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technical systems has made it possible to develop an algorithm for controlling resource
consumption in many technical and biotechnological systems that contain
concentrated, discrete, moving sources of thermal load. The specificity of the
mathematical models and computational methods proposed in this paper is that they
should be used to solve not specific, partial tasks, but to solve the general problem of
resource consumption control in these systems. As the object of study changes,
boundary value problems, methods for solving them, and searching for local extremes
of the temperature field will change, but the proposed algorithm will remain
unchanged. This indicates the interdisciplinarity of the above studies and their wide
application to control resource consumption in many systems with distributed
parameters.
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The problem of optimal design of structures made of composite materials is
considered. The optimal design of laminated plates and shells subject to constraints on
strength, stiffness, bending loads and fundamental natural frequencies is proposed.

Composite materials are now widely used in the mechanical and aerospace
industries because they enable designers to achieve significant weight savings [1, 2].
Another advantage is that more complex shapes can be produced due to the
manufacturing techniques used, and the total number of parts can be significantly
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reduced [3, 4]. When sizing a particular design, in addition to the thickness of the
laminates used, the total number of plies and the orientation of the fibers in each ply
must be specified. The mechanical properties of a laminate vary considerably
depending on the fiber orientation, and it is necessary to tailor the laminate for each
specific application to maximize the material properties [5, 6]. This study examines the
optimal design of laminated plates and shells under various constraints. In many
applications, laminates are subjected to in-plane loading and the stiffness and/or
strength properties must be optimized. For static bending loads, laminates are designed
to maximize bending stiffness. In other cases, bending loads or natural frequencies
must be maximized. However, in most applications, several constraints apply
simultaneously and multi-criteria optimization methods are used [7].

In many applications, laminated composites are subjected to in-plane loads, and
the thickness and stacking of the plies must be chosen to satisfy stiffness or strength
constraints for minimum weight [8, 9]. Using a stiffness invariant formulation, it is
shown that the effects of laminate thickness and stacking can be separated and that for
symmetric balanced laminates, all stacking can be represented by only two parameters
regardless of the number of plies. Thus, the optimization problem is greatly simplified.
Determining the optimal configuration for a laminate subjected to arbitrary in-plane
loading is a challenging problem. For unidirectional composites, the method of
calculating the principal stress, which is to align the fibers in the direction of the highest
principal stress, can be used very effectively. Thus, the tangential stresses in the
principal stress of the material can be utilized very effectively. In this way, the
tangential stresses in the principal coordinates of the material are eliminated, and the
shear failure mode is also eliminated. When the transverse stresses are small,
unidirectional composites fail in tension or compression in the longitudinal direction,
and the strength is determined by the strength of the fibers. As the shear stresses
increase, the material fails due to shear stresses and unidirectional composites become
very inefficient because the shear strength is essentially determined by the properties
of the matrix and the fibers become inefficient. In this case, laminates must be used,
and the number of design variables increases from two (fiber orientation and total
thickness) to 2n for n-layer laminate.

It is shown that the stiffness invariant formulation is useful for isolating the
effects of laminate thickness, material properties and lamination scheme. It allows to
determine the optimal paving for a particular application and limits the number of
design variables in the optimization problem.
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®OPMYBAHHA ® YHKINIOHAJIBHO-TEXHOJIOTTYHUX
BJIACTUBOCTEM IIJIIBKH I3 KUIIIKOBOI CUPOBUHM IT1J] YAC
CYIIIHHA

Onunmenko B.M. a.1.H., pou.; [lak A.O. aA.T.H., npo¢.; Ouunmenko A.B. acnmipanrt
epoicasnuii biomexnonociunuil yHigepcumem

Jocniooicennsaimu  KiHemuku — CYWIHHA — NIiBKU — 6a2amo@yHKYIOHATbHO20
NPUSHAYEHHA I3 KUUWKOBO0I CUPOBUHU 6UHAYEHO PAYIOHANbHI 3HAYEHHs meMnepamypu
HA2Pi8aIbHUX NOBEPXOHD.

MeToro AocnipkKeHHS € BU3HAYCHHS palliOHAJBHUX 3HAYEHb TEMIIEpaTypu
HarpiBaJIbHUX MMOBEPXOHb, 3 TOYKU 30Ppy €PEKTUBHOCTI MPOIIECY 3HEBOIHECHHSI TUTIBKH
0arato(yHKIIIOHATFHOTO MPU3HAYCHHS 13 KHIIIKOBOI CHPOBWHU TIiJ] Yac i1 CYIIiHHS.

CymiiHHS € OJHIE€I0 13 HAWOIIBII €HEPrOEMHUX OIepariid mpu BUPOOHHUIITBI
IUTIBKM  0araToyHKI[IOHAIBHOTO TPHU3HAYEHHS 13 KHUIIKOBOI CHPOBUHHU, 32
TEXHOJIOTI€I0, 110 po3riaaeTbess [1]. PenTabGenbHicTh BUPOOHMIITBA ITI€T IUTIBKH
CYTTEBUM YMHOM 3aJIC)KUTh BiJl BUTPAT HA MPOIIEC 3HEBOJHEHHS BUX1THOI CHPOBHHH.

JlocnimKkeHHsT Mpoliecy CYIIHHS MOJIArajo y OTPUMaHHI Ta aHaji3l KIHETUKHU
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