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Aim. To obtain analytically new dependencies, determining the indicator of motion controllability of a wheel
machine-tractor aggregate, taking into consideration external forces, constructive and kinematic parameters
of the aggregate while the latter moves in the transport mode. Methods. The methods of tractor and vehicle
theories, theoretical mechanics, the theory of dynamic stability, and methods of numeric computer calculations.
Results. A new theory of motion controllability of a wheel machine-tractor aggregate during its non-linear motion along the surface of the soil at an angle to the horizontal was elaborated. The analytic expressions for the
determination of the actual indicator of aggregate controllability, including force and constructive parameters
of a machine-tractor aggregate, affecting this indicator in the longitudinal-vertical plane were made. The analytic expressions were obtained for the transport mode of the aggregate movement. The conditions, in which
cross slips of the directive wheels of the tractor with implements in the longitudinal plane were analytically
considered for the ¿rst time. The analytic expressions for the determination of the required indicator of the
controllability of the machine-tractor aggregate in the longitudinal plane, excluding any possibility of a cross
slip of the aggregate while turning its directive wheels at a certain angle, were de¿ned. Conclusions. Computer
calculations demonstrated that during the non-linear movement along the surface of the soil at an angle of 12°
to the horizontal the wheel machine-tractor aggregate will be controllable only if the wheel turning angles for
the tractor with implements do not exceed 9°. In case of the working motion of this aggregate along the slope,
its controllability is preserved on condition that the turning angle of directive wheels does not exceed 11°. It
was established that the controllability of the wheel machine-tractor aggregate is determined by the actual Ȝd
and required Ȝɨ indicators of controllability, which take into consideration the values of the vertical load on the
directive wheels of the power source, the possibility of their turn in the longitudinal plane, and the pull during
the deviation from rectilinear motion when it moves along the surface at an angle to the horizontal.
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INTRODUCTION
The controllability of the motion of machine-tractor
aggregates, based on wheel power sources, is one of
the main indicators of their performance. Recent analytic considerations of this issue have yielded several
variants of solving this complicated technical task.
However, in the prevailing majority of cases, the con-

trollability of the two-dimensional motion of wheel
machine-tractor aggregates is estimated using the indicator Ȝd, used to determine the limits of vertical load
on its front steer wheels, if they have a suf¿ciently
stable contact with the soil surface and ensure the required motion controllability. Here there is a dependence, with which the vertical load on the directive
wheels of the tractor with implements should have the
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value, equal at least 0.2 from its operating weight, i.e.
Ȝd  0.2.
It is absolutely obvious that this estimation indicator takes into consideration the state of the conditional
equilibrium of the machine-tractor aggregate during its
motion in the longitudinal-vertical plane only. In conditions of actual exploitation a modern machine-tractor aggregate can both move on the slopes at an angle
Į  12º, and have rather suf¿cient stability in the diametral plane. One should also consider a signi¿cantly
increased translational velocity of modern machinetractor aggregates, and the fact that it requires the directive wheel turns at the angles of ȕ and the presence
of angles į of the pull of its tires.
On the other hand, while estimating the equilibrium
conditions of the machine-tractor aggregate in the longitudinal-vertical plane without any consideration of
parameters Į, ȕ, and į, then theoretically, the condition
Ȝd  0.2 may be quite achievable by mere re-distribution of weight, i.e. by ballasting (putting on some ballast weight) on its front directive wheels. However, in
actual exploitation conditions (with angles Į, ȕ, and į),
this condition may seem unachievable, due to which
some machine-tractor aggregate may prove to be actually uncontrollable.
Since the angle parameters Į, ȕ, and į have a considerable effect on motion parameters and the controllability indicator for the wheel machine-tractor aggregate, there is a need for determining the analytic
dependence, reÀecting the degree of the impact of these
parameters.
The study of the controllability of the motion of a
wheel tractor while implementing different agricultural
machines is dedicated many publications with detailed
analysis of its equilibrium conditions in the longitudinal-vertical plane [1–3].

the two-dimensional motion of machine-tractor aggregates along the slope is dedicated the works [9í12],
but they do not consider the criteria of motion stability,
similar to the criterion Ȝd or any other criteria.
The aim of the current work is to obtain analytically
new dependencies, determining the indicator of motion
controllability of a wheel machine-tractor aggregate,
taking into consideration external forces, constructive
and kinematic parameters of the aggregate while the
latter moves in the transport mode.
MATERIALS AND METHODS
The theoretical studies were conducted using the
methods of tractor and vehicle theories, theoretical mechanics, the theory of dynamic stability, and methods
of numeric computer calculations.
RESULTS AND DISCUSSION
To have theoretical studies, at ¿rst we shall use the
equation for the determination of the controllability indicator for the machine-tractor aggregate Ȝd in the following form:

where NB – vertical load on the directive wheels of a
tractor; Gt – operating force of the weight of the tractor.
However, in some circumstances the condition (1)
may turn out to be insuf¿cient to provide for satisfactory controllability of machine-tractor aggregates. It is
especially relevant in case of their non-linear motion
along the surface at some angle to the horizontal. Here
the non-linearity of the aggregate motion results from
the reaction of the tractor with implements on the steering impact – the turning angle of its steer wheels ȕ.

The dynamics of the motion of machine-tractor aggregates with the consideration of angles Į and ȕ was
studied by many researchers [6í9]. The equations obtained did not consider the impact of the re-distribution
of forces, acting on the front and back axles of a wheel
tractor in the longitudinal-vertical plane. The study of

Let us have analytic consideration of the transport
motion of the plowing machine-tractor aggregate in
the combination of a wheel tractor with implements,
class 1.4, and the three-furrow plough, assembled at the
back of it (in the upright position). Let us elaborate the
equivalent scheme in the longitudinal-vertical plane,
using the known methods of the theory of tractor and
vehicle. According to this scheme, the machine-tractor
aggregate has its transport non-linear motion upwards
along the surface of the soil at the angle Į (Fig. 1) to
the horizontal. To simplify the analytic research in the
¿rst approximation, let us think that the contacts, which
the steer wheels of the tractor with implements have
with the soil, occur in points Ⱥ and ȼ. To compose the
required equations of equilibrium of the considered
mechanic system in the longitudinal-vertical plane, let
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The works [4í8] suggest the abovementioned indicator Ȝd as a criterion of controllability, but the equations
of the motion of the machine-tractor aggregate along
the slope in the longitudinal-vertical plane, considered therein, do not take into account the turns of steer
wheels of the tractor with implements or the angles of
the pull of the tires of its steer wheels.
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Fig. 1. The scheme of the forces, acting on the wheel machine-tractor aggregate during its transport motion upwards

us choose the Àat Cartesian coordinate system xAy with
the origin of coordinates in the point Ⱥ of the contact of
back wheels of the tractor and the soil. The X-axis Ax
will be directed along-track of the aggregate, and the Yaxis Ay í upwards, i.e. perpendicularly to the direction
of the aggregate motion. Therefore, the axis Ax is also
at the angle of Į to the horizontal.
The mentioned motion of the aggregate occurs only
under the impact of the moving force of the back wheels
of the tractor FA, applied in the point Ⱥ. The drive
mechanism of the tractor front axle is switched off, and
the Àoating resistance force PfB, applied in the point ȼ,
acts on its steer wheels. The force of the tractor weight
Gt is applied in the center of the tractor weights (point
ɋ with coordinates at, ht). In addition, normal reactions
of the soil to the steer wheels of the tractor are shifted
some distance off the points of its wheel tires contacting the soil: by az from the point Ⱥ the reaction NA
is shifted along-track of the aggregate, and by ap from
the point ȼ the reaction NB is also shifted in the direction of the motion (Fig. 1).
The impact of the plough on the wheel tractor is represented by the force of the weight of the ploughing
device Gm, concentrated in the point Ɇ with the coorAGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016

dinates bm and hm and shifted from the axis Ay by the
angle of Į. It is noteworthy that the construction of the
power source (a wheel tractor) envisages the ballasting of its front axle with the force of the weight Gb,
concentrated in the point D with the coordinates (L +
+ d) and hb (Fig. 1).
Only two forces from the ones, affecting the mentioned machine-tractor aggregate, are unknown: normal reactions on the front NB and back NA axles of the
tractor. Finding them requires the elaboration of a system, consisting of two equations of aggregate equilibrium in the form of equal-zero sum of projections of all
the forces on the axle Ay and the sum of the moments of
all the forces regarding the point Ⱥ, namely:

where L – longitudinal basis of the tractor; ap, az – action baselines of reactions NB and NA.
Let us introduce the following legend:
K1 = Gt(atcosĮ – htsinĮ),
K2 = Gm(bmcosĮ + hmsinĮ),
K3 = Gb[(L + d)cosĮ – hbsinĮ].

(3)
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gregate, and the conditions of its motion (angle Į, coef¿cient fk). However, all of them affect the indicator
Ȝd only in the longitudinal-vertical plane. At the same
time, during the non-linear motion of the machinetractor aggregate at a certain value of the reaction NB
(and thus, of the indicator Ȝd) there may be such unloading of the steer wheels of the tractor, which will
condition their cross slip in the horizontal plane. Both
the controllability and total stability of the aggregate
motion will decrease as a result. In some conditions
the machine-tractor aggregate may become uncontrolled at all.

Fig. 2. The scheme of forces, affecting the front "equivalent"
wheel of the tractor in case of the turning angle ȕ in the horizontal plane during the transport motion of the ploughing
machine-tractor aggregate

Then after the value substitution (3) in the system of
equations (2) it gets the form:
(Gt + Gb + Gm)cosĮ – NB – NA = 0,
K1 – K2 + K3 – NAaz – NB (L + ap) = 0.

(6)

where fk – coef¿cient of Àoating resistance; Rf, Rr –
radii of Àoating for front and back wheels of the tractor.
Taking into consideration (6), the equation (5) transforms into the equation of the following kind:

Taking into consideration (1) and (7), the equation
for the determination of the controllability indicator Ȝd
has the following ¿nal form:

It follows from the equation (8) that the ful¿llment of
the condition (1) depends on many factors. The latter
are both force (Gt, Gm, Gb) and constructive (ɚt, bm, d, ht,
hm, hb, L, Rr, Rf) parameters of the machine-tractor ag6

It has already been stated that the front axle of the
tractor, on the side of the tractor frame, is affected by
the moving force FA. It follows from the equilibrium
equation, written in the form of equal-zero sum of projections of all the forces on the axle Ax (Fig. 1), that by
the module this force will equal:
FA = (Gt + Gb + Gm)sinĮ + fkNB .

The system of equations (4) yields the value of the
reaction NB:

It is known from the theory of tractor [1] that
ap = fk Rf ,
ap = fk Rr ,

Let us present the front wheels of the tractor as one
“equivalent” wheel [10–12], located in the plane, passing through the longitudinal axle of the tractor symmetry, for our following theoretical analysis (Fig. 2).

(9)

It should be also noted that in the horizontal plane
the projection of the force PfB, applied in the point ȼ,
is shifted from the longitudinal axle of the symmetry
of the front “equivalent” wheel at the angle of the tire
pull į. In this case it is determined by the following
equation:
PfB = fkNB .
(10)
Taking this fact into consideration, we use (9) and
(10) to obtain the value of the force FA:
FA = (Gt + Gb + Gm)sinĮ + fkNB .

(11)

In case of a steering impact – the directive wheel
turning angle ȕ – the longitudinal constituent FAP of the
force FA pushes the “equivalent” wheel along-track,
and the cross constituent FAB, along with the inertial
force of the front axle PJ, tries to dislocate it to the side
(Fig. 2).
The impact of all the side forces from the soil on the
«equivalent» wheel results in the reaction of friction
Ft. As follows from the scheme of forces, presented in
Fig. 2, the condition of this wheel motion without any
cross slip is expressed by the following inequality:
Ft  FAB – PfBsinį + PJcosį .

(12)

The friction reaction Ft depends on the friction coef¿cient for the "equivalent" wheel and the soil ft and the
AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016
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value of the vertical load on the directive wheels of the
tractor NB. Thus, its value will equal:
Ft = ftNB .

(13)

It also follows from the analysis of the data for the
force scheme (Fig. 2) that the force FAB will equal:
FAB = FAsinȕ .

(14)

The inertial force of the front axle of the tractor will
be de¿ned by the expression:

where V – the velocity of the transposition of the point
ȼ (Fig. 2), which, with a suf¿cient degree of accuracy,
may be deemed to be equal the velocity of the motion
of the machine-tractor aggregate; g – free-falling acceleration; RB – turn radius of the front axle of the tractor.
According to >13], its value will equal:

After putting (16) in (15), we have:

Taking into consideration (11), (13), (14), and (17),
the equation (12) gets the following form:

Fig. 3. The dependences of the actual Ȝd (curves 1) and required Ȝo (curves 2) values of the controllability of the transport machine-tractor aggregate on the wheel turning angles ȕ
of the directive tractor wheels with the angle Į of the slopes
of the road surface Į = 0 º (ɚ); Į = 12 º (b) and the velocity
of the translational movement: 21 – V = 3.5 m/s; 22 – V =
= 5.0 m/s; 23 – V = 7.0 m/s

controllability of the motion of the machine-tractor aggregate will occur only in case of compliance with the
following condition:
0 < Ȝd  Ȝo.
Working with the inequality (18) regarding NB,
we obtain the following value, in case of which this
“equivalent” wheel moves without any cross slip:

Having divided both parts of the inequality (19) by
the force of the tractor weight Gt, we will actually obtain the value Ȝo:

(21)

Let us consider how conditions (1) and (21) are ful¿lled for the machine-tractor aggregate under study,
moving in the transport mode. Here numerous computer calculations are made with the following values
of its initial constructive and kinematic parameters:
Gt = 40 kN; Gb = 0; L = 2.45 m; ɚt = 0.82 m; ht = 0.9
m; Gm = 4.5 kN; bm = 2.2 m; hm = 1.25 m; Rr = 0.73 m;
Rf = 0.46 m; d = 0.7 m; hb = 1.0 m; fk = 0.12; ȕ = 0…30ɨ;
į = 0.01·ȕ; V = 3…7 m/s.
The results of numerous computer calculations in the
composed program were used to compose the charts,
where the dependences of controllability indicators for
the machine-tractor are presented (Fig. 3).

Thus, the equation (8) presents the actual value of
the aggregate controllability Ȝd, and the dependence
(20) de¿nes its required value Ȝd. Here the satisfactory

The calculations demonstrated that in some cases
this machine-tractor aggregate will be controllable
even with its non-linear motion along the road with-
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this machine-tractor aggregate is controllable. Its controllability will be preserved at the velocity of 7 m/s,
but in this case the wheel turning angle b should not
exceed 5 º (curve 23, Fig. 3, b).

Fig. 4. The dependencies of the actual Ȝd (curve 1) and required Ȝo (curves 2) values of the controllability indicators
for the machine-tractor aggregate on the value of the ballasting on the front axle of the wheel tractor and the velocity of
its movement: a = 12 º; b = 10 º; 21 – V = 3.5 m/s; 22 – V =
= 5.0 m/s; 23 – V = 7.0 m/s

out any slope (a = 0) in the longitudinal-vertical
plane.
Thus, with the velocity of the translational movement
of V = 3.5 m/s and less, the controllability of the machine-tractor aggregate will be preserved in the whole
range of the change in the turning angle b of the directive tractor wheels (curve 21, Fig. 3, ɚ), as the condition
(21) is ful¿lled. At the same time, while moving with
the velocity of 5 m/s (18 km/h), the machine-tractor
aggregate will be controllable only if the value of the
angle b does not exceed 16 º (curve 22, Fig. 3, ɚ). When
the machine-tractor aggregate is moving with the velocity of 7 m/s (25.2 km/h), the condition (21) will not
be violated, and the controllability will be preserved, if
the value of the wheel turning angle b of the directive
tractor wheels changes in the range of 0…11 º (curve
23, Fig. 3, ɚ).

One of the suggested ways to solve this technical
problem is the ballasting of the front axle of the wheel
tractor. The results of computer calculations were used
to build graphic dependences of the values of the controllability indicators for the machine-tractor aggregate
on the value of ballasting on the front axle of the tractor
(Fig. 4). It was determined that the increase in the value
of the parameter Gb leads to the increase in the load Nb
on the directive wheels of the power source along with
the indicator Ȝd (curve 1, Fig. 4). The calculations demonstrated simultaneous increase in the required value
of the controllability indicator, i.e. Ȝo. But it is different for different velocities of the aggregate motion. The
analysis of the data in Fig. 4 also demonstrates that at
a = 12 º, b = 10 º and V = 3.5 m/s the condition (21)
may be ful¿lled with the value of the ballast of
Gb  1 kN. Here the weight of the ballast will equal
Gb = 1.020 kg.
If the aggregate moves with the velocity of 5 m/s, the
equality of the actual Ȝd (curve 1, Fig. 4) and required
Ȝo (curve 22) indicators of the controllability will take
place at the value of the ballast of 3 kN (the ballast
weight will equal Gb = 3.060 kg).
At the same time the condition (21) for the controllable (and thus stable) motion of the wheel machinetractor aggregate under study with the velocity of 7 m/s
(25.2 km/h) will be possible for the ballasting of the
front axle of the tractor of Gb = 33 kN (ballast weight
will equal Gb = 3.364 kg). It is quite evident that it is
practically unrealistic to place such a ballast weight on
the front axle of a wheel tractor of 1.4 drawbar category.

In many countries the normative operation documents
for tractors stipulate that the tractor in the composition
of any machine-tractor aggregate should be able to
have stable movement along the slopes of at least Į =
= 12 º. In case of the ploughing aggregate under study,
the condition (1) for its linear movement is not ful¿lled,
as the actual value of the indicator Ȝd = 0.11 (curve 1,
Fig. 3, b) is lower than its normative value. However,
the ¿nal conclusion on the controllability or uncontrollability of the machine-tractor aggregate may be drawn
only after checking the condition (21). The calculations
using the dependence (20) demonstrate that with the
value of the directive wheel turning angle b not exceeding 8° and the velocity of its movement V £ 3.5 m/s the
condition (21) is ful¿lled (curve 21, Fig. 3, b) and thus

The analysis of the controllability of the machinetractor aggregate should involve the indicator, taking
into consideration both the value of the vertical load
on the directive wheels of the power source and the
possibility of their turning and the pull in case of the
machine-tractor aggregate diverting from its linear motion and its transposition at an angle to the horizontal.
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Therefore, the application of ballasts on the front axle
of the directive wheels on any wheel power source may
solve the problem of controllability of non-linear motion of the machine-tractor aggregate only for a speci¿c
range of velocities.
CONCLUSIONS
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There is an obtained analytical expression to determine the controllability indicator for the machinetractor aggregate, which conditions its required value
Ȝo and considers the interrelation both with force and
constructive parameters of the machine-tractor aggregate, and with the conditions of its motion.
The controllability of the machine-tractor aggregate
may be considered suf¿cient, if the actual (calculated
by the formula (8)) and required (calculated by the
formula (20)) values of the controllability indicator
for the aggregate meet the condition, de¿ned by the
equation (21).
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ɿ ɧɟɨɛɯɿɞɧɢɦ Ȝɨ ɩɨɤɚɡɧɢɤɚɦɢ ɤɟɪɨɜɚɧɨɫɬɿ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ ɜɟɥɢɱɢɧɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɤɟɪɨɜɚɧɢɯ ɤɨɥɟɫɚɯ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɡɚɫɨɛɭ, ɦɨɠɥɢɜɿɫɬɶ ʀɯɧɶɨɝɨ
ɩɨɜɨɪɨɬɭ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ, ɚ ɬɚɤɨɠ ɜɿɞɜɟɞɟɧɧɹ
ɩɪɢ ɜɿɞɯɢɥɟɧɧɿ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɭ ɜɿɞ ɩɪɹɦɨɥɿɧɿɣɧɨɝɨ ɧɚɩɪɹɦɭ ɩɪɢ ɣɨɝɨ ɪɭɫɿ ɩɨ ɩɨɜɟɪɯɧɿ, ɧɚɯɢɥɟɧɿɣ ɩɿɞ ɤɭɬɨɦ ɞɨ ɝɨɪɢɡɨɧɬɭ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɥɿɫɧɢɣ ɬɪɚɤɬɨɪ, ɦɚɲɢɧɧɢɣ ɚɝɪɟɝɚɬ,
ɫɢɥɨɜɚ ɫɯɟɦɚ, ɩɨɤɚɡɧɢɤ ɤɟɪɨɜɚɧɨɫɬɿ, ɪɿɜɧɹɧɧɹ ɪɿɜɧɨɜɚɝɢ.
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ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ
ȼ. ȼ. Ⱥɞɚɦɱɭɤ 1, ȼ. Ɇ. Ȼɭɥɝɚɤɨɜ 2,
ȼ. Ɍ. ɇɚɞɵɤɬɨ 3, ɂ. ȼ. Ƚɨɥɨɜɚɱ 2
e-mail: adamchukvv@mail.ru; vbulgakov@meta.ua
1

ɇɚɰɢɨɧɚɥɶɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ «ɂɧɫɬɢɬɭɬ ɦɟɯɚɧɢɡɚɰɢɢ
ɢ ɷɥɟɤɬɪɢɮɢɤɚɰɢɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ»
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ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɛɢɨɪɟɫɭɪɫɨɜ
ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɍɤɪɚɢɧɵ
ɍɥ. Ƚɟɪɨɟɜ Ɉɛɨɪɨɧɵ, 15, Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 03041
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Ɍɚɜɪɢɱɟɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ
ɚɝɪɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ
ɉɪ. Ȼɨɝɞɚɧɚ ɏɦɟɥɶɧɢɰɤɨɝɨ, 18, Ɇɟɥɢɬɨɩɨɥɶ,
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Ɇɟɬɚ. Ɉɬɪɢɦɚɬɢ ɚɧɚɥɿɬɢɱɧɨ ɧɨɜɿ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɩɨɤɚɡɧɢɤ ɤɟɪɨɜɚɧɨɫɬɿ ɪɭɯɭ ɤɨɥɿɫɧɨɝɨ ɦɚɲɢɧɧɨɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɭ, ɹɤɢɣ ɜɪɚɯɨɜɭɽ ɡɨɜɧɿɲɧɿ ɫɢɥɢ,
ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɚɝɪɟɝɚɬɭ ɩɪɢ ɣɨɝɨ ɪɭɫɿ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɪɟɠɢɦɿ. Ɇɟɬɨɞɢ. Ɇɟɬɨɞɢ ɬɟɨɪɿʀ
ɬɪɚɤɬɨɪɚ ɿ ɚɜɬɨɦɨɛɿɥɹ, ɬɟɨɪɟɬɢɱɧɨʀ ɦɟɯɚɧɿɤɢ, ɬɟɨɪɿʀ
ɫɬɿɣɤɨɫɬɿ ɪɭɯɭ, ɚ ɬɚɤɨɠ ɦɟɬɨɞɢ ɱɢɫɟɥɶɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚ
ȿɈɆ. Ɋɟɡɭɥɶɬɚɬɢ. Ɋɨɡɪɨɛɥɟɧɨ ɧɨɜɭ ɬɟɨɪɿɸ ɤɟɪɨɜɚɧɨɫɬɿ
ɪɭɯɭ ɤɨɥɿɫɧɨɝɨ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɭ ɩɪɢ ɣɨɝɨ
ɧɟɩɪɹɦɨɥɿɧɿɣɧɨɦɭ ɪɭɫɿ ɩɨ ɩɨɜɟɪɯɧɿ ɝɪɭɧɬɭ, ɧɚɯɢɥɟɧɿɣ
ɩɿɞ ɤɭɬɨɦ ɞɨ ɝɨɪɢɡɨɧɬɭ. ɋɤɥɚɞɟɧɨ ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ ɞɥɹ
ɜɢɡɧɚɱɟɧɧɹ ɞɿɣɫɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɤɟɪɨɜɚɧɨɫɬɿ ɚɝɪɟɝɚɬɭ, ɳɨ
ɜɤɥɸɱɚɸɬɶ ɫɢɥɨɜɿ ɿ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɩɚɪɚɦɟɬɪɢ ɦɚɲɢɧɧɨɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɭ, ɹɤɿ ɜɩɥɢɜɚɸɬɶ ɧɚ ɰɟɣ ɩɨɤɚɡɧɢɤ ɜ
ɩɨɡɞɨɜɠɧɨ-ɜɟɪɬɢɤɚɥɶɧɿɣ ɩɥɨɳɢɧɿ. Ⱥɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ ɨɬɪɢɦɚɧɨ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɟɠɢɦɭ ɪɭɯɭ ɚɝɪɟɝɚɬɭ. ȼɩɟɪɲɟ
ɚɧɚɥɿɬɢɱɧɨ ɪɨɡɝɥɹɧɭɬɨ ɭɦɨɜɢ, ɡɚ ɹɤɢɯ ɦɨɠɭɬɶ ɜɢɧɢɤɧɭɬɢ
ɩɨɩɟɪɟɱɧɿ ɤɨɜɡɚɧɧɹ ɤɟɪɨɜɚɧɢɯ ɤɨɥɿɫ ɚɝɪɟɝɚɬɭɸɱɨɝɨ ɬɪɚɤɬɨɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ. ɇɚɫɚɦɤɿɧɟɰɶ ɜɢɩɢɫɚɧɨ
ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɤɟɪɨɜɚɧɨɫɬɿ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɭ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ, ɳɨ ɜɢɤɥɸɱɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɛɿɱɧɨɝɨ
ɤɨɜɡɚɧɧɹ ɚɝɪɟɝɚɬɭ ɩɪɢ ɩɨɜɨɪɨɬɿ ɣɨɝɨ ɤɟɪɨɜɚɧɢɯ ɤɨɥɿɫ ɧɚ

ɐɟɥɶ. ɉɨɥɭɱɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢ ɧɨɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɤɚɡɚɬɟɥɶ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɨɝɨ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɧɟɲɧɢɟ ɫɢɥɵ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ
ɚɝɪɟɝɚɬɚ ɩɪɢ ɟɝɨ ɞɜɢɠɟɧɢɢ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɪɟɠɢɦɟ.
Ɇɟɬɨɞɵ. Ɇɟɬɨɞɵ ɬɟɨɪɢɢ ɬɪɚɤɬɨɪɚ ɢ ɚɜɬɨɦɨɛɢɥɹ, ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɬɟɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɚ
ɬɚɤɠɟ ɦɟɬɨɞɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɧɚ ɗȼɆ. Ɋɟɡɭɥɶɬɚɬɵ.
Ɋɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɬɟɨɪɢɹ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɨɝɨ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɟɝɨ ɧɟɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ, ɧɚɤɥɨɧɟɧɧɨɣ ɩɨɞ ɭɝɥɨɦ ɤ ɝɨɪɢɡɨɧɬɭ. ɋɨɫɬɚɜɥɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɚɝɪɟɝɚɬɚ, ɜɤɥɸɱɚɸɳɢɟ ɫɢɥɨɜɵɟ
ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝ-
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ɪɟɝɚɬɚ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɜ ɩɪɨɞɨɥɶɧɨɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɵ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɚɝɪɟɝɚɬɚ.
ȼɩɟɪɜɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢ ɪɚɫɫɦɨɬɪɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɩɨɩɟɪɟɱɧɵɟ ɫɤɨɥɶɠɟɧɢɹ ɭɩɪɚɜɥɹɟɦɵɯ ɤɨɥɟɫ ɚɝɪɟɝɚɬɢɪɭɸɳɟɝɨ ɬɪɚɤɬɨɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ȼ ɢɬɨɝɟ ɜɵɩɢɫɚɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɢɫɤɥɸɱɚɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɤɨɜɨɝɨ
ɫɤɨɥɶɠɟɧɢɹ ɚɝɪɟɝɚɬɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɟɝɨ ɭɩɪɚɜɥɹɟɦɵɯ ɤɨɥɟɫ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ. ȼɵɜɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɧɚ ɗȼɆ ɪɚɫɱɟɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɟɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ, ɧɚɤɥɨɧɟɧɧɨɣ ɤ ɝɨɪɢɡɨɧɬɭ ɩɨɞ ɭɝɥɨɦ 12 ɨ, ɤɨɥɟɫɧɵɣ ɦɚɲɢɧɧɨɬɪɚɤɬɨɪɧɵɣ ɚɝɪɟɝɚɬ ɛɭɞɟɬ ɭɩɪɚɜɥɹɟɦ ɬɨɥɶɤɨ ɬɨɝɞɚ,
ɤɨɝɞɚ ɜɟɥɢɱɢɧɵ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɭɩɪɚɜɥɹɟɦɵɯ ɤɨɥɟɫ ɟɝɨ
ɚɝɪɟɝɚɬɢɪɭɸɳɟɝɨ ɬɪɚɤɬɨɪɚ ɧɟ ɩɪɟɜɵɫɹɬ 9 ɨ. ɉɪɢ ɪɚɛɨɱɟɦ
ɞɜɢɠɟɧɢɢ ɞɚɧɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨ ɧɚɤɥɨɧɧɨɦɭ ɭɱɚɫɬɤɭ ɟɝɨ
ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɟɫɥɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɭɩɪɚɜɥɹɟɦɵɯ ɤɨɥɟɫ ɬɪɚɤɬɨɪɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 11 ɨ.
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɤɨɥɟɫɧɨɝɨ ɦɚɲɢɧɧɨɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ Ȝd
ɢ ɬɪɟɛɭɟɦɵɦ Ȝɨ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ, ɤɨɬɨɪɵɟ
ɭɱɢɬɵɜɚɸɬ ɜɟɥɢɱɢɧɵ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɭɩɪɚɜɥɹɟɦɵɯ ɤɨɥɟɫɚɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ, ɜɨɡɦɨɠɧɨɫɬɶ
ɢɯ ɩɨɜɨɪɨɬɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɭɜɨɞ
ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɦɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢ ɟɝɨ ɞɜɢɠɟɧɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɤɥɨɧɟɧɧɨɣ ɩɨɞ ɭɝɥɨɦ ɤ ɝɨɪɢɡɨɧɬɭ.
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɥɟɫɧɵɣ ɬɪɚɤɬɨɪ, ɦɚɲɢɧɧɵɣ ɚɝɪɟɝɚɬ,
ɫɢɥɨɜɚɹ ɫɯɟɦɚ, ɩɨɤɚɡɚɬɟɥɶ ɭɩɪɚɜɥɹɟɦɨɫɬɢ, ɭɪɚɜɧɟɧɢɹ
ɪɚɜɧɨɜɟɫɢɹ.

