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AHOTALIA ABSTRACT
®dopmynioeaHHa  npobaemu.  Bauausum  KOMMOHEHMOM Formulation of the problem. An important component of
mamemamuyHoi  ni02omosKku €  B80700iHHA ~ cmydeHmamu mathematical training is learners’ command of the conceptual

noHAMIlUHUM anapamom mamemamuyHux OucCyunaiH, AKi 6
6inbwocmi suWUX HABYA/bHUX 3aKAa0i8 06’€0HYOMb Mi0 HA380H0
sUWA MAMEMAMuKa, 30Kpemd, MamemMamuyHo20  aHani3y.
O6’eKmom B8UBYEHHA KAACUYHO20 MAMEMAmu4yHo20 aHani3y €
DyHKUYiA, Pi3HOMAHIMHI yHKUYiOHANbHI 3anexcHocmi, npedmemom
8uUBYEHHA — 8aacmugocmi pyHKYili, a OCHOBHUM iHCMpPyMeHMom
sus4eHHA yux esnacmusocmeli € epaHuyHull nepexio. [na Kypcis
MAMeMamuyHo20 GHAAI3Y KAYOBUM MOHAMMAM € MOHAMMA
2paHuui. [ToACHEMbCA ye mum, Wo MakKi 8axcausi MOHAMMA yux
ducyunaiH AK 2paHuUusa yHKyii, HernepepsHicmos yHKYii, noxioHa
yHKUi, pi3Hi BuOU iIHMeapanie 8800AMbCA, CNUPAKOYUCL CAMe HA
onepayito epaHu4yHoz2o nepexody. Tomy ycniwHicme 0807100iHHA
cmyodeHmMamu YUMU Kypcamu 8es1IUKOH MipOoto BUSHAYAEMbLCA pisHEM
080/100iHHA MOHAMMAM 2pAaHUYi, WO aKkmyanizye npobaemy
po3pobKu egekmusHoi cmpamezii ¢opmysaHHa y 3006ysauvie
oceimu noHAMmMA 2paHuyi nocaidosHocmi, 8 momy 4uci i 8 3adayax
MPAKMU4YHO20 BUKOPUCMAHHA 03HAYEHb MOHAMMA 2PAHUUI.
Mamepianu i memodu. BuUKOpPUCMAHO QHANI3 HAYKOBO-
mMemoOuy4Hoi aimepamypu ma Has4anbHUx 8udaHb 3 BUUOI
MamemMamuku i MAamemMamuyHO20 QHAAI3Yy; CUCMeMAmu3ayiro
8iMYU3HAHO20 i 3apybircHo20 AoC8iI0y 88€0eHHA MOHAMMSA 2pAHUYi;
y3020/16HEHHA AB8MOPCbKO20 00CBIdy OpaaHi3ayii  NPakmu4yHux
3aHAMb i 0obopy enpas, y AKux dosedeHHsa 30ilicHloembca 6e3
anenayii 0o 2omosux meopem, nUWE HA OCHOBi O3HAYEHHS.
Pe3yabmamu. BupobaeHo cmpamezito popmyeaHHs y 3006ysauvie
oceimu nNoHAMMsA  2paHuyi Nocnido8HOCMI, PO3YyMIHHA ma
3aKpinneHHa  lio2o  3Micmy  HG  MPAKMUYHUX  30HAMMAX.
06rpyHmosaHo «anz2opummivyHuli» nioxio po3e’a3ysaHHs 3aday
30CMOCYB8AHHA MOHAMMA 2paHuUyi NocaidosHocmi y 8uenadi mpoox
1ocnidoBHUX KPOKi8, AKUU IpyHMYEMbCA Ha BUKOPUCMAHHI 03HAYeHb
epaHuyi nocnidosHocmi «&-n0». An2opumm 3MEHWYE KozHimueHe
HasaHMaxeHHA Ha 300bysavie oceimu Ha nMo4amKy memu,
doromaeae 8i00inumu espucmuKky OYiHOK 8i0 (opmasnbHO20
3a8epweHHA 0osedeHHs, hopMy€e HaBUYKY KepysaHHA noxubKoto ma
yC8iOOMAEHHA 3aAeHHOCMI No(€). An2opumm cay2ye OCHOB0OIO
MemoOuYHUX peKomeHOauili 044 NPaKMUYHUX 3aHAMb | aKMusei3ye
Hasu4KU 008e0eHHs HepisHocmeli K iHcmpymeHmie aHanisy.
BucHosKku.  Ocobsausocmamu  3anpPorioHO8AHOI  MemoOUKU
30CMOCY8AHHA MOHAMMA 2PAHUYi MOCAIO08HOCMI HA MPAKMUYHUX
30HAMMAX € me, Wo cmydeHmu camocmiliHo Moxxyme 3aceoimu
3Micm ma eaxcsiusicme KOXHOI 0emani O03HAYEHHA epaHuui
nocnidosHocmi. [Modanbwi po3eioku OoyinbHO CcrpAMysamu Ha

a7120pUMMI3AYi0 30CMOCYBAHHA 03HAYEHb 2PaHUUi (yHKYiIT 0OHIET

3MIiHHOI' 8 mo4uyi.

apparatus of mathematical disciplines, which, in most higher
education institutions, is taught under the umbrella title Higher
Mathematics, in particular Mathematical Analysis. The object of
study in classical mathematical analysis is the function and
various functional dependencies; its subject matter is the
properties of functions, and the main tool for investigating these
properties is the limit process. For courses in mathematical
analysis, the central notion is that of a limit. This is explained by
the fact that fundamental concepts such as the limit of a function,
continuity, the derivative, and various types of integrals are
introduced in terms of limits. Therefore, success in mastering
these courses largely depends on the extent to which learners
have mastered the notion of a limit, which makes the
development of an effective strategy for forming the concept of
the limit of a sequence relevant, including in tasks that require the
practical use of the formal definitions of a limit.

Materials and methods. The study employed an analysis of
scientific and methodological literature and textbooks in higher
mathematics and mathematical analysis; a systematization of
domestic and international approaches to introducing the
concept of a limit; and a generalization of the author’s experience
in organizing practical classes and selecting exercises in which
proofs are constructed without appealing to ready-made
theorems, relying only on the definition.

Results. A strategy was developed to develop learners’
understanding of the limit of a sequence and to consolidate this
understanding in practical classes. An “algorithmic” approach to
solving problems that apply the concept of the limit of a sequence
is substantiated in the form of three consecutive steps based on
the e-no definition of the limit of a sequence. The algorithm
reduces learners’ cognitive load at the beginning of the topic,
helps separate the heuristic search for estimates from the formal
completion of the proof, develops skills in controlling error, and
supports awareness of the dependence no(€). The algorithm
serves as a basis for methodological recommendations for
practical classes and strengthens skills in proving inequalities as
analytical tools.

Conclusions. A feature of the proposed method for applying
the concept of the limit of a sequence in practical classes is that
learners can independently grasp the meaning and importance of
each detail in the definition of the limit of a sequence. Further
research should be directed toward algorithmizing the
application of definitions of the limit of a real-valued function of
one variable at a point.

K/TOYOBI C/IOBA: suwa mamemMamuKka; MamemMamu4yHuli aHanis;
2paHUyA Nocnido8HOCMI; MEMOOUKA hOPMYBAHHA MAMEMAMUYHO20
noHAmMmMs,; nocnidosHicms,; 2paHuys nocaidosHocmi OilicHux Yuces;
2paHUUA  Mocni0o8HOCMI  KOMIMAEKCHUX — 4ucesn; mpu  KPOKU;
anzopummizayis; OUiHKU; po3e’a3y8aHHsA HepigHoCcMi;
mpaH3umMueHicme 8iOHOWeEHHA MNopAOKY, (yHKYia obepHeHa 00
PyHKYii MamemamuyHa ocsima.

KEYWORDS: higher mathematics; mathematical analysis; limit
of a sequence; methodology of forming a mathematical concept;
sequence; limit of a sequence of real numbers; limit of a sequence
of complex numbers; three steps; algorithmization; estimates;
solving inequalities; transitivity of the order relation; inverse
function; mathematics education.
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BCTYN

B cyyacHoMy cycninbCTBi  BinblWicTb HANPAMKIB  AiSAbHOCTI NOAMHM NOTPEO6YHOTb LUMPOKOrO BUKOPWUCTAHHA
MaTeMaTUYHUX MeTogiB. ToMy [0 MaTemaTUyHOol nigrotoBkn ¢axiBuiB, fAKi B MaWbyTHIM CBOIM AiSNbHOCTI MOXYTb
BMKOPWCTOBYBaTM MaTeMaTU4YHi MeTOoAW, BMCYBalOTbCA MiABULLEHI BMMOrW. BU3HauyaNbHUMW CKNAZOBMMU MATEMATUYHOI
NiZArOTOBKM € HEe TiIbKW BONOAIHHA CTYAEHTAMM MOHATIMHMM anapatoM MaTeMaTUYHWUX AUCLMMAIH ane i HAasABHICTb YMiHb Ta
HaBMYOK 3aCTOCYBaHHA O3Ha4YeHb MOHATb NMPM PO3B’A3yBaHHI 3a4ay. Bigome 03HAYEHHA rpaHULi NOCAIZOBHOCTI AiCHWUX abo
KOMMIEKCHUX YMCeN 3aBXKAM BYN0 BaXKKUM AN 3MICTOBHOIO CNPUMAHATTA HA NepLUMX eTanax HaB4aHHA MaTeEMATUYHOMY aHanisy
CTyZAEHTaMM NepLUMX KYpCiB BULLMX HAaBYaNbHMX 3aKknagiB. OKpiM LbOro, He TiIbKM y CTYAEHTIB @, NOYacTH, i y BUKNA[AuIB, AKi
YUTAOTb JIEKLT i NPOBOAATL NPAKTUYHI 3aHATTA Ha Temy «PaHMUA MOCNILOBHOCTI», BUHMKAKOTb TPyAHOLW, Y BMOOPI cnocobiB i
NPUIAOMIB BUKOPUCTAHHA O3HAYEHHA rpaHuLL NPy po3B’A3yBaHHI BiANOBIAHUX 33434 MAaTEMATUYHOTO aHaMi3y Ta Teopii GyHKLM
KOMM/IEKCHOI 3MIHHOI.

MaTtemaTuyHa NiAroTOBKA CTYAEHTIB 34iMCHIOETbCA B NPOLLECi BUBYEHHA BULLOT MaTEMATUKKU, MAaTEMATUYHOIO aHanisy,
anrebpwu, reomeTpii Towo. BonoAiHHA CTyAeHTaMM NOHATIMHMM anapaTom BiANOBIAHUX MATEMATUUHUX AUCLUNAIH € BAXK/IMBOIO
YaCTUHOIK 33aCBOEHHA OCHOB MATeMaTUYHWUX AucumnaiH. HeobxigHO BM3HATW, WO NUTAHHAM METOAWMKW BBEAEHHA OCHOBHUX
NOHATb PI3HUX MATEMATUYHUX AUCUUMNAIH, 30KpPEeMa, MAaTeMaTUYHOro aHanily y 3akaafdax BMLOiI OCBITUM NPUCBAYEHO Maso
BITYUM3HAHUX JOCAiIgKeHDb | nybnikauin, Cepen mMaTemaTUYHMX MOHATb € 3HAYHA iX KiNbKICTb, AKA € CKNAGHOK ANA PO3YMiHHSA
6inbLuicTio CTyAeHTaMW. | 4,0 TAKMX NOHATL, 30KPEMA, HANEXKUTb MOHATTA rpaHuLi. AN KypciB KNaCMYHOro MaTeEMaTUYHOTO aHanisy
MOHATTA TPaHWULi € KAYOBMM 3 HACTYMHMX NpUYMH. O6’EKTOM BMBYEHHA KJACMYHOTO MATEMaTUYHOrO aHanisy € QyHKLUis,
Pi3HOMaHITHI PYHKLOHaNbHI 3aN1eXKHOCTI, NPeAMETOM BUBYEHHA — BIACTUBOCTI QYHKLLiM, 3 OCHOBHUM iHCTPYMEHTOM BUBYEHHA
LMX BNACTUBOCTEN € TPAaHNYHUIA Nepexia. binblue Toro, Taki BaXKAMBI NOHATTA LMX ANCLMNAIH AK rPaHnLA GYHKLT, HenepepBHiCTb
dYHKUi, noxiaHa ¢yHKUii, pi3Hi BUAW iHTerpanis BBOAATbCA, CMMPAOYNCb CaMe Ha OMepaLiio rpaHMYHOro nepexogy. Tomy
YCNiWHICTb OBONOAIHHA CTYAEHTaMM BULLOKD MAaTEMATUKOK YU MaTEMATUYHMM aHANi30M BE/IMKOKO MipOt0 BU3HAYAETLCA TUM,
HaCKiNbKK f06pe CTyAeHTM 0BOOAI0Tb 3MICTOM NPOLLECY rPaHUYHOTO Nepexoay, MOHATTAM rpaHuL. | nepwmm eTanom B TaKomy
HaBYaHHi € 3HAMOMCTBO Ta 3aCBOEHHSA MOHATTA rPaHLj NOCAIZOBHOCTI, O aKTyanisye Nnpobaemy po3pobKku epeKTUBHOI METOAMKM
GOpMyBaHHA NOHATTA rPaHWULi NocnigoBHOCTI. Ane 6e3 3 BigYyTTA TOro, AK MpPALIOE iIHCTPYMEHT rpaHUMYHOro nepexopy npu
[0BEAEHHI TOro, Wo AaHe YNC0 € TPaHMLLE NOCNIA0BHOCTI MOXK/IMBE TiIbKM NPW PO3B’A3yBaHHI BigNoBigHMX 3a4a4.

AHani3 akKTyanbHUX gocnigKeHb. PO MeTOAMKY 3aCTOCYBaHHA O3HAYEeHHs FPaHWULi MOCNILOBHOCTI NPU PO3B’A3aHHI
33434 Ha NPAKTUYHMX 3aHATTAX Y 3aKNaAax BULLOI OCBITM YKPAiHN HafABHUX AOCAIAXKEHb Mano.

Y pocnigxeHHi (Binoubkuii, 2011) HaBeaeHi cnpobu anropuTmisauii po3B’A3yBaHHA 3afay 3acTOCYBaHHA rPaHuULI
NocnifooBHOCTI 3 AiicHMMKM yneHamu. Ctatra (Tomawyk Ta iH., 2024) npuceaveHa meToamui GOPMyBaHHA MOHATTA rPaHUL
NoOCNiJOBHOCTI Yy CTYZEHTIB 3aKNaAiB BUWOI OCBITM. Y Ui pobOTi MOPIBHIOTLCA Pi3Hi O3HAYEHHSA TPaHULi MOCANILOBHOCTI,
QHaNi3yloTbCA BUMNAZAKM 3aCTOCYBAaHHA KOXHOMO 3 UWMX O3Ha4yeHb NpW po3B’A3yBaHHi 3aday. Po3B’A3yBaHHA nNpuKaaay
CYNpPOBOAXKYETbCA O0BUMCNIOBANIBHUM EKCMEPUMEHTOM Ta BiANOBIAHUM PUCYHKOM, BUKOHAHUMM 3a AOMNOMOrow TabanyHoro
npouecopa Microsoft Excel. B il cTaTTi HaBegeHWIM AOCTAaTHBO NOBHMI aHANI3 AOCNIAXKEHb MPUCBAYEHUX METOAMLI GOPMYBaAHHSA
NOHATTA rpaHuLi nocnigoBHocTi. AuncepTauia (bocoBcbkuin, 2010) NnpucBAYEHa HACTYMHOCTI BUBYEHHA TEOPIl rPaHULb Y WKOJI Ta
3aKNagax BULLOT OCBiTU. OKpemi acneKTu, NoB’s3aHi 3 BUBYEHHAM rpaHMLb MNOCNILOBHOCTEN Y 3aK1a4aX BULLLOI OCBITU, 3HANLWIAK
BiflOOparkeHHa B nybnikauiax: MuxaniHum (2003). Lielt nigxig, rpyHTYETbCA Ha MOHATTI «MaliyKe PiBHOCTI». 3@ 4OMOMOrOH0 LbOro
NOHATTA BAAETLCA Ay¥Ke Nerko GopmyntoBaTtH i 4OBOAMTM BAACTUBOCTI FPaHMULb NOCAILOBHOCTEN.

Y npaui (Tpetak & Bocoscbkuii, 2017) npeacTtaBneHO aBTOPCbKe 6ayeHHA 3MICTOBOro HaMOBHEHHA Ta METOAMKM
BMBYEHHA TemMu «[lpaHULA 4YMCNOBOI NOCNILOBHOCTI» B KypCi MaTeMaTU4YHOro aHanisy Ana CTYAEHTIB MaTeMaTUYHMUX
cneujanbHocTel. BUKknag BeaeTbea y BUrNA4i apryMeHTOBaHUX BiAMNOBiAeN HA pAL TPAAULIMHUX ANA AaHOI TEMU NUTAHb. ABTOpU
NPUTPUMYIOTBCA AYMKM, WO BUBYEHHA Teopil rpaHuLb NOTPIGHO PO3NOYMHATU 3 BUBYEHHSA TPAHWLL NOCNILOBHOCTI, @ NOTIM —
rpaHuui OyHKUi i HenepepBHOCTI. Takui Nigxia, 40 pedi, peanisyeTbca B 6iNbWOCTI NiZPYYHUKIB i HABYANbHUX NOCIOHMKIB 3
MmaTemaTuyHoro aHanisy. Cepefn pi3HMX O3HaAYeHb MOHATTA TPaHMWLI MOCNIAOBHOCTI aBTOPM MPOMOHYIOTb MEPLIMM BBOAMUTU
03HaYeHHA MOBOIO OKOJIiB Ta AOCTaTHbO NEPEKOHANBO aprymMeHTyIoTb Le. [TpoTe cama meToAuKa BBEAEHHA MOHATTA rpaHuLi
NoCNiA0BHOCTI B Wikt Ny6AiKauii He BUCBIT/EeHa.

BMHWMKAE NWUTAHHA, YM MOXKHA PEeKOMeHAyBaTM MOCNIAOBHICTb KPOKiB, AKa MaKcMMmanbHO 6/M3bKa A0 npouecy
BMKOPWUCTAHHA O3HAYEHHA rpaHuMLi NOCNILOBHOCTI Npu po3B’A3aHHI 33434y BiAMNOBIAHOI TEMATUKM Ha MPaKTUYHUX 3aHATTAX 3
MaTeMaTUYHOTO aHanisy, AK aAroOpUTM Aii, Wo cnpuaTume GopMyBaHHIO ¥ 3400yBayiB OCBiTM NOHATTS rPaHUL,i NOCNILOBHOCTI?

Merta cratTi: BUpobutn ctpaterito GopmMyBaHHA y 3406yBaviB OCBITM NOHATTA FPaHULi NOCNIAOBHOCTI, PO3yMiHHA Ta
3aKPiNAeHHA MOro 3MiCTy Ha MPAKTUYHUX 3aHATTAX Yyepes3 OBrpyHTYBaHHSA aNropuTMIYHOrO NiaxoAy A0 PO3B’A3yBaHHA 3adau
3aCTOCYBaHHA NOHATTA rPaHMLi NOCNIJOBHOCTI.

Martepianu ujei cTaTTi 6a3yoTbCA Ha AOCBIAi HABYAHHA MaTeMaTUUYHOrIO aHai3y Ta Teopii GYHKLiA KOMMNAEKCHOI 3MiHHOI
Y 3aK/1afax BULOI OCBITM, 30KpPEMa, Ha A0CBiAI MPOBeAEHHA NPAKTUYHMX 3aHATb 3 LMX AUCLMNANIH B YKPAiHCbKOMY iepKaBHOMY
yHiBepcuTeTi imeHi M. M. JparomaHosa.

MATEPIAZIN | METOAUN

BuKopuncTaHoO aHanis HayKOBO-MeTOAMYHOI NiTepaTypy Ta HaBYa/IbHUX BUAAHb 3 BULLLOT MaTeEMATMKM i MaTeMaTUYHOro
aHani3y; cMcTemMaTn3alito BiTYM3HAHOIO i 3apy6iKHOTO A0CBiAY BBEAEHHA NOHATTA rPpaHuML; y3aralbHEHHSA aBTOPCbKOro A0CBiay
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opraHisauii NPaKTUYHKUX 3aHATL | JOBOPY BNPaB, Y AKUX A0BEAEHHA 34IMCHIOETbCA 6e3 anenauii 40 roToBMX TEOPEM, nLe Ha
OCHOBI O3HaYeHHA.

PE3Y/ZIbTATU AOCNIAXEHHA

Crpateria ¢opmMmyBaHHA y 3406yBayviB OCBITM NOHATTA rpaHuULL NOCNiA0BHOCTI byna BUpobaeHa Ha OCHOBI 6baraTopiuyHoOro
00CBiAy HaBYaHHA MATEeMaTUYHOro aHanily. BoHa 6a3yeTbcs Ha TaKOMy aNropuTMI (JAETbCA ANA BUNALKY .!EQX“ =a, Konm

(!Ln;xn = a)g(v(g >0dn, =N, (g)eN:n>n, = |x, —al<s)):
1 KpoK - BUKOHQHHA oUiHOK. MobyaoBa CKiHYEHHOI NOCNILOBHOCTI MOPiIBHAHDL, NPUKIHLEBMM Pe3y/IbTaTOM AKOI, 3aBAAKN
TPAH3UTUBHOCTI BiZHOLWEHHA NOPIBHAHHA Ha MHOMMWHI AiNCHMX uncen byae NOPIBHAHHA \xn —a\ S((p(n))fl, ne (p(X)— no
MO/IMBOCTI He CKNafHa, 3 A0AATHUMW 3HAYEHHAMM, 3pOCTaloda Ha MPOMIKKY [/10;+oo)c[1;+oo) eniemeHTapHa QyHKUiA i
@(X) = +oo(X —+00) (Hanpuknag, ¢(x)=x*,0<a<1).
2 KpoK - Po3g’asysaHHA HepigHocmi. [ns Hanepes, 3ajaHoro AosinbHoro, ane o¢ikcoaHoro & >0 noknagaemo

|x, —a| < ((p(n))f1 <& i po3B’A3yEMO HEpIBHIiCTb (qo(n) >etneN m[[lo] +l;+oo)), Ae (Ag;+0)> ((p—l(g—l);+oo)— MHOMMHA

po38’A3KiB HepiBHOCT, @ '(X)— &yHKuia obepHeHa A0 ¢(X),N, =ny(&):= [(/)'1(5'1)}+12[20]+1,p,e [d]- uina yacTuHa

aicHoro ymcna d .
3 KpoK - BucHOBKU. 3a BNaCTUBICTIO TPAH3UTUBHOCTI BiJHOLWEHHSA NOPIBHAHHA Ha MHOXWHI AiNCHUX YMCEN MAEMO

{(n >ny(g),neN)= (((p(n))f1 < g), (n>ny(e),neN)= (\xn -a< ((p(n))fl)} = ((n >ny(g).neN)=(x, —a/< g))
OTxe, AnA 3agaHoro & >0 3HaligeHo n, (&) Take, wo (n >n, (5))3(‘)% —a\ < g) , To6TO A0BEAEHO, IO rllim‘ X, =2a

3acTtocyBaHHA aAropuTMy NOAamMo Ha NPUKIALax.
MonunBi 03HAYEHHA rPAHULL NOCNiIA0BHOCTEN TiIbKM A1 HACTYMHUX BUMALKIB :
1) limx, =a; 2) limx, =o0; 3) limx,=—0; 4) limx, =+
nN—o

Npuknag, 1). JosecTu: 1a). IimM :—g ; 16). lim%n=1.
n>w 2 —3n 3 n—w
2n-1 2
Mpuknag, 1a) . €4 Maemo X, = 3 VvneN, a:—g. BWKOHAEMO TPU KPOKM:
-3n
2n-1 2 2n-1 2 1
Ikpok- VneN:|X —a|= -l-= = +—=|= i @(X)=3(3x—2) Ha npomixKy [1;+w).
P %o -al=lo 3, ( 3} ‘2—3n 3‘ 3(3n-2) #(x) =8(3x~2) Ha npombxky [L;+s0)
2 KpoK - [ins Hanepeg, 3a4aHoro A0BiNbHOro, ane ¢pikcosaHoro & >0 noknagaemo \xn —a\ :ﬁ«; i
n_
1 1 2
PO3B’I3yEMO HEPIBHICTb $<g,ne N @[3n72>i,ne N)@(n>i+g,ne Nj,,a,e qo’l(f]:—-kf.
3(3n-2) 3e 9¢ 3 ) 9% 3

Bubepemo N, (&) = [gi + %:l +1.
&

3 KpoK - 3a BNACTUBICTIO TPAH3UTUBHOCTI Bi4HOWEHHA MNOPIBHAHHA HAa MHOMMHI AiNCHUX Yncen ana sBubpaHoro no(g)

“sara) -

MaemMo

{(n>no(s),neN):[g(;_z)<s],(n>no<s>vneN):{Xn-a=5”_;‘[‘5)
:((nw(s),neN):[wi"_éi—(—i ]D

OTe, AnA 3agaHoro & >0 3Haligero N (&) = [i+§}+l TaKe, WO (n >n, (8)) = [x -a|= 2n—1 _(_E )

¢ 2-3n 3
. : . 2n-1 2
| gosegeHo, wo lim Xn =a, T06T1O lim =——.
n—w n—wo 2 —3n 3

3ayeaxyceHHs 1.

A. 3po3yMino, Wo HaMBaXKAMBILLIMM 3 TPbOX KPOKIB € Meplnii KPOK OTPUMaHHA (AoBeaeHHA ) NoTpibHOT HepiBHOCTI.
BiH Mae eBpUCTUYHWIA XapaKTep, NoTpebye TBOPHOCT, BMiHHA THYYKO BUKOPUCTOBYBATU NonepeaHix 3HaHb 3 MaTeMaTUKMN.

B. Ha papyromy Kpouj, 3a0BO/MbHAOYM MpW LBOMY BCi ymoBu BubOpy N, =n, (g) [0CTaTHbO MOKAACTH

no:no(g)::max{[(p'l(g'lﬂ+l,[/10]+l}. Pe3ynbTaTOM MepLIOro Ta [APYroro KPOKiB Moxe 6yTM | Taka OLjHKa

|x, —a|<<---< A(), me A(£)=0(¢) . Ane B Takomy BUNaAKy 3HaliAeTbCA Ny =N, (&) Take, wo |x, —a| <&



di3uko-matemartuuHa ocsita / Physical and Mathematical Education Tom 41, Ne 1/ Vol. 41, No 1 (2026)

C. Micna nepwwux AeKinbKa NpUKNaAiB BMKOPUCTAaHHA 3anpoOMOHOBAHOrO NpasBuia 3 TPbOX KPOKIB Ha TpeTbomy
OCTaHHbOMY KpOL,i MOXHA OOMEXWUTUCb CTaHOAPTHOW ¢pas3ok «018 Haneped 3a0aHo20 008inbHo20 & >0 3HalideHo

N, =ny(¢)e N mare, wo (n >n, (5)) :>(‘Xn —a\ < g), i dosedeHo, wio !mxn =an.
Mpuknag 16). <« Maemo X, :Q/ﬁ vVneN,a=1.Tak sk xn:Q/ﬁzlza VneN, MOKEMO  MOK/1acTu
X, = Q/— =1+p4, VneN, ne B,20VneN . Togi 3a popmynoto 6iHoma HbtoToHa gicTaHemMo Vne N,n>2 HepisHicTb
n_N(n=-1 2
n:(1+ﬂn ZC ﬂn _1+nﬂ + ( )(ﬂn) (ﬂn) 2¥(ﬂn) ’
3 AKOT MAaEMO ‘X —a‘ :Q/——lzﬂn <42n? ¥YneN,n>2. BukoHaemo HeobXiaHi KpOKi.
1kpok-_ VneN,n=2: |x —a|= n-1= £, <2n™ =2 Jn" .1 9(x)=4/0,5x Vxe[2+oo
2 KpoK - [Ona Hanepen 3agaHoro AoBifbHoOro, ane ¢ikcosaHoro & >0, noknagaemo \Xn—a\<\/§\/n’1 <& i
PO3B’A3YEMO  HepiBHICTb ( V2t <gneN,n> 2) = (n >2¢2neN,n> 2) ,  fe go’l( l) 2e72 Bubepemo
no=ny(e)= max{z, [25‘2} +1} .
3 KpoK - 3a BNACTUBICTIO TPAH3UTUBHOCTI BIAHOLWEHHA MOPIBHAHHA Ha MHOMMUHI  AIMCHWUX 4ucen paa

N =ny(¢)= max{z, [23’2J+1} MaeMo (n >n, (5)): (‘xn —a|= ~1< g)

i nosegeHo, wo limx, =a, to6to lim%n=1.»
n—oo n—ow

def
MocnifoBHICTb KPOKiB ANA BUNAAKY Ilmx =0, ge (Ilmx —oo) (Vg >0dn, =ny()eN:n>n, = x| >g):

n—oo
1 KpOK BUKOHAHHS OYiHOK. |X | >>--- > p(n), 1e @(X) > 0VX € (Ay;+0) = (0;+90), p(X) T +o0(X —> +00),
To6TO NObYyA0Ba CKiHYEHHOT MOCNIA0BHOCTI NOPIBHAHb, MPUKIHLEBOK METO AKOI 3aBAAKN BIACTUBOCTI TPAH3UTUBHOCTI
BiAHOLWEHHA NOPIBHAHHA HA MHOMWHI AiNCHMX Yncen Byae NOPiBHAHHA ‘xn‘ > (p(n) , e (p(x) — MO MOAUBOCTI AOCTaTHbO

NpocTa e/leMeHTapHa A0AATHO3HAYHA 3pOCTaloYa Ha MPOMINKKY [/10;+oo) c [L‘ +oo) dyHKLiA i ga(X) —>+oo(x - +oo) (Hanpuknag,
p(x)=x*, 0<a<l).

2 KpoK Po3e’asyeaHHA HepieHocmi. [\ns Hanepepn 3afjaHoro posinbHoro, ane ¢ikcoBaHoro & >0 noknagaemo
|X,| = @(n) > & iposs’asyemo HepisHicTb

((p(n) >eneNn[[A]+L+o)) < ((p(n) >eneNn[[A]+L+o)) < (n eN ﬁ(¢7'1(8);+oo)ﬂ[[ﬂo]+1;+oo)),
ae (g;+0) > (¢)‘1(g);+oo)— MHOMMHa PO3B’A3KIB HepiBHOCTI ¢(x)>&, ¢ '(X)— dyHKuia obepHeHa Ao dyHKUil ¢(X) . Toai
BCi neNn [[gp’l(g)} +1; +oo) < [[ 4]+ L+e0) < [Ag;+e0) 3apoBonbHAIOTH HepiBHICTb p(n)>e¢. Moknagaemo

Ny —n0 [(p 1(8 ]+1>[ﬂo]+1 ne [d]— Lina YacTuHa giicHoro uncna d . Takuii BuGip n, =n (g)p,nﬂ L,0BiIbHOTO Hanepes,

3agaHoro ¢ikcoBaHoro & >0 3aBXKAM € KOPEKTHMM TaK AK AAa AosinbHoro & >0
(n>no(2)=[07(£)]+1> 07 (£) 2 e N )= (x| 2 p(n) > &) = ([x,] > &) -
3 KpoK BucHOBKU. 33 BNaCTUBICTIO TPAH3UTUBHOCTI BiZHOLWEHHA NOPIBHAHHA HA MHOXMWHI AINCHUX YMCEN MAEMO
{(n >ny(e),ne N)c>(qo(n)>£), (n >ny(e).ne N):(\xn\ 2(o(n))} 3((n >ny(e).ne N)s(\xn\ >g)).
OTxe, ana 3agaHoro & >0 3HaigeHo N, (g) Take, Wo (n >N, (5)) 3(‘Xn‘ > g) , To6T0 foBeaeHo, wo limx, =,
n—o
Mpuknag, 2). fAosecty, wo lim (Cos((fl)" 5")+ (71)n (n" +l)) =0, konn a>0.
<. Maewmo X, =cos((—l)" 5")+(—1)"(n“ +1)vneN, kom o >0.
1 Kpok. |x,| = ‘cos((—l)"sn)+(—1)n (n +1)‘ > ‘(—1)n (n +1)‘ —‘cos((—l)n 5")

2 Kpok. na Hanepep 3agaHoro AoBinbHOro, ane ¢ikcosaHoro ¢ >0 noknagaemo ‘Xn‘ > (p(n) =n% > ¢ ipo3s’A3yemo

z(n" +1)—1= n“vneN

HepiBHICTb (n” >gNe N)<:> (n eN m(g%’;+oo)) .Togisci ne N m[[g%‘}—l; +ooj 334,0BOJ/IbHAIOTbL HEPIBHICTb (p(n) =n“>¢.

Moknagaemo Ny =Ny (&)= [ %‘]Jrl

3 Kpok. 3a BNaCTMBICTIO TPAH3UTMBHOCTI BiAHOLWEHHSA TMOPIBHAHHA HAa MHOXMWHI AIACHUX YuCeN MaEMO
{(n >ny(g).neN)=(p(n)>e), (n>n,(e),neN)= (x| z(p(n))} :>((n >ny(g).neN)=(|x,| >g)).

Otxe, ana 3agaHoro & >0 3HaiaeHo N, (g) Take, Wo (n >, (5)) = (‘Xn‘ > 5) , To6T0 goBeaeHo, wo limx, = . »
n—oo
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def
MocnigoBHICTb KPOKiB Ana Bunagky lim X, =+o0, ne (Iim X, = +oo)<3(v(9 >o0dn, = no(g) eN:in>n,=x, > 5) :
n—w n—om

1 KpoK BUKOHAHHA OYiHOK. X, >>--->¢(n), ne ¢(X)>0VX & (Ay;+%0) = (0;+0), o(X) T +90(X = +00) ,
To6TO NO6YA,0BA CKIHYEHHOT NOCAIA0BHOCTI NOPIBHAHb, NPUKIHLEBOK METOO AKOI 3aBAAKW BNACTMBOCTI TPAH3UTUBHOCTI
BiHOLLIEHHA NOPIBHAHHA Ha MHOXMWHI AiicHUX Yncen Byae NOPiBHAHHA X, > go(n) ,he (p(x)— NO MOX/IMBOCTi AOCTAaTHbLO NPOCTa

enemeHTapHa A0AATHO3HAYHa 3POCTaloua Ha MPOMIKKY [Ay;+0) = [L+0) dyHKUiA i ¢(X)—>+00(X —>+o0) (Hanpuknaa,
p(x)=x“, O0<a<l).

2 Kpok Po3e’sasyeaHHs HepigHocmi. [lns Hanepes 3afaHoOro AOBiNbHOrO, ane dikcoaHoro &>0 NoKnagaemo
X, = ¢(n) > ¢ ipo3s’A3yeMO HepiBHICTb

((p(n) >eneN m[[/lo] +1;+oo)) N ((p(n) >eneNn [[/10]+1;+oo)) N (n eN m(go’l(g);+oo)m [[/10]+1;+oo)),
ae (Ay;+0)> (¢’1(£);+oo)— MHOMMHa PO3B'A3KIB HepiBHOCTI ¢(x)>&, ¢ *(X)— dyHKuia obepHeHa Ao dyHKuii ¢(X) . Toai
BCi neNn [[(p’l(gﬂ +1; +oo) c [[ﬂo] +1 +oo) < [ Ag;+%0) 330B0BHAIOTE HepiBHICTb p(n)>e. NMoknagaemo
N =ny(e):= [(0_1(8):|+12 [4]+1, e [d]- uinayvactuna giticHoro uncna d . Takuii Bu6ip n, =N, (&) Ana AoBiNbHOrO Hanepes
3a4aHoro dikcosaHoro & >0 3aB¥AW € KOPEKTHUM TaK AK 414 J0BINbHOMO & >0

(n>ny(2)=[07(2)]+1> 97 ()2 neN )= (x, 2 p(n) > 2) = (%, > £).
3 Kpok BucHOBKuU. 3a BNIaCTUBICTIO TPAH3UTUBHOCTI BilHOLWEHHA NOPIBHAHHA HA MHOMMUHI AiACHUX YNCEN MAEMO
{(n>ny(s),neN) = (p(n)>2),(n>n5(2),neN)=(x, 2 p(n))} = ((n>n,(£),neN)=(x,>¢)) .

OTxe, AnA 3anaHoro & >0 3HaiigeHo ny (&) Take, wo (n>n,()) :(‘xn‘ > g) , To6T0 posepero, wo limx, =co.

Npuknag 3). fosectu, wo limYn! = +oo. «. Ans nocnigosHocti X, =8/n! Vne N mMaemo HacTynHi Kpoki:
n—ow

n
1 KpoK BUKOHAHHA oyiHOK. MeToA0M MaTeMaTUYHOI iHAYKLii HeBaXKO NOoKasaTu, wo n!> (%) vneN.
2 Kpok Po3s’A3yeaHHA HepieHOcmi. Qna Hanepes 3agaHoro AosinbHoro ¢ikcosaHoro & >0 po3s’A3yeMo HepiBHiCTb
n . . _n n
(A>s,ne N)<:>(n>3g,ne N)<:>(ne N ﬁ(3£,+oo)<:>(ne[[3€]+1,+00))),p,e X, —\/H>A>gVne N
Moknagaemo Ny =n,(&):=[3¢]+1.
3 Kpok BucHOBKU. 33 BNAcTUBICTIO TPAH3UTUBHOCTI BiAHOLEHHS NOPIBHAHHA Ha MHOXWHI AiNCHUX YNCEN MAEMO
{(n>n0(g),ne N):(%>g),(n >n,(e),ne N):>(xn =E/m>%)}:>((n>no(g),n e N):>(xn :W»)) .
OTxKe, 4N AOBINbHOrO Hanepes 3agaHoro & >0 3HalgeHo no(g) Take, Wo (n > no(s)) = (\Xn\ = W > ) Tob6TO fOBEAEHO,

wo limx, =+w0. »

n—oo
) i def
MocnigoBHICTb Kpokie ana Bunaaky limx, =—o, p,e(llm X, = —oo)c)(v(s >03n,=ny(¢)eN:n>n,=x, < —s) :
n—w n—w

1 KpoK BUKOHGHHA OYIHOK. X, <<---<—p(n), 1e @(X)>0VX & (Ay;+0) = (0;+0), o(X) T +o0(X —+0), TO6TO

nobyaoBa CKiHYEHHOI NOC/iAO0BHOCTI NOPIBHAHb, MPUKIHLEBOK METOH KO 3aBAAKM BAACTMBOCTI TPAH3UTUBHOCTI BifHOWEHHA
NOPIBHAHHA Ha MHOMMWHI AiMCHUX 4yucen 6yae NOpPIBHAHHA xns—(p(n), ne (p(x)— NO MOXIMBOCTI AOCTAaTHbO NpoOCTa

eflemMeHTapHa [0AaTHO3HayHa 3pocTatoda Ha MPOMIXKKY [/10;+oo)c[];+oo) dyHKUjA i (p(x)ﬁ-v—oo(xawo) (Hanpuknag,
p(x)=x% O0<a<l).

2 KpoK Po3e’a3yeaHHA HepieHocmi. [lns Hanepeps 3afaHoro nosinbHoro, ane ¢ikcosaHoro &>0 noknagaemo
X, <—@(n)<—& i po3s’A3yeEMO HepiBHICTb

(go(n) >eneN m[[ﬂ,o]+l;+oo)) N (—(p(n)< —g,neN m[[/lo]+l;+oo))c> (n eN m((p’l(s);+oo)m[[io]+];+oo)),
e (g;+0) D ((p’l(g);+oo)— MHOXMHa PO3B'A3KiB HepiBHOCTI @(x)>&, @ '(X)— dyHKuia obepHeHa Ao GyHKLii ¢(X) . Toai
BCi neNn [[(p’l(g)} +1 +oo) c [[/10] +1; +oo) < [Agi+0) 33[0BONbHAIOTL  HepiBHicTe  @(N)>&.  Moknagaemo
N =ny(e):= [¢’1(5)J+12 [4]+1, e [d]- uinauvactuna giticHoro uncna d . Takuii Bubip n, =N, (&) Ana aosinbHoro Hanepes
3aaHoro dikcoBaHOro & >0 3aBXAM € KOPEKTHUM TaK AK 41 40BiNbHOTO & >0
(n>ny(2)=[0"(2)]+1> 97 (¢)2 Ane N )= (x, <—p(n) <—&) = (%, <—&).
3 Kpok BUCHOBKU. 33 BNaCTUBICTIO TPaH3UTUBHOCTI BiAHOLWEHHA NOPIBHAHHA Ha MHOXMWHI AiliCHUX YNCeN MAaEMO
{(n>ny(£).neN) = (-p(n)<—¢),(n>ny(c).neN)=(x, <—p(n))} = ((n>n,(£),neN)=(x,<—¢)) .
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Omxe, 418 3agaHoro & >0 3HaiiaeHo Ny (&) Take, wWo (n >n, (5)) = (X, <—¢), 10670 goBeAeHO, wo limx, =—w
n—o

2n? -1 . . 2n? -1
Npuknapg 4). JosecTy, Wo Ilm 2 _an = —o0, Maemo An14 NocNifo0BHOCTI X, = >3
—o 9 _ -3n

2n*-1  2n’-1 2n*-n?

<« 1 KpoK. BUKOHAHHA OYiHOK X, = =- <- =——VneN.
2-3n 3n-2 3n 3

Vne N HacTynHi Kpoku:

2n% —
n 1<—E<—¢9VneNi
2-3n

posg’asyemo  HepigHicte  (n>3e,neN)<(n>3ene N)<:>(ne N m(35;+oo))c(ne[[35]+1;+oo)). Moknagaemo
N, =Ny (&) =[3]+1.

3 Kpok BucHOBKuU. 3a BNIaCTUBICTIO TPAH3UTUBHOCTI BilHOLWEHHSA NOPIBHAHHA HA MHOMMUHI AiACHUX YNCEN MAEMO

{(n>n0(g),ne V)= (D<) (n> (ehne N):{xn _ 22n2;n1<—2]}:>[(n>n0(5),ne N):[xn _ 22”2;n1<_g]j

OTe, ANA  [OBINBHOTO  Hamepea  3agaHoro  dikcosaHoro  £>0  3waitgeHo  no(g)=[3e]+1 Take, wo

2 KpoK. ina Hanepeps, 3ajaHoro AosifbHOro, ane dikcosaHoro £>1 noknagaemo X, =

Z_
(n > no(g) =[35]+1):> [Xn = 22n 3n1< —SJ , To6T0 gosegeHo, wo limx, =—o. »

Hapgani Hagamo npuKknaam Ha 3acToCyBaHHA O3HAYEeHHA rPaHULL NOCNIA0BHOCTI KOMMNIEKCHUX Yncen, AN AKOI MOXKIMBI
TakKi BUNagKu:
1) limz, =a a-— ckiHuyeHHe KomnnekcHe uncno; 2) limz, =

n—w n—om

Mpun 3acTocyBaHHiI anropuTMy Npu 0B6YMCAEHHI rPaHULi NOCNIA0BHOCTI KOMMNJIEKCHUX YMCEN MEeTa KOXHOro 3 TPbOX

KPOKIB 3a/IMLLIAETLCA HE 3MiHHO0. Ane NPy BUKOHAHHI NepLIOro KPoKy NOTPiGHO 3aCTOCOBYBATM MOAY/1b KOMMN/IEKCHOTO YMCAa Ta

Moro BAacTMBOCTI, i AOPEYHO BMKOPUCTOBYBATM FEOMETPUYHY iHTepnpeTaLilo KOMNIeKCHUX uucen ana 6inblwoi HaouHoCTi
MipKyBaHb. TakoX NOTPiIBHO Nam’ATaTK, WO ANA KOMMIEKCHWUX YuCen cnpaBeaaunBi HepPiBHOCTI:

|z]= \/(Rez (Imz)2 s\/(Rez)z+(Imz)2+2\RezHImz\:\Rez\
ivneN:
e |z,—a<|Rez, —Rea|+|Imz, -

<|Rez,

. \/Zmin{\Reznf z, —Imal} <|z, —a| < 2max{|Rez, -

. \/2min{ o}

OcTaHHi HepiBHOCTI OBFPYHTOBYETbCA 3 BMKOPWUCTAHHAM HEPIiBHOCTI MiXK CepeaHiM reomeTpuyHMM Ta cepesHim
apUPMeETUYHUM B HACTYMHUIA Cnocib.

vne N:\/Zmin{\Rezn -

z,—-Ima

¥

J} <]z, < 2max |

Imal} s\/Z\Rezn —Rea|-|lmz, - Ima| <|z, 3| =\/(Rezn ~Rea)’ +(Imz, —Ima)’ <

s\/(\Rezn—Rea\+\|mzn—lma\)2 =|Rez, —Real+|Imz, — Ima| < 2max{|Rez, - Imal}.
Npuknag, 5). Losecty, Wwo Iimm =-2-i.
noe o 14ni
. . 100+n—2ni . . .
<« BuKoHaemo ANnAa NOCNIA0BHOCTI Zn ZT, a=-2-Ii HaCTynHI KPOKI:
1 KpoK BUKOHaHHA OYiHOK
vne N :‘Zn_a‘: M_(_Z_i)‘:‘w+2+i‘: (100+n—-2n|)(1-—n|)+2+i _
1+ni 1+ni (1+ni)(1-ni)
100+ n-2n%)—i(102 2 100+ n-2n?)—i(102 )r2+2n° +i+i -
:( + )-i( n+n)+2+i:( +Nn-2n%)-i(102n+n*)+ 2+ 2n +|+|n‘ (102+n)—i(102n - 1‘
1+n? 1+n? ‘ 1+n? ‘
< 2max {102+n,102n 1}:2102n;1HpHn22.
1+n® " 1+n? 1+n

OTXKe, Ha 3aBepPLUEHHA NEPLIOro KPOKY AicTaHemMo \zn —a\ < 2% < zlofn ﬁ vYneN,n>2
+n n

2 Kpok Po38’a3yeaHHs HepieHocmi. [1ns Hanepes 3a4aHoOro A0BiNbHOIO ¢|KcosaHoro £ >0 BM3HAUMMO 3HAYEHHA N,

ONA  AKUX \Zn—a\<&<gVneN,n22. Maemo (n>204,neN,nzZJQ(ne(Nm({204}+2+00D]. O3Ha4yMmo
n

& &
nO:nO(g)::{%}+2.
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3 Kpok BucHOBKU. 3a BNacTUBICTIO TPAH3UTUBHOCTI BilHOLIEHHA NOPIBHAHHA HA MHOXUHI AiACHUX YNCEN MAEMO
0

{(n>n0(g),neN):(2n4<5j,(n>no(5),ne N):Oznfa\<%]}:>((n>no(g),neN):(\znfakg)).

OTXe, 4NA AOBINIbHOrO Hanepes 3agaHoro ¢ >0 3HalgeHo no(g) Take, Wo (n > no(e)) = (‘zn - a\ <& ) TO06TO AOBeAeHo, Wo

. 100+n-2ni
lIim———m———=
n—oe o 14ni

—2-i.p

. 14+7n% + 2ni
Npuknag, 6). fosectu, wpo liMm=——— =
n—>o 1+ni

14 +7n* + 2ni
1+ni
1 Kpok BukoHaHHsA oyiHok Yn e N paicTaHemo TaKy HepiBHICTb

14+7n% + 2ni|_[14+70" +2ni] \/(14+7n2)2+4n2 _J(7+7(1+ n?)) +4(L+n?) -4 )
Leni | feni] J1+n? - 1+n? B

<« Maemo Ana NocnigoBHOCTI Z, = , @ =00 HaCTynHi KPOKi:

2 2)2 2) _
:J49+9g(1+n )+49(1+n) +4(1+n?)-4 :\/111?;2+102+49(1+n2)>\/m>7n.

1+n?
2 Kpok Po3e’a3yeaHHAa HepieHocmi. Ona posinbHoro ¢ikcosaHoro &>0 maemo ‘zn‘ >7n>¢eVneN. 3Haaemo

noTpibHi  3HayeHHA n 3 HepiBHOCTi(7n>€,n€ N)@(n>f7,ne N)<:>(ne N ﬁ(%;+w))<:(ne|:|:‘%:|+l;+oo)).

Moknagaemo Ny =N (&)= [%J-rl.

3 Kpok BucHOBKU. 3a BNacTUBICTIO TPAH3UTUBHOCTI BilHOLWEHHA NOPIBHAHHA HA MHOMMUHI AiACHUX YNCEN MAEMO

{(n>n0(5),neN):(7n>5),(n>n0(5),neN):(zn>7n)}:>[(n>n0(g),neN):[zn: 14+7n" +2ni >5B.

1+ni
OTe, ANA AOBiNbHOTO Hanepepg 3agaHoro £>0 3HangeHo N, = no(s) =[%J+l TakKe, WO (n > no(s)):(\zn\ >¢& ), TO6TO

nosegeHo, wo limz, = .»
n—o

Npuknap, 7). TBepaXeHHA. Ona Toro, wob icHyBana rpaHuuA IimZn=A, A=0,argz, #7xVnell , HeobxigHo i

n—ow

[0CTaTHLO, WO6 iCHYBaNW rpaHnLj Iim‘zn‘ :W, limargz, =arg A a6o cumsoniyHo:
n—ow n—w

(Hlim z,=A A=0,argz, # zVnell )@(Hlim\zn\:\A

n—w

,3limargz, =argA, argz, #zVnel )
n—ow

JlosedeHHa meepoxeHHs.
Jocmamnicme. Akwo N — oo, 3limargz, =arg A, A=0,argz, # zvVnell , 1o
n—oo

z,=|z,|(cosargz, +isinargz, ) =|z,|(cosargz, +isinargz, ) =|z,|cosarg z, +i|z,|sinargz, —|A|cosarg A+i|Alsinarg A, n — oo

3a TeOpeMamMm Npo rpaHnLo A0BYTKY Ta FPaHULIO CYMM ABOX 36 HMUX NOCAiL0BHOCTEIA.
HeobxidHicms. Hexaii Jlimz, =A A=0argz, #zVnel . Togi 3a O03HaYeHHAM, no-nepuwe,

n—o

Ve>03n(¢)ell t|z,-A<eVn>niTtomy Ve>03n(g)el :

‘Zn‘ —‘AH < ‘Zn - A‘ <& VN >n OTxe, 32 03HAYEHHAM TPaHMLL
nocnigoBHOCTI, MAaEMO: EIIim‘Zn‘ = ‘A‘ . Mo-dpyee, pnosegemo, wo limargz, =arg A
n—ow nN—w

1 kpok (puc.1). Maemo
Ve e(O;min{d(z):\z—A\ :Imz =0, Rez SO})3n2(5)> n(e).n,(e)el iz, - Al<e

arg A— arcsinﬁ <argz, <arg A+ arcsinﬁ vn>n,(g)>n(s).
+Y
| .
arcsin &
# |
| A
&
ALy B
|AI=|0A|
|AB|=|AC|=¢
arghA x
o

Puc. 1. IHTepnpeTauis rpaHULi y KOMNNEKCHI NIOWMUHI
[xcepeno: po3pobaeHo asmopamu
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&

|A

2 kpok. Le osHavae, wo [argz, —arg A| <arcsin—, Vn>n, (&),

&
Ae 0<A(g)=arcsin— =O(¢) Ak 3aBrogHo mane, Akwo 0< & AK -3aBrogHo masne. Tomy

A
3n, =ny(&)>n,(&):largz, —arg Al < &

3 Kkpok. OTxke, 33 03HaYeHHAM rpaHuLi nocaigosHocT, maemo: Jlimargz, =arg A . TeepaKeHHs foBeeHO.
nN—oo

BMCHOBKMW TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXEHHA

BcTaHOBNEHO MiHIMaNbHY KiNbKICTb KPOKIB, AKY NPOMNOHYETLCA BUKOHYBATU NPU PO3B’A3YBaHHI 33434 3 BUKOPUCTAHHAM

03HAYeHHA rPaHuMLi NOCNIJOBHOCTI HA MPAKTUYHUX 3aHATTAX 3 MaTEMaTUYHOrO aHani3y. Pasom 3 LMM BCTaHOB/IEHO, WO NOAiOHI
3a/la4i 4,03BONAOTb AKTUBHO 3a/1y4aTy 3HAHHA 3 Teopii AiINCHOro YMCNa, HaBUYKM PO3B'A3yBaHHSA Ta A0BEAEHHA HEPIBHOCTEN, AKI
€ OHMM 3 OCHOBHWX iIHCTPYMEHTIB BCTAHOBNEHHA Ta foBeAeHHA GaKTiB i Teopem aHanisy GyHKLIN AiNCHOT 3MiIHHOI.

Moganbli AOCNIAKEHHA NAAHYETHCA NPUCBATU aNropuTMisaLii po3s’A3yBaHHA 3343y Ha O03HayYeHHA rpaHuui dyHKLiT

OZHI€l 3MIHHOT B TouL,i. TakoX OyAyTb BUAiINEHI TPM KPOKM pPO3B’A3yBaHHSA 33434 3 BUKOPUCTAHHAM O3HaYeHHA rpaHuL GyHKUiT
OJHI€EI 3MIHHOI B TOYLL.

KOH®JIKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTMX UM IHWMX iHTEPECiB, WO MOXYTb PO3rNAfaTUCA AK

NOTEHUiMHMI KOHOAIKT iHTepeciB Woao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigCyTHOCTI GiHAaHCOBOI NiATPMMKM 3 BOKY ByAb-AKMX OpraHisaLiin.

AOOCTYNHICTb AAHUX

Lle TeopeTnyHe gocnigKeHHs He nepeabavae BUKOPUCTaHHA A0AATKOBUX HabopiB 4aHUX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTH WTy4HOro iHTQHEKTy He BUMKOPUCTOBYBa/IUCb Npun HanucaHHi Ll,ieT pO6OTVI.
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AHOTALIA

ABSTRACT

®opmynioeaHHa npobaemu. CyyacHul oceimHili npoyec
nepebysae Ha emarni He380pPOMHOI YUPPOBOI MpPaHcopmayii, AKa
8UMa2a€ 8i0 y4Hi8 BUCOKO20 piBHA YUgposoi KomnemeHmMHocmi.
KpumuuHoto HesupiweHoto npobaemoro € HedocmamHili pieeHo
06i3HaHOCMI y4Hi8 OCHOBHOI WKOAU (30Kpema 8-x Knacig) wodo
6e3r1eyHo20  KopucmyeaHHs  iHhopmauiliHo-KoMyHiKayiliHumu
mexHonoeziamu (IKT). HedocmamHicms 3HaHb y cipepi 3axucmy
nepcoHanbHUx 0aHux, 3anobieaHHA Kibep3aepo3am ma yugposa
Hedbasicmb cmeoprorome 8UCOKUL 0c8imHili pusuK, Wo 2aneMye
ycniwHy — peanizayito  HauioHanbHUx cmpameezili  yugposoi
mpaHcgopmayii oceimu. Lie 3ymoesntoe HeobxiOHicmb emnipudHoi
OYiHKU haKmMu4Ho20 pieHsa 0b6i3HaHOCMI Uinbo8soi 2pynu.

Mamepianu i memoodu. [ocnioweHHA TrpyHMyemoca Ha
mixcoucyunaiHapHomy nioxo0di, MOEGHYIOYU MONOHEHHA KOHYenuil
yughposoi KomrnemeHmHocmi ma meopii 0C8IMHIX pu3uKie.
Emnipu4Ha 4YacmuHa 6yna nposedeHa Ha 6a3i YepHieiecbkozo
niyeto No12 winsaxom aHKemyeaHHsA yuHie 8-x knacie (N=77) nid yac
nedazoai4Hoi MPAaKmMuKu. Bukopucmosysarnuce memodu
meopemuYHO20 aHAs3y MA CUHME3Y, O MAKOXC KilbKiCHO20 aHAsi3y
3 06YUCNeHHAM OecKpUNMUBHUX CMAMUCMUYHUX MOKA3HUKIie 014
oyiHKu  po3nodiny eidnosideli ma pigHA obizHaHocmi  3a
KomrnoHeHmMamu yugposoi besneku. AHkema 6yna po3pobaeHa Ha
0CHO8i 6e3reKko8020 8UMIpPY UUgPOBOT KOMIemeHMHoCcMI.

Pe3zynemamu. JocnidneHHa niomeepouno BUCOKY
iHmezposaHicme yugpposux mexHosnoeili y HasyanbHull npouyec
(90,9% yuHie suxkopucmosyome LT wo0HA/Kineka pasie Ha
muxdeHb) ma 302a71bHY MO03UMUBHY OUiHKY [HCmMpymeHmie
(100% 3adoeoneHocmi). BuseneHo, wo 37% onumaHux y4Hie
marome Hedocmamdili piseHb 3HaGHb MA HABUYOK 6e3rne4yHoz20
KOpUCMYB8AHHA |HMepHeMoM ma 3axucmy enacHUx OaHUX.
BcmaHoseneHo, wo numaHHA 6e3neku He oxonatooms 9,1% y4Hie
YinecnpAmMo8aHUM  HABYAHHAM.  Takou  i0eHmMudgikosaHo
iHGppacmpykmypHi npobaemu, 30Kpema 3anumu Ha MOKPAUJeHHA
Wi-Fi y 3axucHux criopydax, w0 € Kpumu4HUM 011 3a6e3neyeHHA
6e3nepepsHocmi ma 6e3neku 0c8iMmHbL020 Npouyecy 8 ymosax
BOEHHO020 Yacy.

BucHoeku. [locnidxceHHs  nidmeepousno  akmyasbHicme
npobaemu i ceiduums npo HeobxiOHicMb 3MileHHA aKuyeHmy 3
mexHonoeiyHoi  iHmezpayii  Ha  opmysaHHs  be3neKkosoi
Kynemypu. Knwo4osuli BUCHOBOK mnonszae y HeobxioHocmi
cucmemamuyHoi iHmezpayii numaHe yugposoi bezneku ma
emuKu AK HOCKPI3HOI memu y HagYanbHi npospamu  ecix
npedmemis. PekomeHO08aHO  po3pobKy  iHMe2posaHux

HABYAMAbHUX  MOOYJis, OpIEHMOBAHUX  HA  NPAKMUYHE

Formulation of the problem. The modern educational process
is undergoing an irreversible digital transformation, requiring
students to have a high level of digital competence. A critical
unresolved problem is the insufficient awareness among primary
school students (in particular, 8th graders) about the safe use of
information and communication technologies (ICT). Insufficient
knowledge in personal data protection, cyber threat prevention,
and digital negligence creates a high educational risk, hindering
the successful implementation of national strategies for the digital
transformation of education. This necessitates an empirical
assessment of the target group's actual level of awareness.

Materials and methods. The study is based on an
interdisciplinary approach, combining the concept of digital
competence with the theory of educational risks. The empirical
part was conducted at Chernihiv Lyceum No. 12, with 8th-grade
students (N=77) surveyed during pedagogical practice. Methods
of theoretical analysis and synthesis, as well as quantitative
analysis with the calculation of descriptive statistical indicators,
were used to assess the distribution of responses and the level of
awareness of the components of digital security. The
questionnaire was developed based on the security dimension of
digital competence.

Results. The study confirmed the high integration of digital
technologies into the educational process (90.9% of students use
digital technologies daily/several times a week) and an overall
positive assessment of the tools (100% satisfaction). It was found
that 37% of the surveyed students have insufficient knowledge
and skills in the safe use of the Internet and in protecting their own
data. It was found that 9.1% of students are not covered by
targeted training for security issues. Infrastructure problems were
also identified, in particular requests to improve Wi-Fi in protective
structures, which are critical for ensuring the continuity and
security of the educational process in wartime conditions.

Conclusions. The study confirmed the problem's relevance and
indicated the need to shift the emphasis from technological
integration to the formation of a security culture. The key
conclusion is the need for the systematic integration of digital
security and ethics as a cross-cutting theme across all curricula.
The development of integrated training modules focused on
practical skills to counter cyber threats and on strengthening the
lyceum's secure ICT infrastructure is recommended.

The Author(s) 2026
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8i0npauytosaHHA  HABUYOK npomudii  Kibep3aeposam, ma
nocuneHHs 3axuuieHoi IKT iHghpacmpykmypu niyeto.
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BCTYN

NoctaHoBKa npobaemun. CyqacHWI PO3BUTOK CYCNiNbCTBA XapaKTEPU3YETbCA CTPIMKOIO Ta HE3BOPOTHOW UUdPOBOLIO
TpaHchOPMaALLEID, AKA OXOMJIHOE BCi chepn KUTTELIANBHOCTI, BKAOYHO 3 OCBiTOt0. Llelt npouec BUMarae He NPOCTO OCHALLLEHHA
HaBYa/IbHUX 3aK/1a4iB TEXHIKOI, a JOKOPIHHOT 3MiHM NeaaroriyHnx NiaxoAis Ta popmyBaHHSA HOBOI MOZENI B3AaEMOIT MiXK ycima
YY4aCHMKaMu OCBITHbOrO npouecy. Mepexia A0 iHTerpoBaHMx LMPPOBUX TEXHONOTIA MAE AK 3HAYHI NEPCMNEKTMBMU, TaK i Uiy HU3KY
BMKAUKIB (CaeHKo Ta iH., 2022), AKi nos’aA3aHi 3 edeKTUBHICTIO ynpasBaiHHA pecypcamu (Sue Chen, 2025) Ta MeTOgUYHUM
3abe3neyeHHAM npouecy HaBYyaHHA. HauioHanbHi OCBITHI cTpaTerii YiTKo BU3HaYatoTb HEOOXiAHICTb GOPMYBaHHA BUCOKOIO PiBHA
uMdpPOBOIi KOMMETEHTHOCTI FPOMAaAAH, CKNafoBi AKOI AeTanbHO ONUCaHi y BiANOBIAHWX pamkax (MiHicTepcTBo umndposoi
TpaHchopmauii YKpaiHm, 2021). OgHaK KPUTUYHO BaK/IMBMM acCMeKTOM Lj€i KOMMNETeHTHOCTI € 6e3neka KOPWUCTYBaHHA
LMPPOBUMM TEXHOOTIAMM. YUHI OCHOBHOI LLKOAM (30KpEMa 8-X KNaciB) € aKTUBHUMM KOPUCTYBa4aMmn MepPEXKEBUX Pecypcis, ane
iXHiM BiK, HE4OCTATHIM KUTTEBMI AOCBIA Ta iIMNYNbCUBHICTb YacTO PobAATL X HalbiNbLW BpasaneMMK A0 Kibep3arpos, byniHry,
diwmHry Ta iHWKUX pusMKiB uudpposBoro cepegosuuwa. OTXke, ycnix undposoi TpaHcdopmaLii OCBITHbOro cepenoBMLLa
6e3nocepeHbO 3aNeXKMUTb Bif, PiBHA 06i3HAHOCTI YUHIB W0A0 6e3ne4YHoro BUKopuctaHHa IKT.

AHani3 akTyanbHUX AocnigKeHb. MUTaHHA iHTerpauii LMdpPOBMUX TEXHOOTIN Ta BiAMNOBIAHOI METOAMKN BUKIALAHHA €
npeamMeToM aKTUBHOIMO AOCNIAXKEHHA. 30Kpema, 3HayHa yBara NPUAINAETbCA BNPOBAAMKEHHIO IHTEPAKTUBHUX LUPPOBUX
iHCTPYMEHTiB A1A NnepcoHanisoBaHoro cynpososy obaapoBaHmx 3406yBadiB ocBiTH (MeTpeHKo Ta iH., 2025) Ta iXHbOMy BNAMBY
Ha PO3BUTOK HAaBWMYOK PO3B'A3aHHA npobnem (Fitria, 2023; Taranto Ta iH., 2022). locnigHWKM TakoxK BuBYatoTb BNAMB IKT Ha
$bopMyBaHHA Bi3yaNbHOT F[PaMOTHOCTI NPV BUKAAZ4AHHI NPUPOAHUYNX AUCUMNAIH (A4YHa Ta iH., 2025), WO € BaXK/IMBUM €1eMEHTOM
CNPUAHATTA Cy4aCHOTO OCBITHLOIO KOHTEHTY. OKpeMMM HanpPAMKOM € BUBYEHHS FOTOBHOCTI MalbyTHiX negaroris Ao pobotu B
HoBMX ymoBax (FosoBiHa Ta iH., 2024; Mautok, 2020), ocKiNbKM ePeKTUBHICTb BUKOPUCTAHHA TEXHOOTIN 3aNeXnUTb Bif pPiBHA
iXHbOI NiAroToBKW. MUTaHHA 6e3nekun BUKopucTaHHA IKT y KOHTEKCTI NPUPOAHMYNX Ta MeAUYHUX CNeLiaibHOCTEN TAaKOXK 3HAULWAN
CBOE Bifl06paKeHHA B HAYKOBMX npauax (AyHa Ta iH., 2024).

Y mexax [aHoro JocnigKeHHA GopmyBaHHA KynbTypu 6e3neYyHOro BWMKOPUCTAHHA LMGOPOBUX TEXHONOFIN
PO3rNAOAETLCA AK MOETANHWIN NPOLEC, NMOYATKOBOK CTAfiED AKOrO € AiarHOCTMKA piBHA 0DI3HAHOCTI Ta CTaB/NEHHA Y4YHIB A0
unoposoi besnekn. MpeacraBneHe AOCNIAKEHHA MAE ONUCOBO-AiarHOCTUYHMIA XapaKTep i CTBOPIOE eMnipuYHe NigrpyHTa ans
noAanbLloi po3po6KM Ta BNPOBAAKEHHSA LiNIeCNPAMOBAHMUX OCBITHIX Nporpam.

Monpu 3HaYHWUI 0BCAT HAaABHMX HaMNpaLOBaHb, 3a/IMLLAETLCA HEAOCTAaTHBO BUBYEHUM eMNiPUYHMIA aCNeKT rOTOBHOCTI
camux y4HiB A0 be3neyHol B3aemogii 3 TpaHCPOPMOBaHMM OCBITHIM cepefoBULLEM. 30KPEMA, BPAKYE aKTyaslbHUX LOCAIAKEHD,
AKi 6 32 LONOMOTO0 NPAMOro aHKeTyBaHHA BU3HAYanun peanbHuii piBeHb 06i3HAHOCTI Y4HIB 8-X KNaciB LWOA0 KOHKPETHUX 3arpo3
Ta npasun undposoi He3snekun. Lle cTBOptoe HesupiweHy npobnemy, WO nonsarae B HeobXigHOCTI OTPMMAHHA LOCTOBIPHOT
iHbopMaLii Npo NPOrannHM y 3HaHHAX Ta HABUYKAX YUHIB, O € KPUTUUHUM ONA PO3PO6KM ePeKTUBHMX HAaBYANbHUX Nporpam i
MeTOAMK, CMPAMOBAHNUX Ha MPEBEHTUBHY OCBITY 3 Kibepbesneku.

HaykoBa HOBM3Ha [OCNIAMKEHHA NONArae B OTPUMAHHI NEPBMHHOI eMNipMYHOI OLiHKM 6e3NneKoBOro KOMMOHeHTa
LMbpPOBOI KOMMNETEHTHOCTI YYHIB 8-X K/aciB y KOHKPETHUX yMOBax BOEHHOro 4acy Ta uMdpoBoi TpaHcpopmaLii OcBITHBOro
NPOCTOPY HA OCHOBI PaMKu LMPPOBUX KOMNETEHTHOCTEN ANA rPOMaSAH YKpaiHu

MeTa crtartTi. AHani3 Ta emnipMyHa OUiHKa piBHA 06i3HAHOCTI y4HiB 8-X K/aciB Woao 6e3neyHoro KOpUCTyBaHHA
uMdpoBMMM TexHonoriamm Ta umdposoi TpaHchopmaLlii HaBYAHHA, @ TaKOXK BU3HAYEHHA KIKOYOBMX HAMPAMKIB ANA
BAOCKOHANIEHHA METOAMKM BUKNAZAHHSA IHTErPOBaHMUX KypCiB Y KOHTEKCTi GopmyBaHHA 6e3neyHoi uMPppoBOi KOMMNETEHTHOCTI.

TEOPETUYHI OCHOBU AOCNIAXKEHHA

TeopeTnyHi OCHOBM AAHOr0 AOCAIAMEHHA FPYHTYIOTbCA HA MiIXAUCUMNNIHAPHOMY NiAXOAi, WO NOEAHYE NONOXKEHHA
neaarorik1, ANAAKTUKK, iIHPOPMALLIHMX TEXHONOTIN Ta Teopii OCBITHIX pM3MKiB. PyHAAMEHTANIbHOK OCHOBOK AOCNIOAMKEHHA €
KOHUenuia uMbpoBoi KOMNETEHTHOCTI, WO PO3rNAAAETbCA AK iHTerpoBaHa 34aTHiCTb ocobuctocTi Bukopuctosysath IKT ans
BUPILLEHHA XXUTTEBUX | NpodeciMHNX 3aBAaHb. Ha HaLlioHabHOMY PiBHI LIA KOMNETEHTHICTb AeTabHO onucaHa B Pamui umdposux
KOMMETEHTHOCTEN AN1A rpomMaaaH YKpaiHu (MiHictepctBo undposoi TpaHchopmauii YKpainm, 2021). La pamka Buainae n'atb
OCHOBHWX cdep, OAHIEI 3 AKMX € be3neka (BKAYHO i3 3aXMCTOM [aHWX, 340POB’A, HAaBKOAMLWIHBLOrO cepefoBulLa Ta
Kibepbesnekoto). EmnipuyHe pocnigxeHHs piBHA 06i3HAHOCTI YYHIB 8-X KNaciB € NPAMUMM iHCTPYMEHTOM MepeBipKu
chOPMOBAHOCTI L€l KNAOYOBOI CKIaZOBOI KOMMNETEHTHOCTI Y LifboBOiI rpynu. Ycnix undposoi TpaHcopmaLii OCBITHbOro
cepepoBuwia (CaeHko Ta iH., 2022) HemoXnuBWI 6e3 AOCATHEHHA BCTAHOBJEHMX CTaHAAPTIB UMPPOBOI KOMMNETEHTHOCTI,
0cob611BO B acnekTi 6esneku.

OCBOEHHA YYHAMM UNPOBUX TEXHOOTIA PO3IrNAAAETLCA Yepes NPU3MY Teopii AiANbHOCTI, Ae HaBYaNbHUI NpoLec €
AKTUBHOM, LLiNIECNPAMOBAHO B3aeMogi€eto cyb'ekTa (yuHs) 3 06'eKTOM (HaBYANbHUM KOHTEHTOM) 33 AOMOMOrOI0 IHCTPYMEHTIB
(IKT). 3rigHo 3 couianbHUM KOHCTPYKTMBI3MOM, 3HaHHSA, 30Kpema npo umdposy 6esneky, He NPOCTO NepeaaloTbCa, a aKTUBHO
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KOHCTPYIOIOTbCA CaMMMM YYHAMM 4Yepe3 coLjasibHy B33aEMOZI0 Ta BUPIWEHHSA NPOBAEMHMX CuTyauii. PO3BUTOK HaBMYOK
MOAeNoBaHHA Ta BUpileHHA npobnaem (Fitria, 2023; Taranto Ta iH., 2022) € NPAMMM HaC/NiAKOM aKTMBHOI, onocepeaKoBaHOI
TEXHONOTAMM HaBYaNbHOI AiANbHOCTI. TaKMM YMHOM, aHKeTa BMUCTyrNae 3acobom OLHKM pe3y/nbTaTy 3aCBOEHHA 3HaHb Ta
NepeTBOPEHHSA iX HAa HaBUYKM HBe3neyHoi AisanbHOCTI B LMdPOBOMY CEpenOoBULL.

[ocnigeHHA METOAMYHOIO acneKTy, BUKAAEHOro B MeTi CTaTTi, 'PYHTYETbCA Ha MPUHLMMAX iIHTENPOBAHOIO HaBYaHHSA.
IHTerpauisa BMMarae NOeAHaHHA 3HaHb i3 Pi3HUX NPeAMETHUX rany3en Ana GopmMyBaHHSA LiICHOrO PO3yMiHHA ABMLLA. Y KOHTEKCTI
undposoi TpaHcHOPMALLT LLe 03HAYAE, LLO NUTAHHA 6e3neKkn Ta eeKTUBHOro BUKOpPUCTaHHA IKT He MoXKyTb 6yTH i301b0BaHI Anwe
B Kypci iHbopmaTMKn. HaTomicTb BOHM MatoTb ByTH iHTErpoBaHi B npupoaHudi gucumnnidy (AvHa Ta iH., 2025), coujianbHi Hayku
Ta iHWi NpeameTH, CTBOPIOOYN EAUHUIA, MiXKAMCUMNAIHAPHMIA Nigxia. MeToguuHi HanpautoBaHHA B Ui coepi (Mautok, 2020)
3aKNaZaloTb OCHOBY ANA BAOCKOHANEHHA HAaBYa/IbHMX NJ1aHIB 3 METOI0 NocuneHHA 6e3neKkoBoi CKAaA0BoI.

LleHTpanbHUM enemeHTOM poboTU € TEOpPiA OCBITHIX PU3MKIB, LLLO BUMArae CMCTEMATUYHOIO, NPEBEHTUBHOTO Migxoay
0,0 HaB4YaHHA. Y KoHTeKcTi IKT, ua Teopis 30cepeaKyeTbca Ha igeHTUdIKaLl, OuiHLi Ta yNpaBAiHHI NOTEHLUiMHMMMK 3arpo3amu B
KibepnpocTtopi (f4Ha Ta iH., 2024). OcKiNnbKM y4Hi 8-x KnaciB 3HaxoaATbcA y $asi akTMBHOrO couiasbHOro Ta LMppPOBOro
BXOMKEHHS, iXHA 06i3HaHICTb € NEPLWMM i HAWBAKAUBILMM PiBHEM 3aXWUCTy. Pe3ynbTaTh aHKeTyBaHHA [03BONAIOTb BUABUTU
NPOrasnHM y 3HAHHAX, AKI MOXKYTb cTaTh "cnabkMmu naHkammn" B cuctemi 6esneku, i BignoBigHO CKOPUryBaTM MeTOAMKM, LWob
3abe3neunTu HagiiHWi nepcoHanisoBaHuii cynposig (MeTpeHKo Ta iH., 2025) ans dopmyBaHHA KynbTypy 6esnedyHoro umdposoro
NOBOAKEHHSA.

Y KOHTEKCTi Teopii OCBITHiX pU3MKiB HeA0CTaTHA 06i3HAHICTb YYHIB WOA0 UMPPOBOI 6e3NeKn Po3riALAETLCA AK YUHHMUK
nifBuLLEHOT BPa3AnBOCTI 40 Kibep3arpos. 3okpema, BiANOBI4I TMNY «Y4ACTKOBO» abo «Hi» CBiAYaTb NPO HAABHICTb NATEHTHUX
PU3UKIB, AKI He YCBILOMIOIOTLCA CAMMMM YYHAMMW, ane MOMKYTb MATU KPUTWUYHI HaCNigKM (BWUTIK NepCOHaNbHUX AaHMX,
KibepbyniHr, ncMxonoriyHa WKoaa, MaHinynauii). Yactka 27,3% y4yHiB i3 4aCTKOBMMM 3HAHHAMM BigNOBigaE cepegHbOMY PiBHIO
pU3nKy, Toaji fK 9,1% 3 NOBHOO BiACYTHICTIO 06i3HAHOCTI — BUCOKOMY PiBHIO OCBITHBOTO PU3MKY.

METOAM AOCNIAMEHHA

[nA pocArHeHHA nocTaBneHOi MeTU Ta nepeBipkM poboumx rinoTes 6yN0 BUKOPUCTAHO KOMMJIEKC TEOPETUYHUX Ta
eMnNipUYHMX MEeTOAiB [OoCNiIAKEeHHA. TeopeTUyHi MeTogm: aHani3 Ta CUMHTe3 (BMKOPWUCTAHO AN BMBYEHHA Ta y3arasbHeHHs
NONOMEeHb WOoA0 UMPPOBOT KOMNETEHTHOCTI, iIHTErPOBAHOrO HABYAHHA Ta OCBITHIX PU3MKIB; cMCTemMaTU3aLia Ta Knacudikauin
(3acTocoBaHO A/1A CTPYKTYPYBAHHA OCHOBHUX TEOPETUYHMX NiAXOAIB Ta BU3SHAYEHHSA KOMMOHEHTIB LMbpoBoi 6e3neku, Aki byam
BK/OYEHI [0 IHCTPYMEHTApilO [AOCNIAMKEHHA); MOAENOBAHHA (BUKOPWUCTAHO AN TEOPeTUYHOro OBrpyHTYBaHHSA Mogeni
dopmyBaHHA 6e3neyHoi LMppPOBOi KOMNETEHTHOCTI YYHIB OCHOBHOI WKO0/M). OCHOBY €MMNipUYHOro AOCNIAMKEHHA CKNAaB MEeTos,
aHKeTyBaHHA (ONUTYBaHHA), AKMIA BYB 3aCTOCOBAHUIN AN OTPUMAHHA KiZIbKICHUX Ta AKICHWMX AaHWUX NPO 0Bi3HAHICTb YYHiB.

OocnigxeHHa npoBoamnock Ha 6asi YepHiriscbkoro niueto Ne12 BnpoaoBs KoBTHA-AMcTonagaa 2025 poky. EMnipuyHmit
eTan 6yno peanizoBaHO Nif Yac NPOXOAMKEHHA BMPOBHMYOT (NneparoriyHol) NpakTUKK. BUBipKy JOCNiAKEHHA CKNann yyHi 8-x
KnaciB (3aranbHa Kinbkictb N=77 oci6). BikoBui1 giana3oH y4acHuKiB cTaHoBuB 13—14 pokiB. BubipKa € penpeseHTaTMBHO Ans
OLiHKM piBHA 06i3HaHOCTI 3406yBayiB OCBITM OCHOBHOI WKO/IM WOAO BUKOPUCTAHHA LUPPOBUX TEXHONOTIW Y HaBYaHHI Ta No3a
HUM. [JocnigeHHAs NpoBOAMNOCA 3 AOTPMMAHHAM ETUYHMX NPUHUMMIB NejaroriyHMx Aocnig)eHb. YyacTb y4HiB byna
[06POBINbHOK Ta aHOHIMHOW. AHKEeTyBaHHS 3[iliCHIOBAsOCA 3a MOrOAMKEHHSAM 3 agMiHiCTpalielo 3akiagy OCBiTM Ta 3a
iHbopmoBaHOO 3roaoto 6aTbKiB (3aKOHHMX MNPeACTaBHMKIB) ydYacHWKIB. OTpMMaHi AaHi BUMKOPWUCTOBYBA/NUCA BWK/OYHO B
y3araqbHeHOMyY BUMNAAI AN HAYKOBUX LLiNEN.

FTONOBHUM HCTPYMEHTOM AOCNILMKEHHA BUCTYNMAA aBTOPCbKAa aHKeTa, po3pobneHa Ha OCHOBI MONOMKeHb PamKku
UMbPOBMX KOMNETEHTHOCTEN YKpaiHU, 30Kpema ii 6e3nekoBoro BUMipy. AHKeTa micTina 16 NUTaHb 3aKPUTOrO Ta HaNiB3aKPUTOro
TMNy i 6yna cnpAmoBaHa Ha BMABNEHHA pPiBHA 06i3HAHOCTI MPO OCHOBHI Kibep3arpo3u (oilMHr, WKiAAMBE NporpamHe
3abe3neyeHHn); HaBMYOK 3aXWUCTy NEPCOHaNbHMX AaHMX Ta NPUBATHOCTI; 06i3HAHOCTI Npo npasBuna 6e3neyHoi NoBeAiHKK B
coLjanbHUX MepeKax Ta IHTepHeTi (KibepbyniHr, meperkeBuin eTUKeT). AHKeTyBaHHA NPOBOANAIOCA aHOHIMHO Ta 406POBINbHO B
eNeKTpoOHHOMY dopmaTi AN 3abe3neveHHA 06’EKTUBHOCTI Ta YecHOCTI Bignosiaen.

[N ouiHOBaHHA piBHA 06i3HAaHOCTI BUKOPUCTOBYBANUCA HOMIHA/IbHI Ta NOPAAKOBI WKaNM (BapiaHTU BiANOBIAEN: «TaK»,
«YaCTKOBOY, «Hi»). [lo KaTeropii y4HiB 3 HegocTaTHIM piBHem UMdpoBoi 6e3nekn 6yno BigHECEHO PECNOHAEHTIB, AKI B KOYOBUX
nUTaHHAX 6e3nekoBoro 610Ky 06pann BapiaHTK «Hi» abo «4aCTKOBO». Y3arasibHEHUIM NOKA3HUK (37%) Byno OTPMMaHO LWAAXOM
niACcyMOBYBaHHA BifnNoBiAen 3a UMMM KaTeropiamu.

MeToan 06pobku aaHux: OTpuMaHi emnipuyHi AaHi NiagaBanuca KinbKicHOMy aHanisy. byan BukopucTaHi metoam
MaTEMATUYHOT CTAaTUCTUKM, BKNHOYAOUM 0BUYMCNEHHA AECKPUNTUBHUX NOKA3HUKIB (cepeaHE apnudmeTnyHe 3HAUYEHHS, BifCOTKOBI
NOKasHMKK) ANA Bidyanisauii posnoginy Bignosigei Ta BU3HAYeHHA PiBHA 0BI3HAHOCTI 33 KOXHWUM i3 KOMMOHEHTIB LMbPOBOI
6e3nekn. JocniaKeHHs Ma€e ONUCOBO-AiarHOCTUYHUIM XapaKTep, TOMY iHTerpasnbHi iHAeKcK He obuncitoBanucs.

PE3YNIbTATU AOCNIAKEHHA

EmnipuyHe gocnigXeHHA NpPoBOAMNOCH METOAOM aHKEeTyBaHHA cepen Y4HiB 8-X Knacis YepHiriscbkoro niueto Ne12
(N=77), wo 003800 OTPUMATH NEPBUHHY iHDOpPMaL,ito Npo iXHIo 06i3HaHICcTb y chepi umbpoBoi 6e3nekn Ta CNPURHATTA HUMMK
undpoBoi TpaHcPopmalLii ocBiTHbOro nNpouecy. OTpMmaHi AaHi 6y0 3rpynoBaHo B KinbKa 610KiB 418 CUCTEMHOTO aHanisy.
YacToTa Ta iHCTpyMeHTapii BUKOPUCTAHHA LMbPOBUX TEXHOOFIN 3rifHO ONUTYBAaHHA NpeacTaBNeHo Ha puc.l.
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Puc. 1. YacroTa BUKopucTaHHA LudpoBux TexHonorin B 33CO, %
LAxreepeno: ompumaHo asmopamu

AHani3 cBifYNTb NPO BUCOKMI piBEHb iIHTEFPOBAHOCTI LMPPOBUX TEXHONOTIN Yy HaBYaNbHUI Npouec. binbLwicTb y4HiB
(54,5%) KopuCcTYOTbCA LMGPOBUMM IHCTPYMEHTAMM LWOAHSA, | We 36,4% — KinbKa pasiB Ha TUXKAEHD. Lie nigTBepaye, wo undposa
TpaHchopMaLia € peanbHicTio, WO MNOCTIMHO CYNPOBOAMKYE OCBITHIO AianbHicTb (CaeHKo Ta iH., 2022). Lndposi iHCTpymeHTH
HalyacTile BUKOPMCTOBYIOTLCA Ha YPOKax aHrNiicbKoi moBu (63,6%) Ta iHpopmaTuKku (45,5%), Wo CBiAYMTL NPO KAKOYOBY PO/b
LMX gucumniid sk "gpaisepis" undpoBoro oceiTHLOro cepeaosuwia. AbcontoTHum nigepom € Google Classroom (100% yuHis),
o € 6a30Boto NNAATHGOPMOIO AR OpraHisaLii HaBYaHHA. 1A iIHTEPaKTUBY Ta OLLIHIOBAHHA Y4YHi aKTUBHO BUKOPUCTOBYIOTL Kahoot
/ Quizizz (81,8%) Ta Zoom / Meet (63,6%). Lle AeMOHCTpYe OpieHTaLLiO HA IHCTPYMEHTH, AKi NiABULLYIOTb PiBEHb 3a/1y4eHOoCTi Ta
edeKTMBHO NiATPMMYIOTb iHTerpoBaHi metoauKku (MeTpeHKo Ta iH., 2025).

EdeKTUBHICTb Ta cTaBNEHHSA A0 LMPPOBUX TEXHO/OTIV NPeaCcTaBNEHO Ha puc. 2.

@ Tar
@ H

@ Hactroen

Puc. 2. CraBneHHsA 3406yBauiB ocBiTH Ao uudposux TexHonoriit B 33CO, %
[Jxrepeno: ompumaHo asmopamu

YYHi NO3UTMBHO OUjHIOWTL iHTerpauito UT — 90,9% pecnoHgeHTiB BignosinM, wo im nogobaetbca npautoBaTv 3
TEXHOJIOTIAMM Ha ypoKax. Lle niatBepayKye MOTMBALIMHMIA noTeHUian UMEPPOBUX IHCTPYMEHTIB. I3 onuTaHmx 54,5% y4His
BBAXalOTb, WO IHCTPYMEHTU 4YACTKOBO AO0MOMAaratoTb 3acBOlOBATM MaTepian, toai AK 45,5% 3a3HauyaloTb, WO BOHU AyKe
AonomaratoTb. 3aBaAaku Ll BinbwicTb y4HIB Noyanu Kpawe posymit matepian (45,5%) abo binblue LiKaBUTUCA HAaBYAHHAM
(36,4%). Lie y3roaKyeTbca 3 MONOKEHHAMM Teopil 4ianbHOCTI, ge iHcTpymeHTH (IKT) onocepeKOBYHOTb i NOKPALLYHOTb HaBYabHY
B3aemogito. Ha puc. 3 npeactaBneHo pe3ybTaTh yneBHeHOCTi KopuTyBaHHA LIT.

® Myske BnesHera

@ MocTaThen BREEHEHD
I He nyve BnesHexa
® Baarani He BnesseHo

Puc. 3. OuiHKa BneBHeHOCTi 34,06yBayiB OCBiTM KOPUCTYBAHHA LMbPOBUMU TeXHONOTIAMM, %
Llxrepeno: ompumaHo asmopamu

MepeBakHa binbLicTb oNUTaHMX (63,6%) OLLIHIOE CBOE KOPUCTYBaHHA OHNAMH-NNaTGOPMaMM AK "[0CTaTHbO BNeBHEHE",
a 36,4% — sk "pyKe BnesHeHe".

OujHka 6e3nekoBoro BMMipy Ta iHopacTpykTypu. Lleli 610K € KntoyoBUM ans OuiHKM chopmoBaHOCTI 6e3nekoBoro
KOMMOHeHTa umMppoBoi KomneTeHTHocTi (MiHicTepcTBo umMdpoBoi TpaHchopmauii YkpaiHu, 2021). O6i3HaHicTb npo 6e3neky
BMPA3UAW Y HacTyNHUX JaHux: 63,6% y4HiB BNEBHEHI, O 3HAOTb, AK 6e3neYHO KOpPUCTYBaTUCh IHTEPHETOM Ta 3axMLATK CBOI
OaHi. OaHak, 27,3% y4His Bignosinu "yactkoBo" abo "iHoai", a 9,1% — "Hi". HaaBHiCTb maliXKe TPeTUHM y4HiB i3 CymHiBamu abo
BiACYTHICTIO 3HAHb BKa3ye Ha HeBWpilleHy npobaemy, 3a3Ha4eHy y BCTyNi, i BUMArae ujinecnpamoBaHOi MeTOAMYHOT KOpeKLii.
HaBuaHHA 6e3neLi Ta eTuui BiamiTMamn 72,7% y4His, AKi NiATBEPAUM, LLLO BUMTENI 0BrOBOPIOIOTL i3 HUMM NUTAHHA LMOPOBOI ETUKM
Ta NoBeAiHKM oHnanH. Wloao uinecnpamoBaHoro HaByYaHHA 6esneui, 45,5% oTpumMmyBasiM MOro Ha ypokax, a 27,3% — nig, yac
oKkpemux 3axoais. MpoTe 9,1% He OTPUMYBaNM TAKOTO HAaBYAHHA B3arai, WO € KPUTUUYHOIO NPOTaINHOL0.

YUYHi BUCOKO OLiHIOIOTb 3arasibHuit piBeHb LMdposoi TpaHchopmalii: 63,6% BBaxatoTb Moro "Bucokum", a 36,4% —
"cepeaHim". He3Baxkatoum Ha BUCOKY OLiHKY TpaHchopMaui, yuHi 6ayatb iHGpacTpyKTypHi npobnaemu. Sinwe 27,3% BBakatoTb
3abe3neyeHHA TEXHIKO MOBHUM, Togi AK 45,5% ouiHooTb 1oro Ak "yactkose". Kpim Toro, y BigKpUTUX BignoBsigax yyHi npsamo
BKa3yBa/an Ha Npobaemu 3 iHTepHeTOM Y 650MBOCX0BULL Ta HEODXiAHICTb NOKpalLeHHA AkocTi Wi-Fi.

BiZKpwTi BignoBiAi yuHIB NiAKPECNIOOTb iXHI0 NOTPeby B NPaKTUYHIN iHTerpawii TexHonorii: Halbinbwe noaobaerbea
Yy4HAM 6paTh yyacTb y iHTepakTuBHMX irpax (Kahoot), BiamiueHO TaKoX UiKaBicTb, MOXAMBICTb NobaumTn gocnign. OnutaHi

18



di3uko-matemartuuHa ocsita / Physical and Mathematical Education Tom 41, Ne 1/ Vol. 41, No 1 (2026)

NPONOHYIOTb NMOKPAWMTK iHTEPHET-3’eAHaHHA (0cobanBo B yKpuTTAX), BBecTM LIT Ha BCix ypokax Ta HagasaTu nepcoHasbHe
3ab6e3neyeHHA (NNaHWET YN eNIeKTPOHHY KHUTY).

BWCHOBKM AIKICHOrO aHani3y YiTKO BKa3ylOTb Ha HEOOXiAHICTb He nuLLe NiATPUMKM BXKe HAsBHOTO PiBHSA iHTerpauii, a i
BUpPiLIEHHsA iHPPACTPYKTYPHUX NUTaHb, AKi NPAMO BN/IMBaOTb Ha 6e3nepepBHICTb Ta 6e3neKy OCBITHbOro npouecy (A4Ha Ta iH.,
2024).

OBrOBOPEHHA

OTpumaHi emnipuyHi AaHi 403BONAIOTb 3p06UTU HU3KY BUCHOBKIB LLOAO AMHAMIKK undpoBoi TpaHchopmalii iueto Ta
rOTOBHOCTI yYHiB 8-x Knacis fo 6e3neyHoi poboTH B HOBMX yMOBaX. B1ucoka yactoTa BuKopucTaHHa LIT (90,9% yuHiB woaHs/Kinbka
pasiB Ha TUXKAEHDb) Ta NO3UTMBHE cTaB/ieHHA (100% 3a4,0BONEHICTb) CBiAYaTb NPO Te, WO UUPPOBI iIHCTPYMEHTU € ePEKTUBHUM
MOTMBATOPOM, WO Y3roAMKYETbCA 3 MONOMKEHHAMM COLiasibHO-KOHCTPYKTMBICTCbKOro niaxoay (Fitria, 2023). YuHi cnpuiimatoTb
TexHoorii fK 3aci6, Wo nigBuLLye iXHIO 3aLiKaBAEHICTb | 4ONOMarae Kpaue po3ymitu matepian. MpoTe 6axkaHHA BBecTM LT Ha
BCiX YPOKax BKa3ye Ha HEePiBHOMIPHICTb iXHbOI iHTerpauii, wo notpebye NOCUNEHHA MiXKNPeAMETHMX 3B’A3KIB Ta 3aCTOCYBaHHA
NPUHLMNIB iHTErPOBAHOIo HaBYaHHA (YHa Ta iH., 2025). Habinbl KPUTUHHUM € BUABNEHHA Maitke 37% Y4HiB, AKi He BNEBHEHI
abo He 3HatTb, AK 6e3neYHo KOPUCTyBaTMUCA iHTEPHETOM. Xoua binblwicTb BBaXKae cebe 06i3HaHNMM, Cy6'EKTMBHA OLiHKa YacTo
He 36iraeTbca 3 peaNbHMMM HaBMYKamU. Lle CTBOPIOE BUCOKMIA OCBITHIN pu3KK (A4Ha Ta iH., 2024), OCKiNbKM came uAa rpyna yyHis
CTaHOBUTb NOTEHLIMHY "cnabky naHKy" B cuctemi 6esneku, niggatoumcs Kibepsarposam.

BucoKa oujiHKa 3arasbHoi TpaHchopMaLLii LUKOM KOHTPACTYE 3 BUABNEHUMM iHHPACTPYKTYpHUMU npobnemamu (45,5%
BBaA)KaloTb 3abe3neyeHHA YaCTKOBMM) Ta KOHKpeTHUMM 3anuTamu woao Wi-Fi, oco6ameo B ykputTax. Lle csigumTb npo Te, Wwo B
YMOBAX HaBYaHHA 3 e/leMeHTaMM AUCTaHLiHOT po60TK Ta 3arpo3 6e3neku, HaginHicTb iHppacTpyKkTypu (Sue Chen, 2025) cTae He
JMLIEe NUTaHHAM KOMPOPTY, a M NUTaHHAM Be3nepepBHOCTI Ta 6e3neKkn OCBITHLOro Npotiecy. 3abesneyeHHs cTabinbHOro AocTyny
00 Mepexi B YKPUTTAX € K/TOYOBMM A5 NepCOoHaNi3oBaHOro cynposBoay Ta rapaHTii 6e3neku (MeTpeHko Ta iH., 2025).
Pe3ynbTaTh aHKETYBaHHA NPAMO BKa3yloTb Ha HEOOXiAHICTb BAOCKOHAaNEHHA METOAMKU: NUTaHHA LUMbPOBOT eTUKM Ta besneku
MaloTb CTaTW HACKPI3HUMM, iHTErPOBaHMMMK He snwle B iHGOPMATUKY, a W Yy BCi NMpeameTH; 3pocCTatounii iHTepec y4HiB a0
iHTepakTnBHMX dopm (irpu) mae 6YTM BMKOPWUCTAHUI AN CTBOPEHHA HaBYa/JbHUX CLEHAPIiB, OPIEHTOBAHWMX Ha CUMYAALLIO
Kibeppmr3nKis Ta BUPOHEHHA HAaBUYOK IXHbOTO YHUKHEHHS.

OTpuMaHi pe3ynbTati cif po3rnafaTv AK pesyabTaTi MiIOTHOrO ONUCOBOrO AOCNIAMKEHHA, WO Mae 0BMeXKEeHHA Woa0
y3arasibHeHHA. Pa3om 3 TUM, BOHM € AOCTATHIMW ANA BUABNEHHA NPO6aeMHUX 30H Ta GOPMYyBaHHA rinoTes ANA NoAanblunx
norMbneHnx AOCNIAKEHb i3 3aCTOCYBAHHAM BaNifOBaHMX iHCTPYMEHTIB Ta CTaTUCTUYHMX NMOKA3HUKIB HaZiMHOCTI.

BUCHOBKWM TA NEPCNEKTUBU NOAAbLLUOIO AOCNIAXKEHHA

MpoBeaeHe emnipnyHe A0CNiaKeHHA PiBHA 06i3HAHOCTI yYHiB 8-X KnaciB YepHiriscbkoro niueto Ne12 wopno uneposoi
TpaHcdopmauii Ta 6e3neyHoro BuKopucTaHHA IKT 403BOAMAO JOCATTU NOCTaBAEHOI MeTU Ta CHOPMYNIOBATU HU3KY KIHOYOBMUX
BUCHOBKIB. Lindposa TpaHchopmaLia OCBITHbOrO cepefoBulla Y 3aK/aafi Mae BMCOKMI MOKasHMK ycniwHocTi: 90,9% yuHis
aKTUBHO BMKOpUCTOBYHOTb LT y HaBYaHHI, a 100% NO3UTUBHO OLiHIOKOTb TaKUI NiaXig. IHCTPYMEHTH, OpieHTOBaHI Ha reimidikaLito
(Kahoot, Quizizz), epeKTMBHO BUKOHYIOTb CBOIO POJIb AK MOTUBALINHI YNHHMKM Ta CNPUAIOTL KPaLLOMY PO3YMiHHIO maTepiany. Lie
NiATBEPAMKYE BaXKNMBICTb 3aCTOCYBAHHA iIHTEPAKTUBHUX TEXHONOTI ANA 3a1y4eHHA YYHIB OCHOBHOI LWKOM. He3Baxatloum Ha Te,
L0 NUTAHHA LMbPOBOI ETUKM 0B6roBOPIOIOTHLCA, LiNECNPAMOBAHE Ta CMCTEMATMYHE HaBYaHHA LNdPOBOT He3neKkn oXontoe He BCix
YYHiB. Lle BKa3ye Ha HeobxiaHicTb iHTerpauii nuTaHb Kibepbesnekn AK HacKpi3HOT TeMW Yy HaBYa/IbHI Nporpamm BCiX NpeaMeTis (a
He nuwe iHPOPMATMKM) 3 AKLLEHTOM Ha MPAKTUYHOMY BiAMNpaLtoBaHHI HaBMYOK 3anobiraHHA pusMKam. MO3MTMBHA OLHKa
3aranbHoi TpaHchopmali (63,6% "BMCOKMIA piBeHb") He HiBeNtOE HEOBXIAHICTb BUPILLEHHS IHGPACTPYKTYPHUX Npobiem. BusasneHi
3aMWTU YYHIB WoAo nokpaleHHA Wi-Fi, ocobn1Bo B yKpUTTAX, CBiAYaTb, W0 3abe3neyeHHs cTabinbHOro Ta 6€3ne4yHoro iHTepHeT-
OOCTYNY € KPUTUYHUM e/IeMEHTOM OCBITHbOT 6e3neKn B yMoBax BOEHHOTO Yacy. OTpMMaHi pe3ynbTaTi CTaHOBAATb HOBU3HY AK
niNoTHe emnipuyHe AOCNiAKeHHA 6e3NeKoBoro BMMIipy LMGPOBOi KOMMNETEHTHOCTI YYHIB OCHOBHOI LUKOAW B perioHasibHoOMY
KOHTEKCTi.

Ha oCHOBI OTpPMMaHMX Pe3ynbTaTiB MOXYTb BYTU cHOPMYNbOBaHI TaKi peKomeHaauil ANA CUCTEMM OCBITU: po3pobKa
iHTerpoBaHux mopaynis 3 undposoi 6e3nekn AnA y4yHiB 8-X KNacis, AKi BKAOYATUMYTb €/eMEHTU MPaBO3HABCTBA, €TUKM Ta
iHGOPMALLIMHUX TEXHONOFi; CTBOPEHHA NPAKTUYHMX HAaBYa/IbHWX irOp Ta CUMYNATOPIB, OPIEHTOBAHUX Ha BUPODOSEHHA HAaBUYOK
pearyBaHHA Ha Kibep3arposu (¢ilwuHr, KibepbyniHr); nocuneHHA iHOPACTPYKTYpU, 30Kpema 3abesnedyeHHs cTabinbHUM Ta
3aXULWEHNM [HTEpPHEeT-3'€AHaHHAM BCiX HaBYa/ibHMX JIOKaLil, BK/AOYAKOUYM 3aXWUCHI cnopyau, ANs rapaHTii 6e3nekn Ta
6e3nepepBHOCTI HaBYaAHHA.

KOH®NIKT IHTEPECIB

ABTOPM 33ABAAIOTL NPO BiACYTHICTb KOHPAIKTY iHTEepeciB.

®IHAHCYBAHHA

[ocnipeHHA He OTPUMYBAJIO 30BHILHBLOTO GiHAHCYBaHHS.

AOOCTYNHICTb AAHUX

[aHi MOXyTb 6yT1 HagaHi 3a 06rpyHTOBaHMM 3aNWMTOM Bi4NOBIGHOMY aBTOPY.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

Mig yac NiAroTOBKM L€l po60OTH aBTOPU HE BUKOPUCTOBYBA/M IHCTPYMEHTM LITYYHOTO iHTE/IEKTY.
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ABSTRACT

®dopmyntosarHs npobaemu. Y npoyeci HaBYaHHS MAMeMamu4Ho20
aHanizy, He3anexHo 8i0 hopmu opaaHizauii oceimHbo20 npoyecy,
8aM(Iusy posb eidizpalome MmpeHysasbHi 8rpasu, CrpAMosaHi Ha
8UpP0b6sIeHHA Ui YOOCKOHAEHHSA MPAKMUYHUX YMiHb | HOBUYOK. 30Kpema,
npu 8UBYEHHI iHMe2py8aHHA payioHasabHUXx 0pobie sUHUKAE nompeba
y eenuKili KinbKkocmi oOHomunHux 3a0ay, Aki 6yau 6 MmemooOu4Ho
KOpeKmMHUMU, 06YUCIO8AAbHO MOMIPHUMU Ma OPIEHMOBAHUMU HA
hopmysaHHs 8i0N0BIOHUX an20pUMMIYHUX YMiHb. [IPAKMUKA MOKA3YE,
wo Habip 4ucsiosux napamempie y MAKUX 3080QHHAX, e3amull
doeinbHo, 4Yacmo npuzeodume 00 YCKAAOHeHUX ob4ucieHs 3
0pobosuMU YU iPPAYIOHANBHUMU YUCAOBUMU 8UPA3GMU, WO He
8i0nosioae Audakmu4Hili memi mpeHysasnbHuUX erpas. Lie 3ymoesoe
aKkmyasbHicms po3pobKu hopmanizoeaHux nioxoodie Ao Modento8aHHA
3080aHb, AKi 6 8i0nosidanu Haneped 3a0GHUM OUOAKMUYHUM
sumMoz2am.

Mamepianu i memodu. [ns supiweHHA nocmasneHoi npobaemu
6ys10 NposedeHo aHAsi3 MeopemuyHUX i IPAKMUYHUX pe3ynemamis
YKpaiHCoKux | 3apybincHux O00CniOHUKI8 ma npakmukie w000
pO3PObKU Mamemamu4Hux 3a80aHb. [na cmeopeHHA wabroHie
suKkopucmosysanaca  npoepama MS  Excel 3  nodanswum
opopMaeHHAM yMo8 i pe3yanbmamie y mekcmosomy pedakmopi LaTeX.

Pe3yabomamu. lobydosaHo Habip wabnoHie ona
a8MOMamMU308aHO 2eHEPYBAHHA MACUBi8 MpPeHy8anbHUX 30800Hb
3 KOHMPO/bOBAHOKW CKAAOHicM0 ma Haneped 3a0aHUMU
mMemoduYHUMU XapakmepucmuKamu. MoKasaHo, wo
BUKOPUCMOHHA ~ makux  wabnoHie  0038044€  yHUKamMu
HekopeKmHux abo OuUOaKMuU4YHO HebaXaHux eapiaHmis, nidsuwye
egpekmusHicms camocmiliHoi pobomu cmydeHmig | 3HAYHO
crpowye nNid2omosKy Ha84anbHUX mamepiasie.

BucHoeKku. CmeopeHHA wabsnoHis y cepedosuwi MS Excel 0ns
MOOeso8aHHA 3080aHb 3 IHMe2pYy8aHHA PAUioHAnbHUX Opobie €
egpeKmusHUM  IHCMpyMeHmMoM  hOpMyBAHHA  HABYA/IbHO20
KOHmMeHmy 018 camocmiliHo2o MmpeHy8aHHA cmydeHmie.
3anponoHoeaHuli Nidxid NMoeEOHye mamemamuy4Hy KOpekmHicme,
MemoOuYHy OoUinbHICMb | mexHos02iYHy OocmynHicme, Wo
pobumes lioc2o npudamHum 078 BUKOPUCMAHHA 8 O0C8IMHbOMY
npoyeci 3 MamemMamu4Ho20 aHaAsI3Y.

Formulation of the Problem. In teaching mathematical
analysis, regardless of the educational organization, training
exercises play an essential role in developing and improving
students’ practical skills and abilities. In particular, when
studying the integration of rational functions, there is a need for
a large number of similar tasks that are methodologically
correct, computationally moderate, and focused on the
formation of appropriate algorithmic skills. Practice shows that
an arbitrary choice of numerical parameters in such tasks often
leads to cumbersome calculations involving fractional or
irrational expressions, which does not correspond to the didactic
purpose of training exercises. This determines the relevance of
developing formalized approaches to task modeling that meet
predefined didactic requirements.

Materials and Methods. To address the stated problem, an
analysis of theoretical and practical results of Ukrainian and
international researchers and practitioners concerning the
design of mathematical tasks was conducted. MS Excel was used
to create task templates, followed by formatting the problem
statements and solutions using the LaTeX typesetting system.

Results. A set of templates for the automated generation of
collections of training tasks with controlled complexity and
predefined methodological characteristics has been developed.
It is shown that the use of such templates enables the avoidance
of incorrect or didactically undesirable variants, increases the
effectiveness of students’ independent work, and significantly
simplifies the preparation of instructional materials.

Conclusion. The development of templates in the MS Excel
environment for modeling tasks on the integration of rational
functions is an effective tool for creating educational content
aimed at students’ independent practice. The proposed
approach combines mathematical correctness, methodological
appropriateness, and technological accessibility, making it
suitable for teaching mathematical analysis.

K/1l040BI C/IOBA: wabnoHu ona MOOenB8aHHSA
mamemamuyHux 3ae0aHb; MS Excel; LaTeX; mamemamuyHuli
aHani3; iHMe2apy8aHHA PayioHanbHUX Opobis.

KEYWORDS: templates for modeling mathematical tasks;
MS Excel environment; LaTeX; mathematical analysis;
integration of rational functions.
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BCTYN

NocraHoBKa npobaemu. CTBoptotoum iHpopmauiiHe cepefoBuLLLE ANA MOLENOBAaHHA NaKeTiB MaTeEMATUYHUX 3aBAaHb,
MW cTaBMMO nepep, coboto Bi B3aEMOMOB A3aHi Lini: No-nepLlue, KOHCTPYHOBATH 334a4i, PO3B’A3aHHA AKMX He NOTpebye HaaAMIpHO
CKNAJHUX apUPMETUYHUX OBYMCNEeHb, OCKINIbKM TaKi O6YMCNEHHA HEe € OCHOBHOK AWAAKTUYHOI MEeTOolo; No-Apyre,
BMKOPUCTOBYBATWU MPOCTi M 3arasbHOAOCTYNHI iIHCTPYMEHTU — nporpamHe cepegosuie Excel Ta TekcToBuii pepaktop LaTeX.
3a3HayeHa npobsema A0OBOAI YCMIWHO PO3B'A3YETbCA Y BUMNAAKY 3aBAaHb 3 /iHIMHOI anrebpu, AKMM NpUTamaHHa BUMparKeHa
ANTOPUTMIYHICTb (Onepauii 3 MaTpPUUAMM, 0BUMCNEHHA BU3HAYHMKIB, 3HAXOAMKEHHA BNACHUX YMCEN i BIACHMX BEKTOPIB TOLO), WO
0a€ 3mMory epeKTUBHO KOHCTPYoBaTH WaboHU 418 04HOTUNHMX 3aBAaHb. HaToMicTb 6araToBMMIpHICTb | BapiaTUBHICTb 06’eKTiB
MaTeMaTUYHOrO aHasi3y, YyT/AMBICTb X MaTEMATUYHOI KOPEKTHOCTI A0 He3Ha4yHWX 3MiH MapameTpiB, a TaKOX CyTTeBA
KOHU,ENTYaNbHa CKNa[0Ba BifnoBiAHMX 33434 pobaaTh 3aCTOCYBaHHA LWABNOHHOrO MeTOoAY B MAaTEMATUYHOMY aHaNi3i METOANYHO
6iNblW CKNAAHUM i PECYpPCOMICTKMM, WO M 3yMOB/IHOE MigBULLEHY HAYKOBO-MEAAroriyHy LiHHICTb po3poboK wabnoHis ana
reHepyBaHHA 3aBAaHb 3 L€l HABYA/IbHOT ANCUMNAIHN.

AHani3 aKTyanbHUX A0CAIAXKEHbD.

HaBuanbHi 3apa4i Ta BNPaBM Ay)Ke BaKNMBi y HAaBYaHHI MATEeMaTUKKM, af)Ke came B Mpoueci po3B’A3yBaHHA 3ajad
BiflOYBAETbCA Y3rOAMKEHHA NPOUEAYPHUX HABMYOK i3 KOHUENTyaJlbHUM PO3YMIHHAM, WO 3abesneyye UificHe 3aCBOEHHA
HaBYa/IbHOrO MaTepiany, yCBIAOMAEHHA NPUPOAN MATeMaTU4YHOI AianbHocTi. Came TOMY YMCAEHHI AOCAIAXKEHHA MPUCBAYEHI
npobaemam CTBOPEHHA NPaAKTUYHUX 3aBAaHb, TPEHYBA/IbHUX BNPaB NPU BUBYEHHI MaTEMATUYHUX AUCUMNANIH. AKTYanbHUI Ornag,
BigNOBIAHMX AOCNIAXEHb WOAO0 PO3PObKM 3aBAaHb Yy MATeMaTUYHIMA OCBITi, aHanNi3 HOBWUX igel HaBegeHi B KONEKTUBHIl
MoHorpadii (Watson & Ohtani (Eds.), 2015). 3okpema, aBTopu pocnigxkeHHs (Kieran Ta iH.,, 2021) aHanisywoTb npouec
NPOEKTYBaHHSA 3aBAaHb B MaTeMaTMYHill OCBITi 32 OCTaHHI AECATUNITTA, B3AEMO3B'A3KM MiXK BUKIALAHHAM, LOCNIAXKEHHAM Ta
NPOEeKTYBaHHAM, GOPMYIOIOTb AeAKi 3arafbHi pekomeHAauii WoAo pamoK Ta NPUMHLMNIB PO3pobKM 3aBAaHb i MalbyTHiX
AocniaxKeHb, NOB’A3aHMX i3 pO3pobKoto.

Benukunini macve LoCAigKEeHb NPUCBAYEHUI BUBYEHHIO | BUSBNEHHIO MOTEHLiany uMdpoBux iHCTPYMEHTIB y po3pobui
HaBYa/NbHUX MaTemaTUYHMX 3aBaaHb (Leung & Baccaglini-Frank (Eds.), 2017; Bokhove, 2017; Gierl & Lai, 2016), TexHonO0ri#, Wo
NiATPUMYIOTb NepPCoHaNi3aLilo B yMOBaX 3MiLLAHOrO HaBYaHHSA B 3aKk/iafax BuWoi ocsiti (Alamri Ta iH., 2021).

Mpobnemn NiarotoBkM BUMTENIB (BMKN3AAYiB) 4O NMPOEKTYBAHHA AKICHUX MaTeMaTUYHWUX 3aBAaHb, 30Kpema, W i3
BMKOPUCTAHHAM UMPPOBUX iHCTPYMEHTIB, NpodeciiHOro po3BUTKY MNenaroris y 3asHayeHOMYy HAnpsMKy po3rnagaloTbcA B
(zaslavsky & Sullivan (Eds.), 2011; Joubert, 2016).

Pag pobiT nponoHytoTb Migxoay W iHCTPYMEHTM pPO3PO6KM M aBTOMATUYHOIO reHepyBaHHA 6GaratoBapiaHTHUX
MATEMATUYHUX 3aBAaHb OAHOMO i TOrO X TUMY PI3HOrO LiNIbOBOrO NPU3HAYeHHA: AN BUPOOJEHHA YU NMOHOBAEHHA MEBHUX
NPaKTUYHUX HABMYOK, AnsA AndepeHuiauii HaBYaHHA 33 piBHEM CKAAgHOCTI, Ana GOpPMyBaHHA iHAMBIAYAaNbHUX TPAEKTOPIN
HaBYaHHA Towo. Tak, y cTaTTi (Zaika Ta iH., 2021) aBTOpK pO3rNAAatoTb OHNAWH-IHCTPyMeHTH (Kahoot, Quizizz, Classtime) ana
CTBOPEHHA MaTeMATUYHWUX TecTiB, AKi AOLiNbHO BMKOPWUCTOBYBATU Mif, 4ac BMKNAZAHHA MATEeMATUKWM y BULLiMA Ta 3araibHin
cepegHiii WKoni Ak y GopmaTi O4HOro, TaK i AWUCTaHUiMHOro online-HaBYaHHA, PO6AATL iX NOPIBHANBHWIA aHaNi3, HAaBOAATbL
KOHKPEeTHi NpuKNagm 3actocyBaHHA. [locnigkeHHs (Sangwin & Grove, 2006; Astafieva Ta iH, 2024) cToCytOTbCA BUKOPUCTAHHA
STACK; pna CTBOpeHHA afanTMBHMX MaTeMATUYHWX 3aBAaHb, NPOrpamyBaHHA AepeBa Bignosifei Ta aBTOMATUYHOrO iX
ouiHtoBaHHA STACK BMKOPUCTOBYE cUCTEMY KOMM'toTepHOi anrebpu Maxima. MeToauKa reHepyBaHHA B cepefoBULLI CUCTEMM
Maple 3aBgaHb 3 iHTerpyBaHHA YaCTMHaMM HEBM3HAYeHMX iHTErpanis NPOMNOHYETLCA B CTaTTi (Muxanesuy Ta iH., 2008).

be3nocepegHbo CTBOpEHHIO LWabAoOHIB ANA aBTOMATU30BAHOIO reHepyBaHHA MaKeTiB MaTemaTUYHUX 3aBAaHb
npuceaYeHi gocnigxeHHa (PagueHko, 2021; Bodnenko Ta iH., 2021; Kpyrnosa & [inuxosuuHuii, 2025). Kpyrnosa H. Ta UX0BUYHMIA
O. po3pobnatoTb Nporpamu-wabnoHn 3 BMKopUcTaHHAM cepsiciB Wolfram Mathematica 14.0 (g1 cKnagHUX CUMBOAIYHUX
obumncneHb), GeoGebra (ana rpadiuHUxX i reomeTpuyHUX 3aBaaHb), R (41a CTaTUCTMYHKMX | MMOBIpHICHUX 3aBaaHb) Ta Excel (ans
CTBOPEHHA MacoBMX BapiaHTIB 3aBAaHb i eKcnopTy AaHux). CepeoBuLLe, Y AKOMY CTBOPHOHOTb WabI0HN aBTOPU A0CNIAKEHHA
(PapyeHko, 2021; Bodnenko Ta iH., 2021), micTUTbCA Y 3BMYaliHOMY ¢alini Excel i HifK He nos’a3aHe 3 NpPorpamyBaHHAM, LLO
pobUTb NPONOHOBAHY HUMU METOAMKY AOCTYMHOK LUMPLIOMY KONy po3pobHUKiB. Kpim Toro, BoHa He noTpebye cneuianbHoi 1
NOCTiIMHOT TEXHONOTYHOT NIATPUMKM. Y 3a3HAYEHUX AOCNIOKEHHAX HAaBEAEHI NPUKNAAM reHepyBaHHA 3aBAaHb 3 NiHIMHOT anrebpu.

Mera cratTi. OnuncaT TeXHOOrit0 CTBOPEHHA B cepeoBuLi Excel wabnoHis gna reHepyBaHHA 3aBAaHb 3 iHTErpyBaHHA
pauioHanbHux gpobis, WO BigNOBIAAIOTL 3a34aN€eriAb BUSHAYEHUM ANAAKTUYHUM BUMOTam, Ta NPOIiNOCTPYBATU iX BUKOPUCTAHHSA
Ha KOHKPETHUX NpuKagax.

PE3YNIbTATU AOCNIAKEHD

. . P(x . . . .
Mpouec iHTerpyBaHHA NPaBWAbLHOrO paLioHanbHOro Apoby ﬁ, e creniHb noniHoma P(x) meHwwuit 3a cTeniHb
noniHoma Q(x), nepeabayae nodaHHA MOro y BUFAAAI CyMM TaK 3BaHWMX enemeHTapHux apobis (apobis suraagy:
A A Mx+N Mx+N

o Goak wipara Grrperay Pe p? — 4q < 0) Ta 3HaXOMKEHHA CYMM MepBICHNX KOXHOMO 3 A0AaHKiB. 3a3HauMMo, Lo

PO3KNaL NpPaBWIbHOIO paLioHaNbHOTO AP0y Ha eNeMeHTapHi MPAKTUYHO MOX/AMBWIA, AKWO BAAETbLCA PO3KAACTU MOro
3HAMEHHMK Ha MHOXHUKM: NiHiMHI Ta KBaApaTHI TPUYNEHU, AKI HE MaOTb AiNCHUX HyAniB. TyT Nige MoBa NPO MOAENOBaHHA came
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TaKuMX NPaBU/IbHUX pauioHanbHUX apobis. Kpim Toro, koediuieHTn noniHomis P(x) Ta Q(x) 06MpaTUMEMO 3 MHOMMHU LiANX
umcen Ta wWwe 1 Takumm, Wwob Hyai noniHoma Q (x) 6yam AiicHUMK LinMMK Ta/abo KOMNAEKCHO CIPAXEHWMM 3 LiIMMU AiACHO0
Ta YABHOIO YacTUHaMK. Lia AnAaKkTMYHa BUMOra Ma€ 33 MeTy MiHiMi3yBaTu 3ycunna Ha apudmeTuyHi Aii 3 «He3pyyHummn» gpobamu
4K ippaLioHabHUMKU YNCIAMMU.

3aBAaHHA pPo3KNady NPaBU/IbLHOIO paLioHasIbHOro Apoby Ha eneMeHTapHI, a OTXKe i1 3aBAaHHA 3 IHTErpyBaHHs, cig po3butn
Ha OKpeMi rpynu y 3a01eXKHOCTI BiZ, Hy/1iB 3HaMeHHMKa (yci HyAi A4icHi, pi3Hi; yci HyAi AjicHi, ane cepen, HWUX € KpaTHi; yci Hyi npocTi, ane
cepes, HUX € AINCHI i KOMNIEKCHO CNpsXKEHi; HyNi nwWwe KOMNAEKCHI MPOCTi; cepes, KOMMNAEKCHWUX HyNiB € KpaTHi) Ta cTeneHis
yucenbHUKa W 3HAMEHHMKa Apoby (YMCEeNbHMK MepLloro, @ 3HAMEHHUK APYroro CTeneHs; YMCEeNbHUX MepLloro, @ 3HaMEHHUK
TPETLOrO CTeNeHs; YNCENbHUK APYTOro, @ 3HAMEHHUK TPETbOTO CTENEHS TOLLLO), | /1A KOXKHOTO 3 TaKUX BUNaZKiB ByayBaTv WabnoH.

LLlo6 chopmyBaTtu WabnoH 414 NEBHOro TUNY 3aBAAHHA PYXAaEMOCA 3 KiHUA, Bif OYiKyBaHoOro (TobTo 3annaHoBaHOrO)
pesynbTaTy. [IOACHUMO CKa3aHe Ha KOHKPeTHOMY NpuKnagi. Byaemo moaentoBaTv NpaBuAbHUI pauioHanbHW Api6, SHAMEHHWMK
AKOrO € NOAIHOMOM TPETLOTO CTeMNeHs, AKUIA MaAE TPU NPOCTUX HYAI, @ YNCENbHUK — KBAAPATHWIA TpuuaeH. Togai

P(x)  ax*+bx+c A N B N c
Q(x) x34+mx2+nx+l x—a x—f x—y

3BiBLWM A0 CNiNbHOrO 3HAMEHHUKA A P06y y NPaBii YacTUHI L€l piBHOCTI, MaTUMeMO:

P(x) (A+B+0)x*—(AB+y)+Bla+y)+Cla+p)x+af+ay+py
Q(x) x3 = (a+ B +y)x?+ (af +ay + By)x — afy '

3BiZCM OTPMMYEMO 3HaAYEHHSA yCix KoedilieHTiB apoby %, AKWI NPONOHYBAaTUMETbCA ANA IHTErPYBaHHA:

a=A+B+Cb=AB+y)+Bla+y)+Cla+p);c=aB +ay+By;

m=—(a+pB+y)n=(af +ay+By) l=—afy.
To6To, uinouncenbHuit koptex (4, B, C, @, B, y) 0f4HO3HA4YHO 3a43€ WiICTKy KoedilieHTis Apoby %.
BHeceHa iHdopmaLuis B MS Excel mae 6104HY CTPYKTYypy i € OCHOBOI A1 Nobya0BM [OKYMeHTY LaTeX 3 noganbluoto
KoHBepTauieto y ¢opmaT PDF. BioyHa dopma opraHisauii yMcnoBoi iHpopmau,ii A03BONAE 36iNblUyBATU KiNbKICTb O4HOTUMHMX
MacuBiB (6e3 BTpaTH ix GYHKLIOHANbHOCTI) NPOCTUM KOMNitOBAHHAM.

MacwuB gaHux B cepegoBuwi MS Excel moxke matu Takuit suraag, (Puc. 1):

A B C a P v A+B+C B+y oty a+f By ay of aBy A(B+y) B(a+y) C(a+p) o+B+y afy
4-5-3323 -12 5 6 5 |6|/9|6| 18| -20 -30 -15 8 18
4-151-41 0 3| 2 |-3|-4 -4 -4 12 2 -15 -2 -4
3-42-23-2 1 1 -4 1 6 4 -6 12 3 16 2 -1 12
5!14|511!31-3| 4 0 2 4 9| <3| 3 -9 0 -8 20 1 -9
-22-424-3 -4 1 -1 6 -12 -6 8 -24 -2 -2 -24 3 -24
4 23 43 4 9 7 8 7 12 16 12 48 28 16 21 11 48
2-5-2-4-11 -5 0|-3|-5(-1/4|4]| 4 0 15 10 -4 4
-12-4-32 3 3 5 0 -1 6 -9 -6 -18 -5 0 4 2 -18

Puc. 1. dparmeHT macuBy gaHux B cepegosuili MS Excel
[xcepeno: asmopcoKa po3pobka

[aHi macuBy HagxoaaTb B 061acTb GOPMYBaHHSA TEKCTOBOTO LLOKYMEHTY, AKMIN MICTUTb, Pa3OM i3 YNCNOBUMM JaHUMM
Ta KOMEHTapsAMM, KOMaHAW TEKCTOBOrO peaakTopa LaTeX. ABTOMaTUYHO CTBOPIOETLCA YNOPALAKOBAHA NOCNIAOBHICTb KOMIPOK, Y
KOXKHIl i3 AKMX MiCTUTbCA HeobXigHa 3micToBa YacTMHa MalbyTHbOTO AOKYMEHTY (TEKCTOBA, uncnoBa abo cnyxboBa). 3a3HaumMmo,
O BMICT KOXHOI KOMIpKM L€l NOCNif0BHOCTI He MOB’A3aHMi i3 BMicTOM i iHWKX Komipok. KomaHpoto CONCATENATE
CK/NIEIOEMO» KOMIPKM NOCNIA0BHOCTI, W06 YyTBOPUTU AOKYMEHT (4M pparmMeHT AOKYMEHTYy), opraHi3oBaHOro 3a npasuaamu
pepaktopa LaTeX. Onuwemo, HanpuKkiag, MexaHisam nobyaosBu oAHOro i3 GparmMeHTiB, WO € Pe3y/bTaTOM «CK/IEeHBAHHA»
NoCNifOBHOCTI fecATU KOMipoK KomaHaoto CONCATENATE(O5;P5;Q5;R5;55;T5;U5;V5;W5;X5), ae KOXKHa KOMipKa NociigoBHOCTI
mae csoto bygosy: 05="\[\int\frac{“; P5="=]5"; Q5="x"; R5=""+"; S5="K5"; T5="}x"2+"”; U5="L5";V="x+"; W5="=M5"; X5="}dx".
PesynbTaT Takoro «cknetoBaHHA» B MS Excel surnagatume popmynbHum kogom: \[\int\frac{14x+42}{x"2+2x+17}dx. B peaaktopi
LaTeX, nicna koHsepTauii y dopmat PDF, mu nobaunmo dopmyny (Puc. 2).

[ 1dx + 42 iy
J x4 20+ 17r *

Puc. 2. BisyanbHuit 06pas BignosigHoro ¢popmyabHOro Kogy
Jxrepeno: aesmopcobKka po3pobka

Ba)k/IMBO 3a3HAUYUTY, LLLO KCKNEHOBATU» MOXKHA HE InLIEe KOMIPKM, a i OKpeMi 3MicToBi 610KM (NOCNiLOBHOCTI KOMIPOK)
4K ix dparmeHTM 0gHOrO 1 TOro K abo pisHUX WabnoHis.

Po3rnaHemo we oauH npuknag. Onuwemo npouec CTBOPeHHA WabnoHy ANA 3aBAAHHA TUMY: «3HAUTM iHTerpan

J- Mx+N
x2+px+q
pesynbTaTy A0 YMOBM 3a4a4i. 3anuMiLuemo NocNiA0BHICTb OYEBMAHMX NEPETBOPEHb:

dx, ne pz — 4q < O». Pyxaemocs, fiK i B nonepefHbOMY BUNaAKY, B 3BOPOTHOMY Hanpsami, TO6TO — Bif 3an1aHOBaHOMoO
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Mx + N 2x+p+——p
fm 2_{ x2+px+q B
=Kln(x2+px+q)+ﬂ(ﬁ—p)f dx =
: A

M (2N x+£

M 1
=?1n(x2+px+q)+2<——p) arctg z,aea2=q—%.

Nip6epemo koediuieHTn M, N, p, q TaK, Wwob y npoueci 0b4MCNeHHA iHTerpana BUKOPUCTOBYBAIUCA AKOMOra NPOCTiLli
nepeTBOPEHHA, NePeBaXKHO 3 LinMMM Yncnamu. na Luboro AoLibHO BUMAraT BUKOHAHHSA TaKUX YMOB:
M.
a)M =2k, k € Z; ToAi - — uine;

)——ﬂ—%—uine,ﬂku.l,oN=kl,p,elEZ;

2
B) 3 ymoBu q — % = a?, wob 3340BONLHUTU BUMOTY «LLNOYMCENLHOCTI», MaEMO: p = 2n,n € Z;q = n? + a?.

OTke, BCi KoedilieHTM camoi 3aaaui, il PO3B’A3KY, @ TaKOXK NPOMIXKHUX Pe3ynbTaTiB byayTb LiIMMU YMCNaMU, AKLLO
M, N, p, q BupaxatoTbcs Yepes uini k, [, n, a BignosigHo A0 cniBBiAHOLWEHD, OTPUMAHMX Y MYHKTax a—B.

Y pesynbTati NobyAoBM AOKYMEHTA MeToAoM WabnoHis y cepegosuwi MS Excel Ta Moro noganblioi KOHBepTaLii y
dopmat PDF, 3ajlicHeHoi 3a gonomoroto pegaktopa LaTeX, Ha OCHOBi uMcnoBoi 6a3n BUMNALKOBUX BEMYMH aBTOMATUYHO
dopmyeTbca TUNOrpadCcbKe MOAAHHA MATEMATUYHMX CMiBBiAHOWEHb — Bi4, MOYATKOBOI MOCTAHOBKM 3ajadyi 40 KiHLEBOro
pesynbTaTy. Hanpuknag, aBTomMaTMYHO 3reHepoBaHa $GopMysibHa pPo3miTKa moBoto LaTeX, Lo onucye cniBBiAHOWEHHA MiX
HEBW3HAYEHUM iHTErpasiom paLioHanbHoOro Apoby Ta pe3ynbTaToM MOro iHTerpyBaHHA (63 NpoMiXKHKUX NepeTBOpeHb)

\[ \int\frac{10x+25{x"2+4x+13}dx = 5\In(x*2+4x+13)+\frac{5}{3} \arctg\frac{x+2K{3}+C\],

TpaHcHOPMYETLCA Y 3BMUYHE TUNorpadcbke 306parkeHHA dopmyan y dopmari PDF (puc. 3).

10z + 25 5 z+2
——— = de=5I(2*+4x+13)+ Sarctg —— +C
/r-’*41+13 (@ P
Puc. 3. BisyanbHe nogaHHA BignosigHOro ¢popmynbHOro Koay,
aBTOMaTUYHO chopMoOBaHe Nig Yac KoHBepTauii 4oKymeHTa 3 MS Excel y dopmart PDF
[Jxrepeno: aesmopcobKka po3pobka

3acTocyBaHHA OMMCAHOrO MeToay He NoTpebye Bif yKAaAaya 3aBAaHb KOOHUX A0AATKOBUX KPYYHUX» 06YMCIEHb Ym
nepeTBopeHb. [JocTaTHbO, MiCAA OHOB/IEHHS Tabauui B cepegosuiti MS Excel, ckonitoBaTu BMIicT Auwe opgHiei KOMipku Ta
nepegatM Moro o pepaktopa LaTeX, nicnAa 4oro oAHMM HATUCKAHHAM BIAMNOBIAHOI KOMaHAW aBTOMATUYHO GOPMYETbCA
NOBHOLHHUI [AOKYMEHT. Y pe3ynbTaTi OTPMMYEMO MaKeT Bnpas byap-Akoro obcaAry, BigdopmaToBaHMI BignosiAHO A0
TMNorpadcbknx Hopm. OCKiNIbKM KOXKHE OHOB/IEHHA apKywa MS Excel reHepye HOBi YMCNOBI AaHi M BignoBiaHI iM BapiaHTK
3aBaaHb y dopmati PDF, iMOBipHIiCTb NOBTOPEHHSA BapiaHTIB € MPAKTUYHO HY/1bOBOIO.

BUCHOBKU TA NEPCMEKTUBU MNOAANbLLUOIO AOCNIAMEHHA

Po3pobneHa TexHoNOriA CTBOPEHHSA WabnoHis y cepenosuLi MS Excel o3Bonse epeKTMBHO moaentoBaTv 3aBAaHHA 3
iHTerpyBaHHs pauioHanbHWX Apo6iB i3 Hanepes 3aJ4aHUMMN AUAAKTUHHUMU XapPaKTEPUCTUKAMU. 3aCTOCYBaHHA NPOMNOHOBAHOMO
niaxoay 3abesnedyye KOPEKTHICTb, 06YMCAOBaIbHY NOMIPHICTb | MPMAATHICTL 3aBAaHb A8 MACOBOrO TPEHYBAHHA, WO pobutb
0ro fOUiNbHUM ANA BUKOPUCTAHHA B HABYa/IbHOMY NPOLLECi 3 MAaTEMATUYHOIO aHanisy.

Mopganbuwi AOCNIAKEHHA MOXKYTb BYTU CNPAMOBaHI Ha PO3LWMPEHHA Habopy WabnoHiB ANs iHWKWX Knacis iHTerpanis, a
TAKOX afanTauito A0 iHWMX TEM MAaTEMATUYHOTO aHai3y, e BaXK/IMBO NMOEAHATN MACOBICTb TPEHYBaJ/IbHUX BNPaB i3 KOHTpOAEM
X METOANYHOT AKOCTI.

KOH®IKT IHTEPECIB

ABTOPM MNiATBEPAKYIOTb BiACYTHICTb (iHAHCOBUX, OCOBUCTMX UM iHWMKX IHTEPECIB, WO MOXYTb PO3rAAAaTUCA fK
NoTeHLiNHWIA KOHANIKT iHTepeciB Wwoao nybnikau,ii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigCyTHOCTI GiHAaHCOBOI NiATPMMKM 3 BOKY ByAb-AKMX OpraHisauiin.

AOCTYNHICTb AAHUX

Lle TeopeTnyHe JOCAiAKeHHA He Nnepeabadvae BUKOPUCTaHHA A0AATKOBMX Habopie AaHMX.

BUKOPUCTAHHA WUTYYHOIO IHTENIEKTY

IHCTPYMEHTH WTYy4HOro iHTe}'IEKTy He BUKOPUCTOBYBa/IUCb Npun HanucaHHi LI,iEII. p06OTM.
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ABSTRACT

Y cmammi posenaHymo Oeski i3 po3pobaeHux ma
8M1POBAOHEHUX Y MPOyec HABYAHHA iHHoeayiliHux modenell Ha
OCHOBI AKUX MOMHA Op2aHI308y8AMU MPOUEC HABYAHHA 8
imepcusHomy cepedosuwi. BuokpemseHo cmpyKmypy Mmakux
mooeneli ma ix nepesaau 3acMoCy8aHHA Y NPOyeci HAOBYAHHA.

dopmynioeaHHA  npobaemu. Po38umoK  imepcusHux
mexHonoeili 8 oceimi akmyanizye npobaemy NPOEKMYBAHHSA
yinicHoi modeni imepcusHo20 oc8imHbo20 cepedosuwia, AKA 6
iHmeepysasna nedazoaiyHi, MCUX0A02iYHI, MexHoMo2iYHi ma
po38usasbHi YUHHUKU U 8i0nogidasna ymoeam HABYAHHA 8
3aKnadax 3a2as16HOI cepedHboi ocsimu. Hapasi cnocmepizaemocsa
paemeHmapHicme  moleneli iMepcusHo20 HABYAHHA, WO
YCKAAOHIOE iX cucmemHe 8rposadHeHHsA.

Mamepianu i memodu. Y 00cnioxeHHi BUKOPUCMAHO KOMINAEKC
meopemuy4HuUx Memo0dis: aHani3, cCucCMemMamu3ayito, y3a2anbHEHHA
HayKoeo-nedazo2iyHoi  fimepamypu, a MAKOX CMPYKMypHO-
yHKyioHanbHul i mopigHANbHUU aHani3 nedazozivHux modened.

Pe3yabmamu. Cucmemamu308aHO ma npoaHasni308aHO n’ame
moOlesneli iMepCcUBHO20 HABYAHHA: KO2HIMUBHO-AheKMuUBHY,
00cnidHUYbKY, esonouiliHy, MOMoOKos8o20 CMaHy ma ieposozo
HOBYAHHA HA OCHOBI WMYy4YHO20 i[HMenekmy. Bu3sHaYyeHo ix
OCHOBHI  Xapakmepucmuku,  nepesaau U  obMexeHHA.
BcmaHoseneHo, ujo HaAasHi Modeni He 8paxXo8yrOMb MOBHOH Miporo
cneyugiky 3micmy npupooHU4YO-MmamemamuyHux OucyunaiH ma
oceimHi  nompebu y4yHie cmapwoi wkonu. Lle 3ymoenroe
HeobxioHicmb Modanbwo20 MmeopemuyHo20 U NPAKMUYHO20
06rpyHMyB8aHHA iHMe2pamueHo20 nidxooy.

BucHoeku.  ®pazmeHmapHuli  xapakmep  po32AAHYMuX
moOeseli iMepcusHoO20 HABYAHHA C8iI04YUMb PO AKMYasbHICMb
po3pobKu  KomnaekcHoi modeni, sAKka 6 3abesneyysana
nedazoziyHy 00yinbHiCMb, MexHoA02iYHy eHy4YKicmb i 3micmosy
8i0nosidHicmb HaB4YAHHA 8 akademiyHomy niuei. [Modanewi
00CniOHeHHA CIpAMOBY8AMUMYMbLCA HA  CMBOPEHHA ma
anpobayito Maxoi modesi 8 ymoeax BUBYEHHA MPUPOOHUYO-

The article discusses innovative models developed and
implemented to organize learning in an immersive environment. The
structure of such models and their advantages in the learning
process are highlighted.

Formulation of the problem. The development of immersive
technologies in education raises the question of designing a
comprehensive model of an immersive educational environment
that integrates pedagogical, psychological, technological, and
developmental factors and meets the conditions of learning in
general secondary education institutions. Currently, immersive
learning models are fragmented, which complicates their systematic
implementation.

Materials and methods. The study uses a set of theoretical
methods: analysis, systematization, generalization of scientific and
pedagogical literature, and structural-functional and comparative
analysis of pedagogical models.

Results. Five models of immersive learning have been
systematized and analyzed: cognitive-affective, research-based,
evolutionary, flow state, and game-based learning based on
artificial intelligence. Their main characteristics, advantages, and
limitations have been identified. It has been established that existing
models do not fully account for the specific nature of natural science
and mathematics disciplines, as well as the educational needs of
high school students. This necessitates further theoretical and
practical justification of the integrative approach.

Conclusion. The fragmented nature of the immersive learning
models discussed underscores the need to develop a comprehensive
model that ensures pedagogical expediency, technological flexibility,
and the relevance of learning content in academic lyceums. Further
research will focus on creating and testing such a model in the
context of studying natural and mathematical disciplines using
virtual and augmented reality tools.

mamemamuyHux — OuCYunaiH i3 BUKOPUCMAHHAM  3acobie
8ipmyanbHOi Ma 0onosHeHoi peasasbHocMi.
K/IIO4YOBI  C/IOBA: imepcusHe  HGBYAHHA;,  iMepcusHe KEYWORDS: immersive learning;  immersive  learning

cepedosuuje HABYAHHSA; MOO€esb OP2aHI3ayii HABYAHHSA; 3aKMAA0
302a716HOI cepedHboi oceimu; akademiyHuli niyel; npupodHU4O-
mamemamu4Hi npedmemu.

environment; learning organization model; general secondary
education institution; academic lyceum; natural science and
mathematics subjects.

ANA  UUTYBAHHA: Pawescbka H. Mogeni imepcusHoro
cepefoBuLULa HaBYyaHHA. Di3uko-mamemamuyHa ocsima, 2026.
Tom 41. Ne 1. C. 26-31. https://doi.org/10.31110/fm02026.v41i1-
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FOR CITATION: Rashevska, N. (2026). Models of immersive
learning environments. Physical and Mathematical Education,
41(1), 26-31. https://doi.org/10.31110/fm02026.v41i1-04.

BCTYN

NoctaHoBKa npobaemu. LLIBMAKMI PO3BUTOK LMGOPOBUX TEXHOOTIA 3aN04aTKyBaB HOBY epy OCBITHIX NMPAKTUK, Y AKil
TPAaAULiHI METOAMKM HaBYaHHSA BCE YacTille JOMNOBHIOTLCSA abo HaBiTb 3aMiHIOKOTbCA IHHOBAWIMHMMU Nigxogamu. OaHUM i3
HalnNepcneKkTUBHIWNX HanpAMIB y Ui cdepi € imepcuBHi TexHoNOrT: BipTyanbHa peanbHictb (VR), AonoBHeHa peanbHicTb (AR) Ta
3MillaHa peanbHicTb (MR). Lli TexHonoril peanisytoTbca B pamKax iMepCcrMBHUX CEPefOBULL, — IHTEPAKTUBHUX LMPOBUX MPOCTOPIB,
wo 3abe3neyyoTb YacTkoBe abo NOBHE 3aHYpPEHHSA KOPUCTyBa4a B HaBYasIbHi MaTepianun yepe3 My/SbTUCEHCOPHI CTUMYAMU Ta
AKTUBHY B3aEMOZ,iI0 3 IMEPCMBHMM CBITOM. IMEPCMBHI cepeaoBULLA BiAKPMBAIOTb HOBI MOXIMBOCTI 151 CTBOPEHHA 3aXONIMNBUX i
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NepcoHani3oBaHMX AOCBIAIB HAaBYAHHSA, WO CNPUAIOTL IMBLWOMY PO3YMIHHIO Ta 3aCBOEHHIO CKNALHMX KOHLenuin, ocobamso
aKTya/IbHUX B pamKax HoBoi yKkpaiHcbKoi wkonu (HYLW).

AHani3 akTyaNbHUX AOCNIAKEHb LEeMOHCTPYE, L0 HAaYKOBLLi aKTUBHO BMBYAIOTb NOTEHLiaN BipTya/IbHOI, AONOBHEHOI TA
3MilWaHoi peasbHOCTEN AK 3acobiB TpaHcPopmaLii OCBITHbOro Mpouecy. Y HayKOBO-OCBITHIM CMifIbHOTI PO3p06/IEHO HU3KY
mogaenein iMepcuBHUX cepenoBuLL, AKi AEMOHCTPYIOTb iIXHIO ePeKTUBHICTb Y GOpMyBaHHI MOTMBALLT A0 HaBYaHHA, PO3BUTKY
nisHaBa/bHOI aKTUBHOCTI Ta NiATPMMU iHAMBIAYaNi3aLii ocBiTHbOro npouecy (Oyelere et al., 2020).

Y npoueci aHanizy HayKoBWX AyKepen i MPaKTUK BUKOPUCTAHHA iMEPCUBHWUX TEXHO/IOFM B OCBITHbOMY MpocTopi
BMOKPEMIEHO HU3KY MoAenew, AKi MOXHA YMOBHO 3rpynyBaTh 3a Kputepiem dyHKLioHanbHOro npusHaveHHs (Pitsikalis et al.,
2024):

1. Modeni iHcmpyKyiliHo2o 0u3aliHy, WO PernameHTyoTb CUCTEMHE NPOEKTYBAHHA NPOLLECY HaBYaHHA i MOXKYTb ByTK
a4anToBaHi 40 0cobaMBOCTEN iMEPCMBHOIO cepefoBMLLA HAaBYaHHA. [lo HUX HanexaTb KNacwuyHi Ta rHydki niaxopm: ADDIE
(Analysis, Design, Development, Implementation, Evaluation); SAM (Successive Approximation Model); TESLA (Technology
Enhanced Spaces for Learning and Assessment).

2. Moodeni iHmezpayii mexHonozili 8 ocgimy, W0 BU3HAYalOTb PiBEHb Ta CNOCI6 BUKOPUCTAHHA LMdPOBUX (Y TOMY YnChi
iMepCUBHUX) TEXHONOFIN Yy Npoueci HaBYaHHA. Haibinbw obrpyHToBaHMMK mogenamu €: SAMR (Substitution, Augmentation,
Modification, Redefinition); TPACK (Technological Pedagogical Content Knowledge); TICOL (Technological Integration in
Collaborative Online Learning).

3. Moodeni imepcusHo20 HaBYQHHA PO3POB/EHi creuianbHO N5 peanisauii BUKOPUCTaHHA iMEPCUBHUX TEXHOOTIN Y
HaBYaHHI Ta BM3HAYalOTb CTPYKTYPHI KOMMOHEHTUM M yMOBU iX edeKTUBHOro BMKOpUCTaHHA. Ha ocHosi mopeneii CAMILE
(Cognitive-Affective Model of Immersive Learning Environment); XR ABC (Absorb, Blend, Create); M-iVR-L (Model of Immersive
Virtual Reality Learning) Ta mogeni HaB4anbHOro AM3aHy ANA HaBYa/IbHUX CEPELOBULL BipTyanbHOI peanbHOCTI 3 iIMEPCUBHUM
NiAXO4AOM AOUiINIbHUM € Po3pobsieHHs MoZenelt opraHisauii YpOoKiB i3 BUKOPUCTAHHA iMEPCUBHUX TEXHOJIOTIN, WO ONUCYOTb
Pi3HWIA piBEHb 3aHYPEHHA YYHA B iMEPCUMBHE cepefoBMLLE HaBYaHHA Ta MOro B3aeMoOAilo 3 HUM. [apMOHiliHa KombiHauin
e/1eMeHTiB 3a3HaYeHnX moaenel € foLiNbHOW ANnA NobyA0BM NPOLECY HAaBYaHHA YYHIB akaZeMidHUX NiueiB B pamkax HYLL.

Monpw 3HaYHI AOCATHEHHSA Y cdhepi MoLeNtoBaHHA IMEPCUBHOMO HaBYaHHSA, 6iNbLWICTb YMHHUX MoAeNen cHOKyCoBaHi Ha
OKPEMMX acCMeKTax Uboro npouecy — TexHiYHOMy 3abes3nedyeHHi, Bi3yanisauii HaBYaNbHOro MaTepiany, KOTHITUBHOMY
HaBaHTa)XXeHHi abo moTuBaujii, — i He 3abe3neyytoTb LiNICHOI NeAaroriyHoOi KapTMHW, WO BiAnNOBiAae noTpebam 3aranbHOI
cepegHboi 0CBITU. 30Kpema, CnocTepiraeTbea AediumT mogenein, aki 6 iHTerpyBaan TeXHONONYHI, ANAAKTUYHI, MCUXONOTIYHI Ta
OpraHisauiHi KOMNOHEHTM B YMOBAx aKagemiyHux niueis. Came Tomy ana GOpMyBaHHA HALWOI METOAO0OrYHOI no3uuii
BAXK/IMBUM € ONOPA Ha MiXKANCLMMNIHAPHMI aHANI3 Cy4aCHUX HayKOBMX Niaxoais. OcobanBe 3HAaYEHHA MatoTb NpaLLi YKPAiHCbKUX
[ocniaHukiB — 0. boraukoBa (y KOHTEKCTi UMPPOBOI AMAAKTUKM Ta BipTyanbHux cepeaosuu), C. /IMTBUHOBOI (i3 cucTemMHOro
nigxoay fo IKT B ocsiTi), 0. HoceHKo (i3 KOrHITMBHOrO Nigxo4y A0 TEXHOMOMYHOrO HaBYaHHA), A. Cyxix Ta . YxaHsa (y YacTuHi
neparoriyHoi B3aemogii y umdposomy npocTopi). BogHoyac 3aKOPAOHHI AocnigHUKM — . MaKpaHcbKui, . MaKrosiH Ta
C. MiTcikanic — 3anNponoHyBann HU3KY eMMipUYHO OBIPYHTOBAHMX MoZeNel, AKi BPaxoBYOTb KOTHITUBHI MEXaHi3MWN 3aHYPEHHS,
eMOLiiHO-MOTUBALLIMHUIA BNAWB IMEPCUMBHUX CepeaoBULy, Ta iX posb y GOpMyBaHHI BTINEHOTO 3HaHHA. CMcTemaTM3auia Lux
niaAXo4iB Aana 3MOry BM3HAYMTU HaNpPsMKU iHTerpauii iMepCcMBHUX TEXHONOTIA Y METOAMYHY CUCTEMY HaBYaHHA y 3aKnagax
3arafibHOi cepeaHbOi OCBITH.

Merta cTaTTi nonarae B aHanisi po3pobneHnx moaenei iMepcUBHUX cepeaoBULL, HaBYaHHSA, BU3SHAYEHHA iX nepesar Ta
obMeKeHb, @ TaKOXK y3ara/sibHeHHA NefaroriYHnX, NCUXONOTNIYHMX, TEXHONOTMYHMX | PO3BUMBANbHUX YMHHUKIB, LLLO MOXYTb BYTH
OCHOBOIO AN NobyA0BYM LiNICHOI MoAeni imepcMBHOTO cepefloBULLA B 3aKNaAax 3arasibHoi cepefHboi OCBITH.

METOAM AOCNIAMEHHA

[na pos3s’A3aHHA MocTaBieHMX 3aBAaHb by/n0 3aCTOCOBAHO Taki MeTOAM: TEOPeTUYHWII aHani3 Ta y3arajJbHeHHA
HayKOBO-NeAaroriyHoi Nitepatypy Ta Axepen 3 npobiemu BUKOPWUCTAHHA iIMEPCUBHWMX TEXHONOTIM B OCBITI; CTPYKTYpHO-
dYHKLiOHaNbHMI aHaNi3 mogenei opraHisalii HaBYaHHA B iIMepPCMBHOMY CepeoBULLI 3 METOH BU3HAUYEHHSA TXHIX XapaKTePUCTUK,
nepesar i obmexKeHb; NOPIBHANbHUIA aHaNi3 ANA BUABMEHHA CMNiNbHUX e/IeMEHTIB, BiAMIHHOCTElM Ta TeHAEHLUIM y niaxoaax Ao
NPOEKTYBAHHA NPOLLECY HAaBYAHHA i3 BUKOPUCTAHHAM iMEPCUBHUX TEXHOOTIN.

PE3YNIbTATU OOCNIAKEHHA

AHani3 HayKoBMX [)Kepen HajaB MOMAMBICTb BMOKPEeMUTU AeAKi MoAeni iMepCUBHUX CepefoBULL, HaBYaHHA, WO
BMKOPWUCTOBYIOTb Y MpoLeCi opraHisauii HaByaHHA. Tpeba 3a3HAUUTH, WO BCi PO3FAAHYTI B CTaTTi MOAENI MOXHA BigHecT o
deHOMeHONorYHOI Moaeni OocBiTH, WO nepenbayae NepPCcoHaNbHUIM XapaKTep HaBYaHHA 3 ypaxyBaHHAM iHAMBIAYanbHO-
NCUXONOTIYHUX 0COBNNBOCTEN YYHIB, AbalNnBe 11 LLaHOBAMBE CTaBNEHHS [0 iXHiX iHTepecis Ta noTpeb.

OCHOBOIO BMOKPEM/IEHUX MoOJesieil iIMepPCUBHUX CepefoBULL, HaBYaHHA € FapMOHiiHe NOEAHAHHA 3aHypeHHA Ta
iHTepakTnBHOCTI. OfHieto 3 epeKTUBHUX MoaeNel iIMEPCHBHOIO CepeOBULLA HaBYaHHS, LLLO NOEAHYE B cObi Taki Teopii Ak Teopis
CaMOBUW3HAYEHHS, TEOPIA KOTHITMBHOIO HAaBAHTaXKEHHA, KOTHITUBHY TEOpPil0 My/IbTUMEAINHOIO HaBYaHHA Ta BTIIEHOTO Ni3HAHHA
Ha3UBalOTb KOTHITUBHO-ahEeKTUBHA MOAE/b iIMePCUBHOTO cepeaoBuLLa HaByaHHA (Pefia-Acufia & Rubio-Alcala, 2024).

1. KozHimueHo-aghekmueHa modenb imepcueHo20 cepedosuwsa Has4yaHHa (CAMILE) sasnse coboro niaxia, AKui
06’eAHYE KOTHITMBHI Ta aheKTUBHI acneKkTM HaBYaHHSA B imepcnBHMX cepegosuulax (VR, AR, MR Touwwo). Taka mogenb NigKpecnoe
BaYK/IMBICTb AK KOTHITUBHOTO KOMMOHEHTa HaBYaIbHOTO A,0CBiAY, TaK 1 apeKTUBHOrO (EMOLLIHOrO).

Mogenb onucye WicTb adeKTUBHMX Ta KOTHITUBHUX dakTopis (Makransky & Petersen, 2021):

1) cMTYyaTUBHUI iHTepec, AKMIN 3 YacOM MOBWHEH MeperTV B iHAMBIAYaNbHWUI Ta CNOHYKATU YYHA OTPUMYBATU HOBI
3HaHHA;
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2) BHYTPILLHA MOTMBaLiA ANA 3a[40BOJIEHHA MPOLECOM HaBYaHHA, OCKiZIbKM CTBOPIOE YMOBWM ANA Big4vyTTA YYHAMM
ABTOHOMHOCTi B OTPMMaHHI 3HaHb, GOPMYE HAaNONErMBICTb Ta AOMUTAUBICTD;

3) camoeeKTUBHICTb NOB’A3aHa 3 BigYYTTAM YYHAMM KOHTPOIO BAACHOMO NPOLECY HaBYaHHA 3aBAAKM MUTTEBOMY
3BOPOTHOMY 3B’A3KY;

4) BTiNEHHA AK [OCBIA BONOAIHHA BiPTya/lbHUM TiIOM Ta MOX/IMBICTb BiAYyBaTU CEHCOPHI NoAii, cnpsaMoBaHi Ha Tino. 3
HayKoBMX gocnigKeHb Bigomo (Goldin-Meadow, 2011), wo HaB4YaHHA € 6inbWw ePeKTUBHUM 33 YMOBM CKOOPAMHOBAHOCTI
MOTOPUKM Ta Bidyanisauii NoHATTA. Lle o3Havae, Wo npu nobyaosi Moaeni HaBY4aHHA HA OCHOBI BUKOPUCTAHHA iMEPCUBHUX
TEXHONOrii 0BOB’A3KOBUM € BiANPaLIOBAHHA NPAKTUYHUX HABUYOK «B KMBY», MiCAA O3HAMOMJIEHHA 3 UMM MOHATTAM B
imepcnBHOMY cepefoBuLL;

5) KOrHITUBHE HaBaHTa)KEHHA B 3a3HayeHilt Mogeni NiATPUMYETbCA BMKOPMCTAHHAM BipTyanbHMX flabopaTopii,
PiI3HOMAHITHUX CUMYNALLIN TA € AOCUTb CUAbHUM. TaKe HaBaHTAXKEHHSA MOXKe NPU3BECTU A0 NepeHaBaAHTAXKEHHA Y4YHIB Ta NOBUHHO
KOHTPO/IOBaTUCA BUNTENEM;

6) camoperynsuia Ta pedsiekcia CTBOPHOIOTb YMOBWU A1 aKTMBHOTO HaBYaHHA YYHA MPU NPaBUIBHOMY KOHTPOI.
Camoperynauis 6e3 pedneKcii moxKe 3MiHUTU aKLLEHTU B OTPMMAHHI yYHEM HOBUX 3HAHb — HABYAHHA CTaHE He NPOAYKTUBHUM.

3apaveto moaeni € akTUBHE 3a/lyYeHHA YYHIB 40 KOHCTPYIHOBAHHA 3HAaHb Ta YMIHHA 33aCTOCOBYBATW iX Ha NpaKTuULi,
niABu1LLYBaTU pPe3y/IbTaTUBHICTb HAaBYaHHA.

MpoeeaeHe HaykoBuAMM (Pefia-Acuiia & Rubio-Alcala, 2024) emnipuyHe gocniarkeHHs epeKTMBHOCTI Moge i NoKasano,
WO TEXHOJOTii 3aHYPEHHA Ta iHTEPAKTMBHOIO HaBYaHHA MAlOTb BM/AMB Ha MPOLEC HaBYaHHA Yepe3 apeKTUBHI Ta KOTHITUBHI
YMHHMKM CUTYATUBHOIO iHTepecy Ta BTiNEHOro HaBYaHHA. B gocnigrKeHHi 3a3HaYeHo, Wo NigBULLLEHHA PiBHA BTiIIGHOrO HAaBYaHHA
3MEeHLUYE CTYNiHb 3aCBOEHHA 3HAHb, iIMOBIPHO, Yepes BiACYTHICTb Y3roAKeHOCTi MiXK TINeCHUMM AiAMU Ta 3MICTOM HaBYaHHA. A Ha
BHYTPILUHIO MOTMBALLiIO Y4HA ONocepeaKOBAHO BMN/IMBAOTL 3aHYPEHHSA Ta iHTEPAKTUBHICTb (Yepe3 disnyHy NpuUcyTHICTb).

2. flocnidHuybka modenb imepcusHozo cepedosuwya Has4yaHHA (Inquiry-Based Immersive Learning Environment
Model) FpyHTYETbCA HA NOEAHAHHI IMEPCUBHMUX TEXHOJOTA 3 AOCAIAHULBKMM MigX0A0M A0 HaBYaHHA. B AaHilt mogeni yuHi
MOYTb aKTUBHO AOCANIAXKYBATHU, aHaNi3yBaTU Ta IHTEPAKTUBHO B3aEMOAIATU 3 HaBYa/IbHUM MaTepiasloM Y KOHTEKCTi peasnbHUX YK
3MOZ4e/IbOBaHUX CUTyauihi. OCHOBHA MeTa MOAENi MONATAaE y PO3BUTKY KPUTUUHOTO MUCAEHHA, YMIHHA 3HAXOAWUTU LWAAXU
po3B’A3aHHA Npobaem Ta rMMBOKOro Po3yMiHHA NpeaMeTa Yepes aKTUBHE AOCNIAXKEHHA Ta eKCNePUMEHTYBAHHA.

B oCcHOBI TaKoi MoAeNi NeXUTb KOHLENNLS BTi/IEHOTO Ni3HAHHSA, 33 YMOBMW SIKOi HOBi 3HaHHA POPMYHOTBCA HE Ti/IbKK Yepes
abcTpakTHi mopeni, a 1 yepe3 ¢i3MYHMI AOCBIA, CEHCOPHY B33aEMOAI0 3 HABKOJIMILHIM CBiTOM. IMepcuBHiI TexHonorii
3a6e3neyytoTb Y4HEBi CEHCOPHY B3aEMOZ,O LWIAXOM aKTUBHOTO 3a/1y4EHHS 1X 10 BUBYEHHS HOBOTO HaBYa/IbHOro MaTepiany Yepes
LOCNipXKEeHHA.

BueHi 30cepearKytoTb yBary Ha TOMy, WO B AaHii MOZENi rapMOHIMHO NOEAHYIOTLCA YOTUPU TUMNM Mi3HAHHSA: BTINIEHE,
aKTUBHe, BOyAOBaHe Ta po3WwmMpeHe, Wo oTpumano Hasey 4E (McGowin et al., 2023). B ocHoBi KoHuenuii 4E Ta AoCNigHMLbKOT
MoZeni iMepcMBHOIo cepeaoBuLLa HaBYaHHA NeXKNUTb bBaraTopiBHEBa aKTUBHICTb YYHSA, WO CNPUAE NPOBEAEHHIO HAaBYaHHA Yepes
[oCNiaXeHHn 6e3 KOrHITMBHOro nepeBaHTaxKeHHsA yuHA (Conrad et al., 2024), (McGowin et al., 2023).

Ha nepwomy piBHi y4eHb € MACMBHMM OTPUMYBAYEM 3HaHb B CepefoBULLI, BiH He Kepye NPOLLECOM HAaBYaHHA, MOro
KOTHITUBHA AiANbHICTb Ay*Ke HU3bKa. Ha Apyromy piBHi y4eHb CaMOCTIHO Kepye TEMMNOM CBOTO HaBYaHHA, 3a/y4ae J0AATKOBI
CEHCOMOTOPHI CUCTEMM, AKI AOMNOMArailoTb NpuUragyBaTv Ta BMBYATM CKAQLHUM MaTepian i [OCAraTM NO3UTUBHUX Pe3y/bTaTis
HaBYaHHA, aKTUBHO BMKOHYE NPAKTUYHI Aji. Ha TpeTboMy piBHi y4eHb MA€ NPaBO KepyBaTW HAaBYa/SIbHUM 3MICTOM, HaBYa/bHUI
maTepian cnpuiimae ycBiOM/IEHO LUAAXOM NPOBeAEHHS AOCNIAXKEHHA Y BipTyanbHUX NabopaTopisax. Llei piBeHb BMMarae Big,
YYHIB BUMTU 32 PaMKW MACMBHOTO CNPUWHATTA W aKTMBHO B3AaEMOLIATM 3 HaBYa/SbHUM MaTepiasnom. Ha yeTBepTomy — yyeHb
KOHCTPYIOE HOBI 3HaHHSA 3a AOMOMOrO aHani3y, NOPiBHAHHA Ta CUHTE3Yy. KOHCTPYOBaHHA 3HaHb BUXOAMUTb 33 PamKku 6a30Boi
B3aEMOZii Ta BUMArae Bif, y4HsA yMiHb reHepyBaTH ifei Ta yMmiHHA po3B’A3yBaTK NocTaBieHi 3agadi. Fpynosa poboTa, NPOEKTU Ta
CUMYNALiT € NPUKNALAMU AiANbHOCTI 3 KOHCTPYOBAHHA 3HaHb. Ha LbOMYy PiBHI yYHi He Ti/IbKM KOHCTPYIOKOTb HOBI 3HaHHA, a 1
BeAyTb iHTEePaKTUBHI Aianoru 3 BYMTEIeM Ta iHLIMMM Y4aCHUKaMM NpoLiecy HaBYaHHA (puc. 1).

Ponb yyHA: NacMBHUIM OTPUMYBaAY 3HaHb.
KozHimueHa 0ianbHicmb: HU3bKa.
AianbHicme: NacnBHe CNPUNHATTA HAaBYabHUX BiZLOMOCTEN.

\4

PiBeHb 1.

Ponb yyHA: CamoCTilHUI KOPUCTYBaY.
KozHimueHa 0ifanbHicmb: akTUBHa.
AianbHicme: CamocTiliHe KepyBaHHA TEMMNOM HAaBYaHHA, BUKOHAHHSA NPAKTUYHUX AiN.

\4

PiBeHb 2.

Ponb yyHa: JoCnigHVK.
KozHimueHa dianbHicms: ycBigomneHa.
AiansbHicms: KepyBaHHA HaBYa/IbHUM 3MiCTOM, MPOBEAEHHA AOCNIAXKEHb.

\4

PiBeHb 3.

Ponb yuyHA: KOHCTPYKTOP 3HaHb.
PiseHb 4. KozHimueHa dianbHicmb: BUCOKa.
AianbHicms: AHani3, NOPiBHAHHS, CUHTE3, reHepyBaHHA igen, po3B’s3aHHA 3a4auy.

Puc. 1. ETanu gocnigHUUbKOi mogeni imepcMBHOro cepeAoBULLLA HaBYAHHA
[cepeno: po3pobneHe aemopom Ha ocHosi (McGowin et al., 2023)
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3. ImepcueHa mooenb HABYAHHSA 3 BUKOPUCMAHHAM e800YiliH020 HABYAHHA NOEAHYE B CObi imepcuBHI TexHoNOorii 3
KOHLENUjE0 eBONOLIMHOrO HaBYaHHA. LA Mopenb opieHTOBaHa Ha NOCTYNoOBe BWMBYEHHA HaBYa/IbHOMO MaTepiany LWAAXOM
€KCMNEePUMEHTIB, CMOCTEPEXEHHAMM 33 pe3y/abTaTamu Ta camopednekcii. Bxig y mogenb 34iiCHIOETbCA Ha OCHOBI BXiAHOTO
TECTYBaHHA, WO BW3HAYa€E piBeHb cepefoBuwa A0 noTpeb yyacHuKa. EBonwouiHe HaByaHHA 6a3yeTbca Ha aganTauii,
npupogHomy Bigbopi Ta BapiaLii HaBYaIbHOro maTepiany i MeToais, Wob CTBOPUTU HaMKpaLLi YMOBU A/1A HAaBYAHHA 3 NiATPUMKOIO
3BOPOTHOrO 3B’A3KY (pUc. 2). Yum cKkNagHiwWii HaBYanbHUIA MaTepian, TUM Binbl Api6HO BiH NOAAETLCA B Ui MoAgeni, a came
cepenosuLLe MoaMdIKYETLCA B HANPAMKY Hinbll ONTUMaNbHOT Bidyanisauii Ansa po3s’sa3aHHA NOToYHOI npobaemu (Bhattacharjee
et al., 2018).

BXigHUIA KOHTPO/b > KOOpAMHaLia TpaeKTopil > HaBYaHHA:
1) apganTauia HaB4anbHOro maTepiany;
iCTOpiA MPOAYKTUBHOCTI < - 2) Bisyanisauia HaB.qaanoro matepiany;
» 3BOPOTHIl 38’A30K <] 3) ekcnepMmeHT B imepcMBHOMY
cepefoBuLL;
4) aHanis;
5) gis.
A\ 4
po3LWmMpeHa aHaNITUKa pe3yNbTaTUBHOCTI HABYAHHA <

Puc. 2. ETanu eBonOLINHOI moaeni HaBYaHHA
[epeno: po3pobneHe asmopom Ha ocHosi (Bhattacharjee et al, 2018)

4. Modenb NomMoKoeo20 cmaHy HaB8YAHHA Nepenbavyae NOBHE 3aHYPEHHA YYHA Y CepefoBULLE HABYAHHA LUIAXOM
CTBOPEHHA 3aBAaHb, L0 € AELL0 CKNAAHILMMM 33 KOro NOTOYHWUI PiBEHb 3HaHb, asie BOAHOYAC CTUMY/IOTb MOr0 aKTUBHICTb.
XapaktepHummu ocobnmsoctamu Liei mogeni € (Li, Chen et al., 2016):

1) piBHOBara mixk BUKAMKaMM Ta YMiHHAMWU. B MoZeni NOTOKOBOro CTaHy HaBYa/lbHi 3aBAaHHA NOBMHHI 6yTW Ha piBeHb
CKNAAHIWMMM Bif, 3HAHb YYHIB, W06 CTMMYOBATK iX NPOLLEC HAaBYAHHA; 3aBAAHHA MOBUHHI BiANOBiAaTM PiBHIO 3HaHb Ta YMiHb
YYHA, NOCTYNOBO YCKNAAHIOBATUC Y Mipy NiABULLEHHA AOT0 KOMNETEHTHOCTI;

2) YiTKi Lini Ta O4YiKyBaHHA NOAArAlOTb B TOMY, LLO YY€Hb YiTKO YCBIZOMIOE METy Ta 3aBAAHHA HaBYaHHA B TaKOomy
cepefoBULL;

3) KOHUeHTpaLia Ta GOKyCcyBaHHA yBaru BigOyBa€ETbCA WAAXOM NOBHOO 3aHYPEHHSA YYHA Y NPOLLEC OTPUMAHHA 3HAHb;

4) BigUyTTA KOHTPO/IIO HAAAE YYHAM MOXKIMBICTb KOHTPOOBATU CBOI Al Ta BNIMBATU Ha Xifg, NOAiM y NpoLeci HaBYaHHS;

5) 3aHypeHHA B A4iaNbHICTb HA PiBHI @eMOLiiA, CTUMYNOBaHHA Nam’ATi Ta yBary;

6) HeraliHUI 3BOPOTHMIA 3B’A30K JOMOMArae y4HAM 3pO3yMiTH, Y PYXaloTbCA BOHM B MPABUIbHOMY HaMpPAMKY;

7) BTpaTa BigyyTTA Yacy.

Ha Hawy AyMKyY, XapaKTepuUCTUKM SOCNIAHULBKOT, EBONOLIMHOT Moaenel Ta MogeNi NOTOKOBOro CTaHy MatoTb ChiibHe
A[PO Ta Ui/, LLO MOXYTb CTaTM OCHOBO ByAb-SKOI MOAENi iIMEPCMBHOTO CEPes0BULLA HaBYaHHS.

5. Modenb i2poeo2o0 HaBYAHHA HA OCHOBI WMYy4YHO20 iHmeaekmy. OAHIEI0 3 OCHOBHMX TEOPIW iHTerpaL,ii imepcnBHUX
TEXHO/IOTiM Y NPOLLEC HAaBYAHHA € TEOPIA KOHCTPYKTUBI3MY, LLO NiATPUMYE NpupogHe 6askaHHA NtoaAnHU TBOPUTKU. Peanizysatu
TaKi 34i6HOCTI y4YHIB MOXKHA 32 ONOMOrOH FreHepPaTUBHOIO WTYYHOTO IHTENEKTY, LWWAAXOM CTBOPEHHSA PeaNnicCTUYHMX BipTyanbHUX
cepefoBULL, Ta NePCOHaxiB (HanpuKnag, aBaTapis) yepes rpy. YUHi MOXKyTb 6paTi yyacTb y NpoLeci HaBYaHHA 3 NiABULLEHUM
BiAYYTTAM MPUCYTHOCTI, iIHTEPAKTUBHOCTI Ta 3aHYPEHHSA, WO AOMNOMAra€e MOKPALLMTM iXHIO MOTMBALIIO, iHTEpecC, BTIIEHHA Ta
CTBOPEHHA 3HaHb. BUMKOPWUCTAHHA LWTYYHOro iHTENEKTY HAJAE MOMK/IMBICTb BiACTEXYBAaTW MpOrpec yyHa, afanTyBaTW BMICT
HaBYa/IbHMX BiZLOMOCTEN Nif AOCATHEHHA YYHA, NIATPUMYBATU YYHA 3BOPOTHMM 3B’A3KOM. IrpoBi Haropoam GpopmyBaTMMyTh B
YYHIiB BiAYyTTA AOCATHEHHA meTu (Song et al., 2024), a TaKOX CTBOPATb YMOBU AN 3MiHU GOPMYBANbHOTO OLLiHIOBAHHA YYHIB
(Groff, 2018), wo Bignosiaae koHuenuiam HYLL.

B HayKoBMX AocCnigxeHHAX 6yno fOBefeHO, WO OpraHisalif MpoLecy HaBYaHHA Yepes3 rpy Ha OCHOBI iIMEPCUBHUX
TEXHONOri, 30Kpema BipTyanbHoi peanbHocTi (Merchant et al.,, 2014) Ta gonosHeHoi peanbHocTi (Capecchi etal., 2025), €
edeKTnBHO, 0COBNUBO, AKLLO MEpPCOHANi30BaHUI 3BOPOTHUIN 3B'A30K MIATPUMYETHCA LUTYYHUM iHTeneKToM. MMopiBHAHO 3
TPaAMLiIMHUM HaBYaHHAM, HaBYaHHSA, 3aCHOBaHE Ha irpax, 3HaYHO MNOCWUJIIOE BiAYYTTA NPUCYTHOCTI Ta MOTUBYE YUHIB A0 HAaBYAHHA.
BukopucTaHHA Ujel mogeni HaByaHHA TpaHchopmye GopMyBasibHE OLHIOBAHHA, CMPUAE PO3BUTKY CTPATEriYHOrO MWUCIEHHS,
HaBYa€ N/aHyBaTVM Ta KOMYHiKyBaTW, 3aoxouvye 6paTu BignoBigasbHICTb 33 BAACHi PillEHHA Ta BYWUTb aHanisyBaTW AaHi oA
ONTUMI3aLii N0AANbLIOro HaBYaHHA.

B HayKOBWMX AOCNig)KeHHsX 6yno BM3HAYeHO, WO Hakbinblwa YacTMHa irop Ha OCHOBI IMEPCUBHUX TEXHOJIOFIN
BMKOPWUCTOBYETHCA B 3aK/Jafax 3ara/bHOi cepefiHbOl OCBITU ANA BMBYEHHA TeM, MOB’A33aHMX 3 OXOPOHOM 340pO0B’A, NpaBuA
6e3nekn Ta MoBeaiHKW, a NpeaMeTV MPUPOAHUYO-MATEMATUYHOTO UMKAY B AOCNIAMEHHAX irPOBUX CepenoBULL, HaBYaHHSA
CKNajaloTh Anwe aecaTy YactuHy (Oyelere et al., 2020).

IrpoBe cepepoBulle HaByaHHA, NOOyAOBaHE Ha OCHOBI IMEPCUBHWUX TEXHOJOTIN, € CUHTETUYHMM Ta MAE 3HAYHWUN
noTeHujian 4na niasuweHHA ebeKTMBHOCTI HaBYaHHA. Take cepeaosulle 3abesneudye (Pinchuk et al., 2019):

— emoyiliHy 3aay4YeHicme: irpoBi 3aBAAHHA € LiKaBMMW 411 YYHIB, WO CTBOPIOE YMOBM OJ/151 3a/1y4eHHA iX A0 npouecy
HaBYaHHA HAa eMOLLIMHOMY PiBHi Ta CMPUAE KPaLLOMy 3aCBOEHHIO MaTepiany;

— pO3YyMiHHA 30800Hb: BUKOPWUCTAHHA irpOBOrO iMEPCUMBHOIO CEpefoBMLLA HALAE YYHAM MOMK/MBICTb MPOBOSUTM
OOCNIAXKEHHA ABULL B Aji, WO pobuTb 3aBAaHHA 6inbll 3pO3yMiIMMM Ta HAOUHUMU;
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— HAoYHicMb pe3ynbmamig: Bidyanisauia pesynbTaTiB HaBYaHHA B iMepPCUBHOMY cepeoBULLi AONOMAra€ y4HAM Kpalle
YCBIZLOMUTM CBOI AOCATHEHHA Ta NOBAYUTM NPAKTUYHE 3aCTOCYBaHHA OTPMMAHUX 3HaHb;

— p0O38UMOK iHMesneKkmy: irpose iMepCMBHE HaBYaHHA CTUMYJIOE PO3YMOBY AiANbHICTb YYHIB, CPUAIOYN PO3BUTKY
iXHBOrO KPUTUYHOTO MUC/IEHHA, YMIHHA aHaNi3yBaTK Ta po3B’A3yBaTH Npobaemu.

IrpoBi TexHonorii 3a3HayeHoi mMoZeni MoxKHa po3noginutu Ha (Groff, 2018): 1) uinbosi irpu, AKki € okpemumwu
nporpamamu, HauineHMMM Ha GOPMyBaHHA KOHKPETHUX YMiHb B OAHOMY NpeaMeTi 3 oAHIEl Temu; 2) NiHilHI irpw, AKi BKAOYaOTb
CIOXKETHY J1iHit0 Ta Cepito roN0BONOMOK, LLLO HaAAIOTb MOXK/IMBICTL CHOPMYBATHU NOHATTA 3 PO34iny NpeameTa; 3) BiaKkpuTa rpa, AKa
NPOMOHYE YYHAM iHCTPYMEHTM Ta maTepiain A1A CTBOPEHHA HOBMX 3HaHb 3 MpeaMeTa Yyepes AOCNIAKEHHA B rpi; 4) BipTyanbHi
CBITW, AKI 3a1y4aloTb YYHIB [0 pPO3B’A3aHHA Npobnem Ta KBeCTiB, AKi YacTo 06’eAHYOTb HU3KY TEM.

Monpwu cyTTEBI NepeBaru irpoOBOro iIMepcMBHOrO cepeoBMLLA BBAXKAEMO, LLLO A/1A HAaBYAHHA YYHIB CTapLUMX KNaciB AaHa
MOAENb BXKE € HEMPUNHATHO, OCKINIbKM BUNYCKHUKM aKageMiyHUX NiLeiB 6isiblw OpieHTOBAHI Ha OTPUMaHHA GyHAAMEHTaNbHUX
3HaHb. CPopMyBaTH LiNiCHY CMCTEMY TaKMX 3HaHb BUMYCKHMKAM MOXX/IMBO 33 YMOBM iX CUCTEMHOT pob0TU. He MOKMBO NOBHICTIO
BiZLKMHYTM irpoBi TEXHONOTIT y CTapLUiN WKOAI, ane iX BUKOPUCTAHHS MOBUHHO OYTU [030BAaHWM Ta CMPUATU PO3BAHTAXKEHHIO YYHIB
nif Yac HaBYaHHA.

Po3rnaHyTi moaeni imepcrMBHMX cepeoBULL, HABYAHHA, HA HaLy AYMKY, € HenmOBHMMU. KOXHa i3 HUX Onucye imepcrsHe
cepeposuLle Yyepes AeAKi KOMMNOHEHTH, ane He GOPMYE LiNICHOT KapTUHM AKICHOTO CcepefoBULLa HAaBYaHHA CYY4aCHOTO YYHSA.
AHani3 HayKoBUX AOCAIAXKEHb NOKa3aB, WO B CUCTEMI 3ara/ibHOT cepeHbOT OCBiTM BpaKye MoAeni, AKa BKIOYAE 3HAYHY KiNbKiCTb
baKTOpiB Ta BNIMBAE HA MOTUBALLIIO YYHIB, PE3yNbTAaTUBHICTb HaBYaHHA M NOKa3ye iX B3aEMOAI0 Ta BN/MB Ha HaB4yaHHsA (Fokides
& Antonopoulos, 2024).

Y3aranbHMMO nepeBary Ta HeAoNiKM KOXKHOI mogeni B Tabaunui 1.

Tabnuua 1. Mepeearu Ta HeAONIKM MoAeNeN iMepCUBHUX cepeAoBULL HABYaAHHA

Mogenb MNepeBaru Heponikn
. MepeBaroto € BaXKANBICTb eMOLiiHOT HepocTtaTHbO yBaru NpuainaeTbea
KozHimueHo-aghekmusHa modeso P . . > A y PUA
. 3a/ly4eHOCTi Ta KOTHITUBHOTO PO3BUTKY NPaKTUYHOMY 3aCTOCYBaHHIO 3HaHb Ta
imepcusHo20 cepedosuUd HOBYAHHA . . AV .
YUHiB. AOCNIAHVLUBKIV 4iSNbHOCTI.
JocnioHuybka modesns imepcusHo20 | AKLLEHT Ha A0CNigHULBKOMY Migxoai Ta Mozke npu3BecTM 40 KOTHITMBHOIO
cepedosuwya HABYAHHSA KOHL,enL,ii BTiIeHOro Mi3HaHHA. nepeBaHTa*KeHHA YYHiB.
ImepcusHa modesib HaBYAHHSA 3 ApanTauis go notpeb yyHis Ta HepocTtaTHbO yBaru npuainaeTbca
BUKOPUCMAHHAM e801t0UiliHo20 iHoMBiAYyani3aLis HaBYaHHA. €MOLLiMHIN 3a1y4eHOCTi Ta couianbHiin
HABYAHHA B3aemogaii.
CTBOpEHHA YMOB A1A INBOKOro HepoctaTHbO yBarm npuainaerbca
Moodenb MomoKogoz2o cmaHy P y . v P
HaBYGHHS 3aHYPEHHA B HAaBYaHHA Ta BigYyTTA NPaKTUYHOMY 3aCTOCYBaHHIO 3HaHb Ta
KOHTPOIO. AOCNIAHMUBKIN 4iSNbHOCTI.
] MiaBULLEHHA MOTUBAL,T Ta iHTEpecy y4HiB | Moxe ByTn HENPUNHATHOI NS YYHIB
Modenb i2po8020 HABYAHHA HA . P . vy Y . P - ,y
. . 33 LONOMOTOHO iIFPOBUX €/1EMEHTIB Ta CTapLUKNX KNacCiB, AIKi OPIEHTOBAHI Ha
OCHO8i WMYYHO20 iHMenekmy ;
LUTYYHOTO iHTENEKTY. OTPMMaHHA GyHAAMEHTaNIbHUX 3HAHb.

Po3rnaHyTi BuWe Mopgeni HaZann MOKAMBICTb CHOPMYBATU OCHOBHI ¢dakTopu nobyaoBu mMogeni iMepcuBHOro
cepeaoBULLA HAaBYAHHA YYHIB aKageMIYHUX NiLeiB:

MedazoziyHi: 1) bopmyBaHHA YIiTKMX Uinell Ta pe3ynbTaTiB HaBYAHHA, OPIEHTOBAHUX Ha GOPMYBAHHA MPAKTUHHUX
HABMYOK; 2) 3MICT HaBYaHHA MOBUHEH BYTU iIHTEPAKTUBHMUM, TOBTO MICTUTM 3aBAAHHSA, LLLO CMOHYKAOTb A0 AOCNIAXKEHb; TBOPYUM
3 efleMeHTaMn NPobaemMHOro Ta irpoOBOro HaBYaHHA; aKTUBHUM, TOBTO 3MICT HaBYaHHA NOBUHEH BYTW NepcoHani3oBaHUM ANA
VYHIB 3 Pi3HMM piBHEM MNOYaTKOBOI MiAFOTOBKM Ha MOMEHT BCTYNy A0 aKageMiyHOro niueto; 3) oujiHioBaHHA pe3ynbTaTiB
HaBYa/IbHUX AOCATHEHb YYHIB MOBUHHO YiTKO Bif06paKaTnca B CTBOPEHIN CUCTEMI OLLIHIOBAHHA Ta CMPUATU MO3UTUBHIN AMHAMIL,
HaBYaHHA YYHA.

TexHon02iyHi: 1) iMepCcUBHI TEXHONOrii MOBUHHI BYTM ONA YYHIB 3pPYYHMMM Ta 3PO3YMIIMMK, a TAKOXK CMNPUATU
peanicTMYHOCTI HaBYaHHSA; 2) BiLO6ParKaTU CTaH MOTOKY Ta NPUCYTHOCTI, POBUTH NPOLLEC HABYAHHA IHTEFPOBAHMM Ta NOCTYMNOBUM;
3) HagaBaTW AKICHWIA 3BOPOTHMI 3B’A30K;

McuxonoaiyHi: 1) cnpUATU KOTHITUBHOMY HaBYaHHIO, NPU LbOMY He NepeobTAXKYBaTM NPOLEC HaBYAHHA, @ CTBOPIOBATU
YMOBU ONs PO3YMiHHA Ta 3anam’aTOBYBaHHA; 2) CNPUATW cOLiafbHiA B3aemogji Ta cnienpayi; 3) 3asy4atn y4yHiB y npouec
HaBYaHHA Ta MOTMBYBATM iX, MPOMOHYOYM Binbll 3aXONAMBUIA Ta IHTEPAKTUBHUI AOCBIAL, AKUIA CNPUAE aKTUBHOMY HaBYaHHIO;
4) MicTUTU HaBYaNbHi MaTepianu, wo 6yayTb BUKNMKATU NO3UTUBHE eMOLLilHe 3ayYeHHs.

Po3gusasnbHi: 1) cnpuATU PO3BUTKY KPUTUYHOTO Ta aHa/NiTUYHOTO MWCIEHHA Yepes MOM/AMBOCTI POBUTM BRacHi
BMCHOBKM 3 MPOLECY HaBYaHHA; 2) CNPUATU PO3BUTKY TBOPYOCTI Ta iHHOBALi yepe3 3a[0BOJIEHHA BAACHMX iHTepeciB Ta
Bnogo6aHb; 3) CTMMy/NtOBaTM PO3BMTOK KOMYHIKAaTUBHMX HAaBMYOK Yepe3 YMiHHA [OBOAWUTU NEpeKoHaHHA Ta BECTU AMUCKYCIl;
4) imepcuBHI TeXHOANOTIT CNPUAIOTL PO3BUTKY EMOLLIMHOrO iHTENEKTY Yepes 34aTHICTb BUKAMKATM eMOLIMHUIA BIArYK Bif CBOro
BUKOPUCTaHHSA; 5) PO3BUTOK CaMOCTIHOCTI Ta camoperynsLii Yepes NiaTPMMKY aBTOHOMIT y HaBYaHHI.

BUCHOBKWM TA NMEPCNEKTUBU NOAAbLLUOIO AOCNIAXKEHHA

MpoBeaeHe aHanNiTUYHE AOCNIOAMKEHHA O03BONWIO 34INCHUTM CUCTEMATM3ALLIIO MOAeNeil opraHisauii HaB4aHHA B
imepcMBHOMY CepefoBMLj, WO HAZAAOTb METOAUYHY OCHOBY AN BUKOPUCTAHHA iIMEPCUBHUX TEXHOJONN Yy cy4acHMIi npouec
HaBYaHHA. YCTaHOBNEHO, WO BiNbWiCTb HAaABHUX MoAenei mMalTb parmeHTapHUI XapaKTep, OPIEHTYHOUMCL NEPeBaXKHO Ha
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TEXHONOTYHMIA @60 KOTHITUBHO-MPOLECYaNbHUIA CKNAAHWKM, | HE BPAXOBYIOTb Y NOBHOMY 06cA3i cneuuoiky 3aranbHoOi cepeaHboi
OCBiTW, 30KpeMa NPUPOAHUYO-MATEMATUUHNX AUCLMNNIH B aKaAeMIYHUX Niuesax. CUCTEMHUI aHani3 IXHiX nepesar i 0bMmexKeHb
CTBOPIOE MIAFPYHTS ANA MPOEKTYBAHHA HOBMX NeAaroriyHuX pileHb Ta BUOYAOBM LiNICHOI METOOUYHOI CUCTEMM HA OCHOBI
iMepcMBHOro HaBYaHHA.

Y noganbwnx pocnigkeHHax nepenbavaerbca: 1) po3pobsieHHA iHTerpaTMBHOI Mogeni opraHisauii HaBYaHHA B
imepcMBHOMY CcepefioBuLL A1 YMOB aKaZeMiYyHOro niueto; 2) BUSHAYEHHS MNPUHLMNIB, CTPYKTYPHUX KOMMOHEHTIB Ta
DYHKLIOHANIbHMX XapaKTepUCTUK TaKoi mogeni; 3) aganTauia iMepcMBHOro cepepoBMLA HaBYaHHA A0 MNOTPed HaBYaHHA
NPUPOAHNYO-MATEMATUYHUX NPEeAMETIB B aKaJeMiyHUX NiLeax.

KOH®IKT IHTEPECIB

ABTOpU NiATBEPAKYIOTb BiACYTHICT (iHAHCOBMX, OCOBUCTUX UM iHLWIMX iHTEPECiB, WO MOXKYTb PO3rNALATUCA AK
NOTEHUiMHMI KOHOAIKT iHTepeciB Wwoao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigCcyTHOCTI $GiHaHCOBOI NiATPMMKM 3 BOKY ByAb-AKMX OpraHisauiin.

AOCTYNHICTb AAHUX

Lle TeopeTnyHe gocnigKeHHs He nepeabavae BUKOPUCTaHHA AOAATKOBUX HabopiB 4aHUX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

|HCprMeHTM WTYy4YHOro iHTe}'IEKTy He BUKOPUCTOBYBa/IUCb Npun HanucaHHi LI,iEII. pO6OTM.
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ABSTRACT

®opmynrosaHHa npobaemu. OcsimHili npoyec y npugppoHmosux
mepumopisx Mae He auwe opaaHizayiliHul, a i memoduyHul BUKAUK:
HecmabinbHi  eneKmpornocMma4yaHHAs ma iHmepHem pyliHylome
6e3nepepsHicmo Hag4yasnbHUx Oili i cnromeopiooms cripasednusicme
OYiHIBAHHA, mMo0i AK 2eHepamugHuli LI 0o0amKoso 3HUMYE
8asi0HICMb  repesipKu, WO CnupaeEMeca Auwe Ha KiHyesul
pe3ynbmam npozpamyeaHHA. Y cmammi nepesipaemoca, Yu
30amHuli  offline-first nidxio 36epeamu Has4aneHy Oio ma
3a6e3neyumu 00Ka308icMb BUKOHAHHA 3a80aHb 3a ymos nepebois
6e3 nepexody 00 HEKOHMPOALOBAHO20 BUKOPUCMAHHA LLII.

Mamepianu i memoodu. 3anposadxceHo offline-first PWA «Edu
Survival ~ Kit» 3 s0KanbHUM  36epexeHHAM | 8i0K1a0eHOo
CUHXPOHI3ayi€to, Modysem KOHMPOAbOBAHUX MiOKA30K HA OCHO8I
GenAl ma npoyecHO OpPiEHMOBAHUM  OUIHIOBAHHAM  4epe3
apmegakmu OifanbHocmi (8epcii, KOPOMKi NOACHEHHA, mecmu 011
nepegipku).  linomHe  OocniOHeHHA oxonuao mpu  2pynu
cmelikxondepis (7, 10, 11 knacu; docmyn ompumanu 84 3006ysayi
oceimu). BukopucmaHo onucosi iHOuKkamopu naamegopmu, aHOHIMHe
onumyeaHHsA (n = 33), 8ideyku e4yumenis (n = 2) ma ekcriepmHy ouiHKy
(n = 1). AaHi y3a2ansHeHO onucoso ma memamuyHo.

Pesynbmamu. Offline-first piweHHs 3a6e3ne4usno npodoeMeHHs
pobomu nid 4Yac ypoKy 3a M1aHOB020 BIOKMOYEHHA MA Cymmeso
ckopomusio 4yac docmyny 00 3080aHb Y MIKPOMOPiBHAHHI 3 LMS-
mapwpymom (MmeHwe cekyHOU npomu Oecamkie cekyHOd). 3006ysadi
0Cc8iMuU BUCOKO OYiHUAU 3py4Hicmb | nidmpumKky 3a HecmabinbHo20
38’A3Ky ma cmpecy; Halisuwi oyiHKU ompumanu 6aeamopisHesi MioKasKu
i GenAl-nnomiyHUK. Byumeni (i ekciepm nidmeepousnu npudamHicme 011
MpuUpPOHMOBUX yMO8, arle BKA3AAU HA 20/108HUl PU3UK — HAOMIPHY
doeipy 0o GenAl, ujo Moxe Mpuxosysamu rnoeepxose Po3yMiHHs.

BucHoeku. Offline-first apximekmypa npaule sk 6a3oea
iHppacmpykmypa HaB4aHHA Yy Npu@poHmMosili wkKosi, AKWO
OUiHI0BAHHA hiKCYe npouec i nepesipky, a He auuwle MPoOyKm.
BukopucmaHHa GenAl € npuliHAmMHUM 3a HaAaeHocmi npasusn
npo3opocmi, 0608°A3K0801 8epuikayii ma miHimizayii daHux.

Formulation of the problem. Near-frontline schooling faces a
practical barrier that becomes methodological: learning
continuity and assessment fairness are undermined when
electricity and internet access are unstable, while generative Al
can further weaken the validity of product-only grading in
programming tasks. This study examines whether an offline-first
learning design can preserve core learning actions and provide
assessable evidence of work under disruption without
normalizing unverified reliance on GenAl.

Materials and methods. The intervention was an offline-first
Progressive Web App (“Edu Survival Kit”) with local persistence and
deferred synchronization, complemented by controlled GenAl
tutoring and a process-oriented assessment approach based on
artifact traces (versions, short reflections, and verification tests).
The pilot involved three school cohorts (Grades 7, 10, and 11; 84
learners received access). Evidence included descriptive platform
indicators, an anonymous learner survey (n = 33), teacher feedback
(n = 2), and external expert appraisal (n = 1). Data were
summarized descriptively and thematically.

Results. The offline-first design sustained learning during
planned outage conditions and markedly reduced task access
time compared to an LMS route in a micro-comparison (sub-
second versus tens of seconds). Learners reported high perceived
usability and strong perceived support under unstable
connectivity and stress; the GenAl hint layer received the highest
usefulness ratings. Teachers and the expert confirmed crisis-fit
and innovativeness but emphasized the main risk: over-trust in
GenAl, which can mask shallow understanding.

Conclusion. Offline-first architecture can function as
instructional infrastructure in near-frontline settings when
paired with an assessment that foregrounds process evidence
rather than final products. GenAl support is pedagogically
acceptable only under explicit transparency and verification
rules and with data minimization.

K/IKO4YOBI CJ/10BA: offline-first; npoepecusHuli se63acmocyHok;
iHpopmamuka; oceima 8 ymoseax Haod3eu4yaliHux cumyauyil;
¢opmysasnbHe OYiHIBAHHSA; 8a1i0HICMb OYiHIOBAHHSA; 2eHepaMuHuUl
LUI; npugppoHmosa wiKona.

KEYWORDS: offline-first; Progressive Web App; informatics
education; education in emergencies; formative assessment;
assessment validity; generative Al; near-frontline schooling.
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INTRODUCTION

Educational systems operating under crisis conditions face a shift from “access problems” to “continuity problems.”
Even when learning remains formally available, unstable electricity and intermittent internet fragment participation, disrupt
pacing, and make uniform assessment procedures inequitable. Equity concerns during remote learning were documented during
the COVID-19 period, when the feasibility of continued learning depended on household resources and connectivity, rather than
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solely on policy intent (Avanesian et al., 2021; The World Bank et al., 2021). In near-frontline settings, these constraints recur and
intensify: connectivity is not merely low-quality but structurally unpredictable.

Informatics education is disproportionately affected. Learning tasks often require repeated micro-cycles (attempt, run,
debug, revise). If learners cannot reliably open materials, access tasks, or submit evidence of their work, instructional time is lost
before the content becomes relevant. Assessment is also destabilized: under intermittent connectivity, the “time of submission”
can measure infrastructure rather than competence, and a single outage can erase evidence of progress. Emergency assessment
guidance has therefore emphasized fairness, flexibility, and the careful use of evidence rather than rigid event-based testing
(Allehaiby, 2021; Bawane & Sharma, 2020).

A second disruption is unfolding in parallel. Generative Al systems can now generate code, explanations, tests, and
alternative solutions. In informatics, this can widen access to help and reduce “stuckness,” but it can also conceal shallow
understanding and undermine the interpretability of product-only grading. Policy and governance documents increasingly stress
that education must redesign tasks and assessment so that human reasoning, responsibility, and verification remain visible (Miao
& Holmes, 2023; OECD, 2023, 2026; National Institute of Standards and Technology [NIST], 2023). In other words, the challenge
is not simply whether GenAl is permitted, but whether assessment still measures what it claims to measure.

This paper presents a pilot study that integrates these two problem lines. We introduce an offline-first PWA for
informatics learning (“Edu Survival Kit”) coupled with a process-oriented assessment framework and a controlled GenAl support
module. The aim is not to “solve connectivity” but to remove connectivity as a hidden prerequisite for basic learning actions, and
to shift assessment from single-point product checks toward accumulated evidence of process and verification.

CONCEPTUAL AND RESEARCH BACKGROUND

Educational resilience under infrastructure instability

Education in emergencies frameworks treat resilience as more than reopening access. The INEE Minimum Standards
emphasize safe learning environments, community engagement, adaptation of curricula and assessment, and accountability
mechanisms that remain workable under disruption (Inter-Agency Network for Education in Emergencies, 2024). The empirical
lesson from global disruptions is that “remote learning availability” does not guarantee participation; reachability depends on
devices, connectivity, and household conditions (Avanesian et al., 2021). This creates a methodological implication: measurement
and grading must avoid conflating competence with infrastructure.

System-level perspectives on digital transformation also warn that connectivity is only one component of a broader
cost structure: energy, maintenance, security, support, and user training shape whether digital schooling remains usable
(Sepulveda, 2020). For near-frontline regions, the operational conclusion is pragmatic. Instructional design needs fallback modes
that preserve the core learning action when the network disappears.

Offline-first as an instructional design principle

Offline-first originated in software engineering as a design priority: the application should remain functional without a
network connection, with online features treated as enhancements rather than prerequisites (Kleppmann et al., 2019). In
education, offline-first can be treated as a didactic principle: learning tasks should remain executable, progress should be locally
preserved, and synchronization should be deferred until connectivity returns.

In web-based delivery, offline-first is implemented through PWA practices such as caching, service workers, and offline
data management. Developer guidance describes the difference between a superficial offline mode (error messages) and a
functional offline experience that preserves state and supports recovery after reconnecting (Google, 2014, 2021a, 2021b, 2022,
2024; Mozilla, 2024, 2025). From a pedagogical standpoint, the most relevant feature is not technical elegance but continuity:
micro-cycles of learning can continue without being reset by network loss.

Assessment validity when the network and GenAl are unstable variables

The classic argument for formative assessment is that learning improves when teachers and learners use evidence to
adjust instruction and strategies (Black & Wiliam, 1998). In emergency contexts, formative cycles also buffer disruption: smaller,
frequent evidence points reduce the impact of any single failed assessment event (Bawane & Sharma, 2020). Long-term learning
perspectives further underscore the need for assessment aligned with durable competence rather than short-lived performance
(Boud & Falchikov, 2006).

In higher-stakes remote assessment, OECD highlighted those technical conditions can directly threaten fairness and
validity, and that assessment design must anticipate these risks rather than treat them as noise (OECD, 2020). In informatics,
GenAl expands this validity problem: if a correct solution can be cheaply produced, the evidential value of the product decreases.
Current governance discussions, therefore, stress transparency of Al use, the ability to verify outputs, and institutional rules that
manage risk without forcing unrealistic bans (Miao & Holmes, 2023; OECD, 2023, 2026; NIST, 2023). Professional ethics norms
are consistent with this direction: the ACM Code of Ethics emphasizes honesty, avoidance of harm, fairness, and responsible
design (Association for Computing Machinery, 2018).

GenAl in programming education: promise and risk

Recent empirical work suggests that learners’ interaction with GenAl in programming can shape behavior patterns,
including debugging strategies and reliance on generated solutions (Stoyanova, 2025; Sun, 2024). These findings do not imply
that GenAl is pedagogically harmful by default, but they reinforce the need for design constraints: scaffolding should support
reasoning and verification, and assessment should demand evidence that is difficult to outsource fully.

PURPOSE AND RESEARCH QUESTIONS

The purpose of the study was to theoretically justify and empirically pilot an integrated offline-first learning
environment for informatics that includes controlled GenAl support and a process-oriented assessment framework, suitable for
near-frontline infrastructure instability.

The study addressed three research questions:
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(1) Does an offline-first PWA preserve continuity of learning actions under outages and unstable connectivity in a near-
frontline school setting?

(2) How do learners, teachers, and an external expert appraise the usability, perceived learning support, and crisis-fit
of the environment?

(3) What assessment and governance risks emerge when GenAl support is embedded, and what design constraints
appear necessary?

RESEARCH METHODS

Design and setting

The pilot was conducted at a near-frontline Ukrainian secondary school (in the Shostka area), where outages and
unstable internet repeatedly disrupt schooling. The study used a pragmatic, quasi-experimental, and descriptive mixed-evidence
design, appropriate when randomization is not feasible, and the primary goal is to establish feasibility and stakeholder
acceptability (Campbell & Stanley, 1963; Creswell & Creswell, 2018).

Participants

Three cohorts participated: Grade 7 (n = 30), Grade 10 (n = 28), and Grade 11 (n = 26), totaling 84 learners granted
access. The broader teaching and evaluation group included two teachers and one external expert. An anonymous end-of-pilot
learner survey was completed by 33 respondents (39.3% of those with access). The Grade 10 cohort comprised the majority of
survey respondents, with smaller shares from Grades 7 and 11.

Intervention: “Edu Survival Kit” (offline-first PWA with controlled GenAl support)

The intervention was implemented as a PWA to prioritize local functionality. The offline core included access to tasks
and materials, local persistence of progress and artifacts, and a learning flow structured into short cycles, each ending with a
saved artifact. Online features were treated as add-ons: synchronization, teacher-facing monitoring, content updates, and Al
services. This architecture follows standard PWA guidance emphasizing caching, service workers, offline data handling, and
recovery after reconnecting (Google, 2014, 2021a, 2021b, 2022, 2024; Mozilla, 2024, 2025).

Deferred synchronization was used to separate “performed” from “uploaded.” This distinction is essential for fairness:
a learner who completes work offline should not be penalized for late synchronization due to connectivity issues (OECD, 2020).
At the same time, data minimization principles were applied as a design requirement aligned with Al risk governance (NIST, 2023)
and broader guidance on responsible GenAl use (Miao & Holmes, 2023).

The GenAl component was positioned as a tutor for explanation, diagnostic hints, test generation for self-checking, and
brief reflection prompts. It was constrained by rules intended to preserve academic integrity: transparency of Al use, default
verification via tests and artifact history, and avoidance of personal data sharing (Association for Computing Machinery, 2018;
Miao & Holmes, 2023; NIST, 2023).

Process-oriented assessment framework

Assessment was designed around accumulated evidence rather than a single product. For each task, learners were
expected to produce a minimal evidence package: a final artifact, at least one intermediate version or a short change history,
small test cases demonstrating verification, and a concise explanation of decisions or error correction steps. The logic is consistent
with formative assessment theory (Black & Wiliam, 1998), crisis assessment guidance (Allehaiby, 2021; Bawane & Sharma, 2020),
and alignment with long-term learning (Boud & Falchikov, 2006). The framework also responds to GenAl-related validity threats
by making process evidence central rather than optional (OECD, 2023, 2026; Miao & Holmes, 2023).

Data sources and analysis

Four evidence sources were used. First, descriptive platform indicators documented offline scenario functionality and
access latency during a micro-comparison. Second, a learner survey used a five-point scale to capture perceived usability and
support. Third, teacher feedback captured operational and pedagogical concerns. Fourth, an expert appraisal provided an
external perspective on quality. Quantitative data were summarized descriptively. Qualitative open responses were thematically
condensed with attention to credibility and consistency, following established principles for qualitative rigor (Patton, 1999).

RESEARCH RESULTS

Continuity and latency under unstable connectivity

Two objective observations were emphasized in the pilot. In a micro-comparison of task access, the conventional LMS-
based route required approximately 40—60 seconds to reach tasks, whereas the offline-first solution provided access in under 1
second. In a near-frontline setting, this difference is pedagogically significant: it supports instructional pacing and reduces
frustration before learners even engage with the content.

A second observation came from a planned outage lesson (a graded lesson on CSS Flexbox). The class continued work
without connectivity, and progress was synchronized after the connection returned. This served as a functional test of offline-
first continuity: learning actions did not collapse into “waiting for the internet,” and assessment evidence persisted.

Learner perceptions

Learner survey responses indicated generally positive perceptions across usability, motivation, and crisis-fit. Interface
clarity showed a mean of 3.94, with 72.7% selecting the top two categories (4-5). Perceived usefulness of multi-level hints and
the Al assistant was particularly high, with a mean of 4.70, and all respondents selected 4 or 5. Gamification showed a mean of
4.00, again with 72.7% selecting 4-5. Reported comfort under unstable internet or stress conditions reached a mean of 4.73, with
all respondents selecting 4 or 5. These results suggest that the intervention was not merely tolerable but experienced as
supportive under conditions of disruption.

Open comments converged on three motifs. Learners valued the ability to work offline, described the environment as
fast and practical, and occasionally noted instability or uneven quality in Al hints. The last motif is analytically important: it
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indicates that learners noticed non-determinism and that Al help is not automatically trusted as correct, which aligns with the
need to institutionalize verification rather than assume it (Miao & Holmes, 2023; OECD, 2026).

Teacher feedback and expert appraisal

Teachers highlighted structured materials, monitoring of learning activity beyond mere logins, and the promise of GenAl
for differentiated help. However, teachers also articulated a core pedagogical risk: Al hints may “switch off” independent
reasoning if not constrained. They requested practical integration features, particularly a straightforward export of grades into
spreadsheet formats, and tools to distinguish independent work from Al-generated text or solutions.

The external expert appraisal reported an overall average of around 4.15 (median 4, range 3-5). The highest ratings
were assigned to near-frontline adaptability and innovativeness, while lower ratings were associated with technical aspects and
scalability within routine school procedures. The central risk identified by the expert was over-trust in GenAl. The recommended
condition for scaling was the presence of explicit transparency and verification rules, which aligns with governance guidance on
GenAl in education and Al risk management (Miao & Holmes, 2023; NIST, 2023; OECD, 2026).

DISCUSSION OF THE RESULTS

The pilot supports a pragmatic claim: offline-first architecture can protect the integrity of the learning action itself.
When tasks open immediately, and progress persists offline, the instructional unit shifts from “connected session” to “learning
cycle,” which is more robust under outages. This is consistent with PWA design guidance that treats offline capability and state
persistence as core quality criteria rather than optional enhancements (Google, 2024; Mozilla, 2025). In near-frontline conditions,
offline-first becomes a didactic principle because it directly shapes what counts as feasible pedagogy: shorter cycles, persistent
artifacts, and deferred synchronization.

This also ties to equity. When connectivity is uneven, online-first systems implicitly reward households and time windows
with stable connectivity. By separating performance time from upload time, deferred synchronization reduces one pathway through
which infrastructure becomes an unacknowledged grading factor. Such design choices address fairness concerns raised in emergency
assessment guidance and in discussions of remote exam policy (Allehaiby, 2021; OECD, 2020).

The pilot underscores the declining evidential value of the final product alone. Both teachers and the expert treated
“Al replacing thinking” as the primary risk. This risk is not mitigated by prohibition alone in settings where learners can access
GenAl on personal devices and where teachers cannot continuously supervise all interactions. A more defensible strategy is to
redesign assessment so that evidence of reasoning, testing, debugging, and revision is required.

Formative assessment theory provides a robust rationale for this shift: frequent evidence and feedback cycles
strengthen learning and make competence more observable (Black & Wiliam, 1998). Long-term learning alignment further
supports assessments that value transferable practices, such as testing and explanation, rather than short-term output
production (Boud & Falchikov, 2006). GenAl governance guidance strengthens the argument in a new way: when Al can generate
outputs, assessment must foreground human verification and responsibility (Miao & Holmes, 2023; OECD, 2026). The “minimal
evidence package” used in this pilot offers a concrete operationalization that can be scaled and standardized.

Learners perceived Al-supported hints as highly helpful, especially under stress and when limited to synchronous
teacher assistance. This finding aligns with the broader premise that GenAl can support learning when positioned as scaffolding
rather than outsourcing. Yet the stakeholder warnings indicate that the tutor role requires guardrails: transparency, verification,
and data minimization. These principles align with Al risk management frameworks (NIST, 2023), education-sector guidance
(Miao & Holmes, 2023; OECD, 2023), and professional ethics commitments to honesty and avoidance of harm (Association for
Computing Machinery, 2018). In informatics, verification is especially tractable because tests can be demanded as routine
evidence, turning “trust” into “check.”

Teachers’ requests for grade export and differentiation between “real activity” and superficial engagement show that
adoption depends on operational compatibility. UNESCO’s framing of digital learning as a public good emphasizes systems
thinking: tools must integrate into everyday governance and accountability, not remain isolated pilots (UNESCO, 2023). The
expert’s lower ratings for scalability suggest that the next iteration should strengthen teacher-facing workflows, reporting, and
standard operating procedures for the review of assessment evidence.

LIMITATIONS

Three limitations shape interpretation. First, the learner survey covered 39.3% of those granted access, so perceptions
may be biased toward more active or more satisfied participants. Second, the design included a micro-comparison and an offline
control event but did not implement random assignment or a full controlled experimental structure; causal claims about learning
gains cannot be made (Campbell & Stanley, 1963). Third, GenAl effects may vary by prior competence and by how learners use
hints. Without fine-grained analysis of usage patterns and error profiles, the study can only describe feasibility and acceptability
rather than differential effectiveness.

CONCLUSION

This pilot study examined an integrated response to two simultaneous disruptions in informatics education:
infrastructure instability and the availability of generative Al. The offline-first PWA “Edu Survival Kit,” combined with a process-
oriented assessment framework and controlled GenAl tutoring, demonstrated feasibility in a near-frontline school setting.
Objective observations indicated that an offline-first design preserved continuity during outages and reduced access latency
compared to an LMS-based route. Learners reported high comfort and high perceived usefulness of hints and GenAl support,
while teachers and an external expert emphasized both the promise of differentiated assistance and the central risk of over-
reliance on Al. The findings support a practical conclusion: resilience and assessment validity improve when an offline-first design
is paired with evidence-based formative cycles, explicit verification artifacts, and governance rules that make GenAl use
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transparent and accountable. Future work should extend beyond feasibility to a stronger evaluation of learning outcomes and a
systematic analysis of learner-Al interaction patterns.
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ABSTRACT

®opmyniosaHHa npobaemu. Y [epxwasHux cmaHOapmax
6a3060i cepedHboi (MiHicmepcmeo ocgimu ma Hayku YKkpaiHu
[MOH], 2020) ma npogineHoi cepedHvoi oceimu (MOH, 2024) do
0608°A3K08UX pe3ysbmamie Hag4yaHHA 3006ysadyie oc8imu Ha38aHO
8UMO2U, W0 BU3HAYEHI HAO OCHOBI KOMNEemMeHMHICHO20 nioxody. Lie
mak 38aHi Kao408i KoMnemeHmHocmi. Ix oduHaduame. OOHielo 3
HUX € MOMeMamu4Ha KoMmnemeHmHicme. Bumoau, fK pesyasmam
HABYAbHOI Qif/ILHOCMI, MAIOMb BUKOHY8AMUCb, 00CA2aMUCA io
4ac HABYAHHA Y4YHI8 KOXCHIli Has4aneHili ducyunnini, 30Kkpema i
mamemamuKku — makox. OOHuUM 3 egekmusHux 3acobie
OPMYBAHHA KOHOBUX KOMremeHmHocmel ni0 4ac HAB8YAHHA
Y4YHi8 MaMeMamuKu € NPUKAAOHI 3a0a4i —3a0ad4i, AKi icCHytomo nosa
MEeXamMu mMamemamuKu, asne po3e’A3ylomeca 3a 0ONOMO20H0
MamemamuyHux 3HaHb. Ix yacmo nodinarome Ha peansi, mi, wWo
icHyrome 8 dilicHocmi, i ysagHi (K8asi NpukaadHi,) mi, Wo moxyme
B8UHUKAMU, icHyrtomob 8 yAsi adeli i Aki im (imMmosipHO 32000M
dosedemoca po3s’azysamu. Tomy 80HU i BKAKOYAOMLCA 8 WKiNbHI
nidpy4HUKU 3 MAmMemMamuKu, 8 Hae4asbHi MoCibHUKU, 36ipHUKU
3a0a4y, OudaKmuyHi mamepianu. Lle ocobausei 3ada4i, AKi
8i0pi3HAIOMbLCA 8i0 Cymo MamemMamuyHUX C80IM Yinbosum
MPU3HAYEHHAM,  MemoOaMu  pPO38°A3YBAHHA,  Ky/nbmMypoto
Mamemamu4Ho20 MO871eHHA mowo. 3a 00MOMO200 HUX 8 Y4YHie
opMyombCa YMIHHA | HABUYKU MaMeMamu4Ho20 MOOento8aHHS,
0b6i3HaHicmb i 30amHicmb  3acmocosysamu  OMPUMQHI
mMamemamuyHi 3HaGHHA 8 Mobymi, ni0 4ac BUBYEHHA CYMINCHUX
HABYAbHUX OUCYUNIH, 8 080100iHHI NpogeciliHumMu 3HAHHAMU, 8
npodosxeHHA ocgimu. Kinbkoma makumu 3ada4amu cghopmysamu
300ek1aposaHi KomnemeHmMHocmi Hemoxauso. Tomy marome
6ymu cmeopeHi 006ipKu cucmem MPUKAAOHUX 3a0a4, AKi 6
sidnogidanu AK 3micmy mamemamu4Hoi ni020MoeKu, mak i
8iKOBUM MOXUBOCMAM ma iHmepecam 3006ysayie oceimu. [ns
CMBOPEHHA cucmemu MPUKAAOHUX 30044 HeobxiOHO mamu
Kpumepii 8i060py KOMCHOI 3 HUx y cucmemy (006ipKy). Came uili
npobaemi i npuceayeHa 0aHa cmamms. B Hili 3anponoHosaHo
po3pobneHi asmopamu cucmemy Kpumepiie 078 CMEOPEeHHA
006ipoK npuKknadHux 3ada4 3 MaAMeMamuKku AK 3acoby
hOPMYBAHHA KIOHO0BUX KOMIemeHmMHocmel y4Hie.

Mamepianu i memodu. [na cmeopeHHs Kpumepiie 8i06opy
NpuKknadHux 3a0a4 3 Mamemamuku 6y7n0 BUKOPUCMAHO
meopemuyHi (aHANI3 HOPMAMUBHUX OOKymeHmis8, HayKosuli
cmameli, 008i0K080i ma Has4asbHOI nimepamypu 3 meopii ma
MemoOUKU HABYGHHA MamemMamuku, CUHMe3 OmpuMaHux
pe3syabmamis, ix y302aabHeHHA) ma emnipuyHi (onumysaHHA
s8yumesis, o3HalioMmneHHA 3 nepedosum 00C8i0OM HABYAHHSA Y4YHI8
MameMamuKu, 8UBYEHHS | AHAI3 YYHIBCbKUX KOHMPOAbHUX pobim,
BUKOHOHHA Mecmosux 3a80aHb) Memodu 00CiIOHEHHSA.

Formulation of the problem. The State Standards of Basic
Secondary Education (Ministry of Education and Science of
Ukraine [MES], 2020) and Specialized Secondary Education
(MES, 2024) define mandatory learning outcomes for students
based on a competence-based approach, namely, the key
competences (eleven in total). One of them is mathematical
competence. These requirements as learning outcomes must be
achieved during the study of every school subject, including
mathematics. One of the most effective means of forming key
competences in mathematics lessons is applied problems—
problems that exist beyond mathematics but are solved using
mathematical knowledge. They are commonly classified into real
problems, which exist in practice, and imaginary (quasi-applied)
problems, which arise in people’s imagination and may need to
be solved in the future. Therefore, such problems are included in
school mathematics textbooks, teaching aids, problem books, and
didactic materials. These are special problems that differ from
purely mathematical ones in their purpose, methods of solution,
and the culture of mathematical communication. They help
students develop skills in mathematical modelling, awareness, and
the ability to apply mathematical knowledge in everyday life, in
studying related subjects, and in acquiring professional knowledge
in further education. A few isolated tasks cannot ensure the
formation of the declared competences; therefore, systems of
applied problems must be developed that correspond both to the
content of mathematical training and to students’ age-related
abilities and interests. To design such systems, clear selection
criteria are required. This article addresses this issue and proposes
a set of criteria for developing sets of applied mathematical
problems to foster students’ key competences.

Materials and methods. To develop the criteria for selecting
applied mathematical problems, theoretical methods (analysis
of regulatory documents, scientific papers, reference and
teaching literature on mathematics education; synthesis and
generalization of results), and empirical methods (teacher
surveys, study of best teaching practices, analysis of students’
written work and test performance) were used.

Results. The outcome is a system of criteria for constructing
sets of applied mathematical problems, along with
methodological recommendations for their solution.

Conclusions. A system of applied mathematical problems is an
effective means of forming key competencies among school
students. Such problem sets should be an integral component of
the task material in every topic of the school mathematics
curriculum. Their solution makes a significant contribution to the
development of students’ key competences.

The Author(s) 2026
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Pesyabmamu. Pe3ynsmamom cmana cucmema Kpumepiig
cmeopeHHA 006ipoK NpPUKAAOHUX 3a0a4Y 3 Mamemamuku i
mMemoOuYHi pekomeHAayii uj000 ix po38’a3y8aHHs.

BucHoeKku. OO0HUM 3 egekmusHuUx 3acobie ¢GopmysaHHA y
3006y8auie WKiNbHOI oc8imu Ka4Yosux KomnemeHmHocmel nio
4ac HABYAHHA MAMEMAMUKU € CUCMeMa MPUKAAOHUX 3a0ay.
Jobipku makux 3ada4y marome 6ymu Hesid’€MHOI0 CK1A0080H0
4YacmuHow 3a0a4yHO20 mamepiaay —MiOPYy4YHUKI8 3  KOMHOI
HaB4a1bHOI NPO2PAMHOI MeMU WKiNbHO20 Kypcy Mamemamuku. Ix
p0o38’A3y8aHHA pobume NOMimHuUli 8HeCOK y (hopMyBaHHSA 8 y4Hie
K/t0408UX KOMIemeHmMHocmel.

K/1l040BI CJ/10BA: cmaHdapm ocsimu; KnroYosi KEYWORDS: education standard; key competences; applied
KoMnemeHMHOCMI; NPUKAAOHi 3a0a4i 3 MamemamuKu, Kpumepii mathematical problems; criteria for designing problem
CMBOpeHHA cucmemu 3a0a4, Mamemamuy4yHe MOOEesOBAHHS; systems; mathematical modelling; features of solving applied
0cobs1ugocmi po3e8’A3y8aHHA MPUKAAOHUX 3a0aY. problems.

ANA UMNTYBAHHSA: Lseup B., Mpyc A. Cuctema npuKiagHux 3asad FOR CITATION: Shvets, V., & Prus, A. (2026). System of applied
3 MaTeMaTUKKU: KpuTepii CTBOPEHHSA, 0COBAMBOCTI PO3B’A3yBaHHA. mathematical problems: criteria for development and features
®izuko-mamemamuyHa oceima, 2026. Tom 41. Ne 1. C. 37-47. of solution. Physical and Mathematical Education, 41(1), 37-47.
https://doi.org/10.31110/fm02026.v41i1-06. https://doi.org/10.31110/fm02026.v41i1-06.

BCTYN

NocTraHoBKa npobnemu. Bumorn o6ox ctaHgaptie oceitv (MOH, 2020) i (MOH, 2024) woano ¢popmy8aHHA y WKoAApie
KA4Y08UX KOMnemeHmHocmel nig, 4ac HaBYaHHA MaTEMATUKM CMOHYKAlOTb i HAYKOBLB, i BYUMTENiB-MPAKTUKIB A0 MNOLIYKY
edeKTnBHMX 3acobis, MeToais, popm, TEXHONOTIN HaBYAHHA 41 yCNilWHOro GopMyBaHHA BU3HAYEHUX KOMMNETEHTHOCTEN. 3 TaKMMM
BMMOramM YKpaiHCbKa LUKiJIbHA OCBiTa 3iTKHyNacA BrnepLle, BOHW HOBI, @ 3HA4YHOrO AOCBiAY BUKOHAHHA e He HanpauposaHo. Lle
BKa3ye Ha akmyasbHicmoe npobaemu 00cnidxweHHs Ta Ha po3pobKy memoou4Ho20 3abe3neveHHA i BUpileHHA. Ha3BaHi BuMmoru
CTOCYHOTbCA BCiX HaBYas/IbHUX NPEAMETIB, O BUBYAIOTHCA LUKOAAPAMM, 30KPEMA i MaTeMaTMKM TaKoXK. BMHUKaE Linkom cnywHe
3aNUTaHHA: «A LLLO MOXe NPUBHECTU LIKINIbHUI KYpC MaTEMATUKM Y BUKOHAHHA HA3BAHOrO AepKaBHOro 3aMOBNEHHA?». Ha Hawe
rMMBOKe NepeKoHaHHA, MaTEMATUKA BONOAIE AOCUTL NOTYXKHUM MOTEHLaI0OM; AK 3ac06U — NPUKNASHI (A0LiNbHI | Ha 3acTOCyBaHHSA)
3a4,a4i, HaBYaNIbHI MPOEKTM, 1ABOPATOPHI Ta NPAKTUYHI POBOTU; K MEMOOU HABYAHHA — METOL, NPOEKTIB, METOA, HAaBYaHHA Yepe3
pPO3B’A3yBaHHA 33434, eBPUCTMYHI Becian, meTos MaTeMaTUYHOrO MOAENOBAHHSA; AK (hOPMU HABYAHHA — BiHApHI UM iHTerpoBaHi
YPOKM, eKCcKypcii Towwo. Lle aneko He Becb Nepenik, My MOro NpoaoBKyBaTh He byaemo.

3ocepeanmoch AeTanbHO Ha NPUKAALHUX 3a434ax 3 MaTeMaTUKU. BoHW — 0cobmBi 3acobu. [lo HUX BigHOCATL 3a4aui,
AKI BUHMKAIOTb 32 MEXaMn MaTeMaTWKM, afe PO3B’A3yI0TbCA 33 0NOMOrOI0 3HaHb 3 MaTeMaTuKW. IX iHOAl NoAiNATL Ha peanbHi
(Ti, wWo 3aTpebyBaHi XUTTAM) i Ha yABHI (KBa3inpuKNagHi, Ti, WO MMOBIPHO MOXYTb BMHMUKATU i A0 AKUX CAig B6yTM rotoBMm
po3s’asysatn). He Baatouncb B AeTanisauito, 6yaemo BCix X HasMBaTM Hagdani npuknagHumu. CohopmyBaTV KAKOYOBI
KOMMETEHTHOCTI LUAAXOM PO3B’A3aHHA KINbKOX MPUKNaAHUX 3334 HEMOX/MBO. IX Mae 6yTW He oaHa A06IPKa, KOXKHA 3 AKWX
YTBOPIOE cucmemy 3acobis. LLLo6 cTBOPOBATU TaKy cMCTEMY NPUKNAAHMX 33434 MatoTb BYTW YiTKO BU3HAYEHi CUCTEMOYTBOPIOIOYI
KpuTepii. Ix Nokn wo Hemae. Came Wit Npobnemi — KpuTepii CTBOPEHHA CUCTEMM MPUKNAAHMX 3afad 3 LWKINBHOTO Kypcy
MaTeMaTUKM i NpUcBAYEHEe Halle AOCNIAXKEHHA.

AHani3 akTyanbHUX AocnigxeHb. Cnif 3a3HauyUTH, WO rMBOKOro i PO3NOroro AoCAiAKeHHA nNpobaemn CTBOpPEHHA
CUCTEMM CyHaCHMX NPUKAALHMX 33434 LKINbHOTO KypCy MaTeEMaTUKM MU B YKpaiHi He BUABUAW. Ae Lie He 03HaYaE, LWo npobiema
NPUKAAAHWX 33434 He NepebyBae B NoNi 30py AOCNILHUKIB 3 ANAAKTUKM MaTeMATUKK. B YKpaiHi, Hanpukaaa, okpemi acnekTu uiei
npob1emMaTMkn aKTMBHO pPO3PO6AAIOTLCA B KOHTEKCTI OHOB/MIEHHA 3MIiCTY MaTemMaTM4HOI OCBITM Ta BMPOBALMKEHHSA
KOMMNEeTEeHTHiCHOro nigxoay. JocniagHMKM aHani3ytoTb 0cO6MBOCTI HABYAHHA MaTEMATUKM 32 HOBMMW NPOrpamamMu, akLLEeHTYoun
yBary Ha MpaKTUYHilA CNPAMOBAHOCTI Ta NPUKNALHOMY XapaKTepi HaByasbHOro matepiany (bypaa & Bacunbesa, 2017). 3HauHa
yBara npuginaetbcs GOPMYBaHHIO B Y4YHIB YMiHb MaTeMaTUYHOrO MOZENIOBAHHA AK KAKOYOBOrO MexaHismy pobotu 3
npuKknagHnumm 3agadamm (Katepuuiok, 2020; Mataw, 2019; Mpyc 2023, 2024). Y npausx OCTaHHIX POKiB mMaTtemaTuyHe
MOAENIOBAHHA PO3MALAETLCA AK «/iH3a» Mi3HAHHA PeanbHOro CBITY Ta AK NEPCNEKTUBHUIA HANPAM PO3BUTKY MaTeMaTUYHOT
OCBiTU. TaKOX [OCNIAMKYETbCA METOAMYHA AiA/bHICTb i3 KOMMETeHTHICHUMM 3afavyamu y NiaAroToBui MalbyTHiX yuutenis
mateMaTuKku (TapaceHkoBa & AKyneHko, 2025). OKpemi HanpalloBaHHA MPUCBAYEHi NPUKAAAHMM 3afa4yam MPUPOAHMYOTO
XapaKTepy B Kypci anrebpu i noyaTkis aHanisy (CokoneHko Ta iH., 2010). BogHouac i gocniaxKeHHA matoTb GparmeHTapHuUi
XapaKTep i He yTBOPIOOTb LNICHOI, CMCTEMHO O6FPYHTOBAHOI MOAENi Cy4acHOT CUCTEMM MPUKNALHUX 33434 LWKINbHOTO Kypcy
MaTeMaTUKKU. Y 3apybixkKHUX Npauax npobnemaTvka NPUKAAAHWX 33434 Ta MaTEMATUYHOTO MOAENIOBAHHA MA€E 3HAaYHO AOBLIY
icTOpilo CUCTEMHUX AOCNiAMKeHb. PETPOCNeKTUBHUI Orag PO3BUTKY Liboro Hanpamy (Houston et al., 2009; Frejd & Vos, 2023)
3aCBiAYYeE, WO BXKe NOHAZ N'ATAECAT POKiB CBITOBA CNiNbHOTA AOCNIAHWMKIB aKTUBHO MPALOE HAg TEOPETUYHUM OBIFPYHTYBAHHAM
Ta MNPAKTUYHOK peani3auielo MaTeMATMUYHOIO MOZAENOBAHHA B OCBITi. 30Kpema, AifnbHICTb MidKHapoaHoi rpynu ICTMA
(International Community of Teachers of Mathematical Modelling and Applications) npotarom octaHHix 25 n'aTK pokie cyTTeBO
BN/MHYNa Ha GOPMYBaHHA CyYaCHWX MiAXOAiB A0 HABYaHHA Yepe3 MPUKNaAHi 3apadi. TeopeTUyHi OCHOBM BUKOPMUCTAHHA
NPUKAaAHWUX 33434 Y HaBYaHHI MaTeMaTUKM 3aKNageHi B KNacuuyHux npauax BepHepa Bayma (Blum, 1993), sakuit obrpyHTyBaB
HeobXiAHICTb MaTEMATUYHOIO MOAE/IOBAHHA AK HeBiA'€MHOT CKIaA0BOI MaTeMaTMYHOI OCBITU. Moganblnii PO3BUTOK LMX igen
3HaxogMMo B poboTax, WO AOCNIAXKYIOTb MOX/AMBOCTI HaBYaHHA mogentoBaHHio (Blum & Borromeo Ferri, 2009) Ta iMoro
BMNPOBAAMEHHA B LWKiNbHY NpakTUKy (Borromeo Ferri, 2020). Bak/MBUM € BUCHOBOK AOCAIOHWKIB MPO Te, WO BMiHHSA
MaTEMATUYHOTO MOAE/NIOBAHHA He JINlie MOXKe, afe M NOBMHHO uinecnpamoBaHo GoOpmMyBaTUCA B YYHiB. AHani3 3apybixHOi
niTepaTypu BUABAAE MHOMWMHHICTb MEpPCneKTUB AOCNIAKEHHA MaTeMaTUYHOro MOAENBAaHHA Ta NPUKNAAHUX 334aud.
CuctemaTtmsauia niaxogis (Abassian et al., 2020; Galbraith, 2012; Blomhgj, 2009; Kaiser et al., 2007) 403B0/1I€ BUOKPEMUTHU KiflbKa
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KNIOYOBUX HANPAMIB: peaniCTUYHMIN (OpiEHTOBAHWMIA Ha aBTEHTMYHI Npobnemu peanbHOro CBiTy), OCBITHIN (30cepenyKeHUn Ha
HaBYaNIbHUX LiNAX), KOHTEKCTYaNbHUI (LLO BPaXOBYE COLLIOKYNAbTYPHI 0COBAMBOCTI) Ta KOTHITUBHUIA (CNPAMOBaHUIA Ha PO3BUTOK
MMUCNEHHEBUX NpoLeciB). Lia 6aratonepcnekTUBHICTb CBIAYMTb NPO CKNAAHICTb Ta 6aratorpaHHicTb Npo61emmn CTBOPEHHSA cUCTEMM
npuknagHux 3agad. Ocobimea yBara B 3apybirKHUX AOCNIAKEHHAX NPUAINAETLCA NMUTAHHIO aBTEHTUYHOCTI NPUKNAAHUX 334au.
Kaiizep Ta LWBeapy, (Kaiser & Schwarz, 2010) HaronowytoTb Ha HEOBXiAHOCTI BUKOPUCTAHHA CNPaBXHIX MOAENbHUX Npobaem, AKi
Bigo6paKaloTb peanbHi cuTyauii Ta NoTpebytoTb CNPaBKHbOr0 MAaTEMATUYHOrO aHanisy. BogHo4Yac KpUTUYHMIA aHaNi3 TEKCTOBMX
3aZia4 y WKiNbHUX NigpyyHuKax (Depaepe et al., 2009) LeMOHCTPYE, WO 3HAYHA YAaCTUHA TaK 3BaHMX "MpuUKNagHUX" 3a4ay Mae
WITYYHMI, NCeBAOPEaNniCTUYHUI XapaKTep i He 3abe3neyye CNPaBXHbOrO 3B'A3KY MATEMATUKKM 3 peanbHicTio. KoHuenTyanbHe
3HaYeHHA AN1A PO3YMiIHHA CYTHOCTI poboTW 3 NPUKNAAHUMM 33a4aMU MAE AOCNIAMKEHHA MOAENbHOI NepcneKkTBM HaBYaHHA
matemaTuku (Lesh & Doerr, 2003), AKka poO3MALaE MOAENIOBAHHA He NPOCTO AK 3acTOCyBaHHA MaTemaTuMKM, a fK
dyHAAMEHTaNbHUIA C€NOCI6 MaTEMATUYHOTO MUCNEHHA. Y UbOMY KOHTEKCTi BaXK/IMBUM € BWM3HAYEHHA KOMMETeHTHOCTen
MaTeMaTMYyHOro MogentoBaHHA (Maaf, 2006), wo BKAOYAKOTb 34aTHICTb PO3YMITM peanbHi Npobnemwu, CTPyKTypyBaTtH iX,
MaTemaTu3yBaTu, NpaLoBaTM 3 MaTEMATUYHUMKU MOAENAMM, iHTepnpeTyBaTh pe3ynbTati. CouioKyNbTypHUI BUMIp npobaemu
NPUKAaAHMX 33434 PO3KPUBAETLCA B AOCNIAMKEHHSAX, WO PO3INAAAITbE MaTeMATUYHE MOAENIOBAHHA AK IHCTPYMEHT KPUTUUYHOTO
OCMUC/IEHHA couianbHuUX nNuTaHb (Barbosa, 2006; Julie & Mudaly, 2007). OcobanBo BaKAMBUM € [OCBiA BUKOPUCTAHHA
NPUKNAAHMX 33434 ANA aHani3y couianbHUX Npobaem y nisaeHHOoapPMKAHCLKIN OCBITI, O AEMOHCTPYE NOTEHLiaN MaTeMaTUKK
AK 3acoby GopmyBaHHA FPOMAAAHCHKOT NO3ULT YUHIB. OUAAKTUYHWUIA acNeKT BNPOBaAKEHHA NPUKNAALHWUX 3334 Y HAaBYa/IbHUIA
npouec rpyHTOBHO AOCNIAMKEHO B KOHTEKCTI niarotoBku BuuTenis (Borromeo Ferri, 2018). MigkpecntoeTbcs, Wo edeKkTuBHe
BMKOPUCTAHHA CUCTEMM MPUKNALAHMX 33434 BUMAra€ Bif yuuTenis He anwe rMuboKMx maTemaTUYHMX 3HaHb, ane M PO3YMIHHA
npouecis MoAeNtoBaHHA, 34aTHOCTI KepyBaTWU HABYANbHOK [LiANbHICTIO YYHIB Y BigKPUTUX MPOBAEMHMUX CUTyauiax. TakoxK
HaronoWyeTbCA Ha HeObXiAHOCTI 3B'A3KY LWKINIbHOT MaTEMATMKM 3 NO3ALLKIZIbHOK PeanbHiCTIO Yepes MaTemMaTUYHE MOAENOBAHHSA
(Garcia et al., 2006). PeTpocnekTuBHuMIN ormsag gocnigxeHb (Kutluca & Kaya, 2023; Burkhardt & Pollak, 2006) cBigunTtb npo
€eBO/IIOLLiI0 MiAXOAiIB A0 MaTEMATUYHOIO MOAE/IOBAHHA B OCBITI: Big, €Ni304MYHOr0 BUKOPUCTAHHA OKPEeMMUX NPUKAAAHUX 33434 40
CMUCTEMHOTO BMNPOBAAKEHHA MOAENIOBAHHA AK HACKPI3HOT MiHIT Kypcy maTemaTuKu. AHani3 pesynbTaTiB AOC/iAKeHb Y cepeaHilt
wkoni (Stillman, 2012) AeMOHCTPYE NO3UTUBHWUI BNAMB CUCTEMATUYHOI POBOTM 3 MPUKNALHMMM 33[34aMM Ha PO3BUTOK
MaTeMaTUYHOro MUCAEHHA YYHIB Ta iXHIO MOTMBALLiIO 40 BUBYEHHA NpeameTa.

Taknm YMHOM, 3apybiXKHI AocniaxKeHHA GOpMYOTb NOTYXKHY TEOPETUYHY Ta MeToguuHy 6a3y ana po3pobKku cuctemum
NPUKNagHux 3agad. KosxkeH gocniaHuk obpas ana cebe neBHUMI npeameT LOCAIOMKEHHA, MU X 30cepeguiv CBOK yBary Ha
po3pobLi KpUTEpIiB CTBOPEHHA Came CUCTEMM NPUKAAAHNUX 33434 AK 3acoby GOpMyBaHHA KNHOYOBMX KOMMNETEHTHOCTEN Mig, Yac
HaBYaHHA YYHIB LWKINbHOIO Kypcy MatemaTuku. Llum i BU3SHauaeTbca HOBM3HA Ta aKTyasIbHICTb HALWOTO AOCAIAXKEHHA.

MerTa cTaTTi. 3anponoHyBaTN KPUTEPIi CTBOPEHHS CUCTEMM CYy4aCHUX MPUKIAAHUX 334,34 3 WKIIbHOTO KYpCy MaTeMaTuKu
AN GopMyBaHHS B YUHIB K/HOYOBUX KOMNETEHTHOCTEW, LLLO BU3HAYeHi B cTaHAapTax 6a3080i cepeaHboi Ta NpodinbHOT cepesHbOT
OCBITH.

METO/AM AOC/IAMEHHA

Y pocnigxeHHi BAKOPUCTAHO HU3KY METOAiB HAayKOBOrO MNi3HAaHHA: — mMeopemuyHi — aHani3 HOPMATUBHUX SOKYMEHTIB,
[0BIAKOBOI, HaBYa/IbHOI Ta HAYKOBOI /liTepaTypw 3 Teopii Ta METOAMKM HaBYaAHHA MaTEMaTUKN, CUHTE3 OTPUMAHUX BigomocTen, ix
y3ara/ibHeHHA; — emMmipuYHi — ONUTYBaHHA BYMTENiB, O3HAMOMJ/IEHHA 3 MepefoBMM [OCBIAOM HaBYAHHA YYHIB MaTEMATUKK,
AHKEeTYBaHHA Y4HiB.

PE3YNIbTATU AOCNIAKEHHA

Hacamnepep, BU3HAaUYMMOCH i3 3MiCTOM OKpeMux TePMiHiB, AKi Byaemo BXxuBaTv Hagani. Halnnepwnii 3 HUX — kpumepid.
Mig, TepMiHOM KpUTEPIN MKW PO3YMIEMO NiACTABY ANA OUiHKM, ANA BU3HAYeHHA abo ana Knacudikauii neBHMx ob’exTis (y gaHomy
BMNAAKYy NPUKNAAHMX 334ay). TaKMM YMHOM KPUTEPIN — Ue MIpWUNOo, MipKa SKOK BW3HAYAETbCA MOMK/IMBICTb BK/IOYEHHSA
npuKnaaHoi 3agadi Ao cuctemu (8o Aobipku). Jobupatoum npuknagHi 3agadi 4o cuctemu (8o6ipKKn) BaxKIMBO BpPaxoByBaTH ix
MOM/IMBOCTI, iX BiANOBIAHICTb 3aBAAHHAM QOPMYBaHHA KIKOYOBUX KOMMETEHTHOCTeN. TaKy BiAMOBIAHICTb MW HasBaau
8anidHicMio, BUXOAAYM 3 TOTO, WO Nif, LUM TEPMIHOM PO3YMIitOTb Mipy TOFO, HAaCKINbKM AOCNIGHULBKUI iIHCTPYMEHT abo BUCHOBOK
(B ;@aHOMY BMNAAKY NPUKAaLHa 3a434a) € HEO6XiAHO Ta BiANOBIAAE PeaNbHOMY ABULLY YM NOCTABAEHIN MeTi. ICHYOTb pi3Hi BUAK
Ba/liAHOCTI: CTaTUCTMYHA, 3MICTOBHA, 3MICTOBA, KpwUTepia/ibHa, KOHCTPYKTMBHA Ta iHWI. Y Hawomy BUNaAKy MoBa Mge npo
3MicmosHy eanidHicmb — BIANOBIAHICTb 3MICTY 3aBAaHb (NPUKAAAHWX 3a4ay) NOCTaBAEHMM LiAAM (BMMOram) HaBYaHHA
MaTemMaTuKKU. BUxoasaum 3 Takux NocuiaHb, Hamu 6ynun po3pobieHi HacTynHi cMcTeMOoyTBOpPIOKOYI KpUTepil 06IPKM NPUKNaAHMX
334a4y 3 maTeMaTuKku (gueucb Tabauuo 1).

Ta6bnuua 1. Kputepii cTBopeHHA A06IPOK NPUKNAAHUX 33434 A0 HABYA/IbHOT TEMU 3 MaTEMATUKKU

Ne 3micm Kpumepiro 8id6opy nNpuKkaadHoi 3a0ayi 8 Bud sanidHocmi Bazosuli ObrpyHmMysaHHs
cucmemy (006ipky) KoegpiyieHm
1 | 3agava mae BignosigatTH BiKOBMM noTpebam Ta notpebHicHa 0,06 Barknusuii — 3abesneuye
iHTepecam y4HiB (MonoAwnn NigNITOK, CTapwuii NCUXONOTIYHY FOTOBHICTb A0
NiANITOK YM IOHALbKWUIA BiK) HaBYaHHA Ta popMyBaHHSA
CTiMKOI BHYTPILIHbOI MOTUBALLI.
2 | 3apaya mae BiANOBIAATM BIKOBMM MOX/IMBOCTAM | iHTE/NEKTyanbHa 0,1 3Hauywmii — 3abesneyye
YYHiB, PO3BUTKY 1X VYABW, IHTENEKTYaNbHUM LOCTYMNHICTb MaTepiany Ta
MOMK/IMBOCTAM,  PIiBHIO  MUCNEHHA  (HAO4HO- KOFHITUBHWI PO3BUTOK
npegmeTHe, HAOYHO-0bpasHe YN TeopeTUYHe) Bi4NOBiAHO A0 30HM
HaMBANKYOro PO3BUTKY YYHS.
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Ne 3micm kpumepito 8i0b6opy npukaadHoi 3a0ayi 8 Buo eanioHocmi Bazosuli Ob6rpyHmyg8aHHA

cucmemy (006ipky) KoegiuieHm

3 | CioxkeT 3agavi mae ByTU KUTTEBO Ba*KAMBUM ANA couianbHa 0,2 MpiopuTeTHUA — 6e3 Npamoro
YYHA, CMAPUATM WOro 3arajbHOMY PO3BUTKY, 3B'A3KY 3 LOCBIAOM Y4YHSA
Bifo6paxkaTu peanii *KUTTA B AKUX BiH nepebysae 33/a4a BTPAYaE CBin

NPWUKAaLHWUIA CEHC T3 BUXOBHUM
noteHuian.

4 | 3apaya mae GopmyntoBaTUCL [iNIOBOKO MOBOLO, 3MicToBa 0,03 TexHiYHWUIA — BU3HAYAE AKICTb
NAaKOHIYHO, MICTUTM 3PO3YMINi TEPMIHMW, AKI Nerko CNPUNHATTA YMOBMW Ta MiHiMi3ye
NMOACHUTM YN 3HANTU B JOBIAHUKY CTOPOHHI NepeLKoan npm

nobyaosi maTeMaTU4HOI
moaeni.

5 | 3agaya mae BignosiaaTv 3micTy HaBYabHOI TEMMU OCBITHA 0,15 Bax/MBUIA — LeMOHCTPYE
3 MaTeMaTMKM L0 BMBYAETbCA, LWLO6 OTpUMaHi NPaKTUYHY LiHHICTb
YYHAMM 3HAHHA BWMKOPWUCTOBYBa/ZINCb MNif 4ac TEOPETUYHMX 3HaHb Ta
po3B’A3yBaHHSA, Nif 4ac 3acTOCyBaHHA MeToay 3abe3neyye winicHicTb Nnpouecy
MaTeMaTUYHOrO MOAENIOBAHHA UM BUKOHAHHA HaBYaHHA.
NPaKTUKO-OPiEHTOBAHWX 3aBAaHb

6 | Cuctema 3agay Mmae 6yTM AndepeHLiNoBHO | MiKNpeameTHa 0,08 CucTeMHUIA — NigKpecntoe
peanisoBHO, Pi3HOro PiBHA CKAALHOCTI | pa3om 3 YHiBEpCanbHiCTb
TUM MOKa3yBaTU BaX/MBICTb MaTEMATUYHUX MaTeMaTM4YHOro anapary sk
3HaHb AN 34006yBaHHA  3HaHb 3 HLWMX iHCTPYMEHTY ANA BUBYEHHA
HaBYa/IbHWUX NpeaMeTiB IHLIWX HayK.

7 | 3aaaui, Wo BKAOYEHI f0 A06IPKM, MaAOTb CYKUTH ANOAKTUYHA 0,12 MeToguyHnin — f03BONSE
i TpeHaxkepom BMPOBAEHHA BMiHb Ta HAaBUYOK, i epeKTUBHO iHTerpyeaTu 3agadi
3aC060M  KOHTPOMIO  pe3ynbTaTiB  HaBYaHHA B CTPYKTYPY YPOKY Ta
maTtemaTuku.  Mepepbayatm  iHAMBIAYaNbHY, 3[iCHIOBATU MOHITOPUHT
rpynoBy 4u KonekTuBHY dopmy pobotu wopno ix LOCATHEHb.
po3B’A3yBaHHA

8 | 3apaui matoTb onuMcyBaTH peanbHi cuTyauii (4ifcHi peanicTyHa 0,2 MpiopuTteTHUn — BepudikoBaHi
Yn  MMOBIPHO  BipTyasbHi), MICTUTM peanbHi OaHi dopmytoTb AOBipY A0
4YMCIOBI MOKA3HUKM, YNCNOBI 3HAYEHHA BENINUYUNH npeameta Ta 3anobiratoTb

BiZlipBaHOCTI MaTeMATUKM Bifg,
KUTTA.

9 | Y pobipKy cnig BkAOYaTM 3ajadvi nos’AsaHi 3 KYNbTypHa 0,02 [JonomixHuii — cnpuse
icTOpielo MaTemaTvKu, 3 AianbHoCcTi i TBopLiB. Ix rymaHiTapusauii ocsiT1 Ta
po3B’A3yBAaHHA Ma€E MOKa3yBaTW Y4YHAM LWO dopMyBaHHIO
maTemMaTMKa Ue nJacT  3arajbHO-NOACHKOI 3arasibHOKY/IbTYPHOI
KYNbTYpH, 3 AKUM Ma€ byTu 03HalloOMNEHa OCBITHA KOMMETEeHTHOCTi 0cobucTOoCTi.
NtoamMHa

10 | KoxkHa TemaTuyHa  pgobipka  33fa4  MAE | KOHCTPYKTMBHA 0,04 dyHAAMEHTAaNbHUIN —
3abe3neyyBaTM  HacTynHictb y  ¢popmyBaHHi 3abe3neyye UinicHy Noriky
KNO4OBUX KOMMNEeTeHTHOCTeN, meToay PO3BUTKY MUC/IEHHA Ta
MaTeMaTUYHOrO  MOZE/IOBaHHA,  pPO3BMBaATH CUCTEMHICTb MaTEMATUYHOI

3MICTOBI NiHIT Kypcy maTemMaTuKm

niaroToBKM

[epeno: asmopcuKa po3pobka.

MU Ha3Banu HaWBaKNMBILWI, HA Hal NOMAL, KpuTepii, Wob CTBOPEHi Ha iXx OCHOBI NpPUKNAZHI 3a4aui fasanu 3mory
BMKOHYBaTW BUMOTM AePKaBHOMO OCBITHbOTO CTaHAAPTY. Y WKINbHUX NpOrpamax 3 MaTeMaTUK1 BUOKpeMaeHo 6araTo HaB4YaibHUX
Tem. Came 1A CTBOPEHHA cuctemu (406ipoK) NPUKAAQHNX 33434 10 HUX | peKOMEeHA0BaHi po3pobieHi KpuTepii. 3ayBaXKMMO, LLLO
BMXOAAYM 3 HABYA/IbHOTO MaTepiany TeMu BiANOBiAHa A06iIpKa MoXKe ByTH CTBOPEHA i3 ypaxyBaHHAM JIMLLE OKPEMUX KPUTEPIiB.
BaxknuBo, Wo6 BOHM BpaxoByBaAWCb, MO MOXK/AMBOCTI, BCi, a Taka Aobipka byna KynemiHayiliHum 3acobom 3acToCyBaHHA
OTPMMaAHMX 3HaHb Ha MpaKTUui. [pOINOCTPYEMO 3aCTOCYBaHHA KpUTEpPiiB Ha MNPUKNAAI BMBYEHHA OKPEMWUX Tem Kypcy
cTepeomeTpii.

[ob6ipKa 3aaauy maTemMaTUYHOTO MOAENIOBaHHA (MPUKAAAHUX 33434) 40 TeMu

«06’emu Ta NAOLLi NOBEPXOHb FEOMETPUYHUX TiN» cTapLioi NpodinbHOT WKonu
3agaua 1 (npo cxoBuLye MNig Yac NOBITPAHOI TPUBOTM).
Mig yac noBiTPAHOI TPMBOIrM BM 3 0gHOKNAcCHUKaMK NepebyBaeTe B NiABaNbHOMY CXOBULLI PO3MIPOM 8 M X 6 M X 3 M. Y
CXOBWLLi € BEHTMAALAHA TPyHa Kpyraoro nepepisy Aiametpom 15 cm, Yyepes AKy NOBITPA HaAXxo4uTb 3i wenakictio 0,1 m/c.

3a80aHHA.

1. 3a AKKMI Yac Yepes BEHTUNALINHY TPyOY NOBHICTIO OHOBUTLCA BCE NOBITPA B CXOBULL,?

2. Y1 foCTaTHA Taka BEHTUAALIA ANA KOMPOPTHOro nepebyBaHHA y Takomy cxosuwi 30 ocib?

MpakmuyHa iHhopmayisa. AKiCTb BEHTUAAUjT KPUTUMYHO BaxkameBa ansa 6e3neku nwogein y cxosuuwi. HegocTaTHA
BEHTUNIALIA MOXe NPU3BECTM A0 HAKOMUYEHHA BYTIEKMC/IONO rasy Ta 3HUKEHHA BMICTY KMCHIO, Lo Hebe3neyHo ana 3q0pos'a. Ha
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NPaKTULi MOXHa HabAMKEHO BM3HAUMTM LUBMAKICTb PYXy MNOBITPA Yepe3 BEHTUAATOP TakKMM YmHOM. MigHOCATb A0 OTBOpPY
BEHTMNATOPA 3ananeHy CBIUKY: AKLLO NOAYM’a 1eABe BiaXMAAETbCA, TO WBMAKICTL Byae npnbansHo 20 M/ ; akwo sigxnnaetbea
Bif, BEPTMKabHOTO Hanpsamy Ha 45°, To WBMAKICTb AopiBHIoe 45 CM/(; aKwwio narae ropusoHTanbHo, To Wemakicts 6yae 80 CM/;
AKLWLO cuAbHO TPiwmTb — 130 M/¢; akwo racHe, To wewnakictb 180 M/ i Ginbwe.

KOMEHTAP LLLIOJO KPUTEPIIB. 3asaya Mae BUCOKY coLjanbHy BanigHicTb (KpuTepiii 3) — Bigobpaxae peanii »utra 8
YMOBAX BillHW, € YKUTTEBO BaXKAMBOK ANA Y4YHiB. PeanicTMuHa BanigHicTb (KpuTepiii 8) 3abesneyeHa peanbHUMMU YUCIOBUMM
MOKa3HMKaMKM Ta MPAKTUYHUMM METOLAaMWM BUMIptOBaHHA. 3afdadva Gopmye NoTpebHicHYy BanigHicTb (KpuTepiit 1), OCKinbKu
6e3nocepeHbO NOB'A3aHa 3 4OCBIAOM NiANITKIB Nig Yac NoBiTPAHUX Tpmeor. OCBiTHA BaniAHICTb (KpUTepilt 5) peanisyeTbes yepes
3acTtocyBaHHA Gopmyn 06'emy NPAMOKYTHOro napaneneninesa, NAoLi Kpyra Ta poboTy 3 OAUHULAMM BUMIPIOBAHHA.

3agaua 2 (npo po3paxyHoK NJoLLi NoBepXHi Tina AN meguUHUX noTpeb).

Y meauumHi ansa npaBuAbHOrO A03yBaHHA NikiB (0cobameo nig yac ximiotepanii abo iHTeHcMBHOI Tepanii) nikapam
noTpibHO 3HaTK NIOLLY NOBEPXHi TiNa NawuieHTa. Bigomo, Wo ans Aopocnoi NlognHU macoto 65 Kr naola NoBepxHi Tifa CTAaHOBUTb
y cepeaHbomy 2 M2,

3a80aHHA.

fKa naoLa NoBepXHi Tifla y BaLLOro 0AHOKAACHWUKA, AKLLO MOro Maca CTaHoBMTb 50 Kr?

Mioka3ka. Maca Tina ntogmHu npubansHo nponopuiiHa 06'emy Tina (Tob6To Ky6Y NiHiIHMX PO3MipiB), a NaoLWa NOBEPXHI
— KBagpaTy NiHiMHUX po3mipiB.

MpakmuyHa iHghopmayia. Lein po3paxyHOK BaXKAUBUIA He nunwwe B MeanunHi. CNopTUBHI TPeHEPU BUKOPUCTOBYIOTb
CniBBigHOLWEHHA MacK A0 NAOLL NOBEPXHi Tina ANA CKNA4AHHA iIHANBIAYaNbHUX NPOrpam TPeHyBaHb Ta XapyyBaHHA.

KOMEHTAP LLLOAO KPUTEPIIB. 3agaua OEMOHCTPYE MidKNpeaMETHY BanigHICTb (KpuTepii 6) — 38'A30K maTeMaTUKK 3
bionorielo Ta MeanUMHOW. IHTeNeKTyanbHa BanigHicTb (KpuTepili 2) BUMABNAETbLCA Y HEObXigHOCTI BCTAaHOBUTU MPOMOPLiMHI
3aNeXHOCTI MiXK naoweto, 06'eMom Ta NiHIMHMMKM po3mipamun. 3agaya Ma€e NPAKTUYHY 3HAYYLLICTb i NMOKa3ye 3aCTOCYBaHHA
MaTeMaTUYHOTO MOAEOBAHHA Y MeAMYHIM NpaKTUL.

3agaua 3 (npo po3nantoBaHHA BOrHMLA).

Bu 3 Apy3amu BUPILLMAM BNALLTYBATU NiKHIK Ha NpMpoAi Ta po3nanntn baraTta. Y Bac € noniHo giametpom 15 cm Ta
L,0BXKUHOM 40 cm, a TAaKOXK KifibKa TOHKMX CKiMOK, BiAKONOTUX Big, LbOrO CAMOro NoniHa.

3ae0aHHA.

1. Yomy TOHKI CKiMKuM 3aropsAtoTbcs HabaraTo WeKnaLLe, Hix Line NoaiHo, Bif AKOro BOHU Big4KONOTI?

2. 064MCAiTb NPUBAN3HY NAOLLY NOBEPXHI LLIIOro NONIHA Ta NOPIBHANTE, AK 3MIHUTLCA 3ara/ibHa NA0LWA NOBEPXHi, AKLLO
NONiHO PO3KOJIOTM Ha 8 OHAKOBUX CKIiMOK?

3. Yomy 36inbLIEHHA NAOLLi NOBEPXHi MPUCKOPIOE FOPiIHHA?

Midka3ka. Tak AK HarpiBaHHA BiAOYBAETbCA 3 MOBEPXHi i MOLIMPIOETLCA Ha Becb 06’€M Tina, To NOTPIBHO NOPIBHATU
NoBepxHO Ta 0b6’em cKinW, HanpuKnag, KBAaApPaTHOro nepepisy, 3 NoBepxHet Ta O06’EMOM MoAiHA TiEl XX AOBXMHM i Tex
KBaApaTHOro nepepisy, Wob BU3HAYUTK, AKOI BEIMUYMHM NOBEPXHA NPUXOAUTLCA HA KOMXKEH KYBIYHMI CaHTUMETP AepeBUHU B 060X
BMMagKax. AKWO ToBLWMHA noniHa B 10 pasiB 6inblua TOBLWMHM CKMNK, TO BiuHa NoBepxHA NoAiHa 6ifblla NOBEPXHi CKUMMU TEX B
10 pasis, a 06’em Iioro 6inbwnii 06’emy ckmnu B 100 pasis. OT}Ke, Ha KOXKHY OANHULIO MOBEPXHI B CKMMW NPUXOAUTLCS BAECATEPO
MEHLUNIM 06’eM, UMM Yy NOJIHI: OAHAKOBA KiNbKICTb TEN/A HArpiBa€ y CKMMM B AECATEPO MEHLLE PEYOBUHM, - 3BiACH i Binbll WBKAKE
3ananeHHsA CKUNK, HiXK NoAiHa Bi4 O4HOrO M TOro X A)epena Tenna. (BHacnifLoK noraHoi TennonpoBigHOCTI gepeBa, BKasaHi
BiAHOLEHHA CNifg, po3rnaaaT anwe AK NPUBAU3HI, LLO XapaKTepU3yoTb 3arasbHWUi Xig npouecy. A He KilbKiCHY CTOPOHY).

MpakmuyHa iHghopmayis. Lle 3HaHHA fONOMarae He /iMLLe B PO3Ma/itloBaHHI 6aratTa, a h y po3ymiHHI MPaBua NOXKEXHOT
6e3neKkn (Yomy TMpca abo CTpyKKa 3aropATbCA MUTTEBO), Y KyiHapii (Homy ApibHO Hapi3aHi NPOAYKTU rOTYIOTbCA WBMALIE) Ta
B MPOMMCNOBOCTI (NoApibHEHHA MaTepianiB AN1A NPUCKOPEHHSA XIMIYHUX peaKLiit).

KOMEHTAP LLLOAO KPUTEPIIB. 3agaua Mae BUCOKY noTpeBHicHy BanigHicTb (KpuTepiit 1) — nos'AsaHa 3 aKTUBHUM
[03BiNNAm nianitkie. CouianbHa BanigHicTb (KpuTepilt 3) BUABNAETHCA Y NPAKTUYHOMY 3aCTOCYBaHHI 3HaHb Y NOBCAKAEHHOMY
KUTTI. 3a4a4a GOpMy€E PO3YyMiHHA CMiBBIAHOWEHHA MiXK MAOLLE NOBEPXHi Ta 06'eMOM, AEMOHCTPYE MiXKNpeaMeTHi 3B'A3KM
(KpuTepili 6) 3 disuKoto (Tennonepegaya), ximieto (LUBUAKICTb peaKLii ropiHHA) Ta OCHOBaMM Be3NeKU KUTTEAIANBHOCTI.

3agaua 4 (npo crilikictb cTreben nanipycy).

Mip, Yac ypoky bionorii BM BUBY4ann pocamtu CtapoaasHboro €rvnTy. Manipyc, 3 AKOro ErMNTAHM BUFOTOBAAAW Nanip Ana
nucbMa, Ma€ TpUrpaHHe cteba0 BucoToto Ao 4,5 m.

3a80aHHA.

Yomy npupoga "obpana" came TpurpaHHy popmy s Takoro BUCOKoro crebna?

06uunCniTb NNOLY NOMNepeyvHoro nepepisy TPUrpaHHoOro cteb1a Nanipycy, AKLLO CTOPOHA TPUKYTHUKA AOPiIBHIOE 3 CM.
O64unCniTh NNOLLY NONEPEeYHOro nepepisy Kpyraoro ctebna Toro K nepumeTpy.

MopiBHAITe, AKa popma 3abe3neuyye 6inbluy NaoLly nepepisy (a oTxe, MiLHICTb) NPU OAHAKOBIN KiNIbKOCTI maTepiany.
MoscHiTb, Yomy TpurpaHHa Gopma BUrigHiWa 4158 BUCOKOT POC/IMHM 3 TOYKM 30pY CTIMKOCTI 40 BITpY.

IcmopuyHa doeidka. Manipyc BMKOpUcToBYBaBcA B ErnnTi noHaa 3000 pokis. CTebna po3pisanm Ha CMYKKK, BUKIaaanm
nepneHAMKyNApHO O4MH A0 OAHOrO Ta NpecyBann — Tak BUXOAMB apKyLW A4 NUCbMa.

KOMEHTAP LLLOAO KPUTEPIIB. 3aaaua mMae KynbTypHY BasigHicTb (KpuTepiii 9) — noB'A3ye maTemaTyKy 3 icTopieto Ta
6ionorieto. MixknpegmeTHa BanigHicTb (KpuTepilt 6) BUpaxeHa y 38'A3Ky 3 bionorieto, icTopieto Ta pisnkoto (MexaHika, onTumisauis
KOHCTPYKLi#). 3aga4ya AEMOHCTPYE, WO MaTeMaTUKa — Le iHCTPYMEHT A/1a PO3yMiHHA 3aKOHIB NPUPOAM Ta iX 3aCTOCYBaHHA
NOANHOLO.

3agava 5 (npo «reomeTpilo KPONUBUY Y BalLIOMY ABOPI).

Bu nomituam, wo Ha ropogi 6ina Baworo 6yAnMHKY pocTe KponvBa ABOAOMHA 3 YOTUPUIPaHHUM cTeBNOM BUCOTOHO
120 cm. Bawa 6abycsa po3nosing, Lo 3 KPOMMBU MOXKHA 3p06UTU MiLLHY TKaHMHY, a YoTMpUrpaHHa popma ctebna He BUNaaKOBa.
Bumipsaiite (abo ynaBiTb) cTe610 KPONUBM 3 AOBKMHOK CTOPOHM KBaApaTa B nepepisi 0,8 cm.

kLN R
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3a80aHHA.

1. O6umcniTb NAOLLY MOro NONepeYHoro nepepisy.

2. O64MCniTb NAOLLY NONEPEeYHOro nepepisy KPyraoro cteba 3 TaKMM CamuUM NepPUMETPOM.

3. Bu3HauTe, Ha CKiNbKK BiACOTKIB YOTUPUTpPaHHe cTeb10 MiLlHiLLe KpYr1oro Npy oAHaKoBiv BUTPaTi maTepiany.

4. Nocnifitb, Yomy HYoTMpUrpaHHa popma Kpalle NPOTUCTOITb BUTMHAHHIO, HiXK Kpyrna?

MpakmuyHa iHghopmayis. Y byaiBHULTBI Ta iHKeHepii YacTo BUKOPUCTOBYHOTL 6aNKM KBaApPaTHOro abo NPSMOKYTHOro
nepepisy 3amicTb KpYrnmx — Le 3abe3neyye KpaLlly }KOPCTKiCTb KOHCTPYKLIT. Mpupoaa "BMHaMWNA" Le Ha MibWOHM POKiB paHiwe
33 oauHY!

EKonoziyHa 0osidka. Kponuea — uUiHHa pocinHa. BoHa 36aravye rpyHT a30ToM, ii IMCTA BUKOPUCTOBYIOTL SIK A06pMBO,
a MoJi04j NaroHu icTiBHi Ta 6araTi Ha BiTamiHu.

KOMEHTAP LLOAO KPWUTEPIIB. 3asa4a Mae BUCOKY COLLiaibHY BafifHIcTb (KpuTepiit 3) — BUKOpUCTOBYE O6'EKT 3
6e3nocepefHbOr0 OTOYEHHA Yy4yHA (ropog 6ins 6yguHKy, 6abycuHi posnosigi). MixnpegmeTHa BanigHicTb (KpuTepiin 6)
BUAB/SETLCA Y 3B'A3KY 3 BiosOri€to, eKONOTIEID Ta iHXKeHepieto. 3agava GOpPMYE AOCNIAHNLbKI KOMMETEHTHOCTI Ta AEMOHCTPYE
BiOHIYHMIA NiaXia — BUBYEHHA NPUPOAHMX PilleHb AR TEXHIYHMX 3aCTOCYBaHb.

3agaua 6 (npo onTumisauito BUpo6HMULTBA edipHOI 0ii 3 M'ATH).

YABiTb, WO Bawa pogmrHa BUpiWIMAG CTBOPUTH HeBesMKe pepmepcbKe rocnoAapcTBo 3 BUPOLLYBAHHA M'ATU XON04HOT
ons BUpobHuuTtBa edipHoi onii. M'ATa xonogHa — 6araTopiyHa POCAMHA 3 YOTUPUTPaHHMM cTebiiom BucoToto 25-80 cm. Ana
6i3Hec-nnaHy NoTpibHO po3paxyBaT ONTMMasIbHI MapameTpu.

3ae80aHHA.

1. Ctebn0 m'aTM Mae Gopmy NPaBUAbHOI YOTUPUIPAHHOT NpM3MK. OBUYUCAiITL NPU BUCOTI 60 CM Ta LOBXUHI CTOPOHM
ocHoBu 0,6 cm: 06'em ogHoro ctebna; naowy 6iYHOi NoBepxHi cTebna (3 AKoi BUAiNAeTbCa edipHa onis).

2. 3a3Buyait Ha 1 mM? BUCAAXKYIOTb 16 POCANH M'ATH, KOXKHA 3 AKUX Aa€ B cepeaHbomy 8 cteben. OBumcniTb 3aranbHy
naouy 6iuHoi nosepxHi Bcix cteben 3 1 m2 nnaHTauji.

3. Bigomo, wo 3 1 cm? nosepxHi ctebna moskHa oTpumaTtin 0,002 ma edipHOi oAii. CKinbKu NITPiB NIl MOXKHa OTPUMATH
3 naHTauii naoweto 1 rektap?

4. PvHKOBa UiHa edipHOi oii m'aTn cTaHOBUTL 621M3bKo 800 rpH 3a 100 M. Po3paxyiiTe NOTEHLiNHNI foxXig, 3 1 rekTapa.

KOMEHTAP LLLOAO KPUTEPIIB. 3aaaua Mae BUCOKY coljanbHy BanifHICTb (KpuTepit 3) — nos'A3aHa 3 aKTyaNbHOIO
TEMOI PO3BUTKY BnacHoro 6i3Hecy Ta nignpuemHuMuTBa. PeanicTMyHa BanigHictTb (KpuTepit 8) 3abesneuyeHa peanbHUMM
EKOHOMIYHMMM NOKA3HMKaMWM Ta TEXHO/IOFYHMMKU MapameTpamu. 3agayva dopmye iHAHCOBY rpamoOTHICTb Ta AEMOHCTPYE
NpaKTUYHEe 3aCTOCYBaHHA MATEMaTUKM Yy CiIbCbKOMY ToCnoAapcTBi W eKOHOMILi. KOHCTpyKTMBHA BanigHicTb (Kputepini 10)
BUAB/SETHCA Y MOETANMHOMY YCKNAaZAHEHHI pO3paxyHKiB — Big, O4MHUYHOrO 06'eKTa A0 MaclWwTabyBaHHA Ha NJowy naaHTauji Ta
E€KOHOMIYHOro aHanisy.

3agaua 7 (Nnpo «KapnaTcbKy anTeKky»).

YaBiTb, WO Bu bepeTe yyacTb y WKIiNbHI eKo-ekcneauuii B KapnaTu Ta gocnigyeTe nikapcbki pocanHu. MyxiBKa
LUMPOKOANCTA — LLiIHHA NiIKAPCbKA POC/IMHA 3 TPUTPAHHUM cTE610M A0BXKMHOI A0 17 cM, AKY MIiCLLEBI }KMUTENi BUKOPUCTOBYIOTb AR
NiKyBaHHA NPOCTYAM Ta 3arOEHHA pPaH.

3a80aHHA.

1. Crebno nyxiBkM mae GopmMy NpaBuAbHOI TPUTPAHHOT Npu3mu. Mpu AOBKMHI 15 cM Ta LOBMKMHI CTOPOHM OCHOBM
(npaBunbHOro TPUKYTHUKA) 0,4 cm BM3HauTe: 06'em cTebna; NOBHY NOBEPXHIO cTeb1a; pasiyc ONMCaHOro KoJ/la HaBKOO OCHOBM

2. [na npuroTyBaHHA NiKyBaJIbHOIO HacTol NOTPi6HO 50 r noapibHeHOoi NyxiBKKU. [YCTMHA CyXOi POC/MHU CTaHOBUTb
0,3 r/cm3. Ckinbku cTeben noTpibHo 3ibpaTth Ana oAHOro Kypcy NikysaHHA (10 nopuii HacTow)?

3. focnipite: yomy TpurpaHHa popma ctebna oNTMMaNbHA A4/1A HEBUCOKOI POC/IMHU 3 TOYKM 30pY MEXAHIYHOI MiLLHOCTi?

EkonoeziyHa doeidKa. MyxiBKa 3aHeCeHa A0 CNMUCKY POCANH, WO NOTPebyoTb paLioHaNbHOro BUKOPUCTaHHA. Mpu 360pi
MOKHa 3puBaTKh He 6inbwe 30% POC/AMH Ha AinaHu;.

KOMEHTAP WOAO KPUTEPIIB. 3asaya noedHye coujanbHy BanigHicTb (KpuTepiii 3) — eKonoriYHe BUXOBaHHA Ta
36eperkeHHA NPMpPoAN — 3 KyNIbTYPHOIO BaNiAHICTIO Yepes TpaAMLiiHi 3HAaHHA NPO NiKapcbKi pocanHu. MixknpegmeTHa BanifHicTb
(KpuTepilt 6) BUpaKeHa y 3B'A3Ky 3 Biosorielo, eKoNorieto, Ximieto Ta HapoA03HaBCTBOM. 3aga4a GOPMYE EKONOTIYHY CBIZLOMICTb
Ta BigNoBiganbHe CTaBNEHHA A0 BUKOPUCTAHHA NPUPOAHUX PecypCiB.

3agaua 8 (iHXKeHepia npupoau — KOHCTPYKLiA ctebna xmento).

YABiTb, WO BM NpaLtoeTe Hag NPOEKTOM 3 BiOHIKM (BUKOPUCTAHHA NPUPOAHMX NPUHLUMMIB Y TEXHILI) Ta foCniaxyeTe
XMinlb 3BMYAMHMI. LA pOoCMHA MAE YHIKaNbHI LWeCTUrpaHHi NOPOXKHUCTI cTebna A0BXKUHOW A0 18 M, 34aTHI BUTPUMYBATKU BACHY
Bary Ta Bary LUMLLOK.

3a60aHHA.

1. Ctrebno xmento — MOPONKHMUCTA LIECTUrPaHHA MPU3MA. 30BHILLHA CTOPOHA NPaBU/IbHOMO LUECTUKYTHUKA OCHOBM
CTaHOBUTb 1,2 cMm, TOBWMHA CTiHKM — 0,15 cm. Mpu goBxuHi ctebna 12 m obuncnite: 06'em matepiany CTiHOK cTebna; 06'em
NOPOXKHWMHK BCEpeauHi; macy cTeba, AKWO rycTuHa matepiany 0,4 r/cm3.

2. MopiBHAITE MiLHICTb KOHCTPYKLIi: AKa dopmMa (LecTurpaHHa NOPOXKHUCTA YK KpPYraa CyLisbHa) Npy 04HAKOBI Maci
maTepiany BUTPUMAE binbLue HaBaHTaXKEHHSA Ha BUTMH?

3. Ctebno xmento pocte BepTUKaNbHO, 06BMBatOUM onopy. AKWO BOHO pobutb 0AMH NOBHUI 06EpPT HaBKOJIO onopw
AiameTpom 5 cm Ha KoxkHi 30 cM BMCOTH, AIKa peanbHa A0BXKMHA cTebna, Wo A0CArA0 BUCOTN 10 m?

4. Ha ogHomy cTebni po3sBmBaeTbca Ao 500 wuwoK macoto no 0,8 r KoxKHa. PospaxyiiTe, uM BUTPUMaE cTebsio Take
HaBaHTAXKEHHA, AKLLO MAaKCMMA/IbHO AOMYCTUME HAMPYKEHHA Ha PO3TAr cTaHOBUTL 2 MMa?

MpakmuyHa iHpopmayia. Y 6yaiBHULTBI BUKOPUCTOBYIOTb MOPOXKHUCTI LIECTUrpaHHi meTanesi npodini — BoHM Ha 40%
Nerwi 3a cyuinbHi npu 36epekeHHi miuHocTi. Mpupoaa BMHAWWAA Lel NPUHLUN MiIbUOHM pOKiB ToMy!
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KOMEHTAP LLOAO KPUTEPIIB. 3asaya Mae HallBuLly cKnafHicTb y A06ipLi i A@MOHCTPYE AMAAKTUYHY BanigHicTb
(KpuTepilt 7) — moxke BUKOPUCTOBYBATMCL ANA AndepeHuiauii 3a pisHAMKU. MixKnpegmeTHa BanigHicTb (KpUTepiit 6) BUABNAETLCA
y 38'A3Ky 3 dpi3nKolo (MexaHiKa, MiLHiCTb maTepianis), 6ionorieto Ta iHKeHepieto. 3aaadva Gopmye BioHIYHE MUCAEHHA — PO3YMIHHSA
TOro, AIK NPUPOAHI PilLEHHS MOXHA 3aCTOCOBYBATU Y TEXHILi. IHTENEKTyanbHa BanigHicTb** (KpuTepiit 2) BMMarae npocTopoBoi
YABM Ta KOMMAEKCHUX 0B6YnCNEHD.

3agaya 9 (Npo UMcTepHy 3 NanbHUM).

Ha aBTo3anpaBHilt cTaHUii BCTAHOBNEHO rOPU30OHTaNbHY Nig3eMHy LMCTEpHY Ans 36epiraHHA NanbHoOro. 3 mMipKyBaHb
6e3neKu il MaiiyKe NOBHICTIO 3aKONanu B 3eMJ1t0, 3a/IMLLMBLLM IMLLE BEPXHIO YaCcTUHY Hag, noBepxHeto. MoBepXHsA FPYHTY HAaBKOO
UMCTEPHU — rOpM30HTasbHA. EKosoriyHa iHCMeKuis npoBoAnTb nepeBipKy. 3a Hopmamu 6e3nekn He meHwe 85 % ob’emy
LUMCTEPHN NOBMHHO BYTKM Nig 3emeto (W06 3MeHLWNTU pU3NK BUBYXY, Neperpisy Ta BUTOKY NasibHOro). AKLWO BUABMTLCS, WO Mig,
3emneto meHwe 85 % 06’emy, BnacHuKy 3arpoxye wrpad sig 120 000 go 300 000 rpH, abo BiH NOBUHEH bByae nepemicTuTu
LMCTepHy, Wo KowTyBaTtume 450 000 rpH. Bigomo, wo uuctepHa mae Gopmy NpsAMOro Kpyrosoro uuaiHapa pagiycom 1,2 m i
[OBXMHOM 6 M. Hag nosepxHeto 3emni BucTynae 0,4 M Bif, HAMBULLLOT TOYKM UMNiIHAPA.

3a80aHHs.

1. O64nCNiTb 06’EM HACTUHU UUCTEPHM, WO 3HAXOAMUTLCA Nif 3emel0., Ta BU3HAYTE, AKWI Le BiACOTOK Big, NOBHOrO
ob’emy.

2. 3'acylTe, UM 3arpoXKyOTb BAACHUKY WTPadHi CaHKL,i.

KOMEHTAP LLLOAO KPUTEPIIB. 3apaua Mae BUCOKY peanicTUuHy BanigHicTb (KpuTepilt 8) — onucye peanbHy cuTyau;iio
3 KOHKPETHMMM HOPMaTMBaMM Ta EKOHOMIYHMMM Hacnigkamu. CouianbHa BanigHicTb (KpuTepit 3) BMABNAETbCA y Temi
eKkosioriyHoi 6e3nekn Ta BignosiganbHocTi bisHecy. 3agaya popmye PO3yMiHHA MPAKTUYHOrO 3aCTOCYBAaHHA MaTEMATUKK Y
KOHTPO/IIOIOYMX OpraHax Ta 3HaomuTb 3 Npodecieto iHcnekTopa. 3MicToBa BaiAHICTb (KpuTepii 4) 3abe3neyeHa YiTKO A4iN10BOKO
MOBOIO Ta 3pO3YMIIMMKN TEPMiIHAMW.

3agaua 10 (MogentoBaHHA aBTOMATU30BAHOI BepTUKaNbHOI depmu).

CTapTan 3 BUPOLLYBaHHA MiKpo3eneHi B ypbaHiCTUYHMX YMOBAxX PO3pob/Ae MOoAy/bHY CUCTEMY A/1A BEPTUKANIbHOIO
depmepcTBa. KoxkeH moaynb mae popmy 3pi3aHOro KoHyca 418 ONTUMANbHOTO PO3MNOAINY NOXUBHUX PEYOBUH Ta BOAM. TEXHIYHI
XapaKTepUCTUKM Moayns: 1) nnouwa ocHosu: 113 cm?; 2) BucoTa moayna: 20 cm; 3) foBxuHa no TipHiN: 20,5 cm. KomnaHis nnaHye
3anycTUTK NiINOTHY AiHito 3 10 moaynis. 3a AaHUMM arpOHOMIYHUX JOCNIAXKEHb, KOPEHEBa cucTema Mikpo3eneHi 3alimae 40%
06'eMy KOHTelHepa, pelTa — cybcTpaT (KOKOCOBE BOMIOKHO 3 BEPMIKY/ITOM).

3ae0aHHA.

1. PospaxyiiTe macy cybcTpaTty, HeobXiAHOro ANA 3anOBHEHHA BCiX MOAYAIB, AKWO rycTMHA cybcTpaTy CTaHOBUTb
1,5 r/cm3.

2. OuiHiTb cobiBapTicTb cybCTpaTy, AKLWO 1 Kr KOWTYE 45 rpH.

KOMEHTAP LOAO KPUTEPIIB. 3amaua mae BUCOKY coLlianbHy BanigHicTb (KpuTepilt 3) — nos'A3aHa 3 akTyanbHUMU
Temamu ypbaHisauii, npoaoBosbyOi 6e3neku Ta cTapTan-KyabTypu. PeanicTyHa BanigHictb (KpuTepili 8) 3abesneuyeHa
pPeanbHUMM TEXHIYHMMM MapameTpamMu iHHOBaLiMHMX arpoTexHoorik. 3aga4ya 3HaMOMMUTL YYHIB 3 cydacHMMK npodeciamu y
coepi arpoTexHonorivi Ta Gopmye NiANPUEMHULBKE MUCTIEHHSA.

3agaya 11 (K KNITMHM HALLIOrO TiNla MOKYTb AUXaTH).

YepBOHi KPOB'AHI TiNbLA (EPUTPOLLUTH) NEPEHOCATL KUCEHb NO BCbOMY OpraHi3my. LLikaBo, L0 BOHW NOMNMHAKOTL KUCEHb
Nivle yepes CBOK NOBepxHto. Tomy npupoaa "cnpoekTyBana" ix ocob6ameum ymHom. Pisionorn cTBepaKytoTh, WO 3arasbHa
MOBEPXHA BCiX EPUTPOLMTIB Y KPOBI AOPOCAOT NOAMHN cTaHOBMTL 3200 M? (Le malike nonosuHa dpytbosbHOro nonsa!l)

3a80aHHA.

1. NepesBipTe TBepAKeHHA disionoris.

2. MNOACHITb, YOMY EPUTPOLMTU MatoTb came TaKy dopmy. MopiBHANTE NAOLLY NOBEPXHi AUCKA 3 NAOLLEO KyAi TOro X
06'emy. flka popma ePpeKTMBHILLA ANA TPAHCMOPTYBAaHHA KUCHIO?

3. MNpwu aHeMIl KiNbKIiCTb epUTPOLMTIB MOKe 3HMKYyBaTHca A0 3 000 000 (Hal mm3). Ha CKiNbKM BiACOTKIB 3MeHLIYETbCA
3aranbHa NOBEepPXHA ANA NOIMIMHAHHA KUCHIO?

Meduko-6ionoziyHa d0eidka. Y 1 mm3 KpoBi NloanHN MicTUTbCA NpMBAn3HO 5 000 000 epUTPOLMTIB. 3araibHui 06'em
KPOBi I0ANHN = 5 /1. KoKeH epuTpounT mae dopmMy AMCKa (SK rpanbHa Wwallka) 3 giametpom 0,007 mm Ta Bucototo 0,002 mm.

KOMEHTAP LLLOAO KPUTEPIIB. 3apaua Mae BUCOKY MiXKNpeaMeTHY BaigHicTb (KpuTepiii 6) — iHTerpye maTemaTuky 3
6ionorieto Ta MeaMUMHOW. |HTeNEeKTyanbHa BaniAHICTb (KpUTepii 2) BUABNAETbCA Y HEOBOXIAHOCTI NpaLoBaTU 3 HaA3BUYANHO
MasMMKN BEIMYMHAMM Ta BEJIMKMMM YMCNAMW OLHOYACHO. 334a4a AEeMOHCTPYE ONTUMI3aUiMHUIA nigxia npupoau — Ak dopma
06'ekTa BM3Havae oro GpyHKUioHanbHicTb. MoTpebHicHa BanigHicTb (KpuTepilt 1) nos'A3aHa 3 iHTepecom NiANiTKIB 40 BlacHOro
opraHiamy Ta 340poB'A.

3agaua 12 (npo Apximega Ta 3010Ty KOPOHY).

Llapto TiepoHy Il Cipaky3abKomy toBenip BUroTOBMB 30/10TY KOpoHY Baroto 1000 r. Llap 3anigo3pus maicTpa B obmaHi —
L0 TOM AoAaB A0 3010Ta cpibno. BiH 3BepHyBCA A0 ApxiMena 3 NPOXaHHAM NepeBipuTH, M Cnpasai KOpoHa 3pobaeHa 3 YnucToro
30/10Ta, ane nNpu LbOMY He MOWKOAWUTU KOPOHY. ApXimes 3HAMWOB reHianbHe piweHHA! BiH 3aHYpWMB KOPOHY Yy MOCYAMHY,
MOBHICTIO HaNOBHEHY BOAOIO, | BUMIPAB 06'eM BUTICHEHOT BOAM — BMIWNO 52 cm3. TOTIM BiH NPOBIB TOM CaMUil EKCNEPUMEHT 3i
3/IMBKOM 4YUCTOTO 30/10Ta Macoto 1000 r i otpumas 51,8 cm® BuTicHeHOi BOAM.

3ae0aHHA.

1. OBUMCAiTb rYCTMHY MaTepiany KOPOHU Ta NOPIBHANTE Ti 3 FyCTUHOW umncToro 3on0T1a (19,3 r/cm3).

2. Bu3HauTe, uM 06MaHyB toBenip uaps.

3. AKLWO B KOPOHI € AomilwKa cpibna (ryctmHa 10,5 r/cm®), obuncnite npubAN3HO, CKiNIbKK rpamiB 3010Ta Ta cpibna y
KOPOHi.

4. MosAcHITb, YoMy meToa Apximeaa byB reHiabHUM 4NsA CBOrO Yacy.
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IcmopuyHa dosidka. 3a nereHpoto, Apximep, (287—-212 fo H.e.) BigKpPWB CBill 3aKOH NPO BULLTOBXYBA/IbHY CUAY Mig, Yac
KyMNaHHA y BaHHI. YCBIZOMMBLUM NPUHLMM BUMIPY 06'eMy Yepes BUTICHEHHA BOAM, BiH BUCKOYMB Ha BYINLLIO 3 KpuKom "EBpukal”
("3Haiiwos!"). Apximes 6yB OAHMM 3 HaWBUAATHIWMX MaTeMaTWUKIB i MeXaHiKiB aHTMYHOCT. Moro npaulj 3aknanu OCHOBM
riApocTaTMKM, a BUHAxXo4M (rBUHT Apximena, CUCTEMM BaKesniB, MeTasibHi MallMHK) BUKOPUCTOBYBANUCL cToniTTAMMU. Mig vac
o6noru Cipaky3 pumaaHamu Apximen CKOHCTPYIOBaB KaTanyibTW Ta CUCTEMY A3epKan A/1A CNaseHHA BOPOXUX Kopabnis. BiH
3arMHyB y 212 poui 40 H.e., KO PUMCbKUI congaT ybus Moro, HesBaxkaroumn Ha Hakas noskosoaua Mapuenna 36epertu Kutra
BYEHOMY.

KOMEHTAP LLOA0 KPUTEPIIB. 3agaua Mae KynbTypHY BanigHICTb (KpUTepiii 9) — po3nosigae npo icTopito maTemMaTUku
Ta ii TBOPLIiB, MOKAa3ye MaTemaTWMKy fK 4YaCTMHY 3ara/ibHOMOACLKOI KynbTypu. MixnpeameTHa BanigHicTb (Kputepii 6)
BUABNAETLCA Y 3B'A3KY 3 $i3nKOI0 (3aKoH Apximeaa, rycTMHa), Ximieto (BNacTMBOCTI meTanis).

3agaua 13 (npo ekonoriyHy ynakoBKy Ta €KOHOMIlO maTepianis).

Balua poanHa BUpilLMAa BIAKPUTU HEBEIMKE BUPOBHMLTBO AOMALWHbOrO Meay. s npoaaxy meay notpibHo obpatu
onTMMasbHy GOPMY CKAAHOI 6aHKM micTKicTio 500 ma (500 cm3®). BUpOBHMKM NPOMNOHYIOTL TPU BapiaHTU 6AHOK UMAIHAPUYHOI
dopmM 3 ogHaKoBMM 06'eMom, ane pisHMMM Nponopuiamu. BapiaHT A: BUCOKa i By3bKa (BMcoTa 15 cm, pagiyc ocHoswM 3,26 cm).
BapiaHT b: cepeaHsa (Bucota 10 cm, pagiyc ocHosu 3,99 cm). BapiaHT B: HM3bKaA i WUMPOKA (BMCOTA 6 cm, padiyc ocHosM 5,15 cm).
BapTicTb BUroTOBAEHHS BaHKM 3a/1eXKUTb Big, NIOLWi cKia, HeobxigHoro ans i BupobHuuTBa. LiiHa 1cm? ckna ctaHosuTb 0,08 rpH.
Bu nnaHyete npogasati 1000 6aHOK meay Ha piK.

3a60aHHA.

1. O64mCNiTb NAOLLY NOBEPXHi KOXKHOrO BapiaHTa 6aHKM.

2. BU3HauTe, AKMI BapiaHT HAMEKOHOMIYHILLMI 3 TOYKKU 30pYy BUTPAT MaTepiany.

3. Po3paxyiTe, CKiZIbKM rpoluei MOXKHa 3eKOHOMUTU 3a PiK, 06paBWKN HAMONTUMAbHIWY GOopMy 3amicTb HaliMeHL
BUTIAHOI.

4. MoACHITb, YoMy nNpW oAHaKOBOMY O6'emi pi3Hi nponopuii uuaiHAPa MalTb Pi3HY naowy noBepxHi. fke
CniBBiAHOLEHHA BUCOTM A0 AiaMeTpa Aa€ MiHIManbHY NaOLLy NOBEPXHI?

5. Jocnipite: un € baHKa y dopmi Kyba 3 TakKum camum 06'emom Bifibll €KOHOMIYHOI 33 LMAIHAPUYHY? O6umchiTb
naouly nosepxHi Kyba 06'emom 500 cm® Ta NopiBHANTE 3 LMAIHAPaAMU.

MpakmuyHa iHghopmayis. Y npoMMCcA0BOCTI 3a4a4i MiHiMi3auii BUTpAT maTepiany npu 3agaHomy 06'emi € HaA3BUYANHO
BaXNMBUMW. Hanpuknag, BUPOBHUKM HanoiB NOCTIMHO ONTUMI3YOTb GOPMY NAALWOK Ta GaHOK — EKOHOMIA HaBiTb 1% maTepiany
Ha MinblMOHaxX OAMHWLbL MNPOAYKLii Aa€E BenuyesHuii edekt. Lle He nuwe 3meHwye cobiBapTiCTb, @ 1 3HUNKYE eKosoriyHe
HaBaHTAXKeHHA — MeHLUe CKNa Y1 NAACTUKY NOTPIBHO BUPOOUTM Ta yTUAI3yBaTH.

EKonoziyHa 008i0Ka. BupobHunuTteo 1 Kr ckna Bumarae 1,8 kr nicky, 0,27 kr coam Ta 0,36 Kr BanHsKa, a TAKOX BEUNKOI
KinbKOCTi eHeprii (TemnepaTypa nnaBneHHa ckna — 1400-1600°C). Ontumisauis Gopmu ynaKoBKWM [LOMNOMArae 3MeHLUTH
CMOXMBAHHA pecypciB Ta BUKUAM CO,. Came TOMy maTeMaTMKM MPaLoloTb PasomM 3 AU3alHEepaMm YNakoBKWU B YCiX BENUKUX
KOMMaHifAX.

KOMEHTAP LLLOAO KPUTEPIIB. 3agaua mMae BUCOKY coljianbHy BanigHicTb (KpuTepilt 3) — nos'A3aHa 3 aKTyasbHOIO
TEMOI NIANPUEMHMLTBA Ta CiMEMHOro 6i3Hecy, WO € BaXK/JMBUM Yy Cy4YaCHMX YKPAIHCbKMX peaniax. PeanicTMyHa BanigHicTb
(KpuTepilt 8) 3abesneyeHa peasbHUMU EKOHOMIYHMMM MOKA3HWKAMM Ta TEXHIYHMMU NapameTpamu BMpobHMUTBA. 3afava
dOpMyE EKOHOMIYHE MUCNEHHA Ta AEMOHCTPYE NPAKTUYHE 3aCTOCYBaHHA ONTMMI3aLiiHMX 3a4a4. EKonoriyHa cKknagoBa NoKasye
BignoBiganbHe CTaBNAeHHA 0 pecypcis. MixnpegmeTHa BanigHICTb (KpuTepilt 6) BUABNAETLCA Y 3B'A3KY 3 EKOHOMIKOIO, EKONOTIELD,
Ximieto (BMPOBHULTBO CKAa) Ta NiANPUEMHMUTBOM. KOHCTPYKTMBHA BanigHicTb (Kputepint 10) peanisyeTbca Yepes niaseaeHHA
YYHIB [0 PO3YMiHHA 3a4a4 MaTeMaTUYHOI ONTUMI3aLi, Wo 6yayTb BUBYATMCA Y CTApLUMX KNacax (NoxigHa, EKCTpemMymmn OyHKLiN).

3ayBaXkMmo, WO cTBOpeHa AobipKa NpuKNagHUX 3agay 3 Temu «O6'eMM Ta NAOWi NOBEPXOHb rEOMETPUYHUX Tin»
OEMOHCTPYE Niaxia [0 HaBYaHHA MATEMATUKM Yepes XKUTTEBY aKTyasisaljlo 3micTy. BoHa opraHiyHO MOEAHYE YKpaiHCbKMUIA
KOHTEKCT 3 r106anbHUMM BUKAMKAMM Cy4acHOCTi: Bif, peanii BOEHHOro 4acy (3agaya nNpo cxoBuuie) A0 iHHOBaUiMHMX
arpoTexHosOoriA (BepTMKanbHi depmu), Big TPaAWUUIMHUX 3HAHb MPO NiKapCcbKi pocanHM Kapnat Ao 6ioHIYHWMX npuHUMNIB
iHXXeHepii. Taka KOHTEKCTyani3aLia pobUTb MaTEMATUKY He abCTPAKTHO HAYKO, @ MPAKTUYHUM IHCTPYMEHTOM PO3YMIHHA CBITY
Ta BUpILIEHHA peanbHUX npobnem. LliHHMM € 36anaHcoBaHe NpeaACTaBNeHHA Pi3HUX PiBHIB CKAagHOCTI — Big, 6a3oBux 3apay
(po3paxyHoK naowi Ta 06'eMy) 0 KOMMNEKCHUX MidKNpPegMeTHUX 3aBAaHb, WO BMMAratoTb iHTerpalii 3HaHb 3 MaTeMaTUKK,
di3unkm, Gionorii, ximii Ta ekoHomiku. Lle 3abesneuye MoxAMBICTb AubepeHUialii HaBYaHHA Ta GOPMYBAHHA K/HOYOBUX
KOMMETEHTHOCTeN Ha pPi3HMX PiBHAX 3aCBOEHHA MaTepiany. CTBOpeHa cucTema 3afay MA€E BWUXOBHMI noTeHuian: popmye
EKO/OriYHY CBIZOMICTb (36epeXkeHHsA NiKapCbKUX POCAWH), NIANPUEMHULbKE MUCNEHHA (6i3Hec-NAaHW BUPOBHULUTBA), NaTPioTU3M
yepes 3BepPHEHHA A0 YKPATHCbKMX peaniii, a TaKoXK AEMOHCTPYE MAaTEMATUKY K HEeBif'EMHY YacTUHY CBITOBOI KyNbTypu Yepes
iCTOpMYHI eKcKypcu. Lle uinkom BiANOBigAE Cy4aCHMM BMMOramM KOMMETEHTHICHO OpPIiEHTOBAHOI OCBITU, Ae NpeaMeTHi 3HaHHA €
3acobom dopmyBaHHA LinicHOi 0cobmcToCTi yuHA. CAif, TAKOXK 3a3HAYNUTY, LLLO 3aNPOMOHOBAHA BULLLE CUCTEMA NPUKNAAHMX 33ad
YK/aAeHa Ha OCHOBI MaTepianiB Halworo nonepeaHbOro 36ipHuKa Lseub B., Mpyc A. (2007). Mpu ubomy 3aaadi 6ynu oHoBAEHi,
MOAEPHI30BaHi Ta AONOBHEHI aKTyaIbHOO iHGOPMALLIEID 3 ypaxyBaHHAM CyHaCHUX TEHAEHLUM i NoTpeb NpaKTUKM.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

Ha Hawy AymKy, BNpOBaAKeHHA 3anpomnoHOBAHOI CUCTEMWM KPUTEpiiB Ta CUCTEMWM BaroBuUx KoedilieHTIB L03BONAE
06'eKTUBI3yBaTU Npouec Biabopy Ta OUiHIOBaHHA 33ajay, WO 0cobAMBO BaXK/AMBO NPWU CTBOPEHHI HABYaNbHO-METOAUYHMUX
KOMM/IEKCIB, MiAPYYHUKIB Ta AMAAKTUYHUX MaTepianiB. MHy4YKicTb cucTemmn (MOXKAMBICTb aganTauii 3anexHo Big npoodinto
HaBYaHHA) PObUTH il yHiBEPCaNbHUM IHCTPYMEHTOM ANA Pi3HUX OCBITHIX KOHTEKCTIB — BiZ 6a30B0i OCHOBHOI LWKOAN A0 NpodinbHOT
CTapLWOi WKOAN Ta NO3aLWKiNbHOT poboTH 3 0643ap0OBaHMMM YUHAMM. CUCTEMA BaroBux KoedilieHTIB HaZa€E MOXK/IMBICTb He /inLe

44



®diznko-matematnuHa ocsita / Physical and Mathematical Education Tom 41, Ne 1 / Vol. 41, No 1 (2026)

AKICHO, @ M KiNbKICHO OUiHMTM BIANOBIAHICTL 3a4ayi BCTAHOBAEHWM KpUTEpiaM, WO pobuTb npouec Biabopy 3agay 6inbw
06'eEKTUBHUM Ta 0BFpyHTOBaHUM.

PekomeHpalii WOAO BMKOPWUCTAHHA CUCTEMM LS BYMTENB: BUKOPUCTOBYMTE CUCTEMY BaroBuXx KoediujieHTiB npwu
BigbOpi 33434 A4/1A YPOKIB; 3any4aliTe yYHIB [0 EKCNEPTHOTO OLHIOBAHHSA — Le GOPMYE KPUTUUYHE MUC/IEHHS; CTBOPIOWNTE BAACHI
3ajaui Ta nepesipaANTe iX AKICTb 3a cMCTEMOIO KpuTepiis. PekomeHaaL,iil WoA0 BUKOPUCTAHHA CUCTEMMU A1 METOAMUCTIB Ta aBToOpiB
NiAPYYHUKIB: CUCTEMA MOXKe CTaTU OCHOBOIO A1A EKCNEePTHOI OLHKM AKOCTI HABYaNbHUX MaTepiaiB; PEKOMEHAYETbCA CTBOPUTU
6aHK 33434 3 OUiHKAMM 33 BCIMA KPUTEPIAMM; MOXKHA PO3PO6UTU LUDPOBUIA iHCTPYMEHT (KanbKynaTop) Ansa aBTOMATUYHOIO
niapaxyHky 6anis. PeKomeHAaUii LWOAO BUKOPUCTAHHA CUCTEMU ANA AOCNIOHUKIB: cMcTema noTpebye emnipuMyHOi Banigauii Ha
BE/IMKIN BUDIpLi 3a4ay4; AOLiINbHO NPOBECTU EKCNEpPTHE ONUTYBAHHA A/ YTOYHEHHA BaroBMx KoeodilieHTIB; LiKaBo 40CNiaNTM
KOPEenALito MiXK OLLIHKOIO 3aZa4i Ta HaBYa/IbHUMM pe3y/ibTaTaMU Y4HIB.

3i 3MiCTy cucTemm 33434 BUAHO, LLO IX BUKOPUCTAHHA NOTPebyeE Bif BUNTENS 3HAHb | BMiHb HE Ti/IbKM MaTEMATUYHUX i3
BignNoBigHOI TeMu, a 11 3 6araTbOX CYMiKHUX rasy3el 3HaHb, 404aTKOBOI MiArOTOBKU LWOAO PO3B’A3yBaHHA. 3p0O3yMmino, WO Taki
33/a4i A0LiZIbHO PO3B’sA3yBaTH 3 YYHAMM Ha 3aBEPLUEHHI BUBYEHHSA BEIMKOI TEMM | HE OAHY, a KifbKa. B winomy, Big Temu fo Temu,
BOHW BBOAATb YYHIB Yy CBIT LiKaBMX, aKTyaNbHUX peasibHMUX MPOLECIB i ABULL, TMM CaMUM, pobaaTb iX 0BiSHAHUMM i 34aTHUMK
pearyBaTtu Ha pi3Hi Npobemun peanbHOro KUTTA, Ni3HABATU HABKONIMLLHINM CBIiT KPi3b «MaTeMaTUYHI OKYNApU».

KOH®NIKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTb GiHAHCOBMX, OCOBUCTUX UM (HLWMX iHTEPECiB, WO MOXYTb PO3rNAfATUCA AK
NOTEHLiHMIA KOHOANIKT iHTepeciB Woao nybnikauii uiei ctaTTi.

®IHAHCYBAHHA

Po6oTa BMKOHaHa 3a BiACYTHOCTI GiHaHCOBOI NiATPUMKM 3 6OKY ByAb-AKMX OpraHisauii.

AOOCTYNHICTb AAHUX

Lle gocnigxeHHs He nepenbayano BUKOPUCTAHHSA OKPeMUX Habopis AaHMX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTM LUTYYHOTO iHTE/IEKTY HE BUKOPUCTOBYBA/IUCb NPU HAMMCAHHI L€l poboTw.
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ABSTRACT

AHOTALIA
®PopmyniosaHHaA npobaemu. Pechopma «Hosa yKpaiHCbKa WKoaa»
(HYLL) cnpamosaHa Ha HOPMYyBAHHA 8 Y4Hi8  K/AYO0BUX

KomnemeHmHocmed, AKi crnpuamumyme ix no0anbuomy Ha84YAHHHO
y euwili wkoni ma camopeanizayii 8 malibymuili npogpeciliHili
dianbHocmi. 32i0HO 3 yiero pegopmoro 3a npoyec HABYAHHA 8
YKPAiHCbKUX — WKO/AX 0p2aHi308aHO HACMYMHUM  YUHOM: 30
3ameepdxeHuUMuU [epxasHumu cmaHoapmamu ocsimu i 6a3oeum
HABYAMABHUM NAAHOM, po3pobeHO MOOesbHi HaBYAsbHI Npozpamu 3
ycix oceimHix 2anyseli, 30kpema, 3 MaOMeMAaMUKU, a 8xe 3a Yumu
MOOEbHUM  NPO2PamMamu  CMBOPIOMbLCA  MiOPYYHUKU ma  iHwi
3acobu Has4yaHHA. Memoro cmammi € 8ucsimaeHHA MemoOUYHUX
ocobnusocmeli sus4eHHA KoopOuHam i eekmopie y 8 knaci Hoeol
YKPQiHCbKOI  WKoAU 3a MiOPYYHUKOM (a8MOPCbKO20 KOseKmusy
OnekcaHOp LUkonbHull, €szeH HeniH, AHOpili MunaHuk, Hnia
lMpocmakosa, cmeopeHo20 3a MOOEIbHOK HABYAILHOI MPO2PAMOID
a8mMopcbLKo20 Konekmusy Ha 4oni 3 Mapieto BacunuwuH. 3a yieto
npozpamoro i nidpy4HUKOM 8eKmopu i KoopouHamu eusyaromecsa
came y 8 knaci. Lle Oacmb moxaugicme eusdamu  memy
«eomempuy4Hi nepemeopeHHA NAOWUHU» HA MoYamky 9 kaacy, a
8UBYEHHSA Yiel memu 8 nodasbuwiomy cripusmume binbw KopeKkmHomy
suknady mamepiany, wWo cmocyemosca nobyoosu 2pagika
K8aopamu4Hoi pyHKUil Memodom 2eomMempuyHUX repemeopeHs.
Kpim mozo, koopduHamu i sekmopu nompibHi y 8 kaaci, 30kpema,
syumenam pisuku 0na po3e’A3ysaHHA bazameox 3a0ay uiei
0C8IMHbOI 2011y 3i.

Memodu ma mamepianu. bysno sukopucmaHo meopemu4Hull
aHani3  MemoOuy4HOi  simepamypu,  ropieHAAbHUU  aHAnNI3,
cucmemamusayito ma y3a20aabHeHHA HAABHUX Meopemu4Hux
00CnidHeHb 3 memamuKku cmammi, a MAaKkox neoazoziyHe
criocmepexeHHA ma  y302071b6HEHHA 8/10CHO20 Neda202i4H020
doceidy w000 Hag4yaHHA mamemamuku y 8 kaaci HYLLI.

Pe3yabmamu. Y pobomi mu 0emasbHO ONUCYEMO MemoOuKy
8UBYEHHA KOOpOUHam i sekmopis, fAKe nepedbayae 8uB4YEHHA
HacmynHux nidpo30dinig: «Cucmema KOOPOUHAM HA MAOWUHI.
KoopduHamu cepeduHu 8idpi3Ka. BiocmaHb Mix 080Ma MOYKAMU 3
0aHUMU KoOpOUHamamu. Pi8HAHHA Kona.», «Bekmop. Modynb
sekmopa. KoniHeapHi ma pieHi eekmopu. ii Ha0 sekmopamu.»,
«KoopouHamu eexkmopa. [ii Ha0 eekmopamu 8 KOOpOUHAMHI
opmi.», «PigHAHHA npAmoi. B3aemHe posmawysaHHA Konaa i
npamoi ma 080x Kin.», «CkanapHuli 0obymok eekmopie ma (io2o
30CMOCYB8AHHA.» 30KPeMa, 8aM(UBUM O/ 8UBYEHHSA KOOPOUHAM
8ekmopa € 88e0eHHsA noHAMmsA b6asucy, akuli sidnosioae 3adaHiti
cucmemi KoopOuHam Ha nAoWuUHI. Lle dae moxausicme docume
npocmo i mpaduyiliHo a8 Kypcy MamemamuKu 88ecmu noHAMMmMA
KoopOuHam eeKkmopa AK KoegiyieHmig (io2o po3knady yepes
seKkmopu 6asucy.

BucHoeKku. Anpobayia nidpyyHUKa 32000HO020 QBMOPCLKO20
Konekmusy npomsazom 2024-2025 Hag4asnbHO20 POKY 8 HABYANbHUX
30KNa0ax YKpaiHuU noKasye, Wo Y4YHi YiAKOM M03UmueHo
cnpulimarome micye i crnocib sus4yeHHs KOopOUHam | 8eKmopie Ha

Formulation of the problem. The New Ukrainian School (NUS)
reform is aimed at developing key competencies in students that
will facilitate their further education in higher education and self-
realization in future professional activities. According to this
reform, the learning process in Ukrainian schools is organized as
follows: according to the approved State Education Standards and
the basic educational plan, model educational programs have
been developed in all educational fields, in particular, in
mathematics, and textbooks and other teaching aids are created
based on these model programs. The goal of the article is to
highlight the methodological features of studying coordinates and
vectors in the 8th grade of the New Ukrainian School according to
the textbook of the author team, Oleksandr Shkolnyi, Yevhen Nelin,
Andrii Mylianyk, and Yulia Prostakova, created according to the
model program of the author team led by Maria Vasylyshyn.
According to this program and textbook, vectors and coordinates
are studied in the 8th grade. This will make it possible to study the
topic “Geometric transformations of the plane” at the beginning
of the 9th grade, and future study of this topic will contribute to a
more accurate presentation of the material on constructing a
graph of a quadratic function using geometric transformations. In
addition, coordinates and vectors are needed in the 8th grade,
particularly for physics teachers to solve many problems in this

field.
Materials and methods. Theoretical analysis of methodological
literature,  comparative  analysis,  systematization, and

generalization of existing theoretical research on the topic of the
article were used, as well as pedagogical observation and
generalization of one's own pedagogical experience in teaching
mathematics in the 8th grade of the New Ukrainian School.

Results. In the work, we describe in detail the methodology
for studying coordinates and vectors, which involves studying
the following subsections: “Coordinate system on the plane.
Coordinates of the midpoint of a segment. Distance between two
points with given coordinates. Equation of a circle”, “Vector.
Absolute value of a vector. Collinear and equal vectors.
Operations on vectors”, “Vector coordinates. Operation on
vectors in coordinate form”, “Equation of a line. Mutual location
of a circle and a line and two circles”, “Dot product of vectors
and its application.” In particular, it is important for studying
vector coordinates to introduce the concept of a basis, which
corresponds to a given coordinate system on the plane. This
makes it possible to introduce the concept of vector coordinates
as coefficients in an expansion using basis vectors in a fairly
simple, traditional way for a mathematics course.

Conclusions. Testing of the textbook of the aforementioned
author team during the 2024-2025 academic year in Ukrainian
schools shows that students quite positively perceive the place
and method of studying coordinates and vectors on the plane
and properly use them in their educational activities. However,

© The Author(s) 2026
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MAOWUHI Ma HAMEHHUM YUHOM iX euKopucmosyome y ceoili
HasYanbHil dianbHocmi. OOHAK, NPONoHO8aHUl cnoci6 onaHy8aHHsA
daHozo mamepiany yyHamu 8 knacy HYLL nompebye nodanswux
docnidreHsb. [pome Mu nepekoHaHi & OdouinbHocmi ma
nepcnekmueHocmi - onucaHo2o nioxody i 6ydemo U Hadani
Kopucmysamucsa HUM ons hopMyeaHHA KA0408UX

KomnemeHmHocmeli yyHis.

the proposed method for students in 8th grade at NUS to master
this material requires further research. However, we are
convinced of the feasibility and prospects of the described
approach and will continue to use it to develop students' key
competencies.

K/IFO4YOBI C/IOBA: Hosa yKpaiHCbKa WKOAA; KomnemeHmMHicHul
nioxid 0o HaB4aHHA; iHMe2posaHuli Kypc Mamemamuku; 8eKmopu
i KoopouHamu, memoOdu4Hi ocobausocmi; iHHosauiliHi memodu
HOBYAHHA.
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methods.
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INTRODUCTION

Problem statement. Analysis of current research. Currently, the education reform “New Ukrainian School” (NUS) is
underway in Ukraine. It arose as a result of the discrepancy between the demands of Ukrainian society regarding the Ukrainian
education system and the results of its functioning, which were finally formed by the mid-2010s. This discrepancy was manifested
in the results of the state final attestation (SFA) of graduates of grades 9 and 11, the external independent assessment of the
quality of knowledge (EIA) of applicants to higher education institutions (HEI), as well as in the results of international comparative
studies PISA (see, for example, NUS 2024, Bakhrushyn 2019; Mazorchuk et al. 2019, Vakulenko et al. 2021, UCEQA, 2021 and
others).

As we have already noted in the article (Shkolnyi 2024), the main idea of the NUS reform is the orientation of students,
first of all, to successful integration into society after graduation, professional fulfillment and personal satisfaction from their own
activities in the adult world. Therefore, it is natural that the theoretical basis of the NUS reform is a competency-based approach,
which orients the entire process of education at school not on the formal acquisition of knowledge, skills and abilities by students
in a particular subject area, but on the formation of appropriate personality characteristics in them that will allow them to ensure
successful self-realization in the future. In order to implement this concept, State Education Standards were created (CMU 2018,
CMU 2020, CMU 2024, MES of Ukraine 2024), as well as model educational program for each of the 9 educational branches
defined in the NUS concept. For example, for the mathematical educational field, more than ten model educational programs by
different authors have been approved for primary and basic secondary schools only (MES of Ukraine 2024).

Within the framework of their academic freedom, teachers, based on model programs, must develop and implement
appropriate their own educational program, create calendar-thematic planning and other didactic materials for carrying out
educational activities. However, it is clear that textbooks remain the main means of teaching. Currently, there are more than 10
mathematics textbooks for primary school and for basic secondary school (IMCE 2024). The team of authors led by Maria
Vasylyshyn (Mariia Vasylyshyn, Andrii Mylianyk, Mykola Pratsiovytyi, Yulia Prostakova and Oleksandr Shkolnyi) proposed a model
mathematics program for grades 5-6 and 7-9 (Vasylyshyn et al. 2021, Vasylyshyn et al. 2023), which is distinguished by innovative
approaches to the formation of the content of educational material and methods of its study. This program is focused on
European and world educational trends of recent decades. In particular, it strengthens the probabilistic-statistical line, suggests
studying spatial geometric shapes in grades 7-9 in parallel with flat ones, examines the basics of financial literacy, etc. You can
learn more about the features of this program by reading the article (Shkolnyi 2023).

One of the important features of the program (Vasylyshyn et al. 2023) is the transfer of the study of vectors and
coordinates from grade 9 to grade 8, and the corresponding material concerning the areas of geometric figures — on the contrary,
from grade 8 to grade 9. The authors saw a need for this for several reasons. First, the vector-coordinate method is significantly
used not only for solving mathematical problems, but also for problems in many natural sciences, in particular, in physics. The
need for appropriate educational material in grade 8 has been repeatedly expressed by physics teachers. Secondly, the study of
vectors and coordinates in grade 8 makes it possible to begin studying the 9th grade mathematics course with geometric
transformations of the plane, which, in turn, will make it possible to more correctly explain the construction of the graph of the
quadratic function y = ax? + bx + ¢ by geometric transformations of the graph of the function y = x2 already known to
students. Indeed, for a mathematically correct explanation of constructing a graph of a quadratic function, students must already
be familiar with the analytical task of parallel translation to a given vector, symmetry with respect to the abscissa axis, and
deformation to the abscissa axis, which are impossible without prior experience working with vectors and coordinates on the
plane. In the textbook of the integrated mathematics course for grade 8 (Shkolnyi et al. 2025) by the author team consisting of
Oleksandr Shkolnyi, Yevhen Nelin, Andrii Mylianyk, and Yulia Prostakova, created according to the model program (Vasylyshyn et
al. 2023), the section “Coordinates and Vectors on the Plane” is studied, which ensures the implementation of the above
ideological scheme.

We should also note that there are many foreign publications on this topic (see, for example, Demetriadou & Gagatsis
2001, Gueudet-Chartier 2004, Jensen et. al. 2017, Wutchana et. al. 2015 and others), but they are of little application to Ukrainian
realities, since they do not take into account the peculiarities of the educational process in our country, especially during the
implementation of the NUS reform. In addition, currently Ukrainian teenagers, due to martial law, are in special conditions and
require a different approach to learning from the traditional ones (more details about teaching mathematics under martial law
in Ukraine are described in the article Matiash & Shkolnyi 2025).
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The purpose of this article is to highlight the features of studying coordinates and vectors in the 8th grade mathematics
course of the New Ukrainian School. We will focus on what teachers should pay attention to when seeking to consciously develop
in students of the New Ukrainian School knowledge, skills and abilities (competences) related to their mastery of the relevant
educational material.

METHODS OF THE RESEARCH

To achieve the goal of the study, we use a theoretical analysis of methodological literature related to the chosen topic.
Also, as an empirical method, we use surveys of teachers and students, as well as observation of the educational process in
secondary schools during the testing of teaching materials in mathematics for grade 8 of the New Ukrainian School. In this article,
we also operate with various methods of scientific knowledge: comparative analysis to clarify different points of view on the
problem; systematization and generalization to formulate conclusions and recommendations on the formation of the
competences connected to study coordinates and vectors for students of grades 7-9; we also summarize our own pedagogical
experience and observations of the authors on the process of teaching mathematics in Ukrainian schools.

RESULTS OF RESEARCH

According to the educational program (Vasylyshyn et al. 2023), the study of coordinates and vectors is provided at the
end of grade 8. The corresponding section of the textbook is called "Coordinates and Vectors on the Plane" and consists of the
following paragraphs:

¢ Coordinate system on the plane. Coordinates of the midpoint of a segment. Distance between two points with given
coordinates. Equation of a circle.

¢ Vector. Vector absolute value. Collinear and equal vectors. Operations on vectors.

* Vector coordinates. Operations on vectors in coordinate form.

¢ Equation of a line. Mutual position of a circle and a line and two circles.

e Scalar product of vectors and its application.

The last paragraph is studied optionally, since the relevant material is not provided for in the mentioned program, but it is
traditional for other programs and textbooks for grades 7-9, both for the National Secondary School and previous years.

The paragraph “Coordinate system on the plane. Coordinates of the midpoint of a segment. Distance between two
points with given coordinates. Equation of a circle.” contains information about the Rectangular Cartesian Coordinate System
(RCCS) on the plane and its simplest problems. In the 7th grade, students have already become familiar with the RCCS, in
particular, they are already able to solve the following simplest problems:

¢ determining the coordinates of a given point;

e constructing a point with given coordinates.

e Further, this paragraph studies two more simplest RCCS problems:

¢ finding the distance between points with known coordinates (length of the segment);

e finding the coordinates of the midpoint of the segment from the known coordinates of its ends.

The motivation for studying these problems is a practical problem about the arrangement of children in a cinema hall
(the dialogue between Petryk and Tetianka at the beginning of the paragraph). It is known that historically it was the idea of
seating people in a theatre that led Rene Descartes to invent this coordinate system. For a convenient justification of the formula
for the distance between two points in the PDSK and the formula for the coordinates of the midpoint of a segment in the RCCS,
two auxiliary lemmas are proved.

Lemma 1 (on the distance between points on a coordinate line). If two different points A(a) and B(b) are given on
some coordinate line, then AB = |b — a.

Lemma 2 (on the coordinates of the midpoint of a segment on a coordinate line). If two different points A(a) and B(b)

are given on some coordinate line and point C(c) is the midpoint of the segment AB, then ¢ = asz.

Next, using these two lemmas, the following theorem is proved.
Theorem (on the simplest problems of RCCS). Let in a RCCS the points K(x4;y,) and M(x,; y,) are given. Let also the

point L(x,; ¥o) is the midpoint of the segment KM. Then 1) KM = \/(x; — x1)2 + (v2 — ¥1)% 2) X = xl;rxz; 0 = %

In proving this theorem, in addition to the mentioned lemmas, the Pythagorean theorem (to prove formula 1) and the
Thales theorem (to prove formula 2) are used, which were recently studied in grade 8. This additionally emphasizes the
naturalness of studying this topic in grade 8, and not in grade 9. The application of the simplest RCCS problems is demonstrated
immediately after proving the theorem — the educational video suggests using them to solve problems.

Another application of the simplest problem about the formula for the distance between points in the RCCS is to derive
the equation of a circle. Students have already studied the equation of a line in grade 7. Therefore, after updating the concept of
the graph of an equation with two variables, we can explain what it means to compose the equation of a line on a plane:
composing the equation of a certain line on a plane (the GPT of the plane) means to relate the known parameters of this line to
the coordinates of its arbitrary point. For instance, the equation 2x — 7y + 3 = 0 define in a RCCS a line, where M (x;y) is an
arbitrary point of this line and numbers 2, —7 and 3 are their known parameters that allow to draw this line in the RCCS.

It is advisable to remind students that from the 7th grade textbook they know that to name a certain set of points of
the set of the GMT plane, which is given by some characteristic property, it is necessary to prove the following two statements:

¢ each point of the given set has this characteristic property;

¢ all points that have this characteristic property belong to the given set.

Therefore, to assert that an equation with two variables x and y is an equation of a certain line on the coordinate plane
x0y (GPT of plane), it is necessary to make sure:
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¢ if the point belongs to the given line, then its coordinates are a solution of the considered equation;

e any solution (x; y) of the considered equation are the coordinates of a point that belongs to the given line.

Next, the canonical equation of a circle centered at the point M(xy; ¥o) and radius R is derived. It has the following
form (x — x¢)% + (¥ — ¥9)? = R%. When considering the relevant justification, students should be aware that the textbook

shows: if the point M (x; y) is an arbitrary point on a given circle, then \/(x —x0)% + (¥ — ¥0)? = R (*). But if the coordinates of
the point M (x; y) satisfy this equation, then we can conclude that MyM = R, and this means that (x; y) are the coordinates of
the point M, which belongs to the circle. So, equation (*) is indeed the equation of a circle, which is further transformed (by
equivalent transformations) into the canonical equation (x —xy)? + (y — ¥9)? = R?. After that, the textbook examines
examples of constructing the canonical equation of a circle and determining the coordinates of the center and radius of a circle
given its canonical equation.

A separate interesting problem is to determine the coordinates of the center and radius of a circle given by an equation
of the form x? + y? + ax + by + ¢ = 0. It is worth emphasizing that such an equation can either define a circle or not, giving
appropriate examples. We suggest considering the analytical conditions under which an equation of this type will define a circle
in the classes of the mathematics club for inquisitive students. For such students, the material from section “Grandpa Taras’s
curiosities” for this paragraph, which concerns polar coordinate systems on the plane and in space and their use in geography
and astronomy, will also be useful.

In the paragraph “Vector. Vector modulus. Collinear and equal vectors. Actions on vectors.” the concept of a vector,
vector modulus, and also actions on vectors (addition, subtraction, and multiplication by a number) are considered. After the
motivational block, where Petryk and Tetianka discuss the use of directed segments (arrows) to indicate movement, the
traditional definition of a vector is given: “A segment, which indicates which of the points is the initial and which is the final, is
called a directed segment or vector.” Next, the definitions of the vector modulus, collinear vectors (in particular, co-directed and
multi-directed) and equal vectors are introduced. After this, the property of vector offset is formulated and proved: “Whatever
the vector d is, it can always be offset in a unique way from any point in the plane.”

Further in the paragraph the definitions of the sum of vectors according to the triangle rule and the parallelogram rule
are introduced. Both of these rules are equal, the justification for this is also given in the textbook. The rule for adding two vectors
is further generalized to the case of adding several vectors, in particular, to the case when vectors, postponed “one by one” form
a closed polyline. In the latter case, it is natural to consider the sum of these vectors as a vector whose beginning coincides with
its end, that is, the zero vector. The definition of the difference of vectors is given by analogy with the definition of the difference
of numbers. After this, the rule for subtracting two vectors is given and justified: to subtract two vectors, you need to postpone
them from one point, then connect the ends of the postponed vectors and point the arrow to the vector from which you are
subtracting. For a better understanding of the subtleties of performing addition and subtraction of vectors, an educational video
is provided, which considers specific examples of performing these two operations on vectors.

At the end of the paragraph, the definition of the product of a vector by a number is introduced and the execution of
this action is illustrated in combination with the actions of adding and subtracting vectors in another educational video. It is
important for further applications to substantiate the fact that of two collinear vectors, one can always be expressed in terms of
the other. The textbook provides an algorithm for determining the coefficient A, for which hb=21- d, if it's known that d| |5. Next,
an example is considered of how, under certain conditions, one given vector can be expressed in terms of two other given vectors,
where the algorithm just mentioned is applied. The paragraph concludes with a theorem on the properties of vectors, the proof
of which is given in a separate video. We recommend requiring the assimilation of the material of the last video with the proof
of the properties of vectors only for students who are studying at a sufficient and high level of educational achievements; for the
rest of the students, it is enough to simply know the properties of actions on vectors and be able to use them.

Inquisitive students are advised to pay attention to the interesting facts from the section “Grandpa Taras’s curiosities”
for this paragraph, which emphasizes that vectors in physics and mathematics are, generally speaking, different objects:
mathematical vectors are “free” due to the property of postponement, while for vectors in physics, not only the magnitude of
the vector and its direction are important, but also the point of postponement, that is, they are “tied”.

The paragraph "Vector coordinates. Actions on vectors in coordinate form." is devoted to the study of vector coordinates
and actions on vectors in coordinate form. Here we introduce the concept of a basis associated with a given RCCS, the radius
vector of a given point and relate the coordinates of a point to the expansion of the radius vector of this point in terms of the
basis vectors. We present the corresponding fragment of the theoretical material of the textbook (Shkolnyi et al. 2025), because
it is not traditional and is not found in other Ukrainian textbooks.

«Let’s consider in a RCCS the points 0(0; 0), A(1;0) and B(0; 1). Let’s denote 04 =1,
OB = 7] (see the picture). Ordered set of vectors (7;)) is called the basis that correspond given
RCCS. Let’s consider also in the same RCCS an arbitrary point M (x,; y,), which does not belong
to any of the coordinate axes, and the points M, (xo;0), M,,(0;y,). The vector OM is called
radius-vector of the point M. According to the parallelogram rule oM = O—M,; + O—My> Because
OM,||7 and 0—M;;||fz then OM,, = x, - T and O—MY) =y, - J. Therefore, OM = x, - T+ ¥, - J. If the
point M(x,;y,) belongs to one of coordinate axes, then x, =0 or y, = 0. If xo =0, then
OM =0-T+yy-J. If yo =0, then OM = x, - T+ 0 - J. So, anyway the radius-vector OM of a

point M (x,; Vo) can be expand through the vectors of the basis (7;]), where coordinates of this
point are the coefficient of this expansion.»

This interpretation of the coordinates of a point makes it possible to give a completely correct definition of the
coordinates of a vector (the coordinates of a vector in a certain RCCS on a plane are the coefficients of the expansion of this
vector through the basis vectors (T; J), which corresponds to this RCCS), and also to prove the rule for finding the coordinates of
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a vector from the known coordinates of its beginning and end: to find the coordinates of a vector, it is necessary to subtract the
corresponding coordinates of its beginning from the coordinates of its end. It is also advisable to draw the attention of students
to the fact that the definition of the coordinates of a vector implies: if the beginning of a vector is the origin of coordinates, then
the coordinates of the vector coincide with the coordinates of its end.

An example of the use of coordinates in everyday life problems is the use of these coordinates to determine the location
of children in the cinema hall during a movie screening (see the dialogue between Petryk and Tetianka at the beginning of the
paragraph). To solve this problem, it is fundamental that equal vectors have the same coordinates and vice versa - if vectors have
equal coordinates, then they are equal. This fact is also substantiated in the textbook. It is also convenient to use vector
coordinates in mathematical problems, in particular, to determine the coordinates of vectors that are formed as a result of actions
on given vectors. For this purpose, the educational video, which is mandatory for all students to study, proves the rules for actions
on vectors in coordinate form. The use of these rules is illustrated by a corresponding example at the end of the paragraph.

It is also important to emphasize that if two vectors are collinear, then their coordinates are proportional. This rule will
be often used in the future when solving many problems. The textbook also suggests that students independently verify that the
correct and converse statement is: if the coordinates of two vectors are proportional, then the vectors are collinear. This is really
easy to do independently, using the formula for calculating the product of a vector by a number in coordinate form and the fact
that the result of multiplying any vector by a number is a vector collinear to it. The paragraph concludes with a proof of the
formula for the length of a vector by its known coordinates. In this case, the formula for the distance between two points and
the formula for finding the coordinates of a vector by the known coordinates of its beginning and end are used. Curious students
can also learn more from the section “Grandpa Taras's curiosities” about the affine coordinate system and its main problems.

In the paragraph "Equation of a straight line. Mutual location of a circle and a straight line and two circles" the equation
of a straight line, as well as the mutual location of a straight line and two circles, is studied. In the motivational block to the
paragraph, a specific example shows that a straight line (the trajectory of an airplane) can be defined by a point and a vector that
is collinear to this straight line (i.e., is parallel to it or belongs to it). In general, there are three main ways to specify a straight line
on a plane:

¢ through a given point on a line and a vector parallel to this line;

¢ through two given points on this line;

e through a given point on a line and a vector perpendicular to this line.

In the paragraph, the corresponding equation of the line is compiled for the first two methods:

o % =¥ _ aquation of a line passing through a point My (x0; ¥o) and has a direction vector §(m; p);

o % = % - equation of a line passing through two points M; (x1; y1) i My (x5; y,) of this line.

The equation of the line for the last method of assignment is given in the last paragraph of the section, which is studied optionally,
that is, if there is a reserve of study time (there is no corresponding material in the model program Vasylyshyn et al. 2023).

The following example shows how to reduce each of the given equations to the form ax + by + ¢ = 0 and states
without proof that any equation of a line can be reduced to this form. An equation of this form is called a general equation of a
line. Curious students can get acquainted with the proof of this fact in the lessons of the mathematics club.

The second part of the paragraph is devoted to methods for establishing the relative position of a circle and a line and
two circles on a plane using the equations of a circle and a line. Students already know from the 7th grade mathematics course
that there are 3 types of relative positions of a circle and a line on a plane:

¢ aline is a secant of a circle;

e aline is tangent to a circle;

e aline has no points in common with a circle.

Since both a circle and a line can be given by equations, it is natural to determine their mutual location analytically,
using these equations. The mutual location of a circle and a line can be determined by the number of solutions of the system
consisting of the equation of a circle and the equation of a line. This system is reduced by substitution to a quadratic equation,
which students already know how to solve. Note that to establish the mutual location of a circle and a line, it is not necessary to
find the solutions themselves; it is enough to find the discriminant of the quadratic equation obtained after substitution and
compare it with zero. However, for curious students, you can also find the points of intersection of the circle and the line (if they
exist).

Note that the method just described is somewhat cumbersome, so Grandpa Taras below also offers an alternative

method of determining the relative position of a circle and a line. He says that in high school they prove the formula for the
laxo+byo+c|

Vaz+b?
distance, then compare it to the radius of the circle and draw a conclusion. Both methods of establishing the relative position of
a circle and a line are illustrated with examples.

Also from the 7th grade mathematics course, students know that there are 5 types of mutual arrangement of two

distance from a point My (xy; yy) tothelineax + by + c =0:h = . Using this formula, we can find the corresponding

circles:

e circles have external contact;

o circles have internal contact;

e circles have two common points;

e circles have no common points and one of them is inside a flat circle bounded by another;

e circles have no common points and none of them is inside a flat bounded by another.

The analytical method of establishing their mutual location requires determining the coordinates of the centers and
radii of both circles according to their equations, as well as calculating the distance between their centers according to the
formula for the length of the segment in the PDSK. After that, this distance should be compared with the sum of the radii and the
modulus of their difference and draw the appropriate conclusion. An example of establishing the mutual location of two circles
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using an analytical method is also given in the paragraph. The material of the paragraph is completed by an educational video on
using a graphical calculator to establish the mutual location of a circle and a line and two circles. This video is mandatory for all
students to study. Also, from the section “Grandpa Taras's curiosities” of the paragraph, interested students can learn about two
more equations of a line - in segments on the axes and parametric.

The paragraph "Scalar product of vectors and its application" is studied optionally. The motivation for studying the
scalar product is the determination of the work of a constant force (applied by Tetianka while transporting vegetables in the
country) on moving a cart at an angle to the direction of movement of this cart. According to the formula from the physics course,
the work A performed by a constant force F when moving a body from point A to point B, that is, by the vector ﬁ, calculate by
the formula: 4 = |ﬁ| . |ﬁ| - cosg, where @ is the angle between the direction of the force and the direction of movement. Thus,
the result of the action on two vectors F i AB is a number A. Such an action on vectors is atypical and requires separate study.

To correctly define the scalar product of vectors in paragraph 28, first introduce the definition of trigonometric
functions of an angle whose degree measure is in the range from 0 to 180 degrees. The method of this introduction is traditional,
using a single semicircle. After that, introduce the definition of the scalar product of vectors given by their coordinates in the
RCCS (Shkolnyi et al. 2025): «The scalar product of the non-zero vectors d(a,;a,) and B(bl; b,) is called the number
a,b; + a,b,. The dot product of vectors is denoted by a - B, thatisd - b = a,by + a,b,.» Further, based on this definition, the
properties of the scalar product of vectors are formulated and proven. It is also advisable to draw students' attention to the fact
that the scalar product of a vector d on the vector d (that is, the product d - d) is denoted by d? and is called the scalar square of
the vector d . Then, by the definition of the dot product, it is easy to see that the scalar square of a vector is equal to the square
of its length.

Finally, after all the preparatory work, we can proceed to the answer to the question of the motivational block regarding
the application of the scalar product of vectors in practice. To do this, first the definition of the angle between two vectors is
introduced, and then the following theorem is formulated and proved in the educational video: "The scalar product of non-zero
vectors is equal to the product of their lengths by the cosine of the angle between them." From this it follows that the work A
performed by a constant force F when moving a body from point A to point B, can be written as the scalar product of these
vectors: A = F - AB .

At the end of the section, mathematical applications of the scalar product of vectors are considered for finding the
angle between given vectors and deriving the equation of a line passing through a point A(xy; ¥o) of the line perpendicular to a
given vector (normal vector) 7(a; b). This equation has the form a(x — x) + b(y — ¥,) = 0 and it can also be reduced by simple
transformations to the general equation of a straight line ax + by + ¢ = 0. It is also worth noting to curious students that the
coefficients of the general equation of any line have a geometric meaning - they are the coordinates of the normal vector of this
line.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

In our opinion, the above-described study of coordinates and vectors on the plane will contribute to the achievement
of both goals set by the authors of the program (Vasylyshyn et al. 2023) and the textbook (Shkolnyi et al. 2025):

1) teachers of physics and other natural sciences will have a tool for solving problems in their educational field using
the vector-coordinate method;

2) mathematics teachers will have the opportunity in the 9th grade to mathematically correctly introduce the concept
of geometric transformation of the plane and its analytical task and, based on the method of geometric transformations, also
quite correctly give an algorithm for constructing a graph of a general quadratic function.

Piloting and testing of the model program (Vasylyshyn et al. 2023) and the textbook (Shkolnyi et al. 2025) during the
2024-2025 academic year in educational institutions of Ukraine shows that students quite positively perceive such a place and
such a method of studying coordinates and vectors on the plane and use them appropriately both in mathematics and in other
educational fields. However, we note that a thorough study of the effectiveness of such a method of mastering this material by
students of the 8th grade of the National School is still ahead, since the aforementioned program and textbook are used in the
educational process, in fact, for only one academic year. However, we are convinced of the feasibility and prospects of the
described approach and will continue to use it to form key competencies of students in the context of the "New Ukrainian School"
reform.
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