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Abstract—The increase of pilots’ labor intensity caused by rapid development of flight technologies and
increasing of complexity of combat missions faced by flight crew members increases the loads on
organisms of flight personnel in general and in particular on their cardiovascular system. Domestic and
foreign sources contain statistics indicating an increase in the number of flight accidents caused by
cardiovascular pathologies in pilots, an increase in the number of flight personnel unsuitable for flight
work due to the same reasons, a decrease in the age of flight crew members with cardiovascular
pathologies. Therefore, issues of early detection and optimization of treatment processes of
cardiovascular diseases in flight crew members are really necessary. Unfortunately, the possibilities of
only instrumental approach to optimize the choice of ways for circulatory hypoxia correction in persons
of aircrews caused by ischemic heart disease are rather limited. Simulation of the process of disease
course for various methods of treatment by administering a pharmacological preparation can provide
substantial assistance. This paper presents mathematical model of ischemic heart disease development in
flight personnel, consisting on mathematical model of respiratory gas transport in pilot's organism, the
model of conflict-controlled processes during self-organization of functional respiratory system,
supplemented by differential equations describing changes in oxygen pressure in arterial blood during
arteries stenosis caused by ischemic heart disease and equations describing the transport of
pharmacological drug used for the treatment. Such composition of model, in case of its individualization,
will optimize the treatment process by imitation of introduction of various drugs. Various methods of drug
administration also were modeled - respiratory, oral, intramuscular and intravenous.

Index Terms—Ischemic heart disease; hypoxic state compensation; mathematical model of respiratory

gases mass transfer; pharmacological correction of hypoxic state; cardiovascular pathologies’ of pilots.

L INTRODUCTION

Aviation technique develops rapidly in
contemporary world, and this consequently increases
not only pilots” work intensity, but also the load on
whole his organism in process of flight equipment
exploitation [1]. These facts are co-exceeding with
the studies of flight personnel morbidity:
cardiovascular diseases posses 13.0-13.1% among
all other diseases and obtained the second place in
the structure of primary morbidity. During the
estimation of pilots’ professional health many
authors, review of which works were published in
[2], registered the prevalence of cardiovascular
diseases which occupied a leading place in overall
structure of pilots’ morbidity. Persons from flight
crews’ which considered as unfit for the flight work
due to the presence of arterial hypertension,

atherosclerosis, chronic diseases of myocardium and
coronary arteries up to the age of 40 years completed
more than 60% from the number of people who were
unsuitable because of internal organs diseases.
Arterial hypertension possess the second place
among the diseases of therapeutic profile and causes
the removal from the flight work in 22% of cases
[3]. Among the preconditions for flying cases linked
with medical reasons, cardiological diseases were in
6 — 13%, with 1.9 times prevalence of coronary heart
diseases for patients-pilots in comparison with
ground specialists [2].

Analyzing the reasons of pilots’ sudden deaths,
American researchers have found that from 77 fatal
cases —36 cases have happened due to cardiovascular
pathologies: five deaths per one year in average.
According to the Federal Aviation Administration
and Transportation Security Council Of USA, 2% of
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plane crashes were attributed to cardiovascular
pathologies of pilots: at the age of 20-29 years — 0%,
30-39 years — 11.1%, 40-49 years — 27, 8%, 50-59
years — 22.2%, 60 years and older — 38.9% [2].

According to British researchers, the heart attacks
removed pilot from the work and violate the aircraft
control in 50% of cases [2].

The analysis of health state changes of civil
aviation pilots that threatened the safety of flights
was given in [2]. This analysis has demonstrated that
pilots in age more than 50 years have had such states
more often. Acute health states happened mostly due
to cardiovascular pathology. Diseases of therapeutic
profile (cardiovascular diseases predominantly)
which caused the unsuitability of flight crews’
persons were in 42.9% of cases. The mortality due to
cardiovascular  diseases — acute  coronary
insufficiency, acute cardiovascular insufficiency,
cardiogenic shock caused 50% of total number of
death-related diseases according to [2] on 2004.

II. PROBLEM STATEMENT

Ischemic heart disease is cardiovascular system
pathology which causes disqualification of the flight
crews’ members as it is described in [4]. Also there
were described the peculiarities of clinical course of
heart attack and some attempts to provide an
etiopathogenetic explanation [4]. The same author
[5] has studied characteristics of ischemic heart
disease diagnosis for flying personnel. There was
revealed that ischemic heart disease (IHD)
developing in pilots at younger age increases the
frequency of its manifestation with the duration of
the flight work, and it often happens
asymptomatically  causing certain  diagnostic
complexities with a real threat for flight safety [5].
Consequently there were concluded that the main
emphasis in the medical-flight expertise should be
done on the verification of diagnostics’ methods.

In the absence of coronary artery stenosis, self-
regulation mechanisms provide sufficient coronary
blood circulation stability until the perfusion
pressure in aorta is about 60 mm Hg and above.
However, in conditions of widespread coronary
atherosclerosis, decrease of perfusion pressure,
further arterial stenosis and endothelial dysfunction
of the involved segment causes the discrepancy
between blood flow and metabolic needs of
myocardium. With the impossibility of an adequate
increase in blood flow in conditions of increased
myocardium need in oxygen IHD develops [6], [7].
Thus, IHD is a state in which an imbalance between
the myocardium need in oxygen and its delivery
leads to myocardial ischemia and accumulation of
metabolic products.

Therefore, in connection with abovementioned,
issues of organism systems control as well as
prevention, early diagnosis and optimization of
processes of treating IHD in flight personnel are
relevant. Unfortunately, the current methodological
base is rather limited for these problems solution.
Mathematical modeling, which makes it possible to
simulate the course of IHD for flight crews’
members and optimize the process of drugs
choosing, taking into account the peculiarities of
pilots’ organisms, can provide essential support for
stated problem solution.

The purpose of present work was to build
mathematical model of course of coronary heart
disease for persons in flight crews with coronary
artery stenosis as conflict-controlled model of
functional respiratory system, supplemented by the
equations of pharmacological preparation transport
in system of pilot's organism.

III. PROBLEM SOLUTION

A. Choosing of heart
mathematical simulation

structural scheme for

For mathematical simulation of pathological
processes that appear in myocardium with the
development of coronary heart disease, the work of
the heart have been schematically represented as
following. The heart has four compartments: two
upper — right and left atrium, and two thick-wall
chambers — right and left ventricles. The partition,
which is a strong muscular wall, divides the heart
into two parts: right and left. The heart has two
valves: two-tailed (mitral) one between the left
ventricle and the left atrium and three-fistula (aortic)
between the right ventricle and the right atrium.
Used blood from body tissues gets to the right side
of the heart and pushed out in the lungs. Blood
circulation through the lungs allows the small blood
circle to be enriched with oxygen. Arterial blood
returns to the left half of the heart and then pushed
back to the tissues of the body through the systemic
circulation. The heart muscle requires a lot of
oxygen, and therefore, it needs intensive blood
supply. The blood that passes through the heart
chambers does not reach muscle cells, so the heart
muscle has a separate network from blood vessels -
the coronary system. Thus, coronary arteries deliver
oxygen and nutrients to the heart; mainly there are
the right and left coronary arteries.

B. Mathematical model

Let’s study only one of possible reasons that lead
to IHD — the damage (stenosis) of the coronary
arteries. Applying the systemic approach for
describing the processes of mass transfer and the
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mass exchange of respiratory gases in human
organism, let’s imagine a functional system of
respiration (FSR) in the form of controlled system in
which the mass transfer of oxygen, carbon dioxide
and nitrogen are going, and also the controller which
produces certain effects that ensure the normal
course of the process of mass transfer of gases [8-
10]. The mathematical model of controlled part in
[11] is represented by the system of ordinary
differential equations that describe the dynamics of
oxygen pressures at all stages of its ways in human
organism; in parametric form it look like as:

dp.O .
%: (p(piOZ’ r.CO,,M.V,0.0,.G,0,, qr,.oz)a
%: (p(pioza picoza Ni» v, Q: sz.:

G,C0,.4,C0,),

where the functions ¢ and ¢ are described in
details in [11], ¥ is the ventilation, 1 is the degree
of hemoglobin saturation with oxygen, Q is the
volume velocity of systemic and O, local blood
flows, ¢,0, is the rate of oxygen consumption by
ith tissue reservoir, ¢, CO, is the rate of carbon

dioxide emission in ith tissue reservoir. The
velocities of G,0, — oxygen flow from blood to

tissue and G, CO, — carbon dioxide from tissue to
blood is determined by the ratio

T

I= 1
0V <V,

1;
0< Q/f <Ohax T

i

where 1,5 is the moment of the start of perturbation
influence on the system; 7 is the duration of this
perturbation, p, and p, are coefficients that
characterize the sensitivity of any organism to
hypoxia and hypercapnia; A, are coefficients that
reflect the morphological features of any tissue
reservoir i.

Under such control, the total oxygen
dpc‘tko2 _ 1
dt L ~ on,
v, - —Q )dr)| a+y,, Hb—%
7, r{(Q”‘ 9,) )[ )
dp, O, 1
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where D, is the coefficients of gas permeability

through the aerogemal barrier, S, is the surface area
of gas exchange.

The purpose of control is the output of perturbed
system in stationary mode [8], in which following
ratio is executed:

1G,0,-4,0, <&, |G,CO, +q,CO, <,

where g, ¢, are sufficiently small positive numbers

that are defined in advance. In this case, following
restrictions are imposed on control parameters:

0<0<0,..>
i Qr,. =0,

where m is the number of tissue reservoirs in the body.

In addition, for the resolving of conflict situation
between executive organs of regulation (respiratory
muscles, cardiac muscle and smooth muscles of the
vessels), which are also consumers of oxygen at the
same time, and other tissues and organs in [8], [12],
there were introduced the ratio:

qresp.mOZ = f(V) > qcard.mOZ = (p(Q) H]

qsm.moz = (p(Q) s

Let's take the next functional as criterion for
regulation:

0<V <V

max ?

0<0, <0,

i=lLm,

consumption in organism and in each tissue region
as well as carbon dioxide accumulation is
minimized.

The degree of coronary arteries damage could be
simulated on models as result of partial occlusion of
the cardiac muscle vessels, or their separate
branches. With partial occlusion of coronary artery,
the equations describing changes in the oxygen
tension will be following [13], [14]:

J (%Qk 2.0, + YHbeana -G, 0, - O‘]Q‘k P, 0+ YHbeQ‘k M, )a

where index k = r, [ corresponds to the right or the
left side of the heart; O, is the volume velocity of

coronary blood circulation, determined by FSR
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model; Qk
changes in the heart. Obviously that th <0, .

Let’s assume that the coronary vessels of the
right and left parts of the heart are not damaged. So,
in case of partial occlusion of the artery, gradients of
oxygen tensions will be, in absolute value, greater
than corresponding gradients in damaged vessel;
depending on the degree of occlusion, hypoxia in the
heart muscle will be less significant. Another effect
might be seen when the damaged arterial vessel of
the right or left side of the heart, or the degree of this
damage are different. In the first case, the hypoxia
occurs due to partial occlusion of one part of heart
muscle; in other case — volume velocity of blood
circulation will be greater than necessary and it will
lead to increased oxygen tension and asymmetry in
oxygen tension distribution in the heart muscle.

Otherwise, when degrees of the damage of
arterial vessels that carry the blood to the right and
left parts are different, the hypoxia develops in the
muscles of both parts due to partial occlusion of
vessels in varying degrees of manifestation and,
thus, the distributions of oxygen tensions also will
be asymmetric. With this model one can analyze the
situation when the complete occlusion of capillary
channel occurs in the elementary region of the heart
muscle. In the initial period, there will be a sharp

its actual speed during pathological

&d,,E=1, with preparation inhalation (V >0),
¢, =1€=0, with inhalation absence (V >0), ¢, = {

¢, with V<0,

The levels of p,0O,, p,CO,, p,N,, as well as
¢, in alveolar space are formed as a result of the

gases mixing and the dispersion of pharmacological
agent coming from the respiratory tract in the alveoli
with those ones that are present in the alveolar space
(taking into account the flow of gases and the drug
through the alveolar-capillary membrane into the
blood of pulmonary capillaries). Therefore, the
equations of respiratory gases dynamics in the
alveolar space have to be supplemented by the

equation:
. dv,
¢, (W-G, —c, L],
(./A() L5 g

de;, 1
dt v,

G, =DS§ (p;, =Py )

G, =D,S (C./'A ~C, )’

where D,, D, are coefficients of gases’ and

pharmacoiogical preparations’ permeability through
the alveolar-capillary membrane whose surface area

is equal §.

exhaustion of oxygen supply from the blood, the
discrepancy in its supply to the needs of tissues
surrounding the capillary, and as a result, in this
tissue area pO, reaches its critical values, and the
part of the heart muscle will not be able to take part
in the provision its injection function. Thus, with
coronary vessels damage, oxygen distribution in
cardiac muscle depends on the degree of capillary
bed damage and its localization.

C. Mathematical model of ischemic heart disease
pharmacological correction

Let's use the results, described in [15] — [17]. The
model of pharmacological correction was developed
to restore the organisms' oxygen regimes, simulating
the drugs administration using different methods:
intramuscular  (or intravenous) injection or
inhalation.

Let’s use following indications: ¢ is a
concentration of pharmacological preparation in
respiratory tract (in moles), and through d, its dose,

then the equation of respiratory gases dynamics in
the respiratory tracts [11] could be supplemented
with the equations of preparation concentration as
follows:
dchV _K & -G
dt - V( Jrv Ja )’

with V' >0,
with ¥ <0.

v
4

¢,

Respiratory gases are transmitted by the blood in
different ways: oxygen — being dissolved in blood
plasma and chemically bound by hemoglobin (Hb);
carbon dioxide — dissolved in plasma, being
chemically bound to hemoglobin and bicarbonate
compounds (BC); and nitrogen — only in dissolved
form. Let’s also assume that pharmacological
preparation is carried by the blood in dissolved form.
Therefore, the equations of changes in tensions of
oxygen and carbon dioxide in the blood are
substantially nonlinear, and the dynamics of tensions
of nitrogen and concentrations of preparations may
be described by linear differential equations:

dc 1
Jre _ _
=y, ~e)+ G, )

where O, O, are volume velocities of systemic

circulation and blood circulation in case of lungs’
shunting, ao,, o,, o, are coefficients of solubility

of gases in blood plasma, Hb and BH are
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concentrations of hemoglobin and buffer bases in the
blood; Y, ysu are Gyufner constants; the degree of

hemoglobin saturation with oxygen is determined by
the ratio of blood to the pulmonary capillaries.

Similarly, the equations of changes in tensions of
gases and pharmacological preparation in arteries’
blood were formed. It should be taken into account
that the level of gas tensions and preparation
concentrations are formed as a result of the instant
mixing of their streams coming from the blood of
pulmonary capillaries and mixed venous blood, with
gases and preparation contained in the arterial
stream:

dcfa 1
—= Z((Q ~0,)c;, +0uc, —0c, ),

The arterial blood system is branching into the
microcirculation networks in organs and tissues.
Mathematical models of the functional respiratory
system describe the dynamics of tensions in
respiratory gases in m tissue reservoirs, among
which, as a rule, there are tissues of brain, kidneys,
liver, gastrointestinal tract, heart muscles, skeletal
muscles, bone and fat tissues.

Let’s suppose that V, ,i=1,m is a volume of the

tissue fluid of the reservoir; ¢, V, is a blood

i ct;

volume in generalized capillary; S, is the surface

i

area of mass exchange of gases and substances; D, ;,

D, are permeability coefficients of gases and

substances through the capillary-tissue membrane.
Then, the equations that describe the changes in
respiratory gases tensions and concentration of
pharmacological preparation in the blood that
washes the tissue, and in tissue fluid of reservoir ¢,,

i= I,_m , could be written by completing the equation
for the blood of tissue capillaries by the expression:
dc 1

Jt :%&(Qr,- (¢, _C/;,,,.)_G/;,.)°
and for the tissue fluid by completing of the
expression by equation:

de,
d'c’ vV,

4

where G, =D,S,(c; —c;)
If the preparation is injected into the muscle
tissue with a bulk speed Q,, one have to write this

in form:

de,
“dt

It should be noted that, ZQ, =0.

i

During development of mathematical model for
transport and mass exchange of respiratory gases
and pharmacological preparations (drug) it was
assumed that the drug does not involved directly in
metabolic processes, but it is a regulatory factor in
stabilizing and compensating of hypoxia. The drug
withdrawal from organism is carried out through the
respiratory tract and urinary system. Therefore,
changes in the concentration of drug in kidneys are
determined by the equation:

4 =dQ, +G

fit

dc 7

dt

=G, -9,

where O, is the rate of liquid filtration, 7, is the

tissue of the kidneys.
Let’s assume that the drug f belongs to the

pharmacological group, which promotes
vasodilation of capillaries walls. Its influence on
capillaries’ smooth muscles leads to more free flow
of oxygen and carbon dioxide through barrier that
separates blood and tissue fluid and, at the same
time, it reduces the rate of oxygen utilization by
capillaries’ smooth muscles.

Therefore, the magnitude of gases flow through
the membrane can be written in the terms of ratio:

G, =K(c;)D;, S, (P, =Py

where K(c,) is the functional amplifier of the

process of respiratory gases diffusion into the tissue
reservoir. Experimental studies give possibility to
suppose that 1<K(c, )<2 for most drugs of this

type.

In a venous system, the blood from organs and
tissues is mixed and transported for oxygen
saturation into the lungs. The tensions of respiratory
gases and drug concentration are formed at each
time moment according to the equations:

de, 1
f
dt :VV(;Q,C/;,, +0,¢, ~9¢ |
If the drug is injected into the body

intravenously, then the equation of pharmacological
preparation (drug) transport in the mixed venous
blood should be written in the form:
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de, 1

— = QOc, +0 ¢, —0,.c,
dt v (Z 0Cr, TR, TYR S )

v
where O, is the volume velocity of intravenous

injection of the drug.

In case of oral administration of pharmacological
preparation (drug) let’s assume that index ¢, refers to
the gastrointestinal tract in this equation.

Differential equations and algebraic relationships
describe completely the transport, mass exchange of
respiratory gases and pharmacological preparations
in chosen structure of organism respiratory system
during the respiratory cycle.

IV. CONCLUSION

Mathematical model of respiratory gas transport
could be a useful tool for investigation of ischemic
heart disease reasons. It also allows ones to choose
the best way for compensation of circulatory hypoxia
that develops during ischemic heart disease. The
mathematical model of ischemic heart disease have
been supplemented by equations of pharmacological
preparation transport in which various methods of
drug administration was studied: respiratory, oral,
intramuscular, and intravenous. The model was
individualized, the imitation of pharmacological agent
administration was done, and thus the optimal dose of
the drug and the optimal route of it administration
could be selected for the compensation of the
secondary tissue hypoxia that was developed in the
person suffered from ischemic heart disease.

Proposed mathematical model allows choosing
the best way for the compensation of circulatory
hypoxia that causes ischemic heart disease in pilots
and other flight crew members. Mathematical model
of ischemic heart disease for flight personnel in the
case of coronary artery stenosis, consisting of
mathematical model of mass transfer and respiratory
gases mass transfer in pilot's organism, a model of
conflict-controlled processes with optimal selection
of blood flow, supplemented by equations describing
partial occlusion of heart muscle vessels and
equations for pharmacological preparation transport
will allow to predict the courses of pathologies of
these type among flight crew members and to
optimize treatment process by simulating the
introduction of any drug into individualized model
of any person from flight crew. This mathematic
model also may be used for studying of drug
administration by various ways: respiratory, oral,
intramuscular and intravenous.
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H. I. Apanosa, O. M. Kinrouko, B. . Mamkin, I. B. Mamkina. MaTteMaTnusi Mojesti pO3BUTKY Ta KOMIIEHCAIi
rinoKCUYHUX CTaHIB NpH imeMivyHiii XBOpoOi cepusi y 0Cid JILOTHOr0 CKJIAAy

301bIIeHHs IHTEHCHBHOCTI Mpalli JIbOTYMKIB, BUKJIMKaHE IIBUAKMMHU TEMIIAMU PO3BHUTKY JIBOTHOI TEXHIKH 1
YCKJIaTHEeHHIM OOHOBHX 3aB/IaHb, IO CTOSTH IIEpe/l YWICHAMH JIbOTHHUX €KillaxiB, 301JIbIIye HABAHTA)KEHHSI HA OpTaHi3M
0ci0 JILOTHOTO CKJIaJy B LIIJIOMY, 1 30KpeMa Ha CepleBO-CYAMHHY CHCTeMy. BiTun3HsHI Ta 3apyOixkHi pKepena MiCTATh
CTaTUCTHUKY, KA CBIIYHUTH PO 301IBIIEHHS KiJIBKOCTI JILOTHHUX ITPUTOJl, BUKJIMKAHUX CEPLEBO-CYIUHHUMH NAaTOJIOTiIIMU
y JIbOTYHUKIB, 3pOCTaHHI KUIBKOCTI OCI0 JILOTHOTO CKJIaJy, BU3HAHMMHU HENPUAATHUMH JI0 JLOTHOI POOOTH 3 THUX XK€
MPUYHH, 3HIKEHHSIM BIKy YICHIB JIbOTHUX EKIMaXiB, 0 MAalOTh IATOJOTIi CEepIICBO-CYAMHHOI CHUCTeMHU. Tomy
aKTyaJIbHIMU € TIUTaHHS CBOEYAaCHOTO BUSIBJIICHHS Ta ONTHMI3allil MPOIIECY JIiIKyBaHHsI CEPIIEBO-CYJUHHIX 3aXBOPIOBAHb
y WIEHIB JILOTHUX eKinmaxiB. Ha jajb, MOMXJIIMBOCTI TUIBKM IHCTPYMEHTAIBHOTO IAXOMYy AJIS ONTHMIi3alii BHOOpPY
HUISXiB KOPEKIiT HUPKYIATOPHOI TIHOKCIT Y 0Ci0 JHOTHOrO CKIIAAy, BUKIMKAHOI iMIEMIYHOI0 XBOPOOOKO CepIisl JOCHTh
obomexeHni. CyTTeBy IOITOMOI'Y MOXKE HaJaTH iMiTalliiiHe MOJIENIOBaHHS IIPOIIECy Mepediry 3axXBOPIOBaHHS 3a Pi3HUX
Croco0iB JIIKYBaHHS IUIIXOM BBEJCHHs (papMakoJoriyHoro mpemnapary. Y JaHiii poOOTi MpeACTaBIeHO MaTeMaTHYHY
MOJIETIb PO3BUTKY iIIEMIYHOI XBOpOOM cepls y oci0 JBOTHOrO CKJIaay, IO CKJIAAAETHCS 3 MaTeMaTUYHOI MOJei
TPAHCIIOPTY PECIiPaTOPHUX Ta3iB B OpraHi3mi JbOTYMKA, MOJIENi KOH(IIIKTHO-KEpOBAaHHX IIPOLECIiB Yy pasi
camooprasizamii (yHKIIOHAJIFHOI CHCTEMH JWXaHHsS, JONOBHEHa u(epeHliaJbHUMH DPIBHSIHHAMH, IO ONHCYIOTh
3MiHM HAaIlpY)KeHb KHCHIO B apTepianbHiil KpoBi IpH CTEHO31 apTepiil, BUKJIMKAaHUX IIIEMi4HOI0 XBOpoOOO cepis i
PIBHSIHHSIMH, 110 OMKCYIOTh TPAHCHIOPT (hapMaKOJIOTIUHOT0 MperapaTy, SKuil BAKOPUCTOBYETHCS ISl JIiKyBaHHs. Takuid
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cKiaj Mopeni, B pasi ii iHauBiAyatizamii, TO3BONUTH ONTHMI3YBaTH IMPOLEC JIIKYBaHHS LUISIXOM iMiTamii BBEICHHS
pizHux mpenapariB. [lependayaroThest TaKOX Pi3HI CIIOCOOM BBEAEHHS INpENapartiB — pecripaTOpHU, HepOopabHHM,
BHYTPIIIHBOM ’SI30BUH Ta BHYTPIIIHHOBEHHHUIH.

KirouoBi ciroBa: imemiuHa XBOpoOa cepilsi; KOMIICHCAIiS TIIOKCHYHOr0 CTaHy; MaTeMaTUYHA MOJICIh MacOIePEHOCY
pecripaTopHHUX Ta3iB; hhapMaKoIOriyHa KOPEKIIisl TIMOKCHYHOTO CTaHy; CepIeBO-CYANHHI MATOJIOrT ILOTYHKIB.
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H. U. Apanosa, E. M. Kawuko, B. U. Mamkun, . B. Mamkuna. MatemaTudyeckue MoOJeJd Pa3BUTHS M
KOMII€HCAIIHHN THMOKCHYECKHUX COCTOSIHUIA MPH HIIeMHYecKoi 60JIe3HN cepana y JIMI JIETHOTO COCTaBa
VYBenuueHne MHTEHCUBHOCTH TpyJa JIETYUKOB, BBI3BAHHOE OBICTPHIMU TEMIIAMH pa3BUTHS JIETHOH TEXHUKH U
YCIO)KHEHHEM OOEBBIX 3ajlad, CTOSIIMX Mepe/l WICHAMH JIETHBIX JKHMNaXKeH YBEIMYMBAeT Harpy3Ky Ha OpPraHW3M JIHI]
JIETHOTO COCTaBa B LEJIOM W a YacTHOCTH Ha CEpIAeYHO-COCYAUCTYIO cucTeMy. OTedecTBEHHBIE U 3apyOeKHbIE
WCTOYHHUKU COZAEPIKAT CTATHCTHKY, CBUAETEIHCTBYIOUIYIO0 00 YBEJIMYEHUH YKCIa JIETHBIX MPOUCIIECTBUMA, BBI3BAHHBIX
Cep/ICYHO-COCYIUCTHIMU NATOJIOTHSAMH Y JIETYMKOB, POCTE YMCIIA JIUI] JIETHOI'O COCTaBa, MPU3HAHHBIMK HENPHUTOTHBIMHU
K JIeTHOW paboTe Mo TeM jKe NMpUYMHAM, CHIDKEHHEM BO3PacTa WICHOB JICTHBIX JKHIIaKEH, MMEIOUIUX IaTOJIOTUU
CEep/ICYHO-COCYIUCTOH CHCTeMBI. [l09TOMY aKTyalbHBIMHU SIBJISIOTCS BOIPOCHI CBOEBPEMEHHOI'O BBISBICHUS U
OINITHUMU3AIMY TIPOIIECcca JICUSHUS! CepACYHO-COCYUCTHIX 3a00JIeBaHUN Y WISHOB JIETHBIX dkunaxed. K coxanenuto,
BO3MO)KHOCTH TOJIFKO MHCTPYMEHTAJIBHOTO MOJXOZA JUIsi ONTHMHU3AIMU BBHIOOpA IyTel KOPPEKLUUH LUPKYJISTOPHON
THIIOKCUM y JIUIl JIETHOTO COCTaBa, BBI3BAHHOW WIIEMHYECKOW OOJE3HBIO cepla JOCTaTOYHO OrpaHUYEHBI.
CyIlecTBEHHYIO TIOMOIIb MOXKET OKa3aTh WMHTAIlMOHHOE MOJIEIMPOBaHKME IIpollecca TeueHWsl 3a0oyieBaHUS TpU
pa3MYHBIX crioco0ax JIeueHus ITyTeM BBeAeHHs (PapMakoJIOruuecKkoro npenapara. B Hacrosmield pabote npencraBieHa
MaTeMaTtudeckas MOJIeJb Ppa3BUTHSl HMIIEMUYECKOH OONe3HM cepiaua y JUI[ JIETHOTO COCTaBa, COCTOSINAs W3
MaTeMaTU4eCcKOH MO/ TPAHCIOPTa PECHHUPATOPHBIX Ta30B B OpraHU3ME JIETYMKA, MOJEIH KOH(IMKTHO-
YIPaBsIeMBIX ~ IPOIECCOB NPH  CaMOOPraHM3alMM  (QYHKIMOHAJIBHOM  CHCTEMBI  JBIXaHMS, JONOJHEHHAs
miuddepeHManbHBIME ypaBHEHUSIME, OIMHCBHIBAIOIIMME M3MEHEHUS] HANPSDKEHUH KHCIOpOJa B apTepHalbHONW KpOBU
IIPU CTEHO3€ apTepHii, BHI3BAHHBIX HIEMUYECKON OOJIE3HBbIO Cepilla U ypPaBHEHUSIMH, OIMCHIBAIOIIMMHU TPAHCIOPT
(apMaKoIoruyeckoro Ipemapara, HCHOJIB3yeMOro JUisi JiedeHWs. Takoil cocraB Mopenu, B cilydae ee
WHIVBHUYaJIN3al[MM, TO3BOJUT ONTUMH3HPOBATh IPOIECC JIEYCHHS IyTEM MMUTAIMMA BBEICHUS Pa3IHYHBIX
npenaparoB. [IpeaycMaTpUBarOTCsl TakKe pasiM4YHbIE CIOCOOBI BBEACHHS IIPENapaToB — PECIUpPATOPHBIH,
MIepOpaNIbHBINA, BHYTPUMBIIIEYHBIN 1 BHYTPUBEHHBIN.

KnroudeBble cioBa: umemuyeckas OOJI€3Hb CEpAld; KOMIIEHCAIMA TI'MIOKCHYECKOTO COCTOSHUS; MaTeMaTH4yecKas
MOJIETIb MAacCOINEpeHOca pECUPATOPHBIX T'a30B; (papMakolorHyecKkas KOPPEKIHs THUIIOKCHYECKOTO COCTOSHHUS,
Cep/IeYHO-COCY/IUCThIE MATOJIOTUH JIETYNKOB.
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