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Ââåäåíèå

Öèôðîâàÿ ðåâîëþöèÿ óæå èäåò ïîëíûì õî-
äîì, è íè îäíîé îòðàñëè íå óäàåòñÿ îñòàòüñÿ â
ñòîðîíå îò íåå. Ñåãîäíÿ ó ðîññèéñêèõ êîìïàíèé
ïîÿâëÿåòñÿ óíèêàëüíûé øàíñ ðåàëèçîâàòü ñâîé
ïîòåíöèàë â õîäå öèôðîâèçàöèè è çàíÿòü äîñòîé-
íîå ìåñòî ñðåäè åå ëèäåðîâ.

Àêòóàëüíîñòü èñïîëüçîâàíèÿ íîâûõ òåõíîëî-
ãèé öèôðîâîé ðåâîëþöèè îáóñëîâëåíà ñëåäóþ-
ùèìè ïðîáëåìàìè-âûçîâàìè:

— ñæàòûìè ñðîêàìè ðàçðàáîòêè èçäåëèé ñåé-
÷àñ è â áóäóùåì;

— ðàñòóùåé ñëîæíîñòüþ ðàçðàáîòêè è ïðîåê-
òèðîâàíèÿ èçäåëèé;

— óæåñòî÷åíèåì òðåáîâàíèé òåõíè÷åñêîãî çà-
äàíèÿ.

Ñðåäè ïðèîðèòåòîâ èííîâàöèîííîãî ðàçâèòèÿ
ÎÄÊ âûäåëÿþòñÿ ñëåäóþùèå íàïðàâëåíèÿ: åäè-
íàÿ ñòðàòåãèÿ íàó÷íî-òåõíè÷åñêîãî ðàçâèòèÿ îò-
ðàñëè, êîòîðàÿ îïðåäåëÿåò ïåðå÷åíü êðèòè÷åñêèõ
òåõíîëîãèé è íàïðàâëåíèÿ òðàíñôîðìàöèè èíäó-
ñòðèàëüíîé ìîäåëè ÎÄÊ; êëþ÷åâûå ïðîäóê-
òîâûå ïðîãðàììû äâèãàòåëåñòðîåíèÿ ïî íàïðàâ-
ëåíèÿì àâèàöèè, íàçåìíûõ è ìîðñêèõ ãàçîòóð-
áèííûõ àãðåãàòîâ; ïðîåêòû öèôðîâîé òðàíñôîð-
ìàöèè ÎÄÊ, çàäà÷åé êîòîðûõ ÿâëÿåòñÿ äîñòèæå-
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Ðàññìàòðèâàþòñÿ âîïðîñû èñïîëüçîâàíèÿ òåõíîëîãèé öèôðîâîãî äâîéíèêà (ÖÄ) â ðàìêàõ ðåàëèçàöèè ïðî-
äóêòîâûõ ïðîãðàìì è ñîâåðøåíñòâîâàíèÿ òåõíîëîãèé ïðîåêòèðîâàíèÿ ïðè ðàçðàáîòêå ãàçîòóðáèííûõ äâèãàòå-
ëåé (ÃÒÄ). Îñîáîå âíèìàíèå óäåëåíî áîëüøîìó îïûòó èñïîëüçîâàíèÿ ìåòîäîâ ÷èñëåííîãî ìîäåëèðîâàíèÿ è
âûñîêîïðîèçâîäèòåëüíûõ âû÷èñëåíèé ïðè ñîçäàíèè ñîâðåìåííîé è êîíêóðåíòîñïîñîáíîé ïðîäóêöèè ïðåäïðè-
ÿòèÿìè ÎÄÊ. Îáîçíà÷åíû íåêîòîðûå ïðîáëåìíûå âîïðîñû, è íàìå÷åíû ïóòè èõ ðåøåíèÿ.

Êëþ÷åâûå ñëîâà: òåõíîëîãèè öèôðîâîãî äâîéíèêà, ïðîåêòû öèôðîâîé òðàíñôîðìàöèè ÎÄÊ, ìàòåìàòè÷åñ-
êèå ìîäåëè ýòàïîâ æèçíåííîãî öèêëà ÃÒÄ.

íèå ñòðàòåãè÷åñêèõ öåëåé êîðïîðàöèè, â òîì
÷èñëå ñîêðàùåíèÿ ñðîêîâ âûâîäà íîâîé ïðîäóê-
öèè íà ðûíîê.

Â ðàìêàõ äàííûõ ñòðàòåãè÷åñêèõ íàïðàâëåíèé
ÎÄÊ èäåò ïî ïóòè âñåñòîðîííåãî âíåäðåíèÿ öèô-
ðîâûõ òåõíîëîãèé ïðè ïðîâåäåíèè èññëåäîâàíèé,
âûïîëíåíèè îïûòíî-êîíñòðóêòîðñêèõ ðàáîò, â
ïðîèçâîäñòâå è ïîñëåïðîäàæíîì îáñëóæèâàíèè.
Óæå ñåãîäíÿ öèôðîâûå òåõíîëîãèè ïîçâîëÿþò:

— óâåëè÷èòü ñêîðîñòü ïðèíÿòèÿ òåõíè÷åñêèõ
ðåøåíèé;

— îáåñïå÷èòü âûïîëíåíèå ìíîãèõ òðåáîâàíèé
òåõíè÷åñêîãî çàäàíèÿ ñ ïåðâîãî îïûòíîãî ýêçåì-
ïëÿðà;

— îðãàíèçîâàòü áåçáàðüåðíóþ ñðåäó äëÿ ðà-
áîòû èíæåíåðîâ â ðàìêàõ êîîïåðàöèè ïðåäïðè-
ÿòèé ÎÄÊ;

— ñíèçèòü çàòðàòû íà ïîçäíèõ ýòàïàõ îïûò-
íî-êîíñòðóêòîðñêèõ ðàáîò (ÎÊÐ) è ïðè âûïîë-
íåíèè ÎÊÐ ïî ìîäèôèêàöèÿì.

Öèôðîâûå òåõíîëîãèè ïîçâîëÿþò íå ïðîñòî
àâòîìàòèçèðîâàòü òåêóùèå ïðîöåññû, íî è ñôîð-
ìèðîâàòü íîâûå, îáëàäàþùèå íîâûìè êà÷åñòâà-
ìè è ñïîñîáñòâóþùèå òîìó, ÷òîáû ïðîäóêöèÿ
ÎÄÊ ÿâëÿëàñü êîíêóðåíòîñïîñîáíîé è âîñòðåáî-
âàííîé íà ìèðîâîì ðûíêå.
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Äëÿ äîñòèæåíèÿ äàííîé öåëè âàæíî àêêóìó-
ëèðîâàòü ëó÷øèå òåõíîëîãèè, ëó÷øèå ðåñóðñû â
îáëàñòè âûñîêèõ òåõíîëîãèé: èíæåíåðíûå öåí-
òðû, ñòàðòàïû, íàó÷íûå êîëëåêòèâû, íàõîäÿùè-
åñÿ â âûñøèõ ó÷åáíûõ çàâåäåíèÿõ, èíñòèòóòàõ
Ðîññèéñêîé àêàäåìèè íàóê. Ýòî àìáèöèîçíàÿ
çàäà÷à, ôàêòè÷åñêè îçíà÷àþùàÿ, ÷òî íóæíî ñòàòü
âäâîå ýôôåêòèâíåå, ÷òîáû óäîâëåòâîðèòü ïîòðåá-
íîñòè çàêàç÷èêà. Ïåðñïåêòèâíûì íàïðàâëåíèåì
äëÿ ðåøåíèÿ äàííîé çàäà÷è ÿâëÿåòñÿ öèôðîâîé
äâîéíèê [1—3].

Âïåðâûå îïðåäåëåíèå öèôðîâîãî äâîéíèêà
áûëî ïðåäëîæåíî ïðîôåññîðîì Ìè÷èãàíñêîãî
óíèâåðñèòåòà Ìàéêëîì Ãðèâñîì: «Íàáîð âèðòó-
àëüíûõ èíôîðìàöèîííûõ êîíñòðóêöèé, êîòîðûå
ïîëíîñòüþ îïèñûâàþò ïîòåíöèàëüíûé èëè ôàê-
òè÷åñêèé ðåàëüíûé ïðîèçâåäåííûé ïðîäóêò…» [4].

Ïðèìåíåíèå òåõíîëîãèè «öèôðîâîé äâîéíèê»
ïðè ðàçðàáîòêå ãàçîòóðáèííîãî äâèãàòåëÿ

Öèôðîâîé äâîéíèê ãàçîòóðáèííîãî äâèãàòå-
ëÿ – òåõíîëîãèÿ, îñíîâàííàÿ íà êîìïëåêñå àäåê-
âàòíûõ ìàòåìàòè÷åñêèõ ìîäåëåé ðàçíîãî óðîâíÿ
ñëîæíîñòè, óòî÷íÿåìûõ ïî ðåçóëüòàòàì íàòóðíûõ
ýêñïåðèìåíòîâ, ïîçâîëÿþùàÿ ïîëó÷èòü ïåðâûé
íàòóðíûé îáðàçåö, ñîîòâåòñòâóþùèé óñòàíîâëåí-
íûì òåõíè÷åñêèì òðåáîâàíèÿì, à òàêæå äîñòîâåð-
íî îïèñûâàþùàÿ è ïðåäñêàçûâàþùàÿ ïîâåäåíèå
ÃÒÄ íà âñåõ ýòàïàõ åãî æèçíåííîãî öèêëà [5, 6].

Öèôðîâîé äâîéíèê èçäåëèÿ íåîáõîäèìî ðàç-
ðàáàòûâàòü íà ðàííèõ ýòàïàõ íàó÷íî-èññëåäîâà-
òåëüñêèõ ðàáîò è íà áàçå èíòåãðàöèîííîé öèô-
ðîâîé ïëàòôîðìû.

Èíòåãðàöèîííàÿ öèôðîâàÿ ïëàòôîðìà (ÈÖÏ)
– ñïåöèàëèçèðîâàííîå ïðîãðàììíîå îáåñïå÷å-
íèå, êîòîðîå îáúåäèíÿåò â ñåáå ïðîãðàììíûå
ïðîäóêòû è òåõíîëîãèè, îðãàíèçóåò âçàèìîñâÿçü
ìåæäó íèìè, ôîðìèðóåò èõ èåðàðõèþ, îáåñïå÷è-
âàåò õðàíåíèå èñòîðèè èçìåíåíèé è âçàèìîäåé-
ñòâèå ñ ðàçëè÷íûìè áàçàìè äàííûõ (ÁÄ) (âíóòðåí-
íèìè íà ïðåäïðèÿòèè è âíåøíèìè îòðàñëåâûìè),
öèôðîâûìè ïëàòôîðìàìè è ñåðâèñàìè, èñïîëü-
çóåìûìè íà âñåõ ýòàïàõ æèçíåííîãî öèêëà (ïðî-
åêòèðîâàíèå, èñïûòàíèÿ, ñåðèéíîå ïðîèçâîäñòâî,
ýêñïëóàòàöèè è ñåðâèñíîå îáñëóæèâàíèå).

Ðàçðàáîòêà è èñïîëüçîâàíèå ÖÄ íà áàçå ÈÖÏ
îñíîâûâàåòñÿ íà ÈÒ-èíôðàñòðóêòóðå ðàçðàáîò-
÷èêà èçäåëèÿ. ÈÖÏ äîëæíà ñîäåðæàòü â ñåáå ìî-
äóëü àäìèíèñòðèðîâàíèÿ âû÷èñëèòåëüíûõ ìîù-
íîñòåé è ìîäóëü óïðàâëåíèÿ è ó÷¸òà äåÿòåëüíî-
ñòè ñîòðóäíèêîâ, çàíÿòûõ â ñîçäàíèè è èñïîëü-
çîâàíèè ÖÄ.

Ôóíêöèîíàëüíàÿ ñõåìà ÖÄ ÃÒÄ (ñì. ðèñóíîê)
âêëþ÷àåò â ñåáÿ òðè îñíîâíûõ áëîêà:

1. Ðàáîòû, ïðåäøåñòâóþùèå ñîçäàíèþ ÖÄ
ÃÒÄ (ýëåìåíòû «òðåáîâàíèÿ çàêàç÷èêà», «êîíöåï-
òóàëüíîå ïðîåêòèðîâàíèå», «ðåçóëüòàòû íàó÷íî-
èññëåäîâàòåëüñêèõ ðàáîò»).

Ôóíêöèîíàëüíàÿ ñõåìà ÖÄ ÃÒÄ
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2. Íåïîñðåäñòâåííî ôóíêöèîíàëüíàÿ ñõåìà
ÖÄ ÃÒÄ (âñå ýëåìåíòû âíóòðè èíòåãðàöèîííîé
öèôðîâîé ïëàòôîðìû íà ýòàïàõ ýñêèçíîãî, òåõ-
íè÷åñêîãî ïðîåêòîâ).

3. Èñïîëüçîâàíèå ÖÄ ÃÒÄ íà ýòàïàõ ïðîåê-
òèðîâàíèÿ, èñïûòàíèé, ïðîèçâîäñòâà è ýêñïëó-
àòàöèè (ýëåìåíòû «ïðîèçâîäñòâî», «èñïûòàíèÿ»,
«ýêñïëóàòàöèÿ», «îòðàñëåâûå ÁÄ»).

Ïðèìåíåíèå òåõíîëîãèè öèôðîâîãî äâîéíèêà
â ðàçðàáîòêå ÃÒÄ âêëþ÷àåò â ñåáÿ ôîðìàëèçîâàí-
íûå ìåòîäèêè, ïî êîòîðûì ïðîâîäèòñÿ ïðîåêòè-
ðîâàíèå èçäåëèÿ, åãî óçëîâ, ñèñòåì è äåòàëåé èëè
ñáîðî÷íûõ åäèíèö, ñîâîêóïíîñòü ìîäåëåé ðàçíî-
ãî óðîâíÿ ñëîæíîñòè, èñïîëüçóåìûõ íà ðàçíîé
ñòàäèè ïðîåêòèðîâàíèÿ, ðàçâèòèÿ äàííûõ ìîäå-
ëåé, èñòîðèþ ïðîåêòèðîâàíèÿ (â òîì ÷èñëå «òó-
ïèêîâûå» âåòâè ðàçðàáîòêè). Îáÿçàòåëüíîé ÷àñ-
òüþ áëîêà ÿâëÿåòñÿ íàëè÷èå ìîäóëÿ ïàðàìåòðè-
÷åñêîé (â òîì ÷èñëå ìíîãîäèñöèïëèíàðíîé) îï-
òèìèçàöèè. Áëîê òåñíî ñâÿçàí ñ ìàòðèöåé òðåáî-
âàíèé è âî ìíîãèõ ñëó÷àÿõ ìîæåò â çàâèñèìîñ-
òè îò ðåçóëüòàòîâ ïðîåêòèðîâàíèÿ èçìåíÿòü ìàò-
ðèöó òðåáîâàíèé (ñì. ðèñóíîê) â ÷àñòè, êàñàþ-
ùåéñÿ âàðèàíòîâ êîíêðåòíîé ðåàëèçàöèè òðåáî-
âàíèé çàêàç÷èêà. Ýòàï ïðîåêòèðîâàíèÿ âêëþ÷à-
åò: òåõíè÷åñêîå ïðåäëîæåíèå íàó÷íî-èññëåäîâà-
òåëüñêèõ ðàáîò, ýñêèçíûé ïðîåêò, òåõíè÷åñêèé
ïðîåêò è ñåðòèôèêàöèþ ÎÊÐ [7, 8].

Ïîìèìî ìàòåìàòè÷åñêèõ ìîäåëåé, èñïîëüçó-
åìûõ äëÿ îïðåäåëåíèÿ îáëèêà èçäåëèÿ, â õîäå
ïðîåêòèðîâàíèÿ ôîðìèðóþòñÿ ìàòåìàòè÷åñêèå
ìîäåëè, êîòîðûå áóäóò èñïîëüçîâàòüñÿ äëÿ öèô-
ðîâîãî ñîïðîâîæäåíèÿ ñåðòèôèêàöèîííûõ èñïû-
òàíèé è ýêñïëóàòàöèè [9].

Äëÿ óìåíüøåíèÿ âðåìåíè ñîçäàíèÿ ìàòåìà-
òè÷åñêèõ ìîäåëåé (îñîáåííî òåõ ìîäåëåé, êîòî-
ðûå áóäóò èñïîëüçîâàòüñÿ íà ýòàïàõ æèçíåííî-
ãî öèêëà ïîñëå ïðîåêòèðîâàíèÿ) íåîáõîäèìî
ôîðìàëèçîâàòü ïðîöåññ ðàçðàáîòêè ìîäåëåé â
õîäå ïðîåêòèðîâàíèÿ è ïî âîçìîæíîñòè ïðèäåð-
æèâàòüñÿ ïðèíöèïà ìîäóëüíîñòè ïðè èõ ñîçäà-
íèè [10].

Ïðîåêòû è ïðîãðàììû ÎÄÊ, ðåàëèçóåìûå
ñ ïðèìåíåíèåì òåõíîëîãèè öèôðîâîãî äâîéíèêà

Â òå÷åíèå 2020 ã. â ÎÄÊ áûëè èíèöèèðîâà-
íû ïðîåêòû ïî ñîçäàíèþ öèôðîâûõ äâîéíèêîâ
èçäåëèé, íàõîäÿùèõñÿ íà ðàçëè÷íûõ ýòàïàõ æèç-
íåííîãî öèêëà.

Â ðàìêàõ ðàáîò ïî öèôðîâîìó äâîéíèêó ïëà-
íèðóåòñÿ ðàçâèòü ñëåäóþùèå íàïðàâëåíèÿ:

1) ïðîâåñòè âàëèäàöèþ ìàòåìàòè÷åñêèõ ìî-
äåëåé è ïðîãðàììíîãî îáåñïå÷åíèÿ (ÏÎ), èñ-
ïîëüçóåìîãî ïðè ñîçäàíèè ÃÒÄ;

2) ðàçðàáîòàòü ìåòîäîëîãèþ ñîçäàíèÿ öèôðî-
âîãî äâîéíèêà;

3) ñîçäàòü ñèñòåìó âçàèìîñâÿçàííûõ ìàòåìà-
òè÷åñêèõ ìîäåëåé äâèãàòåëÿ è åãî ñîñòàâíûõ ÷à-
ñòåé;

4) ðàçðàáîòàòü êîíöåïöèþ è òåõíîëîãèþ
«ñòûêîâêè» öèôðîâûõ äâîéíèêîâ ñèëîâîé óñòà-
íîâêè è îáúåêòà ïðèìåíåíèÿ;

5) ðàçðàáîòàòü òåõíîëîãè÷åñêèå ðåøåíèÿ ïî
ïåðåäà÷å, îáðàáîòêå è õðàíåíèþ áîëüøîãî êîëè-
÷åñòâà äàííûõ;

6) ðàçðàáîòàòü òåõíîëîãè÷åñêèå ðåøåíèÿ,
îáåñïå÷èâàþùèå áåçîïàñíîñòü õðàíèìûõ, îáðà-
áàòûâàåìûõ è ïåðåäàâàåìûõ äàííûõ;

7) ñîçäàòü àâòîìàòèçèðîâàííûå ÷àñòè÷íî ïà-
ðàìåòðèçèðîâàííûå öåïî÷êè CAD – CAE äëÿ îñ-
íîâíûõ óçëîâ ÃÒÄ;

8) îðãàíèçîâàòü öèôðîâîå ñîïðîâîæäåíèå èñ-
ïûòàíèé ìîäåðíèçèðîâàííûõ äâèãàòåëåé íà îñ-
íîâå âàëèäèðîâàííûõ ìàòåìàòè÷åñêèõ ìîäåëåé èõ
áàçîâûõ ñåðèéíûõ âåðñèé;

9) âûïîëíèòü âàëèäàöèþ, íàñòðîéêó è èíòåã-
ðàöèþ â ïðîöåññ ïðîåêòèðîâàíèÿ îòå÷åñòâåííîãî
ïðîãðàììíîãî îáåñïå÷åíèÿ.

Öèôðîâàÿ ñåðòèôèêàöèÿ

Íà ñåãîäíÿøíèé äåíü ñåðòèôèêàöèÿ çàíèìàåò
äîñòàòî÷íî áîëüøîé ïåðèîä âðåìåíè. Ýòî ñâÿçà-
íî ñ ïðîâåäåíèåì áîëüøîãî êîëè÷åñòâà ñïåöè-
àëüíûõ èñïûòàíèé ÃÒÄ, à òàêæå ñ íåîáõîäèìî-
ñòüþ âíåñåíèÿ èçìåíåíèé â êîíñòðóêöèþ äâèãà-
òåëÿ íà ïîçäíèõ ýòàïàõ åãî ðàçðàáîòêè, â ñëó÷àå
åñëè ýòè èñïûòàíèÿ íå ïðîõîäÿò óñïåøíî ñ ïåð-
âîãî ðàçà, ÷òî çíà÷èòåëüíî ïðåâûøàåò ñòîèìîñòü
è ñðîêè äîâîäêè èçäåëèÿ. Â ïåðñïåêòèâå ïðèìå-
íåíèå òåõíîëîãèè ÖÄ ïîçâîëèò ðàçðàáîò÷èêàì
àâèàöèîííûõ äâèãàòåëåé ñíèçèòü ðèñêè è ôèíàí-
ñîâûå ïîòåðè, èç-çà íåîáõîäèìîñòè ïîâòîðíûõ
ñåðòèôèêàöèîííûõ èñïûòàíèé äâèãàòåëåé è ñâÿ-
çàííûõ ñ ýòèì ïðîñòîåâ ïðîèçâîäñòâåííûõ ìîù-
íîñòåé è ïîçäíåãî âûõîäà èçäåëèÿ íà ðûíîê
[11, 12].

Èñïîëüçîâàíèå ÷èñëåííîãî ìîäåëèðîâàíèÿ
âûñîêîãî óðîâíÿ ñîîòâåòñòâèÿ ðåàëüíûì èñïû-
òàíèÿì â ðàìêàõ òåõíîëîãèè öèôðîâîãî äâîéíè-
êîâà, à òàêæå ðàçðàáîòêà ñïåöèàëèçèðîâàííûõ
ìåòîäèê âàëèäàöèè ìàòåìàòè÷åñêèõ ìîäåëåé è
àíàëèçà ðåçóëüòàòîâ âû÷èñëåíèé ïîçâîëÿò çíà÷è-
òåëüíî ïîâûñèòü êà÷åñòâî ïðîâåäåíèÿ íàòóðíûõ
èñïûòàíèé è ñîêðàòèòü èõ îáúåì, à â íåêîòîðûõ
ñëó÷àÿõ çàìåíèòü èõ ðàñ÷¸òíûì îáîñíîâàíèåì íà
áàçå ìàòåìàòè÷åñêèõ ìîäåëåé, âàëèäèðîâàííûõ
ïî ðåçóëüòàòàì ìíîãî÷èñëåííûõ ýêñïåðèìåíòîâ.
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Â ðåçóëüòàòå ïîÿâëÿåòñÿ âîçìîæíîñòü óìåíüøèòü
âðåìÿ è çàòðàòû íà ñåðòèôèêàöèþ äâèãàòåëÿ [13].
Íåñìîòðÿ íà òî ÷òî ïî÷òè âñå óçëû è ñèñòåìû
ÃÒÄ ìîãóò áûòü ñìîäåëèðîâàíû, òî÷íîñòü íåêî-
òîðûõ ìàòåìàòè÷åñêèõ ìîäåëåé âñå åùå íå ïîçâî-
ëÿåò íå òîëüêî çàìåíèòü èñïûòàíèÿ, íî äàæå
îáåñïå÷èòü ïðèåìëåìóþ òî÷íîñòü äëÿ ïðèíÿòèÿ
òåõíè÷åñêîãî ðåøåíèè ïî èçìåíåíèþ êîíñòðóê-
öèè. Â ýòîì ïëàíå ïðåäñòîèò åùå ñåðüåçíàÿ ðà-
áîòà ñ íàó÷íûìè èíñòèòóòàìè è ìàëûìè èíæè-
íèðèíãîâûìè êîìïàíèÿìè ïî ðàçâèòèþ íàó÷íîãî
áàçèñà ôèçè÷åñêèõ ïðîöåññîâ â ÃÒÄ, ÷èñëåííûõ
ìåòîäîâ ðåøåíèÿ ñèñòåì óðàâíåíèé, ñî÷åòàþùèõ
ðàçëè÷íûå ôèçè÷åñêèå ïðîöåññû, è ïî ðàçðàáîò-
êå íà èõ îñíîâå ïðèêëàäíîãî ïðîãðàììíîãî îáåñ-
ïå÷åíèÿ [14, 15]. Òàêæå ñòîèò çàäà÷à ðàçâèòèÿ
âçàèìîäåéñòâèÿ ñ ñåðòèôèêàöèîííûìè öåíòðà-
ìè è îðãàíèçàöèÿìè-çàêàç÷èêàìè ïî ðàñøèðå-
íèþ îáëàñòè ïðèìåíåíèÿ ìåòîäîâ ÷èñëåííîãî
ìîäåëèðîâàíèÿ äëÿ ïîäòâåðæäåíèÿ òðåáóåìûõ
ïîêàçàòåëåé áåçîïàñíîñòè ýêñïëóàòàöèè ÃÒÄ â
ðàìêàõ ñåðòèôèêàöèîííûõ èñïûòàíèé [16].

Ñîçäàíèå öèôðîâîé ïëàòôîðìû

Áîëüøèíñòâî ðîññèéñêèõ êîìïàíèé íà÷èíà-
þò «ïðîáîâàòü ñåáÿ» â îáëàñòè öèôðîâèçàöèè ñ
ïîïûòêè ñîçäàíèÿ èíôðàñòðóêòóðû äëÿ øèðîêîé
ðàáîòû ñ ðàçíîîáðàçíûìè äàííûìè. Ïðè ýòîì
ìèðîâàÿ ïðàêòèêà ïîêàçûâàåò, ÷òî íàèáîëåå óñ-
ïåøíî óïðàâëåíèå äàííûìè âíåäðÿþò êîìïàíèè,
îäíîâðåìåííî ôîêóñèðóþùèõñÿ íà òðåõ ôàêòî-
ðàõ:

— ôîðìèðîâàíèå ÷¸òêîãî âèäåíèÿ è ñòðàòå-
ãèè èñïîëüçîâàíèÿ öèôðîâûõ òåõíîëîãèé;

— óñïåøíîé ðåàëèçàöèè âûáðàííûõ ïðîåê-
òîâ;

— íåïðåðûâíîì ðàçâèòèè öèôðîâîé ïëàòôîð-
ìû, ÿâëÿþùåéñÿ îáùåé èíòåãðèðóþùåé ñðåäîé
äëÿ ðàçíîîáðàçíûõ äàííûõ è çàäàþùåé ïðàâèëà
îïåðèðîâàíèÿ èìè [17, 18].

Â íàñòîÿùåå âðåìÿ â ÎÄÊ îñóùåñòâëÿþòñÿ
ðàáîòû, íàïðàâëåííûå íà ðàçâèòèå öèôðîâîé
ïëàòôîðìû ïî ñëåäóþùèì íàïðàâëåíèÿì:

— îðãàíèçàöèÿ âçàèìîñâÿçè ìåæäó êîìïîíåí-
òàìè ÖÄ;

— ôîðìèðîâàíèå èåðàðõèè êîìïîíåíòîâ;
— õðàíåíèå èñòîðèè èçìåíåíèé ðàñ÷åòíûõ

ìîäåëåé;
— âçàèìîäåéñòâèå ñ áàçàìè äàííûõ, äðóãèìè

öèôðîâûìè ïëàòôîðìàìè è ñåðâèñàìè, èñïîëü-
çóåìûìè íà âñåõ ýòàïàõ æèçíåííîãî öèêëà;

— îõâàò âñåõ ýòàïîâ æèçíåííîãî öèêëà èçäå-
ëèÿ îò ðàçðàáîòêè äî óòèëèçàöèè;

— ñêâîçíîå óïðàâëåíèå òðåáîâàíèÿìè íà
óðîâíå äâèãàòåëÿ, ñèñòåì/óçëîâ è äåòàëåé, îãðà-
íè÷èâàþùèõ ðåñóðñ;

— îáåñïå÷åíèå öèôðîâîé íåïðåðûâíîñòè
ïðîöåññîâ ðàçðàáîòêè, èñïûòàíèé è ñåðèéíîãî
ñîïðîâîæäåíèÿ;

— ñîçäàíèå àâòîìàòèçèðîâàííûõ öåïî÷åê èí-
æåíåðíûõ ðàñ÷åòîâ;

— ñîñðåäîòî÷åíèå äàííûõ ðàñ÷¸òîâ, ïðîèç-
âîäñòâà, èñïûòàíèé è ýêñïëóàòàöèè íà åäèíîé
ïëàòôîðìå;

— ïîïîëíåíèå áàçû âàëèäèðîâàííûõ ðàñ÷åò-
íûõ ìîäåëåé;

— îáåñïå÷åíèå ìàñøòàáèðóåìîñòè ïëàòôîð-
ìû;

— ðàçðàáîòêà è èíòåãðàöèÿ â ïëàòôîðìó ìå-
òîäîâ ïðåäèêòèâíîé àíàëèòèêè äëÿ îöåíêè ðå-
ñóðñà ïî äàííûì çàìåðîâ íà äâèãàòåëå â ýêñïëó-
àòàöèè.

Ñòîèò îòìåòèòü, ÷òî îñíîâíûìè èãðîêàìè,
ðàáîòàþùèìè â ýòîì íàïðàâëåíèè íà ðûíêå ÐÔ,
ÿâëÿþòñÿ Ñèìåíñ, ÀÍÑÈÑ, Ò-ôëåêñ, Öåíòð
ÍÒÈ ÑÏÁÏÓ, ÄÀÒÀÄÂÀÍÑ, IPS (Áåëîðóññèÿ).
Êàæäàÿ èç êîìïàíèé, ðàçðàáàòûâàþùèõ è ðàñ-
ïðîñòðàíÿþùèõ ïðèêëàäíîå èíæåíåðíîå ÏÎ,
óæå íà ïðîòÿæåíèè 10 ëåò èäåò ïî ïóòè ñîçäàíèÿ
èíòåãðèðóþùèõ ïëàòôîðì äëÿ ñîïðîâîæäåíèÿ
æèçíåííîãî öèêëà. Ýòî îòêðûâàåò øèðîêèå âîç-
ìîæíîñòè êàê äëÿ âûñòðàèâàíèÿ ýêîñèñòåì ðàç-
ëè÷íûõ ïðîäóêòîâ, âçàèìíî äîïîëíÿþùèõ äðóã
äðóãà, òàê è äëÿ ïðèâëå÷åíèÿ ãîñóäàðñòâåííîé
ïîääåðæêè ðàçðàáîòêè îòå÷åñòâåííîãî ïðîãðàìì-
íîãî îáåñïå÷åíèÿ äëÿ âûñîêîòåõíîëîãè÷åñêèõ
ïðîìûøëåííûõ êîìïàíèé [19, 20].

Âûâîäû

1. Ïðåäïðèÿòèÿ ÎÄÊ èìåþò îïûò èñïîëüçî-
âàíèÿ ÷èñëåííûõ ìåòîäîâ è âûñîêîïðîèçâîäè-
òåëüíûõ âû÷èñëåíèé ïðè ñîçäàíèè ñîâðåìåííîé
è êîíêóðåíòîñïîñîáíîé ïðîäóêöèè.

2. Ðàçðàáîòêà è ïðîåêòèðîâàíèå èçäåëèÿ âû-
ïîëíÿåòñÿ òåððèòîðèàëüíî ðàñïðåäåëåííûìè
êîìàíäàìè, ÷òî óâåëè÷èâàåò îáúåì èíôîðìàöèè,
êîòîðûì íåîáõîäèìî óïðàâëÿòü.

3. Òðåáóåòñÿ ïîñòîÿííîå óìåíüøåíèå ñðîêîâ
ðàçðàáîòêè íîâûõ èçäåëèé íå ïðîñòî çà ñ÷åò àâ-
òîìàòèçàöèè ðàáîò ÷èñëåííîãî ìîäåëèðîâàíèÿ è
öèôðîâèçàöèè ïðîöåññîâ ïðîåêòèðîâàíèÿ, íî è
çà ñ÷åò âíåäðåíèÿ íîâûõ áèçíåñ-ïðîöåññîâ ïðè
ðàçðàáîòêå ÃÒÄ.

4. Ïåðâûé íàòóðíûé îáðàçåö äîëæåí ñîîòâåò-
ñòâîâàòü óñòàíîâëåííûì òåõíè÷åñêèì òðåáîâàíè-
ÿì íà âñåõ ýòàïàõ æèçíåííîãî öèêëà.
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5. Â ÎÄÊ èíèöèèðóþòñÿ ïðîåêòû ñîçäàíèÿ
öèôðîâîãî äâîéíèêà â ðàìêàõ ðåàëèçàöèè ïðî-
äóêòîâûõ ïðîãðàìì è ñîâåðøåíñòâîâàíèÿ òåõíî-
ëîãèé ïðîåêòèðîâàíèÿ.
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Abstract

Today, industry, especially knowledge-intensive
branches, is experiencing an active growth of well-
deserved attention to digital technologies. In support
for the Aircraft Building Development Program of the
Russian Federation realization, and the strategy for
the civil products in the sales and service segment the
United Engine Building Corporation goes along the
path of comprehensive innovations implementation
while conducting research, research and development
work, manufacturing and after-sale services.

Among the priorities of the innovative
development of the Corporation the following areas
may be highlighted:

- A concerted strategy of scientific and technical
development of the industry, which defines the list
of critical technologies and the trends of the
corporation industrial model transformation;

- The key product programs of engine building
in the trends of aviation, ground and seaborne
aggregates;

- Transformational projects, which task consists
in achieving the strategic goals of the Corporation,
including the terms reduction for launching new
products to the market.

Digital technologies allow not only the current
processes automation, but also formation of the new
ones with new qualities and contributing to the
products of the United Engine Corporation being
competitive and in demand on the world market.

For this goal achieving, accumulation of the best
technologies, best resources, operating in the high-
tech field such as engineering centers, startups,
research teams at the Universities, and the institutes
of the Russian Academy of Sciences is of utter
importance. This is an ambitious task, practically
proclaiming that it is important to become twice as
effective to meet the customers’ needs. A digital twin
is a prospective trend for this problem solution.

The concept of a digital twin was proposed by
Michael Grieves, a professor at the University of

DIGITAL TWIN TECHNOLOGY APPLICATION WHILE GAS TURBINE ENGINES
DEVELOPMENT

Koval’ S.N.*, Badernikov A.V.**, Shmotin Yu.N., Pyatunin K.R.

United engine corporation (UEC),
16, Budyonny avenue, Moscow, 105118, Russia

* e-mail: s.koval@uecrus.com
** e-mail: artem.badernikov@uec-saturn.ru

Michigan, back in 2002. As he notes in his work, it
was primarily called the “Mirrored Spaces Model”.

The definition of a digital twin from Greaves can
be found in the same place: “The digital twin is a set
of virtual informational structures that fully describes
potential or actual manufactured goods: from its
atomic functions to geometry. Under ideal
conditions, all the information that can be obtained
from the product can be obtained from its digital
twin”.

Applying digital modelling of high-level
correspondence to real test within the framework of
the “digital twins” technology, as well as standardized
techniques developing for mathematical models
validation and analysis of the computational results
will allow significantly increase the completeness of
comprehension. Besides, It will increase the quality
of field tests, and reduce their volume, and, in some
cases, substitute them by computational
substantiation based on the mathematical models
validated by the results of multiple experiments. As
the result, the possibility originates to reduce the time
and costs of the engine certification.

Despite the fact that almost all gas turbine engine
units and systems can be modeled, the accuracy of
some mathematical models does not yet allow
replacing the tests, but not even ensuring acceptable
accuracy for making a technical decision on the
design change.

Keywords: digital twin technologies, the United
Engine Building Corporation (UEC) digital
transformation projects, mathematical models of the
gas turbine engine (GTE) life cycle stages.
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