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OnTumusanus padoTsbl aBTO0YCOB NPH UX B3aUMO/ICHUCTBUH
C IPYrMMHU BHIAMHU MACCAKUPCKOr0 TPAHCIOPTA
B TPAHCIOPTHO-NEPECATA0OYHBIX y3J1aX

AHHoTauus. J[ns1 obecrieueHus! COTIaCOBAaHHOTO PUTMUYHOTO B3aMMOJEHCTBHs aBTOOYCOB
pa3HbIX MapIIpyTOB MeXxay co0oil M C JApyrMMH BHJAMHU [AcCaKUPCKOTO TpPAaHCIOpTa B
TPAHCIIOPTHO-NIEPECANIOYHBIX  Y3JIaX HMX HWHTEpBaJbl JBWXKEHHMS JOJDKHBI COOTBETCTBOBATH
YCTAQHOBJIICHHOM pPUTMHYHOCTHA B3aMMOJEHCTBHs. EcCiIM NIPOHMCXOAWT HapylIeHHWE HWHTEpBaja
JBIDKEHUST aBTOOyca, TO ecTh (DaKTHYECKHI MHTEpBaj JABMKEHMsS OTJIMYAETCsl OT IUIaHOBOIO,
KOTOpPBIM COrjacoBaH C IPYIrMMH BHJIAMHU MAacCaXUPCKOTO TPAHCIIOPTA MO BPEMEHU UX MPHUOBITHUS U
OTIIPABJIEHUs], TO HApYIIAETCA COIVIACOBAHHOCTH B3aMMOJIEUCTBHS IOABUKHOIO COCTaBa PA3HBIX
MapuIpyToB B TPaHCIOPTHO-TIEPECAJAOUYHBIX y3J1ax. A 3TO NPOBOAUT K YBEIMYEHUIO BPEMEHU
O’KMJIaHUS [MACCAKUPAMU ITOJBHYKHOIO COCTaBa, BO3MOXXHOMY €r0 IEPENOIHEHUIO UIIU HELOTPY3KH
U, KaKk CJEJICTBUE, K CHIKEHUIO 3((EKTMBHOCTH M KadyeCcTBAa TPAHCIOPTHBIX ycayr. [lomaydeHsl
(bopMyIbl JUIsI BpEMEHU OXKHJIAaHUS MAaCCaKUPOB MPU OJHOTHITHOM CTPYKTYpe Hapka MOJBHXKHOTO
COCTaBa U MpHU IKCIUTyaTal[Mi aBTOOYCOB pa3HON BMECTUMOCTH. Y CTAHOBJIEHO, UTO JUIsl 0OecTieueHus
PUTMUYHOCTH paboOThl aBTOOYCOB, HEOOXOAMMO OpPraHMW30BaTh HX JBWKEHHE C HAMMEHBIINM
(onTuMmanbHBIM) UHTEpBaioM. OJHaKo, C 1eIbl0 HEIOMYCTUMOCTH YCTAaHOBJIEHHUS pPa3HBIX
MHTEPBAJIOB JBW)KCHHMS HA OJAHOM W TOM € MapILIpyTe IIPU HCIIOJIb30BAHUM PaA3JIUYHBIX THUIIOB
aBTOOyCOB, HEOOXOIMMO TIPAaBUJIBHO pAcCUUTaTh IIJJAHOBOE UX KOJW4YecTBO. B pesymnbrare
UCCIIE/IOBAaHUM YCTaHOBJIEHO, YTO BpeMs OXHMIAHHUS TacCa)XUpamMu aBTOOYCOB 3aBUCHT OT
COOTHOILIEHHUS] PAa3HOTUIIHBIX aBTOOYCOB MW OYEPEIHOCTH UX TMOabe3da K TPaHCHOPTHO-
nepecasiouHsIM y3iaMm. [IpeanoxeHo BblpaxkeHue, o0ecrneynBarolee onTHMAIbHOE B3auMOJIecTBHE
aBTOOYCOB a3 IMUYHON BMECTUMOCTH B TPAHCIIOPTHO-TIEPECATIOYHOM Y3JI€.
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KauecTBO

Jns  obecriedeHus: COTJIACOBAHHOTO PUTMUYHOTO B3aMMOJICHCTBHS aBTOOYCOB pa3HBIX
MapuIpyTOB MEXAy cOO0N U ¢ APYrMMHU BUAAMHU maccaxupckoro tpancnopta B TIIY ux unTepBabl
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Cxema ¢yHkimonupoBanus moasuxaoro cocrara (I1C) maccaxupckoro tpancmnopra (I1T) na
MapUIPYTHOM CETH C TpaHCcHopTHO-Tiepecagounbivu y3namu (TITY) npuBenena na pucynke 1. Eciun
MPOUCXOIUT HapylieHne (OTKIIOHEHWE) HMHTEpBaja JABIDKEHHs aBTOOyca, TO €cTh (haKTHIecKuid

) n
MHTEPBAJ TBUKCHUS ! OTJIIMYAETCS OT TUIAHOBOTO ! , KOTOPBIN COTJIACOBaH C JAPYTUMH BHJIAMH
I[IT (mo BpeMeHM HX HOPUOBITUS M OTIPABICHUS), TO HAPYILIAETCS €ro COIJaCOBAHHOCTh
B3aumoyeiicteus [IC pasubix mapmpytoB B TIIY. A 5T0 HpOBOAUT K YBEIWYEHHIO BpPEMEHH
oxunanus naccaxupamu [IC, BO3MOKHOMY €ro MEpernoJHEHHUI0 WM HEI03arpy3ku H, Kak
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MECTHOC HACCIICHHE

¢ Crpoc Ha ¢ Pe:KHMEL IBIGKCHUA S PutyuHOCTE 4
TPAHCIIOPTHBIE > 1,2.3,.4 > MEPEBO30YHBIX .
47 YCIyTH MPOLIECCOB >
(TT1Y, MapupyTsI) (TTTY, MapumpyTH) (TT1Y, MapmpyTeI) sbdext

Jlorkaronan obpamnasn ceasw

T haenaa obpamuas cesase

Pucynok 1. Cxema pyHKYuOHUPOBAHUS NACCAHCUPCKO2O MPAHCROPIA HA MAPUPYIMHOLL
cemu ¢ mparncnopmuo-nepecadoynvimu yznamu: C — pakmop ce30HHOU aKMUBHOCMU HACeNeHUs,
Q — copmuposannvle 00BeMbl NEPEBO3OK NACCANCUPOB, S — 8bIOPAHHAS NEPEBO3OYUHASL CMPYKIMYPA,
W — npouzeooumenvrHocmu 6b16pantoll nepego3oyHou CmpyKmypbl OJisl PA3IUYHBIX PEHCUMOE UX
@ynxyuonuposanus, |\EE — aghgpexmuenocms nepesosounvix npoyeccos;, K — yposensv kauecmea
MPaHCnopmuo2o cepsuca 0Jis naccaxcupos; 1, 2, 3, 4 - coomeemcmeenHo obbluHblll, CKOPOCMHOL,
9KCHPECCHBIU U CMEUAHHBLU PENCUMBL OBUNCEHUSL A8MODYCO8 HA Mapuipyme (HOOBUNHCHBILL MOOYIb);
JIOKANIbHAS 0OPAMHASL C853b — ONEPAMUBHAS KOOPOUHAYUS NEPEBO30UHBIX NPOYECCO8
(Oucnemuepckue QyHKyuu), 21aeHas 0OPAMHAsL C853b — OPAHUZAYUOHHO-CIMPANESUYecKas —
NPOCHO3UPOBaHUe U NIAHUPOBAHUE NEPEBO30UHBIX NPOYECCO8 HA HOBbLE CE30HbL C YUemoM Onbima
mexyujeeo cesona (paspabomano asmopamu)
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Ontumuzanust paboTel aBTOOYCOB NP B3auMojeiicTBuu ux ¢ aApyrumu Bugamu [1T B TITY
JOJKHA OBITh HAaIpaBJI€HA Ha CHU)KEHUE OOLIUX MPOCTOEB M0 KaXKJIOMY TEPMHUHANY U MOCaJ0YHON

t
IUIOIIAJIKE, CBS3aHHBIX C OXUJaHWeM mocaaku ( °*) MacCaKUpoB ISl BCErO KOJIMYECTBA
paboTaIIKMX aBTOOYCOB:

n
t = Ztomi — min,

3)

n
>t —> min,
rae - — CyMMapHO€ BpeMs O3KHIaHUs II0CaKH B aBTOOYC, MHH.

CHIDKCHHE 3TOr0 BpPCMCHU obecnieunBaeT YBCIMYCHUC UX IMMPOU3BOAUTCIBHOCTH, HpI/I6bIJII/I n
Ka4deCTBa TPaHCIIOPTHOI'O CEPBUCA.

Ipu oonomunnou cmpykmype napka [IC Ha mapuipytax BpeMst UX OKHIAHHUS JTOJIKHO OBITh
OJINHAKOBO ]ISl BCEX U COOTBETCTBOBATH YCIJIOBUIO:

t, =J' =R"

0K

(4)
Ilpu sxcnayamayuu a@m06V006 Da3H0ﬁ cmpyKmypsl OHU UMCHOT Pa3HYKO BMCECTUMOCTH H,

COOTBECTCTBCHHO, 6YI[€T HMCETh MCECTO pPa3IM4YHOC BPEMA Ha OXHUIAAHHUC U IIOCAAKY Ha KaXKIAOM
TCPMHUHAJIC U MOCAAOYHBIX INJIOIIAAKAX. HOBTOMy CJIeayeTr obecneynBaTh PUTMHUYHOCTDH pa6OTI>I IIC

min
N

10 HAUMCHBIIEMY 3HAYCHHUIO BPCMCHU ITPOCTOA

R =t =min(t, )

()
YTo0BI 00ECIICUUTD TaKyH0O pUTMHYHOCTDH pa6OTBI aBTO6YCOB, HCO6XOI[I/IMO OpraHnu30BaTb HUX
JABHKCHHEC C HAUMCHBIIINM (OHTI/IM&HBHHM) HHTEPBAJIOM, TO €CTh JOJIKHO BBIIIOJHATHCA YCIIOBUC!
W _ W _ pW _ W  _ 4min
R i Inni =Ry P Imini _tni

nu; min

, (6)

U, KaK CJIEJICTBUE, (COrNacHO 2) JAOHKHO OBITH BbINMYIIEHO Takoe konaudecTBo [IC, xoTopoe
COOTBETCTBYET 3asBJICHHBIM (OIpEJeIeHHbIM) O00BbEeMaM IacCa)kUpONOTOKOB (B JIETHUH CE30H U
3UMHHUU CE30HBI):

min ; min ; ) (7)

w
Ipu pa6ote ITIC pa3Hoii BMecTUMOCTH 1151 Kaxkaoro i-ro tuna I1C Bpems o6opora °% Takxike
Oyner otauuaTthes. OHAKO, € LENbI0O HEJONMYCTUMOCTH YCTaHOBJEHUS pa3HbIX HHTEPBAIOB
JIBUKEHMSI Ha OJIHOM M TOM >K€ MapuipyTe NpU HCHOJIb30BAaHUHM PA3IUYHBIX TUIIOB aBTOOYCOB,

HE00X0IMMO MPaBUIIHHO PACCUUTATH TITAHOBOE MX KOJIMYECTBO MO YCIOBUIO (5) ¢ yuetoM (7).

[Tpu 3TOM creayeT HCMoNb30BaTh HAUOOJIBIIEE U3 BO3MOXKHBIX 3HAUEHUN BpeMEHH 000poTa
max
°%i | TO eCTh JIOMKHO OBITH BHIIOJHEHO YCIOBHE:

max __
tys, = argmax {to6i f (C)}_ (®)
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VYcnoBue (8) mO3BONSAET OMNpEeAETHTh HeoOXxoaumMoe pabouee KOJIMUECTBO aBTOOYCOB

p
A“i (Rmin ), ¥ O0ecHeunTh COINIacOBaHHOE WX B3ammojeiictBue B TIIY B yclnoBHSX CE30HHOMN
AKTHBHOCTH HACEJICHUS:
tmax tmax max
P _ 06i _ 06i 06i
AMi (Rmin f (C)) - R - tmin + tmin
min ; n; noo (9)

Crnenyer yuuThIBaTh, uto rnpu padore I[1C pa3nudHbIX THIIOB BpeMs HX 000pOTa Ha MapIIpyTe
OyzeT pa3iM4yHbIM, BCIEJICTBHE YE€ro HEU30€XKHbI OTKJIIOHEHHUS OT IJIAHOBOI'O MHTEpBAJa JBMXKEHUS,
YTO MOKET MPHUBOJUTH K HAPYIICHHWIO PEryJIspHOCTH ABMXKEHUA. B 3TOoM ciywyae Ui pacuéra
PUTMUYHOCTH (PYHKIIMOHMPOBAHUS aBTOOYCOB HA MapIIPyTe MPH YCIOBHHU:

t," >t (10)

B TIIY Moxer HaOJII0IaThCs U3MEHEHUE BPEMEHHU UX MPOCTOS, T. €. BO3MOXKHO YBEIHUCHUE
a

BPEMCHH OXKHJIaHUS TPUOBITHS aBTOOYCOB i | KOTOPOE MpeAJIaraeTcs pacCUMUTHIBATH 110 PopMyIIe:

a max 1 max min
tomi = tni - Ii = tni _tni (11)
B sTtom clIydac CyMMapHOC HEMIPOU3BOAUTCIIEHOC BPEM 3a CMEHY COCTABHUT:
n
Tgxcf(C)ZZA\v,l\f.t(fmi.Kei
i1 , (12)

rae S — KOJMYECTBO BBIMNOJHEHHBIX PEHCOB Ha MapuipyTe i-ro TUIa IMOABMKHOTO COCTaBa
3a CMEHY, €.

CooTHolleHHe TOJABWXHOIO COCTaBa pa3HOW CTPYKTYphl Ha MaplIpyTe€ MOKHO
XapaKTepu30BaTh MmokazareneM Kcr,, KOTOpBII OTpa)kaeT OO0 UCIOIb30BaHUS aBTOOYCOB CpeHeil
max
1 OONBIION BMECTUMOCTH (A“‘i

n

) B oOmiemM KojaudecTBe padOoTaloIIMX aBTOOYCOB Ha MaplIpyTe

(= ), m npeayaraercs pacCUUTHIBATE 10 (POPMYIIE:

A:wlax
Kep F(C) = 77—

Zl A . (13)

Kospdunment K, nuzmensiercs ot 0 1o 1 1 Biusier Ha BpeMs oxuaHus aBTooycos B TITY.

[ns uccnenoBanusi nmorepb BpeMeHU naccaxxupoB B TIIY HCHosb30BAIOCh MMUTAIMOHHOE
MOJICJIMPOBaHNE, B PE3yibTaTe KOTOPOro OBbLIM YCTaHOBJIEHbI 3aKOHOMEPHOCTH IOTEPh BPEMEHHU
MacCaKUPOB Ha OKMJAHHE MOCaAKW B aBTOOYC MPU MCIIOJIB30BAHUM PA3HOTHIIHOTO IOABHXKHOTO
cocraBa. PesynpTaTel HMccnenoBaHuid mo ropoay KpacHomapy mnokasanu, 4To HpH OAMHAKOBOM
koiuuectBe [1C, HO npu pa3sHOM COOTHOIIEHUHU PA3HOTUITHBIX aBTOOYCOB U Pa3IM4HOIN OYepeTHOCTH
ux noxawse3na k TIIY Bpems okuaaHus CYIIECTBEHHO OTIMYACTCS. Y CTAHOBIEHO 4YTO IOTEPH
BPEMEHHM NACCA)KUPOB HA OXKHMJIaHKE IPHUOBITUS aBTOOYca cTpemaTes K Hymo mpu Ko, =01 Ko, = 1,
TO €CTh IpPH HCIOJB30BaHUM AaBTOOYCOB paBHOM BMECTMMOCTH. B o0mactu neHCTBUTENbHBIX
3Ha4eHuH nokaszarens K, o 0 10 1 cymecTByeT Takoe palMOHAIbHOE COOTHOLICHHE KOIMYECTBA
aBTOOYCOB pa3NMUYHBIX THUIOB, NpPU KOTOPOM HMX paboTa Ha MapuipyTe XapaKTepu3yeTcs
MUHUMAaJIbHBIM COBOKYITHBIM BpPEMEHEM OXHJaHus naccaxupamu ux npudsitus B TIIY. B stom

4
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cilyyae BBIpaKeHHE I (HOPMUPOBAHHS ONTHUMAIBHOIO 3aKPEIUICHUS aBTOOYCOB pPAa3IUYHOM
BMCCTUMOCTH 3a MapHIipyToM 6yz[eT HUMETH BU:
a
V (tom) ={AM ’K

cTp

}— Opt’ (14)

V a

rjae (t) _ BEKTOP ONTHUMAJIbHBIX [APAMETPOB 3aKpeIICeHUs aBTOOYCOB 3a MapIIpyTOM,
KOTOPBIH O0ECIeYNT MHUHUMAJbHBIC MOTEPH BPEMEHM IMACCAKUPOB B OXKHUIAHUU HUX TPUOBITHS B
TITY.
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Optimization of the bus in their interaction
with other types of passenger transport in transport hubs

Abstract. To ensure a consistent rhythmic interaction of buses of different routes among
themselves and with other types of passenger transport in transport hubs, their intervals must comply
with the established rhythm of the interaction. If there is a violation of the range of motion of the
bus, i.e. the actual range of motion is different from the planning that is coordinated with other types
of passenger transport at the time of their arrival and departure, disturbed the coherence of
interaction of rolling stock of different routes to transport hubs. And it conducts to increase in
waiting time for passengers rolling stock, its potential overflow or underload and, as a consequence,
reduce the efficiency and quality of transport services. The formulas for the waiting time of
passengers when the same type of structure, rolling stock and the operation of buses of different
capacity. It is established that to ensure the smooth operation of buses, it is necessary to organize
their movement with the smallest (optimal) interval. However, with the purpose of inadmissibility of
setting different intervals on the same route using different types of buses is necessary to calculate
the planned quantity. As a result of researches it is established that the waiting time of the passengers
of the bus depends on the ratio of different types of buses and sequence of their entrance to the hubs.
The proposed expression for optimal interaction of buses of different sizes in the transport-
interchange node.
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