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Anomauin

B pobomi Hasedeno peszyrbmamu 0211008020 aHANIZY NEPese3eHHs MEepOux HOOYMOBGUX BI0X00i6 K HACUHU
mpancnopmuoi cucmemu micm. Ilpogedeno ananiz 0CHOGHUX NPOOIEM MPAHCROPMHOL CUCMeMU, 00 SIKUX BIOHECEHO:
Cman 00poICHLOIL IHhpacmpykmypu ma 6e3neKy 00POANCHbOZO PYX).
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Abstract

The paper presents the results of a review analysis of solid waste transportation as part of the transport system of cities.
An analysis of the main problems of the transport system, which include: the state of road infrastructure and road
safety.
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Introduction

The organization of a quality transport system in the cities of Ukraine is a key economic and
environmental problem both at the municipal level and for the country as a whole. At the same time, in recent
years the country has seen a steady increase in the generation of municipal solid waste (MSW), which only
exacerbates the overall problem of their accumulation [1]. Hence the need to study the transportation of solid
waste as part of the transport system of cities [2]. In this context, the introduction of separate solid waste
collection systems (which are sought by a significant number of cities in the country, as they will
significantly reduce the amount of solid waste exported to landfills) will create additional conditions and
requirements for waste carriers.

Research results

Transport is a technical system that is the basis for ensuring the existence of cities in all its aspects:
economic, social, industrial and others. According to a study by G.l. Nesterenko transport system is "a
complex of interconnected objects (one or more modes of transport intended for transportation)™ [3].

In cities, the transport system is formed as an interconnected set of elements such as transport
infrastructure and vehicles (including public transport, private cars and specialized vehicles of various kinds,
etc.). The transport system is one of the most difficult parts of urban functioning. Its complexity lies in the
fact that it creates and determines the conditions for the normal functioning of settlements. Quite often, the
improvement of the transport system involves taking into account two aspects, such as the equipment
involved in transportation, and the technology of their organization.

Transportation of specific types of cargo, such as: MSW [4-7], depends on the organization and
characteristics of the transport system of the city. The state of the transport system, as well as directly the
enterprises, a significant component of which is transportation, is influenced by a number of factors,
including the state of road infrastructure. A significant part of the city residents' complaints concern the
presence of damage (potholes on the roadway / sidewalk) and the general poor condition of the road surface.
Improving the transport infrastructure of the city is one of the keys to its development. This process requires
significant financial and organizational costs from city authorities and OTGs.

Most of the city's strategic documents and target programs do not focus on waste transportation. We
believe that this is not justified for the following reasons:



1. The problem of solid waste accumulation needs to be addressed in most cities of the country. And it
includes not only the presence and condition of landfills [8], but also the features of their removal from places
of formation and removal [9].

2. The problem of solid waste accumulation is no less acute on the territory of private housing in the
country's cities. After all, residents of private homes are obliged to solve the problem of disposal of their
accumulated waste by concluding export agreements with relevant companies. However, in fact, the
existence of such agreements does not guarantee the full removal of waste [10].

3. There is an urgent need for full implementation of separate waste collection in the country. However,
due to the low activity of economic entities in the field of solid waste management, such a system is not
implemented in most cities of the country. Another problem, in this context, is the unwillingness of residents
of most cities in the country to sort the waste generated in their households. Preferably, the reason for this
behavior is the lack of conditions (containers for separate waste collection) and the ability to properly sort.
Among those city residents who claimed that they were already partially sorting waste, the following
fractions were the most common: glass (40%), paper (35%) and plastic (25%). Thus, with the introduction of
separate collection of solid waste in the city, it is the carriers, first of all, will face the problem of low public
awareness of the rules of waste sorting [11].

Next, we focus on what internal conditions can affect the peculiarities of waste transportation in
cities [12]. It is in the context of improving the transportation of solid waste in the cities of Ukraine, the
impact of internal environmental factors is particularly relevant [13]. Currently, the planning of transportation
of such goods in small towns of the country is formed mainly on the basis of the experience of management
(or responsible managers) of specialized enterprises. However, given the dangers of the cargo that companies
deal with, we consider it necessary to consider optimizing the routes, conditions and techniques used. The
key issue is the provision of enterprises with specialized equipment that meets the restrictions on size,
capacity and consumption of fuels and lubricants [14]. Development projects in most cities of the country did
not take into account the need for accumulation and removal of significant amounts of solid waste [15]. In
addition, most apartment buildings do not have enough parking spaces for their occupants.

Thus, the need of carriers in specialized equipment for the transportation of solid waste, with different
technical characteristics is determined by the following factors: the conditions of service facilities; volumes
of solid waste, characteristics of containers and their location; planning and features of the transport system
and infrastructure; requirements of city councils to solid waste carriers [16]. Given the conditions and
restrictions on the work of carriers, the dimensions and capacity of garbage trucks, the type and amount of
fuel used for their work are important. In the conditions of mixed development of cities of the country, the
enterprises transporting solid waste have in their fleet garbage trucks with different body capacity and,
accordingly, different sizes, which provides them with access to adjacent areas [17].

Thus, taking into account these conditions and restrictions, when forming the company's transportation
routes, carriers solve the following optimization problem: what specialized equipment should be sent to
specific residential areas of the city for loading. The main task is the maximum load of special equipment
with the minimum mileage of the car. The optimization criterion is to minimize travel costs. Restrictions
include the following: the time during which waste is removed (there should be no peak time); duration of
work of drivers and support staff; conditions of waste collection sites; optimal connection between the place
of collection and the place of disposal of solid waste.

In addition, it should be borne in mind that at the landfill, as a place of unloading of collected solid waste,
special equipment is also delayed for a certain, sometimes quite a long time. After all, at the entrance to the
landfill there is a barrier and a checkpoint, an information stand with the characteristics of the landfill and car
scales, which are used to account for household waste imported for disposal. After unloading, specialized
vehicles pass through the barrier with a disinfectant solution. Unlike other types of transportation, transport
companies of this type can not afford to refuse to serve certain routes that create a situation with forced empty
runs [18].

Conclusions

The reasons for the importance of solid waste transportation as part of the city's transport system are
identified and systematized. The analysis of conditions of formation of the fleet and routes of transportation
by the enterprise by the carrier of MSW is carried out. The need of carriers in specialized equipment for the



transportation of solid waste, with different technical characteristics is determined by the following factors:
the conditions of service facilities; volumes of solid waste, characteristics of containers and their location;
planning and features of the transport system and infrastructure; requirements of city councils to solid waste
carriers.
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