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ʏʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ



ɺʩʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʤʳ ʠʟʫʯʠʣʠ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ 

ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʂʆʃʀʏɽʉʊɺɽʅʅʋʖ(ʠʣʠ ʨʘʥʛʦʚʫʶ) 

ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ (ʠʣʠ ʧʨʦʩʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ - ʢʦʨʨʝʣʷʮʠʶ).

ʂʘʢ ʙʳʪʴ ʩ ʘʥʘʣʠʟʦʤ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʂɸʏɽʉʊɺɽʅʅʓʄʀ 

ʇɽʈɽʄɽʅʅʓʄʀ?

ʅʘʧʨʠʤʝʨ, ʢʘʢ ʧʨʦʚʝʨʠʪʴ:

Vʟʘʚʠʩʠʪ ʣʠ ʢʫʜʨʷʚʦʩʪʴ ʚʦʣʦʩ (ʢʫʜʨʷʚʳʝ ʠʣʠ ʥʝʪ) ʦʪ ʠʭ 

ʮʚʝʪʘ (ʨʳʞʠʝ, ʪʸʤʥʳʝ, ʩʚʝʪʣʳʝ)?

Vʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ ʚ ʧʦʧʫʣʷʮʠʠ 1:1?

Vʢʘʢʠʝ ʤʘʨʢʠ ʤʘʰʠʥ ʧʨʝʜʧʦʯʠʪʘʶʪ ʞʝʥʱʠʥʳ, ʘ ʢʘʢʠʝ ï

ʤʫʞʯʠʥʳ?

Vʟʘʚʠʩʠʪ ʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʪʠʪʝʣ ʢ ʪʦʢʩʦʧʣʘʟʤʦʟʫ ʦʪ 

ʚʠʜʘ, ʧʦʣʘ ʠ ʚʦʟʨʘʩʪʘ ʫ ʢʦʰʘʯʴʠʭ?

Vʟʘʚʠʩʠʪ ʣʠ ʜʣʷ ʟʚʝʨʴʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʞʠʪʴ ʜʦ 

ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʦʪ ʤʘʩʩʳ ʪʝʣʘ, ʫʧʠʪʘʥʥʦʩʪʠ, ʧʣʦʱʘʜʠ 

ʫʯʘʩʪʢʘ? (ʣʝʢʮʠʷ 12)



ʆʯʝʚʠʜʥʦ, ʥʠ ʦʜʥʘ ʠʟ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʦʜʝʣʝʡ ʜʣʷ ʪʘʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʝ ʛʦʜʠʪʩʷ:

1. ʋ ʥʠʭ ʥʝʣʴʟʷ ʧʦʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ, ʜʠʩʧʝʨʩʠʶ, ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠ ʧʨ.;

2. ʂ ʰʢʘʣʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʙʳʯʥʦ ʥʝʧʨʠʤʝʥʠʤʳ ʧʦʥʷʪʠʷ 

çʙʦʣʴʰʝè ʠ çʤʝʥʴʰʝè;

3. ʆʯʝʚʠʜʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʢʘʢʦʝ-ʪʦ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʥʦʨʤʘʣʴʥʦʝ.

ʇʨʠʥʮʠʧʳ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʨʫʛʠʝ:

Vʅʘʰʠ ʜʘʥʥʳʝ ïʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʝʤʝʥʥʳʭ;

Vʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʯʘʩʪʦʪ;

Vʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʘʷ;

Vʦʩʥʦʚʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ïʩʪʘʪʠʩʪʠʢʘɢ2, ʦʧʝʨʠʨʫʝʪ ʯʘʩʪʦʪʘʤʠ



ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ
ɼʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʫʞʝʥ

ʅʘʯʥʸʤ ʩ ʂʈʀʊɽʈʀɽɺ ʉʆɻʃɸʉʀʗ (tests for goodness of fit)

ʈʝʰʘʶʪ ʚʦʧʨʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʚ ʧʦʧʫʣʷʮʠʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʧʦʣʫʯʝʥʘ ʚʳʙʦʨʢʘ,ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ(ʢʦʪʦʨʦʝ ʤʳ ʩʘʤʠ 

ʦʧʨʝʜʝʣʷʝʤ).

Karl Pearson

ʇʨʠʜʫʤʘʣ ɢ2ʩʪʘʪʠʩʪʠʢʫ 

ʝʱʸ ʚ 1900 ʛʦʜʫ!

Vʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ ʚ 

ʧʦʧʫʣʷʮʠʠ 1:1?

Vʤʦʞʥʦ ʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ M&Môsʢʘʞʜʦʛʦ 

ʮʚʝʪʘ ʢʣʘʜʫʪ ʚ ʧʘʯʢʠ ʧʦʨʦʚʥʫ?

Vʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ 

ʛʦʨʦʭʦʚʫ ʄʝʥʜʝʣʷ 1:3:3:9?

ʇʨʠʤʝʨ ʩ ʠʛʨʘʣʴʥʦʡ ʢʦʩʪʴʶ: ʢʘʢ ʧʨʦʚʝʨʠʪʴ, ʥʝ ʢʨʠʚʘʷ ʣʠ ʦʥʘ? 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʨʦʩʘʷ ʝʸ 120 ʨʘʟ ʤʘʣʦʚʝʨʦʷʪʥʦ ʧʦʣʫʯʠʪʴ ʨʦʚʥʦ ʧʦ 20 

ʙʨʦʩʢʦʚ ʥʘ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ. ʅʘʩʢʦʣʴʢʦ ʞʝ ʜʦʧʫʩʪʠʤʳ ʨʘʟʣʠʯʠʷ?
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1:3 ??

ʈʦʜʠʣʠʩʴ ʚ F2:

16 ʟʝʣʸʥʳʭ ʤʳʰʠ ʠ 84 ʨʦʟʦʚʳʭ.

H0: ʚʳʙʦʨʢʘ ʧʦʣʫʯʝʥʘ ʠʟ ʧʦʧʫʣʷʮʠʠ, ʛʜʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʦʟʦʚʳʭ ʠ ʟʝʣʸʥʳʭ ï1:3.

H1: ʚʳʙʦʨʢʘ ʧʦʣʫʯʝʥʘ ʠʟ ʧʦʧʫʣʷʮʠʠ, ʛʜʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʦʟʦʚʳʭ ʠ ʟʝʣʸʥʳʭ ʥʝ ʨʘʚʥʦ 1:3

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʆʯʝʚʠʜʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦʙʳ ʩʦʦʪʥʦʰʝʥʠʝ ʬʝʥʦʪʠʧʦʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚ ʪʦʯʥʦʩʪʠ 1:3! ʅʫʞʥʦ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʙʦʣʴʰʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ 1:3 ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʩʣʫʯʘʡʥʳʤ.



ʇʦʥʷʪʠʝ ʦ ʯʘʩʪʦʪʘʭ
(ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʥʷʪʠʷʤʠ ʦ 

ʚʝʨʦʷʪʥʦʩʪʷʭ):

ʆʞʠʜʘʝʤʳʝ ʯʘʩʪʦʪʳ (expected) ïʢʘʢʠʤʠ ʙʳʣʠ ʙʳ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ, ʝʩʣʠ ʙʳ H0ʙʳʣʘ 

ʚʝʨʥʘ. ɼʣʷ ʨʦʟʦʚʳʭ ʵʪʦ ï75, ʪ.ʢ. ʩʯʠʪʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʦʙʱʝʛʦ N.

ʅʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʦʪʳ (observed) ïʧʨʦʩʪʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʙʣʶʜʝʥʠʡ (ʦʙʲʝʢʪʦʚ) ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ. ɼʣʷ ʨʦʟʦʚʳʭ 

ʵʪʦ ï84.

ɺʝʨʦʷʪʥʦʩʪʴ (probability) ïʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ; ʟʜʝʩʴ 

ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʴ, ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ 

ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ. ɼʣʷ ʢʘʪʝʛʦʨʠʠ ʨʦʟʦʚʳʭ ʵʪʦ ï0.75, ʝʩʣʠ H0

ʚʝʨʥʘ.

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ
ʨʦʟʦʚʳʝʟʝʣʸʥʳʝʚʩʝʛʦ

Oi 84

75

16

25

100

100Ei

ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʯʴ ʠʜʸʪ ʪʦʣʴʢʦ ʦ ʯʘʩʪʦʪʘʭ, ʥʠʢʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʫʧʦʤʠʥʘʶʪʩʷ.



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʇʨʠʤʝʯʘʥʠʝ: ʥʝʜʦʧʫʩʪʠʤʦʧʝʨʝʚʦʜʠʪʴ ʯʘʩʪʦʪʳ ʚ ʧʨʦʮʝʥʪʳʥʠ ʚ 

ʦʜʥʦʤ ʠʟ ʯʘʩʪʦʪʥʳʭ ʢʨʠʪʝʨʠʝʚ!!!
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ʦʞʠʜʘʝʤʦʤʫ

ʏʝʤ ʙʦʣʴʰʝʟʥʘʯʝʥʠʝ ɢ2, ʪʝʤ ʭʫʞʝʥʘʰʠ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʪʝʤ ʤʝʥʴʰʝ ʨ. 
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ʂʨʠʪʝʨʠʡ ɢ2 ʇʠʨʩʦʥʘ (Pearson Chi-square test)



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ɢ2



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʂʘʪʝʛʦʨʠʡ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 2-ʭ (kÓ2).

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʧʘʯʢʫ M&Môs ʠ 

ʧʨʦʚʝʨʠʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʬʝʪ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʨʘʚʥʦʤʝʨʥʦʤʫ.

ʢʦʨʠʯʥʝʚʳʝʢʨʘʩʥʳʝʞʸʣʪʳʝʩʠʥʠʝʟʝʣʸʥʳʝʦʨʘʥʞʝʚʳʝʚʩʝʛʦ

Observed 45 39 59 52 49 56 300

Expected 50 50 50 50 50 50 300



ɺʘʞʥʦʝ ʟʘʤʝʯʘʥʠʝ:

ɺ ʚʩʝʭ ʢʨʠʪʝʨʠʷʭ ʩʦʛʣʘʩʠʷ H0ʛʠʧʦʪʝʟʘ ïʦ ʪʦʤ, ʯʪʦ 

ʬʦʨʤʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʘʷ ʞʝ, ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ.

ʊʦ ʝʩʪʴ, ʢʦʛʜʘ ʤʳ ʠʱʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʤʫ, ʯʪʦ ʥʘʰʠ 

ʜʘʥʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪʥʝʢʦʪʦʨʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʤʳ 

ʜʦʣʞʥʳ ʨʘʜʦʚʘʪʴʩʷ, ʧʦʣʫʯʠʚ p>>0.05!

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ
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Zar, 2010:

ɽʩʣʠ ʤʳ ʩʨʘʚʥʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, 

ʧʦʣʫʯʠʣʠ ʦʪʣʠʯʠʷ (!), ʘ ʪʝʧʝʨʴ ʭʦʪʠʤ ʧʦʢʘʟʘʪʴ, ʠʟ-ʟʘ ʢʘʢʦʡ 

ʠʤʝʥʥʦ ʢʘʪʝʛʦʨʠʠ ʵʪʠ ʦʪʣʠʯʠʷ ʚʦʟʥʠʢʣʠ, ʤʦʞʥʦ ʦʪʜʝʣʴʥʦ 

ʩʨʘʚʥʠʪʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʪʘʣʴʥʳʝ 

ʢʘʪʝʛʦʨʠʠ, ʘ ʟʘʪʝʤ ïʦʪʥʦʰʝʥʠʝ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʢ ʦʩʪʘʣʴʥʳʤ.

ʊ.ʝ., ʝʩʣʠ ʥʘʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʪʦʣʴʢʦ ʢʨʘʩʥʳʭ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʫʞʥʦ, ʤʳ ʤʦʞʝʤ ʩʨʘʚʥʠʪʴ:

1. ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʢʦʥʬʝʪ ʩ 1:1:1:1:1;

2. ʦʪʥʦʰʝʥʠʝ ʢʨʘʩʥʳʭ ʢ ʦʩʪʘʣʴʥʳʤ ʩ 50:250.

ʆʜʥʘʢʦ, ʪʘʢʦʡ ʘʥʘʣʠʟ ʜʦʧʫʩʪʠʤ ʩʢʦʨʝʝ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʝʤ ʢʘʢ ʨʫʪʠʥʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʪ.ʢ. ʠʜʸʪ ʧʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ 

ʦʜʥʦʡ ʚʳʙʦʨʢʠ.

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ



1. ʫ ʥʘʩ ʦʜʥʘ ʚʳʙʦʨʢʘ

2. ʇʝʨʝʤʝʥʥʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ

3. ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʥʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʦʪʳ ʩ ʦʞʠʜʘʝʤʳʤʠ 

(observed and expected)

ʀʪʘʢ, ʂʨʠʪʝʨʠʡ ɢ2 ʇʠʨʩʦʥʘ (Pearson Chi-square test):

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʳʙʦʨʢʝ:

1. ʅʘʙʣʶʜʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʝ

2. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʜʣʷ 

ʢʨʠʪʝʨʠʷ ɢ2ʇʠʨʩʦʥʘ:

ʆʞʠʜʘʝʤʳʝ ʯʘʩʪʦʪʳʜʦʣʞʥʳ ʙʳʪʴ Ó5, ʠʥʘʯʝ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʨʘʩʪʸʪ ʦʰʠʙʢʘ 1-ʛʦ ʨʦʜʘ.

ɽʩʣʠ ʯʘʩʪʦʪʳ ʤʘʣʳ, ʜʣʷ k=2 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʙʠʥʦʤʠʘʣʴʥʳʡ 

ʪʝʩʪ. 



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ
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ʉʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ(ʥʫʞʥʘ ʪʘʙʣʠʮʘ ʩ ʧʦʩʯʠʪʘʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ)

ʅʝʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

2-ʭ ʚʳʙʦʨʦʢ!



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ɺ ʧʫʙʣʠʢʘʮʠʷʭ: ʧʨʠʚʦʜʠʤ ɢ2, df, N, p



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʇʦʧʨʘʚʢʘ ʁʝʡʪʩʘʜʣʷ ʢʨʠʪʝʨʠʷ ɢ2 (Yates correction for continuity)

1:3 ??

ɽʩʣʠ ʫ ʥʘʩ ʪʦʣʴʢʦ 2 ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʘ:

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɢ2ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ.



ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ

ʅʘʧʨʠʤʝʨ: ʝʩʣʠ ʦʞʠʜʘʝʤʳʝ ʯʘʩʪʦʪʳ ï75 ʠ 25, ʪʦ 

ʟʥʘʯʝʥʠʷ ɢ2ʙʫʜʫʪ

ʜʣʷ 84 ʠ 16 ï4.32,

ʜʣʷ 83 ʠ 17 ï3.14,

ʜʣʷ 82 ʠ 18 ï2.61

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʣʷ ʜʘʥʥʳʭ 

ʦʞʠʜʘʝʤʳʭ ʯʘʩʪʦʪ

ʅʦ ɢ2ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʝ. ʀ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ pʤʳ ʥʝ ʥʘʡʜʸʤ ʪʦʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʟʥʘʯʝʥʠʷ ɢ2 (ʜʣʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʛʨʫʧʧ 

ʵʪʦ ʪʦʞʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʥʦ ʪʘʤ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʨʦʰʦ 

ʘʧʨʦʢʩʠʤʠʨʫʝʪʜʠʩʢʨʝʪʥʦʝ).

ɢ2ʩ ʧʦʧʨʘʚʢʦʡ ʁʝʡʪʩʘ:

ɼʝʣʘʝʪ ʪʝʩʪ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ.

( )
ä
=

--
=

k

i i

ii

E

EO

1

2

2
5.0

c
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Vʊʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ 

(Kolmogorov-Smirnov test) D-ʩʪʘʪʠʩʪʠʢʘ.

V Lilliefors test ïçʫʣʫʯʰʝʥʥʳʡ ʂ-ʉ ʪʝʩʪè

VShapiro-WilkôsW test(ʩʘʤʳʡ ʤʦʱʥʳʡ, 

ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʜʦ 5000) ïʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ.

ʊʝʩʪʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ 

(ɺ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ).

ʋ ʥʠʭ (ʢʘʢ ʠ ʫ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ) ʝʩʪʴ ʩʚʷʟʴ ʤʦʱʥʦʩʪʠ 

ʩ ʨʘʟʤʝʨʦʤ ʚʳʙʦʨʢʠ: ʦʥʠ ʚ ʤʘʣʝʥʴʢʠʭ ʚʳʙʦʨʢʘʭ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʷʪ ʭʫʞʝ, 

ʯʝʤ ʚ ʙʦʣʴʰʠʭ. ʊʘʢ ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ ʜʣʷ 

ʤʘʣʝʥʴʢʠʭ ʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʚʳʙʦʨʦʢ ʥʝʦʙʭʦʜʠʤʦ!
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ʇʨʦʚʝʨʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ



ʤʘʣʝʥʴʢʦʝ pʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ.

ɺʠʜʥʦ, ʯʪʦ ʂ-ʉ ʪʝʩʪ ʥʝ ʚʳʷʚʠʣ ʥʘʨʫʰʝʥʠʡ ʟʘʢʦʥʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʝʩʪ ʃʠʣʠʬʦʨʩʘʚʳʷʚʠʣ, ʥʦ 

ʥʝ ʨʘʩʩʯʠʪʘʣ ʪʦʯʥʦʝ ʨ, ʘ ʪʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʩʘ (W) ʧʦʢʘʟʘʣ 

ʩʝʨʴʸʟʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ.

ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ
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ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ:

ʊʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ


