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4. でöíöáó äÜ Raspberry PI ДÄ¿ñ¡öëÜÖÖ▲ú ëñ- ïÜëïЖ URL: http://raspberrypi.ru. 
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Introduction 
Nowadays, data support is an important develop-

ment factor in all the knowledge fields, which encour-
КРОЬ ОЦОЫРОЧМО ШП МСКХХОЧРОЬ ТЧ аСТМС ТЭ’Ь ТЦЩШЬЬТЛХО 
to mind all the present conditions identifying the re-
sult and at the same time to single out only an approx-
imate set of the most important conditions. Disturb-
ances and condition performance capability can be 
cited as an example. A result is frequently inexact, 
and the identifying algorithm cannot be correctly im-
plemented. Elaboration and implementation of con-
nectionist algorithms and of the fault detection sys-
tems based on them, is relevant when solving the 
tasks of this kind.  

The connectionist algorithms based on the neural 
networks, can change their operation depending on 
the state of their environment. After the analysis of 
input signals (possibly, together with the demanded 
output signals), they undergo self-regulation and self-
train in order to guarantee a proper reaction. A trained 
network can be sustainable to some divergences of the 
ТЧЩЮЭ НКЭК, аСТМС КХХШаЬ ТЭ ЭШ ЩЫШЩОЫХв “ЬОО” ЭСО Тm-
age containing various disturbances and deterrenc-
es [1]. 

Artificial neural networks, similar to the biological 
ones, are a computing system with an enormous num-
ber of simultaneously operating simple processors 
with great number of wires. Despite the fact that when 
constructing such networks, a number of concessions 
and major facilitations differing them from their bio-
logical analogues is usually performed, artificial neu-
ral networks demonstrate an incredible number of 
quantities peculiar to the brain. These are experience-
based training, extraction of important data from in-
formation overload. 

An essential quality improvement of decision-
making and satellite equipment nods efficiency can be 
attained with the help of integrated computer technol-
ogies implementation in the form of intelligent heart, 
as a part of fault detection systems, which will allow 
to quickly process large datastreams.  

The intelligent heart will allow the usage of the 
most up-to-date forecasting methods used in the mate-
rials fault detection systems and satellite equipment 
nods. Complex networks, including engineering ones, 
require provision of high-quality of operation and 
reliability. 

 

Main challenges 
When creating the connectionist algorithms, mate-

rials fault detection systems and satellite equipment 
nods, a number of tasks is solved: 

1. The task of the object domain formalization, 
i.e. encoding which includes the list of generic class 
to which particular materials condition  performance 
capabilities and equipment nods can be related as well 
as a number of characteristics basically inherent to 
these objects. 

2. The task of training set formation, i.e. the da-
ta base which describes particular data used for certi-
fication of materials and satellite equipment nods in 
terms of characteristics. Their rating can also be addi-
tionally specified.  

3. The task of the fault detection systems train-
ing or the task of the object condition determination. 
The training set is used for the knowledge base for-
mation. Assessment based on the input criteria is be-
ing carried out, owing to which one can define the 
value of each characteristic for the satellite equipment 
diagnostic in the whole. After this, minor characteris-
tics may be excluded and the fault detection system 
can be re-trained. This process implies iterances.   

4. Quality control. The control is provided ow-
ing to coefficient calculation which allows to define 
the actual average error probability in fault detection 
for materials and satellite equipment nods. 

5. The forecasting task is based on the service-
simulating test and allows to obtain corresponding 
quantitative assessment of the satellite equipment 
breakdown. 

 
Engineering diagnostic system 
Arrangement of efficient operation verification 

and performance monitoring of satellite equipment 
(the details, elements, nods, the information transla-
tion, processing and storage processes) which is ar-
rangement of technical condition diagnosis processes 
when in service are one of the important measures of 
guarantee and maintenance of the technical objects 
reliability.  

The diagnosis algorithm provides for implementa-
tion of some conditional or unconditional sequence of 
certain experiments with the object. The experiment is 
characterized via a test or operational input and a set 
of characteristics under control which identify the 
ШЛУОМЭ’Ь ЫОЬЩШЧЬО ЭШ ЭСО ТЧЩЮЭ. SОКЫМСТЧР Кlgorithms 
are also included in this system of fault detection in 
materials and satellite equipment, beside the testing 
algorithm [2]. 
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Searching algorithms allow to detect the defects 
which hamper the object operability, its working effi-
ciency or performance accuracy. According to the 
results of the experiments carried out in conformity 
with the searching algorithm, one can define which 
defect of a group of defects (out of the analyzed ones) 
are found in the object. 

When diagnosing the satellite equipment, the de-
fects often appear in the presence of which the rela-
tion between the characteristics and the fault reasons, 
is very ambiguous, simple two-valued figures like 
“ЬОЫЯТМОКЛХО-1”/”ЧШЧ-serviceable-0” КЫО ЧШЭ ЬЮППТМТОЧЭ, 
as clear fault-detection rules in the system are based 
on the biunique correspondence between the reason 
and the fault characteristics, which means that they 
КЫО ЬЭЫТМЭХв НОЭОЫЦТЧКЭОН ТЧ ЭОЫЦЬ ШП ЫЮХОЬ. TСКЭ’Ь аСв 
the elaborated diagnostic system must detect danger-
ous conditions of functioning, reasons and a type of 
the emerged defect. 

 
Fig. 1. The structure of an analytical model of fault 

diagnosis 
 

Besides, the system is expected to provide the in-
formation on the evaluation of the remaining opera-
tion period of the whole hardware system or its com-
ponent part. 

Thus, the output parameters of the fault detection 
system must one the one hand detect the reason and 
the defect (fault) type, and on the other hand – to 
identify the diagnosis object condition, its conformity 
to the operational and functional purpose [3, 4]. 

The analytical models of fault diagnosis identify, 
single out and classify the faults in the system com-
ponents. Fig. 1 shows the structure of an analytical 
model of fault diagnosis. 

The first part of the model is a differential identi-
fier which processes inputs and outputs in conformity 
with a certain algorithm.  

The differential signals are formed on its output. 
The differential must differ from zero in the case of 
fault and must be equal to zero in the case when there 
is no fault.  

The second part of the model is represented with 
the fault classifier in which the differentials are as-
sessed for the presence of a fault in the system and a 
decision on the system outrage is made according to a 
certain rule. 

The operation principle of the fault detection sys-
tem is presented in fig. 2. 

 

 
Fig. 2. The operation principle of the fault detection 

system 
 

On the basis of monitoring of the surrounding 
conditions of the radiation background, a trained neu-
ral system can with fine precision forecast emergence 
of defects in semiconductor devices and can evaluate 
the degree of their tenacity which is to timely take out 
a technical object (robot) of the radiation hazardous 
exposure zone for its maintenance. 

 
Conclusion 
ゑ The fault detection system if materials and satel-

lite equipment nods will allow to monitor the object 
condition, to diagnose the defects and to forecast its 
condition by the technical characteristics changes 
dynamics. 

Implementation of this system will allow to find 
optimal variants of engineering decisions for satellite 
equipment diagnosis. Besides, it can give forecasts 
with minimum financial and time expenses for the 
proper time of a detail or a nod replacement or for the 
whole object to be sent for repair. 
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ゑçñÑñÖóñ 
ぞí ïñÇÜÑÖ　üÖóú ÑñÖá í¡öÜí¿áÖí £íÑíôí íÖí¿ó£í 

ó ïóÖöñ£í ïóïöñ½ íçöÜ½íöóôñï¡ÜÇÜ Üäëíç¿ñÖó　 ï 
Öñïöíßó¿áÖ▲½ó äíëí½ñöëí½ó. ご½ó Üß¿íÑí0ö 
äëí¡öóôñï¡ó çïñ ëñí¿áÖ▲ñ ïóïöñ½▲, ÇÑñ äíëí½ñöë▲ 
½ÜÇÜö ½ñÖ　öáï　 ç äëÜîñïïñ ~¡ïä¿Üíöíîóó ïóïöñ½▲ 
äÜ £íëíÖññ Öñó£çñïöÖ▲½ £í¡ÜÖí½ ó¿ó ß▲öá ÖñÑÜ-
ïöÜäÖ▲½ó Ñ¿　 óê öÜôÖÜÇÜ ó£½ñëñÖó　. ぎï¿ó ó£çñïö-
Ö▲ äëñÑñ¿▲ ó£½ñÖñÖó　 äíëí½ñöëÜç ó¿ó Ñóíäí£ÜÖ▲ 
óê çÜ£½Ü¢Ö▲ê £ÖíôñÖóú, öÜ öí¡óñ äíëí½ñöë▲ 
½Ü¢ÖÜ ÜöÖñïöó ¡ ¡¿íïïÜ óÖöñëçí¿áÖÜ-
ÖñÜäëñÑñ¿ñÖÖ▲ê. でんば ï öí¡ó½ äíëí½ñöëí½ó äÜ¿Ü-
ôó¿ó Öí£çíÖóñ óÖöñëçí¿áÖ▲ê ïóïöñ½ íçöÜ½íöóôñ-
ï¡ÜÇÜ Üäëíç¿ñÖó　. 

でóïöñ½í íçöÜ½íöóôñï¡ÜÇÜ Üäëíç¿ñÖó　 (でんば) 
äëñÑÖí£ÖíôñÖÖí　 Ñ¿　 Üäëíç¿ñÖó　 ¡í¡ó½-¿óßÜ öñê-
ÖÜ¿ÜÇóôñï¡ó½ äëÜîñïïÜ½ ó¿ó íÇëñÇíöÜ½ ÑÜ¿¢Öí 
ß▲öá ëíßÜöÜïäÜïÜßÖÜú, í öí¡¢ñ Üß¿íÑíöá ïçÜú-
ïöçí½ó, ÜÑñë¢óçí0àó½ó äíëí½ñöë▲ ç öí¡óê äëñ-
Ññ¿íê, ôöÜß▲ Öñ äëÜóïêÜÑó¿Ü ïÜàñïöçñÖÖ▲ê 
ÖíëÜüñÖóú öñêÖÜ¿ÜÇóôñï¡óê äëÜîñïïÜç ó¿ó ëíßÜ-
ö▲ íÇëñÇíöí. 

ゑí¢Öñúüñú £íÑíôñú íÖí¿ó£í ÑóÖí½óôñï¡óê ïó-
ïöñ½ Üäëíç¿ñÖó　 　ç¿　ñöï　 ëñüñÖóñ çÜäëÜïí Üß óê 
ÜïöÜúôóçÜïöó. が¿　 ÜîñÖ¡ó ïöñäñÖó ÜïöÜúôóçÜ-
ïöó さ – ÖñÜßêÜÑó½Ü ÜäëñÑñ¿óöá ëíïïöÜ　Öóñ Üö 
½Öó½Üú Üïó ÑÜ ß¿ó¢íúüñÇÜ ¡ÜëÖ　 êíëí¡öñëóïöó-
ôñï¡ÜÇÜ ÜëíçÖñÖó　.  

どñêÖóôñï¡Üñ äÜÖ　öóñ ÜïöÜúôóçÜïöó ïóïöñ½ íç-
öÜ½íöóôñï¡ÜÇÜ Üäëíç¿ñÖó　 (でんば) Üöëí¢íñö ïçÜú-
ïöçÜ öñêÖóôñï¡Üú ïóïöñ½▲ Öñ öÜ¿á¡Ü ïöíßó¿áÖÜ 
ëíßÜöíöá ç ÖÜë½í¿áÖ▲ê ëñ¢ó½íê, ÖÜ ó äëó Üö¡¿Ü-
ÖñÖóó çïñçÜ£½Ü¢Ö▲ê äíëí½ñöëÜç ïóïöñ½▲ Üö ÖÜ-
½óÖí¿í ó ç¿ó　Öóó Öí ïóïöñ½Ü Ññïöíßó¿ó£óëÜ0àóê 
çÜ£Ññúïöçóú, çÜ£çëíàíöáï　 ¡ ëíçÖÜçñïÖÜ½Ü ïÜïöÜ-
　Öó0, ó£ ¡ÜöÜëÜÇÜ ÜÖí ç▲çÜÑóöï　 çÜ£½Üàí0àó½ó 
ó¿ó Üäëíç¿　0àó½ó çÜ£Ññúïöçó　½ó. 

だÑÖí¡Ü £ÖíôñÖóñ ïöñäñÖó ÜïöÜúôóçÜïöó ½Ü¢ñö 
Ü¡í£íöáï　 ÖñÑÜïöíöÜôÖ▲½ Ñ¿　 ¡ÜÖ¡ëñöÖÜú でんば, 
äÜï¡Ü¿á¡Ü çëñ½　 çÜ£ëíàñÖó　 ïóïöñ½▲ ç ïÜïöÜ　Öóñ 
ëíçÖÜçñïó　 ½Ü¢ñö Ü¡í£íöáï　 ÖñÑÜäÜïöó½Ü ßÜ¿á-
üó½. 

ぢÜ~öÜ½Ü ÜÑÖó½ ó£ üóëÜ¡Ü óïäÜ¿á£Üñ½▲ê äëó 
äëÜñ¡öóëÜçíÖóó でんば ¡ëóöñëóñç 　ç¿　ñöï　 ½í¡ïó-
½í¿áÖí　 ïöñäñÖá ÜïöÜúôóçÜïöó ïóïöñ½▲. ご£çñïöÖÜ, 
ôöÜ ïóïöñ½▲, ïóÖöñ£óëÜçíÖÖ▲ñ äÜ ~öÜ½Ü ¡ëóöñ-

ëó0, äëó äëÜôóê ëíçÖ▲ê Üï¿Üçó　ê, Üß¿íÑí0ö ßÜ-
¿ññ ç▲ïÜ¡ó½ ß▲ïöëÜÑñúïöçóñ½, ½ñÖáüó½ äñëñëñ-
ÇÜ¿óëÜçíÖóñ½ ó ßÜ¿áüó½ £íäíïÜ½ ÜïöÜúôóçÜïöó. 

が¿　 £íÑíÖó　 ¢ñ¿íñ½ÜÇÜ ¡íôñïöçí ïóïöñ½▲, ïÜ-
ÜöçñöïöçÜ0àñÇÜ ~öÜ½Ü ¡ÜëÖñçÜ½Ü äÜ¡í£íöñ¿0, 
¡ÜëÖó ÑÜ¿¢Ö▲ ¿ñ¢íöá ¿ñçññ çñëöó¡í¿áÖÜú äë　½Üú, 
äëÜêÜÑ　àñú ôñëñ£ öÜô¡Ü *

max( さ , 0)j  (ëóï. 1). 

 
づóï. 1. づíïäÜ¿Ü¢ñÖóñ äÜ¿0ïÜç でんば 

 
ゑ Üï¿Üçó　ê ~¡ïä¿Üíöíîóó äíëí½ñöë▲ ïóïöñ½▲ 

äÜ öñ½ ó¿ó óÖ▲½ äëóôóÖí½ ½ÜÇÜö ½ñÖ　öáï　 ç 
ÜäëñÑñ¿ñÖÖ▲ê óÖöñëçí¿íê (ïöíëñÖóñ, öñ½äñëíöÜë-
Ö▲ñ ¡Ü¿ñßíÖó　 ó ö.ä.) ôöÜ äëóçÜÑóö ¡ óï¡í¢ñÖó0 
çóÑí í½ä¿óöÜÑÖ▲ê ó âí£Üç▲ê ôíïöÜöÖ▲ê êíëí¡öñ-
ëóïöó¡ ïóïöñ½▲. ゑ ëñ£Ü¿áöíöñ ëíÖññ ÜïöÜúôóçí　 
ïóïöñ½í ½Ü¢ñö ïöíöá ÖñÜïöÜúôóçÜú Д1Ж. 

ゑ ïç　£ó ï ~öó½ äëñÑïöíç¿　ñö óÖöñëñï £íÑíôí Ü 
ÖíêÜ¢ÑñÖóó ½í¡ïó½í¿áÖÜú ïöñäñÖó ÜïöÜúôóçÜïöó 
Ñ¿　 óÖöñëçí¿áÖÜÇÜ Üßéñ¡öí. が¿　 ëñüñÖó　 äÜïöíç-
¿ñÖÖÜú £íÑíôó äëñÑ¿íÇíñöï　 äëó½ñÖóöá ¡Ü~ââóîó-
ñÖöÖ▲ú ½ñöÜÑ ДβЖ, ÜïÖÜçíÖÖ▲ú Öí óïäÜ¿á£ÜçíÖóó 
¡Ü~ââóîóñÖöÜç óÖöñëçí¿áÖÜÇÜ êíëí¡öñëóïöóôñ-
ï¡ÜÇÜ äÜ¿óÖÜ½í. がíÖÖ▲ú ½ñöÜÑ êÜëÜüÜ ëí£ëíßÜ-
öíÖ Ñ¿　 íÖí¿ó£í ïöíîóÜÖíëÖ▲ê ïóïöñ½ ó äÜ~öÜ½Ü 
äëñÑïöíç¿　ñö óÖöñëñï ñÇÜ ëÜßíïöÖÜñ ëíïüóëñÖóñ. 

 
ぢÜïöíÖÜç¡í £íÑíôó 
ぢÜïöá äñëñÑíöÜôÖí　 âÜÖ¡îó　 でんば ó½ññö çóÑμ 
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