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Access to clean and safe drinking water is a fundamental human right. However, in many parts of
the world, water scarcity and contamination pose significant challenges. To address these issues,
shared automatic drinking water treatment and dispensing systems have emerged as innovative
solutions. The article is devoted to the problem of access to safe, physiologically complete drinking
water in collective systems of water preparation and sale, namely in water vending machines. Since
such machines are a relatively new solution, the search for rational ways of adapting existing
technologies is relevant and necessary for their widespread implementation. The article discusses
the peculiarities of preparation and sale of water in the network of existing vending machines. It
was established that automatic machines are autonomous multifunctional systems, the effectiveness
of which depends on the balanced operation of all elements. Formulated requirements for the
operation of automatic machines in autonomous conditions, namely, regarding water quality,
automatic machine productivity, and the duration of its operation without operator intervention. A
comparison of the requirements with operational data showed a discrepancy in water quality (in
terms of hardness, pH, dry residue), productivity (10 times higher than required), duration of
operation without an operator (4 times shorter than specified in the requirements). Factors
influencing the operation of vending machines are formulated, namely: water preparation
technology, number of stages, resource of filter elements, volume of water for own needs,
combination of payment methods, time or volume logic of service. To achieve the proposed
requirements, solutions have been developed, the effectiveness of which will be investigated in the
course of further work. It was noted that a mandatory condition for the successful solution of the
tasks set is digital control of the operation of the machine.
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anthropogenic influence, detection of new
pollutants; aging of the centralized water

1. Introduction

Access to safe drinking water is one of
the main problems of humanity. Nowadays,
the water sector is negatively affected by
three global factors: the reduction of
freshwater reserves on the planet; decrease of
water quality due to climate change,
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supply infrastructure. As a result, the quality
of tap water increasingly does not meet the
established requirements. This, in turn,
contributes to the development of tap water
purification technologies up to the level of



existing requirements and methods of its
delivery to consumers.

Common methods of water purification
are adsorption, ion exchange, reverse
osmosis, mechanical filtration, and ultraviolet
disinfection. The technology based on the use
of reverse osmosis in combination with other
methods is the best for obtaining safe drinking
water.

Regarding the delivery routes, drinking
water can be bottled, in which case the
purification process takes place at the factory,
or it can be purified directly at the point of
consumption by installing a purification
system at home or at collective water filling
points.

Collective water dispensing systems,
namely vending water machines (WVM), are
currently a relatively new and promising
direction. The main feature of these machines
is the autonomous operation of the system,
that is, uninterrupted cleaning and filling of
water for a long time without constant
supervision of the operator. Ensuring the
stability and autonomy of automatic machines
opens the possibility of their larger
implementation.

Scientific research on this topic is
necessary to find rational ways of adapting
existing technologies for obtaining safe,
physiologically complete drinking water
specifically for collective purification and
pouring systems. The results of scientific
research can be used in practice to improve
collective water purification systems and their
distribution on a national and global scale.

Purpose and tasks

The purpose of this work is to formulate
the criteria for evaluating the work of WVM
and to determine the factors influencing the
autonomy of its work.
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To achieve the goal, the following tasks
must be solved:

» formulate the requirements for the work of
the WVM in the autonomous mode;

e compare performance indicators of
existing WVM with formulated
requirements.

Establish the factors affecting the
efficiency of the work of the WVM in the
autonomous mode and propose solutions to
optimize their work.

2. Materials and Methods

Safe drinking water and methods of
obtaining it

Today, there are several ways to
provide people with high-quality drinking
water: water in a plastic bottle, water filters
for home use, water purification systems for
collective use.

Many people choose bottled water for
their daily consumption. According to the
data of the European Bottled Water
Federation, the volume of the world bottled
water market is 437.3 billion liters
(Mitchenko & Bolshak, 2020). The growth in
demand for bottled water is determined, in
addition to the deterioration of the quality of
tap water, by the increase in the population's
ability to pay and the change in lifestyle. At
the same time, it should be noted that most
people prefer water in plastic containers,
which is easily explained by the availability,
cheapness, lightness and strength of the latter
(Consumer Reports, 2023).

However, there are several reasons why
bottled water may not be the best choice.
First, it is an unknown source of water origin.
So, for example, water, allegedly from
mountain springs or streams, may turn out to
be purified tap water. This is possible because
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information about the quality of bottled water
is much more difficult to find than that of tap
water, which is constantly monitored by
various special services and is public.
Therefore, we can say that bottled water
can be even less safe than tap
water (Bobrytskyi, 2023).

The second is the use of plastic
containers. According to recent studies, water
from plastic bottles contains microplastics,
which are a source of such toxic chemicals as
bisphenol A, polychlorinated biphenyls,
aromatic polycyclic hydrocarbons, and others
(Zare Jeddi et al., 2015). There is also a
significant problem with the formation of
biofilms on plastic surfaces, which
contributes to the transfer of bacteria and
viruses over long distances (Lights, 2023).

The third is the problem of plastic
waste. Perhaps the biggest problem caused by
the use of bottled water is environmental
pollution with plastic. It has been established
that plastic bottles are the main source of
pollution (Mitchenko & Bolshak, 2020). A
very small number of bottles are disposed,
and an even smaller number are recycled into
new ones. Because of this, most plastic bottles
end up in landfills and in the ocean (Parker,
2023). The trend of plastic recycling,
although actively gaining momentum, is not
enough to ensure at least half of the existing
plastic waste is recycled (Laville & Taylor,
2017). The most effective way out of the
current situation is to reduce the consumption
of bottled water by switching to purified
water provided by alternative methods.

According to statistics, home filters for
water purification in Ukraine are used by
about 20% of people. In this case, further
purification of tap water to the established
norms takes place directly at the place of its
consumption, which eliminates the need to
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use disposable plastic containers. Water of the
highest quality is provided by filters based on
reverse osmosis (RO) technology (Mitchenko,
2017). They are quite widespread, both in the
world and in Ukraine, and their popularity is
growing (see Figure 1).
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Fig. 1. Market volume of home reverse
osmosis filters in Ukraine

However, not always and not everyone
has the opportunity to install such filters due
to the rather high cost. In addition, these
filters are stationary, it is difficult to move
them to another  residence,  which
becomes a significant disadvantage when
regularly ~ changing  the  place  of
residence (Ecosoft, 2023).

Collective water purification and
pouring systems are devices or Kkiosks
installed near places where a large number of
people live: in grocery stores, in residential
areas, in shopping centers, etc. Such systems
are connected to municipal water supply
sources and provide additional purification of
tap water and its filling into consumer
containers.

The cost of water in a water vending
machine is the lowest, which is a significant
advantage for users, which contributes to the
spread of vending machines. However, the
cost of purified water in the machine is quite
high, and the profitability does not exceed
15%. Such a low level of profitability reduces
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the interest of potential investors in WVM,
which does not contribute to their spread.
Since the price of water in WVM is limited by
market conditions, the increase in profitability
is possible only at the expense of reducing the
cost of purified water. The cost of water is
affected by the following factors: the number
and cost of consumables and the frequency of
their replacement, water consumption for own
needs, frequency of service and encashment.

Simultaneous adjustment of these factors can
significantly reduce the cost.

Among the collective systems, it is
WVM that is developing the fastest both in
the world and in Ukraine. Figure 2 shows a
device that is popular in Ukraine.

Table 1 shows the advantages,
disadvantages, and cost of drinking water
from different sources.

Table 1. Comparison of properties of drinking water from different sources

. Price,
Source Advantages Disadvantages UAH/dm?
Bottled water - always available in any | - water pollution with microplastics 8-15
store; and microorganic compounds;
- convenient to use. - contributes to the formation of a
large amount of plastic waste;
- high price.
Water after home | - absolutely clean drinking | - is not always physiologically 3-5
filtering water; complete;
- always available. - high cost of the filter (from UAH
5,000);
- the filter requires systematic
maintenance and replacement of
consumables.
Water after - absolutely clean drinking | - not always available; 15
vending machines | water; - is not always physiologically
- available if machines are | complete;
available; - machines are not autonomous
- the machine can provide | enough - they require systematic
water needs in conditions of | maintenance and replacement of
a large crowd of people; consumables.
- the cheapest.
METO/IY MIITOTOBKU ITMTHOT BOU 12
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Fig. 2. Appearance and internal layout of the water vending machine

WVM is a mini-plant for the production
of high-quality fresh drinking water. Such
devices are connected to the water supply, the
water undergoes 7 stages of purification:
mechanical filtration, dechlorination on
activated carbon, dosing of antiscalant,

in particular magnesium and calcium, and
ultraviolet disinfection. Users buy water
through built-in payment systems and pour
into their reusable bottles from 1 to 19 liters.
Figure 3 shows a block diagram of the
process of further purification of tap water

reverse osmosis, adsorption on activated and its sale wusing a water vending
carbon, enrichment with mineral compounds, machine (BTWaqua, 2023).
Concentrate
e
Tap Permeate Treated
water water
— 1 2 1 3 4 S| 6| 7]8 O ——>
I | 1] \Y;

Fig. 2. Block diagram of the process of preparing and selling water in a vending machine:

I — preliminary preparation of water; Il — reverse osmosis; Il — post-treatment of water;
IV — payment system; 1 — mechanical filtration; 2 — dechlorination on activated carbon; 3 — dosage
of antiscalant; 4 — reverse osmosis; 5 — permeate capacity; 6 — adsorption on activated carbon;
7 — mineralization; 8 — disinfection; 9 — payment system.
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Let's consider the main stages of the
process:

Preliminary preparation of water (1)

The main element of the technological
scheme of water purification is the reverse
osmosis module. Before it, mechanical
impurities, organic compounds, and residual
chlorine are removed from the water to
exclude the possibility of damage to the
membrane fabric (Technical Manual, 2023).

At the stage of preliminary water
preparation, as a rule, polypropylene filters
are installed for mechanical cleaning (1) and
filled cartridges with activated carbon for
adsorptive cleaning of organic impurities and
residual chlorine (2). Recently, carbon block
filters have become increasingly popular, the
use of which allows combining these two
stages into one (Braslavska et al., 2022). At
the next stage (3), an antiscalant is added to
the water to prevent the formation of
insoluble compounds on the surface of the
membrane and decrease its productivity
(Orestov, 2012).

Reverse osmosis (1)

The prepared water enters the
membrane module (4), where it is divided
into deeply purified, desalinated permeate and
concentrate. The salt content of the permeate
is about 5 mg/dm®. The concentrate contains
only components that were in the source
water, but in a higher concentration, which
allows it to be discharged into the sewer
without additional treatment (Mitchenko,
2021, Haflich et al., 2021).

Post-treatment of water (111)

The reverse o0smosis permeate is
collected in the tank (5), that ensures a
sufficient speed of water filling. After contact
with the reverse osmosis element and the
tank, the water sometimes acquires a
"synthetic" taste. To correct this phenomenon,
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water is passed through a filter with granular
activated carbon (6) to improve the taste
(Lamma & Outhman, 2015).

To ensure the physiological quality of
water, reverse 0smosis permeate in machines
IS subject to mineralization (7). To do this, it
is passed through a special cartridge filled
with minerals, or a ready-made saline solution
is dosed into it (Mitchenko et al., 2017).
However, as we have shown in (Tyvonenko et
al., 2023), these methods are not perfect. In
the same paper, a scheme for obtaining safe
and physiologically complete water by using
modified membrane elements in the reverse
osmosis module with selectivity set
considering the salinity of the source water is
proposed.

The final stage of water purification in
the machine is the disinfection module (8). It
is designed to neutralize microorganisms
immediately before pouring water into the
user's container. Since the water can be used
immediately after pouring, it is necessary to
use exclusively reagent-free disinfection
methods. It is most rational to apply the
method of ultraviolet irradiation with a
wavelength of 200-300 nm for water
disinfection (Mitchenko, 2019). There are two
types of disinfection modules: based on
mercury-incandescent lamps and based on
LED lamps. Mercury lamps begin to emit
ultraviolet waves of the required intensity and
disinfect after a few minutes of heating, LED
lamps - immediately after switching on.
Mercury lamps lose their resource every time
they are turned on and off, LED lamps do not
have such a limitation (UV Lamps, 2023).
LED lamps can be turned on only when
needed, which significantly extends their
service life and reduces electricity
consumption (State of the Art LED, 2023).
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Table 2 shows a comparison of the
operational characteristics and areas of
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application of ultraviolet disinfectants of
various types.

Table 2. Comparison of operational characteristics and areas of application of ultraviolet

disinfectants of different types

Type of UV disinfectant

Mercury incandescent lamp

LED lamp

Operation mode

continuous

alternate

Productivity over 20 dm3/min less than 20 dm3/min
Service life 1 year 5-10 years
Size large-format compact
water pouring systems
Area of use water supply systems P gsy

home water filters

Payment system (1V)

WVMs are equipped with a payment
module for making payments for drinking
water in automatic mode. The payment
module can include several payment methods
(Payment Options, 2023; Bezghotivkovi
rozrakhunky, 2023):

* cash - coins, bills;

* non-cash - bank card, application,

quick code (QR-code).

The payment module must meet the
following requirements:

* be convenient for most users;

* meet the trends in the development

of payment methods;

» comply with current legislation;

» reliably function without frequent

maintenance;

» have an acceptable cost.

Considering the peculiarities of each of
the methods, their combination is most often
used in WVM. The optimal combination
ensures comfortable use for consumers, and
for the owners of WVM - cost savings on its
equipment and maintenance. For example, a
payment system can include payment with
coins, a QR code, and an app. Coins and QR
code are convenient payment methods for
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new users, the app is for regular users. Such a
combination requires small capital
expenditures and infrequent collection. When
a certain number of regular users of the
application is reached, it is rational to remove
payment in coins. This reduces the frequency
of maintenance and the amount of equipment,
which means it increases the reliability
of the WVM.

Thus, the above information indicates
that WVMs are multifunctional systems, the
effectiveness of which directly depends on the
balanced action of all components.
Digitalization is the most rational and modern
way to solve this problem.

The spread of the Internet, the increase
in the speed of data transmission and
processing, the availability of sensors and
microcontrollers gave an impetus to the
digitization of various devices (Grievson et
al.,, 2022). The essence of digitalization
consists in equipping engineering Systems
with  sensors and microcontrollers  for
collecting and transmitting technological
parameters for the purpose of their further
processing and analysis. Thanks to
digitalization, operators receive much more
information about the operation of equipment.
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The analysis of technological parameters
opens opportunities to optimize processes
thanks to a better understanding of their
functioning over time. In addition, the
measurement of parameters at a distance and
their analysis makes it possible to predict and
prevent possible accidents (Porter &
Heppelmann, 2014). Digitization of WVM
consists in equipping them with water quality
sensors, flow meters, state sensors of
technological equipment and a payment
module.

Table 3. Comparison of payment methods

This will make it possible to obtain
information about the actual performance of
each device and determine the frequency of
maintenance based on the volume of bottled
water, and not based on time as is the case
today.

New  opportunities  provided by
digitalization are necessary on the way to a
larger implementation of WVM.

Table 3 shows the features of existing
payment methods.

Payment

method Advantages

Specifications of use

Coins and | The most popular and the simplest | It is necessary to have small cash

bills method
- Common for a lot of users

Frequent visits are required for
encashment and maintenance

Acceptors of bills and coins increase the
value of WWM

It is necessary to issue a fiscal check

Bank card Fast payment method WVM must have an Internet connection
No need to look for cash - Payment bank terminal increases the
No need to encashment cost of WWM
Each terminal requires bank registration
It is necessary to issue a fiscal check
Application | Fast and convenient for regular purchases | The user need to have a smartphone
ina No need to look for cash The user needs to install the application
smartphone | Does not require encashment on a phone
Provides an opportunity to receive an | WVM must have an Internet connection
individual purchase price Not used for one-time purchases
No need to issue a fiscal check
QR-code Quick payment method for one-time | The user need to have a smartphone

payments

terminal

No need to issue a fiscal check
No need to look for cash

Does not require encashment

The user need to enter bank card data

Does not require installation of a payment | into the smartphone

WVM must have an Internet connection

For example, as of 2023, approximately
1,000 WVMs have been established in
Ukraine, which serve about 100,000 families,
approximately 1-2 % of the total population.
The world's largest network of vending
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machines is located in the USA and has
20,000 units, covering the drinking water
needs of only 1-2 % of households.
Considering their advantages, WVM can
become one of the main ways of obtaining
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drinking water, providing the water needs of
up to 25 % of people. This means that in
Ukraine, with a developing economy, and in
the USA, a country with a developed
economy, there is a potential to increase the
number of machines in 10-20 times.

Such an increase in the number of
WVM without digitalization can lead to the
decrease of water quality or mass shutdown of
devices due to untimely maintenance and
elimination of accidents. As a result, large-
scale implementation of WVM will not
be possible.

As noted above, the main feature of
WVM is the autonomy of its work, namely,
uninterrupted cleaning and filling of water for
a long time without constant supervision of
the operator or user. Criteria for evaluating
the work of WVM in the autonomous mode
are not formulated in literary sources. That is
why it is advisable to formulate these criteria
and check the operation of existing devices
for compliance with them, as well as to
determine the factors affecting the autonomy
of the WVM.

3. Results and Discussion

Requirements for the work of WVM
in conditions of autonomy

The autonomy of WVM s their ability
to continuously purify and dispense water for
a long time without constant supervision of
service personnel.

When the WVM works in the
autonomous mode, the requirements for water
quality, productivity and duration of operation
without supervision must be met.

The water quality in the vending
machine must meet the requirements
established by the state. In Ukraine, these
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requirements are formulated in document (Pro
zatverdzhennia, 2023). This document
regulates the content of 86 substances in
water, 11 of which are sanitary-
bacteriological and 75 are sanitary-chemical.
Permanent quality control is carried out not
on the entire list of indicators, but only on
indicators that most often do not meet the
established requirements in a certain region.

In the Dnipro river basin, there are the
following indicators: turbidity, smell, color,
hardness, iron, manganese, dry residue, pH,
oxygen demand, total microbial count. The
requirements for these indicators are listed
in Table 3.

Productivity IS an important
characteristic when ensuring the autonomous
operation of the WVM, because its value
determines the choice of equipment and the
frequency of its maintenance. To determine
the rational productivity, the existing
experience of the machines in the Kyiv
network, consisting of 183 units, was
considered.

Figures 4 and 5 show data on the
distribution of the number of machines
according to the daily capacity of bottled
water.

Data analysis shows that the daily
productivity of machines, depending on their
location, varies in a wide range of
50-1000 dm?/day, but 90 % of machines are
limited to filling 50-350 dm?3day. This
accounts for 76 % of water from the network's
total sales.

Figure 6 shows hourly water sales
statistics during the day. Data analysis shows
that the main amount of water (97 %) is
poured by the machine in 14 hours, and
during peak hours (from 19:00 to 21:00) the
filling is 10 % of the daily amount.
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Fig. 6. Dynamics of hourly sales of water in vending machines in fractions of the average

daily volume

The analysis of the operation of the
Kyiv vending machine network allows us to
offer the following:

» the daily productivity of the machine
should be 350 dm?. If the need for water
at a specific location is higher, then
another machine is to be installed;

* hourly productivity should be at least
35 dm?, taking into account the 14-hour
period of water pouring per day and the
increase in use during peak hours.

The duration of WVM operation
without technical maintenance depends on the
frequency of performance of individual
routine  works, namely replacement of
consumables, maintenance of technological
equipment and payment system, encashment.
In addition, emergency situations can
significantly  affect the  uninterrupted
operation of the equipment, reducing its
autonomy. In our opinion, the machine can be
considered autonomous if the duration of its
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operation without operator intervention is 12
months.

Comparison of performance
indicators of existing WVM with the
proposed requirements

A network of vending machines in Kyiv
was chosen to compare the performance of
existing ATMs with the  proposed
requirements. Two types of devices operate in
the network, which are built according to
similar technological schemes and differ in
performance, methods of mineralization, as
well as the volume and type of container for
purified water. All machines of the network
are equipped with the same payment modules
with the cash payment method using coins
and bills.

Schemes of machines are shown in
Figures 7 and 8.

Performance indicators of both types of
WVM are shown in Table 4.
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Fig. 7. Schematic diagram of water vending machine Type 1:
1 — mechanical cleaning filter; 2 — carbon filter for chlorine removal; 3 — cartridge - antiscalant
dispenser; 4 — high pressure pump; 5 — reverse osmosis module; 6 — closed type clean water tank;
7 — carbon filter to improve organoleptic indicators of water quality; 8 — salt solution dosing
module; 9 — ultraviolet disinfectant with an incandescent lamp; 10 - user's bot
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Fig. 8. Basic technological scheme of the water vending machine Type 2:
1 — mechanical cleaning filter; 2 — carbon filter for chlorine removal; 3- antiscalant dispenser
cartridge; 4 — high pressure pump; 5 - reverse osmosis module; 6 — filter with minerals; 7 — open-
type clean water tank; 8 — water filling pump; 9 — carbon filter to improve organoleptic indicators
of water quality; 10 — ultraviolet disinfectant with an incandescent lamp; 11 —user's bottle
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Table 4. Average performance indicators of various types of machines and requirements for

their functioning in autonomous mode

Indicator RO _\F\;?)/M ‘\F\)/,?)/;VIQ Requirements
Water quality indicators
Turbidity, mg/dm?3 <0,58 <0,58 <0,58 <0,58
Odor, points <2 <2 <2 <2
Color, deg <20 <20 <20 <20
Iron, mg/dm?3 <0.2 <0,2 <0.2 <0,2
Manganese, mg/dm? <0.05 <0,05 <0,05 <0,05
Hardness, mmol/dm? <0.1 0.2-0.8 0.1-0.8 1-7
Dry residue, mg/dm? <5 10-80 10-40 100-1000
pH 5.5-6.0 6.3-9.0 6.3-9.8 6.5-8.5
TMC, CFU/cm3 <3 3-10 10-40 <50
Specifications of the method
Type of mineralisation Filtration
Dosage of | through the
salt solution mineral
cartridge
Type of purified water tank closed open closed
Volume of water tank, mm® 60 180
Productivity

Productivity by initial water, dm®/h 360 180 45-50
Productivity by purified water, dm?/h 250 90 >35

Frequency of maintenance, times per year
Change of expendable supplies 4 4 1
Technical maintenance 2 2 1
Encashment 12 6 -

From the data in Table 4, the following
conclusions can be made: the results of
analyzes of purified water indicate that both
methods of demineralization used in existing
machines do not meet the requirements for
water quality in terms of pH, hardness, and
dry residue. As for productivity, both types of
machines do not meet the proposed
requirements, neither on an hourly basis, nor
on a daily basis. The same can be said about
the  frequency of maintenance and
replacement of consumables.

Suggestions for optimizing operation
of the WVM

In order to achieve the requirements
proposed in Table 4, it is necessary to
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improve the technological and operational
characteristics of the existing machines. To do

this, the

factors

affecting

their work

parameters should be adjusted:

* to develop a single technological scheme
of water purification to replace the two that
are used today;

» the number of stages of both pre- and post-
membrane water preparation should be

minimized:;

» the volume of water for own needs should
be reduced, which is possible by increasing
the efficiency of the membrane module;

» the resource of the selected filter elements
must be balanced and sufficient for their
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simultaneous replacement in accordance
with the requirements;

replacing the cash payment method with a
non-cash or combined method will reduce
the frequency of encashments;

the logic of maintenance of automatic
machines should be changed from time to
volume, which will allow to determine the
degree of exhaustion and, therefore, the
frequency of replacement of filter elements
more accurately;

to introduce digitalization of automatic
control.

Changing the cleaning technology,
reducing the number of stages of water
preparation, choosing materials with a greater
resource and switching to cashless forms of
payment are necessary conditions for meeting
the requirements for the frequency of WVM
service. However, they are not sufficient.
During the operation of the WVM network, a
deviation of the water discharge volume of
each device from the normative value is
observed. Therefore, to meet the requirements
for water quality, productivity and service
frequency, it is necessary to change the
maintenance logic from time to volume. To
do this, it is necessary to set the resources of
each filter in the digital device management
system, and to predict the date of their
replacement based on the actual water
consumption. In this way, the maintenance of
each unit will be carried out as planned,
exactly when the resource of the filters is
almost exhausted, but the device still pours
water with the specified parameters in terms
of quality and performance. Therefore, it is
digitization that will achieve the maximum
long-term operation of the device without
constant supervision of personnel, which is a
necessary condition for autonomy.
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4. Conclusions

Requirements for the operation of water
vending machines in autonomous mode are
stated, namely:

* the quality of purified water must be
monitored according to the quality
indicators of hardness, dry residue, pH,
total microbial count and meet the
established requirements for safety and
physiological integrity;

» the productivity of purified water should
be at least 35 dm®/hour;

» the duration of operation of the machine in
normal mode without operator intervention
should be 12 months.

The operation of 183 vending machines
in the Kyiv network was analyzed and the
obtained indicators were compared with the
formulated requirements. It was established
that the existing machines do not meet the
requirements for water quality in terms of pH,
hardness and dry residue, productivity, as
well as the frequency of maintenance and
replacement of consumables.

A set of solutions for optimizing the
operation of water vending machines in
offline mode is proposed, which includes:

* meeting water quality requirements
through the use of the latest methods and
materials;

* reducing the volume of water for own
needs by increasing the efficiency of the
reverse osmosis module;

 transition to non-cash forms of payment;

» digitalization of automatic control;

* changing the logic of maintenance of
machines from time to volume, which will
allow to more accurately determine the
degree of exhaustion of filter elements,
which means reducing the frequency of
their replacement.
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Cmamms npucesuena npobaemi docmyny 00 Oe3neunoi QizionociyHo NOSHOYIHHOI NUMHOL
800U 6 KOJIeKMUBHUX CUCMEeMAX NiO20MOSKU I Npoodaxicy 600u, a came ) GOOHUX BeHOUH2OBUX
aemomamax. OCKinbKu maxi agmomamu € 8iOHOCHO HOBUM DIUeHHAM, MO NOWYK PAYIOHATbHUX
waxie adanmayii  ICHYIOYUX MeXHON02i € aKMyalbHuM [ HeoOXIOHUM O iX WUPOKo2o
8NPOBaddCeHHA. B cmammi posenauymi ocobausocmi niocomogku ma npooasxicy 600U 8 Mepeici
icHyroyux asemomamis. Bcmanoeneno, wo asmomamu € A8MOHOMHUMU NONIQYHKYIOHANLHUMU
cucmemamut, eeKmusHiCms AKUX 3aiedcums 6i0 30a1aHCO8AHOCMI pobOMU BCIX eleMeHmis.
Cpopmynvosani eumozu w000 pooomu a8momamis 8 ymosax aemoHOMHOCHI, A came Wooo AKOCmi
800U, NPOOYKMUSBHOCMI A8MOMamy ma mpusaiocmi oo pobomu Oe3 8mMpyyamHs onepamopad.
Topiensanns umoe 3 eKCNIyamayiHuMy OaGHUMU NOKA3AN0 He8IONOSIOHICMb 3a sAKicmio 6oou (3a
nokazwukamu meepdicmo, pH, cyxuii saruwox), npooykmusnicmio, (¢ 10 pazie nepesuuyye
HeoOXiOHy), mpusanicmio pobomu be3 onepamopa (8 4 pazu Kopomuia HidiC 3a3HAYEHO Y BUMO2AX).
Cohopmynvosani ¢hakmopu éniugy Ha pobomy agmomamia, a came. MexHoa02is Ni020moeKu 800U,
KinbKicms cmaodii, pecypc Qitbmpyrouux enemenmia, 00’em 800U HA 61ACHI nompeou, KOMOIHAYis
NAAMIDICHUX ~ Memooig, uYacosa 4Yu 00 €MHaA J102iKka 00cnye08yéanHs. Jna — 00cAcHeHHs
3ANPONOHOBAHUX BUMO2 CHOPMOBAHI piuleHHS, eeKMUBHICMb AKUX OyOe 00CHi0dceHa 6 X00i
nooanvuux pobim. Bioznaueno, wo 0008’543K06010 YMOB0I0 YCHIWHO20 BUDIUEHH NOCMABIEHUX
3a0ay € yugpposizayis ynpaeiinHsi pooomoio agmomamy.

Knwuosi cnoea:. Oesneuna izionociuno nosHoyinna numua 600a, 600a 6e3 NIACMUKY,
BOOHUI 6EHOUH20BULL ABMOMAN, 360POMHULL OCMOC, NAAMINCHI cucmemu, Yyugposizayis
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