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V. BimomocTi npo gucepraniio
Moga guceprariii:
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Tema guceprauii:
1. Po3po6ka enguHoro anroputmidnoro cepenosuiia (MEAC) niist po3B’si3aHHS TEPMOIUHAMIYHUX 33734 Y
HEOJHOPIIHUX CTPYKTypax.

2. Development of a unified algorithmic environment (MUAE) for solving thermodynamic problems in

inhomogeneous structures.

Pedepar:

1. Ha choropHiuHil neHb, 3a5a4i MOZeII0BaHHS1, BAUKOPUCTOBYIOThCSI Malke y BCix cdepax - Bill MOZeII0BaHHS
HaIpyXeHb KapKacy aBTOMOOIJIB, 1O BiAC/IiIKOBYBaHHS AUHAMIKY PyXy KJIiTUH B opraHiami. Tak, SIK MU JXMBEMO Y
CBITi, B IKOMY TEXHOJIOTii CTPIMKO POCTYTb BrOPY, @ KiJIbKiCTb €JIEKTPOHHUX IIPUCTPOIB : CMapTQOHiB, IIJIaHILIETIB,
ceHcopis, 1K, 36inpimyeTscs mocekyHny - Ha 2020 pik 67113bK0 5.19 MinbsapaiB Ir0el BOJIOA{I0Th IEPCOHAJIBHUMU
cMmapTdoHamu, 331a4i MOJIeJII0BaHHsI Ta Bidyasisallii mpolecis, sIKi BinOyBalOTbCs IPY KOHCTPYIOBAHHIO BUPOOY €
HaJ3BUYAMHO BXJIMBUMU. B CydacHUX pearisx, i yac BUpOOHUIITBA AE€BANCIB, 11iHA IOMUJIKU € IOCTaTHbO
BeJIMKO10. OCO6MBY pOJIb BillirpatoTh 3a7adi TennoQisuky A1 MOJEII0BAaHHS TEPMIYHUX Ta TEPMOIPY>KHUX

IIpolLieciB sKi BiiOyBaIOThCS il 4ac HarpiBaHHs eJeMeHTiB. Taku 3a5adi NoTpebyoTh BUCOKOI TOUHOCTI, afpKe



HEKOPEKTHE BU3HAYEHHS IApAMETPiB IPU3BOAUTE A0 IEepPerpiBy abo B3araji pyMHYBaHHIO CaMoi IIJIaTu U

004K CII0BANIbHUX 6JI0KIB. 3a/1a4i MOJIE€JII0BaHHS BiflirpaloTh BEJIMYE3HY POJIb B iHIyCTPiaJIbHOMY PO3BUTKY Ta
BILJIUBAIOTh Ha BCi cpepu JII0IChKOI NiNIbHOCTI: OXOPOHU 3[JOPOB’sl, €KOJIOTi, KOCMIYHUX TE€XHOJIOTii, BililCbKOBO]
iHgycTpii, npoMuciIoBOCTi, Melia, My3eHOi cripaBu, po3Bar Tomo. O6'eKTaMU JOCTiIKEHb MOXKYTb OyTH, SIK
eJIeMeHTapHi fiepeB'siHi BUPOOU B rOCIIONAPCTBI, KapKacu MeTaleBUX KOHCTPYKLIH, Ta 1 HAI3BUYANHO CKJIAIHi
€JIEKTPOHHO O0YMCIIIOBAIbHI cucTeMU, 6i0JIOTiYHI TpoIecH, KOCMiUHI CUCTEMU a TaKOK KOMILJIEKCU PEaIbHOTO
yacy, K, HallpUKJIaJ, aTOMHi cTaHLii, Tomo. ToMy BLOCKOHAJIEHHS Ta CTBOPEHHS HOBUX 3aC0O0iB MOZIE/II0BAHHS
IAIOTh MOKJIMBICTh CYTTEBO MOKPAILIUTY Cy4YaCHUM CBIT. BAKIMBUMU 3a7a4aMU - € 3a7a4i TEPMOIIPYKHOCTI Ta
TEIJIONPOBINHOCTI [J1s aHAJIi3y IPOLECIB HarpiBaHHS Ta B3a€EMOJil Mi’K KyCKOBO-OAHOPIIHMMH BKJIIOYEHHIMU. Ha
IAHUI MOMEHT 3B's3aHa 3aJ1a4a TEPMOIIPY>KHOCTI KYCKOBO-OJHOPIJHUX TiJl HE Ma€ NUCKPETHUX aHAJIOTIB
BMKOpHUCTOBYI0uM MI'E, ToMy MOZie/II0BaHHS JAHOI 33[1a4M - € aKTyaJIbHUM. ICHye BeJIMKa KiJIbKiCTh IPOrPaMHUX
IIPOAYKTIB, SIKi JO3BOJISAIOTL PO3B'SA3yBaTH CIIEKTP 3aJa4 MOAEJOBaHHA. [lo TakuxX BifHOCATLCA: Ansys, Tesis,
Materialise. OCHOBHMMU MeTOaMU MOJIe/IOBaHHS TakuX cucteM - € MCE. 3 ogHOro 60Ky BiH € JOCTaTHBO [IPOCTUM
11 MO>K€ YMCEJIBHO PO3B's13aTU MIMPOKUIM CIIEKTP 334ady, ajie 3 iHIIOro 60Ky - AJ1s1 BUCOKOI TOUHOCTi HEOOXiAHO
BeJIMKA KiJIbKICTh CKiHUYEHHUX €JIeMEeHTiB. Hanpukian, njis 3aa4 TepMOIPYKHOCTI MO>XXHA BUKOPUCTATH OiJIbIl
TouHu# metof, - MI'E. Ha choropHiuIHil feHb He icHYe €IMHOI KOHLeNIii Ta 1islicHOi MeTo010Tii pO3B'sI3yBaHHS
KOMILJIEKCY B3a€MO3B’s13aHUX 33/1a4 00UYMCIIIOBAIbHOI FeOMETPii, SIKi CK1afaoTh s4po 334 Bi3yaslbHOTO
MOJIEJIIOBAaHHS TeI0(pi3nYHUX NpoLeciB. IcHyIoui Migxoay B 06yJ0BU CUCTEMU MOJIEIIOBAHHS], B IEPEBAKHIN
6i71bIIOCTI, BUKOPUCTOBYIOTb IIAKETHY aJITOPUTMIYHY MOJIEJIb, SIKA SIBJIsE COO0I0 HAbIp aropyuTMIB 1151 IEBHOI
IIpUKJIagHOI 3aayi, abo x 6ibioTexky anroputmis. [Tpu boMy, Maiike KOKEH 3 aJITOPUTMIB Mae CBOI BJIaCHI
CTPYKTYpH JaHuX, popmaT BBOJy Ta BUBOJy JaHUX, CIIOCOOU IonepenHboi 00pooku. Takox, icHytodi nigxony He
I03BOJISIIOTh PO3POOJISITU YHi(iKOBaHi e(peKTUBHI aropuTMiuHi M1aTHOPMU [J1s1 CUCTEM Bi3yaIbHOTO
MogesoBaHHs. ToOMy MOLIYK MiIXOZiB 10 CTBOPEHHS €AMHUX aJITOPUTMIYHUX 3aC00iB pO3B'I3aHHS KOMILJIEKCY 3a11a4
004K CII0BaIbHOI TeOMETPIi, 5IKi 6 CTanu OCHOBOIO PO3POOKM aBTOMAaTU30BaHUX CUCTEM Bi3yasiizallii HoBOro
IIOKOJIiHHS, € aKTyasbHUM. TaK, yreplie KOHLENis T00yLOBU MOJEJli €AMHOTO aJITOPUTMIYHOTO CepeloBUINA IJ1s1
PO3B’I3yBaHHS KJIACY 33724 069K CII0BaIbHOI reoMeTpii 6ysia 3armporionosana B. M. TepemeHnkom. 3okpemMa, y
IYcepTalliiiHiil poboti B. M. TepemeHka po3po6ieHO OCHOBY KOHIIETIIii Ta 6a30Bi METOIOIOTiYHI MPUHIIUITN
nobynosu MEAC - MmoJiesli eAMHOTO aJIrOPUTMIYHOIO CepeloBUIIA. Byslo IpefcTaBIeHo MaTeEMAaTUYHY MOJIEJIb
napasesibHO-PEeKYPCHUBHOIO aJITOPUTMY, SIKUH [1a€ 3MOTY OJIHOYACHO PO3B’I3yBaTy TakKi 3a7adi: moby1oBa Aiarpamu
Boposoro, Tpianrynsuist JesoHe, 1o6ymosa onyKsIoi 060J0HKY, IOLUYK HAaH6IMK4O0i apu Towwo. [Ipuknanom
iHmoro po3BuTKy KoHuenuii MEAC e ii 3acTocyBanHs 714 33124 0OpOOKY 300pakeHb Ta 100yl0Ba reHepaTopa
0araTOKyTHHMKIB i3 33JaHUMH BJIACTMBOCTSIMU. 3arajiom JucepTaliliiHa po6oTa CKIaLa€eThCs 3 JBOX OCHOBHUX
CKJIaJIOBUX — TI00YZ0BA IUCKPETHUX PO3B'A3KiB 3B'13aHOI KBA3iCTATUYHOI 3a7a4i TEPMOIIPY>KHOCTI, & TAKOX
CTBOPEHHS MOJieJli €IMHOTO aJITOPUTMIUYHOTO cepeioBullle 171 MOJEJIIOBaHHS Ta Bidyasisalii TernniodisuuHuxX SIBUILL
Ta npotecis. OTXe, y JucepTaliiHOMY JOCiIKeHHI 6yJ10 100y10BaHO NUCKPETHI pO3B'sI3KU 117151 3B's13aHOI
KBa3iCTaTMYHOI 3a4a4i TEPMONPY>KHOCTI KYCKOBO-OJHOPIIHUX TiJl. [I7is1 OTpMMaHHS PO3B'A3KiB 3acTocoBaHO MI'E.
IHTerpanu 1o 06s1acTi 3 BKJIIOYEHHSIMHU MiTpO30UBAINCh HA TPUKYTHI €JIeMEHTH 17151 6i7IbIll TOYHIIIOro

MO EJIIOBAHHA KPUBU3HU.

2. Today, modeling tasks are used in almost all areas - from modeling the stresses of the car frame, to tracking the
dynamics of cell movement in the body. As we live in a world where technology is growing rapidly and the number
of electronic devices: smartphones, tablets, sensors, PCs is increasing every second - by 2020, about 5.19 billion
people own personal smartphones, the tasks of modeling and visualization of ongoing processes are extremely
important. In modern realities, during the production of devices, the cost of error is quite high. A special role is
played by thermophysical problems for modeling thermal and thermoelastic processes that occur during the
heating of elements. Such tasks require high accuracy, because incorrect determination of parameters leads to
overheating or general destruction of the board and computer units. Modeling tasks play a huge role in industrial
development and affect all areas of human activity: health, ecology, space technology, the military industry,
industry, media, museums, entertainment, and more. The objects of research can be, as elementary wooden



products, frames of metal structures, and extremely complex electronic computing systems, biological processes,
space systems and real-time complexes, such as nuclear power plants and more. Therefore, the improvement and
creation of new modeling tools make it possible to significantly improve the modern world. Important tasks are the
problems of thermoelasticity and thermal conductivity to analyze heating processes and the interaction between
piecewise homogeneous inclusions. At present, the related problem of thermoelasticity of piecewise homogeneous
bodies has no discrete analogues using boundary element method (BEM), so modeling of this problem is relevant.
There are many software products that allow you to solve a range of modeling problems. These include: Ansys,
Tesis, Materialize. The main method of modeling of such systems is FEM. On the one hand, it is quite simple and
can numerically solve a wide range of problems, but on the other hand - for high accuracy it requires a large
number of finite elements. For example, for thermoelasticity problems, you can use a more accurate method -
BEM. To date, there is no single concept and holistic methodology for solving a set of interconnected problems of
computational geometry, which form the core of the problems for visual modeling of thermophysical processes.
Existing approaches to building a modeling system, in the vast majority, use a batch algorithmic model, which is a
set of algorithms for a particular application problem, or a library of algorithms. In this case, almost each of the
algorithms has its own data structures, data input and output format, pre-processing methods. Also, existing
approaches do not allow the development of unified efficient algorithmic platforms for visual modeling systems.
Thus, for the first time the concept of building a model of a single algorithmic environment for solving a class of
problems of computational geometry was proposed by V.M. Tereshchenko. In particular, in dissertation of VM
Tereshchenko's the bases of the concept and basic methodological principles of construction of MUAE - model of
uniform algorithmic environment are developed. A mathematical model of the parallel-recursive algorithm was
presented, which allows to solve the following problems simultaneously: construction of the Voronoi diagram,
Delaunay triangulation, construction of a convex hull, search for the nearest pair, etc. An example of another
development of the MUAE concept is its application to image processing problems and the construction of
polygon generator with given properties. In general, the dissertation consists of two main components - the
construction of discrete solutions of the connected quasi-static thermoelasticity problem, as well as the creation
of a model of a single algorithmic environment for modeling and visualization of thermophysical phenomena and
processes.
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