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ANOTHER DYNAMIC MODEL OF MARKOVIAN HUMAN-MACHINE-ENVIRONMENT 
SYSTEM THAT IS EFFECTED BY SOME HAZARD

Introduction

This work continues the series o f  works on modeling systems and processes for protection o f 
operators and public from exposure to electromagnetic radiation in radio systems. The general 
problem and classification of models for radio protection are given in [1 ], and for the first time such 
a model is proposed in the paper [2 ].

It is based on the assumption that accidents and disasters (hereinafter -  the ’’events”) have the 
Markov property. The corresponding mathematical apparatus is for the first time systematically set 
out in the work of Khinchin [3], and further developed in queuing theory [4]. Currently, this model 
is extended to the case o f different types of harmful effects and non-classical flow of events that is 
now more important than just protection from the effects o f electromagnetic radiation.

The aim of this work is to assess the dynamic and steady-state (limiting) probability for all 
possible states o f the system, that has a multi-stage recovery subsystem, including humans.

In accordance with the statement o f the problem in this paper we consider Human-Machine- 
Environment systems o f three types: with simplest flow of events, with Erlang flow and with a non- 
homogeneous flow. The reaction time to the events o f the subsystems "machine" and "environment" 
by "operator person" is exponentially distributed with parameter p. All these types o f events lead 
with a certain probability to a change in the system state. The probabilities of the states at the given 
time, finite or infinite, are o f interest. This work is based on general approach and formulas from the 
paper [5].

Time and quality o f operations at the accident depends on the state o f human operator’s health, 
which, in turn, depends on the state of the system (and the harmful effects, or stress). We assume 
that the operator can be in two states, relatively speaking, "fully functional" and "partially func­
tional". Probability of recovery efficiency in the process o f liquidation o f the accident is zero, and 
the probability of a working state when performing z'-th operations is equal to S . After finishing the 
work, performance of operator is restored or he is replaced. Then the transition probabilities for 
each pair o f states i + 1 and O' + fi* with full and partial capability o f the operator, respectively, are 

and kMi . System status, intensity and probability of recovery work with Incomplete capa­
bility of the operator, respectively, are ib, /.A and P ib.

System diagram of the possible states and transitions is shown in Fig. 1, similar to[5].

Figure 1

Note that the probability of disease of the human operator in the execution o f the first function 
is not known and will be determined using the "principle o f maximum information entropy". Sta­
tionary system of equations for the probabilities of the states has the form;
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O f practical interest are the values o f p* = p. + pib, i -  p* and P[)b. 
From the recurrence relations ( 1 ), using (2 ) we denote for (k = 2 . . .n ) :
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Now we model the behavior of the system when the intensity of the incoming stream of events 
depends on time MO. fo r this case the system of Kolmogorov equations is set up. We find the prob­
ability b, using the maximum information entropy principle, by solving the optimization problem.

Thus, suppose that, to eliminate the accident, an operator must perform five operations in se­
quence, that is » = 5.

The system of Kolmogorov equations[3] for this model looks as:
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In equilibrium case for this equations we obtain
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In the system (3), the intensity o f input is X,  as well as this situation all state probabilities are 
functions of the time.

Now we determine the type of function X ( t ) . Obviously, X{t)  depends on the type o f disaster

or any other external influences that cause accidents, or crash of the system. Consider an abstract 
external action (catastrophe) that causes the operations for accident liquidation. Suppose we only 
know that the intensity o f the impact changes in the following way: during the first two hours there 
is an increase o f the intensity about two-fold (from 0 . 0 1  to 0 .0 2 ), and within twelve hours the inten­
sity increases sharply to its maximum (O.B), then in five to ten days, it gradually decreases to near 
the initial value. We normalize the time interval so, that the quantity t  that describes time varies 
from 0 to 100. Here we consider a time unit that corresponds to approximately two hours in the 
field. Under the given conditions using a package Matlab we define the function X(t) as follows:
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Coefficients and the exact form of the function selected in such a. way as to meet the above re­
quirements and to ensure sufficient smoothness for the numerical methods used in Matlab. Thus if 
t = 0 X(t) »  0.01, for (= 1 (that is, two hours after the start o f the interval) A( t ) -  0 .02, and at t = 7 
A(t) = 0.8 -  this is the maximum. Graph of the function MO is shown in Fig. 2.
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Figure 2

Now consider the intensity o f a human operator in accident’s elimination procedure. It can be 
assumed that the maximum efficiency of the operator responsible for about the middle o f the shift. 
Then gradual decline starts to its initial level. By the end o f shift efficiency can rise again, due to 
the haste and desire to get the job done quickly. Based on these considerations, we define the func­
tion o f the intensity o f operations to eliminate the accident as shown in Fig.3 

This function jj, ( x )  is given as follows:

/ '(* ) =
[0.4,
I 0.2cos(x -  5) + 0.6,

0 < x  < 5 -  n ,

5 -  n < x  < 10.
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Figure 3
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To get the values of coefficients for p .  / = 1,5 , take values at characteristic points: 

p(0)= 0.4, p(2.5)= 0.439, p(5)=0.8, p(7.5)= 0.439, p(10)= 0.657.

Since we consider the abstract system, the data on the relationship between the intensity o f the 
operator in the healthy and diseased states do not exist. We therefore use the preliminarily assump­
tion that Dib = 0.75 Di.

To find the probability bi , we use the principle o f maximum information entropy and form the 

optimization problem:

2
S j  ^ - - X /h  lnp,-, P i > 0, pi+p2=\, 36.5/?] +3&p2 £  37.

/=1

We solve this problem by using Matlab with tolerance up to 3 decimals and obtain the follow­
ing values:

pi=0.667 , p2=0.333; here p 2 =b,, / = 1,5.

Now we obtain all the values necessary for the solution o f (3). The result is a graph of time for 
probability o f finding the system in each of the possible states. Time dependency o f probability 
graphs are presented in Figures 4 - 1 4 .  The calculations show that when the intensity M l) o f the 
incoming stream of events is no longer change with time, the system reaches a steady state, that is, 
the probability of states f  and M become permanent.
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At the end o f the considered time interval (system output in the steady state) the state prob­
abilities are equal to: P0=0.104, P0b=0.712, Pi=0.040, P2=fi.025, P2b=0.0I7, P3=0.009,
P3b-0.015, P4=0.011, P4b=0.035, Ps=0.005, PSb=0.027.

Conclusion

Within the given conditions of the system’s configuration and the flow of incoming events, the 
probability that the operator performed all the operations and became hurt -  Pob-0.712 is the great­
est; together with Po it gives 0,816 -  probability that the accident is successfully eliminated. But the 
opposite event is rather probable too (~18%), so we cannot consider the situation safe. The only one 
parameter of the system, that we can impact to improve the situation, is p(t). Or else, the general 
structure of the system must be changed.
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