MAIINHOBYAYBAHHS TA TPAHCIIOPT

YK 378.147:621.01

B. 1. Knouko, a. nmex. H., npog.; A. A. Kosiomiensp, k. mea. H.; K. 1. KomroodiBcbka, K. T. H.

3ACTOCYBAHHJ PO3B’A3KIB IMPEPEHIIAJIBHUX PIBHSAHD IT1/]
YAC MOAEJIOBAHHSA ITPOLECY METAJIOOBPOBKU K 3ACIb
®YHIAMEHTAJBHOI IIITOTOBKU MANBYTHIX TH)KEHEPIB

Y cmammi npointocmposano euxopucmanus memooy MamemMamuiHo20 MOOEN08aHHs HA NPUKIAdi
3ACMOCY8AHHS PO36 513KI8 OUDEPEHYIATbHUX PIGHSAHb 3 MEMOI0 NOKA3amu 00UH i3 nioX00i6é GUKOPUCHAHHSL
Memooy npoekmis y npoyeci hyHOaMeHmanibHol ni020mo6Ku MAuOYMHIX THIICEHEDIs.

Knrouoei cnosa: mooenoeanusi Ha OCHOSI OughepeHyianbHux pIeHAHb, MeXaHiuHa 00pobKa,
Odeopmysanms demanetl.

Beryn

IlocranoBka mpoduaemu. Ha cydacHoMy BUPOOHHUITBI BCE LIMPILIE BIPOBAIKYIOTh IOJAHHS
JAaHUX Yy BUMISAL TpadluHUX 3aIEKHOCTEM sSK HalOUIbII €KOHOMHHUX, HAOYHHUX 1 3MICTOBHUX.
I'padiuni 3acoOu MoOJaHHS JaHUX 3aCTOCOBYIOTH Yy PI3HUX Tally3siX Bi3yallbHOI KOMYHIKAIii Juis
TOTO, 1100 CIOHYKAaTH MPOLECH MHUCIEHHS, U0 IPYHTYIOThCS Ha 00pa3ax, a pUCYHKH, KPECICHHS,
rpadiku € TUM 3aco00M, 3a JIOIOMOTrOI0 SKOTO JYMKU IE€pPEelaloThCi y BUIIIAA TpapiuHUX
BUCJIOBJIIOBaHb. Ba)XIMBUM IIIXOJOM /10 BHUBYEHHS HAOJIMKEHUX PO3B’SA3KIB AU(epeHIiaTbHUX
PIBHAHB € iX BI3yaslizaiis, TOOTO HACHYEHICTh HABYAJBHOTO MaTepiaay UIIOCTpaIisMH, MO0yI0Ba
JIOBE/ICHHSI MaTEMaTHUYHUX I0J0KEHb 3 ONOPOIO Ha IHTYIIII0 Ta HAOYHICTh. ['eoMeTpUYHUN MiaXiz
y CydacHOMY MAaT€MaTHYHOMY MOJICIIOBAaHHI PO3TJISAAETHCS HE TUIBKU SIK 3aci0 PO3B’s3yBaHHS
3a/1a4, a 1 sIK METOJ] iX OTIHCY.

Haii6inpmr Banmo reoMeTpuYHUMN MIIXi[ 10 pPO3B’S3aHHA 3ajadi, L0 IPYHTYETbCA Ha
KOMIUIEKCHOMY BHKOPHCTaHHI METOIB oOuncimtoBanbHO1 MmatemaTtuku CKM, po3kputo B poboTax
B. I. Knouxa.

HesBaxaroun Ha BenuKky KUTbKICTh cydacHuX cucteM CAD, siki T03BOJISIOTH MOJETIOBATH U
OMMCYBaTH Maike BCl NPOLECH MeXaHIYHOi OOpoOKM Jerasneil, mepei CydyaCHUM I1HXKEHEpPOM
HEpIIKO IMOCTa€ 3a/aya ONHUCY MaTeMaThyHoi Mozeni mpouecy. OnucaTtu mpouec MOBEPXHEBOTO
IUIACTUYHOTO AeQOpMYyBaHHS MOXHa 3a JONOMOrow0 audepeHiiaIbHuX piBHSIHb. BukopucTranHs
cuctremu MathCad no3BonuTe He TUIBKM pO3B’s3aTU  AMQepeHliaibHl PIBHAHHA, ane W
BI3yaJli3yBaTH OTpPHUMaH1 pe3yjbTaTH Ha MpHUKIaal (a30BUX MOPTPETIB, KPUBUX Tedii, TOBEPXOHb
rpaHUYHKX AedopmMarliii Tomlo.

AHaJii3 0CTaHHIX J0C/Ti/zKeHb i myOJiKaniid.

CytHICTh aAochigHUIbKOro migxoay 3 BuxopuctanHsMm IKT, 3o0kpema min 4Yac BHUBUYEHHS
marematukd BuUcBITIIOBamn M. I. XKanmak, 1O. B. l'opomko, C. A. PakoB Ta 1Hmi. BoHmn
JOCTIKYBAJIN PI3HI aCMEKTU MOIIYKOBO-IOCIIAHUIIBKOT JISTIBHOCTI CTYAEHTIB, MPOTE OpraHizamii
LOT0 BUAY ALUIBHOCTI 3 aKIEHTOM Ha OINaHyBaHHS (yHJaMEHTaJIbHUMH 3HAHHSMU JOCTAaTHHOT
yBaru He npunausu. Y po6oti O. C. 3akyrHoro [5] BKazaHo, 110 3a 3HAYHUX 3MIH MapaMeTpiB
MPOLIECIB METaN000poOKH (YHKIIIOHYBAHHS JESKUX CHUCTEM CYIPOBOKYETHCS MOTIPIIEHHAM
CTaTHUCTUYHOI TOYHOCTI OOpOOKHM pEe3ylbTaTiB, TOMY HEOOXIIHO 3aCTOCOBYBAaTH HOBI METOJU
00pOOKHM Pe3yNbTATIB TOCTIIKEHb.

Mera craTTi — NMOKa3aTu OJUH i3 MIAXOJIB BUKOPUCTAHHS MaTEMaTHYHOI'O MOJIEIIOBAHHS Yy
npoueci (yHIAMEHTaIbHOI MIATOTOBKM MaWOYTHIX IHXEHEpIB TEMaTUYHOI'O0 MOJENIIOBaHHS Ha
MIPUKIIAJIl METaTI000POOKH.

MeTor0 OCHIIHUIBKOTO METOAY € MOTJUOJEHHS IHKEHEPHUX 3HaHb Ta YMIHb CTYJACHTIB.
[ToOynoBa HaB4YaIBbHO-BUXOBHOI'O IPOIIECY 3a YMOBHM PO3BUTKY TBOPUYHUX 3110HOCTEH mnependayae
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HOro oprasizaiio TaKuM YUHOM, 100 CTYJEHT BUCTYIAB Yy PoJii JocaiiHuKa. OIHUM 13 MOKIMBUX
NUISIXIB peanizalii TOCITHAIIBKOTO METOIY € METO/I ITPOCKTIB.

MeTol mpOEKTIB MOKHA PO3IJSAATH K CYKYHHICTh MPHUIOMIB, Oomepaiid, CIpsMOBaHUX Ha
JOCATHEHHS JAUJAKTUYHOI METH 4epe3 JeTajbHy 00poOKy mpobiieMu, 110 MOBUHHA 3aBEPIIMTUCS
peabHUM TMPAKTUYHUM PEe3yIbTaToM, 0GOPMIICHMM TUM a00 IHIIUM criocoOboM. MeToj MpoeKTiB
3aBKJU mependayae po3B’si3aHHS MEBHOI MpoOiIeMH, [0 3 OJHOro OOKYy BUMara€ BUKOPHCTAHHS
CYKYITHOCTI PI3HOMAHITHUX METO/IB 1 3aCO0IB HaBYaHHS, a 3 IHIIOTO OOKY — IHTErpyBaHHs 3HaHb Ta
YMiHb Yy PI3HHUX cdepax HayKH, TEXHIKH, T€XHOJOTi. PO3risiHeMO KOHKPETHHH NMpUKIAJ METOAY
MPOEKTIB [4].

MeTor0 HpoOBeNEHHSI MPOEKTY € MPAaKTUYHE 3aCBOEHHS CTYIEHTAMH HAayKOBO-TEOPETUYHHUX
MOJIOKEHb TUCIUILIIHU, OBOJIOIIHHSI METOAaMU 0OpOOKH eKCIEpUMEHTaIbHUX JJAHUX Ta 00YyA0BU
MaTeMaTUYHUX Mojesiell, ToOTO NMepeTBOPEHHS OJAep)KaHMX 3HaHb Yy 3aco0U JUIsl pO3B’S3yBaHHS
HABYAJIbHO-JOCTITHUIBKUX Ta PEaJbHUX €KCHEPUMEHTAIbHUX 1 MPAKTUYHUX 33434, OIU3BKUX 0
BUPOOHUYHX.

[3 MaTemaTUYHUMM MOJENSIMH, SIKI ONHUCYIOTh peajibHl BUPOOHHUI MPOIIECH, MOKHA 3HANOMUTHU
CTYICHTIB y BCIX PO3/iIax Kypcy BHUIOT MareMaTuku. HalOuibmuii 1HTEpeC BUKIMKAIOTH 3a1adl,
PO3B 30K SKHX MICTUTh SKICHY XapaKTepUCTHKY SIBUINA, 10 PO3IJsAgaroTh. Po3B’a3yBaHHs Oy/b-
AKO1 MPHUKIAIHOT 3a/1a4l MaTeMaTUYHUMH METOJaMH 3arajloM € MaTeMaTHYHUM MOJETIOBAHHSM.
OCKUIbKH, 3alMCYIOUYHd YMOBY 3a JIOTIOMOTOI0 MAaT€MaTHYHHMX BHUpa3iB, MU OyIyeMO MaTeMaTHUHY
MOJIeNb peanbHoro (pizmuHOoro mpouecy. Ilig gac ckiamanHs Ta po3B’sI3yBaHHS PIBHSHb BUHHKAE
HEOOXITHICTb POOUTH JEsKl MPUIYIIEHHS I10J0 MapaMeTpiB, TOMY OyJb-sika MOJENb Ma€ JIESAKUM
CTYITIHb HAOIM)KCHHS Ta TOXUOKH B PO3paxyHKax.

Ha3Ba mnpoekTy: MOJETIOBaHHS TIPOIIECY METATO0OpOOKH 13 3aCTOCYBaHHSM pPO3B’SA3KIB
Iu(epeHiaIbHUX PIBHSHb.

Crucauit onmuc mnpoekry. Ilin yac BHUKOHaHHS 3aBOaHHS TNPOEKTY CTYIEHTH IIOBHUHHI
03HAaHOMUTHCS 3 MATEMAaTUYHUMU MOJEJISIMU, SIK1 BIIOBIIAIOTH €JIEMEHTaM CXEMH Ta ii MOKIMBUM
CIPOIIECHHSIM, a TaKOX 13 MaTeMaTUYHUMH MOJCISAMH, SIKI BIAMOBIAAIOTH CHPOIICHUM CXEMaM
L[bOT'O MPOIIECY.

IloBHuii onuc npoekty. OgHUM 13 Halle()eKTUBHIIINX NUIAXIB MIABUIIEHHS 0€3BIAMOBHOCTI Ta
JOBIOBIYHOCT1 J€TaJe € 3acToCyBaHHS METOIIB 00’eéMHO1 mMoBepxHEBOi 00poOku. O6’emHe
3MIITHEHHS MIIBUIIYE CTATUCTUYHY MIIHICTh ACTalIel, y SKUX po00Ul HAPYKEHHS PO3MOAUICH] 1O
nepepizy BITHOCHO piBHOMIpHO. [lnsi peranmeid, pyiiHyBaHHSI SIKMX IOYHHAETHCS Ha TOBEPXHI,
pPO3pO0OJICHO BEIMKY KUIBKICTh METO[IB MOBEPXHEBOTO 3MIillHEHHs. Halpo3moBCIOKEHIIIMMHU B
MalMHOOyIyBaHH1 € METOAM 3MIILIHEHHSI [IOBEPXHEBUM IIAaCTUYHUM JiepopmyBanHsaM (T1T1]T).

VY nocmimpkeHHl TEXHOOTII 3MiHIOBaJIbHOT 00po0ku MmeTogamu 111/ BaxknuBe miciie mocinaroTh
JIBa 3aBJIaHHS: PO3KPUTTS 3akoHOMIpHOCcTell MexaHiku [IITJ] npyxkHO-MIacTUYHOrO TiNa Ta
PO3pO0OKa MPUHITUITIB KEPYBAHHS TEXHOJIOTTYHUMU TIporiecamMu 00poOku neraneit metomaamu I/,

Po3B’si3aHHS LMX 3aBJaHb JO3BOJUTH YAOCKOHAJIUTH IPOLIECH, CTBOPUTH aBTOMAaTH30BaHI
CUCTEMM IPOEKTYBAaHHS TEXHOJIOTIYHUX OIepauiid 3MINHIOBAJIbHOT OOpOOKHM JeTajedl MalluH
metoaamu TITT/T.

Metanu min uyac nedopMmyBaHHS MPOSBISAIOTH NPYKHI Ta IUIACTUYHI BiacTtuBocTi. s
MOJIEJIIOBAHHSI MOAIOHUX CKJIAJHUX CUCTEM 3PYYHO BUKOPHUCTOBYBATU CTPYKTYpHI €l1eMeHTH [6, 7],
Kl ONHUCYIOTh TOW uM IHIIKMKA GBUYHUE MexaHi3M jaedopmyBaHHA. [IpyxHHII MexaHI3M
nepopMyBaHHS MOKHA MOJEIIOBATH 32 JIOIIOMOTOIO0 CTPYKTYPHOTO €JIEMEHTa y BUIUIAJI JIHIHHOT
ab0 HEeNIHIMHOI MPY)XUHH, OMIp NEPEMIIICHHIO SKOT0 3aJeKHUTh BIA KOpPCTKOCTI npyxuHu C.
[InacTuyHUil eneMeHT MoXxe Oyau 3MO/IeIbOBAaHUH 3a IOTIOMOT'0I0 CTPYKTYPHOI'O €JIEMEHTA CYyXOIo
TEPTsl, OIIpP MEPEMILIEHHIO IKOTO 3aJ€KUTh Bl KOE(IliEHTa CyXOro TepTH.

Posrnsparoun  pi3Hi KOoMOIHALl MO€IHAHHS CTPYKTYPHHUX €JE€MEHTIB, MOXKHa OyayBatu
CTPYKTYpHI MoOJ€Nl Tina 3 pi3HUMH JedopMauiiHumMu BiactuBocTaMU. Ilicng mnoOynoBu
CTPYKTYPHOI MOJIEN TijIa MOKHA OTPUMATHU CHIBBIJHOILIEHHS, K1 BCTAHOBJIIOIOTh (PYHKIIOHAJIBHY
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3aNIeKHICTh MDK Hamnpy>KeHUM Ta Ae(pOpMOBAHUM CTAaHOM YChOT'O arperara, 1o 1 € OJHIEI0 3
HaWCKJIAIHIIINX 33/1a4 y MEXaHIIll TBEPIOT0 1e(POPMOBAHOTO Tijla.

Jlist Toro mo0 BUSBUTH 3JICKHICTh AedopMaliii i 4ac KOHTAKTY IHCTPYMEHTY 3 MOBEPXHEIO
3aroTOBKH, SIKy OOpOOIIIOIOTH, 1 3aJIEXKHICTh X BiJ] HONEPEIHHOT0 HATATY MPYKUHH, PO3IIISIAIOTH
3aJlauy IMHAMIYHOT'O0 MOJIEJIOBAaHHS MPOIIECY IOBEPXHEBOT0 IUIACTUYHOTO e(popMyBaHHs JeTall 13
3aKpIIUIEHUM TIPaBIIYHUM AeMIIPepoM Yy LIEHTpI MiJ 4ac MexaH14HOi 00poOku (puc. 1).

d A

Puc. 1. Cxema muHaMI4HOTO MOJIEIOBAHHS ITPOIIECY OBEPXHEBOr'O IIACTUYHOTO Ae(h)OPMYBAHHS 3 T1JpaBIiYHAM
nemidepom

HudepeniianpHe piBHAHHS, SKE OIMUCYE MPOIEC MOBEPXHEBOTO IUIACTUYHOTO AePOPMYBAaHHSI
JeTall, 3aKpIIICHO B IEHTpax 13 OUTTIM b, Ma€ BUTIIA

mx" =—Cx'—k(A+x+5sin(wt)) + Es(A, —x — 0 sin(wr))-sgn(A, —x — 5 sin(wt))

Jie m — HaBeJileHa Maca IHCTPYMEHTa, Kr; b — ourrs netani, Mmm; C — koedilieHT aeMndepyBaHHs,
H/(mm/c); k — xxopcetkicts npyxunu, H/Mm; A — nonepenHiii HaTAT Npy>KUHU, MM; O — OUTTS AeTal,
MM; @ — KyTOBa MIBUJAKICTb JIeTalnl, paja/c; £ — )KOPCTKICTh Marepiaiy JAeTall Ha OAMHMIIIO TUIONIL
nedopmysanms, H/MM*; S — muoma 061nacTi KOHTAKTY JeTalb-IHCTPYMEHT, MM°; A; — MOIepeIHiit
CTaTUCTUYHUI HATAT IHCTPYMEHTA B JA€Talb, MM; sgn( ) — OAMHUYHA (YHKIIIS, KA ONUCYE CUJIOBUMN
VILTUB MOBEPXHI JIeTalll Ha IHCTPYMEHT y BUIIAJIKy KOHTAKTY Ta Oro BiJICYTHICTh 32 YMOBH BIAPUBY
IHCTpYMEHTA B1J1 JeTaJIl.

VY BuIlleHaBeNeHOMY pIBHSHHI (QYyHKIIS Sgnx OmNHUCye CUJIOBY [0 IMOBEpPXHI JAeTail Ha
IHCTPYMEHT Yy BUIIAJKy HasBHOCTI KOHTakTy Ta Horo BiacytHocti. Hassuicte CKM MATHCAD
JI03BOJISIE CTYJIEHTaM IIPOBECTH aHAJI3 UX PEKUMIB 1 OPIBHATU PE3YJIbTATH.

3aBAaHHS TMoJsAra€e B TOMy, 1100 BHOpaTH Takuil KpOK IHTErpyBaHHs, abu OyB
Hal1H(POPMATUBHIIINKN pe3ynbTatT; JOCIAUTA IUHAMIKY 3MIHM HaTAry ans w=10 pan/c, 100 pazg/c.
3poOUTH BUCHOBOK IIPO HEMOKJIMBICTH POOOTH Ha JESKUX YacTOTaX, 3HAMTH ONTUMAJIbHY YacTOTY

. o . ! "n2
(puc. 2), nposectn nocmimkenns npu samini Cx' Ha C(X')" 33 puxopucramms rinpasmiummx
NeMI(pEpHUX NPUCTPOIB; AOCTIIUTH BUIAJOK, KOJIU JAeTajdb OOpOoOJAI0OTH TOpOinaibHUM abo

chepUaHIM IHCTPYMEHTOM 3 HEeBeTHKHM pazxiycom (1< 3 MM), IPUHHSTH

S =k -(1+ B —x—b-sin(wr))’, po k=1 k =1000 =100 pan/c, 5=0,01 M,

C=200 H(mwm/c), B,=0,01 mm, ES=100 kH/mMm, B= 1 mmM.
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a) 6)
Puc. 2. ®azoBi moprperu 3anaui 1 — 2
dazoBuii TOPTpeET 3a KpUTHIHOI YacToTn =76.03 paxn/c (a) Ta
3a a@=20pan/c (0)

Ananiz ¢a3oBUX TpPAEKTOpId TOKa3ye, M0 IUHAMIYHA CHCTEMa Ma€ CTIHKE TOJIOKECHHS
piBHOoBaru. lle — rpanwunmii muki. [loyaTkoBl yMOBHM 3HaxXoJATh y CepeAuHl IUKIY, 1 da3oBa
TPAEKTOPIS € CHIPAJLTIO, IO PO3TOPTAETHCA A0 IUKITY. ['paHUYHUI UK XapaKTepu3ye HAIBHICTh y
CUCTeM1 CTIMKuX mnepioguuyHux konuBaHb. Ha pucynkax x(t) (y0) — 3MmiHa MOJIOXKEHHS AeTail,
x'(t)(yl) — npsModiHiliHa IIBUAKICT PyXYy J€Tall.

I 2

0 0.5 1 0 0.02

Puc. 3. lebopmyBanHs geraii
a) =20 pan/c, 6) 76.03 pan/c<w<100 pazx/c

3anpornoHoBaHAa MaTeMaTHYHA MOJIENh J03BOJIIE OTPUMYBATH HEOOXIIHY SIKICTh MOBEPXHI 3a
paxyHOK OOIpyHTOBaHOTO BUOOPY IMapaMeTpiB TEXHOJIOTIYHOT CHCTEMH.

Y4yacHMKM NPOEKTY: CTYJCHTH aKaJIeMIYHOI ITPYIU MAIIMHOOYAIBHOT CIIEI1aJIbHOCTI.

Tepmin peasizamii: 1Ba THKHI IICIS OTPUMAaHHA CTYJEHTAMHU 3aBIaHHS.

Iini npoekTy: npoaoBxeHHs GOpMyBaHHS y CTYIEHTIB HaBU4YOK 3actocyBaHHs CKM; HaBuuOK
CKJIaJlaHHs Ta poO3B’sA3yBaHHSA JAu(depeHIiaJbHUX PpIBHSIHb, HABUYOK aHAJI3y pO3B’S3KIB
Iu(epeHLiaIbHUX PIBHAHD, HABUYOK BUJUIATU CYTTEBI O3HAKM; HABMYOK BHKOpUCTaHHS Internet
JUIS TIOIIYKY MOTPIOHUX BIIOMOCTEH.

Peanizanisi npoekTy nependavac:

1. MoruBarlio caMOCTIHOI HaBYalIbHO-II3HABAJIBHOI JISJILHOCTI CTYAEHTIB 1 MpEACTaBICHHS
IIPOEKTY.

2. ®opmyBaHHs Tpym Mo 3 — 4 ocoOu, y KOXKHIN 3 SIKUX BU3HAYAIOTh €KCIEpTa JJIsl JOTIOMOTH
HILIUM CTYJEHTaM.

3. @opMynioBaHHS 3aBAAaHHSA JUId Tpyl: BUOpaTH MOJENIbHE PIBHSAHHSA, 3HAWTU PpO3B’A3KH,
noOyayBatu rpadiku po3B’sI3KIB Ta OIIHUTH MOXMOKM B TOYKax, gajekux Big OX, po3B’s3aTu
PIBHSIHHSL YMCEIbHUMH METOJAaMHU, JJIsl TMOPIBHSAHHS Pe3yJbTaTiB CKOPUCTATUCh METOJIOM 130KIIiH,
MIPOBECTHU OOUUCITIOBAIbHI €KCIIEPUMEHTH, MIIrOTYBaTUCh 10 KOHTPOJIIO.

AHanizyroud KpUBI HATATy 3a PI3HUX 3HAUYE€Hb W, CTYJIEHTH pOOJSATh BUCHOBOK NPO JUHAMIKY
npouecy. AHaii3 3MIHU MOJIOKEHHS JIeTall Ha puc. 3 y BUIMAJKY KyTOBOI IIBUAKOCTI 3 IHTEpBaILy
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76.03 pan/c<w<100 pazn/c 3acBiquye HEMOXJIUBICTh POOOTH HA TaKUX YacCTOTax oOepTaHHs ACTall,
OCKUIbKHM KOHTAKT IHCTPYMEHTA Ta AETajl He MOCTIMHUMN, a IEPIOAUYHO MOBTOPIOETHCS.

I'paHnyHMi LUK XapaKTepU3ye HAsABHICTh Yy CHCTEM1 CTIMKHMX NEpIOJMYHMX KojuBaHb. Ha
puc. 3 (a1 6) x(t) (yO) — 3mina nosioxeHHs aerani, x'(t)(yl) — npsModiHiiHa MIBUAKICTb PyXy
JeTall.

OTmxe, 3MIHIOIOUN MapaMeTpy Iu(depeHIiaIbHOTO PIBHAHHS, MOXKHA 3MIHUTH 3CyB IIUX KPUBHX 1
Tak 0e3rnocepeJHbO BIUIMBATH HA 3MIHY (pOpMU AeTali.

AHaniz eKCnepUMEHTaJbHUX JaHUX 1 pe3ysbTaTiB OOYMCIIOBAJIBHUX EKCIEPUMEHTIB 13 LUM
IU(EepeHLIaIbHUM PIBHSHHSAM [JO3BOJISIE CTBOPUTH KOMIT'IOTEPHY MOJEINb aJCKBAaTHY peajbHIM.
[lopiBHsieMO TpajuiiiiHy Ta iH(OpPMalLIHY TEXHOJIOTIl NMPOBEJAEHHS METOAY IPOEKTIB 3 TEMHU
“HaOnuskeHi MeToIu pOo3B’sI3yBaHHs TU(epeHIialIbHIX PIBHSIHD MEPIIOTO Ta IPYroro MOpsSAKiB’.

3a TpaAULIHHOIO TEXHOJIOTIEI0 METO/I IPOEKTIB MOKE BIIOYBAaTUCS B TAKOMY MOPSIIKY: CIIOYATKY
CTYIEHTU CaMOCTIHHO TOTYIOTHCS 10 MPOBEACHHS IPOEKTY, BUBYAIOTh HEOOXIIHUN TEOPETHUUHUMN
Matepian. Bukmagau nae 3aBaaHHsA, ¢opmymtoe num. [IoTiM CTyaeHTH BHUKOHYIOTH POOOTY Ta
MIPOBOJIATH 3aXUCT pe3ysbTariB. CTyIeHTH 3a I0NOMOTr0K0 0OUYMCIIOBAIBHHUX 3aC00IB PO3B’SI3YIOTh
PIBHSIHHSL BKa3zaHuM MeToioM. [lii BUKJIazada MOJAraroTh y KOHTPOJl X0y BUKOHAaHHSA POOOTH,
KOHCYJIbTAllll Ta OLIHII pe3y/lbTaTiB, (OPMYBaHHI yMiHb Ta HaBHYOK CaMOCTIMHOIO aHalizy
OJIEp’)KaHUX JTaHUX.

TexHoIorI0 BUKOHAHHSI METO/ly IIPOEKTIB 13 BUKOPUCTAHHS TEXHIYHUX Ta MMPOTrpaMHUX 3ac00iB
ITH moxHa onucatu Tak. CTyIeHTH CaMOCTIHHO TOTYIOTbCA A0 BUKOHAHHS poOOTH, CIPUNMAIOTh
3ajlauy, BHMBYAIOTh TEOPETUYHUIN MaTepiajl, BUKOHYIOTH MOMEpeHI OOYHMCIIEHHS, OJIEPKYIOTh
TOYHHMM PO3B’SA30K piBHAHHA. Bukiagay poOUTh MOCTaHOBKY 3aBAAaHHS, (DOPMYIIOE ILII, 3aBAAHHS
Ta ix MoTuBauito. DyHKIIT KOMII'IOTepa MOJITraloTh y FeHEpyBaHHI 1HIUBIAYaJbHOTO 3aBIaHHS,
nepeBipli 3HaHb CTYACHTIB, HEOOXITHUX JJIsi IPOBEIAEHHS JOCITIKEHHS.

Ha pgpyromy erami 3AiHCHIOETHCSI MAIIMHHUM KOHTPOJIb BHUKOHAHHS BIPAB IEPIIOTO €Taily.
CryneHTH BBOJSTH pe3yidbTaTH PO3pPaxXyHKIB, IPOBEIECHUX Ha IMEpHIOMY €Tali, OAEpPKYITh
HaOMMKEeH1 pO3B’A3KU PIBHSAHHS, OIIHIOIOTh NOXMOKY. BuKiiamau KOHTpOJIIOE XiJ BHUKOHAHHSA
poOOTH, KOHCYIbTYE CTyAeHTIB. KoMm’ioTep Ha 3amuT CTyAEHTa IOJA€ PO3B’SI3KH PIBHSIHHS
3aJlaHUM METOJIOM Ta IHIIMMHU METOJIaMU, APYKYE pe3yabTaTH 00UHCIICHb.

[ToTiM MpOBOAUTHCS TOCHIIPKEHHS OJEpKAHUX HAOIMKEHUX PO3B’S3KIB, MOPIBHIHHS 3 TOUHUM
po3B’si3koM. Bukinamau QopMmye yMiHHS Ta HABUYKHA CTYICHTIB /IO CaMOCTIHHOTO aHali3y
pe3yabpTaTiB, pPO3BHMBAE€ HABUYKM TBOPUOro MuCIEHHA. Komm’iorep TreHepye 3alUTaHHS
MpoOJIEMHOTO XapakTepy, Ipykye Tpadik 3miHu moxuOku. CTyIeHT y peKHUMIi JiajoTy BBOAHWTH
BIAMOBII Ha 3amUTaHHS, 3 METOI IMPOBEICHHS [OCHIIPKEHb 3MIHIOE 3HAUEHHS IapaMeTpiB
3aBJ/IaHHS, aHANI3Y€E PE3yabTaTH 00UHCIEHb, POOUTH BUCHOBKHU.

BucHoBxku

[lin yac BMKOHAHHS METO/]Y MPOEKTIB 32 HOBOIO TEXHOJIOTIEI0 3POCTA€ KUIBKICTh €JIEMEHTIB
3HaHb, SAKUMH  OBOJIOJAIBalOTH  cTydeHTH. CryneHT HaOyBae  HaBHYOK  IOPIBHSHHSA
eKCIIEPUMEHTAJIbHO OJCpPKAHUX 3&JIEKHOCTEH 3 BLIOMUMU NPUWHATUMHU MaTeMaTHUYHUMU
MozensMu Juist 1boro npouecy. Ocobnusictio Bukopuctanisi CKM MATHCAD e Te, 1o cTyaeHT
Ma€ MOJKJIMBICTh OJIEpKATH pPE3ylIbTaTH 3aCTOCYBAaHHS PI3HUX METOJIB, CHIBCTABUTH iX,
OL[IHUTHU MOXUOKHU, 1a€ MOKIJIMBICTh CTY/I€HTOBI BIAMOBICTH Ha NPOOJIEMHE TUTAHHS.

CIIUCOK JIITEPATYPU

1. Kiouko B. I. dopmyBanHsS 3HaHb MaWOyTHIX iHKEHEpIB 3 iH(QOpPMaUiHHUX TEXHOJOriH pPO3B’SI3yBaHHSI
nmudepeHnianbHUX piBHAHB : MoHOrpadis / B. I. Knouko, 3. B. bounapenko. — Binnuis : BHTY, 2010. — 216 c.

2. Kmouko B. 1. 3acrocyBanHs HOBuX iH(MOpMAIlifHUX TEXHOJOrd HaBUaHHS NpPU BHUBUYEHHI Kypcy BHIIOI
MaTeMaTHKH Y TeXHIYHOMY BY3i : HaBuaneHO-MeTommuHmi nmocionuk / Kiouko B. I. — B.: BITY, 1997. — 64 c.

3. byiinunpka O. II. IudopmamiiiHi TexHONOriT Ta TEXHIYHI 3acoOuM HapuaHHs [EnexTpoHHuU#t pecypcl-
.Pexxum moctymy: http://pidruchniki.ws/11570718/informatika/metod proektiv_tehnologiya navchannya.

Haykosi npaui BHTY, 2014, Ne 4 5



MAIINHOBYAYBAHHS TA TPAHCIIOPT

4. BbyxtuspoBa MW.H.Meroq npoeKToB W WHAMBHAYyalbHBIE MPOrpaMMBI B IIPOAYKTHBHOM oOydeHHu /
U. H. Byxtusiposa // lIkonbuble TexHomoruu. — 2001, — Ne 2. — C. 108 — 113.

5. 3akyrueii A. C. AHanu3 cHCTEM aBTOMAaTHYeCKOTo YIpaBieHus MeraiuiooOpaborkoit / A. C. 3akyTHBIH,
B. C. Komroounckuii, P. A. Pomanern // IIpani HaykoBo-TexHiuHOI KoH(}. “Enmextpomexanika. Teopis i mpakTuka”. -
JIsBiB-Cnagcek: JIY “JIbBiBChKa momiTexHika”. - 1996. - C. 82 — 83.

Knouxo Bimanii Isanoeuu — 1. nen. H., npodecop kadeapu BUIIOT MATEMATUKH.
Konomieuv Anvona Anamoniiena — x. 1ej. H., TOUESHT Kapeapu BUIIOI MATEMATHKH.

Kourdbiecka Kamepuna leaniena — x. T. H., TOUEHT KadenpH BUMIOT MATEMATHKH.
BinHUIIbKMI HAITIOHAIBHUIN TEXHIYHUN YHIBEPCUTET.

Hayxkogi npami BHTY, 2014, Ne 4



MACHINE-BUILDING AND TRANSPORT

V. 1. Klochko, Dc. Sc. (Pedag.), Prof.; A. A. Kolomiets, Cand. Sc. (Pedag.);
K. I. Kotsubivska, Cand. Sc. (Eng.).

APPLICATION OF DIFFERENTIAL EQUATIONS SOLUTIONS FOR
MODELING OF METAL WORKING PROCESS AS THE MEANS OF
FUNDAMENTAL TRAINING OF FUTURE ENGINEERING

The paper illustrates the application of the method of mathematical modeling on the example of
application of differential equations solutions to show one of the approaches of project method usage in the
process of fundamental training of future engineers.

Key words: modeling, based on differential equations, machining, pieces deformation.

Introduction

Problem set-up. In modern production presentation of data in the form of graphic
dependences as the most economic, descriptive and conceptual is more widely used. Graphic tools
for data presentation are applied in various spheres of visual communication to induce the processes
of thinking, based on the models, and pictures, drawings, graphics are the tools, by means of which
thoughts are transmitted in the form of graphic utterances. The important approach to the study of
the approximate solutions of differential equations is their visualization, i.e., saturation of educational
material with illustrations, construction of the proofs of mathematical statements, based on insight
and visualization. Geometrical approach in modern mathematical modeling is not only the tool for
problems solution but also the method of their description.

The best geometrical approach to the solution of the problem, based on complex usage of the
methods of computational mathematics is presented in the works of V.I. Klochko.

In spite of a great amount of modern CAD systems, that enable to simulate and describe
almost all the processes of pieces machining, modern engineer often faces the problem of the
description of mathematical model of the process. The process of the surface plastic deformation can
be described by means of differential equations. Application of MathCAD system enables not only to
solve differential equations but also visualize the results obtained on the example of phase portraits,
flow curves, surfaces of ultimate strains, etc.

Analysis of recent research and publications. The essence of research approach, using
information-communication technologies(ICT), particularly, while studying mathematics, was
considered by M. 1. Zheldak, Yu. V. Goroshko, S. A. Rakov and others. They studied various
aspects of research — investigation activity of the students, however sufficient attention was not
paid to organization of this kind of activity, with the
emphasis on mastering fundamental knowledge. In research of O. S. Zakutniy [5] it is stated that in
case of considerable changes of machining processes operation of certain systems is accompanied by
worsening of statistic accuracy of results processing, that is why, it is necessary to apply new
methods of research results processing.

Aim of the paper: show one of the approaches to the usage of mathematical modeling in
the process of fundamental training of future engineers of subject modeling on the example of metal
working.

The aim of research method is improvement of students engineering knowledge and skills.
Construction of training and educational process on condition of development of creative abilities
provides its construction in such a way that the student performed the role of the researcher. One of
possible ways of research method realization is method of the projects.

Method of projects may be considered as a set of techniques, operations, directed at reaching
didactic aim by means of detailed processing of the problem, that must be finished by real practical
result, arranged in this or that way. Method of projects always provides the solution of a certain
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problem, that, on one hand, requires the usage of the set of various methods and tools for study, on
the other hand — integration of knowledge and skills form various spheres of science, engineering,
technology. We will consider the specific example of the method of projects [4].

The aim of the project realization is practical mastering by the students of scientific
principles, gaining the methods of experimental data processing and construction mathematical
models, i.e., conversion of the obtained knowledge into tooling for solution of educational, research
and real experimental and practical tasks, close to production problems.

Mathematical models, describing real production processes, can be introduced to students in
all sections of higher mathematics course.

Problems, solution of which contains qualitative characteristic of the phenomenon being
considered, are the most interesting. Solution of any applied problem by means of mathematical
methods is mathematical modeling. Writing down the conditions by means of mathematical
expressions, we construct mathematical model of the real physical process. While composing and
solving the equations, there appears the necessity to make certain assumptions regarding the
parameters. That is why, any model has certain degree of approximation and error in calculations.

Title of the project: modeling of metal processing using the solutions of differential
equations.

Concise description of the project: During execution of the project task, students must get
familiar with mathematical models, which correspond to elements of the scheme, its possible
simplification and with mathematical models, which correspondent to simplified schemes of the given
project. Full description of the project: one of the project most efficient ways of increasing failure
— free performance and longevity of pieces is application of the methods of volumetric surface
machining. Volumetric hardening increases static strength of pieces, where operating stresses are
distributed along the section rather uniformly

For pieces, failure of which starts on the surface, numerous methods of surface hardening
methods have been developed. In machine- building branch methods of surface hardening by means
of surface plastic deformation (SPD) are most widely used.

While studying the technology of hardening processing by means of SPD methods two
problems occupy an important place: revealing the regularities of SPD mechanics of elastic plastic
body and development of the principles of technological processes of pieces machining control ,
applying SPD methods. The solution of the given problems enables to improve the processes, create
CAD systems of technological operations of hardening machining of pieces, applying SPD methods.
Metals in the course of deformation display elastic and plastic properties. For modeling of similar
complex systems it is convenient to use structural elements [6, 7], that describe this or that physical
mechanism of deformation. Elastic mechanism of deformation can be modeled by means of structural
element in the form of linear or non-linear spring, motion resistance of which depends on the
coefficient of dry friction.

Considering various combinations of structural elements, structural models of the body with
different deformation properties may be constructed. After construction of structural model of the
body the relations can be obtained which establish functional dependence between stressed and
strained state of the whole unit, that is one of the most comlex problems in the mechanics of rigid
strained body.

To find the dependence of the deformation in the process of tool contract with the surface of
the blank, being machined and dependence x on prior spring tensioning — the problem of dynamic
modeling of surface plastic deformation of the piece with fixed liquid damper in the centre during
mechanical machining is considered (Fig. 1).
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Fig. 1. Diagram of the process of dynamic modeling of surface plastic deformation with liquid damper

Differential equation, describing the process of surface plastic deformation of the piece, fixed

in centers with beats b has the form
mx" =—Cx'—k(A+x+sin(wt))+ Es(A, —x — 5 sin(wt))-sgn(A, —x—sin(wr)),

where m — reduced mass of the tool — kg; b — beat of the piece — mm; C — tension of the
spring - H/(mm/s); k — spring rigidity, H/mm; A — previous tension of the spring, mm; 6 - beat
of the piece, mm; ® — angular velocity of the piece, rad/s; E — rigidity of piece material per
unit of deformation surface, H/mm?; S — area of piece-tool contact, mm?; A; — initial static
tension of the tool into piece — mm; sgn( ) — single function, describing force influence of piece
surface on the instrument in case of contact and its absences in case of tool separation from the
piece.

In the above-mentioned equation, the function Sgnx describes force influence of piece
surface on the tool in case of the contact and if the contact is absent. Availability of computer
modeling system(CMS) MATHCAD gives the students the possibility to analyze these modes
and compare the results.

The task i1s to choose such integration step, that the best information result could be
obtained; study the dynamics of tension change for w=10 rad/s, 100 rad/s. To make a conclusion,
regarding the impossibility of operation on certain frequencies, find optimal frequency (Fig 2), carry

when the piece is machined by toroidal or spherical tool with a small radius (7 < 3 mm) assume

S =k -(1+ B, —x—b-sin(wt))’, where &y =1, k=1000 1,—100 rad/s, b=0,01 mm,
C= 200 H(mns), B,=0,01 mm, ES=100 kH/mm, B= 1 mm.

20 7 | | 217 |

a) b)
Fig. 2. Phase portraits of the problem 1-2
Phase portrait at critical frequency ©=76.03 rad/s (a) and
at ®=20rad/s (b)
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Analysis of phase paths shows, that dynamic system has stable equilibrium. This is limiting
cycle. Initial conditions are in the middle of the cycle and phase path is a helix, that turns to the
cycle. Limiting cycle is characterized by the presence in the system of stable periodic oscillations. In
Figs x(t) (y0)- variation of piece position, x'(t)(yl) — linear speed of piece motion are shown

I 2 I

Fig. 3. Piece deformation
a) @=20rad/s, b) 76.03 rad/s<®w<100 rad/s

The suggested mathematical model gives the possibility to obtain necessary quality of the
surface as a result of substantiated choice of parameters of technological system.

Participants of the project: students of academic group of machine — building specialty.

Term of realization: two weeks after the obtaining of the task.

Aims of the project: continue to form in the students skills of CMS application; continue to
form the students skills of composing and solving differential equations; continue to form the
students skills of analysis of differential equations solutions; continue to form in students skills of
distinguishing essential features; continue to form the students skills of using the Internet for the
search of necessary information.

Realization of the project provides:

1. Motivation of independent educational-cognitive activity of the students and project presentation.
2. Formation of groups of 3-4 persons, in each group the expert is nominated to help other students.
3. Formulation of the task for the groups: choose model equation, find solution, construct the
graphics of the solutions and evaluate errors in points, far from Ox, solve equation by numerical
methods, for the comparison of the results make use of isoclinic line, carry out computational
experiments, be ready for the control.

Analyzing tension curves at various values of w, students make conclusion regarding the
dynamics of the process. Analysis of the piece position change in Fig. 3 in case of angular velocity
from the interval 76.03 rad/s<®w<100 rad/s, shows the impossibility of operation on such frequencies
of piece rotation, as contact of the tool and piece is not permanent but periodically repeats.

Hence, changing the parameters of differential equation, the shift of these curves may be
changed and influence directly the change of the piece shape. Let us compare the conventional and
information technologies of projects method realization from the subject: “Approximate methods of
the solution of differential equations of the first and second orders”. In accordance with the
conventional technology projects method can realized in such an order: first, the students individually
prepare to project execution, study necessary theoretical material. The teacher gives the task,
formulates the goals. Then, the students do the work and defend the results. Students, by means of
computational facilities, solve the equation, using the suggested method. The work of a teacher is to
control the course of work execution, consulting and evaluation of the results, formation of skills and
experience of individual analysis of the obtained data.

The technology of project method execution, using technical and programming facilities of
ICT can be described in the following way. Students individually prepare to work execution,
apprehend the task, study theoretical material, perform previous calculations, obtain exact solution of
the equation. The teacher sets up the problem, formulates the aims of the task and their motivation.
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Function of the computer is tasks generation, verification of students knowledge, necessary for
research execution. At the second stage machine control of the exercise of the first stage execution is
realized. The students enter the results of the calculations, carried out at the first stage, obtain
approximated solutions of equations, evaluate the error. The teacher controls the course of work
execution, consults students. The computer, on students request, gives the solution of the equation,
performed by the set method and also by other methods, prints out the results of the calculations.
Then, the study of the obtained approximate solutions, comparison with the exact solution is carried
out. The teacher forms skills and experiences of the students for independent analysis of the results,
develops skills of creative thinking. Computer generates the question of problematic character, prints
out the graph of error change. Student in dialogue mode enters answers to the question, in order to
carry out the research, changes the value of task parameters, analyzes the results of calculations,
makes conclusions.

Conclusions

During realization of projects method using new technology the amount of knowledge elements,
mastered by students increases. The student gets skills of comparison of experimentally obtained
dependences with known, accepted mathematical models for the given process. Characteristic
feature of CMS MATHCAD usage is that the student has the possibilities to obtain the results
of application of various methods, compare them, evaluate errors, student has the possibility to
answer the problem question.
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