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Àííîòàöèÿ. Ïðåäñòàâëåíà ñïðîåêòèðîâàííàÿ ìîäåëü òåõíè÷åñêîãî îáñëóæèâàíèÿ è ðåìîíòà (ÒÎèÐ)
âîçäóøíîãî ñóäíà ñ áëîêîì ïðåäèêòèâíîãî òåõíè÷åñêîãî îáñëóæèâàíèÿ. Â êà÷åñòâå òåõíè÷åñêîãî
îáñëóæèâàíèÿ (ÒÎ) ïðåäóñìîòðåíî èñïîëüçîâàíèå èñêóññòâåííîé íåéðîííîé ñåòè. Ïðåäèêòèâíîå
òåõíè÷åñêîå îáñëóæèâàíèå ñ èñêóññòâåííîé íåéðîííîé ñåòüþ ÿâëÿåòñÿ ÷àñòüþ ñòðàòåãèè ÒÎèÐ «Äî
îáíàðóæåíèÿ íåèñïðàâíîñòè». Ïðîåêò ÒÎèÐ ñ ïðåäèêòèâíûì ÒÎ ïîçâîëÿåò âûñòðîèòü êîíöåïöèþ
ïðîâåäåíèÿ óãëóáëåííîãî àíàëèçà ïåðåä âûáîðîì ñòðàòåãèè êîíòðîëÿ ýòàïà æèçíåííîãî öèêëà ñà-
ìîëåòà — ýêñïëóàòàöèÿ.
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Abstract

Maintaining the specified safety, reliability and availability characteristics of the aerial vehicles (AV)
with long operation life and after-sales service, can significantly exceed their purchase cost. Conceptually
new approaches are required nowadays in the industry to ensure the quality improvement level, increase in
the safety and economic efficiency of the AV for the aviation industry enterprises. Highly efficient AV with
low life cycle cost (LLC) and high utilization factor are economically viable for the aircraft operators
(consumers). One of the ways of the LCC reduction consists in optimizing the aircraft maintenance system
during operation, refurbishment and overhaul.

Manufacturing companies that are among the first in the aviation industry to integrate predictive
maintenance (PM) into the after-sales service (AS) and maintenance and repair systems (MRO), all other
things being equal, will be able to provide the most competitive product in the aviation industry. This concept
implementation is complicated since the PTO concept involves continuous monitoring of a large number
of parameters, which does not allow fully implementing it in the aviation industry due to the lack of global
broadband data transmission from the aircraft throughout the entire flight.

Mathematical method of artificial neural networks (ANN) application is the least costly for the incoming
big data streaming analysis.

The gist of the ANN utilization consists in processing the information array obtained from the product
state monitoring system to predict the available solutions on the product maintenance.

The way to the MRO optimization is integration with the Aircraft Health Monitoring (AHM), in which,
the ANN employing as a tool is one of the concepts.

The authors propose application of the developed model of the aircraft maintenance and refurbishment
for the ANN utilization, with the ANN employing as a predictive maintenance tool.

Keywords: aerial vehicle, artificial neural networks, maintenance design, aircraft maintenance and
refurbishment, predictive maintenance.
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Ââåäåíèå

Æèçíåííûé öèêë ñîâðåìåííîãî ñàìîëåòà —
äëèòåëüíûé è ñëîæíûé ïðîöåññ. Íà ñòàäèè ïðî-
åêòèðîâàíèÿ âîçäóøíîãî ñóäíà (ÂÑ) íåîáõîäèìî
çàêëàäûâàòü îïåðàöèîííûå ìåòîäîëîãèè ïî óï-
ðàâëåíèþ æèçíåííûì öèêëîì ÂÑ [1], â òîì ÷èñëå
íà ýòàïå ïîñëåïðîäàæíîãî îáñëóæèâàíèÿ (ÏÏÎ)
â ïðîöåññå ýêñïëóàòàöèè.

Ïîääåðæàíèå çàäàííûõ õàðàêòåðèñòèê áåçî-
ïàñíîñòè, íàäåæíîñòè è ãîòîâíîñòè ÂÑ ñ äëè-
òåëüíûìè ñðîêàìè ýêñïëóàòàöèè, ÏÏÎ ìîãóò
çíà÷èòåëüíî ïðåâûøàòü çàòðàòû íà èõ ïðèîáðå-
òåíèå. ×òîáû îáåñïå÷èòü ïîâûøåíèå óðîâíÿ êà-
÷åñòâà, áåçîïàñíîñòè è ýêîíîìè÷åñêîé ýôôåê-
òèâíîñòè ÂÑ, äëÿ ïðåäïðèÿòèé àâèàöèîííîé èí-
äóñòðèè ñåãîäíÿ íåîáõîäèìû êîíöåïòóàëüíî
íîâûå ïîäõîäû â îòðàñëè [2].

Âî âñåì ìèðå äëÿ ëþáîãî ïîòðåáèòåëÿ îñíîâ-
íûì êðèòåðèåì ïðè ðåøåíèè î ïîêóïêå ñàìîëåòà

ÿâëÿåòñÿ ñòîèìîñòü æèçíåííîãî öèêëà (ÑÆÖ)
ÂÑ, êîòîðàÿ âêëþ÷àåò â ñåáÿ çàòðàòû è íà ïðè-
îáðåòåíèå, è íà ýêñïëóàòàöèþ. Åñëè ðàññìàòðè-
âàòü êàê ïðèìåð ãðàæäàíñêèé ñåêòîð àâèàöèîí-
íîé îòðàñëè, ýêîíîìè÷åñêè öåëåñîîáðàçíûìè
äëÿ äàííûõ ïðåäïðèÿòèé ÿâëÿþòñÿ òîëüêî âûñî-
êîýôôåêòèâíûå ëåòàòåëüíûå àïïàðàòû ñ íèçêîé
ÑÆÖ è âûñîêèì êîýôôèöèåíòîì èñïîëüçîâàíèÿ.
Îäèí èç ïóòåé ñíèæåíèÿ ÑÆÖ — ýòî îïòèìèçà-
öèÿ ñèñòåìû òåõíè÷åñêîãî îáñëóæèâàíèÿ ÂÑ â
ïåðèîä ýêñïëóàòàöèè, ðåìîíòà è êàïèòàëüíîãî
ðåìîíòà [3].

Êîíöåïöèÿ «ïðåäèêòèâíîå òåõíè÷åñêîå îá-
ñëóæèâàíèå» (ÏÒÎ) çàíèìàåò âàæíîå ìåñòî â
ðàìêàõ ÷åòâåðòîé ïðîìûøëåííîé ðåâîëþöèè
(Èíäóñòðèÿ 4.0). Ïðîèçâîäñòâåííûå êîìïàíèè
àâèàöèîííîé èíäóñòðèè, êîòîðûå ïåðâûìè èí-
òåãðèðóþò ýòó êîíöåïöèþ â ñèñòåìó ïîñëåïðî-
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äàæíîãî îáñëóæèâàíèÿ ÂÑ, â ñèñòåìó òåõíè÷åñ-
êîãî îáñëóæèâàíèÿ è ðåìîíòà ÂÑ, ïðè ïðî÷èõ
ðàâíûõ óñëîâèÿõ ñìîãóò îáåñïå÷èòü íàèáîëåå
êîíêóðåíòîñïîñîáíûé ïðîäóêò. Íà ñåãîäíÿøíèé
äåíü ýòà êîíöåïöèÿ äîñòàòî÷íî ñëîæíà â ðåàëè-
çàöèè, òàê êàê ÏÒÎ ïðåäïîëàãàåò íåïðåðûâíûé
ìîíèòîðèíã áîëüøîãî êîëè÷åñòâà ïàðàìåòðîâ
èçäåëèÿ è èõ ïîñëåäóþùåé îáðàáîòêè, íî, òåì íå
ìåíåå, ðàáîòû è èññëåäîâàíèÿ ïî ýòîìó íàïðàâ-
ëåíèþ ïðîâîäÿòñÿ è ïåðñïåêòèâíû [5].

Äëÿ ïîòîêîâîãî àíàëèçà ïîñòóïàþùèõ áîëü-
øèõ äàííûõ ìîíèòîðèíãà ñîñòîÿíèÿ ÂÑ íàèìå-
íåå çàòðàòíûì ÿâëÿåòñÿ èñïîëüçîâàíèå ìàòåìà-
òè÷åñêîãî ìåòîäà èñêóññòâåííûõ íåéðîííûõ ñå-
òåé (ÈÍÑ) [4]. Ïåðñïåêòèâà èíòåãðàöèè ñèñòåì
Ìîíèòîðèíã ñîñòîÿíèÿ âîçäóøíûõ ñóäîâ
(ÌÑÂÑ) è Òåõíè÷åñêîå îáñëóæèâàíèå è ðåìîíò
(ÒÎèÐ) âîçäóøíîãî ñóäíà äëÿ ñîçäàíèÿ ÏÒÎ, èñ-
ïîëüçóþùèõ èñêóññòâåííûå íåéðîííûå ñåòè
(ÈÍÑ) äëÿ àíàëèçà äàííûõ, ìîæåò ïðèâåñòè ê
ïîëîæèòåëüíûì ðåçóëüòàòàì, âëèÿíèå êîòîðûõ
åùå ïðåäñòîèò îöåíèòü â óïðàâëåíèè æèçíåííûì
öèêëîì âîçäóøíîãî ñóäíà[6].

Ìîäåëü è ìåòîä

Äîëÿ çàòðàò ÒÎèÐ (ÎÑÒ 1 02799–2012) —
ïðÿìûå çàòðàòû íà òåõíè÷åñêîå îáñëóæèâàíèå
ïðè ýêñïëóàòàöèè [7] â ñòîèìîñòè æèçíåííîãî
öèêëà âûñîêà ñàìà ïî ñåáå. Êàê ïðèìåð äëÿ àâèà-
ëàéíåðà êëàññà Boeing 747 ïðèâîäèòñÿ öèôðà îò
10 äî 15% äëÿ ÂÑ ñ îáùåé ñòîèìîñòüþ îáñëóæè-
âàíèÿ 1700 äîëë â ÷àñ [8]. Ïîíèìàÿ ïðè ýòîì, ÷òî
ñëó÷àè âíåïëàíîâîãî òåõíè÷åñêîãî îáñëóæèâàíèÿ
ïðåäñòàâëÿþò ðåàëüíóþ óãðîçó äëÿ óâåëè÷åíèÿ
çàòðàò è ñíèæåíèÿ áåçîïàñíîñòè, ñáàëàíñèðîâàí-
íîå ðàñïðåäåëåíèå çàòðàò íà ñîêðàùåíèå èíòåð-
âàëîâ êîíòðîëÿ îòäåëüíûõ óçëîâ è àãðåãàòîâ ïðåä-
ñòàâëÿåòñÿ îïòèìàëüíûì ðåøåíèåì.

Îäèí èç ñïîñîáîâ èçáåæàòü âíåïëàíîâûõ
ÒÎèÐ — ïîñòîÿííûé ìîíèòîðèíã ýëåìåíòîâ ÂÑ
è àíàëèç ðàáîòîñïîñîáíîñòè èçäåëèÿ. Äëÿ ðåøå-
íèÿ ïîäîáíûõ çàäà÷ âîçìîæíî èñïîëüçîâàòü
ÈÍÑ, è äëÿ ýòîãî ñóùåñòâóåò ìíîæåñòâà ìåòîäîâ.
Êàê ïðèìåð, ÈÍÑ ñïîñîáíà ýìïèðè÷åñêè îöå-
íèòü ñðåäíþþ ñòîèìîñòü ÒÎèÐ [9], èñïîëüçóÿ
ìåòîä âûÿâëåíèÿ íåëèíåéíûõ çàâèñèìîñòåé.
Ïðèìåíåíèå èñêóññòâåííîãî èíòåëëåêòà äëÿ
îöåíêè òåõíè÷åñêîãî ñîñòîÿíèÿ äâèæèòåëüíî-
ðóëåâîé êîëîíêè (ÄÐÊ) ïî âèáðàöèîííûì õàðàê-
òåðèñòèêàì [10] ïîä÷åðêèâàåò ïðîñòîòó èñïîëü-
çîâàíèÿ ÈÍÑ. Ðåêóððåíòíûå êîíôèãóðàöèè íåé-
ðîííûõ ñåòåé â çàäà÷àõ ïðåäèêòèâíîãî îáñëóæè-
âàíèÿ (ðàññìàòðèâàëèñü êîíôèãóðàöèè ñ íåéðî-

íàìè RNN, LSTM è GRU [11]) äåìîíñòðèðóþò
ïðåèìóùåñòâà èõ èñïîëüçîâàíèÿ ïðè ðåøåíèè çà-
äà÷ êëàññèôèêàöèè âåðîÿòíûõ îòêàçîâ.

Ñóòü èñïîëüçîâàíèÿ ÈÍÑ — îáðàáîòêà îã-
ðîìíîãî ìàññèâà èíôîðìàöèè, ïîëó÷àåìîãî ñ ñè-
ñòåì ìîíèòîðèíãà ñîñòîÿíèÿ èçäåëèÿ, äëÿ ïðî-
ãíîçèðîâàíèÿ äîñòóïíûõ ðåøåíèé ïî îáñëóæè-
âàíèþ èçäåëèÿ [12].

Ïóòü äëÿ îïòèìèçàöèè ÒÎèÐ — èíòåãðàöèÿ
ñ ìîíèòîðèíãîì ñîñòîÿíèÿ âîçäóøíûõ ñóäîâ
(ÌÑÂÑ) (Aircraft Helth Monitoring)[13], â êîòî-
ðîì îäíà èç êîíöåïöèé — ïðèìåíåíèå ÈÍÑ â
êà÷åñòâå èíñòðóìåíòà [14].

Äëÿ ðåøåíèÿ çàäà÷è èñïîëüçîâàíèÿ ÈÍÑ â
ñèñòåìå ýêñïëóàòàöèè è ñåðâèñà âîçäóøíîãî ñóä-
íà íåîáõîäèìî ñïðîåêòèðîâàòü ÒÎèÐ ÂÑ ñ ïðè-
ìåíåíèåì ÈÍÑ â êà÷åñòâå èíñòðóìåíòà ïðåäèê-
òèâíîãî ÒÎ.

Èññëåäîâàíèå è ðåçóëüòàòû

Ñîãëàñíî ÃÎÑÒ 18322-2016 òåõíè÷åñêîå ñî-
ñòîÿíèå (ÒÑ — technical state) — ýòî ñîâîêóïíîñòü
ñâîéñòâ îáúåêòà, ïîäâåðæåííûõ èçìåíåíèþ â
ïðîöåññå åãî ïðîèçâîäñòâà, ýêñïëóàòàöèè, òðàíñ-
ïîðòèðîâêè è õðàíåíèÿ, õàðàêòåðèçóåìûõ çíà÷å-
íèÿìè ïàðàìåòðîâ è/èëè êà÷åñòâåííûìè ïðèçíà-
êàìè, óñòàíîâëåííûìè â äîêóìåíòàöèè [15].

Âèäû ÒÑ: èñïðàâíîå ñîñòîÿíèå, ðàáîòîñïî-
ñîáíîå ñîñòîÿíèå, íåèñïðàâíîå ñîñòîÿíèå, íåðà-
áîòîñïîñîáíîå ñîñòîÿíèå è ïðåäåëüíîå ñîñòîÿ-
íèå. Ñõåìàòè÷íî îñíîâíûå ñîñòîÿíèÿ ïðåäñòàâ-
ëåíû íà ðèñ. 1.

Íà ñõåìå ðèñóíêà – äàííûå ÌÑÂÑ äëÿ ïðî-
ãíîçèðîâàíèÿ è ÒÎèÐ äîëæíû îáðàáàòûâàòüñÿ è
êîíòðîëèðîâàòüñÿ ÈÍÑ â áëîêàõ 1, 2, 3.

Èç îáùåãî êîëè÷åñòâà âèäîâ òåõíè÷åñêîãî îá-
ñëóæèâàíèÿ (ðåìîíòà) êâàëèôèêàöèîííàÿ êàòå-
ãîðèÿ ÒÎ (ðåìîíòà) âûäåëÿåòñÿ ïî îäíîìó èç îò-
ëè÷èòåëüíûõ ïðèçíàêîâ (ÃÎÑÒ 18322-2016).

Â êà÷åñòâå îñíîâíûõ âûäåëèì äâà âèäà òåõ-
íè÷åñêîãî îáñëóæèâàíèÿ [16]:

1) êîððåêòèðóþùåå ÒÎ, âûïîëíÿåòñÿ ïîñëå
îáíàðóæåíèÿ íåèñïðàâíîñòè ñ öåëüþ âîçâðàùå-
íèÿ îáúåêòà â ðàáîòîñïîñîáíîå ñîñòîÿíèå. Äå-
ëèòñÿ íà:

— âíåïëàíîâîå êîððåêòèðóþùåå ÒÎ, âûïîë-
íÿåìîå â ñëó÷àå íåïðåäâèäåííîãî îòêàçà, ïðèâî-
äÿùåãî ê íåäîïóñòèìîìó ñíèæåíèþ íàäåæíîñòè
ñèñòåìû;

— ïëàíîâîå êîððåêòèðóþùåå ÒÎ, âûïîëíÿ-
åìîå â ðàñ÷åòíîå âðåìÿ îòêàçà ñ äîñòèæåíèåì
òðåáóåìîãî óðîâíÿ íàäåæíîñòè;
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2) ïðîôèëàêòè÷åñêîå îáñëóæèâàíèå — ñíèæà-
åò âåðîÿòíîñòü íåçàïëàíèðîâàííîãî êîððåêòèðó-
þùåãî îáñëóæèâàíèÿ.

Äîáàâèì ïðåäèêòèâíîå òåõíè÷åñêîå îáñëóæè-
âàíèå êàê ýêñïåðèìåíòàëüíîå äîïîëíåíèå ê ïðå-
äûäóùèì ìîäåëÿì, âûäåëèâ åìó â êà÷åñòâå õàðàê-
òåðèñòèêè ìîíèòîðèíã è àíàëèç ðÿäà ïàðàìåòðîâ,
íà îñíîâå êîòîðûõ îñóùåñòâëÿåòñÿ êîððåêòèðîâ-
êà èíòåðâàëîâ îáñëóæèâàíèÿ.

Ïðåäèêòèâíîå òåõíè÷åñêîå îáñëóæèâàíèå —
ýòî îïòèìèçàöèÿ ìîäåëè ïðè ñîõðàíåíèè çàäàí-
íîãî óðîâíÿ êà÷åñòâà ïðè êîíòðîëèðóåìîì óðîâ-
íå çàòðàò.

Äëÿ ôîðìèðîâàíèÿ ïîëíîòû êàðòèíû ïðî-
åêòèðîâàíèÿ âîñïîëüçóåìñÿ ÃÎÑÒ Ð 57329-2016/
EN 13306:2010 [16], îáùåé ñõåìîé òåõíè÷åñêîãî
îáñëóæèâàíèÿ è ðåìîíòà (ðèñ. 2). Èç ýòîãî æå
ñòàíäàðòà [16] — îïèñàíèå îòíîñèòåëüíîé ïðî-
äîëæèòåëüíîñòè òåõíè÷åñêîãî îáñëóæèâàíèÿ è
ðåìîíòà (ðèñ. 3), ñõîæåå ñ òàáëèöåé «Îïåðàòèâ-
íîå âðåìÿ òåõíè÷åñêîãî îáñëóæèâàíèÿ (ðåìîíòà)»
ÃÎÑÒ 21623-76 ïîêàçàòåëè îöåíêè ðåìîíòîïðè-
ãîäíîñòè [17].

Ïðèìåì, ÷òî ïðåäèêòèâíîå ÒÎèÐ îïòèìàëü-
íî ñ òî÷êè çðåíèÿ çàòðàò è ýôôåêòèâíîñòè ïðè
ýêñïëóàòàöèè óçëîâ è àãðåãàòîâ, íå îáñëóæèâàå-

ìûõ â ìåæñåðâèñíûé ïåðèîä. Òî åñòü òåõíè÷åñ-
êóþ ýêñïëóàòàöèþ â íåîáñëóæèâàåìûé, ìåæðå-
ìîíòíûé ïåðèîä ìîæíî ðàññìàòðèâàòü êàê íà-
êîïëåíèå ñòàòèñòèêè îòêàçîâ âñòðîåííûìè ñèñ-
òåìàìè ìîíèòîðèíãà òåõíè÷åñêîãî ñîñòîÿíèÿ â
ìåæðåìîíòíûé ïåðèîä [18] è îáðàáîòêà ýòèõ äàí-
íûõ ÈÍÑ. Ñïðîåêòèðóåì ÒÎÈÐ ñ ïðèìåíåíèåì
â êà÷åñòâå èíñòðóìåíòà ÈÍÑ (ðèñ. 4).

Íà îñíîâàíèè «ïðàâèëà-ïðåäïîëîæåíèÿ» â
ïðîåêòå ìîäåëè ÒÎèÐ (ðèñ. 4) ýôôåêòèâíîñòü
ïðè ýêñïëóàòàöèè óçëîâ è àãðåãàòîâ ÂÑ, â ñîîò-
âåòñòâèè ñ îñíîâíîé çàäà÷åé Ñèñòåìû ÒÎèÐ (óï-
ðàâëåíèå òåõíè÷åñêèì ñîñòîÿíèåì (ÒÑ) ÂÑ â òå-
÷åíèå ñðîêà ñëóæáû èëè ðåñóðñà, äëÿ îáåñïå÷åíèÿ
ïîääåðæàíèÿ è âîññòàíîâëåíèÿ åãî ëåòíîé ãîäíî-
ñòè è ïîäãîòîâêè ê èñïîëüçîâàíèþ ïî íàçíà÷åíèþ
ïðè îáåñïå÷åíèè òðåáóåìûõ óðîâíåé íàäåæíîñòè è
ãîòîâíîñòè ÂÑ ê ïîëåòàì ñ ìèíèìàëüíûìè çàò-
ðàòàìè òðóäà è ñðåäñòâ íà âûïîëíåíèå ÒÎèÐ),
äîñòèãàåòñÿ çà ñ÷åò ïîääåðæàíèÿ äîñòàòî÷íîãî
óðîâíÿ íàäåæíîñòè óìåíüøåíèåì êîëè÷åñòâà
ïðîâåðîê [19] è çà ñ÷åò áîëåå íèçêîé ñòîèìîñòè
êîíòðîëüíî-ðåìîíòíûõ ðàáîò ïî ñðàâíåíèþ ñ
îáñëóæèâàåìîé ýêñïëóàòàöèîííîé ìîäåëüþ
[20—22].

Ðèñ. 1. Ñõåìà îñíîâíûõ ñîñòîÿíèé îáúåêòà ýêñïëóàòàöèè: 1 — ïîâðåæäåíèå; 2 — îòêàç; 3 – ïåðåõîä â ïðåäåëü-
íîå ñîñòîÿíèå «íåóñòðàíèìîå ðàçðóøåíèå»; 4 — ðåìîíò; 5 — âîññòàíîâëåíèå
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Âûâîäû

Òàêèì îáðàçîì, ìû ñïðîåêòèðîâàëè âîçìîæ-
íîñòü ÒÎèÐ ñ áëîêîì ïðåäèêòèâíîãî òåõíè÷åñ-
êîãî îáñëóæèâàíèÿ.

Èíñòðóìåíòîì ïðåäèêòèâíîãî ÒÎ â íàøåì
ñëó÷àå ÿâëÿåòñÿ èñïîëüçîâàíèå ÈÍÑ.

Ïðåäèêòèâíîå òåõíè÷åñêîå îáñëóæèâàíèå
ÿâëÿåòñÿ ÷àñòüþ ñòðàòåãèè ÒÎèÐ «Äî îáíàðóæå-
íèÿ íåèñïðàâíîñòè».

ÒÎèÐ ñ ïðåäèêòèâíûì ÒÎ ïîçâîëÿåò, íà ýòàïå
ïðîåêòèðîâàíèÿ ÂÑ, âûñòðîèòü êîíöåïöèþ ïðî-
âåäåíèÿ óãëóáëåííîãî àíàëèçà ïåðåä âûáîðîì

Ðèñ. 2. Òåõíè÷åñêîå îáñëóæèâàíèå è ðåìîíò. Îáùåå ïðåäñòàâëåíèå

Ðèñ. 3. Ïðîäîëæèòåëüíîñòè òåõíè÷åñêîãî îáñëóæèâàíèÿ è ðåìîíòà
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ñòðàòåãèè êîíòðîëÿ ýòàïà æèçíåííîãî öèêëà ñà-
ìîëåòà — ýêñïëóàòàöèÿ.

Ñëåäóþùèì ýòàïîì èññëåäîâàíèÿ èñïîëüçî-
âàíèÿ ÈÍÑ â ñèñòåìå ÒÎèÐ, çàïëàíèðîâàííîãî
àâòîðàìè, ÿâëÿþòñÿ äåìîíñòðàöèÿ è àíàëèç íà
ïðèìåðå ÒÎèÐ äâèãàòåëÿ ÂÑ, ìîäåëåé òðàäèöè-
îííîãî è ïðåäèêòèâíîãî ÒÎ ñ èõ îöåíêîé.
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