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1. ʆʧʠʪ. ɽʣʝʤʝʥʪʘʨʥʠ ʠʟʭʦʜʠ. ʉʲʙʠʪʠʷ ʠ ʜʝʡʩʪʚʠʷ ʩ ʪʷʭ.  

ʀʟʤʝʨʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

2. ɺʝʨʦʷʪʥʦʩʪʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʣʝʤʝʥʪʘʨʥʠ ʩʚʦʡʩʪʚʘ 

ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ. ɽʢʚʠʚʘʣʝʥʪʥʦʩʪ ʥʘ 

ʩʠʩʪʝʤʠʪʝ ʦʪ ʘʢʩʠʦʤʠ.  

3. ʂʣʘʩʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ. 

4. ʂʦʤʙʠʥʘʪʦʨʠʢʘ.  

5. ɻʝʦʤʝʪʨʠʯʥʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ. ʇʘʨʘʜʦʢʩ ʥʘ 

ɹʝʨʪʨʘʥ. 

6. ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ. ʀʛʣʘ ʥʘ 

ɹʶʬʦʥ. 

7. ʋʩʣʦʚʥʘ ʚʝʨʦʷʪʥʦʩʪ. ʌʦʨʤʫʣʘ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ  ʚʝʨʦʷʪ- 

ʥʦʩʪʠʪʝ. ʅʝʟʘʚʠʩʠʤʦʩʪ ʠ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʩʲʙʠʪʠʷ.  

8. ʌʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ. ʌʦʨʤʫʣʘ ʥʘ ɹʝʡʩ. 

 

ʂʦʥʩʧʝʢʪ ʧʦ ʊʝʦʨʠʷ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠʪʝ 



9.   ʉʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.  

10. ʌʫʥʢʮʠʠ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʥʪʠʣʠ.  

11. ɼʠʩʢʨʝʪʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ. 

12. ɼʠʩʧʝʨʩʠʷ. 

12. ɸʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦ 

 ʦʯʘʢʚʘʥʝ. ʋʩʣʦʚʥʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 

13. ʉʲʚʤʝʩʪʥʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʅʝʟʘʚʠʩʠʤʦʩʪ 

ʥʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. 

14. ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʩʤʝʩʝʥ ʤʦʤʝʥʪ ʠ 

ʢʦʚʘʨʠʘʮʠʷ ʥʘ ʜʠʩʢʨʝʪʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.  

15. ʉʲʚʤʝʩʪʥʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʩʤʝʩʝʥ ʤʦʤʝʥʪ ʠ  

ʢʦʚʘʨʠʘʮʠʷ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.  

16. ʀʥʪʝʛʨʘʣʥʘ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ.  

ʅʝʢʣʘʩʠʯʝʩʢʠ ʬʦʨʤʫʣʠ ʥʘ ɹʝʡʩ. 

17. ʌʦʨʤʫʣʘ ʟʘ ʜʚʦʡʥʦʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ.  

ʅʝʝʣʝʤʝʥʪʘʨʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ. 



18. ʈʘʟʧʨʝʜʝʣʝʥʠʷ ʥʘ ʬʫʥʢʮʠʠ ʦʪ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. 

19. ɼʨʫʛʠ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ.  

ɼʠʩʧʝʨʩʠʷ. ʉʪʘʥʜʘʨʪʥʦ ʦʪʢʣʦʥʝʥʠʝ. ʂʦʨʝʣʘʮʠʷ. 

20. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʜʠʩʢʨʝʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʠ  

ʊʝʭʥʠʪʝ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

21. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ  

ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʭʥʠʪʝ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

22. ʉʭʦʜʠʤʦʩʪ ʥʘ ʨʝʜʠʮʠ ʦʪ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. ɺʨʲʟʢʠ  

ʤʝʞʜʫ ʚʠʜʦʚʝʪʝ ʩʭʦʜʠʤʦʩʪ. 

23. ʊʝʦʨʝʤʘ ʥʘ ʇʦʘʩʦʥ.  

24. ʊʝʦʨʝʤʠ ʥʘ ʄʦʘʚʲʨ-ʃʘʧʣʘʩ ʠ ɹʝʨʥʫʣʠ.  

25. ʉʣʘʙʠ ʠ ʫʩʠʣʝʥʠ ʟʘʢʦʥʠ ʟʘ ʛʦʣʝʤʠʪʝ ʯʠʩʣʘ.  

26. ʎʝʥʪʨʘʣʥʘ ʛʨʘʥʠʯʥʘ ʪʝʦʨʝʤʘ.  

27. ʄʥʦʛʦʤʝʨʥʦ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 



1.1.ʆʧʠʪ. ɽʣʝʤʝʥʪʘʨʥʠ ʠʟʭʦʜʠ.  

 

 
 
 

ʌʠʛ.1 

ʇʨʠʤʝʨ 1. ʅʝʢʘ ʦʧʠʪʲʪ ʜʘ ʝ ʧʦʜʭʚʲʨʣʷʥʝ ʥʘ ʩʠʤʝʪʨʠʯʥʘ 

ʤʦʥʝʪʘ.           

ɻ ï ñʇʘʜʘ ʩʝ ʛʝʨʙò, 

ʃ ï ñʇʘʜʘ ʩʝ ʣʠʮʝò 

W = {ɻ, ʃ}. 

ʇʨʠʤʝʨ 2. ʉʠʤʝʪʨʠʯʥʘ ʤʦʥʝʪʘ ʩʝ ʧʦʜʭʚʲʨʣʷ ʜʚʘ ʧʲʪʠ. 

ɻi ï ñ ʇʨʠ i ï ʪʦʪʦ ʧʦʜʭʚʲʨʣʷʥʝ ʩʝ ʧʘʜʘ ʛʝʨʙò, 

ʃi ï ñ ʇʨʠ i ï ʪʦʪʦ ʧʦʜʭʚʲʨʣʷʥʝ ʩʝ ʧʘʜʘ ʣʠʮʝò. 

W = {ɻ1ɻ2, ɻ1ʃ2, ʃ1ɻ2, ʃ1ʃ2}. 

 

1. ʆʧʠʪ. ɽʣʝʤʝʥʪʘʨʥʠ ʠʟʭʦʜʠ.  

ʉʲʙʠʪʠʷ ʠ ʜʝʡʩʪʚʠʷ ʩ ʪʷʭ. ʀʟʤʝʨʠʤʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʌʠʛ.1. 
W 

. w 



ʇʨʠʤʝʨ 3. ʅʝʢʘ ʦʧʠʪʲʪ ʜʘ ʝ ʝʜʥʦ ʧʦʜʭʚʲʨʣʷʥʝ ʥʘ 
ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. ɽʣʝʤʝʥʪʘʨʥʠʪʝ ʠʟʭʦʜʠ ʩʘ: 

ʇi ï ñʇʘʜʘʪ ʩʝ i ʪʦʯʢʠò, i = 1, 2, 3, 4, 5, 6.  

W = {ʇ1, ʇ2, ʇ3, ʇ4, ʇ5, ʇ6}. 

 

ʇʨʠʤʝʨ 4. ʇʦʜʭʚʲʨʣʷ ʩʝ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ ʜʦʢʘʪʦ ʩʝ 
ʧʘʜʥʘʪ 6 ʪʦʯʢʠ. 

ʇi ï ñʇʘʜʘʪ ʩʝ 6 ʪʦʯʢʠ ʟʘ ʧʲʨʚʠ ʧʲʪ ʧʨʠ i - ʪʦʪʦ 
ʧʦʜʭʚʲʨʣʷʥʝò, i = 1, 2, é.  

ʄʦʞʝ                   W = {ʇ1, ʇ2, ʇ3,é.}. 

 

ʇʨʠʤʝʨ 5. ʇʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʠʟʙʠʨʘʤʝ ʪʦʯʢʘ ʚ ʢʨʲʛ. 
(ʇʨʠ ʪʦʟʠ ʦʧʠʪ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʠʟʭʦʜʠ ʩʘ 
ʥʝʠʟʙʨʦʠʤʦ ʤʥʦʛʦ.) 



1.2. ʉʲʙʠʪʠʝ. ʅʝʚʲʟʤʦʞʥʦ ʩʲʙʠʪʠʝ. ʉʠʛʫʨʥʦ ʩʲʙʠʪʠʝ. 
ɼʝʡʩʪʚʠʷ ʩʲʩ ʩʲʙʠʪʠʷ. 

ɼ1: ʅʝʚʲʟʤʦʞʥʦ ʩʲʙʠʪʠʝ,  Å  ʱʝ ʥʘʨʠʯʘʤʝ ʪʚʲʨʜʝʥʠʝ,  

ʢʦʝʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʨʠ ʜʘʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪ.  

ʅʝʚʲʟʤʦʞʥʦʪʦ ʩʲʙʠʪʠʝ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʣʝʤʝʥʪʘʨʝʥ ʠʟʭʦʜ. 

ɼ2: ʉʲʙʠʪʠʝ ʱʝ ʥʘʨʠʯʘʤʝ ʚʩʷʢʦ ʪʚʲʨʜʝʥʠʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʠʟʢʘʟʘʥʦ ʩ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʣʦʛʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ: ñʠò,  

ñʠʣʠò, ñʥʝò ʠ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʩʲʙʠʪʠʷ.  

ɼ3: ʉʠʛʫʨʥʦ ʩʲʙʠʪʠʝ, W ʱʝ ʥʘʨʠʯʘʤʝ ʩʲʙʠʪʠʝ, ʢʦʝʪʦ ʩʲʩ  

ʩʠʛʫʨʥʦʩʪ ʱʝ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʨʠ ʜʘʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪ. 

ɼ4: ʉʲʙʠʪʠʝʪʦ ɸ ʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʦ 

ʟʘ ʩʲʙʠʪʠʝʪʦ ɺ, ʘʢʦ ʦʪ ɸ ʩʣʝʜʚʘ ɺ. 

ʊʘʢʘ ʚʩʷʢʦ ʩʲʙʠʪʠʝ ʩʝ ʧʨʝʜʩʪʘʚʷ ʯʨʝʟ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʠʪʝ ʛʦ ʝʣʝʤʝʥʪʘʨʥʠ 

ʠʟʭʦʜʠ. 

 

 ɸ ʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʦ ʟʘ ɺ, ʪ.ʝ.  ɸ Ì ɺ. 

 

 

ɺɸ ɸ 

W 

ʌʠʛ.2. 

ɸ ɺ 



ɼ5: ʉʲʙʠʪʠʝʪʦ       

= {w Í W : w Î ɸ}.  

ʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘ ʩʲʙʠʪʠʝʪʦ ɸ.  

ʇʦ ʫʛʦʚʦʨʢʘ, Å ʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘ W.  

A W 

Aɸ 

ʌʠʛ.3. 

ɼ6: ʑʝ ʢʘʟʚʘʤʝ, ʯʝ ʩʝ ʝ ʩʙʲʜʥʘʣʦ ʧʦʥʝ  

ʝʜʥʦ ʦʪ ʩʲʙʠʪʠʷʪʘ ɸ ʠʣʠ ɺ, ʘʢʦ  

ɸ Ç ɺ = {w Í W : w Í ɸ} Ç {w Í W : w Í ɺ}.  
W 

ɺ

ɸ 

W 

ʌʠʛ.4. 

ɸ 

ʌʠʛ.4. 

A B 



W 

ɼ7: ʂʘʟʚʘʤʝ, ʯʝ ʩʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʘ ʩʝ 

ʩʣʫʯʠʣʠ ʝʜʥʦʚʨʝʤʝʥʥʦ, ʘʢʦ  

ɸɺ = ɸ Æ ɺ = {w Í W : w Í ɸ} Æ {w Í W : w Í ɺ}.  

W 

ɺ

ɸ 

W 

ʌʠʛ. 5. 

ɸ 

ʌʠʛ.5. 

A B 

ʆʧʝʨʘʮʠʠʪʝ Ç ʠʣʠ Æ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʙʱʝʥʠ ʟʘ ʢʨʘʝʥ ʙʨʦʡ  

ʠʣʠ ʟʘ ʠʟʙʨʦʠʤʦ ʤʥʦʛʦ ʩʲʙʠʪʠʷ. 

 

 ¶ ɼʦʢʘʞʝʪʝ ʟʘʢʦʥʠʪʝ ʥʘ ʜʝ ʄʦʨʛʘʥ.  

            ¹                ʠ                ¹         .        
k

n

k
A

1=
Æk

n

k
A

1=
Çk

n

k
A

1=
Æ k

n

k
A

1=
Ç



W 

ɼ8: ʉʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʝ ʥʘʨʠʯʘʪ  

ʥʝʩʲʚʤʝʩʪʠʤʠ, ʘʢʦ ʥʷʤʘʪ ʦʙʱʠ  

ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʠ ʝʣʝʤʝʥʪʘʨʥʠ  

ʩʲʙʠʪʠʷ. ʊ.ʝ. ʘʢʦ ɸ Æ ɺ  ¹  Å.  
W 

ɸ

ɸ 

W 

ʌʠʛ. 6. 

ɺ 

ʌʠʛ.6. 

A B 

ɼ9: ʉʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤  

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʘʢʦ:  

ʚʩʝʢʠ ʜʚʝ ʦʪ ʪʷʭ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ ʠ   

      ¹ W. 
k

n

k
A

1=
Ç

ʊ.ʝ. ʩʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤ ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ  

ʘʢʦ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʦʧʠʪʘ ʩʝ ʩʣʫʯʚʘ ʪʦʯʥʦ ʝʜʥʦ ʦʪ ʪʷʭ. 
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 ¶ ɼʦʢʘʞʝʪʝ, ʯʝ ʟʘ ʚʩʷʢʦ ʩʲʙʠʪʠʝ ɺ ʠ ʟʘ 

ʚʩʷʢʘ ʧʲʣʥʘ ʛʨʫʧʘ ʩʲʙʠʪʠʷ   

ɸ1, ɸ2, é, ɸn, n ¢ ¤  

ʝ ʚ ʩʠʣʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ  ɺ ¹                . 

 ¶ ɼʦʢʘʞʝʪʝ, ʯʝ ʟʘ ʚʩʝʢʠ ʩʲʙʠʪʠʷ ɸ1, ɸ2, é, ɸn ʝ ʚ ʩʠʣʘ  

 
ʧʨʝʜʩʪʘʚʷʥʝʪʦ             ¹                          .  
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  ¹  

ɼ10: ʉ ʤʥʦʞʝʩʪʚʦʪʦ  ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ ʩʲʙʠʪʠʷ  

 

ʩʝ ʧʨʝʜʩʪʘʚʷ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʨʝʜʠʮʘʪʘ ʦʪ ʩʲʙʠʪʠʷ 

ɸ1, ɸ2, é, ɸné .  

ʊʘʟʠ ʜʦʣʥʘ ʛʨʘʥʠʮʘ ʱʝ ʦʟʥʘʯʘʚʘʤʝ ʩ lim inf ɸn.  

 

ɸʢʦ w Í                 ʪʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ n0 Í  N, 

ʪʘʢʦʚʘ, ʯʝ w Í            , ʢʦʝʪʦ ʝ ʚʩʝ ʝʜʥʦ ʜʘ ʩʝ ʩʙʲʜʥʘʪ  

ʚʩʠʯʢʠ ʩʲʙʠʪʠʷ                    ,é. 
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  ¹  

ɼ11: ʉ ʤʥʦʞʝʩʪʚʦʪʦ  ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ ʩʲʙʠʪʠʷ  

ʩʝ ʧʨʝʜʩʪʘʚʷ ʛʦʨʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʨʝʜʠʮʘʪʘ ʦʪ ʩʲʙʠʪʠʷ 

 ɸ1, ɸ2, é, ɸné . ʊʘʟʠ ʛʦʨʥʘ ʛʨʘʥʠʮʘ ʱʝ ʦʟʥʘʯʘʚʘʤʝ ʩ  

lim sup ɸn.  

ɸʢʦ w Í              ʪʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʟʘ ʚʩʷʢʦ n Í N, w Í         . 

 

ɿʘ ʪʦʚʘ                ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘ ʢʘʪʦ ʜʘ ʩʝ ʩʙʲʜʥʘʪ  

ʙʝʟʙʨʦʡ ʤʥʦʛʦ ʩʲʙʠʪʠʷ ʦʪ ʨʝʜʠʮʘʪʘ ɸ1, ɸ2, é, ɸné  

ɼ12: ʂʘʟʚʘʤʝ, ʯʝ ʨʝʜʠʮʘʪʘ ʦʪ ʩʲʙʠʪʠʷ ɸ1, ɸ2, é, ɸné 

ʠʤʘ ʛʨʘʥʠʮʘ ʧʨʠ n ­ ¤, ʘʢʦ  lim inf ɸn ¹ lim sup ɸn. ʊʘʟʠ 

ʛʨʘʥʠʮʘ ʱʝ ʦʟʥʘʯʘʚʘʤʝ ʩ lim ɸn. 
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¶ ɸʢʦ ɸ1 Ì ɸ2 Ì éÌ ɸn Ìé , ʪʦ  

lim sup ɸn ¹ lim inf ɸn ¹ lim ɸn ¹           . 
 

 

 

 

 

¶ ɸʢʦ ɸ1 É ɸ2 É é É ɸn É é , ʪʦ  

lim sup ɸn ¹ lim inf ɸn ¹ lim ɸn ¹           . 
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1.3 ʀʟʤʝʨʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

 

ɼ13: ʅʝʢʘ ¿(W) ʝ ʩʠʩʪʝʤʘ ʦʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ W Ç Å, 

ʩʲʩ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ: 

1.) Å Í ¿(W);  

2.) ʘʢʦ ɸ Í ¿(W), ʪʦ      Í ¿(W);  

3.) ʘʢʦ ɸ Í ¿(W) ʠ ɺ Í ¿(W), ʪʦ   ɸ Ç ɺ Í ¿(W). 

ʊʘʢʘʚʘ ʩʠʩʪʝʤʘ ¿(W) ʩʝ ʥʘʨʠʯʘ ʙʫʣʦʚʘ ʘʣʛʝʙʨʘ  

(ʘʣʛʝʙʨʘ ʥʘ ʩʲʞʜʝʥʠʷʪʘ). 

 

 ʉʚʦʡʩʪʚʘ: 

1.) W Í ¿(W);  

2.) ɸʢʦ ɸ Í ¿(W) ʠ ɺ Í ¿(W), ʪʦ ɸɺ Í ¿(W);  

3.) ɸʢʦ ɸk Í ¿(W), k Í {1, 2, é, n} , ʪʦ  

 

            Í ¿(W)  ʠ            Í ¿(W) . 
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ɼ14: ɹʫʣʦʚʘ ʘʣʛʝʙʨʘ ¿(W), ʢʦʷʪʦ ʝ ʟʘʪʚʦʨʝʥʘ 

ʦʪʥʦʩʥʦ ʠʟʙʨʦʠʤʦ ʩʝʯʝʥʠʝ ʩʝ ʥʘʨʠʯʘ ʙʫʣʦʚʘ s - 

ʘʣʛʝʙʨʘ ʠ ʥʝʡʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩʝ ʥʘʨʠʯʘʪ 

ʠʟʤʝʨʠʤʠ ʩʲʙʠʪʠʷ.  

ʊ.ʝ. ʙʫʣʦʚʘʪʘ ʘʣʛʝʙʨʘ ¿(W) ʝ ʙʫʣʦʚʘ s - ʘʣʛʝʙʨʘ  ʘʢʦ ʟʘ 

ʚʩʝʢʠ ɸk Í ¿(W), k Í {1, 2, é} ,            Í ¿(W). 

 

ɿʘʪʚʦʨʝʥʦʩʪ ʦʪʥʦʩʥʦ ʠʟʙʨʦʠʤʦ ʦʙʝʜʠʥʝʥʠʝ:  

ɸʢʦ ¿(W) ʝ ʙʫʣʦʚʘ s-ʘʣʛʝʙʨʘ ʠ ʘʢʦ ɸk Í ¿(W),  

k Í {1, 2, é} , ʪʦ  

            Í ¿(W). 
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ʇʨʠʤʝʨʠ ʥʘ ʙʫʣʦʚʠ ʘʣʛʝʙʨʠ: 

1.) ʊʨʠʚʠʘʣʥʘʪʘ ʙʫʣʦʚʘ ʘʣʛʝʙʨʘ: ¿0(W) = {Å, W};  

2.) ¿1(W) = {Å, A,    ,W};   

3.) ¿2(W) = {Å, A, B, W,    ,    , A Ç B, A Æ B,     Ç    ,  

      Æ    , A Ç    ,    Ç B, A Æ    ,    Æ B, 

(A Æ B) Ç (    Æ    ), (A Æ    ) Ç (    Æ B)};  

4.) ʄʥʦʞʝʩʪʚʦʪʦ b(W), ʦʪ ʚʩʠʯʢʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ  

W Ç Å  ʝ ʙʫʣʦʚʘ ʘʣʛʝʙʨʘ; 

¶ ɸʢʦ W ʠʤʘ n ʝʣʝʤʝʥʪʘ, ʙʨʦʷʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ 

b(W) e ʨʘʚʝʥ ʥʘ 2 n. 

¶ ¿0(W)  Ë  ¿1(W) Ë  ¿2(W) Ë  é Ë  b(W).  
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ɼ15: ʅʝʢʘ W = R1. s - ʘʣʛʝʙʨʘʪʘ, ʧʦʨʦʜʝʥʘ ʦʪ  

ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʠʜʘ   

[a, b),  - ¤ ¢ a < b ¢ ¤ 

ʩʝ ʥʘʨʠʯʘ ʙʦʨʝʣʦʚʘ s - ʘʣʛʝʙʨʘ - B1, ʘ ʥʝʡʥʠʪʝ  

ʝʣʝʤʝʥʪʠ, ʙʦʨʝʣʦʚʠ ʤʥʦʞʝʩʪʚʘ. 

 

ɼʦʢʘʞʝʪʝ, ʯʝ: 

1.) ʝʜʥʦʪʦʯʢʦʚʠʪʝ ʤʥʦʞʝʩʪʚʘ; 

2.) ʠʥʪʝʨʚʘʣʠʪʝ  (a, b], - ¤ ¢ a < b ¢ ¤; 

3.) ʦʪʚʦʨʝʥʠʪʝ ʧʦʜʤʥʦʞʩʪʚʘ ʥʘ R1 ʠ 

4.) ʟʘʪʚʦʨʝʥʠʪʝ ʧʦʜʤʥʦʞʩʪʚʘ ʥʘ R1 

ʩʘ ʙʦʨʝʣʦʚʠ ʤʥʦʞʝʩʪʚʘ. 



ɼ17:  ɼʚʦʡʢʘʪʘ (W, ¿(W)), ʢʲʜʝʪʦ ¿(W) ʝ ʙʫʣʦʚʘ               J 

s - ʘʣʛʝʙʨʘ ʦʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ W ʩʝ ʥʘʨʠʯʘ ʠʟʤʝʨʠʤʦ 
ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ɼ16: ʅʝʢʘ W = R n. s - ʘʣʛʝʙʨʘʪʘ, ʧʦʨʦʜʝʥʘ ʦʪ  

ʧʘʨʘʣʝʣʝʧʠʧʝʜʠʪʝ ʦʪ ʚʠʜʘ   

= {x = (x1, x2,é xn): ai ¢  xi < bi, i = 1, 2, é, n} 

ʩʝ ʥʘʨʠʯʘ ʙʦʨʝʣʦʚʘ s - ʘʣʛʝʙʨʘ ï B n, ʘ ʥʝʡʥʠʪʝ  

ʝʣʝʤʝʥʪʠ, ʙʦʨʝʣʦʚʠ ʤʥʦʞʝʩʪʚʘ ʚ R n. 

Ô
=

n

i

ii )b,a[
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2. ɺʝʨʦʷʪʥʦʩʪʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʣʝʤʝʥʪʘʨʥʠ 

ʩʚʦʡʩʪʚʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ.  

ɽʢʚʠʚʘʣʝʥʪʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʦʪ ʘʢʩʠʦʤʠ. 

ʅʝʢʘ (W, ¿(W)) ʝ ʠʟʤʝʨʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ɼ1: ɺʝʨʦʷʪʥʦʩʪ (ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ) ʚ (W, ¿(W)) ʱʝ ʥʘʨʠ- 

ʯʘʤʝ ʚʩʷʢʘ ʯʠʩʣʦʚʘ  ʬʫʥʢʮʠʷ  ʈ, ʜʝʬʠʥʠʨʘʥʘ ʚʲʨʭʫ ʩʲʙʠ- 

ʪʠʷʪʘ ʦʪ ¿(W), ʢʦʷʪʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʩʣʝʜʥʠʪʝ ʘʢʩʠʦʤʠ: 

ɸʢʩʠʦʤʘ 1 ʟʘ ʥʝʦʪʨʠʮʘʪʝʣʥʦʩʪ: ɸʢʦ ɸ Í ¿(W),  ʈ(ɸ) ²  0. 

ɸʢʩʠʦʤʘ 2 ʟʘ ʥʦʨʤʠʨʘʥʦʩʪ: ʈ(W) = 1. 

ɸʢʩʠʦʤʘ 3 ʟʘ ʘʜʠʪʠʚʥʦʩʪ: ɸʢʦ ɸ ʠ ɺ Í ¿(W) ʠ ɸɺ = Å,  

ʪʦ  ʈ(ɸ Ç ɺ) = ʈ(ɸ) + ʈ(ɺ). 

ɸʢʩʠʦʤʘ 4 ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪ: ɿʘ ʚʩʷʢʘ ʨʝʜʠʮʘ ɸ1 É ɸ2 É  

é É ɸn É é ʦʪ ʩʲʙʠʪʠʷ ʦʪ ¿(W), ʢʦʷʪʦ ʝ ʪʘʢʘʚʘ, ʯʝ     

               ¹ Å  ʝ ʚʷʨʥʦ, ʯʝ ʧʨʠ n ­ ¤,  lim ʈ(ɸn) = 0.      
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ɺ 

W 

ʌʠʛ.11. 

ɸ 

ɼ2: ʊʨʦʡʢʘʪʘ (W, ¿(W), ʈ), ʢʲʜʝʪʦ (W, ¿(W)) ʝ ʠʟʤʝʨʠʤʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʈ ʝ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ, ʜʝʬʠʥʠʨʘʥʘ 

ʚʲʨʭʫ ʥʝʛʦ ʱʝ ʥʘʨʠʯʘʤʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʉʚʦʡʩʪʚʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ: 

1.) ʈ(Å) = 0. 

2.) ɸʢʦ ɸ, B Í ¿(W) ʠ ɸ Ì ɺ, ʪʦ  

ʈ(ɺ    ) = ʈ(ɺ) - ʈ(ɸ). 

3.) ʄʦʥʦʪʦʥʥʦʩʪ: ɸʢʦ ɸ, B Í ¿(W) ʠ ɸ Ì ɺ, ʪʦ 

ʈ(ɸ) ¢ ʈ(ɺ).  

4.) ʆʛʨʘʥʠʯʝʥʦʩʪ: ɿʘ ʚʩʷʢʦ ɸ Í ¿(W), ʝ ʚ ʩʠʣʘ, ʯʝ 0 ¢  ʈ(ɸ) ¢ 1. 

5.) ɿʘ ʚʩʷʢʦ ɸ Í ¿(W), ʝ ʚ ʩʠʣʘ, ʯʝ ʈ(ɸ) + ʈ(    ) = 1. 

A

A



6.) ɸʢʦ ɸ, B Í ¿(W), ʪʦ  

ʈ(ɸɺ) ï ʈ(ɸ)ʈ(ɺ) = ʈ(ɸɺ)ʈ(     ) ï ʈ(ɸ   )ʈ(ɺ   ) . 

 

7.) ʂʨʘʡʥʘ ʘʜʠʪʠʚʥʦʩʪ: ɸʢʦ n < ¤ ʠ ɸ1, ɸ2, é, ɸn Í ¿(W) ʠ ʩʘ  

ʜʚʝ ʧʦ ʜʚʝ ʥʝʩʲʚʤʝʩʪʠʤʠ, ʪʦ 

ʈ(ɸ1 Ç ɸ2 Ç é Ç ɸn-1 Ç ɸn)  = ʈ(ɸ1) + ʈ(ɸ2) + é + ʈ(ɸn-1) + ʈ(ɸn). 

 

8.) ɸʢʦ ɸ1, ɸ2, é, ɸn Í ¿(W) ʠ ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ, ʪʦ 

ʈ(ɸ1) + ʈ(ɸ2) + é + ʈ(ɸn-1) + ʈ(ɸn) = 1.       ɺʠʞ ʬʠʛ. 7. 

 

9.) ʇʦʣʫʘʜʠʪʠʚʥʦʩʪ: ɸʢʦ n < ¤ ʠ ɸ1, ɸ2, é, ɸn, Í ¿(W), ʪʦ  

ʈ(ɸ1 Ç ɸ2 Ç é Ç ɸn-1 Ç ɸn) ¢       ʈ(ɸk). 
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10.) ʉʠʣʥʘ ʘʜʠʪʠʚʥʦʩʪ:                                            ɺʠʞ ʬʠʛ. 4. 

ɿʘ ʚʩʝʢʠ ʜʚʝ ʠʟʤʝʨʠʤʠ ʩʲʙʠʪʠʷ ɸ ʠ ɺ ʝ ʚ ʩʠʣʘ, ʯʝ   

ʈ(ɸ Ç ɺ) = ʈ(ɸ) +  ʈ(ɺ) -  ʈ(ɸɺ). 

ɸʢʦ ɸ1, ɸ2, é, ɸn, n < ¤, ʩʘ ʩʲʙʠʪʠʷ, ʪʦ   

ʈ(ɸ1Ç ɸ2 ÇéÇ ɸn-1Ç ɸn) =                                   ʈ(                      ) ää
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11.) ɸʢʦ ɸ, ɸ1, ɸ2,é, ɸn,é Í ¿(W) ʠ ɸ1 Ì ɸ2 ÌéÌ ɸn Ìé Ì ɸ, ʪʦ 

                                           ¬ ʈ(ɸn) = ʈ(ɸ).                      ɺʠʞ ʬʠʛ.9. 

ʋʧʲʪʚʘʥʝ: ɸ\ ɸ1  É A\ ɸ2  Éé É A\ ɸn Éé  ʥʘʤʘʣʷʚʘʪ ʢʲʤ Å. 

12.) ɸʢʦ ɸ, ɸ1, ɸ2, é, ɸn,é Í ¿(W) ʠ ɸ1 É ɸ2 ÉéÉ ɸn Éé É ɸ, ʪʦ 

                                         ® ʈ(ɸn) = ʈ(ɸ).                     

ʋʧʲʪʚʘʥʝ: ɸ1\ ɸ É ɸ2\ ɸ Éé É ɸn\ ɸ Éé  ʥʘʤʘʣʷʚʘʪ ʢʲʤ Å. 

 

 

13.) ɸʢʦ ɸ, ɸ1, ɸ2,é, ɸn,é ʩʘ ʠʟʤʝʨʠʤʠ ʩʲʙʠʪʠʷ 

P(lim inf ɸn) ¢  lim inf P(ɸn) ¢  lim sup P(ɸn) ¢  P(lim sup ɸn).  

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: P(lim inf ɸn)  = P(                ) =        ¬ P(           ) ¢ 

 ¢          min (P(ɸn), P(ɸn+1),é ) = lim inf P(ɸn). 

lim sup P(ɸn) =        max (P(ɸn), P(ɸn+1),é ) ¢         ® P(          ) =  

= P(                ) = P(lim sup ɸn). 
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ʊʝʦʨʝʤʘ 1. ʉʠʩʪʝʤʘʪʘ ʦʪ ʘʢʩʠʦʤʠ 1, 2, 3 ʠ 4  ʝ 

ʝʢʚʠʚʘʣʝʥʪʥʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʘʢʩʠʦʤʠ 1, 2 ʠ 5.       

 

 

ɸʢʩʠʦʤʘ 5 ʟʘ s - ʘʜʠʪʠʚʥʦʩʪ: ɸʢʦ ʠʟʤʝʨʠʤʠʪʝ ʩʲʙʠʪʠʷ 

ɸ1, ɸ2, é, ɸn, é, ʩʘ ʜʚʝ ʧʦ ʜʚʝ ʥʝʩʲʚʤʝʩʪʠʤʠ, ʪʦ 

ʈ(           )  =       ʈ(ɸk). 
ȨɎɌ Ɋɖ. ɆɐɗɎɔɒɎ. 
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ɼʦʢʘʟʘʪʝʣʩʪʚʦ. ñÝò  ʅʝʢʘ ʠʟʤʝʨʠʤʠʪʝ ʩʲʙʠʪʠʷ ɸ1, ɸ2, é, ɸn,  

é, ʜʘ ʩʘ ʜʚʝ ʧʦ ʜʚʝ ʥʝʩʲʚʤʝʩʪʠʤʠ, ʪʦʛʘʚʘ 

      ʈ(          ) =        ¬ ʈ(           ) =             ¬ ʈ(ɸk) =       ʈ(ɸk). 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ. ñÛ ò  ʅʝʢʘ ʠʟʤʝʨʠʤʠʪʝ ʩʲʙʠʪʠʷ  

ɸ1 É ɸ2 ÉéÉ ɸn Éé  ʩʝ ʧʨʝʩʠʯʘʪ ʚ  Å.                ɺʠʞ ʬʠʛ.10.                                                        

ʈ(ɸn) = P(                   ) =      ʈ(            ) ® 0 ʧʨʠ n ­ ¤. 
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14.) s - ʧʦʣʫʘʜʠʪʠʚʥʦʩʪ: P(           )  ¢        P(ɸk). 
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3. ʂʣʘʩʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ   

 
ɿʘʜʘʚʘʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ ʚʲʨʭʫ ʢʨʘʡʥʦ ʠʣʠ ʠʟʙʨʦʠʤʦ W:  

ʅʝʢʘ n ¢ ¤ ʠ (W, ¿(W)) ʜʘ ʝ ʠʟʤʝʨʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʲʜʝʪʦ  

W  = {w1, w2, é, wn}. ʅʝʢʘ ʥʘ ʚʩʷʢʦ wi Í W ʝ ʩʲʧʦʩʪʘʚʝʥʦ 

 ʥʝʦʪʨʠʮʘʪʝʣʥʦ ʯʠʩʣʦ ʈ(wi ), ʪʘʢʦʚʘ ʯʝ   

 

 

ɸʢʦ ɸ Í ¿(W) ʨʘʚʝʥʩʪʚʦʪʦ 

 

 

ʢʲʜʝʪʦ ʩʫʤʠʨʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʚʩʠʯʢʠ ʝʣʝʤʝʥʪʘʨʥʠ  

ʩʲʙʠʪʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠ ʥʘ ɸ, ʜʝʬʠʥʠʨʘ ʚʝʨʦʷʪʥʦʩʪʥʘ 

ʤʷʨʢʘ ʚ (W, ¿(W)), ʪ.ʝ. (W, ¿(W), ʈ) ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 
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ɿʘʜʘʚʘʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ ʚʲʨʭʫ W, ʩ ʢʨʘʝʥ ʙʨʦʡ,  

ʨʘʚʥʦʚʝʨʦʷʪʥʠ ʠʟʭʦʜʠ (ʂʣʘʩʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ 

ʚʝʨʦʷʪʥʦʩʪ): ʅʝʢʘ (W, b(W)) ʝ ʠʟʤʝʨʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʢʲʜʝʪʦ W = {w1, w2, é, wn}, ʘ n < ¤. ʉʲʦʪʚʝʪʩʪʚʠʝʪʦ, ʧʨʠ 

ʢʦʝʪʦ ʥʘ ʚʩʷʢʦ wi Í W, i = 1, 2, é, n ʩʝ ʩʲʧʦʩʪʘʚʷ ʯʠʩʣʦ  

ʈ(wi), ʪʘʢʦʚʘ ʯʝ   

ʈ(w1) = ʈ(w2) = é = ʈ(wn) =      ,  

ʘ ʥʘ ʚʩʷʢʦ ɸ Í b(W) ʩʝ ʩʲʧʦʩʪʘʚʷ ʯʠʩʣʦʪʦ  

ʈ(ɸ) =             , 

ʜʝʬʠʥʠʨʘ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ ʚ (W, b(W)), ʪ.ʝ. (W, b(W), ʈ) 

ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʊʫʢ #(ɸ) ʝ ʙʨʦʷʪ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʠʟʭʦʜʠ, ʢʦʠʪʦ ʩʘ  

ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʠ ʟʘ ɸ. 
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4. ʂʦʤʙʠʥʘʪʦʨʠʢʘ  

ɼ1.  ʅʝʢʘ ʄ = {a1, a2, é, an} ʝ ʢʨʘʡʥʦ, ʬʠʢʩʠʨʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʦʪ n Í N ʨʘʟʣʠʯʥʠ ʝʣʝʤʝʥʪʠ.  k - ʪʦʨʢʘʪʘ  

 

ʦʪ ʢʦʠ ʜʘ ʝ ʝʣʝʤʝʥʪʠ ʥʘ ʄ, ʢʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʥʷʢʦʠ ʦʪ 

ʪʷʭ ʜʘ ʩʝ ʧʦʚʪʘʨʷʪ, ʩʝ ʥʘʨʠʯʘ ʠʟʚʘʜʢʘ ʦʪ n ʝʣʝʤʝʥʪʘ, 

k ï ʪʠ ʢʣʘʩ. 

ʀʟʚʘʜʢʠʪʝ ʙʠʚʘʪ: ʩ ʠʣʠ ʙʝʟ ʚʨʲʱʘʥʝ. 

ɼ2. ʀʟʚʘʜʢʘ ʙʝʟ (ʩ) ʚʨʲʱʘʥʝ, ʚ ʢʦʷʪʦ ʠʤʘ ʟʥʘʯʝʥʠʝ 

ʥʘʨʝʜʙʘʪʘ ʩʝ ʥʘʨʠʯʘ ʚʘʨʠʘʮʠʷ ʙʝʟ (ʩ) ʧʦʚʪʦʨʝʥʠʝ. 

ʊʝʦʨʝʤʘ 1.  
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ɼ3. ɺʩʝʚʲʟʤʦʞʥʠʪʝ ʨʘʟʤʝʩʪʚʘʥʠʷ ʥʘ n - ʝʣʝʤʝʥʪʘ ʩʝ  

ʥʘʨʠʯʘʪ ʧʝʨʤʫʪʘʮʠʠ ʥʘ ʪʝʟʠ ʝʣʝʤʝʥʪʠ. 

 

 

ɼ4. ʀʟʚʘʜʢʘ ʙʝʟ (ʩ) ʚʨʲʱʘʥʝ, ʚ ʢʦʷʪʦ ʥʷʤʘ ʟʥʘʯʝʥʠʝ 

ʥʘʨʝʜʙʘʪʘ ʩʝ ʥʘʨʠʯʘ ʢʦʤʙʠʥʘʮʠʷ ʙʝʟ (ʩ) ʧʦʚʪʦʨʝʥʠʝ. 

ʊʝʦʨʝʤʘ 2.     

1.)                                                             ,    k = 1, 2, é, n. 

 

2.) 
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ɼ5. ʅʝʢʘ ʠʟʚʘʜʢʘ ʜʘ ʠʤʘ ʪ ʝʣʝʤʝʥʪʘ, ʢʘʪʦ  

k1 ʦʪ ʪʷʭ ʜʘ ʩʘ ʨʘʚʥʠ ʥʘ a1,  

k2 ʦʪ ʪʷʭ ʜʘ ʩʘ ʨʘʚʥʠ ʥʘ a2, é  

kn ʦʪ ʪʷʭ ʜʘ ʩʘ ʨʘʚʥʠ ʥʘ an,  ʪ.ʝ. 

 k1 + k2 +é+ kn = m. 

ɺʩʝʚʲʟʤʦʞʥʠʪʝ ʨʘʟʤʝʩʪʚʘʥʠʷ ʥʘ ʪʝʟʠ ʪ - ʝʣʝʤʝʥʪʘ ʩʝ  

ʥʘʨʠʯʘʪ ʧʝʨʤʫʪʘʮʠʠ ʩ ʧʦʚʪʦʨʝʥʠʝ. 

 

ʊʝʦʨʝʤʘ 2.                                                              
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5. ɻʝʦʤʝʪʨʠʯʥʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ. 

ʇʘʨʘʜʦʢʩ ʥʘ ɹʝʨʪʨʘʥ. 

  5.1. ɻʝʦʤʝʪʨʠʯʥʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ.  

ʅʝʢʘ ʪʦʯʢʘʪʘ ɸ ʜʘ ʝ ʠʟʙʨʘʥʘ ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʚ ʛʝʦʤʝʪʨʠʯʥʦʪʦ  

ʤʥʦʞʝʩʪʚʦ W * Ì R n, ʢʦʝʪʦ ʩʝ ʠʟʤʝʨʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʣʝʙʝʛʦʚʘ  

(ʨʘʚʥʦʤʝʨʥʘ) ʤʷʨʢʘ m, ʢʘʪʦ m(W *) < ¤.  ʅʝʢʘ C Ì W *.  

ʆʟʥʘʯʘʚʘʤʝ ʩ W ʩʲʦʪʚʝʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ  

ʠʟʭʦʜʠ, ʩ b(W) ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʩʠʯʢʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ W, ʘ ʩ  

C ʩʲʙʠʪʠʝʪʦ ñʊʦʯʢʘʪʘ ɸ ʜʘ ʧʦʧʘʜʥʝ ʚ ʤʥʦʞʝʩʪʚʦʪʦ ʉò, 

ʪʦʛʘʚʘ ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ 

                                    ʈ(ʉ) =                        

ʟʘʜʘʚʘ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ ʚʲʨʭʫ (W, b(W)), ʪ.ʝ. (W, b(W), ʈ) ʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʆʯʝʚʠʜʥʦ, ʘʢʦ ʦʙʝʜʠʥʠʤ ʉ ʩ ʤʥʦʞʝʩʪʚʦ D Ì W *, ʪʘʢʦʚʘ ʯʝ  

m(D) = 0, ʪʦ P(C Ç D) = P(C). 

*)(m

)C(m

W



  

ɸʢʦ ʚ ʛʝʦʤʝʪʨʠʯʥʦʪʦ ʤʥʦʞʝʩʪʚʦ W * Ì R n ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ 

ʩʝ ʠʟʙʠʨʘʪ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʪʦʯʢʠ, ʯʝʩʪʦ ʝ ʫʜʦʙʥʦ ʠʟʭʦʜʠʪʝ 

ʆʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʘ ʩʝ ʤʦʜʝʣʠʨʘʪ ʯʨʝʟ ʩʣʫʯʘʝʥ ʠʟʙʦʨ ʥʘ  

ɽʜʥʘ ʪʦʯʢʘ ʚ ʧʦʜʭʦʜʷʱʦ ʛʝʦʤʝʪʨʠʯʥʦ ʤʥʦʞʝʩʪʚʦ. ʊʘʢʘ  

ʟʘʜʘʯʘʪʘ ʩʝ ʩʚʝʞʜʘ ʜʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ 

ɻʝʦʤʝʪʨʠʯʥʘ ʚʝʨʦʷʪʥʦʩʪ. 

ʌʠʛ. 12 

 

g(W) 

 

W 

 w. 

.g(w) 

B 

 
g(B) 

 

g 
 



  ʅʝʢʘ g(W) ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʨʘʚʥʦʤʝʨʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʃʝʙʝʛʦʚʘʪʘ ʤʷʨʢʘ m.  

ɸʢʦ B Í b(W) ʠ m(g(W)) < ¤, ʦʪ ʛʝʦʤʝʪʨʠʯʥʘʪʘ  

ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ ʧʦʣʫʯʘʚʘʤʝ 

                         ʈ(ɺ) =                   . 

ʊʘʢʘ ʜʝʬʠʥʠʨʘʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ ʫʜʦʚʣʝʪʚʦʨʷʚʘ  

ʘʢʩʠʦʤʠʪʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ. 

))(g(m

))B(g(m

W



  

5.2. ʇʘʨʘʜʦʢʩ ʥʘ ɹʝʨʪʨʘʥ.  

ɺ ʦʢʨʲʞʥʦʩʪ ʩ ʨʘʜʠʫʩ R ʧʦ ʩʣʫʯʘʝʥ 

ʥʘʯʠʥ ʩʝ ʠʟʙʠʨʘ ʭʦʨʜʘ. ʅʘʤʝʨʝʪʝ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʥʘ ʩʲʙʠʪʠʝʪʦ  

ɸ = ñʍʦʨʜʘʪʘ ʜʘ ʝ ʧʦ-ʜʲʣʛʘ ʦʪ 

ʩʪʨʘʥʘʪʘ ʥʘ ʚʧʠʩʘʥʠʷ ʚ ʦʢʨʲʞʥʦʩʪʪʘ 

ʨʘʚʥʦʩʪʨʘʥʝʥ ʪʨʠʲʛʲʣʥʠʢò. 

ʇʲʨʚʦ ʨʝʰʝʥʠʝ J 

ɺʲʨʭʫ ʧʨʦʠʟʚʦʣʝʥ ʜʠʘʤʝʪʲʨ ʧʦ  

ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʠʟʙʠʨʘʤʝ ʪʦʯʢʘ ʠ ʧʨʝʟ 

ʥʝʷ ʧʨʝʢʘʨʚʘʤʝ ʭʦʨʜʘ,  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʜʠʘʤʝʪʲʨʘ. 

 

 ʈ(ɸ) =                           = 0,5.  
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ɺʪʦʨʦ ʨʝʰʝʥʠʝ J 

ʇʦʩʪʨʦʷʚʘʤʝ ʜʦʧʠʨʘʪʝʣʥʘ ʢʲʤ  

ʜʘʜʝʥʘʪʘ ʦʢʨʲʞʥʦʩʪ ʠ 

ʧʦʣʫʦʢʨʲʞʥʦʩʪ ʩ ʮʝʥʪʲʨ ï ʜʦʧʠʨʥʘʪʘ 

ʪʦʯʢʘ ʠ ʜʠʘʤʝʪʲʨ ï ʧʦʩʪʨʦʝʥʘʪʘ  

ʜʦʧʠʨʘʪʝʣʥʘ. ɺʲʨʭʫ ʧʦʣʫʦʢʨʲʞʥʦʩʪʪʘ 

ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʠʟʙʠʨʘʤʝ ʪʦʯʢʘ ʠ ʧʨʝʟ 

ʥʝʷ ʧʨʝʢʘʨʚʘʤʝ ʭʦʨʜʘ. 

 ʈ(ɸ) =                                   .           
3

1

3
==

R

R

))(g(m

))A(g(m

p

p

W

g(w) 

g(W) 
. . 



ʊʨʝʪʦ ʨʝʰʝʥʠʝ J 

ʀʟʙʠʨʘʤʝ ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʪʦʯʢʘ ʚ ʢʨʲʛʘ, ʩʲʝʜʠʥʷʚʘʤʝ ʷ 

ʩ ʮʝʥʪʲʨʘ ʠ ʧʨʝʟ ʪʦʯʢʘʪʘ ʧʨʝʢʘʨʚʘʤʝ ʭʦʨʜʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʦʪʩʝʯʢʘ. 

   

 

 

 

ʈ(ɸ) =                                  = 0,25.  

 

ʇʘʨʘʜʦʢʩʲʪ ʧʨʦʠʟʣʠʟʘ ʦʪ ʪʦʚʘ, ʯʝ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ 

W  ʥʝ ʝ ʟʘʜʘʜʝʥʦ ʜʦʩʪʘʪʲʯʥʦ ʷʩʥʦ ʠ ʢʦʥʢʨʝʪʥʦ. 

g(A) 

w 
g(w)  . g(W) 
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6. ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ 
ʚʝʨʦʷʪʥʦʩʪ. ʀʛʣʘ ʥʘ ɹʶʬʦʥ. 

6.1. ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ.  
ʈʝʟʫʣʪʘʪʠ ʦʪ 200 ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ: 

 3     3     2     3     3     4     1     1     3     6     6     2     1     6     2  

 4     6     4     6     1     1     5     3     6     5     5     3     1     1     2 

 3     6     3     5     3     3     3     3     6     1     2     1     5     4     6  

 4     3     2     4     5     3     1     3     5     5     6     6     3     4     5  

 2     6     4     4     2     4     6     3     4     3     4     5     3     3     4 

 6     3     3     4     4     5     4     5     3     2     5     6     5     5     3 

 1     4     3     1     4     5     5     6     6     1     3     4     2     4     1  

 4     5     6     5     5     3     4     5     1     6     6     4     2     6     4  

 5     3     6     1     4     2     6     3     5     1     3     3     3     4     4 

 1     6     5     5     5     5     2     2     4     4     1     1     2     3     3 

 6     4     2     3     4     1     5     6     4     1     5     4     5     1     3  

 3     1     5     6     3     6     1     6     5     3     4     6     4     2     3  

 2     3     3     3     4     1     2     4     2     4     2     4     4     3     4  

 6     3     3     2     3  







ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʜʝʬʠʥʠʮʠʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪ. ʅʝʢʘ ʩʘ ʠʟʚʲʨ- 

ʰʝʥʠ ʥʝʟʘʚʠʩʠʤʠ ʧʦʚʪʦʨʝʥʠʷ ʥʘ ʝʜʠʥ ʠ ʩʲʱʠ ʦʧʠʪ, ʩ ʧʨʦ- 

ʩʪʨʘʥʩʪʚʦ ʦʪ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʠʟʭʦʜʠ W  = {w1, w2, é, wm}, 

m ¢ ¤. b(W) ʜʘ ʝ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʩʠʯʢʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ 

W . f i,n  ʜʘ ʝ ʘʙʩʦʣʶʪʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʧʦʷʚʷʚʘʥʝ ʥʘ ʠʟʭʦʜʘ 

wi, ʧʨʠ n ʧʦʚʪʦʨʝʥʠʷ. ʉʲʦʪʚʝʪʩʪʚʠʝʪʦ, ʧʨʠ ʢʦʝʪʦ ʥʘ ʚʩʷ- 

ʢʦ wi Í W, i = 1, 2, é, m ʩʝ ʩʲʧʦʩʪʘʚʷ ʯʠʩʣʦ ʈ(wi), ʪʘʢʦʚʘ ʯʝ 

ʈ(wi) =                 > 0 ʠ ʈ(w1) + é + ʈ(wm)  = 1, ʘ ʥʘ ʚʩʷʢʦ ɸÍb(W) 

ʈ(A) =                 , 

ʝ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ ʚ (W, b(W)), ʪ.ʝ. (W, b(W), ʈ) ʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

n

f n,i

n ¤­
lim

ä
ÍA

i

i

P
w

w)(



6.2. ɿʘʜʘʯʘ ʟʘ ʠʛʣʘʪʘ ʥʘ ɹʶʬʦʥ. 

ɾʦʨʞ ɹʶʬʦʥ, ʬʨʘʥʮʫʟʠʥ, 1707-1788.  

ñʍʚʲʨʣʷʤʝ ʠʛʣʘ ʚʲʨʭʫ ʨʘʠʨʘʥʘ ʧʦʢʨʠʚʢʘ. ʂʘʢʚʘ ʝ  

ʚʝʨʦʷʪʥʦʩʪʪʘ ʠʛʣʘʪʘ ʜʘ ʧʨʝʩʝʯʝ ʨʘʡʝʪʦ?ò  

ɿʘ ʜʘ ʨʝʰʠʤ ʟʘʜʘʯʘʪʘ ʪʨʷʙʚʘ ʜʘ ʷ ʬʦʨʤʘʣʠʟʠʨʘʤʝ: 

ɺʲʨʭʫ ʭʦʨʠʟʦʥʪʘʣʥʘ ʨʘʚʥʠʥʘ ʩʘ ʥʘʥʝʩʝʥʠ ʫʩʧʦʨʝʜʥʠ 

ʧʨʘʚʠ, ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʚʩʝʢʠ ʜʚʝ, ʦʪ ʢʦʠʪʦ ʝ 2ʘ ʩʤ. 

ʅʘʜ ʨʘʚʥʠʥʘʪʘ ʩʝ ʧʦʜʭʚʲʨʣʷ ʪʲʥʢʘ ʠʛʣʘ, ʩ ʜʲʣʞʠʥʘ ʘ ʩʤ. 

ʅʘʤʝʨʝʪʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʥʘ ʩʲʙʠʪʠʝʪʦ:  

ɸ = ñʠʛʣʘʪʘ ʜʘ ʠʤʘ ʧʦʥʝ ʝʜʥʘ ʦʙʱʘ ʪʦʯʢʘ ʩʲʩ 

ʩʝʤʝʡʩʪʚʦʪʦ ʫʩʧʦʨʝʜʥʠ ʧʨʘʚʠò. 



ʈʝʰʝʥʠʝ: ɼʘ ʦʟʥʘʯʠʤ ʩ  

x - ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʩʨʝʜʘʪʘ 
ʥʘ ʠʛʣʘʪʘ ʜʦ ʥʘʡ-ʙʣʠʟʢʘʪʘ  

ʧʨʘʚʘ, ʘ ʩ  

j - ʦʩʪʨʠʷ ʲʛʲʣ, ʢʦʠʪʦ ʠʛʣʘ-

ʪʘ ʩʢʣʶʯʚʘ ʩ ʧʨʘʚʠʪʝ ʦʪ 

ʨʘʡʝʪʦ.  

ʊʦʛʘʚʘ 

ɸ = ñ                                ò 

x j 
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a
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j (w) 
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)( wjwx
2
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2
<

jsin
a

x
2
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ʊʦʛʘʚʘ 

 ʈ(ɸ) =   ʈ(                               ) =                 . 

ʠ ʪ.ʢ. 

 

ʪʦ  

           ʈ(ɸ) =                .  
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ʈ(ɸ) =                 

f i,n  = 848 ʜʘ ʝ ʘʙʩʦʣʶʪʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʧʦʷʚʷʚʘʥʝ ʥʘ  

ʠʟʭʦʜʘ ʧʨʠ n = 2664 ʧʦʚʪʦʨʝʥʠʷ. ʊʦʛʘʚʘ 

ʈ(A) º   Ý      p º   º 3,1415. 

 

  

p

1



7. ʋʩʣʦʚʥʘ ʚʝʨʦʷʪʥʦʩʪ. 

ʌʦʨʤʫʣʘ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ.  

ʅʝʟʘʚʠʩʠʤʦʩʪ ʠ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʩʲʙʠʪʠʷ.  
7.1. ʋʩʣʦʚʥʘ ʚʝʨʦʷʪʥʦʩʪ.  

ʇʨʠʤʝʨ 1:  

 

 

 

  

 

 

  

 

ɸ = ñʇʨʠ ʧʲʨʚʦʪʦ ʭʚʲʨʣʷʥʝ ʥʘ ʟʘʨʘ ʩʝ ʧʘʜʘ 1 ʪʦʯʢʘ.ò 

ɺ = ñʉʫʤʘʪʘ ʦʪ ʪʦʯʢʠʪʝ ʚʲʨʭʫ ʟʘʨʘ ʧʨʠ ʜʚʝʪʝ  

ʧʦʜʭʚʲʨʣʷʥʠʷ ʜʘ ʝ ʧʦ-ʤʘʣʢʘ ʦʪ 4.ò 

ʇʲʨʚʦ 

ʧʦʜʭʚʲʨʣʷʥʝ 

ɺʪʦʨʦ ʧʦʜʭʚʲʨʣʷʥʝ 

1 2 3 4 5 6 

1 ɸɺ ɸɺ ɸ ɸ ɸ ɸ 

2 ɺ 

3 

4 

5 

6 



ɼʝʬʠʥʠʮʠʷ 1. ʅʝʢʘ ɸ, B Í ¿(W) ʠ ʈ(ɺ) > 0.  

ʋʩʣʦʚʥʘ ʚʝʨʦʷʪʥʦʩʪ ʥʘ ɸ ʧʨʠ ʫʩʣʦʚʠʝ B ʱʝ ʦʟʥʘʯʘʚʘʤʝ ʩ   

ʈ(ɸ | ɺ) ʠ ʧʦ ʜʝʬʠʥʠʮʠʷ 

 

 

 

ʅʝʢʘ B Í ¿(W) ʝ ʬʠʢʩʠʨʘʥʦ ʩʲʙʠʪʠʝ ʦʪ ʚʝʨʦʷʪʥʦʩʪʥʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (W, ¿(W), ʈ). ʋʩʣʦʚʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ ʈ(¶ | ɺ) 

ʜʝʬʠʥʠʨʘ ʚʝʨʦʷʪʥʦʩʪʥʘ ʤʷʨʢʘ, ʚʲʨʭʫ (W, ¿(W)), ʪ.ʝ. 

(ɺ, ¿(ɺ), ʈ(¶ | ɺ)) ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

.
)B(P

)AB(P
)B|A(P =



ʇʨʠʤʝʨ 1: ʥʘʤʝʨʝʪʝ ʈ(ɸ|B) ʠ P(B|A). 

 

 

 

  

 

 

 

  

 

 

ɸ = ñʇʨʠ ʧʲʨʚʦʪʦ ʭʚʲʨʣʷʥʝ ʥʘ ʟʘʨʘ ʩʝ ʧʘʜʘ 1 ʪʦʯʢʘ.ò 

ɺ = ñʉʫʤʘʪʘ ʦʪ ʪʦʯʢʠʪʝ ʚʲʨʭʫ ʟʘʨʘ ʧʨʠ ʜʚʝʪʝ  

ʧʦʜʭʚʲʨʣʷʥʠʷ ʜʘ ʝ ʧʦ-ʤʘʣʢʘ ʦʪ 4.ò 

ʇʲʨʚʦ 

ʧʦʜʭʚʲʨʣʷʥʝ 

ɺʪʦʨʦ ʧʦʜʭʚʲʨʣʷʥʝ 

1 2 3 4 5 6 

1 ɸɺ ɸɺ ɸ ɸ ɸ ɸ 

2 ɺ 

3 

4 

5 

6 



ʇʦ ʜʝʬʠʥʠʮʠʷ  

,
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ʇʨʠʤʝʨ 2: 

ʐʫʤʝʥ 

ʉʦʬʠʷ 

ʇʣʦʚʜʠʚ 

ɼʨʫʛʘʜʝ 

ʐʫʤʝʥ 

ɹʘʥʩʢʦ 

ʐʫʤʝʥ 

ɼʨʫʛʘʜʝ 

ɹʘʥʩʢʦ 

ɹʘʥʩʢʦ 

ɼʨʫʛʘʜʝ 

ɼʨʫʛʘʜʝ 

0.25 

0.1 

ʐʫʤʝʥ 

0.2 

0.1 



ʇʨʠʤʝʨ 2: ʅʝʢʘ ʜʘ ʥʘʧʨʘʚʠʤ ʧʨʠʙʣʠʟʠʪʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʦʜʝʣ.  ɼʘʜʝʥʦ: 

ʈ(C1) = 0.25,                 ʈ(ʇʣ1) = 0.25,                ʈ(ɼʨ1) = 0.5 

 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 



 

ʉʚʦʡʩʪʚʦ: ɸʢʦ ʩʲʙʠʪʠʷʪʘ ɸ1, ɸ2, éɸk, k ¢ ¤, ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ 
ʛʨʫʧʘ ʪʦ 

P(ɸ1|B) + P(ɸ2|B) + é + P(ɸk|B) = 1. 

ɼʝʬʠʥʠʮʠʷ: ʉʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤  

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʘʢʦ:  

ʚʩʝʢʠ ʜʚʝ ʦʪ ʪʷʭ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ ʠ   

      ¹ W. 
k

n

k
A

1=
Ç

ɸ1 

ɸ4 

ɸʧ 
ɸ3 

ɸ2 

W 

é 

ʊ.ʝ. ʩʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤ ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ  

ʘʢʦ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʦʧʠʪʘ ʩʝ ʩʣʫʯʚʘ ʪʦʯʥʦ ʝʜʥʦ ʦʪ ʪʷʭ. 

ɼʝʬʠʥʠʮʠʷ: ʉʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʝ ʥʘʨʠʯʘʪ  

ʥʝʩʲʚʤʝʩʪʠʤʠ, ʘʢʦ ʥʷʤʘʪ ʦʙʱʠ  

ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʠ ʝʣʝʤʝʥʪʘʨʥʠ  

ʩʲʙʠʪʠʷ. ʊ.ʝ. ʘʢʦ ɸ Æ ɺ  ¹  Å.  
W 

ɸ

ɸ 

W 

ʌʠʛ. 6. 

ɺ A B 



 

ɼʝʬʠʥʠʮʠʷ: ʉʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤  

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʘʢʦ:  

ʚʩʝʢʠ ʜʚʝ ʦʪ ʪʷʭ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ ʠ   

      ¹ W. 
k

n

k
A

1=
Ç

ɸ1 

ɸ4 

ɸʧ 
ɸ3 

ɸ2 

W 

é 

ʉʚʦʡʩʪʚʦ: ɸʢʦ ʩʲʙʠʪʠʷʪʘ ɸ1, ɸ2, éɸk, k ¢ ¤, ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ  
 
ʛʨʫʧʘ ʪʦ 
 

P(ɸ1|B) + P(ɸ2|B) + é + P(ɸk|B) = 1. 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʢʨ. ʘʜʠʪʠʚʥʦʩʪ  
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ʇʨʠʤʝʨ 3: 

ʆʙʨʘʟʦʚʘʥʠʝ 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʘ ʟʘ 

ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ 
ʆʙʱʦ: 

ʉʣʘʙ 

(IQ2) 

ʉʨʝʜʝʥ 

(IQ3) 

ɼʦʙʲʨ 

(IQ4) 

ʄʥ.ʜʦʙ 

(IQ5). 

ʆʪʣ. 

(IQ6) 

ʆʩʥʦʚʥʦ(O) 0,050 0,025 0,020 0,005 0 0,1 

ʉʨʝʜʥʦ(C) 0,050 0,075 0,040 0,010 0,025 0,2 

ɹʘʢʘʣʘʚʲʨ(ɹ) 0,010 0,050 0,075 0,100 0,065 0,3 

ʄʘʛʠʩʪʲʨ(M) 0,010 0,040 0,125 0,125 0,100 0,4 

ʆʙʱʦ: 0,120 0,190 0,260 0,240 0,190 1,0 

ʂʘʪʦ ʯʘʩʪ ʦʪ ʚʩʠʯʢʠ ʥʘʙʣʶʜʘʚʘʥʠ. 

 



         ʇʨʠʤʝʨ 3: ʅʝʢʘ ʜʘ ʥʘʧʨʘʚʠʤ ʧʨʠʙʣʠʟʠʪʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

        ʤʦʜʝʣ.  ɼʘʜʝʥʦ: 

     ʈ(O) = 0.1,           ʈ(C) = 0.2,             ʈ(ɹ) = 0.3,            ʈ(ʄ) = 0.4 

ʈ(O,IQ2) = 0.050,  ʈ(ʉ,IQ2) = 0.050,  ʈ(ɹ,IQ2) = 0.010,  ʈ(ʄ,IQ2) = 0.010, 

ʈ(O,IQ3) = 0.025,  ʈ(ʉ,IQ3) = 0.075,  ʈ(ɹ,IQ3) = 0.050,  ʈ(ʄ,IQ3) = 0.040, 

ʈ(O,IQ4) = 0.020,  ʈ(ʉ,IQ4) = 0.040,  ʈ(ɹ,IQ4) = 0.075,  ʈ(ʄ,IQ4) = 0.125, 

ʈ(O,IQ5) = 0.005,  ʈ(ʉ,IQ5) = 0.010,  ʈ(ɹ,IQ5) = 0.100,  ʈ(ʄ,IQ5) = 0.125,  

ʈ(O,IQ6) = 0.000,  ʈ(ʉ,IQ6) = 0.025,  ʈ(ɹ,IQ6) = 0.065,  ʈ(ʄ,IQ6) = 0.100, 

ʈ(IQ2) = 0.12,  ʈ(IQ3) = 0.19,  ʈ(IQ4) = 0.26,  ʈ(IQ5) = 0.24,  ʈ(IQ6) = 0.19 

 



ʇʨʠʤʝʨ 3: 

ʆʙʨʘʟʦʚʘʥʠʝ 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʘ ʟʘ 

ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʆʙʱʦ: 

ʉʣʘʙ ʉʨʝʜʝʥ ɼʦʙʲʨ ʄʥ.ʜʦʙ. ʆʪʣ. 

ʆʩʥʦʚʥʦ 0,500 0,250 0,200 0,050 0 1 

ʉʨʝʜʥʦ 0,250 0,375 0,200 0,050 0,125 1 

ɹʘʢʘʣʘʚʲʨ 0,033 0,167 0,250 0,333 0,217 1 

ʄʘʛʠʩʪʲʨ 0,025 0,100 0,3125 0,3125 0,250 1 

ʂʘʪʦ ʯʘʩʪ ʦʪ ʣʠʮʘʪʘ ʩʲʩ ʩʲʱʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. 
 



 

ʈ(O) = 0.1,           ʈ(C) = 0.2,             ʈ(ɹ) = 0.3,            ʈ(ʄ) = 0.4   

                       

 

            ʈ(IQ2|O) =     

 

            ʈ(IQ2|C) =  

            ʈ(IQ2|ɹ) =   

 

            ʈ(IQ2|M) =  
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7.2. ʌʦʨʤʫʣʘ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ.  

ʈ(ɸɺ) = ʈ(ɸ|B)P(B) = ʈ(B|A)P(A)  

ʈ(A1A2éAn) = ʈ(A1)ʈ(A2|A1)ʈ(A3|A1A2)é ʈ(An|A1A2éAn-1) 

ʊʘʟʠ ʬʦʨʤʫʣʘ ʠʤʘ n! ʚʘʨʠʘʥʪʘ.  

ɼʦʢʘʟʘʪʝʣʩʪʚʦ:  ʇʦ ʄʄʀ 

1. ʇʨʠ n = 2 - ʈ(ɸɺ) = ʈ(ɸ|B)P(B) ʩʣʝʜʚʘ ʦʪ ʜʝʬ. ʟʘ ʫʩʣʦʚʥʘ 
ʚʝʨʦʷʪʥʦʩʪ. 

2. ɼʦʧʫʩʢʘʤʝ, ʯʝ ʝ ʚʷʨʥʘ ʟʘ n=k. 

3. ɼʘ ʷ ʜʦʢʘʞʝʤ ʟʘ n=k+1. ʉʣʝʜ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 
1. ʠ 2. ʧʦʣʫʯʘʚʘʤʝ:  

ʈ(A1A2éAkAk+1) = ʈ(Ak+1|A1A2éAk) ʈ(A1A2éAk) =  

= ʈ(Ak+1|A1A2éAk) ʈ(A1)ʈ(A2|A1)ʈ(A3|A1A2)é ʈ(Ak|A1A2éAk-1) = 

= ʈ(A1)ʈ(A2|A1)ʈ(A3|A1A2)é ʈ(Ak|A1A2éAk-1) ʈ(Ak+1|A1A2éAk). 

 

 

 



7.3. ʅʝʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʩʲʙʠʪʠʷ.  

ɼʝʬʠʥʠʮʠʷ 2. ʉʲʙʠʪʠʷʪʘ ɸ ʠ B ʩʝ ʥʘʨʠʯʘʪ ʥʝʟʘʚʠʩʠʤʠ, ʘʢʦ 

ʈ(ɸɺ) = ʈ(ɸ)ʈ(ɺ). 

ʀʥʘʯʝ ʪʝʟʠ ʩʲʙʠʪʠʷ ʩʝ ʥʘʨʠʯʘʪ ʟʘʚʠʩʠʤʠ. 

ʊʝʦʨʝʤʘ 1. ʅʝʢʘ ʈ(ɺ) > 0. ʉʲʙʠʪʠʷʪʘ ɸ ʠ B ʩʘ ʥʝʟʘʚʠʩʠʤʠ, 

ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʈ(ɸ|B) = ʈ(A). 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʫʩʣʦʚʥʘ ʚʝʨʦʷʪʥʦʩʪ 

 

ɸʢʦ ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʦʪ ɼʝʬ. 2, ʪʦ 

 

ɸʢʦ ʈ(ɸ|B) = ʈ(A), ʪʦ 

 

ʊ.ʝ. ʦʪ ɼʝʬʠʥʠʮʠʷ 2, ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ. 
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ʊʝʦʨʝʤʘ 2. ɸʢʦ ʩʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ, ʪʦ ʥʝʟʘʚʠʩʠʤʠ  

ʩʘ ʠ ʩʲʙʠʪʠʷʪʘ ʦʪ ʜʚʦʡʢʠʪʝ: 

1.)      ʠ ɺ; 

2.) ɸ ʠ    ; 

3.)     ʠ    .   

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: 1) ʊʨʷʙʚʘ ʜʘ ʚʢʘʨʘʤʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠʪʝ 

ʩʲʙʠʪʠʷ ʚ ʥʘʰʠʪʝ ʨʘʟʩʲʞʜʝʥʠʷ ʟʘ ʪʦʚʘ ʠʟʧʦʣʟʚʘʤʝ ʚʨʲʟʢʘʪʘ  

P(ɺ) = P(B,W) = P(B,(AÇ    )) = P((B,A) Ç (B,   )) = P(B,A) + P(B,   ), 

ʪ.ʝ. ʚʠʥʘʛʠ ʝ ʚʷʨʥʦ, ʯʝ P(B,   ) = P(ɺ) - P(B,A)  

ʇʦ ʫʩʣʦʚʠʝ P(AB) = P(A)P(B), ʪʦʛʘʚʘ 

P(B,   ) = P(ɺ) - P(B,A) = P(ɺ) - P(A)P(B) = P(B)[1 - P(A)] = P(B)P(    ). 

ʇʦʩʣʝʜʥʦʪʦ ʨʘʚʝʥʩʪʚʦ ʠ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʥʝʟʘʚʠʩʠʤʠ ʩʲʙʠʪʠʷ 

ɺʣʝʢʘʪ ʥʝʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ      ʠ ɺ. 

ɼʦʢʘʟʘʪʝʣʩʪʚʘʪʘ ʥʘ 2) ʠ 3) ʦʩʪʘʚʘʪ ʟʘ ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʨʘʙʦʪʘ. 

 

A

A B

A A A

A

A A

A



 

ʅʝʟʘʚʠʩʠʤʦʩʪʪʘ ʤʦʞʝ ʜʘ ʠʟʯʝʟʥʝ ʧʨʠ ʤʘʣʢʘ ʧʨʦʤʷʥʘ ʥʘ 
ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ ʠʟʭʦʜʠ!  

ʇʨʠʤʝʨ 4. ʆʪ ʢʦʣʦʜʘ ʦʪ 52 ʢʘʨʪʠ ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʩʝ ʠʟʙʠʨʘ 1 

ʢʘʨʪʘ. ʅʝʢʘ ɸ = ñʀʟʪʝʛʣʝʥʘ ʝ ʜʘʤʘò, ʘ ɺ = ñʀʟʪʝʛʣʝʥʘ ʝ ʧʠʢʘò. 

ʈ(A) =                   P(B) =                 P(A,B) =                     = ʈ(A) ʈ(ɺ), 

ʉʣʝʜʦʚʘʪʝʣʥʦ ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ. 

ʇʨʠʤʝʨ 5. ʆʪ ʢʦʣʦʜʘ ʦʪ 53 ʢʘʨʪʠ, ʢʲʜʝʪʦ ʝ ʚʢʣʶʯʝʥ ʠ ʝʜʠʥ ʜʞʦʢʝʨ 

ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʩʝ ʠʟʙʠʨʘ 1 ʢʘʨʪʘ. ʅʝʢʘ ɸ = ñʀʟʪʝʛʣʝʥʘ ʝ 

ʜʘʤʘò, ʘ ɺ = ñʀʟʪʝʛʣʝʥʘ ʝ ʧʠʢʘò. ʅʝʟʘʚʠʩʠʤʠ ʣʠ ʩʘ ɸ ʠ ɺ? 

ʈ(A) =           P(B) =           P(A,B) =       Í              = ʈ(A) ʈ(ɺ). 
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ɼʝʬʠʥʠʮʠʷ 3. ʉʲʙʠʪʠʷʪʘ A1,A2,é, An ʩʝ ʥʘʨʠʯʘʪ ʥʝʟʘʚʠʩʠʤʠ  

ʜʚʝ ʧʦ ʜʚʝ ʘʢʦ ʢʦʠʪʦ ʠ ʜʚʝ ʦʪ ʪʷʭ ʜʘ ʚʟʝʤʝʤ ʪʝ ʩʘ  

ʥʝʟʘʚʠʩʠʤʠ, ʪ.ʝ. ʘʢʦ ʟʘ ʚʩʝʢʠ ʜʚʝ ʦʪ ʪʷʭ 1¢    <     ¢ n, 

                               P(           ) = P(      ).P(      ). 

ʊʝʦʨʝʤʘ 3. ɸʢʦ  

1.) ʩʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ, 

2.) ʩʲʙʠʪʠʷʪʘ ɸ ʠ ʉ ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʠ 

3.) ʩʲʙʠʪʠʷʪʘ ɺ ʠ ʉ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ (ʚʟʘʠʤʥʦ ʠʟʢʣʶʯʚʘʱʠ ʩʝ),  

ʪʦ ʩʲʙʠʪʠʷʪʘ  ɸ ʠ ñɺ ʠʣʠ ʉò ʩʘ ʥʝʟʘʚʠʩʠʤʠ. 

 

ɼʝʬʠʥʠʮʠʷ 4. ʉʲʙʠʪʠʷʪʘ A1,A2,é, An ʩʝ ʥʘʨʠʯʘʪ ʥʝʟʘʚʠʩʠʤʠ  

ʚ ʩʲʚʢʫʧʥʦʩʪ  ʘʢʦ ʢʦʠʪʦ ʠ k Í {2, 3, é, n}  ʦʪ ʪʷʭ ʜʘ ʚʟʝʤʝʤ 

P(                    ) = P(      ).P(      )éP(      ). 
kiii AAA ...
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ʂʦʥʪʨʘ-ʧʨʠʤʝʨ ʥʘ ɹʝʨʥʱʘʡʥ:  

ʉʪʝʥʠʪʝ ʥʘ ʧʨʘʚʠʣʝʥ ʪʝʪʨʘʝʜʲʨ ʩʘ ʦʮʚʝʪʝʥʠ ʩʲʦʪʚʝʪʥʦ 

ʚ ʙʷʣʦ, ʟʝʣʝʥʦ, ʯʝʨʚʝʥʦ ʠ ʪʨʠʢʦʣʴʦʨ.  

ʊʝʪʨʘʝʜʲʨʲʪ ʩʝ ʧʦʜʭʚʲʨʣʷ ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ. ʅʝʢʘ  

ɸ = ñʉʪʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʧʘʜʥʘʣ ʪʝʪʨʘʝʜʲʨʘ ʩʲʜʲʨʞʘ  

ʙʷʣ ʮʚʷʪò,  

ɺ = ñʉʪʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʧʘʜʥʘʣ ʪʝʪʨʘʝʜʲʨʘ ʩʲʜʲʨʞʘ 

ʟʝʣʝʥ ʮʚʷʪò,  

ʉ = ñʉʪʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʧʘʜʥʘʣ ʪʝʪʨʘʝʜʲʨʘ ʩʲʜʲʨʞʘ 

ʯʝʨʚʝʥ ʮʚʷʪò.  

ɼʦʢʘʞʝʪʝ, ʯʝ:  

1.) ʩʲʙʠʪʠʷʪʘ ɸ, ɺ ʠ ʉ ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʜʚʝ ʧʦ ʜʚʝ; 

2.) ʩʲʙʠʪʠʷʪʘ ɸ, ɺ ʠ ʉ  ʥʝ ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʚ ʩʲʚʢʫʧʥʦʩʪ; 

3.) ʩʲʙʠʪʠʷʪʘ A  ʠ (ɺʉ) ʥʝ ʩʘ ʥʝʟʘʚʠʩʠʤʠ; 

4.) ʩʲʙʠʪʠʷʪʘ A  ʠ (ɺ Ç ʉ) ʥʝ ʩʘ ʥʝʟʘʚʠʩʠʤʠ. 



ɺʝʨʦʷʪʥʦʩʪʝʥ ʤʦʜʝʣ ʥʘ ʢʦʥʪʨʘ-ʧʨʠʤʝʨʘ ʥʘ ɹʝʨʥʱʘʡʥ:  

w1 ï ʊʝʪʨʘʝʜʲʨʲʪ ʧʘʜʘ ʚʲʨʭʫ ʙʷʣʘʪʘ ʩʠ ʩʪʝʥʘ, 

w2 ï ʊʝʪʨʘʝʜʲʨʲʪ ʧʘʜʘ ʚʲʨʭʫ ʟʝʣʝʥʘ ʩʠ ʩʪʝʥʘ, 

w3 ï ʊʝʪʨʘʝʜʲʨʲʪ ʧʘʜʘ ʚʲʨʭʫ ʯʝʨʚʝʥʘ ʩʠ ʩʪʝʥʘ, 

w4 ï ʊʝʪʨʘʝʜʲʨʲʪ ʧʘʜʘ ʚʲʨʭʫ ʪʨʠʢʦʣʴʦʨʲʪ. 

ʈʘʟʛʣʝʞʜʘʤʝ ʘʣʛʝʙʨʘʪʘ b(W), ʦʪ ʚʩʠʯʢʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ W. 

ʈ(w1) = ʈ(w2) = ʈ(w3) = ʈ(w4) = 0,25. 

ɸ = ñw1, w4ò, ɺ = ñw2, w4ò, ʉ =ñw3, w4ò. 

ʈ(ɸ) = ʈ(ɺ) = ʈ(ʉ) = 0,5. 

ʈ(ɸɺ) = ʈ(ɸʉ) = ʈ(ɺʉ) = ʈ(w4) = 0,25. 

ʈ(ɸɺʉ) = ʈ(w4) = 0,25  ̧ʈ(ɸ)ʈ(ɺ)ʈ(ʉ). 

ʈ(ɸ(ɺʉ)) = 0,25  ̧ʈ(ɸ)ʈ(ɺʉ) = 0,125. 

ʈ(ɸ(ɺ Ç ʉ)) = ʈ(ɸɺ ÇA ʉ) = 0,25  ̧ʈ(ɸ)ʈ(ɺ Ç ʉ) = 0,5.0,75 = 0,375. 

W 

w1 

w2 
w3 

w4 



 

8. ʌʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ. ʌʦʨʤʫʣʘ ʥʘ ɹʝʡʩ.  

ɼʝʬʠʥʠʮʠʷ 6: ʉʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʝ ʥʘʨʠʯʘʪ  

ʥʝʩʲʚʤʝʩʪʠʤʠ, ʘʢʦ ʥʷʤʘʪ ʦʙʱʠ  

ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʠ ʝʣʝʤʝʥʪʘʨʥʠ  

ʩʲʙʠʪʠʷ. ʊ.ʝ. ʘʢʦ ɸ Æ ɺ  ¹  Å.  W 

ɸ

ɸ 

W 

ʌʠʛ. 6. 

ɺ A B 

ɼʝʬʠʥʠʮʠʷ 7: ʉʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤  

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʘʢʦ:  

ʚʩʝʢʠ ʜʚʝ ʦʪ ʪʷʭ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ ʠ   

      ¹ W. 
k

n

k
A

1=
Ç

ɸ1 

ɸ4 

ɸʧ 
ɸ3 

ɸ2 
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é 

ʊ.ʝ. ʩʲʙʠʪʠʷʪʘ ɸ1, ɸ2, é, ɸn, n ¢ ¤ ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ  

ʘʢʦ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʦʧʠʪʘ ʩʝ ʩʣʫʯʚʘ ʪʦʯʥʦ ʝʜʥʦ ʦʪ ʪʷʭ. 



7.4. ʂʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʩʲʙʠʪʠʷ.  

ɼʝʬʠʥʠʮʠʷ 5: ʅʝʢʘ A, B Í ¿(W) ʠ  0 < ʈ(ɸ) < 1 ʠ 0 < ʈ(ɺ) < 1.   

ʏʠʩʣʦʪʦ  

ʩʝ ʥʘʨʠʯʘ  ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ ɸ ʠ ɺ. 

ʉʚʦʡʩʪʚʘ: 

1) -1 ¢ R(A, B) ¢ 1; 

2) R(A,B) = R(    ,    ) ʠ  R(A,   ) = - R(A,B). 

3) ʉʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʘ ʥʝʟʘʚʠʩʠʤʠ Ú R(A,B) = 0. 

4) R(A,   ) = - 1. 

5) ɸʢʦ ʩʲʙʠʪʠʷʪʘ ɸ ʠ ɺ ʩʲʚʧʘʜʘʪ ʚ ʩʤʠʩʲʣ ʥʘ ʈ(ɸɺ) = ʈ(ɸ) = ʈ(ɺ), 

ʪʦ R(A,B) =  1. 

6) R(A,B) > 0 Ú ʈ(ɸ|B) > P(A).  

7) R(A,B) < 0 Ú ʈ(ɸ|B) < P(A). 

)().().().(

)().()(
),(

BPBPAPAP

BPAPABP
BAR

-
=

A B B

A



ʌʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ. ɸʢʦ ʩʲʙʠʪʠʷʪʘ ʅ1, ʅ2,  

é, ʅn, n ¢ ¤, ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʈ(ʅi) > 0, i = 1, 2, é, n, 

ʪʦ ʟʘ ʚʩʷʢʦ ʩʲʙʠʪʠʝ ɸ ʝ ʚ ʩʠʣʘ, ʯʝ  

  P(A) =                                                         . )()|(),(
11

k

n

k

k

n

k

k HPHAPHAP ää
==

=

H1 

H4 

Hn 
H3 

H2 
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ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʊʲʡ ʢʘʪʦ ʩʲʙʠʪʠʷʪʘ ʅ1, ʅ2, é, ʅn, n ¢ ¤, 

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʈ(ʅi) > 0, i = 1, 2, é, n, ʪʦ ʟʘ ʚʩʷʢʦ 

ʩʲʙʠʪʠʝ ɸ ʝ ʚ ʩʠʣʘ, ʯʝ  

  P(A) = P(A,W) = P(A,     Hi) = P(     (A,Hi)) =        

 

ɺ ʧʨʝʜʧʦʩʣʝʜʥʦʪʦ ʨʘʚʝʥʩʪʚʦ ʠʟʧʦʣʟʚʘʭʤʝ, ʯʝ ʩʲʙʠʪʠʷʪʘ 

(A,H1), (A,H2), é., (A,Hn) ʩʘ ʜʚʝ ʧʦ ʜʚʝ ʥʝʩʲʚʤʝʩʪʠʤʠ. 

 

ɺ ʧʦʩʣʝʜʥʦʪʦ ʨʘʚʝʥʩʪʚʦ ʠʟʧʦʣʟʚʘʭʤʝ ʬʦʨʤʫʣʘʪʘ ʟʘ ʫʤʥʦʞʝʥʠʝ 

ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʥʘ ʜʚʝ ʩʲʙʠʪʠʷ. 

                                             . 
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ 

ʈ(ʐ2 )=? 

 

ʐʫʤʝʥ 

ʉʦʬʠʷ 

ʇʣʦʚʜʠʚ 

ɼʨʫʛʘʜʝ 

ʐʫʤʝʥ 

ɹʘʥʩʢʦ 

ʐʫʤʝʥ 

ɼʨʫʛʘʜʝ 

ɹʘʥʩʢʦ 

ɹʘʥʩʢʦ 

ɼʨʫʛʘʜʝ 

ɼʨʫʛʘʜʝ 

0.25 

0.1 

ʐʫʤʝʥ 

0.2 

0.1 



ʇʨʠʤʝʨ 2: ʅʘʧʨʘʚʠʭʤʝ ʩʣʝʜʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʦʜʝʣ.  ɼʘʜʝʥʦ: 

ʈ(C1) = 0.25,                 ʈ(ʇʣ1) = 0.25,                ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ʈʝʰʝʥʠʝ: ʉʲʙʠʪʠʷʪʘ C1, ʇʣ1, ɼʨ1 ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ.  

ʆʪ ʌʦʨʤʫʣʘʪʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 

ʈ(ʐ2 ) = ʈ(ʐ2, C1) + ʈ(ʐ2, ʇʣ1) + ʈ(ʐ2, ɼʨ1) = 

= ʈ(ʐ2 | C1) ʈ(C1) + ʈ(ʐ2 | ʇʣ1) ʈ(ʇʣ1) + ʈ(ʐ2 | ɼʨ1) ʈ(ɼʨ1) = 

= 0.4  0.25 + 0.3  0.25 + 0.4  0.5 =  0.1 + 0.075 + 0.2 = 0.375. 



ʌʦʨʤʫʣʘ ʥʘ ɹʝʡʩ. ɸʢʦ ʩʲʙʠʪʠʷʪʘ ʅ1, ʅ2, é, ʅn, n ¢ ¤,  

ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʈ(ʅi) > 0, i = 1, 2, é, n, ʪʦ ʟʘ ʚʩʷʢʦ  

ʩʲʙʠʪʠʝ ɸ, ʪʘʢʦʚʘ ʯʝ ʈ(ɸ) > 0 e ʚ ʩʠʣʘ, ʯʝ  

   

               P(Hi |A) =                                =                                    .        

 

 

ɺ ʇʨʠʤʝʨ 2 ʥʘʤʝʨʝʪʝ ʈ(ʇʣ1|ʐ2 ) = ?   
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ʇʨʠʤʝʨ 2: ʅʘʧʨʘʚʠʭʤʝ ʩʣʝʜʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʦʜʝʣ.  ɼʘʜʝʥʦ: 

ʈ(C1) = 0.25,                 ʈ(ʇʣ1) = 0.25,                ʈ(ɼʨ1) = 0.5 

 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ɺʝʨʦʷʪʥʦʩʪʪʘ ʈ(ʇʣ1|ʐ2 ) ʥʘʤʠʨʘʤʝ ʩ ʬʦʨʤʫʣʘʪʘ ʥʘ ɹʝʡʩ 

ʈ(ʇʣ1|ʐ2 ) =                                      =                  =              =     .  

  

)(

)()|(

2

112

ʐP
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ: 

a) C1 ʠ ʇʣ1; 

ʙ) C1 ʠ ʐ2 ; 

ʚ) ɹ2 ʠ ʐ2 . 

ʈʝʰʝʥʠʝ: ɼʘʜʝʥʦ: ʈ(C1) = 0.25,   ʈ(ʇʣ1) = 0.25, ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

a) 
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ: 

ʙ) C1 ʠ ʐ2 ; 

ʚ) ɹ2 ʠ ʐ2 . 

ʈʝʰʝʥʠʝ: ɼʘʜʝʥʦ: ʈ(C1) = 0.25,   ʈ(ʇʣ1) = 0.25, ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ʙ) 
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ: 

ʙ) C1 ʠ ʐ2 ; 

ʈʝʰʝʥʠʝ: ɼʘʜʝʥʦ: ʈ(C1) = 0.25,   ʈ(ʇʣ1) = 0.25, ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ʙ) 
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ: 

ʚ) ɹ2 ʠ ʐ2 . 

ʈʝʰʝʥʠʝ: ɼʘʜʝʥʦ: ʈ(C1) = 0.25,   ʈ(ʇʣ1) = 0.25, ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ʚ) 

 

 

ʉʲʙʠʪʠʷʪʘ C1, ʇʣ1, ɼʨ1 ʦʙʨʘʟʫʚʘʪ ʧʲʣʥʘ ʛʨʫʧʘ.  

ʆʪ ʌʦʨʤʫʣʘʪʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 

ʈ(ɹ2 ) = ʈ(ɹ2, C1) + ʈ(ɹ2, ʇʣ1) + ʈ(ɹ2, ɼʨ1) = 

= ʈ(ɹ2 | C1) ʈ(C1) + ʈ(ɹ2 | ʇʣ1) ʈ(ʇʣ1) + ʈ(ɹ2 | ɼʨ1) ʈ(ɼʨ1) = 

= 0.1  0.25 + 0.2  0.25 + 0.1  0.5 =  0.025 + 0.05 + 0.05 = 0.125. 
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ʇʨʠʤʝʨ 2: ʅʘʤʝʨʝʪʝ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʩʲʙʠʪʠʷʪʘ: 

ʚ) ɹ2 ʠ ʐ2 . 

ʈʝʰʝʥʠʝ: ɼʘʜʝʥʦ: ʈ(C1) = 0.25,   ʈ(ʇʣ1) = 0.25, ʈ(ɼʨ1) = 0.5 

ʈ(ʐ2 | C1) = 0.4,          ʈ(ɹ2 | C1) = 0.1,         ʈ(ɼʨ2 | C1) = 0.5 

ʈ(ʐ2 | ʇʣ1) = 0.3,       ʈ(ɹ2 | ʇʣ1) = 0.2,       ʈ(ɼʨ2 | ʇʣ1 ) = 0.5 

ʈ(ʐ2 | ɼʨ1) = 0.4,       ʈ(ɹ2 | ɼʨ1) = 0.1,       ʈ(ɼʨ2 | ɼʨ1)  = 0.5 

ʚ) 
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9. ʉʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ  

ɼ1. ʅʝʢʘ (W, ¿(W), ʈ) ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɺʩʷʢʘ x(w): W  ­ R1 ʪʘʢʘʚʘ, ʯʝ ʟʘ ʚʩʷʢʦ ɺ Í B1,  

(1)                        x -1 (ɺ) = {w ÍW : x(w) Í B}  Í ¿(W). 

ʩʝ ʥʘʨʠʯʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʠʣʠ ¿(W) ʠʟʤʝʨʠʤʘ ʬʫʥʢʮʠʷ. 

ɿʘʙʝʣʝʞʢʘ: ʅʘʢʨʘʪʢʦ  x -1 (ɺ) = {x Í B}. 

ɼ2. ɸʢʦ W = R1 ʠ ¿(W) = B1 ʬʫʥʢʮʠʷʪʘ x(w) ʩʝ ʥʘʨʠʯʘ ɹʦʨʝʣʦʚʘ. 

ʊʝʦʨʝʤʘ 1. ʋʩʣʦʚʠʝʪʦ (1) ʝ ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʘ ʫʩʣʦʚʠʝʪʦ 

(2)       ʟʘ ʚʩʷʢʦ x Í R1,       x -1 ((-¤, ʭ)) = {w ÍW : x(w) < x} Í ¿(W). 

ʋʧʲʪʚʘʥʝ: (2) Ý (1):  

ʅʝʢʘ Y  = {ɺ Í B1: x -1 (ɺ) Í ¿(W)}. ʊʦʛʘʚʘ Y  Ì  B1. 

V Y ʝ s - ʘʣʛʝʙʨʘ ʦʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ R1. 

V Y ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ ʠʥʪʝʨʚʘʣʠ. 

V Y ʩʲʜʲʨʞʘ ʤʠʥʠʤʘʣʥʘʪʘ s -ʘʣʛʝʙʨʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ 

ʠʥʪʝʨʚʘʣʠ, ʪ.ʝ. Y  É B1. 



ʊʝʦʨʝʤʘ 1. ʋʩʣʦʚʠʝʪʦ (1) ʝ ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʘ ʫʩʣʦʚʠʝʪʦ 

(2)       ʟʘ ʚʩʷʢʦ x Í R1,  x -1 ((-¤, ʭ)) = {w ÍW : x(w) < x} Í ¿(W). 

ɼ-ʚʦ: (2) Ý (1): ʅʝʢʘ Y  = {ɺ Í B1: x -1 (ɺ) Í ¿(W)}. ʊʦʛʘʚʘ Y  Ì  B1. 

V Y ʝ s - ʘʣʛʝʙʨʘ ʦʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ R1. 

i)     x -1 (Å) = Å Í ¿(W) Ý Å Í Y. 

ii)  ɸʢʦ ɸ Í Y, ʪʦ ɸÍ B1: x -1(ɸ)Í¿(W), ʪ.ʝ. {w ÍW : x(w)Í ɸ} Í ¿(W), 

ʥʦ ¿(W) ʝ ʘʣʛʝʙʨʘ, ʩʣʝʜʦʚʘʪʝʣʥʦ {w ÍW : x(w) Î ɸ} Í ¿(W), ʪ.ʝ. 

x -1 (    ) Í ¿(W). ʊʦʛʘʚʘ     Í Y. 

iii) ɸʢʦ ɸ1, ɸ2,é, Í Y, ʪʦ x -1 (ɸ1) Í ¿(W), x -1(ɸ2) Í ¿(W), é, ʪ.ʝ. 

{w ÍW : x(w) Í ɸ1} Í ¿(W) , {w ÍW : x(w) Í ɸ2} Í ¿(W). é  ʊ.ʢ. ¿(W) ʝ 

s - ʘʣʛʝʙʨʘ, ʪʦ {w ÍW : x(w) Í ɸ1} Æ {w ÍW : x(w) Í ɸ2} Æ  éÍ ¿(W), 

ʪ.ʝ.  {w ÍW : x(w)Í ɸ1 Æ ɸ2 Æ é}Í¿(W), ʪ.ʝ. x -1(ɸ1 Æ ɸ2 Æ é)Í¿(W). 

ʊʦʛʘʚʘ ɸ1 Æ ɸ2 Æ éÍY. 

V Y ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ ʠʥʪʝʨʚʘʣʠ. 

V Y ʩʲʜʲʨʞʘ ʤʠʥʠʤʘʣʥʘʪʘ s -ʘʣʛʝʙʨʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ 

ʠʥʪʝʨʚʘʣʠ, ʪ.ʝ. Y  É B1. 

A A



ɼ3. ʅʝʢʘ (W, ¿(W), ʈ) ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ  ʠ x  ʜʘ ʝ  

¿(W) ʠʟʤʝʨʠʤʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. s - ʘʣʛʝʙʨʘʪʘ  

Y  = {x -1 (ɺ), ɺ Í B1}  

ʩʝ ʦʟʥʘʯʘʚʘ ʩ s (x ) ʝ ʩʝ ʥʘʨʠʯʘ s - ʘʣʛʝʙʨʘ ʧʦʨʦʜʝʥʘ ʦʪ x. 

ɿʘʙʝʣʝʞʢʠ: 1. ʅʝʢʘ ʨʘʙʦʪʠʤ ʩ (W, b (W), ʈ), ʪʦʛʘʚʘ ʚʩʷʢʘ  

ʬʫʥʢʮʠʷ x(w), w Í W ʩʝ ʷʚʷʚʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. 

2. ɸʢʦ ¿(W) = {W, Å}, ʪʦ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

 ʩʘʤʦ ʢʦʥʩʪʘʥʪʠʪʝ.  

ʉʚʦʡʩʪʚʘ: ɼʘ ʦʟʥʘʯʠʤ ʩ Á(W, ¿(W), ʈ) ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʦʪ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ, ʜʝʬʠʥʠʨʘʥʠ ʚ (W, ¿(W), ʈ). 

1.) Á(W, ¿(W), ʈ) ʩʲʜʲʨʞʘ ʢʦʥʩʪʘʥʪʠʪʝ. 

2.) Á(W, ¿(W), ʈ) ʩʲʜʲʨʞʘ ʠʥʜʠʢʘʪʦʨʠʪʝ ʥʘ ʚʩʠʯʢʠ ʩʲʙʠʪʠʷ. 



2.) Á(W, ¿(W), ʈ) ʩʲʜʲʨʞʘ ʠʥʜʠʢʘʪʦʨʠʪʝ ʥʘ ʚʩʠʯʢʠ ʩʲʙʠʪʠʷ. 

ɼ-ʚʦ: ʅʝʢʘ (W, ¿(W), ʈ) ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ  ʠ ɸ ʜʘ ʝ  

¿(W) ʠʟʤʝʨʠʤʦ ʩʲʙʠʪʠʝ. ʊʦʛʘʚʘ ɸ Í ¿(W) ʠ     Í¿(W). 

ʉ IA ʜʘ ʦʟʥʘʯʠʤ ʩʣ. ʚ-ʥʘ, ʢʦʷʪʦ ʝ ʠʥʜʠʢʘʪʦʨ ʥʘ ɸ.  

ʈʘʟʛʣʝʞʜʘʤʝ x Í R1. 

ɸʢʦ x < 0, ʪʦ IA -1 ((-¤, ʭ)) = {w ÍW : IA (w) < x} = Å Í ¿(W). 

ɸʢʦ x Í [0,1), ʪʦ  

IA -1 ((-¤, ʭ)) = {w ÍW : IA (w) < x} = {w ÍW : IA (w) = 0} =     Í ¿(W). 

ɸʢʦ x ² 1, ʪʦ IA -1 ((-¤, ʭ)) = {w ÍW : IA (w) < x} = W Í ¿(W). 

ʆʪ ʊʝʦʨʝʤʘ 1 ʠ ɼʝʬʠʥʠʮʠʷ 1 ʩʣʝʜʚʘ, ʯʝ IA ʝ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ  

ʚʲʚ ʚʝʨʦʷʪʥʦʩʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (W, ¿(W), ʈ). 

  

 

A

A



3.) Á(W, ¿(W), ʈ) ʝ ʣʠʥʝʡʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ,ʪ.ʝ. ʘʢʦ  

x1 ʠ x2 Í Á(W, ¿(W), ʈ), ʪʦ x1 + x2 Í Á(W, ¿(W), ʈ)  

ʠ ʟʘ ʚʩʷʢʦ ʘ Í R1, ʘx1 Í Á(W, ¿(W), ʈ).  

 

4.) ʘʢʦ x1 ʠ x2 Í Á(W, ¿(W), ʈ), ʪʦ  

x1.x2 Í Á(W, ¿(W), ʈ). 

 

5.) ʘʢʦ x1 ʠ x2 Í Á(W, ¿(W), ʈ) ʠ ʈ({w: x2 (w) = 0}) = 0, 

ʪʦ                               x1:x2 Í Á(W, ¿(W), ʈ). 

 

6.) ʘʢʦ x1 Í Á(W, ¿(W), ʈ) ʠ x2 Í Á(W, ¿(W), ʈ), ʪʦ  

ʪʘʭ(x1, x2) Í Á(W, ¿(W), ʈ)   ʠ   ʪin(x1, x2) Í Á(W, ¿(W), ʈ). 



7.) Á(W, ¿(W), ʈ) ʝ ʟʘʪʚʦʨʝʥʦ ʦʪʥʦʩʥʦ ʛʨʘʥʠʯʝʥ ʧʨʝʭʦʜ, ʪ.ʝ. ʘʢʦ  

xn Í Á(W, ¿(W), ʈ)  n = 1, 2, é, ʪʦ          

xn  Í Á(W, ¿(W), ʈ).  

xn Í Á(W, ¿(W), ʈ). 

lim sup xn =                xʪ ) Í Á(W, ¿(W), ʈ).  

lim inf xn =                xʪ ) Í Á(W, ¿(W), ʈ). 

8.) ʅʝʢʘ f e ʙʦʨʝʣʦʚʘ ʬʫʥʢʮʠʷ ʠ x Í Á(W, ¿(W), ʈ), ʪʦʛʘʚʘ  

f(x) Í Á(W, ¿(W), ʈ). 

ʅʘʧʨʠʤʝʨ: ɸʢʦ x Í Á(W, ¿(W), ʈ), ʪʦ sin(x), x n, x + = max(x, 0),  

x - = max(-x, 0), |x | = x + - x -  ʩʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʚ Á(W, ¿(W), ʈ). 

1²n

sup

1²n

inf

nmn

(supinf
²²1

nmn

(infsup
²²1



10. ʌʫʥʢʮʠʠ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʥʪʠʣʠ.  

ɼ1. ʅʝʢʘ (W, ¿(W), ʈ) ʜʘ ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ x ʜʘ ʝ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚ ʥʝʛʦ. ʌʫʥʢʮʠʷʪʘ 

(1)              Fx (x) = P(w ÍW : x(w) < x) = P(x < x),    x Í R1 

ʩʝ ʥʘʨʠʯʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣ. ʚʝʣʠʯʠʥʘ x. 

ʇʨʠʤʝʨ 1: ɸʢʦ x  ʝ ʙʨʦʷʪ ʥʘ ʛʝʨʙʦʚʝʪʝ ʧʨʠ ʝʜʥʦ ʧʦʜʭʚʲʨʣʷʥʝ ʥʘ 

ʩʠʤʝʪʨʠʯʥʘ ʤʦʥʝʪʘ. ʅʘʤʝʨʝʪʝ Fx (x). 

                                                  ʈʝʰʝʥʠʝ: 

                                      

 

                                                           Fx (x) = 
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ɼ1. ʅʝʢʘ (W, ¿(W), ʈ) ʜʘ ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ x ʜʘ ʝ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚ ʥʝʛʦ. ʌʫʥʢʮʠʷʪʘ 

(1)              Fx (x) = P(w ÍW : x(w) < x) = P(x < x),    x Í R1 

ʩʝ ʥʘʨʠʯʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣ. ʚʝʣʠʯʠʥʘ x. 

ʇʨʠʤʝʨ 2: ɸʢʦ ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʚ ʠʥʪʝʨʚʘʣʘ ɸɺ ʩʝ ʠʟʙʠʨʘ ʪ. ʄ, 

|AB| = a dm. ʠ x = |AM|. ʅʘʤʝʨʝʪʝ Fx (x). 

                                                  ʈʝʰʝʥʠʝ: ʀʟʧʦʣʟʚʘʤʝ ʛʝʦʤʝʪʨʠʯʥʘ 

                                                      ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ. 

                                                                 Fx (x) = P(x < x) = 
ȿ ȿˏ

 = , 

                                                                      Fx (x) = 
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ɺʩʷʢʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ Fx (x) ʠʤʘ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ: 

1. ɿʘ ʚʩʷʢʦ a Í R1, b Í R1 ʠ a < b, P(a ¢ x < b) = Fx (b) - Fx (a). 

ɼ-ʚʦ: ʊ.ʢ. P(B) = P(B,W) = P(B,(AÇὃӶ)) = P((B,A)ÇὄȟὃӶ)) = P(B,A)+P ὄȟὃӶ)  

P(a ¢ x < b) = P(x < b, x  ὥ) = P(x < b)  - P(x < b,x < a) = 

= P(x < b) - P(x < a) = Fx (b) - Fx (a). 

2. ʆʛʨʘʥʠʯʝʥʦʩʪ: ɿʘ ʚʩʷʢʦ x Í R1    0 ¢ Fx (x) ¢ 1. 

ɼ-ʚʦ: Fx (x) = P(x < x) Í [0,1]. 

3. ʄʦʥʦʪʦʥʥʦ ʥʝʥʘʤʘʣʷʚʘʱʘ: ɿʘ ʚʩʷʢʦ x < y, x,y Í R1, Fx (x) ¢ Fx (y). 

ɼ-ʚʦ:                           ʪ.ʢ. ñx < xò  ᵼ ñx < yò, ʪ.ʝ.ñx < xò Ì  ñx < yò, ʪʦ ʦʪ 

ʤʦʥʦʪʦʥʥʦʩʪʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ 

Fx (x) = P(x < x) ¢ P (x < y) = Fx (y). 

x               y 



W 

4. ʅʝʧʨʝʢʲʩʥʘʪʦʩʪ ʦʪʣʷʚʦ: ɿʘ ʚʩʷʢʘ ʨʝʜʠʮʘ xn Í R1, xn¬ x0  

                                              Fx (xn) = Fx (x0). 

ɼ-ʚʦ: ʆʪ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ 

         Fx (xn) =        P(x < xn) = P(                   ) = P(x < x0) = Fx (x0). 
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5. ʉʲʱʝʩʪʚʫʚʘ ʜʷʩʥʘ ʛʨʘʥʠʮʘ: ɿʘ ʚʩʷʢʘ ʨʝʜʠʮʘ xn Í R1, xn® x0  

                         Fx (xn) = Fx (x0) + P(x = x0 ) = Fx (x0 + 0); 

ɼ-ʚʦ: ʆʪ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ 

         Fx (xn) =        P(x < xn) = P(                   ) = P(x  x0) =  

= P(x < x0 Ç x = x0 ) = P(x < x0) + P(x = x0 ) = Fx (x0) + P(x = x0 ) =  

= Fx (x0 + 0). 

 

 

 

 

0n xx
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6. P(x = x0) = Fx (x0 + 0) - Fx (x0); 

 

ʌʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ 

 

 

                                                                                 y = Fx(x) =  P(x < x)           

 

i ʆʙʱʦ: 

P(x = i) P(x =    ) P(x =    ) P(x =    ) P(x =     ) 1 
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7. ɸʢʦ P(x = ¤) = 0, ʪʦ          Fx (x) = 1 . 

ɼ-ʚʦ:          Fx (x) =         P(x < x) = P(x < ¤) = P(W) =1  

 

8. ɸʢʦ P(x = -¤) = 0, ʪʦ        Fx (x) = 0. 

ɼ-ʚʦ:          Fx (x) =         P(x < x) = P(x ¢ -¤) = P(Å ) = 0.  

 

9. ɺʩʷʢʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠʤʘ ʥʘʡ-ʤʥʦʛʦ ʠʟʙʨʦʠʤʦ 

ʤʥʦʛʦ ʪʦʯʢʠ ʥʘ ʩʢʦʢ. 

+¤­x
lim

-¤­x
lim

+¤­x
lim

+¤­x
lim

-¤­x
lim

-¤­x
lim



ʊʝʦʨʝʤʘ 1. ɸʢʦ ʬʫʥʢʮʠʷʪʘ F(x): R1 ­ [0, 1] ʧʨʠʪʝʞʘʚʘ ʩʚʦʡʩʪʚʘ  

2., 3., 4., 7. ʠ  8., ʪʦ ʩʲʱʝʩʪʚʫʚʘ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ  

(W, ¿(W), ʈ) ʠ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x ʚʲʨʭʫ ʥʝʛʦ, ʢʦʷʪʦ ʠʤʘ ʬʫʥʢʮʠʷ  

ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ F.  

ɼ2. ʈʘʟʣʠʯʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʝʜʥʘ ʠ ʩʲʱʘ  

ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʪʝ ʩʝ ʥʘʨʠʯʘʪ ʝʜʥʘʢʚʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠ. ʅʘʢʨʘʪʢʦ ʦʪʙʝʣʷʟʚʘʤʝ     . 

ʇʨʠʤʝʨ 3. ɺʲʨʭʫ ʠʥʪʝʨʚʘʣʘ ɸɺ, |AB| = a dm ʧʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʩʝ  

ʠʟʙʠʨʘ ʪʦʯʢʘ ʄ. ʅʝʢʘ x ʝ |AM|, ʘ  h - |Mɺ| ʧʦʢʘʞʝʪʝ, ʯʝ  

x      h. 

ɼ3. ʂʘʟʚʘʤʝ, ʯʝ ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x  ʠ h  ʧʦʯʪʠ ʩʠʛʫʨʥʦ  

ʩʲʚʧʘʜʘʪ ʘʢʦ ʈ(x  = h ) = 1. ʅʘʢʨʘʪʢʦ x        h.  

 

d

=

d

=

.ʩ.ʧ

=



ɼ3.  a - ʢʚʘʥʪʠʣ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ F ʥʘʨʠʯʘʤʝ 

ʭa = inf {y Í R1: F(y) ² a}. 

1 

a 

Xa 

ɻʝʦʤʝʪʨʠʯʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʬʫʥʢʮʠʷ  

ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʥʪʠʣʠ. ɼʠʩʢʨʝʪʝʥ ʩʣʫʯʘʡ. 



ɻʝʦʤʝʪʨʠʯʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʬʫʥʢʮʠʷ  

ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʥʪʠʣʠ. ɸʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪ ʩʣʫʯʘʡ. 



ɼ4. ʅʝʢʘ ʩʲʙʠʪʠʝʪʦ ɸ ʠ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ x ʜʘ ʩʘ  

ʜʝʬʠʥʠʨʘʥʠ ʚʲʨʭʫ ʝʜʥʦ ʠ ʩʲʱʦ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

(W, ¿(W), ʈ). ʌʫʥʢʮʠʷʪʘ 

Fx (x |A) = P(w ÍW : x(w) < x | A) = P(x < x | A),    x Í R1 

ʩʝ ʥʘʨʠʯʘ ʫʩʣʦʚʥʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʘʪʘ 

ʚʝʣʠʯʠʥʘ x ʧʨʠ ʫʩʣʦʚʠʝ ɸ. 



11. ɼʠʩʢʨʝʪʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.   

ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ. ɼʠʩʧʝʨʩʠʷ. 

ɼ1. ʅʝʢʘ n ¢ ¤,  (W, ¿(W), ʈ) ʜʘ ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ  

A1, A2, é, An ʜʘ ʝ ʧʲʣʥʘ ʛʨʫʧʘ ʦʪ ʩʲʙʠʪʠʷ ʚ ʥʝʛʦ. ʉʣʫʯʘʡʥʘʪʘ 

ʚʝʣʠʯʠʥʘ x, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʚʲʚ ʚʠʜʘ 

(1)                                x (w) = 

ʩʝ ʥʘʨʠʯʘ ʜʠʩʢʨʝʪʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. ɸʢʦ n < ¤, x ʩʝ  

ʥʘʨʠʯʘ ʝʣʝʤʝʥʪʘʨʥʘ (ʧʨʦʩʪʘ) ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. 
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P(x = x1) 

P(x = x1)+P(x = x2) 

P(x = x1)+P(x = x2) +P(x = x3) 
1 

0  x1 x2 x3 x4 

ʌʫʥʢʮʠʷʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʝ  

ʥʘʧʲʣʥʦ ʟʘʜʘʜʝʥʘ, ʘʢʦ ʩʘ ʜʘʜʝʥʠ ʥʝʡʥʠʪʝ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ, ʢʘʢʪʦ  

ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʩ ʢʦʠʪʦ ʪʷ ʧʨʠʝʤʘ ʪʝʟʠ ʟʥʘʯʝʥʠʷ.  

ʊ.ʝ. ʘʢʦ   x(w) =                        , ʪʦ                         

                Fx(x) =  P(x < x) =           
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ʊʝʦʨʝʤʘ 1. ɺʩʷʢʘ ʥʝʦʪʨʠʮʘʪʝʣʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʝʜʩʪʘʚʠ ʢʘʪʦ ʛʨʘʥʠʮʘ ʥʘ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʷʱʘ ʨʝʜʠʮʘ ʦʪ 

ʥʝʦʪʨʠʮʘʪʝʣʥʠ ʧʨʦʩʪʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. ʉʭʦʜʠʤʦʩʪʪʘ ʝ  

ʨʘʚʥʦʤʝʨʥʘ ʚʲʚ ʚʩʷʢʦ ʧʦʜʤʥʦʞʝʩʪʚʦ  ʥʘ W, ʚ ʢʦʝʪʦ ʛʨʘʥʠʯʥʘʪʘ  

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʝ ʦʛʨʘʥʠʯʝʥʘ ʦʪʛʦʨʝ. 

ɼ-ʚʦ: ʅʝʢʘ x ʝ ʩʣ. ʚ.  ʚ (W, ¿(W), ʈ). ʈʘʟʛʣʝʞʜʘʤʝ w Í W  ʠ ʧʨʦʩʪʘʪʘ 

ʩʣ.ʚ. 

                 xn(w) =  

ʊʦʛʘʚʘ ʟʘ ʚʩʷʢʦ n = 1, 2, é, xn(w) ¢ xn+1(w) ¢ x(w). ɸʢʦ x(w) < n, ʪʦ 

x(w) - xn(w) < 2 ïn. ɸʢʦ x(w) ² n, ʪʦ xn(w) = n. ʊʦʛʘʚʘ, ʘʢʦ x(w) < n,  

ʦʯʝʚʠʜʥʦ ʧʨʠ n ­ ¤, xn(w) ­ x(w). ʇʨʠ n ­ ¤ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ 

ʝʣʝʤʝʥʪʘʨʥʠ ʠʟʭʦʜʠ ʟʘ ʢʦʠʪʦ x(w) ² n ʢʣʦʥʠ ʢʲʤ Å. ʇʦʨʘʜʠ ʪʦʚʘ, 

ʧʨʠ n ­ ¤, xn(w) ­ x(w) ʟʘ ʧʦʯʪʠ ʚʩʠʯʢʠ w Í W. 

ʇʨʠ ʢʦʷ ʜʘ ʝ ʢʦʥʩʪʘʥʪʘ ʉ > 0, ʠ ʟʘ ʚʩʷʢʦ D Ì {w: x(w) ¢ C} ʧʨʠ  

n ­ ¤, xn(w) ­ x(w) ʟʘ ʪʦʚʘ ʩʭʦʜʠʤʦʩʪʪʘ ʝ ʨʘʚʥʦʤʝʨʥʘ.  
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ʊʝʦʨʝʤʘ 2. ʂʣʘʩʲʪ Á(W, ¿(W), ʈ) ʩʲʚʧʘʜʘ ʩ ʢʣʘʩʘ ʥʘ ʠʟʤʝʨʠʤʠʪʝ 

ʬʫʥʢʮʠʠ, ʩʲʜʲʨʞʘʱ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʠ ʟʘʪʚʦʨʝʥ  

ʦʪʥʦʩʥʦ ʧʦʪʦʯʢʦʚʘ ʩʭʦʜʠʤʦʩʪ.                                                       

ɼ-ʚʦ: ʅʝʢʘ x  ʜʘ ʝ ʛʨʘʥʠʮʘ ʥʘ ʨʝʜʠʮʘ ʦʪ ʧʨʦʩʪʠ ʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ 

xn(w)  ʚ (W, ¿(W), ʈ). ʊʦʛʘʚʘ, ʟʘ ʚʩʠʯʢʠ ʝʩʪʝʩʪʚʝʥʠ ʯʠʩʣʘ k ʠ n ʠ ʟʘ  

ɺʩʷʢʦ ʨʝʘʣʥʦ ʯʠʩʣʦ ʭ, ʩʲʙʠʪʠʝʪʦ {w : xn(w) < x + k -1} Í ¿(W).  

ʊ.ʢ. ¿(W) ʝ s-ʘʣʛʝʙʨʘ, ʪʦ  

Ẕ ẕ Ẕ {w : xn(w) < x + k 
ī1} Í ¿(W).  

ʇʦʩʣʝʜʥʦʪʦ ʚʣʝʯʝ, ʯʝ  

{w : x(w) < x }  Ẕ ẕ Ẕ {w : xn(w) < x + k 
ī1} Í ¿(W). 

ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ x ʝ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚ (W, ¿(W), ʈ).  

ʆʙʨʘʪʥʦʪʦ ʩʣʝʜʚʘ ʦʪ ʧʨʝʜʭʦʜʥʘʪʘ ʪʝʦʨʝʤʘ ʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʚʩʷʢʘ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x  ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʢʘʪʦ ʨʘʟʣʠʢʘ ʥʘ ʜʚʝ  

ʥʝʦʪʨʠʮʘʪʝʣʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. ʇʦ-ʪʦʯʥʦ x = x + -  x -, ʢʲʜʝʪʦ 

x + = max(x, 0) ʠ x - = max(-x, 0). 

 



ɼ2. ɺʝʨʦʷʪʥʦʩʪʠʪʝ P(x =     ) , i = 1, 2, é, k ¢ ¤  ʩʝ ʥʘʨʠʯʘʪ ʨʝʜ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x  ʠ  

ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚʲʚ ʚʠʜ ʥʘ ʪʘʙʣʠʮʘ 

 

 

 

ɼ3. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ (ʧʲʨʚʠ ʤʦʤʝʥʪ) ʥʘ ʜʠʩʢʨʝʪʥʘʪʘ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x  ʩ ʪʘʢʲʚ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʱʝ ʥʘʨʠʯʘʤʝ  

 ɽx                                    ɽx = 

                             ɼʘ ʩʨʘʚʥʠʤ ʩ                             
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ʇʨʠʤʝʨ: ʇʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʩʝ ʧʦʜʭʚʲʨʣʷ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. ʅʝʢʘ x ʜʘ ʝ 
ʙʨʦʷʪ ʥʘ ʪʦʯʢʠʪʝ, ʢʦʠʪʦ ʩʘ ʩʝ ʧʘʜʥʘʣʠ ʥʘ ʛʦʨʥʘʪʘ ʩʪʨʘʥʘ ʥʘ 
ʟʘʨʘ. ʅʘʤʝʨʝʪʝ ʨʝʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ 
ʦʯʘʢʚʘʥʝ ʥʘ x. 

 
ʈʝʰʝʥʠʝ: ɹʝʟ ʜʘ ʧʦʜʭʚʲʨʣʷʤʝ ʟʘʨ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʣʘʩʠʯʝʩʢʘ 
ʜʝʬʠʥʠʮʠʷ ʟʘ ʚʝʨʦʷʪʥʦʩʪ ʥʘʤʠʨʘʤʝ: 
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P(x = i) 

ɽx =                           

 

= 1P(x = 1) + 2P(x = 2) + 3P(x = 3) + 4P(x = 4) + 5ʈ(x = 5) + 6ʈ(x = 6) = 

= 1  + 2  + 3  + 4  + 5    + 6   =   = 3,5 
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ʉʝʛʘ ʜʘ ʚʠʜʠʤ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʧʨʠ ʩʣʝʜʥʠʪʝ ʧʨʠʤʝʨʥʠ  

ʨʝʟʫʣʪʘʪʠ ʦʪ 200 ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ: 

 3     3     2     3     3     4     1     1     3     6     6     2     1     6     2  

 4     6     4     6     1     1     5     3     6     5     5     3     1     1     2 

 3     6     3     5     3     3     3     3     6     1     2     1     5     4     6  

 4     3     2     4     5     3     1     3     5     5     6     6     3     4     5  

 2     6     4     4     2     4     6     3     4     3     4     5     3     3     4 

 6     3     3     4     4     5     4     5     3     2     5     6     5     5     3 

 1     4     3     1     4     5     5     6     6     1     3     4     2     4     1  

 4     5     6     5     5     3     4     5     1     6     6     4     2     6     4  

 5     3     6     1     4     2     6     3     5     1     3     3     3     4     4 

 1     6     5     5     5     5     2     2     4     4     1     1     2     3     3 

 6     4     2     3     4     1     5     6     4     1     5     4     5     1     3  

 3     1     5     6     3     6     1     6     5     3     4     6     4     2     3  

 2     3     3     3     4     1     2     4     2     4     2     4     4     3     4  

 6     3     3     2     3  



ʈʝʘʣʠʟʘʮʠʠ ʥʘ 200 ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. 



ɻʨʘʬʠʢʘ ʥʘ ʩʨʝʜʥʠʪʝ ʘʨʠʪʤʝʪʠʯʥʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠ 200 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. 



ʉʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ 

1. ɸʢʦ P(x = xi) =    , i = 1, 2, é, k < ¤ , ʪʦ ɽx = 
Ễ

 

2. ɿʘʢʦʥ ʟʘ ʛʦʣʝʤʠʪʝ ʯʠʩʣʘ: ʇʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʦʧʠʪʠʪʝ 

ʩʨʝʜʥʦʪʦ ʘʨʠʪʤʝʪʠʯʥʦ ʥʘ ʠʟʚʘʜʢʘʪʘ ʚʩʝ ʧʦʚʝʯʝ ʠ ʧʦʚʝʯʝ ʩʝ 

ʜʦʙʣʠʞʘʚʘ ʜʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʚʝʣʠʯʠʥʘ. 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ ʥʘ ʢʦʥʩʪʘʥʪʘ ʝ ʩʘʤʘʪʘ ʢʦʥʩʪʘʥʪʘ, 

ʪ.ʝ.   ɽc = c. 

4. ɿʘ ʚʩʷʢʦ c Í R1, ɽ(cx) = cɽx.   

5. ɸʜʠʪʠʚʥʦʩʪ: ɽ(x + h) = ɽx + ɽh.  

6. ɽ(x - ɽx) = 0.  

7. ʄʦʥʦʪʦʥʥʦʩʪ: ɸʢʦ ʈ(x ¢ h) = 1, ʪʦ ɽx ¢ ɽh. ɺ ʯʘʩʪʥʦʩʪ ʘʢʦ  

    a Í R1 ʠ ʈ( |x | ¢  a) = 1, ʪʦ ɽ |x | ¢ a.  



 

8. ʅʝʧʨʝʢʲʩʥʘʪʦʩʪ ʚ ʥʫʣʘʪʘ: ɸʢʦ 0 ¢ é xn+1 ¢ xn ¢ é  ¢ x1  ʠ  

ʧʨʠ n ­ ¤ , ʟʘ ʚʩʷʢʦ e >0  P(xn ² e ) ­ 0, ʪʦ ɽxn® 0. 

9. ʄʦʥʦʪʦʥʥʘ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪ:    ɸʢʦ x ¢ é xn+1 ¢ xn ¢ é  ¢ x1  ʠ  

ʧʨʠ n ­ ¤ , ʟʘ ʚʩʷʢʦ e >0  P(xn - x ² e ) ­ 0, ʪʦ ɽxn® ɽx. 

    ɸʢʦ x ² é xn+1 ² xn ² é  ² x1  ʠ ʧʨʠ n ­ ¤ , ʟʘ ʚʩʷʢʦ e >0   

                                          P(x  - xn ² e ) ­ 0, ʪʦ ɽxn¬ ɽx. 



ɼ4. ɿʘ n Í N, E(x n) ʩʝ ʥʘʨʠʯʘ n ï ʪʠ ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x. 

ɼ5. ɿʘ n Í N, E{(x - Ex)n} ʩʝ ʥʘʨʠʯʘ n ï ʪʠ ʮʝʥʪʨʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x. 

ɼ6. E[(x - Ex)2] ʩʝ ʦʟʥʘʯʘʚʘ ʩ Dx ʠ  ʥʘʨʠʯʘ ʜʠʩʧʝʨʩʠʷ ʥʘ x. 

ʉʚʦʡʩʪʚʘ: 

1. Dx ² 0,  

2. Dx = 0  Ú  ʈ(x  = Ex ) = 1. 

3. D(cx) = c2Dx . 

4. Dx = E(x 2) ï (Ex) 2. 

ɼ-ʚʦ: Dx = E[(x - Ex)2] = E[x 2 - 2xEx + (Ex)2] = E(x 2) ï 2 E(x Ex)+E(Ex)2 

= E(x 2) ï 2 Ex Ex+(Ex)2  = E(x 2) ï (Ex) 2. 



5. ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʄʘʨʢʦʚ:  ɸʢʦ P(x ² 0) = 1 ʠ e > 0, ʪʦ ʈ(x ² e) ¢        .  

ɼ-ʚʦ: ɿʘ ʚʩʷʢʦ ʩʲʙʠʪʠʝ ɸ ʝ ʚʷʨʥʦ, ʯʝ x = xI{A}+xI{ὃӶ}. ʊʦʛʘʚʘ ʟʘ ɸ=ñx ² eò 

ɽx = ɽ[xI{x ² e} + x I{x < e}]  = ɽ[xI{x ² e}]+ E[x I{x < e}] ² 

² ɽ[eI{x ² e}]+E[x I{x < e}]=eɽ[I{x ² e}]+ E[xI{x<e}]² eɽ[I{x ² e}] = eP(x ² e). 

6. ɿʘ ʚʩʷʢʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ h ʠ ʟʘ ʚʩʷʢʦ e > 0,                                   .  

ɼ-ʚʦ: ɿʘ x =            ʠ e > 0, ʪ.ʢ. P(x ² 0)=1, ʪʦ ʈ(x ² e)=ʈ(x2² e 2)¢            . 

ɽ(x 2) = E               = E                    =                    = 1.   !!!         

7. ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʏʝʙʠʰʦʚ:  ɿʘ ʚʩʷʢʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x ʠ  

ʟʘ ʚʩʷʢʦ e > 0, ʈ(|x - Ex | ² e) ¢         .  

ɼ-ʚʦ: ɺ ʩʚʦʡʩʪʚʦ 6 ʟʘʤʝʩʪʚʘʤʝ e ʩ            . 

2

1

e
e

h

hh
¢
ö
ö

÷

õ

æ
æ

ç

å
²

-

D

E
P

e

xE

h

hh

D

E-

2

2)(

e

xE

2

ö
ö

÷

õ

æ
æ

ç

å -

h

hh

D

E ( )

ù
ù
ú

ø

é
é
ê

è -

h

hh

D

E
2 ( )

h

hh

D

EE
2

-

2e

xD

x

e

D

( )2hhh EED -=



12. ɸʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ. ʋʩʣʦʚʥʘ ʧʣʲʪʥʦʩʪ  

ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 

ɼ1. ʅʝʢʘ (W, ¿(W), ʈ) ʜʘ ʝ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ x  ʜʘ ʝ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚ ʥʝʛʦ, ʩ ʬ.ʨ. Fx. ʂʘʟʚʘʤʝ, ʯʝ x ʝ ʘʙʩʦʣʶʪʥʦ 

ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʘʢʦ ʩʲʱʝʩʪʚʫʚʘ 

ʥʝʦʪʨʠʮʘʪʝʣʥʘ ɹʦʨʝʣʦʚʘ ʬʫʥʢʮʠʷ ʈx, ʪʘʢʘʚʘ ʯʝ ʟʘ ʚʩʷʢʦ ʭ Í R1 

           Fx(x) = P(x < x) =                     ʠ                             

ʌʫʥʢʮʠʷʪʘ ʈx(ʭ) ʩʝ ʥʘʨʠʯʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ  

ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ x.  

ʉʚʦʡʩʪʚʘ: 1. ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ ʧʣʲʪʥʦʩʪʪʘ ʈx(ʭ) ʠ ʘʢʦ ʝ  

ʥʝʧʨʝʢʲʩʥʘʪʘ ʬʫʥʢʮʠʷ, ʪʦ ʪʷ ʝ ʨʘʚʥʘ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʥʘ Fx(x). 
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ɿʘ ʚʩʷʢʦ  b Í R1, P(x < b) = Fx (b).  



ɻʝʦʤʝʪʨʠʯʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʣʲʪʥʦʩʪ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʥʪʠʣʠ. 



2. ɿʘ ʚʩʷʢʦ a ʠ b Í R1 ʠ a < b,  

ʈ(ʘ ¢ x < b) =                    = Fx(b) - Fx(a). 
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ɼ-ʚʦ: ʅʝʢʘ a ʠ b Í R1 ʠ a < b. ʊʦʛʘʚʘ, 

ʈ(ʘ ¢ x < b) = P(x < b, x  ὥ) = P(x < b)  - P(x < b,x < a) = 

= P(x < b) - P(x < a) = Fx (b) - Fx (a) =                  -                   = 

=                   . 
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3. ʃʠʮʝʪʦ ʥʘ ʬʠʛʫʨʘʪʘ ʧʦʜ ʢʨʠʚʘʪʘ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʠ ʥʘʜ 

ʘʙʩʮʠʩʥʘʪʘ ʦʩ ʝ ʚʠʥʘʛʠ ʨʘʚʥʦ ʥʘ ʝʜʠʥʠʮʘ, ʪ.ʝ. 

 

                                                                  = 1 
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ɼ2. ʊʦʯʢʘʪʘ ʭ Í R1 ʩʝ ʥʘʨʠʯʘ ʪʦʯʢʘ ʥʘ ʨʲʩʪ ʥʘ ʬ.ʨ. F ʘʢʦ ʟʘ 

ʚʩʷʢʦ e  > 0,                   F(x + e) - F(x - e) > 0. 

ʊʝʦʨʝʤʘ 1 (ɸ. ʃʝʙʝʛ). ɺʩʷʢʘ ʬ.ʨ. F ʧʦ ʝʜʠʥ ʝʜʠʥʩʪʚʝʥ ʥʘʯʠʥ  

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʢʘʪʦ ʩʫʤʘ ʦʪ ʪʨʠ ʥʝʥʘʤʘʣʷʚʘʱʠ ʬʫʥʢʮʠʠ: 

F(x) = Fʜ(x) + Fʘʥ(x) + Fʩ(x),  ʭ Í R1, 

ʢʲʜʝʪʦ Fʜ(x) ʝ ʜʠʩʢʨʝʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʠʤʘ ʚʲʚ ʚʠʜʘ 

                      Fʜ(x) =                 ,    p(xk) ² 0,                      1.   

Fʘʥ(x) ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʠʤʘ  

ʚʲʚ ʚʠʜʘ 

    F ʘʥ(x) =                 ,    p(y) ²  0,                         1.   

Fʩ(x) ʝ ʩʠʥʛʫʨʣʷʨʥʘ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʘ  

ʥʝʧʨʝʢʲʩʥʘʪʘ ʬʫʥʢʮʠʷ ʩ ʤʥʦʞʝʩʪʚʦ ʦʪ ʪʦʯʢʠ ʥʘ ʨʲʩʪ ʩ ʤʷʨʢʘ 

ʥʫʣʘ. ʅʘʧʨʠʤʝʨ: ʀʟʚʝʩʪʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʂʘʥʪʦʨ. 
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ʇʨʠʤʝʨ: ʌʫʥʢʮʠʷ ʥʘ ʂʘʥʪʦʨ 
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ɼ3. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ (ʧʲʨʚʠ ʤʦʤʝʥʪ) ʥʘ ʘʙʩʦʣʶʪʥʦ 

ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x  ʩ ʧʣʲʪʥʦʩʪ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʈx(ʭ) ʩʝ ʥʘʨʠʯʘ ʬʫʥʢʮʠʦʥʘʣʘ 

                                         ɽx =                   . 

 

ɿʘʙʝʣʝʞʢʘ: ʆʩʥʦʚʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʪʦʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ 

ʩʲʚʧʘʜʘʪ ʩʲʩ ʩʚʦʡʩʪʚʘ ʦʪ 2 ʜʦ 11 (ʚʢʣʶʯʠʪʝʣʥʦ) ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. 

.dx)x(Pxñ
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ʈʝʘʣʠʟʘʮʠʠ ʥʘ 200 ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. 



ɻʨʘʬʠʢʘ ʥʘ ʩʨʝʜʥʠʪʝ ʘʨʠʪʤʝʪʠʯʥʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠ 200 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʦʜʭʚʲʨʣʷʥʠʷ ʥʘ ʩʠʤʝʪʨʠʯʝʥ ʟʘʨ. 



1000 ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʩ  

ʢʨʘʡʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ (ʠʥʪʝʨʚʘʣʠʪʝ ʤʝʞʜʫ  

ʧʨʠʩʪʠʛʘʥʠʷʪʘ ʥʘ ʢʣʠʝʥʪ ʚ ʩʠʩʪʝʤʘ ʟʘ ʤʘʩʦʚʦ ʦʙʩʣʫʞʚʘʥʝ).  



1000 ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʩ  

ʙʝʟʢʨʘʡʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ (ʨʘʟʤʝʨ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 

 ʧʦʩʪʲʧʠʣʠʪʝ ʟʘʷʚʢʠ ʚ ʩʲʨʚʘʨ ʚ ʢɺ).  



ɻʨʘʬʠʢʘ ʥʘ ʩʨʝʜʥʠʪʝ ʘʨʠʪʤʝʪʠʯʥʠ ʥʘ ʦʙʝʤʠʪʝ ʥʘ ʟʘʷʚʢʠʪʝ ʜʦ 

 ʤʦʤʝʥʪʘ ʧʨʠ 1000 ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʦʩʪʲʧʣʝʥʠʷ ʚ ʩʲʨʚʘʨ. 



13. ʉʲʚʤʝʩʪʥʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 

ʅʝʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ 

ɼ1. ʅʝʢʘ x1, x2,é, xn, ʜʘ ʩʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʚ (W, ¿(W), ʈ). 

ʌʫʥʢʮʠʷʪʘ F: Rn ­ [0, 1], ʜʝʬʠʥʠʨʘʥʘ ʩ ʨʘʚʝʥʩʪʚʦʪʦ 

            (ʭ1, ʭ2, é, ʭn) = ʈ(x1 < x1, x2 < x2, é, xn < xn ), 
 

ʩʝ ʥʘʨʠʯʘ ʩʲʚʤʝʩʪʥʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ (ʬ.ʨ.) ʥʘ 

ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x1, x2,é,xn. 

    ʅʝʢʘ x1, x2,é, xn ʜʘ ʠʤʘʪ ʩʲʚʤʝʩʪʥʘ ʬ.ʨ.                (ʭ1, ʭ2, é, ʭn).  

ʊʦʛʘʚʘ:  

1.               (ʭ1, ʭ2, é, ʭn) ʝ ʦʛʨʘʥʠʯʝʥʘ ʚ ʠʥʪʝʨʚʘʣʘ [0, 1]. 

2.               (ʭ1, ʭ2, é, ʭn) ʝ ʥʝʥʘʤʘʣʷʚʘʱʘ ʧʦ ʚʩʝʢʠ ʝʜʠʥ ʦʪ  

ʘʨʛʫʤʝʥʪʠʪʝ ʩʠ. 

3.               (ʭ1, ʭ2, é, ʭn) ʝ ʥʝʧʨʝʢʲʩʥʘʪʘ ʦʪʣʷʚʦ ʧʦ ʚʩʝʢʠ ʝʜʠʥ ʦʪ 

 ʘʨʛʫʤʝʥʪʠʪʝ ʩʠ. 
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4. ɸʢʦ ʟʘ ʧʦʥʝ ʝʜʥʦ i Í {1,2, é, n} ʠʤʘʤʝ, ʯʝ  

              ʭi ­  - ¤, ʪʦ                (ʭ1, ʭ2, é, ʭn) ­  0.  

ʊ.ʝ.               (ʭ1, ʭ2,é, ʭi-1 , - ¤ , ʭi+1, é, ʭn ) = 0. 

5. ɸʢʦ ʟʘ ʚʩʷʢʦ i Í {1,2, é, n} ʠʤʘʤʝ, ʯʝ P(xi = + ¤) = 0, 

ʠ ʘʢʦ ʚʩʠʯʢʠ ʘʨʛʫʤʝʥʪʠ ʥʘ ʬʫʥʢʮʠʷʪʘ               (ʭ1, ʭ2, é, ʭn)  

ʢʣʦʥʷʪ ʢʲʤ + ¤, ʪʦ               (ʭ1, ʭ2, é, ʭn) ­  1, ʪ.ʝ.  

               (+¤, é,+¤ ) = 1. 

6. ɸʢʦ ʫʩʪʨʝʤʠʤ ʥʝʥʫʞʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʬ.ʨ.              (ʭ1, ʭ2, é, ʭn) 

ʢʲʤ +¤, ʦʩʪʘʚʘ ʬ.ʨ. ʥʘ ʩʣʫʯʘʡʥʠʷ ʚʝʢʪʦʨ, ʩ ʢʦʦʨʜʠʥʘʪʠ ʩʣʫʯʘʡʥʠʪʝ 

ʚʝʣʠʯʠʥʠ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʧʨʦʤʝʥʣʠʚʠ.   

ʅʘʧʨʠʤʝʨ ʘʢʦ ʟʘ ʥʷʢʦʝ k Í {1,2, é, n},  ʭk ­  + ¤, ʪʦ    

                (ʭ1, ʭ2, é, ʭk -1 , + ¤ , ʭk +1, é, ʭn) =         

                                         =                           (ʭ1, ʭ2, é, ʭk -1, ʭk +1, é, ʭn). 
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7. ɿʘ ʚʩʷʢʦ ʙʦʨʝʣʦʚʦ ɸ Ì Rn, 

              ʈ((x1, x2, é, xn) Í A) =                                          . 

ɺ ʯʘʩʪʥʦʩʪ, ʟʘ ʚʩʷʢʦ (a1, a2, é, an) Í Rn ʠ (b1, b2, é, bn) Í Rn 

ʪʘʢʠʚʘ, ʯʝ ai ¢ bi, i = 1,é,n, 

ʈ(a1 ¢ x1 < b1, a2 ¢ x2 < b2,é, an ¢ xn < bn) = 

    =                (b1, b2, é, bn )  -                                                    = 

           =               (b1, b2, é, bn ) +                                          , 

ʢʲʜʝʪʦ ʟʘ s = 1, 2,é, n, ʧʘʨʘʤʝʪʨʠʪʝ            ʩʘ ʨʘʚʥʠ ʩʲʦʪʚʝʪʥʦ 

ʥʘ              , ʩ i1 -ʚʠ ʘʨʛʫʤʝʥʪ      , i2 -ʨʠ ʘʨʛʫʤʝʥʪ      ,é, is ïʪʠ 

ʘʨʛʫʤʝʥʪ      , ʘ ʦʩʪʘʥʘʣʠʪʝ ʘʨʛʫʤʝʥʪʠ ʩʘ ʩʲʦʪʚʝʪʥʠʪʝ  

ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʚʝʢʪʦʨʘ (b1, b2, é, bn). 
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ɼ-ʚʦ:  ʅʝʢʘ  (a1, a2, é, an) Í Rn ʠ (b1, b2, é, bn) Í Rn ʜʘ ʩʘ ʪʘʢʠʚʘ,  

ʯʝ ai ¢ bi, i = 1,é,n. ʅʝʢʘ Ai = {xi < ai} ʠ ɺi = {xi < bi}. ʊʦʛʘʚʘ,  

ʈ(a1 ¢ x1 < b1, a2 ¢ x2 < b2,é, an ¢ xn < bn) = P(ὃӶὄÆ ὃὄÆ é Æ  ὃὄ)  

= P(ὃӶÆ ὃÆ é Æ  ὃÆὄÆὄÆȣÆὄ) = P(ὃÇὃÇȣÇὃÆὄÆὄÆȣÆὄ) 

= P(ὄÆὄÆȣÆὄ) - P( ὃÇὃÇȣÇὃ )Æ(ὄÆὄÆȣÆὄ)) =  

=                (b1, b2, é, bn )  - P( ὃÆὄ ÇὃÆὄ ÇȣÇὃÆὄ)) = 

=                (b1, b2, é, bn )  +        

=                 (b1, b2, é, bn ) -                                                     , 

ʢʲʜʝʪʦ ʟʘ s = 1, 2,é, n, ʧʘʨʘʤʝʪʨʠʪʝ            ʩʘ ʨʘʚʥʠ ʩʲʦʪʚʝʪʥʦ 

ʥʘ              ,    ʩ i1 -ʚʠ ʘʨʛʫʤʝʥʪ      , i2 -ʨʠ ʘʨʛʫʤʝʥʪ      ,é, is ïʪʠ 

ʘʨʛʫʤʝʥʪ        , ʘ ʦʩʪʘʥʘʣʠʪʝ ʘʨʛʫʤʝʥʪʠ ʩʘ ʩʲʦʪʚʝʪʥʠʪʝ  ʢʦʦʨʜʠ- 

ʥʘʪʠ ʥʘ ʚʝʢʪʦʨʘ (b1, b2, é, bn). 
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ʊʝʦʨʝʤʘ ʥʘ ɸ. ʅ. ʂʦʣʤʦʛʦʨʦʚ ʟʘ ʩʲʛʣʘʩʫʚʘʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʅʝʢʘ ʬʫʥʢʮʠʠʪʝ Fn(x1, x2, é, xn), n Í N ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʩʚʦʡʩʪʚʘ 

ʦʪ 1 ʜʦ 5. (ʚʢʣʶʯʠʪʝʣʥʦ) ʠ ʩʣʝʜʥʦʪʦ ʫʩʣʦʚʠʝ ʟʘ ʩʲʛʣʘʩʫʚʘʥʦʩʪ 

Fn+m(x1, x2, é, xn, +¤,é ,+¤) = Fn(x1, x2, é, xn),  

ʟʘ ʚʩʠʯʢʠ n Í N ʠ m Í N, 

ʪʦʛʘʚʘ ʩʲʱʝʩʪʚʫʚʘ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʝʪʦ ʤʦʞʝ 

ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʙʝʟʢʨʘʡʥʘ ʨʝʜʠʮʘ ʦʪ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x1, x 2, é 

ʪʘʢʘʚʘ, ʯʝ ʟʘ ʚʩʷʢʦ n Í N ʩʲʚʤʝʩʪʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x1, x 2, é, xn, ʜʘ ʩʲʚʧʘʜʘ ʩ Fn(x1, x2, é, xn). 



ɼ2. ɸʢʦ ʟʘ ʚʩʷʢʦ ʙʦʨʝʣʦʚʦ ɸ Ì Rn, {w:(x1(w),x2(w),é,xn(w)) Í A} ʝ  

ʠʟʤʝʨʠʤʦ ʩʲʙʠʪʠʝ, (x1(w),x2(w),é,xn(w)): W ­ Rn ʩʝ ʥʘʨʠʯʘ  

ʩʣʫʯʘʝʥ ʚʝʢʪʦʨ ʩ ʢʦʦʨʜʠʥʘʪʠ x1,x2,é,xn. 

ɼ3. ɼʚʘ ʩʣʫʯʘʡʥʠ ʚʝʢʪʦʨʘ ʩʲʚʧʘʜʘʪ ʧʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ,  

ʢʦʛʘʪʦ ʠʤʘʪ ʝʜʥʘ ʠ ʩʲʱʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 

ɼ4. ʉʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʜʚʝ ʧʦ 

ʜʚʝ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʦ i = 1, 2, é, n, ʟʘ ʚʩʷʢʦ  

j = i + 1, i + 2,é n, ʟʘ ʚʩʷʢʦ x Í R1 ʠ ʟʘ ʚʩʷʢʦ y Í R1,  

(ʭ, y) =      (ʭ)      (y). 

ɼ5. ʉʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʚ  

ʩʲʚʢʫʧʥʦʩʪ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʦ i = 1, 2, é, n ʠ ʟʘ ʚʩʷʢʦ 

(x1, x2, é, xi) Í Ri, 

(x1, x2, é, xi) =     (ʭ1)     (ʭ2)é     (ʭi). 
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14. ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʩʤʝʩʝʥ 

ʤʦʤʝʥʪ ʠ ʢʦʚʘʨʠʘʮʠʷ ʥʘ ʜʠʩʢʨʝʪʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.  

ɼ1. ɸʢʦ ʟʘ ʚʩʷʢʦ ʙʦʨʝʣʦʚʦ ɸ Ì Rn, {w:(x1(w),x2(w),é,xn(w)) Í A} ʝ  

ʠʟʤʝʨʠʤʦ ʩʲʙʠʪʠʝ, (x1(w),x2(w),é,xn(w)): W ­ Rn ʩʝ ʥʘʨʠʯʘ ʩʣʫʯʘʝʥ 

ʚʝʢʪʦʨ ʩ ʢʦʦʨʜʠʥʘʪʠ x1,x2,é,xn. 

ɼ2. ɺʝʨʦʷʪʥʦʩʪʠʪʝ ʈ(w:(x1(w),x2(w),é,xn(w))Í A), ʢʲʜʝʪʦ ɸ Ì Rn 

ʩʘ ʙʦʨʝʣʦʚʠ ʤʥʦʞʝʩʪʚʘ, ʩʝ ʥʘʨʠʯʘʪ ʟʘʢʦʥ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ  

ʩʣʫʯʘʡʥʠʷ ʚʝʢʪʦʨ (x1, x2,é, xn ). 

ɼ3. ɸʢʦ x ʠ h ʩʘ ʜʠʩʢʨʝʪʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ, ʜʝʬʠʥʠʨʘʥʠ ʚʲʨʭʫ 

ʝʜʥʦ ʠ ʩʲʱʦ (W, ¿(W), ʈ) ʠ ʩ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ ʩʲʦʪʚʝʪʥʦ  

ʭi, i = 1, 2, é, n, ʠ ʫj, j = 1, 2, é, m, ʚʝʨʦʷʪʥʦʩʪʠʪʝ 

pij = ʈ(w: x(w) = ʭi, h(w) = yj), i = 1, 2,én ¢ ¤, j = 1, 2,é,m ¢ ¤, 

ʩʝ ʥʘʨʠʯʘʪ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʷ ʩʣʫʯʘʝʥ ʚʝʢʪʦʨ  

(x,h) ʠʣʠ ʦʱʝ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʠʪʝ  

ʚʝʣʠʯʠʥʠ x ʠ h. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʨʘʟʧʨʝʜʝʣʝʥʠʷʪʘ ʥʘ x ʠ h  ʩʝ 

ʥʘʨʠʯʘʪ ʤʘʨʛʠʥʘʣʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ. 

 



ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

 

 

 

 

 

 

 

 

ʉʚʦʡʩʪʚʘ: 1. ɺʝʨʦʷʪʥʦʩʪʠʪʝ ʚ ʧʦʩʣʝʜʥʘʪʘ ʢʦʣʦʥʘ ʥʘ ʪʘʙʣʠʮʘʪʘ 

ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʷ ʩʣʫʯʘʝʥ ʚʝʢʪʦʨ (x,h) 

ʩʘ ʚʠʥʘʛʠ ʨʘʚʥʠ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪ ʨʝʜʘ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ ʦʪ ʧʲʨʚʘʪʘ ʢʦʣʦʥʘ. 

ɼ-ʚʦ:   

x 
h 

ʆʙʱʦ: 
y1 y2 é ym 

x1 p11 p12 é p1m ʈ(x = ʭ1) 

x2 p21 p22 é p2m ʈ(x = ʭ2) 

é é é é é é 

xn pn1 pn2 é pnm ʈ(x = ʭn) 

ʆʙʱʦ: ȶ(h = y1) ȶ(h = y2) é ȶ(h = ym) 1 
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ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

 

 

 

 

 

 

 

 

ʉʚʦʡʩʪʚʘ: 2. ɺʝʨʦʷʪʥʦʩʪʠʪʝ ʚ ʧʦʩʣʝʜʥʠʷ ʨʝʜ ʥʘ ʪʘʙʣʠʮʘʪʘ ʥʘ 

ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʷ ʩʣʫʯʘʝʥ ʚʝʢʪʦʨ (x,h) ʩʘ 

ʚʠʥʘʛʠ ʨʘʚʥʠ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪ ʨʝʜʘ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ ʦʪ ʧʲʨʚʠʷ ʨʝʜ. 

ɼ-ʚʦ:   

x 
h 

ʆʙʱʦ: 
y1 y2 é ym 

x1 p11 p12 é p1m ʈ(x = ʭ1) 

x2 p21 p22 é p2m ʈ(x = ʭ2) 

é é é é é é 

xn pn1 pn2 é pnm ʈ(x = ʭn) 

ʆʙʱʦ: ȶ(h = y1) ȶ(h = y2) é ȶ(h = ym) 1 
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ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

 

 

 

 

 

 

 

ʉʚʦʡʩʪʚʘ: 3. ʉʫʤʘʪʘ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʚ ʪʘʙʣʠʮʘʪʘ ʥʘ  

ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʷ ʩʣʫʯʘʝʥ ʚʝʢʪʦʨ (x,h) ʝ 

ʚʠʥʘʛʠ ʝʜʠʥʠʮʘ. 

ɼ-ʚʦ:   

x 
h 

ʆʙʱʦ: 
y1 y2 é ym 

x1 p11 p12 é p1m ʈ(x = ʭ1) 

x2 p21 p22 é p2m ʈ(x = ʭ2) 

é é é é é é 

xn pn1 pn2 é pnm ʈ(x = ʭn) 

ʆʙʱʦ: ȶ(h = y1) ȶ(h = y2) é ȶ(h = ym) 1 
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ʊʘʙʣʠʮʘ ʥʘ ʩʲʚʤʝʩʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

 

 

 

 

 

 

 

 

ʉʚʦʡʩʪʚʘ: 4. ɿʘ ʚʩʝʢʠ ʜʚʝ ɹʦʨʝʣʦʚʠ ʤʥʦʞʝʩʪʚʘ ɸ Ì R1, ʠ ɺ Ì R1,  

x 
h 

ʆʙʱʦ: 
y1 y2 é ym 

x1 p11 p12 é p1m ʈ(x = ʭ1) 

x2 p21 p22 é p2m ʈ(x = ʭ2) 

é é é é é é 

xn pn1 pn2 é pnm ʈ(x = ʭn) 

ʆʙʱʦ: ȶ(h = y1) ȶ(h = y2) é ȶ(h = ym) 1 
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3. ɼʠʩʢʨʝʪʥʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ ʥʝʟʘʚʠʩʠʤʠ  

ʜʚʝ ʧʦ ʜʚʝ ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʦ i = 1, 2, é, n, 

ʟʘ ʚʩʷʢʦ j = i + 1, i + 2,é n, ʟʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ 

                             ʥʘ xi ʠ ʟʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ                     

                             ʥʘ xj ,  

P(xi =        , xj =         ) = P(xi =        ) P(xj =         ). 

 

4. ɼʠʩʢʨʝʪʥʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʚ  

ʩʲʚʢʫʧʥʦʩʪ ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʢʦʠʪʦ ʠ k = 1, 2, é, n 

ʦʪ ʪʷʭ ʜʘ ʚʟʝʤʝʤ, ʟʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ ʥʘ ʪʦʟʠ ʚʝʢʪʦʨ 

P(xi1 =        , xi2 =         ,é, xik =          ) =  

                                             P(xi1 =        ) P(xi2 =         )é P(xik =         ). 
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ɼ4. ɸʢʦ ʩʫʤʘʪʘ  

 

 

ʠʤʘ ʢʨʘʝʥ ʙʨʦʡ ʯʣʝʥʦʚʝ ʠʣʠ ʝ ʘʙʩʦʣʶʪʥʦ ʩʭʦʜʷʱʘ, ʪʷ ʩʲʚʧʘʜʘ ʩ  

ɽ(x.h) ʠ ʩʝ ʥʘʨʠʯʘ ʩʤʝʩʝʥ ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ 

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

ɼ5. ʂʦʚʘʨʠʘʮʠʷ ʠʣʠ ʩʤʝʩʝʥ ʮʝʥʪʨʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x ʠ h  ʱʝ  

ʦʟʥʘʯʘʚʘʤʝ ʩ cov(x,h) ʠ ʧʦ ʜʝʬʠʥʠʮʠʷ 

cov(x,h) = ɽ{(x -ɽx)(h -ɽh)}. 

ʂʦʚʘʨʠʘʮʠʷʪʘ ʠʤʘ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ: 

1.) cov(x,h) = ɽ(x.h) - ɽh.ɽx. 

ɼ-ʚʦ: ʆʪ ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ  

cov(x,h) = ɽ{(x -ɽx)(h -ɽh)} = ɽ{xh - xɽh - hɽx + ɽx ɽh} = 

= ɽ{xh} + ɽ{-xɽh} + ɽ{-hɽx} + ɽ{ɽx ɽh} = 

= ɽ{xh} ï ɽ{h} ɽ{x} ï ɽ{x} ɽ{h} + ɽ{x} ɽ{h} = ɽ(x.h) - ɽh.ɽx. 
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ɼ4. ɸʢʦ ʩʫʤʘʪʘ  

 

 

ʠʤʘ ʢʨʘʝʥ ʙʨʦʡ ʯʣʝʥʦʚʝ ʠʣʠ ʝ ʘʙʩʦʣʶʪʥʦ ʩʭʦʜʷʱʘ, ʪʷ ʩʲʚʧʘʜʘ ʩ  

ɽ(x.h) ʠ ʩʝ ʥʘʨʠʯʘ ʩʤʝʩʝʥ ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ ʥʘ ʜʠʩʢʨʝʪʥʠʪʝ 

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x ʠ h.  

ɼ5. ʂʦʚʘʨʠʘʮʠʷ ʠʣʠ ʩʤʝʩʝʥ ʮʝʥʪʨʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x ʠ h  ʱʝ  

ʦʟʥʘʯʘʚʘʤʝ ʩ cov(x,h) ʠ ʧʦ ʜʝʬʠʥʠʮʠʷ 

cov(x,h) = ɽ{(x -ɽx)(h -ɽh)}. 

ʂʦʚʘʨʠʘʮʠʷʪʘ ʠʤʘ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ: 

1.) cov(x,h) = ɽ(x.h) - ɽh.ɽx;     cov(x, x) = Dx. 

2.) ɸʢʦ ʩ Í R1 ʝ ʢʦʥʩʪʘʥʪʘ, ʪʦ cov(x,c) = 0. 

3.) ɸʢʦ ʩ Í R1 ʝ ʢʦʥʩʪʘʥʪʘ, ʪʦ cov(ʩ.x,h) = ʩ.cov(x,h) ʠ  

cov(ʩ + x,h) = cov(x,h). 

4.) cov(x +h, q ) = cov(x,q ) + cov(h, q ). 
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ɼ1. ʉʣʫʯʘʡʥʠʷʪ ʚʝʢʪʦʨ (x1, x2,é, xn) ʩʝ ʥʘʨʠʯʘ ʘʙʩʦʣʶʪʥʦ  

ʥʝʧʨʝʢʲʩʥʘʪ ʘʢʦ ʩʲʱʝʩʪʚʫʚʘ ʥʝʦʪʨʠʮʘʪʝʣʥʘ ʬʫʥʢʮʠʷʪʘ  

                  :Rn ­ [0, ¤ ], ʪʘʢʘʚʘ, ʯʝ 

 

 

 

 

ʌʫʥʢʮʠʷʪʘ                     ʩʝ ʥʘʨʠʯʘ ʩʲʚʤʝʩʪʥʘ ʧʣʲʪʥʦʩʪ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x1, x2,é,xn. 

n
P xxx ,...,, 21

15. ʉʲʚʤʝʩʪʥʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʩʤʝʩʝʥ 

ʤʦʤʝʥʪ ʠ ʢʦʚʘʨʠʘʮʠʷ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ.  
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ʉʚʦʡʩʪʚʘ:  

1.                   (ʭ1, ʭ2, é, ʭn)  ²  0. 

2. ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ  

 

  

3. ʅʝʢʘ x1, x2,é, xn ʩʘ ʪʘʢʠʚʘ, ʯʝ ʈ(-¤ < xi  < +¤) = 1, i = 1, 2,é,n. 

ʊʦʛʘʚʘ, ʘʢʦ ʠʥʪʝʛʨʠʨʘʤʝ ʩʲʚʤʝʩʪʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝ-

ʥʠʝ ʧʦ  ʥʝʥʫʞʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚ ʛʨʘʥʠʮʠ ʦʪ ï ¤  ʜʦ + ¤  ʦʩʪʘʚʘ 

ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. 

ʅʘʧʨʠʤʝʨ ʟʘ ʚʩʷʢʦ k Í {1,2, é, n},    
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4. ʉʲʚʤʝʩʪʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʚʘ ʟʘʢʦʥʘ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣʫʯʘʡʥʠʷ ʚʝʢʪʦʨ, ʪ.ʝ. ʟʘ ʚʩʷʢʦ ɹʦʨʝʣʦʚʦ  

ʤʥʦʞʝʩʪʚʦ ɺ 

   P((x1, x2,é, xn) Í ɺ ) = 1221,...,, ...),...,,(
21

dydydyyyyP nn
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5. ɸʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ 

ʥʝʟʘʚʠʩʠʤʠ ʜʚʝ ʧʦ ʜʚʝ ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʦ  

i = 1, 2, é, n, ʟʘ ʚʩʷʢʦ j = i + 1, i + 2,é n, ʟʘ ʚʩʷʢʦ x Í R1 ʠ ʟʘ ʚʩʷʢʦ  

y Í R1,  

(ʭ, y) =      (ʭ)      (y). 

 

6. ɸʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ x1, x2, é, xn ʩʘ 

ʥʝʟʘʚʠʩʠʤʠ ʚ ʩʲʚʢʫʧʥʦʩʪ ʪʦʛʘʚʘ ʠ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʦ 

i = 1, 2, é, n  ʠ ʟʘ ʚʩʷʢʦ (x1, x2, é, xi) Í Ri, 

(x1, x2, é, xi) =      (ʭ1)      (ʭ2)é      (ʭi). 
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ɼ2. ɸʢʦ ʠʥʪʝʛʨʘʣʲʪ 

 

 

ʝ ʘʙʩʦʣʶʪʥʦ ʩʭʦʜʷʱ, ʪʦʡ ʩʲʚʧʘʜʘ ʩ ɽ(x1.x2) ʠ ʩʝ ʥʘʨʠʯʘ ʩʤʝʩʝʥ 

ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ ʥʘ  ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠʪʝ ʩʣʫʯʘʡʥʠ  

ʚʝʣʠʯʠʥʠ x1 ʠ x2.  

ɼ3. ʂʦʚʘʨʠʘʮʠʷ (ʩʤʝʩʝʥ ʮʝʥʪʨʘʣʝʥ ʤʦʤʝʥʪ) ʥʘ x1 ʠ x2  

ʦʟʥʘʯʘʚʘʤʝ ʩ cov(x1,x2 ) ʠ ʧʦ ʜʝʬʠʥʠʮʠʷ 

 cov(x1,x2) = ɽ{(x1 -ɽx1)(x2 -ɽx2)}. 

 

ʉʚʦʡʩʪʚʘʪʘ ʥʘ ʢʦʚʘʨʠʘʮʠʷʪʘ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠʪʝ  

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʩʲʚʧʘʜʘʪ ʩʲʩ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʢʦʚʘʨʠʘʮʠʷʪʘ ʥʘ  

ʜʠʩʢʨʝʪʥʠʪʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. 
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ɼ1. ʅʝʢʘ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ x e ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʠ  

ʟʘʝʜʥʦ ʩʲʩ ʩʲʙʠʪʠʝʪʦ ɸ ʜʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʚʲʨʭʫ ʝʜʥʦ ʠ ʩʲʱʦ 

ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʭ ʜʘ ʝ ʪʦʯʢʘ ʥʘ  

ʨʲʩʪ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x 

ʈ(ɸ|x = x) := ʈ(ɸ|x Í dx) =         ʈ(ɸ|x ¢ x < x + D). 

!!! ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʈ(x = x) = 0 ʠ ʢʣʘʩʠʯʝʩʢʘʪʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʫʩʣʦʚʥʘ 

ʚʝʨʦʷʪʥʦʩʪ ʥʝ ʚʲʨʚʠ.  

ʊʝʦʨʝʤʘ 1. ʅʝʢʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x 

 ʠ ʩʲʙʠʪʠʝʪʦ ɸ ʜʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʚʲʨʭʫ ʝʜʥʦ ʠ ʩʲʱʦ ʚʝʨʦʷʪ- 

ʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʈ(ɸ) > 0, ʠ ʭ ʜʘ ʝ ʪʦʯʢʘ ʥʘ ʨʲʩʪ ʥʘ Fx(ʭ).  

ʊʦʛʘʚʘ 
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16. ʀʥʪʝʛʨʘʣʥʘ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ.  

ʅʝʢʣʘʩʠʯʝʩʢʠ ʬʦʨʤʫʣʠ ʥʘ ɹʝʡʩ.  

0®D
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ɼ-ʚʦ: ʆʪ ʢʣʘʩʠʯʝʩʢʘʪʘ ʬʦʨʤʫʣʘ ʥʘ ɹʝʡʩ ʠ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʬ.ʨ. 

ʈ(ɸ|x = x) =         ʈ(ɸ|x ¢ x < x + D) =           
 ¢ x D
 ¢ x D

  

=          
x D x 

x D x
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x D

x D
 

 

 

ʉʣʝʜʩʪʚʠʝ. ʇʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ 
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ʊʝʦʨʝʤʘ 2. ʀʥʪʝʛʨʘʣʥʘ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 

ʇʨʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʊʝʦʨʝʤʘ 1  

 

 

ɼ-ʚʦ: ʆʪ 
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ʉʣʝʜʩʪʚʠʝ. ɸʢʦ ʦʩʚʝʥ ʪʦʚʘ ʩʲʱʝʩʪʚʫʚʘ             , ʪʦ  

 

ɼ-ʚʦ: ʆʪ ʠʥʪʝʛʨʘʣʥʘʪʘ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 

 

ʊʝʦʨʝʤʘ 3. ʅʝʢʘ n ¢ ¤. ɸʢʦ ʩʲʙʠʪʠʷʪʘ ʅ1, ʅ2,é, ʅn ʦʙʨʘʟʫʚʘʪ  

ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʘʢʦ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ, 

ʜʝʬʠʥʠʨʘʥʘ ʚ ʩʲʱʦʪʦ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ 

 

 

ɼ-ʚʦ: ʆʪ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 

 

ñ
+¤

¤-

== dxxPxyPyP )()|()( xhh x

.)H(P)H|x(P)x(P
n

i

iiä
=

=
1

xx

.)()|()( ñ
+¤

¤-

=<=< dxxPxyPyP xxhh

)(yPh

.)()|()(
1

ä
=

<=<
n

i

ii HPHxPxP xx



ʊʝʦʨʝʤʘ 4. ɸʢʦ x ʠ h ʩʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʩʣʫʯʘʡʥʠ 

ʚʝʣʠʯʠʥʠ 

 

 
ʉʣʝʜʩʪʚʠʝ. ʌʦʨʤʫʣʘ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʧʣʲʪʥʦʩʪʠ 

 

 

 

 

ʉʣʝʜʩʪʚʠʝ. ʌʦʨʤʫʣʘ ʥʘ ɹʝʡʩ ʟʘ ʧʣʲʪʥʦʩʪʠ 
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ʊʝʦʨʝʤʘ 1. ʅʝʢʘ n ¢ ¤. ɸʢʦ ʩʲʙʠʪʠʷʪʘ ʅ1, ʅ2,é, ʅn ʦʙʨʘʟʫʚʘʪ  

ʧʲʣʥʘ ʛʨʫʧʘ ʠ ʘʢʦ x ʝ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ, ʜʝʬʠʥʠʨʘʥʘ ʚ 

ʩʲʱʦʪʦ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ 

 

 

ɼ-ʚʦ. 1 ʩʣ. ʅʝʢʘ x ʝ ʜʠʩʢʨʝʪʥʘ ʩʣ.ʚ. ʩ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

ʈ(x = xi ), i = 1, 2, é, m. ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʤʘʪʝʤʘʪ. ʦʯʘʢʚʘʥʝ 

                                 ʆʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʧʲʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ 
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17.  ʌʦʨʤʫʣʘ ʟʘ ʜʚʦʡʥʦʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʯʘʢʚʘʥʝ.  

ʅʝʝʣʝʤʝʥʪʘʨʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ 

ʦʯʘʢʚʘʥʝ. 
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2 ʩʣ. ʅʝʢʘ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣ.ʚ. ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ 

ʤʘʪʝʤʘʪ. ʦʯʘʢʚʘʥʝ                                ʆʪ ʊʝʦʨʝʤʘ 3 ʠʤʘʤʝ, ʯʝ 

                                               ʊʦʛʘʚʘ 
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ʇʨʠʤʝʨ. ʀʚʘʥ ʦʨʛʘʥʠʟʠʨʘ ʩʣʝʜʥʘʪʘ ʠʛʨʘ: ʀʛʨʘʯ ʍ ʧʦʜʭʚʲʨʣʷ 

ʥʝʩʠʤʝʪʨʠʯʥʘ ʤʦʥʝʪʘ, ʢʘʪʦ ʈ(ɽʟʠ) = ʨ, ʈ(ʊʫʨʘ) = 1- ʨ.  ɸʢʦ 

ʤʦʥʝʪʘʪʘ ʧʦʢʘʟʚʘ ʝʟʠ, ʍ ʚʟʝʤʘ ʘ ʣʚ. ɸʢʦ ʤʦʥʝʪʘʪʘ ʧʦʢʘʟʚʘ ʪʫʨʘ ʍ 

ʥʝ ʚʟʝʤʘ ʥʠʱʦ. ʅʝʢʘ ʀi  ʝ ʧʝʯʘʣʙʘʪʘ ʥʘ ʀʚʘʥ ʦʪ i ʠʛʨʠ, i = 1, 2, é. 

ʂʘʢʚʘ ʪʨʷʙʚʘ ʜʘ ʝ ʮʝʥʘʪʘ ʥʘ ʝʜʥʘ ʠʛʨʘ ʪʘʢʘ, ʯʝ ʟʘ ʚʩʷʢʦ i = 1, 2, é. 

Eʀi = 0? 

ʈʝʰʝʥʠʝ: ʅʝʢʘ ʭ ʝ ʮʝʥʘʪʘ ʥʘ ʝʜʥʘ ʠʛʨʘ,   

Ei = ñʇʨʠ i ï ʪʘʪʘ ʠʛʨʘ ʩʝ ʝ ʧʘʜʥʘʣʦ ʝʟʠ.ò 

Ti = ñʇʨʠ i ï ʪʘʪʘ ʠʛʨʘ ʩʝ ʝ ʧʘʜʥʘʣʦ ʪʫʨʘ.ò 

ɽ(ʀi |Ei) = ɽʀi-1 + x ï ʘ,      ɽ(ʀi |ʊi) = ɽʀi-1 + x, 

ɽʀi  = ɽ(ʀi |Ei)P(Ei) + ɽ(ʀi |ʊi)P(ʊi) = (ɽʀi-1 + x ï ʘ)ʨ + (ɽʀi-1 + x )(1- ʨ) . 

0 = (x ï ʘ)ʨ + x (1- ʨ)  Ú  ʭ = ʘʨ ʣʚ. 



ʊʝʦʨʝʤʘ 2. ɸʢʦ ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x ʠ h ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʚ ʝʜʥʦ ʠ  

ʩʲʱʦ ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʘʢʦ h ʝ ʘʙʩʦʣʶʪʥʦ  

ʥʝʧʨʝʢʲʩʥʘʪʘ, ʪʦ 

 

ɼ-ʚʦ. 1 ʩʣ. ʅʝʢʘ x ʝ ʜʠʩʢʨʝʪʥʘ ʩʣ.ʚ. ʩ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

ʈ(x = xi ), i = 1, 2, é, m. ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʤʘʪʝʤʘʪ. ʦʯʘʢʚʘʥʝ 

                                 ʆʪ ʠʥʪʝʛʨʘʣʥʘʪʘ ʬʦʨʤʫʣʘ ʟʘ ʧʲʣʥʘʪʘ  

ʚʝʨʦʷʪʥʦʩʪ 

 

 

2 ʩʣ. ʅʝʢʘ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣ.ʚ. ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ 

ʤʘʪʝʤʘʪ. ʦʯʘʢʚʘʥʝ                                ʊʦʛʘʚʘ, ʦʪ ʩʣʝʜʩʪʚʠʝʪʦ ʥʘ 

ʠʥʪʝʛʨʘʣʥʘʪʘ ʌʇɺ 
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ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʠ. ɸʢʦ Ex 2 ʠ Eh 2 ʩʘ ʢʨʘʡʥʠ, ʪʦ                             

{ɽ(xh)} 2 ¢ ɽx 2ɽh 2. 

ɸʢʦ x ʠ h ʩʘ ʥʝʟʘʚʠʩʠʤʠ, ʪʦ ɽ(xh) = ɽx.ɽh . 

ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʐʚʘʨʮ: ɸʢʦ Ex 2 ʠ Eh 2 ʩʘ ʢʨʘʡʥʠ, ʪʦ  

 

ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʍʴʦʣʜʝʨ. ɸʢʦ p > 1, q > 1, p -1 + q -1 = 1, E|x| p < ¤  ʠ 

E|h| q < ¤, ʪʦ                             

ɽ|xh| ¢                           . 

ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʁʝʥʩʝʥ. ɸʢʦ g``(x) > 0, (ʪ.ʝ. ʘʢʦ g e ʠʟʧʲʢʥʘʣʘ) 

ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʪʦʯʢʠ ʥʘ ʨʲʩʪ ʥʘ Fx , ʪʦ                           

ɽ(g(x)) ¢ g(ɽx). 

ʉʣʝʜʩʪʚʠʝ: (ʅʝʨʘʚʝʥʩʪʚʦ ʥʘ ʃʷʧʫʥʦʚ) ɸʢʦ 0 < s < t, ʪʦ 

 

 

q qp p EE |||| hx

t ts s ||E||E xx ¢

222 hxhx EE)(E +¢+



ʊʝʦʨʝʤʘ 1. ʅʝʢʘ g(x) ʜʘ ʝ ɹʦʨʝʣʦʚʘ ʬʫʥʢʮʠʷ, ʢʦʷʪʦ ʝ ʥʝʧʨʝʢʲʩʥʘʪʘ 

ʠ ʤʦʥʦʪʦʥʥʘ ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʲʟʤʦʞʥʠ ʟʥʘʯʝʥʠʷ ʥʘ x, ʘ x ʜʘ 

ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. ʊʦʛʘʚʘ, 

 

 

ɼ-ʚʦ. 1 ʩʣ. ʅʝʢʘ g(x) ʜʘ ʝ ʩʪʨʦʛʦ ʨʘʩʪʷʱʘ ʬ-ʷ. ʊʦʛʘʚʘ ʠ ʥʝʡʥʘʪʘ 

ʦʙʨʘʪʥʘ g«(x) ʩʲʱʦ ʝ ʩʪʨʦʛʦ ʨʘʩʪʷʱʘ ʠ 
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         18. ʈʘʟʧʨʝʜʝʣʝʥʠʷ ʥʘ ʬʫʥʢʮʠʠ ʦʪ ʩʣʫʯʘʡʥʠ 

ʚʝʣʠʯʠʥʠ.  
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2 ʩʣ. ʅʝʢʘ g(x) ʜʘ ʝ ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘʱʘ ʬ-ʷ. ʊʦʛʘʚʘ ʠ ʥʝʡʥʘʪʘ 

ʦʙʨʘʪʥʘ g«(x) ʩʲʱʦ ʝ ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘʱʘ ʠ 
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ɿʘʜ 1. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ 

ʚʝʣʠʯʠʥʘ ʩ ʬ.ʨ. Fx(x), x Í R, ʪʦ Fx(x) ~ U(0, 1). 

ɼ1. x ʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚʲʨʭʫ  

ʠʥʪʝʨʚʘʣʘ [ʘ, b], (ʥʘʢʨʘʪʢʦ x Í U (a, b)), ʘʢʦ  ʧʣʲʪʥʦʩʪʪʘ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x  ʠʤʘ ʚʠʜʘ 
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ɿʘʜ 1. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ 

ʚʝʣʠʯʠʥʘ ʩ ʬ.ʨ. Fx, ʪʦ Fx(x) ~ U(0, 1). 

ʈʝʰʝʥʠʝ:  ʊ.ʢ. Fx e ʬ.ʨ. ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣ.ʚ., ʪʦ ʪʷ ʝ 

ʩʪʨʦʛʦ ʨʘʩʪʷʱʘ ʠ ʥʝʧʨʝʢʲʩʥʘʪʘ ʚ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʲʟʤʦʞʥʠ  

ʟʥʘʯʝʥʠʷ ʥʘ x. ʅʝʢʘ ʭ Í (0, 1). ʇʨʠʣʘʛʘʤʝ ʊʝʦʨʝʤʘ 1 ʟʘ g(x) = Fx (x) ʠ  

ʧʦʣʫʯʘʚʘʤʝ  

 

 

ʇʨʠ ʭ Î (0, 1), 

ʇʦʩʣʝʜʥʠʪʝ ʜʚʘ ʨʝʜʘ ʩʘ ʪʦʯʥʦ ʧʣʲʪʥʦʩʪʪʘ ʥʘ U(0, 1). 
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ɿʘʜ 2. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ x ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ 

ʚʝʣʠʯʠʥʘ ʠ h ~ U(0, 1), ʪʦ ʬ.ʨ. ʥʘ Ὂx
 N(h) ʩʲʚʧʘʜʘ ʩ Fx (ʭ). 

ʈʝʰʝʥʠʝ:  ʊ.ʢ. Fx e ʬ.ʨ. ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣ.ʚ. x, ʪʦ ʪ  ̫

e ʩʪʨʦʛʦ ʨʘʩʪʷʱʘ ʠ ʥʝʧʨʝʢʲʩʥʘʪʘ ʚ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʲʟʤʦʞʥʠ  

ʟʥʘʯʝʥʠʷ ʥʘ x. ʊʦʛʘʚʘ  Ὂx
 N(x) ʩʲʱʦ e ʩʪʨʦʛʦ ʨʘʩʪʷʱʘ ʠ 

ʥʝʧʨʝʢʲʩʥʘʪʘ ʚ (0, 1). ʇʨʠʣʘʛʘʤʝ ʊʝʦʨʝʤʘ 1 ʟʘ g(x) = Ὂx
 N(x) ʠ  

ʇʦʣʫʯʘʚʘʤʝ, ʯʝ ʟʘ ʚʩʷʢʦ ʭ, ʢʦʝʪʦ ʝ ʪʦʯʢʘ ʥʘ ʨʲʩʪ ʥʘ Fx (ʭ) 

 

 

ʑʦʤ ʧʣʲʪʥʦʩʪʠʪʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʩʣ. ʚʝʣʠʯʠʥʠ  

ʩʲʚʧʘʜʘʪ, ʪʦ ʩʲʚʧʘʜʘʪ ʠ ʪʝʭʥʠʪʝ ʬ.ʨ. 
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ɿʘʜ 3. ʅʝʢʘ h ~ U(0, 1). ʅʘʤʝʨʝʪʝ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x, ʢʦʷʪʦ ʝ 

ɹʦʨʝʣʝʚʘ  ʬʫʥʢʮʠʷ ʥʘ h, ʠ ʢʦʷʪʦ ʠʤʘ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

 

 

 

ʈʝʰʝʥʠʝ. ʅʝʢʘ  

 

ʊʦʛʘʚʘ 

P(x = -2) = P(h < 0.1) = 0.1 

P(x = 1) = P(0.1¢ h < 0.5) = P(h < 0.5)- P(h < 0.1) = 0.5 - 0.1 = 0.4 

P(x = 2) = P(0.5¢ h < 0.8) = P(h < 0.8)- P(h < 0.5) = 0.8 - 0.5 = 0.3 

P(x = 5) = P(0.8¢ h) = 1 - P(h < 0.8) = 1 - 0.8 = 0.2 

k -2 1 2 5 ȴɇɟɔ: 

P(w: x(w) = k ) 0,1 0,4 0,3 0,2 1 

}.8.0{5}8.05.0{2}5.01.0{}1.0{2 hhhhx ¢+<¢+<¢+<-= IIII



ɿʘʜ 4. ʅʝʢʘ q ʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. 

ʅʘʤʝʨʝʪʝ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x, ʢʦʷʪʦ ʝ ʬʫʥʢʮʠʷ ʥʘ q, ʠ ʢʦʷʪʦ 

ʠʤʘ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

 

 

 

 

ʈʝʰʝʥʠʝ.  ʅʝʢʘ h = Fq (q). ʊʦʛʘʚʘ h ~ U(0, 1). ʅʝʢʘ 

 

ʇʨʠʣʘʛʘʤʝ ʧʨʝʜʥʘʪʘ ʟʘʜʘʯʘ ʠ ʧʦʣʫʯʘʚʘʤʝ ʞʝʣʘʥʠʷ ʨʝʟʫʣʪʘʪ. 

 

k -2 1 2 5 ȴɇɟɔ: 

P(w: x(w) = k ) 0,1 0,4 0,3 0,2 1 

}.8.0{5}8.05.0{2}5.01.0{}1.0{2 hhhhx ¢+<¢+<¢+<-= IIII



ʊʝʦʨʝʤʘ ʟʘ ʩʲʚʤʝʩʪʥʘʪʘ ʧʣʲʪʥʦʩʪ. ʅʝʢʘ x1, x2, ..., xn ʜʘ ʩʘ  

ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʚ ʝʜʥʦ ʠ ʩʲʱʦ  

ʚʝʨʦʷʪʥʦʩʪʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ 

u1 = u1(x1,é,xn), 

é 

un = un(x1,é,xn) 

ʦʪ R n ­ R n  ʜʘ ʝ ʚʟʘʠʤʥʦ ʝʜʥʦʟʥʘʯʥʦ ʢʘʪʦ ʷʢʦʙʠʘʥʲʪ 

 

 

                                       ʠ ʯʘʩʪʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʚ ʥʝʛʦ ʜʘ ʩʘ 

                                                    ʥʝʧʨʝʢʲʩʥʘʪʠ.ʊʦʛʘʚʘ, 
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ɼ-ʚʦ: ʅʝʢʘ  S = {(ὼ,é,ὼ)ÍὙ :ό(ὼ,é,ὼ) < ό,é,ό (ὼ,é,ὼ) < ό }. 

ʊʦʛʘʚʘ 

      

                        P(ό(x,é,x) < ό,é,ό (x,é,x) < ό ) = 

                        

ʇʨʘʚʠʤ ʩʤʷʥʘ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʠ ʧʦʣʫʯʘʚʘʤʝ 

 

=)u,....,u(P n),...,(u),...,,...,(u nnn 1111 xxxx

||)),....,(),...,,....,(( 111,...,1
JuuxuuxP nnnnxx=

‬
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ȣ
᷿ ȣ᷿ ὖx,é,x ὼ ᾀ,é,ᾀ ,é,ὼ ᾀ,é,ᾀ |J|ÄᾀéὨᾀ= 

‬

‬όȣ‬ό
 

ȣ ὖx,é,x ὼ,é,ὼ ὨὼéὨὼȢ 



ɿʘʜ 5. ʌʦʨʤʫʣʠʨʘʡʪʝ ʪʝʦʨʝʤʘʪʘ ʟʘ: 

ʘ) ʥʝʟʘʚʠʩʠʤʠ, ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ; 

ʙ) ʥʝʟʘʚʠʩʠʤʠ ʝʜʥʘʢʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠ, ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ. 

ʈʝʰʝʥʠʝ: ʘ) ʇʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ 

 

 

 

ʙ) ʅʝʢʘ f(x) =  

=)u,....,u(P n),...,(u),...,,...,(u nnn 1111 xxxx

|J|))u,....,u(x),...,u,....,u(x(P nnn,..., n 1111 xx=

.||)),....,(())...,....,(( 1111
JuuxPuuxP nnn nxx=

=)u,....,u(P n),...,(u),...,,...,(u nnn 1111 xxxx

).(
1

xPx

.||)),....,(())...,....,(( 111 Juuxfuuxf nnn=



ɿʘʜ 6. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ x  ʠ h ʩʘ ʥʝʟʘʚʠʩʠʤʠ, ʘʙʩʦʣʶʪʥʦ  

ʥʝʧʨʝʢʲʩʥʘʪʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʚ ʝʜʥʦ ʠ ʩʲʱʦ ʚʝʨʦʷʪʥʦʩʪʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ  

ʘ)                                                                               ;  

ʙ)                                                        ; 

ʚ)                                                    . 

ñ
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¤-

+ -= dv)v(P)vu(P)u(P hxhx

)v(P)vu(P)v,vu(P)v,u(P ,, hxhxhhx -=-=+

ñ
+¤

¤-

+ -= )()()( vdFvxFxF hxhx



ʈʝʰʝʥʠʝ: ʘ) ʇʨʠʣʘʛʘʤʝ ʊʝʦʨʝʤʘʪʘ ʟʘ ʩʲʚʤʝʩʪʥʘʪʘ ʧʣʲʪʥʦʩʪ ʟʘ 

u1 = x1 + x2, u2 = x2. ʆʙʨʘʪʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʝ x1 = u1 - u2, x2 = u2. 

ʗʢʦʙʠʘʥʲʪ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʝ J = 1. ʇʦʨʘʜʠ ʪʦʚʘ 

 

ɺ ʧʦʩʣʝʜʥʦʪʦ ʨʘʚʝʥʩʪʚʦ ʩʤʝ ʠʟʧʦʣʟʚʘʣʠ ʥʝʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ x ʠ h. 

ʙ) ʆʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʧʣʲʪʥʦʩʪʠʪʝ ʟʥʘʝʤ, ʯʝ ʢʘʪʦ ʠʥʪʝʛʨʠʨʘʤʝ 

ʩʲʚʤʝʩʪʥʘʪʘ ʧʣʲʪʥʦʩʪ ʧʦ ʥʝʥʫʞʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʚ ʛʨʘʥʠʮʠ 

ʦʪ -¤ ʜʦ +¤ ʦʩʪʘʚʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʦʩʪʘʥʘʣʘʪʘ ʩʣ.ʚ. 

 

ʚ)                                                                                                               . 
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ɿʘʜ 7. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ a  > 0, x ~ U[0, ʘ], h ~ U[0, ʘ]  ʠ x ʠ h ʩʘ  

ʥʝʟʘʚʠʩʠʤʠ, ʪʦ  

 

 

 

 

 

 

ɿʘʜ 8. ɼʦʢʘʞʝʪʝ, ʯʝ ʘʢʦ a  > 0 ʠ x i ~ U[0, ʘ], i = 1, 2,é, n ʩʘ  

ʥʝʟʘʚʠʩʠʤʠ, ʪʦ  
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ɼ1. ɿʘ n Í N, E(x n) ʩʝ ʥʘʨʠʯʘ n ï ʪʠ ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x. 

ɼ2. ɿʘ n Í N, E{(x - Ex)n} ʩʝ ʥʘʨʠʯʘ n ï ʪʠ ʮʝʥʪʨʘʣʝʥ ʤʦʤʝʥʪ ʥʘ x. 

ɼ3. E[(x - Ex)2] ʩʝ ʦʟʥʘʯʘʚʘ ʩ Dx ʠ  ʥʘʨʠʯʘ ʜʠʩʧʝʨʩʠʷ ʥʘ x. 

ʉʚʦʡʩʪʚʘ:  

1. Dx ² 0. 

2. Dc = 0. 

ɼ-ʚʦ: Dʩ = ɽ(c - Ec)2 = E(c ï c)2 = 0. 

3. D(cx) = c2Dx . 

ɼ-ʚʦ: D(cx) = E[cx - E(cx)]2 = E(cx - cEx)2 = E[c 2(x - Ex)2] = 

= c 2E (x - Ex)2 = c2Dx . 

19. ɼʨʫʛʠ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ  

ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ. ɼʠʩʧʝʨʩʠʷ. ʉʪʘʥʜʘʨʪʥʦ 

ʦʪʢʣʦʥʝʥʠʝ. ʂʦʨʝʣʘʮʠʷ. 



4. Dx = E(x 2) ï (Ex) 2. 

ɼ-ʚʦ: Dx = E[(x - Ex)2] = E[x 2 - 2xEx + (Ex)2] = E(x 2) ï 2 E(x Ex)+E(Ex)2 

= E(x 2) ï 2 Ex Ex+(Ex)2  = E(x 2) ï (Ex) 2. 

5. ɿʘ ʚʩʷʢʦ e > 0,                                    , ʪ.ʝ. 

6. Dx = 0  Ú  ʈ(x  = Ex ) = 1. 

ɼ-ʚʦ: ñÛò ʚʝʯʝ ʷ ʜʦʢʘʟʘʭʤʝ. 

ñÝò ʆʪ Dx = 0 ʠ ʥʝʨʘʚʝʥʩʪʚʦʪʦ ʥʘ ʏʝʙʠʰʦʚ ʠʤʘʤʝ, ʯʝ ʟʘ ʚʩʷʢʦ  

e > 0,                                           ʦʪ ʢʲʜʝʪʦ ʩʣʝʜʚʘ, ʯʝ ʈ(x  = Ex ) = 1. 

7. D(c + x) = Dx . 

ɼ-ʚʦ: D(c + x) = E[(c + x) - E(c+x)]2 = E(c + x - c  - Ex)2 = E(x - Ex)2 = Dx . 
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8. ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ Dx < ¤, ʪʦ ʟʘ ʚʩʷʢʦ ʩ Í R1: E(x ï Ex) 2 ¢  E(x ï ʩ) 2. 

ɼ-ʚʦ: E(x ï ʩ) 2 = E(x ï Ex + Ex  - ʩ) 2 =  

= E[(x ï Ex)2 + 2 (x ï Ex) (Ex  - ʩ) + (Ex  - ʩ)2] = 

= E(x ï Ex)2 + 2 (Ex  - ʩ) E(x ï Ex) + (Ex  - ʩ)2 = 

= Dx + (Ex  - ʩ)2  

ʇʦʩʣʝʜʥʠʷʪ ʠʟʨʘʟ ʠʤʘ ʤʠʥʠʤʫʤ ʪʦʯʥʦ, ʢʦʛʘʪʦ c = Ex. 

ɼ4. ”xȟὧ  E(x ï ʩ)2 ʩʝ ʥʘʨʠʯʘ ʩʨʝʜʥʦ-ʢʚʘʜʨʘʪʠʯʥʦ 

ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ x ʠ ʢʦʥʩʪʘʥʪʘʪʘ ʩ. 

9. ɸʢʦ ʩʲʱʝʩʪʚʫʚʘ Dx < ¤, ʪʦ Ex e ʪʦʯʥʦ ʢʦʥʩʪʘʥʪʘʪʘ, ʢʦʷʪʦ 

ʤʠʥʠʤʠʟʠʨʘ ”xȟὧ. 

ɼ-ʚʦ: ʆʪ ʩʚʦʡʩʪʚʦ 8, ʟʘ ʚʩʷʢʘ ʢʦʥʩʪʘʥʪʘ ʩ Í R1 

”xȟὧ  E(x ï ʩ) 2 ² E(x ï ɽx) 2 = ”xȟɽx = $x. 

ɼ5.           ʩʩʨʝʜʥʦ-ʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ x. 

 

 

xD



10. ɸʢʦ Dx < ¤ ʠ Dh < ¤, ʪʦ D(x + h) = Dx + Dh + 2 cov(x, h). 

ɼ-ʚʦ: D(x + h) = E[(x +h) ï ɽ(x +h)] 2 = E[(x - ɽx) + (h - Eh)] 2 =   

= E[(x - ɽx)2 + 2(x - ɽx)(h - Eh) + (h - Eh)2] = 

= E(x - ɽx)2 + 2E[(x - ɽx)(h - Eh)] + E(h - Eh)2 = Dx + 2 cov(x, h) + Dh. 

ɼ6. ɸʢʦ Dx < ¤ ʠ Dh < ¤,  ʢʦʚʘʨʠʘʮʠʷ ʠʣʠ ʩʤʝʩʝʥ ʮʝʥʪʨʘʣʝʥ 

ʤʦʤʝʥʪ ʥʘ x ʠ h  ʱʝ ʦʟʥʘʯʘʚʘʤʝ ʩ cov(x,h) ʠ ʧʦ ʜʝʬʠʥʠʮʠʷ 

cov(x,h) = ɽ{(x -ɽx)(h -ɽh)}. 

ʂʦʚʘʨʠʘʮʠʷʪʘ ʠʤʘ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ: ɸʢʦ Dx < ¤ ʠ Dh < ¤, ʪʦ 

1.) cov(x,h) = ɽ(x.h) - ɽh.ɽx;     cov(x, x) = Dx. 

ɼ-ʚʦ: ʆʪ ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ  

cov(x,h) = ɽ{(x -ɽx)(h -ɽh)} = ɽ{xh - xɽh - hɽx + ɽx ɽh} = 

= ɽ{xh} + ɽ{-xɽh} + ɽ{-hɽx} + ɽ{ɽx ɽh} = 

= ɽ{xh} ï ɽ{h} ɽ{x} ï ɽ{x} ɽ{h} + ɽ{x} ɽ{h} = ɽ(x.h) - ɽh.ɽx. 



2.) ɸʢʦ ʩ Í R1 ʝ ʢʦʥʩʪʘʥʪʘ, ʪʦ cov(x,c) = 0. 

ɼ-ʚʦ: ʆʪ ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ  

cov(x,c) = ɽ{(x -ɽx)(c -ɽc)} = ɽ{(x -ɽx)(c - c)} = E0 = 0 

3.) ɸʢʦ ʩ Í R1 ʝ ʢʦʥʩʪʘʥʪʘ, ʪʦ cov(ʩ.x,h) = ʩ.cov(x,h) ʠ  

cov(ʩ + x,h) = cov(x,h). 

ɼ-ʚʦ: ʆʪ ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ  

cov(cx,h) = ɽ{[cx -ɽ(cx)](h -ɽh)} = ɽ{c(x -ɽx)(h -ɽh)} = 

= cɽ{(x -ɽx)(h -ɽh)} = c.cov(x,h) . 

ʆʥʦʚʦ ʦʪ ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ  

cov(c+x,h) = ɽ{[c+x - ɽ(c+x)](h -ɽh)} = ɽ{(c+x - c - Ex)(h -ɽh)} = 

= ɽ{(x - Ex)(h -ɽh)} = cov(x,h). 

4.) cov(x +h, q ) = cov(x,q ) + cov(h, q ). 

ɼ-ʚʦ: ʆʪ ʜʝʬ. ʟʘ ʢʦʚ. cov(x +h, q) = ɽ{[x +h -ɽ(x +h)](q -ɽq)} =  

= ɽ{[(x -ɽx) +(h -ɽh)](q -ɽq)} = E[(x - ɽx)(q -ɽq) + (h - Eh)(q -ɽq)] =  

= E[(x - ɽx)(q -ɽq)] + E[(h - Eh)(q -ɽq)] = cov(x,q ) + cov(h, q ). 



ɼ7. ɸʢʦ Ex2 < ¤ ʠ Eh2 < ¤, ʪʦ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ x ʠ h 

ʩʝ ʥʘʨʠʯʘ  

ɼ8. ɸʢʦ Ex2 < ¤ ʠ Eh2 < ¤ ʠ ʘʢʦ cor(x,h) = 0 ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ x ʠ 

h ʩʝ ʥʘʨʠʯʘʪ ʥʝʢʦʨʝʣʠʨʘʥʠ.  

ʉʚʦʡʩʪʚʘ: ɸʢʦ Ex2 < ¤ ʠ Eh2 < ¤, ʪʦ 

1.  

ɼ-ʚʦ: ʇʦ ʜʝʬ.   

 

2. |cor(x,h)| ¢ 1.  

ɼ-ʚʦ: ʊʲʡ ʢʘʪʦ ʧʦ ʫʩʣʦʚʠʝ E(x - Ex) 2 < ¤ ʠ E(h - Eh)2 < ¤, ʪʦ ʦʪ 

ʜʝʬ. ʟʘ ʢʦʚʘʨʠʘʮʠʷ ʠ ʦʪ ʥʝʨʘʚʝʥʩʪʚʦ ʥʘ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʠ                             

[cov(x,h)] 2  = {ɽ[(x - Ex)(h - Eh)]}2 ¢ ɽ(x - Ex)2ɽ(h - Eh)2 = Dx Dh. 
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3. ɸʢʦ cor(x,h) = 0, ʪʦ D(x +h) = Dx + Dh.  

ɼ-ʚʦ: ʆʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʜʠʩʧʝʨʩʠʷʪʘ ʠ ʦʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ 

ʢʦʨʝʣʘʮʠʷ 

D(x + h) = Dx + Dh + 2 cov(x, h) = Dx + Dh + 2 cor(x, h)                 . 

4. cor(x,h)  = 1  Ú 

5. cor(x,h)  = - 1  Ú  

6. |cor(x,h)| = 1 Ú  ʉʲʱʝʩʪʚʫʚʘʪ  a Í R1 ʠ b Í R1 ʪʘʢʠʚʘ, ʯʝ 

ʈ(a + bx =h) = 1. 

7. ɸʢʦ x  ʠ h ʩʘ ʥʝʟʘʚʠʩʠʤʠ, ʪʦ cor(x,h) = 0. 

.)
D

E

D

E
(P 1=

-
-=

-

h

hh

x

xx

.1)( =
-

=
-

h

hh

x

xx

D

E

D

E
P

hx DD



ɼ1. ʅʝʢʘ W  = {ʋ,    }, ʈ(ʋ) = ʨ ʠ ʈ(    ) = 1 - ʨ = q. ʉʣʫʯʘʡʥʘʪʘ  

ʚʝʣʠʯʠʥʘ  

 

ʩʝ ʥʘʨʠʯʘ ɹʝʨʥʫʣʠʝʚʘ ʠʣʠ ʠʥʜʠʢʘʪʦʨ ʥʘ ʩʲʙʠʪʠʝʪʦ ʋ. 

ʉʚʦʡʩʪʚʘ: ɸʢʦ x ʝ ɹʝʨʥʫʣʠʝʚʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ, ʪʦ 

1. 

  

2. Ex ʪ  = ʨ, ʪÍ R. 

ɼ-ʚʦ: Ex ʪ  = 0 ʪ q + 1ʪ ʨ = p. 

3. Dx = pq. 

ɼ-ʚʦ: Dx = E(x - Ex)2 = E(x2) ï (Ex)2 = p - p2 = p(1-p) = pq. 
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20. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʜʠʩʢʨʝʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ 

ʠ ʪʝʭʥʠʪʝ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʋ

k 0 1 ȴɇɟɔ: 

P(w: x(w) = k ) q p 1 



ɼ2. ʅʝʢʘ W  = {ʋ,    }, ʈ(ʋ) = ʨ ʠ ʈ(    ) = 1 - ʨ = q.  

ʆʙʨʘʟʫʚʘʤʝ 

WÃ n = {w = (w1, é, wn): wi Í {ʋ,    }, i = 1, 2,é,n}, 

n ï ʢʨʘʪʥʦʪʦ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ W, ʪ.ʝ. ʠʤʘʤʝ n 

ʧʦʚʪʦʨʝʥʠʷ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʦʧʠʪ.  

ɺʝʨʦʷʪʥʦʩʪʠʪʝ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʩʲʙʠʪʠʷ ʦʧʨʝʜʝʣʷʤʝ ʧʦ 

ʬʦʨʤʫʣʘʪʘ 

ʪ.ʝ. ʧʦʚʪʦʨʝʥʠʷʪʘ ʥʘ ʪʦʟʠ ʦʧʠʪ ʩʘ ʥʝʟʘʚʠʩʠʤʠ. 

ʊʘʟʠ ʩʭʝʤʘ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʦʧʠʪʠ ʩʝ ʥʘʨʠʯʘ ʩʭʝʤʘ ʥʘ ɹʝʨʥʫʣʠ. 

ɼ3. ʉʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ, x(w) =                 ,  ʢʦʷʪʦ ʙʨʦʠ  

ñʫʩʧʝʭʠʪʝò ʧʨʠ ʝʜʥʘ ʩʝʨʠʷ ʦʪ n ʥʝʟʘʚʠʩʠʤʠ ʦʧʠʪʠ ʥʘ ɹʝʨʥʫʣʠ ʩʝ 

ʥʘʨʠʯʘ ɹʠʥʦʤʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ.  

ʅʘʢʨʘʪʢʦ x Í Bi(n, p). 
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ʉʚʦʡʩʪʚʘ:  

1. x Í Bi(n; p)    Ú P(x = k) = ὅpkqn-k, k = 0, 1, é, n. 

ɼ-ʚʦ: ʑʝ ʜʦʢʘʞʝʤ ʧʲʨʚʦ ñÝò. ʅʝʢʘ Yi = ñʋʩʧʝʭ ʧʨʠ i-ʪʠʷ ʦʧʠʪò.  

ʊʦʛʘʚʘ xÍ Bi(n; p)    Ú  ʟʘ ʚʩʷʢʦ k = 0, 1,é,n, 

P(x = k) = P(Ç ὣὣé ὣὣὣéὣ ),  

ʢʲʜʝʪʦ ʦʙʝʜʠʥʝʥʠʝʪʦ ʝ ʧʦ ʚʩʠʯʢʠ ʢʦʤʙʠʥʘʮʠʠ ʦʪ k ʨʘʟʣʠʯʥʠ 

ʠʥʜʝʢʩʘ i1, i2, é, ik ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ {1, 2, é, n}. ɸ ʠʥʜʝʢʩʠʪʝ j1, 

j2, é, jk  ʩʘ ʜʦʧʲʣʥʝʥʠʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ {i1, i2, é, ik} ʜʦ 

ʤʥʦʞʝʩʪʚʦʪʦ {1, 2, é, n}. ʅʝʢʘ ʬʠʢʩʠʨʘʤʝ ʧʨʦʠʟʚʦʣʥʦ k = 0,é,n, 

ʉʲʙʠʪʠʷʪʘ, ʢʦʠʪʦ ʦʙʝʜʠʥʷʚʘʤʝ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ, ʪʦʛʘʚʘ ʦʪ 

ʘʜʠʪʠʚʥʦʩʪʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ Ý 

P(x = k) = ä P(ὣὣé ὣὣὣéὣ ), k = 0, 1,é,n, 

ʢʲʜʝʪʦ ʩʫʤʘʪʘ ʝ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ i1, i2, é, ik. 

ʉʲʙʠʪʠʷʪʘ ὣὣé ὣὣὣéὣ  ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʚ ʩʲʚʢʫʧʥʦʩʪ ʟʘ 

ʪʦʚʘ P(x = k) = ä P(ὣ P(ὣ)é P( ὣ P(ὣ P(ὣ)é P( ὣ ), 

ʢʲʜʝʪʦ ʩʫʤʘʪʘ ʝ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ i1, i2, é, ik. 



ʆʙʘʯʝ ʧʦ ʫʩʣʦʚʠʝ p = P(ὣ    P(ὣ ) = é = P( ὣ ) ʠ 

Ñ ȡ   ρ  Ð  P(ὣ   P(ὣ) = é = P( ὣ ). ʊʦʛʘʚʘ P(x = k) = ä pkqn-k, 

ʢʲʜʝʪʦ ʩʫʤʘʪʘ ʝ ʦʪʥʦʚʦ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ i1, i2, é, ik. 

ʉʲʙʠʨʘʝʤʠʪʝ, ʦʙʘʯʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʷʭ ʠ ʩʘ       ʥʘ ʙʨʦʡ.  ʊ.ʝ. 

P(x = k) = ὅpkqn-k, k = 0, 1, é, n. 

ʆʙʨʘʪʥʘʪʘ ʧʦʩʦʢʘ ʩʣʝʜʚʘ ʦʪ ʪʘʟʠ ʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʨʝʜʘ ʥʘ ʨʘʟʧʨʝ-

ʜʝʣʝʥʠʝ ʝʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣ. ʚ-ʥʘ. 

2. ɸʢʦ x(i), i = 1, 2, é, n ʩʘ ʥʝʟʘʚʠʩʠʤʠ ɹʝʨʥʫʣʠʝʚʠ ʩʣʫʯʘʡʥʠ  

ʚʝʣʠʯʠʥʠ, ʩ ʈ(ʋ) = ʨ, ʪʦ x(1) + x(2) +...+ x(n) Í Bi(n; p). 

3. ɸʢʦ x Í Bi(n; p), ʪʦ ɽx = np. 

ɼ-ʚʦ: ʆʪ ʩʚ-ʚʦ 2 ʠ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ 

Ex  = E(x(1) + x(2) +...+ x(n)) = E(x(1)) + E(x(2)) +...+ E(x(n)) = P(Y) + P(Y) + 

é + P(Y) = np.  

ɺ ʧʨʝʜʧʦʩʣʝʜʥʦʪʦ ʨʘʚʝʥʩʪʚʦ ʠʟʧʦʣʟʚʘʭʤʝ, ʯʝ ʤ.ʦ. ʥʘ ʠʥʜʠʢʘʪʦʨ, 

ʪ.ʝ. ʥʘ ɹʝʨʥʫʣʠʝʚʘ ʩʣ.ʚ. ʝ ʨʘʚʥʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʥʘ 

ʩʲʙʠʪʠʝʪʦ. 

k
nC



4. ɸʢʦ x Í Bi(n; p), ʪʦ Dx = npq. 

ɼ-ʚʦ: ʆʪ ʩʚ-ʚʦ 2 ʠ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʜʠʩʧʝʨʩʠʷʪʘ, ʪ.ʢ. ʠʤʘʤʝ 

ʥʝʟʘʚʠʩʠʤʠ ʦʧʠʪʠ, ʪʦ  

Dx  = D(x(1) + x(2) +...+ x(n)) = D(x(1)) + D(x(2)) +...+ D(x(n)) =  

= P(Y)[1- P(Y)] + P(Y)[1- P(Y)] + é + P(Y)[1- P(Y)] = np(1-p) = npq.  

ɺ ʧʲʨʚʦʪʦ ʨʘʚʝʥʩʪʚʦ ʥʘ ʛʦʨʥʠʷ ʨʝʜ ʠʟʧʦʣʟʚʘʭʤʝ, ʯʝ ʜʠʩʧʝʨʩʠʷʪʘ 

ʥʘ ʠʥʜʠʢʘʪʦʨ, ʪ.ʝ. ʥʘ ɹʝʨʥʫʣʠʝʚʘ ʩʣ.ʚ. ʝ ʨʘʚʥʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ 

ʥʘ ʩʲʙʠʪʠʝʪʦ ʧʦ ʚʝʨʦʷʪʥʦʩʪʪʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʪʦ ʤʫ. 



5. ɸʢʦ x Í Bi(n; p), ʪʦ  

 

 

 

ʢʲʜʝʪʦ [a] ʝ ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ a. 

ɼ-ʚʦ: ɿʘ ʜʘ ʦʧʨʝʜʝʣʠʤ ʤʦʜʘʪʘ ʪʨʷʙʚʘ ʜʘ ʚʠʜʠʤ ʢʲʜʝ ʨʘʩʪʝ ʠ ʢʲʜʝ 

ʥʘʤʘʣʷʚʘ ʨʝʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x. ɿʘ ʮʝʣʪʘ ʨʝʰʘʚʘʤʝ ʥ-ʚʦʪʦ 

P(x = k) < P(x = k + 1). 

ʆʪ ʫʩʣʦʚʠʝʪʦ x Í Bi(n; p) ʠ ʦʪ ʩʚ-ʚʦ 1, ʪʦ ʝ ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʘ 

ὅpkqn-k < ὅ pk+1qn-k-1 Ú  q < p Ú  
Ȧ

Ȧ Ȧ
ή  

Ȧ

Ȧ Ȧ
ὴ 

Ú    Ú k(1 ï p) +1 - p < pn - pk Ú k < p(n+1) ï 1. ɿʘ ʪʘʢʠʚʘ k 

ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x ʩʪʨʦʛʦ ʥʘʨʘʩʪʚʘ. ɸʥʘʣʦʛʠʯʥʦ, ʟʘ k > 

p(n+1) ï 1, ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘ. ʇʦʥʝʞʝ ʢ 

e ʮʷʣʦ ʯʠʩʣʦ, ʘʢʦ p(n+1) ʥʝ ʝ ʮʷʣʦ ʯʠʩʣʦ ʧʦʣʫʯʘʚʘʤʝ, ʯʝ ʧʨʠ k ¢   

[p(n+1)] ï 1 ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x ʩʪʨʦʛʦ ʥʘʨʘʩʪʚʘ, ʘ ʧʨʠ ʟʘ k 

² [p(n+1)], ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘ. ɸʢʦ (n+1)p 

ʝ ʮʷʣʦ ʯʠʩʣʦ ʠʤʘʤʝ ʜʚʝ ʤʦʜʠ (n+1)p ʠ (n+1)p - 1. 
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ɼ4. ʅʝʢʘ ʠʤʘʤʝ ʙʝʟʢʨʘʡʥʘ ʩʝʨʠʷ ʦʪ ʦʧʠʪʠ ʥʘ ɹʝʨʥʫʣʠ ʢʘʪʦ:  

W  = {ʋ, ὣ}, ʈ(ʋ) = ʨ ʠ ʈ( ὣ) = 1 - ʨ = q ʠ  

WÃ n = {w = (w1, é, wn): wi Í {ʋ, ὣ}, i = 1, 2,é,n},  n Í N. 

ʉʣʫʯʘʡʥʘʪʘ ʚ-ʥʘ, x(w) = min {i Í N: wi = ʋ} - 1,  ʢʦʷʪʦ ʩʲʚʧʘʜʘ ʩ  ʙʨʦʷ 

ʥʘ ñʥʝʫʩʧʝʭʠʪʝò ʧʨʝʜʠ ʧʲʨʚʠʷ ñʫʩʧʝʭò ʩʝ ʥʘʨʠʯʘ ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟ- 

ʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʩ ʧʘʨʘʤʝʪʲʨ p. ʅʘʢʨʘʪʢʦ x Í G(p). 

ʉʚʦʡʩʪʚʘ: 1. x Í G(p) Ú  P(w: x(w) = k) = qk p,    k = 0, 1,é; 

ɼ-ʚʦ: ʑʝ ʜʦʢʘʞʝʤ ʧʲʨʚʦ ʪʚʲʨʜʝʥʠʝʪʦ ʚ ʪʘʟʠ ʧʦʩʦʢʘ ñÝò.  

ʅʝʢʘ Yi = ñʋʩʧʝʭ ʧʨʠ i-ʪʠʷ ʦʧʠʪò. ʊʦʛʘʚʘ xÍ G( p) Ú  ʟʘ ʚʩʷʢʦ k = 0,1,é, 

P(x = k) = P(ὣὣéὣὣ ). ʅʝʢʘ ʬʠʢʩʠʨʘʤʝ ʧʨʦʠʟʚʦʣʥʦ k ʦʪ  

ʤʥʦʞʝʩʪʚʦʪʦ 0, 1, é. ʆʪ ʥʝʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʦʧʠʪʠʪʝ  

P(x = k) = P(ὣ)P(ὣ)éP(ὣ)P(ὣὯ+1).  

ʆʪ ʪʦʚʘ, ʯʝ ʪʝ ʩʘ ʧʦʚʪʦʨʝʥʠʷ ʥʘ ʝʜʠʥ ʠ ʩʲʱʠ ʦʧʠʪ 

q = 1 ï p = P(ὣ) = P(ὣ) = é = P(ὣ) ʠ  P(ὣὯ+1) = p.  

ʊʦʛʘʚʘ P(x = k) = qk p,    k = 0, 1,é.  

ʆʙʨʘʪʥʘʪʘ ʧʦʩʦʢʘ ʩʣʝʜʚʘ ʦʪ ʪʘʟʠ ʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʨʝʜʘ ʥʘ ʨʘʟʧʨʝ-

ʜʝʣʝʥʠʝ ʝʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʣ. ʚ-ʥʘ. 



2. ɽx =      . 

ɼ-ʚʦ: ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʤ.ʦ. ʥʘ ʜʠʩʢʨʝʪʥʘ ʩʣʫʯʘʡʥʘ ʚ-ʥʘ, ʦʪ  ʩʚ-ʚʦ 1 ʠ 

ʦʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʩʫʤʘ ʥʘ ʙʝʟʢʨʘʡʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʠʷ 

 

 

 

3. Dx =         . 

ɼ-ʚʦ: ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʟʘ ʚʪʦʨʠ ʤʦʤʝʥʪ ʥʘ ʜʠʩʢʨʝʪʥʘ ʩʣʫʯʘʡʥʘ ʚ-ʥʘ, 

ʦʪ  ʩʚ-ʚʦ 1 ʠ ʦʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʩʫʤʘ ʥʘ ʙʝʟʢʨʘʡʥʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʧʨʦʛʨʝʩʠʷ 
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ʊʘʢʘ 

ʆʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʜʠʩʧʝʨʩʠʷ 

Dx = E(x 2) ï (Ex) 2 = 

4. mode x = 0. 

ɼ-ʚʦ: ʆʪ ʩʚ-ʚʦ 1 ʥʘ ʛʝʦʤʝʪʨʠʯʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

P(x = k) = qk p,    k = 0, 1,é 

ʊʦʚʘ ʝ ʥʘʤʘʣʷʚʘʱʘ ʨʝʜʠʮʘ ʧʦ k, ʟʘ ʪʦʚʘ ʛʝʦʤʝʪʨʠʯʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

ʜʦʩʪʠʛʘ ʥʘʡ-ʚʝʨʦʷʪʥʦʪʦ ʩʠ ʟʥʘʯʝʥʠʝ ʚ ʥʫʣʘʪʘ. 

.
2

)(
2

2
2

p

pqq
E

+
=x

.
)(2

222

22

2

2

p

q

p

pqq

p

pqq

p

q

p

pqq
=

+
=

+
=öö

÷

õ
ææ
ç

å
-

+



ɼ5. ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʥʝʟʘʚʠʩʠʤʠ ʦʧʠʪʠ ʥʘ ɹʝʨʥʫʣʠ ʩʣʫʯʘʡʥʘʪʘ 

ʚʝʣʠʯʠʥʘ, ʢʦʷʪʦ ʧʦʢʘʟʚʘ ʙʨʦʷ ʥʘ ʥʝʫʩʧʝʭʠʪʝ ʜʦ n ï ʪʠʷ ʫʩʧʝʭ ʩʝ 

ʥʘʨʠʯʘ  ʦʪʨʠʮʘʪʝʣʥʦ ʙʠʥʦʤʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ  ʩ ʚʝʨʦʷʪʥʦʩʪ ʟʘ  

ʫʩʧʝʭ p. ʅʘʢʨʘʪʢʦ x Í NBi(n;  p). 

ʉʚʦʡʩʪʚʘ:  

1. x Í NBi(n;  p) Ú  P(w: x(w) = k) =                              k = 0, 1, 2, é. 

ɼ-ʚʦ: ʑʝ ʜʦʢʘʞʝʤ ʧʲʨʚʦ ñÝò. ʅʝʢʘ Yi = ñʋʩʧʝʭ ʧʨʠ i-ʪʠʷ ʦʧʠʪò.  

ʊʦʛʘʚʘ xÍ NBi(n; p)    Ú  ʟʘ ʚʩʷʢʦ k = 0, 1,é, 

P(x = k) = P(Ç ὣὣé ὣ ὣὣéὣ  ὣn),  

ʢʲʜʝʪʦ ʦʙʝʜʠʥʝʥʠʝʪʦ ʝ ʧʦ ʚʩʠʯʢʠ ʢʦʤʙʠʥʘʮʠʠ ʦʪ k ʨʘʟʣʠʯʥʠ 

ʠʥʜʝʢʩʠ j1, j2, é, jk ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ {1, 2, é, n + k - 1}. ɸ ʠʥʜʝʢʩʠʪʝ 

i1, i2, é, in-1  ʩʘ ʜʦʧʲʣʥʝʥʠʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ {j1, j2, é, jk} ʜʦ 

ʤʥʦʞʝʩʪʚʦʪʦ {1, 2, é, n + k - 1}. ʅʝʢʘ ʬʠʢʩʠʨʘʤʝ ʧʨʦʠʟʚʦʣʥʦ k = 

0,1,é ʉʲʙʠʪʠʷʪʘ, ʢʦʠʪʦ ʦʙʝʜʠʥʷʚʘʤʝ ʩʘ ʥʝʩʲʚʤʝʩʪʠʤʠ, ʪʦʛʘʚʘ 

ʦʪ ʘʜʠʪʠʚʥʦʩʪʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʤʝʨʢʠ Ý 

P(x = k) = ä P(ὣὣé ὣ ὣὣéὣὣ),  k = 0, 1,é, 

ʢʲʜʝʪʦ ʩʫʤʘʪʘ ʝ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ j1, j2, é, jk. 

,pp)(C nkk
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ʉʲʙʠʪʠʷʪʘ ὣὣé ὣ ὣὣéὣὣ ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʚ ʩʲʚʢʫʧʥʦʩʪ ʟʘ 

ʪʦʚʘ P(x = k) = ä P(ὣ P(ὣ)é P( ὣ P(ὣ P(ὣ)é P( ὣ ) P( ὣ , 

ʢʲʜʝʪʦ ʩʫʤʘʪʘ ʝ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ j1, j2, é, jk. 

ʆʙʘʯʝ ʧʦ ʫʩʣʦʚʠʝ p = P(ὣ    P(ὣ ) = é = P( ὣ ) = P( ὣ) ʠ 

Ñ ȡ   ρ  Ð  P(ὣ   P(ὣ)é = P( ὣ ). ʊʦʛʘʚʘ P(x = k) = ä pnqk, ʢʲʜʝʪʦ 

ʩʫʤʘʪʘ ʝ ʦʪʥʦʚʦ ʧʦ ʩʲʱʠʪʝ ʠʥʜʝʢʩʠ j1, j2, é, jk. 

ʉʲʙʠʨʘʝʤʠʪʝ, ʦʙʘʯʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʷʭ ʠ ʩʘ ὅ ʥʘ ʙʨʦʡ.  ʊ.ʝ. 

P(x = k) = ὅ pnqk, k = 0, 1, é. 

ʆʙʨʘʪʥʘʪʘ ʧʦʩʦʢʘ ʩʣʝʜʚʘ ʦʪ ʪʘʟʠ ʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʨʝʜʘ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʝʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜ. ʥʘ ʩʣ. ʚ-ʥʘ. 

2. ɽx =                 . 

 

ɼ-ʚʦ: ʆʪ ʜʝʬʠʥʠʮʠʷʪʘ ʠ  ʩʚʦʡʩʪʚʘʪʘ ʥʘ ɻʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝ- 

ʣʝʥʘʪʘ ʩʣ. ʚ-ʥʘ ʠ ʦʪ ʜʝʬ. ʟʘ ʦʪʨʠʮʘʪʝʣʥʦ ʙʠʥʦʤʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ 

ʩʣ. ʚ. ʝ ʚʠʜʥʦ, ʯʝ ʚʩʷʢʘ 

p

)p(n -1



ʦʪʨʠʮʘʪʝʣʥʦ ʙʠʥʦʤʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣ.ʚ. x  ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 

ʢʘʪʦ  x  = x(1) + x(2) +...+ x(n) , ʢʲʜʝʪʦ x(i), i = 1, 2, é, n ʩʘ ʥʝʟʘʚʠʩʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ, ʩ ʈ(ʋ) = ʨ.  

ʊʦʛʘʚʘ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ ʠ ʦʪ 

ʬʦʨʤʫʣʘʪʘ ʟʘ ʤ.ʦ. ʥʘ ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣ.ʚ. 

Ex  = E(x(1) + x(2) +...+ x(n)) = E(x(1)) + E(x(2)) +...+ E(x(n)) =  

=  +  + é +  = n . 

3. Dx =              . 

ɼ-ʚʦ: ʂʘʢʪʦ ʚ ʧʨʝʜʥʦʪʦ ʜ-ʚʦ  x  = x(1) + x(2) +...+ x(n) , ʢʲʜʝʪʦ x(i), i = 1, 

2, é, n ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʡʥʠ ʚ-ʥʠ, ʩ 

ʈ(ʋ) = ʨ. ʊʦʛʘʚʘ ʦʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʜʠʩʧʝʨʩʠʷʪʘ ʠ ʦʪ ʬʦʨʤʫʣʘʪʘ  

ʟʘ ʜʠʩʧʝʨʩʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣ.ʚ. 

Dx  = D(x(1) + x(2) +...+ x(n)) = D(x(1)) + D(x(2)) +...+ D(x(n)) =  

=  +  + é +  = n . 

2

1

p

)p(n -



 

4. mode x =                                                 n = 2, 3, é 

 

ʢʲʜʝʪʦ [a] ʝ ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ a ʠ mode x = 0, ʧʨʠ n = 1.  

ɼ-ʚʦ: ɿʘ ʜʘ ʚʠʜʠʤ ʢʲʜʝ ʨʘʩʪʝ ʠ ʢʲʜʝ ʥʘʤʘʣʷʚʘ ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝ-

ʥʠʝ ʥʘ x ʨʝʰʘʚʘʤʝ ʥ-ʚʦʪʦ P(x = k) < P(x = k + 1). ʆʪ ʩʚ-ʚʦ 1 ʥʘ x Í 

NBi(n; p), ʛʦʨʪʦʪʦ ʥ-ʚʦ  Ú ὅ pnqk < ὅ pnqk+1 Ú  

 < q Ú  
Ȧ

Ȧ Ȧ
 

Ȧ

Ȧ Ȧ
ή Ú 

k + 1 < qn + qk Ú kp < qn ï 1 Ú k <  = ὲ ρ ρ. ɿʘ ʪʘʢʠʚʘ k 

ʨʝʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x ʩʪʨʦʛʦ ʥʘʨʘʩʪʚʘ. ɸʥʘʣʦʛʠʯʥʦ, ʟʘ  

k > ὲ ρ ρ, ʨʝʜʲʪ ʥʘ ʨʘʟʧʨ. ʥʘ x ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘ. ʇʦʥʝʞʝ  

kÍ N, ʘʢʦ ὲ ρ  Î N  ʧʦʣʫʯʘʚʘʤʝ, ʯʝ ʧʨʠ k ¢ [ ὲ ρ ] ï 1 ʨʝʜʲʪ 

ʥʘ ʨʘʟʧʨ. ʥʘ x ʩʪʨʦʛʦ ʥʘʨʘʩʪʚʘ, ʘ ʧʨʠ ʟʘ k ² [ ὲ ρ ], ʨʝʜʲʪ ʥʘ 

ʨʘʟʧʨ. ʥʘ x ʩʪʨʦʛʦ ʥʘʤʘʣʷʚʘ. ɸʢʦ ὲ ρ  Í N ʠʤʘʤʝ ʜʚʝ ʤʦʜʠ 

ὲ ρ  - 1 ʠ ὲ ρ . 
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ɼ6. ʉʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ, x ʩ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ: 

 

ʩʝ ʥʘʨʠʯʘ ʧʦʘʩʦʥʦʚʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʩ 

ʧʘʨʘʤʝʪʲʨ l > 0. ʅʘʢʨʘʪʢʦ x ~ Po(l). 

ʉʚʦʡʩʪʚʘ: 

1. ɽx = l ; 

2. Dx = l ; 

 

3. mod x = 

,...,k,e
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ɸʢʦ ʨʘʟʧʦʣʘʛʘʤʝ ʩ a ʝʣʝʤʝʥʪʘ ʦʪ ʝʜʠʥ ʚʠʜ ʠ ʩ b ʝʣʝʤʝʥʪʘ ʦʪ  

ʜʨʫʛ ʚʠʜ. ʇʦ ʩʣʫʯʘʝʥ ʥʘʯʠʥ, ʙʝʟ ʚʨʲʱʘʥʝ ʠʟʙʠʨʘʤʝ n ʦʪ ʪʷʭ,  

ʢʲʜʝʪʦ n ¢  a + b. ʅʝʢʘ x ʝ ʙʨʦʷʪ ʥʘ ʠʟʚʘʜʝʥʠʪʝ ʝʣʝʤʝʥʪʠ ʦʪ  

ʧʲʨʚʠʷ ʚʠʜ. ɼʠʩʢʨʝʪʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ x ʝ  

ʭʠʧʝʨʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩ ʧʘʨʘʤʝʪʨʠ n, a ʠ  b.  

ɺʲʟʤʦʞʥʠʪʝ ʟʥʘʯʝʥʠʷ ʥʘ x ʩʘ ʮʝʣʠʪʝ ʯʠʩʣʘ ʚ ʠʥʪʝʨʚʘʣʘ  

[max(0, n-b), min(n, a)].  

ɼ7. ʉʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ, x ʩ ʨʝʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ: 

 

ʩʝ ʥʘʨʠʯʘ ʭʠʧʝʨʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩ ʧʘʨʘʤʝʪʨʠ n, a  

u b. ʅʘʢʨʘʪʢʦ x ~ Hi(n;a,b). 
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21. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʢʲʩʥʘʪʠ  

ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʭʥʠʪʝ ʯʠʩʣʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼ1. x ʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʚʲʨʭʫ  

ʠʥʪʝʨʚʘʣʘ [ʘ, b], (ʥʘʢʨʘʪʢʦ x ~ U (a, b)), ʘʢʦ  ʧʣʲʪʥʦʩʪʪʘ ʥʘ  

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ x  ʠʤʘ ʚʠʜʘ 

 

 

ʉʚʦʡʩʪʚʘ: ɸʢʦ x ~ U (a, b) ʠ h ʝ ʘʙʩʦʣʶʪʥʦ-ʥʝʧʨʝʢʲʩʥʘʪʘ  

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʪʦ 

1. ɽx =             ,  Dx =                  . 

2. Fh(h) ~ U (0, 1). 

3. ʇʨʠ a = 0  ʠ b = 1  ʬ.ʨ. ʥʘ Fh«(x) ʩʲʚʧʘʜʘ ʩ Fh (ʭ). 


























































