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- f, varies in time from the maximum positive value to the maximum negative value

when the train moves through a cell;
- there is a Doppler offset while the train is moving;

- f, although very little when the train moves through the BS, it will encounter a fast

Doppler junction;
- f, will move from the maximum negative value to the maximum positive value when

the train moves to the area of overlap between adjacent cells, as shown in Figure 8.

For wireless trunking, serious problems with Doppler shift and fast Doppler transition
must be solved before practical application. Serious Doppler shift can lead to difficulties in
synchronization and bit error rate. It should be noted that although the Doppler shift is large, its
change is so small that it can be accurately estimated and easily compensated for with accurate
information about the speed and location of the train. Also, a fast Doppler shift in the center of
the cell makes it much more difficult to estimate the channel and the Doppler shift.

Conclusion. For wireless trunking communications, serious problems with Doppler shift
and fast Doppler transition must be solved before practical application. Serious Doppler shift can
lead to timing difficulties and bit error rates. It should be noted that although the Doppler shift is
large, its variation is so small and the Doppler shift can be accurately estimated and easily
compensated for with accurate train speed and location information. Also, the fast Doppler
transition in the center of the honeycomb makes estimating the channel and Doppler shift much
more difficult.
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MATEMATHYECKOE MOJAEJIUPOBAHUE OCHOBHbIX ITAPAMETPOB
KOOPIUHATHOM CUCTEMBI HHTEPBAJIBHOI'O PEI'YJIMPOBAHUA
JABMKEHUS ITOE310B

AHHoTauusi. B cratbe paccMOTpeHBI MPUHLUMI PabOThl CHUCTEMBI Paguo OJIOKUPOBKH,
NOCTPOCHBI (DYHKIIMOHAJIbHAS CXE€Ma YIPaBJICHUS IBM)KEHHEM MOE3JI0B MpPH KOOPIUHATHOM

173


mailto:m.orunbekov@alt.edu.kz

Marepuansl MexayHapoHoi koHpepeHnnn « IHHOBaiy B 00pa3oBaHUM, HAYKE, TPAHCTIOPTHO-
JIOTUCTUYECKON U TEIEKOMMYHUKALIMOHHOM OTpacsax»»

crocobe PEryjInpoBaHus, pa3pa60TaHLI MaTreMaTudeCckass MOJACJIb KOOp,Z[HH&THOfI CHUCTEMBI B
YCIIOBUAX MIEPCAAYUN YCTBIPEX OCHOBHBLIX MMAPAMCTPOB MCKAY ITOC3I0M U ICHTPOM YIIPABJICHUAA.

KaroueBble ciioBa: paano OnokupoBka, ERTMS/ETCS, ¢yHkumoHanbHas cxema,
MaTeMaTudyecCckass MOICJIb.

AnpaTna. Makanaga paauo OJOKTay JKYHMECIHIH >KYMBIC MPUHITUIN KAapacThIPBUIFaH,
KOOPJMHATAJIBIK PETTEy OMICIMEH IOWBI3apAblH KO3FAJBICBIH OacKapyJblH (YHKIIMOHAIBI
cyi10ackl JKacallbIHFaH, TONHBI3 OeH 0acKapy OpTajbIFbl apachlHa TOPT HETri3ri mapamerpai oepy
JKaFIalbIHIaFbl KOOPIMHATAJIBIK KYHCHIH MaTEMaTUKAIIBIK MOJICIT OHIEITEH.

Tyiiin ce3aep: panuo 6mokray, ERTMS/ETCS, QpyHKIHMOHANIBIK Cy10a, MaTeMaTUKAJIBIK
MOJIEJIb.

Abstract. The article discusses the principle of operation of the radio block system, a
functional scheme of train traffic control with a coordinate control method is constructed, a
mathematical model of the coordinate system is developed in the conditions of transmission of
four parameters between the train and the control center.

Keywords: radio block, ERTMS/ETCS, functional diagram, mathematical model

ObecrieueHnst 0€30IaCHOCTU JIBMJKEHHUSI TOE€3/10B Ha IKEJIE3HOJOPOKHOM TPaHCIOPTE
OCYIIECTBIISICT CUCTEMbl aBTOMATHKHU U TeneMexaHuku. [1o GpyHKInoHansHOMY Ha3HAYEHUIO 9TU
CHCTEMBI KJIacCU(UIIUPYETCsl Ha CTAHIIMOHHBIEC U TIEPETOHHEIE.

CraHIIMOHHBIE CHCTEMBI oOOecreynBaeT Oe30MacHOCTh MEPEIBIKEHUS TO0e3I0B B
npeenax CTaHIWH, a TEPErOHHBIE CHUCTEMBI OCYIIECTBISIET WHTEPBAIBHOE PETYIHPOBAHHE
JIBIDKEHUEM T10€37I0B Ha NEperoHe M K MEperoHHbIM CHUCTEMaM MpeAbsBIseTca 0ojiee KEeCTKUE
TpeOOBaHUS, TaKk Kak B OCHOBHOM aIlllapaTypbl TEPEroOHHBIX CHCTEM pACIOIOXKEHBI Ha
OTIpPENIeIEHHBIX PacCTOSHUAX OT mocta DI m 00ciIyXHMBalOLIMX MEPCOHATIOB, TEM CaMbIM
3aTpYAHSASA 32 KOPOTKOE BPEMsl yCTPAHUTh OTKa3bl IPH COOSX.

B cucremax mnomnyaBromatuueckoir OnokupoBke (IIAB) u aBTroOGmokupoBke (ADB)
NPUMEHSIOTCST  (PUKCHpPOBAaHHBIE OJIOK-YYaCTKH, OTIMYAIOIIMECS JMIIb WX JUIMHAMH. A B
cucremax paauo OnokupoBke (PB) ans mHTEpBaJbHOTO peryaupoBaHMs JIBUKEHHUEM I0€3/10B
PUMEHSETCS TEXHOJIOTHS «IIOJIBM)KHBIX OJIOK-y4acTKOBY», TJi€ Ha MEPEeroHe BO MHOTHX CITydasx
OTCYTCTBYET CUTHaJIbHbIE TOUKHU B oTinune oT [IAb u Ab [1].

B cucremax, puKCHpOBaHHBIX OJOK-Y4aCTKOB, CITy’K0a MO3UIIMOHUPOBAHKS M HABUTAIIUN
JIBIDKEHUS T10€370B 00ECIeUMBAIOTCS C PEJIbCOBBIMU IIEMSIMU, CHUCTEMaMH cyeTa oced H
POXOJHBIX CBeTOPOpoB. OMHAKO B CHUCTEME MOJBM)XKHBIX OJIOK-YU4aCTKOB OSTO 3aMEHEHa
TEXHOJIOTHEH TOYHOTO TO3UIIMOHUPOBAHHUS U HaBUTaluu [2].

TexHoNOTHS TOABMKHBIX OJIOK-y4aCTKOB aKTHUBHO MpUMEHseTcsl B cucreMax Pb, u
MIO3BOJISIET MAKCUMAIIBHO COKPATHTh MEKITOE3IHbIC MHTEPBAJIBL.

B Hacrosimiee Bpemsi B pa3HbIX CTpaHaX MUpPA IKCILTyaTUPYIOTCS KOOPIUHATHBIE CUCTEMBI
UHTEPBAIBHOTO perynupoBanus, tak, Hanpumep B CIIIA — ITCS (Incremental Train Control
System), B Kutae — CTCS (Chinese Train Control System), B8 EC — ETCS (EuropianTrain
Control System), B SImonmit — ATACS (Advanced Train Administration and Communication
System) u B Kazaxcrane — CUPIII-E.

[Tpou3BoacTBOM ammapaTypbl M KOMIIOHEHTOB JUISI CHCTEM paauo OJOKHPOBKH
3aHMMAIOTCSI MHPOBBIE KommaHuu kak Siemens, Alstom, Thales, Invensys Rail Group,
Bombardier Transportation u Ansaldo STS.

Cuctembl ETCS u moctpoennas na ee 6aze CUP/II-E ocHoBaHa Ha HeNpepbIBHOW U
TOUYEYHON IMepeladye JaHHBIX MEXAy HamoJbHBIMU YCTPOMCTBAMHM M TOE€3/10M, MOJIYJIbHOM
apxXUTEeKType OOpTOBOrO KOMITBIOTEpAa M MHTEIUICKTYaJIbHBIX naTunkax EuroBalise, koTopsie
MO3BOJISIIOT MOE3/y ONPEETATh CBOE MECTOIOJI0KEHUE HAa IMHUM C BBICOKOM TOYHOCTHIO [3].

O6o6menHas cxema ¢ynkunonupoanus cuctemsl ETCS/CUPII-E B cooTBeTcTBUU C
Subset 36 npeacraBieHa Ha pucyHke 1.
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Pucynoxk 1 — O606mennas cxema pynkimonuposanus cucrembl ETCS/CUPTT-E

W3 pucyHKa BUIHO, YTO CUCTEMa COCTOUT M3 JIBYX YaCTEH: CTAIlMOHAPHON armapaTypsl U
amnmaparypbl, pa3MelleHHOW Ha OopTy JIOKOMOTHBa. B cucreme mapameTpbl HO YHPaBICHUIO
JBI)KEHUEM TIO€37I0B MEXIy CTAllMOHAPHOW amnmapaTypbl W amnmaparypbl, pa3MelleHHOW Ha
00pTy JIOKOMOTHBA, MEperaeTcs MOCPEACTBOM LU(POBOro paaunokaHana cranaaproB GSM-R,
TETRAu ..

CTpyKkTypHast cxema JIBIKCHHS IO€370B MPH KOOPIMHATHOW CHCTEME HHTEPBAJIHLHOTO
perynuposanusi (KCHP) npencraBnena Ha pucyHke 2.

A

Si+2; (Vi+2); (ai+2). Si+1; (Vi+1); (ai+1).

g I———0 IE@K a0
Tloesn 1 _ AS1=Si+1-Si+2 R Tloesn 2 _ AS2=Si+2-Si+3 N Tloe3n 3
Ti+1=Ti+AT Ti+2=Ti+1+AT Ti+3=Ti+2+AT

Pucynok 2 — CtpykTypHas cxema aBuxeHus noesnos npu KCHUP
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Jst peammzanuu KCHUP HeoO6xoaumo niepenaBaTh ONpeAcsieHHbIH 00beM HHGOPMAIIH ¢
OJIHOTO TIoe3/1a Ha Jipyroil. [lapameTpbl IBMXKEHUS KaXKIOTO M0€3/1a U3MEPSIOTCS TEXHUYECKUMU
CpEACTBAMU, HAXOASAIIMMHUCS HA JOKOMOTHUBE [4].

YyuThiBas BBIIIEU3IOKEHHOTO B CTAaTb€ PACCMOTPEHBI BOIMPOCHI MAaTEeMaTHYECKOTO
MOJICJIMPOBAaHUS ~ OCHOBHBIX  [apaMeTpOB  KOOPJIAWHATHOW  CHCTEMbl  HMHTEPBAJIbHOTO
pEeryNHpOBaHMS JBIDKEHUS T0€370B Ha 0aze cuctemMbl AudGepeHIHATbHBIX YpaBHEHHIH,
KOTOPBIN UMeeT o0muid Bux [S]:

m
u=>Ct (1)
t=0

Yucao KOHEUHBIX YCIOBHM MOXET ObITh MEHbIIE, 0O0JIbIIEe U PABHO MOPAIAKY CUCTEMBI
mudQepeHaIbHbBIX  YpaBHEHUH, OINMUCHIBAIOMIMX JBIDKEHHE Toezma. Jlius  momydeHus
€IMHCTBEHHOT'0 PELICHUs MPUHUMAETCS] KOJIMYECTBO HEU3BECTHBIX MAPaMETPOB YIPaBIISAIOLIEH
¢yHkuu (1) paBHBIM YKCIy 3a/1aHHBIX KOHEUHBIX YCIOBUH.

Tax, HanpumMep, Ha cucTeMy BTOpOro nopsaka (1) MoKHO HaJOXUTh OJHO YCIIOBHE — Ha
KOHEYHOE 3HaYeHHE KOOPAMHATHI, J[Ba YCIOBUS — HA KOHEUHYIO CKOPOCTh M KOOpAMHATY, TpU
YCIIOBUSL — HA KOHEYHBIE YCKOPEHUE, CKOPOCTh U KOOPJMHATY, YEThIPE YCIOBUS — Ha KOHEUHbIE
YCKOpEHHUE, CKOPOCTb, KOOPAUHATY U PBIBOK.

PaccMoTpeHbl crHTE3 TepMUHAJIBHBIX 3aKOHOB YIIPABJIEHUS B COOTBETCTBUU, C KOTOPBIMU
10€3]1 IPOXOAUT 3aJjaHHBIA YyU4acCTOK U pacCMaTpUBaJICs 3aKOH yIpaBJIeHUs, B KOTOPOM Ha c3a]u
UAYIIMHA [T0€3] M0 paJiMOKaHaly MepeaacTcs BCce BhILLIEyKa3aHHbIE YEThIPE apaMeTpbl BIEPEIU
UAYILETO MMOE3a.

OyHKIMOHANbHAST CXE€Ma YIpPAaBJIEHUS [BIWKEHHEM I0€34a MpU KOOPJIMHATHOM
PETYJINPOBAHNUU JBUKECHMSI I0€3/10B NPEACTABIEHA HA PUCYHKE 3.

OnemeHT Fcunp. dsudicens
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Pucynok 3 — @yHKIMOHaIbHAs CX€Ma YIPABJICHUS ABMKEHUEM I10€37a TP KOOPANHATHOM
PEryJIUpOBaHUM JBUKEHUS MOE3/10B [4]

IIpu nmepenaue uHpOpPMAUMK HOCPEICTBOM paJMOCBSI3M Ha C3aqd HAYIIUH MOE3X O
KOOPJAMHATE, CKOPOCTU U YCKOPEHUH BIIEPEIU UAYIIETO, YIPABICHUE I10€310M OCYLIECTBIAETCS
JUTSl 3aKOHA yrpaBieHust (2).

PaccmoTpum cnywail mepenaud Ha c3aau MAYIIMHA Moe3 MH(POPMALUK O KOOpAUHATE,
CKOPOCTH, YCKOPEHHH M KOHEYHBIM U3MCHEHUH YCKOPEHHUS BIIEPEAH MAYILErO M0e31a. 3aMETUM,
YTO KOHEYHAs CKOpPOCTb YYMTHIBAE€TCS IPU IOCTPOCHUSX HMHEPLHUAIBHBIX  CHCTEM
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MO3UI[MOHUPOBAHUS, HAIPUMED, IO KOTOPBIM OMPEJEISIIOT CBOE MOJIOKEHHUE TOIBOJIHBIE JIOJKH,
CTpaTerMuecKue pakeThl, IMoe37a CO CPABHUTEIHLHO OBICTPO MEHSIOIMIMMHUCS OONBIIUMU
ckopocTsiMU. DU3NYECKUN CMBICI TpPEThel MPOU3BOAHON IMyTH IO BPEMEHH MOKA3bIBAIOT
«PBIBOK.

B srom ciydae Ha ynpamnsourylo (YHKIUIO HakKJIaJbIBAIOTCA HE TPH, a YXKE 4YeThIpe
KOHEUHbIX ycioBus. Torma ympapnswoomass (1) Oepercss ¢ YeThIppbMS HEU3BECTHBIMU
napaMeTpamu:

U=C,+Ct+Ct*+Cyt° (2)

JIBaXKbl MHTETPHUPYS 3HAYCHHS YCKOpeHHs B mpenaenax or 0 qo 7, HaXOaUM 3HAYCHHUS
CKOPOCTH, KOOPJIMHATHI U YCKOPCHHUS B KOHEYHOM TOUKE, & JIJIsl MIOJIyYCHUST YETBEPTOrO YCIOBHSI
npoauddepeniiupyem mo t mepBoe ypaBHeHHE cucTeMbl (1), B IOJIYYCHHOM BBIPAKCHHU
3aMeHuM t Ha 7' 1 0003HAYMM MOJTYYECHHOE HOBOE BhIpaXkeHHe uepe3 By, rie -00<By< +oo. Takum
obOpazoMm, Bx — KOHEYHOE M3MEHEHHE YCKOPEHHsS BIIEPEId HAYILEIO IMOE37a — €ro «PBhIBOKY.
Tereps MOMyYEHHON HEOJHOPOIHON CHCTEMBI YETHIPEX JMHEHHBIX anreOpandecKux ypaBHEHUI
C 4eThIpbMs Heu3BecTHbIME HaxouM Co, C1, Co, Ca:

C,+2TC,+3T?C,=B,,
C,+TC,+T°C,+T°C,=U,,

7C, +%T3C2 +%T4C3 =V -V, ©)
1TZCO+1T3cl+iT“cz+iT5C3 =S _-S,,
2 6 12 20
OTKyZIa

c, =_4.§K +314;so L 255:V, 255V, 486U, +§BKT’ @
T T T 2

c, =_68-3SK . 68-380 ~ 450;VK . 4502-v0 154V, 26 B, 5)
T T T T T 3

154.S, 154.S, 135.V, 135.V, 47-U, 53-B

CQZ 4K+ 40+ 31<_ 30_ 2K+ K’ (6)
T T T T T 6-T

C3:_8O-SK+8O~SO+60-VK_60-V0_20~UK+1O~BK @)

T° T T * 37

[lepeiinem Tenepr K 3aKOHY C OOpaTHOW CBS3bIO, CUMTAsl TEKYIIee MOJIOKEHUE Toe3/1a
HauanbHbIM. [Ipu 3TOM B BbIpakeHusxX (3-7) HauanbHble (a30Bble KOOPIUHATHI 3aMEHSIOTCS
TEKYIIMMH, BMECTO I MOJCTaBISACTCS OCTaBIleecs Bpems nBrkeHus 7-t. Torna momydyum 3akoH
yIpaBJIECHUS B BUJE:

U=- 25 (3145 o5eVe Vo g6y 4257, (8)
(T-tf (T-t) Tt 2

rae Bk — ppIBOK BOepeay UAYIIETO NOE3A.
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[IpuBenem 3akoH yrpaBieHus K (popme, JTUIIEHHOH OCOOEHHOCTHM B KOHEYHOW TOUKE.
[Moe3na, xkak u mpexnae, OyayT MBUTATHCS C MOCTOSHHBIMH HHTEpBAIOM BpemeHH AT. 3aKoH
YIPABJICHUS IPUMET BUJ:

ul,(t)=—4 Si2 +314Si—+12+255\ﬂ+86.ui+§Bk(t+AT), 9)
AT AT AT 2
rae Bk — pbIBOK Biepean UAYIIEro noe3/a.
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SMART CITY JAMBITYJIA TUHAMHUKAJIBIK )KOCIIAPJIAY BAPBICBIHIAFBI
TOYEKEJAEPAI TATIJAY

AngaTtma. bByn  Makama JWHAMUKAIBIK JKOCIApJIaylarkl TOyeKeaepAi Oackapy
MocelieciHe apHalFaH. Op TYpAl KOCBIMIIAIAPABIH TOYEKENIiK Talaaybl ©Te KEH >KOHE Te3
JAMBITT KeJie JKaTKaH 3epTTey alMarbl OOJBIT TaObuIaabl. Ke3-KelreH MoceneHi MIenTyTiH
TUIMIUTITT  HETI31HEeH WICNIUIeTIH MIHACTTEpiH KypHAeduUliriHe KapamacTaH Mocenenepii
mIeITyAiH  OapiblK  Ke3eHIEpiHAe IIemiM KaObUIAayJIblH OYPBICTBIFBI MEH HETI3UTITiHE
OailTaHBICThI, OYJT ©3 KE3eriH/Ie ToyeKeIaep/i eCKepMey MYMKIH eMec.

Kinrrik ce3mep: axpuiapl Kajia, ITUHAMHKAIBIK JKOCHApIAY, CHIHBIN, TOYEKEN, TOYyeKesi
Oaranay, KojnaHOabl TaricklpManap, rpaayCThIK OHbIH.

AnHoTanusi. JlanHas cTaThsd TOCBAIIEHA TIpoOJeMe YIpaBiIe€HUS pPUCKAMH B
TUHAMHYECKOM TUIAHHPOBAHHWH. AHAIN3 PHCKOB PA3IUYHBIX TMPUIOKCHUHA SIBISETCS OYCHBb
OOmMPHON M OBICTPO pPa3BUBAIOMICHCS 00JACTHIO HccenoBaHUi. D(HPEKTUBHOCTD peIICHUS
T000W TPOoOIIEeMbI BO MHOTOM 3aBHCHUT OT TPABHIBHOCTH W OOOCHOBAaHHOCTH TIPUHSTHS
pelieHui Ha BCeX dTamax pPerieHHs 3a7ad, He3aBUCHUMO OT CJIOKHOCTH PellaeMbIX 3a/ad, 4To, B
CBOIO OUYEpe/Ib, HEBO3MOXKHO 0€3 yueTa pHUCKOB.

KuroueBble c10Ba: yMHBIN TOPOJI, TUHAMUYECKOE TIJIAHUPOBAHHUE, KJIACC, PUCK, OIICHKA
pUCKa, IPUKIAIHBIC 3a]]a91, TPayCHAs Urpa.
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