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%� 1 + 1 = 2? 9nb4ÍÐr���z½: “1”, “2”, “+”, “=”. ð­�

1, &Æ��®: %�Î“1”? %�Î“2”? %�Î“+”? %�Î“=”?

%�Î“1”? 9ÎÍ8	��Ý®Þ. �Äô8	py/�. ��BÆ�y§

R×w�¼ �1: “9Î1!” E! 9Î1! ��BÆ�éÿ$$Ý�W§R×w�¼

�µ�îÝ“1”.9n��ÿ��“0”ý R. “0”µÎ%�K^bÝ�¤. �“%�K

^b”�W“b”, 9Î�¥�Ý×M. 9µ8	y“��BÆ�éÿ$$Ý�W§R

×w�¼�”. £�, “%�K^b”, Ç“0”, êÎ%�÷? 9Î®ÞÝÙ�. &Æ�

�/�. @@21, &Æá¼&Æ���EP�PcÝ®Þ××/�. .h,Ï�Ý

C�ÍÝó.�×l21: “0”Î^b�LÝ, ¬v�“^b”Õ“b”9ÍÄ�ôÎ

^b�LÝ! XÛ“áX
[”, 9µÎó..

¨3, &ÆbÝ“0”( “^b”) |C×Ë�“^b”Õ“b”ÝºÕ. &Æµb�æ

/ �“
%�1 + 1 = 2”9Í®ÞÝ. ´��Î/Õ%�Î“1”, %�Î“2”, %�

Î“+”, %�Î“=”, ð­�1, %�Î“�Qó”. 31879O, Dedetinds�Ý �Ý

½(Peano�Ù:

(P1) 0Î�Qó;

(P2) uxÎ�Qó,JÍ“¡µï” (successor of x) x′D3;

(P3) E��Ý�Qóx, x′ 6= 0;

(P4) ux′ = y′ Jx = y;

(P5) (ó.hû°æ§)uQ(x)Îbn�QóxÝúÞ,v

(1) Q(0)Wñ, C

(2) Q(x)ÝWñÞ.�Q(x′)ÝWñ,

JEy���Qx, Q(x)/Wñ�

Peano�Ù×å&Æ%�Î�Qó. ©½2, ¸&�Ý0Î×Í�Qó, C

�“^b”Õ“ b”, |�y�“�b”Õ“?�b”9ÍÄ�¬vB
“¡µï”Ýº



Õx 7−→ x′ �yÎ,�|�L:

1 = 0′,

2 = 1′ = 0′′,

3 = 2′ = 1′′ = 0′′′,
...

n = (n− 1)′,
...

¨²�QóÝ�°�|�LW,
x + 0 = x

x + y′ = (x + y)′

x + y = y + x.

©½2,

1 + 1 = 1 + 0′ = (1 + 0)′ = 1′ = 2.

X|, 1 + 1Î� �LW2Ý�

Peano�Ù¦ÃyËÍ^b�LÝÃF: “0”C“¡µï”. 9µÎG«XèÕÝ

ó.� ^°�LÝÃF. �¢�¯Ýó.KºÂîÙ�P°�LÝæ(. ó.�

��ÃÃyßÚ, Tï�>Ýæ�, .h©b“áX
[”. ó.�ÆÀÎóCtà

Ì, t��ÝÃF®
 Î�LÃF ( Primitives) . ×ËÙ�@�¡, Í�.§s"

KÎ�E�¯Ý. �yÙ�Ý)§PôÎ×Í��nTÝ®Þ. ó.�ôl æy:

1. ´0ÎÍb?��?àÌÝÃF�|®
Ù�; C

2. J�Ù��&Î�LÃF�º!8ë;.

&ÆÞ9Ë�Î�LÃF;Ä�}.§s"�ó.§¡Ý]°Ì
“2§;]°”.

�QóÝPeano�ÙµÎ2§;]°Ý»�.

�2§;]°ÿÕÝó.�Ù×�Kè5hé. �ÄËÑ��XÝó.®Þ

)Î8	Ì�Ý. Ey�Qó�Ù, &Æ b×Í��Ýÿl, ¸��Ý( P1) �(

P5) Ýf�: � ∅Bè/), Ç×Í^b�¢-ôÝ/). �

0 = ∅.

“¡µï”ºÕ�


x′ = x ∪ {x}.
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yÎ

1 = 0′ = ∅′ = ∅ ∪ {∅} = {∅},
2 = 1′ = {∅}′ = {∅} ∪ {{∅}} = {∅, {∅}},
3 = 2′ = {∅, {∅}}′ = {∅, {∅}} ∪ {{∅, {∅}}} = {∅, {∅}, {∅, {∅}}},
...

.h,

0 Î^b-ôÝ/),

1 ÎÌb1Í-ôÝ/),

2 ÎÌb2Í-ôÝ/),

3 ÎÌb3Í-ôÝ/),
...

�y�°, ©½Î1 + 1 êÎ%�÷? &Æ	Q�TÎ2 , Ç

{∅}+ {∅} = {∅, {∅}}

u�9Í�PWñ, &ÆÿE“+”C“=”9ì°�G.

'A, B
/), �L

A + B = {(a, 1), (b, 2) : a ∈ A, b ∈ B}.

yÎ,uAbmÍ-ô, BbnÍ-ô,JA+BÞbm+nÍ-ô. »A,uA={F,2,

ß}, B={ß,�,~},JA+B = {(F, 1), (2, 1), (ß, 1), (ß, 2), (~, 2), (�, 2)}�b
3 + 3 = 6 Í-ô.

uD31E1ÝÌWÐóf : A −→ B,J&Æ1A, BÌb8!ÝÃó(cardinality).

&Æ¥±�L

[0] = Xb�∅Ìb8!ÃóÝ/)Ýv,

[1] = Xb�{∅}Ìb8!ÃóÝ/)Ýv,

[2] = Xb�{∅, {∅}}Ìb8!ÃóÝ/)Ýv,

[3] = Xb�{∅, {∅}, {{∅}}}Ìb8!ÃóÝ/)Ýv,
...

¨², �

[m]′ = [m′].

©½2,

[1] = [0′] = [0]′ ,

[2] = [1′] = [1]′ ,
...
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h`, �°�|�L


[m] + [n] = [m + n].

©½2,

[1] + [1] = [{∅}] + [{∅}]

= [{∅}+ {∅}]

= [{(∅, 1), (∅, 2)}]

= [{∅, {∅}}]

= [2].

39n, /){(∅, 1), (∅, 2)}�/){∅, {∅}}Ìb 8!ÝÃó. ¯@î, u�

f : {(∅, 1), (∅, 2)} −→ {∅, {∅}},

Í�

f((∅, 1)) = ∅,

f((∅, 2)) = {∅},

JfÎ�/){(∅, 1), (∅, 2)} Õ/) {∅, {∅}}Ý1E1ÌWÐó. yÎ&ÆµJ�

Ý“1 + 1 = 2” 9ÍúÞÝ. \ï��º®: 
%��àPeano2 §�Ù? à#

à∅, {∅}, {∅, {∅}}, . . .�Î�?[? 9ÎÍ?®Þ. �Ä, %�Î ∅ (è/))? %�

Î {∅, {∅}} = {∅} ∪ {{∅}}? 9©�ÄÎ“0 ”C“ ¡µï”Ý¨×Ë1° ��! Q�,

&Æ�| ãh:�ó.�P�|�hé, ô�|�Ì�. ¬ÎÍ²QÎ×øÝ�¯

ªÛ. t¡,&Æ::�»Ý��§ø�L 1, 2, 3, . . .

5Fì0Îßyb, bßyP6;

5¼ß×, ×ßÞ, Þßë, ëß0Î6;

5¼°�Q6;
...
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êêêÞÞÞ:

1. �J:

(a) 2 + 3 = 5.

(b) 2× 3 = 6.

2. �J[1], [2], [3], . . . ,��(P1) �(P4) .

3. �L:uD3�AÕBÝ1E1Ðó f (�×�ÌW),JÌAÝÃó��yBÝÃ

ó, B
 #A ≤ #B. um ≤ n J�[m] ≤ [n]. �J:

[1] ≤ [2] C [3] ≤ [5].

4. �JuAÎ×°�QóÝ&è/), JD3A�Ý-ôa¸ÿEyXbA�Ý

-ôb, &ÆKºb a ≤ b . Ça ÎA�Ý“t�-ô”.

5. �J�Qó/N = {[1], [2], [3], . . .} ��(P5).

( èî: �u�Q, �aÎt�Ý×Í�Qó¸ÿ	x = a`úÞQ(a)�Ë. y

Îua 6= [0]JD3Ø�Qób¸ÿ, a = b′ ( ÇaÎbÝ¡µï), yÎQ(b)
Ë,

¬Îãhû°�'(2)ÿáQ(a)
Ë, ë;! êua = [0]Jô �hû°�'(1)

ë;!)

6. ��LJó/

Z = {0,±1,±2, . . .}

CÍ�Ý“�°”.

7. ��Lb§ó/

Q = {p

q
: p, q 
Jó, vq 6= 0}

CÍ�Ý“�°”õ“¶°”.

8. (&ðæpÝÞê)��L@ówC�ó/CÍ�Ý“�°”õ“¶°”.
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