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Ââèäó ïðèíöèïèàëüíî ñòàòèñòè÷åñêîãî õàðàêòåðà

ýêñïåðèìåíòàëüíûõ äàííûõ ìû ìîæåì áûòü óâåðåíû â òîì, ÷òî

îãðàíè÷åííàÿ âûáîðêà îáëàäàåò òåì èëè èíûì ñâîéñòâîì ëèøü

ñ íåêîòîðîé âåðîÿòíîñòüþ.

Ðàññìîòðèì â îáùåì âèäå ïðèíöèïû ïðîâåðêè ñòàòèñòè÷åñêèõ

ãèïîòåç îòíîñèòåëüíî âûáîðêè îáúåìà n ýêñïåðèìåíòàëüíûõ

ðåçóëüòàòîâ x1, x2, ..., xn.
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Ïðàâèëî, ïîçâîëÿþùåå îòâåðãíóòü íåêîòîðóþ ãèïîòåçó H
(íàïðèìåð, ÷òî ðàñïðåäåëåíèå ÿâëÿåòñÿ íîðìàëüíûì) íà

îñíîâàíèè äàííûõ âûáîðêè x1, ..., xn, íàçûâàåòñÿ
ñòàòèñòè÷åñêèì êðèòåðèåì. Êðèòåðèé îïðåäåëÿåò íåêîòîðóþ

îáëàñòü çíà÷åíèé � êðèòè÷åñêóþ îáëàñòü. Ãèïîòåçà H
îòâåðãàåòñÿ, åñëè ðàññ÷èòàííûé ïî âûáîðêå íåêîòîðûé

ïàðàìåòð ïîïàäàåò â êðèòè÷åñêóþ îáëàñòü è íå îòâåðãàåòñÿ â

ïðîòèâíîì ñëó÷àå.
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Òàêîå ïðèíÿòèå èëè îòáðàñûâàíèå ãèïîòåçû íå äàåò

ëîãè÷åñêîãî äîêàçàòåëüñòâà èëè îïðîâåðæåíèÿ ýòîé ãèïîòåçû.

Âîçìîæíû ÷åòûðå ñëó÷àÿ:

I ãèïîòåçà H âåðíà è ïðèíèìàåòñÿ ñîãëàñíî
êðèòåðèþ;

I ãèïîòåçà H íåâåðíà è íå ïðèíèìàåòñÿ ñîãëàñíî
êðèòåðèþ;

I ãèïîòåçà H âåðíà, íî îòâåðãàåòñÿ ñîãëàñíî
êðèòåðèþ(ýòî îøèáêà ïåðâîãî ðîäà);

I ãèïîòåçà H íåâåðíà, íî ïðèíèìàåòñÿ ñîãëàñíî
êðèòåðèþ (ýòî îøèáêà âòîðîãî ðîäà).
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Åñëè ãèïîòåçà ïîëíîñòüþ ôèêñèðóåò ïàðàìåòðû ðàñïðåäåëåíèÿ,

òî òàêóþ ãèïîòåçó íàçûâàþò ïðîñòîé èëè íóëåâîé (ñëîæíàÿ

ãèïîòåçà îãðàíè÷èâàåò çíà÷åíèÿ ïàðàìåòðîâ íåêîòîðîé

îáëàñòüþ çíà÷åíèé). Êîíêóðèðóþùóþ ñ íóëåâîé ãèïîòåçîé (H0)

íàçûâàþò àëüòåðíàòèâíîé (H1). Ïðîèëëþñòðèðóåì ýòè

ðàññóæäåíèÿ ðèñ. 1.
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Ðèñ.: Êðèâàÿ H0 � ïëîòíîñòü âåðîÿòíîñòè ïðè ñïðàâåäëèâîñòè
íóëåâîé ãèïîòåçû; êðèâàÿ H1 � ïëîòíîñòü âåðîÿòíîñòè äëÿ
êîíêóðèðóþùåé ãèïîòåçû; uα � êðèòè÷åñêîå çíà÷åíèå äëÿ âåëè÷èíû
α âåðîÿòíîñòè îøèáêè ïåðâîãî ðîäà
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Âûáîð çíà÷åíèÿ âåðîÿòíîñòè îøèáêè ïåðâîãî ðîäà α ÿâëÿåòñÿ

âîïðîñîì ñîãëàøåíèÿ. Â íåêîòîðûõ ñëó÷àÿõ äîñòàòî÷íî âçÿòü

α = 0, 1 (íàïðèìåð, â ñëó÷àå ýêñïðåññíîãî àíàëèçà äëÿ

ñîáñòâåííûõ íóæä), â äðóãèõ ñëó÷àÿõ ìîæåò áûòü íåäîñòàòî÷íî

ìàëûì è α = 0, 001 (íàïðèìåð, ïðè àíàëèçå ëåêàðñòâ).
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Â áîëüøèíñòâå ñëó÷àåâ ðóòèííîãî àíàëèçà ïðèäåðæèâàþòñÿ

ñëåäóþùåãî ïðàâèëà:

I ãèïîòåçà ïðèíèìàåòñÿ, êîãäà îøèáêà ïåðâîãî
ðîäà âîçìîæíà áîëåå ÷åì â 5 % ñëó÷àåâ
(P = 1− α 6 0, 95), òîãäà ðàçëè÷èå
ñ÷èòàåòñÿ íåçíà÷èìûì;

I ãèïîòåçà îòáðàñûâàåòñÿ, åñëè îøèáêà ïåðâîãî
ðîäà ìîæåò ïîÿâèòüñÿ ìåíåå ÷åì â 1 % ñëó÷àåâ
(P = 1− α > 0, 99); ðàçëè÷èå ñ÷èòàåòñÿ
çíà÷èìûì;

I åñëè 0, 95 6 P 6 0, 99, òî ðàçëè÷èå
èíòåðïðåòèðóåòñÿ êàê ñïîðíîå.
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χ2-Ðàñïðåäåëåíèå

Â êà÷åñòâå ïðèìåðà ðàññìîòðèì

Ðèñ.: Ê. Ïèðñîí

ïðîâåðêó ðàçëè÷íûõ ãèïîòåç
ñ ïîìîùüþ χ2-ðàñïðåäåëåíèÿ
(ðàñïðåäåëåíèÿ Ïèðñîíà).
Ïóñòü èìååòñÿ âûáîðêà
x1, ..., xn, çíà÷åíèÿ êîòîðîé
ïîä÷èíÿþòñÿ íîðìàëüíîìó
çàêîíó ðàñïðåäåëåíèÿ.
Íàéäåì çàêîí ðàñïðåäåëåíèÿ
äëÿ âåëè÷èíû χ2 =

∑n
i=1 x

2
i .
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Åñëè èìååòñÿ îäíà ïåðåìåííàÿ x1, òî äëÿ âåëè÷èíû u1 = x21
ïëîòíîñòü ôóíêöèè ðàñïðåäåëåíèÿ èìååò âèä

f1(u1) ∼ u
−1/2
1 e−u1/2. Äëÿ ÷èñëà ïåðåìåííûõ n = ν ôóíêöèÿ

ðàñïðåäåëåíèÿ èìååò âèä

fν(χ2) =

(
χ2
)ν/2−1

e−χ
2/2

2ν/2Γ(ν/2)
.

Ýòî óïîìèíàâøååñÿ âûøå ãàììà-ðàñïðåäåëåíèÿ, à âåëè÷èíà ν
íàçûâàåòñÿ ÷èñëîì ñòåïåíåé ñâîáîäû. Íà ðèñ. 3 ïðèâåäåíû

òèïè÷íûå ãðàôèêè χ2 ðàñïðåäåëåíèÿ äëÿ íåêîòîðûõ çíà÷åíèé

÷èñëà ñòåïåíåé ñâîáîäû.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

0 2 4 6 8 10 12
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

χ2

f ν(χ
2
)

ν=2
ν=4
ν=8

Ðèñ.: χ2-Ðàñïðåäåëåíèå äëÿ ν = 2, 4, 8
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×èñëåííîå ìîäåëèðîâàíèå χ2-ðàñïðåäåëåíèÿ
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Êàê ïðèìåíÿòü χ2-ðàñïðåäåëåíèå äëÿ ïðîâåðêè ãèïîòåçû, ÷òî

âûáîðêà îáúåìîì n èìååò íîðìàëüíîå ðàñïðåäåëåíèå? Äëÿ

ýòîãî âû÷èñëÿþò ñðåäíåå x̄ è ñòàíäàðòíîå îòêëîíåíèå s:

x̄ =
1

n

n∑
1

xi, s =

√
1

n− 1

∑
(xi − x̄)2

è ïðèâîäÿò ýêñïåðèìåíòàëüíûå äàííûå ê ñòàíäàðòíîìó âèäó

ui = (xi − x̄)/s. Âåñü äèàïàçîí çíà÷åíèé ui â äàííîé âûáîðêå

ðàçáèâàþò íà k íåïåðåêðûâàþùèõñÿ èíòåðâàëîâ, ñ ðàñ÷åòîì,

÷òîáû â êàæäûé èíòåðâàë ïîïàëà íå ìåíåå ïÿòè çíà÷åíèé

(îäèí èç âîçìîæíûõ âàðèàíòîâ ïðèâåäåí íèæå).

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

Äëÿ êàæäîãî èíòåðâàëà îïðåäåëÿþò ÷èñëî hk ïîïàâøèõ â íåãî

ýêñïåðèìåíòàëüíûõ çíà÷åíèé è ñðàâíèâàþò ñ òåîðåòè÷åñêè

îæèäàåìûì htk â ïðåäïîëîæåíèè âåðíîñòè ïðîâåðÿåìîé

ãèïîòåçû è âû÷èñëÿþò âåëè÷èíó

χ2 =
∑

k

(hk − ht
k)2

ht
k

.

Ýòî çíà÷åíèå ñðàâíèâàþò ñ êðèòè÷åñêèì çíà÷åíèåì χ2
t (P; ν),

êîòîðîå òåîðåòè÷åñêè îïðåäåëÿåòñÿ èç âèäà ôóíêöèè

ðàñïðåäåëåíèÿ. Åñëè âû÷èñëåííîå ïî ýêñïåðèìåíòàëüíûì

äàííûì χ2 ìåíüøå, ÷åì χ2
t , òî ïðîâåðÿåìóþ ãèïîòåçó

ïðèíèìàþò.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

Ïðèìåð. Èìååòñÿ n = 200 ðåçóëüòàòîâ àíàëèçà è íóæíî

ïðîâåðèòü íîðìàëüíîñòü ðàñïðåäåëåíèÿ. Âñå ðåçóëüòàòû

ðàçáèëè íà 8 èíòåðâàëîâ:

â èíòåðâàë xi 6 x̄ − 1, 5 · σ ïîïàëî h1 = 14 ðåçóëüòàòîâ;

â èíòåðâàë x̄ − 1, 5 · σ < xi 6 x̄ − 1, 0 · σ ïîïàëî

h2 = 29 ðåçóëüòàòîâ;

â èíòåðâàë x̄ − 1, 0 · σ < xi 6 x̄ − 0, 5 · σ ïîïàëî

h3 = 30 ðåçóëüòàòîâ;

â èíòåðâàë x̄ − 0, 5 · σ < xi 6 x̄ ïîïàëî

h4 = 27 ðåçóëüòàòîâ;

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

â èíòåðâàë x̄ < xi 6 x̄ + 0, 5 · σ ïîïàëî

h5 = 28 ðåçóëüòàòîâ;

â èíòåðâàë x̄ + 0, 5 · σ < xi 6 x̄ + 1, 0 · σ ïîïàëî

h6 = 31 ðåçóëüòàòîâ;

â èíòåðâàë x̄ + 1, 0 · σ < xi 6 x̄ + 1, 5 · σ ïîïàëî

h7 = 28 ðåçóëüòàòîâ;

â èíòåðâàë xi > x̄ + 1, 5 · σ ïîïàëî h8 = 13 ðåçóëüòàòîâ.

Ýòè ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 4

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå
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Ðèñ.: Ñðàâíåíèå ýêñïåðèìåíòàëüíîé ÷àñòîòû ñ òåîðåòè÷åñêîé
ãàóññîâîé

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

Ðàññ÷èòûâàåòñÿ îæèäàåìîå ÷èñëî ðåçóëüòàòîâ hit â êàæäîì
èíòåðâàëå i â ïðåäïîëîæåíèè íîðìàëüíîñòè ðàñïðåäåëåíèÿ.

Íàïðèìåð:

h1t = n · 1√
2π

−1,5∫
−∞

e−x2/2dx, h2t = n · 1√
2π

−1,0∫
−1,5

e−x2/2dx, ....

Îáû÷íî òàáóëèðîâàíû çíà÷åíèÿ òîëüêî äëÿ ïîëîæèòåëüíûõ

âåëè÷èí âåðõíåãî ïðåäåëà èíòåãðèðîâàíèÿ. Äëÿ îïðåäåëåíèÿ

çíà÷åíèé èíòåãðàëà ñ îòðèöàòåëüíûìè âåðõíèìè ïðåäåëàìè

ñëåäóåò èñïîëüçîâàòü ñâîéñòâî

F =
1√
2π

−u∫
−∞

e−x2/2dx = 1− 1√
2π

+u∫
−∞

e−x2/2dx.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



χ2-Ðàñïðåäåëåíèå

Âû÷èñëÿåì

χ2 =
∑

i

(hi − ht
i )

2

ht
i

= 17, 6

è ñðàâíèâàåì ñ êðèòè÷åñêèì çíà÷åíèåì

χ2
t (P = 0, 99; ν = 8− 3) = 15, 1 Ïîñêîëüêó ýêñïåðèìåíòàëüíîå

çíà÷åíèå χ2 ïðåâûøàåò òåîðåòè÷åñêè îæèäàåìîå, ãèïîòåçó î

íîðìàëüíîñòè ðàñïðåäåëåíèÿ îòâåðãàåì.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



×èñëåííîå ìîäåëèðîâàíèå ïðîâåðêè íîðìàëüíîñòè

ðàñïðåäåëåíèÿ

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


chi2gauss2.avi
Media File (video/avi)



×èñëåííîå ìîäåëèðîâàíèå ïðîâåðêè íîðìàëüíîñòè

ðàñïðåäåëåíèÿ äëÿ áîëüøåãî ÷èñëà èíòåðâëîâ

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


chi2gauss3.avi
Media File (video/avi)



Ñðàâíåíèå ðåçóëüòàòîâ ïðîâåðêè ãèïîòåçû î íîðìàëüíîñòè

ðàñïðåäåëåíèÿ äëÿ äàííûõ èìåþùèõ íîðìàëüíîå è òðåóãîëüíîå

ðàñïðåäåëåíèÿ

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


chi2gauss4.avi
Media File (video/avi)



F -Ðàñïðåäåëåíèå Ôèøåðà

Ýòî ðàñïðåäåëåíèå

Ðèñ.: Ð. Ôèøåð

ïðèìåíÿåòñÿ äëÿ ïðîâåðêè

ãèïîòåçû î ñîâïàäåíèè äâóõ

ðàçëè÷íûõ îöåíîê ñòàíäàðòíîãî

îòêëîíåíèÿ. Â êà÷åñòâå

êðèòåðèÿ èñïîëüçóåòñÿ âåëè÷èíà

Fν1,ν2 =
S2

1

S2
2

ïðè óñëîâèè S1 > S2,

ãäå

S2
1 =

1

ν1

n1∑
i=1

(xi − x̄)2, ν1 = n1 − 1,

S2
2 =

1

ν2

n2∑
i=1

(yi − ȳ)2, ν2 = n2 − 1.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



F -Ðàñïðåäåëåíèå Ôèøåðà

Ïëîòíîñòü ðàñïðåäåëåíèÿ çíà÷åíèé F äàåòñÿ ôîðìóëîé

f(F; ν1, ν2) = C
F(ν1/2)−1

(ν1F + ν2)(ν1+ν2)/2
,

ãäå íîðìèðîâî÷íûé ìíîæèòåëü C ðàâåí

C =
Γ(ν1+ν2

2 )

Γ(ν1
2 )Γ(ν2

2 )
(ν1)ν1/2(ν2)ν2/2.

Ìàêñèìàëüíîå çíà÷åíèå ïëîòíîñòè ðàñïðåäåëåíèÿ Ôèøåðà

äîñòèãàåò ïðè

F0 =
ν2(ν1 − 2)

ν1(ν2 + 2)
.

Ïðèìåð ðàñïðåäåëåíèÿ Ôèøåðà ïðåäñòàâëåí íà ðèñ. 6 äëÿ

ñëó÷àÿ ν1 = 4, ν2 = 6.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



F -Ðàñïðåäåëåíèå Ôèøåðà
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1
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4
,ν

2
=

6
)

Ðèñ.: F -Ðàñïðåäåëåíèå Ôèøåðà äëÿ ν1 = 4, ν2 = 6

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



F -Ðàñïðåäåëåíèå Ôèøåðà

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


fisher-1.avi
Media File (video/avi)



F -Ðàñïðåäåëåíèå Ôèøåðà

Êðèòè÷åñêîå çíà÷åíèå âåëè÷èíû Fêð äëÿ çàäàííîãî çíà÷åíèÿ

äîâåðèòåëüíîé âåðîÿòíîñòè P = 1− α íàõîäèòñÿ èç óñëîâèÿ

∞∫
Fêð

f(F; ν1, ν2)dF = α.

Ýòè âåëè÷èíû ïðèâåäåíû â âèäå òàáëèö. Äëÿ ñëó÷àÿ ν1 = 2
ìîæíî ïîëó÷èòü àíàëèòè÷åñêîå âûðàæåíèå äëÿ Fêð:

Fêð =
ν2

2

[(
1

α

)2/ν2

− 1

]
.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



F -Ðàñïðåäåëåíèå Ôèøåðà

Ïðèìåð1. Èìååòñÿ äâå âûáîðêè: x1 = 0, 49, x2 = 0, 45,
x3 = 0, 45 è y1 = 0, 52, y2 = 0, 55, y3 = 0, 50, y4 = 0, 52.
Ñòàíäàðòíûå îòêëîíåíèÿ äëÿ ýòèõ âûáîðîê ðàâíû S1 = 0, 023,
S2 = 0, 021. Ïðîâåðêà ïî êðèòåðèþ Ôèøåðà

F =
S2

1

S2
2

=
0, 0232

0, 0212
= 1, 20 < Ftab(P = 0, 95; ν1 = 2, ν2 = 3) = 9, 55

ïîêàçûâàåò, ÷òî ðàçëè÷èå íåçíà÷èìî.

1Çäåñü (è äàëåå) â ïðîìåæóòî÷íûõ âû÷èñëåíèÿõ êîëè÷åñòâî çíà÷àùèõ
öèôð áåðåòñÿ íà îäíó áîëüøå, ÷åì â èñõîäíûõ äàííûõ, ÷òîáû óìåíüøèòü
îøèáêè îêðóãëåíèÿ.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



F -Ðàñïðåäåëåíèå Ôèøåðà

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


fisher-2.avi
Media File (video/avi)



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

Ðèñ.: Ó. Ãîññåò
(�Ñòüþäåíò�)

Ïðèìåíÿåòñÿ äëÿ ïðîâåðêè ãèïîòåçû

î ñîâïàäåíèè ñðåäíèõ çíà÷åíèé äâóõ

âûáîðîê. Ïî äâóì íàáîðàì çíà÷åíèé

x1, ..., xn1 è y1, ..., yn2 âû÷èñëÿþò
ñðåäíèå çíà÷åíèÿ è äèñïåðñèè:

x̄ =
1

n1

n1∑
i=1

xi, S2
1 =

1

n1 − 1

n1∑
i=1

(xi − x̄)2,

ȳ =
1

n2

n2∑
j=1

yj, S2
2 =

1

n2 − 1

n2∑
j=1

(yj − ȳ)2

è ïðîâåðÿþò ñîâïàäåíèå îöåíîê

S1 è S2 ïî êðèòåðèþ Ôèøåðà.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

Åñëè F = S2
1/S

2
2 < Ftab(ν1 = n1 − 1, ν2 = n2 − 1), òî ïî çàêîíó

ñëîæåíèÿ îøèáîê íàõîäÿò

Sx̄−ȳ =

√
S2

1

n1
+

S2
2

n2

è âû÷èñëÿþò âåëè÷èíó

t =
x̄− ȳ

Sx̄−ȳ

Òåîðåòè÷åñêîå ðàñïðåäåëåíèå èìååò âèä

f(t, ν) =
Ct

(1 + t2/ν)(ν+1)/2
,

ãäå íîðìèðîâî÷íûé êîýôôèöèåíò Ct ðàâåí

Ct =
1√
πν

Γ(ν+1
2 )

Γ(ν2 )
,

à ÷èñëî ñòåïåíåé ñâîáîäû ν = n1 + n2 − 2 è ïîêàçàíî íà ðèñ. 8

äëÿ ñëó÷àÿ ν = 4.
ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà
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Ðèñ.: t-Ðàñïðåäåëåíèå Ñòüþäåíòà äëÿ ν = 4. Äëÿ ñðàâíåíèÿ
ïðèâåäåíî òàêæå íîðìàëüíîå ðàñïðåäåëåíèå

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


student-1.avi
Media File (video/avi)



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

Â ñëó÷àå çíà÷èìîãî ðàçëè÷èÿ îöåíîê ñòàíäàðòíûõ îòêëîíåíèé

âû÷èñëÿþò ñðåäíåâçâåøåííóþ âåëè÷èíó

t =
x̄− ȳ√
S2

1
n1

+
S2

2
n2

è ñðàâíèâàþò åå ñî ñðåäíåâçâåøåííûì êðèòè÷åñêèì çíà÷åíèåì

t′ =
w1t1 + w2t2

w1 + w2
,

ãäå

t1 = t(n1; P = 0, 95), w1 =
S2

1

n1
; t2 = t(n2; P = 0, 95), w2 =

S2
2

n2

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

Ïðèìåð. Íåîáõîäèìî óñòàíîâèòü, çíà÷èìî ëè ðàçëè÷èå

ñðåäíåãî çíà÷åíèÿ âûáîðêè èç n = 10 ðåçóëüòàòîâ àíàëèçà,

ïðèâåäåííûõ â òàáëèöå.

Íîìåð Ñîäåðæàíèå Íîìåð Ñîäåðæàíèå

i xi, % i xi, %

1 1,60 6 1,76

2 1,60 7 1,78

3 1,67 8 1,78

4 1,70 9 1,81

5 1,73 10 1,81

è àòòåñòîâàííûì çíà÷åíèåì µ = 1, 67 %.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

Ïî ýêñïåðèìåíòàëüíûì äàííûì íàõîäèì ñðåäíåå x̄ = 1, 72 % è

ñòàíäàðòíîå îòêëîíåíèå S = 0, 079 %. Ïîñêîëüêó

t =
|1, 72− 1, 67|
0, 079/

√
10

= 2, 15 < t(P = 0, 95; ν = 9) = 2, 26,

ìîæíî ñäåëàòü çàêëþ÷åíèå î íåçíà÷èìîñòè îòëè÷èÿ ñðåäíåãî

çíà÷åíèÿ îò àòòåñòîâàííîãî ñîäåðæàíèÿ.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



t-Ðàñïðåäåëåíèå Ñòüþäåíòà

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


student-2.avi
Media File (video/avi)



Êðèòåðèé Êîëìîãîðîâà�Ñìèðíîâà.

Äëÿ ïðîâåðêè ãèïîòåç

Ðèñ.: À. Í. Êîëìîãîðîâ

îòíîñèòåëüíî ñâîéñòâ íåáîëüøèõ
âûáîðîê ïðèìåíÿþò êðèòåðèé
Êîëìîãîðîâà-Ñìèðíîâà.
Ïðîâåðèì
ÿâëÿþòñÿ ëè íîðìàëüíî
ðàñïðåäåëåííûìè ñëåäóþùèå
ðåçóëüòàòû èçìåðåíèé:
x1 = 4.71, x2 = 4.46, x3 = 5.59,
x4 = 4.68, x5 = 5.24, x6 = 4.52,
x7 = 5.11, x8 = 4.80, x9 = 4.26.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



Êðèòåðèé Êîëìîãîðîâà�Ñìèðíîâà.

Ïðèâåäÿ ýòè äàííûå ê ñòàíäàðòíîìó âèäó ui = (xi − x̄)/s,
ïîëó÷èì u1 = −1.33, u2 = −0.85, u3 = −0.71, u4 = −0.33,
u5 = −0.26, u6 = −0.04, u7 = 0.69, u8 = 1.00, u9 = 1.83.
Ýìïèðè÷åñêîå ðàñïðåäåëåíèå èìååò ñòóïåí÷àòûé õàðàêòåð ñ

óâåëè÷åíèåì âåðîÿòíîñòè íà âåëè÷èíó 1/n (ãäå n�÷èñëî
èçìåðåíèé) ïðè u = ui , êàê ïîêàçàíî íà ðèñ. 10.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



Êðèòåðèé Êîëìîãîðîâà�Ñìèðíîâà.
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Ðèñ.: Ýìïèðè÷åñêîå ðàñïðåäåëåíèå äëÿ n = 9 èçìåðåíèé
(ñòóïåí÷àòàÿ êðèâàÿ) è íîðìàëüíîå ðàñïðåäåëåíèå (ãëàäêàÿ êðèâàÿ).

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



Êðèòåðèé Êîëìîãîðîâà�Ñìèðíîâà.

Ðàçíîñòü àáñîëþòíûõ çíà÷åíèé ýìïèðè÷åñêèì è òåîðåòè÷åñêèì

ðàñïðåäåëåíèÿìè íå äîëæíà ïðåâûøàòü çíà÷åíèé, óêàçàííûõ â

òàáëèöå

÷èñëî Êðèòè÷åñêàÿ ÷èñëî êðèòè÷åñêàÿ

èçìåðåíèé ðàçíîñòü èçìåðåíèé ðàçíîñòü

n d(n,P = 0.95) n d(n,P = 0.95)

3 0,376 12 0,242

4 0,375 13 0,234

5 0,343 14 0,226

6 0,323 15 0,219

7 0,304 16 0,213

8 0,288 17 0,207

9 0,274 18 0,202

10 0,261 19 0,197

11 0,251 20 0,192

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç



Êðèòåðèé Êîëìîãîðîâà�Ñìèðíîâà.

ëåêòîð: Îáðàçîâñêèé Å. Ã. ÎÑÍÎÂÛ ÕÈÌÈ×ÅÑÊÎÉ ÌÅÒÐÎËÎÃÈÈ Ëåêöèÿ 3 Ïðîâåðêà ñòàòèñòè÷åñêèõ ãèïîòåç


kolmogorov-2.avi
Media File (video/avi)




