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Abstract. The article emphasizes that the improvement of management, finding and using of new
methods of work optimization on the routes of urban passenger transport are the main tasks of
organizing route transportation in the considered transport systems. The search for these methods
is aimed at the rational use of resources, vehicles, to meet the needs of the population in travel and
improve the quality of service in the implementation of passenger traffic. To ensure optimal
management of work on the route of urban passenger transport, we will take as a goal the
construction of a timetable for the movement of vehicles on the route, namely the creation of
schedules for the release of transport and rational organization of work. The creation of these
schedules takes into account the effective using use of the car fleet of enterprises, ensuring the
safety of passenger transportation, and reducing the cost of services for the population. In this
article, the study of passenger traffic on a certain section of the transport network and the
operation of the route on it are considered using fuzzy logical methods, which gives the result of
the consideration of service time minimization and maximum level of passenger satisfaction with
the use of transport. In this case, the mechanism of working with inaccurate concepts in the
process of finding a solution is implementing, we can imagine the input data as fuzzy sets on which
logical actions are carried out. In this study, the numerical expression of the degree of satisfaction
of passenger’s needs is chosen by the function of belonging to several time intervals, which is
selected by the target function of finding the optimal schedule in these time intervals. The search
for a solution takes into account the system of restrictions that apply to the time intervals of
vehicles using. At the same time, the criterion of optimality reflects the cost of the schedule
working, which includes the cost of operating time of vehicles and the cost of waiting time for
passengers when traveling along the route.

Keywords: mathematical modeling; algorithmization; optimization methods; transport systems;
passenger transportation.
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MMOBYJIOBA MATEMATHUYHOI MOJIEJII ITPOIIECIB POBOTH
TPAHCIIOPTHUX CUCTEM 3 BUKOPUCTAHHAM
METO/IIB HEUITKOI JIOTTKA

Kozawok, JI. M., Kosauok, A. €. IloOymoBa MareMaTH4HOI MOJENI TMPOIECIB POOOTH
TPAHCIIOPTHUX CHUCTEM 3 BHKOPHCTaHHSIM METOJIB HEYITKOi JIOTIKH. BicHuk coyianbHo-
EeKOHOMIYHUX Oocaiodcens : 30. Hayk. mpanbk. Opmeca : OJecbKHU HAI[IOHAIBHUN CKOHOMIUHUIA
yuiBepcuteT. 2021. Ne 3-4 (78-79). C. 98-106.

Anomayin. Y cmammi HazonowieHo Ha mMomy, wo YOOCKOHANEHHs YNPAGNiHHsA, nepedyeans ma
BUKOPUCMAHHS HOBUX MemoOig ONmuMizayii pobomu Ha Mapupymax MiCbKO20 NACAHCUPCLKO20
MPAHCROPMY € OCHOBHUMU 3A80AHHAMU OP2AHI3AYI] MAPWPYMHUX nepeseseHb Yy PO3NAHYMUX
mpancnopmuux cucmemax. Iowyk yux memooie CNpAMOGaHUll HA PayioHAIbHE SUKOPUCHAHHS
pecypcis, mpancnopmnux 3aco6ié, Ha 3a0060]eHHA NOmMped HaceleHHA Y Nepecy8auHi ma
VOOCKOHANEHHs IKOCMI  00CNIY208Y8aHH NpU  30IlICHEHHI NACANCUPCLKUX Nnepege3eHb. [ns
30ilICHEHHSI ONMUMANbHO20 YNPAGNIHHA pPOOOMOI0 HA MApPWPymi MICbKO20 NACAICUPCLKO20
MpaHcnopmy GizbMeMO 6 AKOCMi Memu noOy008y po3kiady pyxy MpaHCHOPMHUX 3acodié Ha
Mapwipymi, a came CMEOpeHHsi 2papiKie 6UnyckKy mpancnopmy ma payioHAIbHOI opeanizayii
pobomu. Ilpu cmeopenni yux posknadie  6paAx08YEMuvCs — epexkmusHe  GUKOPUCMAHHSL
aA8MoOMOOINLHO20 NAPKY NIONpUEMCMS, 3a0e3neyenns 6e3neKu nepege3eHs Nacalcupis, 3HUNCeHHs
sapmocmi nociye 0isl Hacenenus. Y yitl cmammi @UBYEHHs NACANCUPONOMOKIE HA NeSHIN OLIAHYL
MPAHCNOPMHOT Mepedici ma poboma Mapuipymy Ha Hitl po32ii0aromscs 3a OONOMO2010 HeUimKUX
JIO2TYHUX Memo0ie, wo 0a€ 6 pe3yibmami po32isidy MIHIMIZ3ayilo uacy o6cnyeo8yeamwHs ma
MAKCUMATbHULL PIBeHb 3A00801€HOCHI nacadxdcupie eukopucmanusam mpaucnopmy. Ilpu yvomy
peanizyemvcsi Mexanizm pooomu 3 HeMmoOUHUMU NOHAMMAMU 8 Npoyeci NOULYKY DilueHHS, 6XiOHI
0aui Mu ModicemMo ya8umuU K Heyimki 6e3nivi, Had aKuMu 30IUCHI0IOMbCs 102iYHT Oii. YV danomy
00cniddicen i OISl YUCENbHO20 BUPAIICEHHS] CIYNENs 3a0080.1eHHs NOmped Nacaicupie ooupacmvcs
QYHKYISL npuHanedldcHocmi 00 O0eKiTbKOX MUMYACOBUX [THMEPBANis, KA GUOUPAEMbCS YiTbOBOIO
@yHKYicIo NOWYKY ONMUMANLHO2O0 PO3KAAOY PYXy 8 Oaui mumuacosi inmepseanu. Ilpu nowtyky
PIlenHs 8paxo8yembcs Cucmema ooMedicenb, o 3acmoco8yIOmbCa 00 MUMUACOGUX [HMEPEANiG
BUKOPUCMAHHA MPAHCHOPMHUX 3aco06is. Ilpu yvomy Kpumepiti onmumansHocmi 6i0obpasicac
sapmicms pobomu epagpika, wjo 6KIOHAE 8apMiCMb 4aAcy eKCniyamayii mpaHcnopmHuux 3acoois i
8apmMOCmi 4acy O4iKy8aHHs NACANCUPIE NPU NEPECYBAHHI 30 MAPUPYINOM.

Knrwuosi cnosa: mamemamuune MOOENOBAHHSA; aieopummizayis, Mmemoou Onmumizayii,
MPAHCROPMHL CUCTEMU;, NACANCUPCLKT Nepese3eHHsL.
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MOCTPOEHUE MATEMATHYECKOM MOJIEJIM ITPOIIECCOB
PABOTbBI TPAHCIIOPTHBIX CUCTEM C UCITIOJIb3OBAHUEM
METO/IOB HEUETKOM JIOTUKHA

Kozavok, JI. H., Ko3zauok, A. E. IlocTpoeHHe MaTeMaTH4eCKOH MOJETH MPOIECCOB PabOTHI
TPAHCIIOPTHUX CUCTEM C HCIIOJIb30BAHUEM METOJOB HEUYETKOW JIOTUKU. BecmHuuk coyuanbHo-
9KOHOMUYecKux uccredosanuti : c0. Hayd. TpynoB. Opmecca : OJeccKuil HaIMOHAIBHBIN
skoHOMHuYeckuil yauBepcuret. 2021. Ne 3-4 (78-79). C. 98-106.

Aunnomayua. B cmamve ommeuyeHo, UMO YCOBEPUIEHCMBOBAHUE YNPABNEeHUSA, NOUCK U
UCNONIBb308AHUE HOBbIX Memodo8 ONMUMU3AUUU pabomel HA  MAPWPYmMax 20poOCKO20
RACCANCUPCKO20 MPAHCHOPMA  AGIAIOMCA OCHOBHBIMU 3A0a4aMU OP2AHUAYUU MAPUWPYMHBIX
nepego30K 8 paccMampusaemvblx mpaHcnopmuuvix cucmemax. Iouck smux memo0os Hanpasiex Ha
PAYUOHATIBHOE UCNONb308AHUE Pecypcos8, MPAHCHOPMHBIX CPeOCm8, HAd YO081emeopeHie
nompebHocmell HaceNleHUs 8 NePeosUNCeHUU U YCOBEPUIEHCTNBOBAHIE KAYECTNBA 0OCIYHCUBAHUSL
npu ocyujecmeneHuu naccaiCupcKux nepeso3ox. [na ocywecmenenus oOnmumMaibHo20 YNpaeieHus.
pabomou Ha mapwpyme 20p00CKO20 NACCANCUPCKO20 MPAHCNOPMA B803bMEM 8 Kayecmee yeiu
nocmpoenue pacnucanus O8UNCEHUsE MPAHCHOPMHBIX CPEOCNE HA Mapuipyme, d UMEHHO CO30aHuUe
2paghukos binycKa MpAaHcnopma u payuoHarbHoU opeanuzayuu pabomol. Ilpu cozdanuu smux
pacnucanull yuumoi8aemcs dQhexmueHoe Ucnoab308anue agmomodUILHO20 NApKa NPeonpusmuil,
obecneueHue 0e30NACHOCU NEPEBO30K NACCANCUPOB, CHUJICEHUe CMOUMOCMU Ycaye 07
Hacenenus. B Oawnnoil cmamve u3zyuenue naccaxdcuponomorxos Ha ONPeOesieHHOM Y4dcmKe
MPAHCNOPMHOU cemu U paboma Mapuipyma Ha Hem PACCMAMPUBAIOMC ¢ NOMOWbIO HeYemKUX
JI02UYECKUX Memo008, Ymo 0dem 8 Umoae pacCMompeHus MUHUMUZAYUIO 8PeMeHU 0OCTYHCUBAHUS
U MAKCUMATbHBLLL YPOBEHb YOOBLEMEOPEHHOCHU NACCANCUPO8 UCHONb308aHUeM mpancnopma. Tpu
9MOM peanuzyemcs. Mexanuzm pabomsl ¢ HeMOYHbLIMU NOHAMUAMU 8 NPOYecce NOUCKA PeueHs,
6X00Hble OanHble Mbl MOJXMCEM HNPEOCMAsUmb KAaK HeyemKue MHONCeCmed, HAO KOMOopblMu
0CyujecmenAomcs nozuyeckue oelcmeus. B oannom ucciedo8anuu 015 YUCIEHHO20 BbIPANCEHUS
cmenenu y0081emeopenus ROMmpebHoCmell NaAccaxicupos GblOUpaemcst (PyHKYus NPUHAOIEHCHOCU
K HECKONbKUM 6DEMEHHbIM UHMEPBANAM, KOMOpAds 6bloupaemcs uyeieeol @yHKyuel nouckd
ONMUMANLHO20 PACUCAHUA 08UNCEHUs 8 OAHHblE 8peMeHHble unmepgansl. Ilpu noucke pewenus
YUUMbIBAEMCA CUCTEMA 0SPAHUYEHUN, NPUMEHAEMbIX K 8PEMEHHbIM UHMEPBANAM UCNONb308AHUS
mpancnopmusix cpedcms. Ilpu smom Kpumepuii ORMUMATLHOCIMU GbIPAdCAent CMOUMOCHb
pabomul epaguxa, GKIHOUAIOULYIO CHIOUMOCHIb 8PEMEHU IKCNILYAMayu MpaHCHOPMHBIX CPEOCHE U
CMOUMOCMU BPEMEHU 0NHCUOAHUS NACCANICUPOB NPU NEPEOBUNCEHUU O MAPUWPYITY.

Knrouesnvie ciuoea: mamemamuuecKkoe MO()@]ZMPO@GHM@; ancopummu3ayust, Memoowl
ONMUMU3AYUU ; MPAHCHOPMHbLE CUCIEMbL; NACCANCUPCKUE NEePEeBO3KU.

JEL classification: C100; C190; C510
DOI: https://doi.org/10.33987/vsed.3-4(78-79).2021.98-106

1. Introduction

In considering different approaches and methods for improving the performance of
passenger transport in cities, we will look at appropriate options for improving the
management of passenger transport on routes. The following indicators can be used as
such regulators: reducing the intervals between exits to the route for transportation by
specific vehicles, developing schedules that take into account the improvement of the
quality of work on the route, attracting other types of vehicles with a certain passenger
capacity. Adjustments and creation of new route schedules, new passenger service
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schedules for rolling stock vehicles should also be based on changes in traffic intervals on
the route, on changes in the start and end times of passenger transport [2; 3].

It is of great importance in these developments to take into account changes in passenger
traffic during working days on the route and to study the intensity of passenger traffic and
the number of vehicles operating on the route [1; 4] built on the necessary volumes of
traffic.

Thus, the construction of schedules based on a change in the time of operation of vehicles
on the route depending on the number of passengers using bus passenger transport at
certain periods of time and in certain sections is a promising direction for the
development of methods of managing and regulating the work of routes of transport
systems of cities.

Many scientific works have also recently provided the development of new effective
methods and tools for the management of passenger traffic, which are aimed at
minimizing the service time, achieving the maximum level of satisfaction of passengers
in transport needs in the necessary, economically active sections of the city's transport
network and minimizing costs when using vehicles on the route, that is, energy saving of
urban economy resources [5-7].

2. Aim and methodology of research

The study of passenger traffic is useful to consider using fuzzy logic methods, which
guarantee a high level of input data processing and a low delay in the processing time of
this data. Also, fuzzy logic helps determine the validity of practical results. Fuzzy logic
with correctly entered values also gives intermediate estimates of criteria between an
absolutely correct value and an absolutely false value, taking into account the fact that
with large values of the function of belonging to a certain set, the validity of the criterion
in question is higher.

The process of applying fuzzy logic to input values is a complete number of rules that are
used in obtaining initial values, and accordingly in making decisions to improve technical
processes.

3. Literature review, shortcomings and problem statement

Many scientific works have also recently provided the development of new effective
methods and tools for the management of passenger traffic, which are aimed at
minimizing the service time, achieving the maximum level of satisfaction of passengers
in transport needs in the necessary, economically active sections of the city's transport
network and minimizing costs when using vehicles on the route, that is, energy saving of
urban economy resources [5-7].

The concept of a fuzzy set was introduced by L. A. Zadeh in the works of 1965 [8], it is
the concept of a set with fuzzy boundaries. To replace the objective function of holistic
programming, a function of belonging to a set is introduced, the values of which vary in
the range from 0 to 1, u(x) € [0; 1], indicating the degree of correspondence to the
selected set. Enter the designation X of some set of values regarding which criterion A is
discussed, then an odd set of elements X will be provided as a set of ordered pairs
{(x, ug(x)|x € X3}, us(x) —a degree indicating how much x belongs to the fuzzy
set A. Thanks to the concepts introduced in the further development of this theory,
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R. E. Bellman in 1970 [9] the problems of integer programming were able to reduce to
solving problems in the concepts of fuzzy logic, in which the objective function and the
constraint system are written as fuzzy sets.

Solving these problems means solving the problem of compatible fulfillment of fuzzy
goals and fuzzy restrictions and, that is, crossing the corresponding sets.Fuzzy sets and
operations with them will be used to program and control processes in urban passenger
transport. Let the fleet of a certain transport enterprise consist of vehicles of rolling stock
in unlimited numbers, first make such an assumption. This transport enterprise serves a
certain route of passenger urban transportation. Consider possible options for moving
buses and boarding passengers on buses at stops.

The study of passenger traffic is useful to consider using fuzzy logic methods, which
guarantee a high level of input data processing and a low delay in the processing time of
this data. Also, fuzzy logic helps determine the validity of practical results. Fuzzy logic
with correctly entered values also gives intermediate estimates of criteria between an
absolutely correct value and an absolutely false value, taking into account the fact that
with large values of the function of belonging to a certain set, the validity of the criterion
in question is higher.

The process of applying fuzzy logic to input values is a complete number of rules that are
used in obtaining initial values, and accordingly in making decisions to improve technical
processes.

4. Presentation of the main material of the study

The concept of time states that create a space of time states.

As described in the works of R. E. Bellman [9], the space Q of continuous service time
turns into a discrete finished space of states Q, where |Q|<oo with the same time intervals
of 1 minute

Vo, w1 EQ: w4 —w; =1 ey
The concept of the space of time stages (time segments).

The space of the time stage K is divided into the space of the time stage Q, where
N = |Q]| < o at equivalent intervals s € [5,30]depending on the passenger service. The
time state corresponds to time step q(w, s), which is defined as follows:

q(w,s) = [w,s].

The schedule of buses on the passenger service route.

Z ={zy,2,,...,zy} — aschedule that represents and provides service intervals. This refers
to the service of passengers on the route by a certain bus, at which z, is the moment of
departure on the route of the N-th bus, which is counted from the moment of exit of the
first bus on the route. Also, the start and end times of passenger service on the route z;
and z, are set first, where N is the number of buses operating on the route.

Find the values of the variables that will solve the problem.
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t € T are values belonging to the final set of all time interval values and are time intervals
passing between two consecutive bus stops:

<t < <ty,IT|=M,tj,;,—t;=1,Vi=1M—-1 (2)

A lot of stops on the route.

We will assume that the number of the passengers served at intervals of time t;, i = 1, M
is evenly distributed. The number of stops is denoted by b; € {bl,bz, ...,b]} J=1].

Use fuzzy logic methods to create an optimal route schedule.

The function of belonging to a plurality of time slots corresponding to the fuzzy function
of the target, which many times determines the degree of satisfaction of the needs of

passengers, the number of whicth“"t is the number of passengers sent from the stop j,
will be indicated ug,p(l(j‘”'t), where P — is the maximum capacity of the vehicle.

Denoteug (t) andug’ (t) the belonging functions that are used for the objective function
and the constraint system, the argument of these functions is the time interval t, which is
considered in the time state . Belonging of the time interval to the required set of time
intervals is considered for each stopj = 1,] — 1 considering the significance of this stop
as the weight indicated above by equation (2).

For these membership functions, we obtain the following formulas:

]_1 ]_1
ug (t) = Z b 1gp(K™), 1 () = Z bj' - pe,p (K**) 3)
j=1 j=1

Next, we write down an belonging function that indicates the degree of correspondence of
the vehicle service time interval t to the fuzzy objective function and fuzzy restrictions,
that is, the belonging function to the plurality of time intervals that most correspond to the
fuzzy target and fuzzy restrictions in a certain time state ®. This formula will be as
follows:

uo (£) = pg () aug (t) 4)

In order to estimate the optimality of the traffic schedule Z of vehicles on the route, it is
necessary to calculate the values that are characteristics of this schedule, and using the
values of these characteristics it is possible to optimize the traffic schedule. First, we
write down formulas for calculating the total time of service of passengers by vehicles on
the route T, the total time of movement of passengers depending on the state of the
transport system T,,, the total waiting time of passengers of vehicles on the route T,,,:

zy J-1 zy J-1 Zv J71 g .2
q ot g v; “ty
=) Qe Te= ) e, T = ©
w=z; j=1 w=2z, j=1 w=2z, j=1

Next, we can derive the formula for calculating the average degree of satisfaction of the
population’s needs for buses carrying out transportation on the route during the working
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day as the average value of the function of belonging to the set of time intervals most
corresponding to the fuzzy goal, that is, the degree of correspondence of the objective
function. A formula will also be written to calculate the average value of the degree of
use of vehicles during daily work on the route as the average value of the belonging
function, which indicates the degree of compliance with fuzzy restrictions:

1 1 -
B=m—s ) WM, E=r—s ) #® ©)
w=2Zy W=z

The unclear objectives of setting the task should be subject to the main criterion for
considering and solving the problem of building a traffic schedule and optimal control on
the route, this criterion takes into account the cost of working a schedule consisting of the
cost of working time of vehicles for servicing passengers and the cost of waiting time for
passengers of vehicles on the route:

C=CZ.TZ+CW'TW’
where c, is the cost of one hour of service of the route by the vehicle and c,, is the cost
of passengers for one hour of waiting at stops.

The determining of the optimal time interval ¢t,, for each time state .

If you build a fuzzy model to solve a problem, then the optimal time intervals that will be
included in the optimal schedule of work on the route are determined by both the fuzzy
target function and the fuzzy restrictions grouped into the system, on a certain temporary
state of work on the route:

_ (argmaxpug () axmo pg(t) <d , ;
tw = Ogn, () Ak ug(t) >d , ™)

fort e T = {t;, ty, ..., ty}.
Establishment of a timetable for the operation of vehicles on the passenger service route.

The solution of the set problem will be a matrix O of size p X q, the elements of which
will be 0(w, t,) = pg (Hw.

The decision space O is the basis for generating the schedule Z as a service time schedule,
in which two consecutive departures of buses by message correspond to states w, w + ¢,
where is the time interval — t,, corresponding to the state .

Let’s write down the sequential steps for finding the solution space 0 (w, t,,):

— First, we assign zero values to all elements of the matrix 0(w, t), as well Kj“"t =0.

—Inthecycle by w € Q,t €T,j =1,] —1, we will calculate the number of passengers
who continue to move in the bus after the j-th stop according to the formula given above:
t_ ot q J-1..q . ;4 _ @
K0 = K2+t (v — S50 2 ) ne q = [2).
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— Find the value of belonging functions in the cycle by w € Q,t € T

Jj-1
B = ) b 1gp (K,
j=1

J-1
RO = ) B ep (K,
j=1
1o (6) = ug (O ()

— In the cycle by t € T, we calculate optimal time intervals, a set corresponding to the
solution space in the form of a matrix O:

t, = argmax ug (t),
O(w,ty) = pug (ty) -

— Place the value of the functionug (t) by dropping the values of the elements, write the
result in a vector column

spuskO = descending(u@ (t)).

— Perform the following actions in the cycle by n = 1, n,:
if spuskO(n) < d then t,, = spuskO(n), 0(w,t,) = spuskO(n) .

5. Conclusions

In the course of the above algorithm, we will get the schedule of the vehicles on the route
in the service interval sequence record. This arrangement will be close to the optimal
work schedule, which can be considered given the number of bus flights N, the service
time of the route by vehicles T,, the travel time of passengers on the route T,,, the waiting
time of passengers of the vehicle T, the average number of passengers in the bus — P, the
average degree of satisfaction of the needs of passengers i, and the average value of the

degree of use of vehicles during daily work on the route zi; . The cost of rolling stock
operation on the route under consideration according to the schedule is calculated as
follows:

C=c,T,+cy, Ty
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