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 1. 
[ ]           B. 

           , 
. 

           C. 
     .                                    ④

[ ]          A. .

2. 
[ ] ㄴ .   ㉡      ,    

,      . ㉡     , 235+=140+94+2
           . 1 0 .㉡

ㄷ        . .       ④
[ ] ㄱ   . ㉠      ,    

  .      . , 94㉠ Sr   .

3. 
[ ] ㄱ          . Ⅰ Ⅱ

   .Ⅰ Ⅱ
ㄷ         . ‘Ⅰ Ⅱ

     .’ .                               ㉠ ③
[ ] ㄴ         . .Ⅰ Ⅱ

 4. 
[ ]         A: .

       B: , .     ㉠  ③
[ ]         C: . ㉠ ㉡

   .㉠ ㉡

   5. 
[ ] ㄱ           . 

          
         .
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ㄴ  . b            b .

ㄷ.    
 .                      ⑤

 6. 
[ ] ㄱ          . A N

   .                                                         ⓵
[ ] ㄴ        . A , B A 

     , B .
ㄷ            . B

   .

  7. 
[ ] ㄱ         . O , 

         O
  .

ㄴ         . 
  .

ㄷ.          P P .  ⑤

     8. 
[ ] ㄴ        . ( ) A A 0 .
ㄷ          . ( ) ( ) A

    ( ) ( ) .                                 ④
[ ] ㄱ          . ( ) A A A

           . A
     A . 

9. 
[ ]      ( ) A, B, × kg ms . ( )

         B A 8 A      B
         , A B    . ( ) ( )

       kg ms , ( ) →    ( ) B
       kg ms  . B

            B B

    s
N s

  .                                 ②
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10. 
[ ] ㄱ.           ( ) ( ) S

         Y c → S →   d 
         ( ) ( ) Y .   ( ) ( ) 

        a (-) , b (+) Y p .   ①
[ ] ㄴ  . ( ) S     c → S →   d ( )

     a (-) , b (+) .
ㄷ          . ( ) a (+) , Y

 c → S →  d .

  11. 
    A, B, C , ,       , Ⅰ

        , Ⅱ    . 
   A, B, C    .

[ ] ㄱ          . B A 30°Ⅰ
       45° . B C      C A

      30° ( ) 45° .                      ㉠ ①
[ ] ㄴ     . A B        

     P A B .

ㄷ   .         sin 
  (  )

        . P B A sin 

   , C A

  sin 
 . 




        P B A C

    A .

 12. 
[ ] ㄱ .          d c LED

          LED . 
         N , 

           S X N .
ㄴ           . a b N

           
          . LED

     LED .                           ③
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[ ] ㄷ          . 
       a d .

 13. 
[ ]       A ms    , ( )

           A B ms  
      . A ms    , ( )
          3 A B ms  

      .       
                  . ‘ B

         A .’ . A ms  
      , A B ms    . 

             
                 . ‘ B A .’

        .                                           ②

  14. 
[ ] ㄴ          . r A B

    . A      
           r A B

  . ㉡   .
ㄷ.             A p q

          A p q . 
           B p q ㉠        . B p q   .    ④

[ ] ㄱ .          p A B
          . A p

  p           . p
        A B . ㉠   .

   15. 
[ ] ㄱ      . A       , B

           , C
               , p C q C

 (  )           , p C q C
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   (  )      .   , q
              C q B q B

        p p .

ㄴ      . p (   ) 






    . 


 


 .

ㄷ       . p , ‘A      B
    ’ ‘A     B     C

         C ’ . ‘B    C
            ’ A A

    ‘C      B    2×(B
            C’ ) . p B

    ‘C         B ’ (+)
           . p , A B C

   .                                              ⑤

   16. 
 [ ] ㄱ      , Q R B B       , B P Q



B       , Q R B        B P R

    




 B

     . A P R     

 

 
  B  


  . P

      Q B

  














    A Q

   B 
 .   A, B

    - .  

ㄴ. B  

       B P Q 

B
 

       

 
 .                                                        ③

 [ ] ㄷ       . R S B      S B 
 . 

        B P Q R S .
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 17. 
         - - . A B

        , - C 


 .

0  







A B

C

⇨

[ ] ㄱ . A →        B 
.

ㄴ. A →     B , B →    C 
 , C →     A    , 



  
  .

ㄷ             . -

      . - 


    , 

             




  .                                                       ⑤

  18. 
     P B   ,      
           (+) , P , P C

 ±   ± ±    . …⓵

 ±        . Q A, B, C  ,  , ±
      Q ,   ± ±  …②

 .  ±          . ⓵
       ⓵         . P

      B, C       ,           . P A, B, C
       .
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[ ] ㄷ  . , ②         P A, B, C
         .       ②

[ ] ㄱ .       P B   B  .
ㄴ.       P C     

    C  .

19. 
[ ] ㄱ . ( )      P (  ) (   )   

  .
ㄴ     . A, B, C, D , , ,   ,   

  ( ) ≤≤         . 
          ,  

     A C .                                     ③
[ ] ㄷ    . A B () ,     A, B     
    , C D (  )        
       . C D () ,     C, D    

     A, B (  )       ,  
           .

    20. 
       ( ), ( ) B A     

   ,            . A B
      B         A
        . B A       A 

. 
            , 

           . 
              

            . A ,

 :        

 

 : 

    


  

      ,       
     .                                          ①
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최근 수정일 수* : 21.11.24.( )

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ②  ③　 ②  ④  ①  ⑤  ④  ①  ③  ⑤ 
11. 12. 13. 14. 15. 16. 17. 18. 19. 20. ③  ④  ②  ②  ③  ①  ⑤  ⑤  ④  ②

 1. 
[ ]          .  ②

  2. 
[ ] ㄱ . CHCOOH       CHCOOH  

 .
ㄷ         . .        ③
[ ] ㄴ . NH       C . 

 3. 
        .

[ ]         ‘ .’ , ② 
          . ㉠ ㉡ Cu  

Mg            ㉠
Cu  , ㉡ Mg        .          ②
[ ] , ① ③ CO         .

, ④ ⑤ NaCl         .

     4. 
[ ] ㄴ           . AB

 .
ㄷ            . B 1 C 2 C 17

             . A 2 C 1 Ar
         A C 1:2 .     ④

[ ] ㄱ . A   Ar        A 4 2 .

 5. 
            . ( ) ( )

   .
( ) HNONH→NHO, ( ) NONH→NHO
[ ] ㄱ   . ㉠ N .                                            ①
[ ] ㄴ . ,      .
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ㄷ    . ( ) ( ) NH       1mol HO   (mol)
 ( ) : ( ) = 4 :     3 ( ) ( ) NH 1      g

HO   ( ) > ( ) .

  6. 
[ ] ㄱ .    HO  HO        

     . HO   (mol)       
   .

ㄴ.         증발 속도
응축 속도

 ,      

   증발 속도
응축 속도

  . 증발 속도
응축 속도        .

ㄷ.    HO  HO       HO   (mol)   
    .                                                     ⑤

  7. 
[ ] CO, CH, NH         .

   CO CH NH

 

  4 4 3

  4 0 1

  2   

 

        ‘ ?’ ( ) , ‘ ?’ ( )
      .                               ④

 8. 
            ( ) X W 3 , Y , W Y

            1, 3 W N, X C, Y F . ( ) X Z 2
           Z 2 Z O .

[ ] ㄱ        . X 4, Y 7  .           ①
[ ] ㄴ   . Z O .
ㄷ           . ( ) 4, ( ) 8 . ( )

 ( ) 2 .

 9. 
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      (     )
        . ( )    .     2,     

  3 ( )   , ( )  .
[ ] ㄱ   . ( )    (  ) 0 .
ㄷ  . ( )     .                             ③
[ ] ㄴ   . ( )      .

   10. 
[ ] ㄱ          . , 

       . BAD .
ㄴ          . B C . BC   

  .
ㄷ   . CE     EC C (  ) . ⑤

 11. 
         2 2      

   . 

Li Be B C N O F Ne

     2 1 2 2 2 2 3 4 5

      0 0 1 2 3 2 1 0

   X~Z C, O, F . 
[ ] ㄱ .   ,         . 
ㄷ         . Y, Z 5 .                 ③
[ ] ㄴ      . X 4 . 

 12. pH
      ( ) pH ( ) 2 ( ) NaOH(  ), ( ) HCl() . 

pH=-log[HO   ]       ,           . 
[ ] ㄱ  . ( ) HCl() . 

ㄷ.        M  M , NaOH(  ) HO 
Na  =   =×  .  

                                                                       ④
[ ] ㄴ .    . 

  13. 
 ( ) CHCOOH   (0.01     +0.0075) mol ( ) 50mL 20mL
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    CHCOOH      mol . 

     NaOH 0.1×0.038=0.0038  mol    .   ②

 14. 
            W>X W F
          , W O 1 . 

           W S , X P . W>Y Y F O
         Y F 1 Y O , Z F . 

[ ] ㄴ      . W, X S, P 3 .             ②
[ ] ㄱ   . Y O . 
ㄷ         . Z>Y Z>Y .  

 15. 

[ ] A()     g 10mL 0.3M A(   )     
= 0.54 . M A(         ) 8mL, 20mL  
:   =11:9     .  = .               ③

  16. 
[ ] ㄱ         . ( ) C +2 2 CO . –
                                                                       ① 
[ ] ㄴ     . ( ) CO . 
ㄷ          . ( ) Mn +7 +4 , S +4 +6

       ,        . H 2
    .      . 

 17. 
      ( ) 9.6mol         . 

  ,  ,  ,          0, 1, 8, 10 ( ) ( )
  ×  ×  ×   =20    . 
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[ ] ㄱ .     =(10×0.2)+(10×0.8)=10 . 

ㄴ    . ( ) H원자수
H원자수 =  = . 

ㄷ. 가 에들어있는 O의질량
나에들어있는 HO의질량 =× ×  = .                     ⑤

 18. 

Z원자수X원자수     ( ) ( )  ,    ( ) XY 3mol, YZ   4mol

  , ( ) XY 1mol, XZ         2mol , Y 
          Y ( ):( )=5;1

   . X Z        ( ) Y의질량X의질량 =

 =         . 

[ ] ㄴ . 가에들어있는전체분자수나에들어있는전체분자수 = = . 

ㄷ   . ( ): ( ) =     :     = 55 : 23 , 

  ,          . Y의원자량  Z의원자량X의원자량 = . ⑤ 

[ ] ㄱ   . ( ) Y의질량X의질량 =   . 

   19. 
[ ]          , A B A(g) Ⅰ Ⅱ    g
mol, B(g)    g       mol . 

 Ⅰ  Ⅱ

               A(g) + B(g) 2C(g)→ 
  (mol)          
 (mol)     -     -2    +4       
  (mol)   0        4    

               A(g) + B(g) 2C(g)→ 
  (mol)   2       
 (mol)     -2      -4    +8      
  (mol)   0        8    

            . BⅣ
. 

 Ⅳ

               A(g) + B(g) 2C(g)→ 
  (mol)   4      5 
 (mol)    -2.5   -5    +10      
  (mol)  1.5      0    10     
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   ,         , . Ⅲ

 Ⅲ

               A(g) + B(g) 2C(g)→ 
  (mol)   12     5 
 (mol)     -10    -5    +10      
  (mol)    2     0    10     

   B(Ⅱ g     ) 1mol      g , A(Ⅲ g)

     2mol (mol)   ,  =   g . 

    ×        . ×   ×      .          ④

   20. 
[ ]   Ⅰ X     . X     =×   

      mmol . 100mL , Ⅱ X    
 X     ×     mmol .    ,     

   . 

 Ⅱ모든음이온의양mol모든양이온의양mol =          . Ⅱ Ⅲ
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        0.3×40=12mmol , Ⅱ Ⅲ

 12+2+30-24=20mmol . 12:20=4:      . ×    . 

                                                                       ②
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1

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ⑤ ④ ① ⑤ ④ ③ ② ③ ③ ④ 
11. 12. 13. 14. 15. 16. 17. 18. 19. 20. ② ② ⑤ ① ② ⑤ ① ④ ④ ①

1.  
[ ] ㄱ            . 

      .
ㄴ          . . 

       ( ) . ㉠
ㄷ            . 

        ‘ .’ .㉡ ⑤

 2. 
[ ] ㄱ          . 

     ( ) .
ㄴ      . ( ) ( ) .㉠ ④ 
[ ] 
ㄷ           . 

         . ( )㉠
. 

 
   3. 

      , .ⓐ ⓑ
[ ] ㄱ     . GⅠ 1  , GⅡ 2    . DNA

          . Ⅰ Ⅱ
   .                ①

[ ] ㄴ         . ⓐ
         . .

ㄷ     . ( ) .ⓑ Ⅱ 

4. 
  A , B .

[ ] ㄱ       . (A) , .
ㄴ        . (B) , , .
ㄷ           . . ㉠
O2        O㉠ 2   .   ⑤
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 5. 
[ ] ㄴ         . , 

      . ‘ .’ ( ) .
ㄷ         . , 

  . ④
[ ] ㄱ       . 

  , .

   6. 
[ ] ㄱ           . ( )

         . (㉠
            X ) (

   ) . 
ㄴ           . 

           . ( ) ⓐ ⓑ
           

.                                                                     ③
[ ] ㄷ        . ( ) X , ( )ⓑ ⓐ

           X ( ) ⓑ
          , ⓐ

    . 

  7. 
           ~ . , , ㉠ ㉢ Ⅰ Ⅲ Ⅳ

           ~ n . ㉠ ㉢ Ⅲ ㉠ ㉢
            , . Ⅳ ㉠ ㉡ ㉡

         , . ㉢ ⓐ ⓑ ㉠ ⓒ Ⅱ
        2n .㉡ ㉢ Ⅱ

[ ] ㄴ          . ~ ~ . 7㉠ ㉢ ⓐ ⓒ
           , 7 .ⓐ ⓑ ㉡ ㉢ ㉡ ㉢

                                                                       ②  
[ ] ㄱ          . n, 2n . Ⅰ Ⅱ Ⅰ Ⅱ
ㄷ           . , H r DNA 1 H r Ⅰ ㉡ ㉡

          . H DNA 2 H r , Ⅲ ㉡ ㉡
            R . H h . h㉡ ㉢ ㉠ ㉠

         (n) H DNA 2 . Ⅲ ㉠
        H , HHRr . (n) (HⅠ ㉠
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         ) , . H , ㉠ ㉠
      H DNA 1 .

8. 
[ ] ㄱ       . , α β 

. 
ㄴ             . 

        , 
        . . ( )㉠ ㉠

       .             ③
[ ] ㄷ         . ( )㉠

         t㉠    . 

 9. 
[ ] ㄱ          . 

            . X
      X ( ) . 

ㄴ           . T X
 .                                                        ③

[ ] ㄷ          . ( ) X㉠
      . 

  10. 
[ ]      , , , . ㉠ ㉡ ㉢ ㉣
ㄴ            . ( )㉢

        ( ) . 
ㄷ       . ( ) , , , ㉣

     .                     ④
[ ] ㄱ   . , . ㉠ ㉡

 11. 
[ ]          ( )~( ) 2 A , ( ) ( )

           ( ) ( ) A . A ( ) ( ) A
        XY . ( ) XX , ( ) XY . A B

           ( ) XX B , ( ) C
. 

ㄴ         . ( ) ( ) , ㉠
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.                                                                   ②
[ ] ㄱ      . ( ) B , ( ) C . 

ㄷ         . ( ) 2, ( ) 6 나의 염색 분체 수
다 의 성염색체 수 =

= . 

 12. 
[ ] ㄴ     . ( , NHⓑ 

   ) ( , NOⓐ 
  )

  .                                                 ②
[ ] ㄱ  . (NO         ) ( )

            . 
 (NH       ) , (NO   ) . 

ㄷ         . , . ㉠ ㉡ ㉠
         .㉡

  13. 
[ ] t  t       X t~t   X

            . X d d , ㉠ ㉡

     d , ㉢     d , ( + )㉠ ㉡   d

         . X ( +2 +2 ) , X A ( +2 )㉠ ㉡ ㉢ ㉠ ㉡
. t        X( +2 +2 ) 3.0 , 0.7 A (㉠ ㉡ ㉢ ㎛ ㉢ ㎛ ㉠

        +2 ) 3.0 -(2×0.7 )=1.6 . A㉡ ㎛ ㎛ ㎛
   t      A ( +2 ) 1.6 , ( + )㉠ ㉡ ㎛ ㉠ ㉡

       1.2 1.6 -1.2 =0.4 , 1.2 -0.4㎛ ㉡ ㎛ ㎛ ㎛ ㉠ ㎛ ㎛
=0.8 . t㎛   t         0.1 X 0.2㉢ ㎛ ㎛ 

, t      X 2.8 . t㎛   t      X 0.2㎛ 
 t     ( + ) ( +0.1) . t㉠ ㉡ ⓐ ㎛   t      ( +㉠ ㉢

       1.2-( +0.1) -0.7 1.2-( +0.1)= -0.7ⓐ ㉢ ⓐ ⓐ ⓐ
 , 2 =1.8 =0.9 . tⓐ ⓐ ~t       , , , +㉠ ㉡ ㉢ ㉠ ㉡

   , X .

 ㉠  ㉡  ㉢  +㉠ ㉡  X
t 0.8 0.4 (0.9)ⓐ 1.2 (3.4)
t 0.4 0.6 0.7 ?(1.0) 3.0
t 0.2 0.7 0.6 (0.9)ⓐ ?(2.8)

( : )㎛

ㄱ      . P , Q . t  t    X
        X P . 
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ㄷ. t            0.4 , 0.9㉡ ㎛ ㉢ ㎛ ㉡ ㉢
  0.7 +0.9 =1.3 .                                       ㎛ ㎛ ㎛  ⑤

[ ] ㄴ          . A X A
 t   t   . 

 14. 
[ ]        ( ) ( )㉠ →㉡ →

 ( ) , d㉢         
         . C ( ) ( )㉡ Ⅰ Ⅲ ㉢
    dⅡ     d      . A ( )Ⅰ ㉡ Ⅲ

   ( ) d㉢ Ⅲ Ⅰ    d  , dⅠ      . B C
 , (dⅡ          ) ( ) C ( )㉢ ㉠
          B . A C , (㉢
            ) A ( ) C㉡

     . A~C A > C > B . 

    4ms
(dⅠ  ) (dⅡ  ) (dⅢ  )

A ( )㉡ ( )㉢ ( )㉢
B ? ( )㉠ ?
C ( )㉡ ( )㉢ ( )㉡

ㄱ             . ~ⓐ ㉠ ㉢ 
    , A (dⓐ Ⅲ      ) ( ) d㉢    

 (dⅡ     ) ( ) .                        ㉢  ①
[ ] ㄴ    . B (dⓐ Ⅱ      ) (dⅡ   )

     d     .
ㄷ        . A~C A . 

 15. 
[ ] ㄷ          . . 

          , ( )
.                                                                ②

[ ] ㄱ         . ‘㉠
           ’ , ‘㉡

’ . 
ㄴ           . ( )㉠

          , ( ) A , B
        ( ) . (B) Ⅰ Ⅱ
.
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 16. 
             ( ) A a㉠

         , AA Aa , 
           AA Aa . ( )

         . DE EE ([E])㉡ ㉠ ㉢
           E D , DF FF ([F])

         F D . 4 DD㉢
        ([D]) EF ([EF]) . P AaBbDF

          , Q P ~ AA Aa , ㉠ ㉢ ㉠
         BB Bb , DF FF . P Q ㉡ ㉢

           , ~ (ⓐ ⓐ ㉠ ㉢ 

 )

     Q .
            Q AA , P Q A a㉠

          . . Q FF㉡ ㉢ ⓐ ㉢
          DF FF ([F]) . ㉠ ㉡

           . Q AA㉠
            . Q Aa ⓐ ㉠ ㉢

    
   

      . Q BB , ㉡ ⓐ ㉡

       0 , Bb 

   

   . 

(
         ) . , ~㉠

       .㉢ ⓐ

Q(AF/AF)
AF AF

P
(AD/aF)

AD AADF(2) AADF(2)
aF AaFF(2) AaFF(2)  

Q(AF/aF)
AF aF

P
(AD/aF)

AD AADF(2or1) AaDF(2)
aF AaFF(2) aaFF(1)

Q(BB)
B B

P
(Bb)

B BB (1) BB (1)
b Bb (1) Bb (1)  

Q(Bb)
B b

P
(Bb)

B BB (1or0) Bb (1)
b Bb (1) bb (0)

        Q DF , AA . ㉢ ㉠

Q(AD/AF)
AD AF

P
(AD/aF)

AD AADD(1) AADF(2)
aF AaDF(2) AaFF(2)
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          ⓐ ㉠ ㉢ 

   . ⓐ ㉡

        BB 0 , Bb 

   

   . 

(
   ) .

          Q DF , Aa . Q A㉢ ㉠
             D, a F A F, a D
.

Q(AD/aF)
AD aF

P
(AD/aF)

AD AADD(1or0) AaDF(2)
aF AaDF(2) aaFF(1)   

Q(AF/aD)
AF aD

P
(AD/aF)

AD AADF(2or1) AaDD(1)
aF AaFF(2) aaDF(1)

              Q A D, a F ⓐ ㉠ ㉢

    
   

      , 0, ㉡ 

 , 



            . ⓐ ㉠ ㉢

  
        0 , 1, ㉡ 

 , 
  

            . Q A F, a D ⓐ

         ㉠ ㉢ 

   

   , ㉡

   0, 
 , 

        . 

(

×


 

           ) . AA Aa , ㉠

         Q Bb , BB Bb . ㉡ ㉡
[ ] ㄱ         . BB Bb .㉡
ㄷ           . 4 , ⓐ ㉠ ㉢ ㉡

       3 . 12 .          ⓐ ⑤

Q(AF/aD)
AF aD

P
(AD/aF)

AD AADF AaDD
aF AaFF aaDF

Q(Bb)
B b

P
(Bb)

B BB Bb 
b Bb bb 

ㄴ[ ]         . Q A F, a D , A, B, D
    .
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 17. ( )
          Q AabbDd B Q b DNA 

       1, 2, 4 , 0 . b DNA Ⅴ Ⅵ
            , 0 Q㉠ ㉠ Ⅴ Ⅵ
          . 4 1 2 . 1 , 0, 2㉠ ㉠ ㉡ ㉢

            Q . 1Ⅳ Ⅴ ㉠
         , 2, 0 ~ . ㉡ ㉢ Ⅰ Ⅵ

            2 , 1, 0 P , Q ~㉠ ㉡ ㉢ Ⅱ Ⅲ Ⅳ Ⅵ
         . 2, 0, 1 , ㉠ ㉡ ㉢
  .

DNA 
A a B b D d

P
Ⅰ 0 1 ?(0) (1)㉢ 0 (0)㉡
Ⅱ (2)㉠ (0)㉡ (2)㉠ ?(0) (2)㉠ ?(0)
Ⅲ ?(1) (0)㉡ 0 (1)㉢ (1)㉢ (0)㉡

Q
Ⅳ (1)㉢ ?(1) ?(0) 2 (1)㉢ (1)㉢
Ⅴ (0)㉡ (1)㉢ 0 (2)㉠ (1)㉢ ?(0)
Ⅵ (2)㉠ ?(0) ?(0) (2)㉠ (0)㉡ (2)㉠

           P D d DNA 0 , Ⅰ
           . Q A a DNA 1, B b DNA Ⅰ ⓐ Ⅴ
      2 , . Ⅴ Ⅴ ⓑ

[ ] ㄱ          . ( ) ( ) , P A
           B, a b ( )

            ( ) a b . Ⅰ
           A b . Ⅲ Ⅰ

         ( ) . VⅤ
           b DNA 2 A a DNA 2

         . ( ) ( )
         . ( ) ( ) , b , DⅠ

            d . ( )Ⅰ
        , b DNA Ⅴ Ⅴ

           2 D d DNA 2
         . ( ) ( ) . ( )

     ( ) .                            ①
[ ] 
ㄴ            . ( ) ( ) Ⅰ

          , a DNA 1 d DNA 1
          . ( ) ( )Ⅰ ⓐ

         , V( )ⓑ



9

      . .Ⅳ
ㄷ         . ( ) a DNA 1 . V( ) a D DNA 1ⓐ Ⅰ ⓑ

          Q a D, A d . V( ) b DNA 2ⓑ
         ( ) . V( )ⓑ

     2     , (V) d DNA 0 . ⓑ

 18. , 
[ ] ㄱ          . ( ) 

    , . Ⅱ
ㄴ          . , , 

          , . 
         . Ⅰ ④

[ ] ㄷ          . 
.

   19. ( )
           H h , *, T t , *㉠ ㉠ ㉡ ㉡

         . 3 DNA 0 , ( ) ㉠ ㉡ ㉠
       , ( ) . ( ) ( )㉡
            X . ( ) ( ) X 1

 X *㉠㉡      Y . 1 X , DNA ㉠ ㉡
     3 6 X *㉠㉡ X㉠㉡     . ( ) 6 X㉠㉡  
  2 X * *㉠ ㉡ X㉠㉡          . 6 * , 2 *㉡ ㉡ ㉠ ㉠

   , 5 X *㉠㉡ X * *㉠ ㉡      . 2 5 ( )
       , . ( ) ( )

         1 * * * . 6 1 *㉠㉠ ㉡ ㉡ ㉠㉡
       * . 2 ( ) , 6㉠㉠㉡㉡

            , ( ) 1 *㉠ ㉠ ㉠
        . ( ) , ( ) X 1

  *X㉠㉠ *㉡       Y , * . 6 1 X㉠ ㉠ *㉡  
    X㉠㉠ ㉡X *㉡    . 2 ( )
 * *X㉠ ㉠ ㉡X *㉡        . 6 2 2㉠ ㉠

       . ( ) X , ( )
   . 1 X㉠   Y * * , 6 1 X㉡ ㉡ ㉠   *㉡

    6 X㉠X㉠     * . 6 ( )㉡㉡ ㉡
      * , T . 6 2 X㉡ ㉡ ㉠    , 2 ( )㉡

  X㉠X *㉠      _ . 2 ( )㉡
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         * , h . 5 1 X㉠ ㉠ ㉠ ㉠  *㉡
    ( ) X㉠X㉠    * * . 5 1 2㉡ ㉡ ㉡

      * 2 * . 2 X㉡ ㉠X *㉠  * . 3㉡㉡
 X *㉠        Y * * , 7 3 Y * ( ) ( )㉡ ㉡ ㉡

 X㉠      Y * . 4 ( ) ( ) X㉡㉡ ㉠X㉠  _ , ㉡ ⓐ
X㉠   . Xⓐ ㉠         DNA 1㉠ ㉡

 X㉠       Y * * . 4 * 4 X㉡ ㉡ ⓐ ㉡ ㉠

X㉠  * .㉡㉡
[ ] ㄴ    . 4 X㉠X㉠      * 4 1 DNA ㉡㉡ ㉡

 1 .
ㄷ   . 6 X㉠X㉠   * , X㉡㉡ ⓐ ㉠  Y * * . 6㉡ ㉡ ⓐ 

           , ( ) 1, ( )



      , ( ) ( ) ×


 

 . ④

[ ] ㄱ    . ( ) .

 20. 
[ ] ㄱ           . ㉠ ㉤

 . ①
[ ] ㄴ           . Ⅰ ㉡ ㉢

 .
ㄷ          . ( ) . 

          , 
          , , 

        , .
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1

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ①  ①　 ③  ③  ②  ⑤  ④  ②  ④  ⑤
11. 12. 13. 14. 15. 16. 17. 18. 19. ⑤  ③  ②  ①  ③  ⑤  ②  ③  ④  20. ①

1. 
[ ] ㄱ          . B A , A

          ( ) .     ㉠ ①
[ ] ㄴ           . ( ) 5 30㉠

        5 30 .
ㄷ            . 

    . 

 2. 
          

     .
[ ] ㄱ           . A

           
   .                                          ①

[ ] ㄴ         . (B)
        . (B)

         , 
           . 
          , 

   .
ㄷ           . (A)

        B( ) . 

  3. -
[ ] ㄱ      . , , -

        . A 
   . 

ㄴ       . , 50 m A B 
      , 50 m A B .    ③

[ ] ㄷ         . 
         . A B 

 . 
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   4. 
[ ] ㄱ           . 

           , 
       . , , 

              
        . 

ㄷ           . 
          

         ( ) .  ③
[ ] ㄴ         . , 

         , 
   .

 5. 
          . ∼

[ ] ㄷ         . X
         , .

②
[ ] ㄱ         . (jet) (lobe)

        , 
          . , 
       . 

ㄴ          . , 
    .

   6. 
     A , B .

[ ] ㄱ       . 
 A . 

ㄴ         . ( )
   B . 

ㄷ        . B 
   .                                        ⑤

    7. 
[ ] ㄴ          . 3000 K

          , 2.7 K 



3

 . 
ㄷ            . 

        . 
         .               ④

[ ] ㄱ          . 
    . 

     8. 
             

           , 
            . 

          , 
   . 

[ ] ㄴ         . P , ( ) P
     .                                    ②

[ ] ㄱ         . 
         . ( )
.㉡

ㄷ            . ( )
         . ( ) . 

   9. 
           A , 

    B . 
[ ] ㄴ          . ㉡ 

    , . 
ㄷ     . A( ) , B( ) , SiO2 (%) A B

 .                                                                ④
[ ] ㄱ         , ㉠ 

        . A( )㉠ 
.

 10. 
         

        . 30°~   60° 
         . 

[ ] ㄱ        . ( 0°) , 30° 
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       ( ), 60° ( )
           . A

      . 
ㄴ          . B 

        . B . 
ㄷ       . C , C 

       , C . 
           90° C 

.                                                                   ⑤

  11. 
[ ] ㄱ            . 

          . . A B
      , .           

ㄴ             . . B C
       B C .

ㄷ             . . 
          . A C , A

            . C A .
⑤

 12. 
[ ] ㄱ          . ( ) , ( )

           . 
           , , 

          , . 
             ( ) , ( )

  .
ㄴ         . ( ) A , A 

.                                                                           ③
[ ] ㄷ           . ( ) B . 

     , .

 13. 
[ ] ㄴ         . ( ) A0 10000 K . 

       5800 K ( )       . 
    , .
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 ∝ ×    ∝ ×  ∴≈ 

         ( ) .                     ②
[ ] ㄱ          . . 

        ( ) .

 ∝ ×    ∝ ×  ∴  




           ( ) , .
ㄷ            . ( ) ( ) , ( ) . ( )

      ( ) ( ) .

14. 
[ ] ㄱ            . 

         . , 
            

      . A .                          ①
[ ] ㄴ           . (B) (A)

 .
ㄷ          . (A) , 

      (B) .

  15. 
[ ] ㄱ             . . A B

           , b a 2 . 
              , B . B A 

     .
ㄴ             . , 

             . B C .
③

[ ] ㄷ             . 
           . , 

     A C .

  16. 
[ ]            X Y . 

           
          . 

       .                           ⑤ 
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  17. 
[ ] ㄴ          . , 

          . A 
        , . 37°N

   A .                                                   ②
[ ] ㄱ         . , ㉠

.
ㄷ         . A 90° , 

          . 37°S , ㉢
     .㉢ ㉡

 
 18. 

[ ] ㄱ             . , 
            . A 6 , B 1 . 

            A B . 
ㄷ             . 2

         , . 
        , . 
           , A B
 .                                                                    ③

[ ] ㄴ              . . 
             H-R , 

               . A
             B .

  19. 
[ ] ㄴ         . A, B, C A, B, C A, 

           B, C C . .
ㄷ           . , 

           . 
          30°N , 
    60°N .
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          B 10°N 20°N 10° . 
     B 80°N .                               ④

[ ] ㄱ          . A, B, C 10°N
      . .㉠ ㉡

  20. aⅠ
[ ] ㄱ           . aⅠ

            a . A aⅠ Ⅰ

  16F0  ∝


 ∝


∴      . 

     A a 25 MpcⅠ
  ×   ×                                   ①
[ ] ㄴ            . A B

           B a A aⅠ Ⅰ 

   

          2 . A 25Mpc
         B 50 Mpc . B
  ×   ×         . 

    . 

 


×





∴      

     600 nm 607 nm .
ㄷ            . A B 60° , A B 

    Mpc .
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            A B a , Ⅰ
.

∝


 ∝


∴  

      . 




 . 
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1

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ③  ④　 ②  ③  ⑤  ①　 　⑤  ④  ③  ④
11. 12. 13. 14. 15. 16. 17. 18. 19. 20. ①  ⑤  ③  ④  ②  ⑤  ①  ③  ②  ⑤

1.  
[ ]     A. . 

      B. .           ③
[ ]       C. , . 

 2. 
[ ] ㄱ           . ( ) , 

        .
ㄷ          . ( )

   .                                        ④
[ ] ㄴ         . ( ) . 

 3. 
[ ] ㄴ .            

  .                                                   ②
[ ] ㄱ          . 

            ( )
 .

ㄷ   .    ,    ,      , 

  
           

.

4.     
 [ ] ㄱ           . 

         , . P
     .

ㄴ.  
           , 2

   
       . ( )

     ( ) 2 .                      ③

 [ ] ㄷ        . 2 
  . 
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        ( ) P O 3 .

  5. 
[ ] ㄱ           . A 0 A

      . A , . 
ㄴ            . B A B

        . B , . 
ㄷ           . B Q B

           P Q . B
          B

   .                                                  ⑤

6. 
[ ] ㄱ         . ( ) ( ) 2

      ( ) ( ) 2 .                  ①
[ ] ㄴ     .      , ( )   

    , ( ) 가        . ( ) ( )
        ( ) ( )

(나        ). ( )      
다    .

ㄷ     .  
     . ( ), ( )

    나  ×
 



  , 다  ×
 

    , 

    ( ) ( ) 4 .

 7. 
[ ] ㄱ           . 

          
       . , . 

          B p r 9 r
        p 3 .  

  A B 
    , B      A 

 




×




.
ㄴ           . . B

            B p q    B q
      r  .
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ㄷ           . r . r
    A B .                                              ⑤

 8. 
 [ ] ㄱ .       1 3Ω Ω

    ,     , 2Ω
          . 1 3Ω Ω
      . V  × ×

   A      . 1Ω
    A .

ㄷ      . 3Ω
  A×  W .                                                ④

 [ ] ㄴ        . 2Ω   A×  V .

 9. 
ㄱ           . pⅠ Ⅱ

    . 
ㄴ  . Ⅰ      Ⅰ     Ⅰ 

       . Ⅰ     
  . Ⅱ      Ⅱ     Ⅱ

         . Ⅱ    
   .                                                     ③

[ ] ㄷ .          Ⅰ Ⅱ
,           Ⅰ Ⅱ •
           . Ⅰ Ⅱ

 10. 
              

C 
 × 

 


(: , : ) .

[ ]           , 

 


  ,   sin°       

  C ×sin°×












 






  tan°   .   

 .  

                                                                       ④
  11. 



4

[ ]         
        .      A, 

      B     A       
 ,      ,     가 , 나    , 

. , 나 
가 















  .                               ①

    12. 
 [ ]      

 

      , 



        . 

  ×

  



, ×  



  

 . 












   


  .                   ⑤

13. 

[ ] ㄱ    .     
      . n-p-n . 

    P (+) . 
ㄷ         . . 

        → →
  .                                                     ③

[ ] ㄴ        . n-p-n
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.                                                                  

   14. 
       ,      ,   

   

 

 
     ,  

 .

       [ ] ( ), ( )   

,   




 ,     

     


    . ( )

 

 

 
    


     


 .                       ④

    15. 
[ ]   A A    , p A
A        




AA

 A  A  A  . 

 , B        B
       A B
         

  

   



   .    , A     

    

A











  sin 

     . B

       A B        q r

    sin   




        . B

   



      .                 ②

   16. 
 [ ] ㄱ .          (+)

           , 1 4     
    .

  1 : • × 

 


× 





 

  4 : • × 

 


× 







             1 4 .
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ㄴ.           (+) 1

  ,        초
 , 초

    4   

    초
       , 1 4

  .

  1 : • 초

× 

초


×

 초



  4 : • 초

× 

초



        1 4 .
ㄷ   . 1              

     , 1       
       . 1 .                ⑤

17. 
[ ] ㄱ.      0 ,         C D

        C D .               ①
[ ] ㄴ. ( ) ,         B   

    B (+) . 
ㄷ.               0

    C D (+) .   
      A B  , C

     D  . 
       A~D    
        C D (CD  )

    A B (AB   ) . A B
      , C D   , 

AB 





  


 . CD 



×














 



×  
 
 . CDAB

 
 




  





        . 

   C A . 

 18. 
[ ] ㄱ              . A B A, B

        , , Cⓐ ⓑ ⓐ   , Dⓑ
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        , r A      . A . Bⓐ
      , ⓑ    

  ,          .…㉠

    C, D ,        Cⓐ
     , Dⓑ         . r A   

         , A , Bⓐ ⓑ
       ,        
         . , …㉡ ㉠ ㉡       D

 C 2 .
ㄴ             . C D C, D

 ,   ,         , ㉠    

 . 

       C A 

   .          ③

[ ] ㄷ      . C A       
               , D㉠ ⓑ

            . r B r    , B ⓑ

     r    r  

 .

 19. 

[ ]    B        A, C  

,   . 

            A, B, C .

 




 




 


--- , ① 


  


--- , ② 


 






 

---③

 ②   

     ① ③ 







 






 

   

--- . ④

    ④ ①   

 .                                ②

 ▲  ▲ 
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  20. 

 [ ] ㄱ     . ( ) B  

 

     . A, B

    , A    



 



 
  





 .

ㄷ.         A, B A  


 


  , 

B           . A, B A

   B B 
A   


 


    . 

       A , B .
              A B , A B

 

  . B 

A     






    , A B 

  .                                                            
⑤

 [ ] ㄴ .        A A  

 


        A

     .

  

 


×


×  ------------- ⑴

 


 


×

 
×  -------- ⑵

 ⑵         ,        A    . ⑴     
      , A         .
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01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ②  ④　 ③  ⑤  ①  ⑤　 ②  ③  ①  ④ 
11. 12. 13. 14. 15. 16. 17. 18. 19. 20. ①  ②  ④  ③  ⑤  ③  ④  ①  ②  ①

 1. 
[ ] ② NH         PH  

 .                                                          ②

  2. 
[ ] ㄱ. Na(     ) X Na . 
ㄷ  . Z Na  I          .   ④
[ ] ㄴ            . Y 2

  Y . 

 3. 
[ ] ㄱ   . A(g) B(→ g       )

    . 
ㄴ    .     X(      ) . 

      ③
[ ] ㄷ . X(       ) . Ⅱ

     260Ⅱ  kJ/mol . 

 4. 
[ ] ㄱ     . X  Y  Z  , X(Ⅰ    ) 

 , Y(Ⅱ         ) ‘㉠
     ’ . 

ㄴ  . X(Ⅰ     ) X     X     (mol)
. 

ㄷ  . Z(Ⅱ   ) Z     Z .                            ⑤

 5. 
[ ] ㄱ . HO(g    )       , 9g HO  

  0.5mol 9g HO(g   )  =22   kJ .          ①

 

[ ] ㄴ .    HO
(g         ) , 2mol HO(g   ) HO
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(g    )    kJ/mol . 

ㄷ  . HO(g) > HO(   )   
   484kJ .    . 

 6. 
   HO() > Na (    ) ( ) (-) HO(  )

 H(g       ) . ( ) NaCl(   ) , ( )
 NaCl(     ) ㉠ Na() . 

[ ] ㄱ   . ( ) NaCl(   ) . 
ㄷ  . ㉠ Na(        ) ( ) 2NaCl() 2→ Na() + Cl(g     ) . (mol) ㉠ Cl(g  ) .                  ⑤
[ ] ㄴ   . ㉠ Na() .

   7. 
[ ]     2CH(g) + 4O(g) 2→ CO(g) + 4HO(g) 
     kJ . CH(g) + 2O(g) → CO(g) + 2HO(g   )
(     ) (4×410)+(2×498)-(2×799)-(4×460)=-802kJ . 

 1604=–   -1352 =-252 .                                   ②

 8. 
   1atm    ℃ CHOH

   ,    ℃
CHOH      . 
[ ] ㄱ . CHOH(    ) ℃

 . 
ㄷ.  , 1℃  atm CHOH    .  , ℃   atm CHOH    

    .                                                ③
[ ] ㄴ .   ℃ CHOH(       ) 1atm

. 

 9. 
[ ] 1 M A(   ) 200mL A 0.2    mol , A 100

    A 20g .   g A(   ) A(    ) A
(      )g . 1L , 1.1g/mL A(   )

  1100g . 1100-()   g , (mol)    



3

  


   =80 .                                 ①

 10. 
  =ㆍ      . 5.0Ⅰ ℃ =0.5℃

, A(     ) 5.1 /℃       Ⅰ  = 
. 

[ ] ㄱ      . Ⅰ    0.1  . 

ㄷ        . X 1gⅠ 
X =  . X=102

.                                                                   ④
[ ] 
ㄴ           . 0.5 X 2Ⅱ

 . =20.4×  =4℃ =6.7-4=2.7 .

    11. 

[ ] ㄱ .  ( )  HA


HA HO

 ×  HA

HA 
   

HO
  ××


 


×   . ( ) HO

  ×M  pH .

① 
[ ] ㄴ   . ( ) 0.1M HCl      1mL HO

   
  HA

   HA     . ( )

HA


HA 
  . 

ㄷ  . ( ) 0.1M NaOH    1mL HA
  NaOH   HA  

  (mol) . HA
     (mol) ( ) ( ) .

 12. 

[ ]      C 

   ,    atm

       C 

    , 

   .        atm A, B (mol)
    C (mol)        A, B (mol)   C
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  (mol)     . C 


 

    
 .   

   ∝          L, 

          L (mol)   


 , 

 

×

          . , 

   









, 









    , 

  . 

 

×


 


× 

 .                                                ②

 13. 
[ ] ㄱ .  mmHg        . Y  

  140 mmHg  ,  .
ㄷ. ℃  X    300 mmHg   , 300 mmHg   X

     . 300 mmHg   X   ℃ . ℃  
Y    140 mmHg   , 300 mmHg   Y   

        . 300 mmHg    Y
 X  .                                                       ④

[ ] ㄴ           . 
 , ℃  X      770 mmHg  X  
  300 mmHg  . ℃    770 mmHg  , X  
    .

 14. 

 s   B  C     1 atm, 
    atm

B  C     .     .   s   C    s   C× 
  

       A 1 , s .
[ ] ㄱ.        A (mol)      s    A (mol)

     s     A (mol)  .   s      
  .

 A → B  C

 (mol)            0         0
(mol)  -       +       +




 (mol)                    


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        (mol) .   s   

C  
     atm    


 


 C   


C . 

   s    

× 




 atm .

ㄴ   . A   (mol) . A   (mol)   s    A
 (mol)     s     A (mol)        s  

   s   2 .                                               ③

[ ] ㄷ .   s      s


s
  , 

  s      s


s
     . 

    s      s   4 .

   15. 

 25℃  HA

HO
A



×
 


× .

[ ] ㄴ .  ( )  HA

HO
A

HA

×× 
 


×  HA

A
 

 .

ㄷ  . ( ) NaOH    Na  M     . 
A  M , A         .

AHO HAOH
  A

HAOH


w





×

×
×

  
OH

×, OH  ×M , HO   

×M  pH>9 .

⑤

[ ] ㄱ   . 25℃   

× .

   16. 
[ ] ㄱ           . I , 

     

L     C 

     mol A B

  
       mol . I A~C 

mol, 
mol, 

  mol

   

L   A~C 

M, 
M, 

    M . 

AB

C









 .

ㄴ       . I C 

      1atm C  
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  
 atm .                                                 ③ 

[ ] ㄷ       . C     1atm 1L

        C 1mol B   
   atm 1L

   B 

        mol . I

    A~C 

mol, 
 mol, 

     mol 

  L A~C

   
M, 

M, 
   M . 




× 







   

       . II A 

mol . 

 17. 1
[ ]    A    1atm A   (mol)    , 

        .       
 ≠ .       A      

  . 

 A → B  C

 (mol)                 0
(mol)  -           +
 (mol)            

     mol 1atm    mol 

  atm   

 ,   
 . 

       A 


        1

  .         .

0   

A  (mol)  


 


 




  (mol) 0 


 


 




  C    

atm    C 


    mol B 


 mol

    . B:C=4:1   ,       . C   


mol,   
     mol     C    g, 

      g C     
      C 


g
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 .  







  × ×

 

 .                         ④

 18. 

[ ]    ( ) He  

     atm×L He× 


L  

  ( ) He  

   . ( ) He  


  A  B    

     .    . ( ) A    



  A   (mol)     C   (mol)  . ( )

  A   (mol)       ( ) A  (mol)
           . (mol) ( ) 

 A    mol 


    g ( ) He  


  A   

L 


L 


L    . ( ) A  (gL  ) 




L








 .  ① 

 19. 1
[ ] ㄴ     . ( ) A  B    (mol) ,     
     A   (mol)       

A의 양mol
B의 양mol




 

   

  . ( )   A  B  

  (mol) 


, 


  A     (mol) 

  .    

    2    

 .                    ②

[ ] ㄱ     . ( )    A의 양mol
B의 양mol

   A  B  

  (mol) ,         A의 양mol
B의 양mol



  

A  B    (mol) ,   . A   (mol)   

 
      ( )     . ( ) A  

B    (mol) ,    ,       2

 ×

     A   (mol)      .   

  B   (mol) 


    B   (mol)

      . ( ) A    




 .

ㄷ         . .     
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  

    .

   20. 

[ ] 
      ( ) (mol) 

   , ( )

  (mol) 
      . ( ) 2atm, A   

 
  atm B    

     atm . ( )

 (mol)        ( ) (mol)   A  B  

  (mol) 


, 

 .

 ( ) B   (mol)      , A (mol)      
   .

 A → B

 (mol)       
(mol) -       +

 (mol)  

       




  


,   


   

      . (mol)

 ≠ .        ,   

     ( ) A   , B

      ( ) A 
   , B 


   . ( )

A의 질량g
B의 질량g

  .                                                   ①
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1

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ② ⑤ ① ③ ① ③ ① ① ③ ⑤
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1.  
[ ] ㄴ            . 

. ②
[ ] ㄱ        . 

          . 
   .  

ㄷ          . 
 . 

  2. 
[ ] ㄱ        . , ( ) . 

  ( ) . 
ㄴ      . ( ) , . 
ㄷ       . ( ) .   ⑤

3. 
[ ] ㄱ           . X ㉠ ㉡ ㉡

   NaCl . C㉠   C  . ①
[ ] ㄴ       . X     

    . 
ㄷ           . Ⅰ

        . 

 4. 
[ ] ㄱ        . , , 

       . ‘ ’ . ㉡ ⓐ ○
ㄴ          . ㉠ ㉢

   . .  ③
[ ] ㄷ        . C . 

    . 
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 5. 
[ ] ㄱ         . . ㉠

    ㉡ 효소 기질 복합체이고 은 효소이다, .   ①
[ ] ㄴ         . X     

     . 
ㄷ      . X       . 

  6. 
[ ] ㄱ        . , 

        . , ㉠ ㉠ ㉡
      . ( )㉠ ㉠ CO  , 

       NADH , ( ) NADH㉠
        . 1 , .Ⅰ ㉡ ㉢

ㄷ         . ( ) ( ) NADH㉠ Ⅱ
.       ③

[ ] ㄴ         . ATP , 
       . ( )㉢ CO

  , 
        NADH . ( )Ⅲ

 4( ) .ⓐ

7. 
[ ] ㄱ           . ( ) , ( )Ⅱ

.Ⅰ       ①
[ ] ㄴ          . ( 1) NADPH

      ( 2) NADPH .
ㄷ         . ( )Ⅰ

  H         . X X㉠
  H     , H+   . 

 스트로마의H 농도
틸라코이드 내부의H 농도       X .

8. 
[ ] ㄱ        . (A) .

      ①
[ ] ㄴ        . B , 

   .
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ㄷ         . (A) (B) .

9. TCA 
[ ] ㄱ         . 1 4 4, 5 5, 

   6, 4 . 1 의 탄소 수 의 탄소 수
의 탄소 수

 

   4ⓑ

         , 5 . ⓐ Ⅰ
 ㉠ : ㉡ : ㉢ : = 1㉣ : 1 : 1 :    2 , NADH .ⓑ ㉣

ㄴ     . Ⅱ ㉡ : ㉢ : = 1㉣ : 2 :     2 , Ⅲ ㉠ : ㉣ 
= 1 :      1 , 4 , ⓒ ⓓ ㉠ FADH   , ATP, ㉡ ㉢
CO .      ③
[ ] ㄷ         . 1 5 ( ) 1 4 ( )ⓐ ⓓ

   ATP 1 NADH 1 .

  10. 
[ ]          ~ ( )~( ) .㉠ ㉢

  ㉠   ㉡   ㉢ 
( ) × ○ ○
( ) ○ × ○
( ) × ○ ×

  ( : , ×: )○

    W D ( )     , Ⅱ Ⅳ     Ⅲ   
     ( ) ( )   . ( )      ㉠

     ( ) (Ⅲ       ) . 
  ( )          , ~ ( )~( ) .㉠ ㉢

  ( )㉠ Ⅱ   ( )㉡ Ⅲ  ( )㉢ Ⅳ
( )( ) × ○ ○
( )() ○ × ○
( )() × ○ ×
( )() ×( )ⓐ × ○

  ( : , ×: )○

ㄱ  . ‘×’ .ⓐ
ㄴ  . ( )  . 
ㄷ     . .Ⅳ ㉢       ⑤
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11. DNA 

[ ] ㄴ        . 30 , X㉮ ㉯ A

C
   Y

        5 -GAAC-3 , , ′ ′ ㉮ ㉯ ㉮ ㉯
.       ②

[ ] ㄱ   . X A

C
        , X㉮

           C . ㉠ ㉮
   .㉯

㉠ ㉠
5 -′ C A A C T T C G A G C C T G C G C A A T T A G G T C G T T C -3′
3 -′ G T T G A A G C T C G G A C G C G T T A A T C C A G C A A G -5′

㉮ X ㉯ Y

ㄷ           . A 5 , G 4 . ㉯ ㉯
 9 .

 12. 
[ ] ㄴ        . RuBP 3PG ADP NADP  

      , 3PG PGAL ADP NADP  , 
        PGAL RuBP ADP . ( ) PGAL, ( )

  RuBP, ( ) 3PG , ㉠ NADP     , ADP . RuBP( ) 3PG( )㉡ Ⅱ
 CO  .

ㄷ      . PGAL( ) 3PG( ) 1 1 .         ④
[ ] ㄱ   . ( ) RuBP .

   13. 3 6
[ ] ㄴ      . , 

         ( ) 1
 (rRNA .) .       ②

[ ] ㄱ         . ( ) 3 ( . 
   rRNA . .) .

ㄷ            . 3 6
   .

  14. 
[ ] ㄱ           . P DNA Ⅰ

 P     ( ) .
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ㄷ            . RⅢ Ⅲ
   , R R      ( )

    .       ④
[ ] ㄴ          . Q QⅡ Q   

          ( )
        . .

  15. DNA
[ ] ㄱ          . DNA 14, 26, 40Ⅱ 

      Pvu 2 , Ⅰ      3 Pvu′ Ⅰ
           DNA 26 . DNAⅣ
    14, 18, 22, 26      Pvu , Xho , RsaⅠ Ⅰ Ⅰ

       .( DNA .)

          DNA 16, 26, 38 , DNAⅠ Ⅳ
     36, 44     EcoR , Pvu , Rsa , XhoⅠ Ⅰ Ⅰ Ⅰ
   .

5 -′ A T A T C G A T C G G A A T T C T C G A G G T A C G A T C G A A T T C A T A A T -3′
T A T A G C T A G C C T T A A G A G C T C C A T G C T A G C T T A A G T A T T A

PvuⅠ EcoRⅠ XhoⅠ RsaⅠ PvuⅠ EcoRⅠ

       5 -GTACG-3 .′ ′
ㄴ           . DNA 26 (A)Ⅱ
10 .
ㄷ      . 16 , 18 , 20 , 26 DNA .   Ⅵ  ⑤

   16. 
[ ] ㄱ .        0㉣      (U)㉣ ㉣

.          (T) . (T)㉤ ㉤ ㉢   
   37㉢     16 , ㉢     (A)

37 .   G+C
A+T =       A+T 53 . (T)㉢

        . (T) 16㉡ ⓑ   . 
  37 , ㉤     37 , (A) , ㉢ ㉠    24 . ㉠ 
 G+C

A+T =         (T) , ㉡ ㉠
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    (T) .          16 37㉠ ㉢ ㉤
 37           24 . ㉡

  .        37 (A) . ㉢ ㉢     ㉤

   37 (A)㉤      A+T 53   G+C
A+T =  

        . (A) . 0, 16㉡ ⓐ ⓑ
. 

ㄴ.         (C) (G) (C) ㉤ ㉢
 (G) . ③

[ ] ㄷ.      100 . 

 17. 
           A A . A B B

   , C . 
[ ] ㄱ     . . 
ㄴ      . A~C . 
ㄷ    . C .  ⑤ 

   18. 
[ ] ㄱ            . X 5′

      -CAT-3 . ~ 5 -CAT-3 , ′ Ⅰ Ⅲ ′ ′ 
      ~ 5 -CAT-3 ~㉠ ㉢ ′ ′ Ⅰ   Ⅲ

          5 -CAT-3 . X 7′ ′ 
         5 -CAT-3㉠ ′ ′ 

         . 5 -CAT-3 5㉡ ′ ′ ㉡ ′
          -CA-3 8 . ′ ㉢

           5 -AT-3 8 5 -CA-′ ′ ′
           3 . ′ ㉠

          5 -CAT-3 2′ ′ ㉢
         (C) , 8 (A)㉠

    . Y 5        6
 .             1 ㉠

            2 1 A , ㉠
        1 (C) (T) . Z

       . 
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            1 2 . Z 2
            1㉡

         T , 2 (C)㉡
        . . 5 -TCAGTT-3㉡ Ⅰ ′ ′ 

         (GU )㉠ □
      (5 - AC-3 ) . , . 5 , ′ □ ′ ㉠ Ⅱ ㉢ Ⅲ ⓐ ′ ⓑ

   3 5 . ′ ⓒ ′        5 -TCAGTT′ [ATGC
AC]ACACC[CAGACA]TAC[ATAGAT]TAA-3 . ′ ①
[ ] ㄴ  . 3 . ⓑ ′ 
ㄷ     . . 

        Z ( ) GUG ( ) 
    ( ) GUA . 

  19. 
[ ] ㄴ          . ㉠

        . . ⓐ ⓑ ㉠
ㄷ         . . ㉡

       RNA RNA .   ④
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[ ] ㄱ        . , ⓐ ⓑ
          . . 

 20. 
            N . AⅠ Ⅱ Ⅰ Ⅱ
           B . A   

  , A*     , B     , B*   . 

         A A 
   , A*

     A* 
     . Ⅰ


 

 
    

 ,   
    , Ⅱ 

 
 
    

 , 

  
            . AA : AA* : A*A*Ⅰ Ⅰ

       25:20:4 .       N , 



×

N  


N     , 

     N . 

            B 
  , B*

 
          . B B* . Ⅰ

            , AA : AA* : A*A*Ⅱ Ⅱ

      16:8:1 . Ⅱ 

×

N  


N   , 

  
         N . B B* B B* , B

 (  ) 
  , B* (  ) 

 .

ㄱ           . B* B BB* .

ㄴ      . Ⅱ 
     N . AAⅠ    , AA*

     , A*A*      AⅠ = 
 

 

  , 5

   
  

 
      .  :  :  = 7 : 2 :  1

     , Ⅰ 

 N .

ㄷ. ·           Ⅱ 
 N

    , N× 


 


N .                        
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1

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. ③  ⑤　 ③  ⑤  ②  ①  ①  ④  ③  ②
11. 12. 13. 14. 15. 16. 17. 18. 19. 20. ①  ⑤  ③  ④  ①  ②  ②  ①  ⑤  ④

  1. -
[ ] ㄱ         . 2017 ~2019

.
ㄴ        . 2017 ~2019 , 

        , . 
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