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AHOTAIIA

Xamanuyk JI.B. CrpykrypoBaHi AHMCKpeTHi Mojaesdi AJsi PO3B’A3KY
KpaiioBux 3aaa4. — Kpamidikaiiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTYIEHs 1OKTopa (imocodii 3a
cnemianpHicTIO 113 TlpukiagHa MaremaTuka. — 3amopi3bKHil HaI[lOHATBHUN

YHIBEpPCUTET, 3anopixoks, 2021.

006’€KkTOM J0CTIIKEHHS € CTPYKTYpOBaHI Ta OJIOYHO-CTPYKTYPOBaHI CITKH
JUJISI TEOMETPUYHUX MOJIETICH.

IIpeaMer aoc/iazKeHHsI — METOIU TeHepallii CTPYKTYpOBaHUX Ta OJOYHO-
CTPYKTYPOBAHHUX CITOK FT€OMETPUYHUX MO/IEICH.

VY aucepTanii JOCHIKEHO CTPYKTYPOBaHI JUCKPETHI MOJIEII JUIsl pO3B’SI3KY
KpaiioBux 3amady. MeTow aucepramiiHoi podoTH € po3poOka MAaTeMaTHYHOTO
amapary s MoOyJOBH CTPYKTYpOBAaHUX Ta OJOYHO-CTPYKTYPOBAHHX CITOK 13
3aIaHUMU TIapaMeTpaMu 3TYIIEHHS Ta TapaHTiero sKocTi moaeni. Jig peanizamii
MOCTABJICHOI METU B pOOOTI TOCTABJICHO HACTYITHI OCHOBHI 3a/1a4i:

- pO3pOOHTH 1 BUKOHATHU anpoOallito METOy OTPUMAaHHS CTPYKTYpPOBaHUX
JUCKPETHUX MaTeMaTUYHUX MOJIEJICH, 1[0 BUKOHAH1 HA YOTUPUKYTHUX CKIHYCHHHX
eJIEMEHTaxX, JJI1 JBOBUMIPHUX T€OMETPUYHHUX OO’€KTIB 3a JOMOMOTOIO PIBHSHHS
Ilyaccona;

- pO3pOOWTH METOIU ONTHUMI3AIlli TeHepallii CTPYKTypOBaHUX TUCKPETHUX
MoOJIeJIell TeOMETPUYHHUX OO’€KTIB 3a paxyHOK BHOOPY CIOCOOY IMOYaTKOBOTO
pO30OUTTS;

- pO3pOOWTH MIIXOIU A0 KepyBaHHS (POPMOIO Ta IHTEHCUBHICTIO 3TYIICHHS
JIHIA CITKM J0 3aJaHOi 30HM MOJENl JBOBUMIPHOTO Ta TPUBHUMIPHOIO
TCOMETPUYHOTO 00’ €KTA.

Metoau  mOCHiIKEHHS IPYHTYIOTBCS Ha  MaTeMaTHUYHOMY — aHais3l,
aHAJITAYHIA TeoMeTpli, MaTeMaTUYHOMY MOJCIIOBAaHHI Ta YHCEIBHUX METOJax

pO3B’s13yBaHHs Au(epeHIiaIbHUX PIBHSHb.



Y Bcrymi OOrpyHTOBAaHO akTyajbHICTh TEMH JUCEPTaliiHOT poOoTH,
3a3HAUYEHO 3B’SI30K POOOTH 3 HAYKOBO-TEXHIYHHUMH MPOEKTaMH, c(HOpMyIHOBAHO
METy 1 3aBJaHHS JOCHIKEHHS, BU3HAUYEHO OO’€KT, MpeaMeT Ta METOU
JOCITIJKEHHS, MMOKa3aHO HAYKOBY HOBHU3HY Ta MPAKTHYHE 3HAYCHHS OTPUMAHHX
pe3yJbTariB, HaBeACHO i1H(OpMAIiI0 MPO MpPaKTUYHE BUKOPHUCTAHHS JTOPOOKY,
O0COOMCTHIM BHECOK 3700yBada, arpooOarfito pe3yiabTaTiB JOCTIHKEHHS Ta ix
BUCBITJICHHS Y HAyYKOBHUX MyOumikaiisx. [IpuBoasTeCs BITOMOCTI OO0 CTPYKTYpPH
Ta 00CATY UCepTaIiitHOT pOOOTH.

B nepmiomy po3aiii MpoOBEAEHO OIS Cy4acHOTO CTaHy TeHepari
CTPYKTYPOBAHUX IUCKPETHUX MOJCIICH, SKUU € MPOJIOBXKEHHSM 1 JOIMOBHCHHSM
MOTIEPETHIX TOCTIIKEeHb, & CaMe: OIMMCAHO OCHOBHI KPOKH JIJIsl HTOOYIOBH CITKH, K1
€ 3araJIbHUMU JJ1s1 0araThoX MiJAXOMAIB 1X aBTOMaTU4HOI reneparii (maposaun 1.1);
PO3MIISIHYTO alreOpaiyuHi, eTINTHYHI, BapialliifHi, rinepOoIiyHl METOau TeHepallli
CTPYKTYPOBaHUX Ta OJIOYHO-CTPYKTYPOBAHUX CITOK; MPOAHATI30BaHO CHEIliaibHI
nporpamHi 3aco0u, 3a JAOMOMOTOI0 SIKMX B1OYBaeTbCS KOMIT IOTEpHA T'e€HEpaLlis
CITOK; OMMCAHO DPIBHSHHS 1 TEOpii, HA OCHOBI AKUX OyIYIOTHCSI CITKH; HaBEICHO
YHUCeIbHI METOJIM, 110 BUKOPUCTOBYIOTHCA MPHU TeHepalli ciTok (miapo3ain 1.2);
MIPOaHaNI30BaHO METOAM jAedopMalii ciTku (miapo3aut 1.3); TOoCHiKeHo MHPOKe
KOJIO O0’€KTIB 1 TMPOIECIB, JUIsi MOJIETIOBAHHS SIKOTO BHKOPHCTOBYIOTHCS
CTPYKTypoBaHi CiTkH (TyHKT 1.4.1).

binbmie nmeranbHO HaBENEHO TMPUKIAAW MOOYIOBU  CTPYKTYPOBAHOI
nuckpetrHoi mozen aepoauHamiunoi gopmu NACAO0012 kpuna mitaka, w0
po3pobieHi 3a pgomnoMoror HarioHanbHOr0 KOHCYJBTaTUBHOTO KOMITETY 3
acponaBTuku (NACA) (myskt 1.4.2). Takox mNpoBEACHO TEHEpAIlio
CTPYKTYpPOBAHOI CITKH IIIJILHOCTI KIMOBIPHOCTI 3HAXO/[PKEHHSI €JICKTPOHA B 3aJIaHiii
00J1acTi pi3HOMAHITHUX KBAHTOBUX TOUYOK 3 PI3HUMH XBHJILOBUMH YHCIAMU (TTYHKT
1.4.3).

JlocnmipKeHHsT METO/TIB reHepallli CTpYKTYpPOBaHHUX CITOK BUSBHWIIO TEpeBaru
Ta HEAOJIKM IiXHROTO BHUKOPHCTaHHS, a came: TepeBarm — MOXKJIMBICTb

BUKOPHUCTAHHSA OUIbII BHUCOKOTO TOPSIAKY ampoKCHMAIlii 1 MEHIIOi KiJIbKOCTI



pecypciB 00YHCITIOBAIBHUX MAIIWH; HEJOJIIKH — 0OMEKEHHs Ha (JOpMY €JIEMEHTIB,
CTPYKTYPY IXHBOTO PO3MIIICHHS 1 HA TEOMETPUYHY MO/IEIh, aanTallis 10 CKIIaTHUX
TIT JOCUTHh TPYIOMICTKA 1 € MOXJIMBICTh TOSBU BHPOJIKEHHUX €JIEMEHTIB,
JICKOMIIO3HIIII0 Ha OJIOKM MOYKHA 3aCTOCYBATH JJI1 METO/IiB, KOJIU OJIOKH Ta TPaHMII
MOXHa TMPEJCTAaBUTU SBHO, aje y BUMNAAKY HAATO CKJIagHOI (opMu Tija
JIEKOMIIO3MIIIsl Maike HE 3aCTOCOBYEThCA. IlomynsipHOO € KoMOiHaIlsa TeHepallli
CTPYKTYPOBaHMX Ta HECTPYKTYPOBAaHUX CITOK, sSKa JO3BOJISIE BUKOPUCTATH BCl
nepeBaru 1 OOMEXKUTH HETOJIKH 000X BU/IIB CITOK.

VY3araJibHIOIYM pe3yJIbTaTH JTOCTIIKEHHS, MOXHA 3pOOUTH BHUCHOBOK, IO
MPOBEJCHUNM OIJISA MIATBEPIKYE AaKTyaJbHICTh PO3POOKHM METOJIIB TeHeparlil
CTPYKTYPOBAHHUX JUCKPETHUX MOJIENIE T€OMETPUYHUX 00’ €KTIB JIsl TIOJIAJIBIIIOTO
YUCENIHOTO aHali3y 1X BJIACTUBOCTEH (BUCHOBKH J0 pO3aLTY 1).

B apyromy po3zaini 6yso po3po0iieHO MaTeMaTUYHUM anapar JJid ToOya0BH
CTPYKTYpOBaHHMX CITOK y BUIBHO PO3MOBCIODKYBaHOMY MakeTi mporpam Scilab
nudepeHiaJIbHUM METOJOM Ha Mpukianal piBHAHHS Ilyaccona 13 3agaHuMu
napamMeTpaMH 3TYIICHHS KOHTPOJBHUX (DYHKIIIH Ta TapaHTIE0 SKOCTI MOJETI.
EMmipyyHrM METOJIOM JAOCIIJPKEHO BIUIUB TreoMmeTpii obiacti (OmyKIoCTi Ta
YTHYTOCT1 JIHIA CTOpPIH KPHUBOJIHIMHOTO UYOTHUPUKYTHHKA) Ta BHUOIp METOMY
noOyZI0BM TOYATKOBOI CITKM Ha IIBHJIKICTh TE€Hepalii 3a7aHoi CTPYKTYypOBaHOI
MOJIeN1 JaHOi 00JIacTl SNIITHYHUM METOAOM, TAKOXK JOCHIIKCHO 3aJICKHICTh MIXK
3HAUYCHHSAMH 3MIHHUX PO3PaxXyHKOBOiI Ta (hi3u4HOi 00JacTeil Ta BIUIUB reoMeTpii
00J1acT1 Ha 110 3aJIEKHICTb.

VY migpo3auti 2.1 po3riiiHYTO MOCTAHOBKY 3ajayl TeHepalli CITKA 3a
nornomoror audepenuianbHoro piBHsAHHA [lyaccona. Okpemo Oyio po3risiHyToO
METO/IH MOOYI0BH CTPYKTYPOBAHUX JUCKPETHUX MOJICICH, IX HEIOMIKY 1 ITepeBaru
(miapozmin 2.2). YV migposain 2.3 netanbHO PO3TIISHYTO YHCEIBHHM PO3B’S30K
piBHsHHS [lyaccoHa 3 BHKOpHCTaHHSM PI3HHMIIEBOI CXEMH, a came: 3arajbHa
anpoKCHUMAIlis TOXITHUX 3 BHUKOPHCTAaHHSAM pI3HMIIEBOI cxeMH (myHKT 2.3.1),
pisHuneBa cxema ansi piBHAHHA Ilyaccona (mynkt 2.3.2). YV migposaim 2.4

PO3TISTHYTO METOJIU MOOY/I0BH MOYATKOBOI CITKH: PIBHOMIpHO (MyHKT 2.4.1) Ta 3a



JIOTIOMOT 010 TPaHC(IHITHOT IHTEPIOJISALIT 3 MOMXJIMBICTIO 3TYIIEHHS CITKU /10 IEBHUX
30H (myHKT 2.4.2). ANTOpUTM TeHepallii CiTkM B makeri mporpam Scilab 3
JOCITIKEHHSIM ONTUMAJIbHOTO BUOOPY MOYATKOBOI CITKH BIIHOCHO MEBHOI (hopMu
reoMeTpii o6sacTi o0y 1I0BM HaBEACHO B MiApo3ALIi 2.5.

Ocob6nuBa yBara Oyna TpuAIEHA JOCHIPKEHHIO BIUIMBY KOHTPOJIbHHUX
GbyHKIIH Ha KepyBaHHsS CITKOWO (Mmiapo3ain 2.6). s audepeHiiaibHOro METOIy
(EMMNTUYHOTO) PO3MIIANAINCS KOHTPOJbHI (DYHKIIT, 32 JTOMOMOIOI0 SIKHX MOYHAa
BUKOHATH 3TYIICHHS O TOPU30HTAJIBHUX Ta BEPTUKAIBHUX KOOPJAWHATHUX JIHIN
(myHKT 2.6.1), SK OKpeMHil BHUIIAJOK 3rYIIEHHS A0 [larOHAJIbHUX JIHIA 13
MO>KJIMBICTIO IXHBOTO CyMIIIEHHS (MYHKT 2.6.3), DOCIIIKEHO BIUIMB MapaMeTpiB
UX KOHTPOJIbHUX (DYHKIIIN Ha 3TrylIeHHsA. bylno AochipkeHO BIUIMB MapaMeTpiB
KOHTPOJIbHUX (DYHKIIIM, 32 JOMOMOrOI0 SKUX MOYKHA IMOOYIyBaTH 3TYIIECHHS Y
dbopmi ogHOTO, ABOX UM OUIBIIE KiJI, €IINTUYHOTO METOY Ha SIKICTh MOOYI0BaHO1
CITKM, a caMe 1i OpTOroHaJIbHICTh (IMyHKT 2.6.2). VYci  JochmigKeHHsS
CYNPOBOJIKYBAJIMCH Bi3yalli3alll€l0 OTPUMAHUX PE3yJIbTATIB.

B tperboMy pozauti Oyno AOCHIIKEHO BIUIMB TapameTpiB KOHTPOJIbHUX
¢bynkuiid piBHaHHS [lyaccoHa Ha 3ryllIeHHS CITKM MOBEPXOHb PI3HUX THUMIB. Y
migpo3aiai 3.1 HaBeIEeHO MOCTAaHOBKY 3ajadl reHepallii CITKM MOBEpXHi. BibImn
JIETATBHO PO3TIISIHYTO TOBEPXHI 00EpTaHHS, OCKUIBKMA TaKi MOBEPXHI MIUPOKO
BUKOPUCTOBYIOTHCS B CY4ACHIM TEXHIUHIA TPOMHCIIOBOCTI, a caMe: aBiadyyBaHHS,
pakeToOyayBaHHs Ta iH. OCKIJIbKM HaBITh MajieHbKa MOMMIIKA TiJ] Yac Mo a10HUX
pPO3paxyHKIB MOXe MPUBECTH HE TIIbKU A0 (piHAHCOBUX BTpaAT, a ¥ J0 JIIOJACHKHUX
JKEPTB, TO TakKi JOCIIPKCHHS BHUMAararTh OLIbIIOT TOYHOCTI oOuucieHb. OTxke
BHHHUKA€E HEOOX1THICTh PETEIIBHOTO AOCIIKSHHS ITOBEPXHI B MICIIX KOHIICHTpAITil
HaIpy>XeHb, 1110 MO>XKHA 3POOUTH 3a IOMOMOTOIO 3TYIIEHHS CITKM B Takiil 001acTi,
P IIbOMY 36KOHOMHTH TE€XHIUHI PECYpPCH IiJl YaC BUKOHAHHS alroputMmy. Tomy
Oys10 TOCTIHKEHO 3TYIEeHHS CITKUA Ha MOBEPXHX IMuTiHapa (miapo3ain 3.2), KoHyca
(migpo3min 3.3), TakoX Ha MiCll 3’€IHAHHS UWIIHAPUYHOI Ta KOHIYHOI,
MWTIHAPUYHOT Ta cHeprudHOi, TBOX KOHIYHUX MOBEpXOHB (Tiapo3nin 3.4). Takox

JOCITIKEHO 3TYIIEHHS CITKM Ha MOBEPXHI, IO MOJEIIOE IIIJIbHICTh WMOBIPHOCTI



3HaXOJKEHHS €JIEKTPOHA B 33/1aHi1i 00;1aCTI KBAaHTOBOI TOYKHM Ha MPUKJIIA1 KyO14HOT
KBaHTOBOI Touku (migpo3ain 3.5). Bci mpoBemeHi JOCHiKEHHS Ha PI3HHUX
MOBEPXHAX MIATBEP/KYIOTh PE3yIbTaTH LI0JI0 BIUIMBY MapaMeTpiB KOHTPOJIbHHUX
¢GyHKII Ha 1HTEHCHBHICTH 3TYIICHHA CITKH. [lochmipkeHHs Oyfo MpoOBEACHO Ha
MIPUKJIAJIl 3TYIIEHHS 10 TIeBHUX JIIHIN CITKH, a Y BUMaAKy KOMOIHAIlill TTOBEPXOHb
3TYIIEHHS BUKOHAHO 10 JiHII 3’€AHaHHs. OTKe i TMOCUJICHHS 3TYIICHHS
HEOOX11HO 30UTBIIUTH MEPIINA MapaMeTp KOHTPOJIbHOT (PYHKIIIT, IPYTHil mapameTp
IpH 30UIBIICHH] pOOUTH CITKY OUTBII PIBHOMIPHOIO, OJIM3BKOIO 0 OPTOTOHAJIBHOI.

B derBepTOMy po3.ia1l PO3IIIIHYTO F€HEPALliI0 CTPYKTYPOBAHUX AUCKPETHUX
MOJIeIeH NIl Iepepi3iB TPUBUMIPHUX reoMeTpuyHux 00’ekTiB. [locTaHoBKa qaHOT
3a/1a4i HaBeieHa B miapo3aiii 4.1. JlocnipkeHHs MPOBEICHO Ha MPUKIIAIl Iepepizy
KyToBoro (miapo3ain 4.2) ta npsamoro (miapo3aut 4.3) 3’enqHands 1Box Oanok. B
MPUKIIAAl MOJEN «KyTa» OTPUMAaHO 3’€JHAHHS JBOX MPSIMOKYTHUX Tpareuii o
O14HI JiHIT, @ MO/IENIb PSIMOTO 3’€THAHHA MOKa3aHa y JBOX BaplaHTax PO30UTTS:
YOTUpPU NPSMOKYTHI Tpamemii Ta JBa I SITAKYTHUKH. 3TYUIEHHS CITKA OyJo
BHKOHAHO 10 JIHIT MeX1 3’€IHaHHSA, OCKUIBKM caMe€ B OKOJl 3’ €QHAHHSI IBOX
KOHCTPYKII BHUHUKA€E KOHUEHTpALls HaNpyXeHb, TOMY OUIbII JeTalabHe
nocHiKeHHsT (QYHKIINH Ha TeoMeTpii 3ajaHoi o0JacTi € akTyalbHUM. byio
BUKOPUCTAHO KOHTPOJIbHI (PYHKIUT JJis 3TYIMICHHS 10 KOOPJAMHATHHUX JIHIN
po3paxyHkKoBoi oOiacti. [liaTBepmkeHO momepenHi AOCHIKEHHS IS TIOCKHUX
oOnacTeil Ta MOBEPXOHBb MIOJI0 BIUIUBY TMapaMmeTpiB KOHTPOJIbHUX (QYHKIIN Ha
IHTEHCUBHICTb 3TYLIEHHS CITKM B 3aJlaHiid 00J1acTi, a caMe: 30UIbIIEHHS MePIIoro
napameTpa MPUBOAWTH [0 TMOCUJIEHHS 3TYIIEHHS B OKOJI 3aJaHoi obsacTi, a
30UIBIIIEHHST  JAPYTOro TmapamMeTpa MPU3BOJAUTH J0 OUIBII  PIBHOMIPHOTO
PO3MOIITICHHS JTHIN CITKH, 1110 HAOJIMKAE 11 0 OpTOrOHAIBLHOCTI JIiHIN. B migpo3aini
4.4 moka3aHO PO3B’SA30K KpaloOBO1 3a/1aul BUTHMHY TOHKOI TUIACTUHKH, PO3B’SI3aHO
pisauneBuMu cxemamu piBHAHHSI Codi JKepMeH, BUKOHAHO 3TYIICHHS CITKH JI0
MEeBHUX 30H MOOYAOBH JUIsl Pi3HMX (GOpM IUIACTUHKH (KBaapar, OMYyKJIMM Ta

HEOMYKJINI KPUBOIIHIIHI YOTUPUKYTHHUKH).



VY BHCHOBKAax HaroJIOIIeHO, 110 pO3poOJIeH] B AUCEPTALIHINA POOOTI METOIU
reHepamii CTPYKTypOBaHMX JHCKPETHUX MOJENeH TEeOMETPUYHHX OO0 €KTIB
JO3BOJISIIOTh  SIKICHO TMIJABUIIUTH pPE3yJbTaTd MAaTEMaTHYHOTO MOJIEIIOBAHHS,
BUKOPHUCTOBYBATH 1X MPU aHAJi31 Ta ONTUMI3alll{ IHKeHepHUX KOHCTpYKIii. [1ix uac
pO3B’sA3aHHS 3aJlay JMCEPTALIMHOIO JOCHIKEHHSI OYyJ0 CTBOPEHO MPOTrpaMHUMNA
IPOAYKT Yy BUIBHO PO3MOBCIOKYBAHOMY TaKeTi iHXEeHepHUX nporpam Scilab, mo
JI03BOJISIE EMINTUYHUM METOJIOM aBTOMATHU3YBAaTH TEHEPALII0 CTPYKTYpOBaHUX
JMCKPETHUX MOJIeJIEH reOMEeTPUYHUX 00’ €KTIB TaKUX, SIK IBOBUMIPHI KPUBOJIIHIHHI
YOTUPUKYTHUKH, MTOBEPXHI TUI, NMEpPEPI3U TPUBUMIPHUX 00’ €KTIB. 3a JTOMOMOTOIO
BOTO MPOrpaMHOro MNPOAYKTY MOKHA KepyBaTH (OPMOIO Ta IHTEHCHUBHICTIO
3TYIIEHHS CTPYKTYPOBAHOI CITKH B 33J]aH1i 00J1aCTi TEOMETPUYHOIO 00’ €KTa.

[IpakTH4Hi pe3ynbTaTd MPEACTaBICHO Bi3yadbHUMHU NPUKIATAMH, IO
JEMOHCTPYIOTh MOXJIMBOCTI pO3pOOJIEHOTO MPOrpaMHOro MPOAyKTy. TOUHICTH Ta
JIOCTOBIPHICTh ~ PE3YyJbTaTIB  MIATBEPKYETbCSI  MOPIBHSJIBHUM  aHAJI30M,
BIJIMOBIJIHICTIO (DI3MYHUM BJIACTUBOCTSIM Ta CTIMKICTIO allTOPUTMY 3TYLIEHHS CITKU
710 KOXHO1 00paHoi 00J1acTi 13 MOKITUBICTIO KEPYBAHHSM 1HTEHCHUBHICTIO 3TYIIIECHHS.

OtpuMani po3B’s3KHM 3ajlady JUCEPTALINHOTO JOCTIIKEHHS MOXYTh OyTH
BUKOPHCTaHI KOHCTPYKTOPCHKUMHM OpPTaHi3allisiMHd Ta BUPOOHMIITBAMHU B SIKOCTI
JIOJIaTKIiB MaTEeMaTUYHOTO MOJICTIOBAaHHS TEOMETPUYHHUX 00’ €KTIB.

Knrouosi cnosa: cTpykTypoBaHa IMCKpEeTHa MOJENb, piBHSAHHA IlyaccoHa,
3TYIICHHSI CITKH, MapaMeTpyd KOHTPOJIBHUX (YHKIIHA, MOJENh KPUBOIIHIHHOTO

YOTUPUKYTHHUKA, MOJIEJIb IOBEPXHI.



ABSTRACT

Khalanchuk L. Structured discrete models for solving boundary value
problems. - Qualification work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the philosophy doctor
on a specialty 113 Applied mathematics. — Zaporizhzhia National University,
Zaporizhzhia, 2021.

The object of research is structured and block-structured grids for geometric
models.

The subject of research — methods of generating structured and block-
structured grids of geometric models.

The dissertation investigates structured discrete models for solving boundary
value problems. The purpose of the dissertation is to develop a mathematical
apparatus for the construction of structured and block-structured grids with specified
parameters of thickening and quality assurance of the model. To achieve this goal in
the work the following main tasks:

- to develop and test a method for obtaining structured discrete mathematical
models performed on quadrilateral finite elements for two-dimensional geometric
objects using the Poisson equation;

- to develop methods for optimizing the generation of structured discrete
models of geometric objects by choosing the method of initial partitioning;

- to develop approaches to control the shape and intensity of grid lines
thickening to a given area of the model of two-dimensional and three-dimensional
geometric object.

The research methods are based on mathematical analysis, analytical
geometry, mathematical modeling and numerical methods for solving differential
equations.

The Introduction substantiates the topicality of the thesis, outlines its

relationship to scientific and technical research projects. It formulates the research



goal and objectives, specifies the object, subject, and methods of research, and
highlights the scientific novelty and practical value of the obtained results. It
sketches out how the research results were used in practical cases. Further, it
summarizes the personal contribution of the applicant, and presents how the
approbation and publication of the contributed results were done. Finally, the
Introduction provides the quantitative information about the structure of the thesis.

The first section reviews the current state of generation of structured discrete
models, which is a continuation and addition to previous studies, namely: describes
the basic steps for building a grid, which are common to many approaches to their
automatic generation (section 1.1); algebraic, elliptic, variational, hyperbolic
methods of generation of structured and block-structured grids are considered;
analyzed special software tools that are used to generate computer grids; describes
the equations and theories on the basis of which grids are built; the numerical
methods used at generation of grids are resulted (section 1.2); a wide range of objects
and processes have been studied, for which structured grids are used (section 1.4.1).

Examples of the construction of a structured discrete model of the
aerodynamic shape of the NACA0012 wing of an aircraft, developed with the help
of the National Advisory Committee on Aeronautics (NACA), are given in more
detail (section 1.4.2). The generation of a structured grid of electron density density
in a given region of various quantum points with different wave numbers is also
performed (section 1.4.3).

The study of methods for generating structured grids revealed the advantages
and disadvantages of their use, namely: advantages — the ability to use a higher order
of approximation and fewer resources of computers; Disadvantages - restrictions on
the shape of elements, the structure of their placement and geometric model,
adaptation to complex bodies is quite time consuming and there is a possibility of
degenerate elements, decomposition into blocks can be applied to methods where
blocks and boundaries can be represented explicitly, but in case of too complex

shape body decomposition is almost not applied. A combination of structured and



unstructured grids is popular, which allows you to use all the advantages and limit
the disadvantages of both types of grids.

Summarizing the results of the study, we can conclude that the review
confirms the relevance of developing methods for generating structured discrete
models of geometric objects for further numerical analysis of their properties
(conclusions to chapter 1).

In the second section, a mathematical apparatus was developed for
constructing structured grids in a freely distributed Scilab software package by the
differential method on the example of the Poisson equation with given parameters
of control function condensation and model quality assurance. The influence of the
geometry of the region (convexity and concavity of the lines of the sides of a
curvilinear quadrilateral) and the choice of the method of constructing the initial grid
on the generation speed of a given structured model of this region by the elliptical
method is investigated by empirical method.

Section 2.1 considers the formulation of the grid generation problem using the
Poisson differential equation. Methods of constructing structured discrete models,
their disadvantages and advantages were considered separately (section 2.2). Section
2.3 discusses in detail the numerical solution of the Poisson equation using the
difference scheme, namely: the general approximation of derivatives using the
difference scheme (paragraph 2.3.1), the difference scheme for the Poisson equation
(paragraph 2.3.2). Section 2.4 discusses the methods of constructing the initial grid:
evenly (paragraph 2.4.1) and by transfinite interpolation with the possibility of
thickening the grid to the right or left (paragraph 2.4.2). The grid generation
algorithm in the Scilab software package with the study of the optimal choice of the
initial grid with respect to a certain shape of the geometry of the construction area is
given in section 2.5.

Particular attention was paid to the study of the influence of control functions
on grid management (section 2.6). For the differential method (elliptical) control
functions were considered, with the help of which it is possible to perform

condensation to horizontal and vertical coordinate lines (paragraph 2.6.1), as a



special case of condensation to diagonal lines with the possibility of their
combination (paragraph 2.6.3), the influence of parameters of these control functions
on condensation is investigated. The influence of the parameters of control
functions, by means of which it is possible to construct a condensation in the form
of one, two or more circles, an elliptical method on the quality of the constructed
grid, namely its orthogonality, was investigated (paragraph 2.6.2). The study was
accompanied by visualization of the results.

In the third section, the influence of the parameters of the control functions of
the Poisson equation on the thickening of the grid of surfaces of different types was
investigated. Section 3.1 presents the formulation of the problem of surface grid
generation. Rotation surfaces are considered in more detail, as such surfaces are
widely used in the modern technical industry, namely: aircraft construction,
rocketry, etc. Since even a small error in such calculations can lead not only to
financial losses but also to human casualties, such studies require greater accuracy
of calculations. Therefore, there is a need for careful study of the surface in places
of stress concentration, which can be done by thickening the grid in this area, while
saving technical resources during the execution of the algorithm. Therefore, the
thickening of the grid on the surfaces of the cylinder (section 3.2), the cone (section
3.3), as well as at the junction of the cylindrical and conical, cylindrical and
spherical, two conical surfaces (section 3.4) was investigated. The compression of
the grid on the surface is also investigated, which simulates the probability density
of an electron in a given region of a quantum dot on the example of a cubic quantum
dot (section 3.5). All studies on different surfaces confirm the results on the
influence of the parameters of the control functions on the intensity of the thickening
of the grid. The study was performed on the example of thickening to certain lines
of the grid, and in the case of combinations of surfaces, the thickening was
performed to the joint line. Therefore, to enhance the thickening, it is necessary to
increase the first parameter of the control function, the second parameter when

increasing makes the grid more uniform, close to orthogonal.



The fourth section discusses the generation of structured discrete models for
three-dimensional objects. The statement of this problem is given in section 4.1. The
study was performed on the example of the cross section of the angular (section 4.2)
and direct (section 4.3) connection of two beams. The example of the "angle" model
Is the connection of two rectangular trapezoids along the side line, and the "straight”
model is shown in two variants of division: four rectangular trapezoids and two
pentagons. The thickening of the grid was performed to the line of the joint
boundary, because it is in the vicinity of the junction of the two structures that the
stress concentration occurs, so a more detailed study of the functions on the
geometry of a given area is relevant. Control functions were used to condense to the
coordinate lines of the calculation area. Preliminary studies for flat areas and
surfaces on the influence of control function parameters on the grid thickening
intensity in a given region have been confirmed, namely: an increase in the first
parameter leads to an increase in thickening around a given region, and an increase
in the second parameter leads to a more uniform grid distribution, it’s to the
orthogonality of the lines. Section 4.4 shows the solution of the boundary value
problem of bending a thin plate, solves the difference schemes of Sophie Germain's
equation, condenses the grid to certain construction zones for different plate shapes
(square, convex and nonconvex curvilinear quadrilaterals).

The conclusions emphasize that the methods of generation of structured
discrete models of geometric objects developed in the dissertation work allow to
qualitatively increase the results of mathematical modeling, to use them in the
analysis and optimization of engineering structures. During the dissertation research,
a software product was created in the freely distributed Scilab engineering software
package, which allows the elliptical method to automate the generation of structured
discrete models of geometric objects such as two-dimensional curvilinear
quadrilaterals, body surfaces, sections of three-dimensional objects. With this
software product, you can control the shape and intensity of the structured grid in a

given area of a geometric object.



Practical results are presented by visual examples that demonstrate the
capabilities of the developed software product. The accuracy and reliability of the
results is confirmed by comparative analysis, compliance with the physical
properties and stability of the grid thickening algorithm to each selected area with
the ability to control the intensity of thickening.

The obtained solutions of dissertation research problems can be used by
design organizations and productions as applications of mathematical modeling of
geometric objects.

Keywords: structured discrete model, Poisson equation, grid thickening,

parameters of control functions, curvilinear quadrilateral model, surface model.
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