ABSTRACTS AND REFERENCES

Dynamics and Strength of Machines

Martynenko V.G., Ulianov Yu.N. Modernization of an Experimental Installation and a Procedure for In-
vestigating the Anisotropic Viscoelastic Properties of Composite Materials at Elevated Temperatures .......... 3-11

68

The paper describes the process of modernizing the existing installation designed for performing long-term tests of steel
and aluminum cylindrical specimens for high-temperature creep with the purpose of conducting the experimental studies
of the anisotropic strength and viscoelastic characteristics of planar composite specimens at elevated temperatures. In
view of the differences in the approaches to finding the mechanical properties of metals and composite materials, the
modernization required that special methods be developed for its implementation. In order to achieve the objective set, a
scheme for reconstructing the specimen holders in the experimental installation was proposed, as well as the method of
fixing them, implementing uniaxial stress-stain state and enabling one to avoid stress concentration where the grippers
are used. The specimens for the experiment were cut out in accordance with their optimal shape from one sheet of or-
thogonally reinforced composite material at different angles to the reinforcement direction, which allowed obtaining their
anisotropic mechanical properties. The preparation of the specimens for conducting the experimental study was per-
formed in accordance with international standards, which ensured the accuracy of obtaining the desired mechanical
quantities. The developed, designed and built automatic temperature control block for the electric furnace allowed main-
taining elevated temperature with a sufficiently small error during its long use, which was necessary for studying the me-
chanical properties of composite specimens, as well as regulating the heating temperature in a given range. When per-
forming a series of experiments, an optimal temperature was chosen that was higher than the glass transition temperature
of the composite material and lower than its phase transition temperature. Its observance made it possible to measure the
viscoelastic properties of the composite with a high accuracy when the relaxation time reached half of the measuring pe-
riod and guarantee a complete construction of creep curves. Conducting the experimental study of the instantaneous and
long-term mechanical properties demonstrated the effectiveness of the improvements made for the experimental installa-
tion, as applied to the realization of such experiments. The developed procedure can be used for finding the anisotropic
vicoelastic properties of the composite materials dependent on time and temperature, as well as setting the level of anisot-
ropy of such properties for its subsequent consideration in the mathematical models of the mechanical behaviour of struc-
tural and installation elements made of composite materials.

Keywords: anisotropic viscoelasticity, composite material, experimental investigation, elevated temperature, relaxa-
tion curve.

Onucano npoyec MOOepHizayii ichyo4oi YCmano6Ky, NpusHa4eHol O NPO6eOeHHs. O0620MPUBAIUX BUNPODY6aHD
cmanesux ma AmOMIHIEGUX YUTTHOPUYHUX 3DA3KI8 HA BUCOKOMeMNepanmypHy No83ydichb, IO eKCnepuMeHmaIbHi
00CIOAHCEHHS AHI30MPONHUX MIYHICHUX MA 8 SI3KONPYHCHUX XAPAKMEPUCTIUK NIOCKUX KOMHOUYIUHUX 3DA3Ki6 npu
niosuweHux memnepamypax. /[ peanizayii 0anoi memu 6y1a 3anponoHo6ana cxema nepedy0osu mpumayie 3pasKie 6
eKCNepUMEHMANbHIL MAWUHI, A MAKOXC MemoO iX KpinieHHs. 3pasku 0l nposedenHs eKcnepumenmy 0yu 8UpisaHi y
8I0NOGIOHOCHT 00 ONMUMATBHOT IX hopMU 3 OOHO20 TUCTA OPMOSOHATLHO APMOBAHO20 KOMNOSUYILHO20 MAMEPIany
nio pisHUMU KYMAM 00 HANPAMKIS apMyBaHH, WO 00360JUN0 OMPUMYBAMU IXHI AHI30MPONHI MEeXaHiUHI 81ACMUBOCTII.
ITliocomoexa 3paskie 00 NpoedeHHsi eKCNEPUMEHMATbHO20 OOCTIOJCEHHs. OYIa GUKOHAHA 'y GIONOGIOHOCE 00
MIDICHAPOOHUX ~ CMAHOApMIE, W0 3a0e3neyuno MOYHICIb OMPUMAHHA  WYKOMUX — eenuyur. Pospobrenul,
CHpoeKmosanuti ma no6yoosanuti OJI0K A8MOMAMUYHO20 PeYNIOBAHHS MEMNEPAMYPHO20 PeNCUMY eNeKmponeHi
00380/1U8 NIOMPUMY8amuU NIOBULEHY meMnepamypy y NOPIGHAHO 8Y3bKOMY OianasoHi npu dogeompusariil ii pobomi,
wo 0yn0 HeoOXiOHO O OOCHONCEHH MEeXAHIYHUX GIACTNUBOCMEl KOMNOSUYILIHUX 3DA3KIB, A MAKOiC pe2yiosamu
memnepamypy Hazpigy y 3aoanomy oianaszowi. Ilpu euxonauHi cepii excnepumenmis Oyia 0OpaHa ONMUMATLHA
memnepamypa, Wo € GUWol0 34 MeMnepamypy CKIy8aHHs KOMNOUYIUHO20 Mamepiany ma HUMCH0I0 3a U020
memnepamypy (paz0602o nepexody. Ii dompumanns 00360110 GUMIPIOGAMU 6 ZKORPYIICHT 6IACUEOCINT KOMRO3UNLY
i3 BUCOKOIO MOYHICHIO NPU OOCASHEHHI 4acy penakcayii 3a NON08UHY Nepiody SUMIPIOBAHb A 2aPAHMYEAMU NOBH)
no6y008y kpugux nossyuocmi. IlposedenHs excnepumeHmanbHo20 00CIIONCEHHS MUMMEBUX MA MPUBATUX MEXAHIUHUX
81ACMUBOCIEL NPOOEMOHCIIPYBAN0 ePeKMUBHICIb B0OCKOHANICHb, BUKOHAHUX OISl eKCNEPUMEHMANbHOI YCIMAHOBKY,
01A peanizayii maxozo pooy eKCnepumeHmis.

Knouosi cnosa: anizomponua 6 s3KONpyj#CHICMb, KOMNOSUYILHULL Mamepias, eKCnepuMeHmanbHe OOCTIONCeHHs,
niosuweHa memnepanypa, Kpusd peiaxcayii.
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When designing different kinds of structures and forecasting the strength of mine workings in rock and geotechnical
mechanics, there occur problems in which it is necessary to know the stress-strain state of a half-space with cylindri-
cal cavities and take into account the mutual influence of the cavities and the half-space boundaries. The article gives
an analytical and numerical solution to the first main spatial problem of the theory of elasticity (stresses are specified
on boundaries) for a homogeneous half-space with several circular cylindrical cavities parallel to each other and the
boundary of the half-space. The specified stresses are assumed to rapidly decay to zero at great distances from the
origin of coordinates, on the boundaries of the cavities at coordinates z and on the boundary of the half-space at coor-
dinates z and x. To solve the problem, the generalized Fourier method is used in relation to a system of the Lame equa-
tions in the cylindrical coordinates associated with the cylinders, and the Cartesian coordinates related to the half-
space. For transition between the basic solutions of the Lame equation, special formulas for transition between local
cylindrical coordinate systems and between the Cartesian and cylindrical coordinate systems were used. Infinite sys-
tems of linear algebraic equations for which the problem is reduced is solved by the truncation method. As a result,
displacements and stresses were found in an elastic body. As an example, a detailed numerical analysis of the stress-
strain state for two parallel cylindrical cavities in a half-space at various values of the geometric parameters of the
problem is given. The graphs given show a picture of the distribution of stresses in a body in the most interesting zones
and illustrate the mutual influence of cylindrical cavities as well as the mutual influence of a half-space and cylindri-
cal cavities, depending on the geometric parameters of the problem.

Keywords: cylindrical cavities in a half-space, Lame equations, generalised Fourier method.

1Ti0 yac npoexmyeanHs pizHo2o poody KOHCHPYKYil, NPOSHO3YEANHL MIYHOCHI ZIPCLKUX GUPODOK 6 MeXaniyi SIPCbKUxX
NOpIo i 2e0MexXHIuHIll MeXaHiyi 3yCmpiuaromsCsi 3a0adi, 8 SKUX He0OXiOHO 3HAMU HANPYIHCEHO-0eDOPMOBAHUL CAH
RIBNPOCMOpY 3 YUITHOPULHUMU NOPOICHUHAMY A BPAXOBYEAMU G3AEMHULL BNIIUE NOPOUCHUH A MEiCE NiGNPOCMOPY.
B cmammi nasedeno ananimuxo-uucenvHuli po3s 130K NeEpULoi OCHOBHOI NPOCMOPOBoi 3adayi meopii npyxcHocmi (Ha
MedHcax 3a0ani HanpysiceHHs) Onsi OOHOPIOHO20 NIBNPOCMOPY 3 OEKLIbKOMA NAPANeNlbHUMU MIdC cob0io i Medicero
RIBNPOCMOPY KPY20BUX YUNTHOPUUHUX NOPOICHUH. 3A0AHT HANPYICEHHS 86ANCAIOMbCS MAKUMY, WO WBUOKO Cnaoaoms
00 HYNAL HA MedICax NOPOdCHUN NO KOOPOUHAMAX Z, HA MediCi NiGnpocmopy no KOOpOUHAMAX Z ma X HA OaneKux
8I0CMAHAX 8i0 NOYAMKY KOOpOUuHam. /[N po3e’sa3anHA 3a0ai 8UKOPUCAHO Y3azatbHeHul memoo Pyp’'e cmocoeHo
cucmemu pigHaHb Jlame 6 YUIIHOPUUHUX KOOPOUHAMAX, NO8 SI3AHUX I3 YUTIHOpAMUY, MA OeKapmosUx KOOpOUHAMAX,
108 A3aHUX 3 niGnpocmopom. [l nepexody midxc 6asucHuMuy po3e askamu pieHAHHA Jlame 6yu GUKOPUCAH 0coOUBE
dopmyu  nepexody Mixnc JIOKATbHUMU YUWITHOPUYHUMU  CUCTHEMAMU  KOOPOUHAM MA MidC OeKapmosow i
YUTTHOpUYHUMY cucmeMamit KoopouHam. HeckinuenHi cucmemu JHIUHUX aneeOpaiuHUX pieHAHb, 00 AKUX 36€0eHO
npobiemy, po3e sA3aHo Memooom 3pisanta. B pesynemami 6yno 3naiioeHo nepemiujents ma HanpysCeHHs. 8 NPYHCHOMY
mini. Ak npuxknad Hagedeno OOKIAOHUI YUCTIOBULL AHATI3 HANPYHCEHO-0eqhopMOBAHO20 CMAHY OA 080X NAPANIETIbHUX
YUTTHOPUYHUX NOPOJICHUH ) NIGNPOCMOPI 34 PI3HUX 3HAYEHb 2eoMempudHux napamempis 3aoaui. Hasedeni epapiku
oaroms  KapmuHy PpO3NOOILY HANPYJICeHb 6 Mmill y HAUOLIbul YIKABUX 30HAX, VAGIEHHA NP0 G3AEMHULL GNIUB
YUTTHOPUYHUX NOPONXCHUH MA B3AEMHULL BNIUE MEJHCI NIBNPOCMOpY | YWIEHOPUYHUX NOPONMCHUH 8 3AIeHCHOC 8i0
2e0MeMPUYHUX NAPAMempi8 3a0ayi.

Kntouosi cnoea: yuninopuuti nOpo’CHUHY 8 NiBNpocmopi, pienanka Jlame, y3aeanvuenui memoo @yp'e.
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A detailed review of the existing design of brush contact devices for 200 MW to 600 MW turbo-generators is performed.
The peculiarities of brush contact devices working in tandem with turbo-generators of various firms are considered. The
main causes of damage are indicated and the ways of development and improvement of the existing design are indicat-
ed. An analysis of the methods of calculating heat releases in a brush contact device caused by heat releases of different
nature was performed. The most optimal variant of estimation of the influence of a contact spot and quality of brushes
on the value of heat releases is specified. The possibility of performing a three-dimensional computation, using the re-
sults of the analytical computation together with the CFD method, is shown. For the first time, a computation was per-
formed and an improved method was developed for determining the thermal state of a brush contact device for high and
medium-power turbo-generators. It is shown that the temperature values obtained as a result of simulating the thermal
state of a brush contact device in the SolidWorks Flow Simulation environment meet the requirements for newly de-
signed electric machines. As criteria for the convergence of the solution, the following values for volume were chosen:
minimum, average, and maximum static pressure, average mass flow rate; average heat flux on the indicated surfaces.
The calculation was performed until the convergence criterion was reached and at least three purges of the computation
area were executed. The calculated error does not exceed the measuring error, which makes it possible to evaluate the
operability of a brush contact device at the design stages, and the values obtained do not exceed the maximum permissi-
ble temperatures in accordance with the requirements of the normative and technical documentation.

Keywords: brush contact device, thermal state, three-dimensional setting.

TIposedeno demanvhuil 027180 ICHYIOYUX KOHCMPYKYIL WIMKOKOHMAKMHUX APUCIPOis Olsl mypOoeeHepamopis 6io
200 MBm 0o 600 MBm. Posensnymo ocobnusocmi anapamie Wimkompumayie, wo npayionoms pasom 3
mypbozenepamopamu pisHux Qipm. Brazano ocHO6HI npuyunu NOUKOONCEHb MA WISAXU PO3GUMKY | B00CKOHAIEHHS!
icuyrouux konempykyii. Ilpoeedeno ananiz mMemooie po3paxyHKy menioguoiletb, Wo U3HAUAIOMbCS SGUWAMU PIZHOT
npupoou. Bemanoeneno Hatibinbu onmumanbHuil 6apianm OYiHKU 6NaU8y KOHMAKMy ma AKOCMI WIMOK HA 8eUYUHY
meniogux euoinenv. Illpedcmaenena modciusicmo 30MICHEHHS MPUBUMIPHO20 PO3PAXYHKY 3  GUKOPUCHIAHHIM
pe3yibmamie  aHanmuynozo obuucients pazom 3 memooom CFD. Bnepwie 6yno euxonamo obuucienns ma
PO3POONEHO 8OOCKOHANICHULL MEMOO UBHAYEHHST MENI08020 CIMAHY Anapamis wimkompumadie Onsi GUCOKO- md
cepeOHbo-nomysichux  mypbocenepamopie. Iloxkazano, wo 3HauenHs MeMnepamypu, OMpPUMAHI 6 pe3yibmani
iMimayii menno6o2o cmamy KOHMAaKmHo20 NPUCIpPOIo, Olst WIMKU 6 cepedosunyi Modemtosantst nomoky SolidWorks
BION0GIOAIONL BUMO2AM HOBUX eNEKMPUYHUX Mawul. B sxocmi kpumepiie 30iscHocmi nomoky 0yau 0Opawi HacmynHi
eeuyUHU OISl 00'€My: MIHIMATbHE, CePeOHE MAd MAKCUMATIbHE 3HAYEHHS! CIAMU4YHO20 MUCKY, CePeoHsi MAco8d
sumpama, cepeoHill men1osull NOMIK Ha 3a3HaYeHUx nogepxusax. Pospaxynok euxonysascs 0o docsazHeHHs Kpumepito
30I#CHOCME MA BUKOHAKHSL OLIbUL HIJIC MPbOX NPOJY6oK obuucients. Pospaxynkosa noxubra ne nepesuugye noxuoxu
BUMIDIOBAHHS, WO O0d€E 3MO2y OYIHUMU NpaAye30amHicmy anapamy WimKOmpuMAayie Ha emanax npoeKmy6aHHs, a
OMPUMAHT 3HAYEHHS MeMNEPamyp He NepesuyIonb MaKCUMATLHO OONYCMUMUX 8IONOBIOHO 00 8UMO2 HOPMANUBHO-
MexXHIYHOI OOKYMeHmauyii.

Kniouosi cnosa: anapam wimxompumaua, menioguii Cmas, mpusuUMipHe MoOent08aHHsI.
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Hasanov Sh. G. Modeling Crack Initiation in a Composite Under Bending ...........cccccoovveiieiieniieniieninne 25-31

It is known that multi-component structures are more reliable and durable than homogeneous ones. At the design
stage of new structures from composite materials, it is necessary to take into account the cases when cracks may ap-
pear in the material. The purpose of this paper is to construct a computational model for a binder-inclusion composite
body, which makes it possible to calculate the limiting external bending loads at which cracking occurs in a compo-
site. A thin plate of elastic isotropic medium (matrix) and inclusions (fibers) from other elastic material, distributed in
the plate under bending, is considered. A mathematical description of a crack initiation model in a binder composite
under bending is carried out. The theory of analytic functions and the method of power series are used. The determi-
nation of the unknown parameters characterizing an initial crack reduces to solving a singular integral equation. A
closed system of nonlinear algebraic equations is constructed, whose solution helps to predict cracks in a composite
under bending, depending on the geometric and mechanical characteristics of both the binder and the inclusions. The
criterion of crack initiation in a composite under the influence of bending loads is formulated. The size of the limiting
minimum pre-fraction zone, at which crack initiation occurs is recommended to be considered as a design characteris-
tic of a binder material.

Keywords: binder, inclusion, composite plate, bending, pre-fracture zone, crack formation.

Bidomo, wo bazamoxomnonenmui cmpykmypu Oitbut HAOIHI ma 006206iuHi, Hidc 00HOpiOni. Ha emani
NPOEKMYSaHHA HOBUX KOHCMPYKYIL 3 KOMNO3UYIIHUX Mamepianie HeoOXiOHO 6paxoeysamu 6unaoku, KO y
mamepiani moxcymy 3'agumucs mpiwunu. Memoio yveo 00cniodxcenus € nobyoosa po3paxyHkogoi mooeni Ons
KOMNO3UMHO20 MINA, WO 6KMOUAE 36A3V6AHHA, Ye OdE 3MO2Y pO3PAXY8aAmu SPAHUYHI 306HIUWHI 32UHATbHI
HABAMMAIICEHHS, 34 AKUX 8I00YBAEMbCA POSMPICKYBAHHA 8 KOMNO3umi. Posenanymo mouky niacmumy i3 npysi#cHo2o
i30mponHozo cepedosuwa (Mampuyi) ma po3nooiieHux 8 Hill 6KII0UEeHb (80JI0KOH) 3 IHUI020 NPYHCHO20 Mamepiany 8
naumi ni0 uac 3eunanua. Ilposedeno mamemamuuHuil OnNUC MOOENi 3apPOONCEHHA MPIWUHU Y 363Y8ATbHOMY
KOMNno3umi nio yac seunanHs. Buxopucmosyemuvcs meopis ananimuunux QyHkyit ma memoo cmenenesux psiois.
Busnauenns negioomux napamempis, wjo Xapaxkmepuzyiomv 3apooKo8y MpIiuHy, 3600UMbCs 00 pPO38 A3AHHS
CUH2YNAAPHO0  THMESPAnbHo20 pieHanHA. T1o6y006ano 3amKnymy cucmemy HeNHIUHUX aneeOpaiyHux piGHsAHD,
PO36530K AIKOI  003607€ NPOSHO3Y6AMU  MPIWUHOYMEOPEHHS 6 KOMRO3UMi RNi0 4acC 32UHAHHA 3QIEICHO GiO
2EOMEMPUUHUX MA  MEXAHIYHUX XAPAKMEPUCUK 3 '€OHY8anbHo20 ma  ekmtoueHs. Chopmynvosano Kpumepiil
3apO0HCeH s MPIWUHY 8 KOMNO3UMI IO 8NIUBOM 32UHHUX HaBaHmadiceHb. Po3mip obmesrcysanvHoi MinimanbHol 30HU
nonepeonvol  (hpaxyii, 3a SAKOI  GI0OYBAEMbCSL  3APOONCEHHST MPIWUHU, PEKOMEHOYEMbCSL  PO32NSOAMU 5K
KOHCIPYKIMUGHY XAPAKMEPUCMUKY 3 €OHYBANbHO20 MAmMepiay.

Kniouoei cnoea: 36’sa3ysanvhe, GKIIOUEHHA, NAACMUHA 3 KOMNO3UMHO20 Mamepiany, 32UHAHHS, 30HU
nepeopyuHy8anHs, MpiuHOYMEOPEHHS.
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Loveikin V. S., Pochka K. 1., Romasevych Yu. O. Modeling Roller Forming Unit Dynamic Analysis
with Energy Balanced Drive Dissipative Properties Taken into ACCOUNT .........cocvvvervreerieesiieesieeesieeenenens 32-44

In order to increase the reliability and durability of a roller forming unit with an energy-balanced drive, loads in the
unit structure elements and drive are calculated, dependencies for identifying efforts in the connecting rods, necessary
for setting the forming trolleys in reciprocating movement, and normal reactions of the forming trolley guide rails to
the guide rollers depending on the rotation angle of the cranks are obtained. For researching into loads, a two-mass
dynamic model of a roller forming unit is used, in which the load and inertia characteristics of the drive motor and
each of the forming trolleys as well as rigidity of the drive and its dissipation are considered. Function of change of
the required moment for ensuring the process of compacting products from building mixtures, taking into account
drive dissipation, is defined. By the average value of the resistance moment for one crank rotation cycle, the rated
power is chosen, on which the electric motor, clutches and reducer are chosen. Using Lagrange's equation of the sec-
ond kind differential equations of movement are worked out for a roller forming unit with an energy-balanced drive
presented by a two-mass dynamic model. As a result of the numerical experiment for a roller forming unit with an en-
ergy-balanced drive, the value of the drive rigidity (reduced to the crank rotation axis) at which the minimum loads in
the drive clutches are observed, is determined. Dependence of the drive clutch torque from the dissipation coefficient
value is determined. The recommended dissipation coefficient value for a roller forming unit with an energy-balanced
drive is determined.

Keywords: roll forming unit, drive, force, moment, rigidity, dissipation.

3 memoro nidsuwjenHa HAOWIHOCHI MA O006206I4HOCII  PONIUKOBOT (POPMYBATLHOI YCAHOBKU 3  eHEP2eMUYHO
BDIBHOBANCEHUM NPUBIOHUM MEXAHIZMOM PO3PAXOBAHO HABAHMANCEHHA 6 eleMeHmax ii KOHCMpYKyii ma npusooy,
OMPUMAHO  3ANeHCHOCI  ONAL  GUSHAYEHHA 3YCULTL 8 WIAMYHAX, fKe HeoOXiOHe Ol NpuBedeHHs 6 360POMHO-
NOCIYRAILHULL PYX (POPMYBATILHUX GI3KI6, MA HOPMATILHUX PEaKYill HARPSIMHUX PYXY POPMYBATLHUX Gi3KI6 HA HANPSIMHI
DONUKU 8 3AIeHCHOCTE 8I0 KYMaA NOBOPOMY Kpusowiunis. [ia 00CuioHceHHs HABAHMAN}CEHb SUKOPUCTAHO 0BOMACO8Y
OUHAMIYHY MOOETb PONUKOBOL (hOPMYBATIbHOT YCIAHOBKY, 6 SIKILl 6PAXO6AHO CUI06I MA THePYIiHI XAPAKMepUcmuKu
NPUBIOH020 OBUSYHA | KOJCHO20 3 (DOPMYBAIbHUX BI3KI6, IHCOPCMKICHb NPUBIOHO20 MEXAHIZMY Ma 1020 OUCUNAYISL.
Busnaueno gymxyito 3vinu HeoOXiOHO20 KPYMHO20 MOMEHMY HA NPUBIOHOMY 84Ty KPUSOWIUNIE Ol 3a0e3nedeHHs
npoyecy ywiivHeHHs eupobie 3 0yoieebHux cymiutell i3 YpaxyearHHam oucunayii npusionozo mexawizvy. 3a cepeoHim
SHAYEHHAM MOMENITY CUNL ONOPY 30 YUK NOBOPONTY KPUBOUUUNIE BUSHAUEHO HOMIHATbHY PO3PAXYHKOEY NOTYHCHICTb, 30
SAKOK BUOPAHO eNeKMPOOBUSYH, NIOIOPAHO 3 €OHY8anbHi Mydhmu ma pedykmop. Buxopucmosyiouu pienannsa Jlazpanica
Opyeo2o pody, Osi POIUKOBOL POPMYBAILHOL YCIMAHOBKU 3 EHEP2EMUYHO GDIBHOBANCEHUM NPUBOOOM, NPeOCHABNEeHOT
080MACOBOIO OUHAMIUHOIO MOOELTIO, CKAAOEHO OUghepeHyianbHi pieHaHHs pyxy. B pesyivmami yucioeoeo excnepumennty
0718 PONUKOBOT (hOPMYBATLHOT YCTAHOBKU 3 EHEPLETUYHO 8PIBHOBANCEHUM NPUBIOHUM MEXAHIIMOM BUSHAYEHO 3HAYEHHS
HCOPCINKOCTIE NPUBIOHO20 MEXAHIZMY, 36e0eHOI 00 0Ci 0bepMAaHHs KPUBOWIUNIB, 34 K020 CNOCEPIAIOMbCS MiHIMATbHI
HABAHMANCEHHA ) Mydhmax npusioHoeo mexawizmy. Bcemarosneno 3anedxcricmv momenmy y mygmi npusody 6i0
senuuuny  Koeghiyienma oucunayii. BusHaueno pexomeHoosany eenuuuHy Koegbiyienma oucunayii Ona ponuxkosoi
DOPMYBATLHOT YCIMAHOBKU 3 EHEP2ETNUUHO BDIBHOBAMCEHUM NPUBOOHUM MEXAHIZVOM.

Knwwuosi cnosa: poruxosa opmysanvha ycmanoska, nPUuGOOHULL MEXAHI3M, 3YCUNISL, MOMEHM, JCOPCHKICb,
oucunayis.
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Applied Mathematics

Stoyan Y.G., Chugay A.M. Packing Convex Homothetic Polytopes into a Cuboid .............ccccevvenen. 45-59

This paper deals with the optimization problem of packing a given set of homothetical arbitrarily oriented convex pol-
ytopes without their overlapping in a linear parallelepiped of minimal volume. Phi-functions are proposed to be used
as a constructive means of the mathematical modeling of a given problem. On the basis of the phi-function a mathe-
matical model of the problem is constructed for two convex non-oriented polytopes, and its main properties which in-
fluence the choice of the strategy for solving the problem are examined. The obtained mathematical model presents the
problem in the form of a classical problem of nonlinear programming, which makes it possible to use modern solvers
for searching for a solution. Effective methods for finding valid starting points and locally optimal solutions based on
homothetic transformations are proposed. To search for local extrema of the formulated optimization problems, a spe-
cial method of decomposition has been developed, which allows us to significantly reduce computational costs due to
a considerable reduction in the number of inequalities. The key idea of the optimization procedure allows us to gener-
ate subsets of the domain of admissible solutions at each stage of searching for a local extremum. Parallel computa-
tions were used to search for local extrema, which made it possible to reduce time expenditures. Numerical examples
are given. The methods proposed in the work can be used for solving the problem of packaging convex polytopes.

Keywords: packing, homothetic polytopes, rotations, optimization, phi-functions.

Y pobomi posenadacmoca onmumizayitina 3a0aua YNaKy8aMHA 3A0AHO20 HAOOPY 20MOMEMUYHUX OO0BLIbHO
OPIEHMOBAHUX ONYKIUX DA2AMOSPAHHUKIE De3 IX 83AEMHO20 NEPEMUHANHA Y NPAMOMY napaneneninedi MiHIMaIbHO2O
00'emy. Ak KOHCMpYKmMuGHi 3acobu MamemMamuynoc0 MOOemNo8ants NOCMAGIEHOI 3a0a4i NpONOHYEMbCS
suxopucmosysamu memoo P-gyuxyii. Ha ocnosi D-ghyHkyii 0151 080X ONYyKIUX HEOPIEHMOBAHUX OALAMOSPAHHUKIG
OYO0yEMbC MAMeMamuiyHa Moo0eb 3a0adi ma OOCHIONHCYIOMbCA i OCHOBHI 81aCmMU80CHI, AKI 6NIUBAIOMb HA 8UDID
cmpamezii po36 a3aHHA nocmasneHoi 3a0adi. Ompumana MamemamuiHa Mooeisb Nooae 3a0ayy y 6u2iali KiacuyHoi
3a0aui HeNHIIHO20 NPOSPaMYBanHts, WO O00360J4€ GUKOPUCHOBYBAMU Old NOUWLYKY DO38’SI3KY CYHACHI CONGEPU.
Tpononytomeca eghekmu6Hi memoou NOWLYKY — NPURYCIUMUX NOYAMKOBUX MOYOK i JIOKAILHO ONMUMAILHUX
PO363KI6, WO SPYHMYIOMbCA HA  20MOMEMUYHUX Nepemsopentsx. i NowyKy JOKAIbHUX eKCMpemyMie
ChOPMYILOBAHUX ONMUMIBAYIUHUX 340y PO3POONIEHO CHEeYiAIbHUL Memoo OeKOMNO3uyii, aKutl 003801A€ 3HAYHO
SMEHWUMU OOUUCTIOBANILHI BUMPAMU 34 PAXYHOK 3HAYHO20 3MeHuwleHHs Kinbkocmi Hepignocmell. Kniouoea ides
npoyedypu onmumisayii 0036014€ 2eHepysamuy NIOMHONCUHU 0ONIACME NPUNYCIMUMUX PO38'A3KI8 HA KOJMCHOMY emani
HOWYKY JIOKAILHO20 —eKcmpemymy. [ia  NOWYKY JOKAIbHUX eKCHPeMyMi6 GUKOPUCTOBY8ANUCL NAPANETbHI
00yUCTIeHHs, Wo 003801UI0 CKopomumu 4acosi sumpamu. Hagedeno uucnogi npuxiaou. 3anpononoeari 8 pobomi
MEMoou MOICYNb Oy GUKOPUCAHT OISl PO36 A3GHHA 3a0a4l YNAKYBAHHS HEONYKIUX DA2AMOSPAHHUKIG.

Kniouosi cnosa: naxysanms, 2oMomemuyni 0aeamospanHuky, obepmarnnsa, onmumizayis, O-ghynxyii.
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Sheludko G.A., Ugrimov S.V. Adaptive Piecewise Linear Approximation of Difficult-to-Compute
0% €0 0TSO P PR RUROPRTRTRN 60-67

78

The solution of many theoretical and applied problems requires that some functional dependencies be substituted into
others, which are more convenient for the implementation of a specific mathematical problem. At the same time, infor-
mation about the character of the original function can be insufficient, and the function itself can be considered to be
difficult to compute. The accuracy of such an approximation depends on the methods used, the character of the original
function, as well as the number and choice of grid points. The easiest way of building such an approximation is doing it
on a uniform grid of points, which does not always provide an acceptable result. The purpose of this paper is to develop
effective adaptive methods of approximating functions for the problems aimed at searching for the lengths of curves and
calculating integrals under conditions of limited information about the character of the original function and the pres-
ence of its derivatives. An adaptive approach to the approximation of a wide class of one-dimensional functions is pro-
posed in the paper. For this approximation a piecewise linear approximation with a simple mechanism of exponential
adaptive feedback step process control is used. The possibilities of this approach are considered, using the problems of
calculating the lengths of curves and values of definite integrals. The specifics of the application of the suggested ap-
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proach are detailed for each case. The approach does not require an initial allocation of grid points. The method en-
sures the required accuracy in automatic mode. The result is realized in a single pass without any preliminary transfor-
mations. The reliability of the obtained results is confirmed by solving the known test examples. The results of calculat-
ing a number of definite integrals with different nature of integrand are presented. The calculation results by the pro-
posed method are compared with the data obtained by the usual trapezoid method. A high efficiency of the proposed
approach is established. The proposed method opens the way for creating effective means for solving numerical integra-
tion and differentiation problems, as well as integral and differential equations and so on.

Keywords: approximation, interpolation, piecewise linear approximation, difficult-to-compute function, efficiency index.

Poss’sizanns bazamvox meopemuynux i NPUKIQOHUX 3044 6UMA2AE OOHI (DYHKYIOHAIbHI 3ANeHCHOCE 3aMIHAMU
[HWwMUY, O 3pYHHUMU 0151 peati3ayii KOHKpemHol mamemamuynol 3adayi. Ilpu yvomy ingpopmayis npo xapaxmep
BUXIOHOL pyHKYIT MOdCce Oymu HeOOCMAmHbOI, A CAMA (DYHKYIS HANEHCAMU 00 8ANCKOOOUUCTIO8AIbHUX. TouHicmb
MAaKoi anpoKCUMAyii 3anexicums 6i0 3aCmMoCcO8y8aHUX MemOoOi6, XapaKmepy SUXiOHOi (DYHKYIL, a MaKodic 6i0 KLIbKOCMI
1 subopy eyziie cimxu. [Ipocmiute 6cboeo maka anpoxcumayisi Oy0yemvCsi Ha PIGHOMIPHIT CIMYL 8Y31E6, WO He 3a8HCOU
3abe3neuye npuliHamuuil pesyavbmam. Memoro cmammi € po3pooKa eghreKmusHUX adanmueHUX Memooié anpoxcumayii
QyHKyitl 0N 3a0au NOULYKY O06JICUH KPUBUX 1l OOYUCICHHS IHMeZpanieé 8 YMoeax 006MmediceHoi iHpopmayii npo
xapakmep camoi yHkyii i HaseHocmi it noxionux. Y pobomi npononyemvcs adanmueHull nioxio 00 anpoxcumayii
WUPOKO20 KIACYy OOHOSUMIPHUX (DyHKYIl. [[nsi anpokcumayii GUKOPUCIMOBYEMbCSL KYCKOBO-TIHItIHE HAOMUINCEHHS i3
NPOCIUM  MEXAHIZMOM  EKCHOHEHMHO20 AO0ANMUBHO20 KePYBAHHL KPOKOBUM NPOUECOM 3i 360POMHUM 36'S3KOM.
Mooicnusocmi - maxoeo nioxo0y poseisiHymi Ha 3a0a4ax OOYUCTEHHSI OO0BMHCUHU KPUBUX [ 3HAYEHb GUSHAYEHUX
inmezpanis. J{iisi KoJICHO20 8UNAOKY OOKIAOHO GUKIAOCHI OCOOIUBOCHIL 3ACMOCY8ANHSL PO3PODIeH020 NioxX0dy. Bin He
BUMA2AE 3a60aHH NOYATNKOBO20 PO3NOOINY 6y3nie. Memoo 3abesneuye HeoOXiOHy MOUHICMb 6 ABMOMAMUYHOMY
peoicumi. Pesynomam peanizyemvcs 3a 00un npoxio 6e3 OyOv-sKux NOnepeoHix nepemeopetv. Bipocionicmy
OMPUMAHUX ~ Pe3yIbmamie  NiOmMeEepONCYEMbCS  PO36SA3AHHAM  I0OMUX mecmoeux npukiadie. Haeedeno Oani
PO3PAXYHKY pAdy 6USHAYEHUX [HMe2pani 3 PisHUM Xapakmepom nidinmezpanvHol yHKkyii. Pesyivmamu po3paxyHKy
3aNPONOHOBAHUM MeMOOOM NOPIBHIOIOMbCS. 3 OGHUMU, OMPUMAHUMU 36UYALIHUM MEMoOoM mpaneyiil. Ycmanoseneno
BUCOKY eeKmUGHICIb  3aNPONOHOBAHO20 NIOX00Y. 3anponoHO8aHUll Memoo 6GiOKpUBae uLiX 00 CHBOPEHHS
eexmuenux 3aco0ié ONst pO3GS3aAHHS 3a0a4 HUCETbHOLO THMEZPYBaHHS MA OUDEPEeHYIIOBaAHHS, Ol PO36 SI3AHHs
iHmezpanbHux i OupepenyianbHux pigHsIHb I m.n.

Knrouosi crnosa: anpoxcumayis, iHmepnossiyis, KyCKOGO-TIHINIHE HAOIUINCEHHS, BANCKOOOUUCTIOBANA (DYHKYIS, THOeKC
ehexmusHocmi.
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