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ITPO BUKOPUCTAHHSA MAKETY MAPLE B KYPCI <MATEMATHYHE MOJEJIJIOBAHHS» IS
CTYJAEHTIB ®I3UYHUX CHEIIAJIBHOCTEN

Awnotanis: B crarti mpornoHyeTbes ifes BHKIAaZaHHS Kypcy «MaTeMaTH4HOro MOJEIIOBAHHS» Ha 3aBJAHHAX i3 HapajelbHOro Kypey
«KommrekcHi aHami3» cTygeHTaM (i3HYHUX cnerianpHocTeil. Takuit miaxXix JO3BOJSE TPOJEMOHCTPYBATH MOMKIMBOCTI MAaTEMAaTHIHOTO
maKera # IpH IIbOMY 3aKpillUTH METONM PIIIeHHs 3aBJaHb KIACHYHOTO MAaTEMAaTHYHOTO KypCy, HAOUHO Ja€ MOOaYUTH MiXKIIPEIMETHI
3B’S3KH, J]AJIEKO HE OYEBUIHI CTY/ICHTaM.

Kurouosi ciioBa: Maple.

Beryn

BrpoBapkeHHsT Cy9acHHX TEXHOJIOTIH y Mpollec HaBUaHHsS CIPHUSE MiIBUNICHHIO PiBHA 1HQOpMaIiitHOT
KyJIBTYpH CTYJACHTIB. BHUKOpHCTaHHS KOMIT IOTEPHHX TEXHOJOTIH TNPH BHBYEHHI HOBOTO MaTepialy Hajmami
TPUBOJIUTH J0 KPAI[oro HOTO 3aCBOEHH:, HAOIMKA€E MPOIleC HABYAHHA 10 HAYKOBOTO MmoImryky. He3Baxkarouu Ha
Te, IO MAKETH KOMIT IOTEPHOi MaTeMaTHKH TPAIIOIOTh 32 IPUHIIUIIOM «I0PHOI CKPUHBKI»: HA «BXOJI» — BXiIHI
JIaHi, Ha «BUXOJi» — pe3ynbTaT (P [bOMY XiJl PO3B’s3aHHS 3aBIaHHS KOPUCTYBaueBi MOKe OyTH HEBIIOMUIL),
MOJKHa Ha0yTH BMIHHS BUKOPUCTATH I[i MTAKETU Ta ONAHYBATH aHAIITHYHI MCETOAM PO3B’sA3aHHS OIHOYACHO. Y
bOMY W CKJIAaJAEThCS MECTCHTBO BHUKJIAgaya, W0 MiAOWpae KOHKPETHI 3aBlIaHHS KOHKPETHUM CTYICHTAM.
[paBunpHuA NinOip 3a71a4 103BOJISE MTOBTOPUTH BUBYCHHI METOJ 1 IIPOAHANI3YBAaTH OTPHUMAHHUI PO3B’30K.

AKTyaJlbHIiCTh TeMHU

B emoxy iHpopmaniiHOro Oymy, Koiu iH(opMaIs € Bce OLIBII JTOCTYITHOI, 00CAT MaTepiany, sSKHA
Tpeba MOHECTH BHKIJIAgady, Bce 30UMBIIYETHCS, a Yac, HEOOXIAHMU ISl IIOTO, 30UIBIIMTH HEMOXIWUBO. Jlis
MiABUIICHHS €()EeKTUBHOCTI 1 SKOCTI HaBYAaHHS HEOOXiJHO 3MIHIOBATH MiJXOIH, METOAM, NTPUAOMH HAaBYaHHS.
3po3ymino, o OiJIbllle HABAHTAXUTH CTYJIEHTIB HEMOKIIHMBO, SIK HEMOXJIUBO 1 301JIbITYBAaTH KiJBKICTh TOAMH 3
OJIHUX MPEIMETIB 32 paXyHOK 3MEHIIeHHS 3 iHImuX. L[ mpobieMa rocTpo CToiTh mepes] BUKIaladamH.

MixnpeaMeTHi 3B S3KH € OJHICI0 3 HAMBAXKIUBIINX AUJAKTUYHUX YMOB IiBUIICHHS HayKOBOTO PiBHSA
BUKJIa[JaHHS HABYAJIbHUX TICIMILIIH | e)EKTHBHOCTI HABYAIBHOTO MIPOIIECY B LIJIOMY.

IHocTanoBka nmpodJaemu

TicHUI 3B’S30K HAyK MPUPOJHUYO-MATEMATHUYHOTO IUKIY € BiMOOPaKEHHSM B3aEMO3B’SI3KIB 1 B3a€EMO-
obymoBneHocti y BeecBiti. Lleli gakT MoXHa 1 TOTPIOHO BUKOPHUCTOBYBATH SIK OCHOBY JUISI MIKITPEIMETHHUX
3B’S3KiB, BUKOPHUCTAHHA SKUX Mae OyTH OpI€HTOBAHO HA PO3KPHUTTS TBOPYOTO MOTEHIliATy, CTBOPEHHS LiJIICHOT
KapTHHH CBiTY, 3 Xa0CY CTBOPHUTH B3a€EMOTIPOHUKHY CHCTEMY iH(popMaIIii.

VY 3B’s3Ky 3 MM Tpeba MeperjsiHyTH IporpaMy Takux npeametis sk «lHdopmaruka», «MaremaTHyHe
MOJIeIIIOBaHH:» TOIIO0. [I0TpiOHO HE OKPEMO CTBOPIOBATH MPOTPAMH IS IUX MPEAMETIB, 3 KBHUKHYTH» B 3MICT
CYMDKHHX TPEIMETIB, CTBOPUTH E€IUHY CHUCTEMY IPOrpaM, Yy sIKii OM TEepeKIMKaINCh TEMH 31 CHCMiaJbHHUX
npeamMeTis. Lle BUMarae HeMaaux 3ycHiIb Ta 4acy BHKJIaada.

Posrisnemo npukian BUBUCHHS naketa Maple y kypci «MareMaTndaHOTO MOJICITIOBAHHS Ha 3aBJaHHSIX
i3 mapanenbHoro kypcy «KomrutekcHuit anani3y [1, 2]. Takwii niaxix 103BOJSE MPOASMOHCTPYBATH MOKIHBOCTI
MaTeMaTHYHOTO MakeTa W MpPH IbOMY 3aKPIMHUTH METOIU PO3B’S3aHHA 3aBJaHb KIACHYHOTO MAaTEMATHYHOTO
KypCy, HA04YHO Ja€ MOOauNTH MIXKIIPEIMETHI 3B’ 3KH, AAJIEKO HE OYEBUIHI CTYICHTaM.

Merta ny0Jikamii

VY BHIIIN KO MDKIIPEAMETHI 3B’SI3KM MOYXKHA 3/1IHCHIOBATH TaKUM YMHOM: TO-TIEpIIe — NPH BUBUCHHI
HOBOT'O Marepially 3BepTaThCs IO OTPUMAaHUX paHillle 3HaHb 3 IHIIUX MPEIMETIB; 0-ApYyre — po3B’I3yBaTH 3ajia-
4i, sIKI BUMararoTh y CTY/ACHTIB KOMIUICKCHOTO BUKOPHCTaHHS HAOyTHUX 3HAaHb 3 IHIIMX NPEJIMETIB; MO-TPETE —
BHUKOHYBATH €KCIIEPHMEHTAIbHI POOOTH, SKi BUMAararoTh THYYKOI CHCTEMH 3HAaHb, BITOMOCTEH 3 HOBCSIKAECHHOTO
KHUTTSL.

OmHIM 13 MaKpOTIPOCTOPIB JIJIsT BUKOPUCTAHHS MIKITPEIMETHUX 3B’ A3KIiB € pO3B’s3aHHs 3a7a4. B 3amagax
HAMOLTBIT YiTKO MPOCIHTITKOBYETHCS 3aCTOCYBAaHHS 3B S3KiB MiX 1H()OPMATHKOIO, (Gi3NKOIO Ta MAaTEeMaTHKOIO. J{71s
CTYZACHTA, SIKUI HEe JOCHUTH 00i3HaHMUI 3 X HayK ab0 HE JOCHTH YITKO pO3yMi€ iX B3a€EMO3B’S30K, PO3B’I3aHHA
HaBiTh HECKJIQJIHUX NPAKTUYHUX 3a]a4 MOKE BUKJIMKATH BEJIUKI TPYAHOILII.

Metoro cratTi € po3pobka Temu «Po3B’s3aHHs nihdepeHIiHHNX pIBHAHB 1 iX CHCTEM METOIaMHU
OIepaIifHOTO YHCIEHHS» B Kypci «MaTeMaTH4HOro MOJEIOBAaHHS», BUKOPUCTOBYIOUHN MakeT Maple, a Takox
METOJIMYHI pEeKOMEHALIT 1010 1IHOTO.
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AHaJii3 0CTaHHIX J0CaiIzKeHb i myOaikanii

KinbkicTh myOumikariii, mo cTOCyIThCS ONHUCY Ta BUKOPUCTAHHIO TTakeTy Maple B CBiTi Iy)ke BelnKa, ajie
MPSMUX aHAJIOTIB MM 3HAHTH He 3MOINIK. bo B cTaTTi MM Hamaraiucs MpoJIEeMOHCTPYBATH HE JIMILE MOXKIMBOCTH
JAHHOTO MaTeMaTHYHOTO IIaKeTy, JUIs 3HaMCTBA 3 HMM ICHYIOTHb JIOCHTH T'apHi 1 Jy)Ke BEJMKI NOCIOHHKH,
Hanpukian [3 — 7], a TI MOKJIMBOCTI, SIKi JIO3BOJISIIOTH IIBUIIMTH HA0YHICTh Y4OOBOr0 MaTepialy Ta yHUKHYTH
YEPHOBHUX TPYJIOMICTKHX PO3PaxyHKiB.

Po3p’sa3anHs 1udepeHUiliiHNX PiBHAHB i IX ccTeM MeToAaMM onepaniiiHOro YucJeHHs

B Maple € 6arato MOXKIMBOCTEH BHpPIIIyBaTH AH(EPCHIINHHI piBHAHHS Ta iX CHCTEMH SK aHATITUYHO, TaK
i urcenbHO [3 — 7]. Jlyst 3HAXOHKEHHS aHAIITHYHHUX PillleHh 9aCTO BUKOPUCTOBYIOTh KOMaHay dsolve.

VY rapHMX BHUNAAKaX, a CTyJEHTAaM TUIBKH Taki 3aBXIM W IIPONOHYIOTH, OyAe OTpUMaHe 3arajbHHUN
PO3B’SI30K 3aJaHOTO PIBHAHHS a00 CHCTEMH. Y CTY/AEHTIB MOKE CKJIACTUCS BP)KEHHS, 10 BOHM BUTPATHIIHN Yac
MapHO, BUBYAIOUH, SIK MiHIMyM, CEMECTPOBHUIl Kypc audepeHIiiHIX piBHAHB. AJie, HaBiTh, y TaKil, 31aBaiocs O,
Oe3HaniiHIN cuTyanii BUKIagay MOXKEe MOCTABUTH 3aBJAHHS TAKUM YHHOM, IIOO CTYZAEHTAaM JJOBEJIOCS AyMAaTH i
3ra/lyBaTH BUBUCHHI MaTepiall.

Ilepmie 3aBmaHHS [JA€ThCA 3 METOK O3HAWOMIICHHS 3 MOXJIMBOCTIMU Maple, Ta IeMOHCTpye
«pO3B’SI3aHHS B OJTUH PSIOK.

y"—3y'+2y=et,
»(0)=0, y'(0)=0.

Mpuxaax 1. Bupimury 3anavy Komri:

BBoammo ymoBH 3a1adi:
> odu:=diff(y(t),ts$2)-3*diff (y(t),t)+2*y(t)=exp(t): odu;,
> 1ic:=y(0)=0,D(y) (0)=0: ic;
d? d
— (@) |-3| — (@) |+2y(t)=¢
dtzy() (dty()j y(1)

¥(0)=0, D(y)(0)=0

1) Bupimmmo nie nudepeHIiifte piBHIHHS, HE BKa3yFOUH METO]I PO3B’sI3aHHS.

> dsolve({odu,ic},y(t)): expand (%),

2
y(t)=—¢'t+ (et ) —é'
> assign (%%); simplify (odu) ;
el — el
3ayBaKEHHsI: CTYJCHT NOBHHEH BUBECTH YMOBHU 3aBIAaHHS B «HAWKpacHUBIIIOMY» BUIVIAAL ¥ 3poOuTn
NepeBipKy OTPUMAHOTO PO3B’S3KY.

Tenep Tpoxu ycki1aJIHUMO 3aBJaHHs, OJJHOYACHO PO3IINPIOIOYH 3HAHHS PO QyHKLi0 dsolve:
2) Bupimmm nane audepeHIiiiine piBHIHHS ONEpaIiiifHIM METOIOM.
Jlst boTo MOTPiOHO NUTIIe JoMaTH 1me oauH napamerp method=laplace pynkmii dsolve.

> dsolve ({odu,ic},y(t) ,method=laplace) : expand (%) ;

t t 2 1
y(t)=—ct+(e') —e
Sk 1 cig Oyno crioiBaTHCS, IIEH PO3B 30K CIIBIIAJE 3 OTPHMAaHUM PaHIIIe.
Maple mo3Boisie moOymyBaTu Tpadik po3B’ 3Ky IBOTO PIBHSAHHS 0€3 HOro 3HAXOKCHHS.

3) He Bupimyrouu 3aaauy Kouri, mooyayemo rpadik ii po3s’s3Ky.
> with (DEtools): DEplot (odu,y(t),t=-2..2,y=-1..3,[[ic]])

37
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Pucynox 1 — I'padik po3B’s3Ky qudepeHmiiHoro piBHAHHA

Jami Tpilmku yCKIaJHeMo 3a1a4y.
4) TTokazatu JOKJIAHUH XiJ pO3B’sI3aHHS OTIEpAIliiHUM METOJIOM.
> with(inttrans) :
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> odu:=diff(y(t),ts$2)-3*diff(y(t),t)+2*y(t)=exp(t): odu;,
> ic:=y(0)=0,D(y) (0)=0: ic; laplace(odu,t,p)

d? d
[;y(t)j - 3(5 y(t)j +2y(t)=¢'
y(0)=0,D(y)(0)=0

p’ laplace(y(¢),t, p) — 3 plaplace(y(1),t, p) + 2laplace(y(¢),t, p) = ﬁ
BuxopucrtoBytoun ¢yHKIi0 laplace, 3HaXOAUMO 300pa)KeHHS BiZpa3y BCiX JOJAHKIB, IO BXOIATH Y
JaHe IuQepeHIliiiHe pIBHIHHA, Xo4ya BHUIJSA OACPKUMO TPOXH HE3BHYHHI. BUKOHAEMO MiJCTaHOBKY B
OCTaHHBLOMY PIBHSHHI, 1100 0JIep KaTH 3BUUHUIN BUTJISAJ PIBHSIHHS B 300pa)KCHHSX.
> subs(laplace(y(t),t,p)=Y(p),%)
BupimmmMo otpumane Jiniline piBusHHsA BigHocHO Y (p) .

> Y(p):=solve(%,Y(p))

. 1
pY(p)-3pY(p)+2Y(p)= I

PO3KJ’[aI[eMO Ha MHOXHUKHW 3HAMCHHHUK OTPUMAHOT'O I[p06y.
> Y(p):= factor(Y(p));
1

p —4p*+5p-2

Y(p)=

JHani poskiagemo Y(p) y cyMy npoctux apo0is.
> Y (p) :=convert (Y (p) ,parfrac,p);

Y(p)m

2
(p-2)(p-D
PoGuistaun 3B0poTHE MepeTBOopeHHs Jlamiaca, 01ep)KUMO OCTATOYHY BiJIITOBIIb:
> y:=t->invlaplace (Y (p),p,t): "y(t) =y(t);

1 1 1

Y(p)=- — >+
r-1 (p-1) p-2

3ayBaskeHHs. Y ce BHIIE CKa3zaHE MPAIIO€ HEe TUIBKH IS PO3B’SI3aHHS JiHIHHIX TU(QEpPeHIIHHNX PiBHAHB
i3 mOCTIHHMMHU KOoe]illieHTaMH, a i 31 3MiHHUMU. ['0JIOBHOO BiIMIHHICTIO Oy Te, 0 B 300pakeHHsIX BUiie HE
anreOpaiyHe JiHiliHEe pIBHSAHHSA, a JiHiiHE audepeHLiliHe pPIBHAHHS IIONO 300pa)KCHHs MIyKaHOi (QYHKII.
AHAJIOTIYHO BUPIIIYIOThCS U cHCTeMH AU(EepCHLIHHUX PiBHSHb.

Tenep 3aBnanHs 1e pa3 yCcKIaIHEMO.

Mpuxaanx 2. Bupimmru 3agauy Komi: y"+y = f(¢), »(0)='(0)=0, sxmo ¢pynxuis f(z) 3amana
rpa¢igHo:

Pucynox 2 — I'padix ¢pynxuii f(¢)

. . Lt>0 . .
3a onomoroio dynkiii Xesicaiina 7(t) = {O’ 0 3a1aiy (QyHKIIIO MOKHA 3aITACATH y BUTIISII:
<
b

F@=n()-2n(t-1)+n(t-2).
B Maple ¢pynkuito Xeicaiiga mo3HayaroTe Heaviside (t).
> with(inttrans): with (plottools):
> odu:=diff(y(t), tS2)+y(t) = f(t): odu; ic:=y(0)=0,D(y) (0)=0: ic;
> f:=t->Heaviside (t)-2*Heaviside (t-1)+Heaviside (t-2): “f(t) =f(t);
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[j— y(r)) ()= £(0)
t

y(0)=0,D(y)(0)=0
f(¢t) = Heaviside(t) — 2Heaviside(¢ —1) + Heaviside(t — 2)

[o6ynyemo dyukuito f(¢) # yneBHUMOCS, MO AHATITHYHUN BUpA3 175 Hel GyJI0 HAMUCAHO TPABUILHO.
Xoua, 3BHYaiiHO, HISIKUI MaJIOHOK HE € J0Ka3oM!
> pl:=plot(f(t),t=-1..3,thickness=3,discont=true,color=black):
> p2:= 1line([(1,-1], [1,1], color=grey, linestyle=3):
> p3:= 1line([(2,-1], [2,0], color=grey, linestyle=3):
> plots[display] (pl,p2,p3) ;

Pucynok 3 — I'padik Gpyukuii f(¢)

TMoxanenrn i moaiOHI BUKIAACHUM paHille.
> laplace (odu,t,p);

1— 26(*1)) + 6(7217)

p’ laplace(y(2),t, p) + laplace(y(¢).t, p) =
> subs (laplace(y(t),t,p)=Y(p),%)
pY(p)+Y(p)=

> Y(p):=solve(s,Y(p)); y:=t->invlaplace(Y(p),p,t): "y (t) =y(t);
1=2 (=p) (=2p)
Y(p):: e 2+€
p(p~+1)

1— 26(*12) + 6(721))

2

2
. . 1 .. .
y(t) =1—cos(t) —4Heaviside(t —1)sin (% - EJ + 2Heaviside(? — 2)sin (é - 1]

[Toka3zaBuu Bce e CTyIeHTaM y OyIb-sKiil JOCTYIHIH hopmi: a0o Ha Jiekiii, a00 Jar0Uu «PO3IPYKIBTKY»
Ha MPaKTHIHOMY 3aHSTTI, JA€EMO KO)KHOMY 1HJIMBITyalbHi 3aBIaHHS, HAIPUKIIA, TaKi.

1. BukopucTOBYIOUM METOAM OTEpamiiHOTO YHCIEHHs, BUpIMMTH 3anady Komi
JUIA 3BUYaifHOTO MudepeHniiHOT0 PiIBHAHHS:

V'+4y' +29y=e,y(0)=0,y'(0)=1.

2. BUKOpHUCTOBYIOUM METOAM OMNEPalifHOrO YHCIEHHS, BUPIIIUTU CHCTEMY
3BUYAMHUX JU(EepeHIIHHUX PIBHSAHB!
X'=x+3y+2,
!
y=x—-y+1.

3. Bupinmru 3anauy Komri, ne ¢ynkmis f(t) 3amana rpadivno (puc.4):
Y'(0)+2y/(e)+ (1) = f(2), »(0) =0, 5'(0) =0
Skmio B 3aBHaHHsX | Ta 2 CTYICHT BUKOHAB BCi IIYHKTH, IMOKa3aHi B MPHUKJIAAL 1, BiH ofepxye 1o 2 6aiu

3a kokHe 3aBjaaHs (1 Oan 3a mepmri 3 myHKTH Ta 1 6an 3a myHKT 4). 3aBnaHHs 3 OIiHIOETHCS B 1 Oan. Ycboro
2x2+1=5. Tak, 10 KiHIIA 3aHATTS KOXKEH CTYACHT 3MOXe ceOe OLIHUTH CAMOCTIHHO.
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2
1.5

Pucynok 4 — I'padix dynxuii f(¢)

BucnoBku

B crarti HaBemeHo ommc TemMu «Po3B’s3aHHS IiQQepeHmIHHUX PIBHAHB 1 IX CHCTEM METOIaMHU
OTEPAIifHOTO YHCIICHHS», SIKa BUBUAETHCS CTyACHTAMM (i3UUHMX CIeLialbHOCTEH, 3a3BH4ail, y Kypci «Teopis
¢yHkniid xoMmmiekcHoi 3MmiHHOD» («KommiaexkcHuit anamiz») [1, 2] a6o «Marematnuyna ¢isukay. IToxasani
JOLUIBHICTh Ta MEepeBary BUKOPHCTAHHS 3a/ad i3 CyMDKHHUX CIEI[ialIbHUX KJIACHYHUX KypCiB NPH BUKJIAJaHHI
nakera Maple B kypci «MaremaTiyHe MOJENIIOBaHHI». B pe3ynabTaTi Takoro mijxoay OTPUMAHO IMiJABMIIEHHS
3aLliKaBJICHHOCTI CTY/ICHTIB Ta SIKOCTI 1X 3HAHb.

JlocBin BHMKIagaHHS NaHO! TEMH IOKa3ye, 110 BUKOPHCTAHHS MDKIPEIMETHHX 3B’SI3KIB Ha 3aHATTAX 3
Kypcy «MaremMaTHaHe MOJETIOBAHHS» JJO3BOJISIE PO3IIUPUTH MOXKIHUBOCTI CHPUHHATTSA CTYICHTIB, ITiIBUIIUTH
HAOYHICTh y40OBOTO Marepialy, a TaKOX CIpHUsS€ aKTHBI3allii TMi3HABaJIbHOI MiSUTBHOCTI CTYIEHTIB Ta
(hopMyBaHHIO 1X IPO(ECIHHOTO CBITOTIIAAY.
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