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 Abstract 

 

The article considers the problem of determining the level of formation 

competence of cadets studying the discipline "Higher mathematics" by solving 

math problems professional orientation. The authors identified three levels of 

completeness of formation of competences and describes the validation criteria for 

each of the levels.  
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Introduction 

 
Modernization of the education system, what is happening now in Russian 

military universities, makes a fresh look at the existing system of education. 

Introduction the GEF-3 requires a rethinking of traditional approaches to the 

educational process. New educational standard involves the acquisition of cadets 

not only a certain set of knowledge, abilities and skills, but also by a set of 

General, vocational and professional military competencies. What is competence? 

On the one hand, competencies define the requirements for the level of training of 

the future engineer. On the other hand, competence is a set of interrelated personal 

qualities (knowledge, abilities, skills, ways of life) that are necessary for a 

graduate to further productive activity. Thus, competence is the basic unit that 

provides communication training and future careers. Formation of competences is 

one of the priority task of the present stage of learning. And the level of compet- 
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ences determines the degree of readiness of the graduate to military service. 

Each discipline studied at the University, aimed at the acquisition of cadets of a 

certain set of competencies. Thus, in accordance with GEF - 3 discipline "Higher 

mathematics" should form students following competences [1]:  

- the ability to imagine a modern picture of the world on the basis of a coherent 

system of scientific and mathematical knowledge;  

- the possession of a culture of thinking, ability to generalize, analysis, critical 

thinking, organizing, forecasting, goal setting and choice of ways of their 

achievement, the ability to analyze the logic of arguments and statements; 

- ability independently apply methods and means of knowledge, training and self-

control to acquire new knowledge and skills, including in new areas not directly 

connected with the sphere of activity; 

- ability on a scientific basis to organize their work, to self-assess the results of 

their activities, have skills of independent work, including in the field of research; 

- ability to perform research work and their separate sections of the search and 

applied nature. 

Naturally the question arises: "What means can be used to form, and then to 

verify the level of development of these competences?" 

 

The research results 

 
It is known that learning in mathematics is through problem solving. Therefore, 

to check completeness of competences, we propose to use mathematical problems 

of General and professional orientation. From the standpoint of the activity 

approach solving problems is a process of performing actions (mental operations) 

aimed at achieving the objectives set in the framework of a problem - situation 

tasks. Therefore, the completeness of mastering the cadets of the action for the 

solution of the problem and determines the level of competences [2]. 

In our work, we identified the following criteria by which to assess the level of 

competences: 

level 1 - mastering the cadet individual action. This level is provided by a separate 

application of a mathematical formula. 

As an example, consider the following problem: when defining the dispersion in 

range artillery systems (random variable X has a normal distribution) produced 16 

shots with an average quadratic deviation equal to 8 meters. Find the confidence 

level for the statistical evaluation of mathematical expectation, if the confidence 

interval 42  .  

To solve the problem, you must do one more step - to calculate the indicator 

function Laplace by the formula in the table to find the value of the function 

Laplace. 

level 2 - the student mastery of a sequence of interrelated actions. This level is 

provided by the solution of the tasks require not only individual mathematical 

formulas, and mathematical method.  

The formulation of this problem can be as follows: at the head of the 

Department of technical control of Arsenal GRAU make the selection of artillery  
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shells (n = 200) of current products. Check the size of the projectile measured 

with a precision of 1 мкм. Table 1 shows the deviation ix  from the nominal size, 

broken into bits, number of bits im  (how many units of parts this size fell into the 

category) and their frequency *

ip - particular. 

 

Table 1. The problem data 

 

№ discharge  

 

The boundaries  

of the interval 

mi P*
i 

1 -20…-15 7 0.035 

2 -15…-10 11 0.055 

3 -10…-5 15 0,075 

4 -5…0 24 0,120 

5 0…5 49 0,245 

6 5…10 41 0,205 

7 10…15 26 0,130 

8 15…20 17 0,085 

9 20…25 7 0,035 

10 25…30 3 0.015 

 

Be assessed using criterion 2 - Pearson hypothesis about the consent of the 

sampling distribution with a normal distribution at the significance level 

05,0 . 

The algorithm for solving the problem is a sequence of the following actions: 

1. Perform decomposition at level rule Sturgis. 

2. Defined the particular falling into the category. 

3. Calculated the boundaries of the discharges on the basis of the magnitude of 

variation, the width of the discharge is equal to R/k . 

4. Determined by the selection of statistical evaluation of mathematical 

expectation and variance: 

5. Calculated theoretical probability рi of getting the variance of the size of parts 

in the intervals (хi; xi+1). 

6. Find value 2

расч =7,09. 

7. Determine the number of degrees of freedom: 61291  rf    

(9-th and 10-th level of the joint). 

8. Find the input value table value 
2

кр = 12,6. 

9. Compared values 2

расч =7,09 и 2

кр = 12,6. Since 2

расч < 2

кр , the hypothesis 

about normal distribution of deviations from the nominal size does not contradict 

the observations. 

So the solution to this problem is based on knowledge of physical nature and 

calculated dependences for calculation of estimates of numerical characteristics of  
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random variables: mathematical expectation, variance, standard deviation, and the 

procedures for verifying the plausibility of the hypothesis Pearson criterion.  

level 3 - the student mastery of a set of methods and a separate formula required to 

solve a specific problem.  

As an example, consider the following problem: at the test site, the layout of the 

shooting tables take into account the impacts of the environment on the artillery 

shell. In the role of a test engineer to evaluate the nature and magnitude of 

influence on the motion of a projectile in the atmosphere, which is characterized 

by an output parameter Y, investigated three input factors: temperature T 0C, the 

pressure P Pa, and time of the process t sec. The research objective to be 

addressed through a computational experiment using planning of the experiment 

and processing of the results by regression analysis. 

The problem-solving process includes the following stages: 

1. Performed activities informal phase of planned experiment. Based on the study 

of a priori-defined data: the center of the plan, the intervals of variation of the 

factors of the upper and lower levels of factors. 

2. Building a mathematical model of the process: 

32112332233113211233221100 xxxbxxbxxbxxbxbxbxbxbY  . 

After calculations we obtain the following regression equation: 

3213231213210 5,05,15,05,05,35,05,25,8 xxxxxxxxxxxxxy  . 

3. Inspect the significance of the coefficients of the approximate equation of the 

regression, calculated by t-student test.  

We obtain the following mathematical model of the process: 

3231 5,15,35,25,8 xxxxy  . 

4. Check the adequacy of the regression equation by the Fisher test: 

 14,7
28,0

2
расчF . 

The equation adequately describes the process, as таблрасч FF    

( 3,19)2;4( таблF ). 

5. Analyze the approximate equation of the regression and its interpretation. 

To do this, spend analysis modules and the signs of the coefficients of the 

regression equation. This will give the opportunity to find the direction of change 

of the investigated input factors. Then go from coded factors to factors in the 

natural scale 

5
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102

104
5,1

5

15
5,3

50

150
5,25,8 3

5

5

231 













zzzz
y . 

The resulting equation allows to determine (predict) the yield Y for different 

values of temperature, pressure and time of the process. 

As you can see, the solution to the problem is based on the twin action 

sequences, based on knowledge of the theory of experiment planning and the use 

of different methods of regression analysis and mathematical statistics.  
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Conclusions 
 

Thus, we have considered the issues that define different levels of competences. 

The result is presented in table 2. 

 

Table 2. The levels of competences 

 

№ tasks The levels of competences 

The first level The second level The third level 

1 tasks + + + 

2 tasks - + + 

3 tasks - - + 

 

The developed theoretical apparatus can be used not only in the classroom in 

higher mathematics, but also in the study of other disciplines. 
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