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MATHEMATICAL MODEL OF FUNCTIONAL RESPIRATORY SYSTEM
FOR THE INVESTIGATION OF HARMFUL ORGANIC COMPOUNDS
INFLUENGES IN INDUSTRIAL REGIONS

Introduction. The areas around industrial objects, and now in regions of military actions are
characterized by a high content of pollutants. Qualitative spectrum of these pollutants is
extremely broad and contains both inorganic and organic elements and compounds. In
particular, environmental pollution is caused by hydrocarbons with wide range of chemical
structures, the study of which is very important due to their harmful and toxic influences on
living organisms. The methods, currently used in medicine, give only a “thin slice” of current
pathological state of organism, but they cannot predict the long-term consequences of such
lesions. That is why it seems appropriate to use mathematical models that simulate the
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movement of organic compounds in the respiratory and circulatory systems and thus to
predict possible pathologies in organs and tissues caused by hypoxic states that occur when
these organs and tissues are affected.

Purpose of the paper is to create a mathematical model of functional respiratory
system, which simulates the influence of external environment on the parameters of self-
organization of human respiratory system in the dynamics of respiratory cycle; and thus to
predict hypoxic conditions during tissue damage by hydrocarbons.

Results. The mathematical model for respiratory gases transport and mass transfer in
human organism is represented as a system of differential equations, which is a controlled
dynamic system, and the states of which are determined by oxygen and carbon dioxide
stresses in each structural link of the respiratory system (alveoli, blood, and tissues) at each
moment of time. The model is supplemented by the equations of transport of the substances in
each structural link as well as by the mathematical model of organism oxygen regimes
regulation. The model includes seven groups of tissues - brain, heart, liver and
gastrointestinal tissues, kidneys, muscle tissue etc. The algorithm of the work and iterative
procedure of research with application of suggested complex are given.

Conclusion. The proposed mathematical model for studying of the transport of organic
substances in human organism which consists of differential equations of respiratory gases
transport and mass transfer in it, and for the transport of organic compounds is theoretical
only for today. However, in the presence of appropriate array of experimental data, it will be
able to monitor the state of functional respiratory system after the pathogenic organic
compounds inquiry, which may be useful in choosing of strategies and tactics for the
treatment of particular lesion.

Keywords: functional respiratory system, regulation of organism oxygen regimes, harmful
organic substances, hypoxic state, mathematical model of respiratory system, transport of
gases by blood, self-regulation of respiratory system.

INTRODUCTION

In contemporary reality the great attention is attracted to problems of environmental
pollution, and numerus researchers, environmentalists study effects of toxic and
harmful environmental substances influence on living organisms. Industrial polluted
territories are characterized by high content of contaminating substances, the
qualitative spectrum of which is extremely wide, containing both inorganic and
organic elements and compounds. Among such environmental chemical pollutants
there are hydrocarbons (with linear and/or cyclic structures) for example, the
derivatives of phenols with polyamine radicals of different lengths and branches. Such
substances were registered among a wide range of environmentally harmful pollutants
appeared as a result of industrial objects functioning, as well as damages of chemical
plants, contamination of accident sites by fuels and lubricants, consequences of air
crashes, fires at objects of oil and gas industries etc. Numerous works are devoted to
study of these problems [1, 2], but many questions still are unanswered [2].

Numerical facts of environment industrial pollution with hydrocarbons of
wide range of chemical structures were described [1, 2, 3], as well as the facts of
their harmful and toxic effects on living organisms. However, the studies of
mechanisms of such compounds influences on organisms, details of their
physiological effects, results of monitoring of their pressure on organisms over
long time periods are absolutely insufficient because of number of reasons. Such
reasons are: the great diversity of such compounds in pollutant emissions, their
insufficient chemical identification, variability of chemical structures of such
compounds over time as a result of their continued chemical transformation in
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the environment, other. The grounding of such substances computer
identification with further studying was already done [4].

The practice of contemporary science demonstrates that usage of
mathematical methods, including the methods of mathematic modeling
permits to overcome such difficulties. Such methods have to be used in cases
when direct experimental study is or impossible, or rather expensive [5]. The
methods existing in medicine for such substances influences studying give
only imagination about current pathological state of organism, which, of
course, is very important for the treatment of specific lesions, but cannot
predict the long-term consequences of such lesions for organism. Therefore,
it is advisable to use mathematical models that allow ones to simulate the
processes, pathways of organic compounds transportation by respiratory
and/or blood circulation systems; and thereby to predict possible pathologies
in organs and tissues. In this research we use mathematical model of
functional respiratory system [6—8], which is supplemented by the equations
of substances transportation in organism [9, 10].

The purpose of the paper is to develop mathematical models to study the
influences of organic pollutants (derivatives of aromatic hydrocarbons) on the
state of functional systems of living organisms.

Problem of environment pollution by harmful and toxic organic
substances in industrial regions. Hydrocarbons are the major component of liquid
and gaseous fuels that cause toxic effects on living organisms. Different types of
fuels (gasoline, kerosene etc.) differ in their content of paraffin, petroleum and aro-
matic hydrocarbons [1, 2, 3]. The wastewater of production areas of airports, other
aviation industry objects contains benzene, petroleum products that occur damaging
effect on organisms of these enterprises service personnel and surrounding
population. For example, an increased risk for the health of population was regis-
tered within the 10 km wide band surrounding the aviation objects [2].
Hydrocarbons are sources of environmental pollution by carcinogens, the most
powerful of which are polycyclic hydrocarbons, as well as aromatic amines, which
are products of functioning and emissions of aviation industry, chemical and
petrochemical industries [3]. Hydrocarbons are also the components of transport
fuels, their quantity is growing in metropolitan areas and, consequently, the risk of
related diseases of population is increased in Ukrainian cities [3].

Oil pollution of sewages is especially noticeable in industrial regions,
however, the molecular mechanisms of action of these hydrocarbons have not
been studied yet [3]. At the same time, it is known that oil and petroleum
products are too harmful for water reservoirs in nature (sea, lakes etc.), their
physiological toxic effects on living organisms are widely known [1, 2, 3]. The
authors tried to investigate effects of such hydrocarbons derivatives, which are
parts of the abovementioned pollutants. Namely, the effects of aromatic
hydrocarbons influence on organism (phenol derivatives with hydrocarbon
radicals of different length and structure) were investigated. In previous works
by Klyuchko O.M. was demonstrated that investigated molecular mechanisms of
such substances action are common to a broad class of such compounds. In
addition, the differences in properties of the action of toxic substances
depending on the length of the polyamine radical were demonstrated [4, 5].
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It should be noted that the most common of coal products are indene-coumar
resins containing chemical compounds with similar structure of molecules. Inden-
coumar resins are products of polymerization of non-organic compounds of xylene
fraction (T = 160° — 180° C): coumarone, indene, styrene and their homologues.
These resins are used to increase the stickiness of the rubber mixtures. There are no
fundamental differences between such compounds - low molecular weight and high
molecular weight polymers [11]. The results obtained by some authors [1-3, 11] can
be used to improve the safety of personnel working in coal mining or processing
enterprises, chemical plants, places of industrial accidents etc.

Mathematical model of respiratory system. Using a systematic approach to
describe the process of mass transfer of respiratory gases in organism, lets imagine the
respiratory system in the form of controlled system in which the mass transfer of
oxygen, carbon dioxide and nitrogen is going, and the controlling system, which
produces certain effects that ensure the normal course of the process of mass transfer
of gases. The mathematical model of controlled part of respiratory system is
represented by a system of ordinary differential equations that describe the dynamics
of oxygen tensions at all stages of its ways in organism.

We represent the mathematical model of the functional respiratory system
in following form.

The block diagram of the model is shown in Fig. 1.

Let’s denote as pO,, pCO,, and pN, partial pressures of oxygen, carbon and
nitrogen respectively in breathing mixture, taking into account that

B=p0O;y + pCOy + pN;, (1)

where B is a value of atmospheric pressure.
Lets suppose that p,; ., j=1,3 are the partial pressures of oxygen, carbon dioxide

and nitrogen in the respiratory tract,and p; , j = 1,3 — in the alveolar space.
Then the equation describing the dynamics of respiratory gases in the
respiratory tract can be represented as:
dp 14
Jrw _ V- =
where the gas number corresponds to the index j — oxygen, carbon dioxide,
nitrogen, V%, — airway volume, /' — lung ventilation.

RV -t . -1
S Ny, during a breathing act (inhalation and expiration )

3)

O,during a breathing pause
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Fig. 1. Block diagram of the model

pj,atf/>0
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and “Jrw ijW,atVSO @
o Pjpw atV>0 “
JA .
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where T, is the duration of the respiratory act, 7y — the time of its onset, RV — the
respiratory volume. Using the same principles of material balance and flow continuity,
we can write the equation for the dynamics of respiratory gases in the alveolar space:
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- dv;
j-p; V=G =Py . ()

dp;, 1
dr ”lj(VL ~Vew)

where G4 is the flow of gas through the alveolar-capillary membrane, V; is the
lungs’ volume, n; — transfer coefficients. The algebraic analogue of Fick's law
is used for G4

Gy, =kj-n;-S-(pj, —p; ), (7)

where k, n are coefficients of gases permeability through the membrane,
S — is the surface area of mass transfer.

The peculiarities of mass transfer of gases convectively should be taken into
account during obtaining of equations for the transport of respiratory gases by
the blood. Oxygen is transported being dissolved in blood plasma as well as
being chemically coupled to hemoglobin (Hb); carbon dioxide — being
dissolved as well as chemically coupled to hemoglobin and blood buffer bases
(BH), nitrogen — being only dissolved in blood plasma.

Let suppose that p,0, p,CO, p, N, — are the tensions of respiratory
gases in the arterial blood; ’p;Oz p;CO2 p; N, — in mixed venous blood,
(p..0,, p,.CO, p,.N,) _ in pulr’nonary capillary blood; (p, O,,
p.CO,, p,N,) . in tissue capillary blood; and (p, O, Py, co, P, N, )—

in tissue fluid, respectively.

Applying the principles of material balance and continuity of flows, we can
obtain the equation for changes of gases tensions in the blood of pulmonary
capillaries as follows:

dp,.O 1
ch 2 = [al (Q - Qsh )(pa - chOZ) -
dr 0

V, (a, +y- Hb—Te )

achOZ (8)
-y -Hb-(Q-0Q,)n; —n,.)+G,0,]
dpacC02 _ 1 .
dr 0z, 0z,
V(ay+ ¥y -BH—2—+y -Hb(1-n, )—2 — )
(o, + vy &p,.CO, 4 (I-n.) achc02)

{2(Q —Osn NPy COL=pLcCOL+GCOIHQ~Osh )7 BH -BH O (2 2L )+

+(1_77Lc).}/BH .BH.(Q_Qsh).ZT) _ZLC]+

dchNz _ 1
dr V,.a,

(10)

(2, (Q—-0,)p;N, —p,.N,)+G,N,),
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where O, Q. — are volumetric rates of systemic circulation and circulation in

conditions of the lungs bypass; ¢, «, o, — are coefficients of gases solubility in

the blood plasma; Hb, BH — hemoglobin and buffer concentrations in the blood;
V.7 gy — are Giifner constants, and the degree of oxygen saturation is determined
by the ratios (20)~23) relatively to the blood of pulmonary capillaries.

The equations of tensions change for gases and studied chemical
compounds in the blood of arterial vessels were obtained in the same way. It is
necessary to note only that the levels of gases tensions are formed as a result of
quick mixing of their flows, coming from the blood of pulmonary capillaries and
mixed venous blood with the gases in arterial vessels. That is why

dpa O _ 1
dr

[21(Q—Osn) PLcO2 +y-Hb-(Q—Osh)1Lc 1)+

Valay+y-Hb- 14
opa02 (11
1
+a1Q0shpyO2 ]+ an +[y-BH -Osprry —10paO2 —y-BH -q 14 ]
Va(ey +7'Hb7a)
apaOZ

dp,CO, _ 1
dr aZa aZu
Vi, + 7y .BHWij.Hb(l_m)W)
2 2

[02(0-0shpLeCO+ 2051 Py HO~Osh) 7 1 -BH-Opy 21~z +U-npe) g (1)
(A=n¢)-y-Hb-(Q=OQsh)-zLc +A=1v)y-Hb-Ogp. -z —(A=1¢ -y-Hb-Q-z4

Oz Oz
V.(ar+ -BH L & a
clar+yBH paCO> y-Hb( n“)apacoz)

dpaNZ _ 1
dr V.a,

a

(;(Q-0y)p, N, ;-0 -p;N, -0, —a;-0-p,N,) (13)

Here is an equation that characterizes the changes in the tensions of
respiratory gases in the blood of tissue capillaries and tissue fluid of the organ:

dpe;; O 1
AR (@10 (PaO2 = Pet; 02+ 1 Hb-Osy (g ~Tlet;) -G, 02)

" “ (14)
Vet,(e1+y-Hb L)
! ﬁpctiOZ
dp t,COz 1
CC;T - Oz ’ (aZQti (paC02 - pcti COz) +
ot
Vo (ot ymmBH L 050
ct;
’ (15)
BH -Q;. -Hb G;.CO oM ¢t
+7BH -BH Oy Hb-024—Gy; COy) - (@20¢; ~(=n¢t )y b Hb Ve, - )
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dpctl N2 1

dr - ch,ag. (a3Q"'p“N2 _a3pCfiN2 'Qt,- _Gf,-Nz)’ (16)
dp, O 1
et - (G,0,-4,0,)
dr 77t[ (17)
V,(a,+ 7, - Mb )
o, 0,
P.CO:_ 1 G co,+q cO)
i — +
dr Via, "7 RS o
dp,N, G,N,
dr Vt,.% ’ (19)

where

ﬂct, = 1 - 1975 exp(_07052mct, pcti 02 ) + 0975 eXp(_Oﬂlzmcti pct, 02) (20)

m, =025(pH, —74)+1 1)
BH
H, 6 =6l+lg———,
P ¢ a,p,,CO, @2)
pct,- COZ

z, =—————
“ " p. CO, +35 (23)

ap, ay, 0y, a, , 0, , &, aresolubility coefficients of respiratory gases in blood

and tissue fluid,; Q,l_ — volume circulation velocity in the capillary channel of the

tissue reservoir; £, , V,, , ¥, — volume of blood and tissue fluid, respectively.

ct; ?
Tissue blood which partially gave off oxygen and saturated with carbon
dioxide, returns to the lungs through circulation. There tissue blood is enriched
with oxygen, but left the carbon dioxide during each respiratory cycle.
Respiratory gas tension equations for mixed venous blood can be written as:

dpy 0y _ 1
dt

[a1 (tZ Ot; -Pct02-Q-py02)~y-Hb-Q'175 ], 24)

Ve (ay+y-Hb—1
v( 1t7 8p‘702)
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dp;CO 1
p‘;lr t= Oz- [aZ(ZQti _QPEC02)+(Z7BH 'BH'in 2ty T
Vi(ay +ypy - BH ap;CVOZ) ki i
vpr BH - Q- 205) + (X (1 =7cr,) - yiap - Hb- Q- 25 = (1 =175) -y ppy - Hb - Q- z57) + (25)
li
0Ny,
+ Vi Hb Vi, ——
P or
dp-N. 1
P2 (¥ -0, P Mot pN,-0,). (26)
AN

i

System (1)+26) for given v, 0, 0, , describes changes in the partial pressures

and tensions of respiratory gases in the blood and tissue fluids of organism regions and
organs during the respiratory cycle; 77 is the degree of hemoglobin saturation with

oxygen; () — is volumetric rate of systemic and ), — of local blood flows; ¢, O,
— is velocity of oxygen consumption by i-th tissue reservoir; ¢, CO, — is velocity
of carbon dioxide emission in i-th tissue reservoir. Velocities Gt[ O, of oxygen flow
from the blood into the tissue and G, CO, — of the carbon dioxide from the tissue to
the blood are determined by the ratio

th. :DtiS[i(pcti _pt,-)’ (27)

where D, — coefficients of gas permeability through the aerohematic barrier,

S

. 1s area of the surface of gas exchange.

The task of optimal control. The purpose of control [12] is to output the
perturbed system to a steady state mode, where following relations are true:

1G,0,-4,0,[<¢. |G,CO,+q,CO, [<é,, (28)

where, ¢, and &, are sufficiently small positive numbers that were stated in
advance. In this case, the control parameters are in limits:

0<V<V,,.0£0<0,,.0<0,<0.) 0, =0, (29)
i=1

where m — is the number of tissue reservoirs in organism.

In addition, to resolve the conflict situation between the executive organs of
regulation (respiratory muscles, cardiac muscles and smooth muscles of vessels),
being at that time consumers of oxygen, and other tissues and organs, following
relations were suggested
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Qresp.m02 = f(V) qcard.mOZ = (D(Q) qsmaoth.mOZ = l//(Q) . (30)

We consider following functional as a criterion for regulation

T

I= min j (224, (G,0,~4q,0,)* + 9,3 2,(G,CO, +¢,CO,)’ldz, (37

0V <V, -
0=0;<0nax %0 !

where 7, is moment of the start of perturbated influence on the system, 7 is the
duration of this effect, p, and p, — the coefficients characterizing the

sensitivity of individual organism to hypoxia and hypercapnia, A, are

li
coefficients reflecting the morphological features of the individual tissue
reservoir i, [= l,_m

Such control minimizes the total oxygen consumption in organism and in
each tissue region, as well as accumulation of carbon dioxide.

Mathematical model of studied substances transport in organism. Let’s
denote ¢, as concentration of organic substance in respiratory tract (in moles),

and as d , — its dose, then the equation of the dynamics of respiratory gases in

the respiratory tract (1)—(31) should be supplemented by the equations of studied
organic compound concentration [8—10]:

dc v
Srw ~ ~
IR —_ (. —C. 32

fdf, & =1, with inhalationof the drug(V > 0)

EfRW =4 &=0, in theabsenceof inhalationduring a respiratoy break (V>0) (33)

~ '<
chW,atV_O

(34

i CfRWnpuV>0
4 CfAnpuVSO ’

The level p,0,, p,CO,, p,N, as well as ¢, in alveolar space is

formed due to the mixing of the gases and dispersion of studied organic
compounds coming from the airways into the alveoli with those ones that are
present in the alveolar space, and taking into account the flows of gases and
chemical substances through the alveolar-capillary membrane. Then the
equation of the dynamics of respiratory gases in the alveolar space (6) should be
supplemented by the equations
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dc 1 i 14
fa ~ L
=—(, o)WV-G, —c, —
dr VL( 7, (D) " dz') (35)
G, =D;S(p,, ~p;) (36)
G, =D,S(c, —c;), (37)

where D; are coefficients of permeability of gases and studied organic
compound through the alveolar-capillary membrane with the surface area S

It should be noted that respiratory gases are transported by the blood in
different ways: being dissolved in blood plasma and chemically bound to
hemoglobin (Hb) carbon dioxide in dissolved plasma and chemically bound to
bicarbonate compounds (BH); nitrogen is transported in dissolved form only.
We assume that studied organic compound is transported in the blood too.

Using the principles of material balance and continuity of flow it is possible
to obtain the equations of changes in gases tensions and concentrations of
studied organic molecules in the blood of pulmonary capillaries, supplementing
equations (8)—(10) by the equation

dcf[c 1
d—T=V—lc((Q—Qsh)(C,;,,—cﬁc)—GA. (38)

The equations of tensions changes of respiratory gases and studied organic
compound in the blood of arterial vessels can be written in the same way. Only it
should be taken into account that the levels of gases tensions and concentrations of
studied organic compounds can be formed as a result of instantaneous mixing of
streams coming from the blood of pulmonary capillaries and mixed venous blood
with gases and substance in arterial vessel. Then equations (11)—(13) for portions of
arterial blood have to be supplemented by the equation.

dc, 1
d: =70((Q—Qsh)cf,¢, +0,¢, —0c, . (39)

The arterial blood flow branches to the microcirculatory networks of organs
and tissues. The classical mathematical model of mass transfer and mass
exchange of respiratory gases describes the dynamics of tensions of respiratory
gases in m tissue reservoirs among which, as a rule, there are tissues of the
brain, kidneys, liver, gastrointestinal tract, cardiac and skeletal muscles, bone
and fat tissues. The structure of tissue reservoir is described usually as “Krog
cylinder” whose axis is a generalized capillary. Equations (14)—(16) describing
changes in tensions of respiratory gases in the blood washing the tissue, and in
the tissue fluid of the reservoir can be supplemented by following equations of
studied substances’ concentrations for the blood of tissue capillaries:
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dc f

1
ir V. (Q,(c;, —c;, )=Gp) (40)

and for tissue fluid we supplement equations (16)—(18) with the expression

dc /. G

S
— =, 41
dr I/ti 41)
where
G, =D, S, (¢, —c;). (42)

During the development of mathematical model for the transport and mass
exchange of respiratory gases and aromatic derivatives, it was assumed that this
substance does not participate directly in the metabolic processes.

In the venous vessels, the blood from organs and tissues is mixed and
transported to the lungs for oxygen enrichment. Therefore, the equations for
respiratory gases transport in mixed venous blood (24)—(26) are supplemented
by the equation of concentration of the substance

dc

1
=50 0 46,0, —0c)). 43)
v t;

It is assumed that the excretion of organic compounds f from organism is

carried out through the kidneys. The changes in concentrations of this compound
f in the renal tissue are determined by the equation

dc

Ji

apVy - Gfi'i —ayQrey s (44)
where Qf is velocity of the liquid filtration. It was assumed that the value of

volumetric filtration rate was 0, 035 mg / s.
Then the iterative procedure for studying the effect of organic matter on the
human respiratory system can be represented as follows (Fig. 2).
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Fig. 2. Tterative procedure for studying the effect of organic matter on the
human respiratory system

The iterative procedure for applying the proposed software package in this
case will be:

1. An instrumental examination of the patient is carried out. We get data on
lung ventilation, composition of the alveolar and exhaled air, respiratory rate,
blood pressure, heart rate, hemoglobin, blood acidity etc., which are the source
for the model of oxygen regimes of the body (ORB)[8, 13—15].

2. Based on the data of instrumental examination, we calculate indicators
such as minute volume of respiration, minute volume of blood, rate of oxygen
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consumption by the body, profitability, intensity and effectiveness of oxygen
modes of the body, data characterizing the hypoxic state.

3. The data of instrumental examination and part of the data obtained in the
calculation of the oxygen regimes of the body are used as the source for the model of
respiratory gas transport. Thus, individualization of the model is carried out.

4. We simulate the introduction of organic matter into the body of a
particular person on an individualized model [8, 16]. We obtain the values of the
stresses of oxygen and carbon dioxide in the tissues of individual organs, which
allow us to judge the degree of tissue hypoxia and get information about the
state of seven groups of tissues represented in the mathematical model.

CONCLUSIONS

Proposed mathematical model for studying of organic compounds transport in
human organism, consisting from the equations of mass transfer and mass ex-
change of respiratory gases, mathematical model of self-organization of respira-
tion functional system and equations of substances transport in the systems of
respiration and circulation have only theoretical value for today. However, in
case of obtaining of experimental data array, these models will allow to monitor
the state of respiratory system and blood circulation when harmful organic com-
pounds enter the human organism. Presented models will allow the physicians to
optimize the strategy and tactics of medical treatment.
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MATEMATUYHA MOJIEJIb ®YHKIIIOHAJIBHOI CUCTEMU IUXAHHS
JJA JOCIIKEHH S BIUIMBY IIKIJJIMBUX OPI'AHIYHUX CITOJIYK
Y IIPOMUCJIOBUX PETTOHAX

Beryn. Teputopii HaBKOJIO IPOMHUCIIOBHUX 00’ €KTIB, a HATENep i B MICIISIX IPOBE/ICHHsI OOHOBUX il
XapaKTepU3YIOThCS ITiIBUILICHIM BMICTOM CITOTYK-3a0py/IHIOBAYIB, SIKICHHI CITEKTp SIKHX € Ha/[3BU-
YaifHO MIMPOKUM Ta MICTHTb SIK HEOPTaHIuHi, TaK 1 OpraHiuHi eIEMEHTH Ta CIOIYKU. 30KpeMa, Bif-
OyBaeThCsl 3a0pyIHEHHs aTMOC(epH BYTJICBOAHIMH HIMPOKOTO CHEKTPY XIMIUHOI OYyIOBH, JOCII-
JDKCHHS SIKMX € JTy’Ke BKIMBUM BHACIIJIOK iXHBOI TOKCHYHOI /il Ha YKMBI OpraHisMu. MeTo/MKH,
SIKI Hapasi 3aCTOCOBYIOTh B MEJIMIIHHI, IAIOTh JIMIIE NESIKUNA 3pi3 MOTOYHOTO MATOJIONIYHOTO CTaHy
OprasizamMy, IpoTe HE MOXKYTh HPOTHO3YBAaTH JIOBIOTEPMIHOBI HACHIJIKK Takoro ypaxkeHHs. Came
TOMY BUJIAETHCS JOLUIBHUM 3aCTOCYBAaTH MaTeMaTH4HI MOJIEd, SIKi Jal0Th 3MOTY IMITyBaTH IpoLec
TIepecyBaHHsl OPraHivHOl CIIOJYKH CHCTEMOO JIMXaHHS Ta KPOBOOOITY i THM CaMHUM IPOTHO3YBaTH
MOXJIMBI TIATOJIOTIi B OpraHax Ta TKAHWHAX, CIIPHYUHEHI TiMOKCHYHHM CTaHOM, SIKHH BUHHKA€E
BHACJTI/IOK YPKEHHS LIMX OPraHiB Ta TKAHHH.

Merta. [ToOynyBaTn MaTeMaTHYHy MOJENb (PYHKIIOHATBHOT CHCTEMHU AUXaHHS, SKa iMi-
Ty€ BIUIMB 30BHINIHBOTO CEPEIOBHINA HA MapaMeTpH CaMOOPraHizalii CUCTeMH JWXaHHS
JIOMVHU B JWHAMII JTUXaJBHOTO IUKIY i TAKAM YHHOM Ja€ 3MOTY MPOTHO3YBaTH TilIOKCHY-
Hi CTaHU BHACIIIOK YPa)KCHHS TKAHUHU BYTJICBOAHSIMU.

Pe3yabTtaTu. Hajano MaTeMaTHuHy MOJENb TPAHCIOPTY Ta MacoOOMIHY pecipaTop-
HUX ra3iB B OpraHi3Mi JIIOJUHU SIK CUCTeMY Au(EepeHIiHUX PIBHSHB, SKa € KEPOBAHOIO ITU-
HaMIiYHOIO CUCTEMOI0, CTaHH SIKOI BU3HAYAIOTHCS Y KO)KEH MOMEHT Yacy PiBHSAMHU HaIlpys>KeH-
HSl KHCHIO Ta BYTJIEKHCIIOTO Ta3y B KOXKHIH CTPYKTYpHIH JaHI CHCTEMH AWXaHHS (aJbBeo-
nax, KpoBi, TKaHWHAX). MoJelb JIOMOBHEHO PIBHAHHAMH TPAHCIOPTY PEUOBHHHU y KOXKHIM
CTPYKTYPHIH JIaHIII 1 MATEMATHYHOI MOJICIUTIO PETyJIIOBAHHS KHCHEBUX PEKHMIB OpraHi3My.
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YV mozeni nepeabayueHo ciM Ipyl TKaHUH — TKaHUHH MO3KY, cepus, nedinku ta IIKT, au-
POK, M’s130Bi TKaHWHH TOIIO. HaBeneHo anroputM poOOTH Ta iTepauiiHy Npoueaypy JA0CIHi-
JOKSHHS 13 3aCTOCYBaHHSM 3aIlIPOIIOHOBAHOTO KOMILICKCY.

BucHoBKH. 3amporoHOBaHa MaTeMaTH4Ha MOJENb ULl BUBYEHHS TPAHCIIOPTY OPTaHIYHUX
PEYOBHH B OpraHi3Mi JIFOJIMHH, 5IKa CKIAAEThCs 3 MU(EPSHIIHNX PIBHSIHD TPAHCIIOPTY Ta Macoo0-
MIHY pecCITipaTOpHHUX Ta3iB B OpraHi3Mi JIFOJMHH 1 TPaHCIIOPTY OPraHivuHOi CIONYKH, Hapasi Mae
JIAIIE TeOpeTUdHHIT xapaktep. [IpoTe 3a HAasSBHOCTI BIIIIOBIHOTO MAaCHBY EKCHEPHMEHTAIBHUX
JIAHUX BOHA HAJIACTh MOYKIIUBICTh BIICTEXUTH CTaH (DYHKIIIOHATBHOT CHCTEMH JMXaHHS Y pasi MoT-
PAIUIHHS TTATOTCHHUX OPTaHiYHUX CIIOMYK, [0 MOXKE BUSBUTHCS KOPHCHHUM Il BUOODPY CTpaTerii
Ta TAKTHKH JIIKYBaHHS KOHKPETHOTO YPayKSHHS OpraHi3My.

Knrouoei cnosa: pynxyionanvrua cucmema Ouxanus, pe2yio8ants KUCHEGUX PEXCUMIE opea-
HI3MY, WKIONUBI OP2AHIYHI PEYOBUHU, 2INOKCUYHULL CIAH, MAMEMAmMUu4Ha MoOelb cucmemu
OUXAHHA, MPAHCNOPM 24318 KPOB 10, CAMOPEe2YIAYIA CUCEMU OUXAHHSL.
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