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JTAHAMIYHUI AHAJII3 HOBUX KOHCTPYKIIIA BEPCTATIB — POBOTIB

ITponioHyeThCs IS CHCTEMHOTO JUHAMIYHOT'O MOJICIIFOBAHHS MEXaTPOHHUX CHCTEM BHKOPH CTOBYBAaTH KOMILIEKCHY miathopmy Lab AMESim. ITpu
3aHECEHHI BCiX JaHUX 1 M0OYIOBI €CKi3y OTpHMaHa CUMYJIALil Moenb. BinnpaiioBanss nepeMileHs mIatpopMy HaJalTOBAHO B KOMaHIHOMY
6101, 1110 MOB'sI3aHMIT 3 BUXIAHUMH IapaMeTpaMy BCiX OJIOKIB Ta KepYEThCsl KDOKOBUMH €IEKTPOABUTYHAaMH npuBoiB. [TokasaHo, mo miardopma,
3aBJIIKM BUKOPHCTAHHIO BOCBMH OIOPHUX TOYOK PYXA€ThCs IUIABHO 1 HE 3MIHIOE CBOT'O IIOJIOKEHHS I[O/I0 OCi Z, TOOTO B3a€MO/isi BOCBMH IIPU BOAIB

Ipanroe 3J1aropKEeHo0.

Kuouosi ciioBa: MeXanOHHi CUCTEMU, MO CJIFOBAHHS, BEPCTAT, IIPUBON.

l'[pez[narae'rca JJI1 CUCTEMHOI'0 JUHAMHUYECKOIro MOACIMPOBAHUS MEXAaTPOHHBIX CUCTEM UCIIOJIB30BATh KOMIIJICKCHYIO rmachopMy Lab AMESim.
HpI/l 3aHCCCHUHU BCEX NAaHHBIX U ITIOCTPOCHUU 3CKHU3a IOJIydY€HA CUMYJIALIUU MOICIIb. OTpa60T1<a nepeMeLueHm‘ﬁ HJ'IaT(bOpMLI HacTpo€Ha B KOMaHIHOM
6J'10Ke, KOTOpLIﬁ CBs3aH C UCXOAHBIMU ITapaMe€TpaMH BCEX GJIOKOB U PYKOBOACTBYETCA HIAarOBBIMU 3JICKTPOABUTATEIIAMU ITPUBOIOB. l'[oxasaHo, qTo
rma'r(bopMa, 6)'[31"0)13]35[ HCIIOJIB30BAHUIO BOCBMHU OIMOPHBIX TOYEK ABUKETCA IJIABHO U HE MCHAET CBOETO IMOJ0XXEHUSA OTHOCUTEJIBHO OCH Z, TO €CTh

B3aUMO/ICH CTBHE BOCBMU TTOBOJIOB pa60TaeT CJIa)K€HHO.

KurroueBbie ciioBa: MEXaTPOHHBIE CUCTEMBI, MOACIUPOBAHUE, CTAHOK, IPUBOIBI.

Using an integrated platform Lab AMESim for system dynamic modeling of mechatronic systems is proposed. When entering all the data obtained
and the construction sketch simulation model. Train movement platform set up command unit associated with the original parameters of all blocks
and operated stepper motor drives. Showing platform, thanks to eight control points move smoothly and does not change its position relative to the

axis z, that interaction drives eight runs smoothly.
Keywords: mechatronic systems, modeling, machine tool, drives.

Beryn. B Hain yac B pi3HUX Trany3six IPOMHCIOBOCTI
IpU CTBOPEHHI TEXHIYHOTO pIIlIEHHS, MOYMHAIOYU BiJl
00Jy1acTi KOCMOHABTHKH 1 aBiallii ax A0 aBTOMOOiIe0ymy-
BaHHS BUKOPHCTOBYETHCS METAI0O00pOOHE 00JIaHAHHS
[1]. Byms To po3poOka HOBHX arperatiB abo cucteM i
CKJIaJIHUX TEXHIYHUX 00 €KTIB HEOOXiJJHO BUKOPUCTO-
BYBaTH MaTeMaTHYHE MOZACIIOBAHH.

OnHUM 13 CYTTEBHX IIAXOIIB JIO MPOLECY MPOCKTY-
BaHHS TeXHIYHMX 00 €kTiB € BukopucTanHsi CAE-nakeriB
JUISL MOJICNTIOBaHHSL (DI3UKO - TEXHIYHUX OO €KTIB Ta CH-
creMm, Takux sk: LMS Imagine.Lab AMESIm [2-5], Au-
tomation Studio [6], Modelica[7], MapleSim [8], Simula-
tionX, MATLAB Simulink i SolidWorks, B sixkux po-
3paxyHKH IPOEKTOBAHUX MOJENEH MPOBOAATHCS 3 IOIO-
MOTOI0 YHCJIOBHX METOJIB pillieHHsT TudepeHIiaTIbHuX
PIBHSIHB.

Cepen CAE- mnakeriB, mpeicTaBlieHHX Ha PHHKY,
MoxHa Bimmitutu naker AMESim. Hloxo iHmmx mnomy-
nsipHux nporpam, takux sik MATHLAB i SolidWorks, To
BOHH NOTPEOYIOTH OLIbIIIe Yacy Jjisi OTPUMaHHS FOTOBOTO
pitneHHs.

LMS Imagine. Lab AMESIim — koMIulekcHa ILIatT-
¢opma 1D 6arato MDUCHUILTIHAPHOTO CHCTEMHOTO MOJIE-
JIOBaHHS MEXaTPOHHUX cHcTeM. [lmatdopma mosBoiste
OLIHUTH (YHKIIOHAIBHI BMMOI'M Ha MOYATKOBIM crasil
MPOEKTYBaHHS BUPoOOy abo cucTeMH Ta 3aKiHIYIOUH
CTaziel0 MOBOAKA. MOXIHMBICTH O0’€JHAHHSA B paMKax
OIHIET MOJIETTi €JIEMEHTIB CHCTEM Pi3HOI (Qi3WIHOI IPUpPO-
m, abo IHMMMHU ClIoBaMH, 0arato AUCIUIDTIHAPHHNA
X1, CYTTEBO OOJETIIYE 1 MPHUIIBUAIIYE MPOIIEC MOZE-
moBaHHg. HeoOximHo jmire 3amatéd 3B SI3KA MK TO-
CITi/DKYBaHHMU €IeMEHTaMU CHCTeMHU. KOMIUTEKT Benmukol
KUIBKOCTI cIHeriaai3oBaHux O010Ii0TEK KOMIIOHEHTIB J03-
BOIISIE CKOPOTHTH BHUTPATH Yacy i 3yCHJIb TIpU po3pooii
HOBoOro BupoOy. llle 1o movyaTky mpoBeieHHS BUIPOOY-
BaHb MPOTOTHUITY BU3HAYAIOTHCS HAWOLIBII ONTUMAJBHI
napaMmerpu.

[MpoBigHi mMocTa4aabHUKK 1 PO3POOHHKH B aBTO-
MOOUTBHIM 1 aepOKOCMIYHIN raiy3sX MpPOMHCIOBOCTI, a
TaKOX TiIPUEMCTBAMH 3arajlbHOr0 MAaIIHHOOY/TyBaHHS
BUOpanu mporpamHy miathopmy LMS Imagine.Lab
AMESim sik 0CHOBY JUisi ()YHKIIIOHAJIBHOT'O MOJIEITIOBaH-
Hi. Choucok KOpUCTyBadiB mporpamHoi miathopmu
BKIIrOYac Taki komnasii sk: General Motors, Toyota, Re-
nault, PSA Peugeot Citroen,Bosch, Siemens, Delphi, Air-
bus, Embraer, Dassault, Snecma, Caterpillar, Komatsu,
CNH Tta in. € Benukuit Habip pilleHb, CKOHIEHTPOBAHUIMA
Ha MOYKJIMBOCTSIX MOJCIIOBAHHS Ui OLIHKMA ITOBEIIHKU
MEBHUX (DYHKI[IOHAJTBHUX ITJICUCTEM Ta IJIS IIPOBEICHHS
(hYHKIIIOHATTEHOTO aHaJi3y ABUTYHIB BHYTPIIIHBEOTO 3TO0-
PSHHS, TPAHCMICIH, cucTeM TepMmoOanaHC, JUHAMIKH aB-
TOMOOLISI, TiAPO- Ta30AMHAMIYHIX CHCTEM, HaBaHTaKEHb
Ha IIaci JIiTaka, CHCTEM YIPAaBJIiHHS MOJILOTOM 1 €NeK-
TPUYHHUX CHUCTEM.

InrepakTrBHa rpadiune cepenosuiie AMESim m03-
BoJIsie OyIayBaTH CKIaJHI MYJIbTHU-(DI3HMYHI CHCTEMHI MO-
jeni. OTpuMaHa cxeMa JIeTKO YHMTA€ThCs 1 MpPEICTaBIIsIe
JIOTIYHY iHTepIpeTamito AOCTimKyBaHoi cucteMu. OCHO-
By AMESim cTaHOBUTH KOJEKIlisi KOMIIOHEHTIB 3 Pi3HUX
¢izmunnx obmacreit. IIpormec momemtoBanHs B AMESim
TPaHUYHO TPOCTHUH i 3aCHOBAaHWHA Ha BUKOPUCTAHHI CTaH-
JAPTHHUX OJIOKIB - (PI3MIHUX MOJIENEH TUITOBUX €IIEMEHTIB
(Takmx SK, HAOPUKIAN, TIOPOLMIIHAP, ENEeKTPOABUTYH
abo tepmocraTt). AMESim mOBHICTIO 3BUTBHSIE KOPUCTY-
Baya BiJ HEOOXITHOCTI CTBOPEHHS aHATITHIHUX MOIETIEH,
HaTMCaHHA CKPHIITIB ab0 TporpaMyBaHHS, i 3a0e3medye
OesmocepenHiM IHCTPYMEHTOM JUIsI aHANi3y Ta OIl-
TUMI3aIlil TPOEKTHOTO PillICHHS.

Apxitektypa AMESim mo3Bonsie peamizyBaTé TeX-
HiYHE PIIICHHS 32 YOTHPH KPOKH: B PEXHIMI €CKi3y BiIOy-
Ba€ThCcA MOOYIOBA €CKi3y MOJETi 3 TOTOBUX OJOKiB, Ha-
SBHUX B 01010TeIli; pexX¥M TIiT MOAENI TO3BOJISIE 0OHUpa-
TH TIJT MOJETIi JJIsi KOMITIOHCHTIB CUCTEMH; B PEXKUMI T1a-
paMeTpiB 3a/aroThCS BiZJOMiI HapaMeTpl i MoOJenew;
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PSKUM CHMYJIALIT BUKOHYE 00pOOKY MaHHMX 1 OTpUMaHHS
pe3yNbTaTiB.

Marepian i pe3yabTaTH AOCJTiI:KeHHsl. 3aBISKU
HasBHOCTI B AMESIim pizHOMaHITHUX 0i0Mi0TEeK IS JTH-
HAMIYHOTO MOJICTIOBAHHS, TAHUH MPOrpaMHHI MakeT OyB
BHUKOPHCTaHUH T TOOYJOBU €CKi3y IPHUBOY BepcTara -
pobora (puc.l), ¢ MOANBIIMM CKJIAJTaHHIM €CKi3y Bep-
cTara - po0oTa MOBHICTIO.

Puc. 1 - Ecki3 npuBoay Bepcrara-pobora

[Ipouec MonentoBaHHS CHCTEMU CKJIQJAETBCS 3
CTBOPEHHSI €CKi3y CHCTEMH, MPHU3HAYCHHS Ml MOJeneit
KOMITOHEHTIB, 3aBJIaHHS TAPaMETPIB 1 3aIyCKy CUMYJISIII.
KoxeH KpoK BUKOHYETHCSI B TIEBHOMY POOOYOMY PEXKHMI:

1. Pexxum eckizy (Sketch mode) - mepumii kpok mo-
OynoBU MOAEINI, B SIKOMY Ha poOOYOMY TONI 30UpPaAETHCS
MOZIeNb CHCTEMH 3 elleMeHTiB 0iOmiorek. Pexum eckizy
JI03BOJISIE CTBOPUTH HOBY CHCTEMY, 3MIHHTH abo 3aBep-
IUTHU iCHy}O‘-Iy, BUJAJIUTH KOMIIOHCHTH.

2. Pexxum mig mogeni (Submodel mode) nependauae
MpOLIEC TNPU3HAYECHHS i Mojeneil o0paHuM KOMIIO-
HEeHTIB (piBeHb MAaTEeMaTHYHOIO OIHCY TMPOIECIB, IO
BiIOyBAIOTbCS B KOMIIOHEHTaxX). MOXKHa CKOPHCTaTHCS
¢ynkuieto Premier submodel - apromaTuuHe npu3HaUeH-
HsI TOJIOBHUX (€JIeMEHTapHUX ) ITi1 MOZEIEH.

3. Pexxum napamerpiB (Parameter mode) no3Bosse
3a/1aBaTH 1 3MIHIOBATH MapaMeTPH, KOIFOBATH MapamMeTpu
i Mojeneil, BCTaHOBIIOBATH TIJI00AJbHI Mapamerpu
(Global parameters), BimoOpakaTH OCHOBHI MapameTpu
oOpaHoi o0nacTi eckidy, BHUOMpaTH CEpifHUIA 3aImycK
(Batch run). Komm mnapamerpu 3amani, AMESim
KOMIIUIIOE cucTeMy. IIpu bOMY CTBOPIOETHCSI BUKOHYBA-
Huii ¢aiin. Leii paiin poOUTh CUMYISAIII0 MOXITHBOIO.

4. Pexum cumyrmsmii (Simulation mode) mosBossie
3alyCTUTH CTaHAApTHY abo cepiiiHy CHMYISIiI, CTBO-
proBatu, 30epiraT i 3aBaHTaXyBaTH Tpadikw, MOYATH
JiHeapu3aIlilo CUCTEMH, IIPOBECTH ii aHAI3.

Tpeba BimMITHTH, [0 SKIIO MOTPIOHO, MOXKIIHBO
CTBOPUTH MOJENI KOMIIOHEHTIB, SIKi OyIyTh IOBHICTIO
CYMICHI 3 ICHYIOUMMHU MOZENSMH, Ta TOTOBi JJISl TIOBTOP-
HOT'O BHKOPHCTaHHS y CKiIani 0i0mioTek, 0 HacTpOro-
foTbcsa. HasBHI 0i0JTIOTEKH CTOCYIOTBCS CHCTEM YITpaB-
miaaa ( Signal, Control & Observers), enekTpome-
XaHIYHUX CHUCTEM (CJIEKTpHYHI JBUTYHH 1 IIPUBOIH, €Ile-
KPOTEXHUKI, €JICKTpOMEXaHiKa), MBUTYHIB (KOMIIOHEHTH
IFP *: IFP Drive, IFP Engine, IFP Exhaust, IFP C3D),
Teyil piAWHU 1 ra3iB (TigpaBiiika, TiJApaBiIidHI KOMIIOHESH-
TH, TiAPaBIiYHUIA OIip, HAIIOBHCHHS, ITHCBMATHKA, MTHEB-
MO-KOMITOHEHTH, Ta30JWHAMIiKa), MEXaHIKH (OTHOBUMIp-
Ha MeXaHiKa, JIBOBHUMIpHAa MeXaHiKa, TpPaHCMICis, IH-
HaMiKka aBTOMOOINS), TEPMOAMHAMIKK 1 Terutonepenadi
(TerutoBi  MopeNi,TepMO-TipaBIika, TEPMO-TiIPaBIIivHI
KOMIIOHEHTH, TepMO-TIHEBMATHKa, JABO(MA3HE HPOTArOM,
CHCTEMH KOHJMIIOHYBaHHS, CHCTEMH OXOJOMKCHHS,

Ter1000MiHHUKH). ABTOpaMu Oyna BuOpana 0i0mioTeka
MEXaHiKH.

st mobynosu eckizy npusony B AMESim BUKOpH-
CTOBYBJIUCh CUTHAIBHHUNA OJIOK, SIKHMH OTPHMYE ITIapaMer-
pY 7S KepyBaHHS MEXaHIYHUM OJOKOM BiJl BXIJTHHUX TTa-
pameTpiB, a Takok 070K MexaHigyHHX 3D eneMeHTiB s
BijoOpaXkeHHs 310paHOI B pexuMi eckizy mozeni Ta ii
CUMYJISILIT B PeXKUMI CUMYJISLIT 1 OTpUMaHHS pe3yJIbTaTiB.

Bci enmeMeHTH cHCTeMHU po3TamnioBaHi B OiOmioTeri
Mechanical, koTpa BH3Ha4Y€Ha 3eJIeHUM KOJIbOPOM. SIKII0
BUKOPHCTOBYETHCSI KibKa 0i0mioTek, ToMy oOpaHi eie-
MEHTH MarTh pi3HUH Komip. 3adapOoBanuii (hoH CBija-
YHUTH NPO T€, IO y LLOI'O €JIEMEHTa e He 3'elHaHi BCi
JIOCTYIIHI TIOPTH ISl MiJKJIIOUEHHS JI0 iHIIUX €JIEMEHTIB.
OOpaHi eleMeHTH MOXKHa 00epTaTH 3a YaCOBOKO CTPij-
KO0, I3ePKAJIbHO BiZJOOpa’kaTH Ta 3MIHIOBATH MOJIOKEHHS
y npoctopi. TOYKH, B SIKMX €JIeMEHTH 3’ €THYIOTHCS Ha3H-
BaIOTHCS MOpTaMH. SIKIO, TP 3 €IHAHHI €JIEMEHTH BUi-
JISIFOTHCSI 3€JICHUM KOJIbOPOM, IIe O3Havae, 10 €CKi3 He
3aBepueHui. HasBHICTh 3eMeHNX KBaJpaTUKIB y TOPTIB,
0 3'€THYIOTHCS, TOBOPUTH MPO T€, LIO IIi MOPTU MAaIOTh
onHakoBuid Trrl. ToOTO JiHIT nepenayi Gpi3udHUX 3MIHHUX
MK elleMEHTaMH 1JISHTHYHI 1 CyMICHI 1 MOXYTb OyTH
3’emHaHl. Y BHITQJKax, KOJM CHCTEMA, IO MOJEITIOEThCS,
rpoMi3JIKa i HeMa€e MOXIIMBOCTI Oe3rocepeiHbo 3'€HATH
JIBa eJIEMEHTH, MOXKHA 3'€IHATH 1X 3a JOIOMOIOIO JIiHIMH,
npy 1[bOMY KOJIp JiHII, mo 3’eaHye Oyne BiANOBiIaTH
KOJIbOpY 0i01i0TeKn abo po3AiTy, IO SKOrO BiJIHOCHTHCS
U (i3U4HOI JiHIT.

BuxopucroByroun Ti %k cami 6i0iioTekH, 1o 1 Juis
noOyIoBH e€cKi3y nmpuBoay Oysa 1modypoBaHa BCS KOHCT-
PYKIist craHka-podora (puc.2) sika CKIaJaeThCs 3 BOCBMU
NPUBOAIB (AKTYaTOpPiB), PO3TALIOBAHUX IMOINAPHO 3 YOTH-
pbOX CTOpIH BIJHOCHO IUIATQOPMH 3 IMIMHUHAENIEM, 1
3’¢IHAHMUX 3 HEIO.
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Puc. 2 - Ecki3 Bepcrata - pobora B AMESim

[lepenani 3MiHHI Ha BIATIOBIOHMX ITOPTax €JIEMEHTA
MOXKHA J[I3HATHCS, BUKJIMKABIIN KOHTEKCTHE MEHIO, Jaii
HatucHyTH MeHio External variables. Ilicias moOymoBm
€cKi3y oaeMo HamucH uepe3 MeHio Modeling — Insert
— Text. Bci Hammcn TakoX MOXKHa 00epTaTd Ta BimoO-
paxatu. [lani Tpeda 30epertu oTpuMaHy MOJIENb.
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CTBOpeHI €cKi3W IHXKEHEpHHX CHCTEM IalOTh MOX-
JIMBICTh HACTYITHOMY €Tally, a came, MpOoLecy CUMYIISLi,
SKUA TPOXOAUTH Y MOCIiIOBHOCTI:

- BHOIp MAaTEMaTHYHOT'O OITHCY KOMIIOHEHTIB;

- BCTAHOBJICHHS ITAPAMETPIB KOMIIOHEHTIB;

- 3aITyCK CUMYJIAIIII;

- aHaJi3 pe3yJabTary.

[pu npoxomKkeHHI 1MX /il €CKi3 CHCTEMH BeCh 4ac
BiJIOOpaKaeThCs Ha EKpaHi.

[Ticns moOynoBM ecki3y craHKa-poboTa B pexUMI
ITi1 MOJIeTi MPU3HAYA€ThCS IPUB’sI3Ka KOMaHAHOTO OJI0Ka
3 BUXimHUMH TapameTpamu (puc. 3 a, b) 10 Bcix BochbMu
BXO/IiB CHTHAJIbHUX OJIOKIB KEPYHOUHX KPOKOBHMH CJICK-
TPOJIBUTYHAMH TIPHBOJIB BepcraTa-pobora. KoxkeH ene-
MEHT CHCTEMH TIOBHHEH OyTH IOB'SI3aTH 3 MAaTEMaTUIHOIO
monemmo. Lle Habip MaTeMaTHMYHMX PIBHSHB 1 IX pe-
aymizamis SK YacTHHA KOMIT'IOTepHOro koxy. Jns mporo
HEeoOXiTHO BUKOpUCTOBYBaTH pexuM Submodel. Sxmio
€JIEMEHTH MAalOTh JIEKIbKA MiJ MOJETICH pi3HOI CKIaja-
HOCTIi, BOHU HAa3HAYAIOTHCS BPYYHY.

Jani B pexxuMi mapaMeTpiB 3aJal0ThCs BCI BiIoMi
JaHl Ui HaJaHHS Ii1 MOJENIAM Ta ecKi3y (yHKI[IOHalb-
Hoi MoxumBocTi no cumynadii. AMESim mnpoBoauts
pi3HI mepeBipKU 1 CTBOPIOE BHKOHYBaHHMU KOJ| CUCTEMH.
BikHO KOMIiJsIMii CHCTEMH, MOKa3ye JaHi MMpo piBHIHHS,
SIKi BiH TIOBMHEH BHPILIMTH, NI00 BUKOHATH PO3PaxXyHOK.
HaGip piBasHp B AMESim Bu3Hauae AWHAMi4YHYy TO-
BEIHKY cHucTeMH. Mojenb Oyayerbcst 3 pIBHAHb LIS
KO’KHOI'O KOMIIOHEHTA B CUCTEMi. BiIbIIiCTh Mg Moaenei
MaloTh HaOIp mapamerpiB, 110 3B’s3aHi 3 HUMH. [Ipu npu-
CBOEHHI €JIEMEHTY IMiJ| MOJeli, B HbOMY aBTOMAaTHYHO
3aJal0TbCsl 3HauYeHHA NapamerpiB. o mepexomy Ha
piBeHb pPO3PaxXyHKY XapaKTEPUCTHK, BHKOPHUCTOBYEMO
Simulation mode B miBiii wactuHi BikHa mporpamu. 3a-
MYCK PO3paxyHKy 3IIMCHIOEThCS HATHUCKAHHSAM KHOIIKH
Start simulation.

Commands

Absohete position of
Garter of Gavity

Puc. 3 - Komanau yist cuMysisLii i Moziesib Bepcrara — po-
6ora: a — KOMaHIHUi 6JI0K; b — ecki3 rwiatdopmu 3 mopramu
JUTSL BOCBMU TIPUBO/IiB

PesympraToM CUMYIALIT € OTPUMaHi TaHi IS €CKi3y
mw1atGopMu O TOPTIB AKOI OynmW Imix €THAHHI TIIKA
€CKi3iB IPHUBOIIB.

JI71st KOXKHOTO 3 BOCBMH TOPTiB MM MAEMO Pe3yJIbTa-
TH
- abCOoIOTHA MIBUKICTH HA TIOPTY;

- a0COIOTHY MTO3UIIIO B TIOPT;

- nepenava mMarpui (RO-RS) B mopT;
- abCoIOTHE MPUCKOPEHHS B TIOPTY;
- KpYTHUI MOMEHT B TIOPTY.

[Ticns mpoBeAeHHS aHAIi3y aOCOMIOTHOI MIBHIKOCTI
Ha TMopTax Oynu OTpUMaHi pPe3yiabTaTH, SIKI BKA3ylOTh Ha

iX imeHTH4HiCTh. TOOTO MPOTATOM YaCOBOIO IIPOMIKKY
CHUMYJIsILii aOCONIOTHA MIBUAKICTH HA KO)KHOMY 3 BOCBMH
MOPTiB Maibke He BiApi3HAeThCA. [loOymoBa Tpadiky
BinOyBaeThcst MerogoM Drag-and-drop a6o Plot uepe3
MmeHto. Jlani TpeGa BHOpaTh MOCHIPKYBaHI Napamerpy.
[Ipn HeoOXimHOCTI MOkHA OynayBatu pi3Hi rpadiku, mo0-
JlaBaTH CTOPIHKH, Ta TEPEMIIaTH iX MiX CTOpiHKaMH y
AMEPIlot. BukopucranHs Kypcopy 4acoBOi KOOpAWHATH
Hajae iH(QOpMAIliF0 PO 3HAYCHHS KOOPIWHAT MPH 3MiHi
NOJIOKeHHsT Kypcopy. loaBiliHMI Kypcop IO3BOJISIE PoO-
3paxyBaTH Pi3HHII0 MK 3HaYeHHSIMH Ha rpadiky. [Ipn
MepeTacKyBaHHI 3MIiHHOI Ha po0Oode moyie OymyeThes
rpadik 3anexHOCTI 1i€l 3MiHHOI Bif yacy. Ha mro muromu-
HY MOXKHa JIOJIaTH IIle JIeKiIbKa eJIeMEeHTIiB, Toli 0a4nuMo
JIeKIJTbKa TIEPEeXiTHUX XapaKTepUCTHK Ha O/HOI Bici Ta 3
onHakoBuM Mmactitabom. 1106 po3aiauTi oci IEeKiTbKOX
KPUBHX PO3TAIIOBAHUX HAa OMHOMY Tpadiky HEOOXiTHO
HATUCHYTH TPaBOI0 KHOIMKOIO MHII Ha BEPTUKAIBHY BiCh
3Ha4YeHb 1 BUOpATH ITyHKT KOHTEKCTHOI'O MEHIO Separate,
NpU OMY KOXKHA 3 HUX Ma€ CBOIO PO3MipHICTh. MoxkHa
IpOaHali3yBaTH NEPEXiHI CUTHAIIY YIPaBIIiHHSA, 30KpeMa
MO3UTUBHUIM Ta HEraTUBHHWA. AHAJOTIYHO MOXKHA IIPO-
aHaJI3yBaTy 1 1HII XapaKTePUCTUKH, HAIPUKIA]] 3aJIeXK-
HICTB OJIHOTO MapaMeTpa BiJ| IHILIOTO, a He BiJj Yacy.

I aloiE
s

Puc. 4 — Ilentp Baru: a, b — aGconoTHE NPUCKOPEHHS
HopTYy; ¢ — abCONMIOTHA TO3HUIIis Ha MOpTY; d — abCcomoTHA
HIBUIKICTD Ha IOPTax

Ilepexinna ¢(yHKOiS MO3WIIT MOPTIB MpencTaBiIeHA
Ha puc. 4 (a,b).

ITo ¢axTy Bci BiciM MOPTIB MPEACTABISIOTE COOOIO
IIOIIMHY TIaTGOPMH, TOMY MOXKHA XapaKTepH3yBaTH
3MiHY KOOpJMHATH 3 IDIMHOM Yacy Ha MOpTy 1 sK pyx
wiatdopmu. Ha rpadiky 6aunmo 1o nepexinHa QyHKIis
JOCUTB T'apHO IMOKa3ye Te, 1o miaTdopMa 3aBASKHA BUKO-
PHUCTaHHIO BOCEMH ONOPHHX TOYOK PYXa€ThCs IUIABHO 1
HE 3MIHIOE€ CBOT'O ITOJIOKEHHS BIIHOCHO Bici Z.

[IMomo abcomroTHOrO TMpHUCKOpeHHS (puc. 4), BOHO
3MIHFOETBCS JIOCHTh IUIABHO, 3BaKAIOWM Ha Te, IO KO-
MaHIHUI OJOK Ipamioe opa3y 3 BiCbMOMa KPOKOBHMU
JIBHTYHAMH, SKi caMe 3aJaloTh JOBXKHHH KOXXHOTO 3
BOCBMH TIPUBOJIIB.

Tak sk B cHUMyIAIii Oyno BiANpamroBaHHSA Tie-
peMimieHHst TIatGopMH JTOHH3Y, TO MH MOXKEMO CIIO-
crepirarty, 1o Bci rpadiki mpakTH4HO ineHTH4Hi. e nae
MOXJIMBICTh 3aIIEBHHUTH, 110 KOHCTPYKIis CKJIAJeHa Ipa-
BWJIBHO 1 BOHA € TIpaIle3JaTHOIO.
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Puc. 5 — Opienranis mmatdopmu (KBaTepHIOHHU, KyT pO3-
knananss (RO - Rs), abcomroTHOT KyToBHI IIBUAKOCTI Ha Rs,
a0CoITIOTHA KyTOBE MPHUCKOpEHHs B Rs)

Ha rpadikax (puc. 5), sKi HalOTh YABJICHHSA MPO
LEHTp Baru miatopMu, 6ayMMo 10 nepexigHa QyHKISA
JIOCUTh TapHO MOKAa3ye Te, 110 miarhopma 3aBasKH BUKO-
PHUCTAaHHIO BOCBMH OIOPHHX TOYOK PYXa€ThCS IUIABHO 1
HE 3MIHIOE CBOI'O IMOJIOKEHHS BiJHOCHO BicCi Z, Tak caMo
K 1 Ha MpuBoJax. TOOTO BCS KOHCTPYKIIiSL PETYIIOETHCS
n00pe 1 B3aEMOIisl BOCBMHU IPUBOJIIB MPAIOE 3JIaro/Ke-
HO.

BucnoBku. [Ipu 3aHeceHHi BCiX JaHUX 1 NpaBHIIb-
Hi 1o0ynoBi ecki3y Oyna oTpuMaHa CHUMYJALiHHA Mo-
Jelb craHka — poOora. BimmpaitoBaHHs IepeMillieHb
wiaTGopMu HaNalTOBYETHCS B KOMaHIHOMY OJowi 1 1O
MiICYMKaM NPOBEICHHS CUMYIALIT MOKHa MaTH ysBJICH-
HS TIPO TPAaLE3/IaTHICTh CIIPOEKTOBAHOI JI0 MOYATKY POOIT
B AMESim koHcTpyKIIii.

TaxuM 4MHOM, IPOEKTYBAHHS Ta JOCIIUKCHHS MPH-
BOJA 3BOAUTHCA [0 BH3HAYGHHS BHMMOT IIpeX’sIBICHHX
MIPUBOAY, BHOOPY Kpamioi KOHCTpyKLii Ta ii JociipKeH-
Hio B mporpamMHux CAE-makerax [is BHU3Ha4€HHS [H-
HAMIYHUX XapaKTePUCTHK IPHBOLY.

Tak sik came mpuBia 3abe3neuye 30epekeHHsT BCiX
SAKOCTeH cTaHka — poOoTa, TO po3podKa NPUBOJHOIO IIjIe-
4a, TOOTO NMPHUBOJY INTAHTH, SIBJISETHCS OOIPYHTOBAHOIO,
00 came IITaHra € OCHOBOIO KOHCTPYKIIT CTaHKa - podoTa.
JocnimkeHHss MOXKIIMBOCTEH MaKeTy AWHAMIYHOTO MOJIe-
moBanHs LMS Imagine. Lab AMESim SE no3Bonsitots
BUKOPHCTOBYBATH HOT0 3a PaxyHOK JIETKOCTI CTBOPEHHS
KOHCTPYKIIi 1 TPOBEICHHS NUHAMIYHOTO aHaii3y, a Ta-

KO 32 paXyHOK CKOPOUYCHHS 4Yacy BiJ i€l 10 OTpUMaHHS
pe3yIbTATIB.
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