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PABPABOTKA CUCTEMBbI OITOBEIIEHUSA PABOTHUKOB
O IPUBJIMKEHUUA ITIOE3 1A

AHHOTAUMSA. [JaHHas cmamva obpawjaem 6HUMAHUE HA SHAYUMOCHb JHCENe3HOOOPOICHO2O MPAHCHOPMA 8
MpaHcnopmuot cucmeme 61a200aps e2o HadexcHocmu u d¢pgdexmusHocmu 8 nepesoskax. OoHako, paboma Ha dicenes-
HOOOPOICHOU UHDPACMPYKIMYPE CONPANCEHA ¢ PUCKOM Olid pAOOMHUKO8 U3-3d OSPAHUYEHHOU 6UOUMOCU U Hecgoe-
8peMeHH020 npedynpexcoenus o npubaudxcenuu noesoa. Ha cecoonawnuii oenv 6 cghepe dncene3Ho0oposcHo20 mparc-
nopma, npu GbINOIHEHUY PEMOHMHBIX U IKCNIYAMAYUOHHBIX PabOm 6 HANOALHOM 000pY008aAHUL, CO2NACHO NPABUTAM
MEeXHUYECKOU IKCHIyamayuu ¢ 6pueadot pabomHuKko8 00INCEeH HAXOOUMCSL CUSHATIUCIL, NPeOYNPeNCOarwull pabouux o
npubaUdICeHUU N0e30d, 0COOEHHO 8 MeCMAax ¢ 02PAHUHeHHOU suoumocmoto. Paboma cuenanucmom, mpebyem om pa-
OOMHUKA NOCMOAHNOU DOUMENbHOCY, CIMPeCcOyCMOUYUSOCIU U CHOCOOHOCIU OLICIMPO NPUHUMAMb PelleHus], Max
JHce 8CE IMO MOJACEM OCTOHNCHAMCA HENPOCMBIMU NO20OHBIMU YCAOBUAMU U 8LICOKUM YPOSHEM WYMA OM NPOe3dHcaiouy e-
20 noesoa. Ilosmomy, nomeps 60umMerbHOCIU CUSHATUCIIOM MOXCEm NPUecmu K eubenu nooet, pabomarouwux 6 OdH-
Hblll MOMEHM HA J#CeNIe3HOOOPOICHbIX nymsax. Bo uzbescanue maxux cumyayuii, 0na grcene3Hvix 00poe paspabamvliéa-
FOMCsL, MECMUPYIOMCA U 6HEOPSAIOMCA CUCeEMbL HO NPEOYNPEeNHCOeHUI0 0 NPUOTUNCEHUU N0e30d, HO OHU UMEMm Cyuje-
cmeenHble HeOOCMAmKyY, 6 C6A3U ¢ YeM, Npednasaemcs UCNONb306aHUe YCMpoUcmea «DIeKmpoHHAs nemapoay.
"Onekmpornuasn nemapoa” — ycmpoiicmeo, Komopoe NnpuKpenisemcs K pervcam u npeoynpesxcoaem opueady pabomHu-
K08 0 npubaudiceHuu noes3od. B dannoil cmamve onucvleaomes npUHYun pabomel yCmpoucmeda, mexHoi0euu U KOMno-
HeHmbl, UCNONIb3YeMble 8 YCMPOUCmEe, A MAKXHCe e20 AN0pUmMbl pabomul. Mo peutenue HANPAasIeHo Ha NOSblleHUe
be3onacnocmu npu pabome Ha Hcene3HO0OPONCHBIX NYMAX U CHUMCEHUE YeN08eHeCKO20 GUAHUA NPU NPeOYNPedcOeH Ul
0 npubaUdICEHUU NOE30a.

KiutloueBble ClI0Ba: 6e30nacHOCMb HA JICENE3HOOOPOAICHOM MPAHCnOpme, «IAeKMPOHHASL Nemapoay, MUKpOo-
npoyeccopuvle mexHonouu, 6ecnpogoonas céase, arduino, mooyns LoRa.
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DEVELOPMENT OF TRAIN APPROACH WARNING SYSTEM

Abstract. This article draws attention to the importance of railway transport in the transport system due to its
reliability and efficiency in transportation. However, working on railway infrastructure poses risks for workers due to
limited visibility and poor warning of approaching trains. Today, in the field of railway transport, when performing
repair and operational work on floor-mounted equipment, according to the rules of technical operation, a signalman
must be with the team of workers to warn workers about the approach of a train, especially in places with limited visi-
bility. Working as a signalman requires the employee to be constantly vigilant, stress-resistant and able to make quick
decisions, and all this can be complicated by difficult weather conditions and high noise levels from a passing train.
Therefore, a loss of vigilance by a signalman can lead to the death of people currently working on the railway tracks.
To avoid such situations, systems for warning of the approach of a train are being developed, tested and implemented
for railways, but they have significant drawbacks, and therefore the use of the “Electronic Firecracker” device is pro-
posed. An “electronic firecracker” is a device that is attached to the rails and warns a crew of workers that a train is
approaching. This article describes the operating principle of the device, the technologies and components used in the
device, as well as its operating algorithms. This solution is aimed at improving safety when working on railway tracks
and reducing human influence when warning of the approach of a train.

Keywords: safety in railway transport, “Electronic firecracker”, microprocessor technologies, wireless com-
munication, arduino, LoRa module.

BBeaenne

Kene3zHOJOpOKHBIM TPAHCIOPT 3aHUMAET BAXKHOE IOJOKEHHE B TPAHCIIOPTHOW CHCTEME
KaXJI0OM cTpaHbl Onarofapsi HEOCIIOPUMBIM MPEUMYIIIECTBAM, KOTOPhIE OH MpeaocTaBisieT. B cBs3u
C BBICOKOW HAJEKHOCTHIO, 3HAUUTEIHHONW MPOMYCKHOW CIOCOOHOCTBIO M AKOJOTHUECKOH 3ddek-



TUBHOCTBIO KEJIE3HOJOPOKHBIN TPAHCIIOPT COXPAHSET CBOIO POJIb OCHOBHOTO CPEICTBAa MacCOBOM
NEPEBO3KU I'PY30B U NACCAKUPOB HA MPOTSHKEHUH MHOTUX JECATUIIETHI.

Jnst obecrieueHusi 0€30MaCHOCTH M Ka4eCcTBa JKEJIE3HOAOPOKHBIX MEPEBO30K HEOOXOIUM I10-
CTOSIHHBIIH KOHTPOIIb U 00cIy)xuBanue uHppactpykrypsl [1]. [IpoBenenue paboT Ha cTaHUIUSIX, I1e-
peroHax u Jpyrux oOBEKTaxX 4acTO COMPOBOXKIACTCS TPOMKHM IIYMOM M OIpaHHYEHHON BUAUMO-
CTBIO BCJIEZICTBUE peNbe(HBIX 0COOEHHOCTEH, MOTrOIHBIX YCIOBUM M BpEMEHEM CYTOK. B cBs3M ¢
3THUM CYILIECTBYET PHCK TpaBMaTu3Ma U rudenu paboTHUKoB [1], U3-3a HECBOEBPEMEHHOT'O Ipey-
IPEXIEHUS 0 NPUOJIMKEHUH 10€3/1a, IO3TOMY BBIITOJIHEHHE PEMOHTHBIX M AKCIUTyaTallMOHHBIX pa-
00T HOCHUT BBICOKHI YPOBEHb OIIACHOCTH.

Ha ceronusmnuii 1eHp B cepe xKeae3HOJ0POKHOI0 TPAHCIOPTA, P BBIIIOJHEHUH PEMOHT-
HBIX U 3KCIUTyaTallMOHHBIX pabOT B HAMOJIBHOM O0OpYIOBAaHUH, COTJIACHO MPAaBUJIAM TEXHHYECKOU
skcrutyaranuu (ITTD) ¢ Opuragoii pabOTHHUKOB JOKEH HaXOMUTCS CUTHAIMCT [2], mpemympeskaa-
oL pabounx o MpUOIMKEHUH 103/, 0COOCHHO B MECTaX ¢ OrPaHUYEHHONW BUIUMOCTHIO. Pabo-
Ta CUTHAJINCTOM, TpeOyeT OT paOOTHUKA NOCTOSIHHOW OAUTENbHOCTH, CTPECCOYCTOMYMBOCTH U CIIO-
COOHOCTH OBICTPO MPUHUMATh PEIICHHS, TaK K€ BCE ITO MOXKET OCIOKHATCS HEMPOCTHIMHU IOTO/I-
HBIMHU YCJIOBUSIMH M BBICOKMM YPOBHEM IlIyMa OT IIpoezxkarouiero noesaa. Ilostomy, noreps 6au-
TEIBHOCTH CUTHAJIMCTOM MOXXET MPHUBECTH K THOENH JII0JeH, paboTaommx B TaHHBIH MOMEHT Ha
KEJIE3HOAOPOKHBIX MYTAX [2].

Bo u30exaHne TakMx CHUTyaluH, JUIA JKEJEe3HBIX TOPOT pa3padaThIBAIOTCS, TECTUPYIOTCS U
BHEJIPSIFOTCSL CHCTEMBI 10 MPEIYIPEKICHUI0 0 NpuOmmkennn noesna [3-4]. Takue cuctemsl mo-
IpoOHO PacCCMOTPEHBI B CTaThe «AHAIN3 CUCTEM OIMOBEIICHHUS O MPHOIMKECHUH JKEJIe3HOT0POKHO-
ro MOABMKHOIO cocTaBay. OHU UMEIOT CYLIECTBEHHbIE HEJJOCTATKHU, B CBA3U C YeM, IPEJIaraercs
UCII0JIb30BAHUE YCTPOMCTBA «DIIEKTPOHHAs meTapaay [5].

Onucanue ycrpoiicTBa «JIeKTPOHHAA METaApAa)

"DneKTpoHHas meTapaa’” - yCTPOMCTBO MO3BOJISIONIEE MPENyNPEeKaaTh Opuragy pabOTHHUKOB,
paloTaroLMX Ha KEJE3HOJOPOKHBIX MYTAX, O MPHOIMKEHUH 1oe3a. JlaHHOe yCTPOHCTBO KPEHmuT-
Csl 32 OCHOBAHHME PeJbca M MPHU MOMOUIM CHELHUAIBHOrO AATYMKa, [EepelaeT Mo paJuoKaHally UH-
dbopmanuo 0 NpuOIMKEHNN M0e3/1a K MECTY ITPOBEJIeHHs paboT Ha CUTHAIbHbIE JKUJIEThl pAaOOTHU-
KOB, B KOTOPBIX YCTaHOBJICH MPHEMHUK CHTHAJIA ¢ 3BYKOBOM curHaiu3amme [5-6]. [Ipemamaraemoe
YCTPONCTBO MO3BOJIUT:

— TOBBICUTH O€30MaCHOCTH BBIMIOJIHEHUS PaloT;

— OIEPaTHUBHO MPEIyNPeKaaTh O MPHOIMKEHAHN TI0€3/12;

— MHUHMMM3HMPOBATH BIMSHUE YEIOBEUECKOro (hakTopa Ha 6€30MacHOCTh paOOTHUKOB.

Hay4Ho-TexHMUYecKoe pelleHne OCHOBaHO Ha MCIIOJIb30BaHMU:

— MUKPOIPOLECCOPHBIX TEXHOJNOTUH (Arduino — MHCTPYMEHT JJsi MPOEKTUPOBAHMS 3JIEK-
TPOHHBIX YCTPOWCTB, OOJ€e IJIOTHO B3aUMOJICHCTBYIOIIMUX C OKpYXKarouled (u3n4ecKoil cpenow,
YeM CTaHJAapTHbHIE MEPCOHATIbHBIE KOMIBIOTEPHI, KOTOPbIE (PAKTUYECKH HE BBIXOJAT 3a PAMKH BUP-
TyaJIbHOCTH, MpeAHa3HauYeHHbIN A «physical computing» ¢ OTKPBITBIM IPOrPaMMHBIM KOJIOM, C
COBPEMEHHOM CpeI0i /ISl HAMCAHUSI IPOrPAMMHOT0 00ECIICUCHHS);

— OecnpoBoHOM cBs3M (naTuuk LoRa — 3To OecripoBoHast TEXHOJIOTHS, KOTOpPask UCIOJIb3Y-
eTcs Ul Tiepe/iaydl TaHHBIX Ha JajbHHE PACCTOSIHUS NMPH MHUHHMAIBHOM J>HEPromnoTpedieHuu. B
oTuyue oT npuBblyHOro Wi-Fi i Apyrux TeXHOJOTH, HCHOB3YIOIMX BEICOKOE SHEPronoTpeo-
nenune, LoORaWAN obecrnieurBaet 6oyiee 3JKOHOMUYHYIO U HAJIEKHYIO Ilepeiady JaHHbIX );

— JaryMka cyera oceil ZR - mpu NpoxoxJAeHUHM HaJ HUM OCH IOJBHXHON €JUHMIIBI MOCe-
JI0BaTeJIbHO BO BpeMEHH (POPMHUPYIOTCS CUTHAJIBI, HEOOXOAUMBIE /sl onpeieneHus (akra npocie-
JOBaHUSI OCH, a TAK)Ke OTPENEISIeTCs] HAlpaBIeHWEe W CKOPOCTh €€ JIBIKECHHS, HHPOPMAIUsI O CO-
CTOSTHUM CUETYMKA OCEH WIJIM HEUCIPaBHOCTH JIaTUMKa C JATYMKOB nepenaéres mno uarepdeiicy RS-
485.

Y CTpoUCTBO COCTOUT U3:

— mepenatyuka, coopanHoro Ha tuiare Arduino UNO, ¢ MOAKITIOUYEHHBIM JaTYNKOM CUeTa
oceit, natankoM LoRa, momgynem GSM sim 900;



— MPUEMHUKA, B BHJIE CHUTHAJIHHOTO XWJIETA, OCHAIIEHHOTO 3BYKOBOMW, CBETOBOW M BHOpO-
curHaym3anuen, moayineMm LORa ans mocTtymieHusi curHana o MpUOIMKEHHUH T0€3/1a U MOJyJIeM

Arduino NANO.

HEPEAAT"MK HPMEMHMK
P 4 4\/ .
CHAEfl\JA‘Ho%KEM MOAYAb LORA MOAYAbL LORA

Yy &

ARDUINO UNO ARDUINO NANO

Puc. 1. Cxema pa0doThI YCTPOMCTBA MM CUCTEMBI

[Ipu mpoesae moesaa Hal JaTYMKOM cueTa oced ZR, curnan nepenaercs yepes miary Arduino
UNO Ha natuuk LoRa, 3areM curhan nepenaeTcst Mo pajdoKaHaly Ha IPUHUMAIOLIUN MOIYJb
LoRa, nanee curnan nepegaercs uepe3 miaaty Arduino NANO Ha JuHaMUK 3BYKOBOW CHTHaJIM3a-
[[1H, YCTAHOBJICHHBIN B CUTHAJILHOM JXHJieTe paboTHUKa [6-7].

Anroput™sl paboThI YCTPOWCTBA NMPEICTaBIECHbl HA PUCYHKE 2 U pUCYHKE 3.

HAYANO 4 YCTpORCTEY HEOBXOOHM
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Puc. 2. Anropurm padoTsl ycTpoiicTBa




HWAET CHIHRIMIWPpYET O
noTepe CBA3H

I

MoBTOPHEA NONBITHE
YCTEHOBHTE CBA3L

Y

CurHan npuwén
H3 M KAeT

a&

HHNET CHTHANKMSHPYET O
EQCCTAHOEISHIIL CEASH

HHUneT M302ET ONOBE WEHWE O
nprbAv#e HUM noesga; 10
MHHYT

Puc. 3. Anroputm pa6otsl ycrpoiicTa (Al)

Pabora cxeMbl
[Mepenarommas yactb. Cxema moakiaoueHus miatel Arduino Uno k momymo LoRa [9] mpen-
CTaBJI€HAa Ha PUCYHKE 3. DTO mepearonias 4yacTh.

5V2A
Adapter

Puc. 4. llepenaTuyuk (cxema noaxk/arovyenus miaarsl Arduino Uno k moay.awo LoRa)

[Mpuémuas yacts. Cxema nmoaxmrouenus miaatel Arduino Nano k mogymio LoRa npeacraBnena
Ha creayroieM pucyHke [9]. D1o Oyaer npuéMHas YacTh HAIIIETO MPOCKTA.
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Puc. 5. Ilpuémuuxk (Cxema noakiawdenus miaarel Arduino Nano k moay.io LoRa)

3akiroueHne

Takum oOpa3om, cucreMa «DJIEKTPOHHAS TETap/1a», UCIOIb3YIOIIas IEPEI0BbIE TEXHOJIOTHH,
npenHazHaueHa Juist 3¢(GEeKTUBHOTO MPEAYNPEKICHUS padounx 0 MpUOIKEHUH Moe3/a Ha JKenes-
HOJIOPOXKHBIX MYTSIX, CIIOCOOCTBYSI MOBBIIICHUIO YPOBHSI 0€30IaCHOCTH M YMEHBIICHHUIO YeIOBeYe-
CKOT'O BIIUSIHUS TIPH MTPOBEACHUHU PabOT.
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