
Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåç
Ïðèêëàäíàÿ ñòàòèñòèêà. Çàíÿòèå 1. Ââåäåíèå.
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ÏÑ-1. Ââåäåíèå.
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Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÎöåíêè öåíòðàëüíîé òåíäåíöèèÂûáîðî÷íîå ñðåäíåå� ñðåäíåå çíà÷åíèå â âûáîðêå.Ìåäèàíà� ñðåäíèé ýëåìåíò âàðèàöèîííîãî ðÿäà âûáîðêè.Ìîäà� ñàìîå ðàñïðîñòðàí¼ííîå çíà÷åíèå â âûáîðêå.

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçHow to lie with statistics (Hu�, 1954)

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÄàííûå NALP (The Association for Legal Career Professionals)

Salary Distribution Curve for the Class of 2009 Shows Relatively Few SalariesWere Close to the Mean ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÃèñòîãðàììà: âõîäíûå äàííûå
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Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÃèñòîãðàììà: ÷èñëî êàðìàíîâ
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Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÑãëàæåííûå îöåíêè ïëîòíîñòè ðàñïðåäåëåíèÿ
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ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÏðîâåðêà ãèïîòåç

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçShaken, not stirredÄæåéìñ Áîíä ãîâîðèë, ÷òî ïðåäïî÷èòàåò ìàðòèíè ñìåøàííûì, íî íåâçáîëòàííûì.Ñëåïîé òåñò: n ðàç ïðåäëîæèì Äæåéìñó Áîíäó ïàðó íàïèòêîâ è âûÿñíèì,êàêîé èç äâóõ îí ïðåäïî÷èòàåò.Âûáîðêà: áèíàðíûé âåêòîð äëèíû n, �1� � Äæåéìñ Áîíä ïðåäïî÷¼ëñìåøàííûé, �0� � âçáîëòàííûé.Íóëåâàÿ ãèïîòåçà H0: Äæåéìñ Áîíä íå ðàçëè÷àåò äâà âèäà ìàðòèíè, ò.å.,âûáèðàåò íàóãàä.Ñòàòèñòèêà t�÷èñëî åäèíèö â âûáîðêå, ò.å., ÷èñëî èñïûòàíèé, â êîòîðûõÄæåéìñ Áîíä ïðåäïî÷¼ë ñìåøàííûé ìàðòèíè.ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÍóëåâîå ðàñïðåäåëåíèåÅñëè íóëåâàÿ ãèïîòåçà ñïðàâåäëèâà è Äæåéìñ Áîíä íå ðàçëè÷àåò äâà âèäàìàðòèíè, òî ðàâíîâåðîÿòíû âñå âûáîðêè äëèíû n èç íóëåé è åäèíèö.Ïóñòü n = 16, òîãäà ñóùåñòâóåò 216 = 65536 ðàâíîâåðîÿòíûõ âàðèàíòà.0000000000000000 0100000000000000 1000000000000000 11000000000000000000000000000001 0100000000000001 1000000000000001 11000000000000010000000000000010 0100000000000010 1000000000000010 11000000000000100000000000000011 0100000000000011 1000000000000011 11000000000000110000000000000100 0100000000000100 1000000000000100 11000000000001000000000000000101 0100000000000101 1000000000000101 11000000000001010000000000000110 0100000000000110 1000000000000110 11000000000001100000000000000111 0100000000000111 1000000000000111 11000000000001110000000000001000 0100000000001000 1000000000001000 11000000000010000000000000001001 0100000000001001 1000000000001001 11000000000010010000000000001010 0100000000001010 1000000000001010 11000000000010100000000000001011 0100000000001011 1000000000001011 1100000000001011. . . . . . . . . . . .ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÍóëåâîå ðàñïðåäåëåíèåÑòàòèñòèêà t ïðèíèìàåò çíà÷åíèÿ îò 0 äî 16.

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÎäíîñòîðîííÿÿ àëüòåðíàòèâàÏðîâåðèì íóëåâóþ ãèïîòåçó ïðîòèâ àëüòåðíàòèâû H1: Äæåéìñ Áîíäïðåäïî÷èòàåò ñìåøàííûé ìàðòèíè.Ïðè ñïðàâåäëèâîñòè òàêîé àëüòåðíàòèâû áîëåå âåðîÿòíû áîëüøèåçíà÷åíèÿ ñòàòèñòèêè t (áîëüøèå çíà÷åíèÿ t ñâèäåòåëüñòâóþò ïðîòèâ H0 âïîëüçó H1).Íàïðèìåð, âåðîÿòíîñòü, ÷òî Äæåéìñ Áîíä ïðåäïî÷ò¼ò ñìåøàííûéìàðòèíè â 12 èëè áîëåå ñëó÷àÿõ ïðè ñïðàâåäëèâîñòè H0 ðàâíà
2517

65536
≈ 0.0384.

0.0384� äîñòèãàåìûé óðîâåíü çíà÷èìîñòè ïðè ðåàëèçàöèè ñòàòèñòèêè
t = 12. ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÄîñòèãàåìûé óðîâåíü çíà÷èìîñòè
×åì íèæå äîñòèãàåìûé óðîâåíü çíà÷èìîñòè, òåì ñèëüíåå äàííûåñâèäåòåëüñòâóþò ïðîòèâ ñïðàâåäëèâîñòè íóëåâîé ãèïîòåçû â ïîëüçóàëüòåðíàòèâû.
0.0384� âåðîÿòíîñòü ðåàëèçàöèè äîñòàòî÷íî áîëüøîãî çíà÷åíèÿñòàòèñòèêè (t ≥ 12) ïðè óñëîâèè, ÷òî íóëåâàÿ ãèïîòåçà ñïðàâåäëèâà, ò.å.,Äæåéìñ Áîíä âûáèðàåò ìàðòèíè íàóãàä.Äîñòèãàåìûé óðîâåíü çíà÷èìîñòè íåëüçÿ èíòåðïðåòèðîâàòü êàêâåðîÿòíîñòü ñïðàâåäëèâîñòè íóëåâîé ãèïîòåçû!

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÄîñòèãàåìûé óðîâåíü çíà÷èìîñòèÏðèìåð: óòâåðæäàåòñÿ, ÷òî îñüìèíîã ïðåäñêàçûâàåò ðåçóëüòàòû ìàò÷åé÷åìïèîíàòà ìèðà ïî ôóòáîëó ñ ó÷àñòèåì ñáîðíîé Ãåðìàíèè, âûáèðàÿêîðìóøêó ñ ôëàãîì ñòðàíû-ïîáåäèòåëÿ. Ïî ðåçóëüòàòàì 13 èñïûòàíèé åìóóäà¼òñÿ âåðíî óãàäàòü ðåçóëüòàòû 11 ìàò÷åé. Ñîîòâåòñòâóþùèéäîñòèãàåìûé óðîâåíü çíà÷èìîñòè � p ≈ 0.0112.

0.0112�íå âåðîÿòíîñòü òîãî, ÷òî îñüìèíîã âûáèðàåò êîðìóøêó íàóãàä!Èñõîäÿ èç çäðàâîãî ñìûñëà, ñòîèò îæèäàòü, ÷òî ýòà âåðîÿòíîñòü áëèçêà êåäèíèöå.
0.0112� âåðîÿòíîñòü òîãî, ÷òî îñüìèíîã óãàäàåò ïîáåäèòåëÿ â 11 è áîëååìàò÷àõ èç 13 ïðè âûáîðå íàóãàä. ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÄâóñòîðîííÿÿ àëüòåðíàòèâàÏðîâåðèì íóëåâóþ ãèïîòåçó ïðîòèâ àëüòåðíàòèâû H1: Äæåéìñ Áîíäïðåäïî÷èòàåò êàêîé-òî îïðåäåë¼ííûé âèä ìàðòèíè.Ïðè ñïðàâåäëèâîñòè òàêîé àëüòåðíàòèâû è áîëüøèå, è ìàëåíüêèåçíà÷åíèÿ ñòàòèñòèêè t ñâèäåòåëüñòâóþò ïðîòèâ H0 â ïîëüçó H1.Âåðîÿòíîñòü, ÷òî Äæåéìñ Áîíä ïðåäïî÷ò¼ò êàêîé-òî îäèí âèä ìàðòèíè â12 èëè áîëåå ñëó÷àÿõ ïðè ñïðàâåäëèâîñòè H0 ðàâíà 5034

65536
≈ 0.0768.

0.0768� äîñòèãàåìûé óðîâåíü çíà÷èìîñòè ïðè ðåàëèçàöèè ñòàòèñòèêè
t = 12. ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÎøèáêè I è II ðîäàÇàäà÷à ïðîâåðêè ãèïîòåç íåñèììåòðè÷íà îòíîñèòåëüíî ïàðû (H0,H1).
H0 âåðíà H0 íåâåðíà

H0 ïðèíèìàåòñÿ H0 âåðíî ïðèíÿòà Îøèáêà âòîðîãî ðîäà
H0 îòâåðãàåòñÿ Îøèáêà ïåðâîãî ðîäà H0 âåðíî îòâåðãíóòàÂåðîÿòíîñòü îøèáêè ïåðâîãî ðîäà æ¼ñòêî îãðàíè÷èâàåòñÿ ìàëîéâåëè÷èíîé α�H0 îòâåðãàåòñÿ ïðè p ≤ α.Âåðîÿòíîñòü îøèáêè âòîðîãî ðîäà ìèíèìèçèðóåòñÿ ïóò¼ì âûáîðàäîñòàòî÷íî ìîùíîãî êðèòåðèÿ.Åñëè âåëè÷èíà p äîñòàòî÷íî ìàëà, òî äàííûå ñâèäåòåëüñòâóþò ïðîòèâíóëåâîé ãèïîòåçû â ïîëüçó àëüòåðíàòèâû.Åñëè âåëè÷èíà p íåäîñòàòî÷íî ìàëà, òî äàííûå íå ñâèäåòåëüñòâóþòïðîòèâ íóëåâîé ãèïîòåçû â ïîëüçó àëüòåðíàòèâû.ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÈíòåðïðåòàöèÿ áîëüøèõ çíà÷åíèé p-value
Ïðèìåð: ïóñòü Äæåéìñ Áîíä âûáèðàåò ñìåøàííûé ìàðòèíè â 51% ñëó÷àåâ(íåíàáëþäàåìàÿ âåðîÿòíîñòü).Ïóñòü ïî èòîãàì 100 èñïûòàíèé Äæåéìñ Áîíä âûáðàë ñìåøàííûéìàðòèíè 49 ðàç. Äîñòèãàåìûé óðîâåíü çíà÷èìîñòè ïðîòèâ îäíîñòîðîííåéàëüòåðíàòèâû� p ≈ 0.6178. Íóëåâàÿ ãèïîòåçà íå îòâåðãàåòñÿ, ïðè ýòîìñêàçàòü, ÷òî îíà âåðíà, áûëî áû îøèáêîé �Äæåéìñ Áîíä âûáèðàåòñìåøàííûé èëè âçáîëòàííûé ìàðòèíè íå ñ îäèíàêîâûìè âåðîÿòíîñòÿìè!Ïðè ïîìîùè èíñòðóìåíòà ïðîâåðêè ãèïîòåç íåëüçÿ äîêàçàòüñïðàâåäëèâîñòü íóëåâîé ãèïîòåçû.

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÌîùíîñòüÏðîâåðÿÿ íóëåâóþ ãèïîòåçó î ñëó÷àéíîì âûáîðå ìàðòèíè ïðîòèâîäíîñòîðîííåé àëüòåðíàòèâû, ìû îòâåðãàåì H0 ïðè çíà÷åíèÿõ t ≥ 12, ÷òîîáåñïå÷èâàåò íàì äîñòèãàåìûé óðîâåíü çíà÷èìîñòè p ìåíüøå α = 0.05.

Ïóñòü Äæåéìñ Áîíä âûáèðàåò ñìåøàííûé ìàðòèíè â 75% ñëó÷àåâ(íåíàáëþäàåìàÿ âåðîÿòíîñòü).
Ìîùíîñòü ðàâíà ≈ 0.6302, ò.å., ïðè ìíîãîêðàòíîì ïîâòîðåíèèýêñïåðèìåíòà ãèïîòåçà áóäåò îòêëîíåíà òîëüêî â 63% ñëó÷àåâ.ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÌîùíîñòü
Ìîùíîñòü çàâèñèò îò ñëåäóþùèõ ôàêòîðîâ:àëüòåðíàòèâà (îäíîñòîðîííÿÿ èëè äâóñòîðîííÿÿ)÷óâñòâèòåëüíîñòü ñòàòèñòèêè êðèòåðèÿðàçìåð îòêëîíåíèÿ îò íóëåâîé ãèïîòåçûðàçìåð âûáîðêè

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÐàçìåð âûáîðêè
Íåìàòåìàòè÷åñêèå ñîîáðàæåíèÿ: 1 ïîðöèÿ ìàðòèíè ñîäåðæèò 55 ìë äæèíàè 15 ìë âåðìóòà � ñóììàðíî îêîëî 25 ìë ñïèðòà. Ñìåðòåëüíàÿ äîçààëêîãîëÿ ïðè ìàññå òåëà 80 êã ñîñòàâëÿåò îò 320 äî 960 ãðàììîâ ñïèðòà âçàâèñèìîñòè îò òîëåðàíòíîñòè (îò 13 äî 38 ìàðòèíè).Îáåñïå÷åíèå òðåáóåìîé ìîùíîñòè: ðàçìåð âûáîðêè ïîäáèðàåòñÿ òàê,÷òîáû ïðè ðàçìåðå îòêëîíåíèÿ îò íóëåâîé ãèïîòåçû íå ìåíüøå çàäàííîãî(íàïðèìåð, âåðîÿòíîñòü âûáîðà ñìåøàííîãî ìàðòèíè íå ìåíüøå 0.75)ìîùíîñòü áûëà íå ìåíüøå çàäàííîé.

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçØîêèðóþùèé ãðàôèê
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Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåçÏàäåíèå ìîùíîñòè: îáúÿñíåíèå

ÏÑ-1. Ââåäåíèå.



Äàííûå: íà÷àëîÏðîâåðêà ãèïîòåç
Ïðèêëàäíàÿ ñòàòèñòèêàÑåìèíàð 1. Ââåäåíèå.Ðÿáåíêî Åâãåíèériabenko.e@gmail.com

ÏÑ-1. Ââåäåíèå.
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