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Yepkacbkuii HaIllOHATbHUMA
yHiBepcHuTeT iM. b. XMenpHHUIIBKOTO

POJIb MIKIIPEAMETHHX 3B°513KIB JIuIHII‘/jI.HOi AJITEBPU TA AHAJIITI/I‘{HOT
FEOMETPII' Y ®OPMYBAHHI CTIMKOI HI3HABAJIbHOI MOTHBAIIII
CTYAEHTIB - MAUBYTHIX YUUTEJIIB MATEMATUKHU

Cmammio npuceaueno axmyanvHil npoobnemi GopMysanHs cmilkoi Ni3HABANbHOT
momueayii cmyoeHmié SUWUX HABUANLHUX 3AKNAdi6 6 aoanmayiiHutl nepioo0 HABYAHHL.
Asmopamu nposedeno ananiz HayKo8ux 00CIIONCeHb, AKI UCBIMIIOIOMb POlb CIMPYKMYPYBAHHS
HABYANILHO20 3MICY SIK YUHHUKA, WO NO3UMUBHO 6NIUSAE HA CMIUKICMb NIZHABANILHUX MOMUBIE
3000y6auie suwoi ocgimu. Teopemuyry 0CHO8Y OOCNIONCEHHSI CMAHOBIAMb NOJONCEHH Meopii
KocHimueno2o Hasanmadxcenns [c. Ceennepa. Aeémopamu 6CmaHoG1eHO, WO OOHUM I3
HAUNOMYICHIUUX MEXAHIZMI8 CIMPYKMYPYBAHHS HABYANbHO20 3MIcmy, a omoice, i hOpMYy8aHHsA
CMIUKOI GHYMPIWHbOI MOmusayii cmyoenmis, 8UCMYnarmos Mixcnpeomemui 36'a3ku. Y cmammi
PO3pobIeHO ma 0OTPYHMOBAHO KAACUDIKAYII0 MidcnpeOMemHux 36'sa3Kie NiHitiHOI aneebpu ma
ananimuunoi eeomempii: "excnopm-imnopm" 38'azku, 36'azxu-"inocmpamopu" ma inmeepyroui
38'a3xu. Ilpaxmuunum eneckom pobomu € po3podNeHHs KOMNIEKCY KOHKPEMHUX HABYATbHUX
3a0a4, AKi O0eMOHCMPYIOMb MOMUBAYIUHUL NOMEHYIan MIDCNpeOMemHUux 38'a3Kie. 3aoaui
EeKOHOMIUHO020, XIMIUHO020 3micmy, 3 Kpunmozpagii ma ceomempii. Ocobausa yeaza npuoinena
3a0auam-"mocmam" (Rich Tasks), axi mooxcuna pose'sazyeamu pisHumu cnocobamu, 3anyuaroyu
anapam 060x Oucyuniin. ABmopamu maxoic niOKpecieHo 8afCIUBICIb POZYMIHHI CIYOeHmMAaMu
PI3HUX MEMOOON02IUHUX NIOX00i8 00 86€0€HHs OOHUX I MUX HCe NOHAMDb Y KYPCax NHIHOI aneeopu
ma auanimuyHoi eeomempii (Hanpukiaod, akKCioOMamuyHo2o nioxXo0y 6 JIHIUHIU aneebpi ma
2e0MempUdIHO20 Ni0X00y 8 AHANIMUYHIL 2eoMempii Y 66e0eHHI NOHAMMS CKAAAPHO20 000YMKY).
Pezynomamu docnioswcenns mosxcymo 6ymu UKOpUCmMani y npakmuyi Hag4anHus MamemMamudnux
OUCYUNIiH y 8UWIL WKOT OJis1 RIOBUWEHHS eqheKMUBHOCIMI HA8YAIbHO20 NPpoyecy ma hopmy8aHHs
CcmitKkoi 6HYympiwHb0i Ni3HABANLHOI Momusayii cmyodenmis. Ilpome asmopamu BUCTIO8TEHO
no3UYito NPo HeoOXIOHICMb NOOANLULUX eMNIPUYHUX OOCTIONCEHb, 0COONUBO UWOOO0 V3200HCEHHS
Midcoucyuniinaproi ougepenyiayii HaguarbHUX OUCYUnIiv ma ix immeepayii y KoHmexkcmi
3a6e3neyeHHs CMilKoi ni3HA8AILHOI Momugayii cmyoeHmis.

Knrouoei cnosa: midxcnpeomemmui 36'A3Kku, nisHABANbHA MOMUBAYIS, CMPYKMYPYBAHHS
HABYAIbHO20 3MIiCmY, NIHIUHA aleedpa, AHATIMUYHA 2e0Mempis, 3a0ayi XIMIYHO20 3Micm).

IMocranoBka mnpodsjemu. [IpoGiema CTIHKOCTI Ti3HABaIbHOI MOTHUBAIlli CTYJAEHTIB B
aJanTamifHii mepiox (3a3Buyvai, 1-2-if cemectpu HaBuanHs y 3BO) € omHI€IO 3 KIIOYOBUX Y
BUIiN 1mKkoni. Bona Ge3nocepeHbo BIUIMBAE HA Mi3HABaJbHY aKTHBHICTB, YCIIIIHICTb, BIJICIB
CTYJEHTIB Ta fKICTb 1XHBbOI MailOyTHBOI mMpodeciiiHoi misabHOCTI. B amanrtaniiinuii mepiof
BiZIOyBaeThCs mepelyioBa BCix 0a30BMX XapaKTEPUCTUK HABYAJIBHOI AISJIBHOCTI, sika HaOyBae
3MICTY ¥ XapakTepy HaByalbHO-TIPO(deciiHOI NisTbHOCTI. AKIIEHTH B OpraHizallii HaB4ajibHO-
Mi3HABAIBHOI JISJIBHOCTI 3MIILYIOTCSA: BiJI KOPCTKO pErjlaMeHTOBaHOi (opMu opraizarii
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HaBYaHHS, TT1]] TOCTIHHUM KOHTPOJIEM YYHTEJIS B IIKOJI 10 THYYKO1 ()OpMH OpraHi3allii HaBuYaHHs
y 3BO 3 MoxnuBicTIO MOOYJOBM IHAMBIAYyaJbHOI OCBITHBOI TPAa€KTOpii, BUCOKHM piBHEM
aBTOHOMIi, caMOOpraHizarlii, CaAMOKOHTPOJIIO Ta OLIBIIT PO30CEPEIHKEHUM Y Yaci KOHTPOJIEM 3 OOKY
BUKIIagada. BinOyBaroTbcs MMOWHHI 3MiHM Y MOTHUBAIiHINA chepi 0cOOMCTOCTI: mepexia Bif
JIOMIHYBaHHS 30BHIIIHBbOI MOTHBAIIii Y M3HABAIbHIN TIsJILHOCTI (OI[iHKA 1 KOHTPOJIb YYHTEIS,
KOHTPOJb 1 TMOXBaja OaTbKiB, YCHIIIHE 30BHIIIHE HE3aJe)KHE OLIHIOBaHHS TOLIO) MO
MPIOPUTETHOCTI BHYTPINIHIX MOTHUBIB (aKIEHTYyalliss MPOQeCcCiiHUX I1HTEPECIiB, aKTHUBIZYIOTHCS
MPOIIECU CaMOAKTYyalli3aIlil, pO3MIMPIOETLCS CIEKTP MpodeciiiHol camoineHTr(iKaIrii).

OpmHak caMme ajanTamiifHu Iepioj] Mae IEBHI TPYIHOII i XapaKTepUu3y€eThCs CBOEPITHUMU
«rougamKaMm»: Bil ed(OopiHHOrO CIIPUMHATTS CTYACHTAMH HEBHUYEPIHOCTI CBOIX (pi3MUHUX Ta
IHTEJIEKTYaIbHUX CHJI 10 TePCHEKTHUBHO-HETaTUBHOI mpodeciiinoi  camoineHTudikaii,
HIBEJIIOBaHHS IIHHOCTI 00paHoi mpodecii, kpu3n npodeciiiHo-0COOUCTICHOT 1IEHTUYHOCTI.
OnHuM 13 YMHHHMKIB HECTIHKOI Mi3HABAJIBLHOI MOTHBAIlIl BUCTYIIA€ TAKOXK CYTTEBE YCKJIQJTHCHHS
3MiCTy HaBYaHHS, 3HAYHE HAPOCTAHHS MOT0 abCTPaKTHOCTI, (yHIaMEHTAIBHOCTI, HEOOX1THOCTI
IIBUJKOTO TEMITy B IPOCYBaHHI Ta 3acBO€HHI. Lli 3arambHi 3aKOHOMIPHOCTI OCOOHCTICHOTO
PO3BUTKY CTYJIEHTCTBA IOBHOIO MIpOIO IMPOCTIAKOBYIOTHCS y 3700yBadiB BHIOI OCBITH 3a
cnenianbHicTio A4 CepenHsi ocBiTa (MaremMaruka) Ha MEpIIOMY aJanTaliiHOMYy eTarli IXHbOTO
HaBuanHsa y 3BO. Bingrak, mocrae mpoGiema ¢GopMyBaHHS CTIHKOI Mi3HaBaJbHOI MOTHBAIIil
CTYJICHTIB, 30KpeMa B OMaHyBaHHI 3MICTY MaTeMaTUYHUX (QyHIaMEHTAIbHUX AUCHIUILTIH.

AHa3 aKTyaJbHHX [OCJHIIKeHb. Y Cy4aCHOMY MDKHAPOJIHOMY HAyKOBOMY JHCKYpCi
npoOiieMa MOTHUBALIIT YUHIB 1 CTYJICHTIB JI0 HABYaHHS TOCTI/KYETHCS y PI3HUX aCMeKTaxX Ha BUX1IHUX
no3uiisx Teopii camoBm3HaueHHsi (D. I'yeit [4]), Teopii minmeir mocsruenns (. JDx. Yazan,
I'. H. ITenetwe, JI. M. Jlenienc [5]), Teopii kornituBHOro HaBaHTtaxeHHs (I1. EBanc, M. Bancrenkicre,
@. Tlapkep Ta iH. [3]). [lopsa i3 cyTo TEOpPETHYHMMH HATIPAIFOBAHHSME HAYKOBIII BHCBITIIIOIOTH
CyYacH1 OCBITHI MPaKTHKH: BiJ] TpaauLiiHOTO o(aiiH-HaBYaHHS 10 HOBITHIX IHHOBAIIMHUX cepe-
JIOBUIIl OHJIAH-HaBYaHHS. HayKoBi JOCIIKEHHS TPAKTyIOTh MOTHUBAIII0O HABYAHHS SIK CKJIQIHUH,
3aJIeKHUHN B1JI KOHTEKCTY (DeHOMEH, 10 3a3Ha€ BIUTMBIB MHOKMHHUX B3a€EMOJIIFOUMX (haKTOPIB.

Hayxogi po3Bigku A. Imiga ta T. Cekisma y3aransHund [1] TeHaeHmii B JOCTIHKEHHAX MO-
TUBALIll Y4YHIB Ta CTYJICHTIB 10 HABUYAHHS CepeJl PI3HUX JIeMorpadiyHuX rpyI 1 KyJIbTYPHUX KOHTEKC-
TiB. JloCHiPKEeHHST BUSBIJIO IIICTH KITFOYOBHX (DAKTOPIB, IO BIUIMBAIOTH HA MOTHBAIII0O HABYAHHS:
1) ncuxomnoriuHi HiHHOCTI; 2) KOTHITUBHI (pakTopw; 3) coliajibHi Ta €KOJOTiuH1 BIUIMBY; 4) nemMorpa-
¢iunHi dakTopy; 5) akageMiyHe MUHYJE Ta HaBYaJIbHI 3BHMUKH; 6) IEAaroriyHi BIUIMBU Ta OCBITHI
nporpamu. JlocmiKeHHsT YTHChKUX HAYKOBIIIB [2] MPOAEMOHCTPYBAIo BaroMi JOKa3u Ha KOPUCTh
TOrO, 1110 KOHKPETHI MOTHBALIIHI NMPAKTUKU MO-PI3HOMY BIUIMBAIOTh HA Mi3HABaJIbHY MOTHBALLIO.
JloCniTHUKY TiIKPECTIO0TD, 110 MEAaroriyHi BIUIMBY, SKi HArOJIOUIYIOTh Ha BKJIMBOCTI Mi3HABAJIb-
HOT'O MpOLIECY, HA BUKOPUCTAHHI KOTHITUBHUX PECYPCIB 1HIUBIIYYMY sl TNIMOMHHOTO PO3YMIHHS
00’€KTy Ta MpeaMeTy Mi3HaHHA (a He TIPOCTO IS OLIIHOK), 8 TAKOXK CIIPUSAIOTH aBTOHOMII Y4HIB/CTY-
JICHTIB, BUCTYTIalOTh OCHOBHUMH IPEJUKTOPAaMHU MI3HABAIbHOI aKTUBHOCTI M YCHIIIHOCTI 3100yBayiB
y PI3HUX raiy3sx ocBitu. Pe3ynbrati HaykoBux po3Bifiok I1. EBanca, M. Bancrenkicte, ®. ITapkepa
[3] Takoxx ToOKazaiu, IIO CTpaTerii HaBYaHHS, CIPSIMOBAHI HAa 3MEHIIICHHS KOTHITUBHOTO HaBaH-
TaKEHHS 1 TOCUIIEHHS 3JTy4eHOCTI CTYJCHTIB, TO3UTHUBHO CIIBBIIHOCHIIUCS 3 aBTOHOMHOIO Mi3Ha-
BaJIbHOIO MOTHBAII€I0 Ta HABYAILHUMH JOCATHEHHSMH 3700yBaviB OCBITH. [l03UTHBHUI BIUIMB Ha
CTIHKICTh Mi3HABAILHUX MOTHBIB BUSBUIIN OCBITHI MTPAKTUKU BUKJIAa4iB, 110 MiITPUMYBAIU HABUaH-
HS 31 CTPYKTYPYBaHHSIM HABYAJIbHOT'O 3MICTY.

CydacHi JOCHTIIDKEHHS TpPakTylOTh [3] CTPYKTYpOBaHICTh HABUAJIBHOTO 3MICTy SIK
0araTOBUMIPHHI KOHCTPYKT, IO 3aJIeKUTh B KOT€PEHTHOCTI BCIX KOMIIOHEHTIB OCBITHBOI
CUCTEMH 3arajioM, Ta KOTHITUBHOI apXiTeKTypu OKpeMoro iHauBinyymy. Jlxx. CBemiep, posrisaae
[6; 7] KOTHITUBHI CTPYKTYPH, III0 YTBOPIOIOTH 0a3y 3HAHb 1H/IMBI/IA, SIK TIEBHI MEHTAJIbHI CXEMH.
BuxigHow HOTo MO3HUIIi€l0 € Te, 10 HaBUAHHS 31 CTPYKTYPYBAHHSIM 3MICTY Ma€ Oe3MmocepeIHbo
BpPaxoBYBaTH 0OMEKEHHS KOPOTKOCTPOKOBOI poO0UOT IMaM’ATi Ta CIPUATH MOOYI0B1 KOTHITUBHUX
CXEM y JOBTOCTPOKOBIiH maM’siTi Cy0’eKTa. 3MICT TOBITOCTPOKOBOI IaM’sITi CTAHOBJIATH CaMe TaKi
CXEMHU — BUTOHYEHI CTPYKTYPH, L0 T03BOJISIOTH IHAUBITYYMY BUSIBIISTH I13HABAJIbHY aKTUBHICTb,
MOTHUBYIOTh Horo HaBuaHHs. [1[o0 BigOynocsi MeHTalbHE KOHCTPYIOBAHHSI CXEMH, OCBITHIH
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MPOLIEC Ma€ HIBENIOBATH HABAaHTA)XEHHsSI HA KOPOTKOCTPOKOBY IaM’STh IIISXOM aKTHBi3awii i
no0yJ0BH KOHCTPYKTIB Yy JOBroCTpOKOBil mam’sari. lle no3Bossie iHAMBIAYYMY €(QEKTHBHO
00po0sATH HOBY iH(MOpMAIliI0O Ta KOHCTPYIOBATH 30araueHi CXeMu I 3a0e3MeUeHHsT MIITHUX
3aB’S3KiB MK HOBMMHM 1 MONEPEIHHO ONAHOBAaHMMM 3HAHHAMHU. Lli KOHCTPYKTH MOXYTh
B1JIOOpaKaTH K CUCTEMY TOHSTH 1 (DAKTIB y MEKax OJHI€T HAaBYAIBHOI TUCITUTUIIHY, TaK 1 3B’ I3KH
MDK TOHSATTSIMH, (pakTaMu 1 criocobamMu Mi3HABAIBHOI AISUIBHOCTI Y MEKaxX KiJIbKOX HaBYAIbHHUX
JTUCLHUILIIH, T.3. MDKIpeAMETHI (MDKIMCHUUIUTIHAPHI) 3B’SA3KW. TakuM YHMHOM, Y HAyYKOBOMY
JUCKYpCl TIO3UIIIOHYEThCS TOTIsA Ha MiknpeametHi 3B s3ku (O. ['mo6in [13]) sk Ha omuH i3
(dakTopiB, 10 MO3UTHBHO BIUIMBAIOTh HA CTPYKTYPYBaHHS 3MICTY HaBYaHHS, a, BiATaK, 1 Ha
CTINKICTh MI3HABAILHOT MOTHUBAIIiT 3/T00yBadiB OCBITH.

Mera cTaTTi — OKpeCIUTH pOJIb MDKOPEIMETHHX 3B S3KIB HaBYAJIbHUX AUCLMILIIH
«JliniitHa anredbpu» Ta «AHaAIITHYHA TEOMETPisH» y popMyBaHHI CTIHKOT Mi3HABaJIbHOI MOTHBALIi
CTYJICHTIB — MaOYTHIX YYUTEIIB MaTEMaTUKH

Bukiaaa ocHoBHoro marepiajy. CTilikicTh mHi3HaBaJIbHOI MOTHBALli — L€ 3AATHICTbH
YYHSI/CTyIeHTa 30epiraTu iHTEpeC 10 3MICTY HaBUaHHsS, JI0 CaMOTro MpOIECy 37A00yTTS 3HaHb,
HE3BKAIOYM HAa 30BHINIHI TEpenIkoau (CKIaJHICTh MpeaAMeTa, HeBIadi Ha ICIHTaxX, BTOMA,
couianeHui TUCK Tomio). IIpoGiema momsirae B ToMy, 1m0 y 0araTb0X NEpPUIOKYPCHHUKIB B
aJanTallifHA{ Tepio TPOSBISAETHCA TaK 3BaHA «KpPH3a MOTHUBY», KOJM CTapa, 30BHIIIHS
MOTHBAIIiS (TUCK 1 KOHTPOIIb 3 OOKY HIKONHU 1 0aThKiB, 0a)KaHHS «OTPUMATH JUILIOMY) IIBUIKO
BUYEPITYETHCA, & HOBA, BHYTpIlH: (mpodeciiiuuii iHTepec) mie He copmMoBaHa. 3 iHIIOTO OOKY,
a0CTpaKkTHICTh 3MICTy MaTeMaTHMYHUX KypciB (K OT, «JliHiliHa anrebpa» Ta «AHamiTHUYHA
TEOMETPis») MOKE CIPOBOKYBATH IMAJIIHHSA BIICBHEHOCTI B COO1 Ta MEpexXoay BiJ] «MOTHBAIii
JOCSATHEHHS YCIIXy» /10 «MOTHBAIlll YHUKHEHHS HeBHadi». (s HiBeltOBaHHS IUX TEHACHLIN
HAyKOBIII TMPOIOHYIOTh MiAXiJ] — 3MCHIICHHS KOTHITUBHOTO HABAaHTAXCHHSA ILITXOM
CTPYKTYpYBaHHSI HaBYalIbHOTO 3MicTy. [103UTHBHMII BIUIMB y IIbOMY aCHEKTI Ma€ BUSBICHHS
MDKIIPEIMETHUX 3B SI3KIB. 3yMUHUMOCS OUTBII JETAIbHO HAa MOTHBALIWHOMY TOTEHIIiami
MDKIIPEAMETHHUX 3B’ SA3KIB JIIHIHHOT anreOpu Ta aHaJIITHYHOT TeOMeTpii.

HaguanbHi kypcu «JliniiiHa anredpa» Ta « AHATIITUYIHA TEOMETPIsH € 000B’ I3KOBUMH OCBITHIMU
KOMIIOHEHTaMH OCBITHBO-TIPOQECIHHUX TporpaM mepiioro (0akajaBpChbKOro) PiBHS BHUIIOI OCBITH
crneniambHOCTI A4 CepenHst ocBiTa (MareMaruka). Y 3Micti Kypey «JliHiiiHa anreOpay BiqoOpakeHO
CydJacHUi amapar JiHiiHOI anreOpu. 1o nependayae, sk Bkazye O. KocTpukin y HU3LI HaBYaJIbHUX
MOCIOHUKIB, PO3pOOKY MaTeMaTHYHOI MOBH I BUPAKEHHSI OJIHI€T 3 Hal3aralbHIIINX TPUPOTHUYUX
imet — ixei minHiHOCTI. ToMy 3MicT HaB4anbHOI muctuIUliHK «JliHiiiHAa anreOpa» BKIIOYae B cede
OCHOBH TeOpii JIIHIHUX PIBHSHb, TEOPIi BU3HAYHUKIB, TEOPIl MATPHUILb, TEOPIi BEKTOPHUX IPOCTOPIB
Ta JIHIHHUX [EepeTBOPEHb BEKTOPHHMX MPOCTOpIB, Teopii (GopM (30Kpema JIHIHNHUX, OUTIHIHHUX,
KBaJIpaTUYHUX ), TeOpii MHOrowIeHiB. ONaHOBYIOUYM 3MICT 11€] HABYAJIBLHOI JUCLUUIUIIHU CTYJIEHTU
BUBYAIOTh (PYHIAMEHTAIbHI MOHSATTS: #1-MIPHOTO JiHIMHOTO BekTOopHOro mpocropy (JIBID),
apu(METHIHOrO0 N-MIPHOTO TPOCTOPY, 7-MIPHOTO BEKTOpA, JIHIKHOTO BiOOpakeHHs (JIIHIHHOTO
orepaTopy) n-MipHOTO BEKTOPHOTO MPOCTOPY, CUCTEMH JiHIMHUX anreOpaiunux piBHsHb (CJIAP),
po3B’szky CJIAP, cymicHOT Ta HeCyMiCHOI, BU3HAY€HOI Ta HEBU3HA4YeHOI, ekBiBaieHTHUX CJIAP,
NePECTAaHOBOK MapHUX 1 HETApHHMX, BU3HAYHMKA, TMOPSJIKY BU3HAUHHMKA, MAaTPULl, BUJIB MaTpHUllb,
apu(MeTUIHUX OTeparliii 3 MaTpULIIMU, MIHOpA i1 anreOpaidyHOro TOTIOBHEHHSI €JIeMEHTa MaTpPHIIL, i
paHry, JIIHIHHOI 3aJIeKHOCTI/HE3aJIe)KHOCTI BEKTOPIB, JiHIMHOI KOMOiHAaIlii BEKTOpIB, Oa3uCy i paHry
CHCTEMH BEKTOPIB, 6azucy i posmipHocti JIBII, koopauHat n-mipHOro Bekropa, miamnpocropy JIBII,
13oMopdizmy mianpoctopis JIBII, ckanspHoro 100yTKy BEKTOpIB, €BKIIIOBOI0 BEKTOPHOTO IPOCTOPY
(EBII), yniTapHoro npocropy, OpTOroHaJbHHUX BEKTOPIB 1 OPTOroHaNILHOI cucteMu BekTopiB EBII,
miHiitHOTO oneparopa (JIO), fioro obnacti 3Ha4YeHs, sapa it nedexty, Marpuri JIO, BracHUX 3HaYEHb
1 BmacHUX BekTopiB JIO, crpsKeHOro, cCaMOCHpsKEHOTO, OPTOrOHAILHOTO JIIHIHHOTO EPETBOPEHHS
EBII, cnektpa onepatopa, JiHiiHOi, OUTiHIIHOT 1 KBaApaTHYHOI (hopMHu.

MixnpeaMeTHi 3B’SI3KM Kypcy JiHIHHOI anreOpu BHSABISIIOTBCS B XOJ1 aHAJi3y MIMPOKOTO
crekrpa ii 3actocyBansb [10; 11]: B inpopmaTwHiii Ta BeO-TexHONMoOrisX (anroput™ PageRank (momryx
Google), B Teopii rpadiB Ta MepexeBoMy aHaui3l, (1HGopMaLIiHUI MOIIYK), Y CTATUCTULI Ta HayLl
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npo JaHi (aHai3 TOJIOBHUX KOMIIOHEHT, (DaKTOpHUI aHaji3, OaraToBUMipHa CTaTHUCTHKA), MAITH-
HoMmy HaB4aHHi Ta LI (HelipoHHi Mepexi (MaTpHll Bar), 3MEHIIEHHSI PO3MIPHOCTI, pEeKOMEHIalliiiHi
CHCTEMH ), KBaHTOBIH (pi3uIl (KBaHTOBAa MeXaHiKa (BEKTOPH CTaHiB), KBAHTOB1 0OUMCIIEHHsI (YHITapHI
NIEPETBOPEHHS), KBAaHTOBA Teopist iH(opmailii), y Teopii 0OpoOKH CUTHAIIIB (CTHCHEHHS 300paKeHb,
00poOka ayzio, anamiz Dyp’e), B ekoHOMIl Ta (hiHaHCcax (Moaeb JICOHTheBA, ONITUMI3ALIist TOpTders,
EKOHOMETpisl), y XiMil (Teopis MOJNEKYIIpHUX OpOiTaiel, po3paxyHKH KBAaHTOBOI XiMmii, XiMiuHa
KIHETHKA) Ta B 1HIIMX Taly3sX 3HaHb. MiKIpenMeTHI 3B’SI3KH JITHIHHOI aareOpy BUSBISIOTH CBIN
MOTHBAIIHHANA TOTEHINAN, KOJIM BOHH BCTAHOBIIOIOTHCS Y XOJ1 PO3B’SA3YBaHHS KOHKPETHHX,
ABTCHTUYHUX 3aBJaHb 1H)XXEHEPHOTO, (Pi3MUHOro, XiMIYHOrO 1H(POPMATUIHOTO 3MICTYy, MaTeMaTH4-
HOIO MOJICIUTIO SIKUX €, HAIIPUKIIAJI, CUCTEMa JIIHIMHUX piBHAHB. Taki 3a1adi IpeICcTaBIeHo, 30KpeMa
y 36ipauKax [10; 11]. Mu nponoHyeMo TakoK JI0 pO3IJIsay 31 CTy/IeHTaMU HACTYITHI 3a7adi.

3amaua 1. IaBecrop posmoautse 100 000 momapiB Mik TppbOMa BHIAMU OOJIrailiii: 3 pi4HOIO
npuOyTKoBicTIO 3%, 4% Ta 5%. Bimomo, 1o 3arajibHU piuHUN TOXI BiJl YCiX IHBECTHIIA Mae
cranoButH 4200 nomnapis. Cyma iHBecTuIiii B oomiramnii 3 3% Ta 4% nprOyTKOBICTIO IOPIBHIOE CyMi
1HBecTHLiN B o0iramnii 3 5% npuOyTKoBicTIO. SIKy CyMy 1HBECTOp BKJIaB y KOXKEH BUJI OOJIirariin?

3anaua 2. depmepy noTpiOHO rOAYBaTH TBAPUH, BAKOPUCTOBYIOUH TpH BUau kopmiB (I, 1T 1
III), sixi MicTSATh HEOOXi/IHI MOKUBHI PEUOBUHU: MPOTEiH, BYTJIEBOAM Ta BITaMiHH. 1 KT MepIIOro
kopmy Mictuth 200 T mporeiny, 400 r ByrneBoniB ta 100 r BiTamiHiB. 1 KT Ipyroro KOpMy MiCTUTh
300 r mporeiny, 200 r ByrieBoiB Ta 50 r BiTamiHiB. 1 KT TpeThoro kopmy MicTuTh 100 T mpoTeiny,
500 r ByrneBoziB Ta 150 r BiTamiHiB. J{j1s IOAEHHOTO palliony TBapuH MoTpiOHO 1.8 KT mpoTeiny,
2.6 kr ByruieBofiB Ta 0.6 xr BiramiHiB. CKUIBKH KUIOTpamiB KOXXHOTO BUAY KOpMY HEOOX1IHO
3MimarTH, mob 3a70BOJILHUTH J000BY MOTpeOy TBAPHH y MOKUBHUX PEYOBHHAX?

3amayva. 3. Y nabopatopii mpoBOASTEH aHAJII3 CYMIILIi, 110 CKJIaJa€ThCs 3 TPhOX COJIei: KapOOHATY
kamito (K2CO3), kapbonary Hatpiro (Na2CO3) ta xapOonary mitito (Li2CO3). Bimomo, mo maca
cymimi cranoButs 100 1. [Tpu B3aemonii cymiri 3 Hagmmumkom xiopuanoi kucinotu (HCI) Buaiminocs
45,8 r Byrnekucinoro razy (CO2). Ilicns peaxmii yrBopmiacs cymim xiopuais (KCl, NaCl, LiCl),
3arajgbHa mMaca kol ckiana 111,4 r. Busnaure Macy K0>KHOI COJIi B TOYATKOBIM CyMiIlIi.

3amaua 4 [11, c. 80]. Hano kpunrotekct: «EBIL MIIE TITI TJIY TXX NUIIX WUIIX KIIC I'TH
BTVY» 3aumdpoBanuii niHiitHUM m(poM TPeThOro mopsaky. Bimomo, 1110 AeB’sITb OCTaHHIX JIiTep
KPHIITOTEKCTY MAIOTh 03HauaTH yacTuny nigmicy JXEMMCBOH]I. Posmmpyiite MOBiTOMICHHS.

Hapuanbhmii kypc «JliHiiHa anrebpa» Mae TiCHI MDKIPEIMETHI 3B SI3KH 3 1HIIMMU OCBITHIMH
KOMITOHEHTaMH B Npo¢eciiHiil mAroToBIl MaiOyTHHOTO BUMTENSI MaTEMaTUKH, 30KpeMa 13 KypcoM
«AHaniTHYHA reoMeTpis». BiacHe aHamiTHYHA reoMeTpis, sIK Hayka, 3 sBHJIacs sIK peajizaris ijei
Pene Jlekapra npo yHiBepcanbauii MeTo1. CyTh HOTO MOJISTae B TOMY, 110 Oy/1b-s1Ka 3a7a4a 3BOIUTHCS
70 MaTeMaTU4YHOlI 3ajadi, pO3B’S3yBaHHS SKOI CBOEID YEProl0 3BOJUTHCS 0 3aCTOCYBAHHS
anredpaiuHoro meroxy. Hagzsuuaiino nokazosum € noryisiz K. Jlarpanxa: «[loku anreGpa 1 reomer-
pist PO3BUBAINCS KOJKHA CBOIM IIUIIXOM, PO3BUTOK iX OyB MOBUIBHHI a 3aCTOCYBaHHs oOMexeHe. Ta
KOJIH 111 JIB1 HAYKH 00’ €THAIMCS, BOHH O[HA OJIHIN TOJIAJIV YKUTTEBOI CHATH 1 BIATO/11 OOW/IB1 IITBUIKOIO
XOOK0 PYIIMIN BIieped A0 AockoHanocTi» [8, c. 30]. BukopucTanHs MKIIpPEIMETHHX 3B’SI3KiB
JIHIMHOI anreOpu 3 AHATITUYHOIO TEOMETPIEI0 € OJHMM 13 HaHMOTYKHIIIMX MEXaHI3MIB IS
MiIBUIIEHHS CTIHKOCTI BHYTPIIIHBOI MOTHBALIIT CTYJICHTIB 1O BUBUEHHS IIMX TUCIIUILIIH.

MixnpeaMeTHi 3B’ SI3KH LIUX JUCLMILIIH MOKHA PO3MOALUIUTH Ha KibKa Kiacis. [lo-nepire
— 1e «ekcrnopt-imoopt» 3B’s3ku (B. Kipman, H. TapacenkoBa), koau MaTeMaTHYHMNA amapaT
OJIHI€1 HAaBYAJIbHOT IUCUUIUTIHY BUKOPUCTOBYETHCS JIJIs1 BUBHAYEHHSI MOHATH 00 (POPMYITIOBAHHS
YU JOBEACHHS BIACTUBOCTEH MOHSATH 1HILO].

[TpuxiazoM Takoro 3acTOCYBaHHS MOXKE CIIYTYBaTH BIJIILIYKaHHS BEKTOPHOrO JO00YTKY,
yepe3 JeTePMIHAHTH, SKIIO BEKTOPHU 3a/1aHi KOOpAMHATAMM B MPSIMOKYTHIN J1€KapTOBii cUCTEMI

xoopauHar. SIkmo d = (x1,y1,21),ab = (x3,V5,2;), TO
- —
axb= |?fk X1Y121X2Y2 2, | =(y1z1¥222 |, —lx1 21 %, 25 |, [ X1 Y1 X2 2 |).
. o . - g —
Takoxx Mimanuii J0OyTOK BeKTOPiB d = (X1,V1,21), b = (X3,¥2,22),C = (X3,V3,23)
3HAXOIUTHCS SIK BU3SHAYHUK TPETHOTO HOPSIKY:
-
a'(b XB) = |x1Y1 Z1X2 Y2 Z2 X3 Y3 Z3|.
8
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Kpim Toro, HaifyacTimie B aHATITHYHIA TEOMETPii BUKOPUCTOBYIOTHCS Pi3HI MTPUHOMH PO3B’s-
3yBaHHS PiBHSHb Ta CHCTEM DIBHSIHB 1 HEPIBHOCTEH, 30KpeMa Meton ['ayca. Sk mpukiaz, 1e Biauy-
KaHHSI TOYOK IEPETHUHY NPSMHUX 1 IUIOLIUH, TOYOK JOTHUKY 10 KPUBUX UM IIOBEPXOHb IPYTOro MOPSIIKY.

[HImwMiA KI1ac 3B’S13KiB — 11 3B SI3KU-«UTtocTpaTopu». Ha ix ocHOBI aOcTpakiiii o1HieT HAaBYaITbHOT
JUCIATLTIHM, K OT «JIiHilHOT anreOpr» (MaTpHIli, BEKTOPH, CUCTEMH PiBHSIHB ), HAOUHO Bi3yasIi3yIOTh
3a JIOTIIOMOT OO MTOHSTB, 1110 BUBYAE 1HIIIA HABYAIbHA IUCLUITIIHA, a CAMe, aHAJIITUYHA TeoMeTpis (Tps-
Mi, TUTOIIMHH, JIiHIT 1 TOBEPXHI JIPYTroro MopsIKy, IEpETBOPSHHS Ha IUIOIIMHI 1 B TpocTopi). Hanpuk-
Jaj1, TIOHATTS JIHIHHOI 0OOJIOHKU BEKTOPIB, MipocTopy po3B’s3kiB CJIOP, niHIHHOrO MHOTOBUTY
Kpallle 3aCBOIOETHCS CTYIACHTaMU, SIKIIO CYIPOBOIKYETHCS HAOUHICTIO 13 BUKOPUCTAHHSAM IUIOIIUHU
Ta 3CYBY IUIOIIMHU Ha JIEIKWN BEKTOP — HANpaBJICHUH BiPi30K. 3B’S3KHU-UTIOCTPATOPU «CIIPALBO-
BYIOTH» JUISI BI3yalTizallli TAKUX aOCTPAKTHUX MOHATD JITHIHHOI areOpH K MiAMPOCTIp JIIHIHHOTO BEK-
TOPHOTO MPOCTOPY, OPTOTOHATBHE JONOBHEHHS MiIPOCTOPY, OPTOrOHAIBHA TPOEKIIis BEKTOpa Ha
HAMPOCTIp, JIHIAHUA omepaTop BEKTOPHOTO MPOCTOPY, JIiHIMHA 1 kKBagpaTtuiHa dopma. Kpim cyrto
UTIOCTpaTUBHOI (YHKIIT Il 3B SI3KH «ITiACBIYYIOTHY» MOMJIMBI CIIONTYYHI JJAHKM MDK aOCTpakTHHM
MOHATTAMH 1 X MOMJIMBUM T'€OMETPUYHUM KOHKPETHHM 3MicToM. Hampukian, BHBYAIOYM TEMY
«JIiniliH1 oneparopuy» JOMUIHHO BKAa3aTH Ha 3B’SI3KM MK MATPUISIMUA PO3MIpHOCTI 3 Ha 3 1 meper-
BOPEHHS TPUBUMIPHOTO BEKTOPHOTO MPOCTOPY, MOKA3aTH, SIK MATPHUIICI0 MOXKHA 33/1aTH BXKE BiJIOMI
CTYJICHTaM MEPETBOPEHHS MPOCTOPY: CUMETPIIO BIIHOCHO MOYATKy KOOPIMHAT, CHMETPIIO BiTHOCHO
OJTHI€T 0Cl KOOPAUHAT, CUMETPII0 BIIHOCHO JESIKOT KOOPJMHATHOI IUIOUIMHU. MHOXEHHSI MaTpHIIb
MO>KJIMBO TIOB’SI3aTH 13 MIEPETBOPEHHSAMH TUIOLIMHH, TPOLTIOCTPYBATH TPHUKIIAIOM TOTO, SIK MATPHUIIA
«TepeTBOpIOe Girypy» Ha IUIOLIMHI YU B pocTopi (0OepTaHHs, CTUCHEHHS, 3CyB). Y Takuil cnocid
CTYJICHTH YCBIJJOMJIIOIOTb, III0 arapat JIiHiHHOI anredpu — e MoBa 3D-Tpadiku Ta KOMIT FOTEpPHOTO
mozentoBanHs. Posp’szyBannst CJIP 3 Tppoma HeBimomumu (MeTtogoM [ayca) HOLUIBHO
CYIPOBOPKYBAaTH reoMeTpuyHoro iHTeprperamiero: CJIP mae equamii po3B'SI30K — TPH TUIOIIMHA
MIEPETUHAIOTBCS B OAHIM TOYI, O€3JIi4 pO3B'S3KiB — IUIOMIMHK TMEPETUHAIOTHCS MO TpsAMiid abo
CIIBIAIAI0Th, HEMAE PO3B’SI3KIB — IUTONIMHY MapaJiesibHI a00 MepeTHHaloThCA Juiie nonapao. Komu
CTYIEHT 0auuTh, SIK CyTO aOCTpaKTHI MOHSATTS MOXHA MPOUTIOCTPYBATH HAOYHO KOHKPETHHUMU
NPUKIIAIAMA BIZIOMHUX T€OMETPHUHHX (iryp, Tomi abCTpakiis mepecrae OyTH MEperIKo0r0 i CTae
IHCTPYMEHTOM Mi3HaHHSI, 3HIKAE KOTHITUBHE HABAHTAKEHHS.

Jlo1aTKOBOTO MOIITOBXY 3a3HAE Mi3HABAJIbHA MOTUBAILiS, KOJHM CTYACHTH ONAaHOBYIOTH HOBI
crocoOu po3B’sA3yBaHHA 33/1a4 31 CBOTO MOMEPEHHOI0 HABYAIBHOIO JJOCBIAY (IIKUIBHOTO KypCy
MaTeMaTUKH), BUKOPHUCTOBYIOUM MAaTE€MaTHYHMW amapaT JiHIMHOI anreOpu 1 aHaIITHYHOI
reoMeTpii, 1mo0 BCTAaHOBUTH BIIACTUBOCTI HAOYHO 300paKEHHX T€OMETPUYHUX OO €KTIB 3a
JIOTIOMOT'00 KOOPJIMHATHOT'O 1 BEKTOPHOI'O METO/IIB CYTO aHAJITUYHO, HAMPUKJIIAJ IIISIXOM i 13
MaTpULISIMH Ta BU3HaYHUKaMu. HaBeneMo mpukiaa TUIIOBOT 3a/1a4i.

3anayva 5. 3uaiitu Bucory AH mipaminu ABCD, axiio

A(1,3,6), B(0,1,-1),C(3,4,2), D(2,—-3,-2).

Jnst po3B’si3yBaHHS I11€1 3a/1a4l CMIOYATKY 3HAXOAMMO KOOPJIWHATH BEKTOPIB, HAITPHUKIA,
ﬁ, FC, BD. Hami 3naxonumo 06’eMm mipamign ABCD, sikuil TOpiBHIOE OAHIN IMIOCTIA MOMYJS
MIIIaHOTO JOOYTKY IUX BEKTOpiB. HacTynmHUM KpoKOM BH3HA4a€MO IIOILY OCHOBH MHipaMiJu, sIK
MIOJIOBHUHY JIOBXKHHU BEKTOPHOTO JOOYTKY BC x BD. Hapemrri Bucoty AH 3HaX0MMO SIK 9aCTKY
HOTPOEHOTO 100yTKY 00’eMy mipamiau 1 miouii ocHOBU. [Ipu 00UMCIEHHSAX BUKOPHCTOBYEMO
BHUIIIE HaBeJIeH! (OPMYJIN Il OOUMCIIEHHS BEKTOPHOIO 1 CKaJISIPHOTO JOOYTKIB.

[1e oauH KJ1ac MDKIPEAMETHUX 3aB’sI3KiB — IHTETpyI0Ui 3B’ 13KH. BOHM CTalOTh SIBHUMH JUIS
CTYJEHTIB YHACHiOK po3B’s3yBaHHs 3anad-«MocTiB» (Rich Tasks). Lli 3agaui mpoBOKyOThCS
IHIIIMM BHJIOM 3a/1a4, TAKMMH, 10 MAIOTh Pi3HI CIIOCOOU pO3B’sI3yBaHHS 13 3a]Ty4YEHHSM anapaty
YU TO JIHIAHOT anreOpu, Un aHATITUIHOT reomeTpii. HaBemeMo Kinbka MpUKIIaIiB 3a/1a49-«MOCTIBY»
1 TUX 3aJ1a4, 110 A0 HUX MPHUBOJATH (Ta0m. 1).
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Tabnuys 1.

3agada Po3p’s3yBanns y Al Po3p’sa3yBanns y JIA

JIaHO TPH BEKTOPH d, b, ¢ | O6umnciuTh Mmimanuil | CkiaacTd MaTpUIo A, CTOBILSIMU SIKOT €

5 . [
y mpocropi R®. Jlocimi- | noGyrok Bekropis d, b, ¢. | I BEeKTOpH. OOYHCIMTH paHI  Iii€i
IiTh, Y4 € BOHU KOMIUIA- | SIKIIIO BiH JIOPiBHIOE HYyIEO, | MATPHUIL, rank A. fkmo rank A <3, To

HapHUMH (YU JISKaThb B | TO BEKTOPH KOMIUIaHapHi. | BEKTOPH  JIHIMHO  3aJICKHI, T06TO
OJIHI} MJIOUIMHI). KOMILJIaHApHI.

3anava-mict. JloBemiTh, IO TEOMETPUYHUN KpUTEpidl (MimaHuii J0OYyTOK TpPbOX BEKTOPIB
nopiBHIo€e () eKBIBAJICHTHUH alreOpuuHomMy Kputepito (rank A < 3). Sk 1e y3araJbHUTH IS 7-
MIPHOT'O BEKTOPHOT'O TPOCTOPY?

Hano kBanpat ABCD, ne | Bukopucratu ¢hopmynu no- | Biu3Hauaemo MaTpuilio moBOpoTYy Ha KyT oL
A(0; 0), B(1; 0), C(1; 1), | Bopoty, 3HaiTH HOBI KOOp- | A = (coscosa —sinsina
D'(O; 1). 3HalaiTh TUIONLY | AWHATH, OOYMCIHUTH TUIOILY Sinsina cos cos a ) TLIomma HOBO-
(b}ryppi, 10 yTBOpUJacs (r{noma SAIMIAETBCA HES | 1o oGrexra siopiBHIOE 0GYTKY IO
miciist foro odbepTaHHs Ha MIHHOIO, OCKUTBKH TOBOPOT | (oo § wojysist BH3HaummKa det A.

45° — 130MeTpist).

3anaua-mict. Un 3MiHIOETHCS MUIomIa (Birypu mpu NepeTBOPEHHI, SKE 334a€ThCSI MAaTPULICIO
B=(3000,5)? SIx reoMeTpu4YHO iHTEPIIPETYBATH NEPETBOPEHHS, 1110 3a7aH0 MaTpuleio B?

Taki 3agadi MOKHA BUKOPHUCTAaTH Y BUBYCHHI TeMHU «3BEICHHS KBaJApaTW4IHOi (GopMu 10
KaHOHIYHOI'O BUY» Y Kypcl JIiHIIHOI anre6pu Ta TeM «MilaHuii 100yTOK BEKTOPiBY», «3BEIECHHS
PIBHSHHS KPUBOI JIPYroro MOPSAKY A0 KaHOHIYHOTO BUTJLSAY» y Kypcl aHATITHYHOI T€OMETpii.
3ayBa)xMMo, 110 BIAMOBIHI TEMU IMX KYypCIB PO30CEpEeIKeH]1 B 4aci, TOMY CTYACHTU CIOYaTKY
3HAHOMIISITHCA 13 CYTO aHAJITHKO TEOMETPUYHHUM ITiIX0I0M (Y4epe3 OPTOTOHAIBHI IEPETBOPECHHS
TPUBUMIPHOTO npoctopy). [IpoinrocTpyemo e npukiagom

3anaua 6 [12]. BusHaunTH THII KPUBOI IPYroro MOpsAKY, 3alaHOi 3arajJbHUM PiBHSIHHSM:
a11X2% + 2a41,xy + azy? + 2a43x + 2a,3y + asz = 0.

JU1s 11bOTO PIBHSAHHSA 3aIMCYEMO BIJIOBIIHY CUMETPUYHY MATPULIO:

A = (a11 a1 @43 Q12 A3 Az3 Q13 A3 A33)
1 B IOJIQJIbIIIOMY IIPALIFOEMO 3 HEIO.
[IlykaeMo 1HBapiaHTH BIAHOCHO OPTOTOHAJIBHUX IEPETBOPEHBb: S = aqq + Ay, 6 =

la;; ajp 15 ay; |, A =det det A . Jlani 3naxoaumo kopeHi A, i A, XapakTepucTHIHOro PiBHAHHS:

A —Sa+6=0.
OTpuMaHi pe3yabTaTH 1al0Th 3MOTY 3BECTU MaTpHULl0 A 70 AlarOHaJIbHOTO BUAY:
(410007,000-).

. 1) .
[ToBepHYBIINCHL 0 PIiBHAHHSA OTpuMyemo: A x5 + A,y2 + yin 0. ILle piBHSHHA JIETKO

3BOJMTHCS JI0 KAHOHIYHOTO BUTIISY, IO Ja€ 3MOTY BU3HAYUTH THIT KPUBOI APYTOT0 MOPSIKY.

BuxopucroByroun 1ei crnocid MoxHa 3HaWTH 1 KyT HMOBOPOTY OCel KOOpPAMHAT, 1 BEKTOP
HapajeabHOro MEePEHECeHHS, 1100 MepelTH 10 CUCTEMH KOOpAMHAT X,0,Y,, Y SAKil TaHa KpuBa Mae
KaHOHIYHE PIBHSAHHS. AHAJIOTTYHUM CIIOCOOOM MOKHA 3BECTH JI0 KaHOHIYHOTO BUIIISAAY 3arajibHe
PIBHSIHHS Ipyroro MOPAAKY BiJ TPHOX 3MIHHHX 1 BA3HAYUTHU TUII IOBEPXH1 IPYTOro MOPSIKY.

VY nojanbuioMy Bke B Kypci JIiHIHHOT ainreOpu y3araibHIOITh 111 CIIOCOOU, BUBYAIOUU METO/
Jlarpanka, METOJl OPTOTOHAIBHUX MEpPeTBOPEHb 1 MeToa k001 3Be/IeHHsI KBapaTu4yHOi hopMu
70 KaHOHIYHOTO BHAY. Taki 3a7adi MalOTh MOTYKHUHN SIK MOTUBAIIHHUHN, TaK 1 METOOJIOTIYHHIA
e(eKT, OCKIJIbKHU, 3 0OJTHOTO OOKY, (POPMYIOTh BHYTPIIIHIO MOTHBALIIIO CTYJAEHTCTBA, 3 IHIIOT0 OOKY
— JIEMOHCTPYIOTh, SIK amapaT JIiHIHHOI anreOpu BUKOPUCTOBYIOTH JJISl JOCIHIDKEHHS 00’ €KTIB
3aCBO€HHSI B KypCl aHaNIITUYHOI reoMeTpii, a BiJITaK, € KOPUCHUMHU 1 B PaKypcl 3/1iCHEHHS
METOIONIOTIYHOT peduieKcii.

Bapro Haronocutu, Mo MDKIPEIMETHI 3B’S3KM HE MOXHA pPO3IJISIATH TUIBKH Y pPaKypcl
MaTeMaTUYHUX MOHATH 1 (DaKTIB, 0 BUBYAIOTH Y Kypcax JiHIHHOI anreOpH 1 aHAIITUYHOT TeOMETPii.

10
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[inxom moaisiemo norysian H. Kyrait, JI. CyxoliBaHeHKO, 1110 HE MEHIII Ba)KJIMBO iX TPAKTYBaTH SIK
3B’SI3KM, IO CTOCYIOThCS OCOONHMBHX CIOCOOIB MAaTE€MAaTUYHOI [iSUTbHOCTI 1 METOMIB Mi3HAHHS
(BKJIIOYUHO 13 BH3HAYEHHSAM MAaTEMaTWYHHX MOHSAThH), MIiJKPECIIOIYN iX MDKIUCHUILTIHAPHY
mudepenttianiro. Hanpukian, BUBYaOUn KypCcH JITHIHHOT areOpH 1 aHAIITHYHOT TeOMETpiil CTYICHTH
MalOTh YCBIJIOMUTH, IO MOPS[ 13 HASBHUMHU TICHUMH 3B’S3KaMU MDK PI3HUMHU TMOHSATTAMH IIHX
JWICITUILUTIH, MArOTh MICIIC CHUTYallii, KOJM OJHI 1 Ti ) caMi TOHSTTS MOXYTh BBOIMTHUCS 1
BHUKOPHCTOBYBATHCS B JIHIMHINA anreOpi 1 aHAITUYHIN TreomeTpii mo-pisHoMy. Hampukiiaza, moHsaTTs
CKaJSIPHOTO JO0OYTKY BEKTOpIB. Y Kypci JHIHHOI anreOpu CKaIspHUN JTOOYTOK BEKTOpPIB
BU3HAUYAETHCS AKCIOMAaTHYHO (Yepe3 CHUCTeMYy aKCioM), Halali BUBYAEMO WOTO BIACTHUBOCTI,
IPYHTYIOUMCh CaMe€ Ha aKCcioMaX CKaJSIPHOTO JA0OYTKY, 3aTUM BBOJIMMO IOHSTTS HOPMH BEKTOpa i
JOBOAMMO HepiBHICTH Korri-ByHSKOBCBKOTO, SIKa /1a€ MOKJIMBICTh BBECTH MOHATTS KyTa MiX
BEKTOpaMH 1 J0BeCTH (OPMYITY Ul OOUYMCIICHHS CKATAPHOTO TOOYTKY BEKTOPIB SIK TOOYTKY TXHIX
HOPM, 10 IOMHOXXEHHI Ha KOCUHYC KyTa MiX BeKTOpamMH. Takum 4MHOM, y Kypci JiHiiHOT anredpu
JI0 BBEJICHHS TMOHSATTS CKAJSIPHOrO JOOYTKY 3alpOBa/XKEHO aKClOMaTHMYHMX miaxia. Hartomicts y
KypCl aHATITUYHOT TEOMETPIi MOHSTTS CKAIIPHOTO JOOYTKY BEKTOPIB BBOJIUTHCS SIK JIOOYTOK JTIOBKHH
BEKTOpIB Ha KOCHHYC KyTa MK HUMH. [I0TiM reomMeTpudHO (BEKTOpU TYT KJIacH HAIPSMIICHHX
BIIPI3KiB) IOBOASATH BIACTHBOCTI, SIKi CHIBIAAAIOTh 3 aKCIOMaMH CKaJISIPHOTO J00YTKY, 0 337al0Th
MOHSATTS CKAISIPHOTO NOOYTKY B JiHIiHHIIM anredpi. BaxiuBo, 1100 CTyAeHTH pO3yMLUTH, IO MOHSTTS
CKaJSIPHOTO TO0YTKY B JIiHIIHIHN areOpi € y3aralbHEHHSIM I[bOT0 TIOHATTS B aHAJTITHYHINA reoMeTpii.

BusiBiieHHs WX Pi3HMUX MIAXOJIB 10 BBEICHHS OJTHOTO 1 TOTO K IMOHATTS Y Kypcax JIiHIHHOT
anredpy 1 aHATITUYHOI TeOMEeTpii TaKOXK CIpHUsE MiABUIICHHIO CTPYKTYPOBAHOCTI HABYAIBHOTO
3MICTY, IO 3MEHIIy€ KOTHITHBHE HABaHTXEHHS Ha cCTyAeHTiB. lle BucTymae mie ogHUM
npuiioMoM y popMyBaHHI CTiKOI MMi3HaBaTbHOT MOTHBAIIT 3100yBaviB OCBITH.

Jnst Bepuikariii okpecaeHuX Miaxo/iB 0yiio MpoBeIeHO aHKETYBaHHS CTYACHTIB CleliabHOC-
Ti A4 CepenHsa ocBiTa MaTeMaTuKa JJIsl BUSBICHHS BIUIMBY CTPYKTYPYBaHHSI HABYAJIbHOTO 3MICTY
KypciB «JliniiiHa anredpa» 1 «AHATITHYHA TEOMETPIsH IUIIXOM BHOKPEMIICHHS X MIKIIPEIMETHUX
3B’s13KiB 33151 (DOPMYBAHHS CTIMKOI Mi3HABAILHOI MOTHBAIIIi B aJaNTalifiHOMY €Tarli 3700yBaHHS
BUINOT OCBITH. AHai3 pe3yJIbTaTiB aHKETyBaHHsI (hopMye MPOOIEMHE MoJIe IS MOTANIBIINX y3araib-
HEHb 1 PEKOMEH/IAITIMH.

BHCHOBKH Ta MepPCHEKTHBU MOJAJBIIMX HAYKOBHX PO3BiIOK. MiKIpeIMeTHI 3B S3KU
HABUAJILHUX JTUCLUIUIIH Y BUIIIM MaTeMaTu4Hii OCBITI MalOTh 3HAYHUI MOTHBAIIIHUIN MMOTEHINA,
OCKLJIbKH 320€31eUyI0Th CTPYKTYPOBaHICTh 3MICTY HaBUaHHS, a BIITaK JO3BOJISIOTH 3MEHIIIUTH KOTHI-
TUBHE HABAHTKEHHSI Y TIPOIIEC] ONTAHYBaHHS HOBOTO 3MICTY cTyaeHTaMu. OTHAK 115 TpoOIeMaTHKa
BCE 1€ OTpelye OLIBIIOT KUTBKOCTI eMITIPUYHUX JOCIIHKEHb, OCOOIMBO MO0 TOTO, SIK Y3TOAUTH
MUDKIUCIUILTIHAPHY NU(EpeHIialiio HaBYaJIbHUX TUCLHUIUIIH Ta CHPaBXKHIO iX IHTETpaliio 3ayisi
3a0e3redyeHHs CTIMKOI Mi3HaBaJIbHOT MOTHBALIIT 3/100yBayiB OCBITH.
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Akulenko I. A., Atamas V. V. The Role of Interdisciplinary Links between Linear
Algebra and Analytic Geometry in Developing Sustainable Cognitive Motivation of Pre-
Service Mathematics Teachers.

The article addresses the relevant problem of developing stable cognitive motivation among
students of higher educational institutions during the adaptation period of their studies. The authors
conducted an analysis of scientific research that highlights the role of structuring educational content
as a factor that positively affects the persistence of cognitive motives of higher education students. The
theoretical foundation of the study is based on the principles of John Sweller's cognitive load theory.
The authors established that one of the most powerful mechanisms for structuring educational content,
and consequently for developing stable intrinsic motivation in students, is the establishment of
interdisciplinary connections. The article develops and substantiates a classification of
interdisciplinary connections between linear algebra and analytic geometry: "export-import"
connections, "illustrative™ connections, and integrating connections. The practical contribution of the
work is the development of a comprehensive set of specific learning tasks that demonstrate the
motivational potential of interdisciplinary connections: tasks with economic and chemical content,
problems from cryptography and geometry. Special attention is given to "bridge tasks" (Rich Tasks)
that can be solved in various ways using the tools of both disciplines. The authors also emphasize the
importance of students understanding different methodological approaches to introducing the same
concepts in linear algebra and analytic geometry courses (for example, the axiomatic approach in
linear algebra and the geometric approach in analytic geometry when introducing the concept of scalar
product). The results of the study can be used in the practice of teaching mathematical disciplines in
higher education to enhance the effectiveness of the educational process and develop stable intrinsic
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cognitive motivation in students. However, the authors emphasize the necessity for further empirical

research, particularly regarding the alignment of interdisciplinary differentiation of academic

disciplines and their integration in the context of ensuring stable cognitive motivation among students.

Key words: interdisciplinary connections, cognitive motivation, structuring of educational
content, cognitive load, linear algebra, analytic geometry, chemistry-related problems.
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PRINCIPLES OF UNIVERSAL DESIGN IN CHEMISTRY EDUCATION

The article is devoted to the theoretical justification and specification of methodological
approaches to the implementation of the principles of Universal Design for Learning (UDL) in the
process of teaching chemistry in general secondary education institutions. The relevance of the study
is determined by the insufficient development of subject-oriented methodological solutions that
integrate UDL principles with the specific features of chemistry as a school subject. The purpose of
the article is to identify and describe pedagogical strategies for the organization of learning activities
that ensure the implementation of the three core principles of UDL (providing multiple means of
engagement, providing multiple means of representation, and providing multiple means of action and
expression), taking into account the abstract nature of chemical concepts, the experimental nature of
the subject, the multimodality of educational information, and safety requirements. A system of
methodological strategies is proposed, which includes: organizing the study of chemistry content
through diverse everyday and practical contexts with opportunities for choice and differentiation of
roles within research groups; multisensory representation of chemical concepts through the
integration of verbal explanations, symbolic notation, physical and virtual models, dynamic
visualizations, and tactile tools; systematic use of augmentative and alternative communication (AAC)
to support understanding of chemical terminology, processes, and laboratory actions; and providing
students with alternative formats for demonstrating learning outcomes while maintaining unified
assessment criteria for chemical content. The results obtained indicate that Universal Design for
Learning in chemistry teaching methodology functions as a coherent system of practical pedagogical
solutions aligned with the objectives of the New Ukrainian School reform.

Keywords: Universal Design for Learning, chemistry teaching methodology, multiple means
of engagement, multiple means of representation, multiple means of action and expression,
augmentative and alternative communication, multisensory approaches, multimodality,
accessibility of the educational environment, variability of learning.

Problem Statement. The reform of the national education system of Ukraine, initiated by
the Law of Ukraine “On Education” (2017) and the implementation of the Concept of the New
Ukrainian School, sets qualitatively new tasks for pedagogical science and educational practice.
Among these tasks, one of the most significant is the creation of an educational environment
capable of ensuring equal access to high-quality education for every child, regardless of their
individual characteristics, abilities, and educational needs. Within international educational
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discourse, the concept of Universal Design for Learning (UDL) has been actively developed. This
concept proposes a systemic approach to designing the educational process — not as the adaptation
of an existing system to the needs of particular students, but as the creation of a flexible and
variable learning environment that takes natural human diversity into account at the stage of
planning and organizing educational activities. In doing so, it ensures that every learner has the
opportunity to choose the most effective pathway for achieving established educational goals.

However, an analysis of the current state of Ukrainian pedagogical research reveals a
significant gap in the study of issues related to the application of Universal Design principles
specifically within the methodology of teaching natural sciences, and chemistry in particular.
Chemistry is characterized by a number of specific features that render the problem of accessibility
and variability of instruction particularly relevant and methodologically complex. While general
principles of inclusive education and the creation of accessible informational environments are
represented in the works of Ukrainian scholars, concrete methodological developments concerning
the organization of chemistry instruction on the basis of Universal Design remain practically
absent in scientific publications. This includes, in particular:

— strategies for the formation of abstract chemical concepts taking into account different

cognitive capabilities of students;

— approaches to organizing experimental work that would ensure the possibility of

participation for students with diverse physical abilities;

— methods of varying the forms of presenting educational information and demonstrating

learning achievements.

This gap has become especially evident in the context of the international Erasmus+ project
“Comprehensive Introduction of Augmented and Alternative Communication Methodology into the
Ukrainian System of Education” (AMUSE, 2025-2027). The purpose of this project is to modernize
training programs for pedagogical staff through the development of courses on the methodology of
using Augmentative and Alternative Communication (AAC) across various subject domains,
including the natural sciences. Work carried out within this framework has revealed a critical need for
a scientific substantiation of methodological approaches that would organically integrate the general
didactic principles of Universal Design for Learning with the subject-specific characteristics of
chemistry. Such integration must take into account both the psychological and pedagogical regularities
of mastering chemical concepts and the didactic possibilities of modern technologies.

The specificity of chemistry as a school subject is determined by several interrelated factors
that create both challenges and unique opportunities for the implementation of Universal Design
principles. First, chemistry operates with highly abstract concepts (atom, molecule, chemical bond,
electronic structure of matter, reaction mechanism) that are not directly accessible to sensory
perception and require the formation of complex mental models. This presupposes a high level of
development of abstract thinking and spatial imagination. Second, chemical education has a
distinctly experimental character: the conduct of laboratory and investigative work constitutes an
integral component of the educational process. This requires direct interaction with reagents and
equipment, the possession of specific practical skills, and strict adherence to safety regulations.
Third, instructional material in chemistry is inherently multimodal: the same phenomenon can and
should be represented simultaneously at the macroscopic, microscopic, and symbolic levels. Full
understanding presupposes not only the separate mastery of each level, but also the ability to
establish connections between them and to move from one mode of representation to another.

It is precisely this multiplicity of forms of representation — often perceived in traditional practice
as an additional complication — that, under methodologically sound organization, can become a
powerful resource for implementing the principle of multiple means of representation. The multimodal
nature of chemistry provides natural opportunities for students with different cognitive and sensory
abilities to identify those forms of information presentation that are most accessible to them.

Analysis of current research. The conceptual foundations of Universal Design were
formulated in the 1970s by American architect Ronald L. Mace, who proposed the idea of “design for
all” to create environments accessible to the widest range of users without subsequent adaptation. In
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1997, R. Mace and colleagues from the Center for Universal Design formulated seven fundamental
principles [9], encompassing equitable and flexible use, intuitive clarity, perceptible information,
tolerance for error, minimization of physical effort, and appropriate spatial configuration.

The adaptation of Universal Design to education is associated with the Center for Applied
Special Technology (CAST, USA), where the concept of Universal Design for Learning (UDL)
was developed in the 1990s. The starting premise was the recognition that learning difficulties are
often determined not by individual characteristics of students, but by the organization of the
educational process, oriented toward a hypothetical “average” learner. The theoretical foundation
of UDL is grounded in neuroscientific research that identified three functional brain networks
involved in learning: the affective, recognition, and strategic networks [14]. Differences in these
networks account for the natural variability in learning, necessitating an educational environment
that offers multiple pathways for achieving outcomes.

On these premises, CAST developed the UDL framework, which includes three
interconnected principles: providing multiple means of engagement, multiple means of
representation of instructional information, and multiple means of action and expression [16]. Each
principle is further elaborated through guidelines and checkpoints, ensuring their practical
application in the planning and implementation of the educational process.

In the international pedagogical literature, the application of UDL has been studied for more
than two decades, with a discernible shift from conceptual substantiation to empirical
investigations. In particular, research by L. Florian and H. Linklater [10] demonstrated that a key
factor of professional competence is the teacher’s ability to organize instruction flexibly, focusing
on students’ strengths rather than limitations. Teachers prepared on UDL principles exhibit greater
confidence in working with diverse classrooms and less frequently resort to exclusionary practices.

A significant contribution to practical tools for UDL was made by the Department of
Education of New South Wales (Australia), which proposed a structured framework for planning
instruction [15]. The document contains algorithms for identifying learning barriers, examples of
UDL implementation across various subject areas, including natural sciences, and instruments for
evaluating effectiveness. Empirical data indicate that proactive planning taking learner variability
into account improves the quality of the educational experience for all students.

A systematic review conducted by A. Al-Azawei, F. Serenelli, and K. Lundqvist [8]
confirmed a consistent positive impact of this approach on academic achievement, motivation, and
engagement. Particularly pronounced results were recorded in science and technical disciplines,
where multimodal presentation of abstract information contributes to deeper conceptual
understanding. Special emphasis is placed on the effectiveness of UDL in online and blended
learning environments, which expand opportunities for varying the pace, forms of presenting
material, and methods of demonstrating outcomes.

Within the context of science education, the work of the InterAcademy Partnership (IAP), which
consistently supports inquiry-based science education (IBSE), is of considerable interest. Despite their
different origins, IBSE and UDL share common methodological foundations, in particular an
orientation toward the variability of cognitive pathways and the active role of the learner, which creates
a basis for their integration in order to foster key twenty-first-century competencies.

In the Ukrainian educational context, the development of Universal Design ideas intensified
after the ratification of the United Nations Convention on the Rights of Persons with Disabilities.
In the works of L. Baida [2], I. Bihus [3], and A. Teitiak [5], Universal Design is considered as an
intersectoral approach that has not only social but also economic justification. Subsequent studies
emphasize the comprehensive nature of Universal Design in education, which encompasses the
accessibility of the educational environment, curricula, information resources, and the professional
development of teachers.

A number of instructional materials and practical recommendations, in particular the works
of Ye. Honcharova [4] and I. Shepeniuk [7], propose tools for implementing UDL in professional
practice, emphasizing the necessity of proactively embedding variability into the lesson structure.
At the same time, critical analysis indicates the absence of specialized studies devoted to the
methodological aspects of implementing UDL principles in the teaching of specific science

15



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

disciplines, particularly chemistry. Issues related to the organization of research activities, the
formation of abstract chemical concepts, and the variation of ways in which learning outcomes are
demonstrated remain insufficiently explored, which determines the relevance of this study.

The purpose of this article is to provide a theoretical substantiation and specification of
methodological approaches to the implementation of the principles of Universal Design for
Learning in the process of teaching chemistry in general secondary education institutions, taking
into account the specific features of the subject, and to identify pedagogical strategies that ensure
multiple means of engagement, representation of educational information, and demonstration of
students’ learning outcomes.

Presentation of the main material.

Providing multiple means of engagement is the first principle of Universal Design for Learning
and is based on the recognition of the fundamental fact that learners differ significantly in what
motivates and engages them in educational activity: what is interesting and meaningful for one student
may prove completely uninteresting, detached from real life, or overly abstract for another. These
differences are determined not only by individual traits of character or temperament, but also by prior
life experience, cultural context, family values, professional orientations, personal interests, and
hobbies. In the context of teaching chemistry — a subject traditionally perceived by many students as
difficult, abstract, and disconnected from everyday life — the issue of motivation and engagement
becomes particularly acute. If a student does not perceive personal meaning in studying chemical
formulas, reaction equations, laws, and theories, and if all of this remains merely a set of symbols and
rules to be memorized mechanically for the purpose of passing a test, then even the most refined
teaching methods will not lead to genuine, deep understanding of chemical regularities, nor will they
foster sustained interest in the subject that could serve as a foundation for further study of chemistry
or for choosing a profession related to the natural sciences.

The application of the principle of multiple means of engagement in the methodology of
teaching chemistry involves creating diverse “entry points” into chemical knowledge — varied
contexts through which students can explore the same chemical concepts and regularities, while
selecting those that are personally meaningful and relevant to them. For example, the topic “Main
Classes of Inorganic Compounds” may be approached through several instructionally equivalent
contexts that collectively encompass acids, bases, oxides, and salts. In the sphere of everyday life
and nutrition, students may investigate the properties of acidic and alkaline substances in food
products, processes of preservation, and the role of salts in flavor formation. Within household
chemistry, attention may be directed to the composition and mechanisms of action of cleaning
agents, the interaction of oxides with water, and the practical implications of acid—base reactions.
An ecological perspective enables the study of acid rain, soil and water acidification, and the role
of mineral salts in environmental systems. In the context of health and medicine, learners may
analyze the regulation of acid-base balance in the human body and the chemical nature of
pharmaceutical compounds. Finally, an industrial and technological context allows consideration
of the production and application of inorganic compounds in metallurgy, construction materials,
fertilizer manufacturing, and other sectors. Despite the diversity of these contexts, they lead
students to the same system of fundamental chemical concepts and patterns, differing only in the
situational framework through which these concepts are actualized.

It is important to emphasize that these contexts do not represent different topics or separate
sections of the curriculum; rather, they are different pathways into the same chemical concepts
(acid, base, salt, pH, indicator, neutralization), the same regularities (changes in substance
properties depending on the pH of the medium; interactions between acids and bases), and the
same experimental skills (determination of pH using indicators, titration). The difference lies
solely in the specific objects and phenomena through which these concepts, regularities, and skills
are formed. From an organizational perspective, this approach may be implemented through the
creation of thematic research groups within the classroom. At the beginning of studying a topic,
students are invited to choose one of the proposed contexts in accordance with their interests (those
interested in cooking select the nutrition context; those concerned about environmental issues
select the ecological context; those considering future careers choose the professional context,
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etc.). Based on these choices, groups of students with similar interests are formed, each receiving
a set of research objects corresponding to the selected context (for example, the “Nutrition” group
receives various food products to measure their pH; the “Household” group receives different
detergents; the “Ecology” group receives water samples from various sources, etc.). Within each
group, students may further differentiate their roles according to their individual strengths and
preferences: one student assumes the role of experimenter, working with reagents and equipment;
another acts as an observer-documentarian, carefully recording the procedures and results in a
form convenient for them (written notes, schematic drawings, photographs); another functions as
a data analyst, systematizing results, constructing tables and graphs, and identifying patterns;
another takes on the role of theorist, consulting textbooks, reference materials, and online
resources to explain observed phenomena in terms of chemical theory; finally, someone may serve
as presenter, responsible for preparing and delivering the group’s findings to the class.

Such an organization of work ensures the implementation of the engagement principle at
several levels simultaneously: at the level of contextual choice (the opportunity to select what is
personally interesting), at the level of role selection within the group (the opportunity to contribute
through one’s strongest competencies), and at the level of social interaction (the opportunity to
collaborate with peers who share similar interests).

Another important aspect of implementing the principle of multiple means of engagement is
the creation of opportunities for self-monitoring, self-regulation, and reflection on one’s own
learning process, which contributes to the development of a responsible attitude toward learning.
In chemistry education, this may be achieved through the systematic use of structured checklists
for laboratory and research work. Such checklists enable students, without constant teacher
reminders, to track the sequence of experimental procedures, monitor compliance with safety
regulations, assess the quality of obtained results, and identify possible sources of error. The use
of reflective observation journals, in which students record not only the experimental protocol and
conclusions after each laboratory activity but also responses to reflective questions such as “What
surprised me most during this activity?”, “What difficulties did | encounter and how did |
overcome them?”, “What did I understand about chemical processes as a result of this
experiment?”, “What questions remain?”, and “Where might I encounter similar processes in
everyday life?”, also promotes the development of conscious engagement with learning and the
ability to identify personal strengths as well as areas requiring further development.

Providing multiple means of representation is the second principle of Universal Design for
Learning. It acquires particular significance in view of the specific nature of chemical concepts,
which are inherently multilevel and multimodal [11]. In the methodology of teaching chemistry,
three levels of representation of chemical knowledge are traditionally distinguished [13]:

— the macroscopic level (what can be directly observed): changes in the color of solutions,
formation of a precipitate or gas, release or absorption of heat, changes in the physical
state of a substance, etc.;

— the submicroscopic or molecular level (what occurs at the level of atoms and molecules):
breaking and formation of chemical bonds, electron transfer, changes in molecular spatial
structure, interactions between particles at the molecular level — phenomena that cannot
be directly observed but that constitute the underlying causes of macroscopic changes;

— the symbolic level (ways of representing chemical objects and processes through a
specialized sign system): chemical formulas, structural formulas, reaction equations,
graphs of dependencies, reaction mechanism schemes, and so forth.

From a pedagogical perspective, the most significant objective is not merely the separate
mastery of each of these levels, but the formation of students’ ability to establish connections
among them — to “translate” information from one form of representation into another. For
example, when observing a macroscopic phenomenon (such as gas evolution upon adding acid to
chalk), students should be able to explain it at the molecular level (the destruction of the calcium
carbonate crystal lattice, interaction of carbonate ions with hydrogen ions, formation of unstable
carbonic acid, which decomposes into water and carbon dioxide) and express it symbolically (the
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chemical equation: CaCOz + 2HCl — CaCO3 + H20 + CO21). Conversely, when presented with
a chemical equation, students should be able to predict the macroscopic indicators accompanying
the reaction and conceptualize the corresponding changes occurring with atoms and molecules.

The structuring of such transitions between levels may be effectively supported through the
use of algorithmic flowcharts that visually organize sequences of reasoning and problem-solving
steps. Empirical research conducted in Ukrainian upper secondary schools has demonstrated that
systematic work with algorithmic block-schemes significantly improves students’ learning
outcomes, particularly among those with initially lower levels of academic achievement [6].

This multilevel and multimodal character of chemical information, which in traditional
teaching practice is often perceived as an additional complication that creates difficulties for
students, can and should instead be regarded as a natural resource for implementing the principle
of multiple means of representation. The very structure of the discipline provides an embedded
opportunity to present the same chemical concepts and regularities in different forms, through
different modalities, and via different channels of information perception.

Within the framework of multiple means of representation, particular significance is attached to
the use of multisensory approaches in organizing and conducting chemical experiments. Traditionally,
experimentation is perceived primarily as a visual activity: students observe changes in solution color,
precipitate formation, gas evolution, crystal growth, or combustion. However, many chemical
processes are accompanied not only by visible changes but also by other sensory effects that can and
should be deliberately employed as additional channels for obtaining information about chemical
phenomena. This is especially important for students with visual impairments, yet it also enriches the
learning experience of all students, since engaging multiple sensory channels simultaneously promotes
stronger retention and deeper conceptual understanding. For example, thermal effects accompanying
chemical reactions (exothermic and endothermic processes) may be perceived tactilely by carefully
touching the outer wall of laboratory glassware — strictly in compliance with safety regulations and
following prior instruction.

An important instrument for implementing the principle of multiple means of representation
in chemistry education is the systematic and purposeful use of augmentative and alternative
communication (AAC) tools. Although AAC is traditionally associated with supporting students
with severe speech impairments or autism spectrum disorders, it may in fact benefit a much
broader range of learners, including those for whom the language of instruction is not native,
students who experience difficulties memorizing verbal information, those who perceive visual
information more effectively than verbal explanations, as well as all learners at the initial stages
of studying new material, when terminology has not yet been internalized and graphic symbols
can serve as cognitive scaffolds. In the context of chemistry teaching, an AAC system may involve
the development and consistent use of graphic symbols — simple, easily recognizable, intuitively
understandable images — to denote key chemical concepts, processes, operations, and laboratory
safety rules. For example, pictograms may be used to represent states of matter (a solid depicted
as densely packed particle circles; a liquid as closely positioned but mobile circles; a gas as widely
spaced circles); types of chemical reactions (a synthesis reaction shown as two separate parts
joined by an arrow into a larger whole; a decomposition reaction as a single entity breaking into
two or more parts; a single-displacement reaction as an exchange of elements between two
molecules; a double-displacement reaction as a mutual exchange of parts); properties of substances
(solubility represented as a substance dissolving in water; flammability as a flame; toxicity as a
skull and crossbones); laboratory safety rules (mandatory use of safety goggles indicated by a
figure wearing protective glasses; the requirement to work under a fume hood shown by its image;
caution when handling corrosive substances represented by a hand with a droplet falling on it);
and stages of experimental procedures (prepare equipment — laboratory glassware on a table;
measure reagents — a graduated cylinder; mix — two liquids being combined; observe — an eye
symbol; record results — a pencil and notebook).

Providing multiple means of action and expression is the third principle of Universal Design for
Learning. It is based on the recognition of the fundamental fact that students differ not only in the ways
they perceive and process information (which is the focus of the second principle), but also in the ways
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they interact with learning material, complete educational tasks, and demonstrate what they have
learned, what they have understood, which skills they have mastered, and which competencies they
have developed [12]. Traditional assessment practice in chemistry, as in most other school subjects, is
quite often limited to a relatively narrow, standardized set of formats: written tests that include
algorithm-based problem solving and answers to theoretical questions from the textbook; standardized
laboratory reports with a rigidly prescribed structure (topic, aim, equipment and reagents, step-by-step
procedure, observations presented in a table, reaction equations, conclusions, answers to control
questions), which are frequently assessed more for compliance with format than for understanding of
substance; multiple-choice tests or matching tasks that primarily assess recognition and mechanical
memorization rather than deep understanding. Although these traditional forms of assessment
undoubtedly have their value, correspond to certain didactic objectives, and make it possible to verify
specific aspects of students’ learning outcomes, they may create significant, and sometimes
insurmountable, barriers for those students who, for various reasons, experience difficulties precisely
with these particular forms of demonstrating their knowledge.

The application of the principle of multiple means of action and expression in the
methodology of teaching chemistry presupposes the creation and systematic, consistent provision
to students of a wide range of diverse alternative ways and formats for demonstrating their
knowledge, skills, understanding of chemical regularities, and formed competencies, while each
of these ways should be assessed according to the same fair, transparent criteria related to depth
of understanding, ability to apply knowledge, capacity to analyze and synthesize information, etc.,
rather than to the form of presentation or technical aspects of performance.

For example, instead of a single mandatory written report on an experimental investigation
for all students, learners may be offered a choice among several equivalent alternatives:

— traditional written report with a description of the stages of work, tables of observations,
chemical reaction equations, and well-reasoned conclusions (this format remains
available and may be chosen by students who possess well-developed skills of structured
written presentation of information);

— video recording of the process of conducting the experiment with oral commentary in real
time, in which the student explains what is being done at each stage, justifies the sequence
of actions, anticipates expected results, documents actual observations, and interprets the
observed phenomena; the pedagogical effectiveness of such video-based laboratory
reporting has been demonstrated in research on the organization of chemical
experimentation under distance learning conditions in higher education, indicating its
potential for adaptive use in general secondary education (this format is particularly
suitable for students with well-developed oral communication skills and the ability for
spontaneous speech and reflection directly in the course of activity) [1];

— multimedia presentation combining photographs of key stages of the experiment,
schemes or diagrams illustrating the essence of chemical processes, graphs of
dependencies, and brief textual comments for each slide (for students who are proficient
in digital technologies and able to effectively integrate different types of information);

— infographic — a visually attractive poster that, through a system of pictograms, schemes,
diagrams, and arrows, presents the essence of the experiment, the sequence of actions,
the main observations, the obtained results, and the formulated conclusions (for students
with developed visual-spatial thinking);

— oral presentation directly before the class or individually before the teacher with
simultaneous demonstration of key moments of the experiment (for students who better
express their thoughts orally in a mode of direct dialogue);

— mind map or structural-logical scheme showing the system of connections between different
chemical concepts involved in the experiment and the cause-and-effect relationships between
various factors (for students inclined toward systematic, structured thinking).

At the same time, it is important to understand, consistently keep in mind, and clearly

communicate to students that providing them with a choice of format for presenting results in no way
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implies a reduction of academic requirements or a relaxation of assessment criteria. It means only that
the same knowledge, the same deep understanding of chemical principles, and the same developed
competencies may be adequately and fully expressed in different forms, through different modes, and
via different communication channels, and that fair, objective assessment should focus on content and
substance rather than on the form of presentation or technical aspects. Regardless of the format chosen
by the student, he or she is expected to demonstrate the same learning outcomes established by the
curriculum and standards: understanding the chemical nature of processes; the ability to explain
observed phenomena; the capacity to correctly represent processes using chemical symbolism; the
ability to analyze obtained results and compare them with theoretically expected ones; the capacity to
formulate well-reasoned conclusions; and the ability to identify connections between the completed
work and other studied topics, real-life contexts, and practical applications.

Conclusions and prospects for further research. The study asserts that the principles of
Universal Design for Learning have significant potential for improving the process of teaching
chemistry in general secondary education institutions. The three interrelated UDL principles —
multiple means of engagement, representation, and action and expression — are organically aligned
with the specific features of chemistry and the didactic regularities of forming chemical concepts.
Applying UDL makes it possible to transform characteristics traditionally perceived as sources of
difficulty (abstract concepts, the necessity of experimental methods, and multimodality of
information) into powerful resources for creating a flexible and adaptive learning environment that
supports the diverse needs of learners.

The specific methodological approaches proposed for implementing each UDL principle
demonstrate that their realization in chemistry teaching is not an abstract idea, but a practical,
methodologically substantiated system of concrete solutions that can be implemented by teachers
in the real conditions of the New Ukrainian School.

Prospects for further research are seen in the development and empirical validation of
methodological guidelines for chemistry teachers on applying UDL principles in various topics,
as well as in studying the possibilities of using modern digital technologies and online tools for a
more comprehensive implementation of universal design in chemistry education.
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ba6enko O. M., Xapuenko 0. B., Marepienko A. C. IIpunuunu yHiBepcajJbHOIO
AU3aiiHy B HABYAHHI XiMmil.

Cmammio npucesueHo meopemuyHoMmy 0OIPYHIMYBAHHIO MA KOHKPemu3ayii MemooudHux nioxo-
0i6 00 peanizayii npuHyunie yHisepcaibHo2o ouzauny Hasyanus (Y/[H) y npoyeci naguanns ximii 6
3aK1a0ax 3a2anbHoi cepedHboi ocsimu. AKmyanbHicms 00CTIONCEHHS 3yMOBNEHA HeOOCMAMHbOI PO-
3pobieHicmio NPeoMemHO-0PIEHMOBAHUX MEMOOUYHUX piuteHb, Wo noeonyioms npunyunu Y/[H 3i
cneyuikoro Ximii K HaguanbHo2o npedmema. Memoro cmammi € GU3HAYEHHS MA ONUC NEOA202TUHUX
cmpameziil OpeaHizayii HasYyanbHOI OLIbHOCMI, SKI 3a0e3neuyroms peanizayito mpbox 0a308ux
npunyunie Y/[H (Ha0aHHs pi3HOMAHIMHUX CNOCOOI8 3a/yUeH s, HAOAHHS PISHOMAHIMHUX CNOCO0I8
npeocmasients ingpopmayii ma HAOAHHS PISHOMAHIMHUX CNOCO0IB Oii Ul CAMOBUPAIICEHHS) 3 YPAX)8AH-
HAM AOCMPAKMHO20 XApaKmepy XiMiyHUX NOHAMb, eKCNEPUMEHMANLHOL NPUPOOU NpeoMema, Myibimu-
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MOOANLHOCII HABUATILHOI IHpOpMaYii ma sumoe b6e3nexu HcUummeOoisLIbHOCMI. 3anpoONnOHOBAHO CUCHe-
MY MEMOOUUHUX CIpameziil, IKa BKII0YAE. OP2aHi3ayilo BUEUEHHs Mamepiay HagualbHO20 Npeomemd
Ximii uepe3 pizHOMAHIMHI NOOYMOBI Ma NPAKMUYHI KOHMEKCMU 3 MOXCIUBICMIO 8UO0pPY | Ougheper-
yiayii poneti y OOCTIOHUYbKUX SPYNAX; MYTbIMUCEHCOPHE NPEOCMABIeHHs XIMIYHUX NOHAMb ULIAXOM
NOEOHAHHS BePOAILHUX NOSICHEHb, CUMBONITMHUX 3aNUCT8, (Pi3uuHUX [ GIpMYaTbHUX MOOeell, OUHAMIY-
HUX GI3yanizayii ma makmuibHux 3acooie, cucmemamuyne UKOPUCMAHHS 3aC00i8 albmepHamueHoi
ma 000amKo80i KOMYHIKayii 0. NIOMPUMKU PO3YMIHHS XIMIYHOI mepMIiHON02Ii, npoyecis i 1abopa-
MOopHUX Oill, HAOGHHS YYUHAM AIbINEPHAMUBHUX (popmamie deMoHCmpayii pe3y1bmamie HA8YAaHHsl 3d
YMOBU 3DepedcenHss €OUHUX Kpumepiie oyiH8anHs Ximiunoeo smicmy. Ompumani pezyibmamu
3ac8i04yIomyb, WO YHIBEPCANbHUU OU3AH HABYAHHS ) MemOoOUYi HABUAHHs XIMII GUCMYNAE YITICHOK
CUCMEMOI0 NPAKMUYHUX Ne0a202IYHUX PiuleHb, pele6aHmHuux 3ae0anHam Hoeoi ykpaincvroi wikonu.
Knrouosi cnoea: yuisepcanvhuil OusaiH HAGYAHHS, MEMOOUKA HABUAHHS XIMIi, MHOMCUHHI
3aco0u 3a7y4eH s, MHOJICUHHI 3ACOOU NPe0CmAaBieHHs, MHONICUHHI 3aco0u Oii ma CamoBUPadICeHH s,
anbmepHamueHa ma 000amKo8a KOMYHIKAYis, MYJIbMUCEHCOPHI NiOX00U, NOHAMM MYIbMUMO-
O0anbHOCMI, OOCMYNHICMb OCBIMHbO2O CEPE08UUA, BAPIAMUBHICIb HABUAHHL.
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Memoro cmammi € 0ocniodxcenHs eghekmuenux Memooie Haguanus po3oiny ¢izuku «Kine-
MamuKay 8 CydacHit WKiIbHIU 0C8imi, 3 Ypaxy8anHam inmezpayii yughposux mexnonoz2iv i akmueHux
Gopm HaguanHsa 0N NIOGUWEHHS NIZHABANLHOI AKMUBHOCMI VUHI6 ma opmyeanHs KOMnemeHm-
Hocmetl npeomemHoi eanysi. IIpedmemom 00cnioxHcents € neda2o2iumHi mexHonoeii i MemoouKu UKa-
OaHHsL KIHeMAMUuKU, HanpaeieHi Ha po36UMoK nPeoMemHux YMiHb ma KOMNemeHmHocmeti WKOJIAPIG.

Memoou docniodicenHs 8KAOUANU MeOPeMUYHUL AHAI3 HAYKOBO-MemOoOU4HOi limepamypu,
eKCNnepUMEeHManbHe 8NPOBAONCEHHS YUPDPOBUX THCMPYMEHMIE Y HABUANbHULL NPOYeC, a MAKON’C
eMnipuyHi npoyeoypu, wo nepeddauanu CHOCMEpPeNtCeHHs, AHKemY8aHHsA [ CMAamucmuyHy
00poOKYy pe3yrbmamie HaguanbHoi disnbHocmi 3000ysavis. /s 3a6e3neyenHs KOMYHIKayii ma
oucmanyiino2o Haguanus oyau 3acmocosari niamgopmu Microsoft Teams, Zoom, Moodle.

Pezynomamu 0ocnioscenns demoncmpyroms niosuwenHs eqpekmueHOCmi HaA84aHHs KiHeMamu-
KU 3A805IKU GUKOPUCIAHHIO THMEPAKMUBHUX CUMYIAYIL | YUDPOBUX THCMPYMEHMIB, WO CHpUAIOmMb
Kpawjomy po3yMiHHIO QDI3UUHUX SA8UWY, PO3BUMKY GMIHHS AHANIZY8AMU eKCNEPUMEHMANbHI OaHi ma
Gopmysannio Hasuuox pobomu 3 epagixamu i diacpamamu. 3anpo8adHCeHHs: AKMUBHUX MemOoOi8
HAGUAHHS 3MIHIOE PO HAO0ABAYA OCGIMHIX nocaye i 3000y6auie, NOCUNIONYU MOMUBAYIIO |
camocmitiHicms 3000Y6a4i8 Y HA8UAHHI.

Tpakmuune 3HayenHs noiseae y pospooyi MemooudHUX peKomeHoayiti wooo inmezpayii yugpo-
BUX MEXHONO2IU V BUBHEHHS KIHEMAMUKU, WO MOXCe OYMU BUKOPUCIAHO NPpU Ni020Mosyi suumenis ¢i-
3UKU, A MAKOXC Y De3N0CEPEOHbOMY OCBIMHbOMY NPOYeCi 8 3aKIA0ax 3a2albHOi CepeoHboi OCBIMmU.
3anpononosani nioxoou cnpusioms NIOBUWEHHIO SKOCMI oceimu ma 8ionosioaroms eumozam Hoeoi
VKPAIHCHbKOI WKOTIU.
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Bucnoexu cmammi niokpecnoroms HeoOXiOHICMb KOMIJIEKCHO20 8NPOBAONCEHHSL IHHOBAYIUHUX
Memooie HaBYaHHsl, NOEOHAHHA MPAOUYITIHUX | YUDPOBUX MEXHONO02IU 3 MEMOIO PO3GUMKY KIHOUOBUX
KoMnemeHmHocmetl 3000y8a4ig. A8mopom 6I03HAUAEMbCA, WO 3ACMOCYBAHHS THMEPAKMUBHUX
npoepam i 8i3yanbHux Mooeiell iCMmomHo NOKPAWYe pO3YMIHHSL CKAAOHUX (DI3UUHUX Npoyecis.

Tlepcnekmueu nooanvuiux HAYKOBUX OO0CHIONCEHb MO8 A3AHI 3 PO3POOKON A0ANMUBHUX
0C8IMHIX NAamM@opm HaA OCHOBI WMYYHO20 [HMeNeKmy O/ IHOusioyanizayii npoyecy Ha84aHms,
00CNiOdHCEHHAM ehekmueHocmi 2elmipikayii HasuaibHO20 npoyecy ma 6NIUBOM YUPDPOBUX
iHHOBaYill Ha (opmysants npedmemnoi komnemenmuocmi ¢ konmexcmi STEM-oceimu.

Knrwowuosi cnosa: kinemamuka, Memoouxka HAGYAHHA @QI3uKU, Yupposi mexHonozii,
IHMepPaKmueHi CcuUMyiayii, aKmueHe HABUAHHS, OUCAHYIUHE HAGYAHHS, WIKIIbHUL @I3UYHUL
excnepumenm, STEM-oceima, oceima HYIII.

IMocTaHoBKa npodJjeMu. Y CydyaCHHX yMOBaX PO3BHTKY OCBITM B YKpaiHi, 30KpeMa B
KOoHTeKCTi pedopmu «HoBa ykpainceka mkona» (HYI), ocobmuBy yBary mpuaiieHO
BIIPOBA/DKCHHIO MOJETbHUX HABYAIBHHUX IpOrpaM, sKi CHOpsMOBaHI Ha (OpMyBaHHS
KOMITIETCHTHOCTEH YYHIB Uepe3 aKTUBHI METOAM HaBYaHHSA. MojaenbHi mporpamMu 3 Gi3uKd s
3aKJIQiB 3araJibHOI CEpeHbOI OCBITH, 3aTBEp/HKEeHI MiHICTEpPCTBOM OCBITH 1 HayKH YKpaiHw,
nepea0ayvaroTh IHTErpalil0 TEOPETUYHHUX 3HaHb 3 NPAKTUYHUMHU HABUYKaMHM, JI€ LIKUIbHUN
(i3UYHNN eKCTIEPIMEHT BiIirpae KIIFOYOBY pOJIb. 30KpeMa, pO3AiS KIHEMAaTHKH, SIKUH BUBUAETHCS
y 0a30Biii MIKOJI1, OXOIUIIOE MOHATTS MEXaHIYHOTO PYXY, HIBUAKOCTI, IPUCKOPEHHS, TPAEKTOPIT Ta
rpadiqHOTO MPEICTABICHHS PyXY, III0 € OCHOBOIO /ISl PO3yMiHHSI MEXaHIKH B LIIJIOMY.

Opnak, kpu3oBi curyarii, Taki sk COVID-19 Ta BoeHHU# cTaH, MpU3BEIH O MAacOBOTO
nepexoay Ha JUCTaHIIfHEe HaBYAHHS, 110 CYTTEBO YCKJIATHHUIIO PEali3alliio eKCIepUMEHTAIbHOT
ckianoBoi  (Gizuku. TpagumidHui MMKUTBHUA (I3UYHUA EKCIIEpUMEHT, SKUW Iependoadae
BUKOPHUCTAHHS J1a0OpaTOpPHOTO OOJIaJIHAaHHS B INIKUTPHUX KaOiHeTax (HampuKiIaj, Bi3KH, TOXHWII
TUTOIIMHH, CEKYHJIOMIpPH), CTA€ HEAOCTYITHUM y JOMAIIHIX yMOBaxX. YuHi, nepe0yBaoun BAOMA,
4acTo HE MAalTh JIOCTYIY JIO CIEI[iali30BaHOT0 OO0JaJHAHHS, IO MPU3BOAUTH IO 3HMKCHHS
MOTHBAIIil, MOTIPIIEHHA pPO3YMiHHS aOCTpakTHUX (I3MUYHUX KOHLEMIIA Ta 3MEHIICHHS
e(peKTUBHOCTI (OPMYBaHHS HAYKOBOTO CBITOTJISATY.

[Tpobnema nossirae B TOMy, 110 MOJI€IbHI HaBYAJIbHI NPOrpaMy aKLEHTYIOTh HA KOMIIETEHT-
HICHOMY MIJXO[, A€ €KCIIEPUMEHT € IHCTPYMEHTOM JJIsl PO3BUTKY KPUTUUHOIO MMCIIEHHS, BMIHHS
aHaNI3yBaTH JiaHi Ta (OPMYITIOBaTH BUCHOBKM. B ymoBax IUCTaHLIMHOrO HaBYaHHS TpaJulliiiHi
METOIM HE J03BOJIAIOTH MMOBHOIIIHHO peatizyBaTH i niti. Hanpuknan, y 7 kiaci tema «MexaHIgYHHiA
pyX» BHUMarae JEMOHCTpALii pIBHOMIPHOTO MPSMONIHIMHOTO PyXy, BHUMIPIOBAaHHS HIBHUAKOCTI Ta
noOy1oBu rpadikis, ane 06e3 Ppi3uIHOro 00NIaTHAHHS 1I€ TIEPETBOPIOETHCS HA MMACUBHE CIIOTIISIAHHS
Bi/ICO UM TEOPETUYHI PO3PAXYHKH, 1110 HE CIIPUSIE TITMOOKOMY 3aCBOEHHIO.

JlolaTKOBUMU BUKJIMKaMH € HEPIBHUM JOCTYI 0 1HTEPHETY, TEXHIYHUX 3aC001B (KOMM'I0-
Tepu, cMapT(OHH) Ta LU(POBOT IPAMOTHOCTI K YUHIB, TaK 1 BUUTENIB. 3a JaHUMHU MiHiCTepCTBa
OCBITH 1 HayKu YKpaiHu, mia yac aucranuiinoro HapuanHs 2020-2022 pokiB noHag 30% yuHiB
MaJld TPYJHOIIl 3 BUKOHaHHAM NPAaKTUYHUX 3aBJaHb 3 MPUPOJHUUYUX HayK. Lle mpu3BoauTh 10
PO3pUBY MK TEOPETHYHHM 1 MPAKTUYHUM KOMITOHEHTaMH OCBITH, IO CYNEPEUYUTh MPUHIUATIAM
HVIII, cnpsMoBaHKM Ha IHTETpallito 3HaHb.

TakuM YMHOM, aKTyaJIbHOIO € PO3pO0Ka METOAMKH, KA aANTY€E MKUTbHUN (PI3UYHUHN eKCTIepH-
MEHT 3 KIHEMaTUKH J0 YMOB JAMCTAHIIHHOTO HaBYaHHs, 30epiraroud BUMOTH MOJIETIBHUX MPOrpaMm.
Taka mMeTo/MKa MOBMHHA BKITIOYAaTH BUKOPHCTAHHS JOCTYIMHUX IU(PPOBUX IHCTPYMEHTIB, BIPTyaslb-
HUX CUMYJISIIIIN Ta TOMAIIHIX 3aC00iB, 1100 3a0€3MeYNTH IHTEPaKTUBHICTD, TOCTYITHICTh Ta €(DEeKTHB-
HICTh HaBuaHHA. be3 BHpilIeHHs L€l MpoOJeMU PU3UKYEMO BTPATUTH IMOKOJIHHS Y4YHIB, SIKI HE
3MOXYTh MOBHOIIIHHO OBOJIOJITH (PI3MYHUMH KOMIIETEHTHOCTSMH, HEOOXITHUMHU IS MTOJAJIBIIOTO
HaBUYaHHA Ta NPo(eciitHOro po3BUTKY.

AHaJI3 aKTyaJIbHUX J0CTiKeHb. AHAJ3 Cy4aCHUX HAyKOBUX PO3BIIOK YKpaiHCHKUX JOCIiJI-
HHKIB CBITYMTH PO 3pOCTAOUMI iHTepec 10 ajanTaiii (pi3MYHOr0 eKCIEPUMEHTY B YMOBAX AUCTaHIIIH-
HOT0 HaBYaHHs. 3HAUHY yBary NPHILIEHO BIPTYaJbHUM 1 KOMITIOTEPHHM MOJIEIISM K aJbTepHATUBI
TpaauLiiHuM ekcriepumenTaMm. Hanpukian, y po6ori Kopmaka €.B. Ta Muproponcskoro b.1O. [4]
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PO3TIISIAEThCA METOJIMKA 1 TEeXHIKa IIKUTBHOTO (PI3MYHOTO EKCIEPUMEHTY, JIe aKIIEHTOBAaHO Ha
NPAKTHYHUX ACTIEKTaX, K MOXKHA a/IallTyBaTH 10 KIHEMATUKH, BKJIIOYAIOUH IeMOHCTpanii pyxy Tit. Lli
HAIIpaItOBaHHsI CITyKaTh OCHOBOIO /IS Cy4acHUX aJianTalliii B OHIaitH-popMmari.

Bemnuko C.II. [4] y cBoiX mocmimKeHHSIX (POKYCYEThCS Ha PO3BUTKY CHCTEMH HAaBYAILHOTO
(GI3MYHOTO EKCHEPUMEHTY Ha 3acaiax CHHEPreTHYHOIrO IMIXOMY, /1€ MiAKPECTIOEThCS THTEerpalis
EKCIIEPUMEHTY B MIKUIBHUM Kypc (Di3UKH, 30KpeMa Ui KiHeMaTHKH, 3 BUKOPUCTAHHAM Cy4YaCHUX
TEXHOJIOTIH yI JucTaHIiiiiHoro pexkumy. JluteuroBa C.I'. [7] pa3om i3 cmiiBaBTOpamu po3pooiisie
HiIXOIM A0 HIKUTBHOTO (Pi3MYHOTO €KCIEPHMEHTY 3 BHKOPUCTAaHHSAM HU(PPOBUX BUMIPIOBATBHUX
KOMIUIEKCIB, 110 OCOOJMBO aKTyalbHO JJIsl AUCTAHILIMHOTO HAaBYaHHS KIHEMAaTWKH, JO03BOJISIOUU
YYHAM TPOBOJMTH BIpPTyalbHI BHUMIpIOBaHHA pyxy. Y ii poGorax OOIpyHTOBAaHO TNPUHIUITN
BUKOPHCTAHHS IHTEPHET-TEXHOJIOTIH y IKIIbHOMY ekcriepuMenTi. CaBuenko B.®. [11] ta ciBaBTOpH
y METOAMYHOMY MpakTHKyMi «HaBuanpHMi (DI3MYHUI EKCIIEpUMEHT» ONMCYIOTh OpraHi3alliio
€KCIIEpUMEHTIB, BKIIFOYAIOYM MEXaHIKY (KIHEMaTHKY), 3 aKIIEHTOM Ha (pOpMyBaHHS YMiHb y4HIB, 1110
MOXHA aianTyBarty J10 oHnaiH-iargopm. Camosuii M.1. [10] ananizye HaBuaIbHAI €KCIIEPUMEHT Y
CHCTEeMI BUBYCHHS (DI3UKH B 3araJIbHOOCBITHIM IIKOJI, MiAKPECIIOIYHA HOoro poiib y GhopMyBaHHI
KOMITETCHTHOCTEH, 3 TOTCHIIAJIOM U TUCTaHIiiHOrO (hopMmary depe3 BIpTyallbHI CHMYIISIIL.
Cupotrok B.JI. [12] posmmsagae mKUIbHUM (GI3UYHUM eKCTIepUMEHT sK 3acid  ¢dopMmyBaHHs
JOCIITHALIPKUX YMIHb YYHIB, 3 TNpPUKIagaMH 3 KIHEMaTWUKH, IO CIPHSE aJanTalii J0 yMOB
muctaniiiHoro HapuanHs. Jlsmenko O.L [5, 6] y cBoix mpamsx, Takux sik «MeTonuka HaBYaHHS
¢i3uKM AK iHHOBalilfHa HayKa», OOTPYHTOBYE IHHOBAIMHI MiIXOIM O METOAWKH, BKIFOYAIOYN
JWCTaHIIiHE HaBYaHHS (I3UKH 3 EKCIIEPUMEHTAIBHOI0 CKIAI0BOKO. BiH TakoX JOCHIKYe
(opMyBaHHS 3MICTY IPUPOTHUIO-HAYKOBOI OCBITH, /i€ KIHEMATHKa € KIIFOYOBUM €IIEMEHTOM.

Pynenko ML.IL. [9] pa3om i3 ciBaBTOpaMu 0OTOBOPIOE OpPTaHi3allito TBOPUUX Ja00paTOPHUX
pobit 3 (i3ukm, MO BKIOYAE CIEMEHTH KIHEMaTHKHA Ta aJamnTalilo 10 TUCTAHIIIHOTO
cepemoBuia. Y HHM3II BIacHUX poOIiT [2; 3] aBTOp cCTAaTTi NOPUCBSIYYE YyBary podii
JIEMOHCTPAIIfHOTO EKCIIEPUMEHTY y (OpPMYBaHHI MPUPOJAHUYO-HAYKOBOI KOMIIETEHTHOCTI, 3
aKIIEHTOM Ha BIpTyaJbHI METOIU JUIS HIKUIBHOTO Kypcy (I3MKH, BKIIIOYAIOYM KIHEMAaTHKY,
PO3TISIIAETHCA METOAMKA BIPTYAJILHOTO JIEMOHCTPALIMHOTO (Pi3HYHOTO EKCIIEPUMEHTY.

Bukiiag ocHoBHoro marepiany. HaBuansHuii Gpi3uyHuil eKCIEpUMEHT — OJIMH 13 METOMIB
HaBuaHHS (izuku. Bin miaBuimrye intepec n0 (i3uku, 0COOIMBO B Y4HIB OCHOBHOI IIKOJH,
nornomarae c(hopMyBaTH y IIKOJAPIB KOHKPETHI o0pa3u, sfKi BiAOOpakaroTh y iX CBIJOMOCTI
peanbHO iCHYIOU1 (i3WYHI SIBUIIA, MPOIECH, BIACTUBOCTI TUI, 3aKOHU. BiH BUXOBYE Taki SIKOCTI
0COOHUCTOCTI, SIK aKypaTHICTh y poOOTi, CTapaHHICTh y JOCSATHEHHI MOCTABJIEHOI METH, HaBYaE
BUJIUTSATH B SIBUIIAX iX CYTTEB1 O3HAKHU.

11i0 uac naanysanmns excnepumenmy:.

- BU3HAYalOThCs METa I 3a/1a4l eKCIIEPUMEHTY 3 BUCYBAaHHSM OCHOBHUX TiIOTE3, K1 Tpebda
NepeBIpUTH,;

—BHOUPAETHCS 00 €KT NOCTIIKEHHsI, HOro MapaMeTpH, 10 BUBYAIOTHCS; BHU3HAYAETHCS
METOJIMKA E€KCIIEPUMEHTY SK [0 YCTaTKyBaHHIO, TaK 1 CHUCTeMl oOIlepamii, 1o
BUKOHYIOTBCS B X071 poOOTH;

- BU3HAYa€ThCs MOCIIOBHICTD JOCIIAIB B €KCIIEPUMEHTI;

- BHOUPAIOTHCS METOIM OOPOOKH pe3yabTaTiB BUMIPIB Ta IUIAXH MEPEBIPKHU Ha 111 OCHOBI1
BHUCYHYTHX TIIIOTE3.

[li pucu MiSUIBHOCTI TaKOX 3HAXOASITh CBOE BINOOpaKEHHsI TMiJ 4Yac TMPOBEACHHS
HABYAIBHOTO EKCIEPUMEHTY, BpaxyBaHHS SKHX JO3BOJISIE BHIUIMTH Yy3aralbHEHWH TUIaH
JISUTBHOCTI Y4uTeNs i y4yHiB, OB A3aHUHN 3 (POPMYBaHHSAM Yy 3700yBayiB €KCIIEPUMEHTAIBHUX
yYMiHb, HE3BAXKAIOUX Ha BUJ Ta (hopMaT oprasizalii eKCepuMeHTaIbHOI JISUIbHOCTI.

1. @opmynroeanns ma 3ac60€HHSA 3a0ay eKCHEPUMEHTY
1. 3’sacyBaru, sike (hi3uuHe ABUILE, TPOLIEC, BIACTUBICTD T1J TpebOa BUBUUTH.
2. 3po3yMiTH, 110 MOTPIOHO 3’5ICYBATH, 32 JIOTIOMOTOO JOCIIIB IaTH y3araJbHEHHU OMUC SIBUIIA,
rpagi4HO 300pa3uTH MPOIIEC; BCTAHOBUTH 3B 30K MUK (D13MYHUMHU BEIMYMHAMU TOIIO.
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11. I[Inanysanus excnepumenmy
1. BuOpartu 00’ €KT AOCHIIHKEHHS.
BusHauutn MeTOIMKy NpPOBEAEHHS [JOCHINIB. CKJIACTH IPUHLUIIOBY CXEMY JOCHITHOI
YCTaHOBKH, yKa3aTH NMOTPIOHI MPUIIAIU 1 MaTepiaid, CKJIACTH IJIaH BUKOHAHHS JiH.
1ll. Buxonanus naany
[TixiOpaty HEOOXiAHI MPUITAIH 1 BU3HAYUTHU X OCHOBHI MapaMeTpH.
310patu qOCIiIHY YCTaHOBKY.
[TpoBecTr cIOCTEPEKEHHS 1 BUMIPH.
3adikcyBaTH oJiep)KaHi pe3yabTaTH.
1V. Ananiz ooeparcanux pesyiomamis
VY BiZIMTOBITHOCTI 3 MTOCTaBJICHOK METOIO IIPOBECTH 0OPOOKY OJIEp)KaHUX JTAaHUX.
3poOUTH BUCHOBKH.
3. Odopmuru 3BIT.

VYci Bkazani 21ii MOXKyTh OyTH BUKOHAHUMH BUUTENIEM, KOJIEKTUBHO, YUHSIMH.

3 1OTO IJIaHY MISUTBHOCTI MOYKHA BHJUIATHA OKPEMi MOJKJIMBI i y4HIB, 110 MTPUBHOCSTH
CBill BHECOK Y ()OPMYBAHHS YMIHHA CAMOCMIUHO20 NPOBEOEHHS eKCHePUMEHY:

- ycHuil a0 NUCbMOBUI ONKC SBUILIA, 1110 CIIOCTEPIra€ThCH;

- rpadiune 300paxkeHHs Tmpomecy abo SABWINA; CKJIAJAaHHS CXEMH  JOCHiay,

BUKOPHUCTOBYIOYH 1HCTPYKILIO;

- aHaJi3 IPUHIUITY Jii IpUIajiB;

- YHUTaHHS [IKaJT BUMIPIOBAILHUX TPUIIAIIB;

- 3HAXO/KEHHsI CHUIBHOTO B SIBUILAX, IO CIIOCTEPIratoThCs,

- mepen0avyeHHs Pe3yJbTaTiB AOCTI/IB,;

- 00poOka pe3ynbTaTiB BUMIPIOBaHb Ta 1HIII JIii.

MoknuBi pi3HI CHOMYYEHHS IUX Aii y4HiB. Ha rpyHTI muX cucTeM Jiii IIaHyIOThCS Pi3Hi
CaMOCTIiHHI pOOOTH MIKOJSPIB, 110 BUKOHYIOTHCS HA PI3HUX €Tarax HaBYaJbHOTO MPOILIECY.

AmHaii3 Tmoka3ye, IO XOYa € HaIlpalloBaHHS, OpaKye KOMIUIEKCHOI METOJUKH JUIs
KIHEMaTUKM B JAWCTaHLUIHHOMY HaBUYaHHI 3a YKpaiHCBKUMHU MOJEIbHUMM Mporpamamu. Lli
JOCIIJKEHHST (POPMYIOTh TEOPETUYHY OCHOBY ISl 3alIPOTIOHOBAHOT METOTUKH.

Mertoro cratTi € po3poOka Ta OOIPYHTYBAaHHS METOJIMKH peaji3alii MKUIbHOrO (hi3UYHOro
eKCIIEpUMEHTY 3 KIHeMaTHKH B 3aKJIaJ[aX 3aralbHOl CepeHbOI OCBITH 32 MOJICIIEHIMH HAaBUATBHUMH
nporpaMamMM B yYMOBaxX JMCTaHIiMHOro HaByaHHA. lle BKIIOYae ajanTanilo TpaIuLidHUX
eKCIIepUMEHTIB JI0 OHJIalH-(POpMaTy 3 BUKOPUCTAHHIM LIU(PPOBUX IHCTPYMEHTIB, JEMOHCTpAIIiI0 Ha
KOHKPETHOMY IPHUKJIA/Ii TA OLIHKY €(heKTUBHOCTI /111 (JOPMYBAHHS KOMIIETEHTHOCTEH YUHIB.

Meronuka peanizanii 0a3yeTbcs Ha NpUHIMIAX KomreTenTHicHoro miaxoxay HYIIL ne excne-
PUMEHT € IHCTPYMEHTOM JUISl PO3BUTKY KJIFOUOBHUX KOMIIETEHTHOCTEH: MaTeMaTHYHO{, IPUPOIHHYOI,
mdpoBoi Ta mMiANPUEMHUIBKOI. BoOHa BKIIOYAa€ YOTHpH e€Tamy: MiATOTOBYMI, BHUKOHABYHH,
AHAIITUYHUH Ta pedIIeKCUBHUM, 3 ypaXyBaHHSIM HalpalllOBaHb YKPAiHCHKUX JIOCIIHUKIB.

[TigroroBunii eramn. Ha oMy erari BUUTENb aIaNTy€e MOJIENIbHY MTpOrpamy J0 JUCTAHIIIHHOTO
dopmary. s kinemaTtuku B 7 kiaci (TeMa "MexaHiuHHiA pyX'") 00MpatoThCs eKCIEPUMEHTH, CyMICHI
3 OHJIAH-IHCTPYMEHTaMH, SIK peKoMeHa0BaHO B poboTax JlutBuHOBOI C.I'. [8] momo nmdpoBux
KOMILIEKCIB. BukopucroBytothees miatdopmu sik Zoom, Google Meet a1si CHHXpOHHHMX YpPOKIB Ta
Moodle 11 acCHHXpOHHUX 3aBIaHb. Y4HI OTPUMYIOTh IHCTPYKLIT 3 BUKOPHCTaHHS OE3KOIITOBHUX
iHctpymenTiB: PhET Interactive Simulations (s BipryanbHHX Jabopatopiif), Tracker (mis
Bifeoanaiizy), Phyphox (MoOuTBHII JOAATOK /ISt CEHCOPIB CMapT(OHA), IO Y3TOKYETHCS 3 11eIMU
aBTOpa MpOo BIPTYaJIbHUI AEMOHCTpPALIHHUI EKCIIEPUMEHT.

BukonaBuuii eran. Y4Hi BUKOHYIOTh €KCTIEPUMEHTH 1HIWBIAyaJIbHO ab0 B rpymax uepes
OHJIaMH-CHiBOpaIo. BUKOPUCTOBYIOThCS BIpTYyallbHI CUMYJIALIT AJIS IMITallii pealbHUX YMOB, SIK
y HampamoBaHHsax Bemmuka C.II. [1] mono po3BUTKY cucteMu ekcnepuMeHTy. Hampukiaz, B
PhET "Moving Man" y4Hi MOZIEIIOIOTh PYX JIFOAWHU, 3MIHIOIOYH IIBUJKICTH 1 TPUCKOPEHHS.

Benuky yBary ciijl NpuIUIMTH JOMAIIHIM eKcriepuMeHTaM. /[oLigbHO BUKOPHUCTOBYBATH
cMapTdOoH AJIs 3aMKCy BiJIeO pyXy TiJl, HAIPUKJIAA, aJiHHS M'a4ya Ta aHami3y B Tracker.
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AnamiTnuyauid  eram. 3i0paHi AaHl aHAMI3YIOThCS: MOOymoBa TpadikiB, pPO3PaxyHOK
MBUAKOCTI (U = s/t), mpuckopeHHs (a = Av/At). BukopucrtoBytoTbes iHCTpyMeHTH sk Google
Sheets 111 06poOKHM TaHKX, 3 AKLIEHTOM Ha ()OpMYBaHHS yMiHb, K y npausx Cupotioka B.JI. [12].

PeduiekcuBHumii eramn. YuHi 00roBOPIOIOTH PE3y/IbTaTH B OHJIAWH-IUCKYCISIX, TOPIBHIOIOTSH 3
TEOpi€r0, 1AEHTU(IKYIOTh MOMUJIKH, IO CHPHUSE PO3BUTKY KOMIIETEHTHOCTEH, SIK OIMCAaHO B
poborax Jlsmenka O.1. [6].

[TpoumrocTpyemMo 3a3HaueHi ifei Ha TPUKIAAl eKCIEepUMEHTY "BHBUEHHS PIBHOMIPHOTO
MPSMOJTIHIHHOTO pyXy"

Merta: Bu3HaunTH MIBHIKICTH PIBHOMIPHOTO PyXY 32 JOMOMOTOIO BiJIe0OaHaNi3Yy.

O6nannanns: CmaptdoH 3 KaMeporo, JiHilKa, irpallikoBa MalImHKa abo KyJbKa, mporpaMma
Tracker (6e3komToBHA).

Bukonanus:

1. IligroToBka. YuHi po3Mi4alOTh TpaeKTOpito (Hampukian, | M Ha miano3i) Mapkepamu abo
Kper 1010 KoxH1 10 cM.

2. BukoHaHHs. 3amuc BiJIeO pyxXy MaIIMHKH MO TPAEKTOPIi (BUKOPUCTOBYIOUH TaliMep cMapThoHa
JUTSL CHHXPOHi3aIlii).

3. Amnami3. 3aBantaxeHHs Bigeo B Tracker. [Iporpama aBTOMaTH4HO BiJCTEKYE MO3UILIIIO 00'€EKTa
B KOXXHOMY KaJIpi, OOYHCIIIOE€ KOOpAUHATH (X, t), Oynye rpadik x(t). LLIBuIKicTh BU3HAYAETHCS
SIK Haxw rpadika.

4. O6pobka. YuHi po3paxoBYIOTh CEPEAHIO HMIBUAKICTh, MOXUOKY (BUKOPUCTOBYIOUU (OpMYITy

= [ ()
s t
5. BucHoBok. [TopiBHSAHHS 3 TECOPETUYHUM 3HAYCHHSIM, 0OTOBOpEHHS (haKTOpiB (TEPTs, MOXUOKA
BHUMIPIOBaHHS ).

Lle#i mpuksIa BiANOBiIa€ MOAEBHIN Mporpami it 7 Kiacy, e Y4Hi MOBUHHI <«IOCIIDKYBaTH
3aJIeKHICTh NUIAXY BiJl 4acy JUIs PIBHOMIPHOTO pyxy». B JucTaHlifHOMY peXHMi BYHTEINb
JIEMOHCTPYE uepe3 eKpaH, Y4Hi IOBTOPIOIOTh BIOMA, HAJICHIIAIOTh 3BiTH Yepe3 Google Forms.

EdexruBHicTh. 3a pesyibTaramu ampoOarii (Ha OCHOBI MOMIOHWX TOCIIIKEHB), TaKHMA
I IX1]T TABUIIYE MOTHBAIIIIO Ta TIOKPAIIYE PO3YMiHHS.

Tabmuns 1
Ilpukaag faHuX AJsl eKCIEPUMEHTY
Yac t (c) Mnsx s (M) [Buaxicts v (M/c)
0 0 -
0.5 0.2 0.4
1.0 0.4 0.4
1.5 0.6 0.4

Amnaniz. I'padik niniitauii, v = const = 0,4 m/c.

Po3ropHyTuii ommuc IHIIMX EKCIIEPUMEHTIB: PIBHONPHCKOPEHUH pyx (HajaiHHA Tija),
KPUBOJIIHIMHUN pyX (MasiTHUK), 3 IHTErpauieto HudpoBUX TEXHONIOT1H, K y JIutBuHoBOi C.I". [8].

Inrerpamiss 3 IHIIMMM  JUCUMIUIIHAMM:  MaTematuka (rpadiku), iHpopMmaTHKa
(mporpamMyBaHHSI CUMYJISLIH).

3anpornoHoBaHa METOAMKA J03BOJis€ €(EeKTUBHO peali3yBaTH MIKUIbHUN (QI3MYHUI
eKCIIEpUMEHT 3 KIHEMaTHUKUM B JUCTAHLIMHOMY HaByaHHI, 30epirarodd BHMOTM MOJEJIbHUX
nporpaM. BoHa moeaHye BipTyasbHi, JOMalIHI Ta KOMOIHOBaHI MiAXOIHM, 3a0e3reuyroun
JOCTYIHICTh 1 IHTepaKTUBHICTh. KOHKpETHUI MpUKIIaa 1EMOHCTPY€E MPAKTHYHY 3aCTOCOBHICTD,
cnpusitoun  (OPMYBaHHIO KOMIIETEHTHOCTEH. MeToauKa TIPYHTYETbCS Ha HalpamrfoBaHHIX
YKpaiHChKUX JOCIIHUKIB 1 CIIPHUSIE MOI0JAHHIO BUKIIMKIB JUCTAHIIITHOrO HABYaHHS.

[TporioHyeMO NeKijibKa €KCIIEPUMEHTIB 3 BUKOPUCTAHHSAM CMapT(OHY, SIKI BiANOBIAAIOTH
HIKUTBHUM (MOJIETIBHUM) ITpOrpaMaM, 3 KOPOTKUMHU THCTPYKIISIMHU.

Busnauenns npuckopenus 6i1bho2o nadinusa (g) 3a 00noMo2010 noGiNbHO20 6i0e0

Marepianu: cmaptdoH 31 slow-motion abo 3BuuaiiHa kamepa (Makc. 120240 fps), M’ ssauk
a00 HEeBENMKUI BaXXKUIl MpeAMET, JiHIlMKa a00 MipHa CTpiyKa, IITaTHB/0Mopa JIsl TeIeOoHy.
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BukoHaHHS:
1. BucraButu TenedoH Ha mraTtuB abo omopy, mo0 BiH HE pyxaBcs, 1 KaJpyBaTH IUIOMIUHY
MaJiHHS; B KaJpi MOBHHHA OyTH BUMIpIOBaIbHA IIKaia (JiHIAKA).
2. Kunytu mpeaMmer BepTHUKalIbHO BHM3 13 BijoMoi Bucotu H abo BinmycTUTH 3 HYJIBOBOIO
IIOYaTKOBOKO IIBUIKICTIO.
3usTH NAAiHAS Y slow-motion; eKCITOPTYBATH BiICO 1 MEPETISTHYTH KaIp-3a-KaJPOM.
Bumipsitu yac mamiaas t (KUTbKICTb KaapiB X 1/fps) Ta 3HANTH PUCKOPEHHS BUILHOTO TIAIIHHS g.
Amnani3 pe3ynpratiB. O04rcIeHHS MOXHUOOK Y BUMIpI BUCOTH i Yacy (IITyM KaJIpiB, Mapanakc).
Pyx noxunorw naowunoro: eusnauenus npuckopeuus (mampuus v(t), s(t)
Marepianu: A0Bra JOLIKA/SIMIMK JUISL TIOXWJIOI TUIOIIMHY, KYJIbKa YM IrPAIlIKOBUHN BI3OK,
cMapTdhoH (Bigeo abo 10AaTOK 3 aKCEIEPOMETPOM ), MipHA CTpIUKa.

BukoHnanns:

1. BuctaBuTy NOXUITY IUIOIMIMHY 1] BIIOMUM KyTOM a00 MITHATHA HA BiJIOMY BHUCOTY.

2. BiamycTuTu KyJIbKy/Bi30K 1 3HATH pyX Ha Bieo ab0 MPHUKPINMUTH TeaedoH 10 Bi3Ka (MIIHO
3aikCyBaTH).

3. AHami3yroud BiJle0 KaJp-3a-KaapoMm, BH3HAUUTH S(t) — TOJOXKEHHS y pi3HI MOMEHTH;
noOynyBatu rpagik s(t) i v(t).

4. 3HaifTu mpUCKOpeHHSs 13 Haxuiy v(t) abo NUIIXOM MiATOHKH S(t) 40 KBaJpaTUyHOi PyHKIII].

Honatok: sikmo BukopuctoByere Phyphox / Physics Toolbox, To MoXHAa 34UTyBaTh
IPUCKOPEHHs 0e3110cepeIHbO 3 AATUHKA.

BpaxyBartu TepTs, HETOYHICTh KyTa, TIOXHOKY MO3UIIIOHYBaHHS Ka/IPiB.

Bepmukanvne Kuoannsa: u3HayeHHA ROYAMKOBOT WGUOKOCMI i Yacy noabOmy

Martepianu: TenedoH s slow-motion, M’s14, JTiHiiika a00 TTO3HAYKH HA CTiHI.

Bukonanns:

1. KunyTtu M’si94 BEpTUKAIBHO Bropy (3HATH JEKiIbKa CIpoo).

2. 3a BiZeo 3HAWTH Yac MiTHOMY 0 HAWBHIIOI TOYKU t (B MOMEHTY KHAAHHS IO MOMEHTY 3
HYJIbOBOIO BEPTHKAIBHOIO IIBUJKICTIO).

3. Bu3HauuTH TOYATKOBY INBUIKICTH 32 (DOPMYJIOI0 MAaKCUMAaIbHOI BHCOTH (TIOPIBHATH 3
BHUMIPSIHOIO).
BpaxyBartu peakuii naibliB Ipy KUAaHHI, Mapajakc y Biieo.
Bukopncranns BOygoBaHoro akceiepomMerpa:; BHMIPIOBAHHA PHCKOPEHHS B CMAPTPOHI
Marepianu: tenedon, nogarok Phyphox a6o Physics Toolbox Sensor Suite (a060 Oyb-skuit
JOCTYIHUH TOJATOK JJIsl 3YMTYBAaHHS aKcellepoMeTpa), KpiljIeHHs/CTilKa.
Bukonanns:

BcranoBuTH 101aTOK, BUOpATH MOJYJb aKCeIepoMeTpa.

2. Ilpukpinutu TenegoH a0 Bi3Ka, MaleHbKOi miargopmMu abo TpUMaTH B pymli IMiJ dYac
HOPSAMOJIIHIHHOTO PyXy (HampuKiIaj, KaTaHHS Ha POJIMKAX/KOJIACI Ta 1H.).

3. Bammcatu naHi mpuckopeHHs ax(t), ay(t), a(t). ExcnepumMentyiite 3 NpsMOIiHIHHUM
PIBHOMIPHUM PYyXOM (OYIKYEMO HYJIb IIPUCKOPEHHS ), PO3TOHOM 1 raJIbMyBaHHSIM.

4. TlobynyBatu rpadik npuckopeHHs (B noaatky abo B Excel).

BpaxyBaru: akcenepoMeTp 4yTIUBHH A0 HIyMY; KOPUCHO pOOUTH KOPOTKI BUMIPIOBAHHS 1
KUJIbKa TTOBTOPIB.

BHCHOBKM Ta nepcneKTHBH MOAAJBLIINX HAYKOBHX Po3Bigok. [lomanburi 1ociaKeHHs
MOXYTh (oKycyBaTHCs Ha iHTerpamii Al B aHami3 JaHMX EKCIIEPUMEHTIB, po3podui VR-
nabopaTopiii [uIg KIHEMaTHKH Ta eMITIPUYHINA OLIHII €(pEeKTUBHOCTI METOIMKH B PI3HUX perioHax
Ykpaiau, po3Muproroyn 17ei 3a3Ha4eHUX HayKOBIIIB-METOIUCTIB (DI3UKH.

Hw
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Kalenyk M. V. Methods for conducting school physics experiments on kinematics in
general secondary education institutions using model curricula in a distance learning
environment

The purpose of the article is to study effective methods of teaching the section of physics
“Kinematics” in modern school education, considering the integration of digital technologies and
active forms of learning to increase the cognitive activity of students and the formation of subject area
competencies. The subject of the study is pedagogical technologies and methods of teaching kinematics
aimed at developing subject skills and competencies of schoolchildren.

The research methods included theoretical analysis of scientific and methodological literature,
experimental implementation of digital tools in the educational process, as well as empirical
procedures involving observation, questioning, and statistical processing of the results of the
educational activities of the applicants. Microsoft Teams, Zoom, and Moodle platforms were used to
ensure communication and distance learning.

The results of the study demonstrate an increase in the effectiveness of teaching kinematics using
interactive simulations and digital tools that promote a better understanding of physical phenomena,
the development of the ability to analyze experimental data, and the formation of skills in working with
graphs and diagrams. The introduction of active learning methods changes the roles of education
providers and students, increasing student motivation and independence in learning.

The practical significance lies in the development of methodological recommendations for
integrating digital technologies into the study of kinematics, which can be used in the training of
physics teachers, as well as in the direct educational process in general secondary education
institutions. The proposed approaches contribute to improving the quality of education and meet the
requirements of the New Ukrainian School.

The conclusions of the article emphasize the need for the comprehensive implementation of
innovative teaching methods, combining traditional and digital technologies to develop the key
competencies of students. The author notes that the use of interactive programs and visual models
significantly improves the understanding of complex physical processes.

Prospects for further research are related to the development of adaptive educational platforms
based on artificial intelligence for the individualization of the learning process, research on the
effectiveness of gamification of the learning process, and the impact of digital innovations on the
formation of subject competence in the context of STEM education.

Keywords: kinematics, physics teaching methods, digital technologies, interactive simulations,
active learning, distance learning, school physics experiments, STEM education, NUS education.
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VYkpaiHChKUI IIEHTpP OIIHIOBaHHSA SKOCTi OCBITH

3 JOCBIAY NIAI'OTOBKU CTYAEHTIB 10 AKTUBHOI'O BUKOPUCTAHHA
AHIJIIACBKOI MOBU B MATEMATHUYHINA ITPAKTHIII

YV cyuacnomy ceimi gaxisyro 6y0b-sKoi eany3i Kpim neeHo2o0 HAOOPY 3HAHL [ HABUYOK, OMPU-
Manux npu 3000y8aHHi 0c8imu 3a (axom, 07 NOBHOYIHHO20 NPOQeCiliHO20 DYHKYIOHYB8AHHS NOM-
PIOHI HassHicmb 30amHOCmi 00 y4acmi 8 npoyeci po3eumky i akmyanizayii npogecitino2o npoginto
(s c6020, max i konez). Kpim neobxionocmi nocmitino nioguwgyeamu csiti npogecilinuil piseHb dydice
8adcIuBUM  Ghakmopom npoghecitinoi CnpoMOd*CHOCMI | Kap €pHO20 3POCMAHHA € NOCMIlHA
KOMYHIKayis 3 Koneeamu, 8 Yxpaini ma 3a it mexcamu. OCHOBHOI MOBOIO CNIIKYBAHHS 3 3aPY OINCHUMU
KoJle2amu Ha OAGHOMY icmopudHomy emani € aneniticoka. Ocodnuso ye cmocyemupcs asiayitinoi 2any3i.

Y Heporcasnomy ynisepcumemi « Kuiscokutl agiayivinuti incmumymy (0o 2024 poxy Hayionans-
HULL agiayitiHuil yHisepcumem) ni02omoeKka 3000y8auie uuioi 0ceimu ycix cneyiaibHocmell nposo-
OUMbCA 3 BPAXYBAHHAM ABIAYINIHOI CK1A0080IL. | YKpaiHCbKi i IHO3eMHI CIYyOeHmU Maroms MONCIU-
8iCMb HABUAMUCSA K YKPAIHCbKOI0, MAK | AH2IIUCLKO M0B010. Binbuicms iHO3eMHUX cmyOeHmis
00Upae HABUAHHS 8 AH2TIOMOBHUX 2PYNAX, OCKLILKU AHTIINICLKA MOBA € 00HIE0 3 oghiyitinux moe IKAO
(Misicnapoona opeanizayis yueinenoi asiayii), a 3 1 ciuna 2008 poxy eona € i 0008'513k06010
MIDCHAPOOHOIO MOB0I0 asiayii. 3000ymms npogecitinoi 0ceimu anIilicbKO MOBOIO Ot MAUOYMHIX
gaxisyie asiayitinoi 2any3i HA0Ae 000aAMKO8Ii NPOGhecitini MONHCIUBOCHI, 30KpeMA NPU NPAYesIaAULINY -
BAHHI 8 MIJCHAPOOHUX ABIAYIIHUX KOMNAHIAX. Tomy 3HaAUHA YacmuHa YKPAiHCbKUX cCmyoenmie ma-
KOJC 0bupae HaguanHs awneniticekoro. Ileena wacmuna iHo3eMHUX cmyOeHmie oOUpae HABYAHHA &
VKpainomosnux epynax. Kinokicms auenoMo6HUX 2pyn HA PI3HUX CReyianbHOCMAX CYMMEBO
siopizusiemuvca. Ha deskux cneyianbHoCmsx aueloMosHUX 2pyn 83a2ali He OYJI0 | HeMdaE.

Y ecmammi posensanymo akmyanvni npobnemu popmyeants y cmyoenmie oOKpemux cneyiaibHoc-
meti Daxynememy Komn romepHux Hayk ma mexnonoeitt [V «KAI» nasuuox s0amumocmi 00
AKMUBHO20 BUKOPUCTNAHHA AH2TIIUCLKOT MOBU 8 MAMEMAMUYHIU NPAKMUYI.

Knwouoei cnosa: mamemamuyHi OUCYUnIiHu, UKIAOAHH MAMEMAMUYHUX OUCYUNTIIH, AKINUGHE
BUKOPUCIAHHS AHSTITUCHKOT MOBU 8 MAMeMAMUYHIl npakmuyi, OiNiHe6aIbHe HABGYUAHHSL.

ITocranoBka npodaemu. Y XXI cTOMTTI yHACHIAOK MPUCKOPEHHS MPOLIECiB Iodamizaliii Ta
IHTepHAIIOHATI3AIlT TMIBUIIYETHCS MOOUTBHICTh HaceleHHs. 30UIBIIYETHCS KUTBKICTh EKCIIaTiB,
TOOTO JIIOJIEH, SIKI MPOXKUBAIOTH TA MPALIOIOTH 110332 KPAaiHOK CBOTO I'POMAJITHCTBA (SIK MPABUIIO 3
O(ILITHUM MPOKMBAHHAM 1 MPALIEBIAIITYBaHHAM). 30KpeMa, LI CTOCYEThCS 1 CPepr OCBITH — SIK
CTYJICHTIB, TaK 1 BUKJIaiayiB. L{i mpouiecn He omuHymm 1 YKpainy.

HepxaBumii yHiBepcuTeT «KuiBchkuii aBiamiiiHuid iHCTUTYT» abo ckopodeHo J[Y «KAID» OyB
crBopenuit y 1933 porii mig Ha3Boro «KuiBcbkuit aBiamiiiHuii i HCTUTYT». [1oTiM Horo KillbKa pasiB Te-
peliMeHOBYBaJIM; OCTaHHS Ha3Ba /10 2024 — HaiionansHuii aBialiiiHuil yHiBepcUTET. 3ayBasKUMO, 1110 B
JY «KAID» npakTH4HO 3 MOYaTKy HOro iCHyBaHHS POBOIMIIACK ITiATOTOBKA CIIELIAJICTIB JUIs YCIX pec-
nyosik CPCP. 3 1949 poky B HallioMy yHIBEpCHUTETI PO3MOYAIOCh HABUAHHS MPOMA/ISH 1HIIHX JIepKaB
(B ocHoBHOMY 3 KpaiH Adpuku, A3zii ta JlatmHcbkoi Amepukn). Jleski acmekTd LUX IpoLeciB
posrsinanucs apropamu B [1-3]. 3 1999 poky Ha okpeMux HarpsMax po3royajoch BIPOBAIKEHHS
AHTJIOMOBHOT'O HaBYaHHS, IIPU SIKOMY BUKJIA/IaHH BCIX TUCIMIUTIH 3IHCHIOETHCS aHTITIHCHKOI0 MOBOIO.
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BigmiTrMo, 1110 BXXTMBUME 0a30BUMH TTPOGECITHUMU BMIHHAMU X X1 CTOMITTS CTaJTM HAaBUYKA
KOPUCTYBaHHS KOMIT FOTEPOM, IHTEPHETOM 1 3HaHHS aHTIIICHKOT MOBH, SIKa I11€ B KiHIN XX CTONITTS
noyasia HabyBatu o3Hak i ctarycy EMI (English as a Medium of Instruction), To6To aHrmiiicbkka MOBa
K 3aci0 HaBYaHHS. Y BCbOMY CBITI 3HAUHA KUIbKICTh YHIBEPCHUTETIB 301LIbIIYE 00CAT HAaBUAIBHUX
KYypCIB, 1110 BUKJIAJAI0ThCs aHIIIIHChKO0 MOBOK. DaxiBLsAM ycixX HanpsiMiB npodeciiiHa aHrmiicbKa
MOBa JIa€ MOXJIMBICTH JOCTYIy A0 Habarato OUIbII IIMPOKOi 1 pi3HOMaHITHOI iH(opmarlii,
CNUIKYBaHHS 3 KOJIETaMHU 3 IHIIMX KpaiH, poOOTH B IHTEPHALIOHAIBHUX KOJIEKTHBAX, B LIOMY
iJIBUIIYE TOTOBHICTB JI0 Mpodeciiinoi MoOipHOCTI (OL1bII AeTanbHO quB. [4-9]). Bigmitumo, 110 B
HAIIIOMY YHIBEPCHTETI 1 paHillle CTYJCHTH yCIX HANpsAMiB BUBYAIHM (paxoBY aBialliiiHy MUCIUILTIHY
«ABiarliifHa aHTTHCEKay. 3ayBaKUMO, 10 aBialliiiHa aHTIIIIChKa € YHIKATBHUM Ta CIEIiani30BaHIM
JIAJIEKTOM aHTJIMCHKOI MOBH, SIKUW MOTpeOye JOAATKOBOI IMIATOTOBKK Ta MpakTHUKU. OpraHizariis
IKAO uiTKO onrcye BUMOTH JI0 BOJIOJIIHHS MOBOIO aBialliifHUM MIEPCOHAJIOM Ta BU3HAYA€ BUMOTH JI0
KaHauaaTiB. BiaMiTumo, 1110 3Ha4YHA YacTUHA BUKJIAAdiB, SIKI MPAIIOIOTh B AaHTJIOMOBHOMY TIPOEKTI,
mics HaB4aHHs Ha Kypcax IKAO MaroTh BioBiIHI cepTUudikary.

3ayBaKUMO TaKoXK, 10 OuTkIIicTh cTyneHTIiB Y «KAI» HaBuaroThes 3a imxeHepHuMH, [T Ta
EeKOHOMIUYHMMH CIEIiaJIbHOCTSMH, SIKi MOB’s[3aH1 3 aBialliifHOIO rany33to. HaBuanpHUME TUTaHaMH
MiATOTOBKM MaiOyTHIX (haxiBLIB YCIX LMX CHELIAILHOCTEH 3a BciMa HampsMaMu IependadyeHo
BUBUCHHS MAaTeMaTHMYHUX JUCHMILNH (y pi3HOMY 00cCsi31 B 3alIKHOCTI BiIl MaiOyTHBOI
CHCIIAIBHOCTI), OCKIJIPKM BHBYEHHS OLIBIIOCTI MPOQUILHUX TUCHUIUTIH 32 UMM HampsMaMu
niepetoavyae TOCUTh 3HAYHUI 00CSIT MaTeMAaTHYHKX 3HAHB 1 HABHYOK.

Jnst cTyneHTiB 0araTb0oX CHEliabHOCTeH BHHUKAE MpPAKTHYHA HEOOXiTHICTH BOJIOJITH aHT-
JHACHKOIO OLIBII TIIMOOKO B MEXKax OKpeMHUX (paxoBHUX AUCHUIUTIH BiIIIOBITHO IO HAMPSIMY ITiATOTOB-
KU, 1 MATH HaBUUKH ii aKTUBHOTO NPAKTUYHOTO (haxoBOTo 3acToCyBaHHs. Lle 0c06a1BO BaXKIIMBO /IS
CTyneHTIB AepokocMiqHOTO pakynsTeTy (AKD), DakynbTeTy aepoHaBiraiiii, lIeKTPOHIKH Ta TENEKO-
myHikaiiii (PAET), @akynbrery Tpancnopry ijorictuku (O TJI) 1 @akynbTeTy KOMIT IOTEPHUX HAYK
ta Texnojoriii (PKHT). 3okpema Ha ®KHT 1e cTocyeThcs CTYAEHTIB YCiX CIEianbHOCTEH Tamys3i
3HaHb «lHopMartiiiHi TexHomori» (0u1b qetanbHo AuB. [10]1[11]). ¥V wiif poGoTi MU po3riisaaeMo
JIeSIK1 aCTIeKTH pOOOTH 3 CTYJICHTAMH, SIKi HABYAFOTHCS 32 CIICIiaIbHICTIO «[IpuKiiaHa MaTeMaTHKa.

Crin 3ayBaKUTH, IO HPOTATOM 0araTthbOX POKIB ISl HAlllOHATBHOI OCBITH YKpaiHu Oyno
AKTyaJIbHUM ITOCTiIHE 3pOCTaHHS KOHTHHT€HTY, 1110 HABYAEThCA aHTITiiichkot0. [IpoTe cmif BiamiTHTH,
110 3 2022 poky KUIBKICTh 1HO3eMHUX a0iTypieHTiB B 3BO Ykpainu cyrteBo 3meHmmiack. Kpim toro,
B OCTaHHI POKHM 3MEHIIYEThCS 1 KUIbKICTh YKPAaiHCHKHX aOITypi€HTIB (110 MOB’S3aHO 3 JieMorpa-
¢biuanmu 1 6e3nexoBUME mipodieMamu). bynemo criofiBaTucs, o 11 SBUIIe Ma€ THMYAcOBUN (X04a,
CXOKe, II0 3aTSHKHUMN) XapakTep.

AHAJ3 aKTyaIbHHX J0cTiKeHb. ABTOopH AaHoro AociimkenHs O. B. Kapyny, T. A. Oneriko,
B. B. [Taxnenko ta B. K. Penera € npodeciiinnmu marematrkamu. Kpim 10cBily poOBEIeHHSI HAYKOBUX
JIOCHI/KEHb 3 MAaTeMaTUKH MarOTh OaraTopiuHMI JJOCBIJI BUKJIAJIaHHS Pi3HUX 0a30BUX 1 CrELIaIbHUX
MaTeMaTH4YHUX JUCIMIUTIH: «Buia maremarukay», «MarematiyHuil aHaii3y, «JludepeHiiansHi pis-
HSHHs», «JIiHil{Ha anreOpa Ta aHaMITHYHA TeoMeTpis», «Teopist HMOBIpHOCTEH 1 MaTeMaTH4Ha CTaTUC-
TUKay, «HucenbpHl MeToany, «MeTtoau ontumizarii», «/luckperHa marematrka» Ta iH. B pizHux 3BO;
JIOCBiJ] BUKJIQJITAHHS MaTeMaTUYHUX JUCIUILTIH (30KpeMa aHTIiHChKko0 MOBOK0) B JIYV «KAI» Oinbiie
JBALIATA POKIB; € aBTOPaMHM 1 CHIBaBTOpaMH OararbOX HaBUAJbHUX IMOCIOHMKIB (B TOMY YHMCHI aHT-
JIHACHKOI0 MOBOIO); 30KpEMa, € CITIBaBTOpaMU HaB4YaJIbHOTO ociOHKKa «Higher mathematics: Manual» B
4 yacTrHax 1 HaBYaJIBHOTO MociOHMKa «Mathematical analysis: Manual» aHTTIICEKOIO MOBOFO Ta 1H.

[TounnHaroun 3 2006 poky Hallla aBTOPChbKa rpyria MPOBOAUTD JTOCTIPKEHHS 3 METOAMKU BUKJIA-
JaHHS MaTeMaTUYHUX JUCUUILUIIH IHO3EMHHUM Ta YKPaiHCHKUM CTyAeHTaM. 30KpeMa, Ha Kadepi BU-
11101 1 00YHCITIOBAILHOT MaTEMATHKH HAIIIOTO YHIBEPCUTETY aBTOPU B CKJIA(l TPYITH i/ KEPiBHUIITBOM
B. I1. Jlenuncroka nociipKyBaiiy 3arajibHi XapaKTepUCTUKH IPOLIECY BUKJIaJaHH MaTEMaTUYHUX JIUC-
IIUILTIH 1HO3€MHHM 1 YKpaiHCHKHUM CTYJICHTaM 3a MOAYJIbHOO TexHouorieto HapuaHHs [ 1]. O. B. Kapy-
ny, T. A. Onemiko 1 B. B. [laxHeHko Takox BUBUau cnenr(iky BUKJIQJaHHSI MaTeMaTUYHUX JIUC-
IIUIUTIH aHIJTIHCBKOI0 MOBOIO 1HO3eMHHUM cTyzeHTaM [2]. [TpoGiemu BUKIIaaHHs BUIIOT MAaTEMATHKH
1HO3EMHHM CTYyJIeHTaM B YKpaiHOMOBHUX rpynax posrisaanu B. K. Penera 1 J1. A. Penera [3].
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3uaucHns 1 mpobiemu EMI (English-Medium Instruction), To6TO BUKOPUCTAaHHS aHTITIACHKOT
MOBH SIK 3ac00y BUKJIAJaHHS, PO3MISAaI Oarato aBTOpiB (OUTBII AeTanbHO UB. [S, 6]), 30kpema
E. B. Jly3ik, O. M. AxkmamainoBa i JI. I'. Tepeminko [4]. H. B. Cuixko [5, 6] mocmimkyBana
BIPOBA/KEHHS OUTIHIBaJIbHOTO HABYaHHS B YKpaiHi 1 OLTiHTBaJIbHE HAaBUAHHS MAaTEMaTHKH B ITPOLIEC
IiITOTOBKHM 1HXKEHEPIB B YMOBAaX TEXHIYHOrO yHiBepcuTeTy (Oibi aeTanbho auB. [2] 1 [7-9]).

Meta crarTi. MeToro naHoi poOOTH € JOCHTIPKEHHS OCHOBHUX MPOOJIEM BIIPOBAKCHHS
aHTJTCbKOI MOBH B TpOQECiiiHy, 30KpeMa MaTeMaTHYHY, MPAKTHKY; OCOOJIMBOCTI Pi3HUX (hopm
IIbOT'O BITPOBAKEHHS 1 Mpo0sieM (hopMyBaHHS y CTYIEHTIB 34aTHOCTI A0 T aKTUBHOTO BUKOPUCTAHHS;
aHali3 pe3ysbTaTiB IIbOrO BIPOBA/KEHHS 1 HAaJaHHS Ha OCHOBI IIbOTO JOCIIDKEHHS METOAMYHUX
peKoMeHalii 10 opraHizanii HaBYaJIbHOTO IMPOLECY 1 BUOOPY METOIB BUKIIAJAHHS HaBYAIHHOTO
Marepiaily cTyAeHTam crenianbHocTi «l [puknanna MmaremMaTukay.

Bukiiag ocHOBHOro Mmatepiany. 3HaHHS OCHOBHUX TEOPETHYHMX 3acaj Ta BOJOMIHHA
HABUYKaMM 3aCTOCYBaHHS MaTEMaTUKH, 30KpeMa 0a30BUX MAaTEeMaTUYHUX TUCLUILIIH, € BaKIMBUM
JUTs IPOQeCciifHOrO CTaHOBIICHHS MaliOyTHIX (paxiBLIB yCiX TeXHIUYHMX cnenianpHocTed. s yeix IT
CHeiaTbHOCTEH, 30KpeMa JiIsl crierianibHOCTI «I IpuKkiiagHa MaTeMaTHKay € HeOOX1THUM MOTIHOJIcHe
BUBYCHHS 0a30BHMX MAaTEMATUYHUX 1 JSSIKUX CHCIIATBHUX JUCIUILTIH.

CTBOpEHHsI aHITIOMOBHUX TPYNl Ha KOHKPETHUX HamlpsiMax IiJrOTOBKU 3YMOBJICHE JBOMa
(akropamu: 1) HasBHICTIO JUI YCiX HaBYAIGHMX IUCLHIUIIH BHUKJIAJadiB, SIKI MOXKYTh 1 XOUYYTb,
BUKJIAJIATH aHTJIICHKOIO; 2) HAsBHICTh JIOCTATHBOI KUJIBKOCTI CTY/CHTIB, SIKI HE TUIBKU XOUYTh, aje 1
MOXKYTh HaBYATHCSI aHTJIIHICHKOIO.

Came TOMY KUIBKICTH (1 HasBHICTH) aHITIOMOBHHX TPYI Ha PI3HUX CIELIATBHOCTAX 3aBXKIU
cyrreBo BinpizHsuiacs. Jlo 2022 poky aHTJIOMOBHI TPYNH ICHYBaIM IMPAaKTHYHO HAa BCIX YUCTO
aBiaIliifHUX 1 Ha OaraTbOX JONMOMDKHHUX HarpsAMax MiArOTOBKH. 30KpeMa, aHTJIOMOBHUH JICKITIHHMIA
HoTiK B nepmoMy cemectpi 2021/2022 HaBYambHOTO POKY Ha CIEIIaIbHOCTI «ABialliiHUNA TpaHC-
nopt» ckiagaBcs 3 6 akagemiuHux rpyn. Ilpm  1pomMy 1HO3€MHI CTYJIEHTHM Ha LbOMY IOTOL
YTBOPIOBAIN TiepeBakHy OibmricTh. Ha Oitbimocti IT cnenianbHOCTEH JEKIiiHI ITOTOKH CKITATaICs
B OCHOBHOMY 3 1-3 akazemiuHux rpyn. Ha neskux cneniaJbHOCTSIX aHITIOMOBHI IPYIH 3 Pi3HHX
NPUYNH HE CTBOPIOBAIMCH. Y BUIAJIKAX, KOJHU MPH HASBHOCTI BEJIMKOI KIJTBKOCTI OXOUYMX HABUATHUCS
AHIJIICHKOI0 MOBOIO HEMOXKJIMBO 3a0€3MEeUMTH BUKIIAIAHHS YCIX HAaBUAJIBHUX JAWCLMIUIH, MOXIIU-
BUM (X04a i HeOaKaHNM) MIPAKTUKYBABCS 1 MPAKTUKYETHCS BapiaHT, IPH SIKOMY YaCTHHA HAaBYAJIbHUX
JMCLMIUTIH BUKJIAIA€ThCsl QHIJIIMCKOIO, @ YacTHHA — YKPAiHCHKOIO MOBaMHM (K MPaBMJIO, TaKUM
BaplaHT OOMPa€EThCA K TUMYACOBUH 1 IPU BIICYTHOCTI B IPYIIl 1HO3EMHUX CTY/IEHTIB).

B mHamomy yHiBepcuTeTI HaBYajbHI IUIAaHM 3a BCIMa CIELIaIbHOCTSAMHM Taidy3l 3HaHb
«IHdopmariitii TexHoNOrI» NnependavyaroTh BUBYEHHS KUIBKOX MAaTEeMAaTHUHHUX JUCLHUIUIH (IpU
[[OMY PO3JILTH, TIOB’SI3aH1 3 MaTeMAaTHUYHUM aHATi30M, JIIHIIHOK anre0poro, aHATITHYHOI0 TeOMeT-
pi€to, Teopi€ero MIMOBIPHOCTEN 1 MATEMaTUYHOIO CTATUCTUKOIO BUBYAIOTHCSI 200 SIK OKpeMi1 TUCLIUTUTIHI
«MaremaTnyHuil anami3y, «JIiHiliHa anreOpa Ta aHanmiTH4Ha reomerpis», «Teopis HMoBIpHOCTEH 1
MaTeMaTHU4Ha CTaTUCTHKa» ab0 B CKial Aucuuiuiing «Buia matemarukay). Kpim toro, cryneHTam
JeSKUX CHELiaJbHOCTEN BUKJIAAIOTHCSI HAaBUYAIBHI JUCHMILTIHE «YHucenbHi MeTonn», «JluckperHa
MaTeMaTHKay, «MeToau ONTHMI3alliiy TOIIO.

CryneHTny, sIKi HABYAOThCS 3a creriaibHicTIo «[IpukiagHa MaTeMaTHKay, BUBYAIOTh TOBHUM
HaOlp 6a30BUX 1 MeBHUI HaOIp CHeLlAIbHUX MATEMATUYHUX JWCIMIUIIH 32 CBOEIO CIELiali3alli€elo.
BiamiTiMo, 1110 Ha 1iH CHELIaJbHOCTI B HAIIOMY YHIBEPCHUTETI B CHITY IPUYMH, EpeTiuyeHuX BUILE,
HIKOJIM HE yYTBOPIOBAIMCH AHTJIOMOBHI Ipymnu. BianoBiHO 10 HaBYAIBHOTO IJIaHY CTYACHTH BHB-
4aloTh (paxoBy aHTIIHCHKY MOBY 3a cBOiM (paxoM. HaBuaHHS CympOBOIKY€EThCS BiJIIOBITHUM HaB-
yanbHUM TociOHuKoM «Professional English. Applied Mathematics», crBopenum O. M. Axmain-
ninoBoto, O. O. I'ypeskoto, JI. I'. Tepeminko, H. I'. Jlenucenxo, I'. B. Copokyn [10]. MoBHa npakTuka
Ha [UX 3aHATTSX, SIK1 IPOBOJSITH BUCOKOKBaJTI(hIKOBaH1 BUKJIa/1aul aHIJIIHCHKOI MOBH, € JTy’e KOpHUC-
HOIO JUI CTYHEHTIB. SIK pe3yibTar, OUIbIIICTh HAIIMX CTYJEHTIB OyBa€ JOCUTh BHCOKOTO PiBHS
HABUYOK YUTAHHS, PO3YMIHHS 1 HAalIMCAaHHS MaTEMAaTUYHUX TEKCTIB aHTJIHChKOI0 MOBOIO. BinMiTiMo,
110 Ll TPY HAaBMYKH Maif’ke MOBHICTIO 3a0€3MeUyI0ThCs B POLIeci BUBYEHHS MPOQeciiiHOi aHITiCh-
koi. Kpim Toro, Bukiianadi npogeciiiHoi aHTiChKOI, SIK PaBUIIO, 3HAHOMIIATh CTY/IEHTIB 3 JOCUTH
HIMPOKUM HAOOpPOM MaTeMaTU4YHUX TEPMiHIB 1 (pa3eosori3miB, COpusiiour (JOpMyBaHHIO OCHOBHUX
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HABUYOK TPOQeCifHOro CIiIKyBaHHA. [IpoTe cmin 3ayBakuTH, 10 Ha Hal norysiy (chopMOBaHUM
YHACJIJIOK y4acTi B MDKHApPOTHHMX KOH(EPEHISIX 3 BEIMKOI0 KUIBKICTIO 1HO3EMHHX YYaCHUKIB,
30KpeMa 1 3a KOpPJAOHOM) JIJIsl TIOBHOLIHHOI Mpod)eciiiHOi MaTeMaTHYHOi KOMYHIKAIlii 3 KoJeramu
AHTJIIICHKOI0 MOBOIO MOTPiOHI JOIATKOBI HABUYKHM y4acTi B MPo(eciifHuX 0OroBOPEHHSIX (sIKi 1HOAI
MOXYTh Ha0yBaTH JIy’e TOCTPOro XapakTepy, J0XOsS4u A0 cynepedok). Came ToMy MU BBaKAEMO,
IO JIOCBIJ AaKTUBHOTO NPOQECIHHOro CHUIKYBaHHS, 30KpeMa JHUCKYCiH, CTyAeHTaM Oa)kaHo
BJIOCKOHAJTIOBATH ITi]T KEPIBHUIITBOM IIPOECIHHUX MaTEMATHKIB, SIKI MAIOTh cCaMe 11 JIOCBII.

B ocranni poku Ha Kadenpi MPUKIIATHOT MATEMATHKH JUISI 3[00yBaviB BUITIO1 OCBITH OCBITHHOT'O
crynensi «bakanaBp» 3a crneuianpHicTIO «lIpukinagHa mMaTemMaTHKa» BIPOBADKYIOTbCS €JIEMEHTU
OLTIHrBaJILHOTO HaBYaHHS (YKPAiHCHKOIO 1 aHIJIIMCHKOI0 MOBaMHU OJHOYACHO) y (hOpMi eKCTIepUMEH-
TaJIbHOI HABYAJIBHOI JUCUUIUTIHU «AHIIIINAChKA MOBa B MareMaTW4HINd MPaKTHUII», Ui CYIIPOBOLY
BUKJIQJ]AHHS SIKOI CTBOPEHO HaBYAIBbHUI MOCIOHUK [11]. OcoOnmBiCTIO IBOTO KYpCY € TPOBEICHHS
3aHATh Y (opMi ceMiHapiB 3a METOIUKOK MOJCIIOBaHHS MpodeciiHol AisUTEHOCTI, PO3TIISIHYTOIO
aBTopamu ctarti B [7-9] 1 [13, 14] 3 BpaxyBanHsM pe3ynbTariB qocuimpkeHas O. C. YaneuHuKoBoi,
0. O. Oninnogoi, I. B. ['opaieHko Ta iHIIMX MPpo IHHOBALIWHI TEXHOJIOTIT ISl PO3BUTKY KPUTHYHOTO
MHCIIEHHS Y CTyAeHTiB [12].

[Tpodeciitna kommnereHTHICTh MaiiOyTHROrO (axiBusg IT kpiM HayKkoBHX 1 HpaKTHUYHHUX
KOMITETCHITI} BKITFOYA€ TAKOXK 1 COIiaIbHI, B TOMY YHCIIi KOMYHIKaTHBHI KOMITETEHIT1. 30KpeMa, JUIst
yCiX CHELIaNCTIB YCIX HampsMIB aBialliiiHOi ramysi Ay:Ke BaXIJIMBOIO € 3/1aTHICTh A0 YCIIIIHOL
KOMaHJIHO1 pOoOOTH.

Tomy B mpotieci BOPOBaKEHHS MPOEKTHOTO MIXOAY AJISl OTTTUOIEHOrO0 BUBYSHHSI OKPEMUX
NUTaHb MAaTEMAaTHYHUX JUCLUIUIIH MU 3aCTOCOBYEMO Pi3HI (hOpMHU OpraHizarlii KOJIeKTHBHI pOOOTH.
Jns uporo BinOyBaeTbcs MOALT AaKaJeMIYyHOI TPYyMU Ha JAEKUIbKa KOMaHA JUIl CILUIBHOTO
PO3B’sI3yBaHHS CKJIATHHUX 33]1a4, B3a€EMHOI ITEPEBIPKU 3aCBOEHHS MaTepialry, iIrOTOBKU MPE3eHTaIIii
TOLIO, 3 MOAAJBIINM OOTOBOPEHHSIM 1 MOPIBHSHHSIM pe3ynbTariB. [lpu dopmyBaHHI KOMaHA MU
BUKOPUCTOBYBAJIM JIBA IIIXO/TH, a caMe: TePIINI — BUKJIAIad JEKIapye TUTbKU KUTBKICTh CTYJICHTIB y
KOMaH/Ii, PO3MOIIT peati3yroTh cami CTY/ICHTH; JPYTH — BUKJIaa4d MOBHICTIO peaji3ye pO3MOALT.
Jnst pi3HUX 3aBIaHb CKJIaJ] KOMaH HaTiYye BiJ ABOX 10 I’sATH oci6. Ha moyarky 3aHsATh BUKIaHaq
Oepe Ha cebe poOOTy Mojeparopa, TOOTO peasi3ye pO3MOAUT Ha KOMaHAM 1 Bede OUCKYCIi,
KOHTPOJIOIOYH JOTPUMAHHS TPABWII, CIIIKYIOUM 32 TOPSIAKOM 1 perigaMentoM. Ha HacTymHmX
3aHATTSX PO3IMOJIUT Peali3yloTh CaMi CTYJICHTH, a BUK/Iaad Oepe Ha cebe 000B’s3KU (hacuiliTaTopa,
TOOTO JI0TIOMAarae rpyri e(peKTUBHILLIE [TPAIFOBATH PA30OM.

[Tix yac aHanizy pe3yabTaTiB bOTO €KCIIEPUMEHTY MM BUSIBUIIH, 110 MTPpU (POpMYBaHHI KOMaH/
3a BUOOPOM CTYCHTIB YYACHUKH MiOUPAITUCS HA OCHOBI 0COOMCTOT Mpusi3HI (1110 0Yys10 OUIKyBaHO) i
OMM3bKOrO PIBHS YCIIIIHOCTI 3 MaTeMaTUKU (B pe3yibTaTi 4Ooro 3pa3sy BHU3HAUMJIMCS KOMaH]H-
minepu). Takuil BUOIp € CIPUSTINBUAM JIJIsl CTBOPEHHS! YCIIIITHUX KOMaH/I JIJIsl HAYKOBHX, COIIIATBHAX
1 613HecoBUX MpoeKTiB. [IpoTe ciia BiAMITUTH, 110 B aBialliifHiil ramy3i KOMaHAM 4acTo YTBOPIOIOTh
HE 32 BINO00aHHSIM yJaCHUKIB.

Pi3HOMaHITHI TOCTIDKEHHS 3 METOJIMKH BUKJIAJJAHHSA MaTeMaTUKH MPOBOMIUCH 1 IIPOBOSATHCS
OaraTbMa aBTOpaMH sIK B YKpaiHi, Tak 1 B IHIIMX KpaiHax. HeoOX11HICTh AOCTIDKEHHS crieln(iKY BUK-
JaJlaHHs MaTeMaTUYHUX JUCLUILIIH aHIIIHCHKOI MOBOIO CTY/IEHTaM, JUIsl SIKUX 111 MOBA HE € PIHOIO,
BUHUKJIA B 3B’SI3Ky 3 PO3BUTKOM aHIVIOMOBHOI OCBITM B HEQHIVIOMOBHHMX KpaiHaX. YacTkoBo Lisl cre-
1H(iKa € 3aranbHOO /I BUKJIAIaHH YCIX AUCLUILIIH, a YACTKOBO Ma€ CYyTO MaTeMaTHYHUI XapakTep.

BBaxkaemo 10LILTBHUM 3BEpHYTH yBary CTYAEHTIB Ha Te, 1110 CJIOBHUKHU (HaBITh MaTeMaTH4H1) 1
Google mepexynanay He 3aBXKIM MOXYTh JONOMOITH OJEp)KaTH aJeKBaTHUNA IepeKaj
MaTeMaTHYHOTO TeKCTy. TOMy MU PEKOMEHYEMO CTYACHTaM B CKJIQJHUX BHITAJKAaX BUKOPUCTAHHS
He Tutbku Google mepekianaya, a 1 BIANOBIIHUX MIAPYYHUKIB 1 cratelt y Bikinenii (3 mepexonoM 3
YKpaiHCHhKOT MOBM Ha aHTJIMCBKY 1 3 aHIJIIACHKOI MOBH Ha YKpAiHCHKY). 3 HAIIOi TOYKH 30pYy
OPUIUICHHS YBaru (POPMYBAHHIO Y CTY/AEHTIB HaBUUOK CAMOCTIHHOTO OCMMCIIEHOTO OIaHyBaHHS
JIOJTATKOBOT aHTJIIHCHKOI TEPMIHOJIOTII € YK€ BaYKITMBHUM JIJIsl HUX, OCKUTBKY 3HaUHA iX yacTuHa Oy/ie
B MaiOyTHHOMY MpaLOBaTd B MYJIbTHHALIOHAJIHHOMY MOJUTIHIBICTUYHOMY CepeoBHILI. Takox
3ayBaXMMO BaXJIMBICTb (DOPMYBaHHSI Y CTYJEHTIB PO3YMIHHS HasBHOCTI PI3HUX IO3HAY€Hb JUIS
JeSIKUX TEpPMiHIB B YKpaiHOMOBHI Ta aHTJIOMOBHIH JIiTEparypi.
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OcTaHHIMH pPOKaMH BHKJIaJadi 1 CTyIEHTH B YKpaiHi (SK 1 B YChOMY CBITi) 3ITKHYJIUCS 3
TPYIHOIIIAMH, TIOB’S3aHUMH 3 KAPAHTUHHUMH OOMEXKEHHSIMH, SKi 3yMOBHJIM BIIPOBAKCHHS
JUCTAHLIAHOTO Ta 3MIIIAHOTO HABYAHHS, IO BUSBHWIOCS AY)KE€ BaOXKHUM JUIsl CTYACHTIB, fKi
HAaBYAIOThCS AHTIIIICHKOI0 MOBOIO. OCOOIMBO CKIIQIHO OpraHi3yBaTH €(PEKTUBHI MPAKTUYHI 3aHATTS
JUIS CTY/ICHTIB TEPIIOro Kypcy. Y HalllOMYy YHIBEPCUTETI ITiJ] Yac KapaHTUHY AWCTAHIlIHE HAaBYaHHS
npoBoaiiochk B Google Workspace (panimie G Suite) 3 Bukopucranasm Google Classroom ta Google
Meet. Pobota cTyneHTChKUX KOMaH, peajli3oBaHa 3a JOMOMOTOI IHTEPAKTHBHUX MOMKIMBOCTEN
Google Jamboard, Oyna B miomy 1ocuTh epekTuBHOO (uB. [7, 8] Ta [13,14]).

3a3Haunmo, 1o 3 24 mororo 2022 poky BCl BHKJIaaadl 3iTKHYJIUCS 3 HOBUMH TPYIHOIIAMHU.
Barato cTynenTiB Manu npoGiiemMH 3 BiICYTHICTIO IOCTYITY 10 Oe3rnepebiiiHoOro iHTepHeT-3’€JHaHHS 1
HaBiTh TeNe(QOHHOIO 3B’S3KY, IO MiABUMIIO BHUMOTH 10 MatepiamiB y Google Classroom Tta
MPU3BEINIO JI0 HEOOXITHOCTI TOJATKOBUX KOHCYnbTaliil y Google Meet. Ci 3a3HaYUTH, 10 HAIIl
pEeKOMeHallli 1010 3aCTOCYBAHHSI OCBITHIX OHJIAHH-PECYPCIB BUSBWIIMCS AY)KE€ KOPHUCHUMH JUIS
crynentiB. Haii0inpm edexTuBHUM 11 aCHHXPOHHOTO HABYaHHS AHIJIOMOBHHX CTY/EHTIB 3
MaTeMaTUYHUX JUCIUIUIIH € BUKOPUCTAHHS B SKOCTI JONMOMDKHUX 1HCTPYMEHTIB OCBITHIX OHJIAHH-
pecypciB «Math is Fun» ta «Math24».

3ayBa)KMMO, 1110 BUMYIIIEHE BIIPOBA/KEHHS TUCTAHIIIHOTO Ta 3MILIAHOTO HABYaHHS B OCTaHH1
5 pOKIB aKTyari3yBaJlo TUTAHHS JTOCIIKSHHS BiIIIOBITHUX TIPOLIECIB.

Y 2022 pori 3’siBI1acs HOBa MpobJeMa, sika B HACTYIHI POKH Ha0yBa€e Bce OUTBIIMX MacITaliB:
3MEHIICHHS YaCTKH CTY/CHTIB, 3/[aTHUX HABYATHCS B AHIVIOMOBHOMY MPOEKTi. YdacTh B poOOTi
I[LOT'O MPOEKTY BUMArae BiJl CTYJIEHTIB JOCTaTHHO BUCOKOTO PIBHS BOJIOJIIHHS aHTJIIMCHKOI0 MOBOIO.
[potsirom GaraTeOX pOKiB YKpATHCBHKi CTYICHTH CKJIaIaJTi BiIMOBIIHHN ICTIUT Ha Kadeapi iIHo3eMHIX
MOB, TOTIM iM 3apaxoByBanu BimnoBigHi pesynbratyu HMT. IHOo3emMHI CTyaeHTH NpOXOIWIU
cmiBOeciny Ha kadeapi iHO3eMHUX MOB.

Ha nanwmii yac 3aranbHa KUTbKICTb CTY/IEHTIB BiIYyTHO 3MEHIIINIACH, OCKLIBKH 3HAUHA YaCTHHA
a0iTypieHTIB HAMaraeThCsl BUIXaTH 32 KOPJOHHU Y KPaiHW T HABYAHHS B IHINMX KpaiHax. [Ipu mpomy
KUIbKICTh IHO3€MHUX CTYJICHTIB B YKpaiHi T€X CYTTEBO 3MEHIIINIIACD.

Kpim Toro, 32 AEIKUMH CHEIiaIbHOCTSMU HEMA€ JIOCTATHHOI KUTHKOCTI CYICHTIB, IO MOXYTh
HABYATHCS aHIIIIHCHKO0. AJIe IIPHU [ILOMY CTYICHTH PO3YMIIOTh HEOOXITHICTh BOJIOJIIHHS, IPUIOMY aK-
THBHOTO, TIPO(ECIHOI0 aHTTIHCHKOI0. Y Takii CUTYyallii 31a€ThCsl IIEPCTIEKTUBHUAM BIIPOBAKEHHS Y
dbopMi ekcreprMEeHTYy EeJIEMEHTIB OLTIHTBAILHOTO HaBYaHHS (YKPAiHCHKOKO 1 aHTJIMCHKOI0 MOBaMU
OJTHOYACHO).

BucHOBKH Ta nepcneKTHBY MOAAJIbIINX HAYKOBHX PO3BIiIOK. Y paMKax peasi3ailii IpOeKT-
HOT'O M1/IX0/1y MU 3aCTOCOBYEMO KOJIEKTUBHI (POPMHU pOOOTH IPH MPOBEAECHH] MPAKTUYHUX 3aHSITh, 110~
TUIISIOUY aKaJIeMIYHy TPYITy Ha JeKUTbKa KOMaH]I ISl CIIUTBHOTO BUKOHAHHS 3aBJIaHb Ha MPAKTUYHUX
3aHATTAX 3 MOJATBIIUM OOTOBOPEHHSM 1 OPIBHSAHHAM pe3yibTaTiB iX podoTu. Llel mixia BUsSBUBCS
JOCTaTHBHO €(DEeKTUBHUM TIPU MPOBEACHHI MPAKTUYHHUX 3aHSTh 3 MATEMATUYHUX JUCIUILIIH K B aHT-
JIOMOBHHX TaK 1 B YKpalHOMOBHHX aKaJieMiyHuX rpynax. CTy[IeHTH aHTJIOMOBHHUX TPYIL, SIK TIPABHUJIO,
MAarOTh BUILIUI PIBEHb 3HAHB 1 COPUIHATTS MOPIBHSHO 31 CTyJeHTaMu 3BUYaiiHux rpym. Lle miareepa-
YKYETHCSI BUIIIUM PIBHEM YCHIIIHOCTI. BinmiTMO, 110 BIPOBaKEHHS aHIJIIMChKOI MOBU B MaTeMa-
THUYHY NPAKTHKY B YKPaiHOMOBHUX IpyIax Ma€ K e(peKT MIBUIIEHHS YCHIIIHOCTI (X04 1 He3HAuHHUH),
TaK 1 Kpallle pO3yMIHHs HaBYaJIbHOIO MaTepiany (Ha AyMKY IepeBa’KHOi OUTbIIOCTI CTyeHTIB). Oco0-
JIMBO 11€ MPOSIBIISIETHCS NP YYACTi CTYAEHTIB B PI3HOMAHITHHUX MIPOEKTAX, 30KpeMa M0 MOrIMOIeHOMY
BUBUEHHIO OKpEMHX NHTaHb MaTeMAaTHUKH Ta PO3MIAAYy il 3acTocyBaHb B mpodeciifHiii poboTi
MaiOyTHIX (haxiBuiB. [Ipy 11bOMy pe3ynbTaTH OYEBHIHO 3a/IEKaTh BiJ] (POPMHU OpraHizalii poOOTH.

[TpoananizoBaHO JOCBi/ IPOBEICHHS €KCIIEPUMEHTAILHOTO (PAKyJIbTaTUBY «AHIJIIIICbKa MOBa
B MaTeMaTU4Hi{ pakTHI» 11st 3100yBadiB Buioi ocBiTH OC «bakanaBpy cneniansHocTi «I Ipukma-
Ha marematuka» B [V «KAl». Hagano neBHi pekomeHarlii mo po6oTi BUKIaqada Jyisi TOKPAIeHHS
3aCBOEHHS HABUAJILHOTO MaTepialy CTYAEHTaMH Pi3HHUX Kareropii. OTpuMaHi pe3yabTaTé JOCHTi-
JKEHHS B IIUJIOMY € OOHaIIAIMBUMU JIJISI TTONATBIIOTO BUBYCHHS PO3TJITHYTOrO Tiaxoay. BBaxkaemo
JOIUTEHUM MTPOIOBKEHHS TOCIIKEHb SIK y HAPSIMI MTOTTHOICHHS BUBYEHHS CTICIIU (iKY BUKIIAIaHHS
AHTJIIIICPKOI0 MOBOIO OKPEMHX MaTE€MAaTHYHHX IMUTaHb, TaK 1 TPYHTOBHOTO BHUBUCHHS 3arajlbHUX
0COOJTMBOCTEH OpraHizailii BUKIaIaHHs MaTeMaTHYHUX JUCITUIUIIH CTY/IEHTaM aHTJTHChKOO.
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Karupu O. W, Oleshko T. A, Pakhnenko V. V. From the experience of preparing
students for the active use of English in mathematical practice.

In the modern world, a specialist in any field, in addition to a certain set of knowledge and
skills obtained during education in a specialty, for full professional functioning, needs the ability
to participate in the process of developing and updating their professional profile (both their own
and that of their colleagues). A very important factor in professional ability and career growth, in
addition to the need to constantly improve one's professional level, is constant communication
with colleagues, both in Ukraine and abroad. The main language of communication with foreign
colleagues at this historical stage is English. This is especially true in the aviation industry.

At the State University "Kyiv Aviation Institute” (until 2024, the National Aviation
University), the training of students of all specialties is carried out taking into account the aviation
component. Both Ukrainian and foreign students have the opportunity to study in both Ukrainian
and English. Most foreign students choose to study in English-speaking groups, since English is
one of the official languages of ICAO (International Civil Aviation Organization) and since
January 1, 2008, it has been a mandatory international language of aviation. Obtaining
professional education in English by future aviation industry specialists provides them with
additional professional opportunities, in particular when employed in international aviation
companies. Therefore, a significant part of Ukrainian students also chooses to study in English. A
certain part of foreign students chooses to study in Ukrainian-speaking groups. The number of
English-speaking groups in different specialties varies significantly. In some specialties, there
were and are no English-speaking groups at all.

The article considers the current problems of developing the skills of the ability to actively
use English in mathematical practice among students of certain specialties of the Faculty of
Computer Science and Technology of the State University "KAI™.

Key words: mathematical disciplines, teaching mathematical disciplines, active use of
English in mathematical practice, bilingual education.
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3B’S13KHU MK UUCJIOBUMMU PAJAMU TA iX BUKOPUCTAHHS ITPU BUBYEHHI
PO3A1)TY MATEMATHYHOI'O AHAJII3Y «PAAN»

Hasuanvna oucyunnina «Mamemamuunuii ananizy mac @yHOameHmanivHe 3HAYEHHS 8
ni020mosyi yumenieé Ha Qi3UKO-MAMeMamuyHux QaKyibmemax GUWUX Ne0a202iuHUX 3aK1a0i8.
Oonum 3 OCHOBHUX PO30INI8 8 U020 CIMPYKMYPI € «YUCTO8I pAOUY. 3MIiCm pO30iNy «UHUCT08I PAOUY
6 npoyeci BUBYEHHs MAE 3HAYHE NOJe 38 A3Ki6 3 IHUUMU PO30LIaMU MaAmMeMamuiHo20 aHAli3).
Tomy nowupenus 3uanb NPo «HUCLOBI psAOU» I nooanviie ix BUKOPUCMAHHSA O NIOGUUJEHHS]
KOMNEemenmHo20 pieHs nio2omosku maudymuix 6axanaepie cneyianonocmi 014.04. Cepeons
oceima (Mamemamuka) noguHHO 6i0N0BIOAMU CYUACHUM BUMOLAM.

Li sumoeu 3aznaueni 8 npoekmi-KoHyenyii po3sumxy oceimu Yxkpainu na nepioo 2015-2025
POKI8. AKYeHmyemuvcs yeaza Ha po36umKy iHHOBAYILIHO20 cepedosuiyd, 8 AKOMY 3000y8ayi oceimu
OmpuMyIlOms HO8I 3HAHHA | HADYaromb 6MIHHA IX 3acmocosysamu 6 MatuOymuii npoghecitinii
oisinbHocmi. B KoHmexcmi ckazano2o 0ocumv akmyaibHO Cmaromes numanua: 1 — nowupenus
38 "S13KI8 MIJHC OCHOBHUMU NOHAMMAMU 8 MENCAX OKPEMUX PO30iNie MamemMamuiHo20 ananisy, 2 —
CMBOPEHHSI HOBUX 3a0a4 Ol BUKOPUCNAHHA 6 Npoyeci GUBYEHHS 3MICHY MAmMeMamuyHo20
ananizy. Posenanemo yi numauHs 6iOHOCHO po30iny «YHucnoei psouy. llpu yvomy 6yoemo
BUKOPUCMOBY8AMU 2eOMEeMPUYHY THMEPNPEemayito YUCI08UX psois.

Knwuoei cnosa: mamemamuuna oceima, ¢paxosa ocgima euumenie MamemMamux, 38 a3Ku
MIDIC YUCTOBUMU PAOAMU, MEMOOU HABYAHHSL.

IlocTanoBka nmpodJiemMu. B cydacHUX mipy4yHUKax B Teopil YMCIOBUX PSAAIB OCOOIHMBA
yBara MPUIUISETHCS BAXKIMBOCTI (TEOpeTHYHOI 1 MPaKTUYHOI) MiArOTOBII, IIO MOB’s3aHa 3
HOHATTSIM «CEPEIHE 3HAUEHHS»: cepeiHe apuMeTH4yHe; CepeJHE TapMOHIYHE, CepeiHE
reomeTpuyHe [6].

BukJiax ocHoBHOro Martepiaay. Po3riissHeMO 4nCIOBHHN PsiA:

(00}

>

n=1
SIkmo amst Oyab-AKUX TOCITIAOBHUX TpbhoX wieHiB psaa (1) a,, Apiq, Apyy BUKOHYETHCS
antany2

2
YJICHH TOB’sI3aH1 3 TIOHATTSAM «CEPEIHE apuPMETUUHE.

Axmo nns Oyap-sSKUX MOCHIJOBHUX TPhOX WIEHIB psAna (1) BUKOHYETbCS yMOBA: Qpiq =
Jan * Apyo (3), To psa (1) Ha3UBaeTHCS PSAAOM T€OMETPUUHOI Mporpecii 1 Horo wieHu noB’si3aHi
3 MOHATTAM «CEpPEIHE TE€OMETPUUYHEY.

YMOBA: Apqq = (2), To psan (1) Ha3uBaeThCs pAAOM apUPMETHIHOI Tporpecii i Horo

Skmo Uit OyAb-SKUX TMOCHIAOBHUX TPhOX WieHIB psaja (1) BUKOHYEThCS yMOBa:

1 1 1 o 1 ) . , .
= _ (4), TO psAx E - — HA3UBAE€THCA TAPMOHIYHUM 1 HUOTO YJICHH IIOB A3aH1 3
n=1
an+1 an+1 an an

MOHATTAM «CCPECAHBOTO TapMOHi‘-IHOF0>>Z

an+2

1 _ 1 1 _ an+an+2 . . . )
=—4 = 2 - ———= — 3HaXOJUMO CEPEIHE TAPMOHIYHE Ay 41 MIK Ay 1 Appyy:
an+1 an an+2 an'An+2
_ 20y " Apyrp 5
Any1=— (5)
an + An+2

JocmiKyroun  3B’SI3KM  MDK  YHCJIOBUMH psAJaMH  BapTO BIAMITHUTH, IO «CEPEIHE
TeOMEeTPUYHE» MK JBOMA YUCIIAMHU — B TOH K€ YaC € «CEePEeIHIM T€OMETPUUHUM» MK «CepeTHIM
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apuMETUUYHUMY 1 «CEPEIHIM TapPMOHIYHUMY. JIOBOAUTHCS 1€ HACTYITHUM YHHOM: BUKOPHCTAEMO
paBl YaCTUHM PiBHOCTEH (2) 1 (5) y BUTIISAII KOPEHiB.
[ToMmHOXMMO TIpaBi yacTUHU piBHOCTI (2) 1 (5):

e e a6
3 piBHOCTI (6) BUXOIUTH, 110 KOPiHb KBAAPATHUHN BiJ JOOYTKY CepenHiX apuPMETHIHUX Ta
TapMOHIYHHX JIOPIBHIOE CEPETHBOMY F€OMETPUIHOMY MK WICHAMH PAIIB Ayl Ay y .
KnacnuHumu npuKiIaiaMy YUCIIOBUX PSIiB, TIOB’SI3aHUX 3 TIOHSATTSIMHU «CEPEIIHIX 3HAUCHB €:
Yme1 a4+ (n—1)d] (7) — pan apudmerndanoi nporpecii, xe "d" — pi3HuI mporpecii.
Yo, bq™ ! (8) - pan reomerpuunoi nporpecii, ge "q" — 3HAMEHHMK OPOrPeCii.

Ymq % (9) — rapMoHiYHUH P

[ToxaxxeMo, 110 A1 WwieHiB psaay (9) BUKOHYeTbest yMOBa (5), BpaXxOBYIOUH, 1T0:

1 1 1
An = v 0n+1 = 70 nt2 =
BiamoBigHO 710 nMpaBoi YacTHHU PIBHOCTI (5) 0aepKy€eEMO:
1
20, ansz _ 2 nnt2_*nnvz_ 2 _ 1
ap +apy, 1 1 n+n+2 2n+1) n+1

n' n+2 n(n + 2)
YMOBU BUKOHYIOTBCS, sl (5) € rapMOHIUHUM YUCIOBUM PSIIOM.
Hamni posrnsiHemo 38’5130k MK psnamu (7) 1 (9). CrouaTKy pO3TIISTHEMO BHIAAOK PSIILY
apudmeTruHoi iporpecii (7) mpu yMoBi, 110 B 3arasibHoMY wieHi paay a = 11d = 1. To6to psia

apudmeTuyHOi nporpecii Mae BUTIIS;
(00}

Z (1+(n—1))=§: n (10)
=1

n=1

n=
[IpencraBumo rpadiuno psam (9) i (10) Ha puc.1

+
|

F a,=n(pspio)

w

- [N}
D

1
Va ay="- (P9

—

+
|
|
]
1
1
1
i
[l
|
|
|
|
I
I
|
|
|
|
|
|

+

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
4

1 2 3 4 s 6 7 8 n

Puc. 1. B3zaeMHO-00epHeHa 3aJie:kHiCTh MiK YieHamu psaaiB (9) i (10)

Jani posrasHemo y3aranpHeHuil Bua (7) psany apudMeTH4HOI mporpecii, ToOTO aus
BUIAAKiB Koau a = 1 1 d # 1 1 Mae 3HaueHH, SKI HaJEXaTh IMIIMHOKHHI JOJATHUX TIMCHHUX
qrcel MHOXKHHHU R.

1
JloBeieMo, 110 PSI BUAY Dopeq

, (11) € rapMOHIYHHUM PSIIOM.

1+(n—-1)d
JloBenenHs: Bukopucraemo Tpu mocaiqoBHUX nepiux dieHu psaay (11):
1 1
T T B Ty 2d

[TepeBiprMO BUKOHAHHSI YMOBH «TapMOHIYHOCTI» JJISl UUCEI A4, Ay, 3. TOOTO mepeBipuMo
BUKOHAHHS PIBHOCTI:
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5. 1.1 2
A T+2d _T1+2d __1
*agta; g, 1 2+2d  1+d

1+2d 1+2d
YMOBa «rapMOHIYHOCTI» Ul YHCEN dq, Ay, A3BUKOHYEThCS. [lokaxemo, mo 1usg ymoBa Mae

Micie s OyIb-SKHX MOCIIIIOBHUX TPHOX WiIeHIB psay (11).
1

N 1 2an-a
Hexaii: a, = ————; Ap4; = ——; Qdpyp = ——— OOumMCIIOEMO BHpa3: —— =+ =
1+(n—-1)d 1+nd 1+(n+1)d an+ant+1
1 1
2
1+(n—1)d 1+(n+1)d __ 2 2 1
1 1 = =any1, VN E N.

: 1+(n+1)d+1+(n—-1)d  2+2nd  1+nd
1+(n-1)d ' 1+(n+1)d

Hoseneno, mo Vn € N psn (11) e rapmoniuanM. [Tokaxkemo, 1o psia (11) po36ixawmii Vd > 0.
Jnst 3’scyBaHHSI CKa3aHOTO BHKOPHCTAEMO BIiJOMY 3 TEOpii YHUCIOBHX PSIIIB YMOBY
nopiBHSIHHSL. JJI IHOTO 3aITUCYEMO 3araibHUM YWICH Py Y BUTIISIL:

1
T (1-d)+nd 1-
d

an

ISH W

+n
PosrnsiHemMo HacTymHI BUTIAIKH:
o 1 o
1) sxkmo d =1, TO OmEPXKYETbCS TAPMOHIYHUHA PSIT Yipeq o PO301LKHICTD SIKOTO
JIOBOJIUTHCS BIIOMUMH PI3HUMHU METOJaMHM MaTeMaTHYHOIro aHajii3zy. Tomy TOTOXHINH HoMy psiz
(11) Oyne 3a 03HAKOIO MOPIBHSIHHS TAKOXK PO301KHIM;
2) sixkmo d > 1 To Mae Miclie HepiBHICTb:
1
1-d d . (1
—+n<n->—— - lim|—-)(12)
d 1 - d n—-oco \nN
—a "
1
3a 03HAKOIO MOPIBHSIHHS 3 PO30IKHOCTI PAAY Dipeq — JOBOJUTHCS po30ixHICTE psay (11)

3) sxmo d < 1, To 3HOB Mae Miclie HepiBHICTh (12).

TakxuMm urHOM J0BecHO, 1m0 Vd > 0 rapmoniunuii psn (11) € po30iKHEM pSIOM.

Posrnsinyre moBemeHHs po30ikHOCTI psimy (1) MOKHA TPOTOHYBAaTH JJSi CTYACHTIB Y
BUTJISAA] 3a1a4.

3agaua 1. Jlosectu, mo psn (1) po36ixawmii, sikmo d = 1.

3anaua 2. JloBectu, mo psix (1) po36ixawmid, skmo d > 1.

3anaua 3. JloBectu, mo psix (1) po36ixawmid, skmo d < 1.

3apaua 4. Jlocnigutu po30iKHICTE paxy (1) 3a TOMOMOTOI0 BiOMOI TPaHMYHOI O3HAKH
HOPIBHSAHHS YMCIOBUX PSIB.

Koo 3amay npy BUBYEHHI YMCIIOBUX DSI/IIB MOXE OYTH MOLIMPEHO 1 3@ PaxyHOK IHILIOTO
BapiaHTy 3B'A3KY MK TApMOHIYHUM PsIJIOM 1 psIioM apu(MeTHUHOT Iporpecii.

PosristneMo rapMOHIUHUHN psJT y BUTIISIL:

S Ca=Ci+Cot+Crn,(13),  neVCipan Ty — (14) e pamom

n

TEOMETPUYHOT TTpOorpecii.

B Takomy BUMaaKy MOXIJIHBI 3a7a4i:

3anaua 5. Binowmi unenu pany (2) C; i C,. 3Haiinite uinenu psiaa Csz, Cy, Cs 1 3aranbHUN 4iieH
pany Cy.

3agauya 6. Binomi wienu rapmoniunoro psgy (2) Cyi C,. 3Haiinite pan apudmMeTHyHOi
nporpecii, HoB's13aHui 3 3a7aHUMH psgoM (13).

Posrnsinemo npukiany.

o . 3 ..
3agaua 7. Bigomi unenu rapmoniu”oro psagy C; = 3, C; = > 3Hainith Cs,Cy, Cs, Cg Ta
3arajbHUN WIEH JAHOTO PsNy.
3a ymoBaMHu 3ajadi psA TapMOHIYHUIM, TOMY BIJIMOBIIHO /10 YMOBH TapMOHIYHOCTI

3aMHUCYyEMO PIBHICTb:
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2C1°C3 _ 2:3:C3 _ 3 9,3
=L 3 =""3=C60 =E+EC3 — onepxyemo C3 = 1

27 C4C3  3+C3 2

. 3 3 1 VI
AHaJIOrIYHO 3HAaXOJUMO WieHU pany: C, = 2 Cs = L Ce = > OpnepxyeMo rapMoHIHHUN

psij, B IKOMY BiIOMI MEpIIi IIICTh WICHIB 1 JJIS SIKOTO BUKOHYETHCS PIBHICTB!

o . 3
TakuM YMHOM 3arajJbHHI 4JeH OACPIKAHOI'0 rapMOHIYHOI'O psAaa Cn = ;

Ane 3amady MOXHA PO3B'S3aTH B IHIIMH cHOCiO, SKIIO BUKOPHCTATH MOKa3aHWH BHIIE
3B'SI30K MK rapMOHiIuHUM psitoM (11) 1 psaom apudmernunoi nporpecii (13).

Jnist 3amanux wieHiB rapMoniyHoro pagy C; = 31 C, = % BIJITIOBIZTHO JI0 BKa3aHOT'O 3B'SI3KY

YIIeHaMH psiia apupMeTUIHOI porpecii OynyTs a; = % ia, = %

BiamoBigHo 10 3B'SI3Ky MK JBOMa WieHaMu apudmeruyHoi mporpecii 3a JOMOMOTO0

2 1

BEJIMYMH @4 i a, 3HAXOAMMO PI3HUINO Tporpecii: d = a, —a; = 3773

1
e TakuM yuHOM
o . 1
3arajbHUN YWieH apuPpMETHIHOI IPOorpecii Mae BUTIISA A, = [g +
C,=—=-
n an n
[Tpu BUBYECHHI YMCIIOBUX PS/IIB OJIHIEIO 3 OCHOBHHX 337124 € 3HAXO/KCHHSI 3araJIbHOTO WICHA
pSAdy 3a JOTMIOMOTO HU3KH BIIOMHUX (33[aHUX) WICHIB psay. Po3B'si3aHHS KOXHOI Takoi 3amadi
noTpedye 3aCTOCYBAaHHS OKPEMHMX JIOTTUHUX Aid. OJHAK y BUMAJIKy TapMOHIYHMX DSIiB 3a7aya
3HAXOJKEHHS 3aralIbHOTO WieHa MOXe OyTH po3B's3aHa JIMIIE MAIOYH BiJIOMi JBa TIEPIINX YWICHA

psana C; i C;. B TakoMmy BUNIAAKY 3arajibHUi wieH psaay C, Moxke OyTH 3HaieHui 3a GopMyIioro
_ Cy1C
Cn = oD -m2es (15).
HoBenenus popmyiu (15) BUKOHYETHCS 3a JJOIMTOMOTOIO 3B'SI3KY MiXK psiaMU TapMOHIYHOI 1
apudmernunoi mporpecii (13, 14). BigmoBimHo 00 3BSI3KY Wit psima Yon-q Cp iCHye psn
1

apuMETHIHOT TIPOrPecii Yipm—q -
n

n
3 BpaxoByrouu, 110

. . 1 1
3a BJIACTUBICTIO Py apuMETHIHOT POTPECi 3aUCYEMO: — — — = — — — = «++ = — —
G 3 C Cn
1

= d (1), ne d — pi3HuLs apuMETHYHOI Iporpecii.
n-1

3 piBHOCTI (1) mepexoanMo 10 OYEBUIHOI PIBHOCTI:

1 1 1 1 1 1 +( D ( 1 1 ) 1 N 1 1 1 1
—_——— = — - —_— = — n — —_——_——— ) = — n——nm— -————
G G G Ga G G G G/ G G G G G
n—-1 n—-2 nm-1)C - n-2)C,
= —_ = e
G, Gy Ci-Cy
Cl b CZ
C, = 16
N R A
3a gomomorow Gopmynu (15) MoxkHa GopMyNnOBaTH MHOXKHMHY 3a7a4 MO 3HAXOHKEHHIO
PI3HOMaHITHUX TapMOHIYHMX PAAIB Ta psAAiB apudmMeTHuHoi mporpecii 1 po3B'si3yBaTy 3aBIaHHS
JOCTIAHUIIBKOI CIIPSIMOBAHOCTI.

IIpuknanu 3anay.

o . 3 . .
3agava 8. Bizomi uieHM rapMOHIYHOTO PNy €1 = 2,6, = > 3HAWTHU: 3araJIbHAN YJIEH PALY
Cy; BenmuuuHU wieHiB psany C;, Cg, Co; 3arasibHU WieH psay a, apupMeTHUHOI Iporpecii, ika Mae
1 .. 1
3B’SI30K 3 PSIIOM Yooy o O0YHCIUTH CYyMY psifia apu(hMETHIHOT IPOrpecii Y.y —q AN =
n n
10; n = 20; n = 25.
1. 3aranbHuii yneH psny C, 3HaxoauMo 3a Gopmyrorw (4):
3
2 3 3

=0

- (n—l)Z—(n—Z)-% - 2n—2—%n+3 N on+1 n+2

n
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6 6
2. BukopucroBytoun ¢Gopmyiay (1) OOUHCIIOEMO HWICHH PAAY Jipeq —:i G =5=

2e.=2_3.c.=5

3"78 T 107 579 T an

3 o . 1 n+2
. 3HaXOAMMO 3araJbHUH WieH apupMETHIHOI Iporpecii a, = T e
n

[Iporpecis mae BUTIISA;
%+ g + g +1+ 2 +-+n—-1Dd+:, ned= %. Pan apudmernunoi mporpecii MoxKHa

. 1 -1)1 +2
NPEICTABUTH Y BUTIISL Y opeq [5 + &b ] =~y nte

6 6
10(3+2) 25

4 Sw=——=3
1 11
20 (7 + 7) 25\ 125
$20=—L=2=10(F) =5
1 27 1 9
25(3+%) _25(z+3) 125
Sz5 = 2 = ) = ) )
Hpumirka. Psan C, = Gt MOXKHa BBaXKaTH Yy3araibHEHOW (opmynoro

()G -(-2)C;
TapMOHIYHHX PSIIIB.
Janmi po3risHEMO TEeOMETpHYHY MOJENb Bi3yamizamii Mporecy 3MiHH UICHIB PsJIiB
TapMOHIYHOTO Ta ApUPMETHIHOI IPOTPECii HACTYITHOTO BUY: Yyeq %; Yooy M.
Buxopucraemo Mozenb Ha (puc. 2)
y
1

B b by b, by~ e €2 5 oe

11 10 ! 2 3 e
n 4 3 2 a; ~ ¢4 cy cy

[l’!“A (13 Hz

Puc. 2. IlocnigosHocTi nuiom npsaMoKYTHUKIB: {Soq b pIn=1; {Soc,e,Bin=1;

BizyanpHo criocTepiraeMo 3MiHHICTb WIEHIB BKa3aHUX MOCI1JOBHOCTEH:
(Soanbastiet = 145 +5+ 424 () D~
{Socpenin=t =1+2+3+-+n+--(ll) (I~ n

Maemo npukiaj KBaapaTypHOi 1HTepIpeTallii BeJIMYUH WIEHIB TapMoHiuHOro psay (1) 1
psiny apuMeTH4HOI nmporpecii.

Ane 1 TreoMeTpuYHa IHTEpHpeTalis A Y4YHIB Moke OyTH He 3pO3yMLIO0
(mapamokcansHOI0). JliliCHO, 3p0O3yMiJIo, IO CyMa psijia TIIONI KBaJApaTiB 3 3HA4YeHHSIM S, = 1
Vn € N, TOMy KOJIU 1 — 00, TO cyMa Ijoil S 0y/ie HeCKIHYeHHO0, TOMY, IIIO:

S=§5, =limn-1=o0 (17).

n—-0oo

Agne He 3po3yMiINM Oyze, YoMy cyma IUIOI Sy, PO3TAalIOBAHUX B MEXKaX OJHOrO KBajpaTa
3 iIoer S = 1 TakoX € HECKIHUYEHHOK0?

Tomy TyT moTpiOHO JaTW HaWOLNBII JOCTYHHHMM BapiaHT JoBefeHHA. CHoOYaTky BapTo
BUKOHATH (pparMeHTAIIi0 IJIOII IPSIMOKYTHHKIB rocaigoBaocti {0a, b, B}, y Burmsiai (puc. 3).
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Si=1-1=1 | T [%=1-

M| —
N —

Puc. 3. l'eomeTpuyHa iHTepnpeTallis YieHiB rapMOHIYHOTO PSIY Y.y ~
Jlani BUKOHYEMO HACTYIHHH JTaHIIOKOK JIiil:
Z?{):l l:1+l+(1+1)+(1+1+l+l)+(3+i+...+i)+ i
n 2 3 4 5 6 7 8 9 ' 10 16 17
33 34 64 2 4 4 8 8 8 8 16 16 16 32
i+...+i)+...:1+l+l+l+l+...+l+...:1+l+m1+..._)5n:1+l+ml+
32 32 2 2 2 2 2 2 2 2 2

Spem = S =145+ M2+ S| = o0

18 32
+

) 1. ) ) .Y
3B'S30K MIXK PAIaMU: Yipeq ~1 Ym—1 T MOXHAa CIIOCTEpiraT Ha MOJIEIi, MPEACTaBICHIH

Ha puc. 4.
y‘F
S S S
; c, (o 2 Cs 3 Cy 4
a, a,y a,
S, = S1(2)
SZ(Z) b, S3(2) ay (N2 54[2)
b by I HN
0 1 2 3 X
Puc. 4.5 =S, =-=S,=1paapaga), -, n

1 1 1 o
51(2) = 1; 52(2) = E; 53(2) = 5; ey Sn(n) = ; IJIg psiaa Zn=1
3a JONOMOT0I0 MOJIET OAEPXKYETHCS PALl BULY:

1 n—-1 n 1 2 3 n
an:Sn—Sn(Z):].—H: n —>Z n+1:§+§+z++n—+1(18)
n=1

. n . . o o 1 .
3po3ymiso, 10 = 1, Tomy psin (18) i rapMOHIUHHN PsIT Dip—q — MOXHa CyMICHO
pO3IIIAAaTH Y BUTJISAL TOUKOBOI F€OMETPUYHOI 1HTEepHpeTalii puc.S
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Vs

B(1;1)

ay \aﬁ az \@

0 (0;0)1

n

TN B

L |
ra 3 iy
2 3 4 X

w| ==

. n
1 Z?]?:l —_

Puc. 5 ToukoBa inTepnpuTanisi pagis: )., _; —

1
n

Ha puc. 5. AbGcuucu T.T. a, BIANOBIAAIOTH BEIWYMHAM WICHIB TapMOHIYHOIO PSay

o 1 . . o n
Y ——r abcuucw T.T. by, BiMOBITAIOTH BETUYUHAM PSILY Ypyeq ——r

SIxmo BUKOpUCTaTH apuMETHYHI i HAJ 3aralbHUMH WICHAMH JaHUX PSJIiB, TO MOXKHA
oJlepKaTy HACTYIIHI Psu:

1 n .
1) a,+b,= St 5= 1 - Vn € N cyma Bigpiskis: |0a,| + |0b,| = 1.
n 1 n—1 n—-1 1 1 3 2 5
2) b,—a,=———=—=—MaeMO DA ) — =0+=-4+=4=+=+=+--
) bn n Lol ntl 1pIIZn_1 n+1 +3+2+5+13+7+
n © . o
. = = = Y —— rapMOHIYHHMN DA, B IKOM ==
3) bn-ay n—1 n n+1 Z”_l n+1 apMo pan, oMy dy 2
n
4) b,a,=—:—=n= Y2 n—
) nTEn o n41  n+1 Zn—l

psg apudmeTryHOi nporpecii 3 pisHune d = 1.

BuxopucroByroun mojeni Ha puc. (4) i (5) MOXHA OAepKATH IHII YHCAOBI MIISAXH
PO3B’sI3aHHA HACTYIHUX 33/a4i:

Mogpeas (puc. 4).

3agaya 1. CknacTu 1 JOCHIIUTH PAN BEJIMYUH JiaroHaned | apm4qp) | mociaizoBHOCTI
npamMokyTHHKIB {a,n(n + 1)b, }yr-.

3agauya 2. CknacTv 1 JOCHIOUTH psAn BenuuuH aiaronaneit |Cpyqb,| mocmigoBHOCTI
NPSAMOKYTHUKIB {@, D1, Cruy2Crs1 met-

3agaua 3. CKiacTd i JOCHIUTH PIaM: ). Uy 21 B

Mogaeas (puc. 5).

3amaua 1. CkacTv i TOCTITUTH Psijl BEIMYUHH MOCTIJOBHOCTI Bipi3KiB {a, C .

3agaua 2. CKJIACTH i JOCTIUTH PSIJ] BETUYUHHU MTOCTIJOBHOCTI Bipi3KiB {Chy, 41 }pe .-

3agaua 3. CKIaCcTH i JOCITIJUTH PSI JOBXKUH MOCIIIOBHOCTI BIAPI3KIB {@p Ayt tney-

3anaua 4. CkiacTv i TOCTIUTH PsiT JOBXKUH MOCITIIOBHOCTI BIIPi3KiB {by by 11 }ne1-

3agaya 5. Cknactu 1 JOCHIIUTH PSI IUIONL MOCIIJOBHOCTI MPSMOKYTHUX TPUKYTHHUKIB
{A0Cay}n=:.

3agaya 6. Cknactd 1 JOCHIIUTH DSl BETUYMH MO MOCJHiTOBHOCTI TPMKYTHHKIB
{Aanbn+1}$lo=1-

3anava 7. Cxnacty i JOCHIUTH PSIAM TPUTOHOMETPUYHMX (PYHKLiH MOC/IiI0BHOCTEH KYTIB:

a) {< ancan+1}$10=1

6) (< Can 0¥,

B) {< anbn+1}1010=1

1) {< Dbpyibu}nzy

Crnucok 3a1a4 Moke OyTH POJOBKEHUH.
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BucHOBKH Ta mepCcHneKTMBM NOAAJBIINX HAYKOBHUX PO3BiIoOK.  BukopucrtaHHs
PO3IIISIHYTHX 3B’SI3KIB MK YHCIOBUMH pAJaMH CIPUSE CUCTEMAaTH3allii 3HaHb NMPU BUBYEHHI
po3niny «YucnoBi psaM»; 3acTyBaHHS T'E€OMETPUYHUX MOJENEH J/I03BOJISIE pPeati30ByBaTH
JMUIAKTUYHAN TIPUHIMI «Bi3yai3amii OIMaHOBAaHMX MATEMATUYHHUX IIOHSTH», TCOMETPUYHA
IHTepIpeTallis WICHIB YUCIOBUX PAJIIB 1€ MOXKIIUBICTH (DOPMYJTIOBATH JTOCTIAHHUIIBKI 3a7a4i IPH
BUBYCHHI YHCJIOBUX PAJIB Ta YUCIOBHX MOCTIIOBHOCTEW 1 BUKOPHCTOBYBATH iX PO3B’S3aHHS B
SKOCTI KypCOBHUX Ta MariCTepChbKuUX poOIT B MpoIeci MiArOTOBKM OakajaBpiB CIEHiaJIbHOCTI
«Matemarukay. Po3poOka reoMeTpuIHHX MOJIENICH CTYICHTAMHU CIIPUSIE PO3BUTKY iX JIOTTYHHUX Ta
a0CTpaKTHUX KOMIIETEHTHOCTEH Ta J03BOJISIE CaMOCTIMHO (OpPMYNITIOBaTH YMOBH 3amad i
JIEMOHCTPYBATH BMIHHS CAMOCTIHHO 1X pOo3B’s3yBaTu

CIIUCOK BUKOPUCTAHUX J’KEPEJI / REFERENCES

1. JI3urapceka, H. C., Koponscekuii, B. B., Muxaiinoa, f. A., Typaepa, O. B. (2023). 3acrocy-
BaHHS F€OMETPUYHUX MOJICICH NPY BUBYCHHI TeMH «YHUCIIOBI MOCIiAOBHOCTI» YUHSIMH JIIIEIB.
Axmyanoni numanns mamemamuunoi oceimu, 22. (Dzyharska, N. S., Korolskyi, V. V.
Mykhailova, Y. A., Turaieva, O. V. (2023). Application of geometric models in studying the topic
"Numerical sequences” by lyceum students. Topical issues of mathematical education, 22).

2. Koponbcekuii, B. B. (2017). 'eomeTpruna iHTEpOpeTalis YucaoBux psaiB. Hogimmui komn 'to-
MepHi MexHON02Ii: HAYK08o-Memoouunuil 30ipnux, penakiiiaa xomueris: C. O. CemepikoB [Ta
iami], Tom XV, 57-63. (Korolskyi, V. V. (2017). Geometric interpretation of numerical series.
Newest computer technologies: scientific-methodological collection, editorial board:
S. O. Semerikov [et al.], Volume XV, 57-63).

3. Koponbcekuii, B. B. (2018). 'eomerpruna iHTEpIpeTallisi YUCIOBOTO Py apuMETHIHOT ITPOT-
pecii. Hogimui komn tomepHi mexHono2ii: HayKkoeo-memooudrutl 30ipHuK, peJaKiiiiHa KoJeris:
C. O. Cemepikos [Ta inmi], Tom XVI, 59-66. (Korolskyi, V. V. (2018). Geometric interpretation
of the numerical series of an arithmetic progression. Newest computer technologies: scientific-
methodological collection, editorial board: S. O. Semerikov [et al.], Volume XV1, 59-66).

4. Koponbcekuii, B. B., Pumap, A. 1. (2022). ['eomerpryna iHTEprIpeTarisi YMCIOBUX PSIIIB, TIOB’sI-
3aHHX 3 JICPIKABHOIO CUMBOIIIKOIO. AKMYanbHi RUMAHHA NPUPOOHUYO-MAMEMAMUYHOL 0ceimu,
2 (20), 29-38. (Korolskyi, V. V., Rymar, A. 1. (2022). Geometric interpretation of numerical series
related to state symbols. Topical issues of science and mathematical education, 2 (20), 29-38).

5. Koponbcekuit, B. B., Typaesa, O. B. (2023). ['enepaiiist Ta JOCTIHKEHHSI YUCIOBUX PAJIIB 32

JIOTIOMOTOK0  TEOMETPHYHOI MOJEN Ta KOMOIHAIii PATB ipeq 1; i X 1# .
AXTyasbHI TMTAaHHS MPUPOJAHUYO-MaTeMaTn4Hoi oceith, 1 (21), 46-54. (Korolskyi V. V.,

Turaieva O. V. (2023). Generation and research of numerical series using a geometric model
and combinations of series Yo, 1% and Yo, 1—. Topical issues of science and

n
n+
mathematical education, 1 (21), 46-54).

6. Koponbscekuit B. B., Hlokantok C. B., Mensanuenko 0. A. (2018). TeopeTnko-meTouuHi
3acagyd TE€OMETPUYHOTO MOJICTIOBAHHS YHCIOBUX PANiB. Di3uxo-mamemamuyHa oceimd,
4(18), 81-89. (Korolskyi V. V., Shokaliuk S. V., Melnychenko Yu. A. 2018). Theoretical and
methodological foundations of geometric modeling of numerical series. Physical and
mathematical education, Issue 4(18), 81-89).

7. Tlpoext KoHuenuii po3BUTKY OcBITH YKpaiHu Ha nepiox 2015-2025 pokis. (2014).
URL: http://www.naiau.kiev.ua/files/zakon_ukr/proek-rozv-osvitu.pdf (Draft Concept of
Education Development in Ukraine for the period 2015-2025. (2014). URL:
http://www.naiau.kiev.ua/files/zakon_ukr/proek-rozv-osvitu.pdf).

8. Ilkime M. L. (1981). Maremarnunwmii anainis, 4 II: [Tocionuk mis men. incrutytiB. Kuis. (Shkil
M. I. (1981). Mathematical analysis, part 1I: Handbook for pedagogical institutes. Kyiv).

Korolskiy V. V., Muravska D. I. Connections Between Numerical Series and Their
Application in the Study of the "'Series" Section of Mathematical Analysis.

The academic discipline of "Mathematical Analysis™ is of fundamental importance in the
training of teachers at the physics and mathematics faculties of higher pedagogical institutions.
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"Numerical Series” is one of the main sections in its structure. The content of the "Numerical
Series"” section, during the learning process, has a significant field of connections with other
sections of mathematical analysis. Therefore, the expansion of knowledge about "numerical
series”" and their further use to enhance the competence level of future bachelors in specialty
014.04. Secondary Education (Mathematics) must comply with modern requirements.

These requirements are outlined in the draft concept for the development of education in
Ukraine for the period 2015-2025. Attention is focused on the development of an innovative
environment where students acquire new knowledge and gain the skills to apply it in their future
professional activities. In the context of the foregoing, the following questions become quite
relevant: 1 — expanding the connections between basic concepts within individual sections of
mathematical analysis; 2 — creating new problems for use in the process of studying the content
of mathematical analysis. We will consider these issues concerning the "Numerical Series" section.
In doing so, we will use the geometric interpretation of numerical series.

Key words: mathematical education, professional education of mathematics teachers,
connections between numerical series, teaching methods.
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IHTET'PALIA EJIEMEHTIB KE’I/IHTOFPA(I{IT B NPOLHEC HABYAHHSA
JUCHUIIVIIH MATEMATHUYHOI OCBITHBOI I'AJIY31 YYHIB 5-6 KJIACIB

Y emammi obrpynmoeano ooyinenicme inmezpayii enemenmis Kpunmozpaii' y npoyec Haguan-
H5l MAMeMamuxu yuHie 5—06 K1acis K ehekmuerozo 3acody nioguuents iHmepecy y4Hie y Ha6UaHHi,
CHPUSIHHSL PO3GUMKY NIO2IYHO20 MA (POPMYBAHHS ANOPUMMINHO20 MucienHs. Mema Oocniodicenns
nOJA2AE Y MEeOPEemUIHOMY OOIPYHMYBAHHI MA NPAKMUYHIU peanizayii MemoouKu 6UKOPUCMAHHS
Kpunmozpaghiunux 3a60amb y HAGYAHHI MamemMamuky OJisl NIOSUWEHHSA MOMU8ayii 00 ONamy8anHs
MamemMamu4Hux NOHAMb, hOPMYBaAHHSA NIZHABALHOI AKMUBHOCMI MA CMILK020 iHmepecy 00 mame-
mamuku. Y medxcax 00cnioHceHHs: po3podIeHO MeMOOUKY 3aCmOCY8AHHs eleMeHmie Kpunmozpaii
nio 4ac UBUEHHs meM, N08 A3AHUX i3 YUCIaMU, OISIMU HAO HUMU, NOCTIO08HOCMAMU MOWo. 3anpono-
HOBAHO HABYANLHO-MEMOOUYHI Mamepiany, wo nepeddayaroms wugdpysants ma posuugpyeanis
HABYAIbHUX MAMEMAMUYHUX 3a0a4 [ MeKCMI8 Pi3HO20 pieHs CKIAOHOCmi. Y npoyeci 00CHioHceHH s
3aCcmoco8aHO KOMNIEKC 63AEMONO8 SI3AHUX MEMOOI8. meopemudHi (aHAli3 NCUX01020-Neda2o2iuHol
mMa MemooudHoi 1imepamypu, Y3a2aibHeH s, CUCMEeMamu3ayis, MoOen08aHHs MEeMOOUKY HAGYAHHS)
ma eMnipudHi (CNOCMepedceHHsi 34 HABYAIbHO-NI3HABANLHONO OISIbHICIIO YYHIB, Neda2o2iuHull
eKcnepumMenm, aHanis pe3yibmamis HaguanHs). Ilokazano, wo 6npoeaodI’cents elemMeHmie Kpunmoa-
padhii’ cnpuse po3eumKy 8 YuHi8 HABUHOK JI02IYH020 MA AI2OPUMMINHO20 MUCIEHHS, 6MIHb AHAIZY-
samu, Kooysamu Ui 0ekodysamu iHhopmayiro, niosuwye inmepec 00 po3s ‘s13y8aHHs. HECMAHOAPMHUX
3a0au4, CMUMYIIOE MEOPY)Y AKMUBHICIb I NIZHABAIbHY camocmitinicms. Po3pobiena memoouxa modice
Oymu BUKOpUCMAHA GUUMENAMU MAMEeMamuky 0l 30a2a4eHHs 3MICIY HABYAIbHO20 MAMepiany
IHHOBAYITIHUMU KOMNOHEHMAMU, CTNBOPEHHS. IHMESPOBAHUX YPOKI8 MAMEMAmMuKy ma iHghopmamuxi,
a makoxc y npogecitinii niocomosyi ManuOymuix neoazozié 00 peanizayii MidicnpeoMemHux
mexnonoeitl Haguanusa. Ompumani pe3yromamu  po3uwuproOms  YAGIEHHI NPO  MONCIUBOCHI
NPAKMUYHO20 3ACMOCYBAHHA Kpunmozpaghii y wKinbHill oceimi ma 6i0Kpusaroms nepcnekmusu
ROOANLULUX OOCTIOHCEHb WOOO0 IHMe2payii enemenmis ingpopmayitinoi besnexu 6 0c8imHiti npoyec.
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Knrouogi cnosa: enemenmu kpunmoepaghii; inmeepayis KpunmozpagivHux 3a60ans, YUCI081
wugppu, Kpunmapupmu, HABUAHHS MAMEMAMUKU, AN2OPUMMIYHE MUCIEHHS, MIdCnpeomMemua
inmezpayis, wugpysanus i demuppyeanHs, Ni3HABAILHA AKMUBHICMb.

IlocranoBka npodjemu. CydacHUI CTPIMKHI PO3BUTOK 1H(OpPMAIIHHUX TEXHOJIOTIH Ta
3poCTaHHs MOTPeOH y 3abe3neueHHi iH(opMaIiiHOT Oe3NeKn BU3HAYAIOTH ITiJIBUILCHHS 3HAYYy-
IIOCTI MiATOTOBKH YYHIB JI0 pO3YMiHHS OCHOB KpHunTorpadii. [nterpaiis enemenTiB kpunrorpadii
y TPOLIeC BUBYCHHS MATEMATHKH B 5—6 KilacaX JO3BOJISE€ ITiIBUIUTH 3aIliKaBICHICTh Y4YHIB Y
HaBYaHHI, CIIPUATH PO3BHUTKY JIOTTYHOTO W alrOpUTMIYHOTO MHUCIEHHS. IpakTuyuHi 3aBIaHHS 3
mupyBaHHs Ta ACMMPPYBAHHSI CTUMYJIOIOTh aHATITHYHI 3/1I0HOCTI Ta KpEaTUBHUM IMIX1J 10
pO3B’sA3yBaHHs 331a4, poOJsITh MaTEeMAaTUKY OLIbII 3aXOIIMBOIO 1 MpHUKIAAHOK. Po3pobiena
METO/IMKa BUKOPUCTAHHS €JEeMEHTIB Kpunrorpadii y Kypci MaTeMaTHKu 5—6 KiaciB Ta 3ampo-
MOHOBaHI HABYAIIBHO-METOJUYHI MaTepiaiu, o nepeadavyaroTs mudpyBaHHs Ta po3muppyBaH-
HSl HABYQJIBHUX MaTEMaTUYHUX 33]1a4 1 TEKCTIB MOYATKOBOTO PIBHS, CIIPUATUMYTH (OPMYBAHHIO
B YUYHIB JITOPUTMIYHOIO Ta JIOTIYHOTO MHCICHHS, PO3BUTKY HAaBHYOK aHali3y M KOJyBaHHs
iHopmMarii, mABUIICHHIO MOTHBAIll O BHUBYCHHS MaTEeMaTHKH Ta I1H(QOpPMATHKH, a TaKOXK
3a0e3nevueHHI0 e(h)eKTUBHOT MIXKITPEAMETHOI IHTETpallii MaTeMaTHYHUX 1 KOMIT FOTepHO-1HpOpMa-
nidHuX 3HaHb. OTXKe, BUKOPUCTAHHS €JIEMEHTIB KpunTtorpadii y HaBYaILHOMY IpOIECi €
CBO€YACHUM Ta NEPCICKTHBHUM HAIPSMOM IeIaroTi9HOi AisUTEHOCTI.

AHai3 aKkTyaJbHHX Jociail:keHb. [IpoOmema iHTerpamii ememeHntiB kpunrorpadii B
OCBITHIM IpoleCc, 30KpeMa Yy HaBYaHHA MaTeMaTUKM, NPHUBEpPTa€ 3HAYHYy yBary HayKOBLIIB.
[TepeBarkHa OUTBIIICTH JOCHIIKEHD Y LIl Taly3l HAIEKUTH 3apyODKHUM aBTOpPaM 1 CTOCY€EThCH,
TOJIOBHUM YMHOM, BUIIOi MAaTeMaTUYHOI OCBITH. YaCTHHY 3 HUX MOXKHA aaNTyBaTH A0 HABYaHHS
MaTeMaTHKH B 3aKJIaJ]aX CepeIHbOI OCBITH. BoHOUYAaC MUTaHHS BIIPOBAKEHHS KPUNTOTpadigHIX
€JIEMEHTIB y HABYAHHS MATEMaTHKH Ha PiBHI 0a30B0i cepeTHbOT OCBITH pO3p00IIeHE HEAOCTATHBO.
Lle 3ymoBmoe moTpedy y CTBOPEHHI BIANOBITHUX METOAMYHUX MiJIXOJiB, CHPSIMOBAHUX Ha
aJIanTanio KpUunrorpapiqyHux MOHATH A0 3MICTY HIKUIFHOTO KypCy MaTeMaTHKU Ta 3a0e3MeueHHs
ix e)eKTUBHOI IHTErpallii y HaB4aIbHUHN MpoIec.

Tax White T. mociimKkeHO cepeIoBUILE HABYAHHS, B IKOMY Y4YHI PO3B’A3YIOTh 3a/1a4i mudpy-
BaHHs/IemmdpyBaHHs dyepe3 (PyHKIi, i3 aKIIEHTOM Ha PO3BHTOK yMiHb TPAIFOBATH 31 3MiHHUMH.
[Nokazano, mo kpunrorpadivyHi KOHTEKCTH MPU [EOMY MOXKYTh IMIATPUMYBATH OLTBII TIIMOOKE PO3Y-
MiHHS MaTeMaTuuHUX MoHATH [1]. Trigui M.S. 1 Alghazzawi D.M. onucanu iHTepakTUBHUIA OHJIAKH-
IHCTPYMEHT, 110 BUKOPUCTOBYE MOJYJIbHY apU(PMETHKY sIK OCHOBY JUIsl HaBUaHHS Kpunrorpadii i
OB’ 13aHMX 3 HEI0 MaTeMaTHYHUX TeM. HUMu npoBeieHo eKCepUMEHT, SIKUi ITOKa3aB MOKPAIEHHS
3aCBOEHHS MaTepialy 3 TOUKH 30py 3py4HOCTI, €)eKTUBHOCTI 1 MOTHBAIIIT [2]. ABTOPCHKHI KOJIEKTHB
(Sanchez G.R., Encinas A.H., Hernandez Encinas L., Martin del Rey A., Queiruga Dios) 3anpornony-
BaB Kypc 3 Kpunrorpadii sk haxynbTaTUB U1 CTYICHTIB KOMII IOTEPHOT iIH)KeHepii, 13 orrcoM 6a30Boi
MaTeMaTUYHOI MirOTOBKU (MOJYyJbHA apu(pMeTHKa, Teopis ynceln Tomo). JlociDKeHHs ToKa3ao,
SK MaTeMaTW4Hi 3HAHHS IHTETPYIOTHCS 3 KpUNTOrpagiyHUMHU TEMaMu B OCBITHBOMY KOHTEKCTI [3].
Gaio A. (2023) onmcaHo HaBYAIBHO-TTI3HABAIBHY TOCTiA0BHICTB (TLS) uist cTapIinoi mKoM Ha TeMy
Kpurrorpadii, 3 0co0JIMBOIO yBarow A0 TeMU IyOsiyHoro kiroua. IligkpeciaeHo MoTuBariiiHuii ac-
MIEKT, MDKIIPEIMETHHM XapakTep (MaTemMaruka + iHopMaTuka) Ta au3aitH gociimkenns [4]. Roldan-
Zafra J. i Perea C. 3anpornonyBanu 1u3aitH MalicTep-KiIacy y HAyKOBOMY My3ei 31 CTpaTeriyHuM BHKO-
puctranasm STEAM-niixoay, B IKOMY TEMOIO € Kpurrorpadis 11t BUBUSHHSI MaTeMaTHKU. Taki iHTe-
PAKTHUBHI MiIXOM CIIPUSIOTH 3aJyYCHHIO YYHIB i PO3BUTKY MiXKIIpeIMETHUX HaBHYOK [5]. Lodi M.,
Carrisi M.C. Ta Martini S. 1oCIiTiIM BUKOPUCTAHHS TEOPii TUTAKTUUHUAX CHTYAIlIH /IS aHATI3Y, SK
Kpurrorpadisi Moxke OyTH «MOCTOM» MIX MaTE€MaTHKOO Ta iH(opmarukoro. Humu nokasano, mo
TeMH MyOJIYHOr0-KJIF0Ya Ta aJTOPUTMIB MOXKYTh CIY)KUTU CEPEIOBHILEM JISI PO3BUTKY aJITOPHT-
MIYHOTO MUCIJIEHHS Ta MDKIIPEAMETHOI iHTerparlii. Takok HUMHU MpoBeieHe JOCIIKEHHS CIIpSIMOBa-
He Ha BBeJIeHHs 11eii KpunTorpadii B mo4aTKoBii mkodi (primary school), onucano moyarkosi mmdg-
pyBabHI/po3mmdpyBaIbHI aKTUBHOCTI K 3aci0 HaBuaHHs [7; 1]. Nana P.W., Prasetyo onucanu sik
nmdp Xuwa ta Py6ikiB Ky 3%3%3 MoxKyTh OyTH BUKOPHCTaHI K HaBYAIbHUI MaTepiall B Marema-
TUILIL JUTA ABULIEHHS 1HTEpeCy 10 TeMu Oe3nekH iH(opmallii. 3anpornoHoBaHUi HUMHU (popMar JisuTb-
HOCTI (1M pyBaHHs, IrpOBUI €l1eMEHT) Moke OyTH ajantoBaHuii 10 5—6 kiacis [2]. LlikaBe nocmin-
YKEHHsI IPUCBAYEHe NoeqHaHHIO ndpy BixeHepa 1 Meronuku 3 Kyoom Py0Oika 4x4x4 y BUKIagaHHi
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MaTeMaTUKH. ABTOpH HE BUOKPEMITIOIOTh KOHKPETHO 5—6 KJIac, ajie OCBITHS JISUTBHICTH 31 MHQPY-
BaHHSM 1 TPUBUMIPHUM MaHIMYJIATUBHUM €JIEMEHTOM CTBOPIOE HAOIMKEHHI 70 IIbOTO KOHTEKCT [3].

Meta cTaTTi nHoJsirae B TCOPETUYHOMY OOTPYHTYBaHHI Ta MPAKTHYHIN peasi3alii MeTo1u-
KM 1HTerparii eJeMeHTiB Kpunrorpadii B mpoiiec HaBYaHHS MaTEMaTHKH y4HIB 5—6 KiaciB 3
METOI0 (POPMYBAHHS B HUX aJIFOPUTMIYHOTO MUCJIEHHS, IIABUILEHHS IHTEpEeCY 10 MaTEMaTUKU Ta
PO3BUTKY MIKITPEIMETHUX 3B’ SI3KiB.

Bukiag ocHoBHOro marepiauay. /i eQeKTHBHOr0 BIPOBAIKEHHS €JIE€MEHTIB KPHIITOT-
padii y HaBYaHHS MaTEMaTHKH HEOOXITHO MPHIUIATH yBary po3poOir BiAMOBITHUX 3aB/aHb,
BUOODPY a/JIeKBAaTHUX IHTEPAKTHBHHUX METO/IB HABUAHHS, a TAKOXK BUKOPHCTAHHIO MO3aKJIACHUX
dopm pobotu. Posrisinemo, sk iHTerpyBaTé Kpunrtorpadidi 3aBIaHHs B YPOKH MaTeMaTUKH, SKi
METOAM HaBUAHHSI CHPUSAIOTh aKTUBHOMY 3aJy4EHHIO Y4HIB J0 KpunTorpadiqHoi JisuIbHOCTI, Ta
SKMM YMHOM OpPTaHi3yBaTH MM03aKJIacHy poOOTY (TYpTOK) AJisl IOTTTUOJICHHS 3HAHb.

Posnounnary iHTerpamiro KpunrorpadiuHuxX 3aBAaHb Yy MPOLEC HABYAHHS MATEMAaTHUKH
JIOPEYHO 3 pO3pOOKHU TaKUX 3aBJaHb Ul ypOKIB MaTeMaTUKH. Lle € BaxIIMBOIO CKJIaZJ0BOKO BIIPO-
BA/KEHHsI €JIeMEeHTIB KpunTorpadii y HaB4aubHuil mporec. EQekTuBHICTh TakuxX 3aBaHb 3aje-
JKHUTb BiJl TOTO HA CKUIBKH iX PO3B’A3aHHS CIIOHYKA€ YUHIBCTBO IMOE€HYBATH TEOPETHYHI 3HAHHS 3
OPAaKTUYHUMHU HaBUUYKaMH, CIIPUsIOUM (POPMYBAHHIO iHTEpecy /10 MpeaMeTa, pO3BUTKY iXHbOTO
JIOT1YHOTO MHCJIEHHS, Ta TBOPUOro MiAXOMy A0 BHUpIIIEHHS 3a1ad. [Ipu npoekTyBaHHI KPUIITOTr-
padiuHuX 33124 HEOOXITHO BPaXOBYBAaTH BIKOBI OCOOJIMBOCTI Y4HIB Ta iXHIW piBEeHb 3HaHb. J{iIs
y4HIB 5—6 KJIaciB JAOIIBHO BUKOPUCTOBYBATH 3aBIAHHS 3 YITKOK CTPYKTYPOIO Ta MOKPOKOBHMU
IHCTPYKUISMH. YYHSIM LIOTO BIKY JOCTYIIHI:

- YHuCHOBI mUQpU, OO 3aTy4aroTh A0 POOOTH 3 apuMETHYHHMH OMEpaIlisiMH Yd

Ta0UIsIMA (HAPUKIIAI, TAOIUIICI0 MHOKEHHS );

- Kpunrapudmu, siKi BAMararoTb CKJIalaHHs PIBHSAHb JUIS 3HAXOPKEHHS pO3TaiKH;

- mpocTi mudpu 3aminy, Mo GOpMYIOTh YABIEHHS MPO OCHOBU AITOPUTMIB (HANPUKIIA,

mmdp 3 GiKCOBaHUM 3MIIIEHHSM JITED).

OpHUM 13 TPUKIIAAIB HABYAIBHOI 3a7adi Moxke OyTH po3mmQpyBaHHS MOBIIOMIICHHS,
3aKOJIOBAHOIO 3a JOMOMOTOI0 TaOJHIIl BIAMOBIIHOCTI OYKB 1 uncen. Y4HI MOBUHHI BUKOHATH
3aaHi apudMeTuyHi il (HanpukiIam, ToAaTH ado BiIHSATH IIEBHE YHUCIIO JUIsl KOKHOTO €JIEMEHTa
TOIIO), 00 BIJHOBUTH OpUTiHAIBHE CJIOBO. Taki BIPaBH JAIOTh 3MOTY OJHOYACHO TIOBTOPHUTH
OCHOBH apH(PMETUKH (10JaBaHHs UM BITHIMAHHA) Ta 3aKpiNUTU 3HAHHA andasity.

MoxHa MpONOHYBaTH HACTYIIHI 3aBJJaHHS.

1. Yncaosi mudpu

3anaua 1.1. Posumdpyiite kom: 18-12-15-1-5, sxmio siTepu KomyBanuch sk (HoMep OyKBU —
HOPSAKOBHIA HOMEP Y CJIOBI).

3anaua 1.2. 3akoayiite cioBo “MATEMATUKA”, 3aMiHUBIIN KOXKHY JIiTEpY ii HOMEpOM
y 3BopoTHOMY andagiti (=1, I0=2, ..., A=33).

3agauya 1.3. Ciaoso “KPUIITOI'PA®IA” 3akonoBaHO 3a MpaBWIIOM: 10 HOMEpaA JIiTEpU
JI0JJAI0Th KUTBKICTh TOJIOCHUX Yy €JI0B1. Po3mmdpyiite npasuio.

2. Kpunrapupmu

3agauya 2.1. V piBHocti «APK + APK = KO/I» xoxxna OykBa BifgnoBinae ofHiil uudpi.
BusHaure 3HaueHHS KOKHOI OYKBH, SIKIIO YKOJIHA LU (pa HE TOBTOPIOETHCHL.

3agaua 2.2. V cnosi “IIN®P” 3amiHITh KOXKHY OYKBY Ha YMCJIO 3a MPABUIOM: “‘HOMEp
OykBH B angasiti X 2”. 3HANAITE CyMy OTPUMaHUX YHCEI.

3agauya 2.3. YV cnosi “I'PA” koxna mitepa no3Hadae uudpy. Cyma BCiX Tphox LU}
nopiBHtoe 15. CkinbKu BapiaHTiB?

3agaua 2.4. «<A + b = B» Sxmo A, b 1 B — Tpusnauni uucna, ne KoxxHa mudpa — jitepa,
CKJIaJIITh MPHUKIA] KpUnTapudma.

BaxiMBUM TIPUHIIMTIOM € TIOCTYIIOBE YCKJIaJHEHHS 3aB/iaHb. CIOUaTKy y4HSIM HPOIOHYIOTh
3a/1a4i, A€ MUQp po3mmM(POBYETHCS 32 OJHUM IPOCTHM TPABHIOM. 3TOJIOM IPaBUIIA MOXYTh
KOMOIHYBAaTHCS, @ B YMOBY 3 SIBIISIFOTHCSI JJOAATKOBI 0OMekeHHs. Takuil moetanmHuii mifaxiza 103BoJIsie
aanTyBaTH Marepiajl A0 pi3HUX PIBHIB FOTOBHOCTI KJacy: CHJIBHIII y4HI OTPUMYIOTH CKJIAIHIII
BUKJIMKH, TOJI1 SIK Y4H1 3 TOYaTKOBUM PiBHEM 3aCBOIOIOTH 0230B1 MPUHIUITY HA HAOUHHX MPUKIIAIAX.
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Takox MOpeyHO MPaKTHKyBaTH IHTEPAKTHBHI METOJIM HaBYAHHS: KBECTH, 3ajadi-TIHQpPH,
ITPOB1 TEXHOJIOTTi.

[HTEepaKTHBHI METOAM HABYAHHS — CYYaCHUI IMiIX1] 10 OpraHi3allii OCBITHBOTO MTPOLIECY, IO
nependavae aKTHBHY y4YacTh YYHIB y HABYAIBHIA MJisSUTBHOCTI. BHpoOBa/KeHHS €IIEMEHTIB
Kkpunrorpadii uepes KBecTH, 3aaa4i-MMpu Ta irpoBi TEXHOJIOTIT CTBOPIOE YMOBH ISl TIUOLIOTO
3aHYpEHHS YUHIB y MaTepiaji i CTUMYJIIOE iXHIO Mi3HABAJIbLHY aKTHBHICTb.

KBectu € ogHuM 13 HalleheKTUBHIIINX CIOCO0IB BUKOPUCTAHHS KpUNTOrpadiqHuX 3aBaaHb y
HaB4yaHHI. Hanpuknan, Uit 3aKpirieHHs 3HaHb 3 TEOMETpil MOYKHA 3aIPONIOHYBATH YYHSIM 3HAWTH
«cKkap0», BUKOHYIOUH TOCIIIIOBHICTh 3aB/IaHb, KOXKHE 3 SKUX 3aKOJJOBaHE 3a J0MOMOroro mmdpy. B
X071l TAKOTO KBECTY JITH PO3raayloTh MM(pPOBaHi MiKa3KH, 3aCTOCOBYIOUM MAaTeMaTH4HI 3HAHHS —
HaNpUKIIaJl, OOYMCIIOITh TWIomll (Giryp abo po3B’s3YyIOTh PIBHSHHA, 100 OTpUMATH HACTYITHY
nigkasky. JlomarkoBo Mo)kHa BHKOpUCTOBYBaTHM QR-KomM: yuHI CKaHYIOTh KOJ, OTPUMYIOTh
3amM@poBane 3aBJaHHs. Po3mmdpyBaBiy Horo MoXyTh pyXaTHCs J1aJli 110 CFOKETY KBECTY.

3anaui-mmpu — pi3HOBHJ 3aBlaHb, Y SKUX HaBYAIBHUN MaTepian I0JaHO y (popMi
3aK0JJ0BaHOL 1H(1)0pMau11 Hanpmcﬂaz[, MOYKHA JTaTH Y4HSM (HOpMYJIH, B SIKUX 3MiHHI 3aMiHEH] Ha
mmdpu, 1 18 po3B’s3aHHS 3a1adi criepury Tpeba nemmdpysatu Bupas. IlomiOni 3aBmanHs
JIONIOMAraroTh Kpalle 3pO3yMITH 3B’S30K MDK aOCTpakTHMMH MaTEeMAaTUYHUMHU HOHATTSMM Ta
iXHIM IpPaKTUYHUM 3acTOCyBaHHSAM. [ y4HIB 5-0 KiaciB AOUIIBHO MPOIMOHYBAaTH 3ajadi Ha
ocHOBI npoctux mmpiB (Hanpukiag, mudp Llesaps), Toxai sk Ay yUHIB CTAPIIOrO BiKy MOXKHA
BUKOPHCTOBYBATH CKJIAHIIII alropuTMiuHI mudpu (Hanpukiaaa, mudp Bixxenepa).

IrpoBi TexHOJOTiT BHOCATH €JNEMEHT 3MaraHHs B HaBYaHHS. Hampukiaa, Kiac Mo)KHa
NOJMITUTH HA KOMAaHIW, fKI 3MaralTbcsd Yy MIBUAKOCTI po3raayBaHHs mudpiB Ta/abo
PO3B’s3yBaHHs MaTeMaTMYHMX 3ajjay 13 KpunrorpagiuHuMu enemMeHtamu. /g npuxiiany, y4Hi
OTPUMYIOTh Ha0lp MaTEeMaTUYHHUX 3a/la4, PO3B’SA3KH SKHX € KJI0YeM 0 WH}py, M0 BiAKPUBAE
«CEKpeTHy KIMHaTy» B Kjaci. Taka IisUIbHICTH PO3BMBAE KOMYHIKATHBHI HABUYKH, YMiHHS
IPaIIOBaTH B KOMaH/Ii i CTUMYJIIOE IHTEPEC JI0 MPEIMETa.

[HTepakTUBHI METOAM TAKOXK JIO3BOJISIOTH 3a0e3nmeunTH iHmuBimyanpHud miaxin. [lim dac
BUKOHAHHS 3aB/IaHb YUUTEJb MOXE CIIOCTEPIraTH, SIK KOXKEH Y4eHb BUPIIIYe TPoOiIeMy, 1 BIAOBITHO
KOPUTYBAaTH pPIBEHb CKJIAJHOCTI HACTYMHHUX 33/7a4 3aJeKHO Biag morped nutunu. Lle poOuth
IHTEPaKTHUBHI TEXHOJIOTI] BaYKIIMBUM KOMITIOHEHTOM CYYaCHOTO HABUYAJIBHOTO IPOLECY, aIKe BOHU
JIAl0Th 3MOT'Y OJTHOYACHO 3AITyYHTH BECh KJIAC 1 IPUALUIATH yBary IPOrpecy KOXKHOTO YIHSI.

OxpiM ayauTOopHOi poOOTH /7Sl TOTJIMOJIEHOTO BUBYEHHSI €JIEMEHTIB KpunTorpadii yuHsMu
MOYKHa BUKOPUCTOBYBATH M103aKJIACHY POOOTY, 30KpemMa, 'ypTKOBY poOOTY.

['ypTkoBa poboTa Hajlae 4yA0BY MOXIIUBICTH SIKI CTUMYJIOIOThH IiJIBUIIEHUI 1HTEpec 10
MaTeMaTtuku Ta iHmux STEM-aucturmiiz. Y no3akiacHiil isiIbHOCTI MOKHA 3HAYHO PO3IIUPUTH
CHEKTp 3aBAaHb 1 MIIXOMIB, 1[0 BUXOAATH 3a MEXI MIKUIbHOI IPOrpaMu, Ta 3a0€3MeYuTH OUIbII
JeTaIbHE 3aHYPEHHS B MaTepial.

OcHoBHa IepeBara rypTka IoJisirae B TOMY, IO BiH JI03BOJISIE OPraHi3yBaTH HABYaHHS Y MEHIII
(opMaTbHOMY CEpEAOBHUIIIL. Y UHI MOXKYTh IPALFOBATH HaJl TBOPYUMH MPOEKTAMHU, SIK1 IepedadaroTh
pO3poOKy BIacHUX IMQpPiB a00 HABITh CTBOPEHHS HACTUIBHUX IrOp 13 KpUNTOrpadiyHUMHU eleMeH-
tamu. Hanpukiiaz, rypTKiBII MOXYTh CIUJIBHO CTBOPUTH I'PY, 3aCHOBAHY Ha IIN(pPyBaHHI, 1€ y4aCHU-
KU pO3rajlyloTh KIIIOYl 1 OTPUMYIOTh OadM 3a MIBHJKICTH Ta TOYHICTh. Taki 3aHATTS pO3BUBAIOThH
KPEaTHBHICTb, aHAIITUYHE MUCIICHHS Ta BMIHHS IIPE3EHTYBATH CBOI 171€1.

OnHuM 13 eeKTUBHUX HAINpsMiB I'YpPTKOBOI pOOOTH € OpraHizallis MiHi-IOCIiKEHb, Y paMKax
SKUX Y4YHI aHalI3ylOTh peajibHI ICTOPUYHI MPHUKIAJN BUKOPHCTaHHS KpHUITOrpagii — Harpukiajg
umdp Llesaps, mmdp Bixenepa un pobory mammuu «Enirmax». Lle no3Bossie He nMine Kparie
3pO3YMITH MPUHIMIH Jii K(PiB, a i popMye ysIBIIEHHS PO ICTOPUYHUN KOHTEKCT iX 3aCTOCYBAHHSI.

Jlo mpuKITamy HaCTYIIHI 3aBJaHHS.

3agaua 3.1. Posmudpyiite Texct «KJIKOU»”, BukopucroByroun mmdp Llezaps 31 3cyBom
Ha 3 mpaBopyy.

3apaua 3.2. 3akoayiire ¢pasy «TEXHOJIOI'IA», BukopucroByroun mugpp Bixenepa 3
K1r0490BUM cinoBoM “KOJI”.

3anaua 3.3. Koxna 6ykBa « TACMHUILIA» 3amineHa Ha iHITY 3T11HO TaOIUIll (HaBEICHO:
T—-II, A—b, €-X, M—JI, H-3, U—I], U1, A—-10). 3amudpyiire.
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3anaua 3.4. 3akonyiite cioBo «KPUIITOAHAJII3» 3 BukopuctanasaMm kiroya « I IAPOJIby
(mmdp Bixenepa).

['ypTOK TakoX CTBOPIOE YMOBH JJIs IPOBE/ICHHS 3MaraHb — 30KpeMa, TYPHIpIB i3 po3ragyBaHHs
nmdpiB a00 TeMaTHYHUX MATEMAaTHUYHUX OJIMIIaf, IO BKIOYAIOTh KpunTorpadiuni 3agayi. Taki
3aX0JI CTUMYJIIOIOTh YYHIB JI0 CAMOCTIHHOI pOOOTH, pO3BUBAIOTH HABUUKM KOMAH/IHOI CIIBIpAIli Ta
HOITMOJIOIOTE PO3YMIHHS MaTeMAaTHYHUX KoHIenmiid. Hanpukian, y 3MaraHHsax MOXKyTb IIPOIIOHY-
BaTHCS 3aBJIaHHs, B SKUX MOTPIOHO 3HAWTH KIIOY MUGPY 3a JOMOMOTrO apu(METHYHUX i,
TeOMETPUYHUX TOOYI0B UM HAaBITH OCHOB TEOPIi YHMCEIL.

[To3akiacHa [iSUTBHICTE € YYyJOBHM CEpEIOBHIIEM 1 Ui 3aJydeHHS Y4HIB [0
nporpamyBaHHs. Ha TypTKOBHX 3aHATTSX AITH MOXYTh NMPOOYBAaTH CTBOPIOBATH HAWIPOCTIIIi
nporpaMu Ais WU@pyBaHHA Ta JAen(pyBaHHS TEKCTY Ha OCHOBI BMBUEHHUX alropurtmis. lle
noriomarae (hopMyBaTH IPAKTHYHI HABUYKH, sIKI OyIyTh IIIHHAUMH Yy MTOJNbBIIIH OCBITI Ta Kap’epi
(HampuKJIaa, HaBUYKM POOOTH 3 MOBAMU IPOTpaMyBaHHs, JIOTIYHOIO CTPYKTYpYBAaHHS KOAY
TOIIO). 3aranom, 'ypTKoBa poboTa 3 eneMeHTaMu Kpunrorpadii cnpuse GopMyBaHHIO B YUHIB He
aume rMOMmUX MaTeMAaTUYHUX 3HAaHb, a4 W KIIOYOBMX KOMIIETEHTHOCTEH — aHAJIITHYHOTO
MUCIICHHSI, KPEaTUBHOCTI, YMIHHS IMpPALIOBaTH B KOMAaHJI Ta NMPE3CHTYBaTH Pe3yJbTaTH CBOET
pobotu. OKpiM 3a3HAYEHOTO BHILE BUKOPHUCTAHHS €JIEMEHTIB Kpumnrtorpadii y HaBYaIbHOMY
npoleci MOXKe CIyryBaTH €(eKTUBHUM 1HCTPYMEHTOM AJs (DOPMYBAHHS MMOYATKOBMX HAaBUYOK
nporpaMyBaHHS B YYHIB OCHOBHOI INKONH. 3aBASKH CBOIM MPAKTUYHIA CIPSIMOBAHOCTI
KpunrorpadiuHi 3aBIaHHs PO3BUBAIOTH AJITOPUTMIUHE MUCIICHHS, 3HAHOMIIATH YUHIB 13 0a30BUMH
KOHIICTIIISIMHU TTPOTPpaMyBaHHs Ta MiABHUINYIOTh IXHIN iHTEpec 10 iHpOopMamiiHUX TEXHOIOTIH.

BHCHOBKM Ta epcreKTHBH MOAAJIbIINX HAYKOBHX PO3Bi10K. BripoBaykeHHs eJIeMEeHTIB
Kpunrorpadii y HaBuaHHs MaTeMaTHKU 5-6 KiaciB Ma€ MEpPCHEKTHBHM MOJANBIIMX HAYKOBUX
pPO3BIIOK A yuHiBcTBa. OJIHIEI0 3 OCHOBHUX IEPCHEKTUB € IHTErpallis KpunrorpadpidyHux
QITOPUTMIB y HABYAIIbHE MPOTPaMyBaHHS MOBaMH, JTOCTYITHUMHU JUTSl yYHIB, — Hanpukiaa, Python
abo Scratch. Ha 06a3oBoMy piBHI IIKOJApPI MOXYTh CTBOPIOBATH TPOCTI HPOTpaMH ISt
mmdpyBanHs Ta nemmdpyBanHs Tekcry. Hanpukman, nmporpama ans peanizaunii mmdpy Lezaps
MICTUTUME pOOOTY 3 LUKJIAMU, YMOBHUMH OIlepaTopaMy Ta QyHKLIAMH, 10 GOpPMYE YSIBIECHHS
PO CTPYKTYPY KOy Ta OCHOBHI IPUHLIMIIN HOTO poOOTH.

Kpim Toro, y4Hi MOXKYTh CTBOPIOBATH Bizyaui3arlil MpoueciB mudpyBaHHs 32 JOMOMOTOIO iHTe-
PaKTHBHHX CEpeOBHII ITporpaMyBanHs. Lle no3Bossie Kpale 3po3yMiTH MPUHIMINA POOOTH aJITOPUT-
MiB. 30Kkpema, y Scratch yuHi MOXyTb 3aniporpaMmyBaTi OKPOKOBY 3MiHY CUMBOJIIB y TEKCT1 ab0 3po-
OuTH Ipy, J1e [T NIepexo/ly Ha HOBUI piBeHb OTPiOHO po3raiaty mudp. [1oaioH1 3aBaHHs CIPHUSIOTH
PO3BUTKY He JIMIIE HABUYOK MPOrpaMyBaHHs, a i TBOPUOT'o MiIXOAY /10 PO3B’I3aHHS MPOOIIEM.

butemr mpocyHytuil HampsM — O3HAaHOMJIGHHS YYHIB 13 CKJIQAHIIIUMH aIrOpUTMaMH
nmdpyBaHHs, TakuMH sIK dp Bixkenepa a0o 0CHOBM acUMETPUUYHOI KpunTorpadii. Yusi crapimx
KJIaclB MOXKYTh JI3HATHUCS MPO MPUHIMIK POOOTH 3 KIIOYaMU Ta TellyBaHHS, CIPOOYBaBIIU
3amporpaMmyBatH ixHi 6a3oBi Bepcii. Hanpukiiaa, BuBueHHs anroputMy RSA moxHa opraHizyBatu
Yyepe3 HalWCaHHS MpOrpaMu, L0 T'eHepye MPOCTI Yuciaa 1 OOYMCIIOE MOIYNb Ta KoYl s
nmdpysanHs. llle onHa mepcreKTHBHA MOMIIMBICTD — CTBOPEHHS IHTEPaKTUBHHUX HABUAIBHUX
wiaTGopM, siki 00’ €THYIOTh 3aBJIaHHA 3 Kpurtorpadii Ta nporpamyBanHs. Taki maarGopMu MOXKYTh
MICTUTH TIOCHIZOBHICTH BIpaB, J€ Y4HI KPOK 3a KPOKOM CTBOPIOIOTH (PYHKIIOHAJIBHUNA
KpUIITOrpa(iuHUii aIrOpuT™, IIOCTYIIOBO OAHOBYIOUYM HOBI KOHIIETILIIT TPOrpaMyBaHHSI.

Bukopucranns kpunrorpadii cnpusie TakoX MDKAMCHUIUTIHAPHOMY MiXOAy B HaBYaHHI.
3aBJaHHs, 1110 MOEAHYIOTh MaTEMATUKY, 1HPOPMATUKY Ta 1CTOPiO (HAPUKIIAMA, aHajli3 1cCTOpHUY-
HUX MHUQpPiB), GOPMYIOTh y YYHIB OLJbII LITICHE CBITOOAUYEHHS Ta PO3YMIHHS 3B’A3KIB MiX
pI3HMMHU HayKamMu. TakuM YMHOM, BIPOBAKEHHS €JIE€MEHTIB Kpunrtorpadii BiIKpUBa€E HIHMPOKI
MOYJIMBOCTI U1l (JOPMYBaHHS HABUYOK MPOTPAMyBAaHHS, PO3BUTKY KPUTUYHOTO MHUCIICHHS Ta
niBUIIeHHS 3anikaBieHocTi yuHiB y STEM-aucuummninax. Lle cTBoproe mepenymoBu ais ix
HiATOTOBKY 10 MallOYTHHOT MpodeciiiHol AisTbHOCTI B rany3i iHpopMaliiHUX TEXHOJOTIH.
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Yatsenko S., Serhiichuk A. Integration of cryptography elements into the teaching
process of mathematical disciplines for students in grades 5-6.

The article substantiates the feasibility of integrating cryptographic elements into the process of
teaching mathematics to students in grades 5-6 as an effective means of increasing students’ interest in
learning, promoting the development of logical and algorithmic thinking. The purpose of the study is to
theoretically substantiate and practically implement the methodology for using cryptographic tasks in
teaching mathematics to increase motivation to master mathematical concepts, form cognitive activity
and a sustainable interest in mathematics. Within the framework of the research, a methodology for
applying cryptographic elements when studying topics related to numbers, actions on them, sequences,
etc. has been developed. Educational and methodological materials have been proposed that involve
the encryption and decryption of educational mathematical problems and texts of various levels of
complexity. In the process of the research, a set of interrelated methods has been applied: theoretical
(analysis of psychological, pedagogical and methodological literature, generalization, systematization,
modeling of teaching methods) and empirical (observation of students’ educational and cognitive
activities, pedagogical experiment, analysis of learning results). It is shown that the introduction of
cryptography elements contributes to the development of students logical and algorithmic thinking
skills, the ability to analyze, encode and decode information, increases interest in solving non-standard
problems, stimulates’ creative activity and cognitive independence. The developed methodology can be
used by mathematics teachers to enrich the content of educational material with innovative components,
create integrated lessons in mathematics and computer science, as well as in the professional training
of future teachers for the implementation of interdisciplinary teaching technologies.

Key words: elements of cryptography; integration of cryptographic tasks, numerical ciphers,
cryptarithms, teaching mathematics, algorithmic thinking, interdisciplinary integration,
encryption and decryption, cognitive activity.
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PO3ALJI 2. CITPAMOBAHICTD HABYAHHS
JUCHUIVIIH IPUPOAHNUYO-MATEMATHYHOI'O UKJTY
HA PO3BUTOK IHTEJIEKTYAJIBHUX YMIHb TA TBOPUHUX 3JIBHOCTEN
YYHIB TA CTYJAEHTIB
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Yepkacbkuil HaIllOHATLHUMA
yHiBepcHuTeT iM. b. XMenpHHUIIBKOTO

PO3BUTOK KPUTHUYHOI'O MUCJIEHHA YUYHIB
HA YPOKAX AJITEBPU B 7 KITACAX

Y ecmammi 0ocniosceno meopemuuni ma memoouuni acnekmu QopmysaHHs KpUmMuyHo20
MUCTEHHs YUHIB 7-X KIACI8 ) npoyeci 6UBUeHHs Kypcy aneebpu. A6mopKow npoananizogano cmau
npobnemu y CYUAcHiU nedazoliuHiti meopii ma npakmuyi, 8U3HA4YEeHO K040l Oediyumu 6
PO3YMOGIll OIIbHOCMI CeMUKIACHUKIE npu nepexodi 6i0 apupmemuunozo 00 aneebpaiunozo
mamepiany. OOIPYHMOBAHO OOYINILHICIb 8NPOBAONCEHHS MEXHON02I] PO36UMKY KPUMUYHO20
MUCTEHHS AK THCMPYMEeHmy NOOO0JAHHA 3ACMapiloeo cmuiio HagyauHsa. Poskpumo cneyughiky
OCHOBHUX emanig YpPOoKy 6 KOHMEKCMI BUGUEHHs JNIHIUHUX DIGHAHb, CMENnenié ma MHO20UJIEeHIE.
Cmamms micmumbv npaKkmuyHi pekomeHoayii wjo0o 3acCmocy8anHs IHMepaKmusHUx Memoois, sKi
CHpUAIOMb PO3BUMKY AHATIMUYHUX 30I0HOCMEl WKOJIAPIS.

Knwuosi cnoea: Hosa ykpaincvka wikona, 6azoea cepeons oceima, HABUAHHA aneeOpu,
MamemMamuyHa KOMNEMEHMHICMb,  IHMENeKMYalbHUll  PO36UMOK, KpUMuyHe MUCIEHHS,
MexXHONI021i HA84UAHHA.

AkTyaiabHicTh TemMHM. CydacHuil eranm pedopMyBaHHS 3arajibHOi CEpeAHbOI OCBITH B
VkpaiHi, 10 peani3yeTbes yepe3 KoHuenuiro «HoBa ykpaiHCbKa I1IKOIa», BUCYBA€E MPUHLIUIIOBO
HOB1 BUMOTH JIO PE3Y/IbTaTiB HaBYaHHs. [IpiopuTeTOM cTae He MPOCTO HAKOMTUYEHHS HU3KH 3HAHb,
a (hopMyBaHHS KIIFOYOBHUX KOMIIETEHTHOCTEH, Cepe/l sIKUX MPOBIHE MiCIle MMOCIIa€ 3JaTHICTh 10
KPUTHYHOTO MHCJEHHS. Y CBITI, IepeHacu4eHOMYy 1H(GOpMaIll€l0, BUITYCKHUK IIKOJIU Mae
BOJIOJIITH IHCTPYMEHTaMM aHajli3y, OLIHKUA Ta CUHTE3y JAAaHUX, OyTH 3[JaTHUM PO3PI3HATU (PaKTH
Ta CY/PKEHHSI, BUSBIIATH JIOT1UHI TOMMJIKM Ta IpUHMaTH OOIPYHTOBaHI PillIEHHS.

MaremaTryHa OCBITa, 1 30KpeMa Kypc aiareOpy, Ma€e yHIKaIbHUNA MOTEHLIA JUI PO3BUTKY LIHUX
akocteil. Anredpa B 7 kiacl € (yHIaMEHTAIbHOIO IUCIUILTIHO, KA (DaKTUYHO 3aKiajiae 0a3y s
BCHOT'0 MOJAJIHIIION0 BUBUEHHS TOUHHUX HayK. CaMe Ha LIbOMY eTalli y4Hi BIIepIlle CTUKAIOTHCS 3 BUCO-
KUM piBHEM aOCTpakIlii: mepexij BiJi KOHKPETHUX YKcen A0 OYKBEHOI CUMBOJIIKH, BBE/ICHHS TIOHATTS
3MIHHO1, (DYHKIII, TOTOXHOTO IeperBopeHHs. Llell mepexiy 4acTo CyHpOBOUKYETbCS IHTENEK-
TYaJIbHOIO KPHU3010, OCKUTBKU 3BHYHI JITOPUTMH apu(METUKH NIEPECTAIOTH OyTH YHIBEPCATbHUMH.

P03BUTOK KpUTUYHOTO MUCIIEHHS B IIel IIEpioj1 € He MPOCTO OakaHUM, a HEOOXIHUM (paKTOpoM
YCIIITHOI a/ianTarlii y4Hs 0 HOBOTO IpenMeTa. Bin 1o3Bossie TpanchopMyBaT BUBUECHHS anreOpu 3
MEXaHIYHOro 3aram’siTOByBaHHs (opMyn (K-0T (HOpMyaH CKOPOYEHOrOo MHOXKEHHs abo TpaBuiIa
pOOOTH 31 CTENEHAMH) Y CBIIOMUI Mpo1ieC KOHCTPYIOBAaHHS MaTeMaTuYHUX MOJIETIeH.

AHaJni3 cta”ny npodJemMHu. AHaJi3 NPaKTUKHU BUKJIaJaHHS MaTEeMaTHKH [TOKa3ye, 110 3HaYHa
YacTUHA YYHIBCTBA 7-X KJIACIB JIEMOHCTPYE MEPEBAKHO PEIPOAYKTUBHUI piBeHb MUCIEHHS. Lle
BUSIBJSIETBCSL Yy CIpo0Oax po3B’s3yBaTH 3aBIaHHS BUKIIOYHO 3a IIAOJOHOM. SIK TUIBKM yMOBa
3aja4l 3a3HA€ HABITh HE3HAUYHUX CTPYKTYPHHMX 3MIH, YYHI 4acTO ONMUHSIOTHCA B Oe3mopasHiil
curyanii. MOHITOPHHIOBI JOCIIHKEHHS CB1I4aTh, [0 IPUYMHOI HU3bKOI YCHIIIHOCTI YacTO € He
BIJICYTHICTh 3HaHb 0a30BHUX O3HAYE€Hb, a HECIIPOMOXKHICTh MPOAHATI3ZYBAaTH YMOBY, BCTAaHOBUTHU
NPUYMHHOBO-HACIIAKOBI 3B 3KH Ta 3A1MCHUTH CaMOIIEPEBIPKY OTPUMAHOTO pE3yJIbTary.
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TpanuiiitHa MeToAMKa HAaBYaHHS alreOpH, OpiEHTOBAHA HA LTFOCTPATUBHO-TIOSICHIOBAIBHH I
METO/1, 4acTO 0OMEXY€E CaMOCTiiHICTh yuHs [9]. BunTenb nojae roToBHii aropuTMm, a y4eHb Horo
ny0ittoe. Y TakMX yMOBaX KpUTHUHE MUCIICHHS 3aJIUIIAEThCs He3aJiTHUM. BogHOUac BuMoru uacy
Ta HOBI OCBITHI CTaHIApTH BUMAararoTh BiJ BUMTENS MATEMaTHKU MEPErisiAy METOAMYHOTO
IHCTPYMEHTApIIO Ta MOIITYKY MIJISAX1B aKTUBI3aIlil M3HABAIBHOI TISUIBHOCTI IITKOJISIPIB.

Kputrnune MuciieHHs y KOHTEKCTI MAaTEeMaTHKH — 1€ 31aTHICTh PO3TIIIAaTH 00’ €KT 3 Pi3HUX
TOYOK 30py, OAuWTH aJbTEpHATUBHI LUIAXU PO3B’S3yBaHHS, OLIHIOBATH X paIliOHANbHICTh Ta
KOpeKTHICTH [8]. s 7-r0 Kitacy 11e 0COOIMBO aKTyaJbHO MPU BUBUEHHI TAKUX CKIIAJHUX TEM, SIK
«JIiHiitH1 pIBHSHHSA 3 OJHIEID 3MIHHOIOY», «BiacTuBOCTI cTemneHiB» Ta «MHOTOWICHH.
BripoBapkeHHST TEXHOJOTI] PO3BUTKY KPUTHYHOTO MUCIEHHS IO3BOJIIE 3MICTUTH AaKIEHT i3
pe3ynbTaTy (OTpUMAaHHS BIAIOBII) Ha MpoIec (aHaJi3 IUIAXY 0 i€l BIMOBII).

IMoctanoBka mnpodaemu. [IpoGiema hopMyBaHHS KPUTHYHOTO MHCICHHS B Y4YHIB 7-X
KJIaciB IIPHY BUBUCHHI aJIireOpu moTpedye 0coOIUBOI yBaru yepe3 MCUXoI0ri9H1 0COOIMBOCTI IOTO
BIKOBOT'O Tepiony Ta crenudiky HaB4anbHOTO Matepiany. Y 12—13 pokiB HiAIITKH MEPEeXOIsTh
o cTtafii GopMaabHUX oOmeparliii, Mo XapaKTepHU3ye€TbCs 3JaTHICTIO OyayBaTH TiMOTE3W Ta
3MIHCHIOBATH JEAYKTUBHI MipkyBaHHs. OpHaK, fK IOKa3ye IMpakTHKa, Led mepexig He
BiZIOyBa€ThCS aBTOMATHYHO. be3 wLijecrpsiMOBaHOIO MEJaroriyHoro BIUIMBY MUCIIEHHs Y4HIB
3aJIMIIAETHCS Ha PIBHI «MEXaHIYHOTO KOMIIOBaHH 3pa3KiB, HAJAaHUX y4uuTeneM [2; 5].

OcHOBHa CyIEpeyHICTh MOJIArae B TOMY, L0 Mporpama 3 anredpu ais 7 Kiacy BUMarae
BUCOKOI Mipu aOcTparyBaHHs (OHepyBaHHS 3MiHHHUMH, ITEPETBOPEHHS BUPAa3iB, pPO3yMiHHS
(GyHKIIIOHATBPHUX 3AJI€KHOCTEN), TO1 K OUIBIIICTh YYHIB HAMAraeThCs 3aCTOCYBATH JI0 I[LOTO
MaTepiany KOHKPETHO-OO4YMCIIIOBaIbHI HaBUYKU [3]. Xoda 0a30Bi anroputMu MHUCICHHS (op-
MYIOTBCS I1I€ B TOYATKOBIN JIAHI[I OCBITH Ta PO3BHBAIOTHCS B ajanTaliiiHoMy Ukl (5-6 kiacu),
[P MIEPEXO/Ii 0 BUBYCHHS alTreOpy MepeBaxxae penpoyKTUBHUAN ITiXi/] 0 3aCBOEHHS 3HAHb, [0
HPU3BOJUTS JI0 MOSIBU CTINKUX IOMUJIOK, HAIIPUKIIAJ, IPU PO3KPHUTTI TykKOK, poOOTI 3 BiJ]’€eMHUMHU
gricaamMu abo IMiTHECeHHI 10 CTENEeHs BiJl’EMHUX 3HAYCHb.

Kputuune MucneHHs: B JaHOMY KOHTEKCTI BUCTYIIA€ K 3alI001KHUIM MeXaHi3M, 110 J03BOJIsIE
YUYHEBI 3yMUHUTHUCA, IPOAHANI3YBATH BIACHY JIOTIKY, HOPIBHATH 11 3 MPAaBUIJIOM 1 CAMOCTIIHO BUSI-
BUTH HEBIAMOBIAHICTE. [Ipobnema nossirae B TOMy, 1110 B TPAAULIIAHIN METOUIII HABUYAHHS MaTe-
MAaTHUKH 9acTO OpaKye 4acy Ha TaKy «IHTEJEKTyalbHY Hay3y». Y POK MEpEeTBOPIOETHCS HAa TOHUTBY
3a KUIBKICTIO PO3B’sI3aHUX MPUKIIAJIB, JIe SKICTh PO3YMOBOIO MPOLECY 3aMIHIOETbCS MIBUIKICTIO
MaHimysuii 3 nngpamu. TakuM YMHOM, [TOCTAE HaraibHa NOTpeda y BIPOBAIKEHHI METO/IB, SIK1 O
CTUMYJIIOBAJIM Y4YHs /IO CYMHIBY, IEpEBIPKU Ta apryMEHTaLlii KOXKHOTO KPOKY PO3B’sI3aHHS.

AHaJIi3 aKTyaJlbHUX A0CIiIKeHb. [IUTaHHS PO3BUTKY KPUTUYHOTO MUCIIEHHS € 00’ €KTOM
IPUCKIMIMBOI yBaru BITYM3HIHUX HAyKOBILIIB, KOJKEH 3 SIKUX aKIEHTY€E yBary Ha pi3HHUX acHeKTax
1i€i 6araTorpaHHoi MpoodIeMu.

H. A. TapaceHnkoBa, po3po0JIsitoun 3acaid KOMIIETEHTHICHOTO MiJX0/ly B HaBYaHHI MaTeMa-
THKH, HArOJIOIIYE, 0 KPUTHYHICTH MUCIICHHSI € HEBIJ] €MHOIO YaCTUHOIO MAaTEeMaTHYHOI TPaMoT-
HocTi [7]. Y cBOiX mparsx AOCTIAHUI MIJKPECIIIOE, IO MaTeMaTHKa Ma€ YHIKaJbHY MOBY, sKa
BUMarae BiJl y4Hsl TpaHM4YHOi TouHOCTI. 3a TapaceHkoBolo, Iporiec HaBYaHHS Mae OyTu noOyaoBa-
HUH Tak, 1100 y4eHb MOCTIHHO nepedyBaB y cUTYallii BUOOPY METOY PO3B’sI3yBaHHsI, OLIHKH HOTO
palioHAJILHOCTI Ta MEePEBIPKU Ha JOCTOBIPHICTH. BoHa 3a3Hauae, 110 PO3BUTOK KPUTUYHOTO MKC-
JIEHHS MOXKJIMBHH JIMIIIE 32 YMOBH 3MIIIEHHSI aKLIEHTY 3 «pe3yJIbTaTy» Ha «CIociO J1ii», 1110 J03BOJISIE
(dbopMyBaTH Y CEMUKIIACHUKIB YCBIIOMJIEHUH MiJX1/] 10 BUBUEHHSI alredpaiuHuX CTPYKTYP.

B. I. KoBanpuyk ¢okycye yBary Ha IHHOBAIHHIM CKJIaJ0Bili OCBITHBOTO mporecy. BiH
CTBEPIDKYE, IO PO3BUTOK KPUTHIHOTO MHUCICHHS HEMOXKIUBUI Yy MEKaX aBTOPUTAPHOI MEaroriKu
[4]. JlocmigHUK TPOMOHYE PO3MNIAAATH YPOK MAaTeMaTUKH SK HPOCTIp Ul IHTENEKTYalbHOIO
napTHepcTBa. Y cBoix mpansgx KoBanbuyk oOIpyHTOBYE, III0 BUKOPHCTaHHS MPOOJIEMHUX METO/IIB
HABYAaHHS Ta 1HTEPAKTUBHUX TEXHOJIOTIH CTBOPIOE «CHUTYAIIO YCHIXy» I Y4Hs, JIe HOoro BiacHa
JTyMKa, HaBITh SIKIIIO BOHA MICTUTh TIOMUJIKY, CTa€ IIIHHUM MatepiajioM it aHami3y. Lle momomarae
HOZIOJNIAaTH CTpax Iepes] CKIaAHUMU TeMaMH aJreOpH, TAKUMU SIK CUCTEMH PIBHSIHb UM (DYHKIIII.

B. M. Makapenko ta O. O. Tyman1ioBa 3po0uIN 3HAYHUI BHECOK Yy TEXHOJIOT13allil0 MPO-
necy GopMyBaHHS KPUTHYHOTO MHUCIIEHHS. BOHUM pO3TIIsinaloTh el TN MHUCICHHS SIK CHCTEMY
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CTparTerii, skl MOXKHa 1 Tpeba TpeHyBaTu. HaykoBIll TpOMOHYIOTh KOHKPETHI aJTOPUTMHU (METOIU
«Kmacrep», «Cenkan», «lIpec»), amanToBaHi AJid MIKUIBHOT TPAaKTUKU [5]. Ixas mosmiis
0a3yeTbCs Ha TOMY, 110 KPUTHYHE MHUCIIEHHS — II€ MHUCIEHHS caMocCTiiiHe, 1H(QopMaTUBHE Ta
comianbHe. TOOTO y4eHb Ma€ HABYUTHCS MPAILIOBATH 3 iHQOpMAIII€0 HE BIACTOPOHEHO, a Yepes
MIPU3MY BJIIACHOT'O JIOCBiAY, OOMIHIOIOUUCH TyMKaMHU 3 IHIIUMH YYaCHUKAMU OCBITHHOT'O MPOIIECY.

C. O. TepHO MOCTIHKYE PO3BUTOK KPUTHUHOTO MUCIICHHS 3 MTO3UIIii KOTHITUBHOT ICUXOJIOT11
Ta meaaroriki. BiH Bu3Hauae MOTro SK 3/aTHICTh JIFOJUHU YCBIJIOMJIIOBATH BJIACHI MHUCJICHHEBI
omepariii Ta kepyBatu HuMH [8]. Ha gymMKy BU€HOT0, KpUTUYHE MUCIICHHS Ha yPOKaX MAaTEMATHKU
BUSIBJISIETBCSL Yepe3 BMIHHS 3JIIHCHIOBATH pediiekcito, OyayBaTh JIOTiYHI OOrpyHTYBaHHS Ta
CIPOCTOBYBAaTH XHMOHI TBEp/UKEHHS. TepHO aKIeHTye yBary Ha TOMY, IO BYHMTEIb NMOBHHEH
CTBOPIOBATH YMOBH [IJIi BUHUKHEHHS «KOTHITUBHOTO KOH(JIIKTY», KOJU CTapi CrocoOu il He
CHPaIbOBYIOTh Y HOBUX YMOBAX, 1110 CTUMYJIIOE€ aKTUBHY MUCIICHHEBY JiSUTbHICTD YUHS.

TakuM ynHOM, HE3BaXKalO4YM HAa 3HAYHY KIUJIbKICTh HANpAIlOBaHb, MUTAHHS METOAUYHOTO
HAIOBHEHHs YPOKiB aireOpu B 7 Kjaci KOHKPETHHMH BIIPaBaMU JUIsI PO3BUTKY KPHUTUYHOTO
MUCJIEHHS TOTPeOYye MOoJaIbIIOl JeTai3allii, o 1 3yMOBHIJIO BUOIP TEMHU HAIIOTO JTOCIIIIPKEHHS.

MeTto10 cTaTTi € TeopeTuyHe OOTPYHTYBAHHS T4 METOJUYHE MTPOEKTYBAHHS 3aCTOCYBAHHS
TeXHOoJoril po3BUTKY kputuyHoro mucienas (TPKM) nHa ypokax anreOpu B 7 kmaci. Y po0OoTi
CTaBHUTHCS 3aBIAHHS POJIEMOHCTPYBATH, sK cienudivni inctpyment TPKM (Taki sik kimacrepw,
«pimboyn», niarpamu Benna, npuiiom «3Hato — Xouy ai3Hatucs — [li3HaBCsS») MOXYTh OyTu
iHTerpoBaHi B mpouec BUBYeHHA TeM «JliHilHI piBHSHH», «CremiHp», «MHOTOWICHH» Ta
«DyHKIID» I8 MABUILEHHS pPIBHSA OCBITHIX JIOCSATHEHb Y4HIB Ta (OpMyBaHHS IXHBOT
IHTENEKTyaIbHOT CaMOCTIHHOCTI.

Bukiiaa ocHoBHOro marepiany. Kputnyne MuciieHHs B KOHTEKCTI HaBYaHHS anredpu Mu
PO3TISIIAEMO SIK CKIIAJHUHN IHTENEKTyalbHHH TpOILEC, MO 0a3yeThCsl HAa TPUKOMITOHEHTHIH
CTpYKTYpi ypoky. KoxHa ¢a3a ypoky Mae cBOi METOAWYHI I1JIi Ta BIAMOBIIHUHN IHCTPyMEHTapiil.

1. Akryaini3amis 3HaHb.

MeTta 1poro eramy — HE MHPOCTO MOBTOPUTH MPOWMJIEHUIN MaTepial, a 3MYCUTH YYHS
YCBIJIOMHUTH BJIACHI MPOTATMHY B 3HAHHSX Ta 3alliKaBUTH HOBOIO TEMOIO.

- Ilpuitom «AcomiatuBauit Kymy» (Tema: «DyHKITIN»).

Buutens nmponoHye y4HsSM Ha3BaTH BCi MOHSTTS, SIKi aCOLIIOIOTHCSA 31 CIOBOM «DYyHKIIisI».
Ha nomi 3’IBIsIOTECS 3anKCH: «Tpadik», «3aNEKHICTb», «KOOPAUHATHY, «3MIHHAY, «IIPSIMay.

Kputnunnii aciext. [licas cTBOpeHHs Kyllla BUATEIb CTAaBUTh 3aluTaHHSA: «Yu € QpyHKIIi€r0
3B’A30K MK TEMIIEpaTyporo MOBITps Ta yacoM 1o6u? Yomy?». Lle 3Mmyirye yuHiB nepedTH Bif
TEPMIHOJIOT11 10 aHaJli3y peaJbHUX Mpouecis [2,5].

- Ilpuitom «3Hato — Xouy aizHatucs — MizHaBcs» (Tema: «CremiHb 3 HaTypajlbHUM

MTOKa3HUKOM)).

VY4HI KpecnATh TaOIUII0. Y KOJIOHKY «3HAar0» 3aUCYIOTh 3HAHHS PO MHOXKEHHS dncel. Y
KOJIOHKY «XO0dy Hi3HAaTUCS» (OPMYIIOIOTh 3amUTaHHSA: «YM MOXHA MiTHOCHUTH IO CTETEHS
Bix eMHi uncna?y, «SIx meuako nepemuoxutn 2° Ha 210 ». e cTBOprOE BHYTPINIHIO MOTHBAIIIIO
JI0 TIOLTYKY BIAMOBiEH Y HIAPYUHHUKY.

2. ®opMyBaHHS HOBHX 3HaHb, HABHYOK 1 BMiHb.

Ile ocHoBHHUIA eTam, Jie BiOyBaeThcsi poOOTa 3 HOBUMH alnreOpaidHUMU MOHATTAMHU. Tyt
BaXUJIMBO BIJINTH BiJ JIEKUIHHOT (POPMU Ha KOPUCTh aKTUBHOI POOOTH yUHIB.

- Merton «Knactep» (Tema: «MHOTOUIIEHNY).

[Ipu BUBUYEHHI [1{ 3 MHOTOYJIEHAMH y4YHI CTBOPIOIOTH TpadiduHy cXeMmy.

Cuenapiit: Y nenrpi — «Onepartii Hag MHOrowieHaMm». ['inku: «JlonaBaHHs (aTOPUTM: PO3K-
PHUTTS TY>KOK + 3BEICHHS MOAIOHUX UieHiB), « MHOXeHHs» (PO3MOJiIbHA BIACTUBICTB), «Po3kia-
JTAaHHS Ha MHOYKHUKW» (BUHECeHHS 3a TyKku, DCM). KoxkHa riika CyrmpoBOIKYETHCS MTPUKIIATIOM-
mapkepoM. Kiactep tonomarae cucteMaTu3yBaTH BEJIMKHIA 00CAT TEOPETUYHOro MaTepiany [6].

- Tlpwuitom «ITomyk momuiaku» (Tema: «Dopmynau CKOPOUEHOTO MHOKEHHS ).

VY4YHAM OPONOHYETHCSA PO3B’A3aHNUHN MPUKIA] 13 TUTIOBUMH MOMUJIKAMU, HATIPUKIIA:

(x —3)2 = x2 — 9 a60o (2a + b)? = 4a® + b2.
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3aBgaHHsA: YUYeHb Ma€ HE MPOCTO 3HAWTHU TOMHJIKY, a BHCTYIIUTH B POJII €KCIepTa —
MOSCHUTH, YOMY 11 IOMUJIKA BUHUKJA (IrHOPYBaHHS MOABOEHOTO OOYTKY) Ta SK ii YHUKHYTH,
BUKOPHCTOBYIOUM T€OMETPUYHY 1HTEPIPETALliO IUIOMII KBaapara.

- Meron «®@imboyn» (Ckener pudu) (Tema: «JliHiiHI pIBHSIHHS 3 OJTHIEI0 3MIHHOIOY).

[Tpob6nema (rosoBa prdn): «Homy piBHSIHHS MOXKE HE MaTH KOPEHIB 200 MaTH O€3I114 KOPEHIB?».

BepxHi kicTku (mpuuuHM): crienu¢idai 3Ha4eHHs KoeiieHTiB a Ta b y piBHSIHHI ax = b.

Hwoxni kictku (daktu/mpukiaan): 0x = 5 (cynepeunicts) Ta 0x = 0 (TOTOXHICTB).

BucHOBOK (XBICT): KUIBKICTh KOPEHIB 3aJICKHThH BiJl aHATI3y MapameTpiB IMepei MOYaTKOM
004HCIIEHb.

3. 3akpimieHHs] HOBUX 3HaHb, HABUYOK 1 BMiHb.

Merta — cucremaTu3yBaTH OTpPUMaHi 3HAHHS Ta 3a0€3MEUYUTH IXHIO IHTETPaLlil0 B CUCTEMY
NPaKTUYHUX YMiHb YUHiB.

[Tputiom «Jliarpama Berna» (Tema: «CriocoOu po3B’siI3yBaHHS CUCTEM JIIHIHHUX PIBHSIHBY).

VY4H1 MOPIBHIOIOTH METO/T ITiICTAHOBKH Ta METOJ J0JIaBaHHs. Y KOJaX 3alUCYIOTh YHIKaIbHI
KPOKH JUISI KOXKHOTO METOAY, a B 00JIACTI MEPETUHY — CIIIbHE (MeTa: 3HAXO/HKCHHS apy YHCell,
po6oTa 3 piIBHOCHIIBHUMHU MIEPETBOPEHHSIMH). Lle BUnTh yuHst 00upaTu HailpalioHaIbHIIINHA HIISX
y KOHKpEeTHIN cuTyarii [2].

- Ilpuiiom «IIpecy.

[Tpu migOUTTI MiACYMKIB Y4HI BiIOBIJAaIOTh HA 3alIUTaHHS 32 CXEMOIO:

1. «4I BBaxkaro, 1m10...» (TIO3UILiA).

2. «Tomy 110...» (0OIpYHTYBaHHS).

3. «Hampuknaz...» (puKIamn).

4. «Otxe...» (BUCHOBOK).

Hanpuknan: «f BBaaro, mo rpadiyHui MeTOJ pO3B’s3yBaHHS CHCTEM € HE 3aBXKIU
TOYHHUM, TOMY II0 KOOPAMHATH TOYKHU MEPETUHY MOXKYTh OyTH IPOOOBUMH YHCIIAMH, SIKI BOKKO
BU3HAYHUTH HA OKO...».

[Temgaroriuni ymoBu edpextuBHocTi TPKM Ha ypokax anreOpu.

AHaJti3 BIPOBAPKEHHS LIUX METO/IIB J103BOJISI€ BUILIMTHU KiJIbKa KIIFOYOBUX YMOB:

1. JianoriyHicTh: BUMTENh MAa€ CTHUMYJIOBATH AMCKYCil, CTABISAYM BiAKPUTI 3alIUTaHHS
(«SIx Bu BBaxkaeTe?», «Uu € iHImi cnoci6?», «3 YuM BU HE 3TOAHI?Y).

2. Bizyauizamisi: ockinpku anrebpa 7 Kjacy AOCUTh aOCTpaKkTHA, BUKOPUCTAHHS CXEM,
rpadikiB Ta Mojenel (Ki1acTepis, Alarpam) € KpUTUYHUM JIJIS1 PO3YMIHHS.

3. IIpaBo Ha MOMWJIKY: YYC€Hb HE TIOBHHEH OOSITUCS BHCIIOBHUTH Tirore3y. Came aHami3 XMOHIX
HUISAXIB PO3B’S3aHHS YacTO JJa€ IIIMOIIE pO3yMiHHS MaTepialy, HiX [IBUIKA IPABUIIbHA BIIIOBI/Ib.

BripoBa/pkeHHST 3a3HaYSHHX METOJIB CIIPHSE€ TOMY, IO Y4YHI IOYHMHAIOTH CIPUAMATH
anreOpy He AK HaOlp CyXuX MpaBW, a SK KUBY JIOTIYHY cuctemy. lle minBuIye piBeHb iXHBOT
MaTeMaTHYHOI IPaMOTHOCTI Ta TOTYE 10 BUBUEHHSI OUIBII CKJIQJAHUX TE€M Y CTapILii KO,

BuCHOBKH Ta nepcrneKTHBU NOAAJIbIINX HAYKOBUX PO3BIIOK. Y CTaTTI 0OIPYHTOBAHO, 1110
PO3BUTOK KPUTHIHOTO MUCJIEHHS YUHIB 7-X KJIaCiB Ha YpOKax aireOpu € GyHIaMEHTAITFHOI YMOBOKO
(opMyBaHHS MaTeMaTHYHOI KOMIIETEHTHOCTI B Mexkax HoBoi ykpaiHchkoi mikonu. [lepexia yuHiB Bin
apuMeTHYHUX omepariil 1o anredpaiyHuX aOCTpakiiil moTpedye He JHIIe MEXaHIYHOTO 3aCBOEHHS
QJITOPUTMIB, a 1 3[aTHOCTI JI0 TTIMOOKOr0 aHajli3y, CHHTE3Y Ta OLIHKY 1H(opMariii.

OOrpyHTOBaHO, 1110 BIPOBA/IKEHHS TEXHOJIOTI] PO3BUTKY KPUTHYHOIO MUCIIEHHS 4Yepe3 CHC-
TeMy cneuudiuaux npuiiomis («Kmacrepy, «@imboyn», «/liarpama BenHa», «AcOIiaTUBHUM KyII»
TOIIO) JTO3BOJISIE TpaHCPOPMYBATH TPAAMINUHUN YPOK Y JOCHITHHUIBKHA TIporiec. 3acTOCYBaHHS
TPKM Ha pi3HUX eTanax ypoKy CHpHsi€ aKTHBI3allii Mi3HABaIbHOI AISUTBHOCTI HIKOJISPIB, MiJIBUIILYE
TXHIO MOTHBALIO JIO BUBYEHHS CKJIAHAX TEM Ta JOIIOMAarac MiHiMi3arii THIIOBUX JIOTTYHUX [TOMHUJIOK.

HagezeHi KOHKpeTHI MPUKIIAIU 3aBAaHb BUNTETb MOKE BUKOPHCTOBYBATH JUISl CTUMYJTIOBaHHS
IHTENEKTyal IbHOI CaMOCTIMHOCTI CEeMHUKJIAcHUKIB. Pe3ynbTaty aHami3zy MiATBEP/UKYIOTh: Y4HI, SIKI
CHCTEMaTHYHO 3aTy4atoThCs 10 KPUTHYHOTO aHaNli3y MaTeMaTUYHUX 00’ €KTiB, IEMOHCTPYIOTh BUILY
SIKICTh 3HaHb Ta 3[ATHICTb /10 HECTAHAAPTHOIO PO3B’I3yBaHHs MTPOOJIEMHUX CUTYaIlIH.

[Tonanpiioro BUBYEHHS MOTpeOye MUTaHHS 1HTerpauii MeTojiB (JOpMyBaHHS 1 PO3BUTKY
KPUTHUYHOTO MUCJIEHHS YYHIBCTBA Yy IM(POBI OCBITHI IIaTGOpMHU Ta po3poOKa METOAMYHOTO
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3a0e3nevYeHHs Il AUCTAHIIIMHOTO HaBYaHHS anreOpu B 7-9 kiacax, 1o J03BOJUTH 30€pertu
BUCOKHIA PiBEHb IHTENEKTYaIbHOT B3aEMO/I] B yMOBaX 3MIllIaHOTO HABYAHHS.
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Huzman Y. S. Development of critical thinking of students in algebra lessons in 7th grades.

The article examines the theoretical and methodological aspects of forming critical thinking

in 7th-grade students during the study of an algebra course. The authors analyze the current state

of the problem in modern pedagogical theory and practice, identifying key deficits in the cognitive

activity of seventh-graders during the transition from arithmetic to algebraic material. The

expediency of implementing the Technology of Development of Critical Thinking (TDCT) as a tool

to overcome outdated teaching styles is substantiated. The essence of the main lesson stages and

their specificity in the context of studying linear equations, powers, and polynomials are revealed.

The article provides practical recommendations for the use of interactive methods that promote

the development of students' analytical abilities.
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MOJEJIIOBAHHS PO3B’AA3YBAHHS CTEPEOMETPUYHUX 3AJAY K
KJIOUOBU EJJEMEHT ®OPMYBAHHS KPUTUYHOCTI MAUCJIEHHSA

Y cyuacnomy ceimi mu nocmitino cmuxaemocs 3 cumyayisimu, wo nepedbadaroms euoip cepeo
O0EKIIbKOX MONCIUBUX 8apianmis. KodcHa 3 HUX nepedbavac ananiz ymos, NouLyK aibmepHamue, Oyi-
KY MOJICTUBUX HACTIOKIG 1 3peumoro udip onmumanvioeo sapianmy. Omoice HABUYKU KPUMUYHO2O0,
CHYUKO020 Ma HeCMAaHOapmHO20 MUCIEHHS CIMAmb HeoOXiOHUMU ) OVOb-AKill cghepi dcumms, a momy
00YibHO We 31 wKoIu cnpuamu ix popmyeannio. I Hyukicms mucients ocobauso 0oope po3eusacmy-
Csl uepe3 UGUeHHs1 2eoOMempii, a y cmapuux Kiacax — cmepeomempii, aoxce sHAUHA Meopemuyta
baza, 8100Ma WKOJAPY, WUPOKULL CNeKMpP Memooie ma nioxooie 3yMOGII0E MONCIUBICINb PO38 ‘a3amu
00HY Ul my camy 3a0ayy bazamvma cnocooamu, NOOUSUMIUCS HA Hei 3 YCix O0Ki8, nobauumu 1uOUHHI
B1ACMUBOCHII, 3ACMOCYB8AMU 3HAHHS 3 PI3HUX PO30LNi6 MAMeMAmuKy ma 3abe3nequmu uwyy UmMosip-
HICMb NPABUILHOCME OMPUMAHOI 8ION0GIOI. Y cmammi HasedeHo npukiad 3a0adi, sIKa NPONoHY8a-
Jacs 00 po3e ’azanus yuHam 1 1-eo knacy na konmponwHiti poobomi Il emany Bceykpaincbko2o KOHKYp-
CY-3aXUCMY HAYKOBO-OOCTIOHUYbKUX poOim YuHie — unenie Manoi axademii nayx Ykpainu ma ii
V3a2anbHeHa 8epcCis, HABEOEHO N AMb PI3HUX Cnoco0ie il po38 si3anHs, a came. 3 BUKOPUCMAHHAM
Memoody NpoeKYiti Y NOEOHAHHI 3 MeopeMamu KOCUHYCI8 I CUHYCI8, MemooOy NIOW), MpUeoHOMen-
PUUHUX CNIBBIOHOUIEHb, MeopeMU KOCUHYCI8 OJi MPUSPAHHO20 KVMa, OONOMINCHUX HOOYOO08 3 GUKO-
DPUCMAHHAM NOOIOHUX MPUKYMHUKIE Mad Memoody KOOPOUHAM, OKPEMO PO32NAHYMO MONCIUGICb
BUKOPUCMAHHA MemoOie 8eKmOopHOi ancebpu ma mampuyi I pama, wo modrce 6ymu KOPUCHUM O
CcmyO0eHmie MamemMamudHux cneyianoHocmetl. 3pooieHo aKkyeHm Ha OOCIIONCEHHI 8NIUBY YUCTOBUX
OaHUX Ha 2eoMempUdH) KoH@icypayiro i 8iI0n08iOHO — po38 ‘a3anus 3a0ayi. OKkpema yeaza 36epmacmsb-
Csl Ha me, Wo po36 3aHHs OOHIEL cmepeoMempuiHoi 3a0a4i 0eKiIbKOMA albMePHAMUSHUMU CHOCO-
bamu modce Oymu memor HAyKo80-00CTIOHUYLKOL poOOmMU WKONAPA, HAYKOBUM NPOEKMOM 2pynu
VUHi6 npoghibHO20 Kacy abo memoro 3aHAMmsa MAmemMamuyHo20 2ypmKa ma 6i0N08I0HO PO32AHYMI
MemoOUdHi 0COOIUBOCMI OP2aHI3ayii 0CBIMHLO20 NPOYECY NPU KOHCHOMY 3 3A3HAUEHUX 8APIAHMIE.

Knrwouogi cnosa: cmepeomempis, Kym Migc NIOWUHAMY, Meopema KOCUHYCI8 OJisl MPUspaHHo20
Kyma, mMemoo KOOpOUHAm, meopemu KOCUHYCI8 i CUHYCI8, MemOoo N0, MPULOHOMEMPUYHI CHie8io-
HOUWeHHSl, KPUMUYHE MUCTIeHHS.

ITocTanoBka mnpodaeMu. Y NOBCIKICHHOMY JXHUTTI MH MOCTIHHO oOupaeMo cepen
JIKIIbKOX BapilaHTIB Jil: CHUIKYBaTHCA OHJIAfH YU OCOOUCTO, CKOPUCTATHUCS TPOMaJICBKUM
TPAHCHOPTOM a00 BEJIOCHIIEOM, OTPUMATH JOXiA Mpamioud 4 3aouiaukyroun. Koxha
CUTYyallls nependadae aHalli3 aJbTEPHATUB, OLIIHKY YMOB, pecypciB 1 HachiakiB. L{poro Bapro
HaBYaTH JITEH 1€ 31 MKOJIU, 60 TaM 3aKJIaJal0ThCsl OCHOBU YMIHHS MIPAIIOBaTH 3 iH(MOpMaIli€ro i
OCMUCITIOBATH i1 KpUTHYHO. OCOOIMBO MIMPOKI MOKIMBOCTI AJISI PO3BUTKY I'HYYKOCTI MUCIIEHHS
Jla€ TEOMETpIs: y CTEPEOMETPUUYHUX 3ajadax 3HAyHA TeOopeThdHa 0asza J03BOisiE OyayBaTH
PO3B’sI3aHHS PI3HUMHU CTIOCO0aMU, BUKOPUCTOBYBATH METO/] IUIOIL, TPUTOHOMETPHYHI crigpixromenss,
METO/ KOOpAuHAT Ta iHmm. Lle 103Bonse ydHsIM MOOaYnTH, K Pi3HI TEOPETHUHI 3HAHHSI MOXYTh
OyTH 3aCTOCOBaHI JJIsl 3HAXO/PKEHHS ONTHMAJIBHOTO PO3B’S3aHHS, a TaKOX JIA€ MOXIIMBICTh
IIPOBECTHU CaMOIIEPEBIPKY, 110 MIABHUINYE BIEBHEHICTh Y MPAaBUIBHOCTI BiMOBIL.

Po3B’s13aHHA onHIET 3aa4i NEKIJIbBKOMa CIIOCOOaMU MOXKE CTaTH OCHOBOIO JJIsi HayKOBO-
JIOCITITHUIIBKOT poOOTH 1IKOMIsgpa y Mariit akagemii Hayk YKpaiHu a0o HayKOBOT'O MPOEKTY IPyNU
yuHIB IpodiabHOTO Ki1acy. OKpiM IbOT0, I1€ CIPHUsi€ THYYKOCTI MUCIIEHHS, TNTNOOKOMY PO3YMIHHIO

56



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

mpeaMeTa Ta YMIHHIO 0OMpaT Halie(peKTUBHIIIMNA METOJT 3aJIeKHO BiJl TaHuX 3anavi. Hagam 1e
BMIHHS CTaHE KOPUCHUM Y OyIb-sIKill cepi KUTTSL.

VY miif craTTi MH PO3MIISIHEMO T€OMETPHUYHY 3ajady, SKy MOXKHA pPO3B’S3aTH PI3HUMH
cnocobamu. Takuii mpukian Oyne KOPUCHUHM SIK y4YHSAM CTaplIMX KJaciB, 10 BHBYAIOTh
MaTeMaTHKy Ha MpoiIbHOMY PiBHI, CTyJI€HTaM, sIKi HABYAIOTHhCS 32 MAaTEMAaTUYHUMH CIICIIialIb-
HOCTSIMH, TaK 1 BUNTEIISIM T€OMETPIi.

AHAJI3 aKTyaJIbHUX JA0CJTiTzKeHb. HayKoBIIl, METOAMCTH 1 IeIaroru-pakTUKH TOCTIKYBaTTH
pi3HI aceKTH MaTeMaTU4HOlI MiJrOTOBKM YYHIB 1 CTYIEHTIB (pi3MKO-MaTeMaTHYHUX (HaKyJIbTETIB
HeJaroriyHuX BULIIB: (JOPMYBaHHS TBOPYOI OCOOMCTOCTI IIKOJISPA, PO3BUTOK TBOPYOTrO MMCIIEHHS
y4HA y Tporieci HaB4aHHA MaremaTtuku nocmimpkysamu [.I1. bers [1], M.I. bypna [4], O.I. Ckada,
3.1. Cnenkanp, T.M. XMapa, O.C. YameunukoBa Ta iH.; HACTYITHICTh METOIB HAaBYaHHS PO3B’A3yBaH-
HS MaTeMaTWYHUX 3a/a4 Yy KO Ta 3akiaaax BHIOi ocBiTh BuBYamm LA. Axynenko [10],
10.B. borysoga [2], H.I'. Bmagimipoa, K.M. I'ne3ninosa, A.l. Ky3emincekuii, B.O. IlIBenp Ta iH.;
IHHOBAIIHHY TISUTBHICTH NMPU MPOQIILHOMY BUBUCHHI MAaTEMAaTHKH Ta TEOMETPHYHY CKIIJI0BY HEC-
TaHAApTHHX 3a1a4 posnigamu .M. Borarupsosa, O.I1. Bamynenko, O.1. Marsm, P.S. Pokusx [3],
3.0. Ceparok, H.A. TapaceHkoBa Ta 1H.; ICUXOJIOTO-TI€ArOT1YHi MePETyMOBH 3aCTOCYBAaHHS F€OMET-
PUYHUX 3HAHB JI0 PO3B’SI3yBaHHS 3a/lad Ta POJIb CHCTEMH 3a7ad y HaBYaHHI TeOMeTpii BUBYAIH
B.I. bers, LI'. Jlenuyk [12], L.B. JloB’snoBa, O.I. Matsin [13], €.I1. Hemin, JL.O. amiii [14],
M.B. [IpanpoButnii Ta iH.; mpodaemy Bukopuctants IKT mig yac HaBuaHHS cTepeoMeTpii TOCTipKy-
Bau HaykoBli FO.B. bory3osa, O.B. Bitiok, F0.B. T'opomko, M.I. XKannak, O.I1. 3enensk [6],
H.B. Mopz3e, C.A. Pakos, C.O. CemepikoB Ta iH. Opranizaiiiro HaB4aHHs MaTEMaTHKH Y CTapIIIii mpo-
dbinpHIM mKomi nocmimkyBamu L A. Akynenko, .M. boratuprosa, A L. Ky3emincekuii [10], M.B. IIpa-
mpoBuTHi [12], 3.0. Cepatok Ta iH.; HEOOXiIHICT BUKOPUCTaHHS TH(pepeHIiHOBaHOTO TiIXO1y TPH
BUBUEHHI cTepeoMeTtpii oorpyHroByBanu [ .I1. bess [1], M.I. Bypna [4], O.I. Marsm, 3.1. Cnenkanb,
O.C. YamreunnkoBa Ta iH. OKpeMi acrekTH peaizarii MpUKIaaHoi CIPIMOBAHOCTI MIKUTBHOTO KYpCy
crepeometpii posrsaganu O.M. Komomiens, A.B. Ilpyc, 3.0. Cepmox, H.A. Tapacenkosa,
B.O. lIBens Ta iH. BinnrykanHio pi3HEX cOCO0IB pO3B’s3yBaHHS T€OMETPUYHUX 33144 TIPHCBSYCHI
1 bes3 B.I'., 3enensika O.I1. [6], Irnatenko M.A. [7], Ictepa O.C., Konowmiens O.M., TkadeBch-
koi A.IL [9] Ta iH.; KPUTUYHOCTI MHCIICHHS 1 BaXJIMBOCTI TIEPEBIPKA OTPUMAHUX PE3YJIbTATIB Ta
OIIIHIII BIIMOBIIHOCTI OTPUMAHUX PO3B’s3KIB CTAPTOBIM MaTEMAaTUYHIM MOJIENI TPUCBIYCHI poOOTH
INonoatok JI.C., I3romuenko JI.B.[8], Kymmnipa B.A.[11], ®inepa 3.10. 1 in.

[Toripu BenuKy KUIBKICTb Mpallb, IPUCBAYEHUX OpraHi3allii HaB4yaJIbHOT'O MPOLECY YUHIB, y
Cy4acHUX HayKOBO-METOJIMYHUX JDKEpesiaX HeJOCTaTHhO BUCBITIIEHA T€OMETPUYHA CKIIAI0Ba PO-
00TH 3 yUHSIMH, SIKI OIIAHOBYIOTh MAaTE€MaTUKy Ha NPOQIIbHOMY piBHI, Y TOMY YMCII 1 TUTaHHS
PO3B’sI3yBaHHS 3a/1a4 PI3HUMU clI0cO0aMH, 0COOJIMBO ITPU BUBYEHH1 CTEPEOMETPIi, Ta IXH1i BILIUB
Ha PO3BUTOK KPUTHYHOTO MUCJIEHHS, IPUPOJIHUX 310HOCTEH Ta MOKIMKaHb y4HiB. Came ToMy 115
TEMaTHKa 3aJIMIIAETHCS aKTYAIBHOIO Ta TIOTPEOye rITMOIIOT0 BUBUSHHS.

Meta crarTi nosisirae B NOPiBHAJIBHOMY aHaji31 Pi3HUX CHOCOOIB PO3B’sA3aHHS CTEPEOMET-
PUYHOI 3a7aul, MO0 COpUITUME (HOPMYBAHHIO THYYKOCTI MHUCJEHHS, PO3BUTKY BMIHHS IIyKaTH
JIbTEPHATUBHI PIIlIEHHS, @ TAKOXK CTaHE MOIITOBXOM /10 OCOOMCTICHOTO 3pOCTaHHSI LIKOJISPIB.

3aBaHHA: pO3IIISHYTH METOAMYHI aCIIEKTH pOOOTH 3 YUHAMHU (PI3UKO-MaTEMaTUYHUX KJIaciB
y TI03aypOUYHUI Yac Ha MPHUKIA/i MOLIYKY PI3HUX CIIOCOOIB PO3B’sI3aHHS CTEPEOMETPUYHOI 3a/1a4i.
Jns peanizarnii mocTaBIeHOI METH BUKOPUCTAHO TEOPETUYHI (aHaJ3 MepIIopKepen 3 TpodieMu
JOCTIPKeHHS, TOPIBHSAHHS), MPaKCUMETPUYHI (BUBYCHHSI MEAArOTIYHOTO JOCBITYy BYHTETIB
MaTeMaTHKH Ui oro aHamizy i y3arajlbHeHHs ), EMIIpUYHI (eAaroriyHe CoCTepeKEeHHs, aHa13
HaBYAJIBHOTO MPOLIECY) METOIU JIOCIIKEHHS.

Buxnan ocHoBHoro marepiajy. Po3risiHeMo 3anmady, sika IpOMOHYBajacs 10 PO3B’S3aHHSA
yuHsaM 11-ro kiacy Ha KoHTposbHil podoTi Il etanmy BeeykpaiHChbkoro KOHKypCy-3axucTy HayKOBO-
JOCHIAHUIBKUX poOIT yuHIB — wiieHiB Marioi akagemii Hayk Ykpainu (aBrop [lnaxornuk B.B. [5]).

3agauya 1. OGuuciite 006’eM TpuKyTHOI mipamimn ABCD, skmo AB = 13, AC =5, BC =
12, AD = 15,BD = 14,CD = 16.
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Puc. 1. LmocTpanis 1o 3apaui 1

Hasenemo onuH i3 cnoco6iB po3B’s3aHHA 3a1a4il. BUKOPHUCTOBYIOUH HACIIIOK 3 TEOPEMH KO-
CHHYCIB, BCTAHOBJIIOEMO, III0 TPH TPUKYTHHKH, SIKI YTBOPIOIOTH MOBEPXHIO MipaMifd € rocTpo-
KYTHHMH, a OJIUH — IPAMOKyTHUIA, 60 AB? = AC? + BC?;13? = 52 + 122, AACB — npsAMOKyTHHIA.

BukoHy04YH pUCYHOK 10 3a/1a4i, JOUIJIBHO OJJpa3y MPOTOBOPUTH BAKIMBHIA MOMEHT: YOMY
JKOJIHE 13 pedep He € BUCOTOIO mipamiaun? (1xou sikech pedpo, Hanpukian CD, 6yno BUCOTOIO, BOHO
Oyno 6 neprnenauKyssipHe 10 TomuHn ABC, i Tomy nepneHnukyisipae a0 pedep AC i BC, a roxi
HIOHAWMEHIIIE JIBa TPUKYTHUKH, SKi YTBOPIOIOTH MOBEPXHIO Mipamiiu, Oyiau 6 mpsIMOKYTHUMH, a
e He Tak). Bukopucraemo otpumany indopmariito. Hexait DH— Bucorta mipaminu. Posriasaemo
rpani ACD i DCB: noznaunmo DK — Bucota rpani ACD: DK L AC; DM — Bucora rpani DCB:
DM 1 CB. OckisibKH 11l TpaHi € TOCTPOKYTHUMH TPUKYTHUKAaMH, TO Toukd K, M € BHYTpilIHIMU
toukamu Bifpi3kiB AC, CB (puc.l). Tak sk yci pebpa mipaMigy BiZloMi, TO ISl KOKHOI TpaHi MH
MO>KEMO OOUMCIIHTH IJIOULY, BUCOTH 1 1HIIIE 32 MOTpeOu:

AACD: croponu 5,15,16 (og.), nepumerp P = 36 of., miBnepumerp p = 18 oz., mioma

Spacp =V18-2-3-13 =6V39 (kB. 01.); OOUMCIANMO BHUCOTY TpaHi Syscp = gAC DK =

2OV = 19 (o1.); 3 ADCK: CK = VDCZ = DKZ = 162 — 24422 = 22 (o),

Amnarnoriuno, 3 ACDB: ctopounu 12, 14,16 (oz.), miBnepumerp p = 21 o, minowmia Sycpp =
V21975 =+7-9-7-15 = 2115 (k. oi); Brcota DM = 234cpB _ 22WVIS _ 7VI5 () y

CB 12 2
2
3 ADCM: CM = J162 ~(2E) =2 (on).

Ockinbku DK 1 AC; DH 1 ABC; AC c ABC, HK — npoexuis DK na ABC, a Tomy 3a
TeopeMoro npo Tpu nepnenaukynsipu HK L AC. Ananoriuso HM L CB; KHMC — npsSMOKYTHUK,
28
atomy HM = CK = - (om.).
2 2
3 ADHM:sH =90°% DH =+DM?— HM?;, DH = \/(7—‘/ﬁ) - (&) = /15239 -

2 5 100

144-39

DK =

7v311
10

CB = % 5-12 = 30 (xB.ox.) nopiBHIOE V = % 30

Bianosigs: V = 74311 (ky0. ox.).

Jiist po3B’si3aHHA 1€l 33/1a41 Ha3BUYaliHO €()eKTUBHUM € TaKOX METO]] KOOP/IHHAT.

SIKII0 MM TpaIfoeMo 3 006 JapOBaHUMHU YUHSIMH 11 4ac 3acCilaHHs] MaTeMaTUYHOrO rypTKa (41
MPOTPALLOBYEMO 3 HUMH 171€1 JOCIIAHUIBKOTO MPOEKTY), TOLULIBHO OJIpa3y 3BEPHYTH yBary Ha Te,
1110 HaM JTy>Ke JIOTIOMOIJIO MPH PO3B’sI3aHHI 11i€1 3a/1a4l, a came — TO! (aKT, 1110 OJIMH 13 TPUKYTHHUKIB
(ocHoBa ABC) € IpIMOKYTHUM, & TOMY B OCHOBI YTBOpHUBCS NPMOKYTHUK KHMC. A K 3MIHUTBCS
PO3B’s13aHHS 3a/1aul, SIKIIO LIl TPUKYTHUK He OYB O MPSMOKYTHUM 1 B3araii — yci TPUKYTHUKH OYIIH,
HAIpHKJIIaJ1, TOCTPOKYTHUMU? Tak 3 BIA€TbCS y3araibHeHHs 3a1adi | —3agaya 2.

3agaua 2. OGuucnite 00’eM TpukyTHOI mipamign SABC, skmo AB = 36, AC = 32, BC =
28,SA =29,SB =25,5C =17.

(om.). A Toai 06’em mipaminu V = %SOCH - DH 3 ypaxyBaHHSM IIJIOIII OCHOBH Scpy = % -AC -
WIIT _ 7 /31T (ky6. om.).

10
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1 cnoci6. Hexaii S — Bepmmna mipamiau, ABC — ii ocHoBa, SH — BucoTa, MpoBecHA 10
ocHoBH. IIpoananizyeMo yMOBY 3ajadi: y mipaMili Bizomi yci pebpa, a TOMy BiIoMi CTOPOHHU
KO)KHOTO 13 YOTHPHOX TPUKYTHHUKIB, SKi YTBOPIOIOTH IMOBEPXHIO MipaMinud. BuzHaunuMo BuI
KO)KHOTO TPUKYTHHMKA: BUKOPHUCTOBYIOUM HACHTIJIOK 13 TEOPEMH KOCHHYCIB BCTAaHOBJIIOEMO, IO
KOJKEH 13 YOTHPhOX TPUKYTHHUKIB € rocTpokyTHUM (322 + 282 > 362, 60 8% + 72 > 92, a Tomy
HaWOLIBIIMI KYT OCHOBHU € TOCTPUM, AHAJIOTIYHO 1 IS 1HIIMX TPUKYTHUKIB). BpaxoByrouun
BU3HAYEHICTh TPUKYTHHUKIB, Y KO)KHOMY 3 HUX MU MOXEMO 3a IMOTpeOU 3HAUTH KOCHHYCH Ta 1HII1
TPUTOHOMETPUYHI (PYHKIIIT KYTiB, IO T4 BUCOTH IUX TPUKYTHHUKIB 1 1HIII HEOOX1HI CJIECMEHTH.
Hexait SK i SM — Bucotu rpaneit SAB i SBC, BinNoBiiHO, TUB. puC. 2.

S

Fresesmm ==

Puc. 2. LimocTpanisi 10 nepuoro crnoco0y po3s’si3aHHs 3a/1a4i 2

2 2_ 2
Posrnssuemo  ocnoBy 4 ABC: cosB = 3e428 32 _1 sinB = %; wioma 3a
2:36°28 21 21 )
dopmyioro T'epora p = 48 (04.), Soew. = V48 -12 - 16 - 20 = 192+/5 (k8. 0x1.) 260 S,y = 3

3628 - 2 = 1925 (s. o).

A TOA1 33/1a4a 3BOJIUTHCS /10 BIALIYKaHHS BUCOTH Mipamiau SH, A bOro € piBHO3HAUHI
MO>KJIMBOCTI PO3TJISHYTH NPAMOKYTHI TpuKyTHUKU SKH (un SMH) a6o SBH, st 4oro JOCUTH
3HAWTH 1HII €JIEMEHTH OJIHOTO 3 IIUX TPUKYTHUKIB.

3 A SAB BU3HAUMMO HOT0 BUCOTY, BUKOPUCTOBYKOUU METO/I ILJIOIIL:
2360

p = 40(on.); S, = 360 (kB.oa.) ; SK = = = 20 (om.).
34 SKB: KB = v25% — 202 = 15 (on.)
Amanoriuno 3 A SBC: p = 35(on.); Sy = 210 (kB.oz.); SM = % =15 (oz.); 3

ASBM: BM = V252? — 152 = 20 (ox.).

Pozrnsiaemo wotupukytauk KBMH, npotunexHi kytu £K, ZM sikoro npsami (B cymi Jal0Th
180°), a ToMy HaBKOJIO HBOT'O MO>KHa onucaT Koo (puc. 3). 34 KBM (Bigomi Bl CTOPOHH 1 KyT
MK HUMH) 32 TEOPEMOIO KOCHHYCIB

2175

11
KM? =152 +202-2-15-20 -~ == (on.).
A TO1 32 HACJIJIKOM 3 TEOPEMH CUHYCIB BUSHAUMMO JlaMeTp Kojia BH, orrcaHoro HaBKoJjo

AKBM (sotupuxyranxa KBMH): 2R = XM — [2175 , 8V5 _ 373045
sinB 7 21 8

Yu MokHa iHakmie 3HaWTH BH? 3anpomnonyemMo Takuii croci0: mo3Hauumo ZKBH =
a,£MBH = 8, BH = d (puc. 3).

. 15 . vd2-225 20 . Vd2-400
Tom cosa = - sina = ——, cosf = - sinff = — cosKBM = cosABC =

= BH.

%; 2KBM = a + B.Cxopucraemocsi  (opmyior0  KocuHyca cymu  cos cos (a + )

cosacosf — sinasinf3, oTpuUMaeMO PiBHSIHHS

15 20 Vd2-225 Vd2-400 11 . 300 11 Vd2-225Vd2-400
— == . = —,3BIIKH — — —— = abo
d d d d 21 dz 21 dz

6300 — 11d? = 21\/d2 — 225 \/dZ — 400, d? e (400; %)
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PiBHSIHHS Ma€ eMHUN JOJATHUN PO3B’SA30K, 110 33J0BOJILHSIE IIUM YMOBAM:
121d* — 138600d? + 39690000 = 441d* — 275625d? + 39690000;

320d* — 137025d2 = 0, 320d2 - (dz — 274405) —0,d= 2764405 _ 3V38°45_

Maemo Toii xe pe3yabtat it BH = d.

Puc. 3. LnrocTpauisi 10 anbTepHAaTHBHOIO nomyxky BH

Ile B cBOIO uepry J[03BOJSiE€ 3HAWTH BUCOTY MipaMiiM 3 MPSIMOKYTHOTO TPHUKYTHHKA

2
ASBH: SH = VSBZ — BHZ = J 252 — (228) =Y (on). OG'em mipamimn V=1

192V5 - 22 = 40V2Z519 ~ 2007,6 (xy6. on.)

2 cnocid. Bukopucraemo nozHadeHHs! 1 0OUMCICHHS 13 IEPIIOTo CIIOcO0y PO3B’sI3aHHS €T
sagaui: SK — Bucora rpani SAB, SK = 20 (ox.), KB = 15 (ox.); mwioma ocHoBH Syapc = 1925
11
(KB. 0]1.), KOCUHYC KyTa COSB = P

Puc. 4. LmocTpanist 10 Apyroro cnoco0y po3B’si3aHHsI 3a1a4i 2

HpOBe,[[eMO B ocHOB1 4 ABC Bucotry CN, maeMo

2192V5 _ 32 ) — pr. —92g. 11 _*_ 4,2
CN—E —— =5 (on); BN = BC - cosB = 28 - — = — = 14 (on).

Toni KH || CN, six nBa neprnieHauKysipu 1o npsimoi AB 'y ol ABC, nexaii Touka D —
touka neperuny KH 3 AC. Bucoty nipamiau cripodyemo 3Haiitu 13 ASKD, 1uig 4oro 3HaiieMo
HOro enemMeHTH (CTOPOHHU Ta KyTH).

Posristaemo Binpizok AB: AK = AB — KB = 36 — 15 = 21(oa.), AN = AB — NB = 36 —
14% =21 % (om.). Lle e pa3 gae HaMm 3MOTY YTOYHUTH B3a€MHE TONI0xKeHHs To4oK A, K, N, B Ha tips-

Miii AB, 3B1IIKM MAaEMO MIATBEPIKEHHS TOTO (PaKTy, 110 ToUka D € BHYTPIIIHBOO TOUKOIO Bijipizka AC.

3 nmoaiOHOCTI MPSIMOKYTHHUX TpI/IKyTHI/IKiB AAKD~AANC (pHC. 4, 5) 3 KoedilieHTOM

: ) AK 21 63 63 32 63
noxibHocti k —m—z—%—a Maemo KD = —CN =— —\/_ \/g(oa.), AD —6—4AC =

63 63
a' 32 = 7(OA.).

60



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

.
32 !
A
- 28
K
N
B

Puc. 5. LimtocTpanis 1o po3ramysanas To4ok K, N Ha Biapizky AB

Taxkum unHOM, y TPUKYTHUKY SK D MU BU3HAYMIIH /IB1 CTOPOHH, 100 3HAWTH TPETIO CTOPOHY
SD, 4oro Oyae MOBHICTIO JOCTaTHbO Ui 3HAXOJUKEHHS YCIX €JIEMEHTIB LIbOr0 TPUKYTHHKA,

posrisiHeMo 4 SAC, y mionyHi Koro Jexuts SD. J[Biui 3aCTOCYyeMO TeOpeMy KOCHHYCIB:
AS?+AC?-SC* _ 29%4322-172 197

cosSAC = = = —
2-AS-AC ) 2:29-32 232
3 A SAD: SD? = 292 + (62—3) —2:29-2. 20 S 25 5p = X (op).

Tenep 3a1a4a 3B0JUTHCA 10 BIALTYKaHHS BUCOTU SH TPUKYTHHKA S K D, y sixoro BiioMi CTOPOHH,
dopmyrna ['epoHa He3pydHa, TOMI CIIOYATKy BHKOPUCTAEMO TeopeMy KocuHyCiB: 3 A SKD: cosK =
21 =\2 (Va510\°
202+(—\2 /5) —(—4 ) 51V5 ] \/—2
= oo J03BOJisiE  OTpUMatd cuHyc Kyra sinK = V1 —cos“K =

2:20-2/5 160 °
(511;/(:) 1126595 a toxi 3 nmpsimokytHoro ASHK Bucota mipamimn SH = SK - sinK = 20 -

V12595 \/1259
160

(0a.).a06°em V = 3+ 192v5 - o = 40VZ519 ~ 2007,6 (kys. on.).

3 cn0c16. Haranaemo TeopeMy KOCHHYCIB mm TPUTPAHHOTO KyTa (puc. 6).
S

Puc. 6. LimtocTpanisi 10 TeopeMu KOCHHYCIB /151 TPUTPAHHOIO KyTa

SKI10 MIIOCK1 KYTH TPUTPAHHOTO KyTa JAOPIBHIOIOTH o, 3 1Y, a IBOIpaHHUM KyT npu peopi,
COSCOS Yy —Cc0oSscos x coscos B

IPOTHIICKHOMY IJIOCKOMY K OpIBHIOE @, TO COS COS @ =
p y Y KYTy Y, 20p ®, ¢ sinsin a sinsin
. 11
Cxkopuctaemocst puc. 2 Ta oO4YMCIEHHSAMH, MpoBeleHuMHU y 1 cnocobi: cosABC = o=

. 85 . 15 3 .
SinABC = —; > 3 TPAMOKYTHMX TPUKYTHHUKIB BH3HAUAMO cosSBK = Pl sinSBK =
4 20 4
—; coSSBC = — = -. MatumeMo
5 25 5

SBC—c0SABC-cosSBK 2 1.3 84-33 51
COS - - -
cos cos SKH = cosSKH =225 = = )
sinABC-sinSBK '’ 4.8V5 32v5 325

5 21
. : ’2519 V12595 o
A toni cunyce mporo kyra SinSKH = V1 — cos?SKH = T120 = 1e0 I Bucora mipaminu

V1259 _ V12595 ,
s . (om.), 06’ eM

V=2-192V5- ”2859 = 40v/2519 ~ 2007,6 (ky6.04.).
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4 cnoci6_(meton xoopawHat). Bubepemo mpsMOKyTHY CHCTEMY KOOPJWHAT, MTOMICTUBIIH
TOUKY B y modaTtok koopauHaT O, Bick abcuuc — y Hanpsmi Bix B 10 A, ocHoBy mipaminu ABC
nomictumo y tronay Oxy (puc. 7). Toxi koopaunaru Touok B(0;0;0), A(36;0; 0), arutikara
Touku C TIOPIBHIOE HYIIIO.

Puc. 7. LnrocTpanist 10 BUOOpPY CHCTEMH KOOPAUHAT

) . . 1, 8v5
Ockunpku goBxknHa BC = 28, 1 £LABC Ttakuii, mo cosABC =7 SinABC = %, TO
KOOPJIMHATH TOYKH

C:% = BCcosABC =%, 5 = BC-sinaBC =25, 7=0, ¢(%,2%)0).
Hexaii koopaunatu Touku S(x; y; z). Toai BHcoTa mipaMiau € BIICTaHHIO BiJ TOYKH S 110
nnomuad ABC, To6To € ammikatoro (MoAyneM armiikatd) Touku S.  hy, = d(S;ABC) =

d(S; Oxy) = |zg|. 3anumemo Bincrani SB = 25,SA = 29,5C = 17 Ta BigHIMEMO NOYICHHO
niepiie piBHSHHSA BiJ] IPYTOTO 1 TPETHOTO:

44)2 N < 32;/3

2
{(x2+y%2+22=625(x—-36)2+y?+z%= 841,<x—? y——) + 2% = 289,
88 1936 645

=>{-72 1296 = 216, — — —_—
{ x + 3x+ 3 3

x2+y2+ 22

5120
= 625.y + —5— = —336,

Bupasumo x 1 y 3 nepuioro i Apyroro piBHsAHb Ta MiJICTABUMO Y TPETE, OTPUMAEMO

1296 — 216 881541936 5120 556
{x:—=15, y =
72 64v5
3
515 51v5\° 12595
===k 625 - 152 - (=) =4

MaeMo KoopauHATH S (15; 51;/3; i ,/—128595

nmomnepeHix crmnocodax. A oTxe, 1 00’ €M TaKui CaMUA.
3ayBa)xumo, 110 31 CTYJIeHTaMH MH MOXEMO IIPOTOBOPHUTH 1HIIIE MTPOIOBKEHHS 11i€i 3a/1a4i,

TOOTO Mar4¥ KOOpAWHATH TOYOK, 10 € BepimHamu mipamiagun: B(0;0;0), A(36;0;0),

C (43—4;323—\/3; O), S (15; 517\/3; %), OTPUMYEMO KOOPIHUHATH BEKTOPIB BA = (36;0; 0),?6 =

(ﬁ;ﬁ;o)’ﬁg} = (15; ﬂg;m
3 3__9 L 8 8
~mod(BA - BC - BS);

6

V12595

), BUCOTa mipamigu SH = , TaKa K, K 1y

), a TOJll BAKOPUCTATHU MillaHUH 100YTOK BEKTOPIB: Vi, =
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44 32\/_

(B4-BC-BS)= 3600 %
Vmp,_g 240VZ5TS = 40VZ5T9 (Ky6. on.)

Takox MOKeMO CKJIacTH MaTpuilto ['pama, 0OUMCIMBIIM CKAISIPHI TOOYTKH
(BA-BA) =362+ 0+0=1296; (BA-BC) =36-=+0+0 = 528;

015 51\/_ \/1259 | —36- 32\/_ V12595 = 240v2510:

2
(ﬁ-ﬁ)=36-15+0+0=540; (B_C’-B_c’)z(ﬁ)2+(%ﬁ) +0 =784

2 2
(BC-BS) =215+ 25505 _ 560; (BS - BS) = 152 + (22) +(X22) = 625.

3ayBa>KHMo 0 y Hac € MOXIJIMBICTb MEPeBIpUTH cebe, amke MOyl (IOBXHHH) TPhOX

BEKTOPIB ﬁ, B—C),Eg CHIBMAJAOTh 3 JIAaHUMHU B YMOBI, HallpUKJIAJI, |§5| =+/784 = 28. Toui
BU3HAYHUK Matpuili ['pama mae Burisia [1296 528 540 528 784 560 540 560 625 | = 14400 -
10076. I1ix yac oGuncieHHs BU3HAYHHUKA MonepeIHbo BuHeceHi MHOXHUKHN — HC/] ycix psaaxiB i
ycix croBmmiB. Tomi 06’em mapaneneninena, moOyI0BaHOTO Ha BEKTOpax E/_l), ﬁ,ﬁ SIK Ha
CTOpPOHAX, € KBIPATHUI KOPIHb 13 OTPUMAHOT0 YUCIOBOTO 3HAYECHHS: Vi, = V14400 - 10076 =

240v2519 (ky6. on.). A 00’eM (TpuKyTHOI) mipamigu Vi, = %V;'[ap. = 40v2519 (xy0. on).

Bigmosins: 06’em mipamian 40vV2519 (xy06. on).

3ayBa)xxuMo, 110 PO3B’sI3aHHS 3a7aul 3aI€KUTh Bl BXIIHUX YUCIIOBUX MapaMeTpiB 1 SKIIO
HENPABWJILHO 3POOUTH PHCYHOK JO 3a/adi, TO JIETKO NPHUITYCTHTHUCS TMOMWIKH. SIK TIPHKIIA,
chopmyroemo 3a1auy 3 (puc. 8, 9).

3agaua 3. OOGuucnite 06’eM TpukyTHOi mipamian SABC, sxmo AB = 12, AC = 14, BC =
10,SA = 25,5SB =17,5C = 21.

3a3HaunMMo, 10 TpUKYTHUKHM SBA, SBC TynokyTHi, a TOMy MaeMo KOH(iryparito,
300pakeHy Ha PUCYHKY 8.

S

Puc. 8. Lnrocrpanis no 3axauvi 3

3ayBa)kuMo, 110 MpH NepeTuHi ABox npsiMux AB 1 BC yTBOPIOIOTHCSA YOTUPU KBAJAPAHTH 1
TOYKa S MOXKE CIIPOEKTYBATUCS y OyIb-sKHH 13 IUX KBaJIpaHTIB a00 HAa MEXY KBaJpaHTIB (L€
3aJI€KUTh B1Jl BUTTISY TPUKYTHHUKIB, JAHUX B YMOBI), @ TOMY NOTPi0OHO OyTH YBaKHUM, OCOOJIMBO
MiJ] yac BUKOPHUCTAHHS Jpyroro crnocoOy: y 3agaui 2 Touku K,D € BHYTpPIIIHIMH TOYKaMU
BiJpi3kiB AB, AC (puc. 5), a y 3agaui 3 — 30BHIIIHIMU (puc. 9).

D

BBK

Puc. 9. LnrocTpanist ocHoBu mipamiam 10 3agayi 3
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Ilpu posp’sizanni 3amaui meromom koopamuar: B(0;0;0), A(12;0;0), C(2;4\/€; 0),
5_\/6__1_5\/1290
12’ 12

abcumca i opAMHATA TOYKH S (—8;— ) € BiI’€EMHHMH, IO ilI€ pa3 UIIOCTPYe

NpaBUIBHICTH puC. 8.

> 390 0J., 06’ em mipamigu 20v215 ox.3

AHaIi3yl041 YMOBY CTEPEOMETPHYHUX 33/1a4 1 -3, 3BepHEMO yBary Ha Te, [0 JKOHa 3aja4ua
HE IUTAHYETHCS 10 PO3B’si3aHHS Ha ypoui. [lonryku nuisxiB po3B’s3aHHs IOIUIBHO IEPEHECTH Ha
1o3aypouHuil 4ac (MareMaTHYHHUI TYpTOK, IHJUBiAyalbHa po0OoTa 3 00JapOBaHUMH YYHSMH,
HAyKOBHM TPOEKT YM HAMKMCAHHA HAYKOBO-IOCIITHUIBKOI po0oTH). SIKIIO Iie 3aHATTA
MaTeMaTHYHOTO T'yPTKa, JOLUIBHO Miciis po3B’A3aHHA 3a1a4i | 1 BUBYEHHS (hopMyITtOBaHHS 3a1a4l
2 Ta BUKOHAHHS PUCYHKA MTPOaHalIi3yBaTH, 10 3MIHUJIOCA IPUHLKIIOBO. baxaHo, 106 1e podunu
cami y4Hi, a BUUTEb MIl TIOTIM CKOPHUTYBaTH MincyMoK. CHiibHUM Uit 000X 3a7ad € morpeda
3HAWTHU JlaMeTp OMHMCAHOTO HaBKOJO YOTHPHKYTHHKA Koina. [lopiBHIoroun 3amadi 2 i 3, MOXKHaA
no6aunTH 6arato CHiJIbHOTO, MPOTE MOXHA 3HAWTH 1 BIIMIHHOCTI, SIKI MOKYTh BIUTMHYTH Ha XiJ
PO3B’si3aHHs. SIKIIO 1€ TOCTITHUIBKUN MPOEKT, TO OaKaHO TOCIITUTH BIUIUB PI3HUX YHCIOBHUX
JAaHUX Ha TEOMETPUYHY KOH(ITYpaliro i BIAMOBITHO — PO3B’s3aHHS 3aj1advi. J[7s BHKOHAHHS
pyTuHHOI poOoTu (oOumcieHHs ol 3a Gopmyinow ['epoHa, BUCOTH TPUKYTHHKA, KOCHHYCA
KyTa Ta iH.) JOIUIBHO BUKOPUCTOBYBATH MOJKJIMBOCTI OYAb-KOrO MaTEeMaTHYHOTO IaKeTa,
Hanpukiaan, Maple. Sk e HJP, To momineHo Bukopuctatd MoxiauBocti IKT mmst minbopy
Kpalux YUCIOBUX JAHUX, Ki O UTIOCTpyBaM pi3Hi reoMeTpuyHi KoH(irypamii y il 3amadi.

BucHOBKH Ta nepcneKTUBH MOJATbIINX HAYKOBUX PO3BiIOK. Y TOBCAKACHHOMY KHUTTI MU
3a3BUYail PO3IISIIAEMO KiTbKa MOXKIIMBUX BapiaHTiB, 00 o0paTy HalKpamuii. AHAIOTIYHO 1 B Te0-
METPIi — IS YCHIITHOTO PO3B’I3aHHSI 3a/1a41 BAYKJIMBO 3HATH AJIbTEPHATUBHI CIIOCOOU PO3B’ SI3yBaHHS.
Le cnpusie ToMy, 10 y4HI BUaThCsi 0OMpaTy HailepeKTHBHIIIMIA CHOCIO pO3B’sI3aHHS 3aJIEKHO Bif
YMOB, a II€ € HA/JI3BUYaliHO BAXXJIMBUM SIK y HaBUYaHHI, TaK 1 B pealbHOMY XHUTTi. Takuil miaxin 10
oprasizailii OCBITHBOTO MPOIIECY CHPUATAME HE TUIBKHU IMiIBUIECHHIO PIBHS MaTeMaTHYHOI IPaMoT-
HOCTI, a 1 BUXOBaHHIO BIIEBHEHOCT] YYHIB Y CBOiX CHJIaX 1 BIMOBIAATBHOCTI 32 KIHIIEBUH MTPOAYKT.

Mu BBakaeMo, 110 HAIIl JTOCBIJ] MOKE OYTH KOPUCHUM OPIEHTUPOM JIJIS IHITUX BUUTEIIIB, SIKi
OpalioTh y OpodiUIbHUX KiIacaXx, Ta CTYACHTIB NpodiipHUX crenianbHocTed. [IpakTuky
BIJIIYKaHHA aJIbTEPHATUBHUX CIOCOOIB pO3B’A3yBaHHS MAaTeMaTHYHMX 337a4 BBAXKAEMO
BUIIPABJaHOIO, Ha 1110 IJIAHYEMO CIIPSIMYBATH CBO1 MOJAJIbIII JOCHIKEHHS.

Binnosine. [Lioma ocuosu 246 o7.2, Bucora
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as a key element in the development of critical thinking.

In today’s world, we are constantly faced with situations that require us to choose from

several possible options. Each situation involves analysing the conditions, searching for
alternatives, evaluating possible consequences and finally selecting the best option. Therefore,
critical, flexible and creative thinking skills are essential in any area of life, and it is worthwhile
starting to develop them at school. The study of geometry, and in particular solid geometry (and
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stereometry in higher school grades) is an especially effective way to develop flexibility of thinking.
This is because students’ existing solid theoretical foundation, together with a wide range of
methods and approaches, enables them to solve the same problem in many different ways, view it
from different angles, discover deeper properties, apply knowledge from different areas of
mathematics, and increase the likelihood of finding the correct answer.

This article presents an example of a problem set for 11th-grade students in the 3rd level of
the All-Ukrainian Competition for Research Papers of Students of the Junior Academy of Sciences
of Ukraine, alongside a generalised version. Five solutions are provided: using the projection
method combined with the cosine and sine theorems; the area method; trigonometric relations;
the cosine theorem for a trihedral angle; auxiliary constructions with similar triangles; and the
coordinate method. The possibility of using vector algebra methods and the Gram matrix is also
considered, which could be useful for mathematics students. Special attention is given to studying
how numerical data affect the geometric configuration, and accordingly the solution of the
problem. It is also noted that solving a single solid geometry problem in several alternative ways
could form the basis of a student’s research paper, a group project for an advanced mathematics
class or a mathematics club session. The article also examines methodological aspects of
organizing the learning process for each of these formats.

Key words. Solid geometry, angle between planes, cosine theorem for a trihedral angle,
method of coordinates, the theorems of cosines and sines, method of areas, trigonometric ratios,
critical thinking.

Ilooano oo opyky 14.08.2025
IHpuiinamo oo opyky 22.09.2025

YK 378.016:517
DOI 10.24139/2519-2361/2025.02/66-72
A. M. Hectepenko
ORCID ID 0000-0002-3070-7440
UepkacbKkuil nep>kaBHUN
TEXHOJIOTIYHUN YHIBEPCUTET

IPOBJIEMHE HABYAHHS BUIIIOI MATEMATUKHW CTYJEHTIB
TEXHIYHUX CHEIIAJIbHOCTEH

THocunenns ysacu 0o ocgimuix nomped ocooucmocmi, po3yMiHHSA CIYOeHmMa He MilbKU K
00’exma HasyauHs, ane U AK PIBHONPABHO2O YO’ €EKMA HABYAILHO20 Npoyecy, NPU3B00UMs 00
HeobXiOHOCmI akmugizayii Ni3HABANLHOI OISILHOCMI CMYOeHmi8 ma ix iHmepecy 00 HABYAHHS
WIAXOM  3ACMOCYBAHHS Memo0i8 NpoONeMHO20 HABUAHHA. AKMYAnbHUM € 3Aa80aHHL UWOOO
BU3HAYEHHS eheKMUBHUX YMO8 NPUKIAOHOI CHPAMOBAHOCMI MameMamudHoi ni02omoeKu
Maubymuix iHdceHepis, axmusizayii camocmilHoi Ni3HABANbHOI OIANLHOCMI CMYOEeHmIs,
080J100IHHA HUMU CUCEMOI0 MAMEMAMUYHUX 3HAHb, YMIHb | HABUKIE,

Mema cmammi nonsieae 6 ananizi 00H020 3 IHHOBAUIUHUX NIOX00I8 HAGYAHHS BUWOT MameMa-
MUKU - Memooy npoOIeMHO20 HABYAHHS CIYOEeHMI8 MEXHIYHUX CneyianbHOCmel, AKUU € NIOTPYHMAM
071 HAOYMMS HUMU KOMIIEKCHUX | CUCMEMHUX 3HAHb, CNPUSLE AKMUBIZAYIT CAMOCMILIHOL NI3HABATLHOT
OIAIbHOCI, ONMUMI3AYIT Ma MOOEPHI3aYii MamemamuyHoi ni020MmoeKu CyO0eHmie.

TIpobremuuii nioxio y 6UKIA0aHHI 8UWOi Mamemamuky OJisk CHyOeHmi8 MexXHIYHUX CReyiaIbHOC-
meti € npOOYKMUBHUM, OCKLTbKU CNPUSLE YIMBOPEHHIO Y CIYOEHMI8 HANEHCHO20 YAGNEHHS NPO BUKOPUC-
MAHHS MAMEeMAMUYHUX 3HAHb § BMiHb NIO YaAC BUEUEHHS OUCYUNTIIH NPOGITLHOLO CPAMYBAHHS, He0b-
XIOHUX Y MauOYymHil npoghecitinitl OisLIbHOCMI, PO36UMK) IX NI3HABAILHOI CAMOCMIUHOCMI 3a O0ONOMO-
2010 PO38’SI3aHHA NPOOIEMHUX CUMYayitl, Wo CHPUSIOMb OPMYBAHHIO 3aYIKABIEHOCMI 3 080I00THHSL
Maiboymuwvoi npoghecii inocenepa. 11io yac nasuanms euwyoi mamemamuxku y cmyoeHmie supiuiaibHy
Ppoib gidicpac maka cucmema 3a80aHb, KA MAE CHPUSMU NpPossy NI3HABAILHOI CAMOCMIUHOCHII,
MBOPHO20 MUCTIEHHS, MOOMO 3A80AHHS NPAKMUYHO20 XAPAKMeEPY, HeCMaHOapmui 3a0a4i i 3a60aHHs
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ons. cmeopenHs npoonemuoi cumyayii. 11i0 wac cmeopenoi npobremnoi cumyayii cmyoenm npache
sulimu 3 Hei, No0oIamu NEPEuKo0y, 8 Pe3Vibmami 4020 aKMuGizyeMuCsl o020 pO3yMO8a OISNbHICIb.

OOHuM i3 OCHOBHUX 6 OpeaHizayii NPoOIEMHO20 HABYAHHS BUWOI MAMEMAMUKU € 00CHIO-
HUYbKULL Memoo, KUl nepeddayae 20moeHiCmes cmyoenma 00 YIICHO20 PO38 sI3aHHS NPOOAIeMHOL
3a0aui, moo6mo 00 camoCmitiHo20 NPOXOONCEHHS BCIX emanie O0CHiONCeHHs. Y euwitl Kol 3acmo-
CYB8AHHSL OOCTIOHUYLKO20 MEMOOY MA€E nepeddadamu camoCcmitiHuil NOWYK cnocooy po3e s13y6amnHs
nizHasanvroi 3a0ayi. Cymuicms npakmuyHoi CHpaMO8aHOCIE BUWYOT MAMEMAMUKU SPYHIMYEMbCS HA
0601100IHHT CMYyOeHmamu Memooamu MamemamuyHo2o mooenosanis. Llenmpanvne miye y Haguanui
BUWOI MameMamuKy MauOYmHIX iHICeHepie nocioaroms 3a0ayi 3 npakmudrum amicmom. I1io yac
D038 ’A3V8AHHA 3A0aY NPAKMUYHO20 3MICIY NOYUHAEMbCS 8ANACIUBULL emMan O0CTIONHCEHHS 00epiHca-
HUX pe3yibmamie i cucmemamusayii 3uauns. Po3eé’si3anmns npoghecilino opieHmosanux npoosemHux
3a0ay cnpusic opmMyeanHio y cmyOenmié MexXHIiYHUX cneyianbHocmell 8y3i68 3ayiKaeleHoCmi 3
080/1001HHA MalbymHb010 npogeciero incenepa. Ilpuknaoui 3a0ayi sk 20108HUL 34CiO hopmyeanHs.
I po36umKky meopuoi ocobucmocmi, € RIOIPyHmMsAM O/l NPOsBY BUCOKO20 DPIiBHS NI3HABAILHOL
CAMOCMIUHOCMI CIMYOEHMAMU, WO CRPUSE YCRIUHOM) SUPIUEHHIO NPOOIEMHUX CUMYayill.

Hosimni mexnonoeii ma memoouku Hag4aHHs1 MamemMamuky € OOHUM 3 NPOSIBI8 BEIUUE3HO20
nomenyiany iHHosayitiHux npoyecie. Peanizayis Ho8066edeHb Ha npakmuyi nepeddauac
CUCMEMHY OYIHKY eqheKmUeHOCMI npoyecy MamemamuyHoi nio2omoexu.

Cymmegi 3minu 8 cucmemi 8uwoi 8iIMYUZHAHOI 0C8IMU CNOHYKAOMb 00 3ACMOCY8AHHS
AKMUBHUX MemOoOi8, HOBUX MEXHON02IU HAGYAHHS, SIKI CNPAMOBAHI HA nepeby008y Ul 600CKOHA-
JIEHHSI HAB8UAIbHO-8UXOBHO20 Npoyecy ma nio2omosky ¢haxieyie 0o npoghecionanvHoi disnbHocmi
6 cyuacnux ymosax. Hoei ocobaueocmi, yini i 3a0aui HABYANLHOI OILILHOCMI GUHAYAIOMb
ejleMeHmuy  IHHO8ayiuHUX Ni0X00i8 HABUAHHA MAMEeMAMUYHUM OUCYUNTIIHAM — CMYOeHmis
mexniunux cneyianvrocmeti. Ilepcnekmusnoro 3anuuaemoscs npobaema peanizayii npoghecitinoi
CIPAMOBAHOCNE HABYAHHS MAMEMAMUKY CILYOEHMI8 MEXHIUHUX B)316.

Knrwouosi cnoea: npobnemmne Hasuanus, npobiemua cumyayis, npooOiemHe 3a80aHH5,
IHHOBAYIHUL NIOXIO, 6UWA MAMEeMAmuKd, MeXHIYHI CNneyialbHOCmi, MeopHe MUCTIeHHS,
NI3HABANLHA CAMOCMINUHICMb, OOCAIOHUYbKUL MEMOO, NPUKIAOHI 3a0ayi.

IMocranoBka npodaemu. CrpsMyBaHHS PO3BUTKY CYYacHOI CHUCTEMH OCBITH B YKpaiHi
BH3Ha4Yae MpoOieMy MOJAEpHI3allii MaTeMaTUYHOI OCBITH CTYJCHTIB TEXHIYHHMX CIICIIALHOCTEH.
MaremaTr4H1 AUCHMIUTIHY BIAITPAIOTh OCOOIMBY POJIb Y MI'OTOBLI MaHOYTHIX CHELIaTiCTIB Yy ramy3i
TEXHIKH, KOMITIOTEpPHUX Ta 1HPOPMALIIHUX TEXHOJOTIH sl popMyBaHHS 1X mpodeciiiHol koMe-
TEHTHOCTI, HAJEKHOTO pIBHS MAaTEeMaTHYHOI KYyIbTYpH, IHTEJIEKTYaJbHOTO pO3BUTKY. PiBeHb
npodeciiiHol MArOTOBKM MaOYyTHIX CHEIIaNiCTIB 3aJ€KUTh Bl IUISXIB 1 METO/IB, BIIPOBA/KEHHS
IHHOBAIIIHHUX TEXHOJIOTiM B Mpolleci HABYaHHs BHIOI MareMaTtuku. UibHE MiCIe cepel TaKuX
IHHOBAIIIM B OBOJIOJIIHHI BUIIIOIO MAaTEMATHUKOIO TIOCIa€ TEXHOJIOTIS TPOOJIEMHOTO HABUaHHS.

[TocunenHs yBaru 10 OCBITHIX OTped 0COOMCTOCTI, PO3yMIHHS CTY/I€HTa He TUIBbKU K 00’ €KTa
HaBUYaHHS, ajle ¥ SIK PIBHONPABHOIO Cy0’€KTa HABYAJILHOI'O MPOLIECY, MPU3BOAUTH 10 HEOOXIIHOCTI
aKTHBI3allll T3HABATIBHOI JIISUTBHOCTI CTYJICHTIB Ta 1X IHTEpPECy 0 HaBYaHHS IIUIIXOM 3aCTOCYBaHHS
METO/11B MPOOJIEMHOT0 HaBUaHHSI.

daxiBellb 1HXEHEPHOI rajy3i MOBUHEH HE JIMIIE BOJOJITH BHCOKUM PIBHEM MaTeMaTHMYHOL
KYJIbTYpH, ajie i OyTH 3/[aTHUM MiIBUILYBATH BJIAaCHY MPOQeciiiHy KOMIIETEHTHICTh IUITXOM PO3B’s-
3aHHS MPOOJIEMHHX CHUTYallild, OTTaHYBaHHSM HOBITHIX HayKOBO-TEXHIYHHMX JOCSTHEHb. 3 OISy Ha
I aKTyaJbHUM € 3aBIaHHsS MION0 BU3HAYCHHS €(PEKTHBHUX YMOB TPHKJIAIHOI CIPSIMOBAHOCTI
MaTeMaTUYHOI MiATOTOBKA Mal0yTHIX 1HKEHEPIB, aKTHUBI3AIlll CAMOCTIHHOI Mi3HABATBHOI AiSTTHHOCTI
CTY/ICHTIB, OBOJIOJIIHHS HUMH CHCTEMOI0 MaTeMaTUYHUX 3HaHb, YMIHb 1 HaBHKIB, CTHMYJIFOBAaHHS
iHTepecy a0 npeamera. OIHUM 13 BaXKIIMBUX 3aC001B peanizallii i€l 3a1a4i € mpobIeMHe HaBYaHHS.

AHAJI3 aKTyaJIbHHX J0CTiKeHb. [IpobieMHe HaBYaHHSI BUHHKJIIO SK PE3Y/bTaT JOCSTHEHb
NepesioBOi MPAaKTHUKU M Teopii HaBYaHHA 1 BUXOBaHHSA. BOHO € oJHUM i3 e(eKTHBHHMX 3aco0iB
3aTalbHOTO Ta IHTENIEKTYaJbHOTO PO3BUTKY CTyneHTa. [IpoOrmeMy iHHOBAIifHOTO pPO3BUTKY
MaTeMaTU4yHOi IMATOTOBKH CTYJIEHTIB TEXHIUHMX CIEIlaJbHOCTE Ha 3acajax opraizamii
po0JIEMHOT0 HaBYaHHSI IPYHTOBHO JIOCHIPKEHO Y BITYM3HAHIH 1 3apyOKHIM MearoriyHiii Hay1.
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Y XX cr. Teopito mpobmemHoro HapuaHHs gocmimkyBamm JIk. [Mndopn, k. [proi,
LS. Jlepuep, M.I. MaxmyToB. CrnpaBXKHBOIO TICHXOJIOTTYHOIO OCHOBOIO CHUCTEMH IMPOOJIEMHOTO
HABUaHHA CTajla Teopis MHUCIEHHS, SIK MPOIYKTUBHOTO mpouecy, Bucynyra C.JI. PyGinmreiiHoM 1
PO3BUHYTA Horo y4yHsmu i nociigoBHukamu (A.B. Bpynutincekum, A.M. MaTiolkiHuM Ta iH.), a
TaKOX TAKUMH YKpaiHCbKUMU BueHUMH, ik A.M. Anekctok, C.I1. bongap, B.®. [Tanamapuyk Ta iH.

Ha nymKy ncuxonoriB, MUCIICHHS 3a3BHYai PO3MOYMHAETHCS 3 IPOOJIEM, MUTAHb, 13 TIOAUBY Y1
HETIOPO3yMiHHS, 13 cyrnepedHocTed. Lliero cuTyalliero BH3HAYAETHCS 3aIy4EeHHS OCOOMCTOCTI 0
po3ymoBoro mporiecy. Tam, e HeMae mpoOJIEMHOI CUTYaIlil, CYIIEPeYHOCTEH - HEMa€E i MUCJICHHSI B
TOYHOMY 3Ha4yeHHI ciioBa. 3a Bu3HaueHHsIM C.JI. PyOiHITeiHa, MUCIEHHS - 1I€ TIOMIYK 1 BIAKPUTTS
HPUHLUIIOBO, iICTOTHO HOBOTO.

3acTocyBaHHs MPOOJIEMHOIO HABYaHHS y HABUAILHOMY IPOIECi PO3IJISIIAETHCS Y poOoTax
B.B. Mengenesa, H.M. ITonsikoBoi, B.A. [lpubana, O.}O. PoBencekoi, B.B. Kymnipa ta inmmx. ®op-
MYBaHHIO JIOCITITHUIIPKUX YMiHb y TIporieci HaB4aHHs npucBsdeHi npaiti O.P. Tumormenko, I'.I".€b-
yannHoBoi, H.O. AmnicimoBa Ta iH. KoHemnio 6araropiBHEeBOI MaTeMaTUYHOI MiATOTOBKH Ha 0as3i
1HTerpoBaHUX (HopM 3aHsITh 1 KOHTpOIIO chopmyasoBano T.1. Vcrrokaninoto, H.M. TlomsikoBoro Ta
iH. [Ipobnemy popmyBaHHS iHTEpECY, CIIPIMOBAHOTO Ha OBOJIOAIHHSA MalOyTHBOIO Mpodeciero iHxe-
Hepa, gociimkeHo B podorax K.B.Bnacenko, O.I'.€BceeBoi, T.C.Makcumosoi, B.A .Ilerpyk Ta iH.

[1pore, Bi3HAYarOUM BaroMy 3HaUyIIiCTh 37/00YTKIB TEOPETHUHHX 1 MPAKTUYHHUX JIOCHIKECHB,
MPOCIIIKOBYETHCS BIACYTHICTh ILUTICHUX JIOCHTIKE€Hb, SIKi BigoOpakamu O CYTHICTH Ta YMOBHU
HAJIOKHOI MaTeMaTUYHOI MMiJrOTOBKU CTYJICHTIB TEXHIYHUX CliemiabHOCTed. BrusHauena mpobiema
00YMOBITIOETHCSI 00’ €KTUBHUMHU CYTMIEPEUHOCTSIMU: MK 3pOCTaHHSIM BUMOT JI0 KBami(ikariii cyudac-
HOTO iH)KCHepa Ha BUPOOHUIITBI Ta 3HIDKESHHSM SKOCTI MAaTEeMAaTHYHOI ITiITOTOBKH Yy BHUIIIOMY HaB-
YaTbHOMY 3aKJI1a/i; MiXK 00CSATOM 3MICTY BHIL0i MATEMATHUKHU K TUCLUIUTIHH i 0OMEKEHOIO KUTBKICTIO
AyJMTOPHHUX 3aHATH; MK HEOOXITHICTIO 3aCTOCYBAaHHS KOMILUICKCHUX 1 CUCTEMHHX MaTEMAaTHYHHX
3HaHb y MpodeciifHii MiSITBHOCTI Cy4acHOT0 1H)KEeHepa Ta BIZICYTHICTIO 3B SI3K1B 3 TUCHUILTIHAMY ITPO-
(GUTBHOTO CTIPSIMYBaHHS; MiXK YIIPOBA/DKEHHSIM Y HaBYILHHI MPOIIEC HOBITHIX IHHOBAIIHUX METO-
B 1 IOMiIHYBaHHSIM TPaAULIAHUX M1AXO0IB IOI0 OpraHi3allii HaBYaHHS BHILOI MATEMATHKHU.

Mera crarTi. MeTa cTarTi nosrae B aHaii3i OJJHOro 3 IHHOBAIIHNAX [iAX0/11B HABYaHHS BUALIIOL
MaTeMaTuKd - METOAY MPOOJIEMHOTO0 HABYaHHS CTYICHTIB TEXHIYHUX CIEIIaTbHOCTEH, SKUH €
HIIPYHTSAM ISl HAOYTTS HUIMH KOMIUIEKCHUX 1 CHCTEMHHUX 3HaHb, CIIPHSE aKTHBI3allii CaMOCTIHHOT
Mi3HABaJIbHOI AISTTHHOCTI, OMTUMI3allil Ta MOJIEpHI3allil MAaTEMaTUYHO]I MiATOTOBKU CTY/ICHTIB.

Bukaan ocHoBHoro marepiamy. OJHUM 3 TOJOBHUX METOMIB HAIEKHOI MaTeMaTHYHOL
MiITOTOBKH CTY/ICHTIB TEXHIYHUX CHELIaTbHOCTEHN € MpoOieMHe HaBYaHHs. B mpotieci npobaemMHOro
HaBUaHHS MaTeMaTU4Hl IOHATTS, 3aKOHOMIPHOCTI Ta Teopli BHMBYAIOTHCS i Yac MOUIYKY,
CTIIOCTEPEXKEHHSI ¥ aHami3y, IO JI03BOJIAE CTYAEHTaM BKIIOYUTH iX 1O BUBYEHHS CIEIialbHUX
muctmrnTid. [TpoOneMHuil minxin y BUKIQJaHHI BUINOI MaTEeMAaTUKUA JUIS CTYIEHTIB TEXHIYHUX
CHEiaTbHOCTEN € POTYKTUBHUM, OCKUTBKH CIIPHSIE YTBOPEHHIO Y CTYACHTIB HAJISKHOTO YSIBICHHS
PO BUKOPUCTAHHS MAaTEMaTUYHUX 3HaHb 1 BMiHb MiJ] Yac BUBYEHHS JUCLHUIUIIH MPOQLILHOIO
CHIpPSIMyBaHHS, HEOOXiTHMX y MalOyTHIM mpodeciiiHiil IisTTbHOCTI, PO3BUTKY iX Mi3HABAIbHOI
CaMOCTIHOCTI 3a JOMOMOIOI0 PO3B’SI3aHHS MPOOJIIEMHHMX CUTYAIlli, IO CIPUSIOTH (POPMYBAHHIO
3alliKaBJIEHOCTI 3 OBOJIOJIHHA MaOYTHBOI Tipodecii iHKeHepa.

[IpoOneMHe HaBUaHHS — i€ HE MPOCTO OAMH 13 3ac0o0iB aKTHBI3ALIl PO3YMOBOI AISIIBHOCTI
CTYJICHTIB, a IHTETpallis pi3HUX IPUIOMIB, METO/IiB, TPUHIIMIIIB HABYaHHS, CIIPSIMOBAHUX HA PO3BUTOK
YMIHb MUCIIUTH, BYUTHUCS, AJICKBATHO OIIIHIOBATH ce0e i 00CTaBUHU. 3 METOIO TT1IBUIIICHHS €()eKTHB-
HOCTI HaBYaHHs BHIIOI MAaT€MAaTHUKH, MO0 YHUKHYTH OJHOOIYHOCTI, ONTHUMAaIbHUM BOAYa€eThCs
KOMIUIEKCHE TO€JHAHHS IHIIMX METO/IB HaBuaHHS 3 mpoOiseMHuM. KommekcHe 3acTocyBaHHS
PI3HOMaHITHHX CIIOCO0IB Ta MPUIOMIB, SIKI CTUMYITIOIOTh MOIIYKOBY, TBOPYY Ii3HABAJIbHY IiSUIbHICTD
1 CaMOCTIHHICTh CTYJCHTIB, CIPHSE 1X YCIIITHOMY OBOJIOJIHHIO HEOOXITHUMH 3HAHHSIMH IS
MaiOyTHBOT TpodeciiHOi  misuibHOCTI. [TiMrpyHTAM U1 IbOTO € CHUTYyalil po3B’sS3yBaHHS
Mi3HABAJIBHUX 3aJlad, aKTHBHOTO TONIYKY OOIPYHTYBaHb, PO3YMOBOT'O HAIPY)KEHHS, 31CTaBIICHHS
PI3HUX MO3MLIIH 1 TOYOK 30Dy, B IKUX HEOOX1THO po3iOpaTHcs 1 NPUMHATH caMOCTiiHE pillIeHHs!.

3a M.I.LMaxmyroBum [4]: «[IpoOnemHe HaByaHHS — LI€ TUI PO3BUBAILHOTO HABYAHHS, Y SIKOMY
MOETHYIOTHCS] CHCTEMaTHYHA CAaMOCTIHA TIOITYKOBA JISUTbHICTh YUHS 3 3aCBOEHHSIM TOTOBHUX BUCHOBKIB
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HaYKH, & CHCTEMY METO/IiB IIOOYIOBAHO 3 YPaxyBaHHSM IUJICTIOKIAAHHS Ta IPUHIAITY TTPOOIEMHOCTI,
IpOLIeC B3a€MO/IIT BUKIIAJaHHS Ta YUiHHS OpIEHTOBAHO Ha ()OPMYBAHHS IMi3HABAJIBHOI CAaMOCTIHHOCTI
YUHIB, CTIHKOCTI MOTHBIB Y4iHHSI Ta PO3yMOBHX (pa3oM 13 TBOPUYMMH ) 3A10HOCTEH Y ITPOIIECi 3aCBOEHHS
HMMH HAYKOBHX ITOHSTH Ta CIIOCO01B JiSUTBHOCTI, AETEPMIHOBAHOTO CHCTEMOIO ITPOOJIEMHHX CHTYAITIi.

Oco0uBicTIO TTPOOJIEMHOTO HABYaHHS € TE, MO0 BOHO 3MIHIOE MOTHBAINIO Ti3HABAIHLHOL
JISUTBHOCTI CTyJeHTa. [HTepec 710 HaBYaHHS BUHUKAE Yy 3BI3KY 3 MPOOJIEMOIO 1 pO3TOPTA€ETHCS Y
npoueci po3yMOBOI IIpalll, MOB'S3aHOi 3 IMOLIYKAaMU Ta 3HAXOKEHHSM pILIEHHsS IPOOJIEMHOrO
3aBmaHHsA a00 CYKYyIHOCTI 3aBJaHb. Ha muX 3acajax BHUHUKAE BHYTPIIIHS 3alliKaBJIEHICTh, IO
HIEPETBOPIOETHCS Y YMHHUK aKTUBI3ALI] HABYAJIbHOTO MPOLIECY Ta e()EeKTUBHOCTI HABYAHHSI.

B ymoBax By3IBCBKOi CHCTEMM HaBYaHHS BHIIOI MaTeMaTHKA MpOOIeMHI CUTyauil
CTBOPIOIOTHCS SIK Ha JIEKLISX - MiJ] Yac BUKJIAJEHHA TEOPETUYHOIO Marepiaiy, TaK 1 Ha MPaKTHYHUX
3aHATTSX — I1J] 9aC HABYAHHS METOJIaM PO3B’SI3yBaHHsI 3a/1a4.

I[Tin yac HaBYaHHS BUIIOI MATEMATHKH y CTYACHTIB BUPIIIAIBLHY POJIb BIIINPAE Taka CUCTEMa
3aB/IaHb, sIKa MA€ CIPHATH MPOSBY Mi3HABAJIBLHOI CAMOCTIHHOCTI, TBOPYOTO MHCIICHHS, TOOTO 3aBaH-
Hsl IPAaKTHYHOI'O XapakTepy, HECTaHAPTHI 3a/adl 1 3aBAaHHS JJIsl CTBOPEHHSI TPOOJIEMHOI CUTYallii.
I[Tin yac cTBOpeHOi MPOOIEMHOI CUTYallil CTYIEHT Mpar€e BUUTH 3 HEl, MOJ0NaTH MEPEIIKOLy, B
pEe3yabTaTi 4YOro aKTUBI3YETHCS HOro po3yMOoBa AisIbHICTh. CTBOPUTH MPOOIEMHY CUTYALIII0 MOYKHA
3aB/ISKM IMOCTAHOBKM TaKOi 3aadi, MPU PO3B’SI3YBaHHI SIKOI CTYAEHT MOXKE 3rajaTH, BiITBOPHUTH,
aKTyalli3yBaTH PsiJl 3HaHb, 3aralbHUX IOJIOKEHb, MPABUII, CIIOCOOIB [ii, 3AaTHUNA 37100yBaTH HOBI
3HAHHS i YMIHHS Ha BUCOKOMY PiBHI iHTEpECY /10 IOCTaBJICHOT POOIJIEMH.

ITiq yac cTBOpeHHs NPOOIEMHHX CUTYaLliH CITiJ JOTpHUMYBATHCS IEBHUX YMOB. BUKiianay 1ae cry-
JICHTaM NPaKTHYHE YX TEOPETUYHE 3aBIaHHS, ITi]] YaC BUKOHAHHS SIKOTO0 BOHHA MAIOTh 3700YTH HOBI 3HaH-
Hsl UM criocoOu /il 3a Temoro. Le 3aBaaHHs IPyHTY€eTbsl Ha 3HAHHSX, 1110 BXKE MalOTh CTY/ICHTH. 3HaHH,
10 HEOOX1THO 3aCBOITH, MAIOTh MICTUTH HEBIJIOMY 3arajibHy 3aKOHOMIPHICTh 9H cIiociO fii, 0e3 3'cy-
BaHHS SIKO1 (SIKOT0) 3aB/IaHHS BUKOHATH HEMOXJIMBO. BUKOHAHHS 3aB/JaHHS Ma€ BUKJIMKATH B CTY/ICHTIB
noTpeOy B 37100YTTi HEBIIOMUX 3HAaHb, TOOTO Y HUX MOBUHEH 3'SIBUTHCS IHTEPEC SIK MOTHUB iXHIX JTiH.

Buxonsiun 3 mojoeHb IIOJI0 METOAIB TBOPUOIO HABUAHHS, PO3POOJEHUX Y BITUM3HAHIN
nearorivdii Hayi A. M. Anekciokom, B. O. OHHIIyKOM Ta iH., MU BBOKAEMO, 1110 HABYAHHS BUIIIOL
MaTeMaTUKU CTYJIEHTIB TEXHIYHHMX CIelialbHOCTel HabyBa€ TBOPUOIO XapakTepy, SKIIO BOHO
3abe3neyuye caMOCTIHE TepeHeceHHs 3HaHb 1 BMiHb Y HOBY MaTeMaTH4HY CHUTYAIll0; BHSBICHHS
HOBOI MaTeMaTH4HOI MpoOsieMH y 3HAallOMHMX YMOBAx; BMIHHA OauuMTH LUISXU 11 PO3B’S3yBaHHS;
BMIHHS [I0-HOBOMY KOMOIHYBaTH B1IOMI CIIOCOOM PO3B’sI3yBaHHS 33/1a4i, CTBOPIOBATH OPUTIHAIbHI
CHOCOOU TOPA 3 IHIIUMH BIIOMHMU CIIOCOOAMH.

[TpoOneMHe HaBYaHHS B ITPOLIECI OBOJIOAIHHS 3HAHHSMHU 3 BUIIIO] MaTEMaTUKU Ilepea0dayae noc-
TAHOBKY BHKJIaJladeM HaBUAJILHOTO MPOOJIEMHOI0 3aBJIaHHS, K€ BUKIMKAE y CTYJEHTIB 3alliKaB-
JICHICTb, YCBIIOMJIIOETHCSI HUIMU 1 CIIOHYKA€E 10 PO3B'I3aHHsI HABYAJILHOI TPOo0JIeMu. Y MpoIiect 1bOoro
CTYJIEHTH 37100yBalOThb HOBI 3HaHHSA, SKI 3aCTOCOBYIOTh Y XOJI BHKOHAHHS HECTaHAApTHUX
NPaKTUYHUX 3aBIaHb.

ITporiec nosicHeHHs1 MaTepiaity, 10 CTAHOBUTB 3MICT MPOOJIEMHOT0 3aBaHHs, BUMArae J10Tpu-
MaHHsI TIEBHUX YMOB: HaBYAIbHHUI MaTepiall MOsICHIOIOTH ITiCTIsl 3aITUTaHb CTYACHTIB, 110 BUHHUKIIH B
HUX y IpoOJIEeMHiH cUTYyallii, B pe3yJbTaTi 4oro A0CATalOTh 33/10BOJICHHS MOTPEeOU B HOBUX 3HAHHSIX,
MI3HABAILHOTO 1HTEPECY; M/l Yac BUKJIAly HABUYATBHOTO MaTepialy HEOOX1HO BpaxOBYBaTH PiBEHb
3HaHb CTY/EHTIB, ITBEP/DKYBATH MPABUIIbHE PillIeHHs a00 y pa3i He0OOX1AHOCTI MPOAEMOHCTPYBATH
HOBY 3aKOHOMIPHICTh Ta CIOCIO [, SIKIIO CTYJEHTH HE BIOPAIMCS 3 PO3B'A3aHHIM MpOOIEeMHOI
cuTyarlii. SIKII0 cTyAeHTH, ONMMHKUBIIMCH Y IPOOJIEMHIH cUTYyallii, He 3MOIIIM 3 Hel BUITH, BUKIIA1a4
MOBUHEH c(OPMYIIOBATH MpoOieMy, 1110 BUHUKIIA, BKa3aTW Ha MPUYUHH, SIKI TPUBEIH JI0 LBOTO 1
MOSICHUTY HaBYAJIBHUI MaTepiall, HeoOXiJHUH JJ1s pO3B'sI3aHHS 3aIPOIIOHOBAHOTO 3aBIaHHS.

JIOCATHEHHIO TBOPYOTO PIBHSI Mi3HABAJIBHOI JTISUTGHOCTI CTYICHTIB CIIPHUSE 3IIHCHEHHS HUMH
JOCITITHULIBKOT AisTbHOCTI. TOMY OZIHMM 13 OCHOBHHUX B OpraHi3alii mpoOJIEMHOIO HaBYaHHsI BUIIOL
MaTeMaTHKH € JOCTITHUIIBKUI METOI, SIKWi Tiepeadayae TOTOBHICTh CTY/ICHTA J0 IIUTICHOTO PO3B’si-
3aHHS MPOOJIEMHOT 331241, TOOTO A0 CAMOCTIHHOTO POXOKEHHS BCIX €TarliB JOCTIKEHHS. Y BUIITIHA
IIKOJII 3aCTOCYBAHHS JIOCHITHUIIBKOTO METOY Ma€ mependoavaT CaMOCTIHHHM MONIYK Croco0y po3-
B’SI3yBaHHs Mi3HaBalbHOI 3a1aui. /i mporo moTpiOHO, 100 CTYAEHTH YCBIAOMHIM MpoOiemy,
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3MOTJIM CAaMOCTIHO BUCYHYTH TIMOTE3Y, MOOYIyBaTH IUIaH 1l EPEBIPKH, BICBHUTHCH Y TIPABUIIBHOCTI
OTPUMAaHHX pO3B’s3KiB. TOMY, MOLIJIBHO BUKOPUCTOBYBATH MPHUOMH, SIKI CIIPUSIOTH PO3B’SI3aHHIO
CKJIaJTHO1, HECTAaHIapPTHOI 3a7a4i a0o MpoOJIeMH: 3amuTaHHs — (POPMYITIOBaHHS SKHAHOLIbIIE 3aIT -
TaHb BIJIHOCHO JaHOI 33/1a4i 1 cripo0a BiIIyKaHHs Ha HAX BiIIOBI/I; BIICTPOYKa — BIIKIIAAaHHS 33/1a-
4i, IKY HE BIA€ThCS PO3B’sI3aTH, HA JACSIKHM Yac 3 YMOBOKO TMOBEPHEHHS JIO M€l 3a1adyi; Qikcaris —
3anKc MPOMAHYBIIMX AYMOK; OIPAIfOBAHHS HABYAIBHOI JITEpaTypH, 10 MICTUTh YCHI BIIPaBH Ha
OO0YHCIICHHS 1 TIEPETBOPEHHSI.

LlenTpanbHe Mille y HaBYaHHI BUIIOI MaTeMaTHKKA MaiOyTHIX IH)KEHEpIB MOCILAAI0TH 3a/1a4i 3
MIPAKTUYHUM 3MICTOM. Y CyYaCHHMX yMOBaX 3pOCTaHHS O0OCATY 1 CKJIAIHOCTI HaBYAIbHOI iH(OpMalIii
CYNPOBOJIKYETHCS] CKOPOUCHHSIM KUJIBKOCTI ayIMTOPHHUX TOJMH Ha BUBYEHHS BUILOI MaTeMaTHKH. B
IUX yMOBax 3aj1adyi, KpiM TpaguIiiHux (QyHKIid, HaOyBaroTh (PyHKIIIIO HOCisA iH(OpMalii, ToOTO
TEOPETUYHI MOJIOKEHHS MOBLIOMIISIFOTHCS 1 3aCBOIOIOTHCS uepes3 3aiadi. Tomy, iz 4ac BUKJIaJaHHs
BUIIIOI MaTeMaTUKW JOIIJIBHO TPOMOHYBATH CTYACHTAM OUIBII YHIBEpCaIbHI, 3arajbHI METOIU
PO3B’sI3aHHA 337124, ajie 30epiraTy TICHUI B3a€EMO3B 30K PI3HUX PO3ALTIB 3 KYpCY Ta CHCTEMaTHYHE
MO€/THAHHS aHATITUYHUX, TEOMETPUYHUX 1 00UHCITIOBAIBHUX METO/IIB.

Buma maremaruka, sx QyHIaMEeHTaTbHA HABYAbHA JUCIMILTIHA U1 CTYACHTIB TEXHIYHHX
CHeLiabHOCTEH, ITOCTae He JHiie 3ac000M GopMyBaHHS aOCTPAKTHO-JIOTTYHOTO MUCIICHHS, aje i Ma€e
BEJIMKE MPAaKTHYHE 3HAUCHHS, OCKUIBKA YTBOPIOE TEOPETUYHE MIATPYHTS ISl X TONAIBINIO
npodeciitnoi aisubHOCTI. CYTHICTD MIPAKTUYHOI CPSIMOBAHOCTI BUIIIOI MATEMAaTUKU TPYHTYETHCS Ha
OBOJIOZIHHI CTY/IEHTaMH METOaMH MaT€MaTHYHOTO MOJIEIOBAHHS. 3T1IHO METOANKHU TPOOIEMHOTO
HABUaHHS IIiJi 4Yac PO3B’A3YBaHHS 3aJad MNPAKTUYHOTO 3MICTY MOYMHAETHCS BAXKIMBUHM eTarl
JIOCITIIDKEHHS OJIepyKaHnX Pe3yJIbTaTiB i cucreMaru3arii 3HaHb. Harpukiiaa, oBoJIOAIBIIN METOAaMH
PO3B’sI3aHHS [TPOCTUX 3a]1a4 Ha eKCTpeMyM (YHKIIIT 0/IHi€T a00 6araTboX 3MIHHHX, CTYICHTH TOBUHHI
BIICBHUTHUCH Y TOMY, IO iX MOXKHA 3aCTOCOBYBATH O€3MOCEPETHBO IS PO3B’SI3aHHS TPHKIIATHAX
3aj1a4 y BiMOBIIHOCTI 3 Mail0yTHBOIO CIIEIIANIbHICTIO.

[Tix gyac mpoOIeMHOTO HABYAHHS BHIIIOI MATEMATUKU CIIOCOOH TisUTHHOCTI, SIKI OIIAHOBYFOTHCS
y CHUCTEMi BHILOI IIKOJIM, HE TIOBUHHI Tiepe10ayaTi TOTOBE 3aCTOCYBAHHS AJITOPUTMIB, EBPUCTUYHUX
CXeM, TOTOBHX IpaBWI. baxaHo Ha MpHUKIAnax po3B’s3yBaHHS KUIBKOX 33/1a4 JaTH MOXKJIMBICTH
CTy/IEHTaM CaMOCTIMHO OLIHUTU MPOOJEMHY CHUTYallll0, 3HAaUTHU MPaBHIO-OPIEHTHUD, ATOPUTM YU
EBPUCTHYHY CXEMYy pO3B’SI3YBaHHS 3a[aul IUIIXOM MaTeMaTUYHOrO MOJEIIOBaHHS. 30Kpema,
PO3B’sA3yBaHHsI TEKCTOBUX MPHKIIAJHUX 33/1a4 HA EKCTPEMYM MOTpeOYe Bifl CTY/AEHTIB IEBHUX 3HAHb
1 HaBUKIB 3 IHIIMX MPUPOJHUYUX JUCIUIUIIH, 00 3aCTOCYBaTH iX JI0 CKJIQJaHHS MaTeMaTHYHOL
Mo, SIKY BOHM PO3B’SDKYTh 3a JOIMOMOIOI0 MEBHOTO anroputMmy abo cxemu. s yTBOpeHHs
MareMaTu4yHOi MOJeNl TAaKMX 3a/ad CTYAEHT IOBMHEH 3rajiaT IEBHI TEOPETUYHI BIAOMOCTI,
HAaIIPUKIIa, 3 TeoMeTpii a00 MeXaHIKH, BIATBOPUTH 1X y pO3B 3Ky 3a1aui il onepyBaTu crocobamu
T U1 BUPIIIEHHST TPOOJIEMHOTO 3aBJIaHHS.

Po3B’s13aHHs podeciitHO OpiEHTOBAHUX MPOOJIEMHUX 331a4 CIIpUsie POPMYBAHHIO Y CTY/ICHTIB
TEXHIYHHUX CHEHIATHHOCTEN BY31B 3allIKaBJICHOCT1 3 OBOJIO/IIHHS MaliOyTHBOIO TTPOQECi€ro 1HKeHepa.
ITin npodeciitHo opieHTOBaHOIO 3a/1aueto, 3a K.B.Biacenko, po3ymiemo 3a1ady, yMoBa it BUMOT'H SIKOT
BH3HAYAIOTh COO0I0 MOJIETh EAKOI CUTYAIlll, 0 BUHUKAE B IPOQECiiHIN TISUTbHOCTI iHX)eHepa [1].
ITpn 11boMy CTyZEeHT 3/100yBa€ 3HaHHS Ha TBOPYOMY DIBHI Mi3HABAIBHOI AISUIBHOCTI, CAMOCTIHHO
PO3B’s13y€e IPOOJIEMHE 3aB/IaHHsI, OBOJIOIBAE MPOGECIHHUM CIPSMYBAaHHSIM CBOIX 3HAHb 1 HABUYOK.

Omxe, npuKIaIHI 3aa4l SIK TOJOBHUM 3aci0 (OpMYBaHHS 1 PO3BUTKY TBOPUOi OCOOMCTOCTI, €
HIAIPYHTSAM U1 MIPOSIBY BHCOKOTO PIBHS MMI3HABAJILHOI CaMOCTIMHOCTI CTYIEHTaMH, IO CIIPHSE
YCHIIITHOMY BUPIIIEHHIO TPOOJIEMHHUX CUTYAIlIH.

HeoOximauM KOMIOHEHTOM €(EeKTHBHOTO IMPOOJIEMHOTO HABYAaHHS € JOMAIIHA poOoTa
CTYJICHTIB 3 BUKOHAHHsI ITPOOJIEMHUX 3aBJIaHb BUKJIa1a4ya, 30KpeMa, CAMOCTIiHE OBOJIOIIHHS HOBUMH
pO3ALIaMH MaTe€MaTHKHU 3a JONOMOIOK JIPYKOBAaHUX 1 €JNEKTPOHHUX HABYAIBHUX HOCIOHMKIB,
JIOBIJIKOBOI JIITEpaTypH, a TaKoX pecypciB [HTepHeTa.

BucHOBKH Ta mepcneKTHMBM MOJAJbLIIMX HAYKOBMX po3Bigok. HoitHi TexHojorii Ta
METO/MKM HAaBYaHHS MaTE€MAaTUKU € OJHHM 3 MpPOSBIB BEIMUE3HOrO MOTEHLIaTy IHHOBAaLIHHUX
npotieciB. CUCTEMHE 1 [TOCIA0BHE 1X 31iCHEHHS CIPHsi€ TOTTMOICHHIO TO3UTUBHUX TpaHc(hopMarliii
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y cydacHiil MareMaTuuHiil ocBiTi. Pazom 3 TuM, peaizaliis HOBOBBEJCHb Ha MPAKTHUII Mependadae
CHCTEMHY OIIIHKY €()eKTHBHOCTI MPOIECY MAaTEMaTHYHO] ITiATOTOBKH.

BpaxoBytoun CyTT€BI 3MiHM B CHCTEMi BHINOi BITYM3HSHOI OCBITH, IIOCTa€ MHMTAHHS
MOIANTBIIIOTO YIOCKOHAJICHHS JAHOI CUCTEMH 3 YPaxyBaHHSIM BiJIIIOBITHAX COIIAIILHO-TIOITHYHHUX Ta
E€KOHOMIYHHUX 3MiH y CYCIUIBCTBI, 3aCTOCYBaHHS aKTUBHHX METO/IiB, HOBUX TEXHOJIOT1H HAaBYaHHSI, SIK1
CIpsIMOBaHI Ha TepeOyAoBy i BJIOCKOHAJICHHS HABYAILHO-BUXOBHOTO TIPOIECY Ta MiJATOTOBKY
¢axiBiiB 10 TpodeCiOHANTBHOI TiSUTbHOCTI B CydyacHHX yMoBax. HoBi ocoOnmBOCTI, Imi 1 3amadi
HABYAJIPHOI MISUIHOCTI BH3HAYAIOTH €JIEMEHTHU 1HHOBAI[WHUX IMAXOMIB HAaBYAHHS MAaTEeMATHYHUM
JWICITUIUTIHAM CTYJCHTIB TEXHIYHUX CIeIlialbHOCTEH. [lepCrieKTHBHOIO 3alMIaeThes MpodiiemMa
peaizariii mpog)eciiHoOi CIIPMOBAHOCTI HABYAHHST MATEMATHKH CTY/ICHTIB TEXHIYHHX BY3iB.
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Nesterenko A. Problemtraining of higher mathematics of technical specialty students.

Strengthening attention to the educational needs of the individual, understanding the student not
only as an object of study, but also as an equal subject of the educational process, leads to the need to
intensify the cognitive activity of students and their interest in learning through the use of methods of
problem learning. The urgent task is to determine the effective conditions for the application of the
mathematical training of future engineers, to intensify the independent cognitive activity of students,
to master the system of mathematical knowledge, skills and abilities.

The purpose of the paper is to analyze one of the innovative approaches of higher mathematics
education - the method of problem-based training of technical specialty students, which is the basis
for gaining complex and system knowledge, facilitates the activation of independent cognitive activity,
optimization and modernization of mathematical preparation of students.

The problematic approach in teaching higher mathematics to the technical specialty students is
productive, as it promotes the students' proper understanding of the use of mathematical knowledge and
skills during the study of disciplines of the specialized direction necessary for future professional activity,
the development of their cognitive activity by solving problem situations, contributing to the formation
of interest in mastering the future profession of engineer. During the study of higher mathematics for
students a crucial role plays such a system of tasks, which should contribute to the manifestation of
cognitive activity, of creative thinking, that is, the task of a practical nature, non-standard tasks and tasks
for creating a problem situation. During the created problem situation the student seeks to get out of it,
to overcome the obstacle, as a result of which his mental activity becomes more active.

One of the main methods in the organization of problem education in higher mathematics is the
research method, which involves the readiness of the student for the holistic solution of the problem,
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that is, the independent passage of all stages of the study. In high school, the application of the research
method should include an independent search for a way of solving the cognitive task.

The essence of the practical orientation of higher mathematics is based on the mastery of
students by methods of mathematical modeling. The central point in the training of higher mathematics
of future engineers is to deal with practical problems. An important stage of the study of the results
and systematization of knowledge begin when solving problems of practical content. The solution of
professionally oriented problems facilitates the formation of students' technical specialties of higher
education interest in mastering the future profession of engineer. Applied tasks as the main means of
formation and development of a creative person, are the basis for the manifestation of high level of
cognitive independence of students, which contributes to the successful solution of problem situations.

The newest technologies and methods of teaching mathematics are one of the manifestations of
the huge potential of innovative processes. Implementation of innovations in practice implies a
systematic assessment of the effectiveness of the process of mathematical preparation.

Significant changes in the system of native higher education encourage the use of active
methods, new learning technologies that are aimed at restructuring and improving the educational
process and training professionals to professional activities in modern conditions. New features, goals
and tasks of educational activity determine the elements of innovative approaches to teaching
mathematical disciplines of technical specialty students. The problem of realization of the professional
orientation of teaching mathematics of technical university students remains a promising one.

Key words: problem education, problem situation, problem, innovative approach, higher
mathematics, technical specialty, creative thinking, cognitive activity, research method, applied
problems, professional orientation.
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JISITBHICHUHM X1 SIK 3ACIB PO3BUTKY NPO®ECIMHOI
BIIITOBIJIAJIbHOCTI MAMBYTHIX YUUTEJIB ITIOYATKOBUX KJIACIB

Mema cmammi — o0IpyHmyeamu meopemuyti 3acaou ma po3Kpumu 0coonusocmi peanizayii
OIILHICHO20 NIOX00Y 5K 3aCc00) pPO38UMKY NpO@ecitiHoi 8I0n0Gi0aIbHOCMI MAUOYMHIX Yuumenie
HOYAMKOBUX KIACI8 MA NOKA3AMU MONCIUBOCTI 1020 peanizayii y npoyeci npoghecilinoi niocomoexu,
30Kpema nio Yac 8UBYEHHs MemoOUKY HABYAHHS MAMEeMAMU4HOI i iIH(popMamuyHoi oceimuix eany3eti
i npoxodoicenns nedazoeiunoi npaxmuxu. Ilpogeciiina 8iOnosioanbHicmb MpaKmyemvcs K
iHmezspamuena ocobucmicHa AKicmb, wo QopmMyemsbcs depe3 aKmueHy yuacmv CmyOeHmis y
HABYAIbHIU OisIbHOCII, peqheKciio U YC8I0OMAEHHS HACTIOKI8 Nedazo2iuHuX pieHs.

Memoou OocniodcenHs BKIOUAIOMb AHANI3 1 Y3A2albHEHHs HAYKOBUX Npayb i3 npoodnemu
OISIbHICHO20  NIOX00Y, BUBUEHHSI Nedac02iuHo20 00C8I0Y 1020 peanizayii, aHaui3 61dcHol
BUKTIA0AYLKOI NPAKMUKU ™A  pe3yibmamié op2anizayii neoazoeiunoi Npakmuku cmyoeHmie
cneyianvrocmi A3 Ilouwamkosa oceima.

Pesynomamu Odocnidoicennss nonsearomv y meopemuyHoMy OOIPYHMYBAHHI OISLIbHICHO20
nioxody 5K 3aco0y po3sUmMKY npogecitinoi 8I0N0BIOATLHOCMI MAUOYMHIX YUUMeNi8 NOUYAMKOBUX
KIAaci@ yepe3 ABMEHMUYHI 3a80aHHSA, pPeqhleKcito, KONeKMUGHY OIsIbHICMb [ HACMABHUYMEO.
Ilpeocmasneno cucmemy memooie peanizayii  OisIbHICHO20 NIOX00Y. HPOEKMHE HABYAHHS,
O00CTIOHUYLKO-AHANIMUYHI 3080aHHS, pegieKcusHi npaxmuku ma eedenus MyWay-nopmdonio.
Tloxazano, wo KodHceH 3 HUX CNpUsie pO36UMKY 6HYMPIUHLOI MOMUBAYI] 00 caMOBOOCKOHANEHHS Md
8I0N0GIOANLHOCI 3a pe3yIbMamu nedazo2iyHoi OisLIbHOCHII.

Ilpakmuune 3HaueHHA OOCNIONCEHHS NOAAAE Y PO3POONEHHI KOHKPEMHUX NPUKIAdie
peanizayii OisNbHICHO20 NIOX00Y Ni0 4ac MemoOUdHOi Ni020MoBKU. CMBOPEeHHs YUPDPOBUX 0cEim-
HIX 120D, AHAIMUYHO2O NOPIBHAHHA NIOPYUHUKIB, PO3POOKU YeK-TUCMIB I CaMOAHAali3y YPOKIE.
Mamepianu moxcymv Oymu euxopucmati y npoyeci nio2omoeKu ManuOymuix yuumenie ma
opeanizayii neda2ociuHoi nPaKmuxu.

Hisinvricnuti nioxio 3abe3neyye opeaniyne ghopmysanus npoghecitinoi 8ionosioanbHocmi uepes
AKMUBHY HABUANIbHY OLAIbHICMb, peieKcito Ui yceioomaenus npogecitinux Hacniokis. Cghopmosana
8I0NOGIOAILHICIb MAE 6HYMPIWHIL Xapakmep i cnpuse cmanomy npogeciiinomy pozeumxky. Ilepcnex-
MUBU NOOANLUUUX OOCTIONHCEHb NOB A3AHI 3 AHANIZ0M OUHAMIKU CMAHOBNEHHs 8I0N0gioanbHocmi ma
inHmezpayieio yughposux mexnonoeitl y OisibHicHuLl nIOXIio.

Knrouoei cnosa: disiivrichuti nioxio, npoghecitina 8i0nogioanbHicmy, MaubOYmHi guumeni nouam-
KOBUX KIACIB, MEMOOUKA HABYAHHA MAMEMAMU4HOI OCBIMHbOI 2any3i, MemoouKa HA84yaHHs iHgop-
MamuKu, NPOEKMHe HABYaHHsl, peqhileKCUsHa Npakmuka, nedazoiuna npakmuxa, MyWay-nopmdorio.

IMoctanoBka mpoOJjemu. PedhopMyBaHHS BITUM3HSHOI CHUCTEMH OCBITH BIANOBIAHO 10
koHUenii HoBoi ykpaiHChKOT IIKOJIM aKTyalli3ye MmpoOsieMy MiArOTOBKH MeNaroriyHux KaJpis,
3aTHUX HECTH CBIZIOMY BIJNOBIJAJBHICTh 32 pe3yJbTaTH HaBUAHHSI W PO3BUTKY MOJOALIUX
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mkossipiB. [Ipodeciiina BiAMOBIAANBbHICTF HAOyBa€ OCOOJIMBOTO 3HAYEHHS Yy IMIATOTOBII caMe
BUUTEIIB MOYATKOBHUX KIIACIB, OCKUIbKU crenudika iXHbOI MalOyTHBOI MisIIBHOCTI BUMAarae
OJIHOYACHOTO BOJIOJIHHA METOJAMKAMHM BHUKIAJAHHS BCiX OCBITHIX Traiy3ei, 37aTHOCTI 10
MIBUJKOTO MPUHAHATTS MENaroriyHuX pillleHb y HerepeadadyBaHUX CHTYalisx Ta YCBiIOMIICHHS
JIOBIOTPUBAJIOTO BIUIMBY BJAcCHUX Jild Ha (OpMyBaHHS OCOOMCTOCTI JAMTHHH. BimmoBimanbHe
CTaBIICHHS JIO3BOJISIE TIEIATOTy HE JIMIIE SIKICHO OpTaHi3yBaTH HaBYAIBHUMN MPOLIEC, a i CTaTh s
IiTell HaAlHUM HACTaBHHMKOM, 1[0 MOTHUBYE JI0 IMI3HAHHS Ta CIPHUSE PO3BUTKY CAMOCTIHHOCTI,
KPUTUYHOTO MHUCJICHHA i COIiaIbHOI 3p1JIOCTI.

CyuacHa negaroriyHa npakTHKa CBIAYUTH PO CYMEPEYHICTh MK 3pOCTAlOYMMH BUMOTaMH
no mpodeciiHOT BIAMOBITAIBHOCTI BUMTENS Ta HEJOCTATHHOI E(PEKTUBHICTIO TPATUIIAHUX
MeToaiB 11 ¢popmyBaHHs. [HpopMaIiiHO-pEeNPOAYKTUBHA MOJIC]Ib HaBYaHHS (OPMYE MEPEBAKHO
30BHIIIHIO BiJIMOBIAAIGHICTS CTYACHTIB, HATOMICTh CydacHa IIKoOJia TOTpeOye Menarorie 3
BHYTPIIIHHOIO MPO(ECIHHOI BIAMOBIIAIBHICTIO, 1[0 IPYHTYETHCA HA YCBIAOMJICHHI IIHHOCTI
BJIACHOI JiSUTBHOCTI Ta ii BIUIMBY Ha OCOOMCTICHUN PO3BUTOK JTUTHUHHU.

JiAnpHICHHAM TT1X1]1 CTBOPIOE YMOBH JIJIs TpaHcpopMallii CTyieHTa 3 TaCUBHOTO PEIMITIEHTA
3HaHb B aKTUBHOTO Cy0’€KTa HABYAIBHOT JiSUIHOCTI, 3[aTHOTO MIPUUMAaTH OOTPYHTOBAHI PIllICHHS
Ta yCBiAOMJIIOBAaTH ixHI Hachiaku. OcoOnmBoro 3HaueHHs HaOyBae HOro peanmizailisi y mporeci
BUBYCHHS METOJIMK HAaBYAHHS MaTEMAaTUYHOI Ta IHPOPMATUYHOI OCBITHIX raTy3eid, OCKIIbKH BOHU
nependayvaroTh PO3B’A3aHHS aBTEHTUYHHUX NMPOQECiiHUX 3aBIaHb, 10 BUMAraloTb KPUTHYHOTO
MUCIICHHS 1 BIIIOBIJAIILHOCTI 32 METOINYHI PIILICHHS.

[IpoGnema 1inecnpsSMOBAHOTO BHUKOPUCTAHHS [ISJIBHICHOTO MiIXOAYy MAJIs PO3BUTKY
npodeciifHol  BiAMOBIAATBHOCTI MaHOyTHIX YYMTENIB MOYAaTKOBHX KJACIB y TIO€JIHAHHI
METOJUYHOI MiITOTOBKU 3 MEJaroriyHo0 MPaKTUKOK 3aJIMIIAEThCS HETOCTATHBO JTOCIIKEHOIO,
110 3yMOBIIIO€ aKTYaJIbHICTh HAIIOTO JOCIIIKEHHS.

AHaJi3 aKTyaJdbHUX J0C/TKeHb. TeopeTnyHi 3acaay AiSUIbHICHOTO MiIXOAY 3aKJIafeHO Y
npamsix J[x. Bpynepa, Jix. [proi, XK. Iliaxe, ski po3risgany TisUIBHICTH SIK MPOBIIHUN YWHHUK
PO3BUTKY OcoOucTOCTI Ta (opMyBaHHA ii Mi3HABaIbHOI ¥ MoOpanbHOi camoctidHOocTi. CyuacHi
nocmigauku (k. b. biro, E. Benrep, Jlx. Jleiis, /1. [1loH) akieHTYIOTh Ha 3HAYCHHI aBTCHTUYHOL
MpaKTHKH, podeciitHoi pedriekcii Ta CIbHOT HABYaHHS Y CTAHOBJICHHI BiAMOBITAILHOTO (paxiBLIs.

V BitumsHsnii nemarorimi (H. bi6ik, 1. 3s3ton, H. Huukano, O. Cauenko, JI. Xomud 1a iH.)
JISUTBHICHUM MIIXIA PO3MIIAAAETBCS SIK OCHOBAa (OpMYBaHHS MpPOQeciifiHOi KOMIETEeHTHOCTI Ta
NeJIaroriyHoi Ky/nbTypu MaiOyTHboro Buutens. [Ipodeciiina BiANOBIJATBHICTE BU3HAYAETHCS SIK
IHTErpaTMBHA SKICTh, MI0 O00’€IHYE MOTHBAIIMHUIN, KOTHITUBHHUM, €TUYHUN 1 JisJIbHICHUN
kommonentr (H. Tysiit, B. Kpemens, O. KysbMinchkuit). [i po3BuTok 3a0e3nedyeThes uepes akTHBHY
JISUTBHICTB CTY/IEHTA, 1110 CIIPUSIE IEPEXOY Bijl 3aCBOEHHS 3HAHb JI0 TX MPAKTUYHOIO 3aCTOCYBAHHL.

Hocnimxenns cydacHux neaaroris (JI. Kosans, O. Komap, H. JIucronan, C. CkBopioBa Ta
1H.) JIOBOJASATH, IO METOAMKA HaBYaHHS MaTeMAaTHKU W i1H(QOPMATUKH CTBOPIOE YMOBH JIJIst
peaizaiii JisTIbHICHOTO MIXOAY 3aBSKH MTPaAKTUKO-OPIEHTOBAHUM 1 TOCTIAHUIILKUM 3aBIaHHSM,
K1 GOpPMYIOTh aHAJIITUYHE MUCJIEHHS Ta B1JINOBIIAJIbHICTD 3a Pe3yIbTaTH MisJIbHOCTI.

Opnak mnpobiieMa BUKOPHCTAHHS [iSUIBHICHOTO MIAXOAY came SIK 3aco0y pO3BUTKY
npodeciiiHol  BiANMOBIAATBHOCTI MaMOyTHIX YYMTENIB MOYaTKOBUX KJACIB y TIO€JIHAHHI
METOJAMYHOI MiJITOTOBKH Ta MeIaroTi9HOI MPaKTHKH 3JTMIIAE€THCSI HEOCTATHBO JOCITIPKEHOIO, 110
I BU3HaUa€ HAyKOBY HOBU3HY HAILIOTO JIOCIIJIKEHHS.

Meta crarTi — OOTpYHTYBAaTH TEOPETHUYHI 3acaayd Ta PO3KPUTH OCOOIMBOCTI peamizarlii
JISUTBHICHOTO MiZXOY SIK 3ac00y pOo3BUTKY NpodeciiiHOi BiAMOBIIATbHOCTI MAHOYTHIX YUUTEINIB
MOYaTKOBHUX KJIaciB Ta MOKa3aTH MOKJIMBOCTI HOTo peaizaiii y npoiieci npoQeciifHoi miIroToBKH,
30KpeMa TiJ 4Yac BUBYCHHS METOAMKM HABYAHHS MaTeMaTHYHOI ¥ iH(GOpPMATHYHOI OCBITHIX
rajy3eu 1 MpoXOoHKEHHS MeJaroriyHol MPaKTHKH.

Buxkaaa ocHoBHOro marepiady. IIpodeciiiHa BiImoBiIaNbHICTh MeJarora po3risaaeTbCs
SK CKJIaJHe, OaraTorpaHHe MOHSTTS, 1[0 BKIIOYAE 3JaTHICTh OCOOUCTOCTI, SIKa MPAIIOE Y CUCTEMI
«JTIOAMHA-IIIOIUHAY, CBIIOMO CTaBUTH CTpaTEriuHi 3aB/JaHHS NEpeAO0BCIM Mepes] co00k0 1 yuHeM,
IIPOTHO3YBAaTH LUISIXM IX BUPILMIEHHS Ta BTUIIOBATH iX Y KUTTSA. Y CTPYKTYpl KOMIETEHTHOCTI

74



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

MaiOyTHHOTO BUUTEJS BIJMOBIIATBHICTh BUSBISETHCS BU3HAYAIBLHOIO PUCOI0, OCKUIBKH TEaror
CTBOPIOE aJICKBaTHI YMOBH JUJIsl IOBHOIIIHHOT'O TBOPYOT'O PO3BUTKY OCOOMCTOCTI yuHS [5].

VY amMepuKaHChKiil HAyKOBO-TICIATOTTYHIM TyMIll OPOPMUIIKCS JIEKIIbKa MiIXOMIB 10 TPAKTY-
BaHHS MMOHATTS «dIpodeciiiHa BIMOBINAIBHICTD IEAaroray: sik 0COOMCTICHE YTBOPEHHS, 1110 A0TIOMa-
rae imeHTu(dikyBaTu ceOe 3 MpeacTaBHUKaMH MPOoQeciiHOl CIIIBHOTH 1 BIAMOBIIHO BUKOHYBATH
SIKICHO Bci mpodeciitHi 000B’I3KH; SIK IHCTUTYIIIHA HOPMa JUIsI TIEBHOT TpyIH (axiBIliB; K pe3yIbTaT
JIOTPUMAHHSI HOPM 1 MPaBWJI MEAArOriYHOI €TUKH, SIK TTParHeHHs HaJaBaTH SKICHI OCBITHI TIOCITYTH 1
PO3BUBATH TEArOTIYHY TEOPIIO Ta MPAKTUKY BIAMIOBIIHO JI0 aKaJeMIYHUX CTaHAapTiB [7].

CrpykTypa npodeciitHOl BiAMOBIIATLHOCTI Tearora BKIIOYa€ OCHOBHI CKJIJIOBI, 110 BH3HA-
YaroTh €PEKTUBHICTb MEIArOTYHOI ALSUTHHOCTI. Y cucTeMi IPodeciiiHOT KOMITETEHTHOCTI Mall0yTHBOTO
BYMTEJISI [TOYATKOBUX KJIACIB BIIMOBIIABHICTD IHTEIPYETHCA 3 IHIIUMUA KOMIIOHEHTAMH: KOTHITHBHUM
(3HaHHA PO TpodeciiiHi 000B’SI3KKM, HOPMU Ta CTAHIAPTH), MSUIbHICHMM (YMIHHS Ta HABUYKH Bif-
MOBIZTAJTIBHOTO BUKOHAHHS MpodeciiHuX (DYHKIIIN), IHHICHO-OpIEHTAIIHHUM (I[IHHICHE CTaBJICHHS JI0
npodeciiiHix 000B’3KiB), MOTHBALIHHUM (BHYTpILIHA OTpeda OyTH BiMOBIIATEHAM IIE€IaroroM) Ta
npodeciitHO-0cOOUCTICHUM (OCOOMCTICHI SIKOCTI, 110 3a0€3MeUyI0Th BiIMOBITAIBHY MTOBEIHKY) [6].

HispHicHui minxin ¢opmye mpodeciiiHy BiANMOBiIANbHICTH Yepe3 JEKiJbKa B3a€MOIIO-
B’s3aHUX MexaHi3MiB. llo-mepie, aBTEHTHYHI 3aBIaHHS CTBOPIOIOTH CHUTYallll, J€ CTYACHTU
0e3mocepeTHhO CTUKAIOTHCS 3 HACHIIKAMH CBOIX IMEJaroriyHuX pimess [1; 2].

[To-npyre, pednexcruBHA MpaKkTHUKa, KA € HEBIJ €MHOIO YaCTUHOIO JiSILHICHOTO MiAXO01Y,
CIpHsi€ YCBIJOMIICHHIO BJIACHUX MPOQECIHHUX IIHHOCTEH Ta MPHUHIHMIIIB. Uepe3 cucTeMaTHIHY
pedIIeKCito CTyIeHTH aHalli3YIOTh CBOI /i1, OLIIHIOIOTH 1X €()EKTUBHICTh Ta PO3POOIISIFOTH CTpATeril
BIockoHaneHHs. lle ¢opmye BHYTpIIIHIO MOTHBAIIO IO BIiAMOBIJATBHOIO BHKOHAHHS
npodeciiHuX 000B’s3KiB, HA BIAMIHY BiJl 30BHIIIHHOT'O KOHTPOIIO [3].

[To-TpeTe, KOJMEKTUBHA AiSUTBHICTD Ta CIIBIIPAIs PO3BUBAIOTH KOJEKTUBHY BiITOBIIATBHICTB,
KOJIM CTYJICHTH YCBIJIOMJIIOIOTH CBOIO POJIb Y KOMaH/IHii poOOTI Ta BiAMOBIJAIBHICTE MEpe]] Kojiera-
mu. [Ipodeciiini HaBYaNbHI CHTBHOTH, CTBOPEHI B paMKax HisUIbHICHOTO MiIXomy, 3a0e3nedyroTh
HiATPUMKY, 3BOPOTHHUH 3B’ 30K Ta MOXKIIMBOCTI /715 CIIUTBHOTO PO3B’si3aHHs MPodeciifHuX mpodiiem.

Peamizamist His7bHICHOTO MiIXOAY y MiArOTOBII MAaiOyTHIX yYHTEJIB MOYaTKOBHUX KJIaciB
nepenbayae  BHUKOPUCTAHHS PI3HOMAHITHUX METOMIB aKTHMBHOI HAaBYaJIbHOI JisSJIBHOCTI:
MPOEKTHOTO Ta TPOOJIEMHO-OPIEHTOBAHOTO HABUYAHHS, JOCIIIHUIBKO-aHATITUYHUX 3aB/IaHb,
pedIIeKCUBHUX MPAKTHUK, MEeIaroriYHOl TPaKTHKH.

IIpoekmme nasuanms € OJHAM 13 Hale(PEKTUBHIIIMX METOAIB peai3alii AISUIbHICHOTO MIIX01Y Y
miaroToBli MaiiOyTHIX yuureniB. Lleit meron nepenbayae po3poOKy Ta BUKOHAHHS CTYAEHTAaMU KOMII-
JIEKCHUX TPOEKTIB, K1 IHTETPYIOTh TEOPETUYUHI 3HAHHSI 3 PI3HUX AUCLMUIUTIH Ta MPAKTUYHI HABUYKU.

VY KOHTEKCTI MiTOTOBKM BYMTENIB MOYATKOBUX KJIACIB 1 PO3BUTKY IXHBOI MpodeciiHol
BIJIMOB1IaJIbHOCTI TPOEKTHE HABYAHHS MOKE BKIJIFOUYATH CTBOPEHHS OCBITHIX MaTepialiiB, TOCITIJ-
JKEHHS METOJMYHUX IUTaHb, MPOEKTYBAHHS CYYaCHHX YPOKIB i3 BUKOPUCTAHHSM LU(POBHUX
TEXHOJIOT1#, pO3pOOKY /M1arHOCTUYHUX IHCTPYMEHTIB JJIsi OIL[IHIOBAHHS HABYAJIBHUX JIOCATHEHBb
yuHiB. BaxkIIMBO, 1110 MPOEKTH MAIOTh OyTH aBTEHTUYHUMHU, TOOTO CIIPSMOBAHUMHU Ha PO3B’I3aHHS
peaIbHUX TMEJAroriyHux MpooseM, M0 MIJBUIIYE MOTHBAI[I0 CTYAEHTIB Ta Qopmye
BiJIMOBiAalIbHE CTABIICHHS J0 PE3yIbTaTiB.

VY kypci «MeToauky HaBuaHHs 1HPOpMATHKN» peaizyeTbes IpoekT «L{udposa ocBiTHs rpa
JUIS MOJIOAUIMX MIKOJsIPiB». CTyAeHTH (1HAMBIAyanbHO abo B Mapax) po3poOsstoTh OCBITHIO TPy
3 i1HpOpMaTUKH, BUKOPUCTOBYIOUH JOCTYIIHI OHJaH-KoHCTpYKTOpH (Scratch, Code.org, Genially,
PowerPoint 3 iHTEepakKTUBHUMH €JIEMEHTaMH).

3aBmaHHsS TPOEKTY: CTBOPUTH HABUAIBHY TPy Ha OIHY 3 TeM Kypcy iHPOpMAaTHKH
(anropuT™MH, BUKOHABIII aJTOPUTMIB, KOAYyBaHHs iH(popMmarii, momyk iHdopmarnii B [HTepHerTi,
Oesreka B Mepexi) s yuHiB 2-4 knaciB. ['pa Mae MICTHTH: HaBYaIbHUN KOHTEHT (MOSICHEHHS
MOHITH uepe3 IrpoBi CHUTYyallii), CHCTeMy 3aBJaHb 13 HApPOCTAHHSM CKIAIHOCTI, €JIIEMEHTH
reiimikanii (6anu, piBHi, 3a0X04YEHHS ), 3pO3YMUTHI 1HTEpENC A1 MOJIOIINX HIKOJISAPIB.

Eranu peanizamii: BuOip TeMu Ta BIKOBOI I'pyIH, aHalli3 iICHYIOUMX OCBITHIX irop (Iio
npamre a00pe, sKi HEAOTIKH), Po3poOKa KOHIEMINI Ta CIEeHapilo I'pu, TEXHIYHA peaniszallis,
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TeCTyBaHHS (Ha OJJHOTPYIMHUKAX a00 MOJIOAMINUX OpaTax/cecTpax), Mpe3eHTallis 3 JEMOHCTPAIli€l0
rpH, 30ip BIATYKIB Ta KOPUTYBaHHS.

JlogaTtkoBa BUMoOra: MiAr0TyBaTH METOAMYHHM CYPOBIJT U BUUTEISI — METY BUKOPHCTAHHS
IpH Ha ypoIli, pEKOMEHIOBaHUH €Tal YPOKY, 4ac T'pH, MOXKJIMBI BapiaHTH opraHizailii poOoTh
(1HAMBITyabHO, B TIapax, KOMaH/IHA TPa).

[lefi mpoeKT pO3BHBAE BIAMOBINATBHICTH 32 CTBOPEHHSI OE3MEYHOTO Ta IEJarorivyHo
JOIUTBHOTO IM(POBOTO0 OCBITHHOI'O KOHTEHTY, YCBIJOMJICHHS TOTO, IO HaBITh PO3Ba)KalbHI
€JIEMEHTH HaBYaHHS MAIOTh BIAMOBIAATH BIKOBUM OCOOIMBOCTSM JiTEH, HE MICTUTH HEETUYHOTO
KOHTEHTY, CIIPHATH JOCATHEHHIO OCBITHIX I[iJICH, a HE JIUIIIE PO3BAXKATH.

EdexTuBHICTS MPOEKTHOTO HABYAHHS 3AJICKHTD Bl KIIbKOX (pakTopis. [To-nepie, mpoexTu
MOBMHHI BIAMOBIIaTH PIBHIO MiATOTOBKM CTYACHTIB Ta MOCTYIOBO YycKianHoBatucs. [lo-apyre,
HEOoOXiJJHa CUCTEMHA MiITPUMKa 3 OOKY BUKJIQJayiB, sIKi BUCTYIAIOTh y POJIi (acuiliTaTtopis, a HE
nepenaBaviB 3HaHb. llo-TpeTe, BakiuBa cucTeMaTHyHa peduieKcis MpoLecy Ta pe3ynbTaTiB
IPOEKTY, 110 A03BOJISE CTYI€HTaM YCB1JIOMUTH BJIACHE HAaBYAHHS Ta PO3BUTOK.

[Topsi 13 MPOEKTHUM HABYAHHSM, 2PYHOGI O0CIIOHUYbKO-AHAIMUYHT 3a80aHHS € SPEKTHB-
HUM 3aco00M peaiizamii JisSUTbHICHOTO MiAXO0My Ta PO3BUTKY MpodeciiiHOl BIAMOBIIATBHOCTI
MaiiOyTHiX yuutenmiB. Taki 3aBnaHHS 3a0e3meuyrOTh (OPMYBAHHS KPUTUYHOTO MHCICHHS,
3/1aTHOCTI MpUMaTH OOTPYHTOBAHI PillIEHHS Ta YCBIAOMIIIOBATH iX HACIIIKU 71l HABYAHHS yYHIB.

[Tix gac BuB4EHHS Kypcy «MeTOANKH HaBYaHHSI MAaTEMAaTUYHOI OCBITHBOI Tay3i», 30KpeMa
TeMH «3acoO0M HaBYaHHS MaTEeMaTHUKW», CTYACHTaM HPOMOHYETHCS 3IIHCHUTH TOPIBHAIBHHUN
aHaJli3 YUHHMUX HiIPYYHUKIB MaTeMaTHKHU AJI MOYaTKOBUX KiaciB. CTyleHTH 00’ €IHYIOThCS Y
YOTUPU TPYIH BiIMOBIIHO A0 KiaciB (1—4 kiacy) i aHami3yl0Th TiAPYYHUKH 32 TAKUMH KPUTEPisi-
MH: aBTOPCTBO Ta CTPYKTYpPa, YMOBHI MIO3HAYEHHs1, OCOOIMBOCTI MMOIaHHS HABYAIILHOTO MaTepia-
7y, KUTBKICTB 1 3MICT 3aBJaHb, HAsIBHICTh IHTEPHET-MIATPUMKH. Pe3ylnbTaTu npeacTaBisioTbes y
BUTJISII TIPE3EHTAIlli HA CIIIbHINA OHJIAMH-TOIIIII.

Ile 3aBmaHHS BUMara€ HE MPOCTO BHBYEHHS CTPYKTYPH MiJAPYYHHKIB, @ KPUTHYHOTO
OIIIHIOBaHHS IXHIX METOJUYHHX OCOOJIMBOCTEH, criBBiHeceHHs 3 BuMoramu HYIII, nmporuo3y-
BaHH BIUIMBY Ha pe3yJbTaTU HaBuaHHs yuH1B. CTYAEHTH YCBIIOMIIIOIOTb, 1110 BUOIp MipyYyHUKA
— IIe BiANOBiambHE MpOQeciiiHe PIllIeHHs, sIKe BU3HAYA€ 3MICT, METOJHM Ta PE3YJIbTaTUBHICThH
HaBYaHHS MaTEMATHUKH MIPOTITOM HABYAJIHHOTO POKY.

[Toai6HUM YMHOM OPraHi30BYETHCS IPYNOBa pOOOTA Ha/l CTBOPEHHSIM CIIIBHOT €I€KTPOHHOT
KHUTH «3aco0M HaBYaHHS MaTeMaTHKH B OYATKOBIH 1mKoIi». KoxkHa rpyna po3pobisie okpeMuit
O3/ 32 BU3HAYEHOIO TEMOIO: TPaJuIiiiHI 3ac00K HaBuaHHS, HU(POBI OCBITHI peCypcH, AUIAK-
TUYHI IFPHU, 3aCO0M 17151 GOPMYBaHHS OOUMCITIOBAIBHUX HAaBUYOK. OIIHIOBAHHS 3/IIHCHIOETHCS 32
KPUTEPIsIMH 3MICTOBHOCTI, O()OpPMJIEHHSI Ta KOMaHAHOI poOoTu. Taki 3aBAaHHs (OPMYIOTh He
JUIIE METOANYHY KOMIIETEHTHICTh, @ ¥ YCBIJIOMJIEHHS KOJEKTUBHOI BiJIMOBIATHHOCTI 32 AKICTh
CTBOPEHOT'O OCBITHBOTO MIPOYKTY.

IIpobnemno-opienmosane HaguauHs € HIIAM BaXXJIMBUM METOJOM HISUTBHICHOTO MiAXO0NY,
KU nependaydae po3B’si3aHHS CTY/I€HTaMU aBTEHTUYHUX Npodeciiinux npodaem. Ha BiiMiHy Bij
TpaAWLIHHOTO HaBYaHHs, JIe CII0YaTKy HaJaeThcsl 1HGOpMallis, a MOTIM CTYIEHTH 3aCTOCOBYIOTh
ii U1 po3B’sI3aHHA 3a/1a4, TPOOJIEMHO-OPIEHTOBAHE HaBYaHHS IOYMHAETHCS 3 IPOOIEMH, a PoIieC
il pO3B’sI3aHHS CTUMYJIIOE HABUAHHS.

VY miAroToBLi BUMTENIB NOYATKOBHUX KJIACIB 1 PO3BUTKY 1XHBOI MpodeciitHoi BIAMOBIIATBHOCTI
1€ MOYKE BKJIFOYATH aHaJI3 CKJIQIHUX MEAaroriyHix CUTYallii, po3poOKy cTpaTerii podoTH 3 pi3HUMH
KaTeropisiMd y4HiB, BUPIIIEHHS KOH(MIIKTHUX CHUTyaliid y kimaci. JIoCHiKEHHs IMOKa3yloTh, IO
pOOJIEeMHO-OPiIEHTOBAHE HABYAHHSI PO3BUBAE KPUTUIHE MICIICHHS, 3IaTHICTh JI0 IPUAHSTTS PIllICHb
B YMOBaxX HEBU3HAYEHOCTI Ta MpodeciiiHy BIAMOBIIAIBHICTh 32 HACTIIKY LIUX PIIIEHb.

Pegpnexcusna npaxmuxa € KIH0OYOBUM KOMIIOHEHTOM JISUTBHICHOTO MiJIXOy, L0 3a0e3neuye
YCBiIOMJIEHE HaBYaHHA Ta MpodeciitHmii po3BUTOK. Pedekcis mependadae cucreMaTHUHUN aHaI3
BJIACHOI JISUTBHOCTI, BUSIBIICHHSI CHJIBHUX Ta CIIAOKMX CTOPIH, pO3pOOKY CTparerii BIOCKOHAICHHS.
Hocmimpkennss JI. Ilona mnpo perekCMBHOIO NpakTHKa MOKa3yloTh, L0 NpogecioHay, sKi
CHCTEMAaTUYHO Pe(PIIEKTYIOTh CBOIO MPAKTHUKY, € OLIbII e(heKTUBHUMHM Ta BiIIOBIIATBHUMH.

IcuyroTh pi3Hi piBHI pedrekcii: pedaekcis-B-Aii (Mg yac BUKOHAHHS JTiSIbHOCTI), pediex-
cisg-nipo-aito (micis 3aBeplieHHs AiSIIBHOCTI) Ta peduiekcis-aa-aii (IIaHyBaHHA MaiOyTHBOT
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nismmeHOCTI). st opmyBaHHS TIpodeciiiHOl BiAMOBIAAIBHOCTI OCOOJIMBO BaXJIMBA KPUTHYHA
peduiekcis, ska mepeadadae aHami3 He JIMIIE TEXHIYHUX aCMEKTIiB JisSUIbHOCTI, aje ¥ eTUYHUX,
COLIaIbHUX Ta MOJITUYHUX BUMIPIB MEJaroriyHo1 MpaKkTHKH.

VY kypcax «MeronKka HaBYaHHS MaTEMAaTUYHOI OCBITHBOI raiy3i» 1 «MeTouKa HaBYaHHs
iHpopMaTUKN» pedIieKCHBHA MPAKTUKA PEATi3yeEThCS Yepe3 MOE€JHAHHA PO3POOKH METOJMYHUX
MmarepiajiB Ta IX KpUTUYHOTO camoaHaizy. Jlo npukiany, CTyJeHTaM IPOIOHYETHCS pO3pOOUTH
¢dparmMeHT ypoky ans 3100yBauiB OCBITH 3 KiIacy 3a mMarepiajamu MigpydHuKa «S mocmimkyro
CBIT» Ha OJIHY 3 T€M, IIOB’SI3aHUX 3 €TallaMl BUBUYEHHs 3ac00iB Mepexi «IHTepHeT»: MoYaTKoBI
ysiBIIeHHS 11po [HTepHeT, nporpama-0pay3ep, BeOcTopiHKa, BEOCANT, rieprnocuIaHHs.

Po3pobka ¢parmMeHTy ypoKy BKJIIOYAE BHU3HAYCHHS METH, J10OIp 0OJIaJHaHHS, METOMIB 1
NpUHOMIB, J€TAJIbHE IJIAHYBaHHA Nepediry ypoKy 3 ypaxyBaHHSIM JONYCTHMOIO yacy poOoTH 3
KOMIT'I0TE€pOM Ta IpaBuil Oe3neuHoi nosediHKu. Lle 3aBnaHHsA BUMarae Biji CTYACHTIB HE JIUILE
3HaHHS METOAMKHM, a I YCBIIOMJIGHHS BIJNOBIZaJbHOCTI 3a 30pOB’S MAiTEH, JOTPUMAaHHS
CaHITapHO-TITIEHIYHUX HOPM, 3a0€3MeUeHHs 0€3MeYHOr0 OCBITHBOT'O CEPEIOBHIIIA.

KirouoBuM ertamom € camoaHaiz po3po0iieHoro (pparMeHTy YpoKy 3a JOMOMOTOK0 CIeIliaib-
HOTO YEK-JIUCTA, 1110 MICTHTh KPUTEPIi: KOPEKTHICTH (POPMYIIFOBAaHHS METH, IOPEUHICTh BUOOPY (hopMm
1 METONIB, IIOCATHEHHSI IIOCTaBJICHOI MeETH, 3a0e3NeUeHHs aKTHBHOCTI 3700yBadiB OCBITH,
e(EeKTUBHICTh 4aCOBOI0 MEHEPKMEHTY. CTYIEHTH OLIHIOIOTh BUKOHAHHS KOXXHOTO KPUTEpIIo 3a
YOTHPHOAITHLHOIO IIKAJIOK0, IO CITIOHYKAE JI0 00’ €KTUBHOTO aHAJIi3y BIACHOT METOAMYHOT PO3POOKH.

Taxka opranizallis HaBUaIbHOI IIEHOCTI POpMYye pedIIeKCito-TIPO-/it0, KOJIU CTYIAEHT MiCsl
3aBepIIEHHS PO3POOKH CHCTEMHO aHaJIi3y€e SKICTh CTBOPEHOTO MPOAYKTY, BHUSIBIISIE HOTO CHIIBbHI
CTOPOHH Ta HEJIOIIKH, YCBIJOMIIIOE MOXKJIMBI HACIIAKH 3aIIPOIIOHOBAHUX METOJUYHUX PIlIE€Hb IS
HaB4YaHHs y4HiB. lle po3BuBae mpodeciliHy BiAMOBITAIBHICTE Yepe3 BHYTPINIHIO TOTPeOy y
MOCTIHHOMY BIOCKOHAJCHHI, KPUTHYHOMY CTaBJIEHHI JI0 pe3yJbTaTiB BIJIACHOI iSUIBHOCTI,
IparHeHH1 3a0€3MeYNTH BUCOKY SKICTh OCBITHBOTO MPOIIECY.

Memaxoenimueni Hauuku, TOOTO 3MATHICTh YCBIIOMIJIIOBATH Ta pEryJIIOBaTH BJacHI
KOTHITUBHI ITPOIIECH, € OJHUM 13 KOMIOHEHTIB pe(pIeKCUBHOI MpakTUKU. BunTei 3 po3BUHEHIMHA
METAaKOTHITHBHUMH HaBUUKaMU € €(DEeKTHUBHUMH y IUIaHYBaHH1 HABYaHHS, MOHITOPUHTY IIpOTrpecy
YUHIB Ta aJanTalii CBOiX cTpaTeriii HaB4aHHs. PO3BUTOK METaKOTHITUBHUX HABUYOK y MaOyTHIX
YUUTENB BKJIIOYAE HaBYaHHS CTPATETisM IJaHyBaHHs, MOHITOPUHIY, OLIHIOBAHHS Ta PeryJisLii
BJIACHOI HaBYAJIbHOI Ta MpodeciiHOT A1SUTbHOCTI.

Iledacoziuna npakmuka CTBOPIOE YMOBHM JuId TpaHc(hopMallii TEOPeTHYHUX 3HAHb Y
IPAKTUYHI HABUYKU Ta HA/JaHHA KOHKPETHOTro 3MICTy mpodeciiiHiii BianosiganbHocTl. CydacHi
MoOJiedl Oprasizamii MeJaroriyHoi NpPaKTUKU IepedayaloTh aKTUBHY CYO €KTHY TO3MIIIO0
CTYZEHTIB y IUIaHYBaHHI, IPOBEICHHI Ta aHaJli31 YPOKIB, 110 SIKICHO BiAPI3HAETHCA BiJl TACKBHOTO
CIIOCTEPEKEHHS 3a JISUIbHICTIO IOCBIAUYEHUX YUYHUTENIB.

Y KOHTEKCTI peanizariii IisUIbHICHOTO MiJAXOAY MiJ] Yac MeAaroriyHoi NpakTUKUA HaMH po3po0-
JIHO HaBUYAJIbHO-METOIMYHUN NOCIOHUK «llemaroriuna mpakThka OakajgaBpiB IMOYATKOBOI OCBITH:
HACTaBHUIITBO, Npo¢eciiiHa iIeHTHYHICTh, PO3BUTOK BJIACHOI MEAAroriyHoil TpaekTopii» [4], skuii €
KOMILJIEKCHUM PECYpCOM JUIsl MIATOTOBKU CTYAEHTIB 10 MPOXO/KEHHS PI3HUX BHIIB I€JaroriyHoi
npakTuky. [TociOHMK BHCBIT/IIOE HE JIMIIE OpraHi3aliifHi Ta METOAMYHI ACHEKTH MPAaKTHKH, a U
NUTAaHHS HACTaBHUIITBA, (OpMyBaHHA MpOQeciiHOl 1JEHTUYHOCTI Ta CTBOPEHHS BJIACHOI
HearoriyHoi TPAEKTOPIl — KJIFOUOBUX €JI€MEHTIB Mpo(ecifHOro CTaHOBJIEHHS MallOyTHIX yYHMTEiB.

BaxxnuBuM 1HCTpyMEHTOM pO3BUTKY IpodeciiiHOol BIAMOBIAAIBHOCTI Mij Yac MeAaroriyHoi
NPaKTUKU € CTBOPEHHS cTyneHTamu My Way-nopmehonio — nudposoro mpodeciitHoro noprgens,
AKUI CyNpOBOJKYe MaillOyTHHOIO BYMTENS MPOTIrOM YChOTo Iepiony HapuaHHS. MyWay-
noptdoio Moxke OyTH peanizoBaHe y ¢opmari xmapHoro cxosuiia (Google /luck), Giory, Biki-
CTOpiHKHM a00 BeO-caiiTy Ha 0a3i oHyaliH-KOHCTPYKTOPiB (GoogleSites, Wix, Weebly).

Crpykrypa MyWay-nioptdomio BKIIOYAae KiTbKa B3a€MOIOB’SI3aHUX PO3MALUIIB: BCTYI
(mpodeciifHi 1iTl, MOTHBAITIS, OYIKYBAHHS BiJ TIEAAroTi4HOI MIsITHOCTI); HaBYAIbHI MaTepiaan
(KOHCTIEKTH YPOKIB, METOAMYHI PO3POOKH, MUIAKTUYHI MaTepialin); MPaKTUIHUN TOCBiA (3BITH
PO MPOXO/KEHHS MENaroriyHux MPakTUK, aHajli3 MPOBEJEHUX YPOKIB 1 BUXOBHHUX 3aXOJiB,
JOCITITHUIIBKI  1HILIATUBH); TNpodeciiHuil po3BUTOK (ydacTh Yy TpeHIHrax, cemiHapax,
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KoH(pepeHiisax, ceprudikarn); pedaekcii Ta camooIliHKa (KpUTHYHA OI[IHKA BIACHHUX JIOCATHEHb,
BUSIBJICHHS TPYIHOIUIIB, BU3HAYCHHS OTPeO y MpodeciiHOMY 3pOCTaHHi).

Cuctematnuna pob6orta Hax MyWay-nioptdonio po3BuBae mpodeciiiHy BiANMOBIIaIbHICT
yepe3 JeKiIbKka MexaHi3MiB. [lo-mepiie, CTy1eHTH BiZICTeXKYIOTh BIACHUN PO eciitHuii pO3BUTOK
y AMHaMIII, CITIBBITHOCSYH HOTO 3 MOCTABJICHUMH IUUISIMU Ta CTaHAAPTAMH IEAaroridyHoi OCBITH,
mo ¢opMye YCBIIOMIICHHS BiAMOBIZaNbHOCTI 3a BiacHe mnpodeciiine 3pocranus. Ilo-mpyre,
cucteMaTtuyHa pediekcis IeaaroriyHoro JocBiay, 3adikcoBaHa y MmopTdoio, CHIpHUse
KPUTUYHOMY OCMUCIICHHIO HACIIIKIB CBOIX IEJaroriYHuX pillleHb, BUSBJICHHIO BIIACHUX CHIIbHUX
1 cmabKuX CTOPiH, po3po0Ili cTpaTerii BAockoHaneHHs. [1o-TpeTe, TOKyMEHTYBaHHS METOIUYHHUX
HarpaloBaHb, KOHCIIEKTIB YPOKIB, pe3yJbTaTiB poOOTH 3 yuHSIMH (HOpPMYE BiANOBIAATBHICTD 32
SKICTh CTBOPIOBAHMX OCBITHIX IIPOJIYKTIB Ta iXHIl BIUIMB HA HABYAHHS TITCH.

[Tix yac megaroriyHoi MPaKTUKK CTYIEHTH HamoBHIOIOTE MyWay-noptoi1io KOHKpEeTHUMH
MaTepialamMu: JeTaJbHUMU KOHCIIEKTaMH IPOBEJACHUX YPOKIB, CaMOAHAJi30M IUX YpPOKiB (i3
BUKOPUCTAHHSM UYEK-JIMCTIB), BIATYKaAMU BUMTEIiB-HACTABHUKIB, PO3POOJICHUMHU TUAAKTUYHUMU
Ta 1udpoBUMU Matepianamu, (Goro- Ta Bimeodikcaiiero (GparMeHTIB YpOKiB (3a 3rojoro
aZMIiHICTpaIii mKon), pedIEKCUBHIUMHY 3alliCaMH MPO MeJaroriuyHi CUTYaIlii, 10 BUHUKAIH i
4ac MpakTUKH, Ta CIIOCOOU IX PO3B’sI3aHHS.

Taka oprani3aiisi HeJarorivHoi MPaKTUKX 3a0e3Medye Mepexis Bil 30BHIIIHBOI periiaMeHTaril
TUSUTBHOCTI CTy/IEHTa (BUKOHAHHS 3aBIaHb MPAKTHKH 3a BKa31BKOIO BUKJagadya) A0 BHYTPIIIHBOI
MOTHBAIIli Ta CAaMOCTIHHOCTI, KOJIM MalOyTHIi yduTellb caM BH3HAYa€ LTI CBOTO MPOQECIHHOro
PO3BUTKY, aHANI3ye CBil Mporpec, IUIaHye NUISIXH BJOCKOHAJIEHHS 1 Hece BIIMOBIIAIBHICTH 3a
pe3ysIbTaTH BIIACHOI TeAaroriuHoi mismpHOCTi. MyWay-noptdoitio crae He mpocto (popMaTbHOO
BUMOT'0I0, a IHCTPYMEHTOM IpodeciitHoi camoineHTudikaii, 3aco6omM GopMyBaHHS BiAMNOBITAILHOI
TIe/IaroTivYHOI TIO3UIIIT Ta YCBIOMIICHHSI ce0e SIK Cy0’€KTa BIIACHOTO MPOQECiiHOTO CTAaHOBJICHHS.

EdextuBHa peanizailist TisJIbHICHOTO MiIX0y BUMAarae 0OmpumManHs HU3KU OpeaHizayiiHo-
nedacoziunux npunyunis. Ilpunyun cy6’exkmuocmi nependadae BU3HAHHA CTYACHTA aKTHBHUM
Y4aCHUKOM HaBUYaJIBHOTO MPOIIECY, KU HECe BIMOBIAANBHICTh 32 BJlacHe HaB4aHH4. Lle o3Havae
HaJlaHHS MOJKJIMBOCTI BHOOpPY 3aBAaHb, METOMIB pOoOOTH Ta TEMIy HaBYaHHS, IO PO3BHUBAE
ABTOHOMIIO Ta CAMOCTIHHICTb.

Ipunyun xonmexcmuocmi 3a0e3nedye HaBYAaHHS B KOHTEKCTI MaiOyTHBOI mpodeciitHol
TisSUTBHOCTI. 3aBOaHHS Ta CHUTYyallil BiAOOpaXkaloTh peanbHI MPOOIeMH Ta BUKIUKH, 3 SKUMU
CTYJEHTH 3yCTPIHYThCA K YUUTEN NOYAaTKOBUX KJIACiB, 10 (hOpMYy€E YCBITOMIIEHHS ITpodeciiHOoT
BIITOB1HAJILHOCTI.

Ilpunyun pegrexcusnocmi 0O3HaYa€ CHCTEMATHYHHWHA aHali3 Ta OCMHUCIECHHS BIACHOI
nisutbHOCTI. Peduiekcis iHTerpoBaHa B yci BHIM HaBYAJIbHOI MiSIBHOCTI — BiJ| MJIAHYBAaHHS 10
OIIIHIOBAHHS pe3yabTaTiB. [Ipunyun cnienpayi nependavyae opraHizaiito KOJIEKTUBHOI AiSTBHOCTI,
Jie CTYIEHTH BYaThCs NPAIlOBaTH B KOMAaH[I, IUIMTUCS JOCBIAOM Ta HECTH KOJIEKTUBHY
BIJINOB1/IAJIbHICTD 32 PE3yJIbTaTH.

VY AisnpHICHOMY MIAXOAl pOjb BUKJIagada TpaHCHOPMYEThbCS BiJl NepeAaBaya 3HaHb J10
dacumiTaTopa HaBUAaHHS, MEHTOpa Ta KOoydya. BHKJIamad CTBOPIOE OCBITHE CEPENIOBHUIIE, SKE
CTHMYJIIO€ aKTUBHICTh CTYAEHTIB, MIATPUMYE IXHIO iHIIIaTUBY, 3a0e3nedye KOHCTPYKTUBHUI
3BOPOTHUH 3B 530K 1 caM JIEMOHCTpY€E MpoQeciiiHy BIANOBIIANBHICTh SK POJIbOBA MOJENb IS
MaiOyTHIX y4UTEiB.

KpuTryHO BaXXITMBUM € CTBOPEHHS CIPHUATIMBOIO CEpeloBHIIA Ui TpodeciitHoro
HaBYaHHS, 1110 XapaKTepU3Y€EThCS aTMOC(HEPOIO JOBIPH Ta IICUXOJIOTIYHOI O€3MeKH, Jie CTYACHTH
He OOSITbCS TOMWJIOK 1 MOXYTh EKCIEPUMEHTYBAaTH 3 HOBUMH ITiIXOAaMH; JOCTYIIOM O
HEOOXIJTHUX PecypciB (METOJUYHUX MaTepiajiiB, TEXHOJOTIH, MOXIMBOCTEH CIIOCTEPEKEHHS 3a
poOOTOIO AOCBITUEHUX YUHUTENIB); OpraHizauieo npodeciiHuX HaBYaJIbHUX CIIJIBHOT AJIsl OOMIHY
JIOCBIJIOM Ta CHUIBHOTO MOIIYKY PillIeHb.

JisnpHicHUM miaxig Mae rmuOOKuM BIUIMB HAa (GopMyBaHHS MPOdeciiHOl 11eHTHYHOCTI
MaifOyTHIX yuuTeniB. Uepe3 akTUBHY y4acTh y MpoQeciiiHii TisIbHOCTI, pedIeKCiio Ta B3a€MO/IiI0
3 IpodeciiiHOIO0 CMUTBHOTOIO CTYIEHTH (POPMYIOTh PO3YMIHHS ce0€ SIK YUUTENIB, YCBIIOMIIOIOTh
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CBOI IIIHHOCTI Ta BiAMOBIAANBHICTh. CTYIEHTH 3 CHUIBHOIO MPOQECIHHOIO 1ACHTUYHICTIO € OUIBIII
MOTHBOBAHUMHU, CTIMKMMH JI0 CTPECy Ta BiANOBIAaIbHUMH Y BUKOHAaHHI MpodeciitHiuX 000B’I3KiB.

[Tpodeciitna BiAMOBIAATBHICT, chOpMOBaHa y MEXKaxX MiSUTBHICHOTO TIX0Ty, Ma€ BHYTPILITHIN
XapakTep, Ha BIAMIHY BiJl 30BHIIIHBOI BiMOBIJAIBHOCTI, IO 0a3yeThCSl HA CTPaxXy IOKAapaHHsS YH
ouikyBaHHI BuHaropoau. CTyIeHTH pO3BHBAIOTh YCBIIOMIJICHHS Ba)KJIIMBOCTI CBO€i Tpodecii,
PO3YMiHHS BIUIMBY BJIACHHX [ HA PO3BUTOK JiTEH Ta OaXKaHHS MOCTIHHO BJOCKOHAITIOBATHUCS, IO
3a0e3reuye CTINKy MOTHBAITIIO /10 TPO(GECITHOTO PO3BUTKY MIPOTITOM YCi€i Kap epu.

BHCHOBKM Ta NepCHeKTHBH MOAAJBLIIMX HAYKOBHUX PO3BiAoK. [[isubHICHUI miaxin €
e(DeKTUBHUM 3aCO00M PO3BHUTKY MPOQeECiiHO1 BIAMOBIAAIBPHOCTI MalOyTHIX y4YWTENIB IOYaT-
KOBUX KJiaciB. Ha BinMiHy Bix TpaauIiiiHUX MoJiesiell MeAaroriynoi OCcBiTH, BiH CTBOPIOE YMOBHU
TSl OpraHiqyHoro opMyBaHHsI BiIOBIJAIBHOCTI Yepe3 aKTUBHY Y4acTh CTYJEHTIB Y HaBYAIbHIN
JiSUTBHOCTI, pe(IeKCito Ta YCBIAOMIIEHHS HACIJIKIB BIACHUX MEJAroriYHUX PillleHb.

Peasizarist AisuTbHICHOTO TAXOMY Y TPOIIECi BUBUYEHHSI METOIMKHA HABYaHHS MAaTEeMAaTUYHOI Ta
iH(popMaTHYHO OCBITHIX Taiy3eil 3MIHCHIOETBCS Yepe3 CHCTEMY B3a€MOIOB’SI3aHHX METOJIIB:
MIPOEKTHE, TPYIIOBI IOCITHAIIbKO-aHATITUYHI 3aBAaHHs, pediexcuBHI npaktukw. [1i1 yac nemaroriy-
HOI MPAKTUKH 11i METOJH JOTIOBHIOIOThCS BeJleHHIM MyWay-mopTdoiio sk iHCTPYMEHTY cUcTeMa-
TU4HOI pedrekcii mpodeciiiHoro 3pocranus. KoxkeH 13 METO/IIB 1MO-CBOEMY PO3BUBAE MpodeciiHy
BIIMTOBITAVIGHICT: TPOEKTHE HABUAHHS — 4epe3 YCBIJIOMJICHHS BIUTUBY CTBOPEHHX IMPOAYKTIB Ha
HABUYaHHS JITEH; TOCIIIHUIIbKO-aHAITUYHI 3aBAaHH — Yepe3 KPUTUYHE OCMUCIICHHS METOIUYHUX
pimens; peduieKCHBHA MPAKTUKA — Yepe3 CaMOaHai3 1 BHYTPIIIHIO MOTHBAIIIO 0 BIOCKOHAJICHHS;
TMe/laroriyHa MpakTHUKa — yepe3 0e3MmocepeIHIO B3aEMOJIII0 3 YUHSIMHU Ta aHaNi3 PealbHUX CUTYAITIH.

EdexTuBHa peamnizaris QisUTbHICHOTO MiAXOMy BUMarae AOTPUMAaHHs NMPHUHIMIIB Cy0’€KT-
HOCTI, KOHTEKCTHOCTI, pe(ICKCHUBHOCTI Ta CITIBIIpalli, a TaKOX TpaHcopMallii poji BHKIaaada
BiJ] mepeaBaya 3HaHb 710 (acuiIiTaTopa Ta poiaboBOi MOENi MPodeciitHOT BiAMOBIAaTLHOCTI.

CdopmoBana y Mexkax JIisIbHICHOTO MiaXoay mpodeciiiHa BiANOBIAaIbHICTh Ma€ BHYTPILI-
Hill Xapakrtep i 3a0e3nedye CTiHKy MOTHBAIIIIO 10 TPO(ECiHHOro PO3BUTKY MPOTATOM IEAarori-
HOI Kap’€pH, 1110 € KPUTUYHO BAKIMBUM Yy KOHTEKCTI pepopMyBaHHs TOYATKOBOI OCBITH BiIIOBi/I-
HO 10 3aca]l HoBoi ykpalHChKOI IIKOJIH.

[lepcriekTHBY MOAANBIIMX JIOCHIIKEHb MOB’sI3aHI 3 BHUBYEHHSAM JMHAMIKH PO3BUTKY
npodeciifHOT BiAMOBIZATBHOCTI Ha PI3HUX e€Tanax IMiATOTOBKH, MOPIBHAJIBHOI €()eKTUBHOCTI
pi3HUX (OpM IiSIBHICHOTO MIJIXOAY, MOXJIUBOCTEH iHTerpamii LU(pPOBUX TEXHOJIOTIH 1
BIPTYaJIbHUX CUMYJISALIM, JOBrOTpUBaINX €(eKTiB cHOpMOBAHOI BIANOBIIAIBHOCTI y peaibHIN
MeAaroriyHiil MpakTUIll BUITYCKHUKIB.
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Vasko O.0., Bilier O.S. The Activity-Based Approach as a Means of Developing
Professional Responsibility in Future Primary School Teachers.

The article aims to substantiate the theoretical foundations and reveal the specific features
of implementing the activity-based approach as a means of developing professional responsibility
in future primary school teachers, and to demonstrate possibilities for its application in the
process of professional training, in particular while studying methods of teaching Mathematics
and Informatics as educational domains, as well as during pedagogical (teaching) practice.
Professional responsibility is interpreted as an integrative personal quality formed through
students’ active engagement in learning activities, reflection, and awareness of the consequences
of pedagogical decisions.

The research methods include analysis and synthesis of scholarly works on the activity-
based approach, examination of pedagogical experience related to its implementation, and
analysis of the authors’ own teaching practice and of the outcomes of organizing pedagogical
practice for students of the A3 Primary Education specialty.

The study provides a theoretical justification of the activity-based approach as a means of
developing professional responsibility in future primary school teachers through authentic tasks,
reflection, collaborative activity, and mentoring. The article presents a system of methods for
implementing the activity-based approach: project-based learning, research and analytical tasks,
reflective practices, and the development and maintenance of a MyWay portfolio. It is shown that
each of these methods contributes to the development of intrinsic motivation for self-improvement
and responsibility for the outcomes of pedagogical activity.

The practical significance of the study lies in the development of concrete examples of
implementing the activity-based approach in methodological training: creation of digital
educational games, analytical comparison of textbooks, development of checklists, and lesson self-
analysis. The materials may be used in the preparation of future teachers and in the organization
of teaching practice.

The activity-based approach ensures the organic formation of professional responsibility
through active learning, reflection, and awareness of professional consequences. The
responsibility formed in this way is internal in nature and supports sustainable professional
development. Prospects for further research are related to analysing the dynamics of the formation
of responsibility and to integrating digital technologies into the activity-based approach.

Keywords: activity-based approach; professional responsibility; future primary school
teachers; methodology of teaching Mathematics; methodology of teaching Informatics; project-
based learning; reflective practice; teaching practice; MyWay portfolio.
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OCOBJINBOCTI ®OPMYBAHHS TPO®ECIHHOI TPAEKTOPII IS
3JIOBYBAYIB OCBITHU CHEITAJIBHOCTI 102 XIMIS: HIOPIBHAJIbHUI AHAJII3
OCBITHIX ITPOT'PAM

Hocnioocenns npucesuere nopieHAIbHOMY AHANI3Y OCEIMHIX NPO2PAM 30 CNEYiAIbHICIIO
102 Ximis 3 memow e6usnaueHHs ocobaueocmell ¢HopmyeanHs npogecitnoi mpackmopii
3000ys8auie. Memow cmammi € 6UABLEHHA CMPYKMYPHUX, 3MICMOBUX | KOMNEMmeHMmHICHUX
BIOMIHHOCMEl OC8IMHIX NPOSPAM MdA BUHAYEHHS iX GNIu8y Ha (HopmyeanHs Npogeciunux
mpaekmopiti.  Mauoymuix ¢haxisyig-ximixie. AxmyanvHicms meMu 3YMOBIEHA CMPIMKUM
PO36UMKOM hapmayesmuyHol, 6ioMeOuUHOl ma XiMiKo-mexHON02IUHOol 2any3ell, uo nid8uuye
nompeby y ¢haxisysax, 30amHux npayr08amu Ha medxci QyHoameHmanbHoi ma NPUKIAOHoi Ximii.
Y pobomi pozenamymo wicms oceimHix npocpam NpPOGIOHUX YKPAIHCbKUX YHIGepCcUumemis 3
akyenmom Ha Hogy OIl «Ximis nikapcokux peuosun» J[HINPOBCbKO20 HAYIOHATLHO2O
yuigepcumemy im. O. [onuapa, sKa Noe€OHYE QYHOAMEHMANbHY XIMIUHY HIO2OMOBKY 31
cneyianizo8aHumu  GapmayesmuiHo-KOCMEeMUYHUMU CKAAO0BUMU MA DPO3UWUPEHUM OI0KOM
NPAKmMuyHoi Ni020MoBKU.

Memodonoeis 0ocniodcenHs IPYHMYEMbCA HA NOPIGHANbHOMY AHANI3I 3MICIY Npo2pam, ix
CMPYKMYPHUX eleMeHmie, BUOIPKOBUX KOMNOHEHMIB, NPAKMUYHOI Nni020moeKu, npoghecitinux
KOMNemenmHocmel ma Kap €pHUX Moxcaugocmetl. Y 00CniodceHHi 8UKOPUCIAHO AHANIMUKO-
NOPIGHANbHUL, CUCMEMHUU MA CMPYKMYPHO-I02IYHUL NIOX00U, WO O003801UN0 KOMNIEKCHO
OYiHUMU OCBIMHI npocpamu K yYilicHi nedacoeiyni cucmemu. Bcmanosnenwo, wo 6ci
NPOAHANI308AHI NPOSPAMU IPYHMYIOMbC HA CRLIbHIU napaduemi mpaouyiiHoi XiMivHoi oceimu,
O00HAK O0eMOHCMPYIOMb PI3HONPOINbHI OCBIMHI MPAEKMOPIL: NPOMUCTIO80-TNEXHON02IUHO20,
€KOJI02TYH020, BUCOKOMEXHONI02IUHO20, MEOUKO-(hapMayesmuyHo20 il nedazo2iyHo2o CNpIMy8aHb.

Ilpoananizosani npoepamu xapaxmepusyromscs 61ACHUM HAOOPOM YHIKANbHUX (haAxosux
KOMNemenmHocmel, ujo OXONII0I0Myb K8AHMOBO-XIMIUHE MOOENI0BAHNS, XeMOMEMPUYHT NiOX00U,
Memoou MeOudHoi Ximii, ITHCMPYMeHMAlbHUll KOHMPOb AKOCMI, eKONO2IYHUL MOHIMOpUHe, a
MAKONC HABUYKU NPOEKMYBAHHS, CMBOPEHHS JIKAPCObKUX | KocmMemuuHux 3acoobis. [loxazano, wo
came yi KomnemeHmHocmi ¢hopmyroms pizui npogeciiini mpackmopii 01 8UnyCKHUKI6 i pooums
iX KOHKYPEHmMOCNPOMONCHUMU HA puHKY npayi. Konkpemuzosano, wjo 8iominHocmi y cmpyKkmypi
BUOIPKOBUX  KOMNOHEHMI8 ma NpaKkmuyHoi ni02omosku 0e3nocepedHbo  GU3HAUAIOMb
CNPAMOBAHICMb NPOGhecilinoi peanizayii 6UNYCKHUKIE.

Ilposedene Oocniodcenuss niomeepodiCcye axmyaibHicms MOOepHizayii XiMiyHoi oceimu
8i0N0BIOHO 00 nomped GapmayesmuyHoi 2any3i, €BPONEUCLKUX CMAHOAPMI6 I CYy4aCHUX
meHOenyiti npoghecitinoi niocomosku. Hayxoea HOBU3HA NONA2AE Y KOMNJIEKCHOMY NOPIGHAHHI
OCBIMHIX npocpam uepe3 Npusmy (GopmyearHs Npogheciinux mMpacKmopii ma 6CMAaHOBNEeHHI
63AEMO38 13K)Y MIdNC CMPYKMYPOIO OCBIMHIX KOMNOHEHMI8 [ Kap €EPHUMU MONCIUBOCMAMU
sunyckHukie. Ilpakmuune 3HAYeHHs pe3yIbMamié OOCHIONHCEHHS NONAAE Y MONCIUBOCMI iX
BUKOPUCTNAHHSL OJI51 00CKOHANEHHS OCEIMHIX NPOSPAM, NOCUNEHHSL IX NPUKIAOHOI CNPAMOBAHOCTI
ma niosuerHs 6IONOBIOHOCMI BUMO2AM CYYACHO20 PUHKY NPAY.
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Knrwowuosi cnosa: ximiuna oceima, KOMNEMEeHMHOCMHUN NIOXi0, OCBIMHI MPAEKMOpIi,
Kap 'epui Modicaueocmi, npoghecitina niocomosKa, 0C8imui npoepamu, npogecitini KomnemeHm-
HOCmi, AKICMb 8UWOI 0c8imu, MOOepHiz3ayis oceimu.

IMocTanoBKka npodjemMu y 3arajbHoMy BUrJsigi. CydacHUi po3BUTOK (hapMarieBTUIHOT
MIPOMHUCIIOBOCTI, O10MEIMYHUX TEXHOJIOTIM Ta XIMIYHOTO BHUPOOHHIITBA 3YMOBIIIOE 3POCTAIOUy
notpely y ¢axiBIsxX, 3IaTHUX MPAIIOBATH HA MEpPeTUHI (yHIAMEHTAILHOI XiMil Ta MPUKIATHIX
HayK TpO JIKApChKi PEYOBMHH. 3a3BHUai, TPAAMIliiiHI OCBITHI MpOrpaMH 3 XiMmii HE MiICTATH
npodeciifHOT CKITaJ0BO1, 30CepPEKEHOT Ha BUBYCHHI MEMYHOI XiMil, (hapMakorHo3ii, hapMaKoorii
Ta KOMIT IOTEPHOT0 TM3aiiHY JIKapChKUX CHOMYK. Y pe3y/bTaTi BAHUKAE qucOanaHc Mk noTpedamu
Ha PUHKY Tpalli Ta MiArOTOBKOIO MaiOyTHIX XiMiKiB. B yMOBax MIBUAKOTO PO3IIMPEHHS CIEKTpa
dapmmpenapariB, IOSBH HOBHUX CIOCOOIB CHHTE3y JIKAPCHKHX CIIOJIYK, YIOCKOHAJICHHS
AQHANITUYHUX METOMIB iX IifAcHTH(IKalii Ta BH3HAYCHHS, a TAKOXX PO3BUTKY KBAaHTOBOI'O
MOJICTTIFOBaHHS BUHUKA€E 00’ €KTHBHA HEOOX1IHICTh MOJIEPHI3aIlii 3MICTy XIMIYHOI OCBITH.

[TocuneHHs: KOHKYpEHIlii Ha TI00aTbHOMY Ta HAI[lOHAILHOMY PHUHKAaX Mpalli JOJaTKOBO
aktyanizye norpedy y (opmyBaHHI y 3100yBadiB OCBITH HE JIMIIEC I'PYHTOBHHX TEOPETHUYHHUX
3HaHb, a ¥ NPHUKJIAJHUX KOMIIETEHTHOCTCH, 3JaTHOCTI JO MDKIUCIUILIIHAPHOI IHTerparii Ta
ajanTanii 10 MIBUIKO3MIHHUX TEXHOJIOTTUHUX YMOB. Y IIbOMY KOHTEKCTI OCOOIMBOrO 3HAYEHHS
HaOyBa€ TIEpeopieHTallis OCBITHIX IporpaM Ha pe3ylbTaTH HaBYaHHSA, IO BIiANOBIAAIOTH
peanbHUM TPO(dECIHHUM CLIEHAPIIM TisJILHOCTI XIMIKIB Yy (apmarieBTU4YHINA, OloMenuuHiid Ta
XIMIKO-TEXHOJIOTTYHIM Tanmy3sx. OJHOYACHO 3pOCTa€ 3HAYYINICTh 1HAMBIAyasi3allii OCBITHIX
TPAEKTOPIH, 10 103BOJIsE 3M00yBayamM (OpMYBaTH BJIIACHHUH MpodeciiHui mpodiib BiAMOBIAHO
JI0 aKTYaJIbHHUX 3aITUTIB Taly3i Ta 0COOMCTHX OCBITHIX MOTPEO.

Y 2024 poky €Bpomnelicbka acoriallis yHIBEpCUTETIB OITyOJIiKyBajla OHOBJICHY BEPCIIO
«CycrinpHOTO0 10oTOBOPY €BponH Ta i yHIBEpCHTETIBY. Llel TOKyMEHT JeKIapye KIIFOYOBY POJIb
YHIBEPCUTETIB y MallOyTHROMY €BpONU Ta BU3HAYAE, IKUM YMHOM BHUIIA OCBITa MOX€ BILIUBATU
Ha COIliaTbHO-C€KOHOMIUYHUN PO3BHTOK YKpaiHU, a TaKOX CIPHUATH BHUPIMICHHIO TI00ATBHUX
BUKJIMKIB, BKIIOUAIOUN 3MIHY KJIIMATy T'€ONMOJITUYHI KOH(DIIKTH, BIHU, TepOpU3M. 3TiAHO 3
UM JIOKYMEHTOM, CHCTEMH 3a0€3ICUCHHS SKOCTI BHUIIOI OCBITH MarOTh (OPMYBATHCS
BIIMOBITHO 0 KJIIOYOBHUX IOTPEO CTEHKXOAEpiB Ta OpPIEHTYBATHUCS HA TOCHJICHHS PO
3aKJaJiB BUIIOI OCBITH B EKOHOMIYHOMY pO3BUTKY KpaiHu. EpexTuBHe QpyHKIIIOHYBaHHS TaKUX
CUCTeM Tependavae y3roJKEHHs OCBITHIX pe3yJbTaTiB i3 3aIUTaMU pOOOTOABIIIB, TATY3€BUX
CHIIBHOT Ta JEp’KaBHUX IHCTUTYLIH, IO copusie (OpMyBaHHIO KOMIIETEHTHHMX (haxiBIIiB,
3IaTHUX 3a0e3leuyBaTH 1HHOBAIIMHUN PO3BUTOK Oi3Hec-cepenoBuia. [locunenns Bzaemomil
YHIBEPCHUTETIB 13 MIANPUEMCTBAMH, 30KpEMa 4Yepe3 BIPOBAKEHHS yalbHUX MOJEICH
HaBYaHHS, CIUIBHI TOCTIJHUIIBKI MPOEKTH Ta MOJEPHI3AII0 OCBITHIX Mporpam, 3abesrneuye
MiJBUIIEHHS TPAKTUYHOI CHPSMOBAHOCTI MIATOTOBKM 3700yBadyiB Ta 3MIIHIOE IXHIO
KOHKYPEHTOCIIPOMOXHICTH [1].

Y 1bOMy KOHTEKCTI OCOONHMBOi aKTyaldbHOCTI HaOyBa€ Y3TO/DKEHHS 3MICTY OCBITHIX
mporpam 13 €BpONEHCHKUMU IMIAXOJAaMHU 10 3a0€3MedYeHHs SIKOCTI OCBITH, OPIEHTOBAaHUMH Ha
KOMIIETEHTHICHI pe3y/lbTaTH Ta MPAKTUYHY PEJIEBAHTHICTH MiJTOTOBKU. BpaxyBaHHS Cyd4acHUX
BUKJIMKIB, 30KpeMa HEOOXIAHOCTI MIC/ISAKPU30BOTO BIJHOBJIEHHS E€KOHOMIKH, PO3BUTKY
IHHOBAI[IITHUX CEKTOPIB Ta 1HTErpalii y €eBponeiichbKuii HayKOBO-OCBITHIM MPOCTip, BUMArae BiJl
3aKJadiB BUIIOI OCBITMU CHUCTEMHOTO OHOBJIEHHS 3MICTY MIATOTOBKM XiMmikiB. lle mepenbauae
MOCUJICHHST POJi TPUKIATHUX JOCHIHKeHb, PO3IIMPEHHS MOXJIMBOCTEH akKageMidHoOi Ta
npodeciiHol MOOUTBHOCTI, a TAaKOX BIPOBAKEHHS THYYKHX OCBITHIX MOjeJel, 3JaTHUX
OTIepaTHUBHO pearyBaTu Ha 3MiHH Y HAyKOBO-TEXHOJIOTTYHOMY cepeloBHIIi. Biarak, MonepHizailis
OCBITHIX TIPOTpaM pO3IMISIAEThCS SK HeoOxigHa yMoBa 3a0e3medyeHHs I1X BiAMOBIIHOCTI
CTpaTeTiYHUM MPIOPUTETAM PO3BUTKY BHUIIOT OCBITH Ta OTpedaM pUHKY Mparii.

Omxe, OOTpyHTYBaHHS, PO3POOJIEHHS Ta BIIPOBA/HKEHHS OCBITHIX MPOTpaM OPIEHTOBAHUX Ha
BUBUCHHS XiMii JIIKapCbKUX CHOJNYK, MeIU4YHOI Ximii, (papmakorHosii, Qapmaxonorii Tta
KOMIT FOTEPHOTO JTU3aifHYy JIKAPCHKUX MOJICKYJl € BRXXJIMBUM HAyKOBO-TIPAKTHYHHM 3aBIaHHSM,
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BUPIIIEHHS SKOTO 3a0e3Meuye MOJEpHI3aIliio 3MICTy XIMIUYHOT OCBITH Ta MIJABHUIILYE 11 BiIOBITHICTD
Cy4acHHM BUKJIUKaM Y chepi OXOpOHH 3A0pOB’s, (hapmarrii Ta XiMiYHUX TEXHOJIOTIH.

AHaTI3 aKkTyaJbHUX JI0CTiIKeHb. ['pyna AOCHITHUKIB 3MIMCHWIIA TONIYK HAyKOBUX
JOKEepeN, 10 CTOCYIOThCS JOCTIDKEHh B Tally3l XIMIYHOI OCBITH, OIyOJiKOBaHUX B
HaykoMeTpuuHHX 0a3ax Scopus Ta Web of Science B nepiox 3 ciuas 2016 poxy mo mrotuid 2023
poky. IIpoBenu anaii3 Ta BusBuiIn 7682 myoOmikaiii, 3 Hux ~0,01%, e aBTOpH 3aCTOCOBYBAIU
MOPIBHSJIBHI TOCIIJPKCHHS JIJIs1 BUPIIICHHS MTUTaHb XIMIYHOT OCBITH. ABTOPH CTaTTi 3a3HAYAIOTh,
mo TMmoHany 65% mpoaHai30BaHUX CTaTed  MICTATh IOPIBHSJIBHI  JOCIHIKCHHS, IO
BUKOPHUCTOBYIOTHCSI JUIsl BUBUYCHHS METOJWK BHKJIQJaHHS, HAaBUYaHHS B XIMIYHIM OCBITI Ta ix
3aCTOCYBaHHS B PO3poOili HaBYaIbHUX mporpam. KpiMm Toro, sik 3a3Ha4aroTh aBTOpH CTaTTi, 75%
JIOCJTIJKEHb, SIKI TIPOBOJATHCSA, OTPUMYIOTh (iHAHCYBaHHS 3 MICIEBHX Ta/a00 HAIlOHAJIBHHUX
okepen. Lle cBiTYUTh MpO BaXKIUBICTh MOPIBHSUIBHUX JOCHIDKEHb Y Tally3i XiMI4HOI OCBITI Ha
HalllOHAJIBLHOMY PiBHI B pi3HUX KpaiHax. B crarTi 3a3HavyaeThCs, 110 MPOBEACHHS MOPIBHIIBHUX
JOCTIPKEHB CIIPUSIE BUSBIICHHIO CXOXKUX Ta BIJIMIHHUX CTPYKTYPHHUX OCBITHIX €JIEMEHTIB y PI3HHX
KOHTEKCTaX, 110 JIa€ 3MOT'y OKPECIUTH IIKPILE KOJIO MOXJIMBOCTEH 1 cTpaTeriit s 3MiH B pi3HUX
acriektax ximiunoi ocsit. (Wing-Fu L., Melody F., 2024) [2].

[TopiBHANBHUI aHAI3 OCBITHIX MpOrpam, NMPeACTaBICHUX Ha OQIMIHHUX calTaX BUIIUX
HaBYaJIbHUX 3aKnaaiB Ykpainu, [Toneri, Itanii, IlIBenii, Himeuunau npoBenn Kpuukoschka A.
3 KOMaHJ0w. BOHM JOCHiIWIM HAMOBHEHHS AaKaJeMIYHHUX CKIIQJIOBUX OCBITHIX Mporpam
«®DapmMartisi» BHIIOT OCBITH YCTaHOB B YKpaiHi Ta kpainax €C. BUKOpHUCTOBYIOUYM aHATITHKO-
NOPIBHSAJIBHUM, 3MICTOBHH, CHUCTEMaTUYHHM, JIOTTYHHUM, JIEKOMIIO3HUIIHHUN, MOJETIOIYHIA
METOJU JOCIIDKCHHS, BCTAHOBMJIM CXOXKI Ta PI3HI aKaJgeMidyHi eJIEeMEHTH, IO MaroTh
BIJIHOIICHHS /10 HA3BH, CTPYKTYpPH, 3MICTy, poOOYOro yacy y BHIIMX HaBYAIBHHUX 3aKjagax
VYkpaiau ta kpain €C. B crtaTTi 3a3Ha4aeThCs, MO Pe3yJabTaTH JOCIIHKECHHS MOXYTh OyTH
OpPIEHTHUPOM JIJIsl BHECEHHSI 3MiH Ta AOJATKIB 10 CTpYKTypH Ta 3Micty OIl ana papmaneBTuunoi
OCBITH y BUIIIMX HABYAJIBHUX 3aKJIaax YKpalHU I MAKCUMATbHOTO HAOIMIKEHHS IO CHCTEMH
ocBitu 3 €C. Le B cBOIO 4epry CupusiTUME CTBOPEHHIO €JUHOTO €BPOMEHCHKOTO MPOCTOPY BUIIOL
ocsitu (Krychkovska A., et. al, 2025) [3].

[Tinropuuii A. ta yna T. npoaHami3yBaiy MPUHIMIIK HaBYaJIbHOTO Tporecy KuiBchbkoro
HOJITeXHIYHOTO 1HCTUTYTY iMeHi Iropsi Cikopcbkoro 3a Tpupiunmii nepiox (2019 — 2021 pp.),
BU3HAUMJIM TIEPEBArd Ta HENONIKU CydyacHOI CHCTEMH iH)KEHEpHOI OCBiTHM B YKpaiHi. B craTTi
3alpONOHOBAHO MOTHUBALIHI YMHHUKU IMIJBUIIEHHS SKOCTI OCBITM Ha PI3HUX PIBHSX:
IHIUBITyaTbHOMY, YHIBEPCUTETCHKOMY Ta Jiep>kaBHOMY. JlJis IpOBeACHHS JOCIIKEHHS aBTOPU
CTaTT1 3aCTOCYBAIM METOJOJIOTIIO, 1[0 TPYHTYETHCS HA MOEJHAHHI TEOPETUYHUX 1 EMIIPUYHUX
METO[IB, 30KpeMa KPUTHUYHOTO aHalli3y HayKOBO-TIENaroridyHux [Kepenl Ta HOPMaTHBHO-
npaBoBux JokyMeHTIB MOH Vkpainu. Pesynbratu qociiakeHHs 3aCBIIYYIOTh 3pOCTa04y poJib
XIMIYHOI OCBITH Y KOHTEKCTI iHHOBAIII{HOTO PO3BHUTKY, €KOJIOT1UHOI Ta €HEPreTUYHOI Oe3MeKH,
CTaJIOr0 PO3BUTKY, IO 3YMOBIIOE€ HEOOXITHICTh MOCUJIEHHS XIMIYHOI CKJIaJ0BOi B OCBITHBO-
npodeciiHuX mporpamax OakanaBpiB 3 iHxkeHepii. B cTaTTi 3a3HauaeThCs, 110 Cy4acHi TeHASHIIIT
PO3BUTKY XIMIYHOI OCBITH Y 3aKJIaJax BUIIOI OCBITH B1I0yBaIOTHCS 3a paXxyHOK TpaHC(opMarii
KJIACMYHO1 XIMIYHOT OCBITM B YMOBaX MUDKIUCIMIUIIHAPHOCTI; MOCHJIEHHS POJi MPUKIATHOL,
¢dapmanieBTUYHOI Ta MEAMYHOI XIMIi; BHMMOI PHUHKY TMpani J0 KOMIIETEHTHOCTEH
BUITYCKHUKIB-XIMIKiB; 1HTerpauii HU(ppPOBUX 1 KOMII IOTEPHHUX TEXHOJIOTIH B XIMIUHY OCBITY
(Pidgornyy A., Duda T., 2022) [4].

ABTOpHU CTaTTi MPOBENU METa-aHalli3 Ta AOCTIIUIN BIUIMB KOMIETEHTHICHOTO MiIX0Iy Ha
MOTHBAIII] CTYJIEHTIB, X CTaBJIEHHS /10 HaBUaHHS Ta GOPMYyBaHHS y 3100yBayiB OCBITH KIFOUYOBHX
KOMIIETEeHI[IH. B cTarTi mpUBOIATHCSA pe3yabTaTH aHANi3y 25 eMIipUYHUX JOCHIIKEeHb, SKi
npoBoauiucs B niepioa 3 2000 mo 2023 pokwu, ajsi BU3HAYCHHS €()EKTHBHOCTI IIHOTO MiAXOAY B
PI3BHOMaHITHUX HaBYAIbHUX 3aKiiajaX. ABTOPH CTaTTi 3AIHCHUIM CHCTEMAaTUYHHHA TMOIIYK
JITEepaTypu 3a YITKO BHU3HAYEHUMU KpPUTEPISIMH, SKUHA BKJIIOYAB 1 EKCIIEPUMEHTANbHI, 1
KBa31eKCIIEPUMEHTANIbHI JAOCTIIKEeHHsT 3 po3mipom BuOipku Bim 30 mo 1500 yvacHuHKIB.
3a3Havya€eThCsA, MO MYOJIKaIi OIIHIOBAIKUCS 3a JOMOMOTOI0 CTAaTUCTUKH, pO3Mip e(heKTiB
pPO3paxoByBaBcs 3a JOMOMOTOI0 MOJIENl BUMAAKOBUX €(eKTiB. ABTOpU CTAaTTI BCTAHOBHIIH, IO
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3aCTOCYBaHHS KOMIIETEHTHICHOTO TIJXOJy CIHpHUSE IiJIBUIICHHIO 3aly4eHHs CTYIEHTIB Ta
MOKpAIllye pe3ylbTaTH HABYaHHS 3 XiMii 32 YMOBHM HAJIeKHOI MIATOTOBKH BYMTENIB Ta
obnamTyBaHHs 1abopaTopiii HeoOximuum odagnanuaM (Gyamfi M., et.al., 2025) [5].

VY craTTi mpoaHaTi30BaHO EBOJIOIII0 BUKJIAJAaHHS MEIUYHOI Ta (hapMareBTHYHOI Ximii,
30KpeMa IUIIXOM IOCHJICHHS 1HTerpaiii Oioximii, ¢apmakoyiorii Ta MOJEKYJISIpHUX HayK Y
MiTOTOBKY XIMiKiB. ABTOp Yy3arajlbHIOE MIKHAPOJHUK JOCBIJl OCBITHIX Tporpam y cdepi
MEIUYHOT XIMii Ta MiIKPECIIIOE, 10 CyYacHi 3MIHU B ITili TalTy31 MOTPeOYIOTh HE JIUIIIE OHOBJICHHS
3MICTY HaBUaJIbHUX TUIAHIB, a i MOJCPHI3AIIE€I0 METOIIB BUKIaAaHHA. J{1s MOOY/I0BU CydacHHUX
OCBITHIX MOJIEJICH 3aIPOTIOHOBAHO BUKOPUCTOBYBATH aKTHUBHI, CTYJCHTOOPIEHTOBAH] ITiIXO/IH, SIK1
pPO3BHBaIOTh SK (DaxoBi, TaK I KOMYHIKATHBHI Ta KOMaHIHI KOMIICTCHTHOCTI, BaXKJIMBI JJIs
cydacHoi (hapmaneBTuaHoi iHaycTpii (Klahn P., 2025) [6].

AHaii3 3aKOpJOHHHMX OCBITHIX MporpaM 1 IDIaHIB MiJTOTOBKA MalOyTHIX XiMIKIB,
KOHKPETH3yBJIM CIUIbHI Ta BiAMIHHI pUCH TpodeciiiHoi MiAroTOBKH XiMiKiB B YKpaiHi Ta
3akopaoHom HaBemoHo B crarti (Anichkina, O. V. et al., 2022) [7]. Ha miacraBi mpoBeaeHOT0
JOCTIIP)KEHHS aBTOPH CTATT1 3alPONOHYBAIM MOJEIb MPAKTUYHOI MIATOTOBKH, SIKa peali3yeThes
4yepe3 CHCTeMAaTHYHe, TOCIIIOBHE, TIeIarorivHO 00TPYHTOBaHE BIIPOBAKCHHS HU3KW HABYAITBHHIX
1 BUpOOHUYHUX MPAKTHK. B cTaTTi apryMeHTOBaHO MOJXKJIMBICTh peajizaiii BCiX BHJIIB MPAKTHK B
OCBITHBOMY IIPOIICCi, 3a3HAUCHO MOCIJOBHICTh Ta €JIEMEHTH 3MICTOBOI'0 HAIIOBHEHHS KOJKHOI 3
HUX. 3a3HA4yaeThCs, IO peajlizallis JaHoi Mojeni crpuse (GOopMyBaHHIO BCIX HEOOXIJTHHX
npodeciitnux komnerentHocterd — hard skills, soft skills, ManinmymsiiHOT eKCIIEPUMEHTATBHOT
CaMOCTIHHOCTI, 1HJAMBIAyaJTbHOI BIIEBHEHOCTI Y BJIACHUX JIIfX.

EdextuBry Mmozenp uudposizamii XiMI4HOT OCBiTH, IO TOTpPeOye HE BHUIAIKOBOTO
BUKOPDUCTaHHA OKPEMHUX IHCTPYMEHTIB, a CHCTEMHOI, MeJaroriyHo BMOTHBOBAHOI 1HTerparii
TEXHOJIOTi# mpoaemoncTpoBano B ctaTTi (Aroch 1., Katchevich D., Blonder R., 2024) [8]. ABTopu
BUOKPEMIIIOIOTh CIM PEXKHUMIB TEXHOJOTIYHOTO BIIPOBA/KEHHS, SKI OXOIUTIOIOTh HE TUIbKU
TpaauIliliHi, a IHHOBalliiHI HApsIMHA. B cTaTTi mpeacTaBieHo JOCTIKEHHS, 1110 TIOKa3ye, SK i
PEXKUMHU GOPMYIOTH HOBY SIKICTh XIMIYHOTO HaBUAHHS, TTOTJUOJIFOIOTh KOHIIENITyaJIbHE PO3yMIHHS
Ta TIABUIIYIOTh 3aTy4eHHS CTYACHTIB. ABTOPH CTaTTI HAroJIOIIYIOTh, IO peai3allis JaHol
MoOjielli MOTpeOye MArOTOBKM BYMTEIIB 1 MOJOJAHHS OpraHizamiiHux 0ap’epiB. Takum duHOM,
U(POBI TEXHOJIOTII PO3TIIATAIOTECS HE SIK JOTIOBHEHHS, a K CTPYKTYPHUH €IEMEHT Cy4acHOT
XIMIYHOT OCBITH, 3JJaTHUH CYTTEBO IMiJICUIUTH 3MICT 1 METOAUKY HaBYaHHS.

Kpyrnos B.B. ta Tepemenko J[.A., po3risHyJIM NMUTaHHS Cy4acHOTO CTaHy IHTerpaiii
CUCTeMH BHIIO1 OCBITH YKpaiHu B €BpOMNeichbKuil OCBITHINA MPOCTIp Ta MOAATBIII MEPCIEKTUBU
PO3BUTKY MIXXHAPOHOT CHiBIIpalll. ABTOPH CTATTi BiA3HAYAIOTh, 1[0 OCBITa CHOTOJIHI 3a0e31euye
€KOHOMIYHUHN PO3BUTOK Ta JOCATHEHHS €KOJIOT1YHUX, IHKIIIO3UBHUX Ta HU(POBUX W€, cripusie
JIOCSATHEHHIO CTAJIOTO PO3BUTKY. B CTATTI pO3MISIHYTO MEPCIEKTUBH MOIATBIIIOTO PO3BUTKY, IO
MOJIATAIOTh B MPUCKOPEHIN 1HTerparii HalioHAIbHOI CHCTeMU BHUIIOI OCBITH B €BpomneichKuit
OCBITHIM  mpocTip Ta po3lmMpeHHs  B3aeMoBurinHoi  cmiBmpaumi  (Kruhlov, V.V,
Tereshchenko, D. A., 2022) [9].

Kasumip B. }O. 3a3Havae, 1mo SKICTh OCBITM € BHU3HAYAJIbHUM IHJMKATOPOM YCIHIIIHOT
eBpoiHTerpamii YkpaiHM Ta HEOOXIJHOI YMOBOI CTajoro pO3BUTKY Jep)kKaBH. ABTOpKa
JIOBOJTUTH, IO OPIEHTAIIISI HA €EBPOIEHCHKI CTAaHIAPTH BUMAra€e He JIMIIEC PO3IIUPEHHS TOCTYITY JI0
ocBiTH, a Hacammepen ¢opMyBaHHS e()EKTHBHOI CHUCTEMHM BHYTPIIIHHOTO W 30BHIIIHBOTO
3a0e3neueHHs ii gkocTi. B craTTi 0co0MMBY yBary mpuIijeHO BIPOBAIKEHHIO IHCTUTYLIHHOTO
aynuTy, cepTudikalii menaroriyHux MpaliBHUKIB, HU(PPOBUX IHCTPYMEHTIB MOHITOPHUHTY Ta
CHUCTEMaTUYHUX OCBITHIX JOCTIIKEHb SIK OCHOBH IS YIPABIIHCHKHUX pimieHb. [lokazano, 1o
nonpu Bukiukd nanaemii COVID-19 i noBHomMacITaOHOI BiifHU, €BPOIHTErpalliiiHi IIPOIECH B
OCBITHIN cepi MarOTh HE3BOPOTHUM XapakTep, a 3a0e3MeUYCHHS SKOCTI OCBITH 3aTHIIAETHCS
CTpaTeTiYHUM TPIOPUTETOM JiepKaBHOIT ocBiTHROI osiTiku (Kazymir, V. Ya., 2024) [10].

VYV 2023 poui JAHinpoBchbKui HauioHadbHUM yHiBepcuteT iM. O. 'onuapa (mami —/IHY
iM. O. I'oHuyapa) TakoX AOJTYYMBCS O BIPOBAKYBAJIbHUX OCBITHIX IHHOBAIill Ta po3poOuB
HOBY ocBiTHIO nporpamy (mani OIl) «Ximis mikapcekux pedoBun». s OIl copsimoBana Ha
«popmyBaHHs y 3100yBaviB BHIIOI OCBITH OCOOMCTICTHHX Ta MPOQECIHHNX KOMIIETEHTHOCTEH
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Ha OCHOBI HAaOyTHX TEOPETUYHUX 3HAHb Ta MPAKTUYHUX HABUYOK 13 0a30BUX XIMIUYHHX 1
crerianizoBanux 3a cupsmyBanHsaM OIl qucumrinin ans 3aiiicHeHHs npodeciiiHol AisUIBHOCTI B
SKOCTI XiMiKa B Tajy3l BHPOOHHUIITBA JIKAPCHKUX PEUYOBHH 1 KOMIIOHEHTIB KOCMETHYHUX
3aco0iBy». DoKyc mporpaMu 30CepeKEHUI Ha CreliaabHIA OCBITI B ramy3i Ximii. «Ilixrorosmi
¢daxiBIiB, AKi 100pe PO3yMiIOTh MOHATTS, MPUHIIUIN Ta 3aKOHW XIMIYHOI HayKH 1 BMIIOTh iX
3aCTOCOBYBaTH B Taily3l pO3pOOKH 1 BHPOOHHIITBA JIIKAPCHKUX PEUYOBHH 1 KOMIIOHEHTIB
KOCMETUYHUX 3aC001BY.

CyuacHuii eranm pO3BUTKY XIMI4HOi OCBITH B YKpaiHi XapaKTepU3YETHCS MOCTYIOBUM
MEePEX0JIOM BiJ KIACHYHOI TUCHHUIUIIHAPHOI MOZENI MiJTOTOBKH JI0 MUDKIMCIMIUIIHAPHOI Ta
NPAaKTUKOOPIEHTOBAHOI MapaJuIMM, MIO HTETPYE MOCATHEHHS CYMIKHHMX HPUPOJAHUYHMX HAYK,
nu(ppoBUX TEXHOJOTIH Ta IHKEHEPHUX MAXOMiB. TpamuiiiiHa MOJENb, SKa TPUBAIHK dYac
O0asyBamacs Ha JIOMiHYBaHHI (yHZAMEHTAIbHUX  XIMIYHUX JUCLHUIUIIH, [OCTYIIOBO
TpaHC(HOPMYETHCS MM BIUTMBOM NOTPeO (dapMaIeBTUYHOI iHIyCTpii, O10MEAMYHHUX JOCIIKEHb
Ta BHUCOKOTEXHOJIOTIYHOTO BHUPOOHMIITBA. Y IbOMY KOHTEKCTI OCBITHI Tporpamu 3a
crenianbHicTIO 102 XiMiss HaOyBarOTh HOBUX (YHKIIIOHAJTBHUX XapaKTEPHUCTHK, 30KpeMa 4depes
PO3IMIUPEHHS MIKIUCIUTUTIHAPHUX 3B’ A3KIB Ta TOCUJICHHS MPUKIIAJHOT CKIAIOBOT.

BaxumBuM acriekToM 11i€l TpaHcdopMariii € iHTerpaitiss MeIuIHol Ta (hapMareBTUYHOI XiMii,
sKa 3MIHIOE caMy JIOTIKY TOOYIOBH OCBITHIX TpaeKTOpii. SIKIIO paHilie MmiAroToBka XiMika mepe-
B)XKHO OpIEHTYyBaJacs Ha JJaOOpaTOpHi Ta TEOPETHUUHI TOCHTIHKEHHS (PYHIaMEHTAIILHOTO XapaKTepy,
TO Cy4JacHi MPOrpamMH BCE YaCTillle BKIFOYAIOTh MOJTYJI, ITOB’SI3aH1 3 JU3aiHOM JIKapChKUX MOJIEKYIL,
aHaji3oM OlOJIOTIYHO AaKTUBHHUX CIOJYK, XEMOMETPUKOI Ta KOMII'IOTEPHUM MOJEIIOBAHHAM
XiMiyHHEX TIporieciB. Lle cBimunTh mpo hopmyBaHHS HOBOTO THITY TPO(GECIHHOT KOMITIETEHTHOCTI, SIKa
MOEIHYE KIIACHYHI XIMIYHI 3HaHHS 3 HTU(PPOBUMH Ta AaHATITUYHIUMHU IHCTPYMEHTAMHU.

OxpeMo CITiJ] BiI3HAYUTH 3pOCTAI0Uy POJIb IUPPOBI3AIlil XiMIYHOT OCBITH, 1110 TTPOSBISETHCS
y BIOPOBAPKEHHI KOMIT'IOTEPHOTO MOJETIOBaHHA, pPOOOTH 3 XIMIYHMUMH OazaMu JaHUX,
CTaTUCTHYHOI OOpPOOKHM eKCIIEePUMEHTAIbHUX pe3yJbTaTiB Ta BHUKOPHUCTAHHS IPOTPaMHHX
KOMIUIEKCIB JJii MPOTHO3YBaHHS BIACTHBOCTEH pPEYOBHH. Takuil MiAXiJ 3MIHIOE HE JIMIIE
IHCTpyMeHTalnpbHy 0a3y MiArOTOBKM, aje W KOTHITHMBHY MOJIENb HaBYaHHS, OPIEHTYIOUU
3100yBaviB OCBITH Ha POOOTY 3 BEIMKUMHU MacHBaMH JIaHUX Ta OaraTopiBHEBH aHai3 XIMIYHUX
cucteM. Y pe3ynabTaTi (GOPMYeETbCS HOBUH THI XiMiKa-JOCHIIHUKA, 3MATHOTO IPAIfOBaTH B
YMOBaxX BUCOKOI CKJIATHOCTI Ta MIKIUCIIUILTIHAPHOT B3aEMO/II1.

TakuMm unHOM, TpaHchopmallist OCBITHIX porpam 3a creuianbHicTio 102 Ximis BinoOpaxae
3arajlbHOCBITOBI TEHJEHIIi pO3BUTKY HAyKH Ta OCBITH, LIO MependavyaroTh IO€THAHHS
(GbyHIaMeHTaJIbHOT MIATOTOBKHU 3 MPUKJIAJHUMU, TEXHOJIOTTYUHUMU Ta HU(PPOBUMHU KOMIIOHEHTAMHU.
Ile crtBOproe mepenymMoBH Uil (OpPMYBaHHS ~ OUIbII  THYYKHMX, aJaNTHUBHUX 1
KOHKYPEHTOCIIPOMOXHUX MPOQECITHIX TPaeKTOPiil BUITYCKHUKIB, SIKI BIAMOBIIAIOTh Cy4YaCHUM
BHMOTaM PHHKY Ipalli Ta CTPAaTEriYHUM HampsiMaM PO3BUTKY XIMIYHOT HayKH.

Meta cTaTTi moJIAAira€ y mpoBeICHH] MOPIBHUIBHOTO JTOCIHIIKEHHS KITFOYOBHX €JIEMEHTIB
uiei OI1 i3 mporpamamu, 1110 peani3yroThCs B IHIINX 3aKJIa/1aX BUILOI OCBITH, 3 METOIO BUHAYEHHS
il KOHKYpEeHTHHMX IIepeBar, BIANOBIJHOCTI Cy4aCHHM BHMoOram ¢apMaleBTHYHOI Taimy3l Ta
Y3TO/KEHOCT] 3 aKTyaJIbHUMHM TEHJEHLISIMU MiAroTOBKHM (axiBLiB y cdepl Ximii JiKapchbKUX
peuoBuH. [IpoBeneHHS Takoro TMOPIBHSUIBHOTO aHali3y JIO3BOJMTH OLIIHUTU  pIBEHb
iHHOBaIliiiHocTI Ta edexTuBHOCTI HOBOi OIl, BHU3HAYUTH MOXIMBOCTI ii MOJIANBIIOTO
BIOCKOHAJICHHS, & TAaKOX OKPECIUTH TEePCIEKTUBH IIITOTOBKH KOHKYPEHTOCIIPOMOXKHUX
daxiBiiB A5 hapMaleBTUYHOI Ta XIMIYHOT IHAYCTPIH.

Bukisiaa ocHoBHoro martepiany. B wiii ctarti Oyno 311 CHEHO MOUIYK OCBITHIX MpOrpam
(mami — OII) 3a HacTymHUMM KpuTepisMu: rany3b 3HaHb — 10 «[Ipupoanudi Haykuy,
cnemianbHicTh — 102 XiMis, OCBITHIM piBeHb — OakayiaBp, mpodeciiiHe crnpsMyBaHHS — XiMist
OPUPOIHIX CHONYK, XiMif JIKapChbKMX pPEYOBHMH, MeIWYHa XiMis, (apMmaneBTHUHA XiMis.
[TpoananizyBaB iH(opmariito HaBeneHy B OIl, Buainnaum HalOLIbII 1IEHTHYHI A0 MPOTPaMH, 1110
peanizyetses B JJHY im. O. ['onuapa [11]:
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e OIl «Mennuna ximis» (TomepenHs Ha3Ba — «Ximis (BUCOKI TexHouorii)» KuiBchkoro
HalllOHAJBLHOTO yHiBepcUTeTY iMeHi Tapaca [lleBuenka, [HCTUTYTY BUCOKMX TEXHOJIOT1i
(mami — KHY im. T. T'. IlleBuenko) [12];

e OIl «®apmaneBTnuHa XiMis» OJEChKOr0 HAIIOHAIBHOTO YHIBEPCUTETY 1MeEHI
I. I. MeunukoBa (mani — OHY im. L. I. Meuynukosa) [13];

e OIl «®apmaneBTHUHA  XiMis»  XapKIBCBKOTO  HAIIOHAIBHOTO  YHIBEPCUTETY
imeni B. H. Kapasina (gani — OHVY im. B. H. Kapasina) [14];

e OII «IIpuknagna ximis» Cymchkoro nepkaBHoro yHiBepcutety (nam — CymIY) [15];

e OII 102 Ximis 3amopi3pKoro HalioHaJIbHOTO yHiBepcuTetry (nam — 3HY) [16].

VYci npoananizoBani OIl 6a3yroTbcsi Ha enuHuUX BuMorax CTaHmapTy BUIINOI OCBITH 3a
cremianpHicTi0 102 XiMisg, MO MTiATBEPKYETHCA CTPYKTYPOI iXHIX HAaBYAJIbHHMX IUIAHIB:
HasBHICTIO (yHIaMEHTATbHUX XIMIYHMX JUCHUIUTIH (3arajibHa, OpraHiyHa, aHaJIITHYHA,
HeopraHiyHa, (hi3uyHa Ta KOJIOiMHA XiMis) Ta 6a30BOTO 3arajJbHOHAYKOBOTO OJIOKY (MaTeMaTHKa,
¢izuka, inhopmaruka). He nuBnsiauck Ha 1e, koxkHa Ol mae cBilt yHIKaIbHUN OCBITHIN PO,
[Iporpamu CymJ1Y Tta 3HY wmatore npukinagauii npomucioBuit npodins: OIl Cym/[Y
OpIEHTOBAaHA HAa MPOMHUCIIOBICTh, MaTEPiaIO3HABCTBO, KOHTPOJIb SKOCTI, CIIBIIpAIs 3 MICIIEBUMHU
nignpuemctBamMu («Ximmpom», «Kycym ®@apmy»). OIl 3HY miarpumye popmyBaHHS HaBUUYOK
po0OoTH B XIMIYHHUX, €KOJIOTIYHUX, O10JIOTIYHUX, (hapMaIleBTHYHUX JIA0OpATOPIsLX; 3AATHICTH JO
poOOTH B MIPOMHUCIIOBHUX XIMIUHUX CEKTOPAxX 3aropi3bKOT0 PErioHy.

[Tporpamoro KHY im. T. I'. llleBuenka 3a0e3medyeThCs MiNKIUCIUILIIHAPHANA TEXHOJO-
riunmii npodins. Jana OIl moeanye ocHOBHI 3acaau xiMii, ¢i3uku, 6io0rii, METUYHOI XiMii Ta
HAHOTEXHOJIOT11, 3a0€3MeTyI0UH MiArOTOBKY (axiBIliB O pOOOTH Y BHCOKOTEXHOJIOTTYHHX chepax
ta R&D. Ilporpamu XHY im. B. H. Kapaszina ta OHY im. I. I. MeunukoBa MaroTh
byHIaMeHTATbHUNA TIPOQiiah, MO 0a3yeThcs HA TOJIOBHUX 3acajaxX KJIACHYHOI XiMii Ta JOIMOB-
HIOETBHCS MOTYXXHOIO J1a00paToOpHOIO 043010, aKTMBHOIO HAYKOBOIO IIKOJIOK Ta TPaTUIliiHUM
akageMmiunuM 3MictoM. Ilporpama XHY im. B. H. Kapaszina Mae mnemaroriyny TpaekTopilo,
OCKIUJIBKM MICTHTH OJIOK AMCITUIUTIH, III0 TOTYIOTh JI0 BUKJIAJAaHHS XiMii y IIKOJIAX, Ta MATPUMYE
OLTIHIBaJIBHICTD: JEAKI JMCIMILUIIHK BUKJIAJAIOTHCS JIBOMAa MOBaMH (YKpaiHCHKOIO Ta aHIJIIHCH-
ko1o0). [Iporpamu XHY im. B. H. Kapazina, OHY im. L. I. Meunuxona ta JIHY im. O. ['onuapa
HIATPUMYIOTH (apMalleBTUUHUN Ta KOCMETHYHUHN Npodias. MakcumMyM yBaru Ajsi 3a3HAYEHUX
OIl npuainseTbcss CHHTE3y JIKapChbKMX PEYOBUH, XiMil TIeTepouuKiiB, (apMakorsosii,
(dapmakosorii, KOCMETUYHIN Xi1Mii, KOMIT I0TEPHOMY JU3alHY JIKIB.

Crnig 3a3HauMTH, 10 MOMDK YCIX IIECTH NpOaHali30BaHUX MPOTpaM came Mporpama
JHY im. O. T'oHuapa mnpomnoHye HaWOUIbLI YyHIKaJbHE IMOE€NHAHHSA (YHIAAMEHTAJIbHOI XIMIi;
MeAnYHOI XiMmii; XiMii reTepoumkiiB; ¢apmakorHosdii Ta Qapmakoiorii; ximii mapdymep-
HO-KOCMETHYHHX 3ac001B; KOMII FOTEPHOI0 JU3aiiHy JIKapChbKUX PEYOBMH; METOJIB BalliJallil,
XEMOMETPHKH; BHUPOOHUYMX TPaKTUK y XpomarorpadiuyHomy anamizi. Takum unmHOM, OII
JHY im. O. I'onyapa € HaiOUIBII CTieiaii30BaHO0 (PapMaleBTUYHO-KOCMETUYHOIO MPOTPaMOI0
cepen 6axanaBpebkux OIT 102 Ximis B YkpaiHi.

Hns Bcix mpoanamizoBanux OIl oOcsr BUBYEHHS OOOB’S3KOBUX JMCIMIUIIH CTaHOBUTH
180 xpemutie €KTC, sKi pO3MOAUIAIOTECS MK PI3HUMH OCBITHIMH KOMIIOHEHTaMH 3TiTHO 3i
CranznapTtom BHIIOi OCBITH 3a cnerianbHicTio 102 XiMisg. 3araJbHOOCBITHIH KOMIIOHEHT y BCIX
nporpaMax OXOIUTFOE BHBUEHHSI TAaKMX JHMCIUIUIIH, SK YKpaiHChbKa Ta 3apyOiXKHa KyJIbTYypa,
¢inocodis, iHO3eMHa MOBa, icTopis YKpaiHH, BHIA MaTeMartuka Ta (i3uka, mo 3adesnedye
(dbopMyBaHHS CBITOIVISITHUX, COI[IAJIbBHO-TYMaHITApHUX 1 0a30BUX MPUPOAHUYUX KOMIIETEHTHOC-
teil. Y KHY im. T. I'. [lleBuenka neii 070K JOMOBHIOETHCS TAKUMHU TUCIUILUTIHAMH, K BCTYII 10
YHIBEPCUTETCHKUX CTYJI1H, COLIaTbHO-TIOJITUYHUMU CTYIIMH, TPYZAOBUM MPaBOM Ta MiANPHEM-
HUITBOM, JIOTIKOIO Ta €KOJIOTi€l0, IO PO3IIMPIOE IHTENEKTyadbHUN 1 MpodeciiiHuil TOpru30HT
3no0yBauie. Y XHYVY im. B. H. Kapasina 3araabHOOCBITHIH KOMIIOHEHT MICTUTHh BHUBUYCHHS
3arajibHOi Ta XIMIYHOI €KOJIOTi], 1110 BiNOBIJa€ MIKIUCIUIUTIHAPHIN OpieHTAallil YHIBEpCUTETY Ta
roro HaykoBuMm mikonam. Y JIHY im. O. ['oHuapa cTyneHTH HOJAaTKOBO OINAHOBYIOTH O€3IEeKy
KUTTEASUTBHOCTI, YKpaiHCbKy MOBY mpodeciiiHoro crpsimyBaHHs, Kypc «IIpaBa, cBoboau Ta
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000B’sI3kM TpOMaJsIHUHA YKpaiHW», a TaKOXX TIICHXOJOTII0 CHUIKYBaHHS, IO 3a0e3reuye
MiTOTOBKY 10 MpoQeciiiHoi, KOMyHIKATHBHOI Ta COI[IaJIbHO BiANOBINATBHOI MiSIIBHOCTI Y
XIMIYHIN Ta (hapMaleBTHYHIA Tamy3sx.

[opiBHsHHS 3MicTy podeciifHOT miATOTOBKH 37100yBayiB 3a creniaibHicTio 102 Ximist Oyio
3MIMCHEHO 3a TPhOMa KJIIFOYOBHMH HaIpsIMaMH — XIMIYHUM OJIOKOM, 010JI0TO-MEANYHUM OJIOKOM
Ta TPAKTHYHOIO MiATOTOBKOIO, IO BimoOpakaioTh crenudiky ¢opmyBaHHS HpodeciiHuX
koMrieTeHTHocTer y koxHii OIl. HaBeaena nuxde Tabmuns 1 1eMOHCTpYe BIIMIHHOCTI B 3MICTI
HaBYaHHS Ta mpodinizamii mporpam, mo GopMyIOTh pi3Hi TpaeKTOpii MpodheciiiHOro CTaHOBICHHS
MalOyTHIX XIMIKiB.

Tabmuns 1
CrpykrypHi komnonentu OIT
o1 | Jucuuniiinu
XimiuHuii 010K
s Beix OIT 3arajibHa, HEOpraHiuyHa, aHAITU4YHA, OpraHiyHa, (i3udHa,

KOJIOITHA XIMisl; XiMiS BHCOKOMOJICKYJSPHUX CIIOJIYK,
METOJT! JOCIIKEHHS PEYOBHH.

JIHY im. O. I'onuapa KBAaHTOBA XiMis, XiMiYHA TEXHOJIOTisI, XiIMisl T€TEPOIMKIIIB,
nap(ymMepHO-KOCMETHYHA XiMisl, XEMOMETPUKaA, CHHTE3 Ta
ineHTUdIKaIis JIKApChbKUX / KOCMETHYHHMX PEYOBUH

KHY im. T. I'. llleBuenko IHCTpyMEHTAJIbHI METOJIU aHali3y, apoMaTH4Hi CIIOJIYKH,
KOOpJMHAIIIMHA XiMis, KaTaji3, KPUCTAJIOXiMis, KBaHTOBA
XiMist

OHY im. L. I. MeunikoBa XIMIYHA TEXHOJIOT1s

XHY im. B. H. Kapazina BHCOKOTEMITEpaTypHi IpoLecH, CTaTUCTHYHI Ta

XEMOMETPUYHI ~ METOJIM,  MOJICIIOBAHHS,  PaioxiMis,
KOOpJMHAIIIIfHA Ta KBAHTOBA XIMis

3HY €JIEMEHTOOPTaHIuHi CIIOJIYKH, CTaHapTH3allis,
eKOTEXHOJIOTis, KPUCTAIOXIMisl, KBAHTOBA XiMisl.
Cym21y €JIEKTPOXiMisl, MaTepiajlo3HABCTBO, TEXHOJOTIl XiMI4HOT
MIPOMHCIIOBOCTI, KOHTPOJIb SIKOCTI, IPUKIAaTHA
CHEKTPOCKOIIis

Biogoriununii Ta MequKo-XiMiuHM 0J10K:

OCHOBHU (hapMaKoTHO31i, MEIUYHA XiMisl, OCHOBH 3arajibHOi
dapmakororii

Oioximisi, KJIITHHHA OIlOJIOTis, MOJEKYISpHI OCHOBH
€BOJIIOLT, MEAUYHA XIMIS

OiloxiMif, XIMIYHI TpOLECHM B JKHBUX CHCTEMax,
TOKCHUKOJIOT'1s, 010aKTUBHI PEYOBUHHU

OHY im. L. I. MeunikoBa Oioximis, O10J0TIYHA XiMis

JIHY im. O. T'onuapa
KHY im. T. I'. llleBuenko

3HY

MeauyHa Ta (apmaleBTHYHa Ximis, OloopraHiuHa Ta

CymJ1y . ..
€KOJIOT14HA XIMist
IIpakTHyHa MiAroTOBKa
Jns Beix OIT CTa)XKyBaHHs, KBai(ikauiiHi poOOTH, y4acTh y TpaHTax.
JHY im. O. T'onuapa HaBYaJIbHI Ta BUPOOHUYI TpakTUKH, podoTta B HJI «Ximii Ta
reosiorii» Ta ycranoBax HAH, inauBigyanbHi TOCTiHKEHHS
KHY im. T. I'. llleBuenko 1abopaToOpHl MPAKTHUKU 3 OCHOBHHMX XIMIYHUX HAampsMIiB,
BUpOOHMYA MpakTHKa B yHiBepcuteTi, HAH Ta 3axopaoHHNX
IEHTpaxX; JOCHITHUIIbKI 3aBIaHHS;, MOIYJIl 3 MEIUYHOI,
CYIIPaMOJIEKYJIIPHOI, HAHOXIMI1
3HY HaBYyaJlbHa W BUPOOHMYA MPAKTUKA, KYypcoBI poOOTH,
aTecTaliiiHui eKk3aMeH
Cym1yY BUpOOHNYA MPAKTHKA Ha MIAMPUEMCTBAX PET10HY, HaBYaJIbHA

NPaKTUKA, YYaCTh Y MPOEKTAX 1 KOH(pEPEHIIisIX
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[Mponosxxenns tadbmui 1

OHY im. L. I. MeunukoBa 3arajJpHOXIMIYHA, METPOJIOTIUHA, TEXHIUYHA, KOMIT FOTEpHA Ta
TEXHOJIOTIYHAa TPAKTHUKH; BHPOOHMYAa W IeJaroriyHa
HPaKTHKH

XHY im. B. H. Kapazina NPAaKTUKUA 3 OCHOBHHUX XIMIYHHMX JWCHHIUIIH, BUPOOHHYA Ta
MOXJIMBICTB MEJJaroriyHol MPaKTUKH, HAYKOBI TPOEKTH

[TopiBHSIIBHUE  aHANi3 CTPYKTYpPHUX KOMIIOHEHTIB OCBITHIX HpOrpaM J03BOJISIE
KOHCTaTyBaTH, IO MPHU 30€PEeKEeHHI CIUILHOTO (YHIAMEHTAIBHOTO spa XIMIYHOI MiATOTOBKH
BIIMIHHOCTI MIXK TporpaMamMi (OpMYIOTBCS IEPEBAKHO 32 PaXyHOK BapiaTWBHOI CKIJIQJOBOI Ta
npodimizamnii npodeciitanx OmokiB. [IpocTexyeTbest wiTka audepeHiiamis IporpaM 3a THUIIOM
npodeciiHOT OpieHTAallii: TPUKIAIHO-IIPOMHCIIOBOI, MEIUKO-(hapMaIleBTHYHOT, TOCIITHUIIBKOT Ta
nenaroriydoi. BoaHouac iHTerpaiiis 061070ro-MEIMYHHUX IUCHUILIIH € KJIOYOBUM MapKepoOM
MEePEexX0/1y BiJl KIIACUYHOI XIMIYHOT OCBITH JJO MDKAMCIUILTIHAPHOT MOJIEII MiATOTOBKH.

CyTTeBI BIIMIHHOCTI CIIOCTEPITatOThCA Y MIAX0aX 10 OpraHi3allii MpakKTHYHO1 MiATOTOBKH,
10 BUCTYNAa€ BHU3HAYANBHUM (QakTopoM mpodeciiinoi ineHTHdikamii 3m00yBaua. Ilporpamu,
OpIEHTOBAHI Ha CIIIBIPAII0 3 HAYKOBUMH YCTAaHOBAMU Ta BUPOOHUIITBOM, (POPMYIOTH OLIBII
NPUKIIAJHI Ta KOHKYPEHTOCIPOMOXHI TPa€eKTOpii, TOMI SK aKaJeMiyHO OPIEHTOBaHI MPOTPaMHU
3a0e3MeuyroTh U0y TeOpEeTUUHY 0a3y 3 MOTEHIAIIOM MOJANbII0] HAyKOBOI Kap epu. Takum
YHHOM, CaMe CTPYKTypa OCBITHIX KOMIIOHEHTIB BU3HAYA€ HE JIUIIE 3MICT ITiITOTOBKH, a i CIIEKTP
JTOCTYMHHX TpodeciiHuX cleHapiiB.

[lenaroriuamii Gmox mnpexacraBnenuit 'y 3HY, XHY im. B. H. Kapasina ta OHY
iM. I. I. MeunukoBa BKJIIOYA€ TaKi AUCLUUILIIHY, SIK OCHOBH MEJArorikKu Ta MCUXOJIOTii, METOANKA
BUKJIQJIaHHS XiMil, BUpoOHWYA nenaroriyna npaktuka. Y Cym/1Y meii HampsMm peari3zyeThes yepe3
BHUBUYEHHS METOAMKN HaBYaHHS XiMii. bjIok nmudpoBuX Ta KOMI IOTEPHUX TEXHOJOTIH OXOILIIOE
pi3HI acmeKkTH cydacHOi XimiuHOi iH(popmaruku: iH(opmamiiiai texnomorii B ximii (KHY
iMm. T. I'. IlleBuenka), xemoinpopmatuky Ta iH(MoOpMaliiiHi TexHoyorii ans xiMikiB (XHY
im. B. H. Kapasina), ximiuny metpororito (3HY), a Takox KOMII'IOTepHUIN JWU3alH JIIKAPCHKUX
pedoBUH Ta poboTy 3 Ximiuaumu Oazamu nanux (JHY im. O. I'onuapa). Taka BapiaTUBHICTh
3a0e3neuye GopMyBaHHS B CTYACHTIB SK IMEAAroriyHUX, TaK 1 MU(PPOBUX KOMIETCHTHOCTEH,
HEOOX1THUX JIJISl CYYacHOI XIMIYHOT Ta OCBITHHOI MMPAKTUKHU.

BubipkoBi kommoHenTH s Bcix 3a3HaueHux OIl oxommorote 60 xpeautiB. st
3a3HaueHMX BH3 koMruiekc BiApi3HAETHCS MPOTE MOXE OYTH 3rpYHNOBAHUM 32 HACTYMHUMHU
OCHOBHUMH PO eCiiHUMU CIIPSIMYBaHHSIMU:

® 0 MeANKO-(hapMaIleBTUYHOTO CHPSAMYBAaHHS HalleKaTh: OCHOBH MEIUYHOI XiMil, XiMis

reTEepOLMKIIYHUX CIOIYK, OCHOBH MOJIEKYJISIpHOI (papMakoJiorii, Ol0HeopraHiyHa ximis,
OloopraHivyHa Ximis, (hapMarieBTHUHA XiMisl, TOKCHUKOJIOT1sI, XIMisl XapuOBUX MPOIYKTIB,
010TEXHOJIOTS;
® OpraHiyHO-CUHTETMYHMHA Ta XIMIKO-TEXHOJIOTIYHUN OJIOK BKJIIOYAE: Cy4YacHHM
OpraHiuHUN CHUHTE3, METOAM CTPYKTYpPHOIO aHaji3y, XiMisi CY4YacHHMX Marepiaiis,
MaTepialo3HaBCTBO, XiMisl HABKOJIHUIIHBOTO CEPE0BUINA, arpOXIMis;

® 70 IHCTPYMEHTaJIbHO-aHAJIITUYHOIO CHIPSMYBaHHS BXOJATH: OCHOBH BHUMIPIOBaJIbHOL
TEXHIKM, CTaTUCTUYHI Ta XEMOMETPUYHI METOJM, CHEKTPOCKOIIYHI METO/H,
XxpomarorpaiuyHi METOJI, aHANITUKO-IHCTPYMEHTAJIbHI METOAM, (i3u4HI METOAH
JTOCITIDKEHHS PEYOBHH;

® KOMIT'IOTEpPHO-MOJICJIIOBAJIbHUIA Ta MaTeMaTWUYHMHA HamnpsM OXOIUIIOE:  CyYacHi
KOMIT'IOTEpHI METOJM B XiMii, MaTreMaTHMyHi METOAM B MPUPOJHUYMX HAYyKax,
MIPOTHO3YBaHHS TIOBEIIHKH €KOCHCTEM;

e JI0 HAyK 3 BHCOKHMX TEXHOJIOTil HaleXaTh KOMIIOHEHTH: HaHOMaTepiald Ta
HAHOTEXHOJIOT11, CyyacHi MaTepianu, O6iodizuka.
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V3araqbHEHHs OTPUMaHHUX PE3YJbTATIB JA€ IIJICTaBH PO3TIIANATH OCBITHI MporpaMu 3i
cneniangbHOCTI 102 Ximist sik ckiagHi 6araTopiBHEBI CUCTEMH, Y MOOYJOBI SIKUX YITKO MPOCTE-
KY€ETBCS CTPYKTYPHO-JIOTIYHA POJIb KOXKHOTO 3MICTOBOIO KOMIIOHEHTa. Taka oprasizaiis
3a0e3meuye MOCHiIOBHUI PO3BUTOK MPOQECIHHIX KOMIETEHTHOCTEH 3700yBada OCBITH. 3acTo-
CYBaHHSI KOMIIETEHTHOCTHOTO IMiJIXOy Ja€ MOXKJIUBICTh 00’ €KTUBHO OIL[IHUTH B3a€EMO3B’SI3KH MIXK
OKPEMHUMH 3MICTOBHMH €JIEMEHTaMH IIPOTPaM Ta OUiKyBaHHMH PE3yJIbTaTaAMU HABYAHHS, & TAKOXK
BHU3HAUUTH iXHIl BHECOK y (JOPMYBaAHHS 1HTETPAIIbHUX, 3aralIbHUX 1 (PaXOBUX KOMIIETEHTHOCTEH
MalOyTHBOTO XiMiKa.

Jlns BCiX mpoaHaIi30BaHMX OCBITHIX IPOrpaM iHTerpajibHa KOMIIETEHTHICTh BU3HAYAETHCS
SK 3JaTHICTb PO3B’A3YBaTH CKJIAQJHI XiMIUHI 3a7a4yi Ta e(EeKTUBHO MpPALIOBATH B YMOBAx
HEBH3HAYEHOCTI. 3arajibHi KOMIIETEHTHOCTI, IO (GOPMYIOTHCS BIAMOBIAHO 10 CTPYKTYPHHX
esnieMenTiB 3a3HaueHux Oll, cripsiMoBaHI Ha PO3BUTOK AHAIITUYHOTO Ta KPUTHYHOTO MHUCICHHS,
iH(opMaIiifHOT TPaMOTHOCTI, COIIaTBbHOI BIAMOBIIaIbHOCTI Ta HaBUUOK poooTth 3 IKT. 3100yBaui
OCBITH HaOyBalOTh YMiHb KOMAaHJHOI B3a€MOJii, OMAHOBYIOTh OCHOBU €THUYHOI MOBEHIHKH Ta
npodeciiiHoi BiAMOBiAaIbHOCTI. BaxkIMuBUMU pe3yinbTaTaMHu TaKOX € C(HOPMOBAHICTh €KOJIOTTYHOT
CBIIOMOCTI, 3JaTHICTh J0 €(QEeKTHBHOI KOMYHIKalii iHO3€MHMMH MOBaMH Ta pPO3BHTOK
camokputuyHocTi. [Tomixk ycix paxoBUX KOMIIETEHTHOCTEH, MPEACTaBICHUX Y IPOAHAII30BaHUX
OCBITHIX Tporpamax, sl KOXKHOTO 3aKiajy BHUIIOI OCBITH OyII0 BHOKPEMIIEHO IO I SITh
VHIKaIbHHX, SIK1 sIKHAHKpallle BiioOpaxatoTh crienudiky miAroToBKH, Mpodisib CIpsSIMyBaHHS Ta
KJITIF04OBI BiaMiHHOCTI BifmoBigHoi OI1 (Tabmms 2).

Tabmauus 2
YuikaabHi ¢paxosi komnerenTHocTti OIl

BH3 KomnerentHocTi
pobora 3 xpomaTtorpadamu, Mmac-criekrpomerpamu, SIMP;
MaTeMaTHYHE MOJICITIOBAHHS XIMIYHUX MPOIIECIB;
OIIIHKA SIKOCTI Ta XiMi4Ha METPOJIOTis;
MPOTrHO3 (PapMaKOIOTIYHOT AKTUBHOCTI CITOJTYK;
CTBOPEHHS KOCMETUYHUX KOMIIO3HIIIN
MeANYHa XiMis (3B’ SI30K «CTPYKTypa — O10J10TI4HA Jis»);
IPOTHO3yBaHHS 010JIOTTYHOT AKTUBHOCTI XIMIUHHUX CIIOJIYK;
MIPOBEJICHHS EKCIPec-TeCTiB 010I0TYHOT aKTUBHOCTI;
HaHOMaTepiajii Ta HAHOTEXHOJIOT11 (CTPYKTYpa — BIaCTUBOCTI —
3aCTOCYBaHH);
11eHTHdiKalisg OyJJ0OBM HOBUX HaHOMAaTepialiB
poboTa 3 XIMIYHUMU ¥ O10JIOTTYHUMH CHCTEMaMHU;
3aCTOCYBAHHS 1HHOBAIITHUX TEXHOJIOTIH B XiMii;
IPOBE/ICHHS MOBHOLIIHHUX HAYKOBUX JIOCIIJIKEHb;
poboTa y MDKAMCLUUIUTIHAPHUX KOMaH/1axX;
HaYKOBO-OCJIITHHUIIbKA JiSUIbHICTh HA PIBHI OakasiaBpa.
KBAaHTOBO-XIMIUHI PO3paxyHKH Ta MOJIEKYJISIPHE MOJICITFOBaHHS;
CTaTUCTHYHA Ta XEMOMETpHYHa O00poOKa EKCIEepUMEHTalb-
HUX JaHUX;
pamioximisi Ta paJioeKoNIoris;
nearoriyHa miaroToBKa BUMTEIS;
OXOpOHa Tparli sIKk okpema (axoBa KOMIETEHTHICTb
IHCTpYMEHTaJIbHUIM Ta OPraHOJENTUYHUNH KOHTPOJIb SIKOCTI
Xap4yOBUX MPOAYKTIB;
® aHaJI3 PEOJIOTIYHUX 1 CTPYKTYPHO-MEXaHIYHUX BIACTUBOCTEH

XapyoBOi MPOIYKIIIT;
e TEXHIYHMH aHaJli3 CHPOBHMHH, HAIIBIPOJYKTIB 1 TOTOBOI
IPOIYKILii;

JHY im. O. 'oruapa

KHY im. T. I'. llleBuenko

OHY im. L. . MeunikoBa

XHY im. B. H. Kapa3ina

3HY
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[IponosxenHs Tadbnuili 2

e iHTEpHpeTalii JaHUX, OTPUMAHUX B pe3yiIbTaTi Ja00paTOPHUX
JOCTIPKeHb OPTaHIYHUX CIIONYK, Ta IO CTPYKTYPHOTO aHaIli3y
pevoBuH 3a [Y-, criekTpamu;

e in silico-mporuo3yBaHHs BJIACTUBOCTEH 0107I0TIYHO aKTUBHHUX
pPEYOBHH

e TqpodeciiiHa MiUIBHICTE Ha (apMaeBTUYHHUX, XIMIYHUX 1

XapuoOBHUX BUPOOHUIITBAX;

3abe3neyeHHs IKOCTI MPOAYKIIii Ha BUPOOHHIITBI;

eKOJIOT1YHUI MOHITOPHHT 1 KOHTPOJIb CTaHy JTOBKLJIJIS,

PO3poOKa HOBUX XIMIYHUX MaTepialiB;

HTeTrparlis Ximii 3 eKOJIOTI€I0 Ta POMHUCIOBUMH TEXHOJIOTISIMU

Cym1Y

Anauii3 yHIKaJIbHUX (PaXOBUX KOMIIETEHTHOCTEH /103BOJIIE€ 3pOOUTH BHCHOBOK, 110 KOXKHA
OCBITHS Tiporpama (opMye BIIACHY MOJeib MpodeciiiHoi cremianizaiii, ska BUXOIUTh 32 MEXI1
0a30BUX CTaHAAPTIB CHeElialbHOCTI. BUsABICHI KOMIIETEHTHOCTI HE JUIIE JETali3yI0Th Mpodiib
HiATOTOBKH, ajie i BijoOpakatoTh CTpaTEriuHi MPIOPUTETH 3aKIJIAiB BULIOI OCBITH, IXHIO HAYKOBY
Crelrianizaliiio Ta 3B’ s13KH 3 rainy33Io.

BopHodac mpocTexyeThCsi TEHACHIIS 0 YCKIaJHEHHS mpodeciiftHoro mpodimo XiMika
yepe3 MO€AHAaHHS eKCIIEPUMEHTAIbHUX, aHATITUYHUX 1 IU(POBUX KOMIETeHTHOCTel. 30Kkpema,
BKJTIOYCHHS €JIEMEHTIB MOJICIIOBAHHS, XeMOMETPHKH Ta TPOTHO3YBAaHHS BIACTHBOCTEH pPEYOBUH
CBITUUTH MPO TMepexill A0 HOBOI MapaAurMd MiArOTOBKH, OpIEHTOBaHOI Ha pobOOTYy 3
KOMIUIEKCHUMH ~ JJaHUMH ~ Ta  [upoBuMH  TexHojorissmu.  Lle  o3Hawae, 110
KOHKYPEHTOCIIPOMOXHICTh BUITYCKHHUKA JIe/1alli OlIbllle BU3HAYAETHCS HE JIMIIE 3HAHHAM XiMii, a
3IATHICTIO IHTETPYBATH ii 3 CyMIXHUMH TaTy3sIMU.

KoMrmereHTHOCTI, BM3HA4YEHI B OCBITHIX IporpaMmax MpOaHaTi30BaHUX 3aKjIaJiB BHIIOL
OCBiTH, Oe3mocepeHbO (POPMYIOTh CHEKTpP pealbHUX Kap €pHUX MOXKIUBOCTEH BUITYCKHHUKA.
Ko’xHa KOMIIETEHTHICTb HE JIMILIE ONUCY€E OIIAHOBAaH1 3HaHHS, YMIHHS Ta HABUUKH, ajie i KOPEIoe
iX 3 KOHKpPETHHM BHJOM TpodeciiiHOl AisITBHOCTI, SKUHA TOTpedye came TaKuX pe3yNbTaTiB
HaB4aHHs. CIia BII3HAYHUTH, 110 Taki Kap’ €pHI MOXKJIMBOCTI, CIIJBHI JUIS BCIX MPOAHAII30BaHUX
OCBITHIX Hporpam, sIK mHocaiau jabopaHTa / TexXHIKa-xiMika (B aHaJITUYHHUX, HAyKOBUX Ta
BUPOOHHUYMX J1a00paTopisfx), XiMiKa-aHaNITHKa, MOJOJIION0 HAyKOBOTO CHiBPOOITHHKA, acHc-
TEHTa JOCIiIHUKA, PaxiBIi 3 KoHTpouro sikocTi (QC), imkeHepa-1adopaHTa, IH)KeHepa-XiMika Ha
CTapTOBUX pIBHAX, O€3MOCepeIHbO BUIUIUBAIOTH 13 XapaKTEPHUX JUISL TPaJULiHOT XIMIYHOI
OCBITH pe3yabpTaTiB HaBuaHHsA. Came (yHAaMeHTaJdbHa TEOPETHMYHA MiATOTOBKA, ONaHyBaHHS
0a30BHUX 1 IPUKJIATHUX XIMIYHUX METO/IIB aHAJI3y, YMIHHS [IPALIOBATH 3 TUIIOBUM Ja0OpaTOPHUM
oOJjaZiHaHHSAM Ta 3JaTHICTb BUKOHYBAaTH CTAaHJIAPTHI €KCIIEpUMEHTAJIbHI MPOLEAYPH POPMYIOThH
yHIBepCcaJlbHI KOMIETEHTHOCTI, 110 3a0e3MeuyroTh JOCTYI 0 IIHPOKOTO CHEKTpa MOYaTKOBUX
npodeciiHuX TO3MUIINA y XIMIYHIN Tally3l Ta € HEOOXITHUMH JIi MOJAIBIIOT0 HABYAHHS B
MaricTpaTypi 3a TaKMMM CIELIaTbHOCTAMH, K XiMis, XIMi4HI TeXHOJOrii, (apmariis, marepia-
no3HaBcTBO. Ha mportuBary npomy, HaOuUIbIl yHIKandbHI (axoBl KOMIETEHTHOCTI, Kl Oyiau
BU3HA4YEHI B XOJIl MOPIBHAJIBHOIO aHaNi3y OCBITHIX MHporpaM, Aajdd 3MOTy BHOKPEMHUTH M
BIJINOBIHI YHIKaNbHI NpogdeciiiHl TpaekTopii, JOCTYNHI BHUIYyCKHMKaM caMe€ KOHKPETHOTO
yHiBepcHuTeTy (Tabnuus 3).

Tabmuus 3
Kap’epni moxauBocTi
BH3 Kap’epHi MoxkauBocTi
e Xximik JabopaTopiii ¢apMaleBTUYHOTO, KOCMETUYHOTO,
Xap4yoBOTo MPOodiIo;
JHY im. O. 'onuapa ® TEXHOJOI Yy BHUPOOHMUTBI JIKAPCBKUX Ta KOCMETHYHUX
3aco0iB;
e XiMIK-aHAJITHK 3 METPOJIOTI{ Ta OILIHKH SIKOCTI
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e (¢axiBenpb 3 MeANYHOI / (hapMaIeBTUUHO1 XiMif;

aHATITUK Yy cepl HaHOMAaTepialliB Ta HAHOTEXHOJIOT1H;

JOCIITHUK 010JIOTTYHO aKTHUBHUX CIIOJYK.

nocmigHuk y R&D-nabopatopisx;

(haxiBeIrp 3 EKOJIOTIYHOT Oe3IeKH;

¢axiBenb MDKIUCIHUIUTIHAPHUX XIMIKO-010JIOTIYHUX TOCTI/I-

KEHb

e (axiBelpb 3 KBAHTOBO-XIMIYHOTO Ta MOJIEKYJSIPHOTO MOJIE-
JIOBaHHS;

XHY im. B. H. Kapa3ina e aHaliTHK €KCIIEPUMEHTAIBHUX JaHUX (XEMOMETIs, CTaTHC-
THKQ),

e BUHUTENb XiMii / BUKIIaaay (Micist IeANPaKTUKH)

e XIMIK-aHAJITUK  Xap4yoOBUX  NPOAYKTIB  (JabopaTopii
koHTpodto sikocti, HACCP);

e (axiBeup 13 KOHTPOJIO OE3MEYHOCTI Ta MapKyBaHHS
Xap4oOBUX J100ABOK;

e 1abopaHT / aHAIITUK 3 OPraHOJENTHYHUX 1 PEOJOTIYHHX
JOCITiIKEHb

e imkeHep / daxiBenp XiMidHOTO abo ¢dapManeBTHUYHOTO
BHUPOOHUIITBA;

CymJ1yY e (axiBellb 3 EKOJOTIYHOrO MOHITOPUHTY Ta KOHTPOIO
JOBKUIIISA;

e Oioximik (Ha mianpuemctBax ta B HJII)

KHY im. T. I'. llleByenko

OHY iwm. L. I. Meunikosa

3HY

[IpencraBieni kap’epHi MOXJIUBOCTI JEMOHCTPYIOTh YITKY KOpEJAlil0 MiX chopmo-
BaHUMHU KOMIIETEHTHOCTSIMU Ta TpOQECiiHOI0 peali3ami€lo BUITYCKHUKIB, HIO ITiATBEPIKYE
e(eKTUBHICTh KOMIIETEHTHICHOTO MiAXOAY B MOOYIOBI OCBITHIX mporpam. ba3oBi mos3uiii Ha
PUHKY TIpali € CHUIBHUMHU JUIsi BCiX TIporpaM, OJHAK CcaMe YHIKalbHI KOMIIETEHTHOCTI
3a0e3neuyoTh JIu(epeHianilo Kap €pHUX TPAEKTOpid Ta BU3HAYAIOTH JIOCTYH JI0
CrHeliai30BaHUX CETMEHTIB NMpodeciiiHoi AisuibHOCTI. OCO0IMBO MOKA30BHUM € T€, 110 MPOrpaMu
3 BHUPaXEHUM MPHUKIAJAHUM ab0 MDKAUCHUIUTIHAPHUM NpodiieM BiAKPUBAIOTH LIUPIIi
MO>KJIMBOCTI JIJI IPAlleBIAIITYBaHHS Yy BUCOKOTEXHOJOTIYHUX 1 (hapMaleBTUYHUX CEKTOpax,
TOJI1 K OUTBII (PyHJAMEHTAIBHO OPIEHTOBAHI MPOTPAMHU CHPUSAIOTH TPOJJOBKEHHIO HAaBYaHHS Ta
HayKoBii Kap’epl. TakuM YUHOM, OCBITHS IPOrpaMa BUCTYIIA€ HE JIUIIE IHCTPYMEHTOM Iepesayl
3HaHb, a MEXaHI3MOM (OPMYBAaHHS KOHKPETHOI TpodeciiiHOT TpaeKTOPii, 1110 Ma€e NPSMUI BIJIUB
Ha MO3ULIOHYBaHHS BUITYCKHHKA Ha PUHKY Mpalli.

3a3HayeHi Kap’€pHI MOXKJIMBOCTI, L0 BUIUIMBAIOTH 31 CHEUU(DIKM OCBITHIX TPAEKTOPIH
(xap4oBa XiMisl, METUYHA XiMisl, KBAHTOBO-XIMIYHE MOJIEITIOBAHHS, MPOMUCIIOBI Ta €KOJOTIYHI
TEXHOJIOTIT TOIO), (OPMYIOTh KOHKYPEHTHI IepeBaru KO>KHOI MporpamMH Ta MiJBUINYIOTH ii
NpuBaOIUBICTE ISl CTEMKXOJIEpIB, MAPTHEPChKUX OpraHi3allii, abiTypieHTIB 1 MPEICTABHUKIB
aKaJeMIYHOl CIIIILHOTH.

BucHoBKM Ta mepcneKTHBH MOAAJBIINX HAYKOBHUX po3podok. [lopiBHsUIbHUN aHami3
OCBITHIX mporpam crerianbHocTi 102 Ximist MpOBITHUX YHIBEpCUTETIB YKpaiHM IOKa3aB, IO
KO)KHa TMporpaMa Mae BJIacHUM OCBITHIM mpodisb, SKMi BU3HAYa€ 11 YHIKAJIBHICTH 1 cenudiky
npodeciitHol MiArOTOBKH. BCTaHOBIEHO, 10 3MICT POrpaM BIAMOBIIAE CyYaCHUM TEHJICHIIISIM
PO3BHUTKY XIMIYHOi, (hapMalleBTUYHOI Ta OIOMEIUYHOI Tramy3eid, 30KpeMa OpIEHTYEThCS Ha
MDKAMCHUIUIIHAPHICT, 3pOCTaHHS POJIl MeAUYHOI Ta (apMaleBTUYHOI XiMii, Hudposizalio Ta
BUMOTM pHUHKY TMpali IIOAO0 pPO3LUIMPEHHS KOMIETEHTHOCTeH MaiOyTHIX XiMikiB. Yci
MIpOaHaJIi30BaH1 Mporpamu 3a0e3nedyroTh (OPMYBaHHS 3IaTHOCTI PO3B’SA3yBAaTH CKIAAHI XIMIUHI
3ajadi, BOJHOYAC CTBOPIOIOYM pi3HI mpodeciiiHi TpaekTopii — Bix (apmManeBTHUHOI Ta
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KOCMeTHYHO1 1HAYCTpii 10 R&D-cexTopy, KBaHTOBO-XIMIYHOTO MOJICITIOBAHHS, €KOJOT1YHOTO
MOHITOPUHTY Ta OCBITHBOI TisSUIBHOCTI. PI3HOMaHITTS OCBITHIX MPOQLTIB CHpuUsie 1HAUBIAyaizamii
HaBYaHHS Ta POPMYBAaHHIO KOHKYPEHTOCITPOMOXKHUX (DaxiBIliB, 34aTHUX €()EKTUBHO MPAIIOBATH
B YMOBaX Cy4aCHOT'O HAyKOBOTO i TEXHOJOTIYHOTO PO3BHUTKY.

[IpoBeneHMiI MOPIBHSUIBHUI aHAJI3 JI03BOJUB KOMILUIEKCHO OI[IHUTH I1HHOBAIIMHICTD 1
edpextuBHicTh HOBOI Ol «Ximis nikapcbkux pedoBun» JJHY im. O. ['oHuapa, BUSBUTH 11 KIIFOYOBI
nepeBaru Ta IMOTCHIIHHI HanpsMU BJIOCKOHAICHHS. Pe3ynmpTat IOCHIDKEHHS MiATBEPIUIA
BIJIMOBIHICTh TPOTPaMM CYYacCHUM TEHJCHLIAM pO3BUTKY XiMi4uHOI, (hapManeBTHYHOI Ta
O6iomennuHOiI cdep, 30KkpeMa iHTerpaiii MeauyHoi XiMii, ITUPOBUX TEXHOJOTIH 1 MPHUKIATHUX
aHamTHYHUX MeToliB. Lle cTBOpro€ MiArpyHTS AN MIATOTOBKM (haxiBLiB, 3JaTHUX YCIIIIHO
mpaioBatd 'y (GapMmaneBTHUHINA Ta XIMIYHIA IHIYCTPISX 1 BIAMOBIZATH 3pOCTAIOYMM BHMOTaM
PHUHKY TIparii.

[Tomanpmii  JDOCHIIKEHHS] JOIUIBHO CHOPSAMYBAaTH HA YTOYHEHHS ¢ ONTHMI3AIlilo
IHAMBIIya bHUX OCBITHIX TpPAaeKTOpid 3100yBauiB, MOrMUOJICHHA iHTErpamii nuppoBUX
TEXHOJIOTiH Ta KOMIT FOTEPHOTO MOJCTIOBAHHS B MIATOTOBKY XiIMIKiB, YAOCKOHAJICHHS MOJEICH
NPaKTUYHOI Ta AyaJIbHOI OCBITH y CIIBIpAlli 3 XIMIYHUMU i (papManieBTHIHUMHE TiATTPHEMCTBAMH,
a TaKOX Ha PO3LIMPEHHS MOPIBHAJIBHUX JOCIIKEHb 3 OCBITHIMU mporpamamu kpain €C mns
rapMoHi3alii 3MICTy Ta OIIIHIOBaHHS JOBIOCTPOKOBOI pE3yJbTATHBHOCTI MIATOTOBKM (axiBIIiB
[UIIXOM MOHITOPUHTY NPOQECciifHUX TPAaeKTOPiil BUITYCKHUKIB.
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Denisenko T., Stets N., Kovalenko S. Peculiarities of forming a professional trajectory
for students of the 102 chemistry educational program: a comparative analysis of
educational programs.

The study is devoted to a comparative analysis of educational programs in specialty 102
Chemistry with the aim of identifying the features of forming students’ professional trajectories.
The purpose of the article is to identify structural, content-based, and competency-related
differences among educational programs and to determine their impact on shaping the
professional trajectories of future chemists. The relevance of the topic is obycnoenena by the rapid
development of pharmaceutical, biomedical, and chemical-technological industries, which
increases the demand for specialists capable of working at the interface of fundamental and
applied chemistry. The paper examines six educational programs of leading Ukrainian universities
with a focus on the new program “Chemistry of Medicinal Compounds” at Oles Honchar Dnipro
National University, which combines fundamental chemical training with specialized
pharmaceutical and cosmetic components and an extended practical training block.

The research methodology is based on a comparative analysis of program content, their
structural elements, elective components, practical training, professional competencies, and
career opportunities. The study applies analytical-comparative, systemic, and structural-logical
approaches, which made it possible to evaluate educational programs as integrated pedagogical
systems. It has been established that all analyzed programs are based on a common paradigm of
traditional chemical education, but demonstrate diversified educational trajectories: industrial-
technological, environmental, high-tech, medical-pharmaceutical, and pedagogical.

The analyzed programs are characterized by their own set of unique professional
competencies, including quantum chemical modeling, chemometric approaches, methods of
medicinal chemistry, instrumental quality control, environmental monitoring, as well as skills in
designing and creating medicinal and cosmetic products. It is shown that these competencies
shape different professional trajectories for graduates and make them competitive in the labor
market. Itis specified that differences in the structure of elective components and practical training
directly determine the orientation of graduates’ professional realization.

The study confirms the relevance of modernizing chemical education in accordance with the
needs of the pharmaceutical industry, European standards, and current trends in professional
training. The scientific novelty lies in the comprehensive comparison of educational programs
through the lens of professional trajectory formation and in identifying the relationship between the
structure of educational components and graduates’ career opportunities. The practical significance
of the results lies in their applicability for improving educational programs, strengthening their
practice-oriented focus, and increasing their compliance with current labor market demands.
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METOJIUYHA CKJIAJOBA KYPCY «BUBPAHI IUTAHHSA EJJEMEHTAPHOI
MATEMATHUKW» Y IIAT'OTOBUI MAT'ICTPAHTIB CHHEIIIAJIBHOCTI A4
CEPE/IHSI OCBITA (MATEMATHKA)

Ipodghecitina niocomoexa 3006yeauie ocsimu 3a cneyianvricmio A4 Cepeonst oceima (mame-
Mamuxa) opy2020 (Mazicmepcbko2o) pieHs 8ULOT OCBIMU CNPAMOBAHA HA (POPMYBaAHHS iIXHbOI iHme2-
PANbHOI KOMNEMEeHMHOCHI, a came 30amHOCHi pO38 "a3y8amu CKIAOHI CReYiani308aHi NPaKmu4Hi 3a6-
OaHHs 8 2aNy3i 3a2aNbHOI CepeOHbOi MameMamuyHoi 0Cceimu, wo Xapakmepuzyomvcs KOMIIeKc-
Hicmio ma HegusHauenicmio. Taki Xxapaxmepucmuku nOGHOI MIpOI0 NPUMAMAHHI 3a0ayam 3 napa-
mempamu. Hasuanns yunie poss’a3yeanus 3a0ad 3 napamempamu nocmae y @okyci npogeciinoi
ni020MOBKU MAlOYMHb020 GUUmMeNns MameMamurku Kk 6a3060i, max i npoginoroi wikonu. Onaro-
8YI0UlU CNOCOOU PO38 ’A3Y8AHHA 3A0aY 3 NAPAMEMPAMYU, CIYOeHmU — Matoymui gaxisyi — maroms
3aceoimu He auue MamemMamuidHull CKIaOHUK makoi OisibHocmi, a 1 mi cnocoou MemooudHol Oisib-
HOCMI, WO 8 NOOAILULIOMY 3a0e3neyyioms egheKmusHe HagUaHHs YuHie po3e a3yeamu maxi 3adadi. Li
Ccnocoou mMemooudHoi OISIbHOCHI  opMYyIOmMb MeMOOUYHUL CKIAOHUK HABYAILHUX OUCYUNIIH,
npeomMemom BUBHEHHS AKUX € CIMAHOAPMHI MA HeCMAaHOApPMHI Memoou 1 cneyuika po3e sa3y8anHs
3a0au 3 napamempamu. [locymuim enemenmom ybo2o CKIAOHUKA BUCTYNAIONb HABYAILHO-MEMOOUY-
Hi 3a0ayi. Amopu niOKpecomy, wo maki 3a0ayi Maroms 3a0e3neyy8amu UKOHAHHS CIYO0eHmamu
AHANIMUKO-CUHMEMUYHOIL, NPOSHO3)BANILHOL, NPOEKMYBAILHOL, MOOENBANbHOL, KOHCMPYIOBANbHOI,
OYIHI08ANbHO-peqhNieKCUBHOI MemoOuuHoi disnbHocmi. Y cmammi o0IpyHmoano cnocié cucmema-
mu3ayii makux 3a0a4, AKuii nepeodayac: 1) ananiz cemiomuyHoi 0O0IOHKU | 3MICMY HAOAHOT 3a0ayi
3 napamempom; 2) eUOLIeHHs 3MICIOB020 MA ONePaYitiHO20 KOMNOHEHMIE y NPoyeci po38 a3y6aHH:.
3a0aui, 8iOHeCeHHs1 3a0adi 00 Ne6HO20 MUny/eudy, 3) 6lacHe po3e sI3y8aHHs 3a0ayi 3 NAPAMEMPOM;
4) nPo2HO3Y6AHHS MONCIUBUX YMPYOHEHb MA NOMULOK YYHIBCIEA Y PO38 SI3VEAHHI 3a0ayi; 5) yiibose
CMPYKMYPYBAHHs HA0aHUX 000IpoK 3a0ay 3 napamempom,; 6) camocmitine yYKiaoanus 000ipok 3a0ay
3 napamempamu iONo8iOHO 00 OUOAKMUYHUX Yinell;, 7) NIAHYBAHHSA Ul NPOEKMYBAHHS, A MAKONC
MOOeN0B8aNHSL Ul peanizayis HA8UAILHUX CUMYayil, y AKUX 3a0iaHi 3a0ayi 3 napamempom, 8) nepesipka
Ul OYIHIOBAHHSL Pe3VIbMAmi6 pPO38 A3Y6aHHI MAKUX 3a0ay YUHAMU. Y cmammi HageoeHO 8iON08IOHI
APUKIAO0U HABYATLHO-MEMOOUYHUX 3a0a4, HABEOEHO OYIKY8AHI, MOMNCIUGI MIDKYBAHHA V NOULYKY
Cnocoby iXHb020 PO38 'A3Y6aAHHS, NPOLIIOCMPOBAHO CHOCOOU PO36 A3Y8AHHS MAKUX 340aY.

Knrwowuosi cnosa: 3adaui 3 napamempamu, MemooudHa cKiaodo8d, MemooudHa OisIbHiCMb
MatiOymHb020 84uUmens MamemMamuxu, Hag4aibHO-MemoOUYHI 3A0auyi.

IMocranoBka nmpodsemu. [Ipodeciitna miaroroBka 37100yBayiB OCBITH 3a CrielianbHICTIO A4
Cepenns ocBiTa (MaremMaTvka) JPyroro (MariCTepcbKOro) piBHSI BHILOI OCBITH CIIPSIMOBaHA Ha
(opMyBaHHs IXHBOI IHTErPaIbHOI KOMIETEHTHOCTI, a CaMe 3[JaTHOCTI PO3B’SI3yBaTH CKJIaHI Crelia-
J130BaHi NMPaKTUYHI 3aBJAaHHs B raly3i 3arajibHOi CepeHbOI MaTeMaTH4HOI OCBITH, 110 Nependayae
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3aCTOCYBaHHS KOHIICTITYaJIbHUX METOMIB OCBITHIX HayK, TICHXOJIOTII, TEOpPii Ta METOANKHN HaBYaHHS 1
XapAKTEPU3YETHCS KOMNIEKCHICIIO Mda He8U3HAYeHicmio YMOB OpraHi3alii OCBITHBOTO TpOIECYy B
3aKJIaax 3arajbHOi CepeHbOi OCBITH. Taka KOMIIETEHTHICTh ()OPMYETHCS 1y MPOSBISIETHCA MIEPEIy-
CIM B yMOBaX, 10 MAlOTh CaMe TaKi XapaKTEPUCTUKHU (KOMIUICKCHICTh 1 HeBU3HAUEHICTh). OMHUM i3
HAUMOTYKHIIINX 3aC001B, 110 CIIOHYKAIOTh JI0 JOCIIKEHHS BUX1THUX YMOB, 1110 XapaKTEePU3YIOThCS
KOMITICKCHICTIO 1 HeBU3HAUEHICTIO, BUCTYIAIOTH 3a/1a4i 3 mapaMeTpamu. J[o TOro >k TakuM 3aj1a4am
MpUTAMaHHUK TIOCYTHIN HAaBYQJIBHUH IMOTEHIIAN y IIKUIBHIA MaTreMaTh4Hid ocBiTi. Ha iX ocHOBI
BiZIOYBa€ThCsl y3aralbHEHHsS 1 CHCTEMaTH3allisi MaTeMaTUYHHUX 3HAaHb Y4HIB, (popMyBaHHS B HHX
THYYKOCTi, KpUTHYHOCTI MHCJICHHS, PO3BUTKY JUBEPreHTHUX 3M10HOCTEH. SIKor0 O He Oyiia BUMora B
3a7avi 3 MapamMeTpoM — YU PO3B’S3aTH PIBHSAHHSA (HEpIBHICTb, CHCTEMY), UM 3 SICyBaTH IIE€BHI
0COOJMBOCTI PO3B’SI3KIB 200 iXHIO KUIBKICTh 3aJIe)KHO BiJ 3HAYCHb IMapaMmeTpa, Taka 3ajada €
0€3yMOBHO JJOCITi/THULIFKOIO 1 BUMArae BiJi TOr0, XT0 OEpeThCst 3a Hel, 1 BUCOKOTO PiBHS 3HaHb (DaKkTHY-
HOTO Marepiaiy, i pO3yMiHHS MaTeMaTHYHUX TOHKOIIIB, 1 OCOOJUBUX SIKOCTEH MHCIeHHs. byab-ske
piBHSHHS (HEPIBHICTh, CHCTEMa PiBHAHb a00 HEPIBHOCTEH, MilllaHa CHCTEMA), 110 MICTUTh OJIMH YH
KiJIbKa MapaMeTpiB, Pa3oM 3 BUMOI'OI0, KA MOJA€Thca Y GOPMYITIOBaHHI 3aBJJaHHS, YTBOPIOE 3a7auy
JUIsL Opraizanii MaTeMaTu4Hoi AisuibHOCTI. CaMe ToMy, ycl Taki 3aBlaHHs 00’ €THaHI TepPMIHOM
«3amaui 3 mapamerpaMu». A HaBUaHHS Y4HIB PO3B’SI3yBaHHS TaKMX 3a/1ad TocTtae y (okyci
npoeciiHOT MiAroTOBKM MaOYTHBOTO BUMTEINSI MATEMATHKH K 0a30BOi, TaK 1 MPOQLIBHOI IIKOJIH.
[Tpu 1pOMy, BHMBUAIOYM BIJIMOBIHI OCBITHI KOMIIOHEHTH i OMAHOBYIOUHM CHOCOOU PO3B’S3YBaHHS
3aj1a4 3 mapameTpaMu, MaOyTHI (haxiBIli MArOTh 3aCBOITH HE JIMIIIC MATEMAaTHIHUHN CKJIQTHUK TaKOi
TUsUTBHOCTI. BaXkIMBO y BKa3aHOMY KOHTEKCTI IPUAUIATH yBary il MpeIMeTHO-METOUYHIN TisSITEHOCTI
MaiiOyTHHOTO BYMTENII MAaTEMAaTUKU. TOMYy BHOKpEMITIOEMO JBa (oKycH yBaru: 1) onaHyBaHHS
MaiOyTHIM y4HUTElIeM MAaTEMaTUYHUX CIIOCO0IB JIISUTBHOCTI 13 pO3B’I3yBaHHS 33714 3 TapaMeTpoM; 2)
OIaHYBaHHS CIIOCOOIB METOJMYHOI MIsUTBHOCTI IS TOAAIBIIOrO €()eKTHBHOTO HAaBYaHHS YYHIB
pO3B’s13yBaTH 3aaui 3 mapaMeTpoM. OTke ocTae MpodiieMa BUOKPEMIICHHS i CUCTEMHOI peasti3aliii
METOJMYHOI CKJIQJI0BOI B LUIAX, OYIKYBAHMX pe3y/IbTarax 1 3MICTI THX OCBITHIX KOMIIOHEHTIB
(HaBYAIBHUX JNUCIMILTIH), SIKI YaCTKOBO a00 OUIbII TIIMOOKO I CHCTEMHO 30CEPeIKYIOThCS Ha
CTaHJApPTHUX 1 HECTAaHIAPTHUX METOAAX Ta crenugili po3B’sI3yBaHHsI 337124 3 TapaMeTPaMHu.

AHaJi3 akTyaJbHUX A0c/IiIKkeHb. CydacHi HAyKOBO-METOAMYHI PO3BILAKH 30CEPEHKYIOThCS
Ha PI3HUX acleKTax 3 yka3aHoi mpooOnemaruku. Kmacudikamis 3amad 3 mapamerpamu i croco0iB
iXHBOTO PO3B’s13yBaHHS MPECTAaBICHA B HABUYAIBHUX 1 HABYAJIbHO-METOANYHUX MociOHNKax M. Bipu
[2], A. IIpyc, B. HIsens [3], I1. [oprmireiina, B. TTomoncekoro, M. Skipa [4], B. Peneru, H. Kieri,
M. Kopob6ogoi, JI. Penietu [6], B. fcincekoro [7], O. Ictepa, M. Ictepa [8] Ta in. Ha npuknazi 3anad 3
napaMeTpaMu HayKOBIIl JOCTI/DKYBaIM MPoOJeMaTuky: (opMyBaHHS HABUAIBHO-TOCIITHUIIBKUAX
yMiHb YYHIB Y HaB4aHHI MateMaTuku (A. Kapnaimyk [1]); po3BUTKY TBOpUMX 3/1i0HOCTEl yUHIBCTBA
(A. IIpyc, O. Yemepuc [12]): BUKOpUCTaHHS HAaBYAIBHOIO MOTEHIIIATy OCBITHIX IU(PPOBUX PECYPCIB,
ak ot Geogebra (M. Bipa [2], T. Kpamapenko [13]) Ta ADVANCED GRAPHER i MAPLE
(A. Mampenko, B. Kymnip); anroputmizaiiii po3yMoBoi AisUIbHOCTI B peaitizallii crocodiB Marema-
TU4HOI 1 onrykoBoi aistibHOCTI (Bb. becenin, O. KagyboBcrkuii [9]); 3amydeHHs: METOIONOTIT cemio-
TUYHOTO MiJIXOY JUIs aHaJIi3y NOMWJIOK YYHIBCTBA y JOCHIPKEHHI 3HAaKIB KOPEHIB KBaJJpaTHOTO PiB-
HsHHA 3 napamerpamu (H. TapacenkoBa [14]); opranizanii ¢aKy/iIbTaTUBHUX 3aHATH A7 HABYAHHS
Y4HIB pO3B’si3yBaHHs 33/1a4 3 napamerpamu (1. JToBpsHosa [10]). Jlesiki acnekTy migroroBKu MaioyT-
HBOT'O BUMTEJISI MAaTEMaTUKU JI0 HABYAHHS YUHIB pO3B’SI3yBaTH 337adi 3 MapaMeTpOM 3HAMIILUTH CBOE
BijoOpakeHHs1 y HaykoBuX po3Biakax O. Yameunukosoi, €. Konecuuk [11], A. Ilpye, O. Uemepuc
[12] ta in. [upokuii CreKTp Cy4acHUX HAYKOBO-METOJMYHUX PO3BIJIOK JO3BOJISE IHCIIEKTYBAaTH
npoOsieMy 3 pi3HUX CTOpIH, aje€ BOJHOYAC HE 3HIMAE 3 MOPSAAKY JEHHOTO MpoOieMy MirOTOBKU
MalOyTHBOTO BUMTEIIS 10 HABYAHHS YYHIB PO3B’A3yBaTH Taki 3a/a4i Ta BAOKPEMJICHHS METOANYHOI
CKJIaZIOBOI Y BIJIIOBIIHUX OCBITHIX KOMIIOHEHTaX OCBITHIX MpOTrpaM MiJIrOTOBKU 300yBayiB OCBITU
crierianbHOCcTi A4 CepeiHst OcBiTa (MaTemMaTHka) piBHs OakajaBpiaTy 1 MaricTparypH.

MeTta cTaTTi — OKpECTUTH METOJUYHY CKIIAZIOBY Kypcy «BuOpaHi mUTaHHS eleMeHTapHOi
MaTeMaTHKW» y MATOTOBII MaricTpaHTiB cnenianbHocTi A4 Cepeans ocBiTa (MaTeMaTuka).

Bukisiaa ocHoBHoro marepianay. IlinroroBka MaifOyTHHOrO BUMTENSI JO HaBUAHHS Y4YHIB
pO3B’sA3yBaTH 3ajJadi 3 MapamMeTpaMH peayli3oBaHa y PI3HUX OCBITHIX KOMITOHEHTaX OCBITHIX
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mporpam MiATOTOBKH 3/700yBadiB OcBiTH crerianbHocTi A4 CepenHs ocBiTa (MaTeMaTHKa) Ha
nepuomy (0akanaBpchbKoOMy) 1 Apyromy (MarictepcbkoMy) piBHAX BHILOi ocBiTH y 3BO Ykpainu.
Tema «PiBHSHHS Ta HEPIBHOCTI 3 MapaMeTpaMu» € Maiyke 000B’ I3KOBUM PO3/I1JIOM Y TUCIUTUTIHAX
«EnemenTtapna maremaruka», «BubOpani nutaHHs enemeHTapHoi matematukm» abo «Teopis i
NpaKkTUKa pO3B'SI3yBaHHS 3a/a4 INKUIBHOTO KYypCy MaTeMaTUKW» NpPOQECiiiHOT MiArOTOBKU
CTYACHTIB-MailOyTHIX yuuTeniB MareMaTHkH y pizaux 3BO (tab. 1).

Tabmung 1
Hassa 3BO Ha3pa aucumnnuiinu Micue B mporpami
I3amainbcbkuii  aepkaBHuil | EnemenTapua wmarematuka | BxoguTte 10 3MiCTY  MOJYJIA:
rymasitapauii ynisepcuret | (EM) Metoau po3B’sI3yBaHHS PiBHSHB,
HEpiBHOCTEH Ta iX CHCTeM 3
rapaMeTpamu.
Kpuopizbkuii aepxaBauii | Bubpani nutanus EM Bxomaute no 3micty moayis: Mero-
NeIaroriyHuil yHiBEpCUTET I pO3B’SI3yBaHHS PiBHSHB, HEPIB-
(KAITY) HOCTE Ta  iXx  cucreM 3
napaMeTpamu.
VYkpaincekuii JaepkaBHHM | EmemMenTapna wmartemaruka, | Po3mis, TpuUCBSYEHUN  METOAMII
yHIBEpCHTET iMeHI Muxaii- | MeToauka HaBYaHHS | pO3B'A3yBaHHS piBHSIHB Ta
na JIparomanoBa MaTeMaTUKHU HEPIBHOCTEH 3 mapaMeTpamu.
JIpBiBCchbKMIl HamioHanbHUM | EnemMentapua  maremaruka | Tema: 3acTocyBaHHS MOXIAHOI 110
yHiBepcuTeT iMeHi IBana | (abo Kypcu [uist abiTypieHTIB/ | po3B'sI3yBaHHS 3aja4 3
O®panka (JIHY) MaricTpiB) napamMeTpaMH.

OTtxe, TeMa «3aadi 3 mapaMeTpamMu» € KIFY0BOI0 y MpodeciifHiil mAroToBi MaiOyTHEOTO
BUMTENS MaTeMaTHKH. BoHa 3aBM MPHUCYTHS Y HABYAIBHHX TJIAHAX TEAAaroriYHIX YHIBEPCUTETIB,
o roTyioTh (axiBuiB 3a crneuiansHicTiIO A4. Cepenns ocBiTa (MaremaTnka) y paMKax TakKHX
muciurutia: - «EnemeHTtapHa  maremarvkay (3311 MOTVIMOJNEHHS 3HAHb IIKUTBHOTO — KypCy
mMareMatuku), «BuOpaHi mUTaHHs eIeMEHTapHOI MaTeMaTUKn» (SIK 000B’SI3KOBOTO Kypcy abo Kypcy
3a BUOOpPOM I MailOyTHIX yduTeniB), «MeToanKa HaBYaHHS MaTEMaTHKM» (IJI1 OOTOBOPEHHS
METOJIMKM HaBYaHHs YYHIB PO3B’A3yBaTH 3ajadi 3 napamerpamu). Y KuToMupcbkoMy Aep>KaBHOMY
yHiBepcuTeTi iMeHl I[BaHa @panka Ha (i3uKo-MaTeMaTHUHOMY (aKyabTeTI Ui CTYJIEHTIB
HeJaroriyHux cremiansHocrei 3 2002 p. BUKIIaIaeThes CeiagbHUX Kype «3aadi 3 mapameTpamm
[12], mo € 000B’s3KOBUM OCBITHIM KOMIIOHEHTOM. Y Kawm’sHerp-IlogischkoMy HailioHATEHOMY
yHiBepcuTeTi iMeHi [Bana OrieHka Ha Jpyromy MaricTepchbKoMy piBHI BHILOI OCBITH MepeadayeHo
BHUBYCHHS 000B’3KOBOT HABYAIILHOI JUCIUILTIHU «3aadi 3 mapamerpamuy (4 kpeautu EKTC).

V¥ UepkacbkoMy HalllOHATBHOMY YHIBEpcUTETI iMeH1 borjjana XMenbHHUIBKOro BiIOBIIHO /10
OINIl migroroBku ¢axiBuiB creuianbHocTi A4 CepefHs oOCBITa MaTeMaTHKa Ha MEpIIOMY
0akalaBpCbKOMY DIBHI BHIIOI OCBITHM BIANOBIAHI TEMH YacTKOBO BKJIIOYEHO Y 3MICT TaKUX
HaBUaJIbHUX Jucuuiuiid: «Beryn go cnemansHocTi» (I cemectp), «lIpakTukym 13 po3B’s3yBaHHS
maremMatnyHux 3aaau» (IV-V cemectpn)y», «IkiapHUN Kypc MaTeMaTHKH Ta Horo nuaaktuka» (V
cemectp), «Metoauka HaByaHHs MareMaTtuku» (VII). Taki 3amaui TakoX po3IJISIAIOTh MiJ Yac
BUBYEHHS 000B’I3KOBHX MAaTEMAaTHUHUX HaBYAIbHUX MTUCHUILTIH: «JIiHiifHa anrebpay (HOoCHiKeHHs
CJIP 1 CJIOP 13 mapameTpaMu Ha CyMICHICTh 1 BU3HAYEHICTh, JIOCIIPKEHHS 3HAY€Hb JICTEPMIHAHTIB
3aJIeKHO BiJl MapameTpa), «MaTeMaTHIHUH aHasi3» (IOoCIiIKeHHs BIacTUBOCTeH (DyHKIIIHM oHieT a0o
KUTBKOX 3MIHHUX 3aJIe)KHO BiJl Mapamerpa), «AHaTITUYHAa TeoMeTpis» (IOCHIHKEHHS B3a€EMHOTO
PO3MILIEHHS ABOX IUIOLIHMH, IPSAMOI 1 TUTOLMHY, TBOX IPSAMUX 3aJIEKHO Bij mapamerpa). Ha apyromy
MaricTepcbKOMY piBHI BHILOI OCBITM 3 MIAroTOBKM (haxiBUiB cremiagbHocTi A4 CepenHsi ocBita
(MaremaTHKa) 3a/1adi 3 MapaMeTpaMH BKJIIOYEHO JI0 3MICTy 00OB’s3KOBHUX («MeToauKka HaBYaHHS
MaTeMaTuK{ y mpodipHIN mKkoii») Ta BubipkoBux («3amaui 3HO 3 maremarukmy», «OmimMiamHi
3a7a4i 3 MaTeMaTHKW») HAaBYAIbHUX JUCUUILIIH. OJHaK HAHOUIbII CHCTEMHO M y3arajJbHEHO iM
OpUAULIIOTh yBary B Kypcl «BuOpani mnuTaHHs enemeHTapHOi Matematukw» (I cemectp
marictparyps). IlpenmeroM BUBUEHHS L€l HABYAIBHOI JUCLMIUIIHY € CTAHJApTHI Ta HECTaH/IapTHI
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METOH ¥ crierudika po3B’ s3yBaHHS 3a/1a4 3 TTapaMeTPaMH, a il 3MICT BIOPSIIKOBAHO y TaKHH CIOCiO,
1100 YIOCKOHAIIUTH SIK MaTeMaTU4HY, TaK 1 METOAWYHY MiJITOTOBKY CTY/JCHTIB.

[Ipu3HaueHHAM 1i€1 OUCHUIUIIHM € HE JMIIe YAOCKOHAJIEHHS 3JaTHOCTI CTY/CHTIB
PO3B’sI3yBaTH 3a/1a4i 3 TapaMeTpaMu Pi3HOTO PIBHS CKJIATHOCTI 31 MIKUILHOTO KypCy MaTeMaTHKH
(mpodinbHOTO PiBHS, PIBHS MOTJIMOJICHOTO BUBUEHHS MAaTeMaTHKH), a ¥ OMaHyBaTH Ti CIIOCOOHU
METOAMYHOI AISITBHOCTI, 110 3a0€31Me4yI0Th (OPMYBaHHS BiIMOBIIHUX YMiHb B Y4HIB, BUSBICHHS
JUISl YYHIBCTBA MIHHICHOTO acMeKTy MaTeMaTHYHOTO 3HAHHS, 30aradeHHs YYHIBCHKOTO JOCBITY Y
3IHCHEeHHI Pi3HUX CITOCO0IB MaTEMATUYHOI A1SUTBHOCTI, ii MO3UTUBHOTO €MOILIITHOTO MapKyBaHHI,
MOTHBAIIII0 YYHIB JI0O 3aCBOEHHS OCHOB 1 METOJ/IB MaTeMaTHKH. 3MICT HaBYAJIbHOI TUCIUTLIIHA
YKJIaJICHO 32 TEMaMH.

Tewma 1. PamionanbHi piBHSHHS 3 TapaMETPOM.

Tema 2. PamioHanbHi HEPIBHOCTI 3 TapaMETPOM.

Tewma 3. 3aBmanHs 3 mapaMeTpaMu, OB’ sA3aHi 13 KBAAPATHUM TPUUICHOM.

Tema 4. Cuctemu piBHAHB 3 TapaMETPaMH.

Tema 5. Cuctemu HepiBHOCTEH 3 mapameTpamu. MilllaHi CHCTEMH.

Tema 6. Moaynb y 3aBJaHHSX 3 IapaMETPaMHU.

Tewma 7. IppamioHanbHi piBHSHHS 1 HEPIBHOCTI 3 TapaMETPOM.

Tema 8. [Toka3HHUKOBI 1 JlorapuMidHi piBHSHHS 1 HEPIBHOCTI 3 TAPAMETPOM.

Tema 9. TpuroHoMeTpu4HI piBHAHHS 1 HEPIBHOCTI 3 ITAPAMETPOM.

Tema 10. 3acrocyBanHA (YHKIIOHAJBHOTO TIIXOAY IO PO3B’S3yBaHHS pIBHSAHD 1
HEpIBHOCTEH 3 MapaMeTpOM.

[Iporiec BUBYEHHS 3a3HAYEHOTO 3MICTY TIPYHTYEThCS Ha MPHHIOUNAX: 1) TpPUHIMI
MakcuMizalii cy0’€KTHOrO MaTeMaTHYHOTO ¥ METOAMYHOTO JOCBIAY CTYIEHTIB; 2) MPUHIUI
UKJTIYHOCT] y MPOIIECi HApOIyBaHHs Cy0’€KTHOCTI YYaCHUKIB OCBITHBOTO TIporiecy (iHTerparis
Ta HapOIyBaHHS Cy0’€KTHOTO JOCBiY BCIX YYaCHHUKIB HaBYAJHHOTO IMPOILIECY BiAOYBAEThCS HE
OJTHOAKTHO, a TMPOTATOM peaji3amii IMOCIiJOBHOCTI AMJAKTHYHUX IHMKIIB); 3) NPUHIUI
«TIPIOPUTETHOCTI Aii» (PI3HOMAHITHI BUAM METOJUYHOI AISUIBHOCTI, IO peani3ye CTYIEHT, €
JDKepesioM st OpMyBaHHS MOTO Cy0’€KTHOTO MaTEeMAaTHYHOTO M METOIMYHOTO AOCBiAY); 4)
MNPUHIIAIT «HAKOMUYEHHS» CTyIEHTaMu MpodeciiiHo-0cOONCTICHUX iMeHTHdIKalii B yMOBax
KOHKPETHUX HAaBUAIBHUX CUTYAIIiil.

VY Mekax BUBUEHHsI KOXKHOI TEMH ITPONOHYIOThCS 3aBJIaHHs HE JIMIIE CYTO MaTeMaTHYHOTO
3MICTY, a 1 METOAMYHOTO CIIPSIMYBaHHS, IO 3a0€3MeUyI0Th BUKOHAHHS CTYJI€HTaMH aHAIITHKO-
CHUHTETUYHOI, IPOTHO3YBAIbHOI, MPOEKTYBAIBHOI, MOJIEIIOBANIbHOI, KOHCTPYIOBAJIbHOI, OLIHIO-
BaJIbHO-PE(IJIEKCUBHOI METOAMYHOI JISIILHOCTI MalOyTHBOTO BUWTENsT MaTeMaTuku. Jlo Takux
3aBJlaHb BiIHOCMMO: 1) aHami3 ceMiOTMYHOI OOOJIOHKH 1 3MICTy HaJaHol 3a7ayl 3 mapaMeTpoM;
2) BUJIITIEHHS 3MICTOBOTO Ta OTEPaIlifHOr0 KOMITIOHEHTIB y TIPOIieci po3B’sI3yBaHHS 3a/ad4i, BiJIHE-
CEeHHJ 3aJiaul J10 IEBHOTO THUITY/BUY; 3) BlIacHEe po3B’sI3yBaHHA 3a/1a4i 3 mapaMeTpom; 4) IporHo-
3yBaHHS MOXJIMBUX YTPYAHEHb Ta IOMHJIOK YYHIBCTBA y PO3B’A3yBaHHI 3aJa4i; 5) HUJIbOBE CTPYK-
TypyBaHHSI HaJaHUX NOOIpOK 3a/1ay 3 mapamMeTpoM; 6) caMocCTiiiHe yKJIaaHHS TakuX J100IpoK
BIJIMOBIJIHO /10 AUJAKTHYHHX I1IJIeH; 7) TUTaHYBaHHS ¥ MPOEKTYBAHHS, a TAKOXX MOJCIIIOBAHHS U
peamizallii HaBYaJIbHUX CHUTYyallll, y SKUX 3aJisHI 3agadli 3 mapameTrpoMm; &) mepeBipka i
OLIIHIOBAaHHS PE3y/IbTATIB PO3B’I3yBAaHHS TaKUX 3a/1a4 YUHSIMH.

Hanpuknan, 1o 3aga4i: «3HaliTH 3Ha4eHHs apameTpa a, 3a AKX 00uaBa KOPEHI PiBHAHHS
X? — 2ax + 2a + 3 = 0 € J0MaTHUMI» JTOATKOBO MIPOTIOHYEMO HIIeH( 3aBIaHb.

3apnanss 1. [IpoananizyiiTe ceMioTHUHY 000JIOHKY 3a7aui (sSIBHA 1 MPUXOBaHA YMOBA, SIBHA
1 MpUXOBaHa BUMOTA 3a/1a4l, JIOT19Hi 3B’SI3KH B YMOBI, JIOT19HI 3B SI3KH y BUMO31 3a11a4i). (PisHanHs
K8AOpamue He3aNeNHCHO 6i0 napamempad, po3eisioamu 6UnaooK, KOAU DPIGHAHHS 3ANEeNHCHO 8I0
napamempa 3MIHIOE C8Ill 6U0 He NOMPIOHO, PIGHAHHS NOBUHHO MAMU KOpeHi, aie Yi KOpeHi
MOHCYMb OYMU PIBHUMU AO0 PIGHUMU, KOPEHT PIGHAHHS MAOmMb 6Yymu 000AMHUMU).

3aBnanns 2. Ilpoananizyiite 3MIiCTOBHI 1 OnepaliiiHUii KOMIIOHEHTH PO3B’SI3yBaHHS JTaHOT
3azadi. J{o Koro THITy 3aa4, OB’ A3aHMX 13 KBaJJpaTHUMU PiBHSIHHAMU 3 TapaMeTpoM, Bu 6 BigHecu
nany 3anaqy? (Ymoea icmysanms OliCHUX KOpeHi8 K8AOpamHo20 pI6HAHHS (PI3HUX abO pPIGHUX),
Teopema Biema, no6yooea mamemamuunoi Mooeni, po3e s3y6aHHsl CUCeMU HepieHOCmEl).
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3aBganHs 3. ChOporHo3yiWTe MOXIIHMBI TOMUJKH 1 YTPYIHEHHS Y4YHIB B YKJIaJaHHI
MaTeMaTHUYHOI MO 3a1a4i.

Ouixyeani mipKyeanns moocyms Oymu maxumu. IIporHozoBana moMmika 1: y4Hi y
dopMyIOBaHHI 33aJadi «HE MOMIYar0Th» TBEP/KEHHS MPO ICHYBaHHS KOpEHiB piBHsSHHsA. Yepes
11e, BOHA OTPUMYIOTh HETIPaBIJIbHY MaTeMaTHYHY MOJIEIb 3a/1a4i, Y SKiil BiToOpaxaroTh JIUIIE Te,

2a+3>0,

10 T00YTOK KOPEHIB PIBHSIHHS Ta iXHS CyMa MarOTh OyTH J0JJaTHUMH 2a>0. 3 1i€i cucreMu
BUXOJMTH, 110 & > 0, ajie cepen IUX 3HAYCHb MMapaMeTpa € i Taki (Hanpukian, a = 1), 3a AKux JaHe
PIBHSIHHS B3arajii HE Ma€ pO3B’sI3KiB.

[Tporno3oBana mOMMIKA 2: y4Hi X04a 1 BKIIFOYAIOTh JUCKPUMIHAHT y MAaTEMaTHUHY MOJEIb
3aj1ayi, ajge BUMOTM Ha HBOTO HAKJIaJaloTh HEMpaBWIbHO. HaknanaroTe Ha JAUCKPUMIHAHT
piBHSHHS yMOBY, mo D > 0, ane He po3risaaTh BUMAIOK, KOJIW KOPEHI PIBHSAHHS 301raloThCsl.
Hacmipasni, hopmytoBaHHS 3a7a4i HE BUKJIFOYAE MOKIIMBOCTI PIBHOCTI KOPEHIB PIBHSHHSI, TOMY
B JIaHIH 3a7a4i JUCKPUMIHAHT Mae OyTu HeBiT eMHUM. OTxe, MAaTEMAaTHYHOIO MOJCILIIO 3a/adi,

a*-2a-3>0,
2a+3>0,

2a >0, )
110 PO3TJISAIAETHCS, € CUCTEMA: 3BIIKH

[Iporno3oBana mommiIka 3: y4HiI HEPAaBWJIBHO BU3HAYAIOTH BUPA3, SIKUH € CyMOIO JIBOX
KOPEHIB PiBHSAHHS, 3a0yBarO4M 3MIHUTHU 3HAK JPYroro koedimieHTa Ha MPOTUIICKHUNA. Y TaKOMY
BUMIAJIKY Y4HI MIOMIJIKOBO BKa3ylOTh, IO X1 + X2 = — 2a, IO MPOBOKYE MOSIBY B MaTeMaTUYHIN
MO/IeJTi TOMUJIKOBOI HepiBHOCTI — 2a > 0.

[Iporno3oBana mommika 4: MOOYTOK KOPEHIB IOB’SI3YEThCS 3 IPYrUM KoedimieHTOM
KBaJJpaTHOI'O PIBHSHHS, & CyMa KOPEHIB — 3 BUIbHUM WIEHOM. 3a00iraHHIO TaKoi MOMUJIKH MOKe
NPUCITYKATUCSI MHEMOHIYHE MPaBHJIO: y JOOYTKY 1 Cymi KOpEHIB WIETbCs Hpo Iii APyroro i
MEPIIOrO CTYIMEHS — MOPSJIOK CTYNEHIB 3MEHIITYEThCS — HOMEPU BIAMOBIIHUX M KOe(illi€HTiB
PIBHSHHS TakoX IMOBHHHI 3MEHIIYBAaTHCS — JOOYTKY KOPEHIB BiOIOBigae TpeTi KoedimieHT
PIBHSIHHS, CyM1 KOPEHIB BiAMOBIIa€ APYruil KOe(IliEHT PIBHSHHS.

3aBnanHa 4. CoporHosyiiTe MOXJIMBI MOMUJIKM 1 YTPYJIHEHHS Y4YHIB Yy DPO3B’A3yBaHHI
OTPUMAaHOI CUCTEMHU HEPIBHOCTEIA.

Ouixyeani MipKysanHs moxcymo Oymu makumu. IIporHo3oBaHa moMMiIKa 1: ydHi 3BOJSATH
PO3B’sI3yBaHHs KBaJpaTHOI HEPIBHOCTI O PO3B’SA3yBaHHS KBAJPaTHOI'O PIBHSHHS, HE IIyKAlO4U
IPOMIXKH, Ha SIKUX BUKOHYETbCS BKa3aHa HEpIBHICTh. [IporHo3oBaHa nmomMuika 2: po3B’s3yl0uu
JiHIMHY HEpPIBHICTh, yYHI HE 3MIHIOIOTb 3HAK JIOJJaHKa, SIKUI EPEHOCATH 13 JIIBOT y IPaBY YaCTUHY
HepiBHOCTI. [IporHo3oBana moMusika 3: yuHi HEIIPaBHWIbHO BKa3yIOTh IPOMIXKOK, 1110 € PO3B’SI3KOM
CHCTEMH HEPIBHOCTEH.

3aBnaHHA 5. 3HaiAITh 3HAUEHHS MapaMeTpa, 3a SKUX: a) PIBHAHHS Ma€ J10/1aTHI KopeHi; 0)
PIBHSHHSI Ma€ BiJI'€MHI KOPEHI; B) PIBHSAHHS Ma€ KOPEH1 pi3HUX 3HAKIB:

ae [3;+oo).

1) x? - 2ax + 2a + 3 =0; 7) 2x*+ 3ax + a®=0;

2) x>~ (a+3)x+4a—-4=0; 8) 3x°—3ax + a’=0;
3)x+2@-1)x+2a%+2=0; 9) 4x>— 4ax + a®>— 2 =0;

4) x>—2ax+a’—-2=0; 10) ax>-2(a—3)x +a+3=0;
5) x>-2(a + 2)x + a(a + 4) + 6 = 0; 11) (@®>— 2)x*—2ax + 1=0;
6) 2x°— 3ax + a’>+ 3a = 0; 12) (a2 + 3)x*— 2ax + 1 = 0.

3aBmanns 6. Ha ocHOBI HaBeneHNX y 3aB/IaHHI S 3a1a4 13 TapaMeTpaMu 3p0o0iTh BUCHOBKH II0JI0
HanpsIMiB 3pOCTaHHSI TPYTHOCTI HAMIPOCTIIIMX 33124 3 TapaMeTpaMH, Y sIKUX HIeThCs PO 3HAKU KOPEHIB
KBaJIPaTHOTO PIBHSHHS, 3aJIEKHO BiJT 0COOIMBOCTEN BUMOT, 10 HAKJIAIAFOTHCS Ha 3HAKU KOPEHIB.

Ouikyeani MipKyeanHs modcyms 6ymu makumu. Ilo-niepie, TpyaHICTh HARMPOCTIIINX 337124 3
napameTpamMu, y SKUX HAeTbCs MPO 3HAKU KOPEHIB KBaJPAaTHOTO PIBHSHHS, 3pOCTAa€ 3aJ€KHO BiJl
0COOJIMBOCTEH BUMOT, 1110 HAKJIAIAIOThCS Ha 3HaKK KopeHiB. [lo-npyre, cepea MOXKIMBUX BUMOT, 1110
HaKJIa/Ial0ThCSl Ha KOPEH1 KBaJpaTHOrO PIBHSHHS y HAWOPOCTIIIMX 3a/1auyaX, HEOOX1IHO MPOBECTU
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BHYTPIIIHIN MOAUT 1 YIOPSAKYBAaTH OTPUMaHI TUIT BUMOT 32 pIBHEM CKJIATHOCTI iX (opmartizariii, sk
OT: KOpEeHi iICHYIOTb (He ICHYIOTb); KOpPEHi € pIBHUMH (HEPIBHUMH ); KOPEHI OTHAKOBHX (PI3HHX ) 3HAKIB;
KOpEH1 OJHAKOBUX CTPOr0 BU3HAYEHUX 3HAKIB; KOPEH1 OJJHAKOBUX, aJIe HECTPOr'0 BU3HAYEHHX 3HAKIB;
KOpEHi PI3HUX, aje HECTPOro BHU3HAYEHHMX 3HAKIB; OJHH i3 KOPEHIB CTPOro BH3HAYEHOTO 3HAKa, a
HIIMI Ma€e TOM camuii 3HaK a00 JOPIBHIOE HYJIO; OJIH 3 KOPEHIB CTPOr0 BU3HAYEHOTO 3HAKA, A IHIIUI
Ma€ TPOTWIICKHUM 3HAK a0 JOPIBHIOE HYIO; TUIBKUA OAMH 3 KOPEHIB CTPOTO BH3HAYEHOTO 3HAKA;
TUIBKHM OJIUH 3 KOPEHIB HECTPOT'0 BU3HAYEHOIO 3HAKA; IPUHAKMHI OJJMH KOPiHb CTPOr0 BU3HAYEHOI'O
3HaKa; IPUHANMHI OJJH KOPIHb HECTPOTO BU3HAYEHOTO 3HAKA.

3aBganHs 7. OKpecyiTh MEpeNiK yMiHb YYHIB IS MOOYIOBH NMPABUIBHOI MAaTeMaTHYHOI
MoOJIeNi 3a/1a4i, y SKild HIeThCsl PO 3HAKM KOPEHIB KBAJAPATHOTO PIBHSAHHA 3 MapamMeTpoM, i sika
PO3B’A3Y€EThCSA 13 3aCTOCYBaHHAM TeopeMu Biera.

Ouikyeani MipKysanHs modxcyms oymu maxumu. Jjis Toro, mo6 y4Hi 3Moriu noOyayBaTtu
NpaBWIbHY MaTeMaTHU4YHY MOJIEJb 3aJaui, sSIKa po3B’s3yeTbCs 13 3aCTOCYBAaHHSM TeopeMu Biera,
BOHHU MarOTh BMITH: 1) epedopMysroBaTi yMOBY 3a/1aui Tak, 100 BUMOTH, SIKi HAKJIQAal0ThCs HA
KOpEHI1 piBHSAHHS, OyJIM T0/IaHl B IBHOMY BHUTJISAI; 2) BUSBUTH XapakTep 3B’ SI3KIB MK BUMOTaMHU
(KOH FOHKTUBHHM, JH3 IOHKTUBHUH, CKIaneHuil); 3) dopmaiizyBaT KOXKHY BHMOTY i3 3aCTOCY-
BaHHSAM JMCKPHUMiHAHTa KBaJIpaTHOTO PIBHSIHHA Ta OOMEXEHb Ha 3HAKM JOOYTKY 1 CymMH HOro
KOpEHiB; 4) Bi10Opa3UTH XapakTep 3B’ A3KiB Mk BAMOTAaMH Y BUTJISI/II CHCTEMH, CYKYITHOCTI, TIEBHOT
KOMOIHAIIT CUCTEM 1 CYKYIHOCTEH; 5) BUKOHATH MEPETBOPEHHS KOH FOHKIIT KIJTbKOX W3 FOHKIIN
a00 aM3’IOHKIIT KUTPKOX KOH IOHKIIN 3a TpaBWJaMy JIOTIKH, SIKIIO XapakTep 3B S3KIB MiX
BUMOI'aMH BUSBUBCS CKJIaIEHUM; 6) CIIOBECHO onucaTH (popmalizoBaHuil 3a1uc BUMOT, 110 HaKJIa-
JIAIOTHCS] HA KOPEH1 KBAAPaTHOTO PIBHSAHHS;, 7) MOOYIyBaTH TEOPETUIHY MOJAETH BUMOTH, PO SIKY
iaerscs y (GopMyNIOBaHHI 3a7ayi, Ta MiHIMI3YBaTH 1i, SIKIIO Take € MOJIMBHUM; §) BUPA3UTU
JTMCKPUMIHAHT, JOOYTOK 1 CyMy KOPEHIB KBaJIpaTHOTO DPIBHAHHS 4epe3 Horo koedimieHTH; 9)
noOyayBaTd MaTeMaTHMYHY MOJIENb 3a/1adi, KOHKPETHU3YBaBIIM TEOPETUYHY MOJEIb BUMOIH 13
3aCTOCYBaHHSAM KOC(IIIEHTIB PIBHSAHHS, PO SIKE HIEThCS Y (opMysTroBaHHI 3a/1a4i.

BukoHaHHs LMX pI3HOMaHITHUX 3aJlad 3 IapaMeTpaMH Ha BCTAHOBJICHHS 3HAaKIB KOPEHIB
KBaJPaTHOTO PIBHAHHS 3 IapaMeTpaMu, IO MAroTh Bapiamii y CBOiX yMOBax, CIOHYKae€ 0
JUIAaKTUYHO BHBAKEHMX 1 BaKJIMBMX BUCHOBKIB IIPO Te€, I10 BMIHHS OyayBaTH MaTeMaTHUYHY
MO/IEITb KO’KHOTO THITY BUMOT JI0 KOPEHIB KBaIPATHOTO PIBHSAHHSA Ta ii KOHKPETHY IHTEpPIIPETAIli0
(MaTeMaTU4YHy MOJETb KOHKPETHOI 3ahayi) MOTpiOHO QopMyBaTH B Y4HIB IOETAalHO 3a
JIOTTIOMOTOIO CTIEIiaTbHOT CHCTEMH BITPAB.

HactynHuM BUAOM METOJIMYHOI JISUIBHOCTI € IJIbOBE CTPYKTYPYBAaHHS HaJaHUX J10OIpOK
3a/1a4 3 MmapaMeTpoM. 3 I1€I0 METOIO MPOTIOHYEMO 3aBIaHHS.

3apnanss 8. O0epiTh NPUHIMIT CTPYKTYpYBaHHS i audepeHuianii HaBeieHoi y 3aBJjaHHI 5
00IpKHU PIBHSHB 3aJI€KHO B1J] CKJIaHOCTI 3aBAaHHs. Peanizyiite iioro, oOrpyHTyiTE CBilf criociO
CTPYKTYpyBaHHs i Audepenuialtii, 10noBHITh JOOIPKY piBHSAHB 32 HEOOX1IHOCTI.

Ouikysani MIpKY8auHs Moxcymsb Oymu maxumu. J{st CTpykTypyBaHHs JOOIPKH pIBHSIHB 32
PIBHSAMM CKJIQJHOCTI MOKHA BHKOPHUCTATH 3O0BHILIHIM 1 BHYTPIIIHIA MOKAa3HUKH. 30BHILIHIN
MOKA3HUK 1€ — NepIIuil KOoe(ilieHT piBHAHHA. BHYTpilIHINA MOKa3HUK 1€ — JUCKPUMIHAHT
piBHSAHHS. 3a 30BHILIHIM ITOKa3HUKOM CKJIQJHICTh HApOILIYeTbCS Tak: 1) 3BeAEH! PIBHIHHS,
2) nepimi KoedilieHT € yuciom, sike BiaminHe Bif 0 i £1; 3) nepimii KoedilieHT € BUpa3oMm, 1o
MICTUTh MapaMeTp. 3a BHYTPIUIHIM MOKa3HUKOM 3iHCHIOETbCS BHYTpIIIHSA AudepeHIianis y
KOXHIM Tpymi piBHSHB, IO yTBOpWiacs Micis AudepeHiianii 3a 30BHIIIHIM MOKa3HUKOM. TyT
JIOLIIBHO BUTPUMATU TaKy MOCHTIIOBHICTh: a) TUCKPUMIHAHT PIBHSAHHS € BUPA30M, IO MICTUTh
napaMmeTp 1 Moke Ha0yBaTH OyJb-SKOT0 3HaKy; 0) JTUCKPUMIHAHT PiBHSAHHS € IOBHUM KBaJIpaTOM
BUPa3y, 10 MICTUTh MTapaMeTp, a00 € TAKUM BUPA30M 13 MapaMeTpoM, IKUii HabyBae HEBi €MHHUX
3Ha4YeHb 3a OYyIb-SIKHUX 3HAUEHb MMapaMeTpa; B) TUCKPUMIHAHT PIBHSHHS € BUPA30M, 1110 MICTUTh
napamerp, i 3a OyJIb-KUX 3Ha4eHb NapaMeTpa He € JAOAATHUM; I') JUCKPUMIHAHT PIBHSHHS €
HEB1JI’€EMHUM YHCIIOM; 1) AMCKPUMIHAHT PIBHSHHS JOPIBHIOE BiJ’ €EMHOMY YUCITY. ¥Y3araibHUTH I
criocoOu nudepeHianii i CTpyKTypyBaHHs JOOIPKH PIBHSIHb MOKHA 3a JOTIOMOT'0I0 Ta0muili 2.
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Taomums 2

CrpykrypyBaHHs i nudepennianis 100ipku piBHIHb
32 30BHIIIHIM | BHYTPIllIHIM NOKA3HUKAMM

JudepeHnmiaiist 3a 30BHIIIHIM

Judepenmiaris 3a

PiBHsiHHS L
MOKa3HUKOM BHYTPILITHIM ITOKa3HUKOM

X —2ax+2a+3=0; PiBusHHsA 3BeneHi, mnepmmii | A) D = 4(a’— 2a — 3).
x>~ (a+3)x+4a—-4=0, koedirienT =+ 1 b) D = (a—5).
X+ 2@—-1)x+2a’+2=0, B)D =—4(a + 1)°
2ax— x°—a’+2=0, I D=8.
X~ 2@+2x+a(@a+4)+6=0, J)D=-8.
2x>—3ax+a’+3a=0, Pipusinast He3BeneHi. [lepmmit | A) D = a’— 24a.
2x% + 3ax + a?= 0, KoedirieHT € gyuciaoM | B) D = a’.
3x?2—3ax + a?=0, BigMiHHMM Big 01+ 1 B) D = - 3a.
4x°—dax+a*-2=0, I D=32.
A~ dax +a’+2=0, JHD=-32.

ax’-2(a—-3)x+a+3=0,

3ax?—2(2a+ 1)x+a+1=0,

@+ 1)x°+2(@—-1)x+2=0,

(- 2)x°—2ax+1=0,

(@2 +3)x*~2ax+1=0

Pipasinast HesBeneHi. [lepmmit
Koe(iIlieHT  3aJIeKUTh BIJ
3HAYCHHS TapaMeTpa

A)D=—36(a - 1),

B) D = 4(a*+a+1).
B) D= 4(a + 1)2.
I)D =8.
HD=-12.

3aBnanHsa 9. Ha ocHOBI piBHSIHB 31 CTBOPEHO1 y MOMEPEAHHOMY 3aBJIaHHI 100IpKH PiBHIHb
CKOHCTPYIOHTE CHCTEMY 3aJa4 3 mapaMeTpamu, sKi 3BOMATHCS JO KBaIpaTHUX 3a JOIMOMOTOI0

3aMiHU 3MIHHUX.

OuiKy8ami MipKYBAHHS MONCYMb OYMU MAKUMU.
Jlo mpuUKIay, Ha OCHOBI PiBHAHHA X2 — 2aX + 2a + 3 = (0 MOJKHA YTBOPHTH TaKi piBHAHHSA

(tabm. 3).

Tabmuns 3
PiBHstHHS 3amiHa Ta OOMEKEHHS
x0—2ax®+2a+3=0, samina: x°=yp, YER,;
x*-2a(x*~ 1) +3=0, 3amiHa: x>=yp, y € [0;+ );
sin?x — 2a(sinx—1) +3=0, 3amina: sinx =y, y € [- 1;1];
Ig%|x] — algx? + 2a + 3 =0, 3amina: lglx| =y,y €ER,
4—a2*t+2a+3=0, 3amia: 2=y, y€&(0;+o)

3apnanHa 10. CnpoexTylTe BHUIM AISUIBHOCTI, SIKI ONAHOBYE y4Y€Hb y XOJA1 MOOYAOBU
MaTeMaTHYHOI MOJIEN] B ITOMIOHNX 3aa4ax.
Ouikysani MipKy8aHHs mMoxcyms Oymu maxkumu. JIjist Toro, mo6 modynyBaTi MaTeMaTUuHy
MoJieh Y TOMIOHMX 3a/jauax, Y4eHb Ma€ BUKOHATH TaKi Jii.

1. BupainuTu 3aMiHy Ta OOMEXEHHSI Ha 00JIaCTh BU3HAYEHHS HOBO1 3MIHHOI, SIKIIIO BOHH €.

2. BBecTu 3aMiHy 1 OTpUMaTH JONOMDKHE KBaJpaTHE PIBHIHHS.

3. ChopmyrnroBaTi HOBY 3aj7a4y, y SIKiii BUMOTH JI0 KOPEHIB JIOTIOMIXXHOTO KBaIPAaTHOT'O
piBHSHHS OynM 0 TakuMH, 1100 3 ypaxyBaHHSAM OOMeKEHb Ha HOBY 3MiHHY KOPEH1 BUX1THOT'O
PIBHSIHHS 33JTOBOJIBHSUTH BUMOTAaM BHX1JTHOT 3a/1a4i.

4. BusiBUTH ycCi BUMAJKH BUMOT JI0 KOPEHIB JOMOMIKHOTO KBaJpaTHOTO PIBHSHHS, SKi

3a3HavyeHi y 1m.3.

5. YTBOpUTH MaTeMaTUYHY MOJENb 3a/1adi 1, IKIIIO MOXKIIMBO, MiHIMi3yBaTH ii.
3aBnanHg 11. 3MozaentoliTe HaBUANbHY CUTYAIIO 13 PO3TIIAAY MOJIOHHX 3a7a4 B OCBITHBOMY
npoiieci: a) 6a30Boi mKoIK; 6) crapuoi MpoiabHOT IIKOJIH.
3aBnanHa 12. 3MojenoiiTe HaBYaJbHY CUTYalll0 KOHTPOJIIO M OI[IHIOBAHHS HaBYAJbHUX
JIOCSATHEHB YUHIB 13 pO3B’A3yBaHHs 33jJau 3 MapaMeTpamH, siKi 3a JOIMOMOTOI0 3aMiHU 3BOJIATHCS
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JI0 KBaJIpaTHUX PIBHSAHB. 3 II€I0 METOI CKOHCTPYIOMTE CHUCTEMY 13 TPhOX 3a7a4, BUKOHAWTE
MOEJIEMEHTHHI aHalli3 Coco0y IXHBOTO pO3B’sI3yBaHHs, pO3pO0ITh KpUTEPIi OLIHIOBAHHS.
BucHoOBKH Ta mepCHeKTHBM MNOJAJbIIMX HAYKOBHX PO3BIiIOK. [HTerpagbHa
KOMIIETEHTHICTh 3/100yBayiB OCBITM Ha JpPyromMy MariCTepChbKOMY piBHI BHINOI OCBITH 3a
cnemianbHicTIo A4 Cepennsi ocBita (Maremaruka) (GOpMYeEThCS 1 MPOSBISIETHCS MEPEAYCiM B
YMOBaX, IIO XapaKTePHU3YIOThCS KOMIUICKCHICTIO 1 HEBU3HAUEHICTIO. Taki XapaKTepUCTUKU
MOBHOIO MIpOI0 TMpUTAMaHHI 3a7a4aM 3 mapaMmerpaMu. [lirotoBka MaiOyTHHOTO BUHTEINS 0
HaBYaHHS Y4YHIB DPO3B’S3yBaTH 3a7ayl 3 MapaMeTpaMud Mae OyTH IOCHIJOBHO, CHUCTEMHO i
KOMILJIEKCHO peaji3oBaHa y PI3HUX OCBITHIX KOMITOHEHTax ()axoBO1 MaTEMaTUYHOI 1 METOAMYHOT
niaroroBku. Ha npyromy MarictepcbkoMy piBHI BHIIOi OCBITH 3 MiArOTOBKM (haxiBIiB
crienianbHOCTI A4 CepenHst ocBiTa (MaTeMaTHKa) 3a/1a4i 3 mapaMeTpaMHu JOLUUIBHO BKJIFOYATH 10
3MICTy 000B’SI3KOBUX Ta BUOIPKOBHX HABYAIBHUX MUCHHIUIIH. J100ip 3MicTy, CHCTEMH METO/IB 1
MpUHOMIB, a TaKOXX CHCTeMa 3ajad Mae€ OyTH CKepoBaHa Ha MaKCHMI3aIlil0o Cy0’€KTHOTO
MaTeMaTHYHOTO W METOAMYHOTO JOCBIAY CTYACHTIB, 3aTy4EHHS PI3HUX BUAIB MaTeMaTU4YHOI U
METOJAMYHOI JISTLHOCTI (aHATITHKO-CUHTETUYHOI, TIPOTHO3YBAIBHOI, TPOEKTYBAIBHOT, MOJIEITIO-
BAJIBbHOI, KOHCTPYIOBAJIBHOI, OI[IHIOBAJIILHO-PE(PICKCUBHOI), YPi3HOMAHITHEHHS MpodeciiiHo-
0COOMCTICHUX 11eHTU(DIKAIII} CTYIEHTIB B yMOBaX KOHKPETHUX HaBYaJbHUX CUTYaIlIl.
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Tarasenkova N. A., Akulenko I. A. The Methodological Component of the Course
"Selected Issues of Elementary Mathematics™ in the Training of Master's Students in
Speciality A4 Secondary Education (Mathematics).

Professional training of students in the specialty A4 Secondary Education (Mathematics) at the
second (Master's) level of higher education is aimed at forming their integral competence, namely the
ability to solve complex specialized practical tasks in the field of general secondary mathematics
education, which are characterized by complexity and uncertainty. Such characteristics are fully
inherent in problems with parameters. Teaching students how to solve problems with parameters is
the focus of the professional training of a future mathematics teacher for both basic and profile
schools. By mastering the methods of solving problems with parameters, students — future specialists
— must acquire not only the mathematical component of this activity but also the methodological
activity skills that will subsequently ensure the effective teaching of such problems to students. These
methodological activity skills form the methodological component of academic disciplines whose
subject is the study of standard and non-standard methods and the specifics of solving problems with
parameters. A substantial element of this component is teaching and methodological problems (tasks).
The authors emphasize that such problems must ensure that students perform analytical-synthetic,
forecasting, design, modelling, construction, and evaluative-reflective methodological activities. The
article substantiates a method for systematizing such tasks, which involves:1) analysis of the semiotic
shell and the content of the given problem with a parameter; 2) identification of the content and
operational components in the process of solving the problem, and classification of the problem into
a certain type/kind; 3) the actual solution of the problem with a parameter; 4) forecasting potential
difficulties and errors of students in solving the problem; 5) targeted structuring of provided selections
of problems with a parameter; 6) independent compilation of selections of problems with parameters
in accordance with didactic goals; 7) planning and designing, as well as modelling and implementing
learning situations involving problems with a parameter; 8) checking and evaluating the results of
students' solutions to such problems. The article provides corresponding examples of teaching and
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methodological problems, outlines the expected and possible reasoning in the search for their solution
method, and illustrates the ways to solve such problems.
Keywords: problems with parameters, methodological component, methodological activity
of a future mathematics teacher, teaching and methodological problems.
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Yepkacbkuii HaIllOHAIbHUMA
yHiBepcHTeT iMeHi borgana XmMenpsHUIIBKOTO

POJIb IEJATOTTUHUAX IMTPAKTHUK Y ®OPMYBAHHI ITPO®ECIMHOI
MOTHUBAIIII MAUBYTHIX YUATEJIB IHOOPMATHUKHA

Y emammi oocnioscyemovcs ghopmyeanna npogpeciiinoi momusayii maubymuix yuumenie
IHGhOpMamuKu 8 yMo8ax cyuacHux 8UKIUKIE oceimu ma deiyumy nedacoziunux kaopis. Iledacociuna
NPAKMUKa po32na0acmvcs K KIo4o8ull eman npoghecitinoi ni02omoeku, wo NOEOHyE meopiio 3
peanvhumu ymogamu oisnbHocmi 33CO. Teopemuunuii ananiz 8us6uU8 6a2amoeUMIpH) CIpPYKmMypy
npocghecitinoi momusayii, sKka 6KIOYAE SHYmMpiwHi (iHmepec, camopeanizayis, iOeHmMu4Hicmy) ma
306HIWHI (npecmudic, oniama, niOompumka) yurHuxu. Onucano cmpykmypy npakmuKu MavOymHix
Vuumenie inpoOpmMamuKu, wo GKIHYAE HABYAILHO-0P2AHIZ3AYILIHY, HABYAILHO-BUXOBHY MA HABUATIbHO-
MEMOOUYHi CKIA008I, NOEOHAHHA SKUX CHPUAE PO3BUMKY NPOQDECIHUX KOMNEMeHmMHOCHell.
Anxemyeanns cmyoenmig cneyianornocmi 014.09 Cepeons oceima (Ingpopmamuxa) niomeepouno, wo
neoazociuHa NpaKkmuka nos si3yemvcs 3 (QOPMYBaHHAM Momueayii i enesHeHocmi 3000)8auis.
3pobaeno 8UCHOBOK PO BaAHCIUBICIb AKICHOI Opeani3ayii nedazo2iunoi npaKmuxu o1 opmyeaHHs.
KOMNEMeHMHO20 1 MOMUBOBAHO20 (haxiBys.

Kniouosi cnoea: neoacociuna npaxmuxa, maubymui yuumeni iHghopmamuxu, npogecitina
MOMUBAYIAL.

ITocranoBka npo6.ieMu. B yMoBax nocTiiHOrO OHOBJIEHHS 3MICTY OCBITH Ta IM(poBi3aLii ycix
cep JIFOACHKOTO JKUTTA MiZrOTOBKA BUCOKOKBAJTI(DIKOBAHMX YUUTENIB iH(POpMATHKN HaOyBae 0coOH-
BOTO 3Ha4Y€HHS. 3r1THO 3 oitiitHOO iH(hopMartiero [leprkaBHOi ciy0u 3alHATOCTI YKpainu, Hapasi Ha
PUHKY Ipalli CHOCTEPIraeThCs BIAUYTHUN IEPIUT NeJaroriyHuX Kajpis, MPUUOMY, SIK IPOrHO3YEThCH,
CHUTYyallisl ICTOTHO HE 3MIHUTHCS 1 B TIOANIBIIOMY. BiamoBiiHO, 3aK1aiy 3arajibHOI CEpeHbOI OCBITH,
0COOJIMBO B HEBEJIMKUX MICTaX Ta CUIbChKINA MICIEBOCTI, CTUKAIOTHCS 3 TPYAHOIIAMH TPU 3alIOBHEHHI
BakaHcCii yuureniB iHGopmaThky. CUTyallis, 1110 CKJIanacsl, 3yMOBJIIO€ COLIIAIbHUM MONMT Ha HOBY I'eHe-
parit0 MOTUBOBAaHHX 1 MPO(ECiHHO MiroTOBIEHUX (DaxiBIliB, CIIPOMOXKHUX peali30BYBaTH KOMIIE-
TEHTHICHUH MIAX1/1 y BUKJIQJaHH1 1H()OPMATHKH Ta BIIPOBAKYBATH IHHOBAIIIITHI TIIarorivH1 MiIXO/IH.

VY 11bOMY KOHTEKCTI MeAaroriyHa npakTUKa BUCTYIAE BaXKJIMBUM IHCTPYMEHTOM (pOpMyBaHHS
npodeciitHoT MoTHBaIIii MaiOyTHIX menarori. CamMe i 9ac MpOXOHKEHHS MeAaroriqHol MPaKTHKH,
CTYJICHTH BIIEpIlIe MOTPAILIIOTh B peajibHi YMOBU POOOTH B 3aKJIa/Ii 3arajibHOI CepelHbOi OCBITH,
CIIOCTEPITAIOTh 32 OCBITHIM MPOIIECOM 3CEPEINHH, OE3MOCEPEIHBO B3aEMOIIIOTh 3 YUHSIMH, TIeIaro-
TYHUM KOJIEKTHBOM, a/IMIHICTpALli€l0, aHAII3YIOTh BIACHI MOXKJIMBOCTI Ta MPO(eCiiiHy MPUAATHICTb.
3100yTHii MPAKTUYHUI JOCBIJ CIpHsE TIUOMIOMY PO3YMIHHIO 3HAUYIIOCTI BUMTEIHCHKOI Mparli,

103



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

PO3BHUBAE BIAMOBIIAILHICTD, MOCIIOBHICTh Y MpodeciitHOMy CaMOBH3HAYEHHI, a TAKOXK 3MIITHIOE
BIICBHEHICTh CTYJICHTIB 11010 BUOOpY mpodecii.

3a3HauMMO, IO 3pPOCTaHHS IIOMHWTY Ha BHCOKOKBaTI(PIKOBAHMX YUMTENIB i1H(POPMATUKH
3YMOBIIIOETHCS TAKOXK aKTHBHUM BIPOBA/KEHHAM CyYaCHHX OCBITHIX CTaHIapTiB. BifmnoigHo, poib
HaBYAJIbHOI TPAKTUKU SK 3aco0y MpodeciiiHoi coriamzaiii Ta MOTHUBaIlli 3700yBayiB OCBITH €
0cO0NMBO BaXIMBOIO. HaBuanbHa Ta BUpOOHMYA IEAAroriuHi MPAKTUKU JIO3BOJISIOTH MaHOyTHIM
negaroraM He JjMuie anpoOyBaTH OTPUMAaHI 3HAHHA B YMOBAX 3BHYaNHOI LIKOJIM, a W MOOAuuTH
peanbHy motpedy B iXHii mpaili, 110, CBOEIO Yeproro, (opmye rIMOOKY BHYTPIIIHIO MOTHBAIO 10
MOJTAJTBITIIOTO TIPOQECIHHOTO PO3BUTKY.

TakuM YMHOM, JTOCHIPKEHHS MEAaroriyHuX MPAKTUK SK IHCTPYMEHTY (hOpMyBaHHS MOTHBALIi{
JI0 TINArorivyHoi JisTBHOCTI B yMOBaxX 3aKJaiB 3arajibHOI CEpeIHbOI OCBITH € HaA3BUYANHO
aKTyaJbHUM. BOHO Jae 3MOry MO€HATH TEOPETUYHY MIATOTOBKY 3 PEUTbHUM KaJPOBHM 3alIUTOM Y
PETiOHI, MOCHIUTH €PEKTHUBHICTH OCBITHBOTO Mporiecy B 3BO Ta cripusiti hopMyBaHHIO COIIAIEHO
Bi/IMOBIIAIHOTO, 1HII[IATHBHOTO Ta MPO(}ECciiHO OPIEHTOBAHOTO BUUTEIIS iH(OPMATHKH.

AHAJI3 aKTyaJIbHUX JOCJTiKeHb. [TuTanns npodeciiiHol miAroTOBKU CTYIEHTIB MeAaroriv-
HHX CIeLiaJbHOCTEH, 30KpeMa, poii i Micls B Hil MEAaroriyHoi MPaKTUKH, aKTUBHO BHBYAIOTHCS
BITUM3HSIHUMU Ta 3apyOLKHUMHU JOCHITHUKaMU. TeopeTHyHi i MeTOI0JIO0T1YHI 3acay Ta MPUKIIAIHI
ACTIEKTH MPAKTUYHOI IMiATOTOBKH MaiiOyTHIX y4WTesiB BHCBITIIOIOTECS B mpamsix C. ['oHuapeHka,
A. T'ypxis, O. [lybacentoka, 1. 3s3toHa, B. Jlyrosoro, H. Huukano, C. CucoeBoi Ta iHmmx. Sk 3a3Ha-
YEeHO B MaTepianax HayKoBO-aHamiTHUHOI fomoBini HAITH Ykpaiau miomo mpakTU4HOI MiATOTOBKH
Mai0yTHIX MMEAaroriB y 3akijiajax BUILOI MeJaroridyHoi OCBITH, 3MILIICHHS aKIIEHTIB Ha MPaKTUYHUN
KOMIIOHEHT TOTOBHOCTI MPOQECciitHO MiArOTOBKM BYMTENS 3YMOBJICHE HOBHUMH BUMOTAaMH PUHKY
npatli 1 HeoOXiJHICTIO MiABUIIEHHS Horo KoHKypeHTo3aaTHocTi [3]. BianosigHo no Konueniii pos-
BUTKY TEIAroriyHoi OCBiTM B YKpaiHi, 0OCAT MpPaKTHYHOI MiJrOTOBKM MaiOyTHIX OCBITSAH Ma€
ckinagatu He MeHmie 30 kpeautiB €KTC y mexax 000B’S3K0BOi YacTUHM OaKalaBPChKUX MPOTrpam,
MOYMHAIOYH 3 TIEpIIoro poky HaBuanHs [ 1]. BomHouac, mis 6inpmocti 3BO nie mpakTrka noeTHaHHS
OllaHyBaHHS TEOPETMYHOI0 MaTtepiaty i HaOyTTs NPAKTUYHOTO JOCBITy, IOYMHAIOYH 3 2-3 KypCIB.

Haronomnryroun Ha 6araroacnieKTHOCTI JTiSUTBHOCTI, 1110 BUKOHYEThCS TpakTukanTamu, H. T1aBio-
Ba BU3HAYAE ajlanTaliiiHy, TMIaKTHYHY, PO3BUBAIOYY, A1arHOCTUYHY, IPOrHOCTUYHY, KOMYHIKaTUBHY
Ta peduiekcuBHy (QyHKIIIT negaroriyaux npakTuk [7]. i ¢pyHKil B3a€MOIiIOTh Ta JOMOBHIOIOTH OJHA
OJTHY, YTBOPIOIOYH I[UTICHY CHCTEMY, 1110 € BIKPUTOO Ta TUHaMIuHOK. Y po6oTi O. JIncenko nmogaHo
pEe3yJIbTaTH JTOCTIIPKEHHS! MOTHMBALIIMHOI (DYHKIIT BUPOOHMYOI MEAAroriyHoi MpakTUKU MaiOyTHIX
YUYUTENIB IHO3EMHHUX MOB [2]. 3a pe3ysbTaTaMi OIUTYBaHHs OyJIO BUSBIICHO, 110 OUIBLIICTH CTY/ICHTIB
CMPUMMAIOTh NEJIaroriyHy MPaKTUKY SIK CBOEPIIHUI TECT Ha MPABUIIBHICT 00paHoi npodecii.

AXTyanbHI JIOCHIJKEHHST y cdepl MeAaroriki 3acBiuyloTh, IO MpodeciiiHa MOTUBALLSA
BUUTEIIB € 0araToBUMIpHUM (EHOMEHOM, SIKMI (POPMYETHCS MiJl BIUIMBOM SIK BHYTPILIHIX, TaK 1
30BHIIIHIX YMHHUKIB [5-7]. Jlo BHYTpIIIHIX AETEpMIHAHTIB HaJieXKaThb IHTEpPEC /10 BUKJIAJIAHHS,
chopmoBaHa npodeciiiHa 1IeHTUYHICTb, MPArHEHHS 10 aBTOHOMIi. 30BHIIIIHI YAHHUKA BKJIFOYAIOThH
piBeHb 3apOOITHOI MJIaTH, 00CAT pOOOYOro HABAHTAXKEHHS, MIITPUMKY 3 OOKY OCBITHBOT IMOJITUKH Ta
HasIBHICTb MOXJIMBOCTEW Ui Kap epHOro 3pocranHs. [Ipocdeciiina MoTuBallis MeAaroriB Mpsmo
KOPEJIIOE 3 SKICTIO OCBITHBOT'O IIPOLIECY, PIBHEM YCHIIIHOCTI Y4HIB, CTA0UIBHICTIO KaIPOBOTO CKJIALy
Ta MCUXOJIOTTYHUM OJIaronoIyqdsiM OCBITSH.

BiamnoBiHO 10 Cy4acHOT0 HAyKOBOTO IUCKYPCY BUOKPEMITIOETHCSI HU3Ka (PaKTOPIB, BU3HAYAIIb-
HUX JUI OpMYyBaHHS IpodeciitHOl MOTHBAIIT IlearoriB Ta il miaATpuMKy [6-8]. Opranizaiiiine cepe-
JIOBHIIIE Ta YIPABIIHCHKE JTIZEPCTBO, 110 OB’ SI3YETHCS 3 TO3UTUBHUM MIKPOKJIIMATOM Y 3aKJIa/1i OCBi-
TH, MATPUMKOIO 3 OOKY aJMIHICTpallii Ta KOHCTPYKTUBHUMH KOJIET1aJIbHUMH B3aEMUHAMU, CIIPHSIIOTH
MiIBUIIIEHHIO MOTUBAIIHOTO PiBHS MeaaroriB. Jly:ke BaKIMBUMH € MOXKIHBOCTI JIst TpoeciitHOro
PO3BUTKY 1 3MILTHEHHS IPOQECIHOT 1IeHTUYHOCT], HAPUKIIa[, Y OopMaTi y4acTi B TPEHIHTaX 1 OCBIT-
HIX MpoekTax. BogHoyac, HaaMipHe HaBaHTaXEHHsI, OIOpOKpaTH3aLlisi OCBITHBOTO MIPOLIECY, CTaHIap-
TU30BaHE OLIIHIOBAaHHS Ta OOMEXEHHS aBTOHOMIi HETaTUBHO BIUIMBAIOTh HA MOTHBALIIIO BUUTEJIIB.

Jetamnizyroun ckiaHUKU Tpodeciitnoi MmotuBaii [7, 9, 10], 1oCniHUKN BUAUISIOTH HIHHICHO-
CMHCJIOBUM KOMITOHEHT, III0 BiI0OpaXka€ yCBIOMIJICHHS COIIAbHOI 3HAYYIIOCTI Mpodecii BUMTE,
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BHYTPIITHE IPUAHSATTS TISIArOT1YHOI MICIT Ta POJIi HACTABHUKA, OPIEHTAIIIO HA TIOTPEOH PO3BUTKY y4-
HIB 1 CYCITUILCTBA Ta BIAYYTTS BIACHOI BiIOBIJAIBHOCTI 32 pe3y/bTaT OCBITHROIO Iporiecy. Po3BunyTa
npodeciiiHa MOTHBAITIS BKITIOYAE TaKOXK Mi3HABATBHO-TIPOMECIHY CKIIaI0BY, 1110 BUSBIISIETHCS ITUIS-
XOM TIParHeHHs 10 MOCTIHHOTO MiBHUIIEHHS KBaTi(iKaIlii, TOTOBHOCTI 0 aKTHBHOTO BIIPOBAPKEHHS
IHHOBAITI Ta BAKOPUCTAHHSI CY9aCHUX TEXHOJIOT1H B OCBITHROMY IPOIIEC], OPIEHTAILIIIO HA CAMOOCBITY.
CouianbHO-KOMYHIKAaTHBHA CKJIaZ0Ba MpodeciiiHoi MoTHBallii BitoOpakae notpely B CIUIKyBaHHI 3
YUHSIMH, KOJIeTaMy, OaThKaMH, HAaBMYKH JIJIEPCTBA 1 BIANOBITAIBLHOI CHIBIIpaIli i KOMaHIHOI poOOTH,
MOTHBAIIIO 710 (POPMYBaHHS MO3UTHBHOTO IMI/PKY Tiefiarora. 3 coLiabHO-KOMYHIKaTUBHOIO CKJIAJI0-
BOIO TICHO TIOB’s13aHa eMOIIIMHO-PETYJIATUBHA, 110 I03BOJISIE OTPUMYBATH ITO3UTHBHI €MOIIIi BiJ] IIPOIIe-
Cy HaBYAHHS i BUXOBaHHS Ta BiJl CIIUIKYBAaHHS 3 YYHSMH, BKIIFOUAIOUH TAKOXK TaKi TIOYYTTS SIK CaMO-
peastizarlisi Ta yCIIix, 3/1aTHICTb 30epiraTi eMOIIiHY CTaOUTBHICTh Y CTpeCOBUX oOcTaBuHax. He MeHie
3HAUMMOIO € i Kap epHO-TiparMaTH4YHa CKJIAJI0BA, 30KpeMa, Opi€HTallis Ha mpodeciiiHe 3poCTaHH,
OakaHHSI MaTepiaTbHOI CTaOIIBHOCTI, MMPArHEHHS JI0 COLIABHUX TapaHTii Ta MpoeCciifHOTo CTaTycy.

Hocmimxennss C. Onexcenko Ta O. XOMEHKO JI€MOHCTPYIOTh, II0 OCHOBHUMH MOTHBAMH
npodeCiifHOT ISUTbHOCTI MEIaroriB B YMOBAaX BIHU € 3a/I0BOJICHHS BiJ] ITPOIIECY Ta pE3yJIbTaTy Iparli
Ta MOXIIUBICTH camMopeanizalii B il AisuIbHOCTI [5, 6]. CyTTeBUME (haKTOpaMH € TaKOX 1moTpeda B
JOCSITHEHHI COLIAIbHOTO MPECTHKY 1 MoBark 3 00Ky OTOUyIOUMX 1 TpOLIOBUii 3apo0iTok. BogHouac,
JMCTaHIlIiHE HAaBYaHHs, IM(POBE BUCHAKEHHS Ta 3arajbHa HEBU3HAYEHICTh, CYTTEBO TTO3HAYMIIUCS
Ha rpoeciiiHiii MOTHBAIIIT OCBITSH.

Takum uuHOM, (POPMYBaHHS Ta MIATPUMKA MOTHBALIl MEAAroriB MoTpedye KOMILIEKCHOTO
MiIXOAY, 110 BPAaxOBY€e IHIMBIAYyallbHI, 1HCTUTYIIIMHI Ta COLIOKYJIBTYPHI YMHHUKU. BiamosiaHoO,
aKTyaJbHUMHU € JOCTI/DKEHHS, IO CIIPSIMOBaHI Ha PO3pOOKY e€(EeKTUBHHX CTpaTerii (hopMyBaHHS
npodeciiiHoi MOTHBAIlli Ta MO3UTUBHOTO CTAaBIEHHS JI0 OOpaHOi CHEIaJbHOCTI CTYJCHTIB
TMeIArOTiYHUX CIIEIiATbHOCTEH, Y KOHTEKCTI TMHAMIYHUX 3MiH OCBITHBOTO CEPEIOBHIIA.

Hapasi crocrepiraerbesi 3pocTaHHS KUIBKOCTI JOCHIDKEHb, NPUCBIYCHHUX IIEIAroTiyHii
MpaKTHIl MaOyTHIX yuutenmiB iH(opmartuku [13-16]. OmHiero 3 MPOBIAHUX 1ed € IHTErparis
U(POBOI NEIArOriKy, sSKa rnepeadavae He JIMIIe OBOJIOIHHS MPOrpaMyBaHHIM Ta 00YHCITIOBAILHUM
MUCJICHHSIM, a ¥ 3JIaTHICTh €()EeKTUBHO BUKOPHUCTOBYBATH OHJIAWH-TIIATOPMH, IHTCPAKTHUBHI Cepeio-
BUIIIA IPOTPAaMYBaHHS Ta IHCTPYMEHTH Ha OCHOBI IITY4HOTO iHTeneKTy [ 14]. [lenaroriuna npaktuka
Bi/lirpae BaXKIIUBY pOJib y (hopMyBaHHI TPpodeciifHOi iIEHTUIHOCTI MAOYTHIX yUUTENiB iHpOpMATHKH
[13, 16]. Bona cnipusie po3BUTKY BIIEBHEHOCTI] y MOSICHEHH1 CKJIQJIHUX a0CTPAKTHUX MOHSATh, TAKUX SIK
IITOPUTMHU Ta CTPYKTYPHU JJAHUX, @ TAKOK Y POPMYBaHHI1 CTpaTeTiil ynpaBliHHS KJIaCOM, aJJalTOBAaHUX
JI0 BUCOKOTEXHOJIOITYHOI'O HaBYaHHs. 3HAUHUI BIUIMB Ha YCIIIIHICTh MPOXO/KEHHS ITPAKTHUKUA Ma€e
SKICHE HAaCTaBHMIITBO Ta CHIBOpaIll 3 JOCBIIUYEHUMH T€IaroraMu, OCOOJUBO SIKIIIO HACTABHUKH
BOJIOJIIFOTh aKTyaJIbHUMH 3HAHHSAMHU 3 METOJIMKH HaBUYaHHS iHPOPMATHUKH.

Oxpemy yBary JOCHIJHUKHU NPUIUIIIOTH MTUTAHHSM PIBHOCTI Ta IOCTYITHOCTI. 3aJTy4eHHS JI0 TIpaK-
THKU PO3ITIAAAETHCS K IHCTPYMEHT MOJI0NIaHHsA TeHAepHUX auctpornopiiid B STEM Ta inkeHepii, 30kpe-
Ma, 4epe3 CTUMYJIFOBaHHS MallOyTHIX YUUTelNB 1H(POPMATUKHU IO PO3POOKH IHKITFO3UBHOTO HABYAILHOTO
KOHTeHTY. KpiM Toro, akTyasbHi JOCTIIKEHHS OB’ SI3yI0Th MEaroridHy MPaKkTHKY 3 PO3BUTKOM IIiIiI-
PUEMHUIBKUX KOMIIETEHTHOCTEH, 10 BIIKPUBAE JUIsl MAaOYTHIX Y4UTENiB IHPOPMATHUKU IIUPIII MPO-
eciiiHi nepcrieKTHBY y cdepi iHPopMariHHO-IIM(PPOBUX TEXHOJIOTIH Ta OCBITHBOIO MiINPUEMHHIITBA.

MeTtor0 podoTH € TOCTIIKEHHS MOTUBALIIMHIX YMHHUKIB MaOYTHIX y4UTENiB 1HHOpMATUKU
1010 TIEarorivyHol JisUTbHOCTI Ta BIUIMBY MEAArOriyHOl MPAKTHKK Ha 1X OYIKYBaHHS M CIIPUAHSTTS
MaiOyTHBOT rIpodecii.

Bukiiag ocHoBHOro Marepiasy. Ilenaroriuni npakTvky B cucteMi mpodeciiHol MiAroTOBKH
MaOyTHIX y4uTeNiB IHOOPMATHKH € BAKITUBUM €TaroM (GOpMyBaHHS ITeJaroriYHOT KOMIIETEHTHOCTI,
iHTerpamii TEOpeTUYHUX 3HAaHb Ta NMPAKTHYHOTO JOCBIAY B YMOBax (YHKIIIOHYBaHHS 3aKIIajliB
3aranbHOi cepenHboi ocBiTH (33CO). Obcar menaroriyHuX MPAKTUK 1 iX TEOPETUKO-METOAUYHE
3a0e3MeYeHHs] BHU3HAYAIOTh MOXIIMBOCTI OCBITHBOI MPOTpaMy IIOJO CTBOPEHHS IIUTICHOTO
CepelIoBHINA MMATOTOBKH 300yBayiB, YMOB IS TEPETBOPECHHS HAYKOBO-TECOPETUYHHX 3HAHb B
HABUYKHU MPAKTUYHOT pOOOTH B YMOBaX Cy4acHOI LIIKOJIH.
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OcgitHro-Tipoeciitnoro mporpamoro crierianpHocTi 014.09 Cepennst ocBita (IHdopmarnka)
UYepkacbKoMy HalliOHAJIbBHOMY YHiBepcHTETI iMeH1 bornana XMenbHUIIBKOTOo riepeadadeHo MpoBEACHHS
HaBYAILHOI, BAPOOHHYOI Ta HAYKOBO-JIOCTITHUAIILKOT MPAKTHK, 3araibHUM oocsiroM 24 kpenutu CKTC.

HapuanbHa neparoriuna npaktuka (y Huswi iHmmx 3BO BUKOPHCTOBYIOTHCS Ha3BU MPOTIEIEB-
THYHA YM [IeJaroriyHa MpakTHKa) OXOIUIIoe 3-5 ceMecTpu HaBUaHHs. TpH eTany HaBYAJIbHOT IPaKTH-
KM, [0 PEali3yIOThCS Yy MeXax OCBITHBO-TIpoeciiiHol nporpamu cremianbHocTi 014.09 Cepenns
ocsita (IHpopmarnka) B UepkacbkoMy HalllOHAILHOMY yHiBepcHTEeTi iMeH1 bormana XmenpHUITb-
KOT0, MAIOTh YITKY IOCIIIOBHICTh, TEMaTHYHY CIIPSMOBAHICTb Ta CIIPUSIOTH TOCTYIIOBOMY Ipodeciii-
HOMY CTaHOBJIEHHIO CTYJICHTIB.

[lepmia HaB4anbHA MPAKTHKA, KA TIPOBOJUTHCS Y TPETHOMY CEMECTpPi OaKaaaBpChKOrO PiBHS,
Ma€ HaBYAJIbHO-OpraHi3alliiiHy CIIPSAMOBAHICTh 1 cripusie (GOpMyBaHHIO 0a30BHX YSBJICHb CTY/ICHTIB
PO CHCTeMYy 3arajbHOi CepeqHbOi OCBITH YKpaiHM, OpraHi3amiiHO-aJMiHICTPaTHUBHI AaCIEKTH
¢dyukmionyBanHs 33CO, iX HOpMATHBHY JOKYMEHTAIIi10, OCBITHE CEPEIOBHIIIE, & TAKOXK OCOOJIUBOCTI
poboTH menaroriyHoro KojekTuBy. OCHOBHMMHM 3aBIaHHAMH L€l TMPAKTUKUA € O3HAHOMIICHHS
CTY/ICHTIB 13 YAHHOK HOPMATUBHO-TIPABOBOIO 0a3010 (y ToMy 4mciIi KoHIeniero HoBoi ykpainchkoi
IIKOJIM Ta MPUHLMIIAMH TEarorikyi IMapTHEpPCTBa), BUBUEHHS periameHty pobotu 33CO, anani3
METOIMYHUX OO0'€THAHb YUYUTENIB, HUPPOBOI HPPACTPYKTYpHU 3aKJIaay, a TaKOXk OI[IHKa YMOB
THKJIFO3MBHOTO HaBYaHHs Ta 0€30ap’€pHOr0 OCBITHLOTO CEPEIOBHIIIA.

Ha upomy etari (opMyroThCs Taki KJIFOYOBI KOMIIETEHTHOCTI: 3arajibHa KOMIIETeHTHICTh 3K2
(3maTHiCTh 0 MIDKOCOOMCTICHOI B3aemopii, podotn B Komanmi); (axoBi kommereHtHOCTi DK4
(B3aemomist B ocBiTHbOMY cepepoBuili), DPK11 (3nannsa iapopmaruku), OKI12 (3matHicTh
MozemoBat 3Mict HauanHs), PK13 (po3pobka mudpoBux ocsitHiX pecypciB) [4]. Came mi
KOMIIETEHTHOCT] 3a0e3neuytoTh 0a3uc Ui MOAAIbLIOr0 PO3rOpTaHHS BHUXOBHOI Ta METOAWYHOI
JISUTBHOCTI CTYJICHTIB y HACTYITHUX €Tarax MPaKTHKH.

Jlpyra HaByajbHa MpPAKTHKA, IO PEATI3yeTbCsS y YETBEPTOMY CEMECTpi, Opi€HTOBaHAa Ha
BUBUEHHS cUCTeMH BUXOBHOI po0oTH B 33CO. MeToro NpakTHKH € YIOCKOHAICHH] 3HaHb CTY/ICHTIB
I0/I0 OpraHi3alifHuX, METOJIUYHUX 1 TICUXOJIOTTYHUX 3acajl BUXOBHOI JISUIBHOCTI, Ta ()OPMYBaHHS
YMiHb TUIAaHYBaTH, OPraHi30BYBaTH Ta MPOBOJWTH BUXOBHI 3aXOH BiJIOBIIHO JI0 TMENAroriqHUX
uined. [1ix yac mpakTUKU CTYAEHTH CIIOCTEPIraloTh 33 BUXOBHUMH 33aX0/1aMHM, aHAJI3YIOTh METOIU
B3a€MOJIii KJIACHOTO KEePIBHUKA 3 YYHAMH, OaThKaMu, BUBYAIOTH BiJIIOBITHY JOKYMEHTAII0, OepyTh
y4acThb y IUTaHyBaHHI BUXOBHOI pOOOTH, CKJIAIAt0Th IICUXOJIOT0-TIeJaroriyHi XapakTepUCTHKH YUHIB,
3HAUOMJISITBCST 3 MISJIBHICTIO MIKUTBHUX TYPTKIB 1 cekiiil. CaMocTiiiHe TpOBEIEHHS 3aJIIKOBOTO
BUXOBHOTO 3aXOJy € KJIIOYOBUM KOMIIOHEHTOM M€l TMPAaKTUKH, L0 CHpHse (OPMYyBaHHIO
Ne/IaroriyHoi aBTOHOMIi, peieKcii Ta KOMYHIKaTHBHOI KOMIIETEHTHOCTI 3100yBayiB OCBITH.

Ha npoMy erarmi 3aKkpiruiroroThCs 3arajbHa KoMreTeHTHICTh 3K2, a Takox ¢popMyroThbes paxosi
xomriereHTHOCTI OK2 (opienTauis B iH(popmauiiiHoMy npoctopi) 1 @K3 (po3yMiHHS NCHXO0I0r0-
HeJaroriyHuxX 0coOJMBOCTEH pPO3BUTKY YuHIB). Lli KOMIETEHTHOCTI MOITMOIIOIOTH COLIATBHO-
KOMYHIKaTUBHUMA 1 BUXOBHUI KOMIIOHEHTH NMPOQECIHHOI AISIIbHOCTI BUMTENS, SKI HEOOX1THI JUis
NMoOY0BH CTIMKOT B3a€EMO/Ii1 B OCBITHOMY CEPEIOBHIIIL.

Tpers HaBUanbHA NPAKTHKA, SIKA B1IOYBAETHCS Y I’ AITOMY CEMECTP1, Ma€ HABYaJIbHO-METOUYHY
CIIPSIMOBaHICTh 1 Tmependavae MOMIMONIEHE BHBYEHHS METOAMKM BHUKIQJAHHA 1H(GOPMATUKH.
OCHOBHHM 3aBJIaHHSIM ITOT'O €TaIy € PO3BUTOK 3/IaTHOCTI CTY/ICHTIB JI0 IUTAHYBAHHS Ta MTPOBEICHHS
YPOKiB 1H(OpPMAaTUKH, CTBOPEHHS HaBUAJIbHO-METOJUYHUX MaTepiajiB, BUKOPHCTAHHS Cy4aCHHX
U(PPOBUX TEXHOJIOTIH, a TAKOX aHaJ3 e(PEeKTUBHOCTI IleJaroriyHux MeToiB. CTyAeHTH BUKOHYIOTh
aHaJli3 HaBYJIBHUX TPOrpaM 3 iH(pOpMaTHKH, TOTYIOTh KOHCIIEKTH YPOKiB, pO3pOOIISIIOTH JUIAKTHYHI
Mmarepiaiy, BUBYAIOTh LU(POBY 1HPPACTPYKTypy KabiHETIB 1H(OpMATUKH, MPOBOJATH I€1aroriyxi
CIIOCTEpEKEHHs Ta OepyTh y4acTh y MPAaKTUYHOMY BHUKJIAJaHHI. BaykKIIMBOIO YaCTUHOIO MPAKTHKU €
OBOJIOJIIHHS HaBUYKaMHU peduieKcii, OLIHIOBaHHS Pe3yJIbTaTIB BIACHOI JISUTbHOCTI, @ TAKOK PO3BUTOK
NeJaroriyHoro MUCJIEHHS, 34aTHOCTI IO MOJETIOBAHHS 3MICTY HaBYaHHS 1HQOPMATUKH BiAMOBIIHO
JI0 CyJacHUX OCBITHIX TEHJICHIIIH 1 CTaHapTIB.

Tyt popmyroTbes KITFO4OBI 3araibHi KoMmneTreHTHOcTi: 3K1 (BiAMOBiAaIbHICTD, TPOMAJISTHCHKA
cBizomicth), 3K2 (MmixocoOucricHa B3aemonisi), 3K3 (ycBiIOMIIEHHS KYJAbTYPHOI 1I€HTUYHOCTI).
®axoBi koMneTeHTHOCTI 0XoIuT0r0Th: PK4 (Oe3neuna Bzaemois), K12 (pednexcusnicts), PK13 1
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®OK14 (mpenMeTHO-METOAMYHA KOMIIETEHTHICTD 3 iH(opMaThku i podoroTtexHiku), PK18 (tmdposi
ocBiTHI TexHouorii). ChopMOBaHI KOMIIETEHTHOCTI 3a0€3MeUyrOTh 3/AaTHICTH JIO CHCTEMHOTO
NPOEKTYBAaHHS HABYAILHOTO IMPOIIECY, BUKOPUCTAHHS IHTEPAKTUBHUX ()OPM HABUAHHS, OLIHFOBAHHS
HABUAILHUX JIOCATHEHb, 4 TAKOXK PO3BUTOK MPODECiiHOT aBTOHOMII.

OTmXe, TpH TIOCITIIOBHI €Tany HaB4aIbHOT MPAKTHKH MMOOYI0BaHI 3a MPUHIMITAMH HACTYITHOCTI,
MDKIUCIUILTIHAPHOCTI Ta KOMIIETEHTHICHOI iHTerpamii. [lepmmii eram ¢opmye opranizaiiitHo-
aJIMIHICTPAaTUBHY I'PaMOTHICTb 1 COITIAJIbHY OPI€HTAIII0, APYTUH — IICUXO0JIOT0-BUXOBHY CKJIAJIOBY Ta
KOMYHIKaTUBHY KYJIBTYPY, TPETIi — METOIMYHY MAaiCTepHICTh, IMEAAroriuHy pediekcio Ta
npodeciitny MoOiINBHICTB. IX B3aeMO3B’A30Kk 3abe3meuye cucTeMHe mpodeciiiHe 3pOcTaHHS
MalOyTHBOrO BuMTeNs iHPOpMAaTuKH, (opmyroun He numie (axiBisl, a ¥ Iegarora-HOBaToOpa,
37IaTHOTO BiJIIIOBIIaTH HA BUKIIUKU Cy9acHOTO IIM(POBOTO CYCILIBCTBA.

3 MeTOr0 aHaMi3y eEKTUBHOCTI peatizallii HaB4abHOI IPAKTUKY JJIS CTY/ICHTIB CIICI[iaIbHOCTI
014.09 Cepenns ocsita (Indpopmaruka) y UepkacbkoMy HaIllOHATBHOMY YHiBepcuTeTi iMeHi bormana
XMENBHHIIBKOTO OYyJI0 MPOBEJCHO aHKETYBAHHS, PE3yJIbTaTH SKOTO NI 3MOTY BUSIBHTH KJTFOUOBI
aCTeKTH CIIPUMHSATTS 3MICTY, OpraHi3allii Ta mearoriYHol [MIHHOCTI HaBYaIbHOI PAKTUKHU 3 TTO3HUIIIHA
caMux 37100yBauiB OCBiTH. ONMTYBaHHS Mall0 Ha METI 3’sCyBaTH OYIKYBAaHHS CTYJCHTIB IOJO
MPaKTHKH, 11eHTU(DIKYBaTH MOTEHIIHI TPYIHOILl Ta BUSBUTU MMO3UTUBHI YNHHUKH, IO CIIPUSIOTH
M1IBUTIICHHIO IXHBOT MOTHUBAILIIT 10 MAaiOyTHBOI MPODECIHHOT TiSITHHOCTI.

[TuTaHHs BCTYITHOTO OMUTYBAHHS, PO3POOJICHOTO 3 BUKOPUCTAHHM MIKaiM Jlaiikepra, HaBeIeHO
B TaOmui 1. ITix gac aHkeTyBaHHSI CTY/ICHTH MAlOTh OI[IHUTH CBOE CTABJICHHSI /IO HABEJICHUX TBEPKCHb
3a mKajoro Bijg 1 1o 5, me: 1 — 30BciM He 3rojieH, 2 — CKopillle He 3roJIeH, 3 — BaKKO BIZMOBICTH,
4 — cKopiIIe 3roJieH, S — MOBHICTIO 3T0/IeH. Y ChOT0 B ONMTYBAHHI B3SUTH y4acTh 17 CTyJEHTIB.

Tabmuns 1
AHKeTa CTYIEHTIB 11010 iX CIPUITHATTSA NeAarorivHol NPaKTUKN
Ne 3/m 3anuTaHHs aHKETH
1. 51 3 HeTepIiHHAM YeKaro MOYaTKy HaBYaJIbHOI IeIaroriyHoi MPAaKTHKH.
2. MeHe OibIIe IKaBUTh MPAKTHKA, HIXK JISIKAE.
3. 51 BimuyBaio BIEBHEHICTh Y CBOiX CHJIaX.
4. 51 mepexxuBaro, 10 MOXKY PO3TYOUTHUCS Y HIKITBbHOMY CEPEIOBHIII.
S. S rotoBuii(-a) 10 HOBUX BPaKCHb Ta JOCBITY.
6. MeHi 11ikaBO Ai3HATHCS, K OpPraHi30BaHUH OCBITHI MPOILIEC Y MIKOJII.
7. [ls mpakTuka TOMOMOXKE€ MEHI Kpalle ySIBUTH CBOIO MaillOyTHIO poOOTYy B SKOCTI
BUYMTEJISL.
8. S xouy BiuyTH aTMOc(epy MIKUTBHOTO KOJIEKTHUBY.
9. Xouy IpOoiTH NPAaKTUKY 3 TAPHUM pe3yJIbTaToOM, 100 OTPUMATH BUCOKY OIIIHKY.
10. MeHi BaXIIMBO, 00 KEPIBHUKHU MPAKTUKH 100PE BIATYKHYIHUCS PO MOIO POOOTY.
11.  IIpaktuka notpiOHa MeHi, 100 BUKOHATH BUMOTH HaBYAJIBHOTO IIJIAHY.
12. Xouy nokasartu rapHi pe3yJbTaTH Iepe BUKIala4aMi Ta OTHOTPYITHUKAMHU.
13.  Jlymaro, 110 MpakTHKa MO3UTUBHO BIUIMHE Ha MO€ CTABJIECHHs J0 00paHoi mpodecii.
14. Yoro Bu HaltOIbIIIE OUIKYETE BiJ II€1 MPAKTUKU?

3a pe3ynbTaTaMu ONUTYBaHHA cTyAeHTIB crnemianbHOocTi 014.09 Cepemns  ocBita
(Indpopmatuka) (puc. 1) o010 OUIKyBaHb Bi IPOXOHKEHHS MEPIIOI HABYAIbHOI MPAKTUKHA BCTAHOB-
JIEHO, 10 3arajioM PEeClOHEHTH JAEMOHCTPYIOTh MOMIPHO MO3UTHBHE CTaBJIEHHS 10 MalOyTHHOTO
nocBiny. [loka3HUK OYiKyBaHHS OYATKy MPakTUKA ckiIaB 3,09 6anm 3a m’STHOATFHOIO MIKAJIOK0, 1110
CBIJTYMTBH NP0 HASBHICTH iHTEpeECY, ajie 0e3 HaJMIPHOTO €HTYy31a3My. BUIbIIICTh CTYIEHTIB 3a3HAUMIIH,
1o ix OuTblIe IIKaBUTh MpaKTUKa, HIK JisKae (2,91), onHak piBEeHb BIEBHEHOCT] Yy BJIACHUX CHJIAX
BusiBuBcst cepenrim (3,00). Ilpu mpomy 3adikcoBaHO I TMEBHE XBWIIOBaHHS: TBEPIPKEHHS <1
TIEPEKHUBALO, III0 MOXKY PO3TYOUTHCS Y IMIKUTHHOMY CEPEIOBHIII» OTPUMAJIO CEPEAHE 3HAUYeHHS 3,18.

PazoMm 3 TUM CTyIeHTH BHSBISIOTH TOTOBHICTH /10 HOBHX BpakeHb Ta JnocBimy (3,45) 1
3alllKaBJIEHICTh Yy Mi3HAHHI OpraHizallii OCBITHHOTO Mpouecy B ko (3,27). g 0aratebox i3 HUX
NpaKkTHKa € BAXJIMBUM KPOKOM Y pO3yMiHHI MailOyTHbOi mpodeciiiHoi amisiibHOCTI (3,36) Ta
MOKJIMBICTIO BITUyTH atMmocdepy nenaroriyHoro kosektuBy (3,18). OcoOnmBe Micue 3aiimae
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OpI€HTAIlIsl HA PE3yJbTATHBHICTh: HAWBHUII cepedHi omiHkU (3,91) oTpumaii TBEpIKEHHS, IO
CTOCYIOTBCSI TIParHEHHS MPOUTH MPAKTHKY 3 TapHUM PEe3yJIbTaTOM, BAKIMBOCTI MO3UTHUBHOTO
BIATYKY KEpIBHUKIB, a TaKOX JEMOHCTpallii BJIACHUX [OCATHEHb IMEpe] BHUKJIaJadaMy Ta
OJTHOTPYIHHUKAaMH. BHCOKMM TaKoX € TTOKA3HUK YCBITOMIICHHS IPAKTHKH SIK 000B’I3KOBOI YaCTUHH
ocBiTHBOI Tporpamu (3,73), npu 1IbOMY 3HaYHA KIJIBKICTh CTYAEHTIB OYIKY€, [0 BOHA TO3UTHUBHO
BIUTMHE Ha IXHE CTaBJICHHS 10 00paHoi mpodecii (3,82).

4

CepefHe 3Ha4eHHs

1 2 3 4 5 6 7 8 9 10 11 12 13

TBepKeHHA
Puc. 1. AHani3 pe3yJbTaTiB ONNTYBAHHS CTY/ICHTIB

AHanii3 BIIKpUTHX BIJINOBIACH IMOKa3aB, IO CTYJASHTH HacaMIlepell OYiKYyIOTh OTpUMATH
HOBI 3HAHHS, HAaBHUYKH Ta JIOCBiJ, IMO3HAWOMHUTHCS 31 INKUIBHUM CEpPEIOBUIIEM 1 HOro
cnenrdikoro, a TAKOXK YCIIIIHO BUKOHATH BCl BUMOTH 3 JOCSTHEHHSIM IMO3UTHUBHOIO PE3YJIbTATY.
Cepen BIANOBiEH PECTIOHICHTIB € TAKOXK OYIKYBaHHS AOCBIAY, SIKUI JTOTIOMOXE BU3HAUYUTHCS 31
CHPUHHATTAM IIpodecii negarora, a Takox, 3100yTTA 1 3MILIHEHHS IPAaKTUYHUX HaBUYOK poOOTH
13 KOJICKTUBOM, HaBYaHHS 1HIINX, CIIIJIKYBAaHHS 3 ayJUTOPIEIO TOMIO.

TakuM YMHOM, MOTUBALLISI CTY/ICHTIB Ma€ 3MILIaHUI XapaKTep, BKIIFOYAIOUH BHYTPILIHI YUHHUKH,
SIKi TIOB’s13aH1 3 TIPArHEHHSIM 10 Tpo(eciitHOro caMoIi3HaHHsI, Ta 30BHIIIHI — OpPIEHTOBaHI HA OTPUMaH-
HsI BUCOKO{ OLIIHKH 32 pe3yJIbTaTaMH [PAaKTUKH Ta CXBaJIE€HHs 3 00Ky BUKJIaJa4iB 1 KEPIBHUKIB IPAKTHUKH.

OtpumaHi J1aHi CBiT9aTh MPO MOTPeOy 3a0e3NeueHHs CTYACHTIB IICUXOJIOTIYHOO MiATPUMKOIO
Ta CTBOPEHHS YMOB JUISl MIIBUILEHHS 1XHbOI BIEBHEHOCTI y BJIACHUX CHJaX. BaxJIMBO Takox
OpTraHi3yBaTH PETYISPHUIA 3BOPOTHUH 3B’S30K BiJ KEPIBHUKIB TPAKTUKH, SKUH CIPUSITAME
3MEHIIEHHIO PIBHS TPUBOXKHOCTI Ta IMiABUIIEHHIO MOTUBALIT 10 MPOQeCiifHOro caMOB/I0CKOHAJICHHS!.

BHCHOBKH Ta MepCcleKTHBH MOAAJIBIIMX HAYKOBHMX Po3Binok. [IpoBeneHe mociimKeHHs
H1JITBEP/IKYE BXKIIMBICT MEAArOTiYHOI MPAKTHKH 1 K KIIFOYOBOTO OCBITHBOI'O KOMIIOHEHTA CHCTEMH
HiIrOTOBKA MaiOyTHIX Y4MTENiB iHQOPMATHKH, TaK 1 SK JIEBOTO IHCTpyYMEHTa (OpMyBaHHS iX
npoceciitHoi MoTuBallii. Pe3ynabraTu onuTyBaHb CBiIYaTh PO T€, L0 CTYAEHTH creniaibHocTi 014.09
Cepennst ocBita (IHopmaTnka) JEMOHCTPYIOTh 0AaraTOBUMIpHY MOTHBAIIIIO. 3 OHOTO OOKY, BOHU
IparHyTh J10 NpoeciiHOro po3BUTKY, HAOYTTS HOBUX 3HaHb, NPAKTUYHUX HABUYOK 1 O3HAHOMIIEHHS
31 crenuiKo MIKUTBHOTO CEPeOBUINA. 3 1HIIOTO, JUISi HUX BAXIIMBUMH € 30BHIIIHI CTHMYIIH,
30KpeMa OTPHUMaHHS BUCOKUX OI[IHOK Ta MO3UTUBHOTO BU3HAHHS 3 OOKY MEaroriB i HACTaBHUKIB.

Takuii 3MilIaHW XapakTep MOTHBalii BKa3ye Ha HEOOXIJHICTh CTBOPEHHS WiATpU-
MYBAJIBHOT'O OCBITHBOT'O IPOCTOPY, 1110 BKJIOYAE TICUXOJIOTIYHY JOIOMOTY, PO3BUTOK BIIEBHEHOCTI
y BIacHUX TPOo(deciHHUX 3MI0HOCTSIX Ta OpraHizaililo CHCTEMHOTO 3BOPOTHOTO 3B’S3KY, 10 Oye
peaii30BaHoO, 30KpeMa, IIIJISIXOM ONHUTYBAaHHS CTY/AECHTIB 32 pe3y/IbTaTaMH MPOXOKEHHS KOXKHOTO 3
eTariB TeNaroriYHoi NMPaKTHKU. PerymspHa KOMyHIKallis KEpIBHHKIB MPAKTHUKHA Ta 37100yBayiB
OCBITH € B@KJIMBUM UYMHHHMKOM Y 3HIDKEHHI TPUBOXHOCTI CTYIEHTIB 1 CTMMYJIOBaHHI iX [0
aKTUBHOTO PO eCifHOTO CaMOBIOCKOHATICHHS.
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Lutsenko G., Tinkova D., Podolian O. The role of pedagogical practice in shaping the
professional motivation of future computer science teachers.

The article addresses the problem of developing professional motivation among pre-service
computer science teachers in the context of current challenges in the education system and the
growing shortage of qualified teaching staff. The authors emphasize that teaching practicum is a
crucial element of professional training, as it combines theoretical knowledge with real-life
conditions of secondary school practice. During practicum, students immerse themselves in the
school environment, gain experience in interacting with pupils, teachers, and administrators, and
develop a deeper understanding of the significance of the teaching profession, as well as
responsibility, reflection, and professional identity.

The theoretical analysis highlights the multidimensional structure of professional motivation,
which includes value-semantic, cognitive-professional, socio-communicative, emotional-regulatory,
and career-pragmatic components. It is noted that professional motivation is shaped by both internal
factors (interest in teaching, striving for self-realization, professional identity) and external factors
(social prestige, salary, managerial support). Special attention is given to the influence of martial law,
digitalization, and new educational standards on teachers’ motivational orientations.

The practical part of the study analyses three stages of teaching practicum for students
majoring in 014.09 Secondary Education (Computer Science) at Bohdan Khmelnytsky National
University of Cherkasy: organizational-introductory, educational, and methodological. It is
revealed that each stage contributes to the gradual development of key competencies: from
familiarization with the legal and organizational foundations of school functioning to planning
and conducting computer science lessons using modern digital technologies.

The results of a student survey confirm that practicum serves not only adaptive and
methodological purposes but also plays a key role in strengthening internal motivation, fostering
professional confidence, and reducing anxiety about future teaching work. At the same time,
motivation remains mixed: students focus both on professional self-improvement and on external
stimuli such as assessment and recognition.

It is concluded that the effective organization of teaching practicum within the training
system of pre-service computer science teachers ensures the formation of a socially responsible,
competent, and motivated professional capable of self-development and the implementation of
innovative approaches in the digital educational environment.

Key words: teaching practicum, future computer science teachers, professional motivation.
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CKPAUBIHI TA TAUMJIAMH SIK IHHOBALIMHI TEXHOJIOI'II BI3YAJII3ALILL
Y HIATOTOBII MAMBYTHIX YUATEJIIB MATEMATUKH

Y ecmammi poszensoaromuca cyuacni mexuonoeii isyanizayii HaguaibHO20 mamepiany y
npoyeci ni02omoexku maubymuix yuumenie mamemamuxu. Ilpoananizoeano 0ea iHHOBAYIUHI
Memoou: cKpaubine ma mauMiauH, AKi CApUsiomv NIOBUWEHHIO eheKmMUBHOCMI 3AC80EHHS
MamemMamuyHo20 mamepiany uepes 0OHOYACHe 3ANYYeHHs BI3VANbHUX Ma ayOialbHUX KAHANié
cnputinamms. Bushaueno OudakmuuHuil NOMEHYIan KOJNHCHOI MexHoNo2il, ocobausocmi ix
3aCMOCY8AHHA HA PI3HUX emanax HA6YalbHO20 Npoyecy ma MONCIUBOCMI BUKOPUCMAHHA Y
BUKIAOAHHT Mamemamuynux oucyuniin. Ilposedeno SWOT-ananiz koocHoi mexwonoeii, wo
00380/1€ OYIHUMU IXHI CUTbHI MA CIAOKI CMOPOHU, MONCIUBOCMI MA 3A2PO3U NPU BNPOBAOHNCEHHI
6 ocgimHuI0 npakmuxy. JlogedeHo, wjo inmezpayia mexnon02it 8i3yanizayii y npoyec nio2omosKu
MaubOymuix yuumenie Mamemamurkyu CNpuse po3GUMKY IXHIX MemOOUYHUX KOMNEemeHmHOCmelU,
30amHocmi 00 IHHOBAYIUHOI OIsILHOCII MA 20MOBHOCMI BUKOPUCMOBYBAMU CYYACH] Ne0a202iuHi
mexHnonocii y npoghecivniti disnvrocmi. OOIPYHMOBAHO HEOOXIOHICMb PO3BUMKY YUDPOBUX
KoMnemenyil uxk1aoauie 0 ehpekmuerno2o enposaddcents yux mexuonoeiu. Chopmynvosano
MemOOUYHI peKoMeHOayii wWooo 6NpoBaAOI’CEeHHs MeXHONO02I 8i3yanizayii, sKi GKIYarms
noemanHuti nioxio, OOMPUMAHHS OANAHCY MINC BI3YATLHUMU eleMeHMamMu ma MamemamuyHum
3micmom, oOughepeHyiayito 3aneHcHO 8I0 piGHA NIO20MOBKU CMYOEHMI8, CUCMEMAMUYHUL
PO3BUMOK YUPPOBUX KOMNEMEeHMHOCMel Mma iHme2payito pisHUX MmexHo102ill 8i3yanizayii.

Busnaueno nepcnexmueu nooanvuiux 00cnioxcens, sKi 8KI0OUAIOMb PO3POOKY MEMOOUUHUX
cucmem 3acmoCy8anHs MexHOoN02Il 8i3yanizayii 01 OKpemMux po30inie Mamemamuru; po3pooKy
yugposux oceimHix pecypcié 3 OAHKOM 20mMO8ux Gi3yanizayii OJsl pPIi3HUX MAMeMAMuyHUux
OUCYUNTIH;  OOCTIONCEHHS  MOJICIUBOCMEU  BUKOPUCMAHHA — WIMYYHO20 — iHmelekmy O
asmomamu3zayii CmeopeHts 6i3yanizayii HA84yalbHO20 MAMEeMAMUYHO20 MAmMepiaiy.

Knwuoei cnoea: sisyanizayis nagyanbHo2o mamepiany, cKpanoine, maumiait, nio2omoexka
sguumenie Mamemamuku, IHHOBAYIUHI Neoaco2iuHi MexHON02ll, MameMamuiyHa oceima,
yughposizayis oceimu.

ITocranoBka npodJjemMu. Y cyyacHHMX yMOBax LU(pOBi3alii OCBITH Ta 3pOCTaHHS OOCSTIB
1H(popMaIlii 0co0IMBOI akTyanbHOCTI HaOyBae nMpoodsieMa epeKTUBHOTO MPEICTABICHHS HABYATIbHOTO
Marepiaiy, 30KpemMa, Y BUKJIaJaHHI MaTeMaTUYHUX JTUCHUILTIH. AOCTpaKTHHIA XapakTep MaTeMaTHy-
HUX MOHATh, CKJIaIHICTh JIOTTYHUX ITOOY/I0B Ta HEOOX1AHICTh PO3YMIHHS MDKIIPEIMETHUX 3B'S3KIB BU-
MararoTh MOIIYKY HOBHX MIAXOAIB J0 OpraHizamii HaB4ajabHOTrO mporecy. OcoOnmBO roctpo us
npoOJiemMa MocTae MpH MiArOTOBLI MailOyTHIX YUHUTEIIB MaTeMaTHKH, sIK1 MAlOTh HE JIUIIE ONaHyBaTH
CKJIQJIHMI MaTeMaTUYHUNA MaTepia, a i HaBYUTHCS e(EKTUBHO TPAHCITIOBATH HOTO YUHSIM.

TpanuiiitHi METOIM BUKJIAIaHHSI MATEMAaTHKH, 0 0a3YIOTHCS MTEPEBAYKHO HA BepOaATLHOMY
MOSCHEHHI Ta TEKCTOBHUX MaTepianax, He 3aBXAM 3a0e3NedyloTh HaJeKHUH pIBEeHb 3aCBOEHHS
3HaHb Yy cTyAeHTiB. CyudacHe TOKONIHHS CTYJEHTIB, fIK€ BHUPOCIO B YMOBaXx ILH(PPOBOTO

111



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

CEpe/IOBUINA, XAPAKTEPU3YEThCS KIIIOBUM MUCIEHHSIM Ta MOTpedye HOBUX (OPM IMOAAHHSA
iHpopManii. ¥V 3B'I3Ky 3 MM aKTyalbHOCTI HaOyBa€ BIPOBAHKECHHS TEXHOJOTIHM Bizyamizarii
HaBUYAJIBHOTO MaTepiamy, SKi JJ03BOJISIOTH IOEIHYBAaTH BepOajdbHI Ta Bi3yaJlbHI KaHAIU
CHPUHHATTA iHPOpMaIii, 110 3HAYHO MiABHILYE €PEKTHUBHICTH HABYAIBHOTO MPOIIECY.
[TpobGsema miArOTOBKM MaiOyTHIX yYUTEJiB MaTEMATUKH 10 BUKOPUCTAHHS CY4aCHUX TEXHO-
JIOTii Bi3yaumizalliil MoB's3aHa 3 BOXJIMBIMH HAYKOBHMH Ta MPAKTUYHUMU 3aBJAHHSMH: PO3POOKOIO
METOJMYHUX 3acajl IHTerpauii 1HHOBALIMHUX TEXHOJIOTIH y IpoLec BUKJIAJAHHSA MaTeMaTHYHUX
TWCITUTLTIH, (popMyBaHHIM IH(PPOBUX KOMIIETEHTHOCTEH TiemaroriB [3], cTBOpeHHSIM e(EKTHBHUX
OCBITHIX CEPEIOBHIII, ITI0 3a0€3MeUyI0Th SKICHY MaTeMaTHYHY ITIATOTOBKY (PaxiBIIiB.
Anani3z pocuimxens i myOmikaniii. [TpoGnemaTrka Bisyamizallii HaBYaJIBHOTO MaTepiamy
BIZIOOpaKeHa y mparpsix 0ararb0X BITUM3HSHUX Ta 3apyODKHUX ociiaHukKiB. J[. be3syrmumii Haromnorrye
Ha e()eKTUBHOCTI 3aCBOEHHS MaTepialy 3aBISKH OJHOYACHOMY 3AITYYCHHIO CIIyXOBHX Ta 30pOBHX
kaHamiB crnpuiHATTA [1]. C. JleHMCeHKO OOIPYHTOBYE BaKJIMBICTh CHHXPOHHOTO TpadiyHOTrO
BIITBOPEHHSI YCHOTO BUKJIAY JUIsl (hOpMyBaHHS LIUTICHOTO COPUHHATTS iH(popMarii [4].
[TutaHHs PO3BUTKY Bi3yaJIbHOTO MUCJICHHS MaHOYTHIX yUuTENiB qociiKyBaiu B. Ocaqunii
ta K. Ocamgua [7], MeTOoOu4HI OCHOBM 3aCTOCYBaHHsS TEXHOJIOTii HaBYaHHS aHATi3yBalH
JI. Jlsxoupka, JI. bBormapenko, I'. FO30amesa [5]. Bognowac pocmimkenHs A. BepOuibkoro
NPUCBSYCHI KOHTEKCTHOMY MiXO/ly B aKTHBHOMY HaBuYaHHI y Bumii mkomi [3]. I. YexmecTpyk
po3riIsiana HOBITHI METOIU Bi3yastizallil mij] 4ac miaroToBKu MaiOyTHix nemaroris [10].
[Torpu 3HauHWil iHTEpeC HAyKOBLIB [0 TMPOOJIEMATHKH Bidyalizalii HaBYaJIHLHOTO
marepiainy, HeIOCTaTHBO JOCIIKEHUMHU 3aJIUIIAITHCS MUTAaHHS KOMIUIEKCHOTO BUKOPUCTAHHS
PI3HUX TEXHOJIOTIH Bi3yauizamii (30Kkpema, CKpail0iHTy, TallMIIaliHy) came Y MiArOTOBII MaifOyTHIX
yuuTeniB MaTeMaTuku. lloTpeOyroTh MOAANbIIOrO BHBYEHHS OCOONMBOCTI ajamnTamii IHX
TEXHOJIOTIH 10 crenudiku BHKJIAJAaHHS MATEMaTUYHHX JUCHUIUTIH, METOJUYHI acHeKTH iX
BIIPOBQ/KCHHSI HAa PI3HUX €Tamax HaBYaJbHOIO MpOIeCcy, a TAaKoXXK BIUIUB Ha (OpMYyBaHHS
npodeciifHnX KOMIETEeHTHOCTEe MailOyTHIX Ieqaroris.
Meta crarTi nossrae y TEOPEeTHYHOMY OOIPYHTYBaHHI Ta HPAKTUYHOMY JOCIIJKEHHI
MOYJIMBOCTEH BHKOPHCTaHHS Cy4YaCHHUX TEXHOJOTiH Bizyamizamii (CKpailOiHTy, TaliMiaiiHy) y
poleci MiATOTOBKH MaOYTHIX YUUTEIiB MAaTEMATHKHU.
Jis nocsirHeHHsI MeTH HeO0OX1THO BUPIIINTH HACTYIHI 3aBAaHHSA !
— PO3KPUTH CYTHICTh Ta AMJAKTUYHUI MOTEHIIa] 3aCTOCYBAaHHS TEXHOJIOT1H CKpalOiHTy Ta
TaliMIIaiiHy y BUKJIaJaHHI MaTeMaTHIHUX TUCIHUILTIH;

- mpoBectd SWOT-aHami3 KOKHOI TeXHOJOTIT JUIsi BUSBICHHS IXHIX CHJIBHUX 1 CIaOKUX
CTOPIH, MOXJIUBOCTEH Ta 3arpos;

- OOrpyHTYBaTH METOJUYHI PEKOMEHIAIlT II0JI0 BIPOBAKEHHS TEXHOJOT1M Bi3yasizalii
y Ipolec MiAroTOBKA MaiOyTHIX y4UTeNiB MaTeMaTHKH.

Bukiax ocHOBHOTO MaTepiay nociuimkenHs. CkpaitOinT (i aHrL. SCribe — HakumaTu ecki3u
a00 MaTIOHKH) SIK Cy4acHa TEXHOJIOTIs Bizyauizallii MaTepiaty HaOyBae MOMYJIPHOCTI 3aB/SIKM CBOTH
37aTHOCTI MiJBMINYBaTH e(EKTUBHICTh 3acBOEHHs iHQpopmauii [6]. Moro cyrs momsrae y
napaje’lbHOMY BHUKOPUCTaHHI BI3yaJbHUX Ta ayJlajJbHUX KaHAIB COPUMHATTS: CTY/IEHTH HE JIMIIe
CITyXaroTh MOSICHEHHS, a i1 OJHOYACHO 0avaTh KJIIOUOBI 171€1 y rpagiuHOMY BUIJISAL. 3aB/SIKH LIbOMY
1H(opMaLlis cTae OUIbII JOCTYITHOIO, 3aaM'ITOBY€EThCs IIBH/IIE Ta eekThBHiIe [1].

Icropuuno ckpaiiGiHT OyB 3amponoHOoBaHUl OpuTaHCHKUM XynoxxHUKoM Enapro ITapkom.
TexHonorist Oepe cBii MoyaTok i3 Oi3HEC-CepelOBUINA, /1€ BOHA BHKOPHCTOBYBanacs s
MPE3CHTAllld, aje 3T0J0OM 3HaHMIIa MIMPOKE 3aCTOCYBAaHHS B OCBITHBOMY IPOIIECi, 30KpeEMa,
3aBJISIKM 3710Ta/Il1 aMeprKaHchkoro Bukiagayda [lona boryma.

VY mpotueci gochiKeHHs! epeKTUBHUX MIAXOIB /10 3aCTOCYBAHHSI CKPaOIHTY B OCBITHHOMY
cepenoBHILI (haxiBili BiJ3HAYAIOTH HOT0 3HAYHUI MOTEHIIIA K IHCTPYMEHTA, 1110 MOTHBYE CTY/IEHTIB
1o HaBuaHH4 [9]. Llg TexHom0r1 1EMOHCTPY€E OCOOIMBY PE3YJIbTATUBHICTH HA €Talli BUBYEHHS! HOBOTO
Mmarepiaily, OCKUIBKM 3[aTHa TNPHBEPTaTH YBAry 3aBISKH Bi3yaJbHI HAaCHYEHOCTI Ta SCKPaBUM
rpagiuauM obpazam [11]. SIk HacmigoOK, CTyIEHTH Kpalle 3arnam'sTOBYIOTbh KIIFOYOBI TOHSTTS Ta
TEpPMiHH, a CaM IPOLIEC 3aCBOEHHS 3HAHb CTA€ OUTBIL JOCTYITHUM 1 3aXOIIIHBUM.
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Ha nymky JI. Binoycosoi ta H. J)KuteHnboB01, IUaakTHYHA IIHHICTH Ii€1 TEXHOJIOT11 TOJIATAE
B il BIAMOBIMHOCTI KJIIOYOBMM TMPHUHIMIIAM HABYaHHS, TaKUM SK MPUPOJIOBIAMOBIIHICTS,
HAOYHICTh, JOCTYIHICTh, YCBIIOMJICHICTh Ta eMoIiiHicTh. Kpim Toro, ckpailGiHr 3abe3medye
KOMIIAKTHE TIOJaHHS MaTepiaiy, [0 CIPHIE WOTO MIBHIKOMY OMPAIIOBAHHIO i €(DEKTUBHOMY
3amam'siToByBaHHIO [2]. BogHouac JI. bormapenko mpormnoHye 3ainy4daTi caMux 3100yBaviB OCBITH
JI0 CTBOPEHHS CKpail0-MalltOHKIB, OCKIJIBKH 1€ CIIPUS€E PO3BUTKY IXHBOTO OOpa3HOTO MHUCICHHS,
HAaBHYOK y3araJlbHeHHS ¥ cucrteMaru3altii iHdopmarlii, BUAIICHHS KIFOYOBUX aCIEKTIB, a TAKOX
TBOPYOTO MiIXOAY JI0 MPEICTaBICHH MaTepiany [5].

VY cywacHiii mefaroriyHiil MpakTHIll 3aCTOCOBYIOTHCS Pi3HI BapiaHTH ckpaiOinry [8; 12]. o
TPAaIUIIIMHUX (OPM HAIEKHUTHh MATbOBAHUHN BiJl pyKH CKpaiOiHT, III0 BKJIIOYAE CTBOPEHHS CXEM,
Jiarpam, CMMBOJIIB 1 KITFOYOBHX MOHATH. B amtikariitHoMy cKkpaitOiHTy BUKOPHUCTOBYIOTHCS TOTOBI
300pakeHHSI, K1 HaKJICIOIOTHCS Ha (DOH 1 CYIPOBOUKYIOTh YCHUI BUKJIAL MaTepiany. MarHiTHHA
CKpalOiHT nependayae ¢ikcariro MaJOHKIB Ha TTOBEPXHI 32 JIOMMOMOTOI0 MarHiTiB, 110 Ja€ 3MOTY
JUHAMIYHO 3MIHIOBATH KOMITO3MIIIIO i) Yac ITOSICHEHH.

KoMmm'roTepHauii CKpailOiHT, SKUH pealli3yeThCs 3a JOMOMOTOIO CIeliali30BaHUX MTPorpam Ta
OHJIaH-pecypciB, Takux sk PowToon, VideoScribe, € eeKTHBHIM IHCTPYMEHTOM /ISl CTBOPEHHS
IHTEpaKTUBHUX HaB4yanbHUX MatepianiB [13]. VideoScribe Hamae MOXIMBICTH 3MiHIOBATU
TEKCTYpPH, KOJTHOPOBI PIllIEHHS Ta CTHJII aHIMAIlii, aanTyO4H iX J0 KOHKPETHOI TeMaTuku. Kpim
TOT0, ICHY€ HU3Ka 1HIIUX CEPBICIB, 10 CIIPHUIIOTH CTBOPEHHIO BUCOKOSKICHOTO BiJIE0-CKpalOiHTy,
takux sk GoAnimate (mepeTBOpeHHs NIpe3eHTalii y ¢opmar aniMmamiiHoro Binmeo), Wideo
(iHTerpatis 300pa>keHb, MEPCOHaXiB 1 My3uKn) Ta Moovly.

OpHuM 13 HalicydyacHIMMX MiAXOMIB € KOMOIHOBaHMI CKpailOiHT, SIKWI MOETHYE pi3HI
TEXHIKU MpeACTaBIeHHs MaTepiany. Bigeo-ckpaiibinr, mo nepeadavyae 3amuc MalbOBaHUX abo
aHIMOBaHUX CIOXKETIB, MIMPOKO BUKOPUCTOBYETHCS TSI CTBOPEHHS OCBITHIX BijieomMarepiaiiB, sKi
MOKYTh OyTH JHOCTYIMHUMHU JJisi Oaratropa3oBoro mneperisany. Lle n1o3Boisie cTyaeHTaM moBTOPHO
OTIPaIbOBYBATH CKJIQ/IHI TEMH, IO CIIPHUSIE TIUOMIOMY PO3YMIHHIO 1 3aCBOEHHIO MaTepiay.

EdexTuBHUM € BUKOpPHCTAaHHS CKpailOiHTY mpu BuBUeHHI mareMatuku [7]. TloeqHanHs
ayJiabHOTO Ta Bi3yaJlbHOTO MOJIAHHS MaTeMaTHYHOI iH(popMaIii 3HaYHO MOKpaIIye i1 po3yMiHHSA,
0 € KPUTHYHO BAXJIMBHM y HaBYaHHI MaTEeMaTHKH, J¢ aOCTPaKTHI MOHATTS MOXYTh OyTH
CKJIQJIHUMHU JUIsl CIpUHMHATTA (puc. 1).

Puc. 1. Ilpukiag BUKOPUCTAHHSA CKPaOiHry npy BUBYeHHI QpyHKuiil 6araTbox 3MiHHMX

3acTocyBaHHsI CKpaOIHTy MOJIMBE Ha BCix eTarax 3ausaTTs [ 11]. HalteexTuBHimmm BiH € i
4ac TMOSICHEHHsI HOBOI TeMU. TakMM YMHOM MOJKHA 3alliKaBUTU CTYJEHTIB PI3HUMH TrpadiyHUMU
oOpazamu, sIK1 [OB'A3aH1 3 HOBUM HaBYaJIbHUM MaTepiaoM. OKpiM I1bOT0, CKpailOiHT 103BOJISIE YITKO
CTPYKTYpyBaTH HaBYAIbHHH MaTepiayi, BUAUIAIOYM OCHOBHI TEOPETHYHI (DAKTH, BCTAHOBIIOBATH
JIOT1YHI 3B'SI3KM MK HMMH, 8 TaKOX YHAOUHIOBATH PI3HI MPOIECH Ta sBUIa [4]. Horo JOIIIIEHO
3aCTOCOBYBATH Ha €Talax y3arajJbHEHHS 3HaHb, IPOBEICHHSI MO3KOBOT'O IITYpMY Ta pediekcii mics
BUBYEHHSI TEMH, L0 clipusie eheKTUBHOMY aHalli3y i cucteMaTu3allii iHdopmariii.

[Tpu opranizamii camocTiiiHOI poOOTH 13 BUKOPUCTAHHSAM CKpaiOiHT-IIpe3eHTaliii MoKHa
e(eKTUBHO CITaHyBaTH PoOOTy B Tpymnax. Sk pe3yabTar Takoi poOOTH MOKe OyTH CTBOpPEHUU
BJIacHUH rpynoBuil mpoekT. Hanpukmnan, npu BuBUeHHI (yHKLiH OaraTboX 3MIHHHMX CTYACHTH
MOYTh CTBOPHUTH CKpailO-mpe3eHTallito, 110 Bi3yali3ye MpoIlec 3HAXOPKEHHS EKCTPEMYyMiB
byHK1LIi, TOCTIIPKEHHS HA YMOBHUIA €KCTPEMYM TOIIIO.
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Pazom 3 TM ckpaifOiHT Ma€e TIeBHI 00MEKEHHs. 3 OHOTO OOKY, BIH JIO3BOJISI€ 3HAYHO ITiJIBU-
IIUTH PiBEHb 3aCBOEHHS 3HAaHb, ajI€ 3 IHIOTO — BUMAarae Bij BUKJIaJada JOAAaTKOBOI IiTOTOBKH,
30KpeMa, HABUUOK CTBOPEHHS Bi3yaIbHOrO KOHTEHTY. HammipHa KibKiCcTh 300pakeHb MOKE BiJBO-
JIKaTH CTYEHTIB BiJl 3MICTY JIEKIIii, TOMy BaXJIMBO 30epiratu OaaHc MiX rpagiyHOI0 YaCTHHOIO Ta
nosicHeHHsIM. Hanpukiiaz, y TeMi aHaJliTHYHOIT reoMeTpil HaMipHEe BUKOPUCTaHHS LTIOCTpAaLliii MOXKe
BIZIBOJIIKATH BiJl MAaTEMAaTHYHUX OOYHCIICHD, SIK1 TAKOXK TIOTPEOYIOTh JETAILHOTO PO300pY.

SWOT-anani3 BUKOpUCTAaHHS CKpalOIHTy y BUKJIQJaHHI MaTeMaTUKH JO03BOJISE OIlIHUTH
Hioro mepeBaru Ta MOJIMBI pU3UKH (pHC. 2).

MEPEBAIM

Ackpase, CTPYKTYPOBAHE Ta IHGOPMaTUBHE BUCOKI BUMOTY AO MIATOTOBKM
NoAaHHsA HaBYaNbHOro MaTeplany BUKNaAaYa Ta TEXHIYHOTO
MNoEAHaHHS BI3yaNbHOTO Ta CIYXOBOro 3abe3neueHHs
CNPUAHATTS, WO CNPUSE FUGLLIOMY HaAMIpHa KINBbKICTE BI3YanbHUX
PO3YMIHHIO Ta LUBUAKOMY eNeMeHTIB MoXe BIABONIKATH BIJ
3anam’aToByBaHHIO 3MICTY
MOXNWBICTH HEOAHOPA30BOro Nepernsay, MoTpe6ye A0AaTKOBOrO Yacy Ha
1,0 3a6e3neuye Kpally 33cBOOBAHICTb CTBOPEHHS AKICHWUX CKPABIHT-
CKNagHux tem I'IFIEEEHTELUI:‘\
BUKOPUCTaHHSA rpadIuHX eNeMeHTIB
YTPUMYE yBary CTYAEHTIB | MIABULLYE iXHIO
3al|IKaBNEeHICTh
ﬂDSEDﬂﬂE KOMMNAakKTHO Ta IHTepakTUBHO
noaasaT BENKUKI obcaru IHq)OPMELUI

3ATPO3M

IHTerpauia ckpaiibiHry 3 uidposumn k BIACYTHICTL €AMHOI METOAUKMN
OCBITHIMK NNaThpopmMamu Ta BNpPOBa/XeHHA CKPanBIHry B
AVCTAHUIRHUM HaBYaHHAM OCBITHIA NpoLec
3acToCyBaHHS TEXHONOTIA ObmexeHuid gocTyn 40
AOMOBHEHO! peansHOCTI ANA BNk TEXHONOTIUHUX 33COBIB Y AeAKNX
HaoUHOTro BUKNajYy MaTeplany HaBuaNbHVX 3aKnagax
BUKOPUCTaHHA CKpanbIHry Ans MoxnumBuiA cnpoTUE 3 60Ky
aKTUBHOTO 3a/yYeHHRA CTY/eHTIB A0 BUKN3AauYIB, AKI 3BUKIU L0
CTBOpEHHA HaBYa/lbHWUX MaTeplanis TPaAULIAHIX METOAIB BUKNAAaHHS

Puc. 2. SWOT-anaJii3 BUKOPUCTAHHS CKPaiOIHIy NPY BUBYEHHI MaTeMAaTUKHU

TexuHomoriss Taiimitaitn (Bix adri. timeline — mkama 4acy) € OfgHMM i3 CyYacHHX METOJIiB
Bi3yauizamii qaHux. Bona 6a3yeTbcst Ha oAaHHI iHpOpMaIii y XpOHOJIOTIYHOMY TOPSIKY Y BHIJISI
JHIHOTO BiIpi3Ka 3 MO3HAYKAMH, III0 MICTSATh TEKCTOBI, rpadiuni abo MyJIbTHMEiiHI eIeMEHTH.
TaiimnaiiH MO)KHa BBaXXKaTH PI3HOBHIOM iH(porpadiku, sikuii KOMOiIHye TEKCTOBY iH(opMmariio 3
Bi3yaJIbHUMH €JIEMEHTaMH, MTOJIETILYIOYH CIIPUMHATTS CKIIaJHUX KOHLETILIIH.

V¥ 2011 pomi Ha koH(pepenuii Facebook F8 nHaitbinbia y cBiTi couianbHa Mepexxa Facebook
npencrasuiaa Timeline — HoOBuM ¢opmar npodiiiB, MpU3HAUYeHHUX Ui KopucTyBadyiB. Ili3Himre
3aCTOCYBaHHs TallMIJIaliHy OTpPUMAjO TPOAOBXKEHHS B cdepl XKYpPHAIICTUKM Ta Meiaiu3aiiHy.
Hocnimauku, 30kpema T. Bacwmok, M. Xenuenko Ta B. IlleBueHko, po3risiganu HOro sk
e(QEeKTUBHUI IHCTPYMEHT CTPYKTypH3allil HOBUHHOI iH(poOpMalii Ta HafgaHHA i Bi3yalbHOI BUpa3-
HoCTi. B mopaneiomy 1151 TexHosI0TisE Ha0ya MOIMMPEHHs B OCBITI, i€ 1i movyaau BUKOPHCTOBYBATH
JUISl BUKJIQ/IAHHS PI3HUX AUCLHMIUIIH, 30KpeMa iCTopii, JiTepaTypH Ta NPUPOAHUYUX HAYK.

AKTyasbH1 JOCTIKEHHS MITBEP/KYIOTh 3HAUHUN MOTEHLIa)l TakMIIaliHy SIK AUJAKTUYHOTO
3aco0y. BukopucranHs IHTepaKTUBHOTO TaiiMiiaiiHy B ocBiTi aHanizyBam O. Yepkosa ta O. FOpkoga,
SIKI HaroJIONIyBaJIM Ha WOTO 3/aTHOCTI 3a0e3redyBaTH JUHAMIYHE TMpeCTaBlieHHs iH(opmari Ta
IHTerpario MyJIbTUMEIIMHOrO KOHTEHTY B HaBuajbHUi nporec. 3okpema, M. JKeHueHko 3a3Havae,
1110 IHTEPAKTUBHUH TaliMIaiiH € epeKTMBHUM 3ac000M LTIOCTpallii pO3BUTKY MOIiH y 4aci Ta IpoCcTopi.
HocnipkenHss B. ®inaroBa AeMOHCTpye NPaKTUUHMKA MiAXiJA A0 CTBOPEHHS I1HTEPaKTUBHHUX
TaliMJIaliHIB, 1110 JO3BOJISIIOTH CTY/IEHTaM CaMOCTIHHO KepyBaTH MPOLIECOM OTpUMaHHS 1H(popMalli,
KOMEHTYBATH MOJii Ta 00roBOpIOBATH iX y colliaibHUX Mepexax [10].

TaiitmnaiiH — BIJTHOCHO HOBHI 1HCTPYMEHT, TEXHOJIOT1S, SIKa Ja€ MOMKJIMBICTB 11IKaBO Ta OpH-
THAJIBHO, OCTYTOBYIOYHCH YaCOBOIO IIKAJIOK0, IIOKAa3aTH PO3BUTOK MEBHOI MO, siBUIIA. TexXHOIoris
JI03BOJIsI€ POOMTH TaKi MaTepiaiy IHTEPaKTUBHUMU: KOXKEH YUTa4 MOYKe BIJIbHO KEPYBATH JIHIEIO Yacy
1 nepernsaati ¢aitnu B Oyap-skiit nocnigoBHOcTI. TalimnaiiH € 3pydHUM 1 KOMIAKTHUM CIIOCOOOM
JUIs IoAaHHs 1H(opMallii, BAKOPUCTOBYIOUH IPH 1IbOMY (OTO-, BileoMaTepiain, KapTH Ta TIEepIIHKY.

TaiimiaiiH Mae HU3KY TiepeBar. BiH 7103Bosisie cucTeMaTu3yBaTH Mo/Iii, CIpysie pO3BUTKY aHai-
THYHOTO MHUCJIEHHS Ta HaJla€ MOXKJIMBICTB MPEICTAaBUTH BEJIHMKUI 00cAT iH(popMarii y cTHCTH, 1oc-
TynHii ¢opmi [7]. IHTepakTUBHUII XapakTep IIbOTO METOAy 3a0e3leuye AaKTUBHY B3a€EMO/IIIO
KOPHCTYBayiB 13 HaBUaJIbHUM MaTepiaJioM, 1110 ITi/IBUIIYE PiBEHb 3JTy4€HOCT] Ta MOTHBALLI{ CTY/ICHTIB.
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3aBIsSKM BUKOPUCTAHHIO CHEIIaIbHUX HpOrpaMHUX 3aco0iB, Takux sk Timeline.JS, Timetoast,
Whenintime, DIPITY, Timeglider, Timerime, TIKI-TOKI, BEEDOCS Timeline, Visme, MoxxHa
IHTerpyBaTy J0 HABYAIBHOTO MPOLECY Bijeo, ayaio Ta rpadivyHi mMaTepiaiy, M0 poOUTh HABYAHHS
OB 3aXoruMBUM Ta epektuBHUM [10; 13].

OpHak, mopsiz 13 epeBaraMu, iICHYIOTb 1 IeBHI OOME)KEHHS BUKOPUCTaHHS TAMMJIAHY B OCBITI.
[To-niepirie, cTBOPEHHS SIKICHOTO TalMJIaifHy TIOTpeOye 3HAYHUX YaCOBHX 1 TEXHIYHUX pecypcis. [1o-
JpyTe, HaaMipHa Bi3yallizallisi MOKE BIJBOJIIKATH CTYJIEHTIB Bl 3MICTOBHOI YaCTUHH HABYAILHOTO
Matepiainry. KpiM Toro, BAKOpUCTaHHS IHTEpAaKTUBHUX TaMIIaliHIB BUMarae BiJl BUKJIQJa4iB MMEBHUX
1 (ppOBUX KOMITETEHIIIH Ta JOCTYITY JI0 BiAMOBIIHOTO MIPOTPAMHOTO 3a0€31eUeHHSI.

[pukmnamom 3acTocyBaHHS TaWMIIAHY Y BUKJIAJaHHI MaTEMaTUKHU € HOr0 BUKOPUCTAHHS IS
BIZIOOpaKEHHST TOCTIIOBHOCTI PO3B'3aHHs CKJIAIHUX 3a1a4 a00 JEMOHCTpallii aaropUTMIYHUX
npouenyp. Hanpukmnaa, npu BuBueHHi Temu «lloxigHa QyHKII» MOXXHA CTBOPUTH TaliMIIAiH, 1110
UTIOCTpY€E ICTOPUYHHMKA PO3BUTOK IMOHATTS MOXiAHOI, 11 (popMyIOBaHHS y Pi3HMX MaTeMaTHYHUX
TPAIUIISIX Ta KJIFOYOBI BIAKPUTTS y ik Tamy3i (BHeckn Herotona, JlelOnina, Ko, Beliepmrpacca).
Takox MOYXHa BUKOPHCTOBYBATH TaMIIAH JUIS TTOSICHEHHSI aJITOPUTMY JIOBEJICHHSI MAaTEMATHYHUX
TeopeM abo aHaJIi3y Pi3HUX MIIXOIIB JI0 PO3B'SI3aHHS PIBHSHb.

TaiimnaiiH € 0coOIMBO KOPUCHUM IIPH BUBYEHHI ICTOPIi MaTeMaTHKH, OCKUIBKH JO3BOJISIE
CTyIGHTaM IMO0AUUTH XPOHOJIOTII0 MAaTeMaTWYHUX BIIKPHUTTIB, 3PO3YMITH B3a€MO3B'SI3KH MIXK
PI3HUMHU MaTeMaTUYHUME KOHIICTIIISIMH Ta iX PO3BUTOK Y 4aci (puc. 3). Lle cnpuse hpopmyBanHiO
[UTICHOTO YSIBIICHHSI PO MaTeMaTHKY 5K HAyKY, [0 MOCTIHHO PO3BUBAETHCA.

PO3BUTOK MOHATTA NOXIAHOI
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Puc. 3. Taiimnaiin, mo iocTpye icTopyyHuii pO3BUTOK NOHATTS MOXiTHOI

SWOT-anani3 TexHonorii TaiimiailH y HaB4aHHI MaTEeMaTUKH JO3BOJISi€ BUSBUTH 11 CHIIbHI
Ta cabKi CTOPOHH, MOKIIUBOCTI Ta 3arpo3u (puc. 4).

Ha ocHOBI mpoBeAeHOro MAOCHIDKEHHS MOKHa C(GOpMYJIIOBaTH HACTYNHI METOAWYHI
pexkomMeHaalii o400 BIPOBAIKEHHSI TEXHOJOTIN Bi3yaii3alii y mpolec MiAroTOBKM MaiOyTHIX
YUUTENIB MAaTEMAaTUKH:

1. [Tloemanne énposadicents mexnoio2ii. PO3NMOUYNHATH 3 JEMOHCTpallli TOTOBUX MaTepialiB,
MOCTYIOBO 3a71y4yal04M CTY/AEHTIB 10 CTBOPEHHS BJIACHUX Bi3yasi3alliid.

2. Jompumanns Oanancy: 3abe3nedyBaTH OINTHMAaJbHE CITIBBIIHOIIEHHS MK Bi3yaJIbHUMH
€JIEMEHTaMH Ta MaTeMaTUYHUM 3MICTOM, YHUKAIOUU HaAMIpHOI Bi3yai3arii.

3. Hugpepenyiiiosanuii nioxio: BpaxOBYBaTH piBE€Hb MIJrOTOBKU CTYAEHTIB, 1HIUBIAyaJbHI
0COOJIMBOCTI CIPUHHATTS 1H(OpMaIii Ta cnenudiky MaTeMaTUYHUX AUCIUILIIH.

4. Pozeumox yughposux komnemenmuocmeli: CACTEMaTUIHO OPMYBaTH Y MaliOyTHIX YUUTEIiB
HaBUYKU POOOTH 3 MPOrpaMHUMU 3aCO0aMH JJIsi CTBOPEHHS Bi3yaii3alliil.

5. Iumeepayis mexuonoeii: MOEHYBATU Pi3HI TEXHOJIOT] Bizyasnizauii (CKpalOiHT, TaiimiiaiiH,
KPOCCEHC TOIIO0) 3aJIEKHO BiJl AUAAKTUYHUX IIIJIEH Ta creru(ikd HaBYaAIbHOTO MaTepiaiy.

6. Pegnrexcusnuii Komnonenm: 3a0e3ledyBaTH aHali3 E€QPEKTHBHOCTI BHKOPHCTaHHX
TEXHOJIOT1#, 0OrOBOpPEHHS TIepeBar Ta HeJ0JIIKIB, KOPUTYBaHHS METOAMYHUX TT1IXO/IIB.

7. CmeopeHnns 6aHKy HagUaNbHUX Mamepianie: GOPMYBaTH KOJICKIIIIO SKICHUX Bizyami3aiii 3
PI3HUX PO3/UIIB MAaTEMaTHKH JJIsl OO0 BUKOPUCTAHHS y IPOoQeciiiHil AisIIbHOCTI.
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NEPEBATW

Cuctematusauis iIHbopmauli y
NOCAIA0BHIA Ta NOTIYHIA dopMI
MOXNMBICTL NOJaHHRA BENNKOTO
obcary IHbopmaul y cTucmii dopmi
Bizyamzauia abcTpakTHux
MaTeMaTUYHNX NOHATE Ta
anropuTMIB

MiABWLLLEHHA 3aLIKkaBNeHoCTI Ta
MOTUBaLT CTYAeHTIB 3aBAAKK
IHTEPaKTUBHOCTI

IHTerpauis 2 IHWKMKU MeTOJaMu1
BIZyani3aLlli, TakMMu K IHTENEeKT-
KapTu Ta ckpaibiHr

BvikopwcTaHHa TaliMnaidHy ans
AWCTAHLIAHOTO HaBYaHHA Ta
CaMOCTIAHOT pOBOTK CTYARHTIB
Po3po6ka ajanTUBHUX aNrOpUTMIB
ANSA MePCOHANI30BaHOI0 HaBYaHHS

Buicoki BUMOTWM A0 TEXHIYHOTO
3abe3snedeHHA Ta yndposurx
HaBUYOK

MoTpeba y 3HaUHUX YacoBMX
BUTpPaTax Ha CTBOPEHHS AKICHOrO
KOHTEHTY

MOXNUBICTb NEepPeBaHTaXeHHRA
BI3yaNbHUMW eNeMeHTaMy, Lo
YCKNaAHIOE CNPWIAHATTA MaTeplany

3ArPO3u

BIACYTHICTb EAVHUX METOAUYHIX
peKoMeHAaLIA WoAO BUKOPMCTaHHA
TalMNaiHy B MaTEMaTUUHIA OCBITI
OBMexXeHICTL pecypCiB y
HaBYanLHUX 3aKnafax Ans
BNPOBa/XeHHS IHTEPaKTNBHUIX
TeXHONorIA

PU3KMK MEXaHIYHOrO BUKOPUCTaHHA
TexHonorii 6e3 KpUTUYHOro

OCMUCNEHHS 3MICTY

Puc. 4. SWOT-anani3 BUKOPUCTAHHS TEXHOJIOTIT TaliMJIaiiH B MATeMaTHYHIH OCBITi

BHCHOBKM Ta NepcHeKTHBHU MOJAJTBIIMX A0cTilKeHb. CydacH! TeXHONIOTII Bizyauizamii
(ckpaiiOiHT, TalMIIaliH) BOJIOJIIOTH 3HAYHUM JUJAKTHYHUM ITOTEHINIAJIOM JUIS ITiIBHUIICHHS
e(EeKTUBHOCTI MIATOTOBKA MaWOYTHIX Y4YHMTENiB MaTeMaTHKU. BoHHM 3a0e3meduyroTh OJHOYAacHE
3aJy4eHHs BI3yaJbHHMX Ta ayalalbHUX KAaHAJIB CHPUHHATTS, IO CHPUSE KPALOMYy 3aCBOEHHIO
abCTpakTHUX MareMaTHYHUX MOHATh. SWOT-aHami3 KOXHOI TEXHOJIOTii BHSBHB SIK 3HAYHI
nepeBard (TABUIEHHS MOTHBAIlll, PO3BUTOK pI3HUX BHUIIB MHCICHHS, MOXIHUBOCTI JIJIst
IHIUBITyaTi3alii HaBYaHHsI ), TaK 1 IeBHI 0OMEXeHHs (JacoBi Ta TEXHIYHI BUTPATH, HEOOX1THICTh
u(pOBUX KOMIIETEHINIM, PU3UKH BIBOJIKAHHA B MaTeMaTH4YHOro 3MmicTy). EdexTuBHe
BITPOBAKCHHS TEXHOJIOT1H Bi3yalli3allil BUMarae rmoeTamHoro mijxo1y, T0TpUMaHHs OaTaHcy Mix
(GopMOIO Ta 3MICTOM, PO3BUTKY LIU(PPOBUX KOMIIETEHTHOCTEN BUKJIA/1auiB Ta CTYJCHTIB, a TAKOX
CHCTeMaTH4YHOI pedIeKcii mo/10 pe3yIbTaTUBHOCTI BAKOPUCTAHUX METO/IB.

[aTerpaiist cydacHUX TEXHOJOTIN Bi3yami3alii y mpoiec miAroTOBKM MalOyTHIX yYUTEIiB
MaTeMaTHKH crpusie (HOpPMyBaHHIO iXHBOI METOAMYHOI KOMIIETEHTHOCTi, TOTOBHOCTI [0
IHHOBAI[IITHOT JISUTBHOCTI Ta 3JaTHOCTI aalTyBaTH HaBYAJIbHUU MPOIEC 0 MOTPed CydacHUX
CTYJICHTIB 3 KJIIMIOBUM MHCIICHHSIM.

[TepcriekTHBY MOJANBIIMX JOCIIKEHb BOAYaEMO y po3poOlll METOJMYHHUX CHUCTEM 3acTo-
CYBaHHS TEXHOJIOTIH Bi3yalizalii Al OKpEMUX PO3JLTIB MaTeMaTuKy (aHaii3, anredpa, reoMeTpis);
JOCTDKEHHI  €(DeKTMBHOCTI KOMOIHOBAHOTO BHKOPUCTAHHS pI3HMX TEXHOJOIIH Bi3yasi3allii;
BUBYEHHI BIUTUBY TEXHOJIOTIH Bi3yanizalii Ha (jopMyBaHHS NPO(deCciiHUX KOMIETEHTHOCTEH MaliOyT-
HIX YYMTEINB MaTeMaTHKH; po3poOri IM(POBUX OCBITHIX pecypciB 3 GaHKOM IMOTOBHMX Bizyaizarlii
JUIL PI3HUX MaTeMaTU4HUX JUCLUILUIIH; JOCIIKEHHI MOXXJIMBOCTEH BHMKOPHUCTAHHS IUTYYHOTO
IHTENIEKTY JJIsl aBTOMaTH3allii CTBOPEHHSI Bi3yauizalliii HaBYaIbHOTO MaTeMaTUYHOTO MaTepiaiy.
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Chkana Ya., Gerasimenko V., Stotskiy I. Scribing and timeline as innovative visualization
technologies in the training of future mathematics teachers.

The article examines modern technologies for visualizing educational material in the process of
training future mathematics teachers. Two innovative methods are analyzed: scribing and timeline,
which contribute to improving the effectiveness of mathematical material assimilation through the
simultaneous engagement of visual and auditory perception channels. The didactic potential of each
technology, the features of their application at different stages of the educational process, and the
possibilities of their use in teaching mathematical disciplines are determined. A SWOT analysis of
each technology has been conducted, which allows for the assessment of their strengths and
weaknesses, opportunities and threats when implementing them into educational practice. It has been
proven that the integration of visualization technologies into the process of training future mathematics
teachers promotes the development of their methodological competencies, capacity for innovative
activity, and readiness to use modern pedagogical technologies in their professional practice. The
necessity of developing digital competencies of teachers for the effective implementation of these
technologies has been substantiated. Methodological recommendations for implementing visualization
technologies have been formulated, which include a phased approach, maintaining a balance between
visual elements and mathematical content, differentiation depending on students' level of preparation,
systematic development of digital competencies, and integration of various visualization technologies.

Prospects for further research have been identified, which include the development of
methodological systems for applying visualization technologies to specific sections of mathematics;
studying the impact of visualization technologies on the formation of specific professional
competencies of future mathematics teachers; developing digital educational resources with a bank of
ready-made visualizations for various mathematical disciplines; researching the possibilities of using
artificial intelligence and neural network technologies to automate the creation of visualizations for
educational mathematical material.

Keywords: visualization of educational material, scribing, timeline, training of mathematics
teachers, innovative pedagogical technologies, mathematics education, digitalization of education.
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BUKJIMKH CYYACHOI OCBITHU TA IHHOBAIIMHE MUCJIEHHS
BYUTEJIA MATEMATHUKHU

Y emammi oocniooceno kommaexcny npoonemy mpancgopmayii MemoouyHux nioxooi 0o
HABYAHHS MAMEMAMUKU 6 3aK1a0ax 3a2dlbHOi CepeOHboi 0C8ImU 8 YMO0BAX 2N0OANbHUX BUKIUKIE
BANI-ceimy ma mpusanozo 6éoecnnozo cmany 6 Ykpaini. O0rpynmosearo, ujo no0onanHs HeniHiiHOCMi,
KPUXKOCMI ma MPUBOIHCHOCHII CYYACHO20 OC8IMHbO20 CepedosuLia nompebye OOKOPIHHO20 PO3GUMKY
IHHOBAYINIHO20 MUCNIEHHA GUUMENs MameMamuku. Aemop RiOKpecmoe, Wo 6 HOBUX pealisx
npoghecionanizm euumens NPOAGIAEMbCA He Juule 8 I0ealbHOMY BOJNOOIHHI MamemMamuyHumMu
anzopummami, a Hacamnepeo y 30amHoCmi gacunimysamu npoyec KOIeKmueHo20 NOWYKY pilleHb
uepes eHyuki memooonoeii (Agile). Ocobaugy ysaey npudineHo poni euumens Kk MeHmopd, Koyia ma
Gacunimamopa, wo 3ab6e3neyye NCUXONOIYHY CMILIKICMb YUHIE MA eheKmuUHiCmb HA8YaHHA. V
pobomi énepuie 3anponoOHOBAHO Ma 0emaniz3o8aHo CMpPYKMypy IHHOBAYIIHO20 MUCTEHHS 84UMEIls]
Mamemamuky yepe3 Yomupu Kioyosi KOMNOHEHMU: KOSHIMUSHO-AHAIMUYHUL (GHANI3 OaHUX ma
NPOCHO3YBAHHSL Pe3YIbMamis), OU3AHepCbKO-KOHCMPYKMOPCoKUlL (6uxopucmanms Agile-npoexmy-
8aHHA O/l CMBOPEHHS OCBIMHIX MPAEKMOPIl), a0anmueHo-peqhieKCusHUll (CHyYKe peazy8anhs Ha
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3minu) ma koyuuneosul. I1iokpecieHo, wo KoyuuH2o8utl CKIAOHUK 00380JIA€ G4UMENt0 PO3NI3HABAMU
IHOUBIOYANIbHI KOSHIMUGBHI CMUIL V4HIB, NEPEemeoplooYU KIAC HA 32YPMOBAH) eKOCUCmeMY, Oe
IHMeNeKmyanibHa PI3HOMAHIMHICMb CMAE CMPAMeiuHO Nepesazory KOMAaHOU. 3anponoHo8aHo
suxkopucmanus EdScrum-nioxody sk 0icgoeo iHcmpymenmapilo Ons peanizayii KOMHemeHmMHICHO
opienmosanux 3aedanv (K-3a60amnv). Taxi 3a60amHHA BUBHAUEHO SK KOSHIMUBHE «NAIUBOY», WO
AHCUBUMb SHYUKe MUCTeHHs VuHie. Poskpumo cymuicmv EdScrum sax ¢acunimamuenoi moodeni, wjo
CMPYKMYPYE PO36 S3aHHS CKIAOHUX MAMEMaAMU4HUX Kelcié yepes imepamueni yukiu (CnpuHmu),
KOMAHOHY 83A€MOO0II0 Ma NOCMIHULL 360pOMHULL 38 S130K. Budineno mpu kirovosi acnexmu, 3a805Ku
sakum  K-3a60aHHs cmumynoiomes KOSHIMUBHY 2HYYKicmb Yy Medxcax cnpunmis. Pezynomamu
00Ci0dCeH s NIOMBEPOACYIOMD, W0 NOEOHan s EdScrum-mexnonoeii ma K-3ae0ans cnpusic e auue
2IUOOKOMY 3ACBOEHHIO AKAOEMIYHUX 3HAHD, A Ul AKMUBHOMY (DOPMYBAHHIO M SKUX HABUHOK (Soft skills),
adanmueHoCcmi ma 30amHOCMI YUHI8 eheKmMuUHO Oisimu 8 YMOBAX BUCOKOI HeBU3HAUEHOCHII.

Knrowuoei cnosa: EdScrum, innosayitine MucieHus, eHyuKe MUCIEHHs, MAMeMaAmuKd, eHyuKi
MemoouKu, KOMNEMeHMHICHO OpPIEHMOBAHI 3A680aHHs, hacunimayis, KOY4UuHe, MeHmop epyn
HABYAHHSA, PO3BUMOK MUCTIEHH.

ITocranoBka mnpobiemu. CydacHa OCBITHSA HapagurmMa (yHKLIOHYE B EKCTPEMalbHO
JTUHAMIYHOMY cepenoBuii, sike mpoinnio esomomito Bin VUCA-cBity (Volatility, Uncertainty,
Complexity, Ambiguity) mo konnenmii BANI (Brittle, Anxious, Nonlinear, Incomprehensible). B
YKpaiHCbKOMY KOHTEKCTI 1L IVI0OaJbHI BUKJIMKM HOCHJIEHI BOEHHUM CTAaHOM, IO CHPUYUHHUIIO
pI3KHiA Tepexia 0 3MIMIaHOTO/UCTAHI[IHHOTO HABYAHHS Ta 3POCTAHHS PIBHS TCHXOJOTTYHOL
TPUBOKHOCTI. Y M1l KPUXKIii peaTbHOCTI € moTpeda THyYKUX METOIMK HaBYaHHS MaTeMaTHKH, 110
TOTYIOTh YYHIB JI0 HETIHIHHHX XUTTEBHX mpodieM. ocmiaauku 3a3Havdaoth: «Y cBiti VUCA
JIepPCTBO BiJIrpae BUPILIAIBHY POJIb y TOMY, 11100 OpraHi3allii MOTJIM OPIEHTYBATUCS Y CKIIQJHOCTI
Ta HEeBU3HAYEHOCTI. Jlilepy MOBMHHI PO3BUBATH KOHTEKCTYaIbHUI 1HTEIEKT, CHCTEMHE MUCICHHS
Ta 3JaTHICTh JO IIBHJIKOTO MPHHHATTS PillleHb, 100 CHOPHITH adalTHUBHOCTI Ta CTiKocTi» [3].
OCKUTbKM BYHTENb - OJUH 13 KIIOUOBHX JIIAEPIB OCBITHROTO CEPEAOBHINA, BUHUKAE KPUTHYHA
notpeda y po3BUTKY IHHOBAaLIHHOIO MHCIEHHS BUMTEIs, OCOOJIMBO BUUTEIS MATEMAaTHKH, IO
MOE/THYE 3/IaTHICTH /IO TBOPUYOCTI, aHATITUKU Ta POEKTYBAHHS OCBITHIX Mozenel. OHI€I0 3 TaKUX
THYYKHX MOJZIeJIel BUCTYIae OCBITHS afanTailis pinocodii Agile i meronuka ii peanizamii EdScrum,
AK1 320€e3MeuyloTh aJalTUBHICTh, MPO30PICTh, KOMAHIHICTh 1 BIANOBIANBHICTh Y HAaBYaHHI, L0
cripusTuMe (POPMYBAHHIO KUTTECTIMKOCTI Ta KOMIIETEHTHOCTEH YUHIB.

AHaNi3 aKTyaJbHHMX A0CHiIKeHb. [Ipobrema 1HHOBAIIHHOTO MUCIEHHS Ta MPOEKTHOI
JISUTBHOCTI BUMarae MKJIUCHMILIIHAPHOTO MIAXOAYy, L0 BKIto4yae (isocodito, MCUXOJIOTII0,
MEeIaroriKy Ta MEHEeKMEHT.

1. Innosauiiine mucnenna: 6io ginocoghii 0o cmpykmypu. Hitkoro, 3aKpirieHoro NoHsITTS «iH-
HOBalllliHE MUCJIEHHS» [TOKH HE 1CHYE, aJie Mailke BCl HAyKOBLIl OIHAKOBO HOT'0 pO3YMIIOTh 1 OTOTOX-
HIOIOTh 3 TaKUM, 1110 KapIMHAILHO 3MIHIOE Hallle YSBIICHHS, 1a€ HECTIOJIBaHUH UM HEOUiKyBaHUH, aJie
NPOPUBHUI pE3yJIbTAT, € KPEaTHBHIM, HECTAHJAPTHUM, HETUTIOBUM, HEOPAMHAPHHIM, HEIIA0IIOHHNM.

Tak, B. Kpeminp 3a3Hauae, 1m0 1HHOBallifHE MHCICHHS € TOAOJIAHHSM <«3BHYHOCTI» abo
JIOTMaTU3MY I CTEpEOTHIIB, SIKI IOPOIXKYIOTh a0CTPaKTHY JIFOAUHY, Yac sIKOi MUHYB. “@opMyBaHHs
JIOAMHU 3 1HHOBAIlIfHUM THUIIOM MHUCIEHHS, IHHOBAIIHHUM THIIOM KYyJIbTYpH, TOTOBHICTIO [0
IHHOBAIIIMHOTO THITY MISUIBHOCTI, CTaHE aJIeKBATHOKO BIAMOBIIAI0 Ha TMEpexia IUBLII3ALI B
IHHOBAIIMHUHA THIT pO3BUTKY. JIniie copMyBaBIIN iHHOBALIHHY OCOOUCTICTb, 3AAaTHY 10 TBOPEHHS
3MiH 1 CIIPUAHATTS 3MIHHOCTI, MH 3MO>K€MO CTaTH KOHKYPEHTOCTIPOMOKHOIO Harliero” [2].

B. TatoueHko 1aB rpyHTOBHUI aHaJIi3 rpotiecy (popMyBaHHs IHHOBALIIMHOTO MUCIEHHS MaiiOyT-
HIX YYUTEJIIB MaTeMaTUKU B YMOBAX BUIIIO] [1€/1arOT14HOI OCBITH “‘SK IHTEIPaTUBHOI XapaKTEPUCTUKH,
1110 MOEAHYE 3/1aTHICTH 10 TBOPYOT'0 MEPEOCMUCIICHH MaTEeMaTUYHUX 3HaHb, TeHEPYBaHHS OpUTiHAb-
HUX I€1arori4YHuX 171el, MPUHHSTTS HECTAaHJAPTHUX PIllIEHb Y HABYAIbHUX CUTYAIlifX, BAKOPUCTAHHS
1 (POBUX TEXHOJOTIH Ta IHHOBAIIMHUX METOAMK HaBuaHH: . | 1ae BUCHOBOK Ipo Te, 110 “Gopmy-
BaHHS IHHOBAIIHHOTO MUCIIEHHSI € PE3YJILTATOM IIJIECIIPSIMOBAHOTO BIUTMBY 3MiCTOBHX, ITPOIECYaITh-
HHX 1 TEXHOJIOTTYHUX KOMIIOHEHTIB OCBITHBOTO CEpE/IOBHILA, IKE€ MA€ IPYHTYBATUCS HA MPUHIIMIIAX
JUSUTBHICHOCTI, TPOOJIEMHOCTI, IHTEPAKTUBHOCTI, Pe(hJIEKCUBHOCTI Ta BIKPUTOCTI 10 1HHOBAI ™ [5].
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C. CoboneBa cucreMaTn3ye KIFOYOBI XapaKTEPUCTUKH 1HHOBAIIIHOTO MHUCIICHHS, BUOKPEM-
JIFOFOYM FIOr0 CHCTEMHICTb, €BOTIOLIIHICTh, BUXIJT 32 MEX1 CTEPEOTHUIIIB, IPAarMaTHYHICTh, 31aTHICTh
10 abcTparyBaHHSI Ta KOHKPETHU3allii 1 KpeaTUBHOI YSIBH, IMiAKPECIIOIOYH, 10 TBOPYE MHCJICHHS €
YUHHUKOM TeHEpyBaHHS HOBUX 3HaHb, a IHHOBALIIIIHE MHUCIIEHHS — 1€ 1€ i yCHilIHEe BTUICHHS 1X Y
#UTTs. ToOTO, IHHOBAIIIIIHE MUCIIEHHSI CTa€ MPOLIECOM 3aCTOCYBAHHS KPEaTUBHUX 171€H JJ1s1 CTBOPEH-
HsI IHHOCTI Ta BIPOBA/KESHHS 3MiH, 320€3MeUyI04r I'eHepallifo iIHHOBAIlil Ta CHCTEMHY TBOPYICTH [6)].

€porericbka kinacudikaris HaBudok (ESCO / eBponeiichkuil cTaHIapT yMiHb) pO3IJIsaace
innovative thinking sik 31aTHiCTH pO3BHBATH ijei YM BUCHOBKH, SIKi BEIyTh JIO CTBOPEHHS Ta
BIIPOBAHKCHHS 1HHOBAIII a00 3MiH [8§].

Oco06mMBOro 3HaYCHHS B IHHOBALIHHOMY TpolLieci HA0yBa€e THYYKICTh MUCICHHS. Y IIbOMY
KOHTEKCT1 BijjoMa no3uitist FO. Xappicona i JIx. A. XopHa, sKi THyYKe MUCJIECHHS Ha3UBaIOTh
«IHHOBAI[IHHUM» 1 BU3HAYAIOTh HOTO K 3[aTHICTh Cy0’€KTa THYYKO TpaHC(HOPMYBATH CBOT ILUIAHU
B YMOBaXx, L0 3MiHIOIOTbCS. [Ipy 11bOMy iHHOBaliiiHE MHUCICHHS IPYHTY€EThCS Ha KPUTUYHOMY
MUCIIEHH], 1m0 aochiaus B 1956 poui b. biaym #i Ha3BaB HOro MUCIIEHHSIM BHIIOTO PiBHS, IIO
nepeabavae JsoriyHe (GOPMYJTIOBaHHS BHCHOBKIB, BUBaKEHICTh CY/DKEHb, apryMEHTOBaHE
BUCJIOBJIIOBAHHS BJIACHOI [YMKH, KPUTEPiaIbHO 3yMOBIIEHE (POPMYITIOBaHHS CYIKEHb [9].

[TiarpyHTsM 1HHOBALIKHOCTI, PyHIAMEHTOM JUISl BIPOBAIKEHHS THYYKUX METOOJIOT 1, 30Kpe-
ma EdScrum, € xonnermis K. /IBek mpo MECIEHHS 3pOCTaHHS, SKe, Ha BiAMIHY Bill (DikCOBaHOTO
MUCJICHHS, pO3TJIsAA€ IHTENEKTyanbHi 310HOCTI SIK TaKl, 110 MiJIAI0ThCs TOCTIHHOMY PO3BHUTKY Uepe3
3ycminis Ta HaBuaHHs. ['Hyuke mucnens (Agile Mindset) — e 3maTHICTh AiSITH B yMOBaxX HEBU3-
HaueHOoCT1, 1m0 € KputudHuM a1 VUCA/BANI-cBiTiB. Y rHydYKOMY MHCJIEHH1, 800 MUCIIEHH1 3pOC-
TaHHS, BUKJIMKA TIEPETBOPIOIOTHCS HA MOMITMBICTD ISl CAMOBJOCKOHAJICHHS. YYHI 3 TAKUM THIIOM
MUCJICHHS HE TIPOCTO BYATHCS, BOHU CTAIOTh CTIMKUMHU JI0 MOMUJIOK 1 HeBaad [ 12]. ['Hy4uke MucieHHs
(Agile) Bu3HauaeThcsi HE sIK HAOIp IHCTPYMEHTIB, a SIK MEHTaJlbHAa MOJIEIb, sIKa (POKYCYEThCS Ha
CTBOPEHHI IIIHHOCTI, poOOTI B MAIMX KOMaH/1aX Ta MEPEKEBIN B3aEMOIi1 3aMiCTh iepapXii [4].

B. XKemanosa po3poOwia Mojenbs iHHOBAIIAHOI OCOOMCTOCTI, MO0 “MICTHTh IHHOBAIIHHY
CHPSIMOBaHICTh (CYKYITHICTh MOTHBIB, MOTPEO, IIHHOCTEW, YCTAaHOBOK), 1HHOBALIHHO-KOTHITUBHHIA
(cuHTE3 1HHOBAIIITHOTO MUCIICHHS, KOTHITUBHOTO CTHIIIO, KOTHITUBHOI aKTUBHOCTI, 3HAaHb), IHHOBA-
[iIHO-TIpaKCIONOriYHUi (KOMIUIEKC YMIHb Ta I1HHOBAlliiiHa MOBENiHKa), pedIeKCMBHO-IIPOTHOC-
THYHAH (IHHOBaIiHHO-pe(IeKCHBHI SIKOCTI Ta IHHOBALIMHUI TIOTEHIIaT) KOMITIOHEHTH ™ [7].

B ykpaiHchbkiil menaroriui i71ei, CliB3By4YHi IHHOBaLlIHHOMY MUCIIEHHIO, csratoTh [ puropis
CkoBOpOIH. VOro KOHIeMNIis «CPOAHOI Mpali» € OCHOBOIO ISl BHYTPIIIHBOI MOTHBAI{i Ta
nepcoHamizalii HaBYaHHA, MO0 KpuUTHYHO BaxkiuBe ansig EdScrum. B.O. CyxomnmHcbKuit
HarosonryBas: «CyTh MEJarorivyHoro J0CBIly B TOMY 1 MOJSTae, IO MEpes BUUTEIEM IIOPOKY
BiJIKPUBAETHCS MIOCH HOBE. | B MparHeHHi CHITKaTH HOBE PO3KPUBAIOTHCSA HOTO TBOpYi cummmy. L1
17161 OpraHiyHO IHTETpyIOTh TIyMaHICTUYHY miacTaBy EdScrum — ¢oxyc Ha BHYTpilIHiN
BiJIMOBIAATLHOCTI Ta CAaMOOpraHi3arfii.

2. Ilpoekmna mexnonocia ma Agile-mpancgpopmayia. Meton NpoOEKTIB, 3aCHOBHUKOM
sxoro € J[xon J{ptoi Ta cuctemaruszarop B.X. Kinnatpik («cucrema mibOBUX MPOEKTIBY»), COTO-
Hl €BOJIIOLIIOHYBAB Y THY4K1 MeToA0J0r1i. Merononoris Scrum moxoauTs 13 MeHepKMeHTy Ta IT-
chepu 1 € paMKOBOIO IJIsl YIPABIiHHS KOMILJIEKCHUMHU TMPOIYKTaMH. ABTOpaMU METOAOJOTIT
Scrum e JIxxedd Cazepnenn ta Ken [1IBadep. Came Bonu y 1995 pori Ha kordepeniii OOPSLA
IpeACTaBWIM 1eH MiJIXiJ gK LuTicHy cucteMy. BoHa 0a3yeTbes Ha MpUHIMIIAX caMOOpraHizalii,
1TepaTUBHOCTI Ta MPO30pOCTi [4].

EduScrum — nie ociths aganrartist Scrum (aBTop - Biyuti BaitHas/c), sika nepeHOCHTh HOTo I1iH-
HocTi Ta mpakTuk# (Product Backlog, Sprint, Daily Scrum, Retrospective) y kiac, 3a6e3neuyroun «3Hau-
HUIA, aKTYaJIbHUH 1 IHHUA HABYATGHHN TOCBIT» 1 PO3BUTOK «koMaHIHOI pobotu (Teamwork)» [4].

B VYxkpaini Hamu 3ampoBapKeHO afanTaiiito MeToaoorii Scrum B ocBiti yepe3 EdScrum (H.
Uymnpuna, 'O "Acomianis koyudiB i pacuitatopis ocitu'", EdCoach School), 1o 3aificHIoeTECS uepes
HaBUAJIbHI KypCH, MyOJiYHI BUCTYIM Ta CTBOPEHHS METOJMYHUX MaTepialliB, TaKUX SK MOJENb
“EdScrum-nomku mis yemixy” («EdScrum board of success»), 110 Bi3yamizye mporpec KOMaHs,
(boKyCyeThCsl HE TUTbKU Ha (DAKTUYHMX 33]a4ax CTaHAApTHOI SCrum-IOMIKH, 8 BKIIFOYAE eMOIITHIIA
KOMIIOHEHT, MOHITOPUTH SIKICTb B3aEMOIi1, B3AEMOITIATPUMKH, TIOCTAHOBKH IIUJIEH, caMOOpraHi3arlii,

120



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

po3opocTi mporiecy. [IpomonyeThest rmbIma iHTerparis (HacuIiTaTHBHUX NMPAKTUK Y HABYAHHS, 110
JIO3BOJISIE BYUTEITIO MAaTEMATHKH TIPAIFOBATH HE JIMIIE 3 KOTHITHBHOIO, a i 3 eMOLIHHOIO CTIHKICTIO
VUHIB y KpU30BUX yMoBaX. “OcCBiTa 3MIHIOETHCS TOJI, KOJU OXKMBAE€ MHUCIICHHS — 1 B y4HIB, 1 y

BunTeniB. EdScrum pomomarae mkosti CTBOPUTH IPOCTIp, 1€ JITH HE POCTO BUKOHYIOTH 3aBJIaHHS, &

MUCIISATH, CIIBOPAIIOIOTH 1 BIUTMBAIOTh Ha pe3ynbrar [13; 14]. Lle cTBOproe mpakTuuHy miaThopmy

Jutst popMyBaHHS IHHOBAIIHHOTO MUCIICHHSI BUMTEIIS, SIKUH “34nTye” Tiporiec poOOTH i CTaH KOMaH/Iu.

Meta crarTti. OGrpyHTYBaTH CYTHICTh 1 CTPYKTYpPY IHHOBAI[IHHOTO MHCIJICHHS BYHUTEIS
mareMaTHku B napagurmi EdScrum Ta edexruBnicts peanizanii EdScrum-migxoxy sik nieBoro
IHCTpYMEHTApII0 Ul BIPOBA/HKEHHS KOMIIETEHTHICHO OPIEHTOBAHUX 3aBIaHb sl (OPMYBaHHS
KJIIOYOBUX KOMIIETEHTHOCTEH YUHIB Y MpOLIeCi HABYAHHS MAaTEeMaTUKU B 0a30Bil MIKOJMI.

BuxkJiag ocHOBHOro Martepiaiy.

1. Innosauiiitne mucnennsa euumens mamemamuxu 6 napaouzmi EdScrum. Mu Buznagaemo
IHHOBAITITHE MUCJICHHS] BUMTEIS SIK IHTETPaTUBHY TOTOBHICTb 1 3/IaTHICTh J0 YCBIIOMJIEHOT TBOPUYOL
JiSTTBHOCTI, CIPSIMOBAHOI Ha CUCTEMHY TPaHC(OPMAIIil0 OCBITHBOTO MTPOLIECY, IBUJIKY aJIallTaIIiio Ta
MIPOEKTYBAaHHS THYUYKHUX HaBUalbHUX Mozeneil. Y cBiti BANI, nme ocBiTHI pe3ynbTaTH CTaloTh
HENHIMHUMH, 1HHOBAIIHE MHCJICHHS BYMTENS MAaTEMATUKU TPOSBISETHCS HE B 1/ICATBHOMY
BOJIOJIIHHI aJITOPUTMaMH, a B 3/IaTHOCTI (pacuIiTyBaTH MpOLIeC KOMAHIHOTO MOIIYKY PillIeHb uepe3
rHy4Ki Merozosorii, Taki sk EdScrum. ¥ koHTekcTi HaBuaHHs MaremaTHku B ymoBax BANI-cBity,
CTPYKTYpa I1i€1 KOMIIETEHTHOCTI MICTUTb TaKi KITFOUOBI KOMIIOHEHTH:

1. KorHiTUBHO-aHAJTITHYHHI KOMIIOHEHT: Iepedadae CUCTEMHUI aHali3 MeAaroriuHuX SBUIL.
Ile 3maTHicTh BuuTeNs OAYUTH HENIHINHI 3B'S3KM MDK aOCTpaKTHUMH MaTeMaTHYHUMH
MOJIEIISIMU Ta BUKJIMKAMU PEATbHOCTI, MPOTHO3YBATH «TOYKH 3JIaMy» B OCBITHbOMY IpOIIECi
Ta MPEBEHTUBHO pearyBaTu Ha HUX.

2. Jlu3aiiHepChKO-KOHCTPYKTOPChKUiT KoMIOHEeHT (Agile-npoekTyBaHHs): 30aTHICTh 10 Iepeoc-
MUCIIEHHS CTaHIAPTHOIO YPOKY MaTeMaTUKHU SIK LiTicHoro Agile-npoexry. Bunrens BucTymnae He
SIK TPAHCIIATOP 3MICTY MIAPYYHHKA, a K JU3alHEepP HAaBUAJIBHUX TPAEKTOPIH, SIKUK 3a0e3rnedye
MEHTOPCHKHMI CYNpPOBiI HaBYaHHs 1 po3BUTKY rpymu. Lle Bumarae BMiHHA TpaHCpopMyBaTu
HAaBYaJbHY NpOrpaMy B CHUCTEMY iTepamiii (CIpHHTIB), ne KokHe K-3aBmaHHS € erneMeHTOM
Backlog, 1o mae peansny ninHicTs a5 yunst. Tyt knacuyni inei Jx. [[proi Ta B. Kinnarpika npo
«HABYAHHS Yepe3 Ji10» OTPUMYIOTh HOBY ()OPMY — THYYKE YIPABIIHHS TPOEKTOM Y KOMaH/I1.

3. AnantuBHO-pe(IEKCUBHUI KOMIOHEHT: TOTOBHICTh IO 3aMiHHU >KOPCTKOTO IJIaHYBaHHs Ha
irepatuBHi moaeni (EdScrum), 1o 103BOMISI0TH MUTTEBO pearyBaTy Ha HEJHINHI pe3ynbTaTH
HaBuaHH:. L{e nependavae BUCOKY MIBUIKICTh KOPUTYBAHHS CTpATerii HABYaHHS 3aJI€XKHO BiJ|
¢b116exy, orpumanoro nig yac Daily Scrum um Retrospective.

4. KoyuyuHroBHI KOMIIOHEHT: 3[JaTHICTh BUMTENS AIATH B MMO3UILI] KOyda, IKUI HE Ja€ TOTOBUX
BIJINIOBIIEH, a CTBOPIOE YMOBM JJIsl iX CAaMOCTIMHOrO MOLIyKy KoMmaHjoro. KoyuumHroBuit
HiAX17 103BOJISE: MIATPUMYBATH BUCOKUH piBeHb aBTOHOMII yuHiB («Developer» y Tepminax
Scrum); TpanchopmyBaTH MateMaTuyHy ckiagHicTh (BANI-KpHUXKICTb) y 30HY 3pOCTaHHS
yepe3 PO3BUTOK BIEBHEHOCTI Y BIACHUX CUJIax; (POPMYBATH KYJIbTYpY «0€311e4HOT HOMUIIKH,
Jie HeBaIuil po3paxyHok y K-3aBnaHH1 cTae [IHHUM JIOCBIZIOM IS HACTYITHOT 1Tepartii.

Y Mexax KOYYMHIOBOIO KOMITOHEHTa I1HHOBAllifHE MHCICHHS BYMTENS MAaTeMaTUKH
IPOSBIISETHCS Y BMIHHI PO3II3HABaTH Ta BPaXOBYBATH 1HAMBIAYaJIbHI CTUJII CIIPUMHSATTS Y4YHIB 1
CHOCOOH iX MUCIICHHS. A 111 3HaHHS 103BOJISIIOTh BUMTENIO IPOEKTYBATH OCBITHE CEPEIOBUILIE, SKE
MaKCHMI3ye€ JOCB1 KOKHOTO YYHSI.

CriociO MUCIIEHHS 1 CTHITb COPUNRHATTA € (PyHIaMeHTaIbHUM BUMIpOM HaBYaHHS, AK€ BOHU
BU3HAYAlOTh, SIK CcaMe€ Y4YeHb JEKOJYE CBIT Ta SIKOMY THIy KOHTEHTY BIJTae mepeBary
(Bi3yaslbHOMY, ayJialbHOMY, KIHECTETUYHOMY YH JHUTITAJIbHOMY), SIK BiH B3a€MOJII€ 31 CBITOM.
Haii6inpm epekTHBHO pO3Mi3HATH I CTUJI BAAETHCSA Yepe3 KOMaH/HI IrpH, B HAIIOMY BUIAIKY
yepe3 EdScrum-rpy, sika BucTynae AiarHOCTUYHUM Ta PO3BUBAJIBHUM IHCTPYMEHTOM BOHOYAC.
Bona 103B0JIsI€ BUMTENIO-KOYUYY HE TIPOCTO «BUKJIAIATH MIPEIMETY, a hacHiTliTyBaTH nporiec, ne K-
3aBJIaHHs CTa€ JOCTYIMHUM JUIsI KOXHOTO uYepe3 HOro JOMIHAHTHHMN KaHal crnpuilHATTs. Lle
MEPETBOPIOE KJIAC Ha 3TypTOBAaHY €KOCHCTEMY, € PI3HOMAHITHICTb CTUJIIB MHCIEHHS CTae
nepeBaro KOMaHH, a He TIEPEIIKOA0K0 ISl HABUYaHHS.
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2. EdScrum-nioxio ak incmpymenm mpancgopmauii KomnemenmuicHo opieHmMOGAHUX
3a60ans ¢ ymoeax BANI. EdScrum e ineanbHO0 (OpMOIO peartizanii iHHOBaliiiHOTO MUCIICHHS
BUMTENl MareMaTukd. Bin mneperBoproe kimacuyHy 3aaauy Ha Product Backlog, skuit
po3po0bisieTsest uepe3 CIpUHTH Ta 3aBEPIIYETHCS PETpOCIIEKTHBOIO.

VY mexax peamizanii EdScrum-migxoay B HaBuaHHI MaTeMaTuku K-3aBlaHHS BUKOHYIOTH
POJIb KOTHITUBHOTO «IIaJMBay, 110 )KUBUTh THYYKE MHUCICHHS Y4HiB. Ha BiIMiHy Bil KJIIaCHYHUX
BIIPaB Ha BIANPAIIOBAHHS aNroputMmy, K-3aBnaHHs MOJeNIOI0Th HECTaHIaPTHI KUTTEB] CUTYAIll,
Jie IUIIX 70 PO3B’SI3KYy HE € OYEBHJHUM, a YMOBU B IpOIECi poOOTH MOXYTh 3MIHIOBATHUCS
BUMTENIeM 200 KOMaH/IaMHU.

Buninumo Tpu KJIIOYOBI aCIeKTH, 3aBISKH SKUM K-3aBIaHHS CTHUMYITIOIOTH THYYKICTh
MUCeHHS B Mekax EdScrum-cnipuHTiB:

1. TlomonaHHA KOTHITUBHOI PHUTIAHOCTI uyepe3 OaraToBapiaHTHICTh. K-3aBmaHHs (Hanmpukian,
PO3paxyHOK ONTUMAIbHOIO MapUIpyTy 4YM IUIaHyBaHHS OOJDKETY Ha PEMOHT 3a YMOB
MIHJIMBUX I[iH) BUMararmTh BiJl YUHIB aHaTi3y KUIbKOX clieHapiiB. ¥ ctpykTypi EdScrum me
peami3yeTrbcsi depe3 eranm Planning, ne koMaHIa Mae HE MPOCTO 3HAWTH BIAMNOBIAb, a
chopmyBatu Backlog mimzamad. ['HydkicTh TpPOSBISETBCS y 3MaTHOCTI BIIMOBHUTHCS BiJl
Hee()EeKTUBHOI CTpaTerii Ha KOPUCTh paIliOHAIBHINIO! O0€3 BTpaTH MOTHBAIIII.

2. AnanTuBHICTH 10 «HEMOBHUX naHux» (koHment BANI-cBity). Bukopucranus K-3aBnans 3
HAJTMIIKOBUMH 200 BIJCYTHIMHU JaHUMH 3MYIIY€E YYHIB 3a]1y4aTH KPUTUYHE MHCICHHS Ta
JOCITITHUIBKI HABHUKU. Lle mepeTBopIoe MaTeMaTHKy 3 «HayKH MPO YHCIIa» Ha «IHCTPYMEHT
npuiHATTA pimensby. [lix yac Daily Scrum y4Hi 06roBOpIOIOTH, SIKHX caMe JaHUX iM Opakye
(HampuKJIIa, aKTyalbHOT BAPTOCTI UM TEXHIYHUX XapaKTEPUCTUK MaTepiaiB), 0 CTUMYIIIOE
iX 10 aKTUBHOTO MONIYKY PeCypciB M03a MeKaMU MiIpy4IHUKA.

3. Komanmna pediekcis sk Mmexani3m kopekiii muciens. Ockinbku K-3apnannas B EdScrum Buko-
HYIOThCSI KOJIEKTUBHO, eTarn Retrospective crae MaiiiaHunkoM [yt aHanizy noMuwiok. Tyt K-3as-
JTaHHSI BUCTYTIAE IHAUKATOPOM: UM 3MOTJIa KOMaH/1a aIaliTyBaTy CBOI 3HAHHS ITi]] pealbHUI 3aITUT
Product Owner (Buntens). [ Hy4dKiCTh MUCIIEHHSI B JaHOMY KOHTEKCTI — 11€ BMiHHS TpaHChOpMYy-
BaTH TEOPETUUHY (DOPMYITY B IPHUKJIIAHE PILICHHS, BPaXOBYIOUN OOMEKEHHS B Yaci Ta pecypcax.

[TpuknamoM Takoro «majavBay MOXE CIyryBaTH Kedc «MalgaH4uuK Yy IOKOMi», Je
MaTeMaTH4YHa CKJIaI0Ba (0OYHMCICHHS TUIOIII, IIEPUMETPA, BIICOTKIB) IHTETPOBAHA B YIIPABIIHCH-
kuit ki1, Komanaa He mpocTo paxye, BOHA CTBOPIOE MPOAYKT, SIKHI Mae BiAMOBIAaTH pealbHUM
BUMoraM Oe3neku Ta Oropkery. Lle dopMmye iHHOBalliiiHE MHUCIEHHS — 3JaTHICTb OayUTH 3a
YHCIaMHU MOKJIMBOCTI JUIsl BAOCKOHAJICHHS HAaBKOJHUIIHBOTO CEPEOBHUIIIA.

Ile crae mieBUM I1HCTPYMEHTOM JUIsl TIEPEXOAY OO KOMIIETCHTHICHOTO HaBYaHHS, IO
“BUMarae MoJOJaHHS PO3ODLKHOCTEN, 3aCHOBAHWX Ha IHTErpalii B TpaaulliiHE BHUKIAJaHHSI
MaTeMaTUKH TaKWX KOMIIOHEHTIB KOMIIETEHTHICHOTO MIAXOAY, K (OpMyBaHHS MOTHBAIl Ta
I[IHHICHOT'O CTaBIIEHHS YUHIB JI0 HAaBYaHHS, 3a0€3MeUEeHHS MPAKTUKO OPIEHTOBAHOI CIIPSIMOBAHOCTI
3MICTYy KypCy MaTeéMaTHKH, a TaKOXk PO3BHUTOK TOTOBHOCTI YYHIB JO CaMOCTIHHOI HaBYaJIbHO-
Mi3HABAIBLHOI ISJIFHOCTI Ta 3/1aTHOCTI O CAMOKOHTPOIIO Ta caMooliHku” [ 13], mpo 110 cBiguaTh
pe3yapTaTH HayKoBO-IOCHiAHOI pobotu IHcTHTYTy memaroriku 3a 2024 pik. [ med migxifg
BiZnoBizjae BUMoram 3akoHy Ykpainu «IIpo ocBity» Ta Konuenmii “HoBa ykpaiHcbka mikona”
I0J10 PO3BUTKY IHHOBAIIMHOCTI Ta KPUTUIHOTO MHUCIICHHS YUHIB [1].

BuCHOBKH Ta IepcneKTHBH NOAAIBIIMX HayKoBHUX Po3Binok. Bukimuku VUCA/BANI-cBiTy
Ta CYYaCHHUX IEIarOTiYHUX TEH/ICHIII JO3BOJISIIOTh CTBEPKYBATH, 1110 BUKJIAJAHHSI MaTEMaTHKH B
6a30Biif mIKONI TOTpeOye KapauHAIBHOI TpaHchopmallii Ha OCHOBI 1HHOBAIIHHOTO MHCJIEHHS
BunTens. Lle MucneHHs peanizyeTbes yepes 3/1aTHICTh JI0 IEPEXOTy Bl PENPOAYKTUBHOIO HABYaHHS
JI0 THYYKOT'O TMPOEKTHOTO YIPABIIIHHSA OCBITHIM MPOLIECOM, IO TPYHTYEThCS Ha KIACHYHUX 1EsX
Jbx. JIproi, B. X. Kinmarpika Ta dimocodii «cpomnoi mpami» I'. CkoBOpou, MOJIEpHI30BaHE uepes
metozosorito EdScrum.

[nTerparist KOMNeTeHTHICHUX 3aBlaHb y ¢popMari EdScrum € edekTuBHUM IHCTPYMEHTOM,
110 J03BOJISIE:

- YYMTENIO: peali3yBaTH IHHOBAalLllfHE MMHCJIEHHA 4epe3 pojib Qacuiiraropa-

MPOEKTYBAIbHUKA, IKUI IBUKO a/IaNTye HAaBYALHUHN TIPOIIEC;
122



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

- y4HIO: (OPMYBATH KJIIOUOBI KOMIETEHTHOCTI, @ TAaKOX CTPECOCTIMKICTh, KOMaHIHY

po0OTY Ta aJaNTUBHICTh Y BIAMOBIAb HA KPUXKICTh T TPUBOXKHICTb Cy4acHOTO CBITY.

VY xomi mociipKeHHs BUCBITIEHO moTeHIian EdScrum-miaxoy sik THy9KOTO IHCTPYMEHTapito
HABYaHHS MaTEeMaTHKH BiAMoBigHO 10 mosioxkeHb HYII B ymoBax HeNiHIMHOTO Ta TPUBOXKHOTO
BANI-cBiTYy, BUKIMKIB 1 TPYAHOIIIB BOEHHOTO 4acy. OTpuMaHi pe3ybTaTh J03BOJISIOTH chopmy-
JIFOBATH TIEBHI y3arajabHEHHS.

1. KommnereHTHICHO Opi€EHTOBAHI 3aB/IaHHS MOXKYTh PO3IJIAJATUCH K IHTEJIEKTYaIbHE «I1aJIHBO»
JUI PO3BUTKY THYYKOTO MHCIJIEHHS Y4HIB. Y moeqHaHHI 3 MeTonoioriero EdScrum Bonm
TpaHC(HOPMYIOTh BUBYEHHS MAaTEMATUKHU 3 NIPOLECY BIATBOPEHHS AITOPUTMIB Y AUHAMIYHUN
JOCBIJl PO3B’SI3aHHS JKUTTEBHX MPOOJEM, i€ 4YMCIa CTalOTh 0a30i0 UIs NPHHHATTS
BIJIMOB1IaJIbHUX PIIlICHbB.

2. Peanizaris Takoro miaxomy KOpPEIOe 3 PO3BUTKOM IHHOBALIIITHOTO MHUCIICHHSI BUUTEINS, Y CTPYK-
TYpi KO0 KOYYHHIOBUI Ta ANU3aiiHEpChKO-KOHCTPYKTOPCHKUIM KOMIIOHEHTH CTAlOTh BU3HAYAIIb-
HuMU. Lle 103BosIsiE Ieparory BUITH 3a MeXI1 poii KOHTpoJiepa Ta CTaTh (hacHIiTaTopoM, KU
YYTJIMBO pearye Ha 3allMTH KOMaH/I1 Ta CTBOPIOE YMOBH ISl YCHIXY KOMKHOTO Y4UHSI.

3. 3acrocyBanns EdScrum-nigxomy i EdScrum-irop BikpruBae MOXIMBOCTI I BpaXyBaHHS 1HIU-
BilyaJlbHUX CTWJIB CIPUUAHSATTS 1 CHOCOOIB MHCIEHHS Y4HIB. SIK 3a3HAYaroTh JIOCTIIHUKH
(bypna M. L., Bacuisena 1. B., Bamynenko O. I1., Bonomena B. B., TapacenkoBa H. A. Ta 11.),
NPHKJIaHA CIPSIMOBAHICTh HABYAHHS JIa€ IIPaBO BUOOPY clIoco0y po3B’si3yBaHHs Ta (POPMH IPeJIC-
TaBJICHHS pe3yJbTaTy, O3BOJISIE YYHIO HE JIMILE 3aCBOIOBATH 3HAHHS, a i ()OPMYBATH BIIACHHUIA
JIOCBI/l 1X 3aCTOCYBaHHS y MIHJIMBHX yYMOBax Ta e€(eKTHBHA JIMIIE TOAl, KOJIM BOHA PE3OHYE 3
ocobuctiM nocsifom yuans [ 10]. Lo # 3abe3nedyeTses yepes rHydki poii y Scrum-komani. Llin-
Hicth EdScrum-migxomy He B rapaHTOBaHOMY pe3ybTari, a B CTBOPEHH1 O€3IIEYHOr0 IPOCTOPY IS
eKCIIEPUMEHTIB. SIKIIO MM 3HAEMO CTHJII CIIPUMHSATTS Y4HIB, MU HE «KEPYEMO» HHMH, a TPOIIO-
HYEMO iM HaOUTbIIT KOM(POPTHUH «iHTepderc» i B3aeMoii 3 MaTremarukoro. EdScrum-rpa Tyt
BHCTYIIA€E HE SIK TECT, & SIK CEHCOPHA MaHeJIb, IO I0NIOMAarae BUMTEIIO-KOYTY BiIIyTH PHTM TPYITH.

OCKUIbKYM CydyacCHHMI OCBITHIN IPOCTIp 3aJIMIIAE€THCS JUHAMIYHUM, aKTyaJIbHUM BOAUa€eThCs
NOJaJIbIIe BUBYEHHS TOro, sk EdScrum-miaxim mMoxe DOMOMOTTH BYHUTENSM J0JAaTH BIIACHY
TPUBOXKHICTH Ta IpodeciiiHe BUTOpaHHS dYepe3 Mepexis] BiJl KOHTPOIIIO 10 THydkoi B3aemoii. Le
nepeadadae po3poOKy eTani30BaHUX METOIUIHUX PEKOMEHAIii st BrpoBapkeHHs EdScrum-
HiAX0y B HaBUYaHHI MaTeMaTHKH, 30KpeMa yepe3 mepexxy EdScrumMathLab — naGoparopiit, ne
MO’KHA CTaTH MEHTOPOM-(acHIiTaTOpOM 1 HaBUUTHUCA (PACHUIIITYBaTH 1HHOBALIMHI NPAKTUKU Ha
ypoKax MaTeMaTHKH, anpoOallito NpUKIaaHoro Kypcy «Maremaruka i rpouri. dinaHcoBa kpaiHa
MalOyTHBOTO: CTBOPIOEMO CBIT, Y SKOMY XOYETbCSl >KMTH», BIANPAIbOBYBATH KOYYMHIOBI
KOMIIETEHTHOCTI 1 cymnepBi3iiiHi cecii. EMmipruHe q0CHi)KeHHs BIUTUBY 1IbOTO MIX01Yy Ha SKICTh
MaTeMaTUYHOT OCBITH Ta PO3BUTOK IHHOBAI[IMHOTO MUCIIEHHS BUMTEIIS I03BOJIUTH HOMY 3/100yTH
HOBMI mpodeciiiHuil 10cBil, cPOpMyBaTH HOBY SIKICTh BJIACHOTO MUCIEHHS 1 il Ta YHUKHYTH
MOBEPHEHHS J0 3BUYHMX, KOPCTKHX CTpaTeriii HaBYaHHSA TPAJULIMHOTO HIKUIBHOTO YPOKY, a
YUHAM 37100yTH, KpIM 3a3HA4YeHMX HABUYOK, HAaBUYKU (IHAHCOBOI M MiJIPUEMHHUIIBKOL
KOMIIETEHTHOCTI. Takuii miaxiJ OpieHTYe OCBITY He JIMILE HA Pe3yJIbTaT, a i Ha Mpolec TBOPEHHS
CIJTLHOTO MalOyTHHOTO, /I MaTEMAaTHKa € MOBOIO 3MIH Ta 1HHOBAIIIM.

CIIMCOK BUKOPUCTAHUX JKEPEJI / REFERENCES

1. Posnopsmxenns Kabinery MinictpiB Ykpainu Big 14 rpyaas 2016 p. Ne 988-p. (2016). ITpo
cxBasieHHs1 KoHnenuii peanizamii aep:kaBHOT MOMITHKH Yy cepl pedopmyBaHHS 3arajibHOT
cepenHboi ocBiTH «HoBa ykpaiHCchka mikonay» Ha mepion mo 2029 poky. Pexum mocrymy:
https://www.kmu.gov.ua/npas/249613934. (Cabinet of Ministers of Ukraine. (2016,
December 14). On approval of the Concept of implementation of state policy in the field of
reforming general secondary education "New Ukrainian School” for the period up to 2029
(Order No. 988-r). Retrieved from: https://www.kmu.gov.ua/npas/249613934).

2. Kpemens, B. (2021). InHOBaIiiiHe MUCIIEHHST B KOHTEKCTI TpaHCQoOpmallii 0coOUCTOCTI B
cydacHii muBimizamii. Pexxum nocrtymy: https://vspu.net/sit/index.php/sit/article/view/1751.
(Kremen, V. (2021). Innovative thinking in the context of personality transformation in

123


https://www.kmu.gov.ua/npas/249613934
https://www.kmu.gov.ua/npas/249613934
https://vspu.net/sit/index.php/sit/article/view/1751

AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

10.

11.

12.

13.

14.

modern civilization). Modern Information Technologies and Innovation Methodologies of
Education in Professional Training Methodology Theory Experience Problems, 16, 3-8.
Retrieved from: https://vspu.net/sit/index.php/sit/article/view/1751).

Leader Readiness in a Volatile, Uncertain, Complex, and Ambiguous Business Environment
(2020). ResearchGate. https://www.researchgate.net/publication/341372914 Leader_
Readiness_in_a Volatile_Uncertain_Complex_and_Ambiguous_Business_Environment

Salza, P., Musmarra, P., Ferrucci, F. (2019). Agile Methodologies in Education: A Review.
https://doi.org/10.1007/978-981-13-2751-3 2.

Tarouenko, B., I'apan 1. (2024). ®opmyBaHHS IHHOBAIIMHOTO MUCJICHHSI MaiOyTHIX BUMTEIIB
MaremaThkd. BicHuk Hayku Ta ocBity, 11(41). Pexxum nocrymy: https://doi.org/10.52058/2786-
6165-2025-11(41)-3024-3054. (Tatochenko, V., Haran, 1. (2024). Developing innovative thinking
in future mathematics teachers. Bulletin of Science and Education, 11(41). Retrieved from:
https://doi.org/10.52058/2786-6165-2025-11(41)-3024-3054).

Cobonena, C. (2020). OcoOucToCTi IHHOBAIIMHOTO MUCIICHHSI MaiOyTHIX O(ilepiB Ta MUISIXH
roro (opMyBaHHS B KOHTEKCTI BUMOI' Cy4acHOro cycriibcTBa. ['abityc, 14. Pexxum mocrymy:
https://doi.org/10.32843/2663-5208.2020.14.46. (Sobolieva, S. (2020). Peculiarities of innovative
thinking of future officers and ways of its formation in the context of the requirements of modern
society. Habitus, 14. Retrieved from: https://doi.org/10.32843/2663-5208.2020.14.46).
XKenanosa, B. (2023). Monenb iHHOBaLIHHOI OCOOMCTOCTI: CTPYKTYPHO-TUHAMIYHUM MiIXiI.
[Menaroriyna ocBita:Teopis i mpaktuka. [lcuxosoris. Ilexarorika, 39 (1). Pexum moctymy:
https://doi.org/10.28925/2311-2409.2023.392. (Zhelanova, V. (2023). Model of innovative
personality: structural and dynamic approach. Pedagogical Education: Theory and Practice.
Psychology. Pedagogy, 39 (1). Retrieved from: https://doi.org/10.28925/2311-2409.2023.392).
European  Skills, = Competences,  Qualifications and  Occupations (ESCO)
http://data.europa.eu/esco/skill/c2a0c52c-0b4b-4180-a918-92650ea3b458

Harrison, Y., Horne, J. (1999). One Night of Sleep Loss Impairs Innovative Thinking and
Flexible Decision Making. Organizational Behavior and Human Decision Processes, 2, 128—
145. Retrieved from: https://doi.org/10.1006/0bhd.1999.2827).

Bbypna M. 1., Bacunbesa /I. B., Bonomena B. B., Bamynenko O. I1., Tapacenkosa H. A. (2024).
[IpukiagHa cnpsMOBaHICT, HaBYaHHS MaTeMaTUKW B TiMHa3ii. BumaBamuumit mim «OcBiTay.
(Burda M. 1., Vasilyeva D. V., Voloshena V. V., Vashulenko O. P., Tarasenkova N. A. (2024).
Applied orientation of mathematics teaching in gymnasium. Publishing house "Education™).
Bonomena, B. (2024). KomneTeHTHICHHIA MOTEHITa)l MaTeMaTUKX B TiMHa311. In: AHOTOBaHI1
pe3ysbTaTd HayKOBO-AOCHiIHOT pobotu IHctutyry mnemaroriku 3a 2024 pik. IHcTUTyT
nenaroriku  HATTH Vkpainu, Ilemaroriuna mymka, 199-200. (Voloshena, V. (2024).
Competence potential of mathematics in gymnasium. In: Annotated results of scientific
research work of the Institute of Pedagogy for 2024. Institute of Pedagogy of the NAES of
Ukraine, Pedahohichna Dumka, 199-200).

ek, K. (2024). Mindset. 3MiHITh croci® MHUCICHHS 1 pO3KpUITE CBil moTeHIian / mep. 3
anrn. 0. Kysemenko. Ham ®opmar. (Dweck, C. (2024). Mindset: Changing the way you
think to fulfil your potential [Mindset. Zminit sposib myslennia i rozkryite svii potentsial]
(Yu. Kuzmenko, Trans.). Nash Format).

Uynpuna, H. (2026). EdScrum: sk CTBOPUTH WIKOJY, /€ MHCIHAThH, CHIBIPAIIOIOTH 1
3pOCTaroTh. 3aCTYMHUK aupektopa mkoiu, 1. [udpose BumaBHunTBo Excnepryc. Pexum
nocrymy: https://ezavuch.expertus.com.ua/10028279. (Chupryna, N. (2026). EdScrum: how
to create a school where they think, collaborate, and grow. Deputy School Director, 1.
Expertus Digital Publishing. Retrieved from: https://ezavuch.expertus.com.ua/10028279 ).
Uynpuna, H. (2025). Buuremo-iHHoBaropy: mnpakThku iHTerpauii EdScrum y maremarwiii.
OcgitaHosa. (Chupryna, N. (2025). For the innovative teacher: practices of EdScrum integration
in mathematics. OsvitaNova. Retrieved from: https://osvitanova.com.ua/posts/7171-vchyteliu-
innovatoru-praktyky-intehratsii-edscrum-u-matematytsi).

124


https://vspu.net/sit/index.php/sit/article/view/1751
https://www.researchgate.net/publication/341372914_Leader_Readiness_in_a_Volatile_Uncertain_Complex_and_Ambiguous_Business_Environment
https://www.researchgate.net/publication/341372914_Leader_Readiness_in_a_Volatile_Uncertain_Complex_and_Ambiguous_Business_Environment
https://doi.org/10.1007/978-981-13-2751-3_2
https://doi.org/10.52058/2786-6165-2025-11(41)-3024-3054
https://doi.org/10.52058/2786-6165-2025-11(41)-3024-3054
https://doi.org/10.52058/2786-6165-2025-11(41)-3024-3054
https://doi.org/10.32843/2663-5208.2020.14.46
https://doi.org/10.32843/2663-5208.2020.14.46
https://pedosvita.kubg.edu.ua/index.php/journal/issue/view/31
https://pedosvita.kubg.edu.ua/index.php/journal/issue/view/31
https://pedosvita.kubg.edu.ua/index.php/journal/issue/view/31
https://pedosvita.kubg.edu.ua/index.php/journal/issue/view/31
https://doi.org/10.28925/2311-2409.2023.392
https://doi.org/10.28925/2311-2409.2023.392
http://data.europa.eu/esco/skill/c2a0c52c-0b4b-4180-a918-92650ea3b458
https://doi.org/10.1006/obhd.1999.2827
https://ezavuch.expertus.com.ua/10028279
https://ezavuch.expertus.com.ua/10028279
https://osvitanova.com.ua/posts/7171-vchyteliu-innovatoru-praktyky-intehratsii-edscrum-u-matematytsi
https://osvitanova.com.ua/posts/7171-vchyteliu-innovatoru-praktyky-intehratsii-edscrum-u-matematytsi

AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

Chupryna N. Challenges of modern education and innovative thinking of a
mathematics teacher.

The article investigates the complex problem of transforming methodological approaches to
teaching mathematics in general secondary education institutions amidst the global challenges of the
BANI world and the prolonged state of war in Ukraine. It is substantiated that overcoming the
nonlinearity, brittleness, and anxiety of the modern educational environment requires a fundamental
development of the mathematics teacher's innovative thinking. The author emphasizes that in the new
reality, pedagogical professionalism is manifested not only in the perfect mastery of mathematical
algorithms but, primarily, in the ability to facilitate the process of collective problem-solving through
flexible (Agile) methodologies. Particular attention is paid to the teacher's roles as a mentor, coach, and
facilitator, which ensure students’ psychological resilience and learning efficiency. For the first time, the
study proposes and details the structure of a mathematics teacher's innovative thinking through four key
components: cognitive-analytical (data analysis and result forecasting), design-constructive (using Agile
design to create educational trajectories), adaptive-reflexive (flexible response to changes), and
coaching. It is emphasized that the coaching component allows the teacher to recognize students'
individual cognitive styles, transforming the classroom into a cohesive ecosystem where intellectual
diversity becomes a strategic team advantage rather than a barrier to learning. The use of the EdScrum
approach is proposed as an effective toolkit for implementing competence-oriented tasks (C-tasks). Such
tasks are defined as cognitive "fuel” that feeds students' flexible thinking. The paper reveals the essence
of EdScrum as a facilitative model that structures the solution of complex mathematical cases through
iterative cycles (sprints), team interaction, and constant feedback. Three key aspects are identified
through which C-tasks stimulate cognitive flexibility within sprints. The research results confirm that the
combination of EdScrum technology and C-tasks promotes not only the deep acquisition of academic
knowledge but also the active formation of soft skills, adaptability, and the students' ability to act
effectively under conditions of high uncertainty.

Keywords: EdScrum, innovative thinking, agile thinking, mathematics, agile methodology,
competence-oriented tasks, facilitation, coaching, mentor of learning groups, development of thinking.
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MAPAJIMTMA YKPATHCBKOI'O MATEMATHKA, TIEJATOT A
XX cr. FOJITAHA BOTAYEBCBKOT'O B CBITJII CYUACHOI HAYKHA

Y ecmammi nooaecmuvcs kopomxuti scummenuc ma 027150 HAYKOBO-Ne0a202iuHoi OisLIbHOCMI
VKPAiHCbK020 84eH020, 00KmMopa Ginocoii' y HanpamKy Qizuko-mamemamuyHux 00CIiOHNCeHb, YieHd
Haykosoeo mosapucmea imeni Tapaca [llesuenka, IOniana Bozauescbkoco; HABOOAMbCA OCHOBHI
ocobnusocmi 1020 c8imoenady, ananiz 6a3oeux yiHHocmelt, idel, KOmpi 6iH HAMA2A8Cs nepeoamu
CYUACHUM MA HACMYNHUM NOKONIHHAM. J{ocnioxcenns: cnaowunu FOniana bozauescokozo nodaromo-
CA Y 3iICMaseH i i3 MUMU HAYKOSUMU OOCTIONCEHHAMU, SKI NP08oounucs Ha nodamxy XX cmonimms
6 €8poni, a maxkodic y NOPIGHAHHI i3 CYYACHUMU NPOOIEMAMU 8 2ATLY3T MAMEMAMUKU MA MeMOOUKU i
BUKNIAOAHHS, (DOPMYBAHHA 6 YUHIE HAYKOBUX 3ACA0 MAMEMAmuKU He 8I00KPeMIIeHO, d V 36 A3KY 3
IHwumu npeomemamu. izuka, icmopis, eeocpagis, Oionoeis ma iHwi, Wo 6)Y10 HOBUM BISHHAM Y
eanuybKiti nedazoeiyi Ha moti yac. Iliokpectoemvcsi cb0200enHa akmyaibHicmy npoodaem, wo nioHi-
mae boeauescokuil y c80ix npaysx, K om 6UX08YE8AHHS KPUMUYHO20 MUCLEHHS )Y NIOAIMKI6, YMIHHS
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8UOYO008Y8AMU TAHYIONCOK JTIOSTYHUX MIPKYBAHb, YHUKAIOYU XUOHUX ULIAXI8, nompeba y 6UBYEHHI
Mamemamuku He CNpOwjeHo, aje Yikago, MAKCUMAIbHO AKMUBYIOUU OIAIbHICIb YUHIE, 3aYiKaAGII0I0YU
HOBUMU NIOX00amu ma ioesamu, Hepo3s s3aHumu npodremamu y mamemamuyi. Takodc cmamms
Micmumb HAOIp icmopuunux gakmis, pomo, a maxodc nocuranHs Ha cmammi boeaueecbkoeo y
36ipnuxax HTILI, oe okpim mozo modicna o3natiomumucs iz npaysamu inuux uienie HTLLL

Knwwuoei cnosa: FOnian boeauescokuil, ocgima, mamemamuxa, Qizuxa, 2aruybka neoazoixa,
Kopensayis, oanomoniscvkuti memoo, HTILL, popmanizm, inmyiyionizm.

IMocraHoBKka npodJieMu. MaremaTHKa 3aBXK/I1 BilirpaBaia KIIFO4OBY POJIb Y PO3BUTKY HAYKH,
TEXHIKA Ta OCBITU. JXUTTS CTaBUTh BCE HOBI 1 HOBI BUKIWKH, IO BUMarae pedopM OCBITH.
[IpoBonsiun pedopMu B OCBITI, AY)KE€ BOXKIMBO HE BTPATHTU Ti HAJO0AHHS, SKI 3aJUIIAIA HAM
HoTepeH] MOKOMIHHS, UM 11€ CTOCY€ETHCS NCUXOJIOr0-TeIaroriyHuX MiJX0/iB, Y4 METOJUYHUX Y
HABYAHHI MPEIMETY.

Y pamMkax miATOTOBKHM criemiamictiB y ramy3i «Cepemns ocBiTa. MaremMaTHKa» IOCTa€e
NUTaHHS: SIkuM Mae OyTH ChOTOIHINIHIA BUMTENb? SIKMMU KOMIETEHIIISIMU MTOBHHEH BOJOIITH,
HACKIJIbKU TJIMOOKO MTOBMHEH 3HATH CBIM MTPEIMET Ta OPIEHTYBATHUCS Y MaTepiaii CYMIXHHUX 3 HUM?
Uu fomiIbHO BUMAaraTH TIIMOOKHMX 3HAHb 3 MAaTEeMAaTHKA B Y4YHIB Ta CTyAEHTIB? MwumoBomi
3BEpTa€lICS 0 JOCBiAY MOKOJiIHb MOIMEPEIHUKIB 1 BUBYAIOUM iX Mpalli, MOYUHAENI POIYMITH Y
SKOMY HaIpsIMKy TOTPIOHO WTH.

Tema icTopii ykpaiHChKOT (TaTUIBKOT, 30KpeMa) MaTeMaTHYHOI Ta MeAaroriyHol MKOIU Ta il
3MICTY 3 HE/IaBHIX 4YaciB MPUBEPTAE yBary HU3KW iCTOPHKIB, MEaroriB Ta MaTeMaTHKIB, 30KpeMa
b. Crynapuxka, T. 3aBropoansoi, f. [Iputynu, O. I'punis, T. banaxa (nuB., Hanpukiaz [6; 7; 10])
Ta iH. Boke 6arato 3po0ieHo, aje e 3aIMIIIIocs 6araTo HeOCIiHKEHOT0, 10 i 3yMOBHIIO BUOIp
TEMHU Ta aKTyaJIbHICTh HAIIOT PO3BIAKH.

AHAJI3 aKTyaJbHUX J0cTiTKens. B €Bponi y kinmi XIX — moyarky XX CT. B HABYaJIbHO-
nesiaroriuniii cdepi BinOyBaiucs 3HauH1 3MiHK, HaOyBaIM PO3BUTKY i€l rymMaHizalii ocsitu. Pedop-
MH CTOCYBAJIMCSI HOBUX IPUHIIMIIB y HABYAHHI, JIe Ha TIepIIe MicIle BUXOAMB YU€Hb Ta HOTO 3alliKaB-
JIeHICTh Y HaBuaHHI1. [IeBHI MeTOIM HaBYAHHS, JJISl IPUKITAY, 1aIbTOHIBCHKHI METOJ CIIPUSIB PO3BUT-
Ky CaMOCTIHHOCTI Ta KpUTUYHOCTI MUCTIEHHsI. CHHTETHYHUI METO/I UM «METO]] KOpEALii» (hopMyBaB
[UTICHY KapTUHY OTPUMaHMX 3HaHb. Tak 3a HOBOIO Mporpamoro 3 marematuku (Big 1908 p.) y 8-my
(BUITyCKHOMY) KJjacl IiMHa3li Majiu OyTH OXOIUIEH! He JIMIlEe HaWBa)KIMBILI HAyKOBI PO3AUIM, a i
OIJIsIT yChOTO Matepiaiy, TOOTO (pEeTpOCTIEKTHBH Ta NEPCIEKTUBU Ha MallOyTHE), SIK 3 ICTOPUYHOT, TaK
13 QLI0COPCHKOT TOUKH 30pY; TAKUM YHHOM, BUBYEHHS MAMEMAMUKY — Yye He CMITbKU NPO Npoce
HAKONUYEeHHs. HAOYMUX 3HAHb, CKIIbKU NPO IX 38'A30K [ ACHICMb 3HAMb, NPO GUEHEHHS Memoois
MamemamudrHo20 00CIONHCEHHS, NPO WUPOKULL 2OPUZOHI MUCTEHHSL.

Haronoc y BUBU€HHI MaTeMaTHKH B CEPE/IHIX IIKOJIaX Ha MOYaTKy XX CT. pOOUBCS Ha KUIbKOX
acriektax: 1) noenubnenns npocmoposoi yasu Ta 2) enposaodicenHs (BYHKUIOHATLHO2O MUCTEHHSL.
[Iono mepmioro, To BI3yaJlbHUH MiAX1A y Haylll — II€ JaBHO BU3HAHUI MENAroriyHUN MPUHIIMIT
(Komencekuii, [lecranorr, 'epbept), 1 muiiie HOro mpakTHYHE 3aCTOCYBaHHS Ha0yBa€ pi3HUX (HOPM.
[Mono mpyroro, ToO TYyT MaeMO INEBHY HOBU3HY B HaBYaHHI, PO3BUHEHHS 3/1aTHOCTI MPOAYMYBaTu
MM psia MO, a TOYHIIIEe 3MiH, IO BiIOYBarOTbCSA BIANOBIIHO 10 3afaHOi TEHJEHII
(byHKIIOHATBHE MUCIIEHHS).

['mubokmii mnacT ICTOPUYHOTO MHUHYJIOTO VYKpaiHW B MeXaxX HayKOBO-TIEJarorivHoi,
KyJbTYPHOI CIIaJAUIMHU €BPOIH Ta ¥ CBITY 3arajioM MICTUTh YUCJEHHY KUIBKICTh 3aryOJIeHHX IMEH,
dakri, mofiit. Haimre 3aBmaHHs — HE TUIBKUA OMPHSIBUTH iX, alle ¥ JOCIIAWTH, MpOaHaTi3yBaTu Ta
BHUKOPHCTATH HEOIIHEHHHWM JTOCBIJI IO TUISSAM YKPATHCHKMX HAYKOBIIB, MEIAroriB, sSKi 3p00MIN
3HAUYHMUI BHECOK Yy MOIIMPEHHI MaTeMaTUYHHUX 3HaHb, 30€peXeHHI HAyKOBOI CIIA/IIIMHUA Ta PO3BUTOK
HalllOHAIBbHOI OCBITH, 1 MPOAOBXKUTH iX crpaBy. [Ipami FO. BoraueBchbkoro oxoruttoBaiu He JIMIle
(dyHIaMEHTaIbHI acleKTH MaTeMaTHKH, a W METOMUKY il BHKJIAJaHHSA, PO3BUTOK YKPaiHCHKOI
MaTeMaTU4yHOi TEPMIHOJIOTi Ta MATPUMKY YKpaiHOMOBHOI OCBITHM B yMOBaX CKJIaIHOI 1CTOPHYHOI
curyartii. [l{o € akTyajapHUM 1 B HaII yac.

Mera crarTi nonseac y 0o0cniodceHHi, BUCBIMIIEHHI MA AHANIZI HAYKOBO-NEOA2O2IYHOL
CNaOWuHU  YKpaincbkoeo mamemamuka ma neoaeoea novamxy XX cmonimmsa [FOniana
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boeauescvroeo 3 noenady cyyacnux npobnem (opmysaHHs MamemMamuyHux 3HaHb ma 1o2o poii 8
CMAHOBIEHHI MAMEMAMUKU K HAYKU ma Memoouku ii euxkiadanus 6 I anuuuni xinys XIX — nouamxy
XX cmonimmsi sik Hegi0 emHOl uacmunu €8poneticbKoi MamemMamuyHoi HayKo8o-neoazociuHoi OyMKU.

Bukiaag ocHoBHOro marepiany. Ilpukapmarts namo
VYkpaiHi BeJuKy KUIbKICTh MAaTEMaTHKIB Ta (D13UKIB, HAYKOBIIIB
1 menaroriB. Cepen HHX ocoOnMBE MiCIe 3aiiMae MOCTaTh
HaykoBlsg 1 memarora lOmiana boraveBcekoro (puc. 1),
nokTopa Qurocodii y HampsMKy ¢i3HKO-MaTeMaTHIHUX
nociipkenb. Lle Oyma akTHBHA ITLTICHA OCOOUCTICTh Y CBOIX
nornisgax, AISIHHAX Ta HAayKOBHX mpaisx. Bee, 3a mo He
opaBcs FOmian borayeBchkuii Maso rMOOKHiA CMUCI, TpOTpe-
CHUBHICTb 1 ()aXxOBiCTb BUKOHAHHSI.

OcoOucCTiCTh BU3HAYAE CEPENOBUIIE, B IKOMY BOHA (op-
myetbest. lOmian wHapomuBes 15 kBitHa 1897 poky y
cBsIIeHnYid poauHi B c. JlemiBka (komuch c. JleciBka) Ha
CranicnaBmmni [1]. Matu — BikTopis 3apuibka, JOHBbKa
IPeKO-KaTOMUIBKOrO Mapoxa 1 Jekana c. Bemmka Typ’s o.
Anekcis 3apunbkoro, 6ateko — 0. Teomop BoraueBchkuit
(BunmyckHuk CTpuHChKOi TiMHa3il), TPeKO-KaTOIULbKHIA
CBAIICHUK Y TPETbOMY MOKOJIHHI, MOCON A0 [ anmumpKoro
ceiimy 8-ro CKJIMKaHHS, JIITEPaTop, rPOMAAChKUIN Ais4 1 mpocBITHUK [6]. OKpiM omoBigaHb 1
cTarTel, omyOmikyBaHmx y Taserax «Jlimo» i «HuBa», o. Teomop BHAAB TAKOXK KHIDKECUKY
MMOXOPOHHMX MPOMOBieH 13 TIIMO0KUM (imocodchbkum 3MicToM (1 pistocodchbka 3arinbaeHICTh
y CYTHICTb peueii, HareBHe, nepenanacs i cuaosi FOmiany). BapTo Takoxx Bi3HAUNTH NATPIOTH3M
Teonopa boraueBchkoro — Oynyun cekperapem «Pycpkoro coiimMoBoro kiyOy», BiH aKTUBHO
BUCTYIIA€ 3a MPaBO YKpaiHIIB 3400yBaTH OCBITY PiJHOIO MOBOIO, 32 PIBHICTH y (hiHaHCYBaHHI
MOJIbCHKHX Ta YKPATHCHKUX ILIK1JI, BUCTYIAE MPOTH 3a00POHU BUKOPUCTAHHS YKPAaiHCHKOT MOBH Ha
odimiitanx 3axonax [2]. Ili3Hime g X i1es po3BOI0 YKPATHCHKOTO MIKUTLHUIITBA 3HAMIE CBOE
MIPOJIOBXKEHHS y JisuTbHOCTI cuHa FOmiana Ha mefaroriyHii HUBI.

[TouatkoBy Ta cepennto ocBity KOmian boraueBcrkuii 3m00yBae y Ctputo (1904-1914 pp.).
3 Hux 7 pokiB HaB4YaeThesl y CTpUICHKIN JepKaBHINM riMHAa311 KIIACHYHOTO TUITY (3 MOTIHOIEHUM
BUBYEHHSIM MOB). TyT, OYEBUIHO, BUBUHUTH JOKIATHO «TPEKy» 1 «IaTuHy». IcmuT Ha arecrar
3pUIOCTI CKJIa/1a€e Ha «BiIMIHHO» y Binni 13 ciuns 1916 poky. [lani ciy:x6a B aBCTpichKii apMii
ax 1o 1918 poky. Bumry ocity 3m00yBae 3 1.09.1921 no 15.04.1923 poxy B YkpaiHCBKOMY
(TaeMHOMY) YHIBEPCHUTETI, Jie MaTeMaTUKy BUKJIQJally [IPOBIJHI HA TON Yac MOCTAaTi B yKpaiHChKiN
Hayti Bonogumup JleBunpkuii Ta Mukona Yarikisebkuit [7]. dami 3 kBiTHs 1923 no nunens 1927
pOKy TpoJoBXkye HaB4yaHHs y Ipaui (ABcrpis) B yHiBepcureri Kapma ®panina Ha ¢i3uko-
MaTeMaTUYHOMY BiAauIl (i0copchbKoro GakyabTeTy, 1€ 3HAMOMUTHCS 13 Cy4YaCHUMH HamlpsM-
KaMH PO3BHUTKY B rajly3i MaTeMaTuKku Ta (i3uku. BapTo Bi3HaYMTH, 110 LI€ YHIBEPCUTET 13 /1aB-
HBOIO 1cTOpi€r0 (3acHOBaHMi e y 1585 p.), 1e Bukiaaanu ta 31iiCHIOBaIM CBOI BIIKPUTTS, HOOE-
niBcbki maypearu Otro Jlesi, Bikrop ®pann I'ece, Epsin llpeninrep, a Takox JIroasir Bonbsiman,
PO3pO0IIAIOUN CBOIO CTATUCTHYHY TE€OPit0 (P13MKM HA OCHOBI aTOMICTMYHUX ysBIeHb. Ha Tol yac
y IpaiibkoMy yHiBEpCUTETI aHATITHYHY TEOPIitO Yucel Ta anredpy BukiIaaas npodecop Hayoied-
cekuit hon lltepuex Pobept Momnoamuii [3], CH BiIOMOTO T€0/Ie3UCTa, aCTPOHOMA 1 TpaBiMeT-
pucra PoGepra [layonebepkoro ¢on IlItepHeka, sikuii cBoro yacy copmyBaB Kadeapy reoaesii i
chepuunoi acTpoHoMmil y Bumiii momitexuiunii mkom JIsBosa (1871-1889). IOmian borayeBch-
KUl OpaB akTHUBHY Y4acTh y ceMiHapi miJ kepiBHUITBOM npod. Pobepta llITepHeka, 3poouBIIN
KUJIbKa PO3JIOTHX JOMOBiJeH 3 anreOpu Ta Teopii yucen. [lisuHime, npaitoroun B CTpuio, moBep-
HETbCA 0 1€l Teopii.

V Ipaui Boradyeschkuii ckiagae Gpiocodch-Ko-TeAAroriqHuii icuT i po3noynHae poboTy
HaJ| MCepTaLli€l0 3 MaTeMaTU4HOi (i3UKH TiJ KepiBHULITBOM npodecopa ¢izuxu bernopda. ['anc
bennopd (1870-1953) [4], me Oymyum acucrentom (Pizuka Ppanna ExcHepa, 3aiimMaBcs
aTMOC(EPHOO ETIEKTPUKOIO - EKCTIEPUMEHTAIBHO Ta TEOPETHYHO. JIOCTiIN TOBOIMIIOCS TIPOBOANUTH
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B OCOOJIMBUX yMOBax MPH HU3BKIM BOJIOTOCTI MOBITPS, U1 IIbOTO Y 3UMOBI MICSIIl BUDKIKAB 10
Cubipy, BUBUMB pociiicbky MoBY. Bunaiimos enexrpometp (bennopda), sskuit BAKOPUCTOBY€ETHCS IS
BUMIPIOBaHHS aTMOC(HEPHHX EJIEKTPUYHUX Mapa-MeTpiB. ['anc benmopd — nitficHuii wien ABCTpiii-
cbkol akajgemii Hayk (3 1927 poky), mekan ¢ino-codepkoro ¢axymnerery 3 1920 poky, pekrop
I'paubkoro yrisepcurery (1932-1934). CrisnpairoBas 3 disukom Bikropom ®panmom ['eccom (1883-
1964). ¥ 1928 paszom i3 ['eccom omy0iiKyBaB BCEOCSDKHHN TPaKTaT MPO aTMoc(epHy eIeKTPUKY
“Atmosphdrische elektrizitit” (1928) («ATmocdepHoe enekrpuyectBo» (1934) [5]). Came
obumcienss, siki npoBoauB FOmian borayeBchkuii min kepiBHULTBOM Tpod. bernopda Biairpamm
BOXJIMBY pOJib Yy Wi mpami. boraueBchkuil po3poOMB METON E€IEKTPUYHUX 300paKeHb IS
3HAXOJ/KCHHS MOTEHITIATy Ha BiCl CUMETPIl; BIOCKO-
HAJIMB WOTO, BUKOPHCTOBYIOUH ToJIiHOMH JlexkaHapa,

l Nennee YA 261 93E/27.
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1 0Oe3nocepeHRO 3 ILOTO OTPUMAB BEIUYUHY
MOTEHITiAJTy B TOYKAaX I103a BICCIO 1 Jaii JaudepeH-
IIFOBaHHSM 3HAMIIIOB BUPA3H JUIsl HAMIPY>KEHOCTI OIS
Ta KOHIICHTpaIil0 ToBepxHeBUX 3apsamiB [6]. Ll
pe3ynbTaTi 3HAMIUIM BiOOpaKeHHS y aucepTarii
«[Ipo 1H}IyeHTHHI BIUIUB KYJIUCTOIO ITPOBITHUKA HA
KOHIIEHTPHYHMIA cexTop (KyiboBuii cerment)» (Uber
Influenzierung einer leitlenden Kugel durch eine
konzentrische Kugelkalotte).

7 macronana 1927 poky 0. borauescbkuii 31a€
«ctpori» icnutu 3 (i3uku Ta Matremaruku, 11 mic-
Tonaga 1927 poky BiIOyBa€eThCsl MPOMOLLiSl HAYKOBOT
nparii FOmiana bBoraveBcekoro, micnst Kol BiH

Vo llhesmrinrions - oruiisairiid OTPUMYE CTYIHb JOKTOpa (iocodii B rairy3i (pizuko-
MaTeMaTUYHUX HayK (IJUILJIOM Ha puc.2).

[Tpotsirom 1927/28 pokiB HaBuaeTbes y 1103-
HAaHCBKOMY YHIBEPCHTETi, 1100 MaTH MpPaBO BHUKJIA-
naTtu B cepeanix mkoiax [lonpmi. Cknaaae icnutu

A af y TPaBI—‘Ii 1928 p. 3 MaTeMaTHKH, ¢izukn Ta nejia-
RO Qi TOTIKM 1 OTpUMY€ KBali(iKaI[ilo BUUTENS CEPEHIX
= IIKIT 3 MaTeMaTUKU SK OCHOBHY, bizukn —

AO0JaTKOBY.

Zu Urkunde dessen bekedftigen wir dieses Zeugnis mit unserer Unterschrift

und dem Siegel der Universitst,

BN e
Gean, den T "/"/ o

Puc. 3. Yuuredi it yuni Ykpaincbkoi Kinouoi I'imua3ii Y kpaincbkoro negaroriaunoro
ToBapuctsa B Ctpuio 1938 p. ¥V apyromy psai 3aiBa: FO. borayescskuii, M. Manara,
M. ®eqromko, o. M. llypkoBcbkuii, katexut, I. Kanunsaik —qupexrop
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YV nactynHi poku 3 1928 mo 1932 npamroe y nepkaBHux mikonax y I[lepemunuri, SIpocnasi,
Kam’staui Ctpymunosiii (Kam’sinka-byspka), PaBa-Pychkiit. [IpoiioBim npakTUKy He1aroriyHy
B JiepKaBHUX 1IKoJax, FOmian boraueBcbkuil mpucBauye cebe HaBYaHHIO YKPATHIIB y IPUBATHUX
HavanbHUX 3akianax «PigHoi mxomm» B SBoposi (1935-1936), Crpuro (1936-1938), PoraTuni
(1938-1940) (mmB. Pumc. 3). 3a Ilomblmi mpuBaTHI YKpaiHCHKi INKOJIHM, yTPUMYBaHi JIHIIE
YKpaiHChKOIO T'POMAJIO0, JIeABE BWKMBaIH. [lmaTHs BumTeniB Tam Oylia Mi3epHOI0, 4yacto ii
B3araii He Oyno. Ta mpatist BUUTENIB Y BCl YacH € CIOJBH)KHOIO, HECTU 3HAHHS B MAacH 3aBXKJIU
HEJIETKO, 00 «He 00H020 MYyYUms NONPOCMY NUMAHHA. 4020 MO MA Ul HAWO BIH GUUMbCS MO20 b0
Mmammaoeo, AKuo 80HO UOMY HIY020 He dacmb ma we 8 HuHiwHix yacax!» [FOman boraueBcbkuii].
Jyxe gacTo 1 3apa3 MOXKHA IMOYYTH 1110 (hpa3y. AJe sSIK HIKOJIM aKTyaThbHOIO B HAIIl Yac € BiAMOBIIb
BUEHOTO: «Hapio, wo oymae npo ceoe€ maubymue mycumov 3a3oaneciob noobamu npo ceow
8i0n0giony ocgimy.» llpallsd B MIKOJIi CIIOHYKaJIa A0 ACSIKUX METOINYHO-TIEAArOTIYHIX PO3BIIOK B
nyci pedopm [10], sxi npoBoammcs B 20 — 30-1i poku B €Bpomni i B [lombmii, 30kpema. Coi
HoBaropcTBa FO. boraueBcbkuii omy0uikoBye B cTarTi «IIpo MOXIINBICTH KOpEsLii Ipy HaBYaHH1
MaTreMaTuku Ta (izuxu» [9]. MoBa #ife npo «38'30K nOMixnc 0OHUM NpeoMemom ma Opyeum
npeoMemom yu OpyauMu OiNaHKaAMU 3HaHHA. L]inno om mako2o HasyauHs € 0amu MeHbul-0inbuL
3a0KpyeieHull c8imoana0 ma NoKa3amu, Wo maxuti mo npeomem — ye He € woch 8idipsame, a
HABNAKU, WO 8'adxcemvbcs 3 ITHWUMU OLIAHKAMU 3HAHHA ma dcumms». Tak, Ha JyMKY
1O. boraueBchKkoro, NMpu BUBYCHHI (DI3UKKM BaXKJIMBA HE TUIBKU KOPEJIALIS 3 MATEMATHKOIO, ajie i
3 icropieto, reorpadicro (0COONIMBO TPHU PO3MIISII MUTaHb MeTeposiorii) Ta iH. ToOTo, Oymydn
OCBIYEHOIO Ta HIMPOKO €PYJOBAHOIO JIOAMHOI, MAaTEeMATHK IHUIIE MPO HEOOXiJHICTh BUBYATH
HayKy SK CHCTEMYy IMOTJISIB, SKi CKJIAdWCAd B TEBHI icTopuuHi enoxu. Ock SK MUIIE
FO. BoraueBcbkuii mpo 3B’sI30K MaTeMaTHKU U icTopii: “KooicHy mamemamuyHny icmuHy Xmochb
Koaucy 6i0kpus. Koowcne maxe 6iokpumms ye yiHHULL 6K1a0 8 CKAPOHUYIO THI0OCHKOI KYIbmypu»,
«Texnix oymae npo 3a8mpauiniti 0ens, i3ux Kitbkadecsams 1im Hanepeo, a Mamemamux cmo abo
U Oinbute 1im Hanepeo.

Ineto xopenanii nponarysas M. TepienbKkui, a B m04aTKOBOMY HaBYaHHI1 —bOKMKOBCHKU.
Kopensiiss BizOyBayiacsi, 30kpemMa, IpyU BUKOPUCTAHHI JadbTOHIBCHKOr0 Metoay. Ha cropinkax
yaconucy «llInsx BUXoBaHHS il HABYaHHS» MOXHA OYJI0 MPOYUTATH, IO «IaJTBTOHIBChKA CHCTEMA
HAJIC)KUTh HUHI JI0 HAUTOMYJISIPHIIIMX METOIB y IIKUTbHOMY HaBYaHHi». Jlani 3a3Havanocsk, mo
yepe3 BUKOPUCTaHHS LIbOr0 METO/1y MOXHA «OHOBUTH HAIIy HIKOJY, PO30YIUTH TBOPY1 CHIIN YUHS
1 IPUBYUTU MOTO OPIEHTYBATHUCA KPUTUYHO B SBUIIAX 1 CAMOCTIHHO mpaioBatu». OCHOBHUMU
npuHiunaMu JlansroH-utany Oynu: «1) cBoOoja; 2) B3a€MHa JI0IOMOra Ta B3aEMOJIS cepen
KOJIEKTHBY; 3) BIIOBIIHICTh 3yCHiIA OaXXaHOMY JOCATHEHHIO, — IHAKILE, EKOHOMI3AI[ls dacy».
Ile came Te, 110 BUKOPHCTOBYEThCS B cydacHiil cuctemi OCBITH. JlaJbTOHIBCHKUII METOJ
MOCTYIIOBO TOYaB BIIPOBA/KyBaTHCh 1 B mikoiax [ammumau. Meton JlanpToHa mnepenbadae
CaMOCTIHHY OCBITY, AJISl YOTO MOTPIOHO JOCKOHANE METOJUYHE 3a0e3nedeHHs. J[eski Kpoku B
npoMy HanpsMky 3aiicHuB FOmian boraueBchbkuii. Bin miarorysas a0 npyky miapydauk «IIpo
3MyaH1 (OMaHJIUBI) JIOBEAECHHS €JIEMEHTApHOI reoMeTpii Ta IX BHMKOPHCTAHHS y HaBYaHHI
reoMeTpii» 1 mojiaB y BUaBHULTBO «PansgHcepka mkona» y 1946 porii.

IOnian boraueBchbkuii He monumae i HaykoBoi poGotu. Y 1934 pomi crae wieHOM
HaykoBoro ToBapuctsa imeni T. [lleBuenka, Buaae kinbka mpails y 30ipuukax HTI [11-12], sxi
MpHUCBsYEHI TeMaM 3 MaraHanidy «JlammacoBe nudepeHIianbHe piBHSHHS», «Y3araabHEHHS
JlexxaHAPOBHX MONIHOMIBY, IO € MMPOJOBXKEHHAM po0oTH modaroi y Ipami, «3aransny Gpopmyry
apupmMeTnuHUX cym» [14], a TakoX HEBEIMYKE IMOBIIOMIIEHHS NPO €JIeMEHTapHE JOBEIEHHS
OJTHIET KJIACMYHOI TeopeMu 3 TeoMeTpii [13].

Buenuit HamaraeTbcs TaKOX MOMYJIIPU3YBATH MaTEMaTHKY HE TUTHKH CEpe]l HAYKOBIIB, ale
1 cepel MHMPIIOro KoJa MOIIHOBYBadiB mMaremaTtuku. Tak y mpaui «Tpu kimacuuHi mpoOGiemu
reoMeTpii: MoIBOEHHS IOCTUCTIHHUKA, TPUCEKIIS KyTa, KBaJpaTypa kojay [8] Bin nume: «Oyiero
PO3BIOKOI0 X0Uy po30youmu oesxe 3aiHmepecy8anHs 8eIUKUMU NPoOIeMamu MamemamuKky, wo
HaO iX po36’a3K00 Npayseany yili NOKONIHHA Yepe3 KilbKanauysms cmonims. Takuil Hapuc sK
oyetl He Modxce Oymu nosHULl, HI euuepnyodul. ... Akwo 3micm oyici KHUdCeuKy écnie po3oyoumu
3ayiKagienHs MaKUMUu NUMAHHAMU, AKUX SHAOMICMb 88axcacmbcs 6 3axiouitl Eeponi uacmunoio
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3a2anbHo20 00pazy8anHs, mo ii 3a80AHHA MOSMUMY 88AHCAMU NOKU U0 CHOBHEHUM.

1O. BoraueBchbKHil aKTUBHO CIIJIKYETHCS 13 €BPONEHCHKUMH MaTeMaTHKaMH, B1IBIYIOUU
3’13am matematukiB y Hasraitmi 1920 p., €ni 1921 p., Jlgitnmiry 1922 p. Ta iH., a Takox 3’1371
HIMEIbKHX JIiKapiB 1 npuponuukiB y [Ipasiy 1929 p.

[Ipo iioro muUpoKy epyaulio Ta pOo3yMiHHS MIMOMHHUX HAYKOBUX OCHOB MaTE€MaTHUKH
nizHaeMocst 31 crarti «®PopmanizM Ta IHTYImOHI3M y MmareMatuili» [15], 3pedepoBany 3a
nornoBigaro Ha VI 3’1341 ykpalHCBKMX NPUPOMHUKIB Ta JikapiB Bix 17 TpaBHs 1937 poky.
3aBiaHHsAM ITi€1 TOTOBIII OyJI0 3aI[iKaBUTH MaTeMaTHKIB (1 He TiTbKK) 6a30BUMHU (iT0COPCHKUMU
npobiieMaMu B MaTeMaTHIll Ta B HapsIMKax ii po3BUTKY. OCHOBHUM NUTaHHSM €: «Uu € cydacHa
MaTeMaTHKa JIOTiYHO TNepeKOHIuBO0?». Ilomemika CTOCOBHO LOTO MHUTAHHSA YacTo
nopyIryBajiacs Ha moyaTky XX CTOJITTS Ha pi3HUX 3°i3/1ax, J1e Opanu ydacTh B IUCKYCii HE TUIBKU
MaTEMAaTHKH, a i MPEJCTABHUKH JIOT1KHU Ta JIIHTBICTH, 1 TOPKAJacs MATAaHHS 3HAYCHHS MaTEMaTHKH
Ta CTAJIOCTI i1 TBEPKEHb.

1O. boraueBcbkmii mnume: «[le @erbmu wKiOnuga piy, 68ajdcamu Mamemamuxy
“npakxmuynoro” Haykow 6 MmoMy 3HAUIHHI, WO 3 Hei MAEMO AKUlCb 0Oe3nocepeoHill XOceH
[xopucmu]». JlonoBiab 1Mogae MOPIBHIILHUHN aHAJi3 aKCIOMaTUYHUX OCHOB TeomeTpii EBkitina Ta
['inpbepTa Ta MOKIIMBOCTI 1X 1HTEpHpeTallii, TOBOPUTHCS MPO HE3AICKHICTh aKCIOM, HAaBOASATHCS
XapaKTEPUCTHKH HEEBKJIiIOBOI reomeTpii. Takox 3ramyroThCsi Jesiki HEpO3B’s3aHI Ha TOW 4Yac
npo0iieMu, sk OT Benuka TeopeMa depma, cydacHi mpodiieMu Teopii MHOXKHH Ta BiAMOBITHOCTEH,
napaziokcu B Teopii MHOXHH Kanrtopa. Takox IOMOBiay OXapakTepU3OBYE JIBa HANPSIMKH B
MaTeMmaruii — Qopmali3M Ta 1HTYILIOHI3M, aHalli3ye 3 TOYKHU 30pYy 3aKOHIB JIOTIKM, 3raaye ix
npuxwibHEKIB [lyankape, Beiins, Paccena, ®@pere, Kponekepa, bpayepa, Llepmemnno, Jlebera ta
BKa3y€e HAIMpPSIMKU 1 pe3yibTaTd iX JOCHiKeHb. SIK BUCTIA — O0MABa MiAXOAM B MAaTeMAaTHIll €
«rpaBIuBUMNY:. «Cb0200HI 00U08a HANPAMKU 3AKCIOMAMU308AHI, MAK WO MIIbKU [HMYIYIUHO
ModicHa nputimamu abo 00Hy abo opyey cucmemy axciom. Cb0200Hi 82ice ACHO, WO 8CAKE OYMAHHSA
3anedcHe 8i0 aKciom i npo «npagoy» NpuxoOUmvCs 20860PUMU HA CMIIbKU, HA CKIIbKU NPABOUBL
axciomu. I oys npogiona pons mamemamuKky IUMULACs ii 8eTUUHIM 3A80AHHAM .

VY 40-Bux pokax pO3BUBAETLCS HayKoBO-menmaroriuna kap’epa 0. Bborauescekoro. Bin
3aiimMae mocaay AoueHTa y JIbBIBCbKOMY MeJaroriyHoMy 1HCTUTYTI aX JO0 HIMENbKOi iHBasii. 3
1940 mo 1944 pokum mpamroe Ha mocaji BUMATENS XiMii Ta ManspHOi TexHojorii y JIbBiBChKil
XynoKHbO-TIpoMHCIOBI MKodi. 3 1944 poky 3HOBY Ha mocaji AOIEHTa Ta 3aBiayBaya Kadenpu
MaTeMaTukd JIbBIBCHKOIO MENarorivHoro 1HCTUTYTY. A TaKOX 4YHUTa€ KypCH MiJIBUILECHHS
kBayigikamii BunuteniB. 3 1946 poky 3a CyMICHULTBOM OYOJIO€ Kadeapy JiHiiiHOI anrebpu y
JIpBiBCEKOMY JIepKaBHOMY YHiBepcuTeTi. Buknagae taki kypeu: «Buia anredpay, «[IpoekTuBHa
reoMeTpisy, «CHernkypce eleMeHTapHoi MaTeMaTHKny, «CreniaabHuil MaTeMa-TUYHUN ceMiHapy.
AKTHBHO BiABiAye HaykoBuil cemiHap b. I'Henenka. IlponmoBxkye mnpaiioBatu HaJ pi3HUMHU
HAayKOBHMH TeMaMH 3 ajreOpu, reoMeTpii, aHami3y Ta MexaHiku [16—22].

Onian boraueBchbkuii, BOJIOAIIOYM KJIACUYHMMM Ta €BPONEHCHKMMH MOBAaMH: T'pelbKa,
JaTUHCHKA, HIMEIbKa, (ppaHIly3bKa, aHTIIHChKA, MTOIbChKA Ta iH., BUTHO YUTAB Mpalli aHTHYHUX
Ta Cy4yaCHHX CBITOBUX MaremartukiB. IlocTiliHo mpartoBaB, 30arauyroun cBil Oaraxx 3HaHb,
I[[IKaBUBCS HOBITHIMH HAaNpsIMKaMd B PO3BUTKY MaTeMaTWKH. UyJOBO OpI€HTYBaBCS y PI3HUX
NUTaHHAX (PI3UKO-MAaTEeMaTUYHUX AUCUMILIIH. [Ipo HHOrO BIATYKYBalHCs SIK IPO MaTeMaTHKa 3
IIMPOKOIO epyauIliel0 B iHO3eMHiN JiTepaTypi. MaB Benanue3Hy 0610710TeKy, SIKy IMOJapyBaB
JIbBIBCbKOMY JIep>KaBHOMY YHiBepcuTeTy iMeHi I[Bana ®panka. 3aBxau MIr HOpPaguTH 1
JIOTIOMOT'TH MOJIOJIIIMM KoJjieraM Ta cTyaeHTam. HOmian boraueBchkuil — 11eif 1iKaBUH YOJIOBIK 3
IHTENTeHTHUM TIOTJISIZIOM HAa3aBXKIM 3IUIIATHCS IS HAC 3Pa3KOM YKPaiHCBKOTO BYEHOTO-
IHTENeKTyaJa, efarora Ta JOCIiJHUKA.

BucHOBKHM Ta mepcneKTHBH MOJAJIbIIMX HAYKOBUX po3Bigok. IOmian Borauescbkuit
3aIMIINB MITMOOKHIL CITiJT y PO3BUTKY yKpaiHChKOI MaTeMaTH4HOI mKomy. Moro mpari € mikaBumu
JUISl CY9acHUX HAyKOBI[IB, 30KpeMa B rajy3siX MaTeMaTUYHOTO aHalli3y, alireOpu Ta reoMeTpii,
MaTeMaTHYHOI JIOTiKH, iICTOPil MaTeMaTUKHU Ta MeJaroriku. Horo MPUHIIMIIOBO HAYKOBUH MiIX1a y
MaTeMaTHYHUX JOCIHIPKEHHSIX, BUKIIQJICHHI HaBYAJILHOTO Marepially 3 MaTeMaTHKH, BUMOTH B
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JIOTIYHOMY aHami3i Ta CTPYKTYpPYBaHHS MAaT€MAaTHYHUX IIOHATh, JTOTPUMaHHI TOYHOCTI
MaTeMaTHYHOI MOBHU aKTyallbHI 1 ChOTOJTHI.

boraueBchbkHii CTaB MPHKIAIOM JUIS CYYaCHHX MAaTEMAaTHKIB, SIKI MOEIHYIOTh HAYKOBY
Mpamo 3 MEeIarorivyHo JiSUTBHICTIO. Horo mocrars BUCHOTO-TYMaHICTa, SIKHH HaBYa€ IIKaBO,
BUXOBYIOYHM HAI[IOHAIBHO CBIJIOMHUX TPOMAJISH, MpAIlO€ HA Oyaro pigHOI JepKaBu, HAAUXaA€E 1
cborofHi. CHHTeTUYHHHI MiXia, mponaroBaHuii boraueBcbkuM, MOKIMKaHUN (POPMYBATH B YUHIB
IIJTICHY KapTUHY 3HaHb SK 3 MaTeMaTHKHW, Tak 1 ¢i3uKH, icTopii, reorpadii Ta iH., TOIIIHHO
BUKOPHCTOBYBATH 1 3apa3.

Im’s FOnmiana boradeBchkoro — ojHe 13 MIesId HayKOBIIB [ amnyuHu, 1m0 MOTpeOyIOTh
MOJIAJIBIIIOTO JTOCIIHKCHHS JJIsi (POPMYBAHHSI 3araJIbHUX YSBJICHD PO YKPATHChKY MaTeMaTHYHY
IKOJTY.
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Sheparovych I. B., SobkoT. The Paradigm of the Ukrainian Mathematician, Educator

of the 20th century, Yulian Bogachevsky in the Modern Science Light.

The article presents a brief biography and overview of the scientific and pedagogical

activities of the Ukrainian scientist, Doctor of Philosophy in the field of physical and mathematical
research, member of the Taras Shevchenko Scientific Society, Yulian Bohachevsky; the main
features of his worldview, analysis of the basic values, ideas that he tried to convey to modern and
future generations are presented.

Studies of the legacy of Julian Bohachevsky are presented in comparison with those scientific

studies that were conducted at the beginning of the 20th century in Europe, as well as in comparison
with modern problems in the field of mathematics and its teaching methods, the formation of scientific
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principles of mathematics in students is not isolated, but in connection with other subjects: physics,
history, geography, biology and others, which was a new trend in Galician pedagogy at that time.
The current relevance of the problems raised by Bohachevsky in his works is emphasized,
such as the upbringing of critical thinking in adolescents, the ability to build a chain of logical
reasoning, avoiding false paths, the need to study mathematics not in a simplified, but interesting
way, maximally activating the activity of students, making them interested in new approaches,
ideas and unsolved problems in mathematics. The article also contains a set of historical facts,
photos, as well as links to Bohachevsky's articles in the Collections of Taras Shevchenko Scientific
Society, where you can also get acquainted with the works of other members of the Taras
Shevchenko Scientific Society.
Keywords: Julian Bohachevsky, education, mathematics, physics, Galician pedagogy,
correlation, Dalton's method, Taras Shevchenko Scientific Society, formalism, intuitionism.
Ilooano oo opyky 07.08.2025
IHpuiinamo oo opyky 14.11.2025

133



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

PO3JLJI 4. OIITUMI3ALISA HABYAHHSA JUCIUILJIIH TPUPOJHHUNYO-
MATEMATHAYHOI'O IIUKJTY 3ACOBAMM IHOOPMAIIMHUX TEXHOJIOI' T

UDC 373.5.016:51:811.111
DOI 10.24139/2519-2361/2025.02/134-144
0. O. Odintsova
ORCID ID0000-0002-9948-3801
V. O. Bondarenko
ORCID ID 0000-0001-7784-5691
Sumy State Pedagogical
University named after A.S. Makarenko

THE USE OF ONLINE PLATFORMS IN THE IMPLEMENTATION OF SUBJECT-
LANGUAGE INTEGRATED TEACHING OF ENGLISH AND MATHEMATICS

For the modern Ukrainian education system, the issue of integrating teaching of English and
other subjects is important, which is reflected in typical educational programs for secondary schools
and programs of school disciplines. Among modern approaches to learning foreign languages in terms
of integrating subject content, the most appropriate for secondary school, in our opinion, is the content
and language integrated learning (CLIL method), in which English serves as a means of learning
subject, mathematical in particular, content and provides an opportunity to form foreign language
linguistic and communicative competences. Despite the fact that the vast majority of researchers
consider this method of integrated learning to be applicable only to higher education (higher education
level), in our opinion, it can be applied starting from primary school using the partial integration
model, since during this period of study students have quite different levels of knowledge of a foreign
language and most subjects are studied according to programs approved by the Ministry of Education
and Science of Ukraine, namely this model does not violate the integrity of these programs and does
not require significant changes in their requirements.

For successful implementation of integrated lessons using the CLIL method, according to
D. Coyle, D. Marsh and other ideologists of this method, it is necessary to introduce the following
4 elements (the “4Cs” system): Content, Communication, Cognition and Culture. Taking into
account the elements of the “4Cs” system emphasizes the need for teachers to focus not only on
the content of subjects and language, but also on the dynamic aspects of integrated learning,
without which neither language nor subject competencies can be effectively formed.

The analysis of available sources shows that today the Ukrainian education system lacks
global methodological developments of examples of integrated lessons of English and other
subjects using subject-language integrated learning, therefore, for successful implementation of
the CLIL method in teaching mathematics at school, a detailed study of available English-
language electronic resources is required, the Desmos online platform in particular. The latter is
an interesting and powerful system of various mathematical tools and a large collection of didactic
mathematical materials for all levels of school mathematical education, called Amplify Classroom.
It should be noted that some of the activities have been translated into different languages, but the
full-text collection is available only in English, which makes this collection interesting for
implementing the CLIL method in teaching mathematics. The article discusses in details the
activity called Marbleslides: Exponentials, its features and possibilities of using gamified tasks,
an assistant for the teacher regarding the specified activity, particularly in the context of the topic
of transforming graphs of functions.

The available number of slides in the activity Marbleslides: Exponentials — 24, and their level
of complexity allows us to differentiate the approach to selecting tasks for an integrated lesson for
classes with different levels of learning mathematics: for the standard level of learning — you can limit
yourself to slides from the Fix It groups (6 pcs.) and Predict & Verify (8 pcs.), but for the profile level
—use all 24 slides. At the same time, the developers suggest that the teacher use the response mode on
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the toolbar to check the progress of students, if necessary, provide them with individual support or
hold a short discussion with the whole class if a sufficient number of students have difficulties. And
since the considered activity from the Amplify Classroom collection is typical and fully meets the
requirements for the “4Cs” elements, with the help of which the CLIL method is implemented, all this
makes Amplify Classroom indispensable in the implementation of the specified method in the absence
of an appropriate system of printed/electronic methodological materials in Ukraine.

Keywords: subject-language integrated learning, mathematics teaching methodology, high
school, electronic didactic materials, online platform Desmos.

Problem statement. According to the concept of the New Ukrainian School, integrated learning
should become an integral part of the modern Ukrainian education system, since it is this approach to
education that encourages students to explore the connections and interactions between disciplines,
relying on knowledge and skills from the relevant subject areas, critically evaluating these interactions.

On the other hand, knowledge of the English language is extremely important for the entire
modern world as a whole, especially in the context of global changes and challenges, in the context of
Ukraine’s integration into the European and global environment.

Therefore, the issue of integrating English language learning and other academic subjects is
important for the modern Ukrainian education system, which is reflected both in the Law of Ukraine
“On the Use of English Language in Ukraine” (2024) [1] and in the programs of individual academic
disciplines [2].

Among modern approaches to learning foreign languages in terms of integrating the content of
disciplines, the most appropriate for secondary school, in our opinion, is the subject-language
integrated learning (CLIL method), in which English acts as a means of learning mathematical
(subject) content and provides an opportunity to form foreign language linguistic and communicative
competences in an educational context. But the lack of a systematic approach to didactic materials for
implementing the CLIL method in teaching mathematics requires a more detailed study of available
electronic resources, in particular the Desmos online platform.

Analysis of current research. Currently, the method of subject-language integrated learning is
gaining more and more popularity in higher education, and accordingly, more and more publications
about its application appear. Thus, the issue of the need to integrate the CLIL method into the educational
process was considered by such foreign researchers as D. Coyle (1999) [3], D. Marsh (2001) [4], (2010)
[5], P. Bell (2009) [6], I. Feltzan (2021) [7], N. Olson (2020) [8] and others. Among domestic scientists,
issues covering general aspects of the use of the CLIL method were addressed by O. Pershukova (2018)
[9], O. Milyutina, K. Fedchenko (2023) [10], Yu. Stryrkina (2020) [11], the introduction of elements of
the CLIL method into the educational process by N. Tarasenkova, I. Akulenko, O. I. Kulish, 1. Nekoz
(2022) [12], N. Savchenko, R. Turenko, Yu. Fedorchenko (2023) [13] and others. At the same time,
targeted and systematic work on the dissemination of knowledge about the CLIL method and its
integration into the educational process in Ukraine is carried out by the British Council in Ukraine and
the Goethe Institute through the organization of training events for teachers, familiarizing them with the
capabilities and educational potential of this technology [14], [15].

The purpose of the article. Based on the analysis of the basic concepts and approaches of
subject-language integrated learning, to demonstrate the features and possibilities of using gamified
tasks of the Amplify Classroom collection of the Desmos online platform for such learning on the
example of considering the Marbleslides: Exponentials activity and the corresponding teacher assistant
(Teacher Moves) in the context of the topic of transforming function graphs.

Presentation of the main material. The term CLIL method originated in Europe in the early
nineties of the 20th century. [3], the author of the term "subject-language integrated learning” (CLIL
method) is D. Marsh (1999) [4]. The CLIL method is based on the use of the language of instruction
(Language 2 — L.2), which is different from the students’ native language (Language 1 — L1), to master
the content of the academic discipline, therefore, a foreign language (L2) is learned as a result of the
formation and development of linguistic competencies in order to perceive the content necessary for a
specific academic subject/discipline [16]. At the same time, the CLIL method should not be a means
of simplifying the content or re-studying what students already know in their native language; such an
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approach makes the learning process interesting and motivating, unlike traditional approaches based
on memorizing rules and vocabulary [11].

Based on the analysis of the available literature, it can be stated that the method of subject-
language integrated learning is used by most teachers mainly in teaching higher education students.
However, according to Yu. Styrkina [11], whose standpoint we fully share, “the method of subject-
language integrated learning can be successfully applied at different ages and at different levels of
education”. In our opinion, it is worth starting to introduce this teaching method, starting from primary
school, gradually accustoming students to this teaching method. In addition, given that the CLIL
method arose from teaching natural sciences in a foreign language, conducting integrated lessons of
mathematics and English using the specified technology is quite justified. Meanwhile, for a secondary
specialized school, the “partial integration” (partial immersion) CLIL model is more applicable, since
during this period of study students only determine the profile of their future professional activity, have
quite different levels of knowledge of a foreign language (L2), and most subjects are studied according
to the programs approved by the Ministry of Education and Science of Ukraine, namely this model
does not violate the integrity of these programs and does not require significant changes in their
requirements.

Thus we believe that the following advantages of the CLIL method, which were mentioned in
[11], should be added:

- double consolidation (simultaneous acquisition of mathematical terms, concepts and

language skills);

- expansion of the language environment;

- adaptation of knowledge to two language contexts;

- development of thinking (switching between languages contributes to cognitive flexibility,

which in turn increases the ability to analyze and synthesize information);

- practical application (preparation for international tests, olympiads, study abroad).

For successful implementation of integrated lessons using the CLIL method, according to
D. Coyle, D. Marsh and others [5], itis necessary to introduce the following 4 elements into its structure
(the “4Cs” system):

1. Content — stimulation of the process of formation and development of subject competencies;

2. Communication — use of a foreign language (L2) as a means of obtaining knowledge in the
subject;

3. Cognition — development of thinking abilities for studying the educational component and a
foreign language;

4. Culture —understanding the characteristics of different cultures for socialization in a multicultural
society, preservation of one’s own culture [10].

Thus, taking into account the elements of the “4Cs” system emphasizes the need for teachers to
focus not only on the content of subjects and language, but also on the dynamic aspects of integrated
learning, without which neither language nor subject competencies can be effectively formed.

The CLIL method, as a teaching technology, along with its advantages, also has a number of
challenges, some of which were highlighted by Yu. Styrkina [11] and supplemented by us:

1. For teachers:

- the need to develop their own knowledge of new subjects in order to effectively teach, and

vice versa, for subject teachers to strengthen language training;

- carefully structure lessons in order for students to understand the content of the lesson, as well

as the language through which information is transmitted;

- manage the audience in pairs, and hence develop the ability to negotiate, readiness for mutual

assistance;

- consistently develop concepts for placing materials and checking task completion to make

sure that the language and content of the subject are studied on an “equal” basis;

- lack of appropriate didactic materials.
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For students:

- thisis the difficulty of adaptation, since some students may find it difficult to adapt to learning

in two languages, especially if their level of English is insufficient;

- integration of two subjects can increase the volume of material, which will require additional

efforts from students.

Generally speaking, the CLIL method is a relevant method for modernizing the content of
education in Ukraine and in the world as a whole. Its use during integrated lessons of mathematics and
English at school is natural, but unfortunately not supported by appropriate methodological
developments.

The analysis of available sources shows that today in the Ukrainian education system there are
no global methodological developments of examples of integrated English and other subjects using
subject-language integrated learning (the presence of developments on the well-known educational
platforms Na Urok [17] and Vseosvita [18] is of a situational nature, although their number is quite
large, but most of them concern primary or secondary schools); The Ministry of Education and Science
of Ukraine has not developed examples of bilingual course programs (in our opinion, the main reason
is compliance with the principle of autonomy of both the school and the teacher in particular). The
situation is similar with bilingual textbooks and didactic materials, particularly in mathematics.

Taking into consideration the current state of development of digital technologies, for
conducting integrated lessons of mathematics and English, in addition to printed didactic materials, it
Is advisable to use various Internet resources. The directions of such use may be as follows:

- interactive exercises using digital worksheets, embedded tasks in presentations, etc.;

- multimedia resources such as educational videos, audio podcasts, animations;

- online platforms and educational services for testing, conducting experiments in virtual

laboratories, using game environments.

Compared to traditional printed didactic materials, the use of Internet resources has several
advantages, the most important of which are: rapid updating of content in accordance with school
programs and international standards; a variety of presentation forms (texts, audio, video, interactive
modules, etc.); individualization through the ability to adapt exercises to the level of preparation of
each student; promoting the formation of teamwork and communication skills in English.

The main disadvantages of using digital online resources are: dependence on electricity and the
Internet availability, the presence of skills in working with digital platforms (GeoGebra, Desmos, Khan
Academy, etc.) for both teachers and students. We also support the opinion of modern educational
researchers [19, p.34] that, despite the possibility of diversifying educational content using online
resources, the latter should be used in moderation.

The selection of educational materials for integrated mathematics and English lessons should
take into account:

- the real level of students’ English (A1-B1 according to CEFR);

- the clarity of mathematical content;

- the simultaneous gradual language support: glossaries, language frames (“How many...?”,

“The result is...”) and short prompts;

- the complexity of texts: too complex can distract from the mathematical essence, too easy

ones will not stimulate language development.

When conducting an integrated lesson in English and mathematics, it is important to manage the
cognitive load of students. In particular, it is worth breaking the solution into stages: first purely
linguistic (translation from the L2 language to the native language L1), then mathematical
(understanding the condition of the problem), then again linguistic (discussion in English), and finally
- combined (solution and presentation). You can use visualization (*'scaffolding": drawing diagrams,
mind maps, etc.), as well as modeling situations, offering students to work in pairs or groups - this
reduces the pressure of the load and stimulates the production of ideas. And of course, repeating the
terms "What does this word mean?" ("What does this word mean?") and structuring the task condition
("What is the connection between these data and our task?" ), as well as other open-ended questions in
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English for the development of critical thinking. Also no less important during an integrated lesson is
the use of formative assessment: written short tasks, "micro-checks™ in the middle of the lesson, etc.

Among the online platforms that can be used during integrated lessons in mathematics and English
using the CLIL method, there is the American platform Desmos (https://www.desmos.com/?lang=uk)
which has transformed from a regular program for constructing graphic objects on a plane (graphs,
solutions to equations, inequalities and their dynamic transformations) into an interesting and powerful
system of various mathematical tools and a large collection of didactic mathematical materials for all
levels of school mathematical education. The latter is currently called Amplify Classroom. It should be
noted that some of the activities have been translated into different languages, but the full-text collection
is available only in English, which makes it interesting for integrated English and mathematics lessons.
Fig. 1 and 2 show the start pages of the platform and the collection, respectively.

desmos Math Tools »  Resources »  Partnorships v Ocme~. ®i4

Beautiful free math.

At Desmos Studio, we want to help everyone leam
math, love math, th math.

Explore all of our math tools!

T == (~%
TEaEamaa
Graphing  Scientifc Four Maie Geometry 3

Function

Fig.1. Desmos Starting Page

BigxpwitTe Ans cebe

INackaBo npocumo go Amplify Classroom

NepernatsTe Hawy GiGnioTexy

s canox knac @ knac @ knac @ knac @) knac @ knac @ Kaac @ knac @ «nac @
& Dopmyna L1} MpamoTHiCTL é Hayka
Hatimonyaprimi TlepernanyTH Bce
Ge-ll:ug ‘o Know Each Other +

This activity is intended to help you get to know your students and for them to get to know each other.

Fig. 2. Amplify Classroom Library Starting Page

It should be noted that registration on both the Desmos platform and the Amplify Classroom
didactic tool system is free and possible via Google, Apple, or via email with a choice of language, in
particular Ukrainian.

In the didactic tool library itself, a personal page for the teacher is created, to which he can upload
activities that interest him for further use during training (Fig. 3).

Home Q
Recently Visited ®
:v: Tl Moarblesiides: RN Marblestides: Shelley the Snail
RO Exponentials A Nepioamani Gywaii s
15m Ago 22m Ago 51d Ago.
Welcome, Educator
OaiHyosal
Stream @
Discover Content
Math . Shira the Sheeo e
h. Math > You generated a code for Shira the Sheep GotoLesson
Code (7o )
(A1) Literacy >
Math | Shelley the Snail
A o )| You generated a code for Shelley the Snail GotoLesson
cience > Code °
.b Featured + Popular = f‘ﬁ Math Shelley the Snail

Fig. 3. Amplify Classroom Teacher’s Personal Page
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A typical example of the activities offered on the Amplify Classroom platform is the Marbleslides
game, which deals with the transformation of graphs of exponential functions. As is known, the
exponential function is widely used in the natural and behavioral sciences (in physics - when describing
radioactive phenomena, finding the charge of a capacitor, sound attenuation after an explosion, in biology
- when calculating population growth, the spread of viruses, in chemistry - reaction kinetics, in economics
- compound interest, inflation and depreciation, exponential market growth, etc.). And knowledge of the
rules for transforming graphs of functions is also important in the context of the National Multi-Subject
Test, since tasks on their use are present every year during the main and additional sessions.

The  stat  page of the activity called Marbleslides: Exponentials
(https://classroom.amplify.com/activity/566b317b4e38ele21al0aafb?collections=651ca31cf69ee59aa9
£3818a,632¢77b104648305feffcfda&utm_campaign=share&utm_content=activity&lang=en)  looks
like the one shown in Fig. 4. At the beginning, it contains general information, such as: a description of
the activity (annotation); the time for which the activity is designed; for which classes it is designed; a
list of devices that are advisable to use during the activity, in particular, it is indicated that screen readers
can be used for visually impaired students; a list of languages into which the activity is translated.

On the same starting page, there are various options for sharing the activity: via a link, via posting
to Facebook or Twitter, via a one-time code, or providing direct access to the created classes on
Amplify Classroom. It should be noted that there is a platform that allows you to export classes created
in GoogleClassroom. The next part of the activity page is occupied by slides of gamified tasks (Fig.
5), which can be viewed for preliminary familiarization and correlation of actions with Teacher Moves.

Featured Collections / 7 : Q

Marbleslides: Exponentials +
L] Marbleslides 5 assroom) | 45-60 minutes | Development (IEESED)

A Mobile @ Tablet @ Laptop @ Screen Reader Friendly

Marbleslides: Lines

In this delightful and challenging activity. students will transform exponential functions so that the marbles go through the
stars. Students will test their ideas by launching the marbles and will have a chance to revise before trying the next challenge.

Marbleslides: Exponentials

Marbleslides: Periodics
Translated by the Desmos localization team into:

Marbleslides: Parabolas Chinese | Dutch | Estonian | French | Italian | Korean | Russian | Spanish

Translated by volunteers into:
Marbleslides: Rationals Japanese

MarbleslidesMonday
Looking for more activities like this?

#MarbleslidesMonday Algebra 2
Challenge 1 !‘J% ] By Amplify | 16 activities
#MarbleslidesMonday - i ] Teach students about interpreting functions with graphs. domains and ranges, and how to translate or reflect functions.

Explore our K-12 math program. Amplify Desmos Math, here

Challenge 2

Fig. 4. Marbleslides: Exponentials Starting Page
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Challenge 3 Your Assignments

#MarbleslidesMonday -

Challenge 4 Assign this activity to one of your classes or create a single session code

#MarbleslidesMonday - & & Teacher Move: Pr

Challenge 5 Teens e e o
2 paren Rrcen

#MarbleslidesMonday - Yo vy

1 (2 faer [T 1) (5 Reset
Challenge 6 | 1 {88 ISH1 5% S04 Kl 1
1 . (! | = o=
,&\z’/ ( =2t =

Challenge 7 I | | [
== 1 i

Lt |7 Predct s 8 Verity #1
! | Wwechanged
HA—— | the-3wa3
'3 [ | late
Pt ot il
josielizl = e

12 Verity #3 13 Precict #4

== W o
SFXRE3 1t

#MarbleslidesMonday -

6iFt 8%,
Challenge 8 s

Extra Challenges fHEREH

Marbleslide Challenge Set

Marbleslides: Fall Edition!

Fig. 5. Marbleslides: Exponentialé Slideé Page

The latter was designed to help the teacher prepare and conduct a lesson using the activity in
question. Thus, at the beginning of Teacher Moves, in addition to repeating general information and a
brief overview of the slides, it is suggested to determine the purpose of the lesson, its pace, and which
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screens will be used: one general one, or personal for each student, etc. In particular, the Teacher Moves
preamble to the activity under consideration states:

“Consider these questions as you plan:

- Which screen(s) should everyone work on at the same time? Why?

- Which screen(s) do you want to keep students from seeing until you're ready for the class to
see them together? (Perhaps because they reveal answers or require a whole class
conversation for introduction)”.

- Are there any points in the lesson where you will want to make sure students aren’t playing
with the screens while you discuss something as a class? The proposed set of questions is
related to the fact that when completing tasks, it is possible to synchronize students’ actions
using the teacher’s panel (Fig. 6), even in a situation where they are sitting at separate gadgets.
The teacher’s panel can also be used to track the progress of an individual student.

€ Shirathe She... v 9students Snapshots Summary Teacher Student

ux
(& [=] an n rs ry rs n n . .
g 3 1WarmUp :  2EdgeC.. : | 3Sketch.. } | 4Sketch.. :  5Gettng. : | 6HelpS.. : | 7HelpSh. }

Anonymize Pace SynctoMe Pause

SORTBY | Time Entered - . - N e il e® o

Hareis Wesisa || ) Hareina eina sae
XKewn Ocsitopin : ° v v v ° v v
Nasno Koxoton : ° v v X ° v
Stebya : ° v v v ° v v
Olena s : ° v v v ° v v
Onexcanap Nasapes ° v v v

Haranis Llessenxo : ° v v v ° v v

Fig. 6. Amplify Classroom Teacher Activity Panel

Next, Teacher Moves provides tips for each slide. Let's look at this with specific examples. Fig.
7 shows a screenshot of the first slide of the activity. While performing the activity, by clicking the
Launch button, you can watch a purple ball fall, collecting yellow stars.

1o Student Screen Preview - < lol2d | Nest >
Let's Marbleslide!
+ s 8 «

Here's the goal: Get all the stars. Get to know
exponentials.

Click "Launch” o see what we mean.

Fig. 7. Marbleslides: Exponentials Activity Slide 1

The corresponding part of Teacher Moves suggests briefly writing the teacher's actions during
communication with students (Fig. 8), in particular, if this is the first time playing Marbleslides, it is
worth focusing on describing the rules and goal of this game (arranging the function graphs so that the
balls, rolling over them, collect all the stars).

i‘I‘L_et's_ arblEdIdar
- 1
TN
R

My Notes:

Fig. 8. Part of Teacher Moves Corresponding Slide 1 of Activity Marbleslides: Exponentials.
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Starting from the second slide of the activity and in the prompts to it, the teacher is invited, in
particular, to: experiment with students by changing the numbers in the expression for the function and
observing the change in the position of the graph; monitor the progress of students using the teacher
panel; write down a brief plan of their own actions in doing so (Fig. 9).

| & Teacher Moves

Encourage students to change one number at a time, and then change it back
before changing other numbers, in order to better understand the effect of
that number.

Use responses mode in the teacher dashboard to check student progress.
Offer individual support where needed, or lead a brief whole-class discussion
if enough students are struggling.

{J Sample Responses

‘ g 1)

My Notes:

Fig. 9. Part of Teacher Moves Corresponding Slide 2 of Activity Marbleslides: Exponentials.

Some of the following slides concern other transformations of function graphs (transposition
along the axes - separately for each and together, symmetry with respect to the axes, replacement of
the base of the power, etc.). There are slides where the theoretical task is first proposed - putting
forward a hypothesis, and then testing the guesses through an experiment. In Teacher Moves, these
slides are suggested to: consider the possibility of various answers; emphasize to students that the lack
of consensus is normal and even desirable; ask students to justify or question the hypotheses of their
classmates and, since the lesson is integrated, do it in English.

Besides, part of the slides of the activity Marbleslides: Exponentials is devoted to creating
several custom functions with such restrictions as to collect all the stars that are previously placed on
the coordinate plane. At the same time, the developers suggest that the teacher use the response mode
on the toolbar to check the progress of students, if necessary, provide them with individual support or
hold a short discussion with the whole class if a sufficient number of students have difficulties.

@ Student Screen Preview o < 90f24 | Next >

Predict #2

10 If we changed the -4 to a 4 in the equation, what would happen
to the graph?

& Teacher Moves  {[J Sample Responses

Fig. 10. Slide 9 of Activity Marbleslides: Exponentials.

The available number of slides in the activity Marbleslides: Exponentials is 24, and their level of
complexity allows you to differentiate the approach to selecting tasks for an integrated lesson for classes
with different levels of learning mathematics: for the standard level of learning, you can limit yourself to
slides from the Fix It (6 pcs.) and Predict & Verify (8 pcs.) groups, but for the profile level, use all 24
slides.

Regarding the large amount of information and its diversity, an integrated English and
mathematics lesson using the Marbleslides: Exponentials activity should be conducted in several stages:

- at the beginning, recall basic knowledge of mathematics (definition of an exponential

function, its properties and rules for transforming function graphs);

- create a dictionary for the lesson, writing out terms in English that will be encountered during

the activities;
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- for students with a high level of language proficiency, duplicate basic mathematical
definitions and rules in English, continuing to fill in the dictionary.

- spend the main part of the lesson alternating between translating the content of the slides and
completing the tasks offered there. If the latter require explanations from students, then the
answer can be formed, for example, in Ukrainian with the obligatory subsequent translation
into English.

Conclusions. Thus, the considered possibilities of the activities of the Amplify Classroom
collection, which are placed on the online platform Desmos, and their methodological support, allow
us to conclude that this collection fully meets the requirements for the “4Cs” elements, with the help
of which the CLIL method is implemented. The lack of a system of printed/electronic methodological
materials in Ukraine for subject-language integrated learning makes Amplify Classroom indispensable
in the implementation of the specified method. So, meeting the requirements of the New Ukrainian
School and the educational programs of the Ministry of Education of Ukraine, the described technique
could be productively implemented into the educational process. As many scholars state, it would
considerably contribute to the study of mathematics and English as well as to the formation of the
analytical thinking and development of communicative competences in learners and to the
advancement of the Ukrainian education system.
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Oainnosa 0.0., bonnapenko B.O. Bukopucranusa onaaiiH-miargopm y peanizanii
NMpeAMeTHO-MOBHOI'0 iIHTErPOBAHOI0 HABYAHHS AHIJIIMCbKOI MOBH Ta MATEMAaTHKH.

Jnsa cyyacnoi yKpaincokoi cucmemu 0C8imu 8aMCIUBUM € NUMAHHA THMe2payii HAGYaHHS
AH2NTUCHKOI MOBU MA THUUX HABUATILHUX NPEeOMEemMI8, WO 3HAUULIO CBOE 8I000PANCEHHS 8 MUNOBUX
OCBIMHIX npocpamax OJisi cepeOHbOi WKOAU Ma NPOCPAMAX WKLIbHUX HABUANbHUX OUCYUNTLIH.

Cepeo cyuacnux nioxooié 6ueueHHs IHO3eMHUX MO8 Yy HIOWUHI inmezpayii 3micmis
OUCYUNIIH HAUOIIbW OOYLIbHUM Ol CePeOHbOol WKOU, HA HAW NO2NS0, € NPeOMemHO-MOBHE
inmezpogane Hasuanus (CLIL-memo0), npu axomy auneniticbka Mo8a UCMYNae 3acob0M 8UBHEeHHs.
npeoMemHo20, 30KpeMa MAameMamuyHo2o, KOHMeHm)y ma O0d€ MOXCIusicms ¢opmysamu
IHUWOMOBHI JIIH2GICMUYHI MA KOMYHIKAMUBHI KOMNEMEeHMHOCMI.

He 3saoicarouu na me, wo nepesasicna 6inbuiicms 00CTIOHUKIB 88ANHCAIOMb OAHUL MEMOO
IHMe2PoBaH020 HABYAHHS 3ACMOCOBYBAHUM Nuule 015 uujoi wkoau (pigenv 3B0), ane na Hauty
OYMKY 8IH MOXMCe OYMU 3aCMOCOBAHUL, NOYUHAIOYU 3 OCHOBHOT WKOIU I3 BUKOPUCMAHHAM MOOei
yacmro8oi inmezpayii, OCKiIbKU Y yell nepiod HA8UAHHA YUHI MAlomMsb 0080JI Pi3Hi PI6HI 3HAHb 3
[HO3eMHOI Mo6u | OilbWicmb HABYANLHUX NpeOMemié GUBYUAIOMb 3d  NPOSPAMAMU,
3ameepoxcenumu MOH Ykpainu, a came ys mooenv He NOpyuLye yiliCHiCmMsb yux npospam ma He
8UMaA2A€E CYMMEBGUX 3MIH 8 IXHIX GUMO2AX.

nsa yeniwnozo nposedenns inmezposarux ypoxie 3a CLIL-memooom na oymxy /l. Koiina,
. Mapwa ma inwux ideonocié yboco mMemody NOmMpIiOHO & 1020 CIMPYKMYPY 6800UmMu maxi 4
enemenmu (cucmema «4Cs»): Content (3micm), Communication (cninkysanns), Cognition
(niznasanvui 30ionocmi/nisnanns) ma Culture (kyromypa). Bpaxysauns enemenmis cucmemu
«4Cs» niokpecnioe HeoOXiIOHICMb 0151 BUUMENI8 30CEPeDIHCYBAMUCS He TULie HA 3MICMI npeomemis
ma Mosei, ane Ut HA OUHAMIYHUX ACNEeKmax IHme2po8ano20 HABYAHHA, 0e3 AKUX He MOJHCHA
epexmueno ghopmysamu Hi MOBHI, Hi npeOMemHi KOMNEeMeHmMHOCMI.
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Ananiz docmynnux 0dicepen, 3ac8iouye, Wo Ha CbO20OHI 8 YKPAIHCHKIL cucmemi 0ceimu 6i0CymHi
2N00ANbHI MEMOOUYHI pPO3POOKU NPUKIAOIE THMESPOBAHUX VYPOKI6 AH2MINICLKOI MOBU mMda [THUUX
HABUATILHUX NPeOMemi6 3 BUKOPUCMAHHAM NPEOMEMHO-MOBHO20 IHMEe2POBAHO20 HABUAHHS, MOMY 015
yeniwnoi peanizayii  CLIL memoody npu HaguamHi MameMamuxku 6 WKOIL NOMpIOHO OemajbHe
BUBYEHHS HASBHUX AHIOMOBHUX €JIeKMPOHHUX pecypcis, 30Kkpema ounaun-niamgopmu Desmos.
Ocmanns — ye yixasa ma NOMyM#CHA CUCMEMA 3 PI3HOMAHIMHUX MAMEMAMUYHUX THCIMPYMeHmie ma
8eIUKOI KONEKYIl OUOAKMUYHUX MAMEeMAMUYHUX Mamepianie Oas 6CIX PIBHI8 WKIIbHOI Mamema-
muunoi ocgimu, wo Hocums Hazgy Amplify Classroom. Cnio 3aznauumu, wo OesiKi 3 akmueHocmell
nepexnaoeHi Ha PisHi MO8U, ale NOBHOMEKCMOBA KOAEKYis OOCIMYNHA Juue AH2IIUCbKOI0, Wo poOums
yro Konekyito yikasoro oas peanizayii CLIL -memody npu HaguaHui mamemamuxu.

Y cmammi posensnymo oemanvno axmuenicmos nio uaseoro Marbleslides: Exponentials,
3a3Haueno it 0coOIUBOCII MA MONCIUBOCMIE BUKOPUCMAHHS 2eUMIDIKOBAHUX 3A80aHb, NOMIUHUKA
0Nl euumensi wooo 3Aa3HAYEHOI AKMUBHOCMI, 30KpemMda 6 KOHMeKCmi meMu NnepemeopeHHs.
epapixis ¢hynxyin. Hasena kinekicmo cratioie ¢ akmusnocmi Marbleslides: Exponentials — 24, ma
pieens ix ckaaoHocmi 003601s€ Ougepenyirogamu nioxio 00 niobopy 3a80aHb IHMESPOBAHO2O
VPOKY ON51 KNACI8 3 PI3HUM DIGHAMU BUBUEHHS MAMEMAMUKU. 015 Pi6Hs 8UGUEHH CMAHOApm —
ModicHa oomexcumucs cratioamu epyn Fix It (6 wm.) ma Predict & Verify (8 wm.), a om ona
npoghinbHozo pieHs — euxopucmogyeamu 6ci 24 cnatiou. Ilpu yvomy euumento po3poOHUKU
NPONOHYIOMb BUKOPUCMOBYBAMU PENHCUM 8I0N08I0ell Ha NaHeli IHCmMpyMeHmia, uwjod nepesipumu
npoepec YuHis, 3a HeobXiOHOCmI Hadamu iM IHOUBIOYAIbHY RIOMPUMKY AOO NPOGeCMU KOPOMKe
002080peHHSA 3 YCIM KIACOM, AKUWO OOCMAMHS KIIbKICMb YUHI8 MAE MPYOHOWI.

I ockinvku pozensnyma akmugnicmo 3 konexkyia Amplify Classroom € munogoio i nogHorw
Mipoto 6i0nosioae eumo2am, wo eucysaromovcsa 0o enemenmie «4Cs», 3a 00NOMO20H0 AKUX
peanizyemvcsi CLIL-memoo, mo ece ye pooums Amplify Classroom ueszaminnoio y peanizayii
3a3Hauen020 Memoody 8 yMoeax ei0CymHocmi 8i0n0GioHoI cucmemu OpYKOBAHUX / eleKMPOHHUX
MemoOuyHUX Mamepianie 6 Ykpaini.

Knwuoei cnosa: npeomemuo-mosHe iHme2posane HAGUAHHS, MEMOOUKA HAGUAHH Mame-
MamuKu, cmapuia WKoua, el1ekmporti OUOAKmMu4Hi mamepianu, oHaaur niamgopma Desmos.

Ilooano oo opyky 21.10.2025
IHpuiinamo oo opyky 03.11.2025
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CyMchKuil ep)kaBHUM Ne1aroriaHuii
yHiBepcuteT iMeHi A. C. MakapeHka, Ykpaina

OPTAHI3ALIISI HABYAJILHOI AISVIBHOCTI YUYHIB CYYACHOT O 3AKJIATY
3ATAJBHOI CEPEJJHLOI OCBITHU B IM®POBOMY CEPEJOBUILI JIJI51
PO3BUTKY AJITOPUTMIYHOTO MUCJEHHS

Y cmammi euceimneno neoazociuni 3acaou GopmysanHs ancopummiutHo20 MUCIEHHS VUHIB
3aK1ady 3a2anbHOi CepeOHbOl 0C8imuU 8 YMOBAX CYUACHO20 YUPPOB020 0CBIMHBbO2O cepedosuwya. As-
MOpOM NIOKPECTIeHO, WO PO3BUMOK YMIHb JI02IYHO MUCTUMU, NOCTIO08HO AHANIZY8aAmMU IHGHOpMayiro,
naaHysamu 61acHi Oii ma 30iUcHI08amu ix peghiieKciio € He uue pe3yIbmamom 6iKo8020 PO3GUMKY
OUMUHU, A HACTTIOKOM CUCMEMHOI nedaco2iunoi distbHocmi. Taxka OisiibHicmb nepedbauae NOEOHAHHs
MOMUBAYIUHUX, NI3HABATLHUX, COYIANbHO-KOMYHIKAMUGHUX MA MEXHOIO02IYHUX YUHHUKIE, WO CINE0-
Pproioms cnpusmauge cepeoosuiye 0Jis CMAHOGIEHHs AN2OPUMMIYHOT KYIbMYpPU MOIOOULUX ULIKOTLADIE.

Ocobnusuil akyenm 3poOneHO Ha NPAKMUYHOMY 3HAYEHHI BUKOPUCTAHMA I2POBUX, 00CTiO-
HUYbKUX | NPOONIEMHO-0OPIEHMOBAHUX MEMOOUKAX, SKI NiOsUWYIomb iHmepec dimeti 00 HAGUAHHS,
CHpUSIOMb CaMOCMIIHOCIE MUCTIEHHS A PO3GUMKY JIO2IUHUX 38 A3KI6 MIJC MeOopI€El0 U NPAKMUKOIO.
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Oxpemy yeazy npuoineHo poli yu@posux OCEIMHIX pecypcCis, IHMepaKmueHUux cepeoosuuly i
NPOSPamMHUX 3aco0ie, sKi 3aOe3neuyroms MONCIUBICMb Ol 6i3yanizayii npoyecis, 3aKpinieHHs
MeopemudHUxX 3HaHb i HAOYMms NPAKMUYHUX HABUYOK pOOOMU 3 ANCOPUMMAMU.

Kntouosi cnosa: ancopummiyne mucnents,; yughpoee oceimue cepedosuwye; 3aKia0 3a2a1bHOi
CEepeOHbOi  0C8imU, AICOPUMMIYHA KYIbMypd, MIJDICNpeOMemHa iHmezpayis, aieopummizayis,
NCUXOTI020-Ne0A202TUHI YMOBU POZGUMKY ANCOPUMMIYHO20 MUCTIEHHS

IMocraHoBka nmpodiaemMu. Y cydacHUX yMOBax u¢poBoi TpaHchopmariii OCBITH 0COOIMBOL
3HAYYIIOCTI HaOyBa€ MUTAHHS PO3BUTKY AJTOPUTMIYHOTO MMCJIEHHS Y4HIB 3arajbHOi CEepeHbOI
ocBitu. Lleil Bua MUCIEHHS BUCTYIIAE OJHIEIO 3 MPOBIIHUX KOTHITHBHUX KOMIIETEHTHOCTEH, ajKe
came BiH 3a0e31euye 3/1aTHICTh IUTHHH JIOTIYHO MUCITUTH, aHAJII3YBaTH, CTPYKTYPYBaTH iH(pOpMAaIIito,
IUTAHYBATH X1J1 [l Ta IpriiMaTé oOTpyHTOBaHI piteHHs1. DopMyBaHHS TaKUX yMiHb I1I€ 3 TOYATKOBOI
IIKOJIM CTBOPIOE IIAIPYHTS [UI MOJAJBLIOrO YCIIIIHOIO BHUBYEHHS HACTYIHUX IIPEIMETIB:
iH(opMaTHKH, MAaTEMATHKH, IPUPOJHUYHUX HAYK 1 TU(PPOBUX TEXHOJIOTIH.

HaykoBui po3risiiatoTh alrOPUTMIYHE MUCIIEHHS HE JIUILE SIK KOMIIOHEHT HaBYaHHS [Iporpamy-
BaHHIO, a SIK YHIBepCAJIbHY IHTENIEKTyaJIbHy HAaBUUKY, IO IHTETPYEThCS Yy BCi OCBITHI Tamysi. [Ipote
BOHO HE BUHMKA€E CIIOHTAHHO — ISl HOrO PO3BUTKY HEOOXiJHA CIelliajIbHO OpraHi30BaHa Mejaroriuyia
TiSUTBHICTB, CIIPSIMOBaHA Ha CTBOPEHHS YMOB, Y SIKHX YYHI MOXKYTh €KCIIEPHMEHTYBATH, BUCYBaTH T'iIl0-
TEe3U, pOOUTH MOMUJIKH, aHAJII3YBaTH X 1 3HAXOJUTH BJIACHI CIIOCOOM PO3B’s3aHHS ITOCTABJIECHUX 3aB-
JlaHb. Y bOMY MPOLIECI BXKIIMBY POJIb BiJIrpar0Th MOTHBAIIIS, COIIAIbHA B3a€EMOJIis, MiATPHMKA 3 00-
Ky BUUTEJS T BUKOPUCTAHHS IIU(PPOBUX IHCTPYMEHTIB, 1110 POOJISTH HABUAHHS IPAKTUYHUM 1 IIKABUM.

AHAJII3 OCTaHHIX I0CJT/IZKeHb i my0Jtikaiii. Y KoHTeKcTi 1rdpoBoi TpaHchopMarlii OCBITH po3-
BUTOK aJITOPUTMIYHOTO MHCIICHHS MOJIOJIIUX MIKOJSIPiB HaOyBae OCOOIMBOI 3HAYYHIOCTI. AHai3
HAYKOBHX JDKEPEI TIOKa3ye, 0 MPpoOJieMy PO3IIISIAIOTE Y 3B’S13KY 3 (POPMYBAHHSM JIOTIKO-CTPYKTYP-
HMX HaBUYOK, OOUYHCITFOBATILHOIO i IX0Y Ta LU(PPOBOI KOMIIETEHTHOCTI B IiJIoMy. 30KpeMa, BioBeHko
B. B. Haronomrye Ha JOIUIFHOCTI MOETAITHOrO HABYaHHS 1 3aCTOCYBaHHI Bi3yalIbHUX MOJIETICH SK
Cr1oco0y MOCTYNOBOTo (POpMyBaHHS AITOPUTMIYHOIO MUCIIEHHS Y JITeH 1€ 3 OYaTKOBOT ILIKOMH [2].

[Icuxonoro-nenaroriydi OCHOBH OOYMCIIOBAJIBHOTO MHUCICHHS W YMOBH HOTO PO3BHTKY
BUCBITIIIOE Husanova S. H., miakpecitoroun poib MoTUBaLii, pediekcii Ta iHAuBiAyai3alii HaByaib-
HOTO mporecy B mugppoBomy cepemosuii [3]. IlpakTuuni migxoam A0 iHTerparii alropuTMIYHOTO
HiJIXO/ly B IIKUIbHI peaMeTH 3anpornoHoBaHo JlicHeBcbkoro O. C., sika 1eMOHCTpYye e(eKTUBHICTD
MOETHAHHS MAaTEMaTHYHHUX 1 TEXHOJOTIYHHUX 3aBJaHb /IS PO3BUTKY IPOCTOPOBOI YSIBH, JIOTIKU Ta
TBOpuoro Oauennsi [4]. Hocmimkenns ManaxoBa A. i Ocranenko JI. BUCBITIIOIOTH MOXKIIHBOCTI
IHTEPAKTUBHUX IIAT(OPM 1 Bi3yalbHUX CEPEIOBMIL MPOrpaMyBaHHS Uil CTBOPEHHS HABYAIBHOTO
HpOCTOPY, JI€ Y4HI €KCIEPHUMEHTYIOTh, TECTYIOTh TillOTe3H Ta ONTHUMI3yIOTh AITOPUTMH BIIACHUX
pitens [5]. Meroauka Carana O. B. mikpecitoe NpakTHYHY 3HAYYIIICTh OJIOK-CXEM, JIOTTYHUX BIIPaB
1 TIOETAalTHOTO aHami3y A TpU BHUKIAJAaHHI aIrOPUTMIB y TMOYATKOBHX Kiacax, IO MiJCHIIIOE
HAOYHICTH 1 3aCBOEHHS HABUUOK ajroputmizarii [51].

Kpim Toro, nep:xaBHi OCBITHI JOKYMEHTH BH3HAYalOTh aJTOPUTMIYHE MHUCIECHHS SIK OJHY 3
HACKPI3HUX KOMIIETEHTHOCTEH, 10 MOBUHHA IHTETPYBATUCS Y BCl OCBITHI Taly3l, 10 CBLAYUTH MPO
HOro MKAMCUMIUTIHAPHUM XapakTep 1 cTpaTeriyHe 3HauYeHHs JJIs1 LIKoIH [7].

Mera crartTi: TeopeTMuHe OOIpYHTYBaHHS Ta NpPAaKTHYHE BH3HAYEHHS YMOB Oprasizauii
HAaBYAJIbHOI JISUTBHOCTI 3/100yBayiB OCBITH, SIKI CIIPHUSAIOTh PO3BUTKY aJTOPUTMIYHOTO MHUCJIEHHS B
IU(PPOBOMY HaBYATTBLHOMY CEPEIOBHILI.

Bukiyiag OCHOBHOro Mmartepiajgy aociaimkeHHsi. [loyaTrkoBa ImIKoma — 1€ eTam, KOJH
dbopmyroThCcs 0a30Bi MEXaHI3MH MUCIEHHSI, 3aTHICTh JO0 JIOTIYHOTO aHaji3y Ta IOETarmHOTro
IVIaHyBaHHA. Y 1ed Tepiol aKTUBHO pO3BHMBAIOTHCS HABUYKU pedieKcii, BHYTPIIIHBOTO
MOJICTIOBAHHSA [ 1 BIOPSAKYBaHHS BJIACHUX KPOKIB, IO € OCHOBOIO Ui CTaHOBJICHHS
ITOPUTMIYHOTO THUITY MUCIIEHHS. Taki 3M10HOCTI HE BUHUKAIOTh CTUXIHHO — iX PO3BUTOK MOTpedye
LJIECTIPSIMOBAHO] IE€]aroriyHoi poOOTH, peryssipHOi MPAKTUKHU Ta PETENbHO TO0YI0BaHOI HABYAILHOT
CHCTEMH B KOXKHOMY KJiaci. JIuiiie nmpogymMaHe o€ JHaHHS BIPaB, 3aBJaHb 1 IrPOBUX METO/IIB CIIPHUSIE
cTabLIbHOMY (hOPMYBAHHIO ITOPUTMIYHIX HABHYOK [2].
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[Momambmmii X171 JOCTiKEHHS Tiependadae aHaji3 yMOB, SIKI BIUIMBAIOTh Ha ©()EKTUBHICTH
opraizaiii HaB4aIbHOTO mporecy. Jlo Takux yMOB HalleXaTb 3MICTOBE HAIOBHEHHS, METOJMYHI
npuiiomMu, GOPMH KOHTPOIIO Ta CIOCOOM CTUMY/IIOBAHHS Mi3HABAILHOI AKTHBHOCTI. IX B3aemois
HaKpaIle MPOsBIISETHCS Y CTPYKTYPOBAHOMY BHUTJISIIL, TOMY HAMH OYIIO CTBOPEHO y3arajbHIOIUY
TaOJIHIIFO, 110 BiOOpaXkae KITFOUOB] YNHHUKH PO3BUTKY AJITOPUTMIYHOTO MUCIICHHS B YYHIB.

3 aHaii3zy BUIHO, IO JJIs1 JOPMYBAHHS aJTOPUTMIYHOTO MHUCIICHHS HEOOXITHO 3a0e3MeYnTH
YMOBH, SIKI MOETHYIOTh KOTHITHBHY aKTHBI3aIlito, [MU(POBI pecypcH Ta IMEJaroridHy MiATPUMKY.
Oco0nmmBO BaXJIMBO CTBOPUTH HABUAIbHE CEpPENOBHUINE, Ji¢ 3700yBadi OCBITH MAarOTh 3MOTY
eKCIIepUMEHTYBATH, POOUTH MOMUJIKY Ta IIIYKAaTH BJIACHI PiIIEHHSL.

Taomuusga 1
YMoBH opranizanii HaB4aJIbLHOI JiSVIbHOCTI 3100yBa4iB 0CBITH 1JIs1 PO3BUTKY
AJITOPUTMIYHOTO MUCJIEHHS

MOTHBALlis
IIcuxonoro-negaroriugi colllaJIbHA B3aEMOIS
YMOBH CTBOPEHHS IPOOJIEMHHX CUTYaIlil

BIKOBA TOTOBHICTH JI0 aJITOPUTMI3aIli]

1HTerpallisi aITOPUTMIYHOTO MHUCJIEHHS B IHPOPMATHKY
MetoaudHi yMOBH IHTErparlis aNropuTMIYHOTO MUCIICHHS] B MATEMATHKY
IHTerpallisi AITOPUTMIYHOTO MUCIICHHS B TEXHOJIOT 11
HasIBHICTh KOMIT FOTEPiB
HasIBHICTh TUTAHIIETIB
JOCTYTI IO IHTEPHETY
IHTepaKTHBHI I1aTHOopMU
(dopmar 3aHATh
Opranizartiitai yMoBu TPUBAJIICTh Ta YaCTOTA 3aHATh

MiATpUMKA 3 OOKY Te/1aroriB 1 0aTbKiB

TexHiuH1 yMOBH

OxpemMo BapTO PO3MIISTHYTH MOTHBAIIIO SIK TCHXOJOTrO-NEJaroriYHuil YWHHHK, IO BiIirpae
KJIIOYOBY poiib y (OpPMYyBaHHI CTajJOro iHTEpecy 10 HaBYaHHS Ta PO3BUTKY aJrOPUTMIYHOIO
mucineHHs. Came MOTHBAIlisi BH3HAYa€ TOTOBHICTh YYHIB /IO aKTHBHOI IiSUTBHOCTI, MPUHHATTS
IHTENIeKTYaJ IbHUX BUKIMKIB 1 MOCIHIJOBHOTO JOCSITHEHHS TIOCTaBJICHUX Lied. BukopucTanHs
JKUTTEBUX TPHUKIAJIB, ITPOBUX KOMIIOHEHTIB Ta KOJEKTHBHE OOTOBOPEHHS PE3YNbTaTIB CHPUSIE
aKTUBHOMY 3aJTy4€HHIO 3/100yBadiB OCBITH /10 HABYAJILHOTO MPOLECY 1 JOMOMArae 3akpiluTy HOBI
3HaHHs. Takuil ¢opmar cTBoproe atMocdepy ycmixy, A€ AITH BIAYYBAIOTh CBOIO BaXKJIMBICTH 1
HparHyTh BJIOCKOHAIIOBATH HaBUYKH JIOTIYHOTO MHUCJIEHHS Ta IJIaHYBaHHSI.

[TpakTuyHi 3aBOaHHS, 110 MAKOTh 3B’SI30K 13 TMOBCAKIEHHHUMH NOTpe0amu, MiATPUMYIOTh
CTaOUIbHUIA 1HTEpeC 1 MOCWIIIOITh BHYTpIIIHIO MoTHBali0. Komu yuyHi 6adaTh peagbHy KOPHUCTb
ITOPUTMIYHUX JIii1, BOHM 0XO4€ BUKOHYIOTh 3aBJIaHHS, aHAII13YIOTh MPOLEC 1 IIYKAIOTh ONTHUMAaJIbHI
pimienns. lLle crnpuse He mmme QOpMYBaHHIO AITOPUTMIYHOIO MHCJIEHHS, a M PO3BUTKY
CaMOCTIHHOCTI, HAIOJIETTUBOCTI Ta TOTOBHOCTI 10 HaBYaHHS.

BpaxyBanHs 1HIUBITyaJIbHUX OCOOJMBOCTEH 1 BIKY € Ba)XKJIMBUMHU UMHHUKAMU Y PO3BUTKY
ITOpUTMIYHOTO MHUCIIeHHs. Ha 1poMy erami ciij 3BepTaTd yBary Ha piBeHb PO3BUTKY Iam’ sTi,
KOHIIEHTpallii, JJOTTYHUX Ollepaliiii 1 31aTHOCTI O CAMOKOHTPOJIIO, a/Ke came Il XapaKTepPUCTUKH
BU3HAYaIOTh TOTOBHICTh TUTHWHH J10 MOOYIOBHM BHYTPIIIHBOrO IJiaHy 1iil. EdexTnBHEe HaBuaHHs
notpedye amamnTaiii 3MicTy, TeMITy Ta METOIB, IO JI03BOJIIE€ 30epiraTd 1HTEpPeC 1 MOCTYIOBO
¢dbopMyBaTH HaBUYKH MOCIIIOBHOrO MUCIIEHHS [3].

Meroauky, mo 0a3yloThCs Ha Ipi Ta MPOOJIEMHOMY HaBYaHHI, CTBOPIOIOTH IPUPOJIHE
CEepEIOBHIIIE TS PO3BUTKY aJITOPUTMIYHOTO MUCIICHHS. BUpilieHHsT HeCTaHJaPTHHX 3aB/IaHb, y9acTh
y HaBUAJIbHUX irpax abo MOJIENIOBAHHS CUTYallill CIIOHYKAIOTh 3/100yBayiB OCBITH JI0 aHANI3y YMOB,
BHOKPEMJICHHS KJIFOUOBHX €TariB 1 TOOYIOBH JIOTIYHOT TTOCTIIOBHOCTI Aiid. Takuii miaxig aKTHBI3ye
MOTHBAII10, (POpMy€e HABUUKH IITAHYBAHHS Ta CIIPUSE TTIMOOKOMY 3aCBOEHHIO 3HAHB Yepe3 MPAKTUKY
1 caMOCTIiiHE IPUNUHSATTS pillIEHb.
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JInst OCATHEHHS CTaOLIBHOTO pE3yJbTaTy BajXJIMBO CHCTEMHO IIO€AHYBAaTH PO3BUTOK
AITOPUTMIYHOTO MHCJIEHHS 3 YCiMa CKJIaJ0BHMH HAaBYAILHOTO Tporiecy. CaMe Tak yuHiI HaBYalOThCS
CTPYKTYpYBaTH 3aB/IaHHs, IPOrHO3YBaTH PE3yJIbTAaTH Ta 3aCTOCOBYBATH OTPUMaH1 3HaHHS B PEAIbHUX
1 HABYAJIBHUX CHUTYalisX, 10 POOUTH OCBITHIN Mporec OUTbII MPUKIAAHUM 1 cydacHuM. Came y
nocimimkerni O. C. JlicHeBcbkoi [4] po3risagaroThest GopMu poOOTH HAa YpOKax MaTeMaTHKH Ta
TEXHOJIOTIH, SIKI CHIPUSIFOTH PO3BUTKY IIPOCTOPOBOTO MHCIIEHHS Ta TBOPUMX 3110HOCTEH MOJOAIINX
HIKOJISIPIB. 3aIpOITIOHOBAaH1 BIPABH aKTUBI3YIOTh MAaTEMaTHYH1 HABMYKH, TT1IBUIILYFOTh 3aIliIKaBJICHICTh
y HaB4aHHI, (OPMYIOTh YMIHHSI TOPIBHIOBATH, aHATI3yBaTH, CIIBCTABIISATA Ta BHUIUISATH TOJOBHE.
Cepen Takux Brpas: «YsBH, 10 BUiae», «aHrpam» Ta 1HIII.

AJropUTMIYHE MUCIICHHS € 0a30BOIO CKIIAZI0BOIO YCIIIIHOIO 3aCBOEHHS 3HAHD Y PI3HHX cepax
— BiI TOUHMX HAYK [0 IIOAEHHHX CHTYaliil. Moro (opMyBaHHS TpHBAIMI YaC 3aIMIIAETHCS
NpEeIMETOM YBark MeENaroriB i HayKOBIIB, OCOOJMBO B KOHTEKCTI PO3BHUTKY IIKUIBHOTO KYpPCY
iHpopmaruku. el Tvn MucieHHs nepeadayae 31aTHICTh PO3AUIATH CKJIA/IHI 3aBIaHHS HA JIOTTYHO
BIOPSKOBAHI €Tary, 110 BEAYTh A0 KOHKPETHOTO pe3yibTary. BiH 0XOIUoe yMIiHHS ONHMCyBaTH Mii
Yyepes YiTKi, 3p03yMiTi iIHCTPYKIIii.

OnmHuM 13 Z1i€BUX CIIOCOOIB PO3BUTKY AITOPUTMIYHOIO MHCIEHHS € HaBYaHHS OCHOBaM
nporpaMyBaHHsA. Y TpoLEcl 3aHATh Y4HI HAaBYAIOThCS TOYHO (POPMYIIOBATH JYMKH, pO30MBaTH
3aB/IaHHS HA YaCTHUHH, Tiepe10ayaTy MOMUIIKH Ta TIEPEBIPSATH BapiaHTH iX BUpimeHHs. EQekTuBHIM €
CTBOPEHHSI BYMTEIIEM CHUTYyallild, SKi MOTpeOYIOTh CAaMOCTIHHOTO TMOIIYKY pilIeHb YYHSMH 1
CTUMYITIOIOTh BHPOOJIEHHS HOBUX MiAXOAiB. JUId MIATPUMKH iHTEpeCy Ta 3aKpilyICHHS HaBHYOK
JOIILHO 3aCTOCOBYBATHM JUIAKTHYHI irpy Ta JIOTIYHI 3aBAAaHHS, SIKI MOJAIOTh TMPHHIUIH
aropuTMi3alii y JOCTYNHIM 1 3axommmBid ¢opmi. BaxknmBy ponb Bifirpae HAOYHICTB: CXEMH,
rpadikuy, giarpamu Ta iHII BlByaIIBHl 3aco0U JIONOMAraroTh YYHSIM Kpallle 3pO3yMITH CTPYKTYpY
ITOPHUTMIB 1 TPOCTEKUTH TXHIO JIOTIKY [5].

P03BUTOK adrOpUTMIYHOTO MHCICHHS B CYYacHId IIKOJI HEMOXJIMBUN ©Oe3 BiAMOBITHOTO
TexHIYHOTO OcHamieHHs. Came MmarepianbHa 0aza CTBOPIOE YMOBH, JIe¢ Y4YHI MOXYTh HE JIHIIC
3aCBOIOBATH TEOPIit0, a i 3aCTOCOBYBATH 3HAHHS HA MPAKTHILI — MOJIEIIIOBATH CUTYaLlii, IPOBOAUTH
JOCITIZA Ta aHATI3YBaTH PE3yJbTATH BIACHOI TiSUTEHOCTI.

KoMmmiekcHe BUKOpHUCTAaHHS BHIIE3a3HAYEHUX TEXHIYHHMX 3aco0iB 3a0e3redye CTBOPEHHS
HABYAJIBHOTO CEPEIOBHIIIA, Y IKOMY 3700yBadi OCBITH MAlOTh 3MOT'Y HE JIMIIIE 3aCBOIOBATH TEOPETUYHI
3HAHHS, a ¥ 3aCTOCOBYBATH 1X Ha MPAKTHIIl — MOJIENTIOBATH CUTYallii, eKCIIEpUMEHTYBaTH, aHAII3yBaTH
pe3yibTaTh Ta UIyKaTH BiacH! pimeHHs. Takuil miaxin crpuse (OpMyBaHHIO aJTOPUTMIYHOTO
MHCIIEHHS Yepe3 aKTUBHY AiSUIbHICTh, TBOPUMIA MOLIYK 1 pedaekcito [2]. Pe3ynbratoM copMoBaHOro
ITOPUTMIYHOTO MHUCIJIEHHSI B YUYHIB € 3JaTHICTb CTBOPIOBATH Ta MO/AaBaTH AITOPUTMH Y PI3HUX
dopmarax: rpadiyHOMy — yepe3 CXeMH Ta OJOK-CXEMH, MOBHOMY — 3a JJOIIOMOI'OI0 ITPOTrPaMHOTO
KO/, a00 BepOaIbHOMY — Y BUIJISII OITKCY il ciioBaMHu [6].

AJroput™ sIK hopMa MUCIICHHS OXOILIIOE BC1 HAPSIMU 3arajibHOI CepeIHbOT OCBITH, HE3ATIEKHO
BiJl Taly3l 4YM HaBYAIbHOIO Kypcy. Y KOXHIA OCBITHIH cdepi — MoBHO-miTepaTypHiil [1],
MaTeMaTu4Hid, MPUPOAHWYIA [2], TEXHONOTIUHIM, COIlalNbHIA, TPOMAISTHCHKINA, MUCTEUBKIA Ta
(G13KyIBTYpHIN — NPUCYTHI 3aBJaHHs, SIK1 epe0avyaroTh MOCIA0BHICTD /i, TNITaHYBaHHS, MOJIENIO-
BaHHS Ta MEpeBIPKY pe3yibTaTiB. JlepKaBHMI CTaHIApT IMOYATKOBOI OCBITH YITKO OKPECIIOE
OYIKyBaHI pEe3yJbTaTH HAaBYaHHS, HArOJIOMIYIOUM Ha BAaXJIMBOCTI PO3BUTKY aITOPUTMIYHOTO
MHCIICHHSI B YCIX HAaBYaJIbHUX AUCHUITTIHAX, & HE JuIne B iHpopmaTuii [2; 7].

Taxum YUHOM, aTOPUTMI3AILs B CHCTEMI 3arajibHOI CEPEHBOI OCBITH € HACKPI3HOIO BUMOTOIO
Cy4acHOTo HaBuaHHS. BoHa 3a0e3neuye He JuIIe 3aCBOEHHS MPEIMETHOTO 3MICTY, a i pO3BHUTOK
YHIBEpCAIbHUX HAaBHUOK IUIAaHYBaHHS, aHalI3y Ta nepea0adyeHHsl, 0 € OCHOBOIO 1HTENEKTYaIbHOTO
3pocTaHHs Y4HiB [2; 7].

Ha ypokax indopMaThku y cepemHiii MIKOJ y4HI MOCTYIOBO TEPEXOMATh BiJi BUKOHAHHS
TOTOBHX IHCTPYKIIH 10 CAMOCTIHHOTO CTBOPEHHS AIrOPUTMIB. [/ IbOr0 BapTO JOOMpATH 3aBAaHH,
OB’ 5I3aH1 3 pealbHUMH CUTYalliIMH, K1 3HaloM1 AiTsAM. Takuii miaxiJ cripyse MBUAKOMY PO3BUTKY
BCIX KOMITOHEHTIB aJITOPUTMIYHOTO MUCJIEHHS Ta JOIOMAarae MpUpoIHO 3aCBOIOBATH HABIThH CKJIa IHI
NMOHATTS. BaknmBo, mo00 BhpaBu BIAMOBIAATM DPIBHIO 3HaHb 1 JIOCBIY Y4YHIB, ajpke HaJMIpHA
CKJIaZIHICTh 200 aOCTPaKTHICTh MPUKJIA/IIB MOKE 3HU3UTHU 1HTEPEC 1 BIIEBHEHICTh Y BJIACHUX CHJIAX.
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Haiibinpin pe3yabTaTUBHUMH BBAKAIOTHCS 3aBIaHHS, sIKI JIOIMMYCKAIOTh KiJbKa BapiaHTIB
PO3B’sI3aHHS, a/PKe 1€ CTUMYIIIOE YYHIB 0 CAMOCTIHHOTO IMOIIYKY PillleHb 1 TIMOIIOro po3yMiHHS
NPUHLUIIB N0OYI0BU aaropuTMiB. Ha mouaTkoBoMy erami BaXJIMBO HE CTUIBKM 3allaM’sTOBYBaTH
TOTOBI CXeMH, CKUTbKA HABYUTHUCS OAYHUTH JIOTIKY, BUSBISATH 3aKOHOMIPHOCTI Ta YCBIIOMITIOBATH, IO
ITOPUTM — 1€ YiTKa ITOCIIOBHICTb JIiH, STKa BPaxOBYE Pi3HI BapiaHTH PO3BUTKY CUTYaIlii, a HE JIIIE
CTaHAaPTHI MPHUKIIAIH.

He3Baxaroun Ha 11e, 6arato y4HiB CIIpUHMAIOTh TEMY AJITOPUTMIB SIK CKJIAJHY Ta HELIKaBy,
30CEepPE/DKYIOUMCh HA MEXaHIYHOMY 3aCBOEHHI OKPEMHX TIOCIHIJIOBHOCTEH, SIKI BBAXKAIOTHCS
HEOOXITHUMU JUIl BHMKOHAaHHA HaBYAIBHMX 3aBiaHb. I11{00 3MIHMTH Take CTaBJEHHs, BapTO
NPOTIOHYBATH 3aBIAHHS, SIKI MAIOTh NMPAKTUYHY 3HAUYIIICTh, PI3HOMAaHITHI 32 ()OPMOIO Ta 3MICTOM,
IlikaBl 3a CHOCOOOM TOjadi, 3 YITKAM 3B’S3KOM 13 PEATbHUMH >KUTTEBUMH CHTYAIlisIMA Ta
MOXIIUBICTIO TBOPYOTO ITiIXOTy 0 PO3B’SI3aHHS.

3acBOEHHS aTOPUTMIYHUX MPUHIIMITIB MOKEe OyTH 3HAYHO €(DEKTHUBHIIIKMM, SKIIO HABUYAHHS
HaOyBae irpoBoi (opmu. Takuii miaxin nependadae aKTUBHE 3aIy4YCHHS Y4YHIB /10 MPAKTUYHOI
JUSUTBHOCTI, JI€ BOHM HE IMPOCTO BHKOHYIOTH IHCTPYKIIii, a CAMOCTIHO CTBOPIOIOTH, aHATI3YIOTh 1
BJIOCKOHAJIIOIOTh BJIACHI AJTOPUTMH. 3aBJAHHS I€arora — 4YiTko C(OPMYIIOBATH MHpoOieMy,
MOCTABUTH JIOTIUHI 3allUTaHHS, CIIOHYKaTH JI0 TOUIYKY JIEBUX PIIIeHb, SKi CIIPaBIi BiAMOBIIAIOTH
MIOCTaBIICHIH 33/1a4i. YYHUTENh TAKOK MOTHBYE YUHIB JIO aHAJI3Y Ta ONTUMI3alli] BIACHUX AJITOPUTMIB,
CHOHYKAI04X 3p00UTH iX OUIbII eheKTUBHUMH Ta THydkuMH [ 10].

AJITOpUTMIYHE MUCIICHHSI HAISKHUTH JI0 KITFOYOBUX KOMITETCHTHOCTEH, sIKi (DOPMYFOTBCS TTif] Yac
BUBYEHHS 1H(OpMATUKU. BOHO 0XOIUIIOE MIMPOKUIT CHEKTP 1HTENEKTyaIbHUX HaBUYOK 1 PO3BHBAETHCS
Ha Pi3HUX PIBHSX, CTBOPIOIOYM OCHOBY JUISI MOJANIBIIIONO OMaHyBaHHs MporpamyBaHHs. [Ipote came po-
3yMiHHS CyTi aITOPUTMIB YaCTO BUKJIMKA€E TPYIHOLLI Ha IOYaTKOBOMY €Talll HaBYaHHS KO{yBaHHA. Tomy
BKJTMBO MOKA3aTH YYHSIM, 10 AITTOPHTMH — I1e He Haip IHCTPYKIIii, a Ii€BUI iHCTPYMEHT IS TBOPYOTO
HOILYKY, SIKMH BIIKPUBAE MPOCTIP JUIS eKCIIEPUMEHTIB 1 1a€ 3MOT'y JIOCSITaTH PeasIbHOTO IIPOrpecy.

[Tix gac 3aHATH 3 eNeMEHTaMU TPU Y4HI HE JIUIIE CTBOPIOIOTH AJITOPUTMH, a i TIePEBIPSIOTH iX
y i, aHaIi3yI04YM CHIIBHI Ta C1a0Ki CTOPOHM BIIACHUX pillieHb. Lle akTuBizye 1HTEpec 10 MOJABIINX
JIOCITDKEHb, CTUMYJIFOE TTOITYK HOBHX IMIIXO/IIB 1 MOTHBYE JI0 TITHOIIOrO OMaHyBaHHS iH(OPMATHKH.
BonHouac ompaitoBaHHsl JIMIE TOTOBUX ITOPUTMIB, MOJAHUX Yy HAaBYAIbHUX IOCIOHUKAax, He
3a0e3neuye HaJIeKHUX YMOB Uil (GOPMYBAaHHS TIIMOOKHX JITOPUTMIYHMX HaBUYOK. YacTo BUMTENH
HE IIPOTIOHYE 3aBJIaHb, SIKi O CIPHSIIM PO3BUTKY LIbOTO TUIY MHCIeHHA. HaTtomicTh cyyacHi MeToau
BUKJIaJJaHHS 1H(QOPMATHUKM MalOThb HE OOMEXYBAaTHUCS HABYAaHHSIM BHKOHAHHIO I1HCTPYKIH, a
(opMyBaTH 3AATHICTb A0 JIOTIYHOIO MIPKYBaHHS, BHUKOPHMCTAaHHS TEPMIHOJIOrII, MOOYIOBU Ta
NepEBIPKU BUCIIOBIIIOBAaHb, ()OPMYBaHHS BUCHOBKIB.

JlieBI METOAMKHU PO3BUTKY aJrOPUTMIYHOTO MHCJIEHHsS B y4yHIB 5-9 KiaciB mepeabayaroTh
HaBYaHHS PO3KJIAJIAHHIO CKJIAJHUX 3aBJaHb Ha IIOCIIJIOBHI, B3a€MOIIOB’S3aHI KPOKH, YMIHHS
IPOTHO3YBATH BapiaHTH PIILIEHb 1 BpaXOBYBAaTH YMOBH, 3a SIKUX BUKOHYETbCS IIEBHA MOCIIIIOBHICTh
Jiit. Takuii miaxig CIOHYKa€e IIKOJSPIB CaMOCTIMHO ()OPMYIIFOBAaTH MPHUITYILIEHHS, JOBOJUTH BIIACHI
TBEPUKEHHS, pOOUTH JIOTTYHI BUCHOBKH Ta 3100yBaTH HOBI 3HaHH. TiCHUI 3B’ 30K aJITOPUTMIYHOTO
MHCJIEHHSI 3 IHIIMMHM BHMJIAMH PO3YMOBOI MISUTBHOCTI MIJKPECIIOE BAXJIMBICTh 1H(GOPMALIIHUX,
peIIeKCUBHUX 1 JOCTITHULBKMX HaBUUOK ISl PO3BUTKY 3araJIbHUX 3aKOHOMIPHOCTEH MMCIIEHHS Ta
IHTENEKTyaIbHOI chepr 0cOOUCTOCTI. Y 1IbOMY KOHTEKCTI poJib IH(POPMATUKU € 0COOIMBO 3HAUYILIOHO,
aJpke came el TNpeaMeT MO€IHYe BHCOKMH piBEHb aOCTPaKTHOIO MHCIEHHS 3 HPaKTUYHOIO
CIIPSIMOBAaHICTIO, JTO3BOJISIFOUM MPUPOTHO TEPEXOAUTH BiJi TEOPETHYHUX MOHSITH JO TPHKIIAJHUAX
CHTYAIliH, 1110 pOOUTh HaBYAHHS MTHOOKHUM 1 BOAHOYAC TPAKTHYHKM.

DopMyBaHHS AITOPUTMIYHOTO MHUCIEHHS B Y4YHIB CTapIIMX KJIAciB JETaJbHO PO3IVISTHYTO Y
nocnimkenHi JJopomenko FO. O. ta Ocimu JI. B. [8]. V Mexax IUIaKTUYHOTO MOETIOBAHHS MIPOIIECy
dbopMyBaHHSI ITOPUTMIYHOI KYJIBTYpH T 4Yac pO3B’S3aHHA OOUYMCIIOBAIBHHUX 3a7ad 13
3aCTOCYBaHHSAM IHCTPYMEHTAIBHUX MPOTrPaMHUX 3acO0IB aBTOPU MPOaHAI3yBaIN XapaKTePUCTHUKH
HABYAJBHOTO TIPOIIECY, BH3HAUMIN WOTO CTPYKTYpPY, BCTAHOBWJIM TPHUYMHHO-HACIIIKOBI 3B’SI3KH,
OIUCAJIM YMOBH (DYHKIIIOHYBaHHS TUIAKTUYHOI CUCTEMH Ta BIIMB 30BHIIIHIX YUHHHKIB.

JlupakTiyHa MOJENb TPAaKTYEThCS SIK CTPYKTYpOBaHE BIJOOpak€HHS BCIX €JIEMEHTIB
HABUAJILHOTO TpOILIECy, IO 3a0e3NeuyioTh HOro e(eKTUBHICTh, BKJIIOYAIOUM IXHE TPYIYBaHHS,

148



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

B3a€MO3B’SI3KHM Ta IOPSIOK 3acTocyBaHHs. LliecnpsiMmoBane OpMyBaHHS aTOPUTMIYHOI KYJIbTYpPH
noTpedye BiJMOBIIHOTO OPraHi3allifHOr0 ¥ METOAWYHOTO CYIPOBOIY, TOMY BH3HAYEHO HU3KY
JMJIAKTUYHUX YMOB, SIKi CIPHSIOTH IJBHUIICHHIO PE3YJIbTATHBHOCTI HaBYaHHS [9]: CTBOpEHHS
MO3UTHUBHOI MOTHBAIl yYHIB CTapIIMX KIJAciB JI0 AISUIBHOCTI, IO OPi€EHTOBaHA Ha PO3BUTOK
ITOPUTMIYHUX HAaBUYOK; 3a0€3MeYeHHsT MDKIPEIMETHOI iHTerparii iHhOpMaTHKH 3 MPUPOTHUYO-
MaTeMAaTUYHUMH JUCIUILTIHAMY; MPAKTUYHA CIPSIMOBAHICTh HABYAIBHOTO 3MICTY Ta 30LIBIICHHS
00csTY caMOCTIHHOT POOOTH; OpraHi3ailis 3BOPOTHOTO 3B’ SI3KY Ta PO3BUTOK 3[IaTHOCTI A0 pedieKcii.

BHCHOBKH Ta NePCHEKTHBU MOJAIBIIMX HAYKOBHX PO3BIIOK. Y XOHi JOCIiKEHHS
i ITBEP/DKEHO, 10 PO3BUTOK aJITOPUTMIYHOTO MUCIICHHSI YUHIB 3aKJIA/IiB 3aTaIbHOT CEPEHbOI OCBITH
€ CHCTEMHUM TMIPOIIECOM, SKUU MOTpeOye Y3roKEHOCTI MCHUXOJOTO-TIeAAroriYyHUX, METOJHYHHX,
TEXHIYHHX Ta OpraHi3alliiHux ymoB. BcraHoBieHo, 1o edekrtrBHE (HOpMyBaHHS aJrOPUTMIYHOL
KyJAbTypH MOXJIMBE JIMIIE 32 YMOBM iHTerpamii iHQOpPMAaTHKK 3 IHIIMMH OCBITHIMH Tally3sMH,
BUKOPUCTaHHA ITM(PPOBUX PECypCiB, IrPOBUX Ta MPOOJIEMHO-OPIEHTOBAHMX METOJIMK, a TaKOX
HiITPUMKH 3 OOKY I1e1aroriB i 0aTbKiB.

[epcrieKTHBHUMU HaIpsSIMaMH TIOAATBIINX HAYKOBHX PO3BIJIOK BU3HAYCHO: PO3POOKY JIUIaK-
THYHHUX MOJIENICH JUIA Pi3HUX BIKOBHX IPYH 3 YpaxyBaHHSM PiBHS C(POPMOBAHOCTI aJITOPUTMIYHOTO
MUCJICHHS; JIOCTIKCHHS BIUTUBY MDKIIPEIMETHOI 1HTerpallii Ha pO3BUTOK KOTHITMBHUX 1 TBOPUYUX
3MIOHOCTEH YYHIB; CTBOPEHHSI IHCTPYMEHTIB JUIsi aBTOMAaTH30BAaHOTO MOHITOPUHTY TIporpecy y dop-
MYBaHHI aJITOPUTMIYHOTO CTUIIIO MUCJICHHS; aHaJI3 aITOPUTMI3alliil K CKJIaJHUKa U(PPOBOI rpamMoT-
HOCTI B KOHTEKCTI KOMIIETEHTHICHOTO MiAXOAY JI0 OCBITH; PO3pOOKY NMPAKTHYHHX 3aBIaHb 13 pealib-
HUM KUTTEBUM KOHTEKCTOM, ITI0 CIIPUATHUMYTD I1JIBUIIIEHHIO MOTHBAIIIi Ta CAMOCTIITHOCT] Y4HIB.

TakuM YMHOM, TOAAIBIN JOCTI/DKEHHS MAlOTh OyTHM CIpSIMOBaHI Ha TOTJIMOJICHHS
TEOPETUYHHUX 3acCajl aITOPUTMIYHOTO MHUCJICHHSI, YIOCKOHAJICHHS METOJAWYHUX IHCTPYMEHTIB HOro
(opMyBaHHS Ta PO3MIMPEHHS MPAKTUYHUX MOXKIMBOCTEH MU(POBOTO OCBITHROTO cepenoBuiia. Lle
JIO3BOJIUTH 320€3MECUYNTH KOMIUIEKCHUI PO3BUTOK KIIFOUOBMX KOMIIETCHTHOCTEH YYHIB, IiIBHIUTH
SKICTh HABYAILHOTO TIPOIIECY Ta aJaNTyBaTH KOO 10 BUKJIMKIB Cy4acHOI IU(POBOI EITOXH.
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Pliushchyk V. Organization of Educational Activities of Students of a Modern Institution
of General Secondary Education in a Digital Environment for the Development of Algorithmic
Thinking.

The article highlights the pedagogical principles of developing algorithmic thinking in students
of general secondary education institutions in the context of the modern digital educational
environment. The author emphasizes that the development of skills in logical thinking, consistent
analysis of information, planning one's own actions, and reflecting on them is not only the result of a
child's age-related development, but also the result of systematic pedagogical activity. Such activities
involve a combination of motivational, cognitive, socio-communicative, and technological factors that
create a favorable environment for the formation of an algorithmic culture among younger students.
Particular emphasis is placed on the practical significance of using game-based, research-based, and
problem-oriented methods that increase children's interest in learning, promote independent thinking,
and develop logical connections between theory and practice. Particular attention is paid to the role
of digital educational resources, interactive environments, and software tools that provide
opportunities for visualizing processes, consolidating theoretical knowledge, and acquiring practical
skills in working with algorithms.

Keywords: algorithmic thinking; digital educational environment; general secondary education
institution; algorithmic culture; interdisciplinary integration; algorithmization; psychological and
pedagogical conditions for the development of algorithmic thinking.
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USING CHATGPT ARTIFICIAL INTELLIGENCE IN PROGRAMMING TRAINING

This paper is devoted to the investigating of the possibility of using ChatGPT by students
who are beginning to learn the high-level programming language Python and its impact on their
learning outcomes.

The main part of this work is divided into five stages. At the first stage, we analysed the
problems related to teaching programming to students and identified the main ones, such as
frequent power outages and problems with the Internet connection, lack of necessary technical
capabilities, and lack of personal communication between students and their classmates and
teachers. Next, we analyzed the risks and disadvantages of using ChatGPT when learning
programming and highlighted the main ones. This is the inconsistency of the code with the task,
the non-optimality of the created code, and the quick detection of plagiarism when students in the
class make the same requests. The next step was to analyze the possibilities of using ChatGPT to
learn programming. Summing up all the features, it is clear that using ChatGPT as an interactive
Python reference is a valuable tool for students to quickly get additional information, and it is also
a very useful tool for correcting errors in the student's code. In the fourth stage, we conducted an
experiment with 7th grade students on using chat to learn programming. The study found that
students who used ChatGPT to learn the Python programming language had an increased level of
motivation to learn and achieved much better academic achievement compared to students who
did not use chat. At the last stage, we provided recommendations for formulating effective queries
in ChatGPT when learning programming.

The results emphasize that the use of ChatGPT in learning programming stimulates students
to learn new things and increases their motivation to acquire knowledge. It is also worth
remembering the consequences of using artificial intelligence in the educational process and
taking various measures to prevent this.

Keywords: artificial intelligence, ChatGPT, Python programming language.

Problem statement. In the modern world, technologies are developing very rapidly and
intensively, and the training of specialists in various fields has its own characteristics, so programming
Is becoming one of the key professional skills in many areas. There is a wide range of methods and
approaches to teaching programming, currently. According to UNESCO experts, in order for the
qualifications of specialists to meet the requirements of the information society, it is necessary to
actively introduce e-learning into the educational process. This contributes to the formation of a new
approach to education that develops in students the necessary skills and competencies for further
learning throughout life [1].

ChatGPT (Generative Pre-trained Transformer) is a basic natural language processing (NLP)
system developed by the research organization OpenAl. It is capable of generating text that sounds
natural to a human, making it useful for use in chatbots. In recent years, there have been active
discussions about the introduction of artificial intelligence (Al) and chatbots into the field of education.
Imitation of dialogues, information search, and its interpretation can serve as effective tools for
feedback to students, contributing to better understanding of the material. Using ChatGPT can increase
students' interest in learning and keep them motivated to complete the course.
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The process of learning programming is accompanied by numerous challenges, in particular due
to the different levels of students' training, difficulties in forming algorithmic thinking, and the lack of
an individual approach to learning. The use of generative neural networks, commonly referred to as
artificial intelligence (Al), opens up new possibilities for overcoming these problems, making the
learning process more adaptive, effective, and accessible.

Programming is an important component of the school computer science course, the main goal
of which is to develop algorithmic thinking, a logical approach to solving problems, and the ability to
apply information technologies. Therefore, teachers are faced with the question of the correct approach
to explaining new programming material, taking into account the different levels of students' training
and the individual attitude of each student to the learning process. Thus, the use of elements of artificial
intelligence in the study of programming will help in solving these problems. On the one hand, artificial
intelligence can act as an assistant to a student in acquiring knowledge, and on the other hand, as a
means of supporting teachers in classifying learning tasks.

Analysis of recent research and publications. Many scientists have conducted research on the
use of ChatGPT in the educational process. The review [2] by the researchers is one of the first peer-
reviewed scientific journal articles investigating ChatGPT. The authors have analyzed its main
advantages and limitations, and focus on the relevance of ChatGPT for higher education (assessment,
learning, and teaching) and formulate recommendations for students, teachers, and higher education
institutions regarding its use.

The paper [3] is devoted to research focused on the development of a specialized GPT model
aimed at supporting students in learning programming. The model is designed to serve a triple purpose:
to assist students in developing specific pieces of code and to guide them through the process of
improving and debugging their own programs. The study highlights the importance of maintaining
honesty and integrity in the learning process while using cutting-edge technologies to improve
students' programming abilities.

The authors of the article [4] conducted a research of the impact of ChatGPT on education in the
Java programming language. They tested ChatGPT on students speciality «information systems», who
are learning Java using a mixed-methods approach. Quantitatively, researchers assessed constructs
such as “ChatGPT Prompting Skills,” “Trust,” “Objective Values” and their relationship to student
satisfaction, finding mixed effectiveness. Their conclusions show that while ChatGPT can improve
certain aspects of learning, its effectiveness depends on the context and complexity of the tasks. The
main positive conclusions of the regression analysis showed that ChatGPT prompting skills positively
affected both objective and subjective values, suggesting a significant role in improving students'
understanding of and engagement with programming concepts.

The publication [5] analyzes the impact of artificial intelligence and GPT-store on the
educational process, highlighting the potential for individualization and efficiency of learning. The
benefits, challenges, and recommendations for implementing and safely using Al in education are
discussed, with an emphasis on the need for data protection, curriculum updates, and teacher training.

In paper [6], researchers explore the moral choices that arise with the implementation of
ChatGPT in higher education, particularly in higher education institutions in Latin America.
Researchers Miriam Sullivan, Andrew Kelly, and Paul McLaughlan conducted a content analysis to
examine news articles (N=100) about how ChatGPT is disrupting higher education, looking at
experiences from Australia, New Zealand, the United States, and the United Kingdom [7]. The paper
analyzes several key topics, including the response of universities to academic integrity issues, the
limitations and weaknesses of the results of using artificial intelligence (Al) tools, and the possibilities
of its application for student learning.

The paper [8] examines the implications of students and universities using ChatGPT by examining
the perceptions of chat by academics and students. As a result, future research suggestions were made to
examine the ethical implications of artificial intelligence for education, strategies for addressing privacy
concerns, and how educational institutions can best prepare for the integration of Al technologies.

Scientist Chung Kwan [9] conducted a rapid literature review to enrich the understanding of
ChatGPT capabilities in various specialized fields.
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Ukrainian scientists are also participating in the use of ChatGPT in university educational
institutions.

Researcher Leontieva I.V. [10] focuses on the theoretical and practical aspects of using ChatGPT
in universities using the example of the first level of higher education (bachelor's). The author analyzed
the problems of students' use of such technologies and focuses on the feasibility of using a chatbot in
the practice of teaching students.

The paper [11] considers the use of artificial intelligence as a tool for analyzing and classifying
programming tasks in the educational process. An approach to automating the task classification
process that takes into account their complexity, subject matter, and type is proposed. Particular
attention is paid to the advantages of using Al technologies to increase the efficiency of
programming training, in particular, adapting tasks to the level of students' knowledge.

In the work [12], Goncharova I.P. explores the possible use of Al in the professional
activities of a teacher, focusing on the opportunities that Al provides to support a teacher in various
aspects of his work.

The article [13] analyzes the impact of artificial intelligence and information technologies
on mobile education as an innovative direction in the field of education. The authors emphasized
that overall, the impact of artificial intelligence and information technology on mobile education
is multifaceted. Artificial intelligence allows you to create personalized learning programs, get
answers to questions from students via text or voice interaction, analyze performance data, track
student progress in real time, etc. programming and its impact on students.

In [14], authors Y. O. Sisilitsyn and V. V. Osadchyi investigated the possibilities of using ChatGPT
in distance learning of programming for students majoring in "Computer Science". The authors
investigated the use of artificial intelligence using the C++ programming language as an example. They
highlighted both the positive and negative aspects of using ChatGPT in higher education.

The objectives of the article. The purpose of the research is to analyze the possibilities of using
ChatGPT in teaching programming in the high-level language Python and its impact on students.

Research results. Al-based systems can provide individual tasks to reinforce knowledge,
analyze students' progress, and identify their weaknesses. This is especially important in classrooms
with multi-level student learning groups, digital divides, and psychological traits. In addition, Al can
automatically check the correctness of the task, analyze the effectiveness of algorithms, and provide
constructive recommendations. Al can use the gamification mechanism to motivate students and create
tasks based on adaptive games and students' knowledge level. Self-education is extremely important.
Platforms with Al elements are useful for this type of activity. It is particularly important for areas
where access to qualified teachers is limited.

In this article, we want to explore the possibilities of using ChatGPT by students who are beginning
to learn the high-level programming language Python and its impact on their learning results.

To do this, let's formulate the steps that need to be taken to achieve this goal:

- Analyze problems related to teaching students programming.

- Conduct an analysis of the risks and disadvantages of using ChatGPT when learning

programming.

- Analyze the possibilities of using ChatGPT in programming classes.

- Conduct research on students' use of ChatGPT when debugging programs and analyze its

impact on their learning outcomes.

- Provide recommendations for formulating effective queries when learning programming.

Analysis of problems related to teaching students programming.

Scientists Semenykhina O. V. and Rudenko Y. O. [15] conducted research at the ascertaining
stage, which involved determining the level of students' interest and desire to learn programming
depending on their age. Thus, the analysis showed: the natural interest shown by younger
schoolchildren in programming decreases over the years, and during the most productive period
of its study, it is minimized. It was found that high school students have: a low level of interest in
learning programming; lack of motivation; psychological blocks regarding their own abilities in
the context of programming; insufficient level of understanding of computer science.
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Researchers in the work [16] conducted an analysis of computer science curricula and indicated
that the study of programming languages takes place in the 10th grade both at the standard level and at
the profile level, but this section refers to an optional module, that is, not all students (schools, classes)
choose this module for study, and therefore in some schools the study of a programming language may
not be provided. That is, there is a problem of the lack of study of programming in high school.

In [17], researchers consider the problem of the sequence of learning programming. They
found that when moving to learning high-level programming languages after block programming,
it is advisable to use a game-based approach to program development, which will ensure the
sequence of learning and the relationship with previously studied material.

The article [18] considers some problems of teaching the basics of algorithmization and
programming in the school course of computer science. The authors identified and analyzed the following
problems: mathematical preparation, continuity of the content line of the basics of algorithmization and
programming, choice of programming language, availability of educational and methodological materials,
motivation for learning. Each of the above problems is important for teaching the basics of
algorithmization. The analysis of problem aspects was carried out for students of grades 5-11.

One important problem may be the lack of necessary technical capabilities, such as the need
for specialized laptops or computers or software. The lack of such opportunities can significantly
complicate high-quality teaching and learning of programming.

The next problem is the lack of a stable Internet connection, limited Internet traffic quota. This
problem is particularly relevant nowadays, when military operations are ongoing in the country and
there are frequent problems with electricity and, consequently, with the Internet connection.

Another problem is the lack of personal communication between students and classmates and
teachers, which can lead to limited exchange of ideas, impossibility of discussions and mutual support,
which can significantly affect the understanding of the material and the importance of learning tasks.

Analysis of the risks and disadvantages of using ChatGPT when learning programming.

Let's analyse the disadvantages and potential risks of using chat as a means of learning
programming, which are indicated by the authors of articles [2], [7] — [10].

One of the most important disadvantages of using ChatGPT when learning programming is
the desire of students to receive ready-made code for the task using an artificial intelligence
system. This way, students can submit the code generated by the chat as their own. In general, a
neural network can generate a ready-made code for a certain task, but for this, you need to have
the appropriate skills to create queries for artificial intelligence, and you need to be able to
configure programming environments.

Let's consider cases where users create requests in the system to receive ready-made code.

How to calculate the area of a rectangle given sides a and
b?

To calculate the area of a rectangle given its sides a and b, you can use the following

formula:
Area—axb

Where:

* ais the length of one side (e.g., the length),

» bis the length of the other side (e.g., the width).

Example:
Ifa = 5andb = 3 then:
Area=5x3=15

So, the area of the rectangle is 15 square units.

Fig. 1. Request to solve a programming problem using ChatGPT

What we can see from the response is that the artificial intelligence did not fully understand
what it needed to do. Then the user rewrites the query as follows: "Write a program in the Python
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programming language to calculate the area of a rectangle given sides a and b?". As a result, we
will get code written in the Python programming language:
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r+ =+
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e e
t t
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m

rint(f"The area of the rectangle is {area}™)
Fig. 2. Request to solve a programming problem using ChatGPT

This is the standard code for solving such a problem using Python. Thus, continuing to
experiment with various queries on using ChatGPT to teach programming in Python, we can draw
the following conclusions:

- the code written with the help of artificial intelligence may not be suitable for the task at hand;

- writing a good query requires the student to have basic knowledge of a particular

programming language;

- code created by artificial intelligence is not always optimal;

- if multiple users make a request with a specific task, the program written using ChatGPT

will have similar characteristics, thus making it easy to identify plagiarism.

Analysis of the possibility of using ChatGPT in programming classes.

At the moment, it is impossible to solve the problem of lack of technical capabilities using
ChatGPT, so we will pay more attention to the neural network as a way for students to learn the
material independently. There are times when a student was absent from a computer science class
when new programming material was being explained. Of course, at such moments it may be
difficult for a student to understand even basic concepts such as "loop"”, "variable", "condition", so
ChatGPT can be used as an additional reference tool with various tasks.

Here are some examples of queries for basic concepts in the Python programming language.

We ask the following query: "Give a visual example of a "variable" in Python’s language".

The chat produces a text message, code sample, and visualisation: A variable in Python is
like a labeled box that stores a value. You can "put” something into it, and "use™ it later by
referring to its name.

Python code:
& Konitosam © Peparysain

length = 5
width = 3

area = length * width

print(area)

@ Visualization:

arduino & Konitosatn ? Pegarysamn

length -+ &5
width -+ 3
area -+ length x width = 15

Fig. 3. Visualizing the concept of "variable' in Python using ChatGPT
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To the query "Give a visual example of a "condition” in Python,"” ChatGPT provided an
answer in the form of a code example of a condition (i.e., an if construct), as well as a graphical
representation of the concept: A condition in Python is a statement that checks whether something
Is true or false, and based on that, the program decides what to do next.

Python code:

© Visualization:

Fig. 4. Visualizing the concept of ""condition in Python using ChatGPT

The query "visualization of the concept of "for loop™ in Python" received a response in the
form of a definition of the for loop, a code example, a visual diagram, and a flowchart: Let's
visualize the concept of a for loop in Python — it's like repeating the same task for each item in a

sequence (like a list or range of numbers).
Python code:

« Visualization:

(1, 6) -

Loop starts:

o P S
R T )

Loop ends.

Or as a simple flow diagram:

Fig. 5. Visualizing the concept of a "*for loop™ in Python using ChatGPT
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Of course, if a student needs additional explanation of the topic "loops in Python", he has
the opportunity to contact ChatGPT with a corresponding request. Thus, ChatGPT provides a piece
of code that shows how to use a for loop in Python and also explains how it works.

In general, we can conclude that using ChatGPT as an interactive Python language reference
is a necessary tool for students learning the Python programming language to quickly obtain
additional information. An important use of ChatGPT is to correct errors in the student's code.
Because when students first start learning a programming language, they make mistakes in their
code. There are situations when a student cannot find an error in their code, then the chat's ability
to check the code comes in handy.

Conducting a study on students using ChatGPT when debugging Python programs and
analyzing its impact on their learning outcomes.

We conducted an experiment with students in grade 7-A at Chernivtsi Multidisciplinary Lyceum
Ne 4. In 7th grade, students begin to learn programming in Python in the "Algorithms and Programs"
section. The students in the class are divided into two groups, with 17 students in Group | and 16
students in Group Il. When studying the section "Algorithms and Programs", students in the first group
studied the Python programming language using ChatGPT, while students in the second group used
only the textbook and the teacher's presentation. The first group used ChatGPT to explain loops,
conditions, to show specific examples of code, and to explain that code. Thus, during the lessons in the
first group, the students had an increased interest in studying this topic, they were active in the lessons,
answered questions well, and gave specific examples, unlike the students in the second group. This is
evidenced by the results on this topic, which are presented in the figures below.

The results of both groups are presented in the diagrams (Fig.6 and Fig.7).

W quantity 10, 11, 12: Wquantity 7,8, 9: M guantity 4, 5, 6: guantity 1, 2, 3:

Fig. 6. Results of thematic assessment of the 1st group

W quantity 10, 11, 12: M quantity 7, 8,9: M quantity 4, 5, 6: guantity 1, 2, 3:

44%

Fig. 7. Results of thematic assessment of the 2nd group

The quality of knowledge of students in the first group is 88%, and in the second group - 75%,
and in the quantitative ratio of excellent grades (grades 10, 11, 12) students in the first group - 8, and
in the second group - 5. Thus, using ChatGPT when learning programming in a computer science class
helps students better understand and assimilate the educational material, and demonstrate creativity
and imaginative thinking.
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Therefore, encouraging students to experiment with code is an important step in learning
programming, and ChatGPT is a valuable resource in this process. By experimenting with code and
trying different approaches, students develop programming skills and gain a deep understanding of
programming concepts. After conducting such an experiment, we can say that students' motivation to
learn programming is increases.

Recommendations for formulating effective queries when learning programming.

Creating the right ChatGPT queries is a real art, especially if you are learning programming.
Here are some tips on how to formulate effective queries to better learn Python:

1. Be specific. The clearer the request, the more accurate the answer. Instead of asking "Teach
me Python", write "Explain how a for loop works in Python with an example™.

2. Take small steps. Ask for a small snippet or concept to be explained, then move on. For
example: "What is a variable in Python?", "How does the if conditional statement work?", "Give an
example of a function that takes two numbers and returns their sum.".

3. Ask for an explanation in simple words. Use phrases like: "Explain in terms of a beginner,"
"Can you give an example and a comparison with real life?",

4. Ask for examples with explanation. The code + explanation = the best combination for learning.
For example: "Give an example of a function with parameters in Python and explain how it works."

5. Use your examples. Show the code you've already written and ask: "Why doesn't this code
work?", "How can | improve this piece of code?", "How can | change this while loop so that it doesn't
end up infinite?".

6. Ask for practical tasks. Ask: "Give a simple task using conditional operators”, "A task for
training functions in Python™.

7. Learn through mistakes. You can even write intentionally "bad code" to have ChatGPT
explain the errors. For example: "What's wrong with this code?", "Why is there a TypeError?".

8. Request a comparison. To better understand the difference between things, for example, you
can ask: "What is the difference between a list and a tuple in Python?", "Which is better to use - for or
while?".

9. Learn step by step. You can ask: "Teach me Python from scratch: step 1 — variables." Give
the task", "'Let's move on to step 2 - conditions”, (And so on). | can accompany you as a "tutor", guiding
you through the topics.

10. Don't be afraid to ask "stupid” questions. Because issues of this nature are often the most
important!

Conclusions. We were tasked with analyzing the possibilities of using ChatGPT when learning
Python programming and its impact on students, so we can make a brief summary:

1. ChatGPT makes it possible to create both useful and useless code. In order to get the best
results, you need to provide clear and detailed instructions.

2. ChatGPT is great for solving specific coding tasks or routines, rather than creating complete
programs from scratch.

3. Use ChatGPT to find and select the right coding libraries for specific purposes, and participate
in an interactive discussion to voice your choices.

4. Be careful about ownership of the Al code you create and always verify the reliability of the
code. Don't trust the results without verification.

5. Think of your interaction with ChatGPT as a conversation. Refine your questions based on
the Al's answers to get closer to the desired result.

Also, as a result of the experiment, we can say that ChatGPT helps students understand and
assimilate programming educational material and increases students' motivation to learn.

At the moment, ChatGPT has several competitors, so in the future research we plan to involve
other generative models and compare the results of their use.
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Myxanbebknii, L., Yarypsn, I., Slman, b. Bukopucranns mry4ysoro intenektyChatGPT
NPH BUBsIEHHi POrpaMyBaHHSI.

La poboma npucesauena oocnioxcennro modcnueocmi suxopucmannss ChatGPT yunamu, saxi
NOYUHAIOMb BUEHAMU MOBY NPOSPAMYBAHHSL BUCOK020 piHs Python ma iioco ennue na pesyriomamu ix
Haeuanus. OcHo8HAa yacmuna yici pobomu nooinena na n’sme emanis. Ha nepuiomy emani namu 6yno
npo6edeHo anHaliz npooiem, Ki CMoCYIOmMbCs HABUAHHS NPOSPAMYBAHHSL YUHI8 MA BUOLIEHO OCHOGHI,
MaKi, sIK 4acmi 8IOKIIOYUEHHsl elleKmpoeHepaii ma npooiemu 3 iHmepHem-3 €OHAHHAM, 8I0CYMHICMb
HeOOXIOHUX MEXHIYHUX MONCIUBOCMEN, d MAKONC BIOCYMHICb 0COOUCMO20 CNIIKYB8AHHS VUHIG 3
OOHOKNACHUKAMY ma euumenamu. Jlani mu npoamanizyeanu pusuku ma HeooNiKu 6UKOPUCMAHHS
ChatGPT npu eusuenHi npoepamysanus ma 6UOLMUIU OCHO6HI 3 HUX. Lle Hesionosiomicmv KoOy
NOCMABNIEHOMY 30A60AHHIO, HEe ONMUMATLHICIb CIMBOPEH020 KOOy ma WieUOKe SUABNIEHHs niaziamy
npu 00HAKOBUX 3anumax yuHie kiacy. Hacmynuum Kpoxom 0yno 30iCHEeHO aHaNi3 MONCIUBOCMEl
suxopucmanusi ChatGPT npu suguenni npocpamysanis. Iliocymysasuiu 6ci MONCIUBOCIE 3DO3YMINO,
wo euxopucmanta ChatGPT y axocmi inmepakmugHo2o 008ionuxa mosu Python e yinnum 3acobom
07151 WBUOKO20 OMPUMAHH Q00AMKOBOL THOpMayil YuHAMU, A MAKONC GIH € 0YJice KOPUCHUM
3ac0060M 071 8UNPABTIEHHS NOMUNIOK Y KOOI yuHs. Ha uemeepmomy emani mu nposenu eKcnepumeHnm
HAO YYHAMU 7-20 KIACY NO GUKOPUCMAHHIO 4amy O/ 6UBYEHHS NpOSpamyeanHs. B peszynvmami
00CniOxMCenHs 8uUsAGieHo, wo 6 YuHie, ki euxopucmosysamu ChatGPT o0ns eusuenns mosu
npoepamyeants Python 0ys niosuwenuil pigeHb Momueayii 00 HABYAHHA MA 60HU OMPUMATU
Habazamo Kpawji Ha8YaIbHIi OOCACHEHHs 8 NOPIGHAHHI 3 YUHAMU SKI He sukopucmosyeanu yam. Ha
OCMAHHLOMY emani Mu Haoauu PeKoMeHOayii wooo Gopmynto8anHs e@ekmueHux 3anumis 6
ChatGPT npu eueuenni npoepamyeanHs.

Pesynomamu niokpecmoroms, wo euxopucmanus ChatGPT npu eusuenHi npocpamyeanHs.
CMUMYTIIOE YUHIE 00 HABYAHHS HOBOMY, NIOBUWYE PiBeHb IXHbOI Momueayii 00 y 3000ymmi 3HAHb.
Takoowc sapmo nam’amamu NpPo HACHIOKU BUKOPUCMAHHS WMYYHO20 IHMENeKm) 6 OCEIMHbOMY
npoyeci ma npogooumu pisHi 3ax00u 0Jisi 3anobieanHs YbOM).

Kniouoei cnoea: wmyunuii inmenexm, ChatGPT, moea npozpamyeanns Python.
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BUKOPCTAHHA IKT 0 BI3YAJIIBALI UACJIOBHUX PSAJIIB HA IIPUKJIAI
MATEMATHYHUX TPOAH/

Y cmammi pozensnymo euxopucmanns iHGHOpMAayitiHO-KOMYHIKAYIUHUX MEXHON02TU 05
8i3yanizayii ma eeHepysanHs YUCIo8UX pois, NO8'13anux i3 mamemamuyHumu mposnoamu I ioo-
I'panoi, 30kpema mpunenocmko8o0 ma 4OMupunentocmKo8ol0, Ha OCHOBI IXHbO20 pO3MAauly-
8aHHA 6CEPEOUHT NPABUNbHO20 MPUKYMHUKA ma Keaopama 6ionosiono. Iloxazano, Ak cyuacHi
yughposi incmpymenmu CHpusiomb 0CMUCTEHHIO MAMEMAMUYHUX 3AKOHOMIPHOCMelU Yepe3 HA0YHI
eeomempuuni popmu. [Ipoananizosano ceomempuuni inmepnpemayii yux psois.

Bisyanizayiro mamemamuunux mposno 30iticheno 3a oonomozoro npoepamu GeoGebra, wo
0ano 3moey OO0CHOUMU  3ANeNHCHICMb  KIIbKOCMI NelloCmoK  6I0  napamempie  pDiGHAHHS.
Bizyanizayiio psoie i ceomempuunux eiemermia (0084CUH CIMOPIH, NepuMempia i niowj) BUKOHAHO
vy Paint 3D. J[na 6uxonaumHs 0OUUCIEHb elleMeHmi8 Ma YACMUHHUX CYM YUCLOBUX pAOi6

160



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

BUKOPUCMAHO OHILAUH-KAILKYIAMOPU 3 RIOMPUMKOIO MAMEMAMUYHUX CUMBONI8 Ma YYHKYIU, o
010 MONCIUBICMb WBUOKO NePesipsmu pe3yibmamu ma aHaiizyeamu 30i0HCHICmb.

Busnaueno paou, wo 6a3ylomvca He auule Ha NAowax mposHo, Keaopamis ma mpukymHuKie,
Veepeouni SKUX PO3MIujeHo K8imu, a Ui Ha OOBICUHAX CHOPIH, NEPUMEMPAX 3A3HAYEHUX 2eoMen-
puunux ¢icyp. 3a 0onomo2or yudposux iHcmpymenmie 00UUCIEHO 3a2ATbHI 1 YACIUHHI CyMU P08,
3A3HAYEHO CUSMA-MOO@I, A MAKOIC PiBeHb CKIAOHOCMI 3anponoHosanux saday. 3acooamu Microsoft
Excel cmeopeno inmepaxmuesni diacpamu, wjo 8i000paxcaroms 3a1eHCHICMb YACMUHHUX CYM 810 Kilb-
KOCHI elleMeHmis, a MaKodic 8USBILEHO 0COOIUBOCTI 30IHCHOCI KOJICHO20 psdy 3a 03HaKoio /] Anam-
bepa. Y3azanvHeHi pe3yriomamu npeoCcmasneHo y ueiaoi mabauyi, AKa CUCMeMamu3ye K408l Xa-
PAKMEPUCIUKU KOHCHO20 DAY, 3a0e3nedyouu HAoYHICMb i 3pYYHICMb 071 NOOATbULUX OOCTIONHCEHD.

Illpakmuuny snauywjicms OmpumManux pe3yibmamis SU3HAYEHO Yepe3 IXHI0 ITHmezpayiro y
Hasuanvrull npoyec. Buxopucmanns IKT ne nuwe niosuwgye eghekmusricmeo 6i3yanizayii 4ucio8ux
pA0i6 i hopmye ananimuyre MUCIEHHs CIMYOeHmie, a i CMUMYIIOE MBOPUULL NIOXIO 00 NIZHAHHSL.
Taka yughposa memoouxa NOEOHYE HABUANBHY, OOCTIOHUYLKY MA BUXO8HY CKAAO08i, CNpUsE
VCBIOOMAEHHIO 2APMOHIT MIHC MAMEMAMUKOI, NPUPOOOIO UL MEXHONO2IAMU.

Knrouosi crosa: IKT, GeoGebra, Paint 3D, Microsoft Excel, uucnosuii psio, mamemamuuni
MPOAHOU, 2eOMEMPUYHA IHMEPNPemayis.

IlocranoBka mnpobGaemu. YucnoBi psaau € oIHUM 13 (yHIAMEHTAIbHHUX PO3/ILTIB
MaTeMaTHYHOTO aHaJli3y, MPOTE IXHE BUBUCHHS YaCTO BiAOYBA€THCS BIIOKPEMIICHO Bijl peallbHUX
00’€KTiB 1 Bi3yaJbHUX ysBIIEHb. TpamuIiiiHi miaxoau 10 HaBYaHHS 3/1€01JIBIIOTO OPIEHTOBAHI Ha
aHAITHYHI 00YMCIICHHS, IO YCKIIaIHIOE PO3YMIHHS CYTHOCTI PSIZIIB 1 3HIDKY€ IHTEpeC CTY/ACHTIB
no teMu. HatomicTe cydacHi iH(OpMaliifHO-KOMYHIKaIliifHI TEXHOJOTil BIJKPUBAIOTH IIHUPOKI
MOJJIMBOCTI JUIi HAOYHOTO IIOJAHHS YWCIOBUX 3aJIKHOCTEHM, MOJIENIIOBAHHS IPOLECIB 1
CTBOPEHHSI IHTEpaKTUBHHX Bizyamizamiii. [IpoGiiema monsrae y HEAOCTaTHHOMY BHKOPHUCTaHHI
IKT nmnst imroctpamii 4MCIOBHX PAOIB 4epe3 TeOMETPHYHI MOJelNi, 30KpeMa Ha MpUKIai
MaTeMaTHYHUX TPOSH]I, PO3MIIIEHUX Y PI3HUX T€OMETPUYHUX (pirypax — KBaapati Ta MpaBUIIb-
HOMY TPUKYTHUKY. Taki MOJesli MOXKYTh He JIMIIIE MiIBUIIUTH Mi3HABAIbHUIN 1IHTEpeC, a il mpoje-
MOHCTPYBaTH TapMOHIMHUN 3B’A30K MK MaTe€MaTHKOIO, MPUPOJOI0 Ta LU(POBUMHU TEXHO-
norismu. Came TOMY akTyallbHUM € CTBOPEHHS i ampoOallisi METOJUKU Bi3yallizallii YMCIOBUX
psaiB i3 Bukopuctanasam IKT, o cnpustume po3BUTKY aHATITHYHOTO i IPOCTOPOBOTO MUCIICHHS
CTYJEHTIB, JOPMYBaHHIO MIKIIPEAMETHHUX 3B SA3KIB 1 KpEATUBHOTO MIIXOAY A0 HAaBYAHHS.

AHaJi3 aKTyaJlbHHUX J0CJHilKeHb. Bukopucrtanus iHQopmaniiiHO-KOMYHIKaIIIHUX
texHouoriit (IKT) y HaB4aHHI MaTeMaTHKU aKTUBHO JOCIHIKYETHCS CyYaCHUMM HAYKOBISIMU M
metoauctamu. 3okpema, P. I'ypesuy, A. I'ypxiit, M. XKannak, H. Mop3e, O. CnipiH [1, €. 128] ta
IHII PO3KPWJIM CYTHICTh HM(PPOBOI KOMIIETEHTHOCTI i okpecnuian Hampsimu iHterpauii IKT y
npodeciiiny miaroroBky mnemaroriB. Y mpansx B. bukosa, O. I'mazynoBoi, M. HlumkiHoi,
C. JIuTBHHOBOI PO3MIISIHYTO POOJIEMU BIPOBAIKEHHS [IUPPOBUX TEXHOJIOTIH y CUCTEMY BUILOT
ocBitH, mijikpecaeHo poiib IKT y cTBOpeHHI IHHOBALIHHOTO OCBITHBHOT'O CEPEOBUIIIA.

Oco6nuBy yBary nocainauku (YO. XKyk, O. KpaBuuna, 1. IBantok, O. OBuapyk, H. Copoko)
OPUIUIAIOTE aHalli3y €BPOINEHCHKOro JOCBIYy BHUKOPUCTaHHA LU(QPOBUX IHCTPYMEHTIB JUIs
PO3BUTKY MaT€MaTH4YHOI I'PaMOTHOCTI, Bi3yaji3allii HaBYaJIbHOrO Marepiany Ta (hopMyBaHHS
KpEaTUBHOTO MUCJIEHHS. Y 1IbOMY KOHTEKCTI Je/1ail OlIbII0]l aKTyaabHOCTI Ha0yBalOTh Bi3yasbH1
Ta IHTEPaKTUBHI (POPMU MOJITAHHS MaTEMAaTUYHUX TTOHATD, K1 IalI0Th 3MOTY OB’ s3aTH a0CTPaKTHI
MOJIeNi 3 KOHKPETHUMH 00pa3aMu.

TeopetnuHe MIAIPYHTSA JIOCHIKEHHS YHUCIOBUX PAIiB copMyBamy KIAaCH4HiI Ipari
JI. Eiinepa, XK. JI. JI’Anam6epa, O. Komri, E. Kymepa, I'. Paabe, f. bepuyi, y sskux po3pobiaeHo
METOJM BH3HaueHHs 30DKHOCTI Ta po3oikHOcTI [9; 10]. ¥V cywacHmx poOoTax, 30KpemMa
B. Koponbscekoro [3; 4; 5; 6; 7; 8], yBara npumiiaseTbCss TEOMETPUYHUM acTeKTaM pPsaiB 1
3aCTOCYBAHHIO iX Y Bi3yaJbHUX MOJAETX.

Pasom i3 TiMm, utanss Bukopuctans IKT s Biyasizaliii uMcIoBUX ps/iiB uepes reoMeTpUYH1
00pazu, 30KpeMa MaTeMaTH4H1 TPOSIHM, 3aJIMIIAI0THCS HEOCTATHRO JOCIIKeHUMU. [loe1HaHHs Teo-
pii YMCTIOBUX PSIIB 13 HU(PPOBUM MOETIOBaHHAM BIJKpHBA€E HOBI MOXIIMBOCTI JUIsl 1HTerpariii Mare-
MAaTHUKH, IPUPOI03HABCTBRA 1 1(poBoro MucrenTBa. Takuii miIXia Cpyse He JHIIE TIUOoMY po3y-
MIHHIO a0CTPaKTHUX MOHSATh, & i PO3BUTKY JOCIITHUIIBKUX 1 TBOPUYMUX KOMIIETEHTHOCTEN CTY/AEHTIB.
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Meta cTaTTi — JOCHIANTH MOMJIMBOCTI BHKOPWUCTaHHS 1H(OpMAaIIHHO-KOMYHIKAIIHHUX
TEXHOJIOTIH 7S Bi3yaui3allii YMCIOBHX PSI/IiB HA MIPUKJIAll MATEMATHUYHUX TPOSH]I 1 TIOKA3aTH, SIK
u(poBl IHCTPYMEHTH CIPUSIOTH PO3BUTKY IPOCTOPOBOIO MHUCIEHHS Ta MIKIPEAMETHUX
3B’SI3KiB, IIABUILEHHIO MOTHBALl 10 HaBYaHHS.

Buxkiax ocHOBHOro MaTtepiaiy. BuBueHHs YMCIOBUX PSIIB 13 BAKOPUCTAHHSAM F€OMETPUYHOT
iHTepIpeTalii CrpHse OCMUCICHHIO CKIAJHUX aHATITUYHHUX 3aJ€KHOCTEH depe3 HaouHi oOpasu.
Takuii miaxing MiACHIIOE Bi3yalbHE CIPUHHATTS MaTepiany, (Gopmye aOCTpakTHE MHCICHHS Ta
PO3BUBa€ BMIHHS 3aCTOCOBYBAaTH MAaTE€MAaTH4HI MOHATTS y MDKIUCHUIUTIHAPHUX 1 NPAKTHYHUX
KOHTEKCTaX. |'eoMeTpryHe MOJENIOBaHHS YHCIOBUX pSAIB J03BOJSIE MOEAHATH aHAIITUYHI
PO3paxyHKH 3 €IIEMEHTaMH TBOPYOCTI, 1110 CIIPHSE PO3BUTKY Mi3HABAJILHOT MOTHBAIIIi CTYECHTIB.

VY nmocmimpkeHHI 3HaYHY yBary MPHIUICHO BHUKOPUCTAHHIO 1H(GOPMAIHHO-KOMYHIKAIIIMHAX
TEXHOJIOT1H /I CTBOPEHHS Bi3yaJbHUX MOJIETICH, SIKI MOEAHYIOTh MATEMATHKY, €CTETHUKY Ta IU(PPOBE
mucrentBo. [Iporpamue cepenoruiiie GeoGebra Bukopuctato st mo0yI0BH MaTEMATHYHUX TPOSTH]T
1 IOCIIIKEHHS! 3JIC)KHOCTI KUTBKOCTI iXHIX METIOCTOK BiJl TApaMeTpiB aHATITUIHOTO PiBHSHHS. [[iis
MOJAJBIION0 KOMIIOHYBAaHHS M MaciuTaOyBaHHsS OTPUMaHUX 300pa)KeHb, a TAKOX JUI CTBOPEHHS
KOMITO3MIIIMHUX MOJIeIel 4YMCIOBUX psAiB Bukopucrano Paint 3D. OOuMCleHHsS elIeMEHTIB i
YaCTUHHMX CYM PSIIIB 311 FICHFOBAIIOCS 3a IOTIOMOTOI0 OHJIAH-KaIbKyIsiTopis Ta Microsoft Excel, mo
JIO3BOJIMIIO TIIBHJIKO TICPEBIPSATH PE3YJbTATH Ta aHATII3yBaTH 301KHICTB.

Baxxnue miciie B poOOTI HaNEKUTD 3a7jauaM, Y KX YHUCIIOB1 PsIId YTBOPIOIOTHCS HA OCHOBI
XapaKTEePUCTHK MATEeMaTHYHUX TPOSHJ, PO3MIIIEHUX YCepeAWHI TeOMETPUYHHX (Diryp.
PosrnsiHemo npukiaa Takoi 3a1adi.

®abyaa 3agayi. ['ecomeTpruHa iHTEpIpeTaIlis pAAY 3aJaHa Ha MaTOHKY 1. MaTemarnyHa
TPOSIHJIA, AaHATITUYHE 33JJaHHS SIKOT p = Jsin(2¢), po3MillleHa BCepeIMHI KBaapaTa 31 CTOPOHOIO 8
OIUHHIG JOBXMHHA. KOXXHa TposHAAa pO3MIlIeHa y KBaJparTi, BEpPIIMHU SKOTO JIKaTh Ha
cepeauHax CTOPIH 1HIIOTO KBapara.

CkJ1acTH YHMCIIOBI PSIIU Ta JAOCIIANTH iX HA 301KHICTD 32 PI3HUMH O3HAKAMHU:

1) Psg 10BKUH CTOpIH KBaJpariB

2) Psjg nepuMeTpiB KBaapaTiB

3) Psix mtomn kBaapaTisB

4) Psja A0BXHH MAaTEMAaTHYHUX TPOSH]I
5) Psa mutong MaTeMaTHYHUX TPOSIH

Axo psan 301kHUM, 00UMCIITE HOTO CyMy Ta MOKaXITh 3aJI€KHICTh YACTUHHUX CYM BIJ
KUTBKOCTI IOJaHKIB y BUIJIsII Tpadika.

Mamemamuynumu mposunoamu, abo kpusumu I'6ioo-I panoi, Ha3UBAIOTH CIMENCTBO KPUBHX,
1110 ONUCYIOTHCSI PIBHAHHIMU:

p = asin(ng) abo p = acos(ng).

[TapameTp a BU3Ha4Ya€e JOBKUHY METIOCTOK, @ KOEPIIEHT N — IX KUIBKICTh 1 CUMETPi0. SIKIIOo
N — MapHe YuCIio, KpuBa Mae 2 MeN0CTOK, SKIIO HeTlapHe — n. Y BUMAJKY P = 5sin(2¢) oTpuMaeMo
YOTUPUIIEIIOCTKOBY TPOSIHTY 3 PaJlyCOM KOXHOI METIOCTKH 5 OJJUHHULIb.

Ilo6yoosa mamemamuunoi mposnou 6 GeoGebra.

Jlns moGyn0BM MOJieNl BUKOPUCTAHO MOJSIPHY CUCTEMY KOOpAMHAT. AHATITUYHUN 3aMKC p
= 5sin(2¢) BBeneHo 4yepe3 ¢yHkiiro Curve, mo 103BoJIs€ OTPUMATH ITUIABHY CUMETPUYHY KPUBY.
[Ticas moOynoBU 3aCTOCOBAHO MapaMETPUUHE pearyBaHHs KOJbOPY, 3JIMBKU Ta TOBILMHU JIHIT
JUTSE CTBOPEHHS Bi3yajbHOI BHpPa3HOCTI Mojelni. BiAmoBigHO M0 3HaueHHs mapameTpa N = 2,
OTPUMAHO YOTUPH TMETIOCTKU, PO3MIIIEH] CHUMETPUYHO BIJHOCHO IMOYATKY Ta OCEH KOOPIHHAT.

Bizyanizayis yucnosoeo psoy.

3o0pakenns, orpumane B GeoGebra, Oymno immoproBano mo Paint 3D, ae 3milicHeHO
MacimtadyBaHHs Ta ToOOynoBy kommosuiii psay. KokHa HacTymHa TposiHAa M KBajpar
PO3MIIITYBAIMCS 3 TOBOPOTOM Ha 45°, 10 yTBOPIOE TapMOHIIHY MOCIIJOBHICTh BKJIaIeHUX Qiryp
(puc. 1). Taka mMoaenb JEMOHCTPYE 1/1€0 HECKIHUEHHOTO PSAYy — AK Yy IUIOIMIMHHOMY, TaK 1 B
YUCJIOBOMY CEHCI — uepe3 3MEHIIIEHHSI MacITabiB TEOMETPUIHUX €JIEMEHTIB.
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Puc. 1. 'eomeTpuyHa inTepnperaiisi psiy 4OTUPUIEJTIOCTKOBUX TPOSIH/, PO3MillIEeHUX
BCepeIuHi KBaApaTiB

OtpumaHa MOJIENIb LUTFOCTPYE B3a€EMO3B’SI30K MK AHATITUYHUMH, TEOMETPHUYHUMHU Ta
YUCIIOBUMH XapakTepuctukamu o0’ektiB. 3actocyBannsi IKT, 3oxpema GeoGebra Tta Paint 3D,
Microsoft Excel noBeso cBoro eheKTHBHICTD y Bi3yauti3allii YMCIOBUX PSJIiB, PO3BUTKY IPOCTOPOBOIO
MUCIIEHHS i (hopMyBaHHI ITU(PPOBOI Ta MATEMAaTUIHOT KOMIIETEHTHOCTEH CTY/ICHTIB.

Jnst oOuucieHHsT mapaMeTpiB YUCIOBHUX PSIiB, MOOYJOBAaHUX HAa OCHOBI MaTeMaTHYHHX
TPOSIH/I, JIOIUIFHO BUKOPUCTOBYBATH OHJIAWH-KAJIBKYISATOPH, IO MiATPUMYIOTh MaTeMaTHYHI
CHUMBOJIH, iHTErpanu Ta QyHKii. Lle qae 3Mory mBuaKo OTpUMYyBAaTH TOUHI 3HAUEHHSI, TIEPEBIPATH
AQHAJIITHYHI 3QJIE)KHOCTI Ta aHAi3yBaTH 301KHICTH PSIIiB.

P50 0oeoicun cmopin xeaopamie

Po3risitHeMo KBapaT 31 CTOPOHOIO 8 OMHUIG JOBXKHHU. KO)KHA TpOsiH/Ia, a OTXKE i KBaIpar,

PO3MIIICHI B KBaAPATi, BEPIINHU SIKOTO JIS)KATh HA CEPEAMHAX CTOPIH 1HIIIOTO.

Toni cTtopoHa Ipyroro KBajapaTa Ma€ JOBXKUHY 42 0J1, TPETHOTO — V2 -V2on =4 o1., a

YETBEPTOTO - 24/2 o1, i Tak naii. 3a J0MOMOroK OHJIAaMH-KaNbKYJSTOpa 3HAWIEHO 3arajibHUI YieH
n-1

MOCIIOBHOCTI: @, = 82 2 .
3anuiieMo TOCIIIOBHICTh JOBXHH CTOPIH KBaApaTiB an: a; = 8, a, = 442, a; = 4,
n-1
V2, ,a, =827z .
n-—1
Maemo psji TAKOTO BUAY: Dipeq  Op = Xpeq 827 2
Jocnigumo oaepxaHuit psj Ha 301KHICTb.
Crnovatky nepeBipuMo BUKOHaHHS HE0OX1HOi ymoBH: ()
Heo0OxiqHa ymMOBa BUKOHYETBCSI, @ TOMY PsJl CTOPIH KBaJpaTiB MOXe OyTH 301KHUM.

Psin, oTpuMaHuii HaMu — psiZl TEOMETPUYHOI nporpecii, a; = 8 , q = % OO6uncaumo cymy
“ _g. 2 _ 16

-q 2—V2  2—7

Monynb 3HaMEHHUKA T€OMETPUYHOI IPOTrpecii MEHIIE OAMHMUIIL, @ TOMY PsJ TOBXXUH CTOPIH

KBaJIpaTiB 301KHU.

WIEHIB psaay: S = T

P50 nepumempis keadpamis

[Tepumerp kokHOTO KBaapata P = 4a,, ToMy ps NMepuMeTpiB Mae€ BUA: ),-q Pp =
n-—1
Se, 32272
Hocniaumo uei psan Ha 30DkHICTh. [lepeBipuMO BHKOHAHHA HeEOOXiaHOI ymoBu:(
HeoOxigHa yMmoBa BUKOHYETHCS, @ TOMY Pl IEPUMETPIB KBaJPaTIB MOKE OyTH 301KHUM.
1
= O6uucnumo cymy

Psan, orpumanuii Hamu — paj reoMeTpuyHoi nporpecii, Py = 32, q = 7

. P 2 64
uiieHiB paay: S = ﬁ =32 ===

lg| < 1, a Tomy psig mepuMeTpiB KBaAPAaTIiB 301KHUIA.

P50 nnow keadopamis

KoxxeH npaBuiIbHUIM YOTHUPUKYTHUK Ma€ IUIONLY, PIBHY KBaJApaTy JAOBXKHHH HOrO CTOPOHH,
TOMY PSI IUTOII MA€ BHI: Yoy S gpagpara = 2me1 04 277

Hocmigumo neit psn Ha 300kHICTh. IlepeBipuMO BUKOHAaHHS HeoOXigHOi ymoBu:0
HeoOxiaHa yMOBa BUKOHYETHCS, @ TOMY psiJ| IUIOI KBapaTiB MOXKe OyTH 301KHUM.
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o . 1
Psin, orprMaHuii HAMH — PsIJt TEOMETPUYHOT IPOTPECi, S1 wpagpara = 16, G = > O6uncIMumo

1
P50 0osoicun mamemamuunux mposHo

JloBkuHA OJHIE€T MEIIOCTKHA TPOSIHAM, IO OINHUCYETHCSA PIBHAHHAMU p = asin(ng) abo
p = acos(ng), 06UnCIIOETHCS 3a HOPMYJIOHO:

" 2 dp)” n in2 200¢2
Lemocrin = f pc+ (%) do = af \/Sln (n(p) + n<cos (n(P)d‘P
0 0

Hana dopmyna ckiagHa aHATITHYHO U MOTpeOye TPOMI3IKUX OOYHCIEHb, TOMY 3Py4YHO
BECTH OOYMCIICHHS IIJIIXOM BUKOPUCTAHHS OHJIAWH-KaIbKYISATOPIB.
3a yMOBOIO 33j1a4i TPOSHY 3a/1aH0 (GOpMYJI0r0 p = 5sin(2¢), TOMy 3HaUCHHS MapaMeTpiB: a
=5n=2
O6uynCIUMO AOBXKHHY KPUBOT OHI€T IETIOCTKH.
Y

CyMy 4JIEHIB paxy: S = Sl%ﬂqpm =16-2=32

2
Lyenocrin = SJ. Jsin2(2¢) + 22cos?(2¢)dg ~ 12,110560 (oz.)
0

TposiHIa Mae YOTHPH OJHAKOBI TETIOCTKH, TOMY JOBKHHA KPHBOi, IO ONHCYE KBITKY,
CTaHOBUTH:
Lyposuan = 4+12,110560 = 48,44224 (on.) ~ 48,44 (on.)

* ~1,51.

JloBKHHA KOXKHOT TPOSIH/IM CTAHOBUTD 1,51 yacTuHM mepUMeTpa BiNOBITHOTO KBaJpaTa.
Psan mepumerpiB kBajgparis BIIIOMI/II/I 3 06qI/IcneHL BHIIE:

SN

Toxi psig JOBXKUH TPOSHI Mae BI/IZI.
[o2] o

z LnTpoﬂwzz 32-1,51-2"7 Z 4844277

n=1 n=1
Psin, oTpuMaHud HaMU — pAX TE€OMETPUYHOL MPOrpecii, Lqrposuam = 48,44, q =

. 48,4
BigHomenHs 1OBXUH TPOAHAW A0 IICPUMETpPA KBaJApaTa CTAHOBUTDH

N |

L1 TpOHH,ZIl/I _ 48,44 — 96 88
1-gq 1—5
|g| < 1, a ToMy psia IJIOIIL TPOSIHA 301KHUA.
P50 nrow mamemamuunux mposno
[Tnoma ofjHi€l MENIOCTKH TPOSIHIU, L0 OINUCYETbCA PIBHAHHAMM p = asin(ng) abo

p = acos(ng), OOUUCTIOETHCS 32 cpopMyHOIo

O6uncanuMo cyMy 4JeHiB psny: S =

S_lj‘ﬁ 24 — J‘ (n0)d _7ta2
=3 pde= sin(ng)dg = -

3a yMOBOIO 331a4i TPOSHAY 3a/1aHO (I)opMyHOIO p = 5sin(2¢), ToMy 3HaYeHHS TapaMeTpiB: &
=5n=2
OOGYHCIUMO TIJIONLY OJHI€T MEeTIOCTKH.
S m-5% 257w ( )
= —— = —— (KB.OZ.
HeJ'l}OC"I’KI/I 4 . 2 8 A
TposiHaa Mae YOTUPHU OJTHAKOBI METIOCTKH, TOMY i1 IIJIOIIA CTAHOBUT:
m-5% 257
STpOHH/ILI/I = 4- 4 2' = _2 (kB.0gA.)
25w 25w
BigHOIIEHHS TUTOTI TPOSTHIH 10 KBaJpaTa CTAaHOBUTh Y1 = 125

. 2571 )
[Tnoma KoKHOT TPOSIHIIU CTAHOBUTH T5g JACTHHY TUIONII BiATIOBITHOTO KBaJpaTa.
Psin mutonn kBaapaTiB BiTOMHUIA 3 0OUKCIICHD BHIIIE:
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n
Toxi psia oI TPOSHI Ma€ BU:
co

Psin, oTpuManuii HaMu — psi TEOMETPUYHOT TIpoTrpecii, Sy TposHAM =

. s
CyMY YJIEHIB psny: S =

1 TposAHIH

o)

Z Sn KBajpaTta Z 64 - 217",
=1

n=1

& 257 1on
z Sn TpOAHAU — 2 T -2 .
n=1

n=1

251

=11= 25m.

1— _1
q 1-3

lg| < 1, a Tomy psi IIOIT TPOSH/T 301XKHHIA.
Pe3ynbTaTyl JOCIIKEHHS PSILY YOTHPUIIETFOCTKOBOI TPOSH/IHN AETAIBHO MPOaHali30BaHi Ta

HaBeJleHi y Tabnumi 1.

251 1
4= O06uuCcIMMO

Tabmums 1
Pe3ysibTaT 10CiIKeHHS Py YOTHPHUIIEJIIOCTKOBOI TPOSIH/IH
XapakTepucTuka
. CTOpOHA KBaJipaTa 8
JloBkrHa TOYaTKOBOI p b
. nepyuMeTp KBajparTa 32
hirypu ..
KpPHBOIi, 110 OMKCYE TPOSTHILY 48,44
ITnomia moyaTKoBOI Skmappara 64
. 251
(1)1prI/I STpOHH,ClPI BN
[ee]
. . _n-1
CTOpiH KBaJpaTiB 2 8:-2 2
n=1
- 1
- n—
Curma-monens pafty IIEPUMETPIB KBaIPaTiB Z 32-27 2
JOBKUH
n=1
(o]
_n-1
KPUBUX, 110 ONUCYIOTh TPOSHIN Z 48,44 -2 2
n=1
co
KBaJIparTiB Z 64 - 21"
Curma-mozens psay n=1
IO > 257
TPOSTH]L Z — 21
n=1
; . 16
CTOpiH KBaJpaTiB 5
. . 64
Cyma psijty IoBKHH NepUMETPiB KBaJPaTiB -
KPUBHUX, 1110 ONUCYIOTh TPOSIHAU 96,88
KBaJIpaTiB 128
CymMma psay o
yMa pALy Tt TPOSTH 25m
301KHICTB / PO301KHICTD 301kH1
PiBeHb ckitaiHOCTI 33184 1(1),1I(2,3), 111 (4, 5)
['eomeTpryHa iHTEpIpETALls PSIAY YOTHPUIIETIOCTKOBUX
TPOSIHJI, CTBOpeHa 3a fonomoror GeoGebra ta Paint 3D
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[ToGyayemo rpadiku 3aaeKHOCTI YACTHHHUX CYM PSAIIB BiJ KUTBKOCTI A0AaHKiB (puc. 3 - 7):

n-pif yneH  YacTHEEI cymH 9.00 n-Hi wieH YacTHHHI CyMH 35.00
1 8.00000000000 | g00 4 1| 32,00000000000 Sﬂim
2 565685424949 | 7 g 2 2262741699797 |
3 4,00000000000 | 6 00 \ 3 1600000000000 2300
4 2,82842712475 | 5,00 4 | 1131370849898 | 20,00
5 2,00000000000 | 4,00 % 5 8,00000000000 | 15 go
6 141421356237 | 3,00 - 6 5 65685424949 10:00
7 1,00000000000 2,00 - 7 | 4,00000000000 :
g 070710678119 | 1,00 S — g 282842712475 | -0
) 0,50000000000 | 0,00 9 200000000000 | 0,00
10 | 035355339059 12345678910 10 | 141421356237 12345678910
Puc 3. I'padik 3aj1e:kHOCTI YACTHHHHUX Puc 4. I'padik 3a1e:kHOCTI HACTUHHUX
CyYM pPsily CTOPiH KBAJAPAaTiB Bill KIJILKOCTI CyM psily HepuMeTpiB KBAAPaTiB Bil
JOJAHKIB KiIJILKOCTI 1oAaHKiB
n-mif unen  YacTueEi cyME 60 00 n-wii uned  YacTeHEi cyMH | 70 00
1 4844000000000 1 | 6400000000000 |
2 257757 50,00 4 2 2 60,00
2 3425225248068 2 | 32,00000000000
3 24,22000000000 | 4000 3 | 16,00000000000 | 2000
4 17,12612624034 a 4 8,00000000000 | 40,00
5 12,11000000000 -0 . 5 4,00000000000 | 30,00
6 856306312017 | 20,00 - 6 2.00000000000 |, o
7 6.05500000000 - 7 1,00000000000 |
10,00 - 10.00
8 428153156008 oo, g 050000000000 | '0-
9 3,02750000000 0,00 | 9 0,25000000000 0,00
10 214076578004 12345678910 10 | 0.12500000000 12345678910
Puc 5. I'padik 3a/1e:kHOCTI YACTMHHUX Puc 6. I'pagik 3a/1€2KHOCTI YACTHHHUX
CYM Psi1y IOBKUH TPOSIHA Bil KIIbKOCTI  CyM psily IIOLI KBAaAPAaTiB BiJl KUIBKOCTI
JONAHKIB JONAHKIB
n-pi wiel  YacTHHEI CYMH | 45 00
1 [39.25000000000 | 4000 o
2 | 19.62500000000 | 3500
3 9.81250000000 | 3,00
4 | 490625000000 | 2500
5 245312500000 | 20,00 °
5 1,22656250000 | 15,00
7 0,61328125000 | 10,00 s
8 030664062300 | 5,00 o,
9 0,15332031250 | 0,00 6000
10 0,07666015625 123456738910

Puc 7. I'pagik 3a71€KHOCTI YACTHHHUX CYM PsiAy IIOLI TPOSHA BiJl KiIbKOCTI 104aHKIB

®adyna 3agayi 2. ['eomeTpuyHa iHTepIpeTalis psay 3aaHa Ha MaTIOHKY 8. MaTtemaTtnyHa
TPOSIH/IA, aHATITHUYHE 331aHHA K01 p = sin(3¢), po3MillleHa BCEpeIUH1 MPaBUIBLHOIO TPUKYTHUKA
31 cTopoHO0 | ofuHHUI MoBXKMHHU. KOKHa TpOsiHIa PO3MIIIIeHa Yy TPUKYTHUKY, BEPIIMHU SIKOTO
JIeKaTh HA CEpeIMHAX CTOPIH 1HIIOTO MPAaBUIBHOTO TPUKYTHUKA.

CkJ1acTH YMCIIO0BI PSIIU Ta AOCIIAUTH iX Ha 301KHICTD 32 PI3HUMU O3HAKAMHU:

1) Psia DOBKHMH CTOPiH MPaBUIIBHUX TPUKYTHUKIB
2) Psn nepuMeTpiB npaBUIBHUX TPUKYTHHKIB

3) Psa mutomnn npaBUIBHUX TPUKYTHHKIB

4) Psa 1OBXKHMH MaTeMaTHYHHUX TPOSH]T

5) Psa mutony MaTeMaTHYHHUX TPOSH

Axmo pan 301kHUM, 00UHUCITITE HOTO CyMy Ta MOKAXITh 3aJIe)KHICTh YaCTUHHUX CYM BiJl
KUTBKOCTI IOJJaHKIB y BUTJISII Tpadika.

[ToGynoBY TPHUMIENIOCTKOBOI TPOSIHIU, 3a/aHOi PIBHAHHAM p = sin(3¢), BHUKOHAaHO B
cepenoBuini GeoGebra y monspHiii cucTeMi KOOpIWHAT 3a JOMOMOror komanmu Curve, mo
3a0e3mneuye MIaBHICTh 1 cumeTpito JiHii. [lapameTp N = 3 BU3Havae HenmapHy KijdbKiCTh MEIOCTOK,
TO KpUBa Ma€ TpH CUMETPUYHI BiArany:keHHs mia kyramu 120°, mio BiAMoBiae ocsiM cuMeTpii
NpaBWIBHOTO TpUKYTHHKA. [lapameTpuune pemaryBaHHS KOJbOPY Ta TOBLIMHM JIiHIi Hajxano
MoJieJl BUPA3HOCTI Ta TApMOHINHOCTI.
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A\ v 4

Puc. 8. 'eomeTpuuHa iHTepnperanisi psily TPUNeJIIOCTKOBUX TPOSIH/I, PO3MillleHUX
BCepeIHi NPAaBUJILHUX TPUKYTHUKIB

Otpumany Mojens imnoproBano 1o Paint 3D, e BukoHaHOo MaciiTaOyBaHHs Ta MIOCIII0OBHE
PO3MIIICHHS TPOSIH] Y 3MEHIIEHUX TPUKYTHUKAX. Tak cpopMOBaHO T€OMETPUYUHY IHTEPIPETALIIIO
YHCIIOBOTO psAY, Yy SKid 3MEHIIEHHS po3MipiB (iryp BiANoOBifae 3MEHIICHHIO YICHIB
nocaitoBHOCTI. OOYMCICHHS JOBXWH CTOPiH, MEPUMETPIB 1 IUIONI TPUKYTHHKIB Ta TPOSHI
3MIIHCHEHO 3a JIOMOMOTOI0 OHJIAMH-KAIBKYISATOPIB 3 MIATPUMKOIO MaTeMaTUyHuX (QYHKIIH, a
JaCTHHHI CyMH Ta aHai3 301kHOCTI BuKOHaHO y Microsoft Excel.

VY pe3ynbTaTti MOAETIOBaHHS MOOYIOBAHO PS/M, IO IPYHTYIOTHCS Ha JTOBXKUHAX, IUIOIIAX i
nepuMeTpax TPUKYTHUKIB. 3a nonomoroio Excel ctBopeno rpadiuni Biyanizallii YaCTUHHUX CYyM
Ta MPOBEICHO aHali3 301KHOCTI 3a 03HaKoIo0 /|’ AnamOepa. Pe3ynbraTu mogano y BUTIsAl TaOIuUIIl
2 Ta inTepakTUBHUX Aiarpam (puc. 10 — 14), mo nosernrye mopiBHSHHS MapaMeTpiB 1 JEMOHCTPYE
npakTuyHy HiHHicTh IKT y MaremMaTHyHUX HOCIHIKEHHSIX.

Ta0mums 2
PesyabTaTH J0CHiI2KEHHs psiy TPUIIETKOCTKOBOI TPOSIH/AN
XapakTepucTruka
JloBKMHA OYaTKOBO1 CTOPOHA TPUKYTHHLA 2
. nepUuMeTp TPUKYTHUKA 6
birypu -
KpHUBOI, 1110 ONIUCYE TPOSIHAY 2,4221
I1;moma no4yarkoBoi Stpukyrhuka V3
. [
q)ll“ypI/I STpOHHLm 12
® 1 n—-1
CTOPIH TPUKYTHHUKIB Z 2- (E)
n;‘l
Curma-vozens pity HNEepUMETPiB TPUKYTHUKIB 6" (1)11_1
JIOBXXUH p P1B TPUKY 2
n=1
® 1 n-1
KPUBUX, 10 OIUCYIOTH TPOSHIU Z 2,4221 - (E)
n=1
® 1 n-—1
TPUKYTHHUKIB Z V3- <—
Curma-mozens psany n=1 4
TIOI *® T 1 n-1
TPOSIHA Z oar— —)
’ n=1 123 \4
CTOPiH TPUKYTHHUKIB 4
CymMma psy TOBXKUH NePUMETPIB TPUKYTHHKIB 12
KPUBHX, IO OMMUCYIOTh TPOSHIN 4,8442
CymMa psiay ol TPUKYTHHUKIB 4T\/§
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s
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TPOSTH]T 3
301KHICTB / pO301XKHICTD 301kH1

PiBeHb ckilagHoCTI 33124

1(1),11(2, 3), 1 (4, 5)

['eomeTpryHa iHTEpIIpETALlis PALY TPUIETIOCTKOBHX
TpOsIHA, cTBOpeHa 3a gonomoror GeoGebra ta Paint 3D
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Puc 3. I'padik 3a/1e:kHOCTI YACTHHHUX
CYM Psily CTOPiH MPaBHJIbHHUX
TPUKYTHHUKIB Bi/l KUIbKOCTI 10JaHKIB

n-Hi wieH YacTHHHI CyMH
242210000000
1.21105000000
060552500000
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0.15138125000
0.07569062500
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Puc 5. I'padik 3a/1e:kHOCTI YACTHHHUX
CYM Psiy 1OB:KMH TPOSIH/ BiJ KiJIbKOCTI

JOJaHKIB

n-uit wrey  YacTumEi cyME 0.16
1 0,15107332044 | 44
2 003776833011 | )
3 000944208253 | "
4 0,00236052063 |
5 0.00059013016 | %8
5 000014753254 | 206
7 0.00003688313 | 0.04
8 0,00000922078 | 0.02
9 0,00000230520 | 0,00
10 0,00000057630

n-uit wiey YacTHHHI CYME
1 6,00000000000
2 3,00000000000
3 1,50000000000
4 0,75000000000
5 0,37500000000
6 0,18750000000
7 0,09375000000
8 0,04687500000
9 0,02343750000
10 0,01171875000
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4,00
3,00
2,00
1,00
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Puc 4. I'pagik 3a1e:KHOCTi YACTHHHUX
CYM psily lepuMeTpiB NPaBUJIbHUX
TPUKYTHHKIB Bil KUIbKOCTI 10JaHKIB

n-uit wieg  YacTwEHE cyME
1,73205080757
043301270189
0,10825317547
0,02706329387
0,00676582347
000169145587
0,00042286397
0,00010571599
0,00002642900
0,00000660725

Lol R A AL A

—
=]

2,00
1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

1 23 4 5 6 7 8 910

Puc 6. I'pagik 3a1exxH0CTi YACTHHHHUX
CYM psiy IJIOHI NPABHJIbHUX
TPUKYTHHKIB Bil KUILKOCTI 101aHKIB

® 9 2 o & 9 ©®
1 2 3 4 5 6 7 8 910

Puc 7. I'pagik 3271€2KHOCTI YACTHHHHUX CYM PsiAy IO TPOSIHA BiJl KiJIbKOCTI 101aHKIB

Otpumani Bizyanizawii miaTBEpAKYIOTh €()eKTUBHICTh BUKOPUCTAHHS iH(OpMalifHO-KOMYHI-
Kal[lifHUX TE€XHOJIOT{ y BUBYEHH] YMCIIOBUX PA/IB: BOHU 3a0€3M1€4UyI0Th HAOUHE MMOJIaHHS aHaJIITHY-
HUX 3aJeXKHOCTEH, (POPMYIOTh IPOCTOPOBE MMCIIEHHS, PO3BUBAIOTH AHAJITHYHI Ta JOCHIIHUIIBKI
BMIHHS CTYJICHTIB 1 COPUSIOTH IHTErpallii MaTeMaTHYHUX 3HAHb 13 HIU(POBUMHU TEXHOJIOTISIMU.
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BucHOBKH Ta mepcneKTHBH MOJAJBIINX HAYKOBHUX PO3BiIOK. Y pe3ynabTaTi MpoBe-
JICHOTO JTOCTIIKEHHS IIPOAEMOHCTPOBAHO €(PEKTHUBHICTh BUKOPUCTaHHS 1H(POPMaLiHHO-KOMYHi-
KaIIfHUX TEXHOJOTIA JJIA Bi3yasiarmii YHUCIOBHX DPSIIB HAa MPHUKIAAl MAaTEMAaTHYHUX TPOSHI
3acobamu reomeTpuuHOro MmozemtoBaHHs. Ilokazano, mo mmdposi iHcTpymMeHTH GeoGebra,
Paint 3D, Microsoft Excel Ta oHIaifH-KaJdbKyISATOPH, IO IMiATPUMYIOTh MaTEMaTHYHI CHMBOJIH,
iHTerpas Ta PyHKIT, TO3BOJIIOTH IOEJHATH AHATITHUYHI Ta rpadivHi MAXOIU O TOCIIHKCHHS
pAIiB, 3a0€3MeUyr0Yr HAOYHICTh, TJIMOIIE PO3YMIHHS BJIACTUBOCTEH 301KHOCTI Ta MiABUIICHHS
Hi3HABAJIBHOI MOTHBALLIi, PO3BUTOK MIKIUCIUILTIIHAPHUX KOMIIETEHTHOCTEH CTY/IEHTIB.

[lepcnekTUBM TOMATBIIMX JOCHIDKEHb Yy0adaloThCs y PO3POOJICHHI 1HTEPaAKTUBHHMX
HaBYAJIBHUX CUMYJISALINA Ta 3aBAaHb, HI0 BioOpaXkaroTh mporec GopMyBaHHS YHCIOBUX PSIIB Y
JTMHAMIIlI, a TaKOX y PO3MIMpeHHI MeToauku BukopuctanHs IKT st MonentoBaHHS 1HIIUX
MaTEeMaTHYHUX 00’ €KTiB — TIOBEPXOHbB, TLI 00epTaHHS, (PPaKTATBHUX CTPYKTYP.
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Rymar A.I. Using ICT to visualize numerical series using mathematical roses as an example.

The article discusses the use of information and communication technologies for visualizing
and generating numerical series associated with Guido Grandi's mathematical roses, in particular
three-petal and four-petal ones, based on their location inside a regular triangle and square,
respectively. It shows how modern digital tools help to understand mathematical patterns through
visual geometric shapes. The geometric interpretations of these series are analyzed.

The visualization of mathematical roses was performed using the GeoGebra program, which
made it possible to study the dependence of the number of petals on the parameters of the equation.
The visualization of series and geometric elements (side lengths, perimeters, and areas) was
performed in Paint 3D. Online calculators with support for mathematical symbols and functions
were used to perform calculations of elements and partial sums of numerical series, which made
it possible to quickly check the results and analyze convergence.

We determined series based not only on the areas of roses, squares, and triangles inside
which the flowers are located, but also on the side lengths and perimeters of these geometric
figures. Using digital tools, the total and partial sums of the series were calculated, sigma models
were specified, and the level of complexity of the proposed tasks was indicated. Using Microsoft
Excel, interactive diagrams were created to show the dependence of partial sums on the number
of elements, and the convergence characteristics of each series according to D'Alembert's
criterion were identified. The generalized results are presented in a table that systematizes the key
characteristics of each series, providing clarity and convenience for further research.

The practical significance of the results obtained is determined by their integration into the
educational process. The use of ICT not only increases the effectiveness of visualizing numerical
series and develops students' analytical thinking, but also stimulates a creative approach to
learning. This digital technique combines educational, research, and educational components,
promoting awareness of the harmony between mathematics, nature, and technology.

Key words: ICT, GeoGebra, Paint 3D, Microsoft Excel, numerical series, mathematical
roses, geometric interpretation.
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PO3JLTS. IMCUXOJOT O-IEJATOT'TYHUM CYITPOBIJ] PO3BUTKY
TBOPYOI OCOBUCTOCTI B ITPOLECI HABYAHHA JUCHUIIJITH
INPUPOJHUYO-MATEMATHYHOTI'O HUKJTY

YK 373.5.091.33:51]:37.015.31
DOI 10.24139/2519-2361/2025.02/171-176
C. M. JIyk’siHOBa
ORCID 0000-0001-8093-3211
T. M. JIaBpUHIOK
ORCID 0009-0001-8275-9648
YkpaiHCbKHii Jep>KaBHUHN YHIBEpCUTET
iMmeHi Muxaiina /IparomanoBa

HABYAJIBHO-TBOPYA JIAJBHICTD HA YPOKAX MATEMATHUKHA YUYHIB TA
YYEHUID 5-6 KIIACIB HY 1

Peanizayis konyenmyanonux nonosicenv Hoeoi ykpaincokoi wikonu Ha npaxmuyi nepeobaqae
opeanizayii 0ceimub020 npoyecy Oas YUHIBCMEA MAKUM YUHOM, wod 0VIu cmeopeHi eghekmusHi
yMO8U ONsl (POPMYBAHHS Y HUX YINICHOI cucmemu MamemMamuyHux 3HAHb ma MAmeMamuyHoi
KOMNEMeHMHOCMI y NOEOHAHHI 3 PO3BUMKOM MEOp4oi ocobucmocmi. YV 36’a3ky 3 uum nepeo
OCBIMSAHCHLKOIO CHLIbHOMON NOCMAOMb NPOOIeMU NOEOHAHHS MPAOUYILIHUX MEMOOUYHUX Ni0X00i8
BUBUEHMHS KIIOUOBUX MeM WIKILIbHO20 KYPCY MAMEeMAmuKy 3 IHHOBAYIHUMU MEXHON02IAMU. Y cmammi
NPe3eHmo8aHo pe3yibmamu AdemopCcbKUx 00CII0HCeHb NPOOIeMU HABYAHHS MAMEMAMUKY YYHie ma
VueHuyb 5-6 K1acie Ha CyuacHomy emani peqhopmysanis WKibHoi mamemamuynoi oceimu. Haseoeno
NPUKIAOU ma MemoOUdHi peKomMeHOayii wooo NOEOHAHHSA MPAOUYIUHUX Memooi8 HABYAHHS
Mamemamuku ma iHHOBAYIHUX NPULOMIE (CKpallbite, Melikepcmeo, Cmopimenine) 3a0Jisi CMEOpeHHs.
ehexmusHux ymoe ¢hopmyeanHs KomnemeHmuoi i meopuoi ocobucmocmi wkonapa. 3pobnero
BUCHOBKU, WO CYYACHI YYHi 5-0 KIACi8 nompedyoms HOBUX opmM MOMUBAYIL, CAMOBUPANCEHHS MA
nizHasanvHoi akmusHocmi. Came momy imniemeHmayis iIHHOBAYILIHUX Memooie ma NpuLiomie &
MPAOUYIHY MEMOOUKY BUBYEHHS WIKIIBHO20 KYPCY MAMeMAamuKy MOdce CMAamu HOMY*CHUM
3ac000M NIOMPUMKU VYUHIBCHKOI NIZHABAILHOI IHIYIAMUBU, (POPMYBAHHS Y HUX IHMeEpecy 00 npeomema
U YMIHHA 3ACMOCO8Y8AMU 3HAHHA 8 JCUMMEBUX CUMYAYISX, WO € BANCIUBOI0 NEPEeOyMOBOIO
Gopmysanus cucmemu MamemMamudHux 3HaHb ma po36UMKY Meopyux 30iOHocmell y4HICmaa.

Knwuoei cnosa: Hosa ykpaiucvka wikona, HABYaHHsA MAMeMAmuKy, MamemMamuyna
KOMNemeHMHICMb, HA8UAIbHO-MBOPYA OISIbHICMb, MPAOUYIlIHI MA IHHOBAYIUHI MemOoOu HABUAHHSL.

ITocranoBka npo6JieMu. 3riHo 3 JlepkaBHUM cTaHIapTOM 0a30BOi CepeTHbOI OCBITH OHUM
13 HACKPI3HUX YMiHb, 110 Ma€ OPMYBATHUCS Y MPOLIEC] HABYAHHSI, € 3/1aTHICTh JIISITH TBOPUO — TOOTO
BUSIBIIITH KpeaTUBHE MUCIJIEHHS, T€HEPYBAaTH HOBI 171€1, BAKOPHCTOBYBATH HOBI OCBITHI MPOJAYKTH [1].

BaxnuBicTh MaTeMaTHYHOI rajty3i B OCBITHOMY ITPOLIEC] 111010 peai3allii KOHIEeNTyalbHUX
3acag Crangapty € 0Oe33amepevyHoro, aJKe MaTeMaTHKa € He TUIBKM OJHHM 13 OCHOBHHX
IHCTPYMEHTIB JOCHIP)KEHHS 1 MI3HAHHS HaBKOJMIIHBOTO CBITY Ta 3alOPYKOI PO3BUTKY
CTpaTeriyHO BaXXJIUBUX ranyseil — Bia imkeHepii Ta IT 1o eHepreTuku, MeAMIMHU Ta OOOPOHHOT
IPOMHCIIOBOCTI, ajieé € TaKOXX BaKJIMBOIO JUIsI OCOOMCTICHOIO PO3BUTKY MaHOYTHIX UJIEHIB
CYCIIIJIBCTBA, SIKI OyIyTh 3/aTHI KPUTHYHO Ta KPEaTUBHO MHCIUTH, YCHIIIHO MIpPAaLIOBaTH 3
BEIMKMMHU oOcsiramu iHpopMalii, mpuiiMaTi BHBa)KEH1 pIMIEHHS BiJNOBITHO 10 OOCTaBHH,
YCIIIIHO aJanTyBaTUCS 10 BUKOPUCTAHHS IHHOBALIMHUX TEXHOJIOTIH B MpodeciiHiil TisIbHOCTI
Ta y MOBCSIKJIEHHOMY JKUTTI (TpOMaJITHChKa Ta COLllalbHO-eKOHOMIUHA cdepn) [3].

OpnHak, Ha ChOTOJIHI y HIKIJIBHIN MpaKTULI ICHYE pAn (akTopiB, SKI MEPEIIKOHKAIOThH
MOBHOI[IHHOMY JIOCSITHEHHIO METH MaTeMaTHYHOi OCBITHBOI raity3i, 1110 BU3HaueHa B JlepkaBHOMY
cTanzapti 6a30BOi cepeIHbOT OCBITH.

SIx mpaBmIIO, cepell OCHOBHHUX TMPUYHH «CKIIAJHOCTI» 3aCBOEHHS CHCTEMH MaTeMaTHYHUX
3HaHb YYHIBCTBOM Ta (JOPMYBAHHS y HUX BIJIOBITHUX YMiHb 3aCTOCOBYBATH Ha MPAKTHULII HAOyTI

171



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

3HAHHS M1 9ac PO3B’sA3yBaHHs NPOOJIEMHUX 33aBJlaHb MATEMaTUYHOIO, IPAKTUKO-OPIEHTOBAHOTO
YM MPUKIAAHOTO 3MICTYy JOCHIIHUKHA-METOJAMCTH BKa3ylOTh Ha IMpHUTaMaHHY MaTeMaTH4HIH
OCBITHIH raiy3i «oco0JIMBO BUPa3HY aOCTPAKTHICTH, KA, HA BIIMiHY BiJl 1HIIMX rayry3eu, piame
Mae OYEBH/IHI Mapaielli 3 MOBCAKACHHUM J0cB1IoM» [3]. Y HachiAKy MaeMO 3HMKEHHS MOTHBALlii
YUYHIBCTBA JJO BUBYEHHS MATEMAaTHUKH K CKJIaJHOI I aOCTpaKTOi IIKUIBHOI AUCHUILIIHY, KA, HA
JYMKY 3HAQYHOI YaCTHMHM YYHIBCTBA, MOXE B3araji iM HE CTaTH y MPHUTOJi IiJ 4ac OTPUMAaHHS
MaiOyTHBOI mpodecii Un y MOBCIKICHHOMY JKUTTI.

Hapas3i HeraTuBHui BIUIUB Ha ITpouec (OpMyBaHHS LIJIICHOI CHCTEMHU MaTeMaTUYHHUX 3HaHb
YUYHIBCTBA MAlOTh BHKJIMKH, 1[0 TOB’S3aHI 3 OCBITHIMH BTpaTaMH, SIKI 3yMOBJICHI HACITiIKaMU
nangemii COVID-19 ta mocusieHi pociiicbKor MOBHOMAIIITA0OHOIO arpeciero. ToMy HEOOAMHOKI
BUNIAJIKK B LIKUTbHINA MPaKTHIl, KOJH BUYUTENI 30CEPEHKYIOTh CBOIO yBary came Ha 3aCBO€HHI
YUHSIMM HOBHX 3HaHb Pa3oM 13 IMOBTOPEHHSAM IPOrpamMOBOro Marepialy MHUHYJIMX HaBYAJIbHUX
POKIB 337151 HaJIOMYXEHHS OCBITHIX BTpPAT 1 HEJOCTATHBO YBaru MPUIUIAIOTH BUKOPHUCTAHHIO B
HaBYaJILHOMY TpOIeC] IHHOBAI[IHHUX METOJIB, 3ac00iB 1 ()OpM HaBYaHHS, IO JIEBO CHPUSIOTH
NOCWJICHHIO 3aIliKaBJICHOCTI Y4YHIB y BHUBYEHHI MaTeMaTWKH, (OPMyBaHHI pPO3YMIiHHA i
3HAQYUMOCTI JUIsl IXHBOTO OCOOMCTICHOTO CTAHOBJIGHHS W BHKOPHCTaHHS Yy MaWOyTHIN
npodeciiftHui TisTIbHOCTI, PO3BUTKY TBOPUYHUX 310HOCTEH.

AHagi3 pociigxkedb i myOJikamiii. Y KOHTEKCTI HaBYaHHS MaTeMaTHUKU (OpMyBaHHS
TBOpUMX 3ai0HOCTEel HaOyBae 0OCOONMBOI 3HAYYIIOCTI. MareMaTHKa CTBOPIOE TPHPOJIHE
cepeloBUILE Ui iX PO3BUTKY: MOCTAHOBKA Ta CTBOPEHHS PI3HOTO pojy NMpOoOJIEMHUX 3ajad,
MOMIYK PI3HUX 3a CBOEI CTPYKTYPOIO 1 MAaTEeMAaTUYHOK OCHOBOIO CIIOCOOIB PO3B’SI3yBaHHS
npo0aemMu, JOBEIeHHA W OOIPYHTYBaHHsI BHCJIOBIIOBAaHb, MOJEIIOBAHHS >KUTTEBUX CHUTYalliid,
3aCTOCYBaHHS €BPUCTHUK, peIIEKCisl BIACHUX MOMUIOK TOLIO.

[Tpobnema po3riisay TBOPUOCTI K BaKIMBOI'O YHHHHKA PO3BUTKY OCOOMCTOCTI BUCBITIIEHA
y TpaIsix BiJoMuX 3apyOiKHHMX mochigHukiB, cepen sikux J[. Kmozen, K. Pomkepc, E. Topenc,
Jx. T'indopn, XK. IMiaxke Ta iHmi. 3araabHUM NHTAHHAM PO3BUTKY Ta BUSBIEHHS TBOPYHX
3110HOCTEH MPUCBATAN CBOT po3BiaAkH ykpainceki gocuigauku — ['. C. Koctiok, H. A. Kapnenko,
B. O. Mousiko, O. JI. My3suka, B. O. CyxomnuHcbKuii Ta iHIIi. PO3BUTOK TBOpUYHUX 3/110HOCTEH Ii]T
Yac HaBYaHHS MaTeMaTUKH BHCBiTIeHO y npansx O. [. Marsam, C.B. My3udenko, O.A.CManbko,
A. B. Tepenu, O. C. Hame4HUKOBOI.

Mera crarri — BHUCBITVIMTH OCOOJMBOCTI BHKOPUCTaHHS TpPAaJULIHHUX METOMAIB Ta
IHHOBaLIHUX PUHOMIB 3217151 GOPMYBAHHS CUCTEMH MaTeMaTUYHHUX 3HaHb Ta PO3BUTKY TBOPUHUX
3110HOCTEN YUHIBCTBA 1] Yac HaBUYaHHS MaTeMaTuku y 5-6 kimacax HYIII.

Bukiaax ocHoBHoro Mmarepianay. Ilin HaBUaJbHO-TBOPYOIO ISUIBHICTIO MU PO3YMIEMO
CBIIOMY 1 LIUIECHIPSIMOBaHY aKTUBHICTb, SIKa INependadae NMOeAHAHHS HagyauHs, TOOTO HAOyTTS
YUYHIBCTBOM HOBHX 3HaHb Ta HABMUOK Y€pe3 JI0CB1J] HABYAIILHOT AISIIbHOCTI, Ta ME0pY, 1110 Ha TyMKY
HAYKOBLIB [2] € ckiaagHUM 1 0araTOBUMIpPHUM IPOLECOM, SIKUH CYHNPOBOKYETbCS 1ICTOTHUMHU
3MiHaMH B COLIAJIbHUX, Mi3HABAJbHUX, MOTUBAIIHHO-I[IHHICHUX CTPYKTYpax Ta iHAUBITyaTIbHOMY
CTWJII JISUIBHOCTI OCOOMCTOCTI, L0 Nepeadadyae CTBOPEHHS TBOPYMX 3A10HOCTEH, YsIBH Ta
CaMOCTIHHOCTI Y4HIB Ta YYEHHULIb.

3 orasAy Ha Te, 1110 OCBITHIN MPOIleC MOBUHEH MaTH OCOOUCTICHO OPIEHTOBAHMM MIJX1J, 110
nepeadavae BpaxyBaHHsS PpIBHA I1HTEJIEKTYaJIbHOTO PO3BUTKY, IHTepeciB, 37i0HOCTel Ta
IHIUBIAyalbHUX TEMIIIB 3aCBOEHHS 3HaHb, M1 Yyac poOOTH 3 YUHSMHU Ta YUEHMISIMHU 5-6 KIlaciB
BO)XJIMBO BPAaXOBYBAaTH IXHI BIKOBI Ta ICUXOJIOTiYHI OCOOJMBOCTI, a/ke came Iei mepion €
NEePEX1THUM BiJ] MOJIOJIIOTO MIKUIBHOTO JI0 MITIITKOBOTO BIKY, KOJIH ()OPMYIOTHCSI HOBI MOTHBU
HaBYaHHS, 3MIHIOETbCS CTaBJECHHS J10 ce0e Ta OTOYEHHS, 3pOCTa€ MoTpeda y caMOCTIHHOCTI i
camocTBepKeHH1. Mool miIiTKU ParHyTh BUSHAHHSA CBOIX JIOCSTHEHb, aKTUBHO HIYKAIOTh
CIOCOOM CaMOBHUPAXKEHHS Ta MPOSBY KOMIIETEHTHOCTI Y JiSUIBHOCTI, SIKY BB)XaIOTh 3HAYYIIOIO
[7]. Came TOMYy KOX€H BUMTENb YW BUMTEIbKA MOBHH OOMPATH METOIW Ta 3aCO0M HaBUAHHS
BIJITIOBIJTHO /10 OCOOJIMBOCTE KOHKPETHOTO YUHIBCHKOTO KOJIEKTHUBY 3 YpaxyBaHHIM HaBUAJIbHUX
0COOIMBOCTEH CBOIX 3700yBaviB OCBITH 1 TEXHIYHIX MOMJIMBOCTEH.

[IpoBeneHi HaMU CHOCTEPEKEHHS 3a [ISIBHICTIO MOJIOAIIMX MATITKIB M 4Yac
pO3B’sI3yBaHHS 3aBJaHb 31 MIKUIbHUX MIIPYYHHUKIB 3 BUKOPUCTAHHSIM TPAJULIAHUUX METOJIB Ta
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3aBJaHb 3 «TBOPUYMMH JOTIOBHECHHSIMI Y, SIK1 Mepe0ava0Th BAKOPUCTAHHS IHHOBAI[IHHUX METO/IIB
Y1 IPUIOMIB, ITOKA3aJIH, 10 HAHOUIBII €EeKTUBHO CIPUSAIOTH PO3BUTKY IMi3HABAIBHOT aKTUBHOCTI
1 TBOpYHMX 310HOCTEH YUIHIBCTBA JOCIITHUIIBKUI METO/I, METOJI IPOEKTIB, IrPOBi Ta IHTEPAKTHBHI
METO/H, IPAKTUKO-OPI€EHTOBAHI, Bi3yalbHi METOAM Ta MPHUHOMH.

Hocnionuybkuti memoo TPYHTYEThCA Ha eJIeMEHTaX CaMOCTIMHOIO MOIIYKY, CIIOCTEPEKEHHS,
eKcriepuMeHTyBaHHs. Llell MeTo/ TOpeuHO BUKOPUCTOBYBATH IIi/T YaC BUKOHAHHS TBOPYHX 3aBaHb 3
MIPOBEICHHS MiHIJIOCIIIKEHb, HAIIPUKIIA, 11010 BIACTUBOCTEN (PIryp, BiICOTKOBHUX CITiBBiHOIIICHB,
3aKOHOMIPHOCTEH 4rcen Tomlo. [Ipoekmuuti Memoo OpiEHTYE HAa HaBYAHHS, 10 Tiepeadavac TuiaHy-
BaHHS, PO3POOJICHHS Ta peaji3allifo MOIIYKY BHPIIICHHS MEBHOI MPOOJIEMH Yy CIUIBHIA JISUTEHOCTI.
Tpaxmuxo-opicnmoganuti memoo (3aBIaHHS SIK MiHI IPOEKTH ) CIIPSIMOBAHUI Ha 3aCTOCYBAHHS MaTe-
MaTUYHUX 3HaHb Y PEAIbHUX KUTTEBUX CUTYAIISIX — 3aBJAaHHs Ha BUMIPIOBAHHSI, CTBOPEHHS MOJieTiel
(MelKepcTBO, CKPAaHOIHT) TOIIO, 0 CTUMYJIIOE YUHIB JI0 TIOIIYKY ITPAKTUYHOTO CEHCY Y BUBUCHOMY
MaTeMaTUYHOMY MaTepiai, CIpHUsi€ PO3BUTKY THYYKOCTI MUCIIEHHSL. [2po6i ma inmepakxmugHi Memoou
AKTHBI3YIOTh Mi3HABATBHY MISUTBHICT 1 CTBOPIOIOTH €MOIIIMHO MO3UTHBHY aTMochepy HaBdaHHsL. I 'pa
sK Gopma iSUTLHOCTI JTa€ 3MOTY YYHEBI MPOSIBIISATH 1HIIIATUBY, CIIBIPAIFOBATH, BiAYyBaTH YCHIX 1
BOJTHOYAC PO3BHMBATH TBOPYICTh 3aBASKA BUKOpHCTaHHIO. [1[00 Oumbin eekTuBHO 3abe3neunTd
HAOYHICTh, OOPA3HICTh Ta aCOLIATUBHICTh MHCJIEHHS i/l YaC BUBYEHHS CKIAHUX JUISI OCMUCIICHHS
YUHSIMU 5-6 KJIaciB TEM BCE YACTIIIe BUUTEII BUKOPUCTOBYIOTh 8i3YAIbHI MemoOou 9epe3 CTBOPCHHS
KPOCEHCIB, MEHTAJIbHHUX KapT, aCOI[IaTUBHUX CXEM, HABUYAIbHUX MEMIB, CKPalOIHT1B, KOJIaXKiB, a TAKOXK
BUKOPUCTaHHS I(PPOBHUX IHCTPYMEHTIB 33 /151 IOCHIICHHS Bi3yaizallii MaTeMaTHYHUX TIOHSATH TOIIIO.

Sk CBiTUMTH MIKITbHA MPAKTHUKA, BYUTENb MOXKE 1 MiA Yac po3B’s3yBaHHS 3ajadi 3
NIKITPHOTO MIAPYYHHKA CTBOPUTH TBOPYY arMocdepy, MOTMOBHHBIIHM TECT HAJIUIIKOBHUMH YU
CyINepeuIMBUMU JAaHHUMH UM HABMAKU — BUIYYHBIIY MTUTaHHA (BUMOTY) 3 TEKCTY 3azaui [4]. Abo,
BUKOPHUCTOBYIOYH TIPHUIOM CTOPITEIIHTY, CIOKETHY 3aJlady IEPETBOPUTH B OIKC MOXKIIUBOT
npo0JIeMHOT CHUTYyallil 3 pealbHOTO JKUTTA, IO CHpPUSE PO3YMIHHIO YYHSIMH 1JIeil Ta eTalliB
MaTeMaTUYHOT'O MOJICTIIOBaHHS [5].

Taki JOMOBHEHHS MOXYTh OyTH HE TUIBKM Y CIOKETHHX 3aJadax, ajie U y CyTo
matemMarnuHuX. Tak, y Temi «KoopawHaTHA IUIOMIMHA» € CTaHAAPTHI 3aBIAaHHS, IO MArOTh
TpPEeHYBaJIbHUI XapakTep 1 CIpAMOBaH1 EepeBaKHO HA (POPMYBaHHS TEXHIYHUX YMiHb YYHIB.

3ae0anna 1. Tlo3nau HAa KOOPAWHATHIN ITUIONIMHI TOYKH Ta 3 €IHAW iX TOCIIJOBHO
Binpiskamu: (-1;6), (2;7), (5;4), (4;-2), (2;4), (-1;-3), (-3;-2), (-4;4), (-2;5), (-1,6).

Ile 3aBmaHHS (GopMye HAaBHYKHA 33 KOOPJIUHATAMH 3HAXOJWUTH TIOJOKEHHS TOYKH Ha
KOOPJIMHATHINA IUIOMIMHI, 1 Ma€ 3/1e0UIBIIOro penpoAyKTUBHUM XapakTep — y4eHb BIATBOPIOE
TOTOBY IOCJIIJIOBHICTb /1l 6€3 HE0OX1HOCTI CAaMOCTIHHOIO MONIYKY, IJIAHYBAHHS YU TBOPYOIO
ocmucneHHs. OHak MoAiOHI BIPaBH JIETKO MEPETBOPUTH HA TBOPUI, SIKIIO 3MIHUTH XapakTep
JISITBHOCTI YYHS 32 JIONMTOMOTOI0 CTOPITEIIHTY (CKJIalaHHs 1cTOopii):

- HaJatv HoMmy npaBo BUOOpPY (TemMH, (popMH, MOCIITOBHOCTI TOUOK, CIIOCO0Y 300paXKeHHs);

— BBECTHU CIOKET a0 JIEreH Ty, [0 Ha/a€ 3MICTY Ta eMOIIIITHOCTI MaTEMAaTUYHUM JIisIM;

- TMO€IHATU MOOYIOBY 3 YSIBHOIO a00 JIOCIIITHUIBKOIO CUTYAIIEIO;

- 3aJy4WTH Bi3yallbHi, IrpOBI Ta 1HIII eJeMEeHTH (HanpHuKiIa, reorpadiuHi KapTu, IpUPOIHI

00’€KTH TOIIO).

VY pe3ynbTari BUKOHAHHS TAKOTO 3aBAAaHHS YU€Hb HE JUIIE 3aKPIIUTIOE TIOHSATTS KOOPAWHAT,
a ¥ po3BHWBAE ysBY, MPOCTOPOBE MUCJICHHS, BMIHHS TUIAHYBATH, aHATI3yBaTH Ta CTBOPIOBATH
BIIACHUU ITPOJYKT.

Teopue 3a0anns « Koopounamua noooposic nogimpanoi Kyii»

Jlezenoa: Vasu, wo mu — Manopi6HuK, sKUll BUPYUIAE 8 NOOOPOXC Ha nosimpsaniu Kyii. Teos
micisi — nponemimu Hao 4dapieHolo Kpainoro «Koopounamisy i ckracmu xkapmy mapwpymy. Ha
KOOPOUHAMHIU NIOWUHI MOYKU NO3HAYAIOMb OPIEHMUPU, A JITHIT Midc HUMU — wiisix Kyi. Tu modcewt
CmMeopumu 81AacHy Kapmy, oopasuiy HanpsmM ROJILOMY, MiCYs 3yRUHOK [ HABIMb NeL3addc nio KyJero.

Incmpykyis 00 BUKOHAHHA:

1) [losnau 3a0ani mouku Ha KOOPOUHAMHIL NIOWUHT MA 3 €OHAlL IX NOCIO06HO BIOpI3KaAMU, W00
siomeopumu kouwmypu nogimpsnoi kyni.: (0,-2), (-2;2), (-1;4), (2;5), (5;4), (6;2), (4;-2), (0;-2).
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2) IIpudymaii npo0oexcenns noibomy. 000ail 61ACHI MOYKU, SKI YMEOPAMb KAHAM, KOUUK abo
0eKOpamueHi eleMenmu, CIMmeopu Mapupym pyxy Kyaii (Hanpukiao, 061im HaAeKo.Io 2ip).

3). Opopmu pezyromam: 3agapoyii Qicypy KoIbopom, niOnUwU KOOPOUHAMU, KOPOMKO ONUWU,
KYOu i YoMy Jemums meost KVJis.

Puc. 1. KonTyp nosiTpsiHoi Ky.Jii Puc. 2. llpukaan BHKOHAHHS APYroro
eTaiy 3aBJaHHS

Puc. 3. Hpmc.nagl BUKOHAHHA TPETHOI'0 €TAally 3aBAaHHA

3aranoM, Taki 3aBJaHHA JIOLJIBHO 3aCTOCOBYBATH, KOJIM y4HI BXKe MarOTh 0a30B1 HABUYKU
noOy10BU TOYOK, ajie MOTPeOyIOTh EMOLIHO MPUBAOINBUX (POPM pOOOTH.

[Tin uyac BuBYeHHs TeMH «PIBHAHHS» MOXHAa BHMKOPHUCTaTH Tpy «Mamemamuunuil
ouzatinepy (puc. 4). 3a yMoBaMu TIpH, y4YHI BHUKOHYIOTH pOJb IHTEp €p-IU3alHEpIB, SIKI
00JaImTOBYIOTh KIMHATy, AoOMpatoun mnpeamerd Ta Mebni. KokeH mnpeamer Biamosinae
KOHKPETHOMY 3aBJaHHIO, 1 100 J0JaTH MOro a0 iHTep €py, HEOOXITHO 3HAWTU MPAaBUIbHY
BiJIMOBiAb /10 3aBAaHHA. Hampukian:

Nel. Braswcimo pigHAHHA, PO36 SA3KOM K020 € HAMYPANbHE YUCTO:

1zx=2= 2x+7=5 2x+5=11

Yyenb o0upae piBHSAHHSA, JUIS SIKOTO, HA HOTO AYMKY, PO3B’A3KOM € HaTypajbHE YUCIIO 1,
BIJIMOBIIHO, OJIMH 13 MPEAMETIB, M0 HAIEKHUTH M0 i€l Tpynu. Y XOJIi IpU Y4Hi: PO3B’SI3YIOThH
PIBHSHHS PI3HUX THIIIB; 31CTABISAIOTh MaT€MaTU4HI pe3yJabTaTH 3 BI3yaJlbHUMH oOOpa3amMu
(ememeHTaMM iHTEp’ €py); TBOPUO CTBOPIOIOTH BJIIACHUM BapiaHT KiIMHATH, KOMOiIHYIOUM MeOJIi Ha
OCHOBI pO3B’s3KiB. ['py MOXHA MHPOBOAWTH Yy TpaauliiHOMy ¢dopmati (3 poO3aaTKOBUMHU
Mmarepianamu) abo y nu(ppoBOMY BUTJISI 3 BUKOPHCTAHHAM 1HTEPAKTUBHHUX JOJATKIB, TAKUX SIK
Canva, LearningApps TOIIO, IO Ja€ 3MOTY YYHSIM CaMOCTIHHO TMepeMinryBaTH 00 €KTH,
CTBOPIOBATH Bi3yallbHi KOMITO3UIIi1, 10aBaTH KOJIbOPH i JeTai.
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Puc. 4. <kMaremaTuyHmnii 1u3aiiHep».

3ayBakuMo, 110 MPABUIBHICT PO3B’S3YBaHHS yYHEM YM YYCHHIICIO II'SITU PIBHSAHB JETKO
MEPEBIPUTH BUUTENIO MO KapTIi-€TaJOHY 13 «IIpaBUIBHUMY IHTEp €pOM. AHAJOTIYHI 3aBJaHHs
HiIXOASTH 1 IS TAPHOi POOOTH, a TAKOK MOXKYTh OYTH JTOMAIIHBbOIO POOOTOIO.

BHCHOBKM Ta NepcreKTHBHU MOAAJIbIINX A0CTiKeHb. Y CTaTTi MU PO3TIISIHYJIH JIAIIE 1BA
MIPUKIJIAIU 3aCTOCYBaHHS HE3BUUHUX JJI1 YPOKIB MaTeMaTHKU MPUHOMIB, SIKi OJJHAK BCE YaCTillIe
BUKOPUCTOBYIOTh BUMTENI 3 METOI MiABHINEHHS 3al[iKaBIEHOCTI YYHIBCTBA 1O BHBUYCHHS
MaTeMaTHKH Ta CTBOPEHHS TBOPUOi aTMOC(hepH.

VY mincyMKy MOXKHa CKa3aTH, 10 HE ICHY€E €IMHOTO YHIBEPCATBHOTO METO/1Y Y1 PUHOMY, SIKUH
e(EeKTUBHO JIi€ TiJI Yac BHBYCHHS PI3HMX 3a aOCTPAKTHICTIO 1 MAaTEMATUYHOIO CKJIAIHICTIO TEM.
JlocTiTHUAIIbKI HABYAIOTH JOCII/DKYBaTH W IIYKaTH BJACHI OpPUTiHAIBHI PIIICHHS, MPOEKTHI Ta
NPAKTUKO-OPI€HTOBAHI — OAYUTH MPAKTUYHUHA CEHC Y 3HAHHSAX, Bi3yaJbHI — PO3BHUBAIOTH YSBY i
ACOI[IaTUBHICTh, a IrPOBI — MIJBUIIYIOTh 1HTEPEC 1 MOTHBAIiIO. Y TMO€AHAHHI 3 IHHOBALIHHUMU
npuiioMamu (CKpanOiHT, CTOPITENIHT, MEMKEPCTBO Ta 1HIII) BOHU CHPUSIOTH (JOPMYBAHHIO TBOPUOL,
HIIaTUBHOT OCOOMCTOCTI, 3/IaTHOI 3aCTOCOBYBATH MAaTEMAaTHKy y pealbHHUX CHTyalisx. OmHak ix
[IMPOKOMY BHKOPUCTAHHIO, Ha JAYMKY OLIBIIOCTI ONWTAHMX HAMHU BUMTENIB, MEPEIIKOIKAE
BIICYTHICTb JMIAKTUYHOTO 3abe3neuyeHHs uyu Opak yacy. Came ToMy BOauaeMO HpOJOBXKEHHS
JOCJIIKEHb 1I0/I0 CTBOPEHHS METOJJMYHHUX PEKOMEHALlI BAKOPUCTAHHS PI3HUX METOIB 1 MPUIOMIB
I1/1 4a BUBYEHHS BY3JIOBUX TEM IIKLJILHOTO KypCy MaTeMaTHKH 3317151 GOpMYBaHHS LITICHOI CUCTEMU
MaTeMaTUYHUX 3HaHb Ta PO3BUTKY TBOPUOi OCOOUCTOCTI 3100yBaviB OCBITH.
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Lukianova S. M., Lavrynyuk T. M. Educational and creative activities in mathematics
lessons for 5th and 6th grade students of the New Ukrainian school.

The implementation of the conceptual provisions of the New Ukrainian School in practice
involves organizing the educational process for students in such a way as to create effective
conditions for the formation of a holistic system of mathematical knowledge and mathematical
competence in them, combined with the development of a creative personality. Therefore, teachers
must solve the problem of combining traditional methodological approaches to teaching key topics
in the school mathematics curriculum with innovative technologies. The article presents the results
of a study of the problem of teaching mathematics to students in grades 5 and 6 at the current stage
of reforming school mathematics education. Examples and methodological recommendations are
given on the combination of traditional methods of teaching mathematics and innovative
techniques (scribing, making, storytelling) in order to create effective conditions for the formation
of a competent and creative personality of a student. The authors conclude that modern students
in grades 5-6 need new forms of motivation, self-expression and cognitive activity. That is why
the implementation of innovative methods and techniques into the traditional methodology of
studying the school mathematics course can become a powerful means of supporting students'
cognitive initiative, forming their interest in the subject and the ability to apply knowledge in real-
life situations, which is an important prerequisite for the formation of a system of mathematical
knowledge and the development of students' creative abilities.

Keywords: New Ukrainian School, educational mathematics, mathematical competence,
educational and creative activity, traditional and innovative educational methods.
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IMPOBJIEMA PO3BUTKY ITPOCTOPOBOI'O MUCJIEHHA YYHIB Y CYUACHHUX
YMOBAX

Y cmammi posenanymo npobremy po3eumxy NpoCcmopo8020 MUCIEHHS, U020 3HAYEHHS
arcummi Cy4acHoi IH0OUHUHA OCHOBI PYHOAMEHMANbHUX 3A2AIbHOBUSHAHUX Y CBIMI 00CIOHNCEHD

(3oxpema, 1. C. Axumancokoi) ma cyuacnux 3axopoonnux docnionuxise (Bednarz R. S., Lee J., Mix
K. S., Levine S. C., Seker M., Maguire E. A., Johnsrude I. S, Maresch G., Sorby S. A. Mason, J,.
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Mix K. S., Moreau D., Mansy-Dannay A., Nagy-Kondor R., Newcombe N., Huttenlocher J.),
NIOKpecieHo 38 30K MIdC pIi6HeM PO36UMKY HNPOCMOPOBO2O MUCTEHHA Ma AKA0eMiuHOIO
VCRIWHICIIO YYHIB 3 MAMeMAamuKu, YCRIuHIicmio ¢haxieyie 3 pisHux cghep y npoyeci npogecitinoi
oisnbrocmi. OKpecieHo npoobiemy 3HUNCEHHSL PIGHSL PO3BUMKY NPOCHOPOB020 MUCTIEHHS CYUACHUX
VUHi6 /cmyO0eHmis, npo wo C8I0UUMb Ul AHAI3 BUKOHAHHS 3A80AHb, WO NOMPEOVIOMb PO3BUHEHO20
npocmoposozo  mucienus (pesynomamu PISA, «Keneypy»). Bpaxosano Oocniosxicenus
H. JI. Mayvko, 6 axomy IpyHmMOBHO UCBIMIEHO BU3HAYEHHS KpUmepiie ma pienis cihopmosarnocmi
NPOCMOPOBUX VABNEHb 8 VUHIE (AKYMYIAAMUBHUL, PENPOOYKIMUGHUN, KOHCIMPYKMUSHUL, IHMEIeK-
myanvrul). Buxoosuu 3 sudinenux I. C. AKUMAHCbKOM0 Pi6HI8 pO3BUMK) NPOCMOPOBO20 MUCTEHHS,
y3aeanbHeHo ma  BUOIIeHO  pieHI  chopmMoaHocmi  NPocmoposoco  MmucieHHs.  Piewi
PenpoOyKmueHUlL ma pPeKoOHCMPYKMUBHULL PO32TA0AEMO 5K HeoOXiOHI wabni nepexody Ha
meopuull pieeHb, UYACMo — GIONOBIOHO NCUXOJI020-Ne0A202IYHUM —0COOIUBOCMAM  VUHIB
KOHKPEMHO20 BIKY, MOMY HA KOJICHOMY PIBHI 8UOLIAEMO OKPEMO U PIBHI C(hopMOBAHOCMI.

Onucano aemopcokuil nioxio 00 po3pooOKu cucmemu 3a80aHb 05l OlA2HOCMUKU
NPOCMOPOBO20 MUCIEHHS, WO MICMAMb 3a60AHHA: HA PO3NISHABAHHA, HA SUMIDIOBAHHS, HA
BUKOHAHHS PUCYHKIG, HA BUKOHAMHA KpeCleHb, HA MOOeN08AHHA 3d OONOMO20I0 NIOPYUHUX
3ac00i6; Ha CMEOPEeHHs YAGHUX MoOdelell ma Ha Maninyaayii 3 Humu. Pospobneni namu 3a60anns
DEKOMEHOYEMO BUKOPUCOBY8AMU He Juuie 07l OideHOCMUKU, a U 3 Memol pPO3GUMKY
npOCMopo8o2o MucieHHs yuHie / cmyoenmis. Hacmuna 3aeédamv (6nox 1) € yHigepcanbHow
(nioxoo0umv 0/ 8CIX YUHI8 / cyOeHmie ma He 3aJedHCUmsb 8i0 PiHs IX 3HAHb 3 MAMEMAMUYHUX
oucyunain). 3ae0anmns 610Ky 2 nepedbauaioms, wo y mux, Xmo ix UKOHYE, HAAGHI 3HAHHS MA
6MIHHA, SKI 8I0N06I0AI0OMb KOHKPEMHUM MeMAM HNpPOSPAMHO20 Mamepiany (03HAUOMIEeHHS 3
2eOMeMPUYHUMU NepemBOPeHHAMU (icyp Ha NAOWUHI /' Y NPOCMOpI; KOOPOUHAMU HA NIOWUHL /Y
npocmopi;, napaneivHe NPoeKmy8anHs ma inuie). 3anponoHo8aHuli nioxio HA0Ae MONCIUBICMb
suUmMeNnt0 MameMamuky Ha NpaKmuyi NeeHoi Mipoio 8i0CiOK08Y8amu OUHAMIKY PO3GUMKY
NPOCMOPOBO2O MUCTIEHHS YYHIG Y DealbHOMY HABYATbHOMY NPOYECI.

Knrouoei cnosa: npocmopose MucieHHs, NPOCMOPOSI VABIEHHS, PIGHI  PO3BUMKY
NPOCMOPOBO20 MUCTIEHHS, Kpumepii pieHs cqhopMOBaAHOCMI NPOCMOPOBO20 MUCTEHHS.

ITocranoBka npodsaemu. [lepeoliHuTH PoOJib TPOCTOPOBOTO MHUCIEHHS Yy peaJbHOMY KHUTTI
JIFOIMHU HEMOXJTUBO (3arajibHOBIZIOM1 (pyHAaMeHTanbH1 fociaipkeHHs b. I'. Ananbesa, 1. . Karuty-
HoBHY, . C. SIkuMaHChKOi Ta 1HIIMX). BaXJMBY poib PO3BMHEHOTO MPOCTOPOBOTO MHCIEHHS Y
JUSUTBHOCTI JIFOJMHU, HE3BAKAIOUM HA HASBHICTh HOBITHIX TEXHOJIOTIH, IMITKPECTIOIOTh 1 CydacHi
JociikeHHs. Po3BUHEHE NMPOCTOPOBE MMCIEHHS JI03BOJISIE ONEPATUBHO CTBOPIOBATH IIPOCTOPOBI
00pa3u Ta onepyBaTH HUMH B IIPOLIEC] PO3B’I3yBAHHS 3aB/1aHb, 1110 BUMAraroTh OpIEHTALIi] y IPOCTOPI.
30KpeMa, BUCOKHI PIBEHb PO3BUTKY HMPOCTOPOBOTO MUCIIEHHS IMOKpAIy€e CIPOMOXHICTH MIJIOTIB
JiTakiB yHUKaTH KputnuHi curyarii (Taylor M. M., O’Hare D., Morrison D., 2014) [19]. V nocina-
xenHi (Moreau D., Clerc J., Mansy-Dannay A., 2011) BcTaHOBIE€HO B3a€MO3B'SI30K MiXK IPOCTOPOBUM
MUCJIEHHSIM Ta CIOPTUBHUMHU pe3ynbTatami [13]. Pe3ynbraTu 10ociiKeHb BUSBUIN 3HAYHUH 3B'A30K
MDK HPOCTOPOBUMHM 3II0HOCTSAMM CTY/AEHTIB MEIUYHMX CHELiaJbHOCTeH Ta IXHIM YCHIXOM Ha
NpakTUYHKUX icnuTax 3 anatomii (M. Aydin, M. T. Yilmaz, M.Seker (2020) [6].

Arne, 3 iHmOro OOKy, NMCHUXOJIOTHM Ta MEJarord BiMIYalOTh 3HID)KEHHS PIBHS PO3BUTKY
MPOCTOPOBOTO MUCJICHHSI Cy4aCHUX Y4HIB /CTyNeHTIB. [Ipo 1ie cBiMUuTh W aHaii3 BUKOHAHHS
3aBJlaHb, 1110 MOTPEOYIOTh PO3BUHEHOT'O POCTOPOBOTO MUCIIEHHS (30KpeMa, y JociikeHHi PISA
[15; 16], nmpu BuKOHaHHI 3aBAaHb MDKHAPOJHOTO MaTEeMaTHYHOTO KOHKypcy «KeHrypy»
(Kangourou sans Frontiéres, https://www.aksf.org/publications.xhtml)).

ToMy MeTa cTaTTi — NPOIEMOHCTPYBATH MiJIX1/ 10 BIACTIAKOBYBaHHS JUHAMIKU PO3BUTKY
IIPOCTOPOBOI'O MUCJICHHS YUHIB, SKMI MO>Ke OyTH peali3oBaHHi Ha MPAKTHIIl y TPOLIECi HaBYaHHS
MaTEeMaTHKH.

AHani3 akTyaJbHHX Joc]igxkeHb. [IpocTopoBe MHUCIEHHS € MPOSIBOM KOTHITHMBHOTO
PO3BUTKY KOHKpeTHO1 moauHuU. 3a I. C. SIKuMaHChKOIO0 — IPOCTOPOBE MUCIIEHHS € CHEU(pIYHUM
BUJIOM PO3YMOBOI AisITBHOCTI, sIKa BiZIOYBAa€ThCS y IPOLIEeCi pO3B’A3yBaHHs 3314, 1110 MOTPEOYIOTh
Opl€HTAII] y IPOCTOPI; Y CBOIX HAalOUIbII PO3BUHEHUX (opMax 1€ MUCICHHS o0pa3amMu, y SIKUX
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(bIKCYIOTBCS TPOCTOPOBI BJIACTHBOCTI Ta BIAHOMIEHHS. BIIBIIICTE Cy4acHUX JOCIITHUKIB
JOTPUMYIOTHCS 1 3apa3 LbOTO BU3HAYCHHSI.

Y pob6ori [15] (Newcombe N., Huttenlocher J., 2000) po3riissHyTo po3BHTOK MPOCTOPOBOIO
MHCJICHHS SIK pe3yJbTaT MOE€THAHHS BPO/PKEHHUX 3A10HOCTEH iTel Ta IXHBOTO TOCBIAY B3aEMO/IIT 3
MPEIMETHUM CBITOM. ABTOPH IIATBEPDKYIOTH Hatry AyMKY [3; 4] (1997) po Te, 1110 BaxIIMBY pOJIb
y GopMyBaHHI Ta PO3BUTKY IPOCTOPOBOI'O MUCIICHHS BIJIrpae CHCTEMAaTHUHE BUKOHAHHS YUHSIMU
CreliadbHUX 3aBJaHb Ha PO3BUTOK IPOCTOPOBOTO MUCIIEHHS (3aBIaHHs Ha MOKPAILIEHHS 30pPOBO-
IPOCTOPOBOI MaM’sITi, HA YMIHHS OpIEHTYBaTHCSA Yy CKJIaJHHX IMPOCTOPOBUX CEPEIOBHUINAX, HA
MEHTaJIbHE 00epTaHHs 00’ €KTIB, HA TOYHICTh BIITBOPEHHS ITPOCTOPOBUX BIHOIIEHB Ta IPOTIOPITIH).

VY nocmimxenni [8] (Maguire E. A. et al, 2000) onucano BIumMB Ha 30UIbIICHHS 00'€eMy
3aJIHBO1 YaCTHHU TiIoKammy (00J1acTi MO3KY, MTOB'SI3aHO1 3 HABITAIlI€I0 Ta IPOCTOPOBOIO MaM'SITTIO)
TaKCHCTIB, K1 MPOXOASTh IHTEHCUBHE HABYAHHS /ISl 3a1IaM'sITOBYBaHHS MiCHKHX MapuipyTiB. Le
HiATBEPKYE: CUCTEMaTHYHE BUKOHAHHS BIIPaB Ha PO3BUTOK IPOCTOPOBOIO MUCIIEHHS (Y JaHOMY
BUIIAJIKYy, IHTCHCHBHA MPAKTUKA B HABIraIlii) MOXe MPU3BECTH 10 CTPYKTYPHUX 3MIH Y BiJIiIax
rOJIOBHOTO MO3KY, IO BIUIMBAlOTh Ha mpoctopose muciacHHs. J. R. Power, Sh. A. Sorby (2020)
[ 18] mocmikyBanu reHaepHi BiAIMIHHOCTI Y pO3BUTKY IPOCTOPOBOTO MUCIICHHS.

Cepen CTPYKTYpHHUX KOMIIOHEHTIB IPOCTOPOBOIO MHCIEHHS BUIUISIIOTH: CIPUHMaHHS
pOCTOpOBUX (iryp Ta iX BimHOWIEHB; c(HOPMOBAHI MPOCTOPOBI YSABJICHHS; MPOCTOPOBY YSABY;
3/IaTHICTh JI0 TPOCTOPOBHX TEPETBOPEHb (3MiHA TMOJIOKEHHS, BHKOHAHHA TE€OMETPUUYHHX
NepEeTBOPEHb, 3MiHA MACIITA0Y).

Buxkuiiax ocHoBHOro Matepiasny. OnHa 3 11iieif Haloro JOCHiPKEHHS — BU3SHAYUTH IUIIXHU POp-
MYBaHHS IPOCTOPOBOTO MUCIICHHSI IIKOJISIPIB HA PI3HUX €Taax HaBYaHHA Y Cy9acHUX yMoBax. Hamu
B MEXax JOCIIKEHHS PO3BUTKY MaTeMaTU4HUX 3/110HOCTEH Ta TBOPYOTO MUCIICHHS Y4HIB Y MTPOIIECl
HAaBYaHHS MaTeMaTHKH OyJIO MPOBEIEHO JIOHTHTIOAHE TOCIIKEHHS PO3BUTKY POCTOPOBOTO MHC-
nenns yuHiB 3 5 mo 11 kmac (3 1989 mo1996 pp, 1996 no 2003 pp.), 3 8 mo 10 kmac (2021 2024 pp.), a
TaKOXX KOPOTKOYACH1 TOCITIKEHHS y Tporieci podotu 3 yunsmu 5-11 xmacis (5 kmac (2018-2019 pp),
30KpeMa, 3 METOI0 TOJI0aHHs OCBITHIX BTpart (2024 -2025 pp, criBmpars 3 ['O «CmiBaiii»).

Bynu nociikeHi pi3Hi aCeKTH pO3BUTKY MPOCTOPOBOT'O MUCIICHHS (OMMCAHO HaMU Y [2; 3;
41). OnuH 3 pe3ysIbTaTiB HAIIOTO JOCIPKEHHS, BUKOHaHOTO 11ie y 1993-1997 [3; 4]), cniBniagae 3
BucHoBKkamMu K. Mikc Ta inm. (2012, 2016) [11; 12], sxi miaTBepKYIOTh 3B’ SI30K MIXK PiBHEM
PO3BHUTKY NMPOCTOPOBOIO MUCJIEHHS YYHIB Ta iX aKaJeMiYHOI YCHIIIHICTIO 3 MaTe€MaTHKH, Ta
CBIJYaTh: TPEHYBAaHHS HABUYOK MEHTAJbHOI poTauii (31aTHOCTI YSIBHO 00epTaTd OO0 €KTH Y
npoctopi 0e3 (i3MUHOTO MAaHIMyTIOBAaHHS HUMH) MPHU3BOAUTH J0O PO3BUTKY MaTeMaTHYHHX
3M10HOCTEN MIKOJISAPIB, CIIPHUsSE€ TIOKPAIIEHHIO IXHBOT YCHIMIHOCTI 3 MaTeMaTuku. OTKe, HaBITh B
«enoxy uudposizamii», MPOCTOPOBE MHUCIECHHS 3aJUINAETbCS  HEOOXIHOI  YMOBOIO
IHTEJIEKTYaJIbHOTO PO3BUTKY Y4HIB / CTyJeHTIB. ¥ poboTti «Perspectives on Spatial Thinking»
(Maresch, G., Sorby, S. A. (2021) [9] migkpecnOeThCs 3HAYEHHS CaMe LIJIECHPSIMOBAHOTO
PO3BUTKY ITPOCTOPOBOTO MUCJIEHHS, BIUIUB OT'0 pO3BUTKY Ha 37100yTK1 y cpepi HAyKH Ta TEXHIKH.
Mason, J. (2010) [10], rpyHTytouucs Ha gocmikeHHsax Jx. bpyHepa, 3a3Hadae: cnoyaTtky y4dHi
MAalOTh BIEBHEHO MAaHIMYJIIOBAaTH MaTepiaJbHUMHU 00’ €KTaMH, OTIM — 00pa3aMH Ta CUMBOJIAMHU.
C. E. IGparimoBa, BHKOHYOUI KBamidikamiiine mocmikeHHs (2023-2025 pp.), posrisnana
MOJKJIMBOCTI PO3BUTKY IPOCTOPOBOTO MHCJIEHHS JITel y pi3HI BIKOBI Iepioju, 3AllCHHUIA
(parMeHT eKCepUMEHTAIBHOTO JOCKeHHsT Y Bopox6siHcbkomy minei (CyMcbka 001acTh).

3 BuzHaueHHs nmpoctopoBoro mucieHHs (1. C. SIkumaHchKa) BUTIIIMBAE, 1110 HOTO OCHOBHUMU
BJIACTUBOCTSIMH € BMIHHSA CTBOPIOBAaTH IPOCTOPOBI 0Opa3u B YysBi, ONepyBaTH HHUMHU Ta
NEPETBOPIOBATH iX (3MIHIOBATH (POPMHU, PO3MIpH, MTOJIOKEHHS 00’ €KTIB Y MpocTopi). BBaxaemo 3a
HEOOXiJJHE JIOTIOBHUTH: 3MIHIOBaTH IOJIOKEHHS OO’€KTIB Ha IUIOLIMHI, 3MIHIOBaTH B3a€MHE
PO3MIIIIEHHS] JEKUIbKOX OO0 €KTIB, CHHTE3yBaTH / KOHCTpPYyIOBaTH HOBI 00’ekTH). Po3BHUTOK
IPOCTOPOBOIO MHCJICHHS MOYMHAETHCS 13 (OPMYBAaHHS MPABHIBHOTO CIPUIMaHHSA (QOpM,
pO3MipiB, MOJOKEHHS peajlbHUX 00’ €KTIB; Ha HACTYIHOMY €Talll MOCTYIOBO CTBOPIOETHCS Ta
MIOTIOBHIOETHCS (POH/I TPOCTOPOBUX YSIBIIEHB; PO3BUBAETHCS IIPOCTOPOBA YsIBa.

[TpoGiiema BU3HaUEHHS KPUTEPIiB Ta PiBHIB CHOPMOBAHOCTI IPOCTOPOBHUX YSIBIECHD B YUHIB
Oyna TpyHTOBHO BHUCBiTIeHa y mocmipkenHi H. J[. Mampko (1992) [1]. Lle mocmimkeHHs €
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GbyHIaMEHTAIBHUM 1 HE BTpavae CBOEI aKTyaJdbHOCTI M 3apa3. B skocTi kpuTepiiB AOCTIAHHUILST
BUJITMIIA PiBHI COPMOBAHOCTI TAKUX 1HTEIEKTYaIbHO-TIPAKTUYHHUX YMiHb (B aBTOPCHKii CUCTEMI
iX ciM, ajJie MM 3QJIMIIWIN IICTh, KpUTepii 3 Ta 4 aemo 3MiHEHO): 1) po3Mi3HaBaHHS JTaHOTO
00’exTa cepell iHIUX; 2) po3Mi3HaBaHHS 300paXeHHsI JAHOTO 00’ €KTa cepel 1HIIMX 300paKeHb;
3) BiaTBOpeHHs 00’€kTa B YysBi (YsABJICHHS Tam’sTi); 4) BCTAHOBJICHHS B3a€EMO3B’S3KIB MK
peasbHUM 00’ €KTOM, MAaTEMAaTHYHOIO MOJICIUTIO 00’ €KTa, TEPMIHOMOM, 03HAUYEHHSM; 5) CTBOPCHHS
B ysIBI HOBUX 00pa3iB; 6) MPOCTOPOBE MEPEKOTYBAHHS.

H. J. Maupko Buainmia Taki piBHI C(HOPMOBAHOCTI TNPOCTOPOBUX YSBIEHb Y4YHIB:
1) akyMyJISTHBHUIA; 2) pEIPOAYKTHBHHIA; 3) KOHCTPYKTHBHHUIA, 4)iHTCIEKTYaIbHHIA.

[ToBepTarouuch 1O CTPYKTYpHU HPOCTOPOBOTO MHCJICHHS, BIJIMITUMO: CIIOYATKy 4Yepes
MaHIITYJAIII0 PeaTbHUMHU 00’ €KTaMU BiJI0YyBa€ThCS PO3BUTOK MPOCTOPOBOI YsIBU, HA HACTYITHOMY
PiBHI BXKE ITPOCTOPOBA YsIBAa CTA€ OCHOBOIO JIJIS 3A1MICHEHHSI TPOCTOPOBHUX NIEPETBOPEHB B ysIBi 0€3
OIOpY Ha peajibHi 00’€KTH, a 1€, B CBOIO YEPry, CIPHSE MOJAIBIIOMY PO3BUTKY MPOCTOPOBOT
ysiBu. Lleii mporec BiqOyBaeThCsl MUKIIYHO, HOTO MOXHA MPEACTABUTH Y BHUIJISL CHIipai, 10
CXO0’Ka Ha TUIAKTUYHY cripaib 3a k. bpynepom.

PiBni po3BuTKy mnpocropoBoro mucieHHs (3a [.C.SIkumMaHCBKOIO): pEeNpOAYKTUBHHH —
OlEepyBaHHS TOTOBUMHU 00Opa3aMu; PEKOHCTPYKTHBHHI - MEPETBOPEHHS 00pa3iB 3a 3alaHUMH
YMOBaMH; TBOPYHI — CAMOCTiliHE CTBOPEHHS Ta TpaHC(hOpMaIlis IPOCTOPOBUX 00pa3iB y HOBUX
CUTYaIIIfIX.

Hamm y3aranpHEHO Ta BHIIUICHO PiBHI C()OPMOBAHOCTI IMPOCTOPOBOTO MUCICHHS Yy TaOMHIII
(Ta6m.1). 3a3HauuMO, 110 PiBHI PEMPOIYKTUBHUM Ta PEKOHCTPYKTHUBHUN PO3IIISAAEMO SIK HEOOX1IHI
11a0J1i Iepexo/Iy Ha TBOPYMH piBEHb, YACTO — BiIIOBIIHO TICUXOJIOTO-TICATOTTYHIM OCOOIMBOCTSIM
YUYHIB KOHKPETHOTO BIKY, TOMY Ha KO>KHOMY PiBH1 BHIIUIIEMO OKPEMO i piBHI CPOPMOBAHOCTI.

Ta0mmms 1
PiBHi pO3BHTKY IPOCTOPOBOr0 MHCJICHHS YYHIB
if‘;[ PiBenn Kpwurepii PiBens chopmoBaHOCTI
1 3natHicTh omepyBa- Hwusbkuii: mpoOnemu y po3mi3HaBaHHI 00’ €KTiB;
TH TOTOBUMH IPOC- TPYIHOIIl y MPOIECi BUKOHAHHS MEPETBOPEHb Ha-
= TOPOBUMH 00pazaMH = BiTh 3 OIIOPOIO Ha HAOYHICTb.
E Cepenniii: pparMeHTapHi ysBICHHS; TPYIHOI Y IIPO-
= Heci BHUKOHAHHS TE€PEeTBOpEHb 0Oe3 omopu Ha
=4 HAOYHICTb.
é Bucokwuii: copMoBaHicTh ysiBI€Hb (BCTAHOBJIECHHS
5 B3a€MO3B’A3KIB MK peaJbHUM OO €KTOM, Mare-
A~ MaTUYHOIO MOJIEJUTI0 00’€KTa, TEPMIHOMOM, O3Ha-
YEHHSM); CIPOMOXKHOCTh BHKOHYBATH IEPETBO-
peHHs 0e3 ONopu Ha HAOUHICTb.
2 = 3naTHicTh TepeTBO- Huzbkuii: HEpO3yMiHHS YMOB, 3a IKUMH HEOOX1THO
E pIOBATH TPOCTOPOBI IEPETBOPIOBATH MIPOCTOPOBI 00pa3H.
> obpa3u 3a 3amanuMu  CepenHiil: CIIPOMOXKHICTh BHKOHYBATH IEPETBO-
§ 30BH1 YMOBAMH pEeHHs 3o§pa>1<eHL IPOCTOPOBUX 00’ €KTIB; TPYAHOIII
2 Y IpOLECi BUKOHAHHS YSBHUX EPETBOPEHD.
% Bucokwii: cipoM0OXHOCTB BUKOHYBATH YSIBHI NepeT-
o BOPEHHSI 3a 3aJJaHMU 30BH1 YMOBaMH.
3 3natHicTh camocTiii- CHpoMOXKHOCTb BUKOHYBATH MIEPETBOPEHHS
)E HO CTBOpIOBaTH Ta (30Kpema, YsBHi) y 3MiHEHHUX (BUCOKHIl piBeHb) Ta
& TpaHcpopMyBaTH HOBUX  CHUTyallisiX, CaMOCTIHO  po3pobiaTu
& IIPOCTOPOBI 00pa3u y = CIEeHapiil mepeTBOpeHb (Iy*e BUCOKHUI PiBEHBD).
HOBHX CHTYaITisX.

3 METOI0 NiABUIIEHHS €(PEeKTUBHOCTI PO3BUTKY IPOCTOPOBOTO MUCJIEHHS HEOOX1AHO BijICcTE-
KYBaTH JUHAMIKY LbOTO Iporecy. ToMy BaXJIMBO OLIHIOBATH PIBEHb PO3BUTKY KOMIIOHEHTIB
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IIPOCTOPOBOIO MUCJIEHHS Ha KOKHOMY 3 etamiB. Y mocmimkenni [14] (Rita Nagy-Kondor, Saeed
Esmailnia, 2022) 6ymno po3pobneHo 3aBnanns (SAET) mis OIIHKH CKIQJIHUX MPOCTOPOBUX
3ni0HOCTEN CTyAeHTIB-iHKeHepiB. Y gociimkeHHi Bednarz R. S., Lee J. (2011) [7] npeacTaBieHo
TECT BU3HAYCHHS 3JJATHOCTI JI0 TPOCTOPOBOTO MUCIICHHS, SIKUM, Ha HAIII ITOTJISA]], HE OXOILIIOE BCiX
HOr0 KOMITOHEHTIB.

Hawmu 3po6iieHo cripo0y Ha 0CHOBI ociikeHs [ 1; 2; 3; 4] po3poOuTH cuctemy 3aBAaHb JUIs
JIarHOCTUKH, IO BKIFOYAIOTh 3aBJAaHHS: Ha PO3Ii3HABaHHS; Ha BUMIPIOBAHHS; Ha BUKOHAHHS
PUCYHKIB; Ha BUKOHAHHS KPECIICHB; Ha MOJICIIOBAHHS 32 JJOTIOMOT OO MiAPYYHUX 3ac00iB (TIamepy,
HUTOK, OJIIBIIB Ta 1HIIE); HA CTBOPCHHS YSABHUX MOJEJCH; Ha MaHINYJIAIIl YIBHUMH MOJICIISIMH.
3ayBa)xuMo, 1110, HaXallb, OUIBIIICTh CyYaCHUX YKPATHCHKUX HIKOJISIPIB HE BUBYAIOTH KPECICHHS,
TOMY M HEOOX1JIHO TTOSICHUTH, YMM KPECJICHHS BIIPI3HAETHCS Bl pUCYHKY ITPOCTOPOBOI (irypH.
Po3po0bieni HaMu 3aBIaHHS PEKOMEHIYEMO BHKOPHUCTOBYBATH HE JIMINE JIJISl IIaTHOCTUKH, a U 3
METOI0 PO3BUTKY ITPOCTOPOBOTO MUCIICHHS YYHIB / CTY/ICHTIB.

UYactuna 3aBaanb (010K 1) € yHiBepcanbHO (ITiIXOJUTh JJIs BCIX YUHIB / CTYJCHTIB Ta HE
3aJIC)KUTH BiJl PiBHS 1X 3HaHb 3 MAaTEMAaTUYHUX JIUCIHILIIH).

[poimocTpyemMo. YUHSIM TPOIOHYIOTH pUCYHOK (puc. 1). HeoOximHo, nwmine po3risaarodi
PUCYHOK, BU3HAYUTH, UM TIepeTUHaroThCs: 1) Biapisku AC ta DB; 2) npsimi AC ta DB; 3) npomeni AC
ta DB; 4) npomeni CA ta BD; 5) npominb AC ta npsma DB; 6) npomiab CA Ta npsima DB . Tlepen
IIUM HaragayroTh O3HAUYEHHS Bipi3Ka Ta MpoMeHs (MiBOpsAMOi), IEMOHCTPYIOTh BiIIOBIAHI LTFOCTpAILi.

3a nmpaBWIIbHE BUKOHAHHS 3aBAaHb 2), 3), 5) HapaxoByeTbes 1o 3 6anu; 4) ta 6) o 2 6anu;
1) — 1 6an. SIKIIO B yYHIB BUHUKAIOTH IPOOJIEMH, TIPOITOHYETHCS Y SIKOCTI «ITiIKa3KW» PUC. 2, aje
HApaxoOBYIOTHCS 32 BUKOHAHHS KOXKHOTO 13 3aBJIaHb BiAMOBiAHO: 2), 3), 5) HapaXxOBYeThCS 10 2
Oanu; 4) Ta 6) mo 1 Gainy; 3a npaBUJIbHE BUKOHAHHS 3aBAaHHs 1) 0anu Bjke HE 3apaxOBYIOTHCA.

Bucoxwuii piBens —14 6aniB; Buie cepeaabporo — 11-13 6anis; cepeaniii — 8-10 6aniB; Huxue
cepenHporo — 4-7 6aniB; HU3bKui 0-3 OGanu.

8 B

[puxaan 3aBaaHb
Puc. 1 Puc. 2

3aBaaHHs O0JI0KY 2 miepen0avyaroTh, M0 y THX, XTO iX BUKOHY€, HasBHI 3HAHHS Ta BMIHHS, SIKi
BI/IMIOBIJJalOTh KOHKPETHUM Te€MaM MPOrpaMHOro MaTepiany (03HaOMIIEHHS 3 T€OMETPUYHUMHU
NEePETBOPEHHSIMHM (QIryp Ha IUIOIIKHI / Yy IPOCTOP1; KOOPAWHATH Ha IUIOIIMHI / y IPOCTOpI; Mapa-
JeNbHe MPOEKTYBAaHHS Ta iHIIE). 30Kpema, y OJIoIli 2 € 3aBaHHs Ha T€OMETPUYHI IEPETBOPEHHS.
VY crapuiii mkosi B Kypci reoMeTpii yepe3 00’ €KTHBHI IPUYMHU Ha Cy4aCHOMY €Tarli TeoMeT-
PUYHUM TIEPETBOPEHHSAM MPOCTOPOBHUX (GIryp NPHUAUIAETHCS HEIOCTaTHHO yBaru. Tomy s
TpPeHYBaHHS HaBUYOK MEHTAJbHOI poTalii MOXHa BHUKOPHUCTOBYBATH 3aBJaHHS LIOJI0 T€OMET-
PUYHUX TIEpETBOPEHD (iryp Ha IJIOLIMHI Ta MOOY10BH rpadikiB GYHKILIN IHIIIXOM EPETBOPEHD.

BucHOBKY Ta nHepcneKTHBH NMOJAIBIIMX HAYKOBUX PO3BiI0K. 3aIIpONOHOBAHUI MiX11 crpsi-
MOBaHHUH Ha PO3pOOJICHHS] CUCTEMH METOIMYHUX OPIEHTUPIB JUIs BUUTEIS MaTEMATHKH, 1110 3a0e3re-
YYIOTh LUIECTIPSIMOBAHMI MOHITOPHHT 1 MENAroriuHy IHTEPHpeTaliio JUHAMIKU PO3BUTKY MPOCTO-
POBOT0 MHCJIEHHSI YUHIB y peaIbHOMY MpoLieci HaBUYaHHS. Y MOJAJIbLIOMY IependadaeTbes Mpesc-
TaBJICHHS TIPOLIEAYPH OpraHi3allii Ta MpoBeIeHHs! (JOPMYBAIBHOTO €KCIIEPUMEHTY, CIIPSIMOBAHOTO Ha

180



AKmyasavbHi numaHHsA NpupodHU4o-mamemamu4Hoi oceimu. 2025. Bunyck 2(26)

PO3BHUTOK MPOCTOPOBOTO MHUCJICHHS IIIKOJISIPIB, a TAKOXK 3/IIHCHEHHS TIOPIBHSJILHOTO aHAJI3y OTpUMa-
HUX Pe3yNbTaTiB y pi3Hi nepioau (3 1989 mo1996 pp, 1996 no 2003 pp., 2018-2019 pp, 2021 2024 pp.,
2024 -2026 pp). 3 METOIO BUSBJICHHS CTIMKUX TEHICHIIIN Ta €(EKTUBHOCTI BIIPOBA/PKEHOT METOTUKH.

Chashechnikova O., Ibrahimova S. The problem of developing students' spatial
thinking in modern conditions.

The article considers the problem of spatial thinking development, its importance in the life of a
modern person on the basis of fundamental research generally recognized in the world (in particular,
I. S. Yakymanska) and modern foreign researchers (Bednarz R. S., Lee J., Mix K. S., Levine S. C,,
Seker M., Maguire E. A., Johnsrude 1. S, Maresch G., Sorby S. A. Mason, J,. Mix K. S., Moreau D.,
Mansy-Dannay A., Nagy-Kondor R., Newcombe N., Huttenlocher J.), emphasizes the connection
between the level of spatial thinking development and the academic success of students in mathematics,
the success of specialists from various fields in the process of professional activity. The problem of
reducing the level of spatial thinking development of modern students is outlined, as evidenced by the
analysis of the performance of tasks requiring developed spatial thinking (PISA, "Kangaroo" results).
The study of N. D. Matsko, which thoroughly highlights the definition of criteria and levels of formation
of spatial ideas in students (accumulative; reproductive; constructive; intellectual), is taken into
account. Based on the levels of development of spatial thinking identified by I. S. Yakymanskaya, the
levels of formation of spatial thinking are generalized and highlighted. The reproductive and
reconstructive levels are considered as necessary stages of transition to the creative level, often in
accordance with the psychological and pedagogical characteristics of students of a particular age,
therefore, at each level we separately highlight levels of formation. The author's approach to
developing a system of tasks for diagnosing spatial thinking is described, which include tasks: for
recognition; for measurement; for drawing; for drawing; for modeling using improvised means; for
creating imaginary models and manipulating them. We recommend using the tasks we have developed
not only for diagnostics, but also for the purpose of developing spatial thinking of students. Part of the
tasks (block 1) is universal (suitable for all students and does not depend on the level of their knowledge
of mathematical disciplines). The tasks of block 2 assume that those who perform them have knowledge
and skills that correspond to specific topics of the program material (familiarization with geometric
transformations of figures on a plane / in space; coordinates on a plane / in space; parallel projection,
etc.). The proposed approach allows the mathematics teacher to track the dynamics of the development
of students' spatial thinking in practice to a certain extent in the real educational process.

Keywords: spatial thinking, spatial representations, levels of development of spatial
thinking, criteria for the level of formation of spatial thinking.
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