


 

VÇ

¯á´Äu)Ã{ý�, �´Ù�U5���±½þ£ã.

X, �M1, /�¡0Ú/�¡0��U5���Ó.

qX, �üqM1,

/Ñ´�¡0Ú/Ñ´�¡0��U5���Ó;

/ò�ò�0��U5'/Ñ´�¡0��U5�.

�Å¯��VÇ: ½þ£ã§u)�U5��.

A �VÇPèP pAq.

VÇ: ªÇ!�&Ý!únz½Â.

��ä<: oÀº, U�: ÙE 1òÙ



 

VÇ��*¹Â

ò½^á(Pè^á|S)�þE¢y�,

¯áA u)�gê(¡èªê)�oÁ�gê�':

A u)�ªÇ “
A�ªê

oÁ�gê
:

ªÇè�Ï²�È\¤��, ªu½�p, ù´�*¯¢.

~. �M1, /�¡äþ0�ªÇªu1{2. (ÑP3L�).

~. 100 �¥. Ù¥ç¥50 �, x¥50 �. ?�ò�. K/�

�ç¥0�ªÇªu1{2. e^áUèç¥60 �, x¥40 �,

K/��ç¥0�ªÇªu0:6.

½Â1.1. ¡þã½�pèA (3^á|S e) u)�VÇ,

PäP pAq “ p.

��ä<: oÀº, U�: ÙE 1òÙ



 

ªÇäk½5�¯á¡èëÅ¯á, {¡¯�.

ÙªÇ�½�¡èT¯��VÇ.

5: ¢S¥���¯áò�Ñ´ëÅ¯á.

ªÇ��ur0; 1s. Ïd0 ď P pAq ď 1.

Ø�U¯áV �VÇ: P pV q “ 0;

7



 

VÇ�Ì*¹Â

ØUE½ØU�þE�¯áA, XÛ½ÂÙVÇ?

<��â®k��£Ú²�, éA u)�U5�Ñ�<&g,

^r0; 1s ¥�êq 5L«. �U5��¯áA éA���êq,

(üN5).

½Â1.2. ¡þã�<&gq èÌ*VÇ. ù´Ì*½Â.

~. èí[é�¬Ñ��U5�ýÿ;

ö)é,A½¾<Ãâ¤õ�ýÿ.

Ì*VÇq: é¯áä
�[�	(�^á|S ¬Ü), ¿©|

^®k²�(�ªÇ¬Ü, �½�p Cq).

��ä<: oÀº, U�: ÙE 1òÙ



 

§1.2 �;V.

,
¯K��äk/é¡50. ���OéÙVÇ.

ù´^êÆ�.¦)VÇ��{.

X. �M1, @�/�¡0Ú/�¡0VÇ��(é¡5), �

�è0:5.

5: /�¡0Ú/�¡0�ªÇ�Úè1.

��ä<: oÀº, U�: ÙE 1òÙ





 ~2.2. Ý¥5�¥, 3x2ç. l¥?�ü�. ¯: Ñ´x¥�VÇ?

5: ù�ØU�*�ÑVÇ.

ï�: r5�¥?Ò, 1|3Òèx¥, 4|5Òèç¥.

¤k�U(JkC2
5 “ 10 �: 1` 2 1` 3 1` 4

1` 5 2` 3 2` 4 2` 5 3` 4 3` 5 4` 5.

z�(Ju)�Å¬�Ó, p½. �z�(J�VÇè1/10.

Ù¥, 1` 2; 1` 3; 2` 3 ù3�(J÷v/Ñ´x¥0, Ù¦

(JKØ÷v. �¤¦è3/10.

��ä<: oÀº, U�: ÙE 1òÙ



 

�V��¯á|

½Â2.1 �A1; A2; : : : ; An è¯á, e

(1) A1; A2; : : : ; An u)�Å¬�Ó(��U5),

(5: ué¡5);

(2) A1; A2; : : : ; An ��kò�u)(��5),

(5: ¤k�U(J, oªÇè1);

(3) A1; A2; : : : ; An �õkò�u)(pØ�N5).

(5: p�ü½, ªÇ�\å5).

K¡A1; A2; : : : ; An è�V��¯�|/�VÄ�¯�|.

¡z�Ai èÄ�¯�.

X, ~1.1, �M1, ü�Ä�¯á: /�¡0Ú/�¡0.

��ä<: oÀº, U�: ÙE 1òÙ



 

eA1; A2; : : : ; An´ò��VÄ�¯á|, ¯áBdÙ¥

�m�Ä�¯á¤�¤, K

P pBq “
m

n
: (2.1)

�;V.: ^�VÄ�¯á|Ú(2.1)5Oé¯á�VÇ.

5: ï�, ØØ¦/éÑn �m.

��ä<: oÀº, U�: ÙE 1òÙ



 

~2.2(Y). 5�¥, 3x2ç. l¥?�ü�. ¯: Ñ´x¥�VÇ?

�kn “ C2
5 “ 10 «ØÓ�{, z«�{éAò�Ä�¯á.

Ù¥, ÷v/Ñ´x¥0�Ä�¯ákm “ C2
3 “ 3 �.

�¤¦èm{n “ 3{10.

Ø): n�Ä�¯á: /üx0, /üç0, /òçòx0.

)û: ï��Ö7ò¤ké�(=, ¥)?Ò¿\±«©.

��ä<: oÀº, U�: ÙE 1òÙ



 

~2.3. 100á�¬, k5ág¬. ?�50á. ¦: /Ãg¬0�VÇ.

�kn “ C50
100 �(J, z�(JéAò�Ä�¯á.

ÎÜ¯áB “/Ãg¬0�Ä�¯á: l95��¬¥�

Ñ50á. �m “ C50
95 .

�¤¦è

P pBq “
C50
95

C50
100

“
95!{p50!45!q

100!{p50!50!q

“
50!{45!

100!{95!
“

50 ¨ 49 ¨ 48 ¨ 47 ¨ 46

100 ¨ 99 ¨ 98 ¨ 97 ¨ 96

“
1

2
¨

1

2
¨

1

2
¨

47

99
¨

46

97
“

1081

38412
« 2:8%:

��ä<: oÀº, U�: ÙE 1òÙ



 ~2.4. 100á�¬, k5ág¬. ?�50á.

PA “ /TÐk2ág¬0. ¦: P pAq.

n “ C50
100.

ÎÜ¯áA �Ä�¯á: l5�g¬¥?�2�, l95��¬

¥?�48�. �m “ C2
5C

48
95 .

�¤¦è

P pAq “
C2
5C

48
95

C50
100

“

5!
2!3! ¨

95!
47!48!

100!
50!50!

« 0:32:

��ä<: oÀº, U�: ÙE 1òÙ



 

o(: Ø�£Ä�

~2.5. �ò1�¬�N�, Ù¥g¬�M�. l¥?�n�. ¯:

TÐÑym�g¬�VÇ?

Ù¥, 0 ď m ď n, m ďM , n´m ď N ´M .

¤¦è

P pTÐÑym�g¬q “
Cn´mN´MC

m
M

CnN
: (2.2)

�k ă 0 ½k ą n �, �½Ckn “ 0.

��ä<: oÀº, U�: ÙE 1òÙ



 
½n2.1. �kN �é�, ©¤k a, Ù¥1i akNi �.

Ù¥, Ni ě 0, i “ 1; 2; : : : ; k; �N1 `N2 ` ¨ ¨ ¨ `Nk “ N .

lùN �é�¥?�n �. P

A “/Tkmi �áu1i a, i “ 1; ¨ ¨ ¨ ; k0:

Ù¥, 0 ď mi ď Ni, i “ 1; 2; : : : ; k; �n “ m1 `m2 ` ¨ ¨ ¨ `mk.

K

P pAq “
Cm1
N1
Cm2
N2

: : : Cmk
Nk

CnN
: (2.3)

��ä<: oÀº, U�: ÙE 1òÙ



 

8Ü9Ù~f

§1.3 ¯á�$é9VÇ�\{úª &

§1.4 8Ü�¯á!VÇ�únz½Â

½Â4.1. 8Ü´eZØÓ��É��N.

8Ü�ÎÒ: A;B;C; : : : , �É�ÎÒ: a; b; c; : : : .

a P A: �Éa áu8ÜA;

a R A: �Éa Øáu8ÜA.

�8, H: Ø¹?Û�É.

~4.1. �N��ê�8Ü, t1; 2; 3; ¨ ¨ ¨ u.

~4.2. Ø�u10���ê�8Ü, t1; 2; ¨ ¨ ¨ ; 10u.

~4.5. ù!�!xn�¥, k�£/Ä�ng�(¤k)(

J|¤�8Ü, �k33 “ 27 ��É.

��ä<: oÀº, U�: ÙE 1òÙ



 

8Ü�'X

�¹/�¹u: A ��ÉÑ´B ��É(=, a P A ùñ a P B),

PèA Ď B (¡èA �¹uB) ½B Ě A (¡èB �¹A). è

¡A ´B �f8.

~4.3. R: ¢ê8. R2 “ tpx; yq : x; y P Ru. �ëü �,

A “ tpx; yq : x; y P R;x2 ` y2 ă 1u (m),

B “ tpx; yq P R2 : x2 ` y2 ď 1u (4). KA Ď B Ď R2.

��: A ��É�B ��É���Ó, PäA “ B.

A “ B ðñ A Ď B �B Ě A.

��ä<: oÀº, U�: ÙE 1òÙ



 

8Ü�$é

¿8, A Y B: ¤k/áuA ½áuB 0��É|¤.

�8, A X B, AB: ¤k/áuA �áuB0��É|¤.

e�?Ø,��8Ü
 �f8�m�'X, K¡
 è�8.

A �{8/Ö8: Ac “ tx P 
 : x RAu. 5: pAcqc “ A.

�8: A z B :“ AXBc. ~, Ac “ 
zA. (5: ë�ã).

��Æ: AYB “ B YA, AXB “ B XA.

(ÜÆ: pAYBq Y C “ AY pB Y Cq, �8aq.

©�Æ: AX pB Y Cq “ pAXBq Y pAX Cq, X �Y �p�.

éóÆ: pAYBqc “ Ac XBc, pAXBqc “ Ac YBc.

AYA “ A, AYAc “ 
, AY 
 “ 
, AYH “ A.

AXA “ A, AXAc “ H, AX 
 “ A, AXH “ H.

��ä<: oÀº, U�: ÙE 1òÙ



 

(��)Ã¡�8Ü�¿8Ú�8. �A1; A2; : : : ´ò�8Ü.

¿8,
Ť8
k“1Ak, A1 YA2 Y : : : :

a áuA1; A2; : : : ¥���ò�; �3 k ¦�a áuAk.

8
ď

k“1

Ak :“ ta : D k P t1; 2; : : : u ¦� a P Aku:

�8:
Ş8
k“1Ak, A1 XA2 X : : : , A1A2 : : : :

a áu¤k� A1; A2; : : : ; a áu?¿ò�Ak.

8
č

k“1

Ak :“ ta : a P Ak;@ k P t1; 2; : : : uu:

~,
Ť8
k“1r

1
k ; 1s “ p0; 1s,

Ş8
k“1p´

1
k ;

1
k q “ t0u.

��ä<: oÀº, U�: ÙE 1òÙ



 

¯á�8Ü

^á|S e(=, ,�ëÅÁ�¥)¤k�UØÓ(J�8Ü

Pä
 (Àè�8). ¯áKéAu
 �f8.


 ´7,¯á, H ´Ø�U¯á.

! P A: (! ¦�) A u).

¯á�'X�$é: �¹/�¹u, ��, �¯á, ¿¯á, ¨ ¨ ¨

éá¯�/Ö¯á, Ac, èPè �A. ¹Â: A Øu).

�¯�, AzB. ¹Â: ¯áA u)�¯áB Øu).

A;B pØ�N/Ø��/p½: AXB “ H.

¹Â: ØUÓ�u). (5: A Ď Bc, B Ď Ac.)

õ�¯ápØ�N: üüpØ�N. ~, Ä�¯ápØ�N.

��ä<: oÀº, U�: ÙE 1òÙ



 

~4.6. �üqM1.

A “/ü�Ñ´�¡0, B “/TÐò��¡0,

C “/��ò��¡0, D “/ò�ò�0.

K

A Ď C; B “ D Ď C; Ïd AC “ A; BC “ B:

AYB “ C; AB “ H:

êÆ�ó: ^H(Head) L«�¡, T(Tail)L«�¡.

�X, HT: 1òqM1�¡äþ, 1�qM1�¡äþ. K


 “ tHH, HT, TH, TTu; A “ tHHu;

B “ D “ tHT, THu; C “ tHT, TH, HHu:

��ä<: oÀº, U�:



 

~3.2 ò�Ã�,8IëY�Â.

A1 “/1òg�Â, ·¥0,

Ak “/ck ´ 1g�ÂÑô¥, 1kg�Â·¥0,

Ù¥, k “ 2; 3; : : : .

KA1; A2; : : : pØ�N, �
Ť8
k“1Ak “/ªu·¥0.

êÆ�ó: ^H(Head) L«/·¥0, T(Tail)L«/ô¥0.

�X, HTH¨ ¨ ¨ : 1òg·¥, 1�gô¥, 1ng·¥, ¨ ¨ ¨


 “ ¤kÃ¡��H-TiÎG;

A1 “ ¤k/XH ˚ ˚ ˚ �iÎG;

A2 “ ¤k/XTH ˚ ˚ ˚ �iÎG; ¨ ¨ ¨

8
ď

k“1

Ak “ 
ztTT ¨ ¨ ¨T ¨ ¨ ¨ u:

��ä<: oÀº, U�: ÙE 1òÙ



 

VÇ�únz½Â

ªÇ�½�´�*�/´�É, Ì*VÇØ´��É.

�ö�êÆî�5Øv.

��#{ÛÅ(Kolmogorov A. N., 1903-1987), 1933c:

^8ÜØ!ÿÝØî�½ÂVÇ, Iáäúnzb�.

�
 èò���8Ü(�8), ¡èÄ�¯��m/���m.

�F ´
�ò
f8(¯á)|¤�8Ü. e

(1) 
 P F ;

(2) eA P F , KAc “ 
zA P F ;

(3) eA1; A2; ¨ ¨ ¨ P F , K
Ť8

n“1An P F ,

K¡F è� �ê.

F ¥��É´¯á, k��½���8Ü�$éµ4.

~, e
 èk�8½�ê8, KÏ~F “/¤kf80.

��ä<: oÀº, U�: ÙE 1òÙ



 

�P “ P p¨q ´F þ�¼ê, e

p1q P pAq ě 0;@A P F ; (4.17)

p2q P p
q “ 1; (4.18)

p3q ���\5: eA1; A2; ¨ ¨ ¨ P F ;�§�üüØ��, K

P

˜

8
ď

n“1

An

¸

“

8
ÿ

n“1

P pAnq: (4.19)

K¡P èVÇÿÝ, {¡VÇ.

DkF ; P �
 �âVÇ�m.

5: ���\5/���\5, d²�/n5�Ñ.

5: k
�¹e, Ã{3
 �¤kf8þÜn½ÂVÇ.

5: ±e, ¤k�¯áþb�3F ¥.

��ä<: oÀº, U�: ÙE 1òÙ



 

VÇ�5�

1 P pHq “ 0.

2 k��\5: eA1; : : : ; An üüØ��, K

P

˜

n
ď

i“1

Ai

¸

“

n
ÿ

i“1

P pAiq: (4.20)

3 P pAcq “ 1´ P pAq. (5: �|^P pAcq Oé/�éP pAq).

4 eA Ď B, KP pAq ď P pBq �P pBzAq “ P pBq ´ P pAq.

5 4�¯á�VÇ: �A1 Ď A2 Ď ¨ ¨ ¨ , B1 Ě B2 Ě ¨ ¨ ¨ , K

P

˜

8
ď

n“1

An

¸

“ lim
nÑ8

P pAnq; P

˜

8
č

n“1

Bn

¸

“ lim
nÑ8

P pBnq:

��ä<: oÀº, U�: ÙE 1òÙ



 

~(e�úª).

P pAYBq “ P pAq ` P pBq ´ P pABq: (3.6)

y: A �BzA pØ��, �¿8èAYB. �

P pAYBq “ P pAq ` P pBzAq: (3.7)

aq/, P pBq “ P pBzAq ` P pABq. ò‹ �\þª=�.

e�úª: é?¿n ě 2, P p
Ťn
k“1Akq “

ř

k P pAkq ´
ř

kăi P pAkAiq `
ř

kăiăj P pAkAiAjq ` ¨ ¨ ¨ .

��ä<: oÀº, U�: ÙE 1òÙ



 
~3.1. �¥kù!�!x¥�ò�.zg?�ò�,k�£/Ä�

ng. PA “/Ä��n�¥¥vkù¥½vk�¥0. ¦P pAq.

): PG “/n�¥ÑØ´ù¥0, H “/n�¥ÑØ´�

¥0. KA “ GYH. (5: G ÚH Ø´pØ�N).

P pGq “ 23

33
“ 8

27 . Ón, P pHq “ 8
27 .

GH “/n�¥Ñ´x¥0, �P pGHq “ 13

33
“ 1

27 .

�âe�úª, ¤¦è

P pGYHq “ P pGq ` P pHq ´ P pGHq “
15

27
“

5

9
:

��ä<: oÀº, U�: ÙE 1òÙ



 

^áVÇ

§1.5 ^áVÇ!¦{úª!Õá5

3^áSe/3,ëÅÁ�¥, ¯áB �VÇPèP pBq.

3^áS�Ä:þ, 2N\/J\^áA.

?Ø3N\^áA��, ¯áB �VÇ, PèP pB|Aq.

¡P pB|Aq è^áVÇ.

��ä<: oÀº, U�: ÙE 1òÙ



 

~5.1. 16�¥, 6�Àæ¥(2ù47), 10�7¥(3ù77).

l16�¥¥?�ò�.

Àæ 7�

ù 2 3 5

7 4 7 11

6 10 16

A “/��7¥0,

P pAq “ 11
16 .

B “ /��Àæ¥0,

P pBq “ 6
16 .

yëÅ�Ñò¥, wÑ´7¥. ¯: T¥´Àæ¥�VÇ?

3®�¯áA u)�(N\cJ)^áe, ¯áB u)�VÇ,

PèP pB|Aq.

U«�;V.�é¡5,

P pB|Aq “
4

11
“

4{16

11{16
“
P pABq

P pAq
«
AB�ªê

A�ªê
:

��ä<: oÀº, U�: ÙE 1òÙ



 
�;V.: �^á|S e, kn �Ä�¯á, A dÙ¥m �|

¤, (B dÙ¥l �|¤), AB dÙ¥k �|¤. K

P pB|Aq “
3Au)�cJeB¥�¹�Ä�¯áê



 

~5.2. 5�®	¥, 3#2Î. zg�ò�, Ã�£�üg.

A=/1òg��#¥0; B “/1�g��#¥0.

¦: P pAq, P pBq, P pB|Aq.

ï�: r5�¥?Ò, 1 | 3 è#¥, 4 | 5 èÎ¥.

P pAq “ 3¨4
5¨4 “

3
5 , P pABq “ 3¨2

5¨4 “
3
5 ¨

1
2 . �P pB|Aq “ 1

2 .

�*: eA u), K��2#2Î(J\^á�, �)#�ëÅ

Á�). u´1�g��#¥�VÇè2
4 “

1
2 , =P pB|Aq “ 1

2 .

P pBq: pi; jq L«1òg��i Ò¥, 1�g��j Ò¥.

B “ tpi; jq : i ď 5; j ď 3; i ‰ ju, ¹3ˆ 4 �Ä�¯á.

�P pBq “ 3¨4
5¨4 “

3
5 .

Ä\´ú²�: A “ tpi; jq : i ď 3; j ď 5; i ‰ ju.

��ä<: oÀº, U�: ÙE 1òÙ



 

¦{úª

^áVÇ�½Â:

P pB|Aq “
P pABq

P pAq
: (5.1)

¦{úª: ò(5.1)U�è

P pABq “ P pAqP pB|Aq: (5.1’)

5: ±þü�úª�A^.

(5.1): ®�P pAq ÚP pABq, ¦P pB|Aq.

(5.1’): ®�P pAq ÚP pB|Aq (3#�ëÅÁ�����),

¦P pABq.

��ä<: oÀº, U�: ÙE 1òÙ



 

Õá5

~5.3. 5�®	¥, 3#2Î, zg�1�, k�£�2g.

A “/1òg��#¥0.

B “/1�g��#¥0

�*: B �(^á)VÇ�A ´Äu)Ã'.

êÆL�:

P pABq “ P pAqP pB|Aq “ P pAqP pBq:

��ä<: oÀº, U�: ÙE 1òÙ



 

ü�¯á�pÕá

½Â5.2. eeª¤á, K¡A;B (�p)Õá.

P pABq “ P pAqP pBq:

½Â¥Øá¦P pAq ą 0 ½P pBq ą 0.

3P pAq ą 0 (½, P pBq ‰ 0) �, Õá�du

P pB|Aq “ P pBq; p½; P pA|Bq “ P pAqq:

=, ^áVÇ�uÃ^á��©VÇ.

Õá5��*)º:

A ´Äu)ØK�B �u)VÇ;

B ´Äu)ØK�A �u)VÇ.

��ä<: oÀº, U�: ÙE 1òÙ



 

½n5.1. 3oé¯áA;B; A; �B; �A;B; �A; �B ¥, ekòé

�pÕá, K,	néè�pÕá.

=, ùoé¯á½öÑ�pÕá, ½öÑØ�pÕá.

y: A;B Õáùñ A; �B, ù´Ïè

P pA �Bq “P pAq ´ P pABq “ P pAq ´ P pAqP pBq

“P pAqr1´ P pBqs “ P pAqP p �Bq:

aq/, �A;B Õá.

½, ?òÚ, A;B Õá/B;A Õáùñ B; �A Õá/ �A;B Õá.

2?òÚ, �A;B Õáùñ �A; �B Õá.

dA “ �Ac �, ·K¤á.

��ä<: oÀº, U�: ÙE 1òÙ



 

~5.4. `!¯Ó��ò'Å�Â. `Â¥VÇ0.6; ¯Â¥VÇ0.5.

¦: 'Å�Â¥�VÇ.

5: Õá5äè(%@�Ün�)b�.

): A “/`Â¥0, B “/¯Â¥0¶C “/'Å�Â¥0.

P pCq “ P pAYBq “ P pAq ` P pBq ´ P pABq. (e�úª).

P pABq “ P pAq ˆ P pBq “ 0:6ˆ 0:5 “ 0:3,

�P pCq “ 0:6` 0:5´ 0:3 “ 0:8.

,): �C “ AYB “ �AX �B, (éóÆ).

�P p �Cq “ P p �AX �Bq “ P p �AqP p �Bq “ p1´0:6qp1´0:5q “ 0:2.

lP pCq “ 1´ P p �Cq “ 0:8.

5: ü«�{ò/¿¯á0�VÇ=zè/�¯á0�VÇ.

��ä<: oÀº, U�: ÙE 1òÙ



 

õ�¯á�pÕá

½Â5.3. e±e4 ��ªþ¤á, K¡A;B;C �pÕá.

P pABq “ P pAqP pBq;

P pACq “ P pAqP pCq;

P pBCq “ P pBqP pCq;

P pABCq “ P pAqP pBqP pCq:

(5.3)

½Â5.4. eé?¿÷v2 ď k ď n ��êk, ±9l1; 2; : : : ; n

¥?¿�Ñ�k �ØÓ�i1; i2; : : : ; ik,

P pAi1Ai2 : : : Aikq “ P pAi1qP pAi2q : : : P pAikq; (5.4)

K¡A1; A2; : : : ; An (�p)Õá.

7á��¿©�á¦:

P pA1A2 : : : Anq “ P pA1qP pA2q : : : P pAnq:

��ä<: oÀº, U�: ÙE 1òÙ



 

~5.5. ,.Òp��üuÂ¥'Å�VÇè0.6. eZ�Ó�u�

üu, �±99%VÇÂ¥'Å. ¯: ��Iáõ��p��?

5: Õá5äè(%@�Ün�)b�.

): �Ián�, Ai “/1i�p�Â¥'Å0.

A “/'Å�Â¥0. A “ A1 YA2 Y ¨ ¨ ¨ YAn. K

P pAq “P pA1 YA2 Y ¨ ¨ ¨ YAnq “ 1´ P p �A1 X �A2 X ¨ ¨ ¨ X �Anq

“1´ P p �A1qP p �A2q : : : P p �Anq (Õá5)

“1´ p1´ 0:6qn “ 1´ 0:4n:

8I´1´ 0:4n ě 0:99. =

n ě
ln 0:01

ln 0:4
« 5:026:

Ïd, ��Iá6�p��.

��ä<: oÀº, U�: ÙE 1òÙ



 

~5.6(�~). þ!�o¡N, o¡©Oæ¤(1)ùÚ!(2)�Ú!

(3)7Ú!(4)ù�7·,. Ý�òg, �	.¡Ñy�ôÚ. P

A “/ùÚÑy0, B “/�ÚÑy0, C “/7ÚÑy0.

Á©ÛA;B;C �m�Õá5.

Ä�¯á: Ai “/1i¡3.¡0, i “ 1; 2; 3; 4.

A “ A1 YA4, B “ A2 YA4, C “ A3 YA4.

P pAq “ P pBq “ P pCq “ 1
2 .

AB “ AC “ BC “ A4, P pABq “ P pACq “ P pBCq “ 1
4 .

�, A;B; A;C; B;C ùnéÑ´�pÕá�.

eA1; ¨ ¨ ¨ ; An ¥�?¿ü��pÕá, K¡§�üüÕá.

ABC “ A4, P pABCq “
1
4 ‰ P pAqP pBqP pCq.

�, A;B;C Ø´�pÕá�.

5: �~¥�A;B;C üüÕá, �Ø´�pÕá�.

��ä<: oÀº, U�: ÙE 1òÙ



 

�Vúª

§1.6 �Vúª�_Vúª

~6.1. 5�®	¥, 3#2Î. Ã�£�üg.

¦: 1�g��#¥�VÇ.

5: Ä�´ú²�(ëÑ~5.2), ¤¦è3
5 .

,): A “/1òg��#¥0, B =/1�g��#¥0.

B “BAYB �A; (6.1)

�; P pBq “P pBAq ` P pB �Aq

“P pAqP pB|Aq ` P p �AqP pB| �Aq p¦{úªq

“
3

5
¨

2

4
`

2

5
¨

3

4
“

3

5
:

5: (6.1)òE,�¯á(�¹)©)è{ü�¯á(�¹).

��ä<: oÀº, U�: ÙE 1òÙ



 

½n6.1(�Vúª). �A1; A2; : : : ; An ÷v





 

aq/,

P pA1q “P pH1H
c
2H

c
3q ` P pH

c
1H2H

c
3q ` P pH

c
1H

c
2H3q

“0:4p1´ 0:5qp1´ 0:7q ` ˚˚ ˚ ` ˚ ˚˚ “ 0:36:

P pA2q “P pH
c
1H2H3q ` P pH1H

c
2H3q ` P pH1H2H

c
3q

“p1´ 0:4q0:5ˆ 0:7` ˚ ˚ ˚ ` ˚˚˚ “ 0:41:

P pA3q “P pH1H2H3q “ 0:4ˆ 0:5ˆ 0:7 “ 0:14:

¤¦è

P pBq “
3
ÿ

i“0

P pAiqP pB|Aiq

“0:09ˆ 0` 0:36ˆ 0:2` 0:41ˆ 0:6` 0:14ˆ 1 “ 0:458:

��ä<: oÀº, U�: ÙE 1òÙ



 

~6.3(ÙäÑ1¯K). �`kÙ�M�, ¯kÙ�N�. zòÛÑ

Iè1�, vkÚÛ. zÛ`�VÇèp. ¦: /`Ñ10�VÇ.

Ù¥, M;N ´��ê, 0 ă p ă 1.

): PL “M `N , KL ě 2.

eL “ 2, =M “ N “ 1, K¤¦è1´ p. e�L ě 3.

*¿¯K: e`!¯�kÙ�L�, `kÙ�i �, ¯kÙ

�L´ i�, K`Ñ1�VÇpi ´õ�? (�¯K¤¦èpM .)

�½L. i è�.ëê, Ð©b�^á, 0 ď i ď L.

PAi “ 3ëêèi ��.¥/`Å�Ñ10ùò¯á.

B “/`I
1òÛ0. (?¿ëêi ��.þ·^.)

pi “ P pAiq. p0 “ 1, pL “ 0, (>.^á). �*: pi Œ.

��ä<: oÀº, U�: ÙE 1òÙ



 

ÄÚ(ÄÛ)©Û{:

�1 ď i ď L´ 1 �, 3ëêèi ��.¥, d�Vúª,

pi “P pBqP pAi|Bq ` P p �BqP pAi| �Bq

“p ¨ pi`1 ` q ¨ pi´1: pq “ 1´ p:q (6.3)

>.^á: p0 “ 1, pL “ 0.

òpi U�èp ¨ pi ` q ¨ pi. íÑ

pppi ´ pi`1q “qppi´1 ´ piq: pP �i “ pi ´ pi`1:q

�i “
q

p
�i´1 “ r2�i´2 “ ¨ ¨ ¨ “ ri�0: pP r “

q

p
:q

p0 ´ pi`1 “
i
ÿ

k“0

�k “
i
ÿ

k“0

rk�0: (6.4)

��ä<: oÀº, U�: ÙE 1òÙ



 

p0 ´ pi “
ři´1
k“0 r

k�0, �i “ pi ´ pi`1, r “
q
p , q “ 1´ p.

>.^á: p0 “ 1, pL “ 0.

p “ 1
2 :

p0 ´ pi “ i�0 ñ p0 ´ pL “ L�0 ñ �0 “
1

L
ñ pi “ 1´

i

L
:

p ‰ 1
2 :

p0 ´ pi “
1´ ri

1´ r
�0 ñ p0 ´ pL “

1´ rL

1´ r
�0 ñ �0 “

1´ r

1´ rL

ñpi “ 1´
1´ ri

1´ r
¨

1´ r

1´ rL
“ 1´

1´ ri

1´ rL
“
ri ´ rL

1´ rL
:

`Ñ1�VÇ: L “M `N , i “M .

pM “

$

&

%

N
M`N ; p “ 1

2 :

rM´rM`N

1´rM`N ; p ‰ 1
2 :

��ä<: oÀº, U�: ÙE 1òÙ



 

~6.4. ¯a¯K�N�.

3¯òN��, ,
¯a¯K¬;�áý£�½��.

X, N�$Ä
/´ÄQÑ^L,¯J0.

)û�{: O�Ã³¯K. X,

¯KA: \�)F´Ä37�1F�c(Ø¹7�1F)?

¯KB: \´ÄÑ^L,¯J?

3Ý¥�\ù!x¥, Ù¥ù¥êþÓ'è�(®�).

eÄÑx¥, K£�¯KA¶eÄÑù¥, K£�¯KB.

e��þ��(X, kn “ 200  ÉN�ö), K�^ÚO5�

OÑ^,¯J�'~(Pèp).

��ä<: oÀº, U�: ÙE 1òÙ



 �knÜ‰ò,Ù¥kÜ‰/´0.‰/´0�'~/ªÇ:'�kn.�Vúª:Pp
‰/´0q �Pp
.66�x¥´ªª�f 6 106908qTd [(�)]TJ/F271c691 Tf 6 106908qTd [(x)]TJ/F14916 |16 10691 Tf 65.75g 09773(P)]TJ/F70.6 10691 Tf 8.51908qTd [(p)]TJ/F8816 10691 Tf 4 14210 Td [(.66)]TJ/F3016 10691 Tf 6 106908qTd [(�)]TJ/F2716 10691 Tf 6 106908qTd [(x)]TJ/F14916 106914059 2.03]TJ41 02/F8816 10091 Tf 61.87 0 Td [(Ù)]6 10691 Tf 6 106908qTd [(q)-228(�)]TJ/F5916 10691 Tf 65.75g 0 Td [(P)]TJ/F70.6 10691 Tf 8.51908qTd [(p)]TJ/F8816 10691 Tf 116 106908qTd [(�)]TJ/F27163710691 Tf 6 106908qTd [(�)]TJ/F2716 10691 Tf 6 106908qTd [(x)]TJ/F14916 10691
1762qTTJ/F762qTTf  Tf 6 106908qTd [(� 10691 Tf 6 106908qTd [(q)-228(�85916 10691 Tf -3
q 
0.8866 Tf 6 106908qTd [321..3 0.6-1.6800283 BT /F11416 10691^91 Tf 116 106908qTd [(�)]TJ/F271L91 Tf 1186908qTd [(‰)]TJ/F14816 10691 T5 4 14210 Td [(‰)]TJ/F 0.6 5691 Tf 5911d [(ª) 5g 0 Td [(P)]TJJ691 Tf 6 106908qTd [(x)]TJ/F14916 |16 10691 Tf 65.75g 09773(P)]TJ/F70.6 10691 Tf 8.51908qTd [(p)]TJ/F8816 10691 Tf 116 106908qTd [(�)]TJ/F27163710691 Tf 6 106908qTd [(�)]TJ/F2716 10691 Tf 6 106908qTd [(x)]TJ/F14916 10691
172 rg 0]TJ47BT 3]TJ 6 2 00208q 
50p0661 T911d [(ª) 5g2.725 [(P)]TJ264)]TJ 6 106908qTd [ G
7/F 916 106.0 91 Tf 61.87 0 Td [(Ù)]62)]TJ/F1501364



 

_Vúª

~6.5(u���Â). u��©O±VÇ0.6Ú0.4uÑ&Ò/#0

Ú/´0. &Ò�UØè. �(�Â��Ø�Â�VÇXeL:

�Â

# ´

uÑ # 0.8 0.2

´ 0.1 0.9

�Â�&Ò/#0.

¦: u��uÑ�´/#0�VÇ.

A “/uÑ&Ò‘#’0,

B “/Â�&Ò‘#’0.

¤¦Xe. (5: Ä��±�ä�5´uÑ�/#0.)

P pA|Bq “
P pABq

P pBq
“

P pAqP pB|Aq

P pAqP pB|Aq ` P pAcqP pB|Acq

“
0:6ˆ 0:8

0:6ˆ 0:8` 0:4ˆ 0:1
“ 0:923:

5: ü�Ä��¹(A, Ac), *ÿ�ò�(J(B u)),

_íA �Ac ¥=ò��¹´¢S�¹.

��ä<: oÀº, U�: ÙE 1òÙ



 
½n6.2(_Vúª). �A1; : : : ; An èò��¯á|, P pBq ą 0.

K

P pAj |Bq “
P pAjqP pB|Ajq

řn
i“1 P pAiqP pB|Aiq

: (6.6)

y: éÜ^áVÇ�½Â��Vúª.

5: ��¯á|��±�¹���¯á.

_Vúªè¡è�ìd(Bayes)úª.

��ä<: oÀº, U�: ÙE 1òÙ



 

~6.6(M_¾uÿ).

{I�M_¾<'~�Å�O1000 ©�ò.

´ÄATé#´ÅO?1M_¾ÓÉóuÿ?

/Éóuÿ{0�«(J9ÙVÇ:

u�(J

�w�5 �wÒ5

¢S AIDS ý�5(0.95) bÒ5(0.05)

�¹ �AIDS b�5(0.01) ýÒ5(0.99)

�,<�w�5. ¦: /ý´�¾ö0�VÇ.

A “/ÉÁö�kM_¾Ó0, T “/uÿ(J¥�50.

P pAq “ p « 0:001, P pT |Aq “ 0:95, P pT |Acq “ 0:01.

¦P pA|T q.

��ä<: oÀº, U�: ÙE 1òÙ



 P pAq “ p « 0:001, P pT |Aq “ 0:95, P pT |Acq “ 0:01.

¦P pA|T q.

d_Vúª,

P pA|T q “
P pAqP pT |Aq

P pAqP pT |Aq ` P pAcqP pT |Acq

“
pˆ 0:q �

P� 0:95, q0|
p �0 :01.q:95,



 

§1.7 ÕáÁ�S�V.

~7.1 (Õá)E�5 gM1. ¦: /Tküg�¡0�VÇ.

): �;V.. �k25 “ 32��VÄ�¯á.

Ù¥Tküg�¡äþ��êèC2
5 “ 10.

¤¦è
C2
5

32
“ C2

5

ˆ

1

2

˙2ˆ1

2

˙3

: (7.1)

eUè/©1Øþ!0, zòg/�¡0VÇèp, K¤¦è

C2
5p

2p1´ pq3:

d�, ��¯á|¥�¯áØ�V.

��ä<: oÀº, U�: ÙE 1òÙ



 

~7.2 ,<�q, ·¥Çè0.7, ÕáE�Â5g. ¦: /TÐ·

¥2 g0�VÇ.

Pp “ 0:7; q “ 1´ p “ 0:3.

P pTÐ·¥2gq “ C2
5p

2q3.

P pTÐ·¥3gq “ C3
5p

3q2.

P pTÐ·¥4gq “ C4
5p

4q1.

P pTÐ·¥5gq “ C5
5p

5q0.

P pTÐ·¥1gq “ C1
5p

1q4.

P pTÐ·¥0gq “ C0
5p

0q5.

��ä<: oÀº, U�: ÙE 1òÙ



 

ÕáÁ�S�V.

½n. �ügÁ�¥, ¯áA u)(¡è¤õ)�VÇèp (¡è¤

õVÇ). K3ng(Õá)EÁ�¥, ék “ 0; 1; 2; : : : ; n,

P pAu)kgq “Cknp
kqn´k; pq “ 1´ pq:

ò�ó, b�0 ă p ă 1. ÄK�Y´²��.

y: PAi “/1i gÁ�¥, A u)0.

2n �/XC1C2 ¨ ¨ ¨Cn (Ù¥Ci �±´Ai ½A
c
i ) �¯á�¤

��¯á|. (ep ‰ 1{2, K§�Ø�V.)

Ù¥, km “ Ckn �ÎÜ/Au)kg0. PèB1; ¨ ¨ ¨ ; Bm.

P pB1q “ ¨ ¨ ¨ “ P pBmq “ pkqn´k. �(Ø¤á.

��ä<: oÀº, U�: ÙE 1òÙ



 
5: /E0%¹ü¹Â:

(1) zgÁ��^á�Ó, l¤õVÇØC;

(2) �gÁ��(J(´Ä¤õ)�pÕá.

�~: ®�80��¬¥k5�g¬, l¥zg?�ò�, Ã�

£/�20g, ¦: /Ù¥k2�g¬0�VÇ.

(1)�~¥, zgÄ��Á�^áØÓ, ØU��@èzg�

¤õ(/��g¬0)VÇØC(è,ù´¯¢);

(2) �~¥, �g�Ä�(J(´Ä/��g¬0)ØÕá.

5: e�¬1þAO�, K�^ÕáÁ�S�V.CqOé.

��ä<: oÀº, U�: ÙE 1òÙ



 
~7.3. �zg�Â�¥8I�VÇ�u0.001. ��Â5000 g,

¦: /��üg�¥8I0�VÇ.

p “ 0:001; q “ 0:999.

P p��üg�¥8Iq “
5000
ÿ

k“2

P pTkk g�¥8Iq

“1´ P pÑØ¥q ´ P p=¥ògq

“1´ q5000 ´ 5000ˆ pq4999 « 1´ 0:006721´ 0:03364

«0:9596:

��ä<: oÀº, U�: ÙE 1òÙ



 

P p¤õkgq �Cqúª

úªò!�n é��p é���ÿ, ònp Àè~ê�.

3n gEÁ�¥,

P p¤õk gq “ Cknp
kqn´k «

�k

k!
e´�: (7.2)

¡èÑt©ÙCq, Ñ§2.2(P55).

X, ~7.3, n “ 5000, p “ 0:001, np “ 5,

P pÑØ¥q «e´5000ˆ0:001 « 0:006738;

P p=¥ògq «
5000ˆ 0:001

1!
e´5000ˆ0:001 « 0:03369;

P p��üg�¥q «1´ 0:006738´ 0:03369 « 0:9596:

��ä<: oÀº, U�: ÙE 1òÙ



 
úª�!�n é�, �p Ø´é��, òp Àè~ê.

3n gEÁ�¥,

P p¤õkgq “ Cknp
kqn´k «

1
a

npp1´ pq
¨

1
?

2�
e´

1
2
x2k ;

Ù¥; xk “
k ´ np

a

npp1´ pq
:

ëÑ§4.6(P153)�¥%4�½n.

5: P�pxq “ 1?
2�
e´

1
2
x2 . K‹‹ “ �pxkq�xk.

��ä<: oÀº, U�: ÙE 1òÙ



 

~7.4. �zg�Â�¥8IVÇèp “ 1
6 . ��Ân “ 6000 g.

¦: /Â¥gê3900�1100�m0�VÇ.

^úª�: P p¤õkgq « �pxkq�xk, Ù¥

�pxq “
1
?

2�
e´

1
2
x2 ; xk “

k ´ np
a

npp1´ pq
:

¤¦è

1100
ÿ

k“900

P p¤õk gq “
1100
ÿ

k“900

�pxkq�xk «

ż b

a
�pxqdx “ �pbq´�paq;

Ù¥�pyq “
şy
´8

�pxqdx.

a “ x900 Ñ x900´0:5, b “ x1100 Ñ x1100`0:5.

�L���pbq ´ �paq « 0:99950.

��ä<: oÀº, U�: ÙE 1òÙ



 
~7.5({üëÅiÄ). �:l�:Ñu, zòÚ�m½Ü£Äò

�ü , VÇ: p, q “ 1´ p. ¦: /�:n Ú� uK0�VÇ.

5: 0 ă p ă 1, n ´��ê, K ´�K�ê, n´K èóê.

��:m£
x Ú, Ü£y Ú, K

x` y “ n; x´ y “ K ñ x “
n`K

2
:

òm£Àè¤õ. K¤¦è3n gEÁ�¥,

P

ˆ

¤õ
n`K

2
g

˙

“ C
n`K

2
n p

n`K
2 q

n´K
2 :

��ä<: oÀº, U�: ÙE 1òÙ


