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Ââåäåíèå

Ðàçâèòèå áîëüøèõ è ñëîæíûõ òåõíè÷åñêèõ
ñèñòåì, êàêîâûì ÿâëÿåòñÿ è ÀÊ, ïîäâåðæåíî âëè-
ÿíèþ áîëüøîãî ÷èñëà ðàçíîîáðàçíûõ ôàêòîðîâ
âîåííî-ñòðàòåãè÷åñêîãî, íàó÷íî-òåõíè÷åñêîãî,
ïðîèçâîäñòâåííî-ýêîíîìè÷åñêîãî è äð. õàðàêòå-
ðà. Ïðèðîäà ýòèõ ôàêòîðîâ ìîæåò íîñèòü íå òîëü-
êî äåòåðìèíèðîâàííûé (îäíîçíà÷íûå ÷èñëåííûå
çíà÷åíèÿ), íî è ñëó÷àéíûé è íåîïðåäåëåííûé
õàðàêòåð [1].

Ïðè ðàññìîòðåíèè öåëåñîîáðàçíîñòè ðàçâåð-
òûâàíèÿ ðàáîò ïî âûïîëíåíèþ òîãî èëè èíîãî
ïðîåêòà íàðÿäó ñ åãî ôèíàíñîâîé èëè èíîé öåëå-
ñîîáðàçíîñòüþ â îáÿçàòåëüíîì ïîðÿäêå äîëæíà
áûòü îöåíåíà âîçìîæíîñòü ðåàëèçàöèè ýòîãî ïðî-
åêòà. Îñíîâíûå ïîëîæåíèÿ ìåòîäèê îöåíêè ÀÊ íà
ýòàïå âíåøíåãî ïðîåêòèðîâàíèÿ ïîäðîáíî îïèñà-
íû â [1—4].

Ïîä ðåàëèçóåìîñòüþ ïðîåêòà ïîíèìàåòñÿ âîç-
ìîæíîñòü ðåøåíèÿ íåîáõîäèìîãî êîìïëåêñà íà-
ó÷íî-òåõíè÷åñêèõ, ïðîåêòíî-êîíñòðóêòîðñêèõ,
ïðîèçâîäñòâåííî-òåõíîëîãè÷åñêèõ è îðãàíèçàöè-
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Ó÷åò ðèñêîâ ñîçäàíèÿ àâèàöèîííîãî êîìïëåêñà (ÀÊ) ÿâëÿåòñÿ íåîáõîäèìûì ýëåìåíòîì ïðè ñðàâíåíèè âà-
ðèàíòîâ ÀÊ, à òàêæå ïðè îöåíêå ðåàëèçàöèè ïðîãðàììû â öåëîì. Êàê ïðàâèëî, íà ïðåäâàðèòåëüíîì ýòàïå ïðî-
åêòèðîâàíèÿ ðàññìàòðèâàþòñÿ íåñêîëüêî âàðèàíòîâ ÀÊ ñ ðàçëè÷íûìè âàðèàíòàìè îáúåìíî-âåñîâîé è àýðîäè-
íàìè÷åñêîé êîìïîíîâêè, àýðîäèíàìè÷åñêîé ñõåìû, ñèëîâîé óñòàíîâêè. Êàæäîìó âàðèàíòó ÀÊ ñâîéñòâåííû ñâîè
ïðîãíîçèðóåìûå îòêëîíåíèÿ ôàêòîðîâ ðèñêà, êîòîðûå ïðèâîäÿò ê ñîîòâåòñòâóþùèì îòêëîíåíèÿì ëåòíî-òåõíè-
÷åñêèõ õàðàêòåðèñòèê, ïðè ýòîì íåîáõîäèìî êîëè÷åñòâåííî îöåíèòü ðèñê íåâûïîëíåíèÿ òàêòèêî-òåõíè÷åñêîãî
çàäàíèÿ â ÷àñòè ëåòíî-òåõíè÷åñêèõ õàðàêòåðèñòèê. Îïèñàííûé â ñòàòüå ïîäõîä ïîçâîëÿåò êîìïëåêñíî ñðàâíè-
âàòü âàðèàíòû ÀÊ íà íà÷àëüíûõ ýòàïàõ ïðîåêòèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: íåîïðåäåëåííîñòü, ôàêòîðû ðèñêà, ëåòíî-òåõíè÷åñêèå õàðàêòåðèñòèêè, ïðåäâàðèòåëüíîå
ïðîåêòèðîâàíèå ñàìîëåòà.

îííûõ çàäà÷ äëÿ âûïîëíåíèÿ â çàäàííûå ñðîêè
ïîëíîãî îáúåìà ðàáîò, îáåñïå÷èâàþùåãî ñîçäàíèå
íîâîãî èëè ìîäåðíèçèðîâàííîãî ÀÊ â ñîîòâåò-
ñòâèè ñ çàäàííûìè òåõíè÷åñêèìè è ýêñïëóàòàöè-
îííûìè õàðàêòåðèñòèêàìè â óñëîâèÿõ ðåñóðñíûõ
(â ïåðâóþ î÷åðåäü ôèíàíñîâûõ) è âðåìåííûõ îã-
ðàíè÷åíèé.

Îöåíêà ðåàëèçóåìîñòè íàóêîåìêèõ ïðîåêòîâ
âûïîëíÿåòñÿ íà îñíîâå îöåíîê îñíîâíûõ òèïîâ
ðèñêîâ, ïðèñóòñòâóþùèõ ïðè âûïîëíåíèè ïðîåê-
òîâ. Óðîâíè ðèñêîâ ðåàëèçàöèè ïðîãðàììû — ýòî
îöåíèâàåìàÿ âåëè÷èíà âëèÿíèÿ ôàêòîðîâ ðàçëè÷-
íîãî õàðàêòåðà íà èòîãîâûé ðåçóëüòàò ïðîãðàììû
ñ òî÷êè çðåíèÿ äîñòèæåíèÿ öåëåâûõ ïîêàçàòåëåé.
Ãëàâíûì öåëåâûì ïîêàçàòåëåì ðåàëèçàöèè ïðî-
ãðàììû ÿâëÿåòñÿ ñîçäàíèå â óñòàíîâëåííûé ñðîê
âûáðàííîãî âàðèàíòà ÀÊ, âûïîëíÿþùåãî òðåáî-
âàíèÿ òàêòèêî-òåõíè÷åñêîãî çàäàíèÿ (ÒÒÇ).

Íà ðåàëèçóåìîñòü ÀÊ îêàçûâàþò âëèÿíèå
ìíîæåñòâî ôàêòîðîâ, ñðåäè íèõ ìîæíî âûäåëèòü
ñëåäóþùèå îñíîâíûå (ðèñ. 1):

— òåõíè÷åñêàÿ ðåàëèçóåìîñòü;
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— íàó÷íî-òåõíè÷åñêèå âîçìîæíîñòè êîíñòðóê-
òîðñêîãî áþðî (ÊÁ) (îðãàíèçàöèîííî-òåõíè÷åñ-
êàÿ ðåàëèçóåìîñòü ïðîåêòà);

— ïðîèçâîäñòâåííî-òåõíîëîãè÷åñêèå âîçìîæ-
íîñòè;

— ôèíàíñîâàÿ ðåàëèçóåìîñòü.
Ìîäåëü êîìïëåêñíîé îöåíêè íàó÷íûõ ïðîåê-

òîâ ïîäðîáíî îïèñàíà â ðàáîòàõ [5—9]. Îíà ó÷è-
òûâàåò òåõíîëîãè÷åñêóþ, îðãàíèçàöèîííóþ, ôè-
íàíñîâóþ è äðóãèå ñòîðîíû ïðîåêòà. Â íàñòîÿùåå
âðåìÿ äëÿ îöåíêè óðîâíÿ ãîòîâíîñòè òåõíîëîãèè
èñïîëüçóåòñÿ õîðîøî çàðåêîìåíäîâàâøèé ñåáÿ
ïîäõîä, îñíîâàííûé íà ïðèìåíåíèè 9-óðîâíåâîé
øêàëû TRL (Technology Readiness Level) [10] èëè
åå ðîññèéñêîãî àíàëîãà ÓÃÒ (Óðîâåíü Ãîòîâíîñ-
òè Òåõíîëîãèè), ïîçâîëÿþùåé ðàçëè÷íûì ãðóïïàì
ñïåöèàëèñòîâ (ðóêîâîäèòåëÿì, ìåíåäæåðàì, àäìè-
íèñòðàòîðàì, èññëåäîâàòåëÿì, êîíñòðóêòîðàì,
òåõíîëîãàì è ò.ä.) ïîíèìàòü, íàñêîëüêî äàííàÿ
òåõíîëîãèÿ â ñâîåì ðàçâèòèè ïðîäâèíóëàñü îò
íàó÷íîé èäåè äî ïðàêòè÷åñêîãî ïðèìåíåíèÿ.

Íà îñíîâå ìåòîäà TRL áûëà ðàçðàáîòàíà ìå-
òîäîëîãèÿ TPRL (Technology Project Readiness
Level), ó÷èòûâàþùàÿ òàêæå òåõíîëîãè÷åñêóþ
(TRL), ïðîèçâîäñòâåííóþ (MRL), îðãàíèçàöèîí-
íóþ (ORL), ôèíàíñîâóþ (ðûíî÷íóþ) (CRL) ãî-
òîâíîñòü è ò.ä.

Ïðåèìóùåñòâî ýòîé ìåòîäîëîãèè â òîì, ÷òî
ïðè îöåíêå óðîâíÿ ãîòîâíîñòè ïðîåêòîâ èñïîëü-
çóþòñÿ íå òîëüêî êðèòåðèè, õàðàêòåðèçóþùèå òîò
èëè èíîé óðîâåíü ãîòîâíîñòè (êàê ýòî ïðèíÿòî â
ìåòîäå TRL), íî è äîêóìåíòû, íà îñíîâàíèè êî-
òîðûõ ïîäòâåðæäàåòñÿ âûïîëíåíèå äàííûõ êðè-
òåðèåâ, ïðè÷åì ýòà îöåíêà äåëàåòñÿ íåçàâèñèìûìè
ýêñïåðòàìè.

Ïîñòàíîâêà çàäà÷è

Èñïîëüçîâàíèå îïèñàííûõ âûøå ìåòîäèê ïðè
êîìïëåêñíîì ñðàâíåíèè ÀÊ äîëæíî ïðîèçâîäèòü-
ñÿ ñîâìåñòíî ñ ó÷åòîì ðåàëèçóåìîñòè ëåòíî-òåõ-
íè÷åñêèõ õàðàêòåðèñòèê (ËÒÕ) ñàìîëåòà. Íàïðè-
ìåð, îäíèì èç êðèòåðèåâ Z ïðè ñðàâíåíèè ÀÊ
ÿâëÿåòñÿ êðèòåðèé ýôôåêòèâíîñòü – ñòîèìîñòü
(Ý/Ñ). Îäíàêî ïðè íàëè÷èè ôàêòîðîâ, íîñÿùèõ íå
òîëüêî äåòåðìèíèðîâàííûé õàðàêòåð, íî è ñëó÷àé-
íûé, ýòîò êðèòåðèé äîëæåí áûòü äîïîëíåí ïîêà-
çàòåëåì ðåàëèçóåìîñòè R çàÿâëåííûõ ïàðàìåòðîâ
ýôôåêòèâíîñòè – â òîì ÷èñëå è ëåòíî-òåõíè÷åñ-
êèõ õàðàêòåðèñòèê:

Ý
.

Ñ
Z R= ◊

Ïîä ðåàëèçóåìîñòüþ ËÒÕ ïîíèìàåòñÿ âåðîÿò-
íîñòü äîñòèæåíèÿ çàÿâëåííûõ â ÒÒÇ ëåòíî-òåõíè-
÷åñêèõ õàðàêòåðèñòèê, è ýòîò êðèòåðèé äîëæåí
òàêæå ó÷èòûâàòüñÿ ïðè ôîðìèðîâàíèè îáëèêà ëå-
òàòåëüíîãî àïïàðàòà (ËÀ).

Äëÿ îïðåäåëåíèÿ âåðîÿòíîñòè äîñòèæåíèÿ
ËÒÕ íåîáõîäèìî îáëàäàòü çàêîíîì ðàñïðåäåëåíèÿ
êàæäîé õàðàêòåðèñòèêè, ïðè÷åì íà ýòîò çàêîí
îêàçûâàþò âëèÿíèå ðàñïðåäåëåíèÿ âõîäíûõ ïàðà-
ìåòðîâ. Â ðàáîòå [9] îïèñàíû ïîäõîäû ê îïðåäå-
ëåíèþ çàêîíà ðàñïðåäåëåíèÿ ËÒÕ. Ó÷åò âëèÿíèÿ
íåîïðåäåëåííîñòåé ïàðàìåòðîâ ËÀ íà ËÒÕ îòðà-
æåí â ðàáîòàõ [11—23], ÷òî òàêæå ïîäòâåðæäàåò
àêòóàëüíîñòü ðàññìàòðèâàåìîé çàäà÷è.

Ìåòîäû ðåøåíèÿ

Ðåøåíèå ïîñòàâëåííîé çàäà÷è îñóùåñòâëÿåò-
ñÿ ñ èñïîëüçîâàíèåì ìàòåìàòè÷åñêîãî àïïàðàòà
òåîðèè âåðîÿòíîñòè, íà îñíîâå êîòîðîãî íåîáõî-
äèìî ïîëó÷èòü ôîðìóëüíûå çàâèñèìîñòè, ñâÿçû-
âàþùèå ÷àñòíûå èçìåíåíèÿ çàêîíîâ ðàñïðåäåëå-
íèÿ ïàðàìåòðîâ ëåòàòåëüíîãî àïïàðàòà ñ èçìåíå-
íèåì çàêîíîâ ðàñïðåäåëåíèÿ åãî ËÒÕ. Ïîëó÷åí-
íûå çàâèñèìîñòè ïîçâîëÿò ñîñòàâèòü ìåõàíèçì
ó÷åòà ðèñêîâ ðåàëèçàöèè ËÒÕ ËÀ ïðè ôîðìèðî-
âàíèè åãî îáëèêà.

Îòêëîíåíèå ïàðàìåòðîâ ïðîåêòèðóåìûõ ïîä-
ñèñòåì îò çàäàííûõ íîìèíàëüíûõ çíà÷åíèé ïðî-
èñõîäèò â ðåçóëüòàòå âîçäåéñòâèÿ ìíîæåñòâà ñëó-
÷àéíûõ ôàêòîðîâ. Â òàêèõ ñëó÷àÿõ çàêîí ðàñïðå-
äåëåíèÿ ñîîòâåòñòâóþùèõ ïàðàìåòðîâ ìîæíî ñ÷è-
òàòü áëèçêèì ê íîðìàëüíîìó, íî ñ îãðàíè÷åííû-
ìè ïðåäåëàìè. Âñåãäà ìîæíî óñòàíîâèòü ãðàíèöû,
çà ïðåäåëû êîòîðûõ äàííûé ïàðàìåòð íè ïðè êà-
êèõ ðàçóìíûõ óñëîâèÿõ âûéòè íå ìîæåò.

Ðàñïðåäåëåíèå âõîäíûõ ïàðàìåòðîâ ìîæíî
ïîëó÷èòü íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ, ìà-
òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ, à òàêæå ìåòîäîì
ýêñïåðòíûõ îöåíîê, ò. å. èñïîëüçóÿ îïûò ñïåöè-
àëèñòîâ ïîäðàçäåëåíèé ÊÁ.

Òàê êàê íà âûäåëåííûå ôàêòîðû ðèñêà âîçäåé-
ñòâóåò ìíîæåñòâî ñëó÷àéíûõ ñîáûòèé, çàêîí ðàñ-
ïðåäåëåíèÿ ýòèõ ôàêòîðîâ ïðèìåì íîðìàëüíûì.
Ãëàâíàÿ îñîáåííîñòü íîðìàëüíîãî çàêîíà ðàñïðå-
äåëåíèÿ â òîì, ÷òî îí ÿâëÿåòñÿ ïðåäåëüíûì çàêî-
íîì, ê êîòîðîìó ïðèáëèæàþòñÿ äðóãèå çàêîíû
ðàñïðåäåëåíèÿ ïðè âåñüìà ÷àñòî âñòðå÷àþùèõñÿ
òèïè÷íûõ óñëîâèÿõ.

Çàêîíû ðàñïðåäåëåíèÿ âõîäíûõ ïàðàìåòðîâ
îãðàíè÷èì òðåìÿ ñðåäíåêâàäðàòè÷åñêèìè îòêëî-
íåíèÿì (ïî ïðàâèëó òðåõ ñèãì). Â ýòîì ñëó÷àå
âåðîÿòíîñòü òîãî, ÷òî ñëó÷àéíàÿ âåëè÷èíà îêàæåò-
ñÿ âíóòðè óñòàíîâëåííûõ ãðàíèö, ñîñòàâëÿåò
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0,9973. Òî åñòü âåðîÿòíîñòü òîãî, ÷òî ñëó÷àéíàÿ
âåëè÷èíà îòêëîíèòñÿ îò ñâîåãî ìàòåìàòè÷åñêîãî
îæèäàíèÿ íà âåëè÷èíó, áîëüøóþ ÷åì óòðîåííîå
ñðåäíåå êâàäðàòè÷íîå îòêëîíåíèå, ïðàêòè÷åñêè
ðàâíà íóëþ.

Ðåàëèçóåìîñòü ëåòíî-òåõíè÷åñêèõ õàðàêòåðèñòèê

Âåðîÿòíîñòü äîñòèæåíèÿ çàäàííîãî â ÒÒÇ çíà-
÷åíèÿ ðàâíà îïðåäåëåííîìó èíòåãðàëó â ïðåäåëàõ
îò Xòòç äî Õmax äëÿ ËÒÕ, îïðåäåëÿåìûõ ïî ïðèí-

öèïó áîëüøå-ëó÷øå (ïîòîëîê, ñêîðîïîäúåìíîñòü,
âðåìÿ áàððàæèðîâàíèÿ è ò.ä. (ðèñ. 2 è 3):

( ) ( )
max

òòç

.
Õ

X

P f x d x= Ú

Äëÿ ËÒÕ, îñíîâàííûõ íà ïðèíöèïå ìåíüøå-
ëó÷øå (âðåìÿ ðàçãîíà, äëèíà ðàçáåãà è ò.ä.), âå-
ðîÿòíîñòü ðàññ÷èòûâàåòñÿ â ïðåäåëàõ îò Xmin äî
Xòòç:

( ) ( )
òòç

min

;
Õ

X

P f x d x= Ú

( )
( )2

22

2
,

1
F

F

x m

F

f x e σ

σ π

- -

=

ãäå f (x) – íîðìàëüíûé çàêîí ðàñïðåäåëåíèÿ ëåò-
íî-òåõíè÷åñêîé õàðàêòåðèñòèêè.

Ðèñ. 2. Âåðîÿòíîñòü äîñòèæåíèÿ çàäàííîé äàëüíîñòè ïîëåòà

Ðèñ. 3. Îïðåäåëåíèå âåðîÿòíîñòè äîñòèæåíèÿ çíà÷åíèÿ
ËÒÕ, çàäàííîãî â ÒÒÇ
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Ïîëó÷èâ âîçìîæíûå îòêëîíåíèÿ ïàðàìåòðîâ
ìîæíî îïðåäåëèòü ñîîòâåòñòâóþùèå îòêëîíåíèÿ
ËÒÕ ïðè èõ ñîâìåñòíîì âëèÿíèè.

Â ðàáîòå Å.Ñ. Âåíòöåëü [24] ïðèâîäèòñÿ òåî-
ðåòè÷åñêîå îáîñíîâàíèå òîãî ôàêòà, ÷òî ïðè êîì-
ïîçèöèè íîðìàëüíûõ çàêîíîâ ðàñïðåäåëåíèÿ âå-
ëè÷èíà F èìååò òàêæå íîðìàëüíûé çàêîí, ïðè÷åì
ìàòåìàòè÷åñêèå îæèäàíèÿ è äèñïåðñèè (èëè êâàä-
ðàòû âåðîÿòíûõ îòêëîíåíèé) ñóììèðóþòñÿ. Òî
åñòü åñëè èìååòñÿ n íåçàâèñèìûõ ñëó÷àéíûõ âå-

ëè÷èí (ñèìâîëîì « » îáîçíà÷åíû âåëè÷èíû â îò-
íîñèòåëüíîì âèäå):

21, , ,, na a aº

ïîä÷èíåííûõ íîðìàëüíûì çàêîíàì ðàñïðåäåëåíèÿ
ñ öåíòðàìè ðàññåèâàíèÿ

21
, ,...ˆ ˆ ˆ,

na a aM M MΔ Δ Δ

è ñðåäíèìè êâàäðàòè÷åñêèìè îòêëîíåíèÿìè (ÑÊÎ)

21
ˆ ˆ ˆ, ,..., ,

na a aσ σ σ

òî âåëè÷èíà ˆ
jF  òàêæå ïîä÷èíåíà íîðìàëüíîìó çà-

êîíó. Ïðèìåíÿÿ òåîðåìû î ìàòåìàòè÷åñêîì îæè-
äàíèè è äèñïåðñèè ëèíåéíîé ôóíêöèè, à òàêæå

ó÷èòûâàÿ, ÷òî âåëè÷èíû 21, , , na a aº  íåêîððåëè-

ðîâàíû, ïîëó÷èì:

_
1

ˆ ˆ ;
j i j i

n

F a F a
i

M k MΔ Δ
=

=Â

2 2 2
_

1

ˆ ˆ , 
j i j i

n

F a F a
i

kσ σ
=

=Â

ãäå ˆ
jFMΔ  – ñìåùåíèå ìàòåìàòè÷åñêîãî îæèäàíèÿ

j-é ëåòíî-òåõíè÷åñêîé õàðàêòåðèñòèêè îòíîñè-
òåëüíî ðàññ÷èòàííîãî çíà÷åíèÿ;

ˆ
iaMΔ – ñìåùåíèå ìàòåìàòè÷åñêîãî îæèäàíèÿ

ïàðàìåòðà ài (â ïðîöåíòàõ) îòíîñèòåëüíî ðàññ÷è-
òàííîãî (ïðèíÿòîãî) çíà÷åíèÿ;

ˆ
iaσ  – ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå

ôàêòîðîâ ðèñêà;

ˆ
jFσ – ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå j-é

ËÒÕ;

_i ja Fk  – êîýôôèöèåíò âëèÿíèÿ i-ãî ïàðàìåò-

ðà íà j-þ ËÒÕ.
Èç îïèñàííîãî âûøå ìîæíî ñäåëàòü âûâîä,

÷òî ïðè ñîâìåñòíîì âëèÿíèè n íåçàâèñèìûõ ñëó-
÷àéíûõ âåëè÷èí (ïåðâè÷íûõ ôàêòîðîâ ðèñêà) íà
èçìåíåíèå ËÒÕ êâàäðàòû âåðîÿòíûõ îòêëîíåíèé
áóäóò ñóììèðîâàòüñÿ.

Ïåðåõîäÿ îò ïðîöåíòíîãî èçìåíåíèÿ ËÒÕ â
÷èñëîâûå çíà÷åíèÿ, ïîëó÷èì ñëåäóþùèå ôîðìó-
ëû äëÿ ïàðàìåòðîâ çàêîíà ðàñïðåäåëåíèÿ ËÒÕ:

0

0 0 0
1

ˆ ˆ1 ;

j j

j iF ij

F j F

n

F a a
i

M F M

F F M F k M

Δ

Δ Δ
=

= + =

Ê ˆ
= + ◊ = + ◊Á ˜Ë ¯

Â

 2 2

1

ˆ ˆ .
j j j j iF ij

n

F F F F a a
i

M M kσ σ σ
=

= ◊ = ◊◊ Â

Êîýôôèöèåíòû âëèÿíèÿ _i ja Fk  äëÿ ðàññìàòðè-

âàåìûõ ËÒÕ ìîãóò áûòü ïîëó÷åíû èç ôîðìóë äè-
íàìèêè ïîëåòà ËÀ. Ïàðàìåòðû çàêîíà ðàñïðåäå-
ëåíèÿ ËÒÕ  F  ïðè ñîâìåñòíîì âëèÿíèè ôàêòî-
ðîâ ðèñêà ài ïîêàçàíû íà ðèñ. 4.

Äëÿ òîãî ÷òîáû ïàðèðîâàòü ðèñê íåäîñòèæåíèÿ
ËÒÕ, íåîáõîäèìî íàéòè ìíîæåñòâî èçìåíåíèé
ïàðàìåòðîâ ai, ïðåäñòàâëÿþùåå ñîáîé íàïðàâëå-
íèå äîðàáîòêè ÀÊ äëÿ äîñòèæåíèÿ ËÒÕ ñ óñòàíîâ-
ëåííîé âåðîÿòíîñòüþ. Íàëè÷èå ýòîãî ìíîæåñòâà
ïîçâîëÿåò ðàçðàáîò÷èêàì ÀÊ âûáðàòü îïòèìàëü-
íîå íàïðàâëåíèå äîðàáîòêè ïðîåêòîâ äëÿ äîñòè-
æåíèÿ çàäàííûõ â ÒÒÇ çíà÷åíèé ËÒÕ.

Äëÿ íàõîæäåíèÿ ýòîãî ìíîæåñòâà ñîñòàâèì äëÿ
êàæäîãî èç ðàññìàòðèâàåìûõ âàðèàíòîâ ÀÊ ñëå-
äóþùóþ ñèñòåìó íåðàâåíñòâ:

1

2

1 _
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_
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;

;
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                     (1)

ãäå 
1 2 3, ,ˆ ˆ ˆF F FΔ Δ Δ  — ðàçíèöà ìåæäó çàäàííûìè â

ÒÒÇ ËÒÕ è çíà÷åíèåì ËÒÕ, äîñòèãàåìûì ñ òðå-
áóåìûì óðîâíåì âåðîÿòíîñòè;
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iaΔ  — ïðèðàùåíèÿ íåçàâèñèìûõ äðóã îò äðó-

ãà ïàðàìåòðîâ ËÀ (ôàêòîðû ðèñêà).
Ðåøåíèåì ñèñòåìû íåðàâåíñòâ ÿâëÿåòñÿ ìíî-

æåñòâî 21, , , na a aΔ Δ Δº , ïîçâîëÿþùåå îïðåäåëèòü

îïòèìàëüíîå íàïðàâëåíèå äîðàáîòêè ïðè íåñîîò-
âåòñòâèè çàÿâëåííûõ ËÒÕ òðåáóåìûì (ðèñ. 5), à
òàêæå âûäåëèòü ïðè ïðîåêòèðîâàíèè íåîáõîäèìûå
çàïàñû íà çíà÷åíèÿ ïàðàìåòðîâ.

Ïîòðåáíîå èçìåíåíèå ËÒÕ â îòíîñèòåëüíîì
âèäå áóäåò ðàâíî:

0

0 0

òòçˆ ,j jj F F

j
j j

F F M ZF
F

F F

Δ σΔΔ
- - -

= =        (2)

Ðèñ. 4. Ïàðàìåòðû íîðìàëüíîãî çàêîíà ðàñïðåäåëåíèÿ ôàêòîðîâ ðèñêà è ËÒÕ

Ðèñ. 5. Íåîáõîäèìîå ðàñïîëîæåíèå çàêîíà ðàñïðåäåëåíèÿ ËÒÕ äëÿ ñîîòâåòñòâèÿ òðåáîâàíèÿì ÒÒÇ

ãäå Fòòç – çíà÷åíèå j-é ËÒÕ, çàäàííîå â ÒÒÇ;
Z – êîëè÷åñòâî ñðåäíèõ êâàäðàòè÷åñêèõ îòêëî-

íåíèé (ÑÊÎ).
Êîëè÷åñòâî ÑÊÎ (ðèñ. 6) õàðàêòåðèçóåò çíà-

÷åíèå óñòàíîâëåííîãî óðîâíÿ âåðîÿòíîñòè. Íåêî-
òîðûå çíà÷åíèÿ Z è ñîîòâåòñòâóþùèå èì óðîâíè
âåðîÿòíîñòè ïðèâåäåíû â òàáëèöå.

Ïîäñòàâèâ ïàðàìåòðû çàêîíîâ ðàñïðåäåëåíèÿ
ôàêòîðîâ ðèñêà, ïîëó÷èì ñëåäóþùóþ ôîðìóëó:
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Ðèñ. 6. Áëîê-ñõåìà ôîðìèðîâàíèÿ îáëèêà ÀÊ
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Ïîëó÷èâ ìíîæåñòâî çíà÷åíèé naΔ , ëèöî, ïðè-

íèìàþùåå ðåøåíèå (êîíñòðóêòîðñêèé êîëëåêòèâ,
ãëàâíûé êîíñòðóêòîð), âûáèðàåò ðàöèîíàëüíîå
íàïðàâëåíèå äëÿ äîâîäêè ðàññìàòðèâàåìûõ âàðè-
àíòîâ ÀÊ. Îáùàÿ ñõåìà ïîñëåäîâàòåëüíîñòè äåé-
ñòâèé ïîêàçàíà íà ðèñ. 6.

Ðåøåíèÿ, ïðèíèìàåìûå äëÿ âûïîëíåíèÿ òðå-
áîâàíèé ÒÒÇ â ÷àñòè ËÒÕ, êàñàþòñÿ íå òîëüêî
ËÒÕ. Îíè ìîãóò îêàçûâàòü âëèÿíèå íà ôèíàíñî-
âóþ, âðåìåííóþ, òåõíîëîãè÷åñêóþ ñòîðîíû ïðî-
åêòà. Íàïðèìåð, óìåíüøåíèå ìàññû ìîæåò ïðè-
âåñòè ê óâåëè÷åíèþ ñòîèìîñòè êîíñòðóêöèè è
ñðîêîâ åå ñîçäàíèÿ, äîâîäêà àýðîäèíàìè÷åñêèõ
õàðàêòåðèñòèê – ñòîèìîñòè è ñðîêîâ íàó÷íî-èñ-
ñëåäîâàòåëüñêîé ðàáîòû â öåëîì è òàê äàëåå.

Åñëè ïîñëå äîðàáîòêè ðàññìàòðèâàåìûõ âàðè-
àíòîâ ÀÊ òðåáîâàíèÿ ÒÒÇ â ÷àñòè ËÒÕ íå âûïîë-
íÿþòñÿ ñ ïðèåìëåìûì óðîâíåì âåðîÿòíîñòè (è
ïðè ýòîì ñèíòåç àëüòåðíàòèâíûõ âàðèàíòîâ ÀÊ
íåâîçìîæåí ïî ïðè÷èíå ôèíàíñîâûõ, òåõíîëîãè-
÷åñêèõ, âðåìåííûõ èëè äðóãèõ îãðàíè÷åíèé), òî
íà çàùèòå ýòàïà ÀÏ äîëæíî áûòü ïðèíÿòî ðåøå-
íèå î âíåñåíèè êîððåêòèðîâîê â ÒÒÇ, òàê êàê â
ïðîòèâíîì ñëó÷àå åãî òðåáîâàíèÿ áóäóò íå âûïîë-
íèìû. Ýòè êîððåêòèðîâêè ìîãóò êàñàòüñÿ êàê ËÒÕ
ÀÊ, òàê è äðóãèõ òðåáîâàíèé.

Ïîëó÷åííûå íà îñíîâå àïïàðàòà òåîðèè âåðî-
ÿòíîñòè ôîðìóëû (2) è (3) óñòàíàâëèâàþò ñâÿçü
ìåæäó ïîòðåáíûì èçìåíåíèåì ËÒÕ è ïàðàìåòðà-
ìè çàêîíîâ ðàñïðåäåëåíèÿ ôàêòîðîâ ðèñêà.

Ïðåäñòàâëåííàÿ ìåòîäèêà ñîäåðæèò â ñâîåì
àëãîðèòìå ñóùåñòâóþùèå ìåòîäèêè ôîðìèðîâà-
íèÿ îáëèêà, à ó÷åò ðèñêîâ äîñòèæåíèÿ çàäàííûõ
â ÒÒÇ ËÒÕ ÿâëÿåòñÿ äîïîëíèòåëüíûì ìîäóëåì ê
èìåþùèìñÿ ìåòîäèêàì, êîòîðûé ïîçâîëÿåò îöå-

íèâàòü ðèñê ðåàëèçàöèè ËÒÕ è ó÷èòûâàòü ýòè ðèñ-
êè íåïîñðåäñòâåííî ïðè ôîðìèðîâàíèè îáëèêà
ËÀ.

Âûâîäû

Ó÷åò ðèñêîâ ñîçäàíèÿ ÀÊ ÿâëÿåòñÿ íåîáõîäè-
ìûì ýëåìåíòîì ïðè ñðàâíåíèè âàðèàíòîâ ÀÊ, à
òàêæå ïðè îöåíêå ðåàëèçàöèè ïðîãðàììû â öåëîì.
Îïèñàííûé â ñòàòüå ïîäõîä ó÷åòà ðèñêîâ ñîçäà-
íèÿ ÀÊ íà ðàííèõ ýòàïàõ ðàçðàáîòêè ïîçâîëÿåò
îöåíèòü âåðîÿòíîñòü ðåàëèçàöèè ïðîãðàììû â
÷àñòè äîñòèæåíèÿ àâèàöèîííûì êîìïëåêñîì ëåò-
íî-òåõíè÷åñêèõ õàðàêòåðèñòèê. Ïðåäëîæåííûé
àëãîðèòì ïîçâîëÿåò ó÷èòûâàòü ðèñêè äîñòèæåíèÿ
çàäàííûõ ËÒÕ íåïîñðåäñòâåííî ïðè ôîðìèðîâà-
íèè îáëèêà ÀÊ.

Ïðèìåíåíèå ðåçóëüòàòîâ äàííîãî èññëåäîâà-
íèÿ äëÿ äîïîëíåíèÿ îáùåé ìåòîäèêè ïîçâîëÿåò
êîìïëåêñíî ñðàâíèòü âàðèàíòû ÀÊ ïðè âîçäåé-
ñòâèè âåðîÿòíîñòíûõ (ñëó÷àéíûõ) ôàêòîðîâ.
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Abstract

When considering practicality of works unfurling
on one or another project implementation, the
possibility of this project realization should be assessed
mandatory along with its financial or other feasibility
assessing.

The project realizability is understood as the
capability of solving the necessary set of scientific and
technical, planning and design, production and
technological and organizational tasks to fulfill due-
by-date the full scope of works, ensuring creation of
a new or modernized aviation complex (AC).

A great variety of factors affects the AC
realizability. The following basic factors can be
outlined among them:

- Technical realizability;
- Scientific and technical capabilities of the design

bureau (organizational and technical realizability of
the project);

- Production and technological capabilities;
- Financial feasibility.
The realizability assessment of science-intensive

projects is performed on the based on assessments of
the main types of risks present while the projects
implementation. Risk levels of a program
implementation are the estimated value of the factors
of various nature impact on the end result of the
program in terms of the target indicators achieving.
The main target indicator for the program
implementation is of the selected version of the AÑ
timely creation, meeting the requirements of the
tactical and technical assignment (TTA).

The state-of-the-art techniques application for the
complex comparison of the aircraft should be
performed in conjunction with the aircraft flight
performance (AP) realizability. The flight performance
realizability is understood as the probability of
achieving the flight performance characteristics
declared in the design specifications. To determine the
probability of the AP achieving, knowledge of a
distribution law for each characteristic is necessary,

AN APPROACH TO THE PROBABILITY DETERMINING OF THE SPECIFIED
FLIGHT PERFORMANCE ACHIEVING, AND ACCOUNT FOR RISK FACTORS

WHILE AN AIRCRAFT APPEARANCE FORMING
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Moscow Aviation Institute (National Research University), MAI,
4, Volokolamskoe shosse, Moscow, 125993, Russia
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** e-mail: laushin.d@yandex.ru

and these laws are affected herewith by the distribution
of the input parameters. The input parameters
distribution can be obtained based on statistical data,
mathematical modeling, as well as by the expert
assessments method. As far as the highlighted risk
factors are being affected by many random events, the
distribution law of these factors is assumed to be
normal. The main feature of the normal distribution
law is that it is a limiting law, which is being
approached by other distribution laws under rather
frequently encountered typical conditions. The
presented technique includes in its algorithm the first
technique for the appearance forming, and accounting
for the risks of the AP achieving specified in the design
specfications is an additional module to the existing
techniques. This module allows assessing the risk of
flying performance realization and account for these
risks directly while the aircraft appearance forming.
The obtained formulas establish interrelation between
the required flight performance changes and
parameters of distribution laws of the risk factors.

The account for the risks of the AC creating is a
necessary element when comparing the AC options,
as well as while assessing the program implementation
as a whole. The approach described in the article to
the accounting for the risks of an aircraft creating at
the early stages of development allows assessing the
likelihood of the program implementation in terms of
achieving flight performance by the aviation complex.

This study results application to supplement the
general technique allows complex comparison of the
AC options under the impact of the probabilistic
(random) factors.

Keywords: uncertainty, risk factors, flight
performance, aircraft preliminary design.
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