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INFORMATION SUPPORT COMPLEX FOR STUDYING
THE RELIABILITY OF WORK OF CONTINUOUS COOPERATION
SYSTEM OPERATOR UNDER INCREASED SITUATIONAL STRESS

To research the reliability of operator’s work under heightened situational stress, the weak link model has been proposed.
Software has been designed to study the work reliability of military transport drivers and pilots under heightened situational stress.
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While assessing reliability of operator’s work
under time pressure, in emergency conditions, and
in stressful environment, it is necessary to take
into consideration not only the natural human
traits and specific features of human nervous, but
also the organism adaptability to various stresses
(sharp temperature fluctuations, very low or very
high barometric pressure). The human operator
is a very sophisticated system working inside
other complex system the human being—the ma-
chine—the environment consisting of various in-
terconnected subsystems. The natural properties
of nervous system, capabilities, traits, level of de-
velopment of cognitive, emotional, communica-
tive, and regulative capacity, readiness to act, all
these different characteristics should be regarded
when addressing issues related to reliability of
operation of military vehicle drivers and aircraft
pilots under increased stresses, inasmuch as any
their fault can cost a lot of lives [1]. Naturally,
this type of job requires good organization, sur-
vivability, and fast recovery. Currently, the stud-
ies are focused mainly on psychophysical aspects.
Some researchers note that the assessment and
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control of operator’s functional condition are di-
rectly connected to the data showing the stress
level of main organism physiologic systems, in-
cluding the cardiorespiratory one. In the majority
of researches, EEG, ECG, and respiratory fre-
quency are recorded. Some researchers assume
that heightening operator’s emotional stress ca-
uses an increase in magnitude of high-frequency
rhythms, frequency of heartbeat, and respiratory
frequency. In particular, in [2], the authors men-
tion substantial fluctuations in such parameters
as heart rate, respiratory frequency, skin temper-
ature, local sweat production while performing
control tests on decision-making. In [3], it is stat-
ed that the most informative indicators of pilot
skills are heartbeat frequency, residual attention,
lung ventilation rate, and grasp of hand control-
lers. In [4], for the purpose of effective assessment
of operator’s qualification and work capacity the
complex techniques have been proposed. They in-
clude the following factors:
+ Health quality, including the integral criterion;
+ Special operator’s capabilities at a certain mo-
ment;
+ Work capacity under stress conditions;
+ Recovery;
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+ Latent functional reserves;
+ Adaptability to new conditions and increased
stresses.

STUDY OF OPERATOR WORK
UNDER HEIGHTENED STRESSES

The human factor engineering uses a wide spec-
trum of methods and special techniques designed
by experts in labor psychology, physiology, cyber-
netics, mathematics, etc. In [1], the authors pro-
pose to classify the research methods by way of ob-
taining the data on operator’s activities (Fig. 1):

+ The physiological methods are used for studying
the functional condition, reaction of various
organism systems on external and internal
stresses that may arise in connection with op-
erator’s activities (analysis of data of physio-
logical survey enables determining how the
operator’s organism performs current and ex-
treme activities);

+ The mathematical methods are used for the sta-
tistical processing of results, the search of reg-
ularities, and the development of operator’s
activity models.

The simulation methods deal with the artifi-
cial objects that correlate in a certain way with
the real things instead of manipulating the real
processes.

The physical simulation is focused on the op-
erator’s activities in laboratory conditions with
the help of special equipment (simulators, test fa-
cilities, models, pilot plants, etc.). It is a sort of
human factor engineering test to reproduce the
psychological structure and specific features of
real operator’s activities in laboratory conditions.
The mathematical simulation deals with the op-
erator’s activities using mathematical models de-
scribing the real processes. In this case, there are
certain limitations on the use of obtained results.
The simulation is based on mathematical models
representing the human activities in dynamics,
under various external and internal stresses.

The human factor engineering distinguishes
the continuously interacting systems to which
the driver—car type systems belong [1]. The op-

erator’s job is associated with controlling the
moving objects and deals with fast speeds, sud-
den critical situations, and varying parameters of
the environment, etc. For the operators working
on the very objects the crucial factors is emotion-
al tension. In addition, they depend on accelera-
tion, temperature and pressure fluctuations, vi-
brations, oscillations, noises, and so on. In some
cases, the operators have to work in special equip-
ment and stay in small-sized premises. In particu-
lar, this concerns the pilots and the drivers of tank
and armored vehicles. Hence, the very system
puts very strict requirements for the operator’s
health condition and physical fitness.

MATHEMATIC MODELLING
OF RELIABILITY OF UNINTERRUPTED
INTERACTION SYSTEM OPERATOR

Having analyzed the problems of reliability
theory of sophisticated engineering systems [5]
and methods of their solution [6] with respect to
the animated nature, including the human organ-
ism, one can conclude that they describe the
processes taking place in the populations and in
the society in adequate manner in order to assess
the reliability of collective actions. As regards the
use of these methods for assessing the parameters
of reliability of specific individual, there are some
reservations. In particular, unlike the inanimate
nature objects whose life cycle can be determined
certainly, the set of functions performed by the
human organism is diluted insofar as the human
evolution and the civilization development al-
ways place the human organism before new chal-
lenges [7], with some functions such as nutrition,
respiration, reproduction, and protection of or-
ganism remaining unchanged. The present-day
engineering have many self-organized highly reli-
able systems operating in the conditions foreseen
by the designer but failing under unexpected ex-
traordinary conditions. The living system has to
operate (quite reliably) in constantly varying in-
ternal and external environments and to make
optimal decisions necessary for highly reliable
life-sustaining activities. For instance, the main
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Fig. 1. Classification of methods for studying the operator activities [1]

function of respiratory system in the human or-
ganism is to supply oxygen to the tissues involved
in metabolism and to remove the generated car-
bon in due time and in adequate manner. This
function is controlled by the system consisting of
central, local, and humoral mechanisms closely

interacting to each other. The living system is a

purpose-driven one, it sets the targets and crite-

ria and can either sacrifice the life safety for the
sake of achieving the goal or refuse to operate in
order to have the normal living conditions.

On the one hand, there many other important
aspects to be taken into consideration when mod-
elling and determining the reliability of the living
systems using the reliability theory method. On
the other hand, the living system being a sophis-
ticated dynamic system, the general principles of
conduct and reliability of operation of complex
systems can apply to it. Practically, in the living
systems, the three stages of failure risk function
R(¢) can be distinguished:

+ Incidental (deliberate) failures caused by or-
ganism diseases and congenital pathologies;

+ Labor effectiveness. At this stage, all physio-
logical systems operate normally, without pa-
thology. The reliability of the whole organism
depends on the specific features of psycho-
physiologic system and the targets. The aver-
age time of fail-safe operation can essentially
depend on the cost of target. Sometimes, it is
impossible to reach the target since it would
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lead to the full exhaustion of organism’s inter-
nal reserves. In this case, the systems responsi-
ble for suspension of operation make respective
decision. Also, the average time of fail-safe de-
pends on the living conditions of the human
being. That is why, the assessment of living sys-
tem operation reliability under various stresses

is of paramount importance;
+ Failure risk associated with ageing or develop-

ing pathology.

Hence, the reliability theory models can be used
for assessing the reliability of operator’s work un-
der increased situational stresses.

The task of reliability models is to connect the
system elements and their effect on the system
operation. The functional structure of system de-
termines the interaction of elements in the estab-
lished sequence.

If the system is structured in such a way as for
its successful operation all elements should be in-
volved, this type is called the series system. If in
the case of failure of any element, there is the oth-
er one capable of performing its functions, this
system is the parallel one. The living systems be-
ing too sophisticated, they should be referred to
the series and parallel systems [8]. Practically,
some functions of the living systems can be com-
pensated, at least, partially, by more intensive op-
eration of the other systems (blood pooling, ery-
thropoiesis, local and central mechanisms for res-
piratory system regulation, etc).
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In [7], a failure model for the living system has
been proposed. In this model, is the event of the
system operating smoothly and keeping itself vi-
able, §. is the event of the subsystems operating
smootll‘nly, without failures. Let’s assume that for
this system is always the caseif §,j =1, n, i.e.

=85 nSnSn..NS, @))
hence
P& =P, nS,NS,N..nS),

P(S) = jﬁP(.S] NS,NS,N..nS) P(S).(2)

If §, are assumed to be independent in the pop-
ulation,

P($) = 11P(s) (3)
The reliability function is defined as
R=1IR. (4)
=t

For the independent series systems the weak-
est link model is used as well.

Let’s consider a series system in which the
failure takes place only if one or more subsys-
tems fails:

F=F OF,UFuU..UF,. )

Let’s assume that as the system fails so does a
certain marked subsystem. This assumption can be
written as

FcF, (6)

However, since F o F,, the events F and F, are

identical and have the same probability:

P(F) = P(F). (7)
Since any P; leads to F, then
FoF,j=2n (8
Thus
P(F) = P(F)) = maxP(F) )
. R= Rj = InaXRj. (10)

If the marked subsystem is the weakest link of
the series chain, the failure mechanism of this

subsystem is deemed as the failure mechanism of
the chain. The chain consists of links among
which one or several elements are the weakest
ones, i.e. their strength is minimum. The weak-
est link model can apply to the calculations of
reliability of both the whole system and its sub-
systems.

Let us assume that the strength of individual
link is set by probability distribution. Let the
population of link strengths has density f (x) and
respective distribution function F (x)

FO)-F@=[fma (1)

Showing the probability of the link strength
ranging between a and b (b>a).

Let us assume that strain per link is character-
ized by density g (y) and distribution function

G (y) as .,
CWD-GO=[gwd.  (12)
If positive random values X — link strength

and Y — load (strain) then one can write:
P(X <x) = F(x),

P(Y<y) = G(®). (13)
The link reliability is defined as probability of
the link not being broken

R=P(X>Y),

0

R=£Lﬂ@g@»ﬁ@y (14)
abo w0
R={g@n[r4«yﬂdV (15)

For the chain consisting of n links one can as-
sume that its strength is equal to the strength of
the weakest link, i.e. the strength Y of n-link
chain is the minimum of X, i = 1,n.

The reliability theory shows [6] that for any
strain YV, applied to the chain having probability
density g(y), the probability of strength Y ex-
ceeding the strain Yis

R,=P(Y,27) = [ g [1-F@)]dx

ISSN 2409-9066. Sci. innov. 2016, 12(2)



Information Support Complex for Studying the Reliability of Work of Continuous Cooperation System Operator

or

R =] g [1-F()] dx. (16)

Thus, the reliaboﬂity of n-link chain is equal to
R. Considering the reliability model for the entire
organism as a chain one can assume that the
weakest links are the respiration and blood circu-
lation subsystem and the psycho-physiologic
functions. Insofar as the organism workability
mainly depends on the reliability and effective-
ness of the respiration and blood circulation (the
weak link), let us further consider this subsystem.
The initial characteristics of the respiration and
blood circulation system are quantified in terms
of main function of the respiration system that is
timely and adequate supply of oxygen to the or-
gans involved in metabolism and withdrawal of
exhaust carbon.

One can assume that the system performs its
function in due manner, if the pressure of oxygen
p,0, and carbon dioxide p CO, in the arterial
blood and tissues (p,0, and p,CO,) ranges within
the limits: ‘ L

p;"0,<p,0,<p;~0,,
p;'”'"CO2 <paCO2 < p;”“"COQ,

(17)
p™0O,<p,0,<p0,

pt’:”‘”CO2 <ptiCO2 <pZ””COZ.

The minimum values of oxygen and carbon di-
oxide pressure in the blood and in the tissues de-
termine the thresholds. This parameter being un-
der the threshold leads to blood and tissue pa-
thology which eventually can entail a failure. The
functional scheme of main function of the respi-
ratory system is given in Fig. 2.

In [7], the authors have justified that for the
purpose of determining the reliability, the struc-
tural and functional scheme of the respiratory
system should be considered as series system
with individual elements being external respira-
tory subsystem, pulmonary circulation, cardiac
and vascular functions, regulation and blood
subsystems.
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Fig. 2. Diagram of main functions of the respiratory systen

The design of methods for establishing the re-
gimes, selecting the properties to ensure the op-
timal operation and searching the optimal tech-
niques for identification of disorders, establish-
ing their causes is known to be among the key
problems of the reliability theory of complex
systems [6].

For solving these problems the reliability theo-
ry uses the results of physical and chemical proc-
esses underlying the phenomena related to qual-
ity deterioration. The same problems exist in
physiology of labor, sport, and leisure. To under-
stand comprehensively the organism mechanisms
ensuring a high level of reliability of all its func-
tional systems and the organism as a whole, it is
advisable to use mathematical models of the res-
piratory system to design which there has been
enough physiologic knowledge of respiratory and
blood circulation [9—12]. The analysis of these
models enables identifying the regularities of res-
piratory and blood circulation processes, role of
regulatory mechanisms in providing and main-
taining the main function under various condi-
tions of human life and activities and the crucial
properties of the process under review. In partic-
ular, the human organism, including the respira-
tory system, has been known to be able to resist
both external and internal excitations (stresses).
The mathematical simulation of the main func-
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tion of respiratory system not only has confirmed
this property, but also has discovered the mecha-
nisms of its manifestation.

The stability of respiration and blood circula-
tion are very important factors for assuring the re-
liability of functional system. In the case of short-
term or constant stress of the inner environment,
the supply of oxygen to the tissues / the with-
drawal of exhaust carbon enters the area of rela-
tive equilibrium where the rate of oxygen supply
(carbon withdrawal) is equal to the rate of its con-
sumption (production). Hence, the organism un-
dergoes a short- or medium-term adaptation to
stress [7]. In this case, the reliability of functional
system is kept at a high level. However, it is true if
the stress does not entail reducing oxygen pressure
in the tissues below the critical point (in the case
of the chain model, the stresses exceed the link
strength). The model shows that the process is sta-
ble within a quite wide range of stresses and can be
kept by passive mechanisms of self-regulation by
oxyhemoglobin, myoglobin, etc. However, the
process stability is only the necessary, but insuffi-
cient condition for the system to keep the perform-
ance of its function in a reliable manner.

It has been established that for ensuring the re-
liable operation of the individual organs and tis-
sues the oxygen pressure in this organ should be
kept high. For example, for the brain tissue it
should amount to 33 mm Hg. The mechanisms
that keep the respiration stability at the expense
of biological regulators only can ensure the re-
quired level not under all stresses. High level of
oxygen homeostasis in the tissues is provided by
active regulation mechanisms, in particular due
to adjusting adequate ventilation, blood circula-
tion, distribution among the tissues in accord-
ance with need for oxygen. The mechanisms cre-
ate conditions for normal operation of the res-
piratory system under varying environment, i.e.
facilitate keeping the reliability at a quite high
level rather than maintain the stability of respira-
tion and blood circulation.

Hence, the mechanisms of active regulation of
respiration and blood circulation are the mecha-

nisms of short- and medium-term adaptation to
varying inner and outer environment [7]. Both
short- and medium-term adaptations and their
effect not always can guarantee a high reliability
of organism for various activities because of psy-
chophysical, structural, and morphologic specific
features of the organism. The organism long-term
adaptability is very important as well. At this sta-
ge, the structure of subsystems, individual organs
and tissues undergoes transformations and the
organism sensitivity to hypoxia and hypercapnia
changes as well.

Among the organism mechanisms stimulating
the reliability of the respiratory system and the
organism as a whole, those that maintain the sta-
bility of short-, medium-, and long-term adapta-
tion are the central, local and humoral regulation
of stability of psycho-physiological functions.

It is clear that high reliability of operator’s or-
ganism operation can be kept only all organism
systems (respiratory and blood circulation, ther-
moregulation, immune, central and peripheral
nervous systems) operate reliably [8]. If to as-
sume that all organism systems operate in a nor-
mal way, the reliability considerably depends on
the condition of psycho-physiologic functions
and the ability of respiratory and blood circula-
tion system to ensure the required level of me-
tabolism in tissues. As a rule [4], in order to assess
the operator psychological condition various
functional tests and physical exercises are used
for determining the individual typological prop-
erties of higher nervous function, functional mo-
bility of nervous system, brain working capacity,
and functional condition of vegetative, cardiores-
piratory, hematopoietic, immune, and hormonal
systems. As regards the tension of regulation
mechanisms of external respiratory and blood
circulation systems it is very difficult to get ex-
periment data on the respiratory system regula-
tion mechanisms, but the situation partly im-
proves due to the computational experiments
based on mathematical models describing the
respiratory functional system in excited inner
and outer environment.
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Fig. 3. Structure of the complex for mathematical support of the study

SOFTWARE FOR STUDYING
THE OPERATOR WORK UNDER
INCREASED STRESS

This section deals with application of simula-
tion for estimating the reliability of functional
respiratory system during operator’s activity un-
der heightened stress.

The functional respiratory system (FRS) is a
self-organized dynamic system. The object is mass
transfer and mass exchange of respiratory gases.
This self-regulation is realized by the physiologic
mechanisms involving the central, local, and hu-
moral links [9]. This self-regulation is aimed at
maintaining the gas homeostasis under various
stresses of inner and outer environment. The key
parameters to assess the FRS condition are par-
tial pressures of oxygen pO, and carbon dioxide
pCO, in alveolar space, blood, and tissues. Func-
tionally, these links are united into the external
respiratory, cardiovascular and blood systems.

The strenuous operator work is associated with
intensification of metabolic processes in the brain.
Varying intensity of this activity can be connec-
ted to changing oxygen consumption g,0, by
brain tissues, respiratory factor RQ and rate of
carbon dioxide release ¢,CO,. The parameters of
the condition of object can be oxygen p,0, and
carbon dioxide p, CO, pressure in the tlssues and
blood flowing about them ?,0,p,CO,. Howev-
er, the current level ofpr 0, ptCOz,p(rOQ,pUCO
essentially depends on volume velocity of 1ocal
blood flux Q, pulmonary and alveolar ventilation
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J and vascular smooth muscle tone. To assess the
condition of functional respiratory system, a ma-
thematical model of respiratory gas transport and
regulation of main function of the respiratory and
blood circulation system is used [9].

The software for study of operator’s work un-
der heightened stress is structured as showed in
Fig. 3.

The iteration for applying the proposed soft-
ware is as follows: the experimental data are ba-
sed on instrumental survey required for comput-
ing the organism oxygen regimes using the static
model [11].

As a result, one can obtain data on efficiency,
effectiveness, intensity of organism oxygen re-
gimes, acid-base and hypoxic condition, blood
oxygen, and cardiac activity. The model inputs
are the experimental and data and the results of
the static model (respiratory gas pressure in arte-
rial blood, hemoglobin content, rate of oxygen
consumption, regional blood flows, etc). On the
model basis, the respiratory gas pressure in the
tissues of working organs are computed. These
data enables assessing the organism adaptation to
stresses. The assessment of regulatory reactions
of cardiac and respiratory muscles and hypoxia
depth enables concluding on the human organ-
ism reserves against stresses.

The theoretical study was conducted on the
model with four tissues (the cerebral tissue, the
cardiac tissue, the skeletal muscle tissue, ect.)
(Fig. 2). The simulations were made for average
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person of a 75 kg weight with known parameters
of the rest functional condition: the oxygen pres-
sure amounts to 95 mm Hg in the arterial blood,
38 mm Hg in the brain tissue, and to 30 mm Hg in
the cardiac muscles. The rate of oxygen consump-
tion by the brain tissue is 0.62 ml/s, that by the
cardiac muscle is 0.33 ml/s, and by the organism
as a whole is 4.3 ml/s. The hemoglobin content in
the blood is 140 mmole/l, the concentration of
buffer bases is 0.479 g/l. The computational ex-
periment was aimed at measuring the regulatory
parameters ensuring oxygen pressure in the brain
tissue at a level of, at least, 33 mm Hg. The inten-
sification of operator’s work was modelled as an
increase in oxygen consumption by the brain tis-
sue by 10; 20; 30 and more %. The respiratory fac-
tor was assumed to be equal to 0.8, at rest, and to
1.2, at the load. The computations have showed
that maintaining the required level of pO, in the
cerebral tissue while increasing the rate of oxy-
gen consumption up to 20% of the rest one is pos-
sible without using compensatory reactions of the
respiratory and the blood circulation systems. At
rest, the volume velocity of blood flow in the sys-
tem makes up 95 ml/s, whereas that in the brain
is 14.88 ml/s.

An increase in the brain load by 30% requires
involvement of regulatory mechanisms. Other-
wise, pO, in the brain would decrease down to
31.77 mm Hg. The computations have showed
that an increase in blood flow in the brain by 10%
would lead to oxygen pressure in the brain tissue
upping to 33 mm Hg. It should be noted that in-
creasing blood flow in the brain tissue is possible
either due to escalating volume velocity of the
system blood flow, which entails an increase in
the cardiac muscle load or due to redistributing
the system blood flow in the tissues and organs,
which lead to hypoxia in other tissues [8].

The computations have showed that to keep
the average level of pO, in the brain tissue (33
mm Hg) while the intensity of the brain load
growing by 30—-70% as compared with the state
of rest is possible due to a linear increase in vol-
ume velocity of brain blood flow by 10-50%.

Further intensification of operator’s work (by
80—150%) requires nonlinear increase in blood
flow for ensuring the oxygen homeostasis of brain
structures. An increase in the rate of oxygen con-
sumption by the brain structures by 90% requires
an escalation of local blood stream by 90%; an in-
tensification of operator’s efforts by 130% can be
compensated by an increase in volume velocity of
blood flow in the brain by 150%; a 2.5-time in-
crease in ¢O, in the brain (by 150%) requires a
triple growth of Q, in the brain tissue. The hy-
poxic states of the brain structures should be
compensated not only due to the cardiovascular
but also the respiratory system. According to the
computations, if to escalate only the volume ve-
locity of blood flow in the brain tissues for keep-
ing pO, at 33 mm Hg, this will lead to arterial hy-
poxemia. The escalation of blood flow for com-
pensating hypoxia in the brain tissue when the
brain activity getting 2.5 time more intensive will
cause a decrease in pO, in the arterial blood from
95 down to 75.05 mm Hg. In the case of opera-
tor’s concerted work the arterial hypoxemia is
removed by involving the regulation mechanisms
of external respiration system.

In order to keep pO, in the brain tissues at 33
mm Hg while the intensity of operator’s work in-
creasing by 30% it is enough to simultaneously
increase the volume of respiration per minute by
10% as compared with the state of rest and the
volume velocity of brain blood flow by 5%. In this
case, pO, in the arterial blood is kept at 95 mm
Hg. This example shows that combined involve-
ment of regulation mechanisms reduces load on
the regulation organs and does not impair oxygen
supply to other tissues and organs.

CONCLUSIONS

The weak link mathematical model has been
proposed to be used for studying the reliability of
operator’s work.

The reliability of functional respiratory sys-
tem has been showed to be ensured by mecha-
nisms of stability and adaptation to varying liv-
ing conditions.

ISSN 2409-9066. Sci. innov. 2016, 12(2)
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The computation results have showed the com-
pensatory capacity of the regulation mechanisms
of functional respiratory system only. However,
the proposed method enables identifying then
main trends in cardiorespiratory system opera-
tion and can be useful for developing recommen-
dations on the basis of physiological survey and
individual input data for the dynamic model.
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KOMILJIEKC THOOPMAIUMHOT
MIATPUMKN JOCHI/DKEHHS HAIMHOCTI
POBOTU OTIEPATOPA CUCTEM
HEITEPEPBHOT B3AEMO/IIT B YMOBAX
MIABUIIEHOT CUTYAIUIMHOT HATIPYTU

Jlnsg nocaipkents HagiiHocTi poboTH oneparopa B yMO-
BaX TMiZIBUIIEHOI CUTYAIIlHOI HANIPYTHU ITPOIOHYETLCS MO-
JieJb JIaHIora 3i c1abKoo JIAHKOI0, 30KpeMa IPOrpaMHuii
KOMILJIEKC JIUIst JOCIZKEHHSA HagiiHOCTI poOOTH BOMIIiB Bili-
CHKOBOTO TPAHCIIOPTY Ta JbOTYKMKIB 1IpU poOOTI B yMOBax
Ii/IBUIIEHO] CUTYallifIHOI HAIIPYTH.

Knrouoei crosa: HafiiiiHicTh (GYHKIIIOHYBAaHHS OpPTaHi3-
My, MaTeMaTHYHa MO/ieJib (DYHKITIOHAIbHOI CHCTEMU JIMXaH-
H, TABUINEHA CUTyalliifHa Hampyra, MOJeNb JaHIora 3i
€J1a6KOI0 JIAHKOIO.

H.U. Apanosa

WHcruryTt kubepreruku um. B.M. nyikosa
HAH Yxpaunsr, Kues

KOMIIJIEKC THOOPMAIIMOHHOM
MOJIIEPKKU UCCJIEJJOBAHUS HAJTEJXKHOCTU
PABOTDBI OITEPATOPA CUCTEM
HEIIPEPBIBHOTO B3AMMOJIEVICTBUA
B YCJIOBUSIX HOBBIIIEHHOTO
CUTYAIIMOHHOTIO HATIPS)KEHUS

Z[JISI uccjenoBanmud HaJdeKHOCTHU pa6OTI)I oliepatopa B
YCJIOBUAX IMMOBBIIIEHHOI'O CUTYAIlMOHHOT'O HaIIPAKEHWA TIPpe/l-
JlaraeTcda mMozeJsb Lelun co caabbiM 3BE€HOM, B 4aCTHOCTHU
HpOI‘paMMHbeI KOMILJIEKC /I Uccjie0BaHuA HaJEeKHOCTHU
pa6OTbI BOJIMTENIEN BOEHHOTO TpaHCIIOPpTa U JIETYUKOB ITPU
pa60Te B YCJIOBUAX TMOBBIIIEHHOI'O CUTYallMOHHOI'O HAIIPpA-
JKeHu:d.

Knrouesvie ciosa: HaNe:;KHOCTb (QYHKIIMOHUPOBAHUS OP-
raHu3Ma, MaTeMaTudeckast MoJesib (DYHKIIMOHAIBHON CHC-
TEMBI J[BIXaHIsI, TOBLINIEHHOE CUTYAIIMOHHOE HATIPSKEHE,
MOJIEJIb TIEIHU CO CIAOBIM 3BEHOM.
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