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On one approach to solving mechanical problems of kinematics and dynamics

This article is devoted to the application question to the mechanics of one of the solving problems methods
used in the exact sciences. In the article the structure of the given method is presented, its main components
are highlighted and characterized, the moments on which it is necessary to pay attention are marked and the
main stages of solving the mechanics problems are described. The considered approach to solvingproblems
in exact sciences is, generally speaking, classical, but the application of this method to a concrete subject area
entails the specific features of the practical application, which are noted in this article. The researching ap-
proach of solving problems is demonstrated for mechanical problems in kinematics and dynamics. The main
attention is focused on the key stages of this method. Theoretical material on kinematics and dynamics is spe-
cially selected and rationally formulated in the necessary brief scope for solving problems. In the classifica-
tion of problems of kinematics and dynamics, their main types are given. The schemes for solving the prob-
lems of kinematics and dynamics are formulated in the most general form, but the notes give explanations of
the use of the presented solution schemes for particular cases. The article is focused mainly on mechanics,
physicists and students in technical specialties.

Keywords: kinematics, dynamics, forces, equations of motion, the main types of problems of kinematics and
dynamics, schemes for solving the problems of kinematics and dynamics.

A teaching method comprises the principles and methods used by teachers to enable student learning.
These strategies are determined partly on subject matter to be taught and partly by the nature of the learner.
For a particular teaching method to be appropriate and efficient suggestions to design and selection of teach-
ing methods must take into account the nature of the subject matter. It should be remembered that the teach-
er’s primary role is to coach and facilitate student learning and overall comprehension of material.

The main task of the modern teacher of exact sciences is not to create mechanical application of theoret-
ical knowledge and formulas for students and master students, but to create a deep understanding of the es-
sence of the problem, the ability to navigate sensibly in mathematical models, algorithms, schemes and the
ability to use them in solving a particular problem.

Mechanics is a large area of science, which is divided into sections: classical mechanics, relativistic
mechanics and quantum mechanies. In addition, mechanics includes some other theories, such as the theory
of oscillations, the theory of elasticity, theory of stability, mechanics of liquids and gases etc.

Classical mechanics, in turn;is divided into statics (the study of the equilibrium of bodies), kinematics
(the study of the motionrof bodies without consideration of reasons) and dynamics (the study of the motion
of bodies).

As experience of teaching has shown, this technique, used by many teachers, has many advantages. It is
a a clear structure, flexible and perspective nature of presentation, accessibility for understanding, good
learning outcomes.

Mechanics problems are solved in several stages: first, draw a diagram of the object or objects. Plans
should display all the physical characteristics of the system: speed, acceleration, time, distance, force appli-
cation, etc. in'vector form, i.e. clearly indicate which laws should be used to find the result. Step two is to
record all the laws of motion and equations. Solve these equations; add dimension and you get the result [1].

Regardless of which of the methods of mechanical problem solving is taught, three basic concepts
should be attended to. These concepts are:

1) necessary prerequisite knowledge (the theoretical material),

2) systems approach (knowledge of basic types of problems),

3) a model for problem solving (a scheme of problem solving).

It's important to have a perfect understanding of the concept involved before you attack a problem. It is
a known fact that human advancement comes through reasoning, therefore knowledge of the theoretical ma-
terial is necessary. Theoretical material should not be a lecture. It should contain only the concepts and for-
mulas necessary for solving problems.
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Let us present the embodiment of this teaching method using the example for solving of problems in
kinematics and dynamics of a material point and the simplest systems.

Here, for solving the problems of kinematics and dynamics, theoretical material is specially adapted and
rationally formulated in a brief volume. Having given theoretical information, after determining the type of
the problem being solved and choosing the calculation scheme, the student or the master student can begin to
solve his problem.

1. The theoretical material

a) Kinematics of a material point and the simplest systems

Kinematics is a branch of classical mechanics that describes the motion of points, bodies (objects), and
systems of bodies (groups of objects) without considering the mass of each or the forces that caused the motion.

Kinematics, as a field of study, is often referred to as the «geometry of motion» and is occasionally seen
as a branch of mathematics.

A kinematics problem begins by describing the geometry of the system and declaring the initial condi-
tions of any known values of position, velocity and/or acceleration of points within the system: Then, using
arguments from geometry, the position, velocity and acceleration of any unknown parts/of the system can be
determined. The study of how forces act on masses falls within kinetics.

Kinematics is used in astrophysics to describe the motion of celestial bodies and collections of such
bodies. In mechanical engineering, robotics, and biomechanics kinematics is used to describe the motion of
systems composed of joined parts (multi-link systems) such as an engine,.a robotic arm or the human skeleton.

Geometric transformations, also called rigid transformations, are used-to-describe the movement of
components in a mechanical system, simplifying the derivation of the equations of motion. They are also
central to dynamic analysis.

Kinematic analysis is the process of measuring the kinematic quantities used to describe motion. In en-
gineering, for instance, kinematic analysis may be used to find the range of movement for a given mecha-
nism, and working in reverse, using kinematic synthesis to design @ mechanism for a desired range of mo-
tion. In addition, kinematics applies algebraic geometry to the study of the mechanical advantage of a me-
chanical system or mechanism [2].

In other words, kinematics is a branch of classical mechanics that studies the mathematical description
(by means of geometry, algebra, mathematical analysis, etc.) of the motion of idealized bodies (material
point, absolutely solid body, systems of bodies), without considering the causes of motion (mass, forces,
etc.). The initial concepts of kinematics are'space and time.

A physical quantity is a quantitative characteristic of the property of material objects or phenomena
(processes). Each physical quantity is established by a single-valued method of its measuring. Its measuring
is experimental determination or calculation. The definition of a physical quantity indicates the principal way
of measuring it. In other words, a physical quantity is a physical property that can be quantified. This means
it can be measured and/or calculated and expressed in numbers.

A material point is a physical concept (model, abstraction) representing a body whose dimensions (and
shape) can be neglected under the conditions of the given problem.

The body of the reference is the body relative to which the motion of other bodies is considered.

The frame of reference is the set of the coordinate system associated with the reference body and the set
of synchronized clocks which are placed at different points of the coordinate system.

The position of a point in space is the most fundamental idea in particle kinematics. To specify the posi-
tion.of a point, one must specify three things: the reference point (often called the origin), distance from the
reference point-and the direction in space of the straight line from the reference point to the particle. Exclu-
sion of any of these three parameters renders the description of position incomplete.

The position of a material point relative to a given frame of reference (in a frame of reference) S is giv-
en by its coordinates or the radius vector 7.

The radius vector r of the material point with respect to the given frame of reference is a vector whose
origin is the coordinates beginning of this system and the end is located at the material point.

Every motion of the body can be decomposed into two main types of motion: translational motion and
rotational motion.

Translational motion is the movement of the body, in which all its points move along the same way.

Rotational motion is the movement of the body, in which all its points move along circles whose centers
lie on the same straight line. This line is called the axis of rotation.
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The law of motion of a material point with respect to a given reference frame is the dependence of the
radius vector or the coordinates of the material point on time.

Relativity of movement is the dependence of a certain motion trajectory, a certain path, speed and dis-
placement of some body from the selected frame of reference.

The trajectory of the motion of a material point is a line, described in space by the end of the radius vec-
tor of a material point.

The trajectory equation is given by the complex of two equations that can be obtained by excluding the
time from the law of motion in coordinate form. Note that the law of motion in the coordinate form is the
equation of the trajectory, given in a parametric form.

The displacement of the material point Ar(t) is the change in the radius vector of the material point from
the time moment ¢ to the time moment ¢ + At.

The path s(t) is the distance passed the material point along the trajectory (Iength of the trajectory) dur-
ing the time 7.

The velocity of a material point v relative to a given coordinate system is a physical quantity which is
equal to the derivative of the radius vector of the material point with respect to time.

The initial conditions for a material point are the values of the radius vector and the velocity at the ini-
tial moment of time #, with respect to the given coordinate system.

Acceleration of a material point relative to a given coordinate system is a physical quantity which is
equal to the derivative of the velocity of a material point with respect totime.

Tangential acceleration a, is the acceleration component along the tangential direction of the velocity.

The normal acceleration a, is the acceleration component which is a perpendicular to the direction of
the velocity.

Angular velocity is a vector quantity characterizing the speed of rotation of the body.

Angular acceleration is a quantity characterizing the rapidity of the change in the angular velocity.

A mechanical system is a collection of material bodies.

The system of material points is a collection of bodies, each of which can be considered as a material
point. Further, we will assume that any mechanical system considered by us can be regarded as a system of
material points.

An absolutely solid body is a body (a systemrof material points), the distances between any two material
points of which do not change under the conditions of the given problem.

The methods and dependencies of kinematics are used in kinematic studies of movements, in particular,
in the calculation of the motions transmission in various constructions, mechanisms, machines, etc.

b) Dynamics of a material point and the simplest systems

Dynamics is the science of how things move. A complete solution to the motion of a system means that
we know the coordinates of all.its constituent particles as functions of time. For a single point particle mov-

ing in three-dimensional space, this means we want to know its position vector 7(f) as a function of time. If
there are many particles, the motion is described by a set of functions 7,(¢), where i labels which particle we

are talking about. So generally speaking, solving for the motion means being able to predict where a particle
will be at any given instant of time. Of course, knowing the function r,(¢) means we can take its derivative

and obtain the velocity v,(¢) = % at any time as well.
t

Position is usually described by mathematical quantities that have all these three attributes: the most
common are vectors and complex numbers. Usually, only vectors are used.

The complete motion for a system is not given to us outright, but rather is encoded in a set of differen-
tial equations, called the equations of motion [3].

In other words, dynamics is a branch of classical mechanics in which the causes of the emergence of
mechanical motion are studied. Dynamics operates with such concepts as mass, force, momentum, momen-
tum, energy.

Dynamics is applied in different sciences: in physics, astronomy, the sciences of the Earth, engineering,
chemistry, biology, music, etc. Classical dynamics is based on the laws of Newton.

Newton's Laws of motion

Aristotle held that objects move because they are somehow impelled to seek out their natural state.
Thus, a rock falls because rocks belong on the earth, and flames rise because fire belongs in the heavens. To
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paraphrase Wolfgang Pauli, such notions are so vague as to be «not even wrong». It was only with the pub-
lication of Newton’s Principia in 1687 that a theory of motion which had detailed predictive power was de-
veloped.

Newton attempted to explain how objects move using as few assumptions as possible. These assump-
tions are what we call Newton's Laws today. They are remarkable in that they have stood the test of time for
almost all motion except those at the smallest scales (quantum mechanics) and the largest scales (general
relativity). Even then, we have mostly just added or modified some assumptions that we had thought reason-
able to assume about the nature of the universe, but the three laws have mostly remained. The laws are used
to deduce the fundamental equation we will be using to study almost all of classical physics below. The
wording of the laws has been altered slightly in order to be less jarring to a modern student.

Newton's Laws allow us to write the equation of motion for any mechanical system, if . you know the
power of interaction. A total of three: the law of inertia (maintaining speed body), the law of motion and the
law of the pair interaction [3].

Newton's First Law (The Law of Inertia): There are such reference frames with respect to which the iso-
lated material point (on which forces do not act) moves uniformly and rectilinearly or is at rest. Such frames
of reference are called inertial frames.

At this point, Newton has not told us what a force is, so this law isn't a description of how bodies move.
You may think «I know what a force is, I force something to move when I'push on.it. «<However, that» con-
tact force» is not the only type of force Newton means to deal with. He has basically uised this statement to
define what a force is: anything that changes the linear motion (including zero-motion) of a body. This al-
lows us to include gravity as a force. As a matter of fact, we will see that classical physics successfully de-
scribes all forces in terms of fields (similar to the way gravity works). Your pushing on an object is actually a
result of electromagnetic field interactions between the particles in your hand and the particles in whatever
you're pushing. Your hand never actually comes into direct contact with anything, in the sense of there being
no space between your hand and another object.

Newton's Second Law (The Law of Acceleration): In the inertial reference frame, the product of the
mass of a material point by its acceleration is equal torthe sum of all forces acting on this material point from

the side of other bodies: ma = ZE. .

This law is extremely rich in content, as/ Newton used devices similar to what we refer to today as New-
ton's cradle to note that the «quantity of motion» given to the end ball (assuming perfect collisions where all
the «motive force» of the ball you lift on one end is transferred to the ball at the other end) is proportional to
the final velocity of the ball you initiate. He also noted that different types of balls imparted larger arcs to
other balls and thus he came up with the product of mass (a quantity proportional to the object's weight) and
velocity as being the «quantity of motion» of an object that should be preserved in perfect collisions. Today,
we call this product the momentum of an object and usually denote it as p =mv, where p and v have both

a magnitude and direction, as described by Newton's laws. Manipulating objects that have both magnitude
and direction (called vectors) is covered by vector algebra, which will be talked about in a supplementary
review guide. Now, if we denote the force vector by}_7 , then Newton's second law tells us that
F = a = i(m\7) = mﬂ The 4 is just the ordinary time derivative from calculus. If you have not yet
dt dt dt dt
studied calculus; the above can also be written as /" =ma , where a is the change in velocity with respect to
time, also known as acceleration.
Newton's Third Law (The Law of Interaction): To every action there is always opposed an equal reac-
tion; or the mutual actions of two bodies upon each other are always equal, and directed to contrary parts.
Main point of Newton's third law: action = reaction.
This law is primarily for idealized objects such as spheres and points that act on each other's centers of
motion. However, it is the impetus that allowed us to separate mass from weight. In symbolic terms, it states

that if one body exerts a force F, on another body, then the second body exerts a force 7, on the first body,

and in vector terms F, = —F, . Using the equation we derived from the second law, it is not hard to see that

the mass can then be measured by defining one mass to be a standard, and using the ratio of accelerations as
the mass of the second object [4].
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Newton’s three Laws of Motion may be stated as follows:
I. A body remains in uniform motion unless acted on by a force.

I1. Force equals rate of change of momentum: F = %

1. Any two bodies exert equal and opposite forces on each other.

In other words, the third law of Newton is formulated as follows: The forces of interaction of two mate-
rial points:

1) paired and attached to different material points,

2) of the same nature,

3) are equal in absolute value,

4) are opposite in direction,

5) are directed along a straight line connecting material points.

The laws of dynamics are Newton's laws and laws that describe the individual properties of forces.

The laws that describe the individual properties of forces

1) Gravitational forces

The law of universal gravitation: Material points are attracted to each other with forces F; and F,,
modules which are proportional to the product of their masses and inversely proportional to the square of the

mm,
—T:,, where G is the gravitational constant or the Cavendish constant (first

distance between them: F,/ =G
i
measured by Henry Cavendish in 1798), 7. =7, — 7.
Notice Newton’s Third Law in action: Fij + Fji =0. Now_a very important and special feature of this

«inverse square law» force is that a spherically symmetric mass distribution has the same force on an exter-
nal body as it would if all its mass were concentrated at.its center. Thus, for a particle of mass m near the
surface of the earth, we can take m, =m and m, = M, with 77 —7, = R 7 and obtain

F =—=mgr =-mg,
where 7 is a radial unit vector pointing from the earth’s'center and g is the acceleration due to gravity at

the earth’s surface. Newton’s Second Law now says that @ = —g , i.e. objects accelerate as they fall to earth.

However, it is not a priori clear why the inertial mass which enters into the definition of momentum should
be the same as the gravitational mass which enters into the force law. Suppose, for instance, that the gravita-

!

tional mass took a different value; m'. In this case, Newton’s Second Law would predict « = —— and unless
m

!

the ratio = were the same number for all objects, then bodies would fall with different accelerations. The
m

experimental fact that'bodies in a vacuum fall to earth at the same rate demonstrates the equivalence of iner-
tial and gravitational mass, i.e. m'=m .

The forces of the gravitational interaction of spherically symmetric bodies, as can be easily shown, are
determined by the same formula, in which 7 is the radius vector of the second body center relative to the first
body center.

The force of gravity acting on the material point is the sum of the force of the gravitational attraction of
the Earth (orany other cosmic object) and the centrifugal inertia force acting on the material point in the ref-
erence frame connected with the Earth.

The force of gravity acting on the body is the sum of the forces of gravity acting on the material points
of this body. In a homogeneous field near the Earth's surface, the gravity force F. is equal to the product of

the body mass m by the acceleration of the center of the body mass with free fall g (acceleration of gravity)
relative to the Earth: F, =mg.

Body weight is the force with which the body in the field of gravity acts on a fixed support relative to it
or a suspension that prevents the free fall of the body.

2) Elastic forces

Elasticity is the ability of a body to resist a distorting influence or deforming force and to return to its
original size and shape when that influence or force is removed. Solid objects will deform when adequate
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forces are applied on them. If the material is elastic, the object will return to its initial shape and size when
these forces are removed.

If after termination of the external impact of deformed body recovers its shape and its sizes, the defor-
mation is called elastic.

Hooke's Law: For small elastic deformations, the magnitude of the deformation is proportional to the
magnitude of the force that causes it.

In particular, when the distension (compression) strain of the elastic rod (spring, rubber cord), the de-

formation of the rod is proportional to the magnitude of the force acting along the rod: A/ = %F . Here & is

the rigidity (elasticity) coefficient of the rod, A/ =/—1, is the elongation of the rod, and / and /, are the

lengthes of the rod in deformed and undeformed conditions. The law is named after 17th-century British
physicist Robert Hooke.

If the force acting on the rod is directed opposite to the indicated direction, then the elastic rod experi-
ences compression. In this case A/ <0 in the last formula, we should also consider F -asithe projection of
the force on the X axis of the given coordinate system.

When homogeneous elastic rod with a constant cross section along the rod is-deformed (the distension

. . . . . 1
or compression), the relative elongation € of the rod is proportional to the normal stress 6 : &= EG .
. , . . : Al . ,
Here E is the Young's modulus of the material from which the rod is made, e =— is the relative elon-
0
. F . . .

gation of the rod, o = 5 is the normal stress, S is the cross-sectional area of the rod.

We note that for a homogeneous elastic rod with a constant cross-section along the rod, the coefficient
of rigidity (elasticity) of this rod is connected with the Young's modulus by the relation: k£ = 7E .

In the case of distension (compression) of the rod, its transverse sizes decrease (increase). The ratio of
the relative transverse compression of the rod to.its relative elongation depends only on the material of the

. . €
rod. This ratio is called the Poisson coefficient: p=——+ .
€

d—d, Ad . . . .
Y 0 = = is the relative change in the transverse sizes of the
0 0

rod, d and d, are the transverse linear sizes of the rod in the deformed and undeformed states.

Here, p is Poisson's coefficient, €, =

When the rod is deformed, there are internal elastic forces F,,, acting between its parts, which tend to

F,
return the rod to an undeformed state. The stress of elastic forces is equal to 6, = %

Consider aayer of arod with the boundaries coordinates X and x+dx along the rod. As a result of
the action of internal elastic forces, displacements of the left &(x) and right &(x+dx) borders of the selected
layer appear. Then the relative lengthwise deformation € of this layer equals

po Brd) b 0,
dx ox

In this case Hooke's law takes the form: &, (x) = Ee = EE' .

In the case of deformation of the layer, its transverse sizes change. The ratio of transverse deformation
to lengthwise deformation is determined by the Poisson's coefficient in accordance with the formula for p .
With accelerated motion of the rod under the action of an external force that causes its deformation, the
stresses of elastic forces, that are inhomogeneous along the rod, arise. In this case, the resulting inhomogene-
ous deformations are, as before, determined by the expressions for p and o, (x) .

3) Friction forces
Friction (friction interaction) is the process of interaction of bodies during their relative movement
(displacement) or when the body moves in a gaseous or liquid medium.
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Friction is usually divided into the following types:

— Dry friction is friction, when the interacting solids are not separated by any additional layers / lubri-
cants (including solid lubricants). In other words, dry friction is a force that opposes the relative lateral mo-
tion of two solid surfaces in contact. Dry friction is subdivided into static friction («stiction») between non-
moving surfaces, and kinetic friction between moving surfaces. With the exception of atomic or molecular
friction, dry friction generally arises from the interaction of surface features, known as asperities. The dry
friction is a very rare case in practice. The characteristic distinctive feature of dry friction is the presence of a
significant friction force of rest.

— Boundary friction is friction, when in the contact area can contain layers and areas of different nature
(oxide films, liquid, etc.). The boundary friction is the most common case in sliding friction.

— Fluid (viscous) friction, arising from the interaction of bodies separated by a layer of solid (graphite
powder), liquid or gas (lubricant) of different thickness, as a rule, occurs during rolling friction, when solid
bodies are immersed in a liquid. The value of viscous friction is characterized by the viscosity of the medi-
um. Fluid friction describes the friction between layers of a viscous fluid that are moving relative to each other.

— Mixed friction is friction when the contact area contains areas of dry and liquid friction.

— Elastohydrodynamic (viscoelastic) friction is the friction, when the internal friction in the lubricating
material is of decisive importance. Elastohydrodynamic (viscoelastic) friction occurs. when the relative ve-
locities of displacement increase.

— Lubricated friction is a particular type of fluid friction when a lubricant fluid separates two solid sur-
faces.

— Skin friction is a component of drag, the force resisting the motion of a fluid across the surface of a
body.

— Internal friction is the force resisting motion between the elements making up a solid material while it
undergoes deformation.

The friction force is a component of the force of direct interaction of bodies when they touch along the
plane of contact.

The force of normal pressure (the reaction of the support) is the component of the force of interaction
of the bodies with direct contact along the direction of the normal to the plane of contact. In other words, the
force of normal pressure (reaction of the support).is the reaction force/forces that are attributed to a support
for the system, i.e. if the system is a chair, and the external inputs that exert significant forces on the chair are
the Earth (gravitational force) and the floor («Normal» force; Normal here is being used to describe a force
perpendicular to the surface of the floor), then the «support reaction» forces are the normal forces at each of
the legs of the chair. That is one example of a support reaction but there are many examples of supports that
have different reaction characteristics, and in mechanics, it is very important to understand how to model
these reaction forces.

The forces of viscous (internal) friction F, are friction forces that arise when the body moves in a vis-
cous (liquid or gaseous)-medium. With a small value of the velocity v of motion of the body relative to the

medium: F, =-nv, where 7 is the coefficient of viscous (internal) friction.
The force of viscous friction of rest is zero: F, =0.
The forces of dry friction F, are friction forces arising from direct contact of solids.
The forces of friction of rest F, are the dry friction forces that arise in the absence of the relative motion

of‘interacting bodies.

The friction force of sliding F,, is the force of dry friction that occurs when the interacting bodies move
relative.

The Amonton-Coulomb law is an empirical law that describes the properties of dry friction forces:

I) the modulus of the dry friction force of rest can take values from zero to some maximum value:
0<F <F, ;

max 9

2) the modulus of the dry friction force of sliding is equal to the maximum value of the modulus of the
dry friction force of rest: F, =F,, ;

3) the modulus of the dry friction force of sliding is proportional to the modulus of the normal pressure
force: F, =pN , where p is the coefficient of dry friction force, independent of the force of normal pres-

sure, but only dependent of the substance and state of the surfaces of rubbing bodies;
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4) the dry friction force of sliding is directed opposite to the direction of speed of relative motion of
bodies v, : F Tl v, .

omm

A force field is a region of space where forces of a given nature act. In general case they depend on
time, on the coordinate and on velocity of the motion of the material point: F(¢,7,v).

2. Basic types of kinematic and dynamic problems

a) Classification of problems of kinematics

The main problem of kinematics is determination of the kinematic characteristics of bodies moving rel-
ative to a given system of reference.

Most kinematics problems can be conditionally attributed to the following types of tasks or their com-
binations:

1) kinematics of a material point,

2) the principle of superposition of motions,

3) kinematic coupling equations,

4) kinematics of the simplest mechanical systems.

As arule, one of the types of problems is basic problem, while others are subordinate to the condition of
the problem value.

b) Classification of problems of dynamics

The direct problem of dynamics is the determination of the law of motion of a/body or system of bodies
if the forces acting on these bodies are known.

The inverse problem of the dynamics of a material point consists in finding the forces acting on the
body or system of bodies, if the laws of motion of these bodies are known.

Most problems contain elements of both direct and inverse dynamic problems. As a rule, one of these
tasks has a basic, the other - subordinate to the condition of the task value.

3. General scheme for solving kinematic and dynamic problems

a) General scheme for solving kinematic problems

I. Identify with models of material objects and phenomena.

1. Draw a drawing on which to depict the bodies in question.

2. Select the reference system and depict in its drawing its coordinate system (for convenience reasons).

3. Depict and designate the kinematic characteristics‘of bodies.

4. Select models of bodies and their movements (if this is not done in the condition of the problem).

1. Write the complete system of equations for the unknown quantities.

1. Record in the projections on the coordinate axes:

a) the laws of motion,

b) the laws of velocity variation,

c) laws of acceleration variation.

2. Write down the initial conditions.

3. Write down the equations of kinematic constraints.

4. Use the results of previously solved problems and the special conditions of the problem (for example,
the given relationsbetween the characteristics of the system).

I11. Get the'desired result in analytical and numerical forms.1. Solve the system of obtained equations.

2. Analyze the solution (check the dimension and extra roots, consider the characteristic cases, establish
the region‘of applicability).

3. Obtain a numerical result.

Notes. In-the case of solving problems on the kinematics of the material point in points. 1.3 - 1.2 we are
talking about the kinematic characteristics of a material point, and the point I1.3 should be omitted.

In the case of solving problems on the kinematics of the simplest mechanical systems, in points 1.3 - 1.2
we are talking about the kinematic characteristics of the bodies of the system under consideration.

Points II.1 - I1.3 (including I1.2.a - I1.2.b) can be implemented in a sequence depending on the type of task.

b) General scheme for solving dynamic problems with the help of Newton's laws

L. Identify with models of material objects and phenomena.

1. Draw a drawing on which to depict the considered bodies.

2. Select the reference system and depict in the drawing its coordinate system (for reasons of conven-
ience).

3. Depict and designate all forces and necessary kinematic characteristics of the system.

4. Select models of bodies and their movements (if this is not done in the condition of the problem).
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II. Write the complete system of equations for the unknown quantities.

1. Write the equations of motion in projections on the coordinate axes for all bodies of the system.

2. Use Newton's third law, if this was not done previously in the point 3.

3. Use laws that describe the individual properties of forces:

a) the law of universal gravitation,

b) Hooke's law,

c¢) the Amonton-Coulomb law, etc.

4. Write down the equations of kinematic constraints.

5. Use the results of previously solved problems and the special conditions of the problem.

II1. Get the desired result in analytical and numerical forms.

1. Solve the system of equations.

2. Analyze the solution (check the dimension and extra roots, consider the limiting and special cases,
establish the region of applicability).

3. Obtain a numerical result.

Notes. In the case of solving problems on the dynamics of a material point in points L.3 - II.1 we are
talking about the characteristics of a material point, and paragraph I1.2 should be omitted. In the case of solv-
ing problems on the dynamics of the simplest mechanical systems, in points 1.3 < I1.2 we are talking about
the characteristics and equations of motion of bodies and forces acting between the bodies of the system un-
der consideration. Items II.1 - I1.4 (including I1.3.a - I1.3.c) can be performed in a sequence depending on the
task to be accomplished [5].

Conclusion. In classical mechanics, acquiring a conceptual understanding of problem has proven to be
one of the most difficult challenges faced by students and master students. Teaching and learning methods
used in classical mechanics and mechanical analysis have traditionally been very theoretical, and reference
material mirrors this approach. This work illustrates teaching method that reacts to the need for increased
conceptual understanding include the use of the theoretical material, knowledge of basic types of problems
and models or schemes for problem solving. Experience shows that this practical approach, used by many
teachers of mechanics has been shown to be a promising:way forward.
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I'/A. Ecen6aena, /I.H. Ecb6aea, K.C. Kyrumos, JI.A.-X. Hypramu, T.X. MakaxaHoBa

KunemaTuka MeH IMHAMUKAHBIH MeXaHUKAJIbIK
TANCHIPMAJIAPBIH ey TCiJAepiHiH 0ipi TypaJbl

Makasaga MexaHHKara HaKThl FhUIBIMZApJa KOJAAHBUIATBIH MOcenenepii IeuryaiH Oip omiciH KommaHy
Typajbl aiThulFaH. Bys onic KypbUIBIMBIHBIH HETi3ri KOMIIOHEHTTEPi aHBIKTAIFaH JXOHE MEXaHHKaHBIH
MacelieJIepiH IIenIy/AiH Heri3ri ke3enaepi cunartairad. J[oa FbUIBIMIapaaFrbl MOCENeNepdi IIenyre JereH
KO3Kapac, JKajmbl aiiTKaHIa, KJIaCCUKAIIBIK OOJNBIN TaObLIazbl, Oipak ochl oficTi Oenrimi Oip MoOHAIK canmara
KOJJaHy, OChl MaKajlaja KepCeTUIreHaei, NpPaKTHUKAIBIK KOJJAHYABIH epeKIIETIKTepiH TYyIbIpapbl.
3eprrenerin MoceNeIepi Wellyre JereH TICili KHHeMaTHKa MeH IHHAMHKa/IaFbl MEXaHHUKAJIbIK MACeeepre
apHaiFaH. bacTel Hazap OChI OIiCTEp/iH Heri3ri carpulapbiHa OGarbiTTanfaH. KHHeMarTka »KoHE IHMHAMHKA
OOMbIHIIIA TCOPHSIIBIK MAaTEPHal KbICKA KOJIeM/Ie MoceleNep/i Melly YIliH KaKEeTTi apHailbl TaHaan ajJbHFaH
JKOHE THIMJI TYpJe TYXKbIpbiMiairaH. KuHeMaTrka oHe MHAMHKA MOCeJIeNepiH KIKTey Ke3iHIe ONapblH
HeTi3ri Typiaepi Oepinren. KuHemarnka >koHe AMHAMHMKa MocellelepiH IIENIyre apHaiFaH KYpbUIBIMIAp
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KaIIbl TYpAE oKacaidbl, OipaK ecKepTyJep HakTbl Karjaiilapra apHajlfaH YCBIHBUIFAH LICLIM
KYPBUIBIMIAAPbIH NaiiiaiaHy Typaibl TYCiHIK Oepai. Makanana MexaHUKTep, (GH3HKTEPre KOHE TEXHUKAIBIK
MaMaHJbIKTap/a OKUTBIH CTYAEHTTEPre apHaJFaH.

Kinm cesdep: KHHEMAaTUKa, JUHAMHUKa, KYHITEP, KO3FaJbIC TeHz[eynepi, KHMHEMaThuKa MCH JUHaMHKaHbIH
Heri3ri Typnepi, KHWHEMaTUuKa MEH JUHAMHKa MQCCJ’IGJ’IepiH menry cxemachl.

I'.A. EcenbaeBa, /[.H. Ecbaesa, K.C. Kytumos, JI.A.-X. Hypranu, T.X. MakaxaHnoBa

00 onHOM MOIX0/1€e K pelIeHUI0 MEXaHUYECKNX
3a7a4 KHHEMaTHKH U JMHAMUKH

CraThsl OCBSIIIIEHA BONIPOCY IPHIIOKEHUSI K MEXaHHKE OJHOTO M3 METOJOB PELICHHs 3a]ad, IPHUMEHSEMBIX
B TOYHBIX HayKax. B cTaTbe mpezcTaBieHa CTpyKTypa JaHHOTO METO[a, BEIJIEIEHBI U 0XapaKTepH30BaHbI e
OCHOBHBIE KOMITOHEHTHI, OTMEUCHEI MOMEHTHI, Ha KOTOpPBIE CllelyeT oOpaTHTh BHIMaHUE, OIMCAaHbI OCHOB-
HBIE 3Talbl PEeNIeHHs 331a49 MeXaHuKU. PaccMaTprBaeMblil MOIX0/] K PEIICHNIO 33/1a4 B TOYHBIX HAyKaX, BO-
o011e roBopsi, SABIACTCA KIACCHYECKUM, OJHAKO NPUMEHEHUE 3TOr0 METOJa K KOHKPETHOH MPEeAMETHOH 00-
JacTH BieyeT 3a coboil crenupuyeckue 0COOCHHOCTH MPAKTHYECKOTO MPUIIOKEHHUS, KOTOPHIC OTMEUYEHbI B
JaHHOH cratbe. Vccnenyemblii MOAXO peIleHHs 3a/1ad NMPOJEMOHCTPUPOBAH Ul MEXaHM4ECKuX 3a1ad 1o
KHHEMaTHKe 1 auHamuke. OCHOBHOE BHUMAHUE aKIICHTHPYETCS Ha KIIIOYEBbIX 3Tanax JAaHHOro Merona. Teo-
peTHdecKuil MaTepuai Mo KHHEMaTHKe W JJMHAMUKE CIEeNUaIbHO MOA00paH M PaOHAIFHO CHOpMyIHPOBaH
B HEOOXOJMMOM JJISl pelIeHHs 3a/iad KpaTkoM oObeme. B xiaccudukanuy 3a7ad KHHEMAaTHKA M ANHAMHUKA
JaHBl UX OCHOBHBIE THIBI. CXEeMBI peneHys 3aad KHHEMAaTHKH U JMHAMUKH COpMYIIMPOBaHEI B Hanboiee
obmel popMme, HO B 3aMEUAHMSIX HAIOTCS ITOSICHEHHS HCIONB30BAHMS IPEICTaBICHHBIX CXEM PEUICHHS IS
YyacTHBIX ciaydaeB. CTaThsl OpMEHTHPOBaHA TJIABHBIM 00pa30M Ha CTYIEHTOB — MEXaHUKOB, (PU3UKOB U 00y-
YAIOIIMXCS HA TEXHUYECKHUX CIICIUAIBHOCTSIX.

Kniouesvle cnosa: KHMHEMATHKa, TMHAMUKa, CUJIbl, YDaBHEHUS ABHKCHHUSA, OCHOBHBIC TUIIBI 3a/1a4 KUHEMAaTUKH
U IUHAMHKH, CXEMBbI PEHICHUA 3a/1a4 KWHEMAaTUKU U JUHAMUKH.
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