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Abstract. The transport operator needs instruments for making calculations that will permit
determining the possibility of fulfilling obligations for the contract on a scientific basis. The
existing models of auto transportation systems involve transportation of freight on several
simultaneously and isolated functioning separate pendulum routes with a reverse unloaded run.
The use of this model of vehicle systems has produced a negative result. This served as the
basis for the development of a new model. The article describes the developed descriptive
mathematical model of the aggregate of micro motor transport systems for the carriage of
freight by vehicle dispatch in cities. This model permits considering features of practice within
operational planning.

1. Introduction.

Obligations and responsibility of a transport operator by the contract dispatch of freight have been
determined m accordance with the legislation of the Russian Federafianthe act of the
specified obligations, the transport operateeds instruments to carry out the calculations. These
calculations will allow defining a possibility of obligations implementation on a scientific basis.

Application of earlier drafted theoretical provisions and mathematical models does not allow
considering practical features of functioning of the auto transport and with the required accuracy to
plan transportation in the aggregate of the micro auto transportation s¥8emnci).

During the period since 1991 there had been essential changes in economy of Russia that were
noted and considered in the works of scientists [1, 2, 3, 4]. For example, professor Lukinsky V.S. in
work «Logistics of the auto transport» noted: «Now the tendency to a reduction of a consignment of
goods that is connected with lack of places for storage of raw materials or production for the consumer
or with unwillingness to have excessive stocks in warehouses was outlined. Such requirement leads to
the new restriction in a transport task connected with the size of consignment which the supplier will
send and the consumer will accept».

2. Materialsand methods.

Our conclusions confirm results of observations, which were made by the authors of the article in the
city of Omsk during the period from 9/1/2013 to 10/1/2016. In the course of observations, features of
modern practice of transportations of construction freights have been studied: sand, brick, concrete
goods, metal wares, timber. Production of the enterprises in the city of Omsk: ZAO «Z28RkB

OO0 «Gidrotransservis», OO0 «ZAVOD ZHBY:7», OOO «Kirpichnyy zavod SKx»f auto
transportation systems dispatch of freight by vehislas also considered in [5, 6].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



IPDME2018 10P Publishing
IOP Conf. Series: Earth and Environmental Science 194 (2018) 072013 doi:10.1088/1755-1315/194/7/072013

Earlier, in SIBADI, classification of auto transpation systems dispatalf freight by vehicles in
cities was developed. In the thesis «Scientificebasf improvement of the theory of freight
automobile transportation» written by professordlik V.1., it was specified that the main objective
of classification of auto transportation systemspdich of freight was to limit the choice of
approaches to display of the systems observedaictipe, to develop description language that is the
most suitable for the considered systems whereon@ind other auto transportation systems dispatch
of freight has been for the first time formulate®lalescribed. The last option of definition of tham
«micro auto transportation systems dispaitcfieight» and its model was given in the workttem by
professor Vitvitskiy E.E. «Modeling of transporipesses» where the microsystem was understood as
set of point of loading and point of unloading,ngport communications between them, freights, the
vehicle and a control system. The technologicaés@hof transportations of freight in the micro auto
transportation system dispatohfreightis the pendular route with the return unloadedamnrwhich,
according to the need for transportations, it iseseary to have no more than one vehicle.

One of definitions of the term «average auto trarspion system dispatch of freight» and its
model was given in the monograph written by prajesslochalin S.M. «Scientific bases of
improvement of the theory of freight automobilensportation along radial routes» where «it is
necessary to understand a set of one central aswt af the peripheral points connected among
themselves by the transport network as the avesgggem of freight delivery and transportation of
freight are made by vehicles along a radial rowtaich directions on a configuration correspond to
pendular and loop transport schemes». In themattibpof construction freights occurs: sand, brick,
ferro-concrete products, etc. Aspects of concriggadch are also presented in work [7]. The scleedul
of the work of vehicles in the simple average umsdéd auto transportation systems, dispatch of
freight of the 1st type is given in fig. 1.
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where U, — point of unloading, 1,..., M — number of pointwfloading; L, — a loading post, 1,..., N — number of a post of
loading;| — the movement with freight;— a vacant run; lunch — a lunch of drivers anayfrepoints,z— a zero run.
Figure 1. The work schedule of vehicles in idle time in r@ge to the unsaturated auto transportation systems
dispatch freight of the 1st type

Today, transportations of construction freights a&seeried out not only in the micro auto
transportation system dispatch of freight or in #werage unsaturated auto transportation system
dispatch of freight of the first type (illustratidr). Transportations of construction freights aaeried
out at the same time on several separate pendulées with the return unloaded run; one vehicle
separately works at each of which.

3. Resultsand Discussion.

Application of the above-stated models of auto dpmmtation systems dispatch of freight and the
simple unsaturated average motor transportatiotesy®f transportation of goods for planning of
transportations on several separate pendular reviteghe return unloaded run, separately works at
each of which one vehicle has a negative resutedame the basis for development of a new model.
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Descriptive model of set of micro auto transportation system dispatch of freight

«ZSmicro» is understood as several micro auto syskispatches of freight (Smikro) united in the
aggregate, which are working separately from eatieroin the interests of the consignor within
operational planning.

Points of loading Smikro are in the isolated tersitof one consignor, and points of unloading of
each of Smikro are different and located in thattay of the city. Smikro enteringSmicro have the
general time of functioning, transportation of dfei by vehicles, public auto transport. Practice of
transportations inXSmicro represents single work of separate vehidgtesseveral separately
functioning Smikro (in each of which only one vdhigvorks) that causes lack of need in creation of
the general schedule of vehicles’ work for minintiza of idle times of the vehicle waiting for
service. The planned volume of transportationsjpasate Smikro can be from minimum (one trip) to
maximum (a maximum value possible number of trijpsre vehicle during functioning of dispatch of
freight of the micro-auto transportation system).

1. The structure of modélSmicro is:

{Smikrol, Smikro2,... Smikrg; Ts;V; summary sheet of account}

where Smikrol,2 ..., m — serial numbers of Smikro.

The quantity of Smikro (m) irESmikro is limited: either quantity of posts of laag of the
consignor (n) or the number of consigneB€N) in work change, on condition of Smikrom-1
Smikrom, where it does not cross the dispaifcineight of the auto transportation system.

2. Functioning timexSmikro for all vehicles begins at the same timethvthe beginning of
functioning time of the consignor)t for example from 8:00. Completion of the conerethicle
work in separate Smikro is defined by performame tof planned volume of transportations from a
separate post of the consigng):(t

Ts = {tl, tg} (l)

3. The tool for management ismikro (At) is the summary sheet of the dispatéhtemded for
use in operational planning, the organization afsportations and dispatching regulation (if
necessary) and the subsequent analysis of resafte performed works (Figure 2).
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Figure 2. Summary sheet of the dispatcher (work schemeloitles in total micro auto transportation systeéspatch of
freight)

There is the operating plan dispatch of freighthia separate micro-auto transportation system
dispatch of freight at the minimum planned volurh&ansportations.
Route length:

|, =1+, ®

wherel, — a mileage with freight, knh;, — a mileage without freight (vacant run), km.
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For this plan of Ix, it is equal to zero.
Trip time:

®3)

wherel, — length of a route, kmi{y — average technical speed, knifh— time of loading -
unloading of the vehicle.

Considering that,, = 7,, [y formula 4 will take a form:

b
~\; my
Vi (4)
where 7, — time for loading-unloading of one ton of freight,q — loading capacity of the vehicle };
— coefficient of static use of loading capacity.
Output in tons per a trip, work shift, da@%nicro):

Q.. =W (5)

Output in tons in this operating plan per a triprkvshift, day is equal.
Output in ton-kilometers per trip, work shift, desy

Psh'licro = qy[ll

- (6)
Development in ton-kilometers in this operatingnpeer trip, work shift, day is equal.
The general mileage per shift, day is:
Lgen:|21+||+|22 (7)
Time in a shift is:
Izl II |22
Tsact =% _+tlu + .
Vs \Z Vs 8

The operating plan dispatch of freight in the safmmicro-auto transportation system dispatch of
freight occurs with the maximum planned volume ainsportationsThe length of a route is
calculated by formula 3. Time of a trip, turn idocgated using formula 4 or 5.

The number of trips per work shift:

T
Z = [—p} +27,
tt (©)

whereZ' — a possible trip for the rest of tim&T(;) after execution of an integer of the [X] turns.

The planned operating time of the vehicle is equ&mikro (7;,) to theTs (I's — duration of
functioning of Smikro):

Tp = Tpv - tzl

where §; — time for the first zero run, ;,, — planned operating time auto transportation, h.

(10)

AT, is calculated by:
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— Tp
AT, =T, | [+t

' (11)
A possible trip forAT,:
. ATv
, if ———=>1
Z = L [, IV, +t,
0,otherwise. (12)

Output in tons of a vehicle per shift in the mientto transportation system dispatch of freight

ermcro =qylz,

whereqy — the actual loading of the vehicle, t.

Output in ton-kilometers of vehicle per shift iretmicro auto transportation system dispatch
of freight is:

(13)

Psm,cm = qy [Zt “I (14)
Mileage of a vehicle per shift:

Tp
Lgen:|21+|r t_ +|I +|22'
t

(15)

-
Ts, =|A+[—p}tt+(l—'+t,uJ+lﬁ.
SV, |t v, V. (16)

t

Actual time per shift:

wherel,y, |,, — respectively the size of a zero run daily whietng the vehicle for the first loading and
returning the vehicle from the last unloading inaalage company (car-park).

The formula of /V+t,, takes place in case Kt' =1.

2. It is calculation of results of the vehicle wank=Smicro per shift.
The required number of vehicles per shift:
Nauto =M (17)
where m — quantity at the same time and separatelhe working Smikro per shift, a unit of
measurement.

Output in tons Qssmicry in total of the micrauto transportation systems dispatch of freight is:

m
QzSﬂiCI'O = ZQSﬂiCTOI

! (18)
Output in ton-kilometersRssmicrg iS:

F)zsmicro = Z PSmicro'
! (19)

Mileage of all vehicles in total to the micro attansportation system dispatch of freightistmicro,
km:

T Y

(20)
The number of car-hours of vehicle work (labor inpluthe contract):
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Ahpzsmicro - ZT%Ct '
! (21)

4. Conclusion

The model, which we have developed, will permitsidaring features of practice of transportations
of construction freights in cities within operatarplanning of work of a group of vehicles, each of
which works separately. The application of this eldths shown its efficiency. It allows providingeth
required accuracy and time of calculations.
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