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Abstract

Quality assessment of the military-oriented aircraft engineering (MOAE) samples is being performed
by one of the following techniques: complex, differentiated, mixed, integrated as well as by the economic
practicality. Each of these methods has its pros and contras.
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The complex technique allows assessing the quality level in aggregate, but it does not allow accounting
for all meaningful indicators.

The differentiated technique computes simple quality indicators with account for the meaningful ones
affecting the quality of the MOAE samples. This method application causes difficulties in the quality level
assessment by the large quantity of simple indicators.

The mixed method allows quality assessment of the MOAE sample at large aggregate of the simple,
meaningful and generalized indicators. Accounting for the large quantity of indicators requires complex
mathematical calculations.

The integral method is applicable for assessing the MOAE operation efficiency. This method application
is practical only when total costs of the sample creation, operation and useful effect of the sample operation
are determined.

The sample quality assessment technique by the economic effectiveness is applied only when economic
assessment is necessary. With this technique application, a large quantity of data on the sample should be
necessarily accounted for.

All these techniques are applicable for the assessment of a single-type MOAE samples, namely of the
same type and purpose. For assessing diversified MOAE samples quality indices are being employed

A brief analysis of the above listed techniques allows inferring that their application for the MOAE sample
is not always practical. It is stipulated by the following reasons:

- The difficulty of reducing a wide nomenclature of indices to the resulting value expressed in a numerical
form;

- The absence of the possibility for accounting for the external factors;
- The absence of the full pattern of the MOAE sample quality.
All these reasons instigate the search for new approaches and techniques of quality assessment accounting

for the MOAE sample specifics.
According to the article “Application of analytical methods of open complicated systems for assessing

the quality of designs of weapons, military and special equipment”, MOAE is an open complicated system.
Hence, the most suitable quality assessment technique for the open complicated systems is the technique
for express-assessment of the open complicated systems functioning.

With account for the suggested technique and the approach, applied at present, the algorithm for the
quality level assessment of the production was developed. The algorithm for the MOAE quality level assessment
consists of two basic blocks. The first block is universal, and it is applied for quality level assessment of
practically all kinds of products. As applied to the MOAE the first block consists of the following stages:

1. Setting the goals and tasks for the MOAE quality level assessment at all life-cycle stages. The main
life-cycle stages are development, production and operation.

2. Defining the quality indicators nomenclature of the MOAE sample under study is a very important
stage for its quality assessment. It is necessary to regard for the composition, structure, operation conditions,
design specifications specifications and a number of other parameters while defining the quality indicators
nomenclature of the MOAE sample.

3. There are six main techniques for defining the values of product quality indicators. They are measuring,
registration, calculation, organoleptic, expert and sociological. All these techniques may be employed as
applied to the MOAE samples.

4. Quality indicators values determining of the MOAE samples depends on the selected technique, and
the tools used by this method.

The second block of the MOAE samples quality level asssesmment consists of the following stages:
1. The MOAE sample quality formalization represents its expansion into fundamental composite indicators

in the form of hierarchical structure. The algorithm distinguishes internal and external formalization. External
formalization means the studied object extraction from the external environment. In this particular case,
the object of study is the MOAE sample quality indicator. Internal formalization means the MOAE sample
quality indicator representation in the form of the hierarchical structure of the indicators, affecting its quality.
Let call these indicators factors, since each lower-level indicator in the hierarchical structure affects the
upper-level one.
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2. Assessment of all factors of the hierarchical structure, as well as those of different physical nature is
being performed according to the unified criterion scale, which envisions the factor state assessment on the
assumption of the direct assessment principle on the interval from 0 to 1.

3. A neural-like network is being set based on the hierarchical formalization. The neural-like elements
of this network and connections formed between them simulate individual factors. Each layer of the neural-
like elements simulates factors of one hierarchy level. A neural-like network can work in two basic ways:

- Deterministic, when all neural-like elements operate according to a deterministic option;
- Statistical, when at least one neural-like element operates using simulation by to one of its characteristics.
4. The initial data for the MOAE sample can be determined on account of the purpose and structure,

qualitative and quantitative characteristics of the operation processes, characteristics of external impacts of
various physical nature factors, tactical situations options, characteristics and composition of means interacting
with the sample, and characteristics of active counteraction means.

5. According to the pre-determined operating option of a neural-like element in the neural-like network,
the compliance level of the MOAE sample with the intended objectives is being calculated.

6. If necessary, factor analysis is performed to check correctness and reliability of the resulting operating
model of the neural-like network.

7. Decision making on the compliance level of the MOAE sample with the intended objectives (the
requirements of tactical and technical tasks or technical conditions) serve as a basis for:

- Preparation and formation of suggestions and conclusions on the possibility of adopting the developed
(tested) MOAE samples with putting them into production;

- Assessing the degree of the MOAE sample employing in real combat conditions;
- the possibility of the MOAE sample employing in various weather conditions.
8. Conclusions on the MOAE sample quality level (in conjunction with its purpose) compare the obtained

quality indicator either with the basic one or with quality indicators of the foreign samples computed earlier.
If the quality indicator appears less to be than the basic one or the foreign sample, suggestions are being
elaborated on the indicators (factors) improvement of the first, second, third etc. hierarchical levels.

The suggested approach to assessing the quality level of MOAE sample possesses the following advantages:
- Apprehensible and accessible formalization (structuring) of the object under study;
- A comprehensive assessment of the MOAE samples quality is being performed with account for the

external factors of various physical nature;
- The quality level assessment authenticity is being determined by the possibility of employing all available

information (deterministic, calculated, expert);
� The ability of quick initial data setting and producing the results in real time.
Keywords: quality level assessment of military-oriented aircraft engineering, quality indicator, formalization

of the research object, neural-like element
For citation: Zaharov E.N., Usachev D.V. An approach to the assessment of military-oriented aircraft

engineering based on neural-like networks. Aerospace MAI Journal, 2021, vol. 28, no. 4, pp. 267-280. DOI:
10.34759/vst-2021-4-267-280

Ââåäåíèå

Ðàçâèòèå ñîâðåìåííûõ îáðàçöîâ àâèàöèîííîé
òåõíèêè âîåííîãî íàçíà÷åíèÿ (ÀÒ ÂÍ) ñîïðî-
âîæäàåòñÿ âñåñòîðîííèì ïîääåðæàíèåì èõ êà÷å-
ñòâà íà âñåõ ýòàïàõ æèçíåííîãî öèêëà. Êàæäûé
îáðàçåö ÀÒ ÂÍ îáëàäàåò ñîâîêóïíîñòüþ îáúåê-
òèâíûõ ñâîéñòâ, îïðåäåëÿþùèõ åãî êà÷åñòâî è
îáóñëîâëèâàþùèõ åãî ïðèãîäíîñòü óäîâëåòâîðÿòü
ïîòðåáíîñòè ãîñóäàðñòâà â ñîîòâåòñòâèè ñî ñâî-
èì íàçíà÷åíèåì.

Â ñòàòüå ðàññìàòðèâàåòñÿ íîâûé ïîäõîä ê
îöåíêå óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ íà îñ-
íîâå ðàçðàáîòàííîé íåéðîïîäîáíîé ñåòè.

Àêòóàëüíîñòü ðàçðàáîòêè íîâîãî ïîäõîäà
îöåíêè óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ îáóñ-
ëîâëåíà íåîáõîäèìîñòüþ:

— ïîääåðæàíèÿ âûñîêîãî óðîâíÿ êà÷åñòâà
îáðàçöà ÀÒ ÂÍ;
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— îáåñïå÷åíèÿ âûñîêîé êîíêóðåíòîñïîñîá-
íîñòè ÀÒ ÂÍ îáîðîííî-ïðîìûøëåííîãî êîìï-
ëåêñà íàøåé ñòðàíû;

— ñîâåðøåíñòâîâàíèÿ ñîâðåìåííûõ ìåòîäèê
îöåíêè óðîâíÿ êà÷åñòâà.

Âàæíûì ýòàïîì îöåíêè óðîâíÿ êà÷åñòâà îá-
ðàçöîâ ÀÒ ÂÍ ÿâëÿåòñÿ âûáîð ìåòîäà îöåíêè è
åãî ïðèìåíåíèå íà êîíêðåòíîì îáðàçöå. Äëÿ
îöåíêè óðîâíÿ êà÷åñòâà ïðîäóêöèè â íàøåé ñòðà-
íå èñïîëüçóþò ñëåäóþùèå ìåòîäû: êîìïëåêñíûé,
äèôôåðåíöèðîâàííûé, ñìåøàííûé, èíòåãðàëü-
íûé è îöåíêà ïî ýêîíîìè÷åñêîé ýôôåêòèâíîñ-
òè [1].

Òàáëèöà 1

Ìåòîäû îöåíêè óðîâíÿ êà÷åñòâà îáðàçöîâ àâèàöèîííîé òåõíèêè âîåííîãî íàçíà÷åíèÿ

Èç àíàëèçà çàðóáåæíûõ èñòî÷íèêîâ [2, 3]
î÷åâèäíî, ÷òî â äðóãèõ ñòðàíàõ äëÿ îöåíêè óðîâíÿ
êà÷åñòâà ïðîäóêöèè èñïîëüçóþòñÿ ïðàêòè÷åñêè
òå æå ìåòîäû, à èìåííî: îöåíêà ïî âàæíåéøåìó
ïîêàçàòåëþ, îöåíêà ïî îáîáùåííîìó ïîêàçàòå-
ëþ, äèôôåðåíöèðîâàííûé, êîìïëåêñíûé, ñìå-
øàííûé, èíòåãðàëüíûé, îöåíêà ïî ýêîíîìè÷åñ-
êîé ýôôåêòèâíîñòè, ýêñïåðòíûé è äð.

Îöåíêó óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ
âîçìîæíî ïðîèçâîäèòü ìåòîäàìè, ïðåäñòàâëåí-
íûìè â òàáë. 1. Â ýòîé òàáëèöå îïèñàíà ñóùíîñòü
êàæäîãî ìåòîäà, à òàêæå óêàçàíû èõ äîñòîèíñòâà

Íàçâàíèå ìåòîäà Ñóùíîñòü ìåòîäà Äîñòîèíñòâà Íåäîñòàòêè 

1. Êîìïëåêñíûé  Ñîïîñòàâëÿåòñÿ êîìïëåêñíûé (îáîáùåííûé) 
ïîêàçàòåëü êà÷åñòâà îöåíèâàåìîãî Qîö  
è áàçîâîãî Qáàç îáðàçöîâ [4]: 𝐾 = 𝑄îö𝑄áàç

.  

Бàçîâûé ïîêàçàòåëü – ðåãëàìåíòèðóåìîå 
çíà÷åíèå ëèáî çíà÷åíèå ïîêàçàòåëÿ êà÷åñòâà 
àíàëîãè÷íîãî îáðàçöà. 

Ñóùåñòâóþò äâà âàðèàíòà ìåòîäà: 

1. Âûäåëÿþò îñíîâíîé ïîêàçàòåëü è îïðåäåëÿþò 
åãî ôóíêöèîíàëüíóþ çàâèñèìîñòü îò åäèíè÷íûõ 
ïîêàçàòåëåé 

Q=f(n,Pi,Yi),  

ãäå n — ÷èñëî åäèíè÷íûõ ïîêàçàòåëåé,  
Pi – i-é åäèíè÷íûé ïîêàçàòåëü,  
Yi  – êîýôôèöèåíò ïðè i-ì åäèíè÷íîì 
ïîêàçàòåëå 

2. Êîãäà íåâîçìîæíî ïîñòðîèòü 
ôóíêöèîíàëüíóþ çàâèñèìîñòü, èñïîëüçóþò 
ôîðìóëó 

Q=(∑ 𝑚𝑖𝑃𝑖)/𝑛𝑛𝑖=1 ,  

ãäå mi – êîýôôèöèåíò âåñîìîñòè i -ãî ïîêàçàòåëÿ 
[5] 

1. Ïîçâîëÿåò 
êîìïëåêñíî 
îöåíèâàòü 
êà÷åñòâî îáðàçöà 

1. Ñëîæíî 
íàéòè 
îáîáùåííûé 
ïîêàçàòåëü. 

2. Íå ïîçâîëÿåò 
ó÷èòûâàòü âñå 
çíà÷èìûå 
ïîêàçàòåëè 

2. Äèôôåðåíöèàëü-
íûé  

Åäèíè÷íûå ïîêàçàòåëè êà÷åñòâà îáðàçöà 
ñîïîñòàâëÿþò ñ ïîäîáíûìè áàçîâûìè 
åäèíè÷íûìè ïîêàçàòåëÿìè 𝐾𝑖 = 𝑃𝑖îö𝑃𝑖áàç

.  

Эòî âûðàæåíèå ïðèìåíèìî, êîãäà óâåëè÷åíèå 
àáñîëþòíîãî çíà÷åíèÿ ïîêàçàòåëÿ êà÷åñòâà 
ïðèâîäèò ê óëó÷øåíèþ êà÷åñòâà îáðàçöà 

Ïîçâîëÿåò 
ó÷èòûâàòü 
çíà÷èìûå 
ïîêàçàòåëè 
îáðàçöà 

Òðóäíî 
ïðèíèìàòü 
ðåøåíèÿ ïî 
çíà÷åíèÿì 
ìíîãèõ 
åäèíè÷íûõ 
ïîêàçàòåëåé 
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è íåäîñòàòêè ïðèìåíèòåëüíî ê îöåíêå óðîâíÿ êà-
÷åñòâà îáðàçöîâ ÀÒ ÂÍ.

Ïðåäñòàâëåííûå âûøå ìåòîäû îöåíêè êà÷å-
ñòâà ïðèìåíèìû äëÿ îöåíêè îäíîòèïíûõ (îäíîãî
êëàññà è íàçíà÷åíèÿ) îáðàçöîâ ÀÒ ÂÍ. ×òîáû
îöåíèâàòü ðàçíîðîäíûå îáðàçöû ÀÒ ÂÍ, íåîáõî-
äèìî ïðèìåíÿòü èíäåêñû êà÷åñòâà. Èíäåêñû
êà÷åñòâà — êîìïëåêñíûå ïîêàçàòåëè, ðàâíûå
ñðåäíåâçâåøåííûì çíà÷åíèÿì îòíîñèòåëüíûõ
ïîêàçàòåëåé êà÷åñòâà ðàçíûõ òèïîâ îáðàçöîâ ÀÒ
ÂÍ. ×àñòî ïðèìåíÿþòñÿ ñðåäíåâçâåøåííûé
àðèôìåòè÷åñêèé è ãåîìåòðè÷åñêèé èíäåêñû [7].

Ñóùåñòâåííûå íåäîñòàòêè ìåòîäîâ îöåíêè
êà÷åñòâà êàê äëÿ îäíîòèïíûõ, òàê è äëÿ ðàçíî-
ðîäíûõ îáðàçöîâ ÀÒ ÂÍ:

— ñëîæíî, à èíîãäà è íåâîçìîæíî ïî ðÿäó
ïðè÷èí ïðèâåñòè øèðîêóþ íîìåíêëàòóðó ïîêà-
çàòåëåé êà÷åñòâà îáðàçöà ÀÒ ÂÍ ê ðåçóëüòèðóþ-
ùåìó ïîêàçàòåëþ, îáúåäèíÿþùåìó ðàçíûå ðàç-
ìåðíîñòè, âûðàæåííîìó â ÷èñëîâîé ôîðìå;

— îòñóòñòâóåò âîçìîæíîñòü ó÷åòà âíåøíèõ
ôàêòîðîâ, âëèÿþùèõ íà êà÷åñòâî îáðàçöîâ ÀÒ,
òàêèõ, êàê: âîåííî-ïîëèòè÷åñêèå, ôèíàíñîâî-
ýêîíîìè÷åñêèå, ïðîèçâîäñòâåííî-òåõíîëîãè÷åñ-
êèå, ãåîôèçè÷åñêèå, ñîöèàëüíî-ïñèõîôèçèîëîãè-
÷åñêèå;

— êàæäûé èç ïðåäñòàâëåííûõ ìåòîäîâ íå äàåò
ïîëíóþ êàðòèíó î êà÷åñòâå îáðàçöà ÀÒ ÂÍ.

Ïðîàíàëèçèðîâàâ ñóùåñòâóþùèå ìåòîäû
îöåíêè óðîâíÿ êà÷åñòâà ÀÒ ÂÍ, ìîæíî ñäåëàòü

Îêîí÷àíèå òàáë. 1

Íàçâàíèå ìåòîäà Ñóùíîñòü ìåòîäà Äîñòîèíñòâà Íåäîñòàòêè 

3. Ñìåøàííûé  Îñíîâîé ýòîãî ìåòîäà ÿâëÿåòñÿ ñîâìåñòíîå 
èñïîëüçîâàíèå äèôôåðåíöèðîâàííîãî è 
êîìïëåêñíîãî ìåòîäîâ. 
Ïîñëåäîâàòåëüíîñòü äåéñòâèé ïðè 
èñïîëüçîâàíèè ñìåøàííîãî ìåòîäà ñëåäóþùàÿ: 
1. Åäèíè÷íûå ïîêàçàòåëè ñâîéñòâ ðàçáèâàþò  
íà ãðóïïû. Â êàæäîé ãðóïïå âû÷èñëÿþò 
êîìïëåêñíûé ïîêàçàòåëü. Íåîáõîäèìî 
ó÷èòûâàòü, ÷òî ñóùåñòâåííûå åäèíè÷íûå 
ïîêàçàòåëè ìîãóò àíàëèçèðîâàòüñÿ îòäåëüíî, áåç 
âêëþ÷åíèÿ èõ â ãðóïïû. 
2. Âû÷èñëåííûå êîìïëåêñíûå è âûäåëåííûå 
ñóùåñòâåííûå åäèíè÷íûå ïîêàçàòåëè, 
âûðàæåííûå â ÷èñëîâîé ôîðìå, ñðàâíèâàþò ñ 
ñîîòâåòñòâóþùèìè áàçîâûìè: 

îö .îò

1 áàç .áàç

n
i à

k i
i i à

P К
Y m А

P К=
= +Â  

 

Ïîçâîëÿåò 
îöåíèâàòü 
êà÷åñòâî îáðàçöà 
ïðè áîëüøîé 
ñîâîêóïíîñòè 
åäèíè÷íûõ 
ïîêàçàòåëåé 

Ó÷åò áîëüøîãî 
êîëè÷åñòâà 
åäèíè÷íûõ è 
îáîáùåííûõ 
ïîêàçàòåëåé, 
òðåáóåò 
ñëîæíûõ 
ðàñ÷åòîâ 

4. Èíòåãðàëüíûé Ñóòü ýòîãî ìåòîäà ñîñòîèò â íàõîæäåíèè 
èíòåãðàëüíîãî ïîêàçàòåëÿ. Èíòåãðàëüíûé 
ïîêàçàòåëü – îòíîøåíèå èíòåãðàëüíîãî 
ïîêàçàòåëÿ ñâîéñòâ îöåíèâàåìîãî îáðàçöà ÀÒ ê 
åãî ñîîòâåòñòâóþùåìó áàçîâîìó çíà÷åíèþ: 

èí.îö
èí

èí.áàç

,
P

Y
P

=  

ãäå Pèí.îö – èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà 
îöåíèâàåìîãî îáðàçöà, Pèí.áàç – áàçîâîå çíà÷åíèå 
èíòåãðàëüíîãî ïîêàçàòåëÿ  
 

Èíòåãðàëüíûé 
ïîêàçàòåëü 
êà÷åñòâà Pèí  
õàðàêòåðèçóåò 
ýôôåêòèâíîñòü 
ðàáîòû îáðàçöà 

Цåëåñîîáðàçíî 
åãî ïðèìåíåíèå, 
êîãäà 
îïðåäåëåíû 
ñóììàðíûå 
çàòðàòû íà 
ñîçäàíèå, 
ýêñïëóàòàöèþ 
îáðàçöà è 
ïîëåçíûé 
ýôôåêò îò 
ýêñïëóàòàöèè 

5. Îöåíêà ïî ýêî-
íîìè÷åñêîé 
ýôôåêòèâíîñòè 

×åì âûøå ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü 
èñïîëüçîâàíèÿ îöåíèâàåìîãî îáðàçöà ÀÒÂÍ, òåì 
îí áóäåò êà÷åñòâåííåå â ñðàâíåíèè ñ äðóãèì 
àíàëîãè÷íûì îáðàçöîì ÀÒ ÂÍ [6]:                                Yê.ý= 

П

Пáàç
  

ãäå П – ýêîíîìè÷åñêèé ýôôåêò îáðàçöà, Пáàç – 
ýêîíîìè÷åñêèé ýôôåêò áàçîâîãî îáðàçöà 

Ïðèìåíÿåòñÿ 
òîëüêî â òåõ 
ñëó÷àÿõ, êîãäà 
îáÿçàòåëüíî 
òðåáóåòñÿ 
ýêîíîìè÷åñêàÿ 
îöåíêà 

Òðóäíîïðèìå-
íèì äëÿ îöåíêè 
êà÷åñòâà îá-
ðàçöîâ ÀÒ ÂÍ, 
òàê êàê äëÿ 
ðàñ÷åòîâ 
òðåáóåòñÿ 
áîëüøîå 
êîëè÷åñòâî 
ñâåäåíèé 
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âûâîä, ÷òî ïðîáëåìû, ñ êîòîðûìè ïðèõîäèòñÿ
ñòàëêèâàòüñÿ ïðè èñïîëüçîâàíèè âûøåïåðå÷èñ-
ëåííûõ ìåòîäîâ, ïîáóæäàþò èñêàòü íîâûå ïîä-
õîäû è ìåòîäû, ó÷èòûâàþùèå ñïåöèôèêó îáðàç-
öîâ ÀÒ ÂÍ.

Îöåíêà êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ ñîñòîèò èç
ðÿäà çàäà÷, ðåøåíèå êàæäîé èç êîòîðûõ ïðåäïî-
ëàãàåò ïîñòðîåíèå è àíàëèç îòêðûòîé ñëîæíîé
ñèñòåìû (ÎÑÑ), ðàññìîòðåíèå è ó÷åò ìíîæåñòâà
ôàêòîðîâ ðàçëè÷íîé ïðèðîäû.

Äëÿ ïðîâåäåíèÿ òàêîãî àíàëèçà è ðàçðàáîòêè
íà ýòîé áàçå ðåøåíèé ïî ïîâûøåíèþ ýôôåêòèâ-
íîñòè ÎÑÑ íåîáõîäèìû îáîñíîâàíèå ïðèìåíå-
íèÿ îïðåäåëåííîãî ìàòåìàòè÷åñêîãî àïïàðàòà èç
èçâåñòíûõ â íàñòîÿùåå âðåìÿ, ìîäåðíèçàöèÿ
ñóùåñòâóþùåãî èëè ðàçðàáîòêà íîâîãî.

Ïîñòðîåíèå ìàòåìàòè÷åñêîãî àïïàðàòà ïðåä-
ñòàâëÿåò ñîáîé ïîñëåäîâàòåëüíîå âûïîëíåíèå
ñëåäóþùèõ ýòàïîâ:

— ôîðìàëèçàöèÿ òåõíè÷åñêèõ è ýêñïëóàòàöè-
îííûõ õàðàêòåðèñòèê èññëåäóåìîãî îáðàçöà;

— îáîñíîâàíèå òðåáîâàíèé ê óðîâíþ ïîäãî-
òîâêè ïðîèçâîäñòâà, îáåñïå÷èâàþùèõ ñîîòâåò-
ñòâóþùèé óðîâåíü êà÷åñòâà;

— èññëåäîâàíèå ñîâðåìåííûõ ìåòîäîâ è ïîä-
õîäîâ äëÿ ïðîãíîçèðîâàíèÿ òðåáóåìîãî óðîâíÿ
êà÷åñòâà;

— ïîñòðîåíèå ñèñòåìû ìîäåëåé ðàñ÷åòà ïî-
êàçàòåëåé, îáîñíîâûâàþùèõ òðåáóåìûé óðîâåíü
çàäàííûõ õàðàêòåðèñòèê îáðàçöîâ [8].

Îñíîâíûå ìåòîäû è àëãîðèòìû àíàëèçà ñëîæ-
íûõ ñèñòåì è èõ ïðèìåíèìîñòü äëÿ îöåíêè îá-
ðàçöîâ âîîðóæåíèÿ âîåííîé è ñïåöèàëüíîé òåõ-
íèêè (ÂÂÑÒ) ðàññìîòðåíû â ñòàòüå «Ïðèìåíè-
ìîñòü ìåòîäîâ àíàëèçà îòêðûòûõ ñëîæíûõ ñèñ-
òåì äëÿ îöåíêè êà÷åñòâà îáðàçöîâ âîîðóæåíèÿ,
âîåííîé è ñïåöèàëüíîé òåõíèêè» [9]. Â ýòîé ñòà-
òüå ñäåëàí âûâîä, ÷òî íàèáîëåå ïîäõîäÿùèì ìå-
òîäîì äëÿ îöåíêè êà÷åñòâà îáðàçöîâ ÂÂÑÒ ÿâ-
ëÿåòñÿ ìåòîä ýêñïðåññ-îöåíêè ôóíêöèîíèðîâà-
íèÿ îòêðûòûõ ñëîæíûõ ñèñòåì [20], ïîçâîëÿþ-
ùèé ïðîèçâîäèòü îöåíêó êà÷åñòâà ñ ó÷åòîì íå-
ñòàöèîíàðíûõ ôàêòîðîâ ðàçëè÷íîé ôèçè÷åñêîé
ïðèðîäû. Òàê êàê äàííûé ìåòîä ïðåäíàçíà÷åí
äëÿ ðåøåíèÿ øèðîêîãî êðóãà çàäà÷ îöåíêè îò-
êðûòûõ ñëîæíûõ ñèñòåì, òî îí ïðèìåíèì è äëÿ
îöåíêè óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ.

Ïîäõîä, èñïîëüçóåìûé â íàñòîÿùåå âðåìÿ äëÿ
îöåíêè óðîâíÿ êà÷åñòâà ïðîäóêöèè, ïðåäñòàâëåí
íà ðèñ. 1 [10].

Ðèñ. 1. Ýòàïû îöåíêè óðîâíÿ êà÷åñòâà ïðîäóêöèè
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Ïðèìåíèòåëüíî ê ÀÒ ÂÍ è ñ ó÷åòîì ïðåäëî-
æåííîãî ìåòîäà, ïðåäñòàâèì îáùèé ïîäõîä ê
îöåíêå óðîâíÿ êà÷åñòâà ÀÒ ÂÍ (ðèñ. 2).

Ðàñïèøåì êðàòêî êàæäûé èõ ýòàïîâ îöåíêè
óðîâíÿ êà÷åñòâà ÀÒ ÂÍ.

Íà êàæäîì ýòàïå æèçíåííîãî öèêëà îáðàçöîâ
ÀÒ ÂÍ óñòàíàâëèâàþòñÿ öåëè è çàäà÷è îöåíêè åå
óðîâíÿ êà÷åñòâà. Ñóùåñòâóþò òðè îñíîâíûõ ýòàïà
æèçíåííîãî öèêëà îáðàçöîâ ÀÒ ÂÍ, íà êîòîðûõ
íåîáõîäèìî óïðàâëÿòü êà÷åñòâîì è ïðîâîäèòü åãî
îöåíêó [11]. Öåëè è çàäà÷è îöåíêè óðîâíÿ êà÷å-
ñòâà îáðàçöîâ ÀÒ ÂÍ íà îñíîâíûõ ýòàïàõ æèç-
íåííîãî öèêëà ïðåäñòàâëåíû â òàáë. 2.

Ïðåäâàðèòåëüíî îïðåäåëÿåòñÿ íîìåíêëàòóðà
ïîêàçàòåëåé êà÷åñòâà ñ ó÷åòîì:

— íàçíà÷åíèÿ è óñëîâèé ýêñïëóàòàöèè îáðàç-
öîâ ÀÒ ÂÍ;

— ñîñòàâà è ñòðóêòóðû õàðàêòåðèçóåìûõ
ñâîéñòâ;

— òàêòèêî-òåõíè÷åñêèõ òðåáîâàíèé çàêàç÷è-
êà;

— ïðèîáðåòåííîãî óðîâíÿ êà÷åñòâà è çàäà÷
óïðàâëåíèÿ êà÷åñòâîì;

— îñíîâíûõ òðåáîâàíèé ê ïîêàçàòåëÿì êà÷å-
ñòâà îáðàçöîâ è îáëàñòè èõ ïðèìåíåíèÿ [13].

Äàííûå ïî íîìåíêëàòóðå ïîêàçàòåëåé êà÷å-
ñòâà áåðóò èç òåõíè÷åñêîé äîêóìåíòàöèè íà
îáúåêòû ÀÒ ÂÍ. Ïðîàíàëèçèðîâàâ ñîîòâåòñòâó-
þùóþ äîêóìåíòàöèþ ïî îáúåêòàì ÀÒ ÂÍ, âûäå-
ëèì ïî õàðàêòåðèçóåìûì ñâîéñòâàì ñëåäóþùèå
ãðóïïû ïîêàçàòåëåé:

— íàçíà÷åíèÿ îáðàçöîâ ÀÒ ÂÍ;
— ýêñïëóàòàöèîííî-òåõíè÷åñêèå: îòêàçîóñ-

òîé÷èâîñòè, íàäåæíîñòè (áåçîòêàçíîñòè, äîë-

Ðèñ. 2. Îñíîâíûå ýòàïû îöåíêè óðîâíÿ êà÷åñòâà àâèàöèîííîé òåõíèêè âîåííîãî íàçíà÷åíèÿ
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ãîâå÷íîñòè, ñîõðàíÿåìîñòè, ðåìîíòîïðèãîäíîñ-
òè), ýêñïëóàòàöèîííîé òåõíîëîãè÷íîñòè, êîíòðî-
ëåïðèãîäíîñòè, êîìïëåêñíûå;

— áåçîïàñíîñòè;
— ýðãîíîìè÷åñêèå (àíòðîïîìåòðè÷åñêèå, ôè-

çèîëîãè÷åñêèå, ïñèõîôèçèîëîãè÷åñêèå, ïñèõîëî-
ãè÷åñêèå, ãèãèåíè÷åñêèå);

— òåõíîëîãè÷åñêèå;
— ýêîíîìè÷åñêèå;
— ýñòåòè÷åñêèå;
— ñòàíäàðòèçàöèè è óíèôèêàöèè;
— ïàòåíòíîãî ïðàâà;
— ýêîëîãè÷åñêèå;
— òðàíñïîðòèðîâêè.
Ñóùåñòâóåò øåñòü îñíîâíûõ ìåòîäîâ îïðåäå-

ëåíèÿ çíà÷åíèé ïîêàçàòåëåé êà÷åñòâà ïðîäóêöèè:
èçìåðèòåëüíûé, ðåãèñòðàöèîííûé, ðàñ÷åòíûé,
îðãàíîëåïòè÷åñêèé, ýêñïåðòíûé, ñîöèîëîãè÷åñ-
êèé [14]. Ïðèìåíèòåëüíî ê îáðàçöàì ÀÒ ÂÍ
ìîãóò áûòü ïðèìåíåíû âñå ýòè ìåòîäû. Îïðåäå-
ëåíèå çíà÷åíèé ïîêàçàòåëåé êà÷åñòâà îáðàçöîâ
ÀÒ ÂÍ çàâèñèò îò âûáðàííîãî ìåòîäà è ïðèìå-
íÿåìûõ â ýòîì ìåòîäå èíñòðóìåíòîâ.

Ïåðâûì ýòàïîì îöåíêè óðîâíÿ êà÷åñòâà ÀÒ
ÂÍ ÿâëÿåòñÿ ôîðìàëèçàöèÿ îáúåêòà èññëåäîâà-
íèÿ. Ôîðìàëèçàöèÿ êà÷åñòâà îáðàçöà ÀÒ ÂÍ
ïðåäñòàâëÿåò ñîáîé ðàçëîæåíèå åãî íà îñíîâíûå
ñîñòàâíûå ïîêàçàòåëè â âèäå èåðàðõè÷åñêîé
ñòðóêòóðû [15]. Â ïðåäëîæåííîì ïîäõîäå áóäåì

ðàçëè÷àòü âíåøíþþ è âíóòðåííþþ ôîðìàëèçà-
öèþ.

Âíåøíÿÿ ôîðìàëèçàöèÿ – ýòî âûäåëåíèå
îáúåêòà èññëåäîâàíèÿ èç âíåøíåé ñðåäû. Â íà-
øåì ñëó÷àå â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ
âûñòóïàåò îáùèé ïîêàçàòåëü êà÷åñòâà îáðàçöà ÀÒ
ÂÍ – óðîâåíü ñîîòâåòñòâèÿ îáúåêòà çàäà÷àì ïî
ïðåäíàçíà÷åíèþ. Îí æå ÿâëÿåòñÿ «ôàêòîðîì 0»,
íà êîòîðûé âëèÿþò äðóãèå ôàêòîðû áîëåå íèç-
êîãî óðîâíÿ â èåðàðõè÷åñêîé ñòðóêòóðå. Äàëåå â
ðàáîòå ôàêòîðîì áóäåò íàçûâàòüñÿ ëþáîé ïîêà-
çàòåëü êà÷åñòâà îáðàçöà ÀÒ ÂÍ. Ýòî îáîñíîâû-
âàåòñÿ òåì, ÷òî ìåæäó ïîêàçàòåëÿìè èìåþòñÿ
ñâÿçè, çà ñ÷åò êîòîðûõ ïîêàçàòåëè áîëåå íèçêî-
ãî óðîâíÿ îêàçûâàþò âëèÿíèå íà ïîêàçàòåëè áî-
ëåå âûñîêîãî óðîâíÿ.

Âíóòðåííÿÿ ôîðìàëèçàöèÿ – ýòî ïðåäñòàâëå-
íèå ïîêàçàòåëÿ êà÷åñòâà îáðàçöà ÀÒ ÂÍ â âèäå
èåðàðõè÷åñêîé ñòðóêòóðû ÷àñòíûõ ïîêàçàòåëåé,
âëèÿþùèõ íà åãî êà÷åñòâî. Â ýòîé ñòðóêòóðå ðàç-
ëè÷àþò ôàêòîðû 1-ãî, 2-ãî è ò.ä. óðîâíÿ èåðàð-
õèè, âëèÿþùèå íà ôàêòîð 0, – ñ çàäàíèåì ñâÿ-
çåé ìåæäó íèìè.

Âíóòðåííÿÿ èåðàðõè÷åñêàÿ ôîðìàëèçàöèÿ
ïðåäïîëàãàåò îïðåäåëåíèå ïåðå÷íÿ ôàêòîðîâ
áîëåå íèçêîãî óðîâíÿ, êîòîðûå âëèÿþò íà ôàê-
òîðû áîëåå âûñîêîãî óðîâíÿ. Ïðè ýòîì íåîáõî-
äèìî ó÷èòûâàòü, ÷òî ìåæäó ôàêòîðàìè ðàçëè÷íûõ
óðîâíåé è ìåæäó ôàêòîðàìè îäíîãî óðîâíÿ ìî-

Òàáëèöà 2

Öåëè è çàäà÷è îöåíêè óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ ÂÍ

¹ 
ï.ï. 

Ýòàï æèçíåííîãî 
öèêëà 

Öåëè è çàäà÷è îöåíêè óðîâíÿ êà÷åñòâà  
îáðàçöîâ ÀÒ ÂÍ 

1 Ðàçðàáîòêà - îáîñíîâàíèå ïîêàçàòåëåé êà÷åñòâà; 

- îáîñíîâàíèå çàïëàíèðîâàííîãî óðîâíÿ êà÷åñòâà; 

- îïðåäåëåíèå ïðèãîäíîñòè îáðàçöà ê åãî ïðîèçâîäñòâó è ýêñïëóàòàöèè 

2 Ïðîèçâîäñòâî - óòî÷íåíèå êîíñòðóêöèè è òåõíîëîãèè ïðîèçâîäñòâà; 

- îïðåäåëåíèå ïîäõîäÿùåé îðãàíèçàöèè êîíòðîëÿ êà÷åñòâà 

3 Ýêñïëóàòàöèÿ - îïòèìèçàöèÿ ñïîñîáîâ áîåâîãî ïðèìåíåíèÿ, òåõíè÷åñêîãî îáñëóæèâàíèÿ, 
òðàíñïîðòèðîâàíèÿ, õðàíåíèÿ è ðåìîíòà îáðàçöîâ; 

- óñòàíîâëåíèå íåîáõîäèìîñòè çàìåíû, ðåìîíòà è îòëàäêè àãðåãàòîâ óçëîâ, 
ñèñòåì è ïð.; 

- âûðàáîòêà ïðåäëîæåíèé ïî óëó÷øåíèþ êà÷åñòâà îáðàçöîâ èëè ñíÿòèþ èõ ñ 
âîîðóæåíèÿ [12] 
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ãóò îáðàçîâûâàòüñÿ ðàçëè÷íûå ñâÿçè (ãîðèçîí-
òàëüíûå, âåðòèêàëüíûå è äèàãîíàëüíûå, ñèëüíûå
è ñëàáûå è ò.ä.). Â ïåðâóþ î÷åðåäü óñòàíàâëèâà-
åòñÿ (îïðåäåëÿåòñÿ) ïåðå÷åíü ôàêòîðîâ ïåðâîãî
óðîâíÿ, âëèÿþùèõ íà ôàêòîð 0. Äàëåå óñòàíàâ-
ëèâàåòñÿ (îïðåäåëÿåòñÿ) ïåðå÷åíü ôàêòîðîâ âòî-
ðîãî óðîâíÿ, âëèÿþùèõ íà ôàêòîðû ïåðâîãî
óðîâíÿ è ò.ä.

Ïðè ôîðìàëèçàöèè íåîáõîäèìî èñïîëüçîâàòü
ïðèíöèï íåîáõîäèìîñòè è äîñòàòî÷íîñòè.

Íàïðèìåð, â êà÷åñòâå ôàêòîðîâ 1-ãî óðîâ-
íÿ ìîæíî îïðåäåëèòü òðè èçâåñòíûõ ïîêàçàòå-
ëÿ: îáîáùåííûé ïîêàçàòåëü áîåâîãî ïðèìåíå-
íèÿ, îáîáùåííûé ýêñïëóàòàöèîííûé ïîêàçà-
òåëü, ïîêàçàòåëü (êðèòåðèé) «ýôôåêòèâíîñòü—
ñòîèìîñòü».

Îáîáùåííûé ïîêàçàòåëü áîåâîãî ïðèìåíåíèÿ
ÀÒ ÂÍ ïðåäñòàâëÿåò ñîáîé ôóíêöèþ ôàêòîðîâ,
íàõîäÿùèõñÿ íà âòîðîì óðîâíå èåðàðõè÷åñêîé
ñèñòåìû, ó÷èòûâàåìûõ ïðè âûïîëíåíèè áîåâûõ
çàäà÷. Ê ïîêàçàòåëÿì âòîðîãî óðîâíÿ áîåâîãî
ïðèìåíåíèÿ ÀÒ ÂÍ îòíîñÿòñÿ: îãíåâàÿ ìîùü,
âûæèâàåìîñòü, äîñÿãàåìîñòü, îïåðàòèâíîñòü,
ïðèìåíèìîñòü, ìàñêèðóåìîñòü, ìàíåâðåííîñòü,
ìîáèëüíîñòü, ñêðûòíîñòü.

Îáîáùåííûé ýêñïëóàòàöèîííûé ïîêàçàòåëü
ÀÒ ÂÍ ïðåäñòàâëÿåò ñîáîé ôóíêöèþ ôàêòîðîâ,
íàõîäÿùèõñÿ íà âòîðîì óðîâíå, ó÷èòûâàåìûõ ïðè
ýêñïëóàòàöèè ÀÒ. Ê ýêñïëóàòàöèîííûì ïîêàçà-
òåëÿì âòîðîãî óðîâíÿ ÀÒ îòíîñÿòñÿ: îòêàçîóñòîé-
÷èâîñòü, íàäåæíîñòü, ýêñïëóàòàöèîííàÿ ðåìîí-
òíàÿ òåõíîëîãè÷íîñòü, êîíòðîëåïðèãîäíîñòü,
æèâó÷åñòü è ñòîéêîñòü ê âíåøíèì âîçäåéñòâèÿì,
òðàíñïîðòàáåëüíîñòü, ïðî÷íîñòü, ñòåïåíü îïàñ-
íîñòè, ñîöèàëüíî-îðèåíòèðîâàííàÿ, ôóíêöèî-
íàëüíàÿ è òåõíè÷åñêàÿ ýôôåêòèâíîñòü.

Âî ìíîãèõ ëèòåðàòóðíûõ èñòî÷íèêàõ, â îñî-
áåííîñòè êàñàþùèõñÿ îöåíêè ýôôåêòèâíîñòè
âîîðóæåíèÿ, èñïîëüçóåòñÿ òàêîé ïîêàçàòåëü, êàê
«ýôôåêòèâíîñòü—ñòîèìîñòü» [16], êîòîðûé ñîïî-
ñòàâëÿåò âîçìîæíîñòü äîñòèæåíèÿ òðåáîâàíèé,
ïðåäúÿâëÿåìûõ ê îáðàçöó ÀÒ ÂÍ, ñ åãî ñòîèìî-
ñòüþ. Îí ÿâëÿåòñÿ îäíèì èç îñíîâíûõ ïîêàçàòå-
ëåé, ïîçâîëÿþùèõ ïðîâîäèòü ñðàâíèòåëüíûé
àíàëèç îáðàçöîâ ÀÒ ÂÍ.

Âàðèàíò ôîðìàëèçàöèè êà÷åñòâà îáðàçöà ÀÒ
ÂÍ ïðåäñòàâëåí íà ðèñ. 3, ãäå â âèäå èåðàðõè÷åñ-
êîé ñòðóêòóðû èçîáðàæåíû ôàêòîðû, âëèÿþùèå
íà êà÷åñòâî îáðàçöà ÀÒ ÂÍ. Âñåãî èçîáðàæåíî
ïÿòü óðîâíåé ôàêòîðîâ ñ ñèëüíûìè âåðòèêàëüíû-
ìè ñâÿçÿìè (äëÿ óïðîùåíèÿ).

Ïðîâåäåííàÿ ôîðìàëèçàöèÿ (ðèñ. 3) ÿâëÿåò-
ñÿ îñíîâîé äëÿ ôîðìèðîâàíèÿ íåéðîïîäîáíîé
ñåòè (ÍÏÑ). Â òàêîé ÍÏÑ ôàêòîðû ìîäåëèðóþò-
ñÿ ñ ïîìîùüþ íåéðîïîäîáíûõ ýëåìåíòîâ (ÍÏÝ),
à îòíîøåíèÿ ìåæäó íèìè – ñîîòâåòñòâóþùèìè
ñâÿçÿìè [19, 20].

Â òàêîé íåéðîïîäîáíîé ñåòè ñóùåñòâóåò òðè
òèïà ÍÏÝ:

— âõîäíûå ÍÏÝ, íå èìåþùèå ñèíàïòè÷åñêèõ
ñâÿçåé ñ ÍÏÝ áîëåå íèçêîãî óðîâíÿ;

— âûõîäíîé ÍÏÝ, íå èìåþùèé ñèíàïòè÷åñ-
êèõ ñâÿçåé ñ ÍÏÝ áîëåå âûñîêîãî óðîâíÿ;

— ïðîìåæóòî÷íûå ÍÏÝ, èìåþùèå ñèíàïòè-
÷åñêèå ñâÿçè ñ ÍÏÝ áîëåå íèçêîãî è áîëåå âû-
ñîêîãî óðîâíÿ.

Âàðèàíò îáùåé ñòðóêòóðû ÍÏÑ, â êîòîðîé
èìåþòñÿ âõîäíûå, âûõîäíîé è ïðîìåæóòî÷íûå
ÍÏÝ, à òàêæå ñèíàïòè÷åñêèå è ãîðèçîíòàëüíàÿ
ñâÿçè ìåæäó íèìè, ìîæíî ïðåäñòàâèòü â âèäå
ñõåìû (ðèñ. 4).

Ôóíêöèîíèðîâàíèå ÍÏÑ â çàâèñèìîñòè îò
ïîñòàâëåííîé çàäà÷è, îò îáúåêòà èññëåäîâàíèÿ,
îò äåòàëüíîñòè è îïåðàòèâíîñòè îöåíêè è äð.,
ìîæåò ïðîèñõîäèòü ïî 16 âàðèàíòàì [19], êîòî-
ðûå â ñòàòüå íå ïðèâîäÿòñÿ.

Ïðèíÿòèå ðåøåíèÿ îá óðîâíå ñîîòâåòñòâèÿ
îáðàçöà ÀÒ ÂÍ çàäà÷àì ïî ïðåäíàçíà÷åíèþ (òðå-
áîâàíèÿì òàêòèêî-òåõíè÷åñêèõ çàäàíèé èëè òåõ-
íè÷åñêèõ óñëîâèé) ñëóæèò îñíîâàíèåì äëÿ:

— ïîäãîòîâêè è ôîðìèðîâàíèÿ ïðåäëîæåíèé
è çàêëþ÷åíèé î âîçìîæíîñòè ïðèíÿòèÿ ðàçðàáî-
òàííûõ (èñïûòàííûõ) îáðàçöîâ ÀÒ ÂÍ íà âîîðó-
æåíèå ñ ïîñòàíîâêîé èõ íà ïðîèçâîäñòâî;

— îöåíêè ñòåïåíè ïðèìåíåíèÿ îáðàçöà ÀÒ
ÂÍ â ðåàëüíûõ áîåâûõ óñëîâèÿõ;

— âîçìîæíîñòè ýêñïëóàòàöèè îáðàçöà â ðàç-
ëè÷íûõ ïîãîäíûõ óñëîâèÿõ.

Â âûâîäàõ îá óðîâíå êà÷åñòâà îáðàçöà ÀÒ ÂÍ
(ñîîòâåòñòâèè åãî çàäà÷àì ïî ïðåäíàçíà÷åíèþ)
ñðàâíèâàåòñÿ ïîëó÷åííûé ïîêàçàòåëü êà÷åñòâà ñ
áàçîâûì ëèáî ñ ðàññ÷èòàííûìè ðàíåå ïîêàçàòå-
ëÿìè êà÷åñòâà çàðóáåæíûõ îáðàçöîâ. Åñëè ïîêà-
çàòåëü êà÷åñòâà îöåíèâàåìîãî îáðàçöà ÀÒ ÂÍ
îêàçûâàåòñÿ íèæå áàçîâîãî ëèáî çàðóáåæíîãî
îáðàçöà, òî âûäàþòñÿ ïðåäëîæåíèÿ ïî óëó÷øå-
íèþ ïîêàçàòåëåé (ôàêòîðîâ) 1, 2, 3 è ò.ä. óðîâ-
íåé èåðàðõèè.

Âûâîäû

Ïîäõîä ê îöåíêå óðîâíÿ êà÷åñòâà îáðàçöîâ ÀÒ
ÂÍ íà îñíîâå íåéðîïîïîäîáíîé ñåòè ïîçâîëÿåò:
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— ïîíÿòíî è äîñòóïíî ôîðìàëèçîâàòü (ñòðóê-
òóðèðîâàòü) îáúåêò èññëåäîâàíèÿ;

— ïðîèçâîäèòü êîìïëåêñíóþ îöåíêó êà÷åñòâà
îáðàçöîâ ÀÒ ÂÍ ñ ó÷åòîì âíóòðåííèõ è âíåøíèõ
ôàêòîðîâ ðàçëè÷íîé ôèçè÷åñêîé ïðèðîäû, â òîì
÷èñëå íåñòàöèîíàðíûõ;

— èñïîëüçîâàòü ïðè îöåíêå âñþ äîñòóïíóþ
èíôîðìàöèþ (äåòåðìèíèðîâàííóþ, ðàñ÷åòíóþ,
ýêñïåðòíóþ);

— ìàêñèìàëüíî äîñòîâåðíî îöåíèâàòü óðî-
âåíü êà÷åñòâà îáðàçöà ÀÒ ÂÍ;

— îïåðàòèâíî çàäàâàòü èñõîäíûå äàííûå è
ïîëó÷àòü ðåçóëüòàòû â ïðàêòè÷åñêè ðåàëüíîì
ìàñøòàáå âðåìåíè;

— èñïîëüçîâàòü ðàçëè÷íûå âàðèàíòû ðàáîòû
ÍÏÑ èñõîäÿ èç òðåáîâàíèé îïåðàòèâíîñòè è
äîñòîâåðíîñòè.

Ñïèñîê èñòî÷íèêîâ

1. Ïàñüêî Ò.Â., Òàðîâ Â.Ï. Îöåíêà êà÷åñòâà òåõíè÷åñ-
êèõ ñèñòåì: Ó÷åáíîå ïîñîáèå äëÿ ñòóäåíòîâ âóçîâ.
– Òàìáîâ: Èçä-âî ÒÃÒÓ, 2016. – 96 ñ.

2. Classification of quality level assessment methods.
URL: https://intellect.ml/classification-of-quality-
level-assessment-methods-7683

Ðèñ. 4. Âàðèàíò îáùåé ñòðóêòóðû ÍÏÑ

3. Kiran D.R. Total Quality Management: Key Concepts
and Case Studies. — Butterworth-Heinemann, 2016.
— 582 p.

4. Ìåòîäû îöåíêè óðîâíÿ êà÷åñòâà. 2021. URL: https:
//znaytovar.ru/new540.html

5. Ïðîõîðîâ Þ.Ê. Óïðàâëåíèå êà÷åñòâîì: Ó÷åáíîå
ïîñîáèå. – ÑÏá: ÑÏáÃÓÈÒÌÎ, 2007. – 144 ñ.

6. Êîðîáåéíèêîâà Å.Ñ. Ñòàíäàðòèçàöèÿ è óïðàâëåíèå
êà÷åñòâîì ïðîäóêöèè // Âåñòíèê Ìîñêîâñêîãî àâèà-
öèîííîãî èíñòèòóòà. 2019. Ò. 26. ¹ 3. Ñ. 210-219.

7. Ïîïîâ Ñ.Ì. Ùåëîêîâ Ñ.À. Ìåòîäû ðåøåíèÿ çàäà-
÷è îöåíêè êà÷åñòâà ïðîöåññà òåïëîãåíåðàöèè //
Ïåðñïåêòèâû ðàçâèòèÿ èíôîðìàöèîííûõ òåõíîëî-
ãèé. 2013. ¹15. Ñ. 41-45.

8. Äåìèäîâ Á.À., Âåëè÷êî À.Ô., Âîëîùóê È.Â. Ñèñòåì-
íî-êîíöåïòóàëüíûå îñíîâû äåÿòåëüíîñòè â âîåí-
íî-òåõíè÷åñêîé îáëàñòè. Êíèãà 2. Îðãàíèçàöèîí-
íî-ìåòîäè÷åñêèå îñíîâû äåÿòåëüíîñòè â âîåííî-
òåõíè÷åñêîé îáëàñòè. – Êèåâ: Òåõíîëîã³÷íèé ïàðê,
2006. – 1152 ñ.

9. Çàõàðîâ Å.Í., Óñà÷åâ Ä.Â. Ïðèìåíèìîñòü ìåòîäîâ
àíàëèçà îòêðûòûõ ñëîæíûõ ñèñòåì äëÿ îöåíêè
óðîâíÿ êà÷åñòâà îáðàçöîâ âîîðóæåíèÿ, âîåííîé è
ñïåöèàëüíîé òåõíèêè // X Åæåãîäíàÿ íàó÷íàÿ
êîíôåðåíöèÿ àñïèðàíòîâ ÌÃÎÒÓ “Èííîâàöèîí-
íûå àñïåêòû ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ



278Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.28. ¹4 Aerospace MAI Journal, vol. 28, no. 4

Å.Í. Çàõàðîâ, Ä.Â. Óñà÷¸â E.N. Zaharov, D.V. Usachev

ðåãèîíà”: Ñáîðíèê ìàòåðèàëîâ íàó÷íî-ïðàêòè÷åñ-
êîé êîíôåðåíöèè (14 ìàÿ 2020, íàóêîãðàä Êîðî-
ë¸â, Ìîñêîâñêàÿ îáëàñòü). Ì.: Íàó÷íûé êîíñóëü-
òàíò, 2020. Ñ. 251-258.

10. Ñîñåäîâà ß.Ã., Ãåðàñèìîâ Á.È., Ñèçèêèí À.Þ. Ñòàí-
äàðòèçàöèÿ è óïðàâëåíèå êà÷åñòâîì ïðîäóêöèè:
Ìîíîãðàôèÿ. – Òàìáîâ: Èçä-âî ÒÃÒÓ, 2012. –
268 ñ.

11. Ðÿïóõèí À.Â. Êà÷åñòâî óïðàâëåíèÿ èííîâàöèîííû-
ìè òåõíîëîãè÷åñêèìè ïðîåêòàìè è ïðîãðàììàìè
â îáëàñòè ñîçäàíèÿ àâèàöèîííîé è ðàêåòíî-êîñ-
ìè÷åñêîé òåõíèêè // Âåñòíèê Ìîñêîâñêîãî àâèà-
öèîííîãî èíñòèòóòà. 2017. Ò. 24. ¹ 3. Ñ. 132-137.

12. Ïîíîìàðåâà Ñ.Â., Øèøêèíà Ã.Â., Ìîçãîâà Ã.Â.
Ìåòðîëîãèÿ, ñòàíäàðòèçàöèÿ è ñåðòèôèêàöèÿ:
Ó÷åáíèê äëÿ ñòóäåíòîâ âóçîâ. – Òàìáîâ: Èçä-âî
ÃÎÓ ÂÏÎ ÒÃÒÓ, 2010. – 96 ñ.

13. Ñåðãååâà È. Îöåíêà óðîâíÿ êà÷åñòâà ïðîäóêöèè
// Èíñòèòóò ýêîíîìèêè è óïðàâëåíèÿ. 2017. URL:
http://sergeeva-i.narod.ru/quality/page3.htm

14. Goswami D. The Importance of Quality Assurance in
the Aviation Industry. 2020. URL: https://
medium.com/qualitest/the-importance-of-quality-
assurance-in-the-aviation-industry-4e68371bdbb6

15. Ñàêóëèí Ñ.À., Ñîêîëîâ Ä.À., Âûõîâàíåö Â.Ñ. Ôîð-
ìàëèçîâàííàÿ ýêñïåðòíàÿ îöåíêà êà÷åñòâà îáðà-
çîâàòåëüíûõ ìóëüòèìåäèà-ðåñóðñîâ // Âåñòíèê
Èðêóòñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî óíè-

âåðñèòåòà. 2017. Ò. 21. ¹ 9(128). Ñ. 83–94. DOI:
10.21285/1814-3520-2017-9-83-94

16. Óñàíèí Ñ.Í. Ìåòîäèêà îöåíêè ýôôåêòèâíîñòè è
êà÷åñòâà îáðàçöîâ âîîðóæåíèÿ è âîåííîé òåõíè-
êè ïðè îáîñíîâàíèè ïåðñïåêòèâ åãî ðàçâèòèÿ //
Ñîâðåìåííîå ñîñòîÿíèå è ïóòè ðàçâèòèÿ ñèñòåìû
ïîäãîòîâêè ñïåöèàëèñòîâ ñèëîâûõ ñòðóêòóð: Ñáîð-
íèê ñòàòåé. – Ïåðìü: Èçä-âî Ïåðìñêîãî âîåííî-
ãî èíñòèòóòà âîéñê íàöèîíàëüíîé ãâàðäèè Ðîññèé-
ñêîé Ôåäåðàöèè, 2016. C. 295-301.

17. Li Y. Deep reinforcement learning: an overviev. 2017,
150 p. URL: https://arxiv.org/pdf/1810.06339.pdf

18. Dawson C. Applied artificial neural networks. — Mdpi
AG, 2016. – 258 p.

19. Çàõàðîâ Å.Í. Íåéðîïîäîáíûé ýëåìåíò. Ïàòåíò RU
2744361 C1. Áþë. ¹ 7, 05.03.2021.

20. Çàõàðîâ Å.Í., ×å÷êèí À.Â. Ïîñòðîåíèå èíòåëëåê-
òóàëüíûõ ñèñòåì íà îñíîâå ìåòîäà ýêñïðåññ-àíà-
ëèçà ôóíêöèîíèðîâàíèÿ îòêðûòûõ ñëîæíûõ ñèñ-
òåì ñ èñïîëüçîâàíèåì íåéðîïîäîáíûõ ñåòåé //
Íåéðîêîìïüþòåðû: ðàçðàáîòêà, ïðèìåíåíèå. 2008.
¹ 7. Ñ. 28-35.

21. Íèêîíåíêî Ñ.È, Êàäóðèí À.À., Àðõàíãåëüñêàÿ Å.Â.
Ãëóáîêîå îáó÷åíèå. Ïîãðóæåíèå â ìèð íåéðîííûõ
ñåòåé. – ÑÏá.: Ïèòåð, 2018. – 480 ñ.

22. Êóëàêîâ Ï.À. Èçìåðåíèå â ñîöèîëîãèè: Ó÷åá. ïî-
ñîáèå. – Íîâîñèáèðñê: ÍÃÀÑÓ (Ñèáñòðèí), 2005.
– 124 ñ.

References

1. Pas’ko T.V., Tarov V.P. Otsenka kachestva
tekhnicheskikh sistem (Quality assessment of technical
systems), Tambov, TGTU, 2016, 96 p.

2. Classification of quality level assessment methods. URL:
https://intellect.ml/classification-of-quality-level-
assessment-methods-7683

3. Kiran D.R. Total Quality Management: Key Concepts
and Case Studies. Butterworth-Heinemann, 2016,
582 p.

4. Metody otsenki urovnya kachestva, 2021. URL: https:/
/znaytovar.ru/new540.html

5. Prokhorov Yu.K. Upravlenie kachestvom (Quality
management), St. Petersburg, SPbGUITMO, 2007,
144 p.

6. Korobeinikova E.S. Evolvement of quality
management systems effectiveness assessment
mechanism in aerospace industry. Aerospace MAI
Journal, 2019, vol. 26, no. 3, pp. 210-219.

7. Popov S.M. Shchelokov S.A. Perspektivy razvitiya
informatsionnykh tekhnologii, 2013, no. 15, pp. 41-45.

8. Demidov B.A., Velichko A.F., Voloshchuk I.V.
Sistemno-kontseptual’nye osnovy deyatel’nosti v voenno-
tekhnicheskoi oblasti. Kniga 2. Organizatsionno-
metodicheskie osnovy deyatel’nosti v voenno-
tekhnicheskoi oblasti (System-conceptual foundations

of activities in the military-technical field. Book 2.
Organizational and methodological bases of activity
in the military-technical field). Kiev,
Tekhnologicheskii park, 2006, 1152 p.

9. Zakharov E.N., Usachev D.V. Materialy X Ezhegodnoi
nauchnoi konferentsii aspirantov MGOTU
“Innovatsionnye aspekty sotsial’no-ekonomicheskogo
razvitiya regiona” (14 May 2020, science city Korolev,
Moscow region), Moscow, Nauchnyi konsul’tant, 2020,
pp. 251-258.

10. Sosedova Ya.G., Gerasimov B.I., Sizikin A.Yu.
Standartizatsiya i upravlenie kachestvom produktsii
(Standardization and product quality management),
Tambov, TGTU, 2012, 268 p.

11. Ryapukhin A.V. Innovative technological projects in
the domain of aircraft and aerospace engineering
quality management. Aerospace MAI Journal, 2017,
vol. 24, no. 1, pp. 132-137.

12. Ponomareva S.V., Shishkina G.V., Mozgova G.V.
Metrologiya, standartizatsiya i sertifikatsiya (Metrology,
standardization and certification), Tambov, GOU
VPO TGTU, 2010, 96 p.

13. Sergeeva I. Institut ekonomiki i upravleniya, 2017.
URL: http://sergeeva-i.narod.ru/quality/page3.htm



279Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.28. ¹4 Aerospace MAI Journal, vol. 28, no. 4

Å.Í. Çàõàðîâ, Ä.Â. Óñà÷¸â E.N. Zaharov, D.V. Usachev

14. Goswami D. The Importance of Quality Assurance in
the Aviation Industry, 2020. URL: https://
medium.com/qualitest/the-importance-of-quality-
assurance-in-the-aviation-industry-4e68371bdbb6

15. Sakulin S.A., Sokolov D.A., Vykhovanets V.S. Vestnik
Irkutskogo gosudarstvennogo tekhnicheskogo universiteta,
2017, vol. 21, no. 9(128), pp. 83–94. DOI: 10.21285/
1814-3520-2017-9-83-94

16. Usanin S.N. Sovremennoe sostoyanie i puti razvitiya
sistemy podgotovki spetsialistov silovykh struktur. Sbornik
statei. Perm, Permskii voennyi institut voisk
natsional’noi gvardii Rossiiskoi Federatsii, 2016,
pp. 295-301.

17. Li Y. Deep reinforcement learning: an overviev. 2017,
150 p. URL: https://arxiv.org/pdf/1810.06339.pdf

18. Dawson C. Applied artificial neural networks. Mdpi AG,
2016, 258 p.

19. Zakharov E.N. Patent RU 2744361 C1, 05.03.2021.
20. Zakharov E.N., Chechkin A.V. Neirokomp’yutery:

razrabotka, primenenie, 2008, no. 7, pp. 28-35.
21. Nikonenko S.I, Kadurin A.A., Arkhangel’skaya E.V.

Glubokoe obuchenie. Pogruzhenie v mir neironnykh setei
(Deep learning. Immersion in the world of neural
networks), St. Petersburg, Piter, 2018, 480 p.

22. Kulakov P.A. Izmerenie v sotsiologii (Measurements in
sociology), Novosibirsk, NGASU (Sibstrin), 2005,
124 p.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 06.09.2021; îäîáðåíà ïîñëå ðåöåíçèðîâàíèÿ 15.09.2021; ïðèíÿòà
ê ïóáëèêàöèè 23.09.2021.

The article was submitted on 06.09.2021; approved after reviewing on 15.09.2021; accepted for publication
on 23.09.2021.



Ðåäàêòîðû Ì.Ñ. Âèííè÷åíêî, Å.Ë. Ìî÷èíà
Êîìïüþòåðíàÿ âåðñòêà Î.Ã. Ëàâðîâîé

Ñäàíî â íàáîð 19.10.2021.  Ïîäïèñàíî â ïå÷àòü 15.12.2021.
Áóìàãà îôñåòíàÿ. Ôîðìàò 60×84 1/8. Ïå÷àòü öèôðîâàÿ.

Óñë. ïå÷. ë. 32,55. Ó÷.-èçä. ë. 35,00. Òèðàæ 105 ýêç. Çàêàç 117/988.
Öåíà ñâîáîäíàÿ.

Èçäàòåëüñòâî ÌÀÈ
(ÌÀÈ), Âîëîêîëàìñêîå ø., ä. 4, Ìîñêâà, À-80, ÃÑÏ-3, 125993

Òèïîãðàôèÿ Èçäàòåëüñòâà ÌÀÈ
(ÌÀÈ), Âîëîêîëàìñêîå ø., ä. 4, Ìîñêâà, À-80, ÃÑÏ-3, 125993


