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Cmammio npucesuenHo npobnemi 6npOBAOICEHHs. CUCMEM KOMN TOMEPHOI MameMamuKky 6 HaguanvHuii npoyec. o
cucmem KoM romepHOi mamemamuku Mmodicha eionecmu Maxima, Maple, MathCad ma inwi mamemamuuni nakemu. Y
pobomi po3Kpumo U O0emanibHO OOIPYHMOBAHO OCHOBHI NeOa202iyHi NiOX00U 3ACMOCYBAHHA CUCMEM KOMN TOMepPHOT
MAMeMamuKky 6 HABYATbHOMY HPOYECL: CUCMEMHOMY, IHMEeSPpAmusHOMY, OCODUCIICHO-OPIEHMOBAHOMY, OISIbHICHOMY,
KOMNemeHmHICHOMY hnioxooax. Y pobomi 00CniOHuKu HA36amu (HAxo80-CNPIMOBAH] MaAMeMamuini KOMNEMeHmHOC
maubymuix axisyie mexuiunux cneyiaibrocmei. J{o HUX HAiexicamv KOHYEnmyaivbHhi, OnepayiiHo-aieopummiiti 3acmocosH,
KOHCMPYKMOPCobKi. Y cmammi HageOeHO Npukiaou 3acmocy8ants mamemamuunozo naxemy Maple 0o po3e’sazanna Oeaxux
inmezpanis. Aemopu HA800AMb NPUKIAO 3ACMOCYB8AHHA CIMBOPEHO20 mpeHaxcepa & cepedosuwyi Maple ona pose’sizanms
ougpepenyianvrux pieHsins. I1okazano noKpoxkoeull po3e sa30K cucmemu OuphepenyianbHux pieHsIHb 3a 00NOMO20I0 CHIBOPEHO20
mpenaoicepa 6 cepedosuuyi Maple.

Knrwuosi cnosa: cucmemu KoMn 1OMEpHOT MamMeMamuKu, KOMI 1OMEPHi npoepamu, QyHOAMEHMAIbHA MAMeMamuyHa
nioeomoska, manloymnitl indxcenep, Maple- mpenasicep, nedazociuti nioxoou, MamemMamuiri KOMAEMeHMHOCML.

SCM APPLICATION IN THE FUNDAMENTAL MATHEMATICAL PREPARATION FOR FUTURE
ENGINEERS

A. Kolomiets, Ya. Krupskyi, V. Kraievskyi, I. Klieopa, N. Dubova

The article is dedicated to the problem of introducing computer mathematics systems into the educational process. The
systems of computer mathematics include Maxima, Maple, MathCad and other mathematical packages. The paper reveals and
substantiates in detail the main pedagogical approaches to the use of computer-mathematics systems in the educational
process, they are: systemic, integrative, personality-oriented, activity-related, competence-based approach.

In the work, the researchers named the professional-oriented mathematical competence of future specialists in technical
specialties.They are conceptual, operational-algorithmic applicable, design competence. The article presents examples of the
application of Maple's mathematical package to the solution of some integrals. The authors give an example of the application
of the created simulator in Maple environment for the solution of differential equations. The step-by-step solution of the system
of differential equations with the help of created simulator in Maple environment is shown. The authors of the article concluded
that SCM Maple is particularly suitable for: organization of student's independent work; for self-test of students; to consolidate
the educational material studied in the classes of higher mathematics. The role of the teacher is to guide the correct application
of the selected mathematical package. The use of computer mathematics systems in the process of fundamental mathematical
preparation of students is optimal provided that they take into account and adhere to listed pedagogical approaches.

Key words: systems of computer mathematics, computer programs, fundamental mathematical training, future engineer,
Maple-simulator, pedagogical approaches, mathematical competencies.

Xapakrep mpani ¢axiBIliB ChOTOJHI SICKPaBO BiIlpi3HAETHCS Bifl npari daxiis Tiel xk chepu 20 pokiB TOMY.
Ll BigMiHHICTB MOJISTa€ B aKTHBi3aLli BOPOBAIKEHHSA Cy4aCHUX iH()OPMALIMHUX TEXHOJOTIH B OLIBIIICTE cdep
JFOJICHKOT isUThHOCTI. Taka TeH/ICHIIiS He OMHMHYJIA i MirOTOBKY (haxiBIliB TEXHIYHOTO HAMPSMY, & BUCYHYJIa HOBI
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BUMOTH JI0 MaTeMaTH4HOI IMiJrOTOBKM Yy BHINIM Inkoimi. [HTeHcuBHMM ctano BrpoBamkeHHsI CKM (cuctem
KOMIT IOTEPHOI MaTeMaTHKH) B HaBUAJILHUIA Ipoiiec. [lepeyMOBOIO TakOro iHTCHCUBHOIO BIIPOBAKCHHS CTAIO
TaKOX TTOKpPAIIeHHs TEXHIYHOI KOMIT FOTEPHOI 0331 B HABYANTbHUX 3akiaiax. Tomy mepemikon 3actocyBanas CKM
MPAaKTUYHO HEMa€E. A OT)Ke, BUHHUKAE NUMAHHSA CTNBOPEHHS, PO36UMK)Y MdA 8600CKOHAICHHS KOMI TOMEPHUX NPOSPaM
ma ix cknadosux, siKi MOKPAIIYOTh SKICTh MAaTEMaTHYHOI MIITOTOBKY B TEXHIYHUX YHIBEPCHTETAaX, a JOIILHICTh
iX 3acTocyBaHHS B HaBYaJbHOMY IIPOIlECi TiepeBipeHa OaraTbMa TEOPETHYHHMH Ta EKCIIEPUMEHTAILHIMU
JoCTiDKeHHsIMH [2, 4, 5, 8, 18].

VYrposapkeHHIO iHGOPMAIIHHIX TEXHOJIOTH Y HABYaNBHUN TPOIEC CEPEIHBOT Ta BHIOT IIKOJIN MPHUCBSYEHO
pobotu O. O.Tokyns [2], FO.I Mambuns [15], C. A.Pakora [18, 17] Ta iHIMX, y SKHX JOCIIiJIHUKA
PO3KPHBAIOTh IICUXOJIOTTYHI OCOOIMBOCTI, METOOJIOT 4Hi actiekTH 3actocyBanHst CKM y HaB4anbHOMY ITpOLIECi.

[MuranHsM BrpoBapKeHHS 1HQOPMAIIHHUX TEXHOJOTIH y HABYAIBHUH IMPOIEC BUBYCHHS MATEMaTHKU Ta
BUITNIOI MareMaTWku TnpucBsdeHo podotu B.IL [I’skonoBa [6], }O. B.T'opomka [5], M. I XKammaka [8,
7],T. B. 3aiinieBoi [9], B. I. Knouka [10], Muxanepuya B.M.[16], Ta inmmx. [IpoTe mompu MOCTaTHIO KilIBbKiCTh
Tpallh, M0 MPUCBSYCHI I pobieMi, SKi MU JTOCTIIUIIN, MU HE 3HAWIUIA BiATIOBi/i HA OCHOBHE IMUTAHHS, «IKi
MeToryHi miaxoau 3actocyBandst CKM y HaBYanbHOMY MPOIIEC] yTBOPIOIOTH LITIICHY CHCTEMY 1 € ONITHMAITbHUMH
JUTS HAMKPAIIOro 3aCBOEHHS 3HAHB 3 BUILOI MATEMATHUKH JIJIS CTYJCHTIB rayly3i 3HaHb 17». AJKe came 1ie IUTaHHS
€ KIIF04YOBUM T1pH BrpoBakeHHi CKM B HaBYanbHUIA Ipo1iec.

Tomy MeTtoro cratti € copMyBaTH OCHOBHI MeTomuuHi miaxoau 3acrocyBanHi CKM y HaBYajibHOMY
MPOIIEC], SIKI YTBOPIOIOTH IUTICHY CUCTEMY 1 € ONTHMAILHUMU JUTS 3aCBOEHHS MaTEMATUYHUX 3HAHb CTYICHTAMU,
HaBecTH Mpukiaj 3actocyBanas CKM BpaxoByro4r BKa3aHi METOUYHI ITiIXOH.

«Hakormmyennii BiTYM3HAHMIA Ta cBiToBHI A0CBiN BukoprcTanHs IKT B oCBiTI Bka3ye Ha Te, IO MPOTPEC IMUX
TEXHOJIOTIH 3HAYHO BUIEPE/DKAE METOAWYHI IMIAXOMM, SKi CIHUPAIOThCS Ha 3a3HauyeHi TexHojorii» [1]. Came 15
JTyMKa T TKPECITIOE BaXKIIMBICTh BUAUICHHS OCHOBHIX METOIUYHUX ITiIXO/IiB TiJ 4ac 3actocyBanHs CKM 3 MeToro
MaKCHMAIBHOTO 3aCBOEHHS 3HaHb. llepen Tum sk okpecnut migxoau 3actocyBanHs CKM B HaB4aibHOMY
MPOIIEC], JOIIBHO NepepaxyBaTH BJaCHE MaTeMaTH4HI MaKeTH, Ipo sKi iae moBa. Omke, 10 ocHoBHuX CKM
MOXKHa BigHecTH maketn Maxima, Maple, MathCard Ta iHmi. VY Hamidi poOOTi akIEHTYyeEMO yBary Ha
MaTeMaTHYHOMY TakeTi Maple Ta HaBYaNBHHX TpeHaXKepax, IO PO3poOJieHI Ha HOro OCHOBi. 3acTOCyBaHHS
cranfaptaux koMaHn CKM Maple nae MOXIMBICTH OTpUMATH KIHIICBY BIAINOBIAb Ha MaTeMaTHYHY 3a/ady.
BonHovac BHKOpUCTaHHS TPOTPaMHOTO CEPEIOBHUINA Ii€i CUCTEMH Ja€ MOXKIIMBICTH CTBOPIOBATH TPOTrPaMHU, 3a
JIOTIOMOT OO STKUX MO>KHA BiITTBOPUTH PO3B’S3aHHS BKa3aHUX 3a/1a4, & HE JIUIIIE OTPUMATH BiIIOBIIb.

JloIinpHO BKa3aTH OCHOBHI TearorivHi Mmiaxoau, Ha OCHOBI skux Oyne BinOyBatucs BripoBamkeHHs CKM y
HaBYAIBHUIA mporiec. /10 OCHOBHUX METOIUYHUX MiaxoiB 3acrocyBanHss CKM y HaBYaibHOMY HPOIIECi BUBYCHHS
MaTeMaTHKA € KOMITeTEHTHICHWHA ITiAXiM, CHCTeMHWH MiIXiJ] IHTErpaTUBHUN MiNXiNl, CHHEPreTHYHUMHA ITiIXis,
3HAHHI€BO-TIsUTBHICHHUHN i Xifl, 0COOMCTICHO-OPIEHTOBAHUH MiJIXi/1, HABYAThHO-TOCIITHUIIbKAHN MLAX1I.

Peanizamiss xomnemenmuicnoco nioxody y mponeci 3actocyBanHs CKM y mponeci ¢yHmaMeHTambHOT
MaTeMaTHYHOI TiJrOTOBKK BiJ0yBaeThcsl uepe3 (OopMyBaHHS OCHOBHHMX MAaTEMAaTHYHUX KOMIICTEHTHOCTEH. Y
po6ori B. I. Knouxko [10] Bkazye HU3KY MaTeMaTHYHAX KOMIIETEHTHOCTEH: ONaHyBaHHS HOBUMH MaT€MAaTHYHUMHU
3HAHHSIMHU 3a JIOTIOMOTOH0 CYYaCHHX OCBITHIX Ta iH()OPMAIifHHX TEXHOIOTIH; BOJOMITH METOIAMH aHami3y i
CHHTE3y BUBYCHHS SIBHIII Ta MPOLIECIB; 3/1aTHICTh 3aCTOCOBYBATH HA MPAKTHIII, BKIFOYA0YH MOXKIIMBICTh MTOOYI0BU
MaTeMaTHYHUX Mojesell nmpodeciiHuX 3amad i BU3HAYEHHs LULXiB iX BHUPILIEHHS iHTEPIPETYBaTH OTPUMAHHN
MaTeMaTHYHUN pe3yibTaT, 3[aTHICTh 3aCTOCOBYBAaTH aHAJITHYHI Ta YHCIIOBI METOAW BUPIIICHHS 3aBIaHb 3a
noromororo CKM; Matu MareMaTUdHe MUCIICHHS, MaTeMaTHYHY KYJIbTYpy B paMKax MpoQeciiHOl Ta JIH0ICHKOT
KyJIbTYPH; BOJIOMITH BJIACHUMH CIOCOOaMH JIOBEICHHS TBEPIDKCHb 1 TEOPEM SIK OCHOBHOTO KOMITOHEHTY
KOTHITMBHOI ¥ KOMyHikaTWBHOI (pyHKMmiH; Bojomith MoBamu naeskux CKM 1 BMiTH 3acTocoByBatd iX M0
BUPIIICHHS MaTeMaTHYHUX 3aBJIaHb.

Mu NponoOHYEMO BHIUIMTH HE JIMIIE MaTeMaTH4HI KOMIETEHTHOCTI, a c(opMyBaTH B OKpeMi OJIOKH
npoeciiHO-CIIPSIMOBaHI MaTeMaTH4YHI KOMIIETGHTHOCTI. 30KpeMa, TaKi: KOHYEenmydaibHi, —ONepayiiHo-
aneopummiuHi - 3acmocosti, KoHcmpykmopcwki. 3actocyBanHs CKM copusie  ¢dopMmyBaHHIO —OmepariiHo-
ATOPUTMIYHHX, KOHCTPYKTOPCHKUX KOMIIETEHTHOCTeH. KOHCTpYKTOpChKa KOMIIETCHTHICTH BiOOpaXKaeThesl B
YMiHHI 0COOHMCTOCT] PO3B’sSI3yBaTH 33aauy, po30uBatoun ii Ha Kpoku. 3acrocyBanHsi CKM 6e3nocepeaHro BIIMBaA€E
Ha (opMyBaHHs KOHCTPYKTOPCHKOI KOMITETEHTHOCTI, OCKUTBKHM PO3B’ 30K 331adi 3a gqonomoroto CKM nepenbadae
po30UTTS i Ha eNeMeHTapHI YacTHMHH Ta pO3B’sA30K dYacTuH. OrepaniifiHO-aNropuTMidHI KOMIIETEHTHOCTI
(hopmyroThes y miporieci 3acrocyBanass CKM uepes 3acTocyBaHHS OCHOBHHX ITOKPOKOBHX JTOPUTMIYHUX Jil, O
MIPOTIOHYE TIporpama.

JloTpuMaHHS CHUCTEMHOro mimxomy n03Bojisie 3actocoByBaTh CKM y KOHTEKCTI IUIICHOI IemarorivyHol
CHUCTEMH, YpaxOBYIOUHM MeTy, (OpMH, METOOM 1 3aco0M Ili€i CcHUCTeMH, sIKi CHpsAMOBaHI Ha (OpPMyBaHHS
BIAITOBITHUX KOMIIETEHTHOCTEA.
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3actrocyBaHHS iHmezpamueHo2o nioxody y npoueci BnposamxkeHHs CKM y HaByaIbHUIA IPOLEC peai3yeThes
nuIsiXoM iHTerpanii iHdopmanii oaniei aucummininn B iHmny. [Ipukmagom Moxyte Oytu 3amadi mpodeciiHoro
TH)KEHEPHOTO 3MICTY, SIKi PO3B’SI3YIOTHCSl MATEMAaTHIYHUMHU METOJIAMHU.

YpaxyBaHHS cuHepeemuuHo2o nioxody, o CTOCYETHCS TEOPIil CaMOOpPraHi3allil, IPOsABISIEThCS Y BIACYTHOCTI
Oy/Ib-sIKOTO HaB’s3yBaHHSA 00’€KTaM HaBUaHHS JOLUILHOCTI 4M HemomimbHOCTI 3actocyBaHHs CKM. TobTo,
CTYJICHTH BIJIOBIIHO J0 PiBHS CBOIX 3HaHb Ta 3ai0HOcTel 3acTocoByl0Th CKM. CuHilbHI CTYIACHTH MOXYTh
3acrocopyBati CKM nmine mis mepeBipkd BiANOBiMI, cinallli MOXYTh KOPHCTYBAaTHCS BKa3iBKaMH, IO
MPOTMOHYIOTh CUCTEMH KOMIT I0TepHOI MaTeMaTHKu. Y mpoueci 3actocyBanHst CKM min yac BUBUCHHS, HAPUKIIA,
pozainy “lHTerpanbHe YucaeHHS BHUKJIaZad BU3HAYAE JOLLIBHICTH PO3B’A3aHHS KOHKPETHOI 3a1a4i abo il yacTHHH
3a nonomororo CKM, ypaxoByroun piBeHb 3HaHb B KOXKHii rpyri. Po3risHemo s npukiany naparpad posairy
“InTerpaibHe YUCIICHHS — IHTETPYBaHHS APOOOBO-palioHATBHUX Apo0iB. MaeMo iHTerpaji npaBHIbHOTO Apo0y,
3HAMEHHUK SIKOro € MHorowieH. CTyneHTaM BiIOMi IyHKTH aJTOPUTMY IHTETpYBaHHS IpoOOBO-paLliOHaIbHUX
BUpa3iB, 30KpeMa, TpO PO3KJIAJ MHOTOWIEHA Ha eJeMEHTapHI MHOXHUKH. [yt Toro, mo0 B MONATBIIOMY
MPE/ICTAaBUTH 116l MiJiHTerpaJbHUI BUPa3 y BUIIISAI CYMH JICKIJIBKOX elleMEHTapHHUX Ipo0iB, TOTPIOHO PO3KIACTH
3HAMEHHUK BHUXIZHOrO IpoOy Ha eJeMEeHTapHi MHOXKHHUKH. Llfo nito MO)XHa BHKOHATH BpyuHy. T00TO, SIKIIO
CTYICHTH Yy WIKITBHOMY Kypci MaTeMaTHKH HE NPaKkTHKyBaIu TeopeMy besy. Posrmsnemo mpukian. 3Haitu

. _[ dx
iHTeTpa:

x’+x°—10x+8
Jpo0OH MiiHTErpabHUN BHPA3.

. 1llo® mpoinTerpyBatu LeW BHpa3 HaM HOTPIOHO PO3KJIACTH HA €JIEMEHTapHi

V 3HAMEHHHKY I[HOrO MPABHIBHOTO APO0Y MAeMO MHOTOWIEH TPETHOro mopsaky:x° +x° —10x+8. 3a
Teopemoro be3dy miykaemMo KopeHi cepen AUTHHUKIB BUTBHOTO Koedimienrta: 1, +£2, +4, £8. Ilepmmm takum
kopeneM € X = 1. ToMy yBeCh MHOTOUIEH MOAIMMO KyToM Ha X — | . Oneprkanuii KBaApaTHYHUN TPUWIEH 3HOBY

2 .
posknazaeMo Ha  MHOokHMKM: X +2Xx—8=(x—2)(x+4). Omxe, oTpumMaeMo Takuii  pO3KJIAL:
3, .2
X +x —10x+8=(x-D(x—-2)(x+4).

VYpaxoByroun piBeHb 3HaHb CTYJCHTIB, BHKJIaJad MOXKE TPOIMYCTUTH BKA3aHWI PO3KIAJ Ha eJIeMEHTapHi
MHOXXHHKH. 3aCTOCOBYIOUH akeT Maple 9.5 MoxHa BKa3aHHUI MiAIHTErpaTbHUNA BUPa3 PO3KIACTH HA MHOKHHUKU
LIBUALIE, IPOITYCKAIOYH BiIOMi CTYACHTaM Aii pO3KIIay:

> £:=1/(x"3+x"2-10*x+8):

Int(£;x);

|
PHx?-10x+8

> factor(f)=A/(x-1)+B/(x-2)+C/(x+4);
! B C
(x=1)(x=2)(x+4) x-1 +x—2 +x+4

Hexaii y 3HaMEHHUKY MNpaBHJIBHOTO APOOY MiJIHTErPajJbHOIO BHUpa3y MICTUTHCSI MHOTOWIEH YETBEPHOIO

CTCIICHA J.L
ot +9x? =10

PosrisiHeMO sSiIK MOYKHa 3a JIOMOMOror0 makery Maple BHKOHATH pPO3K/Ia[ HAa MHOKHHMKH BKa3aHOTO
MHOTO4JICHA.
> printf(" 3aranpHa Gopmymna:’);
a*xM+b*x 3+c*xM2+d*x+n=a*(x-x[ 1])*(x-x[2]) *(x-x[3])*(x-x[4]);
3aranbHa (popmyra:
ax4+bx3+c'x2+dx+n=a(x—xl)(x—,‘\'7)(,‘\*—x;)(.\'—x4)

(x=1)(x+1)(x*+10)=0

3a TONOMOTOI0 TAKUX KOMaH] MOKHA PO3KJIACTH MHOTOWICH Ha MHOKHHUKHU TUIBKH 3 IIHCHUMH KOPECHSIMHU.
BukopHCTOBYIOYH iHIIII KOMaHAW OTPUMAEMO PO3KJIa] MHOTOWICHA Ha MHOXKHUKH 3 JIHCHUMHU 1 KOMIUIEKCHUMHU
KOPEHSIMHU

> Pn:=x"4+9*x"2-10;

solsl:={solve(Pn,x)};

coeff(Pn,x,degree(Pn,x))*mul((x-sols1[k]),k=1..nops(sols1));

Pn=x*+9x*-10

solsl == {-1,1,./10 I, -1./10 }
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(x+1)(x=1)(x=4/10 1) (x+-/10 ])

3acrocyBanasa CKM He € omHaKOBHM Yy BCiX Ipymnax, [je 00yMOBJIEHO Pi3HUM pPiBHEM MiArOTOBKH CTY/AEHTIB,
PiBHEM IX 3HaHB 1 3I0HOCTEH.

Ocobucmicno-opienmoganuu minxin npu 3acrocyBanni CKM o0yMoBIeHHI CIIpSMyBaHHSIM Ha PO3BHTOK
0COOMCTOCTI CTYIEHTa, HOro 37i0HOCTEH, 1 peani3yeThesl 4Yepe3 CUCTEMY NeAaroriyHiux NpUHOMIB, IO CIIPSIMOBAaH1
Ha PO3BUTOK BJIACHUX BMiHb Ta 34i0HOCTEH (paxiBIlsd, po3BUTKY (paxiBIs SIK OCOOMCTOCTI, PO3BUTOK 1 peaizalito
BHYTPIIITHIX PecypciB 0COOMCTOCTI, 30KpeMa camopeaizallii, CaMOCTBEPIKECHHSI.

Peanizauist nasuanvno-0ocrionuysvrkozo nioxody y mpoueci 3acrocyBanHs CKM y mporeci MaremMaTHYHOL
MiATOTOBKM MaiOyTHIX iH)KEHEpiB MPOXOAWTh LULIXOM MinOopy ¥ po3B’s3aHHS NpOOJeMHHUX 3a/ad, 3aBIaHb,
3aCTOCYBaHHSI METO/y TIPOEKTIB Y HABYAHHI.

PosrisitHeMo mipukiian MiHi-poekTy. JIeKITbKOM CTyJeHTaM 13 HaBYIBLHOI TPYITH CTYACHTIB NPOMOHYETHCS
MEepeBIpUTH 3a JONOMOro nakery Maple 3HaiiieHi KOpeHi piBHSHHS, II00 PO3KIACTH MHOTOYIEH 3HAMEHHHKA

.. dx
Apo0y MiAiHTErPaTbHOTO Bnpasyj PR Ha MHO>KHHKH .
x +x”—10x+38
[NepeBipka KOpeHIB pPiBHSIHHSL.

> x3+x72-10*x+8=0;

P Hx2-10x+8=0

3a Teopemoro be3sy 3HaiiieMo TUIBHUKY BIJIBHOTO WwieHa: -1, 1, -2, 2, -4, 4, -8, 8 i nepeBipuMo 4u Oy1yTh BOHH
KOPEHSIMH PiBHSHHSL.
> subs(x=1,x"3+x"2-10*x+8);

0
> subs(x=-1,x"3+x"2-10*x+8);
18
> subs(x=2,x"3+x"2-10*x+8);
0
> subs(x=-2,x"3+x"2-10*x+8);
24
> subs(x=4,x"3+x"2-10*x+8);
48
> subs(x=-4,x"3+x"2-10*x+8);
0
> subs(x=8,x3+x"2-10*x+8);
504
> subs(x=-8,x"3+x"2-10*x+8);
-360

x=1,X =2, X = -4 — KOopeHi piBHSIHHS, SKIIO BUKOHYETHCS .

HeoboB’s13k0B0 3anmcyBaTi KOMaHIy MiJCTAHOBKH subs IJIs1 KOKHOTO KOpeHsl okpemo. Lle moxHa 3pooutu
OJJHOYACHO 3a JOTIOMOT'0K0 KOMaH/I! CTBOPEHHS MOCITiIOBHOCTI Seq:

> fi=x"3+x"2-10*x+8:

solve(f, {x});

seq(subs([%][k],f).k=1..nops([%]));

{x=1},{x=2},{x=-4}
0,0,0
Maremarnynmii maker Myple € xoporroro 6a3010 Uit CTBOPSHHSI HaBUAJbHHX MAaTEMaTHYHHX TPEHaKEpiB
HMT [13, 14].
Pozrasinemo pototy apropcbkoro HMT no Ttemi JIOP:
> read("D:\\Yarik\\Maple\\MyMaple\\mylodrumov.m");
mydifurum("y"-3*"y"+2*y=3*sin(x),1,0);
y"'=3y"+2y=3sin(x)
[TouaTkOBi yMOBH y(0)=1y'(0)=0
CkrajieMo XapakTepUCTHYHE PiBHSIHHS
y'=3y"+2y=0

CkrazgeMo Ta po3B’sDKeMO KBaJIpaTHE PiBHSIHHS
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-3p+2=0
D=
p,=2
P, =
(2x) X
Vi =C,e C,

3anuiemMo YacTUHHE HEOHOPITHE PIBHSHHSI
Y., =asin(x) + b cos(x)

3HaiizeMo nepiry Ta Ipyry noxiaHy
V', =acos(x)— b sin(x)

"

', =-—asin(x)— b cos(x)
[TizcraBUMO OTpHUMaHi 3HAUYEHHS B TIOYAaTKOBE PiBHIHHSA. MaTHMEMO:
asin(x)+ b cos(x)—3 acos(x)+3 bsin(x)=23sin(x)
CxJtazieMo Ta po3BSKEMO CHCTEMY
a+3b=3
b-3a=0

a =

3
0

ot

9
"=10
2
sin(x) 4+ ~— l

0 cos(x)

9

T 710

B (2 3 9
y—Cle +Ce +msm(x)+10

3Haii;eMo MOXiAHY Ta MiACTaBUMO Y 3HaYeHHs (QYHKLIT y Ta y' HOYaTKOBI JaHHI

cos(x)

_ 2 3 9
b% —2C1e +C e’ +10 cos(x) 10 sin(x)
Cki1azieMo Ta PO3BSKEMO CHCTEMY:
27
C +C +m |
2C +C, +i 0
10
ci=! =7t
5 10
7 (2x) 31 3
y—5e 1Oe + 0sm(x)+ Ocos(x)

Jis migBuiieHHs €()EeKTUBHOCTI CaMOCTIHHOI pOOOTH CTYICHTIB INiJi Yac BUBYCHHS TEMH CHUCTEMHU
nuepeHLiMHUX piBHSAHD OyB po3po0bieHui HaBuansHUI Maple TpeHaxep.

MeToto CTBOpEHHS TpeHaxkepa cTano 3a0e3redeHHs BUCOKOTO PiBHS HABYAHHS BHIIIOT MATEMATHUKH, a TAKOX
3MEHIIICHHS PYTMHHOI'O HaBaHTa)KCHHS Ha BHKJIa/ada. 32 HasIBHOCTI TPEHa)kepa caMOCTiliHa po0oTa CTy/ICHTa CTae
OLIbII ePEKTUBHOIO. A POJIb BUKIIAAa4a MOJISrae B HaAaHHI KOHCYJIbTaTUBHOI JOTIOMOTH.

PosrsiHemo ctucaumii onuc po3podaenoro aBropecbkoro HMT o temi andepeHiiHi piBHAHHS Ta pe3yIbTaTu
pOOOTH 3 PO3B’s3aHHS THIIOBHMX 3a]iad BHUIOI MareMatuku. [Iponemypa tpeHaxep "mysistemdifur (7,-5,5,-3);"
MOKPOKOBO PO3B’SI3y€ CHUCTEMY AU(EPEHLIHHUX PiBHSAHb METOIOM BUKIIOYEHHs. CTyJEHTY JOCTaTHBO BHUKOHATU
aBTOPCBHKY mporenypy "mysistemdifur(*, *, *, *);", ne 3amicTh 3ipo40K MOTPIOHO BCTABUTH KOE(DIILICHTH CBOTO
3aBaaHHs. [lepin Ba 3HAUCHHSI BiJIIOBIJAl0Th 32 KOe(II[iEHTH TIepIoro PiBHSHHS IPH X Ta ) BIIIOBITHO, a APYTi
JBa 3a IHIIC PIBHAHHI. TakoK CTYAEHT Ma€ 3MOIY CaMOCTIHHO pO3B’S3yBaTH MPHKIAId, a TpPSHAXEP
BUKOPHCTOBYBATH SK MEPEBIPKY CBOIX KPOKIB 1 B pa3i MOMMIIKHM, 0€3 JOMOMOTY BUKJIaAaya, JOKali3yBaTu ix. A
TaKOXX 3MIHIOBaTH YMOBY NPUKIJIAAY Ta CIIOCTEPIraTH SIK 3MiHIOETHCS PO3B’ SI3aHHS.

3acTocyBaHHS HABYAILHOTO TPEHAXKEPA JOIUIbHE MTPY BUBYCHHI TeMH “CHCTEMHU JIHIHHUX T epeHiaTbHIX
PiBHSHB”.
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3acTocyBaHHSI CTBOPEHOTO TpeHaxepa B cepenoBuili Maple BifmoBifgae BCiM mepepaxoBaHUM IeAaroriayHiM
miaxonam BrpoBampkerHs CKM y HaBUaNBHUIA TpoIIeC.

Posristnemo npuknan po6orn HMT B cepenosuii Maple mo temi “Cucremu mudupeHIiiHUX PiBHSIHE. Y
TpEeHaXepi MPOBOAUTHCS JIETATFHUN TTOKPOKOBHI OIKC i, O BiIOYBAaIOThCS y MPOIIECi PO3B’SI3aHHS CHCTEMH
mdepeHIiaTbHIX PiBHAHb.

> read("D:\\Yarik\\Maple\\MyMaple\\mysystem.m");

mysistemdifur(1,4,3,5);

PosBsizaTu cucremy

x'=x+4y
y'=3x+5y
JIOMHOXHMO TIepIlie PiBHSHHS CUCTEMH Ha 3
Marumemo
3x'=3x+12y
y'=3x+5y
BignimMeMo Bif mepuioro piBHSIHHS APYre MaTUMEMO:
3x'=y'=Ty
Bupazumo 3 HpoTO X'
vy
x'=
3 3
[TincraBumo x' B mpoauupeHIIioBaHe APyTe PiBHSIHHSI CUCTEMHU, OTPHUMAEMO:
y'=3x"+5y'
y'=6y'+7y

y'—=6y'=7y=0
CK.TIa,Z[eMO Ta PO3BAKEMO KBAJAPATHE piBHS[HHS[
pP—-6p-7=0
D=064
p, =1 p,=-1
y=C, e’ 4 C, e

3Hai1IeMo MOXiTHY

(10 o (0

r—
y'=7Ce C,e
[lizcTaBUMO y Ipyre piBHSHHS CUCTEMH i BUPA3UMO X
Matumemo:
2 0 (70 L (=D
x.——gcle +2C,e
Biamnosias:
2 (71) (-0
X=—3 C,e "+2C,e
(71) (=)
y=Ce +C(C,e

3a moroMororo nakety Maple MoxHa 3poOWTH reHepyBaHHs 3aBJaHb JUIsl TUMOBUX PO3PaxyHKIB CTYJCHTIB.
Hampuknan:

Variant, 1 Variant, 2
x':—Sx_8y+e(Sr) x'=—7x—9y+3t.2—9t—2
Y==x+2y+1 y'=10x—-y+sin(3 ¢)
Variant, 3 Variant, 4
X'==Tx+5y-T7t+1 x'=8x-8y+10 -8
V'=-9x+T7y—-sin(5¢) y'==10x-3y+1
Variant, 5 Variant, 6
x':—7x—10y+COS(8l) x!:_10x+9y+e(_10’)

(=31)

y'=5x+3y+e y'=4x+6y+1+9
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Bucnopkn. CKM Maple 0co0i1MBO MiIX0OAuTh JUIA: OpraHizaiii caMmOCTIHHOI poOOTH CTyAeHTa; st
CaMOIICPEBIPKHU CTY/ICHTIB; JIJIsl 3aKPIIJICHHS HABYAJIBLHOTO MaTepialy BUBUCHOI'O HA 3aHSTTAX BUILOI MATEMaTHKH.
[Ipu mpOMy poNb BHKIIA/Ia4a TIOJNATAE B KEPIBHUITBI MPABMIILHOTO 3aCTOCYBaHHS OOPaHOTO MAaTEMaTHYIHOTO
nakera. Hamri mocmikeHHsS MOKa3yloTh, 10 3actocyBaHHS CKM B cyuacHMX yMOBax CyTTEBO 3MiHIOE POJb i
¢GyHKii BUKNAsaYa Ta CTYJCHTIB, 3HAYHOI MIpOI0 BIUIMBA€ Ha BCi KOMIIOHGHTH HAaBYAJIBHOTO TIPOIIECY:
3MIHIOETBCSI CaM XapakTep, MICIIE 1 METOTH.

3acTocyBaHHs CHCTEM KOMITIOTEPHOI MaTeMaTHKU B Iporieci (hyHJaMEHTaIbHOI MaTeMaTHYHOI MiIrOTOBKH
CTYJICHTIB € ONTHMAIBHUM 32 YMOBH BpaxyBaHHS W JOTPHMAaHHS 3a3HaYCHHWX IIEJATOTIYHUX ITiIXO/IB:
KOMITETCHTHICHOI'O, CHCTEMHOT'0, IHTETPAaTHMBHOTO, CHUHEPreTHYHOr0, 3HAHHIEBO-IISIIBHICHOTO, OCOOUCTICHO-
OpIEHTOBAHOT 0, HABYAITLHO-IOCITI THUAIIBKOTO.
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