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INEPEBAI'M TA HEJOJIIKU BUKOPUCTAHHA
MATEMATHUYHHUX ITPOT'PAMHHUX 3ACOBIB I YAC
I'YPTKOBOI POBOTHU 3 MATEMATUKHA

FOuis bory3oBa
L{enmpanvroykpaincokuti 0eparcasHull neda2ociuHull

YHigepcumem imeni Bonooumupa Bunnuuenka

Anomayis. Cmamms npuceauena akmyaibHOMy NUMAHHIO 6UKOPUCTNAHHS
KOMN TOMepHUX MexHono2il nio vac Hasuyanus mamemamuxu. OcHO8HA yeaea
NPUOINAEMbC  pO32Ns0Y  (PYHKYIOHANbHUX — MOJACTUBOCEN MAMeMaAMUYHUX
NPOCPAMHUX 3AC00I8 U000 PO38 a3aHHA 3a0ay Ha Nob6y008y 2paghikie pieHsHb
ma @yukyiu. 3anpononosanuti psaod 3aoay 3 memu «Koukypchi 3adaui
mMpucoHoMempii», K OOHIEI 3 meM 3aHAMb MaAMeMamuyHo2o 2ypmKa Ons
CMAapULOKIACHUKIB. YMo6a KodicHOI i3 yux 3aday nojseae 8 novyoosi epagika
QyHKYii wu mo epaghika pieHsHHA, WO MICMAMb OKPIM MPUSOHOMEMPUUHUX
Qynkyit, we U MoOyab, yiny ma O0pobo8y UACMUHY HUCIA, OOEpPHEeHI
mpueoHomempuuni Qynxyii. Po3e’a3yiomuvca 3a0ayi 3a 00nomo2or0 nonyisapHux
MAmMeMamuyHux KOMN IOMEPHUX Npocpamuux 3acobie maxux sk Advanced
Grapher, Maple, YMK «)Kueas mamemamuxa». Aémop 30ilicHIOE aHaNi3
OMPUMAHUX pe3yTbmamie nobyoos, 6KA3Ye HA NOMUIKU, HEeMOYHOCmi ma
HeOOJliKU, a MAaKo’C 8i03HAYAE Nepedacu BUKOPUCMAHHS KOMN fomepad.

Knrwwuosi cnoea: mamemamuuni npoepamui 3acobu, cypmkoga poboma,

HABYAHHA mMamemaniuKku, MemoOouKa HaA8YAHHS MAMeMAMUKU.

IOnus bory3osa



[MPEUMVYILECTBA 1 HEJJIOCTATKHU UCITOJIb3OBAHU A
MATEMATHUYECKUX ITPOI'PAMHBIX ITPOJJYKTOB B ITPOLIECCE
PABOTBI MATEMATUYECKOI'O KPYXXKA

Aunomayus. B cmamve  paccmampusaiomca  (hyHKyuonanivHvie
BO3MOJNCHOCIIU NONYIAPHLIX MAMEMAMUYECKUX NPOSPAMMHBIX NPOOYKMOS 8
CBA3U C peuwleHuemM 3a0ay Ha Nnocmpoenue 2paguxos QYHKyuu u ypasHeHutl,
Komopwie cooepicam 6 cebe mpueoHomMempuieckue QyHKyuu, Mooyiv, Yyeiyro u
OpoOHYI0O wacms Hucia, oopamHvle mpucoHoMempuieckue @yukyuu. B
npoyecce pabomvl ¢  NPOSPAMMAMU  VKA3bIBAIOMCSA  HEOOCMAamKu U
npeumMyecmea ux UCnob308aHUs.

Knrwouesvie cnosa: mamemamuueckue npocpammuvie  NpPoOOyKMbl,

KPYOJICOK, 06y‘l€HM€ mamemamuxu, Memoouka 06y’{€HM}Z mamemaniuke.

Yulia Botuzova
ADVANTAGES AND DISADVANTAGES OF USING OF MATHEMATICAL

SOFTWARE ON THE LESSONS OF MATHEMATICAL CIRCLE

Abstract. The mathematical circle is a form of extracurricular activities in
mathematics in high school. It is very important today that pupils can extend
and deepen their knowledge, learn to solve math problems, enhance their
mathematical training in the lessons of mathematical circle. Mathematics is
becoming a meaningful and a required subject, because more and more
professions require a high level of application of mathematics.

Sometimes teachers need to demonstrate accurate graphing of functions
with a clear display of all steps of constructing. It should be to use existing
software and possibilities of ICT. A lot of scientific works were devoted to use of
these tools in the study of mathematical disciplines. There are cases when
mathematical programs do not work correctly. This is due to the functions

embedded in them. This article written about the advantages and disadvantages



of using ICT in the teaching of mathematics, particularly during the lessons of
mathematical circle.

One of the topics that would be useful to consider with the senior pupils is
«Competitive trigonometry problemsy. There are considered the problems of
graphing of functions which containing trigonometric functions, a module, an
integer part and a fractional part, inverse trigonometric functions etc.

These competitive mathematical problems of trigonometry in which you
must to construct the graphs of functions or equations can be used in the lessons
of mathematical circle or extracurricular activities with the senior pupils. In
this article, we analyzed the use of ICT in the learning of solving problems of
this type. The analysis shows that mathematical computer programs do not
always give the correct result, therefore they not only simplify and improve the
learning process, and vice versa. Consequently, you must always do depth
analysis of conditions and the possible results in solving problems with the
using the ICT, otherwise you will not avoid mistakes and incorrect
mathematical concepts in the pupils. But in most cases, mathematical software
allow to reduce the time that would be spent on the complete problem solving,
stimulate the development of spatial thinking of the pupils, form a strong
interest in mathematics and computer science.

This article may be useful to teachers and students of faculty of Physics
and Mathematics of the Pedagogical Universities.

Key words: mathematical software, mathematical circle, methods of

teaching mathematics.

IMocranoBka mnpodaemu. OpmHiero 3 QopM mo3akiIacHOi podoTH 3
MaTeMaTUKH B CTapIIiil KOl € MaTeMaTUYyHUW TypToK. Ha 3aHaTTSIX TypTKa
YVYHI PO3MIMPIOIOTh Ta MOTIUOMIOITh CBOi 3HAHHS, HAOYBarOTh JOCBILY 3
pO3B’s3aHHS MaTEMAaTUYHUX MMPOOJIEM, IJBULLYIOTh PIBEHb CBOET MATEMAaTUYHOL

M1JTOTOBKH, 1110 HA CHOTOAHINIHINA JA€Hb € 0COOJMBO aKkTyalbHUM [3]. AMKe Bce



OlmpIe  chemiadbHOCTEH  MOTpeOyIoTh BHCOKOTO  PIBHS ~ 3aCTOCYBAaHHS
MaTeMaTUKH, sSKa 1 CcTa€ g OUThIIOl KUIBKOCTI IIKOJISIPIB HEOOXITHHUM 1
3HAYYIIUM TPEIMETOM.

AHaJi3 akTyaJdbHUX AOCJIIKeHb. [HOJI, KEpIBHUKY TypTKa, MiJl 4ac
pO3B’s3yBaHHS 3 VYYHSAMH 3a7ad, HEOOXIAHO NPOJAEMOHCTPYBAaTH TOYHY
noOynoBy rpadika QyHKIi, YITKO BiAOOpa3MBIIM BCl KpOKH moOyaoBu. Tyt
JIOIIJIBHO ~ CKOPUCTATUCS  ICHYIOUMM MPOrpaMHUM  3a0€3Me4YeHHSIM  Ta
mosknuBocTsMu IKT, mpo BUKOpHUCTaHHS SIKUX M1 4aC BUBYEHHS] MAaTEMaTUYHHUX
TUCITUIUTIH BXKE€ HAMMCaHO HeMao. 30Kkpema, HaykoBi mpami Kammaka M. 1.,
Pakosa C. A., Cemepikosa C. O., Kpamapenko T. T'., Tpuyca 10. B.,
Binnnuenka €. ®@., Jlyman I. B., CniBakoBcbkoro O. B. Ta 1H. 103BOJISIFOTH
I'PYHTOBHO BUBYHUTH IO MpoOsIieMy. Aie OyBarOTh BUIIAIKH, KOJIM MaTeMaTHYHI
IpOrpaMH He CHPAIbOBYIOTh TaK sSIK Tpeba, 110 3yMOBJICHO 3aKJIaJeHUMHU B HUX
GyHKIIAMU.

Mera paaHoi crarTi — TpoaHaizyBaTh OCOOJMBOCTI BUKOPUCTAHHS
MaTEMaTUYHUX TPOrpaMHUX 3ac00IB NpH PO3B’SA3yBaHHI HECTAHJIAPTHHX,
KOHKYPCHHUX, OJNIMITIaIHUX 3a/1a4 MiJ Yac poOOTH MaTeMaTHYHOTO TypTKa.

MeTtoau  gocaigkeHHsi. J[19  JOCSATHEHHS  IIOCTABJIEHOI  METH
BUKOPHUCTOBYBAINCH Meopemuyni Memoou: aHalli3 METOAWYHOI, TCHXOJIOTO-
NeJaroriyHol JITepaTypy 3 JOCIIKYBAHOTO MUTaHHS, IPOrpaM MaTEMaTUYHUX
TYPTKIB, JOCTYIMHUX MaT€MAaTHUYHUX MPOTPaMHUX 3aco01B; CHHTE3 IMPOBIAHHUX
i1eil Ta (opMmyJOBaHHS BJIACHUX UIEH; emnipuuni Memoou: BUBYEHHS Ta
y3araJbHEHHS MEPENIOBOr0O IMEJAaroriyHoro JOCBily BUYUTENIB MaTEMaTHUKH Ta
METOJUCTIB, a TaKOX TMPOBEJACHHS HAaBYAJBHOTO  EKCHEPUMEHTY 13
BUKOPHCTAHHSM 3aIIPOITOHOBAHOT METOIUKH BUKJIaTaHHSI.

Buknan ocHoBHOro marepiany. OpHiero 3 Tem, SKi KOpUCHO Oyio O
PO3IJIAHYTO 31 CTaplIOKJIacHUKamu, € «KOHKypcHI 3amayl TpUrOHOMETpii» [2,

c.34]. 3okpema, po3riIsHEMO 3ajadi Ha MNOOyIOBY TpadikiB ¢GyHKIH, 10



MICTSITh OKpPIM TPUTOHOMETPUYHHMX (YHKIIIH, e # MOIyJb, LTy Ta APOOOBY
YaCTHHY YHMCIIa, 00EpHEHI TPUTOHOMETPHUYHI (PYHKIIIT TOIIO.

3amava 1. [To6ymysaru rpadik ¢ynkmii: ¥ =[—3sinx],

Po3p’sizanns: Ilpunyctumo, mo Mu 10 3amady OyaemMo po3B’s3yBaTu
«BPYUYHY», a OT)KE€ BUKOHAEMO TTOCIIIOBHI IepeTBOpeHHs rpadikiB (HyHKITIHI:

1) y=sinx — cunycoina; 2) ¥ =sin2x — cruckyemo rpadik 1 B 2 pasu 10
oci OV; 3) ¥y=3sin2x — posraryemo Tpadik 2)B 3 pa3u Bixm oci OX; 4)
y=-3sin2x _— igoOpaxaemo cuMmeTpu4yHO Tpacdik 3) BigHOCHO oci OX; 5)
v =[~3sin2x] — BukopucTOBY€EMO anropuTM IO6Y0BH rpadika Hinoi YaCTHHY.

AnroputMm noOynoBu rpadika y=[f(x)]: mo6 modymyBatu rpadik GyHKIIT
y=[f()], Tpe6a nposectn mpsmi ¥=kk<€Z i 1i wacrunu rpadika QyHKLi
y=f(x), aKi MicTATbCA B CMy3i, BU3HAUEHill MOABIHHOIO HEPIBHICTIO k <y <k+1
CHPOEKTYBAaTH Ha HIKHIO MEXY Y =k CMyTrH; CyKYyNHICTh OJ€pKaHUX MPOEKIIii
1 Oy e mykanum rpadikom [1, c. 74-75].

Ax 6aunmo, HEOOX1IHO 3[IMCHUTH CKIIaJIHI IEPETBOPEHHSI, 0aKaHO TOYHI,
mo6 kapTuHKa Oyjla IpPaBUIBHOIO, 3pO3yMUION, Hao4HOK. Tomy
CKOPHUCTAEMOCH OJIHIEIO 3 HAW3PYUYHIIIUX Mporpam AJid Takux e — Advanced
Grapher [4] 1 B pe3yJibTaTi OTPUMAEMO TaKy KapTHUHKY (puc.1):
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Puc. 1. 306pascenns epaghixa gynxyii v =[—3sin2x] ¢ npoepami Advanced

Grapher



Ane, HaBiTb HE AMBIAYUCH Ha Tpadik, MOXKHA IMpOaHaTi3yBaTH, IO
MiHiMaTbHE 3HaueHHs 3ajaHoi (QyHKmii » =[-3sin2x] BpaxoByroum o6macTb
3Ha4YeHb CHHYCAa, Oy/ie CTAHOBHUTH -3, a MakcuManbHe 3. Och, caMe MaKCUMalbHi
TOYKHM 1 BIACYTHI Ha pHC.l. SIKIIO CKOPUCTATHCh MOTY>KHUM MaT€MaTUYHHUM
naketoM Maple 15 [5] mis moOGymoBu 1poro * rpadiky, To KapThHKa Oyje

HACTYIHOO (puc.2), 110 TaKOXK JaJeKO HE BIAMOBIA€E AIHCHOCTI.
4 4
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Puc. 2. 306paoicenns epaghiva pymxyii v = [-3sin2x] ¢ npoepami Maple

Le#t npukiag IEMOHCTPYE, IO CIINO JAOBIPATH MAaTEMaTUYHUM IPOrpaMam

0e3 rIMOO0KOro MONEPEAHHOTO aHaJlI3y caMoi 3a7a4l He BapTo.

3adaua 2. Tobynysatu rpadik GyHKLii: ¥ = [cos3x|

cos3x

Poszé’azanna: 1). 3nHailnemo o0nacTb BHU3HAYEHHS 3aJaHOl (DyHKIIT —

cos3x¢0:>3x¢g+7m,neZ = x¢%+?,neZ_



2) Po3kpuemo Moaynb Ha MPOMDKKaX, e BUpa3 cos3x 30epirae cBiil 3HaK:

cos3y 10 2

P il
y: , jy: ,

_COS3XXQ’COS3X<0 -X}COS3X<0

c0s 3

BpaxoByroun 00nacTh BH3HAYEHHS Ta KyCKOBE 3alaHHA (QyHKIIIT

cos3x - .
=|Cos3x|-x2 nodyayemo ii rpadik, ckopuctaBmuch mporpamamu YMK

«Kusast marematuka» tTa Advanced Grapher (mporpama Maple BUBOAUTH TOYHO
Takuii ke Trpadik, sk 1 mnporpama Advanced Grapher). Ilomepenuro
pOaHajizyBaBIINd PYHKIIIIO, pO3YMIEMO, 1110 rpadik PYHKIIi Ma€ pO3pUBU TUITY
CTpuOOK, IO 1 MOBUHHI MOOAYUTH HA KapTUHII y4YHi. AJle Ha puC. 3 cIpaBa

MOKHAa TOOAYUTH CYHUIbHHM Tpadik, a 3miBa rpadik CyUITbHUNA TUIBKH Ha

T

5 T .
ITPOMIKKY (_2;2J, X04a B TOYKax ig, IO HAJICKATh HbOMY IIPOMIXKKY,

MOBUHH1 OYTH TOYKH PO3PHUBY.
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| cos3x |

Puc. 3. 306pasicenns epagixa @pynxyii v = -x* ¢ npoepami «Kusas

cos3x
mamemamuxay (31i6a), 6 npoepami Advanced Grapher (cnpasa)
Hagenenuii npukiaa 3HOBY BKa3ye Ha HEJIONIKHM, AKI BUHUKAIOTh 1] 4ac
Bukopuctanus IKT nHa 3ansarTsax 3 yuyHsmu. OJHaK TOBOPUTH MPO TMOBHY
HE3aCTOCOBHICTh JaHMX 3ac00iB HE MOXKHA. 30Kpema, € U TMepeBaru:
O0OMEKEHICTh JIOMIKK HE J03BOJISIE MOOYIyBaTH KyCKd Tpadika, M0 MICTATHCA

BUILIC YU HUXKYE JIESIKOI TOYKHM OCl OpJIMHAT, iX HEOOXIHO YYHSIM YSBIISTH;

cos3x
[cos3x]| .

IpOrpaMu X JIal0Th 3MOTY MOKa3aTH YaCTHHU Tpadika QyHKINT ¥ = AK

cos3x
3aBTOJIHO Bi/JIaJiCH] BiJl TOYATKy KOOPJAMUHAT, IO BIAMOBIHO CIPUSIE PO3BUTKY
IPOCTOPOBO1 ySIBU YUHIB.

3adaua 3. Ha xoopaunatHiii ol XxOy moOyayBaTu reoOMEeTpUUYHHNA
obpa3 piBasHHs (7 x[+[y])) =0,

Po3ze’azanna: Po3B’sxemo TPUTOHOMETPHUYHE PIBHSIHHS
g(x|+|y)=0=n(x|+|y)=nkkeN ={x|+|yl=kkeN 3 gxoro maicraHeMo
CIMEICTBO KBaJIpaTiB 3 «IIUTUMW» BEPIIMHAMH Ha OCSIX KOOPJAUHAT.

HagiTh BpyuHy HECKJIaJHO MOOYAyBaTh OTPUMAaHUN TeOMETPUUYHUI 00pa3
3aJIaHOTO PIBHSHHS, ajieé XOYEThCS BCE-TaKU CKOPUCTATUCH KOMIT IOTEPOM 1
OTpUMATH TapHy UIIOCTpallito po3B’s3Ky. Ha »xanbp, He BCi MaTemMaTH4HI
mporpaMu MarwTh BOyAOBaHYy (QYHKIIIO Oe3rmocepenHboi molymaoBu TpadikiB
piBHsHb. Anie nmporpama Advanced Grapher 103BoJisi€ 11€ 3pOOUTH Ta OTPUMATH

TaKy KapTUHKY (pHuc. 4).
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Puc. 4. I'eomerpuunumii o6pa3 piBHsAHHA t&(7(x|+|y)) =0 orpumanmii B
nporpami Advanced Grapher

3adaua 4. NoGynysatu rpadik GpyHkuii V = cos(2arcsin x)

Posg’szanns: 1) SHaiineMo o6nacts BusHauenHs ¢yuxuii P(v)=[-11];

. . . . T T
2) BBEIGMO IIO3HAYCHHS arcsinx=¢, TOAI Xx=sina 1 — 5 <a< 55 3) Takum

upoM,  (QyHKmis ¥y =cos(2arcsinx)  pepenuMmeThcs  y  BUIVIAAI
y=cos2a=1-2sina=1-2x"; 4)omke, rpadikoMm ¢PyHkuii » = cos(2arcsinx)
6yne myra napabomu ¥ =1-2x"mpu x € [ L;1].

3nilicHeHHMi aHaji3 Ta OTPMMAHUM pPO3B’A30K 3ajaui, I03BOJIAE HaM
3pificauTy 10Oy 0By rpadika 3ananoi pyHkuii ¥ = cos(2arcsinx) ppyuny. Ane
cripoOy€eMO TMPOTECTyBaTH POOOTY KOMIT IOTEPHUX IIporpam, 3AIHCHUBIIN B
KOXKHi 3 HUX 3amuT «1o0yayBaTH rpadik BUXigHOI QyHKHii V = cos(2arcsin x)
». Pe3ynprartu, 1m0 BMBOIATLCA HAa €KPaH IPOrpaMaMH MOXKHA II00AYMTH Ha

HACTYyIHOMY 300pakeHHi (puc.5).



Puc. 5. 3o00paxenns rpadika QyHKIiii v = cos(Zarcsinx) oneprkaHi B Iporpami
Maple, Advanced Grapher, «’KuBas maTemaTuka» (BiIOBIHO 3J1iBa HAIPaBO)

OueBHIHO, 110 OCTaHHI /1Bl NpOrpamM BUAAIOTH MPABUIBHUM pe3yibTar —
nyry mapa6omn ¥ =1-2x" Ha mpomixky x < [—1:1], a nporpama Maple 3amicTs
KycKka napaboinu Oyaye 11 MOBHICTIO HA MHOKHH1 BCIX TIACHUX YHCEI.

3adaua 5. ToOymysatu rpadik GpyHKii V = arccos(cosx),

Po3zé’azannsa: 1) @yHkuigd nepioguyHa 3 nepiogoM 27 — i 3HAUYCHHS He
3MIHIOIOTBCS, SIKIO X 3MIHIOEThCA Ha X+ 27. Tomy moctaTHbO TOOyIyBaTH
rpadgik Ha TpoMikKyO0<x<27 6 a mOTIM mHapajeibHO MEePEeHEeCTH HOro KiJIbKa
pa3iB BOPABO 1 BITIBO; 2) 3 O3HAYCHHS APKKOCHMHYCA BUILIMBAE, 10 npu 0<x <7
QyHKLis V= arccos(Cosx) mneperBOpUThCA Ha Y =X 3) BpaxOBYIOYH, IO
cosx=cos(2r—x), a mpm 7 <x<27 BUKOHYeTbCS HepiBHiCTh 0<27—x<7,
OTPUMAEMO 32 O3HAUYCHHSM apKKOCUHYCa , [0 Y =27 — X,

Ipadik ¢yHkmii » =arccos(cosx) me CKIaAHO MOOYIyBaTH HAaBiTh
BpPYUYHY, ajié MPOJOBXKHMO TECTyBaHHS BHKOPHUCTAHUX BHUIIEe mporpam. [lms
nanoi 3amadi 1 Maple, 1 YMK «Kuas maremaruka», 1 Advanced Grapher
BUBOJISITh Ha €KPaH 1CHTUYHUNA TIPABUIBHUMN pe3yiabTaT, TOMY HAaBOAMMO JIMIIIE

300pakeHHs, OTprMaHe B porpami Maple (puc.6).



Puc. 6. 306pasicenns epagixa @pynxyii vy = arccos(cosx) oodepowcane 6
npoepami Maple

BucHOBKM Ta mNepCHeKTHBH NOJAJBIINX HAYKOBUX PO3BiIOK.
PosrnsiHyTi BUIIIE KOHKYPCHI MaTeMaTH4HI 3a/a4i 3 TPUTOHOMETPIi Ha TOOYI0BY
rpadikiB ¢GyHKIIA Ta PIBHAHb MOXKHAa BUKOPUCTOBYBATH IIiJ] 4ac MPOBEICHHS
TYPTKOBUX YW (DaKyJbTaTUBHUX 3aHATh 3 YUYHAMH CTapIIuX KJaciB
3araJIbHOOCBITHIX HaBYaJbHUX 3akianiB. [IpoBenmenuit B crarTi aHami3
BukopuctanHs IKT ming uyac HaBuaHHS pO3B’sA3yBaTH 3a7adi TaKOTO THITY
MOKa3ye, IO KOMIT'IOTEpHI MaTeMaTH4YHI TMPOTpaMH HE 3aBXAH BUAAIOTH
NPaBWIBHUI PE3ysbTaT, TOMY HE TIUJIbKH CHPOUIYIOTh Ta MOKPAIIYIOTh MPOIEC
HaBYaHHS, a i HaBnaku. Came TIIMOOKUI aHal3 YMOB Ta MOXJIMBUX PE3yJIbTaTIB
pyu po3B’si3yBaHHI 3a1a4 3 BukopuctanusMm IKT € nmpocto HEoOXimHUM, THAKIIIE
MMOMMWJIOK Ta HEMPAaBUILHUX MAaTEMAaTUYHUX YSBIEHb B YUHIB HE YHUKHYTH. AJie
B OUIBIIOCTI BHMAJKIB MAaTeéMaTH4HI MPOrpaMHi 3aco0M  JO3BOJISIOTH
CKOpPOYYIOTh dYac, 1o OyB OW BUTpaueHWN HA TOBHE pO3B’S3aHHS 3aj]adi,
CTHUMYJIIOIOTh PO3BHTOK MPOCTOPOBOTO MUCICHHS Y4HIB, (OPMYIOTh CTIHKHIA

1HTEpeC 10 MaTEMaTUKU Ta 1HHOPMATHKH.



I[aHa CTaTTid MOXKEC GYTI/I KOPUCHOIO BUUTCIISIM MATCMATHKH Ta CTYyACHTAM

b13uKO-MaTeMaTUYHUX (DAKYJIbTETIB MEIaroriYyHUX HaBYAJIbHUX 3aKJIaJliB.
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