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Today in our country a lot of attention is paid to the science of mathematics. In this regard, it 

is possible to cite the decisions taken at the national level. For example, the President of the Republic 

of Uzbekistan dated July 9, 2019 "On measures to support the further development of mathematics 

education and science, as well as measures to radically improve the activities of the Institute of Math-

ematics named after V.I. Romanovsky of the Academy of Sciences of Uzbekistan" Resolution No. 

4387 and Resolution No. 4708 of May 7, 2020 "On measures to improve the quality of education and 

research in the field of mathematics" provide for the implementation of a number of tasks [3, 4]. The 

implementation of such tasks today is one of the most pressing problems [2]. We all know that a 

number of areas of mathematics are used in the implementation of all tasks in human life. 

Mathematical analysis has evolved in close connection with the natural sciences, especially 

physics and mechanics, since its inception as the analysis of variables. The need to develop the sci-

ence of physics, the need for quantitative study of motion and variable processes has led to the 

emergence and formation of basic concepts of differential and integral calculus [1]. 

In the eighteenth century, the theory of differential equations emerged as a science inde-

pendent of mathematical analysis. His achievements are connected with the names of the Swiss sci-

entist I. Bernoulli, the French mathematician J. Lagrange, and especially L. Euler. The initial period 

of development of the theory of differential equations should be found through the starters. Howev-

er, it has been shown that there are very few equations that integrate quickly. Even very simple 

first-order equations may not be integrated into squares. 

To explain the differential equation, one of the basic concepts is to study a physical process. 

To create a physical hypothesis based on this experience, to write a physical hypothesis in a math-

ematical form, to obtain a mathematical solution to this problem, and finally to interpret the conclu-

sions from a physical point of view. Such an approach to the study of natural phenomena was first 

proposed by the Italian scientist Galileo (1564-1642). It was skillfully used by Newton, one of the 

founders of mathematical analysis. The mathematical explanation of the laws of physics was possi-

ble only with the advent of mathematical analysis, and the language of mathematical analysis al-

lowed it. In almost all cases, the laws of physics describes the relationship between the rates of 

change. These laws are represented by equations involving unknown functions and their derivatives. 

Such equations are called differential equations. They have emerged as mathematical expressions of 

a number of laws of physics. The processes described by such laws lead to the study of the proper-

ties of solutions of differential equations. We see this in the following examples. 
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An object whose temperature rises to  degrees (for example, a metal plate) is placed in a 

very large vessel filled with zero-degree air at time . It is known that an object begins to cool 

and its temperature is a function of time t. We denote this function by . 

According to Newton's law of cooling, the rate of change of body temperature is propor-

tional to the difference between the temperature of the product and the surrounding environment, in 

our case . Accordingly, the relation  at each instant of time is appropriate (the coefficient 

of the k-body depending on the material receives a "minus" sign as the temperature decreases). 

 in the form of a differential equation. The relationship is a mathematical expression of the 

law of cooling. It represents the relationship between a function of time and its product  The 

ratio is also called the mathematical model of the process under consideration. It is known that the 

solution of the differential equation is to find all the functions .that make the equation real. All 

solutions of the above differential equation are found by the formula  (C is an arbitrary 

constant). Find the solution of the differential equation is always associated with the operation of 

integration. Therefore, instead of the word "solution" is often used the term "integration" of the dif-

ferential equation. The phenomenon we are studying, that is, the cooling process of the body only at 

time  is only interested in a solution that accepts the value. Substituting t = 0 into the above 

formula, we find that Hence, the law of cooling can be given a final expression in the form 

It can be seen that the temperature of a body decreases with time according to the ex-

ponential law and tends to the ambient temperature.  condition is taken as the initial condi-

tion, which allows to separate one from an infinite set of solutions. 

The differential equation seen above represents the fact that the rate of change of the func-

tion  is proportional to the function itself (with k-coefficient). A similar relationship is ob-

served in other phenomena of nature. For example, the dependence of atmospheric pressure on sea 

level The decrease is proportional to the magnitude of the pressure. Another example is radioactive 

decay: the rate of decrease in the mass of a radioactive substance is proportional to the amount of 

that substance. Hence, atmospheric pressure y satisfies the equation  as a function of altitude 

t above sea level and the mass of radioactive matter as a function of time t. From this, we see that 

exactly one differential equation can be used as a model of absolutely different mathematical phe-

nomena. 

The differential equation seen above represents the fact that the rate of change of the func-

tion  is proportional to the function itself (k - coefficient). A similar relationship is observed 

in other phenomena of nature. The decrease is proportional to the magnitude of the pressure. An-

other example is radioactive decay: the rate of decrease in the mass of a radioactive substance is 

proportional to the amount of that substance. Hence, atmospheric pressure y satisfies the equation 

  as a function of altitude t above sea level and the mass of radioactive matter as a function of 

time t. From this we see that exactly one differential equation can be used as a model of absolutely 

different mathematical phenomena. 

In the next example, let's look at a small sphere of mass m. Let's attach a spring to it hori-

zontally. The other end of the spring is attached to it. If the ball is moved slightly along the axis, a 

tensile force F tends to return it to equilibrium. According to Hook's law, this force is proportional 

to the magnitude of the displacement x,  (k is the elastic property of the spring. characteris-

tic positive constant, the sign "minus" indicates that the effect of force is inversely proportional to 

the direction of elongation). According to Newton's second law, the force acting on a body of mass 

m is equal to the product of mass and acceleration: F = ma. 

If x (t) is the momentum of the sphere, its acceleration is expressed by the second product 

 Thus, the motion of a balloon under the influence of elastic forces can be expressed by the 

differential equation . It's more 
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,                                                            (1) 

 

where ( ) is written in the form. This equation is called the differential equation of harmonic 

oscillations. Its optional solution can be written as follows: 
 

,                                                          (2) 
 

where A and  are arbitrary variables. Quantities characterized by such an equation are called har-

monic oscillations. Their period consists of a periodic magnitude equal to , the coefficient A is 

called the oscillation amplitude. (1) does not fully define the motion of the expression. This motion 

can vary depending on the displacement of the balloon at time to  and how fast  is 

pushed, i.e. the initial values. For example, if the initial velocity is 0, the motion of the balloon 
 

                                                               (3) 
 

subject to the law. The differential equation given above is only a mathematical expression of the 

law of motion under the action of an elastic force. If we consider the motion of a balloon in a resis-

tive medium and assume that in addition to the force of elasticity on the balloon is also a force of 

resistance proportional to velocity, then the differential equation of such motion is 
 

                                                     (4) 
 

The solutions of these equations are no longer periodic functions, but of oscillations of vari-

able amplitude. They are called extinct oscillations. If an unknown function depends on only one 

variable, the differential. The equation is called simple, and the above equations are among such 

equations. The order of the differential equation is the highest order of the products involved in it.  

For example,  means that the equation is first-order, is second-order. 

If an unknown function depends on more than one variable, the special product of the differ-

ential equation is called the differential equation. Such equations include the vibration of a mem-

brane (a thin elastic plate), the distribution of heat in an environment, the motion of a satellite, and 

so on. It follows that differential equations are the basic mathematical apparatus of the natural sci-

ences, especially physical phenomena. Similar equations are used in physics, astronomy, aerody-

namics, chemistry, economics, biology, and medicine. 

The differential equation of the first order  is interpreted in simple geometry. If 

 is the solution of the first order equation, then our equation  gives the value of the 

product at each point of the line, that is, the value of the tangent of the angle of inclination. Thus, at each 

point in the domain of the function, the angular coefficient of the solution is given, and in this case, the 

area of the directions is given. From a geometric point of view, the area of directions is usually ex-

pressed in unit vectors. The area of directions of the differential equation is shown. The solu-

tion of the differential equation is a line that moves in the direction of the field at each of its points. It is 

called an integral line. It allows you to clearly see what the integral lines of the equation are. 

Now, let's look at the laws of free fall of bodies. Let's lift a small rock and then drop it from 

a state of rest. Let  be the time elapsed from the beginning of the day, and  be the time 

elapsed from time to time. Galileo experimentally found that the s (t) bond had the following simple 

form: 
 

,                                                                   (5) 

 

where  is the time in seconds, and  is a physical constant of about 9,8  
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It is natural for the motion of a free-falling object to be uneven. The rate of descent  gradu-

ally increases. But what does the  relation look like? Obviously, knowing the relation s (t), that 

is, the law of motion of a moving body, we must be able to express the velocity  as a function of 

time. Let's try to find how  depends on . Consider:  is the moment t we want to know the val-

ue of the velocity. Let  be a small time interval . It is known that an object falling in time  trav-

els a path equal to  If  is very small, the velocity of the body cannot change signifi-

cantly over time , so at a small value of  

 

                                                        (6) 

 

or 

 

                                                              (7) 

 

can be considered. Then the smaller the approximate equation  (the closer  is close to zero), the 

more accurate it is. Hence, the magnitude of the velocity at t is given by o in the time interval 

from t to . The approximate equation (7) representing the average velocity can be thought of as 

the limit of the ratio to the left of when  tends to zero. This is in mathematical language 

 

                                                            (8) 

 

Let us now perform the calculations given in relation (8) from the relation (5) found by Gali-

leo. First of all, let's do some simple calculations: 

 

 
 

.                                             (9) 

 

Now divide this expression by , 

 

                                                          (10) 

 

we create an equation. When  tends to zero, the second addition to the sum written on the right al-

so tends to zero, while the first remains unchanged, more precisely,  does not depend on the mag-

nitude, so in this case 

 

.                                                   (11) 

 

Thus we find that the law of variation of the velocity of a freely falling body is  . 

⁡note that the formula gives both the definition and the calculation rule of the 

instantaneous rate of change of the function s (t) at the same time. Since the velocity  is itself a 

function of time, it was possible to ask the question of its rate of change. In physics, the rate of 

change of speed is called acceleration. Thus, if   is a function of time velocity, then 

 as in the derivation of the formula. This is for the instantaneous acceleration a (t) 

at time t 
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                                                         (12) 

 

we get the expression. 

The identification of the above facts was a major impetus for the development of the theory 

of differential equations. This theory deals with the development of methods that allow to determine 

the properties and nature of the solutions of differential equations. It can be seen from the examples 

that the branch of differential theory of mathematical analysis is the mathematical representation of 

many natural sciences, including physical problems. In addition, some problems in the natural sci-

ences, such as chemistry and biology, can be solved only with the help of differential equations. It 

follows that differential equations are an important mathematical apparatus for solving problems in 

the natural sciences. 
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Аннотация. В статье рассматривается роль дифференциальных уравнений в реше-

нии физических задач. Показано, что с помощью дифференциальных уравнений легко реша-

ются многие физические задачи. 

Ключевые слова: математика, дифференциальные уравнения, физические задачи, 

физические волны. 
 


