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Section 10
Equations with Modules
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Solution:
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This equation is equivalent to the aggregate of such:
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Answer: 
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Solution:
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 By the properties of the module, this equation has no roots.
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Solution:
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This equation is equivalent to such a set of equations:
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Solution:

If in a linear equation the modulus sign occurs only once, then it is advisable to solve it below by the proposed method:
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 4,6 does not satisfy the condition 
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 7 – does not satisfy the condition 
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If the modulus sign appears more than once in a linear equation, then it is convenient to use the general method of solving.
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Solution:

We equate the submodular expressions to zero and solve the resulting equations:


[image: image30.wmf]ê

ë

é

=

-

=

ê

ë

é

=

-

=

ê

ë

é

=

-

=

+

.

1

,

1

   

.

2

2

,

1

   

.

0

2

2

,

0

1

x

x

x

x

x

x


We denote the found roots of the equations on the number line:
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We transform this equation at each of the formed numerical intervals and solve it. On interval 
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This equation is in this interval:
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Solution:
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Тогда 
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Answer: 
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Sometimes it is possible to do without general methods of solving the equation. For example, 
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Solution:

Since at 
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 the left side of the equation is positive, then it has only negative roots. At 
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Answer: 
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Sometimes results in the success of using the parity of a function, for example:
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Solution:

Consider the function 
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Check for parity: 
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This function is paired. It is known that the nonzero roots of the corresponding equation are opposite, therefore, to solve this equation, it is enough to find its inalienable roots. To do this, consider it only at integral intervals: 
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The equation takes the form:
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Solution:

By module properties 
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From here 
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Solution:
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The discriminant of the quadratic trinomial to the denominator of the fraction on the left side of the equation 
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That is range of valid values = R.
To solve the equations of the set, the main property of the proportion is used: 
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Check: If 
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Solution:

Let's use the general method:
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Answer: 1; 3.
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Solution 

An equation of this type can be solved in a simpler way than the traditional one, namely: since 
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We return to the replacement, we get a set of equations:
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2). Equation roots 
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Solution
Since the discriminant of the square trinomial 
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Solution
This equality is possible only when 
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To find this value of x, we solve the following system of equations:
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Answer: 3.

Equations of higher degrees with modules
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Solution:

Replacement 
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It is not hard to guess that 
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Solution:
Substitution: 
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Free member divisors: 
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Check the number 1:
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1 – one of the roots of the equation.
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Check the number 2: 
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Irrational equations with modules
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Solution:

Each of the radical expressions can be represented as a square binomial:
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Using the identity 
[image: image320.wmf],

2

a

a

=

 we obtain an equation with moduli:


[image: image321.wmf],

0

2

1

1

=

-

-

+

-

-

x

x

x

 
[image: image322.wmf].

2

2

1

-

=

+

-

-

x

x

x



[image: image323.wmf]ê

ê

ê

ë

é

=

-

=

=

ê

ê

ê

ë

é

=

-

=

+

=

-

.

2

,

1

,

1

    

.

0

2

,

0

1

,

0

1

x

x

x

x

x

x


[image: image324.png]



On 
[image: image325.wmf](

)

1

  

;

-

¥

-

 
[image: image326.wmf].

2

2

    

,

0

2

,

1

1

    

,

0

1

,

1

1

    

,

0

1

x

x

x

x

x

x

x

x

x

-

=

-

<

-

-

-

=

+

<

+

-

=

-

<

-



[image: image327.wmf](

)

(

)

,

0

2

1

1

=

-

-

-

-

-

-

x

x

x

 
[image: image328.wmf],

0

2

1

1

=

+

-

+

+

-

x

x

x

 
[image: image329.wmf](

)

.

1

  

;

0

-

¥

-

Ï

=

x

 
[image: image330.wmf].

Æ

Î

x


On 
[image: image331.wmf][

)

1

  

;

1

-

 
[image: image332.wmf].

2

2

    

,

0

2

,

1

1

    

,

0

1

,

1

1

    

,

0

1

x

x

x

x

x

x

x

x

x

-

=

-

<

-

+

=

+

>

+

-

=

-

<

-



[image: image333.wmf](

)

(

)

,

0

2

1

1

=

-

-

+

-

-

x

x

x

 
[image: image334.wmf],

0

2

1

1

=

+

-

-

-

-

x

x

x

 
[image: image335.wmf],

2

=

-

x

 
[image: image336.wmf][

)

;

1

  

;

1

2

-

Ï

-

=

x

 
[image: image337.wmf].

Æ

Î

x


On 
[image: image338.wmf][

)

2

  

;

1

 
[image: image339.wmf].

2

2

    

,

0

2

,

1

1

    

,

0

1

,

1

1

    

,

0

1

x

x

x

x

x

x

x

x

x

-

=

-

<

-

+

=

+

>

+

-

=

-

>

-



[image: image340.wmf],

0

2

1

=

+

-

-

-

-

x

x

x

x

  
[image: image341.wmf][

)

.

2

  

;

1

4

Ï

=

x

 
[image: image342.wmf].

Æ

Î

x


On 
[image: image343.wmf][

)

¥

+

  

;

2

 
[image: image344.wmf].

2

2

    

,

0

2

,

1

1

    

,

0

1

,

1

1

    

,

0

1

-

=

-

>

-

+

=

+

>

+

-

=

-

>

-

x

x

x

x

x

x

x

x

x



[image: image345.wmf],

0

2

1

1

=

+

-

-

-

-

x

x

x

  
[image: image346.wmf][

)

.

  

;

2

0

¥

+

Ï

=

x

 
[image: image347.wmf].

Æ

Î

x


Answer: 
[image: image348.wmf].

Æ



[image: image349.wmf].

32

1

2

3

4

1

2

2

=

-

-

+

+

-

+

x

x

x

x


Solution:

Let's perform the substitution 
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Answer: 5.
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Solution:

Replacement 
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When raising both sides of the equation to a cube, we get: 
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 We extract the root of the 4th degree:
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Answer: 
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Solution:
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 (module property).

Then the equation will have the form:
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Consider this equation in the intervals:
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Means, 
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Solution:

We find the range of permissible values: 
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Then this equation takes the form:
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Let's raise both parts to the third degree:
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Exponential and logarithmic equations with modules
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Answer: 0; 3.
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Solution:

Replacement 
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Solution:

The left side of this equation is an even function. This means that its roots are opposite in pairs.
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Let's define the integral roots.

They are at integral intervals:
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Then the equation takes the form: 
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Analysis of the left side of the equation shows that 
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The equation has the form:
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The opposite number 
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Solution:

Consider the product of conjugate numbers:
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Let's introduce a new variable: 
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Taking into account the change made, we obtain the following set of equations:
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Because 
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By the properties of the modulus, this equation has no roots.
Answer: 
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Solution:

Introducing a new variable 
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By selection we make sure that 
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Returning to the substitution, we get 
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Solution:
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Answer: 
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Range of valid values: 
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Solution:

By the definition of the logarithm of a number, we have: 
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Solution:

Let's move on to the base of logarithms 25:

[image: image649.wmf].

log

1

log

25

log

25

log

25

25

25

x

x

x

=

=


This equation takes the form:
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Solution:

According to the properties of the modulus of a number, this equation can be represented as:
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 It is easy to see that 1 is the root of this equation.

Then
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 the left side of the equation does not exist, although 1 is included in the range of admissible values.




Answer: 4.
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Solution:

Let's move on to the base of logarithms 2:

[image: image681.wmf].

10

log

10

log

1

1

10

log

2

log

1

2

lg

1

2

2

2

2

=

=

=

 

The original equation takes the form:
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We use the theorem on the sum of logarithms:
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Since the logarithmic function is monotonic, we have: 
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By the properties of the modulus of a number, we have: 
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Solution: 
By the definition of the logarithm of a number, we have:
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Answer: 5.
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 Let's introduce a new variable: 
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Solution:
Apply the base transition formula 
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Finally, we have the equation: 
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Answer: 5.
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Solution:

The left side of the equation is the sum of an infinite decreasing geometric progression with the denominator 
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Answer: 2.
Trigonometric equations with modules
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Solution:

This equation is equivalent to a set of such equations:
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Solution:

This equality takes place when 
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Trigonometric equations with modules
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Solution:

This equation can be solved in two ways:

а) replace it with a set of two equations;

б) square both sides of the equation.
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