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ABSTRACT 

 

This article deals with the mathematical Olympiad. This article provides solutions to a number 

of issues. Wonderful issues were solved using a variety of non-standard methods. 
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INTRODUCTION, RESULTS AND DISCUSSION 

 

1.  If 6dcba =+++ and 122222 =+++ dcba   

prove ( ) ( ) 48436 44443333 +++−+++ dcbadcba   

Method 1. ( ) ( )44443333
dcbadcba4 +++−+++  

( ) ( ) ( ) ( )( )−−+−−=+++−+++
4444443333

1b1adcbadcba4

( ) ( )( ) ( ) ( ) 4dcba4dcba61d1c
222244

++++−++++−+−− . 

We will now enter the following values and use the following:

t1d,z1c,y1bx,1-a =−=−=−= , ( ) 4852tzyx36
4444 ++++− . 

Suffice it now to prove this inequality 4tzyx16
4444 +++ . 

( ) 44dcba2dcbatzyx
22222222 =++++−+++=+++ . 

( )
4

4

tzyx
tzyx

22222

4444 =
+++

+++ . 

( ) 16A16Atzyxtzyx4
222224444 −=−+++=+++ , proof is over. 

Method 2.  d6cba6dcba −=++=+++ .  
22222222

d12cba12dcba −=++=+++ .  

We use the following inequality: 

( ) ( )
3

d6
d12

3

cba
cba

2

2

2

222 −
−

++
++ . 

22
dd1236d336 +−− , that  3;0d . 

We use this inequality: ( ) 02xx
22 − . 

( ) 04x4xx
22 +−  va 

243
x4xx4 − . 

( ) ( ) ( ) 48dcba4dcbadcba4
222244443333 =++++++−+++  

Now to prove the left side of the double inequality(𝐱 + 𝟏)(𝐱 − 𝟏)𝟐(𝐱 − 𝟑) ≤ 𝟎,   
𝟒𝐱𝟑 − 𝐱𝟒 ≥ 𝟐𝐱𝟐 + 𝟒𝐱 − 𝟑 
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𝟒(𝐚𝟑 + 𝐛𝟑 + 𝐜𝟑 + 𝐝𝟑) − (𝐚𝟒 + 𝐛𝟒 + 𝐜𝟒 + 𝐝𝟒) = 𝟒𝐚𝟑 − 𝐚𝟒 + 𝟒𝐛𝟑 − 𝐛𝟒 + 𝟒𝐜𝟑 − 𝐜𝟒 +
𝟒𝐝𝟑−𝐝𝟒 ≥ 𝟐𝐚𝟐 + 𝟒𝐚 − 𝟑 + 𝟐𝐛𝟐 + 𝟒𝐛 − 𝟑 + 𝟐𝐜𝟐 + 𝟒𝐜 − 𝟑 + 𝟐𝐝𝟐 + 𝟒𝐝 − 𝟑 =
𝟐(𝐚𝟐 + 𝐛𝟐 + 𝐜𝟐 + 𝐝𝟐) + 𝟒(𝐚 + 𝐛 + 𝐜 + 𝐝) − 𝟏𝟐 = 𝟐𝟒 + 𝟐𝟒 − 𝟏𝟐 = 𝟑𝟔  

Method 3. The right side of the double inequality is written as follows: 

( ) ( )44443333
dcba48dcba4 +++++++ . 

12dcba
2222 =+++   

( ) ( ) ( ) ( ) ( )+++++++=++++ 242424244444
d4dc4cb4ba4adcba48  

( )3333
dcba4 +++ . The same is true of the left-hand side of the inequality. 

2.
2

1

2

1

2

1

2

1

2

1

2

1

2

1
++++= ...A

n
   

n
A  Express trigonometrically. 

,
2

45
cos

2

45cos1

2

1

2

1

2

1
A,45cos

2

1
A

00

2

0

1
=

+
=+===  … , 

1n

0

n
2

45
cosA

−
= . 

3. Calculate the sum. 
tan

...... 666666666 ++++   

( )=−++−+−=++++ 110...110110
9

6
66...6...666666

n21

tan

  

( ) ( )








−

−
=−+++= n

9

11010

3

2
n10...1010

3

2
n

n2
. 

 4. 
20202019

1

65

1

43

1

21

1


++


+


+


= ...A  and

20112020

1

20192012

1

20201011

1


++


+


= ...B  , ?

B

A
=  

=−++−+−=


++


+


+


=
2020

1

2019

1
...

4

1

3

1

2

1

1

1

20202019

1
...

65

1

43

1

21

1
A  

=







+++−++++++=

2020

1
...

4

1

2

1
2

2020

1

2019

1
...

4

1

3

1

2

1

1

1
 

2020

1
...

1012

1

1011

1
+++=  

=


++


+


=
10112020

1
...

20191012

1

20201011

1
B  









+++=








++++=

2020

1
...

1012

1

1011

1

3031

2

1011

1

2020

1
...

2020

1

1011

1

3031

1

. 

so, 
2

3031

B

A
= . 
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5. a
c

c
,c

b

b
,b

a

a
=

+
=

+
=

+ 25

6

16

10

9

8
2

2

2

2

2

2

 , ?cba =++  

In reverse order we have both elements of the equations: 















=+

=+

=+


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
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




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+

=
+

=
+

a

6

c

25
1

c

10

b

16
1

b

8

a
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1

a

1

c6

25c

c

1

b10

16b
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1

a8
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2

2

2

2
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2

2
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0
c

5
1

b

4
1

a

3
1

222

=



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


−+








−+








− . 

 12cba =++ . 

6. 
c

b
loga

loglog

loglog
=

+ 5

2

5

3

5

2

5

3  , ?cba =++  

5

66

5

2

5

3

5

5

2

5

3

5

2

5

3

5

2

5

3 log1
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1

loglog

1

log

1

log

1

1

loglog

loglog
==

+
=

+

=
+

. 

12cba =++   

7.  If 42222 =+++ dcba  , prove ( )( ) cdba ++ 22  . 

( )( ) ( ) ( ) =+
+

+
+

+++=+++=++ 2
2

dc

2

ba
ba2ab4ba2ab2b2a

2222

 

( )
( ) ( ) cd

2

dc
2ba

2

1

2

dc
2ba2

2

ba
22

2
222


+

+++=
+

++++
+

= . 

8. If 
b

cosa


=++ 3223  , find a  andb  . 

( ) =++=












++=++ 0

cos301223
2

3
12233223  

( ) 002002
5,7cos65,7cos4315cos12315cos423 ==+=+= . 

30ba,24b,6a =+==   

9. Calculate ( )( ) ( )000 tg44...tg2tg1 +++ 111   

We'll do the following: 

00

0

00

00

0

1tg1

2

1tg1

1tg1
1

1tg45tg1

1tg45tg
1tg441

+
=

+

−
+=

+

−
+=+ , buni 

0

0

22tg1

2
tg231

+
=+   
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( )( ) ( ) 22

000

000
2

1tg1

2

2tg1

2
...

22tg1

2
22tg1...tg21tg11 =

+++
+++ . 
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