of work is divided is km-sites and independent
electronic maps are created, which are then using the
program «MapsAdd» are combined in one electronic
map.

Creation of a section begins with the installation
of mileposts. To do this, in the program «Constructor»
it is necessary to select «Section» button on the
panel of railway facilities. Then specify a location on
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Pic. 1. Scanned examples of imaging of digital map in software training environment.

the desktop where you want to place your site. Then
in the window «Object Properties» you should specify
a linear coordinate, a sign of the beginning of the
section and change of coordinates.

When forming the range of section, itis necessary
to be aware that objects of the last kilometer section
are not read.

After entering the last kilometer of the section you
should start entering kilometers of new site, with the
same numbers of tracks and in accordance with the
same rules. Itis necessary to split sections in order to
create out of them various motion routes. Measure-
ment of linear coordinate of kilometers of the new site
can be carried out at random, it is not associated with
coordinates of the previous section.

The direction of movement in this area is defined
by parameter «coordinate change».

The fields «Latitude» and «Longitude» in the first
phase of map creation are zero.

«Latitude» is latitude, received from a satellite
receiver during passage of milepost (entered auto-
matically by the program). The number in the field is
radian measure of the angle, multiplied by 108.

«Longitude» is longitude received from a satellite
receiver during passage of milepost (entered auto-
matically by the program). The number in the field is
radian measure of the angle, multiplied by 108.

«Beginning / end of section» allows to combine
objects «Section» in routes. The value of «1» corre-
sponds to the first section of the route, «2» — to the
last, «0» — any intermediate.

«Radio channel code» specifies frequency tuning
of radio channel in receiver / transmitter equipment
of radio channel from the device ILSD-U in each sec-
tion of locomotive movement. Input of parameters
can range from 0 to 15. The number «0» means the
absence of a radio channel.

«Coordinate change» specifies the right direction
for the way in this area. The value «0» corresponds to
motion in the direction of increasing the mileage on
allthe odd-numbered tracks, and for even-numbered
tracks — in the direction of decreasing the mileage.
The value «1» — vice versa.

«Crossing» indicates the limit within SNS error (30
meters) approach/crossing of kilometer with kilome-
ter-long segment from another section of the map.
The possible values are: «0» the kilometer does not
approach/cross kilometers from other areas in the
map, «1» —approach/crossing occurs.

Further, various railway facilities are entered into
the map ( «traffic light», «switches» and others). Every
kilometer is 10 railway kilometer stones (railway kilo-
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meter stone is 100 m), which allows to set a railway
facility up to railway kilometer stone. During place-
ment an object is rigidly linked to this kilometer area.
Therefore, removal of kilometer section of the track
entails removal of all the objects attached to it.

«Linear coordinate» is linear rail coordinate of the
object, displayed in meters. This property is owned
by all, without exception, types of objects. For the
object «Section» this property corresponds to a linear
coordinate of a milepost. For extended objects («Sta-
tion», «Dangerous place», «Bridge», «Crossing»,
«Platform», «Tunnel») it is the coordinate of the begin-
ning of the object selected as the highest or the low-
est, in accordance with the motion direction on the
track. The field allows to enter a number from 0 to
16777215.

«Name» is name of the object, which ILSD-U in-
dicates to a driver at the approach to the object
(obstacle). The maximum word length must not ex-
ceed 8 characters.

«Track number» is a track in which the facility is
located. It is set automatically as an object is put on
the map.

«Signs of radio channel» is owned only by objects
of type «Station». It determines if at a given station
there is digital radio channel equipment to communi-
cate with the device ILSD-U on the locomotive («1» —
presence, «0» — absence).

«Speed, on yellow» is owned only by objects of
type «Traffic lights». It determines the speed of pas-
sage of traffic lights with the indication «Yellow». This
speed is set by the order of the railway head. The
dimension is km/h. The maximum value is 255.

«Speed of movement>» is for all objects, except for
«Traffic lights» and «Brakes». It determines speed of
passage of this object, based on local conditions of
movement and the direction of movement along the
track. For extended objects restrictions remains over
the entire length of the object. This property, like
property «Speed, on yellow» is used for formation of
permissible speed of objects in the equipment
ILSD-U. For the object «Dead end» parameter must
be set to the value «0».

«Speed of braking start» is only for objects of type
«Brakes». It defines the set speed of braking start at
the beginning of the section of brakes testing.

«CACS frequency» sets the carrier frequency of
the channel CACS on this section. The possible values
are: «0» (no coding of RC), 25, 50, 75. The dimension
is Hz.

«The presence of ICACS» detects the presence
on the encoding section the channel ICACS. The pos-
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sible values are: «1» — the presence of ICACS, «0» —
absence.

«Length» specifies the length of the object in meters.
Objects that have length: «Station», «Dangerous place»,
«Bridge», «Crossing», «Platform», «Tunnel». For other
types of objects «0» is set.

The maximum length of objects that can be entered
inthe map is 8191 meters. Objects of large extent should
be broken into pieces and entered in sequence without
overlapping. For example, when of the haul length is 10
kilometers and predetermined speed limit in the map
should be entered on each of tracks in series two objects
«Dangerous place» with lengths of 7000 meters and
3000 meters(other length proportion is available). Start
of the second object is stored on the final coordinates
of the first. Both objects must have the same set of ad-
ditional properties (name, movement speed, CACS
frequency and so on).

For the object «Brakes» this property defines the
calculated braking distance.

«Track slope» is only for objects of type «Traffic
lights», corresponds to the length of block section.
Before entering the value should be multiplied by 1000,
and rounded up integer.

«Conditionally permissible» is only for objects of type
«Traffic lights». It specifies permission sign of non-stop
passage of specified traffic lights with prohibiting indica-
tion for a freight train. The possible values are: «1» — per-
mission to pass, «0» — prohibition. These traffic lights
are determined by the order of the head of the railway.

«Making way» is only for objects of type «Traffic
lights». It specifies whether to permit making way to
traffic lights with prohibiting indication for a passenger
train. The possible values are: « 1» — permission to make
way, «0» — prohibition.

«Sample type» is only for objects of type «Brakes».
It sets the type of place for testing the brakes: «0» — the
place of automatic brake testing, «1» —a place of testing
EPB.

«Sample kind» is only for objects of type «Brakes».
It sets a kind of brakes testing place, «0» — main place,
«1» — backup place.

«Generator type» is only for objects of type «D-t
ABCS». It specifies the type of track generator ABCS:
«0» — pre-input, «1» — input/route, «2» — output.

«Generator number» is only for objects of type «D-t
ABCS». It specifies the ABCS track generator number.
Range: 0... 15.

«Haul number» is only for objects of type «D-t
ABCS>». It specifies the encoded number of next haul.
The range of possible values: 0 ... 2047.

When selecting an object «Track» keep in mind that
removing kilometer section entails removal of all other
objects located on this kilometer section.

Conclusions. Summarizing the characteristics of
demonstrated operations, the purpose of the stages of
map creation, it is easy to notice and differentiate
(atleastforyourself) major and minor landmarks actions,
their logistics. But this does not mean that some condi-
tional minor item in the overall list of procedures may be

excluded from circulation or partially lost. The sense of
detailizing the process of fixing coordinates, accompa-
nying train movement, is just emphasized by getting out
of the shade concealed formalized instruction of true
significance offirst sign of action, and then the proposed
action. This is a fundamental control point: coupling of
a sign (symbol) and the action expected after it. If does
none of system elements works, a certain function falls,
the usefulness of result, quality (or correctness, as was
indicated earlier) of performed work is inevitably lost.

At the example of creation of an electronic map of
train movement area one can see above all three char-
acteristics of such an important functional relationship
of controllable elements of the system, designed to
ensure reliability of satellite navigation control:

a) single predetermined outcome and consequent
ordering, sequence of actions collectively carried out in
different points;

b) dichotomy of technology language of controlling
system — electronic characters and their reproduction
in the action;

c) controllable compatibility of navigation, mobile
(on-board) and ground-based means of control over
train movement on the track section.

Itis this purely methodological aspect of the problem
that must ultimately determine the attitude to the topic
stated in the article. Electronic (including satellite) com-
munication, channels of organized circulating and tar-
geted-oriented information give today certain depth of
process control, to which it is necessary to adapt the
learning process.

These approaches to organization of the course
allows students to study fundamentally the stages of
building electronic map of the section, to more deeply
develop professional competencies, increasing thus the
level of training and qualification of future graduates of
Institute of Applied Technologies of MIIT University.
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