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Abstract. The article uses approaches to creat-
ing a model for calculating soil cutting forces by
spatially oriented working units of construction ma-
chines used on construction sites. The use of such a
model is due to the need for continuous improve-
ment of existing equipment and the creation of new
ones, taking into account the existing needs. Today,
there is a need for efficient performance of construc-
tion works related to the operation of construction
equipment with dumping equipment. This, in turn,
poses the task of determining the performance of
mechanised earthworks in various working environ-
ments, one of the most common in Ukraine being
marl clay, loam and argillaceous clay.

The main method of mechanical soil develop-
ment is cutting. The main geometric conditions are
the position of the cutting wedge edge relative to the
cutting direction and the surface of the massif, the
outline of the cutting edge, the outline and number
of working surfaces of the cutting wedge, the num-
ber of so-called side cut surfaces and the so-called
blocked cut surfaces. The peculiarity of the digging
process is that its power and energy indicators de-
pend on the kinematic conditions and geometric pa-
rameters — thickness, width and area of the cut, as
well as on the angles of orientation of the working
unit in space.

The computational model was created in accord-
ance with the working hypothesis, where the move-
ment of spatially oriented knives moves perpendic-
ular to the blade equipment, at different ratios of the
blade movement speed and knife movement, which
creates spatial interaction with the working environ-
ment, and the deviation of the application of the full
cutting force by an angle a.

In accordance with the working hypothesis, we
obtained five plans for the movement of the spa-
tially oriented blade of the blade. Depending on the
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plan of movement of the spatially oriented knife, its
geometric interaction with the working environment
changes and the cutting force changes accordingly.

The need to create more productive and efficient
earthmoving equipment requires the use of modern
design solutions. In the course of the study, a model
for calculating the cutting of soils by spatially ori-
ented earthmoving tools in the form of a dihedral
knife of dump equipment was created. A compari-
son of soil cutting forces at different depths during
the operation of a spatially oriented working body is
also proposed. The results are summarised in the
form of tabular data and graphs.

Keywords: parametrization, bulldozer blade,
cutting force, spatially oriented, angle of rotation
in plan.

INTRODUCTION

Most calculations of earthmoving equipment
knives and teeth are based on the assumption
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that the parameters of the working tool do not
change when it interacts with the soil [1,15].

Changes in parameters due to the multi-vec-
tor action of the working body parts are poorly
understood. Therefore, it is particularly relevant
to develop a methodology for determining the
parameters and cutting forces of a spatially ori-
ented blade of dumping equipment [14].

ANALYSIS OF RESEARCH

The main method of mechanical destruction
of soils is cutting. The main geometric condi-
tions are the position of the cutting wedge edge
relative to the cutting direction and the surface
of the massif, the outline of the cutting edge, the
outline and number of working surfaces of the
cutting wedge, the number of so-called side cut
surfaces and the so-called blocked cut surfaces.
These features are used to distinguish the dif-
ferent types of process and create a classifica-
tion of cutting types [6,16,19,20].

When operating an earthmoving machine
with an oblique cut, the interaction of the knife
with the soil is spatial, which is manifested in
the formation of a trapezoidal cross-section in
the asymmetrical slot.

In order to quantify the influence of the spa-
tial process, it is proposed to consider the force
P as a component of parts corresponding to the
nature of soil resistance in different parts of the
fracture area in front of the knife. Thus, the
force P of oblique cutting of soils is defined as
the sum of three components Ps — the force to
overcome soil resistance by the front edge of
the knife, Ps — the force to overcome soil frac-
esture resistance in the lateral extensions of the

slot, and Psc — the force to overcome soil cut
resistance by the side edges of the knife [17,18].

The difference between Pr for rectangular
cutting and Ps for oblique cutting is proposed to
be taken into account by the coefficient o,
which depends on the h/b ratio and the angle yp
of the knife's rotation in the plan.

The forces Ps and Ps depend, in addition to
the soil properties, only on the thickness of the
cut and the angle yp of the blade in the plan
view. The effect of the angle of rotation of the
knife in the plan on the change in these forces
is taken into account by the coefficients ¢s and

0sc[2] (Fig. 7,8).
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The h/b ratio between the thickness and the
width of the cut, the size of the side extensions
increases proportionally with increasing cut
thickness, while the width remains constant
[9,11]. When the cutting thickness reaches the
so-called critical cutting depth, the growth of
the lateral widening of the slot stops and the in-
tensive growth of the areas of lateral soil cut by
the knife ribs begins. The soil in front of the
knife beyond the critical cutting depth is
pressed into the massif on the sides of the knife
and is not separated from the massif. Therefore,
the critical cutting depth corresponds to the
minimum power consumption [5,7,13].

The peculiarity of the digging process is that
its power and energy indicators depend on the
Kinematic conditions and geometric parameters
— thickness, width and cut area, as well as on
the angles of orientation of the working body in
space [3,8,].

Fig. 1. P — frontal cutting force; N — is the normal
cutting force; P, — is the orthogonal cutting force; 6
— cutting angle; yo — angle of rotation in the plan.

RESEARCH AIM

Development of a methodology for calculat-
ing the parameterisation of soil cutting by a spa-
tially oriented knife depending on the cutting
force applied.

RESEARCH RESULTS

Using the data obtained during the vector
calculation, we apply the vector denoting the di-
rection of the cutting force to the spatially ori-
ented knife of dynamic action, taking into ac-
count the angle a, an indicator of the direction
of application of the cutting force, we can find
the change in the angle yp of the knife rotation
in the plan [4].
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The use of a dihedral knife results in two pla-
nar rotation angles ypiv.1 and ypiv.2 correspond-
ing to each of the edges and a change in the cut-
ting width b.

These parameters influence the cutting width
b, so the definition of the cutting width is de-
rived from the motion vector and calculated us-
ing equations by and bz, which are given below
where A is the length of the knife edge [10,12].

b, = A-cos(y pI.v.1)
by, =B-cos(ypiy.2)

The critical cutting depth for most soils at
normal cutting angles of the blade is equal to
the ratio h/b of the cutting depth h to the blade
width b ranging from1 to 3.

The calculation was performed using the
oblique cutting formula:

P =¢(8)e¢m¢bh + (Psmshz +@g M ch

Where b, h — blade width and cutting depth.
ms— strength coefficient characterising specific
resistances in the frontal part of the notch (MPa)
(Table 1).
ms — strength coefficient characterising specific
resistances in lateral extensions (MPa) (Table
1).
msc — strength coefficient characterising the
specific resistances along the lateral cut lines
(xkN/m) (Table 1).
¢ (8) — coefficient that takes into account the ef-
fect of the cutting angle ¢ (at § = 45°, ¢ = 1).
of — IS a coefficient that takes into account the
influence of the angle vy of the knife rotation in
the plan, respectively, of the force Px.
os — is a coefficient that takes into account the
influence of the angle yp of the knife rotation in
the plan, respectively, of the force Ps (Fig. 7).
@s.c— IS a coefficient that takes into account the
influence of the angle ypi of the knife rotation in
the plan, respectively, of the force Ps.. (Fig. 8).
Formulas for determining the coefficient os
for each blade edge:
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ofq=1- 0,07& (cotd +cot357)sin 2y 1

Pfo=1- 0,07b£ (cotd +cot357)sin 2y 5

2

Table 1. Specific soil resistances

Soil ms, MPa | ms, MPa | msc, KN/m
Marl clay 0,3 0,021 0,4

Loam 0,15 0,013 1,42
Argillite 0,25 0,024 5,47

Table 2. Physical characteristics of soils

Dimensional characteristics of the
Soil destruction zone
U ks Y
Marl clay 14° 0,8 30°
Loam 18° 0,85 40
Argillite 16° 0,9 30°

In accordance with the working hypothesis,
five main provisions for parameterising a spa-
tially oriented knife from an angle a ranging
from 0° to 90° have been found:

1) When the angle a is equal to 0"

Fig. 2. Movement of a spatially oriented knife at an
angle a, equal to 0°

Full cutting force:

P = ZP(Vl)

Pvy) = 0(8)@m¢bh + PMsh? + g ;M h

Normal cutting force:
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B COSY pyy.1 — tan pusin de
~ ™| tanscosy g +tan poosde

€= \/cosz Yplvit tan’s
Neom =2-N

With these operating parameters of the spa-
tially oriented knife, the orthogonal cutting
force is balanced.

2) When the angle a is equal to 90"

A

70N

7 %,
! '\Im‘ . E /// /%\\ \\\
} 4__11_‘_:\__;
Fig. 3. Movement of a spatially oriented knife at an

angle a, equal to 90°

Full cutting force for V, :
Pv,) = @(B)psmebh + (Psmsh2 + g cMs ch

Normal cutting force for V5 :

COSY py.1 — tan psin de
N'=PRv,)
27 | tandcosy 1 +tanpcosde

Orthogonal cutting force for Vs :

b _p tan 8siny pjy.1
° ") | tandcosy 1 +tan posde

Next, the knife cycle is constructed in ac-
cordance with the motion vectors Vs , with such
a complex movement, the interaction of the
knife with the soil changes as yp and b, change,
instead, ypi.v.1, ypiv.2, and by, b2 appear, which are
taken into account in the equations for deter-
mining the forces P, N, Po.

3) When the angle a is less than 45°:
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Fig. 4. Movement of a spatially oriented knife at an
angle o <45°

Full cutting force for Vy3:
P =0(8)¢sm¢byh + (Ps.lmshz +@5c1Ms ch

P, = @(8)@¢ ,m¢byh + (Ps.zmsh2 + Qg c2Ms ch
Peom =R+ P,

Normal cutting force for Vys:

COSY .1 — AN psin de
*7 | tanscosy pyy + tan pcosde

COSY pjy.2 — tan usin de;
27 % | tandcosy 2 + tan pcosde,

£, :\/coszyp,.\,_2 +tan®s
Neom = N1+ Nj

Orthogonal cutting force for Vy5:

tan 6siny )y 1
01=FR- —
tan 5Cosy .1 + tan pucosde
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b B tan dsiny .2
2772 | tan5cosy py, +tan pcosde

Po.com = I:)0.2 - Po.l

4) When the angle a is equal to 45"
|

Fig. 5. Movement of a spatially oriented knife at an
angle a, equal to 45°

Full cutting force for Vy, :
P =¢(8)m¢bh +2meh? + 2m, h
Normal cutting force for Vs, :
N =P-cot(d+ )

Table 2: Coefficients ¢f

With these operating parameters of the spa-
tially oriented knife, there is no orthogonal
cutting force.

5) When the angle o is greater than 45"

Fig. 6. Movement of a spatially oriented knife at an
angle o >45¢

Full cutting force for Vs :

P=o(8)pim¢bh+ (Psmshz + Qg M ch

Normal cutting force for Vs :

COSY pyy.1 — tan pusin de
| tandcosy g +tan pcosde

Orthogonal cutting force for Vs :

tan dsin
P —P. Yplv.1
tan 3€osy 1 + tan pcosde

h, cm

P T T I 10 20 3

cm 01 0t2 01 Pt2 Pr1 Pr2
o 45° 45° 10,5 10,5 0,83 0,83 0,66 0,66 0,4 0,4
10 35° 55° 12.3 8,6 0,87 0,81 0,72 0,61 0,52 0,31
20° 25° 65° 13.6 6,4 0,9 0,79 0,79 0,57 0,64 0,24
30 15 75 145 3,5 0,94 0,75 0,87 0,49 0,78 0,1
40 5 85° 15 15 0,98 0,8 0,95 0,58 0,92 0,27
45° o 90 15 - 1 - 1 - 1 -
50° 5 95° 15 - 0,98 - 0,95 - 0,92 -
60° 15° 105 14,5 - 0,94 - 0,87 - 0,78 -
70° 25° 115 13,6 - 0,9 - 0,79 - 0,64 -
80 35° 125 12,3 - 0,87 - 0,72 - 0,52 -
90° 45° 135 10,5 - 0,83 - 0,66 - 0,4 -
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For values of ks: 1 - 0.6; 2-0,7; 3—-0,75; 4 —
0,8;5-0,85;6-0,9.
Table 3: Coefficients ¢s

ks
a Ppl.v.1 Vpl.v.2 by b2 0,8 0,85 0,9
cm Ps.1 Ps.2 Ps.1 Ps.2 Ps.1 ¥s.2
0 45° 45° 10,5 10,5 2,0 2,0 1,88 1,88 1,75 1,75
10° 35° 55° 12.3 8,6 2,0 1,89 2,0 1,72 1,89 1,57
200 25 65° 13.6 6,4 2,0 1,73 2,0 1,55 2,0 141
30° 15° 75° 14.5 3,5 2,0 1,58 2,0 1,39 2,0 1,25
40° 5 85° 15 15 2,0 1,41 2,0 1,22 2,0 0,9
45° 0 o0 15 - 2,0 - 2,0 - 2,0 -
50° 5 95° 15 - 2,0 - 2,0 - 2,0 -
60° 15° 105 14,5 - 2,0 - 2,0 - 2,0 -
70° 25° 115 13,6 - 2,0 - 2,0 - 2,0 -
80° 35 125 12,3 - 2,0 - 2,0 - 1,89 -
o0 45 135° 10,5 - 2,0 - 1,88 - 1,75 -
Table 4. Coefficients gs..
ks
a Yplv.1 Ypl.v.2 bl b2 0,8 0,85 0,9
cm Ps.c.1 Ps.c.2 Ps.c.1 Ps.c.2 Ps.c.l Ps.c.2
0 45° 45° 10,5 10,5 2,29 2,29 2,66 2,66 3,64 3,64
10° 35 55° 12.3 8,6 2,1 2,7 2,3 3,41 2,8 4,83
200 25° 65° 13.6 6,4 2,05 3,3 2,1 4,27 2,2 6,19
30° 15° 75 14.5 3,5 2,0 3,96 2,0 5,2 2,0 7,67
40 5 85° 15 15 2,0 4,65 2,0 6,17 2,0 9,21
45° 0 90° 15 - 2,0 - 2,0 - 2,0 -
50° 5 95° 15 - 2,0 - 2,0 - 2,0 -
60° 15° 105° 14,5 - 2,0 - 2,0 - 2,0 -
70 25° 11%° 13,6 - 2,05 - 2,1 - 2,2 -
80° 35 125° 12,3 - 2,1 - 2,3 - 2,8 -
90° 45° 135° 10,5 - 2,29 - 2,66 - 3,64 -
Transfer of Innovative Technologies 63
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Table 5. Cutting forces in marl clay

Marl clay
h, cm
¢ 10 20 35
P N Po P N Po P N Po
0 6,25 3,33 0,00 12,04 6,41 0,00 19,75 10,51 0,00
100 6,31 3,33 0,70 12,11 6,40 1,30 20,19 10,70 1,82
208 6,19 3,20 1,43 12,20 6,31 2,70 21,10 10,97 4,25
30 5,87 2,95 1,82 12,08 6,07 3,84 22,29 11,16 7,23
40° 5,75 2,95 2,83 12,47 6,24 7,11 24,62 11,95 16,35
45° 5,00 3,00 0,00 10,84 6,51 0,00 21,18 12,72 0,00
50° 4,91 2,95 0,34 10,39 6,24 0,73 19,92 11,95 1,39
60° 4,59 2,73 0,98 9,41 5,60 2,01 17,30 10,30 3,70
700 4,17 2,44 1,54 8,29 4,84 3,06 14,57 8,51 5,38
80 3,71 2,10 2,03 7,16 4,04 3,92 12,15 6,86 6,66
90 3,13 1,66 2,39 6,02 3,20 4,61 9,88 5,26 7,57
kN Marl clay 2 = 10cm
7
e e
6 %"““ﬁ" ‘.‘3%%
5 ny N
—~—_
4 <~
3 %"2’ ﬁ@%,p
2 /%//\\ /i// l N
o T | \——+ |
0° 10c 20> 30> 40° 45 500 60° 70 80° 90 a
450 350 250 150 5o 0e 5e 150 250 350 450 Y
plv.1
450 | 550 | 650 | 750 | 850 | 90° | Vpyy 2
Fig. 9. Cutting forces in marl clay at working depth
kN Marl clay 4 = 20cm
14
b L
10 T
8 ™ e
6 JA\ — %&’z?— E{}‘EP
2 /'T/ ==
Po

0o 10° 20° 30° 40° 45¢ 500 60° 70> 80 90> @
450 350 250 150 50 Qo 5o 150 250 350 450 Vpiwi
450 550 650 75 850 90 Ypiy2

Fig. 10. Cutting forces in marl clay at subcritical depths
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kN Marl clay 2 =35cm
26
24 ‘/,“&\\
22 —— N—]
20
18 - -
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/
2 A pt—7 | N
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2 )
0e 10 | 20 | 30 | 40 | 45c 50 | 60° | 70> 80> 90°
450 350 250 150 Se 0° Se 150 250 350 450 Vol
plv.1
450 | 550 65 750 850 90° Yy
Fig. 11. Cutting forces in marl clay at critical depth
Table 6. Cutting forces in loam
Loam
h, cm
¢ 10 20 35
P N Po P N Po P N Ps
o 3,86 1,66 0,00 7,62 3,28 0,00 13,04 5,62 0,00
10 3,94 1,67 0,59 7,79 3,30 1,12 13,52 574 1,75
200 3,96 1,58 1,28 7,97 3,18 2,51 14,20 5,70 4,22
30 3,90 1,36 2,03 8,11 2,83 4,20 15,10 5,30 7,66
40° 3,96 1,40 3,63 8,53 2,99 7,91 16,65 5,81 15,62
45° 2,79 1,42 0,00 6,11 3,11 0,00 12,05 6,14 0,00
50° 2,75 1,40 0,18 5,88 2,99 0,39 11,42 5,81 0,75
60° 2,59 1,30 0,52 5,39 2,71 1,09 10,12 5,09 2,04
70 2,39 1,17 0,83 4,86 2,38 1,69 8,80 4,31 3,06
80° 2,19 1,03 1,13 4,35 2,04 2,24 7,69 3,60 3,95
90° 1,93 0,83 1,38 3,81 1,64 2,73 6,52 2,81 4,66
KN Loam 4 = 10cm
5
: rH /£\
3 -
2 /f/ ' :z— —e—P
l I / \I | 1 | N
—=@=Po
0o 102 20° 30° 40° 45° 500 60° 70 80° 90° ¢
450 350 250 150 5o Qo 5o 150 250 350 450 Vplv.i
450 550 65° 752 85 90 Vpiv.2

Fig. 12. Cutting forces in loam at working depth
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kN Loam /4 =20cm
10 |
9
8 e ——t—— " N
‘ N
e wamEaN: ns
2 5 \ I g : N
1 4/ ’+’ |
0 A | —c | [ =k

0o 10° 20> 30° 40> 452 50 60> 70> 80> 90° a
450 350 250 150 50 Qo 50 150 250 350 450 Vplv.i
45% | 852 | 65% | 752 | B85 | 90 | Vorup

Fig. 13. Cutting forces in loam at subcritical depths

- Loam /4 =35cm

18

16 : wn)l}‘)fﬁ%\

14 =TT IS

12 7N

10 T
2 - T -~ —g=—P
2 4/ ,+.‘-v | %
0 & L | —

0o 10° 20° 30° 40° 45 50° 60° 70° 80° 90° @
450 350 250 150 50 Qo 50 150 250 350 450 Vplvi
452 550 65° 75° 85¢ 90¢ VplLv.2

Fig. 14. Cutting forces in loam at critical depth

Table 7. Cutting forces in argillite

Argillite
" h, cm
10 20 35
P N Po P N Po P N P,
(0} 9,18 4,41 0,00 18,25 8,77 0,00 31,58 15,16 0,00
10° 9,42 4,40 2,36 18,72 8,76 4,62 32,71 15,32 7,67

20° 9,73 4,11 5,33 19,65 8,33 10,56 35,05 14,96 18,11
30° 10,13 3,27 9,59 20,86 6,81 19,39 38,27 12,72 34,44
40° 10,80 2,91 18,68 22,61 6,22 38,22 42,42 12,06 69,23

45° 5,32 2,95 0,00 11,61 6,43 0,00 22,83 12,66 0,00
50° 5,25 2,91 0,36 11,23 6,22 0,76 21,78 12,06 1,48
60° 4,98 2,73 1,03 10,42 571 2,16 19,61 10,75 4,07
70° 4,74 2,54 1,70 9,70 5,20 3,47 17,71 9,49 6,34
80° 4,66 2,40 2,47 9,31 4,79 4,94 16,51 8,51 8,76
o0 4,59 2,20 3,40 9,13 4,38 6,75 15,79 7,58 11,69
66 Transfer of Innovative Technologies
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Fig. 16. Cutting forces in argillite at subcritical depths

Transfer of Innovative Technologies
Vol.6, No.1 (2023), 58-70

== P

=0=Po

Volv.1

e

=0=P0

ypl.v.]

67



Engineering, Environmental Science

kN
70

Argillite h = 35cm

65

60

I ——
—

55

W
(=)

45

2
am—

40

30

3 | A
25 L.
|

—e—Po

20
15 =

' ]

N \

10

S
D

0 10°
450 350
450 55e

200
250 15 Se 0°
65° 850 90-
Fig. 17. Cutting forces in argillite at critical depths

300 400

75¢

CONCLUSIONS

1. The motion plans of a spatially oriented
knife are constructed depending on Vs , found

when determining the cutting direction at the
velocity ratios.

2. The cutting forces of a spatially ori-
ented knife were calculated, depending on the
deviations by the angle a which in turn shows
the ratio of the speeds of the dumping equip-
ment and the working body, for such soils as
loam, marl clay, and argillite, with an h/b ratio
of 0,4 to 3,5, which meets the criteria for cut-
ting at critical depths at different interactions
of the knife with the soil.

3. The coefficients of influence of the an-
gle of rotation in the plan are found o, s, @s..

4. The calculations are presented as tabu-

-,lar data below and a graphical representation
of the cutting forces P, N, P, by a spatially
oriented knife of the blade is constructed.

5. It was found that when changing the
speed ratio, the angle yp of rotation of the knife
in the plan changes and this accordingly affects
the P cutting force, with an increase in a it de-
creases, N normal force, with an increase in o
68

350 450 Jplv.i

Voiv.2

it decreases, and Po orthogonal cutting force,
with an increase in o it increases.
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Po3podxa moaesti npouecy pyiiHyBaHHS IPYHTY
3 BUKOPHCTAHHAM MPOCTOPOBO OPi€HTOBAHOIO
po6o4oro oprany

Bonooumup Pawxiscoxuil, Boedan @edunuun

AHoTamist. Y cTaTTi BUKOPUCTAHO MIAXOAM 10
CTBOPEHHS MOJIENi PO3PaxXyHKY 3YyCHIIb pi3aHHS
IPYHTY TPOCTOPOBO OPIEHTOBAaHUMH POOOYHMU
opraHaMy OYIiBENbHHX MAIWH, SIKi 3aCTOCOBY-
I0TbCA Ha OyiBeNTbHUX MaimaHunKax. Bukopwuc-
TaHHS TaKOi MOJeNi 00yMOBJICHO HEOOXiTHICTIO
MOCTIMHOTO BJIOCKOHAJICHHS iICHYFOYOI TEXHIKU Ta
CTBOPEHHS HOBOI 3 ypaxyBaHHSAM iCHYIOYHX IIOT-
peo.

Ha croroani aeHs icHye motpeba B epeKTHB-
HOMY BHUKOHaHHI Oy/iBeTbHUX POOIT, TOB'A3aHUX 3
poboToro OymiBensHOI TEXHIKHM BiIBATBHUM 00JIa-
nHaHHsM. Le, B CBOIO uepry, cTaBUTh 3aBAaHHS BU-
3HAUCHHS BUKOHAHHS MEXaHI30BaHHMX 3EMJISTHUX
poOIT mpH pi3HUX POOOUNX CePENOBUINAX, OTHUMHI
3 HaWPO3MOBCIOLKEHIIINX Ha TEpUTOpii YKpaiHu
SIBIISTIOTHCS. MEPTeJIMCTI TJIMHH, CYTJIMHKH Ta apri-
JTH.

OCHOBHUM CIIOCOOOM MEXaHIYHOI PO3POOKHU
IPYHTIB SIBIA€THCA, pizaHHSA. OCHOBHUMHU T€OMET-
PUYHAMH yMOBaMH ITPOTIOHY€ETHCS BBAKATH TIOJIO-
’KEHHsI KPOMKH PDKYdJOro KIMHY BiIHOCHO Harps-
MKY pi3aHHs 1 TOBEPXHI MacHBY, OOPUCH PiXKYydOl
KPOMKH, OOpHUCH 1 KiJIbKICTh POOOYMX MOBEPXOHB
PIKYYOro KIHMHY, YACJIO TOBEPXHEIO TaK 3BAHOTO
OOKOBOTO 3pi3y 1 Tak 3BaHUX OJIOKOBaHWX TOBEP-
XOHb 3pi3y. OcoONMBICTH MPOIIECy KOMAHHS MOJIs-
rae B TOMY, II0 HOTO CHJIOBI i €HepreTHyHi MoKas-
HUKH 32J1€)KaTh BiJl KIHEMATUYHHUX YMOB, Ta BiJ re-
OMETPUYHHUX MapaMeTpiB — TOBIIMHU, NIMPHHU 1
IJIOMII 3pi3y, a TaKOX BiJl KyTiB OpieHTaIii pobo-
94Oro opraHa B IIPOCTOPi

CTBOpeHHSI pO3PaxyHKOBOI MOJENi MpPOBOIH-
JIOCSI BIATTOBIZHO 710 POO0YOT TioTe3u, Jie epeMi-
IIEHHS MPOCTOPOBO OPI€HTOBAaHMX HOXIB pyxa-
€TBCSl TIEPIICHAUKYIISIPHO JI0 BiIBaIBHOTO 00Ja/I-
HaHHS, [IPH PI3HUX CITIBBIHOMIECHHSX IBUIKOCTEH
PYXy BiABaly Ta mepeMilleHHIO0 HOXiB, IO CTBO-
PIOE IPOCTOPOBY B3aEMO/II0 3 POOOUHM CEPEIOBH-
[IeM, Ta BIAXWICHHS MPHUKIAJAHHS MOBHOT CHIIH
pi3aHHS Ha KYT 0.

BiamoBigHo 10 po0Oodoi TimoTe3w, MU OTPH-
MAJIH I’ SITh TUIAHIB MIEPEMIIIEHHS TIPOCTOPOBO Opi-
€HTOBAHOTO HOXa BigBanmy. B 3ajexHoCcTi Bix
IUTaHy TEPEeMILEHHS MPOCTOPOBO OPiIEHTOBAHOTO
HO>Ka 3MIHIOETHCS] HOTO T€OMETPUYHA B3a€EMOIS 3

69



Engineering, Environmental Science

pOOOYNM CEepPEIOBHINEM 1 BIIMOBITHO 3MIHIOETHCS
cuiia pi3aHHA.

HeoOxignicTs cTBOpeHHS O1BII TPOIYKTUBHOT
Ta e(heKTUBHOI 3eMJICPUIHOI TEXHIKH BUMAarae 3a-
CTOCYBaHHS Cy4aCHHX KOHCTPYKTHBHUX pillieHb. B
XOJIi TOCTiKEeHHS 0yJI0 CTBOPEHO MOJIEIh Po3pa-
XYHKY pi3aHHsS TIPYHTIB IIPOCTOPOBO OpPi€HTOBa-
HUMH 3eMJICPUHHUMH POOOYMMHE OpraHaMH Y BH-
TIIA1 ABOTPAHHOTO HOXA BiABaJBHOTO 0O0Maj-
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HaHHA. TakoX 3aIpOITOHOBAHO TIOPIBHSIHHS CHII Pi-
3aHHS IPYHTIB Ha Di3HHUX TIAMOMHAX HpH poOOTi
MIPOCTOPOBO OPIEHTOBAHOTO poboYoro oprany. Pe-
3yJILTATH y3arajlbHEHO Yy BUTJISII TaONUYHUX Ja-
HHX Ta rpadikis.

Kurouogi ciioBa: mapamerpusaiiisi, 0yabao3ep-
HHH BiZBaJ, CHJIA pi3aHHS, IPOCTOPOBA OPi€HTAITIS,
KYT TIOBOPOTY B ILJIaHI.
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