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LEAN AS A TOOL FOR INTERACTIVE THEOREM PROVING IN THE
PROFESSIONAL TRAINING OF MATHEMATICS TEACHERS

Abstract. This paper presents an experience-based analysis of integrating the Lean
interactive theorem prover into the professional training of future mathematics teachers. Special
attention is given to how formal proof construction in Lean fosters logical thinking, precision, and
structural understanding of mathematical reasoning. The pedagogical potential of Lean is examined
through selected examples that demonstrate its didactic value.

Key words and phrases: interactive theorem provers, Lean, mathematics education,
intellectual skills.

[HCTpYMEHTH 17151 aBTOMAaTH3alli1 JOBEJAEHb PO3MOYaIH CBi pO3BUTOK Y 1950-x
pokax 31 ctBopeHHsa Logic Theorist, mepmoi B icTOpii KOMII'IOTEPHOI MpOrpamu,
3natHol BepudikyBatu TeopeMu. 3 yacom, Ha 6a31 po3pobok Logic Theorist, Oynu
cTBOopeHi iHmI cucreMu, 3okpema LISP ta NQTHM. V¥V 1980-90-x pokax Oynu
po3pobsieni Taki BaxxiauBi iHcTpymeHTH, sik HOL, Coq ta Isabelle, siki akTuBHO
BUKOPHUCTOBYIOThCS y Bepu(iKallii CKJIIaJIHUX MaTEMAaTUYHUX CTPYKTYP 1 IPOTPaMHUX
cucrteM. Hampukinmi 20 cromitts 3’siBuBcs Lean [1], sikuif 06’€IHYy€ MOXJIMBOCTI
JOBEJICHHSI TEOPEM 1 MPOrpaMyBaHHs, IO J03BOJIsIE BUKOPUCTOBYBAaTH HOro SK
THCTPYMEHT JIsl HAaBYaHHSI Ta JIOCHII)KEHb Y MaTeMaTHII].

lannone 1 Thoma [2] moka3zanu, 1m0 BUKOpUCTaHHS Lean y HaBYaJbHOMY
MpOLIEC] COpPHUSE€ PO3BUTKY JIOMYHOTO Ta AHATITHYHOIO MMCIICHHS, MiAIITOBXYIOUH
CTYJICHTIB J0 OUIBII MTMOOKOTO PO3YMIHHSA MaTeMaTUYHUX J0BeaeHb. [IpoTe aBTOpH
TAaKOX 3a3Ha4yal0Th, IO CTYJEHTH MOXYTh CTHUKAaTHUCA 3 TPYyAHOUIAMHU 4Yepe3

cknagHuii cuHTakcuc Lean. [lomoBHIOIOYM IIeM miaxim, gociaimkeHHs Cwmuma 1
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3aropyibka [3] 30cepekKyeThbCs Ha TEXHIYHMX mepeBarax Lean y mepesipili
HECYNepeyHOCTI 3aj]a4 Ta Pe3yJIbTaTiB.

B ocsitnilt nporpami «®izuka. Matematuka» (OKP marictp) KpuBopizbkoro
Jep>KaBHOTO TeAaroriyHoro ysisepcutety B 2023-2024 H.p. B mpolieci HaBYaHHS
Kypcam «MeTo/lMKa HaBYaHHS MAaTeMaTHKU B 3aKjaJax BHILNOI Ta MEpeABUIION
ocBiTH» Ta «QDYHKIIOHAIBHUIA aHami3» 3700yBadyl OCBITH Malld MOKJIIUBICTb
oTpumaTu 0Oa3oBi 3HaHHSA 3 Lean 1 3amucaTu naeski TeopeMH (PYHKIIOHAIBHOTO
aHaJi3y B IIbOMY CEpPEIOBHIIII.

Lean Hajmae xopucTyBayaM IIHPOKI MOXIIMBOCTI JUIsl BUKOPUCTAHHS
IHTEpaKTUBHUX TaKTHK, Takux sik peduexcuBHicTh (refl) Ta imaykiis (induction), siki
CHpOUIYIOTh Ipouec noBeAeHHs. Lle qo3Bosie 3100yBayamM oCcBITH c(hOKyCyBaTUCS HA
PO3YMIHHI 3arajbHOi1 JIOTIKM JIOBEJCHHS, 3aMICTh 30CEPE/PKEHHS Ha TEXHIYHUX
JeTallsX.

PosristHemo cxeMy nporecy IHTepakKTUBHOTO JJOBeIeHHs TeopeM B Lean:

1. BusHAaYeHHSI MATEeMATUYHHUX 00’ €KTIB Ta CTPYKTYP:
¢ OrOJIOLIEHHS THUIMIB JaHUX (HaTypajbHI YUCJa, CIIUCKH, OyJIeBl 3HAUCHHS
TOIIIO);
¢ BHM3HAYEHHS 3MIHHUX Ta (QYHKIIIi.
2. @opMadnizaniss MATEMATHYHUX TBEP/IKEHb:
o (opmyItOBaHHS TEOPEM Ta JIEM 3a JOTIOMOTI'OI0 3aJIEKHUX TUMIB y Lean;
e 3acTOCyBaHHA (QYHKIIH 1 CTPYKTYp [JIsl OINKUCY MaTeMaTHYHUX
BJIACTUBOCTEM.
3. BukopucTaHHsl TAKTHK /151 JOBeeHHA:
e 3aCTOCYBaHHSI IHTEPAKTHUBHUX TaKTHK, TakuX sk refl, induction Ta iHIINX;
e OTPUMAaHHS 3BOPOTHOTO 3B’SI3Ky B peaJbHOMY Yaci Ta KOPEKIis

ITIOMMIJIOK.
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4. IlepeBipka Ta onTuUMi3amisi J0BeleHb: BUKOPUCTAaHHS AaBTOMATHYHUX
JIOBIJTHUKIB Ta MOYJIbHOCTI Lean jyist cripolieHHs 10BEICHB 1 TOOYA0BU
HOBHUX T€OPEM Ha OCHOBI B3K€ JJOBEJCHUX TBEPIKECHb.
5. 30epexeHHsI TAa NOBTOPHE BUKOPUCTAHHS Pe3yJbTATIB:
o 30epeKeHHs JI0BEICHb y 010J110TeKaxX Ta MOXKJIMBICTh BUKOPUCTAHHS BXKE
JIOBEJICHUX Pe3yJIbTaTiB y HOBUX 3ajJa4ax;
e MIATPUMKA KOJEKTHBHOI pOOOTH 3aBASKHU CHUIBHOTAM Ta OHOBJICHHIO
010J110TeK.

[HTEpakTUBHI 1HCTPYMEHTH CHPUSIIOTH PO3BUTKY BMIHHS CTAaBUTH IPaBWIbHI
3amuTaHHsA, OOMpaTH BIAMOBIAHI METOH JIJIsi PO3B’SI3aHHS 3a/1aul Ta aanTyBaTUCS J10
HOBUX IIJIXOJIIB Yy BHUpIIIEHHI MaTemMaTH4yHux npooOsnem. lle po3BuBae He nwiie
3IaTHICTh JOBOJUTH TEOpeMH, a U crpuse (HOpPMYBAHHIO CTpaTerii po3B’si3aHHS
CKJIQHUX 3aBAaHb, 1110 € KIIOYOBOIO 1HTEJIEKTYaJIbHOIO0 KOMIIETEHTHICTIO.

BukopuctanHs 1HTEpaKTUBHUX TEXHOJOTIM JIOBEJACHHS TEOpPEM TaKOXK
pPO3BHMBA€ aHANITUYHI HAaBUYKH Ta 3JAaTHICTh O CAMOKOHTPOJIIO, aJKe 3700yBaul
OCBITM MalOTh MOXJIMBICTh OAauWTH HEralHi pe3yJibTaTh CBOIX MAiil, aHali3yBaTu
MOMWIKK 1 KOpUTYBaTH iX y mporeci. Lle cTumynioe po3BUTOK 1HTENEKTYalbHOI
JTUCHUIUTIHM, SIKa € BAXKJIMBOIO Il BUMTEIIIB MAaTEMATUKH, JOTIOMAraro4yu iM He JIUIIe
OMaHyBaTH MaTEMAaTHYHHUI MaTepiai, aje i HaBYMTHUCS TOYHO OI[IHIOBATU CBOi Aii Ta
TMIXO/IH, 1110 BaYKJIUBO JJIsl HABYAHHS 1HIIINX.

OCHOBHMMH HampsMaMy PO3BUTKY IHTEPAKTUBHUX TEXHOJOTII JOBEACHHS
TeopeM € po3poOKa HaBYAJIbHUX MOCIOHMKIB Ta I1HTErpauis IUX IHCTPYMEHTIB Y
cucteMHu ynpapiiHHsA HaBuaHHIM (LMS). Takox akTyalbHUM € CTBOpEHHS 010110TEK
1 JIOJATKOBHX I1HCTPYMEHTIB, IO TOJIETIIYIOTh CTyJACHTaM HaBYaHHS OCHOBHUM
KOHIICTI[ISIM MaTeMaThKu 3a jgornoMoror Lean. 3aBasiki akTHUBHIN MIATPUMIN Ta
PO3BUTKY CHUIBHOTH Lean, CTBOPIOIOTBCS HOBI OCBITHI MaTepialid, SIKI CHPHUSIOTH

MMIBUILIEHHIO IKOCTI MATEMAaTUYHOI OCBITH.
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Interpanis inctpymentiB ITAT, 30kpema Lean, y miaAroToBky maiOyTHIX
BUUTENIB MATEMAaTHUKU CHPUSE PO3BUTKY I1HTENEKTYaJIbHUX YMIiHb, MIABUIIECHHIO
MOTHBAIlli JO HABYaHHSA, a TAKOX MOKPAIICHHIO HaBUYOK QopMamizaiii Ta
CTPYKTYpPYBaHHSI MAaT€MAaTHYHUX JOBEJEHb. TaKOX BaXKJIWMBO BIJA3HAYUTH, IO
BUKOPUCTAaHHSI IHTEPAKTUBHUX IHCTPYMEHTIB JOBEJACHHS TEOpEM ISl HaBUYAHHS
3a0e3neduye MUTTEBUN 3BOPOTHUN 3B’S30K, 110 CTUMYJIOE AKTUBHE HABYaHHS 1

CIIpuAg€ FJII/I6OKOMy 3aCBOC€HHIO 3HAHb.
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SELF-REGULATED LEARNING AND MATH SKILLS. ESTONIAN
EXPERIENCE IN ASSESSING SELF-REGULATED COMPETENCE

Abstract. The paper describes the model used in Estonia for development students’ learning
to learn competence and self-regulated learning. It includes three components: motivation,
cognition, and metacognition. Additionally, it describes the findings from an empirical study,
relating SRL indicators assessed in Grade 2 with math factual and conceptual knowledge assessed
in Grade 7.

Key words and phrases: self-regulated learning competencies, motivation, cognition,
metacognition, factual and conceptual math knowledge

Self-regulated learning (SRL) encompasses goal setting, planning, strategy use,
monitoring, and reflection, which jointly lead to learning outcomes. Various SRL
models incorporate regulation of cognition, motivation, and metacognition [7]. SRL
competencies are important in learning and achievement, including in math learning
and achievement [2]. An important first step to support the development of SRL
competencies is assessment, and thus, assessment tools are needed.

In the presentation I first introduce the web-based tool that is used in Estonia
for assessing students’ SRL indicators from three — motivational, cognitive, and
metacognitive — areas [4; 5]. It is a standardized and normed web-based tool for
primary (starting from Grade 2) and middle school [4]. The tool was developed to
help teachers in assessing and supporting students’ SRL competence. It allows
teachers to get immediate feedback about each student’s and the entire class’s SRL
indicators in the form of SRL profiles (i.e., the level of each indicator compared to
collected class-level norms). It assesses SRL on global level by measuring students’
competencies with specific tasks [1; 6] and questionnaires with Likert-type scales [8].

In the second part of the presentation I show the results of an explorative study
that examined how motivational, cognitive, and metacognitive SRL indicators

assessed in Grade 2 jointly predict students’ math skills five years later, in Grade 7.
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The sample comprised 313 students who completed SRL test in Grade 2 and
the math national test in Grade 7. SRL competencies were assessed in fall of 2017,
and math skills in fall of 2023. The tasks were designed to assess three areas of SRL:
motivation (mindset, autonomous and controlled motivation, persistence), cognition
(scientific and heterogeneous thinking, attention, working memory, using learning
strategies), and metacognition (valuing effective learning strategies) [5]. The
selection of indicators was based on theory and earlier studies. Due to the need to
develop the tool for the entire basic school period, we took a developmental
perspective and accounted for young students’ limited cognitive and metacognitive
skills [3]. Math test included 48 tasks, of which 23 tasks assessed factual and
procedural knowledge and 25 conceptual knowledge. Hierarchical linear regression
analyses with the stepwise method were conducted to examine which SRL indicators
predict Grade 7 test scores.

It was found that math factual/procedural knowledge test scores in Grade 7
were predicted by two variables from the cognition area (attention, heterogeneous
thinking), three from motivation (mindset, self-efficacy, wish to proceed) and one
from metacognition (valuing association strategies) [F(6, 311) = 10.368, p < 0.001, R
= 0.412, R2adjusted = 0.153]. Math conceptual knowledge test scores were predicted
by two variables from the cognition area (attention, scientific thinking) and one from
motivation (self-efficacy) [F(3, 311) = 9.271, p < 0.001, R = 0.288, R2adjusted =
0.074]. The findings are discussed in relation to students’ developmental level and

cognitive demands of different academic areas.
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MATHEMATICAL LANDSCAPE PARKS AS AN ENVIRONMENT FOR
MODELING RESEARCH PROJECTS, SCIENTIFIC RESEARCH AND
POPULARIZATION OF MATHEMATICS

Abstract. The study is devoted to the problems of creating and functioning of a landscape
mathematical park as an environment for modeling research projects, scientific research, and
popularization of mathematics. Mathematical parks are seen as unique spaces that combine
scientific knowledge with aesthetic aspects, transforming mathematical concepts into interactive
exhibits and art objects. The authors' idea allows to harmoniously combine the past and the present:
to visualize the outstanding achievements of mathematics by means of modern achievements in the
use of digital technologies in education.

Key words and phrases: mathematical park, landscape mathematical park, mathematical
modeling, scientific research, 3D modeling, 3D printing, popularization of mathematics.

Ponb MaremMaTuku B KUTTI KOKHOI JIOAMHU, O€3yMOBHO, KojiocaiabHa. BoHa B
yCcl yacu Maja He3alepeyHe KyJIbTypHE ¢ MpakTUYHE 3HAYeHHsS, ii poiib Y
TEXHIYHOMY I €KOHOMIYHOMY PO3BUTKY CYCHUIbCTBA BaXXKKO MepeoliHuTH. ChOroaHi
KOXXHUI Mae€ YCBIIOMIIIOBaTH, L0 MaTeMaThkKa € €(QEKTUBHUM 1HCTPYMEHTOM
MOJICTIOBaHHS U JTOCTIKEHHS MPOIECIB 1 SBUII HABKOJHUIIHBOI IIMCHOCTI, 6a30BUM
KOMITIOHEHTOM 3arajbHoi Ta Npo¢eciiiHOi OCBITH Cy4acHOI JIIOJAUHH, JIEBUM 3aCO00M
PO3BUTKY MHMCIIEHHS, MPOCTOPOBOi YSBH, HAYKOBOI'O CBITOIVISIAY OCOOMCTOCTI,
HEBIJIIIIBHOIO YACTUHOIO 3araJIbHOMIOCHKOI KyJIbTYpH. SIKiCHa MaTeMaTUYHa OCBITa
€ HEOOXIJIHOI0O YMOBOIO YCIIIIHOTIO OMAaHYBAaHHS IIIOI0 HU3KOI BAXKIUBUX IS

€KOHOMIKM Ta CYyCHUIbCTBA  cHeliaJbHOCTEeH. Pe3ynpTaTu  HAIlOHAJIBHOTO
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MYJIBTUNIPEAMETHOrO TecTy B YkpaiHi [9] Tta Programme for International Student
Assessment (PISA) [12] cBimuaTh Mpo HAsBHICTh MPOOJIEM y MaTeMaTU4HIA OCBIT1
0araThbOX PO3BHMHEHUX KpaiH. AKTyaJbHOCTI Iii mpoOJieMi J0Aar0Th Pi3HI 30BHIIIHI
YUHHUKHU: eMijieMii CBITOBOro wmacimraly, 30poifHi KOH(IIIKTH, EKOJIOT14HI Ta
€KOHOMIYHI Herapas3au. ToMy HayKOBILI Ta BUKJIaJadl B OCBITHIX CHUCTeMax Jep aB
BYAThCS IIBHJIKO pearyBaTH Ha 3MIHM 30BHIIIHBOTO CEPEIOBHUINA, 30Kpema, Iie
oprasizailisi HaBYaJILHOIO MPOLECY B JUCTAHLIMHOMY Ta 3MillaHoMy (opmarax i3
3aCTOCYBaHHSIM  LM(PPOBUX  TEXHOJOTIM Ta  BIPTyaJIbHUX  IHTEPAKTUBHUX
MO>KJIMBOCTEH ISl MPECTaBICHHS PI3HOMAHITHOTO HABYAIBLHOTO KOHTEHTY.

B ocBiTHbOMY IpOCTOpi MIATOTOBKM OakajaBpiB 1 MariCTpiB MaTeMaTHKH Ta
iHhOpMaTHKK 3BEpHEMO YyBary Ha (opMyBaHHS U CTBOPEHHS TaK 3BaHOIO
MaTeMaTUYHOrO0 MapKy, L0 TapMOHIMHO TMOE€AHYE NPHUPOAHY abo BIpTyaldbHY
TEPUTOPIIO0 3 MIATOTOBICHOIO 1HQPACTPYKTYpOIO, Ha SIKiM JTEMOHCTPYETHCS 3B 30K
MaTeMaTUKd 3 TMPUPOJOI0 Ta CYCHUILCTBOM. [ OJOBHa MeTa CTBOpPEHHS
MaTeMaTUYHOr0 MapKy — IMOKa3aTH, 10 MaTeMaTHKa € OCHOBOIO 3aKOHOMIPHOCTEH
MPUPOJIU Ta CYCIHUIbCTBA, BUKIMKATU HE JIMIIE TO3UTHBHI €MOIlii BiJBIyBauyiB,
3axBaT, MOJWB 1 HACOJOMY BIJ MaTeMaTHUYHUX OO €KTIB, a ¥ Oa)kaHHS BUBYATH
MareMaTtuky. MareMaTHyHui MapK pO3AUIMMO Ha JIBI B3a€MOIIOB’SI3aHI YAaCTUHU:
naHAmAaQTHUN MaTeMaTUYHUMA MapK 1 BIpTyaJbHUNA OCBITHIM MaTeMaTHUYHUN Napk. [4;
3]

Hu3ka po3BUHEHUX KpaiH NpUAUISE 3HAUHY yBary HOIyJsipu3alii MaTeMaTHKH,
30KpeMa CTBOPEHHIO TaK 3BaHUX HAyKoOBUX mapkiB. Cepel HAyKOBHX THapKiB
BUJJIMMO MaTeMaTHU4HI NapKu SK JAUBOBIXKHI MICUS IJIsl MPOTYJSHOK, /i€ HayKa
NeperunTaeTbhcs 3  MUCTeuTBOM 1 npupoaor. Cepen  HaBLAOMIIIMX 1
HalBIJBiNyBaHIIUX MapkiB € — HaykoBuit nentp Onrapio B Topouto [10],
Harionansauii Myseit Matematuku (MoMath) y Heio-Hopxy [8], ITaprucunatusauit
Mmy3eit «He Topkatucs 3a6opoHeHo» B byeHoc-Ailipeci [11], Yukaspkuil autsauit

My3el Ha o3epi Miunran [3], My3seit matematuku B Ilpusepno [1], Cang Apximena:
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Myseit marematuku y @nopenuii [2], MarematnyHuii ueHtp MareMaTukym Yy
[icceni [6], mMaTeMaTH4YHM MapK, CTBOPEHUMH Ha 4YECTh BIIOMOIO MaTeMaTHKa
HpiniBaca Pamanymxana B Iuaii [14], [lepumit nepxaBuuit «My3seit Hayku» Manoi
akaneMii Hayk Ykpainu B Kuesi [13], My3seit matematuku B Kuesi [7].

CyuacHi TEXHOJIOT1l BIJKPUBAIOTh HOBI MOXJIMBOCTI JJIS HaBUaHHS Ta
nomyJisipu3auii Haykd. SICKpaBUM TNPHUKIAJAOM TaKOi JOCTYHHOCTI € BIPTYyalbHI
eKCKypcli MaTeMaTHYHUMH TnapkaMud. CTyJeHTH 3 pPi3HUX KYyTOUKIB CBITY MOXYTb
OJIHOYACHO Bi/IBIAATH HAWBIIOMIIII MaTeMaTU4HI MapKy, HE BUTPAyalOud KOILITH Ha
MOJOPOXKI Ta mpoxuBaHHA. KpiM Toro, BIpTyasibHI €KCKypcii MOKHa MPOBOJIUTH B
OyIb-IKUW 3pyyHUM Yac, 1m0 3a0e3neuye 1HAUBIIyaTi3allil0 OCBITHBROTO MPOIECY.
BinBigyBaui BipTyaldbHUX €KCKYPCIH 3aHYPIOIOTHCS y CBIT MAaTEMAaTUKH, HE BUXOJAUU
3 J0oMYy. 3aBISIKM IHTEpAaKTUBHUM €JIeMEeHTaM, TakuM sk 3D-moxeni, maHopamHi
3HIMKHU Ta BiJI€O, CTYJIEHTU MOXYTh BI3yalli3yBaTH CKJIaJHI MaTeMaTU4HI KOHUEMIIi
Ta MOOAYWTH, SK BOHU BTUIIOIOThCS B peanbHl 00’ekth. lle cnpuse riaubimiomy
PO3YMIHHIO MaTepially Ta MiJBUIIYE MOTHBAIII0 [0 HAaBYaHHSI MAaTEMAaTHUKH.
[HTepakTUBHI €eMEHTH BIpTyalbHUX E€KCKYypCiii poOisTh HABYaHHS ILIKABIIIUM Ta
epexktuBHIMM. CTyJIEHTH MOXYTh CaMOCTIHHO JOCHIJKYBaTH EKCIIOHATH,
BIJIMOBIJJATH HA 3alMTAHHS Ta BUKOHYBATH 3aBJAHHS, 110 CHPHUSIE PO3BUTKY IXHBOTO
KPUTUYHOTO MHUCJIEHHS, TBOPYMX 3A10HOCTEH Ta HABUYOK CaMOCTIHHOI pPOOOTH.
BipryanbHi eKcKypcii MaTeMaTUYHUMU MapKaMH TAKOX € MOTYKHUM IHCTPYMEHTOM
Uil omyJsipu3auii Hayku. BoHHM JeMOHCTPYIOTh, IO MaTeMaTHKa — I He JIUIIe
CYKYNHICTh aOCTpakTHUX (opmyl, a W MpeKpacHe MHUCTEUTBO, AK€ OTOYYE HAC Y
MOBCSIKIEHHOMY >KMUTTL. lle nomomMarae mojmonatu CTEPEOTHUNH MPO MATEeMaTHKY SK
CKJIAJIHY 1 HyJHY HayKYy.

ABTOpaMHM  JOCHIJKEHO  clieuu(iKy  BUKOPUCTaHHS  JIAHAIAQTHOTO
MaTeMaTUYHOrO0 TMapKy B TMpoleci MIArOTOBKM OakandaBpiB MaTEeMaTUKH Ta
iHbpopMmaTuku. Taki Tapkud CHOPUSIOTH He Juile (GopMyBaHHIO MaTeMaTHYHOI

KyJIbTYpu MailOyTHIX (axiBIiB, a i PO3BUTKY KJIIOYOBUX KOMIIETEHTHOCTEH, 30KpeMa
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3IaTHOCTI 10 CAaMOCTIMHOTO0 HaBYaHHS, €()EKTUBHOIO BUKOPHUCTAHHS 3HAHb, a TAKOX
yMiHb TIpallOBaTH 13 CHCTEMAaMH KOMIT'IOTEPHOI MaTe€MaTUKH, MPOTPaMHUM
3abe3neueHHsIM i omnpamtoBanHs 3D-rpadiku. Ile, cBoero dYeproro, miaBUIILYE
e(eKTUBHICTh OCBITH, CAMOOCBITU Ta MpodeciiiHoi aisuibHOCTI (axiBiiB. BBaxaemo
JOLUIBHAM Y TIATOTOBII OakajlaBpiB MaTeMaTHKU Ta 1H(QOpPMATUKU CTBOPEHHS B
yHIBEpCUTETaX JaHAIIAPTHUX MaTeMaTUUYHMX MapKiB MIHIATIOp 13 aHAJITUYHOI H
nudepeHIianbHoi TeoMeTpii 1 TOMOJIOTii, MaTeMaTHYHOTrO Ta (PYHKIIOHAJIBHOIO
aHamizy, audepeHIladbHUX Ta IHTErPAJIbHUX pIBHSAHB, TEOpii WMOBIPHOCTEH Ta
MaTeMaTUYHOI CTAaTUCTHKH, anreopu 1 Teopii Yucelsl, KOMII IOTEpHOI MaTEeMaTUKH,
TPUBUMIPHOTO MOJIENIOBAaHHS TOWIO. AJIKE TYT € BEJIHUKI MOXIHMBOCTI IS
MaTeMaTUYHOTO MOJIENIOBAaHHS Ta HABYAJIbHO-IOCIIIHUIIBKOT TISJILHOCTI CTYJI€HTIB,
30KpeMa, MOJICJIIOBAHHS TUI y MPOCTOPi, OOYUCIIEHHS IUIOINI MOBEPXOHb, 00’ €MIB,
Macu Tila, LHEHTPY MAcH Tila Ta 1HMMX (PI3UYHUX BEIWYUH. YTPOAOBXK HABUAHHSA
CTYJIEHT Moke (opMyBaTH BiacHUM OaHK JIHIA 1 MOBEPXOHb Ta MEPErJISTHYTH 3a
HEOOX1JTHOCT1 CTBOPEH1 AEMOHCTpAIlii.

[lepciekTHBHM MOJANBIIUX AOCHIKEHb BOAYAEMO y CTBOPEHHI BIPTYyalabHOTO
OCBITHBOTO ~ MaTEeMaTUYHOI'O0 TMapKy sK IUIaTpopMu Uil  MaTEMaTUYHOIO
MOJICJIIOBaHHS, HAYKOBUX JOCIHIKEHb; Y CIOPYDKEHHI Ha TEPUTOpPIi YHIBEPCUTETY
JaHAMAQTHOrO MATEMAaTUYHOT O NTAPKy MIHIATIOp, HaJApyKOBaHUX Ha 3D-npuHTepi, Ta
foro iH(popMaIitHOMY CYIpPOBO/II; TOCHII)KEHHI BIUIMBY y4acTi CTYAEHTIB y poOOTi
BIpTyaJIbHUX JlabopaTopiii Ha PopMyBaHHS IXHHOI MATEMATUYHOI, 1HHOPMATHYHOI Ta
MeJaroriyHoi KyJbTypH.
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ASSESSMENT OF MATH COMPETENCE IN ESTONIA

Abstract. Math competence definitions often include math-specific knowledge and skills,
and an understanding of how to implement these skills. Still, many assessment tools leave out
assessment of the knowledge about the field in which math is used, as well as how to apply math in
a specific field. In Estonia, we aim to assess all components of math competence to better
understand students' math skills development.

Keywords and phrases: Math competence, assessment tools, development of math skills,
middle school.

Based on the Programme for International Student Assessment [2],
mathematical literacy, i.e., math competence, is an individual’s capacity to reason
mathematically and to formulate, employ, and interpret mathematics to solve
problems in a variety of real-world contexts. It includes concepts, procedures, facts,
and tools to describe, explain, and predict phenomena. It helps individuals know the
role that mathematics plays in the world and make well-founded judgments and
decisions needed by constructive, engaged, and reflective 21st-century citizens. In
Estonia, a similar definition is used to describe math competence - the ability to
comprehend and apply mathematical concepts and procedures to achieve one's goals,
develop one's abilities and knowledge, and participate actively in society [3].

Thus, math competence includes math-specific knowledge and skills (e.g.,
conceptual and procedural knowledge and skills), motivation to study and implement
these skills, but also knowledge about the field in which math is used as well as how
to apply math in a specific field. Math tests usually assess only math-specific skills
and math-related motivation, but often neglect to assess the respondents'
understanding of the context of the math tasks. For example, people may have
excellent math skills, but if they are put in a situation where they have to buy an
appropriate quantity of carpentry products, they struggle to do so because they do not
have enough knowledge regarding the context of the task [1].
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In this presentation, I will introduce the Estonian math competence framework,
assessment tools for middle school, and some of the results of the studies conducted
in Estonia regarding math competence (for further information, see:

https://www.tlu.ee/en/lIti/research/math-competence-studies).
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SPECIFIC FEATURES OF REDUCING A VARIATIONAL PROBLEM OF
HEREDITARY DAMAGE THEORY TO A NONLINEAR PROGRAMMING
TASK

Abstract. A hereditary-type model of fracture plastic strains is considered, which includes
an integral dependence of the accumulated plastic strain on the strain rate intensity. It is shown that
this dependence significantly enhances the theoretical and practical value of the proposed model
compared to its prototype — the classical long-term strength model.

Key words and phrases: hereditary-type model, strain rate intensity, accumulated plastic
strain, variational problem, nonlinear programming problem, weighted sequence spaces.

KrnacuyHoto € 3agada TpuUBasioi MIITHOCTI, IO 0a3yeTbCs HAa IHTETPATILHOMY
Mpe/ICTaBIIEH] CIIaJKOBOTO TUTY [2, 3]
folt,=0)-o:(¢)
folt,—7)-0.(7r)-dr=1
0o (1.1)

. . t
O; . IHTCHCUBHICTH HAIIPYKCHb, - 4gac 1o

t . :
ne &7 - vac; o(1) _ GbyHKLIA MaM’ATi;
pyHHYBaHHs MaTepiajly 3a YMOBH, IO IHTEHCHBHICTh HANpPY>KE€Hb 3MIHIOETHCSA 3a

3aKOHOM °. =0 (t)

OyHKIS [aM’aTi  BIA3EpKAJIOE BIACTUBICTh «3a0yBaHHS» MarepiajioM
BEJIMYMHU MIPUPOCTY MOLIKOKEHHS B MOMEHT 4acy 7 Mo MIpi BiJIaJ€HHS BiJ I[bOTO
MOMEHTY.

B niniiiHii Mogeni QyHKIs aM’sTi MOBHICTIO BUBHAYAETHCSA 3aJIEKHICTIO Yacy

70 pyHHYBaHHS Bl BEJTUYMHHU 1HTEHCHBHOCTI HANPYEHb 3a YMOBH CTal[lOHAPHOTO

HAaBaHTaXCHHS g (t) - (Gf )k =const.

19



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

MOJICJIB TpI/IBaJIOI MiI_IHOCTi € IIPOTOTHUIIOM MOIIeJIi I'paHNYHUX IUIACTHYHUX

nedopmMaiiiii, Mo JOCHiKyBallachk, 30KpeMa, B [4, 5, 6]

w(t)= nn(j)(z‘—r)"_]-éi (r)-dz<1, te(0,1,)

g , (1.2)
t,)=1
w(r) _ (1.3)
ne & - intencuBmicTs mBHaKocTel medopmamiit; € - mapamerpu 3amexnocti

. . . e =e(t,) . . .
HAKOIMWYCHOI TUTAaCTUYHOI AcdopMalii 10 pyHHyBaHHS ' /J Bim IHTEHCUBHOCTI

> ; ; 8i(t):(8i)k= t:
MIBUAKOCTEH nedopmaltii mpu cTarionapHoMy aegopMyBaHHI const;

e(t):(j)éi(r)-dr. (14

B npuknagHux 3amadax oOpoOKHM MartepiaiiB IUIACTUYHUM JehOpMYyBaHHIM

BOXKJIMBO 3HAXOIUTU PEXUMHU AehOpPMYyBaHHS, N0 BIANOBIAAIOTH IiABUIIICHUM

e . ..o .
3HAYCHHAM I, 3B1IICI/I BHHHUKA€ BapilamipnHa 3aJada 130ICPpUMCTPUYHOTO THUITY!:

. £,=£,(1) .
BU3HauuTH (QyHKIit0o “~ “\"/ 10 3aJ0BOJbHSE 1HTErpajsbHy ymoBYy (1.3) Ta

. e, =elt
JOCTaBJIsI€E MAKCUMYM Q)yHKuloHaJIy 4 ( 4 ) [] max.

3aranom po3B'A30K i€l 3a1a4l He icHye. OgHaK AJig OKpEeMUX KiaciB QyHKIIIH

&=¢(1) BapialiiiHy 3ajady 130NE€pUMETPUYHOrO THUIy MOKHA 3BECTH 1O 3ajaul
HEJIIHIHHOTO MPOrpaMyBaHHs.

ABtopamu [4] mig 4Yac TOWIYKY HAWOUIBIIOr0 3HAYE€HHS HAKOMUYEHOI
nedopmarllii  mpu  JIHIKMHUX  JBOJAHKOBHX  TPAEKTOpiAX  JneopMyBaHHSA
TPUKYTHOMOJIOHOTO BHAY TMOKa3aHO, WO PO3B'SI30K 3ajaul OPU3BOAUTH [0
TpaekTopii, fKa € HEAOMyCTUMOIO 3a YMOBHM BpaxyBaHHS HepiBHocTi (1.2).
HeoOxigHicTh BpaxyBaHHS Il€i yMOBHM JEIIO YCKJIQJHIOE TIOIIYK PO3B’S3KY

HOpiBHHHO 3 KIIAaCUYHOIO BapiauiﬁHOIO 3a1a4€CrO0 iSOHepI/IMCTpI/ILIHOFO THUILY.
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JloBeneHo, 10 aJig JESKOro Kjaca (PyHKINM JOCTaTHIO YMOBY MOPYIICHHS
HepiBHOCTI (1.2) MOXKHA 3amucaTHl y BUTJISII

lim y'(¢)<0, (0<n<I)

t—t,-0

3ayBaXUMO, L0 NPHUKIaJAHE 3HAYEHHS CGHOPMYIBOBAHUX 1 JOCIHIJKEHUX
ONTHUMI3ALIMHUX 3a/lay MOJISITa€ HE JIMIIe y BU3HAYEHHI TPAaHUYHUX IUIACTHYHHUX
nedopmariiif, a # y HMIUPIIOMY CHEKTPl 3aCTOCYBaHb, 30KpeMa JJIsi MOJICIIFOBAHHSI
BUTPaYaHHs pecypcy CIIOPTCMEHA IiJl Yac MO0JIaHHS TUCTaHLIII.

Ormxe, HasBHICTH cHiBBiAHOWEHH (1.4) poOuTh Moneni TpaHUYHUX
iacTUYHUX Jedopmaniii HabaraTo IIKaBIIIMMHU, SIK B TEOPETUYHOMY, TaK 1 B

MPUKIAJHOMY aCIEKTI.
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ESTONIAN GRADE NINE NATIONAL MATH EXAM RESULTS: ITS
RELATIONSHIP WITH INTEREST AND NOVEL MATH SKILLS

Abstract: Students are expected to achieve a certain level of math competence by the end of
middle school. Students’ math achievement is also assessed using a school-leaving national exam at
the end of grade nine. There are also math skills which are more novel and not taught in schools as
much, which may be significant for students’ math achievement. Thus, the current study aims to
elaborate on how students’ novel skills and math interest relate to their national math exam results.

Key words and phrases: school mathematics, math competence, spontaneous focusing on
quantitative relations, interest in math

Theoretical background

Students are expected to achieve a certain level of math competence in school,
which in Estonia is assessed by, for example, a national school leaving exam at the
end of grade nine. Learning math is often cumulative, i.e. new knowledge is built
upon prior knowledge [1]. Thus, students who struggle with math early on may
continue to struggle with it. There can; however, be more novel math skills which
also relate to math achievement. More specifically, this study focuses on students’
spontaneous focusing on quantitative relations [5], 1.e. the describing of quantitative
relations between two or more quantities, which has been found to predict math skills
[6]. In addition to SFOR, another task has been used to assess whether the students
can describe the multiplicative relations without the need to spontaneously focus on
them [4]. These tasks can be referred to as the guided use of multiplicative relations,
where students are explicitly guided to describe these relations using fill in the blank
types of tasks.

Aside from different math-related skills, achievement motivation also relates to
students’ learning behaviours and, thus, also to math achievement [2]. Interest in

math, i.e. the enjoyment a student gains from math-related tasks and activities [8], has
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been previously found to predict end-of-year math grades [3]. However, longitudinal
studies have highlighted that interest in math may not predict later achievement [7].
Therefore, students who enjoy math-related tasks are likely to do well in math
assessments. However, the results may not be longitudinal.

The aim of the current study is to find out how students’ math competence,
assessed using SFOR tasks, the guided use of multiplicative relations, novel word
problems showing math competence, and an interest in math in grade six relate to
each other. Also, how do these skills and an interest in math in grade six predict
grade nine math exam results, and are there gender differences in math skills and/or
an interest in math?

Methodology

The subjects in the study were Estonian students (n = 1062, 51% male) from 56
schools who completed a computer-based language and math competence assessment
in grade six during the 2019/2020 school year as well as a national school leaving
math paper exam at the end of grade nine during the 2022/2023 school year.

There were four SFOR items in grade six, and a sum score of SFOR was
calculated for all items. These allowed the students to describe quantitative relations
but did not explicitly instruct them to do so. A description was given a SFOR point if
the student described the quantitative relation, for example, “twice as many”, “one
third of the plate”, etc. If a student described only the quantity, for example, “eight
blue balloons”, or described the items with only “more/less than” without referencing
the quantity, it was not given a SFOR point. The items assessing the guided use of
multiplicative relations used the same pictures shown in the SFOR items [4]. Students
were explicitly guided to focus on quantitative relations as they were instructed to fill
in blanks in a text regarding those pictures. Students’ interest in math was assessed
using a self-report questionnaire based on the expectancy-value theory [8], which

consisted of three statements, for example, “I enjoy calculation and math-related
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tasks”. Math competence tasks were word problem tasks about simulated real life
situations, which included additional information.
Results
The results of the study showed that all assessed variables had either small or
moderate positive correlations. Additionally, prior math competence, an interest in
math, and the guided use of multiplicative relations predicted students’ grade nine
math exam results. SFOR, however, did not. There were gender differences in math
competence, SFOR, the guided use of multiplicative relations, and the math exam
results, with girls achieving higher results than boys. Girls have also consistently
performed better in the national math exam results at the end of grade nine. There
was, however, no gender difference in an interest in math.
Conclusion
In conclusion, the current study highlights some important aspects related to
math achievement. First, students’ results regarding more novel skills years before
the national exam can already predict their potential of doing well at the national
exams. Secondly, some gender differences in math achievement remain. Thus, future
research should focus on finding the additional variables that relate to the persistence
of gender differences as well as the developmental trajectories of both math

achievement and math motivation to find the most effective ways to support students.
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ON TRAVELING WAVES IN FERMI-PASTA-ULAM-TYPE SYSTEMS
WITH NONLOCAL INTERACTION ON A 2D-LATTICE

Abstract. We consider the Fermi—Pasta—Ulam-type systems that describe an infinite
systems of particles with nonlocal interaction on a two dimensional lattice. The main result
concerns the existence of periodic and solitary traveling waves solutions. By means of critical point
theory, sufficient conditions for the existence of such solutions are obtained.

Key words and phrases: traveling waves, Fermi—Pasta—Ulam-type systems, 2D-lattice,
critical point theory.

Discrete infinite-dimensional Hamiltonian systems are widely used for
modeling complex quantum phenomena. Such systems include, in particular, infinite
systems of nonlinear oscillators, discrete sine—Gordon-type equations, and Fermi—
Pasta—Ulam-type systems. Such systems are of interest in view of numerous
applications in physics. Among the solutions of such systems, traveling waves
deserve special attention.

We study the Fermi—Pasta—Ulam-type system that describes an infinite system
of nonlinearly coupled particles on a two dimensional lattice with nonlocal
interaction, 1.e., each particle interacts with 1 neighbors horizontally and vertically on
each side. The equations of motion of the system considered are of the form

/
G @) = [ (10O = 0, 0) =W (4,0 = 4, ,,(O)+
= (1)
A (G O = 4,0 O) = W3,(4,,,() = 4, O) | () € 22,

where ¢,, (1) is the coordinate of the (n, m)-th particle at time ¢,

W,

1j?

W,, € C'(R; R) are the potentials of interaction (j =1, 2,..., /).
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In contrast to the previous results (see [1-6]), we study the Fermi—Pasta—Ulam-
type systems with nonlocal interaction.
A traveling wave solution of Eq. (1) is a function of the form

q,., () =u(ncosp +msing — ct), (2)
where the profile function #(s) of the wave, or simply profile, satisfies the equation

cu"(s) = Zl:[Wl'i (u(s + jcosp)— u(s)) - Wl'/. (u(s) —u(s— jcosgo)) +
= | 3)

7, (u(s + jsing) —u(s))+ Wy, (u(s) —u(s — jsing))|,

where s =ncos@ + nsing —ct.

In what follows, a solution of Eq. (3) is understood as a function #(S) from the
space C*(R;R) satisfying Eq. (3) forall seR.

We consider two types of solutions: periodic and solitary traveling waves. In
the first case profile satisfies the following condition

u'(s+2k)=u'(s), 4)

where k£ >0 is a real number, i.e., the velocity profile u'(s) is periodic. Note that
the profile of such wave is not necessarily periodic. In the second case profile

satisfies the following condition

lim u'(s) =u'(£0) =0, (5)

§—>+oo

1.e., the velocity profile u'(s) vanishes at infinity.

We assume that
(@)
2

Ci' '
W,(r)= ?Jrz + f;(r), where c, €€ R, f, € C'(R; R), J;(0)=7;(0)=0 and
fl.j'(r) =o(r)asr—0,i=12,j=1,2,...,[;
(i) all functions f,(r),i=1,2, j=1,2,...,1, are nonnegative, and there exists I, such

that
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filr)

2 5

lim
r—to  p

In addition, if T := 2k is an integer period and ¢ = 0, n/2 mod & (p = wn or ¢ =

n/2 + mn for any fixed n € ), then we assume that [,=1;
(iii) all functions |r|7l fi]f(r), i=12,j=1,2,..1, are nondecreasing, and there exists

l, such that ‘rrl J3,(r) are strictly increasing.

An important role is played by the quantity defined by the equality

/
c, =c,(p) = \/Z(cfj cos’ o +¢3, sinzqo)jz.

j=1
Let E, be the Hilbert space defined by

E ={ueH, (R):u'(s+2k)= u'(s), u(0) =0}

loc

with the scalar product
k
(u,v), = Ju'(s)v'(s)ds.
—k
On E, we introduce the functional
k CZ 5 !
J, (u)= I E(M'(s)) _Z(le(A;”(S))+ sz(B;u(s))) ds,
—k J=
where (Aj*u)(s) =u(s+ jcos@)—u(s), (B;u)(s) =u(s + jsing)—u(s).
The critical points of the functional J, are solutions of Eq. (3) satisfying (4).
We obtain sufficient conditions for the existence of such solutions with the aid of
critical point method and a suitable version of the Mountain Pass Theorem for
functionals satisfying the Cerami condition instead of the Palais—Smale condition.

We prove that under natural assumptions there exist monotone traveling waves with

the speed ¢ > ¢,, 1.e., there exist subsonic traveling waves.
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Theorem 1 ([7]). Assume (i) — (iii),c>c, and ¢ € [ﬂn, %+ nn} for any fixed ne 7.

Then there exists 1,21 such that for every T :=2k2>T, Eq. (3) has a nonconstant

nondecreasing and nonincreasing solutions satisfying (4).

Now we replace conditions (ii) and (iii) with the condition
(iv) there exists p>2 such that 0< uf,(r)<rf;(r) for r#0,i=12, j=1,2,.., L.

In the next theorem we obtain the existence of traveling waves with the speed
0<c<c,, 1e., the existence of subsonic traveling waves with the aid of the Linking
Theorem instead of the Mountain Pass Theorem.

Theorem 2 ([8]). Assume (i) and (iv). Then for every ce (0, CO] Eq. (3) has a

nonconstant solution satisfying (4).

Let £ be the Hilbert space defined by
E={ue H}OC(R) u' e LZ(R), u(0) =0}

with the scalar product
(u,v) = J u'(s)V'(s)ds .

On £ we introduce the functional

—+00 2 i
c ’ + +
J(u) = I E(u (5)) - Z(mj(A/.u(s))+ W, (Bju(s)))}ds.
—00 J=
Any critical point of the functional J 1is a solution of Eq. (3) satisfying (5). In a
sense, the case of solitary waves is a limit case of the periodic waves. Therefore,
solitary waves were constructed by considering the critical points of the functional

J, and then passing to the limit as k —o0.
Theorem 3 ([9]). Assume (i) — (iii),c>c, and ¢ € [ﬂn, %+ nn} for any fixed ne 7.
Then Eq. (3) has a nonconstant nondecreasing and nonincreasing solutions satisfying

(5).
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REAL-LIFE LINEAR FUNCTION TASKS

Abstract. The aim of the intervention study was to enhance students’ mathematical skills
and motivation by using real-life linear function tasks.
Key words and phrases: linear function, real-life tasks, intervention.

One of the main goals of mathematics education is to help students use math to
solve real-life problems (OECD, 2019). However, function tasks — especially linear
functions — are often difficult for students because they involve understanding the
relationship between two variables and two parameters (Pierce et al., 2010. Many
students also struggle to see how math connects to everyday life and view it only as a
school subject (Metzger et al., 2019). Research suggests that when tasks are
meaningful and relevant, students are more motivated and better able to make sense
of the content(Pierce & Stacey, 2006; Walkington &Bernack, 2015).

In this intervention study (spring 2024), 123 Grade 7 students (aged 13-14)
from three Estonian schools learned linear functions using real-life tasks instead of
traditional textbook exercises. A short student workbook and a teacher’s guide were
developed for the intervention, explaining why linear functions are important and
how they can be used in everyday situations. The tasks were co-designed with
teachers and included background information, visual graphs, and reflection
questions. Students used these materials for at least three lessons and completed two
homework assignments. The intervention was delivered by their regular math
teachers during normal class hours.

Students completed three assessments during their math classes: a pre-
intervention test (before learning linear functions), a post-test (after completing the
lessons), and a delayed test (at the beginning of Grade 8, before any revision). One

lesson from the intervention was also observed. One class that did not follow the
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intervention procedure was excluded from the analysis. The results of the tests were
compared to correct and incorrect tasks from students workbook.

Results show that using real-life tasks supported students’ mathematical
thinking and helped them better understand the usefulness of linear functions. The
study highlights the importance of making math more meaningful to students in order

to support motivation and deeper learning.
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MATHEMATICAL MODELS IN DIGITAL INFORMATION CODING
TASKS

Abstract. The algorithms for coding of large positive integers in different bases are
developed on the basis of mathematical models, which provides protection against external
influences.

Key words and phrases: mathematical models, digital information coding, multiplicative
basis, Fermat’s and Waring’s theorem, additive decomposition.

KonyBanuss umdpoBoi iHpopMaiii 3 4YuCen BEIUMKUX TMOPSAKIB  Ha
P PO3pAIHUX KOMIT'IOT€pax BHMAarae HOBUX MIAXOJIB 0 MOOYIOBU aJTrOPUTMIB
aIUTHUBHOTO pPO3KJIAQy uyucen (TOYHIE, — HaOIMKEHOro pO3KIaay IUISXOM
MiHIMI3amii HeB’si3ku W; = W;_, — 'j;;lx;_‘, n; €N, n; =1, NOKasHUKU N; Yy
BHYTPIIIHBOMY IIUKJI1 € TIOCTIHHUMHU, a TapaMeTPH Xj; MOCTIAOBHO OOYUCITIOIOTHCS Yy
pizHux Oasucax: E; ={2,..,ps;} — MYJIbTUIUIIKATUBHUM Oa3uC 13 MPOCTUX YHUCEIN
s=>1,P(a)=(ay4,..,a,},a; Ct N — 0Oasyc 3 I[IMX JOJATHUX  YHCEJ;
T{|b] + b} =1{by, ..., },b; EQ — Oasuc 3 pamioHATLHUX 4YHUCET 3 TOYHICTIO,
HaMpUKIaa, 10 JAECATUX. AJTOPUTM 3 OJHIEID 3MIHHOKO Yy BHYTPIIIHBOMY IHKI1
MO>XHa BUKOPHUCTOBYBATH JJI PO3KJIaAy YHUCEN MOMIPHOI PO3MIPHOCTI; aJIfOPUTM 3
JIBOMa 3MIHHUMH, 3alpONOHOBaHUN y poOoTi [3], Mae HaWIIBUIAUIY peai3alliio;
QJITOPUTM 13 YUCIIOM 3MIHHUX OUIBIIMM BiJ] IBOX BUKOPUCTOBYETHCS JJIsI aHAIIZY
npobsemu Bapinra [1] npu po3kiaal yucen Bedukux mnopsakis. [Ipu amutuBHOMY

pPO3KJIaAl 4YHUCEN BEIUKHUX TMOPSAKIB aITOPUTM MiHIMI3alii HEB’S3KU JIOCATAE

HaNIIBUIIOL peani3alii MmijJ 4ac BUOOPY y BHYTPIIIHbOMY LUK IBOX 3MIHHUX.
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JliticHo,  anropuTM  MiHIMI3alli  HEB’S3KM  TOCHTIOBHO  OOYMCIIIOE

nj . . .
b, = JW,_{ > xy; > X; > ---. JIONyCTUMO, IO BHUKOPHCTAHO TPH 3MiHHi, TOJi

wo=o (1= G- (57 - (3)7)

JIJist BeNMKUX MOKAa3HUKIB N;, B CUIIy TOXMOOK 3a0KPYTIEHHS, W; MO 3MIHUTh
CBOE 3HAYEHHS MOPIBHSHO 3 JBOMAa MapaMeTpaMu Xj;, Xo;, aje alJrOpUTM 3HAYHO
nporpae y daci peanizauii. [IIBuakicTs po3knany 3anexuTh Bij BUOOpy 6a3uca 1 Majo
— BIJI YHACJIa 3MIHHUX.

MaTtpuyHa Moaesib VIS MOUIYKY NMPOCTHUX YMcCesJl Ha BiIpi3Kax BeJHKHX
po3mipHocTeil. Y po6oTi [2] 3po0sieHHni BUCHOBOK, 110 KpUNTOTrpadidyHi CUCTEMH,
Kl BUKOPUCTOBYIOTh PO3KJIAJ YHUCEI Ha MPOCTI MHOXHUKHM BEJIMKUX TMOPSIKIB,
JOCTaTHBO 3aXUIIEH1, OCKUIbKU MPOLEypa PO3KIALY € CKIIATHOIO.

Ilocmanoska npobnremu. OOTpyHTYBaHHS €()EKTUBHOCTI MATPUYHOI MOJENI
MOIIYKY IPOCTUX YUCEN Ta JOCHIIKEHHS 1pPETryIIPHOCTI PO3MOALTY MPOCTUX YUCEN.

BekropHi Mozen mourykKy MpOCTHX YHUCEN, IO OOpOOJISIOTH MOCIITOBHICThH
HATypaJbHUX YHUCEJ SIK MAacHUB, MAIOTh PSAJ HEAOJIKIB: HEOOXIAHO Ha E€JEKTPOHHUX
HOCIsX 30epiratv BCIO MOCIIIIOBHICTb, aJlTOPUTM MPOCIFOBAHHS IMIIMOCTIJOBHOCTI 3a
MPOCTUMHU AUTHHUKAMU BHMAarae MOJIHOMIAJBbHOTO Yacy peaiizalii, ipperyssipHiCTh
PO3MOJILTY IMPOCTUX YHUCEN Y BEKTOPHUX MOJEISAX MPOTUPIYUTH 3aKOHOMIPHOCTSIM.
MyneTumuiikaTuBHoMy Oasucy E, = {2,3,...,F.} 3 Tepmux NOpoCTHX YHCENT Y
BiAMOBiZHICTE  ToOcTaBMMO  Bimpi3ok  [1;D?]  HaTypambHHX  dHCeN,  JI&
D, =2X3%..Xp,s =3, akuil po30uBaeTbca Ha D apuMETUYHUX TIPOrpeciit 3
nepmMMHK 4ieHamu 1,2, ..., D, i pisHunero D,. Binpisky [1; D2] Binnosinae matpuis
A[D; x D;] [3]. Pesynbratu mociifpkeHb: BCi 4ucia apuMETHYHHX TMPOTPECiH,
nepin 4WIeHH SKUX KpaTHI eJeMeHTaM Oa3ucy, € ckiageHuMmu. llicns BupaneHHs
TaKUX MPOTpeciii JicTaHeMO po3pikeHy maTpulro R[N, X ¢ (N,)], sika MicTUTh yci
npocti yuciaa Marpumi A, kpim OasucHux, @(D.) — ¢ynkuis Einepa [1].
ApudmernyHi mporpecii (BEKTOP-CTOBMII) PO3PIIXKEHOI MaTpuill B po3TalloBaHi
CUMETPUYHO BIITHOCHO CTOBNLSA D /5. CKilazieHl yncna Marpuili B 004UCIIOITECS 32

aHATITUYHUMHA (POpMyJIaMH 3 CKIAJICHHX 4YHCeNl 13 NUIbHUKAMHU TEPIINX 4YJICHIB
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apubmeTnuHux nporpeciii. Ilpomec oOuucineHp mnmapaneabHuil. ApudpMeTuyHi
nporpecii 10 oOpoOKK He 30epiraroThCs, AOCTATHHO 3HATH MEPIIl YJICHU 1 PI3HUIO

D.. IpperyispHicTb pO3MOAULYy TPOCTUX YHUCEN Yy MATPUYHUX MOJENSIX €

.
3aKOHOMIPHICTIO, 1[0 BU3HAYAETHCS MEPUIMMU YJIEHAMU apU(PMETUYHUX MPOrpeciil.
st oOpoOKM MIAMOCHIIOBHOCTI HAaTypaJbHUX YHCEN, Halpukiaa, 3 BIIpi3Ka
[1; 1.6 - 10°7] noctaTHBO BuKOHATH 31 KpPOK TIepETBOPEHD /I (HOPMYBaHHS BEKTOpa
Nepmux 4WiIeHIB apuMeTHYHuX mporpecii (Ha OCHOBI BKJIaJeHUX Oa3uCiB
E; ©c Ey © «+ © E3,). TakuM 4MHOM, 3aXMILEHICTb KPUNTOTpa(iuHUX CHUCTEM, IO
3aCHOBaHI JIMIIIE Ha PO3KJIaJIl YUCEN HA MPOCTI MHOXHUKH € MPOOJIEMATUYHOIO.

AnutuBHa ¢dopMa po3KJIaAy HA OCHOBI HacaiakiB 3 Teopem dDepma i
Bapinra.

Hacainku 3 Teopemu ®epma. 1) YV mnpocTtopi 3MillIaHUX HapaMeTpiB
y

OoCATaEe MIHIMYMY; 2) AKIIO BUKOHY€ETHCS HEPIBHICTh

n n

Z,x( Nx <z,y(R, HeB'sska W =z" x piBHsHHS 7"t =x" | y"

w
M" > E’M — max{x € N:x" < W} nna npomatHoro umcina W, 10 uucio W

PO3KIIAZIA€ThCS HA CYMy CTereHiB x *, xj € N,k € {0,1,...,n — 2}, anropurmom
o e e cee Py 7 o ¥ H—I n—k 1 1 1
MiHimisawii Hes’s3ku [3] W = Wi — (%] © + x5 ©) 3a ckiHueHHE YnCIO KPOKIB .
Hacainok 3 Teopemu Bapinra. Ilpu posknazai 3a creneHs MU 3 TMOCTIHHUMMU
IOKAa3HUKAaMHM MOXE BHUHHKHYTH HEOOXIJHICTb IOBTOPEHHS OCHOB, HAaIpPUKIAJ,
17° =15+ 14° +10° + 7° + 5° +4° + 4° + 3% + 37 +2° + 25 + 2° + 2° ¢
2° 4+2°
BucHoBok. IIpoaHanizoBaHo po3kjaj IUIMX JOJATHUX YHUCENl BEJIUKUX

MOPAJIKIB IUIIXOM MiHIMI3allli HEB 3KU Y pi3HUX Oa3zucax.
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BASIC PSYCHOLOGICAL NEEDS AND CURIOSITY RELATED TO
SCIENCE SUBJECTS IN ONE SCHOOL SETTING IN ESTONIA

Abstract. This study explores the relationship between basic psychological needs and
curiosity within the five-dimensional curiosity framework in the context of high school science
subjects in Estonia. Using an adapted version of Kashdan et al. [1] curiosity questionnaire, the aim
1s to examine how basic needs are associated with students’ curiosity in mathematics, chemistry,
and physics.

Key words and phrases: self-determination theory, psychological basic needs, curiosity,
five-dimensional curiosity

The purpose of the study was to find out in the context of science subjects
(mathematics, chemistry, physics) how the satisfaction of basic psychological needs
is related to different sub-dimensions of curiosity among high school students. To
achieve this, the five-dimensional curiosity questionnaire developed by Kashdan and
colleagues [1] was adapted to the Estonian language and context. The sample
consisted of 237 students from grades 10 to 12 from one school, including 132 girls
and 90 boys, with an average age of 17 years (SD = 0.91).

Factor analysis identified five curiosity dimensions: joyful exploration,
deprivation sensitivity, stress tolerance, thrill-seeking, and social curiosity. Among
these, stress tolerance received the lowest scores, with boys reporting higher levels
than girls. The results of this study revealed that joyful exploration (enthusiastic
engagement with novel experiences and a passion for learning) and stress tolerance
(capacity to navigate anxiety and embrace uncertainty) were associated with the
satisfaction of basic psychological needs, supporting previous findings by Kashdan et
al. [1]. Students who perceived greater suppression of their autonomy and
competence needs reported lower levels of joyful exploration and stress tolerance in
science subjects. In contrast, students who experienced greater autonomy support

tended to report higher levels of joyful exploration. Additionally, girls were more
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likely than boys to report that their need for competence was thwarted. These results
suggest potential gender differences in students' self-reported curiosity and basic
needs, particularly in relation to competence and stress tolerance.

The findings emphasize the importance of supporting basic psychological
needs in science education, as their satisfaction promotes curiosity dimensions such
as joyful exploration and stress tolerance. Neglecting these needs, however, can
hinder motivation and curiosity. Future research could examine curiosity changes
across different study periods, expand the sample to include multiple schools, and
investigate age-related and gender differences in more depth. Furthermore, the
limitations of this study should be acknowledged, particularly the reliance on a
single-school sample, which may constrain the generalizability of the findings to a
broader population.
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SECTION A
MODERN PROBLEMS OF MATHEMATICS.
MODERN PROBLEMS OF COMPUTER SCIENCE.
MATHEMATICAL AND COMPUTER MODELING
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OPTIMIZATION OF HEATING SYSTEMS BASED ON 10T DATA
ANALYSIS AND FOURIER TRANSFORM

Abstract. This paper presents a study aimed at improving the efficiency of heating systems
in residential and commercial buildings. Using the methods of analyzing data obtained from IoT
devices and Fourier transform, high-frequency noise was detected and eliminated, which led to
unnecessary heating system activations. The operation of thermostats was optimized, which reduced
heat consumption by 10-15%. The study demonstrates the effectiveness of using mathematical
methods to improve the energy efficiency of heating systems.

Key words and phrases: IoT, heating systems, energy efficiency, Fourier transform, data
analysis, optimization, thermostats, signal processing.

Jnis 3a6e3neyeHHss KOM(OPTY B KUTIOBHUX 1 KOMEPIIHHUX OYAIBISAX, a TAKOXK
st €(pEeKTUBHOTO BHKOPHUCTAHHS €HEprii, KIIOYOBY pOJIb BiAIrpaloThb CHCTEMH
onajieHHs. [XHs MpoAyKTUBHICTH G€3MOCEPEeIHbO BIUIMBAE HA 3aTUIIOK MPUMIIIEHD 1

BUTpaTH Ha eHeproHocii. [1{o6 onTuMizyBaTu poOOTY LIUX CUCTEM, 3aCTOCOBYIOTHCS
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BUMIpIOBAJIbHI Ta 1H(OpMAaIiHI TEXHOJOTii, AKl 30MparoTh JaHl Ta aHaNI3ylOTh
MOKA3HUKU OTAJICHHS.

OcTaHHIMU POKaMH 3pOCTa€ PO3YMIHHS Ba)JIMBOCTI TOYHOI'O HaJAIITyBaHHS
ONMaItoBAJIbHUX cHcTeM. Lle 103Bosisie He auille CTBOPUTHU KOMQOPTHI YMOBH, ajlie U
CKOPOTUTH CHOKMBAHHSI €HEprii, 3MEHIIYIOYM HEraTUBHUN BIUIMB HA EKOJIOTIIO.
BuwmiproBanbHi Ta iHQOpMaIiiiHI CUCTEMU CTalOTh HE3aMIHHUM 1HCTPYMEHTOM LIS
e(eKTUBHOTO MOHITOPUHTY Ta pEryJilOBaHHS MapaMeTpiB omnajeHHs. Po3BUTOK
texHoyorii loT pgo3Bossie 30uMpaTtu Benuki oOOCATM JAaHUX TIPO MapameTpu
ONMAJIIOBAIBHUX CHUCTEM Yy peaidbHoMy 4aci. Jns miaBumieHHs eQeKTUBHOCTI
yHOpaBJliHHS TAKUMU CUCTeMaMH HeoOXigHa oOpoOKa CUTHAIIB AJisl BUAAJIECHHS 1IyMY,
aHaii3y 3MIHHUX Yy YaCTOTHOMY Ta 4YacCOBOMY JOMEHaX, a TaKOK MPOTHO3yBaHHS
napameTpiB. Y TaHHOMY JTOCJIIJKEHH1 BUKOPUCTOBYBaJOCh Dyp'e-nepeTBOPeHHS IS
BHU3HAYEHHS OCHOBHHUX YaCTOTHMX CKJIAJJOBUX 3MIH TEMIEPAaTypyu B IPUMIIICHHI Ta 1X
B3a€MO3B'A3KY 3 MapameTpamMu poOOTH cucTeMu onajieHHs. Lle mo3Boiauino BUSBUTH
NepioJInYHl KOJIMBaHHS TEMIEpPaTypH, BHUKJIMKAHI 3MiHAMHU 30BHIIIHIX YMOB Ta
OLIIHUTH PEAKIIiI0 CUCTEMHU ONaJICHHS.

s ananizy poOOTHM CHUCTEMHU ONAJCHHS B IHTEIEKTyalbHOMY OYAMHKY, IO
OCHAILIEHUN aBTOMAaTUYHHM KIIIMaT-KOHTpoJieM, OyJio 310paHO JaHi 3 JaT4MKIB
TeMmreparypu Ta eHeprocrnoxuBaHHs. IIporsrom 30 paHiB koxHI 10 XBUIMH
¢bikcyBalluCAd TMOKAa3HUKM TEeMIEpaTypud BCEpeIuHl KOXHOI KIMHATH, SKI TMOTIM
yCepeIHIOBAINCS NJIsl 3arajbHOl OLIHKK KJIIMaTy OyHiBli, a TaKoX TeMIlepaTypa
30BHIIIHBOTO NOBITPs. KpiM TOro, BUMiproBaiocs CIOKMBaHHS TEIJIOBOI €HEprii 3a
JOTIOMOT OO JIIYMJIbHHKA, BCTAHOBJIEHOTO B CUCTEMI OMAaJIeHHS, 1 pIB€Hb BOJIOT'OCTI, 10
J03BOJISIIO OL[IHUTHU HOT0 BIUIUB HA KOM(OPT Ta MOMKJIUBICTh PETYJIIOBAHHS OMAJICHHS.
PeecTpyBasiics Tako® MOMEHTHM BKJIIOUYEHHS Ta BHUKIIOUEHHS OMATIOBAIBHUX
MPUCTPOIB, TAKUX SK TEPMOCTATU Ta PaaiaTOpH, Ta aHOMAaJbHI MOJAil, HANPHUKIA,
BIJIKPUTTS BIKOH a00 PI3Kl 3MIHM TeMIEpaTypu 4epe3 30BHIlIHI (pakTopu. 3araiom
Oyno 3i0pano monan 43200 3amuciB, 1mo 3a0€3MEYUII0O OCHOBY IS J€TAILHOTO

JOCJIIKeHHS €(DEKTUBHOCTI CUCTEMU OTaJICHHS.
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Jlist aHai3y JaHUX TeMIlepaTypH, MPEACTABICHUX Y BUTJISAA1 4acoBO1 (PyHKIIII,
OyJi0 3acTocoBaHO JHMCKpeTHe TniepeTBopeHHss Dyp'e, a came IIBunke Dyp'e-
MEPETBOPEHHS, 10 J03BOJMIIO MEPEUTH B YACTOTHY 00JIACTh Ta BU3HAYUTH OCHOBHI
YacTOTH, SIKI BIUIMBAIOTh Ha 3MIHY TeMmIepaTrypH. IHTepmnperaliiisi CHEKTpYy 4acToOT
BUSIBIJIa TOJIOBHY TapMOHIKY Ha 4acToTi 1/24 roguHu ', o BiAmoBinae nepioay 24
TOJIMHM Ta BijoOpaxae M000BUH TeMmeparypHuUW HHKJI. Takoxx OyJi0 BHU3HAYEHO
HU3bKOYACTOTHI KOJMBAHHA 3 NEPIOJOM TNOHAA 48 roAuH, 10 BKAa3yHOTh Ha 3MIHU
MOTOAM Ta 3arajibHi TPeHIU. BHUCOKOYACTOTHI KOMIOHEHTH y CHEKTpl BKAa3ylOTh HA
HAsIBHICTh IIYMY B JAaHUX a00 KOPOTKOTpHBAl MOJIi, TaKl K BIAKPUTTS BIKOH abo
YBIMKHEHHS 00irpiBayis.

[ToOynoBaHo rpadik aMIUTITyIHOTO CIEKTpa, IO MOKa3aB OCHOBHI YacCTOTHI

KOMITOHCHTHU TCMIICPATYPHOI'O CUT'HAJTY.
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Yepes mryMoBi KOMITIOHEHTH Y BUXITHOMY CHTHaJIl CUCTEMa MOJKE pearyBaTy Ha
KOPOTKOYAacCHI KOJIMBAaHHS, BHUKIWMKAIOYM 3aliBi BBIMKHEHHS TEpPMOCTATIB, IO
npu3BoAWIO O 10 mepeBuTpaT eHeprii. OTxe, BUCOKOYACTOTHUHN IIIYM BHUIAJICHO 3a
nonomororo Dyp'e-pinpTpartii. e 703BOMMIO 3rIaIUTH KOJUBAHHS Ta MOKPAIIUTH
MIPOTHO3yBaHHH.

—— OpuriHansHWii curHan (iz wymom)
25 F = 3rnapxeHui curHan (@yp'e-hinbTpais)

/5 | { :
24} " Iy :

23T

TemnepaTtypa (°C)
M
M

0 20 0 60 80 100 120
Yac (roguHn)

Puc.3 ®yp'e-punbTpariisi: BUJaJIEHHS IIyMY 3 TEMIIEPATYPHOI'O CUTHAITY

[Ticns 3acTocyBanns Oyp'e-hinbTpanii A yCyHEHHS BUCOKOYACTOTHOTO IIyMY
OyJ10 BUSIBJICHO, 1110 YUCJICHHI BBIMKHEHHS CUCTEMU ONaJICHHS OyJI1 HEBUIIPAB/IaHUMHU.
3 METOI0 ONTHUMI3allli KepyBaHHs TepMOcTaTaMu OyJio IPOBEEHO psij 3axo/iB. [lepiu
3a Bce, OyJ0O 3MEHIIEHO KUIbKICTh BBIMKHEHb TEPMOCTATIB LUISXOM BU3HAYEHHS
CIPaBXHIX JOBFOTPUBAJIMX 3MIH TEMIIEpaTypy 3aMICTh BUNIAAKOBUX (DIYKTyallii, mo
JI03BOJIUJIO TEPMOCTATaM pearyBaTH JIMIIe Ha 3HAUYIIl 3Mi1HH, TaKi sIK 3MiHa CEPEeIHBOT
TemriepaTypu 3a 30 XBUIUH, a HE HA MUTTEBI cTpuOKU. Kpim Toro, 0ysi0 onTuMizoBaHO
niana3oH poOoTu TepmocTtariB. Jlo KOpUryBaHHSI TiCTEpe3uc TepMOcCTaTiB OyB
By3bkUM, B Mexax 21-23°C. Ilicnsa ananizy ®dyp'e-cnexktpy Oyio BCTaHOBJIEHO, IIO
ONTUMAJIbHUNA Jiana3oH cTaHoBUTh 20.5-22.5°C, mo A03BoJis€ YHUKHYTH 3alBHX

BBIMKHEHb Ta MATPUMYBATH KOM(POPTHY TeMIeparypy.

41



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

[Ticst BHECEHHSI 3MIH y CUCTEMY KepyBaHHS OIMAJICHHSIM, IPOTATOM JBOX THKHIB
MPOBOJAWIIOCA TECTYBaHHS JUIsi OIUHKM 1X edeKTUBHOCTI. byno 3aiiicHeHO
BUMIpIOBaHHS ()aKTMYHOTO CIIOKMBAHHS TEIUIOBOI €Heprii K 10, Tak 1 Mics
ontumizanii. Pe3ynpraT mokazanu, 110 3arajibHe CEepeAHE CIOXKUBAHHS TEIUIOBOi
eneprii 3Hm3mwiocs Ha 10-15%, ckoporuBmuck 3 80 kBt-rom/moby mo 70-72
kBTron/no6y. KitouoBumu ¢akropamu, 1o CHPUSIN €KOHOMIi, CTalX 3MEHILIECHHS
KUIbKOCTI BBIMKHEHb CUCTEMHU OIaJICHHs1, OUIbII TJIaBHE Ta 30aIaHCOBaHE KEpyBaHHS,

a TaKO>K MOJKJIUBICTD IMPOrHO3yBaHHA MMKOBUX HAaBaHTAKCHb.

References

1. IoT Communication Technologies Guidebook. [Online]. Available:
https://www.postscapes.com/internet-of-things-technologies

2. Internet of Things (IoT) connected devices installed base worldwide from 2015 to 2025.
[Online]. Awvailable: https://www.statista.com/statistics/471264/iotnumber-of-connected-devices-
worldwide

3. Uryvsky L.O., Osypchuk S.O., Moshynska A.V. Internet Of Things Solutions Research
And Development For Widespread Usage And Applications / The Actual Problems of the World
Today/ : monograph. London : SCIEMCEE, 2019. P. 254-266.

4.1oT-based Smart Electric Heating Control System. 2024. IEEE Xplore.
https://ieeexplore.ieee.org/document/7993895.

5. Domestic Space Heating Energy Control via Smart Home Energy Management. 2023. IEEE
Xplore. https://ieeexplore.ieee.org/document/7237606.

6. Smart Heating System Control Strategy to Enhance Comfort and Increase Energy Savings.
2022. IEEE Xplore. https://ieeexplore.ieee.org/document/6672709

7. Development of an Intelligent Heating System for Residential Buildings Using Machine
Learning. 2023. IEEE Xplore. https://ieeexplore.ieee.org/document/9023478.

42



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

Petro Boyko!
Halyna Lopushanska?, Dr. Sc.
"Lviv Polytechnic National University, Lviv, Ukraine
e-mail: boyko.petro@gmail.com
?Ivan Franko National University of Lviv, Lviv, Ukraine
e-mail: lhp@ukr.net

SOURCE INVERSE PROBLEM IN SPACES OF BESSEL POTENTIALS

Abstract. We study the inverse problem on determining a space-dependent component in the
right-hand side of a time-space fractional diffusion equation under a time-integral additional
condition. We find sufficient conditions for classical in time and with values in the entire scale of
spaces of Bessel potentials, unique solvability of the inverse problem.

Key words and phrases: fractional derivative, a time-space fractional diffusion equation,

inverse problem, integral overdetermination condition, spaces of Bessel potentials, Green's vector-
function, integral equation.

BuBuaemo oOepHeny 3agauy

DPu + a?(=8)"2u = g(x)Fy(t) + F(x, 1), (x,1) € Q == R" x (0,T],

u(x,0) = uy(x), x € R" (1)
) T
?f u(x, t)dt = d(x), x € R
0

PO 3HAXO/KeHHs QyHKIII g(x) y MOBHIN IIKaji IpoCcTOpiB OeceneBuX MOTEHITIANIB

IUTsl pIBHSIHHA 3 nToXiHOoI0 KamyTo

0 ‘ u(x, 1) u(x,0)

B — —_ 2 dr —
Diu(x,t) = Ta= %) ato t=1)P T e ,B6 € (0,1)

i (=) BU3HAYCHOMY uepe3 neperBopeHHs dyp’e :
Fl0 0] = 1§1°F (o).
Tyra > 1 F, Fy,ug,  —3anani pyHKuii.
Hexait S(R™) — mpocTip HeCKiHUCHHO AU(DEPEHIIIHOBHUX MIBUIKO CIIaIal0unX
Ha HeckiHueHHoCTi QyHkiiif, S’ (R™) — mpocTip JiHIHHUX HEEpePBHUX (QYHKI[IOHAIIB

Ha S(R™) (mpocrip y3arampHeHux QyHKIiii), s € R, p> 1,
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HSP R = {ve S®Y ¢ Nollsy = [|[F2 [+ j2re]l| < +°°} '
14

pocTip OecesieBUX MOTEHINANIB,

c([0,T]; HSP(R™))

= {v(x, )+ lvlleqor; uspmny) = tfer%g%]“’”('; Ol sy < +°°};

Cp((0,T]; HYP(R™))

= {v(x, t) : llvlle,om; use@nyy = sup [[vC Ollase@ny < +°°};
te(0,T]
Cap([0,T]; H¥P(R™))
- {/UE ([0, T]; HS**P(R™)) : DPv, (—0) 2w
€ Co((0,T]; HP(R™)),
||| Ca,p([0.T]; HSP (R™))

= max {llvllcqor; nsrarmm), ”(_A)a/w”cb((o,r];Hs'v(w))’ ”D f ”H cb((o,r];Hs-v(Rn))}'

BuxopucroByioun BiacTUBOCTI BeKTop-pyHkuii ['pina 3amaui Komn [1] 1
pe3yabpTatu [2] mpo iICHYBaHHA Ta €AUHICTH Po3B’sA3Ky 3aaaui Ko 3 MiHIMaJIbHUMU
MPUMNYIICHHSMH Ha MPaBl YaCTHUHH, 3HAXOAUMO JIOCTaTHI YMOBH ICHYBaHHS 1 € ITMHOCTI1
po3e’s3ky (u,g) € Cop([0,T]; HSP(R™)) x H*T*P(R™) obGepuenoi 3amaui (1).
Po3B’s13aHHs 3a/1a4i 3BOAUTHCS 10 AOCTIIKEHHSI OJHO3HAYHOI PO3B’S3HOCTI MEBHOTO
JIHIAHOTO 1HTErpaJibHOrO PIiBHAHHA DpearonbMa JIpyroro pojy y MpocTopax
HerepepBHUX (QYHKINNA 31 3HAYEHHSMHM Yy BCIH IIKajdl MPOCTOPIB OeceneBux
noteHmianiB. Hesimoma ¢QyHkimis g(x) BUpakaeTbCs uepe3 pO3B’SA30K LHOTO

IHTETrpajIbHOTO PIBHSHHS.
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NUMERICAL APPROXIMATION OF SOLUTIONS OF STOCHASTIC
DIFFERENTIAL EQUATIONS

Abstract. The Cauchy problem for the stochastic differential equations is considered. An
explicit method for solving the model problem is shown. We compare the obtained solution with its
numerical approximation by the Euler-Maruyama method. The corresponding Python code is
presented.

Key words and phrases: stochastic differential equation, Ito equation, Cauchy problem,
Euler-Maruyama method.

Hexaii T >0 — nesxe uucno, (S, F,P) — iMmoBipHicHU# nipoctip, W = W(t,0) —
BiHepiBchbKui mporiec, t €[0,T], w €S.

Posrasinemo 3anauy Komi giist CIIP

dX(t, ) =1(t, X(t,@)) dt + g(t, X(t,0)) dW(t, ), (1)
X(0,0) =X, (), @)
3 neskuMu QyHkiismu f Ta g 1 3alaHUM MOYATKOBUM 3HAYEHHSIM — BHUIAKOBOIO
BEIMYUHOK X .

Po3i6'emo Bigpizok [0,T] na N wactun 3 kpokom h=T/N toukamu t =nh.

Itepauiiinuii Mmeron Elnepa-Mapysmu nonsirae B HaOJM)KEHHI TOYHOTO PO3B'SI3KY
3anaui (1)-(2) 3HaueHHsIMU
X0 =X, +hf(t,, X)) +g(t,, X)) (W(t,,,)- W(t,)), 3)
nen=0,.,N-1.
byne mpencraBieHO METOAM 3HAXOJKEHHS TOYHOIO PO3B'SI3KY MOJEIBHOTO
BapianTy 3agadi (1)-(2) 1 po3rasiHyTO MUTAaHHA MPO TOYHICTH HabmmxeHHs (3) y
cwibHOMY Ta ciabkomy cenci (nuB. [1]). Takoxx mnomamo Python-Bizyamizaitito

noOy0BaHUX y poOOTI pO3B’SA3KIB PO3IIISIIYBAHUX 3a/1a4.
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APPLICATION SKM MAPLE TO REDUCE THE QUADRATIC FORM OF
EXPRESSION TO THE CANONICAL FORM

Abstract. The problems of introduction and adaptation of the Maple computer mathematics
system in the educational process in teaching the course of higher mathematics are considered. In the
paper presents an adaptation the use of the SCM Maple student’s package to reduce the quadratic
form to the canonical form by the Lagrange.

Key words and phrases: computer mathematics system, Maple, information and educational
environment, quadratic form, Lagrange method.

One of the main places among a significant number of systems of computer
mathematics is occupied by SCM Maple, which allows the user to use an intelligent
environment for mathematical research [1-8]. A significant share of SCM Maple also
occupies in various scientific studies.

To perform inversions of expressions in SCM Maple, the specialized packages

nn

"linalg", "LinearAlgebra", and "student" are used.

restart;
with(linalg):

with (LinearAlgebra) :
with (student) :

The specialised «student» package is used to perform mathematical calculations,
including simplifying algebraic expressions, and provides functions for working with
algebraic expressions, such as square expansion.

The solution to the problem of reducing the quadratic form of an expression to

the canonical form involves declaring the quadratic form, where the original quadratic
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form includes the squares of the variables and mixed terms. After that, we proceed to

check the coefficients and the initial substitution (Fig. 1).

KZ‘ Maple 17 - [task 4 _tezy.mws - [Server 1]]

| % File Edit View Inset Format Spreacshest Window Hep - &%
CERES [ R B ETe] 5 R O FRR M E R
[x[&] [l 1]#] |
(-] 3agaua. [lpusecTa xBaapaTHIHY  GOpPMY: I0 KAHOHIMHOTO BHAY MeTogoM Jlarparmxa: _‘_]

[> with(student) : |
'>-Aj=x[1]“2—6*x[1]*x[2]+2'x[1]*x[3]+x[2]“2—2*x[2]*x[3]+5*x[3]AQ:ZJ

| A=x 16 X1% 2 X1 %3 -+-_\'22-—-2 Xy Xy Lo X3 2q
[ > h =completesquare (A, [x[1i] ,coeff (A, x[i]1)1]) T
_-'I-_=-(_\'1 i _\'2-+-x3)2-—-8 _\'22-+-4 X3 _\'3-+-4 _\'32'?
[> A2:=A-op(A) [1] P
A:=op(A) [i]+(completesquare (A2, [x[2] ,coeff (A2 ,x[2]1)1)) :T
A2=-8x,244x, .\'3-+-4_\'32'?

2

_~1-_=-(_\'1 L _\'2-+-x3)2-—-8

. ) 9 s
.-"2"']-"3] g
[> for i to nops (&) ‘do
if - (type(op([i,1],A) ,rational)) -then.

¥ [A] r=ep[1,2,1] &) ; 4

- -A:=subs (op([i,2],A)=y[i]"2,A); ,
else Y[i] :=op([i,1],A) ;A:=subs(op(i A)=y[i]"2,2) |
£i;ed;TY
:> print( Spobio Saminy SmimHMx: ") Fig
for i -to-3-do;
yI[il=Y[il; ed;¥

potuio-zaiiny-2uianoe

J:l.:._\.l._.g x2'+'.\'3'7

-|

[[ Tine: 1.1 [Byles: 304 | Avaiable: 912M |

H—’ Maple 17 - [task 4 tezy.mws - [Server 1]]

% File Edit View Insett Format Spresdsheet Window Help 2 %
Llze=|s] |- [®@) [>]] [Z]T]t] [S[E] [«[~]|
[X | | .f}.f.f.f
J.l:.xl._.3 1.2._'_.1.31_? _:J
1
Yy=x3 -—-; .\'3'?
J-'3'='-T3'f
r > print( I Togi waHoniuHwd BMrdasn uiei dopmm Gygme: ) P

a:y

T'modi kavonivnui-suziad yiel doprn-gyde
a e 2 2
=g }‘2"'+'2 14

r >-print (' JNinijinmM nepeTRopeHHAM AKOTO GyEe: ') ;
¥X:=scolve({seqg(ylil=simplify(sgrt(¥Y[i]) ,assume=positive) i=1..3
)}, {x[11,x[21,x[31}) ; L
assign(X) ;x[1]1=x[1]:x[2]1=x[2]:;x[31=x[31:1

Hiniinun nepemeopennan axoco-yde.
1 i
= { _\.1 .:.}.1 2pug }.2 2 ._.g}.} 2= x2 .:.J.z Z .+.z}.3 2= _\.3 .=.‘1.3 2 }I’

Bk

_1.1 .:.:L.l 243 }2‘. .4 }.321?

1
o e e
X =lqe+ T Va &
i
1.3 ':'.1'3 2.:
< - _'_J

Time: 115 |Bytes: 304M | Avaiable: 5794 |
Fig. 1 — Reduction of the quadratic form of an expression
to the canonical form by the Lagrange method in SCM Maple
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Part of the mathematical apparatus and developed code fragments in SCM Maple

allow students to automatically perform the reduction of the quadratic form of an

expression to the canonical form using Lagrange methods, which improves the quality

of knowledge obtained while solving typical problems in higher mathematics.

[1]

[2]

[3]

[4]

[5]
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SOME PROPERTIES OF HIGHER-ORDER PELL NUMBERS
VIA TOEPLITZ-HESSENBERG DETERMINANTS

Abstract. We investigate several families of Toeplitz—Hessenberg determinants whose entries
are higher-order Pell numbers. Using the Trudi formula, these determinant formulas can be rewritten
as identities involving sums of products of Pell numbers and multinomial coefficients.

Key words and phrases: Pell numbers, higher-order Pell numbers, Toeplitz—Hessenberg
matrix, recurrence relation, multinomial coefficient.

The well-known Pell sequence (P)),., 1s defined by the recurrence
F=0,B=1, P=2P +P, nx2,
The Pell sequence, known since antiquity, consists of the denominators of the
best rational approximations to the square root of 2 (see [5, A000129] for further details
and references).

Numerous mathematicians have studied various generalizations of Pell numbers

in the literature. One such generalization is the higher-order Pell numbers [4], defined

as follows:
Pn(s):i, n>0,s>1. (1)
P

Since P, is divisible by P, the ratio P, /P, in (1) is an integer. For s =1, we recover

Pell numbers P =P,

n

A Toeplitz—Hessenberg matrix is a square matrix of the form

a, a, o - 0 0
a, a a - 0 0
a a a -+ 0 0
. _ 3 2 1
M (aya,,...,a,)=| . . oo o
a, -2 dy3 a, a,
n an—l an—2 a2 al

where a, #0 and a, #0 for at least one £ > 0.

For brevity, we will write D, (a,,a,,...,a,) instead of det(M . (J_rl;al,az,...,an)).
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We investigate certain families of Toeplitz—Hessenberg determinants with

a, ==l the entries of which are higher-order Pell numbers P. Using the Trudi

formula (see [2, 3] for more details), these determinant formulas can be rewritten as
identities involving sums of products of Pell numbers and multinomial coefficients.

The following theorems provide the value of D, (q,,a,,...,a,) for certain entries:

1 1
A4,=pP? =§Pzn and B, =P =§Pgn- Note that for Pell numbers P" =P, we
derived similar determinant formulas in [1].
Theorem 1. The following formulas hold.

D+(A0,A1,...,A,,_l>=g(<—3—ﬁ)"“—(—3+ﬁ)"-‘), n>1,

D (A, A,...A )=6"7 n>2,

l)+(14131423'-'314n):\/i _5+\/i - _5_—\/5 ’ 7’121,
21 2 2
D_(Al,Az,...,An):f (”23*5} _(7‘23*5} onxl,

D (4,,4,,...,4,,)=0, n2x3,
D (4;, 4;,...,4,,,) =36, nz2.
Theorem 2. The following formulas hold.
D (B,,B,....B, ))=—(-14)""2, n=2

b

D (B,,B,....,B,) :ﬂ((n\/ﬁ)"-‘ —(7 —\/ﬁ)"-‘), n>1,

102
D+(B]’B2’“-’Bn):\1/17733 (—13+2\/173) _(—13—2\/173} R

D,.(B,,B,,...,B,.)=0, n=>3,

34
D_(BZ,B3,...,Bn+1) Z%((6+\/3—4)”+1 —(6—\/3—4)”“)’ n>1,

D.(B,,B;,...,B,, . )=(-1)""196, n>2.
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Now we consider a multinomial version of Theorems 1 and 2 above using the

following result, known as Trudi’s formula [2, 3],

det(M,)= Y (-a)""m,(aias--a’,

{+2t+.4nt,=n
where m (1)=(t, +---+t)!(t,)--t,))" and |t|=¢ +...+¢, with t,...,t, >0. We will
present only a selection of formulas.
Corollary 3. The following formulas hold:

Z mn(t)Pllelz"'Fgf \/7((3_\/7)“1_(3_'_\/7)“1)’ n>1,

-0 n—1) =
42ty ++nt,=n (_2)‘ | 14

Z mn(t)POﬁPztz . .Pt” = 6”72, n2 2,

It 2(n-1) —

{42t ++nt,=n

Z mn—(lL)PﬁPtZ...Pt” _0, n239

htate 2n+l) —
L4428+ +nt,=n (_2)

MO) e n
Z (—2)‘” Pﬁt Pli) "'Pzt(2n+1) =(-1D"36, n=>2,

{42t +4nt,=n

> M) pipe.ph = 1472 22

1043 3(n-1) —
L4284 +nt,=n (_5)

M) e
Z Wpét P9t _..P3t(n+l) :0, n 23)

b

{42t +4nt, =n

m,() pion o,
Z (—5)"‘ P9t PltS "'P3t(2n+1) =-196, n=>2,

{42ty ++nt,=n
where the summation is over all integers t, =20 satisfying the Diophantine equation
t+2t,+---+nt =n.
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APPLICATION OF A SINGLE VARIANT OF THE
COLLOCATIONAL-ITERATIVE METHOD FOR INTEGRO-FUNCTIONAL
EQUATIONS WITH SMALL NONLINEARITY

Abstract. The application of a non-stationary collocation-iterative method for constructing an
approximate solution of a specific type of integral-functional equations with small nonlinearity is

considered.
Key words and phrases: non-stationary collocation-iterative method, integro-functional

equation with small nonlinearity, approximate solution.

VY mpocropi Lyla,b] _ pijicanx i BUMipHUX Ha Tpomikky [4.0] Qynxuiii,

PO3MIISTHEMO 1HTETPO-(DYHKITIOHATILHE PIBHAHHS 3 MaJIor0 HeNMiHIHHICTIO BUTIAy (1) Ta

YMOBOIO (2)
b b
y(x) = p()y(h(x)) = £ (x)+ [ H (x,0)p(e)dt + [ H, (x, 1)y (h(2) ) dt +

+e[G(x.0) F(1,y(1))dr. x€[a.b)].
a M

y(x)=y(x), x¢[a,b], (2)

e f (x), w(x) 3ajaHi BigmosigHo Ha [@,0] Ta 3a Horo mMexkaMu Bimomi byHkIii, a

y(x)  _ mykana Qyukuis 3 L2[@0] Bigmocwo  Qymkmiin (%), p(¥),

H\(x,1), H,(x,1), G(x,1) TIPUITYCKAEMO, 1[0 BOHH, BiMOBiNAHO, HA npoMmixkky [4,0] i B
KBaJpari [a.b ]2 =[a,b]x[a.b] 3a/I0BOJILHSIOTH YMOBHU:

p(x) <P <, 3)

h(x) — nmudepenniioBHa Ha [a,b] i
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h'(x)zl>0,x—h(x)20’>0, 4)

bb
[[H(x.t)dxdt =H? <o0,i=1,2,
aa (5)

bb
[[G*(x,t)dxdt = G* < 0.
aa (6)

DyHKIIisA F(t.7) g o6macti P={a<t<b—o0<y<oo} BMMIpHa 3a ! IIPU BCiX

Y iuenepepsHa 3a Y npu BCix ¢ 1 3a10B0JIbHSAE YMOBY JIIIIIuUIIs

|F(t,y)| <a@)+ By

b

|F(Z‘,y)—F(l‘,_)_/)|SL|y—y, (7)

ne B.L — nesxi momartwi craii, a(t) el, [a,b]-

Bcranosneno, mo piBHsaHHS (1) mpu BukoHaHHi ymoB (3)-(7) 3BOAUTHCA 110
IHTErpajIbHOrO PIBHSHHS 3 MaJIOIO HENiHINAHICTIO [1].
Inest HecTalloOHAPHOTO KOJOKAIIHHO-1TEPaTUBHOIO METOIy CTOCOBHO PIBHSIHHS

(1) monsrae y nactrynuomy . Hexaii, BUXOAsYH 3 IESIKOTO MTOYATKOBOT'O HAOJIMIKEHHSI
yo(x) € L, [a,b ] i pynxwii So (x) , III0 3aJOBUIBHAIOTH CIIBBITHOIICHHS
Yo(X) = p(X)y, (h(x)) = 5,(x), x €[a,b], ®)

Yo(x)=0,x¢ [a,b],

3HAWIEHO HAOIMKEHHS Vi1 (%) i pyHKITIO Sk-1 (x) |

O6uncnuMo GyHKIIIO

b
S (%)= ,[Pk—l (x,0)s,_,(D)dt,
a )
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ne F(x0) MPOEKTYIOUl ONIEPATOPH, SIKI MAIOTh BUTJIS]L

l’lk _ b
P =Sy, 77 = [oX@)dx,
=1 a

pe K=L2.3, m>ny=n2l, M SH ok <k,

Po3B’sikeMo (hyHKITIOHATEHE PIBHSIHHS

P ()= p(0) 3, (h(x)) =5, (x), x € [a,b],
Y, (x)=0,x¢ [a,b]. (10)

Ha6mxenns »k (x ) BHU3HAYAEMO, SIK PO3B’SI30K PIBHIHHS
Vi (x) = p(x) y, (h(x)) =

b b b
= f x +[H (x,0)5,(t)dt+ [H, (x,0)2 (¢)dt +£[G x O ¢ y, , t dt, xe[a,b],

(11)
yk(x):0,x¢[a,b],

w,(x)= naifn]. x),x¢la,b|,
2 ()= s g (), T )l )
7 (x;)=0,i=1,n, (13)

b b
() = £ () + [Hy (x.0) 2 (¢)dt + [Hy (x.0) 2 (¢)dt = 2 (x) + p(x)Z, (h(x)),

p a (14)

cuctema QyHKIIN {771‘ (x)} y ¢popmyi (12) 3HaxoauThCs 3 PiBHSAHD

1, (x) = p(on, (h(x)) = @,(x), x € [a,b],
n,(x)=0,x¢ [a,b],
a,b]-

ne cuctema QyHKIIN {(pl.(x)} OpTOrOHaJIbHA Ta MOBHA B MPOCTOPI LZ[
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Anroput™m (8)-(14) MoxHa 3BeCTH JO  HECTallIOHAPHOTO KOJOKAIIHHO-

ITEpaTUBHOTO METO/LY PO3B’A3yBaHHS 1HTETPATBHOIO PIBHSAHHSA 3 MAJIOIO HENIHIMHICTIO
b b
u(x)= f(x)+ j T(x,Ou(t)dt + ng(x,t)F(t,u(t))dt, xe[a,b].

Criz 3BepHYTH yBary Ha To# (hakT, 110 Ha OCHOBI aHami3y dhopmyi (8)-(14) npu

$o(¥) =0 gagmmxenns 21(*) CHiBIaaa€e 3 HAOJMKCHHIM, MOOYT0BaHUM 3a JIOIIOMOI'0I0

KOJIOKaIliiiHOro Metoay [2], HabnmxkeHHs V1 () _4 HaOJIMKEHHSM, MO0y I0BaHUM 3a

w, (x) =0,k=1,2,3,...,

AOIIOMOT OO ITOKpAIICHOTO KOHOKaHiﬁHOFO MCTOAY, a4 IIpH

na6mokennst Vi (*¥)  smaxommteest 3a  momomororo HECTAI[IOHAPHOTO  METOIY

MOCITITOBHUX HAOIUKEHD.
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THE CRITERION OF EXTREMALITY OF AN ELEMENT FOR THE
PROBLEM OF FINDING A GENERALIZED STEINER’S POINT OF
SEVERAL CLOSED BALLS IN A LINEAR NORMED SPACE WITH

RESPECT TO A CONVEX SET OF CLOSED BALLS IN THIS SPACE

Abstract. The paper establishes a duality relation and criterion of extremality for an admissible
element in the problem of finding a generalized Steiner point of a finite collection of closed balls in a linear
normed space with respect to a convex set of closed balls in the same space.

Key words and phrases: the linear normed space, the closed ball, the generalized Steiner’s point, the
duality relation, the criteria of extremal element.

Hexaii X — miniiiHUN Haja mojieM JIACHUX YHUCEN TPOCTIp, H — HOpMa, 3ajJlaHa

Ha X, (X,

: ) — BIANOBIAHUM JIHIMHUA HOPMOBAaHMH IpocTip, R, = {r eER:r2> 0}.
s koxxHUX x € X, r € R, Oynemo nmo3Havatu uepe3 B, (x) = {y eX: Hy - xH < r} -

3aMKHEHY KYJIIO IIPOCTOPY (X ,

: ) 3 IEHTPOM y Touni x paziyca 7, a uepe3 By (X)
TMO3HAYNMO MHOHHY TaKHX KyIIb IIbOTO IPOCTOPY: B, (X)={B,(x):xe X,reR }.
Kpim T1oro, mm VclX, AcR, OysemMo T1o3HayaTu  4epes

B, (V) = {Br (x) xeV,re A} , TOOTO B, (V) € MHO)XUHOIO BCEMOXIIMBUX 3aMKHEHHUX

KYJIb TIPOCTOPY (X , ), IEHTPH SIKUX € TOUKaMU MHOXUHU V', a pajilyCu — YuClIaMU
MHOXHUHU A . YUepes H (Br1 ()cl),Br2 (x2 )) Oynemo mo3HavyaTu raycaopdoBy BiJICTaHb

MIDXK 3aMKHEHUMU KYJISIMU B, ()c1 ) , B, (xz) IpOCTOPY (X ,

), TOOTO

ol

H(Bﬁ(xl),Brz(xz))—max{ sup inf (x—y

, sup inf
xeB, (%) yeB, (%) yeB,

(xz)xeB,1 (xl)
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(nuB., Hanpukiag, [1]). Jas dpikcoBaHHMX 3aMKHEHUX KyJlb B, (a )e By (X ), i=1lm,

i
IMOCTABHUMO 3a1av1y BiI[H_IYKaHHSI BCIIMYNHU

*

oy (B, (a,)i=1m)= nf > H(B, (q).B,(x)), (1)
neVcX,AcR..

ko ICHy€ 3aMKHEHa KyJs B. (x) eB, (V) Taka, 10

H(Br (al. ),Br* (x*)) = a;A(V) (Br,. (ai),i = 1,m) , TO il Oynemo Ha3HUBaTH

y3araiibHeHOw0 Toukoro IlITeitHepa (ikcoBaHMX 3aMKHEHHX KYJIb Bn(al.), i=1lm,

JIHIAHOTO HOPMOBAHOT'O MPOCTOPY (X , H) BITHOCHO MHOXXHHH B A(V) 3aMKHEHUX

KyJb I[bOTO IPOCTOPY 3 LIEHTpaMU B TOYKax x €V Ta paaiycamu r € A abo mpocTo

EKCTPEMAJIBLHUM €JIEMEHTOM 3ajadi BigmykanHs seauuund (1). 3a3Hauumo, Mo npu
r=0, i=1m, A={0} 3anaua BimmykaHHs BeauduHU (1) € KJIACHYHOIO 3a]aYCIO

[rerinepa.

Teopema 1. Mae micue piBHICTh

m m
*

B,(7) (Br[ (a,),i= I,_m) = B}{(Xi)lelg(l/) H(Br[ (a,),B. (x)) = ian”ai —x” +inf2|ri —r|.

i=1 Vg red 5

a

*
Just Toro mwob Kyt B. (x ) OyJia eKCTpeMaJIbHUM €JIEMEHTOM JIJIsl BeJTUYUHU

. . oo *
(1), HEOOX1aHO 1 TOCTAaTHBO, MO0 ii HEeHTP X OyB €KCTPEMAaIbHUM €JIEMEHTOM IS

. *
, apaaiyc r OyB €KCTpEMaJIbHUM €JIEeMEHTOM JUIsl BEJIMYUHU

m
BeIUUYMHM Inf ZHai - X

xeV P

m
ian‘rl. — r‘ ;
i=1

red
Teopema 2. fxumo B 3ajaul BiamykaHHs BeiauuuHu (1) B, (V) € OMYKJIOI
H1AMHOXHHOIO MHOXHUHU B, (X ) , TO JJIA LI€T 3a/1a41 Ma€ MICIIE€ TaKe CIIBB1IHOIICHHS
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GIELIS SUPERCURVES - A TECHNOLOGICAL TOOL
FOR MODELING COMPLEX SHAPES

Abstract. The history of the creation of Gielis supercurves is highlighted. The derivation of a
general formula for their construction in the polar coordinates and its subsequent transformations are
considered. Examples of specific figures and their visualizations are given.

Key words and phrases: geometric modeling, Gielis supercurves, polar coordinates,
superformula.

In the field of geometric modeling and computer design, various wonderful
curves and surfaces are widely used [2, 5]. To enrich the resource base of typical
geometric images for the synthesis of specific structures, it is necessary to include new
promising objects — Gielis supercurves [3]. To analyze and assess the structure, degree
of smoothness, curvature and aesthetic qualities of these lines, it is necessary to know
their mathematical descriptions and basic geometric characteristics. The use of the
superformula proposed by Gielis J. for constructing curves allows us to effectively
reflect the variety of complex natural forms of different genesis [1, 6].

The paper highlights the background and presents the derivation of the general
formula for constructing Gielis supercurves in polar coordinates, its further
transformations and provides examples of specific superfigures.

At the beginning of the 19th century, the french mathematician Lamé G. used
the circle in the euclidean sense to obtain infinitely many forms — supercircles, which
are intermediate between a circle and a square. Later, Lamé G. also introduced the
concept of a superellipse — a figure that is intermediate between an ellipse and a

rectangle (fig. 1).

In polar coordinates (p ’(P), the equation of the superellipse was proposed by
Gielis J. to be written as follows [3]:
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-1/n
5

p(Q) =7 (\(1/a)cos<p\” +[(1/b)sin cp\”)

where 7 is a constant positive scaling parameter.

(1)

Figure 1 — Superellipses EMBED Equation.3 in the rectangular coordinate
system EMBED Equation.3 with fixed semiaxes EMBED Equation.3 and

ny, Ny,

Then he introduced three different values "3 of the exponents into

expression (1) and obtained the equation [3]:

n . n _1/”3
p(®) =r(‘(1/a)cosq)‘ ' +‘(1/b)sm(p‘ 2) ‘ )

The common drawback of figures (1), (2) is the limited symmetry. For example,
superellipses have axial symmetry of the fourth order, while there are real objects with
pentagonal or hexagonal symmetry. Therefore, Gielis J. then added a phase parameter

to expression (2) and obtained the formula [3]:

1 " )
mo . M
=r||—cos— +|-sin—-
P(®) [a 4 ‘ b 4 J
: 3)
The presence of the parameter 72 allows us to divide the coordinate plane into
m sectors instead of the four standard quadrants. For example, for "'~ 3,45, the

curve described in the four quadrants by equation (3) will have, respectively, 3,4,5...

fragments that are repeated.
The last step of Gielis J. in transforming the analytical representation of

geometric figures was to replace the constant scaling factor 7 in relation (3) with an
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arbitrary non-negative function (@) Asa result, the superformula took on the final
form [3]:

a=b=1 and the values of the parameters

n, ~1/n3

(@) = £(0) in 22

a 4
4)

Examples of superfigures (4) are shown in figure 2, where /(¢) =const :1,

M, My, 125 M3 are given below the images.

<{ Q) M 3 X 3K

351818 620718 42413 73417 5266 6116 6178

Figure 2 — Symmetric Gielis supercurves

The Gielis superformula allows for subsequent modification to reflect

asymmetric shapes [7] and has been extended to the spatial case [4, 6], giving rise to

complex surfaces such as superellipsoids and superquadrics.

A promising direction of research can be considered a detailed study of the

characteristics of superfigures and their computer implementation based on modern

software environments for effective modeling of objects with a complex geometric

structure.

(98]

9]
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DATA ANALYTICS AND VISUALIZATION IN POWER BI

Abstract. The study is devoted to the basic capabilities of the modern business analytics tool
Power BI, which allows for effective data collection, processing and visualization. Particular attention
is paid to the main components of the system and the DAX language - a tool for modeling and
calculations that opens up wide opportunities for building analytical models. The key advantages of
using Power BI for business analytics are highlighted due to its intuitiveness, flexibility, ability to
process large amounts of data, wide integration capabilities, high level of security and constant
updating of functional.

Key words and phrases: data analytics and visualization, Power BI, DAX language, business
analytics, dashboard.

In today's digital world, data volumes are growing rapidly, and the success of
companies increasingly depends on the ability not only to collect information, but also
to quickly analyze and effectively visualize it. Making informed management decisions
requires a deep understanding of trends, relationships, and patterns in data.

Power Bl is one of the most powerful and accessible tools for implementing such
tasks. It is a modern business analytics platform from Microsoft. By its user-friendly
interface, extensive capabilities for processing large data sets, and interactive
visualization, Power BI is actively used in both large corporations and small
businesses, in the public sector and in education.

The relevance of the topic is due to the following factors: the growing need for
Data-Driven solutions in all industries; the need for operational analysis of large
volumes of data; rapid integration of Power BI with various sources of information;
popularity in the business environment as one of the leaders in the BI systems market;
the demand for Power BI skills among analysts, managers, marketers, and IT
professionals.

Power BI is a collection of software services, apps, and connectors that work
together to turn the unrelated sources of data into coherent, visually immersive, and

interactive insights. The data might be an Excel spreadsheet, or a collection of cloud-
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based and on-premises hybrid data warehouses. Power Bl lets us easily connect to data
sources, visualize and discover what's important, and share that.
Power BI consists of several elements that all work together, starting with these
three basics:
- A Windows desktop application called Power BI Desktop.
- An online software as a service (SaaS) service called the Power Bl service.

- Power BI Mobile apps for Windows, 10S, and Android devices (fig. 1) [1].

~p

Fig. 1. Power BI Desktop, the service, and the mobile apps [1]

These three elements — Power BI Desktop, the service, and the mobile apps — are
designed to let us create, share, and consume business insights in the way that is most
effectively. Beyond those three, Power BI also features other important elements.

Microsoft Power BI is the most widely used data processing tool on the planet -
more than 50,000 companies around the world use Power Bl to clean, transform, model
and visualize their data [2]. Most business analysts and data scientists use Power BI
regularly. [4] is a valuable resource for BI developers and analysts looking to create
effective analytical models, reports, and dashboards, and includes over 90 practical
recipes using Power BI, including Power BI Service and mobile apps; using DAX and
M languages to build custom solutions; and tips on optimizing queries, creating
aggregate tables, using the Power BI API, and creating paginated reports.

Power BI supports a wide range of data sources: Excel and CSV spreadsheets;

Databases (SQL Server, Oracle, PostgreSQL, etc.); Cloud services (Azure, Google
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Analytics, SharePoint, Dynamics 365); Web sources and APIs. After importing data,
Power BI allows us to transform, clean, and filter it using the Power Query editor.

Power BI has the ability to build dashboards. A dashboard is a set of
visualizations that combine key indicators in a single window and allow to quickly
identify problem areas or positive trends. They provide interactivity; the ability to
publish and share; support for automatic data updates and mobile adaptation.

Power BI is not only a tool for viewing data, but also for deep analytics because
it supports both basic and advanced analytics. These include: using the DAX language
for complex calculations; trend forecasting; integration with Python and R for machine
learning; built-in Al visualizations (Q&A, Decomposition Tree, Key Influencers).

Power BI allows to create various types of visualizations: charts (column, line,
pie); maps (geographic, heat); tables, matrices, treemaps; interactive filters (slicers),
timelines. The user can easily configure the interaction between graphs: for example,
when selecting a category in one graph, all others change. This provides deep
immersion in the data.

Advantages of using Power BI: an intuitive interface; support for a large sources
number; high level of customization; advanced analytics capabilities; integration with
other Microsoft products; availability of a free version.

Therefore, Power BI as a data analytics and visualization tool is not only
practically useful, but also extremely relevant for a modern specialist in the context of
digital transformation. Flexibility, interactivity, and support for advanced analytics

make Power BI an indispensable tool for both small companies and large enterprises.

References

1. Microsoft Corporation. (2023). Power BI Documentation. URL:
https://learn.microsoft.com/en-us/power-bi/

2. Mastering Power BI: A Comprehensive Beginner's Guide. (2023). URL:
https://www.4594.com.ua/news/3686353/opanovuemo-power-bi-vicerpnij-posibnik-dla-
pocatkivciv

3. Ferrari, A., & Russo, M. (2021). The Definitive Guide to DAX: Business Intelligence with
Microsoft Excel, SQL Server Analysis Services, and Power BI (2nd ed.). Microsoft Press.

4. Czerwiec, R. (2020). Power BI Cookbook: Creating Business Intelligence Solutions of
Analytical Data Models, Reports, and Dashboards. Packt Publishing.

64



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

Volodymyr Mykhalevych!, Dr. Sc.
Mykola Kolisnyk 2.
Andrii Shtuts 3, Cand. Sc.
Vinnytsia National Technical University, Vinnytsia, Ukraine
e-mail: mykhalevych@vntu.edu.ua
>Vinnytsia National Agrarian University, Vinnytsia, Ukraine
e-mail: kolisnik30@gmail.com
3Vinnytsia National Agrarian University, Vinnytsia, Ukraine
e-mail: shtuts1989@gmail.com

MATHEMATICAL MODELING OF DEFORMATION TRAJECTORIES OF
MACROPARTICLES IN HAZARDOUS ZONES OF WORKPIECES DURING
FLOW FORMING

Abstract. Mathematical models of deformation trajectories of macroparticles in the processes
of flow forming have been proposed. The construction is based on differential equations and basic
spline functions with applied geometric transformations. The deformation trajectory models are an
essential component in modeling the deformability of workpieces and assessing the plasticity
resource, depending on the material properties and plastic deformation conditions.

Key words and phrases: deformation trajectory model, differential equations, accumulated
plastic strain, stress triaxiality, modeling the deformability of workpieces, flow forming.

[Ipouecu mramnyBanHsi oOkouyBaHHsAM (LLIO) cTaHOBAATH BaXJIMBUI HaNpsM
PO3BHUTKY pecypco30epiralounx TEXHOJOTIM Ta MIABUIIEHHS SKOCTI METaJIeBUX
BUpOOiB. OJTHUM 13 OCHOBHUX OOMEXYIOUHX YUHHUKIB Y BIIPOBAXKEHHI LIUX MPOLECIB
€ pyWHYBaHHSI 3aTOTOBOK Y€pe3 HEJJOCTATHIO MJIACTUYHICTh MaTepialiB. 3aCTOCYBaHHS
MaTeMaTUYHOT0 anapaTy Teopii 1e)oOpMOBAHOCTI MaTepialliB 3a0e3Meuy€e MOKIUBICTh
OI[IHKM 3JaTHOCTI 3aroTOBOK J0 IUIACTHYHOrO (OpMO3MiHEHHS O€3 JOCSATHEHHS
KPUTUYHUX CTaHIB pyiHyBaHH# [1, 2, 3, 4].

Mopenb TpaekTopii qeopMyBaHHS MAaKpOYACTHUHOK Yy HeOe3, MeYHUX 30HaX €
OJIHIEI0 3 TPHOX CKJIAJOBHUX, IIO0 BU3HAYAIOTH MOJENb 1e()OPMOBHOCTI 3arOTOBOK Y
npolecax IaCTUYHOTO AeOpMYBaHHS.

Mopens TpaekTopii JneopMyBaHHS MaKpOYAaCTHHOK OIYHOI TMOBEpXHIi
HUAJTIHAPUYOro Tijia, MiJ 4ac WOro BICECUMETPUYHOI'O CTHUCKAHHS MK IIOPCTKUMH
IUIUTaMH, MOXXe OyTH moOynoBaHa Ha OCHOBI IU(EpPEHIIaTbHOTO PIBHSHHS MIiX

OCBOBOIO d&, Ta KOJNOBOW d&, KOMIIOHEHTAMH TEH30pa IPUPOCTIB IUIACTHYHUX
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Z

nedopmaiiit @ e, |=0. ABropamu [5, 6] Ha OCHOBI aHalI3y MEXaHIKU

> (p) z
@

dbopmo3MiHEHHSI C(OPMYIIBOBAHO YMOBH, SIKUM MAa€ 3aJI0BOJIBHATH 3a3HAu€HE
mudepeHiianpbHe piBHSHHA. Po3po0ieHo jAekiiibka BapiaHTiB  audepeHIiiaaibHx
PIBHSHb TNEPIIOTO TMOPSAKY, IO 3aJ0BOJBHSIOTH BKa3aHi yMOBHU. TpaekTopii
nedopMyBaHHA TpaJMLIMHO NpeACTaBIEH] y BUIIAAI QYHKUII e=e(n)é,, A€ 1 -
0e3p0o3MIpHHI MOKA3HUK HAMPY>KEHOT'O CTaHy, 1110 JOPIBHIOE BITHOIICHHIO MEPILIOTO
1HBapiaHTa TEH30pa HANPYXXEHb 10 1HTEHCHUBHOCTI HANpPYXXEHb, e - HAKOIHMYCHA
IIacTU4YHa JeopMallis, 0 BU3HAYAETHCS IHTETPYBAHHIM 1HTEHCUBHOCTI IPUPOCTIB
nedopmaiiiii 1 Moxke OyTH oOYHMCIIEHA 3a JOMOMOIOI0 i1 MPEJCTaBICHHS B TaKOMY

BUTJISLIL

8(/) 2
e(g ):& de, +dgz+1-dg ;
¢ 3 ds, de ¢

4

0
€, - lorapumivna nepopmaris.

[lepexin Bim CKOHCTpyHOBaHMX nudEpeHLIaTbHUX PIBHSAHB 10 TPAEKTOPIi
nedopMyBaHHs y BKa3aHOMY BUTJISIII 3A1MCHEHUI 32 JOIOMOTOI0 PIBHSHB T€OPii Teuii.
CTOCOBHO 10 BICECMMETPUYHOTO CTHCKAaHHS LWJIIHIPUYOTO Tija MIXK
MIOPCTKUMU TUTUTAMHU PIBHSHHA TpaekTopli JedopMyBaHHS MOXKHA 3amucaTtd y

mapaMCTpuUIHOMY BI/II‘JISII[i

s
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70 == 4((:),
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AC m - 1apamMceTp, o MOKE 6YTI/I BH3HAYCHUH Ha OCHOBI CKCIICPUMCHTAJIbHUX JTdHUX.

. dgz 1 de
V3aranpHeHHsSM YMOBH lim =—— = —=| _ =—(1+6),0<0 <1 Ha BUNAJIOK

&p dgq) 2 dg(p

BIJI3EpKAJICHHS BEJIMYMHU PaJlalIbHOIO 3CYBY BEPUIMHU KOHIYHOTO BajKa B HaIpsMi

1o nepudepii 3aroroBku (puc. 1)
66



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

(&

d

d

'
’ ’

Puc. 1. Texnosoriuna cxema (hopMyBaHHs 30BHIIIHBOTO (pJIAHIIS 3arOTOBKH 1] 4ac

MTaMITyBaHHA O6KO‘IYB21HHSIM.

MIPU3BEJIO JI0 y3arajibHEHHS TpaekTopii negopmyBanus (1)

3

—-(4—(1+9)-(1+3cos2(t)))

{)=——2

77( ) \/ 5 D me[0,00),

TR

N \/(2—(1+0)(1+3cos2(t)))2 +12 te[oﬁ[.
= . j - -dt, 2
f cos” (1)

[Hmmii migxin nonArae B MoOyJIOBI TpaekTopiil nedopmMyBaHHS Ha OCHOBI
aHaJizy Hampy>XeHo-Ie(OopMOBaHOrO CTaHy MaTepialy HeOe3neyHoi 00J1acTi
3arOTOBKH.

JJ1st MOJIeNTIOBaHHS ITPOLIECY 3BOPOTHOTO BUTUCKYBaHHS (uaniiB metogom 11O
3aMpONOHOBAHO OPUTTHANBHUHN MIAXIJ A0 MOOYJOBU TPAEKTOPiM ne@opMyBaHHs, 110
0a3yeTbcsi Ha BHUKOPUCTAaHHI 0a3WCHOI CIUIaH-QYHKIIT, YTBOPEHOI MLUISIXOM
MOEHAHHA CUHyca Ta JA0TMYHOI. [lojganpiuM 3acTOCyBaHSIM TIE€OMETPUYHUX

NEPETBOPEHb, MOOYJOBAaHO TPUIIAPAMETPUYHY MOJENb TPAEKTOPIl AePOpMyBaHHS.
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Pe3ynbTaTy 4YMCIOBOIO MOJIENIOBAHHS 3aCBIIYMIIM, IO 3alpONOHOBaHA MOJCIb
3l1aTHA aJICKBaTHO BIJITBOPIOBATH OCOOJIMBOCTI 3MIHM HaNpPy>KEHO-Ie()OPMOBAHOTO
CTaHy B X0/l TEXHOJIOTIYHOTO MPOIIECY.
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MULTIPROCESSING METHODS FOR FORMING OPTIMIZATION

ROUTES USING THE ANT COLONY ALGORITHM

Abstract. Approaches to the implementation of the ant colony algorithm in multiprocessing
data processing systems are proposed as one of the most interesting and promising methods for
solving complex optimization problems.

Keywords. Parallel data processing, ant colony algorithm.

[Ipy  fmOCHIKEHHI  CKJIAJHUX CHUCTEM  BaXJIUBY  pOJib  BIAITPAIOThH
BHUCOKOIPOJYKTHUBHI arOPUTMU onTuUMizalii. OJHUM HUX € MypalluHUN adTrOpPUTM,
KU 0a3yeThCs HAa MOBEIIHKOBUX MOJEINSIX KOJOHIN Mypax.

3aBAsSKU CBOIM MPUPOIHIA MAapasIebHOCTI AJITOPUTM CIIOHYKAE J0 AOCIIKEHHS
peamizallii #oro y 6aratornoToKOBUX CEpEeOBUINAX, III0 HAJTa€ MOXJIUBICTh 3HAYHO
MPUCKOPUTH IIPOLIEC OOYUCIIEHD 1 MOKPALUTH PE3yIbTaTH ONTUMI3allil. AJJAITUBHICTD
Ta 3JaTHICTh MYPALIMHOTO AJITOPUTMY J0 TapasieaTbHOI 00pOOKH HAJal0Th MOXKIIUBICTh
MoauQiKyBaTH #oro B eQEKTUBHUNU I1HCTPYMEHT HaBITh JUIsl  CKJIAJHUX
OOYHUCITIOBAJIbHUX 3a]1a4.

Kit0uoB010 1/1€€10 MYpAaIIMHOTO AJTOPUTMY € IMITallli MOBEIIHKH Mypax, 110
IIYKalOTh HAMKOPOTII HUISIXM BiJ MypallHMKa 10 Jkepena ixi. IlepecyBarounchs,
MYypaxu 3aJIUIIAI0Th CIi7] PepOMOHY, SIKHUI 1HIIT Mypaxy BUKOPUCTOBYIOTh IIPH BUOOPI
HalKpamoro HuifAxy. 3 MIKHOM Yacy HACHUYEHICTh ()EPOMOHY IMOHOBIIOETHCS 1 1€
JI03BOJISIE QJITOPUTMY AJANTyBaTUCA 1O 3MIHHHX YMOB 1 3HaXOJIWUTH OINTHUMAaJbHI
pIIICHHS.

KoHuenuis MypamuHOro ajroputMy IPYHTYEThCS Ha JCKUJIBKOX KIIOUOBUX
MPUHIIUIAX

1. KonexkTuBHA mOBeJiHKA — alNrOpuUTM IMITY€ B3a€EMOJIIO BEJIMKOI
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KUIbKOCTI Mypax, 110 CIUIBHO IIYKAalOTh ONTUMAaJIbHI IUISXH.

2. 3BaxkeHuii BUOIp HLJISAXy — KOXKHA Mypaxa BUOMpAae HACTYNMHUN KpPOK
3aJIeKHO BiJ KIIBKOCTI PEPOMOHY 1 IOBKUHU MapILIPyTy, IO JA03BOJISIE MOJIETIOBATU
3Ba)XEHY CTPATETII0 MOUIYKY.

3. IincnieHns Kpammx pilieHb — NUIAXH, 1110 BEAYTh 10 KpalllUX PillleHb,
OJIEPKYIOTh OUIBIILY KUIBKICTH (DEPOMOHY 1 1I€ MIJABUIIY€E MMOBIPHICTH iX BHOOPY B
HACTYMHHUX KPOKax iTeparliil.

4. Edext BunapopyBanusi ¢epoMOHy — KIJIbKICTh (PEPOMOHY MOCTYOBO
3MEHILYETHCS 1 1€ 103BOJII€ YHUKHYTH NEPEIYaCHOTO 30CEPEIKEHHS Ha JIOKAIbHUX
MIHIMYMax Ta CHpUS€ BUSBICHHIO HOBUX MOMJIMBUX IIJISAXIB.

5. IMapaneabHa 00podka — KO’KHA Mypaxa Ji€ HE3aJI)KHO BiJl 1HIIUX 1 11€
JI03BOJISIE peai30oByBaTH aIrOpPUTM Yy 0araTOMOTOKOBUX METOAAX IJisl IiJBUILIEHHS
HIBUAKOCTI QJITOPUTMY .

OaHUM 3 HAMMOUIUPEHIIINUX BaplaHTIB BUKOPUCTAHHS MYPAILIMHOTO aJrOPUTMY
€ 3aJ1auya KOMIBOsDKEpa, /e HEOOX1THO 3HANTH HAWKOPOTIIUHN MIIAX MK MicTaMu. BiH
N03BOJIIE €PEKTUBHO OOUYMCIIOBATH PIMIEHHS HABITH MPH JTOCUTH BEJIUKIM KUIBKOCTI
MicT. Tako anropuT™ 3HaXOAUTh LIUPOKE BUKOPUCTAHHA B ONITUMI3AIIHHUX 3a/1a4ax,
B TOMY YHCII JIOTICTHKY, MaplIpyTH3allll0 MEPEX, pPO3MOALT pecypciB, (iHAHCH,
€KOHOMIKY Ta 1H.

[lepeBaramMu MypamiMHOIO QJITOPUTMY € 3[ATHICTH JO MIBUJKOI ajamnTaiii y
IUHAMIYHUX CEepeOBUIIAX, MOXJIMBICTh POOOTH 3 BEIMKMMU HAOOpaMH AaHUX Ta
mpocToTa peaiizaiii. BogHodyac, OCHOBHUM HEIOJIKOM € HEOOXIIHICTh PETEIbHOIO
HaJalITyBaHHA MMapaMeTpiB aITOPUTMY 1 BIIHOCHO BUCOKI OOYHUCIIIOBAJIbHI BUTPATH.

baraTtonnorokoBa 00poOka NaHUX € Ba)XJIMBUM AaCIEKTOM CYYaCHHX METO/IIB
OOYHUCIIEHHS, IO JI03BOJSE TMPUIIBUAIINTH BUKOHAHHS CKJIAQAHUX aJITOPUTMIB.
BnpoBamkeHHss 0araronoTokoBoi OOpOOKM AaHUX MYpAlIMHUM  aJIrOpPUTMOM
BIIKPUBA€ HOBI MOXJIMBOCTI JJIsI ONTHUMI3AIll MPOLECIB, JO3BOJISIIOUN TIPU I[LOMY
napajieabHO OOpOOJSATH NUIAXM Mypax Ta MPUCKOPIOBATH OHOBIICHHS 3aJIMINKIB

dbepomony. B kiacuuHOMy MIIX0/1 KOKHA Mypaxa He3aJleKHO oOupae CBIA HUIAX,
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OI[IHIOE MOT0 SIKICTh Ta OHOBJIIOE PIBEHB (DEPOMOHIB Ha MPOHIEHOMY MapiIpyTi. Aje,
SKIIO BUKOPUCTOBYBATH NapajieibHl PO3PaXyHKH, TO MOXKHA PO3MOIUIUTH Mypax Mix
KUIbKOMa TapalieTbHUMHU TOTOKaMU 1 1€ Ja€ 3MOry OJHOYAcHO MJOCHIKYBaTH
JEKUJIbKa MOXJIMBUX BaplaHTIB, HE BUTpadyalOud 3aliBOro 4acy Ha IMOCHiI0OBHE
BUKOHAHHS Oreparii.

baratonoTtokoBuii MypamIMHHUI alropuTM MOKHA peajizyBaTh PI3HUMHU
METOJaMM, 3aJIe)KHO B 0COONMBOCTEH TuIaTGOpMH 1 TIOCTABJICHOI 3ajadi.
HaiinpocrimuM BapiaHTOM € pO3MOALT Mypax MK OKPEMHUMH MOTOKaMH, /1€ KOKEH
MOTIK 3aiiMaeThCsl MOOYI0BOIO MapUIPYTIB AJIs MEBHOI rpynu areHris. Lle qo3Bosse
PIBHOMIPHO 3aBAHTAKUTH MPOLECOP Ta 3HAYHO CKOPOTUTHU YaC BUKOHAHHS JITOPUTMY.
[HIIMM MiIX010M € mapanenbHe OHOBIIEHHS (DEPOMOHHOI KapTH, KOJIH Micis TOOYA0BH
MapuIpyTiB JeKUIbKa MOTOKIB OAHOYACHO KOPHUTYIOTH pPIBEHb (DEPOMOHIB y PI3HUX
JOUISTHKaX MOIIYKOBOro mHpocTopy. B Takuil cmocid MOXHA YHUKHYTH 3aTPUMOK,
MOB’sI3aHUX 13 OJIOKYBaHHSIM CHIUIBHUX PECYpPCiB, Ta MIABUIIUTH MPOTYKTUBHICTb.

TakuM 4YMHOM, MypalIMHUN aJrOPUTM Yy TMOEIHAHHI 3 0ararornoTOKOBOIO
00pOOKOI0 € TIOTY)KHUM 1HCTPYMEHTOM JIJIsl BUPIIICHHS IIMPOKOIrO CIEKTpa 3aBJlaHb.
Horo 31aTHICTH MIBUIKO aaNTyBaTHCS O 3MiHHHX YMOB, e()eKTHBHO JOCIIIKYBaTH
BEJIMKI IPOCTOPHU PIlIEHb Ta 3HAXOJUTU ONTUMAJbHI MaplIpyTh pOOUTH HOTO OJHUM

13 HaWOLIBII MEPCIIEKTUBHUX MIIXO/IB Y MONTYKaxX ONTUMATbHUX MApUIPYTIB.
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USING ARTIFICIAL INTELLIGENCE CAPABILITIES IN TEACHING AND
ASSESSING THE QUALITY OF KNOWLEDGE IN MATHEMATICS

Abstract. The article analyzes the studies published in the literature, which define how
artificial intelligence helps to improve the quality of teaching and assessment of knowledge in
mathematics. The advantages of Al-driven systems in improving the quality of mathematics
education are highlighted. The introduction of artificial intelligence into school curricula will help
develop students' critical thinking and creativity.

Key words and phrases: artificial intelligence, the concept of learning and knowledge
assessment.

YopoBaJKeHHS MOXIJIMBOCTEH IITYYHOTO 1HTEJNEKTY 3MIHWJIM OCBITHIM
nanamadT, 3arporOHYBABIIM 1HHOBAIIHHI METOAM ISl 3ally4eHHS Ta MIATPUMKH
YUHIB 3aKjajJiB 3arajibHOi CEpPeJHbOI OCBITH Yy PI3HUX MPEIMETHUX Taly3siX.

MaTCMaTI/IKa, JK OJHa 3 HalBa)XJIMBIIIHX FaﬂyBeﬁ HaB4YaHHA, BUMAraec e(i)eKTI/IBHI/IX
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NeJaroriyHuX MiJIX0/iB A0 i BUBUEHHSI, TOKPAIIEHHS KOHIENTYaJlbHOTO PO3yMIHHS
YUYHIB Ta HABUYOK PO3B’A3yBaHHsS TBOPUUX 3a]a4.

TexHonOrii WITY4YHOTO IHTENEKTY MAaloTh 3HAYHUM BIUIMB HAa HaBYAJIbHHUM
npouec [3]. @aktuuno 3 1980-X pokiB MITy4YHUU IHTEIEKT cPOpPMyBaBCs SIK ILIUTIICHA
rajiy3b akaJeMIiYHUX TOCIIJKEHb [7]. Y 4YHMCIEHHUX AOCHIIXKEHHSX BHBYAJIOCS, SIK
IHTErpoBaHE 31 IITYyYHUM 1HTEJIEKTOM HaBuUajbHE CEpPEJOBUINE BIUIMBAE Ha
pe3yabTaTh HaBYaHHS MarteMmaTuku. JlochipkeHHs mpoBeneHe [4] mokasano, IO
MEePCOHAJII30BaHE HABYAHHS 31 IITYYHUM IHTEJIEKTOM CIPHSIIO MOKPAIICHHIO HABUUOK
pPO3B’sA3yBaHHS 3aJau cepeja Y4YHiB. XEIJIOK 1 KoJjieru [S], AOCHiKyBaly 3/1aTHICTh
CUCTEM Ha OCHOBI HITYYHOT'O IHTEJIEKTY MEepPCOHaNI3yBaTH HaBUaJbHUU JOCBIJl YUHIB,
aJanTylouuCh N0 IXHIX IHAWBIIyaJIbHUX MOTpeO 1 HAJAI0YM 3BOPOTHIA 3B’S30K,
30Cepe/KyBaIUCh Ha HACHiJKax IS MMEePCOHATI30BaHOTO HaBuaHHs. Sk 1 Oyab-ska
OCBITHS 1HHOBAIlis, IHTErpallisl IITYYHOrO IHTEJIEKTY B MAaTeMaTU4YHy OCBITY HeE
no30aBieHa BHUKIMKIB. HeoOXiHO BpaxoByBaTH €THYHI MIPKYBaHHA IIOJ0
KOH(1IEHIIMHOCTI JaHUX, VYHEPEIKEHOCTI aJrOpUTMIB 1 BIUIMBY HaJAMIPHOI
3QJIKHOCTI BiJl TEXHOJOT1H. JIOCTITHUKY Ta OCBITSHH MTOBUHHI CIIBIIPAIIOBATH, 11100
po3poOUTH HaJIWHI paMKU Ta K€PIBHI MPUHIMIH 111 3a0€3MeUeHHs BiIIOB1IAIbHOTO
Ta €TUYHOTO BUKOPHUCTAHHS IHCTPYMEHTIB IITYYHOI'O 1HTENEKTY B OCBITI. OCKIIbKH
CUCTEMHU IITYYHOrO IHTEJEKTY CTalOTh HEBIJ'€EMHOI0 YAaCTHHOIO MPAKTHKU
OIIHIOBaHHSA, 3 SIBISAIOTHCS €TUYHI MipKyBaHHA. JlociipkeHHs [6] migkpecansio
BXJIMBICTh MPO30POCTi Ta CIPABEIJIMBOCTI B IHCTPYMEHTAX OIlIHIOBaHHS Ha OCHOBI
IITYYHOTO I1HTEJNEKTY, OCOOJIMBO B KOHTEKCTI MaTeMaTHKW B 3aKJajgax 3arajibHOi
cepeHbO1 OCBITH. Ixust pobota miaKpecamia HeOOXIIHICTh JJIsl OCBITSIH KPUTHUYHO
OI[IHIOBATH AJITOPUTMH, IO JIEKATh B OCHOBI IHCTPYMEHTIB OLIIHIOBaHHS 31 IITYYHUM
IHTEJIEKTOM, 1100 3MEHIIUTH yHEpPeIHKEHICTh 1 3a0e3NneuuTH  CIpaBelIuBe
OLIIHIOBAaHHS MaTeMAaTHYHUX KOMIETEHTHOCTEH YUHIB.

[udpoBe HaBYaHHS Ta OLIHIOBAHHS 3 BUKOPUCTAHHSAM IITYYHOT'O 1HTEJIEKTY B

MaTeMaTulll B 3aKJIaJlax 3arajibHOi Cepe/IHbOI OCBITH MPOIMOHYIOTh TpaHc(opMalliiiHi
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MOXJIMBOCTI 100 TOKpAIIUTH SK BHUKJIQJAaHHS, TaK 1 HaBUaHHA. 3aBISKU
BUKOPUCTAHHIO IITYYHOI'O IHTEJEKTY BUKJIAJadyl MOXKYTh Ha/JaBaTH MepCOHATI30BaH1
THCTPYKIIil, aJanTyBaTUCS [0 YHIKAaJIbHUX HABYAIBHUX MOTpPeO YYHIB Ta OUIBII
edeKTUBHO BIJCTEXyBaTH iXHiM mporpec. Ll TexHosoris 3abe3neuye 3BOPOTHUMN
3B’SI30K Y pEJbHOMY 4Yaci, 3a0X0uye 1HTEpaKTUBHE HABUYAHHS 1 MOXE 3MEHIIUTH
HABAaHTAXXEHHS Ha BHUKJIA/ayiB, aBTOMATU3YIOUU PyTHHHI 3aBAaHHsA. OJIHaK JUIsl TOTO,
00 MOBHICTIO peali3yBaTH MOTEHIal IITYYHOTO IHTENEKTy, HeoOXiHa HaJlekKHa
1H(pacTpyKTypa, MArOTOBKA BUUTENIB Ta €TUYHI MIpKYBaHHS, sIK1 3a0e3meyaTs Moro
BIJINOBIJaJIbHE BUKOPUCTAHHSI.

Hapuanbna nporpama 3a /. bpynepowm [2] TicHO moB’si3aHa 3 3aCTOCYBaHHSIM
IITYYHOTO 1HTEJEKTy B HAaBYAJbHOMY TIPOLIECI, CTBOPEHHS EIEKTPOHHHUX
M1PYYHUKIB, MPOTPAMHOT0 3a0€3MeUYEeHHS 3 PI3HUX PO3/ILIIB HABYAJIbHUX AUCIUILIIH.
HaBenemo HU3KY NpUKIAiB, IKI BU3BHAYAIOTh HEOOXIAHICTh 3aCTOCYBAaHHS IITY4YHOTO
IHTEJIEKTY, PO3BUBAIOTH TBOPUICTh, CTHUMYJIIOIOTh 3aCBOEHHS HOBOI'O Marepiany,
pO3BUBAIOTh OOpa3He MucieHHs. Jlo Takux 3ajnay, HaNpUKIAL, BIAHOCATHCS
T€OMETPHUYHI 3aj7a4l TIOB’s3aH1 3 MOHATTAMH BiJICTaHl MiXkK 00’€KTaMHu, OOYUCIICHHSAM
ol (iryp 1 MOBEpXOHb, 00’ €MIB, 300pakeHHSIM (Iryp 1 MOBEPXOHb, B3AEMHUM IX
pO3TalllyBaHHIM, OJIOHICTIO (PIryp TOLIO.

BBakaemo, 1110 Teopisi HEUITKMX MHOKHUH € JIOTTYHOK OCHOBOIO I1ICYMKOBOTO
OILIIHIOBaHHS $IKOCTI 3HaHb. [3 JOCBIAy BHKIAJaHHA MaTEMaTUYHUX JAUCIUILIIH,
OLIIHIOBaHHS pPIBHA 3HaHb THX, XTO HABYAEThCS, aHANI3Yy MaTeMaTUYHUX MOJeENeH
OLIIHIOBAaHHS, MOXHa PEKOMEHAYBAaTH TaKy MaTeMaTU4YHY MOJElb, siKa J03BOJIsIE
BU3HAYUTU PIBEHb SKOCTI 1 MOBHOTU 3HaHb y MPOLECI 3aCBOEHHS OKPEMHUX PO3JLIIB
(MoyiB, TeM, TIJICYMKOBOT'O KOHTPOJIIO) HA OCHOBI JIOT1KU T€OPii HEUITKUX MHOXKUH

[1].

—Alt—t,)?

) ) i 2
@OyHKIIs OLIHIOBAHHSA [ ) = e 3a KO’)KHE BUKOHAHE 3aBJaHHS, 1€ ty —

BiJIHOCHA OIliHKa eKcrmepra (Bukiamada), fo( (0;1); A — mapamerp, 1O
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XapaKTCpU3ye€ piBCHB, FHI/I6I/IHy 1 IIOBHOTY TCOPCTUYHHUX 3HAHb 74 MMPpaKTUYHUX

HABHUKIB, TBOPYICTh, CAMOCTIHHICTh BUKOHAHMX 3aBJaHb (Hampukiam, A [ (0,5;2)).

CTVIiHE BIeBHEHOCTL
eKCIepTa

vV CcBOIH omiHmi

s

¥

05 BizrocHa omingka (0.77-100% = 77 6.)

Puc. 1

Hanocsun Ha mkanmy (yHKIT OLIHIOBAaHHSA 3a KOXKHE BHUKOHAHE 3aBJIaHHS
(nuB. puc. 1), gicTaHEMO OLIHKY SIKOCTI 3aCBOEHHS 3HAHb Ha OCHOBI 3aKOHIB JIOT1KU
HEYITKUX MHOXHWH, L0 JO03BOJIA€ BU3HAUUTU CTYIIHb YNEBHEHOCTI BHUKJIagadya B
OLIHIII.

BucnoBok. [{udppoBe HaBUaHHS Ta OLIHIOBAHHS 3 BUKOPUCTAHHSM IITYYHOTO
IHTEJIEKTY B MaTeMaTHIll B 3aKjiajax 3arajbHOi CepeaHbOI OCBITH MPOINOHYIOTh
TpaHc(opMalliitHi MOXKIMBOCTI 100 MOKPAIIUTUA SK BHUKJIAJaHHS, TaK 1 HaBYaHHS.
3aBASKM BUKOPUCTAHHIO INTYYHOI'O 1HTEJIEKTY BHUKJIAJadl MOXYTh HaJlaBaTh
MEePCOHANI30BaHl 1HCTPYKIIl, aJanTyBaTHCS [0 YHIKaJIbHUX HAaBYAJIBHHUX MOTPEO
Y4HIB 1 OUTbII €()EeKTUBHO BIACTEXKYBAaTH iXHIM mporpec. Lls TexHomoris 3abe3neuye
3BOPOTHUN 3B’SI30K y peajbHOMY Yaci, 3a0X0uy€ IHTEPAKTUBHE HABYAHHSA 1 MOXE
3MEHIIUTA HaBaHTaXXEHHS Ha BYMTENIB Ta BHKJIAJayiB, aBTOMATU3YIOYU PYTHUHHI
3aBaanHHa. OpHak sl TOTO, MO0 TOBHICTIO peai3yBaTH MOTEHIa] IITY4YHOIO
IHTEJIEKTY, HEO0OXiJlHAa HaJeXHa 1H(PpacTpyKTypa, MIArOTOBKA BUYUTENIB Ta €TUYHI
MIpKyBaHHs, K1 3a0e31e4arb HOTo BiAMOBIIaJbHE BUKOPUCTAHHS.
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IMPLEMENTING STUDENT-CENTERED AND DIGITAL LEARNING
METHODS AT POLTAVA NATIONAL PEDAGOGICAL UNIVERSITY
WITHIN THE ERASMUS+ BOOST PROJECT

Abstract. The article presents the experience of Poltava V. G. Korolenko National
Pedagogical University in implementing student-centered and digital learning methods within the
Erasmus+ KA2 project. The practical implementation of course evaluation criteria, developed in
cooperation with European partners, is demonstrated using the «Algorithms and Data Structures»
course as an example

Key words and phrases: student-centered learning, international cooperation, interactive
learning content, H5P.

CyvacHuil eTanm pO3BUTKY OCBITH XapaKTEPU3Y€EThCS AKTUBHUM IOIIYKOM Ta
BIPOBA/PKCHHSIM 1HHOBAILIMHUX MIAXOMAIB, CIPSIMOBAaHUX Ha IMIJABUIICHHS SKOCTI
MIArOTOBKH (PaxiBIiB. Y I[bOMY KOHTEKCTI MI>KHAPO/IHI MPOEKTH BIIITPAIOTh BaXKIJIUBY
pOJib, CHPHUSIOUYM OOMIHY JIOCBIJIOM Ta aJanTailii KpaliuxX CBITOBUX IPaKTHK.
[lontaBchbkuii HallOHaNBHUI menaroriyHuil yHiBepcuteT imeHi B. I'. Koponenka €
AKTUBHUM YYaCHUKOM TaKHX 1HILIATUB, Y TOMY yucii npoekTiB Epazmyct+ KA2.

Tak, npoekt BOOST (Bringing Opportunities and Organizational Success To
Small Local Universities in Ukraine) cnpsimoBaHuil Ha nifgBuieHHs noteHiary 3BO
[UIIXOM YIPOBAKEHHS 1HHOBALIIMHUX MPAKTHK y MIIX0Jax 10 HaBYaHHS 1 poOOTH
[1]. Cepen  KIOUOBUX  HaAmpsMiB  [BOrO  MPOEKTY  —  MPOCYBAHHS
CTYJIEHTOOPIEHTOBAaHUX 1 HU(PPOBUX METO/AIB HABYAHHA. Y paMKax I[bOTO HAIpsIMy
3MIMCHIOBANIOCA OHOBJIEHHA KypciB Ha 1uargopmi Moodle Ha 3acagax
CTYJIEHTOLICHTPOBAHOI'O MIIXOTY.

3a pesyabTaraMM OOTOBOPEHb 3 €BPONEHCHKUMU TapTHEpaMu OyJio
chopMOBaHO psJ KpUTEpIiB, CHOPSIMOBAHMX Ha MIJABUIICHHS €()EKTUBHOCTI Ta
IHTEPaKTUBHOCTI HAaBYAJIIbHUX MaTepiaiiB. Po3riasHeMo peanizailiro MX BUMOI Ha
OpUKIaAl  Kypcy «AJTOpUTMH 1 CTPYKTYpU JaHUX», MaTepiaid  SKOro
BUKOPHUCTOBYIOTHCA K J0JAaTKOBA MIATPUMKA HABYAHHS B ayUTOPHOMY (popMmarTi.

J71si epeKTUBHOTO 3aCBOEHHS MaTepiajgy BajKJIUBO, 100 CTYAEHT pO3yMiB LI

HaB4YaHHA Ta BUMOI'M OO peBy.]'IBTaTiB. 3 I_Ii€IO MCTOIO0 Ha MMOYATKY KYpPCY HABOAUTHCA
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ONKC Pe3yibTAaTIB HaBYaHHS, a HA MOYATKy KOKHOI TEMH — BUMOIH I0JO 3HAHb 1
yMiHb 3700yBauiB OCBITM B paMKaX BIANOBIIHOI TeMu. KpiM TOro, KOXHHUW BH]
JISTBHOCTI CYTPOBOIKYETHCSI KOPOTKUM OTHMCOM, SIKMM BiTOOpaXKa€eThCsl HA CTOPIHIII
Kypcy.

3BakarouM Ha Te, 1m0 MaTepiasin Ha Miaatdpopmi Moodle npuszHaveHi
HacaMmIiiepes; Il Oprasizauii caMOCTiiiHOI poOOTHM CTYJEHTIB, 3HAaYyHA YyBara
NPUAUIAETbCS pO3pOoO0Ll IHTEPAaKTUBHUX 3aBAaHb. Lli 3aBmaHHs, fK NpaBWiIO, HE
nepen0ayaroTh OLIHIOBAHHS, ajieé € €PEKTUBHUM THCTPYMEHTOM JIJIi CAaMOKOHTPOJIIO
Ta CBOEYACHOTO BHSIBICHHS NPOTAIMH y 3HaHHAX. JlJIS MpeACTaBICHHS TaKuX
IHTEpPAKTUBHUX 3aBAaHb HIMPOKO BHUKOPUCTOBYIOTHCS MOXIUBOCTI cepBicy HSP [2],
SAKUW J03BOJIIE KOHCTPYIOBAaTH IHTEPAKTHUBHUN MYJIbTUMEIIMHUI HaBYAIbHUM
KOHTCHT y BUIIIAAI Maibke 50 pi3HUX BHJIB 3aBAaHb 1 MIATPUMYE IHTETpaliio 3
nonynspaumu  LMS, 3okpema Moodle. Tak, koHCHEKTH JeKIiil MpeacTaBiieHi
3neoutpmoro 'y Qopmari iHTepaktuBHuX kHUr HSP. Ile nosBosisie momaBaTu
MYJIBTUMEIMHUA KOHTEHT, a TaKoX BOYIOBYBaTH Oe3MOCepeHbO B TEKCT JIEKIi
IHTEpAaKTUBHI 3aBJaHHS ISl 3aKpIIUIEHHS TEOPETUYHOTOo maTepiany. Taki 3aBIaHHs
MOXXYTbh HiependayaTy 3alOBHEHHS MPOMYCKIB y TEKCTI (3 KiIaBiaTypu abo ILISAXOM
NEepeTIATryBaHHA), BIIMOBIA1I HA TECTOBI 3allUTaHHS, POOOTY 3 J1aJJOTOBUMHU KapTKaMHU
(Ha OmHINW CTOPOHI TaKMX KapTOK BIJOOpaKa€ThCs 3alUTaHHS, a Ha I1HIIH —
BI/ITIOBI/Ib) TOIIIO.

AKTHUBHIN OCBITHIA MiSJIBHOCTI CTYACHTIB CIPHUSIOTh TaKOX 3aBIaHHSA, SIKi
nependayaloTh TpynoBy poOOTy Ta B3a€EMOOILIHIOBaHHS. Y CTYAEHTOLIEHTPOBAHOMY
MIIXO0/A1 BaXIUBUM € 3BOPOTHHM 3B’S30K MDK BHKIamaueM 1 3700yBavyamu,
MOXJIMBICTh aHaJNI3y CTYIAEHTOM BJacHoro mnporpecy [3], mo 3abe3neuyerbcs
BUKOPUCTAHHSM BIAMOBIIHOIO BUAY IISJIBHOCTI HANPUKIHII KOMXHOTO 3MICTOBOIO
MOJYJIS.

OnuTyBaHHS CTYJIEHTIB 3a pe3yjbTaTaMu BIPOBAHKEHHS OHOBJIEHOTO KYpCY

3aCBIUUIIO JIOIIJIBHICTh 3alPOBAPKCHUX 3MIH JIJIs MMABUIIIEHHS SIKOCTI M1TOTOBKHU.
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VIDEO AS A MEANS OF FUNDAMENTALIZING THE TEACHING
OF COMPUTER SCIENCE DISCIPLINES

Abstract. The problems of using video in e-courses are considered, in particular, the
difficulties that teachers face due to insufficient awareness of available software tools. A review of
popular software tools for video editing, such as Windows Live Movie Maker, Videomach, Shotcut,
Lightworks and Jahshaka, is conducted. Their functionality, advantages and disadvantages are
determined.

Key words and phrases: video resources in education, e-courses, Windows Live Movie
Maker, Videomach, Shotcut, Lightworks, Jahshaka, computer science, web-oriented systems.

OCHOBHOI0O MPOOJIEMOI0 Ha NUISAXY OUIBII MAacOBOTO BUKOPUCTAHHS BIJCO B
EJIEKTPOHHUX KypcaX € HEeBMIHHS BUKJIaJayiB BUKOPUCTOBYBATH BXKE€ JJABHO JOCTYITHI
iM TeXHIYHI 1 MpOoTrpaMHi 3acCOOH.

Hocmimkenns F0.B. Tpuyca, C.O. CemepikoBa, C.M SmanoBa goBeiu, 110
dbyHaamMeHTaNII3a1is HaBYaHHs 1HQOPMATUYHUX AUCLUILIIH BIIOYBAETHCS HE JUIIE 32
paxyHoK (pyHmameHTaIi3aIli 3MIiCTy HaBUYaHHS, ajie 1 32 paXyHOK (pyHIaMeHTami3amii
BUKOPUCTaHHSI 3ac0o0iB HaBYaHHS, 30KpeMa BeO-OpIEHTOBAaHUX CHUCTEM, Yepes
HaJlaHHS iM YHIBEpPCAIBHOCTI Ta BIACTUBOCTEH MOOLIBLHOCTI.

OCHOBHI pelaKTOpH, SIKI MAIOTh IIUPOKE KOJIO 3aCTOCYBAHHS:

1. Windows Live Movie Maker — 1ie Haiinepina mporpaMa B peHTHHTY BeO-
noaatkiB. JlocuTh ckiagHo Oyje 3HAWTH OUIBIN MPOCTUM pelaKTop, HIXK IeH, 10 3a
3aMOBYEHHSIM BCTaHOBJIIOEThCS Ha KOXKHIN omnepaliiiiHii cuctemi Windows. OnHak €
ICTOTHUH HEMONIK — BIACYTHICTh MIKIIYBaHHSA 3BYKY, (YHKI[IOHAJT IHOTO
BIJIEOPENIaKTOpa HE BIAPI3HAETHCA OCOONIMBUMHU (PYHKIIOHAIBHUMHU MOMIJIUBOCTSIMH.
['onoBHe oOMexeHHsT — poOoTa 3 Majow KUIbKICTIO (opmatiB ¢aiinis. o Toro x
Movie Maker moBoauTbcs BKpail HECTaOUIbHO NP 3IMCHEHHI TPYIOMICTKHX

onepauiid. be3komToBHICT, MporpamMu 1 i HasABHICTh Ha KOXHOMY KOMIT'IOTEpPl 3
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Windows no3BoJisie peKoMeHAYBaTH 11 JJIsi MOYATKOBOTO BUBUYEHHSI MO>KJIHMBOCTEH
B1JI€O MOHTaxy [2].

2. Videomach — mie ogHa mporpama JJjisi peJaryBaHHs Bijeo, sika Miaiiae sk
st poOOTH 3 Bifeo ¢aiinamu, Tak 1 JAJig CTBOPEHHs poiivka 3 (ororpadiit. Okpim
penaktopa, B Videomach € ¢ynkuis konBeprepa (opmatiB. OKpiM MOpPOCTUX
MaHIMyJISIIHN 3 Biieo, TOOTO PO3AUIEHHS (ailily Ha YaCTUHM 1 3’ €AHAHHS PI3HUX BIJEO
GaiiniB, mporpama J03BOJISIE CHHXPOHI3YBaTH BIiJIEO 1 ayJio, YIOBUIbHIOBATH
BIJITBOPEHHS 3aJaHuX (DparMeHTIB, HaKJIaJaTH ayJiOJOPLKKY Ha BiJI€O, 1, TOJOBHE,
JOTIOMO>K€E HAJIATYBaTH cami pi3Hi KoAekHu [2].

3. Shotcut — me mnporpama, sika HIATPUMYETHCS PI3SHUMHU ONEpaALIHHUMHU
cuctemaMu. PenakTop 3aaTHHII 00pOOJIATH MPAaKTHUYHO BCl ICHYIOYl (popMaTu BiA€O
Ta iHmMMX Memiadaitnis. [Iporpama m03BoJIs€ 3amucyBaTH BieO 1 3BYK 3 €KpaHy
KOMIT'IOTepa, penaryBatu ioro, miarpumye HTMLS, no3Bosisie BUKOPUCTOBYBATH
cnenedeKTH, nepexoau, 10JaBaTi TUTPHU TOLIO.

3HalTH nporpaMmy MOKHa Ha OQILIHHOMY CailTi, 3BIJKM 11 MOXKHA 3aBaHTAXKUTH
a0CoMIOTHO OE3KOITOBHO. TaM ke € BiJIe0 YpOKH, HIONpaB/a aHIIIHChKOI0 MOBOIO,
npoTe, HaBITh 1 0O€3 3HAHHS AaHIIMCHKOI BOHM [AlOTh YSBIEHHS MpO Te, 5K
MpaloBaTu 3 mporpamoro [3].

4. Lightworks — mpodeciiinuii 0€3KOIITOBHUI BiJI€O-pPEIAKTOP, € OJHIEI0 3
Kpallux TMporpaM 3 BIJbHUM PO3MOBCIOJDKEHHSAM [JIi OOpOOKM BiJ€o, sKa
cTBOproBasiacs i podotu Ha Windows. Takox ctanu BuxoauTu Bepcii qis Linux i
OS X. MoxnMBOCTI pefakTopa AyXe BeIuKki. Y HbOMY € (YHKIIII, sIKI BJIacCTHBI
npodeciitnum nporpamam tuny Adobe Premiere Pro. HaliniikaBima ¢yHKIisS B IbOMY
peAaKTOpl — MOHTaX BiJI€O, KA J1a€ MOXKJIMBICTb CTBOPIOBATH POJMKUA 3 PI3HUX
JDKEpeIT 1 HaKJIaJaTu Ha HUX cyoTuTpH [3].

5. Jahshaka - pegakTop 3 BUIBHUM PO3MOBCIOJIKEHHSM 1 BIJKPUTUM KOJOM
MO>KHa BcTaHOBIIOBaTH Ha Bci Bepcii Windows, Mac OS X 1 Linux. Ilporpama mae

Oararo (QyHKIIN aHiMallli, pegaryBaHHs B1JI€03alMCIB, CTBOPEHHS CIELE(EKTIB,
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KOpEeKUIi KOJIbOpy TOIO. PO3pOOHUKHN CTBEPIKYIOTh, 110 L YTUJIITa € HaWKpaluM
0€3KOIITOBHUM 3aco00M i CTBOpeHHs IMdpoBoro KoHTeHTY. [Iporpama Mmae
KUJIbKa OCHOBHHMX PO3AUTIB. YIIpaBmiHHS (aiijiaMu 1 pI3SHUMH €JIeMEHTaMH IPOXOJIUTh
B po3aun Desktop. s pobGotu 3 aHiMali€ro NMpuU3HAuYeHUU po3nil Animation, a
nonaBatu epekTu Ta iHII eneMeHTH MoxkHa B posnini Effects. ¥V posapimi Editing
po3TalioBaHi 3aco00u sl HETTHIKHOTO MOHTaXY [1].

[lin 4ac po3poOsieHHS BiA€O-pecypciB MOTPIOHO 3a0€3MEUUTH: SKICTh
Marepianry MakCUMaJIbHOTO PIBHS; MiHIMAJIbHY TPUBAJICTb; JAKOHIYHICTh MOJAHHS;
JTUHAMIYHICTh TIOJAaHHS; BUPA3HICTh 3BYKY; €MOIIMHICTh TOJAHHS; XOPOIIYy BiJ€O
AKICTb.

BucnoBok. Hali6unbm nonynsipaumu BeO-cucteMamu €: Lightworks, Jahshaka,
Shotcut, Videomach, Windows Live Movie Maker. Koxna 3 HUX Maw HHU3KY
(GyHKLIOHATBHUX MOXJIMBOCTEW Ta IepeBar, siKi JO3BOJISIIOTh CTBOPUTU SIKICHI Ta
[IKaB1 BiI€O-KyPCH, a TAKOXK 3pOOUTH YPOK €(PEKTUBHUM Ta MPOJYKTUBHHUM 3 K IS

BUUTENS 3 IHOOPMATUKY TaK 1 JJIs1 YYHIB BUIIIE 3a3HAYEHOT JUCIUILIIHH.
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LIVEWORKSHEETS — NEW OPPORTUNITIES FOR TEACHERS
AND STUDENTS

Abstract. LiveWorksheets are a powerful tool that can make learning more engaging and
effective. They allow teachers to create interactive assignments, tests, exercises, and other learning
materials that can be used in the classroom or in distance learning.

Key words and phrases: interactive tasks, distance learning, worksheets, mathematics,
educational materials, LiveWorksheets.

CydacHa ocBiTa Bce YacTillle 3BEPTaEThCs 10 HU(POBUX THCTPYMEHTIB, 1 cepel
Hux 1atpopma LiveWorksheets 3aiimae ocobnuBe wMicue. Bona no3Bosisie
MEePEeTBOPIOBATH 3BHYaliHI poOOYl JHMCTH B IHTEPAKTUBHI 3aBJaHHS, L0 POOUTH
HAaBYaHHS MaT€MAaTUKU OUIbII JUHAMIYHUM Ta e€(peKTUBHUM. BHUKOpUCTaHHSA LIHOTO
CEpPBICY BIAKPUBAE HOBI MOXKJIMBOCTI ISl BUMTENIB 1 YUHIB, MOEJHYIOUHM TPAIUIIIAHI
METOJIY 3 CYYaCHUMH TEXHOJOT1sIMU. [ 1]

Opniero 3 kmovoBux nepeBar LiveWorksheets € iioro yHiBepcanbHICTb.
Hanpuknaz, mijg yac BUBYEHHS anreOpu y4HI MOXKYTh BBOJUTH PO3B’SI3KU PIBHSHB Y
creniaiabHl TEKCTOBI MOJIA, SIKI CUCTEMa MUTTEBO MEPEBIpsi€, MIACBIYYIOYN MTPaBUIbHI
BIJIMIOBIJI 3€JIEHUM KOJbOpoM. lle He mnuiie eKOHOMUTh Yac BUMTENs, aje W Jae
YU4HAM 3MOTY BiJpa3y KoperyBatu cBoi mHoMmuiku. s reomerpii minatdopma
MIPOIIOHYE 3aBJaHHs 3 NEPETATYBaHHSAM 00 €KTIB: YUHI CIIBCTABIIAIOTh HA3BU QIryp 13
iXHIMU 300pa’KeHHSIMU, 1110 PO3BUBAE TIPOCTOPOBE MUCIICHHS.

Oco0nMBYy IIKaBICTh BHUKJIWKAIOTh 3aBJaHHSA 31 CTaTHUCTUKH, JI€ Y4YHI
B3a€EMOJIIIOTh 3 IHTEpaKTUBHUMU Tpadikamu (puc. 2). Hanpuxmnan, BOHH MOXYTb
NepeMillyBaTi CTOBIILI JAiarpam, 1100 BizyaiizyBaTu JaHl 3 Tabnuui. Taki BopaBu
poOJATh aOCTPAKTHI MOHSATTS HAOYHUMH, IMOJIETHIYIOUM iXHE 3acBO€HHS. i Tewm,

NnoB’si3aHuX 13 JpobGamu Ta Bigcotkamu, LiveWorksheets mnpomonye BisyanbHi
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THCTPYMEHTHU: KOJIa, MOJUIEH]I Ha CEeKIii, ¢ MOTpiOHO BUOpaTH MpaBUIbLHUMN 1pid 13
BUITQ/IAI0Y0T0 CIUCKY (puc. 1) [2].

Apo6u 1 dineHHA HaMypPOALHUX Yucen
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HLIVEWORKSHEETS 5] Tpe rpaaycd MopoRy aHog?

BaxxnuBuM acnekToMm € iHTerpauis MyiabTuMmenaia. Hampuknan, mareMaTtuyHi
JUKTAHTU 3 BUKOPUCTAHHSIM ayJ1103alKCIB I0MOMAaraioTh YYHsIM TPEHYBaTH yBary Ta
BMIHHS MIBUAKO 00poOisatu iHdopmanito. BOymoBaHuii ayjiorieep 103BOJISE
MPOCIYyXOBYBaTH YMOBHU 3aBJIaHb, @ MOTIM 3alUCyBaTH BiANOBiAI y Tabmuito. Lle
MOETHAHHS CIyXOBOTO Ta BI3YyallbHOTO CHPUUHATTS pPOOUTH HABYaHHS OUIBII
eexTuBHUM. [3]

Bizyansna cknagoBa LiveWorksheets Takoxx Bapra yBaru. KonbopoBi cxemu,
aHiMallig TEepeTATyBaHHS €JEMEHTIB Ta I1HTEPaKTHBHI MiAKa3KU POOJSATH Mpolec
HaBYaHHS NpuBaOIMBUM. Hanpukman, npu po3s’si3aHHI PIBHSAHb y4yHI OayaTh HE
JUIIEe TEKCTOBI MOJsA, aje ¥ IHCTPYKWii 3 NpHKIajgamMH, IO JAOoloMarae im
OpIEHTYBaTUCS B 3aBlIaHHl. 3aBaaHHs 3 mnoOynoBu rpadikiB abo podoTH 3
F€OMETPUYHUMHU  QIrypaMu  CYMpPOBOKYIOTHCS  3pPO3YMUIMMH  Bi3yaJIbHUMH

eJIeMEeHTaMH, sIKi MOJKHA aJIalTyBaTH i pi3HI PiBHI CKJIATHOCTI. (puC. 3-4)
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Puc. 3 Puc. 4
Takum umnom, LiveWorksheets cTae moTyXHUM MOMIYHUKOM Yy Cy4aCHOMY
kiaci. Bin mepetBoproe pyTHHHI OOUYMCIICHHS Ha 3aXOIUTIOIOYUHN Mpolec, Je KOXEH
Y4eHb MOXE INpalloBaTH y BJIACHOMY TEMIIl, EKCIEpPUMEHTYBaTHU Ta OaduTH
pesyapTatu cBOiX i, Jlis TuxX, XTO Oaxae TMOIIE OCTITUTH MOMXJIUBOCTI
maThopMu, KOpUCHUMU OyayTh odimiiiHi Jxepena, Taki sk cadt LiveWorksheets,
METOJMYHI peKOMeHAAIlli Ta MPUKIAIN 1HTEPAKTUBHUX 3aBaHb, sIKi I€MOHCTPYIOTh

PI3H1 TMIX0IU 10 1HTErpallii cepBicy B HaBYAJbHUMN MPOIIEC.
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INNOVATIONS IN COMPUTER SCIENCE EDUCATION THROUGH
BLOCKCHAIN TECHNOLOGY

Abstract. This article explores the potential use of blockchain technology in education,
specifically in the teaching of computer science. The advantages of using blockchain for storing and
managing academic data, verifying achievements, and issuing certificates are discussed. Blockchain
enables the creation of transparent and secure mechanisms for verifying knowledge, which can
significantly increase trust in educational systems. The article also examines practical examples of
blockchain integration in educational processes and discusses potential challenges and risks related
to their use in modern education. The importance of integrating these technologies into computer
science education is emphasized, enabling students to better understand data security and digital
currency principles. Moreover, the article highlights the need for training students in blockchain
technology, equipping them with skills applicable in various industries.

Key words and phrases: blockchain, education, computer science, digital certificates, data
security, distributed systems, new technologies, academic achievements, educational innovations.

briokueiH-TexXHOI0T11, 0 KOJUCh 3aCTOCOBYBAJIMCS BUKJIIOYHO B KOHTEKCTI
KPUIITOBAJIIOT, ChOTOJIHI OTPUMYIOTh IIHPOKE 3aCTOCYBaHHS B pI3HUX cdepax,
BKJIIOYaroun OcBiTYy. OjJHA 3 TOJOBHUX TiepeBar OJIOKYEHHYy — Ii¢ 3a0e3NeueHHs
mpo30pocTti Ta Oe3rneku iHdopMalii, 0 € KPUTUYHO BAXJIMBUM ISl HaBYAIBHUX
nporieciB. BukopuctanHs OJI0KYEHH-TEXHOJIOTIA y OCBITHBOMY MPOILIEC J03BOJISIE
e(hEeKTUBHO KEpPYyBaTH aKaJeMIYHUMH 3aucaMH, 30epirati cepTudikaTty Ta TUILIOMH,
a TaKO>X CTBOPIOBATH HOB1 METOAM Bepudikallii 3HaHsb [1].

OCHOBHOIO METOI0 BHUKOPUCTaHHS OJOKYEHH-TEXHOJIOTIM B  OCBITI €
3a0e3nedeHHsl HajiiHoro 30epiraHHs iHQoOpMalii Npo HaBYaIbHI JOCSITHEHHS
CTYJICHTIB Ta MPO30PUX MEXaHI3MIB Il MIATBEPIKCHHS aKaJeMIYHUX PE3yJIbTaTiB.
brokyeitH 103BoJIsi€ CTBOPIOBATH CUCTEMY LU(POBUX cepTU(DIKATIB, IO € HATIHHUMHU
Ta HEMOXJIUBUMHU st miapooku [2]. Ile BigKpuBae HOBI MOMJIMBOCTI JJIs
Bepudikalii JUIUIOMIB Ta cepTU(DIKaATIB, 0 3HAYHO MOJIETUIYE IMPOliec NMPUHOMY Ha

po0OTY, a TAKOXK 3MEHIIIY€E PU3UK [IaXpaiicTBa 3 aKaJIEeMIYHUMU JJOKYMEHTAMHU.
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Kpim Toro, GiokueiiH Moke OyTH BUKOPUCTAHUW ISl CTBOPEHHS IUCTPUOYTUBHHUX
CUCTEM OLIIHIOBAaHHS CTYJEHTIB, /e KOXKEH eTan HaBYaHHA (DIKCYeThbcs B OJ0Kax, 110
JI03BOJISIE  BIJICTE)KYBAaTH TIPOrpPeC CTYICHTIB y pealbHOMY dacl. Takuil miaxina
3a0e3nedye BUCOKMU PIBEHb MPO30POCTI y BU3HAYEHHI aKaJeMIUHUX Pe3yJbTaTiB 1
Ja€ 3MOTy CTyJEHTaM Ta BUKJAJadaM MaTu JOCTYHN 0 aKTyaJbHOi Ta JOCTOBIPHOi
1HopMallii.

OpHi€ro 3 BAKIMBUX Tally3ed 3aCTOCYBaHHS OJIOKYEHH-TEXHOJIOT1H € HaBUYaHHS
iHQopMaTuku. Y paMKax i€l TUCHUILUTIHU OJIOKUYCHH MOXe OyTH BUKOPUCTAHUN IS
CTBOPEHHS pPEAJIbHUX MPAKTUYHUX 3aBJaHb, IO J03BOJSIOTH CTYJEHTaM OCBOITH
OCHOBHU Kpunrorpadii, mudppoBUX BaJIOT Ta TUCTPUOYTUBHUX cucTeM [9]. BuBuenHus
0JIOKYEHHY B KOHTEKCT1 1HPOPMATUKHU HAJA€ CTYJEHTAM MOXIIUBICTH 3PO3YMITH, SIK
MPaIoTh Cy4YacHl TEXHOJOTril O€3IMeKu, SK 3AIMCHIOEThCS 3aXUCT JaHUX Ta SK
peani3yroThCs TUCTPUOYTUBHI CUCTEMH B pEaJbHOMY CBITI.

Inpopmatuka sk AUCHUIUIIHA, IO TICHO TOB'I3aHa 3 1H(QOpPMaLIHHUMU
TEXHOJIOTIIMH, € OJJHUM 13 HalOUIbII NEPCIEKTUBHUX HANPSIMKIB JJIS 3aCTOCYBAHHS
OsokueiiH-TexHonorid. Ochb KiIbKa TMNPUKIAIIB, SK MOXHAa BHKOPUCTOBYBATHU
0JIOKYEHH Y BUKJIalaHH] 1HPOPMATUKHU:

1. Hudposi ceptudikaty Ta guIIOMH. B OCBITHIX yCTaHOBaX MOXHa
BIIPOBAJAUTH BUKOPUCTAHHSA OJIOKYEHH-TEXHOJOTIA JJii CTBOpPEHHS IU(PPOBUX
cepTudikaTiB 1 IUIUIOMIB, sIK1 HEMOXJIUBO Tiapooutu [8]. Lle mae 3Mory cryneHTam
OTpUMATU JOCTYH JI0 CBOIiX akKaJeMIYHUX 3alKciB Ta MOAUIUTACA HUMHU 3
NOTEHLITHUMHU POOOTOAaBIAMH a00 THIIMMU OCBITHIMU yCTAHOBAMH.

2. CMmapT-KOHTpaKTW JJisi Oprasizauii HaBuyaJbHUX yroi. Bukopucranas
CMapT-KOHTPAKTIB JJisi oOpraHizamii yrog MDK CTyJE€HTaMH, BHUKIaJadamMu Ta
aJMIHICTpAIII€I0 YHIBEPCUTETIB MOKE 3HAYHO MOKPANIUTH €(PEeKTHUBHICTh OCBITHIX
npoueciB. CMapT-KOHTPAKTH MOXXYTh aBTOMAaTHYHO BUKOHYBATH YMOBH JIOTOBOPY,
Taki SK 37a4a KypCcOBHX pOOIT, MepeBipKa pe3yJbTaTiB TEeCTiB a00 BHUKOHAHHS
1ab0paTOpHUX POOIT.

3. HaBuanbHi mnatdopmMu Ha OCHOBI OsiokuedH. CTBOpeHHs miaaThopm s

OHJIAH-OCBITH Ha OCHOBI OJIOKYEIH J03BOJIsIE AUCTPUOYIIIIO0 HABYAIbHUX MaTepiaiiB
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y npo3opuii 1 6e3neynuit croci6. e moxke Oyt 0coOJMBO KOPUCHO ISl CTY/ICHTIB,
AK1 IPOXOJSATh KYpCH 3 IPOrpamMyBaHHs, alroputMiB abo Kpunrorpadii.

BaxxnuBuM acmekToM € TakoX BUKOPUCTaHHS OJIOKYEWH-CUCTEM ISt
CTBOPEHHS JELEHTPAI30BaHUX OCBITHIX MaTdopmM, A€ HaByajbHI Marepiaaud Ta
Kypcu MOXYTb OyTH 3amucaHi Ha OJIOKYedH, 3a0e3nedyroud iX AOCTYHHICTh 1
He3MIHHICTh. lle CTBOpIOE HOBI MOXJIMBOCTI [IJIi OHJIaH-HaBYaHHS, OCKIIBKHU
CTYJIEHTH MOXYTb O€3MEeYHO OTPUMYBATH AOCTYH 10 KypCiB Ta MaTepialiB, IO
30epiratoThCcsi B JUCTpUOYTUBHIN cuctemi [5].

IIpukaaam BUKOPUCTAHHA 0JI0KYEHH-TEXHOJIOTIN B OCBITi:

1. Digital Diplomas and Certificates: brokuelin Moxe OyTH BUKOpUCTaHUHN IS
CTBOPEHHS LU(PPOBUX TUIIOMIB 1 cepTU(IKATIB, sIKI HEMOXKJIMBO MiAPOOUTH.
[Ipuknagom e mnatdopmu, Taki sik Learning Machine a6o Blockceerts, 1o
J03BOJIIIOTh YHIBEPCUTETaM Ta OCBITHIM yCTaHOBaM BHUIABaTU cepTUQIKATH,
AK1 30epiratoThCs Ha OJIOKYEHHI Ta MOXKYTh OyTH MepeBipeHi Oy Ib-KUM.

2. Decentralized Education Platforms: brnokueiiH MOXHa BUKOPHUCTOBYBAaTHU
JUIsl CTBOPEHHSI JUCTPUOYTHMBHHUX OCBITHIX MiIaTdOpM, Ha SKUX HaBYaJbHI
Marepiaii Ta KypcH 30epiraroTbCs Ha OJIOKYEHHI, M0 3abe3medye ix
JOCTYIHICTh, HE3MIHHICTH 1 Oe3mneky. Ilpukinagom moxe OyTu minatdopma
Odem, 1110 poOTOHYE JIELIEHTpaIi30BaHE HABYaHHSI.

3. Smart Contracts for Educational Agreements: bnoxkuyeilH Ta cmaprt-
KOHTPAKTU MOXYTb OYyTH BUKOPHUCTaHI JiJIsi aBTOMAaTH3allli akaAeMIdYHUX yTOJ,
TaKMX SK YIOJU MDK CTyJA€HTaMH 1 BUKIanadyaMu. CMapT-KOHTPAKTU MOXKYTh
aBTOMAaTUYHO BUKOHYBAaTH YMOBH JIOTOBOPY, 30KpeMa HapaxyBaHHs OajiB abo
BUKOHAHHS 3aB/JIaHb.

4. Decentralized Academic Record Keeping: bnokuyeilH mMoxe 3a0e3neunTu
30epiraHHs akaJeMIUYHUX 3alKCIB Ta JOCATHEHb CTYJIEHTIB Y NTUCTPUOYTUBHIM
CUCTEMI, IO rapaHTye iX MPO30piCTh 1 3aXHUCT BiJ MmiapoOok. [Ipuknagom e
Sony Global Education, sika BUKOpPUCTOBYy€ OJOKYEHH [ CTBOPEHHS

CUCTEeMH 30epiraHHs Ta 0OMIHY HaBUAJIbHUMU JAHUMH.
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[lonpu 3HayHi1 nepeBaru, BUKOPUCTAHHS OJIOKUYEHH-TEXHOJOTIA Yy OCBITI TaKOX
MOB'I3aHE 3 MEBHUMHU BUKIMKaMH. OJIHUM 3 HUX € CKJIQIHICTh 1HTerpamii HOBUX
TEXHOJIOT1H y TpaauliiHI OCBITHI CHCTEMH, L0 MOTpeOye BIAMOBIIHOI MIATOTOBKU
neaaroriB 1 cTyJeHTiB [6]. KpiMm Toro, HeoOXigHO 3a0e3MeYuTH HAJIC)KHUM DPIBEHb
3aXUCTy JaHUX, 100 YHUKHYTH BUTOKIB Ta 3JIOBXUBaHb 1HQopMalie0. Tomy
BKJIMBOIO CKJIQJI0BOI0 € CTBOPEHHS CHEllaJbHUX KYypCiB 1 Mporpam AJjis HaBYaHHS
OJIOKYEHH-TeXHONOr1H, 1m0 3abe3neynuTH iX e(QEeKTUBHE BUKOPUCTAHHA B
HaBYaJIbHOMY IPOIIECI.

BukopucranHsa 0J10KYEHH-TEXHOJIOT1 B OCBITI BIJKPUBAE€ HOBI MOMIJIMBOCTI JIJIs
MOKpAIlIeHHs] SKOCTI HaBYaHHS, WIABUIICHHS pIBHA O€3MeKu Ta MPO30pOCTi
akaJeMiyHuX TmpoueciB. [HTerpaiis 1HUX TEXHOJOTIH B 1HGOPMATUKY TO3BOJISE
CTYJIEHTaM Kpalle pO3yMITH NPUHIMIH POOOTH 3 JUCTPUOYTUBHUMHU CUCTEMAMHU,
0e3MeKor0 JaHuX Ta UU(PPOBUMHU BaTIOTAMU, 110 € BaXXJIMBUMH HaBUYKAMHU B yMOBax
uudpoBoi Tpanchopmaiii [4]. OnpHak, I TMOBHOTO peami3aiii MOTEHIIATy
0JIOKYEliHYy B OCBITI HEOOXIJTHO BPaxOBYBaTW MOXKJIMBI BUKIHMKH Ta 3a0€3MEUYUTH

HaJIEXXHY MIATOTOBKY YYaCHUKIB HABYAIBLHOTO TIPOLIECY.

References

1. Chaban, I. O., & Bondar, 1. I. (2019). Innovative technologies in education: Blockchain in
the modern academic environment. Lviv: Lviv Polytechnic Publishing House.

2. Hnatenko, I. A., & Shchur, Y. P. (2018). Blockchain: A breakthrough in digital education.
Kyiv: Institute of Information Technologies in Education.

3. Kozak, T. V., & Korchak, Y. P. (2020). Blockchain as an educational tool: Opportunities
and challenges. Kyiv: National Pedagogical University.

4. Koval, L. V. (2021). Digital transformation in education: The role of blockchain
technologies. Kharkiv: Kharkiv National University of Radioelectronics.

5. Petrychenko, O. S., & Tymchenko, A. O. (2018). Blockchain technologies in higher
education: A new paradigm. Odesa: Odesa National Academy of Food Technologies.

6. Sokolov, V. M., & Vasilenko, A. S. (2020). Educational ecosystems and blockchain
technology: Security, transparency, and innovation. Kyiv: Educational Innovation
Publishing.

7. Tymchenko, O. M. (2017). Blockchain technology in modern education systems. Donetsk:
Donetsk National University.

8. Vozniuk, Y. M., & Pankiv, R. Y. (2019). Blockchain for education: Practical applications
in academic environments. Lviv: Lviv Academy of Sciences.

9. Zahorna, T. D. (2018). Blockchain in the digital transformation of education: A guide for
educators and developers. Kyiv: Kyiv National University of Culture and Arts.

88



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

Halyna Kashkanova, Cand.Sc.
Vinnytsia National Technical University, Vinnytsia, Ukraine
e-mail: galka210154@gmail.com

DIDACTIC BASIS OF THE COMPETENCY-BASED APPROACH TO THE
FORMATION OF PROFESSIONAL ORIENTATION WHEN STUDYING
THE COURSE OF FUNDAMENTAL DISCIPLINES IN A TECHNICAL
INSTITUTION OF HIGHER EDUCATION

Abstract. The didactic foundations of the competency-based approach to the formation of
professional orientation when studying a course of fundamental disciplines in a technical institution
of higher education are considered.
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CyuacHa ocBiTa B YKpaiHl pO3BHUBAETHCS OPIEHTYIOUHUCHh Ha €BPONEHCHKI
TEHJEHII11, BpaXOBYI0UHU crenu(iKy BITYM3HAHUX TPaaulii 1 mpouecis [1].

[ToTpeba BCTaHOBJIEHHS B3a€EMO3B'A3KY MIK CUCTEMOIO OCBITH 1 €KOHOMIYHOIO
CUCTEMOI0, MK MPOQPEeCiiHUMHU 3amuTaMH OCOOMCTOCTI 1 MOTpedaMH CyCIiIbCTBA
BUMarae BJOCKOHaJIEHHA poOoTu 3 QopmyBaHHs mpodeciiiHoi crnpsMOBaHOCTI
OCOOMCTOCTI, MOYMHAIOYM 3 MEepUIMX KypciB ii HaBYaHHA B BY3l, 1 HaJaHHA i
0e3MepepBHOro XapaKkTepy.

3MICTOM OCBITH € pIBEHb MNPEIMETHOI 1 COLIAJIbHOI KOMIETEHTHOCTI
MaiOyTHhOTO (axiBIs, HOro 3AaTHICTH JO BHUKOHAHHA LUIICHOT mpodeciiiHoi
TUSJIBHOCTI, PIBEHb PO3BUTKY OCOOMCTOCTI, SKHUH € pe3yJabTaTOM BHUKOHAHOI
CTYJICHTOM JisUTbHOCTI, SIKa 3aJ€XKUTh BiJ HOro I1HAUBIIYyadbHUX OCOOJHUBOCTEH,
0COOUCTOI AKTUBHOCTi, BKJIAJEHOCTI B NPOLECH Mi3HAHHSA, THUIY BHUKOHYBaHOI
JISTBHOCTI, CIIOCOOIB CIUIKYBaHHS 3 BUKJIaJa4ueM Ta IHIIUMU CTY/I€HTaMHU.

CryaeHTH Teplux KypciB BHBYAIOTh MPEIMETH 3arallbHOOCBITHBOTO IHUKITY,
30KpeMa (yHJIaMEHTaJbHI: MaTeMaTHKy, (I3MKy, XIMil0 Ta 1H.. TeXHI4YH1 3HaHHSA
MaiOyTHbOTO (axiBug ¢GopMyloThcsi Ha 0a3l 3aKOHIB 1 NOHSTH, NHEpPII 3a BCeE,
dbyHIaMeHTAIbHUX HayK. ToMy MepriuM KpOKOM Yy 3A1MCHEHH! TEXHIYHOI OCBITHU Ha

HUIIXy 10 npodeciiiHoi KOMIETEHTHOCTI € mnpodeciiHe CHpSIMYBAHHS 3MICTY IUX
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JUCIUIUTIH BIJNOBIAHO 10 (axy 1 HaBUYAaHHS CTYJEHTIB 3aCTOCOBYBaTHU 3/100YTi
3HAHHS 3 UUX JTUCLHUILIIH.

MopepHizallisi BITYM3HSHOI OCBITH nependayae HEOOXIAHICTH (HOPMYBaHHS
KJIIOYOBUX KOMIIETEHTHOCTEH OCOOJIMBO KPEaTHMBHUX SK 3arajibHOro MOPSAKY TaK 1
KOHKPETHOTO0, SIKHH CTOCYETHCS TBOPUOCTI B OKPEMUX OCBITHIX cdepax, HaBYAIbHUX
npeIMeTax 4 BUAAX JiSIbHOCTI.

BunvkHeHHs 1 popMyBaHHS MpodeciiHuX HaMipiB, K1 3rOJJOM MEPEPOCTAIOThH
B COLIAJIbHO 1 TMCHUXOJIOTITYHO OOIpyHTOBaHMN BUOIp mpodecii, BiAOyBaeTbCs B
3arajbHOOCBITHIH MIKOJI.

Tak, B THUMNOBI OCBITHIA mHporpami BM3HAUYEHO OCHOBHI KIIFOYOBI
KOMIIETEHTHOCT1 3100yBauiB 0a3oBoi ocBiTH. Hamnpukiaa, OCHOBHOIO MeTOI0
oCcBiTHBOI rany3i “MaremaTuka” € @opMyBaHHS B Y4YHIB MaTeMaTHYHOI
KOMIIETEHTHOCTI Ha PiBHI, JIOCTaTHbOMY JJis 3a0€3MeUeHHsl >KUTTEIISIBHOCTI B
Cy4aCHOMY CBITi, YCHIIITHOTO OBOJIOAIHHS 3HAHHSMH 3 IHIIUX OCBITHIX rany3ed y
Mpoleci MKUIBHOTO HaBYaHHS, 3a0€3MEeUYeHHs] IHTEJEKTYaJlbHOTO PO3BUTKY YUHIB,
PO3BUTKY iX yBaru, nam’sTi, JIOT1KH, KyJIbTYpH MUCJICHHS Ta IHTYILIi.

MaTteMaTuyHa KOMIIETEHTHICTh BKJIIOYAa€ YMIHHS ONEPYBATU TEKCTOBOIO Ta
YUCJIOBOIO 1H(OPMAIII€I0; BCTAHOBIIOBATH BITHOIICHHS MDK pealbHUMH 00’ €KTaMH
HABKOJIMIIHBOI MAIMCHOCTI; PO3B’SA3yBAaTH 3aJadi, 30KpeMa MPAKTHYHOTO 3MICTY;
OynyBaTh 1 JIOCTIHKYBaTH HAWIPOCTIIIT MaTEMaTHYHI MOJIENl peadbHUX OO0'€KTiB;
YCBIJOMJIIOBATH 3HAYEHHS MATEMAaTUKHU IS TOBHOIIHHOTO JKUTTS B CY4YacHOMY
CYCHUJIBCTBI, PO3BUTKY TEXHOJOTTYHOI0, EKOHOMIYHOTO ¥ OOOPOHHOTO MOTEHIlATY
Jiep>KaBy, YCHIITHOTO BUBYEHHS 1HIIIUX MTPEIMETIB [2].

Marematuka, (i3uka K 1 1HII (yHIaMEHTAIbHI HayKd ONEPYIOTh HAYKOBO-
TEOPETUYHUMHU  y3arajJbHEHHSMH,  sKI  (GOPMYIOTb  HEOOXiAHI  KIIIOYOBI
KOMITKTEHTHOCTI.

CrpsiMOBaHICTh 3MICTY (YHJIaMEHTaJbHUX JAMCLUMIUIIH Ha NeBHUU (dax
BIUIMBAa€ Ha BIAOIp MeToniB 1 (opMm opraHizamii HaBYaldbHOI MISJIBHOCTI, SIKi
J0ToMaraioTh 3a0e3neuntu GyHAaMeHTaIbHY MIATOTOBKY CTYJEHTIB 3 BpaxyBaHHSIM

MPOrpaMHOro piBHs (CTaHAAPTY) TEOPETUUHUX 3HAHb, BMIHb 1 HABUUYOK 3 MPEIMETIB
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HUKITY; (OPMYBaHHIO MIACUCTEMH TEOPETHMYHUX 3HAHb 1 BMIHb I 3aCBOEHHS
cnemianbHUX (MpoQUILHUX) TUCHHUILIIH, OBOJIOAIHHIO TPO(decie€to, 3aCTOCYBaHHIO IIMX
3HaHb B PI3HUX YMOBAaX MailOyTHHOI MPAKTUYHOI ISIIBHOCTI; PO3BUTKY y CTYJEHTIB
I[IHHICHOTO CTaBJICHHA 10 00paHoi mpodecii, BUXOBaHHIO, (OPMYBAHHIO 1HTEpPECY 10
CHEIaTbHOCTI 1 JISJILHOCTI B 00paHiil rajy3i BUpOOHUIITBA, MOJATIBIIOMY PO3BUTKY
THTEJNEKTyaIbHUX 3/110HOCTEH.

AHaji3 TCUXOJOro-Nearoriuioi JirepaTypu, AOCBiAY NEPEelIOBUX BY3IB 1
MEeJaroriB, a TaKoX BJIACHI CIIOCTEPEXKEHHs, TO3BOJSIOTH 3pOOUTH BHCHOBOK, IO
MICUXOJIOTO-MIeIarOT1YHUMU OCHOBaMHU KOMIIETEHTHICHOTO MIAXOAY 10 (OpMyBaHHS
npogeciiiHoi cpsSIMOBAaHOCTI CTYJIEHTIB Y TMpolieci HaB4aHHs € [3]:

— AaKTUBHA [ISJIBHICTH CTYJEHTIB IIOAO MPOJYKTUBHOI'O 3aCBOEHHS 3HAHb,
YMiHb 1 HABUYOK 3 JaHOi crelialbHOCTI. BoHa 00yMOBIIOETHCS HE TUIBKU 3yCHIIISIMU
BUKJIaJlaya, aje 1 mnoTpebaMu camMoro CTyAEeHTa, $KI CTUMYJIIOIOTh PO3YMOBY
JISUTBHICTB 1 PO3BUTOK MpodeciftHUX AKocTel paxiBIis;

— MOTHUBALIMHUI eTan AMJAKTUYHOIO MPOIECY J03BOJISE JOCATTH €(QEKTy
IIBUAKOTO BKJIIOYEHHS CTYJEHTIB y Mi3HaBaldbHY AiSUIbHICTBH. I[linTpumka Xk wi€i
TISTBHOCTI Ha HEOOXIAHOMY pPiBHI aKTMBHOCTI IIUJIKOM 3aJIeKHUTh BIJ CIOCOOY ii
oprasi3zaiiii, BiJf TOTO, Ha CKIJIbKA BOHA OyJie OCUJIbHA JIJISl CTYACHTIB, 3p03yMLIOIO 1
K1 11 pe3yJIbTaTu, TOOTO SIKICTh 3aCBOEHHS;

— AaKTUBHE 3aCTOCYBaHHS B HaBYaJbHOMY IMIpOILIECi METOMAIB KEpyBaHHS
pPO3YMOBMMH  OIEpallisiMd, HaBYaHHS palllOHAJIbHUM [pUHAOMaM  MUCIEHHS,

CIIPAAMOBAHHX HA PO3BHUTOK TBOPYOTO 1 JIOTIYHOI'O MUCJICHHS.
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MULTIMEDIA TECHNOLOGIES IN THE PROCESS OF TEACHING
HIGHER MATHEMATICS

Abstract. The article is devoted to the problem of using multimedia technologies in the
process of teaching higher mathematics. Based on theoretical analysis, the concept of «multimedia
technologies» is defined and their main types are highlighted.
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CyvacHuil CBIT mnepexuBae enoxy IudpoBizallii, sKa OXOIUTIOE BCl cdepH
KUTTSI, 30KpemMa W ocBiTYy. BukopucTaHHS MyJIbTUMEAIMHUX TEXHOJOTIA B
OCBITHBOMY IIPOIIECI CTAa€ HE JHILIE TEHJIEHIIE0, a i HeoOXinHicTio. Oco0auBO 1€
aKTyaJIbHO JUIsl TaKUX JUCUUIUIIH, SIK BUIA MaTEeMaTHKa, 110 MOTpeldye TiIrmbOKOoro
pO3yMiHHS aOCTpaKkTHHUX TMOHATh, CKIAQAHUX PO3PAXyHKIB Ta aHAIITUYHOTO
MUCJICHHSI.

Tpanuuiiini METOAW BHUKJIAJAaHHS BHINOI MAaTeMAaTHKH, XO4Ya W 3aJIUIIAIOTHCS
e(heKTUBHUMH, MaIOTh TIE€BHI OOMEXKEHHs, OCOOJMBO IOJI0 Bi3yasizallli CKJIaJHUX
MareMaTuyHuX mponeciB. Came MyJbTHUMEAINHI TEXHOJOTIi MOXYTh JOMNOMOITH
3pOOMTH HaBYaHHS OUIBII JOCTYNHUM, IHTEPAKTUBHUM Ta 3pO3yMUIMM IS
cTyaeHTiB. OJIHI€I0 3 TOJIOBHUX MPOOJIEM Y BUBUEHHI MAaTEMATHKH € ii aOCTpakTHUN
xapakTep. baraTto cTyAeHTIB CTUKAIOThCS 3 TPYAHOIIAMH MPU CIPUHHATTI CKIATHUX
MOHATh, L0 HE MalTh (DI3UYHOIO aHajlora y peajbHOMY CBIiTi. MynbTUMeiiH1
TEXHOJIOT1i JTO3BOJISIIOTh: BUKOPUCTOBYBATH BI3yasi3allil0 MaTeMaTHYHUX 00 €KTIB,
IO MOJIETLIYE PO3YMIHHS iXHIX BJIacCTUBOCTEH; 3a0e3mnedyBatu audepeHiiioBaHuM
MiIXi1 A0 HaBYaHHS, MPUCTOCOBYIOUM Martepiajd [0 pPI3HUX pPIBHIB MiATOTOBKU
CTYJI€HTIB; MIABUIIYBAaTH I1HTEpPEC JO HaBUaHHA 3a JOMOMOIOI0 IHTEPAKTUBHOIO

KOHTEHTY, reiMidikariii ta animari [ 1; 2].
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Ha ocHOBI TeopeTWYHOro aHaiizy HayKOBO-METOJMUYHOI JITEpaTypH, HaMH
BHU3HAYEHO MYJIbTUME/IWHI TEXHOJOTIi B MPOLEC] BUBUECHHS BUIOI MATEMATHKHU SK
uudpoBi 3aco0U Ta IHCTPYMEHTH, IO BUKOPUCTOBYIOTHCS JJisi TOKpAIEHHS
PO3yMIHHSI, Bi3yasizallli Ta MPaKTUYHOT'O 3aCTOCYBAaHHS MAaTEeMaTUYHUX KOHIICIIIIH.
BoHnu noeanytoTh TeKCT, rpadiky, aHIMallilo, ay/i0, BII€O Ta IHTEPAKTUBHI €JIEMEHTH
JUTSL CTBOPEHHS OLIBII €(DEKTUBHOTO Ta 3aXOIUTIOIOUOTI0 OCBITHBOT'O CEPEIOBHUIIIA.

3ajie’kHO BiJl CIOCO0Y B3a€MOJIIi 3 KOPUCTYBaue€M MYJIbTUMEIWHI TEXHOIOTI]
MOXHA TOJUIMTH Ha: MAacHBHI (JIEKLIHHI BiJeomMaTepialid, mpe3eHTallli, eJIeKTPOHHI
NIPYYHUKH);  aJanTUBHI  (mporpamHe  3a0e3nedyeHHs  Uisi  CaMOCTIMHOIO
OMpalloBaHHS  Marepiany, €JeKTPOHHI TECTH); IHTEPAaKTHBHI  (BIpTyalbHI
naboparopii, OHJIaH-KypcH, TIaTdOpMH A1l KOJIEKTUBHOTO PO3B’3yBaHHS 3a/1a4).

Cepenr OCHOBHMX MYJIbTHUMEAIMHUX TEXHOJIOTIHM, SIKI BUKOPHCTOBYIOTHCS B
mpoleci BHUKJIAJaHHA BHINOI MaTEeMaTUKH CHiJ  BIAMITUTH: 1) mporpamue
3abe3reueHHs i Mo0yaoBU rpadikiB Ta MOJEIIOBAHHS MPOIECIB, SKE J0MOMarae
BI3yalli3yBaTH MareMaThuHi (yHKIii, 1HTerpanu, AudepeHlianbHl pIBHSIHHS; 2)
Bimeonekiii miargopmu YouTube Ta aniMariitHi IUHAMIYHI MOSCHEHHS CKJIATHUX
TeM; 3) IHTepakTHBHI MJIATGOPMHU JUIsl HABUYAaHHS, SKI 3a0€3MedyloTh JOCTYI [0
IHTEpaKTUBHUX KYPCIB, TECTIB, aJJallTUBHOTO HaBYaHHS; 4) BIpTyasbHI Jabopatopii Ta
CUMYJIALII, $KI JTO3BOJSIOTH CTYJEHTaM €KCIIEPUMEHTYBaTH 3 MAaTeMaTUYHUMU
MOJICNIIMH Y peaJIbHOMY 4aci; 5) reiimidikaliis Ta HaBYaJIbHI IrpU BUKOPUCTOBYIOTHCS
JUIsl TECTYBaHHA y GOpMi TpH.

OTxe, MyJIbTUMEAINMHI TEXHOJOTil pOOJsATh HABYAHHS BHUINOI MaTEMaTUKU
OiNbII HAOYHMM, iHTEPAKTUBHHM Ta e(EKTHBHUM. IX BUKOPHUCTAHHS [03BOJISE HE
TUIBKM TIOKPAIIUTH PO3YMIHHA CKIAAHUX TEeM, aje ¥ MiJBULIIUTH MOTHBALIIO

CTYIICHTiB J0 HaBUYaHHS.
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MODERN ASPECTS OF MATHEMATICS TEACHING METHODS IN
THE PROFESSIONAL TRAINING OF FUTURE MATHEMATICS
TEACHERS

Abstract. The ways of development of the discipline «Methods of teaching mathematics in
higher education» aimed at improving the level of professional training of future mathematics
teachers are proposed.

Key words and phrases: professional training, professional culture, professional ideal,
future mathematics teacher, methods of teaching mathematics in higher education.

[Ipodeciitna miaroroBka MailOyTHBOTO BHKJIajauya MaTEeMaTUKA B YMOBax
JUHAMIYHOTO CUHEPreTUYHOTO0 OCBITHBOTO MPOCTOPY OyAY€TbCS Ha TEOPETUUHHUX
MOJIOKEHHSIX TYMaHHOI MeJIaroriku Ta OCOOHUCTICHO OpPIEHTOBAHOIO HAaBYAaHHS Ha
OCHOB1 Cy0’€KT-Cy0’€KTHOI KOMYHIKallii BUKJIaJaya W CTyJIE€HTa 3a aKTUBHOI poii
crynenta. [lpobiema ¢popMyBaHHs npodeciiHOl KyIbTYypu MalOYTHHOTO BHUKJIaaaua
MaTeMaTUKH po3IJisiianacs y npaisix aBTopis [2, 4].

besnocepenus npodeciiina miaroToBka MaiiOyTHHOrO BHKIIaJada MaTEMaTUKH
MOYMHAETHCA B OakajiaBpaTi i 3aBepUIyeThCs B MaricTpaTypl y MneiaroriyHii cucremi
«YHIBEPCUTET», SKa BKJIIOYA€E TMIJCUCTEMU HIKYOTO paHry: «GakyJabTeT»,
«CTICHIANIbHICTBY, «HABYAJIBHUN KypC», «Kadeapar,
«HaBYAJIbHA JUCLUILTIHAY.

[IpodeciitHa miaroroBKa 3abesneyye 0cHO8U
npogheciiinoi’ i 3a2anvHoi Kyremypu ¢haxieys, ujo
Dpeanizyromuvcs 8 1o2o 2yMaHimapHiil i npogecitinii
oisinbHocmi  (puc. 1). Ha piBHI yHiBepcUTeTy
BHU3HAYAETHCS CTPATETisl MIATOTOBKUM MaOyTHHOTO

Puc. 1. Ilpocmopoea modens 3micmy BUKJIala4a (aepes HPOCKTYyBaJIbHI,

npogeciiinoi nidzomosku eukiaoaya KOHCTPYKTHBHI, = KOHTPOJBHO-PETYIIOBAIIbHI,
(nedazoziuna cucmema — yHigepcumem)
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OI[IHHO-PE3YyJIbTATUBHI, OpraHi3ailiiiHi KOMIIOHEHTH, IIi11), (OPMYETHCS 3MICT
npodeciitHoi ocBITH (OCBITHBO-TIpOECiiiHI MporpaMu CrHeniajgbHOCTi, podoul
nporpaMu (cui1adycu) KOXKHO1 JUCIUILIIIHYA, HaBYaIbH1 TOCIOHUKH, CAalTH).

BaxmBy ponp y MiArOTOBII MalOyTHHOTO BHKJIaJada BiJlirpae HaB4aJIbHA
TUCHUIUTIHA «MeToarKa HaBYaHHS MaTEMATUKHU Y BUILIM IIKOJ» JIJIsl CIENIaIbHOCTI
E7 «Marematukay, MeTa sIKOi MOJIATA€ Y AOCTIKEHHI OCHOBHUX KOMIIOHEHTIB (1111,
3MICT, METOH, POpMH 1 3aCOO0M) CUCTEMU HaBYAHHS MATEMAaTUKHU Yy 3aKjajax BUIIOT
OCBITH Ta 3B’A3KIB MDK HUMH, MIATOTOBII MalOyTHIX (axiBIIB 10 BUKJIAJAaHHS
MaTeMaTUKH Yy 3aKJaJax BUIIOI OCBITHM PI3HMX PIBHIB akpeauTauii Ta (paxoBoro
CIpsIMyBaHHS, a TakoX (opMyBaHHs MPOPECIMHUX KOMIIETEHTHOCTEH MaiOyTHBOTO
BHUKJIaJa4a MateMaTuku. Came 1151 HaB4aJibHA JUCHMIUIIHA BIUIMBAE HA CTPYKTYPHI Ta
(GyHKITIOHAIBHI KOMIIOHEHTH IiJITOTOBKM KOMIIETEHTHOTI'O BHKJaJadya MaTeMaTHKH,
(hopMyBaHHS MO0 OCOOMCTICHUX SIKOCTEH.

Y @ynxkyionanvnomy 6a0yi (puc.l) BUAIIAMO THOCTUYHUM, MPOCKTYBAJIbHUMH,
KOHCTPYKTUBHUM, KOMYHIKATUBHUH Ta OPraHi3aTOPChbKUIl KOMIIOHEHTH, SKi
3a0€e31euyoTh (OpMYBaHHS THOCEOJIOT1YHO-A0CIITHUIILKUX, HAYKOBO-TTI3HABAIbHUX,
TUIAKTUYHUX, TPOEKTYBAIBHUX, MEPIENTUBHUX Ta CYTECTUBHUX YMiHb MailOyTHBHOTO
BUKJIaJaya Matematuku [1, 3, 5].

Cmpyxkmypni Komnowenmu TiepeadadarOTh KOpEJSLil0 LUIed 1 3MICTY
npodeciiftHoi MIATOTOBKM MalOyTHHOIO BHKJIaJada MaTeMaTUKA Ta BHUMOT
CHOT'0JICHHS] HA OCHOBI KOMIIETEHTHICHOTO MMiJIX0/y; IPOLECYaIbHOTO OJIOKY.

Jlnst MaltOyTHROTO BUKJIaJadya MAaTEMAaTUKH BaXKJIMBO BUILISATH TJI00ANBHI 11U,
OCHOBHE 3aBJaHHS SKUX € CTaHgapTh3alis piBHA MpodeciiHuX 1 0COOUCTICHUX
AKOCTEH CTyJ€HTa MaricTpaTypH; CTyHeHeBl I, sKi (opMyloTh mpodeciiHui
cBITOrNSA, Tmpodeciiiny mnoBeAiHky. JlokanpHi 1Tl 3a0e3neuyroTh MOoTpedy
MailOyTHBOTO  BHKJaJadya MaTEMaTUKH Yy BHUKOPHUCTaHI 3MICTy HaBYaJIbHOI
JTUCHUIUTIHA, PO3BUTKY CHCTEMHOT'O MUCJICHHSI, BUKOPUCTAHHS CYYaCHHUX HHU(PPOBUX
TEXHOJIOTIA JUIsI JOCSTHEHHS MeTW. 3a3Hauumo, 10 MaiOyTHIA BUKIIagad
MaTeMaTUKU MMOBUHEH OBOJIOJITH HE TUILKU MPO(EeCiiHUMHU KOMIIETEHTHOCTSIMH, a i
YMIHHSIM CaMOCTIHHO BUPOOJSATH 3aCO0M JOCSITHEHHSI MOCTaBIE€HUX HpodeciiiHux

3aBlaHb. A JUIsl 1IbOIO TOBHUHHI OyTHM C(GOpPMOBaHI HAaBUYKU IUIAHYBAHHS CBOE]
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JISUTBHOCTI, TPOrpaMyBaHHS CBOIX 1M Ha NUIAXY JOCSATHEHHS METH, OILIIHIOBAaHHS
JOCSTHYTHX PE3yJbTaTIB 1 MOXJIHMBOCTI iXHBbOi Kopekii. Ilpu caMoocBiTHi#
JISTBHOCTI «(OPMYJy YCHIIIHOTO KEPYBaHHS» MOXXHA BUPA3UTH TaKUMHU CIIOBAMU:
«3HAI0, MOXY, XOUYy, BCTUTAIO».

Ha ocHOBI BHUBYEHHS HAayKOBO-METOJIMYHOI JITEpaTypu Ta BIIACHUX
JOCHIKeHb 3a3Ha4eHoi NpoOJieMH HaMU BHUJAUICHO HampsiMu mpodecioHami3amii
Marictpa — MaiOyTHHOIO BHKIJIAJlaya MaTeMaTHUKW [pU BUBYEHHI JAUCIUILIIHU
«Metoanka HaBYaHHSA MATEMATHKHU Y BUILIHN IIKOJ»:

1. Po3Butok mpodeciitHoi KynbTypu MaWOyTHHOrO BHUKJIAJaya, sKa
BKJIIOYA€ MATeMaTHU4YHy, HAyKOBO-METOAWYHY Ta MEJAroridydHy KyJbTypH, IO
(bOpMYIOTHCSI B YMOBAaX CHHEPT€TUYHOTO OCBITHBOTO IIPOCTOpY [2].

2. dopmyBaHHs podecitHuX MOTHUBIB [6].

3. Po3BUTOK mMi3HABaJbHUX I1HTEPECIB CTYJEHTIB dYepe3 I1HAMBIAYalbHI
HABYAJIbHO-JOCIITHULIbK] 3aBJaHHS 3 BUKOPUCTAHHSAM PI3HOPIBHEBOIO HABYAHHS Ta
poOOTHM B Majux TIpynax, M0 MalTh ICUXOJOTIYHE, COUlajJbHE 1 JUAAKTUYHE
oOTpyHTYBaHHS Ta mipodeciiiHe crpsiMyBaHHs. Pi3HOpiBHEBE HaBUYaHHS B MOEIHAHHI 3
KOMIT FOTEPHUM MOJIEIOBAHHSM JI03BOJISIE JIETKO peaii3yBaTH 1HAMBITyaJIbHUM Ta
nudepeHIiioBaHui Miaxia 10 cTyaeHTiB («Jlekiis (mpakTuuHe 3aHsATTS) 3 oOpaHOi
MaTeMaTUyHOI JAMCUMIUIIHA 3 BUKOPUCTaHHAM iHGorpadiku Ta ICTOPUUHUX
BiloMOocTel. TeKCT MOAAEThCs 3 MYJbTUMEAINHOIO TIpe3eHTalliew», ado «IloHaTTs,
BU3HAYEHHS  MaTeMaTU4YHMX  NOHATh.  OCHOBHI  BUJAM  O3HA4Y€Hb,  MIO
BUKOPUCTOBYIOThCA y MaTeMaTHill. AKCIOMaTUYHUI MixXiJ B MateMaTuill. Teopemu,

ix BUM (KaTeropuyHi i iMrutikatuBH1). OCHOBHI MIAXOIU 10 TOBEACHHS TEOPEM).

4. BuxopucranHa MeToay MpoeKxTiB [8].
5. dopmyBaHHs npodeciitHol MOO1TFHOCTI MaliOYTHHOTO BHKIIa1aua, TOOTO
THYYKICTh Y BHUKIAJaHHI — 3JaTHICTh aJanTyBaTW METOAMKM ¥ MiIAXoad M0

BUKJIQJIaHHS MaTEMaTUKW BIAMOBIIHO 10 MNpodUI0 CHemiaIbHOCTEH y 3akiangax
BUIIOI OCBITH 3 PI3HUMHU (PaXOBUMH CIPSIMYBAHHSIMHU, TOTOBHICTh /10 TMOCTIHHOIO
npodecifHOro 3pOoCTaHHs, JO 3MIH Ta OINEpaTUBHOIO BiAOOpy M peamizamii
ONTUMAaJIBHUX CITOCOOIB BUKOHAHHSI PI3HOMAHITHUX 3aBlIaHb y raiy3i cBo€i nmpodecii.

6. 31aTHICTh 1 TOTOBHICTH JO BUKOPUCTaHHSA UU(POBUX TEXHOJOTIH,
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IHHOBAI[IMHUX METOJMK HaBYaHHS y MailOyTHIH npodeciiiniil aisuibHOCTI [7].

7. CamoocBiTa, CaMOPO3BUTOK [4].

8. dopmyBaHHsT TpodeciiHOrO 17eany BHKIagada sK Cy0 €KTUBHOTO
oOpazy mnpodeciiiHOl JTOCKOHAJIOCTI OCOOMCTOCTI (KOHKPETHOT'O, CHHTETHYHOTO,
y3arajibHeHoro). Big Toro, siky pojb y CTPyKTypi NpoQeciiHOl CHpsIMOBaHOCTI
O0COOUCTOCTI CTyJIEHTa MarictpaTypu Oyze 3aiimaTu mpodeciiHuil i1eall, 3aJIeKUTh
ycHix #oro mpodeciiHoi MiAIr0TOBKH.

baratopiunuii OCBiJ BHKJIaJaHHS MaTeMAaTUYHUX AUCIHUIUIIH Yy 3aKiajax
BUIIOI OCBITHU 3aCBIIUy€ HASBHICTh y MOJOJMX BHUKJIAJadiB MEBHUX TPYAHOLIIB Y
BUOOP1 €(hEKTUBHUX METOAMYHHUX IMIJAXOIIB 10 HABUYAHHSI MaTeMaTHUKHU, OCOOJIMBO Ha
MoYaTKy CBO€I mpodeciiiHoi aisuibHOCTI. Lle, y cBowo uepry, akTyanizye norpedy B
MOJANBIIOMY  PO3POOJIEHHI HaBYaldbHOI JAMCHMIUIIHM «MeToauka HaBYaHHSA
MaTeMaTUKH y BULIN IMIKOJI», MO CHpUS€ MIABUIICHHIO MPOQeciiHOi TOTOBHOCTI
MaiOyTHIX BUKJIAJayiB JO TMEAaroriyHoi OisUTbHOCTI B YMOBaxX 3akjajiB BHUIIO1

OCBITH.
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VIRTUAL AND AUGMENTED REALITY IN EDUCATION: INNOVATIVE

APPROACHES TO TEACHING EXACT SCIENCES

Abstract.This article explores modern computer technologies used in teaching exact
sciences, particularly mathematics and computer science. Special attention is given to the role of
virtual reality (VR) and augmented reality (AR) in enhancing material comprehension, increasing
student motivation, and visually presenting complex concepts. The advantages, challenges, and
prospects of implementing these technologies in the educational process are analyzed.
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CyvacHuil po3BUTOK 1H()OPMAIIHHUX TEXHOJOTH BIAKPUBAE HOB1 MOMJIMBOCTI
JUIsL OCBITH, 30KpeMa Yy BHUKJIaJaHHI TOYHMX HayK. BukopuctanHs VR T1a AR
703BOJIIE 3pOOUTH HaBYaHHS OUTBII IHTEPAKTHUBHUM, 3aHYPIOIOYH 3100yBaviB OCBITH
y peayiCTUYHE CepeOBUIIE JIJIS AOCHIHKEHHS aOCTPaKTHUX MAaTeMaTUYHUX TOHSTh,
QITOPUTMIB MPOTPAMyBaHHS Ta HAYKOBUX EKCIEPUMEHTIB. BHpoBajkeHHS HHX
TEXHOJIOT1H CIIpHUsi€ MOKPAIIEHHIO PO3YMIHHS CKJIAJIHOIO MaTepiaily Ta IiIBUILEHHIO
3aIliKaBJICHOCTI 3100yBaviB OCBiTH [1].

JIoTIOBHEHA peaNbHICTh J03BOJIIE CTBOPIOBATH IHTEPAKTUBHI TPUBUMIPHI
MO, SIKI JIomoMararTh 3700yBayaM OCBITH Kpalle pPO3YMITH CKJIAJHI
MareMatuyHi KoHuenuii. Hampuknaa, o6’eMHI reomeTpuyHi GIrypu MOXKHA
pO3IJIAIaTH 3 yCiX OOKiB, a mapaMeTpUyH1 PIBHSHHS — 3MIHIOBaTH B peaIbHOMY 4aci,
100 crocTepiraT iXHii BIuMB Ha rpadik ¢pyHkuii [3].

Takox BukopuctanHs VR 1103BoJIsie cCTBOpIOBATH BIpTyaldbHI1 cepeloBUIIA IS

03B’sI3yBaHHs MaTreMaTHYHMX 3anad. Hanpuxiazn, mwiatdopMu, Takl sk Virtual
2 2
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Reality Math Lab, nomomaraioTh 3100yBadam OCBITH Kpallle 3pO3yMITH TEOPEMHU
reoMeTpii Ta anredpu uepe3 IHTepakTUBHI MOJIEI.

BipryanbHa peanbHICTh MOXe OyTHM  BHKOpUCTaHa /Ui  HaBYaHHS
MPOrpaMyBaHHIO LUISIXOM CTBOPEHHS IHTEPAKTUBHUX CUMYIISITOPIB, Y SIKUX CTYJIEHTU
MOXXYTb TECTYBaTH CBOI aJIFOPUTMHU Yy BipTyajdbHOMY cepenosuii [7]. Hampuknan,
CTBOPEHHSI IITYYHOTO I1HTEJEKTY JUIsi KepyBaHHsA poboTramMu B irpoBux VR-
CepelloBUIIaX JOMOMAarae 3pO3yMITH MPUHLUNKA POOOTH aNrOPUTMIB Ta JIOTIKY
iXHBOTO (PYHKIIIOHYBaHHS.

Kpim Toro, icuytore miargopmu, Ttaki sik Code VR, mo no3Bossorh
porpamicTaM-HOBauKaM CTBOPIOBATH BIPTyalibHI CBITH, BUKOPHCTOBYIOUM OCHOBH
konyBaHHs. lle copusie pO3BUTKY aNrOPUTMIYHOTO MHMCIEHHS Ta TMPAKTUYHUX
HAaBUYOK MPOrpaMyBaHHS.

@Di3UyHl EKCHEPUMEHTH MOXYTh OyTH CKIQJHUMHU [JI BIATBOPEHHS B
peaJpHUX YMOBaxX 4epe3 HeoOXITHICTh CIelliaabHoTo obnagHaHHs. VR-mabopartopii
J03BOJIAIOTH MPOBOJUTU IOCHIAN Yy O€3NEYHOMY Ta KOHTPOJIHOBAHOMY CEPEIOBMHIIIL,
HaAMpUKiIad, MOJENIOBATH TOBEIIHKY €JIEKTpUYHUX KU1 abo crmocrepiratu 3a
KBaHTOBUMH SIBUILIAMU [6].

AR Moxe BUKOpHCTOBYBAaTHUCA AJis aHANI3Y (PI3UYHUX SBUL] y DPEATbHOMY
cBitl. Hanmpuknaza, nogatku tuny PhyAR no3BossitoTs BioOpakaTu IUHAMIKY pyXy
TIJ y IPOCTOP1 B PEKUMI peajbHOr0 4acy, 10 poOUTh Pi3UUHI €KCIIEPUMEHTH OLIbII
JOCTYITHUMU Ta 3pO3yMUIHUMH.

AR-nogatku MOXXyTh OyTH BUKOPUCTaHI JIJISl MOSICHEHHS MPUHIUIIB POOOTH
anmapaTtHOro Ta mnporpamHoro 3a0esneueHHs. Hanpuknan, intepaktuBHi AR-rpadiku
MOXXYTbh JIOMOMAaratu CTYJEHTaM 3PO3YMITH apXITEKTypy KOMII IOTEpiB, MPUHLIUIN
MepeKeBOi B3a€MO/I1i Ta OCHOBH KiOepOesneku [9].

Takoxx AR crpuse BUBYEHHIO alrOpUTMIB Ta CTPYKTYyp HaHuX. BipryanbHi
CUMYJIATOPH JIONIOMArarlTh CTYJE€HTaM Kpalle po3yMiTh poOOTYy CTEKiB, Yepr, JIepeB

Ta rpadiB NUIAXOM IHTEPAKTUBHUX Bi3yasi3alliil.
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IrpoBi  VR-enemeHTH poOJsAiTh HaBYaHHS  3aXOIUIMBHM, JIO3BOJISIIOYHU
3100yBauyaM OCBITH B3a€MOJISTH 3 HaBUAJIbHUM KOHTEHTOM Yy (opmaTi KBECTIB,
CUMYJISALINA a00 TpEeHYBaHb y BipTyallbHOMY cepefoBullli. Lle 0ocobimBo KopucHO aJist
BHUBUYEHHS CKJIAJIHUX AITOPUTMIYHUX Ta MAaTEMaTUYHUX 3a/1a4.

OxpiM 1poro, icHyroTh VR-monmatku, Taki sk ClassVR, ski iHTerpyroThb
HaBYaJlbHI ITpU Yy TPaAMIINHUN OCBITHIA TMpoIec, IO CHPUSE TMiIBULIEHHIO
3aJIy4eHOCTI 3/100yBaviB OCBITH J0 BUBUEHHS TOUHUX HaAyK [4].

He3Bakatoun Ha yucieHHl nepeBaru, BukopuctanHss VR Tta AR y HaBuanH1 Mae
ME€BHI BUKJIHUKU:
o Bucoka Bapricth o0aagHanusi — rapHitypu VR Tta AR MoxyTs OyTH

JOPOTUMH JIJISl MACOBOTO BIIPOBAKEHHS Y HABYAJIBHUX 3aKJIa/1ax.

o TexniuHa miAroroBKa BUKJIAJA4YiB — IHTErpailis LUX TEXHOJOTA BHUMAarae

J0JTaTKOBOTI'O HABUAHHS I€JIaroriB Ta ajanTallli HaBYaJIbHUX MPOrpam.

o MoxuauBi npoOjemu 31 310pOB’AM — TpHUBaje BUKOpHUCTaHHA VR Moxe

BUKJIMKATH BTOMY O4€i Ta MpoOJIeMu 3 KOOPAMHALIIEIO PYXiB.

[Ipore mocTymoBe 3HMKEHHS BapTOCTI TEXHOJIOTIM Ta 3pocTaroya KIUIbKICTh
OCBITHIX mporpam Ha 6a31 VR 1 AR cripusitoTs nogajipiomMy iXHbOMY MOITUPEHHIO.

Buxopucranus VR Ta AR y BHKJIaJaHHI TOYHUX HAyK BIJIKPUBAE HOBI
MO>KJIMBOCTI JJI MIJBUIIEHHS €(EeKTUBHOCTI HaBuYajibHOro mpoiecy. Lli TexHomnorii
J03BOJISIIOTh Kpallle Bi3yalli3yBaTd CKJIaJHI KOHIIEMIlii, CTBOPIOBATH IHTEPAKTUBHI
CUMYJISIII Ta MABUILYBAaTH MOTHBalio 3100yBadiB ocBith [3]. ITlpore mis
YCHIIIHOTO BIPOBA/)KEHHS HEOOXITHO BpaxOBYBaTH BHUKJIMKHM, TIOB’SI3aHI 3
JOCTYIHICTIO OO0JaJHaHHS, MIATOTOBKOI BHMKJIAJayiB Ta aJanTalli€l0 HaBYAIbHHUX
nporpam. [lomanemuii po3BuTok VR 1 AR y HaBuaHHI cTaHe Ba)JIMBHUM KPOKOM Y
MOJIEpHI3allli OCBITHBOT'O MPOIIECY, BIAKPUBAIOYM HOBI TOPU3OHTHU JJIs BUKIIAJAHHS

MaTeMaTUuKH, iIHPOPMATUKH Ta IHIIMX TOYHUX HaYK.
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DIGITAL ADMINISTRATION AND MONITORING OF FACULTY
ACTIVITIES USING GOOGLE SHEETS AND PYTHON

Abstract. The experience of creating and implementing a system for administering and
monitoring the activities of the faculty using the Google Sheets cloud service in combination with
specialised Python libraries is described.

Key words and phrases: digitalization, cloud technologies

[udposizaiis agMIHICTPaTUBHUX Ta OCBITHIX TPOLECIB Yy Cy4acHOMY
YHIBEPCUTETCHKOMY CEpEJOBUIII € HE TNPOCTO TPEHIOM, a OO0 €EKTUBHOIO
HEOOXIJTHICTIO, 110 3YMOBJIEHA CTPIMKUM PO3BUTKOM 1H(POPMALIMHUX TEXHOJOTIH 1
3pOCTalOYMMHU BHUMOTaMHU JO0 SIKOCTI W ONEpPaTUBHOCTI YIPABIIHCHKUX PIIICHb.
binbuiicTe TEOPETUYHUX TOCHIIXKEHb HK(poBI3allii y BUILINA OCBITI (Hanmpuknan, [1,
2]) cTocylOTbCS OCBITHBOI KOMITIOHEHTH 1 CHPSMOBaHI Ha MOKpAalleHHsS e(peKTUBHOI
B3a€MO/IIi CTYJIEHTIB 1 BUKJIaAadiB. BonHowac mepexia Ha uu@poBi 1HCTPYMEHTH B
aJIMIHICTPYBaHHI OCBITHBOTO IPOIIECY CYTTEBO CKOPOUYE BUTPATH Yacy Ta 3yCHJb Ha
BUKOHAHHS PYTUHHUX 3aBJlaHb, MIHIMI3y€ PU3UK MOMUJIOK 1 CTBOPIOE MOMJIMBOCTI
UL 3A1MCHEHHS aHAJIITUYHOIO MOHITOPUHTY OCHOBHHUX IIOKa3HHMKIB OCBITHBOI
TISIBHOCTI.

[HTEeHCUBHUN pO3BUTOK XMAapHHUX CEpBICIB HaJa€e HOBI MOJIMBOCTI JIJIst
pPO3pOOKH 1 BIPOBAIKEHHSI PI3HUX LU(PPOBUX I1HCTPYMEHTIB, 30KpeMa THX, SKi
MOXYTh OyTH KOPUCHUMHU IS aaMiHICTpyBaHHs (akynbTeTy. Taki cepBicH
3a0e3MneuyloTh OJHOYACHE peJlaryBaHHs JOKYMEHTIB, THYYKe HaJlallITyBaHHS IpaB
J0CTyIly, ONEpaTHMBHE OHOBJIEHHA 1HQOpMAIii A BCIX YYaCHHUKIB OCBITHBOT'O
nporecy. Oguum 13 HuUX € Google Sheets, sxuii, y moeaHanHi 31 creniajii30BaHUMHU
010s10TeKaMu MOBH TiporpamyBaHHsi Python, 103BoJisie cTBOPUTH BiTHOCHO MPOCTY U
e(eKTUBHY CHUCTEMY AaJMIHICTPYBaHHS Ta MOHITOPUHIY MiSJIBHOCTI (aKyJbTETY.
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Came Taky cuctemy OylIO HamMd CTBOPEHO Ta BIPOBAKEHO Ha (HaKyJIbTETI
MaTreMaTuk, (I3UKKM 1 KOMIT'IOTEPHUX HayK BIHHHMIIBKOTO  J€p’KaBHOTO
MeJarorivHoro yHiBepcuteTy iMeHi Muxaina Koito6uHcbkoro. 3peuTor0 BoHa €
CTPYKTYpOBaHOIO Ha KopropaTuBHOMYy Google-aucky (axkynbreTy I0KyMEHTH
(KypHaiIu, BIJOMOCTI TOIIO) 3 MOXJIMBICTIO iX pelaryBaHHS THMH YyYaCHHUKaMH
OCBITHBOT'O MPOLIECY, sIKI BIOBHOBAXEHI 1€ POOUTH.

OnumieMo OCHOBHI 17€i, MOKJIaJeHI B OCHOBY pPO3pOOJICHOro pimieHHs. Mu
MOJUIAEMO JTOKYMEHTH, SIKi BUKOPHUCTOBYIOTHCSI Y OCBITHROMY MPOIIEC, HA MEPBICHI
ta moximHi. IlepBicHI MOKyMEHTH € He3MIHHUMU (200 YMOBHO HE3MIHHHMU)
YIOPOAOBXK HAaBYAIBLHOTO POKY 1 BiAOOpakaloTh OpUTiHAJbHE JpKepeno 1Hpopmarlii.
[Ipuknagamu nepBiCHUX JOKYMEHTIB € HaBYAJIbHUH IUIaH, TaONULs BIJOMOCTEN MPO
CTYJICHTIB, TaOJUIISI BIIOMOCTEH MPO BUKIaAaviB, rpadik OCBITHROTO MPOIECY TOIMIO.
[ToximHi ToKyMeHTH (POPMYIOTHCS Ha OCHOBI 1H(pOpPMAIIii, 110 MICTUTHCA Y MEPBICHUX
ab0 IHIIMX MOXIAHUX JOKyMeHTax. TakuMH JOKYMEHTaMH €, 30KpeMa, poOouHii
HaBYAJIbHUI TUIaH (AKUH € TOXITHUM BiJl HABYAJILHOTO IJIaHY B KOHTEKCTI MOTOYHOTO
HAaBYAIBHOTO POKY), JKypHal1 OOJNIKy ycmimHOCTI ((OpMyeTbCSs Ha OCHOBI
HAaBYAJIBHOTO IUIaHY, CHHUCKIB Tpyn 1 TaOJMIl BIJAMOBIAHOCTI JUCUUIUIIH Ta
BUKJIaJlayiB), 3BeJeHA BIIOMICTh ((POPMYETbCS HA OCHOBI BIJOMOCTEH OOJIIKY
YCHIIIHOCTI OKPEMUX TPYII).

Ha mnouarky HaBYaJbHOIO POKY CTBOPIOIOTBCA YCI HEOOXIJIHI TEpBICHI
JOKYMEHTH. Ycl HeoOXiHI MOXiJHI JOKYMEHTH TE€HEpPYIOThCS aBTOMATUYHO 32
JOTIOMOTOI0 CIIELIAJIbHO MIATOTOBJICHUX AJITOPUTMIB, peai3allilo SKUX 3I1HCHEHO
MoBoto Python. Yci gokymentu € Google Tabnuismu, a Ay IporpaMHOro JOCTYITY
Ta ix penaryBaHHsi BUKopuctoByeThesi Google Sheets API uepes Python-6i6mioTexu
gspread, gspread formatting. Po3rmsHemMo 1 TpUKIAmy MPOIEC CTBOPEHHS
€JIEKTPOHHOTO J>KypHalTy OOJIIKY YCHIIIHOCTI CTYJEHTIB 3aJaHOi TPYyNH 13 TEBHOI
muciuiuniad.  IlepenyciM 3 mepBICHMX Ta paHillleé MIATOTOBICHUX MOX1THUX

JOKYMEHTIB BU00yBa€eThCs ycsi HeoOXiHa iHdopmalis, HeoOxiaHa A1 GopMyBaHHS
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KypHaIy, a came: KUIbKICTh aKaJeMIYHUX TOAMH, (popma MiJICYMKOBOIO KOHTPOJIO
(indopmartist OepeTbesl 13 HAaBUAJILHOTO IUIAHY, 3a SIKUM HABYAETHhCS JaHa Tpyrna);
BUKJIa/1a4i, SIK1 3a0€3MeuyoTh BUKJIQIaHHS BKa3aHO1 JUCHUILTIHY (TIPI3BUIIE, ITOCAa,
€JIEKTPOHHA TIOIITA); EJNEeKTPOHHA IIOIITa CTApOCTH TPYNHU IJsi HaJaHHSA [paB
neperisiay abo peaaryBaHHs KypHAy; CIIUCOK CTYACHTIB IPYIHU, Ki BUBYAIOTh JaHy
JTUCIIUTLIIHY .

Bunobyra iHdopmalis MOJAEThCS HA BXIJ aIrOpUTMy JUIsl TeHepauii
BIJITOBITHOTO JOKYMEHTY. HaBeieMo oro oCHOBH1 KPOKHU:

1. [Iniyianizayis ma cmeopenus Ookymenma. 3a JOIMOMOIo0 O0i0JI10TEKH
gspread cTBOproeThcsi HOBUM JOKyMeHT y ¢dopmari Google Sheets, sxomy
aBTOMATUYHO TPHUCBOIOETHCS BIANOBIAHA Ha3Ba (Hampukiuan, «Jucuuroiina —
I'pyna»), a caMm JOKyMEHT pPO3MIIIYEThCS Yy CHeliadbHO BU3Ha4eH1d mamii Google
Jlucka Juist CTpyKTypOBaHOTo 30epiraHHs.

2. DopmysanHs  eHYMPIWHLOI  CMPYKMYPU  JHCYPHALY. ABTOMATHYHO
CTBOPIOIOThCA ¥ (hOPMATYIOThCSI CTOPIHKM JKypHATy BIJAMOBIIHO 10 3a37ajerilib
po3pobisieHoro mabsnony. lle Bkitouae CTBOpEHHS 3aroJioBKiB (Ha3Ba JMCIUIUIIHH,
rpyna, BUKJajadi), 3allOBHEHHS CIKCKY CTYJIEHTIB TpYIH, T'e€HEepalil0 HeoOX1AHOi
KUTBKOCTI KOJIOHOK JIJIs 3alUCY PE3YJIbTaTiB MOTOYHOTO ¥ MiICYMKOBOI'O KOHTPOJIIO.

3. Dopmamysanus Ooxymenma. 33aBasku Oibmioteri gspread formatting
HAJAIITOBYEThCS Bi3yalibHE OQOPMIICHHS >KypHAJy: LIMPUHA CTOBMIIB, CTUJb 1
po3Mip MIPpUPTIB, KOIHOPOBE BHUAUICHHS 3aroJIOBKiB, PO3MEXKyBajbHI JiHI, MeXI
KOMIPOK TOIIO.

4. Hanawmyeanns npaeé oocmyny. ABTOMATHYHO BCTaHOBIIOIOTHCS IIpaBa
JOCTyIly 10 CTBOPEHOTO JIOKYMEHTY: BHKJIaJaudl JUCHUIUIIHM OTPUMYIOTH MPaBo
peaaryBaHHs, CTapoCTa rpynu OTPUMYE MPABO MEPETIISTY.

5. Ingpopmysanns yuacnuxis. Ilicnsa 3aBepuieHHsT popMyBaHHS JOKyMEHTa yci

3alliKkaBJeH1 0coOu (BUKJIaJadl, CTapOCTa) aBTOMATUYHO OTPUMYIOThH 1HPOpMaLIHHUMA
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JIUCT Ha €JEKTPOHHY IMOUITY, SIKUA MICTUThH MOCWJIAHHS HAa HOBOCTBOPEHHH KypHal
Ta KOPOTKY IHCTPYKIIIIO 11010 MOAAJIBIIOT pOOOTH 3 HUM.

TakuM YMHOM, yBECh MPOLIEC CTBOPEHHS EJIIEKTPOHHOTO >KypHAIy OOJIKY
YCHIIIHOCTI JJI TUCUUIUIIHU Ta TPYNH CTA€ MOBHICTIO aBTOMAaTU30BaHUM, IIBUIAKUM
Ta 3py4YHHUM JJis KopucTyBayiB. Hamu po3poOineno anroputmu popmyBaHHS poOOUNX
HaBYAJIBHUX IJIAHIB, )KypPHAIIB aKkaJeMIuyHOl IpYyINH, BIIOMOCTEH 00JIIKY YCHIIITHOCTI,
3BeleHHX BigoMocTeil. Ix ympoBamxkeHHs Ha (aKyadbTeTi alo 3MOTY CYTTEBO
CKOPOTUTH BUTpATH 4acy Ha MIATOTOBKY JAOKYMEHTIB, YCYHYTH PU3HMK MOMWIIOK, a
TaKOX 3a0€3MEeUUTH ONEPATUBHHUM TOCTYI YCIX YYACHUKIB OCBITHHOT'O IMPOIECY 10
HeoOX1HO1 1HhOopMAIIii.
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THE EFFECTIVENESS OF THE USE OF MODERN SOFTWARE IN THE
MATHEMATICAL TRAINING OF FUTURE ECONOMISTS

Abstract. For effective organization of classes in mathematical discipline for students of
economic specialties, it is necessary to use modern software products to solve statistical problems.
Key words and Phrases: Mathematical disciplines, software, future economists.

World trends in the development of the educational system demonstrate that
the future is based on flexible models of the educational process, which combine
different technologies, methods and means. In this direction, the educational system
in Ukraine is gradually developing, and approaches to teaching mathematical
disciplines in higher education institutions are improved.

Mathematical education plays an important role in shaping the professional
thinking of future economists, since it is the general scientific foundation for
mastering the system of professional knowledge.

To improve the study of mathematical disciplines, students are offered modern
software products to solve statistical problems in innovative ways.

The GeoGebra dynamic Mathematics system is a software product that
combines dynamic geometry, algebra, mathematical analysis and statistics. The latest
version of GeoGebra (4.4) offers several dynamically related representations of
mathematical objects: Graphic, algebraic and tabular and has a computer algebra
system (CAS). This program has a wide range of tools for creating dynamic
computer models of mathematical objects, which allows it to be effectively used not
only for solving mathematical problems, but also for the organization of heuristic

training, the formation of skills and research activities, creating dynamic visual aids,
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automating the process of creating training exercises and tasks, creating simulators,
etc.

The software that provides mathematical, financial and scientific analysis can
include such resources as:

v' Minitab is one of the best free statistical analysis software for researchers
that has tools for analyzing, visualizing and representing data, intelligent data import,
automatic graphics update and data manipulation.

v’ Stata is also a statistical program for simple analysis, research,
visualization and differentiation of data.

v" RStudio is a statistical software for performing data analysis tasks, data
modeling, statistical computing, and programming languages.

v’ Maple is a program for statistical and mathematical analysis of data,
designed to calculate hypotheses, coordination and manipulation of data, their
assessment, correlation and regression, modeling, visualization, probability
calculations are all that.

v' Gran is a software tool designed for graphical analysis of functions, it
provides an opportunity to solve problems without knowing the appropriate analytical
apparatus, methods and formulas, rules for converting expressions, etc.

Another software product, easy to use and affordable, is the English-language
Mathway Calculator app. It is used to solve problems in higher mathematics,
mathematical analysis, statistics, graph construction, etc. ~ With this app you can
organize any number of students for study. Also, it has a mobile version and can be
installed using the Play market on a smartphone. An important characteristic of this
tool, in our opinion, is that the solution of the problem is carried out in stages, all the
steps of the task and the final answer are visible.

A more effective product for working with complex mathematical calculations
is the MS Excel spreadsheet processor, which is included in the Microsoft application

package, or a similar online application from Google. This program is used to solve
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complex mathematical problems, including problems in probability theory and
mathematical statistics, statistics and econometrics [1].

Also, the use of MS Excel spreadsheets allows you to simulate a variety of
options and situations in the process of solving problems. This tabular processor
meets the professional needs of accountants, entrepreneurs, economists, marketers for
its accessibility, ease of use and versatility.

Therefore, modern economists should be well aware of their professional
activities and be able to use modern digital technologies in their professional
activities. Therefore, the educational process must be diversified by forms and
methods of active learning, which increase the effectiveness of his knowledge, form
it as a modern specialist, approach the solution of professional problems outside the

box, develop the ability to generate ideas, etc.
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FUNCTIONS OF CONSTRUCTIVE MATHEMATICS TEACHING USING
DIGITAL TECHNOLOGIES

Abstract. The article substantiates the functional approach to constructive teaching of the
higher mathematics course and highlights the main principles of constructivist teaching. In
particular, those functions that relate to the technology of forming some components of students'
professional training in the digital educational environment of mathematics: informative, practical,
and communicative functions.

Key words and phrases: functional approach, principles of constructivist learning, higher
mathematics, mathematical education of an engineer.

AxkrtyanpHicTh gociijxeHHs. CywyacHuM eranm MoOJEpHi3alli npodeciiHol
OCBITH TOTpeOy€e HOBUX, €PEKTUBHIIINX HUISIXIB OpraHizaiii OCBITHBOTO IMpPOIECY Y
BUIIMX TEXHIYHUX 3aKjafax OCBITH. AKTyaJbHOIO KAaTeropi€ro Teopli BHUIIOI
npodeciitHoi ocBiTH € TpodeciiiHa KOMIETEHTHICTb.

[lepen MareMaTHYHOIO OCBITOIO MOCTAa€ HarajabHa npobiemMa TpaHchopmarllii
OCBITHBOT'O MPOIIECY BIAMOBIIHO A0 NOTped (PaxoBoi MATOTOBKU CTYACHTIB 10 YMOB
npaimi MailOytHeoro. IndopmaTtuzaiis, a TakoX erTan i PO3BUTKY LHMQpPOBi3alisi
OCBITH, € CyYaCHHUM II€pi0JIOM MOCTIHAYCTPIAJIbHOIO CyCHUIbCTBA. TOMYy BUHUKAa€
TaKOX TMOTpeda B CUCTEMAaTUYHOMY OHOBJIEHHI METOIB, NpPUIOMIB Ta 3aco0iB
HAaBYaHHS BUIIOI MaTEMaTUKH, podeciiiHOMy CHpsMyBaHHI 3MICTY ii HABYAJIBHOTO
Marepiany 3 MeTO (POpMYBaHHS JIOBFOTPUBAJIMX Ta MPOTHOCTUYHO OOTPYHTOBAHUX
MaTeMaTUYHUX 3HaHb TBOPUOi 0coOuCTOCTI (haxiBis [2, 5].

Ockinbku  1MQpoBI3aIlisl  OCBITH CTBOPIOE  3HAYHI  MOMJIMBOCTI  JJIS
BIIPOBA/PKCHHSI KOHCTPYKTHUBICTCBKOTO TMIiJXOJMy Y HaBYaHHI MAaTeMaTHKH, TO

PO3rJIHEMO I[CSIKi ACIICKTH KOHCTpYKTI/IBiCTCBKOFO HaBYaHHSI. Y MeEXax HaIIoro
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JOCIIKEHHS! BUAUIEHO HanpsMu (GOpMYBaHHS TEOPETUUHUX OCHOB JIJISi CTBOPEHHS
KOHCTPYKTHBICTCHKUX OCBITHIX CHUCTEM.

TeopeTnuHOI0 OCHOBOIO TEXHOJIOT1I HaBUaHHS Ta ii peanizalli € BHYTpIIIHI Ta
30BHIIIHI QyHKII. BHyTpimHI (yHKIIT TexHonorii (HOpMaTUBHA 1 PEryJIATHBHA)
31MCHIOIOTH ITOCTAHOBKY I[iJIeH HaBUaHHS, BUALJICHUX TEHJEHII1M, 3aKOHOMIPHOCTEH 1
OpUHIUMIIB.  30BHIHI  ¢GyHKUID (IporHocTuyHa, mnpodeciiHo  CHpSIMOBaHA,
IHTerpaTuBHA) (OPMYIOTH CTpaTeriio PO3BUTKY HABYAaHHSI MaTEMaTUKU Ha
MDKIIPEIMETHOMY MPOQECiiHO 30piIEHTOBAHOMY piBHI. Tak, OCHOBHUMH (YHKIISIMHU
y OCBITHbOMY CEpEIOBUIII MaTeMaTUKU BH3HadyeH1 1H(GOpMATHBHA, MpPAKTHUYHA 1
KoMyHikatuBHa ¢pyHkuii [1, 5].

[Ipaktnyna QyHKIS peanizanii KOHCTPYKTHBI3MY Yy HaBYaHHI MaTeMaTHUKHU
3M1MCHIOEThCS uepe3 nociipkeHHs. C. PakoB [7] BIIHOCUTH JOCTIAHUIIbBKE HAaBYAHHS
70 OCHOBHUX MOHATH KOHCTPYKTHBICTCHKOTO MiJIXOJly: HaBUAHHS 4epe3 JIsIbHICTD,
€KCIIEpUMEHTYBaHHsI, HABUYAHHS Yepe3 BIIKPUTTA. 30KpeMa, BU3HAUAE TaKl HaNpsSMU
(GbopMyBaHHS JOCIITHUIBKOI KOMIETEHTHOCTI 32 KOHCTPYKTHBICTCHKUM ITiJIXOJIOM:
dbopmymtoBath (CTaBUTH) 3aaadi; OyJIyBaTH aHAIITHYHI Ta AJITOPUTMIYHI MOENI
3a/lay; BHCYBAaTH Ta E€MIIPUYHO MEPEBIPSATH CIPABEUIMBICTh TINOTE3; TIYMAUYUTH
pe3yabTatd, OTpHMaHl 3a (opMaTbHUMHU METOAAMHU, JAOCHIDKYBaTH MEX1 ix
3aCTOCYBaHb, MOAM(IKYBaTH BUXIJTHI 3a/adi, NIyKaTH aHAJOTil B 1HIIMX PO3/iiIax 1
T. 1. [7].

BianoBiiHo 10 JOCHIMHULBKOI (YHKIII, 3T1IHO 3 KOHCTPYKTHBICTCHKUM
MiIX0A0M, Y UU(POBOMY HAaBUaJbHOMY CEpENOBHUIIl (OPMYETHCS HaBUYAIbHO-
JIOCHITHUIbKA  (CHIBTOBAPUCTBO) TIpyla CTYIAEHTIB. Y  MeXax Cy4acHOro
KOHCTPYKTHBI3MY BBa)Ka€ThCS, LI0 HaBYaHHS CTYJEHTIB NPOXOJIUTH HabdaraTo
e(eKTUBHIIIE, SIKIO BOHU CAMOCTIHHO POOJISAThH BJIacHI BIAKPUTTS i MOJAEINIOIOTH CBOI
3HAHHS, HDK KOJIM TOTOBI 3HAaHHS HANAIOThCS 1M 3 BUKOPHCTAHHSM TMiIXOIIB

TpaJMILIIHOrO MPOIECY HABYAHHS.
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Jnist Toro, mo6 mMaitOoyTHIM (axiBelb BMiB Ha JOCTATHbOMY PiBHI PO3B’s3yBaTH
BUPOOHUY1 3a7adi, WOro HEOOXITHO HABYUTH PO3B’SI3yBaTH 3ajadi, OJU3BKI 0
peanbHUX. 30KpeMa, CTYJCHT NMOBUHEH PO3B’SI3yBaTH 3ajadl BUOOpPY, MPUNUHATTS Ta
OOIpYHTYBaHHS NpPaBWIbHOTrO pimieHHs. OnHi€0 3 (QYHKIIH KOHCTPYKTHBICTCHKOI
IUJAKTUKA € OpIEHTallld Ha OCOOUCTICTh CTYJIEHTa, MAaKCHUMAaJbHO MOKIJIMBHM
IIJIECTIPSIMOBAHUN CaMOPO3BUTOK HOT0 OCOOMCTOCTI Ta 1HAMBIAYaJbHOCTI, IMiJ 4Yac
HOro akTMBHOI B3a€EMO/IIT 3 HABKOJIMUIIIHIM cepenoBuleM [4].

OCKUTbKM TpOLIECH PO3B’sI3yBaHHA 3aBJlaHb IIOB’SI3aHI 3 CaMOPO3BUTKOM
CTYJIEHTa Ta CBI1IYaTh MPO MOro BHYTPILUIHIO AKTUBHICTb, 31aTHICTh 10 CAMOPO3BUTKY
Ta YCKJIaJIHEHHS BJACHOi CTPYKTYpH, TO OCMHCIIEHHS caMoopraHizaiii CTyJIeHTa
nependayae HOBUM NUIAX (GOpMYBaHHS HOro 3HaHb, YMiHb 1 HaBUYOK. Lle o3Hauae,
10 3HAHHS CTYJEHT HaOyBa€ B MPOILIEC] BIACHOI MPAKTUYHOI AISUIBHOCTI Ta Popmye
M1]] BILIMBOM PI3HOMaHITHHUX JIKEpeJl: BUKJIaJa4ya, OTOYEHHS OJIHOTPYIHHUKIB, MEPExi
[HTepHeT, pi3HUX BUAIB KOMYHIKAIl TOLIO [5].

Jlo uporo ciil AOAYYUTH (YHKIIIO HACHUYEHHS OCBITHBOTO MPOCTOPY
u(pPOBOi TEXHOJOTIi HOCIIMU 3HAHb — PI3SHOMAHITHOIO JITEpaTyporo (HE JHIe
HABYAJIbHOIO), TEJIEKOMYHIKalIMHUMHU Mepexkamu ([HTepHeT, JOoKajbHI €JIeKTPOHHI
pecypcH),  HAOYHO-TIPAKTUYHOIO  JISUIbHICTIO  (poboTor 3 y1abopaTOpHUM
YCTaTKyBaHHSAM, 3 apTedakTaMu peajbHOI MPOAYKTUBHOI JISJIBHOCTI) TOIIO.
Hacuuene ocBITHE cepelloBUILE HAJAE 3MOTY KOXKHOMY CTYJIEHTOBI HaOyTH JOCBITY
TISUTBHOCTI, HEOOXITHOTO MJii PO3BUTKY OCOOHMCTICHOI CHCTEMH KOHCTPYKTIB, Ta
BUOYIyBaTH BJIACHY OCBITHIO TpAaeKTOpitO [3, 4].

OAHUM 3 BaXJIUBUX €JIEMEHTIB KOHCTPYKTHUBICTCHKOTO MIJXOAY € HABYAHHS Y
criBrpaii. OCHOBOIO 11i€i PYHKIIIT € TE. IO caMe Y paMKax CIIBPOOITHUIITBA CTYJEHT
Mae 3MOTYy HaBUUTHUCA 3100yBaTH 3HAHHSA, peali30ByBaTH IX Ha MPAKTHUIII.
OCHOBHMUMHU METOJaMU HaBUaHHA: TPYNOBUH (B3a€MOis MK yYaCHUKaMH IMpPOLECY
HAaBYaHHS peali3yeThCs Yepe3 CHIBIOPAIl0 Yy MaluX TIpymnax); KOJIEKTUBHUM

(OaraToCTOpOHHSI B3a€MOJisl  YCIX CTYJIEHTIB); KOJIGKTUBHO-TPYNOBHUM  (KOJIH
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pe3yibTaTH BUKOHAHHS 3aBJaHb OKPEMUX TIPYIN MOEIHYIOTHCA 3 MPalel0 BChOTO
KOJIEKTHURY) [1, 6].

Takum 4YuHOM, BH3HA4Y€HO (YHKIII KOMIIOHEHT KOHCTPYKTHBICTCHKOTO
niaXxony UHU(POBOI TEXHOJIOTT HaBYAHHS MaTEMaTUKU CTyAEHTIB TexHiyHux 3BO.
Buznaueno 06a3uc ¢yHKIIH TexHONOTrT OBOJIOAIHHS (PaXOBUMHU KOMIIOHEHTAMHU
MIATOTOBKYA MalOyTHIX 1HXXEHEPIB 3 KOHCTPYKTUBHUM, JOCIITHUIIBKUM IT1IXOJ0M JI0
BUKOHAaHHS MpOQECcCiiHUX 3aBlaHb, 3JaTHUX CaMOCTIMHO pO3po0OJIATH TEXHIYHI

IIPOCKTH, BI/IpiH_IYBaTI/I 3aBJIaHHA 3 BUCOKHM CTYIICHCM HEBH3HAYEHOCTI U PU3HUKY.
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FUNCTIONAL APPROACH TO THE FUNDAMENTALIZATION OF
MATHEMATICAL TRAINING OF STUDENTS OF TECHNICAL
SPECIALTIES

Abstract. The paper deals with the transformation of the space of professional mathematical
information into the fundamentalized mathematical training of students of technical specialties
through the implementation of the concept of fundamentalization.

Keywords: mathematical training, technical specialties, fundamentalization of mathematical
training.

Let us denote by V the space of professional mathematical information of
students of technical specialties, within which the educational process, including
mathematical training, is carried out. The information objects of this space, which are
mastered by students, are denoted by the symbols a, b, c, etc. Standard mathematical
training, implemented on the basis of the classical teaching methodology, is
characterized by the corresponding functionality. The corresponding function g
converts the information objects of space V into elements of mathematical knowledge
that form the basis of standard mathematical training of students in technical
specialties. This transformation can be represented in the form:

g(V) > m (1)
where g — 1s a function corresponding to the classical (standard) process of
mathematical training

V —is the space of professional mathematical information,

m - standard mathematical training.
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Let 4,0.¢'- elements of mathematical knowledge of higher mathematics

(fundamental concepts, facts, principles, rules and skills that form the basis of

science). Thanks to the function g, information objects @0 ¢ are transformed into -
elements of knowledge of higher mathematics (elements of mathematical
knowledge), that is:

g(a)—>a’
gb) > b’
ge)—>¢ 2)

Let us demonstrate this graphically (Fig. 1)

¥V

—~_ g

| @_\_ —E;_ m

| T—¥o
Al i —®

N | g
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Figure 1. Transformation of the space of professional mathematical information

into the plane of standard mathematical training of students of technical

A I

technical specialties is based on the idea of separating fundamental mathematical
knowledge and skills for professional orientation; changing the content of
mathematical disciplines due to strict selection of material, determining the invariants
of the mathematical apparatus, which provides the potential for professional
adaptability and the implementation of their own educational trajectory. The process
of fundamentalization involves the purposeful selection and structuring of the content
of mathematical education, which ensures the acquisition of fundamental knowledge,
the formation of systemic thinking, the development of abilities to generalize,
abstract, model and construct necessary for effective work.

The idea of fundamentalized learning, fundamentalized knowledge, and

fundamentalized professional training is found in the study of I. Bardus [p. 120, p.
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p.172, p.180]. By fundamentalized learning, the researcher means learning in the
context of the methodological system of contextual fundamentalization developed by
her. The term “fundamentalized knowledge” will be defined as those formed as a
result of the implementation of a pedagogical system for the fundamentalization of
mathematical training of students of technical specialties.

The functional of fundamentalization of mathematical training is denoted by f. The
transformation of the space of mathematical professional information into the

fundamentalized mathematical training of students of technical specialties is

described by the formula: f(V)—>Fm (3)
Where f— fundamentalization of mathematical training of students of technical
specialties,

V' — the space of professional mathematical information,

Fm — fundamentalized mathematical training.

The process of fundamentalization of mathematical training ensures the
transformation of the space of professional mathematical information V' into
fundamentalized mathematical training Fm. Under the fundamentalized mathematical
training we understand such a system of mathematical knowledge and skills, which is
formed as a result of the implementation of the pedagogical system of
fundamentalization and 1is characterized by systematic, generalized and stable
knowledge, oriented to professional application.

Let's depict schematically the mapping of the space of professional mathematical

information into the basic mathematical training (Fig. 2)

V

Figure 2. Transformation of the space of mathematical professional information into

fundamentalized mathematical training of students of technical specialties
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Fundamentalized mathematical training can be represented as a three-
dimensional model - a cube built on three coordinate axes: «mathematical
knowledge», «mathematical skillsy and «professionally oriented mathematical
knowledge and skillsy. Each point of this three-dimensional model, which
schematically reflects the structure of fundamentalized mathematical training, is
determined by three coordinates corresponding to the level of mathematical
knowledge, mathematical skills and professionally oriented mathematical
competencies.

Conclusions. The leading function of the fundamentalization of mathematical
training of students of technical specialties is the transformation of information
objects of the space of professional mathematical information into elements of

mathematical knowledge with a professional orientation.
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THE TASK APPROACH IS ONE OF THE CONCEPTUAL APPROACHES
TO FUNDAMENTALIZING THE MATHEMATICAL TRAINING OF
STUDENTS OF TECHNICAL SPECIALTIES

Abstract. The article deals with the task-based approach as one of the leading mechanisms
for implementing the fundamentalization of mathematical training of students of technical
specialties. An example of realization of the task approach in the process of mathematical training
of students of technical specialties is given.

Keywords. Fundamentalization, mathematical training, students of technical specialties,
task-based approach

OpHuM 13 KJIIOYOBHMX MIAXOAIB A0 peaiizaiii KoHuenuii (QyHaaMeHTami3amii
MaTeMaTUYHOI MIJTOTOBKU CTYJICHTIB TEXHIUYHUX CICIIATBHOCTEH € 3aJa4Hul MiIX1]T.
3agauHuil miAXig Tnepeadadae opraHizallilo HaBYaJbHOT'O TMPOIECY Ha OCHOBI
IIJIECTIPSIMOBAHOTO  1000pY, CTPYKTYPYBaHHS Ta  PO3B'SA3aHHS  CIEIIaJIbHO
chopMyJIbOBAaHUX MaTEMAaTUYHUX 3aBJaHb (MPUKIATHOTO CHOPSIMYBaHHS) IO
CIIPUSIOTh BUOKPEMJICHHIO Ta 3aCBOEHHIO (pyHJIaMEHTaJbHUX MATEMaTUYHUX 3HAHb,
yMiHb Ta NpodeciiiHo cnpAMOBaHUX KoMIeTeHTHocTel. Llei miaxin cipsiMoBaHU He
JIUIIIE Ha 3aCBOEHHS 3HAHb, YMiHb 1 HABUYOK, ajieé 1 Ha PO3BUTOK Y CTYJICHTIB YMIHHS
aHaJi3yBaTH YMOBH 3aj/iad, IIyKaTH CIOCOOU iXHBOTO PO3B'SI3aHHS, y3arajlbHIOBATH
OTpUMaH1 pe3yJbTaTH Ta 3aCTOCOBYBaTHM HaOyTI 3HAaHHA B HOBHX, 30Kpema
npodeciiiHo  opieHTOBaHMX,  cuUTyamisax. Imei  3agaudHoro  miaxomy Yy
dbyHaaMeHTai3alii MaTeMaTUHYHOI MiITOTOBKHU CIUPAIOTHCA Ha JOCIHIIKEHHS TaKHX
HayKoBIIiB, K [. Bapnyc [1], A.A. Konomiens [2], C.O. CucoeBa [3], sKi aKIIEHTYIOTh
yBary Ha iHTerpauii (pyHIaMeHTaIbHUX MaTeMaTHYHUX 3HaHb 13 MpodeciiHUMU
KOMIIETEHTHOCTSIMU ~ CTYJIEHTIB TEeXHIYHOro mnpodimo. OcoOJMBICTh 3a1a4HOTO

Hi)IXOIIy nojpirac 'y BI/IKOPI/ICTaHHi 3aBIaHb JI1I PO3BUTKY BI[aTHOCTi CTyI[CHTiB H0
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y3araJlbHCHHs, a0CTparyBaHHs, MOJICITIOBaHHSA Ta MPOQECiiHOro 3acToCyBaHHS
MaTeMaTHYHUX 3HaHb. JI0 OCHOBHMX (PYHKIIIOHAJBHUX XapaKTEPUCTUK 3aJaYHOTO
MIIX0MY HaJeKaTb: 000ip 3a60aHb, Kl CTUMYIIOIOTH CTYJIEHTIB 10 TJIHOOKOTO
3aCBOEHHS (YHIAMCHTAIBHUX TOHATh, CMPYKMYPYSAHHSA 3MICMY HABYAHHS Yepe3
MOCTYIIOBE  YCKJIAIHEHHS 3aBJaHb MaTEeMaTHYHOrO Marepiany, ¢opmyeanns
CUCIMEMHO20 MUCIeHHsl, To 3a0e3ledye 3acTOCYyBaHHS MaTEMaTHYHUX 3HaHb J0
PO3B'sI3aHHS MPUKIAJTHUX Ta TPO(ECIHHNX 3aBIaHb.

Enextpuune Kojo, 30BHIlIHIN omip sikoro R =0,90m, xuBisaTh Bl O6aTapei 3
k =144 opHakoBUX [pKepell, KOkHE 3 skux Mae EPC g, =2B 1 BHyTpIlIHINA oOmip
7y =0,40Mm. batapes BKIOYae n Ipyl 3 €IHAHUX MAapalielIbHO, 1 B KOXKHIA 3 HUX

MICTATBCS M MOCJII0BHO 3’ €HAHUX aKyMyJsTOpiB. [lpu axux 3HaueHHSIX m 11 Oyne

OTpUMaHa B 30BHIIIHbOMY onopi R MakcumanbHa cuia crpymy?

lamno: Po3B’s13aHHs:
k=144 R=0,90m ¢,=2B
m
7y =0,40m —|Il|" ——————————— [ 5
&
n 2pyn B 9 makymy/mmopie B 9 ] max ? il | l’_ __________ 1

ITin wac mocniIOBHOTO 3’€IHAHHA aKyMyJATOpiB 3aranpHa EPC & =meg,, &, —

eJICKTPOPYIIIHA CHJIa OJIHOTO JiKepena, m — KUIBKICTh IOCHIOBHO 3’€JIHAHHUX
aKyMyJIATOPIB.
BHyTpimHiA oOmip MHOCTIZOBHO 3’€JHAHUX m — eIeMeHTiB ' =mr,. B

pe3yNbTaTi NapajeiabHOro 3’€IHaHHS 7 TaKUX JIUISHOK, 3arajJbHUN BHYTPILIHIA OMIp
4

L _mn

n o n

BukopucroByroun 3akoH Oma 1151 TOBHOTO KOJa:
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I € _ MEy _ Mg, _  NME, (1)
>
oene RET R+ nR + mr,
n

o : k
BpaxyBaBmu k =mn — 3araibHa KiUIbKICTh aKyMYJISITOPIB, m =—.

n
Toni (1) maTuMe BUTIIS:

— kgO
1=—5 )

nR+—r,
n

Orxe, cuna ctpyMy € (yHKii€eo Big n (KUIbKICTh Tpyn) [ = f (n), neN.
HocnimpkyeMo Haury (yHKIIO Ha ekctpeMyMmu (6epemo noxigHy QyHkuii (2) mo n i

MPUPIBHIOEMO J10 HYJIS).

!

”R+;”o (nR+kr°j " (nR+kr°j "
n n
ke,

nkR+—

I3 pirocTi I’ = 0 3Hax0qMMO:
( n

kr, jz ( n’

abo: %-(R—ﬁjzo.
n

(an + kr,, ?

. ) kr,
3Binku n- =0, abo: | R—— [=0;
n
2 . ‘o .
n=0, abo n"R—kry =0, ockinbku ne€N, To n=0 cTOpOHHI! KOPiHb (HEMAE

(G13UYHOTO 3MICTY).

. .2 2 .
I3 piBHOCTI "R — k1, =0 3HaxXOgMMO: n”° = , TOMI:

R
kr;, .\ : : .
n, =—,|—- CTOPOHHI! KOPiHb (7 > 0)HeMae PI3UUHOTO 3MICTY.
R

kry

n, =4/~ KpHUTHU4YHAa TOYKa.
R
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R . kry | . / k
3naxoaumo 3Hak (yHKIii /' Ha TPOMIKKY | 1; ?‘) 1 %;+oo . Jlerko

. kr, : , . kr,
TII0Ka3aTH, 110 Ha NPOMIKKY | 1; — | moxizna I'>0, a Ha IPOMIXKKY ot

noximaa I’ <0.

. : [kr; .
OTxe B KpUTUYHIN TOYL 7, = ?‘) bynkuig f (n) Ma€ MAKCUMYM.

kr, : :
MakcuManbHa cwia CcTpyMy Oyae Tpu m=n= = [TlincTaBumo Haiii
3HAYCHHs, OTPUMYEMO:

Mz&mni m=5=—=18.
0,9 n 8

MaxkcumanpHa CHIa CTPyMY:

I, = 1441'43 =204.
8:0,0+° =04

Bignosige: n=8,m=18 , 1 =204

Bukonyroun 11¢ Ta mTOAIOHI 3aBJaHHSA, CTYJEHTH HaOyBalOThb BMiHb
aHaJi3yBaTH, CHCTeMaTu3yBaTu 1HdoOpMaIliio, sSka € HEoOXITHOW I KOro
pPO3B’sI3aHHS, nigoupaTd I PO3B’s3aHHSA KOHKPETHOI 3ajadi  HEOoOXiHI
MaTeMaTU4H1 3HaHHS, POOUTH BUCHOBKH Ha OCHOBI OJICP’KaHHUX PE3YJIbTAaTIB.

BucnoBku. BukopucTtanus 3aga4Horo miaxoay y mporeci pyHmamenTamizamii
MaTeMaTUYHOI MIJATOTOBKHM CIPHSE: MIIBUIICHHS SKOCTI 3aCBOEHHS MaTeMaTUYHUX
3HaHb; PO3BUTKY JOCTITHUIBKUX YMiHb Ta aHAJITUYHOTO MUCJEHHS; ()OPMYBaHHIO
TOTOBHOCTI CTYJICHTIB 3aCTOCOBYBAaTH MAaTE€MaTUYHUN amapar y HOBUX MpodeciiiHux
CUTYallisIX.
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ANALYTICAL GEOMETRY AS A MEANS OF FORMING
PROFESSIONAL-PEDAGOGICAL COMPETENCES OF FUTURE
MATHEMATICS TEACHERS

Abstract. We consider the problem of training future mathematics teachers in terms of the
formation of their professional and pedagogical skills during the study of the educational
component "Analytical Geometry" at the university. Attention is paid to the professional and
pedagogical orientation of the content of the subject, the pedagogy of teaching and the pedagogy of
learning.

Key words and phrases: future mathematics teacher, professional and pedagogical
competencies, analytical geometry, pedagogy.

HoBa ykpaiHcbka 1IKoyia BiuyBae MNOTPeOy Yy KOMIIETCHTHHX BYHUTEIAX
MaTeMaTUKd, 3 TIPYHTOBHUMH npodeciiHuMU  3HAHHSIMU Ta  YMIHHAMH
BUKOPUCTOBYBATH iX y IpodeciitHiil AisIbHOCTI.

Merta nenaroriuHoi ocBiTH moiifArae y (opMyBaHHI 00pa3y M OCATHEHHI CYTI
npodecii BuMTeNs SK TPHUEIHOCTI JAYXOBHOTO, COLIaIbHOTO, MpodeciitHoro.
BianoBigHo BU3HAYaAIOTHCS B3a€MONOB'A3aHi 3aBaaHHsa. Cepel HHUX: CHPUITH
npodecifHOMY CTaHOBJICHHIO, CaMOBJOCKOHAJICHHIO II€JIaroTiB; CTUMYJIIOBAaTH
1HHOBAIIIHY AISIbHICTh, IEJJarOT1YHY TBOPYICTD, 110 Ja€ MOXJIUBICTH JOCSITTH PIBHS
MearoriyHoi MacTepHocTi [5, c. 255].

CyTtTeBe miiBUILIEHHS €(EeKTUBHOCTI (OPMYBaHHS Y MaOYTHIX BUUTENIB
MaTeMaTuKu MpodeciiiHo-MearoriyHuX yMiHb MOXK€ OYyTH JOCATHYTO BHACIHIJIOK
peamizaifii MOXXJIMBOCTEH OCBITHHOIO KOMIIOHEHTa «AHAJITUYHA TEOMETPIs», IO
HaJICKUTh J0 IUKIY mpodeciiiHoi miAroToBKM OakanaBpiB —cremianbHocTi 014
Cepenns ocsita (MatemaTtnka) y BoiarHChbKkOMY HalllOHAIbHOMY YHIBEPCHUTETI 1IMEHI
Jleci ykpainku. Maemo Ha yBasi:

- npodeciiiHo-nearoriyHy  CHOpsIMOBAHICTh ~ 3MICTY  HaBYAJIBHOI'O
peaMeTy;

- nearori3allilo BUKJIa aHHs;

- nearori3ami y4iHHs.
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[IpodeciitHo-nienaroriua CIIPSIMOBAHICTh OCBITHBOT'O KOMIIOHEHTA
peaizyeTbesl 3a paXyHOK BUJIUICHHS Yy 3MICTI JUCIUIUIIHKA MaTepiaty, 1110 BiAMOBIIA€E
mporpami 3 TeoMeTpii A 3aKjiajiiB 3arajbHOi CepelHbOoi OCBITU. Tak, BUBUEHHS
€JIEMEHTIB BEKTOPHOI aireOpu, Ha OCHOBI YOI0 IPYHTYETbCS BHKJIAJ] aHaJITUYHOI
reoMeTpii, TICHO MOB'I3aHMI 3 OKPEeMHMH NHUTAaHHS HIKIJIBHOTO KypCy TeOMEeTpii.
30KkpeMa, BUKIAJad 3ayBaxye , skl nuTaHHd Tema «KoopauHaTu Ta BEKTOpH Y
MPOCTOPI» BKIIIOYAE JO0 PO3IJISAY Yy MIAPYYHUKY [3] 1 AJig MOPIBHSHHS MUTAHHS Y
po3aim 4 «KoopauHatu, BEKTOpPH, TE€OMETPUYHI NEPETBOPEHHS Y MPOCTOPI»
nocioHuka [5]. 3aiiiCHIOIOYM TOPIBHSJIBHUN aHami3 pO3MISyBaHUX IHUTaHb,
BHU3HAYAEMO aHAJIOTIi Ta CYTTEBI BIAMIHHOCTI; HaMaraeMocsi 3pO3yMITH 1 MOSICHUTH
0COOJIUBOCTI KOXHOrO 3 TMIJXOAIB [0 BHUBYEHHS JaHoi TemH. IIpomoHyeTbes
3100yBayaM OCBITH OIPAIlOBAaTH L0 TEMYy Yy MIAPYYHHUKY [2] 3 METOH aHami3y
0CO0JIMBOCTEN BHKIJIAly MaTepialy Horo aBTopamu.

[lenarorizariis BUKJIQJaHHS 311MCHIOETHCS IJITXOM BCTAHOBJICHHS BUKJIAJaueM
3B’SI3KIB MK crlocoOamu mnepeniadi IeBHOro MaTepially B YHIBEPCUTETI Ta METOJaMU
HOro HaBYaHHS Yy 3aKjaJax CepeJHbOI OCBITH, a TaKOX aKIEHTYBaHHS YyBaru
3100yBayiB OCBITH Ha OKPEMUX aCHEeKTax AISUIbHOCTI BUUTENS MATEMATUKH.

[lenarorizaiiss y4iHHS TPYHTYEThCS Ha TOMY, IO Yy HpoLECl HaBYaHHS
OCBITHBOTO KOMITOHEHTa 3/100yBaul OCBITH BUKOHYIOTH MEBHI (QYHKIIT NeAaroriaHoi
TISJIBHOCTI BUWTENs MAaTeMaTUKU 1 MOJICTIOIOTh OKpeMi acleKTH Horo mii.
3po3ymino, mo GopmMyBaHHs TpodeciHHO-TIearoTIYHUX YMIHb Y MPOIECI BUBYEHHSI
CHeliadbHUX  OCBITHIX KOMIIOHEHT BiJIOyBa€TbCA TUIBKH Yy [ISJIBHOCTI, TOMY
BUKJIa1aueBl HEOOXITHO:

- 3OIACHUTH aHaNI3 OISJIBHOCTI BUYMTEIS MAaTEMaTUKW, BU3HAYUTH i
CTPYKTYpY 1 3MICT, ClIOCOOU 3JIIMCHEHHS 1 HA 11 OCHOBI JNMJAKTUYHI OJUHMII, IO
[1UISITal0Th 3aCBOEHHIO MaOyTHIMU BUUTEISIMU MAaTEMATUKU;

- BU3HAYUTHU CTPYKTYPY 1 3MICT OCOOMCTOI MISUIBHOCTI MO KEPIBHULITBY
3aCBOEHHAM CTYAEHTaMU CIIOCO0Y JisNIbHOCTI BUMTES;

- pO3pOOUTH cHUCTEMY 3aBlaHb, C(HOPMYJIOBATH HaBYaJbHI 3ajJadi, y

MpoIIeCl BUKOHAHHS SIKUX CTYACHT 3aCBOIOBATUME 3MICT 1 CIIOCOOU 1T BUNUTEIIS.
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Jlist mpuKkiany, MOKHa PO3TJSSHYTH METOJI KOOpAMHAT Ta MOT0 3aCTOCYBAaHHS
70 pO3B’sI3yBaHHA 3a/Jad SK IUIAHIMETpii, Tak 1 cTepeomeTpii. MailOyTHi BuMTeni
MaTeMaTUKH OTPUMYIOTh 3aBJIaHHS BiJ BUKJIaJaya: 3A1MCHUTH MOPIBHAJIBHUN aHai3
3MICTY BIANOBIIHOIO MaTepially y HaBYaJlbHUX MIAPYYHUKAX 3 TEOMETpIi
npodiILHOrO piBHA pi3HUX aBTOPiB [2], [3], [4], mpoaHaizyBaTH CUCTEMY BIpaB Ta
3a/1ay 70 Li€i TeMHU y KOXKHOMY 13 MIAPYYHUKIB; MPOJAYMATH METOAMKY PO3B’SA3aHHS
OUX 3a]a4d pPI3HUX THIMIB; 3alIpONOHYBaTH CBOi METOAWYHI PEKOMEHJalll MI0J0
BBEJICHHS TMOHATTS METOAY KOOpIMHAT Ta MIAXOMIB JI0 PO3B’s3aHHS 3a7ad Ha oro
3aCTOCYBaHHS Y Kypcl reoMeTpii 3aKiajiiB 3arajibHOi CEpe/IHbOT OCBITH, BPaXOBYIOUU
BHUBYEHHS BIJIMOBITHUX MUTaHb OCBITHHOTO KOMIIOHEHTA « AHAJIITUYHA TE€OMETPIs» B
YHIBEPCUTETI.

BaxnuBicte meparorizaunii npogeciiiHOi OCBITM HAyKOBIl MOSICHIOIOTH
YHIBEPCAJIbHICTIO MEJAroriyHuX 3HaHb Ta BMIHb 1 iX IIMPOKHUM 3aCTOCYBAHHSIM B
ocobucTicHO-TIpodeciiiHiil aiaIbpHOCTI Y cdepl Oynb-sakoi nmpodecii. [1, c. 2].

[lemarorizaiis HaBYaHHA 0O 0a30BHX OCBITHIX KOCHOEHTaX BeEIE 0
MIJBULIEHHS! HAYKOBO-TEOPETUYHOTO 1 METOAMYHOIO pIBHS MIJTOTOBKM MalOyTHIX
YUUTEIIB MaTeMaTUKH, cipusie GOPMYBAHHIO iX CTIMKOTO 1HTEpecy 0 LUX 3HAHb 1
Kypcy TeoMeTpii y 3akjiagax 3arajibHOi CEpelHbOi OCBITH; Ja€ 3700yBayaM OCBITH
NpaBWIbHY OpIEHTALI0O y MaWOYTHIM MpPaKTHUYHIA  ISJIBHOCTI;  MIJBHILYE
e(EeKTUBHICTh 3aHATh y (opmyBaHHI mnpodeciiiHO-IeAaroriyHuxX yMiHb 1 SIKOCTEH

0COOUCTOCTI MAMOYTHHOTO BUUTEIST MATEMATUKH.
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CREATING TASKS OF PATRIOTIC CONTENT AS AN ELEMENT OF
FUTURE TEACHERS PROFESSIONAL TRAINING

Abstract. The article considers one of the important problems of preparing teachers for the
activities of nationalpatriotic education of students in the educational process of general secondary
education. The issue of constructing problems with patriotic content by future mathematics teachers
is considered.

Key words and phrases: future teachers, problems with patriotic content, construction.

Y Ham yac o0co0JMBOi aKTyalbHOCTI HaOyBae€ MaTpPIOTUYHE BUXOBAHHS
HIKOJISIPIB, 10 0a3yeThcsl Ha HAI[IOHANBHIA TOPJOCTI, MPUKIIaAax repoizMmy Ta Bipl y
nepeMory, (GopMye y HIKOJISPIB MCUXOJOTIUYHY CTIWKICTh, ONTHUMI3M Ta 3/IaTHICTh
MPOTUCTOSTU TpPyAHOUIAM. ['OJIOBHMM HampsMKOM y TaTPIOTUYHOMY BUXOBaHHI €
dhopMyBaHHS IIHHICHOTO CTaBJICHHS OCOOM J0 CBO€i KpaiHW, Hapoay Ta Haii. Y
bOMY KOHTEKCTI 0cOOJMBOi Baru HaOyBae mpodeciiiHa MiAroToBka MaiOyTHIX
BUMTEJIB MaTeMaTUKH, SKI TIOBUHHI OyTH KOMIIETEHTHUMH Yy pPO3poOIl Ta
3aCTOCYBaHHI HaBYAIbHUX MAaTepiajiB MaTpiOTUYHOrO 3MicTy [1].

[ligroroBka MaOyTHIX YYUTENIB JI0 HallIOHAJIHHO-MATPIOTUYHOIO BUXOBAHHS
mkossipiB B ymoBax HYIII noennye nepeBipeHi 4acoM METOAM, 110 CIUPAIOThCA Ha
HalllOHAJIbHY KYJbTYpPHY CHAJAIIMHY Ta JyXOBHI I[IHHOCTI, 3 I1HHOBalIWHUMHU
MiX0JaMu, siKi OpMYIOTh TPOMAISTHCBKY CBIIOMICTh YUHIB Ha MPUKIIAJAX Cy4acHOi
repoiyHoi 0opoTbOu Ykpainu [2]. ¥ mbOMY KOHTEKCTi Ba)XJIMBE 3HAYEHHS Mae
nejaroriyHa  MancCTEpHICTh MalOyTHHOTO BYHUTENS MaTEMaTUKH, 30KpeMa MOro
3aTHICTh CaMOCTIHO KOHCTPYIOBaTM MaTeMaTW4HI 3ajadi, SKI OpraHiyHO
MOEIHYIOTh MaTEMAaTUYH1 KOHLEMIIIT 3 TaTPIOTUYHOIO TEMATUKOIO.

3amaul 3100yBaul MOBUHHI KOHCTPYIOBaTH TaKUM YHMHOM, 100 Y4YHI MOTJIHU

34CTOCOBYBATHU MaTeMaTH4YHI 3HAHHS Ta BMIHHS JJIA aHaJIiBy pCaJIbHUX CHTyaHiﬁ,
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MOB'I3aHUX 3 XKUTTSAM KpaiHu, ii po3BUTKOM Ta npobiemamu. Hanpukinaz, 1ie MOXyThb
OyTu 3amayl Ha pO3PAXyHOK BUTPAT HaA BIJHOBICHHS 1HPPACTPYKTYpHU; aHaji3
nemorpadiyHuX TeHJEHLIN; 3a/1a4l, 0 CIOHYKATUMYTh IIKOJSAPIB 0 PO3AYMIB MPO
BOYKJIMBICTh BOJIOHTEPCTBA Ta B3a€EMOJIOMIOMOT'H TOLIO.

[Ipy KOHCTpyIOBaHHI 3ajady JOIUIBHO BUKOPUCTOBYBATH CIOKETH, IO
UTIOCTPYIOTh TO3UTHUBHI MPUKIAAA NATPIOTU3MY Ta TPOMAASHCHKOI aKTUBHOCTI,
CHOPUSIIOTh PO3BUTKY €MIaTii Ta CHIBIEPEKUBAHHS [0 NpoOJIeM CBO€i KpaiHu;
CTATUCTUYHI AaHi, rpadiku, aiarpamu, IO BiIOOpakarOTh COIlaIbHO-€KOHOMIYHI
npolecu B YKpaiHi; CTBOPIOBATH MPOEKTHI 3aj]adi, 1[0 BUMaraiTb 300py Ta aHalli3y
iH(OopMallii mpo CBiM perioH, MiCTO YU CEJIO; BAKOPUCTOBYBATH ICTOPHYHI JOBIJIKH Ta
(dakTH sIK KOHTEHT JUIsi MaTeMaTUYHOI 3a/1aul; BUKOPUCTOBYBAaTU reorpadiyHi KapTu
JUTSL pO3B'sI3aHHS 3a/1a4 Ha BIJCTaHb, TUIOMLY.

Ham nocBif cBiIUUTh, 110 HaBYAHHSA MAHOYTHIX YYUTENIB KOHCTPYIOBAHHIO
NaTPIOTUYHUX 33724 MA€ BKIIOYATH:

O3HAMOMJICHHS 3 TCOPCTUIHHUMU 3aCalaMU HaniOTI/I‘{HOFO BHUXOBAHHS Ta MOro

1HTerpalli B Mpoliec HaBYaHHs MaTEMaTUKH;
e aHaJI3 HASIBHUX MPUKJIAJIB MaTPIOTUYHUX MAaTEMaTUYHUX 3a/a4;
o OOTOBOpEHHS METOJWYHUX MIAXOAIB 1 HPHUHIMUIIB CTBOPEHHS €(EKTUBHUX
NaTpiOTUYHUX 3a7aY;
¢ TMPaAKTUYHI BIIPABU 3 KOHCTPYIOBaHHS 3a]a4 Pi3HUX THUIIIB 1 PIBHIB CKJIAHOCTI;
e TPE3EHTAllll0 BJIACHUX METOJUYHUX PO3POOOK 3700yBauaMu OCBITH;
o pediekcio JOCBITY 3100yBaviB OCBITH.
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THE ROLE OF THREE-DIMENSIONAL MODELING IN THE
DEVELOPMENT OF CRITICAL AND SPATIAL THINKING OF STUDENTS

Abstract. The article is devoted to the study of how three-dimensional modeling affects not
only the level of technical skills of students, but also the development of their critical thinking,
spatial imagination, interdisciplinary connections, STEM education.

Key words and phrases: three-dimensional modeling, critical and spatial thinking, student,
interdisciplinary connections, STEM education, project activity.

CyuacHa IIKiTbHA OCBITa CTOITh IEpe]] BUKIMKOM SK 3pOOWMTH HAaBYAHHS HE
JUIIE KOPUCHUM, a W TMO-CIPaBXKHbOMY 3aXOIUIMBUM [l y4dHiB. OcoOJMBO 11€
CTOCYETBhCS 1HPOPMATHKH — TIPEAMETY, IO CTPIMKO 3MIHIOETBCS pa3oMm 13
TexHoJorisMu. | caMe  TpUBMMIpHE  MOJEIIOBaHHS  3JaTHE  ‘3alajuTH
CTapIIOKIACHUKIB, MPOOYAUTH B HHUX I[IKABICTh, JOMOMOTTH 3PO3YMITH CKJIAJIHE
gyepes Bizyarizalliio.

Y XXI cromitti HaBuanHs y 33CO Bxke HE MOXKE OOMEXKYBATHCH JIUIIE
nepenaueto 3HaHb — TOJOBHOIO METOI0 cTae (OpPMyBaHHS KOMIIETEHTHOCTEH, sKi
JI03BOJITIOTh YYHSIM €()EKTUBHO OpPIEHTYBAaTHUCS Yy MIBHIKO3MIHHOMY cCBiTi. Cepen

TaKUX KOMIETEHTHOCTEHcaMe IMpOCTOPOBEC Ta KPUTUYHC MHCIICHHA € OCHOBOIO JJIA
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PO3YMIHHSl CKJIAJHUX CHUCTEM, aHali3y 1H(opMmalli, yXBaJe€HHs pPIlIEHb, a TAKOX
CTBOPEHHSI HOBUX NPOAYKTIB y HU(POBOMY CEPETOBHUILII.

Ha nymxy N. Newcombe, mpocTopoBe MHUCIICHHSI OXOILUIIOE HE JIUIIE 3JJaTHICTh
YSBJISATH O0’€KTH y TPUBHMIPHOMY MPOCTOpI, ajle ¥ yMIHHS TpaHCOpMyBatu iX,
OLIIHIOBATH BIAHOCHI MO3MIIIi, MIpKYBaTH PO B3a€MO3B’SI3KK MIXK (popmMamu, a TaKoxK
MPOrHO3YBaTH 3MIHM B pe3yibTari pyxy abo maninyssmiii [4]. Came 1ii HaBHYKH
BBAXKAIOTHCS KPUTHMYHO BAXKIMBUMH Il MailOyTHix ¢axiBuiB y ranyssx STEM
(HayKa, TEXHOJIOTIi, 1HXEHEPisl, MATEeMAaTHKa), apXITEeKTypu, MEAUIIMHH, rpadiku Ta
ITPOMUCIIOBOTO IN3ANHY.

OcrtaHHl  JCCATUJITTA TEXHOJIOTIT HaJalM BYUTEISIM HOBI TMOTYXHI
IHCTPYMEHTH, 37aTHI aKTHBI3YBaTH Mi3HABaJbHI IMPOILIECH Y4HIB. 3a pe3yJibTaTaMu
nociipkeHHs ykpaincbkoi HaykoBuii H. C. Jlem’ssHeHKO, TpUBHMipHE MOJICITIOBaHHS
CTUMYJIFOE YYHIB /IO OCMHCIEHHS TPOCTOPOBHX BJIACTHBOCTEH OO0 €KTIB, iXHIX
IPOIOPITiA, MacmTabiB 1 B3aemMoail y BipTyanbHOMY cepenoBumi. Lleit mporiec
aKTHBI3y€ MUCJICHHEBI Omepallii CUHTE3y, aHali3y, y3araJlbHeHHS Ta MEHTAJIbHOIO
obepraHHs — 0a30BMX MeXaHi3MiB mpoctopoBoro wmwucieHus [3]. Hampuknanm, y
HaB4YasibHOMY cepenoBunll Tinkercad y4deHbp MoOXe CTBOPUTH MOJIETh MOJIEKYJIHU
BOJHIO a00 COHSYHOrO KoyiekTopa. lle BuMarae po3ymiHHS TPUHLHMIIB OYyIOBH,
cuMeTpii, GI3UIHUX B3aEMOJIN. AJie TOJOBHE, Mij] Yac MOJICIIIOBAaHHS YUYCHb BUKOHYE
JIECATKH MEHTAJIbHUX IEPETBOPEHB, MIEPEBIPS€ CBOI TITOTE3H, PO3B A3y€E MPOOIEMH Ta
BJIOCKOHAJIIOE MPOAYKT [5]. AHAJIOTIYHI MOXJIMBOCTI HaJla€ MPOTPAMHE CEPEIOBHIIIEC
Blender, mo go3Bomse Oinbll  TpOCyHYTHH  (YHKIIOHAT:  MOJEIIOBAHHSA,
TEKCTYPYBaHHS, OCBITJICHHS, aHiMarlis oo [1].

3Ha4YHOIO MEPEeBarol0 BUKOPUCTAHHS TPUBUMIPHOTO MOJEIIOBAHHS B 3aKjaaax
OCBITH € HOT0 MDKIUCIUTIIIHAPHICTD. Y MPOEKTI «BipTyalibHEe cepeTHROBIYHE MICTOY
Y4HI MOXKYTh CTBOPIOBATH apXITEKTYpHI €JIeMEHTU Oy1iBEJIb, ONMPAIOUNCH HA 3HAHHS
3 iCTOpIii, KpecaeHHs, reoMeTpii. A mig 9ac CTBOPEHHS MoJIeli (pi3UMIHOr0 MasSTHHKA —

MOETHYBATH 3aKOHM MEXaHIKM 3 MPaKTHYHOKO Bi3yasialli€lo JUHAMIKH. 3a JTaHUMHU
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A. Carter, Taki MDKIpPEIMETHI 3B’SI3KM 3HAYHO IIJIBUILYIOTH 3aJIy4E€HICTh YYHIB 1
CTIPUSIOTH JTIOBIOTPUBAIIOMY 3aCBOEHHIO 3HaHb [2]. He MeHII BaKIMBOIO € pOIb
MPOEKTHOI JiSUTBHOCTI, /e y4eHb BHCTYIAE HE K MAaCUBHUI CIOXKMBa4 3HaHb, a 5K
JOCJIITHUK, PO3POOHUK 1 KpuUTUK. I1i7] 4ac CTBOpEHHS CKJIATHUX MOJEJCH BUHUKAE
HEOOXI1JTHICTh NEPEBIPATH PILLICHHS, CIIBCTABISATH BapiaHTH, OOTPYHTOBYBATH BUOID.
Yce 1e eIeMEeHTH KPUTHYHOro MHCHeHHs. Sk 3a3magae J. Wain, came Taka
TISUTBHICTh CIIPUSIE PO3BUTKY THYUKOCTI MUCJICHHS, BMIHHA OauuTH 3B A3KA Ta
KPUTHUYHO OIliHIOBaTH 1H(opMaiito [6].Takoxk BaxIIMBOIO € poib kosiaboparrii. Yacto
MOJIEl CTBOPIOIOTHCS B TPYMax, € Y4YHI PO3MOAUISIOTH POJi — MOCIIOBAIBHUK,
TEKCTYpPHHUK, aHAJIITHK. Y TakoMy ¢opmati BiOyBaeTbcs (HOpMyBaHHS HaBUYOK
KOMaHJHOi poOOTH, apryMeHTalii Ta OOMiHYy 1esIMU. YUeHb, SIKHH Ma€ pPO3BUHEHE
KPUTUYHE MUCJICHHSI, MOXK€ BUSIBUTU HEBIAMOBITHICTh MK 1JICE€I0 1 PE3YJIbTAaTOM,
3aMpoNOHYBAaTH ONTHUMI3allilo, MiAJaTH CYMHIBY IIaOJIOHHE PIIIEHHS — 1 came I €
PYIIiEM 1HHOBAIIIM.

Y  meparoriuHii  MpaKTUIl  JOIIJIBHO  BUKOPHCTOBYBAaTH  PIBHEBY
nudepeHIiaIiio mja Jyac BIPOBAHKEHHS TPUBUMIPHOTO MOjCIOBaHHS. Hampukian,
y4HI 3 TIOYaTKOBMM piBHEM MOXYTb TmpamoBatu y Tinkercad 31 cTranmapTHUMH
IpPUMITHBAMH, TOII SK Y4YHI 3 KpaliuMu HaBudkamMu — y Blender Han ckiagHumm
crieHaMH. Y Takmi crmoci0 3a0e3rmeuyeThcsi JOCTYMHICTh IHCTPYMEHTY ISl BCIX
KaTeropiii yuHis.

JI1s1 TIOBHOIIIHHOTO BIPOBAKEHHS TPUBUMIPHOTO MOJICIIIOBAHHS B CTapIIiit
IIKOJII BAapTO JOTPUMYBATHUCh TaKWX PEKOMEHMAIIN: 3a0e3leYyuTH TEeXHIUHE
OCHAIIlEHHA Ka0iHeTiB iHhopMaTHKHU (BiA€OKapTH, ONepaTUBHA MaM’ siTh, epudepis);
OpraHizyBaTd KypCH TMIJBHINCHHS KBami(ikaiii aJis BYMTENIB WIOAO MpOrpam
Blender, Tinkercad, SketchUp Tomio; anmanTyBaTH HaBYalbHI IPOrpaMH IS
(bakyIbTaTHBIB Ta KypcCiB 32 BUOOPOM; BIPOBATUTH MOJEIb TyalbHOTO HAaBYAHHS, 1€

V4HI OEAHYIOTh PAKTUKY 3 TEOPETUYHUMH OJIOKaAMHU.
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[lincymoByrOUH, 3ayBa)kKMMO, TPUBHUMIPHE MOJIEIIOBAHHS — II€ HE MPOCTO
TEXHIYHA HABUYKA, a CHPABXKHIM [ABUTYH MUCJIEHHS. YUHI, [KI HpaliolTh 13
TPUBUMIPHUM CEpPEOBUIIEM, TOUNHAIOTH 1HAKIIIE OAUUTH TPEIMETH, B3a€EMO3B’ SI3KH,
JOTiKy — i He IMIIe Ha ypoKaxX iH()OPMATHKH. IXHE MHCJIEHHS CTa€ THYYKILIUM,

BIIEBHEHIIIUM, 3JJATHUM JI0 aHAJI3y U MEePEOCMUCIICHHS.
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APPLICATION OF FORMATIVE ASSESSMENT METHODOLOGY IN
COMPUTER SCIENCE LESSONS DURING THE FORMATION OF
PROFESSIONAL COMPETENCES OF STUDENTS

Abstract. Studying computer science is one of the most important components of a modern,
successful person. Knowledge of this subject broadens the worldview, allows you to learn about
modern technologies that contribute to self-development, perfection and competitiveness of each
person during the formation of professional competencies in education seekers.

The problem of activating the cognitive activity of students is the most relevant in education.
In search of ways to solve it, teachers need to master research and search methods, non-standard
forms of conducting classes, and the use of modern methods of formative assessment.

Key words and phrases: computer science, modern technologies, self-development,
perfection, cognitive activity, methodology, formative assessment, professional competencies,
education seekers.

OcBiTa € comiaTbHUM IPOBITHUKOM, Yepe3 SKUH MPOXOJIUTh KOXKHA JIIOJIMHA,
HaOyBalOUd TpH I[LOMY PHUCY OCOOHMCTOCTI, TPOQECIHHO  CHPSIMOBAHOTO
IpOMaJISTHUHA.

CyTHICTIO HaJlaHHS OCBITHIX MOCIYT € 030pO€HHS 3700yBavya OCBITH IEBHUM
HabopoMm mpodeciiHuX 3HaHb, YMIHb Ta HABUKIB 1 ()OPMYBaHHSA Ha Iiii OCHOBI Y
HBOTO TMPOdeciHHNX KOMIETEHTHOCTEH. | BpaxoByrouw BHINE BKa3aHI HAMPIMKU
CydacHOI OCBITH BIIEBHEHO MOXHa CKa3aTh, IO B 3700yBayiB OCBITH Mo
chopmoBani mpodeciiiHi yMiHHS Ta HaBUYKH PoOOTH. BOHM Maiike He BMIIOTh
CUCTEMHO MHCIUTH, CTaBUTU Tepel coO0OK Il Ta MPOEKTYBATH CIIOCOOHM iX
nocsirueHHs. HemoctaTHil piBeHb PO3BUTKY MI3HABAIBHOI AaKTUBHOCTI, YCBITOMJICHHS
HEOOXITHOCTI BUXOBAHHS TBOPYOi OCOOMCTOCTI MIPOCTAIOYOTO MOKOJIIHHS CIIOHYKA€E

BHUKJIaa4a 1HPOPMATUKH 10 BUKOPUCTAHHSA METOJUKH (POPMYBATBHOTO OI[IHIOBAHHS
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y HaBYaJIbHO-BUXOBHIN po0oTI. Amke GopMyBalibHE OLIHIOBAHHS — II€ HE OL[IHKA, HE
O0an, ue wmexaHi3M 300py i1HQopwmarlii, 1e OOepHEHUN 3B'SI30K, SKUH MMOKa3zye
BUKJIaavy, Ha CKUJIBKH I0OpE MPOCYBAIOThCS Moro 3400yBadi OCBITH, 1I€ 0OEpHEHU N
3B’SI30K, SIKUW NOKa3zye 3700yBady OCBITHM Ha CKUIbKM BiH caMm J100pe po3iOpaBcs y
[[bOMY HaBYaJIbHOMY MaTepiaii [1].

dopmyBaTbHE OLIHIOBAHHS — IUIAX 0 YCIIITHOTO HABYAHHS

- 3a0e3MeueHHsI BUKIaa4eM e(peKTHBHOTO 3BOPOTHOTO 3B'A3KY 13 3700yBa4aMu
OCBITH;

- aKTUBHA Y4acTh 37100yBayiB OCBITH y MPOIIECI BJACHOTO HaBUYAHHS;

- KOPETYBaHHSI MPOIECY HABYAHHS 3 ypaxXyBaHHSIM Pe3yJIbTaTy OIIHIOBAHHS,

- BU3HAYCHHS  BAaroMoro BIUIMBY  OI[IHIOBAaHHA HAa  MOTHBAIil0  Ta
CaMOCTBEp/IXKEHHS 37100yBaydiB OCBITH;

- YMiHHS 37100yBaviB OCBITH OI[IHFOBATH CBOI 3HAHHS CaMOCTIiHO [2].

Mogens mnpuHUOUIIB MpOodECiHHUX KOMIIETEHTHOCTEW 3/100yBayiB OCBITU
3aCTOCOBYIOYM METOAMKY (DOPMYBAJIBHOTO OIIHIOBAHHS Ha Ypokax 1H(OpMaTHUKU
IpeJiCTaBlieHa Ha HACTYITHOMY (PparMeHTi.

Ha3sga po3ainy Temu: MyabTUMEiiHI Ta TINEPTEKCTOBI TOKYMEHTH.

Tema ypoky: Ilpaktuuna po6ora: «CTBOpeHHS BeO-CalTy»

Merta ypoky: ®opmyBaHHS 1HOOPMATHYHOI KOMIIETEHTHOCTEH: cHopMyBaTH
yYMIHHSI CTBOPIOBAaTH BeO-CaliTH 3 JOMIOMOTOI0 aBTOMAaTH30BaHUX 3aCO0IB CHCTEMH
KepyBaHHs BMICTOM; (popMyBaHHS MpoQeCiHHNX KOMIIETEHTHOCTEH: BIIIPaIlFOBATH
MPAKTUYHI HABUYKUA CTBOPEHHS Ta 0(DOPMIICHHS BEO-CTOPIHOK 3pa3KaMy BUKOHAHHX
poOIT BIAMOBIAHO 00paHoi mpodecii; KOMyHIKATUBHY; IIJTICHO-CMHCIIOBY: IHTEpPEC 110
oOpanoi mpodecii, CyMIIIHHICTb, BIAMOBIIATBHICTE. 3I0pOB’S 30€peKyBaTbHY
KOMIIETEHTHICTh: 3HAHHA TPAaBWJI TEXHIKM O€3MeKh Mmpu PoOOTI 3 KOMIT IOTEPOM,
BMIHHSI OPTaHi3yBaTH CBili poOOUMii yac.

Bun ypoky: KombGinoBanmii.

Tun ypoky: IlpakTuana poboTa.
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Etan ypoky: IlepeBipka BHKOHAaHHS YYHSIMH JIOMAITHHOTO 3aBIaHHS
NPaKTUIHOTO Xapaktepy [4]

Texnika (OpMYyBaJIbHOTO OLIIHIOBaHHS: BUKOpPUCTaHHS TEXHIKM 3BOPOTHOIO
3B’s13Ky, 1HCTpyMeHT Google ®opmu, QR-kon, enexkTpoHHE MNOCWIAHHS IS
e(eKTUBHOIO BUKOHAaHHA 3 Oe3diuui0 cnpod i BHUKOHAaHHS. TeXHOJOris
«3BOPOTHOTO 3B’ SI3Ky»

[lepeBipka BUKOHAHHS YyYHSIMH JOMAIIHbOTO 3aBJIaHHS IPAKTUIHOTO
xapakrepy: llepeBipka mpaBusl O6e3neku KUTTENSUILHOCT. Po6oTa 3 Google dopmu
OcMmucieHHs, y3arajdbHCHHS 1 CHCTeMaTH3allis HOBHX 3HaHb. I[HCTpyMEHT st
BUKOHAHHS IHTEPAaKTHBHUX 3aBIaHb «LerningAps.org»

[TpuHIMN opMyBaHHS TEAaroridHOl KOMIIETEHTHOCTI: [IpyHITMT ryMaHI3My —
T0OpO3WYIINBI, JIOBIPJMBI B3a€EMUHM MIXK BHUKIaIeM Ta 3700yBadamMu OCBITH.2.
[IpuHIMn neMokpaTu3aiii —CHOpUUHATTS OCOOMCTOCTI MalOyTHBOrO QaxiBus SK
BUIIO1 comianbHOI MiHHOCTI 3. [IpuHIMI meaaroriyHoi TBOPUYOCTI — CTBOPEHHSI YMOB
JUIL  PO3BUTKY 1HJIWBIIYaJlbHO-OCOOMCTICHOI TBOpPYOCTI 3100yBaya OCBITH —
KOHKYPEHTHO CITIPOMO>KHOTO (haxiBIIs.

Mopens npuHIUMIB TPOPECcIHHMX KOMIETEHTHOCTEH 3/100yBadiB OCBITH 13
3aCTOCYBaHHSIM METOJMKH (POPMYBAJIBHOTO OIIHIOBaHHS Ha ypoKax 1H(opmMaTHKu
IIPEJACTaBICHO Ha HACTYITHOMY (hparMeHTi.

Hasga po3ainy Temu: Mojeni 1 MoJieIroBaHHs. AHAJII3 Ta Bidyauri3allis JaHUX.

Tema ypoky: Ilpaktnuna poborta: « AHaII3 PAIIB TaHUX)

Mera ypoky: 3akpinuté Ha TpakTHill chopmoBaHi mpodeciiiHi Ta
iH(QOpMaTHUHI KOMIETEHTHOCTI B CHUCTEMaTH3allli 3HaHb MpPO MOOYJOBY niarpam B
nporpami Microsoft Excel Ha ocHOBI TabMuYHUX MaHUX TPO(dECIitHOrO CIpsMyBaHHS,
3aCTOCYBaHHS PI3HUX TUMIB Ta (OpMaTyBaHHS aiarpam npodeciiHoro cupsimyBaHHS.

Po3BuBaTu: KOMyHIKaTHBHY 1H(GOpMAIiiiHy (HaBHYKH TOPIBHSIHHS Ta aHATI3y,
JIOTIYHOTO MHCIIEHHS), TBOPYY YSBY, YBaXKHICTh, 30pOBY Ta MOTOPHY KOOpJWHAIIIi,

COIAJIbHO-TPYOBY; HABMYKHU 1HTEIIEKTYabHOTO Ta MPO(ECIifHOT0 CaMOPO3BUTKY.
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@dopMmyBaTU: I1HTEpPEC [0 BHUBYEHHS MNPUKIATHUX MPOTrpaM, CYMIIIHHICTb,
BiMOBIAaIbHICTH [3].

Tun ypoky: IlpakTuuna poborTa.

Bun ypoky: Ypok 3akpimieHHs 1 yA0CKOHaJIEHHS 3HaHb, HABUYOK 1 YMiHb

Etan ypoky: AkTyanizaiis i KOpeKIlisi ONIOPHUX 3HaHb, HABUYOK 1 BMIHb

TexHika (QopMyBaJIBHOTO OILIIHIOBAHHA. 3aCTOCOBYIO (hOpMY MEPEBIPKHU 3HAHD
3100yBayiB OCBITH, KOJM BHKJaJad 3aJla€ JOJATKOBI YTOYHIOIOYI THUTAHHS, IO
J03BOJISTFOTH YYHEBI MpOaHaIi3yBaTH, y3araJlbHUTH, 3pOOUTH BUCHOBKH 3 MPOHICHOTO
Marepiany.

AKTHBI3alllsl OMOPHUX 3HaHb: BmpoBamkyro y dopmi GpOHTAIBHOTO
onutyBaHHs. [lpomry Bigpi3HUTH Aii poOOTHM psiKa MEHI0 Ta psAaKa MaHesl
IHCTPYMEHTIB B TEKCTOBOMY IpOIecopi?

[TpunaIMn GopmMyBaHHS TEAaroridHOl KOMIETECHTHOCTI: [IpyHITMT r'yMaHI3My —
CTBOPIOIO YMOBH IS 3aKPIIJICHHS Ha MPAKTUIll C(OPMOBAHUX KpalllUX SKOCTEH Ta
3ni0HOCTEM 3100yBauiB OCBITH. [IpuHIMIT AeMoKpaTu3allii — y BJacHId pPoOOTi
BUKOPUHEHO aBTOPUTAPHHUI CTWIIb Y CIUJIKYBaHHI 13 37100yBayaMu OcBiTH. [TpuHIUmn
KOMITIETEHTHOCTI — CTBOPIOKO YMOBH [IJI1 PO3BUTKY HEOOXITHMX TMpodeciiiHuX
€JIEMEHTIB BUITyCKHHUKA.

3100yBayi OCBITH MalOTh BOJIOJITH MPO(ECIHHUMH BMIHHAMHU 1 MPaKTUYHUMH
HaBUYKAMH, [0 IPYHTYIOThCS Ha CYYacCHHX CIEUIaIbHUX 3HAHHSIX Ta BHCOKHM
piBHEM MpodeciiiHOT KOMIIETEHTHOCTI, 110 IPYHTYEThCS HA KPUTUYHOMY MUCIICHHI Ta
3IaTHOCTI 3aCTOCOBYBATH TEOPETHUYHI HaJA0aHHS HA MPAKTHUIN IiJ Yac BUBYEHHS
npeameTa: iHpopMaTuka.
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DEVELOPING PROBABILISTIC THINKING IN STUDENTS DURING THE
STUDY OF MATHEMATICS IN GENERAL SECONDARY EDUCATION
INSTITUTIONS

Abstract. The article considers the problem of developing probabilistic thinking in students
in the process of studying mathematics in general secondary education institutions; substantiates the
importance of developing this type of thinking in the conditions of the modern world, characterized
by information saturation and uncertainty; presents ways that contribute to the development of
probabilistic thinking; presents tasks that contribute to the formation of probabilistic thinking in
students.

Key words and phrases: thinking, probabilistic thinking, mathematics, general secondary
education institution.

VY KOHTEKCTI MIBUAKUAX 3MIH CyYacCHOTO CBITY, SKHM XapaKTEepPHU3yETbCS
BEJIMKOIO KUIBKICTIO 1H(OpMamii Ta TOCTIMHHOW HEBU3HAYEHICTIO, yce OUIbII
aKTyaJbHOIO CcTae moTpebda y ¢opMyBaHHI B Y4YHIB yMiHb TIpaIfoBaTd 3
iMoOBipHiICHUMHU moissMU. OJIHHM 13 KIOUOBHMX 3aBJIaHh MaTeMaTHYHOI OCBITH €
PO3BUTOK KMOBIPHICHOTO MHCIICHHS, SKE€ JO3BOJIIE HE JIUIIE OIepyBaTH
MaTEMaTUYHUMU TIOHATTSIMH, a i 3aCTOCOBYBATH iX Y PEAIbHHUX KUTTEBUX CUTYaIlIfX.
Came BUBYCHHS HMOBIPHOCTI Ta CTATHUCTUKH B IIKUJIBHOMY KYpCl MaTEMaTHUKU CITPHUSIE
dbopMyBaHHIO HABHYOK aHAJI3y, OLIHIOBAHHS PU3UKIB 1 MPUHHATTS PIllICHh HA OCHOBI
maHux. Takuil MmAXig BIAIIOBIZA€ BHMOraM KOMIIETEHTHICHOIO HaBYaHHS, IO
AKTUBHO BIIPOBA)KYETHCS B pamkax HoBO1 yKpalHCBKOI IIKOJIH.

VY mengarorivHOMYy CJIOBHHKY MUCJICHHS BH3HAYa€ThCA SIK «BUIA (opma
BiIOOpakKeHHST IHCHOCTI B IICHIXIIli, 1J€aJIbHA MIsJIbHICTH, PE3YJbTaTOM SKOi €
00’extrBHA ictiHa» [1, c. 208].

ﬁMOBipHiCHe MHCIICHHS — 1€ 3JIaTHICTh OIIIHIOBATH WMOBIPHICTH TIOJIM,

pPO3YMITH  TIOHATTS ~ BHUIAQJKOBOCTI,  HEBH3HAYCHOCTI, 3aKOHOMIPHOCTI  Ta
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BUKOPHCTOBYBATH Ili 3HAHHA B NPAKTUYHMX CHTYyalLifX. VIMOBipHiCHe MHCIEHHS €
HEOOX1THUM KOMIIOHEHTOM KPUTHUYHOTO Ta aHAJITUYHOTO MHUCJICHHS.

Y pe3ynbTaTi a”amizy ICHYIOUUX MIAXOMIB 1O TPAKTYBaHHS TMOHSATTS
«MMOBIpHICHE MUCJIEHHS» METOJIUCTH BUOKPEMITIOIOTh TaKl HOTO KOMIIOHEHTH:

> noriyHui (Ml dYac po3B’sA3yBaHHS MMOBIPHICHUX 3aJad B  YYHIB
(bOpMYIOTBCSI OCHOBHI TPUHOMU JIOTTYHOTO MUCJIEHHS, TaKi K MOPIBHSIHHS, aHAMI3,
CHHTE3, a0CTparyBaHHs Ta y3arajibHECHHs);

> KOMOIHAaTOpHUM  (HaMOUIBII ~ XapaKTEpHOI PHUCOI0  KOMOIHATOPHOIO
MUCJICHHS € 3/IaTHICTh Cy0’€KTa BU3HAYATH, PO3IJISIIATH 1 BpaxXOBYBAaTH BC1 MOKJIMBI
BapiaHTH MOETHAHHS OYIb-IKUX O03HAK abo0 Moii);

> WMOBIPHICHO-CTATUCTUYHMIA  (BMIHHS ~ y4YHIB  OMNEpPYBaTH  TMOHATTAM
«MMOBIPHICTB», OpIEHTYBAaTUCA B CHUTyalllsIX HEBU3HAYEHOCTI, aHali3yBaTH
1H(OpMaIIiI0 CTATUCTUYHOTO XapaKTepy).

[lepuie 3HallOMCTBO YYHIB 3 eJeMEHTaMHu Teopii WMOBIPHOCTEH Ha ypoKax
MaTeMaTHKH B TIOYATKOBUX Kjlacax BiJ0YBa€eThCs HA HAOYHO-IHTYITUBHOMY PIBHI ITiJ
gac TPOBEACHHS 1rop, MOCTIAIB, Kl (OPMYIOTH TEpPINl €MIIIPUYHI YSABICHHS PO
BumnaakoBicTh. Ilepexinm Ha cramito «dpopmanbHux onepamiiiy (11-15 poki),
nepeBakaHHs a0CTPAKTHOTO 1 TEOPETUYHOTO MUCIICHHS, MTOsIBA BMIHHS MIPKyBaTH 3a
JIOTIOMOT0I0 BepOaibHO chopmyiiboBaHuX Tinote3 (15-17 pokiB) € CHPUATINBOIO
yMOBOIO JuIsl popMyBaHHS HWMOBIPHICHOTO MUCJICHHSI B OCHOBHIM Ta CTapIIii MIKOJIi
[2, ¢.108-109].

AHaIi3youu JiTepaTypHi JHKepeia, MOKHA BUIIIUTH TaKi NUIIXH (OPMyBaHHS
HMOBIpHICHOTO MMCJICHHS B YyYHIB IIiJl Yac HaBYaHHI MaTEMaTHKH B 3aKjagax
3arajbHOi CEpeHBbOI OCBITH: BUKOPUCTAHHS NPUKIAIHUAX 3a7a4; BUKOPUCTAHHS
METONy MOJEIIOBAHHSA, BHUKOPUCTAHHS ITPOBUX TEXHOJOTiH; BHUKOPUCTAHHS
MPOEKTHUX TEXHOJIOT1i; BAKOPUCTAHHS 1HHOPMAIIITHO-KOMYHIKAI[IHHUX TE€XHOJIOTIH.

HaBenemo mpukiaau npukiagHUX 3a7ad, sSiKi BAKOPUCTOBYEMO B OCBITHBOMY
mporieci 3 MeTor GopMyBaHHS B YUHIB HMOBIPHICHOTO MUCIECHHS [3].

3aoaua 1. Jlesika TOMyJSIliSt POCIWH CKJIANA€ThCA 3 OCOOMH TPHOX THIIIB,
nomiueHux A4, Aa, aa. YacenbHICTh KOXHOTO THITY BianmoBigHo mopiBHIOEe 200, 600 i
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50. IIpunyctumo, 1o 3 mi€i NomyJsAUli BUMIAJKOBO BUOHUPAIOTh OJIHY POCIUHY. Ska
HMOBIPHICTB TOTO, 110 1151 pociauHa ThIry 4A4?
3aoaua 2. Mix Oyap-ikuMH 3 N XpOMOCOM KIIITUHU MOXE B1AOYTUCS OOMiH.

1) ckiIbKOMa CIoco0amMu MOXe BiIOyTHCS PIBHO OJMH OOMiH?

2) ckinmbkoMma croco6amu Moxe BinOyTucs piHo K oOMiniB?

3aoaua 3. Y pAeskoro 3axBOpIOBaHHS icHye 6 Bigomux cuMmntoMiB. lle
3aXBOPIOBAHHSA J[1arHO3YETHCS, SKIIO Y XBOPOTO MPOSBIISETHCS HE MEHIIE YOTHPHOX
cuMnToMiB. CKUIBKH PI3HUX KOMOIHAI[Id CHUMIOTOMIB MOXYTh TPUBECTH JIO
BCTAHOBJICHHS IaHOTO J1iarHO3y?

3aoaua 4. IxTionor XOTiB BUSHAYUTH, CKUIBKU Y CTaBKY pUMOM, MPUIATHOL JJIst
BWJIOBJIOBaHHs. JIJIs 1bOTO BiH 3aKWHYB CITKYy 3 Hamepel 3aJlaHuMU po3MipaMu
OTBOPIB 1 BUTATHYBIIY ii, BUSBUB 30 puOuH. [Io3HAYMBIIM KOXKHY 3 HUX MITKOIO, BIH
KUHYB puOy Hazaa y craBok. Ha npyruii neHb i1XTIONOT 3aKMHYB Ty CaMy CITKY 1
ciniiimaB 40 puOuH, Ha IBOX 3 AKUX OyJM HOro MITKH. SIKUM YMHOM BIH 32 TaKUMHU
JAHWMH 3HaN]1e MPUOIN3HY KUIBKICTh pUO y CTaBKY?

3aoaua 5. JIei  dapmarieBTiyHI  QipMH  HE3aJleKHO OJIHA Big  OJHOI
PO3pOOJIAIOTh AaHAJIOTIUHI MpemapaTd. IMOBIPHICTH TOTO, IO JI0 3aKIHUYEHHS POKY
nepmia ¢ipMa BHIYCTUTH CBI mipenapaT pgopiBHioe 0,9, a nmpyra — 0,7. Ska
HMOBIpHICTH TOrO, IO MPUHAWMHI OAWH 13 mpemapariB OyJae TOTOBUM 10
BUPOOHUIITBA HAIPUKIHII POKY?

TakuM yuHOM, BUKOPHUCTAHHS MPUKJIAAHUX 337a4 y MPOLECI BUBYCHHS TEOpii
HMOBIpHOCTEH CIIpUsS€ PO3BUTKY WMOBIPHICHOIO MHCJICHHS YYHIB Ta (POpMyBaHHIO
MPaKTHYHUX HABHYOK OIIIHIOBAaHHS BHNAIKOBHX Tomid. Takui miaxig poOUThH

HABYaHHS 3MICTOBHHUM 1 BIJIIIOBIJJa€ BUMOTAaM Cy4acHO{ OCBITH.
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DEVELOPMENT OF SCIENTIFIC AND TECHNICAL DIRECTION IN THE
EDUCATIONAL AND METHODOLOGICAL ACTIVITIES OF LYCEUMS
THROUGH STEM EDUCATION

Abstract. The article deals with the development of the scientific and technical direction in
the educational and methodological activities of lyceums through STEM education. The features of
the training session with the use of STEM technologies are described.

Keywords and phrases: scientific and technical direction in the educational and
methodological activities of lyceums, STEM education, STEM technologies.

OpHuM i3 HaANPSMKIB 1HHOBAI[IMHOTO PO3BHUTKY MNPHPOJIHHYO-MATEMaTHYHOL
ocBITH € cuctema HaB4yaHHs STEM, 3aBnsku sSiKOMy HOiTH PO3BUBAIOThH JIOT14HE
MUCJICHHS Ta TEXHIYHY TPaMOTHICTh, BYAaThCS PO3B’A3yBaTH IOCTABJICHI 3ajadi,
CTalOTh HOBaTOpaMu, BUHaxiAHHKaMu. BnpoBamkenns STEM-ocitu nexuts B
OCHOBI peatizamii gepkaBHOI HMOMITHKU [2] 3 ypaxyBaHHSIM HOBHX BHMOTI 3aKOHY
VYkpainu «IIpo ocBiTy» 11010 TOCUIIEHHSI PO3BUTKY HayKOBO-TEXHIYHOT'O HAIpsIMY B
HABYaJIbHO-METOINYHIH MisTILHOCTI Ha BCiX piBHAX [3].

Axponim STEM BxuBaeThCs ISl TO3HAYECHHSI TIOMYJISIPHOTO HAMPSAMY B OCBITI,
0 OXOIUIoe mpupomHudi Hayku (Science),rexuonorii (Technology), Texuiuny
TBOpUicTh (ENgineering) Ta marematuky (Mathematics).

Icropiss STEM-ocBiTi csrae kopinasm y Cnomydeni [lltatu Amepuku, e B
KiHII XX-r0 CTOJITTA 3POCTAlI0 YCBIJOMIICHHS HEOOXITHOCTI Kpamioi IMATrOTOBKH
VUHIB y Taly3siX HayKH, TEXHOJOTIH, 1H)KEHepii Ta MaTeMaTHKH [JIS MiATPUMKU
€KOHOMIYHOTO 3pOCTaHHA Ta HAIIOHAIBHOI KOHKypeHTo3maTtHocTi. B VYkpaini
aktuBHE BrpoBa/pkeHHs STEM-ocBitTi movanocs opienToBHO 3 2015 poky Came B
el Jac 3a crpusiHHS MiHICTEpCTBa OCBITH 1 HAyKU YKPATHUBIAOYBCS KPYTJIMMA CTiJ,

npucBsiueHn# BripoBapkeHH0 STEM. V 3akimamax ocBiTH oyanu peanizoByBaTH el
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MIAX11 Ha choenkypcax Ta ryprkax. Y mortoMy 2021 poky ONpWIIOAHEHO IUIaH
3axoAiB monao peanizauii KoHuenuii po3BUTKY NPUPOJHUYO-MATEMATUYHOI OCBITH
(STEM-ocgitn) no 2027 poky [1]. B Hiii onrucaHo KOMIUIEKC 3aX0/IiB, OB’ I3aHMX 13
dbopMyBaHHAM 1 PO3BUTKOM HAaBUYOK HAYKOBO-JOCIITHUIIBKOI Ta 1HXKEHEPHOI
JISITTBHOCTI, BUHAXI1JHHUIITBA, H1PUEMHUIITBA, PaHHBOT npodeciiHoi
CaMOBHU3HAYEHOCTI Ta TOTOBHOCTI JI0 YCBIIOMJIEHOr0 BUOOpPY MaiOyTHBOI mpodecii,
NOMyJSPU3AIEI0 HAYKOBO-TEXHIYHMX Ta 1HXKEHEpHUX mpodeciii, NommpeHHsIM
1HHOBAI[I{ y cepi OCBITH, MIJBUIIEHHS KBali(iKalli neaaroris.

BiamiTiMo Taki 0cOOIMBOCTI HABYAJIBHOIO 3aHATTS 3 BUKOpUcTaHHSIM STEM-
TEXHOJIOT1H: inmezposanuti nioxio: 00’ €THaAHHS 3HAHb 1 HABUYOK 3 PI3HUX JUCIUILIIH
(HayKW, TEXHOJOTIH, 1HXXEeHepii Ta MaTeMaTUKH) JJIsi BUPIMIEHHS KOMILIEKCHUX
3aB/IaHb; NPAKMUYHA CAPAMOBAHICMb. AKIICHT Ha MPAKTUYHOMY 3aCTOCYBaHHI 3HAHb,
NPOBEJICHHI EKCIEPUMEHTIB, CTBOPEHHI MPOTOTHUIIIB Ta PO3B’SA3aHHI peEaJbHUX
npooOsieM; npoekmHa OislbHiCMb: YacTO HABYAJIBHUIA TMPOILIEC OPraHi30BYETHCA
HaBKOJO BHKOHAHHS YYHSMU JOBTOTPUBAJIMX IMPOEKTIB, 10 BHUMAararwoTh
JOCJIDKCHHS, TUIaHYyBaHHS, pO3pOOKM Ta Tpe3eHTallli pe3yibTaTiB, aKmueHe
HA84YaHHsA: 3aYYEHHsI YYHIB JI0 aKTHBHOI MMi3HABAJIBHOI MISIBHOCTI, CAaMOCTIHHOTO
nomryky iddopmariii, QopMyitoBaHHS TimoTe3 Ta 1X TEPEBIPKH; PO36UMOK
KpUMUYHO20 MUCIEHHsA: CTBOPEHHS CHUTYyalllid, [0 CHOHYKAaIOTh Y4YHIB aHaNI3yBaTu
iH(opMaIlio, BUSBIATH MPOOJEMH Ta 3HAXOJIUTU HUIAXHU iX BUPIIMICHHS, CHignpays
ma KOMYHiKayisi: 3a0XOYEHHS Y4YHIB JIO pOOOTHM B KOMaHdi, OOMIHY 1JesIMH,
OOTOBOpPEHHSI Ta CHUIBHOTO TPUUHATTSA PIIIEHb;, GUKOPUCAHHA  CYYACHUX
MexHoN02il; AaKTHBHE 3aCTOCYBaHHA IMGPOBUX I1HCTPYMEHTIB, MPOrPAMHOTO
3a0e3MneueHH s, BIpTyalbHUX JabopaTopiii Ta 1HIIOTO TEXHOJIOTIYHOTO O0JIa HAHHS;
36’A30K 3 peanbHUM CGIMoM. JAEMOHCTpalisl YYHSIM MPAKTUIHOTO 3aCTOCYBAHHS
STEM-3nanb y pizHuX cepax XuTTs Ta nmpodeciiHOl AISUTBHOCTI, opieHmayis Ha
YuHsA: CTBOPEHHS HaBUAJbHOTO CEPEIOBWINA, /1€ YYHI € aKTHBHUMH YYaCHUKAMU

Mpoliecy HaBYaHHS, a BYUTENb BUCTYIIAE B POJIi acuiiTaTopa Ta MOMIYHHUKA.

138



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

PosrnstHemo 3agady mnpo MaKyBaHHS, SIKy JOLUIBHO pO3B’A3aTH MiA Yac
BUBYEHHA TeMU «Ko0 1 Kpyr».

3agauya. 3 apkyma y Qopmi KBaapaTy 31 CTOPOHOI @BHUpI3aTH 8§ KpyriB

Ha#O1IbIIIOrO paaiyca [4].
Bapianm 1. Posmiwenns 6 06a psaou no womupu Kpyeu.

JUist po3MILIEHHS YOTHPHbOX KPYriB B psii JOBXKHHA CTOPOHM KBajpara a
NOBUHHA OyTH HE MEHIIO 3a 4 - 21 = 87,

JIist po3MILIEHHS! IBOX TaKUX Ps/IIB JIOBXKMHA CTOPOHU KBajpaTa @ IMOBHMHHA
OyTH HE MEHIIIO0 3a 2 - 21 = 4r.

Ockiibku @ Mae OyTH OUIBIIMM 200 PIBHUM 00OM IIMM 3HAYEHHSIM, MU MA€EMO
a = 8r 1 a = 4r. HaliGinpiie oOMeXeHHs Jae a = 81, oTKe, MaKCUMaJIbHUN pajiyc

Yy IbOMY BHUIIAJKY 17 — g.

Bapianm 2. Po3miwenns 3 uacmxko8um  3MmiujeHHAM  psodie  (ulaxose
PO3MAauly8amHts,).

PosrnstHemo po3MmilieHHsy JABa pSAM MO YOTUPU KpPYTH, A€ APYrud psia
3MIIIIEHUH BITHOCHO TEPIIOTO Ha MOJOBUHY JiaMeTpa.

ITo ropu3zoHTami JOBXKWMHA CTOPOHHHM @ TOBHMHHA OyTH HE MEHIIOK 3a
4-2r == 8r.

[lo BepTwkami BiJicTaHb MK IIEHTPAMU JIBOX CYCIIHIX PSIiB JTOPIBHIOE
J(2r)2 —rZ2=+/3r

3araabHABHCOTAABOXPSIIB CTAHOBUTH I+v/31 +1=r(2++/3).
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OTXe, CTOpOHAa KBajpaTa a Mae OyTM He MeHIIoW 3a 8r i r(2+y/3).

o . - B8 a
MaxkcumanbHui paalyc y LbOMY BHUIIQJKY I'gzmln(;,ﬁ ). lllaxoBe po3ramryBaHHS
a2+

JT03BOJIsI€ BUPI3aTH § KPYTiB OLIBIIOrO pajaiyca 3 KBaapaTHOTO JIUCTA.
Orxe, BukopuctanHsi STEM-ocBITH € BaXIMBUM i HepcNeKTHBHUM
NiAX0A0M [0 HABYaHHS, 110 MAa€ 3HAYHUN TMOTEHLIAN JJs PO3BUTKY OCOOMCTOCTI

Y4YHIB Ta MIATOTOBKH X JI0 BUKJIMKIB Cy4aCHOI'O CBITY.
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SPECIFICS OF TEACHING BLIND STUDENTS TO PROCESS TABLE DATA

Abstract. The article deals with the issues of organising inclusive education for children
with special educational needs in Ukraine in the context of international standards and current
legislation. Particular attention is paid to the difficulties faced by teachers in teaching blind
students, in particular in the subject of computer science. An example of adaptation of educational
material on processing tabular data for blind students using a screen reader is presented, which
demonstrates the need to develop specialised methodological approaches and materials to ensure
equal access to quality education for all categories of students.

Key words and phrases: inclusive education, students with special educational needs, blind
students, adaptation of educational material in computer science, screen reader.

MixHapOaHI CTaHAApTH B rajy3i MpaB JIOJWHU IPYHTYIOTHbCS Ha 17€i y4yacTi
KOXHOT 0COOM B CYCHNUIBHOMY >HTTI Ha 3acajax pIBHOCTI ¥ 0e3 JAUCKpUMIHAIL].
[TommpenHus B YkpaiHi mpoIecy IHKJIFO3WBHOTO HABUYaHHS JITCH 3 MOPYHICHHAMHU
¢di3uyHOro Ta (200) MCHXIYHOTO 3J0POB’S € HE JIMIIE BiAOOpaKeHHSIM Hacy, ajie u
peacTaBisie co00ro e OJMH KPOK /10 3a0e3TNedeHHs MOBHOI peaizallii mpas JiTel 3
0COOJMBUMH OCBITHIMH ToTpeOamMu Ha sikicHy ocBity [8]. HopmaTuBHO-TIpaBOBe
1oJIe HAJaHHS OCBITHIX MOCIYT B rajy3i iHKIIO3MBHOTO HAaBYaHHS PETJIAMEHTYETHCS
YUHHUM 3aKOHOJABCTBOM [3, 5] Ta MikHapoaHuMmu gokymeHTtamu. Y Konctutyiii
VYkpainun (ct. 53), 3a3Haueno: «KokeH mae mpaBo Ha ocBity. [loBHa 3aranbHa
cepeaHs OCBITa € 00OB'I3KOBOIOY [2].

Peamizariis 1poro mpaBa Ha TPaKTHIN BiIOyBa€TbCS dYepe3 1HIMIIOBaHHS
CTBOPEHHSI 1HKIIO3UBHOTO KJIaCy KEpPIBHUIITBOM 3akiany ocBiTd. [limcraBoro mms
CTBOPEHHSI TaKOTO KJAacy € 3asBa 0aThKiB a00 3aKOHHUX MPEACTaBHUKIB JUTHHU Ta
BHCHOBOK 1HKJIFO3UBHO-PECYPCHOTO IIEHTPY, SKHH BU3HA4Ya€ piBEHb HEOOX1THOI
MIATPUMKH. Y JESKUX BHUIAJKaX, 3TIAHO 3 OKPEMHUM PIIMICHHSAM ICHTPY, IS YIHS
MOke OyTHm Tiepen0adeHO 3aly4eHHs] aCHCTEHTa BUYMTENS Ui 3a0e3leueHHs Horo
CyIpoOBOJAY B OCBITHbOMY Mpolieci [4].

Onnak edekTuBHA poOOTa BYUTEISA B IHKIO3UBHOMY Kilaci moTpedye

CHeIiaTbHUX TearoriyHuX HAaBUUOK, a CaMe: OpraHi3yBaTH OCBITHIH MpoIeC, Y SIKUN
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OynyTh 3allydeHl BCl Y4HI KJacy, BKJIIOYAIOYM YYHIB 3 OCOOJIMBUMH OCBITHIMH
notpedbamu (OIIII); BonomiT metonamu HaBuyaHHs yuHiB 3 OIIIl; amantyBaTu a6o
MOAM(IKyBaTH HAaBYAIBHUI Marepiajd ypoKy, OLIIHIOBAHHSI OYIKyBaHUX PE3yJIbTaTiB
HaBYaHHS BIJIOBIIHO A0 IHAUBIAyaIbHUX 0coOauBocTel yuns 3 OIIIL.

Opranizaiiss HaBYaHHS JUIsl HE3PSYMX Y4YHIB 0€3 HaJEeKHOI METOJUYHOI
MIITPUMKH Ta CIEIiali30BaHUX MaTepialliB CTa€ HAJ3BUYANHO CKJIAJHUM 3aBJaHHSIM
JUTsL BUMTENIA. 3arajbHi METOJWYHI PEKOMEHJAlli 3 opraHi3ailii 1HKJIO3UBHOI OCBITH
HE JaloTh JJIs BUYUTEN 1H(QOPMATUKH YITKOIO PO3YMIHHS SK CaMe€ aJanTyBaTH
HaBUYaJbHUM Martepian[6, 7]. Buutens camMOCTIHHO IIyKae METOAUW Ta CIOCOOHU
NOSICHEHHS] HaBYAJIbHOTO MaTepially, BUTpAayaloud Ha 1€ 3HAYHY KUIBKICTh 4acy Ta
€HEeprii.

CtBOpeHHs creriaibHUX po3po00K YpOKiB iHOOPMATHKHU AJIsI HE3PSIUMX YUHIB
COpUSTHME iXHIA TMOBHOIIIHHINA 1HTEerpaiii B HaBYaJbHUN Npolec Ta 3a0e3NeYuTh
pPiBHI MOXJIMBOCTI y BHUBYEHH1 iHpopmatuku.BapTo 3BepHYTH yBary Ta Te, ILIO
HEe3psunil ydyeHb OyJle BUKOHYBAaTH yCIO pOOOTY Ha KOMII'IOTEpl 3a JIOMOMOTOI0
KiaBiaTypu. ToMy 3aBlIaHHS BUUTENb MOJIATAE Y TOMY, 1100 HABYUTH HE3PSUOTO YUHS
aNbTEPHATUBHUM CIIOCO0AM KEpPYBAaHHS MPOrpaMaMH.

PosrnsiHemo mpukiaa aganTailii HaBYAJBHOTO MaTepialy 3 ONpalllOBaHHS
TaOJIMYHUX JTAHUX JJIs He3pAdux yuyHiB. Ha pobodoMy KOMIT'10Tepl HE3PSYOTO YUHS
BCTAHOBJICHO €KPaHHUU IHUKTOP, SKUW O3BYYY€ yCl i Ha KOMIT IOTepl YKPaiHCHhKUM
rogjocoM. CyyacHUW €KpaHHUU JUKTOP SKICHO O3BY4Yy€ TEKCTOBHH MaTepial
nigpyuynuka y dopmati pdf (abo TeKCT migpydyHHKa MOXHa TepeBecTH y (opmar
docx). Jlo 3aranpHOrO TOSICHEHHS TEMH 3 OIpAIfOBaHHA TaOMWYHUX JTaHHUX
aJanTyeMoO TIOSICHEHHS Mg He3psuux y4dHiB. Hampuknazn, moscHeHHs Temu «§ 17.
Cepenosuiiie TaGJIUYHOTO MPOIIECOPA» HABYAIBLHOTO MiApYyYHHKA 3 iHQopMaTuku [1,
c. 110] Bapro3a3HauuTH, MO MEPEXiJ Y MEHIO BKJIQJOM y4YeHb OyJe BUKOHYBaTH
knapimeo F10 (aGoAlt), mepemimatucs MK BKIAQJKaMH MOKHA KIaBilllaMH 31
CTPUTKaMH JIIBOPYY Ta mpaBopyd. s pobOTH 3 KHOMKaMu TPyNH iHCTPYMEHTIB Ha
oOpaHiii BKIAII y4eHb Oy/ie BUKOPHUCTOBYBATH KiaBimry TaOymsiis. [lepexim mixk
apKyIliaMi KHUTH eJIeKTpoHHOi Tabmuii BukonyeMo kiaBimamu Ctr+Page Up (Page

Down).
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JUis  o3ByuyBaHHS 1IUX [1id, €KpaHHUU JUKTOp MOTpedye T0AaTKOBUX
HaJalTyBaHb, SIKI JAalOTh MOXMJIMBICTh YWTATH 3aroJIOBKU CTOBIIB / PSAKIB Ta
KOOPJAWHATU KOMIPOK.

[1ig yac mepemilieHHs M0 apKylly €KpaHHUN JTUKTOP YITKO IPOMOBIISIE aJipecy
KOMIPKH, J1aHl pi3HOTO TUIY, SIKI MICTUTh aKTUBHA KOMIpKa, BUOKPEMJICHUN /1aa3oH
KOMIPOK Ta BBeJeHY (POpMYIy UM (PYHKIIIO.

OTXe, BOPOBAKEHHS 1HKJIIO3MBHOTO HAaBYaHHS B YKpaiHl € BaXKJIMBUM
KPOKOM J10 3a0€3MeUeHHsI pIBHUX MIPaB Ha OCBITY JJIs YYHIB 3 OCOOJIMBUMU OCBITHIMH
notpedamMu, 10 BIAMOBIAa€ MDKHApOAHUM craHjgaptaM. OpnHak, e(eKTUBHA
oprasizalilisi TaKOro HaBYaHHS MOTpeOye BIJ MEJAroriB cCreliaibHUX HAaBUYOK Ta
METOJIMYHOI MIATPUMKH, OCOOJMBO TMpu poOOTI 3 YYHAMH 3 TIMOOKUMHU
nopyumeHHssMu 30py. CTBOpEHHsS aJanTOBAaHUX HaBUAJbHHUX MaTepialiB, SAK-OT
po3poOKa ypokiB iIHPOPMATUKH 3 YpaxXyBaHHSIM BUKOPHUCTAHHS €KPaHHUX JIUKTOPIB, €
KJIIOYOBUM JUJIs TOBHOLIIHHOI 1HTEerpamii TakuxX YYHIB B OCBITHIM mpoiec Ta

3a0e3MeueHHsl iM PIBHUX MOKJIMBOCTEH y BUBYEHHI MIPEIMETY .
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GAME-BASED LEARNING METHODS IN COMPUTER SCIENCE LESSONS
AT AVOCATIONAL SCHOOL

Abstract. The article is devoted to the study of the possibilities of using the graphic design
platform Canva to organize game-based learning methods in computer science lessons at a
specialized school. The theoretical justification of the use of game-based methods as an effective
means of motivation, development of critical thinking and digital competencies of students is
considered.
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methods, educational resources, motivation, digital competencies, educational technologies,
gamification.

CyuacHi OCBITHI TEXHOJIOT1i aKTUBHO PO3BHUBAIOTHCS 1 OJHUM 13 e(PEeKTUBHUX
METO/IB JiIsl MOTHBAIIil Ta TPOAYKTUBHOCTI HABYaHHS YYHIB € BUKOPHUCTAHHS ITPOBHX
meroniB HapuaHHsS [4]. OcoOnMBO aKTyalbHHUMHMBOHM CTalOTh Ha YpOKax
iHpopMaTuku y npodiIpHIN IIKOMI, e Tpa MOXKE HE JIMIE 3aIliKaBUTH Y4YHIB, a i
JOTIOMOTTH iM Kpallle OnaHyBaTH CKJIajHI 1HGOPMATHUYHI Ta aJITOPUTMIYHI MOHSTTS,
PO3BHHYTH MUGPOBI Ta MPOdeciiiHi KOMIETEHTHOCTI.

Hayxosii O. B. Cikopa ta P. L. Ila3tok HaromomyioTs, 0 irpu — Ie He
IIPOCTO pO3Bara, a MOTY)XHHM 1THCTPYMEHT JUISI PO3BUTKY KPUTHYHOT'O MUCIICHHSI.
BoHu crioHykaroTh y4HIB aHANI3yBaTH CHUTYallli, ITyKaTH pIlIEHHS, poOUTH BUOIp Ta
IJJaHyBaTH CBOI Jii, M0 € OE3IIHHUM SIK JJI1 HaBUaHHS, TaK 1 JUIA XUTTSA. 3aBASKH
CBOTH 37aTHOCTI MIJUIAIITOBYBATUCS TiJ PiBEHb TPaBIfd, ITPU MOXKYTh MOCTYTOBO
YCKIAAHIOBATUCS, MIATPUMYIOYM TIOCTIMHUN IHTEpEeC Ta ONTHUMAIbHHUN pPiBEHb
ckinagaHocTi. Ile cTBOproe ymMOBH JUIsl 1HIMBINyaldbHOTO HAaBUAHHA, 1€ KOKEH y4YeHb
MOKE PyXaTHCS BIEPE]l y BIACHOMY PUTMI, OTPUMYIOUH CaMe TOH JTOCBIJI, IKHI HOMY
moTpideH [3].

IrpoBi MeTonm HaBYaHHS Ha ypokax iHOOPMATHKKA MOXHA peali3yBaTH 3a

JIOTIOMOTOI0 OCBITHIXIHU(POBUX peCypCiB, IO AO3BOJSAIOTH MOEJHYBATH HABYAHHS 3

144



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

rporo, MOJaBaTH HAaBYAIBHUNA MaTepiall 3 IHTEPaKTHBHUMH €JEMEHTaMH ISl Y4YHIB
npodinpHux kiaciB [2]. Jlo Takux 3aco0iB HaleXUTh Miargopma TpadigyHOrO
nu3aitny Canva, 1110 T03BOJIsSIE BYMTENIO CTBOPIOBATH rpadiky, mpe3eHTairii, adimri ta
IHIIMI Bi3yaJbHUN KOHTEHT Uil OCBITHIX nmoTped. Canva qoctynHa sik BeOBepcis, Tak
1 MoOibHa [1].

OpgHuM 3 KJIIOYOBHMX AacHeKTIB OpraHizaulli irpoBUX METOAIB HaBYaHHS €
Bi3yaJli3allisi iIrpoBOro CBITy Ta Horo enemeHTiB. Canva Haja€e MIMPOKUN CIIEKTP
111a0JIOHIB Ta THCTPYMEHTIB JIJISi CTBOPEHHS ITPOBUX JIOUIOK, KapT PiBHIB, IEPCOHAXKIB,
IrPOBUX BaJIIOT, 3HAUYKIB JIOCATHEHb Ta IHIIUX Bi3yaJibHUX aTpuOyTiB rpu. Ilemaror
MOXE€ PpPO3pOOUTH BJACHI YyHIKAJIbHI Bi3yaJbHl pIIIEHHS, 110 BIANOBIIAIOTH
KOHKPETHI HaBYaJibHIM Teml Ta irpoBid MexaHiui. Hanpukian, npu BUBYEHHI
QNTOPUTMIB COPTYBaHHS MOXKHA CTBOPUTH IHTEPAaKTHUBHY TPy, J€ Y4HI Bi3yaJIbHO
NePEeMIlyIOTh €JIEMEHTH MAacCHBYy, TPEJCTaBICHI Yy BUTISII SCKpAaBUX KapToOK,
po3pobiiennx y Canva.

[HTEpaKTUBHICTh € 1€ OJHICI0 BAXKIMBOIO CKJIAJIOBOIO IrPOBOTO HaBUAHHSI.
Canvanaiae OCHOBHI MOKJIMBOCTI JIJIi CTBOPEHHSI 1HTEPAKTUBHUX IPE3CHTAIM Ta
HaBUYaJbHUX MOMYJIB, SKI MOXYTh IMITYyBaTH ITpPOBI CIieHapii. 3a JOMOMOIOI0
rineprnocuwiadb, aHiMmalii Ta BOYIOBaHMX €JEMEHTIB, TaKuUX SK BIKTOPHHU Ta
ONUTYBAaHHS, BYUTENII MOKYTh CTBOPIOBATH IHTEPAKTUBHI 3aBJIaHHS, L0 HAraJayloTb
irpoBl BHKIWKU. Hampuknana, npu BHUBYCHHI MEPEKEBUX TEXHOJOTIM MOXKHA
PO3pOOHTH IHTEPAKTUBHY IPE3CHTAIlil0, J¢ Y4HI, HATHCKAIOYM Ha PI3HI €JIEMEHTH
MepexeBOi 1HPPACTPYKTYpH, OTPUMYIOTH iH(OpMaIio Mpo iX (YHKIIIOHYBaHHS Ta
BIJIMTOB1IAIOTh HA 3alUTAHHS JUISI IEPEX0/ly Ha HACTYIHUH "piBEeHb".

Canva Takox e(eKkThBHa I OpraHizarlii 3MarajJbHOr0 €JICMEHTY B HaBYaHHI,
SAKUHN € BAYXJIMBUM MOTHMBAaTOPOM B irpoBux Meroaukax. [ImaTdopma mo3Bossie Jerko
CTBOPIOBATH TaOJUIN JiJEpiB, Bi3yaJi3yBaTH MPOrpec YUHIB y BUTIIAAI TpadikiB Ta
JiarpaM, a TaKOoX pO3pOOJISTH BIPTyalibHI HAropoad Ta 3HAYKH 3a YCHIIIHE
BUKOHAHHS 3aBjaHb. [li Bi3yalbHI €IE€MEHTH IiJCUIIOIOTh BIIUyTTS JOCATHCHHS Ta
CTUMYJTIOIOTh 37I0POBY KOHKYpEHIlif0o cepen yuHiB. Hampuknax, micins cepii
IHTEpaKTUBHUX 3aBJaHb 3 MPOrPpaMyBaHHS, CTBOPEHHX 3a jormoMoroto Canva, MO)KHA
BI3yaJlbHO BIOOpa3WTH PEUTHHT y4YHIB, M0 CHPHUSE TIABUIICHHIO IXHBOI

3aIliKaBJICHOCTI Ta MPArHeHHS 0 KpalluX pe3ybTaTiB.
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[HTerparnisi pi3HOMAHITHOTO HABYAJbHOTO KOHTEHTY B OJIHY IIPE3CHTAIIil0
Canva ctBOproe koM(popTHE, e(pEeKTUBHE Ta IUIICHE HAaBYaJIbHE CEPEJOBUINE JIS
yuHiB. BOoHM OTpuMyIOTH yce HEOOXiJHE JUisi TIMOOKOro PO3YMIHHS Marepiaiy,
MPAKTUYHOTO 3aCTOCYBAaHHA 3HAHb Ta CAMOKOHTPOJIIO B OJAHOMY 3pYyYHOMY Ta
BI3yaJlbHO mNpuBabauBoMy Qopmarti. lle crnpaBxkHii KpOK BIEped y CTBOPEHHI
IHTEpPAKTUBHUX Ta 3aXOIUIMBUX HABYAJIbHUX MaTepialiB.

Opnak, ciip 3a3HauuTH, mo Canva € IHCTpYMEHTOM JUIsl Bizyamizamii Ta
CTBOPEHHSI 1HTEPAKTHMBHUX €JIEMEHTIB, a HE IOBHOI[IHHOIO TMJIaTPOpPMOI0 s
pO3po0OKHU CKIIaHUX Bigeoirop. ToMy, mpu opranizaiii irpoBUX METO/IB HABYaHHS 3
BUKopucTanHsiM Canva, mneJarory HEOOXIJTHO TBOPYO TO€JHYBAaTH MOXKIMBOCTI
1aTGopMu 3 IHIIUMHU IHCTPYMEHTAMHU Ta MeIaroriYyHuMU MiaXogaMu.

Ormxe, Canva € IIHHUM IHCTPYMEHTOM [UJIsi OpraHizailii irpoBUX METO/IIB
HABYAaHHS Ha ypoKax iH(GOPMATHKU. Ii MOXIMBOCTI JUIsl Bi3yanizalii, CTBOpEHHS
IHTEpaKTUBHUX €JEMEHTIB, Opradizaulii 3MaraHHs Ta CHPUSHHS CIHiBIpaIl
BIJIKDUBAIOTh HOB1 TMEPCIEKTUBH JJI1 TIJBUIIECHHS 3aJ]y4e€HOCTI, MOTHBAIll Ta
edexkTuBHOCTI HaBuaHHs. [Hrerpamiss Canva y HaBYalIbHHN TPOIEC HO3BOJISIE
nejaroraM TpaHcGOpMyBaTH TPAIUIIHHI YPOKH Ha 3aXOIUIMBI IHTEPAKTUBHI IrPH, 110
CIPHUSIOTh TJAUOIIOMY PO3YMIHHIO CKJIAMHUX 1HGOPMATUYHUX KOHISMIN Ta
PO3BUTKY KIIFOUOBUX KOMIIETEHTHOCTeH yuHiB. [loganbiini DOCHIIXKEHHS MOXYTh
OyTH CHpsSMOBaHI Ha BHUBYEHHs BIUIMBY CHUCTEMAaTHYHOro BHUKopucTaHHa Canva B
IrPOBOMY KOHTEKCTI Ha aKaJeMidHi JOCATHCHHS Ta PIBEHb 3alliKaBJICHOCTI YYHIB y

BHUBYCHHI 1HPOPMATHKH.
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DIFFERENTIATED APPROACH TO TEACHING DIFFERENTIAL
EQUATIONS IN SPECIALIZED CLASSES

Abstract. For many vyears, there was practically no problem of differentiation of
mathematics teaching in school. Today, it is clear to everyone that the school cannot operate on a
single program for all students, in all subjects, including mathematics, with an increase in their
developmental and educational impact on the student's personality. We consider individual aspects
of the differentiated approach to studying differential equations in specialized classes..

Key words and phrases: differentiated approach, differential equations, profile classes,
mathematical abilities.

VYrponosx 6aratbox poKiB MPAKTUYHO HE ICHYBaJio TIpoOieMu nudepenIaii
BUKJIQJIaHHS MAaTEeMaTHUK{A Yy TIKOJi: OJHOTHITHI INKOJH, OJHAKOBI TpOTrpamu,
HeudepeHiiiiioBana cucteMa KOHTPOJIIO 1 T.J. ChOTO/IHI BCIM 3p0O3YM1JIO, IO MIKOJIA
HE MOXe OOIUTHCS €IMHOK TPOrpaMol0 [JIs BCIX YUYHIB 3 YCIX HaBYAJIbHHUX
IPEAMETIB, Y TOMY YHCIII MAaTEMAaTHKHU, 3 TIOCWJICHHSIM 1X pO3BHBAIOYOTO 1 BUXOBHOT'O
BIUTUBY Ha 0COOHCTICTh YyuHA. OmHUM 13 MiAXOAIB 10 BHUPIMIEHHS NPOoOIeMU
nudepeHrialii OCBITH € BIIKPHUTTS KJIACIB 1 MIKUT 3 TIOTJIUOJICHUM BUBUCHHSIM THX UM
IHITUX HaBYaJbHHUX IMPEIMETIB, IPOTE, CIHEIliali3oBaHl KJIacH 1 IIKOJIM TaKOX
noTpeOyroTh AudepeHIianii, BIAMOBIAHO 10 3M10HOCTEH 1 0COOTUBOCTEH YUHIB.

VY Ham vac HeoOXiJTHO PO3BUBATH CIICHiabHI 3MI0HOCTI — II€ IICHUXOJIOT1YHI
O0COOJNIMBOCTI 1HAMBIAA, MO 3a0€3MeUyI0Th MOKJIMBOCTI YCHIITHOTO BUKOHAHHS
BU3HAYECHOTO BUAY MisUIBHOCTI. PO3BUTOK crerianbHUX 3A10HOCTEH CIHUPAEThCS Ha
BIANOBIIHI 3amaTku [3].

Hudepentiamis HaBUaHHS CTIPSIMOBAaHA Ha PO3BUTOK 1HAMBIAYaTbHUX, TBOPUUX
noTped y4YHIB, TOBHY peaji3aimilo BCiX TPUPOJHHUX 3aJaTKiB 1 37a10HOCTEH
ocoouctocti. Cepen ¢opMm audepeHIiioBaHOTO HaBYaHHS BHOKPEMITIOIOTH
30BHIIHIO, a0o mpodineHy, audepeHmamito ocBith y33CO, mo mnepexdavae
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HaJaHHS YYHSIM MOXJIMBOCTI OTPUMYBaTH OCBITY 3a PI3HUMH HampsMKaMu, 3a
PI3HMMM HaBYaJIbHUMH I[porpamMamMu,  sKI BIAPI3HAIOTHCS TNIMOWHOK BHUKIALY
Marepiaiy, oocsiroM iHdopmMallii 1 HaBITh HOMEHKJIATYPOIO BKIIOUEHHUX NMUTaHb. MeTa
npodiapHOI AudepeHialii — HalaHHs 3100yBadaM OCBITH MOKJIMBOCTI OTPUMYBATH
OCBITY BIANOBIIHO A0 iX IUIaHIB HA MalOyTHIO NMPOQECIiHY NiSUIbHICTb.

PosrnsiHeMO KOHKpETHUW BHJ CHEIlialbHUX 3110HOCTEH — 37aTHICTh BUBYATHU
eleMeHTH JudepeHuiaTbHUXpiBHAHb. JlU(epeHialbHUM  pIBHSHHAM MEPIIOTrO
NOpSAJKY Ha3uBaeThes piBHSAHHS Buay F(X,y,y') = 0, sike moB's3ye He3anexkHy 3MIHHY
X, HeBimomy ¢yHKII0 y = y (x) Ta ii moxigHy )'. PiIBHIHHAMOXE HE MICTUTH SBHO
xaboy, aje 000B'SI3KOBO Ma€ MICTUTU NOXIAHY )' (Y MPOTHIIEKHOMY BUIIAJKy BOHO HE
Oyne nudepeHIliaTbHUM pPIBHSHHSAM). Tak, y TpoIlecl HaBUYaHHS e€JIeMEHTaM
nudepeHIlialbHUX PIBHSAHb, Yy 3700yBadiB OCBITHU PO3BUBAIOTHCS CIELIANbHI
3M110HOCTI 10 MaTeMaTUKH. 3110HOCT1 PO3BUBAIOTHCS Y AISIIBHOCTI, a IPOyKTUBHICTh
I[LOTO TPOIIECY 3YMOBJICHA HASBHUM PIBHEM PO3BUTKY OCOOUCTOCTI SIK LILJIICHOTO
CUCTEMHOI0 YTBOpEeHHs [1].

OCHOBHUMHU BHUMOTaMH J0 METOJMKH HaBYaHHS IU(depeHliaTbHuX PIBHSAHD Y
KJ1acax 3 MOrIMOJIeHUM BUBUEHHSIM MaTeMaTHUKHA MOYHA BU3SHAUYUTH:

1. YuHi matoTh HaOyTH BMIiHHS PO3B'SI3yBaTH 3ajlaul BMINOI CKJIAJHOCTI, HIX
000B'sI3KOBUH PiBEHB, 30KpeMa, AudepeHIliaibHi pIBHIHHSI.

2. 'V nmpoueci BUBYCHHS MAaTEMAaTUKH YYHSAM TOTPIOHO TIOKAa3aTH, IO
MaTeMaThKa € OJHHM 3 HaWe(pEeKTHUBHIIMIMX METOJIB MOJICIIOBAHHSI pPeaTbHUX
nporeciB. YiTko BU3HAUaTH JIAHIIOKKKM HOBOI 1HGopMallii mpo audepeHiianbHi
PIBHSIHHS.

3. Touno 1 TpaMOTHO (OpMyIIOBAaTH BUBYEHI TEOPETUYHI TOJNOXKEHHS 1
BHCJIOBJIFOBATH BJIACHI MIpKYBaHHS IPY PO3B’SI3yBaHHI 33724 1 JOBEACHHI TEOPEM.

4. 3acTOCOBYBaTH paIliOHAIBHI METOIU PO3PAXYHKIB Ta MEPETBOPEHbD.

CydacHa MaTemaTHKa IIHPOKO 3aCTOCOBYETHCS y BHUBYEHHI E€KOHOMIYHUX,
TYMaHITapHUX, O10JIOTTYHHX, (PI3MUHUX, TEXHIYHUX Ta 1HIIMX SBHII 32 JOIOMOTOIO
nmoOyoB MareMatndHoi mojenmi. JludepeHmianpHi pIBHSIHHS € HAWBaXIUBIMIOIO
MOJIEJUTIO JJIi BHUBUEHHS PI3HMX MpolieciB. BOHM BCTaHOBIIOIOTH 3aJ€KHICTh MIXK

HE3aJIOKHUMHU 3MIHHUMH, duciIaMu (TapamMeTpamu), HEBIIOMUMHU (YHKIISIMU Ta X
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noxigHuMu. OJIHUM 13 THUIIIB 33/1a4, CKJIaJ€HUX Ha OCHOBI MaTepiaiy, 1110 BUBYAETHCA
Ha ypOKax MaTeMaTHK{ y MNPO(PUIBHUX MAaTeMAaTHYHHUX KJacaxX, MOXHa pO3IJsAaTH
HACTYNHUI: MEpEeBIPUTH, IO (PYHKIISA € PO3B’SI3KOM 3a1aHOTO AU(EPEeHI1aTbHOTO
PIBHSHHS; AU(EpEHIIalbHI PIBHSIHHSA 3 BIAOKPEMJIIOBAHUMHU 3MIHHUMH; CKJIACTU
nudepeHIianbHe pIBHAHHS U1l pO3B’A3aHHS HAUIPOCTIIOT 3a/1a4i.

3arajabHuil po3B'A30K AUPEPEHIIATBHOTO PIBHAHHS — L€ (PYHKIIS, 10 MICTUTh
CTaJll BEJIMYMHM (YUCIIO CTANIMX 3aJ€XKUTh Bl MOPAAKY piBHSAHH:A). [lincTaBuBImIM 1110
(GYyHKIII0 y PIBHAHHS, MU OTPUMA€EMO ICTUHHE TBep/KeHHs. Hampuknaza, QpyHkiis

f(x) = (x + 1)e* e poss'askom nudepeniansroro pisasuns ' (x) — f(x) = e”.

[lincTaBUBIIM KOHKPETHE 3HAYEHHS CTAJMX Yy 3arajlbHUid  PO3B'S30K,
OTPUMAEMO KOHKPETHUHN PO3B'I30K — YACTUHHUH, JJIS 33JaHUX YMOB YM OOMEXKEHb.

Tun 3agay Ha TeOMETPUYHMIA 3MICT NU(EPEHIIATBHOTO PIBHSHHS MEPIIOTro
nopsaky y'=f(X,y) cTaBuTh 3a METy: BCTAaHOBUTH 3B'SI30K (3aJIC)KHICT) MIX
KOOpJMHATAMU TOYKH (X; Y) 1 KyTOBUM KOE(IIIEHTOM Y' JOTUYHOI J0 KpPHUBOIi, IIO
OpOXOAMUTH uepe3 If0 Touky. Jlisd mpukmaxy: 3amucaTv pIBHSHHS JOTHYHOI /10

rpadika GyHkmii f(x) = x2+2X y Touri 3 abcmucoro xg = — 2.
PiBHsiHHS 3 BiioKpemitOBaHUMH 3MiHHUME BUIIRY f(x)dx + g(y)dy =0

€ OJHUM 13 HaWUNPOCTIMHMX JIu(epeHIliaTbHUX PIBHAHL TEPIIOTO IOPSIKY.
[HTeTpYyrOUM OOMABI YACTUHM PIBHSHHS, OJICPKUMO PO3B’SA30K.

BuBuennst nudepenuianbuux piBHsAHbY 33CO Mae OyTu cHpsiMOBaHUM Ha
IiBUILICHHS IHTEPECY /10 HaBYaHHSA, MOTJIUOJICHHS 3HAaHb Y4YHIB, 3aJyYeHHS iX J0
TBOPYOi JIOCTIAHHUIIBKOT JisSIBHOCTI, BHOIp MaitOyTHhOi mpodecii. Baxmupo
3ayBa)KUTH, IO 3 METOI MPOQECIHHOI MATOTOBKM KOMIETEHTHUX (DaxiBIIiB, y BCIX
3aKjajax BHIINOI OCBITH, Ji¢ BHUBYAIOTh TOYHI JTUCIUILUTIHH,000B’SI3KOBUM € KYypC
nudepeHIliaTbHIX PIBHSIHb.
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USE OF INNOVATIVE TECHNOLOGIES WHEN STUDYING TOPIC
«EQUATION OF A CIRCLE» AT SCHOOL

Abstract. The research is devoted to the study of the effectiveness of using innovative
technologies (interactive programs, dynamic geometric environments) in teaching the topic “The
Equation of a Circle” at school. The study analyzes the impact of digital tools on students' learning,
motivation, and interest in the subject. The use of innovative technologies improves visualization,
increases interest, and develops practical skills.

Key words and phrases: innovative technologies in education, equation of the circle,
digitaltools, interactive programs, schooleducation.

CyuacHa ocBiTa HEMOXJIMBA 0€3 BIIPOBAXKEHHS IHHOBAI[IMHUX TEXHOJIOTIH, K1
pOOJIATh HABUAJNBHHM TIpoIleC OLIbIT e(PEeKTMBHUM Ta I[IKaBUM JUIS Y4YHIB. Y
Cy4aCHOMY OCBITHBOMY MPOCTOPi, ¢ HMU(PPOBI TEXHOJIOTII CTPIMKO IHTETPYIOTHCS B
HaBUYaJbHUM TIPOIIEC, BUYUTE MOCTIHHO MIYKAlOTh HOBI Ta €(EKTHUBHI METOMM IS
MOKpAIleHHsT SKOCTI HaBuYaHHs. [HHOBAIiMHI TeXHONOrIi CTalOTh HEBIA'€MHOIO
YaCTHHOIO HABUYAJBbHOTO TIPOIECY, BIAKPUBAIOYM O€31i4 MOXJIMBOCTEH IS
MOKpAIIEHHA SKOCTI Ta epeKTUBHOCTI HaBuYaHHA. OCOOJIMBO 1€ CTOCYEThCS BUBUCHHS
MaTeMaTHKH, ¢ Bi3yajizallis Ta IHTEPaKTUBHICTH BIJIIrparoTh KIHOUYOBY pOJIb Yy
PO3YyMiHHI CKIaIHUX KOHIenii [3].

Opniero 3 GpyHIaMEHTATBPHUX TEM y MIKUTBHOMY Kypci reomMeTpii € «PiBHSHHS
KOJa», OJHAK 11 BUBYCHHS YaCTO BUKIWKAE B YYHIB TPYIHOIII Yepe3 aObCTpaKTHICTh
Ta CKJIQAHICTh Bizyamizarii. TpanuimiitHi MeTOIM HaBYaHHS, TaKi SK KPECIACHHS Ha
JIOTIIII Ta PO3B'SI3yBaHHS 3a/lad y 30IINTI, HE 3aBKIU JO3BOJISIOTh YYHSIM TOBHICTIO

YCBIIOMUTH TEOMETPUYHY CYTHICTh Koja Ta Woro piBHsHHA. Came Tomy
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BUKOPUCTaHHS 1HHOBAI[IMHUX TEXHOJOTIH, HANpPHUKIAJ, IHTEPAaKTUBHUX OHJIAMH-
MPOrpam, MOXE CTaTH MOTYKHUM 1HCTPYMEHTOM JJIsl TOKPAILEHHS 11 pO3yMIHHS.

Opnum 13 HalleeKTHBHIIIMX CINOCOOIB BUBYEHHS PIBHAHHS KOJAa € Horo
rpadiuHe mpencTaBieHHA. BHUKOpHUCTaHHA MporpamMHOro 3abe3nedyeHHs, TaKoro sk
GeoGebra a6o Desmos, g03BoJisie€: OynyBaTH Koja 3a PIBHSHHAM Yy PEaIbHOMY 4acl;
JOCIIKYBAaTH BIUIMB 3MIHM MapaMeTpiB PIBHSHHS HA IMOJIOXEHHS Ta po3Mip Koia,
aHai3yBaTH B3a€MO/II0 KOJIa 3 IHIIUMU F€OMETPUYHUMU 00'€KTaMH.

Desmos — 1e 0e3KOITOBHUN OHIAMH-rpadikaTop, KU J103BOJIsiE OyIyBaTH
rpadikd piBHSAHb y peaJbHOMY Yaci, 3MIHIOBATH NapaMeTpu Ta B3AEMOIISITH 3
MaTEeMATHUYHMMH MOJEIAMH. MOro BHKOPHMCTOBYIOTH SIK Y4Hi, Tak i BUMTeNi st
Bi3yaJizailii areOpaiuHux Ta reOMETPUYHUX MOHSTb.

BpiBum 3aranpHe piBHSHHA Koma (x —a)?+ (y —b)2 =r? y Bignosimne

noie B mporpami Desmos, yuHi MOXYTh 3MiHIOBaTH ioro mapamerpu (@, b —
KOOpJMHATU LEHTPY, I — pajiyc) 1 crocrepiraT, SK 1€ BIUIMBaE Ha (opmy Ta
PO3MIIIIEHHS KOJla y CUCTeMI KoopauHaT (puc. 1).

Takox, B gaHiii mporpami MoxHa MoOyayBath Tpadiku ojapasy JAEKUIBKOX
PIBHSAHb. Y4HI MOXYTh JOCTIKYBaTH, SIK B3a€EMO PO3TAIIOBYIOTHCS KOJIa 3aJI€KHO
BiJl iXHIX PIBHSHbB, 1 3HAXOIUTH TOYKH iX TIEPETUHY.

GeoGebra — me moTy)XHMI IHCTPYMEHT s AMHAMIYHOI T'€OMETpii, SKHiA
JI03BOJISIE€ BI3yalli3yBaTH I€OMETPUYHI MOHSATTSA, 10 POOHTH iX 3pO3YMUNIIUMU IS
yuniB. Tak camo, sik 1 B Desmos, TyT MoxHa OyJayBaTH KoOJia, 3MIHIOBaTH 1X
napaMeTpH 1 CIIOCTEpiraTv 3a 3MiHOIO = R T
piBusHHg. Kpim 1mporo, B GeoGebra L
MOXHAa 3HAaWTW PIBHAHHS Koja, mo '~ . \
MPOXOJIUTh Yepe3 TPH 3aJlaHi TOUYKH, | : A"-\H ' /

moOymyBaTh 13 3aaHOi  TOYKH

JOTHYHI 4O KOJa, JOCIIIUTH B3a€MHE R e
PO3MIIIICHHS KOJIa 1 TOYOK. Puc. 1. 3aranbHe piBHSIHHS KOJIa
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Ilpuknao 1. 3HaWTH TOYKY NEPETHHY HOpsMOi Yy = X — 3 13 KOJIOM, SKe
POXOAUTH uepe3 TpH 3aaani Touku: A(1;1); B(2; —1); C(3; 2).

JI71s1 moYaTKy MOo3HAYMMO TPH JIaH1 TOUKHU B OHJIalH-TIporpami (puc. 2).

Touxa A s

i D

Touxa B g L4

@A Touka €

i B
Puc. 2. Tpu Touku

Hami, na Brnaami «lactpymentu» B po3aim «Koma» obupaemo nmynkr «Komo 3a

TphOMa TOUKaMMu» (puc. 3).

Puc. 3. Po3min «Komay»

BuOpaBmy Tpu Hamr TOYKH, OTPUMAEMO KOJIO, SKE€ Yepe3 HUX IMPOXOJIUTH
(puc. 4).
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Puc. 4. 3agane koo
[Ticnsa moOy0BHM KoJia, BBEIEMO PIBHSHHS JaHOT MPSIMOi 1 OTPUMAEMO TOUYKH 1X

nepetuny: D(2;—1),E(4;1) (puc. 5).

Touma A .|
omna B

Touna €

c Kono wepes A C B

fiy

D = Nepetwi c 1a f

E = fMepews c 12 f

Puc. 5. Ilepetun nipsamoi 3 KoJioM
[HHOBAIIIMHI TEXHOJOTIl J03BOJSAIOTh 3POOWTH HABYAHHS 1HTECPAKTHUBHUM,
3aXOIUTIOIOYMM Ta €()EeKTUBHUM, CHOPHSIIOYM KpalloOMy 3aCBOEHHIO MaTepiany.
[HTEepaKTHBHI TpOrpamMu JA03BOJISAIOTH Bi3yalli3yBaTH MaTeMaTHYHI MMOHATTS, POOJISTIH
iX JOCTyNHIIMMH JJisi CHOPUHHATTS, THM CaMUM JIONIOMAaraloyd YYHSM Kpaie

3pO3yMITH MPAKTUYHE 3aCTOCYBAHHSI PIBHSIHHS KOJa B peabHOMY XKHUTTI [1].
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COMPARATIVE ANALYSIS OF METHODOLOGICAL APPROACHES TO
THE STUDY OF ELEMENTS OF ANALYTICAL GEOMETRY IN ZZSO
AND HIGHER SCHOOL USING ICT: THE TOPIC «PLANE EQUATIONS»

Abstract. This paper explores the topic of «Plane Equation» as a crucial element of
analytical geometry studied at different educational stages, including secondary school and
university. The fundamental aspects of teaching are presented, covering basic concepts, problem-
solving algorithms, and methods that require analytical thinking. Special attention is given to the
use of information and communication technologies (GeoGebra) for visualizing three-dimensional
objects.

Key words and phrases: analytical geometry, plane equation, three-dimensional space,
GeoGebra, educational technologies.

BuBuennst Temu «PiBHSHHS TUIOIIMHUY» € BAXKIMBOIO CKJIAIOBOIO aHAIITUYHOI
reometpii, mo QopMyeThcs Ha pizHUX eramax HaByaHHA. Y 33CO 1a Tema
PO3IIIAIAEThCS K OKpeMa 3ajaya TeoMeTpii Ha 3aCTOCYyBaHHS METOAY KOOpAMHAT,
aKIICHT pOOHUThCS Ha 0a30BUX MOHATTSIX 1 MPOCTUX alropuTMax.B yHiBepcuTeTi BoHa
OTPUMYE 3HAYHO HIUPIIE TEOPETUYHE Ta MPAKTUYHE BUBUCHHS, € CKIJIAJOBOIO MIUPIIOT
CUCTEMHU 3HaHb, IO BKJIIOYA€ CKIATHI JOBEJCHHS, AaHAMITHYHE MHCICHHS Ta
3aCTOCYBaHHS Cy4aCHUX TEXHOJIOTIHN /IS pO3B'SI3aHHs 3a/1a4.

VY mKinpHINA mporpami, Ha TOYATKOBUX €Talax BUBYEHHS CTEPEOMETpil yuHi
3HAMOMJISITHCS 13 TTOHATTAM IJIOMMHN. BOHM BUBUAIOTH 3arajibHE PIBHSIHHS IJIOIIUHA

Ax + By +Cz + D = 0 y TpuBUMIpHOMY NpocTOpi. BBOAUTHCS TOHATTS 6ekmopa

HOpmai i€l TUIOIMWHN — 6eKmopa, TEPNeHANKYISIpHOTO A0 Hei. Posrmsmarorbes
MpOCTi 3a7a4i Ha CKIAJaHHSA PIBHSHHS TUIONIMHM 3a TphbOMa TO4YkamMu abo 3a

HOpMaJILHUM BEKTOpoM 11(A; B ; C) i Toukoro M(Xy; Vo; Zg).
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B yHiBepcUTETCHKOMY KypCl OCHOBHA yBara MpUAULSIETbCS TIIMOOKOMY aHaII3y
MaTeMaTUYHUX MOJIeNiel. 30KkpeMa, pi3Hi CrocoOU 3aJJaHHsI TUIOUIMHU Ta BIAMOBIIHI il
PIBHSIHHS: KaHOHIYHE; 3a/laH€ TpbOMa TOYKaMH, L0 HE JIeKaTh HA OAHIN IpsMil;
3arajbHe, apamMeTpuyHe, PIBHSAHHS IUIOIIMHHU Yy «BIApI3Kax» Ha OCAX, HOpMaJlbHE
PIBHSIHHS IUTOIIMHM Ta 1H.

Hanpuknao, 3anucaTl piBHSHHS TUIOLIMHY, KA TPOXOJUThH Yepe3 TPU TOUKH,

M(3;—1;2),R(4;1;-1),5(2;0; 1).

VY mKUIBHOMY Kypci reoMeTpii 11e 3aBJaHHs PO3B’SI3YIOTh HACTYITHUM YHUHOM.

Bynemo mrykatu piBHSHHS IUIOLIMHU 3arajibHOro Burisgy Ax + By +Cz + D = 0.

Touku M, R, S He MOBUHHI JiexKaTH Ha OAHIN mpsimi. [lepeBipuMO YM BUKOHYETHCS
naHa ymoBa. IS 1ipOro 3HAWJEMO KOOpJAWHATH JABOX BekTOpiB MR(1;2; —3) Ta
ﬁ(—l; 1; —1). SAxOu TOuKM JeXalu Ha OJHIA TmpsMid, To MR Ta ﬁ, Oymu O

KOJIiHEapHi, a BiAMOBITHO KoopAuHATH Oyiu O mponopitiiHi. Sk 6a4uMo 1Ji1 HAIIOTro

BUIIAJIKy, KOJIIHEAPHOCTI He Oye. SIKIo TOYKU He PO3MIIICHH] Ha OJHINA TPSIMIi, TO

BOHM OJHO3HAYHO BHU3HAYAIOTh IUIOIIMHY. Y PpiBHSAHHI Ax+By+Cz+D=0

koedilientn A, B, C — KOOp/MHATH BEKTOpa HOpMai 7l momunn: i1 L MR, i L MS.
Tomi n-MR=0 Ta n- E‘j = 0. Jlnsg weBimomux A, B Ta C OTpUMAEMO TaKy

CHUCTEMY PiBHSIHB:

{A+2B—-3C=0—-A+B—-C=0
Bupasupmm A 1 B depe3 €, matumeMo A =§C , B =gC . Tomi BexTop n

MatuMme koopauHaTtu (1;4; 3). IlizcTaBUMO BiAIIOBIIHI 3HAYCHHSy3arajabHEe PIBHIHHS
miomuan Cx + 4Cy + 3Cz + D = 0 Ta Oyap-AKy 13 JIaHUX TOYOK, SKa HAJICKHUTh

IJIOIIMHI, oTpuMaemo D = —5.
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Bionogiov: x + 4y +3z—-5=10
A Temep 3amuIleMo PiBHSHHS IUIONIMHK 4epe3 Touku M(3; —1;2), R(4;1; -1),

5(2;0;1), cKOpUCTAaBIIMCh KAHOHIYHHMM pPIBHSHHSAM IUIOIIMHU, SIKE BHUBUYAETHCSA B

aHaNMTU4YHIA reomeTpli MR ta MS:

x—3y+1z—24—-31+1-1-22-30+11-2|=0=|[x—3y+1z—
212 -3 —-11-1|=0

O06uucIuMo BHU3HAYHUK, PO3KJIABIIN 34 CJICMCHTAMMU IICPIIOTo psAaKa:

(x—3)|12-31 —-1|+y+1D1 -3 -1-1|+(=z—-2)[12-11|=0
2(x—-3)+3(x—-3N+WYy+D+3y+ 1)+ (z—2)+2(z—2)=0
3BiKM oTpuMaemMo: x +4y +3z — 5= 0.

OTtxe, TyKaHe PiBHSIHHS IJIOMMWHU X + 4y + 3z — 5 = 0.

JIJist Kpaloro mMpoCcTOPOBOTO YABICHHS Ta CIPUNHATTS AaHOI TEMHU, €(PEKTUBHO
sk 1y 33CO, Tak 1 y 3akiangax BHUIIOi OCcBiTH, BuUKopuctoByBaTu IKT. Po3srisHemo
BUKOPHUCTAHHS OJTHOTO 3 HHX:

GeoGebra  (https://www.geogebra.org/calculator) -  moTyxuuii  Ta
YHIBEpPCAIIbHUM 1HCTPYMEHT, SIKHA MOKE€ 3HAYHO TMOJETIIUTH IPOIEC BUBYCHHS
PIBHSIHB IUIONIWH, POOJISYM HOro OiMbIl HAOYHMM. TyT MOXHa JIETKO MOOYTyBaTH

TUIONIMHY, 3aJlaBIIX ii PIBHSHHA Yy 3araidbHOMYy BTl Ax + +By + Cz+ D = 0.

z

. . .. x oy
MoXnuBICTh 3aJaHHS PIBHSAHHS IUIOIIMHHA Y BIAPI3Kax Ha OCiIX —+=+-=1
a

C

JI0TIOMAara€e 3pOo3yMITH T€OMETPUYHHI 3MICT IbOro piBHSHHA. [ns mpuxnamy: Ha

300pakeHHAX TuionHa x + 4y + 3z — —5 =0, sgka BiATHHAE Ha KOOPAWHATHUX

. 5 5
oCsIX BIZpi3kM: @ = 5, b = 2C=3 (puc. 1).
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Puc. 1
Orxe, TeMa «PIBHSHHS IUIOIIMHW» € BAXIMBOIO CKJIAJ0BOIO aHATITUYHOL
reomeTpli. OcCKiUIbKM y mTpouneci il BUBYEHHS (HOPMYJIOIOTHCS MaTeMaTUyHI
KOMIETEeHTHOCTI. [HTepakTUBHI 1HCTpyMeHTH, 30kpeMa GeoGebra, mosermye

3aCBOEHHA Martepiajiy Ta PO3B’si3aHHs CKIaAHUX 3a/1a4 32 PaXyHOK YHAOUHEHHS.
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SYSTEM APPROACH TO MODELING INDIVIDUAL TRAJECTORY OF
INFORMATICS TEACHER’S PROFESSIONAL DEVELOPMENT

Abstract. The article substantiates the system approach to modeling the individual
professional development trajectory of an informatics teacher. The theoretical foundations and
structural components of such a model are characterized. The practical aspect of implementation
through the use of digital systems and monitoring tools is considered.

Key words and phrases: informatics teacher, individual trajectory of professional
development, system approach, modeling.

VY 100y CTpIMKOro pO3BUTKY HHU(PPOBUX TEXHOJOTIM TpagWIiiHI MiAXOAH IO
npodeciiHOTO 3pOCTaHHS TEeAaroriB MOoTpeOyOTh CYTTEBOTO OHOBJIEHHS. OCOOIUBOI
yBaru BHUMarae MisUTbHICTh BUUTENS 1HPOPMATHKHU, aJKe€ caMme BiH € MPOBIIHUKOM
1HHOBAIIIl B OCBITHBOMY CEpPEIOBHIINI. Y IIbOMY KOHTEKCTI MOCTa€ HEOOXITHICTh Y
CTBOPCHHI aJanTUBHUX CHCTEM, sIKi J03BOJIsIM O (opMyBathm Ta peanizoByBaTH
IHIUBIMyaldbHI  TpaekTOpii TPOoQeciHHOro PO3BUTKY 3 YypaxyBaHHAM IOTPeO
KOHKPETHOTO meaarora [2].

CucTeMHUH MAXiT Y IbOMY KOHTEKCTI Ja€ 3MOT'y MOOyJayBaTH KOMIUICKCHY
MOJIeNIb PO3BUTKY BYHTENS, SKa IHTErPy€ MEAaroriyHi Iiji, Pecypcu, MeXaHI3MH
OIIIHIOBaHHA Ta [HM(POBI IHCTPYMEHTH B €auHY 1HGOPMAIIITHO-aHATITUYHY
cTpykTypy. Takuii miaxia q03BOJIsIE€ po3risaaTtu mpodeciiiHe BIOCKOHAJICHHS HE SK
pa3oBi 3ax0au (KypcH, CEMiHApH), a K JUHAMIYHY CUCTEMY 3BOPOTHOTO 3B’SA3KY, IO
MOCTIHHO OHOBITFOETHCS BiJIMOBIAHO 0 MOTPeO KOHKpeTHOro BunTess [1].

[TpakTuna peamnizariis 1ie€i Moem MoOXiuBa Ha 0a3i Microsoft Access, 1m0 €

3pYYHHUM CEPEIOBHUIIEM JJisi TOOYIOBU JIOKaIbHUX iH(OopMariitaux cuctem. ba3zosa

158



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

CTPYKTypa CUCTEMHU mependavae CTBOPEHHS B3a€EMOIIOB’A3aHUX Tabnuilb, (GopMm i
3alMTIB JJI1 aBTOMAaTH3alli MpOLECIB AIarHOCTUKH, IUIaHYBAaHHS, peani3auii Ta

MOHITOPHHTY MPO(eCciiiHOro pO3BUTKY Tieaaroris (puc. 1).

CUCTEMA ITPOPECIMHOI' O PO3BUTKY ¥V
MS ACCESS

Taommsa "l[lemarorn” (I1Ib, ctax, xareropisa, ceprudikarm,
KypCH)

Tabmms "Kypen 1 TpeHiari" (Ha3Ba, piBeHb, TPHUBATICTD,
OpraH13aTopm)

Tabmmg "OcBiTHI moTpedn" (yuurtens 1d, cdepa po3BUTKY,
IIPIOPUTET)

Tabmms "Pexomenmammi” (yaurens 1d, kype 1d, mara, ctaryc)

Tabmmg "Pesymprarn” (yuurens 1d, kypc 1d, oITiHKa,
ceptudikar)

Monyns "Monitopuar" (opma aHamTI3y IUMHAMIKI + 3BITH)

Puc.1. Cucrema npodeciitHoro po3BUTKy mejarora, nooynoana Ha 6a3zi MS Access

ApXITEeKTypa CHCTEMH Iependadae HAasBHICTh B3aEMOIOB’S3aHUX CTPYKTYD:
0a3u JaHUX YYUTENIB 13 3a3HAUYEHHSAM pIiBHSA KBamidikallii, cTaxy Ta JIOCBimy,
KaTaJIoTy aKTyaJIbHUX KypCiB 1 TPEHIHTIB, MOAYJIA (ikcallii OCBITHIX MOTPed Ta OJIOKY
MOHITOPHHTY PE3yJIbTaTiB HAaBUaHHs. Y Ci 1[I KOMIOHEHTH (DYHKIIIOHYIOTh Y B3a€MO/II1
3aBasiky Jorimi 3anuTiB SQL, dopm 1 MakpociB, 1m0 J03BOJISIE aBTOMAaTHU3yBaTH
MpoleC PEeKOMEHAAIll OCBITHIX MporpaM BIAMOBIAHO 10 TMEPCOHAIBHOTO 3aMUTY
Buntens [3]. Takum uwHOM, (OPMYIOTHCS TEPCOHANI30BaHI MPOIMO3HIII, SKi
BpPaxoBYIOTh SIK MOTPEOM caMoro mnejarora, Tak 1 CTpaTeriyHl 3aBAaHHS 3aKiaay
OCBITH.

OcoOnMBICTh TaKOro MIAXOJMYy TOJISITA€ B MOJKIMBOCTI  BIPOBAIKEHHS

3BOPOTHOTO 3B’SI3Ky, WO 3a0e3medye Oe3mepepBHICTh po3BUTKY. Cucrema y
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Microsoft Access dikcye He nuIie AaHl MPO MPOXOKEHHSI KypCiB, a U pe3yibTaTu
OI[IHIOBAHHS, 3reHEpPOBaH1 cepTU(ikaTH, PiBEHb 3aJOBOJICHOCTI 3MICTOM HaBYaHHS.
Ile mo3Bosisie aaMIHICTpalli 3aKiaay OCBITH 3A1MCHIOBATH pPEryJsipHY OLIHKY
e(exTuBHOCTI MPOGeCciHHOr0 3pPOCTaHHS TMEAAroriyHOro KOJEKTHBY, a CaMHUM
YUUTEISIM — BIJICTEKYBaTU BIACHY JUHAMIKy Ta KOPUTYBaTH I1HIUBIyaJIbHY
TPAEKTOPIIO PO3BUTKY.

Mopens cucteMHOro THIy, MoOyJaoBaHa Ha 0a3i Access, 3pyyHa IS
3aCTOCYBaHHSl y 3aKjajiax 3arajbHOI CEpelHbOI OCBITH 3aBISKH 3PO3YMIIOMY
iHTepdeiicy, HU3BKMM BHMOraM JI0 OOUYMCIIOBAJILHUX PECYpPCIB 1 MOXKJIMBOCTI
JIOKAJIbHOTO BUKOPUCTaHHS 0e3 MoTpedu y CKIaJHMX cepBepHUX pimeHHsX. Kpim
TOro, ii THYYKICTh JIO3BOJISE JIETKO aJanTyBaTH CTPYKTypy Oa3w JaHWX TMix
cnenu@iKy KOHKPETHOT'O OCBITHBOTO 3aKiady.

OTxe, CUCTEMHMM MiAXIJ y TOEAHAHHI 3 1HCTpymeHTaMu Microsoft Access
3a0e3rnedye HayKOBO OOIPYHTOBaHY Ta TEXHOJOTIYHO e(EeKTUBHY OCHOBY IS
dbopMyBaHHS 1HAWBIIYyaJbHUX OCBITHIX TpaekTopidi BumrteniB iHpopmarmku. Taka
MOJCNbh 3JaTHa 3a0e3MeYUTH IUNCHICTh, QJIaNTHUBHICTH 1 MPO30PICTh MPOLECY
npodeciiHOTO 3pOCTaHHS, CHPHUSIOYM TJIBUINCHHIO SKOCTI OCBITH B YMOBax
1udpoBoi Tpanchopmarii.
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THE PLACE OF INTERACTIVE WORDWALL ACTIVITIES IN A
MATHEMATICS LESSON

Abstract. The article explores the potential of using interactive tasks created with the online
platform Wordwall in the process of teaching mathematics in educational institutions. It analyzes
the advantages of using Wordwall to enhance students' cognitive activity, increase their interest in
the subject, and improve their understanding of mathematical concepts. The article describes
possible ways to integrate interactive Wordwall tasks at various stages of a mathematics lesson:
from knowledge activation to assessment and evaluation.

Key words and phrases: interactive tasks, Wordwall, mathematics lesson, enhancing
learning, student engagement.

3 po3BUTKOM 1H(POPMAIIIHHOTO CYCIUIBCTBA 3a3Haja KOHIICNTYaJIbHOTO
HiJHECEHHSI Teopis 1HHOBAI[IMHOTO HAaBYAHHS, IO 3MIHWJIO NPIOPUTETH OCBITHIX
3axnaniB. [loyanu CTBOpIOBAaTU 3aKiaiu, y SKUX aKTUBHO €KCIEPUMEHTYBAJIMCS Ta
BIIPOBA/KYBAJIUCSA HOBI TEJAroriyHi TEXHOJOrii. Y CYCHUIBCTBI TOCTYIOBO
po3moyaBcsl TepexiJ BiJl 3HAHHEBO OPIEHTOBAHOTO HABYAaHHS JO OCOOHMCTICHO
opierroBanoro[1, c. 3].

VY cy4acHOMYy OCBITHBOMY CEPEIOBHIII JIefail OUIBIIOr0 3Ha4YeHHS HaOyBae
IHTEPaKTHBHICTh SK BOKJIMBHN YMHHUK aKTHBI3allii Mi3HABaJbHOI JiSILHOCTI YYHIB.
Oco0iHMBO aKTyaJabHO 1€ Y BUKJIAJaHHI MAaTEMaTHKH — MPEaMETa, SIKUM TPaJIUuIlitHO
CIIPUMMAETHCS K CKIAIHUNA 1 TOTpedye cucTeMHOTO miaxoay. OaHuM i3 eheKTHBHUX
IHCTPYMEHTIB JJIi CTBOPEHHS IHTEPAKTUBHOTO HABYAJIBHOTO CEPEAOBHINA €
mwiatgpopma Wordwall, sika 103BoJIIE MIBUIKO M 3pYYHO CTBOPIOBATH PI3HOMAHITHI
3aBIaHHS JJIs YUHIB.

[arepaktuBHi 3aBmanHs y ¢opmari Wordwall pmaroTe  MOXIUBICTB
OpraHizyBaTy HaBYAJIbHY JISUTHHICTH TaK, 00 y4eHb OyB HE MACHBHUM CIIyXadem, a
AKTUBHUM Yy4YacHUKOM mporiecy. dopmaru 3aBaaHb — BIKTOPWHH, Kiacuikarii,

Mas3jiv, aHarpaMu, <«3Haliu mapy», «oOepu NpaBUIIbHY BIJNOBIAB» TOIIO —
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JT03BOJISIFOTh THYYKO KOMOIHYBAaTH THUIM MUCJEHHEBOI AISUTLHOCTI: aHai3, CHUHTE3,
MOPIBHSIHHS, y3araJbHCHHS.

Wordwall ocob6nmBo edexTuBHMIA M1]T Yac:

- aKTyaii3auii OMmOpHUX 3HAaHb — JUISI IOBTOPEHHS BUBYEHOTO Marepiaiay Ha
MOYaTKy YPOKY;

- 3aKpIIUIEHHS] HOBOI'O MaTepiaily — IHTEpAaKTUBHI BIIPaBU JOMOMAaraloTh Kpaiie
3aCBOITH IIOWHO MOJIaHy iH(opMaIlito;

- MiJICYMKOBOTO KOHTPOJI — T€CTH ab0 MiHI-Irpy MOXHa BUKOPUCTOBYBATHU
JUISI IEPEBIPKH 3HAHb y (POpMI, sika HE BUKIIUKAE CTPECY;

- poboT B Tpymax — 3aBJaHHI MOXHA JICMOHCTPYBaTH Ha €KpaHi,
0OrOBOPIOBATH B TIapax YM KOMAaHJIax, 110 PO3BUBAE KOMYHIKATHBHI HABUYKH.

IrpoBi enmeMeHTH, Bi3yalli3ailisi, MUTTEBHH pe3ylbTaT — yce€ 1€ MiJABHUIILYE
MOTHBAIIII0 YYHIB JO BHUBYEHHS MaTeMaTWUKH. JliTH 3 OUIBIIMM EHTy31a3MOM
BKJIIOUAIOTHCSI B pOOOTY, JEMOHCTPYIOTH 3aIlIKaBJICHICTh HaBITh Y CKJIAJHUX TEMaX,
TaKUX SK PIBHSIHHS, TeOMETPUYHI Girypu, 1ii 3 ApodaMu TOIIO.

Oxkpim nporo, 3aBaanHs y Wordwall copusitore (GopMyBaHHIO KIIHOUOBHUX
KOMIIETEHTHOCTEW — MaTeMaTuyHO1, HU(PPOBOI, yMIHHS HABYATHCS BIPOJOBK KHUTTS,
KPUTUYHOTO MHCIICHHS. BOHM MiIXOmsITh SK JJId YYHIB 13 BHCOKUM pIBHEM
HaBYaJbHUX JOCSATHEHB, TaK 1 I THX, XTO MOTPEOYE T0AATKOBOI M ATPUMKHU.

Wordwall mo3Bosste B peajapbHOMY 4aci CIIOCTEpIraTH 3a pe3yabTaTaMH YYHIB,
aHaNi3yBaTH THUIIOBI TMOMMJIKM Ta CBOEYACHO BHOCUTH KOPEKTHBU Y HaBYaIbHUU
nporiec. Takuit miaxia BIAMOBIAAE CydaCHUM BUMOTaM (hOPMYBAJILHOTO OIlIHIOBAHHS,
KOJIM yBara 30Cepe/’KeHa He JIMIIE Ha Pe3yNbTati, a i Ha MPoIleci HaBYaHHS.

3aBmanas Wordwall MokHa iHTErpyBaTu sSIK B OYHE, TaK 1 B JIHUCTaHIliifHEe ab0
3MillIaHE HAaBYaHHA. YYHUTENIb Ma€ MOXKIUBICTH 30epiraTd BiacHl 11a0JIOHH,
CTBOpIOBaTH 0a3y 3aBIaHb J0 PI3HUX TeM, IJTUTUCS HUMHU 3 KOJEramMH ad0 YYHSMHU.
Takox icHy€e BelHKa KiJTbKICTh BXKE TOTOBHUX BIIPAB, 110 JTO3BOJISIE EKOHOMUTH Yac Ha

ITiITOTOBKY.
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[3 BracHOro OCBIy KOPUCTYBAHHS II€I0 MIATPOPMOIO MOXKY CTBEPIKYBaTH,
10 HAaWOUIbII aKTyaJbHUM € HOro BUKOPHUCTAHHA IIJ 4Yac: MOBTOPEHHS BHUBYEHOIO
Marepialy Ha MOYaTKy YpPOKY, 3aKpiIJIEHHS HOBOro matepiany. s mporo mMokHa
BUKOPHUCTATH HABITh TOTOB1 3aBAaHHS, 10 € HA Tat@opMi. [ MBUAKOT MEpEeBIPKU
JOMAIIIHBOTO 3aBJaHHS BapTO CTBOPIOBATH BJACHI I1HTEPAKTUBHI 3aBJaHHA Y
Wordwall 3a BmMicToM fir040TO MipyYHUKA 3 MATEMATHKH.

[urepakTuBH1 3aBaaHHs y gopmari Wordwall 3aiimaroTe BaxiuBe Miclie Ha
CydyacCHOMY YpoIll MaTeMaTuKu. BOHM He nuilne CHpusitoTh SKICHOMY 3aCBOEHHIO
HaBYAJIBHOIO Marepiany, a # (GOpMyIOTh y UIKOJSIPIB MO3UTHMBHE CTaBJIEHHS 10
npenmMera. 3aBASKHU IUPOKUM MOKIMBOCTAM JIJISl afanTarlii, pi3HOMaHITTIO GOopMaTiB
1 mpocToTi BuUKopucTaHHs, Wordwall crae He3aMiHHUM MOMIYHHUKOM YYHUTENs B

peaizallii KOMIETeHTHICHOTO MiX0y 10 HaBYaHHSI.
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FOSTERING CREATIVITY IN SPECIALIZED SECONDARY SCHOOL
STUDENTS THROUGH ACTIVE LEARNING IN COMPUTER SCIENCE
CLASSES

Abstract. This paper explores the importance of fostering creativity in upper secondary
school students within the context of computer science education. It aims to develop and justify a
methodology for enhancing creative potential through active learning strategies in computer science
lessons. The research examines the theoretical foundations of creativity, analyzes existing psycho-
pedagogical approaches, and underscores the considerable potential of computer science as a
discipline for stimulating creative thinking. Particular emphasis is placed on the development of a
detailed methodology, including specific active learning techniques, their theoretical justification,
and well-developed examples of learning tasks and exercises.

Key words and phrases: creativity, upper secondary school, computer science, active
learning methods, development of creative thinking, pedagogical methodology, educational
technologies, problem-based learning, project-based learning, brainstorming, gamification.

B ymoBax cTpiMKOro po3BUTKY 1HGOPMAIIMHOTO CYCHIJIbCTBA Ta MOCTIMHUX
TEXHOJIOTIYHUX 3MiH, KPEaTHUBHICTh CTa€ OJHIEI0 3 KIFOYOBUX KOMIIETCHTHOCTEH,
HEOOXIIHMX JUIsS YCHIIIHOI camMopeai3amii ocoOucTOCTI Ta 11 aganTamii 1o
MaiOyTHbOor0o. OCBITHIN MpoIec y MpodiIbHIN KOl Mae 3a0e3neunt (GopMyBaHHSA
HE JIMIIE TPEAMETHUX 3HAHb Ta HABUYOK, aJie ¥ PO3BHUTOK TBOPYOTO IOTCHINATY
yuHiB. [H(dopMaTHka, 3aBASIKH CBOIM MDKIUCHHMIUIIHAPHOCTI Ta MOXKJIHMBOCTSIM
NPaKTUYHOTO 3aCTOCYBaHHS, € OCOOJMBO CHPHUATIMBOIO [UISI CTHMYJTFOBAaHHS
KpEaTUBHOTO MHUCIEHHS 3/100yBadiB ocBith. [IpoTe, HemocTaTHE BUKOPUCTAHHS
AKTUBHHMX METOJIIB HaBYAHHSI OOMEKYE MOMIJIMBOCTI PO3BUTKY KPEAaTUBHOCTI YYHIB
Ha ypokax iH()OPMATHKH, 0 BU3HAYAE aKTYaJbHICTh JTOCIIKEHHS.

Mu po3riisiHyH pi3HI HAYKOBI MIXO0IU 10 BU3HAYEHHS CYTHOCTI KPEaTUBHOCTI
(k. I'indopa, E. Toppenc, T. Amabaiin), i CTpyKTypy Ta OCHOBHI KOMIIOHEHTHU
(irroeHTHICTB, THYYKICTh, OPHUTIHAJIBHICTH, po3poOseHicth) [6]. IIpoananizyBanm
MICUXOJIOTO-TIEIArOTIYHI ~ aCMEeKTH PO3BUTKY KPEATUBHOCTI YYHIB  CTapIIoro

MIKITFHOTO BiKY, BPaXOBYIOYH iXHI BIKOBI OCOOJIMBOCTI Ta IOTPEOM y CAaMOCTIHHOCTI
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i camoBupaxeHHl. OOIPYHTyBaJdu BaXXJIUBY pPOJb IHPOPMATUKH SK HABYAIbHOI
JUCHUUIUTIHA Y  CTUMYJIIOBAaHHI  TBOPYOTO  MHCICHHS  4e€pe3  MOMIMBOCTI
MOJICITIOBaHHS, aJITrOpHUTMi3allii, MporpaMyBaHHS Ta BHUKOPUCTAaHHS CyYacCHHX
iH(hOopMaIITHUX TEXHOJOTr1H. Y poOOTI MU 3AIMCHWIM KPUTUYHHUI OIJIAJl ICHYIOUHMX
METOAMK (OPMYBaHHS KpPEATUBHOCTI HA YpOKax 1H(QOPMATUKHU, BUSIBWIM iXHI
nepeBarv Ta OOMEeXEeHHs, 0 CTajl0 TEOPETUUHUM HIATPYHTAM JUIsl PO3pOOKHU BIACHOI
METOJIUKH, sIKa 0a3yeThCS Ha IHTETpallii MeTOAiB aKTHBHOT'O HABYAHHSI.

Jami Mu 30cepeuwiv yBary Ha po3poOIll Ta JeTaJbHOMY OOIPYHTYBaHHI
METOJIUKH PO3BUTKY KPEATUBHOCTI YYHIB MPOQIILHOT IMIKOJIH METOJaMU aKTUBHOTO
HaBYaHHSI Ha Yypokax iHpopMaTuKu. MeToaWKa TPYHTYEThCS Ha KIFOYOBHX
TUJAKTUYHUX MPUHIIMIAX, TAKUX SK TPOOJIEMHICTh, CAMOCTIMHICTb, IHTEPAKTUBHICTD,
HAOYHICTh Ta TPAKTUYHA CIPSIMOBAHICTh, a TaKOXX Ha KOMIIETCHTHICHOMY Ta
OCOOMCTICHO-OPIEHTOBAHOMY TiJXOJaX JO HaBYaHHA. TyT MM TIPEICTaBUIH
OOTpYHTYBaHHS BHOOpPY Ta JACTAJbHHA OIUC KOMIUICKCY AaKTHBHHX METOJIB
HaBYaHHS, BKIIOYAIOUM MO3KOBUM WITYpM g e(eKTUBHOI TeHepalli ined Ha
MOYATKOBUX €Tarmax TBOPYOi AISIILHOCTI, METOJ IPOEKTIB SK 3aci0 1HTETPOBAHOIO
3aCTOCYBaHHSl 3HAaHb Ta PO3BUTKY TBOPYOI CAMOCTIMHOCTI YYHIB, KeWC-METOH IS
aHaJi3y peaIbHUX MPOOJEMHHUX CUTYAIlll 3 MPAKTUKH 3aCTOCYBaHHS 1HGOPMAIIHHUX
TEXHOJIOT1H Ta MOUTyKYy HECTaHIAPTHHUX PIIICHb, @ TAKOXK €JIEMEHTH Teimidikamii ais
IiIBUIICHHS MOTHBAIlll Ta CTUMYJIOBaHHS TBOPYOi IHIIIATUBU YYHIB y TIpoOIeci
HAaBYaHHS Ta BUKOPUCTAHHS IEJAaroriyHUX YaT-0O0TiB, sIKI BUKOHYIOTh PI3HI poJIi
(1HCTpYKTOpa, €MOIIIMHOTO MIATPUMYyBaya, Kap’ €pHOTO KOHCYJIbTaHTA), IO JOBEIIH
CBOIO €(DEKTUBHICTh Y CTUMYJIIOBAaHHI aBTOHOMIi, 3aJTy9€HOCTI Ta KPEATUBHOCTI YUHIB
y mporieci HaB4aHHs iHpopmaTHku [1; 7].

JlocnmipKeHHsT TaKOX 3acBiMYWIM, IO HHQPPOBI HaBYAIBHI ITPH Ta MOJEINI
MIPOEKTHOT'O HABYAHHS ICTOTHO BIUIMBAIOTh HA MOTHBAIIIO, PO3BUTOK KPUTHUYHOTO Ta
KpEaTHBHOT'O MUCJICHHS YUHIB SIK B OYHOMY, TakK i B TUCTaHIIiHHOMY (popmarax [4; 5].
PesynpTaT  OCTaHHIX  MENAroTiYHUX  EKCIIEPUMEHTIB 13  BUKOPUCTaHHSM
KOJa0OpaTHBHUX HAaBYAIBHUX CEPEJOBUI MOKA3aIM 3HAYHE 3POCTAaHHS aKTHBHOCTI

VYHIB, 30KpeMa TMiJ 4Yac BUKOHAHHSA IHTEPAaKTUBHUX 3aBJaHb Ta peam3arlii
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HaBuallbHUX TPO€ekTiB y rany3i IT [3]. Takox BapTo BiI3HAYUTH AOCBIJA IHTETparii
HAaBYaHHS Ta €JIEMEHTIB IITYYHOI'O IHTEJIEKTY B CEPEIHIM IIKOI1 Yepe3 IHCTPYMEHTU
0OpoOKM MPUPOJHOI MOBHU, IO BIAKPUBAE HOBI MOMKIUBOCTI [JIsi (OpMyBaHHS
THYYKOT'O Ta KPEaTUBHOTO MUCIICHHS [2].

3anponoHOBaHa METOJWMKA MAa€ 3HAYHUWA TOTEHLIaN [Js MPaKTUYHOIO
3aCTOCYBaHHSl BUMUTENSIMH 1HQOPMATHKU MNPOQIIBHOT HIKOJH, SIKI MParHyTh SIKICHO
MiBUIMTU PiBEHb PO3BUTKY KPEATHUBHOCTI CBOIX y4HIB. Ii BIIPOBaIKEHHS MOXKeE
COPUSITH AaKTWBI3alli Mi3HABAJIBHOI ISUIBHOCTI Y4YHIB, (DOPMYBAHHIO KIIFOUOBHX
KOMIIETEHTHOCTEH, PO3BUTKY IXHBOI CAMOCTIMHOCTI Ta MIATOTOBILI 1O MaiOyTHBOI
npodeciifHOi JisIbHOCTI B yMOBaX HU(POBOI eKOHOMIKU. [lepcriekTuBH mojanbinx
JOCHIKEHb MOXYTh BKJIIOUAaTH TMPOBEJEHHS IEIaroriyHoro eKCHepUMEHTY JUIs
EMIIIPUYHOI NepeBIpKU e(HEKTUBHOCTI PO3POOIEHOI METOIUKH, PO3POOKY JETAIBHOIO

MCTOANYHOI'O 3a0e3rneueHHs JJIsA 1 MMPAKTUYHOT'O BIIPOBAIKCHHSI.
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ON THE METHODS OF CALCULATING THE NUMBER =

Abstract. The paper explores a historical and geometric approach to approximating m using
polygons inscribed in a unit circle, starting from a square. A recursive formula is proposed,
demonstrating high accuracy with relatively low computational complexity. The method is suitable
for use in student research and the study of numerical methods.

Key words and phrases: w, approximation, numerical methods in education.

Cepen mMAMHOXHH MHOXHWHU JIACHUX YHMCEJI HAWOUIBII 3aragkoBOI0 €
MHOXKMHA IppalliOHAJIbBHAX 4YHCEN, SKa 3a CBOEI TOTYXHICTIO TIEPEBUIIYE
NOTYXHICTh MHOXXHHH palliOHAJIbHUX 4YHceld. B ToW ke dYac cepell MHOXHWHHU
ippalioHaTbHUX YHCENI € YKCIIa, JI0 SKUX OCOOJMBY yBary 3BepTall MaTeMaTHKH
MOYMHAIOU1 31 cTapojaBHIX yaciB. Cepej TakMX YMCENl HA TEPIIOMY MICIl MOXKHA

BBa)KATH CIIABHO3BICHE yuCIO 7. [Ipo 11e cBIAYUTh TOCUTH TpUBaja ICTOPisl PO3BUTKY

METO/IB HOT0 OOYUCIIEHHS.

Hanpuxman, mokHa mpuBecTd Bigomi (opMynu OOYMCICHHsS 4YHCiIa TT.

o . 256 . ) )
HaligaBHIIINMHU 3 HUX BBaKAIOTHCA TT = vy ~ 3,160, 3HaiigeHa B mamipyci Axmeca

(Erumner); m ~ %5 ~ 3,125, 3 BaBunona. O0GuaBa BapiaHnTa qaTyroThcs 61au3bpko 1900

POKy 1O H.e. 1 JaloTh TOYHICTh pE3yibTaTy B MeXax OJHOrO BIJCOTKA BiJ

BCTAHOBJIEHOT'O MI3HIIIE 3HAYEeHHA T = 3,14. Maiixke B Ti cami 4ach 3 HOIIOHOIO

TOYHICTIO 3HAYCHHS T OJIEpKaB I1HAINChKUKA MareMaTtuk bpamarynra. BogHouac
OYEBUJTHO, IO IIi pe3yIbTaTH OyJIM OTPUMaHI CyTO €BPUCTUYHUM IIIISIXOM 1 HE Maju
CTPOTO MAaTeMAaTHYHOTO OOIpyHTyBaHHs. JIuie BCECBITHBO BIJOMHH T'PEIbKUAN

MareMaTuk Apximen, HIIKOM WMOBIPHO, MEPIIUM 3aMpONOHYBaB METO] OOUMCIECHHS
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3HAUEHHS T MaTeMaTU4YHUMH 3acobamu. Y mpaui «lIpo BuMIproBaHHS Kosia» BiH
pO3pOOMB  JIaHUIOT  MIPKyBaHb, SIKHA TNpPUBIB  HMOro 0  pe3yJbTaTy:

3,1409096 ... < w < 3,1428265... lleit  pesyaprar  ApximMean  OTpHUMaB,

BUKOPHUCTOBYIOUH J[Ba MPABWIbHI NIECTUKYTHUKHU — BIUCAHUM 1 OMMMCAaHUHN — BIJIHOCHO
kona paniyca 1. ITogi6Huit miaxin OyB 3roAoM peanizoBaHUN y MpalsiX KUTAaHChKHUX
Ta I1HJIIMCHPKMX MAaTeMaTHKIB. 3arajoM I[I METOAW Tepeadavyaii MOCIiIOBHE
HAOMKEHHSI 10 3HAYEHHS 7, MOYMHAIYM 3 MPABWIBHOTO IIECTUKYTHHKA, MOTIM
JBaHAISTUKYTHUKA 1 Jlajil — HIJISTXOM TOCTYIOBOIO 301IBIIEHHS KITBKOCTI CTOPIH
MHOTOKYTHUKIB, III0 BOUCYIOTHCS 1 OMUCYIOTHCSI HABKOJIO KOJIA.

Hamu Oyno BupimeHo AOCTIAUTH OOYHMCIEHHS 4YHClIa T 32 YMOBH
BUKOPUCTAHHS B MEPIIOMY HAOJIMKEHHI HE MIECTUKYTHHUKA, a KBaJipaTa, BIIUCAHOTO B
KOJIO pazaiyca 1, 3 momanbuM moOyA0BOI0 0araTOKYTHHKIB 13 4ucioM cTopiH 2". Y

pe3yabTaTi BIAMOBITHUX IEPETBOPEHDb OYIJI0 OTpUMaHO (hopMyIty:

T 2Mtt 2—J2+1/2 +/2 + e (1)

MNKOpeHiB

PosristHeMo pe3yabTaTH 00YMCIICHHS YKCIIa T 3a 3alpOIIOHOBAHOIO (hOPMYIIOK0
(1) m1st 3HayeHb, HaBeaeHUX y TaOmuii 1. OOYKMCACHHS BUKOHAHO 3 TOYHICTIO 10 9

3HAKIB MICJII KOMH.

Taomung 1
Oo6uuncnenns 3a popmyoro (1)
Ne T Ne n
1 3,061467459 7 3,141572943
2 3,121445152 8 3,141587734
3 3,136548490 9 3,141591447
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4 3,140331156 10 3,141592615
3) 3,141277250 11 3,141592638
6 3,141513728 12 3,141592653

3 TabnMill crnocTepiraeMo, Mo BXXe NMpU N =5 3HAYEHHS 7T BU3HAYAETHCA 3
TOYHICTIO JI0 TPbOX 3HaKIB Micias kKoMu. Hampukiaza, Taka TOYHICT OOUHMCIECHHS T 32
BigoMo1o (opmynoro Manxasu-JleliOnina gocsaraerbes jmnre mpu N = 10°. Skmo x
y3atid N =10, TO TOYHICTP OOYMCIIEHHA 3HAYEHHS T CSAraTUME CEMU 3HAaKIB MiCis
KOMH.

®opmyiny (1) MoxkHa e(deKTUBHO BHUKOPHCTOBYBATU B JOCIITHUIBKINA poOOTI
YYHIB TpO(UIbHOT IIKOJM, a TAaKOX Yy Mpolieci BUBYEHHS CTyAeHTaMu (DHi3uKo-
MaTEMaTUYHOTO (DAKyJIbTETy AMCIMILIIH, MOB’S3aHUX 13 HAOIMHKEHHUMH METOJaMU

00YHUCIICHb.
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DIFFERENTIATED APPROACH TO TEACHING DIFFERENTIAL
EQUATIONS IN SPECIALIZED CLASSES

Abstract. For many years, there was practically no problem of differentiation of
mathematics teaching in school. Today, it is clear to everyone that the school cannot operate on a
single program for all students, in all subjects, including mathematics, with an increase in their
developmental and educational impact on the student's personality. We consider individual aspects
of the differentiated approach to studying differential equations in specialized classes..

Key words and phrases: differentiated approach, differential equations, profile classes,
mathematical abilities.

VYrponosx 6aratbox poKiB MPAKTUYHO HE ICHYBaJio TIpoOieMu nudepenIaii
BUKJIQJIaHHS MAaTEeMaTHUK{A Yy TIKOJi: OJHOTHITHI INKOJH, OJHAKOBI TpOTrpamu,
HeudepeHiiiiioBana cucteMa KOHTpouTro 1 T.71. ChOTOJIHI BCIM 3p0O3yMLJIO, IO MIKOJIa
HE MOXe OOIUTHCS €IMHOK TPOrpaMol0 [JIs BCIX Y4YHIB 3 YCIX HaBYAJIbHHUX
IPEAMETIB, Y TOMY YHCIII MAaTEMAaTHKHU, 3 TIOCWJICHHSIM 1X pO3BHBAIOYOTO 1 BUXOBHOT'O
BIUTUBY Ha 0COOHCTICTh YyuHA. OmHUM 13 MiAXOAIB 10 BHUPIMIEHHS NPOoOIeMU
nudepeHIialii OCBITH € BIIKPHUTTS KJIACIB 1 KT 3 TOTJUOJICHUM BUBUCHHSIM THX UM
IHITUX HaBYaJbHHUX IMPEIMETIB, IPOTE, CIHEIliali3oBaHl KJIacH 1 IIKOJIM TaKOX
noTpeOyroTh AudepeHIianii, BIAMOBIAHO 10 3M10HOCTEH 1 0COOTUBOCTEH YUHIB.

VY Ham vac HeoOXiJTHO PO3BUBATH CIICHiabHI 3MI0HOCTI — II€ ICHUXOJIOT1YHI
O0COOJNIMBOCTI 1HAMBIAA, MO 3a0€3MeUyI0Th MOKJIMBOCTI YCIIITHOTO BUKOHAHHS
BU3HAYECHOTO BUAY MisUIBHOCTI. PO3BUTOK crerianbHUX 3A10HOCTEH CIHUPAEThCS Ha
BIANOBIIHI 3amaTku [3].

Hudepentiamis HaBUaHHS CTIPSIMOBAaHA Ha PO3BUTOK 1HAMBIAYaTbHUX, TBOPUUX
noTped y4YHIB, TOBHY peaji3aiilo BCiX NPUPOJHHUX 3aJaTKiB 1 3710HOCTEH
ocoouctocti. Cepen ¢opMm audepeHIiioBaHOTO HaBYaHHS BHOKPEMITIOIOTH
30BHIIHIO, a0o mpodineHy, audepeHmamito ocBith y33CO, mo mnepexdavae
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HaJaHHS YYHSIM MOXJIMBOCTI OTPUMYBaTH OCBITY 3a PI3HUMH HampsIMKamH, 3a
pPI3HMMM HaBYaJIbHUMHU IMporpamMamMu,  sKI BIAPI3HAIOTbCSA TIJIMOMHOIO BHUKIIATY
Marepiaiy, oocsiroM iHdopmMallii 1 HaBITh HOMEHKJIATYPOIO BKIIOUEHHUX NMUTaHb. MeTa
npodiapHOI AudepeHialii — HalaHHs 3100yBadaM OCBITH MOKJIMBOCTI OTPUMYBATH
OCBITY BIANOBIIHO A0 iX IUIaHIB HA MAaHOYTHIO MPOQECiiiHy NisUIbHICTb.

PosrnsiHeMO KOHKpETHUN BUJ CHEIlialbHUX 3110HOCTEH — 37aTHICTh BUBYATHU
eleMeHTH JudepeHuiaTbHUXpiBHAHb. JlU(epeHialbHUM  pIBHSHHAM MEPIIOTrO
NOpSAJKY Ha3uBaeThes piBHSAHHS Buay F(X,y,y') = 0, sike moB's3ye He3anexkHy 3MIHHY
X, HeBimomy ¢yHKIit0o y = y (x) Ta ii moxigHy )'. PiBHIHHAMOXE HE MICTUTH SBHO
xaboy, aje 000B'SI3KOBO Ma€ MICTUTU NOXIAHY )' (Y MPOTHIIEKHOMY BUIIAJKy BOHO HE
Oyne nudepeHIliaTbHUM pPIBHSHHSAM). Tak, y TpoIlecl HaBUYaHHS e€JIeMEHTaM
nudepeHIlialbHUX PIBHSAHB, Y 3700yBayiB OCBITH PO3BUBAIOTHCS CIEIIaNIbHI
3110HOCTI 10 MaTeMaTUKH. 3M10HOCTI PO3BUBAIOTHCS Y AISIIBHOCTI, a IPOyKTUBHICTh
I[LOTO TPOIIECY 3YMOBJICHA HASBHUM PIBHEM PO3BUTKY OCOOUCTOCTI SIK LILJIICHOTO
CUCTEMHOI0 YTBOpEeHHs [1].

OCHOBHUMHU BHUMOTaMH J0 METOJMKH HAaBYaHHS MU(EPEHIIATbHUX PIBHAHb Y
KJj1acax 3 MOrIMOJIeHUM BUBUEHHSIM MaTEMAaTUKU MOYKHA BU3SHAUYUTH:

1. YuHi matoTh HaOyTH BMIiHHS PO3B'SI3yBaTH 3ajlaul BMINOI CKJIAJHOCTI, HIX
000B'sI3KOBUH PiBEHB, 30KpeMa, AudepeHIliaibHi pIBHIHHSI.

2. YV nmpoueci BUBYCHHS MAaT€MaTUKH YYHAM TOTPIOHO TOKa3aTH, IO
MaTeMaTHKa € OJHHM 3 HaWe(peKTHUBHIIMIMX METOJIB MOJCIIOBAHHSI pPeaTbHUX
nporeciB. YiTko BU3HAUaTH JIAHIIOKKKM HOBOI 1HGopMallii mpo audepeHiianbHi
PIBHSIHHS.

3. Touno 1 TpaMOTHO (OpMyIIOBAaTH BUBYEHI TEOPETUYHI TOJNOXKEHHS 1
BHCJIOBJTFOBATH BJIACHI MIPKYBaHHSI MPU PO3B’A3yBaHHI 3a/71a4 1 IOBEJICHHI TEOPEM.

4. 3acTOCOBYBaTH paIlioHAIbHI METOJU PO3PAXyHKIB Ta MEPETBOPEHb.

CydacHa MaTemaTHKa IIHPOKO 3aCTOCOBYETHCS y BHUBYEHHI E€KOHOMIYHUX,
TYMaHITapHUX, O10JIOTTYHHX, (PI3MUHUX, TEXHIYHUX Ta 1HIIMX SBHII 32 JOIOMOTOIO
nmoOy0B MarematndHoi mojeni. [udepeniianbHi piBHIHHSA € HaWBaKIWBIMIOO
MOJIEJUTIO JJIi BUBUEHHS PI3HMX MpoleciB. BOHM BCTaHOBIIOIOTH 3aJ€KHICTh MIXK

HE3aJIOKHUMHU 3MIHHUMH, duciIaMu (TapamMeTpamu), HEBIIOMUMHU (YHKIISIMU Ta X
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noxigHumMu. OIHUM 13 TUIIIB 33/1a4, CKJIaJICHUX Ha OCHOBI Martepiainy, 10 BUBUAETHCS
Ha ypOKax MaTeMaTHK{ y MPOQPUIBHUX MAaTEMaTHYHHMX KJAcaxX, MOXHA pO3risAaTH
HACTYNHUI: MEpEeBIPUTH, IO (PYHKIISA € PO3B’SI3KOM 3a1aHOTO AU(EPEeHI1aTbHOTO
PIBHSHHS; AU(EpEHIIalbHI PIBHSIHHSA 3 BIAOKPEMJIIOBAHUMHU 3MIHHUMH; CKJIACTU
nudepeHIianbHe pIBHAHHS Ul pO3B’A3aHHS HAUMIPOCTIIIOT 3a/1aYi.

3arajabHuil po3B'SI30K AUPEPEHIIATBHOTO PIBHAHHS — L€ (PYHKIIS, 10 MICTUTh
CTaJll BEJIMYMHM (YUCIIO CTANIMX 3aJ€XKUTh Bl MOPAAKY piBHSAHH:A). [lincTaBuBImIM 1110
(GyHKIII0 Y PIBHAHHS, MU OTPUMA€EMO ICTUHHE TBep/KeHHs. Hampuknaza, ¢pyHkiis

f(x) = (x + 1)e* e poss'askom nqudepeniansroro pisasuns ' (x) — f(x) = e™.

[lincTaBUBIIM KOHKPETHE 3HAYEHHS CTAJMX Yy 3arajlbHUid  PO3B'S30K,
OTPUMAEMO KOHKPETHUHN PO3B'I30K — YACTUHHUH, JJIS 33JaHUX YMOB YM OOMEXKEHb.

Tun 3agau Ha TeOMETPUYHMN 3MICT NU(EPEHIIATBHOTO PIBHAHHS TEPIIOTO
nopsinky y'=f(X,y) craBuTh 3a MeTy: BCTAHOBHUTH 3B'S30K (3aJIC)KHICTh) MIX
KOOpJMHATAMU TOYKH (X; Y) 1 KyTOBUM KOE(IIIEHTOM Y' JOTUYHOI J0 KpPHUBOIi, IIO
OpOXOAMUTH uepe3 If0 Touky. Jlisd mpukmaxy: 3amucaTv pIBHSHHS JOTHYHOI /10

rpadika GyHkmii f(x) = x2+2X y Touri 3 abcmucoro xg = — 2.
PiBHsiHHS 3 BimoKkpemitoBaHUMH 3MiHHMMH BUAny f(x)dx + g(y)dy =0

€ OJHUM 13 HaWUNPOCTIMHMX JIu(epeHIliaTbHUX PIBHAHL TEPIIOTO IOPSIKY.
[HTeTpYyrOUM OOMABI YACTUHM PIBHSHHS, OJICPKUMO PO3B’SA30K.

BuBuennst nudepenuianbuux piBHsAHbY 33CO mae OyTH CHpsSIMOBaHMM Ha
MiBUILICHHS IHTEPECY /10 HaBYaHHS, TMOTJIMOJICHHS 3HAaHb YYHIB, 3QJIy4eHHS 1X 10
TBOPYOi JIOCTIAHHUIIBKOT JisSIBHOCTI, BHOIp MaitOyTHhOi mpodecii. Baxmupo
3ayBa)KUTH, IO 3 METOI MPOQECIHHOI MATOTOBKM KOMIETEHTHUX (DaxiBIIiB, y BCIX
3aKjajax BHINOI OCBITH, JI¢ BHBYAIOTh TOYHI JIHCIUILUTIHH,000B’SI3KOBUM € KYypC
nudepeHIliaTbHIX PIBHAHD.

References
1. Content and structure of mathematical abilities: Electronic resource: Access mode:
http://eprints.zu.edu.ua/20690/1/Semenets_Zmist_i_struktura_mat_zdibnostej.pdf

2. Differential equations: Electronic resource: Access mode:
https://naurok.com.ua/diferenciyni-rivnyannya-414717.html
3. Special abilities: Electronic resource: Access mode:

https://studfile.net/preview/5227630/page:8

172



V International Scientific and Practical Internet Conference «Mathematics and Informatics in Science and
Education: Challenges of Modernity», May 1-2, 2025, Vinnytsia, Ukraine

Alina Voievoda?, Cand. Sc.
Mykhailo Prytuliak?, Mr. Sc.
Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Vinnytsia,
Ukraine
e-mail: alina.voievoda@vspu.edu.ua
2Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Vinnytsia,
Ukraine
e-mail:mpritulyak3@gmail.com

PSYCHOLOGICAL AND PEDAGOGICAL PREREQUISITES FOR THE USE
OF COMPUTER DIDACTIC GAMES IN THE PROCESS OF TEACHING
MATHEMATICS

Abstract.The article deals with the psychological and pedagogical prerequisites for the use
of computer didactic games in the process of teaching mathematics to secondary school students
and the issue of forming the readiness of future mathematics teachers to usecomputer didactic
games in their future professional activities.
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Ha BigMiHy BiJg cTapmmx TOKOJIHb, Cy4YacHa MOJIOAb JKHMBE B YMOBax
nocTiiHOTO JocTymy 10 IHTepHeTy, chpwiiMaroud IIOJHS HAA3BUYAWHO BEJHKI
obcsru iHpopMaIlii 3 pi3HHUX JPKEpell, 30KpeMa, COLAIbHIUX MEpex, BigeortaTdopm,
BUKOPHUCTOBYIOTh MOJKJIMBOCTI IITYYHOTO I1HTEJIEKTY TOIIO. Takui iH(popMariiHuii
NOTiK (pOpMy€ B MOJIOM1 3BHYKY JIO MTOBEPXHEBOTO M (hparMEHTapHOTO CHPUHHSATTS,
BHMarae mBHIKOT peakilii Ta BHOIPKOBOT'O MUCJIEHHS. Y pe3yibTaTi B OaraTbox JiTeH
MPOSIBJITIOTHCS O3HAKU TaK 3BAHOTO KIIIIMIOBOTO MUCIEHHS (BiJ] aHTIIIICHKOTO «clip» —
BUpi3Ka abo ypuBok). [lepeOyBatoun y nocriitHOMY iH(OpMAIITHOMY MOTOII1, MOJIOI1
JIOY TIOCTYNOBO BTPAYyarOTh 3JAaTHICTh JO TIMOOKOTO aHamizy, KPUTHYHOTO
MHCJICHHS Ta BUPIIICHHS CKJIATHUX 3aBJaHb. 3Ba)Kal0UW Ha KOTHITHBHI OCOOJMBOCTI
CydacHOTO IU(POBOTO MOKOJIHHSI, MU BBa)XKAEMO 3a JIOIIbHE 3BEPHYTH yBary Ha

METO/IM Ta 3acO0M HABYAHHS, AKi JOTIOMOXYTh MalOYTHIM YYUTEISIM ypaxyBaTH Il
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0COOJIMBOCTI Ta MPEACTABIATH HAaBUAJIbHUN MaTepian y 3py4Hid Bi3yanbHiH (opmi.
OpHuM 3 Takux 3ac001B MOXKYTh OyTH KOoMIT t0TepHI auaakTuuHi irpu (KI).

BrivB KOMI'IOTEpHMX IrOp Ha MOTHUBAID HaBYaHHA Ta COLIAJIbHY
B3a€MO/III0 JIIOACH BUBYAIM Pi3HI AochigHuku. Jlo npuknany, Jxerin Mak I'oniradn,
aBTOpKa KHUTH «PeaybHicTh nonamana: YoMy irpu poOJisiTh HaC KpaluMU 1 IK BOHU
MOXXYTb 3MIHUTH CBIT» aKIIEHTY€ yBary Ha MO3UTHUBHOMY BIUIMBI KOMIT IOTEPHUX
Irop Ha PO3BUTOK OCOOUCTOCTI Ta cycmiiabcTBa [2]. JlochmimKkeHHIM MicIs 1 poJi
KOMIT'IOTEpHUX 1rop y HaBYaHHI Ta PO3BUTKY MpUCBSYEHI pobotu Jlxeiimca
[Mona/l>xi [1], Mapxka Ipencki [4] Ta iH.

OxpeMi KOMIT'IOT€pH1 AMJAKTHYHI ITPU BAAJIO MOEAHYIOTh Bi3yallbHI €(eKTH,
aHiMalio 3 irpoBuMm ausaitHoMm. Ilcuxonorum Ta ¢imocodu 3BepTaroTh yBary He
JUIIIEe Ha poJib Bi3yasi3allii B 3py4HOCTI CIPUHHATTA 1HPOpMaIlii, ajie i aKIeHTYIOTh

Ha 11 PO3BUBAJIBLHOMY XapakTepi B MCUXIYHUX MPOLIECAX JIIOAUHH.

[Ilomo MOXIJIMBOCTEH 3aCTOCYBaHHS KOMIT IOTEPHUX IUIAKTUYHUX Irop Ha
ypoKax MareMaTHuKd B 0a30Bili IIKOJI HAYKOBII BHUAUISIOTH Taki, y SKHX
po3poOHMKaMK Tiepe0aueHO MOXMJIMBOCTI Bi3yaJdbHOTO IMPEICTABICHHS Ha €KpaHi
KOMIT'IOTE€pa 4YM IHIIKUX IUGPOBUX MPUCTPOIB HABYAIBHOIO Marepiany, 30Kpema
a0CTpPaKTHUX MaTeMaTUYHUX 00’€KTIB a00 MPOIIECIB, IXHIX MOJENICH B KOMITAKTHIN
dbopmi, 3 MOXIMBICTIO JEMOHCTpAIlii BHYTPIIIHIX B3aEMO3B’SI3KiB CKJIQJ0BHUX
YaCTHMH Yy THMYacOBOMY U MPOCTOPOBOMY pyci. 3a3HAa4MMoO, IO HUHI MOXHa
BUKOPHUCTOBYBATH Psii MOOUIBHHUX ITpPOBHX JOJATKIB, 30KpeMa Il Bizyasizarlii
300paxkeHb B Tmporieci BuBUeHHs Treometpii: Euclidea (reomerpuuni moOymoBu
IMUPKYJIeM 1 JiHIAKOIO B irpoBid ¢opmi), XSection (mepei3sMMHOTOpaHHHUKIB),
[Tidharopis, Too.

Buxopucranas KJII B HaBuanpbHOMYy TMpoIleci BHMarae Bif yYHATENsS
MaTeMaTUKH TIEBHOT TIATOTOBKA 1 PO3YMIHHSA TICHXOJIOTIYHHX OCOOJUBOCTEH
po3Butky yuHiB. [Ipu BubOopi K/II, sxi MOXHa BHKOPHUCTOBYBAaTH B MPOIIECi

HaBYdHHs] MATCMATHUKHM, IICPCHA YUHUTCIICM II0CTA€ HHU3Ka HpO6JI€M, OB’ SI3aHUX 3
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HEBIJIMOBIJHICTIO MPOTrPpaMHOr0 MPOAYKTY BIKOBUM OCOOJMBOCTSIM  Y4HIB,
HaBYAJbHUM IUIaHAM 1 mporpamaMm Tomo. TomMy BapTo B TpoIeci HaBYaHHSI
MaiOyTHIX yuuTteniB MareMatuku y 3BO popmyBaTH y HUX HaBUYKU CTBOPEHHS i
BHUBA)XEHOT'O 3aCTOCOBYBaHHSA B HaBuajgbHOMY Miporieci KJII.

['otoBHICT, 10 BiAOOpPY W MeTOAMYHO TpamMOTHOro 3actrocyBaHHs KJII
MaiOyTHIMHU yUUTEIIMH MaTEeMaTUKHA MOXE 31HCHIOBATUCS IIUIIXOM MOJICITIOBAHHS
ixHpoi mpodeciiiHoi camMooCBiTH, sika Oe3MocepeHbO TOB’sA3aHa 3 PIBHEM
c(OpPMOBAHOCTI HACTYMHUX YMIHb:

* 3HAXOJIUTH Ta aHAI3yBaTH 1H(OPMAIIiIO 3 PI3HUX JHKEPEIT;

* BIJOMpATH 3 OMPAllbOBAHOIO MaTepiajly METOAMYHI 3HAXIJAKU, 30Kpema M
K1 nns anpoOarii B MaitOyTHIHM megaroriynii aissipHOCTI [3].

3 meToro popMyBaHHS HaBUYOK 3actocyBaHHs K/II B mporeci HaB4aHHS y4YHiB
MaTeMAaTUKH TIpM BHBYCHHI OCBITHROI KOMIOHEHTH «TexHomorii HaBuaHHS
MaTEMaTUKU» MPOMOHYEMO CTYJIEHTaM BHKOHATH HaBYAJIbHO-METOJMYHI 3ajadyi, 3
JIOTIOMOTOI0 SIKHX BOHHM MOXYTh BKJIIOUHUTHUCHh B aKTHUBHY METOJIWYHY MISIIBHICTD,
NOB’s13aHy 3 MOLITYKOM Halkpamux 3pa3kiB K/II, agantoBanux no mpolecy HaBYaHHS
MaTeMaTHKH Y4HIB 0a30BOT IIKOJIA Ta CTBOPEHHSIM BJIACHHUX po3po0oK [5].

BucnoBku. Iludporizallis cycniabCcTBa BIUIMBA€ HA Cy4acHY MOJIONb, SKa B
yMOBax HaJIMIpHOTO MOTOKY iH(opMaIlii 3 HEMMOBIPHOIO IIKABICTIO CIIPUHMAE irpoBi
TexHoJIOT1i HaB4aHHs. DopMyBaHHS TOTOBHOCTI MaOyTHIX YUUTEIIB MAaTEMaTHUKHU JI0
3actocyBaHHss  KJII, po3yMiHHS  IICHXOJIOTO-TIEJIarOTIYHMX  IEPEayMOB  iX
BUKOPDHCTAHHS MOE€ 3/IMCHIOBATUCS pI3HUMHM LUIIXaMH, 30KpeMa 4epe3
MOJIETIOBaHHS MpodeciiiHoi caMOOCBITHBROI AisIbHOCTI 3m00yBaviB. [lomambini
HAyKOBI PO3BIJIKH JOLLUIBHO CHPSIMYBaTH Ha CTBOPEHHS METOAMYHOI CHUCTEMH, IIO
3a0e3rmeunTh (OPMYBaHHS TOTOBHOCTI MaWOyTHIX YYUTEIIB MaTeMAaTHKH IO

edextuBHOTO 3acTocyBanHs K/l y HaBuansHOMY Tporieci.
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INFORMATION AND COMMUNICATION TECHNOLOGIES AS A MEANS
OF INCREASING MOTIVATION IN MATHEMATICS
LESSONS IN 5TH GRADE

Abstract. Interactive platforms, adapted tasks an dinstan tfeed back help students to
understand the material more deeply, enjoy learning an dachieve better results. The use of ICT
allows to increase the efficiency of learning, stimulate interest in the subject and form digital
competencies necessary for modern society.
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Ha croromuimuiii geHs iHGopmariiiHo-komyHikariiHi Texrosuorii (IKT) cramm
MOTY)KHHM 1HCTPYMEHTOM y OCBITHBOMY IIpoOIleci, OCOOJMBO y HaBYaHHI
matematuku. Bukxopucranns IKT no3Bonsie cTBOpuUTHM IUHAMIYHE, 1HTEPAKTHUBHE
CEpEellOBUIIE, SIKEe CIpHsE 3allIKaBICHHIO YYHIB Ta MIABUIIECHHIO iX MOTHUBAIl 10
BUBUCHHS MPEAMETY.

OnHuM 13 OCHOBHHX METOIB, SIKI BHKOPUCTOBYIOTBCS JUIS ITiIBHUIICHHS
MOTHBAIlll HaBYaHHS MaTeMaTHUKH, € 1HTepaKTHBHI matgopmu. BoHU MpoOnoHYIOTH
YYHSIM MOXJIMBICTH B3a€MOJIIi 3 MaTeMaTHUYHUMHM 3ajadaMu y opmari rpu, 3Maratb
abo Bi3yasibHOTO TOAaHHS AaHuX. lle crnpuse rmmOmomMy po3yMmiHHIO Martepiany,
OCKUTHbKU Y4HI aKTUBHO 3aJTy4atoThCsl 10 TIPOLIECY PO3B’SI3aHHS 3a/1a4.

[aTepakTHBHI TUIATPOPMHU TAKOXK JO3BOJISIOTH aIaNTyBAaTH 3aBJAHHS O PIBHSA
MITOTOBKH KOXXHOTO Y4YHS, MO POOWTH HaBUaHHS OUIBII TIEPCOHATI30BAHUM Ta
eheKTHBHUM. YUYHI MOXYTh CaMOCTIHHO TPOXOAUTH TECTyBaHHS, OTPUMYBATH
MUTTEBUN 3BOPOTHUH 3B’S130K, BUBHAYATH THUII 3aBJaHb, Kl MOTPEOYIOTh MOBTOPHOTO

pO3TIIsATY, Ta OAYUTH CBiil IPOTpec y peabHOMY Yaci.
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InTerpamiss IKT y HaBuanbHMil TpoIlec AOMOMAarae He JIMIIE IiJBUIIUTH
1HTEepeC J0 MaTeMaTHK{, aje W MiAroTyBaTH Y4YHIB JO Cy4aCHOro HH(POBOTro
cycmiibcTBa. Hampuknan, — BHUKOPUCTaHHS ~ KOMITIOTEPHHX — [porpaMm  Jjist
MOJICJIIOBaHHSI T€OMETPUYHUX (PIryp Ta TUI JOOMAarae y4HsM Bi3yani3yBaTH CKJIaJHI
MaTeMaTU4Hl TOHATTS Ta CHpPUSE KpPaIIOMy PO3YMIHHIO iX B3aeMo03B’s3KiB. Kpim
TOrO, 1HTEPAKTUBHI BIOPAaBM MOXYTh BKIIOYATH PI3HOMAHITHI MiIaThopMu s
NPAKTUKH, TaKi K TIaTGOPMU 3 iIHTEPAKTUBHUMU TECTAMH Ta 3aBIaHHSIMU SIK:

e Khan Academy — Hamae MOXIJIMBICTh I1HAMBIZyali30BaHOIO HAaBYaHHS 3
MaTEMaTUKUA. YYHI MOXKYTh MEPETJISAaTH BiJICOYPOKH, BUKOHYBATH MPAKTHYHI
3aBJIAHHS.

e |XLMath - mnardpopma Hazae IHTEpPaKTHBHI 3aBJaHHS 3 MOJKJIMBICTIO
OTpUMAaHHS BIIMOBIIEH Ta 3BOPOTHOTO 3B S3KY.

e Wordwall — irpoBa omnaiiH-mardopma, sika jJoroMarae 3aKpillUTH YYHIM
3HAHHS, 1 MAJIATAE i1 PI3HY BIKOBY KaTeTOPito.

e GeoGebra — me mmatrgopma jIsi BUBYCHHS MATEMAaTHUKH, sKa TOEIHYE
reoMeTpito, anredpy, Tabmuil, rpadikv, CTaTUCTUKY Ta oOuyucieHHs. Bona
JI03BOJISIE CTBOPIOBAaTHM M JOCHIKYBaTH MaTeMaTW4HI Mojeni, OyayBaTH
rpadiku, TOCHIHKyBaTH (DYHKITT Ta po3B'sI3yBaTH MaTeMaTHYHI 3aa4i.

e Liveworksheets — me onmaiiH-maTgopma IS CTBOPEHHS IHTCPAKTHBHHX
poOOUYNX apKyIliB, sKa JO3BOJISIE KOHBEPTYBATH TPaAuWIliiHI 3aBAaHHS Ha
1HTepaKTUBHI BIpasu [1].

e Kahoot — e inTepakTHBHA OHJIalH-TUTATGOPMA, STIKA CTBOPESHA VISl TIPOBEICHHS
ITPOBUX BIKTOPHUH, ONMTYBaHb Ta HABYAIBHUX BIpPaB y Gopmi rpu.

Hanpuknan, posrimsiHemo miatgopmy Wordwall, 3a momomororo sikoi Mu
CTBOPIOEMO PpI3HI 1HTEPAKTHUBHI BIOpaBH, a caMe: BIKTOPUHU, BIJIMOBIHUKH,
KpocBOpaH, ¢em-KapTKu 1 BUNaAKoBl kKapTu. [lig yac 3akpimieHHS Marepiainy Ha
TeMy «/lii 3 necaTkoBUMH ApobaMm» 3 miapyuHuka «Matemartuka 5 kiac» Ictep O.

[2], edexkTHBHO BUKOPUCTATH IMAOJOH 3HAWIW mapy a00 BHITAJKOBE KOJIECO.
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BukoHyrouu pi3Hi Jii 3 AECATKOBUMU ApOoOaMU, YUHI IIYKaIOTh MPABUJIbHI BIJIOBIII

Ha jJepexadisax (puc. 1).

Puc. 1.
Omnunaiin cepenosuiine Kahoot 1o3Bosise mepeTBOPUTH yPOK-3aKPIIJICHHS 3HAHb
Ha I[IKaBl 3aXOIUIIOI0Yl 3MaraHHs, J¢ Y4HI MOXYTh BIANOBIIATH Ha 3amuTaHHS.YuMm
mBU/IIe 00paHoO MPaBUJIBLHY BiAMOBIb, TUM OLIBIINE B CyMi 0ajiB OTpUMYE HIKOJISIP.
Ha ¢oto Hmwxue HaBeneno mpukian Ha temy «Cepenne apudmernune. CepenHi
BEJIMYMHWY, JIe KOXKHE 3aITUTaHHS JI03BOJISIE TIOBTOPUTH Ta 3aKPIMUTH BECh MOTPIOHUMA

HaBYAJIBHUI MaTepial, 10 OXOILIIOE AaHa TeMa (puc. 2).

™~ T Awis By $12°C,15°C, 10°C, 14 °C. MaiTH CopenMe SHavenmn DT

Puc. 2

Takum ymHoM, BukopuctanHs IKT Ha ypokax maremMaTuku y S5 Kiacax €
BOXJIMBUM I1HCTPYMEHTOM, SIKHI CIpHS€ TMiJBUINEHHIO MOTHBAIlli, MOKPAIICHHIO
pe3yNbTaTiB HaBYaHHS Ta (OPMYBaHHIO UG POBUX KOMITETEHIIIH yUHIB [3].

Buxopucranas iHQopMaliiHUX TEXHOJOTIA HA YPOIl HE JUIIE ITiIBHUIILYE
e(eKTHBHICTh HABUaHHS, aje W CTa€ MOTYXHUM MOTHBALlIMHAM 1HCTPYMEHTOM.
3aBAsSKA  IHTEPAaKTMBHOCTI Ta HAOYHOCTI, HABUYaHHS TIEPETBOPIOETHCS  HA
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3aXOIUTIOIOYMI MPOLEC, /1€ KOKEH YUEHb MOXKE BIIUYTU ceOe YCIHIIIHUM, 110 CHpUse
SK 30BHIIIHINA (OLIIHKM, MOXBajia), TaK 1 BHYTPIIIHIN (3a0BOJICHHS B1J TMPOIECY)
MoTuBaiii. e, y cBoOo uepry, CTUMYIIIO€ TBOPYHM MOIITYK, MPUHOCUTH 3aJ0BOJICHHS
Ta CIIPUSE CAMOCTBEPIKEHHIO.
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