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I.  INTRODUCTION 

Nowadays, accidents are mostly attributable to 
the human factor, 80 – 90 % from all accidents, and, 
unfortunately, existing methods have not led to im-
provement of safety. 

Pilots work is the most difficult type of human 
activity, consequently training is difficult as well. 
The process of professional training includes a wide 
variety of instruments and devices. The level of 
training should mainly guarantee safety. Since 
graduate flight school immediately take jobs in the 
crew of the helicopter. 

Accident analysis and preconditions shows that 
factors such as the mistakes in flight operations , 
omissions and deficiencies in the organization and 
management of flights and aircrew training metho-
dology , errors in piloting technique and operation of 
aviation equipment determines the overall accident 
rate and the reasons for them, they are notorious for 
its repeatability[1]–[5]. This causes the need to im-
prove the organization and methodology of flight 
training for flight crews. 

II.  TRAINING IN SIMULATOR 

Aviation training process consists of many ele-
ments, each of which has its own purpose. Simulator 
as part of the educational process and training plays 
an important role in training aviation specialists not 
only in the final stages of training, but also for 
training, during training and test knowledge and 
skills. In ICAO documents [6] determined that flight 
simulators can be used during the studying and test-
ing of pilots to a greater extent than before. The 
profound use of such training methods is conditioned 
by the increased complexity of modern helicopter 
technique, cost and operating conditions. Simulta-
neous simulators can provide even more profound 
training than in reality to meet safety and corres-
pondence to actual operating conditions. Displaying a 
variety of effects on the helicopter helps to imple-
ment such training and to ensure that the pilot will be 

able to reproduce his actions during the actual situa-
tion in flight.  

Efficiency of the use of simulators is considered to 
be effective, however practically, there are no rea-
sonable methodologies for assessing the effective-
ness of training in a form of reduction of accidents, 
not counting the numerous statistics on accidents in 
the heli-industry. However, for the correct use of 
statistics we need a sufficient amount of information 
for the similar events, and accidents involving the 
human factor, usually they are unique, nature and the 
specific chain of events are rare. 

Next step, the assessment of reduction of acci-
dents, failures from the use of training at a particular 
event is calculated by a relatively small and incom-
plete set of unique reasons of accidents which sig-
nificantly differ from each other. 

Finally, the calculation of the efficiency of the 
implementation of simulators based with a statistical 
approach of the accident rate is not accurate, as it is 
impossible to evaluate a qualitative difference be-
tween simulators and improve the methodology for 
trainings. It is intended to convince the leaders to by a 
new one, rather than to improve the effectiveness of 
an older one 

Besides the lack of constructive criteria for the 
simulators. People usually neglect that fact that en-
gineers experience scarce of the resources on its 
development , and time for schedule managing . 

Actually, students experience problem of “for-
getting”, process when they partially lose skills 
learned in training over the past themes, and this loss 
may exceed the effect of the new trainings. Specific 
indicators are strictly individual for each expert. In 
the presence of methodology for calculating the 
efficiency, wecan define point which is called “in-
terruption rate” if the loss of “forgetting” exceed the 
acceptable level , then the process of training for this 
specialist cannot be recognized as an effective and 
sufficient . 

Consider the problem of evaluating the effective-
ness of training and, accordingly, use of the simulator 
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in detail. A number of works offered constructive 
approach to the problem of evaluating the effective-
ness of training, and, respectively, to a comparison of 
functional characteristics of simulators. 

III.  SINGLE TRAINING 

For the tasks of planning, it is necessary to divide 
all field of professional  activity  of pilots, on separate 
episodes or themes,  behavior in which can have 
either positive or  possible negative detrimental effect  

Training is based on a principle of applying var-
ious modes both normal and emergency. The stan-
dard algorithms of activity are formed on the base of 
description of a real flight, which are made by pro-
fessional pilots 

IV.  FUNCTIONAL OF PROBABILITY 

For the quantitative estimation of reliability of 
personnel and probability of emergency the concept 
of probability of making a mistake by a pilot is en-
tered. Simulator at such approach – maximally re-
duces probability of errors made by pilot on every 
episode. Thus, the task of the system of training is 
realization of the single training on every topic from a 
complete list to the complete exception of errors. 
Probability of making a mistake after educating is not 
equal to the zero and depends on adequacy of simu-
lator to the terms of a real flight, including the pres-
ence of stress, and also “forgetting” of skills in the 
conditions of monotonous and accident-free work. 

V.  FUNCTIONAL OF ERRORS 

Reasons indicated above, show that accurate de-
scription of  the functional of probability does not 
exist , however we see its tendency in terms of dec-
lination of amount of errors during  education on a 
trainer. Thus, in spite of absence of strict statistical 
ground, judging about character of functional of 
probability of errors is possible. 

VI.  FUNCTIONAL OF EFFICIENCY 

On the basis of the given descriptions, we can set 
quantitative criterion of efficiency, reflecting the 
functional utility of trainer and system of the con-
ducted training from the point of view which shows 
safety. One of practical approaches in this case is an 
setting to every single training some numeral value 
for example, middle damage when a specialist makes 
an error on the topic of the single training on real 
helicopter. This number cannot be got from statistics 
correctly from insufficiency of initial information, 
however the usage of method of expert estimations 
gives a reasonably scientific base. Moreover, sum-
marizing of the achieved marks adds additional ob-

jectivity to the final results according to the law of 
large numbers (Wiener-Khintchine theorem). 

Certainly, summarizing of all damages from all 
possible catastrophes, can exceed the cost of heli-
copter. However who will give guarantee, that de-
fects in preparation of personnel will not give mul-
tiplicative effect on the whole great number of ob-
jects or reiteration of accidents on the same object? 
Therefore the use of similar estimations has impor-
tant practical sense. 

How the mark which estimates efficiency behaves 
with the increase of time dedicated for education? 
Obviously, trained pilot is safer than untrained. 
Training requires time. It is possible reasonably 
enough to suppose that exists some training time Tmax 
for the gaining certain skill. At time of educating 
more than Tmax gain of experience is absent [7]. 

At time of educating, insignificantly different 
from t = 0, admitting of specialist to the flight will 
bring the most major damage, thus the subsequent 
educating will result in reduction of this damage. 
Thus, time of educating does not influence on effi-
ciency, and increase of efficiency certainly described 
by the function of decline of amount of errors from 
duration of training. It will be shown further, that 
reduction of training value Tmax allows to increase a 
general size of prevented mistakes which cause 
damage (risk, fine). 

We will enter the concept of functional of effi-
ciency of the single training, qualitatively repeating 
the functional of errors, it’s numeral values for time 
of completion of training of t = tmax are set from a 
condition, that general area (or certain integral) is 
equal to the value of middle damage when a specialist 
makes an error on the topic of the single training on 
real helicopter (Fig. 1). Let’s assume that damage 
from non-fulfillment of training is S. For the case of 
linear approximation area of triangle under a curve 
for a calculation – dS/dt0·Tmax /2 = S, where dS/dt0. 

 

 
Fig. 1. The functional efficiency 
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We get 
dS/dt0 = 2s/Tmax (at t = 0); 

dS/dt = 0 (at t = Tmax). 

For the groups of specialists and groups of train-
ing – we use average coefficients of linear approxi-
mation of a1 and a0. Calculation of Tmax and dS/dt for 
t = 0 is analogical. 

VII.  OPTIMAL NUMBER OF TRAINING 
General optimal plan of training, which provides 

maximal efficiency from all number of the passed 
training, we will build in the next manner. We will 
divide the functional of efficiency on every single 
training on equal time segments (Fig. 2).  

Then, taking into account circumstance that spe-
cific cost of minute for the different training can 
differ (for example, the simulators of different cost 
are used), we will build the sequence of segments, 
starting with a segment possessing the highest  cor-
relation “efficiency-cost” and to the segment with the 
least size of this rate 

 
Fig. 2. Comparison of functional efficiency for different 

groups of individual training 

If we take into account specific cost of training 
Topt appears, alternative to Tmax, if these variables are 
equal, training starts to be useless (Fig. 3).  

 
Fig. 3. Optimal set of training 

Having such optimal plan, it is possible to esti-
mate efficiency of the use of simulator, and also 

expediency of their reconstruction and development 
of new facilities. If amount of hours for training is not 
enough, than it is used ineffectively. 

The structure of the computer system is shown in 
Fig. 4. In this system, each participant presents results 
through the communication channel, the quality of 
performed task is estimated by time he needs to give 
namely correct answer. Depending on the results, the 
optimizer of a plan assigns a new type of job, with a 
time individually limited for every student in accor-
dance with a specified total training time. We take 
into account the most important factors affecting the 
development of one skill, speed of skill development, 
level of previous skills development, when current 
skill is based on previous, degree of degradation or 
“forgetting” previous skills, when next skill has to be 
developed. 

Optimizer of the curriculum can be represented as: 

 
Fig. 4. Optimizer of the curriculum 

VIII.  CONCLUSIONS 

Based on the analysis of helicopter accidents it is 
proposed to take into account its results in helicopter 
pilots training at simulators. It is developed the pro-
cedure of estimation of helicopter pilots training 
efficiency in the simulator.  
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