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CMBUkTI1 
 

lMhat;eRCIserIs 
 

!> cUrRsaybBa¢ak;fa  ab
2

ba
ba

22




    
   RKb;cMnYnBitviC¢man a  nig b     . 
@> cUrRsaybBa¢ak;facMeBaHRKb; 0c,b,a   eKmanvismPaB  
  )cabcab)(cba(

9

8
)ca)(cb)(ba(   

#> cUrbgðajfa   
27

8

)cba(

)ac)(cb)(ba(
3 


    

  cMeBaHRKb;cMnYnBitviC¢man c,b,a   . 
$> eK[cMnYnBitviC¢man  z,y,x,c,b,a  . 
 cUrRsayfa 333 abcxyz)cz)(by)(ax(    
%> cMeBaHRKb;cMnYnBitviC¢man b,a  nig c  cUrRsaybBa¢ak;fa ³ 
 

2

3

ba

c

ac

b

cb

a









   . 

^> eK[ z,y,x  CabIcMnYnBitviC¢man .  
 cUrbgðajfa  

)zx)(zy)(yx(

)zyx(2

)xz(

1

)zy(

1

)yx(

1
222 











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&> cUrRsaybBa¢ak;vismPaB ³ 

2

23
)a1(c)c1(b)b1(a 222222    

 cMeBaHRKb;cMnYnBit c,b,a   . 
*> ebI )1,0(c,b,a   cUrbgðajfa ³ 
 1)c1)(b1)(a1(abc   
(>eK[ c,b,a  CabIcMnYnBitviC¢manEdl 1abc   . 
  cUrRsayfa 3cba

b

ac

a

cb

c

ba








  
!0> eK[ d,c,b,a  CabYncMnYnBitEdl 4dcba 2222    . 
   cUrRsaybBa¢ak;fa 8dcba 3333    . 
!!> eK[ c,b,a  CabIcMnYnBitminGviC¢man . 
    cUrRsayfa 3333 )a

2

cb
(2abc3cba 


   . 

!@> eK[ c,b,a  CabIcMnYnBitviC¢manEdl 1abc   . 

     cUrbgðajfa  5
222

3

cba

3

cba 


   . 
!#> eK[ c,b,a  CabIcMnYnBitxusKña .  

    cUrRsayfa 2
)ba(

c

)ac(

b

)cb(

a
2

2

2

2

2

2










  . 
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!$> eK[ c,b,a  CabIcMnYnBitminGviC¢manEdl cbacba 222    
     cUrRsayfa  cabcabaccbba 222222    . 
!%> eK[ c,b,a  CabIcMnYnBitminGviC¢man .  cUrRsayfa  ³ 

3222222 )cabcab()acac)(cbcb)(baba(   
!^> eK[ c,b,a  CabIcMnYnBitminGviC¢manEdl 1abc  .  cUrRsayfa  ³ 

    
2

3

ac

acb

cb

cba

ba

bac
22

33

22

33

22

33











   . 

!&> eK[ c,b,a  CabIcMnYnBitviC¢man . cUrRsaybBa¢ak;vismPaB ³ 

   1
)ba(c

c

)ac(b

b

)cb(a

a
33

3

33

3

33

3










  . 

!*> cMeBaHRKb;cMnYnBitviC¢man c,b,a  cUrRsayfa ³ 
     

2

3

ac

c

cb

b

ba

a









 

!(> cMeBaHRKb;cMnYnBitminGviC¢man z,y,x  cUrRsayfa ³ 
    )xyz1)(z1)(y1)(x1()z1)(y1)(x1(2 222   
@0> cMeBaHRKb;cMnYnBitminGviC¢man d,c,b,a  cUrRsayfa ³ 

22222 )abcd1()dd1)(cc1)(bb1)(aa1(4    
@!> ebIsmIkar 01bxx2axx 234  manb¤sy:agticmYy 
     CacMnYnBitenaHbgðajfa 8ba 44   . 
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@@> cUrRsaybBa¢ak;fa ³ 
      

)cba(4

9

)ba(

c

)ac(

b

)cb(

a
222 









  

       cMeBaHRKb; c,b,a  CacMnYnBitviC¢man . 

@#> cUrRsaybBa¢ak;fa   
a

c

c

b

b

a

a

c

c

b

b

a 222

2

3

2

3

2

3

    

     cMeBaHRKb; c,b,a CacMnYnBitviC¢man . 
@$> eK[ z,y,x  CabIcMnYnBitviC¢man . cUrRsaybBa¢ak;fa ³ 

1
)yz)(xz(z

z

)xy)(zy(y

y

)zx)(yx(x

x









 

@%> RKb;cMnYnBitviC¢man c,b,a  cUrRsaybBa¢ak;fa ³ 
       
























ba

c

ac

b

cb

a
4

c

ba

b

ac

a

cb   

@^> eK[ c,b,a  CabIcMnYnBitviC¢manEdl 1abc    . 
      cUrRsayfa )1cba(4)ac)(cb)(ba(     
@&> cUrbgðajfa )cabcab(9)2c)(2b)(2a( 222     
       cMeBaHRKb;cMnYnBitviC¢man c,b,a   . 
@*> eKyk c,b,a  CabIcMnYnBitviC¢man . cUrbgðajfa ³ 

    
5

3

c)ba(

)cba(

b)ac(

)bac(

a)cb(

)acb(
22

2

22

2

22

2













    
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@(> eK[ t,z,y,x  CabYncMnYnBitviC¢man . cUrRsayfa ³ 

    1
xt

t

tz

z

zy

y

yx

x 2222









































   . 

#0> eK[ c,b,a  nig z,y,x  CacMnYnBit . cUrRsaybBa¢ak;fa ³ 
      2222222 )abzcaybcx(3)zc)(yb)(xa(4    
#!> eK[bIcMnYnBit 1c,1b,1a   . cUrRsaybBa¢ak;fa ³ 

      2
ba1

c1

ac1

b1

cb1

a1
2

2

2

2

2

2













   . 

#@> eK[bIcMnYnBitviC¢man c,b,a  Edl 1abc   . cUrRsaybBa¢ak;fa ³ 
      

8

3

)c1(

1

)b1(

1

)a1(

1
333 








  . 

##> eK[bIcMnYnBitviC¢man c,b,a  Edl 4)cba(cba 2222    
      cUrRsaybBa¢ak;fa   3

)ac(

1ca

)cb(

1bc

)ba(

1ab
222











   . 

#$> eK[bIcMnYnBitviC¢man b,a  nig c  .   cUrRsayfa  
     3252525 )cba()3cc)(3bb)(3aa(    
#%> cUrRsayfacMeBaHRKb;cMnYnBitviC¢man c,b,a  eKmanvismPaB ³ 
     

abc

1

abcac

1

abccb

1

abcba

1
333333










 . 
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#^> eKyk 
nm

1n1m

nm

nm
a







 Edl m  nig n  CacMnYnKt;viC¢man . 

      cUrRsayfa  nmnm nmaa    . 
#&> eK[ z;y;x  CabIcMnYnBitviC¢manEdl 1xyz    .  
       cUrRsaybBa¢ak;fa ³ 

       2
xxzz

xz

zzyy

zy

yyxx

yx
6336

99

6336

99

6336

99













    

#*> eK[ c,b,a  CacMnYnviC¢manEdl 3cabcab   . 
      cUrbgðajfa  

abc
1

)ba(c1
1

)ac(b1
1

)cb(a1
1

222 








   

#(> eK[ a  nig b  CaBIrcMnYnBitminGviC¢manEdl 4ba 22   . 
     cUrRsayfa   12

2ba
ab




  . 
$0> cUrRsayfa |)xz)(zy)(yx(|

4
3

xyz
3

zyx 333


    

       cMeBaHRKb; 0z;y;x   . 
$!> eK[ c,b,a  CaRbEvgRCugénRtIekaNmYy . 
    cUrRsayfa   3

cba
c

cba
b

cab
a










 . 
$@> eK[ c,b,a  CabIcMnYnBitEdlepÞógpÞat; 3cba 222   . 
     cUrbgðajfa 4abc|c||b||a|    . 
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$#> eK[ c,b,a  CabIcMnYnBitviC¢manEdl 1abc    . 
      cUrbgðajfa 

cabcab
6

cba
3

1





   . 
$$> eK[ 1a   nig 1b   . 

      cUrbgðajfa  )
2

ba
(log2blogalog 222


   . 

$%> eK[ z,y,x  CabIcMnYnBitviC¢manEdlepÞógpÞat; 1xyz    . 
     cUrbgðajvismPaB ³ 

      zyx
y

)1xz(

x

)1zy(

z

)1yx( 222








   . 

$^>eK[ c,b,a  CacMnYnBitviC¢man .  
     cUrbgðajfa    0

ac
)ba(ac

cb
)ac(cb

ba
)cb(ba 222











   . 

$&> eK[  c,b,a  CabIcMnYnBitviC¢man . cUrbgðajfa ³ 
     2

3333

5555

)cba(
9

10

)cba(cba

)cba(cba



  

$*> cMeBaHRKb;cMnYnBit )
4

,0(x


   
    cUrbgðajfa  xsinxcos )x(sin)x(cos  . 
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$(> eK[ d,c,b,a  CabIcMnYnBitEdlepÞógpÞat;vismPaB ³ 
    22222 )1bdac()1dc)(1ba(    
    cUrbgðajfa 1ba 22   nig 1dc 22    . 
%0> eK[ c,b,a  CabIcMnYnBitviC¢manEdl 1cabcab    . 
     cUrkMnt;témøGb,brmaénkenSam 

ac

c

cb

b

ba

a
E

222








   . 

%!> eK[  n21 x...,,x,x ¬ Edl 2n  ¦CacMnYnBitviC¢manEdlepÞógpÞat; ³ 
     

1998
1

1998x
1

....
1998x
1

1998x
1

n21










  

      cUrbgðajfa  1998
1n

x...x.xn
n21 


  . 

%@> eK[ z,y,x  CabIcMnYnBitviC¢manEdl zyxxyz   . 
      cUrRsayfa 

xyz2
27

y1

xz

x1

zy

z1

yx
222 










  . 

%#> cUrbgðajfaebI 8abc    nig 0c,b,a   enaHeK)an ³ 
 

3
4

)a1)(c1(

c

)c1)(b1(

b

)b1)(a1(

a
33

2

33

2

33

2










 

%$> eK[RtIekaN ABC  mYymanRCug cAB,bAC,aBC    
      ehIymanmMukñúgCamMuRsYc . 
      cUrRsayfa )cba(4

Bcos
ac

Acos
cb

Ccos
ba








   
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%%> eK[ 0z,y,x   Edl 1zyx    . 
      cUrRsayfa 

4
1

)z1(

z

)y1(

y

)x1(

x
2

3

2

3

2

3










  . 

%^> eK[ d,c,b,a  CacMnYnBitviC¢manEdl 1abcd   . 
     ebIeKdwgfa 

a
d

d
c

c
b

b
a

dcba    enaHcUrbgðajfa  

      
d
a

c
d

b
c

a
b

dcba    . 

     bgðajfa 
d
a

c
d

b
c

a
b

dcba     
%&> eKyk c,b,a  CacMnYnviC¢manEdlepÞógpÞat; 1abc   . 
     cUrbgðajfa 

4

3

)1a)(1c(

c

)1c)(1b(

b

)1b)(1a(

a









. 

%*> eKyk c,b,a  CacMnYnviC¢man. 
      cUrbgðajfa )

abc

cba
1(2)

a

c
1)(

c

b
1)(

b

a
1(

3


  . 

%(> eKyk c,b,a  CacMnYnBiténcenøaH )1,0(  .  
     cUrbgðajfa 1)c1)(b1)(a1(abc   . 
^0> eKyk c,b,a  CacMnYnBitviC¢manEdl abccabcab   
      cUrbgðajfa 1

)ac(ca

ac

)cb(bc

cb

)ba(ab

ba
33

44

33

44

33

44











  . 
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^!> eKyk z,y,x  CacMnYnBitviC¢manEdl 1xyz   
      cUrbgðajfa 

2

3

yxy

1

xzx

1

zyz

1









 . 

^@> cMnYnBit  z,y,x,c,b,,a  epÞógpÞat; 0cba    
     nig 0zyx   .  cUrbgðajfa  

4

3

)bxay)(byax(

zc

)azcx)(axcz(

yb

)cybz)(czby(

xa 222222










   . 

^#> cUrbgðajfa  
3

3

xyz1

xyz3

z1

z

y1

y

x1

x











    

     cMeBaHRKb; 1z,y,x0    . 
^$> cUrbgðajfacMeBaHRKb; c,b,a  CacMnYnBitviC¢maneK)an ³ 
       1

ab8c

c

ca8b

b

bc8a

a
222










  . 

      bgðajfa  1
ab8c

c

ca8b

b

bc8a

a
222










   

^%> cUrbgðajfacMeBaHRKb; c,b,a  CacMnYnBitviC¢maneK)an ³ 
     3cba

1cb3

)1a)(1c(

1ba3

)1c)(1b(

1ac3

)1b)(1a(
3 22

2

3 22

2

3 22

2














   . 

^^> eK[ z,y,x CacMnYnBitviC¢manEdl 1zyx    . 
      cUrRsayfa ³ 
     1

)yx(z2

xyz

)xz(y2

zxy

)zy(x2

yzx
2

2

2

2

2

2














   . 
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^&> ebIcMnYnBitviC¢man c,b,a  epÞógpÞat; 3cba 222    
     enaHcUrbgðajfa ³ 
      

12

)cba(

ba2

c

ac2

b

cb2

a 2

2

2

2

2

2

2 









  . 

^*> eKmancMnYnBitviC¢man c,b,a  epÞógpÞat; 1cba   .  
      cUrbgðajfa    

2

3

abc

abc

cab

cab

bca

bca











      .  

^(> eK[ c,b,a Ca cMnYnBitviC¢man.  
      cUrbgðajfa    )

ca

1

bc

1

ab

1
(

2

1

abc

1

cab

1

bca

1
222










     .  
&0> eK[ d,c,b,a   CacMnYnBitviC¢man .  
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lMhat;TI17 
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lMhat;TI18 
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lMhat;TI19 
cMeBaHRKb;cMnYnBitminGviC¢man z,y,x  cUrRsayfa ³ 
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lMhat;TI20 
cMeBaHRKb;cMnYnBitminGviC¢man d,c,b,a  cUrRsayfa ³ 
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lMhat;TI21 ( Tournament of the Towns,1993) 
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lMhat;TI23 ( JBMO 2002 Shortlist) 
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lMhat;TI24 ( Crux Mathematicorum) 
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lMhat;TI25  
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lMhat;TI26 ( MOSP,2001) 
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lMhat;TI28 ( Japan,1997) 
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lMhat;TI29 
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lMhat;TI30 

eK[ c,b,a  nig z,y,x  CacMnYnBit . cUrRsaybBa¢ak;fa ³ 
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lMhat;TI32 
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lMhat;TI52  
eK[ z,y,x  CabIcMnYnBitviC¢manEdl zyxxyz   . 
cUrRsayfa 

xyz2
27

y1

xz

x1

zy

z1

yx
222 










  . 

bgðajfa  
xyz2
27

y1

xz

x1

zy

z1

yx
222 










  

tag 222 y1

xz

x1

zy

z1

yx
T












  

b¤ 
)xz(yxz

)xz(

)zy(xzy

)zy(

)yx(zyx

)yx(
T 2

2

2

2

2

2













  

tamvismPaB SchwarzCauchy   eKman ³ 

n321

2
n321

n

2
n

3

2
3

2

2
2

1

2
1

b...bbb
)a...aaa(

b
a

....
b
a

b
a

b
a




  

eK)an ³ 
 

)xz)(zy)(yx(
)zyx(4

T

xyzyzxyxyzxzxyz2

)zyx(4
T

)xz(y)zy(x)yx(z)zyx(2

)xz()zy()yx(
T

2

222222

2

222

2















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tamvismPaB GMAM   eKman ³ 

)xz)(zy)(yx(27)zyx(8

)xz)(zy)(yx(3)zyx(2

)xz)(zy)(yx(3)xz()zy()yx(

3

3

3







 

eKTaj 
xyz2
27

)zyx(2
27

)xz)(zy)(yx(
)zyx(4 2







  

naM[ 
xyz2
27

T   

dUcenH  
xyz2
27

y1

xz

x1

zy

z1

yx
222 










  . 
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lMhat;TI53 
cUrbgðajfaebI 8abc    nig 0c,b,a   enaHeK)an ³ 
 

3
4

)a1)(c1(

c

)c1)(b1(

b

)b1)(a1(

a
33

2

33

2

33

2










 

tag 
)a1)(c1(

c

)c1)(b1(

b

)b1)(a1(

a
T

33

2

33

2

33

2








    

tamvismPaB GMAM  eKman  
2222

23

2
a2

2
aa1a1

)aa1)(a1(a1 






 








 
  

eKTaj 
2

2a
a1

2
3 
   . 

ehtuenH )1(
)2b)(2a(

a4

)b1)(a1(

a
22

2

33

2





   

RsaydUcKñaEdreK)an ³ 

              
)3(

)2a)(2c(

c4

)a1)(c1(

c

)2(
)2c)(2b(

b4

)c1)(b1(

b

22

2

33

2

22

2

33

2









    
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bUkvismPaB )3(,)2(,)1(  GgÁnwgGgÁeK)an ³ 

8)c2b2a2accbba(2cba

)c2b2a2accbba(4

)2c)(2b)(2a(

)]2b(c)2a(b)2c(a[4

)2a)(2c(

c4

)2c)(2b(

b4

)2b)(2a(

a4
T

222222222222

222222222

222

222222

22

2

22

2

22

2




















 

eday 8abc   enaHeK)an ³ 

36t
t2

36)c2b2a2accbba(

)c2b2a2accbba(2
T 222222222

222222222







  

Edl  222222222 c2b2a2accbbat   
tamvismPaB GMAM   eK)an ³ 

72cba6cba3t 3 2223 444     ¬ eRBaH )8abc   
eK)an 

2
3

2
1

1
t

36
1    b¤ 

2
3

t
36t


  naM[ 

3
2

36t
t




 

ehtuenH  
3
4

36t
t2

T 


   Bit . 
dUcenH  

3
4

)a1)(c1(

c

)c1)(b1(

b

)b1)(a1(

a
33

2

33

2

33

2










  . 
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lMhat;TI54 

eK[RtIekaN ABC  mYymanRCug cAB,bAC,aBC   ehIy 
manmMukñúgCamMuRsYc . 
cUrRsayfa )cba(4

Bcos
ac

Acos
cb

Ccos
ba








  . 

bgðajfa )cba(4
Bcos
ac

Acos
cb

Ccos
ba








  

tag 
Bcos
ac

Acos
cb

Ccos
ba 







  

           
Bcos)ac(

)ac(
Acos)cb(

)cb(
Ccos)ba(

)ba( 222












  

tamvismPaB 
n21

2
n21

n

2
n

2

2
2

1

2
1

y...yy
)x...xx(

y
x

....
y
x

y
x




  

eK)an 
Bcos)ac(Acos)cb(Ccos)ba(

)]ac()cb()ba[( 2




  

        
)AcosbBcosa()CcosaAcosc()BcoscCcosb(

)cba(4 2




  

           )cba(4
cba

)cba(4 2





  

dUcenH )cba(4
Bcos
ac

Acos
cb

Ccos
ba








   . 
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lMhat;TI55  
eK[ 0z,y,x   Edl 1zyx    . 
cUrRsayfa 

4
1

)z1(

z

)y1(

y

)x1(

x
2

3

2

3

2

3










  . 

Rsayfa 
4
1

)z1(

z

)y1(

y

)x1(

x
2

3

2

3

2

3










   

eKBinitü 2

232

2

3

)x1(

)xx2()xx2x(

)x1(

x







 

                           

2

2

2

22

2

22

2

2

)x1(4

)1x3(
4
1

x
)x1(4

)x1()1x3(
x

)x1(4

)xx21()1x6x9(
x

)x1(

xx2
x




















 

eday 0
)x1(4

)1x3(
2

2



   enaH )1(

4
1

x
)x1(

x
2

3




 

dUcKñaEdr )2(
4
1

y
)y1(

y
2

3




nig )3(
4
1

z
)z1(

z
2

3




 

bUkvismPaB )3(,)2(,)1(  GgÁ nig GgÁeK)an ³ 

4

1

4

3
zyx

)z1(

z

)y1(

y

)x1(

x
2

3

2

3

2

3










  Bit . 
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lMhat;TI56 

eK[ d,c,b,a  CacMnYnBitviC¢manEdl 1abcd   . 
ebIeKdwgfa 

a
d

d
c

c
b

b
a

dcba    enaHcUrbgðajfa  

d
a

c
d

b
c

a
b

dcba    . 

bgðajfa 
d
a

c
d

b
c

a
b

dcba     

eKman 
ad
d

cd
c

bc
b

ab
a

a
d

d
c

c
b

b
a

dcba
2222

    

          
dacdbcab
)dcba(

dcba
2




  
naM[ )1(cbadacdbcab   
müa:geTot 

dab

)ab(

cda

)ad(

bcd

)cd(

abc

)bc(
d
a

c
d

b
c

a
b

2

2

2

2

2

2

2

2

  

                                       
(*)

c
b

b
a

a
d

d
c

)abdacdbc(

c
b

)ab(

b
a

)ad(

a
d

)cd(

d
c

)bc(

2

2222








 

tam )1(  eK)an )2()dcba()abdacdbc( 22   
tamsm μtikmμ     

a
d

d
c

c
b

b
a

dcba     
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eKTaj              )3(
dcba

1

a
d

d
c

c
b

b
a

1





 

KuNvismPaB )2(  nig )3(  GgÁnigGgÁeK)an  
(**)dcba

a
d

d
c

c
b

b
a

)abdacdbc( 2




  

tam (*)  nig (**) eK)an  dcba
d
a

c
d

b
c

a
b

  

dUcenH 
d
a

c
d

b
c

a
b

dcba    . 
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lMhat;TI57 ¬Czech and Slovak Republics 2005¦ 

eKyk c,b,a  CacMnYnviC¢manEdlepÞógpÞat; 1abc   . 
cUrbgðajfa 

4

3

)1a)(1c(

c

)1c)(1b(

b

)1b)(1a(

a









. 

tag 
)1a)(1c(

c

)1c)(1b(

b

)1b)(1a(

a
T








  

          

cabcabcba2

2
1

cabcabcba2

cabcabcba
abccabcabcba1

cabcabcba

)1c)(1b)(1a(
)1b(c)1a(b)1c(a



















 

tamvismPaB GMAM   eK)an ³ 
8cba8cabcabcba11 8 333   

eKTaj 
8
1

cabcabcba2
1




  naM[  
4
3

8
2

1T   

dUcenH 
4

3

)1a)(1c(

c

)1c)(1b(

b

)1b)(1a(

a









  . 
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lMhat;TI58 ¬APMO 1998¦ 

eKyk c,b,a  CacMnYnviC¢man. 
cUrbgðajfa )

abc

cba
1(2)

a

c
1)(

c

b
1)(

b

a
1(

3


  . 

vismPaBenHsmmUl ³ 

3

3

abc

)cba(2

a

b

b

c

c

a

a

c

c

b

b

a

)
abc

cba
1(2

abc

abc
)

a

b

b

c

c

a
()

a

c

c

b

b

a
(1







 

tag 333 zc,yb,xa    eK)an ³ 

xyz

)zyx(2

x

y

y

z

z

x

x

z

z

y

y

x 333

3

3

3

3

3

3

3

3

3

3

3

3 
    

tamvismPaB GMAM   eK)an ³ 

)3(
xy

z
31

y

z

x

z

)2(
zx

y
31

x

y

z

y

)1(
yz

x
31

z

x

y

x

2

3

3

3

3

2

3

3

3

3

2

3

3

3

3







 

6
x

y
.

y

z
.

z

x
.

x

z
.

z

y
.

y

x
6

x

y

y

z

z

x

x

z

z

y

y

x
6

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

    

b¤ )4(3)
x

y

y

z

z

x

x

z

z

y

y

x
(

2

1
3

3

3

3

3

3

3

3

3

3

3

3

    
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bUkvismPaB )3(,)2(,)1(  nig )4(  eK)an ³ 

xyz

)zyx(3
)

xy

z

zx

y

yz

x
(3)

x

y

y

z

z

x

x

z

z

y

y

x
(

2

3 333222

3

3

3

3

3

3

3

3

3

3

3

3 
  

eKTaj 
xyz

)zyx(2

x

y

y

z

z

x

x

z

z

y

y

x 333

3

3

3

3

3

3

3

3

3

3

3

3 
   Bit  

dUcenH )
abc

cba
1(2)

a

c
1)(

c

b
1)(

b

a
1(

3


   . 
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lMhat;TI59 ¬Romania 2002¦ 

eKyk c,b,a  CacMnYnBiténcenøaH )1,0(  .  
cUrbgðajfa 1)c1)(b1)(a1(abc   . 
cMeBaHRKb;cMnYnBit z,y,x  éncenøaH )

2
,0(
   

eKyk zcosc,ycosb,xcosa 222   
vismPaBsmmUl 1zsinysinxsinzcosycosxcos     
eday )

2
,0(z


  eKman 1zcos   nig 1zsin   
eKTaj ycosxcoszcosycosxcos   nig ysinxsinzsinysinxsin   
¬ eRBaH 0ysinxsin;0ycosxcos    ¦ 
naM[ ysinxsinycosxcoszsinysinxsinzcosycosxcos   
       )yxcos(zsinysinxsinzcosycosxcos   
eday 1)yxcos(   enaH 1zsinysinxsinzcosycosxcos    Bit 
dUcenH 1)c1)(b1)(a1(abc    . 
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lMhat;TI60 ¬Poland 2006¦ 

eKyk c,b,a  CacMnYnBitviC¢manEdl abccabcab   
cUrbgðajfa 1

)ac(ca

ac

)cb(bc

cb

)ba(ab

ba
33

44

33

44

33

44











  . 

eKman 1
c

1

b

1

a

1
abccabcab   

tag 
c

1
z,

b

1
y,

a

1
x    enaH 1zyx    ehIyvismPaBsmmUl 

1
xz

xz

zy

zy

yx

yx
33

44

33

44

33

44











   . 

tamvismPaB Tchebyshev  eKman 
2

yx
.

2

yx

2

yx 3344 
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lMhat;TI69 ¬Lithuania 2006¦ 
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lMhat;TI70 ¬USAMO 1991¦ 
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lMhat;TI71 
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lMhat;TI72 ¬Turkey National Olympiad 2010¦ 
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lMhat;TI73 ¬IMO Shortlist 2009¦ 
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lMhat;TI74 ¬Turkey Team Selection Tests 2008¦ 
smIkar 0cbxaxx 23   manb¤bICacMnYnBitviC¢man     
¬mincaM)ac;xusKña ¦. 
cUrkMNt;témøGb,brmaEdlGacén 

b

c

ba23

cba1



   . 

tag w,v,u  Cab¤srbs;smIkar 0cbxaxx 23   . 

eK)an 












cuvw

bwuvwuv

awvu

 

eday 0w,0v,0u   enaH 0c,0b,0a   
eKman 

a3ab2b

c3bac2abb

b

c

ba23

cba1
2

2






  

                                       

  

)b3ab2b(3

c9ac6abb2

3

1

)b3ab2b(3

)c9ac6abb2()b3ab2b(

)b3ab2b(3

c9b3ac6ab3b3

2

2

2

22

2

2
















 

 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 122 - 

tamvismPaB GMAM  eKman ³ 
3 uvw3wvua     

nig 3 222 wvu3wuvwuvb   
eK)an c9uvw9ab   b¤ (*)0c9ab   
müa:geToteKman ³  

)3(vwu
2

vuwu

)2(uvw
2

wuwv
,)1(wuv

2

wvvu

2
2222

2
2222

2
2222










 

bUkvismPaB )3(,)2(,)1(  eK)an ³ 
)wvu(uvwuwwvvu 222222   

)wvu(uvw3)wuvwuv( 2   
b¤ ac3b2    b¤ (**)0ac6b2 2   
bUkvismPaB (**)&(*)  eK)an 0c9ac6abb2 2   
ehtuenH 

3

1

)b3ab2b(3

c9ac6abb2

3

1
2

2





  b¤ 
3

1

b

c

ba23

cba1



   

dUcenHtémøGb,brmaén 
b

c

ba23

cba1



  KW 

3

1   . 
 
 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 123 - 

lMhat;TI75 ¬ Turkey Team Selection Tests 2010¦ 
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lMhat;TI76 ¬Turkey National Olympiad 2005 ¦ 
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lMhat;TI77 ¬Vietnam Team Selection Tests 2010¦ 
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lMhat;TI79 ¬Indonesia Team Selection test 2010¦ 
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lMhat;TI108 (USAMO 2003) 
eK[ c,b,a  CacMnYnBitviC¢man . cUrRsaybBa¢ak;fa ³ 

        8
)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
22

2

22

2

22

2











  

rebobTI1 
tag 22

2

22

2

22

2

)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
T












  

yk cbas   enaHkenSam T  Gacsresr ³ 

22

2

22

2

22

2

)sc(c2

)sc(

)sb(b2

)sb(

)sa(a2

)sa(
T













   

eKman 22

22

22

2

sas2a3

sas2a

)sa(a2

)sa(







  

                                  
)

sas2a3

s2as8
1(

3

1

sas2a3

s3as6a3
.

3

1

22

2

22

22










 

22

2

22

2

22

2

s2)sa3(

s2as8

3

1

s3as6a9

s2as8

3

1

)sa(a2

)sa(











  

eday 0)sa3( 2     enaH 222 s2s2)sa3(   

b¤  
cba

a4
1

s

a4
1

s2

s2as8

s2)sa3(

s2as8
2

2

22

2








   



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 183 - 

eKTaj )1(
cba

a4

3

4

)sa(a2

)sa(
22

2





  

RsaybMPøWdUcKñaxagelIEdreK)an ³ 

)3(
cba

c4

3

4

)sc(c2

)sc(

)2(
cba

b4

3

4

)sb(b2

)sb(

22

2

22

2













  

bUkvismPaB )2(,)1( nig )3(  eK)an ³ 
844

cba

c4b4a4

3

4

3

4

3

4
T 




  

dUcenH   8
)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
22

2

22

2

22

2











   . 

rebobTI2 
tag 22

2

22

2

22

2

)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
T












  

yk acz,cby,bax   

eK)an 











bac2yz

acb2yx

cba2zx

 nig 











xyzc2

zyxb2

yzxa2

 

kenSam T  GacsresrCa ³ 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 184 - 

22

2

22

2

22

2

z2)zxy(

)xy(2

x2)xyz(

)yz(2

y2)yzx(

)zx(2
T













   

tamvismPaB SchwarzCauchy   ³ 222 )vu()vu(2   
eK)an 2222 )zx()yyzx(y2)yzx(2   

         
2222

2222

y)zx(
2

1
y2)yzx(

y2)zx(y4)yzx(2




 

eKTaj  
2

222

2

22

2

)zx(

y2
1

4

y)zx(
2

1
)zx(2

y2)yzx(

)zx(2











  

eday )zx(2)zx( 222   naM;[ 22

2

2

2

zx

y

)zx(

y2





 

b¤   22

222

2

2

zx

zyx

)zx(

y2
1







  

eKTaj)an )1(
zyx

)zx(4

y2)yzx(

)zx(2
222

22

22

2







  

 
RsaybMPøWdUcxagelIEdreK)an ³ 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 185 - 

)3(
zyx

)xy(4

z2)zxy(

)xy(2

)2(
zyx

)yz(4

x2)xyz(

)yz(2

222

22

22

2

222

22

22

2

















  

bUkvismPaB )3(,)2(,)1(  eK)an ³ 

8
zyx

)xy(4)yz(4)zx(4
T 222

222222





  

dUcenH 8
)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
22

2

22

2

22

2











   . 

rebobTI3 
tag 22

2

22

2

22

2

)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
T












  

eKmansmPaB )vu2(3)vu(2)vu2( 2222   
edayyk au    nig  cbv   enaHeK)an ³ 

 2222 )cb(a23)cba(2)cba2(   
b¤   2222 )cba(2)cb(a23)cba2(   
EckGgÁTaMgBIrnwg 22 )cb(a2   eK)an ³ 

eyIg)an  22

2

22

2

)cb(a2

)cba(2
3

)cb(a2

)cba2(






  

kenSam T  GacbMElgCa ³ 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 186 - 






















22

2

22

2

22

2

)ba(c2

)bac(

)ac(b2

)cab(

)cb(a2

)cba(
29T  

edIm,IRsayfa 8T    eyIgRtUvRsay[eXIjfa ³ 

2

1

)ba(c2

)bac(

)ac(b2

)cab(

)cb(a2

)cba(
S 22

2

22

2

22

2













  

eKman bc2cba2)cb(a2 22222   
eday 22 cbbc2    enaH )cba(2)cb(a2 22222   
RsaydUcKñaEdr )cba(2)ac(b2 22222   
ehIy )cba(2)ba(c2 22222   

eKTaj 
)cba(2

)bac()cab()cba(
S 222

222




  

edaykenSam 222 )bac()cab()cba(   
esμInwg )cabcab(2)cba(3 222   
enaH 

222 cba

cabcab

2

3
S




  

eKman cabcab
2

ac

2

cb

2

ba 222222








  

b¤ cabcabcba 222   naM[ 
2

1
1

2

3
S    Bit . 

 
 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 187 - 

rebobTI4 
Rsayfa 8

)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
22

2

22

2

22

2











   

tag 
c

ba
z,

b

ac
y,

a

cb
x








  

Edl   1
cba

c

cba

b

cba

a

1z

1

1y

1

1x

1


















 

vismPaBsmmUl 8
z2

)z2(

y2

)y2(

x2

)x2(
2

2

2

2

2

2











   

eyIgnwgRsayfa 
3

1

u1

1

3

8

u2

)u2(
2

2






   RKb; 0u   

eKman 0
)u1)(u2(3

)2u)(5u(

3

1

u1

1

3

8

u2

)u2(
2

2

2

2











 Bit 

ehtuenH  (*)
3

8

3

1

u1

1

u2

)u2(
2

2






  

tam (*)  eK)an ³ 

81
z1

1

y1

1

x1

1

z2

)z2(

y2

)y2(

x2

)x2(
2

2

2

2

2

2




















  

dUcenH   8
)ba(c2

)bac2(

)ac(b2

)acb2(

)cb(a2

)cba2(
22

2

22

2

22

2











  

 
 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 188 - 

lMhat;TI109 ( Baltic Way 2010 ) 
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lMhat;TI110 (China National Olympiad 2005) 
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lMhat;TI111>  (Croatia Team Selection Tests 2011) 
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lMhat;TI112  (Greece National Olympiad 2007) 
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lMhat;TI113 (IMO Longlists 1980) 
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lMhat;TI114  ( Malaysia National Olympiad 2010 ) 
cMeBaHRKb; c,b,a  FMCagmYy cUrbgðajfa ³ 
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z
(4B

)
y

1

x

1
(z)

x

1

z

1
(y)

z

1

y

1
(x

z

yx

y

xz

x

zy
A





























 

tamvismPaB GMAB   RKb; uv2vu:0v,u   
b¤ uv4)vu( 2     b¤ 

vu

4

uv

vu




  b¤ 
vu

4

v

1

u

1


  

eKTaj 
yx

z4
)

y

1

x

1
(z;

xz

y4
)

x

1

z

1
(y;

zy

x4
)

z

1

y

1
(x








  

bUkvismPaBenHeK)an BA     Bit . 
dUcenH  

)blogalogc(log4ablogcalogbclog cabcabcba   
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lMhat;TI115   ( Morocco National Olympiad 2011 ) 
eKtag  ,,  CargVas;mMukñúgRtIekaN ABC  mYyEdlmanbrimaRt p2  
nigkaMrgVg;carwkeRkA R  . 

/a  cUrRsaybBa¢ak;fa 







 1

p

R
.93cotcotcot

2

2
222  

/b  etIeBlNaeTIbeK)ansmPaB ? 
dMeNaHRsay 

/a  RsaybBa¢ak;fa 







 1

p

R
.93cotcotcot

2

2
222   

eKman 








222
222

cotcotcot3
sin

1

sin

1

sin

1   

eyIgnwgRsayfa 
2

2

222 p

R27

sin

1

sin

1

sin

1









  

tamvismPaB SchwarzCauchy   eKman ³ 
)1()

sin

1

sin

1

sin

1
(

3

1

sin

1

sin

1

sin

1 2
222 
















  

edayeRbI  
321

2
321

3

2
3

2

2
2

1

2
1

bbb

)aaa(

b

a

b

a

b

a




  

eK)an 









 sinsinsin

9

sin

1

sin

1

sin

1   
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tamRTwsþIbTsIunUsGnuvtþn_kñúg ABC  eK)an ³ 
R2

sinsinsin

cba

sin

c

sin

b

sin

a














 

eKTaj 
R

p

R2

cba
sinsinsin 


  

ehtuenH )2(
p

R9

sinsinsin

9

sin

1

sin

1

sin

1












 

tam )2(&)1(  eKTaj)an ³ 

2

2

2

2

222 p

R27

p

R81

3

1

sin

1

sin

1

sin

1









   Bit 

dUcenH  







 1

p

R
.93cotcotcot

2

2
222   . 

/b  vismPaBenHkøayCasmPaBluHRtaEt 






 sin

1

sin

1

sin

1  

eKTaj)an    naM[ ABC  CaRtIekaNsmgS½ . 
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lMhat;TI116 ¬Japan 1997¦ 
eKyk c,b,a  CabIcMnYnBitviC¢man . cUrbgðajfa ³ 

5

3

c)ba(

)cba(

b)ac(

)bac(

a)cb(

)acb(
22

2

22

2

22

2













    

tag 22

2

22

2

22

2

c)ba(

)cba(

b)ac(

)bac(

a)cb(

)acb(
T













   

yk 
c

ba
z,

b

ac
y,

a

cb
x








  

eK)an 1
cba

cba

z1

1

y1

1

x1

1














 ehIykenSam T eTACa 

1z

)1z(

1y

)1y(

1x

)1x(
T 2

2

2

2

2

2












 . 

ebI 2zyx   eK)an 
5

3
T    CakrNIEdlvismPaBkøayCasmPaB . 

eyIgsnμtfamanBIrcMnYnBit a  nig b  EdlnaM[  b
1x

a

1x

)1x(
2

2






 Bit 

RKb; 0x   ehIyeday 1
1z

1

1y

1

1x

1









 enaHedIm,I[ 

5

3
T   

luHRtaEt 
5

3
)b

1z

a
()b

1y

a
()b

1x

a
( 








 

naM[ (*)
5

3
b3a     

müa:geTotedaysmPaBekIteLIgcMeBaH 2x   enaH 2x   Cab¤sDúb 
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rbs;smIkar  b
1x

a

1x

)1x(
2

2






   

b¤  0)bxba)(1x()1x)(1x( 22   
tag )bxba)(1x()1x)(1x()x(f 22   

2x   Cab¤sDúbén 0)x(f   enaH 0)2('f   
eday )1x(b)bxba(x2)1x(2)1x()x('f 222   
enaH 0b5

5

3
47b5)b3a(461)2('f   

eKTaj)an 
25

23
b   ehIytam (*)  eK)an 

25

54
b3

5

3
a   

eK)an 
)1x(25

54

25

23

1x

)1x(
2

2





  smmUl 0

)1x)(1x(25

)7x()2x(2
2

2



 Bit 

ehtuenH )1(
)1x(25

54

25

23

1x

)1x(
2

2





   

)2(
)1y(25

54

25

23

1y

)1y(
2

2





  nig )3(

)1z(25

54

25

23

1z

)1z(
2

2





  

bUkvismPaB )3(&)2(,)1(  eK)an ³ 

5

3

25

15

25

5469
)

1z

1

1y

1

1x

1
(

25

54
3

25

23
T 











  Bit 

dUcenH  
5

3

c)ba(

)cba(

b)ac(

)bac(

a)cb(

)acb(
22

2

22

2

22

2













    . 
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lMhat;TI117> ¬Iran 1996 ¦ 
eK[bIcMnYnBitminGviC¢man c,b,a  nigminsUnüRBmKñaBIr . 
cUrRsaybBa¢ak;fa ³ 

(*)
4

9

)ac(

1

)cb(

1

)ba(

1
)cabcab(

222

















    

tag abcz,cabcaby,cbax   
eKmansmPaB ³ 

abc)cabcab)(cba()ac)(cb)(ba(   
                                  zxy   
nig )zxy(x4)yx()ca()ba( 22

cyc

22   

vismPaB (*)  xagelIsmmUl  
4

9

)zxy(

)zxy(x4)yx(
y

2

22











  

smmUl 0z9xyz34y4yx17yx4 23224   
(**)0)z9xy(z)xz6y4yx5x(y)z9xy4x(xy 2243   

tamvismPaB Schur  cMeBaHRKb;cMnYnBitminGviC¢man z,y,x  eKman ³ 
)1(0z9xy4x0)zx)(yx(x 3

cyc
  

)2(0xz6y4yx5x0)zx)(yx(x 224

cyc

2   
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tamvismPaB GMAM   eKman ³ 
)3(0z9xyabc9)cabcab)(cba(   

tam )3(&)2(),1(  eKTaj)an (**) Bit . 

dUcenH 
4

9

)ac(

1

)cb(

1

)ba(

1
)cabcab(

222

















  .  
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CMBUkTI3 
 

lMhat;Gnuvtþn_ 
!> eK[ z,y,x,c,b,a  CacMnYnBitviC¢manEdl 1zyx   . 
 cUrbgðajfa ³ 
 cba)zxyzxy)(cabcab(2czbyax   
                                                                                ¬Ukraine,2001¦  
@> eK[ 0c,b,a   . cUrbgðajfa ³ 

 
abc2ccab2bbca2a

aaccccbbbbaa

222

422442244224



  

                                                                      ¬Gazeta Matematica¦ 
#> ebI c,b,a  CacMnYnBitviC¢manEdl 2abc   enaHbgðajfa ³ 
 bacacbcbacba 333    . 
 etIsmPaBekIteLIgenAeBlNa ? 
                                                                     ¬JBMO 2002 Shortlist¦ 
$> eK[ b&a  CaBIrcMnYnBitviC¢manEdl 1ba   . 

 cUrRsaybBa¢ak;fa  
3

1

1b

b

1a

a 22







 
                                                                             ¬Hungary 1996¦ 
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%> RKb;cMnYnBit x  nig y  cUrbgðajfa   xy31)1yx(3 2    . 
                                                                             ¬Columbia,2001¦ 
^> eK[ )1,0(y,x    . bgðajfa 1yx xy    ? 
&> RKb;cMnYnBitminGviC¢man b,a  cUrRsaybBa¢ak;fa ³ 

 
3

3 23 23 23 22

2

ba

3

baba

4

babbaa

2

ba









 











   

                                                                                 ¬APMC 1993¦ 
*>RKb;cMnYnBit x  nig y  mansBaØadUcKña cUrbgðajfa ³ 

 
2

yx
xy

2

yx

yx

xy2 22 






 

(>RKb;cMnYnBitviC¢man c,b,a  cUrRsaybBa¢ak;fa ³ 

 33
cba

)cba(9

abc

)cba(2
222

2333






  

!0>RKb;cMnYnBit 0z,y,x   cUrbgðajfa ³ 
 

3

zyx

3

|xz||zy||yx|
xyz3 




  
!!>eK[ 0z,y,x   Edl 1zyx   . cUrbgðajfa ³ 
 

2

3

z1

z

y1

y

x1

x









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!@> eK[ c,b,a  CabIcMnYnBitviC¢man . cUrbgðajfa ³ 
3 333222222 )abcc)(abcb)(abca(abc)cabcab)(accbba(   

                                                    ¬KMO Summer Program Test,2001¦ 
!#>eK[ 0c,b,a    . cUrbgðajfa ³ 
 222222 cacacbcbbaba   
!$> eK[cMnYnBit 1c,b,a   . cUrRsayfa ³ 
 )1ab(c1c1b1a   
                                                                             ¬Hongkong 1998¦ 
!%>eK[ 0c,b,a   . cUrRsayfa ³ 
 

3

cabcab

8

)ac)(cb)(ba(
3




  
!^>eK[ 0c,b,a   Edl 1cba   . cUrRsaybBa¢ak;fa ³ 
 

abc

1
a6

c

1
c6

b

1
b6

a

1
333   

                                                                    ¬IMO Short Lists 2004¦ 
!&> eK[bIcMnYnBitviC¢man c,b,a  . cUrRsaybBa¢ak;fa ³ 
  2

ba

c

ac

b

cb

a









 

                                                                            ¬Macedonia,1995¦ 
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!*>eK[ 0c,b,a    Edl 1abc   . cUrRsaybBa¢ak;fa ³ 
 1)

a

1
1c)(

c

1
1b)(

b

1
1a(     .                  

                                                                                   ¬IMO 2000¦           
!(>eK[ 0c,b,a    Edl 1abc   . cUrRsaybBa¢ak;fa ³ 
    1

caac

ca

bccb

bc

abba

ab
555555










 

                                                                   ¬IMO Short Lists 1996¦ 
@0>eK[ 0d,c,b,a   cUrRsayfa ³ 
 

3

2

c3b2a

d

b3a2d

c

a3a2c

b

d3c2b

a












 

                                                                   ¬IMO Short Lists 1993¦ 
@!> eK[ 0d,c,b,a   Edl 1dacdbcab  cUrRsayfa ³ 

  
3

1

cba

d

bad

c

adc

b

dcb

a 3333













  
                                                                  ¬IMO Short Lists 1990¦ 
@@> eK[ 0c,b,a   . cUrRsaybBa¢ak;fa ³ 

   cba
ba

abc

ac

cab

cb

bca 222











  
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@#> eK[ 0c,b,a   .  
   cUrRsaybBa¢ak;fa ³ 

   
abc

)cba(2
3

c

1

b

1

a

1 333

222


  

@$> eK[ 0c,b,a    Edl 3cba 222   .  cUrbgðajfa ³ 
   

2

3

ca1

1

bc1

1

ab1

1









 

                                                                               ¬Belarus 1999¦ 
@%> eK[ 0c,b,a    Edl 1cba 222   .  cUrbgðajfa ³ 
   

2

9

ca1

1

bc1

1

ab1

1









 

@^> eK[ 0c,b,a    Edl 3cba 444   .  cUrbgðajfa ³ 
      1

ca4

1

bc4

1

ab4

1









 

                                                                              ¬Moldova,2005¦ 
@&> eK[ 0c,b,a    Edl 1cba 222   .  cUrbgðajfa ³ 
    2

222
ccbbaa

4

3

1a

c

1c

b

1b

a









 

                                                                                 ¬Greece 2002¦ 
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@*> eK[bIcMnYnBitviC¢man 0c,b,a   . cUrbgðajfa ³ 

   
4

9

)ac(

1

)cb(

1

)ba(

1
)cabcab(

222

















  

                                                                                   ¬Iran 1996¦ 
@(> eK[bIcMnYnBitviC¢man 0c,b,a   . cUrbgðajfa ³ 
 222222 cbacba)

c

1

b

1

a

1
)(cba(

33

31


  
                                                                               ¬Albania 2002¦ 
#0> eK[bIcMnYnBitviC¢man 0c,b,a   . cUrbgðajfa ³ 
   

cb

ac

ba

cb

ac

ba

a

c

c

b

b

a












  
                                                                               ¬Belarus 1997¦ 
#!>eK[ 0z,y,x   . cUrbgðajfa ³ 
   

47

1

)6z)(z9y)(y8x)(x31(

xyz



 

 etIsmPaBekIteLIgenAeBlNa ? 
#@>ebIcMnYnBit 0c,b,a   Edl 1cba   enaHbgðajfa ³ 
  1)cba(6)cba(5 333222   
##> eK[ 0c,b,a   Edl 1abc    .  
      cUrbgðajfa   cba

a

c

c

b

b

a
     . 
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#$>cUrbgðajfaebI 3n   ehIy 0x,...,x,x n21   manplKuNesμI 1 
 enaH 1

xxx1

1
...

xxx1

1

xxx1

1

1nn322211









 

                                                                           ¬Russia,2001¦ 
#%>eK[ 0c,b,a   CamYy 1cba   . cUrbgðajfa ³ 

  2
ba

ac

ac

cb

cb

ba 222











  

#^>eK[ 0c,b,a   edaydwgfa )accbba(2cba 222222444   
  cUrbgðajfa )cabcab(2cba 222   . 
                                                                                 ¬Kvant,1988¦ 
#&> 
#*>eK[ z,y,x  CacMnYnBitviC¢manmanplbUkesμI 3  . cUrbgðajfa ³ 
  zxyzxyzyx    . 
                                                                               ¬Russia 2002¦ 
#(>eK[ c,b,a  CacMnYnBitviC¢man . cUrbgðajfa ³ 
  

bca

)cabcab(3

baba

c

aacc

b

cbcb

a
22

3

22

3

22

3













 

$0>eK[cMnYnBitviC¢man c,b,a  nig 1zcybxa   . 
bgðajfa 3)

cx

1

bz

1

ay

1
)(xyzabc(    .            ¬Russia 2002¦ 
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$!> eK[ cb,a  CabIcMnYnBitviC¢man . cUrbgðajfa ³ 
  )cba(

4

1

b2ac

ca

a2cb

bc

c2ba

ab









 

$@> eK[bIcMnYnBit )1,0(c,b,a   Edl 1cabcab   . 
  cUrbgðajfa ³ 

  








 














 c

c1

b

b1

a

a1

4

3

c1

c

b1

b

a1

a 222

222
 

$#> eK[ 1z,y,x   nig 1zyx   . cUrbgðajfa ³ 
   

10

27

z1

1

y1

1

x1

1
222









 

$$> eK[ z,y,x  CabIcMnYnBitviC¢manEdl 2zyx 222    . 
   cUrbgðajfa  2xyzzyx   
                                                                        ¬IMO Shortlist 1987¦ 
$%>eK[ 0c,b,a   man 1abc   . cUrbgðajfa ³ 
  )1cba(4)ac)(cb)(ba(   
                                                                           ¬MOSP,2001¦ 
$^> cUrbgðajfaRKb; 0c,b,a   eKman ³ 
   )cabcab(abc)bac)(acb)(cba)(cba( 222   
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$&> eK[ z,y,x,  CacMnYnBitviC¢manEdl 1xyz   nig 1  . 

   cUrbgðajfa  
2

3

yx

z

xz

y

zy

x











 

$*> eK[ c,b,a  CacMnYnBitviC¢manEdl 1cba    . cUrbgðaj ³ 
   

4

33

)cab3(c

ba

)bca3b

ac

)abc3(a

cb









 

$(> eK[ 0z,y,x   Edl xyzzyx   . cUrbgðaj ³ 
   1036)1z)(1y)(1x(   
%0> eK[cMnYnBitviC¢man c,b,a  . cUrbgðajfa ³ 
   )c1)(b1)(a1(3abc2cba 222   
%!> cUrbgðajfacMeBaHRKb;cMnYnBitminGviC¢man c,b,a  edaydwgfa 
   4abccba 222   eyIgman 2abccabcab0   
                                                                              ¬USAMO,2001¦ 
%@> eK[ c,b,a  CacMnYnBitviC¢man . cUrbgðaj ³ 

   3
3

3

cba
.

2

ba
.a

3

abcaba 


  
%#> eK[ c,b,a  CacMnYnBitviC¢man . cUrbgðajfa ³ 
   

)abc1(abc

3

)a1(c

1

)c1(b

1

)b1(a

1
3.3 









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%$> cUrbgðajfaRKb;cMnYnBit c,b,a  Edl 9cba 222   eKman ³ 
   10abc)cba(2    . 
                                                                              ¬Vietnam,2002¦ 
%%> cMeBaHRKb;cMnYnBit c,b,a   bgðajfa ³ 
   )cba(

7

4
)ac()cb()ba( 444444   

                                                                    ¬Vietnam TST 1996¦ 
%^> eK[bIcMnYnBit 0z,y,x   Edl 1zyx   . 
   cUrbgðajfa  

27

7
xyz2zxyzxy0    

                                                                                    ¬IMO 1984¦ 
%&> eK[bIcMnYnBit 0z,y,x   Edl 1zyx   . 
 cUrRsaybBa¢ak;fa  

27

4
xzzyyx 222   

                                                                                ¬Canada 1999¦ 
%*> eK[ 0c,b,a   Edl abccba   . 
     cUrbgðajfa abc3cba 222   
                                                                                    ¬BMO 2001¦ 
%(> eK[ 0z,y,x   Edl xyzzyx   . 
   bgðajfa )zyx(9zxyzxy   .              ¬Bearus 1996¦  
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^0> eK[ IRz,y,x       Edl 2zyx 222      . 
   bgðajfa xyz2zyx            
                                                                                ¬Poland 1991¦ 
^!> eK[ 0c,b,a   Edl 1cba 222   . 
  cUrbgðajfa 34

abc

1
cba   

                                                                             ¬Macedonia 1999¦ 
^@> eK[ z,y,x  CacMnYnBitEdl 1z,y,x0   nig 1zxyzxy   
  cUrbgðajfa 

2

33

z1

z

y1

y

x1

x
222 








 

^#> eK[ z,y,x  CacMnYnBitEdl )0z,y,x(xyzzyx  . 
   bgðajfa 

2

33

z1

z

y1

y

x1

x
222









 . 

^$> eK[ z,y,x  CacMnYnBitEdl )0z,y,x(xyzzyx  . 
 bgðajfa 222 z1y1x13zxyzxy   
^%> eK[ c,b,a  CacMnYnBit . cUrbgðajfa ³ 
   2222 )1cabcab()1c)(1b)(1a(   
^^> eK[ 0z,y,x   Edl 1zxyzxy    . 
   cUrbgðajfa 

2

5

xz

1

zy

1

yx

1









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^&> eK[ 0c,b,a   Edl 1abc   .  
   cUrbgðajfa 3

)1c(

3c

)1b(

3b

)1a(

3a
222











  

^*>eK[ 0c,b,a   . cUrbgðajfa ³ 

  
8

3

ba

c

ac

b

cb

a 333






























 

^(> eK[ 0c,b,a   Edl 3cba   . cUrbgðajfa ³ 
      

2

3

7c

1

7b

1

7a

1
3 73 73 7










 

&0> eK[ 0d,c,b,a   Edl 4dcba   . 
   cUrbgðajfa 2

d1

1

c1

1

b1a1

1
4222














 

&!> eK[ 0c,b,a    . cUrRsaybBa¢ak;fa ³ 

   
3

1

)ba(c

c

)ac(b

b

)cb(a

a
33

3

33

3

33

3










 

&@>eK[ 0c,b,a   Edl 1cba 222   . cUrRsaybBa¢ak;fa ³ 
  

2

9

ca1

1

bc1

1

ab1

1









 

&#> eK[ ]2,1[z,y,x   . cUrbgðajfa ³ 
    


cyc

)
zy

x
(6)

z

1

y

1

x

1
)(zyx(  
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&$> eK[ 0c,b,a   Edl 1cba   . 
   cUrbgðajfa  

cabcab

10

cba

1

abc

1
222 



  

&%> eK[ 0c,b,a   nig 1cabcab   . 

 cUrbgðajfa 
2

5

)ac(

ac1

)cb(

cb1

)ba(

ba1
2

22

2

22

2

22












  

&^> eK[ 0c,b,a   . cUrbgðajfa ³ 

  5
)cba(

abc54

abc

cba
3

333





  

&&> eK[ 0c,b,a   . cUrbgðajfa ³ 

   )cba(
3

2

cba

abc3

cabcab

cba 222
444






  

&*> eK[ 0c,b,a   . cUrbgðajfa ³ 

   1
ab2c

cba

ca2b

bac

bc2a

acb
2

222

2

222

2

222













  

&(> eK[ 0c,b,a   . cUrbgðajfa ³ 
  

abc

ba

cab

ac

bca

cb

c

1

b

1

a

1
222 










  

*0> eK[ 0c,b,a   Edl 1abc   . 

   cUrbgðajfa 
6

333

2

cba
)c1)(b1)(a1( 






 

  
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*!> eK[ 0c,b,a   . cUrbgðajfa ³ 
  




















ac

1

cb

1

ba

1
4

cba

9

c

1

b

1

a

1  

*@> eK[ 0c,b,a   . cUrbgðajfa  ³ 

   2
)ac)(cb)(ba(

abc8

cabcab

cba 222






  

*#> eK[ 0c,b,a   Edl 1abc   . cUrbgðajfa ³ 
   3

1cc

1

1bb

1

1aa

1
222










 

*$> eK[ 0c,b,a   . cUrbgðajfa ³ 

      
cba

)cba(3

ac

ac

cb

cb

ba

ba 222222222














  

*%> eK[ 0c,b,a   . cUrbgðajfa ³ 
   

222222222 cba

)cba(3

ac

ac

cb

cb

ba

ba














  

*^> eK[ 0c,b,a   . cUrbgðajfa ³ 
   

cabcab

cba

ab2c

c

ca2b

b

bc2a

a
222 











 

*&> eK[ 0c,b,a   . cUrbgðajfa ³ 
     cba

4

5

ac

c

cb

b

ba

a









 

 



vismPaBeRCIserIs 
 

  

      eroberogeday lwm plÁún                                                                                    - Page 219 - 

**> eK[ 0c,b,a   Edl 1cabcab   . cUrbgðajfa ³ 
   cba2)c1(c)b1(b)a1(a 222   
*(> eK[ 0b,a   . cUrbgðajfa ³ 
   )21(8)

b

1

a

1
ba()ba( 22   

(0>eK[ 0c,b,a   . cUrbgðajfa ³ 
  )

c

1

b

1

a

1
)(cba(11)

c

1

b

1

a

1
)(cba(

222
222   

(!>eK[ 0c,b,a    Edl 1cba  . cUrbgðajfa ³  

    
2

3

1a

c

1c

b

1b

a
2

2

2

2

2

2










 

(@> eK[ 0z,y,x   . 
       bgðajfa   3

zyx
zyx xyzzyx


  

(#>eK[ 0c,b,a   . cUrbgðajfa ³ 
  2333222 )cba(8)abc)(cab)(bca(9   
($>eK[ 0z,y,x   Edl 1zyx  . cUrbgðajfa ³ 
  )z1)(y1)(x1()z1()y1()x1(2 222222   
(%>eK[ 0z,y,x    Edl 1zxyzxy  . cUrbgðajfa ³ 
  

9

34
)y1)(x1(z)x1)(z1(y)z1)(y1(x 222222   
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(^>eK[ 0c,b,a   . cUrbgðajfa ³ 
  

2)cba(2

27

)ac(a

1

)cb(c

1

)ba(b

1











 

(&>eK[ 0c,b,a    Edl 1abc  . cUrbgðajfa ³ 
  

2

3

)a1)(c1(

1

)c1)(b1(

1

)b1)(a1(

1









 

(*>eK[ 0c,b,a   Edl 1cba 222  . cUrbgðajfa ³ 
  2

ab1

c

ca1

b

bc1

a
1 








  

((>eK[ 0c,b,a    Edl 1cba  . cUrbgðajfa ³ 
   

8

27

ca1

1

bc1

1

ab1

1









 

!00> eK[ 0c,b,a   . cUrbgðajfa ³ 
        

























ba

c

ac

b

cb

a
2

b

ac

a

cb

c

ba  

!0!> eK[ 0c,b,a    Edl 1cba  . cUrbgðajfa ³ 

       3
12

)ba(
c

12

)ac(
b

12

)cb(
a

222










  
!0@> eK[ 0z,y,x   Edl 1xyz   . cUrRsayfa ³ 

    1
xzxz

xz

zyzy

zy

yxyx

yx
7722

22

7722

22

7722

22









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!0#> eK[ c,b,a   CacMnYnBitviC¢manEdl 1abc   .  
 cUrbgðajfa 222 cbacba   
!0$> cUrbgðajfacMeBaHRKb;cMnYnBitviC¢man d,c,b,a  eKmanvismPaB 
 

dcba
64

d
16

c
4

b
1

a
1


  

!0%> cMeBaHRKb;cMnYnBitminGviC¢man 1c,b,a  cUrbgðajfa ³ 
 1)c1)(b1)(a1(

1ba
c

1ac
b

1cb
a










 
                                                                                                                                                                   (USAMO 1980 ) 

!0^> eK[ c,b,a  CacMnYnBitviC¢manEdl 1cba   . cUrbgðajfa ³ 
  

4
1

abc6cba 333   
!0&> eK[ c,b,a  CacMnYnBitviC¢manEdl 1abc   .  cUrbgðajfa ³ 
 1

1a)1c(

2

1c)1b(

2

1b)1a(

2
222222 








 

!0*> eK[ n210 a...,,a,a,a  CacMnYnBitkñúgcenøaH )
2

,0(
   edaydwgfa ³ 

 1n)
4

atan(...)
4

atan()
4

atan( n10 








  
 cUrbgðajfa 1n

n10 n)atan().....atan()atan(   
                                                                                                                                                                   (USAMO 1998 ) 
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!0(> eK[ z,y,x,b,a  CacMnYnBitviC¢man . 
 cUrbgðajfa 

ba
3

byax
z

bxaz
y

bzay
x











 

!!0> eK[ 2n   CacMnYnKt; ehIy n21 x....,,x,x  CacMnYnBitviC¢man 
      edaydwgfa 1x....xx 2

n
2

2
2

1   . cUrkMNt;témøtUcbMputén ³ 
 

1n21

5
n

1n3

5
2

n32

5
1

x...xx
x

...
xx...x

x
x...xx

x








 

!!!> eK[ n  CacMnYnKt;viC¢man . cUrkMNt;témøGb,brmaénplbUk ³ 

  
n

x
.....

3
x

2
x

xS
n

n
3

3
2

2
1    . 

                                                                                                                                                                   (Poland 1995 ) 

!!@> cUrbgðajfacMeBaHRKb;cMnYnBitviC¢man d,c,b,a  eKman ³ 
 )dcba(abcdaddccbba 4444   
!!#> eK[ c,b,a  CacMnYnBitviC¢man . cUrbgðajfa ³ 

 3
ba

c2
ac

b2
cb

a2 3

2

3

2

3

2






























 

                                                                                                                                                                    (MOP 2002 ) 

!!$> cUrbgðajfacMeBaHRKb;cMnYnBitviC¢man c,b,a  eKman ³ 
 

4
3

)bc)(ac(
c

)ab)(cb(
b

)ca)(ba(
a 222









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!!%> cUrbgðajfacMeBaHRKb;cMnYnBitviC¢man c,b,a  eKman ³ 

 3
b2c
a2c

a2b
c2b

c2a
b2a

333
































  

!!^> eK[ z,y,x,c,b,a  CacMnYnBitviC¢manEdl 1zyx   . 
 cUrbgðajfa ³ 
 cba)zxyzxy)(cabcab(2czbyax   
!!&> eK[ c,b,a  CacMnYnBitviC©manEdl 1abc   . 
 cUrbgðajfa )c1)(b1)(a1(

a
c

c
b

b
a

5   
!!*> eK[ c,b,a  CacMnYnBitviC©man . cUrbgðajfa ³ 
 

cba
1

)bc2)(ac2(

c

)ab2)(cb2(

b

)ca2)(ba2(

a
2222

3

2222

3

2222

3











 

!!(> eK[ c,b,a  CacMnYnBitviC©man . cUrbgðajfa ³ 
 3252525 )cba()3cc)(3bb)(3aa(   
!@0> RKb; 0c,b,a   cUrRsaybBa¢ak;fa 

a
c

c
b

b
a

a

c

c

b

b

a
2

2

2

2

2

2

  
!@!> cUrRsayfaRKb; 0c,b,a   eKman ³ 
 

2
3

)ba(c
cba

)ac(b
bac

)cb(a
acb 222222222











  

!@@> eK[ 0c,b,a   Edl 1cba    .  cUrRsayfa ³ 
 cabcab1bcaabccab   
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!@#> eK[ 0c,b,a    Edl 8abc   .  cUrRsayfa ³ 
 

3
4

)1a)(1c(

c

)1c)(1b(

b

)1b)(1a(

a
33

2

33

2

33

2










 

 
!@$>cUrRsayfaRKb;cMnYnBit 

2
1

x.....,,x,x0 n21   eKmanvismPaB ³ 

 























n

1i i

n

n21

1
x
1

1
x...xx

n  

!@%> bgðajfaRKb; 0c,b,a    eK)an ³ 
 

3
1

)bc2)(ac2(
c

)ab2)(cb2(
b

)ca2)(ba2(
a 222










 

!@^> bgðajfaRKb; 0c,b,a    eK)an ³ 
 

ac
c4

cb
b4

ba
a4

a4c4c4b4b4a4
222

3 333 333 33








  

!@&> eKman IRz,y,x,c,b,a   EdlepÞógpÞat;smPaB ³ 
 3)zyx)(cba(    
 nig 4)zyx)(cba( 222222   
 cUrbgðajfa 0czbyax   . 
!@*> eK[ 1c,b,a   Edl 1

1c

1

1b

1

1a

1
222 








  . 

 cUrRsayfa 1
1c

1
1b

1
1a

1









  . 
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!@(> bgðajfaRKb; 0c,b,a    eKman ³ 
 

2
23

ac

c

cb

b

ba

a
1

222222









  

!#0> eK[ 2n   CacMnYnKt;viC¢man .  
 cMeBaHRKb;cMnYnBitviC¢man n21 a,...,a,a  Edl 1a....a.a n21    
 cUrRsaybBa¢ak;fa ³ 

 n21

2
n

2
2

2
1 a...aa

2
1a

...
2

1a
2

1a








  
!#!> eK[  IRz,y,x,c,b,a  Edl 3zxyzxy   . 
 cUrbgðajfa 3

ba
)yx(c

ac
)xz(b

cb
)zy(a











  . 

!#@> eK[ 0c,b,a   Edl 3cba   . 
 cUrbgðajfa 

2
3

1ca
c

1bc
b

1ab
a










   . 
!##> eK[ 0a....,,a,a n21   . cUrRsaybBa¢ak;fa ³ 

   n n2121
1

n
n21

3
321211

n
a...aa

...
2

aa
.a

n

a...aa...aaaaaa 


  
!#$> cUrRsayfaRKb; 0c,b,a   eKman ³ 
 

2
3

ba

bcabca

ac

abcabc

cb

cabcab
222222 










  
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!#%> eK[ c,b,a  CacMnYnBitviC¢man . cUrbgðajfa ³ 
 

c
a

b
c

a
b

bca

abc

abc

cab

cab

bca
2

2

2

2

2

2











  

!#^> bgðajfaRKb;cMnYnBitviC¢man z,y,x   Edl 1zyx   eKman ³ 
 3)yx(z)xz(y)zy(x 222   
!#&> eK[ c,b,a  CacMnYnBitminGviC¢man nig K μanBIrcMnYnNaes μIsUnüRBmKña. 
 cUrRsayfa 

2
3

cb

bcabca

ba

abcabc

ac

cabcab
222222 










  

!#*> cMeBaHRKb;cMnYnBitviC¢man a  nig b  cUrRsayfa ³ 
 22

ba

ab2
1

a
b

b
a

22 


  
!#(> eK[ c,b,a  CargVas;RCugénRtIekaNmYy .  
 cUrRsayfa 1

bac3
b

acb3
a

cba3
c










 
!$0> eK[ c,b,a  CabIcMnYnBitviC¢man .  
 cUrRsaybBa¢ak;fa ³ 
 222222 cba

a3
b2c

.c
c3

a2b
.b

b3
c2a

.a 






  

!$!> cMeBaHRKb;cMnYnBitviC¢man z,y,x  cUrRsayfa ³ 
 )yzx)(zxy(xy

8
27

)yzx( 2222   
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!$@> eK[ c,b,a  CacMnYnBitviC¢manEdl 1abc    . 
 cUrRsayfa 

ba
c

ac
b

cb
a

4
3cba 333










  
!$#> eK[ c,b,a  CacMnYnBitviC¢manEdl 2cba   . 
 cUrRsayfa 2

)ca(a
c

)cb(c
b

)ba(b
a










 

!$$> RKb;cMnYnBitviC¢man c,b,a  cUrRsayfa ³ 
 

2
cba

cba2
cbc

bac2
bab

cab2
aca 222 













  
!$%> eK[  IRc,b,a   .  cUrRsayfa ³ 
 

4
9

)ac(

acac

)cb(

cbcb

)ba(

baba
2

22

2

22

2

22













  

!$^> eK[cMnYnBitviC¢man c,b,a   Edl 1cba    .   
 cUrRsayfa  ³ 
 

3
1

b4ab3a4
c

a4ca3c4
b

c4bc3b4
a










 
!$&> RKb;cMnYnBitviC¢man c,b,a   Edl 3cba    . 
 cUrRsayfa 3

1ba
c

1ac
b

1cb
a









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!$*> RKb;cMnYnBitviC¢man c,b,a   Edl 3cba    . 
 cUrRsayfa ³ 
 

4
3

1b3a2
c

1a3c2
b

1c3b2
a










 
!$(> eK[ 0c,b,a    .  cUrRsaybBa¢ak;fa ³ 
     

)ac)(cb)(ba()cba(
)cabcab(6

ac

ac

cb

cb

ba

ba
22

33

22

33

22

33














  

!%0> ebI c,b,a  CacMnYnBitviC¢manenaHcUrRsayfa ³ 
 cba

ba

)ba(c

ac

)ac(b

cb

)cb(a
22

2

22

2

22

2











  

!%!> ebI c,b,a  CacMnYnBitviC¢manenaHcUrRsayfa 
 2

222

)cba(

)cba(9
a
c

c
b

b
a




  

!%@> ebI c,b,a  CacMnYnBitviC¢manEdl 4abccabcab   
 cUrRsayfa  ³ 
 

8
3

)ba()1c(

1

)ac()1b(

1

)cb()1a(

1
222 








 

!%#> ebI c,b,a  CacMnYnBitviC¢manEdl 1abc   . cUrRsayfa 
  

8
3

)ba()1c(

1

)ac()1b(

1

)cb()1a(

1
222 








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!%$> eKman d,c,b,a  CacMnYnBitminGviC¢man .  cUrRsayfa ³ 
  22223 )cb(d)ba(c)ad(b)dc(a4)dcba(   
!%%> ebI c,b,a  CacMnYnBitviC¢manEdl 1abc   enaHcUrRsayfa ³ 

 
2

3
ba

c
ac

b
cb

a 3 23 23 2










 
!%^> eK[ c,b,a  CacMnYnBitviC¢man . cUrRsayfa  
  1

acac

c

cbcb

b

baba

a
22

2

22

2

22

2










 
  !%&> eK[ c,b,a  CacMnYnBitviC¢man . cUrRsayfa  
 )

ba

ac

ac

cb

cb

ba
(

2
1

c
1

b
1

a
1

ab
c

ca
b

bc
a

222222 










  
!%*> ebI c,b,a  CacMnYnBitminGviC¢man enaHcUrRsayfa ³ 
 )1abc)(1c)(1b)(1a()1c)(1b)(1a(2 222   
!%(> eK[ 0z,y,x   nig INn   .  cUrRsayfa ³ 
 3n3nn3nn3n )zyx()3zz)(3yy)(3xx(    
!^0> ebI 1c,b,a    cUrRsayfa ³ 
 2

ba1

c1

ac1

b1

cb1

a1
2

2

2

2

2

2














 

 !^!> ebI IRc,b,a   bgðajfa ³ 5 5554 444 1cba1cba   
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!^@> ebI z,y,x  CabIcMnYnBitviC¢manenaHcUrRsayfa ³ 
 

yz2
z

xy2
y

zx2
x

xzzx

zx

zyyz

yz

yxxy

xy
222222 
















 

!^#> eK[ c,b,a  CabIcMnYnBitminGviC¢man . cUrbgðajfa ³ 
 3222222 )cabcab()acac)(cbcb)(baba(   
!^$> eK[ 0c,b,a   Edl 1cba   .  
 bgðajfa   2

ba
ac

ac
cb

cb
ba 222











    . 

!^%> eK[GnuKmn_  xx)x(f  Edl 0,0    1    
 k> RKb; ]1,0[x  bgðajfa 0)x(f   . 
 x> RKb; 0v,u   Edl vu   bgðajfa vuv.u    . 
!^^> eK[ 

5321
x...,,x,x,x,c,b,a  CacMnYnBitviC¢manEdl  

      1cba  nig 1x.x.x.x.x
54321
   . cUrbgðajfa ³ 

     1)cbxax)...(cbxax)(cbxax( 5
2

52
2

21
2

1    . 
!^&> rgVg;carwkkñúgénRtIekaN ABC  b:HRCug AB,CA,BC  erogKñaRtg;  
        111 C,B,A .Rsayfa 

2

3

CA

CA

BC

BC

AB

AB 111   

!^*> eK[ 
2

x0


  . cUrRsayfa 

    *INn,21
xcos

1
1

xsin

1
1

2

2

n

nn
















 






   .  
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