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MATHEMATICAL MODEL OF MOVEMENT OF A WHEELED TRACTOR WITH ITS
VERTICAL AND HORIZONTAL OSCILLATIONS INCLUDED

This article provides a mathematical model of the operation of a wheeled tractor with a steady
uneven load on the hook when driving over bumps. At the same time, the machine-tractor unit is pre-
sented as a dynamic system with two input actions determined by the load on the hook and terrain ir-
regularities, and one output coordinate determined by the amplitude of the oscillations of the engine
crankshaft speed. In this case, the dynamic and structural diagrams serve as the basis for compiling a
mathematical model.

Keywords: dynamics, wheeled tractor, vibrations, unevenness of the supporting surface,
crankshaft speed.

B nacmosweii cmamve npugooumes mamemamuueckas Mooeib npoyecca padomsi KoaecHo20
MpaKmopa ¢ yCmanosusulelics HepasHOMepHol HAZPY3KOU HA KploKe npu e30e no neposrocmsam. llpu
IMOM MAUUHHO-MPAKTNOPHBLIL azpe2am NpeoCmasien 8 guoe OUHAMUYECKO CUCIEMbl ¢ 08YMsL 8X00-
HBIMU B030€UCTNEUAMU, ONPeOelsieMbIMU HASPY3KOU HA KPIOKe U HePOGHOCMAMU penveda, U 0OHOU
8bIXOOHOU KOOPOUHATNOU, ONPeOensieMOl aMIaumyool Koaieoanull 4acmomsl paujeHus: KoaeHyamozo
eana osucamens. B smom cnyuae ocHogou 0ns cocmaegnenus Mamemamuieckol MoOenu Ciyicum ou-
HAMUYeCcKas u CMpyKMypHas CXembl.

Knwuesvie cnoea: ounamuxa, KOIeCHulll Mpakxmop, Koaebanus, HepogHOCHU ONOPHOU No-
8EPXHOCMU, HACMOMA 8PAWEHUsL KOIEeHYamo20 8ad.

Formulation of the problem

The operation of the machine-tractor unit during various agricultural operations is accompa-
nied by continuous changes in the load, which causes a change in the crankshaft speed and, conse-
quently, the engine output. In addition, the random polyharmonic nature of the load leads to the occur-
rence of local resonant oscillations in such a multi-link dynamic system as a machine-tractor unit,
which further increases the amplitude of oscillations of the crankshaft speed, and, as a result, leads to
an increase in power losses, potentially available power plant of the tractor.

Analysis of recent achievements and publications

The problems of improving the performance properties of tractors are one of the main ones in
mechanical engineering. Their solution is carried out according to various corrections: an increase in
productivity [1, 2], an increase in technical and economic indicators and an improvement in environ-
mental performance and reliability [3, 4], the use of new fuels and types of engines, a decrease in
energy losses in various units (rolling resistance of wheels, transmission losses, etc.) [5—7], im-
provement of automation and optimization of the control of the working processes of units [8, 9], and
a number of other areas that require both theoretical and experimental research.

The tractor is part of the "car-driver-environment" system (here, "environment" also means the
supporting surface along which the machine moves), and its properties are manifested in interaction
with the elements of this system. Therefore, the significance of a certain operational property in as-
sessing the efficiency of using a tractor depends on the conditions under which this property manifests
itself, i.e., on the operating conditions.
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All operational properties are closely related to each other, and a change in the design parame-
ters of the tractor, undertaken to improve one of the properties, inevitably affects the rest [1—8]. Trac-
tion and speed properties determine the maximum traction force on the tractor hook, but it can also be
limited due to insufficient ride smoothness. Therefore, the final assessment of the tractor is made tak-
ing into account the entire range of operational properties.

The smoothness of the tractor during its movement on roads with uneven surfaces depends on
the layout characteristics, suspension parameters and tires [2, 3]. At the same time, it should be noted
that these parameters, in addition to running smoothness, also significantly affect the operation of the
tractor engine, exercising a polyharmonic effect on its crankshaft, and reducing the energy perfor-
mance of the entire tractor against the background of increased fuel consumption [1, 5, 6].

Research goal statement
The machine-tractor unit is usually considered as an automatic control system, where the fluc-

tuation of the moment of resistance on the motor shaft (AM ) ).is taken as a single input signal. It takes

into account all external disturbances applied to the tractor, as well as the characteristics of the sys-
tems of the tractor itself, and determines the speed mode of the engine (and hence the tractor). Howev-
er, studies of the mathematical model created on this basis cannot explain how individual components
and parameters of various tractor systems affect the engine dynamics. Therefore, the aim of the work
is to synthesize a dynamic system of a machine-tractor unit with two input actions, determined by the
load on the hook and uneven terrain, and one output coordinate, determined by the amplitude of oscil-
lations of the engine crankshaft speed.
Presentation of the main material

Let us consider the dynamic (Fig. 1) and structural (Fig. 2) schemes that describe the move-
ment of the tractor under the influence of previously defined perturbations.

The schemes are compiled under the following basic assumptions: only the steady-state opera-
tion mode with a variable random load is considered; the movement of the tractor is assumed to be
rectilinear; the effect of turbocharging on engine performance is not taken into account; engine inter-
mittency is not taken into account; transmission stiffness and damping are not taken into account.

Taking as input P_ =P_(t)and P, =P, (¢), the tractor can be considered as a four-mass dy-
g p Kp Kp q q

namic system with two inputs (Fig. 1), where 1 is the engine and transmission of the tractor, which are
replaced by a conditional “shaft”; 2 — translational movement of the tractor, replaced by the condi-
tional "tractor shaft"; 3 — vertical movement of the tractor frame, replaced by the conditional "frame
shaft"; 4 — vertical movement of the front axle, which is replaced by the conditional "front axle
shaft". The coupling between the engine and the rest of the masses schematically depicts the grip of
the tractor with the soil, and the perturbations in the form of moments of resistance of the implement

M_and the moment of resistance that occurs when moving over bumps M and damping of the suspen-

sion and tires [10, 11].

On the basis of this dynamic system, a functional structural diagram has been developed,
which consists of the following main elements: an engine and a tractor, which includes the oscillating
masses of the tractor (let's call them the "skeleton"), suspension and chassis system. The block dia-
gram for the engine was developed in [2]. For the engine and the tractor, it is correspondingly more
complicated: the oscillating masses (skeleton), the suspension and running system of the tractor consti-
tute an additional circuit (Fig. 2), where fluctuations in the traction force on the hook are taken as in-
put actions (AP, ,)and fluctuations in soil reactions affecting the tractor chassis (AP, ),and the output

parameter is the oscillation of the moment of resistance on the crankshaft of the engine AM ;. This

parameter, in turn, determines the speed of the engine and, therefore (taking into account the traction

properties), the actual speed of the tractor itself ( Av,).And fluctuations Av, influence the inputs AP,

and AP, , i.e. we can say that the system is closed.
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Fig. 1. Dynamic scheme of the tractor operation process
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Fig. 2. Structural diagram of the tractor operation process

Let us dwell on the relationship between the engine and the tractor. The equation of an engine
with a free intake and a regulator is known [2]. Itlookslike:

-1, % + A Ao, + A AR =AM ;
t

2
md—ZZ + N%

dt dt
Ah=-bz npu z=>0;

Ah=-b,z npu z <0,

+sz=BAa)1; €))
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where /, — the moment of inertia of the front axle of the tractor reduced to the corresponding condi-
tional shaft; 4, =0M, /dw,; A, =0M,/0h; h — displacement of the trailer point relative to the lon-
gitudinal plane of symmetry of the tractor; m — the mass of the moving parts of the regulator reduced

. OE 04 o
to the clutch; N — regulator damping factor; £, 25_560120 — regulator stability factor; £ —
restoring force of the regulator springs; /— governor clutch coordinate (z=A/); 4 — load inertia
coefficient of the regulator; B =2w,,4(l,) — amplification coefficient; b and b, — coefficients that

determine the steepness of the dependence curve AZ(z) on the regulatory and correctional branches of

the characteristic.

Consider the relationships within the tractor. The tractor is an oscillatory system consisting of
several masses — the frame, the front axle and the mass of the entire tractor, interconnected, as well
as with the applied disturbances through elastic links and dampers. The number of possible displace-
ments of the tractor masses is very large. We restrict ourselves to six degrees of freedom: z — vertic-
al oscillation of the center of gravity of the tractor frame; o — longitudinal oscillation of the tractor
frame; f — angular transverse oscillation of the tractor frame; x — longitudinal twitching of the

center of gravity of the tractor; & — vertical oscillation of the center of gravity of the front axle;
p, — lateral oscillation of the front axle.

Let us consider equivalent systems corresponding to vibrations in the longitudinal and trans-
verse planes, as well as along the longitudinal axis of the tractor (Fig. 3—©6). Let's use the equations of
dynamics. To do this, we apply all the forces acting on the masses of the tractor. We will count the
deformations of elastic elements and tires from the position of static equilibrium, when the static load
is balanced by the elastic force from the static deflection.

2(:—. = kalj
wl l:l—l
ZC(I,} = Za}A
q,,(0 K q, 0

Fig. 3. Equivalent system used to describe the vertical and horizontal longitudinal oscillations
of the tractor

Force transmitted through suspension:

Z,=2c(z+la—-&)+2k(z+la-¢&), (2)
where ¢, — suspension stiffness; /, — longitudinal coordinate of the center of gravity of the tractor
frame; k, — suspension drag coefficient.

Force transmitted through the rear tires:
Zy=Zi+Z,=¢ (&5 —q3)+k,y (53 —G3) ¢ (8s = qu) + Ky (54 —q4)» 3)

where ¢, , and k, — stiffness and drag coefficient of the rear tires, respectively.
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Fig. 4. Scheme for taking into account the influence of longitudinal angular oscillations of the
tractor frame on its longitudinal twitching (OO, — initial position of the center of gravity and axis of

the rear axle; O'O — final position of the center of gravity and the axis of the rear axle)

W Z

q, ! q,0

Fig. 5. Equivalent system used to describe the vertical oscillations of the tractor frame in the
transverse plane

q,(0

Fig. 6. Equivalent system used to describe the vertical oscillations of the front axle of the trac-
tor in the transverse plane
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Forces transmitted through the front tires:
I‘ight Zl :Cm1(§1 _q1)+kw[(§1 _q.1) 5 (4)
left Z, =¢85 —q,)+k, (5 —4,)- (5)

Tangential forces transmitted through tires:
for front wheels:

X, =2¢,,x+2k,, x; (6)
for rear wheels:
X, =2c,, x+2k,, x, @)
3.4 i 11
where ¢, andc,, — tangential stiffness of the front and rear tires, respectively; &, andk,, —

tangential drag coefficients of the front and rear tires, respectively.
For the core mass M, and masses of the front axle of the tractor m, , as well as masses M, + m,

write the following equilibrium equations (the notation of quantities is given in Fig. 3—6):
Mji+Z, +Z, AP, =0;

Mop)z,d +ZL -2, -2, + X, ,h, + X 540, —AP,r =0;
M,p}B+Za-Z,b—APoh=0;
M@+nmx+A%J+A;M—AE;=Q

mé+7Z,+2,~-7, =0,

mptf+Za —Z,b'—Z d' =0,

where P and P, — respectively vertical and horizontal components of the traction force on the hook;

®)

a'andb’ — transverse coordinates of the center of gravity of the front axle of the tractor; d' — dis-
placement of the line of action of a force Z,, from the center of gravity of the front axle.

In our case, it is advisable to move from vertical and horizontal displacements of the center of
gravity of the skeleton, as well as vertical and angular displacements of the center of gravity of the
front axle, to displacements of the front and rear points of the skeleton and the axles of the driving
wheels of the tractor: z; —vertical movements of the frame over the front axle; &£, — vertical dis-
placement of the center of gravity of the rear axle; &, &,, &, &, —vertical movements of the axles of
the driving wheels; « — angular longitudinal displacement of the core; x,, —longitudinal twitching of

the rear axle axle.
To switch to a new coordinate system, we use the following dependencies (see fig. 3—6)
[12, 13]:

z :Izzzl +IZI%§3 +Izl%§4 = ekl —Z_Ilf]] ;
x=x, —x'=x, —Racos@,,;
a=%zl—%%§3 _%%54221—115”; 9
Sn = b, + ac, 36 = be tae, ;
B B
53 51 _52 ,

B=

-4
B 4;ﬂ11= B
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where x' — movements of the rear axle, corresponding to the rotation of the frame around its center of
gravity (see fig. 4); L and B— base and width of the tractor, respectively; ¢,, — angle between ver-
tical and R, — distance from the center of gravity of the frame to the rear axle of the tractor.

To obtain the equations of motion for the second coordinate system, we use the formulas
(2)—(7) and (9). Substituting them into the system of equations (8) and carrying out the appropriate
transformations, we obtain a system (10) of eight differential equations describing the oscillations of
the tractor both in the vertical and horizontal directions:

RM,G— M5, +k, z, +c,z, —%(kélé + o b +enb) - RZO (k &+, &+ & +c ,E)=
=é(rAPK,, ~h,AP) —%(Alﬂﬁ +A,);

M3, + kg%, +eyx, +RM o —(p, +hk,a—(p, +h)c,a+k,z +c,z, -

—%(kglé b eul +hnd 4 ) - 150 ks = oy~ b — ) =

=é(rAPK,, +pAP) —%(Apﬁ +AP,);

Mz + k2 +Czy + MEy + kg &y +Clyy + Ky + iy — ko —

ey kol - ey = (AR, TLAR, )

M E, —klyéy —clyly + Mz, + k02, + ez, — ki — Clyxy + ks +

: 1
+C,n &+ K Sa + Cuns ZZ(IIAP,; —rAB,))+ AP +AL,;

M+ k& + s +_(M9ZI +2k,z, +2¢,2,)+ M &, —

( 151 +C§1§1 + kézéz ;252) = APR + qup
.. . a .. . ..
M, &, +k &)+ ¢y +_(M921 +2k; 2, +2¢,2,)+ M, &, —
(10)
( 151 +Cu& kG + ;252) = APR +AF,;
. d
mé, + 151 +C§1§1 +m2§2 +— ( 252 + C;zfz 2z, —2¢z) = ql’
m3§2 + kgzéz +C;'2§2 + mzfl ( 151 151 —2kz -2¢z)= q2’
In this case, the followmg designations are introduced:
M,, M,, M,, M, —reduced tractor weights:
2
P, h, h, ‘
M, =M, {R_:2+R_ZCOS¢30]+WI1R_ZCOS¢3O, (11)
h,
M2=(Mo+m1)R—; (12)

0

o,
=(M, +m, R) ; (13)

0
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2
P, Py P,y )
M,=M, {R—%—R—;cos%oj—mlR—;cos%o, (14)
M, My, M., My, My, M,,, M,, — reduced masses of the tractor frame:
I} + p?
M, =M0%; (15)
Ll - p;
M, —M{)lzL—z); (16)
I> + p?
M,=M,6- 7 z; (17)
QF+¢
A@:M;—Er—; (18)
l
M, =M0Z2; (19)
Qw—ﬁ
MIO :Mo 32 5 (20)
R
Mll :Mo 32 5 (21)
m,, m,, m, — reduced masses of the front axle of the tractor:
g 2
m, =rnlfié§;fﬁ—; (22)
2 2
a +tp .
ms :mlTl’ (23)

q;, q; — ordinates of irregularities under each driving wheel and their derivatives (i=1,4); ¢, ¢,
Coy» Cos Clyps c;,,, cy, el cél , céz , cgl , cgz — reduced vertical and horizontal stiffness of the sus-

pension and tires of the tractor:

I,
=2—c,; 24
Cz] RO C] ( )
b!
ey =22e; 25)
a!
Co = 2;0, ; (26)
sz = 2 Cos ¢30 (Cmu[ + Cmu[[) ; (27)
+h
Cx]] = 2 py . (Cmul + Cmull) ; (28)
RO
' thO
c;=2|¢ - I 08 D3 (Crr + Coar) |5 (29)
- R
can - e (Caml + cam[[) L2 cos (200 (3 O)

, h
Cop = 2Tg(caw1 + Cor ) 5 (1)

X
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¢ = 2%0, , (32)
= 2%0, ; (33)
iy = 2%0, ; (34)
Ch=Cpy + 2B—;c, ; (35)
Cly=Cpy + 2dl;—62fc, ; (36)
ks keys keyy ks kyy kLo KLy Ky kD, kL, kL, KL, kI, — reduced vertical and horizontal drag

coefficients of the tractor suspension and tires:

Fluctuations in soil reactions on the driving wheels of the tractor when moving over bumps [4]:
APqi = kwl,llqi tCund> =14, ¢ =q(Av,,1).

k., = 2R{_1k1 >

0
b!

ko =2k ;

£l

k

& =2—k;

p,+h
kx]] = 2)R—g(kawl + kzzw]]) ;

0

kzz = 2 cos ¢30 (kmu[ + kmu[[) ;

’ thO
kz] = 2 kl - Lz cos (030 (kawl + kzzw]]) 5

kn;II = 2hg (kaml + kam[[)%cos (030 ;

’ hg
kx]] = 2? (kawl + kawl]) ;

Ky =2%k1;

K, =2%k1;

K =2%k1;
KLy =k +2%b2'k1;
K, =2dl;—cjk1 thy

37

(38)

(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)

(49)

(50)

We agree that the movement of the frame and wheels below the static line is positive,
above — negative. Longitudinal movements of the tractor backwards are positive, forwards are nega-
tive. Considering the foregoing and solving the system of equations (10) regarding the oscillations of
the tractor wheels, we write expressions for determining the oscillations of the rolling radii of all the
driving wheels of the tractor:

Ar, =& +q,,i=14.

€}y
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To determine the oscillations of the moment of resistance on the driving wheels, it is necessary
to know the oscillations of the tangential traction force on each wheel:

AP, = AP, +0P) i=14, 2
where AP, =AG

cyi

f —fluctuations in the rolling resistance force on each wheel; f —rolling resis-

tance coefficient.
Coupling weight fluctuations per wheel:

Achl = mlgl;
AG,, =mé,;
” 35.2. (53)
AGCL{?) =MSs;
AGCL{4 = M11§4‘
Fluctuations in the horizontal component of the hook resistance on each wheel:
o b ..
APxp]l = ﬂM3 Exu;
iy a.. .
Apxpﬂ = ﬂM3 Exu >
(54

AR = (1= )M, 2

11>

AP = (1= )M, %x

where 4 =G, /G, — bearing weight distribution coefficient; G, — weight on the front support;
1 mp 1

G,, — total tractor weight.

Fluctuations in the moment of resistance on the driving wheels of the tractor:
AM ,=A(P,r,), i=14. (55)

Ki' Ki

Taking into account the onboard gearbox, interwheel differential and power transmission, we
write the expression for the oscillations of the moment of resistance on the crankshaft of the engine:

4
D> AM,
ﬁ )‘ [ =1
® == . >
lmp’]mp

where i,,— the gear ratio of the transmission from the wheel to the crankshaft of the engine; — effi-

(56)

ciency of the entire transmission.
Having solved the system of equations (1), we obtain fluctuations in the angular velocity of
the engine crankshaft A, .

To determine the fluctuations in the actual speed of the tractor, it is necessary to know the
fluctuations of its theoretical speed. The presence of cross-axle differentials predetermines the possi-
bility of different theoretical speeds of translational movement of the tractor wheels [14, 15] depend-
ing on the resistances applied to them. However, based on the condition of straightness of motion
adopted by us, fluctuations in the actual speed of the translational motion of all wheels, and hence the
tractor (Av, ) in general should be the same: Av, = Av,, =Av,, =Av,, = Av,.

Therefore, in order to determine , it is enough to know the fluctuations in the angular velocity
and the slipping of one of the tractor wheels. Let us determine the angular velocity of the wheels of the
front axle, taking into account the differential. Let us use the laws of dynamics [16—19]. To do this,
we determine the moments acting on the front axle of the tractor, and compose the equilibrium equa-
tion at each moment of time:
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[ [44e, | dho, =AM, — AM, — AM,;
dt | dt (57)

Aw,+ Ao, =2Aw,,
where I — the moment of inertia of the right or left wheels, reduced to the axis of rotation; Aw,,
. . . . . Aw
Aw, — fluctuations in the angular velocity of the right and left semiaxes; Aw, = ———
bl ool

Knn-pas-ai.n

— oscilla-

tion of the angular velocity of the driven gear of the final drive of the front axle (z — gear

i,
xnn > paj s

ratio of the gearbox, transfer case and final drive, respectively); AM, , =AM i
AM

Knn pax 1n771<nn77pa377 onn

AM .
. , AM, =——% —moments of resistance
lper)’?per) lper) Uper)

on the right and left axle shafts (i,,, 77,, —gear ratio and efficiency of the wheel gear).

engine torque reduced to the final drive gear; AM | =

Equation (57) allows you to determine the fluctuations in the theoretical speed of the forward
movement of the right and left wheels:

_Aw,Ar,,

peo
_Aw Ar,

i

(58)
Av

mean

peo
Fluctuations in the actual speed of the translational movement of the wheels (and hence the
tractor) are determined from an expression of the form:

Av, =Av, = (1-9)=Av, = (1-9,). (59)
where 6, =5(¢,), 9, =5(p,) — slippage of the right and left wheels of the front axle, respectively; ¢, ,

menpl mean

¢, —friction coefficients of the right and left wheels of the front axle, respectively.

Similarly, you can represent the expression for the rear axle.
The influence of fluctuations in the actual speed of movement on the traction resistance of the
tractor can be expressed through fluctuations in soil resistivity:

AP = Ak.ab, (60)
where a, b — plowing depth and plow width; Ak, =k, (Av,) — fluctuations in soil resistivity de-

pending on fluctuations in the actual speed of the tractor.
Conclusions

Thus, the mathematical model of the process includes equations (10)—(56), (1), (57)—(60)
and takes into account the main factors (traction resistance and terrain irregularities) that cause oscilla-
tory processes inside the tractor.

The possibility of solving this mathematical model using applied mathematical programs of
symbolic calculation makes it possible to study the operation of a machine-tractor unit with various
combinations of design parameters of tractor elements without manufacturing in metal.

Development of a simulation technique on a PC can have an effect in determining the traction
and dynamic qualities of serial tractors, and will also make it possible to predict these qualities for
newly created machines.
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MATEMATHUYHA MOJEJIb PYXY KOJIICHOI'O TPAKTOPA 3 OBJIIKOM MOT'O
BEPTUKAJIBHUX I TOPU3OHTAJIbHUX KOJIMUBAHb
Kanunun €.1., Cepena B.I1., Konecuuk I.B., Pomanyenxo B.M.

Amnoraniss Pobora MamMHHO-TPaKTOPHOrO arperary il 4ac BHKOHAHHS PI3HUX CLIbCBKO-
TOCIOJTAPCHKHX POOIT CYIIPOBOMIKYETHCS OE3IMEPEPBHOI0 3MIHOIO HABaHTaKEHHS, [0 3YMOBJIIOE 3MIHY
4acTOTH O0epTaHHS KOJIHYacTOrO Bajla, a OTXe, 1 MOTYKHOCTi aBuryHa. Kpim Toro, BUmaakoBuit
MOJIIrapMOHIYHAN XapaKTep HABAaHTAXEHHS IMPU3BOAUTH 0 BUHUKHEHHS JIOKAJIbHUX PE3OHAHCHHUX
KOJIMBaHb y TakKid OaraTolaHKOBIH JUHAMIYHIA CHUCTEMI, SIK MAIIMHHO-TPAKTOPHHUM arperar, o Iie
Ounble 301IbIIye aMIUTITYAy KOJIMBAaHb YacTOTH OOEpTaHHS KOJIHYACTOrO Baja, 1, SK HACIiJIOK,
MPU3BOAMTE 10 30UTBILIEHHS BTPAT MOTYKHOCT1, MOTEHIIHO JOCTYITHOI CHJIOBOT YCTAHOBKH TPAKTOpPA.
VY crarTi HaBeAEHO MaTEeMaTH4HY MOJENb POOOTH KOJICHOIO TPakTopa 31 CTaluM HEpiBHOMIPHUM
HAaBaHTAXEHHSIM Ha TaK NIpU pycl Mo HepiBHOCTAX. [Ipy IbOMY MalIMHHO-TPAKTOPHUN arperaT
MPEACTABICHUH SIK AMHAMIYHA CUCTEMA 3 ABOMAa BXIAHKWMH AiSMH, 110 BU3HAYAIOTHCS HABAHTAXKEHHSIM
HA raK 1 HEpIBHOCTSIMHU penbedy, Ta OAHIEI BUXITHOW KOOPAWHATOIO, 10 BU3HAYAETHCS aMILTITYI0I0
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KOJIUBaHb YacTOTH OOEpTaHHSA KOJIHYACTOrO Bajia JABUTYHA. Y I[bOMY BHUIAIKy IUHAMIYHA Ta
CTPYKTYpPHa CXEMH € OCHOBOIO AJISl CKJIaJaHHA MaTeMaTH4HOI Mojeni. TakuMm 4MHOM, MaTeMaTHYHA
MOJIEJIb TIPOLIECY BPAaXxOBY€E OCHOBHI YUNHHHMKH (TATOBHHA OMIp 1 HEPIBHOCTI penbedy), IO BUKINKAIOTh
KOJIMBAJIbHI MPOLIECH BCEPEIHMHI TpakTopa. MOXKIUBICTD PO3B’A3aHHS JaHOI MaTeMaTHYHOI MOJENI 3a
JOMIOMOIOI0 MPHUKJIAAHUX MAaTeMaTHYHHX HPOrpaM CHMBOJBHOIO PO3PaxyHKY Aa€ 3MOTY JOCTil-
XKyBaTH pPOOOTYy MAIIMHHO-TPAKTOPHOI'O arperaty 3 pi3HUMH KOMOIHALISMH KOHCTPYKTHBHHX
napaMerpiB €JIEMEHTIB TpakTopa 06e3 BUTOTOBJIEHHs B MeTasli. Po3poOka MeTOIMKH MOJENIOBaHHS Ha
[1K Moxe BIUIMHYTH Ha BU3HAYEHHS TATOBO-AWHAMIUYHHUX SIKOCTEH CEPIiHUX TPAKTOPIB, @ TAKOXK AACTh
MOXJIUBICTD ITPOTHO3YBATH L SIKOCT1 J11 HOBOCTBOPEHHUX MAIIHH.
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