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ВЫВОДЫ 
Итак, в работе рассмотрено решение 

проблемы полного математического 
описания высказываний путем изучения 
структуры простых высказываний. Ис-
пользован аппарат исчисления предика-
тов, являющийся обобщением алгебры 
логики. Исчисление предикатов форма-
лизует логику предикатов и обобщает 
исчисление высказываний. Приведены 

примеры построения формул для преди-
катов, формализующих высказывания и 
высказываний по формулам предикатов. 
Рассмотрены кванторные функции от 
унарных предикатов и примеры форма-
лизации высказываний соответствующи-
ми предикатами второго порядка. 
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INTRODUCTION 
Ship internal combustion engines (SICE) 

are complex systems composed of many 
subsystems and components, and the fail-
ure of at least one of them leads to a loss of 
efficiency of the engine, which is a threat to 
the safety of navigation, reduces the effi-
ciency of the engine and extensive material 
losses. SICE during operation is exposed to 
moisture, salt, vibration, shock, ambient 
temperature changes over a wide range, 
etc. These effects, in addition to the com-
plex physical and chemical processes and 
energy transformation that occur during 
operation of the engine, accelerate the pro-
cess of degradation of parts and assemblies 
SICE and reduce their reliability. 

During operation, the engine plays an 
important role to ensure the safety of navi-
gation, which is directly related to ensuring 
the reliability of the engine and its compo-
nents. To ensure a high level of reliability of 
the engine of the ship is necessary to carry 
out continuous monitoring of its technical 
condition, failure to timely detect and pre-
vent sudden failure of the engine and its 
systems. The solution to this problem is 
possible in the presence of a system for 
assessing the technical condition of the 
engine in real time. Evaluation of the tech-

nical condition of the ship's engine is in 
operation, provides an opportunity to op-
timize operating conditions of the engine, 
focusing on economic performance, envi-
ronmental standards and the safety of nav-
igation. Additionally, continuous monitor-
ing allows for timely detection of faults, to 
prevent sudden failure of the engine and its 
components. This in turn leads to an in-
crease in the interval between repairs and 
reduce operating costs. 

In order to enhance the evaluation of the 
technical condition of the engine, as well as 
for early detection of faults are currently 
using modern methods of simulation and 
computer tools. At the same time, the use 
of fuzzy logic allows to make management 
decisions on the choice of operating condi-
tions of the engine in a fuzzy, incomplete 
and uncertain information. Since marine 
engines for use characteristic feature is that 
the decision on the choice of operating 
conditions, in most cases, made subjective-
ly only chief engineer, then it is likely that 
the decision will not be correct. In this re-
gard, the development of methods that 
could generalize and formalize the experi-
ence of a large number of marine engineers 
and based on them to create a system to 
support decision-making on the choice of 
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operating conditions in real time, is today 
an important task of the technical opera-
tion of marine SICE. 

ANALYSIS OF PUBLICATIONS 
At the present days, there are a variety of 

means, methods and systems of infor-
mation on the technical condition of the 
ship's engine by controlling the structural 
and functional parameters. For nondestruc-
tive testing include:vibroacoustic [1,2], ul-
trasonic [3], magnetic [4], etc. The basis of 
integrated assessment put statistical meth-
ods [5], methods for determining the tech-
nical condition of the engine of complex 
parameters [6], the methods of diagnosing 
the parameters of exhaust gases [7]. A 
method of thermal imaging diagnosis of 
marine diesel engines [8]. It is not always 
possible to quickly identify the problem 
due to the lack of clarity and delays in the 
collection of objective information about 
the state of the engine in real time [9]. To 
solve such problems, widespread system of 
fuzzy inference, which are based on the 
theory of fuzzy sets [10-12]. 

THE PURPOSE OF THE ARTICLE 
The development of models for as-

sessing the technical condition of the en-
gine in real time based on the theory of 
fuzzy sets. 

Main part.Model studies can be repre-
sented by the formula: 

 
)x,...,x,x(fy n21 , (1)

 
where y - the value of the technical status 

(output parameter), n21 x,...,x,x  - the param-
eters controlled during the operation of 
marine diesel (input parameters). 

To build the model, and determine the 
optimum mode of operation used a system 
of fuzzy inference algorithm based on fuzzy 

inference Mamdani. This choice is deter-
mined by the fact that when using the 
model type Mamdani no difficulty with the 
content interpretation of the parameters of 
fuzzy model, as well as an explanation of 
the inference, so it is more understandable 
for the operator. 

As the membership functions for the in-
put parameters used Gaussian function, 
which is its advantage continuously differ-
entiable on its domain, and the fact that the 
shape of the curve is determined by only 
two parameters, making it easy to configure 
the system: 
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wherec - the maximum coordinate of the 

curve, and   - concentration factor, the 
value of which defines the area of the curve 
accessories. 

For output parameter used triangular 
membership function of fuzzy sets: 
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where the parameters аис define the co-

ordinates of the base of the triangle, the 
parameter b determines the coordinates of 
the vertices.  

This feature allows you to get the re-
quired accuracy defuzzification by the fixed 
domain of definition. 

Formation of the rule base of fuzzy infer-
ence is carried out in an ordered list of 
agreed fuzzy production rules of the form: 

IF "Condition 1" THEN "Conclusion 1". 
The aim is to establish the stage of fuzzi-

fication correspondence between the spe-
cific values of the individual input variable 
fuzzy inference system and membership 
functions corresponding to the value of her 
term input linguistic variable. 
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Aggregation is a procedure for determin-
ing the degree of truth conditions for each 
of the fuzzy inference rules of the system. 
Are the levels of "cut-off" for each of the 
prerequisites rules using operation min: 
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Activation is the process of finding the 

truth degree of each of the fuzzy inference 
rules podzaklyucheny, ie definition truncat-
ed membership functions of fuzzy sets: 
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where(D)- truncated membership func-

tions for input variables - truncated mem-
bership functions for the fuzzy rules. 

Accumulation is the process of finding 
the membership function of a fuzzy subset 
of the final output for the variable: 
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Defuzzification systems fuzzy inference is 

the process or the process of finding a con-
ventional (non-fuzzy) values for each of the 
output linguistic variables. Defuzzification 
carried out by the center of gravity. Clearly 
the value of the output variable is defined 
as the center of gravity of the resulting ac-
cumulation of figures: 
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where Y - the result of defuzzification, x - 

variable corresponding to the output lin-
guistic variable - membership function of 

the fuzzy set corresponding to the output 
variable after stage accumulation, min, and 
max - the left and right points of the inter-
val considered medium fuzzy set output 
variable. 

Practical implementation of the work of 
the proposed model was implemented for 
marine engines Wärtsilä6L46C package 
Fuzzy Logic Toolbox computing environ-
ment MATLAB, equipped with special 
means of fuzzy modeling, which allows the 
full range of research on the development 
and application of fuzzy models [13-14]. 

The formalization of input and output 
parameters are presented in Table 1. 

In the set of parameters describing the 
technical condition of marine diesel was 
allocated seven. Their choice is due to the 
fact that it is for them, developers of the 
engine Wärtsilä6L46C identified critical to 
triggering the alarm [15]. 

The range of changes was based on the 
design parameters of auxiliary systems reg-
istered in the engine manual. 

The causal connection between the val-
ues of the parameters and the technical 
condition of the engine formalized as a set 
of fuzzy logic rules. To build a base of fuzzy 
rules was carried out expert evaluation of 
combinations of input variables with simul-
taneous evaluation of membership func-
tions. Weighting factors of all the rules were 
set to 1. 

Since the totality of these rules describes 
the strategy for managing the system, 
when drafting them was paid special atten-
tion to their consistency. Computational 
experiments have shown that the approxi-
mation gives the smallest error base con-
sisting of 366 rules. 

Fuzzy equations between the member-
ship function of input and output variables 
are as follows: 
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Table 1. 
Baths, boundaries and range of the linguistic variables 

Linguistic variables Bathslinguisticvariable Range 

x1  – «air temperature after air cooler», K 
norm (313,15…343,15) 

allowable (343,15…348,15) 
inadmissible (348,15…373,15) 

x2 – «pressure before engine ( lubricating oil system)», 
MPa 

norm (0,3…0,4) 
allowable (0,2…0,3) 

inadmissible (0…0,2) 

x3 – «prelubricating pressure», MPa 
norm (0,078…0,08) 

allowable (0,05…0,078) 
inadmissible (0…0,05) 

x4 – «temperature before engine», K 
norm (336,15…351,15) 

allowable (351,15…353,15) 
inadmissible (353,15…373,15) 

x5 – «pressure before engine (hight temperature cooling 
water system)» , MPa 

norm (0,32…0,48) 
allowable (0,2…0,32) 

inadmissible (0…0,2) 

x6 – «temperature after cylinders (hight temperature 
cooling water system)», K 

norm (355,15…378,15) 
allowable (378,15…383,15) 

inadmissible (383,15…403,15) 

x7 – «pressure before engine (low temperature cooling 
water system)» , MPa 

norm (0,32…0,44) 
allowable (0,2…0,32) 

inadmissible (0…0,2) 

у -«technical state» 

a good 0,8…1,0 
acceptable 0,5…0,8 
allowable 0,3…0,5 

inadmissible 0…0,3 
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In step defuzzification linguistic variables 

inputs have been converted into a numeri-
cal value representing the technical condi-
tion of the ship's engine. 

As a result of fuzzy inference obtained 
surface "input - output", showing the de-
pendence of the technical condition of the 
engine from the input values (Figure 1). 
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a)     b) 

Figure 1 - Dependence of the technical condition of the engine on the values of the input parameters:а) x3 – 
«prelubricating pressure», x1 – «air temperature after air cooler»; b)x6 – «temperature after cylinders (hight temperature 

cooling water system)», x7 – «pressure before engine (low temperature cooling water system)». 

During the test the system, changing in-
put parameter values within a predeter-
mined range causing a change of the out-
put variable in accordance with the actual 
situation. The results of the system are pre-
sented in Table 2. As for the first case, when 
the values x1 = 325;x2 = 0,35;x3 = 0,078;x4 
=345;x5 = 0,415;x6 = 368;x7 = 0,398, which 
corresponds to the normal value of the 
output variable у = 0,893, which, according 
to experts, this estimate corresponds to the 
technical status at the given values of the 
input parameters. 

In the second case, the value was not 
within the normal range, as in other set-
tings, as was the value in the range of ac-
ceptable values. At the same time the out-
put of the у already had a much smaller 
compared to the first case of a numerical 
value that indicates the deterioration of the 
technical condition of the ship's engine. 

The results of the system under the con-
ditions of change of input values in the 
range of "normal" and "acceptable" are 
shown in the cases 3-6. 

Table 2 
Results of the system 

№ x1 x2 x3 x4 x5 x6 x7 у
1.  325 0,35 0,078 345 0,415 368 0,398 0,893

2.  325 0,35 0,06 345 0,415 368 0,398 0,887

3.  313 0,25 0,058 350 0,38 356 0,349 0,768

4.  320 0,25 0,079 352 0,26 360 0,36 0,688

5.  346 0,24 0,063 353 0,3 379 0,22 0,491

6.  342 0,35 0,05 351,5 0,2 365 0,2 0,407

7.  318 0,3 0,78 350 0,1 367 0.38 0,158

8.  344 0,25 0,025 352 0,26 380 0,28 0,15

 
Experiments were conducted under 

conditions of an unacceptable value of one 
of the input parameters, regardless of the 
range in which there were other parame-

ters. In the case of 7, when the parameter is 
invalid, and other parameters are within the 
normal range at the output of у = 0,158, 
which corresponds to "inadmissible" in the 
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cooling water system)», x7 – «pressure before engine (low temperature cooling water system)». 

During the test the system, changing in-
put parameter values within a predeter-
mined range causing a change of the out-
put variable in accordance with the actual 
situation. The results of the system are pre-
sented in Table 2. As for the first case, when 
the values x1 = 325;x2 = 0,35;x3 = 0,078;x4 
=345;x5 = 0,415;x6 = 368;x7 = 0,398, which 
corresponds to the normal value of the 
output variable у = 0,893, which, according 
to experts, this estimate corresponds to the 
technical status at the given values of the 
input parameters. 

In the second case, the value was not 
within the normal range, as in other set-
tings, as was the value in the range of ac-
ceptable values. At the same time the out-
put of the у already had a much smaller 
compared to the first case of a numerical 
value that indicates the deterioration of the 
technical condition of the ship's engine. 

The results of the system under the con-
ditions of change of input values in the 
range of "normal" and "acceptable" are 
shown in the cases 3-6. 

Table 2 
Results of the system 

№ x1 x2 x3 x4 x5 x6 x7 у
1.  325 0,35 0,078 345 0,415 368 0,398 0,893

2.  325 0,35 0,06 345 0,415 368 0,398 0,887

3.  313 0,25 0,058 350 0,38 356 0,349 0,768

4.  320 0,25 0,079 352 0,26 360 0,36 0,688

5.  346 0,24 0,063 353 0,3 379 0,22 0,491

6.  342 0,35 0,05 351,5 0,2 365 0,2 0,407

7.  318 0,3 0,78 350 0,1 367 0.38 0,158

8.  344 0,25 0,025 352 0,26 380 0,28 0,15

 
Experiments were conducted under 

conditions of an unacceptable value of one 
of the input parameters, regardless of the 
range in which there were other parame-

ters. In the case of 7, when the parameter is 
invalid, and other parameters are within the 
normal range at the output of у = 0,158, 
which corresponds to "inadmissible" in the 
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real world in such situations is considered 
critical to the operation of the engine, the 
engine room alarm is triggered. Similarly, in 
the case of 8, when he had an invalid value, 
and all other parameters were within the 
acceptable range, the value of у = 0,15, 
which is also critical in the engine. 

CONCLUSIONS 
On the basis of these examples show 

that the most simple model for assessing 
the current technical condition required for 
use in controlling the operation of the 
ship's diesel engines can be built on the 
basis of the developed framework of the 
rules of fuzzy logic. 

When you change the input values from 
min to max, the output parameter varied 

from 1.15 to 0.893, and is adequate for each 
case. 

Presented fuzzy model allows to deter-
mine the technical condition of the ship's 
engine in real-time by changing the values 
of the input parameters. 

To use the model provided by the opera-
tor does not need to have some additional 
skills, and the data obtained at the output 
can be easily interpreted. 

This model is easy to adjust to any ship 
internal combustion engine. 

A further area of research is the creation 
of an integrated system of marine engine 
diagnostics based on neural network tech-
nology. 
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Кількість хворих на ішемічну хворобу 
серця (ІХС) постійно зростає як в Україні, 
так і в усьому світі. За даними Коваленко 
В.М. та співавторів наша держава налічує 
близько 7 мільйонів хворих ІХС [1]. Це є 
найбільш актуальною медичною пробле-
мою сьогодення, оскільки вона впливає 
на інвалідизацію та смертність працез-
датного населення, а також збільшенням 
фінансових витрат на лікування та ре-
абілітацію пацієнтів. Збільшення випадків 
хворих на ІХС підвищує кількість опе-

рацій по лікуванню захворювання. Так як, 
хірургічне втручання показує високу 
ефективність у порівнянні з медикамен-
тозною терапією, та дозволяє безпосе-
редньо впливати на морфологічний суб-
страт ІХС, що знаходить відображення в 
покращенні довгострокового прогнозу 
перебігу після операційного періоду у 
хворих. 

Аортокоронарне шунтування (АКШ) є 
надійним методом інвазійної стратегії 
лікування для хворих з атеросклеротич-




