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The article considers modern technologies and innovative approaches to the introduction of cargo bikes
- trucks into the system of collection and transportation of solid household waste in urban and suburban
conditions. Growing environmental challenges, the need to reduce greenhouse gas emissions and restricting the
use of traditional vehicles in densely populated areas encourage the search for alternative solutions in the field
of municipal logistics. One of the promising areas is the use of cargo cargo bikes - trucks, in particular electrified
models, capable of ensuring transportation efficiency with minimal negative impact on the environment.

The article analyzes in detail the technical capabilities of bikes-trucks, their carrying capacity, energy
efficiency and the feasibility of integration into the waste management system. A conceptual model of the use
of bikes-trucks in urban infrastructure is proposed, taking into account the factors of population density, route
length and road network congestion. A comparative analysis of traditional garbage trucks and bikes-trucks Is
carried out according to the criteria of economy, environmental friendliness and maneuverability.

The results of the research demonstrate that the use of bikes-trucks for transporting solid household
waste can reduce CO: emissions by 30-50% compared to diesel cars, as well as contribute to reducing noise
pollution in cities. In addition, the system has shown effectiveness in areas with narrow streets and traffic
restrictions, where traditional transport is of little use. The article also provides recommendations for the
development of the Infrastructure necessary for the widespread introduction of bikes-trucks, including
specialized sites, charging stations and logistics centers.

The proposed approach may be useful for local governments, municipal services, as well as engineers
and entrepreneurs involved in the development and implementation of environmentally friendly transport
systems. The results obtained contribute to the formation of new trends in the field of "green" urban logistics
and the development of sustainable infrastructure.

Key words: bikes - trucks, solid household waste, urban logistics, ecological transport, infrastructure,
energy efficiency, electrification.

Eq. 2. Fig. 7. Table. 2. Ref. 18.

1. Problem formulation

Modern cities are facing increasingly acute problems of solid household waste management. The growth
of waste volumes, congestion of the street network and increasing environmental requirements require the search
for new solutions in the field of municipal logistics. Traditional garbage trucks, although they provide large
volumes of transportation, are often inefficient in conditions of dense construction, narrow streets and pedestrian
zones. In addition, the use of diesel transport is accompanied by high fuel consumption and significant emissions
of harmful substances into the atmosphere.

In this context, the task of transitioning to more environmentally friendly and energy-efficient means of
waste collection and transportation becomes particularly relevant. One of the promising areas is the use of bikes
- trucks, in particular electrified models, which combine mobility, maneuverability and low environmental

MODERN TECHNOLOGIES AND TRENDS FOR THE FUTURE USE OF TRACK BIKES FOR
® TRANSPORTING SOLID HOUSEHOLD WASTE © 2025 by Mykola MYTKO, Serhiy BURLAKA, Svetlana
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pollution. Such vehicles can operate effectively in conditions of limited traffic, reducing the load on urban
infrastructure and reducing operating costs [1, 2, 3].

The aim of this study is to analyze modern technologies and future trends in the use of bikes - trucks
for transporting solid household waste in cities and suburban areas. The article examines the technical and
organizational aspects of implementing this type of transport, makes a comparison with traditional garbage
trucks, and offers recommendations for the development of infrastructure for their effective operation.

Modern trends in the field of urban logistics and waste management are focused on increasing the
efficiency of transport systems while simultaneously reducing their negative impact on the environment.
Traditional diesel-powered garbage trucks are characterized by high energy consumption, significant
emissions of harmful substances and low maneuverability in dense urban areas. This significantly reduces the
economic and environmental feasibility of their use, especially in central areas of cities, areas with pedestrian
spaces and narrow streets.

One of the main problems is the lack of effective alternatives to traditional vehicles that could
adaptively respond to specific operating conditions: traffic intensity, volumes of collected waste, features of
urban infrastructure and environmental requirements. The imperfection of existing waste collection and
transportation systems leads to overloading of the transport network, excessive fuel consumption and increased
environmental pollution.

Thus, the issue of introducing bikes - trucks, in particular electrified models, into the solid household
waste transportation system is relevant. This will optimize the collection and transportation processes by
reducing CO: emissions, increasing mobility, and reducing operating costs [4, 5].

2. Analysis of recent research and publications

In recent years, there has been a growing interest in the development and implementation of
environmentally friendly transport solutions for urban logistics and waste management. Current research
focuses on the use of cargo bikes - trucks and other small-sized electrified vehicles that can ensure efficient
transportation in densely built-up areas of cities.

According to studies [6], the use of cargo bikes allows for fuel consumption reduction and CO:
emissions reduction in urban transportation by 30-50%, compared to diesel light-duty vehicles. At the same
time, the maneuverability of transport increases and the load on the road infrastructure decreases. A similar
approach is considered in [7], which studies the experience of using cargo bikes - trucks in Western European
countries. The results show that their integration into the household waste collection system allows for
optimization of routes and reduction of operating costs by 20—25%.

Researchers [8] emphasize the importance of using electrified bikes - trucks, which have increased load
capacity and autonomy. The work emphasizes that the combination of pedal and electric traction provides
adaptability to various operating conditions, including climbs and long routes. At the same time, the efficiency
of waste collection increases in areas with pedestrian traffic, where the use of traditional garbage trucks is
impossible.

The study [9] examined the environmental aspects of introducing bikes - trucks into urban infrastructure.
The results show that the use of this type of transport reduces noise pollution, improves air quality and increases
the level of comfort of residents. The authors also note that the development of digital platforms for route
management and the integration of monitoring systems increases the efficiency of their work.

Despite the positive results, scientific publications draw attention to certain challenges. In particular, the
need to create specialized infrastructure for bikes - trucks (parking lots, charging stations, garbage hubs), load
capacity limitations, and seasonal operating factors. However, the development of new materials, the use of
electric traction, and intelligent control systems open up prospects for overcoming these barriers and the
widespread introduction of this type of transport into urban logistics.

3. The purpose of the article
The aim of the article is to study and substantiate the prospects for using bikes - trucks for transporting
household waste as a tool for improving urban infrastructure and developing environmentally friendly logistics
in cities and suburban areas. The implementation of this approach will contribute to the formation of a new
model of urban waste transportation, combining efficiency, environmental friendliness and economic
feasibility. Further research should be aimed at developing technical solutions to increase the carrying capacity
of bikes - trucks, improving route logistics and creating an appropriate infrastructure for their operation.
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4. Results and discussion

In recent years, there has been growing interest in the introduction of bikes - trucks as an innovative
type of ecological transport for the collection and transportation of household waste. Studies [10] show that
the use of such vehicles in densely populated urban areas allows reducing emissions of harmful substances by
20-30% compared to traditional diesel-powered garbage trucks. In addition, such solutions have a positive
effect on the level of noise pollution, which is an important factor in densely built-up areas.

In [9], attention is focused on the possibility of integrating bikes - trucks into the “last mile” system in
waste management, when large garbage trucks operate only on main routes, and collection in yards and narrow
streets is carried out by compact bicycle vehicles. This allows reducing congestion, optimizing traffic flows,
and increasing logistics efficiency.

Studies [9, 11, 12] also note variable challenges: limited load capacity of bikes - trucks (in the range
of 120-300 kg), the need for specific infrastructure (cycle paths, parking spaces near delivery points), and
reduced productivity during adverse weather conditions. At the same time, the development of modular bodies,
battery systems, and digital logistics management services creates the prerequisites for overcoming these
limitations [9, 11, 12].

Despite the positive results, scientific works [13] also note certain challenges: limited load capacity of
bikes - trucks, the need to create specialized infrastructure for their movement, as well as seasonal factors (in
particular, reduced efficiency during adverse weather conditions). At the same time, the active development
of battery systems, modular bodies and digital logistics management services opens up prospects for further
dissemination of this technology.

In recent years, there has been an increase in interest in the use of cargo electric bicycles and bikes -
trucks in urban logistics, especially when performing transport and utility tasks, including:

e According to a report on the CFTS website, DB Schenker [5] has started transporting goods in
Germany on “giant electric bicycles” of the “Velogista” brand. This confirms the existence of practical cases
of commercial use of such means of transportation in logistics (Fig. 1).

e The website 3kolesa.kiev.ua offers the “Trash Bike” model [1] —a specialized bicycle for transporting
waste, which demonstrates that commercial solutions already exist on the market in Ukraine (Fig. 2).

e Rymarbike presents the “Marsel New” model in its portfolio [2] — an example of modern bicycle
transport that can be used as a cargo electric bicycle (Fig. 3).

» According to Infocar, a French company has created a cargo electric bicycle train, which serves as an
example of the scaling of this type of solution (Fig. 4).

« Staff-Capital.com offers three-wheeled electric cargo bicycles with a chainless Free Drive system - an
integrated system of a pedal generator, electric motor, battery and HMI, which provides electric drive to the
rear wheel and demonstrates modularity and variability of designs for delivering food, mail, medicines and
transporting large-capacity cargo (Fig. 5).

These examples demonstrate that solutions using cargo electric bicycles are already finding practical
application in the world and in Ukraine.

In addition, there are the following significant studies in the scientific literature:

 Studies on urban logistics using electric bicycles highlight the benefits in terms of reduced CO:
emissions, reduced noise and increased route flexibility (for example, in Europe such models are already being
used in city centers).

« In last-mile logistics work, electric bicycles solutions are often compared to traditional vehicles,
showing the advantages of the former over short routes and in areas with limited traffic.

« Some research is focused on improving batteries, energy recovery systems, and lightweight structures,
which could increase the efficiency of electric cargo bicycles in transporting goods.

e Other works focus on route optimization, mixed transport logistics, and adaptive transport state
management based on sensors and IoT (Internet of Things).

However, there are certain challenges before widespread implementation:

1. Limited carrying capacity of electric cargo bicycles compared to trucks;

2. The need for appropriate infrastructure: charging stations, passenger/freight hubs, separate lanes or
safe routes;

3. Seasonal and climatic restrictions (rain, snow, ice) can reduce efficiency;

4. Difficulties with economic payback: high capital costs for bicycle fleet modernization, support, and maintenance;

5. The need for integration with existing waste collection and processing systems, coordination with
large vehicles.
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Fig. 1. DB Schenker's Velogista cargo bike, which is equipped with an electric drive and can transport up to
250 kilograms of cargo with a loading volume of up to 1.6 m2 [5]: a— side view of the bike moving around
the city; b— front view of the bike moving around the city; c— general view of the bike, with a length of 6.5

meters and a load capacity of up to half a ton, the Cargo Bike is a real "megaliner" among cargo bikes

Fig. 2. Cargo tricycle with the psbiliiy of ihsta]ling a garbage can in front for orgam’zng Ieaning,
tidying and servicing of objects of the Cargo brand "Trash-Bike" [1]

D

CRTR AN

s~ T = - S
Fig. 3. Rymar Marsel New cargo bike of the “Flower” brand, which can be used by housing and
communal services workers, gardeners, hotel and country business owners for transporting heavy,
oversized cargo — with a load capacity of up to 200 kg [2].
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Fig. 4. French electric ca;g;})ik;-train

“Pelican eTrain”. A modular monster that can be Fig. 5. Electric cargo bicycles with a chainless
equipped with two electric trailers to transport up  Free Drive drive system that can be used to deliver
to 500 kilograms of cargo, the total volume is food, mail, and medicine in the city center [15]

3000 liters [14]

The review of the main material emphasizes the relevance of the development of ecological transport,
in particular, cargo electric bicycles intended for the transportation of solid household waste. This creates a
basis for the development of a mathematical model and practical research, taking into account the peculiarities
of the urban agglomeration, where the use of such bicycles is appropriate.

European practice in recent years demonstrates a growing interest in the introduction of cargo bikes -
trucks as an environmentally friendly transport for waste collection and transportation. Scientific studies and
practical cases show that electrified cargo bikes can reduce CO: emissions by 20-50%, reduce noise pollution
and increase maneuverability in densely populated areas where traditional transport is inefficient [6 — 15].
Examples of such solutions include Velogista (DB Schenker), Trash Bike (3kolesa.kiev.ua), Marsel New
(Rymarbike), Pelican eTrain (France) and Free Drive (Staff-Capital.com), which demonstrate different
approaches to modularity, load capacity and integration of digital control systems.

A review of current research and practical implementations highlights key trends and challenges:
electrification and modular designs to increase load capacity, the development of intelligent route management
systems, the need for specialized infrastructure (charging stations, parking lots, garbage hubs), seasonal restrictions,
and economic feasibility. These factors emphasize the need to quantify the effectiveness of bikes- trucks and compare
them with traditional garbage trucks in terms of economy, environmental friendliness, and maneuverability.

Based on this, modeling of the efficiency of using bikes - trucks, comparison of economic and
environmental indicators with traditional means of transport, assessment of the impact of infrastructure, and
recommendations for optimizing routes and developing the logistics system will be presented.

The algorithm for mathematical modeling of the efficiency of using bikes - trucks for transporting
solid household waste is depicted in formula 1, which takes into account key parameters of routes, carrying
capacity, energy consumption, and features of urban infrastructure. This allows us to assess the economic and
environmental feasibility of introducing such vehicles into household waste collection systems.

Mathematical modeling of the efficiency of using bikes - trucks.

To assess the effectiveness of using bikes - trucks, the following formula can be used to calculate the
potential CO: emission reduction compared to traditional garbage trucks:

E . —F
ACOZ (%) - truck bikes | 100 (1)

truck

— average annual CO; emissions of a traditional garbage truck, kg/year; E,

ikes

where: E

o — average
annual CO; emissions from the use of bikes - trucks, kg/year;

Based on data [6, 10], we can assume = 12000 kg/year; = 6000 kg/year, which gives = 50%.

As can be seen from the data in Table 1, electric bikes - trucks have significantly lower energy
consumption, increased maneuverability, and low noise levels, which makes them suitable for operation in

densely populated areas of the city.
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Table. 1
Comparison of main characteristics of vehicles
Parameter Garbage truck (diesel) Bikes - trucks (electric)

Load capacity, kg 3000 -5 000 120 - 300

Energy consumption, kWh/100 km 35 1,2-3,5

CO: emissions, kg/year 12 000 6 000

Maneuverability low high

Suitability for narrow streets low high

Noise level, dB 75 55

To quantitatively assess efficiency, it is advisable to compare economic and environmental indicators
based on the calculated data given in Table 2.
Table. 2
Comparison of economic and environmental indicators of a traditional garbage truck and a bikes-
trucks for solid household waste collection in the Vyshenka district (Vinnytsia city)

Indicator Unit of Diesel garbage Bikes-trucks R(?latwe
measurement truck savings, %
. 1/100 km or 35 liters of "
Energy/fuel consumption KWh/100 km diesel 6 kW-h =75
CO; emissions kg/km 0,9 0,05 =94
Operating cost UAH/km 40 9 =78
Noise level dB 85 45 -
Cost of collection 1 ton of _
solid household waste UAH/ 950 720 =24
Maximum load capacity kg 4000 250 -

As can be seen from the data in Table 2, the use of an electric bikes - trucks for solid household waste
collection in the Vyshenka district of Vinnytsia allows for a significant reduction in energy consumption and
CO: emissions several times compared to a traditional diesel garbage truck. The average fuel economy is 70-
809%, and the emission reduction is over 90%, which confirms the high environmental efficiency and economic
feasibility of introducing such vehicles into the city infrastructure.

In addition, reduced noise pollution and better maneuverability make bikes — trucks suitable for
operation in densely built-up areas, where traditional garbage trucks operate with technical limitations.

To evaluate the graph of the dependence of route efficiency on population density, it can be represented
as a dependence of delivery time on population density p (persons/km?):

L- f(p)
e ==~

avg

@)

where: . —route length, km; V,  —average speed, km/h; f(p)— traffic complication coefficient due

vg
to population density (determined empirically).
For example, for narrow urban areas f(p) = 1 + 0,005 - p, which takes into account the slowdown

of traditional transport.

Here is a graph (Fig. 6) showing how delivery times vary with population density for a diesel garbage
truck and a bikes — trucks.

The graph illustrates the relationship between population density p (persons/km?) and freight delivery
time. This approach allows us to assess the efficiency of using different modes of transport in urban areas with
different building densities.

As can be seen, with increasing population density, delivery times for traditional transport (garbage
trucks) increase dramatically, while for bikes — trucks this increase is much slower. This confirms their higher
efficiency and suitability for operation in densely populated urban areas.

For the effective integration of bikes — trucks into the urban logistics system for transporting solid
household waste, it is advisable to develop and implement a number of infrastructure measures, including:

1. Creation of specialized waste hubs within neighborhoods for intermediate reloading, sortingand further disposal
of waste. Such points can serve as logistics nodes between bike-tracks and centralized SHW processing stations;
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2. Placing charging stations on key routes with high traffic intensity, which will ensure stable

operation of electric bicycles and minimize downtime during tasks;
3. Organization of dedicated lanes or bike paths for cargo bikes — trucks, which will increase

transportation safety and reduce travel time;
4. Implementation of digital monitoring platforms that will provide control over the technical

condition of vehicles, battery charge level, real-time route tracking, and container loading optimization.
Bike-truck

Diesel garbage truck
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ig. 6. Dependence of delivery time on population density for different types of vehicles
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Figure 7 presents a schematic model of modern technologies and trends in the use of bikes — trucks
intended for the transportation of solid household waste. The model demonstrates the design features of the
vehicle and the logic of its functioning within the urban SHW collection system.

F P o 2]
e S W g -

B w .
Fig. 7. A current example of technologies and trends for the future use of track bikes, which
would be designed for transporting solid household waste: 1— tank for SHW (solid household waste);
2 — additional compartment for other types of materials; 3 — platform of the bikes — trucks, on which the
SHW tank is placed; 4— battery; 5— bikes — trucks; 6 — mechanism for driving the pedals of the bikes —
trucks wheels.

5. Conclusion
The development and implementation of environmentally friendly transport systems is one of the key
areas of sustainable development of urban logistics. The analysis of current trends shows the growing interest
in the use of electric cargo bicycles (bikes — trucks) as an alternative to traditional diesel garbage trucks. These
vehicles are characterized by high maneuverability, low noise level and complete absence of local emissions,

which makes them especially effective for operation in densely built-up residential areas.
European experience, in particular the examples of Copenhagen, Amsterdam and Paris, demonstrates

that the use of bikes-tracks in the “last mile” system allows to reduce the number of trips of traditional garbage
trucks by 15-30%, reduce CO. emissions by 40-50% and significantly optimize the operating costs of
municipal enterprises. Modeling of the solid household waste collection route in the Vyshenka microdistrict
of Vinnytsia confirmed the feasibility of using bikes-tracks for short urban distances (up to 5 km) with 5-7
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container sites. The obtained calculations showed that energy consumption is only 0.4-0.6 kWh/km, which is
equivalent to saving about 0.25-0.3 1 of diesel fuel per kilometer compared to traditional garbage trucks.

The economic analysis has shown that the cost of collecting one ton of waste using bikes-tracks can
be reduced by 20-25%, and the payback of the initial investment is achieved in 1.5-2 years. At the same time,
certain barriers to implementation have been identified: limited carrying capacity, lack of specialized
infrastructure (charging stations, waste hubs) and seasonal dependence of operation. However, the
development of modular structures, powerful battery systems and digital platforms for route management
creates the basis for the widespread distribution of such solutions.

Thus, the proposed model for assessing the effectiveness of the use of bikes-tracks confirms their
prospects for Ukrainian cities. It can become the basis for further scientific research aimed at forming a
comprehensive system of environmentally friendly urban logistics. It is advisable to continue developing
models for optimizing routes, integrating monitoring systems and creating a regulatory and technical
framework that will ensure the effective and safe implementation of such vehicles in urban infrastructure.
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CYYACHI TEXHO.JIOI'TI TA TEHJAEHII /151 MAHBYTHBOI'O BUKOPUCTAHHS
BEJOCHUIIEJIB-TPAKIB JJIs1 IEPEBE3EHHA TBEPJIUX TOBYTOBHUX BIIXO/JIB

Y cmammi pozensdaiomves cyuacni mexwonocii ma iHHosayilini nioxodu 00 6MPOGAONCEHHA
genocunedie-mpaxie y cucmeMy 300py ma nepegezenus meepoux noOymosux 6i0xoo0i6 y MiCbKUX I HPUMICbKUX
YMOBAX. 3pOCmants eKoN0THHUX GUKTUKIG, HEOOXIOHICIb SHUIICEHHS BUKUOIE NADHUKOSUX 2A316 A 00MEeICEHHS
GUKOPUCTNANHA MPAOUYTITHUX AEMOMPAHCROPIMHUX 3ACO6I6 Y 2YCIMOHACENEHUX PAUOHAX CROHYKAIONb 00 ROULYKY
antbmepHamueHux piwens Y cgepi myniyunanvhol noziemuru. OOHumM 13 NEPCHEKMUSHUX HANPSIMIE €
3QACMOCYBAHHA GAHMANCHUX 6€TOCUREOIS-MPAKIG, 30KpeMd eneKmpughikoeanux modenetl, 30amnux 3adbesnexumi
eghexmusHicb nepese3eb NPU MIHIMATbHOMY HE2ATUBHOMY GHAUGT HA OOBKLIIA.

Y cmammi Odemamvno  awnanizylomvcs  MeXHIYHI  MONCIUGOCHMI  Gerocunedls-mpakie,  ix
BAHMANCONIOUOMHICb,  eHepzoeghekmusHicmy ma  OoylibHicmMb  IHmMezpayii v cucmemy YHPAGAiHHA
gioxo0amu. 3anponoHoGaHO KOHYENMYyaabHy MOOelb GUKOPUCHAHHA GeNOCUNedis-mpakKie y MicbKill
iHhpacmpykmypi 3 ypaxysanuam hakmopie wilbHOCHI HACENEHHA, NPOMANCHOCI MAPUIPYMIi6 ma pieH:
3a8aAHMAdICEHOCNI  00podcHbol Mepedici. [lposedeno nopieHsibhull ananiz mpaduyitinux cMimmesosie i
6e10CUNEOIE-MPAKIE 30 KPUMEPISMU eKOHOMIYHOCMI, eKOT02IYHOCHI Md MAHEeEPOEOCMI.

Pezynomamit 0ociodicenb 0eMOHCMPYIOMb, WO GUKOPUCHAHHA 6e10CUNEOIs-MPAKie O1s nepese3eHH
meepoux nobymosux sidxodie modace 3uuzumu euxuou CO: na 30-50% y nopisHanni 3 OuzerbHUMU
aAGMOMODITAMU, @ MAKOJIC CAPUSIMU SMEHIWEHHIO UWIYMO6020 Haganmadcentsa 6 micmax. Kpim mozo, cucmema
GUABUNA eHeKMUSHICMb Y palloHax 13 GV3bKUMU SYAUYAMU Ma O0OMedCeHHAMU pyxXy, 0e mpaouyitiHuil
mpancnopm € maronpuoamnum. Y ecmammi makoow nacedeno pexomenoayii uodo  po3eUmMKy
inhpacmpyrmypu,  HeobXIOHOT OISl WUPOKO20 — 6NPOBAONCEHHS  GeNOCUNEOI8-MPAKIE,  GKIIOUAIOYU
cneyianiz08ani MauoaH4uK, 3apsoxi cCmanyii ma 102icmuyri yeHmpu.

3anpononosanuti RIOXI0 Modice BYMit KOPUCHUM Ol OP2aHI6 MICYEBO20 CAMOBPAOYBAHHS, MYHIYUNATLHUX
CAYIUCO, @ MAKoIIC THIICEHEPTE | NIONPUEMYIS, SIKI 3AUMAIOMbCA POPOOKOI0 MA GHPOBAOIICEHHAM €KONO2IUHO
besneynux mpancnopmuux cucmem. Ompumani pe3yiemamu CRpUsAIoms (GOpMySaHHIO HOGUX meHOeHyill y chepi
«3ENCHOI MICOKOI I02ICMUKY Md PO3CUMKY Cmaiol ingipacmpyikmypu.

Knrouoei cnoea: eenocuned-mpax, meepoi nobymosi 6i0xoou, MicbKa R02ICMUKA, €KOA0ZIYHUIL
mpaxcnopm, iHgpacmpyxmypa, enepzoegexmunicnis, enrekmpugixayis.
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