
Laboratory work №3 
Systems of Linear Equations. 

Background knowledge. 

The definition of the system and solving systems of linear equations. Equal systems. Rank of 
basic and augmented matrix. Specified and fundamental solution of the system. 

Brief theoretical information.  

Definition. A system of linear equations is consistent if it has at least one solution. A system of 
linear equations is inconsistent if it has no solutions.   

Theorem. To consider a system consistent the necessary and sufficient condition is that the rank 
of basic matrix of the system be equal to the rank of augmented matrix.  

Any solution of heterogeneous system of linear equations may be obtained as the sum of any 
particular solution of the system and arbitrary solution of the corresponding homogeneous 
system. If the system is consistent, it is solved by means of exclusion of unknown variables – 
Gauss method or Cramer’s Rule.  

 O.V. Spivakovsky and V.A. Kreknin. Linear Algebra.  

Algorithm of Solution. 

To solve a system of linear equations applying Gauss method we need by means of elementary 
transformations reduce the basic matrix to diagonality, when the principal diagonal consists of  
one’s (actually to identity matrix), to find the ranks of basic and augmented matrixes of the 
system, to determine consistency of the system, to determine the number of solutions. If the 
system has a unique solution, then the far right column of augmented matrix will be the column-
vector of solutions. If there are infinitely many solutions, it is necessary to choose main and 
unrestricted variables, to make specified and fundamental solution. 

When in the system of linear equations m=n and augmented matrix A is nondegenerate, then the 
system has a unique solution, which is written in the form of Cramer’s formulas: xi=|Bi|/|A|, 
where Bi- matrix, obtained from А by means of replacing of coefficient column of variable хi by  
the column of absolute terms. 

Task. Solve the following system of linear equations 

(№88) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

=⋅−⋅+⋅+⋅+⋅
=⋅+⋅−⋅+⋅−⋅
=⋅+⋅+⋅+⋅+⋅
=⋅+⋅−⋅+⋅+⋅
=⋅+⋅−⋅+⋅+⋅

021113
2056034

411120
511111

1122103

54321

54321

54321

54321

54321

xxxxx
xxxxx

xxxxx
xxxxx

xxxxx

 

Algorithm of loading of the task 
1. To download the task into “Exercise book” do the following: 

a. Choose “Taskbook” in the main menu: 

 
b. In the “Taskbook” choose unit “Build up Matrix Inverse”: 



 
c. find the task №88 and add it to “Copybook”  

 
2. Go to Exercise book: 

a. Choose “Copybook” in the main menu: 

 
3. Find the loaded task and choose operation “Solve” 

After carrying out of the mentioned actions “Environment Solution” with the chosen task will be downloaded. 

 
Algorithm of the task solution 
1. Copy the matrix into the Rough Note- book: 

a. Select the matrix by clicking on the left arc; 



 
b. Choose operation “Copy Object” in the menu “Operations”; 

 
c. Drag the matrix into the “Rough Note-Book” holding down the left arc: 

 
2. Copy the basic matrix 

a. Choose operation “Copy Object” in the menu “Operations”; 

 
b. Select the basic matrix (first four columns): 

 

 

 
 

c. Drag the matrix down holding the left arc 



 

 

 
 

3. Find the rank of basic matrix: 
a. Choose operation “Elementary Transformation” in the menu “Elementary Transformations”: 

 
b. Drag the first element of the first matrix row to the first element of the second matrix row 

 

 

 
 
c. Drag the first element of the first matrix row to the first element of the fourth matrix row 

 

 

 
 
d. Drag the first element of the first matrix row to the first element of the fifth matrix row 

 

 

 
 
e. Drag the second element of the second matrix row to the second element of the third matrix row 

 

 

 
 
f. Drag the second element of the second matrix row to the second element of the fourth matrix row 



 

 

 
 
g. Drag the second element of the second matrix row to the second element of the fifth row matrix row 

 

 

 
h. Drag the third element of the third matrix row to the third element of the fourth matrix row 

 

 

 
i. Drag the third element of the third matrix row to the third element of the fifth matrix row 

 

 

 
j. All the elements under the main diagonal are equal to zero, so the matrix is modified to a triangle 

form; 
k. Rank of the basic matrix is 5, as the number of non-zero rows of a triangle matrix is 5; 
l. Choose operation “New object” in the menu “Operations” 

 
 

 
m. In the window «A new objectт» establish the “Type” as “Number” and type number 5 in: 

 
4. Set the first program breakpoint: 

a. Drag the obtained number to “Exercise Note-book”: 



 
b. Select the transported number clicking on the left arc: 

 
c. In the menu «Program Breakpoints» put a flag indicator against the row ”Rank of the Basic Matrix”: 

 
5. Copy the given matrix into the “Rough Note-book” one more time: 

a. Select matrix, clicking on the left arc; 

 
b. Choose operation “Copy Object” in the menu “Operations”; 

 
c. Drag matrix into the “Rough Notebook” holding down the left arc: 

 
6. Find the rank of augmented matrix: 

a. Choose operation “Elementary Transformation” in the menu “Elementary Transformations” : 



 
b. Drag the first element of the first matrix row to the first element of the second matrix row  

 

 

 
 
c. Drag the first element of the first matrix row to the first element of the fourth matrix row  

 

 

 
 
d. Drag the first element of the first matrix row to the first element of the fifth matrix row  

 

 

 
 
e. Drag the second element of the second matrix row to the second element of the third matrix row  

 

 

 
 
f. Drag the second element of the second matrix row to the second element of the fourth matrix row 

 

 

 
 
g. Drag the second element of the second matrix row to the second element of the fifth matrix row 

 

 

 
h. Drag the third element of the third matrix row to the third element of the fourth matrix row 

 

 

 
i. Drag the third element of the third matrix row to the third element of the fifth matrix row  



 

 

 
j. All the elements under the main diagonal are equal to zero, so the matrix is modified to a triangle 

form; 
k. Rank of the basic matrix is 5, as the number of non-zero rows of a triangle matrix is 5; 
l. Choose operation “A new matrix” in the menu “Operations” 

 
m. In the window «A new objectт» establish the “Type” as “Number” and type number 5 in: 

 
7. Set the second program breakpoint: 
               a. Drag the obtained number to “Exercise Notebook”: 

 
b. Select the transported number clicking the left arc: 

 
c. In the menu «Program Breakpoints» put a flag indicator against the row ”Rank of the Augmented 

Matrix”: 

 
d. Reduce the main part of augmented matrix to identity matrix: 

a. Copy a triangle form of augmented matrix: 
i. select the matrix: 

 



ii. choose operation “Copy Object” in the menu “Operations” 

 
iii. Drag matrix down holding the left arc: 

 
b. Choose operation “Elementary Transformation” in the menu “Elementary 

Transformations”: 

 
c. Drag the third element of the third matrix row to the third element of the first matrix row 

 

 

 
 

d. Drag the fourth element of the fourth matrix row to the fourth element of the first matrix 
row: 

 

 

 
e. Drag the fifth element of the fifth matrix row to the fifth element of the first matrix row: 

 

 

 
f. Drag the third element of the third matrix row to the third element of the second matrix 

row: 



 

 

 
g. Drag the fourth element of the fourth matrix row to the fourth element of the second matrix 

row: 

 

 

 
h. Drag the fifth element of the fifth matrix row to the fifth element of the second matrix row: 

 

 

 
i. Drag the fourth element of the fourth matrix row to the fourth element of the third matrix 

row: 

 

 

 
j. Drag the fifth element of the fifth matrix row to the fifth element of the third matrix row: 

 

 

 
k. Drag the fifth element of the fifth matrix row to the fifth element of the fourth matrix row: 

 

 

 
l. So the diagonal matrix was obtained; 
m. Choose operation “Multiply Row by a Number” in the menu “Operations”: 

 
n. Click on the first element of the first row, find a multiplying coefficient and press « » 

 
o. Click on the third element of the third row, find a multiplying coefficient and press « » 



 
p. Click on the fourth element of the fourth row, find a multiplying coefficient and press « » 

 
q. Click on the fifth element of the fifth row, find a multiplying coefficient and press « » 

 
e. The last column of augmented matrix contains the roots of the given system, copy it: 

a. Choose operation “Copy the Object” in the menu “Operations”; 

 
b. select the last column 

 

 

 
 

c. drag the matrix down holding the left arc 

 

 

 
 

f. Set the last program breakpoint: 
a. Drag the obtained roots to “Exercise-Notebook”: 



 
b. Select the transported roots clicking the left arc: 

 
c. In the menu «Program Breakpoints» put a flag indicator against the row ”The roots of 

system”: 

 
g. Choose operation “GetAnswer” in the in the menu “Operations”: 

 
h. If the task was solved properly, the rows of program breakpoints will become green; otherwise the 

row with the fault program breakpoint will become red. 
 

 



Practical tasks 
Systems of simple equation   
Variant 1. 
Solve the systems of simple equations   
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Variant  2. 
Solve the systems of simple equations   
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Variant 3. 
Solve the systems of simple equations   
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Variant  4. 
Solve the systems of simple equations 

1. (№117) 
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2. (№105) 
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Variant  5. 
Solve the systems of simple equations 

1. (№118) 
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Variant 6. 
Solve the systems of simple equations 

1. (№113) 
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Variant 7. 
Solve the systems of simple equations 
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Variant 8. 
Solve the systems of simple equations 
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−=⋅+⋅+⋅−⋅

=⋅−⋅+⋅+⋅

53162
31214

62352
43121

4321

4321

4321

4321

xxxx
xxxx
xxxx

xxxx

 

3. (№95) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

=⋅−⋅−⋅−⋅+⋅
=⋅−⋅+⋅−⋅−⋅
=⋅−⋅+⋅+⋅+⋅
=⋅−⋅−⋅−⋅+⋅
=⋅−⋅+⋅+⋅+⋅

075320
032213
070132
061212
031221

54321

54321

54321

54321

54321

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

 

4. (№97) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

=⋅+⋅+⋅−⋅−⋅
=⋅−⋅−⋅+⋅+⋅
=⋅+⋅+⋅+⋅+⋅
−=⋅−⋅+⋅+⋅+⋅

=⋅+⋅+⋅+⋅−⋅

332131
413232
302413
252121

561322

54321

54321

54321

54321

54321

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

 

5. (№106) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

−=⋅+⋅+⋅+⋅
−=⋅+⋅+⋅+⋅
−=⋅−⋅−⋅+⋅
−=⋅−⋅−⋅+⋅

1751692
82741

135113
228125

4321

4321

4321

4321

xxxx
xxxx

xxxx
xxxx

 

Variant 9. 
Solve the systems of simple equations 



1. (№117) 
⎪
⎩

⎪
⎨

⎧

−=⋅+⋅+⋅
−=⋅+⋅+⋅

=⋅+⋅−⋅

4931
4421

9211

321

321

321

xxx
xxx
xxx

 

2. (№110) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

−=⋅+⋅+⋅+⋅
=⋅+⋅+⋅−⋅
=⋅+⋅−⋅+⋅
=⋅+⋅+⋅−⋅

18125
34332
03142
45223

4321

4321

4321

4321

xxxx
xxxx
xxxx
xxxx

 

3. (№96) 

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

=⋅+⋅−⋅+⋅+⋅
=⋅+⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅+⋅
=⋅+⋅−⋅+⋅+⋅
−=⋅−⋅+⋅+⋅−⋅

=⋅+⋅+⋅−⋅+⋅

1543432
345012
931423
931221

742311
763212

54321

54321

54321

54321

54321

54321

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

 

4. (№100) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

−=⋅−⋅−⋅+⋅+⋅
=⋅+⋅+⋅−⋅−⋅
=⋅+⋅−⋅−⋅−⋅
−=⋅−⋅−⋅−⋅+⋅

=⋅+⋅−⋅−⋅−⋅

1335021
28128952

262914
2048132

351713

54321

54321

54321

54321

54321

xxxxx
xxxxx

xxxxx
xxxxx
xxxxx

 

5. (№102) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

=⋅+⋅−⋅+⋅
=⋅−⋅+⋅+⋅
=⋅+⋅−⋅−⋅
=⋅−⋅+⋅+⋅

05123
04352
014514

03231

4321

4321

4321

4321

xxxx
xxxx
xxxx

xxxx

 

Variant  4. 
Solve the systems of simple equations 

1. (№118) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

=⋅+⋅+⋅
=⋅+⋅+⋅
=⋅+⋅−⋅
=⋅+⋅−⋅

0132
0221
0112
0121

321

321

321

321

xxx
xxx
xxx
xxx

 

2. (№111) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

=⋅+⋅−⋅−⋅−
−=⋅−⋅+⋅+⋅

=⋅−⋅+⋅+⋅
=⋅−⋅+⋅+⋅

11112
62103

21222
42454

4321

4321

4321

4321

xxxx
xxxx
xxxx
xxxx

 

3. (№97) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

=⋅+⋅+⋅−⋅−⋅
=⋅−⋅−⋅+⋅+⋅
=⋅+⋅+⋅+⋅+⋅
−=⋅−⋅+⋅+⋅+⋅

=⋅+⋅+⋅+⋅−⋅

332131
413232
302413
252121

561322

54321

54321

54321

54321

54321

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

 



4. (№99) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

−=⋅−⋅−⋅+⋅+⋅
=⋅+⋅+⋅+⋅−⋅
=⋅+⋅+⋅−⋅+⋅
−=⋅−⋅+⋅+⋅−⋅
−=⋅−⋅−⋅+⋅+⋅

423412
302323
1953124
110312
214231

54321

54321

54321

54321

54321

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

 

5. (№105) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

=⋅−⋅+⋅+⋅
=⋅−⋅+⋅+⋅
=⋅+⋅−⋅−⋅
=⋅−⋅+⋅+⋅

77431
1910734

38352
135413

4321

4321

4321

4321

xxxx
xxxx

xxxx
xxxx

 

 


