
Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèå
Ïðèêëàäíàÿ ñòàòèñòèêà. Çàíÿòèå 2. Ïàðàìåòðè÷åñêàÿïðîâåðêà ãèïîòåç.

21 �åâðàëÿ 2012 ã.
ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÌåòèë�åíèäàòPearson et al, 2003, Treatment e�ets of methylphenidate on behavioraladjustment in hildren with mental retardation and ADHD: èññëåäîâàëîñüâëèÿíèå ìåòèë�åíèäàòà íà ñïîñîáíîñòü ê ïîäàâëåíèþ èìïóëüñèâíûõïîâåäåí÷åñêèõ ðåàêöèé óìñòâåííî îòñòàëûõ äåòåé ñ ñèíäðîìîì äå�èöèòàâíèìàíèÿ è ãèïåðàêòèâíîñòè. Êàæäûé èñïûòóåìûé â òå÷åíèå íåäåëèïðèíèìàë ëèáî ïðåïàðàò, ëèáî ïëàöåáî, à â êîíöå íåäåëè ïðîõîäèë òåñò.Íà âòîðîì ýòàïå ïëàöåáî è ïðåïàðàò ìåíÿëèñü, ïîñëå íåäåëüíîãî êóðñàêàæäûé èñïûòóåìûé ïðîõîäèë âòîðîé òåñò.Äëÿ 24 èñïûòóåìûõ èçâåñòíû ðåçóëüòàòû â íîðìå è ïîñëå íåäåëüíîãîêóðñà ïðåïàðàòà.Ý��åêòèâåí ëè ïðåïàðàò? Êàêîâ åãî ý��åêò?ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÌåòèë�åíèäàò
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ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÌåòèë�åíèäàò
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ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏàðíûé êðèòåðèé Ñòüþäåíòà
H0 : òåðàïèÿ íåý��åêòèâíà, ñïîñîáíîñòü ê ïîäàâëåíèþ èìïóëüñèâíûõïîâåäåí÷åñêèõ ðåàêöèé íå ìåíÿåòñÿ.
H1 : â ðåçóëüòàòå òåðàïèè ñïîñîáíîñòü ê ïîäàâëåíèþ èìïóëüñèâíûõïîâåäåí÷åñêèõ ðåàêöèé óâåëè÷èâàåòñÿ.Ïðèìåíÿåì ïàðíûé êðèòåðèé Ñòüþäåíòà: p = 0.0019; âåðõíèé 95%äîâåðèòåëüíûé ïðåäåë äëÿ óâåëè÷åíèÿ � CU = −2.3212.

H1 : â ðåçóëüòàòå òåðàïèè ñïîñîáíîñòü ê ïîäàâëåíèþ èìïóëüñèâíûõïîâåäåí÷åñêèõ ðåàêöèé ìåíÿåòñÿ.Ïðèìåíÿåì ïàðíûé êðèòåðèé Ñòüþäåíòà: p = 0.0038; 95% äîâåðèòåëüíûéèíòåðâàë äëÿ èçìåíåíèÿ � CI = [−8.1414,−1.7752] .Èãíîðèðóåì ñâÿçü ìåæäó âûáîðêàìè è ïðèìåíèì îáû÷íûéäâóõâûáîðî÷íûé êðèòåðèé Ñòüþäåíòà:äëÿ îäíîñòîðîííåé àëüòåðíàòèâû p = 0.0766, CU = 0.7734;äëÿ äâóñòîðîííåé àëüòåðíàòèâû p = 0.1532, CI = [−11.8313, 1.9146] .ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄîâåðèòåëüíûé èíòåðâàë
H0 : µ = 0, H1 : µ 6= 0.Åñëè íóëåâàÿ ãèïîòåçà ñïðàâåäëèâà:
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� 100 (1− α)% äîâåðèòåëüíûé èíòåðâàëäëÿ ñðåäíåãî.Îäíîñòîðîííèå äîâåðèòåëüíûå ïðåäåëû àíàëîãè÷íî âûâîäÿòñÿ èçêðèòåðèÿ, ïðîâåðÿþùåãî ãèïîòåçó ïðîòèâ îäíîñòîðîííåé àëüòåðíàòèâû.ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðîäîëæèòåëüíîñòü æèçíè êðûñWalford and Weindruh, 1988, The Retardation of Aging and Disease byDietary Restrition: â èññëåäîâàíèè ïðèíèìàëî ó÷àñòèå 194 êðûñû.105 èç íèõ äåðæàëè íà ñòðîãîé äèåòå, îñòàâøèåñÿ 89 � íà äèåòå ad libitum.Èìåþùèåñÿ äàííûå: ïðîäîëæèòåëüíîñòü æèçíè êðûñ â êàæäîé èç ãðóïï.Âîïðîñ: âëèÿåò ëè äèåòà íà ïðîäîëæèòåëüíîñòü æèçíè?
ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðîäîëæèòåëüíîñòü æèçíè êðûñ
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Ïðîäîëæèòåëüíîñòü æèçíè êðûñ íà äèåòå ad libitum (n = 89)
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Ïðîäîëæèòåëüíîñòü æèçíè êðûñ íà ñòðîãîé äèåòå (n = 105)ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðîäîëæèòåëüíîñòü æèçíè êðûñ
ßùèê ñ óñàìèÎò öåíòðà ê êðàÿì:ìåäèàíà;95% äîâåðèòåëüíûé èíòåðâàë äëÿ ìåäèàíû;êâàðòèëè;òî÷êè äàííûõ, áëèæàéøèå (èçíóòðè) ê êîíöó îòðåçêà äëèíîé

1.5× IQR;òî÷êè, íå ïîïàäàþùèå â ýòîò èíòåðâàë.ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄâóõâûáîðî÷íûé êðèòåðèé Ñòüþäåíòà
H0 : ïðîäîëæèòåëüíîñòü æèçíè êðûñ íå ìåíÿåòñÿ ïðè îãðàíè÷åíèè äèåòû.
H1 : êðûñû íà ñòðîãîé äèåòå æèâóò äîëüøå.Ïðèìåíÿåì êðèòåðèé Ñòüþäåíòà äëÿ äâóõ âûáîðîê ñ íåèçâåñòíîéíåðàâíîé äèñïåðñèåé: p = 2× 10−15; íèæíèé 95% äîâåðèòåëüíûé ïðåäåëäëÿ óâåëè÷åíèÿ ïðîäîëæèòåëüíîñòè æèçíè � CL = 227.

H1 : ñðåäíÿÿ ïðîäîëæèòåëüíîñòü æèçíè êðûñ ìåíÿåòñÿ ïðè îãðàíè÷åíèèäèåòû.Ïðèìåíÿåì êðèòåðèé Ñòüþäåíòà äëÿ äâóõ âûáîðîê ñ íåèçâåñòíîéíåðàâíîé äèñïåðñèåé: p = 4× 10−15; 95% äîâåðèòåëüíûé èíòåðâàë äëÿèçìåíåíèÿ ïðîäîëæèòåëüíîñòè æèçíè � CI = [217, 344] .

ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðîâåðêà íîðìàëüíîñòè
−3 −2 −1 0 1 2 3
0

200

400

600

800

1000

1200

1400

1600

1800

Standard Normal Quantiles

Q
ua

nt
ile

s 
of

 In
pu

t S
am

pl
e

Restricted diet

−3 −2 −1 0 1 2 3
0

200

400

600

800

1000

Standard Normal Quantiles

Q
ua

nt
ile

s 
of

 In
pu

t S
am

pl
e

Ad libitum diet

�ðà�èê Q-Q (êâàíòèëü-êâàíòèëü)Êðèòåðèé Øàïèðî-Óèëêà îòêëîíÿåò ãèïîòåçó íîðìàëüíîñòè:
p1 = 1.7× 10−6, p2 = 1.5× 10−7. ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÈñêëþ÷åíèå âûáðîñîâ
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n1 = 96, n2 = 86.Êðèòåðèé Øàïèðî-Óèëêà: p1 = 0.0443, p2 = 0.0960.Êðèòåðèé Ñòüþäåíòà:äëÿ îäíîñòîðîííåé àëüòåðíàòèâû p = 4× 10−32, CL = 298;äëÿ äâóñòîðîííåé àëüòåðíàòèâû p = 9× 10−32, CI = [290, 382] .ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðî÷íîñòü êåðàìèêèNIST industry eramis onsortium for strength optimization of eramistrength, 1996: ñîáðàíû äàííûå î ïðî÷íîñòè ìàòåðèàëà 440 êåðàìè÷åñêèõèçäåëèé èç äâóõ ïàðòèé ïî 220 â êàæäîé.Öåëü� ïðîâåðèòü, îäèíàêîâà ëè äèñïåðñèÿ ïðî÷íîñòè â ðàçíûõ ïàðòèÿõ.

ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðî÷íîñòü êåðàìèêè
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�èïîòåçà íîðìàëüíîñòè íå îòêëîíÿåòñÿ êðèòåðèåì Øàïèðî-Óèëêà(p1 = 0.2062, p2 = 0.7028).Êðèòåðèé Ôèøåðà: p = 0.1721, CI = [0.9225, 1.5690] .ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÒðåâîæíîñòü ïîæèëûõ ëþäåéUniversity of Massahusetts Medial Shool, 1999: èçó÷àëàñü âàðèàöèÿïñèõîëîãè÷åñêèõ è �èçèîëîãè÷åñêèõ �àêòîðîâ â çàâèñèìîñòè îò âðåìåíèãîäà.Îäèí èç èçìåðåííûõ ïðèçíàêîâ� òðåâîæíîñòü (øêàëà îò 1 äî 9).

Îòáåð¼ì èñïûòóåìûõ ñòàðøå 60 ëåò, âîçüì¼ì ñðåäíåå çíà÷åíèåòðåâîæíîñòè çà 4 ñåçîíà è ïðîâåðèì, îòëè÷àåòñÿ ëè åãî äèñïåðñèÿâ âûáîðêàõ èç 70 ìóæ÷èí è 57 æåíùèí.ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÒðåâîæíîñòü ïîæèëûõ ëþäåé
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�èïîòåçà íîðìàëüíîñòè íå îòêëîíÿåòñÿ êðèòåðèåì Øàïèðî-Óèëêà(p1 = 0.077, p2 = 0.5774).Êðèòåðèé Ôèøåðà: p = 0.00039151, CI = [0.2431, 0.6651] .ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄîëÿ äå�åêòíûõ èçäåëèé
Êîáçàðü, 2006, Ïðèêëàäíàÿ ìàòåìàòè÷åñêàÿ ñòàòèñòèêà, çàäà÷à 227:íîðìèðóåìûé óðîâåíü äå�åêòíûõ èçäåëèé â ïàðòèè p0 = 0.05. Èç ïàðòèèèçâëå÷åíà âûáîðêà n = 20 èçäåëèé, â êîòîðîé îáíàðóæåíû ïðè ïðîâåðêå
m = 2 äå�åêòíûõ.Íåîáõîäèìî ïðîâåðèòü ãèïîòåçó î òîì, ÷òî äîëÿ äå�åêòíûõ èçäåëèéâ ïàðòèè íå ïðåâîñõîäèò íîðìèðóåìîãî çíà÷åíèÿ.
H0 : p ≤ p0, H1 : p > p0.

ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÒî÷íûé êðèòåðèé
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≈ 0.26.Íóëåâàÿ ãèïîòåçà íå îòêëîíÿåòñÿ. ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðèáëèæåíèÿÏðè áîëüøèõ îáú¼ìàõ âûáîðêè âû÷èñëåíèå äîñòèãàåìîãî óðîâíÿçíà÷èìîñòè òî÷íîãî êðèòåðèÿ çàòðóäíèòåëüíî.Èñïîëüçóþò ïðèáëèæåíèå íîðìàëüíûì ðàñïðåäåëåíèåì:
m ∼ Bin (n, p) ≈ N (np, np (1− p)) .Ïðè m ∼ Bin (n, p0)

z =
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√

np0 (1− p0)
≈ N (0, 1) .Äëÿ îäíîñòîðîííåãî âàðèàíòà ãèïîòåçû èñïîëüçóåòñÿ ñòàòèñòèêà:
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.�èïîòåçà H0 : p ≤ p0 îòêëîíÿåòñÿ â ïîëüçó àëüòåðíàòèâû H1 : p > p0, åñëè

z > zα.Â çàäà÷å z ≈ 0.51, p− value ≈ 0.31. ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄîâåðèòåëüíûå èíòåðâàëû
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n� 100 (1− α)% äîâåðèòåëüíûé èíòåðâàë Âàëüäà (ïðèáëèæ¼ííûé).Â çàäà÷å 95% äîâåðèòåëüíûé èíòåðâàë Âàëüäà CIWald = [−0.0315, 0.2315].ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄîâåðèòåëüíûå èíòåðâàëû
Áîëåå òî÷íûé äîâåðèòåëüíûé èíòåðâàë Óèëñîíà:
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.Â çàäà÷å 95% äîâåðèòåëüíûé èíòåðâàë Óèëñîíà
CIWilson = [0.0279, 0.3010].

ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÄîëè äå�åêòíûõ èçäåëèé
Êîáçàðü, 2006, Ïðèêëàäíàÿ ìàòåìàòè÷åñêàÿ ñòàòèñòèêà, çàäà÷à 226:â äâóõ ïàðòèÿõ îáú¼ìàìè n1 = 100 øò. è n2 = 200 øò. îáíàðóæåíîñîîòâåòñòâåííî m1 = 3 è m2 = 5 äå�åêòíûõ ïðèáîðîâ.Íåîáõîäèìî ïðîâåðèòü ãèïîòåçó î ðàâåíñòâå äîëåé äå�åêòíûõ ïðèáîðîââ ïàðòèÿõ.
H0 : p1 = p2, H1 : p < 6=> p0.

ÏÑ-2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.



Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèåÏðèáëèæ¼ííûé äâóõâûáîðî÷íûé êðèòåðèé
z =

m1

n1
+ 1

2n1
− m2

n2
− 1

2n2
√

m1+m2

n1+n2

n1+n2−m1−m2

n1+n2

(

1
n1

+ 1
n2

)

.Åñëè |z| > z 1+α

2

, z > zα èëè z < z1−α, íóëåâàÿ ãèïîòåçà îòêëîíÿåòñÿâ ïîëüçó àëüòåðíàòèâ
H1 : p1 6= p2, H1 : p1 > p2, H1 : p1 < p2.Â çàäà÷å z = 0.376, p− value = 0.71 (äâóñòîðîííÿÿ àëüòåðíàòèâà).
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Íîðìàëüíîå ðàñïðåäåëåíèå Áèíîìèàëüíîå ðàñïðåäåëåíèå
Ïðèêëàäíàÿ ñòàòèñòèêàÑåìèíàð 2. Ïàðàìåòðè÷åñêàÿ ïðîâåðêà ãèïîòåç.�ÿáåíêî Åâãåíèériabenko.e�gmail.om
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