
���G_ihkj_^kl\_gguc�ih^kqzl�\_jhylghkl_c��G_aZ\bkbfhklv�kh[ulbc��L_hj_fu�keh`_-
gby�b�mfgh`_gby�\_jhylghkl_c�

1.1.�GZclb�\_jhylghklv�pn�lh]h��qlh�kemqZcgh�\u[jZggh_�gZlmjZevgh_�qbkeh�ba�fgh`_-
kl\Z�{1, 2,…, n} ^_eblky�gZ�nbdkbjh\Zggh_�gZlmjZevgh_�qbkeh�k. GZclb� lim .n

n
p

→∞

J_r_gb_��kj_^b�aZ^Zggh]h�gZ[hjZ�qbk_e�bf__lky�
n

k
 
  

�djZlguo�k��Ihwlhfm�ih�deZkkbq_-

kdhfm�hij_^_e_gbx�\_jhylghklb�
1 1

lim  .n n n
n

n
n nkp p p

n k nk nk→∞

  −  = ⇒ = ≤ ≤  

1.2. Ba�fgh`_kl\Z� ^�����«��n`�kemqZcgh�\u[bjZ_lky�qbkeh�a��GZclb�\_jhylghklv�lh]h�
qlh�qbkeh�a�g_�^_eblky�gb�gZ�h^gh�ba�gZlmjZevguo�b�ihiZjgh�\aZbfgh�ijhkluo�qbk_e�a1,…,
ak��GZclb� lim .n

n
p

→∞

J_r_gb_��gZ�dZ`^h_�ba�qbk_e�ai ^_eblky�
i

n

a

 
 
 

�qbk_e�b�aZ^Zggh]h�gZ[hjZ��lh]^Z��ihkdhev-

dm�ai ihiZjgh�\aZbfgh�ijhklu�gb�gZ�h^gh�ba�gbo�g_�^_eylky�
1

k

n
i i

n
x n

a=

 
= −  

 
∑ �qbk_e��Ih�deZk-

kbq_kdhfm�hij_^_e_gbx�\_jhylghklb�
1

1
;  lim 1

k
n

n n
n

i i

x
p p

n a→∞ =

= = − ∑ ��ZgZeh]bqgh������

1.3. Ba�fgh`_kl\Z�^�����«��n`�kemqZcgh�\u[bjZ_lky�qbkeh�a��Imklv�pn – \_jhylghklv�lh-
]h��qlh�a2 – 1 ̂ _eblky�gZ�����GZclb� lim .n

n
p

→∞

J_r_gb_��bkdhfh_�kh[ulb_�j_Zebam_lky�\�ljzo�kemqZyo�±��Z�±����djZlgh������Z������djZl-
gh������Z�±����djZlgh�������b��Z������djZlgh��������Ihke_^gbc�kemqZc�k\h^blky�d�^\mf�i_j\uf�

ihkdhevdm�_keb�h^gh�ba�qbk_e�±�qzlgh_��lh�b�^jm]h_��hlebqZxs__ky�gZ����lZd`_�qzlgh_��Ih-

wlhfm�
1 1 1

;  lim .
10 10 5n n

n

n n
p p

→∞

− +   = + =      

1.4.�Ba�dheh^u�dZjl�����dZjlu��\ugbfZxl�h^gh\j_f_ggh���dZjlu��JZkkfZljb\Zxlky�kh-
[ulby��:�±�kj_^b�\ugmluo�dZjl�ohly�[u�h^gZ�[m[gh\Zy��<�±�kj_^b�\ugmluo�dZjl�ohly�[u�h^gZ

q_j\hggZy��GZclb�\_jhylghklv�kh[ulby .C A B= ∪

J_r_gb_: 
4 4 4

3 1 3 1
1 ;  1 1 2 .

4 2 4 2

n

A B A B C A B A Bp p p p p p p∩ ∩
       = = − = − ⇒ = + − = − +              

1.5.�Imklv�Ω = {w1, w2, w3, w4} – ijhkljZgkl\h�we_f_glZjguo�bkoh^h\��b�\k_�we_f_glZj-
gu_�bkoh^u� jZ\gh\_jhylgu��JZkkfZljb\Zxlky� ke_^mxsb_� kh[ulby��A = {w1, w2}; B = {w1,
w3}; C = {w1, w4}. GZclb�\_jhylghklb�kh[ulbc�:, <�b�K��Y\eyxlky�eb�mdZaZggu_�kh[ulby�g_-
aZ\bkbfufb"

J_r_gb_�� kh]eZkgh� deZkkbq_kdhc� ko_f_� jZkqzlZ� \_jhylghklb� ( ) ( )1

2

A
p A p B= = = =

Ω

( ).p C= �Kh[ulby�:�b�<�y\eyxlky�g_aZ\bkbfufb��_keb�p(AB) = p(A)·p(B). AB = BC = AC = :<K

= {w1} ( ) ( ) ( ) ( )1 1 1
,

4 2 2
p AB p BC p AC p ABC⇒ = = ⋅ = = =  ihwlhfm� iZju� kh[ulbc�:<, :K� b



<K�g_aZ\bkbfu��H^gZdh�kh[ulby�:, <�b�K�aZ\bkbfu�\�kh\hdmighklb��ihkdhevdm�
3

1 1
.

4 2
 ≠   

1.6.�Imklv�j_amevlZl�g_dhlhjh]h� kemqZcgh]h� wdki_jbf_glZ� khklhbl� \�ihy\e_gbb� ljzo-
f_jgh]h�^\hbqgh]h�\_dlhjZ��o1, o2, o3���ijbqzf�\_jhylghklb�j1,... j8�ihy\e_gby�\_dlhjh\�khhl-
\_lkl\_ggh�lZdh\u�

( ){ }
( ){ }
( ){ }
( ){ }
( ){ }
( ){ }
( ){ }
( ){ }

1

2

3

4

5

6

7

8

0,0,0 0,14;

0,0,1 0,11;

0,1,0 0,11;

0,1,1 0,14;

1,0,0 0,11;

1,0,1 0,14;

1,1,0 0,14;

1,1,1 0,11.

p P

p P

p P

p P

p P

p P

p P

p P

= =

= =

= =

= =

= =

= =

= =

= =

.

JZkkfZljb\Zxlky�kh[ulby��: = {(x1, x2, x3): x1 = 0}, B = {(x1, x2, x3): x2 = 0}, C = {(x1, x2,
x3): x3 = 0}. GZclb�\_jhylghklb�kh[ulbc�:, <�b�K��Y\eyxlky�eb�mdZaZggu_�kh[ulby�g_aZ\bkb-
fufb"

J_r_gb_��kh[ulby���������b���y\eyxlky�g_i_j_dju\Zxsbfbky�qZklyfb�kh[ulby�:��ih-
wlhfm�p(A) = p1 + p2 + p3 + p4 = 0.5; ZgZeh]bqgh�p(B) = p(C) = 0.5. p(AB) = p1 + p2 = 0.25; ZgZeh-
]bqgh�p(AC) = p(BC) = 0.25 = p(A)·p(B). LZdbf�h[jZahf��kh[ulby�A, B b�K�ihiZjgh�g_aZ\bkb-
fu�b�aZ\bkbfu�\�kh\hdmighklb�

1.7.�;jhkZxlky�^\_�b]jZevgu_�dhklb��Imklv�j�±�qbkeh�hqdh\��\uiZ\r__�gZ�i_j\hc�dhklb�

k�±�qbkeh�hqdh\��\uiZ\r__�gZ�\lhjhc�dhklb��JZkkfZljb\Zxlky�ke_^mxsb_�kh[ulby��: = {( j,k):
k = 1,2,5}; B = {( j,k): k = 4,5,6}, C = {( j,k): j + k =9}. GZclb�\_jhylghklb�kh[ulbc�:, <, K, :<,
:K, <K, :<K.

J_r_gb_�� kh]eZkgh� deZkkbq_kdhc� ko_f_� jZkqzlZ� \_jhylghklb� ( ) 3 6 1

6 6 2

A
p A

⋅= = = =
Ω ⋅

( ),p B= �]^_�Ω�±�ijhkljZgkl\h�\k_o�\hafh`guo�bkoh^h\�����\ZjbZglh\�\uiZ^_gby�^\mo�dhk-

l_c���K = {(4,5); (5,4); (3,6); (6,3)} ⇒ ( ) 1
.

9
p C =  AB = {( j,k): k = 5}, AC = {(4,5)}, BC = {(4,5);

(5,4); (6,3)}, ABC = {(5,4)} ⇒ ( ) ( ) ( ) ( )1 1 1
,  ,  .

6 36 12
p AB p AC p ABC p BC= = = =

<�aZ^ZqZo�����±������lj_[m_lky�hij_^_eblv�gZ^z`ghklv��\_jhylghklv�[_ahldZaghc�jZ[hlu

\�l_q_gb_�g_dhlhjh]h�nbdkbjh\Zggh]h�\j_f_gb�L��ijb[hjZ��ko_fZ�dhlhjh]h�ijb\_^_gZ�\�kh-
hl\_lkl\mxs_c� aZ^Zq_��GZ^z`ghklv�dZ`^h]h� we_f_glZ�jZ\gZ�j��Ijb[hj� kqblZ_lky�jZ[hlZx-
sbf�� _keb� g_� ih\j_`^_gghc� hklZzlky� ohly� [u� h^gZ� p_ihqdZ� hl� ©\oh^Z� d� \uoh^mª� ko_fu�

Ij_^iheZ]Z_lky��qlh�we_f_glu�\uoh^yl�ba�kljhy�g_aZ\bkbfh�^jm]�hl�^jm]Z�

1.8.

J_r_gb_�� ijb� ihke_^h\Zl_evghf� kh_^bg_gbb� g_h[oh^bfZ� h^gh\j_f_ggZy� jZ[hlZ� \k_o



we_f_glh\��lh�_klv�gZ^z`ghklb�i_j_fgh`Zxlky��ijb�iZjZee_evghf�kh_^bg_gbb�g_h[oh^bfZ

jZ[hlZ�ohly�[u�h^gh]h�ba�we_f_glh\��lh�_klv�gZ^z`ghklv�fh`_l�[ulv�jZkkqblZgZ�dZd�_^bgbpZ

fbgmk�\_jhylghklv�©hldexq_gbyª�\k_o�we_f_glh\�iZjZee_evghc�p_ib����±�qn, ]^_�q = 1 – p. <

^Zgghf�kemqZ_� ( )( )2 21 1 1 .P q p q= − − −

1.9.

J_r_gb_��ZgZeh]bqgh����� ( ) ( )( )2 21 1 1 1 .P p p q= − − − −

1.10.

J_r_gb_��ZgZeh]bqgh����� ( )( )( ) ( )2 22 21 1 1 1 1 1 .P q p q p= − − − − = − −

1.11.

J_r_gb_��ZgZeh]bqgh����� ( ) ( )( )( ) ( )22 2 21 1 1 1 1 1 1 .P p q p q p= − − − − − = − −

1.12.

J_r_gb_��ZgZeh]bqgh����� ( )( )( ) ( )3 2 31 1 1 1 1 1 .P q q p q p= − − − − = − −

1.13.

J_r_gb_��ZgZeh]bqgh����� ( )( )221 1 1 .P q q= − − −

1.14.

J_r_gb_��ZgZeh]bqgh����� ( )22 21 .P p q= −



1.15.

J_r_gb_��ZgZeh]bqgh����� ( )( )22 31 1 .P q q= − −

1.16.

J_r_gb_��ZgZeh]bqgh����� ( )( )2 2 31 1 .P p q q= − −

1.17.

J_r_gb_��ZgZeh]bqgh������ ( ) ( )( )3 21 1 1 .P p q q p= − − −

���NhjfmeZ�iheghc�\_jhylghklb�

2.1.�Bf_xlky�^\_�mjgu��<�i_j\hc�mjg_�Z1�[_euo�rZjh\�b�b1�±�qzjguo��Z�\h�\lhjhc�mjg_

Z2�[_euo�rZjh\�b�b2�±�qzjguo��Ba�dZ`^hc�mjgu�ba\e_dZxl�ih�h^ghfm�rZjm�b�i_j_deZ^u\Zxl

bo�\�^jm]mx�mjgm��ba�i_j\hc�\h�\lhjmx��ba�\lhjhc�±�\�i_j\mx���AZl_f�ba�i_j\hc�mjgu�ba\e_-
dZxl��[_a�\ha\jZs_gby��n�rZjh\��DZdh\Z�\_jhylghklv��qlh�kj_^b�gbo�hdZ`_lky�m�[_euo"

J_r_gb_�� ih�nhjfme_� iheghc� \_jhylghklb� ( ) ( )
4

1

,i i
i

p p A p B
=

= ∑ � ]^_� � – ba\e_q_gb_� gZ

i_j\hf�wlZi_�ba�mjg�^\mo�[_euo�rZjh\����±�[_eh]h�b�qzjgh]h����±�qzjgh]h�b�[_eh]h����±�^\mo

qzjguo��Ai – \_jhylghklv�khhl\_lkl\mxs_]h�bkoh^Z�gZ�i_j\hf�wlZi_��<i�±�gZ�\lhjhf��Ihwlhfm

( )( ) ( )( ) ( )( )
1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 11 2 1 2 1 2

1 1 2 2 1 1 2 2 1 1 2 2

m n m m n m m n m
a b a b a b

n n n
a b a b a b

C C C C C Ca a a b b a
p

a b a b C a b a b C a b a b C

− − −
− + + −

+ + +

⋅ ⋅ ⋅
= + + +

+ + + + + +

( )( )
1 1

1 1

1 2

1 1 2 2

.
m n m
a b

n
a b

C Cb b

a b a b C

−

+

⋅
+

+ +

2.2.�Ba�mjgu��\�dhlhjhc�gZoh^ylky�Z1�[_euo�rZjh\�b�b1�qzjguo�m^Zeyxl�h^bg�rZj��Ih-
ke_�wlh]h�ba�mjgu�ba\e_dZxl��ihhq_jz^gh��k�\ha\jZs_gb_f��n�rZjh\��DZdh\Z�\_jhylghklv��qlh

kj_^b�gbo�[m^_l�m�[_euo�rZjh\"

J_r_gb_�� ih� nhjfme_� iheghc� \_jhylghklb�� ihemqbf� 1 1

1 1

2 11

1 1 2

m n m
a m b n m

n
a b n

C Ca
p

a b C

−
+ − + − −

+ + −

⋅
= +

+

1 1

1 1

1 21

1 1 2

.
m n m
a m b n m

n
a b n

C Cb

a b C

−
+ − + − −

+ + −

⋅
+

+

2.3.�Bf_xlky�^\_�mjgu��<�i_j\hc�mjg_�Z1�[_euo�rZjh\�b�b1�±�qzjguo��\h�\lhjhc�mjg_�Z2

[_euo�b�b2�qzjguo��Ba�dZ`^hc�mjgu�m^Zeyxl�ih�h^ghfm�rZjm��AZl_f�\k_�rZju�ba�\lhjhc�mj-
gu�i_j_deZ^u\Zxl�\�i_j\mx�b�ba�g_z�ba\e_dZxl��[_a�\ha\jZs_gby��n�rZjh\��DZdh\Z�\_jhyl-
ghklv��qlh�kj_^b�gbo�hdZ`_lky�m [_euo"



J_r_gb_�� ih� nhjfme_� iheghc� \_jhylghklb�
( )( )

1 2 1 2

1 2 1 2

21 2

1 1 2 2 2

m n m
a a b b

n
a a b b

C Ca a
p

a b a b C

−
+ − +

+ + + −

⋅
= +

+ +

( )( ) ( )( ) ( )( )
1 2 1 2 1 2 1 2 1 2 1 2

1 2 1 2 1 2 1 2 1 2 1 2

1 1 1 1 21 2 2 1 1 2

1 1 2 2 2 1 1 2 2 2 1 1 2 2 2

.
m n m m n m m n m
a a b b a a b b a a b b

n n n
a a b b a a b b a a b b

C C C C C Ca b a b b b

a b a b C a b a b C a b a b C

− − −
+ − + − + − + − + + −

+ + + − + + + − + + + −

⋅ ⋅ ⋅
+ + +

+ + + + + +

2.4.�Bf_xlky�^\_�mjgu��<�i_j\hc�mjg_�Z1�[_euo�rZjh\�b�b1�qzjguo��\h�\lhjhc�mjg_�a2

[_euo�rZjh\�b�b2�qzjguo��Ba�i_j\hc�mjgu�ba\e_dZxl���rZjZ�b�i_j_deZ^u\Zxl�bo�\h�\lhjmx

mjgm��AZl_f�ba�\lhjhc�mjgu�ba\e_dZxl��ihhq_j_^gh��k�\ha\jZs_gb_f��n�rZjh\��DZdh\Z�\_jh-
ylghklv��qlh�kj_^b�gbo�hdZ`_lky�m�[_euo�rZjh\"

J_r_gb_: 1 2 2 2 2 1 2 2

1 1 2 2 1 1 2 2 1 1 2 2

2 2
1 1 1 11 1

2 2 2
1 1 1

.
m n m m n m m n

a a m b n m a m b n m b a m b n m

n n n
a b a b n a b a b n a b a b n

C C C C C C C Ca b
p

C C C C C C

− −
+ + + − − + + − + − + − +

+ + + + + + + + + + + +

⋅ ⋅ ⋅
= + +

2.5. Bf_xlky�^\_�mjgu��<�i_j\hc�mjg_�Z1�[_euo�rZjh\�b�b1�qzjguo��\h�\lhjhc�mjg_�a2

[_euo�rZjh\�b�b2�qzjguo��\�lj_lv_c�mjg_�a3�[_euo�rZjh\�b�b3�qzjguo��Ba�i_j\uo�^\mo�mjg

ba\e_dZxl�ih�h^ghfm�rZjm�b�i_j_deZ^u\Zxl�bo�\�lj_lvx�mjgm��AZl_f�ba�lj_lv_c�mjgu�ba\e_-
dZxl�[_a�\ha\jZs_gby�n�rZjh\��DZdh\Z�\_jhylghklv��qlh�kj_^b�gbo�hdZ`_lky�m�[_euo�rZjh\"

J_r_gb_:

( )( ) ( )( ) ( )( )
3 3 3 3 3 3

3 3 3 3 3 3

2 1 1 21 2 1 2 2 1 1 2

1 1 2 2 2 1 1 2 2 2 1 1 2 2 2

.
m n m m n m m n m
a b a b a b

n n n
a b a b a b

C C C C C Ca a a b a b b b
p

a b a b C a b a b C a b a b C

− − −
+ + + +

+ + + + + +

⋅ ⋅ ⋅+= + +
+ + + + + +

2.6. <� mjg_�gZoh^blky� ��[_euo�rZjh\�b� �� qzjguo�� AZl_f� \� mjgm�^h[Z\ey_lky� ��rZjZ�

ijbqzf�dZ`^uc�^h[Z\ey_fuc�rZj�g_aZ\bkbfh�hl�hklZevguo�k�\_jhylghklvx�p�hdjZrb\Z_lky

\�[_euc�p\_l�b�k�\_jhylghklvx�q = 1 – p \�qzjguc�p\_l��Ihke_�wlh]h�ba�mjgu�ba\e_dZxl��[_a

\ha\jZs_gby�����rZjh\��DZdh\Z�\_jhylghklv��qlh�kj_^b�gbo�hdZ`_lky���[_euo"

J_r_gb_�� ih� nhjfme_� iheghc� \_jhylghklb�
7 3 7 3 7 3

3 2 212 8 11 9 10 10
10 10 10
20 20 20

C C C C C C
p p p q pq

C C C

⋅= + + +

7 3
3 9 11

10
20

.
C C

q
C

+

2.7. <�mjg_�gZoh^blky���[_euo�rZjh\�b���qzjguo��AZl_f�ijhba\h^blky�qZklbqgZy�aZf_gZ

rZjh\�ke_^mxsbf�h[jZahf��dZ`^uc�[_euc�rZj��g_aZ\bkbfh�hl�^jm]bo��k�\_jhylghklvx�p�hk-
lZ\ey_lky�gZ�f_kl_��Z�k�\_jhylghklvx�q = 1 – p hdjZrb\Z_lky�\�qzjguc�p\_l��Ihke_�wlh]h�ba

mjgu�ba\e_dZxl� �ihhq_jz^gh��k�\ha\jZs_gb_f�� ��rZjZ��DZdh\Z�\_jhylghklv��qlh� kj_^b�gbo

hdZ`_lky�ohly�[u�h^bg�[_euc�rZj"

J_r_gb_��Bkdhfh_�kh[ulb_�h[jZlgh�d�ba\e_q_gbx�ljzo�qzjguo�rZjh\��lh]^Z�ih�nhjfm-

e_�iheghc�\_jhylghklb�
35

5 5 3 1
3

0 10 3 1

1 .k k k

k

C
p p q

C
− + + −

= + −

 
= − 

 
∑

2.8. <�mjg_�gZoh^blky���[_euo�rZjh\�b���qzjguo��DZ`^uc�[_euc�rZj� �g_aZ\bkbfh�hl

^jm]bo��k�\_jhylghklvx�p�m^Zey_lky�ba�mjgu��Z�k�\_jhylghklvx�q = 1 – p�hklZ\ey_lky�\�g_c�
Ihke_�wlh]h�ba�mjgu�ba\e_dZxl� �ihhq_jz^gh��k�\ha\jZs_gb_f����rZjZ��DZdh\Z�\_jhylghklv�

qlh�kj_^b�gbo�hdZ`_lky�ohly�[u�h^bg�[_euc�rZj"

J_r_gb_��ZgZeh]bqgh�����
35

5 5 3 1
3

0 10 3 1

1 .k k

k k

C
p p q

C
− + −

= − + −

 
= − 

 
∑



���KemqZcgu_�\_ebqbgu��>bkdj_lgu_�jZkij_^_e_gby��[bghfbZevgh_��]_hf_ljbq_kdh_�

IZkdZey�

3.1.�Ijhba\h^yl�N�k_jbc�ih����[jhkZgbc�b]jZevghc�dhklb�\�dZ`^hc�k_jbb��DZdh\Z�\_jh-
ylghklv��qlh�jh\gh�\�k�k_jbyo����≤ k ≤ N��r_klv�hqdh\�\uiZ^_l�[he__�ljzo�jZa"

J_r_gb_��j1�±�\_jhylghklv�lh]h��qlh�r_klv�hqdh\�\uiZ^_l�[he__�ljzo�jZa�ohly�[u�\�h^-

ghc� k_jbb� khklZ\ey_l��

10 9 2 8
10 9 2 8 3 7

1

5 1 5 1 5
1 1

6 6 6 6 6
p q pq p q p q

       = − − − − = − − − −              
3 7

1 5
,

6 6
   −      

�]^_���±�ihegZy�\_jhylghklv��Z�\uqblZ_fu_�±�\_jhylghklb�\uiZ^_gby�r_klb�hq-

dh\���������beb���jZaZ��jZkkqblZggu_�^ey�^bkdj_lgh]h�jZ\ghf_jgh]h�jZkij_^_e_gby��<_jhyl-
ghklv�g_h[oh^bfh]h�bkoh^Z�jh\gh�\�k�k_jbyo�fh`_l�[ulv�jZkkqblZgZ�k�ihfhsvx�nhjfmeu

^ey�[bghfbZevgh]h�jZkij_^_e_gby�� ( )1 11 .
N kk k

NP C p p
−= −

3.2.�Ijhba\h^yl�N g_aZ\bkbfuo�bkiulZgbc��BkiulZgb_�khklhbl�\�[jhkZgbyo�b]jZevghc
dhklb�^h�\lhjh]h�ihy\e_gby�qbkeZ�hqdh\��djZlgh]h�ljzf��mki_ohf�kqblZ_lky�\lhjh_�ihy\e_gb_

mdZaZggh]h�qbkeZ�hqdh\�g_�iha`_�iylh]h�[jhkZgby�dhklb��K�dZdhc�\_jhylghklvx�ohly�[u�\

h^ghf�ba�N g_aZ\bkbfuo�bkiulZgbc�ijhbahc^zl�mki_o"
J_r_gb_: p1�±�\_jhylghklv�g_h[oh^bfh]h�bkoh^Z�\�h^ghf�bkiulZgbb��_z�fh`gh�jZkkqb-

lZlv� ih� nhjfme_� ^ey� jZkij_^_e_gby� IZkdZey�
1

.
3

p =  
 0 2 0 1 2 1

1 2 0 1 2 1 1p C p q C p q+ − + −= ⋅ + +

2 2 2 3 2 3 2 2 2 2 2 3
2 2 1 2 3 1 2 3 4 .C p q C p q p p q p q p q+ − + −+ ⋅ + ⋅ = + + + �G_h[oh^bfuc�bkoh^�ohly�[u�\�h^ghf

bkiulZgbb� ±�kh[ulb_��ijhlb\hiheh`gh_�hlkmlkl\bx� wlh]h�bkoh^Z�\h�\k_o�bkiulZgbyo��ih-

wlhfm� ( )11 1 .
N

P p= − −

3.3.�Ijhba\h^yl�����k_jbc�[jhkZgbc�fhg_lu�^h�i_j\h]h�ihy\e_gby�]_j[Z�\�k_jbb��DZdh-
\Z�\_jhylghklv��qlh�jh\gh�\����k_jbyo�]_j[�\i_j\u_�ihy\blky�ijb�k_^vfhf�[jhkZgbb�fhg_lu"

J_r_gb_: j1�±�\_jhylghklv�g_h[oh^bfh]h�bkoh^Z�\�h^ghc�k_jbb��jZkkqblu\Z_lky�k�ih-

fhsvx�nhjfmeu�^ey�]_hf_ljbq_kdh]h�jZkij_^_e_gby��
6

1

1
,  ]^_� �

2
p pq p q= = = �bkdhfZy�\_jh-

ylghklv�\uqbkey_lky�ih�[bghfbZevghc�ko_f_�� ( )8515 15
100 1 11 .P C p p= ⋅ −

3.4.�Ijhba\h^yl����k_jbc�[jhkZgbc�b]jZevghc�dhklb�^h�lj_lv_]h�ihy\e_gby�r_klb�hq-
dh\��DZdh\Z�\_jhylghklv��qlh�r_klv�hqdh\�ihy\ylky�\�lj_lbc�jZa�ijb�k_^vfhf�[jhkZgbb�dhklb

ohly�[u�\�h^ghc�ba����k_jbc"

J_r_gb_: p1�±�\_jhylghklv�mdZaZggh]h�kh[ulby�\�h^ghc�k_jbb��^Zggu_�bkiulZgby�hib-

ku\Zxlky�jZkij_^_e_gb_f�IZkdZey�k�n� ���b�k = 4: 4 3 4
1 3 4 1p C p q+ −= ⋅ =  

3 4
4
6

1 5
.

6 6
C    

      
 <_jhyl-

ghklv�ihy\e_gby�gm`gh]h�bkoh^Z�ohly�[u�\�h^ghc�ba�k_jbc� ±�kh[ulb_��ijhlb\hiheh`gh_�d

hlkmlkl\bx�wlh]h�bkoh^Z�\h�\k_o�k_jbyo��lh�_klv� ( )20

11 1 .P p= − −

3.5.�Ijhba\h^yl�k_jbx�g_aZ\bkbfuo�bkiulZgbc�^h�ihy\e_gby�i_j\h]h�mki_oZ��DZ`^h_
bkiulZgb_�khklhbl�\�n [jhkZgbyo�b]jZevghc�dhklb��mki_ohf�ijb�wlhf�kqblZ_lky�\uiZ^_gb_
ohly�[u�h^bg�jZa�ljzo�beb�q_lujzo�hqdh\��DZdh\Z�\_jhylghklv��qlh�mki_o�\i_j\u_�ijhbahc^zl

\�h^bggZ^pZlhf�bkiulZgbb�k_jbb"

J_r_gb_��mki_o�h^gh]h�bkiulZgby�±�kh[ulb_��ijhlb\hiheh`gh_�d�hlkmlkl\bx�mki_oZ�n



jZa��lh�_klv� 1

2
1

3

n

p  = −   
�±�\_jhylghklv�mki_oZ�h^gh]h�bkiulZgby��>ey�hij_^_e_gby�bkdhfhc

\_jhylghklb�ijbf_gbf�nhjfmem�]_hf_ljbq_kdh]h�jZkij_^_e_gby�� ( )10

1 11 .P p p= −

3.6. Ijhba\h^yl� k_jbx�g_aZ\bkbfuo� bkiulZgbc� ^h� ihy\e_gby� iylh]h� mki_oZ��DZ`^h_
bkiulZgb_�khklhbl�\�n [jhkZgbyo�fhg_lu��mki_ohf�ijb�wlhf�kqblZ_lky�\uiZ^_gb_�ohly�[u
h^gh]h�]_j[Z��DZdh\Z�\_jhylghklv��qlh�k_jby�aZdhgqblky�gZ�^_\ylhf�bkiulZgbb"

J_r_gb_: p1 – \_jhylghklv�mki_oZ�\�h^ghf�bkiulZgbb��lh�_klv�\uiZ^_gb_�]_j[Z�\�ohly
[u�h^ghc�ba�n ihiulhd��wlh�kh[ulb_��ijhlb\hiheh`gh_�d�\uiZ^_gbx�j_rzldb�\h�\k_o�n�bk-

iulZgbyo��lh�_klv� 1

1
1 .

2

n

p  = −   
�<_jhylghklv�ihy\e_gby�iylh]h�mki_oZ�gZ�^_\ylhf�bkiulZgbb

hij_^_ey_lky� ih� nhjfme_� ^ey� jZkij_^_e_gby� IZkdZey�� ( )
4

44 5 4
5 4 1 1 1 8

1
1

2

n

p C p p C+ −
 = − = ⋅  

5

1
1 .

2

n  ⋅ −     

3.7. Ijhba\h^yl�k_jbx�g_aZ\bkbfuo�bkiulZgbc�^h�ihy\e_gby�i_j\h]h�mki_oZ��DZ`^h_
bkiulZgb_�khklhbl�\�[jhkZgbyo�b]jZevghc�dhklb�^h�\lhjh]h�ihy\e_gby�ljhcdb�beb�q_l\zjdb�

mki_ohf�kqblZ_lky�\lhjh_�ihy\e_gb_�mdZaZggh]h�qbkeZ�hqdh\�ijb�iylhf�[jhkZgbb�dhklb��DZ-
dh\Z�\_jhylghklv��qlh�k_jby�aZdhgqblky�gZ�k_^vfhf�bkiulZgbb"

J_r_gb_��\_jhylghklv�p1 mki_oZ�h^gh]h�bkiulZgby�fh`_l�[ulv�jZkkqblZgZ�ih�nhjfme_

^ey�jZkij_^_e_gby�IZkdZey�

2 3
3

1 3 2 1

1 1
1 ;

3 3
p C + −

   = −      
�lh]^Z�bkdhfZy�\_jhylghklv�jZkkqblu\Z-

_lky�ih�nhjfme_�^ey�]_hf_ljbq_kdh]h�jZkij_^_e_gby�� ( )
6

6

1 1

32 32
1 1 .

243 243
P p p  = − = −  

3.8. Ijhba\h^yl�k_jbx�g_aZ\bkbfuo�bkiulZgbc�^h�ihy\e_gby�i_j\h]h�mki_oZ��DZ`^uc
wdki_jbf_gl�khklhbl�ba�n�g_aZ\bkbfuo�bkiulZgbc�k�\_jhylghklvx�iheh`bl_evgh]h�bkoh^Z�p
\�dZ`^hf�bkiulZgbb��Mki_ohf�kqblZ_lky�ihy\e_gb_�qbkeZ�iheh`bl_evguo�bkoh^h\��ij_\hk-
oh^ys_]h�m (0 ≤ m < n). DZdh\Z�\_jhylghklv��qlh�mki_o�\i_j\u_�[m^_l�^hklb]gml�\�iylhf�wdk-
i_jbf_gl_�k_jbb"

J_r_gb_��\_jhylghklv�mki_oZ�h^gh]h�bkiulZgby� 1
1

.
n

k k n k
n

k m

p C p q −

= +

= ∑ �Lh]^Z�ih�nhjfme_

^ey�]_hf_ljbq_kdh]h�jZkij_^_e_gby� ( )4

1 11 .p p p= −

3.9. Bf__lky�R�mjg��R ≥ 2���dZ`^Zy�bo�dhlhjuo�kh^_j`bl�n�i_j_gmf_jh\Zgguo��hl���^h
n��rZjh\��AZl_f�k�dZ`^hc�mjghc��g_aZ\bkbfh�hl�hklZevguo��ijh\h^blky�ke_^mxsZy�ijhp_^m-
jZ��dZ`^uc�rZj�mjgu��g_aZ\bkbfh�hl�hklZevguo�rZjh\��k�\_jhylghklvx�p�m^Zey_lky�ba�mjgu�
Z�k�\_jhylghklvx�q = 1 – p hklZ\ey_lky�\�g_c��Imklv�:s�±�fgh`_kl\h�ghf_jh\�rZjh\��hklZ\-
rboky�\�s-hc�mjg_��s = 1,…R. GZclb� { }1 ... .RP A A∩ ∩ = ∅

J_r_gb_��bkdhfh_�kh[ulb_�_klv�h[t_^bg_gb_�n kh[ulbc��dZ`^h_�ba�dhlhjuo�khklhbl�\
lhf��qlh�rZj�k�g_dhlhjuf�nbdkbjh\Zgguf�ghf_jhf�m^Zey_lky�ba�ohly�[u�h^ghc�mjgu��<_jh-
ylghklv�ihke_^g_]h� 1 1 .Rp q= −  Lh]^Z��ihkdhevdm�\ulZkdb\Zgb_�dZ`^h]h�ba�rZjh\�hkms_kl\-

ey_lky�g_aZ\bkbfh�hl�hklZevguo��p = np1 = n(1 – qR).



���Qbkeh\u_�oZjZdl_jbklbdb�kemqZcguo�\_ebqbg�

4.1. GZclb�fZl_fZlbq_kdb_�h`b^Zgby��^bki_jkbb�b�dh\ZjbZpbx�kemqZcguo�\_ebqbg�ξ =
2ν – µ�b�η = ν + 3µ��_keb�kemqZcgu_�\_ebqbgu�ν�b�µ�g_aZ\bkbfu�b�jZkij_^_e_gu�ghjfZevgh�k
iZjZf_ljZfb��Z1, σ1��b��Z2, σ2��khhl\_lkl\_ggh�

J_r_gb_��^ey�ghjfZevgh]h�jZkij_^_e_gby�Fν = Z1, Fµ = Z2��ba�k\hckl\�fZl_fZlbq_kdh-
]h�h`b^Zgby�Fξ = 2Fν – Fµ = 2Z1 – Z2; Dξ = Mξ2 – (Mξ)2 = M (2ν – µ)2 – (2Mν – Mµ)2 = Dν +
4Dµ – 4M (νµ) + 4Mν⋅Mµ = Dν + Dµ = 2 2

1 24 .σ σ+  :gZeh]bqgh�Mη = a1 + 3a2; Dη = 2 2
1 29 .σ σ+

D(ξ + η) = M (3ν + 2µ)2 – (M (3ν + 2µ))2 = 9Dν + 4Dµ = 2 2
1 29 4 .σ σ+  2cov(ξ,η) = D(ξ + η) – Dξ –

Dη = 2 2
1 27 9σ σ− ⇒  ( )

2 2
1 27 9

cov , .
2

σ σξ η −⇒ =

4.2. GZclb�fZl_fZlbq_kdb_�h`b^Zgby��^bki_jkbb�b�dh\ZjbZpbx�kemqZcguo�\_ebqbg�ξ =
3ν – 2µ�b�η = ν + 2µ��_keb�kemqZcgu_�\_ebqbgu�ν�b�µ�g_aZ\bkbfu�b�bf_xl�[bghfbZevgu_
jZkij_^_e_gby�k�iZjZf_ljZfb��n1, p1��b��n2, p2��khhl\_lkl\_ggh�

J_r_gb_��^ey�[bghfbZevgh]h�jZkij_^_e_gby�Mν = n1p1, Mµ = n2p2, Dν = n1p1(1 – p1), Dµ
= n2p2(1 – p2���ZgZeh]bqgh�����Mξ = 3n1p1 – 2n2p2, Dξ = 9n1p1(1 – p1) + 4n2p2(1 – p2); Mη = n1p1

+ 2n2p2, Dη = n1p1(1 – p1) + 4n2p2(1 – p2); D(ξ + η) = D(4ν) = 16n1p1(1 – p1). 2cov(ξ,η) = D(ξ + η)
– Dξ – Dη = 6n1p1(1 – p1) – 8n2p2(1 – p2), lh�_klv�cov(ξ,η) = 3n1p1(1 – p1) – 4n2p2(1 – p2).

4.3. GZclb�fZl_fZlbq_kdb_�h`b^Zgby��^bki_jkbb�b�dh\ZjbZpbx�kemqZcguo�\_ebqbg�ξ =
–ν – 2µ�b�η = ν – 2µ��_keb�kemqZcgu_�\_ebqbgu�ν�b�µ�g_aZ\bkbfu�b�bf_xl�jZkij_^_e_gby�Im-
ZkkhgZ�k�iZjZf_ljZfb�λ1�b�λ2�khhl\_lkl\_ggh�

J_r_gb_��^ey�jZkij_^_e_gby�ImZkkhgZ�Mν = Dν = λ1, Mµ = Dµ = λ2, ZgZeh]bqgh�����Mξ
= –λ1 – 2λ2, Mη = λ1 – 2λ2, Dξ = Dη = λ1 + 4λ2. D(ξ + η) = D(–4µ) = 16λ2; cov(ξ,η) = –λ1 + 4λ2.

4.4. GZclb�fZl_fZlbq_kdb_�h`b^Zgby��^bki_jkbb�b�dh\ZjbZpbx�kemqZcguo�\_ebqbg�ξ =
3ν – 2µ�b�η = ν + 2µ��_keb�kemqZcgu_�\_ebqbgu�ν�b�µ�g_aZ\bkbfu�b�bf_xl�ihdZaZl_evgu_
jZkij_^_e_gby�k�iZjZf_ljZfb�λ1�b�λ2�khhl\_lkl\_ggh�

J_r_gb_��^ey�ihdZaZl_evgh]h�jZkij_^_e_gby�Mν = 1/λ1, Mµ = 1/λ2. 12
1

0

xx e dxλν λ
+∞

−= −∫D

1

2 2 2 2
1 1 1 20

1 1 1 1
2 ;  .xxe dxλ µ

λ λ λ λ

+∞
−− = − = =∫ D  :gZeh]bqgh� ����

1 2 1 2

3 2 1 2
,  ,M Mξ η

λ λ λ λ
= − = +

( ) ( )2 2 2 2 2
1 2 1 2 1

9 4 1 4 16
,  ,  4 .ξ η ξ η ν

λ λ λ λ λ
= + = + + = =D D D D  ( ) 2 2

1 2

3 4
cov , .ξ η

λ λ
= −

���EhdZevgZy�ij_^_evgZy�l_hj_fZ�

Bgl_]jZevgZy�ij_^_evgZy�l_hj_fZ�FmZ\jZ�EZieZkZ�

5.1.�Kdhevdh�[jhkZgbc�fhg_lu�gm`gh�ijh\_klb��qlh[u�k�\_jhylghklvx��ij_\hkoh^ys_c

������hlghkbl_evgZy�qZklhlZ�ihy\e_gbc�]_j[Z�hlebqZeZkv�hl�\_jhylghklb�ihy\e_gby�]_j[Z�ih

Z[khexlghc�\_ebqbg_�g_�[he__��q_f�gZ�����"

J_r_gb_��\_jhylghklv�\uiZ^_gby�]_j[Z�j = 0.5; hlghkbl_evgZy�qZklhlZ�ihy\e_gbc�]_j[Z

jZ\gZ� ,n

n

µ
� lh� _klv� lj_[m_lky� hij_^_eblv� 0.5 0.01 0.01 0.01n n np

P P
n n

µ µ  − − < = − < < =   
  



00.01 0.01 2 0,01n npn n n
P

pq pq pqnpq

µ   − = − < < ≈ Φ         
�ih�bgl_]jZevghc�ij_^_evghc�l_hj_f_

FmZ\jZ�EZieZkZ��]^_� ( )
2

2
0

0

.
x u

x e du
−

Φ = ∫ �>ZggZy�\_jhylghklv�^he`gZ�ij_\ukblv� ������lh�_klv�

bkoh^y�ba�fhghlhgghklb�N0(o), 0.01 1.96,
n

pq
≥ �ihwlhfm� 4 196 49.

n
n n

pq
= ≥ ⇒ ≥

5.2. KemqZcgZy� \_ebqbgZ� µn� jZkij_^_e_gZ� [bghfbZevgh� k� iZjZf_ljZfb� �n, p). GZclb

�ijb[eb`zggh��agZq_gb_�z,�ijb�dhlhjhf�\uihegy_lky�khhlghr_gb_� 0.0026,nP p z
n

µ − > = 
 

_keb�n� �������Z�p = 0.1.

J_r_gb_��ih�ZgZeh]bb�k����� 1 1n n nP p z P p z P z p z
n n n

µ µ µ     − > = − − ≤ = − − ≤ − ≤     
     

0 01 2 0.0026 0.4987 3.0 0.018.
n n n

z z z z
pq pq pq

   
≈ − Φ = ⇒ Φ ≈ ⇒ ≈ ⇒ ≈         

5.3.� KemqZcgZy� \_ebqbgZ� µn� jZkij_^_e_gZ� [bghfbZevgh� k� iZjZf_ljZfb� �n, p)��GZclb

�ijb[eb`zggh��agZq_gb_�p��ijb�dhlhjhf�\uihegy_lky�khhlghr_gb_� 0.9974,nP p z
n

µ − < = 
 

_keb�n = 900, z = 0.03.

J_r_gb_�� ih� ZgZeh]bb� k� ���� nP p z
n

µ − < = 
 

2
02 0.9974 3.0 0.09n npn n n n

P z z z z pq p p
pq pq pq pqnpq

µ   − = − < < ≈ Φ = ⇒ ≈ ⇒ = ⇒ − +        
1 0.8

0.09 0 0.1;  0.9.
2

p
±+ = ⇒ = =

5.4. <�mjg_�������rZjh\��ba�gbo������[_euo��Ba�mjgu�ba\e_dZxl��[_a�\ha\jZs_gby�����

rZjh\��DZdh\Z�\_jhylghklv��qlh�qbkeh�[_euo�rZjh\�kj_^b�gbo�gZoh^blky�f_`^m����b���"

J_r_gb_�� hlghkbl_evgZy� qZklhlZ� ihy\e_gby� [_euo� rZjh\� ^he`gZ� gZoh^blvky� f_`^m

����� b� ������ lh� _klv� ( )0.45 0.55 0.45 0.55 0.5n nP P P p p p p
n n

µ µ   = ≤ ≤ = − ≤ − ≤ − = = =   
   

( ) ( )00.05 0.05 100 2 1 0.6826.n npn n
P n

pq pqnpq

µ − = − ≤ ≤ ≈ = ≈ Φ = 
  

���Fgh]hf_jgu_�jZkij_^_e_gby�

6.1.�>\mf_jgZy�kemqZcgZy�\_ebqbgZ� �ξ1, ξ2��jZkij_^_e_gZ�jZ\ghf_jgh�\�h[eZklb�D��h]-
jZgbq_gghc�hkvx�x�b�djb\hc�y = exp (–x2). GZclb�iehlghklv�kh\f_klgh]h�jZkij_^_e_gby�p1,2(x,
y)��fZj]bgZevgmx�iehlghklv�p1(x��b�mkeh\gmx�iehlghklv p2/1(y/x)��Y\eyxlky�eb�kemqZcgu_�\_-
ebqbgu�ξ1�b�ξ2�b�aZ\bkbfufb�b�dhjj_ebjh\Zggufb"



J_r_gb_��hij_^_ebf�iehsZ^v�h[eZklb�D. ( ) 2

.xS D e dx π
+∞

−

−∞

= =∫  Lh]^Z�ih�ko_f_�jZ\gh-

f_jgh]h�jZkij_^_e_gby� ( )
( )

( )
1,2

1
,  ,

, .

0,  ,

x y D
p x y

x y D

π
 ∈= 
 ∉

 ( ) ( )
2

2

1 1,2

0

1
, .

xe xe
p x p x y dy dy

π π

− −

= = =∫ ∫
\

( ) ( )
( )

21,2
2/1

1

,
/ .xp x y

p y x e
p x

= =  ( )
ln

2 ln

1 ln
2

0,  0,  1;

y

y

y
dx

p y

y y

ππ

−

− −

 −=
= 


< >

∫  ξ1� b� ξ2� aZ\bkbfu�� gZijbf_j�

( ) ( ) ( )1,2 1 2

1 1
0,1 0 1 0 0.p p p

π π
= ≠ = ⋅ =

( )
2

2 22 2
1 1 1 1 1

1
0 0,

2

x
xxe

dx eξ ξ ξ ξ ξ
π π

−
− +∞

−∞
−= = = = ⇒ = − =∫M M D M M

\

� lh� _klv� dhwnnbpb-

_gl�dhjj_eypbb�ρ(ξ1, ξ2��g_�hij_^_ezg�b�km^blv�h�dhjj_ebjh\Zgghklb�g_evay�

6.2.�>\mf_jgZy�kemqZcgZy�\_ebqbgZ� �ξ1, ξ2��jZkij_^_e_gZ�jZ\ghf_jgh�\�h[eZklb�D��h]-
jZgbq_gghc�hdjm`ghklvx�jZ^bmkZ�R�k�p_gljhf�\�gZqZe_�dhhj^bgZl��GZclb�iehlghklv�kh\f_-
klgh]h�jZkij_^_e_gby�p1,2(x, y)��fZj]bgZevgmx�iehlghklv�j1(x)�b�mkeh\gmx�iehlghklv�j2/1(y/x).
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