PO’KHOTO JBHIXKEHHS, — 9TO MpobieMa colraibHasi, KOTOpas HENOCPeACTBEHHO CBA3aHa C YPOBHEM LIMBH-
JIM30BaHHOCTH OOLIECTBA.

Heo6x0auMO OTMETHTh, YTO OJHMM M3 BaXHEHWINNX HaNpaBICHWH NOBBIMIEHHS 0€30I1aCHOCTU Ha
HaIIUX aBTOMOOWIBHBIX JOPOTax M YIHIax ABIAeTCS H3MEHeHNe yueOHBIX IUIaHOB, IPOrpaMM H METO-
UK o0yueHus OyayIux BoauTesieli aBTOMOGHIBHOTO TPAHCIIOPTA, A YEro B MEPBYIO odepeab HeoO-
XOJIMMO W3MEHHUTh 9K3aMEHALIMOHHBIE POrPaMMBl U MPaBH/Ia MPOBEIEHU KBATH(PUKALMOHHBIX JK3a-
meHoB B ['AH.

VK 656.2

OCOBEHHOCTH HCIIOJIb30BAHMSI
CKOPOCTHOI'O XEJIE3HOJOPOXHOI'O TPAHCIIOPTA B MEI'AIIOJIMCAX

JIHO KAHHH
Tyanuwicoycruil npoghecCuoHanrbHO-MEXHUYECKUT KOTEONC JICENEIHOOOPOINCHO20 MPAHCNOPING,
Kumaiickas Hapoonas Pecnybnuka

AKTHBHAs MUTPALiis HAaCeJICHHs B TIpeliesiaX CTpaH IO LeJIoMy pSay MpHIHH o0yciaoBWIa PocT YHCIa
JKHTeNel Meranoiucos. B pesynnrare copMHUPOBAINCH MOIUHBIE TOPOACKHE ariioMepalil ¢ yCTPOHYH-
BBIMH TPAHCTIOPTHBIMH CBS3SIMH Ha HAINPABICHHSX «Meranoiuc — npuropoa». OQHako NocjieJ0BaBlUIee 3a
9TUM PE3KO€e YBeJIMUYeHHE NACCAKUPOTIOTOKOB TIPHBEIO K HEOOXOIUMOCTH yCHIIEHHS MPOITYCKHOH cnocob-
HOCTH JKEJIE3HOMOPOYKHBIX JINHUI Ha NPUTOPOIHBIX HANPABIEHHUAX U (POPMHPOBAHHIO CTPYKTYpPbI rOpoa-
CKOM JKeNIE3HOM T0pOord, KoTopas rokasana cebs kak Hambosee 3¢ QekTUBHBIN crmocod nepeBo3KU macca-
JKUPOB B Meramnoiuce U B LEJIOM B arioMmepauuu. [Ipn 3ToM ciaeqyeT OTMETHTb, YTO JKEJIE3HBIE NOPOTH, B
TOM YHCIIe U CKOPOCTHBIE, CeyeT paccMaTpuBaTh B IOpoje Kak OJMH W3 B3aHMOMACHCTBYIOIIMX BHJIOB
TPaHCTIOPTa, B UKCIIe KOTOPBIX APYyrHe HaseMHble BUABI M METPO. [103TOMY rOpOACKHE sK€NE€3HOAOPOIKHELE
CETH PasBHUBAKOTCS IO IBYM OCHOBHBIM HanpasieHusM [1]:

— MHTErpaLMi TOPOACKOM JKEIE3HOM JAOPOrH, B MEPBYIO OUYepesib ¢ METPONOIHUTEHOM, KaK 00JIa1aioyM
HanbosIbIIEH MPOYCKHOM 1 MPOBO3HOM criocobHOcTAMH. [IpuMepoM Takol MHTErpUpOBaHHOH TPAHCIIOPTHOM
CHCTeMsI sBnsieTcs ropozckas cetb Huro-Mopka, xoTopas obecnieunBaet HanGombInie yno6cTBa [is ACCaKH-
poB Gnarofapst KOMIIAKTHOMY PAcIIONOKEHMIO BCEX TPAHCIIOPTHBIX YCTPOMCTB, UTO MO3BOJIAET JOCTHIATh I10-
CaJIOYHBIX TIATGOPM TI0E3I0B U METPO 3a MUHUMAJIBHOE BPEMs;

— aBTOHOMM3AIIMH OTJISJIBHBIX TPAHCIIOPTHBIX CETeH C MPOeKTUPOBAaHUEM JOMOIHUTEIBHBIX Maplupy-
TOB TIepe/IayH MACCAKUPONIOTOKA OT OJHOTO BHJA TpaHcmopTa aApyromy. Ceash «kene3Hasd Aopora — MeT-
poronuten» Ceyla OTHOCUTCS K TaKOH KaTeropuw, TpeOyromeil opraHu3aliu nepecagok ¢ MCHOIb30Ba-
HHEM MHOTOUYMCIIEHHBIX JIECTHUL], SCKAIATOPOB, TPABOJIATOPOB, COCAMHSIOIMX 1Ba BuAa TpaHcnopra. Ha
paHHeM dTane pa3BuTHs MeTpornonuTeHa B Ceye caMoil BaxxHOI 3aiaueid OblIo obecrieueHne MaKCUMallb-
HOM MPOITYCKHON CIOCOGHOCTH, HO TTOC/IEe M3MEeHEeHH TpeOOBaHui K TpaHCTIOPTHOM CHCTEMe KaK KJIMEHTO-
OPHEHTHPOBAHHOMN cpele TOC/IeAoBall NMPHOPUTET MPENOCTABJIEHN Ka4eCTBEHHBIX TPAHCIIOPTHBIX YCIyT
Maccakupam, 4To NpHBeNO K HeOOXOIMMOCTH peleHHs 1eoro psaaa npobieM TeXHHYECKOro M TEXHOJIO-
MYECKOTO XapakTepa. B mepByio ouepeapr BO3HMKIA 3aJadya HEOOXOJMMOCTH BBIBICHNS 3HAUNMBIX (ak-
TOPOB, JOMYCKAIOINX (GOPMHUPOBAHHUE PAYUOHANLHO2O0 mpanc@epa KaK ONEpaliOHHON cpellbl nepeaaydn
MAacCaXkKUPOTIOTOKA C OAHOTO BIAA TPAHCIIOPTA Ha APYIoi.

Jlna npumepa Ceyiia ¢ ieperpyKeHHBIMHA FOPOACKUMY TPAHCIIOPTHEIMH MAapLIPYTaMHU PacCMAaTPHBAET-
¢ BO3MOXKHOCTh PEKOHCTPYKHMM TEPEcajjouHOro y3iaa ¢ COOPYKEHUEM HOBOW JIMHUHM METPOIIOJIUTEHA
Gonburoro 3arimy6neHus Mcxons U3 3TOro BO3HMKAeT HEOOXOAMMOCTh oOeclieueHus CBA3U HOBOM JIMHUU
METpO C CYLIECTBYIOIIEl TOPOACKOM JKelle3HOoi noporoi. Bropoii 3aiaueit siBiseTcs oleHKa nesecoodpas-
HOCTH 3aITycKa TIO JIUHHH KEJIe3HOU JOPOTH BHICOKOCKOPOCTHOTO TPAaHCIOPTA, KOTOPBIA B TECHOM B3au-
MOJIEHCTBHH C «TIIyOOKHM» METPO MO3BOJIMT CYLIECTBEHHO COKPATUTH IOTEPH BPEMEHH MAaCCaKUPOB Ha
noe3aku. Ilpeanonaraercs, 4To VIS yCJIoBHI Meraarnomepauun Ceyna riry6okoe nogszemMuoe metpo Great
Train Express MO3BOJUT CyHIECTBEHHO pPa3TPy3UTh TPAHCHOPTHBIM y3€J C JOCTIKEHHWEM LEHTpPanbHBIX
paiioHOB MeranoJuca ¢ puropoaa 3a 30 MUHYT ¢ yueToM mepecanku [2].
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B apyrux meranofycax MHpa Tak)kKe BO3HHUKAKOT 1000HBIe NpoOiIeMBl NIPU Meperpy3Ke TPaHCIOPTHBIX
apTepuii, OHAKO MX pellieHHe B KaXJOM KOHKPETHOM CiIydae MMeeT CBOM ocoOeHHocTH. Hampumep, i
CJIO)KUBIIEMCSA CHCTEMBI OPraHU3allMd M TEXHWYECKOTrO OCHALICHHUs MepecanovyHbX y3noB B I1IsHbwkIHe
BO3HHKAET 3a/1a4a BbIOOpA MEXIy CKOPOCTHBIMH M HECKOPOCTHBIMHU Noe3namu. [loyueHHEle HcciiefoBaTte-
JIIMHA COOTRETCTBYIOIIME JIOTUT-MOIENH [3] yKa3bIBatoT Ha 3()(heKTHBHOCTh UX UCHONIb30BaHNA U IIO3BOJIIOT
OTIPEZIENTUTh MECTa OCTAaHOBKHM JKeJIe3HOIOPOXKHOTO TPAHCIIOPTa B FOPOJIE, YHHTHIBAIOIIME BpeMs Tlaccakupa
B IyTH M PacCTOSIHUA TOe3Akd. VICnonp30BaHUe B JIOTMT-MOIENAX I'€HETUUECKHX alTOPUTMOB MO3BOJISET
MPOBOAMTE KOMIUIEKCHBIA aHamn3 paboToCrIocOOHOCTH LM(POBOl UMHUTAUMK € MPUBA3KON K SKCILTyaTaly-
OHHBIM M SKOHOMHYECKHM KpHUTepUsM (YUHUTHIBATH 3aTPAThl U SKOHOMHIO 3JIEKTPO3HEPIHH, UCIIOIb3yeMOH
HA pasrOHBI ¥ 3aMeJJICHHE MOEe3X0B-9KCIPECcCOB NPH MPEOAOICHHH PAa3IMYHOTO MpoGHis yHaCTKOB; OLICHH-
BaTh BIUSHHE OOINEl 3arpy3KH yUacTKa JPyriMy 1oe31aMH; BapbUpOBaTh TapUQbl HA MOE3IKH B 3aBHCHMO-
CTH OT BPEeMEHH CYTOK, MHTEHCUBHOCTH HAarpy3KH Ha JITHUIO U Jp.).

B CeynbcKOM TPaHCIOPTHOM y3ite GBUT MPOBEEH YKCIIEPHMEHT, B XO€ KOTOPOTo MaccaXups! ObLIN
pOHH(OPMHUPOBAHBI O HEOOXOIUMOCTH BBIOOPA OJHOTO U3 JABYX BAPUAHTOB TPAHCIIOPTHOTO OOCITYKMBa-
HMS, KOTOPBIE OTJIMYAIUCH [UTUTEIEHOCTBIO BPEMEHH U MOE3IKH, ¥ OXKHaHUs (COKpallleHHe oOIero Bpe-
MEHH MOe3/IKH, HO ¢ YBETMYeHHEM BPeMeHH OXXKHJaHHS B MepecalouHoM y3iie, U Haobopot). 1o BapuaHTy
riy6okoro nogzemHoro Merpo Great Train Express maccakupsl MOMyYMIM MCUEPHBIBAIOLTYI0 MHGOpMa-
U0 (MapmipyThi M JAJIWTENBHOCT BPEMEHM ABKXKEHHUS 10 MOCAJOYHBIX ILIATGOPM, IO HEPEeXo]aM C Mc-
TOJTb30BaHUEM 3CKAJIATOPOB ¥ JIECTHHLL, TpaduKK MPHOBITHS IOE3A0B METPO II0 YacaM CYTOK U Ip.).

PesynbTaTsl 06paboTKH MONTYYEHHBIX TPAHCTIOPTHBIX KapT NOKAa3aJId, YTO TPEeANOUTeHHs IAaCCaKHUPOB
1o BHIOOpPY BapHaHTa TPAHCIIOPTHOTO OOCIY)KMBaHUS 3aBUCAT OT LIEJIOro psja (GakropoB, B YHCHE KOTO-
PBIX BO3PACT PECTIOHIEHTOB, BeJIMUMHA MX 3apaOOTHOM IUIaThl, HA3HAYCHHE COBEPIIAEMOH NOE3IKH, pe-
albHas HaCeNIEHHOCTh BArOHOB MOE310B IO TeKyIleMy MapIIpyTy AJaHHOTO BUAa TpaHcnoprTa [4].

Takum 006pa3zoM, 3((EeKTHBHOCTH WCTIONB30BaHHUS CKOPOCTHBIX M BBICOKOCKOPOCTHBIX MOE€3J0B Ha
MapIIpyTax ropoJCKOl arioMepalii OKa3hiBaeTCa HeoJHO3HauHOH. [Ipy BBEleHMH B BKCILTyaTalluIO Ba-
PHAHTOB C TJIyOOKHM 3aJIO’K€HHeM JIMHHA METPO NacCaXUpPhl MPeINOYUTAIOT OXKUAATh HAa3eMHbIE BHIbI
TPaHCIIOPTA, YeM MOJIb30BATHCA MEPEeXOJaMH, JIECTHUIIAMH, 3CKATaTOpaMU Ha JIMHHMHU NOJ36MHOrO METPO,
Jiake €CJIM 9TO COKpaIaeT UX BpeMs OxuaHus (mpobieMa BepTHKAIBHOTO Aoctyna). M Tonbko npu 3Ha-
YMTENBHBIX NEPErpy3Kax HA3eMHOrO TPAHCIIOPTa NaccaXMpbl HAYWHAIOT aKTHBHO TMOJB30BaThC «IIIy0O-
KHM» METPO.

B paspaboraHHble TOTHT-MOJENV OBUT BBeJIeH JOTOMHUTENbHbIH BECOBOH KOI(D@UIUMEHT AOMyCTHMOrO
BpEMEHH HaXOXIEHHS NAaccakypa BHE TPAHCIIOPTHOrO cpeicTBa (BPEMEHH OXHWIAHMs), KOTOPBIH MIPaeT
poinb cBoeoOpasHoro GanaHcupa, yKa3biBasg Ha IIpefiell KauecTBa TPaHCIOPTHOro obcmyxusanud. [lpn sTom
OCTAETCS OTKPBITHIM BOIPOC, €CIH 9TOT OaJlaHCUp KauHETCS B CTOPOHY «HETaTHBHBIX» 3HA4Y€HHUi, TO He Oy-
JIET JIH 3TO 03HAYaTh, YTO MACCAKUPHI HAYHYT NCKaTh APYroi BUJ TPAHCHOPTA IJIs1 COBEPIIEHHS CBOMX I10€3-
JIOK (HanpuMep, CKOPOCTHOH TpamBsaii)?

Oka3asioch, 4TO BHIOOP CKOPOCTHOTO BHAA TPAHCMOPTA yKas3bIBaeT Ha OoJiblllee BIMSHHE OXKHIAHUIA
HJIM JOTIOJIHUTENEHOTO BPEMEHH B IMyTH HA JKEJI€3HOAOPOKHOM TPAaHCIOPTE, YeM IPH MCNOJIb30BAHHUH aB-
ToMOGHis. Takoi GakT MOXKET O3HAYATh, UTO CIIEAYET ONpeNeNEHHBIM 00pa3oM OpraHu30BaTh paboTy ro-
POJNICKHMX BHIOB TPAHCIIOPTA, YTOOBI MACCAXKHP HE UCIBLITBIBAM TICUXOIMOTHYECKUH TUCKOMMOPT OT 0XKKIa-
Huit. Eciu Henp3d W3MEHUTh rpaduKy  JBIDKEHHS TNO€30B, COKpAlIAloIUe IPOJOKHUTENIBHOCTh
OXHMIAHWM NacCaXHWpOB, TO CJIEAYET HCIOIb30BaTh NpPYrHe KOMIEHCHUPYIOIUE YCTAJIOCTh INPHEMBI
(nanpumep, 3(GeKTHBIA BU3yaTbHBIM OU3aiiH CTAHIWM, YCTAHOBKY Ha MOCAJOYHBIX IIaTGOpMax METPO-
MOJIUTEHA W JPYTUX FOPOJICKUX BHIOB TPaHCIIOPTa 3epkaj, OOIbIINX MOHMTOPOB AJISt A€MOHCTpalUH pe-
KJIAMHBIX POJIMKOB, aHOHCOB, CHHOTICHCOB, JIOIJIafiHOB HOBBIX (DMIIBMOB H Jp.).

Kak u3BecTHO, 3(GeKTUBHBIM pellieHneM, MCKIIIOUAIOIINM Neperpy3Ky MaplipyToB clIeJOBaHHs mHac-
CaKUPOB B YACHI MMHK, JBJIACTCHA MMOJIKIIOUSHHE NOMOIHUTENFHBIX TeXHUUECKHX CPEACTB (TypHHKETOB, 3C-
KaJaTOPOB, TPaBOJATOPOB), M TPH STOM BaXXHO, YTOOB! MACCKUPHI 3HAIW O TAaKHX pecypcax (Hampumep,
M3 HAIOJBHBIX HMH(OPMAIMOHHBIX CTEHIOB), YTO CNOCOOCTBYET MOBBIILIEHUIO UX YBEPEHHOCTH B HaJEKHO-
CTH M GE30MacCHOCTH B TIEPBYIO OYepedb MOA3EMHOr0 METPO, a CiieJoBaTelbHO, CIOCOOCTBYET MPeoaoie-
HHIO MICHXOJIOMMHECKOTO JTUCKOM(MOpTa BEPTHKATILHOTO AOCTYNA M MOBBILAET 3 peKTUBHOCTh KOMIIEKC-
HOr0 VCTIONIb30BAHUS MACCAKUPCKUX BUIOB TPAHCIIOPTA B [IEPeCcaOuHOM y3JI€.
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RESEARCH ON THE AVERAGE MINIMUM HEADWAY
OF NON-OVERTAKING SECTIONS IN HIGH-SPEED RAILWAYS

LIU KANGNI
GuangZhou Railway Polytechnic, Chinese People’s Republic

With the rapid development of high-speed railways in China, the backbone network of high-speed rail-
ways has been basically formed, and the sharp increase in passenger traffic has led to the capacity of some
sections of busy high-speed railways approaching saturation [1].

Due to the differences in transport objects, the capacity of passenger and freight mixed railway lines is
maximized by fully utilizing existing facilities. However, the capacity of high-speed railways is influenced
not only by facilities but also closely tied to passenger flow. For passenger and freight mixed railway lines,
freight trains can be flexibly scheduled for stops and overtaking, resulting in a relatively flat timetable. In
contrast, high-speed railways, which serve passengers, have certain requirements for transport service qual-
ity, and their capacity has the following characteristics:

1 The passenger flow section is the unit for calculating the capacity of high-speed railways. Due to the
inability to flexibly arrange stops and overtaking, which is constrained by passenger demand, the capacity
of high-speed railways should be described using the passenger flow section as the unit.

2 The capacity of high-speed railways has a strong time-of-day characteristic. Given the clear peak and
off-peak periods in passenger flow, it is highly practical to calculate the capacity of high-speed railways for
specific time periods.

3 The effectiveness of the capacity of high-speed railways. The capacity of high-speed railways must be
combined with passenger demand; only the capacity that meets passenger demand is considered effective.
Otherwise, it is deemed ineffective capacity.

Currently, three methods are commonly used to calculate railway capacity both domestically and
internationally: computer simulation, deduction coefficient method, and average minimum headway
method [2]. While computer simulation has the function of graphical analysis and calculation, the
large number of feasible solutions generated by computer layout makes it difficult to compare and op-
timize [3]. The deduction coefficient method is widely used in China for railway capacity calculation.
This method is based on the capacity of parallel running diagrams and calculates the capacity of non-
parallel running diagrams by computing the deduction coefficients for different types of trains [4].
However, the deduction coefficient method calculates the full capacity of a tightly packed diagram,
which is rigid and does not accurately reflect the actual utilization of high-speed railway capacity. The
average minimum headway method, commonly used in Germany and Western European countries,
emphasizes the quality of train operations. It is a flexible capacity calculation method that considers a
certain buffer time based on the structural relationship between train operation lines. In principle, this
method can accurately calculate the capacity utilization of China's high-speed railways and effectively
improve operational service quality [5]. Given that the foreign approach of using sections as capacity
calculation units does not suit the passenger characteristics of China's high-speed railway sections, it
is urgent to study the minimum headway of high-speed railway sections using the principles of this
method, making it applicable to the calculation of average minimum headway capacity for China's
high-speed railways.
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