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Â ñòàòüå èçëîæåíà ìåòîäèêà îïðåäåëåíèÿ âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà òîïëèâà ãà-
çîòóðáèííîãî äâèãàòåëÿ â ñîñòàâå ïàõîòíîãî àãðåãàòà. Ïðè îáîñíîâàíèè ìàòåìàòè÷åñêèõ ìîäå-
ëåé äëÿ îïðåäåëåíèÿ âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ ïðèìåíÿëñÿ ìåòîä 
ôóíêöèè ñëó÷àéíûõ àðãóìåíòîâ ïðîôåññîðà Ë.Å. Àãååâà. Íîâèçíà èññëåäîâàíèé çàêëþ÷àåòñÿ â 
ðàçðàáîòàííûõ ìàòåìàòè÷åñêèõ ìîäåëÿõ è ïîðÿäêå ðàñ÷åòà ñðåäíèõ è îïòèìàëüíûõ çíà÷åíèé âå-
ðîÿòíîñòíûõ îöåíîê – ìàòåìàòè÷åñêîãî îæèäàíèÿ, äèñïåðñèè, ñðåäíåãî êâàäðàòè÷åñêîãî îòêëî-
íåíèÿ è êîýôôèöèåíòà âàðèàöèè óäåëüíîãî ðàñõîäà òîïëèâà ãàçîòóðáèííûì äâèãàòåëåì. Äëÿ ïî-
âûøåíèÿ òî÷íîñòè ðàñ÷åòîâ ïðè îïðåäåëåíèè âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà òîïëèâà 
ãàçîòóðáèííîãî äâèãàòåëÿ ïðåäëîæåíû ïîïðàâî÷íûå êîýôôèöèåíòû (èëè ôóíêöèè) è ôîðìóëû äëÿ 
èõ îïðåäåëåíèÿ. Ìàòåìàòè÷åñêîå îæèäàíèå óäåëüíîãî ðàñõîäà òîïëèâà, îáðàòíîå ê íîðìàëüíî 
ðàñïðåäåëåííîìó àðãóìåíòó, â äàííîì ñëó÷àå ýôôåêòèâíîé ìîùíîñòè ãàçîòóðáèííîãî äâèãàòåëÿ, 
íå ðàâíî îáðàòíîé âåëè÷èíå ìàòåìàòè÷åñêîãî îæèäàíèÿ àðãóìåíòà. Äàííîå íåðàâåíñòâî èçìåíÿ-
åòñÿ â çàâèñèìîñòè îò êîýôôèöèåíòà âàðèàöèè ýôôåêòèâíîé ìîùíîñòè, ÷òî ñëåäóåò ó÷èòûâàòü 
òàêæå ïðè îïðåäåëåíèè äèñïåðñèè è ñðåäíåãî êâàäðàòè÷åñêîãî îòêëîíåíèÿ óäåëüíîãî ðàñõîäà òî-
ïëèâà ÃÒÄ. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïàõîòíîãî àãðåãàòà, ñîñòîÿùåãî èç ãàçîòóðáèííîãî 
òðàêòîðà (ÃÒÒ) ñ ãàçîòóðáèííûì äâèãàòåëåì ìàðêè ÃÒÄ-350Ò è íàâåñíîãî ïëóãà ñ èçìåíÿåìîé øè-
ðèíîé çàõâàòà ÏÍÈ-8/9-40, äëÿ ïðîâåðêè äîñòîâåðíîñòè ìàòåìàòè÷åñêèõ ìîäåëåé âåðîÿòíîñòíûõ 
îöåíîê óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ ïðîâîäèëèñü íà ïîëÿõ ó÷åáíî-îïûòíîãî õîçÿéñòâà Ñàíêò-
Ïåòåðáóðãñêîãî ãîñóäàðñòâåííîãî àãðàðíîãî óíèâåðñèòåòà. Ïðåäëîæåííàÿ ìåòîäèêà ïîçâîëÿåò 
îïðåäåëèòü ñðåäíèå è îïòèìàëüíûå çíà÷åíèÿ ìàòåìàòè÷åñêîãî îæèäàíèÿ, äèñïåðñèè, ñðåäíå-
êâàäðàòè÷åñêîãî îòêëîíåíèÿ è êîýôôèöèåíòà âàðèàöèè ýôôåêòèâíîãî óäåëüíîãî ðàñõîäà òîïëèâà 
ÃÒÄ â ñîñòàâå ðàçëè÷íûõ ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ.

Êëþ÷åâûå ñëîâà: ãàçîòóðáèííûé äâèãàò, óäåëüíûé ðàñõîä òîïëèâà, ïàõîòíûé àãðåãàò, ýôôåêòèâ-
íàÿ ìîùíîñòü, ãàçîòóðáèííûé òðàêòîð.

Ââåäåíèå
Íåîáõîäèìîñòü ïîâûøåíèÿ ýôôåêòèâíîñòè 

ìîáèëüíûõ ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ 
âûíóæäàåò ïîñòîÿííî âåñòè ïîèñê ïóòåé, êî-
òîðûå îáåñïå÷èëè áû ðåøåíèå ïðîáëåìû. Ýòîò 
ïîèñê îñóùåñòâëÿåòñÿ ïî ðàçëè÷íûì íàïðàâ-
ëåíèÿì, â ÷èñëå êîòîðûõ îñíîâíûìè ÿâëÿþò-
ñÿ ïóòè ñíèæåíèÿ óäåëüíîãî ðàñõîäà òîïëèâà 
ýíåðãåòè÷åñêèìè óñòàíîâêàìè ìîáèëüíûõ 
àãðåãàòîâ (èõ äâèãàòåëÿìè). Â ñòðàíå è ìèðå 
ïîñòîÿííî âåäóòñÿ ðàáîòû ïî ýòîé ïðîáëåìå â 
íàïðàâëåíèè ñîâåðøåíñòâîâàíèÿ ðàáî÷èõ ïðî-
öåññîâ ñîâðåìåííûõ ïîðøíåâûõ äâèãàòåëåé 
(êàðáþðàòîðíûõ è äèçåëåé), êîòîðûå ïðèâåëè 
ê çíà÷èòåëüíûì ðåçóëüòàòàì. Îäíàêî äàëüíåé-
øåå ýôôåêòèâíîå ïðîäâèæåíèå â óêàçàííîì 
íàïðàâëåíèè âñå áîëåå òðóäîåìêî, äîðîãî è 

ìàëî ðåçóëüòàòèâíî, à ïîðîé è áåçðåçóëüòàòèâ-
íî. Êðîìå òîãî, ðÿä ñïåöèàëèñòîâ îáîñíîâàí-
íî ñ÷èòàþò, ÷òî ïîòåíöèàëüíûå âîçìîæíîñòè 
ïîðøíåâûõ äâèãàòåëåé â óêàçàííîì íàïðàâëå-
íèè ïðåäåëüíî îãðàíè÷åíû è ïðèáëèæàþòñÿ ê 
èõ èñ÷åðïàíèþ [1].

Â ñâÿçè ñ èçëîæåííûì âñòàåò âîïðîñ îá èñ-
ïîëüçîâàíèè íå ðàñêðûòûõ äî êîíöà âîçìîæ-
íîñòåé íà íàçåìíûõ ìàøèíàõ  (àâòîìîáèëÿõ, 
òðàêòîðàõ, áóëüäîçåðàõ, ïîãðóç÷èêàõ, çåðíîó-
áîðî÷íûõ êîìáàéíàõ, ðàçëè÷íûõ ñòàöèîíàð-
íûõ àãðåãàòàõ ñ ïåðåìåííîé íàãðóçêîé è ò.ï.) 
äðóãèõ òèïîâ äâèãàòåëåé, êîòîðûå ñóùåñòâåí-
íî ëó÷øå ïîðøíåâûõ ïî êîìïëåêñó ïîêàçàòå-
ëåé. Â èõ ÷èñëå ìàññîâî-ãàáàðèòíûå ïàðàìå-
òðû, ïðîñòîòà êîíñòðóêöèè è ýêñïëóàòàöèè, 
âñåÿäíîñòü ïî òîïëèâó, îòñóòñòâèå æèäêîñò-
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íîé ñèñòåìû îõëàæäåíèÿ, ýêîëîãè÷íîñòü, 
áëèçêèå ê èäåàëüíîé òÿãîâûå õàðàêòåðèñòèêè, 
ñóùåñòâåííî (â 2–3 ðàçà) óïðîùàþùèå òðàíñ-
ìèññèþ ìîáèëüíûõ ìàøèí. Ðå÷ü èäåò î ãàçî-
òóðáèííûõ äâèãàòåëÿõ (ÃÒÄ), ïîäòâåðäèâøèõ 
ñâîþ ïåðñïåêòèâíîñòü íà ýêñïåðèìåíòàëüíûõ 
(îïûòíûõ) îáðàçöàõ àâòîìîáèëåé, àâòîáóñîâ, 
òðàêòîðîâ â Îòå÷åñòâå è çà ðóáåæîì. Ó÷èòûâàÿ 
èçëîæåííîå è ïðîäîëæàþùèåñÿ èññëåäîâàíèÿ 
â ðàññìàòðèâàåìîì íàïðàâëåíèè, âîçíèêàåò 
íåîáõîäèìîñòü ðàññìîòðåíèÿ âîïðîñîâ, ñâÿ-
çàííûõ ñ óäåëüíûì ðàñõîäîì òîïëèâà ÃÒÄ.

Öåëüþ èññëåäîâàíèé ÿâëÿåòñÿ ðàçðàáîòêà 
ìàòåìàòè÷åñêèõ ìîäåëåé è ìåòîäèêè îïðåäåëå-
íèÿ âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà 
òîïëèâà, îáåñïå÷èâàþùèõ êîíòðîëü è îöåíêó 
ýôôåêòèâíîñòè ðàáîòû ñåëüñêîõîçÿéñòâåííûõ 
àãðåãàòîâ ñ òðàêòîðàìè, îñíàùåííûìè ÃÒÄ, 
ïðè âûïîëíåíèè òåõíîëîãè÷åñêîãî ïðîöåññà.

Ìàòåðèàëû è ìåòîäû
Ýôôåêòèâíîñòü ïðèìåíåíèÿ ãàçîòóðáèííî-

ãî äâèãàòåëÿ (ÃÒÄ) íà òðàêòîðàõ ñåëüñêîõîçÿé-
ñòâåííîãî íàçíà÷åíèÿ äîêàçàíà èññëåäîâàíèÿìè 

ïðîôåññîðîâ Í.Ñ. Æäàíîâñêîãî, À.Â. Íèêîëà-
åíêî, Â.Ñ. Øêðàáàêà, Ë.Å. Àãååâà, Í.È. Äæàá-
áîðîâà è äðóãèõ ó÷åíûõ [1–6]. Ðåçóëüòàòû ïðî-
âåäåííûõ òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé ñâèäåòåëüñòâóþò, ÷òî ÃÒÄ ëó÷øå, 
÷åì ïîðøíåâûå äâèãàòåëè, ïðèñïîñîáëåíû ê óñ-
ëîâèÿì íåóñòàíîâèâøèõñÿ ðåæèìîâ ðàáîòû ðàç-
ëè÷íûõ ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ. Äëÿ 
íåïðåðûâíîãî êîíòðîëÿ è îöåíêè ýôôåêòèâ-
íîñòè ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ ñ òðàê-
òîðàìè, îñíàùåííûìè ÃÒÄ, òàê íàçûâàåìûìè 
ãàçîòóðáèííûìè òðàêòîðàìè (ÃÒÒ), íåîáõîäè-
ìî îïðåäåëèòü îïòèìàëüíûå çíà÷åíèÿ óäåëüíî-
ãî ðàñõîäà òîïëèâà, êàê îñíîâíîãî ïîêàçàòåëÿ 
îöåíêè èõ ýêîíîìè÷íîñòè. Ïðè îáîñíîâàíèè 
ìàòåìàòè÷åñêèõ ìîäåëåé äëÿ îïðåäåëåíèÿ âå-
ðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà òîïëèâà 
ÃÒÄ ïðèìåíÿëñÿ ìåòîä ôóíêöèè ñëó÷àéíûõ àð-
ãóìåíòîâ ïðîôåññîðà Ë.Å. Àãååâà [5].

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïàõîò íîãî 

àãðåãàòà ñ òðàêòîðîì, îñíàùåííûì ãàçîòóðáèí-
íûì äâèãàòåëåì ÃÒÄ-350Ò, äëÿ ïîäòâåðæäåíèÿ 

Ðèñ. 1. Îäíîìåðíàÿ ìîäåëü «âõîä-âûõîä» (à) è ñõåìà (á) 
ê îïðåäåëåíèþ âåðîÿòíîñòíûõ îöåíîê ýíåðãåòè÷åñêèõ ïàðàìåòðîâ ÃÒÄ
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äîñòîâåðíîñòè ðàçðàáîòàííûõ ìàòåìàòè÷åñêèõ 
ìîäåëåé âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñ-
õîäà òîïëèâà ÃÒÄ ïðîâîäèëèñü íà ïîëÿõ ó÷åá-
íî-îïûòíîãî õîçÿéñòâà Ñàíêò-Ïåòåðáóðãñêîãî 
ãîñóäàðñòâåííîãî àãðàðíîãî óíèâåðñèòåòà.

Â îáùåì ñëó÷àå ýíåðãåòè÷åñêèå ïàðàìåòðû 
ÃÒÄ ìîæíî ðàññìàòðèâàòü â âèäå îäíîìåðíîé 
ìîäåëè ñ îäíèì âõîäíûì (àðãóìåíòîì) è îäíèì 
âûõîäíûì (ôóíêöèåé) ïîêàçàòåëåì (ðèñ. 1, à).

Îñíîâíûìè âûõîäíûìè ýíåðãåòè÷åñêèìè 
ïàðàìåòðàìè ÃÒÄ ÿâëÿþòñÿ ÷àñòîòà âðàùå-
íèÿ âàëà òÿãîâîé òóðáèíû TTn , ýôôåêòèâíàÿ 
ìîùíîñòü äâèãàòåëÿ eN  è óäåëüíûé ðàñõîä òî-
ïëèâà eg . Âõîäíûì ïàðàìåòðîì (àðãóìåíòîì) 
ÿâëÿåòñÿ ìîìåíò ñîïðîòèâëåíèÿ ÒÌ  íà âàëó 
òÿãîâîé òóðáèíû ÃÒÄ (ðèñ. 1, á).

Äëÿ îöåíêè ýêîíîìè÷íîñòè ÃÒÄ â ñîñòàâå 
ñåëüñêîõîçÿéñòâåííîãî àãðåãàòà ïðèìåíÿòñÿ 
óäåëüíûé ðàñõîä òîïëèâà eg .

1. Ìàòåìàòè÷åñêîå îæèäàíèå óäåëüíîãî ðàñ-
õîäà òîïëèâà ÃÒÄ ïðè âåðîÿòíîñòíîé íàãðóçêå 
îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì. Êîãäà ýô-
ôåêòèâíàÿ ìîùíîñòü ÃÒÄ ñîîòâåòñòâóåò íîð-
ìàëüíîìó çàêîíó (çàêîíó Ãàóññà, ðèñ. 2), òî åå 
ïëîòíîñòü âåðîÿòíîñòè ðàñïðåäåëåíèÿ îïðåäå-
ëÿåòñÿ ïî ôîðìóëå:

 

e

1 2 2
N( ) ( 2 ) exp ( ) /(2 )

ee N e eN N N          .  
 (1)

Ñ ó÷åòîì âûðàæåíèÿ (1) è ñõåìû, ïîêàçàí-
íîé íà ðèñóíêå 2, ìàòåìàòè÷åñêîå îæèäàíèå 
óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ îïðåäåëÿåòñÿ 
ïî ôîðìóëå:

 e( )/Neg EC ,  (2)

ãäå 310 TE G  – êîýôôèöèåíò, ïðîïîð-
öèîíàëüíûé ÷àñîâîìó ðàñõîäó òîïëèâà 

TG  ÃÒÄ ïðè ïîñòîÿíñòâå ÷àñòîòû âðàùå-
íèÿ òóðáîêîìïðåññîðà TKn const , êã/÷; 

 2 4 6 81 3 15 105 ...N N N Ne e e e
C            
– âåðîÿòíîñòíûé êîýôôèöèåíò (èëè ôóíê-
öèÿ), çàâèñÿùèé îò êîýôôèöèåíòà âàðèà-
öèè ýôôåêòèâíîé ìîùíîñòè ÃÒÄ (ðèñ. 3); 

 2 2
T Tc 1eN A M B M         ì  – ìàòåìàòè-

÷åñêîå îæèäàíèå ýôôåêòèâíîé ìîùíîñòè ÃÒÄ; 
 19554ñ  – êîýôôèöèåíò; e/

e eN N N    – êî-
ýôôèöèåíò âàðèàöèè ýôôåêòèâíîé ìîùíîñòè, 
èçìåíÿþùèéñÿ â çàâèñèìîñòè îò êîýôôèöèåí-
òà âàðèàöèè M  êðóòÿùåãî ìîìåíòà TM  íà 
âàëó òÿãîâîé òóðáèíû ÃÒÄ; ì  – êîýôôèöèåíò 
âàðèàöèè êðóòÿùåãî ìîìåíòà íà âàëó òÿãîâîé 
òóðáèíû ÃÒÄ; ì  – ñîîòâåòñòâåííî, ïîñòîÿí-
íàÿ âåëè÷èíà è óãëîâîé êîýôôèöèåíò (òàáë. 1).

Ïðè íîðìàëüíîì çàêîíå ðàñïðåäåëåíèÿ ýô-
ôåêòèâíîé ìîùíîñòè ÃÒÄ âåðîÿòíîñòíûé êî-
ýôôèöèåíò Ñ

v
 èçìåíÿåòñÿ îò 1,0 äî 1,026 ïðè 

äèàïàçîíå èçìåíåíèÿ êîýôôèöèåíòà âàðèàöèè 
íàãðóçêè   0 0,333ì . 

Èç âûðàæåíèÿ (2) ìîæíî çàêëþ÷èòü, ÷òî 
ìàòåìàòè÷åñêîå îæèäàíèå óäåëüíîãî ðàñõîäà 
òîïëèâà, îáðàòíîå ê íîðìàëüíî ðàñïðåäåëåí-
íîìó àðãóìåíòó, â äàííîì ñëó÷àå ýôôåêòèâíîé 
ìîùíîñòè ÃÒÄ, íå ðàâíî îáðàòíîé âåëè÷èíå 
ìàòåìàòè÷åñêîãî îæèäàíèÿ àðãóìåíòà, òî åñòü 

( / ) K/M(N )e eM K N  . Çäåñü Ê  ïîñòîÿííàÿ 
âåëè÷èíà. Äàííîå íåðàâåíñòâî èçìåíÿåòñÿ â 
çàâèñèìîñòè îò êîýôôèöèåíòà âàðèàöèè 

eN , 
÷òî ñëåäóåò ó÷èòûâàòü òàêæå ïðè îïðåäåëåíèè 
äèñïåðñèè è ñðåäíåãî êâàäðàòè÷åñêîãî îòêëî-
íåíèÿ óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ.

2. Äèñïåðñèÿ óäåëüíîãî ðàñõîäà òîïëèâà 
ÃÒÄ ìîæåò áûòü ðàññ÷èòàíà ïî ôîðìóëå:

 
3 * 2

e( ) (10 )/e TÄ g G C N  , (3)

ãäå *C , /C , C  – ôóíêöèè, çàâèñÿùèå îò êî-
ýôôèöèåíòà âàðèàöèè ýôôåêòèâíîé ìîùíîñòè 
ÃÒÄ; * / 2C C C     – ôóíêöèÿ;  21

eNC      

4 6 83 15 105 ...
e e eN N N       – ôóíêöèÿ, ðèñ. 3;

 / 2 4 61 3 15 105 ...
e e eN N NC          – ôóíê-

öèÿ, ðèñ. 4.
3. Ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå 

eg  
óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ ìîæíî ïîäñ÷è-
òàòü ïî ôîðìóëå:

 3 * 1/2 110 ( )
eg T eG C N 

     .  (4)

Ðèñ. 2. Ñõåìà ê îïðåäåëåíèþ ñðåäíåãî çíà÷åíèÿ 
óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ 

ïðè âåðîÿòíîñòíîé íàãðóçêå
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4. Êîýôôèöèåíò âàðèàöèè 
eg

  óäåëüíîãî ðàñ-
õîäà òîïëèâà ÃÒÄ îïðåäåëÿåòñÿ ïî ôîðìóëå:

 / 1/2( / 1)
eg C C    ,  (5)

ãäå Ñ , /C  – ôóíêöèè (ñì. ðèñ. 3 è 4).
Ìàòåìàòè÷åñêèå ìîäåëè äëÿ îïðåäåëåíèÿ 

âåðîÿòíîñòíûõ îöåíîê óäåëüíîãî ðàñõîäà òî-
ïëèâà, óñòàíîâëåííûå ïî ôîðìóëàì (2)–(5), ÿâ-
ëÿþòñÿ ðàñ÷åòíûìè è íå ñîîòâåòñòâóþò ýôôåê-
òèâíîé ðàáîòå ÃÒÄ (îïòèìàëüíûì ñêîðîñòíûì 
è íàãðóçî÷íûì ðåæèìàì ðàáîòû ñåëüñêîõîçÿé-
ñòâåííîãî àãðåãàòà ñ ÃÒÄ). Ïîýòîìó â ðàñ÷åòàõ 
íåîáõîäèìî ïðèíÿòü èõ ýêñòðåìàëüíûå (îïòè-
ìàëüíûå) çíà÷åíèÿ.

1. Îïòèìàëüíîå çíà÷åíèå ìàòåìàòè÷åñêî-
ãî îæèäàíèÿ óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ 
îïðåäåëÿåòñÿ ïî ôîðìóëå:

 
*
e( )e vg EC N ,  (6)

ãäå  * *2 2
T Tc 1eN A M B M         ì  – îïòè-

ìàëüíîå çíà÷åíèå ýôôåêòèâíîé ìîùíîñòè 
ÃÒÄ; * 2

Ò / 2 (1 )ìÌ À Â        – ýêñòðåìàëüíîå 
(îïòèìàëüíîå) çíà÷åíèå ìîìåíòà ÒÌ  íà âàëó 
òÿãîâîé òóðáèíû ÃÒÄ.

2. Îïòèìàëüíîå çíà÷åíèå äèñïåðñèè óäåëü-
íîãî ðàñõîäà òîïëèâà ÃÒÄ îïðåäåëÿåòñÿ ïî 
ôîðìóëå:
 3 * *2

T e( ) (10 )/eÄ g G C N  . (7)

Ðèñ. 3. Çàâèñèìîñòü ôóíêöèè Ñ  îò êîýôôèöèåíòà 
âàðèàöèè 

eN  ýôôåêòèâíîé ìîùíîñòè ÃÒÄ

Òàáëèöà 1

Îñíîâíûå ïàðàìåòðû, óñòàíîâëåííûå ïî òèïîâûì õàðàêòåðèñòèêàì ÃÒÄ-350Ò

òn
  À, ìèí-1 Â, ìèí-1/(Í·ì) G

T 
, êã/÷ N

åí
, êÂò

1,0
0,90
0,80
0,70
0,60

2,040
0,050
2,060
2,065
2,075

10820
9530
8220
6980
4930

-11,79
-12,18
-12,35
-12,98
-14,39

94
76
60
40
27

260
195
143
79
44

ãäå 
òê ò òí/n n n   – óðîâåíü ðåàëèçàöèè ÷àñòîòû âðàùåíèÿ âàëà òÿãîâîé òóðáèíû; òn , òín  – ñîîòâåòñòâåí-

íî, òåêóùåå è íîìèíàëüíîå çíà÷åíèÿ ÷àñòîòû âðàùåíèÿ òÿãîâîé òóðáèíû, ìèí-1; max / íÌ Ì   – êðàò-
íîñòü ìîìåíòîâ èëè êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè ÃÒÄ; maxM , íÌ  – ñîîòâåòñòâåííî, ìàêñèìàëüíîå 
è íîìèíàëüíîå çíà÷åíèÿ êðóòÿùåãî ìîìåíòà íà âàëó òÿãîâîé òóðáèíû, Í·ì; À = n

max
, ìèí-1 – ïîñòîÿííàÿ 

âåëè÷èíà, ðàâíàÿ ìàêñèìàëüíîé ÷àñòîòå âðàùåíèÿ âàëà òÿãîâîé òóðáèíå, ìèí-1; 1
max miní( )( )Â n n Ì      

– óãëîâîé êîýôôèöèåíò, ìèí-1 (Í·ì); minn  – ìèíèìàëüíîå çíà÷åíèå ÷àñòîòû âðàùåíèÿ òÿãîâîé òóðáèíû, 
ìèí-1; TG  – ÷àñîâîé ðàñõîä òîïëèâà ÃÒÄ, êã/÷; åíN  – íîìèíàëüíàÿ ìîùíîñòü ÃÒÄ, êÂò.

Ðèñ. 4. Çàâèñèìîñòü ôóíêöèè /C  îò êîýôôèöèåíòà 
âàðèàöèè 

eN  ýôôåêòèâíîé ìîùíîñòè ÃÒÄ
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3. Îïòèìàëüíîå çíà÷åíèå ñðåäíåãî êâàäðà-
òè÷åñêîãî îòêëîíåíèÿ 

eg  óäåëüíîãî ðàñõîäà 
òîïëèâà ÃÒÄ ìîæíî ïîäñ÷èòàòü ïî ôîðìóëå:

 
3 * 1/2 * 1

T10 ( )
eg eG C N 

     . (8)

4. Îïòèìàëüíîå çíà÷åíèå êîýôôèöèåíòà 
âàðèàöèè 

eg
  óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ 

îïðåäåëÿåòñÿ ïî ôîðìóëå (4).
Â êà÷åñòâå ïðèìåðà íà ðèñ. 5 ïðåäñòàâëåíû 

çàâèñèìîñòè ýêñòðåìàëüíûõ çíà÷åíèé ñðåäíå-
ãî êâàäðàòè÷åñêîãî îòêëîíåíèÿ *

eg  óäåëüíîãî 
ðàñõîäà òîïëèâà ÃÒÄ â ñîñòàâå ïàõîòíîãî àãðå-
ãàòà, ñîñòîÿùåãî èç ãàçîòóðáèííîãî òðàêòîðà 
(ÃÒÒ) è íàâåñíîãî ïëóãà ñ èçìåíÿåìîé øèðè-
íîé çàõâàòà ÏÍÈ-8/9-40.

Âûâîäû
1. Ïðåäëîæåííàÿ ìåòîäèêà ïîçâîëÿåò îïðå-

äåëèòü ðàñ÷åòíûå è îïòèìàëüíûå çíà÷åíèÿ ìà-
òåìàòè÷åñêîãî îæèäàíèÿ, äèñïåðñèè, ñðåäíå-
êâàäðàòè÷åñêîãî îòêëîíåíèÿ è êîýôôèöèåíòà 
âàðèàöèè óäåëüíîãî ðàñõîäà òîïëèâà ÃÒÄ â ñî-
ñòàâå ðàçëè÷íûõ ñåëüñêîõîçÿéñòâåííûõ àãðå-
ãàòîâ.

2. Ïðè îïðåäåëåíèè âåðîÿòíîñòíûõ îöåíîê 
óäåëüíîãî ðàñõîäà òîïëèâà äëÿ ïîâûøåíèÿ 
èõ òî÷íîñòè íåîáõîäèìî ó÷èòûâàòü çíà÷åíèÿ 
óñòàíîâëåííûõ ïîïðàâî÷íûõ êîýôôèöèåíòîâ 

*C , /C , C , çàâèñÿùèõ îò êîýôôèöèåíòà âà-
ðèàöèè íàãðóçêè ìv  è ýôôåêòèâíîé ìîùíîñòè 

Nev  ÃÒÄ.
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ò
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ò

0,7n  )
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METHOD FOR DETERMINING PROBABILISTIC ESTIMATES OF THE SPECIFIC FUEL 
CONSUMPTION OF A GAS TURBINE ENGINE AS A PART OF ARABLE UNIT

Dr. Eng. V.S. Shkrabak1, Dr. Eng. N.I. Dzhabborov2 
1 Saint-Petersburg State Agrarian University, Saint-Petersburg, Russia

2 Federal State Budget Scientific Institution “Institute for Engineering and Environmental Problems 
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v.shkrabak@mail.ru

The article describes the method for determining the probabilistic estimates of the specific fuel con-
sumption of a gas turbine engine as a part of arable unit. When justifying mathematical models for de-
termining probabilistic estimates of the specific fuel consumption of the gas turbine engine, the method 
of the random argument function of professor L. Ageev was implemented. To improve the accuracy of 
calculations in determining the probabilistic estimates of the specific fuel consumption of a gas turbine 
engine correction factors (or functions) and formulas for their determination are proposed. The mathe-
matical expectation of the specific fuel consumption, the inverse of the normally distributed argument, in 
this case the effective power of the gas turbine engine is not equal to the reciprocal of the mathematical 
expectation of the argument. This inequality varies depending on the coefficient of variation of effective 
power, which should also be taken into account when determining the dispersion and the standard devi-
ation of the specific fuel consumption of the gas turbine engine. Experimental studies of arable unit con-
sisting of a gas turbine tractor (GTT) with GTD-350T gas turbine engine and a mounted plow with variable 
width PNI-8/9-40, to verify the reliability of mathematical models of probabilistic estimates of the specific 
fuel consumption of the gas turbine engine, were conducted in the fields of training and experimental 
household of the Saint-Petersburg State Agrarian University. The proposed method allows to determine 
the average and optimal values of the mathematical expectation, variance, standard deviation and coef-
ficient of variation of the effective specific fuel consumption of the gas turbine engine in the composition 
of various agricultural units.

Keywords: gas turbine engine, specific fuel consumption, arable un, effective power, gas turbine tractor.


