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CraTtbsi nocBseHa Nccse[0BaHnio
uMpPOoBO Xes1Ie3HON [opPOoru Kak
CJI0)KHOW TeXHUKO-TEXHOJIOrN4eCKon
CUCTEeMbl, UMeLL e CBA3b C LndpoBoi
9KOHOMUKOM. [Noka3aHbl OCHOBHbIE
TEexXHOJIOrn4eckne KOMMnOHEeHTbI
ungpoBo xene3Hou goporu. OnucaHbl
npuHUMnbI 6J10KOBOIoO yrnpaBeHus,
npUHUNIbI paguoHabnogeHns,
B3anMo3aBUCUMOCTHU LngpoBoi
JIOrUCTUKU U LNPPOBO Kes1e3HON
Aoporun. Noa4épknBaroTcsi posib
Kknbeppunuandyecknx CUCTeM B Pa3BUTUN
ungpoBoOI Xkxene3Hon Joporu,
nepcrnekTuBbi LngppoBu3aymmn

B ob6ecneyeHnn 6e30nacHoi
aBTomMaTu3aymu n 6ecLUIOBHOM
UHTerpaunv Bcex BU40B TPaHCnopTa.

KnwyeBbie canoBa: TpaHCcnopT, yrpaBieHue,
ungpoBsas xene3Hasi 4opora, CJ10XHbIe
CUCTEMBI, LMppoBasi 3KOHOMMKA,
ungpoBsasi 10rncTyka, UMppoBbIe MOLENH,

610Kk0BOE yripaBieHue.
|
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HAYKA N TEXHWKA

LUndpoBana xene3Had
aopora: npUuHUUnbI
N TeXHOJI0rmmn

Jlésun bopuc Asexceeeust — 0okmop mexHu4ecKux
Hayk, npogheccop, pekmop Poccuiickoeo
yHugepcumema mpancnopma (MHUHUT), Mockea,
Poccus.

Iléemro6 Buxmop Skoeaesuy — 00Kmop mexuu4ecKux
Hayk, npogheccop, 3amecmumens pyKogooumens
YeHmpa cmpameu4ecKo20 aHanu3a u pazeumus
HUHAC, Mocksa, Poccus.

N(PPOBBIE TEXHOJIOTUN TIEPEeCTpanBa-
FOT MHOTHE OTPACIIY IIPOMBIIIICHHO-
CTU, BKJIIouasi OU3HeC, TpaHCHOPT
u jorucCtuky [1]. HudpoBas xene3Has nopo-
ra SIBJISICTCST OMHUM U3 CJICICTBUI TOSIBIICHUS
g poBoii 3KoHOMUKH. [Ipu 3TOM ciemyeT
OTMETHUTh TEPMUHOJIOTMUECKYIO 0COOCHHOCTD.
TepMuHBI «1I(PpPOBaHNE», «TUTUTATN3A-
usl», «In(GPOBU3ALIMsI» COOTBETCTBYIOT aH-
mmiickoMy digitalization. B Poccum Tepmun
«auruTanu3anus» crangaptuszosad B [OCT
P 52438-2005. B umdpoBoii 5KOHOMUKE ITPH-
MEHSIIOT TepMUH digitization, KOTOpHIil OYK-
BaJIbHO O3HayaeT «oTHudpoBKa». OIHAKO
B 00J1aCT 5KOHOMUKM 1 TPAHCIIOPTa Y HETO
JIPYTON PYCCKUI 3KBUBAJIEHT, HECTAHIAPTU-
30BaHHBIN TEpMUH «1ppoBu3anus». C Tou-
KW 3pEeHUs] TUHTBUCTUKH 3TO HEMPaBUIILHO,
HO C TEXHOJIOTUIECKO TOITyCTUMO 1 OIIpaB-
JaHHO. JlomycTUMOCTb 00YCI0BIE€HA TEM, UTO
KJIaccHYecKasi IUTUTAIN3allrs CBsI3aHa C T10-
JIy9eHUEM NTUCKPETHON MHMOpMAIUM s
00paboTKM €€ Ha KOMITbIOTepe M XpaHEHUU
B 0a3e maHHBIX. To €CTh TOBOJBHO IIPOCTOE
¥ y3KOe ITIOHSITHE.
LndpoBusams B NepBOMCTOYHUKE UMEET
OoJree MMPOKOE 3HaYCHNE, HO MHOTHE POC-
CHUIiCKMe MyOJIMKAIIUK TPAKTYIOT €€ comepKa-
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TEJbHO KaK IUTUTAIU3ALNIO, YEM TepseTcs
CMBICIT mpuMeHeHusd TepmuHa. Lludposas
JKeJie3Hasl Topora Kak TeXHOJIOTUs BO3ZHUKIIA
W pa3BUBAETCS HE U30JMPOBAHHO, a BMECTE
C TEXHOJOTUSIMU IU(POBOTO TpaHcHopTa [2],
udpoBoit gjoructuku [3], nudpoBoit KOM-
MyHUKaLmu [4], mudpoBoro 6usHeca [5] 1 Tak
Janee 10 Kubepdusnaeckux cuctem [6].

Kak cymiHocts nndponas xene3Hast 10-
pora (LI2K/T) npencrtaBiseT u3 cedsi KOMII-
JIEKCHYIO CHUCTEMY, COAEPXKAIIYIO CIOXHbIE
TEXHOJOTUYECKUE CUCTEMBI [7], CIOXHBIE
TEXHUYECKHE CUCTEMBI [§], cUCTEMBI BBIYUC-
JINTEJIbHOW 00paboTKM MHGMOpMaLlUU, KOM-
MYHMKAlMOHHbIE CUCTEMbI, HABUTAIIMOHHbIE
cUcTeMBI [9], TEXHOJOTMU UHTEpHETA Bellleit
[10] u ogpyrue cTpyKTypHBIe 3j1eMeHThI. T1o-
3TOMY C CUCTEMHBIX MO3UIMI MOKHO Xapak-
tepusoBarhb LI2KJI Kak CJI0XHYIO TEeXHUKO-
TexHoJiornyeckyo cuctemy. Kak deHomeHn
OHa cBsizaHa ¢ HUUM(PPOBO IKOHOMUKOM,
1 UMEHHO U3 €€ OCOOEHHOCTE MPOUCTEKAIOT
1 MHorue ocobeHHoctu LI2K/I.

LUUNDPOBAH SKOHOMMUKA
KAK METOAOJIOTMYECKAY OCHOBA
HoBast sxkoHOMUKa BO3HMKJIA TIOCJIE YET-
BEpTOI1 MH(OpMaLIMOHHO peBotonuu [11],
KOTOPYIO TakXe Ha3bIBaJU «IIU(PPOBOII».
DKOHOMUKY, CBSI3aHHYIO ¢ IMGPOBOIT peBO-
JIIOTIMEl, HEKOTOPbIE TIPEICTABIISIIOT HOBOI
wim ceTeBoit. OgHako B 1994 roxy don Tarm-
ckoT B kHuUre «lludpoBas skoHOMUKA: HA-
JIEXTbI M OTIACHOCTD B 3TIOXY MHTEJIEKTYaTb-
HBIX ceTeii» [ 12] Beraent g poByIO SKOHO-
MUKY U3 TIpEXHEN ceTeBOW 3KOHOMUKM.
W oHa MoKeT ObITh pacCCMOTpPeHa Kak KJ1acTep
U pe3yJIbTaT Pa3BUTUSI HOBOW 9KOHOMUKHU.
CriefryeT OTMETUTD, UTO B TPU TTOCJIEAYIONTUX
roaa (1995, 1996, 1997) TanckoT Hamucal eié
TPU KHUTU C TOYHO TAaKUM K€ Ha3BAaHUEM.
B kaxnmoit oH MpoBOAUI KOPPEKTUPOBKY
U YTOUHEHWEe, HO OCHOBHbBIE TIPUHITUTIBI, U3-
JIOXXEHHBIE B [12], ocTamnich HEeM3MEHHBIMH.
[MpuHOIMTIMANBLHBIM SBJISETCS TO, YTO
B cBoeli kuure J1. Tanickot naér 12 mpuzHakoB
1MdPOBOI SKOHOMUKU: 3HAHUE, TU(PPOBU-
3anus (digitization), BUpTyanusanusi, MoJie-
Kynspusanus (molecularization), uarerpa-
uusi/ceTeBast pabora, 1e3MHTEpMeauaIus
(disintermediation), KOHBEepreHIINsI, THHOBA-
IIMOHHOCTb, IPE3yMITTUBHOCTSH (prosumption),
MH(MOPMUPOBAHHOCTh, TJI00aMU3aINs, pa3-
Hornacus (discordance). DTy Mpu3HaKu MTpU-
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HSITBI MUPOBBIM COOOIIIECTBOM U HE BHI3bIBA-
0T KPUTHKH IO HACTOSIIIIETO BPEMEHU.

OcTaHOBMMCS Ha TeX ITPU3HAKaX, KOTOpbIe
OTHOCUTEJIBHO PEIKO BCTPEYAIOTCS B PYCCKO-
SI3BIYHOM suTeparype. Hanbosiee BakHBIN
TepMUH — 1udpoBuzanus (digitization) wiu
mudpoBka. KioueBbIM OTIUYMEM B 3TOM
TEPMUHE SIBJISIIOTCST 3HAHUSI.

LudpoBuszauus — rpynmna TeXHOJOTUA,
B pesyJibrate (hyHKIIMOHUPOBAHUSI KOTOPBIX
3HAHUS MOTYT XpaHUTHCS B LU(PPOBOIi hopMme.
B crapoii skoHOMMKe, TIe MHGhOpPMAIINS OCTa-
BaJIach aHAJIOTOBOM WK (pU3NUYECKOI, O0IIIe-
HUEe OBLIIO BO3MOXHBIM TOJIBKO Ojlaromapst
dakTHyeCcKOMyY nepeMelIeHUIO Jitoaei. B Ho-
BOI1 SKOHOMMKE 1LMppoBas ¢popma, odecrie-
yrBaeMasl IIM(GpPOBLIMU YCTPOUCTBAMHU, TT10-
3BOJISIET B KpaTyailime CPOKHA CBOOOTHO Tie-
peMeniaTh OrpoOMHOE KOJIMYECTBO MH(pOpMa-
IIMM U 3HAHUI MeXIy JIOAbMU B Pa3HbIX
YacTsIX MUpa.

Bupryanuzaius B i poBoil 5KOHOMUKE
O3HayaeT KOMIUIEKC TEXHOJIOTHUIA, C TTOMO-
IIIbI0 KOTOPBIX MOXKHO TIpeBpaniaTh (pusnde-
CKUe U MaTepuajibHbIE BEIIIN B BUPTYaJIbHBIE.
DTUM moCTUTAIOTCS cXaTue WHpopMaum
U KOTHUTUBHBINA 3hdHeKT 00603puUMOCTU
U BocripuHuMaeMocTu [13] 6oapmux o0bE-
MOB MH(pOpPMAINU, KOTOPbIe B OOBIYHBIX
TEXHOJIOTUSIX CO3/IAI0T )1 YesioBeKa UHMOop-
MallMOHHBIN Oapbep.

Monexkynsapusanus (molecularization) —
MepPeHOCHOE MOHSATHE, COCTOUT B TOM, YTO
TPaAMIIMOHHbBIE OPTaHU3aIIMOHHBIE CTPYKTYPBI
YCTYIalOT MeCTO 0oJjiee TMOKON U MeJKO
cTpykTtype. KoMaHabl MpoeKTa SBJSIOTCS HOP-
MO, KOTa JIIOJIY U3 BCEX YTOJKOB MUPa COOU-
patotcst BMecte. B HOBOI 9KOHOMUKE 3TO OyzeT
«CBeTJIas OpraHu3alus», KOTopasi BbDKUBET
«TSDKEbIE OpraHU3aLi» , KOTOPBIM CJIOXHEE
M3MEHMTHCS U aIalITUPOBATHCS K CTATHYECKUM
ycrroBUsIM. YacTUUHO MPUMEPOM MOJIEKYIISIPH -
3aI[MU MOTYT CITy>KUTh CTapTaIlbl.

JHe3suntepmenuanus (disintermediation) —
MPOIIECC, IPU KOTOPOM JIEUCTBUS ITOCPETHM -
KOB CYIIIECTBEHHO cokpaitatorcs. [Tpumepom
SIBJISIETCST OECCKIIaoBasi TOPTOBJISI MJTU MHTEP-
HET-TOProBJjisl. DTOT mpoliecc TpedyeT boJsiee
TECHOU CBSI3U MPENTIPUITUI C IIOTPEOUTENSI-
MM HampsiMylo.

KonBepreHimeii Ha3pIBalOT JOMUHUPYIO-
LU CEKTOP SKOHOMUKM, KOTOPBIN CO3TAETCS
MyTEM COMVKEHUSI BBIYUCICHU, KOMMYHU-
KalluM 1 KOHTEHTA.

JleenH B. A., LieeTkoE B. Y. Lludpoeas xenesHas gopora: npUHUUNbLI U TEXHONIOrMN
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Puc. 1. MecTto ungpoBovi xesne3HovVi 4OpOry cpeam C/I0XHbIX TEXHUKO-TEXHOJIOMMYECKUX CUCTEM.

[Ipe3ymMnTUBHOCTH (prosumption) — mpo-
11ecc, KOTOPBIN CMEHSIET MacCOBOE ITPOM3BO/I -
CTBO TPAaIWIIMOHHON S5KOHOMMKHM Ha MaccCo-
BYIO HACTPOIKY (KOMITBIOTEPHBIX ) IIPOAYKTOB
B U (POBOIT SKOHOMUKE, CTUPACT pa3TnIus
MEXIY ITIPOM3BOIUTEIISIMU 1 KiineHTamMu. Of-
HaKO OH TpeOyeT BEICOKOM MH(POPMAITMOHHOMK
KYJIBTYPBI OT KJIMeHTa. Hanmpumep, pasmmaHbie
TOCyIapCTBEHHBIC 3JICKTPOHHBIC YCIYTH, T10-
KYIIKa 3JICKTPOHHBIX OMJICTOB M PETUCTPALIUS
yepe3 KOMITBIOTEP HE JOCTYITHHI JIMIIaM, He
HMMEIOIIM KOMIThIOTepHOM moaroToBKu. [1pn
9TOM KaXXIBIil IMMOTPEOUTETb CTAHOBUTCS
Y4aCTHUKOM WH()OPMAITMOHHOM MarucTpau,
co3maBasi M OTIIPABIISISI COOOIIIEHNE Ha 3aKa3
WJIN OTIPENEIIsisi CBOE MHEHUE O TIPOIYKTE WIIN
yCIIyTre, KOTOPBIC OH ITOKYITaeT.

Paznornacus (discordance) — HeraTUBHBII
IIpoIIecC, CBSI3aHHBIN C pacCIOCHUEM KITUCH-
TOB IO IPU3HAKY MH(MOPMALIMOHHOM KYJIBTY-
pbl. 17151 1106010 HOBOTO SIBJISHUSI TIPOUCXOAUT
COIIPOTHUBJICHUE CPEIbl, YACTH OOIIecTBa
1 MeJICHHAs afanTaius K Hemy. B pesynbra-
Te BOBHUKAIOT TEXHOJIOTUIECKIE KOH(DIMKTEHI.
Pa3pbIB MexXImy TEXHOJIOTUUECKH TPAMOTHBI-
MU — «UMYILIMMKU» U TEXHOJIOIMYECKU Herpa-
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MOTHBIMU — «HEUMYILIUMMW» PACTET U MOXKET
BBI3BAThb CEPhE3HBIE TTPOOJIEMBI JIJIs O0IIIeCTBA
B OmkatimmeM OymyieM. MI3MeHeHMs B KO-
HOMMKE JIeJIal0T BO3MOXKHBIM CO3IaHNE HOBBIX
TUIIOB OpTaHU3alMii, Toe MPUMEHECHNUE MH-
GOpPMAIMOHHBIX TEXHOJOTUI JJIsT pabOTHI
B 001aCcTU 3HAHWI TTOBBICUT 3P PEKTUBHOCTD
noTpeduTeneii 1 3pHeKTUBHOCTL OpraHn3a-
L.

MECTO LKA CPEAOU CJTOXKHbIX
CUCTEM

Kax cioxHasi TeXHUKO-TeXHOJIOrnIecKast
cucrema 2K/ cBg3aHa M B3aMMOJEICTBYET
C IPYTMMU CJIOKHBIMM CHCTeMaMU U HaIlpaB-
neHusimu [14] (puc. 1).

LlndpoBast 5KOHOMUKA CITYXKUT, YK€ TTOA-
YE€pKUBaJIOCh, METOMNOJIOTUYECKOI OCHOBO
L2KJI. Hudposoit Tpancnopt [2] saBasgeTcs
0oJiee OOIIIMM MOHATUEM M BKJIIOYAET B Ce0sI
LI2K/I. B Hacrosiee BpeMsl CYLLIECTBYET He-
00XOAMMOCTb B €IMHOI TPaHCIIOPTHOM IMOJIN-
TuKe [15] u 310 TpebyeT, uToObl LIZK]I ObLIa
KOMIUIEMEHTapHa IPYTrUM BUAaM LIU(MPOBOTO
TpaHcnopTta. Kak oTpaxkeHue 3Toro ¢gakra
B EBpocotose co3nana EBponeiickas cucrema

JleeunH b. A., LieeTkoB B. 1. LlndppoBas xene3Haa aopora: npUHLUNbI U TEXHOJIOTUU



Puc. 2. TexnHonorvs pagnoHabniogeHus.

YIIpaBICHUS XKeJIC3HOTOPOKHBIM ABIKCHUEM
(ERTMS), Bxmouast EBporeiickyio cuctemy
yrnpasieHust apuxenuem noesnos (ETCS)
uMoowibHbIe ceTd GSM-R st o6ecnieueHust
CBSI3M MEXKTy TTOe3aMU Y TTIOABUKHBIMU OJ10-
kamu [16]. B mpakrnuyeckom acriekre LIK/I
TMOMYMHEHA MHTepecaM MM POBOI JIOTUCTUKHA
[3] m mudpoBoro 6usHeca [5].

ILludposass koMMyHUKALNSA [4] IBIIsIeTCS
ob6sa3arenbHoM mrst LIZK/. E€ ocobeHHOCTH
B TOM, UYTO OHA CO3daéT BO3MOXHOCTH
pannoHaOII0AeHUS B JOTIOJTHEHME K BUICO-
HaOJMIOOCHUIO B OOBIYHOM TPaHCIIOPTE.
LludpoBas xene3Has 1opora TpedyeT HOBOM
nudpoBoit (MHGOPMAITMOHHO) TEXHOJO-
rum ynpasieHus [17], a Oymydu mpocTpaH-
CTBEHHBIM 00BEKTOM, HYXKIAeTCS B TIPUME -
HEHUM TeOMH(OPMAIIMOHHBIX TEXHOJIOTHIA,
TEXHOJOTUN KOCMUYECKOTO HAOIIOOCHUS
M KOMIUIEKCHOTO TIPOCTPAHCTBEHHOTO MO-
HUTOpUHTA [ 18]. MHOTHE CUTyalIuM yIIpaB-
geHus L2KJ[ uckiaodaloT BO3ZMOXHOCTh
OIePaTUBHOM peaKIMK YeJIOBeKa, IT03TOMY
BCc€ OOJIbIIICE pacIIpOCTpaHEHHUE MMOIYJYaloT
3JIEMEHTBI UHTEJUICKTYaJIbHOTO YIIPaBICHUS
WU UHTEJUIEKTYaJlbHBIE TPAHCIIOPTHHBIC
CHCTEMEI.

LIndpoBast KOMMYyHUKALINS aKTYaTU3UPY-
eT IpobIeMy UH(POPMAIITMOHHOM 0€30ITacHO-
CTH B IBYX acIieKTaX: HEYMBIIILICHHBIC OIITN0-
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JleenH B. A., LieeTkoE B. Y. ludpoeag xenesHasa gopora:

KM 4YeJIOBeKa W IIeJIeHaIIpaBJICHHOE BPEIu-
TEJIbCTBO WJIM BHEIITHME YIpo3bl. 7151 ahdhex-
TUBHON MOJUTUKKA MHGOPMAIIMOHHON
0E30ITacCHOCTH 1 OTPaKeHMST BHEIITHUX 1 BHYT-
PEHHUX YTPO3 IIUPOKO MCIIOJIB3YIOT KUbep-
(dU3NYECKNEe CUCTEMBI.

HEKOTOPbIE TEXHOJTIOTMYECKME
PELLEHUNYA

Pannonabmonenne. Ha puc. 2 mosicHsieTcs
€ro CyHHocCTb. JIJ1s peann3auy TEXHOJIOTUN
BCSI Tpacca JKeJIE3HOI JOPOry J0JKHA ObITh
000pyI0BaHa CTAaHLUMSIMUA PAIUOKOHTPOJIS,
4TOOBI MOABUKHBIN 00BEKT BCETIa HAXOIUIICS
B 30HE HaOIIOAEeHUS.

DTO TEXHOJIOTHS HA3eMHOT0 HAOJIIOIeH NS,
1 OHa He CBs3aHa CO CITyTHUKOBOI HaBUT AL -
ei1, a nononHset e€. B Poccuu Takoii pagno-
KOHTPOJIb CYILIECTBYET B 0COO0 OXpaHsIEMBIX
30Hax. [ToaToMy pacripocTpaHUTh 3Ty TEXHO-
JIOTHIO Ha KeJIE3HYIO JOPOry He MpeaCTaBIs-
eTcd CJIOXHBIM. Pagnona0moneHue BKJIo4a-
eT MeJIeHTaluIo MOABMXHOro oobekra [19]
C y4€TOM ero IBUKEHUSI 10 Tpacce, I poBast
MOJIEJIb KOTOPOM U3BECTHA.

Jnsa peanv3alii 3TOM TEXHOJIOTUM MO -
BMIKHBIE CPEACTBA M IaXe KaxKIblii BarOH
JIOJIKHBI OBITh JOTIOJTHUTEIBHO K MPUEMHM -
kam GPS/TJIOHACC o6opynoBaHbI paano-
YaCTOTHBIMU METKAMMU.

MPUHLUMIMBI U TEXHOJIOrUN
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TexHoJI0rHs NOABMKHBIX CHTHAJIbHBIX 0.10-
koB (Moving block signaling). OTa TexHoorus
nosicHsgeTcs Ha puc. 3 u 4. OObIYHOE IBUKE-
HIE MOXKHO OITPEAe/IMTh KaK CUTHAIbHO-0J10-
KoBoe. MexXmy Imoe3aaMu CYIIeCTBYIOT OJIOKH,
NIBVKEHME TT0 KOTOPBIM pa3pelieHo OnTruye-
CKUMHU U JOTOJHUTEIbHBIMU CUTHAJIAMMU.
Ecnm curHan pa3pemaionmii, To TpOUCXOIUT
nBkenue. [1pu 3ampenaronieM TpaHCIIOPT-
HOE CPEJICTBO CTOUT.

B TexHOIOrMM MOABUKHBIX OJIOKOB CUTHA-
Jm3anuu (puc. 4) TOABMKHBIN OOBEKT COIEP-
JKUT BHYTPEHHIOI0 MHMDOPMAITMOHHO-BBIUKC-
JIUTEJIbHYI0 cucTeMy [16] u mpeacrasiseT
€000 1T IPYTUX OO BEKTOB CUCTEMY, KOTOPast
OCYIIECTBIISICT ¢ HUMU MH(POPMAIIMOHHOE
B3auMogeiictsue [20].

CucreMa NOABMXKHBIX CUTHAJIBLHBIX OJIOKOB
oIpeeNsgeTcs B pealbHOM BpeMEHU KOMIThIO-
TepaMu B BUIe O€30ITaCHBIX 30H BOKPYT KaXK-
noro noesna [ 16]. IToaBrKHbBIN GJIOK ITO3BOJISI-
€T T10e3/1aM COJIVKAThCSI, COXPAHSIS IIPU 3TOM
TpeOyeMble TIpeebl 0e30ITaCHOCTH, TEM Ca-
MBIM YBEJIMYMBas OOIIYIO TIPOIYCKHYIO CITO-
cobHoCTh THNN. OmpenencHue 010Ka Tpeoy-
€T 3HaHMSI TOYHOTO MECTOIOJIOKEHUS JTaHHO-
ro Toe3/1a, a TaKKe CKOPOCTHU BCeX TT0e310B
B 1100011 MOMEHT BpeMEHU U MOCTOSHHON
CBSI31 MEXIY LIEHTPAJIbHOU CUTHAIM3ALIMEH
U CUCTEMOI CUTHAJIM3ALMN KaOMHBI. DTO Ha-
3bIBAIOT MHTETPUPOBAHHBIM WJIA MHTETPaIb-
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Puc. 4. MpuHunn ncrnonb3oBaHusl NOABUKHbIX 6JI0KOB CUrHaNN3aunmn.

HBIM yIIpaBlieHHeM. B mmdpoBom acrmekTe
TaKOM MeXaHU3M IIpeaIiojiaracT mepexom OT
TOYEUHBIX HU(DPOBBIX MOJIEI€i OOBEKTOB K MH-
TepBaJIbHBIM, YTO OITCaHO B [21].

TToaBrxHBIN 0JI0K 2 (HEKTUBHO TTOIAEP-
JKMBaeT 0e30IacHbI «KOHBEPT» IYCTOM [10-
POXKKM BOKPYT Kaxaoro 1moesna (puc. 4), Ko-
TOPBIN TIepEeMeIIacTCss BMECTe C HUM. DTOT
KOHBEPT MOKET OBITh aTalTUPOBAH IJISI COOT-
BETCTBUSI CKOPOCTH I10€3/1a, ONTUMHU3UPYS
TIPOITYCKHYIO CITOCOOHOCTD TMHUM B Pa3HBIX
CUTYaIIHSIX.

LUMNDOPOBA4A JIOTUCTUKA
Indposuszanus — oaUH U3 TJIABHBIX TTPU-
OPUTETOB [IJI51 3KEJIE3HOAOPOXKHOIO CEKTOpa
U ero Oyayiero. 3ajadya 3aKJIl04aeTcsl B TOM,
YTOOBI IIPEUIOKUTH CBOUM KJIMEHTAM BbICO-
Ko deKTUBHBIE ¥ TTPUBJIEKATEIbHBIC BApU-
AHTBI IIEPEBO30K U MAKCUMAJIbHO MCIIOJIb30-
BaTh BO3MOXHOCTHU, MpeiaraeMbie LUMpo-
BBIMU TIpeoOpa3zoBaHusiMU. PocT nmdpoBbix
JaHHBIX MPUBOAUT K HEOOXOAMMOCTU BCE
yaiie MpuMeHsTh TexHooruio Big Data [22],
aHaJIM3UPOBaTh MHMOOPMALIUIO, ONITUMU3UPO-
BaTb CBOIO AESATEIbHOCTb, LIETIOYKH [IOCTABOK.
ABTOMATHU3aLIMSI TOCTPOEHUSI JTIOTUCTUYE-
CKOI LIEMOYKM U ONTUMU3ALUS BXOASIIEIO
M MCXOJSILIEro ABMXKEHUsS rpy3a MO3BOJISIOT
palMoOHalbHO MCIOJIb30BaTh MMEIOIINECS
pecypchl, coKpallaTh OTX0Ibl. MOOUIbHBIE
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Puc. 5. MpumeneHne BIJIA ans norpy304HO-pa3rpy304Hbix paborT.

pelIeHns 00eCIIeUnBalOT OOJIBIIIYIO ITPO3pad-
HOCTh onepanuii. [lndposas crucrema ympas-
JICHUS 3allacaMiy M IIeTIOYKaMM ITOCTaBOK
o0JreryaeT CKBO3HYIO BUTUMOCTD JIJIsI ”HBEH-
Tapu3alnd, 3aKa30B 1 IIOCTaBOK.

Hapsany ¢ Big Data B OuszHece nosiBUJICS
HOBBII TEPMUH «0OraTCTBO JaHHbIX». Jloru-
CTUYECKME KOMITAHUU IIPUMEHSIIOT OOTaTCTBO
JMAHHBIX, CBI3aHHBIX C TICPEMEIIICHIEM CBOMX
TOBAapOB U I'PY30BBIX aBTOMOOWJICH, IJIsI OIT-
peneneHns Mojeeli, OTBeYaroIuX TeHICH-
UM KJIMEHTOB U ITOMCKA TOTO, YTO XOPOIIIO
paboTaeT, YTOOHI TTOJIy4aTh KOHKYPEHTHBIC
TIpenuMYyIIeCTBa.

Jloructuyeckme KoMInaHuUM IIpUOETaOT
K OUGPOBBIM TEXHOJIOTUSM HE TOJBKO IS
TMOBBIIIEHNS 3(P(PEKTUBHOCTU ONepalnii, HO
W JUTSI aHAJIM3a OTlepaliii 1 UX Ipeodpa3oBa-
Hus. Mcronb3oBaHne poOdOTOB Ha OOJIBIIMX
CKJIagaxX M IpU 0OpaIleHUuM ¢ OMacCHBIMU
Trpy3aMu yxe IIIPOKO PacIpoCTpaHEeHO, KaK
¥ TIPAaKTUKa OOXOOUTHCS 0€3 BOAUTEISI-OIIe-
paTopa, OTpaHUYMBASCHh TUCTAHIIMOHHBIM
yIIpaBJICHUCM.

Crenmyromias BaxkKHasi 1eTajib B IU(pPOBOIA
JIOTUCTUKE — TIpUMEHeHe IpoHOB [23], oco-
OCHHO IJIST JOCTAaBKM Ipy3a Ha «IOCICIHEH
muie». [1paButenberBo CILA yXe 3aImycTUIo
MUJIOTHYIO CMCTEMY MOHMTOPHMHTA TpadukKa
Ha OCHOBE OCCITMJIOTHBIX JIETATSIHHBIX arlia-

® MWP TPAHCIOPTA, Tom 16, N2 3, C. 50-61 (2018)

paTtoB. B Takux crtpaHax, kak McnaHus,
®pannus, Yeuickas Pecnybirka, ecth He-
CKOJIbKO MCCJICIOBATEIbCKUX ITPOCKTOB, U3Y-
YAOIIUX BO3MOXKXHOCTA OCCIUIOTHBIX JIeTa-
TEJIbHBIX aIllIapaToB IS yIIpaBIeHUS Tpadu-
koM. VX mcmonbp30BaHME 3HAYUTEIBHO
YCKOPHUT padOTy, YMEHBIIIUT TPYIHOCTH, Ha-
npskeHne 1 HeapGeKTUBHOCTS (puc. 5).

Hampumep, AmazonPrimeAir yxe peanu-
3yeT OTrpy3KYy [23] ¢ HOMOIIIBIO OECITMIIOTHBIX
JIeTaTeJIbHBIX anmnapaTtoB MeHee yeM 3a 30
MMHYT ITI0CJIE TOTO, KaK KIIMEHTHI Pa3MECTHIIIN
3aka3. Korma sTa TeXHOJIOTHSI CTaHeT ITUPOKO
pacrpocTpaHEHHOI, IOTUCTHKA CYIIIECTBEHHO
W3MEHUTCS.

B NOPAAKE AUCKYCCUU

B psane padot LIZK/I o111609HO HAa3bIBAIOT
MOJIENTbIO. DTO peasibHas TeXHUKO-TEXHOJIO-
ruyeckasi CucTeMa, a CUCTeMa YIpaBICHUS
1M (POBOIt JOPOTOI MOXKET OBITh PACCMOTPE-
Ha KaK CJIOKHAsI OpraHM3allMOHHO-TeXHUYe-
ckas cucteMma [14]. CBOIUTD CIOXHYIO CUCTE-
MY K MOJIeJT HEKOPPEKTHO.

Yacro B matepuanax o LIK]I He yaenstoT
JIOJIKHOTO BHUMaHUS TEXHOJIOTUM OPTaHU-
3allMM JaHHBIX, XOTS Mo ctaHgaptam [SO/
IEC9126—1. 2001 u TOCT 28195—89 nmeH-
HO OpraHM3aIus TaHHBIX SIBJISIETCS OMHUM U3
TpEX KOMIIOHEHTOB KayeCTBa JII0OBIX MH(OP-
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MalMOHHBIX cucTeM. MHdDopManimoHHbIe
cuctemsl B coctase LIK]I — anemMeHT nepBo-
CTETEHHBIN, C OTPENeTIONUMU (PYHKIUS-
MU.

ITprMeHUTENBHO K POCCUCKIM YCIOBUSIM
YITYCKAETCsT ¥ CTOJIb CEPBE3HBIN (HaKTOp, KaK
KOOpAWHATHEIE ITpeobpa3oBaHus. 11 HeOOb-
WX CTpaH Tuma BenmukoOputanum ata mpoo-
JieMa He cylecTByeT. s rocynapcTs ¢ 6071b-
1IOI TeppUTOpUE 30HATbHBIE TTPe0Opa3oBa-
HUS CTAHOBSITCS HEOOXOAUMBIM YCIOBUEM
TOYHOTO OTPEAEIEHUS MECTOMOJOXEHUS
TPAHCIIOPTHOTO CPEICTBA B €AMHON KOOPIU-
HaTHOU cpene. CBsizaHa ¢ Hel U mpobiema
€IMHOTO BPEMEHU.

3AKJIOMEHUE

LudpoBu3zaiius MOXeT U TOKHA o0ecTie-
YuUBaTh OE30MACHYIO0 aBTOMAaTH3alMIo U Oec-
IIIOBHYIO MHTETPAIIMIO BCEX BUIOB TPAHCIIOP-
Ta, a TAaKXKe YBEJIMICHUE ITPOITYCKHO CITOC00-
HOCTU U KauyecTBa Pa3IMYHBIX BUIOB TPaHC-
rnoprTa.

WHtepHeT Bellieii BHOCUT CBOI BKJIaJI B BbI-
COKOMHTETPUPOBAHHEIE PEIICHMSI, YIIOOHBIE TSI
YIOPaBJICHUSI TPAHCIIOPTOM, YTO ITOMOTAET pea-
Jm3oBatb npoekT LIZK]I 1 numdpoBoii toructu-
ku. [Mpunoxenus IoT B undpoBoit TorucTuke
IIUPOKO MPUMEHSIIOTCS: OT OTCJICXMBAHUSI
TPAHCHOPTHBIX TOBAPOB C KOHTPOJUPYEMBIM
TeMIEPaTYPHBIM PEXMMOM 10 0OecrieueHust
MPaBUJIBLHOM JOCTAaBKM MaKeTa B HY>KHOE MECTO
B ykazaHHoe Bpems. [Ipoekt LI2K/I ueneco-
00pa3HO peanu3oBaTh KaK MPOEKT CIOXHOMI
MHTETPUPOBAHHON CUCTEMBI C BKIIIOUEHUEM
B He€ Knbepdu3nuecKmx CUCTEM.
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DIGITAL RAILWAY: PRINCIPLES AND TECHNOLOGIES

Lyovin, Boris A., Russian University of Transport, Moscow, Russia.
Tsvetkov, Victor Ya., JSC Research & Design Institute for Information Technology, Signalling and

Telecommunications, Moscow, Russia.

ABSTRACT

The article is devoted to the study of a digital railway
as of a complex technical and technological system
having a connection with the digital economy. The main
technological components of the digital railway are
shown. The principles of block management, principles

Keywords: transport, management, digital railway,

digital models, block management.

Background. Digital technologies rebuild many
industries, including business, transportation and
logistics [1]. The digital railway is one of the
consequences of emergence of the digital economy.
In this case, the terminological feature should be
noted.

Some Russian terms [originally cited in Russian]
correspond to the English digitalization. In Russia, the
term «digitalization» [Russian transliteration of English
digitalization] is standardized in GOST R52438-2005.
In the digital economy, the term digitization is used,
which literally means «transforming into digital form».
However, in the field of economy and transport, it has
another Russian equivalent, a non-standardized term
[russified equivalent of both digitalization and
digitization that makes no substantial difference
between both terms]. From the point of view of
linguistics, this is wrong, but from the technological
point of view it is permissible and justifiable.
Admissibility is due to the fact that classical
digitalization involves obtaining discrete information
for processing it on a computer and storing it in a
database. That s a fairly simple and narrow concept.

The last term in the primary source has a broader
meaning, but many Russian publications treat it
meaningfully as digitalization, what makes the term
meaningless'. The digital railway as a technology has
arisen and is developing not isolated, but along with
the technologies of digital transport [2], digital logistics
[3], digital communication [4], digital business [5] and
S0 on up to cyber physical systems [6].

As the essence, the digital railway (DR) is a
complex system containing complex technological
systems [7], complex technical systems [8],
information processing systems, communication
systems, navigation systems [9], technologies of
Internet of things [10] and other structural elements.
Therefore, from the system positions it is possible to
characterize DR as a complex technical and
technological system. As a phenomenon it is
connected with the digital economy and it is from its
features that many features of DR derive.

Objective. The objective of the authors is to
consider principles and technologies of digital railway.

'On the whole the authors are dealing with specific
Russian context of terms of digitization, digitalization and
digital transformation, which is close ¢.g. to the positions
described in Jason Bloomberg’s paper «Digitization,
Digitalization, And Digital Transformation: Confuse
Them At Your Peril» (https://www.forbes.com/sites/
jasonbloomberg/2018/04/29/digitization-digitalization-
and-digital-transformation-confuse-them-at-your-
peril/#53bcb6cb2f2¢). Further approach of the authors
to digital railway is described rather in terms of digital
transformation. Ed. note.

of radio monitoring, interdependence of digital logistics
and digital railway are described. The role of cyber
physical systems in development of the digital railway,
the prospects of digitalization in ensuring safe
automation and seamless integration of all modes of
transport are emphasized.

complex systems, digital economy, digital logistics,

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

Results.

Digital economy as a methodological basis

The neweconomy arose after the fourth information
revolution [11], which was also called «digital». Some
people consider the economy associated with the
digital revolution as new or networked. However, in
1994 Don Tapscott in the book «The Digital Economy.
Promise and Peril in the Age of Networked Intelligence»
[12] singled out the digital economy from the previous
network economy. And it can be considered as a cluster
and a result of development of a new economy. It
should be noted that during three subsequent years
(1995, 1996, 1997) Tapscott wrote three more books
with exactly the same name. He updated and modified
each of them, but the basic principles stated in [12]
remained unchanged.

Principally, in his book, D. Tapscott gives 12
themes that differentiate digital economy from the old
ones: knowledge, digitization, virtualization,
molecularization, internetworking, disintermediation,
convergence, innovation, prosumption, immediacy,
globalization, discordance. These themes are
accepted by the world community and have not
caused criticism till now.

Let us dwell on those features that are relatively
rare in the Russian-language literature. The most
important term is digitization. The key difference in
this term is knowledge.

Digitalization is a group of technologies through
which knowledge can be stored digitally. In the old
economy, where the information remained analog or
physical, communication was possible only thanks to
the actual movement of people. In the new economy,
the digital form provided by digital devices allows the
huge amount of information and knowledge to be
freely transferred in the shortest possible time
between people in different parts of the world.

Virtualization in the digital economy means a set
of technologies that can be used to turn physical and
material things into virtual ones. This ensures the
compression of information and the cognitive effect
of visibility and perceptibility [ 13] of large amounts of
information, which in conventional technologies
create an information barrier for a person.

Molecularization is a metaphorical concept, that
traditional organizational structures give way to a more
flexible and shallow structure. Project teams are the
norm when people from all corners of the world come
together. In the new economy, this will be a «bright
organization» that will live through «heavy
organizations», for which itis more difficult to change
and adapt to static conditions. Startups can serve as
an example of molecularization.
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Pic. 1. Place of the digital railway among complex technical and technological systems.

Disintermediation is a process in which the actions
of intermediaries are significantly reduced. An
example is a stock-free trade or Internet trading. This
process requires a closer and immediate connection
of enterprises with consumers.

Convergence is the name for the dominant sector
of the economy, which is created by convergence of
computing, communication and content.

Prosumption is a process that replaces the mass
production of the traditional economy by the mass
tuning or adjustment of (computer) products to the
digital economy, blurring the differences between
producers and customers. However, it requires a high
information culture from the client. For example,
various state electronic services, the purchase of
electronic tickets and registration through a computer
are not available to persons who have not got
computer training. At the same time, each consumer
becomes a member of the information main line,
creating and sending a message to order a product
or expressing his opinion about the product or service
that he buys.

Discordance is a negative process associated with
stratification of customers on the basis of information
culture. Any new phenomenon comes across the
resistance of the environment, of a part of society and
a slow adaptation to it. As a result, technological
conflicts arise. The gap between technologically
literate «propertied» and technologically
illiterate «underprivileged» is growing and can cause
serious problems for society in the near future.
Changes in the economy make it possible to create
new types of organizations, where the use of
information technology to work in the field of
knowledge will increase the effectiveness of
consumers and the effectiveness of organizations.

Place of DR among complex systems

As a complex technical and technological system,
DR is connected and interacts with other complex
systems and directions [14] (Pic. 1).
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The digital economy serves, as already stressed,
as a methodological basis of DR. Digital transport [2]
is a more general concept and includes DR. At
present, there is a need foracommon transport policy
[15] and this requires that DR is complementary to
other types of digital transport. As a reflection of this
fact, the European Railway Traffic Management
System (ERTMS), including the European Train
Control System (ETCS) and GSM-R mobile networks
for providing communication between trains and
moving blocks has been established in the European
Union [16]. In practical terms, DR is subordinated to
the interests of digital logistics [3] and digital
business [5].

Digital communication [4] is mandatory for DR.
Its feature is that it creates the possibility of radio
monitoring in addition to video surveillance in
conventional transport. The digital railway requires a
new digital (information) control technology [17], and
as a spatial object requires the use of geoinformation
technologies, space monitoring technologies and
integrated spatial monitoring [ 18]. Many situations of
management of DR exclude the possibility of an
immediate reaction of a person, therefore, elements
of intellectual control or intelligent transportation
systems are becoming more widespread.

Digital communication actualizes the problem of
information security in two aspects: unintentional
human errors and targeted sabotage or external
threats. For an effective information security policy
and to reflect external and internal threats, cyber
physical systems are widely used.

Some technological solutions

Radio monitoring. Pic. 2 explains its essence. To
implement the technology, the entire railway track
must be equipped with radio monitoring stations, so
that a mobile object is always in the observation zone.

This is the technology of ground-based monitoring
and it is not connected with satellite navigation, but
complements it. In Russia, such radio control exists
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Pic. 2. Technology of radio monitoring.
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Pic. 4. The principle of using moving block signaling.

in specially protected areas. Therefore, it is not
difficult to extend this technology to the railway. Radio
monitoring includes the direction-finding of a mobile
object [19], taking into account its movement along
a track, the digital model of which is known.

To implement this technology, vehicles and even
each car must be additionally equipped with radio-

frequency tags in addition to GPS/GLONASS
receivers.

Moving block signaling technology. This
technology is explained in Pic. 3 and 4. Conventional
motion can be defined as a signal-block movement.
Moving trains are located within the range of blocks,
motion over which is allowed by optical signals and
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Pic. 4. Application of UAV for loading and unloading operations.

additional signals. If the signal is permissive, then
motion occurs. If the signal is restrictive, a vehicle
does not move.

In moving block signaling technology (Pic. 4), a
mobile object contains an internal information-
computing system [16] and represents for other
objects a system that carries out information
interaction [20] with other objects.

The system of moving signal blocks is identified
in real time by computers in the form of safe zones
around each train [16]. A moving block allows trains
to approach each other, while maintaining the
required safety limits, thereby increasing the overall
line capacity. The identification of the block requires
knowledge about exact location of the train, as well
as about the speed of all trains at any time and the
constant communication between the central
signaling and the driver’s compartment signaling
system. This is called integrated or integral control.
In a digital aspect, such a mechanism involves the
transition from pointed digital objects models to
interval ones, which are described in [21].

A moving block effectively maintains a safe
«envelope» of an empty track around each train
(Pic. 4), which moves with it. This envelope can be
adapted to match the train speed, optimizing the line
capacity in different situations.

Digital logistics

Digitalization is one of the main priorities for the
railway sector and its future. The challenge is to offer
the customers highly effective and attractive
transportation options and make the most of the
opportunities offered by digital conversions. The
growth of digital data leads to the need to increasingly
use the Big Data technology [22], analyze information,
optimize its activities, supply chain.

Automating the construction of the supply chain
and optimizing the incoming and outgoing cargo
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movements allow rational use of available resources,
to reduce waste. Mobile solutions provide greater
transparency of operations. The digital inventory and
supply chain management system facilitates end-to-
end visibility for inventory, orders and deliveries.

Along with Big Data, the business has a new term
called «data richness». Logistics companies use
richness of data related to the movement of their
goods and trucks to identify models that meet
customer trends and to find what works well to gain
competitive advantage.

Logistic companies resort to digital technologies
not only to increase the efficiency of operations, but
also to analyze operations and transform them. The
use of robots in large warehouses and when handling
dangerous goods is already widespread, as well as
are the practices to do without a driver operator, using
remote control.

The next important detail in digital logistics is the
use of drones [23], especially for last mile delivery of
cargo. The US government has already launched a
pilot traffic monitoring system based on unmanned
aerial vehicles. In countries such as Spain, France,
the Czech Republic, there are several research
projects that study the capabilities of aircraft drones
to control traffic. Their use will significantly speed up
the work, reduce difficulties, stress and inefficiency
(Pic. 5).

For example, AmazonPrimeAir already carries out
shipping [23] with unmanned aerial vehicles in less
than 30 minutes after customers placed the order.
When this technology becomes widespread, logistics
will change significantly.

As a matter of discussion

In a number of works, DR is mistakenly called a
model. This is a real technical and technological
system, and the digital railway management system
can be considered as a complex organizational and
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technical system [14]. It is incorrect to reduce a
complex system to a model.

Often in the materials about DR the authors do not
pay due attention to data organization technology,
although according to ISO/IEC9126—-1. 2001 and
GOST 28195-89, the organization of data is one of
three components of the quality of any information
system. Information systems as a part of DR are an
element of paramountimportance, with key functions.

As for Russian conditions, the so important
factor of coordinate transformations is missing to
some extent. For small countries such as Great
Britain, this problem does not exist. For countries
with a large territory, zonal transformations
become a prerequisite for exact location of a
vehicle in a single coordinate environment. The
problem of a single time is also connected with it.

Conclusion. Digitalization [in the meaning of
digital transformation — ed.note] can and should
ensure the safe automation and seamless
integration of all modes of transport, as well as
growth in carrying capacity and quality of various
modes of transport.

Internet of things contributes to highly
integrated solutions that are convenient for
transport management, which helps to realize the
project of DR and digital logistics. loT applications
in digital logistics are widely used: from tracking
of transport goods with controlled temperature
conditions to ensuring the correct delivery of the
package to the right place at the specified time. It
is advisable to implement the project of DR as a
project of a complex integrated system with
inclusion of cyber physical systems.
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