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3ACTOCYBAHHSA MIPOI'PAMHU OPENFLIPPER 1O AITPOKCHUMAILIII
TPUBUMIPHUX ITOBEPXOHbD
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Posrnsinaersest mpobiieMa noOyIOBH MOJeNel CKIAIHUX TPUBHMIPHHX MMOBEPXOHb 1 HAOMIKEHHS iX O peayjbHUX i3
3aCTOCYBaHHSIM KOMII FOTEPHOIO MoAemoBaHHA. g moOyIoBM 1 HOCTIDKCHHS LUX MOZENEH NpoaHalli30BaHO
CKJIA[THICTh y TIPEJCTAaBICHHI MEBHUX TLI 32 JOTIOMOTO0 €IEMEHTAPHUX MOBEPXOHb (MpUMITHBIB). [Ipo edekTHBHICTH
noOyJOBH TeOMETPHYHUX MOBEPXOHb CKJIagHOI (GOopMH 3a JomoMoror kowmm rotepHoi mporpamm OpenFlipper y
MOPIBHAHHI 3 IHIIMMU IIPOTpaMaMHy CBiUaTh HaBeACHI IpUKIaau po3podienux 3D monerneit.

Knouogi cnosa: ceomempuune mino, mpusumipna nogepxus, obonouxa, 3D modens, npumimus, komn’romepna
npozpama OpenFlipper.

INPUMEHEHHME ITPOT'PAMMBI OPENFLIPPER JJISI AITPOKCUMALINU
TPEXMEPHBIX IOBEPXHOCTEM

I'omentok C. U. 1. 1. H., podeccop, Turosa O. A., k. T. H., noieHt, Mopozos [O. B., ctyneHT

3anopoorcckull HaYUOHANbHBIU YHUBEpCUmMen,
. XKyroeckozo, 66, 2. 3anopoocve, 69600, Vrkpauna

gserega7l@gmail.com, toa7676@gmail.com, yuliy_samiy@mail.ru

PaccmatpuBaeTcss mpoOiemMa TOCTPOSHUSI MOJENEH CIIOKHBIX TPEXMEPHBIX IOBEPXHOCTEH M NPHONKEHHE UX K
peasbHBIM C MCTOJNB30BaHHEM KOMITBIOTEPHOTO MOJENHPOBaHMS. [l mMOCTpOeHHs M HMCCIEeIOBAHUSA ITHX MOJeneit
MIPOAHATIM3NUPOBAHO CIOKHOCTh B TIPEACTABICHHM HEKOTOPHIX TEJI C IOMOIIBIO 3JIEMEHTAPHBIX ITOBEPXHOCTEH
(mpumuTHBOB). O0 >(PPEKTHBHOCTH TOCTPOSHUS] T€OMETPHUYCCKUX ITOBEPXHOCTEH CIIOKHONW (DOPMBI, C HOMOIIBIO
KOMOblOTepHOW mporpammer  OpenFlipper B cpaBHeHWH ¢ JpyrMMH — [POTpPAMMaMH  CBHICTEIBCTBYIOT
MIPOMLTIOCTPUPOBAHHBIE IIPUMEPHI TOTOBBIX 3D Moznemnei.

Kniouegvie crosa: eceomempuueckoe meno, mpexmepHas nogepxHocms, o06oaouka, 3D moodens, npumumus,
xomnwiomepHas npoepamma OpenFlipper.
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APPLICATION OF OPENFLIPPER PROGRAM FOR APPROXIMATION OF THREE-
DIMENSIONAL SURFACES

Gomenyuk S.1. doc., professor, Titova O.A., Candidate of Tech., associate professor,
Morozov Yu.V., student

Zaporizhzhya national university, Zhukovsky str., 66, Zaporizhzhya, Ukraine
gserega7l@gmail.com, toa7676@gmail.com, yuliy_samiy@mail.ru

The problem of constructing models of the complex three-dimensional surfaces and bringing them closer to reality with
application of the computer model, is considered.

The geometric simulation studies the methods of symbolic models structure which describes the geometric properties of
surrounding things. It is based on mathematical analysis, analytical and differential geometry, numerical mathematics,
variational calculus and creates its own methods of mathematic modeling. In contrast to drawing, a model has a one-
valued representation of geometry and numerical compositions in different imaginations. The article observes the form
of surrounding things, their size and relative positions, not taking the details about their physical. The article
investigates geometric models of these objects in geometry. These models are needed to make decision, researching,
production of material values, etc. The geometric modeling also means the creation of the image in computer graphics
from geometrical primitives like cube, cylinder, heap, orb, etc., which can be described with the geometry terms.
Geometric objects serve as the main elements of the mathematical model of the geometry of the real or imaginary
objects. Construct their construction in the three-dimensional space, considering that they are constant over time.
Objects that called solids or bodies are used for geometrical modelling for things with finite volume in mathematics.
The way of their description is distinguished from the description of curves and surfaces. Many units can be modeled
using only planes.

To make models of objects surfaces are used in Constructive Solid Geometry. Constructive Solid Geometry
manipulates with the primitives. We can perform various operations (primarily Boolean operations) with them and
objects which are received from primitives. About the efficiency application of the geometrical surfaces of the complex
shapes, using a computer program OpenFlipper, compared with others programs, are shown examples of designed 3D
models.

Key words: geometry object, three-dimensional surface, shell, 3D model, primitive, computer program OpenFlipper.

['eomeTpyyHe MOJIENIOBaHHA BUBYA€ METOAM IOOYIOBUM MaTeMaTW4YHOI MOJENI, fKa OIUCYE
reOMETPHYHI BIACTHBOCTI MPEJAMETIB HABKOJIHUIIHHOTO CBITY. BOHO 6a3yeThcsi HA MaTEeMaTHYHOMY
aHaui3i, aHAMITUYHIN Ta qudepeHiaabHiil reoMeTpii, 00YHCIoBalIbHIA MaTeMaTHIl, BapialiiiHoMy
YHCIIEHH1, TOMOJIOTIi 1 po3po0Jsie BIacHI MaTeMaTHUHI METOIU MojentoBaHHs [2]. Ha Bigminy Bix
KpECJIEHHS, MOJIelb € OJHO3HAYHHUM IIPEICTaBICHHSIM TeOMeTpli Ta KUIbKICHOTO CKJIaxy 00’€KTa
IpU JIeAKUX MPUITYIIEHHAX. bynemMo mikaBuTucs GopMOI0 OTOUYIOUHMX IMPEAMETIB, iX po3MipamMu 1
B3a€MHHUM PO3TallyBaHHIM, HE BIAIOUYHCh y MOApOoOHLI (PI3UYHHX BIACTUBOCTEH. [HIIMMU clioBamH,
OyZeMo BUBYATH 1 MOJEIIOBAaTH F€OMETPHUUHI BIACTUBOCTI pealibHUX 4YM ysIBHUX 00’ekTiB. Haroro
KIHIIEBOIO METOI Oyzae moOyaoBa MaTeMaTHMUHUX Mojeiei reomerpii mux o0’ekrtiB. L{i moxmemni
noTpiOHI AN TNPUMHATTSA pillleHb, MPOBEACHHS JOCHIKEHb, BHPOOHMIITBA MaTepialbHUX
HiHHOCTeH Tommo. TakoX MiJ FeOMETPUYHUM MOJETIOBAaHHAM MH OYAE€MO PO3YMITH CTBOPEHHS
300pakeHHsI B KOMII'FOTEpHINA Tpadilll 13 CyKymHOCTI T€OMETPUYHUX NPUMITHBIB, TaKuX, K KyO,
LWITIHAP, Mipamijaa, cgepa Ta iH., Kl MOKHa OMMCAaTH MaTeMaTUYHUMHU BUPa3aMu, 1110 Bi0Opa’keHO
B pobori [3].

Hag tinamu, sk 1 Hag 1HIIMMHU TEOMETPUYHHMH 00 €KTaMHU, MOXKHa BUKOHYBAaTH oOIeparii —
CYKYMHICTh Jii HajJ OAHUM a0 KUIbKOMa TUIaMH, SKi TMPU3BO/IATH 10 HAPOIIKEHHS HOBOTO Tija.
OpHMMH 3 OCHOBHHX OTIepalliil st ABOX TiI € 6yneBl omnepariii. byneBumu onepaumMH Ha3UBaIOTh
omeparlii 00’€¢IHAaHHS, MEPETUHY 1 BiJHIMAaHHA TiI. BracTWBOCTI TakWX omepalidi HaBeJEHO B
poborax [3, 6].

Tinma Mo)Ha ommcatd HAOOpPOM TOBEPXOHB, IO HE BHKOPHUCTOBYIOTH HI TpaHi, HI pebpa, Hi
BEpIIMHU. Y pealbHUX JeTaliel Ii MOBEepPXHI MOXYTh MaTh JyKe CKIagHy Qopmy, K y CEHCl
KpUBHU3HH, Tail 1 B ceHcl Mexx. OHUM 31 3pYYHUX CIOCO0IB MOOYA0BU MOBEPXOHb, II0 OMHUCYIOTh
TUJI0, € CIOCI0 OJHOYACHOI MOOYIOBH BCIX HEOOXITHUX MOBEPXOHB 3a JIOMOMOTOIO OIepaIiii Haja
TuaMu. J[7st boro 6epeTbest OJTHE 3 MPOCTUX T, 1 JaJli B MIEBHUX MICISX 10 HBOTO JOJAETHCS a00
BiJl HBOTO BigHIMaEThCst 00’ eM. Hampukiman, ans Toro, mod mNpocBepIJIUTH OTBIp B JEIKOMY Tili,
BUKOHY€ETbCs OyneBa omepallis BiAHIMAHHS 3 IbOTO TUTA IMJIIHIPUYHOTO Tija, IO BIAICpae poib
CBepAJia. AHAJIOTIYHO MPOCKTYIOTHCA Ma3u 1 BUpi3u. s Toro, o0 3BapuTH MOJIENI IBOX JETaJeH,
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BUKOHYEThCA OylieBa omeparlisi 00’ eqHaHHs TUI. BUKOpHCTaHHS TOMOJOTIYHUX 00’ €KTIB HEOOX1THO
JUIsL KOPEKTHOTO BHKOHaHHS Iux omepainiid. [loOymoBi Mojeneil TomojgoriyHux 00’ €KTIB
NPUCBSIYCHO JISSIKI IJIaBH Migpy4YHUKIB [3, 8].

[Tpu mpoekTyBaHHI JOBOJUTHCS PO3TISAATH JIEKUTIbKA BapiaHTiB AeTanei i 30ipHuX oauHuUIb. Pi3Hi
BapiaHTH OJHi€i 1 Ti€ei ) JeTaigi MOXKHAa OTPUMATH LUIAXOM 3MiHM HEOOXiIHMX mapamerpiB ii
MOYaTKOBOTO BapiaHTy. [y bOro B MaTeMaTUYHIN MoJemi JeTani HeoOXiHO MaTH iHpopMaIlio
PO NUISIXH 1 crocobu ii moOymoBu. OTxe, reOMETpUYHA MOJICIh JIeTajli MOBHHHA OyTH JOTIOBHEHA
e Jeskorw iHdopmalliero mpo MmocaigoBHICTh i1 moOymoBu. Jleski mpuKiIaau BUPIMICHHS TaKUX
npo0JieM HaBeIeHo B poOoTi [3].

HaiiGinpimn 3aranpbHUM MiAXiM J0 ONMMCAaHHS TUI TMOJISITa€ B MPEACTABICHHI Tijda 3a JOIMOMOIOIO
CYKYIHOCTI 0OMeXyBalbHUX HOro 00’eM 0OOJOHOK, rpaHeil i pebep, AKi 3a1aHi MapaMeTpUYHO.
KoxHy 000710HKY OyayeMo 3 HAOOPY MOEAHAHUX OJHA 3 OJHOIO IMOBEPXOHB JOBUIBHOI (POpMH, 110
MICTSITh TIOBHY 1H(OPMAaIIil0 PO CBOI TPaHMUII 1 3B’SI3KU 3 CYCITHIMH MOBEpXHSAMH. Take onucanHs
TiJ Ha3WBAKOTH MOJAHHAM 3a Joromororo rpanuinb (Bounded representation ado B-rep) [2]. Take
OTIMCAaHHS J1a€ MOKJIMBICTh BUKOHATH HAJl TIJIOM Oe31iu omeparliii, 30epiraloun mpu nboMy €IMHHN
crocid #Horo «BHYTpIIHBOrO ycTpoto». IlogaHHsS Tim 3a JOMOMOrOI0 TPaHUIb JIO3BOJISE
MOJIETIIOBaTH 00’€KTH JOBUIbHOT (pOpMH 1 CKIaAHOCTI. Y BCIX MiAXOJaxX 3 OMHMCaHHA Tl Oyaemo
BUKOPUCTOBYBATH TOMOJOTI4YHI 00’€KTH, BPaXxOBYBAaTH 3B’S3HOCTI, OPIEHTYBaHHS 1 3aMKHEHICTb.
Mu GyneMo po3riIsigaTé MOAAHHS Tid 3a JIOMOMOTOI0 I'PaHMIlb, CIIUPAIOYUCH HA TaKi TOIOJIOTIYHI
00’€KTH, K BepIIMHA, pedpo, rpaHb 1 00omoHKa. OOOJIOHKH TiJIa MOBUHHI OYTH OJHOPITHUMH,
TOOTO BUKOPHCTOBYBATH MPU OMKCaHHI €auHi npaBmia. OOOIOHKH CKIAJal0ThCs 3 HA0OPY I'paHei.
KoxxHa rpanp 0a3yeTbesi Ha AesAKii moBepxHi. ['paHb Bigpi3HAETHCS BiJ MOBEPXHI THM, IO OKpPIM
MOBEPXHI BOHA B CTPYKTYPI CBOIX JIaHUX Hece iH(POPMaIito PO 3B’SI3KU 3 CYCITHIMU TPaHIMH, PO
Opi€HTAIiI0 B IPOCTOPI 1 PO BHYTPIilIHIN 00’ €M Tina [3].

Sxuio B3sATH OyAb-SIKY J1eTalb, TO MOXKHA TOMITUTH, III0 0OMEX Y04l 11 MOBEPXHI ALISATh IPOCTIp Ha
JIBl YaCTUHU: OAHY YaCTUHY MPOCTOPY 3aiiMae neTallb i BOHA 3HAXOJIUTHCS BCEPEIMHI OOMEKYIOUHNX
00O0JIOHOK, a iHIlIa YacTHHA MPOCTOPY JIEKHUTh Mo3a MexkaMu jaertani. [lepeiitu 3 onHi€i yacTuHU
MPOCTOpPY B 1HINY, 00 HE TMEepeTHYTH oOMexyrodi 000J0HKH, HEe MokHa. OTxke, oOMexyrui
00O0JIOHKH 130JIIO0Th OJHY YaCTHHY TPOCTOPY Bif iHImOI. Tino Moxe Matu oaHy abo JeKiIbKa
000JI0HOK. SIKIIO TIIO Ma€ MyCTOTH, TO HOTO 00’ €M OOMEKEHUH NeKinbKkomMa obomonkamu. OaHa 3
X OOOJIOHOK € 30BHINIHBOIO, @ pelira OO0OJIOHOK — BHYTPIIIHIMU. BHYTpimHI 000J0HKH
OOMEXYIOTh TOPOKHEUl 1 TOBHICTIO JIKaTh BCEPENMHI 30BHINIHBOI 000JOHKUA. MOEIOBaHHS
OTOYYIOYHX HAC MPEJMETIB BUMArae 3aJlydeHHs OIbII CKIaHUX reoMeTpuIHuX 00’ eMiB [3, 8].

IcHye BenMKa KUIbKICTh KOMIT IOTEPHUX IpOrpaM JJisi MOOYAOBU I€OMETPUYHHUX MOBEPXOHb Pi3HOT
CKIIamHOCTI. 30Kpema, A MOoOyJOBH T'€OMETPUYHOI MOBEpxHi y mporpamax Maple i MatLAB
HEOOXITHO 3aCTOCOBYBaTH II€BHI KOMAaHIH, $KI pPO3paxoBaHi JUIsl CEPEJOBHUIN IUX Mporpam
noOynoBu Mogzened. Jleski MOXJIMBOCTI IMX NporpaM HaBeleHO B migpyuHukax [, 7]. 3
MaTeMaTHUYHOI TOYKU 30py, 1€ OyXe 3pydHO, aje A OTPUMAaHHs IMEeBHOI MPOCTOi MoJeni 3a
KOPOTKMM MPOMIDKOK 4Yacy, pallOHAJIbHICTh Yy BUKOPHUCTAHHI IUX MPOrpaM 3aJIMLIA€TbCS 1]
BEJIMKUM MTUTAHHSM.

SolidWorks i 3Ds max, Ha BiqMiHy BiJl BHIIE 3TraJIaHUX MPOrpaMm, Aat0Th OLTBII MBUIKI PE3YJIbTaTH
pyu o0y10B1 FTEOMETPUYHUX MOBEPXOHb. [HCTPYKIIi 111010 pOOOTH IUX MPOrpaM CBiAYaTh MpoO Te,
mo SolidWorks i 3Ds max moTpeOyroTh BeNMKOI KUIBKOCTI PecypciB OIEpaTUBHOI HaM’sTi i
BIJICOKAPTH KOMIT'IOTepa JUIl ONTHMAaJbHOI pOOOTH. AHAJOTIYHI KOMIT IOTEpHI MpOrpamH Tex
BHMAraroTh BEJIMKUX YMOB I110/10 pOOOTH CY4acHOTO KOMII FOTEPHOTO 3a0e3MeyeHHs.

I'eomeTpuunoMy MojentoBaHHIO npucBsideHo podotu C.I. T'omenioka [4, 5], y sSKuX BigoOpa>keHO
MeBHI MiXOAH IO MAaTEMaTHYHOTO MOJICITIOBAHHS 32 JJOMOMOTOI0 KOMIT FOTEPHHUX MPOTpam.
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VY uiit poboTi s mMoOyIOBH CKIAJHUX T'€OMETPHYHUX MOAeNed Mu OyneMo BHKOPHUCTOBYBATH
NpUKIaJHy KoM 'toTepHy mnporpamy OpenFlipper, mo € onTtumasbHOO 3 TOYKH 30py
MOJICJIFOBAHHS, MAaTEMaTHMYHOTO MiAXOJy 1 B3arajli HE Ma€ BEIUKUX CHUCTEMHUX BHMOT. Y
CepeIOBHILI Li€T IPOrpaMu BXKe 3a/1aHi TEOMETPHUYHI TPUMITHUBH, SIKHMH MOKEMO JIETKO OIEepyBaTH
y 3D npocropi mporpamu, 30Kpema, Taki, ik Ky0, IHIiHIp, ipaMija, TeTpaeap Ta iH. (puc. 1).

B) r)

Puc.1. [puknaau npumituBiB y cepemouiii mporpamu OpenFlipper: a) ky6, 6) muninzap, B) mipamina, T) chepa

SIK1m1o 3arauOuTHCh y JeTalll, TO JUIsl TOOYI0BH CKIIQJAHUX T€OMETPUYHUX (Iryp mpocTo NpUMITHUBIB
3aMaio, aJkKe, HaNpUKIaj, 1100 OTpUMAaTH NPaBWIbHY MOJIENb Kpuia JliTaka, Tpeba BMITH
MEpPETBOPIOBATU BXe JaHl reomeTpuyHi ¢irypu. IlpukiagoM noOyaoBU CKJIagHOI T€OMETPUUHOI
Mozeni oyae Oounr. s moOyaoBH 1i€i Mozeni Tpeda 3p0o3yMITH, 3 SIKUX OLIbII MPOCTUX YAaCTUH BIH
cknajgaerecs. Pi3pOoBa dvacTMHa 1 rojoBka Oonra. ['onoBka Oonta € OUIBII  CKIIAJHOMNO
reOMEeTpUYHOIO (Irypor0 Ha BiAMIHY BiJ Pi3b0OBOi 4acTWHU 1 1 MOXKHA PO3KJIACTH Ha MPOCTI
yactuHy. i 106Y0Ba BiAGYBaETHCA 3a OMOMOIOKO TIOEIHAHHS TIEBHOI MHOKUHM KyOiB y IIPOCTOpi
nporpami, mia NeBHUM KyToM. ['ooBkoro OoiiTa € MpaBWIBHUHM IIECTUKYTHHK, BHYTPILIHI KYTH
SIKOTO JOPiBHIOOTH 120°. SIKIIO mepeMiCTUTHCA Ha IIONUMHY, TO CTaHE 3PO3YyMLIO, M0 MOTPIOHO
YTBOPUTH IIECTUKYTHUK NpPaBUIbHOI (GOpMH 3 TMOe€IHAHHS KBajpaTiB. OCHOBHE NHUTaHHS sKe
BUHUKA€E, K BCE X JOCATTH MPAaBHIBHOTO ToemHaHHS? JlJii JOCSATHEHHS IOCTaBICHOI METH
NPUMITUBU PO3IIIAAIOTECS HAa KOOpAMHATHIM miommui Oxy, He Oepydyd A0 yBard BICh Z.
[Tpu3Hayaroun KOXKHOMY KyOy OKpeMy CHCTEMYy KOOpPIHMHAT I MapajelbHOro MepeHocy ado
MOBOPOTY TEOMETPHYHOTO Tila Ha TEBHUH KyT, TMEPEHOCHMO NEpHIMHd TPUMITHB Yy TOYaTOK
koopaunat (0,0,0). [Ing mpaBWIBHOTO pO3TAllyBaHHS JPYroro KyOy NpPU3HAYAEMO CHUCTEMY
KOOpJMHAT 1 KOOPAMHATU Ti K cami, [0 1 B MOMEpeAHbOro. Y 1bOMY pa3l MOTPIOHO 3A1MCHUTH
MOBOPOT Jpyroro npumituea Ha 30° o oci Oz (puc. 2).
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LTy
'8 Data Control

Puc. 2. Po3ramyBanHs Ky0OiB 3a IOTIOMOTOIO BIACHUX CHCTEM KOOPAWHAT

3arajnbHUM KyTOM 000X KyOiB OyAe KyT, LI0 € IIOYaTKOM BJIACHHUX CHUCTEM KOoopAHHAT. Tak camo
IPOJOBXKYEMO MOEAHAHHS KYOIB Y CKJIaJHY TPUBUMIPHY I'€OMETpUYHY (irypy, sika € roJOBKOIO
6onTa (puc. 3).

a) 0)

Puc. 3. [Iponec moegHaHHS MPUMITHBIB y CKJIaIHY TPUBUMIPHY MOJIEINb: a) YOTHPH KyOH,
0) micTh Ky0iB — BEpXHS YacTUHA 00JTa
OTpuMaBIIM NpaBUJIbHE TPUBUMIPHE T€OMETPUYHE T1JIO, TaK 3BaHy T'OJIOBKY 00JTa, TOMOBHUMO il
Pi3b00BOIO YACTHHOO Y BUTIISI IIIIHPA, 110 3aiiMaE Miclle B IEHTPI MPaBUIHHOTO IIECTUKYTHUKA

(puc. 4).

a) 0)

Puc. 4. Monens 6onTa, pi3b00Ba yacTHHA: a) MOJIedb 00Ta, BUA 300Ky, 0) MOJIENb Pi3b00BOi YacTHHU 60T
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VY mporpami JOCHUTh NMPOCTO BUKOHYIOTBbCS OIEpalii HaJ FeOMETPUYHMMHU TUIAMH, aJKe OKpIM
MIPUCBOEHHS KOOPJAWHAT TIEBHIM MHOXKHMHI T€OMETPHYHHMX TMPUMITHUBIB, iX MOXKHA IE€pPECyBaTH
BITHOCHO Oynb-SIKUX 3 OCEH, PO3TATYBAaTH, POOMTH 3 HUX IUIOMIMHH, M030aBUBLIMCH OJHOTO 3
napamMeTpiB KOOpAHMHAT i 00epTaTh Ha MEBHUM KyT, HE 3agaroud Woro KoHkperHo. Lli ¢yHkmii
JAI0Th MOXKJIUBICTh POOUTH HAOJIMIKEHI MOJIE TUX Y 1HIIHUX MPEIMETIB. 3ayBaXUMO, 110 3 TOUKH
30py reoMeTpii, MU TMPOBOJUMO PSJl CKJIAJHHX TOCTAITHUX IEPETBOPEHb HAJl MPUMITHBAMH, IO
MalOTh CKJIAJHHM XapakTep 1 HECyThb BEJIMKY KUIbKICTh oO4McieHb 1 00poOku nanux. OTxe,
OTPUMYEMO MOJICi, aIPOKCUMOBaHI JI0 pealbHUX.

Ha puc. 5 mokazaHo nieHHS MOBEpXHI IWIIHApAa Ha MOJITOHM IUIAXOM 3aJaHHS KyTa. Sk
pe3yabTaT, OTPUMY€EMO CITKY Ha MIOBEPXHI HUAIIHPA.
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Puc. 5. JlineHHs moBepXHi IMIIIHAPA HA ITOJITOHU

Tak camo MOkHA PO3pOOHTH MOIEIH CKIaHOI (hopMu. 3a mpuKiIaa 0yio B3sTo JiTak Moaeni G650.
3aBAsKM HECKJIAJHUM OIEpalisiM 1 MOETHAHHIO MPUMITHBIB OTPUMYEMO TOTOBY Mojenb. Jms ii
PO3pOOKH BHKOPUCTOBYBAIUCS LWIIHIPU (KPWJIO JIiTaka, XBOCTOBA YacTWHA 1 JABUTYHH) 1 cdepu
(mBUTYHHU 1 cayoH JiTaka) (puc. 6).

Puc. 6. Etanu cTBOpeHHs MOAIeIi JTiTaka: a) Kpuiio, 0) calloH, KPHJIO 1 XBOCTOBA YaCTHUHA, B) MOJICIb JIiTaKa MMOKPUTA
CiTKOIO (BUJ ciepeny), T) MOAETb JiTaka MOKPUTA CITKOO (BUJ C3a11y)
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OTtpumani B Takuil croci0 pe3ynbTaTH y BHUIVIAAI UmiocTpauiii cnpoekroBanux 3D mopneneit y
CepelOBUILI MPOTpaMM, CBiAYaTh 1 MEPEKOHYIOTh IPO KOPUCHICTb MOMKIJIMBOCTEH DPO3POOKH
TPUBHMIPHHX TTOBEPXOHB 32 TOTIOMOT0I0 KOMIT IOTEPHOI IPOrpaMH.

Ha puc. 4 1 puc. 6 300pakeHl UIIOCTpalii OTPUMaHUX pE3Yy/IbTaTiB, OCHOBHHX IE€PETBOPCHD
MIPUMITHBIB 3a JOTIOMOTOK) MPOCTHUX KOMaHJ NporpamMu. Yci OTpHUMaHl T€OMETPUYHI MOBEPXHI
3a/1aHl OJJHUM MaTepiasoM, PO M0 CBITYUTH KOJIP 1 IIJIICHICTh MOJICIICH.
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AN APPROXIMATE NONLINEAR DYNAMIC PROBLEM SOLUTION
OF FUNCTIONALLY GRADED MATERIAL SHALLOW SHELL
STRUCTURE WITH IN TIME THICKNESS VARIATION
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This paper deals with an approximate analytical solution of nonlinear problem for dynamics of Functionally Graded
Material (FGM) shallow shell on the basis of hybrid perturbation-WKB asymptotic approach. The motion of the
structures is derived using classical shell theory. Special attention is paid to investigate the influence of material
properties, which are graded in the thickness direction according to the power-law distribution in terms of volume
fractures of the material, on dynamic behavior structures with given initial conditions. The non-linear strain-
displacement relationships based upon the von Karman theory for moderately large normal deflections. By taking
inertia forces into account and after some assumptions with respect to boundary conditions, discussed problem leads to
a singular non-linear second order differential equation with variable in time coefficients. According to perturbation
method with respect to parameter of nonlinearity, solution of initial differential equation is obtained in the form of two
terms approximation. After the perturbation procedure the system of ordinary singular differential equations with
variable in time coefficient is solved by two terms WKB — approximation as well. Final result is an approximate hybrid
analytical solution of nonlinear problem on the basis of perturbation - WKB method. Solution of non-linear problem is
presented in compact form, where first term corresponds to free vibration of system, second term — forced oscillation
and third term — solution of nonlinear part of the problem. Analytical solution for some thickness functions in time of
structure is compared with direct numerical integration of initial equation of the problem.

Key words: approximate analytical solution, nonlinear problem, dynamics, Functionally Graded Material, shallow
shell, hybrid perturbation-WKB method.

INPUBJINKEHHOE PELIEHUE NPOBJIEMbI HEJIMHEWHOHW TUHAMUKHA
IHOJOI'OU OBOJIOYKH ITIEPEMEHHOM BO BPEMEHHU TOJIIUHBI
N3 ®YHKINOHAJIBHO-TPAAMEHTHOI'O MATEPHAJIA

I'pumaxk B. 3., a. 1. 1., npodeccop, Parteea 0. A., acnupant

3anopodtcckuil HAYUOHATLHBIU YHUBEPCUmMEM,
ya. Kykosckoeo, 66, 2. 3anopooicve, 69600, Vrpauna

fateevajulia@gmail.com

B craTpe paccmaTpuBaeTcss IpHOIMKEHHOE aHATTUTHYIECKOE PEIIeHNe HETMHEHHON 3ajaui AUHAMUKH (QYHKIIHOHAIBHO-
rpagueHTHBIX MaTepuaioB (PI'M) mororoit o6oroukm Ha ocHoBe MeTona BosMymieHHH W BKB acummroTmueckoro
moaxona. J[BmKeHne KOHCTPYKIMH ONHCBHIBAETCS C MOMOIIBI0 KiIacCHUecko Teopum obomouku. Ocoboe BHUMaHHE
YACNAETCS MCCIENOBAHUIO BIIMSHHUSA CBOMCTB MaTepUaloB, KOTOPHIE OLICHMBAKOTCS I10 HAIPABJICHUIO TOJILIMHBL B
COOTBETCTBUH C pacHpeAesieHHeM II0 CTEIIEHHOMY 3aKOHY C TOYKH 3peHHs oO0beMa MaTepHaia, Ha JUHAMHUYECKHe
CTPYKTYpPBI OBEAEHHS C 33/IaHHBIMU HayaJIbHBIMU YCJIOBUSIMH. HenmHeliHble 3aBHCUMOCTH JieopManny - CMEIIeHHH,
OCHOBaHbI Ha Teopu KapmaHa /Uit yMEpeHHO OOJNBIIMX HOPMAJBHBIX OTKJIOHeHMH. [IpuHMMas cuibl MHEpIMH BO
BHUMaHHE M HEKOTOpble T'paHWYHBIE YCJIOBHS, OOCyxkjaemas INpoOjeMa NPHUBOAUT K OCOOOMY HEJIMHEHHOMY
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