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ÂÂÅÄÅÍÈÅ

Àêòóàëüíîñòü ðàáîòû. Äëÿ øèðîêîãî êðóãà çàäà÷, ñâÿçàííûõ ñ ýêî-

íîìè÷åñêîé äåÿòåëüíîñòüþ ýôôåêòèâíî ïðèìåíåíèå ýêîíîìåòðè÷åñêèõ ìîäå-

ëåé, ïîñòðîåíèå âðåìåííûõ ðÿäîâ. Â áîëüøèíñòâå ñëó÷àåâ îñíîâíîé öåëüþ

ÿâëÿåòñÿ ïîñòðîåíèå ïðîãíîçà.

Äàííûå, ñîáðàííûå íà ïðîòÿæåíèè íåêîòîðîãî âðåìåííîãî ïåðèîäà, îáû÷-

íî ïîêàçûâàþò òðåíä, èëè îñíîâíîå íàïðàâëåíèå äâèæåíèÿ ïîêàçàòåëåé, õà-

ðàêòåðíîå äëÿ ðàçíîãî ïåðèîäà âðåìåíè.

Êðîìå òîãî, ñ áîëüøîé ÷àñòîòîé, ïîëó÷åííûå íàáëþäåíèÿ èìåþò çàâèñè-

ìîñòü îò ñâîèõ ïðåäûäóùèõ çíà÷åíèé, ò.å. àâòîêîððåëèðóþò. Ñëåäîâàòåëüíî,

ïîëó÷åííûå äàííûå íå ìîãóò áûòü ðàññìîòðåíû â êà÷åñòâå ñëó÷àéíîé âûáîð-

êè.

Ïîñòðîåíèå òàêèõ ìîäåëåé äîëæíî ïðîèñõîäèòü êðàéíå àêêóðàòíî, âíè-

ìàòåëüíî è ñ îñîáîé òî÷íîñòüþ.

Êðîìå òîãî, òåêóùèå çíà÷åíèÿ ïðîöåññà ìîãóò çàâèñåòü îò ñâîèõ ïðåäû-

äóùèõ ïîêàçàòåëåé. Òàêîé ïðîöåññ íàçûâàåòñÿ àâòîðåãðåññèåé. Òî÷íîñòü ëþ-

áîãî ïðîãíîçà çàâèñèò îò âûáðàííîé ìîäåëè, êîëè÷åñòâà è êà÷åñòâà äàííûõ

è äðóãèõ ôàêòîðîâ.

Òåìà áûëà îáóñëîâëåíà àêòóàëüíîñòüþ çàäà÷è ïîñòðîåíèå êà÷åñòâåííîãî

ïðîãíîçà, ò.å. âûáîðà àäåêâàòíîé ìîäåëè âðåìåííîãî ðÿäà - �Èññëåäîâàíèå

êà÷åñòâà ìîäåëè àâòîðåãðåññèè�.

Öåëüþ ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå êà÷åñòâà îñíîâíûõ ìîäåëåé, èñ-

ïîëüçóåìûõ â àíàëèçå âðåìåííûõ ðÿäîâ, ïðîâåäåíèå òåñòîâ äëÿ óñòàíîâëåíèÿ

ñòàöèîíàðíîñòè âðåìåííîãî ðÿäà, íàïèñàíèå ïðîãðàììíîãî êîäà, ðåàëèçóþ-

ùåãî äàííûé ôóíêöèîíàë.

Îáúåêò èññëåäîâàíèÿ - ìîäåëè àâòîðåãðåññèè.

Ïðåäìåò èññëåäîâàíèÿ - êà÷åñòâåííûå õàðàêòåðèñòèêè ðàçëè÷íûõ ìî-

äåëåé àâòîðåãðåññèè. Îáîñíîâàíèå âûáîðà òîé èëè èíîé ìîäåëè. Òåñòèðîâàíèå

âðåìåííîãî ðÿäà íà ñòàöèîíàðíîñòü

Äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé â ðàáîòå íåîáõîäèìî ðåøèòü ñëåäó-

þùèå çàäà÷è:

- îïðåäåëèòü îñíîâíûå õàðàêòåðèñòèêè;
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- ðàññìîòðåòü ìîäåëè àâòîðåãðåññèè;

- ïðîàíàëèçèðîâàòü ïðîöåññ èäåíòèôèêàöèè ìîäåëè;

Òåîðåòèêî-ìåòîäîëîãè÷åñêîé îñíîâîé èññëåäîâàíèÿ ÿâëÿþòñÿ òðó-

äû, îïèñûâàþùèå àíàëèç âðåìåííûõ ðÿäîâ, ìîäåëåé àâòîðåãðåññèè è òåñòè-

ðîâàíèÿ ýòèõ ìîäåëåé(Áîêñ. Äæ., Ìàãíóñ. ß.Ð., Àíäåðñîí Ò.)

Ïðàêòè÷åñêàÿ çíà÷èìîñòü � ðàçðàáîòêà ïðîãðàììíîãî ïðîäóêòà, ïîç-

âîëÿþùåãî âûïîëíèòü ìîäåëèðîâàíèå, òåñòèðîâàíèå è ìîæåò áûòü èñïîëüçî-

âàí äëÿ ðåøåíèÿ êàê ó÷åáíûõ, òàê è çàäà÷, îñíîâàííûõ íà ðåàëüíûõ äàííûõ.
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1 Îñíîâíîå ñîäåðæàíèå ðàáîòû

Âûïóñêíàÿ êâàëèôèêàöèîííàÿ ðàáîòà ñîñòîèò èç ââåäåíèÿ, îñíîâíûõ

îïðåäåëåíèé, äâóõ òåîðåòè÷åñêèõ è îäíîé ïðàêòè÷åñêîé ãëàâû, çàêëþ÷åíèÿ,

ñïèñêà èñïîëüçîâàííûõ èñòî÷íèêîâ è ïðèëîæåíèé.

Ââåäåíèå ñîäåðæèò îñíîâíûå ïîëîæåíèÿ: àêòóàëüíîñòü òåìû èññëåäîâà-

íèÿ; öåëü, îáúåêò, ïðåäìåò, çàäà÷è èññëåäîâàíèÿ; ïðàêòè÷åñêóþ çíà÷èìîñòü

èññëåäîâàíèÿ Äàííàÿ ðàáîòà ñîñòîèò èç 4 ðàçäåëîâ:

Â ïåðâîì ðàçäåëå ðàáîòû �Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ� ïðè-

âåäåíû îñíîâíûå îïðåäåëåíèÿ è ïîíÿòèÿ, èñïîëüçóåìûå ïðè àíàëèçå âðåìåí-

íûõ ðÿäîâ, àâòîðåãðåññèè è â ýêîíîìåòðè÷åñêîì àíàëèçå â öåëîì, òàêèå êàê

ïîíÿòèÿ äåòåðìèíèðîâàííîñòè, ñòàöèîíàðíîñòè, ïîíÿòèå ñòîõàñòè÷åñêîãî â

øèðîêîì è óçêîì ñìûñûõ ïðîöåññà. Ðàññìîòðåíà ìîäåëü ïàðíîé ðåãðåññèè è

ìåòîä íàèìåíüøèõ êâàäðàòîâ. Ïðèâåäåí ïðèìåð âîçìîæíîé ðåàëèçàöèè ñòî-

õàñòè÷åñêîãî ïðîöåññà.

Ðèñóíîê 1.1: Ïðèìåð âðåìåííîãî ðÿäà [5]
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Âî âòîðîì ðàçäåëå ðàáîòû �Ñòàöèîíàðíûå ñòîõàñòè÷åñêèå ìîäåëè�

ðàñêðûâàåòñÿ ñìûñë ïîíÿòèÿ ñòàöèîíàðíûõ ñòîõàñòè÷åñêèõ ìîäåëåé, ðàñ-

ñìàòðèâàþòñÿ îñíîâíûå ìîäåëè âðåìåííûõ ðÿäîâ - ìîäåëü àâòîðåãðåññèè

AR(k), ìîäåëü ñêîëüçÿùåãî ñðåäíåãî MA(m), ìîäåëü àâòîðåãðåññèè ñêîëü-

çÿùåãî ñðåäíåãî ARMA(k, m). Èññëåäóþòñÿ èõ õàðàêòåðèñòèêè, îöåíêè ïà-

ðàìåòðîâ, óñëîâèÿ èõ àâòîêîððåëÿöèè.

Ïîäðîáíûì îáðàçîì èññëåäóåòñÿ ïåðåõîä îò ìîäåëè ARMA ê ìîäåëÿì AR

è MM, âîçìîæíûå îøèáêè è íåñîñòûêîâêè, âàðèàíòû èõ èçáåæàíèÿ è êîððåê-

òèðîâêè. Îáîçíà÷åíû çàâèñèìîñòè êîýôôèöèåíòîâ àâòîêîððåëÿöèè ìîäåëåé

AR è MA. Òàê æå ñäåëàíû íåêîòîðûå çàìå÷àíèÿ îòíîñèòåëüíî ñòàöèîíàðíî-

ñòè ïðîöåññà.

Êðîìå òîãî èçó÷àåòñÿ ïðîöåññ èäåíòèôèêàöèè ìîäåëè ARMA, åãî ñîñòàâ-

íûå ýòàïû è àëãîðèòì. Ïðîâîäèòñÿ ïîäáîð íàèëó÷øåé ìîäåëè íà îñíîâå ñõî-

æåñòè èçó÷àåìîãî ïðîöåññà è òåîðåòè÷åñêîé ìîäåëè ïî îöåíêå ïîâåäåíèÿ èõ

àâòîêîððåëÿöèîííûõ ôóíêöèé, âîçìîæíûå ðåàëèçàöèè òàêîãî ïðîöåññà. Ðàñ-

ñìîòðåíû âîçìîæíûå ñâîéñòà ðÿäà îøèáêè òàêîãî ïðîöåññà, ñõîæåñòü ñ �áå-

ëûì øóìîì�. Ïðèâåäåíû òðåáîâàíèÿ äëÿ çíà÷åíèé äèñïåðñèè ïðîöåññà è ñî-

îòâåñòâóþùèå ôîðìóëû äëÿ ïîäñ÷åòà âûáîðî÷íûõ êîýôôèöèåíòîâ.

Â òðåòüåì ðàçäåëå Òåñòèðîâàíèå âðåìåííûõ ðÿäîâ íà ñòàöèîíàð-

íîñòü ðàññìàòðèâàþòñÿ îñíîâíûå êðèòåðèè òåñòèðîâàíèÿ âðåìåííûõ ðÿäîâ.

Òåñòû ðàçäåëÿþòñÿ íà ïàðàìåòðè÷åñêèå è íåïàðàìåòðè÷åñêèå. Ïàðàìåò-

ðè÷åñêèå òåñòû ïðîâîäÿòñÿ ïðè ñòðîãèõ ïðåäïîëîæåíèÿõ î çàêîíå ðàñïðåäå-

ëåíèÿ è ïàðàìåòðàõ âðåìåííîãî ðÿäà. Ê ýòèì òåñòàì îòíîñÿòñÿ òåñò Ñòüþ-

äåíòà, êîòîðûé ðàññ÷èòûâàåòñÿ íà îñíîâå t-êðèòåðèÿ. Âðåìåííîé ðÿä ðàçäå-

ëÿåòñÿ íà ÷àñòè è íà îñíîâå âûâåäåííûõ â ýòîì ðàçäåëå ôîðìóë ïîäñ÷èòû-

âàåòñÿ åãî çíà÷åíèå. Òàê æå çäåñü ðàññìîòðåí êðèòåðèé Ôèøåðà è êðèòåðèé

Êîêðåíà, ðàçðàáîòàííûé íà îñíîâå êðèòåðèÿ Ôèøåðà, ñ áîëüøèì êîëè÷å-

ñòâîì ðàçáèåíèé âðåìåííîãî ðÿäà íà îòðåçêè. Áîëåå ìîùíûì ïàðàìåòðè÷å-

ñêèì êðèòåðèåì ÿâëÿåòñÿ êðèåòðèé Áàðòëåòòà, íî òàê æå îí ÿâëÿåòñÿ è áîëåå

÷óâñòâèòåëüíûì ê îòêëîíåíèÿì îò íîðìàëüíîãî ðàñïðåäåëåíèÿ. Ïëþñîì ïà-

ðàìåòðè÷åñêèõ òåñòîâ ÿâëÿåòñÿ âûñîêàÿ òî÷íîñòü. Ê íåäîñòàòêàì îòíîñèòñÿ

÷óâñòâèòåëüíîñòü ê õàðàêòåðèñòèêàì âûáðàííûõ ïàðàìåòðîâ è îíè ÿâëÿþò-

ñÿ êðàéíå îãðàíè÷åííûìè â ïðèìåíåíèè èç-çà ñâîèõ ïðåäïîëîæåíèé îòíî-
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ñèòåëüíî íîðìàëüíîñòè çàêîíà ðàñïðåäåëåíèÿ âðåìåííîãî ðÿäà è ñëîæíîñòè

âû÷èñëåíèé.

Äðóãèì âèäîì òåñòîâ ÿâëÿþòñÿ íåïàðàìåòðè÷åñêèå òåñòû, êîòîðûå áî-

ëåå óäîáíû â ïðèìåíåíèè èç-çà îòñóòñòâèÿ òðåáîâàíèé íà çàêîí ðàñïðåäå-

ëåíèÿ âðåìåííîãî ðÿäà è áîëüøåé ïðîñòîé âû÷èñëåíèé. Âìåñòî êðèòåðèÿ

Ñòüþäåíòà èñïîëüçóåòñÿ íåïàðàìåòðè÷åñêèé êðèòåðèé Ìàííà-Óèòíè èëè u∗-

êðèòåðèé. Îí ñëàáåå êðèòåðèÿ Ñòüþäåíòà, â ñëó÷àå íîðìàëüíîãî ðàñïðåäåëå-

íèÿ, íî ïðåäïî÷òèòåëüíåå ïðè ðàñïðåäåëåíèè, îòëè÷íîì îò íîðìàëüíîãî. Èñ-

ïîëüçóåòñÿ äëÿ ïðîâåðêè èäåíòè÷íîñòè ðàñïðåäåëåíèÿ äâóõ ñîâîêóïíîñòåé.

Äàëåå ðàññìàòðèâàåòñÿ òåñò Ñèäæåëà-Òüþêè, êîòîðûé ÿâëÿåòñÿ ñâîåîáðàç-

íîé çàìåíîé ïàðàìåòðè÷åñêîãî êðèòåðèÿ Ôèøåðà, êîòîðûé îñíîâíàí íà ñîïî-

ñòàâëåíèè ðàíãîâ ýëåìåíòîâ äâóõ ñîâîêóïíîñòåé. Äëÿ ïðîâåäåíèÿ ýòîãî òåñòà

íåîáõîäèìî öåíòðèðîâàòü ðàññìàòðèâàåìûé âðåìåííîé ðÿä, äàëåå åãî ðàçäå-

ëÿþò íà äâå ÷àñòè, â ïåðâîé ÷àñòè ñîäåðæàòñÿ ýëåìåíòû ïåðâîé öåíòðèðîâàí-

íîé ñîâîêóïíîñòè, à âî âòîðîé ÷àñòè âòîðîé öåíòðèðîâàííîé ñîâîêóïíîñòè,

ïðè ýòîì ýëåìåíòû ýòèõ ñîâîêóïíîñòåé ïîìíÿò î ñâîèõ ñîâîêóïíîñòÿõ. Äàëåå

ïî ñïåöèàëüíîìó ïðàâèëó ðàíæèðîâàíèÿ ýëåìåíòû ñîåäèíÿþò â îäíó òàá-

ëèöó. Ïîñëåäíèì íåïàðàìåòðè÷åñêèì êðèòåðèåì ÿâëÿåòñÿ êðèòåðèé Âàëüäà-

Âîëîâèòöà, êîòîðûé îñíîâàí íà àíàëèçå çàêîíîìåðíîñòåé ñåðèé.

Â ÷åòâåðòîì è ïîñëåäíåì ðàçäåëåÏîñòðîåíèå ïðîãðàììíîãî ïðîäóê-

òà ïðèâåäåí ïðîöåññ ðàçðàáîòêè è èñïîëüçîâàíèÿ ïðîãðàììíîãî ïðîäóêòà äëÿ

òåñòèðîâàíèÿ âðåìåííûõ ðÿäîâ.

Ðàññìîòðåíû îñíîâíûå òðåáîâàíèÿ ê ôóíêöèîíàëó è èíòåðôåéñó ïðèëî-

æåíèÿ.

Äëÿ ðàçðàáîòêè áûë âûáðàí ÿçûê Java èç-çà ïðîñòîòû è ïîíÿòíîñòè íàïè-

ñàíèÿ êîäà, îãðîìíîãî êîëè÷åñòâà ñòàíäàðòíûõ áèáëèîòåê, ïðåäíàçíà÷åííûõ

äëÿ ðàçëè÷íûõ çàäà÷ è öåëåé. Îäíîé èç òàêîé áèáëèîòåê äëÿ ñòàòèñòèêîâ

- Apache Common Math [8] - áûëî ðåøåíî âîñïîëüçîâàòüñÿ ïðè ðàçðàáîòêå

äàííîãî ïðèëîæåíèÿ. Â íåé ñîäåðæèòñÿ ãîòîâûé è îïòèìèçèðîâàííûé ôóíê-

öèîíàë äëÿ ðàçðàáîòêè ñòàòèñòè÷åñêèõ ïðèëîæåíèé è òåñòîâ. Òàê, â äàííîé

áèáëèîòåêå ïðåäîñòàâëåíû êëàññû äëÿ Êðèòåðèÿ Ñòüþäåíòà è Ìàííà-Óèòíè,

êðèòåðèÿ Êîëìîãîðîâà äëÿ ïðîâåðêè íîðìàëüíîñòè ðàñïðåäåëåíèÿ.
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Ëþáîå ïðèëîæåíèå äîëæíî áûòü èíòóèòèâíî ïîíÿòíî äëÿ ïîëüçîâàòåëÿ.

Äëÿ ðàçðàáàòûâàåìîãî ïðèëîæåíèÿ áûë âûáðàí êîíñîëüíûé èíòåðôåéñ, ïðè-

íèìàþùèé ðÿä èíòóèòèâíî ïîíÿòíûõ êîìàíä.

Ðèñóíîê 1.2: Èíòåðôåéñ ïðîãðàììíîãî ïðîäóêòà

Â ïðèëîæåíèè ïðèâåäåí ïðîãðàììíûé êîä ïðèëîæåíèÿ è èñïîëüçóåìûõ

êëàññîâ.
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ÇÀÊËÞ×ÅÍÈÅ

Â õîäå äàííîé ðàáîòû áûëè ðàññìîòðåíû ðàçëè÷íûå ìîäåëè âðåìåííûõ

ðÿäîâ

1. Ìîäåëü àâòîðåãðåññèè AR(k),

2. Ìîäåëü ñêîëüçÿùåãî ñðåäíåãî MM(m),

3. Ìîäåëü àâòîðåãðåññèè ñêîëüçÿùåãî ñðåäíåãî ARMA(k, m).

êðèòåðèè è òåñòû, óñòàíàâëèâàþùèå ñòàöèîíàðíîñòü âðåìåííîãî ðÿäà, ñ

ïîìîùüþ êîòîðûõ îïðåäåëÿåòñÿ êà÷åñòâî ïðîâåðÿåìîé ìîäåëè

1. Ïàðàìåòðè÷åñêèå êðèòåðèè Ñòüþäåíòà, Ôèøåðà, Êîêðåíà è Áàðòëåòòà

2. Íåïàðàìåòðè÷åñêèå êðèòåðèè Ìàííà-Óèòíè, Ñèäæåëà-Òüþêè è

Âàëüäà-Âîëüôîâèòöà.

Íà îñíîâå ýòèõ êðèòåðèåâ íàïèñàíî êîíñîëüíîå ïðèëîæåíèå, èñïîëüçóåìîå

äëÿ òåñòèðîâàíèÿ âðåìåííûõ ðÿäîâ.
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2 Ëèñòèíã ïðîãðàììû

import Test.Critical;

import org.apache.commons.math3.distribution.NormalDistribution;

import org.apache.commons.math3.stat.StatUtils;

import org.apache.commons.math3.stat.correlation.PearsonsCorrelation;

import org.apache.commons.math3.stat.inference.MannWhitneyUTest;

import org.apache.commons.math3.stat.inference.TestUtils;

import java.io.*;

import java.nio.file.Path;

import java.util.ArrayList;

import java.util.Arrays;

import java.util.HashMap;

/*

* Copyright 2017 Georgii Plotnikov

Licensed under the Apache License, Version 2.0 (the "License");

you may not use this file except in compliance with the License.

You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software

distributed under the License is distributed on an "AS IS" BASIS,

WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

See the License for the specific language governing permissions and

limitations under the License.

*/

public class ConsoleApp {

public static void main(String[] args) {

System.out.println("Äîáðî ïîæàëîâàòü â ïðèëîæåíèå äëÿ ïðîâåðêè âðåìåííîãî ðÿäà íà ñòàöèîíàðíîñòü.");

System.out.println("==============================================================================");

System.out.println();

System.out.println("Ïîæàëóéñòà, âûáåðèòå ïóòü ê ôàéëó ñ äàííûìè, â ôîðìàòå 'C:/Data/.../data.txt'. Ëèáî âûáåðèòå ôàéë 'ïî óìîë÷àíèþ'");

String currentPath = new File("").getAbsolutePath();

BufferedReader bufferedReader = new BufferedReader(new InputStreamReader(System.in));

File data = new File(currentPath + "\\src\\main\\resources\\gas.txt"); //ôàéë ïî óìîë÷àíèþ

String filename;

try {

if (!((filename = bufferedReader.readLine()).equalsIgnoreCase("ïî óìîë÷àíèþ"))) {

data = new File(filename);

bufferedReader.close();

}

FileReader reader = new FileReader(data);

BufferedReader br = new BufferedReader(reader);

ArrayList<Double> timeSeria = new ArrayList<>();

String result;

while ((result = br.readLine()) != null) {

Double temp = Double.parseDouble(result);

timeSeria.add(temp);

}

br.close();

reader.close();

System.out.println("==============================================================================");

System.out.println("Çíà÷åíèÿ âàøåãî âðåìåííîãî ðÿäà");

for (Double d : timeSeria) {
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System.out.println(d);

}

System.out.println();

System.out.println("ÒÅÑÒÛ");

System.out.println("Âûáåðèòå òåñò(íîìåð), ïî êîòîðîìó âû õîòèòå ïðîâåðèòü âàø âðåìåííîé ðÿä. Åñëè âû íå õîòèòå òåñòèðîâàòü âàø ðÿä äàëåå, ââåäèòå 'íåò'");

System.out.println("1. Êðèòåðèé Ñòüþäåíòà.");

System.out.println("2. Êðèòåðèé Ôèøåðà.");

System.out.println("3. Êðèòåðèé Êîêðåíà.");

System.out.println("4. Òåñò Ìàííà-Óèòíè.");

BufferedReader testReader = new BufferedReader(new InputStreamReader(System.in));

String test;

double[] seriaArray = new double[timeSeria.size()];

for (int i = 0; i < timeSeria.size(); ++i) {

seriaArray[i] = timeSeria.get(i);

}

double[] timeArray = new double[seriaArray.length];

for(int i =0; i < timeArray.length; ++i){

timeArray[i] = i + 1;

}

while (((test = testReader.readLine().trim()) != "") && (!test.equalsIgnoreCase("Íåò"))) {

switch (test) {

case "1":

studentTest(seriaArray, timeArray);

break;

case "2":

System.out.println("Òåñòèðóåì ïî êðèòåðèþ Ôèøåðà");

System.out.println("Maòåìàòè÷åñêîå îæèäàíèå: " + StatUtils.mean(seriaArray));

System.out.println("Äèñïåðñèÿ: " + StatUtils.variance(seriaArray));

System.out.println("Çíà÷åíèå ëÿìáäà ïî êðèòåðèþ Êîëìîãîðîâà: " + TestUtils.kolmogorovSmirnovTest(new NormalDistribution(), seriaArray));

System.out.println("Çíà÷åíèå êðèòåðèÿ Ôèøåðà: " + (StatUtils.variance(seriaArray)) / StatUtils.variance(seriaArray));

System.out.println("×èñëî ñòåïåíåé ñâîáîäû: " + (seriaArray.length - 1));

System.out.println("×èñëî ñòåïåíåé ñâîáîäû: " + (seriaArray.length - 1));

System.out.println("Êðèòè÷åñêîå çíà÷åíèå ñëåäóåò íàéòè ïî òàáëèöå.");

break;

case "3":

System.out.println("Òåñòèðóåì ïî êðèòåðèþ Êîêðåíà");

System.out.println("Maòåìàòè÷åñêîå îæèäàíèå: " + StatUtils.mean(seriaArray));

System.out.println("Äèñïåðñèÿ: " + StatUtils.variance(seriaArray));

System.out.println("Çíà÷åíèå êðèòåðèÿ Êîêðåíà: " + (StatUtils.variance(seriaArray)) / StatUtils.variance(seriaArray));

break;

case "4":

System.out.println("Ïðîâîäèì òåñò Ìàííà-Óèòíè");

System.out.println("Maòåìàòè÷åñêîå îæèäàíèå: " + StatUtils.mean(seriaArray));

System.out.println("Äèñïåðñèÿ: " + StatUtils.variance(seriaArray));

//Çäåñü âîçâðàùàåòñÿ íîðìàëèçîâàííîå çíà÷åíèå ñòàòèñòèêè U êðèòåðèÿ.

System.out.println("Çíà÷åíèå êðèòåðèÿ Maííà-Óèòíè: " + new MannWhitneyUTest().mannWhitneyUTest(seriaArray, seriaArray));

break;

default:

System.out.println("Íåèçâåñòíàÿ êîìàíäà");

}

System.out.println("Òåñòèðóåì äàëüøå?");

}

testReader.close();

System.out.println("Âàøè òåñòû îêîí÷åíû.");

} catch (FileNotFoundException ex) {

System.out.println("Ôàéë íå íàéäåí");

} catch (IOException ex) {
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System.out.println("Îøèáêà ââîäà");

}

}

private static void studentTest(double[] seriaArray, double[] timeArray) {

HashMap<Integer, Double> critical = Critical.Student();

System.out.println("Òåñòèðóåì ïî êðèòåðèþ Ñòüþäåíòà");

System.out.println("Maòåìàòè÷åñêîå îæèäàíèå: " + StatUtils.mean(seriaArray));

System.out.println("Äèñïåðñèÿ: " + StatUtils.variance(seriaArray));

double student = TestUtils.t(0.05, seriaArray);

System.out.println("Çíà÷åíèå êðèòåðèÿ Ñòüþäåíòà: " + student + " ïðè àëüôà = " + 0.05);

System.out.println("×èñëî ñòåïåíåé ñâîáîäû: " + (seriaArray.length - 1));

double crit = checkCritical(seriaArray.length - 1);

System.out.println("Êðèòè÷åñêîå çíà÷åíèå = " + checkCritical(seriaArray.length - 1));

if (! (student < crit)) {

System.out.println("Ïîëó÷åííîå çíà÷åíèå êðèòåðèÿ Ñòüþäåíòà áîëüøå êðèòè÷åñêîãî," +

" ñëåäîâàòåëüíî ãèïîòåçó î ñòàöèîíàðíîñòè îòâåðãàåì.");

System.out.println("Ïðîáóåì ïîëó÷èòü ñòàöèîíàðíûé ðÿä,âû÷èñëÿÿ ðàçíîñòè.");

int count = 0;

while (count <= 2) {

double newArray[] = new double[seriaArray.length - 1 - count];

for (int i = count + 1; i <= newArray.length ; ++i) {

double z = seriaArray[i] - seriaArray[i - 1];

newArray[i - 1 - count] = z;

}

crit = checkCritical(newArray.length - 1);

double curr = TestUtils.t(0.05, newArray);

System.out.println("Ïîëó÷åííîå çíà÷åíèå: " + curr + "; Êðèòè÷åñêîå çíà÷åíèå: " + crit );

if (crit > curr) {

System.out.println("Ïî êðèòåðèþ Ñòüþäåíòà ïðåîáðàçîâàííûé ðÿä ñòàöèîíàðíûé.");

try {

count = 0;

while(count <= 4) {

System.out.println("Êîýôôèöèåíò àâòîêîððåëÿöèè " + (count + 1) + "-ãî ïîðÿäêà: " + PearsenCorrelationCoeff(seriaArray, count));

count++;

}

double[] coeff = AutoRegression.calculateARCoefficients(newArray, count, false);

for(int i = 0; i < coeff.length; ++i){

System.out.println("Êîýôôèöèåíò àâòîðåãðåññèè AR(" + (i + 1) + ") = " + coeff[i]);

}

} catch (Exception e) {

e.printStackTrace();

}

break;

} else {

count++;

System.out.println("Ïî êðèòåðèþ Ñòúþäåíòà ïðåîáðàçîâàííûé ðÿä íå ÿâëÿåòñÿ ñòàöèîíàðíûì.");

}

}

} else {

System.out.println("Ïî êðèòåðèþ Ñòúþäåíòà äàííûé ðÿä ÿâëÿåòñÿ ñòàöèîíàðíûì.");

}

}

private static double PearsenCorrelationCoeff(double[] seriaArray, int order){

double result;

double newArray[] = Arrays.copyOfRange(seriaArray, order + 1, seriaArray.length);
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double sum = 0;

double[] tempArray = Arrays.copyOfRange(seriaArray, 0, seriaArray.length - (1 + order));

for(int i = 0; i < newArray.length; ++i){

sum += tempArray[i] * newArray[i];

}

double seriaMean = StatUtils.mean(tempArray);

double seriaVariance = StatUtils.variance(tempArray);

double newArrMean = StatUtils.mean(newArray);

double newArrVariance = StatUtils.variance(newArray);

sum = sum / newArray.length;

result = (sum - (seriaMean * newArrMean))/((Math.sqrt(seriaVariance)*Math.sqrt(newArrVariance)));

return result;

}

private static double checkCritical(int freedomCount){

if(freedomCount > 80 && freedomCount < 90){

return (Double) Critical.Student().get(80);

} else if(freedomCount > 90 && freedomCount < 100){

return (Double) Critical.Student().get(90);

}

else return (Double) Critical.Student().get(freedomCount);

}

}
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