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


≤ 

 


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  sin


≤≤     

 A B

C A B C  



AB


















 

 cos


cos




    

       

     

   

 








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

 sin 
 ≤

 
  

    ×




 



 



≤ 

≤  sin   

   

  

 
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≤  sin   

  

 

 ≤ 

sin 


 ≤

 sin 



  

 
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 

 sin



 ≥

≤    



   

 sin

     

    

  



  

 
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   

 sin ≤

sin ≤≤

≤≤  

  

 


 

 

    

  sin 

    

  ∪∪  

    

 ×
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≤≤

cos≤



 ≤≤






 


 







 




 sin


  

 




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 

 sin  cos   

   A B

AB    C C

  C 

   D BCD

 B  A






 


 







 




≤≤ sincos 



 × 




  




 



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ABCD

AB BC CD

∠BAC ∠ACD

cos 


AC BD E

AE   


   

 

 









ABC

 ABC

sin sin

cos cos




 


 







 



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AB AB

C D AB O

AD CO E

CE ED ∠CEA 




AC×CD

  

 

O  A  

P Q

APAQ OPOQ

cos∠OPA cos∠OQA



OAPQ 


 ×

 
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ABCD

ABBC AD ∠BAD 



AD BC E

∠AEB  sin

ABD BCD

CD 가

EAB ECD

∠AEB ∠EAB∠ECD

EAB ECD

ED 나

ECD

sin  다

  

×


















AB BC CA

ABC BC B D AD

AC A C E

ABDE

DE

ABC

cos∠ABC 가

ABD sin∠ABD 가 

ABD

나

ADC

sin∠CAD

CD
sin∠ACD

AD

sin∠CADAD

CD
× sin∠ACD

ADE

DE 다

  

××

















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ABCD

AB AC AD ∠BAC∠CAD


















ABBC cos∠ABC 



ABC   P

PAC P

Q QA AC D

∠CDB 


 CDB

  

 
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cos   


sin  sin     ABC

A B AC

BC P Q PB

 PQ Q B


















BC CD cos∠BCD  


∠DAB 



ABCD ABC ACD

AC    E

AE AB AD

A P P

CE BC CD

C Q Q

PP 
QQ    ABD 

ABAD ABAD

  

 
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ABC AB

AD  DB   D A

D   AC E

sin  sin     ADE

ABC    ABC

  P

PBC ABAC

  

 

AB ABC BC P

BC    Q

AQ sin∠QAP  sin∠APQ  

ABC




 


 







 



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BC


sin∠BAC


∠ACB 



ABC ABC O

AO BC D ADC

O ′ AO ′ OO ′


 ∠BAC 

 

 











BC

ABC ADE AD BC

F

BCDE BFCE sin∠CAE 



AF 
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O 




OAB AB C

AC AC D

D OA C

AC E

CED 

AD  

×× D A

C

  

 A B  C

 D E C A D C B

E

       AC AD DE

CE

  

 
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AB AD ∠DAB 


 ∠BCD 




ABCD BCD

 ABD 

 ×

BCD

 


×BD

ABD

  가 ×BD

ABD

BD

    나 

 ×  다

  

×××

∠BAC AB BC

ABC ABC P

∠PBC ∠PCB APC















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∠A 


ABC A BC

H

AB  AC   AH

ABC  BH

 











ABCD A

BD E CE AB

F cos∠AFC

 EC

CDE 

AFE




 







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 

A   

   B C

B  

B P AP 

P Q AB

sin ∠BPQ  sin∠QPC    BQC


















ABCD

ABAD AC

ABCD 

BD 

ABAD

ABC ACD

cos∠ACB

 BCBC
가 

cos∠DCA

 CDCD
가 

cos∠ACB cos∠DCA

ABCD

ABD BCD




sin∠BAD


×BC×CD× sin∠BAD 

sin∠BAD 나

ABD

BD  R 다  



  






 



 


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AB BC AD×CD ∠BAC 



ABCD ABC 

ACD  ACD

   

 sin∠ADC




















 AB AB

C BC D AC

D A C

ㄱ sin∠CBA



ㄴ CD AD 
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  

     

  

  

 

 

 











 이 의 배수인 경우




 

이 의 배수가 아닌 경우

    

  

 
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 



 











  이 홀수인 경우




    또는 이 짝수인 경우

   

 

 












  ≥

   

   
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 

 












 이 홀수인 경우




 이 짝수인 경우

    

  

 

 

 












 


이 자연수인 경우

 
 


이 자연수가 아닌 경우

   

  

 
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 

 












 이 의 약수인 경우

  이 의 약수가 아닌 경우

   

  

 

    



 











  이 홀수인 경우




 이 짝수인 경우

    
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

   log






  
   
log  ≥

   

  

 

 

      
  ≤

   

  

 
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

  

≥ 

   
× 이 자연수이고   인 경우

  그 외의 경우

   





   

 










 


 ≤

  


  

   

  

 
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

 ×  



  
  ≤
    

    



  

      A 

A   

P P 

   Q

Q    

P P 

   Q



P Q Q  

  


 



  

 
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  

 


 






 



≥ 

   

 
 








 

 








  × ≥

     

  × ≥

  

 ×  가 ×  ≥




 나 ≥

  ×


×


×


×⋯×


×



 다

 

 



  

 
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

 

lim
 → 




 ≥ 

 
















≠

  

lim
 → 

  

  

 
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  



 lim
 → 


×

lim
 → 






  

  

 
 ≠

lim
 → 



× lim

 →∞



 


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      

  A B lim
 →∞



AB




 

 

       

A B A 

 A C

B AC H

lim
 → 


AHCH
A 

  

 
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    

A B  AB

   

lim
 →∞



















     

  

P OP   Q

lim
 → 


PQ
O

  

 
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    

   
 ≥



     



 lim → 
 lim

 → 
 

   



  

 

  










 
 ≤ 
 ≥

 















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     



   
 ≥



lim
 →  



  

   

 
  ≤

   

 





≠ ≠ 



 




 






 


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     










 
 ≤ 
 ≥

 



 

××

  

 

   또는 ≥
 ≤ 

   

ㄱ   

ㄴ × 

ㄷ    

   

  

ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ



78

 



≤    

  

  

 

  

 
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 

    

 ′ ′

  

 

   ′  

 

lim
 → 



 



  

 
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 



 ′  



  

 

     



 









 
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  

 
 ≤

   

  

 

 
   


















 

    

  ≥




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












  
 ≤
 ≤≤
  

  

ㄱ  lim
 → 

 

ㄴ   



ㄷ   

 

ㄱ ㄷ ㄱ ㄴ

ㄱ ㄷ ㄱ ㄴ ㄷ

   

lim
 → 



 

   

   

  

 
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  

   

  O 

   O A

 A  B

A OB

OA×AB

    


 

  A  B 

    

×
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 

       

    

  

 

  

    

   

   

  

  

 
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 

 

    ′≥

  

 

 ≠ 

  



   ′




 ×

  

     
 
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 

  ≤
  

  

    

 ′  

 









   

      

  ≠




 



 


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 

 



        

A B

lim
 → 





lim
 → 





  

 

 

    또는 
 ≤≤

 lim
 → 

× lim
 → 



ㄱ  

ㄴ 

ㄷ   

  

ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ
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 

   

lim
 → 




 



lim
 → 

 

     

   ′  

 












 


    




   ≥

∞   ∞

   




  




 



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 lim
 → 



 

 



 







lim
 → 




≥   

 




 








   

      

  

      





91

   

    



 



    ≠

  

  

 


×



  ′  

   
 ≤


 

 lim
 → 






  

  

















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  

 
  ≤

  

   

   

 lim
 → 

 lim
 → 

 

 

    

  

 

  













 


 ≤

    

   

    

    

   

  

 
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 

  

       

  

     

 ×

 

      

∘ 



 















94

 







  ′

 



   

 

  

   

 



ㄱ  

ㄴ   



ㄷ lim
→






 
 lim

→






 
 

ㄱ ㄷ ㄱ ㄴ

ㄴ ㄷ ㄱ ㄴ ㄷ
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  

∞   

 ∞  

 

   

  

  ≤ ≤

  

   

   

       

 

 
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 

  

      ≥





  

 

     

ㄱ    

ㄴ   

 

ㄷ   



ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ
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    ≠



  ≥
  



 

   



×

 

 
  ≤

  

  

  

   

  

 
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 

 ′≤  

  

 



   ′  

   

  

  ≥
  

 

     


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   

  

 lim
 → 




 ≠ 



 
   ≤

  



  ′× ′ 





  

 
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  



 

  
 ≥

  



 









 



  ≥
  



   



   



  
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  ∞



 
   ≤

  

  ∞

 




 


  

     

     

≥ 

≥



  

 
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 



 



 ′ 
   


 ′

   

 



≤


≤ 

 ′
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P Q

 ≥

      

P Q 

P

  

 

P  ≥



   

    P 

  P

  

 
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P Q

 ≥

       


 

P Q P

  

 
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

 

  
 ≥

  



  lim
 → 



  ′



 


× 



 ′    

 



  

 
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 






  






 ′

 

  






 ′ 



  

 
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   

 

 ′ 

   
 ≥






  

    

 A   
 

       

A  H

AOH   













 





 O 
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 

 ≥

  ≤
  










≥






≥



  

 

  






 








  

 
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 



≤     

  

























  











    

  ′








  

 
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 

  




 ′






 

  

 



lim
 → 


 




  








  

 
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 

 
   

 ≥








  

  

 

 






     
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



  




 






  





≤  



 













    








 


 












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  ′  








≥

ㄱ  

ㄴ 











ㄷ ≤




≤

ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ

    

 













ㄱ    

ㄴ     



ㄷ   

ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ
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  






 ′× ′

  






 


×

    








 






     



  

 
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 

 






 ′  

  

  








   

   







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

 

 

 

  

lim
 → 

 lim
 → 

 











 



 

 




≥

  ′



 










≥ 

≥ ≥
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 

 ≤  





≥




 ′

 ≤ 

≥

   ′  

  

 

 













  






 ≥





 

  

  















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  








  



ㄱ    

ㄴ   

  

ㄷ lim
 → 

   

  

ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ



  

  

  






 









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 

 













 ′   










 

















  






 ≥

ㄱ  

ㄴ 

ㄷ    



ㄱ ㄷ ㄱ ㄴ

ㄱ ㄷ ㄱ ㄴ ㄷ
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  ≠ 





′

  






≥ ′ 

    

   

×  

 


 O

P     




Q   


 

R      




PQ  

  


 OR 

 

















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 

     



 ×

   

   

  ≥



ㄱ    ′ 

ㄴ    

ㄷ   ′    





ㄱ ㄱ ㄴ ㄱ ㄷ

ㄴ ㄷ ㄱ ㄴ ㄷ
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  

 
    



       

        

 ×

 

 

 

    O

P Q OPOQ  

OP   PQ



   



















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 

       A

B   C

  AC

    AB

    AB

     

 A   B

 




 



 



 


    



   
 ≥

   

















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        

      

    

 


















   

 

A  B    

B A

 AB 

   AB 

   




 















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 

     


 O 

A B OAOB  

OA    

AB 

AB    


















 P

 ≥ 

 

   P    

P       P

  

 
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 ≥

P  ≥ 

 

P  

     

P


















  

P  ≥ 

 
  ≤ ≤

   

P

P  



128

  

P Q ≥

   

P

Q

  

 

  

P Q  ≥

    

 P Q 

    

 ∞   

   Q  




















129

 P Q

 ≥

   

    P Q



  

 

P Q    A

B P Q

 ≥

    

P Q

 P

  

 
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  

P Q  ≥

    

P Q

Q

  

 
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
























































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


































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






























































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






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

  

∉    

∈

    

    



      

 



   

     

   

     

  

     

  




  











×


  




 

∴  

    

  

    

     

∴ 



    ±  ± 



      ± 






×




×


 




 






  


 

 

PQ    



loglog
 

loglog log  

log log  log 
 × 

 ×    



ABC



log




 loglog 



log
  log 

  


 


log ⋯⋯



loglog 
 log 


log 

 loglog log

 log ⋯⋯

 


log 


log  


log

 loglog log

  
log


log  

log  log  

  
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log 
log 

  

  

  



≤ 


∵  ⋯⋯

log
log  

log

  log

 

    

∴ ≤ ⋯⋯





    

 

∴  ∵ 

≤



 




≤ 


≤



 

≤



≤  ≤

≤

∴ ≤≤ ∵ 

≤

 

 ≤ ≤

 



 

A C     



A   B  C  D 

A C 

   ⋯⋯

AB  CD   ABCD

      ⋯⋯

    




    




 











 

 






 ×


×



≠  ≠




 

∴ 

    log    



   


 


 log 



Alog  
  Blog   Clog  


 

 
Dlog  


  

 
AC log log 


 log 



AB 


 



CD 


 

  


ABC ACD  

 

× log 


×


 


log 



 

× log 


×


 


log



ABCD

  

log  

 

log

 
 


log  



B B  OB

OB×OH OH


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A   A 
 

A  

   


   


  

A   




       

 log


P QR H

HQ     PQ 

PH HR

PRH

       

PH HR

R   P  

Q  

P   Q   

 
R   

 
P  R  

    

 

  


⋯⋯

Q  R 

  


   



  

    

  


   



P 
    




 × 



 











D    

D CA   

CA  AD  

A  


 A


 




C   C 

BC   




B     




B

 




ABBC




ABC




×AB×BC 


×





 


 

     

A  B 

     

  

   

× ×  

×     



  





   


 ×

 


 A

 


 ×

 


 ⋯⋯

  

 


 


   


 

 
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    



     


∴  log

∴ Alog 

A 

 log log

⋯⋯



  ×
 

 



  ×
 

 



A      ×
 

 





        

 

 

B 

log
 log



B  log 

∴ Blog  

  log  log

AOB




×log×log log

 


×log




log  

log



∴   

∴  

    


 ×

 


 A

 


 ×

 


 ⋯⋯

  

 


 


   


 

 

    



     


∴  log

∴ Alog 

A 

 log  log 

     

  log



  log
 

    log

     

 log   log

  

 log ∴  log

B log  

AOB




×log ×loglog

 


×log 




log 

log



∴   

∴  



P Q 

D E
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PB

APABPBPBPBPB

CQAB×PBPB

APCQ     

∆PDA ∆QEC

PDQEAPCQ  

         ×  

  






 


×
 × 

AB

 × ⋯⋯



 × 

 



A  



O ∆APD ∆ABO

AODOAB PB   




    

 



  






× ×



  ×


 

OA  OB  

OA OB  

OAB

AB  

   

   

A


 


 B


 




     A


  





   






    B





  

 





   







   






 





   

 

 

 

AB 



  
 

 

    


 

 

 


 

 

 

 ×  
 

 

×  

  
 

 

   

 
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 
 

 

  

  

∴ ×
    

      

  

 

         

  

lim
 → 

 lim
 → 

    

∴  lim
 → 

  ⋯⋯

≤ 

 ≤ ⋯⋯

   

≠ ≤ ≤

∉≤

   

   

     ≤

≤

 ⊂≤

     

  

  

≤   

≤     

  

  ∴  

≤  ≤   

≤   

≤    ≤   

≤  

∴  

 

     

    

    

     

     

≤  ≤ 

   

     

  
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  

    

     

 

  

    

      

≥  

     

  

 ≤ 

    

     

 



   

    

     

 



 

       

   



×  

  

         

 



 
  

  

 

 

  

 

 

 

  

  

    

   

    

     

 
  

   

   
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  

A B    

log log


log
log 

log
 

 

   ⋯⋯

 

     

 loglog

log

log 

AB  

AB  

   



 



  


    

 

  



   

 

AB



 



 





A B   A 

Blog 

C D   C log

D 

AB CD E E 

AE BE log
CElog 

DE

ADBC 


×AB×CD



CAD 

CBD 






AE BE  CAD CBD

     


    




CE DE CAD




×AE×CD 


×AE×CEDE

 


×× 


×




 


  

    

   



  log
 

  

 log
 log

 







   

 

OCA ACB

OAAB

A OB B  

A  



AB O

OA OB
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






log
 






log

log  log   

A  log   log

log log

 log

B  log 

C   log

BCloglog log

ACB 




×BC× log     

×× ×× 

A     AB B

   

BC  BC B C

  

C    

C    

     




× 


×     

 

A  B  C 

B   log
  log



   

D    

ACDB ACB CDB

BC⊥BD




××


×× 

A B

A log B log 

AB 





log
log

 



loglog 




AB log log




  







× 

  ⋯⋯

log
log log




   ⋯⋯

  

A  B  C 

ACB 


×× 

   ≥

 log



≤ ⋯⋯

  log



≥ ⋯⋯



≤≤



   ≥

  log 

≥≥

    

log   log


  

  loglog 



 loglog 
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

AB C 
 

C AB

   log
 

     log

  A B 

 A ′ B′  

C   C′ 
 

A ′B′ C′   








 A ′C′



A ′B′ 

A ′ 




 




   

A ′       

   A B 

A
   A


B


   log

C D 

D
      log 

A


B

C

D


     log

A


C


B


D
  

A  

A
 

 C


 
A

B
×

A

B
  B



B
  

 
B


D
   

D


D
   

B
  

    


  

  
 ×  

∴ 
 





   log

 D


  
 








×

∴    






    

 log  

P 

P   P   log



OHP 
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


×OH×PH



 

    

   P 

      



A     B

B 

A    log


 log
⋯⋯

B     

  ⋯⋯

 log
    

   ⋯⋯

   

 ×  ×  ⋯⋯

A



    

    ⋯⋯






     

 

  ××

  ×  



   




   


  

 

     

  

     

× × 



  log   







  

  

≤  







 

   

  log   

  

   

    

  

     

   




   


  


  



 


   log 




 log  


 


 log  










 log  log 







    






 log 

   
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     

   




  


  


   


 




  log  




 log 


 


 log 


 







 log log  







    




 log

    

∴    



    log

≤  

  

     

   

≤≤  

  ≤   

∴ 











  ≤

 ≤≤

   ≤

 ≤   

     log

 

≤≤    ∞ 

     

       

      

≥

≥

log≥ ≥

 



ㄱ      log    

   

     log    

   

∴

ㄴ    log 

    

      log

    P   log

    Q 

Q  P 



  log     R

 R  Q


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

R  P  



∴

ㄷ

  log   




log
 



  

 



log


 



∴ 

∴

 



 

  

 

log   

log   

log  log 

log  log

      

  

 



    















log  ≤
log ≤

log  

  

 

log  

log  

log   

log log 

log log

      

      



  

log  

log  

log   
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log log 

log log    

      

     



log  

log   

log log 

log log 

      

    

≥ 

 

≥ 

   

  

 

 log 

 



  

≤≤

≤≤

   

 

≤≤

 ≤

   

 

≥

 ≤

   

 

∼

 



 ⋯ 
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

  




 log   

   

   

     

≥ ≤

    

   

    ≤ ≤

≥ ≥  

≥ ≤



       

  ≥

  

    

  

≥   ≥

 

   

 cos 


 





   ⋯⋯


  

cos×
   cos 

cos   

  



 

    

    

    

≤

    

    

 
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    

    

    



× 

AOB 


×AB×

 AB

BCAB

  

 ACABBC   

AB  

A 

 

A  


   sin


   

    

   



  sin 


  



 cos 


 

 

     

 

sin cos tan 

 





 


 ≤≤

 









     

A

 


 B


 


 C


 




B AC D

AC 


 


 

BD







ABC




×AC×BD 


×× 



  



  


  

  sin 

  cos 




 

  tan 

 


  



  sin 

 


 

 


  



 



  


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   


≤≤ 











 





 


   

     


≤≤ 


 



 

   

  




  sin 


  



 


  

 



  
  ×


 

   

sin    


sin    



 

≤≤   

≤≤  

   


  ≤ 

       



≤≤  




    



 



   


  

  


   



   





 

 
   

  



 



   


  

 


    



   


 


  

 
     



   


 


 





    ≤≤

      

  


   


 

 cos 


    



 

≤    


 



 
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A B C      

  sin


    

   

      

  



  


    



AB   



 cos









 

    

  

     

     

       

  cos


 


 



    




cos


 



cos


 



   

∴   

     

≤

 sin 
   ⋯⋯

 


  


≤



sin   ⋯⋯

sin   sin 

 


≤



  


  



  

   

 


×   



× ×


 

 sin ≤ 
sin ≤ 

  sin  sin 


 

 

   


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  sin 


 

 ≤  sin

≤  sin

   

  sin 



≤ sin 



≤  sin   



≤ ≤ 




≤ 


   sin

  




≤  sin   





   

≤ sin 



   ⋯ 

  sin 



  


   


   




     


   




  








≥

   

 sin 

   

≤ sin 

 sin 

 


 


 


 




  


≤







 ≤




 

∴  

   sin 

  



 ≥ 

  

≤ ≤≤

 

 sin   



 sin  

  

≤









≤


≤ 



 
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  

 sin sin

    



≤


 

sin  sin  



 


 




∴ 


 




     









≤





 


≤



 

  

 sin sin

    



≤






sin  sin 

 




∴ 




    









≤





 


≤



 

   

     

  

   



 

 sin ≤

sin ≤≤

   ≤  sin

 

≤≤ sin 

 

 

      

    

        

≤≤ sin 

   
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  


 

  









∴   



  

∪∪  

≤≤

∴ ≤≤

 

∪∪   

∴   

 

∪∪  

≤≤

∴ ≤≤

 

∪∪   

 

 

∪∪  

 

 

∴ ×× 
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≤≤ cos≤





≤≤

sin 


   cos






 


 

sin 


 cos cos


 sin  ∴  



∴  




 




sin 


 cos


 

  cos




cos≤



cos≤




∴ 


≤≤







 




 






 sin 




 sin 


 cos




 sin 


 cos




 



cos


 


⋯⋯




     

cos 


 cos

 cos 
  

 


cos  



∴ 


   


 


   







   


 


  







  




  






















     

 

 sin


 ÷


  

 

        

  


 


 


 



   

 

  



  

   



   

   



   

   



   

   ⋯  

  



    
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 

≤≤  

sin cos

cos

sin
 tan 


cos≠

A    

 
  tan 

B  

A B

 cos  cos

AB    C


××




×cos×cos 
C


 cos

C  

cos sin



cos ×cos  

tan 


cos


sin



cos

 sin



D 

 

 
CD


×

 


B CD



 



BCD




××







coscos 

coscos 

≤≤  cos



≤≤  cos   

  ≤ 

≤≤

coscos 





× ×   

coscos coscos

 

cos  


cos 

 




 






××




 

ABE DCE

AB  DC   BE  CE  

BEC BE   CE

∠BDC∠BAC

∠BEC

BEC



   ×××

    

    BE

AE     ABE

 


    


 



158

cos cos



ABE

   

×××



  

 

  

AE 

ABC 

 

sin sin







∴  

cos cos

∠B∠C ∴  

ABC

cos
  




  




 



sin



 






ABC

sin


   ××






ABC 

  

×××

 


×


×


×











×

 






∠CED 


∆ECD

CD

  


×××


 

CD ⋯⋯

 OD OE

ODE

     

××cos 




∴  

∠CAD ACD

sin

CD
 sin


 ∴ sin 



ACE


sin 




AC
sin

CE

AC






×


  ⋯⋯

AC×CD

∠CED 


∆ECD

CD

  


×××


 

CD

∠OCD ∆ECD

cos
××

 

 







OC ∆OCD

  

××


 

∠CAD ∆ACD

sin


  sin



∆AEC



159

sin



sin 




AC AC

AC×CD× 



OP
OQ

OAP

  
 


× ×

×



OAQ

  
 


× ×

×



 

   

×××



   

        

cos∠OPA cos∠OQA

∠OPA∠OQA

OAP 

P Q 

Q 

sin∠OPA



 



 



 

OAP

sin∠OPA

OA


OP 

∠PAO∠OQP

 



OPQ PQ



OAPQ

OAP OPQ




××


××




   

× 

ABD BCD

CD

ABD

BD    ×××


 

BD

∠BAD∠BCD BCD

 CD ××CD× cos


 

CD 

EAB ECD ∠AEB

∠EAB∠ECD EAB ECD

EC

EA
ED

EB
CD

AB

EC

ED
ED

EC
 



ED 



∠DCE∠BCD∠BAD 



ECD


sin







sin



sin  



   





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× 
 ×






ABC

cos∠ABC
××

   
 



ABD sin∠ABD



 



 



ABD




×sin∠ABD

AD
 

ADC

sin∠CAD

CD
sin∠ACD

AD

sin∠CADAD

CD
× sin∠ACD




×






ADE

DE××∠CAD






  



××


××






∠BAC∠CAD    

 
ABC

BC

AB


AC


×AB×AC× cos

  

××× cos

 cos

ACD

CD

AD


AC


×AD×AC× cos

  

××× cos

 cos

∠BAC∠CAD BCCD BC

CD



cos  cos

cos 



BC

 cos  ×




BC

sin   cos  
 



 



sin 





ABC

sin

BC









 

 





B AC AC

R PR PAC

QR

cos∠ABC  



cos∠CQA cos∠ABC cos∠ABC 



QAQC

QAC

AC

QA


QC


×QA×QC× cos∠CQA
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 




×××


 

AB   ABBC BC

ABC

AC

AB


BC


×AB×BC× cos∠ABC

   ××× 
 







    

CDB 

CDB

sin∠CDB

BC

sin 












 



AC P R

A PB H

cos   


∠ 

∠BAH BH

 AB× sin 



∴ AB

sin  sin     ABC

sin

AC
sin

AB ACsin

sin
×AB 


× 

ABAPARRB ARB



CRACAR 

BCR

BC

   ×××

 

∴ BC

CPQ CRB

CP  CBPQ  BR

  PQ  

∴ PQ 



cos  


∠ 

 PAB

sin

PB
  


×






 

sin  sin     ABC

sin

AC
sin

AB ACsin

sin
×AB 


× 

∴ CPACAP 

ABC

BC

   ×××  

∴ BC

ABC

cos××
  





sin sin


∠ 

∠PQB ∠CQP

CPQ

sin

PQ
sin

CP

∴ PQCP×sin

sin
 ×









 



AB  AD  ABD 

 


××× ∴ sin


⋯⋯

∠BCD  cos   



sin cos 


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BCD

BD

   ×××

 × 
   ⋯⋯

ABD

BD

  ×

  cos ⋯⋯

  cos ⋯⋯

E AC    AE

 CE



P

P
 
Q

Q
    P


P
  

Q

Q
   CQ


Q


sin












 × ∴ 




AP

P


sin


 

 ∴ sin 



  

∠DAB 


cos sin  



   cos 



  ×× 
  

∴ 

AD  DB   AD   

DB AB

ABC 

sin

BC
sin

AB
 sin  sinBC  AB

sin  sin    BC  AB  

BC

ADE ABC   




××AE× sin  


××AC× sin  

AE  AC   AE 

 AC

AE  AC   ADAE

AE AC

ABC

cos∠ABC××

  




 



∴ ∠ABC

ABC 

sin∠ABC

AC
  ×

 

BC  ADAE

A BC H

AHAB× sin ×






 P PBC




×

 ×  

AB AQ BC   

Q CQ PQ BC

APQ

sin∠QAP

PQ
sin∠APQ


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sin ∠QAP  sin ∠APQ  

sin ∠QAP sin∠APQ 



PQ


 PQ

   

CQ BC

ABQ

cos∠ABQ
××

 

  







cos∠ABQ



sin∠ABQcos∠ABQ 

sin ∠ABQ 



ABC

AC

 


 ×××∠ABC

 

∴ AC

ABC 

sin∠ABC


  






 

∴  



ABC

 ×
 



 




ABC 

ADC 

 

ABC

sin∠BAC

BC










   

 ∠AO ′D AD

∠ACD AD

∠AO ′D∠ACD 




O ′AD ∠AO ′D 




∠DAO ′ 



OA AO ′

∠OAO ′ 



AOO ′

OO ′

   


××× cos



  

OO ′



∠CAE sin  

 BC

ACE

sin

CE
BC CE

BFCE FC

BCDE DE

∠BAC∠DAE

∠BAD∠DAC

ABF

sin∠ABF


sin


  sin∠ABF 



ABC sin∠ABC

AC

ACsin∠ABC ×


 

ABC cos∠BCA 



AFC

AF

AC


FC


×AC×FC× cos∠FCA

    ×××





  

  

O  

 OA A F

FA  ∠FCA 



∠ECA 


C E F
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ED OA

sin∠DEC sin∠AFCAF

AC




CED

sin∠DEC

CD
×  CD

ADCF 

cos∠CDA cos∠AFC

 cos∠AFC

 



 



 



ADC

 

  AD ××AD×

 
×AD×AD 

AD AD


 







  


×× 

ABED 

∠EBA∠ADE ∠ABC∠ADE

ACB

sin∠ABC

AC
sin∠ABC


 

AED

sin∠ADE

AE


      

sin∠ABC


sin∠ADE

AE
      

AE

AED

cos∠ADE××

  
 



DCE

CE    ×××


 

CE 



BCD

 


×BD

ABD


sin




BD


  


×BD

ABD

BD

AB


AD


×AB×AD× cos




   ××× 
 

     

 

 × 


×


×BD


 







   




  


××

 


 

PBC

∠BPC 

PBC



165

sin


sin

PC

PC×sin

sin


AC  ABC

 

 


 ×××

  

  

ABC

sin


sin


sin



  

∠PCA APC




××× sin



ABC 

 

AB AC   ∠ABC

ABC

sin


  sin


⋯⋯

ABH sin


⋯⋯







  

ABH

BHABAH
   

∠AFC ∠CDE

cos


sin



∠ECD∠EFB

CDE

sin

ED
sin

EC


ED× sin ×


 

sin


 



CD

CDE

 ××× 

 ×××

 

   

  

∠ABE∠CDE 



ABE

AB BEAE

BEF DEC   

AF 


×AB



AFE




×AF×AE× sin 



 


×


××






 BP

BP BP

  O

AO BC D

AO

AB


BO


   


 

AO 

AOB
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


×AO×BD 


×AB×BO




××BD 


××

BD

BC×BD

∠BPQ∠BCQ ∠QPC∠QBC

sin∠BCQ  sin∠QBC   

BQC

sin∠BCQ

BQ
sin∠QBC

QC

BQ  QC  

QC   BQ

BCP

∠BCP 



∠BPC     



BCP

sin BP

BC







cos  sin   


 



cos  



BQCP 

∠CQB

cos∠CQB cos cos   



BQC

    ××× 
 

  



BQC




×BQ×QC× sin∠CQB

 


×××


 ×



ABAD

ABC ACD

cos∠ACB
××BC

 
BC



 BCBC
 

cos∠DCA
××CD

 
CD



 CDCD
 

AB AD

cos∠ACB cos∠DCA



 BCBC
   CDCD

 
BCCD ×CD


BC

 
BCCD ×BC×CD

BCCD

AC BC≠CD

BC×CD

ABCD

ABD BCD




sin∠BAD


×BC×CD× sin∠BAD

 


 sin∠BAD

 sin∠BAD 

sin∠BAD 



ABD

sin∠BAD

BD
 BD 




BD  


 

   


 






 ×






AB BC ∠BAC 



AC ABC

 

   ⋅⋅⋅ 


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  ⋅⋅⋅



 

∴ AC

ABC 

  

×××


 

ACD    




∴  



∠ADC AD×CD 




×× 


sin 



∴ sin∠ADC



ACD 

sin

AC
 






   



∴sin∠ADC

















ㄱ ∠BCA 



cos∠CBAAB

BC
 



sin∠CBA



 






ㄴ ∠CBA   

 
∠ADC

ACAB× sin  ×




AD 

ACD

    ×××

  cos

  

  

AD

ㄷ ACD ABCD

D AC

AC ADCD

AD  ACD

   ×××

   ×







   AD

ABCD




×AD×CD× sin


×AC×BC

 


× ×





××

  

ㄱ ㄴ ㄷ

 

   

  

 


 







  



  






  


 



    



  ×


   



  


×



  


×






    

   ≠ ⋯⋯
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     ≥

 

        

          

  

 ∩ 

  

      

  

      

    

∴   × 

  

      

    

∴   × 

 

 



 

     

       

    ≥

  

 ≥

     

  



≥    

  

   



 




 

 

 



 


 

    

  

 ×

 



≠  

  ≠

     ≠

≠



≤  


 

   


 

    

     

    

≥       

               ⋯

   

   

 ≤  ≤

 ≤



 ⋯ 

×
 

  ≥ 

   

 

  



 


 
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 

   

 

 
  

  

 



  

 



 


 

 

   

 

 
  

  

 



  














   

  × 

≤ × 

     ∵ ≤

       

∴   

≤ × 

  

        

  

        

           

  ×    ×    × 

⋮

     

  

∴    ×

   ×

  ×

  ×    × 

  ×      

  

     

∴   



 

     

  




 



 
 



 

 ×

⋅⋅
×

⋅

 

∴  

     ≥ ≤



      

  ≤

      



   

      



   

 

 

  

  

   

  
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  

 

 

   

    

  

 

 

≤≤   

≥   






  
  

 



    ⋯ 

    ⋯ 

      ⋯  

    ⋯  

⋯

⋯









  

   

       

  



 ×  

     

≤    ≥

  




 



 
 







 

      

 

   

    

    ⋯⋯

 ≥

   

 

 




  

   

 

 



   ×






 



  


 



 


 

     ⋯⋯

      

 ≥

   

 

  

    

 

    × 

 
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
 



 

×

  

   

  

 

  

     

    

  

 

     

  

 ≤

≥



   

  

        

   

  

      


 



   
 



 


 



 
 



  ⋯⋯



≤  ≥  

≥     

       

    

       

    

       


 



  

×××
 

   ′

    ′

 ′

   ′

  ′ 

    ′

 ′    

   

′ 

 ′ ≥




 



  
 





× 



 



 



 



   

  ≠

  ≠

      

     

      



   ×   


 











 






 

 



×


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



 








 
 


× 





 





 ⋯ 




 
 


× 




 











   ±

      

  

  

        ⋯ 


 






 



    ⋯   

  

 

 


  






 

 




  × 

≥




 

  






 

  

 





  

  ⋯⋯




   




  ∴  



∴ 
  



  
  







 



  








 

 

  




 


 ⋯ 




 
 

 
 

 



       


 






 


 ⋯⋯






 





 


  

    

   

  


 






 


 

 








≥ 


 








 

 




  

   ≥   

    

∴ 
 



 
 



 

 ×

××


×


 

×




 



×






≥

×




 



×




 

 

×















×






 
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

       

 ×   




 

 

           


 



  
 



 
 



 ×

×


   



    

  

 

    

 

 

  

     

 

 

 

   

 

   


 



 ×××× 

  

       



     

 




 

     

     



  

   

     




        



  



 

     






         

 


 



 ×××

 

  

  ⋯⋯



 



  

     

 



  

     

 



    

       

 



  

     

 



  

     

 



  

     

 
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

    

        

 



    

       

 

∼


 



  ⋯ 

 

 ××

 



  log  
 A

  


OA
 

 OA
 

 OA
 
OA

   


  

     
  ×

  
 

∴    

 

B


 

 


×A

B
×
A

A


 


×

 × 

 


×

 ×   

 


×

 ××


 


×

 ⋯⋯

  

  

  


× 

 


×  


 





× 



× 

 


× 

 






   





×


 

       ⋯⋯

   

         

⋯⋯

  

   

 

∴  

  
 





  

   

    

⋮

         

 

            


 



  

    

  

  

   


 


∵   

 


  




      


   



  
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   

 


 


 

   
 



 

   
 



 

   
 



 

   
 



 

 

≥ 

    ⋯    

    

   


  


   

  


 




      

   


 

  


  

  ≥

  

≥   

       

   

 

        

   

   

∴ 

 

        

     

  

 

        

   

   

∴ 

 

     

 

  

  

   

   

∴ 

  

  



   




   

∴ 



   

     



   
 



  
 

 



   ≥

     ≥

 

      

       

    

     

 

      

       
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    

     

      ⋯   


 



  



∴ 
 



 

××
 

  ×   

 




      

 


 ⋯⋯

≥

  

 

 





 




 


  




  ≥

  

   ×
     


⋯⋯

   ×
  × 

 



 × 


× 

   

      

      

        

       

       

 

     

       

 


 



  

×××
 

  

   

      

   

 

  

   ×  

   × 

 

  

   ×  

   × 

   × 

 × × ×  

 

  

≥

  

    

  

     

     

   × 

 × × ×  

  

  

 ≥

  

    
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a  

        

    

 × × ×  

b ≥

  

    

        

 × × ×  

 



≥ ≤



 



 





  


  

    


   

    ×        

  


  


   



    

    

     


 

 











 








 


 

 


 







 


 


 

  

       


   



    




    

×

  
   ∴   



    

 




  


  ∴   



  






 


  ∴   

  


 




   

  






 


  ∴   

  

   

 







 

      

       

     

  

 

      

     

  

      

      

     
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      

     

  

      

      

     

     

    

  

     

      

     

 


 



     

 × 


 



   
 



  

   

     

     


 



       

   ≤

      

      

      

≥

    

     

      

      

     

     

    

    

    

  

 

   


 

    × 

   

      

   

      

   

   

     

    

 

  


 

   

  × 

     

   

     

   

   

     

  




⋯⋯

 

  

     

  

 ⋯⋯




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 

  


 




 

  × 

     

   

  





 

  

∴  

     

   

  

    

 

   

 

   

  


  

  


  


 



  


  


 



  


  


 


 

  

  × 

 

    

     

     

  


  

  


  


 



 

    

  


  

     

     

  


  


 

 

  × 

  

≤≤  log


         

     


 



       

     

  

≤≤  log
 

      ≤≤

     ≥


 



  

     ≥

        

 
 



  

    

    
 



  

  

      

  

     

     

     
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  

     

 

      

  

      

      



     

  

      

       

     

     

     

     

     

     

 

      

  

     

       

      

         

  

     

     

        

  

 

  

 

 


 
  

  

 

 


 
  

     


 

 

  

⋯⋯

    



     


   



 

 


 

   

 


 

 


      

  

 

  


    



 

  


    

 

 


 

  
  

  



 

  


    

 

 


 

  
  

  

 
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 


 

  
  

  



 

  


    

 

 


 

  
  

  



 

  


    

 

 


 

  
  

  



 



  

  

 

    

     



 
 

∴    

  

  

 

    


  



 
 

∴ 

  

 

    


  




 



∴    

     

     

     

     

   ≠   

        

     

    

     

  

  

≠   

     



     



 



     


  

 ≥

  


    

  


    

  


    

  


    

  

≠  ≥
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  


    

≤  

≠   


  

≤   ⋯⋯

 ≥   


  

     ⋯ 

     

      



     ⋯   




 



 

    

    
   

   




    

      



           

     

  




        




     

∴   






     ⋯⋯


   

 


  ∴    ⋯⋯






    




    

     

   




     


   

 


  ∴   






     ⋯⋯


   

 


  ∴   

     

        



     

  

  

        



     

     

     

  

     

  

     

  

     

  

  

 
     

 


    


   

   

    


 

  
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    


 

  

  


   

 


 ∴   

  

 
  ∴   

 


 ∴   



          

 



 










   
 또는    
 또는    
 그 외의 경우

 ⋯⋯

      

      



 

 
 

 

 
 

 

 

   

 
 

 



 



 









 또는

 



 ≠ 또는 이 의 약수가 아닐 때

 ⋯⋯

       

 

     

     

 


  


 



   

     ≠

∴   



 

    

⋯⋯



   


   



  

 



  




     




     


   

   









 

     
     

     

     

     

     

     



     
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

    

  ⋆



  


    








   

 


       




      

    

  



  


   

     
     



 



        

 ≥   log
 ≥

   ≥

 

≤  

      ≥

   

 ≥

  log
 ≥   ≥

   

     

     



≤        

  

 ≥   log
  

     

  

≤  

     ≤  

≤       

≤  

 ≥   log

≤          



≤  

 ≥   log ≤  

 ≥

  log
     

≤  

        

 ≥

  log
     

        



  

 ≥   log
   

 ≤     

  log


 log




 

 ≤          ≤

     

  

        

 ≤        

  

        

        

 ≤        

 ≤        
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          

 ≤        

 ≤

  

           

 ≤        

        

 ≤        

        

   

××× 



    

   

 ≤  ≤

  ≤   ≤

 

    

    

 ≤   

  ≤  

   

    

∴   

    

∴ 

≤

    ≤

  

     

   ≥

∴   

    

∴ 

∴   

     

  

     

   

      

∴   

    

∴  



∴    



    





×× 
  

  

   






  

    





 



  

   





 






       

       

    

    





 



  

   





 






    

     

≠  

    

    





 



  

 


 






       
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     ≠

≤≤ ≠

    

≥ ≠

   



 



 ×  

           

     
  

      

         ⋯⋯

  

  
  

  
      

      



  



  

  
     

       

  



  

   



    

         

  

 ≥ 



   ≤

  
   

  

   

 ≥ 


  



  














 


   

 

A   Q  

A P 

  


  


  

  



Pn Qn  

Qn Pn 


  




  



  




  



  ×
 

 

  ×    

  


 

 ≥ 


  



 ≥ 


  ≥ 






≥ 


≥⋯

  


   






 


 ⋯

≤ 

 
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≥ 

    

 
 








 

 








  × ≥

     

  ×≥

   

 ×   ×  ≥

×  ×  ≠

 ≠




 


≥

   ×


×


×


×⋯×


×



 ×


×


×


×⋯×


×


 

  


 











 



lim
 → 

  

 

 

lim
 → 



 lim

 → 




 lim
 → 




 lim
 → 

  

lim
 → 



 lim

 → 




 lim
 → 




 lim
 → 

 

    

 

  

   

≥ 

  ≥ 

   ≥

 ≥

 ≥ 

 ≥

   

 ≤

≤≤

  

  

lim
 → 

    

 

≠ 

lim
 → 

 lim
 → 







lim
 → 

    

∴  

  lim
 → 

 

lim
 → 



 

→  → 

→ 

lim
 → 

 

    ∴  

   

  

lim
 → 



 

lim
 → 




 lim
 →  



 lim
 →  



 
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lim
 →  



 lim
 →  



→  →  → 

lim
 → 




≠ 

lim
 →  







 






   



 

≠




 



      

lim
 → 


×

 

lim
 → 


×
 lim

 → 




 lim
 → 



lim
 → 


×
 lim

 → 




  lim
 → 



lim
 → 

  lim
 → 

 lim
 → 



∴ lim
 → 

 

 

lim
 → 


×
 lim

 → 




  lim
 → 



lim
 → 


×
 lim

 → 




 lim
 → 



 lim
 → 

 lim
 → 

 lim
 → 



∴ lim
 → 

 

 

  

 

 

 lim
 → 




lim
 → 



 lim

 → 




 lim
 → 




 

lim
 → 



 lim

 → 




 lim
 → 




lim
 → 



 lim

 → 




  lim
 → 




lim
 → 



  lim

 → 



⋯⋯

 

≠ ∴  

 

lim
 → 



 lim

 → 




  lim
 → 




lim
 → 



 lim

 → 




 lim
 → 




 lim
 → 



 lim

 → 



⋯⋯

 

≠ ∴  
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    



 

 

 

  

∴   

  

 

⋯⋯

  

   

lim
 → 





lim
 → 

  

lim
 → 

  

   



  

lim
 →∞




 

lim
 →∞





 

   

 

    

  ≠



  


×     

  

×  

  

 

lim
 → 



 lim

 → 



 

lim
 →∞



 lim

 →∞



 



 ×
  

≥

  ≠

 

A B      

      

   



AB 

AB

lim
 →∞



AB
 lim

 →∞ 
 

 lim
 →∞





 

  

      

±

A




 






 
A C 

C




 
H




 
AH



  


CH


tt
 

∴ lim
 → 


AHCH

 lim
 → 



 lim

 →  



 lim
 → 



 lim
 → 



 
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   

   

A B   

    

  

    ⋯⋯

A  B 

AB

    

    

AB

    



 

lim
 →∞




 lim
 →∞



 
 



  P  

P  

    ′

  ∴  

P  OP  

   Q

   


Q




∴ PQ 



 



 


lim
→


PQ
 lim

→ 





 



 


 lim
→










 lim
→










 lim
→









 



 

lim
 → 

 lim
 → 

 

lim
 → 

 

lim
 → 

 lim
 → 

 

  

 

   ⋯⋯

  

   

     

   

 

     

≥

 

   

 lim → 
 lim

 → 
≠



 lim → 
 lim

 → 
 

      
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     

    

  

   



   

  

lim
 → 

 lim
 → 

 

lim
 → 

 lim
 → 

 

  

 



 

  

lim
 → 

 lim
 → 

 

lim
 → 

 lim
 → 

 

  

 

 

 



 


 





   
 ≥

 

lim
 → 

 lim
 → 

  ⋯⋯

lim
 → 

 lim
 → 

 

lim
 → 

 lim
 → 

 

 

  ⋯⋯

lim
 →  



 lim
 →  



 lim
 →  



 lim
 → 
 ×


⋯⋯

≠ ≠ 

   

lim
 → 
 ×



 lim
 → 
 ×



 lim
 → 



⋯⋯

    

     

 

   

   

   

   

 



  
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   

≥   ⋯⋯

≥

  

≥   

   ⋯⋯



 

×    

 



 

 
 




×  

 



  

    

≥  

≥

 

 

 

≥     

   

   

 

     lim
 → 



lim
 → 

 lim
 → 

≠ lim
 → 



 

 

     

lim
 → 



  lim

 → 



 

lim
 → 

   lim
 → 

  

lim
 → 

  lim
 → 

     

lim
 → 



 lim

 → 










   

lim
 → 

 lim
 →  



 lim
 → 








lim
 → 

 lim
 →  



 lim
 → 




 



 




 









∵

  ∴ 

















≤




 

  


 

  



    

    

        



    

≠ ≠

  

lim
 →  



 lim
 →  

× lim
 →  



 ×

lim
 →  



 lim
 →  

× lim
 →  



 ×

 ×

  
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× ×

 

  

lim
 → 

 

lim
 → 

 

 

  

 

 

  

lim
 →  

 ×

lim
 →  

 ×

 ×

  

× ×

 

  

lim
 → 

 

lim
 → 

 

 

  

 

 

∼

    

 
 

 






   

  
  


    

≠    

 

 

   

      

 

   

 

   

   

   

     

  

   

 

   

  

 

   

  

 

   

   

lim
 → 

 lim
 → 



 

lim
 → 

 lim
 → 



 

  



  

  

 



  

       

       

 

    

  

  

  

  

   

 

       










  
 ≤
 ≥

×× ××

 ×× 
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ㄱ lim
 → 

 ×

lim
 → 

 ×

 ×

  

ㄴ    

   

   

lim
 → 

 ×

lim
 → 

 ×

 ×

×  ⋯⋯

lim
 → 

 ×

lim
 → 

 ×

 ×

×≠ ⋯⋯

 

 

  

 

 

   

× 

ㄷ    

    

 

   

  

   

 

   

  

  

 

 
    

  

    

  ×   

   

  

ㄱ ㄴ ㄷ



 lim
 → 

 

   

  ⋯⋯

≤   

    

  

   

   



    

   



  

 

  

  

 

 

   ⋯⋯

  

   

 ′ ′   ⋯⋯

  ′ ′ 

 ′ ′   
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lim
 → 



  lim

 → 

 

lim
 → 

 

   

   

lim
 → 



 lim

 →  



  ′ ′ 

 ′   ′ 

    

 ′ 

    ′  

  

  

   

 

≤

 

 

 

≥ 

 

 



      

 ′  

 ′   

 



  

      

  



 

   

≠ 



 





 lim
 → 



  

lim
 → 

 lim
 → 




 lim
 → 




  lim
 → 


 

 ′

lim
 → 

 lim
 → 




 lim
 → 




 lim
 → 


 

 ′

lim
 → 

 lim
 → 



′  ′ 

  

 



 lim
 → 



  

lim
 → 

 lim
 → 


 

 lim
 → 


 

 lim
 → 


 

 ′

lim
 → 

 lim
 → 


 

 lim
 → 


 

  lim
 → 


 

 ′

lim
 → 

 lim
 → 



′  ′ 
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  ′ ′ 

   ′  ′ 

 

 ′     

 ′   


   



  
  

   



 


 


∵ 

  


  ⋅


 

 
  ≤

 

  

 ∞ 

≤

 

  

 
 ≤

   

 













 ≤ 

  ≤

   

 

lim
 → 




 lim
 → 



 

lim
 → 




 lim
 → 


 

 lim
 → 



 

  ≠

  

 

  ≤

   

 

lim
 → 



 lim

 → 



 

lim
 → 



 lim

 → 


 
 

lim
 → 



 lim

 → 




  

 

  ≤

   

    ≠

 

  

lim
 → 

 lim
 → 

 

lim
 → 

  

lim
 → 

 

  

 

      

 
  ≤

 

  

  

  

 















 ≤

  ≤

 

  

  

lim
 → 




 lim
 → 


 

 

lim
 → 




 lim
 →  

  

 

   
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 
  ≤

 

  

 
  






  













 ≤ 

  ≤

     

  



  

lim
 → 

  lim
 → 

 

 

  ⋯⋯

  

  

lim
 → 



 lim

 → 




  ′

lim
 → 




 lim
 →  

 

 lim
 → 



 lim

 → 




 lim
 → 



 ′

 ′  ′

 ′  ⋯⋯

  

lim
 → 




 lim
 →  

 

 lim
 → 



 lim

 → 




 lim
 → 





lim
 → 




 lim
→ 

 

 lim
→



 lim

→


 

 lim
→





lim
→





 lim
→



 ⋯⋯

  

  ⋯⋯

lim
→ 



  ′

lim
 → 



  ′

 ′  ⋯⋯



       

   

   

  

   

    



   

 
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  

     

 

  

ㄱ 

lim
 → 

 lim
 → 

  

    lim
 → 

 

ㄴ lim
 → 

   lim
 → 

≠

≠   

lim
 → 

≠

 lim
 → 

 

lim
 → 

≠



  

ㄷ   

  

lim
 → 

 lim
 → 



lim
 → 

 lim
 → 





lim
 → 

 lim
 → 



 lim
 → 

 

lim
 → 

  

  

    

  

lim
 → 



 lim

 → 






lim
 → 



 lim

 → 






  



lim
 → 



 

lim
 → 



 

  



lim
 → 



 lim

 → 






lim
 → 



 

  





ㄱ ㄷ

   

     

 ′  

lim
 → 



  →  → 

→ 

lim
 → 

   

lim
 → 



   ′ 

    

  ′   

 

   

     

 ′     

   

   

  × ×

 



   

 ′  

     ′ 

  

    
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     

  

A  

A OB

∠OAB

 A

 



  


  







∴ B 

 ′  



   


  



OA AB

OA×AB  



   

 ′    ′   ′ 

    ′

   ⋯⋯

  ′

   ⋯⋯

 

    

  


 × 

  



× × 
  

      

      

  

 ′ 

    

   ′ 

  

     

 ×  

∴  

∴  

    

  

 

    

 

≠

    

   ′ 

   

  

      ≠

 ′  

    

    

  

  

 

 

      



 × 
 



 

  
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 




  ′⋯

  

 ′≥




≥

≥

 



 
 

   

   

  

 
 

  

 ′  

  

 

     
 

 


   

 
 









 


 






    




 


 


 

 





 

     
 

 


  

 
 


 






 


 






    




 


 


 

 






 

 

  

 ′  

 ′ × × 

    

  

   ′     ′ 



201

  

lim
 → 

 lim
 → 

 

lim
 → 

 lim
 → 



  ⋯⋯

  

lim
 → 



 lim

 → 




lim
 → 





 lim

 → 





 

 ′  ′  ⋯⋯

   

   

 

     

 ′    

 

  ≤

≤  ′  

   


  ⋯⋯

   

      

   

 ′  

 


  ⋯⋯

 ′  







 

     

 ′   

 ′     



 ⋯  ⋯  ⋯

 ′  

 ↗ ↘ ↗

  



    

     

     

 

 

lim
 → 





→  → 

→ 

lim
 → 

   

lim
 → 

   

     

   A B

   

  

  

lim
 → 





 lim
 →  

 ×

 lim
 → 




     

≠

lim
 → 



→  → 

→ 

lim
 → 

   ∴  

∴    

lim
 → 





lim
 → 





 lim
 →  



 lim
 →  



→  → 

→ 

lim
 → 

  ∴  

∴  
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   

∴   

   또는 
 ≤≤

 lim
 → 

× lim
 → 














 ≥
 ≤ 
 ≤
 

ㄱ  × 

ㄴ lim
→

 lim
→

 

lim
→

  

≠   



ㄷ    

     

≤  

     

  

 ′  ′

 ′       ′ 

 

lim
→

 lim
→

 

ㄱ   

ㄱ

ㄷ  

  

≤  

≤   

≥  

lim
→

    



lim
 → 




lim
 → 



 lim

 → 




lim
 → 




 lim
 →  




×

 
 lim

 → 



× ⋯⋯

lim
 → 




 lim
 → 




×

 
 lim

 → 



× ⋯⋯

lim
 → 



 

lim
 → 



lim
 → 






 ′   ′ 

   

 ′ 
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 ′  

 

 ′  

      

 ′    

lim
 → 

 

 ′  

  

 

lim
 → 

 

 



    

 ′    





   ′   

 

   

  

 ′    

 ′ 

  


 




  

  


  

 



 



 


 

     

 

     

   

  

 

   

  



lim
 → 

 lim
 → 

 

   

lim
 → 

 lim
 → 



   

 

lim
 → 

 lim
 → 

    

 ′     

   

   ′   

∞   

 ′ 

   

   

   


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 ∞ 

 

 ≥ ≤ ⋯⋯



≤ ≤ 


⋯⋯

  ′   

 ∞    

 

 ≥

≥ ≥

  ≤ 



∴ ≤ 



 




 ≤ ≤≤

∴ ≤

  ≥

  ∞

  ∞



≤≤ 



      



  


 

 

∴  




  

 

   

  

   

≠    

 

lim
 → 



 lim

 → 



 

lim
 → 



 lim

 → 



  ′

 

lim
 → 



     ′ 

    

  

 

 

  ′  

   

   

≤≤

 

   
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 ≤

≥   

≥ 

 

 



≤ ≥ 

 

≤≤   

≥   

≤≤ 

 

≤≤ 

  lim
 → 



  ′

≤≤ 

  ≥ 

    

 

    또는 

  







 



 

 ≤

≥   

   

≤  ≥ 

 

 

≥  

   

 

 ≤  또는 ≥ 








 











  





      

  

  

    

 
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








   또는   
   또는   
  

     

    

lim
 → 



 lim
 → 

 lim
 → 

  

lim
 → 



 lim
 → 

 lim
 → 

  

lim
 → 

≠ lim
 → 



lim
 → 



 lim
 → 

 lim
 → 

  

lim
 → 



 lim
 → 

 lim
 → 

  

lim
 → 

≠ lim
 → 





   

   

   

   ⋯⋯

    



lim
 → 

 lim
 → 



 

lim
 → 



 lim
 → 

 lim
 → 

 lim
 → 



lim
 → 



 lim
 → 

 lim
 → 

 lim
 → 



 

lim
 → 

 lim
 → 

 



     

lim
 → 

  lim
 → 

   



   

  

  

  

  

   

   

 ′    ′

 

  


 



 


    

 

  

≠

   

 ′    

 ′
  

  





  


     

 

  
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 



 

      

 ′   

     

 

   

      

iv   

    

     

  ⋯⋯

  ⋯⋯

  

   

 

    

     

   



 
   또는 ≤

 ≤ 또는 ≥



 ××   



∴  


 












 


   또는 ≤




 ≤ 또는 ≥

    

   


× × 



× ×
  

    또는  
 ≤≤

 ′  ′   또는 
 ′ 

 ′

 ′  ′  ⋯⋯

 lim
 → 




 

  lim
 → 

 lim
 → 





208

    ⋯⋯

 

  lim
 → 

 lim
 → 



   ≠

 ′  

 ′   ′  

 ′    






  


 

   

  

 

  

lim
 → 

 lim
 → 





 

  ⋯⋯

    

    

∴   

 

  

 

∴ 
  

 


      ≤

  

  

 ′  

 ′  ±

≤ 

 ⋯  ⋯  ⋯ 

 ′     

 ↗  ↘  ↗ 

   

 

     

  lim
 → 

 lim
 → 

  



  

 

  

 

   

   

   

 

 lim
 → 

 lim
 → 

 

 lim
 → 

 lim
 → 

  

  

 

   

   

 

   
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   

 

 lim
 → 

 lim
 → 

 

 lim
 → 

 lim
 → 

  

≥

 




 
 


    

       

  

  lim
 → 

  lim
 →  

 


 ≠  

 lim
 → 

 lim
 → 

  



 lim
 → 

 lim
 → 

   

≥ 
  


  



 

   





 

∴  

   ×

× × ×

≥ ≥

  ×

   

  ×

    

  ×

    

      

    

lim
 → 

   ′   

 ′     ′

  

≤   


    


 

 




≥

 

    

    

≠
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         

     

 


  




     


    

     

   

 

 

         

     

  


     


  

       

     

 

           

   

 

≠ ≠

        

     

   

          



  

     

 

    

   

    

   

    

  ′ 

   

a  ′≤

   



211

b  ′ 

   

  










   또는   
    또는   
  

      

  

   

        

     

   

   ⋯⋯

 ′    ′    

    ⋯⋯

      

       

∴  × × × 

    

  ≥

   ≥

  ∞

   

 ′   

 ′     

    

 

      

     




≤≤ 


≤≤

 





  ′

≠

 ′


⋯⋯

   

 ′ ≥ 



  

 

  

 

 

  

 

 
 

  
 



 ⋯⋯

 

 


  



lim
 → 

 ′ lim
 → 




 ′  ′ ⋯⋯



 ′  
 



 
 



212

 



≥ 


≠

 ′  




   

 

 





   



  
 










 

  

   

 ′  

  ′

≠

 ′


⋯⋯

   

 ′ ≥ 



  

 

  

 

 


   ′

  
   


 




 




 

×
 



 
 







 


  


 

 




 



 

   

 ′  

lim
 → 

 ′ lim
 → 




  

lim
 → 

 ′ lim
 → 

 

   ⋯⋯

lim
 → 



  ′  ⋯⋯

  

    

   

   

 



 

  

   

   

  × × 

ㄱ  ′    

 ′     



 ⋯  ⋯  ⋯

 ′     

 ↗  ↘  ↗

      

  

 

∴  

ㄴ    

   

     
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   

   

 ≠

≤ ≤  ≤ 

≤≤  

 

   ≤




≤

    

 ≠

    

  



    

 ≠

∼   

 

ㄷ 


≤

    

lim
 → 






 
 lim

 → 
  

   



  



   

lim
 → 






 
 lim

 → 

 

lim
 → 






 
 lim

 → 






 

  


 



ㄱ ㄴ



 



 
≥

∞   

 ∞ 

 





  

   

 

 










  
 ≤≤

   



 

    












  
 ≤
 ≤≤
   

  

 

    



214












  
 ≤≤
  
 ≥

       



 ′   

     ′ 

  

 ′ 

 ′   

   

 

  

  

 

  

 



    

 ′   

 ′     



 ⋯  ⋯  ⋯

 ′     

 ↗ ↘ ↗

    

   

   

  
 ≥

 

     

        

≤ ≥

      



±



  

   

  

≤≤   

   

 ≤   

  

     

  














  

 ≤≤

   ≤

    

lim
 → 

   lim
 →  



lim
 → 

   lim
 →  



lim
 → 

  lim
 → 





lim
 → 



 lim

 →  


 

 lim
 →  

  

lim
 → 



 

   

lim
 → 



 

lim
 →  



 lim

 →  


 

 lim
 →  

  

   
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lim
 → 



 lim

 →  

  

 lim
 → 

    

lim
 → 



 lim

 →  

  

 lim
 → 

  

  

  ≠ 

   

  


 

   

    

 ′   

 ′     

     

 

 

     

 

 

     



 

ㄱ      

   

 ′   

 


 

   

ㄴ  

       

    

    



    
′   

    

    

    

 
′  

ㄷ      ≥ 

≤ ≥

      

       

       

≤ ≥

     

ㄴ     

≤ ≤ ≥  

    

  ≤   

   
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    

 

  ≥   

   

  ≤ ≥  

    

  



ㄱ ㄴ



       

 

    

   

    

  ≥
  

     



 

    

   

     

  

    

    

   

      ⋯⋯

 ′   

    

 

 



 


⋯⋯






 




× × 
  

     

    



 

  

   

     

      

 

   ′  ′

  

  

  ⋯⋯

 ′  ′

 ′  
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 ′ 

 ′  

 ′ 

  ⋯⋯

   

   

  



  

 



 ′≤  

 ′   ′   ′ 

    ′

    

     



 


 

   


⋯⋯

 




  ∴   


⋯⋯

 ′  



 ′ 

 ′ 






 

∴  


⋯⋯

∴  



 



 × 
  





∵ ㉡㉢

 





  ≥
  

  

  



 




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



 

 

  

    

  

  

       




  

 

    



 lim
 → 




lim
 → 

  lim
 → 

  ⋯⋯

 

   

   ∴  

     

   

   

  

  



     

  ∴ 

     



    

 ′ 

 
   ≤

  



 

lim
 → 

 lim
 → 

 

lim
 → 

 lim
 → 

   

lim
 → 

 lim
 → 

  

 

   

 ′

lim
 → 



 lim

 → 


 

 lim
 → 

  
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lim
 → 



 lim

 → 



  ′

 ′   ′   

 ′ 
  ≤

  
 ′

 ′  

≤  ′

 ′

 ′× ′ 



  ≠  ′× ′ 

     ′

 ′

 ′    ′ 

 

 


 

  

  





 







     ∵ 

 ′   

 ′   

   

 ′   

   

   ′  

    















   ≤

 


   

  

  



≤

≥ 

  

≠



  ∞ 



   

 

 ′ 

  



≠



 

  

   


  
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






    



 ′  

  

 ′    



   


 



 ′   

 

 



    

    

    

 

  

  

lim
 → 

 lim
 → 

  

lim
 → 

 lim
 → 

  

lim
 → 

 lim
 → 

  

lim
 → 

 lim
 → 

  

      ≠

 

  

  

lim
 → 

 lim
 → 

  

  

  

  

lim
 → 

 lim
 → 

  

      ≠

 

   

   

   

 

   

 

      

 

 

lim
 → 



 lim

 → 


 
 

 ′    

 

  ≠ ≠

    

    ≠

   

lim
 → 



 lim

 → 



 

 ′ 

  ≠  

  

    

lim
 → 



 lim

 → 



 

lim
 → 



 lim

 → 




 

≠  ≠   

∼     ≠

     

   



 ≤  

  

lim
 → 

 lim
 → 

 lim
 → 

 lim
 → 



 

  
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lim
 → 



 lim

 → 




lim
 → 



 lim

 → 




 ′ 

  ′  
  

  

  ≠

   

 

 

    

   

P Q  

P Q   

     

    ′  

     

 

     

     

       

Q

  

 

 ′   

Q

 

 

 

≠  

 

       

 ′   



  




  



     

 

   

≥ 

≥ ≥

 

 ′  

 

 ′ 

 


 

≥ 

  ⋯  ⋯

 ′   

  ↘  ↗

≥  

≥

≤  



   ′  



 ′ 
    ′

    ′ 

 

≥

≠   ≥

≠   ≥

⋮

lim
→ ∞

 ∞

  

  

 ′     ′ 

 

  
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 

 

 

lim
→∞

∞  



 




 


 

 


 


   

 
lim

→ ∞

 ∞ lim
→∞

∞

    

  

   

 ≤ ≤ 

   

  

 ≤  ≤ 

  

≤ ≤

   

   

 

    

 ′  

 ′ 
 


 


 


 


  



  



 

 

    

 ′  

 ′ 
 











  



  



 
 

 ××


 

   ′  



  

 

 

    

 

  

  

  

 

 ′ 
    ′

    ′ 

  





 

   



   

≤

∴ ≤≤



223

≥ 

 ≤

 

∴ 

  

∴  

  ′  

  ′ 

   

    

 ′  

 ′ 
 


 


 


 


  



  



 



 

 

≤≤

  ≤≤

 ≤

  



  ≤

 

∴ 

≠  

∴ 

 ′   ′   ′ 

∴  

∴    

 ′  

 ′ 
 











  



  



 
 

 ××


 



≤


≤  ⋯⋯

   

    

   



  ≤


≤ 

∴   ⋯⋯

  ≤


≤ 

∴   ⋯⋯

 

      

   

   

 


  

   


 

 ′  

∴  ′ × × 

P Q   

 


    


 
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        ∵ 

P  

  


 

   P 

P  ≥ 

   

  P 

  

    

  

P  ≥ 

 

   P

  × 

 ≥ P Q

   

 

  


  ≥

 ′   



  ⋯  ⋯  ⋯

 ′     

  ↗ ↘ ↗

≥     

   


 

P Q  

 ≥ P 






  

  ′ 

   P

 × 



   

   



 ⋯  ⋯  ⋯  ⋯

 ′       

 ↘ ↗ ↘ ↗

  

 ≥



   

lim
 → 



  ′ lim

 → 
  

lim
 → 

 

 lim
 → 

 ⋯⋯



  ≤

   

 

lim
 → 



  ′ 

lim
 → 



  ′

 



 lim
 → 

  

 ≤ ≥

   

 
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lim
 → 



  ′ 

lim
 → 



  ′

 

 

 lim
 → 

  

 lim
 → 

  

    또는  ≤
  ≤ 또는 ≥

    ′ 

≠

  

≠

   

        

   

  

 lim
 → 

 lim
 → 



 lim
 → 

 lim
 → 

  ⋯⋯

≠  lim
 → 

  lim
 → 

 ⋯⋯



≤ 


 



 


≤ 


  



 



   

 

    





 

 



   

  


 



 

  

  


  



  



 

  

  


  



 ′ 
  

 
  

 
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 
 

  




    

 






  



 

 


 


 

  

  
  

  


  

  


  














   


또는 


≤

  

≤ 


또는 ≥












  
 

 ≥ 
 

× 
 × 

 

 ′  ≥

   

  ××

  

  ≤

 

 

 


    

    

 


    








   ⋯⋯



   ′

 ′ 

  ′

 ′ 






 ′

















 

     

      






 ′   ⋯⋯

   

  ⋯⋯

   

     ⋯⋯

     ⋯⋯

    

 



 

lim
 → 



 lim

 → 



  ′

lim
 → 



 lim

 → 



  ′

 ′   ′  ′ 

 ′ 

 ′   

   

    

≥  


















 

















 


  

   

    
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

 ′ 

  A 

  

  

 

  


 

    B






  BAH

AOH

H   OHBH

 




   









 








  

 









 





 


 












 






   

 

   

   ≥

  ≤
  



 

lim
 → 

 lim
 → 

   

lim
 → 



  lim

 → 



 

 ′ 

     

⋯⋯

 

    또는   
 ≤ ≤

 




≥

     

      ≥

   



≤ 


≤ ≤≤ ⋯⋯

 

     또는   
 ≤ ≤

 




≥

≤≤ ≥

≤≤ ≤

   






≥ ≥ ⋯⋯
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 

   

 ′  

  

 
 







≥  ′≥




 

 ′   

 




≥ ≤

 ′ 










≥  ≥

 ≤

≤≤

≥  ⋯⋯

 ≤

    

 

≥

 

   






 








































 






∴ 




 

  











 

 






 

















 

   



  

lim
 → 

 lim
 → 

 

≤    ≤

   
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



 

lim
 → 

 lim
 → 



 lim
 → 

  

lim
 → 

 lim
 → 

  

 

  

 

 

  

lim
 → 



 lim

 → 




lim
 → 




 lim
 → 




 lim
 → 




 lim
 → 


 

 lim
 → 

   

lim
 → 




 lim
 → 


  

 lim
 →  

  

 lim
 →  

 

 lim
 → 

  

 

   

    ≤

  

     

     

  











  









  









 



 × 














   

  

  ′

 ′  

 ′  ′ 

    

 

      

∴ 




 







  









 



230

  




 ′  

× 




 ′ 




 ′  

     






 ′    

  









 









 










lim
 → 


 




  lim
 → 



 

   ′ 

 











 ′











 ′




  

 









  






  




  






 











 × 






 

 ′ 

 ′ 
   

 ≥

  

 ′    

 ′   
 ≥



 ⋯  ⋯  ⋯

 ′     

 ↗ ↘ ↗






 

 



 


 





 

 

 



 ≥















  



 

  

       ′ 

 ′ 




























































 ′ 

 ′
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 

 ⋯⋯









































 











 






 ′  

 ′ 

  

  ⋯⋯





  ×


 



  




  ⋯⋯

  



 ′  

 ′  

   ′  

  ≠

∅ 

  ⋯⋯

≠∅



 


    



∈   

 

 

 




 ≠

 

 lim
 → 

 lim
 → 

  

 



 

 

   


   



   


 

  














   


 

 ≥ 
⋯⋯














   

 ≥
⋯⋯

 

  

 lim
 → 

 lim
 → 

  

   

    



 


   ⋯⋯

 ∼






 



 






 







  






 



≤

   

⋯⋯

   
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









 











 ′  

     

 ′ 











   











⋯⋯

 ′      

 ′ 

  ⋯⋯

    






















 






 

 


 











 


 


 



 ′     

ㄱ ≥   






 






 




 

 

ㄴ 












  









 






≥ ≤ 
















  









 













 



≤ 





≤ 













ㄷ ㄴ ≤ 


 ≤




      

   

     













 




  ⋯⋯














  









 






≥ ≥



 ≥ 


 

 ∞  

 

     













  ⋯⋯






≥ 




≥



 


≤≤ 


⋯⋯






 



≤




≤

ㄱ ㄷ

  
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ㄱ 









 











 

≥

≥


















  









 


 











 
















 


 











 












≥

























 





 



≥  

ㄴ 









 











 













 








 




 

    

 

ㄷ 









 






 




 













 








 




  













 








  





   

ㄱ ㄴ ㄷ

ㄱ 









  ≥

 





≤ 




 






 












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









 

ㄴ 









 






  













  

   

ㄷ 









 

    














 


 







 



  





 



















  


 


  











  





 













 


 

     















 






 






   





  


 


 

ㄱ ㄴ ㄷ








 ′× ′

  ′  ′× ′

 ′ 

 ′ 

  

 ′ 

 

  ′≥

 ′  ′× ′≥



 ′  

 ′ 



 ′    ′



 ⋯  ⋯  ⋯  ⋯  ⋯

 ′         

 ′         

 ′         

 ↗ ↘ ↗ ↘ ↗



   



 ′    ′



 ⋯  ⋯  ⋯  ⋯

 ′       

 ′       

 ′       

 ↗ ↘ ↘ ↗

  

 


 


 
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

  

   



 


 


 







 



 ′    ′



 ⋯  ⋯  ⋯  ⋯  ⋯

 ′         

 ′         

 ′         

 ↗ ↘ ↗ ↘ ↗

   



 ′ 

 

 


  

 


  


  



× 


×


 

  

    

    ⋯⋯








  ′ 

 ′    



 ⋯  ⋯  ⋯  ⋯

 ′       

 ↘ ↗ ↘ ↗



    

 ≤≤  

 ≤≤  

  








   

  

∴ 

    ∴  

∴    

 





 






 











 











 



 


















 










 






 









 ⋯⋯


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 ′ 




 ⋯⋯

 ′   

   ≠





   

  

  ′ 

   

  


 









    ⋯⋯

  

   








    ⋯⋯

  ′  ′ 

≠  ′ 

 ′  ′ 

∴   

   

∴  

   

 ′ ′

 ′

  

    

  

  

  

     



    



   



   

∴      

∴ 




  



 

     

≠    


 

     

    

 ≥

 

lim
 → 

  lim
 → 

 

 

lim
 → 

  lim
 → 

 

lim
 → 

  lim
 → 

 
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lim
 → 

  lim
 → 

 

≥

lim
 → 

 

   

   

lim
 →  

 lim
 → 

 

  

    

 

  






 

 

≤≤ ≥ ≥

   

 

    

∴   



 




≥

≥     

  ′

      ′   

    

 ′  

 

 ′  

  ′×

 × 

∴ 



 


 

 


× ×  



≥ 

≥ ⋯⋯

≥ ⋯⋯

≥

  ≥

  ≥

∴ ≤≤

≥ ≥  

≥ 

≥      



 

→∞ →∞

≥   

≤   

   


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 


 

 


 


 

    ′ 

 ′   




 ′  


  


 

∴ 


 ′  






 ′ 




  ′ 


×× 





≥




 ′










≥




 ′





≥




 ′










≥




 ′

 ≤  





≥




 ′

 

≥ ′

   

    








 ≥ ′



≤  ≥

    ≥  ′




≤ ′ ⋯⋯

   ≥ ′

 ′≤


⋯⋯

 ′≤≤ ′ ⋯⋯

  

 

 ′  ′  ′  ′



≥ ′

≥ ′

≥ ′

≥ ′ 

≤  ≥

  

≥ ′ ⋯⋯

≥ ′ ⋯⋯

 ′≤≤ ′

≤  ≥ ≥

∞    

 ∞   

 

 ≥

  

  ′ 

≥  ′

  ≥ ′

≤  ≥

   

    ′  ′ 

 

  

 ′ 

 



  ⋯⋯

 ′  

  

  

 

    

  lim
 → 

  

  

 

lim
 → 



 
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 

lim
 → 



 lim

 → 




 ′ 

 ′    

 













  






 ≥

 ′











  
  

  



 ⋯  ⋯  ⋯

 ′     

 ↘ ↗ ↗



 

    

 

    

   

lim
 → 



≠ lim

 → 




lim
 → 



≠ lim

 → 




  

   



 

    

lim
 → 



≠ lim

 → 




  

  

lim
 → 



 ′ 

  

lim
 → 



  ′ 

   

   






  



   






   

 

×
 



 






   

    

ㄱ  ′  

   

 

  

 

ㄴ   



   



  

ㄷ 

lim
 → 

 

  


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 ′   ′ 






 



   


  




  

ㄱ ㄴ



   

⋯⋯






  

 

    

⋯⋯

   












 




  

  

lim
 → 



 lim

 → 




 lim
 → 



 

lim
 → 



 lim

 → 




 lim
 → 



 

    

 






  
  

 ≥



   
 ≥

   
 ≥

 

   

   

 

      

 

   

 




















 




 









 





 







 


 









 



 ′ 






 











  

   

  

′      

  

′  
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′ 

   

   

 








 






 











 







  

















  









 

 


 

ㄱ  ′

 

  

 ′    
 ≥

 

ㄴ ㄱ   ′ 

 ′  

 

  ′   



 

  ′   

  



  ′   

  



  

ㄷ  ′   
 ≥

 ′  

  
   

  ≥

     

 
   

  ≥

 

  

  




  




  

  



 


 

    



ㄱ ㄷ

   

   



  

   
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



 

  

  

ㄱ    

ㄴ  

ㄷ   

    
 ≥

 

  




  


 


 



 ′   


  






  

  

 



  ′   



ㄱ ㄷ



  ′ 

  

′    

  ′ 

   ≥

′    

′ lim
→ 

′ lim
→ 

  ⋯⋯

′ lim
→

′ lim
→

  ⋯⋯

≠±   ⋯⋯

′  

≥ 

  ′≥

 

 ′   ′  ⋯⋯



 

     

 

′

′










 ≤
  

 ≤ 

 ≥
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     

  

    

 






  






′

 

≤ ′ 






′  




′  

 

 






′  

 

≤






′






















 


 

   

 

  ′ 






′    






′






′




′




′

 











 




 




 

 







 

















 









 

   
   

 


 


  

  

   

  

 

  

  

   

× 

 


 P  

P   

    


 Q

  


  


Q


 

 
   


    

     


  



   






 


××








 

  


  







 


  


  











 



 


 








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

     

≥  

 ′   

 

∴     

  



  

   

  

∴     



 




  






  






  




  






  











 




 












 







 











 







 









 


 



 



∴ × 

   

    ⋯⋯

   

 
   ≥

    

′ 
   

   

    ′   



 ⋯  ⋯  ⋯

 ′    

 ↗ ↘ ↗

     



  






  




  









  


  


 





 











  


  


 











 











 


 



∴ × 



  

  

 lim
 → 

 

  

 ′ lim
 → 



 lim

 → 



 

ㄱ  ′     ′ 

ㄴ  

    

 

 ′    

 

  

  

   

    

  
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  ′   

 

ㄷ ㄴ

 
 

  ≥

 ′ 
 

 ≥

  ′   ′

    


















  

 


 ≥

  

      








 


××








 

















 















 



ㄱ ㄴ ㄷ



  













  ≤ 또는 ≥

  

    

      

        

      

    

     

       












 






 









  















 


  


 









 




×


× 

  







































 




  
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







  


 









 







   



 

       

A B    

  

 











    

     









 

    


   




 













 











 






 




 

 







  









   

 

    

 




 

   

 ′ 

   
  

 ′   ±

    

    
 ≥

  ′   

 ′   

  



 

  



⋯⋯

  
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 

≤ 

  

≤   ′   

 ′  ≤

 ′  ≤ 



      

≤

 

 ′ 



 ′≠  ≤ 

   

   

     

 






















 

 






  









 


×





 




 

   

 ′ 

   
  

 ′   ±

    

    
 ≥

   





 




























 ′   ′

  ′

 ′     ′ 

     
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 ′  

   

    ′ 

  

   

  ⋯  ⋯ 

 ′   

 ↗ ↘

 




















 

 






  












×












   






  




  









  


 









 




 







 








′  

  B 

    

A 

  

 

   

AB  





























  






























  





 


   









 




 



A B

 
   

    

     


 O

A B






   

 




 







 








 







 








 








  
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







 


 











 





 

 

AB

 


 

 







 

   

     




 



 ≥ P 

 






 






 




 

 



 











   


 

   P 

   


× 

   

    

   

    

P













 






 




 




 












 









 

 

 ≥ P

 ≥ 

 

P   

 

    

      P






  








 







 



 



  
    



      P






 

   











 


  


  











 



 

    

      P






   





 


   


 









 



P 







 
  ≤ ≤

  

    

    

P   

   



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  


 P 






 













 


  


 

















 










 

 



 
















 


 


 

∴ 

P ≥ 












 











  




P

 


      

 

 

P

Q






























 

  

P Q  ≥

 






 







  









 


  






   

  

 P Q 

 

   

 

  

 


  

 ′   
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