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DEFINING THE LEVEL OF HUMAN COMFORT
IN THE OFFICE ENVIRONMENT BY THERMAL FACTOR

Purpose. To analyse the process of heat exchange between the man and the environment, including production areas, as well
as to develop and study the criterion of workplace comfort by the thermal factor.

To achieve this goal, the following tasks are to be solved:

- to consider the characteristics of the microclimate in the workplace, including that of office space using information technologies;
- to develop a mathematical model of heat exchange between the human body and the environment;
- to develop a criterion for the efficiency of functioning of microclimate normalization systems in the workplace.

Methodology. To perform the tasks in the work, an analysis of the literature and sanitary and hygienic documentation on the
specified problem is performed; analytical method is applied for studying the comfort of the sanitary and hygienic condition of the
indoor air using a mathematical model of heat exchange between workers and the environment.

Findings. Based on the theoretical analysis, the criterion of microclimate comfort is obtained, which differs from the known
ones in that it takes into account all types of heat transfer from the human body to the environment depending on the nature and
intensity of human activity, allows estimating the total value of heat flow depending on the environmental condition with fair ac-
curacy for the practical purposes and can be used to substantiate the efficiency of methods and means of normalizing the micro-
climate when performing work using information technologies.

Originality. A mathematical model of heat transfer in the “man — environment” system is developed and theoretically substan-
tiated. The criterion of microclimate comfort at workplaces is offered and mathematical relation to calculate it is obtained.

Practical value. The results of calculations of the comfort criterion in the workplace can be used when developing tools and

methods for normalizing the microclimate in the workplace and assessing the effectiveness of their implementation.
Keywords: microclimate, heat exchange, mathematical model, comfort criterion

Introduction. Currently, there is observed a trend of steady
growth in demand for clean non-productive premises of high
quality, which is caused by an increasing number of compa-
nies, small firms as well as by expansion of administrative
points. Office space occupies a large share in the field of ser-
vices and development of intellectual products. Despite the
economic crisis, modern office real estate is in great demand.

The environment in which a person works directly affects
their health, well-being and, as a consequence, their capacity
for work and productivity. Ensuring a high level of comfort and
safe working conditions for employees is an important task for
the employer.

The main principle in the organization of a standardized
microclimate involves performing the tasks of protection, reg-
ulation and management.

Comfortable conditions in the workplace of office prem-
ises are not only means of office mechanization facilities and
other equipment, but, first of all, microclimate parameters at
which the worker will feel comfortable. Favourable working
conditions for people in the office are created by microclimate
normalization systems (ventilation, air conditioning, automat-
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ed climate control systems). These systems constantly monitor
the compliance of the mode of operation of technological
equipment to its regular mode. As a rule, they are part of
scheduling systems for centralized control and management of
technological, information and communication processes. In
addition, dispatching systems prevent emergency operation of
equipment and protect equipment units from premature wear.
Thus, the assessment of the microclimate in the work-
place, its comfort, assessment of the efficiency of the imple-
mented measures and tools for normalization of thermal con-
ditions is an urgent scientific and technical problem.
Literature review. Temperature, humidity, air motion, the
temperature of the surrounding surfaces and their thermal
emission are the main factors which determine the microcli-
mate of industrial premises. These parameters affect the heat
exchange between the human body and the environment and
determine the capacity for work, well-being of an employee,
and affect their health. Climatic parameters are formed as a
result of the impact of the environment, the technological pro-
cess in the room, and the intensity of ventilation and air con-
ditioning on the space [1]. The human body has the ability to
respond to the parameters of the microclimate of the environ-
ment, i.e. there is certain dependence of “operating condi-
tions — the body’s response”. For example, increased sweat-
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ing, rapid breathing are a reaction of the human body to high
temperatures and high humidity. Adverse parameters of the
microclimate result in rapid fatigability, loss of attention,
stress, which can result in the worker’s getting injured.

It is desirable to assess comfort according to the following
criteria: body heat perception (cold, comfortable, hot), the
presence of foreign internal and external odours or their ab-
sence, the degree of air motion (stuffiness, comfort and draft),
and the ability to respond adequately and quickly to dangerous
situations (unsatisfactory and good) [2].

It is known [3] that the main factor which creates the cli-
matic conditions of industrial premises is the air temperature
in the workplace. It affects thermal comfort, but this effect is
still understudied. Thus, the feeling of stuffiness occurs when
the air is warm and humid. In winter, warm air is more likely to
cause one to feel discomfort than cool air. In the range of air
temperature 20—26 °C, the functional relationship between
the number of cases of discomfort and the room temperature is
close to linear [3].

Air flow rate is one of the main climatic parameters of in-
dustrial premises. Considerable air motion results in increased
heat exchange due to heat removal from the human body by
convection flows, so the minimum allowable value of air mo-
tion under comfortable conditions should be taken during
cooling period, and the maximum allowable value — during
heating period. The average value of air movement increases
with increasing need for cooling the room together with the
flow of air supplied to the room.

Relative humidity has a significant impact on the feeling of
comfort for workers in the production premises [4]. Regula-
tion of the level of humidity in the premises affects not only the
general well-being of workers, but also the energy load of air
conditioning systems. Increasing the relative humidity, for ex-
ample, from 40 to 60 % results in a decrease in the required
intensity of refrigeration equipment. The required energy con-
sumption of air conditioning systems at a relative humidity of
60 % is only 56 % of the energy consumption at a given relative
humidity of 40 % [4—6].

Unsolved aspects of the problem. Methods for assessing the
comfort of the working area, proposed in [5, 6], are based on at
least three components — the assessment of comfort in the
workplace by climatic parameters, the level of dust in the at-
mosphere and the gas contamination of the working area. The
method for assessing comfort in the workplace by climatic pa-
rameters is that first, the air temperature is measured with a
thermograph or psychrometer, then the humidity is determined
with a stationary or aspiration psychrometer and the air motion
is measured with a plate or cup anemometer. After that, taking
into account certain parameters — air temperature in the work-
place, its humidity and motion rate — the degree of comfort is
determined according to the following scale: 1 — very hot; 2 —
too warm; 3 — warm, but comfortable; 4 — thermally comfort-
able; 5 — cool, but comfortable; 6 — cold; 7 — very cold. The
lack of consideration of all the microclimate parameters when
calculating comfort is a drawback of this method. For example,
the concentration of ions in production facilities is not taken
into account. Moreover, the application of this method in au-
tomated control systems for microclimatic parameters is diffi-
cult to implement from a technical point of view.

Thus, the results of the studies by domestic and foreign
scientists allow us to conclude that the normalization of mi-
croclimatic parameters in the workplace as well as the need to
develop a criterion of human comfort in the environment,
which would take into account all heat exchange factors in the
“man — environment” system, is an urgent task.

Theoretical research. Climatic parameters directly affect a
person’s capacity for work and their well-being. Thus, a high
air flow rate and low temperature due to increased convective
heat transfer from the human body lead to its hypothermia.

High temperatures in the workplace result in the human
body’s losing carbohydrates, fats as well as in the destruction

of proteins. The heat accumulation in the human body and its
overheating above the allowable level is a consequence of high
air temperature at high humidity. This leads to hyperthermia,
i.e. a condition in which the body temperature can be 38—
39 °C[3]. The man’s impaired productivity occurs at tempera-
tures of around 30 °C.

The maximum allowable temperature of inhaled air is set
depending on the exposure time and the use of protective
equipment. The maximum allowable temperature of the in-
haled air, at which a person can breathe without special pro-
tective equipment for several minutes without any risk of dam-
aging their health, is about 116 °C. An important parameter is
the temperature variation with altitude. The vertical tempera-
ture gradient should not exceed 5 °C.

Air humidity and air velocity determine the way a person
endures the temperature and their thermal sensation. With in-
creasing humidity, the intensity of sweat evaporation decreas-
es, which accelerates the overheating of the human body. High
humidity at 7 > 30 °C significantly impairs human well-being,
as in this case the sweat does not evaporate and drips off of the
surface of the skin. Under these conditions, there is a so-called
profuse sweating (excessive perspiration), which exhausts the
body, and heat transfer virtually fails to continue.

The thermal effect on a person is caused by infrared radia-
tion. At the same time, certain biochemical changes take place
in the body — venous pressure and oxygen saturation of the
blood reduce, blood flow slows down, the activity of the car-
diovascular and nervous systems is impaired. By the nature of
the effect of infrared rays on the man, they are divided into
shortwave rays with a wavelength of 0.76—1.5 um and long-
wave ones with a wavelength of over 1.5 um. Due to the over-
penetration into living tissues and their heating, short-wave
heat radiation causes impaired concentration, rapid fatigabil-
ity, excessive sweating, and with prolonged exposure — heat
stroke. Long-wave radiation is characterized by low penetra-
tion and is delayed by the epidermis.

Radiant heat not only affects a person, but also heats the
surrounding constructional equipment. Through radiation and
convection, the heated surfaces of these structures give off the
heat to the environment, which results in an increase in the in-
door air temperature. The amount of heat absorbed by the hu-
man body is affected by the area of the irradiated surface, as well
as the temperature of the radiation source and the distance to it.
Thermal radiation is characterized by the power of the radiant
flux per unit of irradiated surface, i.e. the intensity of thermal
radiation. With low doses of radiant heat, radiation of the hu-
man body is useful; however, with increasing radiation intensity
and air temperature, there is a negative effect on humans.

The heat released by the human body as a result of physio-
logical processes is to be generally discharged into the environ-
ment for their normal conduct, i.e. the thermal balance of the
human body must be maintained. Disturbance can result in
overheating or hypothermia, which leads to rapid fatigability,
reduced efficiency and even loss of consciousness or death [3].

The process of the man’s adaptation to changes in the phys-
ical state of the environment is due to thermoregulation, i.e. a
set of physiological and chemical processes aimed at maintain-
ing constant body temperature (~ 36—37 °C), which is the main
integral indicator of the thermal state of the human body.

The process of thermoregulation depends on the level of
heat imbalance and activity-related energy expenditure. If the
work is of moderate and high intensity at high air temperature,
the body temperature rises to 1—2 °C [3]. The boundary tem-
peratures of the internal organs, at which there occur irrevers-
ible processes in the human body, are: maximum +43 °C, and
minimum +25 °C.

Skin temperature is the main factor in the process of heat
dissipation from the human body, which varies within a wide
range and under normal conditions, is 30—34 °C on average
under clothing. Under adverse climatic conditions, it decreas-
es to 20 °C or, sometimes, less in some skin areas.
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A person feels comfortable when the heat released by their
body (heat production Qpp) is completely discharged into the
environment and the full heat transfer Qg occurs. In this
case, there is a thermal balance Qpyp = Qpp, i.€. the human
body temperature remains constant.

According to the method by P.Fanger, the body’s heat
production is determined by the ratio, W/m?,

M
Oyp=—(1-m), 1
HP F, n (D

where M is metabolic heat of the person, whose size depends
on the nature of the works performed, W, Fy is the estimated
surface area of the adult body, which is assumed to be equal
1.75 m?; 1) is the thermal coefficient of metabolic heat loss.

The thermal coefficient of metabolic heat loss depends on
the intensity of the work performed, which can be expressed
through the amount of energy expenditure by the employee
(Table 1).

In the case when the heat production from the human
body is not completely released into the environment
(Qyp> Orp), there is an increase in human body temperature,
and thermal sensation is characterized by the concept of hot.

When a motionless person is thermally isolated from the
environment, the increase in body temperature after one hour
makes 1.2 °C [7]. If the work of moderate intensity is per-
formed under the same conditions, the increase in body tem-
perature will make 5 °C approaching the maximum allowable
temperature. If the environment perceives more heat than the
human body produces (Qyp < Qy7), then the body cools down.
At the same time the general condition by the thermal factor is
characterized as being cold.

Heat transfer Oy, between the human body and the envi-
ronment is due to: infrared radiation of the body Qp; diffusion
of moisture through the skin Q,,,; evaporation of moisture
from the surface of the body and mucous membranes Q,,,,; the
hidden heat Q,, and the sensible heat Q,, given off with the
exhaled air; air movement (convection) Q,

QHT: QR + Qdms + Qevap + Qhe + Qsh + QC' (2)

With changes in the ambient temperature and its various
combinations with other factors (humidity, air velocity, radi-
ant heat), the ratio of heat transfer ways can vary widely. For
example, at elevated temperatures of the air, the leading and
often the only way of heat transfer is sweat evaporation.

The body gives off the heat through emission when the
temperature of the surfaces around the person in the room is
below the temperature of the outer layers of clothing (on aver-
age 27—28 °C) or the exposed surface of the skin. Heat transfer
through emission is physiologically the easiest way for the
body. During heat exchange through emission, the lower the
temperature of the surrounding surfaces is, the greater the ra-
diant flux gets. It can be calculated using the Stefan-Boltzmann
law, W/m?

QR =&6Q,_, [(%+273)4 _(Tz,r +273)4:|’ (3)

where ¢ is emitting capacity of a clothed man, which equals
0.8; o is the Stefan Boltzmann constant, whose value is equal
to 5.67 W/(m?- K*); ¢,_, is the angular coefficient of radiation
from the surface of the human body into the environment; 7,
is the temperature of human clothing surface, °C; 7}, is the
average radiation temperature of the room, which is taken to
be 2 °C lower than the temperature of the air in the room.

Heat loss through the human skin due to the diffusion of
O,ms Vapours makes [8], W/m?

Oums=0.41(1.927,-25.3 - p,), “)

where T, is the human skin temperature, °C; p,, is partial water
vapour pressure in the air, kPa. Within the temperature range
from 10 to 30 ° C, the dependence of the partial water vapour
pressure on temperature is described by the expression [8]

P, =0.019(0.305T ~0.10277,, +7.3596), )

where ¢ is relative humidity, %; T, is the ambient temperature,
°C.

Moisture-yielding ability, i.e. hidden heat transfer from
the human body, depends on air temperature and velocity
(Fig. 1). At a temperature of 28—29 °C sweating begins, and at
a temperature over 34 °C heat transfer by evaporation remains
the only method of heat transfer [9].

The data on sweating depending on the air temperature
and the characteristics of the work performed by the man are
given in Table 2.

From the data in the table, it is seen that sweating varies
widely. At the air temperature of 28 °C the motionless person’s
sweating is 1.69 g/min, and when they are performing heavy
work, it reaches 8.9 g/min.

It is known that the amount of heat transferred to the envi-
ronment from the surface of the human body by evaporation of
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Fig. 1. Zone of comfortable combination of air velocity and its

temperature
Table 1
Thermal coefficient of metabolic heat loss Table 2
Moisture from the surface of the skin and lungs of a person
Intensity of Categories of work E depending on the air temperature and the characteristics of
ntensity o intensity according to nerey the work performed, g/min
the work . expenditure, n
performed the State sanitary norms w
(ICH 3.3.6.042-99) Characteristics of the work Air temperature, °C
Sedentary 0 performed (by N. K. Vitte) | 16 | 18 | 28 | 35 | 45
Light work I-a 105—140 0 Sedentary, /= 100 W 0.6 | 074 | 1.69 | 3.25 | 6.2
I-b 141-175 0 Light, /=200 W 1.8 | 24 | 3.0 | 52 8.8
Medium work II-a 176—232 0—0.05 Medium, J =350 W 26 | 3.0 | 50 7.0 11.3
11-b 233-290 0—0.1 Heavy, /=490 W 49 | 6.7 89 | 114 | 18.6
Heavy work I 291-349 | 0.1-0.2 Very heavy, J =695 W 6.4 [ 10.4 | 11.0 | 16.0 | 21.0
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sweat depends not only on the air temperature and perfor-
mance characteristics, but also on the velocity of the ambient
air and its relative humidity, i.e. Q,=f(¢,.; B; v; ¢; J), where J
is the intensity of work produced by man, W.

To determine the heat given off from the surface formula is
used [8], W/m?,

M
Opep = 0.49{(1—11) —50}. (6)
F B

The hidden heat given off by the exhaled air is determined
from the expression [8], W/m?,

M
0,,=0.0196—(5.9-p,). 7)
F, B
The sensible heat given off by the exhaled air is determined
from the expression [8], W/m?,

0, =0.0014M(34—Ta), )
FB
where T, is the air temperature, °C.

Convection heat transfer depends on: microclimate pa-
rameters, human body surface temperature (about 31.5 °C in
summer, about 27.7 °C in winter); ambient air temperature;
the magnitude of the effective surface area of the human
body, which depends on the orientation of the body in space
and is approximately 50—80 % of its outer geometric sur-
face.

Heat transfer under forced convection is determined from
the expression [8], W/m?

0.=12.(T,-T,)\Juo+v,, )

where v is estimated air motion in the workplace, m/s; v, is
the relative speed of a person in still air, m/s.

Simultaneous action of the microclimatic factor and other
adverse factors is of a cumulative nature:

- adverse microclimatic conditions, loop of thermal con-
trol enhance the effect of other harmful factors on the body —
a synergistic effect. It is established that the toxicity of poisons
increases both with increasing and decreasing air temperature.
Unfavourable microclimate (elevated temperature, humidity)
increases the risk of electric shock;

- low air temperatures reduce the level of influence of a
number of biological factors on the body, having an antagonis-
tic effect.

After analysing the equations above, we can conclude that
the thermal balance in the “man — life environment” system
and hence the human’s feeling comfortable by the thermal
factor, depends on the ambient temperature, air motion and
relative humidity, barometric pressure, the temperature of the
ambient objects and characteristics of the work performed

Ors=f(T,; v; @; B; T;; J).

Substituting expressions (3, 4, 6, 7—9) in (2) taking into
account (5), we obtain

0,y =0.41(1.92T, —25.3—pw)+0.49|:f(1 —n)—so} +
B

+0.0196M.5.9- p,)+0.0014 L 34-7 )+ (10)
FB FB

+eo0,,[(T, +273)* -(T,, +273)*+12.U(T, =T, )\Ju +v,.

Comfortable conditions for the man are determined by the
optimal parameters of the microclimate, which are regulated
by normative documents [2, 10].

The criterion of comfort can be expressed through the ra-
tio of heat generated by a person when doing a particular type
of work (heat production Qyp) and the actual heat loss from
the surface of the human body at a given microclimate param-
eters (heat transfer Q)

R, = 2. (11
QHT

According to (11), the highest level of comfort occurs at
R, =1, when Qyp = Qyp, i.e. the human thermoregulatory
system does not feel the load and the person feels comfortable.
If R,,, < 1, there is discomfort which is associated with a rise in
the body temperature and “hot” sensation, and if R,,,, > 1, the
discomfort is associated with a decrease in the body tempera-
ture and a “cold” sensation.

The body’s heat production Qyp is determined by the ratio
(1).

The heat transfer Qy by different ways is determined by
the right-hand side of the heat balance equation (10). There-
fore, the heat transfer from the entire surface area of an adult
for the category of work difficulty (light work) according to
Table 1 and State sanitary norms (JICH 3.3.6.042-99) is deter-
mined from the equation

Q40 =0.41(1.92T, =253~ p, ) +0.49(M —50) +
+0.0196 M[5.9-0.019(0.305T2 —0.1027T, +7.3596)] +
+0.0017M (34 ~T,) + e, [(T, + 273)* ~(T,, +273)* |+

+12. (T, =T,)\Jo+v,.

Substituting (1 and 12) into expression (11), we obtain the
expression for determining the criterion of comfort

R, =M/{(68.54-0.061M)~25.3~
—0.019(0.3057;2 —0.1027T,, +7.3596) + 0.49( M —50) +
+0.0196 M[5.9—-0.01¢(0.30572 0.1027T, +7.3596)]+  (13)
+0.0017M (34 ~T,) +e0p,, [(Ty +273)* (T, +273)*]+

+12.1(T, T, Jo+v, |.

Metabolic processes occurring in the human body (the
process of storage, excretion and absorption, products of life)
determine the cycle of energy expenditure for oxidation of nu-
trients, metabolism of heat products and mechanical work of
muscles. At the same time the energy balance does not change
if the amount of energy produced by the body, which is esti-
mated by the amount of oxygen consumed, is equal to the
amount of energy dissipated. At rest, an adult consumes 15 1/h
of oxygen (with a heat output of 88 W), when performing
physical work, their consumption increases to almost 180 1/h
(with the amount of heat reaching 1,060 W) [11].

Metabolic heat energy M by the amount of oxygen con-
sumed, W/m?, is calculated by the formula [8]

,VO
M =58V,
FB

where 5.8 is energy equivalent of 1 litre of oxygen at zero air

temperature and normal atmospheric pressure; V' is the ratio
of the amount of carbon dioxide exhaled and oxygen inhaled,
changes from 0.83 (off-work time) to 1 (very heavy work); Vo2

is oxygen consumption in normal climatic conditions, 1/h; Fp
is the human body surface area, m?, which is found by the Mo-
steller formula [8]

Fy=0.203 - G*»L°7,

where G is human weight, kg; L is human height, m.

As an example, we performed calculations of the criterion
of comfort of the premises of NTU “Dnipro Polytechnic” us-
ing information technologies.

When performing calculations on the obtained expression
(13), we considered the following:

- metabolic heat which is characteristic of a certain type of
work along with taking into account the body surface area of
an adult of 1.75 m? is equal to M = 162.75 W;
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- the efficiency factor of mechanical work performed by
employees, n=0;

- the relative speed of workers’ movement in the stationary
air vy=0 m/s;

- microclimate parameters (experimental values): 7, =
=23°C;0=45%; T,=29°C;v=0.05m/s; T,,.=21°C;£=0.8;
6 =5.67-107%; ¢, =0.136.

The study on comfort will be conducted according to the
3D model in Figs.2 and 3, which show an office worker in
the office building. Modelling of comfort will be performed
by changing its heating element from 30 to 60 °C, the veloc-
ity of the air in the room being 0.1-3 m/s, humidity — 55—
80 %.

The studies conducted using the mathematical model (13)
and measurements performed at NTU “Dnipro Polytechnic”
show that when the ambient air temperature changes being in
various combinations with other factors (humidity, air veloci-
ty, and others), heat transfer from humans in different ways
can vary considerably, and this can result in significant devia-
tion from the level of comfort (Fig. 4).

The calculations conducted for working conditions using
IT technologies allowed obtaining and comparing comfort
levels depending on the air temperature (Fig. 5).

Fig. 2. Research model of in fluence of microclimate parameters
on the person:

1 — office building; 2 — office worker; 3 — heating element

Fig. 3. Simplified calculation model

Fig. 4. The results of calculating the temperature parameters in
an office in degrees Celsius

Reom
3.0
25 \
2.0 \\
L5 \
1.0 ™~ —~
0.5
0
18 19 20 21 22 23 247T°C

Fig. 5. Dependence of the comfort level R.,,, on the air tempera-
ture T,

The dependence is described by a polynomial of the third
degree

R, =—0.083-T3+0.5781-T2 +13.513-T, +107.42.

The results of the calculations prove that the minimum de-
viation from comfort is at the air temperature of 23.2 °C
(Fig. 6).

Subsequent calculations related to the effect of humidity
on the comfort level allowed obtaining the dependence of the
comfort level on the air humidity (Fig. 7).

The dependence of comfort on the air humidity is de-
scribed by the equation

Ry =818.12¢7174.

Minimum deviation from comfort is observed at the air
humidity of 45 % (Fig. 8).

One of the main components of the microclimate of in-
dustrial premises is the air flow velocity. Increasing air flow
velocity causes intensification of the heat exchange process
due to convection, therefore, the maximum allowable value
(in terms of comfort) of air velocity is perceived during cool-
ing, and the minimum allowable value — during warming. The
average value of air motion will increase with an increasing
need to cool the room along with the volume of the air sup-
plied.

The dependence of the comfort level on the air velocity is
shown in Fig. 9.

The graph shows that the air velocity in the room affects
the comfort level.

The velocity has a significant effect at values higher than
0.05 m/s, as indicated by the graph shown in Fig. 10.

Since the amount of heat received or given by the body
varies widely depending on energy consumption and the ther-
mal state of the environment, the thermoregulatory system of
the body must be quite flexible and efficient. The body re-
sponds to extreme thermal or cold influences by the strain of
thermoregulatory mechanisms, and in the case of further
growth of thermal or cold stress — by pathological reactions
and lesions. To eliminate these phenomena, it is necessary to
design microclimate control systems which maintain the cli-
matic parameters in the room at a level that ensures the man’s
comfort.

Ao
200
150
100 N
N
50 AN e
0 —

18 19 20 21 22 23 24 25 26 27 28 29 307.C

Fig. 6. Deviation A from the comfort index R, depending on
the room temperature
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Fig. 7. Dependence of the comfort level R, on the air humidity ¢
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Fig. 8. Deviation A from the comfort index R, depending on
the air humidity indoors
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Fig. 9. Dependence of the comfort level R, on the air velocity, v
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Fig. 10. Deviation A from the comfort index R,,,, depending on
the air velocity v indoors

Conclusions.

1. The analysis of influence of external environment and
technological processes on microclimate formation processes
indoors is conducted.

2. The mathematical model of heat exchange in the “man-
environment” system is substantiated.

3. On the basis of the theoretical analysis, the microcli-
mate comfort criterion is obtained. Compared to the known
ones, the criterion considers all types of human body heat
transfer to the environment depending on the nature and in-
tensity of people’s activity; with fair accuracy for practical
purposes, it allows estimating the total value of thermal flux-
es depending on the environment and can be used to ground

the efficiency of methods and means to normalize the mi-
croclimate when performing work using information tech-
nologies.

4. As a result of the performed experimental measurements
of the microclimate parameters, the influence of the factors of
the indoor environment on the level of microclimate comfort
was determined.

The results of the calculations prove that the minimum de-
viation from comfort occurs at the air temperature of 23.2 °C,
relative humidity of 45 % and air velocity of 0.025 m/s.
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Busnavenns piBHs KoM(OPTHOCTI JIHOAMHA
B HABKOJIMIIHbOMY CepeIOBMILI 32 TEMIOBUM
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Merta. AHali3 npouecy TerIoOOMiHy MiX JIFOAUMHOIO I
HaBKOJIUILIHIM CEPEAOBUILEM, Y TOMY YMCIi BUPOOHUYMX
MPUMillleHb, Ta PO3pOo0Ka W JNOCHIIXEHHSI KPUTEpis KOM-
¢opTHOCTI pOOOYMX MiCIlb 3a TEIIOBUM (PAaKTOPOM.

7151 BOCSATHEHHS MOCTaBJIEHOI METU MOTPIOHO BUPIILIUTH
HACTYITHI 3a1ay4i:
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- PO3IJISIHYTU XapaKTEePUCTUKU MiKpOKJiMaTy Ha pobo-
YUX MiCLISIX, Y TOMY YUCHi B OiCHUX MPUMILLIEHHSIX, i3 BU-
KOPUCTaHHSM 3ac00iB iH(opMalliiiHKX TEXHOJIOTil;

- pO3pOOUTH MaTeMaTU4YHY MOIEeJb TEIUIOOOMIHY MixX
JIIOIMHOIO 1 HABKOJIMIIIHIM CEPENOBUILIEM;

- po3poOUTH KpUTepilt ePeKTUBHOCTI (HYHKIIIOHYBaHHS
CHCTEeM HopMaJizallii MiKpoKJliMaTy Ha poOOYMX MiCIIsIX.

Meroauka. /17151 BAKOHAHHSI TTOCTAaBJIEHUX 3aBIaHb Y PO-
0O0Ti MPOBENEHO aHaJli3 JIiTepaTypy Ta CaHiTapHO-Tiri€HiYHOL
JMIOKYMEHTALlil 3i 3ragaHoi MpoOJjeMU; BUKOPUCTAHO aHai-
TUYHUI METOI AOCTiIKEeHHSI KOM(MOPTHOCTI caHiTapHO-Tiri-
€HIYHOTO CTaHy IOBITPSIHOTO CEepedoBUIIA MPUMIlllEHb Ha
MaTeMaTUYHIi Mojeni Terna000MiHy MiX MpalloluUMU Ta
HaBKOJIMIIIHIM CePeIOBUILEM.

Pe3ynbraTun. Ha miacraBi TeopeTMYHOro aHajizy oTpu-
MaHO KpUTepiit KoOM(MOPTHOCTI MiKpOKJIiMaTy, SIKWii Binpi3-
HSIEThCA BiJl BITOMUX TUM, III0 BPAXOBY€E BCi BUIM Tepeaayi
TeIUla B HAaBKOJUIIHE CEPENOBUIIE OPTaHi3MOM JIOAWHU
3aJIeXKHO Bill XapaKTepy Ta iHTEHCUBHOCTI HOro IisIbHOCTI,
NO3BOJISIE 3 TOCTATHBOIO IS MPAKTUIHUX LiJIeH TOYHICTIO

OIIIHUTH CyMapHy BEJIMYMHY TEILIOBUX ITOTOKIB y 3ajieX-
HOCTI Bifl CTaHy HaBKOJMIIHBOI'O CEpedOBMIlIA Ta MOXeE
OyTM BUKOPUCTAHU JJISI OOIPYHTYBaHHSI €(eKTMBHOCTI
croco0iB i 3ac0biB HOpMaTi3allii MiKpOKJIiMaTy Mpu BUKO-
HaHHi poOiT 3 BUKOPUCTAHHSIM 3aco0iB iH(poOpMaliiHUX
TEXHOJIOTIH.

Haykosa HoBu3Ha. P0o3po0ieHa if TEOpETUYHO OOIPYHTO-
BaHa MaTeMaTUYHA MOJEJb TETUIOOOMiHY B CUCTEMi <«JTIOM-
Ha — HaBKOJIMIIIHE CEPEOBUIIE». 3alTPONTOHOBAHO KpUTEPiit
KOMMOPTHOCTI MiKpOKJIiMaTy Ha poOOYMX MICIISIX Ta ONep-
>KaHO MaTeMaTUYHY 3aJIEXKHICTb UTSI MIOTO PO3PaXyHKIB.

IIpakTiyna 3HaYMMicTh. Pe3ynbraTtu po3paxyHKiB KpuTe-
pito KOMGOPTHOCTI HAa POOOUMX MICLISIX MOXYTh OYTH BUKO-
pUCTaHi Ipu po3podlii 3aco06iB i crocobiB HopMaJTi3alii Mi-
KpOKJIiMaTy Ha poOOYMX MiCLSIX, OLIIHKM e(EeKTUBHOCTI iX
YIIPOBAIKEHHSI.

KuouoBi ciioBa: mikpoxaimam, meniooomin, mamemamuy-
Ha modens, Kpumepiii KompopmHocmi
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