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MOBMJIbHAS CETh GSM-R — OCHOBA IIU®POBOM »KEJE3HOM JOPOTH
AHHOTALUA

B cmambve paccmampusaromcsi 0CHO8bl Op2AHU3AYUU U NOCMPOEHUsl cucmem ces3u 045
yugposoli xcene3Holl dopozu. Paccmomperue kacaemcsi kak camoll udeu cemu GSM-R, mak u
cepsucos Ha amoll cemu. B cmamve nokazaHa easxcHeliudsi poib meaeOHHOU cueHaAu3ayuu
8§87 u apxumekmypbl UHMeAneKMYyaabHbIX cemell 8 cucmeme GSM-R. B pabome makdice
nepeuvucseHvl nepsvle npumepwvl cemeti GSM-R 8 Poccuu u 6audxcatiwiue 3adavyu poccuticKux
c8s13ucmos 8 o6.1acmu gHedpeHust mexHo102uu GSM-R.
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GSM-R MOBILE NETWORK AS A BASIS FOR DIGITAL RAILWAY
ABSTRACT

The article covers the basics of organization and construction of communication systems for a
digital railway. This paper targets the basics and original ideas of GSM-R network as well as
services on this network. The article shows the crucial role of SS7 telephone signaling and
architecture of intelligent networks in the GSM-R system. The paper lists also examples of the first
GSM-R network in Russia and the Russian signalers’ immediate tasks in the implementation of
GSM-R technology.
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BBeaeHue

KeseaHble OpPOrK OTHOCATCS K KPUTHUECKOM UHPPACTPYKTYpe TPAaHCIOPTHOM 0Tpac/iv 1I060ro
rocyapctna. 3To 3apUKCUpPOBAaHO B JoKyMeHTax EBponeiickoro Komuccuu [1], a Takxe B JOKyMeHTax
MuHuctepcTBa BHyTpeHHel 6e3omacHoctu CIIA (US Department of Homeland Security) [2]. Tem 6osiee
3To oTHOCUTCA K Poccuu c ee TpaHccub0oM Kak ryiaBHOW HHOPACTPYKTYPOH, 06'beJUHSAIOILEN CTPAHY.

B EBpomne nMeeTcst 35 pa3HbIX CHCTEM KOMMYHMKALUH Ha »KeJle3HbIX foporax. YToObl 06ecrnedynThb
B3aUMMO/IeHICTBUE MeX/y AOpOraMy U CTpaHaMH, OblJIO NPUHATO pellleH’e 0 CO3JaHUU MOOUJIbHOU CeTH
[l >)Kesie3HOU foporu. B kayecTBe ocHOBbI Bhibpasiu ctanAapT GSM unctutyTa ETSI, ony6/1MKOBaHHBIN B
1987 r. Uepes AecsATh JieT paboThl MOSIBUJICS CTAHAAPT JJis1 MOGUIIbHOUM ceTu GSM-R (GSM-Rail). CtangapT
GSM-R co3pgaBaJicsl myTeM BHECEHHUS CllelMaJIu3MPOBAHHbBIX QYHKIMHN U CBOUCTB B cTaHAApT GSM.

B HacTosillee BpeMs BHejpsieTcsl EBpomelickasd cucTeMa yNnpaBJeHHUs XKeJe3HOLOPOXKHBbIM
nBmxkeHueM (European Railway Traffic Management System, ERTMS), koTopasi COCTOUT U3 JIByX YacCTe:

1) EBponelickasi cucTeMa yripaBjeHus ABmkeHreM noeszaa (European Train Control System, ETCS),
CTaHJAAPT JJis YIIpaBJeHUs ABUKEHUEM [10€3/10B B KaGUHE, U

2) GSM-R, cra#gaptT MoOuJbHOU cBsA3u GSM [ Kese3HONOPOXKHBIX ImepeBo3okK. GSM-R
obecreyrBaeT 3alMIIEHHYI0 TOJIOCOBYIO CBSI3b W Ilepefadyy JAaHHBIX MeX[y >KeJe3HOAOPOKHBIMU
cayx06amMu ¥ noezzaamu [3].

Jnsa cuctrembl GSM-R BblfiesieHa moJsioca mupuHodl 4 Ml B pguanasone 876-880 MIn pss
nepesiayy OT MOJBMXKHOUM K 6a30BOM cTaHIuu U 921-925 MI'y As1s nepefadu oT 6a30BON K MOJ[BHXKHOM
CTaHLMU. B 3TOM noJs10ce MOKHO pa3MecTUTb /10 19 BpeMeHHBIX KaHaJ10B noJiocoro o 200 kI'1 c yacToTHO-
BpPeMeHHBIM pa3/ieJIeHUeM.

Cetu GSM-R B EBpone co3natorcs no Tpe6oBanusam EIRENE (European Integrated Railway Radio
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Enhanced Network — eBpormelickas MHTerpupoBaHHasl >KeJe3HOJ0POXKHAs CeTb PaZJMOCBS3U), UTO
obecrneyrBaeT B YaCTHOCTHU HAGOP CEPBUCOB, IKCIIJIyaTaL[MOHHY0 COBMECTUMOCTb U KOOPAUHALUIO YaCTOT
[4,5].

Hacrosiias pa6oTa sIBJsieTCs NMPOJOKEHUEM cTaTed mo LUpPOBOH >Kese3HOU moporu [6-8].
Janee, B pazgesne 2 paccMorpeHa ocHoBHad ujess GSM-R, a B pazgene 3 - cepucel GSM-R. B pazzene 4
[OKa3aHa BaXKHEHIIYI0 PoJib TeJlePOHHON CUTHaIU3aluU SS7 ¥ apXUTEKTYPbl HHTEJIeKTYalbHbIX CeTel
B cucteMe GSM-R. CTaThsa 3aBeplIaeTcsl nepedyrcieHueM MepBbix npuMepoB ceTeil GSM-R B Poccuu u
MOMBITKON cPOpMy/TUPOBATH OIMKANIIKE 33Ja4H POCCUMCKUX CB3UCTOB B 06J1acTH TexHosioruu GSM-R.

OcHoBHasa uaesa GSM-R

B cucteme ERTMS g1 ynipaB/ieHUs oe3/ja MOXHO BbIJIeJIUTb TPA COCTABHbIE YaCTHU:

1) xoMnbloTep B KabuHe MallMHHCTa - Eurocab, korTopweiil cBsizaH ¢ TepMuHasoM GSM-R,
yCTaHOBJIEHHOM Ha I10e3/i€;

2) eBporeru (Eurobalises) uiu, JpyruMu cjaoBaMy, MyTeBble NPHEMOOTBETYMKH, 110 KOTOPbIM
ONpesiesIII0OTCA: MECTOIOJIOKEHHE U CKOPOCTb 110€e3/1a, a TaKXKe XapaKTepHUCTUKU MyTH B JaHHOM MecCTe:
KpUBHU3HA YTH, OFPaHUYEHUS 10 CKOPOCTH U T.J.;

3) Euroradio, cuctemMa HelpepbIBHON paZiuOCBsI3U MeX/y M0e3/l0M U LieHTPOM yIpaBJIeHUs MO
cety GSM-R.

Ynpasnsawouiue
AHTeHHa GSM-R KOMaHAb!
LenTp
ynpasneHus
CoobueHue

O MecTononoxxeHuu

Eurobalise

Puc. 2. BhewHutl sud espomezos (Eurobalzses]

BMecTo TEXHUYECKOT0 TEPMHUHA Nymesoli npuemMoomeemvux npejJjaraeM Hciob30BaTb TEPMUH
mez U3 KOMIbIOTEPHOM JIeKCUKU. Ter — 3T0 UAeHTUDUKATOP A1 ONMCAHUS U NTOMCKa JaHHbIX U 33/laHUs
WX BHyTpeHHel CTPYKTypbl. OObIYHO MCNOJIb3YIOTCS MapHble Tern — OTKPbIBAIOIIUH, 1M HadyaJlbHbIH, U
3aKpbIBAIOIMM, WM KOHeYHbIH. Teru Ha »KeJle3HOU Jopore ToXe pacnoJiaraloTcs napamu (puc. 2). Ouu
JeWCTBYIOT 1O NPUHLMIY 3JeKTPOMarHMTHOW MHAYKLUMM: II0CJAe MOJy4eHHUS BBbICOKOYACTOTHOTO
MHTALEro CUTHajla B OTBET Ter BblZaeT 3allMCaHHOe CO00ILeHHe.

[Ipumep. Trainguard Eurobalise, oGopymoBaHue KoMmaHuM Siemens, HMeeT CJeAylolive
napaMeTpbl: IUTaHUE Tera nepejaeTcs Ha yactoTe 27,095 MI', faHHbIe OT Tera nepejarTcs HAa 4YacTOTe
4,234 MI'y, aovna tenerpaMmmbl — 341 unu 1023 6uTa, ¥ epeaeTcst 0HA CO CKOPOCThIo 565 KouT/c.

Baxkneilminm 3dpdekToM oT ucnosb3oBaHus ceTu GSM-R siBisieTcsi yBesMYeHHE MPOMYCKHOM
CIOCOGHOCTH yTeHl. B HacTosI1lee BpeMs paccTosiHUE MeXy II0e3jaMU oNpeJiesisieTcs 3aJlaHHbIM YUCI0M
cBo6onubix Osi0koB (Fixed block signalling). B cern GSM-R peanusoBaH HoBbii MeTosn CBTC
(Communication Based Train Control): paccTossHue MexAy nmoesjaMu onpejesseTcs 3aJaHHbIM YHCJI0M
nepeMenjawiuxcsa 6y0koB (Moving block signalling), yto mo3Bosser (1) ynpaBiasiTb 6e30MacHBIM
paccTossHUEM MeXxAy CAeLYIOLMMU Jpyr 3a JApyroM mnoesjaMd U (2) yBeJUYUBATb MHPOIYCKHYIO
cnoco6HOCTh myTeit 710 40%.
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MOVING BLOCK SIGNALING
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FIXED-BLOCK SIGNALING

MSC
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BSC Yoy Yursy /B1s
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\
- MNapa onTuyeckux kabenen
Puc. 4. [lea Habopa uepedyrowuxcsi 6a308bix cmanyuli BSC ¢ ko1byebim coeduHeHUeM N0 0NMUYecKUM Kabeasm

Ha puc. 4 mokasaHbl TPU OCHOBHBIX y3/1a MOOUJIbHOU ceTu GSM-R (B ceTu GSM OHU BBINOJHAIOT
Te )Xe QYHKILIUU):

*  BTS - basoBasi npueMo-liepejarolias CTaHLMa obeclieydBaeT paJjMOCBA3b B ONpesieleHHON
30HE;

* BSC - KoHTpossep 6a30BOM CTaHLMU BbINOJHSAET MHOXeCTBO (GYHKLIMHN: ynpaBJeHHe
pacnpefie/leHMeM KaHaJIOB; KOHTPOJIb COeAUHEHUs] M peryJupoBKa HMX O04YepesHOCTH;
MOAYJALMUSA U JeMOAYJsALUs CUTHAJIOB; KOJHUPOBaHWE W [eKOAUPOBaHUE COOOIEeHUN;
KOJMPOBaHME peuM; aJlalTaldi0 CKOPOCTHU Nepefiauyd peyH, JAaHHBbIX U CUTHAJIOB BBLI30BA;
ynpaBJieHHe o4epeJHOCThIO NlepesiauM CO0OILeHU I TepCOHaIbHOTO BbI30Ba;

e MSC - lleHTpasbHBIA KOMMYTaTOpP MOJABUXKHOU CBsI3U (aHaJIOT KPYIHOro TejiepOHHOTO y3J1a)
06cJIy>KMBaeT IPYITy 30H U o6eclieyrBaeT BCe BU/Ibl COEIMHEHUH C MOOUJIBHBIMU CTAHIIUSIMHU.

Ha >xenesHoil fopore TpebyeTcsl o6eclieYdTb BbICOKHE TPeOOBaHUA 10 HAJIEXKHOCTHU CBSI3U NPU
BBICOKMX CKOpocTsx ABWxeHUs (go 500 km). [losToMmy paguoBbiiiku BTS ycranaBauBawTcs ¢ 50%-m
IepeKpbITHEM 30H coceZiHUX cOT. CxeMaTH4yecKoe U300pakeHre JJaHHOW TOI0JIOTMHY TIPUBEIEHO Ha pUcC. 4.
B pesysibTaTe paccTossHUE MeX/Y COCEJTHUMH BBIIIKAMHU BJI0JIb JOPOT'Y COCTaBJsAeT Bcero 7 — 15 kM. Brosb
JlOpOTH MPOJIOXKEHBI /iBe Mapbl ONTHYECKUX Kabesel (Toxe A/ HAZeXXHOCTH) JJs MOAKJIIOYEHDB] JABYX
psagoB BTS. Ilo Tpe6oBaHusiMm EIRENE moesgHas 6puraja Jo/mkHAa UMeTb COeJUHEHHE C LIeHTPOM
ynpaBJieHHs HellpepbIBHO. B ciiyyae »xe noTepu CBSI3U N0e3/, OCTaHABJIMBAETCS.

IIpumep. O6'beM paboT 1o pa3BepThiBaHUIO ceTeld GSM-R xapakTepusyert ciaeayouuii npumep. [1o
3aka3y komnaHuu DB Netz, onepaTopa UHGpPaCcTPYKTYphI KeJle3HbIX A0pOT [epMaHUy, B HAaCTOsILee BpeMs
BbIJJaH 3aKa3 Ha o06opyzoBaHue HOBOM cucTeMor 24 500 KM >KeJle3HOJOPOKHBIX JIMHUMI. [eHepasbHbIN
noapsauuk — komnaHus Nortel Networks pomkeH mocTtaBUThH o6opyaoBaHue AJis npuMepHo 2700
6a30BbIX CTaHL MM, 60 IJIaBHBIX LIEHTPOB KOMMYTALMH COOOLIeHUHI U 7 MOOU/IbHBIX [IeHTPOB KOMMYyTalL M1
(MSC) p1a o6ecniedenus pa6otbl 150 ThIC. TEpPMUHAJIOB.

CepBucel GSM-R

GSM-R saBssieTcst 3akpbITO# ceThlo. B ceTu GSM-R Kak/iblii aOOHEHT MMeEET He TOJIbKO 0COObI
«(YHKIHMOHAJBHBIH» HOMEP, KOTOPbIHA 3aBUCUT OT TOI'0, KaKylo QYHKLMIO BBIIOJIHSET JaHHbIH a6OHEHT B
npouecce X/l nepeBo3ok (JucneTdyep, MAalIMHUCT, HA4YaJbHUK 10€3/a, 06XOAYHMK, CLENIIUK U T.I.), HO U
CBSI3aHHBIE C BBINOJHAEeMON QYHKLHeH MpaBa OCYLIeCTBJEHHS BbI30BA U INPUOPUTET OOCJIY>KHMBAHUS.
Hanpumep, aucnetryep uMmeeT 60Jiee BHICOKMHA NPUOPUTET, 4YeM OCTa/IbHble aOOHEHThl. HauBbICIIKH Ke
NPUOPUTET UMeeT aBapUHHBbIN BbI30B. [Ipy MOSBJEHUM TAKOro BbI30Ba OT OJHOI'O0 M3 aGOHEHTOB Ha
JIAHHOM y4YacTKe MYTH cUcTeMa ob6ecredydBaeT paspblB COeAUHEHUH C 60siee HU3KUM HNPUOPUTETOM U
onoBelleHHe 06 aBapUHHON CUTyaLUH.

224



[lnanom HyMepanuu cetyu GSM-R nipefiycMaTpuBaeTcs afpecanus IpaKTHYeCKH BCero epcoHala,
ydacTBylollero B obecrieyeHuu nporecca X/l-nmepeBo3ok, HaUMHas OT MallMHUCTA, HAYaIbHUKA T10€3/1a,
MPOBOJHUKOB /10 OQUIIMAHTOB BaroHa-pectopaHa. /ljis Bcex IpeAycMOTpeHa CBOsl 06J1aCTb B IJIaHe
HyMepaLluu.

Cetb GSM-R cTaHOBUTCS NIATPOPMON JJI1 MHOTOYHCJIEHHBIX CYLIECTBYIOUIMX U HOBBIX YCJIYT
(Tabsnua 1). Tak, npu nomoiu cetd GSM-R cTaHyT JOCTYIIHBI YCIyTHd TesepOHHOM CBA3U U Iepejadu
JlaHHBIX, XapaKTepHble /1151 06111e/J0OCTYHbIX ceTell. KpoMe Toro, ceTy, nocTpoeHHble no cTaHAapTy GSM-
R, o06saialoT psiOM /IONOJHUTEJNbHBIX CBOMCTB, KOTOpble MO3BOJISAIOT Y/IOBJETBOPUTb 0COObIE
MOTPEOHOCTH KeJIe3HBIX 0POT 3a cyeT npuMeHeHus rpynmnoBbix (VGCS: Voice Group Call System) (puc. 5)
u uupKyaspHbIxX (VBS: Voice Broadcast System) BbI30BOB, a Tak»ke MexaHu3Ma npuoputeTos (eMLPP) (puc.
6). /lucnetyep MOXeT, HalpUMep, BbI3BaTb BCe [10€3/1a, HaxXOJsIllUecss B NpejesaX 30Hbl PYHIOBOI0O
BbI30Ba, COCTABJIEHHON U3 30H JIeHCTBUS HECKOJIbKUX 0Aa30BbIX PAJAUOCTAHI[MI. B ceTu obecneuynBaroTCs
nsTbh ypoBHel npuoputetoB (Multi-Level Precedence and Pre-emption Service, eMLPP) - ot 0 mo 4.
HauBbICIINI IPUOPUTET — HYJIEBOH, UCI0JIb3YETCS] B OCHOBHOM /[1JIsl SKCTPEHHbBIX BbI3OBOB.

pynna B 3oHe
obcnyXuBaHuA

Cetb GSM-R

I'pynnoso#
BbI3OB

Auvcnetyep

AEHTUYHBIE KaHanbl
Puc. 5. I'pynnosoti eviz08 8 cemu GSM-R [9]

Tekywwia pasrosop
npepbIBaeTeH
/NPW aBTOMATU4ECKOM BbI30BE

Cetb GSM-R

Paarosop ¢ HU3KMM
NPUOPUTETOM

BbI20B C BLICOKHMM
NPUOPUTETOM

Puc. 6. [Ipuopumemnocms u 3ameuwjeHue 8b130808 [9]

B cnenuoukanusax EIRENE BbiiesieHbI ciieiytonye KJacchbl BbI30BOB:

° PtP Call (Point-to-Point Call) - 06b14HbIi BbI30B, Kak B ceTu GSM;

. VGCS (Voice Group Call System) - rpynnoBo# BbI30B (B KaX/[blii MOMEHT F'OBOPUT TOJIBKO
OJJMH U3 I'PYMIbl);

o VBS (Voice Broadcast System) - pe>xuM Bell[aHUS: OJIUH TOBOPUT, BCE OCTAJIbHBIE CJYIIAIOT;

. REC (Railways Emergency Call) - akcTpeHHBIH BbI30B I10 yIPaBJIEHHUIO JBIDKEHHEM (THUIA
VGCS) c npeduxcom 299, o6s1amaet BoiciinuM npuoputetoM (0);

. SEC (Shunting Emergency Call) - s3kcTpeHHbIH BbI30B 3kcrmiyatanuu (tuma VGCS) c

npedukcom 599, ob6saziaeT BoicuiuM npuopurtetrom (0).

225



Ta6auya 1. OcHosHbie mpebosaHust EIRENE k cepgucam GSM-R

TpeGosanus no YnpaslieHHUE JBIKEHHEM IOE3/10B
JKEJIE3HOAOPOIKHON JIMCTAHUHOHHOE YIIpaBieHHe
CHIHAN3AAN

OneparueHas CBA3b JUCIETYEP-MALINHHCT
Bewanue B aBapuiiHoii 30He

ManeBposast, CTAHLHOHHAs PajloCBA3b
Oneparusnas OnepatuBHas CBA3b MAIIHHHCT-MAIIHHHCT
peisBad CBASE Texuonoruueckas sKele3HONIOPOKHAS CBI3H
[loe3nnas paaMocBs3b
PeMoHTHO-OMepaTHBHASA paMOCBA3b

Jlokanpnas u rnodansHas
(He onepaTHBHa) CBA3b 1A
nepesaul peu U JaHHBIX

MecTHas cBA3b HA CTAHIUAX U B IEMO
['mobanbHas cBs3b

OSCHY)KP[BEH'IHC naccazxKupos chym IJ1A naccaxupon

Hawubosee c10xHO peasrm30BaThb UHTEJIJIEKTYAJIbHbI€ BbI3OBbI:

. ¢dyHkuMoHanbHasa afpecauusa (Functional Addressing, FA) - BbI30B OT a6oHeHTa, O
KOTOpPOM HU3BeCTHA TOJIbKO ero pyHKIMsA (HanpruMep, MallMHUCT [10e3/ia C TAKMM-TO HOMepoM),
. ajipecallisi B 3aBUCUMOCTH OT MECTOIOJIOKEHHs BbI3bIBalollero aboHeHTta (Location
Dependent Addressing, LDA) - HanpuMep, BbI30B JjiclleTyepa MAallIMHUCTOM [0€3/ia B [IBU>KEHUH,
. pexxuM 1wyHTHpoBaHUs (Shunting mode) - HanpuMep, BbI3OBbI OT OPUrajbl MYyTEBbIX
PabOTHHUKOB.
FDS P

Puc. 7. Cxema cemu GSM-R
Ha puc. 7, kpoMe paHee ynoMaHyThIX Bbllle y3J10B BTS, BSC u MSC, umerorcsa: FDS - kommyTaTop

cayx6bl aucnetdepa, DTS - myabT gucnetdepa u OPH - HocUMBIM TepMHHaA [AJ51 PEMOHTHBIX
noApas/iesieHui U pabOTHUKOB MaHEBPOBBIX CIYKO.

Puc. 8. Hocumblll mepmuHan

Hocumblii TepMHHa/n TNOAJEpKUBaeT OCHOBHble Tulbl BbI3oBbl: VBS, VGCS, eMLPP,
MHTEJJIEKTYya/IbHbIM BbI30B QyHKIMOHA/NbHAs afipecanus (Functional Addressing), noazaepxuBaet GPS.
Kpome Toro, uMmeer BaxkHyr OGYyHKIMIO onpejesieHusi BepTukaabHocTu (Verticality Detection). Eciy,
HanpuMep, 0OGXOAYMK, MOCKOJBb3HYBIUKWCH, yHal U IOTepsi/l CO3HAHHWe, TO TpPy6Ka, 3aKpelJeHHas B
CHeluaJbHOM YexJie, ONpeesUT, YTO HAXOAUTCS B FTOPU30HTAJIbHOM I0JIOXKEHUU 6€3 JIBUKeHUS 60JIblle
oInpeJieJIEHHOT0 BpeMeHU M aBTOMAaTUYECKU IT0ACT CUTHAJI OTIOBelleHUs — «HesI0BeK ynas», U nepesacT B
COOTBETCTBYIOLIYIO CIyx06y cBou GPS-KoopAHHATHI.
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CurHanusanusa SS7 ¥ MHTeJlJIeKTyaJibHasA ceTb B GSM-R

O6paTUM BHUMaHHEe Ha BaXKHEHIIYI0 poJib TeJePpOHHOM cuUrHanusauuu SS7 U apXUTEKTYpbl
MHTeJJIEKTya/IbHbIX ceTel B cucteMe GSM-R. O61uiekaHa/ibHasA cucTeMa curHaausauuu Ne 7 (Signaling
System No. 7, SS7) npexcTaB/issieT co60i CBoero poja «HepBHYI cucTeMy» Ha ceTu GSM-R. Cucrema
KaHaJsioB SS7 cBsi3bIBaeT He TOJIbKO y3Jibl ceTu GSM-R Mexy co6oit (puc. 9), HO U obGecrieduBaeT yBA3KY
cetu GSM-R c ceTb0 PUKCHPOBAHHOH KeIe3HOAO0POKHON CBSI3U U C CETSIMU OO6IIIero noJib30BaHUs.

PucyHok 9 uymocTpupyeT apXUTeKTypy SS7 u npejcTaBisieT QYHKIHOHAJbHYI0 B3aUMOCBS3b
MeX/ly pa3/IMYHbIMUA GYHKIIMOHAJIbHBIMU 6J10KaMu ceTu GSM-R.

Haunonaasusil (pernosansiuil) HaunonaisHsil (pernosaibiui)
MVHKT CHIHATHIRNN IVHET CHIHATN 0NN
¥ (KR ) S
—1 MSC MSC p——
/ h U Tpansrnmi meect N

\ ™~ 857 nymuxr curmamsaunn SS7° \

s$s7/ \ ss7 ~ wmsc b7 \ e
\ 87/ §87

= §87 : —

Puc. 9. YnpowenHas cxema cemu SS7 8 cucmeme GSM-R

Curnanusanusa SS7 oGecrneyuBaeTcsl IOCPEICTBOM Habopa NpoToKoJioB (puc. 10). Tpu HIKHUX
YPOBHS B CTe€Ke MPOTOKOJIOB CUTHAIU3ALUHU SS7 COOTBETCTBYIOT MEXAYHapoAHOU kaaccudukanuu OS], a
Ha/Jl HUIMU HaXOJSATCsl NPOTOKOJIbl, KOTOpble 06eCeYrBaloT 00CayKMBaHUE HHTeJIJIEKTYaIbHbIX BbI30BOB.

INAP, MAP
ISUP

TCAP

SCCP

YpoBeHb 3 (hyHKLIMM CeTU CUrHANW3aLMK

YpoBeHb 2: thyHKUMM 3BEHA CMrHanMsaumm

YpoBeHb 1: (hyHKLMKA 3BEHA JaHHBIX CUMHAaNW3aLUMK

Puc. 10. Cmek npomoko/106 cugHaausayuu SS7

SCP | Database SCcP —| Database

MsC MSC

Puc. 11. Hcnoav3oeanue npomokoaa INAP 6 unmeanekmyaavbHol cemu

[Iporokon MAP (Mobile Application Protocol) mo3Bossier y3iam ceteii GSM 06MeHMBAThCSA
nHboOpMalUed C 1eJbl0 PeJ0CTaBIeHUs] aO0HEHTY, HAIPUMep, TaKUX YCJIYT, KaK X3HZOBEP, POYMUHT,
06MeH TEKCTOBBIMU KOPOTKUMHU COOOLeHUSIMU SMS U Jip.

[Iporokon INAP (Intelligent Network Application Protocol) siBisieTcsi mpoTOKOJIOM BepXHEr0
YPOBHSI B CHUCTeMe CUTrHasu3anuu SS7 U oGecneurBaeT B3aMMOJAEWCTBHe MeX/JAy [BYMs OCHOBHBIMHU
06'beKTaMU TeJIepOHHOH CeTH, TIOCTPOEHHOH [0 MPUHIUIIAM UHTEJJIEKTYaIbHbIX CETEH, 2 UMEHHO MEX]Y
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y3J10M KoMMyTanuu MSC u y3yioM ynipaBjeHus ycayramu SCP (a Takke AOCTyI K 6a3aM JaHHBIX), KaK 3TO
[MOKa3aHo Ha pUcyHKe 11.

[logscHuM posap mnpotokosoB MAP u INAP Ha npumepe HHTeJ/UIEKTYaJbHbBIX BBI30BOB:
dyHkuuoHanbHas ajpecauus (FA) (puc. 12) u ajpecauuss B 3aBUCUMOCTH OT MeCTOIOJIOKEHUS
BbI3bIBatolero a6oHeHTa (LDA — Location Depending Addressing) (puc. 13). IlocpeacTBom
JYHKIMOHA/JIBHON ajJipecallud JuUCIeTYep MOXKEeT BbI3BAaTh MallWHUCTA (UM abOHEHTa B II0e3/[e,
OTBETCTBEHHOI'0 33 ONpe/ie/ieHHble QYHKIUK) OJHUM JIMIIb BBOJIOM IepeMEHHOr0o HoMepa Ioe3ja U
¢dyukuumoHanbHoro koaa FN, a He ¢usudeckoro aboHeHTckoro Homepa MSISDN. Ha puc. 12 nudpamu
MOKa3aH NMopsL0K 06paboTKU BbI30Ba U IPUMEHsIeMble IPOTOKOJIbL.

I EN I MSISDN | |MSISDN | IMSI |

INAP

3
INAP

2
pssi B-ISDN

ducnetyep

Puc. 12. QynkyuoHanvHas adpecayus [9]

[osicHUM 0603Ha4YeHUs Ha puc. 12.

DSS-1 (Digital Subscriber Signaling) — npoTokos TesiepOHHON cCUTHA/IU3alMU B LUPPOBOH ceTH
ISDN, omnpefensromuil conpspbkeHMe U B3aUMOJEHCTBUE OKOHEYHOTO abOHEHTCKOro 000pYyAOBaHUA C
JpyTuMHU ycTpolcTBaMy, 6a30oBbii focTyn B-ISDN ucnosib3yeT /jBa kaHasia mo 64 k6ut/c u oguH D-kaHau
(B cymme 144 k6uT/c).

MSISDN (Mobile Subscriber Integrated Services Digital Number) — HoMep MO6UJILHOTO aGOHEHTA
uudpoBoii cetu GSM. [laHHBII HOMep aboHeHTa He cofiepkuTcs Ha SIM-kaprTe, a conoctassieH ¢ IMSI SIM-
KapThl B peructpe aboneHToB HLR, 1 npeaHasHavaeTcs A/ nepefjladyu HoMepa Tejle¢poHa HA3HAaYeHHOMY
abOHEHTY U [ T0JIy4eHH s 3BOHKOB Ha TeslepOoH.

International Mobile Subscriber Identity (IMSI) — MexayHapoAHbIA UAeHTUPUKATOP
MOGU/IBbHOTO a6GoHeHTa (MHAMWBHUAYaJIbHBIH HOMep abGOHEHTa), AaCCOLUMHPOBAHHBIA C KaXKJbIM
10J1b30BaTe/IeM MOOUJIbHOM cBAA3U cTaHAapTa GSM. [Ipu peructpalyy B ceTH annapaT aboHeHTa nepefaéT
IMSI, no KOTOPOMY IPOUCXOAUT €ro uAeHTUPUKaLKs.

Jpyroi THUIN MHTeJIJIEKTYaJbHbIX BbI30OBOB NPe/CTABJIsAET BbI3OB C ajipecalniell B 3aBUCUMOCTH OT
Mectononiokenuss  (Location  Depending  Addressing). Hampumep,  MalmMHHCT  HaOUpaeT
yHUOULHUPOBAHHBIM B MacuTabe EBpoOnbl YKOpOYEHHBIH HOMep U ABTOMaTHYeCKH COEAUHSETCS C
JYCIeTYEPOM, OTBETCTBEHHbBIM 3a JAHHbBIA y4yacTok nyTH (puc. 13). Beibop npaBuIbHOr0 aGOHEHTCKOTO
HOMepa Ha paboyeM MecTe JUcCHETYEPa, OTBEYAIOILEro 3a y4acTOK, ocyliecTBaseTcs B cucteMe IN Ha
ocHOBe uaeHTUdUKaTopa sA4eiiku cetu GSM-R. Kpome Toro, 3zech 3ajelcTByeTCcsl TaK Ha3blBaeMas
MaTpHula JOCTYIa, 0OTBeYalollas 3a TO, YTO Ha PYHKLMOHAJIbHOM YPOBHE IEPETOBOPHI IPYT C APYTOM BEeAyT
TOJIBKO aGOHEHTHI, 06J1a/jalol e COOTBETCTBYIOLIMMU [IOJHOMOYHUSIMHU.
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Avcnetyep B Aucneryep B

CeTeBon MHTEPQERC INAP|| || MawunucT HabupaeT HoMep
MSC 1300 anf Buizosa
aucneT4epa
| | | =5 | | |
BTS [e1s] [B1s| [BTS] [BTS] [B1S | [BTS |

o e sl

SoHa aMcneTyepa A JoHa avcnemHepa & -36Ha avcneryepa B

Puc. 13. Adpecayus 8 3agucumocmu om mecmonosoxceHust [9]
GSM-R B Poccuun

B Poccum BHegpeHue cucteM GSM-R Tonbko HaunHaetcd. M3gan npukas Munkomceasu Poccuu
(ot 22 cenTsibps 2014 r.) [10], xoTophlil paspeuiaeT pa3BepThbiBaTb ceTu GSM-R, eciu poctyneH
YaCTOTHBIN AMana30H, TOUHee, MYHKT 11 AaHHOrO0 MpuKasa 3By4UT: «[Ip1 HUCN0JIb30BaHUU pa3pelieHHbIX
JUanasoHoB yacToT 921 - 925 MTI'y, B KoTopoM 6a30Basi CTaHI[U epe/laeT, a abOHEeHTCKas paZuoCTaH LKA
npuHuMaet, 1 876 - 880 MI'y, B KoTopoM 6a30Basi CTaHLUSI IPUHUMAET, a abOHEHTCKas paJiMOCTaHIUs
nepeziaeT».

Komnanus TpancTeneKoM peaszoBaJsia Tpu npoekra:

1. TexHosioruss GSM-R BHezpeHa Ha y4acTke »xeje3HoW goporu Tyamce-Co4yu-Ajiep-
Kpachas Ilosnsina o6ueit gaunon 155 kM (k Onumnuaze B Coun-2014). Cetb GSM-R pa3BepHyTa Ha 6ase
o6opynoBanus Huawei Technologies,

2. TexHosiorud GSM-R BHeApeHa Ha y4yacTKe BbICOKOCKOPOCTHOM >KeJIe3HOU [0pOoru AJis
JIBUOKEHHS 1Noe3/10B «Asierpo» Ha Tpacce oT CaHkT-IleTep6ypr-ByciioBckass [0 rocyjapCTBEHHOU
rpaHuibl ¢ QUHASHAUEH,

3. TpaucTeneKom B 2016 r. opranu3oBa/l Ha MOCKOBCKOM LIEHTPaJIbHOM KOJiblie U POBYIO
CUCTeMY JJIs1 CBSI3U MAIIMHHCTOB 3JIEKTPOII0E3/I0B C UcneTyepaMu Ha 6ase TexHosioruu GSM-R. B pamMkax
atoro npoekTa TpancTeneKom 3anycTus 22 6a30Bble CTaHIUU 110 TexHosoruu GSM-R.

B 6mmxkaiiiiem 6yayieM B Poccuy npeAcToAT rpaHAMo03Hble paboThl 110 pa3BepThIBAaHUIO CeTel
GSM-R na TpaHccube 1 HoBoMm miénkoBoM nyTtu (puc. 14).

HoBbiii mwénkoBeiid nyTh (HIIII) — 3To KoHLenuus HOBOW MaH-eBPa3sUHCKON TPaHCIOPTHOMU
cucTeMbl, npojBuraemMor Kutaem B corpyanuyectse ¢ KazaxctanoM, Poccrelt 1 pyruMu cTpaHaMu. Uaes
HoBoro meénkoBoro myTH OCHOBBIBAeTCS Ha MCTOPUYECKOM NpHUMepe JpeBHero Besukoro 1énkoBoro
NyTH, AelcTBoBaBlero co Il B. Ao H. 3. U ObIBLIEr0 OJAHUM K3 Ba)KHEHIIUX TOPTrOBBbIX MaplIPyTOB B
JIPEBHOCTH M B cpefjHUe BeKa. KuTail npogsuraet npoekT «HoBoro méakoBoro nyTu» Kak MaclITabGHOe
npeo6pa3oBaHUe BCell TOPrOBO-3KOHOMUYECKOW MoJiesd EBpasuy, U B nepBy1o ouepesib — LleHTpasbHOU
u CpenHeit A3uu.

BRITAIN RUSSIA
FRANCE GERMANY e £\
= Viadivostok
/5 { IAPAN

Madrid
BELARUS
ITALY"
ALGERIA CHINA  Yiwu
TURKEY \\’ e China-Europe
: TURKM. AJTKS Block Train
LIBYA :
IRAQS AFC
. ”_\‘}“N = f_u:."i.
EGYPT PR RisEA

Puc. 14. )KenesnodopodxcHas aunusi Hy — Madpuo u Tpchcu6
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Kurtali npogo/nkaeT MOJHBIM XOJOM CTPOUTENbCTBO TPAHCIOPTHOH HWHPPACTPYKTYpbl B
lleHTpa/bHOUM A3UU 110 IPOEKTY »Kese3HOL0poKHOM TuHUU Uy — Magpus. lopos Uy HaxoauTcs Ha 250 KM
ceBepHee lllaHxas U sABJSETCS KPyNHEHIIUM B MUpe LIeHTPOM ONTOBOM Toprosiu. 27 despaus 2016 B
Y36eKknucTaHe COCTOsJIaCh TOPXKECTBEHHasl LlePEMOHHUsI CTBIKOBKM TYyHHesJsd KaMyuk, ofHOTOo U3
BaXKHEUIIUX COOPYXeHUM Maructpaiud mexay Kasaxcranom u KutaeMm. ToHHes b npoTspkeHHOCTBIO 19,1
KM pacIloJIo’KeH Ha BbICOTe 2 ThIC. M Ha/J] YPOBHEM MOpPsl.

TeM BpeMeHeM TEXHOJIOIMU MOGUJ/IbHON Pa3BUBAIOTCS, U CBSA3UCTBI 0OCYXK/IAIOT Nepexo/; OT CETU
GSM-R, ocHOBaHHO# Ha TPAAUIMOHHOM cTaHapTe GSM, K ceTsM c/Ie[yI0IIuX MOKoJIeHUl, B ToM uucJe LTE
U [iaXKe K ceTsIM IsAToro nokosieHus 5G. Cnerudukanus LTE no3BoJisieT o6ecrneduTb CKOPOCTh 3arpy3KH 10
326,4 M6uT/c, ckopocTb oTauu Ao 172,8 M6uUT/c, a 3a/iep>KKa B Nepeiaye JaHHBIX MOXKET ObITh CHHXKEeHa
o 5 muutncekys,. K coxxanenuto, untepdeiic LTE siBasieTcss HecoBMecTUMBbIM € ceTsaMu 2G U 3G, mo3ToMy
OH JI0/KeH paboTaThb Ha OT/e/IbHON YacToTe.

KoMnanuu yxe npepsaraioT o6opynoBaHue ceted LTE, coBmectumoe ¢ GSM-R. Ha puc. 15
nokasaHa ctpaTterus Huawei Technologies, koTopas cocTouT u3 Tpex maros [11]:

1) Tosabko cetb GSM-R,

2) [MapannenbHass pab6ota ceteit GSM-R u LTE: GSM-R o6ecneydBaeT HaJeXHYI0
(3auudpoBaHHy0) CBSA3b AJid ynpaBeHus noe3gamy, LTE nepesaeT He3amuIeHHbIE JaHHEIE,
3) Co3zpaercsa equHas niatdpopma “LTE for railway”.
GSM-R
GSM-R LTE FOR RAILWAY
Ny LTE FOR RAILWAY L
CO-EXIST

— I
—

m_ _.-

GSM-R Only GSM-Rifor safety data) SinglePlatform
* VGCS/VBS for dispatching » VWGCS/VBS # Co-CM and Co-BTS with GSM-R
* 5D for train control C5D for train control LTE Only
LTE(for non-safety data) ® PSPTT instead of VGCS/VBS
» PS for non-safety data © PS Data instead of CSD for train
control

Puc. 15. Cmpamezusi Huawei Technologies [11]

Bkaninve 3aJa4u pOCCHﬁCKHX CBA3UCTOB:

1) BcecTopoHHUe ucnblTaHUs TexHOJIOTMU GSM-R, 0co6eHHO BONIPOCOB HAJIEXKHOCTH U3-3a
3ddexToB MHTEpPepeHUU Mex Ay ceTsaMu [12],
2) Paspab6orka apxutekTypbl ceTu GSM-R c yyeToM cylecTByOLUIMX ceTel, B TOM YHCJe

B3aUMOJIEHICTBUSI C WHTE/JIEKTyaJlbHOM CeTblo, a TakKXKe C HeoOXO0JAMMOCTbIO MOJepHU3aLUU
CYLIeCTBYIOLIUX CeTeH,

3) PaccMoTpeTh Bompochkl uMIoOpTo3aMelleHUss ob6opynoBaHuss GSM-R ¢ ydetom ero
MacCOBOCTH.
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