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OPTIMIZING SEGREGATED WASTE COLLECTION ROUTES AS A
DECISION-MAKING PROBLEM IN THE MUNICIPAL SOLID WASTE
MANAGEMENT SYSTEM IN SMALL TOWN
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Abstract. Routing vehicles is a generic decision-making problem of strategic management in any
business serving customers in distributed locations with a limited fleet including municipal solid
waste collection. This paper introduces an approach tailored for optimizing waste collection routes
in small towns and rural areas where dead-end streets are typical in the road network. Leveraging
the Traveling Salesperson Problem (TSP), the approach employs optimal route determination taking
advantage of the specific character of a road network with many dead-end streets. The service area
for waste collection was aggregated, so the graph representing the map results in a relatively small
data instance. This facilitated the application of the exact method, i.e. Mixed-Integer Programming
using the OpenSolver tool in Excel. Conducted in collaboration with a municipal agency in
southeastern Poland, this study outlines a comprehensive methodology, emphasizing the reduction
of complex dead-end streets into singular nodes within the graph for effective route optimization. A
comprehensive methodology is outlined alongside the solutions attained. Computational
experiments focused on minimizing total travel distance during waste collection operations,
demonstrating the methodology's success. Beyond efficiency gains, optimized routes hold potential
for significant environmental impact reduction. The reduced travel distances result in decreased
fuel consumption and emissions, aligning with sustainability goals. Developing an Excel-based
decision support tool for municipal solid waste management is a significant contribution,
particularly for decision-makers less familiar with Operations Research. The tool's compatibility
within the spreadsheet environment streamlines waste management processes for municipal units,
enhancing decision-making efficiency in optimizing waste collection routes.

Keywords: municipal solid waste management, recyclables collection, route optimization, travelling
salesperson problem, sustainable transport, sustainable development, circular economy.
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1. INTRODUCTION

The upswing in economic development and quality of life has led to a significant upsurge in
municipal solid waste production, necessitating enhanced Municipal Solid Waste Management
(MSWM). The spectrum of municipal solid waste management encompasses urban cleaning, solid waste
collection, sorting, transportation, landfilling, and disposal, and ICT and OR methods are widely
adopted in MSWM (Saukenova et al., 2022; e Souza Melare et al., 2016). Among these, transportation
constitutes a substantial expense and an organizational challenge, especially in areas of lesser population
density. In less urbanized regions, like rural areas with scattered settlements and dead-end streets, travel
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times and distances escalate notably compared to equivalently waste-heavy urban areas. This
underscores the importance of modern decision-support tools for efficient fleet routing which is an
important part of MSWM in smaller towns as it can influence the cost efficiency of the system. For
decision-makers, solving the routing problem is all the more important as, due to the separate collection
of recyclables and non-segregated solid waste, each site is visited several times during the planning
period for the collection of a particular type of solid waste (Sundberg et al., 1994; Gellens et al., 1995;
Korcyl et al., 2019).

This article introduces a useful tool designed to optimize the routing of solid waste collection within
small towns, based on the Traveling Salesperson Problem (TSP), a renowned NP-hard optimization
challenge (Applegate et al., 2011; Cook et al., 2011). Mathematical models and heuristic algorithms for
solving TSP are invariably the subject of research and development work. Significance on the size of
data instances and the entire scientific and research world strives to find optimal solutions for the largest
possible data instances. A different approach is to aggregate the data to reduce the size of the data
instance and solve the TSP using well-known methods in an acceptably short time In our specific
endeavor, achieving optimal routes hinged on ingeniously representing the solid waste collection zones
as compact data instances. This was accomplished through a shrewd reduction of complex dead-end
streets into singular nodes within the graph. This approach yielded solvable data instances employing
exact methods, such as Mixed-Integer Programming (MIP) through the publicly available OpenSolver
tool in Excel. Creating an Excel-based decision-support tool for municipal solid waste management
marks a noteworthy contribution, given its practical usability. Furthermore, the familiar spreadsheet
environment simplifies integration within waste management units.

This article delves into a research study focused on enhancing the efficiency of solid waste collection
routes in small towns. The core approach involves creating an effective model of road networks and
employing mixed-integer programming for the TSP. The primary objective was to minimize the total
distance traveled during waste collection operations. The study conducted computational experiments
within a small town located in southeastern Poland, exhibiting specific characteristics. In the present
scenario, the planning of solid waste collection routes in this town relies solely on manual processes
driven by the experience and expertise of the waste collection crew. This practice aligns with the
prevalent approach in municipal waste management.

The article is organized as follows: Chapter two provides an in-depth understanding of the
municipal waste management system. In chapter three, the mixed-integer program and the approach
used for generating data instances are elaborated upon. Chapter four presents the computational
experiments, and chapter five presents the results that were achieved.

2. THEORETICAL FRAMEWORK

Establishing a sustainable waste management system hinges on cohesive efforts among all waste
producers, ensuring proper sorting and preparation for selective collection. Municipal waste originates
from households, property owners, and selectively collected solid waste sources (Pawul et al., 2015).
According to Poland's Central Statistical Office, municipal waste generation exceeded 13 million tons in
2020, a 2.9% surge from the prior year. In 2020, rural areas collected 108 kg of waste per capita, while
urban areas managed 144 kg. The pivotal factor influencing segregated waste amounts lies in the
collection systems orchestrated by local authorities (Gtéwny Urzad Statystyczny, 2021).

Municipalities bear the responsibility of maintaining cleanliness, managing waste collection, and
operating waste processing facilities. Their tasks encompass organizing selective waste collection,
establishing collection points, and imposing fees on property owners while encouraging recycling and
minimizing landfill-bound biodegradable waste (Czyzyk & Strzelczyk, 2012). Effective waste collection
management stands pivotal in cost reduction and minimizing waste disposal's environmental impact. In
smaller towns and rural regions, challenges escalate due to scattered settlements and intricate road
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networks. Thus, modern decision-support tools are crucial to optimize waste collection routes and
curtail expenses. These tools empower municipalities to plan and execute waste collection more
efficiently, mitigating environmental effects and optimizing resource utilization.

The need for and advantages of integrating decision support systems into strategic management
processes within the realm of Municipal Solid Waste Management were extensively investigated back in
the 1980s (Wilson, 1985). The overarching objective of orchestrating the long-term strategic management
of solid waste is to instill efficiency, reliability, and cost-effectiveness. Naturally, across these forty years,
the facets constituting these goals have evolved in response to evolving demands and regulatory
mandates governing MSWM. Bing et al. (2015) conducted a comparative analysis of MSWM
methodologies across diverse European Union countries. The primary aim is to discern the distinctive
attributes and pivotal concerns through the lenses of waste management and reverse logistics.
Furthermore, an exploration of existing literature delves into the realm of modeling municipal solid
waste logistics in a broader context of strategic (network design) and tactical (collection system)
decision-making. Multi-Criteria Decision Analysis (MCDA) stands out as the prevailing framework
utilized in prior investigations about MSWM, because it facilitates the assessment of a multitude of often
conflicting criteria by various stakeholders. This enables them to articulate their distinct preferences,
establish rankings, and prioritize MSWM strategies on, for example, plant location, landfill location, or
treatment strategy (Hung et al., 2006; Soltani et al., 2014; Goulart Coelho et al., 2016; Hoang et al., 2018).

The fundamental necessity to arrive at well-informed decisions through a methodological approach
that safeguards against their erosion has endured throughout. An effective avenue to bolster decision-
making processes involves the utilization of methodologies that adeptly address optimization
quandaries through the application of operational research tools. A brief review of the application of
Operations Research to decision-making problems in MSWM identifies several fundamental groups of
optimization problems, the solution of which is critical to the efficiency of system operation: fleet and
crew composition, districting (or zoning), waste flow aggregation, route optimization, collection
patterns, and fitting in time windows (Sharma et al., 2017). Ghiani et al. (2014) provide an exhaustive
examination of strategic and tactical decision-making problems within the domain of solid waste
management, which have been framed as optimization problems.

Asefi et al. (2015) developed a mixed-integer programming (MIP) model for the location-routing
problem in an Australian municipal solid waste management system which takes into account various
solid waste categories within a comprehensive municipal solid waste framework. The central objective is
to diminish the overall expenses encompassing both transportation and facility setup. An important
feature of the proposed approach is the division of the network nodes into different categories, which
facilitated the search for the optimal solution. Another approach to solving the medium-size problem
combining determining the location and/or capacity of garbage accumulation points, and the design and
schedule of collection routes for vehicles was to decompose it into sub-problems, thus obtaining
solutions for Bahia Blanca, Argentina in an acceptable time (Maheo et al., 2020; Maheo et al., 2023).

A framework integrating simulation-driven decision-making and optimization techniques, to
comprehensively address the complexities of integrated MSWM was developed by Antmann et al.
(2013). The method uses simulation-based optimization combined with a hybrid continuous-discrete
topology. This configuration adeptly captures the discrete nature of operations and transfer events, like
the arrivals and departures of transfer vehicles, while also accommodating continuous decision
variables. The method incorporates a multi-criteria perspective, adeptly encompassing economic and
environmental objectives.

The problem of vehicle routing is often solved using heuristics, which are easy to apply and quickly
return a solution that may not be optimal but is feasible and good enough to satisfy the decision-maker’s
needs (an example for real-world data instances based on Bilaspur, India is presented by Sarmah et al.
(2019)). A comparison of the use of mathematical models and heuristic methods to solve decision-
making processes in integrated solid waste management was presented by Aseffi et al. (2019) for real-
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world data instances based on Teheran, Iran.

Mojtahedi et al. (2021) continued the multi-criteria approach introducing multiple objective functions
within the context of Corporate Sustainable Waste Management (CSWM). These functions encompass
financial, environmental, and social parameters, thereby constructing a holistic model for solving a
sustainable vehicle routing problem. This intricate problem setting pertains to diverse vehicle fleets
navigating a multi-tiered logistics network, all while pursuing optimization objectives.

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA

This paper presents a study conducted at a municipal waste collection facility in southeastern
Poland, responsible for collecting segregated waste from a small town. Situated 5 kilometers away, the
facility undertakes monthly waste collection every 29 days (Zaklad Komunalny, 2023a). The solid waste
is sorted into plastic and metal, collected during the initial vehicle run, followed by glass, paper, and
biodegradable waste on the second run. The garbage truck team comprises a driver and a vehicle loader,
making route choices based on individual preferences, leading to varying monthly travel distances.

Efficiently planning waste collection and vehicle routes is crucial for cost reduction. Multiple factors
influence waste transportation management, encompassing fleet type, container volume and type,
collection methods, crew working hours, vehicle load capacity, collection frequency, unloading time,
and distance between collection areas (Pawul et al., 2015).

The surveyed town features numerous dead-end streets and an uneven distribution of households.
With around 400 homes housing approximately 1,700 residents, the area is distinctly rural. Figure 1
depicts the waste collection route from the town and the journey from the municipal facility, performed
by one of four drivers in the preceding year. The entire route covered 27.40 km.
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Fig. 1. Real segregated waste collection routes used in 2022
Source: Zaktad Komunalny, 2023b

The municipal waste collection system in rural regions, exemplified by the surveyed area, employs a
single vehicle to cover the entire route once, returning with a full load. This streamlines the waste
collection route planning into finding the most cost-effective or shortest path that traverses all points.
This corresponds to solving the Traveling Salesperson Problem, which seeks a Hamiltonian cycle
passing through all vertices, except the initial one, just once. The Traveling Salesperson Problem is a
renowned optimization challenge aiming to identify the shortest cyclic route connecting n nodes, each
visited once. This problem can be illustrated as a network issue utilizing a graph, where edges signify all
possible direct links between nodes (Cook et al., 2011). Each edge carries a weight signifying
transportation cost or distance. One graph node symbolizes the departure and return point A for the
traveling salesperson. Fig. 2 illustrates a Hamiltonian cycle A-B-C-D-E-A, with A as the starting vertex.
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Fig. 2. Hamiltonian graph
Source: own elaboration

Addressing the optimal route problem for municipal waste collection in a network characterized by
extensive dead-end streets involves framing it as an optimization problem rooted in the Traveling
Salesperson Problem. Confronting this challenge, a Mixed-Integer Programming (MIP) formulation has
been devised, leveraging the conventional Traveling Salesperson Problem (1)-(4). The binary decision
variable aij signifies the direct travel from city i to city j by the salesperson, while parameter cij denotes
the distance (or cost) between nodes i and j on the map (Jadczak, 2019).
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The objective function (1) aims at minimizing the overall length (or cost) of the route. Constraints (2)
and (3) ensure the precise visitation of each vertex; the traveling salesperson must enter and leave each
node. Simultaneously, constraint (4) effectively eliminates any undesired subtours (Wegrzyn, 2014).

Searching for the optimal route, the goal is to find a sequence of nodes that effectively minimizes the
cumulative lengths of roads connecting them. This is achieved while meticulously guaranteeing that
each node is visited by the vehicle only once. To facilitate the application of the MIP model (1)-(5) to the
Traveling Salesperson Problem, a compact data instance was needed. This, in turn, necessitated the
identification of pivotal and sufficient nodes and edges to obtain the graph correctly representing the
network under investigation (i.e. a road network with many dead-ended streets). Due to the presence of
dead-ended streets sharing intersections, the intersections were chosen to become nodes in the graph.
Intersections shared by dead-ended streets were duplicated so many times as the number of dead-ended
streets incident with it. In consequence, dead-ended streets were represented by dummy edges linking
the intersection with its clone or linking a pair of the intersection’s duplicates. Moreover, with each edge,
the time of service was attributed representing the time needed to collect solid waste along the street (i.e.
the route segment between subsequent intersections). If an edge connects intersections i and j, all the
waste collection locations along this street, including dead-end streets located along the sector (e.g.
dead-ended streets H and ] in Figure 3), so that the map gets reduced without losing any solid waste
collection point, as illustrated in Figure 3.

Strategically positioned along the waste collection route are pivotal junctures, including intersections
A, B, C, D, E, complemented by dead-end streets F, G, H, I, ], and K. A seamless coverage strategy
incorporates dead-end streets linked to road segments, ensuring comprehensive service coverage. For
instance, segment BC encompasses point L during waste collection, while segment DG encompasses
points J and K. The tandem servicing of dead-end streets G and F is seamlessly executed. Notably, the
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route layout in Figure 3 is annotated with yellow, green, and blue lines, signifying access routes to dead-
end streets F, G, and I from specific intersections D, E, and C, respectively.

Fig. 3 A mapped scheme of the points served in a given locality
Source: own work

After meticulous route analysis and the delineation of diverse route possibilities at each intersection,
the solution emerged by duplicating each intersection point, barring node C, which presented three
route possibilities, encompassing dead-end street I. Hence, node C was substituted with dummy node C,
effectively representing twice the length of dead-end street I. This dynamic refinement culminated in the
updated route depicted in Figure 4, subsequently serving as the foundation for an Excel spreadsheet
model.

The computer experiments were conducted using Open Solver in Excel on a computer equipped
with a two-core processor Intel Intel Core i5-10210U CPU @ 1.60GHz with RAM 8 GB. Open Solver was
selected as the preferred tool for solving the problem due to its user-friendly interface. The model
created using Open Solver has a high likelihood of being utilized in practice, particularly in municipal
utility companies and municipal agencies where advanced models such as AMPL or Python may not be
as commonly known as Excel, which was used to create the aforementioned model. An example data
instance is presented in Table 1 and Table 2.

Tab. 1
A cost matrix showing the distance [km] between each pair of nodes if an arc between them exists [km]
A A B B' C c c" D D' E F G G'
A - - 0.11 | 0.11 - - - - - - - 0.45 | 045
A - - 0.11 | 0.11 - - - - - - - 0.45 | 045
B 0.11 | 0.11 - - 135 | 1.35 | 1.35 - - - - - .
B' 0.11 | 0.11 - - 1.06 | 1.06 | 1.06 - - - - - -
C - - 1.35 | 1.06 - - - 0.4 0.4 - - - -
(& - - 1.35 | 1.06 - - 5 0.4 0.4 - - - .
c" - - 6.35 | 6.06 - 5 - 0.4 0.4 - - - -
D - - - - 0.4 0.4 0.4 - - 275 | 296 | 1.1 1.1
D' - - - - 0.4 0.4 0.4 - - 275 | 296 | 1.1 1.1
E - - - - - - - 348 | 3.48 - 073 | 325 | 3.25
F - - - - - - - 325 | 325 | 0.73 - 348 | 3.48
045 | 045 - - - - - 325 | 325 | 3.25 | 348 - -
G' 0.45 | 045 - - - - - 1.1 1.1 | 325 | 348 - .

Source: own work
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An incidence matrix showing the existence of an arc between each pair of nodes [-]

Tab. 2
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To get a solution, the resolution encompassed the elimination of prevailing subtours, leading to the
eradication of 7 route subsegments. The mathematical model implemented in OpenSolver computed the
optimal route with a total distance of 17.4 km. Subtracting the initial and terminal 5 km distance to and
from the base where the driver commences and concludes the solid waste collection, the comprehensive
waste collection journey spans 27.4 km. The pinnacle of efficiency is manifested in the optimal waste
collection sequence: A-B-C"-C'-D-E-A'-B-C-D'-G-F-E'-A. The trajectory of this optimal route,
meticulously computed through OpenSolver, finds its visual representation in Figure 3 and in Table 3.

Source: own work

Fig. 4. Updated route scheme with final solution
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Tab. 3

An incidence matrix showing the sequence of visiting the nodes computed as the optimal solution [-]

A A B B' C C c" D D' E F G G'

A 0 0 1 0 0 0 0 0 0 0 0 0 0
A 0 0 0 1 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 1 0 0 0 0 0 0
B' 0 0 0 0 1 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 1 0 0 0 0
c 0 0 0 0 0 0 0 1 0 0 0 0 0
c" 0 0 0 0 0 1 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 1 0
D' 0 0 0 0 0 0 0 0 0 1 0 0 0
E 0 0 0 0 0 0 0 0 0 0 1 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 1
G 0 1 0 0 0 0 0 0 0 0 0 0 0
G 1 0 0 0 0 0 0 0 0 0 0 0 0

4. RESULTS AND DISCUSSION

OpenSolver solved the complex optimization problem, resulting in the identification of the shortest
sequence for solid waste collection points. This optimized route deviates from the usual paths taken by
the personnel of the municipal solid waste company. The implications of this optimal solution are
extensive, envisioning an improved driving route not only for waste collection personnel but also for
other drivers. This stands to significantly decrease both travel distance and waste collection time.

Taking into account the average fuel consumption of a waste collection vehicle, pegged at 16 liters
per 100 kilometers, the incorporation of a singular optimal route across all drivers stands to yield
substantial cost savings, notably in fuel expenditures. Furthermore, the ecological dimension emerges
prominently, with exhaust emissions standing as a pivotal variable driven by fuel combustion. As per
established research, each liter of diesel churns out around 2.6 kg of carbon dioxide (Zaktad Komunalny,
2023a). Applying this metric, the determined route's aggregate emissions quantified at 11.7 kg, with a
yearly aggregate of over 280.8 kg during the segregated waste collection cycle.

In the context explored within this paper, in companies operating locally in smaller towns, the solid
waste collection routes are rarely subjected to the optimizing capabilities of decision support tools.
Instead, driving routes tend to follow the inclinations and experienced judgments of the workers. The
use of optimization tools for waste management challenges remained largely unexplored within the
company under study. Therefore, the newly crafted spreadsheet serves as a useful solution, ready to
guide solid waste management entities toward more efficient operations tailored to their specific
requirements. Furthermore, this conceptual framework holds the potential to provide benefits not only
for solid waste collectors but also for office personnel.

The key advantage driving the development of the route optimization tool lies in its seamless
integration with Excel. This presents a significant opportunity for practical implementation, as the
familiarity of the spreadsheet environment aligns well with the existing workforce. Nevertheless, the
primary drawback of the model is the time-consuming nature of the data preparation phase, notably the
process of eliminating subtours.
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5. CONCLUSION

The development of a spreadsheet tailored to address the Traveling Salesperson Problem, coupled
with its subsequent optimization utilizing OpenSolver, has yielded a reduction in the distance of the
route taken for segregated solid waste collection within the specific road network under examination.
This modeling approach, wielded to tackle such challenges, demonstrates its effectiveness and carries
the promise of adaptability for more intricate route configurations through the inclusion of
supplementary constraints. The optimization of solid waste collection routes assumes paramount
significance in the context of environmental stewardship.

Central to this endeavor is the European Union's European Green Deal (EGD), a strategic initiative
particularly focused on rural domains and encompassing a range of measures aimed at curbing
emissions within these landscapes. Notably, optimizing waste collection routes emerges as a pivotal
instrument aligning with the aspirations of the EGD. By curtailing the distances traveled, a substantial
reduction in emissions becomes feasible. Once deployed, the refined route optimization tool could serve
as a linchpin in systematically managing expansive rural territories, thereby fostering coherent and
systematic servicing strategies.

The optimization of waste collection routes engenders an array of benefits. It bolsters the efficiency
and economic viability of waste collection, transportation, and sanitation processes. The meticulous
choreography of activities through strategic planning and harmonization leads to cost savings while
curbing environmentally detrimental emissions. Moreover, optimized waste collection underscores the
judicious utilization of finite resources, enhancing the overall quality of life for residents.
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Aowminika laam, [3a6eaa Abpamunk, Kataxxuna I'aoscbka. Onmumisaniss MapIIpyTiB po3aiabHOTO 300py BiAXOAiB
SIK MpoOAeMa HNPUIHATTS pillleHb Y CUCTeMi TTOBOAYKEHH: 3 TBepAUMU ITOOYTOBUMMM BiAXOAaMM B MaJlOMy MicTi.
Kypnana Ipuxapnamcoiozo yrisepcumemy imeni Bacurs Cmegparuxa, 10 (4) (2023), 6-16.

MapmpyTusanist TpaHCIOPTHMX 3aco0iB € TUIIOBOIO NPO0AEeMOIO0 IPUIHATTS PpillleHb Yy cTpaTerivHoMy
yIIpaBAiHHI OyAb-sIKOI0 KOMIIAHI€IO, sIKa OOCAYTOBY€E KAI€HTIB Y pO3Pi3HEHNX MICIAX 3 0OMe>XXeHIM aBTOIIapKOM, Y
TOMYy 4YHMCAiI B raAysi 300py TBepaux IOOYyTOBUX BigxoAiB. Y Iiif cTarTi mpeAcTaBAeHO Iiaxid, creniaapHO
po3po0aeHNit AAs1 oNTUMIi3allii MapIIpyTiB 300py BiAXOAiB Yy HeBeAMKUX MicTaX Ta CiAbChbKill MiclieBocTi, ae
TYHIUKOBi ByAUIli € TUIIOBOIO YaCTMHOIO AOPOKHBOI Mepexxi. Buxopucrosyroun 3agauay komisoskepa (3K), miaxia
M0AATa€ y BU3HAUYeHHi ONTUMAaAbLHOTO MapLIPYTy 3 ypaxXyBaHHAM OCOOAMBOCTEN AOPOKHBOI MepeXi 3 BeAMKOIO
KiABKICTIO TyIMKOBMX ByAuIb. 30Ha OOCAYTOByBaHH: iHKacallii Oyaa arperosaHa, ToMy Ipad, IO IpPeACTaBAsL€
MepeXy, € BiAHOCHO HeBeAMKUM eK3eMILAIpoM JaHux. lle moaermmao 3acTocyBaHHS TOYHOIO MeTOAY, TOOTO
3MiIlIaHOTO I1iA0YMCEABHOIO IIPOrpaMyBaHHs 3 BUKOpUCTaHHAM iHcTpyMeHTy OpenSolver B Excel. Lle
AOCAIAKEeHHs, IIpoBejeHe Yy CIIBOpali 3 MyHIUIIaAiTeTOM Ha IiBgeHHOMYy cxoai Iloapmii, mnpomnonye
KOMIIAEKCHUI MeTOJ, CIPsIMOBaHMI Ha CKOPOYEHHs CKAaJHUX TYHIUKIB 40 OKpeMHUX By3AiB Ha rpadi Aas
edexTuBHOI onTuMisanii MapmipyTis. IIpoTokoa aocaid’keHHs OommcaHMIT pasoM 3 OTPUMaHUMM PillIeHHAMIH.
OOuncaoBaAbHi  €KCIIepMMEHTH, CHPsIMOBaHI Ha MiHiMi3amilo 3araapHOI BiAcTaHi, IIpolideHOI IIig dYac
iHKacaTOpCLKMX OIlepallili, IpOAeMOHCTPYBaAM YCHIIIHICTL po3dpobaeHoro Metody. Ha aogaTok 40 mMigBUIIEHH:
edeKkTMBHOCTI, ONTMMi30BaHI MapIIPyTM MOXYTh 3HAYHO 3MEHINNTM BILAMB Ha HaBKOAUIIHE CepesOBUIIE.
3MeHIIIeHHsI BiACTaHi IlepeBe3eHb IPU3BOAUTL A0 3HVIKEHHS CIIOXKMBAaHHS I1aAbHOIO Ta BUKMAIB, IO BigllOBiga€
IiAAM CTaJA0ro PO3BUTKY. Po3poOKa iHCTpyMeHTy HiATPMMKU MIPUIHATTA PillleHb AAd YIPaBAiHHA TBEPAVMU
rmo6yToBuMHI BiagxoAamu Ha ocHOBi Excel € sHauHIM BHeCcKOM, 0cOOAMBO A5 OCI0, SIKi MIPUIIMAIOTh PillIeHHsI, MEeHII
3HAIOMIX 3 A0CAigKeHHAMU onepariiit. CyMicHiCTb iHCTpyMeHTY 3 eAeKTPOHHUMM TaOAUIISMU CIIPOIIYE TpoIiecu
yIIpaBAiHHS BigXo4aMMU A4S MYHIIIUIIAAiTeTiB, MiABUINYIOUM ePeKTUBHICTh IIPUIHATTA PillleHb IIOAO ONTUMisartii
MapIIpyTiB 300py BigX04iB.

Karouosi caosa: ympasaiHHS TBepAuMMU IOOYTOBMMM BigxogamMm, 30ip BTOPMHHOI CMPOBMHMU, ONTUMIi3allis
MapHIpyTiB, IpoOaeMa KOMiBOsIKepa, CTaAuil TPaHCIIOPT, CTaAU pO3BUTOK, IMPKYyAspHa eKOHOMiKa.
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