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Abstract. The article deals with the process of formation of information and mathematical competence of the higher
education of engineering specialties in the general course of physics with the use of the Simscape visual programming
package. During the study, the theoretical analysis of scientific literature was carried out; systematized and generalized
scientific data for the study of the essence and structure of information and mathematical competence of higher
education applicants; the experience of using innovative forms of study in the general course of physics is studied; the
proposed approach to the educational process was introduced; Summarized and systematized results. The
methodological basis of the study is to examine the process of formation of information and mathematical competences
when studying physics using the MatLab software package. The solution of the problem in the study of oscillatory
processes in the mechanical system with bound oscillations of two material points with MatLab Simscape is given. The
components of the process of formation of information and mathematical competence of future engineers in the general
course of physics are highlighted: motivational, creative, operational and technological, activity. These components
include an increase in motivation, awakening of interest in the study of physics, mathematics, informatics and desires
to self-realize; ability to show creativity, readiness for critical thinking and creative comprehension of the use of
knowledge, skills and skills; ability to solve physics problems, selection of techniques and methods for solving non-
standard tasks, the use of mathematical and information tools when solving problems, knowledge of integration links
of objects of general realization; solving professional tasks with the use of mathematical and information technologies.
The main tasks during the study of the general course of physics in the process of formation of information and
mathematical competence are: a positive attitude to the study of physical and mathematical disciplines and the use of
knowledge gained in future professional activities; ability to correctly choose information and mathematical tools for
solving applied tasks; ability in accordance with the set task to interpret and use the information received; ability to
organize self-education and self-development. It has been established that this approach allows you to form an
information and mathematical competence of higher education for higher education in the general course of physics,
promotes the development of critical and algorithmic thinking and creative comprehension of the use of higher
education acquisitions, skills and skills in the process of solving physical problems.

Key words: computer math system, Simscape visual programming package, oscillating processes, degrees of
freedom, application task.

®opMmyBaHHA iHhopMaLitHO-MaTeMaTUYHOI KOMNETeHTHOCTI 3400yBauyiB
BULLOI OCBITU B 3aranbHOMY Kypci ¢i3uku

Oapenyyk A. @., Liksupsa B. B.

TaBpiCbKuin AepkaBHUIA arpoTEXHONOrYHMIA yHiBepeuTeT iMeHi Amutpa MoTtopHoro, Menitonons, YkpaiHa

AHoTauif. Y CcTaTTi po3rnsHyTo npouec opMyBaHHs iH(OpMALHO-MATEMATUYHOI KOMMNETEHTHOCTI 3400yBaviB
BULLOI OCBITW iHXEHEPHWUX CreLianbHOCTeN Yy 3aranbHOMY Kypci (isvku i3 3acTOCYBaHHSM MakeTa Bi3yanbHOro
nporpamyBaHHs Simscape. Y XO4i AOCHIMKEHHS MPOBEAEHO TEOPETUYHMIA aHanis HaykoBOi niTepaTtypu;
CMCTEMATW30BaHO Ta y3aranbHEHO HayKOBI AaHi ANt AOCAIMKEHHS CYTHOCTI M CTPYKTYPH iHDOPMaLLiiHO-MaTeMaTNYHOI
KOMMETEHTHOCTi 3000yBayiB BUMLLOI OCBITW; BWBYEHO [OCBIA BUKOPUCTAHHS iHHOBALiMHWX ()OPM HaBYaHHA B

Corresponding Author: Dyadenchuk Alena Fedorivna. Tel. +38(066)828-85-19. E-mail: alena.dyadenchuk@tsatu.edu.ua.
Dmytro Motornyi Tavria State Agrotechnological University, B. Khmelnytskoho Ave., 18, Melitopol, Ukraine, 72312.

BidnoeidanbHuli asmop: [sneHuyk AnboHa ®egopieHa. +38(066)828-85-19. E-mail: alena.dyadenchuk@tsatu.edu.ua.
TaBpilicbknit fepkaBHUI arpoOTEXHONOriYHMIA yHiBepcuTeT iMeHi Amutpa MoTopHoro, np. B. XmenbHuupbkoro, 18,
Menitononb, Ykpaixa, 72312.

30



ISSN 2307-9770. Engineering and Educational Technologies, 2022, 10 (1), 30-41.
CC-BY © KrNU, EETECS, Dyadenchuk A., Shkvyria V., 2022

3aranbHOMY Kypci ¢iuku; BIpOBaKeHO 3anponoHOBaHWIA NifXif B OCBITHIM NPOLEC; y3aranbHEeHO 1 CUCTEMaTU30BaHO
OTpUMaHi pesynbTaTi. MeTomonoriYHO OCHOBOK AOCMIMKEHHS € po3rnsa npouecy opmyBaHHS iHOpMAaLLiHO-
MaTeMaTU4HOI KOMNETEHTHOCTI Mif Yac BUBYEHHS (Di3nKM 3 BUKOPUCTaHHAM nporpamHoro nakety MatLab. HasegeHo
PO3B'A30K 3adadi Ha BMBYEHHS KOMNMBASIbHWX MPOLIECIB Y MEXaHiYHiN CUCTEMI 3i 3B'A3aHUMM KOMMBAHHAMM [BOX
maTepianbHUX To4oK 3a gonomoroto MatLab Simscape. BugineHo komnoHeHTH npouecy dopMyBaHHs iHhopmaLiiHo-
MaTeMaTMYHOi KOMMETEHTHOCTI ManbyTHIX iHXEHepiB B 3aranbHOMY Kypci (isvku: MOTWBALiHWA, TBOPYWA,
onepaLiiHO-TEXHOMOMYHNIA, AisNbHICHWA. BkasaHi KOMNOHEHTU nepeabayatoTb NigBMLLEHHS MOTUBALLT, NPOBYMKEHHS
iHTepecy O BMBYEHHS (i3vki, MaTemaTuky, iHpopmaTuku Ta baxaHHi camopeani3yBaTCs; YMiHHS MpOSBRATM
KPEaTUBHICTb, FOTOBHICTb 10 KPUTUYHOTO MUCTIEHHS! Ta TBOPYOr0 OCMMCIIEHHS BUKOPUCTAHHS OTPUMaHMNX 3HaHb, yMiHb
Ta HaBMYOK; YMIHHS pPO3B’A3yBaTK (idnyHi 3adadi, Bubip Npuinomis i CnocobiB po3B’s3yBaHHS HECTAHAAPTHUX 3adad,
3aCTOCYBaHHS MaTeMaTU4yHOro Ta iHGOPMALiHOMO HCTPYMEHTApiiB MNig 4ac pO3B'A3yBaHHA 3adad, 3HAHHA
iHTerpauiHux 3B'A3kiB NpeaMETiB 3aranbHOTEOPETUYHOI NIArOTOBKW; PO3B'A3yBaHHS NpOeciiHuX 3apad i3
3aCTOCYBaHHAM MaTeMaTUYHUX Ta iH(opMaLiiHuX TexHonori. OCHOBHUMM 3aBAAHHAMW Mif 4Yac BUBYEHHS
3aranbHOro Kypcy gisuku B npoueci hopMyBaHHS iHGOPMaLiiHO-MaTEMaTUYHOI KOMMNETEHTHOCTI €: MO3WUTUBHE
CTaBMEHHS1 [0 BUMBYEHHS (i3MKO-MaTEMATMYHUX OUCUMMAIH Ta 3acTOCYBaHHS OTPUMaHWX 3HaHb Yy ManbyTHl
NPoeCinHiN LisNbHOCTI; yMiHHS NpaBuIbHO 0BupaTy iHhopMaLiiHi Ta MaTeMaTHyHi iHCTPYMeHTapii 40 pO3B’A3yBaHHS
NPUKNagHUX 3aday; YMiHHA Yy BiBNOBIAHOCTI JO MOCTABMEHOTO 3aBAAHHS iHTEpPNpeTyBaT Ta BMKOPMCTOBYBATH
OTpUMaHy iHchopmaLlito; BMIHHS Ta HaBMYKM i3 opraHisauii camoocBiTh Ta CaMOpo3BMUTKY. BCTaHOBMEHO, WO AaHWi
nigxig fossonsie copmyBaTh iHopMaLiiHO-MaTeMaTUYHY KOMMETEHTHICTb 3006yBauyiB BULLOI OCBITH B 3aranbHOMY
Kypci (i3nkn, CNpusie po3BMTKY KPUTUYHOIO 1 anrOpUTMIYHOTO MUCIIEHHS Ta TBOPYOTrO OCMWCIIEHHS! BUKOPWCTAHHS
3000yBa4amm BULLOT OCBITY OTPUMAHMX 3HaHb, YMiHb Ta HABUYOK Y NPOLEC PO3B’A3yBaHHs! (Di3MYHMX 3adau.
KntoyoBi cnoBa: cuctema KOMMIOTEPHOI MaTeMaTukW, MakeT Bi3yanbHOr0 nporpamyBaHHs Simscape, KOMWBHI
npouecy, cTyneHi csoboay, npuknagHa 3agava.

®opmupoBaHne UHHOPMaLMOHHO-MaTeMaTUYeCKOW KOMMETEHTHOCTH
couckaTtenen Bbiclero obpasoBaHua B o6wweM Kypce hunsnku

Oapenyyk A. @., Lksupsa B. B.

TaBpuyeckuii rocyaapCTBEHHbIN arpoOTEXHOMNOTMYECKUN yHUBEPCUTET UMeHN [muTpra MotopHoro, Menutonons, YkpauHa

AHHoTaumsa. B cTatbe paccMoTpeH npouecc opMupoBaHus WHGOPMaLMOHHO-MaTEMATUYECKON KOMMNETEHTHOCTH
couckaTenei Boicliero 0bpasoBaHns MHXEHEPHBIX CieLuanbHoCTel B 00Liem Kypce usnkn C NPUMEHEHWEM NakeTa
BU3yanbHOro nmporpammupoBaHus Simscape. B xoge uccnefoBaHst NPOBEAEHO TEOPETUHECKWIA aHanM3 Hay4HOM
nuTepaTypbl; CUCTEMATWU3UPOBAHO W O0DOOLIEHO HayuHble [aHHble ANS WCCNEAOBaHMS CyTU U CTPYKTYpbI
MH(OPMALMOHHO-MATEMATUYECKON  KOMMETEHTHOCTM  CoMcKaTeNnel  BbiCero 00pas3oBaHWs; W3y4eHO OMbIT
MCMOMb30BaHUS1 MHHOBALMOHHBIX (hopM 0By4yeHust B obLyemM Kypce puauku; BHEOPEHO MPELNIOXEHHbIA Noaxon B
obpa3soBaTenbHblil npouece; 0606LEeH0 M CUCTEMATM3MPOBAHO MOMyYeHHble pesynbTaThl. MeTogonoryeckon
OCHOBOW WCCrEfoBaHUs SBMSETCS PAcCMOTPEHME npouecca POPMMPOBaHUS MHGOPMALMOHHO-MATEMATUYECKON
KOMMETEHTHOCTW BO BPEMS M3y4eHWUst (U3MKW C WCMONb3oBaHWeM nporpammHoro naketra Matlab. lNpuseneHo
peLLEeHne 3aa4m Ha n3yyeHne konedaTtenbHbIX NPOLECCOB B MEXAHUYECKO CUCTEME CO CBA3AHHBIMI konebaHnsMu
[BYX MaTepuanbHbix Todek npu nomolum MatLab Simscape. BbigeneHo KOMMOHeHTbI npouecca popMUpoBaHus
WHE(OPMALMOHHO-MaTEMATNYECKON KOMMNETEHTHOCTU ByIYLLMX MHXEHEPOB B 06LLEM Kypce (PU3VKK: MOTUBALMOHHBIN,
TBOPYECKWA,  OMEpPaLUOHHO-TEXHONOTMYECKU,  OEATENbHOCTHLIN.  YKasaHHble  KOMMOHEHTbl  npeanonarakT
MOBbILLIEHME MOTMBALMKM, NPOOYXOEHUE MHTEPECA K M3YUYEHWHO (PU3MKKM, MATEMaTUKK, MHPOPMATUKN Ta XKenaHum
caMopeanu3oBaTbCsl; YMEHUU NPOSIBNATL KPEaTUBHOCTb, FOTOBHOCTb K KPUTUYECKOMY MbILLIIEHWO U TBOPYECKOMY
OCMbICIIEHIO UCMOMNb30BaHNS MOMYYEHHBIX 3HAHWA, YMEHWA W HaBbIKOB; YMEHWW pellaTh (u3nyeckue 3agauu,
BbIGUpaTh NPUEMBI 1 CNOCOOLI PELLEHNS HECTaHAAPTHbIX 3a1ay, NPUMEHEHNE MAaTEMaTUYECKOrO 1 MHADOPMALMOHHOTO
VHCTPYMEHTApUEB BO BPEMS PeLUEeHUs 3adaY, 3HaHWS MHTErPaLMOHHBIX CBSA3EH MPEeAMETOB 0BLIETEOPETUHECKON
MOArOTOBKW; PELUEHMe NPOMECCUOHANbHBIX 3afay C MCMOMb30BaHWEM MaTeMaTUYeckMx U MHGOPMALMOHHBIX
TEXHOMOrMA. OCHOBHbIMM 3afaHWSMM BO BpEMS M3yyeHusi obuiero kypca usuku B npouecce (hopMUpOBaHMS
MH(OPMALIMOHHO-MaTEMATUYECKON KOMMNETEHTHOCTW SBNSAKOTCS: MOMOXUTENbHOE OTHOLLEHWE K U3yYeHuio (n3uko-
MaTeMaTU4eCKUX AUCLMNIWH W MPUMEHEHUE NOMYYeHHbIX 3HaHUA B OyayLlel NpodeccuoHanbHOM AESTENBHOCTY;
YMEHME NpaBuIbHO BbibMpaTh MHGOPMALMOHHbIE N MaTEMaTUYEeCKNe WHCTPYMEHTApUM K PELUEHWNK0 MPUKIagHbIX
3ajay; ymMeHWe B COOTBETCTBMM MOCTABNEHHOrO 3a[aHWsl MHTEPNpeTMPOBaTb M UCMOMb30BaTh MOMYYEHHYH
MHC(OPMALMIO; YMEHWS 1 HABbIKM B OpraHu3aumm camoobpasoBaHns U CamMopasBUTUS. YCTaHOBMEHO, YTO AaHHbIN
noaxof no3BonseT copMupoBaTb MHGOPMALMOHHO-MATEMATMUECKYI0 KOMMETEHTHOCTb COMCKaTenel BbICLLErO
0bpasoBaHus B 06LieM kypce pu3mkM, CNOCOBCTBYET PasBUTUKD KPUTUYECKOTO W anrOpUTMUYECKOTO MBbILLMEHUS U
TBOPYECKOTO OCMBICTIEHMS UCTIONb30BAHUS COMCKATENAMM BbICLLErO 0OPa30BaHNS MOMYYEHHbIX 3HAHWIA, YMEHWUI 1
HaBbIKOB B NMPOLIECCE peLLeHUst (PU3MYECKNX 3aaau.

KnioyeBbie cnoBa: cCUCTEMA KOMMBIOTEPHOM MaTeEMATUKW, MAKeT BU3yarnbHOr0 MpOrpamMupoBaHust Simscape,
konebatenbHble NpoLecchl, cTeneHn ceobopbl, NpuUknagHas 3afava.
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I Becmyn

Mpn MigroToByi CTYAEHTIB iHXEHEpHUX CnewianbHOCTel akTyanbHOK € MigrotoBka (haxisuis, sKi y
[OCTaTHIN Mipi BOMOAiOTb MaTeMaTUYHUMM 3HAHHAMM, BMilOTb BUKOPUCTOBYBATK IX B NPOMECIiHIN LiSnbHOCTI
Ta BUSBNSAIOTb NPOGECIMHO-MAaTEMATUYHY KOMMETEHTHICTb MPU  BUPILIEHHI MpoecinHux 3ashaHb [1].
dopmMyBaHHS MaTeEMaTUYHOI KOMMETEHTHOCTI, Byay4n CKIafoBOK YaCTUHOKW NPOMECIAHOI MILrOTOBKK, ska
Crpusie PO3BUTKY KOHKYPEHTO3[4ATHOro, roTOBOrO [0 afanTauii Ta camopo3BUTKY creuianicta, € OgHUM i3
e(eKTMBHMX 3aCcOBIB 3any4eHHs CTYAEHTIB 4O METO/IB HAYKOBOTO Ni3HaHHS!, BOMOAIHHS 3aranbHUMM NOMYHAMM
npuioMamu MucneHHs. MatemaTiyHa KOMNEeTEHTHICTb Nonsrae y BMiHHI 6a41Ti Ta 3aCTOCOBYBaTH MaTeMaTuKy
y peanbHOMy XwWTTi, ByayBaTi MaTemMaTyHy MOAENb, AOCTIAKYBATK ii METOAAMM MaTeEMaTUKK, PO3yMiTH 3MICT
| MeToZ MaTeMaTUYHOrO MOLENOBAHHSA [2] TOLLO.

Y TexHiYHuX By3ax € (piavKo-MaTeMaTuuyHi HanpsiMW MiAroTOBKW, Ha sikux 3400yBadviB OCBITM BYaTb
avcumMniiHam isnka, BuLLa MaTemMaTuka, NpUKNagHa MatemaTtiika, OfHaK, y 3B'3ky 3 OOMEXEHICTIO roauH Ta
3HAYHO KiNbKIiCTHO OCBITHIX AMCUMNNIH, Y BinblWOCTi OCBITHLO-NPOMECINHUX NPOrpam BIACYTHI Taki Kypcu siK
(DYHKLOHANbHUM aHanis, YACcenbHi MeTOAM, AudepeHUianbHi Ta iHTerpasnbHi piBHAHHA TOLO. Bpaxosyoum Le
3pocCTaE ponb 3HaHb JONPOINbHUX AMCLMNAIH, HA SKi NOKNaZgeHa BiAnoBiganbHICTb PO3rnagy AaHUX NUTaHb. B
OCHOBI BCIX TEXHIYHWMX HayK, Tak Y iHaKwe, nexatb (i3nyHi 3aKOHM Ta sBuWA. Y pesynbTaTi BUBYEHHS
3aranbHoro Kypcy (isvku CTyAEHTW NOBUHHI OTPUMATY He TiMbKW TEOPETWUYHI 3HAHHS 3 AaHOI ANCLMNAIHK, ane
1 HaBYMTUCA OMKCYBATM (I3NYHI NPOLLECH Ta SABMLLA | PO3B’A3YBATM PIBHAHHA MaTeMaTUYHOI idnkK. UTaHHA
MaTeEMaTUYHOTO MOLENIOBAHHA Yy Kypci (hisuku npucesyeHo pobotn €. Kopwaka [3], H. MNMogonpuropa [4],
M. lenuko [5] Ta iHWwwmX. Okpemi NUTaHHS METOAMKM (POPMYBaHHS MaTEMATUYHWX KOMNETEHTHOCTEN nig vac
BMBYEHHS hisnkun po3rnsaHyTo O. KysbmeHko [6], H. KocTioueHko [7], C Mypascbkum [8] Ta iHWUMM.

3 iHLWoro GOKY, OAHWM i3 Cy4acHUX METOAIB AOCTIMKEHHS (I3NYHUX SBULLY € KOMMIOTEPHE MOAENOBAHHS.
MOXMBOCTAM BUKOPUCTaHHS 0BYMCIIOBANbHOI TEXHIKM NPy BMBYEHHA isnkn 3anmaniuca C. Benuuko [9],
M. Atamanuyk [10], H. CocHuupka [11], B. 3a6onotHui [12], |. CanbHuk [13] Ta iHLWi. Y npoueci BUKOPUCTaHHS
EOM npu poss’asyBaHHi (isW4HUX 3a[ay MOXHA CrocTepiraT 3a XO4OM CKMagHUX HEMiHIMHUX SBWLY i
BM3HA4aTW BNNMB Pi3HMX MapameTpiB Ha ix xid. PaHiwe Hamu 6yno nokaszaHO MOXIMMBOCTI 3aCTOCYBaHHS
MathCad [14], Scilab [15], Excel [16] npu po3s’ssyBaHHi TexHiyHWX 3agady. [lokasaHo, WO 3aCTOCYBaHHS
3a3HaYEHNX KOMITIOTEPHUX MpOrpam Crpusie BCTAHOBMEHHIO MIKNPEeAMETHWUX 3B'A3KIB MiX MaTEMaTUKOL,
(Di3nKOH0, IHCOPMATUKOIO | MIABMULLEHHIO IHTEpPeCy CTYAEHTIB 4O UMX aucumniid. [Jo cuctemam KOMM'IOTEPHOI
MaTemMaTUKX BigHOCUTbCS Takox nakeT Matlab — noTyxHe onepauiiiHe CepefoBULLE AN BUKOHAHHS
BENWNYE3HOI KINMBbKOCTI MaTEMATUYHMX Ta HAYKOBO-TEXHIYHMX PO3pPaxXyHKiB M OOYMCNEHb Ta CMPOLLEHUMM
3acobamu 3aBaaHHa uuknie. OaHieto 3 Hanbinblw npuBabnuemx ocobnueocten cuctemm MatLab e HasiBHICTb
HarnsgHoro Ta eqheKTUBHOMO 3acoby CkradaHHs NporpamHUX MOAYMIB — NakeTa BidyanbHOro nporpamyBaHHS
Simscape.

OpHak HayKoBMX JOCHIMKEHD, WO PO3KPMUBAKOTL CreLmndiky hopMyBaHHS iH(POpMaLinHO-MaTEMATUYHOT
KOMNETEHTHOCTI ManbyTHIX iHXeHepiB i3 BpaxyBaHHAM Cy4acHWX OCOBNMBOCTEN BUKOPUCTAHHS OCBITHIX
TEXHOMOrin, He Tak 0arato, a HasBHi B niTepaTypi BW3HAYEHHS MaTEMATMYHOI Ta iH(OPMALLiHOI
KOMMNETEHTHOCTEN € PO3PI3HANBHUMM MOHATTAMW. Bce Ue cnpusie noganblwomy MOWYyKYy HOBMX MiAXodiB
BUKMadaHHS QMCLUMNAIH LMKNY 3aranbHol NigroToBKM.

Memoto cmammi € po3rnsg npouecy opMyBaHHs iH(OPMALiNHO-MaTeMaTUYHOI KOMMETEHTHOCTI
3006yBaviB BULLOI OCBITW iHXEHEPHWUX CheLianbHOCTEN Y 3aranbHOMY Kypci (isuku i3 3aCTOCyBaHHAM nakeTa
Bi3yanbHOro nporpamyBaHHs Simscape.

Il Mamepian i memodu docnidxeHHs

Y xoAi AOCTiMKEHHS BUKOPUCTAHO METOAM: TEOPETUYHUI aHani3 HayKoBOI NiTepaTypu; cuctemaTiuaallis
Ta y3ararbHEHHS HAyKOBWX AaHUX AN OOCHIMKEHHS CYTHOCTI M CTPYKTYpU iHPOpMALinHO-MaTeMaTUYHOI
KOMNETEeHTHOCTi 3400yBaviB BULLOI OCBITU; BUBYEHHS AOCBILY BUKOPUCTAHHS IHHOBALiHUX (hOPM HaBYaHHS B
3aranbHOMY Kypci (DiswKkW; NeaaroriyHWiA  eKCrepuMEHT; y3aranbHEeHHs © cucTeMaTu3auis OTPUMaHWX
pesynbTaris.

MeToA0MO0rYHOK OCHOBOK LOCHIKEHHS € PO3rNsg npouecy (hopMyBaHHs iHhopMaLinHO-MaTeMaTUYHOI
KOMMETEHTHOCTI Mif Yac BUBYEHHS (i3nKK 3 BUKOPUCTaHHAM nporpamHoro nakety MatLab. OcHosu pobotu B
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MatLab petanbHO BUKNageHo Y BignosigHin nitepatypi [17-19] i B gaHOMy JOCnimXeHHi He po3rnsaganTses. Y
AaHin CTaTTi HaBeAeHa 3afava Ha MOAENOBaHHS KONMBAIbHOMO pyxy, sika Moxe ByTu po3s’sa3aHa 3acobamu
MatLab i possonse cchopmyBaTh iHhOpMaLiiHO-MaTeMaTUYHY KOMMETEHTHICTb 3400yBadyiB BMLLOI OCBITU B
3aranibHOMY KypcCi (Di3nKW, a TakoX MokKasaTh MOXMMBICTb BUKOPUCTAHHS LbOr0 MaTeMaTU4HOro NakeTy npu
BMBYEHHI (DI3NKN.

KonuBanbHi npouecy Haa3Bu4ainHo PO3NOBCIOMKEHI B MPUPOLi Ta TeXHili. BoHu gonyckaloTb BUCOKWIA
piBeHb MaTeMaTWyHOI chopmanisadii, SkuiA [03BOSISE ONWUCYBATU KONMMBAHHS Ta KOSMMBArbHI Npouecu
Pi3HOMaHITHOT NPUPOAM OOHUMU I TUMM X PIBHAHHAMU. B OCHOBHOMY Mpu BUBYEHHI AaHOI TEMM PO3rISLa0THCS
NULLE KONMBAasbHi CUCTEMU 3 OAHUM CTyneHeM cBOBOAW, OAHAK Y peanbHOMY CBIiTi MOXINBE iCHYBaHHS GinbLuOi
KinbkocTi. Cuctemn 3 BaraTbma CTYNEHSIMW BiNbHOCTI (4O TakMM CUCTEM BIiQHOCATLCS 3B'si3aHi isnyHi abo
NPYXUHHI MasTHUKK, 3B'A3aHi KOTMBHI KOHTYPW, OBOATOMHI MOMEKYNM, 3B'A3aHi akyCTuuHi pesoHaTopu [20]
TOLLO) MaTb MPUHLMMNOBO HOBI €heKTI, MOB'S3aHi 3 0OMIHOM eHeprietd MiX CTYNEHSIMU BiNbHOCTI. 3pOCTaHHS
ynucna CTyneHiB BinbHOCTI (Binblue 2) SIKICHO He BNAMBaE Ha PO3B’A30K, NMPU LIbOMY KOHKpEeTU3aLlis qisnyHoi
NpMpoaM npouecy Ta PO3B'A3KYy NOCTaBMEHOI 3afadi 3MINCHIOETHCS 3a [JOMOMOMOK MPOCTWX  aHamorii,
HanpuKnag, MiXX MEXaHiYHUMK Ta ENEKTPOMArHiTHUMI KONMBAHHAMU. Y 3B’13Ky 3 0OMEXEHICTI0 poboyoro yacy
BuMLLe3a3HaYeHe [03BOSISE 0OBMEXMTUCS PO3IMAAOM MEXaHIYHMX CUCTEM 3 JBOMA CTYNEHSMM BifIbHOCTI.

[Mpu 0broBopeHHi gaHoro TUny 3agay Moxe ByTn BUKOpUCTaHa HaCTynHa MeToauka:

1. Ha nepLiomy 3aHaTTi:

- feTanbHWiA po3rnsg yMoBu 3ajavi;

- CTBOPEHHS PUCYHKY, NobyaoBa HEOOXIaHNX KpecneHb;

- aHaNITUYHWI PO3B’A30K 3aJavi B 3aranbHOMY BUrMs4i (3anuc HeOOXIOHUX MAaTEMATUYHKX PIBHSIHD);

- PO3rNsAg anropuTMy PO3B’'A3yBaHHS Ta KOMM'KOTEPHOI Nporpamu, ska byae BUKopucTaHa.

2. Ha HacTynHOMY 3aHATTi:

- CTBOPEHHS CTyAeHTamm BignosigHoro anny B MatLab Simscape;

- HanaroMKeHHs Nporpamu;

- POBEAEHHS Cepii 0BUNCIOBANbHNUX EKCNIEPUMEHTIB;

- iHTepnpeTaLis Ta 0POPMIIEHHS OTPUMAHMX PE3YNbTaTiB y BUMNALI rpadikis.

KoxHa nporpama [03BONSIE pO3B’a3aTh Ljifly CyKYMHICTb 3agay npu pisSHOMAHITHUX NapaMeTpax CUCTEMH,
noYaTKOBMX YMOBAX Ta 30BHILLHIX BNAMBax. IpadivyHe npeacTaBneHHs ¢isuyHoro npouecy pobutb 1Moro GinbLu
HarnsgHUM, a BMiHHS OydyBaTW Ta uuTaTh rpaddiku CbOrogHi € 000B’A3KOBUM AN haxiBUiB pisHUX
cnevjanbHOCTEN.

PosB’'sizaHHs 3agavi B cepegouwyi MatLab Bumarae HasiBHOCTI He nue TEOPETUYHUX 3HaHb i3
3aranbHoro Kypcy (isvku, ane TaKoX OBOSIOAIHHS OCHOBHWMU MOHATTAMW Teopil AudepeHuianbHux Ta
iHTerpanbHUX piBHAHb, MeTogamu nobyaoBM MaTeEMATUYHWX MOZENEN Pi3HOMAHITHWUX MPOLECB Ta SBMLY
NPMPOAO3HABCTBA | MaTEMATUYHUMK MEeTO4amu JOCHIMKEHHS | PO3B’A3yBaHHA OCHOBHWX 3a4a4 MaTeMaTUyHOI
i3nkn, METogamMu CTBOPEHHS HeCKnagHux nporpam 3acobamu iHhopMaLiiHUX TexHornorin. Y npoueci
MOZEINOBaHHSA 3000yBavi BULLOI OCBITY 3HANOMNATLCS 3 MOBOK NPOrpaMyBaHHs, L0 MICTUTb LLIMPOKWIA CMEKTP
(DYHKUiN, HTEerpoBaHe cepedoBulle po3pobkn Ta 0O’€KTHO-OPIEHTOBAHUMM MOXMMBOCTSMU MpOrpam,
HanMCaHWX iHWUMY MOBaMM NPOrpamyBaHHS.

Il Pesynomamu

Hwxye npeacTaBneHo Po3B’A30K 3afavi Ha BUBYEHHS KONIMBASIbHUX NMPOLECIB Y MEXaHiYHin CUCTEMI, B
SKIN MOXIIUBI 3B’A3aHI KONMBAHHS ABOX MaTepianbHKUX TOHOK (puc. 1).

k; ks ks

m; A/v\/vv\ﬁ m;

QO OHNG]

Puc. 1. Mpuknag cuctemm 3 6aratbMa CTyneHsMU BinNbHOCTI: 38’a3aHi MasTHUKM [20]
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Ockinbku pyx MaTepianbHUX TOYOK 3 Macamn m, Ta m, BiabyBaeTbCA B3LOBX OfHIEl KOOPAMHATHOI OCi
(OX), ans onucy cTaHy MexaHiYHOI CUCTEMM [LOCTaTHbO [BOX y3arafbHEHUX KOOPAMHAT: Xx;Ta X,; i ABOX
BIANOBIOHWX Y3aranbHEHWX LUBWUAKOCTEN: Xy, X,. 3aranbHOW OCOBMMBICTIO KOMMBANMbHUX MPOLECIB €
NepeTBOPEHHS EHeprii KONMBaHb 3 OOHOrO BWAY B iHWMA (MOTEHLiaNbHOI B KIHETMYHY Ta HaBMakv AN
MeXaHi4HWX KonMBaHb), abo 0BMIH EHEPriet0 MiX CTyneHs MM CBOGOAN CUCTEMM.

3anuwemo (yHKLito Jlarparxa onucaHoi cuctemm:

L= K+ K, — E(x1,x;),

ne K, K, — KiHeTUdHi eHeprii Took; E (x4, X, ) — 3aranbHa KiHETUYHa eHepris CUCTEMM.

2 2

_ MmyXi _ MaXy
Kl_z2 o 22’ 2
ki(x; — 1 ko(x, — 1 +1 k(x, — x4 — 1
By = 0= W b= b4 D Ky = 5=

BignosigHo cyHkuUis Jlarpanxa:

m15512 mzx% _ kq(xq — l1)2 _ ko (x; — lz)z _ k(x, — x4 — l)z

L== 2 2 2 2

MoBHa MexaHi4Ha eHeprisi CUCTEMU:

E= myxf maxs  ky(xy— 1)? kp(xa =L+ D k(x — x — 1)?
2 2 2 2 2

3anuLemo cucTemy piBHsHb JlarpaHxa (PIiBHSHHS pyXxy):

d /0L oL
alax) - 75 =0
d /0L JdL
a(a—Q‘a—xz— 0
my¥y + k(e — L) — k(xy— x, — D) =0,
{mzjc'z +hky(xy— Li+D)— k(x;— x;— 1) =0. (3)

PoarnaHemo HamnpocTiwwii Bunagok cuctemn (3): L, =1, =1, my =m, =m; k, =k, =k, e
l1,1, 1, — DOBXUHW NPYXHKX 3B’A3KIB (MPYXWH) B HeAehopMOBaHOMY CTaHi, k4, k, ko — KOeQiLliEHTW MPYXXHOCTI
3B’AA3KIB (NMPYXWH).

[lonaBLumn piBHSHHS cucTemi (3) Ta BBIBLUM NO3HAYEHHS w3 :ﬁ (wo — UMKNiYHa YacToTa BrACHWX
KONWBaHb BaHTaXy 1 Ha NPYXWHi 3 KOEILIEHTOM NPYXHOCTI k), OTPUMAEMO:

m(¥, + ¥,) + k(x; + x,) — 3kl = 0. (4)

lMo3HaunMo CyMy KOOpAMHAT MaTepianbHIX TOYOK, K OKPEMY KOOPAUHATY: ¥ = X; + X,.
Topi piBHSHHA (4) MaTUMe BUTNAL;

j + wiy = 3wil. (5)

3HanaemMo po3B’a30K PiBHAHHS (5), Ik CymMy 3aranbHOro PO3B’A3Ky OAHOPIAHOMO Ta YaCTKOBOrO PO3B'A3KY
HEOAHOPIAHOTO PIBHSAHb:
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y(t) = Y3.0. + Yau = C COS((‘)Ot + <p0) + 31 (6)
y(t) = C cos(wot + @g) + 3L.

BianoBigHO WBMAKOCTI i NPUCKOPEHHS:

x1(t) +%,(t) = — woc(wet + @o);
k1) +%,(t) = — wic(wet + @q).

3anexHocTi x4 (t) Ta x,(t) HanexaTb [0 CiMeAcTBa DYHKLIN i3 3aranbHAM BUMNISAOM:

x1(t) = Cy cos(wt + @) +a+ f(b),
{xz(t) = C, cos(wt + @) + b — f(t). (7)
peCi+C,=C;a+b=3L

Mpu LbOMY, BUXOASAUM 3 FEOMETPUYHNX Ta MeXaHiYHMX obmexeHb 3agadi, yHKia f(t) NoBMHHA MaTy
obractb 3HaueHb:

f() € [g—a; 31— (%+a)].

ObmexeHiCTb 3HayeHb f(t) 4o3BoNsie 0bpaT OQHUM 3 BapiaHTiB il BUTNAZY rapMOHIAHY (yHKLUitO 3
amnniTygoto:

C C C
; =(3l—(7—a) :31—7—a—7+a:31_c
m 2 2 2
Taka (hyHKLi MOXe MaTu BUTNSA;:
_3l-¢C 31— 2a
f() = 3 cos(wt + a) + > (8)

OTpumyeMO CiIMENCTBO (DYHKLNA, [0 AKOr0 HanexaTb PO3B'S3KM NOCTABNEHOI 3aaaui:

C 31
x,1(t) = Ecos(wot + @) + cos(wt + a) + -

I—C 31 9)

C
x,(t) = Ecos(wot + @) — 2 cos(wt + a) + 7

MigcTaBumo po3s’asku (9) y Bupa3 (2) Ans NOBHOI MEXaHivHOI eHepril:

(31— C)?

E =2 (C?k +30%) +
4 4

m (ngcosz(wt +a) + w?sin?(wt + a)).
YmoBa KOHCGpBaTMBHOCTi CcucTtemn y JaHoMmy BuUnanKy Moxe BUKOHYBaATUCA NnuLle Ana BUnaaky:
w? = 3w3; w = V3w,.

B ubomy Bunaaky:
2

3 31
E= ch¢)§(9l2 —41C) + e (10)
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lNpoBeaeMo MoZentoBaHHS NOBEAIHKM 3B'A3aHMX KONIMBaHb ABOX MaTepianbHux To4ok (puc. 1) B MatLab
Simscape.

BuxigHumn (3agaHnmin) napameTpamm 4ns MogentoBaHHs byayTb:

1) napameTpu camoro MasiTHuKa (puc. 2);

2) NoYaTKOBI YMOBM PYXy MasiTHMKa:

- IOYaTKOBE BiAXWUIEHHS B BepTUKani;

- noyaTkoBa 6€3po3MipHa LIBKUAKICTb CUCTEMU.

W Editor OF'q VWorkspace @
Untitled.m + Name

1- ml=21000; d Hu

2-  m2 = 20000; H

3- k1 = 500000; H

4- k2 = 400000; Hi mi1

5- k3 = 3000; i m2

Puc. 2. BuxigHi napameTpu Ans MOAENtoBaHHS NpeacTaBeHoi CUCTEMU

Cdpopmyemo  B510K-CxeMy, 3LINCHIOYM MOAENOBAHHS MOBEAIHKM CUCTEMM CMOMYYEHUX MasTHUKIB,
HaCTYMHUM YUHOM:

- B OCHOBY OnOK-CXeMW MOKnagemo ABi Macu (mass), ki 3'e4HaHHi TpbOMa MpyxuHamn (spring) i3
Aemndpepamu (damper) mMix coboto nocnigosHo i mxepenom cunm (Force Source) Ans 3aBAaHHs NOYaTKOBOrO
konueaHHs. 3 060x GokiB po3TalLoBaHi onopHi Touku (Mechanical Translational Reference);

- NS 3HATTA NEPEMILLEHHS Macy Ta LIBMAKOCTI KONIMBAHHS Macu BUKOpUCTOaeMo ceHcop pyxy (Motion
Sensor). Ockinbkn 6rok-cxema Byna nobygosana i3 6rokis Simscape, a Data inspector BUKOPUCTOBYETHCS 3
Bibniotekoto Simulink, To BMKOPUCTAEMO NEPETBOPIOBAY BXIAHOMO hisnyHOro curHany B curHan Simulink
(Simulink-PS Converter).

Ha puc. 3 HaBeaeHo Bnok-cxemy, sika peanisye BkasaHi igei.

o —
speed1
o —
massal
Motion
massa Position |
- - Motion Sensor1 c°;§;$3
Sensor P
- KA
. \R—e c * Y
Damper Damper1 Damper2
R R C R g
<
° o " - . . o . p
R C R & (
Force
'“) > Spring Mass Spring1 Mass1 Spring2 Source
x) =

Puc. 3. Bniok cxema cucTeMm 3B'a3aHUX MasTHUKIB
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BukopucTtoBytoum MeHto Simulation BikHa ronosHoi 6r1ok-cxemu, a B nigpo3gini Simulate, sika 3'aBnseTbes
npu LboMy, — komaHgy Run, 3anyckaemo npoLec MoAentoBaHHs CTBOPEHOI S-Moaeni MasTHUKa. 10 3akiHueHi
yacy mogentoBaHHs (Stop Time=20 s) Buknnkaemo komanay Data inspector, 06upaemo notpibHuir rpacpik Ta
nepiog (puc. 4, a). Y Data inspector moxnuso obupaTi gekinbka rpadikiB 04HOYACHO Ans AeTanbHOro,

HarnsgHoro aHanidy. Hanmpuknag, obupaemo speed, speed1 (puc. 4.6) Ta oTpumyemo rpadik 3anexHoCTi
LUBMAKOCTI KONMUBAHHS Macu BiBHOCHO Yacy.

Emmassal B massa

speed M speedi

Puc. 4. I'padhiku 3anexHOCTi: a) NOMOXEHHS Macu Big yacy; ) WBMAKICTb Macy Big Yacy

IV 062060peHHs

CTpyKTypOBaHuit Migxia 4O BWKNMAZEeHHs Matepiany, L0 BKMKOYAEe OCHOBHI TEOPETWYHi BiZOMOCTI i
AeTanbHO posibpaHuii MpUKNaj po3B’A3yBaHHS 3adadi, [O3BONSE CTyAeHTaM He fuile OBONOAITU
MaTeMaTU4HUM anapaTtoM, ane W HaBYATUCH 3aCTOCOBYBATW WOTO MpW PO3B’A3yBaHHI MPUKIagHUX 3agau.
3anponoHoBaHa Mogenb  (hOpMyBaHHs  iHGHOPMALiNHO-MATEMATUYHNX  KOMMETEHTHOCTEN — [403BOMNSE
3aCTOCOBYBATU CTyAEHTaM Yy MOBHIA Mipi pauioHanbHi po3gyMu: OCMUCTIEHHS (PI3UYHUX BracTUBOCTEN
LOCHIKyBaHOro 06’ekTa; BUCYHEHHS TiNOTE3 NPW aHanNiTUYHOMY Y1 YACIIOBOMY PO3B’S3yBaHHI 3afay; PO3yMHi
aHarnorii, yTOYHEHHS, KOHTPOMb 36XHOCTI | NOXMBKK 06YMCNIOBAMNBHOTO anropUTMy PO3B’A3yBaHHA 3a4ay TOLLO.
I3 OCBIQY BUKOPUCTaHHA B 3aranbHOMY Kypci (hi3ukn MOLENOBaHHS AMHAMIYHUX CUCTEM 3a JOMOMOTOK NaKeTy
Simscape MOXHa CTBepKyBaTH, L0 3aMiHa TeKCTy npoueaypu Brok-cxemMamu piBHsHb pyxy € 6inbLu

HarnsAHOK | A03BONSIE KOHTPOMIOBATW NPaBUMBHICTL HAbOPa LUMSXOM PO3YMiHHS (Di3NYHOTO 3MICTY OKPEMMX
OnoKiB Ta iX B3aEMO3B'A3KiB.
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Kpim TOro, Lo 3acTocyBaHHA 3ampOMOHOBAHOrO MiAXOZy ChpUSE PO3YMIHHIO YUCMOBMX METOZIB
PO3B’A3aHHS AndepeHLianbHUX Ta iHTerparnbHUX PiBHSHb, BOHO TaKOX CMPUSE BCTAHOBIIEHHIO MKNPEAMETHUX
3B'A3KIB MiXX MaTEMATMKOLO, (DI3NKOKD, IHPOPMATUKOI Ta NiABMLLYE iHTepeC 40 BKa3aHUX AUCLMMIIH. Y npoLeci
TaKOr0 HaBYaHHS y 3000yBayiB BULLOI OCBITM PO3BMBAETHLCS HAYKOBMIA CBITOMNSAM, JOrYHE M anropuTMiyHe
MWUCMNEHHsI, TBOpPYa aKTWBHICTb Ta CaMOCTIiHICTb. CTyaeHTW HabyBatoTb YMiHb Ta HaBMYOK 3aCTOCOBYBATM
3HaHHS SIK B HACTYMHOMY BMBYEHHI HLLMX AMCLMNAIH, TaK | ManbyTHI NpodheciiHii AisnbHOCTI.

IMpouec dhopMyBaHHs iHhopMaLiHO-MaTEMATUYHOT KOMNETEHTHOCTI MalbyTHIX iHXeHepiB B 3aransHOMY
Kypci (Di3WKW BKITOYAE Kirlbka KOMMOHEHTIB, SIKi B CYKYMHOCTI YTBOPIOIOTb CUCTEMY, fiKa € HEBIZ EMHOI0
CKNafoBoK NPOECINHOT NiArOTOBKM KOHKYPEHTO3A4AaTHOrO, FOTOBOMO A0 adanTalil i CaMopo3BMTKY criewianicTa.
[laHa cuctema BKNoYae:

- NiABULLEHHS MOTMBaLii, NPOOYmKEHHs iHTEpeCy [0 BMBYEHHS (i3nKu, MaTeMaTuky, iHhopMaTiKi Ta
BaxaHHi camopeaniayBaTucs — MOTUBAL|iiHAA KOMMOHEHT;

- YMiHHSI NPOSIBAATU KPEaTMBHICTb, FOTOBHICTb A0 KPUTUYHOTO MUCIIEHHS Ta TBOPYOTO OCMUCHEHHS
BMKOPUCTAHHS OTPUMAHMX 3HaHb, YMiHb Ta HaBUYOK — TBOPYUIA KOMMOHEHT;

- YMiHHS pO3B’si3yBaTK hidnyHi 3aaavi, Bubip npuitomie i CnocobiB po3B’s3yBaHHs HECTAHAAPTHMX 3aday,
3aCTOCYBaHHA MaTeMaTUYHOro Ta iH(OPMALIMHOTO IHCTPYMEHTapIiB Mif Yac po3B’A3yBaHHS 3afad, 3HaHHS
IHTerpaLinHux 3B'a3KiB NpeAMETIB 3aranbHOTEOPETUYHOI NIArOTOBKW — OnepawiiHO-TEXHOMONYHUA KOMIMOHEHT;

- PO3B’A3yBaHHA NPOMECINHMX 3a4aY i3 3aCTOCYBaHHAM MaTEMATUYHUX Ta iH(hOPMaLiHUX TEXHOMOTIN —
AiSNBbHICHUA KOMMOHEHT.

Takum YmHOM, B npoLeci opmyBaHHS iHPOPMaLiNHO-MaTEMATUYHOT KOMMNETEHTHOCTI Nif Yac BUBYEHHS
3aranbHOro Kypcy (isuku OCHOBHI 3aBaHHs NOMSAralTb Y (hOPMYyBaHHI:

- NO3WUTUBHOIO CTABMEHHS 40 BUBYEHHS (Di3NKO-MaTEMaTUYHWX AUCLMNAIH Ta 3aCTOCYBaHHSA OTPUMAHUX
3HaHb Y ManbyTHii NpodeciiHii AisnNbHOCTI;

- YMiHHS npaBunbHO obupaTi iHPOpMAaLiHi Ta MaTeMaTUYHi iHCTPYMeHTapii 40 PO3B’A3yBaHHs
NpUKNagHUX 3agav;

- YMIHHS Y BiANOBIAHOCTI A0 NMOCTABIIEHOMO 3aBLaHHS IHTEPNPeTYBaTH Ta BUKOPUCTOBYBATU OTPUMaAHY
iH(bopmaLio;

- BMiHHS Ta HaBMYKY i3 OpraHisaLlii CaMoOCBIT Ta CaMOPO3BMTKY, 3 METOH NOMOBHEHHS BMACHUX 3HAHb.

V BucHosku

Y pocnigpxeHi NpoBedeHO TEOPETUYHe Y3araribHEHHS | 3anponoHOBaHO Migxig 40 (HOpPMyBaHHs
iH(hOpMaLitHO-MaTEMATUYHOI KOMNETEHTHOCTI 3400yBayiB BUMLLOI OCBITW IHXEHEPHUX CreuianbHOCTen Y
3aranbHOMY Kypci (hi3nki i3 3aCTOCYBaHHSM NakeTa BidyanbHOro nporpamyBaHHs Simscape.

IH(hopMaLiHO-MaTeMaTyHa KOMMNETEHTHICTb ManbyTHLOTO IHXEHEPa € BaXMMUBOLO AKICTIO (haxiBus, sika
3abe3neyvye 30aTHICTb YCBIAOMMEHO | CaMOCTIMHO 3acTOCOBYBaTW iH(POPMALMHMA Ta MaTEMATUYHWIA
IHCTpYMeHTapii BigNOBIAHO 4O NOCTaBNEHWX 3aBhaHb. CTPYKTYPHI KOMMNOHEHTU iHOpMAaLLiiHO-MaTeMaTUYHOI
KOMNETEHTHOCTI (MOTUBALNHWA, TBOPYWIA, OnepawiiHO-TEXHOMOMYHUIA, AiSNbHICHUA) NPeaCcTaBneHi PisHUMY
XapaKTepPUCTUKaMK (3HaHHSI, BMiHHS, HABUYKI, MOTUBW, 3AIGHOCTI, LOCBIA TOLLO), @ iXHE NOEAHAHHS NPU3BOAMUTD
[0 0BONOZIHHA (DI3UYHUMU, MaTEMATUYHUMM Ta IHPOPMALIAHAMI 3HAHHSMU 1 YMIHHSAMM B MPOLLECT HAaBYabHOI
RiSNbHOCTI; iHTerpaLii 3MiCTy ZUCLMNIIH; CPUSE NPUCKOPEHHIO OTPUMAHHS 3HaHb Ta BMiHb CTYEHTIB, @ TaKOX
iX HaBMYOK CamMOCTIHOI pobOTM Ta NoAanbLLOT NPOdECINHOI AiANbHOCTI.

IHTErpaLis MaTeMaTU4HOro Ta KOMM IOTEPHOMO MOAENIOBAHHS B KYPC (i3NKM CIPUSIE PO3BUTKY KPUTUYHOIO
1 anropuTMiYHOrO MUCTIEHHS Ta TBOPYOrO OCMMCIIEHHS! BUKOPUCTaHHS 3006yBadYami BULLOT OCBITU OTPUMAHUX
3HaHb, YMiHb Ta HaBWYOK Yy MpOLECi PO3B'A3yBaHHA 3adady. Y pesynbTati iHTepec CTYAEeHTIB 40 MpeameTy
3pocTae, a LBMAKICTb OCBITHHOrO MPOLECY 3pOCTae, WO MPU3BOAWUTL A0 MIABMULLEHHS SKOCTI BUKNAZaHHS
AVCLMNAIHN.
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