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⼀、（本题满分 12 分） 

!"#$%&'．．．．()*+,-./0123, 456/0. 

,-7 

(1) “!"#$%&'()*+,-.(/01234 145678934 75+

:;<” 

(2) “&'1234 145+,-.('=>+?&<” 

(3) “@AB'=>+?&%C@A(D!"#$)*<” 

/0: E@A.(F8934 75<G 

!"#$:  

%&'𝐷()*+,-./0123𝐴(𝑥): 𝑥456789:;, 𝐵(𝑥): 

𝑥<4=>?@ 14 A, 𝐶(𝑥): 𝑥<4-B?@ 7 A, 𝐷(𝑥): 𝑥CDEF

G. (2H) 

IJKLMNO: (1) ∀𝑥: 𝐴(𝑥) → 𝐵(𝑥) ∨ 𝐶(𝑥); (2) ∀𝑥: 𝐵(𝑥) → 𝐷(𝑥); 

(3) PQ*𝑎LMRS, ¬𝐷(𝑎) ∧ 𝐴(𝑎). T&LMU: 𝐶(𝑎). (4H) 

VWXY: 

1. 𝐴(𝑎) → 𝐵(𝑎) ∨ 𝐶(𝑎) )Z[M(\JK 1) 

2. 𝐴(𝑎)              ]^(\JK 3) 

3. 𝐵(𝑎) ∨ 𝐶(𝑎)        _`VW(\ 1) 

4. 𝐵(𝑎) → 𝐷(𝑎)       )Z[M(\JK 2) 

5. ¬𝐷(𝑎)           ]^(\JK 3) 

6. ¬𝐵(𝑎)           abc(\ 4,5) 
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7. 𝐶(𝑎)            daSe&(\ 3, 6) (6H) 

NfgW\hi4VWXYjklm)HhNVWXYnjopfg

W\hq7r 2-4Hs 

⼆、（本题满分 10 分） 

tu: 𝑚vwx1,yz{, |(𝑚 − 1)! + 1l}𝑚z~, �𝑚U�{. 

!"#$� 

_0	𝑚v.{, ��	𝑚	�Cwx	1	�x	𝑚	,���	𝑝,	𝑝|𝑚. (4 H/ 

\x	𝑚	|	(𝑚 − 1)! + 1, G�	𝑝	|	(𝑚 − 1)! + 1. (3H/ 

� 𝑝	|	(𝑚 − 1)!, �� 𝑝	i�U	1	,�_0��. (3H/ 

����t�tul� 2Hs 

三、（本题满分 10 分） 

89:;	𝑋 × 𝑌 = (𝑋 ∨ 𝑌) × (𝑋 ∧ 𝑌)<=>?-@A𝑋, 𝑌 ∈ [0, 31]<×BCDEF

"G<𝑋 ∨ 𝑌()HI𝑋.𝑌JK1LMNA1OPQ"G<𝑋 ∧ 𝑌()HI𝑋.𝑌J

K1LMNA1OPR"G. 

(1) 56: S@A𝑋 < 𝑌T<U3:;VWX:;	𝑋 ∧ 𝑌 = 𝑋YZ:;[9\]1

^_ à 

(2) bc:;9defg]1^. 

!"#$:  

(1) 

�𝑋 < 𝑌�, n��� 

𝑋 ∨ 𝑌 = 𝑋 + 𝑑, 𝑋 ∧ 𝑌 = 𝑌 − 𝑑	(∗) 

�B𝑑! = 1�p��𝑋! = 0 ∧ 𝑌! = 1(O�LM�:�{,�𝑖 ). (1H) 

N¡𝑋 ∧ 𝑌 = 𝑋,	� 𝑑 = 𝑌 − 𝑋, ¢£C𝑋 ∨ 𝑌 = 𝑌. ¤�¥¦Y§¨©

ª. «¦Y	𝑋 ∧ 𝑌 = 𝑋,¬­v¥¦Y,¬ (1H) 

\(*), ¥¦Y]U𝑋 × 𝑌 = (𝑋 + 𝑑) × (𝑌 − 𝑑), :®¯]^�� 

𝑑A𝑑 − (𝑌 − 𝑋)B = 0 
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«𝑑 = 0°𝑑 = 𝑌 − 𝑋 . N¡𝑑 = 0, �Lu5%x±®Q�:� 𝑖 , 

²C𝑋! ≥ 𝑌! , �𝑋 ≥ 𝑌�_0�� . G�iC𝑑 = 𝑌 − 𝑋©ª . ¤�

𝑋 ∧ 𝑌 = 𝑋. G�¥¦Y,¬­v¦Y	𝑋 ∧ 𝑌 = 𝑋,¬. (2H) 

³´, �𝑋 < 𝑌�, ¥¦Y�¦Y	𝑋 ∧ 𝑌 = 𝑋µ¶. 

(2)  

�𝑋 = 𝑌�, §¨GC,(𝑋, 𝑌)²v¥¦Y,¬, ·C 32¸. (1H) 

�𝑋 < 𝑌�, «¹¦Y𝑋 ∧ 𝑌 = 𝑋,¬,Q{. 

𝑋 ∧ 𝑌 = 𝑋Lu: %x𝑋U1,�:� , 𝑌,º» ®E­U1; %x

𝑋U0,�:� , 𝑌,º» l�¼½¾a(�n�)¿U0, �U

𝑋 ≠ 𝑌).   

_0𝑋C𝑘QU1,�:� , À.4¹,¬,{ÁU 

𝐶(5, 𝑘) × (2(#$%) − 1) (2H/ 

%x𝑋, 𝑌 ∈ [0, 31], 𝑘la[0, 5], xv¬,Â{U 

L𝐶(5, 𝑘) × A2(#$%) − 1B =
#

%'(

211 

ÃÄ%ZÅ, �𝑋 > 𝑌�¬,{Á­v211. (2H) 

xv¦YGCz{¬,Â{U211 × 2 + 32 = 454. (1H) 

ÆÇyÈ�ÉÊËÌq7r 2—3Hs 

四、（本题满分 12 分） 

h𝑅Bij9k_l𝐴U1mnVWopqr𝐴/𝑅	B𝐴oX𝑅1s_qr|𝐴| = 𝑛,

|𝑅| = 𝑟, |𝐴/𝑅| = 𝑡tr

(1) h𝐴/𝑅 = {𝐴!, 𝐴", ⋯ , 𝐴#}qr567⋃ (𝐴$ × 𝐴$) = 𝑅#
$%! ar

(2) 567𝑟 ⋅ 𝑡 ≥ 𝑛"tr

ÍÍ

!"#$:  

(1) tu: 



 4 

 𝐴/𝑅 = {𝐴), 𝐴*, ⋯ , 𝐴+}, 0|𝐴!| = 𝑛!, ¼aÎÏ〈𝑥, 𝑦〉, C:  

〈𝑥, 𝑦〉 ∈Y (𝐴! × 𝐴!)
+

!')
⟺ ∃𝑖(𝑖 ∈ {1, 2,⋯ 𝑡} ∧ 〈𝑥, 𝑦〉 ∈ 𝐴! × 𝐴!) 

⟺ ∃𝑖(𝑖 ∈ {1, 2,⋯ 𝑡} ∧ 𝑥 ∈ 𝐴! ∧ 𝑦 ∈ 𝐴!) ⟺ 〈𝑥, 𝑦〉 ∈ 𝑅 

(4H)hÐ`ÑÒi4.W­ls 

(2/tu� 

ÃÄÓ-,EÔ, Ó-BIµ¶Õ𝐴), 𝐴*, ⋯ , 𝐴+Ö××nºØ,  

xv∀),!-.,+(𝐴! × 𝐴!) ∩ (𝐴. × 𝐴.) = ∅. (2H)  

T.(1)BT&, C∑ 𝑛!*+
!') = 𝑟. (2H) 

\ Cauchy-Schwarznµc, C(∑ 𝑛!+
!') )* ≤ 𝑡 ⋅ ∑ 𝑛!*+

!') = 𝑟 ⋅ 𝑡. (2H) 

Ù�∑ 𝑛!+
!') = 𝑛,«���𝑟 ⋅ 𝑡 ≥ 𝑛*. (2H)  

r

五、（本题满分 12 分） 

uvwxy1z{YZz| }̀d~����zqr������z����z{qr

�������wtr������q��z{1S�P�9�z�������t

]T<�0B���qr�w� ¡T¢��£*mn\¤P�t¥r

(1) ����qr���z1¦§Bde¨r

(2) �©mª«9���z1¬­*®¯°��mª��<�©Lª���z1

¦§Bde¨r

(3) ��,-�±�z���²z{1\¤P�qr U³�n´µ1¶· �¸

H¹¨r

!"#$:  

(1) ÚQÛÜBÝÞ 1C×��Û, ÝÞ¾ß®Qàá 1, â�

,ãäU𝑃) =
*
/
= )

0
. (3H) 

(2) 	�®åfâ�, æ~ç®Qè,ÛÜ, éO×��Û5êQÛÜ

B, ����åâ�,ãäU𝑃* =
*
#
. (3H) 

°ëHÕì&: ÝÞí×î�Ûïð×QÛÜ, �ñ×î�Û5
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òóB, 1ôõCSö7÷: ºø, º9, º%, º»,ãäH

ùv
*
#
, *
#
, )
#
. %xºø,7÷, �®åfâ�, úuàá 15û

QèÛÜü®; 5ûQèÛÜB, iC®QèÛÜ5ý�þ¦ÿ

�®��Ûºø, N¡àá 15ñQèÛÜ, ����åí!

â�. �¤��åâ�,ãäU)
1
. Õ"#l���º9$º%,

7÷O, ��åâ�,ãäÖU*
1
= )

*
, xv%&C 

𝑃* =
2
5
×
1
4
+ d

2
5
+
1
5
e ×

1
2
=
2
5
	. 

(3) '&�Û5òóB, 1N(, %x�®åâ�,ãä²)C*

+, ,¨U𝑃) =
)
0
. (3H) 

ÃÄ´-,HÕì&, N¡�Û5×Qºø,ÛÜ, �5�®å

fâ�,7÷O, ��åâ�,ãä.U𝑃*2 =
)
1
. (3H) 

|ÆÇ.W�ÉÊËÌ±¯lq7m 1/2Hs 

六、（本题满分 12 分） 

0𝐴vC0-., |𝐴| = 𝑛, 1¹: 

(1) 𝐴´C23ö4�,�5ôõ? 

(2) 𝐴´C23ö6nv4�­nv�4�,�5ôõ? 

(3) 𝐴´C23ö%Zôõ? 

(4) 𝐴´C23ö�%Zôõ? 

!"#$� 

(1) 	23(3$))       (3H/ 

(2) 	23! − 23!$34) (3H/ 

(3) 	2
"("$%)

!         (3H/ 
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(4) 	2333(3$))/*   (3H/ 

NCXYhÉÊËÌ±¯q7m 1-2Hh'XY#$Ë� 0Hs 

七、（本题满分 12 分） 

hº»¼𝑛	Y𝑛B½X21@A`10 − 1¾¿À1_l¼𝑆<ÁÂÃG¾>Ä1Å1

nA1ÆA¼𝑓, 4ÁÂop𝑅�*: �nº»¼𝑛1¾𝑎, 𝑏ÇÈ𝑎𝑅𝑏, SÉÊS 

𝑓(𝑎) ≤ 𝑓(𝑏) É 𝑎 ∧ 𝑏 = 𝑎<=>∧¼OPR"G. Ë�7𝑎 = 001, 𝑏 = 011ÇÈ

𝑎𝑅𝑏, Ì𝑎 = 100, 𝑏 = 011�gÇÈ.  

(1) 567𝑅B𝑆U1ÍÎopa 

(2) Ï�𝑛 = 4T1ÐÑÒa 

(3) ÓÔÍÎ_(𝑆, 𝑅)B�¿ÀÕ<4Ö6×Ø.   

!"#$� 

(1) �U 𝑓(𝑎) = 𝑓(𝑎), p 𝑎 ∧ 𝑎 = 𝑎,	 §¨78𝑎𝑅𝑎, G�v4�,. 

(1H/ 

_09À: 𝑎  $ 𝑏  78 𝑎𝑅𝑏  p 𝑏𝑅𝑎 , �¤ 𝑎 = 𝑎 ∧ 𝑏 = 𝑏 ∧

𝑎 = 𝑏, G�v�%Z,. (1H/ 

0;59À:U𝑐, 78 𝑎𝑅𝑏 p 𝑏𝑅𝑐. ¤� 𝑓(𝑎) ≤ 𝑓(𝑏) ≤ 𝑓(𝑐), 

p	 𝑎 ∧ 𝑏 = 𝑎, 𝑏 ∧ 𝑐 = 𝑏	. \x 

𝑎 ∧ 𝑏 ∧ 𝑐 = (𝑎 ∧ 𝑏) ∧ 𝑐 = 𝑎 ∧ 𝑐,	 

𝑎 ∧ 𝑏 ∧ 𝑐 = 𝑎 ∧ (𝑏 ∧ 𝑐) = 𝑎 ∧ 𝑏 = 𝑎, <𝑎 ∧ 𝑐 = 𝑎. (1H/ 

¢£ 𝑎𝑅𝑐 ­78, G�v=>,. (1H/ 
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(2) (4H/h?Ëq7rH 

(3) %x¼½@AU𝑛,×Q: 𝑎, 𝑏, \x;5𝟏 = 11…11	(𝑛Q1)$ 

𝟎 = 00…00(𝑛Q0), C𝑓(𝟎) 	≤ 𝑓(𝑎) ≤ 𝑓(𝟏), 𝑓(𝟎) ≤ 𝑓(𝑏) ≤ 𝑓(𝟏) , 

p  𝑏 ∧ 𝟎 = 𝑎 ∧ 𝟎 = 𝟎, 𝑎 ∧ 𝟏 = 𝑏 ∧ 𝟏 = 𝟏 , �¤78�0𝑅𝑎, 0𝑅𝑏,

𝑎𝑅1, 𝑏𝑅1. < 𝑎, 𝑏 �;5B�´C$BwOC, p 𝟎U)OC, 

𝟏U)´C, G�DÎ-(𝑆, 𝑅)vE. (4H/hF3)´C)OCr

2Hs 
 

⼋、（本题满分 10 分） 

h𝑅Bij_l𝐴U1LÙop<É𝑅BÚÛ.ÜÝ1.  

56: 𝑅& = 𝑅<=>𝑛¼½X 11@A. 

!"#$� 

Ã Ä 𝑅3EÔlG,%x	∀(𝑎, 𝑏) ∈ 𝑅3,;5𝑡), 𝑡*, … , 𝑡3$) ∈ 𝐴 , 7 8 

(𝑎, 𝑡)), (𝑎, 𝑡*), … , (𝑎, 𝑡3$)), (𝑡3$), 𝑏) ∈ 𝑅 , \𝑅,=>ÅlG, (𝑎, 𝑏) ∈

𝑅, <𝑅3 ⊆ 𝑅. (5H/ 

%x∀(𝑎, 𝑏) ∈ 𝑅, a (𝑏, 𝑏) ∈ 𝑅, � (𝑎, 𝑏), (𝑏, 𝑏), … , (𝑏, 𝑏) ∈ 𝑅 (·n-1

Q (𝑏, 𝑏)), ¢£C(𝑎, 𝑏) ∈ 𝑅3, <𝑅 ⊆ 𝑅3. (5H/ 

³´, 𝑅 = 𝑅3 
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九、（本题满分 10 分） 

ÞÁÆA𝑓: 𝐴 → 𝐵, 𝑔: 𝐶 → 𝐷. ,-𝑓 ⊆ 𝑔Yß)7ÆAàBop<áB_l ,̀ 4
Éran	𝑔	 ⊆ ran	𝑓 (ran	()ÆA1âã). 56: ��𝑔Bä�<�𝐴 = 𝐶. 

!"#$� 

�U 𝑓 ⊆ 𝑔, � 𝐴 ⊆ 𝐶. (2H/ 

�  𝑔  vHI� , |  A≠ 𝐶 , �;5  𝑥 ∈ 𝐶, 𝑥 ∉ 𝐴 , J�  𝑔(𝑥) ∈

ran	𝑔	;5. (2H/ 

Ù  ran	𝑔	 ⊆ ran	𝑓 , <  𝑔(𝑥)  ­5  ran	𝑓B . �;5  𝑧 ∈ 𝐴, 𝑓(𝑧) =

𝑔(𝑥). (2H/ 

\x	𝐴 ⊆ 𝐶, �¤ 𝑔(𝑧) ­;5, p	𝑔(𝑧) = 𝑔(𝑥). (2H/ 

Ù g UHI, < 𝑥 = 𝑧 ∈ 𝐴. (2H/ 

_0n©ª,  𝐴 = 𝐶.  

 


