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orjisii KOMIPIOTEPHUX ITAKETIB TA ITIPOI'PAM, IO
3ACTOCOBYIOTHCS B ABTOMOBLIBHIN I'AJTY3I

B pobomi 6 cmucniti popmi 3p0OaeHo 021510 OesiKuX KOMN TomepHux naKemié ma npocpam,
Wo 3acmocoByIOmvbCs 8 A8MOMODIIbHIU 2any3i.

B nganiif po6OTI NpPONOBKEHO PO3BUTOK HAYKOBOTO HampsMKy moB’si3aHoro 3 [T
TEXHOJIOTISIMM 3 B acleKTi aBTOMOOUIbHOI ramysi [1-5]. Mera po6oTH mojsrae B IpPOAOBKEHHI
cuctemarusanii iHpopMallli CTOCOBHO BIIPOBA/KEHHS Ta 3aCTOCYBAaHHS HOBUX TEXHOJIOTIH B
aBTOMOO1IBHINM MPOMHUCIIOBOCTI, a caMe THX, 1110 moB’s13aHi 3 [T cdeporo.

VY Hamii 1H1 iICHY€ T0CUTh 0araTo TEXHIYHHUX 3ac001B, SIK1 JOIIOMAaraloTh MO0y yBaTH MO
TPAHCIOPTHOr'O MOTOKY. Benuka yacTHHaA IIUX MakeTiB CIPsIMOBaHA HAa CTBOPEHHS MIKPOPIBHEBHX
Mozenei. [lig noOyaoBU JAOPOXKHIX CUTyalld, BKIOYAIOYM TPAHCIIOPTHI BY3JH, HIMPOKO B1JIOMO
KUJIbKa JECATKIB BinnoBiHUX nporpam. [Ipuknagamu moxyts ciyxutd AIMSUN, AUTOBAHN,
IHSDM, INTEGRATION, FLEXSYT-II, MITSIM, PARAMICS, PLANSIM-T, TRANSIMS,
SimTraffic 6, VISSIM, ra is. [6, 7].

Kowmm'torepna nporpama PC-Crash oyiHa 3 HaifO11b111 onyIsipHUX 1 6araTrodyHKIIOHATBHUX
Ha CHOTOJHIIIHINM JeHb mporpam JUlsl aHaji3y 1 MOAEIIOBAaHHS MEeXaHi3My JIOPOKHBO-TPAHCIOPTHUX
npurop (TII), TBopens sikoi - pipma Dr. Steffan Datentechnik Ges.m.b.H (DSD). ¥V nporpami PC-
Crash, BUKOPUCTOBYIOTbCSL pi3HI MOAM]IKALl pO3paxyHKy 31TKHEHb: TpaJuliiiHa MOJEIb yiapy, a
KpiM TOTO BJOCKOHAJieHa CHJIOBa 1 CITKOBa Mojemi 3iTKHeHHsS. [lepeBaroro nmaHoi mporpamu €
MOJKJIMBICTh 31MCHIOBATH PpO3PAaXyHOK XapaKTEpUCTHK pyXy B JAMHAMIL - 3 ypaxXyBaHHAM
peaTbHUX XapaKTEPUCTHUK TPAHCIOPTHUX 3aco0iB, HABKOJHWIITHBOTO CEPENOBUINA 1 KEPYIOUUX
BILTUBIB [8, 9].

Jlia Bizyamizauii cinykate 2D aHiManis (BUIJsSA 3Bepxy Ha poboumii ctin) 1 3D animaris
(Burisin B mpoctopi). BHacnigok 4oro, gaHe MOJETIOBaHHS MOXHA HMPUKPIMUTU 10 €KCHEPTHOIO
BHCHOBKY Yy BUTJISI/II TTPOEKTY.

ITporpama PC-Crash 6a3yeTbcsi Ha 3arajJbHONPUHHATHX 1 IPAKTHUYHUX HAYKOBUX JaHUX:

1. IToyaTkoBi1 BiIOMOCTI - Maca, pO3MipH, TBEPAICTh KOHCTPYKIIii TPAHCTIOPTHOTO 3ac00Yy;

2. 3aBeplIeHHs] BUMIpY TPaHCIOPTHOTO 3aco0y - Ae(eKTH, BUMIpsHI BiJl IEBHOI 0a3u TaKuM
YUHOM, 100 HA MacIITaOHOMY MakeTi poO0YOro TPAaHCTIOPTHOTO 3aCO00y MOKIIMBO OYyJIO BITHOBHTH
fioro neopmoBaHMii POk,

3. XapakTepuCTUKU yJapy - CKPIHIIOTH €KpaHy Mporpamu, 3 AkuX BUIHO 3HaueHHS EES,
IMIyJIbCYy yAapy, Iiiede iMIysbey, Nepioa yaapy.

Jis  MojentoBaHHS Ta PEKOHCTPYKLII MiICH aBapii BUKOPHUCTOBYIOTbCSI HACTYIIHI
koMt toTepHi nporpamu: CarSim, TruckSim, CARAT, MADYMO, Virtual Crash Ta iu [10, 11].

HoBi iHCTpyMeHTH [UIsi MoOJEOBaHHS O€3MUIOTHUX aBTOMOOLIIB HaJa€ yHiBepcalbHa
nmporpaMHa cuctema kinmeBo-eiemMeHTHOro (MCE) anamizy ANSYS [12]. 3a manumu BcecBiTHBOI
oprasizaiii OXOpOHHU 3/I0pOB's B aBTOKaTacTpodax B yChbOMY CBITI HIOpi4HO ruHe 1,25 minbiloHa
qos0oBiK. KOoXkHI JBI XBWIMHU XTOCh T'MHE 4epe3 aBTOMAIWH. AJie JUId JSSKUX 1H)XKEHEpiB, II0
HaMararoThCsl CIIPOEKTYBAaTH aBTOMIJIOTYEMI MAIIMHU - 115l YACTOTa HE CTUIBKHM BpaXkaroya: MPUYMHA
B TOMY, III0 CyMapHU# KimomeTpaxx nmpooiry Mix nociigoBaumu ATII nocuts 3HauHmii. BinnoigHo
n0 HemaBHBOTO jociimxkeHHs Randin «Bopiaas g0 Oe3nexkm», nepeadadyBaHa BiJICTaHb
3apeECTPOBAHOTO MPOOITY, AOCTATHSI ISl TOTO, MO0 MEPEKOHATH TPOMAJICHKICTh 1 3aKOHOAABIIIB Y
TOMY, III0 aBTOMOO1JIi JOCUTH O€31euHi, CTaHOBUTD 14,17 MUTBSIPIIIB KM.
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Google - mimepy IOpOXHBO - ABTOAPOMHHX BHUIPOOYBaHb CAMOBPSIHHX aBTOMOOLIIB -
BJIAJIOCS. HAKaTaTU TUIbKU 3,22 MijbilOHa KM BUKJIIOYHO B PEKUMI aBTOHOMHOI'O YIPaBJIiHHA: 3a 6
POKIB, IPOTSITOM SIKHX BUIIPOOYIOTH aBTOMOOIII, BOHM ToTpamwid B 14 aBapiii. Lle He Hama BuHa,
ctBepkye Google. Ane mpu Takux Temmnax Oyae moTpiOHo moHax 2000 pokiB, mo0 BUWTH Ha
no3Hauky 14,17 MiTbspIiB KM.

Pucynok 1 — Bipryansne moaentoBanHs B cuctemi ANSYS

OdeBuIHO, 10 CTUIBKHK Yacy y Hac Hemae. Canaun CoBanu (Sandeep Sovani), TupekTop 3
po3pobok st aBToMoOUTeOy myBanHs B pipmi ANSY'S, cTBepmKye, 110 OUTBITYy YaCTUHY BCIX ITUX
MUTBSIpAIB KUIOMETPiB MO>KHA 3MojientoBatu [12].

Pucynok 2 — Bipryanbne moaentoBaHHs B cuctemi ANSYS

Xoua B CaMOBpSITHUX aBTOMOOIISX BCHOTO JHIIE ONM3bKO 12 nmaTdukiB: pagap, KaMepH,
migap (LIDAR anrn. Light Identification Detection and Ranging - cBiTjioBe BUSBIEHHS 1
BHU3HAYCHHS JAJILHOCTI) 1 1H.), KOMOiHaIlii KOMIUIEKCHUX BXIJHMX CHTHAIIB 1 CHTyamid, B SKHX
MallliHa MOK€ BUSBUTHCS, IPOCTO MPUTOJOMIIYIOTb.

Cuctemnu nas1 MOJENIOBAaHHS PI3HUX CEPEJOBHII aBTOMOOINS TMOBHHHI (OpPMyBaTH
BIpTyanbHi AepeBa, boparopu 1 HaBiTh moael. [loTpibHO MoenoBaTH YMOBH, 1HOI O€3)KaNbHi, IS
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TECTYBaHHS MEX MOMIJIMBOCTEW NpPOQeciiHUX TIOTIB-aBTOTOHIIMKIB. Hampukimax, Komw Tmmif
KOJIeCaMH TOHOYHOT'O aBTOMOOLJISI BUSBIISETHCS TOTiH!

Jlo6pe BigoMa po3poOkamMu B 00JIaCTI MOJETIOBAHHS MEXaHIYHHX CHCTEM JUIS
aBToMOOL1eOyryBaHHsA, (ipma ANSYS cnowatky mnpomnoHyBajia pilleHHsS i JedopMariid,
HaIpyTH 1 3HOCY Ky30Ba 1 3a4acTyH JIETKOBUX aBToMoOUTiB. [Ticis npundanns B 2006 pomi Fluent
3a 398 munbioHiB fonapiB, ANSYS mnouana aHamizyBaTd, sK aBTOMOOUII MepeMillylOTbcsS B
HoBITpAHOMY moOTOIi. OJHAK MOJENIOBAaHHS pyXy MAIIMH B IOTOLI TPAHCIIOPTY BHMArae
npodeciiiHol MaliCTepHOCTI B 1HIIIHM 007acTi: eJ1eKTpOMarHeTH3Mi.

Pucynok 3 — Bipryanbne mozaemtoBaHHs B cucteMi ANSYS

Innukanis OnAM3BKOCTI 0 IHIIMX O00'€KTIB IPU PyXOMOMY aBTOMOOLN 3IiHCHIOETHCS
IUITXOM BiTOOpa)XeHHS BiJ HUX €JIEKTPOMArHiTHUX XBWJb. Lle Te, sk mpaioe 30poBUil amapar i
MO30K JIIOJIMHM 3 MarHiTHUMHU XBWISAMH y BUAMMIN 4yacTHHI cnekTpy. I Te, mo pamapu, nigapu i
KOMIT'FOTEPH 3TIMCHIOIOTh B 1HININA YaCTHHI CIIEKTpA.

VY 2008 poui ANSYS kynye Ansoft 3a 832 minbiioHn nponapiB. | 3aBAsKM OCHOBHIM
npoxaykuii Ansoft (Maxwell i Simplorer) ANSYS MuTTEBO mepeTBopmiiacsi B IOCTadalIbHUKA
pilieHp B cdepl MOJAEIIOBaHHS €NEKTPOHIKM Ta eleKTpoMarHerusmy. lli HampairoBaHHA
3aCTOCOBYIOTB 1 JI7Is1 po3po0KH iHIKX chep B aBTOMOO1e0y 1yBaHHI.

VY Toif yac 11 AB1 KOMMaHIi HE 3HAJM, HACKUIbKN BaXXJIMBUM BUSIBUTHCS 1aHE MPUAOAHHS AJIs
no3umionyBanHss ANSYS B muiani po3BHTKY CaMOBPSIHUX TPaHCHOPTHHX 3aco0iB. Hlmsaxom
nonatkoBux mnpuadanb ANSYS orpumana iHCTpyMeHTapi [Aias NpPOEKTYBaHHS 1 aHalizy
aBromisoryemMux aBromo0iniB. Tak, B 2012 pomi Esterel Technologies xymuu 3apaju mporpaMHOTO
3abe3neueHHss SCADE. Tenep ANSYS SCADE po3pobisie kepyrodi mporpamu Ha 6asi pilleHb
CUCTEMHOTO TMPOEKTyBaHHs, 3acHOBaHOTO Ha Mmozeni (MBSE). SCADE Suite, SCADE Display,
SCADE Test i SCADE LifeCycle Takoxx cnpusTUMYyTh MOAAIBIIOMY MPOCKTYBAHHIO 1 ONTUMI3AITii
BOYJIOBAaHUX CUCTEM, SIKi IEPETBOPUIIN Cy4aCHHI aBTOMOO1JIb B KOMII'IOTEPHY CHCTEMY Ha KOJIECax.

A npunbannas Delcross Technology B 2015 p BimOymnocs uisi OTpUMaHHS TEXHOJOTIT,
tpancpopmoBanoi norim B ANSYS HFSS SBR + (30ymkeHHs 1 BinoOpakeHHS NpPOMEHIB), 3a
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JIOTIOMOTOI0  IKOi PO3pPOOJISIOTBCS  PIlIEHHS Ui TPUBHMIPHUX aHTEH 1 €JIEKTPOMAarHiTHOTO
BUIIPOMIHIOBaHHS BiJl paJil0JIOKaiiHUX CTAHIIIH.

Pucynok 4 — BipTyansHe MOJIETFOBaHHS pajiapa CaMOBPSTHOTO aBTOMOOIJIS B CHCTEMI BHSIBIICHHS
nimoxoxiB Ha ocHoBI HFSS (B cuctemi ANSYS)

Jlis pagapHuX JaTYHMKIB BHSIBICHHSA MOJNOXKEHHS cycigHix mamuH ANSYS mnpomonye
ANSYS HFSS, na3Ba sxoro po3mudpoByeEThCS IK MOACITIOBAHHS BHCOKOYACTOTHUX €JIEKTPOHHUX
noniB. HFSS, mopsn 3 HBR +, 3a0e3neuye TpuBHMipHE NpOTHO3YBaHHSI cHJIM 1 (opmu
€JIeKTPOMArHITHUX XBUJIb O€3MOCEPEIHBO MPHU MPOXOKEHHI 1 BIZOOpaKeHH1 BiJl TUX IO € TIOPYyY
00'eKTiB, s 3a0€3MEUeHHs aJeKBATHOIO MOKPUTTS MPOCTOPY BCTAHOBICHHMMM HA aBTOMOOLTI
JATYMKAMH 1 BIZICYTHOCTI «MEPTBUX 30H».

ANSYS  Electronics Desktop € KOMIUIEKCHOWO — miaTGopMor0 Uil aHami3zy
€JIEKTPOMArHITHOTO BUIIPOMIHIOBaHHS. 3a JOMOMOTOI 3BHYAMHOTO 1HTEPQEHCY KOpUCTyBada s
MEPBUHHOTO Ta 3aKJIIOYHOTO OINpPAIfOBaHHS BUKOPHUCTOBYETHCS KOMIUIEKT iHCTpyMeHTiB ANSYS 3
elneKTpoHHNX obuncmoBaTeniB, Hanpukiaaa, ANSYS HFSS, Maxwell, Q3D Extractor i Simplorer.

[Iporpamue 3abe3meuenHss ANSYS Simplorer m03Boisie 3acTOCOBYBaTH MOJEIBHO-
OpPIEHTOBAaHE TMPOCKTYBAaHHA B PI3HUX Taly3siX, B TOMY YHCII, TPOMHCIOBOMY OOJIa/IHaHHI,
aBlaKOCMIYHIM MPOMHUCIIOBOCTI, €JIEKTPOHII - 1 B aBTOMOO1IeOyAyBaHHI. Simplorer MoXxe CIyKUTH
mIaThOpMOI0 JII MOJICTIOBaHHS TPaHCHOPTHUX 3aco0iB. [Ipm MojenroBaHHI CaMOBPSHOTO
aBTOMOOUTS iHXeHep Oyne mpamtoBatu B Simplorer, Bukonyroun MBSE, a motiMm 3a gomnomororo
SCADE 3Mo3ke HanmucaTH KO JIJIsl BCTAHOBJIEHUX HAa MAIIMHI KEPYIOUHUX ITPOTpaMm.

IcHye winmii psx TOTYXKHHX TNpPOrpaM MOJIETIOBAaHHS aBTOMUIOTYEMUX aBTOMOOLIB,
Bkmrodaroun PreScan Bim TASS International 1 CarSim Bim Mechanical Simulation. I{s oGmacTtb
mBHIKO  po3BuBaeThcsi. ANSYS Temep Bojogie  MOBHUM — HAabOpOM  IHCTPYMEHTIB
eleKTpoMarHiTHoro anamizy. [lo wmipi Toro, sk aBTOMOOUTb Bce OUIbIIE HAIIMMUTOBAHUNA
€JIEKTPOHIKOI0, 3pOCTAE BAXKIIUBICTh MOJICIIOBAHHS €JIEKTPOHHUX MTPUCTPOIB.

[Toku iHII KOMMaHIi MPOMOHYIOTH TMpOTPpaMHE 3a0e3MeyYeHHsT JUIsl  MOJCTIOBaHHS
CaMOBPSIIHUX aBTOMOOLTIB Ha 0a3l MPOCTHX aHAMTHYHUX abo emmipuyHux Mozenei, ANSYS
CIIUPAEThCS Ha CBOIO IepeBary B 007acTi TIMOOKOTO KOMIT'FOTEPHOTO aHalli3y CTPYKTYPHHX
€JIEMEHTIB: JaTYHUKIB, BCTAHOBIICHUX B ABTOIMIIOTYEMUX aBTOMOOIIISAX.
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Pucynoxk 5 — Cucremua mozens aBromniaoryemoro aBromooisis ANSYS Simplorer

MopemoBaHHSI TallbMyBaHHSI aBTOOyca, MOXKHA OTPUMAaTH 3 BHKOPHCTaHHSM IPOTPaMHU
SDK Simulation, 3 7aHuMu 10pokHIX BUIpoOyBaHb. J{1s1 BU3HAYEHHS MapaMeTpiB pyxy aBToOyca
BHUKOPHUCTOBYBajacs cydacHa BumMiproBaiibHa cuctema RacelLogic VB20 SL3 20Hz GPSDatal.ogger
WithSlip, Pitch and Roll Angle. Ilpunnun pobotu cucremu 3acHoBaHMM Ha BUKopucTaHHI GPS
TexHoJsoTii. Ha max aBTOMOOUISI BCTAHOBIIOIOTHCSI MarHiTHI aHTEHH, SK1 3a0€3MeUyIOTh 3B'S30K 13
CYIIyTHUKOM 1 J03BOJIAIOTH 3a(iKCyBaTH MIBHJKICTh TPAHCIIOPTHOTO 3aco0y, NMPHUCKOpPEeHHs (10
JIBOM OCSIX), TPAEKTOPII0 PYXY, KyT HAXWIy 1 KyTOBY IIBHJIKICTH moBopoTy [13].

VY 10CKOHAJIEHHSI KOMIT'FOTEPHOI TE€XHIKM BIAKPUIIO IIMPOKI MOXIIMBOCTI JJIS IMITaIiiiHOrO
MOJICTFOBaHHS pOOOYHUX MPOIIECIB MEXaHIYHOT OOPOOKH METOIOM KIHIICBUX €JIEMEHTIB.

st po3paxyHKy ONTHUMAJbHMX PEKUMIB pi3aHHs, TOYIHHS, CBEPIUIIHHA, (ppe3yBaHHS Ta
IHITUX TEXHOJIOTIYHMUX OTepalliid, B T. 4. JJII aBTOMOOUTBHHUX JeTaJIe MOXKHA 3aCTOCYBAaTH METO/IH
CKIHUEHHUX €JIEMEHTIB Ui MOJICNIOBAaHHS BHMCOKOHENIHEWHUX MIBUAKHMX MPOIECIB IMIACTUYHOT
nedopmariii i pyiHyBaHHS, sSKi MOKHa pearizyBatu B maketi LS-DYNA [14, 15].

PoGotu B 00s1aCTi YMCENBHOIO MOJENIOBAHHS CIIPSIMOBaHI Ha ONTHUMI3Allil0 aJTOpUTMIB
pIIIEHHSI, TPaHUYHMX YMOB 1 MPOrpaMHOro 3a0e3nedyeHHsd. BupimeHHs pi3HHX 3a7ad MOXKHA
snidicHioBatn B HacTynHux mnakerax: ANSYS, COSMOSWorks, ABAQUS, LS-DYNA i isn.
Po3BuTOK KOMI'IOTEpPHOI TEXHIKM HaJaB MOXJIMBICTb BHPIIICHHS MOB'SI3aHUX HECTAIl[lOHAPHUX
TEIUIOBUX 3a/1a4 MOJICJIIOBAHHS TPOLECIB pi3aHHSA IHCTPYMEHTOM 3 TMOKPHUITAM 1 PO3paxyHKY
TEMIEPATYPHOTO MOJIs B HHOMY, NPOILIECIB BpI3aHHS 1 BUXOly IHCTPYMEHTY 3 Jiaay [16].

BaxuBUM NPUHIMIIOM MPaKTUYHOI peatizallii CKIHYeHHUX-EJIEMEHTHUX MOJIeJIel MporeciB
pi3aHHA € MPUHIMI MOPIBHSIHHOCTI YMOB BIPTYyaJIbHOTO 1 HaTYpHOTO poOOYMX MPOLECIB, SKHUM
MoJIsirae B HEOOXIHOCTI 3a0€3MeYeHHs] TeOMETPUYHOI MOIIOHOCTI, MOIIOHOCTI MK TPAaHUYHUMH 1
HayaJbHUMH YMOBAaMH CKIHYEHO-CJIEMEHTHOI MOJENI 1 pPEaJIbHUM TMPOIECOM. 30Kpema,
JOCIIJDKEHHSI TIOKa3aJi BaXJIMBICTh BIAMOBIAHOCTI MIMPHHU 3pi3y B HATYPHOMY EKCIEPHUMEHTI
TPaHUYHUM YMOBaM Yy BipTyasibHOMY [15].

Ha pucynkax 6-9 naBeneHi nmpukiaau Bizyalisaiii KOMIT I0TEPHOTO MOJICTIOBAHHS, 3pO0JICHI
3a nonomororo nmakety LS-DYNA.
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Pucynox 6 — ITons moka3HUKIB IpOLECY pi3aHHs, BU3HAYEHHI B pe3yibTaTi 2D MoaemtoBaHHs

CTBOpEHHSI KOHTAKTHOI B3a€MOJIii, TeIUIonepeaaya, Opie€HTallis TBEPIOTUILHUX MOJeei
IHCTPYMEHTY 1 3aroTOBKH, BHOIp KIHIICBHUX CJIEMEHTIB 1 HACTPOHKa CHMYJIAIl BHPOOJISIOTHCS
aBToMaTHyHO. Lle /03BOJIIE BUKOPUCTOBYBATH JaHWW MAKET TMPOrpaM IHXKCHEpaM, sIKi HE €
creriayicraMd B 00JIaCTi CKIHYEHHO-EJICMEHTHOTO MOJICIIOBAHHS, 1 IIBUIKO CTBOPIOBATH 1
3MIHIOBaTH Mojieni MexaHiuHoi oOpoOku. Ilpu monmemoBanni B LS - Dyna PrePost reomertpito
TaKOXX MOXHA €KCIOPTyBaTH 3 Oy1b-sikoro CAD-npoaykry.
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Pucynoxk 7 — [1ons moka3HMKIB MPOIIECY pi3aHHs, BUBHAUCHHI B pe3yabTaTi 3D MonemtoBaHHS
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Pucynox 9 — IlopiBHSHHS CTPYKOK, OTPUMAHHX Y BipTyaJbHOMY (@) 1 HATYpHOMY €KCIIepHMEHTax

(6) [14]

Metoa SPH (Smoothed Particle Hydrodynamics - rigpoanHamika 3riaJkeHUX YaCTHHOK) €
6e3ciTkoBUM JlarpaHKeBUM METOJIOM, B SIKOMY JIOKaJIbHI CHCTEMH KOOPAHMHAT PYXarOThCsS Pa3oM 3
SPH uwactuakamu. 3rigHo 3 MetogoM SPH 3aroroBka npeacTaBisieThCsl AUCKPETHUMU €JIEMEHTaMU,
TaKk 3BaHUMH YacTUHAMHU. L[i 4aCTHHKHM XapaKTepU3yIOThCS MPOCTOPOBHM E€IEMEHTOM BiJICTAHHIO
a00 «JJOBXKMHOIO 3IJIaJPKyBaHHS», 3a3BUYall OJAIOThCs B PIBHAHHAX napamerpoM h. Bemwuunna h
XapaKTepu3ye BiICTaHb, HA IKOMY BIACTUBOCTI YaCTHHOK <G3TIaJUKYIOThCs». Lle 03Hauae, mo Oyab-
kUi pi3nuHuil mapamerp Oyb-SKOT YACTUHKH BUXOJIUThH I1ICYMOBYBAHHSAM BIJIIOBIJTHUX BEIUYHH
BCiX YaCTHHOK, pO3TAIIOBAaHUX BiJl Hel Ha BijcraHi 2h.

s ctBopeHHs 00'ekta MeronoM SPH HeoOXinHO 3HATH OCOOJIMBOCTI LIBOTO METOMY 1
NPUHIUIHA HOTO poOOTH IS 3aBAaHHS Horo mapameTpiB. Kpim 1poro HeoOXigHO 3HATH 1 iHIII
3HA4YeHHs s 3aBJaHHS yYMOB KOHTAaKTy IHCTPYMEHTY 1 3arOoTOBKM, THMIIM MaTepiajiB 1 1HIII
napameTpu. Hanpuknaza, npu mozgemtoBanHi B DEFORM mnporniecy cBeputiHHS KPOK MiX BHTKaMHU
CTPY’KKHU 301IbIIIyBaBCs A0 KiHIS po3paxyHKy. Ha 15470 kporii BicTaHb MiK BUTKaMHU CTAaHOBUIIO
6mu3pko 2,3 MM (puc. 10), a ma 77578 kpomi - 6;m3bko 4,2 MM (puc. 11). JliameTp KOHyca CTPYKKH
OyB npubau3HO oHaKoBHi - 1,5-1,7 mm [17].
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L 2.34453

L 178174

Pucynok 10 — Bunx i reomerpuyHi napamerpu cTpy>kku Ha 15470 kpoui [17]

L 4.22167

L 28457

Pucynok 11 — Bug 1 reomeTpuuHi napaMmeTpu cTpy>kKku Ha 77578 kpoi [17]

MoxHa 0/1HI 1 TEX mapaMeTpH pO3paxOBYBAaTH B PI3HUX KOMIT IOTEPHUX MTAKeTaxX Mporpam, a
MOTIM 1X MOPiBHIOBATH.

MoxHa BHIUINTH KUIbKAa €TamiB MOJETIOBAaHHS MEXaHIYHOi OOpoOKH, MaroTh CBOI
ocobmmBocTi B pisanx CAE cucremax:

— CTBOPEHHS IeOMeTpii;

— 3aBJaHHS MaTepialis;

— 3aBJIaHHS KOMIO3MIIIITHOTO MaTepiany (Ko Tpeda);

— HaKJIAJCHHS CITKH;

— 3aBJIaHHS TPAaHUYHMX 1 TIOYaTKOBUX YMOB;

— BUBEJICHHS 1 aHAJIi3 Pe3yJIbTaTIB.

I'onosHoto nepesaroro DEFORM 1 ANSYS Workbench, B nopiBusnni 3 iHmmmu CAE-
cHCTEMaMH, € BEJIMKi 010TI0TeKH MaTepiaiiB 3 MOXKIUBICTIO pelaryBaHHs (i3MYHUX BIACTUBOCTEH
ICHylouMX MatepiaiiB 1 cTBopeHHs HoBuX. bibmioteka DEFORM 6inbmie 6i6miorekn ANSYS
Workbench 3a kinmpkicTio MarepiaiiB, OCOONHMBO, BUKOPHCTOBYBAaHUX IPH MeXaHOOOpoOI, aie
ANSYS Workbench MicTuTh THyuKy cuUcTeMy 3aBJaHHs BJIacTMBOCTeH marepiainiB. Lle mo3Bosse
CTBOPIOBATH BCUISIKI MaTepiajiy 3 pi3HUMH BUJaMH 1 THITaMU (i3WIHUX BiIacTuBoctel [18].

BingminHoto ocobmuBicTio LSDYNA € Te, mo B pgaHiii cucreMi He icHye O0i0mioTexn
MaTepianiB. 3aMiCTh IIbOTO, ICHYE MOXKJIMBICTh BUOOPY THITy Matepiany 3 3alaHUMH IapaMeTpaMu 3
o6t HiXK 260 TumiB. Lle no3Boisie CTBOprOBaTH MOAENI MaTepialiB 3 MIHIMyMOM BIIOMHX
napameTpiB, TAKUMU SIK MIUTbHICTh, TUIMHHICTh, MOAYJIh FOHTA 1 IHIITMH.

3 KOXHMM pOKOM OUIBLIICTh ICHYIOUMX KOMII'FOTEPHMX TakeTiB Ta Iporpam
YIOCKOHAIOIOTHCS Ta 300yBalOTh HOBI MOYJIMBOCTI, TOMY KBaJi(hiKOBAaHUM 1H)KEHEPHUM KaJpam
HEOOXI1THO CITIIKYBaTH 3a IMOHOBJIEHHSMH B I[bOMY HampsMKy. O3HaHOMUTHCH 3 THITUMHU PI3HUMH
MO>KJIMBOCTSIMH KOMIT'FOTEPHUX MPOTpam, 10 3aCTOCOBYIOTHCS B aBTOMOOLIBHIN raiy3i MOXKHa 3a
HACTYITHUMH TOocHIanHsamH [ 19-29].

BucHoBok. B po0oTi HaiBeZeHO NeSKU Mepellik KOMI IOTEPHUX MPOrpaM Ta MaKeTiB, SKi
BHKOPHUCTOBYIOTHCS B Cy4aCHOMY aBTOMOO1JIe0y TyBaHHI Ta IHITUX Taly3sX.
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