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Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

Ðàçâèòèå àâèàöèîííî-êîñìè÷åñêîé ïðîìûø-
ëåííîñòè íåâîçìîæíî áåç âíåäðåíèÿ ñîâðåìåííûõ
îáðàçöîâ âûñîêîýôôåêòèâíûõ ýíåðãåòè÷åñêèõ ñè-
ñòåì (ÝÑ) íîâîãî ïîêîëåíèÿ. Èçâåñòíî, ÷òî ðàçðà-
áîòêà è ñîçäàíèå íîâîé òåõíèêè, â òîì ÷èñëå ÝÑ
â àâèàöèîííîé è êîñìè÷åñêîé îòðàñëè, ïðèâîäèò
ê íåîáõîäèìîñòè ïðèíÿòèÿ êîìïðîìèññíûõ îïòè-
ìàëüíûõ èëè ðàöèîíàëüíûõ êîíñòðóêòîðñêèõ è
òåõíîëîãè÷åñêèõ ðåøåíèé [15]. Ïðè ýòîì îáÿçà-
òåëüíî ðåøåíèå çàäà÷ îáåñïå÷åíèÿ çàäàííîãî óðîâ-
íÿ áåçîïàñíîñòè, íàäåæíîñòè, ýêîíîìè÷íîñòè è
ýôôåêòèâíîñòè, à òàêæå ìèíèìàëüíûõ ìàòåðèàëü-
íûõ çàòðàò ïðè ñîçäàíèè è îñâîåíèè ÝÑ [13,14].
Êðîìå òîãî, ïåðåä ðàçðàáîò÷èêîì âñåãäà ñòîèò òðå-
áîâàíèå ñîîòâåòñòâèÿ ïðîãíîçà òåõíè÷åñêîãî îáëè-
êà ðàçðàáàòûâàåìîé ÝÑ ðåàëüíîìó îáðàçöó. Òåõíè-
÷åñêèé îáëèê — ñîâîêóïíîñòü ïàðàìåòðè÷åñêèõ,
êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ðåøåíèé, îò-
ðàæàþùèõ íàèáîëåå ñóùåñòâåííûå îñîáåííîñòè
îáðàçöà ñèñòåìû [1—6]. Ðåøåíèþ óêàçàííûõ çàäà÷
è âûïîëíåíèþ îòìå÷åííûõ òðåáîâàíèé äîëæåí ïî-
ìî÷ü èíæåíåðíûé ïîäõîä íà áàçå ñòàòèñòè÷åñêî-
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Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 16.10.2019

Ðàññìîòðåíà ýíåðãåòè÷åñêàÿ ñèñòåìà (ÝÑ) â îáùåì âèäå, êàê ìåõàíè÷åñêàÿ ìàøèíà ïðåîáðàçîâàíèÿ âõîäíîé
ýíåðãèè â ïîëåçíóþ ðàáîòó. Ïðåäñòàâëåíû ìåòîäîëîãè÷åñêèå îñíîâû ïðîãíîçà îñíîâíûõ ïîêàçàòåëåé òåõíè÷åñ-
êîãî îáëèêà ÝÑ ìåòîäàìè ìàòåìàòè÷åñêîé ñòàòèñòèêè. Ïîêàçàíî, ÷òî äëÿ ëþáûõ ÝÑ âîçìîæíà ðàçðàáîòêà óíè-
âåðñàëüíîãî ñïåöèàëüíîãî ñòàòèñòè÷åñêîãî êðèòåðèÿ, êîòîðûé îáúåäèíÿåò â ñåáå âñå ýêñïëóàòàöèîííûå ïàðàìåòðû
â âèäå ìíîãîïàðàìåòðè÷åñêîé íåðàçðûâíîé ôóíêöèè  è ìîæåò áûòü íàçâàí êðèòåðèåì òåõíè÷åñêîãî ïðîãíîçà.
Ïðèâåäåí àëãîðèòì ñîñòàâëåíèÿ è ðàñ÷¸òà ñïåöèàëüíîãî êðèòåðèÿ â îáùåì âèäå. Äëÿ äåìîíñòðàöèè ïðàâîìåð-
íîñòè ââåäåíèÿ ñïåöèàëüíîãî êðèòåðèÿ äàåòñÿ ïðèìåð ðàñ÷¸òà ïðîãíîçà òåõíè÷åñêîãî îáëèêà ÝÑ â îáùåì âèäå.

Êëþ÷åâûå ñëîâà: òåõíè÷åñêèé îáëèê, ñïåöèàëüíûé ñòàòèñòè÷åñêèé êðèòåðèé, ñòàòèñòè÷åñêèé ïðîãíîç, ìàòå-
ìàòè÷åñêàÿ ìîäåëü, ìíîãîïàðàìåòðè÷åñêàÿ ôóíêöèÿ, ýêñòðåìàëüíàÿ çàäà÷à îïòèìèçàöèè.

ãî àíàëîãîâîãî ìåòîäà ïðèíÿòèÿ ðåøåíèé ïðè ñî-
çäàíèè ïåðñïåêòèâíîé òåõíèêè [10, 15]. Ñóòü óêà-
çàííîãî ìåòîäà â òîì, ÷òî ïðè ñîçäàíèè ïåðñïåê-
òèâíîé òåõíèêè ïðîâîäèòñÿ ãëóáîêèé àíàëèç è
ñèíòåç ïîëåé ñòàòèñòè÷åñêèõ êîíñòðóêòèâíûõ è
ýíåðãåòè÷åñêèõ äàííûõ âûáðàííûõ àíàëîãîâ è
ïðîòîòèïîâ ÝÑ ñîãëàñíî ïàðàìåòðàì òåõíè÷åñêèõ
òðåáîâàíèé (ÒÒ) ê ðàçðàáîòêå ïî ðåêîìåíäàöèÿì
ðàáîò [15—17]. Íàïðèìåð, äëÿ ÝÑ îáùåãî âèäà ýòî:
âûõîäíàÿ ìîùíîñòü — NÝÑ  â Âò (êàê ïîêàçàòåëü
òåðìîäèíàìè÷åñêîãî ñîâåðøåíñòâà ÝÑ), êîòîðàÿ
îïðåäåëåíà ìàòåìàòè÷åñêîé ìîäåëüþ (ÌÌ); ìàñ-
ñà —  ÌÝÑ â êã è ãàáàðèòíûå ðàçìåðû — VÝÑ =
= Sïð ÝÑLïð ÝÑ â ì3 (êàê ïîêàçàòåëè êîíñòðóêòèâíî-
ãî, ìàòåðèàëîâåä÷åñêîãî è òåõíîëîãè÷åñêîãî ñî-
âåðøåíñòâà) âõîäÿùèõ â ïîëå ñòàòèñòè÷åñêèõ äàí-
íûõ. Ñòðóêòóðíàÿ ñõåìà îñíîâíûõ âûõîäíûõ ïà-
ðàìåòðîâ ÝÑ îáùåãî âèäà ïðåäñòàâëåíà íà ðèñ. 1.

Ïðè ðàçðàáîòêå ïåðñïåêòèâíîé ÝÑ âûäâèãàåò-
ñÿ îáùåïðèíÿòîå òðåáîâàíèå ïîëó÷åíèÿ ìàêñè-
ìàëüíîé âûõîäíîé ýíåðãèè ïðè ìèíèìàëüíûõ èëè
ðàöèîíàëüíûõ çíà÷åíèÿõ ìàññû è ãàáàðèòíûõ ðàç-
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ìåðàõ. Íà÷àëüíûé ýòàï ïðîãíîçà òåõíè÷åñêîãî
îáëèêà ÝÑ íîâîãî ïîêîëåíèÿ ñâÿçàí ñ áîëüøîé
òðóäî¸ìêîñòüþ îöåíîê âûõîäíûõ ïàðàìåòðîâ ïî
ïðèíÿòûì ðàñ÷¸òíûì ÌÌ, êîòîðûå äîëæíû îáëà-
äàòü âûñîêèì óðîâíåì àäåêâàòíîñòè ê ïàðàìåòðàì
ðåàëüíîãî èçäåëèÿ. Ýòî ïðèâîäèò ê óâåëè÷åíèþ
ñòîèìîñòè ðàçðàáîòêè, îáùèõ ñðîêîâ ñîçäàíèÿ è
âíåäðåíèÿ íîâîé òåõíèêè [14, 15]. Ïî ìíåíèþ àâ-
òîðîâ ðàáîòû, ðåøåíèå ïîñòàâëåííîé íàó÷íîé
ïðîáëåìû ëåæèò â ïëîñêîñòè ïîñòàíîâêè è ðåøå-
íèÿ ýêñòðåìàëüíîé çàäà÷è îïòèìèçàöèè ñîîòíîøå-
íèÿ ìåæäó îñíîâíûìè óêàçàííûìè âûøå âûõîä-
íûìè ïàðàìåòðàìè ñîçäàâàåìîé ÝÑ íîâîãî ïîêî-
ëåíèÿ. Ðåøåíèå ïðîáëåìû îñíîâûâàåòñÿ íà èñ-
ïîëüçîâàíèè ìåòîäîâ ïðèêëàäíîé ìàòåìàòè÷åñêîé
ñòàòèñòèêè è îïòèìèçàöèè îæèäàåìûõ âûõîäíûõ
ïàðàìåòðîâ ÝÑ ñ ïîâûøåííûìè ýíåðãåòè÷åñêèìè
è îïòèìàëüíûìè ìàññîâî-ãàáàðèòíûìè õàðàêòåðè-
ñòèêàìè.

Ïîñòàâëåííàÿ íàó÷íàÿ ïðîáëåìà ïðèâîäèò ê
ôîðìóëèðîâêå öåëè èññëåäîâàíèé äàííîé ðàáîòû:
ðàçðàáîòêà ìåòîäîëîãèè îïðåäåëåíèÿ ïðîãíîçà îá-
ëèêà íîâîé ÝÑ íà îñíîâàíèè ââåäåíèÿ ñïåöèàëü-
íîãî ñòàòèñòè÷åñêîãî êðèòåðèÿ â âèäå ìíîãîïàðà-
ìåòðè÷åñêîé ôóíêöèè ñ êîíå÷íûì ÷èñëîâûì çíà-
÷åíèåì.

1. Ìåòîäîëîãèÿ äîñòèæåíèÿ öåëè
è çàäà÷è èññëåäîâàíèÿ

Ïðîâåäåì ìîðôîëîãè÷åñêèé àíàëèç ñõåìû,
ïðèâåäåííîé íà ðèñ. 1. Äëÿ ýòîãî â êîíñòðóêöèè
ðàçðàáàòûâàåìîé ÝÑ âûäåëèì ãðóïïó îñíîâíûõ
êîíñòðóêòèâíûõ ïðèçíàêîâ, íàïðèìåð ýëåìåíò
ïðåîáðàçîâàíèÿ ýíåðãèè, äðóãèå óçëû ñ ìàññîâû-
ìè è îáú¸ìíûìè (ãàáàðèòíûìè) õàðàêòåðèñòèêà-
ìè êîíñòðóêòèâíûõ ýëåìåíòîâ è óçëîâ [1]. Ëþáàÿ

ÝÑ îáùåãî âèäà, êàê ìåõàíè÷åñêàÿ ìàøèíà, ñîäåð-
æèò êîðïóñ çàäàííîãî «êîíñòðóêòèâíîãî» îáú¸ìà,
â êîòîðîì óñòàíàâëèâàþòñÿ âñå ýëåìåíòû è êîíñò-
ðóêòèâíûå óçëû, âêëþ÷àÿ ñèñòåìó àâòîìàòè÷åñêîãî
óïðàâëåíèÿ. Ïðè ýòîì â ëþáîé ÝÑ ìîæíî âûäå-
ëèòü êîíñòðóêòèâíûé ýëåìåíò, ïðèíÿòûé â êà÷å-

ñòâå îñíîâíîãî, ñ ìàññîé î.ýëM  è «êîíñòðóêòèâ-

íûì» îáú¸ìîì î.ýëV . Òîãäà ìàññîâî-îáú¸ìíûå õà-

ðàêòåðèñòèêè ÝÑ áóäóò îïðåäåëÿòüñÿ çàâèñèìîñ-
òÿìè:

— ìàññà ÝÑ
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ψ Â= ◊ +                (1)

— «êîíñòðóêòèâíûé» îáú¸ì ÝÑ â ñîñòàâå îá-
ùåãî èçäåëèÿ, íàïðèìåð ëåòàòåëüíîãî àïïàðàòà:
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ôóíêöèè â âèäå çàâèñèìîñòåé àïïðîêñèìàöèè ñòà-
òèñòè÷åñêèõ äàííûõ, ñîñòàâëåííûõ ïî ìàññîâûì è
îáú¸ìíûì õàðàêòåðèñòèêàì óçëîâ àíàëîãîâûõ ÝÑ
â çàâèñèìîñòè îò âûáðàííîãî îáùåãî ïàðàìåòðà,
îïðåäåëÿþùåãî ðàáî÷èå ïðîöåññû ÝÑ (ð);

î.ýë
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Mi

M
p

M
μ =  è 
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V
p

V
μ =  — ïðèâåäåííûé

ìàññîâûé è îáú¸ìíûé êîýôôèöèåíòû i-ãî êîíñò-
ðóêòèâíîãî ýëåìåíòà ìàññîé Mi è îáú¸ìîì Vi â ñî-

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà îñíîâíûõ âûõîäíûõ ïàðàìåòðîâ ÝÑ îáùåãî âèäà (Sïð ÝÑ, Lïð ÝÑ — ïðèâåäåííûå ïëî-
ùàäü ìèäåëÿ è äëèíà ñèñòåìû)
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ñòàâå ÝÑ; 1,0Mψ ≥  è 1,0Vψ ≥  — ñòàòèñòè÷åñêèå

êðèòåðèè ïðèíÿòèÿ îïòèìàëüíûõ êîíñòðóêòîðñêèõ
è òåõíîëîãè÷åñêèõ ðåøåíèé, êîòîðûå ïîëó÷åíû íà
îñíîâàíèè îáðàáîòêè ïîëåé ñòàòèñòè÷åñêèõ ýêñï-
ëóàòàöèîííûõ äàííûõ ÝÑ, âûáðàííûõ â êà÷åñòâå
àíàëîãîâûõ è ðàññ÷èòàííûõ ïî ìåòîäèêå ðàáîòû
[15].

Òàêèì îáðàçîì, ñòàâèòñÿ çàäà÷à ñîñòàâëåíèÿ è
ñèñòåìíîãî èññëåäîâàíèÿ óíèâåðñàëüíîãî ñòàòèñ-
òè÷åñêîãî ñïåöèàëüíîãî êðèòåðèÿ ñòàòèñòè÷åñêîãî
ïðîãíîçà (äàëåå êðèòåðèé) îïòèìàëüíîãî îáëèêà ÝÑ
íîâîãî ïîêîëåíèÿ, îòâå÷àþùåãî òðåáîâàíèÿì ìà-
òåìàòè÷åñêîãî îïðåäåëåíèÿ êðèòåðèÿ êàê ñòàöèî-
íàðíîé êîíå÷íîé ÷èñëîâîé âåëè÷èíû [6—11, 24].

Ââåä¸ì êðèòåðèé ïðîãíîçà ïåðâè÷íîãî îïòè-
ìàëüíîãî îáëèêà ÝÑ â âèäå ñîîòíîøåíèÿ
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Çäåñü ÝÑ ÝÑ( , , )N kN f p xη=  — ïðèíÿòàÿ ãëîáàëüíàÿ

ÌÌ ðàñ÷¸òà âûõîäíûõ ýíåðãåòè÷åñêèõ ïàðàìåòðîâ

ÝÑ, ãäå ÝÑη  — ÊÏÄ ñèñòåìû; xk, k = 1, 2, 3,..., n,

n — ÷èñëî íåçàâèñèìûõ ðàñ÷¸òíûõ è ýêñïåðèìåí-
òàëüíûõ ïàðàìåòðîâ — àðãóìåíòîâ ãëîáàëüíîé ÌÌ
ÝÑ.

Ôèçè÷åñêîé ñóùíîñòüþ ââåä¸ííîãî ñïåöèàëü-
íîãî êðèòåðèÿ (3) ÿâëÿåòñÿ îïðåäåëåíèå òîãî,
ñêîëüêî ìîæíî ïîëó÷èòü ñ åäèíèöû ìàññû ðàçðà-
áàòûâàåìîé ÝÑ íîâîãî ïîêîëåíèÿ âûõîäíîé ìîù-
íîñòè, ïðèâåäåííîé ê «êîíñòðóêòèâíîìó» îáú¸ìó,

ò.å. ñ «êîíñòðóêòèâíîé» ïëîòíîñòüþ 
ÝÑ

ÝÑ

ÝÑ
N

N

V
ρ = ,

êÂò/ì3.
Ââåä¸ííûé êðèòåðèé ÿâëÿåòñÿ ñòàöèîíàðíîé

ìíîãîïàðàìåòðè÷åñêîé íåðàçðûâíîé ôóíêöèåé
íåçàâèñèìûõ àðãóìåíòîâ: ñòàòèñòè÷åñêèõ, ðàñ÷¸ò-
íûõ è ýêñïåðèìåíòàëüíûõ ïàðàìåòðîâ ãëîáàëüíîé
ÌÌ ÝÑ è ïðè çàäàííûõ àðãóìåíòàõ ïðèíèìàåò êî-
íå÷íîå ÷èñëîâîå çíà÷åíèå

ÝÑóä ÝÑ î.ýë î.ýë( , , , , ) ,kM f M V p x Mη= =       (4)

÷òî îòâå÷àåò ìàòåìàòè÷åñêèì òðåáîâàíèÿì ïîíÿ-
òèÿ «êðèòåðèé» [10—12, 24].

Òàêèì îáðàçîì, íàõîæäåíèå ýêñòðåìóìà êðè-
òåðèÿ â âèäå (3) íåðàçðûâíîé ìíîãîïàðàìåòðè÷åñ-
êîé ôóíêöèè (4) ñâîäèòñÿ ê ðåøåíèþ ýêñòðåìàëü-

íîé çàäà÷è îïòèìèçàöèè èçâåñòíûìè ìàòåìàòè÷åñ-
êèìè ìåòîäàìè [18—24]. Ïðè çàäàííîé ÒÒ ìèíè-
ìàëüíîé èëè íåîáõîäèìîé ïðèâåäåííîé ìàññå ÝÑ

â âèäå ñïåöèàëüíîãî êðèòåðèÿ 
ÝÑóä o.min çàä[ ]M  ïðå-

äîñòàâëÿåòñÿ âîçìîæíîñòü îäíîçíà÷íîãî íàõîæäå-
íèÿ çíà÷åíèé âñåõ íåçàâèñèìûõ ïàðàìåòðîâ, îïðå-
äåëÿþùèõ êðèòåðèé. Â êîíå÷íîì èòîãå ðåøåíèå
ïîñòàâëåííîé ýêñòðåìàëüíîé çàäà÷è ïðèâîäèò ê
îïðåäåëåíèþ îäíîçíà÷íîãî îïòèìàëüíîãî ïðîãíî-
çà òåõíè÷åñêîãî îáëèêà ÝÑ íîâîãî ïîêîëåíèÿ íà
ýòàïå ýñêèçíîãî ïðîåêòèðîâàíèÿ ïðè ìèíèìàëü-
íûõ çàòðàòàõ âðåìåíè è èíòåëëåêòóàëüíîãî òðóäà.
Ïðè ýòîì â åäèíèöó ðàáî÷åãî âðåìåíè ìîæíî
ïðåäëîæèòü áîëüøå âàðèàíòîâ ïåðâè÷íîãî ïðîãíî-
çà òåõíè÷åñêîãî îáëèêà ÝÑ íîâîãî ïîêîëåíèÿ äëÿ
ïðîâåäåíèÿ ïîñëåäóþùåãî ñèñòåìíîãî àíàëèçà.

2. Ìåòîäîëîãèÿ è àëãîðèòì ðåøåíèÿ çàäà÷è
íàõîæäåíèÿ ìèíèìóìà ââåäåííîãî êðèòåðèÿ

Íàõîæäåíèå ìèíèìóìà ââåäåííîãî ñïåöèàëü-
íîãî êðèòåðèÿ — óíèâåðñàëüíîé ôóíêöèîíàëüíîé
ìíîãîïàðàìåòðè÷åñêîé ôóíêöèè ñ íåçàâèñèìûìè
àðãóìåíòàìè â âèäå ôóíêöèîíàëüíîé çàâèñèìîñ-
òè (4) — ïðèâîäèò ê íàõîæäåíèþ îäíîçíà÷íûõ
ïåðâè÷íûõ ïàðàìåòðîâ, îïðåäåëÿþùèõ îïòèìàëü-
íûé ñòàòèñòè÷åñêèé ïðîãíîç òåõíè÷åñêîãî îáëèêà
âíîâü ñîçäàâàåìîé ÝÑ íà áàçå ãëóáîêîãî àíàëèçà
è îáðàáîòêè ïîëåé ñòàòèñòè÷åñêèõ êîíñòðóêòèâíûõ
äàííûõ ÝÑ, âûáðàííûõ â êà÷åñòâå àíàëîãîâ. Îá-
ùàÿ ÷àñòíàÿ ïðîèçâîäíàÿ ôóíêöèè (4) ïðèâîäèò-
ñÿ ê âèäó

ν

η

η

ÝÑ ÝÑ

ÝÑ ÝÑ ÝÑ ÝÑ

óä óä

î.ýë î.ýë ÝÑ 1 2 î.ýë

óä óä óä óä

1î.ýë ÝÑ

...

0.

k

n
k

k

M M

M V p x x x M

M M M M

V p x=

∂ ∂
= +

∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂

∂ ∂ ∂ ∂
+ + + + fi

∂ ∂ ∂ ∂Â
 
(5)

Çäåñü ïîä çíàêîì ñóììèðîâàíèÿ ÷àñòíûå ïðîèç-
âîäíûå íàõîäÿòñÿ ïîñðåäñòâîì äèôôåðåíöèðîâà-
íèÿ ôóíêöèè (4) ïî êàæäîìó íåçàâèñèìîìó àðãó-

ìåíòó: î.ýë î.ÝÑ ÝÑ, , ,M V pη  è ïàðàìåòðàì ãëîáàëüíîé

ÌÌ xk ïðè k = 1, 2, 3,..., n ñ âûïîëíåíèåì óñëîâèÿ,
÷òî âñå îñòàëüíûå íåçàâèñèìûå àðãóìåíòû ðàñ-
ñìàòðèâàþòñÿ êàê ïîñòîÿííûå, «çàìîðîæåííûå»
âåëè÷èíû. Äèôôåðåíöèðîâàíèå çàâèñèìîñòè (4)
ïðîèçâîäèòñÿ ïî âñåì íåçàâèñèìûì èñêîìûì ïà-
ðàìåòðàì N. Íà îñíîâàíèè (5) ñîñòàâëÿåòñÿ ñèñòå-
ìà íåëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé (6), ðå-
øåíèå êîòîðîé íàõîäèòñÿ èçâåñòíûìè ãðàäèåíòíû-
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ìè ìåòîäàìè [18—24]. Òîãäà ðåøåíèå ïîñòàâëåí-
íîé ýêñòðåìàëüíîé çàäà÷è ìîæíî ñâåñòè ê ðåøå-
íèþ ñèñòåìû íåëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíå-
íèé ìåòîäîì, íàïðèìåð, «íàèñêîðåéøåãî ñïóñêà»:

ÝÑ

ÝÑ

ÝÑ

ÝÑ

ÝÑ

óä

î.ýë ýñ
î.ýñ

óä

î.ýë ýñ
î.ýñ

óä

î.ýë î.ýë
ýñ

óä

î.ýë î.ýë ýñ

óä

î.ýë î.ýë ýñ 1
1

( , , , ) 0;

( , , , ) 0;

( , , , ) 0;

( , , , , ) 0;

( , , , , ) 0;

..........................

k

k

k

k

k
k

M
f V p x

M

M
f M p x

V

M
f M V p x

M
f M V p x

p

M
f M V p x

x

η

η

η

η

η -
=

∂
= fi

∂

∂
= fi

∂

∂
= fi

∂

∂
= fi

∂

∂
= fi

∂

ÝÑóä

î.ýë î.ýë ýñ

..

( , , , , ) 0.k n
k n

M
f M V p x

x
η -

=

Ï
Ô
Ô
Ô
Ô
Ô
Ô
Ô
Ô
Ô
Ô
ÔÔ
Ì
Ô
Ô
Ô
Ô
Ô
Ô
Ô
Ô
Ô
∂Ô

= fiÔ ∂ÔÓ

   (6)

Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ ìåòîäà «íàè-
ñêîðåéøåãî ñïóñêà» (ðàçíîâèäíîñòü ãðàäèåíòíîãî
ìåòîäà) ïîêàçàíà íà ðèñ. 2. Äëÿ íàãëÿäíîñòè ïðè-
âåäåíà ñõåìà äëÿ ôóíêöèè äâóõ àðãóìåíòîâ x1 è x2,

ò.å. óä 1 2( , )M x x  ïðè îñòàëüíûõ «çàìîðîæåííûõ». Â
äàííîì ñëó÷àå ãðàäèåíòíûé ñïóñê ïîêàçàí ïî àð-
ãóìåíòó x1 ïðè 2x fi  «çàìîðîæåííîì», òàê êàê
ïðîñòðàíñòâåííî ïðåäñòàâëåíèå çàäà÷è ïðè ðàç-
ìåðíîñòè áîëüøå òðåõ íåâîçìîæíî.

Èäåÿ ìåòîäà «íàèñêîðåéøåãî ñïóñêà» çàêëþ÷à-
åòñÿ â òîì, ÷òîáû îñóùåñòâëÿòü ðåøåíèå ýêñòðå-
ìàëüíîé çàäà÷è â íàïðàâëåíèè îïòèìàëüíîãî âåê-

òîðà ñïóñêà iL


. Íàïðàâëåíèå âåêòîðà çàäà¸òñÿ àí-

òèãðàäèåíòîì

[ ] [ ] [ ]
óä óä: ( ), 0,j k k j k

i iM x M xλ λ-— - ◊— <

ãäå [ 1]k
ix +   óòî÷íÿåòñÿ íà êàæäîé èòåðàöèè; —  —

îïåðàòîð äèôôåðåíöèðîâàíèÿ.
Àëãîðèòì ðåøåíèÿ ýêñòðåìàëüíîé çàäà÷è:
øàã 1 — âûáèðàåì íà÷àëüíîå ïðèáëèæåíèå äëÿ

êàæäîãî íåçàâèñèìîãî ïàðàìåòðà â âèäå:

0 0
1 1 ;...; ,n nx x x x= =

ãäå 0
ix  — íà÷àëüíûå çíà÷åíèÿ äîëæíû áûòü â ïîëå

ðåàëüíûõ çíà÷åíèé âûáðàííîãî ïàðàìåòðà ðàáî÷å-
ãî öèêëà (p) ÝÑ;

øàã 2 — âûïîëíÿåì äàëåå ðÿä ïðèáëèæåíèé

[1, 2,..., ], ,k m m NŒ Œ

ãäå

[ 1] [ ] [ ] [ ]
óä ( );k k k j k

n i ix x M xλ+ = - ◊—

øàã 3 — íàïðàâëåíèå «íàèñêîðåéøåãî ñïóñêà»
áóäåò íàéäåíî ïðè

( )[ ] [ ] [ ] [ ]
îïò óä óäarg min ( ) ,k j k k j k

i iM x M xλ λ= - ◊—

[ 1] 1kλ = <  âûáèðàåòñÿ ïðîèçâîëüíî ïðè k = 1, íî â
äðîáíîì ìàñøòàáå íåçàâèñèìîãî ïàðàìåòðà xi;

øàã 4 — óñëîâèå îñòàíîâà àëãîðèòìà ïî àðãó-
ìåíòó xi ïðèíèìàåò âèä

[ 1] min
óä óä.çàä 4 5

[ 1]
óä

( )
( 10 10 ).

( )

j k j
i

j k
i

M x M

M x
ε ε

+
- -

+

-
£ = ∏    (7)

Îïûò ïðîâåäåííûõ ðàñ÷åòîâ ïî ïðåäëàãàåìîìó
àëãîðèòìó ïîêàçûâàåò, ÷òî ðåøåíèå ýêñòðåìàëüíîé
çàäà÷è, â äàííîì ñëó÷àå ïîèñê ìèíèìóìà êðèòå-
ðèÿ

η
ÝÑóä ÝÑ î.ýë î.ýë

min
óä 1 2 óä.çàä

( , , , , )

( , ,... ) ,

k

j j
n

M f M V p x

M x x x M

= =

= fi

çàêàí÷èâàåòñÿ ïðè íåáîëüøîì ÷èñëå èòåðàöèé. Íà

êàæäîì øàãå [k]λ   âûáèðàåòñÿ òàê, ÷òîáû ñëåäóþ-
ùàÿ èòåðàöèÿ áûëà òî÷êîé ìèíèìóìà ôóíêöèè

*min *
óä 1min( ,...)jM x  íà âåêòîðå iL


 (ñì. àëãîðèòì øàã

3 è ðèñ. 2) [19].
Â ðàññìàòðèâàåìîé ïîñòàíîâêå ýêñòðåìàëüíîé

çàäà÷è îïòèìèçàöèè âåëè÷èíà óäåëüíîé ìàññû ÝÑ

min
óä.çàä
jM  è ìîùíîñòü ÝÑ ÝÑ( , , )kN p xη  çàäàíû ÒÒ íà

ðàçðàáîòêó è ãëîáàëüíîé ÌÌ ÝÑ íîâîãî ïîêîëå-
íèÿ. Ïðèâåäåííûé âûøå àëãîðèòì ïîçâîëÿåò îä-
íîçíà÷íî íàéòè âñå íåîáõîäèìûå ïàðàìåòðû ðàáî-
÷åãî öèêëà ÝÑ íîâîãî ïîêîëåíèÿ â âèäå

* * *
1 2, ,... òx x x , êîòîðûå îïðåäåëÿþò îïòèìàëüíîå çíà-

÷åíèå êðèòåðèÿ â âèäå ñîîòíîøåíèÿ (4). Ïîëó÷åí-

(N
  

óð
àâ

í
åí

è
é

)
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íûå ïàðàìåòðû * * * * *
ÝÑ î.ýë î.ýë, , , , kM V p xη , ñîîòâåò-

ñòâóþùèå óñëîâèþ (7), îïðåäåëÿþò îïòèìàëüíûé
ïðîãíîç òåõíè÷åñêîãî îáëèêà ÝÑ íîâîãî ïîêîëå-
íèÿ ïî ïðåäëîæåííîìó êðèòåðèþ, â ñèëó îäíî-
çíà÷íîñòè àðãóìåíòîâ íåðàçðûâíîé ôóíêöèè (4),
ñ çàäàííîé òî÷íîñòüþ.

3. Äîêàçàòåëüñòâî ïðàâîìåðíîñòè
ââåäåíèÿ êðèòåðèÿ

Äëÿ äîêàçàòåëüñòâà ïðàâîìåðíîñòè ââåäåíèÿ
êðèòåðèÿ â ôîðìå (3) ïðèâåä¸ì ðàñ÷¸òíûé ïðèìåð.
Äîïóñòèì, ÷òî ñòàâèòñÿ çàäà÷à ðàçðàáîòêè ÝÑ íî-
âîãî ïîêîëåíèÿ ñ ïîâûøåííûìè âûõîäíûìè ýíåð-
ãåòè÷åñêèìè è îïòèìàëüíûìè ìàññîâî-îáú¸ìíû-
ìè êîíñòðóêòèâíûìè õàðàêòåðèñòèêàìè. Íàì èç-
âåñòíû ðåçóëüòàòû ñòàòèñòè÷åñêîãî àíàëèçà ìàññî-
âûõ è ãàáàðèòíûõ õàðàêòåðèñòèê ÝÑ, âûáðàííûõ
â êà÷åñòâå àíàëîãîâûõ, â âèäå çàâèñèìîñòåé àïï-
ðîêñèìàöèè ïî âûáðàííîìó ïàðàìåòðó (p), õàðàê-
òåðèçóþùèõ ðàáî÷èå ïðîöåññû ÝÑ. Äëÿ ïðîñòîòû
èçëîæåíèÿ ìàòåðèàëà âûáåðåì çàâèñèìîñòè (ëèíèè
òðåíäà) â ëèíåéíîé àïïðîêñèìàöèè:

— äëÿ ìàññîâûõ õàðàêòåðèñòèê

( ) ( )
ñòÝÑ î.ýë î.ýë1 ( ) 1 ;M m mM M p M a p bμ Â= + = + + (8)

— äëÿ êîíñòðóêòèâíûõ îáúåìíûõ õàðàêòåðèñòèê

( ) ( )
ñòÝÑ î.ýë î.ýë1 ( ) 1 ,v v vV V p V a p bμ Â= + = + +    (9)

ãäå íà÷àëüíûå ïàðàìåòðû î.ýëM  è î.ýëV  çàäàíû, à

êîýôôèöèåíòû ai è bi èçâåñòíû.
Òîãäà ïðè ïðèíÿòîé ãëîáàëüíîé ÌÌ ðàñ÷åòà

ìîùíîñòè ÝÑ êðèòåðèé â ôîðìå (3) ïðåîáðàçóåò-
ñÿ ê âèäó

( )

( )

η

η

ÝÑ ÝÑ

ÝÑ

óä î.ýë î.ýë

î.ýë

ÝÑ

î.ýë

( , , , , )

1 )
,

( , , )

1 )

k

m m

k

v v

M M V p x

M a p b

N p x

V a p b

=

+ +
=
Ê ˆ
Á ˜

+ +Ë ¯

          (10)

ãäå 
ÝÑî.ýë î.ýë, , , , kM V p xη  — íåçàâèñèìûå àðãóìåí-

òû ÷èñëîì N.
Ðåøåíèå ýêñòðåìàëüíîé çàäà÷è ïðîâîäèì ïî

èçëîæåííîìó âûøå àëãîðèòìó ïðè çàäàííîì çíà-

÷åíèè min
óä.çàä
jM  (ñì. ñîîòíîøåíèå (7)) è èçâåñòíîé

ãëîáàëüíîé ÌÌ ðàñ÷åòà ýíåðãåòè÷åñêèõ ïàðàìåò-
ðîâ ðàçðàáàòûâàåìîé ÝÑ íîâîãî ïîêîëåíèÿ. Îòìå-
òèì, ÷òî ïðåäñòàâëåííûé ïðèìåð íîñèò õàðàêòåð
êà÷åñòâåííîãî ðàñ÷åòà îïòèìàëüíîãî ïðîãíîçà òåõ-
íè÷åñêîãî îáëèêà âíîâü ñîçäàâàåìîé ÝÑ îáùåãî
âèäà. Òàê êàê ãðàôè÷åñêîå ïðåäñòàâëåíèå ýêñòðå-
ìàëüíîé çàäà÷è ïðè ðàçìåðíîñòè áîëüøå òð¸õ íå-
âîçìîæíî, îãðàíè÷èìñÿ êðèòåðèåì âèäà

ÝÑóä î.ýë( , )M M p  ïðè çàäàííîì î.ýëV  è èçâåñòíîé

ãëîáàëüíîé ðàñ÷åòíîé ÌÌ ÝÑ ÝÑ ÝÑ( , , ).kN f p xη=

Ðèñ. 2. Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ ìåòîäà «íàèñêîðåéøåãî ñïóñêà» íà ïðèìåðå èçìåíåíèÿ ïî îäíîìó ïàðà-
ìåòðó â íàïðàâëåíèè ñïóñêà ïî x1 = var, x2,..., xn = const
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Íà ðèñ. 3 ïðåäñòàâëåíî ðåøåíèå òðåõìåðíîé
ýêñòðåìàëüíîé çàäà÷è íàõîæäåíèÿ

ÝÑóä î.ýë î.ýë( , , , ) minkM f M V p x= fi

â âèäå 3D-ãðàôèêà, ãäå ïðèíÿòî, ÷òî ãëîáàëüíàÿ
ÌÌ âûõîäíîé ìîùíîñòè ÝÑ èçâåñòíà è èìååò óï-
ðîùåííûé âèä:

( )
0

ÝÑ ÝÑ 3

2
ÝÑ

( , , )

.

k

N N N N

N f p x

A a p b p C

η

η

+= =

= + +           (11)

Ïðîâåäåííûé àíàëèç 3D-ïîâåðõíîñòè íà ðèñ. 3
ïîêàçûâàåò, ÷òî â äàííûõ óñëîâèÿõ ðåøåíèÿ ýêñò-
ðåìàëüíîé çàäà÷è ïîëó÷åíà îãðàíè÷åííàÿ êîíóñ-
íàÿ ïîâåðõíîñòü ñ ÿâíûì âûðàæåíèåì ìèíèìàëü-
íûõ çíà÷åíèé, îáîçíà÷åííûõ ïðÿìîé ëèíèåé. Ñî-
âîêóïíîñòü ìèíèìàëüíûõ çíà÷åíèé

ÝÑóä î.ýë î.ýë ÝÑ 3( , , , , ) minkM f M V p xη += fi

ïîëó÷åíà ïî àëãîðèòìó, ïðåäñòàâëåííîìó âûøå,

ïðè çíà÷åíèÿõ ïàðàìåòðîâ-àðãóìåíòîâ: 
ÝÑ 0,95;η =

0
1,0;NA =  0,98;Na = -  13,1;Nb =  150,08,NC =  ãäå

0
[ , , , ].k N N N Nx A a b CŒ  Ïðè ýòîì ïîëó÷åíû ýêâèäè-

ñòàíòíûå ïëîñêèå ïîâåðõíîñòè ïî ïàðàìåòðó «êîí-

ñòðóêòèâíîãî» îáúåìà î.ýë VarV =  (ðèñ. 3, îáîçíà-

÷åíèå ïë. α   ñ ïëîñêèì ãðàôèêîì ïî ëèíèè

À-Â). Ïîëó÷åííûé ðåçóëüòàò óêàçûâàåò íà âîçìîæ-
íîñòü ñâåäåíèÿ ðåøåíèÿ ýêñòðåìàëüíîé çàäà÷è ê
îïòèìèçàöèè â äâóìåðíîé ïîñòàíîâêå ïî âûáðàí-
íîìó îáîáùåííîìó ïàðàìåòðó (p) ïðè çàäàííûõ îñ-
òàëüíûõ âåëè÷èíàõ íåçàâèñèìûõ àðãóìåíòîâ. Äàí-
íûé ôàêò ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè ðàñ÷åòîâ,
ïðåäñòàâëåííûõ â âèäå ãðàôèêîâ íà ðèñ. 4.

Íà ãðàôèêàõ ðèñ. 4 âèäíî, ÷òî èçìåíåíèå ââå-
äåííîãî êðèòåðèÿ ðàçðàáàòûâàåìîé ÝÑ îáùåãî
âèäà ïðè ôèêñèðîâàííîé óñëîâíîé ìàññå

î.ýëM = 1.0 è èçìåíåíèè óñëîâíîãî «êîíñòðóêòèâ-

íîãî» îáúåìà î.ýë VarV =  ïðèâîäèò ê óâåëè÷åíèþ

îïòèìàëüíîãî çíà÷åíèÿ êðèòåðèÿ 
ÝÑóäM  îò 0,41 äî

0,46, ò.å. ïðèìåðíî íà 10,9% ïðè ðàñ÷åòíîé ïî ÌÌ
âûõîäíîé ìîùíîñòè (11). Ïðè ýòîì óñëîâíûé
«êîíñòðóêòèâíûé» îáú¸ì ÝÑ ìåíÿåòñÿ íà 13% äëÿ
îïòèìàëüíîé âåëè÷èíû ïàðàìåòðà ð ≈ 6,77.

Êðîìå òîãî, ââåäåííûé êðèòåðèé ïîçâîëÿåò
èññëåäîâàòü èçìåíåíèÿ (óòî÷íåíèÿ), ò.å. êîððåêòè-
ðîâàòü àäåêâàòíîñòü ãëîáàëüíîé ÌÌ ÝÑ ðåàëüíîìó
îáðàçöó. Äëÿ ïðèâåäåííîãî âûøå ïðèìåðà äîïóñ-
òèì, ÷òî â ãëîáàëüíîé ÌÌ áûë óòî÷í¸í íåçàâèñè-
ìûé ïàðàìåòð bN íà 12,08% è îí ïðèíÿë çíà÷åíèå:
bN = 14,9. Ðåçóëüòàòû èçìåíåíèÿ êðèòåðèÿ äëÿ äàí-
íîãî ñëó÷àÿ ïðèâåäåíû íà ðèñ. 5.

Ðèñ. 3. Âèä ðåøåíèÿ òð¸õìåðíîé ýêñòðåìàëüíîé çàäà÷è 
ÝÑóä î.ýë( , )M M p  îïðåäåëåíèÿ îïòèìàëüíûõ çíà÷åíèé êðè-

òåðèÿ äëÿ ÝÑ îáùåãî âèäà ïðè [0,1 15] Var;p Œ - =  çàäàííîì «êîíñòðóêòèâíîì» îáú¸ìå âûáðàííîãî îñíîâíîãî óçëà

î.ýñ [1,0 3,0] VarV Œ - = è ìàññå î.ýñ 1,0 constM = =  ýòîãî æå óçëà êîíñòðóêöèè
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Ðèñ. 4. Ãðàôèê çàâèñèìîñòè êðèòåðèÿ èçìåíåíèÿ óñëîâíîãî

«êîíñòðóêòèâíîãî» îáúåìà î.ýë VarV =  ðàçðàáàòûâàåìîé ÝÑ

îáùåãî âèäà ïðè ôèêñèðîâàííîé óñëîâíîé ìàññå î.ýë 1,0M =

Ïðîâåäåííûé àíàëèç ãðàôèêîâ ðèñ. 5 ïîêàçû-
âàåò, ÷òî óòî÷íåíèå ãëîáàëüíîé ÌÌ ðàçðàáàòûâà-
åìîé ÝÑ ïðèâîäèò, ïðè òåõ æå ìàññîâûõ è îáú¸ì-
íûõ (ãàáàðèòíûõ) õàðàêòåðèñòèêàõ, ê óìåíüøåíèþ
êðèòåðèÿ íà 6,09%. Èçìåíåíèå ïðèíÿòîãî îáîá-

ùåííîãî îïòèìàëüíîãî ïàðàìåòðà p îò 6,5 äî
7,6 ñî ñäâèãîì âïðàâî óêàçûâàåò íà íåîáõîäè-
ìîñòü ïðîâåäåíèÿ äîïîëíèòåëüíîãî àíàëèçà
îïèñàííûõ ÌÌ ðàáî÷èõ ïðîöåññîâ â ñîçäàâà-
åìîé ÝÑ.

Òàêèì îáðàçîì, ââåäåííûé ñòàòèñòè÷åñ-
êèé ñïåöèàëüíûé êðèòåðèé (ñì. ôîðìóëû (3)
è (4)), õàðàêòåðèçóþùèé îïòèìàëüíûé ïðî-
ãíîç òåõíè÷åñêîãî îáëèêà ÝÑ íîâîãî ïîêîëå-
íèÿ ðàçëè÷íîãî òèïà è íàçíà÷åíèÿ, ïîçâîëÿ-
åò ïðîâîäèòü ñèñòåìíûå âñåñòîðîííèå èññëå-
äîâàíèÿ ýêñïëóàòàöèîííûõ ïàðàìåòðîâ ñèñòå-
ìû. Ïðè ýòîì ïîÿâëÿåòñÿ âîçìîæíîñòü ïðî-
ãíîçèðîâàòü îïòèìàëüíûé òåõíè÷åñêèé îáëèê
ÝÑ íà ñòàäèè ýñêèçíîãî ïðîåêòèðîâàíèÿ ïî
çàäàííîìó ÒÒ, ÷òî ñóùåñòâåííî ñíèæàåò ìà-
òåðèàëüíûå, èíòåëëåêòóàëüíûå è âðåìåííûå
çàòðàòû ïðè ñîçäàíèè îáðàçöîâ íîâîé òåõíè-
êè.

Âûâîäû

1. Íà îñíîâàíèè ïðîâåäåííîãî ìîðôîëî-
ãè÷åñêîãî àíàëèçà ñîñòàâà ÝÑ îáùåãî âèäà
âïåðâûå ïðåäëîæåí è ñèíòåçèðîâàí óíèâåð-
ñàëüíûé ñïåöèàëüíûé ñòàòèñòè÷åñêèé êðèòå-
ðèé, êîòîðûé ïîçâîëÿåò íà ñòàäèè ýñêèçíîãî
ïðîåêòèðîâàíèÿ ïðîãíîçèðîâàòü òåõíè÷åñêèé
îáëèê ÝÑ íîâîãî ïîêîëåíèÿ ñ îïòèìàëüíûìè
âûõîäíûìè ýíåðãåòè÷åñêèìè è ìàññîâî-
îáú¸ìíûìè (ãàáàðèòíûìè) êîíñòðóêòèâíûìè
õàðàêòåðèñòèêàìè ñ âûñîêîé àäåêâàòíîñòüþ
ðåàëüíîìó èçäåëèþ.

2. Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïðîâå-
äåííûõ èññëåäîâàíèé ïîêàçûâàåò, ÷òî ïðè ñî-
çäàíèè ïåðñïåêòèâíîé ÝÑ ñóùåñòâóåò íàñòî-
ÿòåëüíàÿ íåîáõîäèìîñòü ïðîâåäåíèÿ ãëóáîêî-
ãî ñòàòèñòè÷åñêîãî èññëåäîâàíèÿ ýêñïëóàòà-
öèîííûõ äàííûõ óñïåøíûõ àíàëîãîâûõ ÝÑ
äëÿ âûÿâëåíèÿ îáúåêòèâíîãî ïðîãíîçà ðàçâè-
òèÿ ñèñòåì çàäàííîãî òèïà â áóäóùåì.

3. Ïîêàçàíî, ÷òî òî÷íîñòü ïðîãíîçèðîâà-
íèÿ òåõíè÷åñêîãî îáëèêà ÝÑ íîâîãî ïîêîëå-
íèÿ çàâèñèò îò äîñòîâåðíîñòè ïðåäøåñòâóþ-
ùåãî ãëóáîêîãî ñòàòèñòè÷åñêîãî àíàëèçà ïî-
ëåé ýêñïëóàòàöèîííûõ äàííûõ ÝÑ, ïðèíÿòûõ
â êà÷åñòâå àíàëîãîâûõ.

4. Ïðåäñòàâëåííûé â ðàáîòå ñïåöèàëüíûé
êðèòåðèé ïîçâîëÿåò ñïðîãíîçèðîâàòü îïòèìàëüíûé
òåõíè÷åñêèé îáëèê ÝÑ íà ñòàäèè ýñêèçíîãî ïðî-
åêòèðîâàíèÿ ñ âûñîêîé ñòåïåíüþ ñîîòâåòñòâèÿ
çàäàííûì ÒÒ, ÷òî ñóùåñòâåííî ñíèæàåò ìàòåðè-
àëüíûå è èíòåëëåêòóàëüíûå âðåìåííûå çàòðàòû íà
ðàçðàáîòêó.

Ðèñ. 5. Èçìåíåíèå êðèòåðèÿ çà ñ÷¸ò óòî÷íåíèÿ ãëîáàëüíîé
ÌÌ ÝÑ íîâîãî ïîêîëåíèÿ
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5. Ðàçðàáîòàííûé ñïåöèàëüíûé êðèòåðèé ïî-
çâîëÿåò â åäèíèöó âðåìåíè èíòåëëåêòóàëüíîãî òðó-
äà ïðåäëîæèòü áîëüøå âàðèàíòîâ ïðîãíîçà òåõíè-
÷åñêîãî îáëèêà ïåðñïåêòèâíîé ÝÑ äëÿ ïðîâåäåíèÿ
ñèñòåìíîãî êîíñòðóêòèâíîãî è òåõíîëîãè÷åñêîãî
àíàëèçà.
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Abstract

Aerospace industry development is impossible
without implementation of up-to-date samples of high-
efficiency new generation energy systems (ES). The
term “technical appearance” implies the aggregate of
parametric, structural and technological solutions,
reflecting most substantial specifics of the system
appearance [5]. It is well-known that designing and
production of new technology, inclusive of ES in
aerospace industry, leads to the necessity of taking
compromise optimal or rational engineering and
technological decisions. Besides, designer always faces
the requirement for conformity of technical appearance
forecast  of the ES being developed to its real-life
prototype. An engineering approach based on statistical
analog technique for decision-making while developing
new technology may be of help for the appointed tasks
solution and meeting the above said requirements [10,
15]. This technique foundation consists in the fact, that
deep analysis and synthesis of static structural and
energy data of the ES, selected analogs and prototypes
according to the parameters of technical requirements
to the design according to [15–17] are performed while
prospective equipment development. The article
regards the energy system (ES) in general form as a
mechanical machine for input energy conversion into
useful work. Methodological basics of the new
generation ES optimal appearance forecasting by
mathematical statistics techniques [15–24]. The article
demonstrates that development and introduction of the
special statistical criterion, integrating all operational
parameters in the form of multi-parametrical function,
is urgent for solving scientific and engineering problems
of new ESs development with specified properties of
enhanced effectiveness. This criterion may be named
forecast criterion. The introduced special forecast
criterion is based on ES statistical analog data fields
processing (already created and successfully operated)
by mathematical statistics techniques [15–17]. The
criterion of the analytical form analysis by independent
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parameters-arguments leads to formulation and
solution of the  extreme problem of a multi-parameter
function optimizing by known mathematical methods
[18, 20, 24], where obtained optimal parameters
determine the forecast of the newly created ES optimal
technical appearance. Algorithm for compiling and
special forecast criterion computing in general is
presented. To demonstrate the legitimacy of the
criterion introduction, an example of computing the
forecast of the ES technical appearance in general is
given. The scientific results of the article may be used
to develop a comprehensive software product for
modeling technical optimal concept of a new
generation ES with increased output energy operational
parameters and optimal mass-dimensional (volumetric)
characteristics.

Keywords: technical appearance, special statistical
criterion, statistical forecast, mathematical model,
multiparametric function, extreme optimization
problem.
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