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Abstract. Problem. The disadvantage of current dependences for determining the acceleration
indicators at engine maximum brake power and driving tire-to-surface friction coefficients is that they
are adequate only if the engine and transmission parameters provide power input to the drive wheels
rolling without slipping regardless to speed. To eliminate this drawback, it is necessary to take into
account that the power input to the drive wheels depends on the engine shaft speed, and therefore on
the speed of the vehicle when accelerating. Goal. The purpose of the work is to further develop the
theory of the automobile by improving the dependencies that allow determining the automobile
acceleration rates and assessing the nature of its acceleration process from the design factors.
Methodology. The approaches taken to achieve this goal are based on laws of physics, theoretical
mechanics and the theory of automobile. Results. Analytic dependences for determining maximum and
limiting automobile acceleration when speeding up depending on its design factors and speed have
been improved. Dependences for determining the range of drive wheel slipping on the automobile
speed when accelerating and the limiting automobile acceleration under the condition of its pitch
stability have been obtained. When studying the automobile acceleration process theoretically it was
found that the developed dependences allow determining the nature of automobile movement and
assessing the influence of its design factors on the acceleration indicators. Originality. The obtained
dependences for determining the maximum and limiting acceleration, the range of driving speeds with
wheel slip when automobile accelerating allowed us to clarify the idea of the nature of movement
during acceleration and the influence of automobile design factors on the acceleration indicators.
Practical value. The obtained dependences can be used in designing new and improving racing cars
such as dragsters, and analysing the dynamics of the vehicle when accelerating with full fuel delivery
and determining the nature of driving tire-to-surface friction depending on the driving speed.

Key words: record racing car, acceleration, limiting acceleration, friction coefficient, gravity centre
coordinates, horsepower, acceleration characteristic.

mum acceleration j;n is possible only up to the

Introduction speed vjin at which tractive effort on driving

When the vehicle is moving, its maximum
acceleration is limited by many factors. For record
racing cars with linear motion on specially pre-
pared sections, the maximum acceleration is
limited only by the maximum engine power,
maximum driving tire-to-surface friction and
resistance to the rollover in the longitudinal
plane. The engine maximum brake power of a
record racing car for a given friction coefficient
usually provides the possibility to approach and
overcome the limits of maximum driving tire-to-
surface friction. In this case, the maximum
acceleration jn.x reaches the value of limiting
acceleration j;m. The motion of the car with
maxi

wheels becomes equal to the tire-to-surface fric-
tion. The values of limiting acceleration j;,, and
speed vjim for a given friction coefficient ¢y de-
pend on the gravity centre coordinates.

Literature review for determining
maximum and limiting automobile
acceleration

The maximum and limiting automobile accelera-
tion is usually calculated using the formulas
[1, 2, 4]:
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where Dpax, Domax are dynamic factors for trac-
tion and friction respectively; f is the rolling re-
sistance coefficient; 3, is automobile rotational
inertia coefficient; g is the gravitational accel-
eration.

In [5], the author uses a different form of
writing formulas (1), but their essence is the
same.

The authors of the works [2—4, 8-10] deter-
mine the maximum dynamic factor in terms of
driving wheel traction and friction using the de-
pendences:

where P, Py, Ps, G, are the maximum traction
force on driving wheels, driving tire-to-surface
friction, air resistance and gravity.

Usually, the value of air resistance P, in for-
mula (2) and the rolling resistance coefficient f
in (1) are ignored because at Dmax (Dymax) the
driving speed is low and the values of these pa-
rameters are small [1, 4, 8].

The driving tire-to-surface friction P, is cal-
culated using the formulas [1, 3, 4, 9]:

P(szZ'(pX orp(p:mZ'GB'(px’ (3)

where R, is the normal dynamic response of the
road on the wheels of the driving axle; m, is co-
efficient of changing normal response on the
rear axle; G, is static load on the driving axle.

The author [5] obtained a dependence for de-
termining the maximum driving tire-to-surface
friction where changes in the normal load are
taken into account by the coefficients of chang-
ing the normal reaction for the rear driving and
front driven axles:

1-0 r
. _o. L

m, = C om=—a2, @
L L

where r is the radius of the wheel (in [5], it is
assumed that r is equal to the height of the grav-
ity centre hy); o is the tire-to-road friction coeffi-
cient; L is vehicle base; b is rear longitudinal co-
ordinate of the automobile gravity centre.

The author of the study [5] obtained a de-
pendence on the automobile power balance for
determining the automobile driving speed Vjjim, to
which the engine is capable of providing the
limiting value of acceleration jjm, i.e., fulfilment
of the condition Pyyex> Py:

75N .
Viim =5 p em;( L. : %)

tm Kmax

where Nemax IS the maximum engine power, cc;
Ny IS transmission efficiency; dyy, is rotational
inertia coefficient.

Formula (5) was obtained under the assump-
tion that the power consumed to overcome air
and road resistance is insignificant and is ig-
nored. In formula (5), the author assumes that
Pnx=P,, the study

The disadvantage of equation (5) is that it
contains the rotational inertia coefficient, but
under the condition Py =P, the rotational iner-
tia becomes internal force and does not affect
the automobile acceleration and driving speed.
In addition, formula (5) is adequate only if the
engine and transmission parameters ensure the
power input to the drive wheels rolling without
slipping regardless of the speed.

Therefore, the dependence for determining the
driving speed vjim Up to which the automobile can
move with maximum acceleration, obtained by the
author of work [5], requires correction.

Equation of automobile motion with full use
of tire-to-surface friction properties

In the general case of automobile motion, the
equation is of the form [1-4, 6]:

P.—P,—P,—P =0. 6)

where P, is the total traction on the driving
wheels, N; P, is road resistance, N; P, is air re-
sistance, N; P; is resistance to automobile accel-
eration.

The limiting automobile acceleration is lim-
ited by the friction condition, so the total trac-
tion P, is equal to the friction P on the driving
wheels. As the limiting automobile acceleration
is determined on a horizontal section, it can be
assumed that road resistance is equal to the
automobile rolling resistance, i.e. P, = P;. The
equation of automobile motion with limiting
acceleration is of the form:

o)

02

~P,,~P,-P =0, (7)
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where P, is driving rear tire-to-surface traction, N;
Py, is resistance to the front driven wheel rolling, N;

Pj' is automobile progressive rotational inertia.

The rear driving tire-to-surface friction is deter-
mined using the formula [1-4, 6, 7]:

P(p2 =R, 0y, (8)

where Ry, is the normal response on the wheels
of the rear driving axle when the vehicle is mov-
ing at a speed v; o is the rear driving tire-to-
surface friction coefficient.

The resistance to the front driven wheel roll-
ing is determined by the formula [1-4, 6, 7]:

Pfl = Rzl' fl’ )

where R,; is the normal response on the front
(driven) axle wheels when the vehicle is moving
at a speed v.

The air resistance is determined by the for-
mula [1-4, 6]:

FoVv, (10)

where x, is the air resistance coefficient,
(N-c?)/m*; F is the frontage area of the vehicle,
m?; v is vehicle speed, m/s.

We substitute the values of the forces in (6)
and the equation of automobile motion with lim-
iting acceleration will be of the form:

To determine the limiting speed at a given
friction coefficient ¢y, it is necessary to know
the values of the normal responses on the axes
R,1, R, and the resistance coefficient of wheel
rolling f; when moving at the limiting speed.

It is known that the resistance coefficient of
wheel rolling f; depends on the tire parameters
and the driving speed. There are many empirical
dependences for determining the rolling resis-
tance coefficient [6, 7, 11-13]. At speeds of
more than 400 km/h, we suggest using the em-
pirical dependence as a function of the vehicle
speed and the internal tire pressure [5]:

1 V3.7
f, = 20 —A——— | 12
1 p0.64 [ 1294000 . p1.44 j ( )

where f; is the rolling resistance in tires, kg. per
ton of weight; p is the internal tire pressure,
kg/cm?; v, is vehicle speed, km/h.

To use formula (12) for determining the roll-
ing resistance coefficient it is necessary to trans-
form it into the following one:

1 3.7
f,= | 20+ 2 . (13
* 1000p"* ( 1294000-p1'44j (13)

where f; is the coefficient of resistance to the
front axle wheel rolling.

If the car accelerates over a short distance, its
speed is less than 400 km/h, therefore, when
calculating, one can use a simplified formula to
determine the rolling resistance coefficient [5]:

f=1f,+05-10°-v, (14)
where f; is the rolling resistance coefficient at
low speed.

Normal responses on the automobile axles
with full use of the driving tire-to-surface
friction

The value of maximum driving tire-to-surface
friction depends on the traction coefficient and
road normal responses. Therefore, determining
normal responses on the drive wheels is ex-
tremely important to assess maximum automo-
bile acceleration.

To determine the normal responses on the
axles of the vehicle, consider the diagram shown
in Figure 1. The automobile motion at the
maximum speed is uniform motion. That’s why
inertia does not influence the vehicle. In this
case, the motion occurs under the action of ex-
ternal forces: road responses Ryi, Ry, and Ry,
Rz, air resistance P,, automobile gravity G,. For
record racing cars, we can assume that the
height h, is approximately equal to the height of
the gravity centre hy:

R,-a-R,-h,+R,-h, —R,-b=0. (15)
To determine normal responses reactions, we

set up the equation of moments relative to the
automobile gravity centre.
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Fig. 1. The diagram of forces influencing on an automobile when accelerating: a, b, h, are gravity centre
coordinates; h, is the height of the centre of effort of the automobile; G, is the weight of the vehicle; R, is
the linear response on the front wheels; Ry, is the linear response on the rear wheels, L is the vehicle base, m

In equation (15), we define R,; by means of

a
R,: RZZ:Ga't_(Ga_Rzz)><
(6 Fua) 2R hy + (DR, (22)
XTI, «-—+ . -—,
+R,-hy—R,-b=0 . (16) TR Chary

After transformations, equation (16) will be after transformations of equation (22) we deter-

of the form: mine the normal response on the rear axle:
G,-a-R,-L-R,-h;+R,,-h, =0. (17) R,=G, - a-f,-h, . 23)

Y L—(¢,+f,)-h,
From equation (17) we determine the normal

response on the rear axle of the vehicle: To determine the normal responses on the
front axle in equation (15) we determine R, by

h h imi i
R,=G,- a_ R, N R, Ny (18) me:.;ms of R, and after similar transformations we
L L L get:
The limiting responses R,; and R,, for uni- R -G . b—o,-h (24)
form motion are determined by the equations: a- T —(<Px + fl) -h, '

Ra=Ru- 11, (19) Maximum and limiting automobile

. .. . acceleration
where f; is the coefficient of resistance to the

front axle wheel rolling: The diagram of the forces influencing the auto-

mobile when accelerating is shown in Fig. 1. To
R,=P,=R,- (20) determine the limiting automobile acceleration,
X2 ez Tz e we use the equation of moments relative to the
centre of the front tire-to-surface friction. In this
where ¢y is the driving tire-to-surface friction case, we assume that h, = hy:
coefficient.

Substitute (19) and (20) into equation (18): (PB P ) h,+G,-a—R, L =0, (25)

a h h
R,, =G, T R, f, Tg +R,; -0, Tg (21) we transform (25) into the following form:

Considering that R,; = G, — R,5, equation (21) Pi-hy=R,,-L-G,-a—Fh,. (26)
will be of the form:
Taking into account (23), equation (26) is of the
form:;
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a—-f-h
Ph :Ga‘ g X
b L—(o, + f,)-h,

xL-G,-a—P,-h,.

(27)
In the denominator of the first term on the

right-hand side of (27), we put L outside the

brackets and after transformations we obtain:

8 h
1_((px+ fl)fg

~G,-a-P,-h,.(28)

In equation (28), we reduce the first two terms
on the right-hand side to a common denominator
and perform the transformation:

(o, + fl)-%—f
P.-h, =G, -

1—((pX + fl)'Tg

iy

-hy —P,-h, . (29)

It is worth explaining the forces P; and P,. It
should be noted that resistance to automobile ac-
celeration P; with full use of the driving tire-to-
surface friction is equal to the automobile pro-
gressive rotational inertia. In this case, the rota-
tional inertia of the driving wheels and the rotat-
ing masses that are connected to them becomes
internal, therefore it does not affect the automo-
bile acceleration. The rotational inertia of the
driven wheels is not significant; therefore, it can
be ignored. Taking into account this assumption,
after transformations, we obtain:

a
((Px + fl)'E_ f;
— - Jim =G, - —KB-F-VZ.(30)
g _ hy
1 ((px+fl)- L

From equation (30) we obtain the value of the
limiting automobile acceleration depending on its
design factors and motion parameters:

2

Jim = |9 (3D)

The first term in braces characterizes the de-
pendence of limiting acceleration on the specific
driving tire-to-surface friction, which is a func-
tion of the driving tire-to-surface friction coeffi-
cient, the rolling resistance coefficient of the

front axle wheels and the gravity centre coordi-
nates. The second term characterizes the specific
air resistance, which is directly proportional to
the streamlining factor of the vehicle and is op-
posite to its weight and is a quadratic function of
the driving speed. That is, the influence of the
streamlining factor on the automobile accelera-
tion decreases with increasing its weight, and
increases with increasing its speed. The limiting
automobile acceleration j;in can be increased by
a rational choice of the gravity centre coordi-
nates b, hy and the base L to the absolute physi-
cal limit of acceleration jgm at a given friction
coefficient @,. The physical limit of acceleration
is determined by preserving the longitudinal sta-
bility of the vehicle. Disarrangement of the lon-
gitudinal automobile stability occurs due to the
automobile rollover around the centre of the rear
axle tire-to-surface friction. contact of the
wheels of. To determine the ratio of the gravity
centre coordinates b, hy and the base L, at which
it is possible to achieve the limiting acceleration
on the edge of rollover jpin, consider the mo-
ment balance of overturning and stabilizing the
positions of the car relative to the centre of rear
tire-to-surface friction. In this case, according to
Figure 1, the moment overturning the car is de-
termined by the dependence:

M, =(P;+P,)-hg =

G, . (32
Z[E Jimy + %, - F ‘sz'hg

where jpin; is the limiting acceleration at the lim-
it of automobile rollover.

The moment stabilizing the position of the
vehicle in the vertical plane is formed by the
gravity:

M, =G, -b. (33)

The second term in brackets of equation (32)
is insignificant, as the limiting acceleration at
the limit of automobile rollover jpim is realized
at low speed v, so it can be ignored. With the
accepted assumption, the moment balance at
which the automobile stability is still preserved
is of the form:

M. =M

nep cT

G, .
- Eﬂ-me}-tha-b. (34)
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From the moment balance equation (34), we
determine the dependence of the limiting accel-
eration on the edge of overturning jjim On the
gravity centre coordinates:

. b
=0 —. 35
Jim =9 h (35)

9

Considering that:

- the second term in braces of dependence
(31) at low speed is insignificant;

- the limiting automobile acceleration on the
edge of overturning occurs without touching the
driven wheels of the surface, i.e. f;=0;

then the balance of limiting acceleration and
acceleration on the edge of automobile overturn-
ing will be of the form:

a
o Al b
Jim = Jpim = Lh ‘g=9 o (36)
1_(p 9 )
L

After transformations, we get:

a h
L= l-p 2. 37
P g ( P, Lj @37)

From equation (37), we determine the value
of the height coordinate hg, depending on the
longitudinal coordinates of the automobile grav-
ity centre, at which it is possible to reach the
physical limit of the limiting automobile accel-
eration jeim preserving longitudinal stability for
a given value of the friction coefficient ¢y

h =—. (38)

When (38) is fulfilled, the car will be able to
start moving with the physically possible limit-
ing acceleration jgm Without overturning if the
engine can create traction force on the driving
wheels more than driving tire-to-surface friction.
With an increase in speed, as can be seen from
(31), the value of the limiting acceleration de-
creases and at a certain speed, the power of the
air resistance will become so large that the en-
gine power will not be enough to create a trac-
tion force on the wheels more than the force of
their friction. After reaching this speed, the car
will be able to move with maximum acceleration
Jmax, Which is limited by the engine power.

The maximum automobile acceleration is de-
termined from the power balance, assuming that
all the engine power is used for acceleration:

Bp Jmax
P

S
g
=N,n, -G, - f-v—x,-F-v?,  (39)

where N.=f(v) is engine power at speed v; f is
the coefficient of resistance to rolling the wheels
of driven and driving axles of the vehicle.

It should be noted that equation (39) takes
into account the inertia of the rotating masses
because it reduces the traction force on the driv-
ing wheels and affects the maximum automobile
acceleration. From equation (39), after transfor-
mations, we determine the maximum automo-
bile acceleration:

— Ne'nTp_f_KB'F'VZ ,SBP

= . (40
I = 5 S (40)

a

The value of the speed vjjim, to which the car
can accelerate with maximum acceleration, is
determined from the condition jjim=jmax, that is,
we equate (31) and (40). After transformations,
we obtain equation (41):

a
Ne'nrp ((px+fl)'t_f1
= +
. . h
Ga Sﬁp Vilim 1_((px+f1),Tg
+KB ' F ‘ijlim _KB ' F 'ijlim +L
Ga Ga 'SBp 63p (41)

The difference between the second and third
terms in equation (41) is small, so it can be ig-
nored. Taking this assumption into account, us-
ing equation (41), we obtain the value of the
speed Vjim, to which the engine can provide
maximum automobile acceleration (42):

N -
Vi e Ty . (42)
((px+f1)'%_f1
H B, +f |-G,
1_((Px+ fl)fg

If the gravity centre coordinates of the vehi-
cle and the values of the friction coefficient cor-
respond to (38), then its acceleration jjn occurs
without touching the front axle wheels of the
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surface. As in this case f;=0, therefore, equation
(42) is of the form:

hg
N -n,, - 1—(PX‘T
Vv =

jlim
a h
Ga.|:L'63p‘(px+[1_(px' ngfz:|

where f, is the coefficient of resistance to the
driving axle wheels of the vehicle rolling.

The engine power N.=f(v) at a speed of Vjjn
in equation (43) is represented as a second order
polynomial:

, (43)

Nezﬁwﬂm+%WMW+%’ (44)

where ay, a,, az are polynomial coefficients.
Also, in equation (43), we introduce the des-

ignation of the ratio characterizing the automo-

bile design factors and the conditions of tire-to-

surface friction:
h
nrp (1_(% EJ

a h
Ga '|:L.65p '(px+[1_(px'|_gj' f2:|

From equation (43), taking into account (44)
and (45), after transformations, we obtain:

. (45)

A=

‘a, -1 a
vj?”m+—Aa 2=V +—==0.  (46)
9 a

Obviously, the solution to equation (46) has
two values:

Aa'a2_14_r
2A -3

> .
. \/(_&Lz—l} 3

2A, -q q
One value vjimy characterizes the speed at
which the driving wheels begin to slip due to an
increase in traction force higher than the friction
force. The second value vjim, characterizes the

speed at which the driving wheels stop slipping
due to a decrease in traction force to the level of

Vilimy2 =~

@

friction force.

Theoretical studies of automobile
acceleration process at maximum engine
power

For theoretical studies of the possibilities of fast
passing a given distance by a car, a dragster was
chosen. The parameters of dragster are equal to:
total mass m,=732 kg; the corresponding mass
on the front and rear axles, respectively,
m;=231 kg, m,=501 kg; car base L = 2.545 m;
gravity centre coordinates ¢=1.742 m and
h,=0.168 m; gearbox ratios 1.857, 1.156, 0.838,
0.683; the differential ratio is 4.111; static wheel
radius r;=0.31 m; maximum engine power
Ne=220 kW at maximum shaft speed
Nmax=5800 rpm; frontal area F=1.445 m? air

resistance coefficient x,=0.429 N-c¥m* trans-
mission efficiency n,,=0.95; tire-to-surface fric-
tion coefficient @,=1.2.

The maximum automobile acceleration in the
corresponding gears ja, ja, Jas3, jas (S€€ Fig. 2) are
determined using the formula (1).

It should be noted that these values coincide
with the values of equation (40) for the corre-
sponding speed. Automobile acceleration from
stop to speed Vi, 0ccurs with the clutch slipping.
This area is very small and is not taken into ac-
count in this analysis of vehicle acceleration. The
limiting automobile acceleration j;, determined
using the formula (31), occurs in the first gear
with the driving wheel slipping in the section
Vimin — V'jim, that is, up to the maximum engine
speed.

After switching from the first gear (point c")
to the second one (point d), the vehicle acceler-
ates without driving wheel slipping. The maxi-
mum acceleration values when speeding up in
the respective gears are marked with full lines.
In this case, the automobile acceleration charac-
teristic is represented by the curve a in Figure 2.
The time of passing a section of 400 meters is
equal to 10.7 s.

If we ensure the growth of the limiting accel-
eration jm Up to the absolute physical accelera-
tion limit jgim, then it is possible to reduce the
time of overcoming the given distance. To do
this, it is enough to change the height of the
automobile gravity centre without any other
changes in accordance with the condition (38).
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Fig. 2. Automobile acceleration when speeding up: ja, ja Jja3: jas are limiting acceleration in the
corresponding gears; jiim IS limiting acceleration; jyim is an absolute physical limit of limiting
acceleration; jpiny limiting acceleration under the condition of longitudinal stability; jiconsy IS the
maximum acceleration at constant power on the driving wheels

In this case, the limiting acceleration j;, ac-
quires the value of absolute physical accelera-
tion limit j4i,, and the vehicle accelerates in the
first gear with speeding up indicated by a-b-b'-c
curve. In this case, the slipping of the driving
wheels occurs from the speed vjim; to the speed
Vjimz, and the subsequent acceleration in the first
gear occurs without their slipping up to the

12

speed, which is limited by the maximum rota-
tional speed of the engine shaft (point c). De-
pendence b (Fig. 2) represents the time to cover
the distance with an increased value of the
automobile gravity centre. Obviously, in this
case, the time to cover the distance [S;]=400 m
is reduced to 10.2 s.

c tp400 2

10 —

9 o400 /

8 =

3

7

6 /a>/
tp c //' /Qb

4 Z

2 4

; ! [s,]

0 100 200 300 400 M 500

S

p

Fig. 3. Automobile acceleration characteristics: a at hy=1.168 m and b at hy=1.168 m; t'y400, tpaeo — time to cover a
distance of 400 m; 1, 2, 3, 4 — the number of a gear on which acceleration occurs

If the car is equipped with an engine and a
transmission that provide the driving wheel

power N, regardless of the driving speed, then
its maximum accelerations depending on the
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driving speed are displayed by the curve jconst-
The value of the speed vjim, calculated by the
formula (5), will correspond to the value of the
point o', respectively, if we take into account
that at a given speed, the inertia of the automo-
bile rotating masses is internal. In this case, the
vehicle can move with acceleration jgym, from
point o to point o' and furthermore with accel-
eration jpcons- This will allow us to further re-
duce the time for covering the distance.

Conclusion

On the basis of a comprehensive analysis of the
tire-to-surface friction process and air resistance
when accelerating at maximum engine power,
the dependences of automobile acceleration on
its design factors and the driving speed were
obtained. As a result of theoretical studies of
automobile acceleration at maximum engine
power, the optimal value of the height of the
automobile gravity centre, at which the absolute
physical limit of its acceleration jg is reached
while maintaining its longitudinal stability on
the surface with a given friction coefficient. The
obtained dependences can be used in designing
new and improving racing cars like dragsters.
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T'panuune npuckopenns aemomooina

Anomauin. Ilpoénema. Hedonixom icuyiouux 3anesic-
HOCmetl U3HAYEHHS NOKA3HUKIE PO320HY NPU MAKCUMA-
JILHOMY BUKOPUCIANHI NOMYICHOCIT 08USYHA | NOKA3-
HUKIB 83A€MOOTT 80YYUX KOJIC 3 ONOPHOIO NOBEPXHEIO €
me, WO B0HU € KOPEKMHUMU MITbKU AKWO napamempu
08uU2yHa ma mpaucmicii € makumu, wo 3abesneyyioms
ni08eOerH sl NOMYHCHOCME 00 8e0YUUX KOJIC, AKi He OYK-
Cyromy, He3anedkcHo 60 weuoxkocmi pyxy. Llob ycymny-
My 3a3HaYeHull HedOoNIK HeoOXIOHO 6paxosysamu, o
HOMYIHCHICIb KA NI0B0OUMbCA 00 8e0YYUX KOJIC 3d-
Jledcums 8i0 yacmomu 00epmants 8any 08USYHA, i 3HA-
Yums 8I0 WBUOKOCHI PYXY NPU PO320HI A8MOMOOLIA.
Mema. Mema pobomu - nOOATLUUL PO3BUMOK MEOPIi
asmomoOina WIAXOM YOOCKOHANIEHHs 3aNeHCHOCell,
AKI 00360JAI0Mb BU3HAUAMU NOKAZHUKU PO3COHY A6MO-
MOOinA | 6cmanosumu xapaxmep npoyecy oo po320Hy
6I0 KOHCMPYKMUGHUX napamempis. Memooonozis.
Iioxoou, nputinami 6 pobomi Onsa docseHeHHs Yiei Me-
mu 0azyrombcs Ha 3aKOHAX (DI3uKu, meopemuyHoi me-
XaHIiKu i nonodiceHusx meopii asmomo6ina. Pesynoma-
mu. YOOCKOHANEHO AHANIMUYHI 3aNeHCHOCMI ONi 6U-
SHAYEHHSA MAKCUMATBHORO | 2DAHUYHOSO NPUCKOPEHHS
asmomoOiis npu Po32OHI 8 3ANeACHOCMI Gi0 1020
KOHCIMPYKMUGHUX Napamempie i wWeUOKoCmi pyxy.
Ompumano 3anexicHocmi 0N GUSHAYEHHST OIANA30HY
OYKCYB8aHHs 8e0yUUX KOJC 6i0 WBUOKOCMI pyXy npu
PO320HI ABMOMOOINA | SPAHUYHO20 NPUCKOPEHHS A8MO-
MOOLNA 30 YMOBOIO 11020 NO30082ICHLOT cmitikocmi. Tlpu

MeopemuUUHOMY OOCTONCEHHT NPOYeCy PO320HY a8Mo-
MODIA  8CMAHOBIEHO, WO PO3POONEHI 3ANeHCHOCHI
00380JIAI0Mb GUSHAYUMU XAPAKIMED PYXY A8MOMOOINA i
OYIHUMU 6NIUE HA NOKAZHUKU PO32OHY 1020 KOHCMPYK-
musHux napamempis. Opucinanvnicms. Ompumani
3aneAcHOCmi ONAl BUSHAYEHHS MAKCUMANLHO20 1| 2PaHU-
YHO20 NPUCKOPEeHHs, Oianas’ony wieuoKocmell pyxy 3
OYKCYBAHHAM KOJIC NPU PO320HI A8MOMOOLISE 00360
VIMOYHUMU YAGNEHHA NPO XapaKkmep pyxy npu po320Hi i
6NIUE KOHCMPYKIMUBHUX NAPAMEMpPI8 a8moModins Ha
nokasznuku poseony. Ilpaxmuune 3navenun. Ompuma-
Hi 3a71€HCHOCMI MOJHCYMb OYMU BUKOPUCMAHI NPU NPO-
eKMYBAHHI HOBUX [ NpU YOOCKOHANEHHI CHOPMUGHUX
asmomooinie muny opezcmep, ma 0 AHALIZY OUHAMI-
KU pyxy asmomo0ina npu 1020 po32oHi 3 noeHoi nooa-
Yelo nanuea ma GU3HAYEHHs Xapakmepy 83aeMooii ee-
OyuUX KOJC 3 ONOPHOI NOBEPXHEIO 8 3ANEIHCHOCHI 6i0
WBUOKOCHI PYX).
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