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Purpose. Development of a mathematical model of the air flow movement in a motorized filter respirator (hereinafter referred
to as MFR), which allows ensuring the control of the fan parameters, taking into account external and internal influences on the
duration of the protective action and favourable operating conditions.

Methodology. To describe linear objects of the “input-output” type, it is convenient to use their transfer functions as
mathematical models. In this case, to determine the mathematical description of the MFR operation, two tasks need to be
solved. The first is related to finding the structure of the mathematical model, and the second involves determining the coef-
ficients of the polynomials in the numerator and denominator of the transfer function that describes the motion of the air flow
in the MFR.

Findings. A mathematical model of airflow in a MFR has been developed in the form of a transfer function of the third order;
it can be used to develop a pressure control system for the air in the under-mask space in accordance with the user’s work mode in
order ensure comfortable working conditions. The presented mathematical model of airflow in the MFR differs from the existing
approaches by taking into account the influence of the following external and internal parameters of the system on the performance
indicators: the user’s work mode, atmospheric pressure, filter resistance, pressure drop in air ducts with the effect of air accumula-
tion in the under-mask space based on the “capacity-resistance” principle. Numerical coefficients of the mathematical model of
airflow in the air duct of the MFR have been determined, which allow adjusting the number of fan rotations according to the time
of operation, the increase in resistance on the filters, and the operating mode.

Originality. A correlation has been established between the external and internal parameters of the MFR: atmospheric pres-
sure, pressure drop in the air duct, filter resistance, and the user’s work mode with the effect of air accumulation in the sub-mask
space reflected according to the “capacity-resistance” principle.

Practical value. The parameters of the mathematical model have been determined, which can be used when developing a con-
trol system for the airflow movement in the MFR: changes in air flow rate in accordance with different conditions of physical exer-

tion of the user when performing professional activities.
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Introduction. Personal respiratory protective equipment
(hereinafter — RPE) is one of the necessary and important ele-
ments of protecting the respiratory organs of a worker who is
forced to work in conditions of poor hygiene of the work envi-
ronment, in which the concentration of harmful substances in
the air of the work area exceeds the maximum allowable con-
centration [1, 2].

The most effective type of RPE among the existing ones is
a motorized filter respirator (MFR), because it creates exces-
sive air pressure in the mask space, preventing the suction of
harmful substances because of non-hermetic obturation
(through gaps between the user’s face and the mask) caused by
differences in users’ facial anthropometry. However, this type
of RPE requires solving a number of tasks [3, 4] which allow
providing comfortable conditions for its use.

One of such tasks is to ensure effective regulation of sup-
plying the necessary volume of air to the user, taking into ac-
count the pressure limitations in the MFR mask [5, 6], based
on changes in working conditions, the degree of physical exer-
tion on the user or their emotional state during the perfor-
mance of professional functions, contamination of MFR fil-
ters, and increase in their resistance to airflow [7, 8], climatic
conditions (temperature and humidity of the air) in the work-
ing area [9], and other parameters that characterize the influ-
ence on the quality indicators of RPE and may reduce their
protective efficiency and level of comfort during the perfor-
mance of tasks of varying intensity [10].
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There are practical solutions [11, 12] for the described
problem, which are based on applying different control modes
for supplying air to the mask space by controlling the airflow
resistance in the filters and the quantity of airflow specified by
the worker’s work mode. However, the imperfection of known
solutions lies in the construction of stationary models that do
not take into account the cyclicality of the process and the
change in working modes associated with different loads on
the system [13, 14]. Therefore, there is a need to address the
current problem of developing a theoretical model of variable
airflow in MFR with different input data from the parametric
identification of MFR in order to maintain their high efficien-
cy during the specified period of operation.

Literature review. Recently a number of scientific articles
have been dedicated to solving the mentioned problem. In par-
ticular, the authors of papers [14, 15] presented a breathing
control model that describes the volume of air based on lung
gas exchange, allowing for the calculation of necessary param-
eters for changing the settings of a ventilator to provide a de-
sired airflow to the sub-mask space. However, the developed
model relates to the operation of lung ventilation assistance
systems in medical institutions which require the support of
breathing during operations, excluding changes in breathing
volume due to the difficulty of the work or filter resistance. At
the same time, the authors proposed interesting solutions for
controlling the volume of air and the speed of movement in air
ducts through a system of several sensors.

In another study, a model was proposed for calculating the
protective efficiency of MFR, taking into account the influ-
ence of various external factors which may worsen user protec-
tion. Additionally, there was a need for monitoring the supply
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of an appropriate quantity and quality of air to the sub-mask
space [16]. Although the proposed model fairly correlates the
protection coefficient with the volume of airflow and filter
penetration coefficient, it does not allow for control of all pa-
rameters that may affect the final result. For example, the tem-
perature of the airflow or the humidity of the air, which can
impair the user’s comfort and significantly reduce the filter’s
protective duration.

The analysis of the proposed mathematical model for
changes in lung volume due to the frequency of human respi-
ration, developed by the authors of [17], showed the possibility
of considering several physical parameters of the production
environment, which would allow controlling the necessary
number of fan rotations in the MFR. However, this model is
limited only to their stationary change, which requires break-
ing the respirator’s working time into certain intervals that are
characterized by the stability of input parameters. In contrast,
another study attempted to consider a model for evaluating the
impact of key parameters of an artificial lung ventilation device
on the dynamics of the ventilated respiratory system [18].
However, this model considers a system with a solenoid valve,
which is not used in respirators.

The authors of the following work [19] on the development
of a ventilation control system proposed a theoretical model for
controlling both input and output parameters. Their research
idea involved sequentially determining several input indicators,
such as the amount of air supply, pressure drop, and protective
efficiency, assuming their interdependence, which allows refin-
ing unknown coefficients required for calculating the velocity
of the airflow. In this development, the authors limited them-
selves to calculating the constant velocity of the airflow, where-
as it can fluctuate due to different user work rates.

The following work [20], which arouses interest, is the de-
velopment of electrically protective respirators with air purifi-
cation, which are widely used by healthcare workers. The study
proposed and experimentally investigated a model of the air-
flow movement to the sub-mask space, which allows evaluating
the influence of particle size and breathing rate on protective
properties. At the same time, the authors noted that this model
does not take into account possible air losses due to leaks in the
half-mask, valve system, which ultimately results in differences
between theoretical and experimental data and requires estab-
lishing a coeflicient of loss for each particular case.

Purpose. Development of a mathematical model of airflow
in the MFR, which allows for control of fan performance pa-
rameters, taking into account external and internal influences
on the duration of protective action and comfortable operating
conditions.

Methods. Methods of theoretical research on the movement
of airflow in MFR air ducts. The schematic diagram of an MFR
with forced air supply is shown in Fig. 1 [21].

1_ Front view Rear view 71

Fig. 1. The general view of an MFR with forced air supply to the
user:
1 — a helmet-mask; 2 — an obturator; 3 — head straps; 4, 5 — in-
halation/exhalation valve; 6 — corrugated air duct; 7 — air clean-
ing device [21]

To describe linear input-output objects, it is convenient to
use their transfer functions as mathematical models. In this
case, two tasks need to be solved to determine the mathemati-
cal description of the system. The first task is called structural
identification and involves finding the structure of the mathe-
matical model, i. e., determining the orders of the polynomials
that appear in the numerator and denominator of the transfer
function that describes the airflow in the MFR. The second
task, called parametric identification, involves determining the
coefficients of the transfer function taking into account the
given structure of the mathematical model for the airflow in
the MFR.

To mathematically describe the processes that take place
in the MFR components, it is convenient to use equilibrium
equations that are written for equivalent replacement circuits.
According to the theory presented in [22], such replacement is
based on the idea of replacing the system being modelled with
a series of simple segments, each consisting of a minimum
number of concentrated elements.

As the air ducts of the MFR have a closed volume, the air-
flow rate in each cross-section can differ due to compression.
This is conditioned by the physical and chemical properties of
the air. Thus, a change in pressure causes a change in the den-
sity of air and its mass in a confined volume. The effect of air
accumulation occurs not only in the mask but also in the air
flow channels.

An analytical description of the processes that occur dur-
ing air transportation will be performed under certain assump-
tions. Each air transport channel will be replaced by two ele-
ments, one of which has a pressure change characteristic equal
to the pressure loss over the length, while the other has zero
pressure change and an accumulating capacity of the replaced
element. Fig. 2 shows the replacement scheme.

Development of a theoretical model of air flow in MFR air
ducts. To develop a mathematical model of the system, we will
use the equation of conservation of matter (mass balance)

d
QMin _QMout = Vd_‘;
where r is air density, kg/m>; Vis air volume, m?; ¢ is time, s;
Oyin> Omour 1s mass flow rate of air at the inlet and outlet of the
object, kg/s.

The pressure in the MFR slightly differs from atmospheric
pressure and should not exceed 370 Pa [12]. The temperature
is almost constant, so air can be described with the accuracy
sufficient for practical calculations using the ideal gas model.
The process of air transportation with the help of the fan (as
for a compressor) is isothermal.

For the isothermal process, characteristic equation is ap-
propriate

) (1)

pV=RT=K, 2)
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Fig. 2. Object substitution scheme (MFR):

Din» Pows — Pressure at the inlet and outlet, Pa; p;— pressure (depres-
sion) after the filter, Pa; p,, — pressure in the air duct formed dur-
ing the operation of the fan, Pa; p,,, — pressure before the inhala-
tion valve, Pa; p,, — pressure in the mask, Pa; Ap;,, Ap,,, — chang-
es in air pressure at the inlet and outlet of the system, Pa; Qy;,,
Qo — Mass flow rate of air at the inlet and outlet of the system,
kg/s; Oraa — mass flow rate of air in the air duct, kg/s; AQ i,
AQous — changes in mass flow rate of air at the inlet and outlet of
the system, kg/s
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where p is the air pressure, Pa; Vis the volume of air, m’; R is
the universal gas constant, J/°C - Kmol; 7T is the temperature
of the air, °C.

The specific volume is calculated using the formula

1V

pom
Taking into account equation (2), for the substance den-
sity the following expression will be correct

L _p
TV
If V, is the volume of the medium in the system, then the
amount of gas (air) ms in the system will be
PV
me=p- Vs = K . (3)
This expression establishes a relationship between the
amount of substance in the system m, and the pressure p.
The change in filling caused by a change in pressure can be
found by differentiating expression

dm dp V,dp
L=V, =452, 4
dt  Cdr Kadt @
For small pressure deviations, the ratio of m,/p can be con-
sidered constant. Then, based on (3), we obtain

Vidp_m dp

Kdt padt
And expression (1) takes the form
m, dp
pdt

Considering the fact that there is no change in filling in
steady-state mode, we get

QMin - QMout =

il e
p v D p
where T, == has the dimension of time and can be consid-

1

M —_ .
ered as the constant of time of the isothermal process, s; 7, is
the mass of air in the system in the steady-state mode (base

value), kg; Q,, isthe mass flow rate of air through the system in
the steady-state mode (base value), m3/s; p is the air pressure
that corresponds to the steady-state mode (base value), Pa.
The mass of air in the system, as the pressure changes over
time, is related by the equation
dmg _Qy g dp

dt  p dt
Given that in the steady-state mode Qy;, = Qupou = O and

D, =P~, i.e., there is no change in the filling; linearizing the
equation through the small deviation method, we obtain
dAp in

TMT; T T AQMM _AQMaut’
D dt

where Ap;, is the change in air pressure at the inlet of the sys-
tem, Pa; AQ,;,, AOy,. are the changes in mass flow rate of air
at the inlet and outlet, respectively, kg/s.

The balance of mechanical energy (equation of conserva-
tion of momentum) is

Apin + Apv - Apour: Apf+ Apad+ Apinh + Apma

where Ap;, is the change in pressure at the inlet, Pa; Ap,,, is
the change in pressure at the outlet, Pa; Ap, is the change in

pressure at the fan, Pa; Ap,is the change in pressure at the
filter, Pa; Ap,, is the change in pressure in the air duct after
the fan, Pa; Ap,,, is the change in pressure before the inhala-
tion valve, Pa; Ap,, is the change in pressure in the mask, Pa;
Ap;, and Ap,,, become zero due to the constant atmospheric

pressure.
‘We obtain
Apv = Apf"‘ Apad + Apinh + Apm + Apexh' (5)
Let us examine the components of the equation in detail
(5).

Air blower (fan). The change in pressure increase at the fan
Ap, can be determined using the formula [19]

Apv = Apad - Apf: _QVAQMin + vam

where a, is the coefficient of resistance of the air duct with a
filter, which we will calculate using the formula

av = aApV ; bB = aApv
6QMin on

>

where AQ,;, the change in mass air flow rate at the inlet due
to the change in fan productivity, kg/s; An is the change in
rotational speed of the fan blades, s™'; Ap, is the pressure
increase at the fan, Pa; Ap,, is the pressure increase in the
air duct, Pa; Ap,is the pressure increase (decrease) after the
filter, Pa.

Coefficients a, and b, can be obtained graphically from the
fan’s aerodynamic characteristic MFR, or from the following
relationships

QMI_QMO[nl} Ap, =Ap O(HIT
v v n >

Py Po Mo o

where Ap,, Ap,, is pressure drop at the MFR fan at the base
and operating points, respectively, Pa; n,, n, are rotational
speeds of the MFR fan blades at the base and operating points,
respectively, s™'; Q0. Oy are mass air flow rates at the MFR
fan outlet at the base and operating points, respectively, kg/s;
po, p1 stand for air density corresponding to the pressure at the
base and operating points, kg/m>

Filter. The standard pressure drop (pressure drop at the
operating point) for existing filters depends on the standard
volumetric flow rate (volumetric flow rate at the operating
point).

The change in pressure across the filter can be determined
by the formula

Apy — Apy= afAQMim
taking into account Ap,, =0
—APfZ afAQMim

where oy is the pressure loss coefficient of the MFR filter,
1/(m-s).

Darcy’s law [19] for pressure drop due to the passage of air
through a porous medium gives an estimate of pressure change
with a change in flow rate; in this case, the pressure drop is
proportional to the average flow velocity (i.e., Ap a u,, aQ/A,
where u,,, O, and A4 are the average flow velocity, volume flow
rate, and filter area, respectively), which leads to

where AQ,is the change in the mass airflow rate through the
filter due to a change in the productivity of the MFR fan kg/s,
AQ/: AQMm-

That is

-7
Oy

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N2 3 929



The airflow in the air duct after the fan is described by a
system of equations [20], in which the first equation reflects
the effect of accumulation due to the air compressibility, and
the second equation describes the pressure losses due to the
total local resistance of the MFR air duct

1 0 1
Apinh = 2K TiApad + Apad _AQMin
aid p Aoy . (6)
Ou 7 n¢ Ov rri
Ayq %TiAQMad + AQMad = AQM[V: _?MTiApinh

where Q,, is steady-state mass flow rate, kg/s; P is pressure
in the steady-state mode, Pa; T is time constant of the iso-
thermal process, s; AQ,,,, is change in mass air flow rate in the
air duct, kg/s; a,, is the pressure loss coefficient in the air
duct, 1/(m - s) [22]

AL 0,
={D+zaij-p9gz,

id i=1

where L is the pipeline length, m; D,, is the internal diameter
of the MFR air duct, m; § is the dimensionless coefficient of
local resistance; p is air (gas) density, kg/m?; S is the cross-
sectional area of the MFR air duct, m?; A is the Darcy hydrau-
lic friction coefficient for a smooth pipe, which depends on the
Reynolds number (Re).

The hydraulic friction coefficient is used in hydraulics and
aerodynamics to determine pressure losses in a system’s design
section. The formula for calculating the Reynolds number
through the volume flow of liquid or gas is

Re=(Q-D)/(v-S),

where Q is the volumetric flow rate of the fluid, m®/s; D is the
hydraulic diameter, m; v is the kinematic viscosity of the me-
dium, m?/s; S is the cross-sectional area of channel (duct
pipes), m>.

To calculate the coefficient of hydraulic friction, we use
formulas for a hydraulic smooth wall depending on the air flow
regime

A :6—4 if  Re<2000;
Re
= 0.3164 if Re>4000.
ReO.ZS

When transitioning from laminar to turbulent flow, the
friction coefficient is difficult to calculate, so it is estimated by
linear interpolation between the friction coefficients at Reyn-
olds numbers of 2000 and 4000. This relationship for the fric-
tion coefficient was chosen because it can be easily modified to
account for rough pipes.

The change in pressure at the inhalation valve can be de-
scribed by the equation

APiny = APy = AinnA Oitaas
where a,,, is the pressure loss coefficient at the inhalation
valve, 1/(m - s)

a. :72[(’-”,’7.@]” . K. :@
inh S,'f,;, > inh 2p

s

where K, is the resistance coefficient of the inhalation valve;

S.., is the cross-sectional area of the inhalation valve in the
steady-state mode, m?; &,,, is the local resistance coefficient of
the inhalation valve which depends on the design of the valve.

inh exh

g a(a, +a,)a,, +2a,,+4a

There are several components that determine changes in
air pressure in the MFR mask:

- an air blower (fan), which provides an airflow in response
to the pressure values in the mask (discussed above). The air-
flow from the fan enters the mask through an air duct;

- the lungs, which add or remove air in accordance with
the user’s breathing. The breathing process is not considered
in the current model and depends on the user and their current
workload (physical and/or mental);

- mask seal leakage. It is not considered in the current mod-
el and largely depends on the quality of the user’s facial seal;

- an exhalation valve, which prevents external air from en-
tering when the pressure in the mask is below a certain set
value. When this value is exceeded, the valve will open with a
volumetric flow rate determined by the formula

ApM - Apout = aethQMout'

Taking into account Ap,,, =0

ApM = aethQMout’ (7)

where a,,, is the pressure loss coefficient at the exhalation
valve, 1/(m - s).
The coefficient a,,,

_M- K = Seu

aexh - §2 s exh — 2p bl

exh

where K, is the exhalation valve resistance coefficient; S,,, is
the cross-sectional area of the exhalation valve in the stead-
state mode, m?; &, is the local resistance coefficient of the ex-
halation valve, which depends on the design of the MFR valve.

For the design of the MFR mask, considering the sub-
mask space as an accumulated volume of the air that is inhaled
by the user, while assuming that there is no resistance to the air

flow in the mask, we can write the equation as follows

g7MT:'APM = AQMad _AQMaut' (8)
Py

Thus, taking into account equations (6—8), we obtain a sys-
tem of equations that describes the air flow in the MFR air duct

—Apy=a;AQ,,,
Apy—Ap,= —-a,AQ,;, +b,An
0

1 . 1
7Apinh = K T;'Apad +7Apad _AQMM
aad 2p aud

0 2T A g + A0y = A0~ 2L TR, )
2p p
Afinh ~Apy =, AQy g

0 .
?MTiApad = AQMad _AQMout

ApM = aethQMaur

After making the appropriate substitutions and transfor-
mations in the system of equations (9) with respect to the air
pressure in the MFR mask, we obtain an equation of the form

(10

The coefficients in equation (10) in general are determined by

APy + APy, +aZAD,, +ayAp,, = bAn+byAn.

) a (a,+a)(a, +2a,,)
7= in;, a3:z3 ad\" f v ad mh;
p 4

) (a;+a,+1) . (a;+a,)a,, +2a,,) _

a4
4 aexh

(a;+a,) 2

_p a,(a; +a,)(a,, +2a,, +4aexh)+2aexh(af +a,+1)(a,, +2ai”h).

4aexh

El
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2aexh

4 =2 Gy, +
( (ay

+a,)

2 Doxn

a,(a,+a,) . (a,+a,+a,) . (a;+a,)(a,,+2a, +4aexh)j:

2aexh

= z(ainh +

2aexh

a,(a,+a,) . (a,+a,+a,,)(a,, +2a,,+44a,, J _

2aexh

2aexh

2
_ Z( 2ainhae)ch + 2aadaf + 2audav + 2ainhaf + 4aexhaf + 2ainhav + 4aexhav Tat 2ainhaad + 4aexhaad ] —

2a,.,(a,,, + 2af +2a,+2a,,)+a,,(a,, + 2af +2a, +2amh)+2al.nh(af +a,)
=z 5

2aexh
_ (ainh Jraexh) (af +le) _ a[”h +anh +af +aV c b= ﬁ
a, = + = > =275
aexh aexh aexh 2
b b — a,,b, asb,+ab,—a,b, B b(a,+a,-a,)
0 = = = .
(a;+a,) a+a, a+a,

To obtain the transfer function for pressure change in the
mask due to changes in the rotation speed of the MFR fan, we
will use the recommendations [20]

APy + APy +aApy, +ayAp,, = bAn+byAn;

_ Apy (p) _
(») An(p)

The obtained mathematical model in the form of a transfer
function, which has a 3’ order, can be used for further para-
metric identification of the control object for air flow move-
ment in the air duct of the MFR.

Research results. Using the information about the design
features, technical characteristics of the MFR components,
and the physical properties of the air which is inhaled by the
user of the MFR, we obtained numerical coefficients of the
mathematical model for the air flow movement in the air duct
of the MFR (Table).

The mathematical model for the air flow movement in the
air duct of the MFR will have the following form

0.0000028405 p +0.75422785
0.0124972p° +1.20p* +8.43p+7.06

The mathematical modelling of air flow movement in the
air duct of the MFR was performed in the Simulink environ-
ment of Matlab software. The modelling was performed under
the condition that the initial pressure inside the MFR was
equal to atmospheric pressure, there were no air leaks due to
gaps, and no breathing (the mask was worn on a mannequin).
The results of the modelling at different rotation speeds of the
MFR air duct are presented in Fig. 3. The results of the mod-
elling at different degrees of filter contamination in the system
are presented in Fig. 4.

The obtained data demonstrate the possibility of control-
ling the amount of air entering the sub-mask space, taking into
account the filter contamination and operating time with a
change in operating modes that are defined by corresponding
numerical coefficients.

Results. The mathematical model for the airflow move-
ment in the MFR pipeline with mechanical air cleaning is de-
veloped on the basis of analysis of the properties of the struc-
tural components and the device as a whole, as well as the pe-
culiarities of its operation when used. The model will be used
for developing a control system based on several parameters:
pressure drop, airflow rate, taking into account the mode of

bp+b,

W, S > .
ap’ +a,p° +ap+a,

An—Ap,,

W,

An—Ap,, (p) =

Table

Numerical coefficients of the mathematical model for the air
flow movement in the air duct of the MFR

operation and the degree of filter contamination with consid-
eration of protective action time. In the development of the
mathematical model for the airflow movement in the MFR
pipeline, the peculiarities inherent in the transportation pro-
cesses of gaseous substances, including air, were taken into ac-
count. For the mathematical description of air transport
zones, the “capacity-resistance” substitution method was
used to mathematically describe the zones of air transporta-
tion, which reflects the accumulation effect due to the com-
pressibility of air, as well as pressure loss because of the total
local resistance of the air duct. This effect is particularly im-
portant to consider when choosing or using centrifugal fans
which consist of two main parts: the turbine (impeller) and the
spiral-shaped casing (housing). The impeller of such a fan is a
hollow cylinder, and during its rotation, the air that enters be-
tween the blades moves radially from the centre being com-
pressed.

Under the action of centrifugal force, the air is pushed into
the spiral-shaped casing of the fan housing and then directed
towards the outlet (injection), which significantly affects the
amount of air flow, especially when the battery charge drops,
and requires appropriate adjustment and control [19, 20].

One of the main parameters of the model for air flow in the
pipeline is the pressure inside the MFR under different operat-
ing conditions. For the MFR, there is a strict requirement for
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Fig. 3. Dependence of pressure in the mask at different speeds of
rotation of the air duct wheel of the MFR
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constant maintenance of excess pressure inside the mask to
prevent the entry of external contaminated air. When develop-
ing a system for controlling air flow in the MFR based on the
presented model, it is necessary to take into account the pos-
sibility of identifying when this condition is violated, which is
one of the important reasons for stopping the operation of the
respirator.

The developed model provides that an increase in the
resistance of the filters may result in a decrease in the air
supply, which will require an increase in the number of fan
rotations on the one hand, and an increase in the resistance
of the air flow through the filter, on the other. The contra-
diction which arises can be eliminated by using several fil-
ters, one of which is a spare one. In case of a significant in-
crease in the resistance of the air flow, the system for con-
trolling the MFR parameters will either switch the flow to
another route or indicate the need to replace the filter [21,
22]. The same approach is implemented in case of signifi-
cant accumulation of moisture inside the filter, which not
only increases the resistance but also reduces the protective
efficiency of the MFR.

Further research will be related to improving the current
model by taking into account the influence of air humidity on
protective efficiency and selecting the necessary number of fan
revolutions to maintain the required level of protection for re-
spiratory protective equipment.

Conclusions.

1. The mathematical model of the air flow movement in
the MFR has been developed in the form of a transfer func-
tion, which is a third-order equation; it can be used to de-
velop a control system for air pressure in the mask according
to the user’s working conditions to ensure compliance with
regulatory requirements for similar RPEs. The unique fea-
ture of this model compared to existing calculation algo-
rithms is the relationship established between external and
internal system parameters, such as atmospheric pressure,
pressure drop, filter resistance. These parameters take into
account the zones of air transport with the effect of air ac-
cumulation in the ducts, considering the property of air
compression, which is reflected through the “capacity-resis-
tance” principle.

2. The numerical coefficients of the mathematical model
of the air flow in the MFR air duct have been established,
which allow for the process of adjusting the fan rotation speed
according to the operating time, pressure drop across the fil-
ters, and the operating mode.

3. A relationship has been established between the external
and internal parameters of the MFR: atmospheric pressure,
pressure drop in the air duct, filter resistance, and user opera-
tion mode, taking into account the accumulation of air in the
sub-mask space, which is reflected through the principle of
“capacity-resistance”.

4. The parameters of the mathematical model have been
established, which can be used when developing a control sys-
tem for the air flow movement of in the MFR, including
changes in air flow rate in accordance with different condi-
tions of physical exertion by the user during professional ac-
tivity.
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Mera. Po3po6ka MaTeMaTUYHOI MOJEJIi PyXy MOBITPSIHO-
ro MOTOKY B MOTOPOBaHOMY (DiIbTpyBaJbHOMY pecItipaTopi
(mami — M®P), 1110 103BoJISE 3a0€3MEYNTH KepyBaHHSI Iapa-
MeTpaMu poOOTU BEHTUJISITOPA, 3 YpaXyBaHHSM 30BHIlIHIX i
BHYTPIIIIHIX BIUIMBIB Ha TePMiH 3aXMCHOI [ii Ta KoM(pOpTHi
YMOBM €KCILJTyaTallii.

Metomuka. Iy onucy JTiHIHHUX 00’€KTIB BUAY <«BXig—
BHXi[l» 3pYYHO B SIKOCTi MaTeMaTUYHUX MOJIeJIell BUKOPUCTO-
BYBaTH iX TlepenaBabHi (DyHKILI. Y IbOMY BUITAAKY IIJIST BH-
3HaYCHHSI MaTeMaTUYHOro onucy podotn M®P HeoOXxinHO
BUPIIIUTH 1Ba 3aBuaHHs. [lepire, moB’sg3aHe 31 3HAXOMKEH-
HSI CTPYKTYpU MaTeMaTUYHOI MOJAENi, a Ipyre — IOJISITaEe y
BU3HAYCHHI KOeMilliEHTIB MOJiHOMIB, IIIO CTOSATh Y YHCEITb-
HUKY Ta 3HAMEHHUKY IepeaaBajbHOI (YHKIIii, sIKa OTMUCYE
PYX TIOBITPSTHOTO TTOTOKY Y M®DP.

PesyabTaTi. Po3pobieHa mareMaTuuHa MOMEb pyxy Mo-
BiTpsiHOTO MOTOKY Y M®P y BUIIAIi MepenaBaabHOT (PYHKIIIT,
10 Ma€ 3-1 MOPSIIOK i BUKOPUCTaHA Uit pO3POOKH CUCTEMU
KepYyBaHHSI TUCKOM TOBITPSI B MiAMAaCKOBOMY ITPOCTOPI BillIo-
BiIHO 10 PEXXMMY Ipalli KOPUCTYBaya 3 METOIO 3a0€3MEUEHHS
KOM(bOPTHUX YMOB Tipalli. BimMiHHiCTIO TTpencTaBieHOl MaTe-
MaTUYHOI MOJIeJIi pyXy MOBiTpstHOTO TIoTOKY y M®DP Bin icHYy-
IOYMX TIAXOIB € BpaxyBaHHS BIUIMBY Ha €KCILTyaTalliiiHi mo-
Ka3HUKU 30BHILIHIX i BHYTPIllIHIX MapaMeTpiB CUCTEMU: pe-
KUMY TIpailli KOpPHUCTyBaya, aTMOC(epHOTO THUCKY, OIIOpY
¢binbTpiB, Nepenamy TUCKY B TTOBITPONPOBOAaX 3 €(heKTOM Ha-
KOTMYEHHS MOBITPS B MiIMAaCKOBOMY MPOCTOPi Ha OCHOBI
MPUHIIUITY «EMHiCTb—OITip». BU3HaueHi YncioBi KoedilieHTH
MaTeMaTUYHOI MOJENi pyXy MOBITPSIHOTO MOTOKY B MOBITPO-
npoBoni M®P, 1110 103BOJISIOTh 3MiMCHIOBATH KOpPETyBaHHSI
KITBKICTI 00epTiB BEHTWISITOPA BiAMOBIAHO A0 Yacy eKCIutya-
Tallii, 3pOCTaHHSI OIOpY Ha (hiIbTpax, pexKuMy poOOTH.

Haykosa HoBH3HA. BcTaHOB/IEHO B3a€EMO3B’SI30K MiX 30-
BHIIIHIMM Ta BHYTpiltHiMu ntapametpamMu M®P: atmochep-
HUM THCKOM, TepernanoM TUCKY B TTOBITPOIIPOBO/Ii, OTTIOPOM
(inbTpiB, pexxUMOM poOOTH KOpUCTYBaya 3 e(peKTOM HaKo-
MMUYEHHS TOBITPS B MiAMACKOBOMY TIPOCTOPi 32 MPUHIIUTIOM
«EMHICTb—OITip».

IIpakTyna 3HaummicTb. BcTaHoBEHI mapameTpu mate-
MaTUYHOI MOJIEei, 1110 MOXYTh OYTH BUKOPHUCTaHi MpU pO3-
poOLli CUCTEMU KepyBaHHS PYyXOM IOBITPSHOIO IMOTOKY Y
M®P: 3miHa BUTpaTH TOBITPS Y BiAMOBITHOCTI IO Pi3HUX
yMOB (hi3MYHOTO HaBaHTAXKEHHS KOPUCTYBaya Iijl Yac BUKO-
HaHHS NpodeciitHOl NisIbHOCTI.

KimouoBi caoBa: momoposaruii ginempysarvhuil pechipa-
mop, onip OUXaHHs, 3aXUCHA epeKMUBHICMb
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