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ÏÐÎÃÍÎÇÈÐÎÂÀÍÈÅ Ñ ÏÎÌÎÙÜÞ ÌÎÄÅËÈ ÀÂÒÎÐÅÃÐÅÑÑÈÈ-ÑÊÎËÜÇßÙÅÃÎ ÑÐÅÄÍÅÃÎ 

Âî ìíîãèõ çàäà÷àõ îïòèìàëüíîãî óïðàâëåíèÿ, à òàêæå ïðè òåêóùåì ïëàíèðîâàíèè â ýêîíîìèêå [2,3,4], â çàäà÷àõ óïðàâëåíèÿ çàïàñàìè [5], ïðè îïòèìèçàöèè îïåðàòèâíîãî óïðàâëåíèÿ ñåëüñêîõîçÿéñòâåííûì ïðîèçâîäñòâîì, â ýêîëîãè÷åñêèõ çàäà÷àõ è â ìíîãî÷èñëåííûõ äðóãèõ çàäà÷àõ óïðàâëåíèÿ è ìîäåëèðîâàíèÿ âîçíèêàåò íåîáõîäèìîñòü ïðîãíîçèðîâàíèÿ ñëó÷àéíûõ âîçìóùåíèé, êîòîðûå ïðåäñòàâëÿþòñÿ ñ ïîìîùüþ âðåìåííûõ ðÿäîâ. Â ðàáîòå [1] áûëî ïîêàçàíî, ÷òî äëÿ ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ íàèëó÷øèìè ÿâëÿþòñÿ ìîäåëè àâòîðåãðåññèè ñêîëüçÿùåãî-ñðåäíåãî, ïðåäñòàâëÿåìûå ñ ïîìîùüþ ñëåäóþùåãî âûðàæåíèÿ
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Äëÿ áîëåå óäîáíîão ïðåäñòàâëåíèÿ ìîäåëè (1) ââåäåì îïåðàòîð ñäâèãà íàçàä q :
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Òîãäà, ñ ó÷åòîì (2), óðàâíåíèå (1) ìîæíî ïåðåïèñàòü â ñëåäóþùåì âèäå:
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Ðàçíîñòü 
[image: image10.wmf]a

-ãî ïîðÿäêà ñ ó÷åòîì îïåðàòîðà ñäâèãà (2) îïðåäåëèòñÿ ñëåäóþùèì îáðàçîì:
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Ñ ó÷åòîì (4) îáùàÿ ìîäåëü äëÿ íåñòàöèîíàðíûõ ïðîöåññîâ ñî ñòàöèîíàðíûì ñìåùåíèåì ïðèìåò âèä: 
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Ìîäåëü (5) ìîæíî ïðåäñòàâèòü êàê áåñêîíå÷íóþ ñóììó òåêóùåãî è ïðåäøåñòâóþùèõ èìïóëüñîâ, ò.å. êàê ðåàêöèþ ôèçè÷åñêè ðåàëèçóåìîãî ëèíåéíîãî ôèëüòðà íà ïîñòóïàþùóþ íà åãî âõîä áåñêîíå÷íóþ ïîñëåäîâàòåëüíîñòü íåçàâèñèìûõ èìïóëüñîâ (áåëûé øóì):
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Âåñà 
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 ìîæíî íàéòè ïðèðàâíèâàíèåì êîýôôèöèåíòîâ ïðè îäèíàêîâûõ ñòåïåíÿõ q â âûðàæåíèÿõ (5) è (6):
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Îáîçíà÷èâ 
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Ïîñëå ðàñêðûòèÿ è ïðèðàâíèâàíèÿ êîýôôèöèåíòîâ ïðè îäèíàêîâûõ ñòåïåíÿõ q ïîëó÷èì ñëåäóþùóþ ðåêóððåíòíóþ ôîðìóëó äëÿ âû÷èñëåíèÿ 
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ïðè÷åì 
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Àâòîêîâàðèàöèîííàÿ ôóíêöèÿ äëÿ ïðîöåññà, ïðåäñòàâëåííîãî â âèäå (6), îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:
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Ïðèíèìàÿ â ìîäåëè (10) k=0, ïîëó÷èì âûðàæåíèå äëÿ äèñïåðñèè äàííîãî ïðîöåññà:
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îòêóäà ñëåäóåò, ÷òî äëÿ ïðîöåññà, èìåþùåãî êîíå÷íóþ äèñïåðñèþ, 
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w

 äîëæíû äîñòàòî÷íî áûñòðî ñòðåìèòüñÿ ê íóëþ ñ ðîñòîì j.


Ïðåäñòàâëåíèå ìîäåëè â âèäå (6) ïîíàäîáèòñÿ íàì â äàëüíåéøåì äëÿ âû÷èñëåíèÿ äîâåðèòåëüíûõ èíòåðâàëîâ ïðîãíîçèðîâàíèÿ, òàê êàê êîýôôèöèåíòû 
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w

  ëåãêî âû÷èñëÿþòñÿ ðåêóððåíòíî ñ ïîìîùüþ âûðàæåíèÿ (9).

Ïðåäïîëîæèì òåïåðü, ÷òî íàì èçâåñòíà òî÷íàÿ ìîäåëü ñëó÷àéíîãî ïðîöåññà. Ðàññìîòðèì, êàê ìîæíî èñïîëüçîâàòü ýòó ìîäåëü äëÿ ïîëó÷åíèÿ èíòåðâàëüíûõ ïðîãíîçîâ ñ ìèíèìàëüíîé ñðåäíåêâàäðàòè÷åñêîé îøèáêîé.


Äîïóñòèì çàäàí âðåìåííîé ðÿä 
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 øàãîâ âïåðåä, ìèíèìèçèðóÿ ïðè ýòîì ñðåäíåêâàäðàòè÷åñêóþ îøèáêó
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Ó÷èòûâàÿ, ÷òî ìîäåëü ìîæíî ïðåäñòàâèòü â âèäå (6), íàèëó÷øèé ïðîãíîç, ìèíèìèçèðóþùèé âûðàæåíèå (12), áóäåò âûãëÿäåòü òàê:
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Òîãäà äåéñòâèòåëüíàÿ ìîäåëü ñëó÷àéíîãî ïðîöåññà áóäåò èìåòü âèä:
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Èç âûðàæåíèÿ (13) ñëåäóåò, ÷òî ïðîãíîç íà 
[image: image34.wmf]l

 øàãîâ âïåðåä åñòü óñëîâíoå ìàòåìàòè÷åñêîå îæèäàíèå (ðåãðåññèÿ) 
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Îøèáêà ïðîãíîçà íà 
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 øàãîâ âïåðåä ðàâíà
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Ïðîãíîç íà 
[image: image39.wmf]l

 øàãîâ âïåðåä áóäåò íåñìåùåííûì, òàê êàê óñëîâíîå ìàòåìàòè÷åñêîå îæèäàíèå
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Äèñïåðñèþ îøèáêè ïðîãíîçà ìîæíî îïðåäåëèòü ñ ïîìîùüþ ñëåäóþùåãî âûðàæåíèÿ
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Ïîäñòàâëÿÿ 
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=1 â âûðàæåíèè (15), ïîëó÷èì îøèáêó ïðîãíîçà íà øàã âïåðåä
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Èç ýòîãî âûðàæåíèÿ ñëåäóåò, ÷òî ââåäåííûå  ñëó÷àéíûå èìïóëüñû, ãåíåðèðóþùèå ñòîõàñòè÷åñêèé ïðîöåññ, ÿâëÿþòñÿ îøèáêàìè íà øàã âïåðåä. Ñëåäîâàòåëüíî, äëÿ ïðîãíîçà íà øàã âïåðåä (à òàêæå è íà 
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>1 øàãîâ) ñ ìèíèìàëüíîé ñðåäíåêâàäðàòè÷åñêîé îøèáêîé îøèáêè ïðîãíîçà äîëæíû áûòü íåêîððåëèðîâàíû, â ïðîòèâíîì ñëó÷àå ïðîãíîç ìîæíî óëó÷øèòü (÷òî è îáîñíîâûâàåò âûáîð çàäàþùåé ïîñëåäîâàòåëüíîñòè â âèäå áåëîãî øóìà).


Òàêèì îáðàçîì, ïðîãíîç ñ ìèíèìàëüíîé ñðåäíåêâàäðà-òè÷åñêîé îøèáêîé 
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 øàãîâ âïåðåä, â âûðàæåíèè (5) ïåðåéäåì ê óñëîâíûì ìàòåìàòè÷åñêèì îæèäàíèÿì. Ó÷èòûâàÿ, ÷òî 
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èëè äëÿ ìîäåëè âèäà (6):
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Óñëîâíûå ìàòåìàòè÷åñêèå îæèäàíèÿ, âõîäÿùèå â ôîðìóëû ïðîãíîçèðîâàíèÿ (19) è (20), îïðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì:
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Ñ ó÷åòîì âûðàæåíèÿ (21) ìîæíî ïðåäëîæèòü ñëåäóþùóþ ïîñëåäîâàòåëüíîñòü äëÿ âû÷èñëåíèÿ ïðîãíîçîâ íà 
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=0, 1, 2...,) ñ ïîìîùüþ ôîðìóë (19) èëè (20): íåîáõîäèìî íàïèñàòü âûðàæåíèå (19) èëè (20) äëÿ òðåáóåìîãî 
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 è âìåñòî ÷ëåíîâ, âõîäÿùèå â ýòè âûðàæåíèÿ, ïîñòàâèòü  çíà÷åíèÿ:
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Óäîáíàÿ ôîðìà çàäàíèÿ ìîäåëè -  ïðåäñòàâëåíèå â âèäå ðàçíîñòíîãî óðàâíåíèÿ (4), ñ ïîìîùüþ êîòîðîãî ìîæíî ðåêóððåíòíî ïîëó÷èòü èíòåðâàëüíûå ïðîãíîçû 
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