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Purpose. To develop a solution for modernization of heat supply systems (HSS) of infrastructure complexes including, in par-
ticular, in military towns (MT), the problem of both efficient and effective heating of which is especially important at present. To
develop a mathematical model for finding an effective solution to the problem of modernizing heating and detecting leaks of the
heat-conductor.

Methodology. Special and general methods are used: mathematical formalization — to build mathematical model of the prob-
lem of heat supply of MT and detection of heat-conductor leaks; induction and deduction — for choosing and substantiating the
expediency of using equipment for HSS of MT; analysis and synthesis — for the development of a schematic solution HSS of MT.

Findings. Decision options regarding the choice of heat-generating equipment for the modernization of HSS of MT are sub-
stantiated. A combined system using boilers and solar collectors is proposed. For the combined system, a schematic solution for
integrating equipment into a single autonomous HSS of MT and an economical option for automatic system control are devel-
oped. For boilers of the combined system, it is suggested to use cheap and affordable fuel — pellets. A mathematical model has been
developed for finding an effective system solution for HSS of MT and detecting heat-conductor leaks.

Originality. Special requirements for HSS of MT were formulated: autonomy; high level of reliability, survivability; flexibility
in ensuring the volume of heat supply during the day, week, season; minimizing the cost of equipment and fuel for it; the possibil-
ity of inexpensive repair and renewal. Variants of modernization of HSS in MT have been analyzed and a schematic solution of an
integrated HSS of MT with combined use of generating equipment has been developed.

Practical value. The developed mathematical model and schematic solution of HSS in MT as well as proposed options for using

equipment and fuel for it allow ensuring the proper level of fulfillment of special requirements for HSS in MT.
Keywords: thermal modernization, military towns, military infrastructure complexes, heat networks, energy efficiency

Introduction. The proper provision of working and living
conditions for the military and their families is one of the com-
ponents of the implementation of tasks and motivation of the
military. This, first of all, requires the establishment of an effec-
tive and reliable heat supply to military towns, including that
during wartime. Military towns were designed, built and
equipped over a long enough period, primarily during peacetime.
Their functioning, to a large extent, nowadays does not meet
modern requirements for efficiency, reliability and challenges
caused by large-scale military operations on the territory of
Ukraine. These military actions, for example, now complicate
and sometimes make impossible the reliable supply of all types of
energy carriers for the heat-generating equipment of military
towns: liquid fuel, solid fuel, even natural gas, and carry the
threat of damage and destruction of the specified equipment.

The useful life of a significant number of units of this
equipment has long passed. It functions due to permanent re-
pairs, which significantly reduces its reliability. Of course, the
concept of energy efficiency cannot even be applied to out-
dated equipment.

The functioning of heat supply systems (HSS) of military
towns (MT), whose heat networks are tied to large cities, also
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becomes unreliable due to the possibility of an aggressor at-
tacking the energy systems of the specified cities and damaging
the power supply lines from them to military towns.

This leads, firstly, to the unreliability of providing heat to
military personnel and their families and determines the need
for the autonomy of the heat supply systems of military towns.
Secondly, the equipment, the energy efficiency of which is not
at the proper level, requires significantly more funds for the
purchase of energy carriers. Thirdly, the above said greatly
complicates the reporting of military units, in particular, in ac-
cordance with the orders of the Ministry of Defense of Ukraine
No. 448 “On the approval of the Regulation on the organiza-
tion of housing and operational support of the Armed Forces of
Ukraine” and No. 524 “On the approval of the Procedure for
determining the objectively necessary amount of fuel for eco-
nomic and household needs in the Armed Forces of Ukraine”,
“Instructions for housing and operating institutions and divi-
sions of engineering and infrastructural support”, etc. A sig-
nificant limiting factor for the urgent modernization of the
heating supply of military towns is the lack of funds, which is
especially severe in wartime conditions. Therefore, it becomes
urgent to offer such systemic solutions to the problem, which,
under the conditions of the mentioned restrictions, will be able
to lead to increasing the reliability of heat supply to military
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towns; increasing the energy efficiency of the use of heat net-
works; reducing fuel costs and simplifying the logistical task of
supplying the necessary fuel for heat-generating equipment;
providing an opportunity to speed up repair work at emergency
sections of the heating network, especially at remote sections of
the specified network, and simplify its operation.

Literature review. Many scientific works are devoted to the
problems of designing and modernizing heat supply systems of
small towns, in particular, military towns. For example, in the
article by Tous, et al. [1], the issue of energy efficiency and re-
source saving for heating systems of military towns is re-
searched. Tous, et al., add that implementing cost-saving mea-
sures for a military camp is not only a cost issue, but also a se-
curity issue. This is used in the presented article. Makropoulos,
et al. [2] proposed a SmartBlue Camp tool to assess the status
of military camps in terms of resource management and infra-
structure sustainability, which is also useful in the design and
modernization of heating systems. Teng, et al. [3] indicate the
advantages and disadvantages of digital methods for providing
heat supply to infrastructure facilities. Farid [4] studied the en-
ergy management systems of an army base and pointed out the
importance of its integrated construction. Such a systematic
approach was also used by the authors of the presented article.
Dyrelund, et al. [5] considered the “campus approach” to cen-
tralized heat supply, which enabled the transition from central-
ized to local energy production and the implementation of the
Program “Integration of technologies to achieve sustainable
military installations with low energy consumption”. Engel [6]
analyzes the strategy of the Department of Defense (DOD) as
the largest energy consumer in the US and, accordingly, one of
the largest energy consumers in the world, and indicates the
feasibility of using alternative and combined thermal energy
systems. This approach is also considered by the authors of this
article. Winfield, et al. [7] analyze heating, ventilation and air
conditioning systems and heat energy systems that function in
special conditions and indicate the need to increase their reli-
ability, durability and functionality. Samaras, et al. [8] indicate
the need to increase the share of renewable energy for the mini-
grid of military towns and alternative fuels for them. Basok, et
al. [9] focused on “reducing the use of energy resources, in-
creasing energy efficiency in construction and implementing
automated individual heat points for effective regulation of
heat consumption”. Masa, et al. [10] analyze in detail the key
approaches and ensuring the efficiency of heat supply systems
in small towns, in particular, pointing out the need to achieve
their autonomy, which reduces resource losses on the leads to
these towns. This is also considered in the presented article.

Guzek, et al. [11] used advanced algorithms for optimiza-
tion of operation and predictive maintenance of heat supply
systems based on heat balance. Moustakidis, et al. [12] pro-
posed an innovative control system that uses the method of
thermal and material balances. Johansson, et al. [ 13] proposed
real-time network optimization based on balance equations.
The method of thermal and material balances is also applied in
the presented article. Ntakolia, et al. [14] indicate the need to
use intelligent systems for effective regulation of heat con-
sumption. Benalcazar, et al. [15] propose the use of artificial
neural networks for short-term forecasting of heat load in heat
supply systems. Kim, et al. [16] conducted a detailed study on
efficiency improvement for thermal energy consumer loca-
tions based on training intelligent control systems with rein-
forcement. Gong, et al. [17] proposed a model using neural
networks for forecasting the load of heat supply systems. Yuan,
et al. [18] proposed a model based on support vectors for the
control and forecasting of the heat supply system. Winkler, et
al. [19] used the decision tree method to model the failure of
heat network pipes. Reynolds, et al. [20] and Bilan, et al. [21]
used artificial neural networks and a genetic algorithm for the
same purpose.

The analysis of these works indicates the use of modern
information systems to ensure the energy efficiency of the

heating supply of military towns for Western countries. Unfor-
tunately, the methods proposed, in particular, in the cited sci-
entific works and schematic solutions proposed, for example,
in the article by Engel [6] require significant financial resourc-
es, which, in the conditions of war, are beyond the capabilities
of the Ukrainian budget. This indicates the urgency of solving
the problem of developing such models and finding such sche-
matic solutions that are able to ensure the proper characteris-
tics of heat supply systems with a strict economy of budgetary
resources.

Purpose of the article. To propose solutions for the mod-
ernization of heating systems of military towns. To develop a
mathematical model of the formalization of the search for an
effective system solution for the task of modernizing the heat-
ing of the military town and detecting the facts of heat-con-
ductor leaks.

Methods. Special and general methods of scientific knowl-
edge were used in the presented research. In particular, the
method of mathematical formalization was used to build a
mathematical model of the formalization of the task of finding
the best solution for the heating supply of a military town and
identifying heat-conductor leaks from heating pipe networks.

A mathematical model for increasing the efficiency of the
heating system of a military town can be formed under the con-
dition of realizing the balance of produced and consumed heat

opt
Qproduced ’ + AQ’

Qconxume

where Q,,4uceq 18 the total amount of heat produced; Q. gume i
the total amount of heat consumed; AQ is heat losses during
the transfer of produced heat to consumers under the condi-
tion AQ — min.

The total amount of heat produced by the combined sys-
tem using, for example, boiler houses and solar collectors can
be represented as follows

Qproduced = U(Zml’; + ZQ/ ]’
1 1

where i = 1, ..., n is the index of boiler houses; j = 1,..., m is the
index of solar collectors; m; is mass of fuel burned in the i”
boiler house; r; is calorific value of fuel; @, is the amount of
heat produced by the j* solar collector.

The total amount of heat consumed can be represented as

h
Qcansume = zQz >
1

where z = 1,..., h is the consuming building heat index; Q, is
the amount of heat consumed by the /4" consuming building.
Then the formulation of the task of increasing the efficien-
cy of the heating system of the military town will look as fol-
lows. At the first stage, we will determine the required amount
of heat for the supply and heating of water for the MT while
minimizing the amount of fuel for the boiler houses and
achieving the specified level of heating the heat conductor

zmi’;' + ZQJ = f{u[cszz (tinput _toutput )z:|} -
1 1

{ml. — min
(tinpur - tourput) —0p ! ’
where c,, is heat capacity of water in the individual heat supply
system of the z” consumer; G, is mass consumption of heat
carrier in the heat supply system of the z” consumer; (Finpur —
~ oupur);, 1 the difference between the input and output tem-
peratures of the heat conductor in the heat supply system of
the z” consumer.

The need to minimize fuel consumption determines the
need to increase the efficiency of the joint use of the heat re-
source in the circumstances of a significant daily disproportion
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of its consumption by the contingent at individual locations.
The conditions for this are the need, firstly, for the formation
of a sufficient resource to cover the daily maximum consump-
tion (it is proposed to decide on the use of a system of water
tanks); secondly, the formation of a sufficient resource to cov-
er the total daily consumption (provided by the total capacity
of the heat generation subsystem). This allows one to supple-
ment the mathematical model by formulating the first condi-
tion mentioned above

m

U 1:prroduced dr ﬂ TQstaragedT n ]‘kQL‘onsumedT —0p t’

n=1
T T T

where 1, is the time of the beginning and end of the genera-
tion-accumulation-distribution period of the resource; Qg
is the amount of accumulated heat in the entire system of stor-
age tanks.

The requirement for the survivability of the HSS of MT is
ensured, in particular, by the distribution of heat generation
and storage equipment in different locations with the condi-
tion, if possible, of minimizing the total length of the pipelines.

The amount of heat produced per year by solar absorbers
has two components. The first is for the purpose of compen-
sating the heat of the boiler houses for heating Oy, premises,
the second is for providing the contingent with hot water.
A significant difference between the HSS of civilian cities and
the MT is that providing the contingent with hot water is nec-
essary not only for hygienic purposes, but also in emergency
situations, after contact with dangerous and poisonous sub-
stances, etc.

A feature that conditions the operation of the HSS in MT,
in contrast to other small cities, is that the number of their
residents (V) can be a value with a large amplitude of change
in short periods of time, the conditions of the activities of mil-
itary personnel make the number of buildings whose solar col-
lectors work equally variable on the general system (p), be-
cause a certain part of the buildings in certain periods of the
year may not function due to the temporary absence due to
duty of the contingent, which causes a significant difference in
the daily consumption of hot water at individual locations.

The total amount of heat for water heating by absorbers
(Q,,) can be calculated as

30, =30+ Qiony) =
1 1

= i{Vvar(N)pcp var(Af) var( p)} + igkw,
1 1

where V'is a daily volume of hot water consumption by a ser-

viceman; p is density of water; ¢, is heat capacity of water.
The minimum necessary heat-absorbing area of solar col-

lectors is formed by the conditions for ensuring the minimum

amount of heat (QS",}"‘) for the production of hot water

N :Nmin
er:llin — p:pmin
t >40°C

output

The maximum heat-absorbing area of solar collectors is

N = Nmax
Q;:llax — p:pmax
t >290°C

output

We suggest considering Oy, as O,y = (O™ —05™) ~
~19Qmin,

The minimum capacity of tanks should be calculated ac-
cording to two conditions. The first condition — the capacity

of each location (V), lifers) must meet the requirements:
V,zk-ht-80- N7, where 80 is the daily rate of hot water

use (liters per person); N ™ is the maximum possible num-
ber of people in the j# location; 4 is the lowest rate of restora-
tion of the specified amount of water by the solar collector of
the location to the required temperature for the specified pe-
riod (hours™'; 1 is the recovery time (hours); k is the coefficient
of coverage of the general needs of the HSS of MT (k > 1.2).
The second requirement is the ability to provide volley use of
hot water by the MT contingent in a specified number of shifts
(at least three per day).

Winkler, et al. [16] used the method of decision trees to
model heat-conductor leaks from heating pipe networks.
Since the use of expensive computer equipment in the heat
supply systems of Ukrainian military towns requires excessive
monetary resources in the conditions of strict economy, we
proposed the use of an analysis of the imbalance of the energy
carrier in the heat network as a whole and in its isolated parts
using analog sensors and compliance of the network operation
with the balance equation

(Ginpur - output) - 0.

The method of induction and deduction was used to select
and substantiate the feasibility of using cogeneration plants
and the option of combining technological equipment for the
heat supply system of the military town.

The method of analysis and synthesis was used to develop a
schematic solution for the heating system of the military town.

Results. The problem of supplying heat to military towns
should not be limited only to the winter period. In other sea-
sons, servicemen, civilian personnel, families of servicemen
living in military towns need hot water. This sets additional
conditions for the organization of the use of heat-generating
equipment in warm periods of the year. This, in particular,
naturally raises the demand for modular implementation of
the mentioned equipment.

Military towns are not only barracks and residential build-
ings, but also military buildings and structures. Therefore, the
heat supply of military towns should meet not only the target
function of energy efficiency, but also the target function of
reliability and survivability, which is especially important dur-
ing a large-scale military aggression. The above said condi-
tions the fact that all proposals for thermal modernization of
the heating system of military towns must be considered from
the point of view of ensuring all target functions. For example,
how important is the high efficiency of expensive equipment
when it can be destroyed by a single strike drone?

Equipping military towns with cogeneration plants, which
are designed for the production of electric and, at the same
time, thermal energy, and the total (by types of energy pro-
duced) whose efficiency reaches 90 %, could be the solution to
the problem. The task of wide production of cogeneration
units is simplified by the fact that the main high-tech node for
them can be, in particular, aviation turbo engines of Motor
Sich JSC, which have already served their term. JSC “Motor
Sich” has experience in creating cogeneration plants based on
aviation turbo engines. In Ukraine, there are other producers
of cogeneration plants, for example, Scientific and Production
Enterprise “Interenergo”. There are other options for engines
for cogeneration plants, in particular, gas piston engines. But
one more factor regarding the use of aircraft engines in cogen-
eration systems is the fact that a certain part of them, after re-
pair, can be taken from the downed aircraft of the enemy, of
course, if this aircraft is not completely destroyed. Electric
power of cogeneration plants is 400—1000 kW at 1500 min™'
(50 Hz); thermal power is 404—1123 kW, fuel consumption
power is 948—1891 kW, gas consumption is 100—199 n. cube.
m/h; electrical efficiency makes 41.5—43.6 %; thermal effi-
ciency is 43.6—46.6 %. The cost of energy for the use of cogen-
eration plants is lower than tariffs by 40—60 %.
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But there are also problems with their use for electricity
and the heat supply of military towns.

The first, as it is noted above, is that the number of people
in such towns is a variable. This variability is characterized by
high amplitudes during the rotation of military units (from the
minimum to the maximum number of people) in sufficiently
short time intervals.

The second is that these installations are expensive.

Third, they are too vulnerable to air attacks and do not
meet the survivability requirements of the systems required by
the military. The concentration of all electricity and heat sup-
ply of military towns in one unit, even if it is of a modular type,
significantly increases the risk of leaving a military town with-
out both electricity and heat. In this case, the modular imple-
mentation of the cogeneration plant does not exclude the need
to locate it on a small plot of land.

Fourth, the need to maneuver the amount of heat supplied
to the network depending on the season poses the problem of
using the produced excess heat in the summer, which can sig-
nificantly reduce the seasonal energy efficiency of cogenera-
tion plants.

The indicated problems of the use of cogeneration plants
for electricity and heat supply of military towns allow us to for-
mulate special requirements for the HSS in MT. Such special
requirements are as follows: autonomy; high level of reliability,
survivability; flexibility in ensuring the volume of heat supply
during the day, week, season; minimizing the cost of equip-
ment and fuel for it, the possibility of inexpensive repair and
renewal.

Most of the military towns nowadays have their own heat
generation facilities and their own heat pipe networks. Even if
the heat carrier is supplied to some of these towns from the
heat generation systems of neighboring civilian towns, the
transition of their heat pipe networks to the use of autonomous
sources of generation will require lower costs, because there is
an internal system of piping throughout the territory of the
town, which can be used in the modernization of the heat sup-
ply system.

Suggestions for choosing boiler house parameters are as
follows. MT with ~ 5000 sq. m. meters of the heated area were
equipped with a boiler house capacity of ~650 kKW. The ther-
mal power of the boiler house must meet the total needs of
heat and hot water according to the mathematical model pre-
sented above. If this power exceeds 1000 kW, we recommend
applying the modular principle and dispersing the location of
the modules territorially, which will increase the survivability
of the system. In terms of fuel consumption, we recommend a
universal boiler house with the possibility of using pellets,
which is substantiated in the text of the article. All of the above
indicates the possibility of using a cogeneration plant as the
main or, to ensure the reliability of energy and heat supply, as
an alternative source in military towns, provided that the Min-
istry of Defense of Ukraine allocates the money necessary for
the purchase of this equipment, the possibility of protecting it
from the threat of a missile attack and other solutions to the
problems mentioned above.

Due to the mentioned problems in the use of cogeneration
plants, in our opinion, it becomes more expedient to consider
an alternative option of step-by-step modernization of the ex-
isting heat supply systems of military towns using boiler houses
according to a single long-term plan.

This is facilitated by the fact that, according to the analysis
of the regulatory documents of the Ministry of Defense of
Ukraine, groups of boiler rooms are mainly used to supply heat
to military towns, which in most cases use solid fuel. The anal-
ysis also shows that pellets are not mentioned among the rec-
ommended types of solid fuel for boiler houses of military
towns in the regulatory documentation of the Ministry of De-
fense of Ukraine. This is especially surprising because this
documentation, in particular, regulates in detail the care of
trees and bushes on the territory of military towns. The re-

quirements for pruning trees and bushes are accompanied by
an instruction on regulated costs for the removal of pruned
branches and dead trees from the territory of military towns. In
our opinion, low-cost equipment for chopping wood and
making pellets could reduce to zero the cost of removing wood
waste from the territory of military towns and significantly re-
duce the cost of purchasing additional solid fuel.

Consider the fact that at present the market price of wood
pellets ranges from UAH 10890 per ton. Since there may be a
shortage of wood for the production of pellets in military
towns, it is advisable to consider the use of mix pellets. Mix
pellets are made from various types of raw materials: agricul-
tural waste (corn cobs, husks, seeds, etc.), plants (reeds, straw,
etc.), other natural combustible substances (coal dust, peat,
lignin).

Pellets, unlike coal, are characterized by a low ash con-
tent — from 0.5 to 1 %. The low ash content prevents excessive
slag deposition in the combustion chamber of the boiler house
and slagging of air ducts, which leads to a reduction in costs for
current maintenance and repair of heating equipment. One
ton of pellets gives as much energy as burning 1.6 tons of fire-
wood. Although pellets are inferior to liquid fuel in terms of
calorific value, they are environmentally friendly — the smoke
emitted during combustion is odorless and does not pollute
the atmosphere with sulfur dioxide. The required volume of
pellets for continuous heating of 150 m? for the north of
Ukraine is 72 kg per day, that is, it is not excessive.

Our research indicates that in the conditions of lack of
funding, the threat of damage and, at the same time, the need
to ensure the energy efficiency of the heat supply systems of
military towns (provided that current fuel costs are reduced),
the modernization of the specified systems should be based on
the principles of equipment modularity, phasing (with achiev-
ing improvements in system characteristics at each stage) and
a single, systematic approach in their redesign.

The principle of phasing in the modernization of the spec-
ified systems is determined by the need to use existing equip-
ment (in particular, boiler houses), if the costs of its mainte-
nance and repair, its fuel costs do not exceed reasonable limits.

The principle of equipment modularity requires the provi-
sion, if necessary, of increasing its capacity by putting addi-
tional modules into operation, facilitating the possibility of
changing its location, meeting the requirement of distributed
placement of modules (which reduces the vulnerability of the
equipment).

The need for a unified, systematic approach in the redesign
of heat supply systems excludes eclecticism, which leads to a
certain level of inefficiency of the system as a whole.

In our opinion, given the above peculiarities of thermal
modernization of the heating system of military towns, it is ad-
visable to also use combined options of equipment with ele-
ments that use alternative energy sources (Figure), which fully

Solar absorber 1 Solar absorber 2

Boiler house 1

Fig. Combined version of the heat supply system for military
towns using boiler houses and solar collectors
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corresponds to the mentioned conditions: the survivability of
heat generation systems due to their dispersion on the territory
of the military towns and not the localization of their placement;
reliability, due to their attachment to heat-consuming objects;
modularity of such boiler houses, which allows efficient and real
saving of fuel resources; the possibility of phased implementa-
tion (which makes it possible to finance the modernization of
the existing system in stages, distributed over time), etc.

Unfortunately, the geothermal systems proposed in the
majority of scientific works by scientists from Europe and
North America, in particular [6, 8], are too costly, so they are
not used in the given analysis.

From this point of view, the geographical location of
Ukraine favors the use of solar-absorbers. The simplicity of
solar absorbers allows them to be produced in the workshops
of military units, which greatly simplifies their implementa-
tion. In summer, solar-absorber can cover the need for hot
water. At other times of the year, fuel consumption is reduced.
The efficiency of solar absorbers depends on the geographical
location of the military town. Ukraine is characterized by the
presence of 4 zones. The most effective are, in particular, the
Autonomous Republic of Crimea and Kherson district, where
1 sq. meter accounts for up to 1350 kWh of solar energy, which
is equivalent to burning 140 cubic meters of natural gas. The
least effective zone includes, in particular, Dnipro, Chernihiv,
Sumy, Vyshhorod, Bucha, Brovary districts, where 1 sq. meter
accounts for up to 1000 kWh of solar energy, which is equiva-
lent to burning 120 cubic meters of natural gas. The advantages
of solar absorbers are also that they: form a certain level of
thermal autonomy of military towns due to the fact that they
allow reducing the use of solid, liquid types of fuel and natural
gas; do not require installation permits; have a long service life
— more than 15 years.

Installation of solar absorbers requires the use of heat-in-
sulated (perhaps, dug in the ground for this purpose) reservoirs
— heat accumulators. Such tanks should be combined into a
single system. Unification into a single system allows avoiding
uneven distribution of heat load in the buildings of the military
town and conducting heat accumulation in an efficient man-
ner. According to the specifics of the activity, service premises
are mostly characterized by uneven heat consumption during
the day, and personal facilities are characterized by uneven
heat consumption, in particular, due to the variable number of
residents, because the composition of units in military towns is
mostly variable, especially in war conditions.

Figure shows a conventional system that includes two solar
absorbers and two boiler houses. Of course, there will be much
more solar absorbers and boiler houses in the heat supply sys-
tem of the military town.

We consider the fact that the number of boiler houses will
not be equal to the number of solar absorbers, but will usually
be much smaller — one boiler house per a certain number of
consumers. The distribution of heat-generating equipment on
the territory of the military town, its modular implementation
reduces the vulnerability of the heat supply system, i.e. in-
creases its survivability and reliability. The possibility of accu-
mulating heat when using accumulator tanks increases the
flexibility of the system during the day and even longer time
intervals. The increase in the efficiency of heat accumulation
and, accordingly, the increase in the flexibility of the system is
facilitated by proper thermal insulation of the tanks, their
number and size.

The data shown in Table 1 indicate that, with the condi-
tion of adequate funding provided for the modernization of the
thermal generation system of the military town and the possi-
bility of reliable shelter of the cogeneration plant from enemy
aircraft and missile-bomb attacks and the solution of other
problems indicated above, it is worth choosing these plants for
energy and heat supply of military towns. At the same time,
the analysis of the data presented in Table 1 indicates that the
use of pellets allows reducing the fuel costs for the boiler hous-

es of military camps, and that even in the winter period, the
combined system of boiler houses and solar absorbers provides
an additional opportunity to reduce costs for fuel This also
shows that the cogeneration plant and the combined heat sup-
ply system based on boiler houses and solar absorbers are not
competitive, because the conditions for their implementation
are different. The difference in the specified conditions re-
quires situational solutions regarding the modernization of
heat supply systems of specific military towns.

The analysis of the tools for increasing the efficiency of the
HSS in MT using a combined system is as follows.

The formation of a single system of accumulation and dis-
tribution of resources to consumers from storage tanks distrib-
uted in separate locations allows significantly increasing the
efficiency of HSS in MT, firstly, due to the possibility of in-
creasing the parameter p™" to p™> because this makes it pos-
sible to use not only the absorbers of temporarily uninhabited
premises, but also their storage tanks. We draw attention to the
fact that the lack of current consumption of the resource in
these premises allows the accumulation of hot water of the
highest temperature — that is, to create greater reserves of heat
in them. Decreasing the #,,,,, parameter for the entire system
makes it possible to redistribute the resource between con-
sumers in a more rational way, to reduce the likely wasteful use
of high-temperature resources by some consumers and to
avoid lack of the required quality resource for others, which, as
a result, allows reducing specific heat losses for heating the re-
quired amount of water for each consumer. This allows one
not only to offer the option of replacing or adding different
sources of heat generation that work on a common heat supply
system, to ensure the formation of a single HSS in M T, which
creates and uses an intermediary subsystem from elements that
differ in location, amount of resource, potential of this re-
source — for accumulation and effective distribution resource.
This gives the reservoir system a new status rather than a sec-
ondary function. Modernization of the HSS on MT in the
conditions of strict economy of budgetary resources involves
the maximum use of the previously delivered heat generating
equipment, boiler houses, and heating pipe networks. There-
fore, the main task was to form a new network architecture,
which ensured the formation of an intermediary subsystem. If
it is possible to use an intelligent control system instead of a
distributed analog system, this would allow creating a new
quality of HSS in MT. We will give an example of choosing the
power of heat supply sources, their parameters and character-
istics, the method for choosing the parameters of these sys-
tems for thermal modernization of HSS for MT, the total heat
consumption of which is close to 1000 kW (Table 2).

The location of the MT in the north of the country was
chosen for the analysis. On the basis of the mentioned pecu-

Table 1

Comparison of average fuel costs for heating during the
winter period of the military town building with a heating
area of 200 m? by geographical zones, hryvnias

. . Combined option:
Cogeneration | Boiler .
Type of fuel boiler house and
plant house
solar absorber

Mains gas 13,700 — -
pellets - 35,000 27,490
Briquettes - 35,200 27,600
Coal - 35,900 28,200
Birch firewood -
(moisture 40 %) 45,150 35,217
Diesel fuel — 66,900 52,182
Electricity 77,750 — -
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Table 2

Characteristics of the combined HSS for MT, the total heat
consumption of which is close to 1000 kW

Total Heat production Fuel
Month consumption, | capacity HS of | economy,
kW MT, kW %
January 9500 800 8.4
February 9000 800 8.9
March 8000 800 10.0
April 5000 800 16.0
May 6000 6500 100.0
June 6500 7000 100.0
July 7000 7000 100.0
August 7000 7000 100.0
September 6000 6000 100.0
October 4800 800 16.7
November 7000 800 11.4
December 9500 800 8.4

liarities of HSS in MT, a water heating and steam boiler plant
consisting of two modules and using solid fuel was chosen to
replace the old boiler house. In addition to the need to meet
the above conditions, these boiler houses are convenient to
transport. If boilers, the production of which takes place in
Ukraine, are selected, they can be replaced in a short period of
time in case of their damage or destruction, which meets the
requirements of HSS in MT. Flat water solar panels with a spe-
cific heat output of 0.7 kW per square meter with a total area of
10 acres are proposed for solar generators. They are inferior to
tubular vacuum collectors in terms of efficiency and adsorp-
tion and emission coefficients, but are cheaper than them,
which simplifies their replacement in case of damage or de-
struction, and are easier to maintain. It is assumed in the cal-
culations that in the May-September period they should pro-
vide water heating by 15 °C on average in peak modes, and by
30 °C in the autumn-winter period. As it can be seen from
Table 2, combined storage tank subsystem with the effective
implementation allows providing consumers 5 months a year
without the use of boiler houses.

Conclusion. The conducted research made it possible to
propose a decision regarding the choice of heat-generating
equipment for the modernization of the heat supply systems of
military towns with the existing peculiarities of the thermal
modernization of their heating system. The specified pecu-
liarities are due to the need to provide the contingent with hot
water in emergency situations, to meet the requirements of re-
liability and survivability of life support systems as well as of a
significant number of normative documents of the Ministry of
Defense of Ukraine, and the presence of certain problems of
the operation of the heating system of military towns. These
problems consist of considerable variability of the thermal
load of military towns according to the seasons, due to changes
in the number of contingents, etc.; their considerable cost; the
fact that they are too vulnerable to air attacks. An analysis of a
number of options was carried out and a combined option us-
ing boiler houses and solar absorbers was chosen. This makes
it possible to make maximum use of the existing MT boiler
equipment and heat networks during modernization. A com-
bined option for the use of boiler houses and solar absorbers is
proposed. For this option, a schematic solution for integrating
the specified equipment into a single autonomous heat supply
system of the military town has been developed. This made it
possible to form a single HSS of MT, which not only creates an
efficient subsystem of thermal energy generation, but, most

importantly, creates an intermediary subsystem — from the ac-
cumulation and effective distribution of the resource for the
system as a whole, from elements that differ in location,
amount of resource, potential of this resource, previously in-
tended to perform the local function of stable heat supply of a
certain building, which significantly increases the efficiency of
the HSS in MT. The specified decision allows one to increase
the efficiency of the system, its reliability, survivability, to re-
duce costs, and provides the possibility of phased moderniza-
tion according to the funding of the modernization of the
specified system spread over time by the Ministry of Defense.
It is suggested to use pellets for boiler houses of the combined
system. This will not require changes to relevant regulatory
documents of the Ministry of Defense. A mathematical model
has been developed for the task of finding an effective system
solution for supplying heat to a military town and identifying
the facts of heat conductor leaks. It is noted that the use of
computer equipment for the implementation of permanent
control of the heat supply system of the military town is be-
yond the budget of the Ministry of Defense of Ukraine in war-
time conditions. Therefore, automatic control of the solenoid
valves based on the readings of the temperature sensors and
heat conductor consumption is proposed. The developed
mathematical model and schematic solution will allow one,
even in the conditions of war and lack of budgetary funds, to
carry out the modernization of the heat supply systems of mil-
itary towns, to ensure the proper level of their efficiency, reli-
ability, survivability, saving money and fuel resources.
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Oco0auBOCTi TepMoMoaepHi3alii cucTeMu
ONaJieHHA BiliCbKOBHMX iH()PACTPYKTYPHUX
KOMILIEKCIB
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Merta. 3anpomnoHyBaTH pillleHHsT MOJIEpHi3allii cucTeM
teronoctayadHsl (CT) iHOpacTpyKTypHUX KOMILIEKCIB, y
TOMY YHCJIi BilicbkoBUX MicTeuok (BM), mpobyiema HagifiHO-
ro Ta e(eKTUBHOTO OMAJIIEHHS SIKUX OCOOIMBO BaXJIMBa ChO-
rofaHi. Po3poOuTtu MaremMaTuuHy MOIE/b TOILIYKY e(heKTUB-
HOTO pillleHHs IJIs 3aJadi MOJAEpHi3allil onajaeHHs i BUSB-
JIEHHSI BUTOKIiB TETUIOHOCISI.

Meroauka. BukopucraHi cnieliajibHi i1 3arajibHi METOIU
HAYKOBOTO Ii3HAHHS: MaTeMaTU4HOI (opmaiizailii — s
MOOY/IOBM MaTeMaTUYHOI MoJeNi 3amayi TernaonocTayaHHs
BM i BusiBJI€HHSI BUTOKIB TETIJIOHOCIST; IHIYKIIIT i AeayKiii —
19 BUOOPY Ta OOIPYHTYBAHHS JOLIIBHOCTI BUKOPUCTAHHS
oonagHanHs st CT BM; aHamizy it cuHTe3y — U1 pO3pOOKHU
cxemHoro pimeHHst CT BM.

PesymbraT. OGTpyHTOBaHI BapiaHTU pillleHb IOI0 BU-
0OOopy TerIoreHepyouoro odgagHaHHs ajis MmoaepHizauii CT
BM. 3anponoHoBaHa KOMOiHOBaHa CHUCTeMa 3a BUKOPHUC-
TaHHS KOTEJIEHb i COHIYHMX KOJieKTOpiB. J1J1si KoMOiHOBaHOL
CUCTEMU pO3po0JIeHEe CXeMHe pillleHHsl iHTerpalii oosan-
HaHHA B eauHy aBToHOMHY CT BM i eKOHOMHUIT BapiaHT
ABTOMAaTUYHOTO KepyBaHHS cUCTeMoMo. /151 KoTeJqeHb KOM-
0iHOBAHOI CHCTEMM 3aIlpPONOHOBAHO BUKOPUCTOBYBATH Jie-
meBe i JOCTyITHE MajauBO — TejuteTu. Po3pobieHa matema-
TUYHA MOJENb MOIIYKY e(EeKTUBHOIO CUCTEMHOTO PillleHHS
CT BM i BUsIBIeHHSI BUTOKIB TEILTIOHOCIS.

HaykoBa HoBu3Ha. CchopMysiboBaHi 0COOIMBI BUMOTH 10
CT BM: aBTOHOMHICTb; BUCOKMI1 piBEHb HAMIMHOCTI, XXUBY-
YOCTi; THYUKiCTbh Y 3a0e3ne4yeHHi 00CsriB ImocTayaHHs Teria
MPOTSATOM A00U, TUKHSI, CE30HY; MiHiMi3allis BApTOCTi 00J1a1-
HaHHSI i ajJvBa U1l HbOTO; MOXJIUBICTh HEIOPOTOTO PEMOH-
Ty Ta oHOBJIeHHSI. [TpoaHaizoBaHi BapianTt MmoaepHizanii CT
BM, po3pobieHe cxemHe piineHHs iHterpoBaHoi CT BM 3a
KOMOiHOBaHOTO BUKOPHMCTaHHS TeHEPYIOUOTO 00JIaTHAHHSI.

IIpakTiyna 3HayumicTh. Po3pobiieHa MareMaTHyHa MO-
nmenb i cxemue pimeHHss CT BM, 3anmpornoHoBaHi BapiaHTH
BUKOPUCTAHHSI OOJIaAHAHHS i1 MaauBa AJisl HbOTO JO3BOJISI-
I0Th 3a0e3MeYnTU HaJIeXKHWI piBeHb BAKOHAHHST OCOOIMBUX
Bumor 1o CT BM.

KimouoBi ciioBa: mepmomodepnizauis, 6ilicbkoei micmeuka,
8ilicbK08i  IHpacmpyKkmypui KOMHAeKCU, MeNnaos8i Mepednci,
eHepeoepexmusHicmy
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