V]IK 656.13

Tpancnopmmui mexunonozii (3a eudamu)

DOI 10.33042/2522-1809-2020-3-156-29-34

J.I1. IlonkpaToB

Xapriscokuu HayioHanvbHull yHigepcumem micbko2o 2ocnooapcemea imeri O.M. bexemosa, Yxpaina

OOPMAJIIBALIA B3AEMO3B’A3KY MIK IOKASHUKAMMU PIBHA 3AIIOBHEHHSA
MICBKHUX ITACA’KUPCBKUX TPAHCIIOPTHUX 3ACOBIB

Y cmammi npedocmaeneno po3paxyHxoei 3anexicHOCmi 83A€MO38 A3KY MIHC NOKAZHUKAMU DIBHS 3ANO0BHEHHs
CANIOHY MICbKO20 NACANCUPCHKO20 MPAHCHOPMHO20 3acoby. Bemanosneno, wo 83aemo36 ' a30K Mide po3easiHymumu
NOKA3HUKAMU YIIKOM GUHAYACMbCA MAKUMU NAPAMEmMpamu K NUMOMA 6dzd KiibKocmi Micyb 015 npoizoy
nacaicupié cuosyi y HOMIHAIbHIN NACANCUPOMICMKOCME MPAHCNOPMHO20 3AC00y Md HOPMAMUBHOK WITbHICIIO
3AN0BHEHHS 3a SIKOI GUSHAUEHO 11020 HOMIHATLHY MICIKICHb.

Knwowuosi cnosa: micbkuii nacaxicupcbKuii mpaHcnopm, RACAICUPCHKI NEPee3eHHs, NACANICUPOMICIKICTY,
MPAHCROPMHO20 3AC00Y, pideHb 3aN06HeHHS CANOHY, KOeiyieHm 6UKOPUCMAHHS NACAICUPOMICIMKOCI.

ITocTanoBka npoodJiemMu

Po6oTa MiChKOTO MTaCa’KUPCHKOTO TPAHCIIOPTY MAE
3abe3rnedyBaTd  BHUCOKWI  pIBEHb  TPAaHCIIOPTHOTO
3BaKAalOYM  Ha
piBHS
roro

nacaxupis. He
KOMIUICKCHHI XapakTep MOKa3HUKA

TPAaHCIOPTHOTO  OOCIYrOBYBaHHS OJHUM 3
HAHBaKJIMBININX OJMHUYHUX UHHHHUKIB € CTYIIiHb
TpaHCIIOpTHOro  3aco0y.  Haamipae
CaJOHy  TpPAHCIOPTHOrO 3acoly €
MPUYMHOIO BIMYYTTS HacaXUpaMH IUCKOMMOPTY INpH

00CITyroByBaHHS

3allOBHEHHS
3aIIOBHCHHS
3naificHeHH]  moi3gku.  Bracnmigzox piBEeHb
3aIIOBHEHHS ITiUIATa€ HOPMYBAHHIO.

OuiHKy piBHS 3alOBHEHHS CaJlOHY TPAaHCHOPTHUX

LBOTO,

3ac00iB  MPOBOASTH 3  BUKOPUCTAHHSIM  Pi3HHX
MMOKAa3HWKIB, IO MAlOTh BIAMIHHICTH Yy OIMHHUIIX
BUMIPIOBAHHS, ONHCOBHX  BIIACTHUBOCTSAX, YMOBax

3aCTOCYBaHHS TOLIO. BojgHouac, 1e yCKIa HIOE OLiHKY
Ta MOPIBHSUIbHUN aHami3 yMOB 3MIMCHEHHS MOI3IKU
BUXOASYM 3 PIBHS 3alOBHEHHS IPU BHKOPHCTAaHHI
PI3HUX BUMIPIOBAUiB Ii€l BEJIMYMHHU, SIK IPH IPOBEACHHI

HAYKOBHMX JIOCHI/DKEHb, TaK 1 TMpH BHUpIIICHHI
NpPaKTUYHHX  3aBJaHb  OpraHizamii  mepeBe3eHb
nacaXupiB y Mictax. 3BaKaro4yM Ha 3a3HAuYCHE,

(dbopmaizaiiisi B3a€MO3B’SI3Ky MK ITOKa3HHKaMH PiBHS
3aIlOBHCHHS MICHKHX IACAXHUPCHKUX TPAHCIOPTHHX
3ac00iB € aKTyaJhbHHM 3aBIAaHHSIM, M0 TIOTpedye
BUPIIICHHSI.

AHaJii3 0CTaHHIX J0CTizKeHb i myOikamii

Pe3ynbraT YMCENbHUX JOCIIDKEHb BKa3ylOTh Ha
HU3KY HETaTHMBHUX HACTIJKIB TEPETMOBHEHHS MiChKHX
NacaKMUPChKUX TPAHCIOPTHUX 3ac00iB [1 - 13]. ABTOpH
mpari [1] 3a3HayaroTh Taki OCHOBHI MPUYWHU BiTIyTTS
macakupamu  TUCKOM(OpPTy 31 3pOCTaHHAM PiBHA
3allOBHEHHS: OUIbIIa IMOBIPHICTE BHKOHAHHS HOI3AKY
CTOSYM TPOTATOM YChOTO dacy il 3JifiCHeHHS; He
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NPOJYKTHBHE (MapHe) BUTpadaHHS 4acy; 3MCHIICHHS
BiJICTaHI MIX Macakupamu (BTOPTHEHHS B OCOOMCTHI
TIPOCTIp).

Hacmimkom He3agoBUIBPHMX yMOB  3IiHCHEHHS
TMOI3KA € PO3BUTOK TPAaHCIOPTHOI CTOMIIIOBAHOCTI, IO
MO3HAYAETHCS Ha 3HIKEHHI IPOJYKTHBHOCTI Iparii
MacaXKupiB, sIKi BAKOHYIOTh TPYAOBi niepecyBants [9, 10].

Jlnst OWiHKM pIBHA 3alOBHEHHSI MAacaXUPCBKUX
TPAHCIOPTHUX  3ac00iB
mokasHuk# [1 - 13]:

- KUIBKICTh TacaXkWpiB, IO Mpumagae HA 1 M
IJIOTH CaJIOHY TPaHCIIOPTHOrO 3aco0y MPU3HAYEHOTO
JUTS TIPOT3Y MacaXUpiB CTOAYI (UIITBHICTD 3aIIOBHEHHS)
(a);

- IMTOMA IUIOLIA MiJJIOTH TPAHCIIOPTHOTO 3ac00y,
IO TNpUMafae Ha OIHOTO IAacaXHpa, W0 3IiHCHIOE

BUKOPHCTOBYIOTBCSL  TaKi

2

npoizx cros4i (F,, );

- kxoedimieHTH (BUKOpHUCTAaHHS
MACAKUPOMICTKOCTI), 110 BU3HAYAETHCS SIK BIHOIICHHS
KUTBKOCTI TIACAXHPIB y CaJIOHI TPAHCHOPTHOTO 3aco0y
JI0 #Or0 HOMiHAIBHOT MicTKOCTI ( 7 );

3allIOBHCHHA

- KoeiI[iEHT 3aMOBHEHHS, 110 BU3HAYAETHCS SIK
BITHOMIEHHS  KUIBKOCTI  TMAacaXWpiB y  CallOHi
TPAaHCIOPTHOTO 3acO0Y IO KUTBKOCTI MiCITh JJIS CHIIHHS
(LF).

B pe3ysbTaTi MOPIBHAIBHOTO aHANI3y 3a3HAYCHUX

MOKAa3HUKIB  piBHA 3amoBHeHHs y mpami [11]
BCTAQHOBJICHO, L0 33 OJHAKOBMX YMOB 3allOBHCHHS 32
MMOKa3HUKOM  MIUTBHOCTI  MAacaXWpiB y  CcaloHi
TPaHCIIOPTHOTO  3aco0y, 3HAYeHHsS  KOe(Ili€HTIB

BHKOPHCTAHHS MaCaXUPOMICTKOCTI JUIS TPAHCHIOPTHUX
3ac00iB Pi3HOI MICTKOCTI MOXKYTh 3HaYHO BiJPi3HATHCH,
o0 3YMOBJICHO pIi3HOK IHTOMOK Barorw KiTbKOCTI
MiCI[b JUIS CHAIHHA y HOMIHAQJNBHIA  MiCTKOCTI

TpaHcHopTHOro 3aco0y. Takox 3a3HadeHo, mi0 3i
3pOCTaHHAM MaCaKUPOMICTKOCTI TPaHCIIOPTHOI'O
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3aco0y CIIOCTepiraeThCs TEHACHIS OO0 3MCEHIIEHHS
MMUTOMOI Bard KiJIbKOCTiI MICIlb JJISl TIPOi3ly MacaKupiB
cunsai y HOMIHaJbHII Maca)XupOMiCTKOCTI
TPaHCIIOPTHOTO 3aC00Y.

PiBeHP 3amOBHEHHS BHOKPEMIIOIOTH SIK BaroMHUit
(dakTop, MmO 3YMOBIIOE BHUOIp NAacCaXUpPaMH IUIAXY
nepecyBanHs [4 - 8]. 3 1poro morisAy HayKOBUH Ta
MPaKTHYHUN IHTEpeC CTAHOBHUTH JIOCHTIIKCHHS BIUIUBY
piBHS  3amoBHEHHS Ha  mporec  (opMyBaHHS
nacaxuponotokiB. OcoOnmBo 1€ nuTaHHS HaOyBae
aKTyaJIbHOCTI TPH MOJIENIIOBAHHI MacaXUPOIMOTOKIB Y
HACHYCHHUX MApHIPYTHHUX CHCTEMax, IO BiIPi3HAIOTHCA
BUCOKMM IIONMUTOM Ha TMOCIYTM TIPOMAaICHKOTO
TPaHCIIOPTY Ta OOMEXKEHHM pIBHEM TPaHCIOPTHOL
TIPOTIO3HUIIII.

IIpu dopmamizamii moripmeHHs YMOB 31iiICHEHHS
MO3AKM 31  3pPOCTaHHAM  3allOBHEHHS  CaJlOHY
TPAHCIOPTHOTO 3ac00y YBOIATH KoeQilieHTH mrpady
[3, 4, 6 - 8]. uckoM(opTHiI yMOBH PO3MOBCIOKYIOTHCS
1 Ha Iacaxupis, M0 BUKOHYIOTH MOi3AKY cusdi. [Ipote
TaKUi BJIMB € MEHII BIAYYTHUM Yy TIOPIBHSHHI 3
nacaxupam, 10 3AiHCHIOITh MOT3/KY cTosi [ 7, 8].

[HIIMM acneKTOM MUTAHHS, 10 PO3IIIANAETHCA, €
OOrpyHTYBaHHS OOMEXEHb Ha pIBCHb 3alOBHCHHS
MICBKHX TACaXHPCHKUX TPAHCIOPTHHX 3aco0iB Ta
BCTaHOBJICHHS Horo pamioHanpHOTO piBHA [9, 12]. Ilpn
[OMY 3aCTOCOBYIOTH METO]] MATEMATUIHOT ONTHMI3aIlii
Ta BHXOAATh 3 IHTEpEeCiB SK IEPEBI3HMKA, TaK 1
macaXupiB. 3 omHOrO OOKy, MACaKUPHW 3aliKaBICHI y
3MEHIIICHHI CTYIICHS 3alMOBHEHHS 3 METOI 3IIHCHCHHS
Noi3aKK y Oinbll KOM(OPTHHX yMOBax. 3 IHIIOTrO,
MiATPHEMCTBA TPAaHCIIOPTY 3amiKaBIIeHi y
MPOTWJIKHOMY,  OCKUIBKM 33  MEHIIOTO  piBHA
3allOBHEHHSI CaJIOHY TPAHCIOPTHOrO 3aco0y 3pocrae
co0iBapTicTh nepeBe3eHb Ta 3MEHIIIYEThCS
MPOYKTUBHICTh TPAHCIIOPTHUX 3ac006iB [10].

BukopucranHsi ~ pi3HMX ~ BUMIpIOBa4iB  piBHs
3alOBHEHHSI TPAHCIOPTHUX 3aCO0IB  YCKIATHIOE iX
CHIBCTaBJICHHS Ta MPOBEJICHHS MOPIBHAJIBHOTO aHAIIZY,
CHPUYHMHSE TPYAHOLI TPH BHPILICHHI, SK HAYKOBHX,
Tak 1 mpukiagHux 3aBnaHb. OTe, METOI0 CTaTTi €
(dopmauizarlisi B3a€MO3B 3Ky MK MOKAa3HHKAMH DPiBHS
3allOBHEHHS! MICBKHX TACAKMPCHKUX TPAHCIIOPTHUX
3aco0iB.

BukJiax ocHOBHOro MaTtepiaay

IlineHicTs 3anoBHEHHS (@) € BEINYNHOIO
3BOPOTHOIO JI0 ITUTOMOI ILIOII CaJIOHY TPAHCIIOPTHOTO
3aco0y, IO MNpHIAJae Ha OJHOTO IAcakupa, SKUH
3aiticHioe moizaky crosyi (F,,,.):

=——F >0. 1
a= W

Pazom 3 1uM, NpaBOMIpHOIO € 1 TMPOTHIIEKHA
3aJIeKHICTB:

num

F -1 450, @)
(04

KoedimieHT 3amoBHEHHs, 110 BU3HAYAETHCA SIK
BITHOMIEHHS  KUIBKOCTI  TMacakWpiB y  CaJIOHi
TPAHCIOPTHOTO  3aco0y 10 HWOro  HOMIHAIBHOI
MacaKMUPOMICTKOCTI ( ¥ ) 3a MIiNBHOCTI 3amoBHEeHHS (& )

Moe OyTH BU3HAYCHHI TakuM YiHOM [ 13]:

y=u(a,,)+(1—u(a,,))ai. az0, @A)

H

ne u(a,) - muTOMA Bara KiJIbKOCTi MiCIlb JJI CHAIHHS y

HOMIHAJIbHINA MICTKOCT1 TPaHCIIOPTHOTO 3ac00Y;
@, - WIIBHICTh 3aTIOBHEHHS 32 AKOi OYJI0 BU3HAUEHO

HOMIHAJBbHY  NacaXUPOMICTKICTh
3aco0y, mac./m?.
Buxoasuun i3 3amexHocTi (3) BIONOBIIHICTE MiK

Q Ta y MOXe OyTH IIpeJCcTaBJIeHa:

TPAHCIIOPTHOTO

0,npu y < p(e,);
a=1a, (r-ua,)
1-u(a,)

s npu y > p(a,). @

MincraBnsroun (1) mo (3) oTpUMyeMO 3aNIEKHICTB,
[0 Ja€ 3MOTY BU3HAYUTH ) BUXOISIYU 31 3HAUCHHS

F

num *

j/:‘u(aﬂ)q-w’ Fnum>0 . (5)

H num

Y 1pOMy BHMAAKy 3BOPOTHA 3AJICXKHICTH MA€
TaKWH BUTJISIT:

1-p(a,)
num = ' 7/ > /J(a") * (6)
a, - (y - ula,))
Ockinbkn KoeimieHT BHKOPHCTAHHS
MACAKUPOMICTKOCTI ¥  HAa  TIEBHOMY IIEpErOHi

MapUIpyTy BH3HAYAETHCSA SK BIIHOMICHHS KiJBKOCTI
MACAKUPIB, MO 3HAXOJATHCA y CAJOHI TPAHCIOPTHOTO
3aco0y ( N, ) zto ioro HomiHanbHOT MicTKOCTI ()

y=—, U]
d

a kxoedimient 3amoBHeHHs LF, sk BigHOIIEHHS 10
KUIBKOCTI MicLib 151 IIPOT3ay Hacaxkupis custdi (Q, ):
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N [nsxoM MEepeTBOPEHbh OTPUMYEMO 3BOPOTH
LF =—2.100%), 8) ) peTBop prny POTHY
3aJICXKHICTD, 1[0 MA€ TAKUH BUTIISAL;
TO KIIBKICTh MacCaXkUpiB, IO 3HAXOIATHCS Y CaJIOHI 0,npu LF <100%;
a = . 13
TPaHCIOPTHOTO 3ac00y MOXKe GYTH MPeACTaBICHO a, ul@,)( LF npu LF >100%. (13)
1- py(e,) \100%
° 100% Mincrasnsroun (1) y (12) orpumyemo
HincraBnsroun (9) y (7) oTpumyemo _
LF =[1+—124@) 100, Fo.>0,  (14)
ﬂ(alL) : all ) Fmtm
. LF LF
7:&X1000/ Zﬂ(ay)'w- (10)
a. 0 0 Ta ITiCJIA HEPETBOPEHD 3BOPOTHY 3aIEKHICTh
3BOpOTHA 3aJICKHICTD Ma€ BUTIISIA: —
p F o= 1~ u(a,) . LF >100%. (15)
LF
y ula,) a,- 000 -1
LF=—"—.100%. (11) 100%
ma,)
Ha mizcraBi oTpUMaHUX 3aleKHOCTEH (PopMyeMo
IMicna migcrasnexss (3) B (11) orpumyemo 1abn. 1. Ii BUKOpHCTaHHS nae 3MOTy BHXOASYH 3
HAsIBHOTO TIOKa3HMKA PIiBHS 3alMOBHEHHS MPOBOAUTH
1-u(e) «a PO3paxyHOK BiIOBITHUX 3HAYCHP IHIINX ITOKA3HUKIB.
LF = (1"' u(a) Xa_ -100% . (12) I'padiyno B32€MO3B 30K MiXK OKA3HUKAMH PiBHS
! ! 3aMOBHEHHSI MICBKHX MACAKUPCHKUX TPAHCIIOPTHUX
3aco0iB IpeACTaBIeHO HA pucC. 1.
¥
1,2
1 /
F
g 3 2
: ¥
/ il
= (.6 A
IL:U,S EEm EEEEEEEEEEN amEn
% L
=03 : ’ 7 :
=0 p—] : :
p=0z2 : 03 :
Foums 25 2 L5 1 05 & 1aa 200 “5" 300 400 500 600
MC/TIac. - 0 LF, %
: 2
A
\ f
5
1a
L, ac./m°

Puc. 1. B3aeM03B 530K Mi)K TIOKa3HUKaMH PiBHS 3aIlIOBHEHHS MICHKHX MAaCAKUPCHKUX TPAHCIIOPTHUX 3ac00iB (1pn

a, =8 mac./m?)
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Po3paxyHKOBI 3aJI€KHOCTI B3a€MO3B 513Ky MK IIOKa3HHKaMH PiBHS 3aII0OBHEHHS CaJIOHY TPAHCIIOPTHOTO 3ac00y

Tabmums 1

BuxiaHuil TOKa3HUK 3aII0BHEHHS

Po3zpaxyHkoBuii
TIOKA3HHK a, HaC./M2 Fnum: Mz/HaC- 7/ LF’ %
o=t _a,(r-ul@,) _q, -u(a,,)( LF
@, mac./m? - Foum 1-u(e,) 1- u(e,) \ 100%
- > 0 y>u(a,) LF >100%
1- ula
1  1-ua) CICH—
Fun =7 " - ua)’ AR
Foum, M2/T1aC. @ - TG &) %, 100%
>0 y > ula,) LF >100%
1- u(la
- s)) e v
/4 y=u(a,)+1-pu(a,))— n - = ula)-
a, 7 =ua,) 100%
num > 0
LF =[1+Mxi}1oo% LF =[1+ MJ&OO%,
LF, % Ha,) @, Ha,) - Fy, LF=—7.100% i
ula,)
Fnum > 0
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Sk Oaummo, MIXK II1JIBHOCTI
3armoBHEHHS () Ta MUTOMOI IUIOMII MiJJIOTH CaJlOHy

TPAaHCHOPTHOTO 3aco0y, IO IpHIIagae Ha OJHOTO

IIOKa3HUKaMH

nacakupa, SIKMH 3jilicHIoe Toi3aky crosun (F

)
num
iCHye OJHO3HA4HAa BiNMOBiTHICTE. B3aeMO3B’s130K Mix
MU TOKa3HHKAMH HE 3aJIGKHTh BiJ IUIAaHYBaJIbHHX
XapaKTEepUCTUK CAIOHY TPAHCIIOPTHOTO 3aco0y Ta HOro
nacakupoMicTKocTl. Y Iied ke 4ac, IpU BH3HAYCHHI

MoKa3HWKIB ¥ Ta LF BaxknmmBoro 3HaueHHS Mae

IIMTOMa Bara KilIbKOCTi
Mpoi3ay  MacaKupiB
nacaxxupomictkocTi ( (¢, )) Ta IIIBHICT 3aIIOBHEHHSA

MiClb TpPU3HAYECHUX IS
CHASYl Yy  HOMiHANBHIN

3a sfkoi OyJO0 BW3HAUYEHO HOMIHAJIBHY MICTKICTh

TPaHCIIOPTHOTO 3aco0y (&, ).

Bucnosxu

Y po6oTi peIcTaBICHO PO3PaXyHKOBI 3aJ€KHOCTI
B3a€MO3B’SI3Ky MK TMOKa3HUKAMH DIiBHS 3allOBHEHHS
CaJIOHy TPAHCIOPTHOT'O 3ac00Yy.

BcranoeneHo, 110 B32€EMO3B’ 30K
MOKa3HUKAMU PIBHS 3aMIOBHEHHSI CAJIOHY MACaXHPChKUX
TPAHCIIOPTHUX 3aCO0IB I[IKOM BU3HAYAETHCS TAKUMHU
mapaMeTpamM# SK ITHUTOMa Bara KiJIbKOCTI MiCIlb IS
poizay
HacaKMPOMICTKOCTI TPaHCIOPTHUX 3aco0iB (u(c,)) Ta

MIX

MacaXMpiB  CHIMYI Yy  HOMIHAJIBHIH

HOPMATHBHOK  IIUIBHICTIO  3allOBHEHHS 3a  SIKOT

BH3HA4ECHO HOro HOMiHaJbHY MICTKICTh ( @, ).

HampssMkoM ~ mojanmplinX — JOCHIJOKEHb €
3aCTOCYBaHHS 3alpONOHOBAHUX 3AJICKHOCTEH TpH
BUpIIICHHI 3aBAaHb HOPMYBaHHS pIBHS 3allOBHEHHS
MICBKHX TAaCaXUPChbKMX TPAHCIOPTHUX 3aco0iB  Ta
NPOBEJICHHsI OLIHKM BIUIMBY CTYIEHsS 3allOBHCHHS Ha
pilIeHHs, II0 IPUHMAIOT MACAKUPU TIPH BUOOPI NIIIXY
HepecyBaHH:.
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FORMALIZATION OF THE RELATIONSHIP BETWEEN PUBLIC TRANSIT CROWDING
INDICATORS
D. Ponkratov
O. M. Beketov National University of Urban Economy in Kharkiv, Ukraine

Urban public transport ensures a high level of service for its users. Despite the challenges of
comprehensiveness of the measurement of the level of transport service, the one of the most important unit
assessment is in-vehicle crowding level. Excessive crowding level of the vehicle compartment causes passengers
feeling uncomfortable during trip. Consequently, the crowding level is a factor, should be rationing.

Assessment of in-vehicle crowding level observing using different indicators which have variation in units of
measurement, descriptive properties, circumstances of apply, etc. Simultaneously, it makes it harder to assess and
compare conditions of public transit according to occupancy rate, via dissimilar measures of its value, as well
during the observation, as well as the address the challenges of urban public transport organization. In view of the
above-mentioned, formalization of the relationship between the crowding indicators in urban public transport is a
pressing task that needs to be addressed. The research presents the relationship between these in-vehicle crowding
level: the passengers density per Sq. m of the vehicle’s floor intended for standing passengers (passenger density)
The floor area of the vehicle intended for single standing passengers; load factor which is defined as the ratio of the
number of passengers in the cabin of the vehicle to its capacity; load factor is defined as the ratio of the number of
passengers in the cabin of the vehicle to the number of seats.

The relationship between considering indicators of occupancy rates of vehicles have been established. Its
value is entirely determined via dependencies of the ratio of seats in the passenger capacity of vehicles and the
passenger density at which its was found.

Further research is focused on the application of the proposed dependencies in solving the problems of
rationing the public transit crowding level and assessing the influence of the occupancy rate on the passenger’s
route choice decisions.

Keywords: public transit, passenger transportation, vehicle capacity, in-vehicle crowding level, load factor.
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