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The current stage of development of society is based on the multifaceted
computer information technologies, in partan) for the design and manufactc
of various technical objects. Therefore, further improvement of the methao
computeraided design is an urgent scientific and applied problem in our time.

The aimof the article is to outline the theoretical foundati®f creating cm-
puter information technologies for effective geometric modeling of various gt
of technical objects. The proposed integrated group approach is based, on
hand, on the general classification of figures by dimension, geometiodsedf
their construction and modifications, and on the other hand, on the complete
sification of objects of modeling and production processes of their manufactu

The research materials are illustrated by the example of such a group-o
nical ohects as disk working bodies of tillage tools of agricultural enginee
products. The presented approach is based on the methodology of st
parametric geometric modeling created by the Scientific School of Applieh-C
etry of the Igor Sikorsky Kyi Polytechnic Institute and is its further evolution.

The methodology developed by the authors is largely invariant with resp
many engineering objects. This constitutes a significant scientific and applhe
ue of the proposed approach of computeorgetric modeling of industrial pde
ucts. The relevance of the analyzed scientific and applied problem is due
special importance of the processes of shaping in the design and manufac
technical objects.

A promising area of scientific researishthe further generalization and intagl
tion of various approaches, in particular, structpaametric, multidimensione
geometry and special disciplines. This will allow using the development ob-a
priate new methods and techniques to create betr@puter models of man
technical objects and processes, to increase the efficiency of the practical
computeraided design systems.
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Formulation of the problem

¢ new problem to find the solitary solution for interaction of elastic plate
with the Winkler foundatioms consideredit is assumed that the plate is cltara
terized by elastically nonlinear properties which are described by the geometr
cally nonlinear defomations. In this case and some assumptions that lonrgitud
nal deformations are not taken into account, we obtain the Lagrangiaa corr
sponding to the Kirchhoff classical model of transverse bending vibrations of
plate For corresponding resolving equatiosadution is found in the class of the
amplitude modulated signals. By means of regularization of formal asymptotic
decompositions, the Sétdinger nonlinear equation, determining the amplitude
in the first order of smallness, is obtained. We obtain thesosolution incor-
respondence with considerations and results obtained by Abblowitz et\at., Ne
el, Zakharov and Shabat. There are a lot of systems of extensive applications in
various fields which include such elements. In connection with it our commun
cation considers the problem of the interaction of an elastic plate with the Wi
kler foundation. A linear problem was first very clearly considered in the course
bySP. Ti moshenko ¢ St rleamdydl2ydumdghiswarkae r i a |
the KPI.Since then no course, better than this one, has been developed.

Introduction

Several researchers have investigated solitary wave propagation ra diffe
ent media, in particular soliton formation and its propagation. However the
problem for elastic plates (beanon the elastic foundation has been investiga
ed in alinear statement.

Our paper considersranlinear statement and solution so that neveph
nomena of the wave propagation can be esablished.

Zhong et al. [1] studied spatiene solitary forms in a galactic world when
spatial solitons are described by the cylindrical Korteivete Vries equation.
Selezov, Kryvonos and Gandga [2] treated a lot of problems of linear and no
linear wave propagatiorand diffraction and solitary wave propagation.
Korolevich and Selezov [3] considered solitary wave propagation in the fluid of
variable depth and its passage to determined chaous. Grimshaw et al. [d] consi
ered wave diffractions of solitary waves in watlele to bottom nonhomogane
ties. Selezov IT. [5] established that the beginning of tsunami wave is- non
determinate prediction due to an underwater earthquake is also nondeterminate
process. Selezov [6] developed an evolution equation of water wavegaropa
tion under bottom excitations and the linear and nonlinear problems of wave
diffraction. Eringen [7presented many models of deformed continuum.o¥im
shenko [8] presented the best course of Strengh of Materials considering the
ear problem of a bendobeam on elastic foundation, which has been developed
first by Winkler (1867)working at the KPI at that timé/hithem [9] developed
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the theory of wave propagation and solitary wave propagation fundamentally
and considered application tfe variation prnciple for the derivation of sel
tary wave equations with using the Lagrangialend [10] presented nonlinear
elastic models and its applications. In our paper we used his consideratien in 0
der to construct the lagrangian and apply the method develgp&dhtihem.
Kirchhoff [11] proposed equations of bending plates and based on thema-the L
grangian was simplified. Newell [12] presented a review of solitary theory
which includes a lot of results for solitary wave propagation. Ablowitz et al. [13]
consideredhe nonlinear evolution equations and results of construction df mo
els. Zakharov and Shabat [14] treated solutions of solitary wave propagation.
The first part of the paper deals witreometrically nonlinearsotropic
elastic medium and it considers sl@rocesses characterizing by small khic
nesses in comparisamth a wavelength so that neglecting by longitudinalrine
tia yealds the Lagrange equation. As a result we obtain the equation ofiplate v
bration on the Winkler foundation. We consider the propagaof traveling
waves and find the Lagrgian and later on we consider multiply scale approach
following to the scheme from Abblowitz up to Shabat which showsskieev
symmetric and discrete eigenvalu€mnesolitary solutionof the problem of
propagatio of nonlnear bending waves in a platentacting with a mediuno#
cally linearly responding to transverdeviations is derived.

Statement of the problem for the plate and the Lagrangian

We will proceed from a geometrically nonlinear formulation for an is
tropic elastic body (Blend, 1969) [10], (Eringen, 2002) [7], we define the Green
strain tensor through finite elastic displacements

q m:%(u,| m+l’,lml tucq)c’ (1)

and we associate the second Riilechhoff tensor with the fourtlhank iso-
tropic tensor

SI m a | né;l?)
I mah I'm * a b ! (2)
a mE o od " 4 8 )
wherd © G are the Lame constants, all indices run through the values 1, 2, 3
and summation is assumed over repeating indices hereinafter. For slowsproces
es, the spectrum avhich in the linear approximation is characterized by avav
lengths significantly exceeding the plate thickness, it is possible to takecinto a
count the inertial term additively, and to keep the first two terms in thenexpa
sion of the displacement vector powers of the transverse coordinate aped n

glect the shift, which corresponds to the classical Kirchhoff hypothesishKirc
hoff, 1850) [11]. We restrict ourselves to processes that are independent of one
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of the planar coordinates. Integration of the energysdy along the transverse
coordinate leads to ordtmensional Lagrangian

Eh , _ Eh rh
1nzux 2(1_ ﬁ) uXV\FX DV\EX -\N?a g("f V\?)’ (3)

where E is the Young modulus; is the Poisson ratid) is the plate thickness,
D is the cylindrical stiffnessa is the bed coefficient/ is the densityy and
w are thdongitudinaland transverse displacements of the plate.

If the inertial term is neglected from the longitudinal displacement, from
(3) we obtain the determining system of Lagrange equations from variational
principle L =0obtain

A=

2uxx +(\N>2<) :O’

X

Eh rh (4)
D - - 0.
VVxxxx 2(1_ ﬁ) (uxWx)X : j \Mt

We note that introducing the stress function into the Lagrangian, as well
as taking into account deformations along another planar coordinate, would lead
to the Karman system of equations with the Winkler force on the-hayrd
side.

Schr°dinger equation

Under the restrictions introduced above, from (4) we obtain the resolving
equation of the bending vibrations of the plate on the Winkler base in the form
Eh ( ) rh

DWxxxx+m W - a _g+V\4t 0. (5)

Consider a solution in the form of traveling wav&litontype fa-
mations are of particular intere@lewell, 1985) [12]. The application of the
formalism of extracting the KdV equations of the hierarchy leads to a trodal s
lution, which indicates thebsence of long cnoidal and solitary waves in our
quasilinear system under consideration. Thus, a solution should be sought in the
class of amplitudenodulated processes. We apply the rnmdle method [2],
based on the formal asymptotic expansion of #srdd functions and diffeme
tial operators in a Taylor series in a neighborhood of the equilibrium position

w= Bw,
M=l Mk (6)

n

TRE TR )



18
wdzv ste 30Oy " 2 dz° mMdmils j d3d , By~ Ode” €O
In this case, independence of fagt t, and all slow variablesX , T is

assumed.
Substituting series (6) into equation (5) and grouping the terms for equal
degrees of a small parameter gives a system of equations accurate to terms of the

ordero(e3) inclusive

Lw; =0, (7)
Lw, = {L 4 Ly )w, (8)
LW_ '(L1 XH L2 Tl) {Lll_le L'zlzi-"l—lxl;l L+2T v,
3 Eh (9)
] L4(( *Jmﬁ))4(1- A’
where
rh 2 rh rh
L1 D 1D 1 1D, 1,
b %I LDE L A LDE L b
From equation (7yve obtain
W=w(X, T, X, T) & + .k (10)
e(w, K 8, (11)

where the phase and dispersion ratio are defined as follows
q =x { J,

e= - 4ht >wD+ k.
g
For the uniform suitabilityf the proposed expansions (uniform boudide

ness of the termsv, and w;), it is necessary to eliminate the following terms in
the operators. In equation (8), this is possible when passing to the characteristi

coordinate system
WX, T)=w(¥, X=X GJ
1Lk _ 2D Kg
Iw how
It is also advisable to go into an arbitrary moving coordinate system in the
plang(X, T,):W( %, T)= W T), T =T - K, k' isan arbitrary constant sa

isfying {0?3 O—)_(} the condition for the independence of variables.

g
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From equation (9) we obtain the corresponding condition for theiampl
tude

bw, +|§ w iw do

=py 2% ERR g s ([P
c w 1- ﬁ) g

(12)

1-O:On

One-soliton solution

From the form of the obtained non
(b g 0} we can conclude that it corresponds to a scheme of Ablowitz, Kaup,

Newell, Segur (Ablowitz et al., 1973) [13] , showing that the discrete eigenva
ues ardmaginary, therefore they determine the existence of bound states with
negative energy, i.e. showing these pecularities for soliton potentials ofdghe ori
inal equation (12), moreover it is follow from (Zakharov and Shabat, 1979) [14]
that our operator iskewsymmetric.
The desired onsoliton solution isn the form (Newell, 1985) [12]
Fac _eCa Q.D 6{‘}'

I|a:£

w=aglt 82 N Seh'{ ax - caT ], (13)

where the amplitudex, velocity of the solitorc and the phase shitt, ] , are

determined on the data of the Cauchy problem. As for the complete solution, we
note that the soliton is the limit value of the periodic solution in the fornkof e
liptic functions (cnoidal waves). Thefiore, the answer will not contain a peko

ic set of quasimonochromatic packets, but as a limit (under appropriate initial
conditions) a sollitary packet:

5 8, 3
W= aepr i€k ¥ 8 e M%eg
& 2 = 88 2

| 0 '
i = W (14)

Conclusion

The onesoliton solution in the form of solitary packieas been obtained
for an elastic plate on the Winkler foundation. Starting from geometricatly no
linear equations of isotropic elassolidit is possible to yieldletermination of
the Green tensor of deformation and transition to the Kirchhoff classicytiof
bending plates. On this base the Lagrangian was obtained afdi8gkr ega-
tion were derived as resolving equation for the plate on the Winkler foundation.
Consideing traveling waves for amplitudenodulated processs and the method



20
whzw stedzOy ' 2 dz° mMdMmisj d3d , B3y » Odz® €
of multi-scaledecomposition yields transition to moving coordinate system. As

a result the existence of solitary equation was established and solitary packet

solution was obtained.
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Property Yalues Stress Recovery (2 to 4 Blank=5quare)
Area, A | 7,06355E-6 Y i
Moments of Inertia, 11 or Izz | 3,9761E-12 1, -0,0015

12 of Iyy | 3,9761E-12 2| p,0015 0,
1z or Izy | 0, 3o, 0,0015

Torsional Constant, 1| 7,9455E-12 4 -0,0015 0,

¥ Shear area | 6, 26403E-6
Z Shear area | 6, 26405E-6 . )
Load... Save. ., (8] 4
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Perimeter | 0,0094247% L = Il = I
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En Today, the development of the beekeeping industigrasving rapid. This is
due notonly to the increase in demand for beekeeping products, but above
the acuteneed for a qualitative harvesting of cultivated plants. Bees pollinat
plantsincreases the productivity of crops by-60%. As a result, the creation
selfpollinatinghybrid plants and the need to use pesticaisappear.

The development and productivity of the bees depend directly or
microclimate parameters inside the hive such as temperature, humidity,
dioxide level in the hive, environmentabise, proper nutrition, presence of wa
around the hiveetc. Now all theseparametersare controlled by the bee
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themselves and partly by humans. The melliferous capacity ancepediduction
are reducel. For examplejn winter, the temperaturén the middle of the nes
should be atleast2528 4, i n s uddmer ,I n330t her c¢
lot of energy for microclimate parameters. This will affect its exhaustion, ft
performance and the quality of broods. The beekebép#ys to maintainthe
necessary conditions for the microclimate, but it creates a daestress fothe
wards. Microclimate parameters are obtained by digital thermometers
hygrometers selectivelyAs a result, the beekeeper does not have accurate di
the generalkcondition of bees throughout the apiary. Thus, the developme
automated control system of microclimate parameters is especially true.

The developed system measures such parameters as humidity, tem @&
carbon dioxide levehndstructures all te data by each hive. The system provi
the transmission of data to a personal computer by Internet via MQTT pro
The hardware includes modern lawst sensors, microcontroller, raddtement
(all with a negligible margin of errprwhich allow ensung a cosefficiency
impact from the system implementation together with high accuracy. An
strong advantagef the subsystem is a GPRS signal that can transmit data a
distances.

The software is based on the use of the most common and effeetilvedof
statistical control i.e. the Shewhart control charts. This allows you to contrc
adjust the necessary parameters inside the hive more effectively and helps t
comfortable conditions.
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