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AHOTAUIA

Y paHit poboTi 34IMCHIOETLCA NOWYK PiBHAHb CUNOBUX NiHIN €1EKTPOCTaTUYHOIO MOAA B ABHOMY BUMNAAI, LLO MOX/MBO
3BMYAMHO TiNIbKM B OKpPeMMX BWMagKax. AKTyanbHiCTb poboTM obymoBneHa HeobXigHICTIO AOMOBHEHHS METOAUKM
BUK/AZEHHA TaKOI BaXKMBOI TEMU Kypcy 3aranbHoi disuKu, Ak « EnekTpocTaThKa», B 061acTi 3acobis rpadiuHOro 306parkeHHs
€N1eKTPOCTAaTUYHOrO NOAS, AKE CNPUAE KPALLOMY PO3YMIHHIO AaHOi TeMU. 3HAWAEHI | PO3rAAHYTI BUNAAKK, A1 AKUX PIBHAHHA
CUNIOBUX NiHil iCHYIOTb B ABHOMY BUMAAAj. [A KOXKHOrO OKPemoro BWNaZKy HaBeAeHO MPUKNag, BUTNAAY CUAOBUX NiHil
€N1EeKTPOCTAaTUYHOrO MOASA, AKWUIA BUMNIMBAE 3 OTPUMAHWUX PiBHAHb, 33 AOMOMOIOK MAKETy NPUKNAAHUX O0BYMUCAIOBAHMX
nporpam MathCAD. MobyaoBy CMNOBUX NiHI €NEKTPOCTAaTUYHOTO MOAA, 3BUYAMHO, MOMKHA 3A4IMCHIOBATU KOPUCTYIOUMCh
TINbKM YMCENBbHUMU METOAaMMW, CNMPAIOYUCb HA BM3HAYEHHA AOTWMYHOI A0 NiHil, ane Takui niaxig 3HayHO NiaBuULLYE
CKNaJHICTb 06YMCNIOBaIbHUX NPOrpam.

®dopmynioBaHHA nNpobnemu. CUNOBI NiHii €1eKTPOCTaTUYHOrO NoAA y NiAPYYHUKAX Ta HaBYaNbHUX MOCIGHUKAX 3 Kypcy
3aranbHoi }i3vKM ManioloTb, CMMPAOYMCh HA BU3HAYEHHA CUIOBUMX NiHIW Ta GOpmyau, BUPasM ANA HanpyXeHocTi
€/1eKTPOCTaTUYHOrO Nons, 6€3 OTPMMAHHA PiIBHAHb CUNOBUMX NiHil NONA, TOBTO HEAOCTaTHLO OBI'PYHTOBAHO.

Marepianu i metoamn. FONOBHUMM METOAAMM BUPILIEHHA MOCTaBAEHOI Npobnemu €: 3acobu MOLyKy Po3B’A3KiB cucTemu
3BMYAMHUX, HENiHINHMX, AndepeHLianbHUX PiBHAHb Ta BUKOPUCTAHHA rpadiyHMX onepaTopiB y cepeAoBuLL NPUKNAAHUX
obuuncntoBanbHuUX nporpam MathCAD.

Pe3ynbTtaTu. 3'ACOBaHO, WO PIBHAHHA CUMIOBUX NiHil B ABHOMY BUIAAA( iCHYIOTb ANA €NeKTPUYHOro NoAs ABOX TOYKOBUX
3apAAiB Ta ANA eNeKTPUYHOIOo NoNA NPAMOIHIMHOI, PIBHOMIPHO 3apAAKEHOI HUTKK, CKiIHYEeHOT A0BXUHW. HaBeaeHi npuknaam
CUNOBMX NiHil, 3arafibHUMN BUMNAL SKUX Y3rOAKYETLCA 3 BIZOMUMM FPAHUYHUMU YMOBAMMU.

BuUcHOBKKU. OTpVMaHi PiBHAHHA CUMIOBMX /iHI €NeKTPOCTaTUYHOrO NOAA [03BONAIOTb MIACUAUTA MOBHOTY BUKIAAEHHA
matepiany po3gainy «Enektpoctatukar. Fpadikv cMA0BMX NiHiM NoasA, NobyaoBaHi 3a 4ONOMOro 064YNCIOBAbHUX NPOrpam,
NiABULLYIOTb CTYMiHb AOKA30BOCTi BUKNAAEHHA MaTepiany Ta CNpUAOTb MOro PO3yMiHHIO.

K/TOYOBI C/IOBA: enekmpocmamudyHe nose; cunosi niHii; enekmpuyHuli 0unosns; pieHAHHSA.
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ABSTRACT

In this work, the equations of the lines of force of the electrostatic field are searched in an explicit form, which is possible, of
course, only in certain cases. The relevance of the work is due to the need to supplement the methodology of presenting such
an important topic of the general physics course as «Electrostatics» in the field of means of graphic representation of the
electrostatic field, which contributes to a better understanding of this topic. Cases were found and considered for which the
equations of force lines exist in an explicit form. For each individual case, an example of the appearance of the lines of force
of the electrostatic field, which follows from the obtained equations, is given using the package of applied computing
programs MathCAD. The construction of power lines of the electrostatic field, of course, can be carried out using only
numerical methods, based on the definition of the tangent to the line. Still, this approach significantly increases the
complexity of computing programs.

Formulation of the problem. The lines of force of the electrostatic field in textbooks and teaching aids for the course of general
physics draw, based on the definition of lines of force and formulas, expressions for the intensity of the electrostatic field,
without obtaining the equations of the lines of force of the field, that is, it is insufficiently substantiated.

Materials and methods. The main methods of solving the problem are finding solutions to a system of ordinary, nonlinear,
differential equations and using graphical operators in the environment of MathCAD applied computing programs.

Results. It was found that the equations of force lines exist in an explicit form for the electric field of two-point charges and
for the electric field of a rectilinear, uniformly charged thread of finite length. Examples of lines of force are given, the general
appearance of which is consistent with the known boundary conditions.

Conclusions. The obtained equations of the lines of force of the electrostatic field make it possible to strengthen the
completeness of the presentation of the material in the "Electrostatics" section. Graphs of field lines of force, built with the
help of computer programs, increase the level of proof of the presentation of the material and contribute to its understanding.

KEYWORDS: electrostatic field; power lines; electric dipole; equation.

BCTYN

MocTtaHoBKa npobnemu. BuknageHHa Temu «ENeKTpocTaTMKa» CynpoBOAMKYETbCA MOACHIOBAJIbHUMM PUCYHKAMM, Ha
AKNX 306paKaloTb CUOBI NiHIT €NEKTPOCTAaTUUHUX NONIB. ANle, 3ara/ibHe BU3HAYEHHA CUIOBUX NiHIN eNeKTPOCTaTUYHOrO NoA, AKe
nepeaye NOACHIOBAaNbHUM PUCYHKaM Ta GOPMYIM ANA HANPYKEHOCTEW eNeKTPOCTAaTUYHMUX MOAIB BU3HAYAOTb BUIAAL, CUIOBUX
NiHil eNeKTPOCTaTUYHOIO HEABHO, L0 3HUMKYE PiBEHb AOKA30BOCTI BUKIALEHOrO maTepiany.

AHanis aktyanbHuX pocnigxeHb. Y pobotax (Kyyepyk et al., 2001; Bonosuk, 2005) npy BUKNAAEHHI €NEKTPOCTATUKM
[AETbCA 3ara/ibHe BU3HAYEHHA HaMpPYXKEHOCTi eN1eKTPOCTaTUYHOrO Nosisi, GOPMYIa HaNpPYKEHOCTI e/1eKTPOCTaTUYHOrO NOJIA OAHOMO
TOYKOBOTO 3apsAAy, NPUHLUMN cynepno3unuii eNeKTpUYHMX NoJiB, Ha OCHOBI AKOrO OTPUMAHI 3arasibHi GOPMYAN ANA 3HAXOLMKEHHSA
HanpyKeHOoCTi eNeKTPOCTaTUYHOro NoaA cuctem 3apaais. MNoTim AaeTbca 3aranbHe BU3HAYEHHA CUIOBOI NiHii eneKkTpocTaTUYHOro
noss, 6e3 metoay 3HaXOAMKEHHA PiBHAHb CUMIOBUX JiHIN, i AKICHI PUCYHKM ONS CUNOBUX JiHIN eNeKTPOCTaTUYHOro NoJsis OAHOro
TOYKOBOTO 3apAAY i CUNOBUX NiHIN Nona enekTpudHoro gunonto. Y poboti (AHApiawmK et al., 2008) okpim AKicCHOro 306paskeHHs
CWIOBUX NiHI NOAMA TOYKOBOIO 3apsAay i AMNONS HaBeAEeHWM SIKICHUI BUIAAL, CUNOBUX JiHIN eNeKTPUYHOTO MoA 3apsAarKeHol
NPOBIAHOI NAACTUHK, CKIHYEHWUX po3mipiB. Y poboTi (MetyeHko et al., 2007) AeTaNbHO PO3rNALAETHCA B3aEMHE PO3TalLyBaHHA
CUNOBUX NiHIN | EKBINOTEHLiaIbHUX NOBEPXOHb, ane NPUKIAAN CUNOBUX NiHi eNEKTPUYHMX NOAIB, 306paKeHi cxemaTuyHo. Y poboTi
(Urone & Hinrichs, 2022) 6inblua yBara, Hix B iHLWIMX poboTax, npuaineHa 06rpyHTyBaHHIO BUrAALY CUNOBUX NiHiN €N1eKTPOCTaTUYHOro
nons, ane 6e3 3actocyBaHHA PiBHAHb CUAOBUX NiHIN. Y poboTi (Owen, 1963) MantoHKM, AKi iNOCTPYIOTb CUNOBI NiHI €1eKTPUYHOrO
nons, BUKOHaHiI Bif, pyKu, TOBTO AyKe aKkicHo. Y poborTi (Purcell & Morin, 2013) wWaaxom YncenbHUX po3paxyHKiB OTPMMaHI i NOKa3aHi
Ha PUCYHKY CMOBI NiHil €N1eKTPOCTaTUYHOrO NOAA ABOX TOYKOBMX, PI3HOMMEHHMX 3apaaiB, Pi3HMX 32 aBCONOTHOI BENNUYUHOW. Y
poborTi (Jonassen, 1998) npuBeaeHi AKICHI PUCYHKU CUAOBUX NiHIA €NeKTPUYHOTO MOAA ABOX 3apPAAMKEHUX, NPOBIAHWX Tia, Pi3HOT
dopmu. Y pobori (Sibley, 2021) 306parkeHi AKICHI PUCYHKMU CUNOBUX NiHIN @N1eKTPUYHOTO NOAA ABOX OAHOMMEHHUX, TOYKOBUX 3aPAAIB,
04HaKoBWX 3a abCoNOTHO BennunHoto. Y poboTi (Munfaridah et al., 2021), Aka € orns40B0t0 CTaTTEHO, Y3araabHeHHi 24 eMmnipuyHMX
pocnigykeHHs, wo 6yan nposegeHi 3 2002 no 2019 pokW, OAHO3HAYHO AOBEAEHO, LLO MHOMMUHHI npeacTtasneHHa (multiple
representations), iHLULMMM CNOBaMM — MaNIlOHKM, KPECIEHHS, Ajiarpamu, rpadikv — NO3UTUBHO BNANBAKOTL HA PO3YMIHHSA CTYAEHTaMM
}I3NYHMX KOHUENUiR, a camocTiHa poboTa Hag, MHOXMHHUMU NPeACTaBAeHHAMU PO3BMBAE Penpe3eHTaTUBHY KOMNETEHTHICTb.

MerTa cTatTi. AK BiZLOMO 3 BEKTOPHOIO aHanisy, AndepeHuianbHi PiBHAHHA CUNOBUX NiHiN Byab AKOrO BEKTOPHOIO NoJs
(y maHin poboTi andepeHuianbHi piBHAHHA CUNOBUX NiHIM €1eKTPOCTaTUYHOIO NO0JIA), MaloTb TaKUIM BUrNAA:

dx _dy dz, (1)
E E E

X y z
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AEEE,; E, — NPOEKLLii BEKTOPa Hanpy»eHOCTi eN1eKTPUYHOro NOAA Ha BiCi KoopaMHarT.

MeToto pob0oTM € OTPMMAHHA PIBHAHb CUNOBUX JiHIN E€N1EeKTPUYHOro NOAA ABOX TOYKOBMX 3apaaiB Ta PiBHOMIpPHO
3aPALMKEHOT HUTKWU CKIHYEHOT [OBXWMHM, LAAXOM 3HAXOMAXKEHHA PO3B'A3KiB cucTemun andepeHuianbHUxX piBHAHb (1), nicna
NiACTaHOBKM BiLOMMX NPOEKL,i/ HaNpPyXeHOCTi eN1EeKTPUYHOTO NoAA.

METOAM AOCNIAMEHHA

Mpun 3HaXO4KEHHI PO3B’A3KIB CUCTEMM 3 ABOX HENIHINHKX, AndepeHLiaNbHMX NepLoro Nopsaaky (1) 6ys BMKopucTaHui
MEeToZ, BUAiNeHHA noBHoro audepeHuiany. NMpuKknaan BUrnaay cUIoBUX NiHi ogeprKaHi 3a L0NOMOro TPUBMUMIPHOI rpadiku 3
nakeTy NpUKNagHnx obumcaoBanbHUX nporpam MathCAD.

PE3Y/IbTATU JOC/IAMKEHHSA

1. PiBHAHHA CUNOBUX NiHili ANA €NEKTPUYHOrO NONA ABOX TOYKOBUX 3apAgiB. Mo3HauMmo Yepes (1; (2 BEANYUHM
TouKoBMX 3apsais, yepes | siactaHb MiK 3apagamu. AKWO BMGPATM MOYATOK BIAJIKY CUCTEMM KOOPAMHAT NOCepeauHi Mix
3apAgamu i po3TallyBaTH 3apAaM B3J0BK OCi KOOPAMHAT X, TO NPOEKLil HANPYKEeHOCTi e/1eKTPUYHOr0 NOAA MatoTb BUMNAL,:

I |

3 3 y 3 3 - 3 3’
4re,er, 4re,el, Are,er;  Ang,er, dre,ery  Ang,er,

2 2
ge b= (x—lzj +y*+2* 1= (x+|§j +y*+2% .

MiacTaBnsatoum npoekwii (2) y cuctemy pisHsAHb (1) Maemo:

| |
QJ_(X_*j Q2[X+*j
dz 2 2 =dx[qlz qzzJ

+

3)

dy

I I
Ch(x_*) Q2[X+7j
2 2 :dx[q133/+q23yJ

L P

MoMHOXKyIoUM NepLUe PiBHAHHA cMcTEMM (3) Ha Z, Apyre PIBHAHHA Ha Y Ta CYMYIOUM iX 04ePKUMO:

ﬂdx+ﬂdy+?dz:01 (4)
z

[52 oy
qz(H'Ej

),
f(xy.2)= = + -
\/(X_IZJ +y*+2z° \/()HIZJ +y®+72?

Po3ginusLum nepiue piBHAHHA cucTemm (3) Ha Apyre Ta NPOBOAAYM IHTErPyBaHHA 3HAXOAMMO:
z=Cyy, pe Cz=const. (6)
MiacTaBnaouM 3aNeXKHICTb (6) KOOPAUHATY Z Bif, KOOPAMHATHY Y Y dYHKLIO (5) Maemo:

ql(ZX—Iz) N QZEX+|2) o o)
\/(X_IZJ +(1+C22)y2 \/()HIZ) +(1+C22)y2

Opaep»KaHi piBHOCTI (6) Ta (7) Le PiBHAHHA CUNOBUX NiHIM NONA €NEKTPUYHOTO ABOX TOUKOBUX 3apALIB.
Ha pucyHKax 1, 2 noKasaHuii BUTNAL, CUA0BMX NiHi eN1eKTPUYHOrO MO ABOX TOYKOBUX 3aPAAIB, BiANOBIAHUX PIBHAHHAM
(6) Ta (7).

ae

=C,; C, =const. (5)

L A U N S R S S B N R N B S
20 -15-135-12-105-% 75 -6 45 -3 15 0 15 3 45 6 75 9 10512 13515

Puc. 1. MpuUKnag cMNOBUX NiHii NONA €NEKTPUUHOrO AUNONA. Puc. 2. MpuKnag cMNoBUX NiHil eNeKTPUUHOro Nona ABOX
[xepeno: asmopcbra po3pobka. O0AHOMEHHMX, AOAATHUX 3apAAIB.
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[cepeno: asmopcbka po3pobka.

2. PiBHAHHA CUMNOBUX NiHIl ANA €NEeKTPUYHOro NoAA NPAMONIHIMHOI, PIBHOMIPHO 3apAAKEHOI HUTKM, CKiHYEeHOI
BOBXUHU. [103HaYMMO Yepe3 7 abCoNOTHY BEIMUYMHY JTIHIMHOI TYCTUHM 3apagdy HUTKM, Yepe3 | LoBKMHY HUTKK. AKWo BMBpaTK
NoyaToK BigiKy CUCTEMM KOOPAMHAT NOCEpPeamHi HUTKW i po3TawyBaTtu ii B340BXK OcCi KoopauHaT Y, TO Npoekuii Hanpy»KeHocTi
€/1eKTPUYHOrOo MO MaloTb BUMNAL:

I I |
y+o V- y+s V-
_ X 2 2 1. _ T 7 . _ 7L 2 21, (8)
*dreeb?®| o, 4 U odgger Admeger,’ " Ame,eb?| o, I
l ‘b2 .
y—E +b%, y+ +b b=vx*+2°
Miacrasaatoum npoekuii (8) y cuctemy piBHAHb (1) maemo:
| |
y+5 Y—5
ay X2 T 2 |_gf 1 L
b P n nn
I I (9)
z| YT, Y75 1
dy | —&—"*% |=dz| ———
b r-2 r1 r:I. r2
MomHoXytoun neptue pisHaHHA cuctemn (9) Ha X, apyre piBHAHHA Ha Z 1a CYMYIOUM iX O4EPHKMUMO:
F F F
a—dx —dy+6—dz:0, (10)
OoX oy 0z
ne
1)? |
F(x,y,2)= x2+22+[y—5j - x2+22+[y+ ) D,; D, =const. (11)
PosginuBLum nepLue piBHAHHA cucTemm (9) Ha Apyre Ta NPOBOAAYM IHTErPyBaHHA 3HAaXOANMO:
z=D,x, A¢ D, =const- (12)

MigcTaBAAoumM 3aneXKHiCTb (12) KoopAUHATH Z Big KoopanHaTK X y dyHKLio (11) maemo:

\/(y—lzj2+(1+D§)X2—\/[y+|§jz+(1+D§)x2 =D, . (13)

OpaepKaHi pisHocTi (12) Ta (13) e piBHAHHA CUNOBUX NiHIM €1eKTPUYHOTO NOA CKIHYEHOI, PIBHOMIPHO 3apAaKeHOT HUTKM,
AKi 3a01eXKaTb Bif BEIMUYMHU NiHIMHOI NYCTUHU 3apAay HEABHUM YUHOM.

Ha pucyHKy 3 nokasaHWi BUrNSL CUIOBUX NiHI €N1EKTPUYHOTO MO 3aPAAKEHOT HUTKU, CKIHYEHOT JOBXUHW, OAEPKAHNUX
3a JOMOMOroto piBHAHB (12) i (13).

20

+T

~ —-

T T T
<20 -10 o 10 0

Puc. 3. Mpuknag, cMnoBuXx NiHil @N1eKTPUUHOIO NONA 3aPALYKEHOT HUTKU CKIHYEHOT JOBXUHMN.
/[Drepesno: asmopceka po3pobKa.

HoBu3Ha oTpuMaHux y poboTi pesynbTaTiB MOMArae y HaCTYMHOMY: MOKa3aHO, WO A/ eNeKTPUYHOro MoAs CUCTEMM
TOYKOBMX 3apALiB Ta €/IeKTPUYHOIO MO/ HENEPEPBHO PO3MOAINEHUX 3apAAIB, B OKPEMMUX BMMAZKAX, MOXKHA 3HAUTU PiBHAHHA
CU/IOBUX JTiHIN B ABHOMY BUTNISZI Ta B HAOYHIN A@MOHCTpaALLii NpoCTOTM NO6YA0BM CUNOBUX iHIN €NEKTPUYHOTO NOA, 338 AONOMOTOH
OTPMMaHMX PiBHAHb CUNOBUX NiHIl.

BMUCHOBKM TA NEPCMNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

1) VY poboTi noKasaHo, WO B OKPEMMX BUNAAKAX ANA €1eKTPUYHOTO MO CUCTEMU 3aPALIB MOXKHA 3HANTU PIBHAHHA
CUNOBUX NiHIN B ABHOMY BUrAagi. 3HalAeHi PiBHAHHA CUMNOBMX NiHIN €NeKTPOCTaTUYHOrO MOASA ABOX TOYKOBMX 3apsafiB i
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PiIBHOMIPHO 3apAAYKEHOT HUTKWU CKiIHYEHOT AOBXWMHWU. 3aCTOCYBaHHA PIiBHAHb CUIOBUX NiHIN NPU BUKAAAEHHI MaTepiany Temu
«EneKkTpocTaTKa» AOMNOBHIOE NOBHOTY i OKA30BICTb MaTepiany, OCKINbKM NPUKNAAN 306parkeHb CUNOBUX NiHIN CTYAEHT MOXe
OTPMMATU CaMOCTINHO, 33 4OMOMOrot0 064YMCIOBAaNbHMX NPOrPam, Wo Byae cNPUATH NiIABULLEHHIO AKOCTI HaBYa/IbHOTO NpoLecy
Y 3aKN1a4ax BULLLOT OCBITH.

2) B AKoCTi 0gHOro 3 HanpAmiB NoAanbWuX AOCNIAKEHb MOXHa 3amnponoHyBaTW MOLWYK PiBHAHb CUAOBWUX AiHIl
€/1eKTPUYHOro NoNA ANA iHWMX CUCTEM TOYKOBUX 3apagis. Hanpuknaa, ana piBHAHb €N1eKTPOCTaTUYHOIO NoA Ky6i4HOT KOMipKHY,
Y BepLUMHAX AKOT 3HaX0AATbCA TOYKOBI 3apAAM, Ta MOLWYK PIBHAHb CUAOBUX NiHIN €NEeKTPUYHOIO NOoAA IOHHOFO KpUCTany. IHWUM,
nepcnekTUBHUM HaNnPAMOM € 3HAXOAXKEHHA PIBHAHb CUIOBUX NiHi/ MarHiTHOro nona. Hanpukaag ANA MarHiTHOro NoaA KONOBOrO
CTPYyMy, KOPOTKOTO COJIeHOIAa, WO AOMOBHUTbL BUKNAAEHHA MaTepiany Temu «MarHiTHe none»
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AHOTAUIA

®dopmynioBaHHA npobnemu. 3aaadi eKOHOMIYHOTO 3MICTy CMPUAIOTb PO3BUTKY MPegMETHOI MaTeMaTUYHOI Ta Kao4oBOI
KOMMETEHTHOCTI NiANPUEMANBOCTI Ta diHAHCOBOT rpaMoTHOCTI 3406yBauyiB 3arasibHOI cepeHbOI OCBITU. 3aCTOCYBaHHA Cy4acHUX
OCBITHIX TEXHO/IOM HAZAE TM MOMXK/IMBICTb HabyTTA NPAKTUYHOrO AOCBIAY 3aCTOCYBaHHA MATEMATUYHMX 3HaHb Ta BMiHb AAA
BUKOHAHHA EKOHOMIYHWX Ta GiHAHCOBMX PO3PaXYHKIB.

Martepianu i metoan. Y crtatTi 3p06AEHO CTUCAUIA aHai3 3apyBidKHUX Ta BITYM3HAHUX HAYKOBUX i METOAUUHMX OXKEpen,
NPUCBAYEHUX PI3HUM acMeKTam 3acTOCYBaHHA 3afa4y €KOHOMIYHOrO 3MICTy, MOPIBHAHHA MOAENbHWMX HaBYaNbHMX MpoOrpam 3
«Anrebpu» gna 7-9 Knacis Ha HasABHICTb 33434 €KOHOMIYHOIO 3MICTy NPW BUKAAZAHHI OKPEeMMX Tem, y3araibHeHO BiacHUI
neparoriyHui A0CBIA 3 BUKIASAHHA MaTEMATUKM Ta 3aCTOCYBaHHA KEUC-TEXHONOTI.

Pe3ynbrati. BUsHaueHO 0cobAMBOCTI BUKNAAHHA TemMu «41CN0Bi NOCNIAOBHOCTI» B 9 Knaci y 38’A3Ky 3 peanizauieto KoHuenwji
HYLW B 6a30Bili WKoNi. B mMoAenbHWX HaBYaNbHWMX Mporpamax 3agadvi eKOHOMIYHOrO 3MICTy BM3HAYEHO AK iHCTPYMEHT
$opMyBaHHA NpeaMeTHOI MaTeMaTUYHOI KOMMNETEHTHOCTI, IX PEKOMEHAYIOTb 3aCTOCOBYBaTU B OCBITHbOMY NPOLLECi AK OAWH 3
BWAjB HAaBYa/IbHOI AiANbHOCTI, BMiHHA iX PO3BA3YBATM € OAHMM 3 O4YiKyBaHWX pe3ynbTaTiB HaBYaHHA 3406yBadiB ocBiTW. OnucaHo
3aCTOCYBAHHA KeWC-TEXHOOTT ANA HabyTTA YYHAMM MPAKTUYHOMO A0CBiAY 3aCTOCYBaHHA MAaTEMATUYHMX 3HAHb Ta BMiHb ANA
BWKOHaHHs GiHaHCOBMX po3paxyHKiB. MpeacTaBneHo Keic Ha TeMy «InoTeyHe KpeanUTyBaHHA» A/ 03HaNOMIeHHs y4HiB 9 Knacis
3 OCHOBaMM DaHKIBCbKOI AjfIbHOCTI Ta BUKOPUCTAaHHAM MaTeMaTUYHUX 3HaHb ANA 3AIACHEHHA PO3PaxyHKIiB 33 iNOTeYHUM
KpeamUTyBaHHAM Ha NPUKNAAAX, MAaKCUMAbHO HaBIMMKEHMX [0 PeanbHUX CUTyaLLiA. TUN CTBOPEHOTO Kecy — Kelc-cuTyalis, aka
BMMarae Bif, y4HA aHanisy NeBHOI cuTyaLii Ta 3aCTOCyBaHHA NEBHOrO MaTemaTuyHoro anapaty (poboty 3 apupmetnyHoto Ta
reOMETPUYHOIO NPOrpeciamu).

BUCHOBKU. Ha AymKy aBTOpiB KelC Ha TeMy «InoTeyHe KpeauTyBaHHA» YPiSHOMAHITHIOE AWAAKTUYHI maTtepianv o Temwu
«Yumcnosi NOCNifOBHOCTI». BUKOPUCTAHHA 33434 €KOHOMIYHOIO 3MICTY NMPU BMBYEHHI TemMM «YMCNOBI NOCNI[OBHOCTI» CNPUAE
6inbw rnMboKoMy Ta yCBiAOMNEHOMY PO3YMIHHIO HEOBXIAHOCTI OBONOAIHHAM MaTEMaTUYHUM anapaTom. BnpoBagykeHHs Kelc-
TexHonorii 3abe3neyye NPaKTUYHY CNPAMOBAHICTb OCBITHBOrO MpoLecy, NO3UTUBHO BM/AMBAE HA NIABULLEHHA Mi3HABa/NbHOIO
iHTepecy y4HiB 4O BMBYEHHA MaTeMATUKM, POPMYE B YYHIB YMIHHA OpPIEHTYBATUCA B peaniaxX HABKOJNMULIHLOI AiACHOCTI Ta
33CTOCOBYBATU OTPUMMAHI 3HAHHA Y NPAKTUYHIM AiASIbHOCTI.

KNKOYOBI C/IOBA: 3ada4i eKoHOMIYHO20 3micmy; apugmemuyHa Mpo2pecis; 2eoMempuyHd npo2pecis; GiHaHcosi
pO3paxyHKU; oceimHi mexHonoeii; Kelic mexHonozis.
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ABSTRACT

Formulation of the problem. The tasks of economic content contribute to the development of mathematical subjects and key
competencies of entrepreneurship and financial literacy for general secondary education students. Using modern educational
technologies allows them to gain practical experience in applying mathematical knowledge and skills to perform economic
and financial calculations.

Materials and Methods. The article provides a brief analysis of foreign and domestic scientific and methodological sources
on various aspects of the application of economic content tasks, compares model curricula in Algebra for grades 7-9 for the
presence of economic content tasks in teaching specific topics, summarizes own pedagogical experience in teaching
mathematics and the use of case technology.

Results. The peculiarities of teaching "Numerical sequences" in grade 9 concerning implementing the NUS concept are
determined. In the model curricula, economic content tasks are defined as a tool for the formation of subject mathematical
competence; they are recommended to be used in the educational process as one of the types of academic activities, and the
ability to solve them is one of the expected learning outcomes of students. The article describes case technology for students
to gain practical experience in applying mathematical knowledge and skills to perform financial calculations. A case study on
"Mortgage Lending" is presented to familiarize 9th-grade students with the basics of banking and the use of mathematical
knowledge to make mortgage calculations using examples as close as possible to real-life situations. The type of case study
created is a case situation that requires the student to analyze a problem and apply a specific mathematical apparatus (work
with arithmetic and geometric progressions).

Conclusions. The case study on "Mortgage Lending" diversifies didactic materials for the topic "Numerical Sequences." Using
economic tasks in studying "Numerical sequences" contributes to a deeper and more conscious understanding of the need
to master the mathematical apparatus. The introduction of case technology ensures the practical orientation of the
educational process, has a positive effect on increasing students' cognitive interest in learning mathematics, and forms
students' ability to navigate the realities of the surrounding reality and apply the acquired knowledge in practical activities.

KEYWORDS: problems of economic content; arithmetic progression; geometric progression; financial calculations;
educational technologies; case technology.

BCTYN

BMMOrot cy4yacHOCTi € 34aTHICTb NOANHU NIAHYBATU CBOI BAACHI GpiHaHCK, rPaMOTHO Ta BUTiAHO Ans cebe byaysaTtu
BIAHOCMHM 3 pi3HUMU iHAHCOBMMM CTPYKTypamu, 3axmwiati cebe Big waxparcTea abo NOMUNOK EKOHOMIYHOIO XapaKkTepy.
PO3yMiHHA €KOHOMIYHMX ABWLL, 3aKOHIB, 3aKOHOMIPHOCTEM, BONOAIHHA NPAKTUYHUMM 3HAHHAMM 3 EKOHOMIKU HeMOXuBiI 6e3
BOJIOAHHA Pi3HUMM CNeLiaIbHUMU MaTeMaTUYHUMK MeTodamun. CBOEYacHe, AKICHe HaBYaHHA LMM MEeTOAaMm B LIKiIbHOMY KypCi
MaTEMATUKM [,03BOINTb YHHAM OBOIOAITU GiHAHCOBOIO rPAMOTHICTHO, CNpUAE GOPMYBAHHIO B HUX EKOHOMIYHOTO MUC/EHHA. ToMy
NOEAHAHHA TEOPETUYHOI | MPAKTUYHOI CKNAA0BMX LWKINbHOI MaTEMATUKM HA TNi EKOHOMIKM € aKTyaslbHUM.

MeToto [aHoi CTaTTi € CTUCAUIA aHani3 3apybiKHMX Ta BITYM3HAHMX HAYKOBUX | METOAUYHUX AXKepes, NPUCBAYEHUX
Pi3HMM acneKTam 3acTOCYBaHHA 3a4,3a4 EKOHOMIYHOMO 3MICTy, NOPIBHAHHA MOAENbHUX HaBYabHUX Nporpam 3 «Anrebpu» ana
7-9 KnaciB Ha HaABHICTb 3a4a4 EKOHOMIYHOIO 3MICTy NPW BUKNAAAHHI OKPEMUX TEM Ta MPUKIAALY 3aCTOCYBAHHS KeNC-TEXHOJOTIi
ONA HabyTTA YYHAMM MPAKTUYHOTO [O0CBiAYy 3aCTOCYBAaHHA MaTEMATUYHMUX 3HaHb Ta BMiHb A/ BMKOHAHHA E€KOHOMIYHMX
pO3paxyHKiB. Bax/IMBMM acneKTom 3a3HaYeHOi MeTU € CUCTeMATM3ALLA Ta y3arasbHeHHs BigoMocTel ana po3pobKu Kelcy 3a
TEMOIO «INoTeYHe KpeauTyBaHHA» B MeXax BUBYEHHA Temu «41UCN0Bi NOCNIAOBHOCTI» B Kypci anrebpu ana yyHis 9 Knacis.

TEOPETMYHI OCHOBU AOCNIAXEHHA

PedbopmyBaHHA LWKiNbHOI OCBITM 6a3yeTbCs Ha OpraHisauii OCBITHbOro nNpouecy Ha OCOBUCTICHO OpPIEHTOBAHOMY,
KOMMETEeHTHICHOMY Ta AinbHiCHOMY NpuHUMnax. Ue cnpuae peanisauii npuknagHoi cnpAMOBaHOCTI BCIX AUCLUMNAIH WKIAbHOrO
KYpCy, B TOMY YMCAi i B WKIIbHOMY KypCi MaTeMaTuKM, OfHUM i3 3acoBiB AKOro € BBeEHHA NPUKNAAHMX 3a4a4. IX micLie i ponb,
0co6MBOCTI 3acTOCyBaHHA BU3Havyanuca B pobotax I. . bes3a, M. |. Bypau, I'. M. Bo3HsiKa, 3. |. CnenkaHb, H. A. TapaceHKoBOI,
B. O. lWWBeus Ta iHwwux. Cepes NpMKAagHMX 33434 HAaYKOBL,i BUAINAOTb EKOHOMIYHI 3a4,a4i, 3MICT AKMX NOB'A3aHMI 3 3 piHaHCaMK,
rPOWOBMMWU PO3PAXYHKAMW, KPeaUTYBaHHAM, CTPAaxXyBaHHAM, HAKOMWYEHHAM CTaTKiB. [UTAHHAM HabyTTA eKOHOMIYHMX
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KOMMETEeHLii Ha OCHOBI MaTemMaTU4YHWX MeTo4iB Ta Mmogenein npuginanm ysary [1. M. Boyapos, M. A. BaitHTpayb,
O. C. CtpenbueHKo, I. . CtpenbyeHko, I. M. BacuabyeHko, B. M. JlaBpuHuyk, /1.C.MexelHikosa, C. B. MorepwwuT, 0. M. TKau.

LikaBnm € AocBig 3apybirKHMX HAayKOBLLIB WOAO iHTErpaL,ii maTemMaTUKKM Ta eKOHOMIKM. Tracy J. Posnanski, Mark C. Schug
Ta Thomas Schmitt we Ha noyaTky 2000-x POKiB KOHCTaTyBa/M BUCOKUI piBEHb EKOHOMIYHOI Ta PpiHAHCOBOI HEFPAaMOTHOCTI Ta
HeraTMBHI HacNiAKKM Lboro ana Aobpobyty CnosnyyeHux LUTaTiB. BOHW 4iMWAM BUCHOBKY, WO Came LLe € OCHOBHOM MPUYMHOIO
pO3/ayyYeHb, camorybcTB Ta 36inblueHHA KiNbKOCTi 0cobucTnx GaHKpyTCTB. 3a4/1A BUNPABAEHHA CUTyauii BNpoOBaAsKyBanuca
HaBYa/IbHi MPOrpamu, B pamKax AKMX YYHIB cepefHix Ta CTapluMxX Moyanu BMBYATM Binbl CKNAAHI Temu 3 bi3Hecy Ta ¢iHaHCIB,
BKOYAOYM OCHOBM iHBECTYBAHHSA Ta 0cObMCTOro GiHAaHCOBOTO NAaHyBaHHA, EKOHOMIKY, GiHaHCK Ta MapKeTUHT. CXOXKi BUCHOBKM
pobnaTb Nur Anita Yunikawati, Magistyo Purboyo Priambodo, Emma Yunika Puspasari Ta Ni’'matul Istiqgomah, aiki BnpoBaaskysanu
OCHOBM E€KOHOMIYHMX 3HAaHb B MOYATKOBIN WKOAI HAa OCHOBI maTtematuku B loHAypaci, CxigHin Asi Ta IHAOHE3IT BNpoaoBX
2019 poky (Yunikawati et al., 2021).

Krista Althauser Ta Cynthia Harter onucytoTb A0CBig NapTHEPCHKOI Nporpammn nporpama «EKOHOMiKa: maTemaTuKa B
peanbHOMY KUTTi» ana 3-5 Knacis, 41 y4acTi B AKil 06’egHanMcA aeprkaBa, LWKO/M, BULL HaBYabHi 3aKnaam Ta bisHec cninbHoTa
okpemux rpomag, (Althauser & Harter, 2016). Weiss Ta Pasley BBakatoTb, W0 C/ig 3p06UTU MaTeMaTMKy Binblu 3HAYYLLO Y oYax
Aaitei, 3abe3neynTy HaBYaHHA il 3MICTy, KM BogHOYac byae BaroMuMm i BapTicHMM, Ta 3p0bUTb MaTeMaTUKy NPUEMHOIO Ta
BaXkmBoto ana yuHis (Weiss &Pasley, 2004). Mpo npuKAagHUN xapakTep MaTemMaTMKK Ta POab BUNTENS Y TOMY, WOB6 NOCTiNHO ue
inocTpyBaTtu, niabupatoun BignosigHi 3asgaHHA, HaronowytoTb Civil Ta Khan. Ha ix gymKy posib yuntensa nonsrae B Tomy, wob
HaNpaBAATM YYHIB, CTBOPIOBATW BifNOBigHE HABYa/ibHE CcepenoBuULLEe, AONOMaraTM iMm BCTAaHOB/IOBATU 3B'A3KM MaTeMaTUKK 3
peasibHUM CBITOM i TaKUM YMHOM cnpuaTK ix yeniwHocTi. (Civil & Khan 2001).

Take cTpateriyHe 6ayeHHA MOEAHAHHA OCHOB E€KOHOMIYHMX 3HaHb Ta MaTeMaTUYHOro amnapaTty neperykyerbca 3
OCBIiTHIMM OLLiHKaMM CUTyaUii BiTYM3HAHMMK daxiBusmu. Tak, Jlyk'aHosa C.M. Bigmiyae, W0 cy4yacHUI PO3BUTOK BaHKIBCbKOI,
iHBECTMLMHOT Ta CTPAXOBOI AiANbHOCTI PO3LLMPIOOTL Chepy 3aCTOCYBaHHA MATEMATUKMN B NOBCAKAEHHOMY KUTTI KOKHOTO YieHa
cycninbcTea. Came ToMy, He3aneXKHo Bif 0bpaHoro npodinto HaBYaHHA, 3a4a4a PopmyBaHHSA | PO3BUTKY EKOHOMIYHOTO MUC/IEHHA
YYHiB 3acobamu maTemaTUKM Ta iX NiArOTOBKA A0 afeKBAaTHOrO PO3YMiHHA PI3HWUX CYY4aCHMUX EKOHOMIYHWMX MOHATb NOTpebye
CTBOPEHHSA BiANOBIAHOI METOANYHOT CUCTEMM HAaBYAHHA MaTeMaTUKW, AKa nepenbayace iHTerpaLito MaTeMaTUUHOI | EBKOHOMIYHOIT
niaroToBKM yuHiB (Jlyk’aHoea, 2010).

Ha pgymky Bac C.B. 3agayi €KOHOMIYHOrO 3MiCTy — MOTYKHWIM 3acib PO3BUTKY EKOHOMIYHOTO CTUAD MWUC/IEHHS,
€KOHOMIYHOTO BWMXOBAHHA, BUPOBIEHHA eKOHOMIYHOT rpamoTHocTi (Bac, 2013). CTpyKkTypa eKOHOMIYHMX 3aday nogibHa Ao
CTPYKTYPU iHWMX NPUKNAAHUX 3aJa4 i CKAaJa€TbCA 3 NPeAMETHOro CIOXKeTy, yMoBMu i Bumoru. Tkay 0. M. onucysana fK B
npeaMeTHOMY CHOXKeTi BKasytoTbcs (6e3nocepefiHbO YM OMNOCEPEeLKOBAHO) EKOHOMIYHI MOHATTA Ta iX MPUYMHHO-HACNiIAKOBI
3B’A3KN B AKICHI abo KiNbKicHiN iHTepnpeTauii. Jo OCHOBHMX €KOHOMIYHMX MOHATb, LLO HalyacTile BUMKOPWUCTOBYIOTLCA B
CIOXKETHUX 33[ayaX, BiAHOCATbCA: MPOAYKTUBHICTb NpaLli, cobiBapTiCTb, KpeauT, Kypc akuii, peHTa, GoaXKeTHUIN pediuur,
NO3NYKOBUIM NPOLEHT, 3ap0biTHA NaaTa, aMmopPTM3aLLiMiHI BifApaxyBaHHA, peHTabenbHicTb, AoXia, BUTPATU, NPUOYTOK, OKYMHICTb Ta
iHWi. MOHATTA Ta 3B’A3KM MiXX HUMW IHTEPMPETYIOTbCA A0 KOHKPETHUX €KOHOMIYHMX CUTyaLii — MOCTAHOBKU EKOHOMIYHOI
npobaemu, NoB’sa3aHOi 3 HEOOXIAHICTIO NiABULLEHHA NPUOYTKY, NPOAYKTUBHOCTI NpaLi, peHTabenbHOCTi, 3HWKEHHA cobiBapTocTi;
3 PO3paxyHKOM L{iHW PUHKOBOI PiBHOBArun, Kypcy akuii, KiNbKOCTi rpowei HeobxigHUx ansa obiry, BeANYNHWU peHTH, NpubyTKy
6aHKy, CyKynHMX BUTpaT NiANPUEMCTBA, NPUBYTKY Nignpuemctsa, pipmu, noaaTky 3 Aoxoay, BNAMBY iHPAALIT HA 3a0WwaaKeHHA
rPoMagAH, HOMIHANIbHUM | peaslbHUM MPOLEHTOM 33 KpeauT, NO3UYKOBOro MPOLEHTY, BUOOPY ONTUMANbHOMO PilLeHHA Ta iH.
(Tkau, 2011).

MotopiHa B.T. Ta Manay O.l. nigKpecntoloTb HeobXigHICTb NiArOTOBKM MaMbYTHIX yuuTeniB matemaTuku [0
dopmyBaHHSA NiANPUEMANBOCTI Ta PpiHAHCOBOI rPaMOTHOCTI YYHIB 6A30BOI LKOIN B MeXKaX KYpCy METOAMKN MaTemaTuku. [na
CTBOPEHHSA LiNICHOro CNPUNHATTSA 3MiCTOBOI NiHiT «MignpuemamsicTe Ta piHaHCOBA rPaMOTHICTb» Ta MOAE/OBAHHA BiANOBIAHUX
BMAiIB HAaBYaNbHOI AiANbHOCTI YYHIB CTYAEHTU NPOBOANAM NOPIBHANBHUI aHani3 AitoY4MX NPOrpam LLOAO BUM3HAYeHHA cnocobis
peanisauii HACKpi3HOi NiHii, O4YiKyBaHMX pe3ynbTaTiB HaBYaAHHA [0 OKPemMux Tem, MiAPYYHWKIB HA BMAM Ta [OCTaTHICTb
MaTeMaTUYHMX 33834 GiHAHCOBOrO 3MICTy Ta BNIPOAOBK 3aHATb CTBOPIOBAAN BaHKM MaTeMaTUYHWUX 33434 GiHaHCOBOro 3MicTy 3
ONMUCOM METOAMKM iX po3B’A3yBaHHA (MoTopiHa & Manay, 2023).

AHanis nokasas, y BCiX MOAE/IbHUX HABYa/IbHUX MPOrpamax € NOCWAAHHA Ha 3afayi NPUKNALHOro, B TOMY uYucCAi
$iHaHCOBOro Ta EKOHOMIYHOro 3MiCTy, OfHaK aBTOPW MO Pi3HOMY onepylTb HUMW. Tak, aBTopu nporpamu bypga M. 1.,
TapaceHkoBa H. A., Bacunbesa [. B. niakpecntotoTb, WO OAHUM 3 BUAIB HABYaNbHOI AiANbHOCTI € PO3B’A3yBAHHA NPaKTUYHUX
3a/ay, cepej, AKMX 3a4a4i HAa PO3PaxyHOK Ta aHani3 GiHAaHCOBOT CNPOMOKHOCTI POAUHM, 334aYi, LLO CNOHYKAOTh A0 NPUNAHATTA
pilleHb CTOCOBHO OCOBUCTUX Ta KONEKTUBHUX GiIHAHCOBMX NUTAHb.

ATop IcTep O. . peKomeHAye NoAaBaTU ONaHyBaHHA 3MICTy Ta NpoLeayp Po3B’A3yBaHHA 33434 NPAKTUYHOTO 3MICTY,
3actocyBaHHA GOPMYAN CKNAAHWUX BiACOTKIB ANA PO3PaXyHKY BAPTOCTI KPeAWuTiB Yepe3 O4viKyBaHHA pe3ynbTaTiB HaBYaHHA
3806yBayiB OCBITH.

AsTopu nporpamu Mep3nsak A. I, Homiposcokuit . A., Muxtap M. M., Pybnbos b. B., CemeHoB B. B., Akip M. C.
ONUCYlOYM METy HaB4YaNbHOro npeamerta «Anrebpa» BUAINAIOTL B Hili GOpMyBaHHA B YYHiB MpeaMeTHOI maTemaTUyHOi
KOMNETEHTHOCTI, Wo nepeabayae 34aTHICTbL PO3BMBATU 14 3aCTOCOBYBATU MaTEMaTMYHi 3HAHHA Ta MeToAM ANA PO3B’A3aHHA
LUIMPOKOro crekTpa npobnem y MOBCAKAEHHOMY KUTTi. B nporpami nigKpecntoerbca, WO KOMNETEHTHICHWMI noTeHuian
MaTeMaTU4YHOI OCBITHbOI ray3i BU3HAYaE ii 34aTHICTb GOpMyBaTM BCi iHLI K/OYOBI KOMNETEHTHOCTI, AKi NepeabayeHi aeprKaBHUM
CTaHOAPTOM, B TOMY YMCAi i NiANpUEMAMBICTb Ta PiHAHCOBY rPAMOTHICTb, KOMMNOHEHTAMW SIKOT € aHanNi3 BIACHOI EKOHOMIYHOI
cUTyaLii, BMiHHA CTBOPIOBATM Bi3HEC-NNaH Wasaxom GopmMyBaHHA MeTH Ta 3acobis AN i LOCATHEHHA 3 NOAA/bLIOK NOKPOKOBOIO
neTanisauieto. ABTOpM 3BEpHYAM yBary Ha HACKpisHi NiHii Ta ix peanisauito, B Tomy uncni i Ha «liganpuemnusictb i piHaHcoBa
rpaMoTHicTb». Ha ix AyMKy LA MmoxKe byTu peani3oBaHa nig, 4ac BUBYEHHS BifCOTKOBUX 0BUYMC/IEHDb, PiBHAHDb Ta GYHKLiN WAAXOM
po3B’A3yBaHHA NPaKTUYHMX 33434 LWOAO NAAHYBaHHA rOCNOAAPCbKOI AiANBHOCTI Ta PeanbHOi OLiHKM BAACHUX MOMXNUBOCTEN,
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CKNaflaHHA cimeliHoro BloaKeTy, BUKOHaHHA GaHKIBCbKMX onepauiit Ta po3rnagy NPakTMYHMX acnekTis ¢iHaHCOBMX MUTaHb
(34iicHeHHs 3a0LlWaaKeHb, iHBECTYBaHHA, 3aMN03MYEHHS, CTPaXyBaHHA KPeaAUTYBaHHS).

B cBOil MogenbHit HaB4yanbHi nporpami astopu binauiHa O. A., binadiH T. 1., Cemuyk A. P., lnawyk O.T.,
Map’aHuyk O. T., Pabuii C. |. onucytoum LiHHICHI OpieHTMpM Nporpamm Ana 6a3oBoro npesmeTHOro HaB4aHHA anrebpu, 3BepTatoTb
yBary Ha CTaHOBJ/IEHHA BiJIbHOT 0COBUCTOCTI yYHSA, B TOMY YMCAi | Yepe3 popmyBaHHA MOro nignpuemamBocTi. KomneTeHTHICHUIA
NoTEeHLia MaTEMATUYHOT OCBITHBOI ranysi, Ha X AYMKY, cnpuATUME GOPMYBAHHIO KHOYOBUX KOMNETEHTHOCTEN, AKI OKpecneHo
[eprKaBHMM CTaHOAPTOM, B TOMY 4MCAi, NiANPUEMAMBOCTI i ¢iHAaHCOBOI rpPaMOTHOCTI, WO nepenbayatoTb iHILIAaTUBHICTD,
CNPOMOXKHICTb BMKOPMCTOBYBAaTU MOX/MBOCTI Ta peanisoByBaTW ifei, CTBOPHOBATM LiHHOCTI ANA iHWUX y byab-akin coepi
KUTTELIANBHOCTI; 34aTHICTb [0 aKTUMBHOI y4acTi B KMUTTi CycniNbCTBa, KEPYBAaHHA BAACHWM KUTTAM i Kap'€poto; yMiHHA
po3B’A3yBaTM Npobiemu; roToBHICTb BpaTV BiAMNOBIAANbHICTL 33 MPUNHATI pilleHHA; 34aTHICTb NpPaLOBaTM B KOMaH4i Ans
nAaHyBaHHA | peanisauii NPOEKTIB, AKi MaloTb KYAbTYPHY, CycninbHy abo GpiHaHCOBY LiHHICTb TOW0. OKpeC/ooYmM 3MiCT Nporpamu,
aBTOPW BKa3yloTb, AK 33 ONOMOrO0 NMPOEKTHOT AiANBHOCTI MOXKHa 3a6€3NeUnTn He inlle BUBYEHHA TaKMX TeM AK apudmeTnyHa
Ta reoMeTpuyHa nporpacii, ane “ NPOAEMOHCTPYBATU peanbHi Npoueck, AKi HUMKU onucytoTbeca. Came TOMy, BU3HaYatoum BUAK
HaBYa/bHOI AiANbHOCTI NPU BUBYEHHI L€l TeMW, aBTOPM MPOMOHYIOTb PO3B’A3yBaHHA KOMMETEHTHICHO OpPiEHTOBaHWX 3ajau,
MaTeEMaTUYHUMM MOLENAMU AKUX € apUPMETUYHA Ta FreOMETPUYHA Nporpecii.

OTKe, BuUxogAuM 3 [lepkaBHOro craHaapTy 6a3oBoi cepefHbOi OCBITM Ta peKkomeHAaLii aBTOPIB MOAENbHUX
HaBYaNbHUX NPOrpam, 3a4adi EKOHOMIYHOrO 3MICTy MOKYTb NPOMNOHYBATUCh 40 PO3B’A3aHHA Ha YpOKax maTemaTuku/anrebpu
BMPOAOBX BCbOr0O OCBITHLOrO MPOLECY.

METOAM AOC/IAMKEHHA

ABTOpamn Byno 3acToCOBaHO MeTOAM aHani3y Ta MOPIBHANBHOIO aHai3y BiTYM3HAHUX Ta 3apybiKHMX HAYKOBMX i
METOAMYHUX AKepen, NPUCBAYEHUX Pi3HMM acheKTam 3acTOCyBaHHA 33434 €KOHOMIYHOrO 3MiCTy, HaB4YaNbHOI NiTepatypu i
HaBYa/lbHMX Nporpam 3 npobnemu AoCNigKEHHA, MeToa MaTeMaTUYHOTO MOZAENIOBAHHSA, 3p06AEHO y3ara/sibHEHHS BAACHOTO
nefaroriyHoro A0CBiAy 3 BUKAaAaHHA MAaTEMATUKM Ta 3aCTOCYBAHHS OCBITHIX TEXHOJIOTIN.

PE3Y/IbTATU AOCNIAXKEHHA

dopmMmyBaHHA MaTEMaTMYHOI KOMMETEHTHOCTi Y4YHiB BiAOYyBaeTbCA, B 3Ha4YHi Mipi, 3a paxyHOK MNpaKTUYHOI
CNPAMOBAHOCTI OCBITHbOIO NPOLLECY, BCTAHOB/IEHHA MiXKNpegMeTHUX 3B'A3KiB, WO CNPUAE NiABULLEHHIO Ni3HABANbHOIO iHTEpecy
YYHIB 40 BMBYEHHA MATEMaTUKW, PIBHA 3arafibHOI Ta MaTeMaTMYHOI Ky/abTypu, HabyTTA [0CBiAY BMKOPUCTAHHA OTPUMAHMUX
MaTEMATUYHMUX 3HAHb O/1A BUPIWEHHA peanbHUX MPAKTUYHWMX 334ay, WO BMHUKAOTb Yy NOBCAKAEHHOMY XUTTi. Cepes, 3ajau
NPaKTUYHOrO 3MICTY B OKPEeMMI K/Jac BUAINIEHO eKOHOMIiYHi 3afayi, AKi CNpuAOTb PO3BUTKY NpeaMeTHOi MaTeMaTUyHoi Ta
KNOYOBOI KOMMETEeHTHOCTI MiANPMEMAMBOCTI Ta ¢iHAHCOBOI rPamoOTHOCTI 3406yBayviB OCBITM Ta peanisauii HACKPi3HOT AiHii
«MignpUeEMNMBICTb | piHAHCOBA rPAMOTHICTb». B CTaTTi MM 3yNMHUANCH Ha 3a4a4ax GiHAHCOBUX PO3PaXyHKIB.

MaTtemaTuyHi 3aga4i GiHaHCOBMUX PO3PaxyHKiB BUKOHYIOTb HAaCcTYMHi GyHKU;i:

— OCBITHIO QYHKL,it0, OCKi/IbKM 334a4i cnpsimoBaHi Ha pOpMyBaHHSA B Y4HIB CUCTEMU 3HAHb, BMiHb Ta HABUYOK Ha Pi3HUX
eTanax HaBYaHHS;

— po3BMBatody OYHKLiO, TOMY WO 3343a4i CNPUAIOTb OCMUCAIOBAHHIO HOBUX MOHATb, BUPODBAEHHIO YMiHb Ta HAaBUYOK
3acTocyBaTu 3400yTi 3HAHHA HA NPaKTUL Ta PO6UTU NEBHI BUCHOBKY;

— BMXOBHY QYHKLit0, 60 3a 4ONOMOroH0 TaKOro KNnacy 3a4a4y y4YHi HabyBatoTb EKOHOMIYHY Ta GiHAHCOBY rPaMOTHICTb;

— KOHTpoOtotody GYHKL0, AKY Ma€E byab-AKa HaBYabHA 334a4a.

®iHaHCOBA rPAaMOTHICTb Y4HIB GOPMYETLCA Ha YPOKAx MaTEMATUKM NPKU PO3B’A3yBaHHI 33434 Ha:

— JOXO4M Ta BUTPATK;

— NNaHyBaHHA BloaKeTy;

— KpeauTyBaHHA;

— iHBeCTYBaHHS;

— 0cobuCTi 36epexeHHs.

Came TOMy BYMTENIb MAE MOCTYNOBO MOACHIOBATM, WO MOHATTA AOXOAIB BKAOYae B cebe yci Buan diHaHCcoBUX
Haaxo4xKeHb. Lle MoxkyTb 6yTW: 3apobiTHa NAATHA, LOXOAM Bif, KOMEPLiHOI AiANbHOCTI, DaHKIBCbKMX BKNAZIB, LiHHMX Nanepis Ta
iH. [Jo BUTPAT Big KOMEpPLiNHOI AiANbHOCTI BiAHOCATb YBi BUTPATH, AKi NOB’A3aHi 3 BUPOOHMLTBOM Ta peanisaLieto NpoayKLii.

O6roBOpPIOIOYM 3 YYHAMM MUTAHHA NAAHYBaHHA BIOAXKETY CNif 3a3HAYUTU, WO iCHYE AEKiNbKa MOro piBHiB: piBeHb
pOAMHW, piBEHb NiANPUEMCTBA Ta piBeHb AepKaBu. CimelnHui BIo4XKeT — Le NAaH peryatoBaHHA rpoLOBUX JOXOAIB i BUTPAT Cim'i,
LLLO CK/TA[AETbCA, 3a3BMYAM, HA MICAYHUI CTPOK Yy BUTAALI Tabauui. BanaHc cimeiHnx goxoais i BUTPAT — Le ¢GiHaHCOBMIA NAaH,
niaCcyMOBaHi foxoAM i BUTPATM POAMHM 3a NEBHWI nepiog Yacy. Baxaunsoto Temoto anAa obroBOpeHHA B pamKax CiMermHoro
6loaKeTy € 0COBUCTI 3a0LWALKEHHA HAceNeHHA — rPoLUi, AKi 3a/MLWAOTbCA Y TPOMAAAH Big, iIX JOXOAIB MicNsA TOro, AK BOHM
34iMCHIOOTb BCi HEOBXiAHI iMm BUTpaTW. Ha piBHi AepKaBu BlOAXKeT — Lie JOKYMEHT, Y AKOMY, AK NPaBUAO, NIAHYIOTLCA BCi PiYHi
[0X04M Ta BUTPATW AepKaBu. BiH micTUTb 6araTto pisHux gxkepen GopmyBaHHA Ta HaNpPAMKIB BUTPaT.

HacTynHWA KPOK — NOACHEHHA TepMiHIB «KpeAUTYBaHHA» Ta «iHBECTYBAHHA», AKe MOXe BiAbyBaTncA i Ha ypokax
MaTEeMaTMKM, OCKINbKM Li MOHATTA 3aCHOBAHi NEBHMUX MaTeMaTUYHMX Aiax. KpeanTyBaHHA — Le BUA 6aHKiBCbKOI AianbHOCTI, Nig,
Yyac AKoi BaHKM HafaloTb Kpeautn puguyHum (nignpuemcresam) abo ¢ismyHMm (rpomagaHam) ocobam rpouwi y TMMYacose
BMKOPUCTAHHSA. 3a TaKe KOPUCTYBaHHA rPOLIMMA, TOM XTO MOro OTPUMYE (MO3UYANbHUK), MOBUHEH Y BUSHAYEHUI Y KpeaUTHOMY
[0roBOpPi CTPOK NOBEPHYTU YCIO CYMY KpeauTy (Tio KpeauTy), a TaKOXK CNAaTUTM NeBHy cymy (BMHaropoay 6aHKoBI) rpoleli 3a
KOPUCTYBaHHA rpowmrma. Cyma BUHAropoay BM3HAYAETbCA 3aNEXKHO Bif, CTaBKM BiACOTKY, 33 AKO BifbOYyBaNoCh KpeanUTyBaHHS.
IHBECTYBAHHA — Lie MpoLec BKAAAEHHA rpowei y byab-Ake NiANPUMEMCTBO, MPOEKT, CTapTan 3 METOl OTPMMAaHHA BiACOTKY
NpubyTKY Yy BMNAAKY KOMepLiiHOi epeKTMBHOCTI NPOEKTY, TOBTO y BUMAAKY, AKLWO BiH Byae npubyTkoBum. MpubyToK — cyma
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rpolwen, fKa 3a/MWAETLCA Yy BAACHOCTI MigNPUEMCTBA NICAA 34JIACHEHHA BCiX HEObXigHUX BWUTPAT ANnA peanisauii pobotu
nignNpUeEMCTBa.

PO3yMmiHHA 03HaYeHMX NUTaHb, B BiNbWOCTI BUNAAKIB, peanisyerbca Yepes BifCOTKOBI PO3paxyHKM, TOMY 3yMMHMMOCH
Ha eKOHOMIYHIl cknagoB.ii Temu «lMporpecii» B Kypci anrebpu 9 knacy. 3agadi GiHaHCOBOro 3MiCTy Ha NPOrpecii AeMOHCTPYIOTb
BMKOPUCTAHHA MATEeMaTUYHUX METOZIB Y MPAKTUYHIA AifanbHOCTI 6aHKiB Ta NOBCAKAEHHOMY KWUTTI rPOMaZAH KpaiHW. BoHM
HaBYaloTb YYHIB peasibHii B3aemogii 3 6aHKaMu, HafaloTb HAM 3HAHHA 3 TOTO, AK MOXXHA BUKOPUCTOBYBATU BAACHI TMMYACOBO
Bi/IbHi KOLITWN A/19 OTPMMAHHA MAaCUBHOTO AOXOA4Y.

Hexait S rpvBeHb — NepBUHHA Cyma BKAagy (Cyma rpoluei, AKy BKAagHUK (N0guHa) NPUHOCUTL 40 6aHKy Ta Knage Ha
CBill 4ENO3UTHWUI PaxyHOK A1 OTPMMAHHA Big, Hboro NpMBYTKY BiAMNOBIAHO BCTAHOBNEHOIO PO3Mipy HaHKIBCbKOro BiACOTKY 3a
[enosntamu); i — WOPIYHKIA BiACOTOK 3a AEN03UTOM; M — KifIbKIiCTb POKIB, Ha AKI BiAKPMBAETLCA AENO3MT. Take HapaxyBaHHSA
Ha3MBAETbCA HapaxyBaHHAM pocmux giocomkis. Cymy, AKY 3MOXKe OTPMMATK BKAAAHUK Yepes3 n poKiB, MO3Hau4uMo Ak S,,. Toai

. S o .
33 N POKiB cyma NpubyTKy 3a AENO3UTOM CKNage Too 'PYBEHb. 3aranbHa cyma rpolei, Ky OTPUMAE BKAAGHUK Big H6aHKy no

3aKiHYEHHIO CTPOKY [Aenos3uTy (nepBMHHA Cyma BK/Jagy Ta CymMa HApaxoBaHWMX BiACOTKIB 3a 4yac [eno3uTy), OO0PiBHIOE
Sin

in
S+ Too = S (1 +m) rPUBEHb.

TakMm 4YMHOM, Yepe3 N POKiB MpPW HapaxyBaHHi MPOCTUX BIACOTKIB OTPUMYEMO rpoLwoOBYy Cymy S, rpPUBEHb, LUO
064ncntoeTbea 3a dopmynoto
i'n
Sp=8S(14+—).

100
3po3ymino, WO HapaxyBaHHA NPOCTMX BiACOTKIB NOB'A3aHO 3 apMPMETUYHOIO NPOrpecieto.

Micns po3rnsgy HapaxyBaHHA NMPOCTUX BiACOTKIB NEPEXOAMMO A0 HAPaXxyBaHHA CKAAOHUX 8i0comKis. B nepuuy yepry,
HeobXifAHO NOACHWUTWU MPUHLMMNOBY BiAMIHY LbOrO HapaxyBaHHA Big, NOPAAKY HapaxyBaHHA, AKWMI BMKOPUCTOBYBABCA Mif, Yac
HapaxyBaHHA NPOCTUX BiACOTKIB.

AKLWO rpoLwi BKNageHi B 6aHK Ha AeN03UTHUIN paxyHOK 3 AeKilbKkoMa nepiogamu HapaxyBaHHS BiACOTKIB, TO BiACOTKM
MOXYTb BYTV HapaxoBaHi HACTYNHUM YMHOM. MicNA HACTaHHA NepLOoro Nepioay HapaxyBaHHA CYMM BiZCOTKIB 3a 4eM03UTOM Cyma
LMX BIACOTKIB Y rpOIOBOMY BUIALI A0AAETHCA A0 NEPBUHHOI CYMMU AEN03UTHOMO BKAAAY, i Y HAaCTYNMHOMY nepioAi HapaxyBaHHA
Bif,COTKiB 3a feno3nTom 62300 A5 HapaxyBaHHA KX BiLCOTKIB CTAE BXKe HE NEPBUHHA KiNIbKICTb BKNAAEHMX Ha AEeN03UT rpoLLEen,
a cyma NnepBMHHOIO AENO3MTHOrO BKNAZY NKOC AoAaHa 0 Hel cyma BifCOTKIB, HAapaxoBaHa 3a MM AeN03MTOM Y NepLumnii nepios,
HapaxyBaHHsA. Tob6To, 6a3a HapaxyBaHHA BiACOTKIB 36iNbWYETHCA, i, TAKUM YMHOM, BKIALHUK OTPUMYE MONKAMBICTb NPOTATOM
Apyroro nepioay HapaxyBaHHA BiACOTKIB 32 AeN0O3NTOM OTPUMATH BXKe Binbluy cymy BifCOTKIB y rpowioBomy BUMIpi. | Tak byae
HapaxoByBATUCb KOXHOTO pa3y Nig, 4yac HapaxyBaHHA CYMM BiACOTKIB 3a feno3ntom, To6To 6a3a HapaxyBaHHA KOXHOro pasy byae
36inblyBaTUCh. Llei cnocib HapaxyBaHHA BiACOTKIB 32 AeN03MTOM (BUKOPUCTAHHA CKAALHUX BiACOTKIB) € ANA BKNALHMKA BinbL
BUTiAHWMM, NOPIBHAHO 3i CNOCOBOM HapaxyBaHHA NPOCTUX BiACOTKIB 3 AEeNO3UTOM.

MaTtemaTMyHa MoAe b HapaxyBaHHA CKNAAHMX BiACOTKIB MaTUMe HAaCcTYMHUI BUTNAL.

Hexai 6aHK HapaxoBYE i BiACOTKIB PiYHUX 33 AeN03UTOM. BKnaseHa cyma gopiBHIOE S rpuMBeHb, @ Cyma, AKa byae Ha
paxyHKy Yepes n poKiB, AOPIBHIOE S, rPUBEHD.

. . i-S i .
Topi yuepes pik Ha paxyHKy 3'ABUTbCA cyma: S; = S + Too = S- (1 + E) rpuBeHb, TO6TO NoYaTKoBa cyma 36inblnTbCA

y1 +%0 pasiB. 3a HacTyMHUI piK cyma S; 36iNbLINTLCA Yy CTINbKM K pasis, i TOMy 3a ABa POKM HAa paxyHKy byae BXe cyma:

52=(1+ﬁ)-5‘1=(1+$)-(1+ﬁ)-5=(1+ﬁ)2-5, 33 TPU POKM cyma: S3=(1+$)3-5, yepes N poOKiB

OTPUMYEMO TPOLLIOBY CYMY NPW HapaxXyBaHHI CKAAAHWUX BiACOTKIB, WO AOPIBHIOE S, = (1 + u;—o)n - S rpuBeHb.

Xoyemo 3BepHyTM yBary Ha Te, WO B Nigpy4yHMKax anrebpu gas 9 Knacy nig vac posrnsay BAacTMBoOCTen apudmeTnyHoi
Ta reoMeTPUYHOI Nporpecii, Ha Hawy AYMKY, HeAOCTaTHbO yBarv NpUAINEHO MiAKPINAEHHIO LMX Tem ¢iHaHCOBUM 3MiCTOM:
MOACHEHHA CXeMM HapaxyBaHHA MPOCTUX Ta CKAAJEHMX BiACOTKIB 33 4ENO3UTOM Ta BCTAHOB/IEHHA iX 3B'A3KY 3 Nporpeciamu € He
B KOXKHOMY MiAPYYHWUKY, TEPMIHU «4EN03UT», «BKNAAHWUK» HE BU3HAYEHO, He0CTAaTHbO € Ki/IbKIiCTb KOMMNETEHTHICHUX 33434 Ha
diHaHCOBI po3paxyHKM.

Y HaBYaNbHWX NPOrpamax 3 MaTEMaTUKM 3a3HAYEHO, L0 BUKOPWUCTAHHA MPUKNAAIB, CUTYaLlill 3 peanbHOro XUTTA, y TOMy
4Yncni MOro eKOHOMIYHOT CKNAZ0BOI, € AyKe BaXKAMBUM, 60 ANA YYHIB MOBUHHI HE TiIbKM OBONOAITM MAaTEMAaTUYHUMM 3HAHHAMM,
a ¥ BoAgHOYAC HabyTW 3HaHb 3 TOTO, fie | AK MOXKHA KOPUCTYBATUCb OTPUMAHUMMN 3HAHHAMU. BaxKnMBO HafaTN YUHAM MOXKAUBICTb
3acToCyBaTU MaTepian WwoA0 apnuPpmMeTMUHOi Ta reOMETPUYHOI NPorpecii Ha NpuKkNagax GiHaHCOBUX PO3PaXyHKiB, CKOPUCTATUCH
OTPUMAHUMM 3HAHHAMU Y PeaIbHOMY XKUTTI.

[na 03HaMoMNEeHHA yYHiB 3 0OCHOBaMM BaHKIBCbKOI AifNbHOCTI Ta HABYTTA HUMKM NPAKTUYHOTO AOCBIAY 3 BUKOPUCTAHHA
MaTeMaTUYHUX 3HaHb ANA 34iMcHeHHA GiHaHCOBMX onepaLiii Ha NPUKAaAaX, MaKCUMaNbHO NPUBANKEHUX [0 PeaNbHUX CUTYaLLN,
MU MPOMNOHYEMO 3aMNpOBaAMNTN KEAC-TEXHOOTIIO.

Kelc-TexHONOril0 BUKOPUCTOBYIOTb A/1A CNiZIBHOTO aHani3y, 06roBopeHHA Ta BMOOPY yYHAMM Hanbinbll foUiNbHOTO
pilleHHA ANA KOHKPETHOro BMNAZAKY, CUTyaLil, icTopii, AKi 1 HasMBalOTbCA Kecamu. CUTyaTMBHI BNPaBK UM KeMCU MAIOTb YiTKO
BMpPaXKeHUI xapakTtep i meTy. BoHM noB’A3aHi 3 HaBYaNbHOK NPO6IEMOIO YK CUTYaLElD, AKY CNig po3B’A3aTW. YKnagadi Keicis
06M1patoTb CMTYaL,ito 3 NEBHOI ranysi, 3 A4iA/IbHICTIO AKOI BOHW NParHyTb 03HAMOMMUTU YYHIB Ta AeTa/IbHO ONUCYHOTb BCi BUXigHI AaHi,
a TaKoX npobnemy, AKy Tpeba BUPIWNTU. TAaKOXK 3aBAAHHAM Kency MOXKyTb ByTW po3paxyHKM, AKi HeobxiaHo 3pobuTtn, abo
cneujanbHU Habip HaBYaNbHUX MaTepianis, AKi AAIOTLCA YYHIO ANA BUBYEHHA. 3aNeXHO Bif Kelcy yyHi MOXyTb NnpautoBaTv
camocTiiHo abo y rpynax, po3B’s3yBaTi OTPMMaHe 3aBAaHHA, AMCKYTYBaTH, i, TAKUM YMHOM, HabyBaTM 3HaHb 3 MPaKTUYHOT
CTOPOHU AMCUMNAIHU, AKY BUBYAKOTb. TaKe MOAENIOBAHHA MKUTTEBOI CUTyaLii Ta pilleHHs, AKi NPUIMMaloTb Y4Hi Ha OCHOBI
KOMMAEKCY 3HaHb Ta BNACHOTO A0CBiAY, CNpUAE GOPMYBAHHIO Ta PO3BUTKY iX KOMNETEHTHOCTI Ta HACKPI3HMX BMiHb.
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MeToanKa HaBYaHHA 3a AOMOMOrOH0 KEMCiB BiApPi3HAETbCA Bif, CYTO TEOPETUYHOro MoAaHHA iHPopmMaLLi, OCKiNbKM
nepeabayae HagaHHA YHHAM MOMK/MBOCTI HABYTM NPaKTUYHMX 3HaHb. «Case study» BUKOPUCTOBYETLCA Y Pi3HUX 3aKNaaax OCBITH,
B TOMY YMCAi, | 3aKNafax BULLOI OCBITH, Hanpukaag, y MapBapAcbKkoMy yHiBEPCUTETI Kelcy 3aCTOCOBYIOTLCA MNif, Yac HaBYaHHA
CTyAeHTiB, B3arani, BCiX cneuianbHOCTEA. BUKOPUCTaHHA LbOro meToAdy posnoyasnoca B cuctemi ocsitv CLUA we Ha noyatky
XX cToniTTA B ranysi npaBa Ta MeAWULMHM, NPOBIAHA PO/b Y BUKOPUCTAHHI MeToay «case study» HaneuTb FapBapACbKil WKoNi
6i3Hecy. 1921 poky 6yno BMAAHO Nepwnin 36ipHMK KeiciB. 3roaom meTtoq, «case study» nepeTBopmMBCA Ha OAMH 3 OCHOBHUX
MEeTOZ,iB HaBYaHHA B yHiBepcuTeTax CLUA Ta iHWKMX KpaiH (BopoHa, 2016).

[Ona 3piicHeHHA po3paxyHKiB 3a iINOTEYHUM KpeaMTyBaHHAM Ha NPUKNAAAX, MaKCMMaNbHO HabAMKEHUX [0 peanbHUX
CUTYaLii, MM PO3POBUIM Kelc Ha Temy «InoTeyHe KpeanTyBaHHA». TUN CTBOPEHOTO KEMCY — KeMC-CUTyaLLin, AKa BUMArae Big y4Hsa
aHani3y neBHOI cMUTyauji Ta 3aCTOCYBaHHA MaTemMaTMYHOro anapaty (poboTa 3 apudMeTUUYHOIO Ta FeOMETPUYHOLO Nporpeciamu).
OcKinbku poboTa y4HiB 3 TaKMM Keicom noTpebye Yacy Ha 03HAMOMIEHHA 3 maTepianom, 6arKaHO 3aNPOMOHYBATU OTO Y AKOCTI
AOMaLWHbOi poboTn. TMig Yac ypoKy Y4Hi NPoOBOAATb MaTeMaTWUYHi PO3paxyHKM, aHani3yloTb Ta O6roBOpPIOOTb OTPUMAHI
pesynbTaTu.

HaBoAMMO 3MiCT NPONOHOBAHOIO Keicy Ta 3aBAaHb 418 CaMOCTIMHOT poboTH yuHiB.

InoTeyHe KpeAUTYBAHHA: CYyTb Ta OCHOBHi NOHATTA.

AbcontoTHa 6inbLicTb NtoAel NparHe BONOAITM BNACHUM KUTAOM. Lie Hafae ntoaam MOXAUBICTb OTPMMaTH ceoboay Ta
He3aneXHicTb, BAACHMI NPOCTiP, MOXK/ANBICTb CTBOPUTM BAACHY Cim’t0. BONOAIHHA BNAaCHUM HEPYXOMUM MAlHOM HaJaE NoaaAM
6inbwe BNeBHEHOCTI y iX ManbyTHbomy. Came AnA peanisauii MOXAMBOCTI HAMCKOPILIOro OTPMMAHHA HEPYXOMOro MaliHa
(kBapTVpK abo byaMHKY) i iCHYE inoTeYHe KpeaWUTyBaHHSA. PO3rNSHEMO MOro CYTHICTb Ta 0COBANBOCTI.

INOTEYHE KpeauTyBaHHA — Ue LiNecnpsaMoBaHe, [AOBrOCTPOKOBE KpeauTyBaHHA ¢i3snyHMX ocib BaHKiBCbKMMMU
yCcTaHOBaMM, ANA KyNiBAi BNaCHOro HEPYXOMOro MaiHa (KBapTupu abo 6yamHKy) (Mepecaga, 2003). BU3HaUYeHHA Aa€ 3p03yMmiTH,
WO KpeauT BUOAETLCA nLLE HA NPUAGAHHA KUTN0BOI HEPYXOMOCTI Ta Ma€e JOBIrOCTPOKOBUIA XapaKTep i CKAajae Big AecATH Ao
TPMALATK POKiB. Kpim TOro, inoTe4yHe KpeaMTyBaHHA XapaKTepPU3YETbCA BiAHOCHO HU3bKOIO CTaBKOIO MPOLEHTY 3a LM KpeanuTom
Yy NOPIBHAHHI 3 KPEAUTHUMM CTaBKaMM 3a iHWMMU BUAAMWN KpeauTyBaHHA. CTaBKa NPOUEHTY 3a KpeguTomM — Le BiCOTOK Bif
3arasibHOi CyMu KpeauTy, AKMI oTprmana ntoguHa y 6aHky, TobTo, e nnata 3a BUKOPUCTAHHA BaHKIBCbKUX rpoLuei.

HapaHHA iNOTEYHOro KpeauTy € KOPUCHUM AK ANA KpeauToAasLA, TaK i AN1A KpeauTooTpumyBaya. baHKy BuUrigHo
OTPMMYBATK FpoLi 33 BUKOPUCTAHHA OTPUMYBayaMM iNOTEYHOrO KpeauTy Yy AOBrOCTPOKOBIM nmepcnektusi. [na oTpumysadis
iNOTEYHUX KPeauTiB — Lie MOXK/IMBICTb OTPMMATK Big, 6aHKY rpoLi Ha MOKYMKY *KUTAa.

[na 3piicHeHHA KpeAMTHOT inoTeyHol yroan 6aHK BUAAE rpoLui, KNIEHT OTPMMYE rPOLLi, NAATUTb iX BNACHUKY KBapTUPH
3a KBApTMPY, @ NOTIM NPOTATOM KPeAMUTHOrO iNOTEYHOTro nepiody, 3a3HayeHy y inoTe4HOMY A0roBopi, cnaadvye 6aHKy naaTexi, Wwo
BKJ/IO4AIOTb B cebe YacTUHY CyMu KpeauTy (Tino KpeauTy) Ta cymy BifICOTKY 33 KOPUCTYBAHHA KpeanUToM (cTaBKa KpeauTy). Mpouec
iNOTEYHOro KPeauTyBaHHA MOXKe ByTU NpescTaBNeHNI cxemaTuuHo (Puc. 1).

1

Bank —— Kuient danxy
(kpeauTop) <:I (OoTpHMYBau KpejIuTy,

4 TIOKYTIelb YKHTIIa)

2@@3

Hp OJlaBellb KHTIIa

Puc. 1. Cxema inoTe4HOro KpeauTyBaHHA
1 - Cyma Kpedumy (6aHK Hadae KnieHmy kpedum);
2 — Kyniensa #umna (cyma, AKY NoKyneyb HAOA€e MPoOa8YI0 HUMA, BOHA MOX(e CKAA0amMUCh YinKoM 3 KpedumHux epowell, a MoXe 4aCMKo80
CKAadamuce 3 KpeOUMHUX Kowmie, a 4aCMKO80 3 8/1CHUX KOWMie noKynys);
3 — lMepeda4a npasa 8a1acHOCMI HA HUMSO (MOKYyNeyb OMPUMYE NPABo 8000iMU HUMAOM MA 8}(e Y HbOMY MPOHUBAMU);
4 — Ll{omica4Hi sunaamu KaieHmom 6aHKy 30 KOpucmyeaHHA Kpeoumom (cmasKa 8i0cComKy 3a KpeAUumom, a MAKOX Yacmka miny kpedumy).
Lrepeno: asmopceka po3pobKa.

MamemamuyHi po3paxyHKu, Noe’aA3aHi 3 inomeyHUM KpedumyeaHHAM

Mig yac 3gilicHeHHA iNOTEYHOro KpeAWTYBaHHA BMHMKAE NoTpeba po3paxyBaTW eKOHOMIYHi MOKa3HUKK, 6e3 AKMX
inoTe4YHe KpeaUTYBAHHA € B3ara/ii HEMOXINBUM.

[0 uMx NOKa3HUKIB BigHOCATLCA:

— CYMa KpeauTy (110ro » B eKOHOMIYHIli HayLi TAKOX Ha3MBaloTb TINOM KpeauTy, TOBTO Lie came Ta Cyma, AKy 6aHK Hadae
NIOAMHI, AKa 3BEPHYNACh 3a iNOTEYHUM KPeaMTOM i Ky BMHA NOBMHHA MOCTYNOBO NOBepTaTU GAHKOBI LLOMICAYHO, NPOTATOM
peanisauii KpegUMTHOro f0roBopy);

— CTaBKa BiACOTKY 33 iNOTEYHUM KpeauTom (Le BiACOTOK Bif, CyMi KpeauTy, AKMI NMO3MYaibHWUK MOBUHEH LLOMICAYHO
CnaavyBaTh 6aHKy 3a NPaBO BUKOPUCTAHHA KPeAUTHUX rpoLueit);

— CTPOK HafaHHA KpeauTy (CKINIbKM POKiB NO3UYanbHUK byae BiaaasaTh 6aHKy KpeauT);

— aHyiTeT — NoCTiliHA 3ara/ibHa LWOMICAYHA CyMma MOBEPHEHHA MO3MYANbHUKOM [0NA KPeAMTy 3 ypaxyBaHHAM CyMM
Bi,COTKY 3a KpeaUTOM.

Po3rnaHemo maTemMaTUyHy CK1af0BYy NPOLLECy iNOTEYHOro KpeanTyBaHHA.

CrnioyaTtky Tpeba BM3HAYMTM Cymy inoTeyHoro KpeauTy. BoHa mponucyeTbcs B gorosopi Ta € 060B’A3KOBONO A/1A
NMOBEPHEHHA GaHKy B pamKax CTPOKY AOroBOpY iNOTEYHOro KpeAwuTyBaHHA. [1A LpbOro No3MyanbHUK camocTiiHo, abo 3a
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[,0NOMOrolo BiAnoBigHoro daxisua (pientepa) 3HaxoauTb HEOOXiAHY MOMY AN KUTNA HEPYXOMICTb. BU3HaYaEeTbeA 3 Ti BapTicTiO.
AKLLO UA BapTICTb € BiANOBIAHO A0 ICHYIOYMX HA PUHKY LLiH HA NoAi6HI 06’EKTU HEPYXOMOCTI, Bif, 3B8’A3yETbCA 3 6BaHKOM Ta Nogae
3aABKY 33 iNOTEYHUI KPeauT.

BaHK B CBOIO yepry po3rnafae ABa OCHOBHUX GaKTW. Meplmnii — 34iMCHIOE OLHKY BapTOCTi HEPYXOMOCTI, APYrUi —
BM3HAYa€ NIATOCNPOMOIKHICTb MO3MYasbHMKa (MOro NocTinHi ¢piHaHcoBi goxoam). AKWO 6aHK BCce BAAWITOBYE, BiH MNOYMHAE
CKNafjaTv KpeguTHY yroay.

Ona cknagaHHA KpeguTHOI yrogn 6aHK no-neplie AisHaeTbca po3mip BcTaHoBseHoi HBY (HauioHanbHUM 6aHKom
YKpaiHK) CTaBKM iNOTEYHOrO KpeauTyBaHHA. Ha TenepilwHilt yac B YKpaiHi BOHa cknagae 14% piyHux. A aani, BUKOPUCTOBYHOUM
CYMy KpeauTy (Tino KpeauTy), MOX/IMUBWMI CTPOK iNOTEYHOrO KPeaMTyBaHHA Ta LeN BiACOTOK AK OCHOBY, BiH MNOYMHAE
pO3paxoByBaTM CYMM LLLOMICAYHUX KPeaUTHUX BUNAAT.

3a BUKOPUCTaHHA KpeamTy MOXKYTb 6yTH HapaxoBaHi abo npocTi, abo cknagHi BiACOTKM. MpoCTi BiACOTKM — HapaxyBaHHA
BiZCOTKIB 3AiICHIOETHCA LLOPIYHO B OAHOMY i TOMY K CaMOMY PO3Mipi Ta BU3HAYAETbCA AK MPOLIOBUIA BMPA3 CYMM BiZCOTKY 3a
KpeauTom Bif, 3arasibHOro po3mipy Tiny KpeauTy. TaKi BiACOTKM IerKO pOo3paxoByrOTbCA, a/le CyMapHO 32 BeCb Yac KpeauTyBaHHA
€ AyXKe BUCOKUMM, Y TOMY YMCAi MOPIBHAHO 3 BUKOPUCTAHHAM CUCTEMM HapaxyBaHHA CKAAZHWUX BiACOTKIB. Lle MoXHa 3pobuTu
HACTYMHUM YMHOM.

CnoyaTKy cnif, BU3HAUUTH LLOPIYHY CYMY NOBEPHEHHA TiNly KpeguTy:

_ Skp
Snos - T

e SKp — CyMa inoTeYHOro KpeauTy; t — KiNbKicTb POKiB, Ha AKY BUAAETLCA KPEauT.

LLlopiyHa cyma BMNIAT NPOCTMX BiACOTKIB 32 BUKOPUCTAHHA KpeauTy:
_Skp-i
100"
Ae SKp — cyma inoTe4yHoro KpeauTy; [ — piyHa cTaBKa BiACOTKY 33 KpeaUToM.
3aranbHa cyma LWOPIYHUX BUNAAT 32 KPeAUTOM CKIaZe B TAaKOMY BUNAAKY:
_ _Skp | Skp-i
C3.B. - Snos + B; abo CB.B._T + 100 °

3arasbHa Cyma BMNAT 33 KpeaMTOM 3a BeCb Nepios KpeaAuTyBaHHA To4j:
3cp. =Gy t

BnpoaoBsiK ypoKy ogHa rpyna y4yHiB OTPUMYE yMOBY 3a4aui:

3apaua. Hexait nosmyanbHUK 6epe B 6aHKy KpeauT Ha cymy 50000 rpH., Ha nepiog, KpeauTyBaHHA 10 pokis 3a npocTMmu
BigcoTkamu. CTaBKa 6aHKIBCbKOTO BifICOTKY 3a KpeauTom B YKpaiHi cknagae 14%.

3aBaaHHA:

1. BU3HaunTK WOPIYHY CYMy NOBEPHEHHA TiNly KpeauTy, WOPiYHY CyMy BMMAAT MPOCTUX BiACOTKIB 32 BUKOPUCTAHHA
KpeauTy, 3aranbHy CyMy LLOPIYHMX BUNAT 3a KPeAUTOM Ta 3arajibHy Cymy BUNAAT 3a KPeAUTOM 3a BECb Nepiog, KpeAnTYBaHHA.

2. MpoBecTv aHani3 OTPUMAHMX pe3ynbTaTis Ta NiAroTyBaTH BifNoOBIAi HAa HACTYNHI 3aNWUTaHHA: KOMY Binblu BUrigHA TaKa
dopMa po3paxyHKy 3a KpeamuTom? Yomy 6aHK byae BTpayaTv NeBHY KiNbKiCTb NO3UYaNbHUKIB?

B xoai onpaLoBaHHA YMOB 334a4i Y4Hi OTPUMYIOTb TaKi pe3yibTaTu:

LLlopiyHa cyma noBepHEHHA TiNy KpeguTy:

’

Skp _ 50000
Snon="2= = 5000 (rpH.)
t 10
LLlopiyHa cyma BMMAAT NPOCTUX BiACOTKIB 33 BUKOPUCTAHHA KPeauUTy:

Skp*i 50000%14
=22 2R - 7000 (rpH.)
100 100

3aranbHa cyma LWOpPIYHUX BUNAAT 32 KPeAUTOM CKIaje:

C,5.= Sios. + B =5000 + 7000 = 12000 (rpH.)
3arasbHa cyma BMNAAT 33 KPeAMTOM 3a BeCb Nepios, KpeaUTYBaAHHA:
3cs = Cyp -t =12000 - 10 = 120000 (rpH.)

AKLWO BMNNATU 33 KPEAUTOM, BiANOBIAHO A0 KPeAUTHOrO A0roBopy byayTb 3A4iMCHIOBATUCA WOMICAYHO, TO 3ara/ibHUM
LLOMICAYHWUI NNATIXK 33 KPeAUTOM 3 ypaxyBaHHAM NOBEPHEHHA TiNy KpeauTy Ta CYMU CNAATH BiACOTKIB 38 HUM CKnage:

3cp )= Cap:12=12000: 12 = 1000 (rpH.)

B xop4i aHani3y oTpMMaHUX pe3ynbTaTiB Ta ix 06roBopeHHA y4YHi A4iinayTb HACTYMHUX BUCHOBKIB:

— KoXXHOro poKy 3a KpeguTom ChnnayvyloTbCA OAHAKOBI CYMW NOBEPHEHHA TiNy KpeauTy Ta OAHAKOBI CYyMW CMAaTu
BiZLCOTKIB 33 KpeanTom.

— Taka dopma po3paxyHKy 3a KpeAuUTOM € LUBWUAKOIO, NErKOoo Ta BUTigHOW Ana BaHKy, TOMy WO Cyma BiACOTKIB 3a
KPeAUTOM KOXKHOMO pa3y pO3paxoBYETbCA Big NEPBICHOI CyMU KpeauTy — Tiny KpeauTy. baHKy TakoX BUrigHa AOBroCTPOKOBICTb
inoTe4yHoOro KpeaMTyBaHHA.

— OcKinbKkM nepiop, KpeAUTYBaHHA MOXe J0CAraTU TPUALATU POKIB MPU TaKOMy Cnocoby HapaxyBaHHA CyMU BifCOTKIB
BiH Byae AyKe AOPOrMM ANA NO3UYANbHUKA.

— BaHK BUIpae Ha KOXHOMY OKPEMOMY MO3MYasIbHUKY, 32 PaxyHOK TOro, WO BOHW CM/ayyloTb MOMY BEAMKI Cymu 3a
KOPUCTYBaHHA KpeauTom. Aie B TOW e Yac BaHK BTPAYae NeBHY Ki/fbKIiCTb NO3MYANbHUKIB, AKUM NPU TaKilA BENUKIA BApTOCTI
KpeauTy, BiH CTaE HEAOCTYMHUM.

Mpn KpeauTyBaHHI 3a NPOCTUM BIACOTKOM TiNIO KPeAUTY MO3MYA/NbHMK MOYMHAE CMIayvyBaTW 3 CaMMM MepLivMm
nnatexxem 3a KpeauTom, TOBTO cyma KpeauTy MOCTIMHO 3HMXKYETbCA. OfHaK, MO3MYaNbHWMK Yy MPOAOBXK BCbOro nepioay
KpeauTyBaHHA CMaavye Cymy BifCOTKIB 3a KpeguTOM TaKy, HEMOB BiH BeCb 4Yac KpeAuTyBaHHA KOPWUCTYETbCA YCi€D CyMOto
KpeauTy.

[Opyra rpyna y4HiB A58 HAaOYHOCTi OTPUMYE TaKy K YMOBY 3aJaui, afie 3MiHUTbCA cnocib HapaxyBaHHA CyMU BifCOTKIB 3a
KOPUCTYBaHHA KPEAUTHUMM KOWTamu. BylyTb BUKOPUCTaHI CKAaAHI BiACOTKM.
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3aBpaHHA:
1. BU3HAUNTK LWOPIYHY CyMy MOBEPHEHHA TiNy KpeauTy, WOPIYHY CYMy BUNAAT CKAA4HWUX BiACOTKIB 32 BUKOPUCTAHHA
KpeauTy, 3arafibHy CyMy LLOPIYHMX BUNIAT 3a KPeAUTOM Ta 3arajibHy CyMmy BUNAT 3a KpeAUTOM 3a BECb Nepiog, KpeANTYBaHHA.
2. MpoBecTun aHani3 OTPMMaHMX pPe3ynbTaTiB Ta NigroTyBaTV BigNOBiAi HAa HACTYMHI 3aNUTaHHSA: KOMY 6inbLu BUTiAHA TaKa
dopma po3paxyHKy 3a Kpegnutom? YHomy 6aHK He Byae BTpauyaTi No3nYaabHUKIB?
B xoai onpaLoBaHHA YMOB 334a4i Y4Hi OTPUMYIOTb TaKi pe3yibTaTtu.
LLlopiyHa cyma noBepHEHHA TiNy KpeauTy byae BU3HAYaTUCh TaK Camo, AIK i y BUNAAKY NPOCTUX BifCOTKIB:
Skpl
t
ne Skpl — cyma inoTeyHoro KpeguTy; [ — pivuHa CTaBKa BiACOTKY 3a KpeguToM.
B pamkax npukaagy BoHa cknage: 50000 : 10 = 5000 (rpH.)
Oani yyHi obumcnoTb NO pokam AK Byae 3MiHIOBaTUCh LLOPiYHA CyMa BifCOTKIB 3a KPeaAUTOM, 3aN€KHO Bifg, 3MiHM,
TOYHiLIE — 3MEHLUEHHA CyMu TiNy KpeguTy, AKY NO3MYaNbHUKY HEODXiAHO cniadysaTu (nosepTath) B6aHKy.
Y nepwomy poui uA cyma CKiagatmme

Shos = )

Skp1l-i
B =
17 100’

ne By — cyma BigcoTkiB y nepiomy pou,.
B; =50000 - 14 : 100 = 7000 (rpH.)
Togai 3arasbHa cyma BMNAAT 33 PiK cknagatume 3¢, 1= Spos + B1
351 = 5000 + 7000 = 12000 (rpH.)

SK| Skp-i
Abo ii MOXHa NpeaCcTaBUTU TaK: 3¢5 1= Tp + 150
1 i
TaKo il MOXKHA BAOCKOHANMNTU Tak: 3¢ 51= Sp (; + 170).

Y apyromy poui cyma Tiny KpeauTy, AKMIN 3aMLLMA0Ch NOBEPHYTM BaHKY, 3SMEHLWMUTLCA Ha Ty AO0 KpeamTy, AKY BxKe

6yno cnnadeHo B nepwomy poui. To6To BoHa cknagatume Sypn = Sip1 — Shos
Sypz = 50000 — 5000 = 45000 (rpH.)

Toai cyma BiACOTKIB 3a Apyruii pik 6yae obuMcioBaTUCH BXKE He Bif, 3aranbHOT cymu Tiny kpeauTy (50000 rpH.), a Big,
3a3HayeHoi pisHumui (45000 rpH.).

Y Burnagi popmynu ue 6yae BUrIAAaTU HACTYMHUM YUHOM

_ Skp2:i _ (Sxkp1-Snos)-i
B= 100 abo B;= 100
B, = (50000 - 5000) - 14 : 100 = 45000 - 14 : 100 = 6300 (rpH.)

3aranbHa cyma BMNAAT 33 APYIUW PiK KpeauTYBaHHA CKNagaTume: 3ce2= Spop + B2

(Skp1—Snos)-i
100

3c6.2=5000 + 6300 = 11300 (rpH.)

[na NopiBHAHHSA, Y APYroMy poui 3arasibHa CyMa LWOPiYHUX BUMAAT DaHKY BXKe 3MEeHLIYEeTbCA. B rpowoBomy BMpasi
(abcontoTHe) 3meHLIEHHsA cTaHOBUTB: A 35 = 12000 — 11300 = 700 (rpH.)
BifHOCHEe 3MeHLeHHs cTaHoBUTL: 700 : 12000 - 100 = 5,83 (%).
AKLWO NOPIBHATU NINLLIE CYMM CMNATKU BIACOTKIB 32 KOPUCTYBAHHA KPeAUTOM, pi3HMUA Byae we 6inbl HarnagHoto.
A B=7000-6300 = 700 (rpH.)

3cs2= SnoB +

BifHOCHE 3MEHLUEHHA CTaHOBUTb:
700 : 7000 - 100 = 10 (%).

Cyma 3a/M1LLKY TiNy KpeguTy, Bif AKOT byae 064MCOBATUCH BiACOTOK 3a KPeaMTOM Ha TPeTbOMY poLi BianoBigHa byTn
BM3HAYeHa TaK Sip3 = Skp2 — Snos-

Y mexax YncnoBOoro NPUKIaAy Le CTaHOBUTUME: SKpS =45000 - 5000 = 40000 (rpH.)

Ane MU BXe 3HAEMO, WO: Sypn = Sip = Sos-

TOAji MM MOXEMO BUPa3NUTU SNOB3 Yepes Sy, Ta Spop HACTYMHUM YMHOM:

SKp3 = SKpl - Snos_ SI'IOB = SKp -2 SI'IOB
Syp3 = 50000 — 5000 — 5000 = 40000 (rpH.)
Syp3 = 50000 — 2 - 5000 = 50000 — 10000 = 40000 (rpH.)
Skp3-i
100

AB0 BUKOPUCTOBYIOUM TiNbKU Sep1Ta Sy POPMYNA MaTUME HACTYNHWIA BUTAAL;

Skp1-2-SnoB)-i
B3=( p )

100
By = (50000 — 2 - 5000) - 14 : 100 = 5600 (rpH.)
3aranbHa Cyma CriaTh 3a KpeMTOM Y TPETbOMY POL,i CTAaHOBUTb: 353 = Spop + B3
(Skp2—Snos)-i
100
3c63=5000 + 5600 = 10600 (rpH.)

| ;ani 3a LMM CaMMM NPUHLMMIOM Y YeTBEPTOMY POLLi CyMa NOBEPHEHHA TiNy KpeauTy byae:
SKp4 = SKp3 - Snos = Sxpl -2 Sl‘lOB_ SI'IOB = SKp1 -3 Snos

Cama cyma Bif,COTKiB Ha TPETbOMY pPOLi BiANOBIAHO cCKNagaTume B; =

3cp3= Snog +

A cyma BiZCOTKiB:

_ Skp4-i
47 100
(Skp1-3-SnoB)-i
B4_= —_—
100
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Y n’atomy pou,i:
SKpS = SKp4 = Stios
SKpS = SKpl =3 Stos ~ Snos = SKpl =4+ Shos
SKp5-i
Bs =
_ (Sxp1-4-Snos) -i
- 100

Bs TOLWO.
Y pecatomy podi:
Skplo = SKp9 = Stios
Skplo = SKpl =9 Shos

Skp10 i
B =
T
_ (Sxp1-9-Smos) -i
Bio= 100

To6To iHaKLWe — y 3aranbHOMY BUMNALI, MOXHa 3anuMcaTy TaK:
Skpl

Sn=Sep— (n-1)* Spos, A€ Spop= e

Topi popmyna gns cymu BigCOTKY MaTUMe TaKUIA BUTNAL:

Bn - m ) a6o Bn - (Skp1—(n—1) -Snos) -i.
100 100

B xofi aHanisy oTpMmaHux pesynbTaTis Ta ix 06roBopeHHA GopMytoTb BUCHOBKM:

— 3aBAAKM CNNaTi CKNAAHUX BiACOTKIB 32 KOPUCTYBAHHA KPEAMUTOM, CYMa LLET CNAaTU 3MEHLLYETLCA.

— byB 3po6sieHUIt BUCHOBOK, KpeauT 3a CKAAAHMMM BiAcOTKamu 6Ginblw npuBabamsuii, 6inbw AOCTYNHUN AnA
No3MYaNbHUKIB, @ 3HaUUTb, BaHK MOXKe pPo3paxoByBaTU Ha 36iNbLIEHHA iX KibKOCTI | Byae y BUrpalli 3a paxyHOK 36inbLeHHA
KiNIbKOCTi NO3UYabHUKIB.

PesynbTaTh HanpautoBaHHA 060X rpyn y4His 6yan opopmtotoTb y BUrNAAI NigcymKkoBoi Tabaumui 1.

Ta6nunus 1. MopiBHAHHA CYyM CNAaTH BiACOTKIB 32 BUKOPUCTAHHA iNOTEYHOro KpeAuTy Npu HapaxyBaHHi MPOCTUX Ta CKAAAHMUX BiACOTKIB

. Cyma cnnaTv 3a npocTumm Cyma cnnaTtu 3a CKAagHumu .
Pik KpeanTyBaHHA . . ABcontoTe BiAXMNEHHS, TPH.
BiJCOTKAMW, IPH. Bi,COTKaMM, IPH.

1 7000 7000 0
2 7000 6300 700
3 7000 5600 1400
4 7000 4900 2100
5 7000 4200 2800
6 7000 3500 3500
7 7000 2800 4200
8 7000 2100 4900
9 7000 1400 5600
10 7000 700 6300

3a Becb nepioa KpeanTyBaHHA 70000 38500 31500

[epeno: aemopcbKa po3pobKa.

Y nifgcymKky yyHi nobayath, WO 3arasbHa CymMa BUMANAT BiACOTKIB 3@ PiSHUMMU BUAAMM OBUYUCNEHHA BIACOTKIB CYTTEBO
BiZPi3HAETbCA. 3aranbHa Pi3HULUA CKNAJAE:

38500 — 31500 = 7000 (rpH.)

TakMM YMHOM BOHM AiMAYTb A0 BUMCHOBKY, WO BMKOPWUCTAHHA CKNAAHMX BiACOTKIB pobUTb iNOTeYHe KpeawuTyBaHHSA
6inblw NpMBabAMBMM ANSA NO3UYANBHUKIB.

He 3Bakatoum Ha nepeBarn CKNAHUX BIiACOTKIB, CAig BiAMITUTW, WO Cyma CNAaTU BiACOTKIB 33 KpeauTom €
HeoAHaKOoBOK NPOTATOM NepioAy KPeauTYBaHHA, @ TaKOH0, WO 3MEHLLYETbCA NPOTATOM KOXHOr0 HacTynHoro nepioay. Lle no6pe,
ane, 3a3BMYait NO3NYaNbHUKM OTPUMYIOTb NPUBAN3HO OA4HAKOBMI NOCTIMHUIA oXig. Tomy cniata 6inbll BUCOKOT CyMM HA NOYATKY
nepioay € fOCUTL BaXKKOIO ANA HUX. B TakoMy BUNaAKy 414 NONErWEHHA CNAATH 3a KpeauT BaHKM MOXKYTb BUKOPUCTOBYBATU TaK
3BaHi aHyiTeTHi NaaTexi. AHYiTeT HaJa€ MOXKIMBICTb NO3MYANbHUKY CNNAYYBaTU NPOTATOM YCbOro Nepioay KpeauTyBaHHA OAHY i
TEX camy CyMy BiACOTKIB 3a KpeauUTOM, TOBTO cepesHio cymy. B pamKax po3rnaHyToro npukaagy BoHa 6yae HacTymnHoto.

Y BUNaAKy CKNAfHMX BiACOTKIB, 3 ypaxyBaHHAM CyMU TiNly KpeguTy:

(50000 + 38500) : 10 = 88500 : 10 = 8850 (rpH.) y piK.
8850 :12 =737,5 (rpH.) y micaup.

B ymoBax cnnaTtv npocTux BifcoTkiB Le 6yno:

(50000 + 70000) : 10 = 120000 : 10 = 12000 (rpH.) y piK.
12000 : 12 = 1000 (rpH.) y micaub.

[NA HAOYHOCTI OTPMMAHUX Pe3yNbTaTiB AOLINbHO NPeACTaBUTH IX Y BUTNAAI Tabaumui 2.

Y Tabauui 2 npeacTaBneHo NOpiBHAMbHI AaHi 33 TPU BUAM Nepiogis: piK, micaub, AeHb. [ No3MYaNbHUKA BAXKANBO
3HATM PO3MIPU LLOPIYHOT Ta WOMICAYHMX cnaaT. A gas GaHKIB BaXKAMBI TaKOXK i WOAEHHI cniaTtv. BoHW noTpibHi y BUNagKax
[OCTPOKOBI CMNATU MO3UYANTbHUKOM KpeguTy.

OmKe, Npu 0GOPMEHHI KpeaUTHOro AOroBOpPY B HbOMY MOXKe OyTM BCTAaHOB/EHA LWOPIYHA Cyma MOXKAMBOTO
[0CTPOKOBOIO NOBEPHEHHSA KpeguTy. Lle noTpibHo ans Toro, wob 6aHK y CBOiM AiaNbHOCTI Mir po3paxoByBaTV Ha MiHiManbHO
BiZLOMMI Yac iCHYBaHHA KpPeauTy i 3a71eXKHO Bif, LbOro NiaHyBaTK CBOI rapaHTOBaHI J,0X04M.
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Tabauusa 2. 3segeHa Tabanua pesynbraTtie po3paxyHKis 3a 4BOMa BUAAMU HapaXyBaHHA BiACOTKIB

Tino kpeauTy, Cyma cnnaTw BigCOTKIB 33 KpeaUToMm, Ycboro BMNAaTH 3a KpeauTom,
ﬂepiop' rPH. FPH. FPH.
NpOoCTi BiACOTKM CKNagHi BigCOTKM NpOCTi BiACOTKM CKNafHi BigCOTKM NpOoCTi BiACOTKM CKNagHi BigCOTKMN
pik 5000 5000 7000 3850 12000 850
micaub 417 417 583 321 1000 38
LeHb 14 14 19 11 33 5

[epeno: asmopcbka po3pobKa.

Cnig, HaronoCcuTU, WO PoJib BYUTENSA MPU 3aCTOCYBAHHI KEMC-TEXHOJOrii CyTTEBO BiAPI3HAETLCA Bif TPaAWUiAHOI, BiH
nepenae BCi CBOI MOBHOBAYXKEHHSA YYHAIM, MOTO KEPiBHA PO/b 3BOANTLCA A0 MiHIMyMY, NPOTe 3a/1eXKHO BiJ CUTYaLLii Ta 3aNWTiB y4YHiB
BiH MOXe BMCTynatu B poni dacunitaTtopa, mMoaepaTopa UM KOHCY/AbTaHTa. [NA CaMOCTIMHOTO BMKOHAHHA YYHAMU MU
PEKOMEHAYEMO HACTYMHI 3aBAAHHA.

3apaHHA Nel.

BapTicTb KBapTUpPHK, AKY Xoue NpuabdaTM no3nyanbHUK 1 MAH. FpH. BaHK NPONOHYE iNOTEYHUIN KpeanuT CTpoKom Ha 20
POKiB 3i CTaBKOM BiAcOTKY 9%. Cyma nepBMHHOrO BHECKY 3a OTPUMaHHI KpeauTy noBuMHHa 6yt He meHwe 10% Big, BapTOCTi
JKUTNA, WO KynyeTbcA. Po3paxyiTe WOpPiYHI Ta WOoMICAYHI cymu, aKi Byae NOBUHEH CNiayvyBaTh NO3MYasbHUK 33 LLUM KpPeguTom
NPOTArOM YCbOro nepioay KpeauTyBaHHS.

LA 3a4a4a MOXe MaTu pi3Hi BapiaHTW BUXIAHMX AaHUX. IX NPUKNAAM MOXKHA NPeacTaBuTMU y BUrAAAI Tabauu, 3.

Ta6auusa 3. BapiaHTK BUXiAHMX AaHUX

Homep BapTicTb KBapTUPY, Cyma nepBMHHOrO BHECKY, CTaBKa BifCOTKY 3a CTpoOK KpeauTy,
BapiaHTy MJIH. TPH. % Bifl, BAPTOCTi KBapTUPU inoTe4yHnm KpeamTom, % pokiB

1 1,1 10 9 15

2 1,2 9 8 16

3 1,3 8 7 17

4 1,4 7 8 18

5 1,5 8 9 17

6 1,6 9 8 16

7 1,7 10 7 15

Jcepeno: asmopcbKa po3pobKa.

Kpim wiei iHpopmauii f,o BUXIZHMX JaHUX A1A KeWCy 3 iNOTeYHOro KpeauTyBaHHA MOXKHA HaL,aBaTh TAaKOXK HACTYNHi AaHi:
CKNag, uneHiB cim’i, AKA NNAHYE B3ATU iNOTEKY, LLLOMICAYHMI A0XiA KOXHOIO YneHy ciMm’i (Moro MoKHa CKNacTu AK B abCoNtoTHOMY
— rPOLLIOBOMY BUIAAAI, Ta | CTPYKTYPHO Y BMIAAA[ O0NI KOXKHOIO YneHy cim’i y BiACOTKaxX Bif, 3araibHOro cimeiHoro 6roaskety),
PO3rNAHYTU CTPYKTYPY LOXOAIB Ta BUTPAT Takoi cim’i (AKa 40N [OXO4Y KOMKHOIO YieHa cim’i y 3araibHuUX f0X04ax Ta AKi BOHU
MaloTh).

3asaaHHA Ne2.

PoavHa y cknagi ABox Aopocaunx Atoaen (Hanpuknag monoaa cim’a) mpie npo BAacHy KBapTUPY ANA NAaHYBaHHA CBOrO
MabyTHBLOTO KUTTA. Ha pUHKY HEPYXOMOCTI, 338 4ONOMOToH $axiBLyiB 3 HEPYXOMOCTi BOHW 3HAWLLAM KBAPTUPY, Y KOTPIl XOTinun 6
*KuUTK. LliHa kBapTMpu cknagae 1,8 MaH. rpH. BoHM 3BepHynch A0 H6aHKy, Wob Ai3HAaTUCh iCHYOUYMX YMOB NpUAGaHHA KBapTUPKU Y
inoTeky. BaHK HagaB im HacTynHy iHdopmauito. CTPOK iNOTEYHOro KpeauUTyBaHHA A1A MOMOAUX CiMel (BiK KOXKHOro 3 uYieHis
noapyxxa He nepesuwye 30 poKiB) ckNagae makcumanbHo 30 pokiB, MiHIManbHMIA cTpoK — 15 pokiB. CTaBka GaHKIBCbKOro
BiZ,COTKY 3a inoTe4HMMM KpeantTamm — 9%. 34iMCHEHHA BUNIAT 32 KPeAUTOM — LomicayHe. MepBUHHWUI NAATIXK — He NOTPIGHWN.
LLlomicsauHi goxoamn yonosika — 27000 rpuseHb, *KiHKkM — 18000 rpuseHb. BUTpaT Ha KOMyHa/bHI MOCAYrX Yy HOBIM KBapTMpi B
cepefHboMy cknagaTMumyTb 4000 rpmBeHb Ha MicsALb. BUTpaTH, NoB’A3aHi 3 NpoAyKTaMu XxapuyBaHHsA, —25% cimeliHoro boaseTty.
HeobxifHO BU3HAUMTK: 3arafbHUM LLLOMICAYHMWI T LWOPIYHUIA J0Xi4 Cim’i, CTPYKTYpY CiMeMHOro Aoxo4y, WOpivHYy Ta LWOMICAYHY
CYMU NOBEPHEHHA TiNly KpeauTy Ta BiACOTKIB 32 KOPUCTYBAHHA KPeaAUTOM Y pasi CTPOKY KpeauTyBaHHA 30 pokiB.

OBlrOBOPEHHA

MponoHoBaHMIN Kelc 3a Temolo «lnoTeyHe KpeaMTyBaHHA» HaJa€ MOMK/AMBICTb YYHAM 3aKpiNMTM Ta 3acTOCyBaTU
OTPMMaHIi Nig, 4ac HaBYaHHA MaTeMaTUKM 3HAHHA | BMiHHA, HabyTV JOCBIAY LLOAO EKOHOMIYHMX PO3PaxyHKiB, 03HANOMUTUCH 3
6aHKIBCbKOIO AiANbHICTIO, @ TAKOX OTPUMATU [0CBIA NPUNHATTA PiLUEHHA NPO OTPMMAHHA INOTEYHOro KpeauTy 3aneXHo Big,
6aHKiBCbKMX YMOB. TaKMM YMHOM, HafbaHi 3HaHHA OTPMMatoTb Be3nocepesHilt 38'A30K 3 peasbHUM KUTTAM, TOMY MOKYTb CTaTH
KOPUCHUMM YYHAM Y iX NOAANbLIOMY KUTTi Ta 36iN1bWNTU MOTUBALLIKO 4,0 HaBYaHHA.

BUCHOBKWM TA NEPCMNEKTUBU NOAANBLLUOIO AOC/NIAXEHHA

BMKOPUCTaHHA 33434 EKOHOMIYHOIO 3MICTy MPW BUBYEHHI TeMU «YMCcNoBi NOCAiZOBHOCTI» cnpuse 6inbw ranbokomy Ta
YCBILOMNEHOMY PO3YMiHHIO HEOBXiAHOCTI OBONOAIHHAM MaTeMATUYHUM anapaTom, BOHO CMPAMOBaHe Ha PO3BUTOK NPeAMETHOI
MaTeMaTUYHOI KOMMETEHTHOCTI 1 KNOYOBUX KOMMETEHTHOCTEM y4HiB. BNpoBagKeHHA Kelc-TexHonorii 3abe3neyvye NpakTUYHY
CNPAMOBAHICTb OCBITHLOrO MpoLecy, MO3UTUBHO BMAMBAE Ha MiABMLLEHHA Mi3HABa/IbHOrO iHTEpecy Y4YHiB A0 BMBYEHHA
MaTeMaTUKN, GOPMYE B YYHIB YMIHHA OPIEHTYBATUCA B peanifax HaBKOMLWIHbLOI AiMCHOCTI Ta 3aCTOCOBYBATM OTPMMaHi 3HAHHA Y
NPaKTUYHIN AiANbHOCTI.

Xo4yemo BiAMITUTH, WO AOLiNbHE BUKOPUCTAHHA 334,34 EKOHOMIYHOTO 3MICTY € aKTyasIbHOO PpaxoBoto npobaemoto i ana
BMK/aJayiB NejaroriyHMX BULWIIB B paMKax NiAroTOBKM MalbyTHIX BYMTeNiB MaTeMaTWKM. HayKoBUAMM HanpaLbOBaHO MEBHI
MeToaMKM GOpPMYBaHHA MNiANPUEMAMBOCTI Ta PpiHAHCOBOI rPpaMOTHOCTI 3406yBaviB OCBITM AK B pamMKax OKPEMWX HaBYaNbHUX
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OMCUMNAIH, TaK i B 3MICTi METOAMKM HAaBYaHHA MaTemaTMKK. Ha Hawy gymKy, 36araTMTM HanpauboBaHi METOAMKM MOMKHaA 3a
paxyHOK 3aCTOCYBaHHA Cy4aCHWX OCBITHIX TPEHAIB: BUKOPUCTAHHA KeNC-TEXHONOTIN, reiimidikauii, LmdpoBux TeXHONOril TOLLO.
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AHOTAUIA

®dopmynioBaHHA npobnemu. Bisomo Gopmynun, 3a AKMMU MOMKHA 3HAMTM NOXiAHY KOXKHOro enemeHTta HaraTtoBUMipHOro
Bigo6paxkeHHA. MpK LbOMY AOCUTb PiAKO Ha NPAKTULL BUKOPUCTOBYIOTb MaTpuuto AKobi - nepuly iMoro noxigHy, maTpuuto
lecce — Apyry noxiaHy ckanapHoi GyHKLUT KiNbKOX 3MiHHMX, TOWWO. B TOM caMumit Yac 3aCTOCYBaHHA MAaTPULb AK TEXHIYHOTO
anapata npu po3s’A3yBaHHi NOAIGHMX 33434 BUABAAETLCA 3PYYHUM i ePeKTUBHUM. Ha LbOMY LINAXY BCE X BUHUKAIOTb
TPYAHOLL, HANPWKNAA, NPU MaTPUYHOMY 3anucy NOXiAHOI Bi4 MaTpuLi. BUABNAETbCA, WO ANA afleKBAaTHOMO Onucy NoAibHUX
KOHCTPYKLii BapTO BMKOPWUCTOBYBATWU TEH30PHI A0OYTKM MaTpuub, Ae Pasom 3i 3BUYANHUMM MATPULAMM Ta BEKTOPaMMU
npautooTb 3 GOpPManbHUM BEKTOPOM - NIIHIMHUM ONepaTopom, ENEMEHTAMM AKOTO € ONepPaToOPU YaCTUHHUX noxigHux. Mpwu
ubomy bopmynun Ans NoxXigHoi AOBINbHOTO | AndepeHLiany NopaaKy Big BEKTOP-OYHKLT CTaloTb 3p03yMiNMMM | NPO30pUMMU.

Marepianm i metoau. [ns [OCNigXKEHHA NOXiAHWMX BUCOKMX MNOpAAKiB 6araToBUMIpHWUX BigobpaXkeHb LWKMPOKO
BMKOPWCTOBYETbCA METOZL TEH30PHMX (KPOHEKepiBCbKMX) A0BYTKIB maTpuupb. Mpu LubOMY MOXiAHA AOBIIbHOMO MOPAAKY
BEKTOP-YHKLT BU3HAYAETbCA AK TEH30PHUI CTeMiHb popmanbHOro AndepeHLianbHOro onepaTtopa MepLioro NOPAAKY —
TPAHCNOHOBAHOIO BeKTOpa-rpagieHTa. [ia TakMxX TeH30pHMUX BMPa3iB Ha BeKTop-QyHKLito pae ii nmoxigHy sianosigHoro
nopAagky. Lle gae 3mory onucatv MOBOK MaTpuLb KOHCTPYKLIiO MOXiAHMX, WO Ha AKICHOMY pPiBHi BiApi3HAETbCA Bif
3HaXOAKEHHA YaCTUHHMX NOXIAHWX Bifl KOXKHOI KOMNOHEHTH 6araToBUMIPHOTO BifOOPAXKEHHS.

Pe3ynbTtatn. 3a AONOMOrol0 BUKOPUCTAHHA TEH30PHMX A06YTKIB MaTpULb AOBEAEHO i AeTaNbHO BUNUCAHO dpopmynn s
nepLoi i gpyroi noxifAHMX BeKTOpP-PyHKLiM, @ TaKOXK BKa3aHO, AK 3HAaXOA4MTbCA NOXiAHa AOBINbHOrO NOPAAKY. B KAacuuHux
Kypcax MaTeMaTUUYHOIO aHani3y, K NPaBM/I0, BUMUCYIOTLCA MaTpmua AIKobi 6araToBMMipHOrO BigobpaxkeHHs i maTpuua lecce
(apyra noxigaHa) cKkansapHo3HauyHOi QyHKLUii 6araToBUMIpHOro aprymeHTy. B nponoHoBaHili CTaTTi MOKasaHO anroputm
3HAXOAXKEHHA A0BINbHOI NOXiAHOT AK onepaTopa, WO Aj€ B TeH30pHOMY A06YTKY NiHIMHMX NPOCTOPIB, WO AA€ 3MOry Kpalle
YCBILOMUTY LIKO BaXK/IMBY KOHCTPYKLLiIKO MAaTEMATUYHOMO aHani3y.

BucHoBKM. LLINpoKe 3aCTOCYBaHHA TEH30PHUX OMNepaLiii, B AKMX Ai€ TaKOX GOpManbHUIA BEKTOP-ONepaTop NoxigHoi nepworo
nopafKYy BUABNAETLCA AyKe edeKTUBHUM. Binbll TOro, Ha UbOMY LINAXY BAAETLCA MOKasaTW CTPYKTYypy, 3'AcyBaTy,
eNleMeHTaMM AKUX NiHIMHUX NPOCTOPIB € NoXiAHI. Ha LboMy LWNAXY 3pa3y BAAETbCA OAepKaTu yCi NOXiAHI WyKaHOro NopsaakKy,
a He KOXXHY YaCTUHHY MOoXifHY OKpemo.

KNKOYOBI C/IOBA: noxidHa,; dugpepeHyian; AiHidiHul npocmip; aiHiliHul onepamop; 8eKmMop-@pyHKYis; Mampuus, meH30pHul
006ymokx.
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ABSTRACT

Formulation of the problem. There are known formulas that can be used to find the derivative of each element of a
multidimensional mapping. At the same time, the Jacobi matrix - its first derivative, the Hessian matrix - the second derivative
of a scalar function of several variables, etc., are rarely used in practice. At the same time, using matrices as a technical device
for solving similar problems is convenient and practical. Difficulties still arise on this path, for example, when writing the
derivative of a matrix as a matrix. For an adequate description of such constructions, it is worth using tensor products of
matrices, where together with ordinary matrices and vectors work with a formal vector - a linear operator, the elements of
which are partial derivative operators. At the same time, the formulas for the derivative of arbitrary and differential order
from the vector function become clear and transparent.

Materials and methods. To study high-order derivatives of multidimensional mappings, the method of tensor (Kroneker)
matrix products is widely used. At the same time, the derivative of an arbitrary order of the vector function is defined as the
tensor degree of the formal differential operator of the first order - the transposed gradient vector. The action of such tensor
expressions on a vector function gives its derivative of the appropriate order. This makes it possible to describe the
construction of derivatives in the language of matrices, which is qualitatively different from finding partial derivatives of each
component of a multidimensional mapping.

The results. Formulas for the first and second derivatives of vector functions are proved and written out in detail by using
tensor products of matrices, and it is also indicated how the derivative of arbitrary order is found. In classical courses of
mathematical analysis, as a rule, the Jacobian matrix of the multidimensional mapping and the Hessian matrix (second
derivative) of the scalar-valued function of the multidimensional argument are written out. The proposed article shows the
algorithm for finding an arbitrary derivative as an operator acting in the tensor product of linear spaces, which allows a better
understanding of this important construction of mathematical analysis.

Conclusions. Wide application of tensor operations, in which the formal vector operator of the first-order derivative also
works, turns out to be very effective. Moreover, in this way, it is possible to show the structure and find out which elements
of linear spaces are the derivatives. In this way, it is possible to obtain all derivatives of the desired order at once instead of
each partial derivative separately.

KEYWORDS: derivative; differential; linear space; linear operator; vector function; matrix; tensor product.

BCTYN

TeH30pHWI aHani3 — nobpe po3BUHEHUN MaTEeMaTUYHWUIA anapaT, Lo LWMPOKO BUKOPUCTOBYETLCA B PiSHUX po3finax
MaTeMaTMKU. 3 HMM | MOro 3acTocyBaHHAMM Yy anrebpi, aHanisi Ha MHorosuAax, gudepeHLuianbHin reomeTpii MOXKHa
nosHariomuTncb y MoHorpadinx i ctattax (Abraham et al., 1988; Aja-Fernandez et al., 2009; Bokhonov, 2022; Hardy, 2019; Itskov,
2009; Madill, 1998; Nguyen-Schafer et al., 2014). 3 iHworo 60Ky, HACKibKM BiZLOMO aBTOPY, 3aCTOCYBaHHIO MOro y
andepeHLianbHOMY YMCAEHHI BaraToBUMIpHUX BigobpaskeHb He npuainanock ysaru. Astopy (Bokhonov, 2021) Bganocb mosoto
MaTPUYHOTO YMCNEHHA BMKIACTU AeAKi BiAoMi GaKTH, LUMPOKO BUKOPUCTOBYOUM MaTpuuto AKo6I, Towo. 3apas npu noaibHomy
aHani3i NPONOHYETLCA METOANKA TEH30PHUX A06YTKIB MaTPULb AK OCHOBHWUIA anapart.

Merta cTaTTi. 3anNponoHyBaTV 3HAXOAKEHHA NOXiAHUX AOBINBHOrO NOPAAKY Bif, CKANAPHO3HAYHMX | BEKTOPHO3HAUYHUX
bYHKUiM 6araTbox 3MiHHUX Y BUTAA] MaTpULLb, SIKi MOXKHa OZepyKaTh B pe3ynbTaTi Aii Ha GyHKLiT TEH30PHUX CTeneHiB onepaTopa
[aminbTOHa.

METOAM AOC/IAMKEHHA

TeopeTUYHNMMM OCHOBaMM AOCNIAKEHHA € anapaT TEH30PHUX J0DOYTKIB NiHIMHWX NPOCTOPIB | MaTPULLb, LLO AilOTb B LUX
npocropax.

PE3Y/ZIbTATU OOCNIAMEHHA

Hexait K" — n-sumipHuit npoctip Bektopis-ctoBnumkis, (")* — cnpaskennit Ao Hboro, To6To N-BUMIpHUI MpPOCTIp

BEKTOPIB-pAAKIB (KOBEKTOPIB), TOBTO, NiHIMHMX PyHKLUjoHaniB Ha K. [lani 6yfemo BUKOPUCTOBYBATM MO3HAYEHHH: Mm,n -

NPOCTiP MaTpuULb, LLO MatOTb M PAAKIB i N CTOBMNYMKIB, In,n S Mn,n — OAMHWYHA MaTPULA. 3ayBaXKMMO, WO eleMEHTU MaTpULb,

AK NPaBWNo, He BigAiNAlOTb KOMamu, ane My Byaemo Le pobutn gna B6inbwoi HAOYHOCTI, HANPUKAAA, ANA MATPULLb PO3Mipy
1 x n. NpocTip NiHINHXX onepaTopiB, WO AiloTb 3 AiHiMHOro npoctopy U y AiHiliHMI npocTip V, TpaguuiiHO No3HavaeTbcs

L(U ,V). Bininiiine sigobpaxeHHas U xU y V nosmHavaetbea Ly (U .U;V) . Bigomo Takox, wo
L(UL(UT))= L(UU:7). (1)
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0 0 . . , — o
Mo3HayaTUmemo Yepes vl = — ..., — |, @ iHKOIM AanA Binbluoi BUSHaYeHoCTi Vy , KOBEKTOP, TPAHCMOHOBAHWI 0 BEKTOpa-
oy 0%
rpagieHTa (ctoBnumKa). BiH aie Ha andepeHuiioBHY GyHKLIIO AK NiHiHMIA onepaTop NepLloi NoXiAHOT 3a 3aKOHOM:

T :u(x)evTu(x)zu’(x):(aiX' 3 J () = (agix)’_”a;ix)].
1 4 N

T . I Y] 1 . T
IHaKwe Kaxyun, V u(x) - maTpuua AKobi GyHKLi u:R" >R, o6uncnera yTtouui X .V u(x) 4acTo HAa3MBaKOTb ONEPATOPOM
FaminbTOHa i N03HavatoTb 6e3 3HaKa TPaHCNOHYBAHHSA, afle MU BBAXKAaEMO, Matoum NiAcTasu, WO Vu(x) — BEKTOP-CTOBRYUK. [ani

b6yaemo BBaXKatTU QyHKLUIT HenepepBHO ANdEPEHLINOBHUMM CTiNbKM PasiB, CKiNbKM NOTPiIBHO. [NA ABOX BEKTOPiIB-CTOBNYMKIB
XxERYLyER™ x = (x1,..., %), Y = (V1, ..., Vi) iXHil1 TEH30PHUIA LOBYTOK BU3HAYAETLCA HACTYMHUM YNHOM:

y— 3 sy — 5 PR " mn
x®y= (xl}”---’xl}) _(xl.}’l’---’ll}m’--wln;‘] ------ XpY m) R
Hexait A€ Mm,n,BGMp’q . TeH30pHUM (KpOHeKepiBCbkMM) A0byTkKom A® B uux maTpuub Ha3MBAETbCA 604YHA MaTpuuA

nosHoro po3mipy Mpxng :

a.B a,B .. a,B
aB a,B .. a,,B
A®B=| 2 22 2n
amB anB ... a,,B

BoHa cknagaetbea 3 MN - 6nokiB i KokeH i (i, j) -1 610K mae Burnag: & jB eM P

Baxknusuii npuknag, skui gani byae BUKOPUCTOBYBaTUCH:

A0 .. O

0 A .. O
I ®A=

0 0 .. A

1
Bysemo BBaxat, Wo s matpuui posmipy 1x1, 10670, uncna { €ER teHsopHuit gobytok t® A=tA, iHakwe

Ka)yuu, € 3BUYANHUM MHOXKEHHAM AaHOro Yncia Ha matpuuo A . TeH30pHi 06YTKM MaTpULLb MatoTb Pi3HOMaHITHI BNacTUBOCTI
i 3acTocyBaHHA. BiNbl AeTaNbHO MOXHa NO3HaMOMUTUCL 3 HUMM Yy (Lancaster et al., 1985; Marcus, 1992).
AK BiZOMO, AN1A NiHINMHMX NpocTopiB U,V Mae micue isomopdizm:

U ®v=L(UV).

1l. 3Haxo4KeHHA NoXigHUX Big, GYHKUIN
Lnn dyrkuini R” 5 x —> f(x) € R 3a o3nauennam

f’(x)eL(R”,Rl):(R”) () = (Of(") _____ M]_[i _____ %Jf(x)_vr@)_f(x)_VT_f(x). )

Xy 6“\‘?7 &\‘1
Ll,pyra I'IOXi,CLHa 3a I'IOp,i6HVIM NpPaBuU/IOM € €IeMEeHTOM HaCTynHOro NPoCTopy:

R"5x > ["(x)= (/") EL(R”,L(R”,RI)): L(R”,(R” ))
3rigHo 3 (1) . . . .
f”(x)eL[R”,(R“) 1:(1&”) ®(R") =(R"®R") =1,(R"R":R').

3Biacu
f”(x):(VT®VT)f(x) £6x .,%J@[%,...,%}:
1 n 1 n
| ofax) of(x)| o [af(x)  of(x) ||
ol ag T STk o T ok )T 3
([ %% %t(x)  9%f(x)
a2 ok, ) axedx T ox2

3ayBarKeHHA. BUKOPUCTaHHA BHYTPILLHIX AYKOK ANA AeAKUX 610KIB MaTpuLi He € 3arasibHOBXXMBAaHUM NO3HAYEHHAM,
ane BOHO fae 3mory 36epertu iHpopmal,ito Npo Te, Bif AKMX B6N0KIB B3ATO NOXiAHY, WO POOUTL KOHCTPYKLtO 6inblw 3po3yminoto.

1\ . . .
Posrnapatoun f"(x) Ak enemeHT L (R”,R”;R ), 3iCTaBMMO KBagpaTUYHin dopmi

2 gr N (x) o
d2f(x) = f (x)(dx)_gédx,ﬁdx (dx 15 +dx, aan f(x)

maTpuuo (Fecce) i oaepKUMO BiZoMUIA BUTAAA APpYroro audepeHuiana GyHKU;i:
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821 (x) 21 (x)
af oK, |(dy

d2f(x) = (dx)" Fo0dx=(dx, .. dx,)
02 (x) o2 (x) |\dxq
X 0% ox?

. T . N
TpeTio NOXiAHY BM3HAUMMO AK pe3ynbTaT 3acTocyBaHHA onepatopa V. A0  Apyroi  NoXiZ4Hoi,

fx) e (R”)* ® (R” ) ®(R” )

") =V' ®(f"(x))=V' V' ®V' ® f(x)= (a%f"(x),...,a%f"(x)J -
1 n

[t 2t 2f(x)  °f(x) Bf(x) °f(x) 2f(x) (%)
ad T adox, | oo xS ) (L axgoxd T Oxeddadx, | axdex, oS )]

TpeTiii audepeHuian mae surnag:
A3 () = F"(x)dx ® dx ® dx = (VT oV @V f (x))(dx@ dx® dx)

B3arani

)4 ¥ J4 n
TP e@(RY) . /D@ =@V S0 dPfx) = 120K (4)
j=1 j=1 j=1
OndepeHuiloBaHHA BEKTOPHUX GYHKLM 6araTbox 3MiHHUX
Po3rnaHemo andepeHuiioBHy BEKTOP-PYHKLIO
u:R" > RP u(x)= (ul(x),...,up(x))

Popmynn ana ii NOXiAHUX MOXHA oAepKaTu 3 BignoBiAHWX GOpPMYN ANA CKANAPHO3HAUYHMX QYHKLIN, AKWO 3a

T

Ma€EMO:
e T _ T T _
f/(x)_su(x)_s(V ®u(x))_sl(v ®u1(x))+...+sp(v ®up(x))_
u(x)  aw(x)
up() Ay O
Ouq (X Ouq (X U, (X U, (X
:%[%%}LWLSP(#;—J: (slsp)
! n ! n aup(x) aup(x)
X X
Oaeprkanu Bigomy matpuuto AKobi BigobparkeHHa U iiiiHTepnpeTauito MOBOIO TEH30PHOTO JOOYTKY:

Uy (X) 5 Uy (X)
u'(x)=V' ®u(x) = v B v IS
Hupe) ) P {up

[ndepeHuiooumn BEKTOP-pAL0K S(VT ®U(X)) 3a popmynoto (3):

o(su'(x o(su'(x
f"(X)=VT ®(Suv(x)): ( ( ))'“.‘ ( ( )) ,
8X1 aXn
npungemo Ao apyroi noxigHoi matpuui AKobi, AKy 3anNUWeMO y BUTAAj TEH30PHOTO JO6YTKY.

U'(X)=V' @Uu'(x)=V" ®V' ®u(x)=

ou(x) ouy (x) ouy (x) ouy (x)
OX: OX, OX. X,
~ i 1 n 5 1 n
“U au p(¥) aup(x) " oup(x) aup(x)
X o, o %,
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OcTtaToyHo:
22Uy (%) 02Uy (x) o%uy(x) 0%y (x)
A X% ox?
u'(x) = . . (5)
azup(x) 82up(x) 62up(x) azup(x)
ok oox, O

AK i AnA ckanApHO3HAYHWMX OYHKUIM noxigHa i gudepeHuian AOBINbHOTO MOPAAKY A8 BEKTOP-PYHKLIN BU3HAYAETLCA 3a

dopmynoto (4). Tpeba TinbKM BpaxoByBaTH, WO NepLLa NoxigHa 6araToBUMIipHOTO Bif0OparKeHHs — Lie MaTpuuA.
x(p,go) = 'DC?SQ . 3Biacu
psing

Mpuknap 1. Jpyra noxigHa AeKapTOBMX 3MIHHUX 3@ NOAAPHUMU 3MIHHUMMN. { ( )
ylpo.¢

x(p.0) xX(p.9)

o2 BNl atee) atoe o )
op op

Px(p.p) Px(p.o) |[Px(p0) X(p.9)

[Lpyry noxigHy 3Haliaemo 3a popmynoto (4):
Opog 9¢op op B

x(p.p) oX(p.p)

DZ(X,y) :[i i) op op |_ op
(D(pp))® \ 00) | y(po) H(po)| || Py(pe) y(po) || Py(pp) *y(p.0)
op op op? opdyp pop op’

o 0 ® cosp —psing) ( o (cosgp —psing) o (cosp —psing))
sing  pcosp ) dplsing pcose ) dplsing pcose -

({0 =sing) (-sing —pcose
“1lo cose )\ cosp —psing )|

_[5'6(/)

Npuknap 2. Hexan
v(x)
xeR” ul (x)= (e ().t () € (R’”) V() =

. ) ]ERI”.

vi)l (x)

m
3HaltTn noxigHy B cKanApHoi GyHKLT u’ (X)v(x) = Zuj (Xv;(x).
j=1

vy (x) [a(u(x))v 6(u(x))v(x)]+

Maemo: (uT(x)v(x))': (U (X)rerU (X)) = =200,
Vi (X) ! "
vy (X) 5 vy (X)
(W0t ()| o (0t ()| ||
2| 400 % 0
ovy(x) vy (x)
() () 0 oo
:(VT®UT(X)) O (T TI C') | R
0 (vl(x),...,vm(x))T (%) N (%)
0% OXq
:(VT ®u' (x))v(x)+uT (x)(VT ®v(x)) )
OcTaTou4HO:
(uT (x)v(x))' = (VT eu' (x))(In’n ®v(x))+uT(x)(VT ®v(x))=
T vi(x) vi(x)
Vi 0 ox X,
TR CO R T ¢ (V00,0 (¥)) R i1
—aX:L ..... —axn ; i yeer Uy av av
0 e (000, Yy () é”x(x) ;(x)
1 n
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Npuknag 3. Y3aranbHMmo nonepeaHin npuknag,. Hexan
xeR” A(x)e M, . B(x) e M, ,=C(x)=A(x)B(x) e M, ; (Bokhonov, 2021).
3Haligemo noxigHy Big A0BOYTKY BKasaHMX MaTPUUHKUX GYHKLIN. [iloun 3a nonepeaHbOI0 CXEMOIO, OAEPHKUMO:

(AB(X)) = (VT ® A(x))(ln'n ®B(X))+ A(x)(vT ® B(x)) -

B(x) (6)
] (ww] +A(X)[ﬂx>,,_,68<x>],
ox X, 0 . BX 0% X,
AundepeHuiloBaHHA Komno3uuii BigobpaxkeHb
Hexaii U(X) € R xeR".x= x(t),t e R™ g, —
ox (1) ox (1)
P P at1 atm
U (x(©) = V{ ®u(x(®)=(Vi ®u(x))(v{ ®x(t))- [%%]
' " o)
o Ot

3Haingemo apyry noxigHy no t.

ut (x(©) = V7 @(vtT ®u(x(t))) -

-V} ®((v§ ®u(x))(v ®x(t)))(lm'm ®V] ®x(t))+(vy ®u(x))(V] ®V{ ®x(t)=

x(t) x(t)
0 0
n(t n(t
- 62u(x) azu(x) 62u(x) azu(x) %) %)
o T ondx, | o ok X,"('t) ()
1 1
0 0
Xn (t) X (t)
!t !t
[au(x) au(x)] 0 %) %)
+ |y || — P
% M e Mo

Mpu opepskaHHi GOpMyan BUKOPUCTOBYBANOCh 3aranbHe NPaBuio audepeHLitoBaHHA KOMNO3uLi BinobpaxeHb i dopmynoio (6).
TyT y NepLIomMy MHOKHUKY NepLUIOro A0AAHKY BUKOPUCTAHO MHOMKEHHSA 6104YHUX MaTPULLb.

3AYBAXKEHHA

OundepeHujiooumn 4ns nepesipKu KOXKeH eneMeHT MaTpuLi IKobi, o4epKMMO Takuii camuii pesynbTaT. Yepes rpomisaki
BUPa3u MM He HaBOAMMO TYT Li 3HAYEHHS.

OBlrOBOPEHHA

3HaxoKeHHA NoxigHUX 6araToBMMIpHUX BifobpaKeHb — CTaHAAPTHA 3aZa4a MaTeMaTUYHOro aHanidy. Ak npasuno,
NoxigHi JOBINbHOIO NOPAAKY 3HAaX0AATb, AUDEPEHLLItOI0YM KOXKHY KOMMOHEHTY BigobparkeHHA. Mpu LbOMy He BUAHO CTPYKTYpY,
BTPAYa€ETbCA iHPOPMaLLia Npo Te, AKOMY NiHIMHOMY NPOCTOPY HaNEeXWUTb MOXiAHA CaMoro BifobpakeHHA AK BekTopa. LLupoke
33CTOCYBaHHA MaTPUYHOTO YMC/IEHHSA, 30KPEMa TEH30PHMX JOOYTKIB, B AKMX [0 TOTO X Ai€ GOpManbHUIN BEKTOpP-0onepaTop nepioi
NoXiZAHOI, POBUTb 3HAXOAKEHHS MOXiZAHWUX 3PO3YyMiNot0 i Npo3opoto. TakMi Niaxig BiANOBIAAE CyYaCHOMY TAYMAYeHHIO NoxigHoi
AK NiHIMHOro onepaTopa y BiAMNOBIgHMX MPOCTOPAX, fAKi, AK BiAOMO, i30MOpPdHi TeH30pHUM A06YTKaM MOB’A3aHUX 3 HUMM
npocTopiB..

BUCHOBKM TA NEPCMEKTUBU NOAANBLUOIO AOCNIAXKEHHA

3acTocyBaHHA MaTPUYHOrO Nigxoay B 3afavax AndepeHuitoBaHHA € epeKTMBHMM anapaTtom. MoxHa nobaxatu, wob
LA TexHika BMpoBaAKyBajacb y CTaHAAPTHI Kypcu, NpUHaWMHI Ha ¢akynbTeTax 3 noraMbneHMM BUBYEHHAM MaTeMaTUKW,
HanpuKNaa, Ha MexaHiKko-maTemaTuyHux dakynbteTax yHisepcutetis, IMCA, @isnko-TexHiYyHOMY iHCTUTYTI Ta ®Pi3uKo-
maTemaTnyHomy dakrynabTeTi KNI, Towo. Taka MOXKAMBICTL 0BYMOBAEHA TUM, WO B LMX HAaBYANbHUX NiAPO3A4inax matemaTUYHUIA
aHani3 i niHiHa anrebpa YMTAOTLCA OKPEMO, | € MOMKIMBICTb Y3roAXKEHHSA B Yaci BKa3aHUX Tem. ABTOPY BAAETLCA Y KypCi NiHIMHOT
anrebpu npu BMBYEHHi TeH30pPHUX AOOYTKIB MaTpUub AaTW OrNAA 3acTOCYBaHHA BUKIAAEHUX KOHCTPYKLIA Yy aHanisi, Ak
BAXK/IMBOTO MPUKAaAY.

LlikaBo 6yn10 6 3acTocyBaTV 3aNPONOHOBaHY METOAMKY Y HECKIHUEHHOBUMIPHOMY BUMNAAKY.
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ABSTRACT

This paper explores the idea of condensation transcription—which is defined as the reduction of lengthy collections of lexical
elements or mathematical descriptions into short forms—as the point where mathematics and language learning cross-
influence one another notably. To elaborate, condensation transcription is defined as the linguistic ability and procedure that
permits the reconstruction and compacting of larger lexical sets into more manageable forms while maintaining the basic
meanings of those sets. Such a phenomenon occurs when mathematical concepts are rewritten from page-long descriptions
to figures and numerical entities, and when literary passages are compressed into their main ideas.

Formulation of the problem. Word problems, main idea identifications, and essay writing are some of the most dreaded
topics of study in mathematics and language. In order to suggest improvements in these challenging areas within the
education of both disciplines, this paper’s research emphasizes the significance of condensation transcription and makes
readers aware of it by examining lexical elements in language and mathematical entities, pinning their origins, and explaining
what learning strategies can be extracted from language that could be useful in mathematics learning, and vice versa.

Materials and methods. The resources used in this investigation include a comprehensive dictionary entry, a word problem,
literary text passages, and written explorations of mathematical concepts, all of which are dissected through the
implementation of condensation transcription’s conventional procedures, which are termed ‘analysis,” ‘coding,’ and
‘decoding.’ This procedure is necessary to show, first-hand, how condensation transcription works and how it is applied, as
well as what can be gleaned from its functions and applications.

Results. The results point to condensation transcription being a basic concept in mathematics and language that powers
mathematical learning through comprehension of language, and reversely.

Conclusions. As a whole, this paper underscores the importance of having the knowledge of condensation transcription in
language and mathematics. By recognizing the role of condensation transcription as a foundational language process,
practitioners in both language and mathematics could make some of the most difficult concepts in both disciplines easier for
students to grasp.

KEYWORDS: Condensation Transcription; Analysis; Coding; Decoding; Mini Essay.
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AHOTAUIA

Y uiih cTaTTi AOCNiAXKYETbCA iAeA KOHAEHCALiMHOI TPaHCKPUNLi, AKY BU3HAYalOTb AK 3BeAEHHA A0BrMX HabopiB NEKCUYHMX
enemeHTiB abo maTemaTUYHUX ONUCIB A0 KOPOTWUX GOpM, TOBTO TOUKY AOTUKY MaTEMATUKM Ta MOBMU, B AKI BOHWU 3HAYHO
BM/IMBAIOTb OAHE Ha OAHOro. JNs YTOYHEHHA, KOHAEHCALUiMHA TPAHCKPUNLA BM3HAYAETbCA AK NIHIBICTUYHA 34aTHICTb Ta
npoueaypa, AKka A03BO/AE BiHOBNAEHHA Ta YLiNbHEHHA BinbWKX NeKCUYHUX HabopiB Ao Binblw 3pydHKX dopm, 36epiratoum
OCHOBHi 3HayeHHA LMx Habopis. Take ABULLe BiAOYBAETLCA, KOM MAaTEMATUYHI KOHUeNLii 3B04ATbCA 3 AOBIMX OMUCIB A0
CMMBOJIbHUX 3aMUCIB, @ TAKOXK KOJIM NiITEPATYPHi YPUBKM CTUCKAIOTLCA 10 OCHOBHUX iei.
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dopmyntoBaHHA Npobaemun. TeKCToBi 3a4aui, BUSHAUYEHHA OCHOBHMX ifel Ta HaNUCaHHA ece — Lie OAHI 3 HalBiNbL BaXKNUBUX
3aBAaHb NPU BUBYEHHI MaTeMATUKM Ta MOBU. 3 METOIO MO/EreHHA HaBYaHHA MaTeEMATUKN Ta MOBM aBTOPU A0CNIAKEHHA
NiAKPECNIOITb 3HAYEHHA KOHAEHCALIMHOT TPAHCKPUNLiT Ta 3HAMOMAATL YMTAYiB 3 LMMKU NOHATTAMM, PO3rNALAIOYM TEKCUYHI
e/1eMeHTU Y MOBi Ta MaTeMaTUYHi 06'€KTU, BCTAHOBJIIOIOYM iX MOXOAMKEHHA Ta NOACHIOIOYM, AKI CTPATerii MOXHa nepeHecTH 3
HaBYaHHA MOBW Ha HaBYaHHA MAaTEeMATUKMK, i HAaBMNAKK.

Marepianu Ta meroau. Pecypcu, BMKOPUCTaHi Yy LbOMY AOCNIAMEHHI, BKAOYalOTb B cebe KOMMAEKCHe CNOBHWKOBe
BM3HAUYEHHA, TEKCTOBI 3a4adi, YPUBKM NiTEPaTypHOro TEKCTY Ta MUCbMOBI AOCNIAMKEHHA MaTeMaTUYHWUX KOHUEnuii, aki
[OCNIAKYIOTbCA 32 AOMOMOrOH BWMKOPUCTAHHA CTAHOAPTHUX MNPOUEeAyp KOHAEHCAUiMHOI TpaHCKpUNuii — «aHanis»,
KKOAYBaHHA» Ta «AeKOAyBaHHA», 3 METOI AEeMOHCTpaLii, AK NPaLtoe Ha MPAKTUL KOHAEHCaUiiMHa TpaHCcKpunuia, Ak ii
3aCTOCOBYHOTb Ta AKi BUCHOBKM MOYKHA 3p0BUTH 3 LIMX 3aCTOCYBaHb.

Pe3ynbram. Pe3yanaTV| BKa3yloTb Ha Te, WO KOHﬂ,eHCé\Ll,il’IHa TpaHCKpVII']Ll,iFI € 6a30BMM MNOHATTAM B maTemaTtuLi Ta MOBI, AKke
3a6e3ne-|ye HaB4YaHHA MaTeMaTUKu Yyepes pOSyMiHHﬂ MOBM, i HaBNaKu.

BUCHOBKW. 3aranom, AaHe [OCNIAMKEHHA NiAKPEeCNIOE BaXKAMBICTb 3HAHHA KOHAEHCALiMHOI TpaHCKpunuii B mMoBi Ta
matemaTtuui. PO3ymiHHA poni KOHAEHCaUiMHOI TpaHCcKpunuii AK 6a30BOro MOBHOMO MpOUECY, MNONErWUTb BUBYEHHSA
CTYAEHTAMM SIK MOBM, TaK i MaTeMaTUKKN

KNKOYOBI C/IOBA: KoHOeHcayiliHa mpaHCcKpunyis,; aHasnis; KoOy8aHHsA; 0eKoOy8aHHs, MiHi-ece.

INTRODUCTION

The process within each language that could be considered responsible for the manufacturing of its dialect’s lexical
items could be properly identified as condensation transcription. Condensation transcription is a linguistic capacity and process
that allows speakers and writers to compact and reconstruct longer or more expansive sets of lexical items into more shortened,
one-word versions that are concise but still preserve their more extended emphasized counterparts’ main meanings. If one were
to open their preferred and frequently referenced dictionary, they will find that most all the words and lexical objects in there
have long and drawn-out definitions neatly written right beside them, respectively. As an example, we will examine an English
language word from the popular Merriam-Webster dictionary. This word will be ‘haughty.” Just below Merriam-Webster’s
(Loughran & Berry, 2016) visual virtual presentation of the word ‘haughty,” there is a definition that reads as the following:
Blatantly and disdainfully proud: having or showing an attitude of superiority and contempt for people or things perceived to be
inferior.

Definitions like this one are a part of all words in all languages globally and their lexical components, according to the
linguistic processes of analysis and synthesis, are the building blocks of said words, respectively. The process of analysis is simply
language practitioners’ and utilizers’ scrutinizing and through examination of each lexical item in a word’s potential, to-be
definition and the overall idea communicated by a to-be word definition’s string of lexical items. Once this examination of lexical
item and lexical item string is complete, language practitioners and utilizers will work towards the process of synthesis, which is
essentially condensation transcription or the construction of a single word based on the mentioned examination, thus
underscoring and indicating that lexical item and lexical item string of any to-be definition, or basically already-official definition,
are indeed the constituting elements of any word in any lexicon, and proving that condensation transcription is the catalyst in the
creation of any lexicon’s words since it is responsible for essentially packaging and coding elements of any lexicon’s definitions
into the words that would come to dominate it.

Now, mathematics, like any other product of human intellectual activity, is based upon language, and naturally, it
borrows its function of condensation transcription. In mathematics, condensation transcription extends its coding functions over
to the area of algebra or other disciplines. Thus, algebra, as a one of the key disciplines of mathematics, contains items and entities
that are pretty much used as bodies or hosts of mathematical and scientific ideas, concepts, and principles. This indicates and
implies that algebraic or mathematical items and entities are pretty much analogs of linguistic concepts in all lexicons, as they are
the dominant communicative features of an intellectual subject and its scope. If algebraic lexical objects are like that of standard
language words in essence, then they are also produced by condensation transcription and are subject to the word-generative
processes of analysis and synthesis (i.e., condensation transcription). As with conventional linguistic words or communication
items, algebraic and mathematical figures and entities start off as overly detailed, lengthy definitions and definitive descriptions
that could, in some cases, span an entire page in prioritization of the effort to communicate a scientific notation, set of rules,
formula, or dogmatic law in raw written form. The traditional linguistic analysis process thoroughly makes sense of each piece
and constituent in such expansive definitions and definitive descriptions, and synthesis (i.e., condensation transcription) is
provided with a comprehensive template or blueprint of key ideas and material that it must then convert and code into units and
communicative items that are of a reasonable magnitude and dimension, detail and span-wise. And thus, algebraic configurations,
symbols, signs, and notations are born.

Now, from the assessment of all the information that has been conveyed, it should be worth noting that condensation
transcription is one of mathematics’ most ruthlessly efficient features. Going back to the matter of conventional language
(Loughran & Berry, 2016), by reasonable observation, it can be properly deduced that words are essentially more trimmed and
extremely concise restructurings of the ideas and information presented by their blueprints (i.e., definitions). The definitions are
briefer but preserve and encapsulate words’ crucial meanings and implications. Thus, condensation transcription presents
language users with communication devices that are free of excessive distractions in their delivery of thought and simultaneously
sufficient in how they aid users in their expressions of their intended messages. As a result, users have the advantage of not
overthinking the words they use and stumbling over any disorientations when they share information or communicate.

For mathematics, condensation transcription performs the same job after its preceding analysis procedure decodes all
the components in a rather long scientific description, “hands” it the overall, main ideas of said description and its components,
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and enables it to code these main ideas into straightforward, direct, cohesive, and concise mathematical text. With the
condensation transcription, mathematics practitioners and mathematicians have a clean, refined, and polished version of their
laws, rules, theorems, conjectures, etc. With this being said, it can be properly argued that condensation transcription is a major
asset and convenience to mathematics practitioners and mathematicians, for it manages to advance their studies forward with
vessels that communicate dense material concisely yet effectively. This makes it, again, one of mathematics’ most ruthlessly
efficient aspects.

MATERIALS AND METHODS

The resources used in this investigation include a comprehensive dictionary entry, a word problem, literary text
passages, and written explorations of mathematical concepts, all of which are dissected through the implementation of
condensation transcription’s conventional procedures, which are termed ‘analysis,” ‘coding,” and ‘decoding.” This procedure is
necessary to show, first-hand, how condensation transcription works and how it is applied, as well as what can be gleaned from
its functions and applications.

RESULTS

The results point to condensation transcription being a basic concept in mathematics and language that powers mathematical learning
through comprehension of language, and reversely.

Mathematics Through Language: Examples

English Reading Comprehension Main Idea Identification Exercises and Mathematical Word-Problem Solving

In addition to being the key tools in the generation of all languages’ words, analysis and condensation transcription also
play key roles in the critical language learning practice of reading comprehension, which is a subject of language taught in
literature and language arts classes around the world. In particular, each word-generative process offers a critical and vital tactic
for robust and effective main idea detections in literary texts, and ones that could be applied to mathematics studies, particularly
word problem-solving. Let us look closely at a reading comprehension student’s main-idea detection work (Two large and 1 small
pumps can fill a swimming pool in 4 hours) below.

Exercise 1. Summer is a wonderful time to spend at West Beach. It is a beach with light- colored, soft sand. The coastline
goes on for a long way and many people enjoy walking along it. Children like to play in the surf and walk along the rocks that are
visible at low tide. This is a fun beach for people of all ages.

Analysis. In this paragraph:

® the topic is West Beach;

e the main idea (what the writer is saying about the topic) is that summer is a wonderful time at West Beach.

Exercise 2. The movie Apollo 13 was a blockbuster for the summer of 1995. It is an exciting story about space exploration.
In the movie, the astronauts get in trouble while they are trying to return to Earth. People in the audience are on the edge of their
seats waiting to see what happens. What makes it even more exciting is that it is a true story.

Analysis. In this paragraph:

® the topic is the movie Apollo 13;

e the main idea is in the first sentence: Apollo 13 was a blockbuster for the summer of 1995.

Exhibit 1. English Reading Comprehension Main Idea Identification Exercises. Adapted from (Two large and 1 small
pumps can fill a swimming pool in 4 hours)

The process of analysis in these worked-out exercises can be found in the identification of the main topic of each little
excerpt/paragraph, as the purpose of analysis is to provide condensation transcription or synthesis, as has been discussed earlier,
with the material it needs to cut down vast and wordy communicative content and clues into a focused and compact lexical vessel
carrying its most significant, overall meaning, or, in essence, its main idea. This identification of topic that is taught and encouraged
in reading comprehension and language arts classrooms will be denoted as the tactic of “What” (Landmark, 2024) or finding what
a text’s primary linguistic focus is. With regards to condensation transcription, it can be observed that it does its job with its
analysis-given, phrasal main-idea manufacturing resources in the student work samples, using the main topics as points of
coordination and orientation in its generation of a shortened, rewritten, meaning-preserving versions of said samples. Such an
action, or rather utilization by student, of condensation transcription can reveal the tactic that we will refer to as “What about
the What,” (North Carolina Department of Public Instruction) or a brief, one-sentence thought highlighting an information body’s
main topic and correctly communicating its central message. Now that we have pinned down the specific main idea tactics that
are frequently employed in the language discipline of reading comprehension, and generally language studies, we will now
observe how such tactics can be integrated into mathematics classrooms, specifically said classrooms’ word problem-solving
practices. As a matter of reasonable observation, both analysis and condensation transcription are very useful in equipping
students with the devices that are critical in their word problem-solving endeavors. Let us examine this point in the high school
sophomore-level word problem (Reading Rockets) and its correct solution process shown below.

Problem. Two large and 1 small pumps can fill a swimming pool in 4 hours. One large and 3 small pumps can also fill the
same swimming pool in 4 hours. How many hours will it take 4 large and 4 small pumps to fill the swimming pool. (We assume
that all large pumps are similar, and all small pumps are also similar.)
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Solution. Let R and r the rate of work of the large and the small pumps respectively
4(2R +r)=1:2 large and 1 small work for 4 hours to do 1 job
4(R+3r)=1:1large and 3 small work for 4 hours to do 1 job

T(4R +4r) =1:Find time T if 4 large and 4 small are to do one job.

Solve for R and r the system of first two equations then substitute in the third and solve for T to find the time. T = 5/3
hours =1 hour 40 minutes.

Exhibit 2. Mathematics Time, Speed, & Distance Problems. Adapted from (Reading Rockets)

Analysis. The analysis process immediately begins once a student tasked with solving this word problem starts studying
it, closely examining its communicative data set of lexical items for the meanings and messages they are conveying, thus gathering
facts and knowledge from the word problem. As is indicated by our word problem’s solution above, the student’s analysis, based
on its findings and the student’s initial reading of the word problem’s scenario, noted the following: ‘There are three pumps of
different sizes (i.e., two big and one small) that have an important role in filling up a swimming pool; Both the small and the large
pool pumps are capable of completing their job in the time span of four hours; The same job can be successfully carried out in
the same time frame by one large pump and three small ones; All of the pumps within each size category have a consistent
likeness and the word problem is asking how many hours it will take four large and four small pumps to fill up a swimming pool.
Once all of these details are written out, comprehended, and accounted for, the student, with their understanding of what the
word problem’s question asks of them (i.e., How many hours will four large pumps and four small pumps need to fill out a
swimming pool?), can now have the material necessary for the crucial procedure of breaking down the conveyances of their
presently emphasized word problem’s text and extracting its main ideas (i.e., decoding or condensation), and then writing those
ideas out as functional units of mathematical solution (i.e., coding or transcription). Below, in (7.04: Graphing Linear Equations in
Two Variables; Table 1.), your attention will be directed towards the pupil’s demonstration of this breakdown and translation
process of condensation transcription. The analysis notes will be marked as “Source Material,” the breakdown will be labeled as
“Decoding,” and the mathematical entities will be referred to as “coding.”

Table 1. The Analysis and Condensation Transcription Process of a Word Problem
(adapted from (Two large and 1 small pumps can fill a swimming pool in 4 hours))

Source Material Decoding Coding
There are three pumps of different sizes (i.e., two Let R and r be the rate of work of the large and R, r
big and one small) that have an important role in the small pumps, respectively.
filling up a swimming pool.
Both the small and the large pool pumps are 2 large and 1 small work for 3 hours to do 1 job. 4(2R+r)=1
capable of completing their job in the time span of
four hours.
The same job can be successfully carried out in the 1 large and 3 small work for 4 hours to do 1 job. 4R+3r)=1
same time frame by one large pump and three
small ones.
The problem asks to calculate the number of hours Find time T if 4 large and 4 small are to do one T(4R+4r)=1
4 large and 4 small pumps will need to fill up the job. Solve for R and r the system of first two
swimming pool. equations, then substitute in the third and solve

for T to find the time.

Source: Own work.

In the “decoding” or condensation segments of each section in the table, the student, as mentioned, found the heart
or gist of their word problem’s original text, and created a narrowed-down, powerfully focused guide that, in essence, became
their compass in finding the tools needed to acquire the word problem’s solution. With this being said, it can be properly inferred
that the process of condensation gave the student a practical template for the proper and error-free construction of the numerical
and algebraic entities that would pave the way for the answer to the problem’s question. In the table, such a construction is
identified as “coding” or transcription, and it is, according to our assessment that has just been conducted, arguably the most
important stage in a word problem’s solution. Moreover and speaking of our assessment, it should be remembered that analysis
has been the student’s guide in creating their solution’s guide and the mentioned entities containing clues for the obtainment of
that solution, thus making it possible to conclude that analysis or “source material,” as is preferred in the table, is the basis for
the word problem-solving convenience and effectiveness brought about by condensation transcription.

Analysis tactic of “What”. To apply the analysis tactic of “What” (Landmark et al., 2024), the student must first ask
themself what the word problem’s main topic or topics is, and the answer to that would be the following: The time that it takes
a specific number of large pumps and a specific number of small pumps to complete one job.

Analysis tactic of “What about the What.” After this step is complete, the student will apply the condensation
transcription tactic of “What about the What” (Comprehension for 4th and 5th Grades), and to carry out this step properly, they
are to ask themself the following questions: ‘What is being said about the main topic?’; ‘What is the main idea or ideas about the
main topic?’ In the case of our current word problem of discussion, the answer is the following: In 4 hours, 2 large pumps and 1
small pump can complete one job; In 4 hours, 1 large pump and 3 small pumps can complete one job; It is unknown how much
time it takes 4 large pumps and 4 small pumps to complete one job.

With the discovery of a word problem’s main topic(s) and main idea(s), students are able to make a critical distinction;
they are able to understand the kind of word problem they are solving and what its solution process demands. Our sample main
topic and main idea discoveries above are supportive of this deduction, for the former’s identification of the sample word
problem’s main topic of time has helped the sample word problem’s student solver recognize that they are dealing with a time
word problem, and the latter’s suggestion for a development of a list of the main topic’s main ideas has given the student the
awareness that their time word problem involves systems of equations. For mathematics students engaging in word problem-
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solving tasks, the knowledge of the category of word problems that they are giving their attention to, which is effectively acquired
with the aid of the language-based analysis tactic of “What,” (Landmark, 2024) strengthens and solidifies their focus on said word
problems’ topic-specific scopes, which will, in turn, keep them focused on what they have been taught or need to know for the
purpose of obtaining precise and solid solutions. Once students move past the “What” tactic (Landmark, 2024) and implement
the language-based, interrogative condensation transcription tactic of “What about the What,” (Comprehension for 4th and 5th
Grades) they will be able to see the kind of mathematical action their individual word problems’ main topics are set and
embedded within (e.g., systems of equations calculations), and will find themselves on the right track towards mistake-free word
problem solutions and answers. With all that has been explicated and delineated, it is safe to reason that language is not only
relevant in mathematics studies, but it can also play a considerable role in mathematics studies’” most daunting and often
intimidating educational material such as word problem-solving.

Assessment of the Mathematics Mini Essay: Language Through Mathematics

From our careful deliberations of the beneficial outputs of the mathematical decoding and coding procedures, we can
note and propose that decoding or condensing considerably stretched-out written mathematical ideas and grounds for typical
mathematical activity (i.e., calculations and scientific solutions) and coding or transcription (i.e., the action of assigning and
ascribing various relevant scientific entities and figures to the results of said decoding or condensation procedures for the sake
of performing and conducting usual mathematical calculations) entail the following: The mechanical creation of a relatively non-
detailed, rigid summary of said stretched and written-out mathematical ideas and grounds for calculations; the manual
structuration of calculatable and scientifically solvable bodies of cohesive mathematical units and figures. The mechanical and
manual natures of the mathematical decoding and coding processes arose from their applications to mathematics learning and
their role as the integral, heavily relied-on parts of mathematics learning. In educational mathematics, students learn by either
the decoding and coding work of the authors of their classroom material or their very own decoding and coding work on their
classroom material. In the former’s case, said authors conduct analyses of the specific mathematical subject areas they are
adapting into a student classroom resource pack, eventually breaking down these areas into more succinct, concise, and effective
bodies of information, and then converting these bodies into their numerical form (Exhibit 3).

The fundamental notion behind linear equations is that a straight line on a coordinate plane can depict the relationship
between two variables. These formulas, which take the form 'y = mx + b', where (m) denotes the slope of the line and (b) the y-
intercept, let us simulate a number of real-world situations, like cost-revenue analysis or correlations between distance and
time."

- "slope" (m) equals 2.
- 3 is the "y-intercept" (b)

Therefore, the slope (m) of a certain linear equation, such as (y = 2x + 3), is 2, meaning that y grows by 2 units for every

unit increase in x. The line crosses the y-axis at (0, 3) since the y-intercept (b) is 3.

Exhibit 3. Coded and Decoded Textbook Explanation of Linear Equations. Adapted from (GCFLearnFree.org)

With regards to the latter case wherein students engage in their educators’ decoding and coding procedures, we can
identify their own exercises of the decoding and coding operations as word problem-solving. Now, what is interesting to note is
that the decoding and coding work in students’ classroom learning resources, students’ word problem-solving, and students’
internalizations of said classroom learning resources is reflective of the stages of information coding done by computers’ binary
coding systems. In all cases of decoding and coding in educational mathematics, the binary system analogs (GCFLearnFree.org)
of the stages of decoding and coding are the following: Source Material (Input Information), Analysis (Processing of Input
Information), Condensation (Translation of Input Information for Computer’s Reading), Transcription (Complete Translation or
“Morse” Encryption). From such a comparison, it can be properly inferred that educational mathematical decoding and coding
are both machine-like processes. It is also made clear that our mathematics students learn their mathematical concepts with
educational mathematical decoding and coding as their study foundations, which means that they learn mathematics on bases
that have automatic, mechanical properties, and ultimately become severely disconnected from the lessons that they are
investing their study time and effort into. Basically, mathematics pupils study the mathematical lessons administered to them by
their class curriculums with the same level of depth that they would be thinking at when they simply type information into a
computer and wait for it to generate relevant output.

Mini Essays

Mini essays (National Academies of Sciences, Engineering, and Medicine, "Chapter 4," National Academies) for the
testing of mathematical knowledge offer a workable approach. Mini essays for mathematics knowledge assessments are an
effective teaching tool that support language proficiency development as well as the consolidation of mathematical concepts.
Students are encouraged to communicate complex ideas with clarity and coherence by writing essays that demand them to
demonstrate their mastery of mathematical concepts. Students participate in mathematical decoding as they write these essays,
distilling complex mathematical ideas into clear and concise material. Students may be asked to discuss the Pythagorean
theorem's significance, how it is applied to solve problems in the real world, and evidence supporting its validity in a brief essay
dedicated to it. By organizing and logically expressing mathematical ideas in their responses, students not only underline their
mastery of mathematics but also hone their language skills. On the other hand, mini essays for mathematics knowledge
evaluation provide pupils with the chance to study language through mathematics. Students are to convert numerical ideas into
worded explanations by incorporating mathematical topics into language learning assignments like essay writing. For example,
using descriptive language is necessary to successfully communicate mathematical concepts in an essay prompt where students
must describe the concept of probability in real-world circumstances. By participating in mathematical discourse, students
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improve their language skills while simultaneously gaining a deeper comprehension of mathematical concepts. Additionally,
because mathematics knowledge evaluation mini essays are multidisciplinary, they encourage cross-curricular connections and
a more comprehensive approach to learning. An essay that examines the connection between geometry and architecture, for
example, helps students develop their capacity to express complicated ideas in both mathematical and verbal terms while also
reinforcing mathematical concepts. As a result, mini essays for the mathematical knowledge evaluation provide students with a
dynamic way to study both mathematics and language, promoting interdisciplinary competency and improving general academic
performance. Mini essays for mathematics knowledge assessments offer a diverse method of instruction that cuts across
conventional disciplinary lines. Students have a rare opportunity to concurrently strengthen their linguistic and mathematics skills
through these assignments. Take into consideration, for example, the short essay work (National Academies of Sciences,
Engineering, and Medicine, "Chapter 4," National Academies , Exhibit 4) that asks pupils to investigate the topic of functions in
mathematics.

Cracking the Secrets of Functions: Analyzing Domain, Range, and Mapping: A Student Mini Essay.

The relationships between sets of inputs and outputs are explained by the fundamental mathematical tools known as
functions. One of the basic elements of functions is the concept of domain and range. A function's domain is the set of all possible
input values, while its range is the set of all possible output values. Understanding domain and range is a prerequisite to analyzing
and interpreting function activity.

Take the function f(x) = x2 as an example. Since the function is defined for any value of x, in this instance, the domain is
made up of all real numbers. Since the square of any real integer is non-negative, the function's range is restricted to non-negative
real values. We can learn more about a function's characteristics and behavior by looking at its domain and range.

Mapping is another important feature of functions. The process of assigning a distinct element in the range to every
element in the domain is referred to as mapping. The unique feature that sets functions apart from other mathematical
relationships is the one-to-one correspondence between inputs and outputs. Take the function g(x) = 3/a, for instance. Every
non-negative real integer in the domain is mapped by this function to the equivalent non-negative square root in the range. We
may gain a better understanding of the structure and behavior of functions by visualizing the mapping between inputs and
outputs.

In addition, functions are essential to many disciplines, such as science, engineering, mathematics, and economics.
Functions are the building blocks of more intricate mathematical systems in mathematics, such as linear algebra and calculus.
Functions are used in science to simulate and examine a wide range of natural events, including the motion of celestial bodies
and the behavior of chemical reactions. Functions are used in economics to explain how variables like supply and demand relate
to one another. Functions are used in engineering to create and improve processes and systems.

With the help of functions, which are strong mathematical instruments, we may define and examine relationships
between variables. We can gain a better knowledge of functions' behavior and applications in a variety of domains by exploring
the mathematical nuances of functions, such as domain, range, and mapping.

Exhibit 4. A Student Mini Essay on Domain, Range, and Mapping, and Its Breakdown. Adapted from (National
Academies of Sciences, Engineering, and Medicine, "Chapter 4," National Academies)

Breakdown of Sample. The notion of functions in mathematics is well explored in this student's brief essay, which
focuses on important ideas including domain, range, and mapping. Math learning through English is demonstrated by the
student's ability to convey difficult mathematical concepts to a wider audience using succinct and straightforward language. The
essay also shows how learning a language can improve one's ability to understand mathematics. The student not only improves
their comprehension of functions but also refines their language skills by using precise vocabulary and logical structure to
successfully communicate mathematical concepts by coherently explaining the definitions and properties of domain, range, and
mapping.

The essay also demonstrates how language and mathematics are related to one another. The essay writing process
requires the learner to solve mathematical problems and express themselves in writing. This strengthens their comprehension
of functions and improves their ability to explain mathematical concepts in writing. This brief essay, in summary, demonstrates
how math knowledge evaluation tasks can support math learning through English and vice versa. Students gain interdisciplinary
competency and improve their performance in both disciplines by combining mathematical principles with language learning
challenges, which eventually equips them for success in both academic and real-world contexts.

Students respond to such a writing exercise prompt by delving into the mathematical nuances of functions, including
mapping, domain, and range, as well as by engaging in linguistic decoding, which enables them to efficiently convert abstract
mathematical ideas into succinct written explanations. As a result of this approach, students get a deeper comprehension of both
mathematical principles and linguistic standards by honing their ability to articulate complicated ideas using specialized
mathematical language. Mini essays for the mathematics knowledge assessment also give students a chance to investigate how
language and mathematics are related in a variety of settings. Students are encouraged to bridge the gap between mathematical
symbols and common English, for instance, by writing an essay that examines the relationship between algebraic expressions and
written word problems. Students must not only understand the word problem's mathematical substance when crafting their
responses, but they must also clearly and concisely express their solutions. This blending of language comprehension and
mathematical problem-solving develops critical thinking abilities and a greater understanding of the innate relationships between
language and mathematics. Additionally, through written expression in mathematical discourse, students learn how to effectively
convey their mathematical thinking, which improves their general academic proficiency and sets them up for success in both the
mathematical and linguistic realms.

36



®isuko-matemaTtuyHa ocsita / Phisical and Mathematical Education Tom 39, Ne 3 / Vol. 39, No 3 (2024)

DISCUSSION

A closer look at condensation transcription reveals its vital function in language and math instruction. Condensation
transcription is the process of compacting and reconstructing lexical units into short yet relevant forms. It is necessary for problem
solving and successful communication in both mathematics and language learning. Subsequent investigations in this field may
explore more deeply into the cognitive processes that underlie condensation transcription in mathematics and language. Learning
about how people absorb and use this process could help educators create teaching methods that are more successful.

Effective pedagogical techniques for teaching condensation transcription in language and mathematics classes could
be the subject of future studies. Creating educational resources and interventions that specifically teach students how to use
condensation transcription techniques in problem-solving activities could be one way to do this.

Subsequent research endeavors may investigate the effects of language-oriented evaluations, such as mini essays, on
the mathematics learning results of pupils (National Academies of Sciences, Engineering, and Medicine, "Chapter 4," National
Academies). Research on the effects of writing assignments that ask students to express mathematical ideas in writing on their
conceptual knowledge and problem-solving abilities over time could be conducted through longitudinal research.

Collaboration between academics in the fields of mathematics and language education may result in the creation of
multidisciplinary curriculum materials that incorporate instruction in condensation transcription (Two large and 1 small pumps
can fill a swimming pool in 4 hours; Landmark, 2021; North Carolina Department of Public Instruction; Reading Rockets). This
could entail developing cross-disciplinary lessons and exercises that motivate students to use condensation transcription
methods when solving mathematical and language problems.

CONCLUSION

It is crucial to give educators opportunities for professional development so they can acquire the skills necessary to
apply interdisciplinary teaching strategies that include condensation transcription techniques. For language-based solutions to
be successfully incorporated into mathematics instruction, educators require assistance and training.

Academics studying language and mathematics education can also implement the following strategies to improve
student communication and problem-solving skills:

eIncluding condensation transcription teaching in language and math courses.

e Providing opportunities for educators to receive professional development so they may learn the value of
condensation transcribing and how to successfully incorporate it into their teaching methods.

e Encouraging teachers to improve student learning results by implementing condensation transcribing research
findings into their teaching techniques.

* Promoting cooperation between math and language teachers to provide multidisciplinary teaching resources and
methods that include condensation transcription training.

¢ Including language-based assessment tasks in mathematics exams, including mini essays, to gauge pupils' written
communication skills about mathematical ideas.

Educators can increase students' academic performance in both language and mathematics by implementing
condensation transcribing instruction and addressing these guidelines. This will help students become more proficient in multiple
disciplines. Furthermore, these initiatives might advance our knowledge of the connection between language and math learning
as well as result in the creation of more efficient teaching strategies.
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AHOTAUIA

®dopmynioBaHHA Npobaemu. HesianNoBiAHICTb 3MiCTy OCBITU Cy4acHUM BUMOram A0 34,06yBavdiB, NOCTiHE CKOPOYEHHA roAMH
y dopmasbHiii OCBITi, B OKPEMMX BUMNALKAX HeaKTyani3oBaHMIM MaTepian, BTpaTa MOMNYASPHOCTI Ta aBTOPUTETY 3aKnagis
$opmanbHOI OCBITU € TUMM CYNnepeYHOCTAMM, WO aKTyani3yloTb HepopManbHy OCBiTy. Macosi BiAKpUTI oHNalH Kypcu (gani
MBOK) cTatoTb yce 6inbl 3aTpebyBaHUMM, OCKINbKM HAZAIOTb MOMKMBICTb LWIBUAKO HAabyTW HEODOXiAHI 3HAHHA Ta HAaBUYKM,
06upaTK pisHi Kypcy Ha pisHMX naatdopmax, 0bupaT TbIOTOPIB | TeMn HaBYaHHA. [aHe focnigskeHHs Byao cnpsmMoBaHO came
Ha 0Cob6/IMBOCTI iHTerpyBaHHsA HedopMasibHOI OCBITU Yy dopmanbHy. MeToto AaHOi PO6OTM CTaI0 TEOPETUYHO OBIPYHTYBATH Ta
€KCNepUMEHTaIbHO NepeBipUTU edeKTUBHICTb iHTerpyBaHHsa MBOK y dopmanbHy OCBiTy /18 MabyTHiX yumTenis iHbopmaTuKu.

Martepianu i metogu. Mpu poboTi Hag NPob6aEMOIO JOCAIAKEHHA BYNM BUKOPUCTAHI TEOPETUYHI METOAM: aHai3 HAayKOBMX
[)Kepesn Woao cTaHy po3pobneHocTi npobnemu AOCNiAKEeHHA, y3aranbHEeHHA BNACHOTO A0CBiAY, BUBYEHHA METOAUYHUX
maTepianiB Ta HOPMATUBHWUX JKepen. 3AiACHIOBANOCA | eKCnepuMeHTasibHe [OCAIOKEHHA, a came: aHKeTyBaHHS,
neaaroriYHUi eKcnepMMeHT Ta CTaTUCTUYHE OMpPaLloBaHHA MOro pesynbTaTiB, AOCAIAXKEHHA pedNeKCMBHOro CNpUNHATTA
pe3ynbTaTiB yHaCHUKAMM EKCNepPUMEHTY.

Pesynbtatu. [aHa poboTa € NPOJOBMKEHHAM AOCAiAMKeHHs, Wo 6yno posnoyato y 2021 pouj i oKpemi pesynbTatu
onpuatoaHeHi paHiwe. [JocnigxeHHs 6y10 po3noyaTo 3 aHKeTyBaHHA. B poboTi onpuntogHeHo okpemi pesynbtatv 2023 poKy,
a TAaKOXK MPOAHa/i30BaHO i 3MiHW, WO BigdyAUCA Y NOPIBHAHHI 3 aHANOMYHMM ONUTYBAHHAM pecrnoHAeHTiB y 2021-noyaTky
2022 pokiB. HacTymHMM KpOKOM CTafno BXifHE [AiarHOCTYBAHHA - KOHTPO/IbHUIA 3pi3 3HaHb 3 AucumnaiHn «Lndposi
TexHoorii», «IHbopMaLiiHO-KOMYHiKaLiiHi TexHonorii», «IHbopmaTUKa» (B 3aNeXKHOCTI Big, OCBITHLOI Nporpamu). B cTaTTi
HaBeAEeHO OnpauboBaHi pe3y/nbTaT AAaHOro AoCNiaXeHHs. OTpumaHi pesynbTaTM nokasanu, Wo 36ifblieHHs KibKoCTi
CTYAEHTIB EKCNePUMEHTANbHOT rPynu, AKi NPOMLLIM BUCOKUI i AOCTATHIN piBEHb, Ta 3MEHLUEHHS X KiIbKOCTi Ha cepesHboMy
Ta HU3bKOMY PiBHAX CBigYaTb NPO ePeKTUBHICTb iHTEerpyBaHHA HepopManbHOi OCBITM Y popmanbHy. Taki 3miHK Byan GinbL
OYEeBUAHVMMM AN eKCNepUMEHTaNbHOI rpynu. BBaXKaEMOo, WO eKcnepMmeHTabHe NigTBepAXeHHA edeKTUBHOCTI iHTerpauji
HedopmasibHOI 0cBiTH, a came MBOK, y dopmanbHy Bigbynocsa.

[Lertapbosa H., MeTtpeHko /1., mya O., Makaposa B. [locBif iHTErpyBaHHA MacoBUX BiAKPUTUX OHAAMH KypciB y dopmanbHy ocBity. @i3uko-
Ana mamemamuyHa oceima, 2024. Tom 39. Ne 3. C. 38-45. DOI: 10.31110/fmo02024.v39i3-05
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BUCHOBKMW. pOTArOM 2X pOKiB CTaB/leHHA 40 MACOBWX BiAKPUTMX OHNAMH KypciB 3MIHWMIOCA: KiNbKIiCTb PeCNOHAEHTIB, fKi
NOBHICTIO 40NYYal0TbCA A0 HedOPManbHOI OCBITH, 3pOCNA; 3POCAA i KiNbKICTb PECNOHAEHTIB, AKi BUKOPUCTOBYHOTb YKPAiHCHKI
nnatpopmu EdEra. Prometheus, [lia, 3pocna; npobaema AocTyny A0 KypCiB y MiCTax Ta CeNumLax, Ae He BiabyBatoTbCA BOEHHI
Aii, He € cyTTeBoto. Lle byno nigkpinneHo i pednekcieto cammx 3406yBadviB. BOHM BigMITUAM NMO3UTUBHI 3MiHWU Y BNACHMX
3HAHHAX Ta HaBWYKax. bynu ysaranbHeHi pekomeHgauii wopo iHTerpauii MBOK y dopmanbHy ocBity. Mepcnektvusu
noAanblUnxX focniaxKeHb B6a4aemo y po3pobLii KypciB 3 pO3MILLLEHHAM 1X Ha KOHKPETHWX NaaTGopmax 3 MeTO NiATPUMKMN
dopmanbHOi 0CBiTH cnevianbHocTi CepegHa ocaiTa (IHbopmaTuka).

KNKOYOBI CNNIOBA: HedpopmanbHa ocsima; macosi 8i0Kpumi oHAaliH-Kypcu; KomMmn'tomep 8 oceimi; camooceima; Ha8YAHHA
8M1POO0BH HUMMA; CKAAOHI yMOBU HABYAHHA.
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ABSTRACT

Formulation of the problem. The mismatch between the content of education and modern requirements for learners,
constant reduction of hours in formal education, occasionally outdated material, loss of popularity and authority of formal
education institutions are the contradictions that make non-formal education relevant. Massive Open Online Courses
(MOOCs) are emerging as a promising solution, offering the opportunity to quickly acquire necessary knowledge and skills,
choose various courses on different platforms, select tutors, and control the pace of learning. This study focused specifically
on the features of integrating non-formal education into formal education, to theoretically substantiate and experimentally
test the effectiveness of MOOCs in bridging the gap between formal education and the evolving needs of future computer
science teachers.

Materials and Methods. To address the research problem, we used theoretical methods: analysis of scientific sources on the
state of the research problem, generalization of personal experience, study of methodological materials, and normative
sources. Experimental research was also conducted, including surveys, pedagogical experiments, statistical processing of
results, and investigation of experiment participants' reflective perception of results.

Results. This work continues the research that began in 2021; some results have been published previously. The research
started with a survey. The paper presents some results from 2023 and analyzes changes compared to a similar study of
respondents in 2021-early 2022. The next step was an initial diagnosis - a control test of knowledge in the disciplines of "Digital
Technologies," "Information and Communication Technologies," and "Computer Science" (depending on the educational
program). The results showed that an increase in the number of students in the experimental group who achieved high and
sufficient levels and a decrease in their number at the average and low levels indicate the effectiveness of integrating non-
formal education into formal education. These changes were more evident in the experimental group.

Conclusions. Over 2 years, attitudes towards massive open online courses (MOOCs) have significantly shifted: the number of
respondents fully engaging in informal education has increased; the number of respondents using Ukrainian platforms EdEra,
Prometheus, and Diya has also grown; and the issue of access to courses in cities and towns where there is no warfare is not
significant. This positive change in attitudes and usage patterns indicates a growing acceptance and effectiveness of MOOCs
in formal education. Recommendations for the integration of MOOCs into formal education were summarized. We see
promising prospects for further research in developing courses and placing them on specific platforms to support formal
education in Secondary Education (Computer Science).

KEYWORDS: non-formal education; Massive Open Online Courses (MOOCs); computer in education; self-education; lifelong
learning; challenging learning conditions.
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BCTYN

MocraHoBKa npobnemu. 3406yBavi OCBITM YKpaiHM HaBYAKOTbCA B HOBWMX CKAAAHMX ymoBax. AucTaHuiiHa OcBiTa
Nnoknagae Ha 3406yBaya OCBITM BiAMNOBIAANbHICTb 3@ BAACHi pe3ynbTaTi. MeToAMKM HaBYaHHA aKTyasbHi We 5 pokiB Tomy He
MOXYTb OYTK 33CTOCOBaHI B MOBHiW Mipi 3apas. ucTaHuiiHa OCBiTa BUBOAWUTL Ha NEPLUNIA NAaH TUX, XTO FTOTOBUI NpautoBaTh
CaMOCTINHO, YCBIAOMIOE BifNOBIAANbHICTL 3@ BNAACHI pe3y/sbTaTM HaBYaHHA, BUMAra€ Bifg, BMKNaZa4ya 3HaHb Ta HANoO/NerivBo
npautoe Hag HabyTTaAM Ta BAOCKOHA/IEHHAM HaBWMYOK. | B Takux ymoBax HedbopmasnbHa OCBITa KOPUCTYETbCA yce binblumm
nonutom. [JO0 UbOrO CMOHYKAE AIK MOX/AMBICTb OTPUMATU HeobXiAHi HaBMYKWM LWBMAKO, Tak i undposa Ta iHdopmaLiinHa
rnobanisayin. Hapasi 4OCTYNHUMM € BiTUYM3HAHI i 3aKOPAOHHI pecypcu. Haibinbw 3atpebyBaHMmK 3acobamu HedopmanbHOT
OCBiTM CTa/IM MacoBi BiAKPWTI oHNaliH Kypcu (aani MBOK). MpuumMHamm ix 3aTpebyBaHOCTI € Taki cynepeyHocTi (Dehtiarova et al.,
2021; Nazir et al., 2015; Yurchenko & Drushlyak et al., 2021):

— HeBiAMNOBIAHICTb 3MICTy OCBITM Yy 3aKnafax cepefHboi Ta BULLOI OCBITM Cy4aCHUM BMMOram A0 chOpMOBaHUX
KOMNeTeHTHoCTel 3406yBaviB;

— NOCTiAiHE CKOPOYEHHA ToAMH i 3BiACK HEAOCTaTHA KiNbKiCTb 3aHATb ANA 3aKpPiNAeHHA HAaBMYOK Ta BiAnpaLtoBaHHA
YMiHb y GOpManbHiit ocBiTi;

— B OKpeMUX BUMNaZKax HeaKTyaisoBaHUI MaTepia, Wo NPONOHYETbCA NPy GopManbHiin OCBiTi;

— BTpaTa NonNyAApHOCTi Ta aBTOPUTETY 3aK1aais GopmasbHOI OCBITH.

Mo3nTUBHMMM MOMeEHTamu BUOOPY Ha KOPUCTb HePOPMaNbHUX KypCiB €:

— MOUBICTb LWBMAKO HAabyTW HeobXiAHI 3HAHHA Ta HABUYKM;

— MOXAUBICTb 06MPaTK Pi3HI KypcK Ha pi3HMX NaaTdopmax, 0bMpaTH TbIOTOPIB | TEMN HAaBYaHHSA;

— MOXX/UBICTb 3YNUHUTYK i Aani He BifBiAyBaTU KypcC 3 HEAKICHUM NnogaHHAM abo Takui, Wo He BignoBigae 3micTy abo
3anAB/IeHil Ha3Bi;

— BiACYTHICTb CTPECOBMX CUTYaLil NpU HeobXiAHOCTI 3aXMLWATN BUKOHaHI pob0Tw, BiANOBiAaTU YCHO TOLLO;

— BigCYTHiCTb 060B’A3KOBUX AUCLMNAIH.

Tomy Taka ¢popma OCBiTU NOCTYNOBO 3aliMa€E CBOO Hiwy. [poTe BBAXKAEMO, LLLO OHNANH-KYPC HE MOXKE 3aMiHUTU NOBHY
ocBiTy. OCBIiTHi nporpamv Ha f[aHWM Yac YAOCKOHA/OKTLCA BiAMOBIAHO 3anuTiB Big, abiTypieHTiB. KoxkHa nporpama
nepernAagaeTbcs 3 06roBopeHHAM: BifAOYBAETLCA ONPUNIOAHEHHA Ha CalTi, fie KOXKHUM BifBioyBaY MOXKe NIULWKTK CBIil BIArYK Ta
pekoMeHAaL,ii WoA0 NOKPALLEHHA 3MICTy OCBITHBOI Nporpamu. OKpim TOro, 0CBiTa NOAArAE He nLe B HAOYTTi HABMYOK Ta 3HaHb,
a "y couianisauii, o6miHi gocsigom, popmysaHHi soft skills. Y 3aknagi Buwoi ocBiTM 3006yBay OTPUMYE He NnLe GaxoBi HABUYKM,
ane ¥ ymoBM ANA PO3BUTKY 0cObMCTOCTi, HabyTTO coujanbHOro AocBigy, GOPMYBaHHA KONa CMiNIKYyBaHHA Ta PO3LUMPEHHA
csiTornaay. HaByaHHsA mae 6yTM couiaNbHUM 40CBIAOM, @ HE B3AEMOAIEID MiX Nt0AMHO Ta npucTpoamu (Gamage et al., 2016).

Pasom 3 TMM Kypcwm Ta iHWi 3acobu HedpopmanbHOi OCBITM € HEBIL EMHUM enemeHTOM nporpecy. BoHu JoNOBHIOTL
dopManbHy OcBiTy. MONUT NOPOAXKYE NPOMO3ULLiILO, TOMY i KiZIbKICTb TaKMX KypCiB 36iNbLUYETLCA AyXKe WBUAKO. A Lie 03HAYaE, Lo
AKICTb TaKMX NPOAYKTIB pi3Ha. | came daxiseup, B LaHOMY BUNAZAKY BUKIAAa4y, MOXKE OLiHUTU AKICTb MPONOHOBAHOIO maTtepiany
Ta AOCTATHICTb Ta AOLiNbHICTb MaTepianis ANA MOro 3aKkpinieHHA Ta HabyTTa HaBMYOK. ToMy faHe gocniaxeHHsA 6yno cnpamoBaHo
came Ha 0cobanBoOCTi iHTerpyBaHHA HedOpMabHOT OCBITU Y GOPMANbHY.

AHaniz akTyanbHUX JocnigXeHb. B ymoBax naHaemii, BiHW 4YM iHWMX CKNagHUX 0BCTaBMH AOCTYN OO 3aKnagis
0bMeKeHO Ha neBHWI Yac. | Wwob He BTPAYaTM Yac i MOMK/IMBOCTI, MONOLIN NOANHI BaXK/AMBO NPOLOBXKYBATU PO3BMBATUCA,
dopmyBaTM BnacHi KomneTeHuii Ta Aocsig. Buxogom € HedopmanbHa ocBiTa. fIK 3a3HA4Yanoca BULLE, HANAOLINbHILLIMM
eNeMeHTOM HepOpPMasibHOI OCBITU, KM MOXKHA 3anpoBagUTM Y 3aKafax BULWOI OCBITU BBAYKAEMO MacCOBi BiAKPUTI OHNalH-
Kypcu. | Le NOACHIOETbCA TUM, LLLO YMOBM N5l KOXKHOIO CTyAEeHTa MOXYTb 6yTU pisHUMK. TaKi Kypcu peanisytoTbCa y:Ke nesHUi
yac i pisHMMM acnekTamu ix BNpOoBaAKEeHHA LLiKaBUNCA HAYKOBLL Ta METOAMUCTY. C.1. BnekmoH, Y.X. MeWaKop BMBYAM CYTHICTb
MBOK, ix pi3HOMaHITHICTb Ta onuncanun aBTopcbKe 6ayeHHn ix Tunonorii (Blackmon & Major, 2017). MoTuBaL,ito A0 HaBYaHHA Ta
NOKa3HMKM NPOXOAKEHHA KypciB gocnigykysanu Y. Hasip, X. Aesic Ta J1. Xappic (Nazir et al., 2015). KinbkicHui1 aHani3 IT-kypcis
po3pobneHo O. CemeHixiHoto, B. LLlamoHeto, A. KOpyeHKo Ta iH. (Yurchenko et al. 2021).

HaBuyaHHA Ha Kypcax YM 3a BiAE0ypPOKaMM e AOCUTb FAPMOHINHO, KO A0POCAA NIO4MHA PO3LLUMPIOE CBOT KOMNETeHLU,T
33 ix gonomoroto. HeysroaKeHicTb BUHWMKAE Y BUMAAKY, KOM CTYAEHT OTPMMaB 3HAHHA Y HedopMasbHii OCBiTi, HABYB YMiHb i He
Ma€ 6axkaHHA NPOXOAUTN aHANOTIYHUIA MaTepian y HaBYaIbHOMY 3aknagi. Mpu LbOMY OLLIHUTK BiANOBIAHICTE KOMNETEHTHOCTEN,
KiNIbKOCTi KpeauTiB, TeMaTMKK 3400yBay He 3aBXKAN MOXKe 06’eKTUBHO. BigMiHHOCTI MiXK Kypcamu 3a peATUHIOM AOC/iAKYBaIM
Gamage D., Perera I., Fernando S. ABTop# AilLLAN BUCHOBKY, L0 KYPCH 3 BULLMM PEVTUHIOM He Bifpi3HAIOTbLCA 3@ 3MiCTOM, ane
TaKi Kypcu NpocTi gna CNpUNHATTA, 3 rapHoto nogadyeto matepiany. CTyAeHTM 06UPalOTb KYPCU, KEPYIOUMUCH CBOEID iHTYILLIE.
ABTOPM 3a3HAYaOTb, LLLO AEeAKi PO3POOHUKN He NPUAINAIOTbL 0COBANBOT yBarn AN3aiHy Y METOAUYHUM NUTAHHAM NPU CTBOPEHHI,
a nLe BAOCKOHANOTb KypCcK B MalibyTHbOMY BignoBiaHO A0 KoMeHTapis (Gamage et al., 2016). Buknaaay NoBUHEH BU3HAUUTH,
4YM € BiANOBIAHICTL TEOPETUYHOrO MaTepiany, YM chPopmMoBaHi YMiHHA, AKi Nnepepbayanncs B pesynbTaTi BUBYEHHA. Buknagau
NoBMHEH BM3HABaTM abo He BM3HABATM pPe3ynbTaT i 06rpyHTOBYBaTM Ue. | TyT chopmyntoloTbca npobaemu, aki HeobxiaHO
BMPILIWTK B LEl Yac:

® HeoOXigHWI YiITKUIA CKOOPAMHOBAHUI NpoLec iHTerpau,ii HedopmanbHOI OCBITU Y GOPMasbHY;

* HeobxigHa Npoueaypa BU3HAYEHHA KPUTEPIiB ypaxyBaHHA 3HaHb i HABMYOK, HabyTUX y HedopmanbHil OCBITI, Nig, Yac
OLHIOBAHHA pe3ynbTaTiB HaBYaHHSA;

® BA)K/IMBO Te, WO BM3HaYyeHHA ocobamnsocTeit BUBopy naatdopm i KypCiB 3anexuTb Big, CTyAeHTa, ane BUKNALay He
30608B’A3aHNI 3HATU piBEHb BMKIaZaHHA B YCiX Kypcax ycix naatdopm;

® icHye Nnpobiema NCMX0N0riYHOI FOTOBHOCTI CaMUX BUKNaZadiB cnpuiimaT HepopmasibHy OCBITY CTYAEHTIB;

® yyeHb MOBMHEH HECTM Bi4NOBIAANbHICTb 32 AKICTb 3aCBOEHHA 3HAHb.
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Yce ckaszaHe TaKoXK NiATBepAKYETbCA [OCNIAXKEHHAMM iHWMX BYeHMX. Lazarus Fc. i Suryasen R. gocnigykysas npobiemy
BnpoBagKeHHA MBOK B 0cBiTy KpaiH, L0 pO3BMBalOTLCA. ABTOPM Ha OCHOBI NOrAMBAEHOr0 aHai3y 3a3HAYatoTh, L0 YMM BULLUM
byae npoHMKHeHHs MBOK, Tum 6inblwimm Byae nokpallleHHs AKOCTI BULLOI ocBiTK (Lazarus & Suryasen, 2022). OTxe, Tol ¢aKT,
WO 3anpoBajyKeHHA KypciB, 30Kpema, Ta HepopmasibHOI OCBITU 3arasom € aKTyasibHMUM B YKpaiHi, € Baromum ¢akTopom
NiaBULLEHHSA AKOCTI OCBITU.

Ane BBa)KaEMO 3a [OLL/IbHE 3aYBaXKUTHU, LLLO OHNANH-KYPC HE MOXKe 3aMiHUTM NOBHY OCBITY. HaBYaHHA NONATAE He nuLe
B HabyTTi HaBMYOK Ta 3HaHb, a 1 y coujianisauii, obmiHi goceigom, popmysaHHi soft skills. HaBuyaHHA mae 6yTu couianbHMm
[OCBIAOM, @ HEe B3AaEMOZIED MiX /oAnHOK Ta npucTpoamu (Warren J et al.,, 2014). Okpim Toro, npu iHTerpauii efemeHTiB
HedOopManbHOI OCBITM B HaBYanbHMIA Npouec y 3BO HEObXigHUI KOHTPO/Ib BUKNaZ4aya 3a Npouecom. BiH Moxe BU3HAUUTK AKICTb
BMK/Iagy maTepiany Ta MOro BiANoBiAHICTb aucumnaiHi. Tomy Ha piBHi MiHicTepcTBa OCBITU Ta HayKM YKpaiHUM, @ TaKOX B MeXKax
aBTOHOMIi 3aKnagiB OCBITM PO3POBAAIOTLCA PEKOMEHAaLii Y4 MONOXMEHHA LWOAO Nepe3apaxyBaHHA 3HaHb, WO OTPUMMaHi y
HedopmanbHi ocsiTi (mon.gov.ua; https://sspu.edu.ua/, 2022; https://udpu.edu.ua/, 2023)

MerToto gaHOi po60TH CTaN0 TEOPETUYHO OBI'PYHTYBATU Ta EKCMEPUMEHTANIbHO NepeBipuTH edeKTUBHICTb iHTerpyBaHHA
MBOK y dopmasnbHy OCBiTY 418 MabyTHIX yunuTenis iHGOpPMaTUKK.

3aBAaHHA AOCNIAKEHHA:

— BUABUTU ANHAMIKY 3MiHW cTaBaeHHA 4o MBOK;

— eKCNepuMMeHTaIbHO NepPeBipUTM AOLINbHICTb NIATPUMKM PopmanbHOi ocBiT MBOK Ta BM3HAUYUTM OLiHKY 3 60Ky
3806yBava;

— y3araNbHUTK OKPeMi MeTOAMYHI peKoMeHAaLi o0 iHTerpyBaHHA MacoBMX BiAKPUTMX KypciB y GOpManbHy OCBITY.

METOAM AOC/IAMKEHHA

Mpw poboTi Hag npobaemoto JoCAiAKEHHA OYIM BUKOPUCTaHi METOAM TEOPETUYHOIO PiBHA HAYKOBOIO Ni3HAHHA: aHani3
HayKOBMX [J)Kepen WoAo CTaHy po3pobneHocTi npobnemu AOCNiAMKEHHA, y3arasibHEHHA BNACHOrO AOCBiAY, BMBYEHHA
METOANYHUX MaTepianiB Ta HOPMATUBHUX AxKepen. TaKoXK NpoBeAeHO eKCnepuMeHTaibHe AOCIAMKEHHA, @ CaMe: aHKeTyBaHHA
nepes nNpoBeLeHHAM NefaroriYyHOro €eKCNepuMMEHTY, MNefaroriyHUMi eKCnepuMeHT Ta CTaTUCTMYHE OnpautoBaHHA Moro
pe3ynbTaTiB, AOCAIAKEHHA pedNeKCMBHOIO CNPUAHATTA pe3ynbTaTis 3406yBayammn — y4acHUKAMM eKCNEePUMEHTY.

PE3Y/IbTATU AOCNIAXKEHHA

[aHa poboTa € NPOAOBXKEHHAM AOCNIAXKEHHS, WO 6yno posnoyato y 2021 poui i OKpemi pe3ynbTaTi onpuatogHeHi y
(Oertapbosa Ta iH., 2021; Dehtiarova et al., 2023). [locniaxeHHa 6yno po3noyaTo 3 aHKeTyBaHHA. Moro meToto 6yno BUABNEHHA
3arasibHOro BiAHOWEHHA A0 HepOpMasibHOI OCBITH, piBeHb 3abe3neyeHHs LMbPOBUMM NPUCTPOAMM Ta AOCTYNOM A0 r106anbHOI
mepexi 3106yBayviB ocBiTU. AHKETYBaHHA nposogunock y 2021 poui Ta y rpyaHi 2022 poky. MisHiwe y BepecHi 2023 poky aBTopwm
36Mpann AyMKM aHKETOBAHMX LWOAO0 HABYAHHA Yy CKAAgHUX ymoBax. TyT 6yno npoBeAeHO ONUTYBaHHA 3a gonomoroto Google
Forms Ta 3agisHO ocobucte cninkyBaHHA 3 pPecnoHAeHTamu. Y CTaTTi MPOaHani30BaHO TaKOX i 3MiHW, WO Biabyauca. Takui
eKCNepUMeHT NPOAEMOHCTPYBaB, LWo Kypcu MBOK € niatpymkoto ¢opmanbHOT OCBITM B Pi3HMX YMOBaX.

AHKeTyBaHHA NpoBoAWMNOCH Ha 6a3i CyMCbKOro gepyKaBHOro neaaroriyHoro yHisepcuteTy imeHi A.C. MakapeHKa,
YMaHCbKOTO AepKaBHOro negarorivHoro yHisepcutety imeHi Masna TuunHu, KpemeHewbKoi o61acHOT rymaHiTapHo-neaaroriyHoi
akagemii imeHi Tapaca LeByeHka, wkin Cym, YmaHi, KpemeHusa, Knuesa ta cennwy micbkoro tuny. OnutyBaHHA NpOBOANAOCH 33
ponomoroto Google Forms. Y 2021 poui B3aau1 y4acTb 205 pecnoHgeHTis; y 2022-2023 p. 6yno onutaHo 215 pecnoHaeHTiB. KoxKHa
aHkeTa Mictmna 15 nuTaHb. KinbKicTb 34060yBaviB, BMKNafayiB Ta iHWMX ¢axiBLiB cepes HWUX PO3MOAiNsAnaca TaK, fAK
NPOAEMOHCTPOBAHO Ha PUCYHKY 1.

O6epiTh KaTeropito, A0 AKOI BW BIAHOCUTECA Ha 1aHMIA Yac

215 signosinen

@ :znodysaq oceiTH

@ EuMTENs, EMKNANAY, TEHTOR, KypaTop
OHMARH WK
taxieelk 3i cneyiansHocCTi, Wo He
NOE'A3EHA 3 BMKN3AAHHAM

@ cpinaHcep

@ inwe

Puc. 1. Po3nogain uinboBoi ayauropii.
[wepeno: asmopcoka po3pobka.

B onutyBaHHi Byna 3afisHa KinbkicTb 3406yBayiB Ta BUMTENiB/BMKNaAauiB NnpubaM3HO oaHakoBa. PaxiBLiB 3 iHILIMX
cneujanbHocTel Byno 3a4iaHo 5, Wo cTaHoBUTL 2,3 %, «iHWe» 0bpanm 3 pecnoHAeHTa, Wo cTaHoBUTb 1,4%, «dpinaHcep» obpaHo
oAHUM 3 ycix (0,5%).

Oani 6ynn nocTtaBfieHi 3anuTaHHA WOAO PO3YMIHHS CaMOro MoHATTA HedopMasbHOI OCBITU, NpoxoaskeHHs MBOK,
nnatdopm, Ha AKUX TaKy Kypcu obupanuca. Bignosiai BigobparkeHi Ha pucyHkax 2 Ta 3.
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Yu aHaeTe BM WO TaKe HedopManbHa oceiTa? Hu npoxoannu BY oHAaiH kypew y 2022, 2023 poui?
215 signosigei Akwo npoxoouTe 2apas, To  06epiTe Bignoeige "Tax”
. TaK, NOFHICTID pOIYMBD

@ 10 NPUENUIHE YAZNEHHA
O H

215 signosigen

@ Tax
@ =i

Puc. 2. Po3nogain Bignosigeit Wopo yceigoMmneHHA NOHATTA HedpopMaibHOI OCBITU, NpoxogrKeHHA MBOK.
Lxcepeno: asmopceKa po3pobKa.

Taki 3anuTaHHA 3agaBannca B onuTyBaHHAX 2021 poky Ta y onuTyBaHHAX 2022 Ta 2023 pp. KinbKicTb pecnoHAeHTiB, AKi
MOBHICTIO PO3YMitOTb KOHLLenLito HedopmanbHOT 0cBiTH, 3pocna 3 42,9% A0 44,2%. KinbKicTb pecnoHAeHTiIB, AKi Manun npnbansHe
YABNIEHHA, TaKoX 3pocna Ha 47,9% (paHi 2022 - 2023 pp.) nopisHaHO 3 44,9% (2021 pik). KinbKicTb pecnoHAeHTiB, fKi He
LiKaBAATbCA HepOPMaIbHO OCBITOM, 3MeHWwMAacaA 3 12,2% no 7,9%.

3 AKKMMKM nnaTdopMamMu B 6YNKM 03HAHOMIEHI A0 UbOTo Yacy?

215 signosinen

Prometheus 147 (68,4%)
iA. Uudpoea oceita

EdEra

147 (68,4%)

B
Laba
Geek Brains
HLW

Mpo TaKi NNaTmopMi He 3Ha

Q 50 100 150

Puc. 3. Po3nogin signosigei WoAao0 ycBigoMmaeHHA NoHATTA HepopmanbHOi OCBITU, NpoxoaKeHHa MBOK.
[wepeno: asmopcbKa po3pobKa.

Prometheus, [is. Liudposa ocsita, Coursera BUABUAUCA HANBIZOMILLMMM ANsA L€l KaTeropii pecnoHaeHTiB. Lli kateropii
06panu GinbluicTb pecnoHAeHTIB Ha 060X eTanax onNuUTyBaHHSA. B onuTyBaHHI 2022-2023 poKiB 3p0cia KiNbKiCTb PeCroHAEHTIB,
AKi gisHanuca npo EdEra. Prometheus, [is. Undposa ocsita, EdEra — ue yKpaiHCcbKi naatdopmu, Ae po3milleHi nepesaxkHO
6€3KOLITOBHI KypcH 3 Pi3HUX HanpsAMKiB. ABTOpn Prometheus TakoX NPONOHYOTb NAATHI Kypcu.

OAHWMM i3 3anuTaHb L€l aHKeTM Byno Take: «4n 3miHUNOCA Balle cTaBfeHHA A0 HAaBYaHHA Nicna noyaTky BiHM Pocii
npoTu YkpaiHn?» A 68,9% pecnoHgaeHTis (a ue 144 ocobu 3 215) Bignosinu, Wwo «tenep NoTpibHO Binblue LiHYyBAaTU MOXKAUBICTD
HaBuyaTuca». 21,5% pecnoHAEHTIB He 3MiHWAW CBOTO CTaBNeHHA, 7,2% 0bpasv ro/IoBHe BiANOBIAb «3apas He Yac BYUTUCA, MOXKHA
BUYMUTMCA Mi3HiWe».

BaK/IMBMM 3aNUTaHHAM BBAYKAEMO: «fIKWUI NPUCTPIN BM HalYacTille BUKOPUCTOBYETE A8 HAaBYAHHA Ta NPOXOAMKEHHSA
Kypcie?». Lle AeMOHCTPYE MOXKAUBICTb 3406yBaYiB OTPMMYBATK OCBITHI KOHTEHT. Po3noAin Bignosisein npoaemMoHCTPOBaHO HA
puc. 4

HAKMM NPUCTPOEM ANA HABYAHHA Ta NPOXOAXKEHHA KYPCiB KOpPUCTYETECA
HaWJacTiwe?

205 signosigen

cMapTdoH

MNEHLET {MNaHWETHIA
KomMM'ioTep)

CTALOHapHKIA KoMN'oTep,
HOYTEYEK

HE Mak EMAacHWX NepepaxoBaHix
NpUCTPOIE, KOPWUCTYHCA ¥
IHAHOMWX, 3aKnafax ocaiTh To...

0 50 100 150 200

Puc. 4. Po3nogain Bignosigeii WWo40 NpUCTPOIB, AOCTYNHUX A0 BUKOPUCTAHHS.
[repeno: asmopcoka po3pobka.
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Nuwe 2 pecnoHpeHTM 3 215 manu npobnemu 3 AOCTYNOM O MPUCTPOOD UM Mepexki, a NoHas 50% manu Kinbka
NPUCTPOIB, 32 AOMOMOTOI0 AKMX BOHU Masnv MOXK/IMBICTb HaB4yaTucA. Lleit $aKkT gas niactaBu cTBepAXyBaTtH, Wo npobnema
[OCTYNy A0 KypCiB Y MiCTax He € CYTTEBOIO.

Ona oTpuMaHHA 6inblw NOBHOI iHGOPMaLi WOAO0 MOMKNMBOCTEN 3HAXOAUTUCA Ha 3B'A3KY Ta OTPUMYBATM OCBITHI
KOHTEHT 6y OXON/IeHi BEMKI MicTa Ta HEBE/IMKI cenuna:

® KuiB — cTonmua YKpaiiu 3 HaceneHHAM NoHag, 2,8 M/H ocib,

* Cymn — obnacHe micTo 3 HaceneHHamM noHag 260 Tuc. ocib,

® YMaHb — agMiHICTPaTUBHUI LLeHTP YMaHCbKOro paloHy 3 HaceneHHamM 6mn3bKo 82 Tuc. ocib,

¢ KpemeHeupb — HeBeMKe MicTo TepHOMiNbCbKOT 06aacTi 3 HaceneHHAM meHwe 21 000 ocib,

® HeBe/INKI MiCTa Ta cesimLLa micbKoro Tuny CymcbKoi 061acTi Ta YMaHCbKOro paitoHy, HaceNeHHs AKMX MOF10 CTAaHOBUTH
He 6inbwe 3-5 TUC. ocib.

HacTynHMM KPOKOM CTafo BXigHe AiarHOCTYBaHHA - KOHTPO/AbHUM 3pi3 3HaHb 3 AMcUMNAiHK «Ludposi TexHonorii»,
«lHpopMaLiiHO-KOMYHIKaLinHi TexHosorii», «lHGopmaTMKa» (B 3aNeXKHOCTI Bif OCBITHbOI nporpamu). KoHTponbHUI 3pi3
BKNIOYAB y cebe TeOPeTUYHI NUTAHHA Y BUIAAL] TECTy Ta NPaKTUYHE 3aBAAHHA 3 KOMMNIEKCHUM 3aBAaHHAM. B 3aBaaHHi 6yno
nepeabayeHa poboTa 3 TEKCTOM, €/1EKTPOHHOIO Tabsmueto, nobyaosa Aiarpamu Ta poboTa 3 aNroOpUTMIYHUMM CTPYKTYpPamMm.
3aBAaHHA CKNafanuca 3 3aBAaHb LUKIIBHOTO PiBHA Ta 3aBAaHb TOrO Kypcy, AKMI 3406yBauvi ye onaHysBasW Ha TOM 4ac y
BiANoBiAHOMY 3aKnagi.

[Oani Bipbysanucs 3ycTpidi 3i 3406yBa4aMu, Ha AKUX NPOMOHYBANCA Pi3HI KypcK Ha pisHMUX naatdpopmax. MpuKnagom €
Kypc «Word Ta Excel: iHcTpymeHTu i naidxakm» Ha nnatdopmi Prometheus, «Busyain Python 6e3KOWTOBHO YKpPaiHCbKOKO» Ha
nnatdopmi DOU abo «Mpumipsaii Ha cebe npodecito po3pobHMKa Python» Ha nnatdopmi Go IT. Kypcu 6yam npucsayeHi pobori 3
TEKCTOM, eNEKTPOHHUMM TabAMLAMM, aNrOPUTMI3aLED Ta NPorpaMyBaHHAM. He yci Kypcu BUKNaAa4 Mae 3HaTU Ta NpoXoamTu
ocobucto. Tomy 3a06yBayam 6y10 3aNPONOHOBAHO 3HAXOAMTM KYPCU TaKOXK i CAMOCTIHO, @ MOTIM y3roA KyBaTu 3 BUKNAAauem.
Mpobnema y3roaxKeHHA Kypcy NOAATa€e y TOMy, WO BUKNALAY MAE BU3HAUYUTM UM AOCTaTHbO TEOPETUYHOTO MaTepiany Ta 3aBAaHb
ona GopmyBaHHA TUX CKAAZ0BMX LMPPOBUX KOMNETEHTHOCTEN, AKi 6 popmyBanunca 6esnocepegHbO Ha 3aHATTI.

HaBWuKM, OTPMMaHi Ha KypCi, pO3LIMPUAKN HaBYaHHA Ha Kypci «LlMdpoBsi TexHonorii» popmanbHOi oCBiTH. Kypc cTyaeHTH
06Mpanu camocTiMHO Ta NOroAxKyBaau 3 BUKnagadem. Lie 6yno HeobxigHo ans Toro, wob chopmoBaHi Ta 3rogom OLiHEHi HABUYKM
6ynm npnbansHo oaHakoBumU. AKLLO 3006yBay BUBMpPaAB Kypc, y AKOMY He Byno BCix HeObXiAHMX MaTepianis i 3aBAaHb, BUKNagau
pekoMmeHAyBaB Ha BMbIp KisbKa KypciB. HacTynHuMm etanom 6yna KOHTPOAbHa nepesipka Ta MOPIBHAHHA 3 pe3y/ibTaTamu Ha
NMoyYaTKy eKCNepumeHTy.

[Ogi rpynun B CymcbKomy AepKaBHOMY negarorivHomy yHisepcuTeTi imeHi A.C. MakapeHKa Ta YMaHCbKOMY AeprKaBHOMY
neaaroriyHomy yHisepcuteTi imeHi MaBna TUYMHK AN OLiIHKM edeKTMBHOCTI iHTerpauii MBOK y dopmanbHy aianbHicTb. CTyaeHTH
060X rpyn mManu CTaTUCTUYHO OAHAKOBI pPe3ynbTaTh HaBYaHHA. [lo ekcnepumeHTanbHoi rpynu (ENN) yeiwaum 25 ctyaexTis. o ii
cKnagy ysiniwnm 12 ctyaeHTie 4 Kypcy 6akanaspaty Ta 13 ctygeHTiB 1 Kypcy marictpatypu. KoHTponbHy rpyny (KF) cknanm 24
CTYyAeHTH, 3 HuUx 12 cTypeHTiB 4 Kypcy bHakanaspaty Ta 12 ctygeHTtiB 1 Kypcy marictpatypu. Bu3HauyeHHA epeKTUBHOCTI
NPOBOAMNOCH Ha OCHOBI OLHIOBAHHA TEOPETUYHUX 3HAHb, NPAKTUYHMX HABMYOK Ta PedNEKCMBHOIO CMPUNHATTA CTYAEHTOM
B/TaCHOro pe3ynbtaty. KOHTpPOAb NPOBOAMBCA Ha NOYATKY Ta B KiHUi Kypcy. BiH BK/IOYaB TECTYBaHHA 3 TEOPETUYHOI YaCTUHK Ta
BMKOHaHHSA MPAKTUYHMX 3aBAaHb. LIto YacTUHY oujiHioBaB BMKNaaay. Kpim Toro, okpemmm Kputepiem byna pednekcis: beciga Ta
ONUTYBAHHA CTYAEHTIB WOA0 PiBHA YCBIAOMNEHHSA BNAaCHUX 3HAHb. C/lig, 3a3HAUYMTH, WO NOKA3HUKK pedneKcii 6yamn cyb'eKTMBHOO
OLHKOIO CTyAeHTiB. ONUTYBaHHA ANA CTyAeHTiB 6aKkanaspis Ta MaricTpis 6yau pisHUMK, 3aNEXKHO Bif IXHIX AUCUMNAIH.

Pe3ynbTaTi 6ynu BUpaXKeHi B PiBHAX BUCOKUM, AOCTATHIN, cepefHin i HU3bKMn. OTpMMaHi pe3ynbTaT NpeacTaBieHi B
Tabauui 1 Ta 2 (Dehtiarova et al., 2023).

Tabauua 1. Pe3ynbTaTu BUKOHAHHA 3aBAaHb Ha NOYATKY Ta B KiHLi eKcnepMmeHTy (eKcnepumeHTanbHa rpyna)

. ) BxiaHMI 3pi3 3HaHb BuxiaHwWi 3pi3 3HaHb 3MiHun
Kpurepii PiBeHb — — —
Kinbkictb Y% KinbKictb Y% Kinbkictb Y%
_ Bucokuit 2 8 5 20 3 12
z [ocratwiii 8 32 11 44 3 12
& £ | Cepeapit 10 40 8 32 -2 -8
8 2 | Huseruit 5 20 1 4 -4 -16
Ycboro: 25 100 25 100
Bucokuit 3 12 6 24 3 12
Epe [JocTaTHiit 8 32 12 48 4 16
£ I | Cepeain 9 36 7 28 2 8
S & | Husokuit 5 20 0 0 -5 -20
Ycboro: 25 100 25 100
Bucokuin 0 0 5 20 5 20
§ [JocTaTHiit 10 40 12 48 2 8
é CepegHin 12 48 8 32 -4 -16
2 Hu3bkui 3 12 0 0 -3 -12
Ycboro: 25 100 25 100

epeno: asmopcbka po3pobka, onpuntodHeHo makoxc (Dehtiarova et al., 2023).
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Ta6auusa 2. Pe3ynbTaT BUKOHAHHA 3aBAaHb HA NOYATKY Ta B KiHLi eKcnepumeHTy (KOHTpOoAbHa rpyna)

. 5 BxigHuW 3pi3 3HaHb BuxigHui 3pi3 3HaHb 3MiHKn
Kpurepin PiseHb — —. —
Kinbkictb Y% Kinbkictb Y% KinbKictb Y%
_ Bucokui 1 4,2 3 12,5 2 8,3
% [ocTaTHil 8 33,3 9 37,5 1 4,2
% % Cepeaniit 11 45,8 10 41,7 1 4,2
oz Hu3bKMi 4 16,7 2 8,3 -2 -8,3
Ycboro: 24 100 24 100
Bucokui 2 8,3 3 12,5 1 4,2
g s [ocratHiii 8 33,3 10 41,7 2 8,3
£z CepepgHiii 10 41,7 10 41,7 0 0,0
88 HusbKmit 4 16,7 1 4,2 -3 12,5
Ycboro: 24 100,0 24 100
Bucokui 1 4,2 3 12,5 2 8,3
S HocraTHiit 10 41,7 10 41,7 0 0,0
g CepepaHiit 10 41,7 10 41,7 0 0,0
9 Hu3bKui 3 12,5 1 4,2 -2 -8,3
Ycboro 24 100 24 100

Lxcepeno: asmopcbka po3pobka, onpuntodHeHo makoxc (Dehtiarova et al., 2023).

HaBeaeHi AaHi nokasanu, wo 36iNblIEeHHA KiNbKOCTI CTYAEHTIB eKCNepuMeHTaNbHOI rpynu, AKi NPOMLWAN BUCOKUNA i
[OCTaTHIW piBeHb, Ta 3MEHLUEHHA iX KiNIbKOCTi Ha cepeAHbOMY Ta HMU3bKOMY PiBHAX CBiAYaTb NPO eeKTUBHICTb iHTErpyBaHHA
HedOopManbHOI OCBITU Y popmanbHy. MopiBHAHHA 3MiH, Wo Biabyanca B El i KI, Takox nigTeepanno uen ¢akt. Taki 3miHM 6yau
6iNblU O4EBUAHUMM ANS EKCNEPUMEHTANBHOT rpynu.

CTaTUCTUYHE ONpaLloBaHHA MPOBOAMIMCA 33 ABOCTOPOHHIM KpuTepiem CTblogeHTa 33 A0MOMOrOK aHanidy AaHux
TabnanyHoro npouecopa (pyHKuia aBOBMBIPKOBOro t TecTy 3 pisHUMM aucnepciamu). OuiHtoBaHHA Biabysanoca y 20 6anbHil
cUCTeMi: HU3bKWUI piBeHb 1-5 6anis, cepegHin 6-10 6anis, gocTaTHin 11-15, Bucokuin 16-20 6anis. bynn chopmynboBaHi ABi
rinotesu: Ho— BiAMIHHOCTi y rpynax BUNaAKoBi i He 3a1eXaTb Bif, 3aCTOCOBYBaHOI MeTOAUKM, Hi—MeToaMKa, Lo 3acTOCOBYETLCA,
BMN/IMBAE HA YCNiWHICTb Ta HAbyTTA KOMneTeHTHOCTeW 3400yBavyamn. O6UMCNEHHA KpPUTEpPito 4O NPOBEAEHHA eKCnepuMEHTY
NPOAEMOHCTPYBAsIO, WO iCTOTHOI Pi3HULI MiXX KOHTPOJIbHOIO Ta EeKCNEPUMEHTANIbHOI rpynoto He cyTTeBi: t kr=2,01, tcT=0,32.
Micna npoBeAeHHA EKCMEPUMEHTY Pi3HULA MiXK KDUTUYHUM Ta CTAaTUCTUYHMM NOKa3HMKaMM CBiAYMUTD, LLLO NiABULLEHHA YCNILWHOCTI
NOACHIOETLCA 3aCTOCOBYBaHHAM AaHoi meTtoauku: t kr=2,01, tct=2,81.

BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOC/NIAXKEHHA

Pe3ynbTaTt npoBeAeHOro fOCAIAXKEHHA MOXHA y3aralbHUTK BiANOBIAHO NOCTaB/lEHUX 3aBAaHb.

1. MpoTarom 2x pOKiB CTaBNEHHA [0 MACOBMX BiAKPUTUX OHAANH KypCiB 3MIHWAOCA: KiNbKiCTb PecnoHAEeHTIB, AKi
NOBHICTIO PO3YMitOTb KOHLLeNLito HedopManbHOT OCBITH, 3pocna 3 42,9% f0 44,2%; KinbKicTb peCNoHAEHTIB, AKI Manu npnbansHe
YABNIEHHA, TaKoX 3pocna Ha 47,9% (paHi 2022 - 2023 pp.) nopiBHAHO 3 44,9% (2021 piK); KiNbKicTb pecnoHAeHTiB, AKi He
LiKaBnaTbCA HedbopManbHOK OCBITO, 3meHwunaca 3 12,2% no 7,9%. KinbKicTb pecnoHAeHTIB, AKi Ai3HaNAWCA NPO yKPaTHCbKI
nnat¢opmn EdEra. Prometheus, [is, 3pocna. Lo cBigunTb nNpo cTabinbHe 3pOCTaHHA [0BipU A0 BKasaHMX niatdopm Ta
3aTpebyBaHiCTb 3aNPONOHOBAHMX Ha HUX Kypcis. Mpobiema AocTyny A0 KypCiB y MiCTax Ta CenuvLax, Ae He BifbyBartoTbCA BOEHHI
Aii, He € CYTTEBOIO: NLe 2 pecnoHAeHTH 3 215 manu npobaemu 3 LOCTYNOM L0 NPUCTPOIO UM MepeKi, a NoHag 50% mManu Kinbka
NPUCTPOIB, 33 ONOMOIOH0 AKUX BOHMU MaZIM MOK/IMBICTb HAaBYaTUCA.

2. byno nposeAeHO eKCnepMMmeHTasibHe [AOCNIAXKEeHHA, A€ MOPIBHIOBA/IMCA TPYMU, Y AKUX BNPOBAAXKYBaNoCA
iHTerpyBaHHA HepOpManbHOI OCBITM Y GOpManbHy Ta rpynu, AKi He npoxoannn goaaTtkosi MBOK. MpoBeaeHHs cTaTUCTUYHOTO
onpautoBaHHA, ge niaTeepaunoca edpeKTUBHICTb iHTerpyBaHHA HepopmanbHOi OCBiTM Yy ¢dopmanbHy, 6yno nigkpinneHo
pednekcieto cammux 3406yBadis. BOHW BigMITUNM NO3UTUBHI 3MiHW Y BNACHUX 3HAHHAX Ta HaBMYKax. Mpu LboMy BOHM BigMivanu
HeobXiaHICTb NiATPMMKM 3 BOKY BMKNaZaya Ta NPOBEAEHHA KOHCY/NbTaLii NpW NPOXOAMKEHHI CTYyAEHTOM Kypcy Ha obpaHii
nnatdopmi.

3. MicnAa npoBeAeHHA eKCNepuMMEHTY Ta aHanisy OTPMMaHMX pe3ynbTaTiB MOXHa CHOPMYNOBaTM HACTYMHI
pekomeHaau;ji:

1. Kypcu ans cTyAeHTiB A0LiNIbHO PEKOMEHAYBATU BUKNAZAAYeEBi, AKMI nepes, NOYaTKOM KypCy aHani3ye, Yn BK/OYEHi
TEOPETUYHI TEMM Ta UM NPOMOHYOTLCA NPAKTUYHI 3aBAaHHA, 6113bKi 40 3aNNaHOBaHUX.

2. Buknagau vitko GopmMytoe KpuTepii ouiHIOBaHHA pPe3y/ibTaTiB HAaBYaHHS.

3. BMKnagay, BUBYAOUM KYPCU, MOXKE PO3LLUMPUTU BAACHI KOMNETeHLl, 3HalTK Binbll BiANOBIAHI METOAM HaBYaHHSA,
6inblie BAANMX NPUKNALIB.

4. Nlektop mae ByT1 roTOBUM A0 KOHONIKTHMX CUTYyaLii. HanpuKknag, cTyaeHT NpoMLWoB NeBHUI Kypc 6e3 KoHcyabTauii
3 BUKNagayem. Takuit Kypc Mae CropifHeHy Ha3By, afie 3HaHHSA, AKi CTYAEHT TaM OTPMMaB, HUKYI 3a piBHEM. Ha NoYaTKy BUBYEHHSA
OUCUMNNIHN BUKNA4a4y NOBUHEH NPeACTaBUTM CTYAEHTaM Mporpamy, Ae YiTKO NPOnMCcaHi BUMOTM A0 PiBHA 3HaHb i KpUTepii ix
OUHIOBAHHA.

5. CTyZeHT NoBMHEH NiATBEPAUTM HabyTi 3HAHHA Ta BMIHHA Nig 4Yac cnisbeciaM abo iHWKMM METOLOM OUiHIOBAHHA
(TecTyBaHHSA, BUKOHAHHA NPAKTUYHOrO 3aBAaHHA TOLWWO).

44



®isuko-matemaTtuyHa ocsita / Phisical and Mathematical Education Tom 39, Ne 3 / Vol. 39, No 3 (2024)

Maemo niacTaBu CTBEPANKYBATH, LLO EKCNepUMEHTasibHe NiATBepAXKeHHA edeKTUBHOCTI iHTerpauii HedopmanbHoi
ocBiTH, a came MBOK, y dopmanbHy ocBiTy Bigbynocs.

MepcneKkTMBKM Noganblumnx focniaxeHb B6ayaemo y po3pobui KypciB 3 po3milleHHAM iX Ha KOHKpPeTHUX naatpopmax 3
METO MiATPMMKM dopManbHOI 0CBiTU cnewianbHocTi CepegHsa ociTa (IHbopmaTmKa).
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AHOTAUIA

dopmynioBaHHA npobaemun. Y 2016 poui YKpaiHa npuegHanaca fo Mporpamu mixkHapogHOro oujiHioBaHHA y4His (Programme
for International Student Assessment, PISA). CucTema OLiHIOBaHHA NPOrpamMm IPYHTYETLCA Ha oriYHOMY byHAAMEHTI, KapKacom
AKOrO BUCTYMA€E KOHLENT «rPaMOTHICTb». TaK, OO’EKTM OLHIOBAHHA YYHIBCbKMX 3400YTKIB 3 UMTaHHA, MaTeMaTUKK
i npuvpogosHaBcTBa Yy AOKymeHTax PISA nosHayaloTb BiANOBIAHO TEPMiHAMM «YMTALbKA FPAMOTHICTb», «MaTeMaTU4Ha
rPaMOTHICTbY» | «HAaYKOBO-MPUPOAHMYA FPAMOTHICTbY. 3 OrnA4y Ha Te, WO ANA TePMiHA «MaTeMaTUYHa rPaMOTHICTbY He iCHYeE
yHiBepcanbHoi gediHiyii, M1 3a4an1cA NUTAHHAM: fIKi CYTTEBI O3HAKM MATEMATUYHOI FPAMOTHOCTI OXOM/IKOE CMUCIOBUI 3MiCT
Lboro TepmiHa’?

Marepianu i meToan. 1na aHaNiTUYHOTO BUBYEHHA KOHLENLi MaTeMaTUYHOI FPaMOTHOCTI, BUK/AZEHOI B PAMKOBUX JOKYMEHTax
3 matemaTuku PISA (2018, 2022), My BAanuUca A0 METOAY iHTepnpeTaw;i, 30cepeamBLIMCh Ha BUPOBIEHHI CMMCNOBOTO 3MiCTy
OAHOMMEHHOrO TepMiHa. Y Teopii TOHATTA KCMUCIOBUI 3MICT» PO3rNAAAIOTb AK TPETIO OCHOBHY NPUKMETY TEPMiHA, KOTPa MiCTUTb
CYTTEBI O3HAKM MO3HAYYBAHOrO HUM MOHATTA. CMWMCNOBMIA 3MICT TEPMiHA «MaTemaTUyHa FPaMOTHICTb» MU OKpPecAunu,
CKOPUCTABLUMCb YOTUPMA JIOTIYHMMM OMepaLisMM, 3aCHOBaHMMM Ha 060X TMNax iEpapXiYHMX BiAHOWEHb MiXK MOHATTAMU —
«pif, — BMA» Ta «uine — yvactuHa». Ocb iX Mepenik: y3arasbHEHHA MOHATTA, TAaKCOHOMIYHWI i MepeonoriYHUiA noainu,
MepeosiorivHa iHTerpauia. laes ix 3actocyBaHHA NOCTaE i3 3aranbHoOro mopdonoriyHoro aHanisy @. Ligikki. Ana rpadiyHoro
306paKeHHA CTPYKTYPU CMUCI0BOTO 3MICTY PO3I/IAAYBaHOTO TEPMIHA MM NOCNYrOBYBaNNCA IHTENIEKT-KapTOHo.

Pe3ynbtatn. Pe3ynbTaTh iHTepnpeTauji TepmiHa «MaTemaTMyHa rpPaMOTHICTb» MpeacTaBNeHO fAK cnoBecHe i rpadiyHe
306paKEHHS Or0 CMUCNIOBOTO 3MICTY. Pe3ynbTaT y3ara/sibHEHHs MOHATTA, NO3HAYYBAHOMO LM TEPMIHOM: HalbAUKYMIA pig, —
«iHTeNeKTyanbHa 34aTHICTbY». MPUKAAA, iHWINX BUAOBMX MOHATb LbOro poay — paLioHanbHe MUCAEHHA i 4OTeNHiCTb. PesyabTaT
TaKCOHOMIYHOrO MOAjNY: Ha MiACTaBi «34aTHICTb MaTEMATM3yBaTW CUTYyaLilO» B 06CA3i NMOHATTA «MaTemaTMyHa rPamOTHICTb»
BMOKPEM/IEHO ABi POPMU MUCNEHHA — MaTemaTuyHe i1 0buncatoBanbHe. Pe3ynbTaT MepeosioriyHoro noainy: matemaTuyHy
rPaMOTHICTb AK 34aTHICTb PO3B’A3yBaTK peasibHi ByAeHHI 3a4a4i 3 MaTEMaTUYHOIO CK1a40BOI0 YMOXK/IMB/IIOKOTL CiM 3arasibHUX
MaTEMATUYHUX YMiHb. Pe3yibTaT MepeonoriyHoi iHTerpalii: MaTeMaTyHa rpaMoTHICTb € CKNaA0BOK CUCTEMM OCBITHIX JOCATHEHb
ocobucTocTi y matematuui. |HWi cKNafoBi UjEl cucTemMM — MaTemaTMyHa OCBIYEHICTb, MaTeMaTUYHa KOMMETEHTHICTb,
MaTeMaTuyHa KynbTypa. MeTolo HaydiHHA MaTeMaTUYHOI FPaMOTHOCTI BBAYKAEMO BMXOBAHHA B YUHIB IHTENEKTYaIbHUX 3BUYOK
i 3aKpinNeHHA iX Ha MaTemaTUYHOMY 3MICTi.

BUCHOBKM. BXX1Baoun TepMiH «MaTeMaTUUYHA FPAMOTHICTb», MM MAEMO Ha AyMLL MOA0AY NOAMHY, AKA NEBHOK MipOHO BONOAIE
MaTemaTUYHMMU Ta 06YMCAOBANIBHUMM CNOCOBAaMM MUCNEHHRA; HAa NPUUHATHOMY PiBHI ONaHyBasia OCHOBHI MaTeMAaTUYHI YMiHHSA,
a TOMy 34aTHa po3B’A3yBaTW 3BMYaMHI 3aBAAHHA 3 MATEMATMYHOKD CKNAZOBOMD, AKi TPAMAAIOTHCA Y PI3HUX KOHTEKCTax
il peanbHOCTI. Bygyun BNpaBHOI B MaTeMaTuL, LA NOAMHA HE BOAIE TATHYTU XatorifHe XKUTTA, a NparHe ycnilwHo peanisysaTuca
Y Pi3HuX oro coepax.

KNKOYOBI C/IOBA: epamomHicme,; iHmenekm, MUc/ieHHs; iHmesnekmyasbHi 36U4KU; MAMeMamu3ayis,; po3e’a3yeaHHaA 3a0ay.
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ABSTRACT

Formulation of the problem. In 2016, Ukraine joined the Programme for International Student Assessment (PISA).
The evaluation system of the program is based on a logical foundation, the frame of which is the concept of «literacy». Thus,
the objects of assessment of students' achievements in reading, mathematics, and science in PISA documents are designated
by the terms «reading literacy», «mathematical literacy» and «scientific literacy», respectively. Given that there
is no universal definition for the term «mathematical literacy», we wondered: what are the essential features of mathematical
literacy covered by the semantic content of this term?

Materials and methods. For the analytical study of the concept of mathematical literacy set out in the framework documents
in mathematics PISA/UCEQA (2018, 2022), we used the method of interpretation, focusing on the making of the semantic
content of the term under study. In the theory of the notion, the semantic content is considered as the third main
characteristic of the term, which contains the essential signs of the notion it labelled. For the term «mathematical literacy»
we derived them, using four logical operations based on both types of hierarchical relations between the notions — «genus
— species» and «whole-part». Here is a list of them: generalization of the notion, taxonomic and mereological divisions, and
mereological integration. The idea of their application arises from the general morphological analysis of F.Zwicky.
To graphically depict the structure of the semantic content of the term under study, we used a mind map.

Results. The result of the interpretation of the term «mathematical literacy» is presented as a verbal and graphic
representation of its semantic content. The result of the generalization of the notion denoted by this term: the closest genus
is «intellectual ability». Examples of other species of this kind are rational thinking and wit. The result of the taxonomic
division: based on the «ability to mathematize the situation» within the scope of the notion of «mathematical literacy»,
two forms of thinking are distinguished — mathematical and computational. The result of the mereological division:
mathematical literacy as the ability to solve real everyday problems with a mathematical component is possible by seven
general mathematical skills. The result of mereological integration: mathematical literacy is a component of the system of
educational achievements of the individual in mathematics. Other components of this system are mathematical competence
and mathematical culture. We believe that the purpose of teaching mathematical literacy is to educate students on
intellectual habits and consolidate them on mathematical content.

Conclusion. When we use the term «mathematical literacy», we are referring to a young person who is proficient
in mathematical and computational ways of thinking to some extent; She has mastered basic mathematical skills at
an acceptable level and therefore is able to solve ordinary problems with a mathematical component, which occur in different
contexts of her reality. Being skilled in mathematics, this person does not agree to a routine joyless life but strives
to successfully realize himself in its various areas.

KEYWORDS: literacy, intellect; thinking; habits of mind; mathematization; problem-solving.

BCTYN

MocraHoBKa npo6nemu. Y 2016 poui YKpaiHa npuegHanaca fo Mporpamu MiKHapOAHOrO OLHIOBAHHA Y4YHIB
(Programme for International Student Assessment, PISA). CucTema OUiHIOBAHHA MNPOrpamu FPYHTYETbLCA HA /IOriYHOMY
dYHAAMEHTI, KApKACOM AKOro BUCTYMA€E KOHLLENT «rpamoTHICTb» (Literacy). Tak, 06’€KTV OLLiHIOBaHHA YYHIBCbKMUX 3400YyTKiB
3 YNTAHHA, MaTEMaTUKK | NPMPOAO3HABCTBA Y AOKYMeHTax PISA no3HavaloTb BiANOBIAHO TEPMiHAMM «HMTALbKA FPAMOTHICTbY,
«MaTeMaTMyHa rpPamMoTHICTb» i «HAYKOBO-NMPUPOAHMYA FPAaMOTHICTb». 3 ornagy Ha Te, WO ANA TepMiHa «maTemaTuyHa
rPamoTHICTb» He iCHYe YyHiBepcanbHOi AediHiuii, MW 3amanncA NUTAHHAM: AKi CYTTEBI O3HAKM MaTeMaTU4HOI rPaMOTHOCTI
OXOMNJIKOE CMUCNOBUIA 3MICT LibOro TepMiHa?

AHanis aKTyanbHUX AOCAiAXKeHb. 33 HaAWWMKW  CNOCTEPEXKEHHAMW, TepMiH «MaTeMaTU4yHa [PaMOTHICTb»
(Mathematical Literacy), nopag, i3 TepmiHamun «Numeracy» (34aTHICTb BMKOHyBaTM 6a30Bi maTemaTuuHi aii), «Quantitative
Literacy» (KinbKkicHa rpamoTHicTb), «Spatial Literacy» (npoctopoBa rpamoTHicTb), «Statistical Literacy» (cTaTucTnuHa
rPAaMOTHICTb) Y Cy4acHi aHrNTOMOBHIN MaTeMaTUYHIM AOCAILHULBKIV NiTepaTypi BUKOPUCTOBYIOTb Y KOHTEKCTI NPONO3MLIN Woao
NONIMNLWEeHHA BUKNaAaHHA | BUBYEHHA MaTEMaTUKM.

[na HanucaHHA Li€el cTaTTi Ham cTana y npuroAi ornaaosa nybaikauia (Jablonka & Niss, 2014). 3 Hel mu aji3Hanucs,
LLLO TEPMiH «MaTeMaTUYHA IPaMOTHICTb» MaE aMepPUKaHCbKe NMOXOAMKEHHSA, NO3afaK O4He 3 NepLUnX KOro MMCbMOBWX 3ragyBaHb
natoBaHo 1944 p., KOAM YMHHA Ha Toi 4ac y CLUA Komicia HauioHanbHOi pagu Bumtenis matematuku (National Council
of Teachers of Mathematics, NCTM) 3 nicnaBoeHHMX NAaHiB 3axkagana, abu WKoM 3abesnevyBanm MaTemaTMyHy rpaMoTHICTb
OJ1R BCiX, XTO 34aTHWUI il gocaratu. MpoTe neply cnpoby BUCBITAIUTU CYTHICTb LLbOro NOHATTA y cTaHgapTax NCTM 3gilicHeHo
nvwe y 1989 p. Toai 6yno BU3HAYEHO N'ATb OCHOBHUX LiiNEN, AKMX MalOTb AOCAraTU MaTEMATUYHO rPaMOTHI y4Hi: 1) HaBuMTUCA
LiHyBaTM MaTemaTuKy; 2) 6yTM BMEeBHEHUMMM Yy CBOIM 34ATHOCTI 3alMaTUCA MaTemMaTUKol; 3) HaBuMTWUCA pPO3B’A3yBaTU
MaTeMaTUYHi 3agadi; 4) HaBYUMTMCA CNiNKYBATUCA MATEMATUYHOIO MOBOIO; 5) HAaBUMTUCA MipKyBaTM MATEMATMYHOIO MOBOIO.
ABTOPM CTaTTi 3aMeBHAIOTH, L0 yreplle KOHLenTyani3ayito MaTeMaTUYHOT rpaMoTHOCTI 34iliCHEHO y merKax PISA.
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0c06/11BO LiHHOW AN1A HALLOT PO3BiAKM BUABMAACA CTATTA 3 KOHTPOBEPCINHO Ha3Bot: « MaTeMaTUYHa rPaMoTHICTb:
HeasiekBaTHa MeTadopa». |i aBTOp, aMmepuKaHCbKMil HayKoBelb M. FonaeHBepr CTBEPAXKYE, WO rPaMOTHICTb, AK MeTadopa,
nepefbayae nepwmnii KPoK, Nopir, HeobXxiaHWI AR BCiX, @ He JOBrOCTPOKOBY MeTy. A «MaTemaTUKa ANs BCiX», HA MOro AyMKY,
€ OMaHoto, 60 BOHa O4HOYACHO BMMAra€ CAyXKiHHA ABOM TMMNaM y4HiB: 1) TUM, AKi HiIKoAW He ByayTb BUKOPUCTOBYBATU HaBiTb
3a4aTKM TOro, WO CbOrOAHI Ha3MBalOTb MATEMATUKOI cepeaHboi LWWKOAW, i 2) TUM, XTO MOBWMHEH 6yTW NigrotoBaeHWUi
40 ii nornMbneHoro BMBYEHHA. Ha nepekoHaHHA LUbOoro AoCNAiAHMKA, W06 CTBOPUTM PO3YMHY «MaTeMaTUKY A1 BCiX», NOTPi6HO
NPUIUMaTH PilLeHHs, 3aCHOBaHI Ha YOMYCb iHLIOMY, Hi’K KOHKPETHI KOHUenLii, HaBMYKKM abo dakTh. OpraHizauiiHUM NPUHLMUMOM
BMKNAZaHHA MATEeMaTUKM BiH MPOMOHYE 06paTM PO3BMTOK B YCiX Y4YHIB iHTENEKTyanbHMX 3BMYOK (Habits of Mind), wob
3aKpiNOBaTM iX Ha MaTeMaTU4YHOMY 3MIcTi. AA)Ke MaTemMaTMKa — Le He NpPOCTO NOBCAKAEHHWA 340pPOBUIN TNy3a,
a NPOAOBXKEHHA NPUPOAHUX cnocobiB mUcneHHA Atogei. MNigHO BBaXKAaEMO TaKy iAeto UbOoro AOCNiAHUKA: NOAMHA MAE
ONaHOBYBATWU MaTeMATUYHY FPaMOTHICTb He A/A Toro, wob NpocTo BMMKWTK, a WO6 ycnilHO pPO3BMBATMCA AK OCOBUCTICTbL
i npodecioHan, peanisyBaBWW CBili WAHC AOCATTM HAWBULLMX OCBITHIX pPe3ynbTaTiB y LAapUHIi MaTeMaTUKM abo B CYyMiKHMX
3 Heto ranyssx (Goldenberg, 2014).

MopiBHAHHA ONUCIB MaTeMaTUYHOI rPAaMOTHOCTI, HAZaHUX Y PaMKOBUX AOKyMeHTax PISA 3 maTemaTuKu pisHMX POKiB
BMAAHHA, a€ HAM NiACTaBU CTBEPAMKYBATH, WO iX aBTOpU NeperHaanca igeeto MN. fongeHbepra CTOCOBHO 3HAYYLLOCTi BUXOBAHHSA
B iHAMBIAA iHTENEKTya/lbHUX 3BMYOK. AZ)Ke B OCTaHHIl Bepcii cneundikauii KOHCTPYKTa «maTemaTMyHa rpamoTHICTb» (PISA-
2022) onopHUM CTPUNKHEM BUCTYNAE iHTENEKTYaIbHa 34aTHICTb «MaTeMaTUUYHE MiPKYBaHHS».

YcsigomneHHa igen M. TongeHbepra MiglITOBXHYNO HAac 4O PafMKanbHOI 3MiHM HALIOrO MEpPBICHOrO YABEHHA
NpPO MaTeMATUYHY FPAMOTHICTb.

O6roBopeHHA UMX igen NpoBigHUMM i3paiIbCbKUM BMKAA4a4aMU-MaTEMATUKM MW BUSBUAWM Yy cTaTTi «Posaymu
npo MaTemaTuyHy rpamoTHicTb» (Sfard, 2014). Hawy ocobaunBy yBary NpuBepHY/O Take HesanepeyHe TBEPAKEHHA: 34aTHICTb
YYHIB 3aCTOCOBYBaTM MaTEMATUKY, KOM Lie HeOobXiaHO, He PO3BMBAETLCA Cama COBOO HABITb Y CTYAEHTIB 3 MaTeEMaTUYHOLO
OpieHTaUi€l0, i1 HEOOXIAHO CneLia/bHO BMXOBYBATU AK Y MaTeMaTUYHO CUJIbHUX YYHIB, TaK i Y TUX, XTO HE MA€E CXWJIbHOCTI
00 MaTeMaTUKM.

Merta cTaTtTi NOAArae y BUCBITNEHHI Ta CTPYKTypPyBaHHI CMMUC/IOBOrO 3MIiCTy TepMiHa «maTeMaTU4yHa FPaMOTHICTb»
O NONErweHHA YCBIZOMNEHHA MOro cMucay.

TEOPETUYHI OCHOBU AO0CNIAXEHHA

3’ACYEMO CMUCA K/IKOYOBUX CANiB HALWOT CTATTI.

YKpaiHCbKUIA NegaroriyHmin CNoBHUK QiKCYE Y TEPMiHA «TPaMOTHICTb» ABa CMUCAK: 1) NEBHUIM CTYNiHb 3HAHHA 3aKOHIB
i NpaBuA piAHOT MOBYM Ta BMiHHA KOPUCTYBATUCA HUMM A7 BUC/IOBNIOBAHHA CBOTX lYMOK YCHO 11 Ha NUCbMI; 2) cTyniHb 06i3HaHOCTI
y NeBHOT ranysi 3HaHHA (My3W4YHa rPaMOTHICTb, NONITUYHA MPAMOTHICTb, TEXHIYHA rPaMOTHICTb Towo) (FToHYapeHKo, 1997).

HaneBHo, 3 ornaay Ha Apyre Bu3HaueHHs, b. FepLIyHCbKUI AjiiloB BUCHOBKY, LU0 rPaMOTHICTb NONICTPYKTYpHa. MaeTbea
npo Te, WO B Hill y MiHiManbHO HeobxiaHOMY 06cA3i, ane y CTpPOro HayKoBilt i BOAHOYAC AOCTYMHIN gns y4Ha Gopmi matoTb
OTPMMATU CBOE BTINIEHHA HANBAXKAMBILLI 06’ EKTUBHI XapaKTEPUCTUKM | MApamMeTpy NPUMPOAN, CYCNiNbCTBA, NIOAUHU. MU conigapHi
3 UMM JOCNIAHUKOM Y TOMY, LLO aHaNi3 nponeaeBTUYHMX QYHKLiA rPamMOTHOCTI MOXKAMBUI 32 YMOBM ii pO3rnaay B CyKynmHOCTI
3 KaTeropisimu, LWO XapaKTepusyTb CTPYKTYpy GOpMyBaHHA 0cOBUCTOCTi Yy LiNOMY, SAK-OT «OCBiTa», «npodeciiiHa
KOMMETEHTHICTbY, KKY/NIbTYpa», «KMeHTaniteT». Puc. 1 yHaOUHIOE iEpapXiUHi OCBITHI «CXOAMHKM» NOCTYNY NOAUHWU A0 HANBULLMX
OCBITHiX pe3ynbTarTiB.

MenTaniter
KynbTypa
Mpodpecinya
@ HOMNETEHTHICTb
OcBiYeHICTb
r P A M 0 T H | C T b

Puc. 1. lepapxiuHi OCBIiTHi «CXOAMHKMU» NOCTYNY NIOAUHU 4,0 HAUBULLMUX OCBITHIX pe3ynbTaris.
Lepeno: pospobaeHo aemopamu Ha ocHosi (FepwyHckul, 2002).

Y Mporpami MiKHapoAHOro OLiHIOBAaHHA KOMMETEHTHOCTI gopocaux (Programme for the International Assessment
of Adult Competencies, PIAAC) rpamoTHICTb iHTEpNpPeTyoTb AK PO3YMiHHA, OLHIOBAHHA i BUKOPUCTAHHA NMUCbMOBOMO TEKCTY
ONA YYacTi Y XKUTTI CYCNiNbCTBa, AOCATHEHHA BNACHUX LiNel, PO3BUTKY BAACHMX 3HaHb i noTeHuiany (Murray, 2004).

3 LbOro BUMJIMBAE, LLLO FPAMOTHICTb € MEXaHi3MOM nepegadi iHpopmaLii mixk ntogbomu.

IHTenekT (Big naT. intellectus — ni3HaHHA, PO3YMiHHA, PO3CYAOK) — TEPMiIH A/A O3HAYEHHA BULLOI Mi3HaBasbHOI
3aTHOCTi MUC/NIEHHA, AKA NPUHLUMNOBO BiAPI3HAETLCA TBOPYMM, aKTUBHUM XapaKTePOM Bif, NaCMBHO YyTTEBUX GOPM Mi3HAHHSA.
Mpu3HayeHHs iHTeNeKTy — CTBOPHOBATM MOPSAAOK i3 Xaocy yepe3 NpuBenEeHHs Yy BiAMOBIAHICTb 4O iHAMBIAyanbHUX NoTpeb
06’eKTMBHUX NapameTpis peanbHocTi (LLUnHKapyk, 2001).

MucneHHa — iHPopmauiiHa AianbHicTb, WO Habyna AKOCTI OMNocepeaKOBAaHOroO, Yy3arasbHEHOro MisHaHHA,
AKe 3a 4ONOMOTot0 abCcTparyBaHHA, MipKyBaHb (3icTaBneHb nisHaBanbHUX 06pasiB Ta JIOFYHOrO BUBEAEHHA AYMOK) i TMnisau,ji
OaHUX NPO CBIT ABULL, PO3KPUBAE iX HEODXiAHI 38’A3KM, 3aKOHOMIPHOCTI, TeHAeHU,jT po3BuTKy (LLMHKapyk, 2001).

Y ncuxonorii iHTeNEeKT TAymayaTb K 34aTHICTb 4,0 MUC/IEHHA, @ MUCIEHHA — AK NPOLEC peanisalii iHTenexTy.

3BMYKaA — NEeBHUI CNocib Aii, XUTTa, MaHepa nosesiHKM abo BUCNOBNOBAHHSA, CXM/BHICTb 40 YOroch i T. iH., WO CTa/iu
3BUYHMMM, NOCTIMHUMM ans Koro-Hebyab (binogia, 1970-1980).
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IHTeneKkTyanbHi 38M4kM (Habits of Mind) — ue TepmiH, BBEAEHWI B aHINOMOBHWUI HayKOBWIA YKUTOK M. TongeHbeprom
(Goldenberg, 1996). Y cyyacHiit focnigHUUBKIN NiTepaTypi KOro BUKOPUCTOBYHOTb A1 MO3HAYEHHA CXMIbHOCTI A0 PO3YMHOI
NoBeAiHKKN, KOAW NIOAMHA CTUKAETbCA 3 nNpobnemamu, AKi BOHA He BiApasy moxKe nogosatv. Ocb Ha3BW AEAKMX 3arabHUX
iHTEeNEeKTyaIbHUX 3BUYOK: HAaNONErNUBICTb, NParHeHHA 40 TOYHOCTI, pednekcyBaHHA (Costa & Kallick, n.d.).

MaTtemaTtun3auisa — 34aTHICTb NepeTBOPHOBATM 33a4y, AKa CTOCYETbCA PeasbHOro CBITY, Yy CYyTO MaTeMaTudHy dopmy,
O MOAArae B CTPYKTYPYBaHHI, KoHUenTyanisauii, opmyntosaHHi npmnyueHs Ta/abo nobyaosi mogeni, TAyMaunTu i oujiH0BaTH
MaTeMaTUYHUI pe3ynbTaT abo mMaTemMaTUYHY MOAE/Ib CTOCOBHO No4YaTKoBoi Nnpobiemu. (BakyneHko, 2018).

Po3B’A3ytoun 3aaui y }KUTTEBOMY KOHTEKCTI, Il0AMHA KOPUCTYETbCA MAaTEMATUKOIO 1 MaTEMATUYHUMM IHCTPYMEHTaMM.
Lito ii poboty, 3a Bepcieto PISA-2018, cknagatoTb Taki npouecn: GOPMY/IOBaHHA, 3aCTOCYBAHHA Ta NOACHEHHA/OLiHIOBaHHA
(BakyneHko, 2018).

METOAM AOC/IAMKEHHA

[na aHaniTMYHOro BMBYEHHA KOHUENLii MaTeMaTUYHOI rPAaMOTHOCTI, BUKNAAEHOI B PAMKOBUX AOKYMEHTaX 3 MaTeMaTUKK
PISA (BakyneHko, 2018; BakyneHKko, 2021), M1 Baanuca A0 MeToay iHTepnpeTaLii, 30cepeamBLINCh Ha BUPODIEHHI CMUCIOBOTO
3MiCTy OAHOMMEHHOro TepMiHa.

3rigHo 3 Teopieto noHATTA (Bonwsunno, & fertapés, 2001), 6yab-akuii TEPMIH Ma€E TPU OCHOBHI MPUKMETU —
npegmeTHe 3Ha4YeHHA, CMUC/ | CMUCIOBUI 3MicT. [Bi OCTaHHI MICTATb CYTTEBI O3HAKM NOHATTA, NO3HAYYBAHOTO AOC/IAKYBaHUM
TepmiHOM. OZHaK 03HaKWU, AKi BTINOKTb CMUCA TEPMiHA, NOBMHHI 334,0BO/IbHATM BUMOTY: KKOXKHa 3 O3HaK € He0bXiaAHO, a BKyni
yCi BOHU € AOCTaTHIMW A/19 BUOKPEMJIEHHS PO3r/IAAYyBaHUX nNpeameTiB». Ha 03HaKM, WO BTINOOTb CMUC/IOBUIA 3MICT TEPMIHa,
L0 BMMOTY He nowuprotoTb. Cmuca TepmiHa iKCyloTb 3@ AONOMOrol MisHaBasibHOrO npuiomy «aediHidisa», a cmucnosui
3MiCT — 3a [0MOMOrot Ni3HaBa/IbHOrO NPUIOMY «XapaKTepucTMKa». OCTaHHIM B NOrili BiAHOCATb 4O KNPUNOMIB, CXOMXKMX
Ha gediHiyito». Ha BigmiHy Big, cMUCAiB, AKi € NneBHUMK dOpMamMmM AYMKM, 3araibHUMK ANA BCiX N0LEN, CMUCNOBUIA 3MICT HE MaEe
NOTIYHOT CTPYKTYPU i € CYTO iHAMBIAYAaNbHUM ANA KOXKHOI ntoanHU. OAHAK BiH BUKOHYE PO/b, 4O MEBHOI MipU CXOXY Ha Ty,
AKY Bigirpae cmuca.

[na BMBeAEHHA CYTTEBMX O3HAK TepMiHa «MaTemaTM4yHa rPaMOTHICTbY», WO YTBOPKOKOTb MOr0 CMWMCAOBUIA 3MICT,
MW MOCNYryBannucA IOFIYHMMW OnepaLismMmM Haj, NMO3Ha4YyBaHMM HUM MOHATTAM, a Came: y3arajJibHeHHAM, TaKCOHOMIYHUM
i MepeosoriyHMM noginamm, MepeonoriyHo iHTerpauieto.

Onepalito 3 NOHATTAM PO3YMiOTb AK CUCTEMY PO3YMOBMX NpOLeAyp, BUKOHYBAaHMX CyH’ EKTOM 3 OKpEMUMU NIOFIYHUMM
XapaKTEPUCTUKAMMU MOHATTA (3micTom, 06cArom, BigHoOWeEHHAM) abo 3 i€t Gopmoto AyMKM AK uLinnm. Cneumdiky HasBaHUX
NIOriYHUX onepaLiii po3Kkpusae NobyaosaHa Hamu mopdonoriyHa Tabamus (puc. 2).

38’A3KM
Mpwuiiomn PIO— BUA LINE — YACTUHA
MWCIEHHA
AHANI3 TaKCOHOMIYHMIA NOAIN NOHATTA MepeonoriyHuii noain NoHATTA
CUHTE3 Y3arasbHeHHA NOHATTA MepeonoriyHa iHTerpauia

Puc. 2. Cneuundika noriyHnx onepawiii Hag NOHATTAM.
[wepeno: asmopcoka po3pobka (Aeopdiya et al., 2022).

|aes BUKOHaHHA 3a3HAYEHUX aHANITUYHUX | CUHTETUYHUX NIOTIYHWUX OnepaLii, 3aCHOBAaHMX Ha 060X TUMax iEpapXivYHNX
BiAHOWEHb MiXX NOHATTAMM — «pig — BMA» i «Uine — 4YacTMHA», NOCTAE i3 3aranbHoro mopdonoriyHoro aHanizy ®. Ligikki
(F. Zwicky). O6rpyHTYBaHHA Takoro cnocoby BUPOOAEHHA CMMCNOBOrO 3MiCTy TepMmiHa MicTUTb Hawa ctatTa (Jeopaiua Ta iH.,
2022).

[na rpadiyHoro 306pakeHHsA CTPYKTYPU CMUCIOBOTO 3MICTY MU NOC/TYrOBYBAJIMCS iIHTENEKT-KAPTOHO.

PE3Y/IbTATU AOCNIAXKEHHA

Pe3ynbTat iHTepnpeTauii TepmiHa «MaTeMaTMYyHA FPaMOTHICTb» MOAAHO AK CnoBecHo-rpadiyHe 306parkeHHA Moro
CMWC/IOBOrO 3MiCTY.

Pe3ynbmam y3a2anbHEHHA MOHAMMA «MAMEMAMUYHA 2PAMOMHICMb»

Ona uinen PISA-2022 maTemMaTMyHy FPaMOTHICTb OMMCAHO TaK: Ue 34aTHICTb JIDAMHU MUCAUTU MaTeMaTUYHO
i dopmyntoBaTH, 3aCTOCOBYBATU Ta iHTEPNPETYBATU MATEMATUKY AA PO3B'A3yBaHHA Npobnem y PisHOMAHITHUX KOHTEKCTax
peanbHoro cBiTy. MaTemMaTU4YHa rPamoTHICTb BK/OYAE B cebe NoHATTA, npoueaypu, GakTh Ta 3acobu s onucy, NOACHEHHA
i NPOrHO3yBaHHA ABULL,; LLOMOMArae I0AMHI 3pO3YMITH, IKY PO/Ib MaTeMaTWKa BiZirpae y CBiTi, 1 pobuTK 06rpyHTOBaHi yMOBMBOAM
Ta yXBa/il0BaTU BUBAXKEHI pilleHHA, HeobXiaHi TBOPYOMY, aKTUBHOMY M MUCAAYOMY rpomaaaHuHy XXI ctonitra (BakyneHko, 2021).

Cnuparymncb Ha Lei onuc, MM BUKOHAAW y3aralbHEHHA PO3rNALYBAHOIO MOHATTA LWAAXOM YCYHEHHA 3alBUX O3HaK.
ToX MU AiALWAN BUCHOBKY, LLO HAMBAMKUYMIA pif NOHATTA, NO3HAYyBaHOrO TEPMIHOM «MaTeMaTUUYHa FPaMOTHICTbY, — Lie TePMiH
«iHTeNeKkTyanbHa 3aatHicTb» (Intellectual Ability). ¥ 3aranbHONpUAHATOMY BM3HaYyeHHi MAETbCA MPO PO3YMOBY 34aTHICTb
pPO3MipKOBYBaTH, NAaHYBaTH, BUPiWYBaTM Npobaemmn, abCTPaKTHO MUCAUTH, PO3YMITU CKnaaHi iaei i Buntuca (Colom, 2020).

MpuKnag iHWMX BUAOBUX NOHATL LIbOro pOAY — PaujioHaNbHe MUCAEHHA, AOTEMHICTb, NIaHYBaHHA.

Pe3ysbmam makcoHOMiYHo20 nodiny MOHAMMSA «MamemMamu4yHa 2pamomHicmo»

Ha nigcTtasi «3paTtHicTb maTemaTusyBaTu npobnemy» B 06CA3i MOHATTA «MaTemaTMyHa FPaMOTHICTb» BUOKPEMNEHO
O8I OpMKM MUCNEHH — maTemaTuuHe Ta obuncatoBanbHe (Computational Thinking).

MpoABOM MaTeEMaTUYHOrO MUC/IEHHA € MaTemaTUyHi MipkyBaHHA (Math Reasoning), Ak AeAyKTUBHI, TaK i iIHAYKTUBHI.
BOHWM BK/IlOYAOTb: OLHIOBAHHA CUTyauild; BMBIp cTpaTerin; nobyaoBy /NOriYHMX BWUCHOBKIB; PO3pobAeHHA 11 onucyBaHHSA
pO3B’A3KiB 3aBAaHb; NOACHEHHA, AK OTPMMaHi Pe3ynbTaTM MOXHa 3acToCcyBaTW. YUHi/CTyAeHTM MaTEMaTUUYHO MipKYIOTb, KOAU:

49



Tom 39, Ne 3 / Vol. 39, No 3 (2024) diznko-matematnuHa ocsita / Phisical and Mathematical Education

BM3Ha4aloTb, PO3Mi3HAOTb, OPraHi3oBYOTb, MOB'A3YIOTb | NPEACTaBAAOTb; KOHCTPYHOIOTb, abCTparytoTb, OLiHIOTb, BUBOAATD,
06r'pyHTOBYIOTb, MOACHIOWTL | 3aXMLLAKOTb; IHTEPRpPeTyloTb, PO6AATbL BUCHOBKW, KPUTUYHO OLHIOOTb, CNPOCTOBYHOTb
i BCTAaHOB/IIOIOTb BignoBigHicTb BUMoram (BakyneHko, 2021).

Mu norogyKyemoca 3 aBTOpPaMM KOHUeNLUii MaTeMaTU4YHOi rPaMOTHOCTI B TOMY, LLIO HaBMYKa JIOTIYHO MipKyBaTH
i BUKNaZaTM aprymMeHT ACHUM i NepeKkoHAMBMM cnocobom HabyBae Bce 6iNblIOro 3HaYeHHsA B Cy4aCHOMY CBITi, aA)Ke BOHa
He 06MeXKyeTbCA POo3B’A3yBaHHAM 33434 y TPAgMLiIMHOMY ceHci, a nepeabayae popmytoBaHHA 3arasbHOro NoiHpopmoBaHoOro
CYOMKEHHA WOAO BaXK/AMBUX CYCNiNbHUX Npobnem, siKi MOXKHA po3B’A3aTM MaTeMaTMyHO. Kpim Toro, U HaBMYKa AONOMarae
NiAKPINAKBATY CyAKEHHS apryMeHTamM Wo40 A0CTOBipHOCTI iHdopMaLii, AKa NOCTIHO «aTaKye» N04en, 3a LONOMOroo aHanizy
il KiNbKICHMX i NOriYHMX HacniaKis.

Ham 6513bka gymKka ekcnepTis PISA npo Te, WO [0BroCTPOKOBA TPAEKTOPIA MaTeMATUYHOI rPaMOTHOCTI Mae
OXOMOBATU CUHEPreTUYHUI | B3AEMO3aIEKHMUI 3B’A30K MAaTEMATUYHOTO MUC/TEHHA 1 06YMCNIOBANLHOIO MUC/EHHSA, AKe Byno
O3HayeHe AK «cnocib mucneHHs ¢axiBLiB y ranysi Komn'toTepiB», i OXapaKkTepu3oBaHe AK MUCNEHHEBUI NpoLec, Nos’A3aHui
i3 GOpMyNtOBaHHAM MaTeEMATUYHMX 33434 | PO3pobAeHHAM PO3B’A3KIB ANA HUX Yy Takili Gopmi, AKa moxke ByTU BMKOPUCTaHA
KOMN't0TEPOM, /lt0AMHOK abo Komn'toTepom i ntoguHoto pasom (BakyneHko, 2021).

Ocb nepenik enemeHTiB 064MCNIOBAIbHOTO MUCIEHHS, 3aNPONOHOBAHUI B OPUTiHAIbHOMY PaMKOBOMY AOKYMeHTi PISA
3 MaTemaTuMKM ocTaHHboi Bepcii (OECD, 2018): aHanisyBaHHA AaHWX; anropuTMisalis; AEKOMMNOo3Wuia Uuinen i 3aBaaHb;
NPOEKTYBAHHA i 3aCTOCYBaHHA abCTpaKLii; CBIZOMMI BMBIp NporpamHMX 3aCTOCYHKIB, HEOOXiAHUX ANA PO3B'A3aHHA HasBHUX
3aBAaHb

O6uncnioBanbHe MUCNEHHA LWBMAKO €BOJIOLIOHYE Ta PO3LIMPIOE MEXKI AK MaTEMATUKM, TaK i MaTEMATUYHOI rPaMOTHOCTI
(BakyneHko, 2021).

Pe3ynbmam mepeosnoziyHoi iHmez2payii noHAMmMa «mamemamu4yHa 2pamomHicme»

3 ornsAy Ha iepapxiyHi OCBITHI «CXOAMHKW» 40 HAMBULLMX OCBITHIX pe3ynbTaTie 3a b. MepwyHcbkum (gus. puc. 1),
BBA*KAEMO, O MAaTEMATUYHY FPAaMOTHICTb AOLINbHO PO3rAaAaTN AK CKIAL40BY CUCTEMM OCBITHIX AOCATHEHb Y MaTemaTuui. IHwi
CK/TQA0BI LLiET CUCTEMN — MaTeMATUYHA OCBIYEHICTb, MaTEMATUYHA KOMMNETEHTHICTb, MaTeMaTUYHa KyabTypa.

Pe3ynbsmam mepeosno2iyHo20 nodiny MOHAMMA «MamemMamuyHa 2paMoOMHICMbx»

MaTemaTMyHy FpPaMOTHICTb AK 3A4aTHICTb pPO3B’A3yBaTM peanbHi OyAeHHI 3agadyi 3 MaTeMaTUYHOK CK/1aA0BOHO
YMOX/IMBAIOKOTb CiM 3ara/lbHUX MaTeMaTUYHUX YMiHb: CMPUMMATU — NOBIAOMANATM; NPeACTaBAATU; BMOyAOByBaTWU CTpaTerii;
MaTeMaTU3yBaTW; apryMmeHTyBaTM W MIipKyBaTW; BUKOPUCTOBYBATU CUMBOJIM, GOPManbHYy M TEXHIYHY MOBWM Ta ornepaLii;
BMKOPUCTOBYBATU MaTeMaTUYHi iHCTPyMeHTU (BakyneHko, 2018).

3 ornAagy Ha cKasaHe, BBaXKAaeEMO, L0 METOH Hay4iHHA MaTeMaTUYHOI rPaMOTHOCTI € BUXOBAHHA B YYHIB iHTE/IeKTyanbHUX
3BMYOK i 3aKPiNIeHHA iX HA MaTEMATUYHOMY 3MICTi.

IHTEeNeKT-KapTa Ha pUC. 3 YHAOUHIOE CTPYKTYPY CMUCAOBOTO 3MiCTY TEPMiHA «MaTeMaTUYHa rPamMOTHICTbY.

AL INAETTEEE MECITORNR
|HTENEKTYENEHE AOTETHETS
; 3OSTHICTE S
s IEHVEEHEN
MaTEMETHYHE HAVETHER MDRYEBHER
MHCNEHHR [ —
| SsmysTsss MRy esR
T DD MHCIIEFER
£ apoasoM M7
_ SEHETEY BEHHR SO
DB4MCEaNEHE BN TNT ISR
HMCNEHHR DERTMTOSR LIS 850865
CE{mOME ST HETSH
IO DEMEREE SE0T LS
CHARE0E0 AT CHCTEMA DLEITHix METEMETHYHE DCEMSHIT S

0805 DCRFHEHS
SHCTEMH 8 T - )
HOTEMA S [ Y MSTEMETHUI |

MATEMATHYHA b~ |

METEMETHYHE ROMISTEHTHICTE

TPAMOTHICTE (MM

METEMETHYRE Y Tiog

CNpHAMETH-NDEILOMNATH

MpEOCTSENRTH
BHEyODEYESTH CTPETER

MaTenaTHIVESTH

ADryMEHTYESTH i WipHyBaTH

BHKDDHCTOEYESTH CHMEDMH.
thOpMENEHY | TEXHIMHY HOEH.
OnEpaUil

BMKODHMCTOEYEETH
METEMETHYHI IHCTPYMEHTH

BMXDESHHA & YUHIE HTENEKTYENEHHY SEHUDK
T8 [ 38HDINMNEHHA HE METEMETHUHDHY SMICTI

.
Puc. 3. CTpyKTypa cMMCNOBOro 3MicTy TepMiHa «MaTemMaTUYHa rPaMOTHICTb».
Lepeno: asmopcbka po3pobka.
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OBrOBOPEHHA

3pilicHIOlOUM iHTepnpeTaLilo TepmiHa «maTeMaTUyHa FPaMOTHICTb», MM 3BEPHY/IM yBary Ha Te, WO Neplunin pasok
y Nepeniky OCHOBHMX MATEMATMYHUX YMiHb, AKUMM MAE BONOAITM MATEMATMYHO FPAaMOTHAa /OAMHA, MOCIJAE KOMYHiKauia
(cnpuHATTA 11 NOBIAOMAEHHA). 3HAOYM CXU/IBHICTD 3aXiAHWX NOAEN NOCNYrOBYBATUCA NPUXOBAHUMM HAaTAKAMM, MU BBAXKAEMO
TaKUI NOpPALOK YMiHb ONocepesKOBaHUM MiATBEPANKEHHAM TiEl HEraTUBHOI TEHAEHL,i, 03HaKM AKOI MM CMOCTEPIraemo i B Halwin
KpaiHi: NOWMpPeHHA cepen, Y4HIBCbKOT MON0A] HEMPUAHATHOTO PiBHA KOMYHIKaTUBHUX HaBUYOK.

LLlo6 3p03ymiTi, HacKinbKkK uA Npobaema cepiio3Ha, BapTo 3BEPHYTUCA 0 NCUXONOTiI.

Po3ropHyTa Teopis MOBNIEHHEBOI AiANbHOCTI i pOpMyBaHHA MOBNEHHEBOTO MUC/EHHA Byna po3pobneHa B paaAaHCbKil
i ceiToBiN ncuxonorii /1. Burotcbkum. Y 1940-x poKax BYEHi MOro HayKOBOI LKOIM BUCYHYIM TBEPAMKEHHA NPO Te, O MOBAEHHSA
OUTUHU Be3nocepeAHbo NoOB’A3aHe 3 piBHEM PO3BUTKY 1i MUCNEHHS, 3yMOB/JIEHE HMM i BM3Ha4ae Woro, To6TO npouecu
bopmyBaHHA MUC/EHHA | MOBNEHHA HEPO34iNbHI, TOMY HEOBXiZAHO rOBOPUTU HE MPO PO3BUTOK MOB/EHHS, @ NPO GOPMYBaHHA
MOBJ/IEHHEBOFO MUCNEHHSA. [ICUXONI0MU TAaKOXK CTBEPAMKYIOTH, WO A1 TOro, abv po3moBHa MoBa byna NOBHOLIHHOK, OCMUC/IEHOD
i 3po3yminoto cnyxayesi, y MOBNEHHEBOMY NMpoLECi HeobXiAHa TaKa CMMCNOBA CKIaf0Ba, AK PO3YMiHHA. BOHO K € HeObXigHUM
i 4NA pO3ymMOBOro npouecy.

Y npoueci BUBYEHHA MaTeMATUKM PO3YMIHHA Bifirpae Ka4oBYy posib. Hepo3ymiHHA TOro, Npo Lo roBOPUTb yuuTenb,
np13BOAMUTb [0 BiACYTHOCTI iHTepecy 4,0 MaTeMaTUKK, A0 HebaXKaHHA il BUBYATK, a iHOAI 1 A0 BiApa3n. | TYT BapTO HAaBECTU BAYYHI
cnosa b. MHepeHKa: «LLlob 3HaHHA MaTeEMATUKK NPUHOCUAN 3340BONIEHHSA YYHAM, HEObXiAHO, W06 BOHM NPOHUKANN B CyTb iael
L€l HayKK i Big4yBann BHYTPILLHI 3B’A30K BCiX 1IAHOK MipKyBaHb, 60 Lie f,03BO/IAE 3pO3YMiTH rIMOOKY | BOAHOYAC NPO30pY NOTiKy
MaTeMaTUYHUX AoBeAeHb. AKWO xo4a 6 pa3 yyeHb JOCATHE ACHOCTI B PO3YMiHHI CyTi CnpaBu, NPOHUKHE Y BHYTPILLHIN 3B’A30K
NOHATb, TO Momy byae CKNaAHO 3a4,0BONbHATUCA CYPOraTOM 3HaHb, LLO € HAaCNiAKOM 3anam’ATOBYBaHHA 6€3 po3yMiHHA, 3yOpiHHA
6e3 HaTxHeHHA. [lo CTaHy NOBHOI ACHOCTI y4eHb byae nparHyTM camocTiliHo, 6e3 HaragyBaHb i TPUMYyCy, TOMY LLO Y HbOTro byae
inean 3HaHHA» (THeaeHKo, 1991).

OTXe, Nepwmnm KPOKOM Yy HanpAMi PO3BUTKY MaTEMATUYHOI FPAaMOTHOCTI, Ha Hawy AYMKY, € NOBEPHEHHA Yy npouec
HaBYaHHA LWKINbHOI MaTeMaTUKM YCHOFO MOB/EHHA LWKoAApiB. AnAa uboro, mabyTb, BapTo CKOPOTUTM 3MicT 0608’A3KOBOI
nporpamu, i NOWNPUTHU NPAKTUKY PO3NOAIJIEHOro MOBTOPHOBAHHA PaHille 3aCBOEHOrO maTepiany.

Peanisauin y negaroriyHii NpakT1Li po3noineHoro NoBTOpOBaHHA Ma€E AaBHI0 icTopito. [loKa3oBo, Ha Halw noraaa,
€ MeToAMKa NOBTOPIOBAHHA HAaBYa/IbHUX MaTepianis, AKY 3aCTOCOBYBaN B YCiX €3YiTCbKMX KOAEriymax ynpoaoBK ABOX CTONITb,
noynHatoun 3 1599 p. PopmyBaHHA MiLHUX 3HAHb LUAAXOM PErYIAPHOro NOBTOPIOBAHHA HaBYaNbHUX MaTepianis 6yno ogHieto
3 OCHOBOMOIOXKHUX ifel e3yiTcbKOTl Nnearorikv. Lito iaeto peanisyBanm 3a TaKOK CXEMOK: KOXKEH HAaBYa/IbHUI AeHb NOYMHABCA
3 MOBTOPIOBAHHA MaTepianiB NONepesHbOro YPOKy, KOXKeH HaBYa/lbHUM TUMKAEHb — 3 MOBTOPIOBAHHA MaTepianiB MUHYIOrO
TUXKHA, BiANOBIAHO KOXEH HOBWUIA HaBYaZIbHUI PiK — 3 NOBTOPHOBAHHA MaTepianiB MUHYNOro PoKy. [lo TOro K, HOBUI maTepian
BMBYABCA /IMLLE BNPOAOBXK NEPLIOro CEMECTPY, AKUI 3aBepLUyBaBCA KaHiKynamu. [pyruii cemecTp NnpucBavyBaav NOBTOPIOBAHHIO
HaBYa/IbHOrO MaTepiany, NPOMAEHOrOo y NonepegHboMy ceMecTpi. [leBi3om TaKoro HaB4aHHA HyB BMCAIB: «Kpalle 3HaTU MeHLue,
npoTe 3HaTK rpyHTOBHO» (Manbiwes, 2013).

BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

ByMBalouM TepMiH «MaTemMaTU4Ha rPaMoOTHICTb», MM MAEMO Ha AYML MOJIoAY NOAMHY, IKa A0 NEeBHOI Mipu BONOAIE
MaTeMaTUYHMMM Ta 0BUMNCNIOBANIbHUMM CNOCOBAMM MUC/IEHHSA; HA NPUAHATHOMY PiBHI ONaHyBasa OCHOBHI MaTeMaTUYHI YMiHHSA,
a TOMy 34aTHa po3B’A3yBaTW 3BMYAMHI 3aBAAHHA 3 MATEMATMYHOK CK/IaAOBO, AKI TPANAATLCA Y Pi3HUX KOHTEKCTax
il peanbHOCTI. Bygyyn BNpaBHOO B MaTeMaTuLi, LA Nt0AMHA HEe NOTOAXKYETLCA HA PYTUHHE 6e3pajicHe KUTTA, a NparHe ycniwHo
peaniszyBatuca y pisHuUx noro coepax.

MepcneKkTMBM NoaanblUMX PO3BiAOK B6AYaEMO Y BUPOBAEHHI CMMCNOBOIO 3MiCTY TEPMIHA «YUTaLbKA IPAMOTHICTbY.
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AHOTAUIA

Po3rnaHyTo meToamKy nposeAeHHA GisUUHOro eKcnepuMeHTy, AKa BUKOPUCTOBYE CaMOPOBHY AOCNIAHULbKY YCTaHOBKY ANA
BM3HAYEHHA KyTa BigpWBY Ky/bKM Ta Wanbu nig vac ix pyxy no chepuyHiii NoBepxHi.

dopmynioBaHHA Npobaemun. B 3aga4ax KNacUYHOT MexaHiku, NOB'A3aHUX 3 pyXOM No NoBepxHi chepw nig, aieto rpasiTaLiiHol
CUAN MaTepPiaNbHOT TOUKM abo Ky/IbKM, MPONOHYETLCA 3HAWTU KyT, NPW AKOMY BOHM Bi[pUBAOTLCA Bif NOBEepPXHi. Lie 3aBaaHHA
BiZIHOCHO N1erKo PO3B’A3yeTbCA BiNbLUicTIO CTyAeHTiB. OA4HAK Ti cami 3aZ1a4i 3 BpaxyBaHHAM CUIWN TEPTA BUK/IUKAKOTb TPYAHOLL
nig, yac ix po3s’asaHHA y baraTbox 06i3sHaHWX CTyAeHTIB. MepeBipuT pesynbTaTv TEOPETUYHOro po3rnagy npobnemu B
EKCMEePUMEHTI HEMOK/IMBO, OCOBNMBO [AMCTAHLiMHO, Yepe3 BiACYTHICTb AOCNIAHWLBLKMX YCTAaHOBOK TaKoro Tuny Ta
METOANYHUX PeKOMeHAALiM A0 HUX.

Martepianu i meTogu. TEOPETUYHO PO3IAAHYTI 3 TEPTAM | 6€3 HbOro BCi MOMKNMBI BapiaHTM pyXy MaTepianbHOI TOYKM Ta Ky/IbKK
no nosepxHi chepun. Ha OCHOBI LUMX PO3rNAAIB BU3HAYEHO PiBEHb CKAAAHOCTI OTPUMAaHHSA PO3B’A3KY TaKOro poAa 3aBaaHb Ans
CTyAeHTiB 6akanaBpCbKOro Ta MaricTepcbKoro piBHA. BM3HAYeHO OMTUMaNbHWIA BapiaHT MOCTAHOBKM 3aBAaHHA ANA
6aKaNaBPCbKOro PiBHA 3 EKCNEePUMEHTA/IbHOI NepPeBiPKOI0 BUCHOBKIB Teopii. [ocTaBneHa meTa: BUSHAYEHHA KyTa BiapuBy
NI0CKOrO Tifia Ta KyAbKK Mig, Yac iX pyxy no chepuyHiin noBepxHi — BUpillyBanaca 3a 4ONOMOrot po3pobieHol OCAIAHNLBKOT
YCTaHOBKMW Yy BUTAAA] ABOX TPAHCMOPTUPIB, PO3LINEHMX apKylWwamun nanepy A8 yTBOPeHHA peirKoBoi cdepuyHoi Joporu.
CMapTdOHN CTyaeHTiB y pexkumi slow motion BMKOpWCTOBYBanUCA Nig, Yac AUCTAHLIMHOIO BMKOHAHHA HUMM LUKINbHOMO
disnuHoro ekcnepmmeHTy ik umndposa BUMiptoBasbHa nabopaTopis.

Pe3ynbTtaT. EKCNeprMeHTaibHO BU3HAYEHO KyT BiApUBY Bif NoBepxHi cdepu naockoro Tina (waibu), aknin gopisHioe 52° Ta
KyNbKK — 57°. Po3po6/ieHa MeTOAMKaA BUMIPIOBaHHA KyTiB BigpuMBY Ta AOC/IAHULbKA YCTAaHOBKA.

BMCHOBKM. 3HauYeHHsA KyTiB BiapuBy, nepeabayeHi Teopieto pyxy Tin npu HasBHOCTI TepTa —52° ana waibu Ta 57% Ans Kynbku
niaTBepasKeHi B ekcnepnmeHTax. [loBegeHa HeE3MiHHICTb BEIMUYMHM KyTa BiApMBY Big, cPepuUUHOT NOBEPXHI KY/IbKW HE3A/IEKHO
Big, il macu Ta pagiycy. Ui pe3ynbtatu foBoAATb TOM daKT, Wo po3pobieHa meToauKa Ta AelleBa AOCNIgHNULbKA YCTaHOBKa
£03B0/1A€ BaKanaBpam BMCOKOTOYHO BUMIPHOBATM KyTU BiAPMBY KY/bKM Ta i LUBUAKICTb HaBiTb B AUCTAHLIMHOMY PEXUMI.

K/TKOYOBI C/IOBA: hizuyHuli ekcriepumeHm,; Kym 8idpusy; chepuyHa nosepxHs; pyx Kynvku; walibu.
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ABSTRACT

The method of conducting a physical experiment, which uses a homemade research installation to determine the separation
angle of a ball and a puck during their movement on a spherical surface, is considered.

Formulation of the problem. In the problems of classical mechanics, related to the movement of a sphere on the surface
under the influence of the gravitational force of a material point or ball, it is proposed to find the angle at which they break
away from the surface. This task is relatively easy to solve for most students. However, the same problems with the friction
force cause difficulties during their solution for many knowledgeable students. It is impossible to verify the results of the
theoretical consideration of the problem in an experiment, especially remotely, due to the lack of research installations of
this type and methodological recommendations for them.

Materials and methods. Theoretically, with and without friction, all possible options for the movement of a material point
and a ball on the surface of the sphere are considered. Based on these considerations, the level of difficulty of obtaining the
solution of this kind of task for students of bachelor's and master's level is determined. The optimal variant of setting the task
for the bachelor's level with experimental verification of the conclusions of the theory was determined. The goal: to determine
the separation angle of a flat body and a ball during their movement on a spherical surface - was solved with the help of a
developed research installation in the form of two protractors separated by sheets of paper to form a rail spherical road.
Students' smartphones in slow-motion mode were used as a digital measurement laboratory during their remote
performance of a school physics experiment.

Results. The angle of separation from the surface of the sphere of a flat body (puck) was experimentally determined, which
is equal to 529, and the ball - 57°. The technique of measuring separation angles and a research facility were developed.

Conclusions. The values of the separation angles predicted by the theory of the movement of bodies in the presence of
friction - 52° for the puck and 57° for the ball - have been confirmed in experiments. The invariance of the separation angle
from the spherical surface of the ball is proven, regardless of its mass and radius. These results prove the fact that the
developed technique and cheap research equipment allow undergraduates to measure ball separation angles and their speed
with high accuracy even in remote mode.

KEYWORDS: physical experiment; angle of separation; spherical surface; movement of ball; puck.
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BCTYN

MNoctaHoBKa npobnemu. OaHa i3 33434 KNAaCUYHOT MeXaHiKK, IKa YacTo PO3B’A3YETHCA B LUKO/IAX Ta BULLMX HAaBYaNbHUX
3aKnagax, Nos'A3aHa 3 maTepiasibHOM TOYKOLO, AKa 6e3 TepTa KoB3ae Nif Aieto rpasiTaLiiiHol cuam no nosepxHi cdepu (Irodov,
2012). 3a3Buyait cTyaeHTam-pisvkam NponoHYeTbCA 3HAWUTU KyT BiapuBy 6., Npu AKOMY maTepiafibHa TOUKa, AKa pyXxaeTbcsA 6e3

a3nMyTaNbHOI KOMMOHEHTH, 3aauLae chepuyHy nosepxHto (puc. 1 a).

Uy

.

_.5)1?’

b

al

Puc. 1. Cxema pyxy Tina no nosepxHi chpepu pagiyca R: a) Tino — matepianbHa TouKa, 6) Tino — Kysnbka pagiyca r.

[#epeno: aemopcoKa po3pobKa.

Lle 3aBAaHHA BiAHOCHO Nerko po3B’A3yeTbcA BinbWicTio cTyaeHTiB. [ilCHO, 3a 3aKOHOM 36epexkeHHs eHepril

2 2
mgAh = mTv B Touui Bigpmey, ae Ah = R(1 — cos 6,.). Cuna peakuiii onopn N=0, mg cosf, = mTv 33 ApYrMM 3aKOHOM

HbloTOHa i 3 LMX GOpPMYN OTPMMYEMO BMPa3 aia cos b,

§ Ta cam KyT 6, = 48,19,
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OpfHaK po3B’A30K 3a4a4i 3 pyXom maTepiaibHOT TOUKM MO chHepUYHiii NoBepXHi 3 ypaxyBaHHAM TepTa € npobiemoto ans
6araTbox cTyaeHTiB. LLle 6inbl cKNagHO € 334a4a, WO BKIOYAE HE TiIbKM PyX Y BEPTUKa/bHIM NAOWMHI, ane i asmmyTanbHui
pyx maTepianbHOi TOUYKM 6e3 TepTa Ta ¢ TepTam (Daniel, 2021).

3afava TaKoX YCKNAAHIOETLCA NMPU 3aMiHi MaTepianbHOi TOYKM HA Ky/bKY 3 BpaxyBaHHAM 3aKOHIB pyxy TBepAoro Tina,
MOMEHTY iHepLii, 3SMiHN PEeXKMMY KOYEHHSA HA KOB3aHHA ToW0. AKLWO X Tpeba BpaxoByBaTW 1 MOXK/IMBUIA a3UMyTaIbHUIA PyX Tif,
TOAj CKNAAHICTb We Binble 3pocTac i LA 3a43a4a MoxKe 6yTU po3B’sA3aHa TiIbKM HAa MaricTepCbKOMY PiBHi.

OT)Ke, NpoCTa Ha nepwui nornag 3afjadva CTae baraTopiBHEBOK 3i 3pOCTaloyO CKAAAHicTo ii po3B’A3aHHA.
EKcnepuMeHTanbHe f0BeAeHHA CnpaBesIMBOCTi pe3y/ibTaTiB TEOPETUUHOIO PO3B’A3aHHA NOAiOHMX 33434, HAaNPUKAaA, B pamKax
LWKiNbHOTO Gi3UYHOrO eKCNEePUMEHTY, TaKOoX € NPOB6AeMOt0. BUKOHAHHA LWKiNbHMX (i3UYHMX eKCNEePUMEHTIB, WO NPOBOAATLCA
OUCTaHUiMHO, CTa€ HEMOM/IMBUM Yepes BiACYTHICTb AOCNIAHULBKMX YCTAHOBOK TaKOro TUMY Ta METOAUYHUX peKoMeHAauin Ao
HUX. TOMy NO€EAHAHHA TEOPETUYHUX BUKIAAOK Ta PO3pO6Ka KOHCTPYKL,T eKCnepumeHTaIbHOT YCTAaHOBKM AN BUMIPIOBAHHA KyTa
Ta WBMAKOCTI BigpWBY TiN, WO pyXatoTbcs No chepuyHin NoBEPXHI, | € TUM HaNPAMKOM, AKOMY NpUCBAYEHa LA poboTa.

AHani3 akTyanbHUX AocniaxKeHb. KoM BUKOHAHHA WKINIbHOrO Gi3MYHOIO eKCnepuMeHTy, Wo peanisyetbea y Gopmi
nabopaTopHUx pobiT, pobiT ¢isMYHOro NPaKTUKYMy, HaBYaNbHUX MPOEKTIB, CTAE MOXAMBUM TiIbKM OUCTAHLiAHO, CTaloTb
aKTyaZlbHUMM TEXHOOTii, NPU AKUX HA 3aHATTAX BUKOPUCTOBYETbCA 06/M1aHAHHA, AKE € «B KapMaHi» cydacHOro ctyaeHTa abo
WKONAPa, @ came, BNAaCHi CMapThOHU, NNAHLLETH, PYYKM, ONiBLi, KY/JbKM, irpallky Towo. Taki TeEXHONOTii Aal0Tb MOMKIUBICTb
KOXXHOMY CTYZAEHTY CaMOTYXKKU BUTOTOBUTU AOCAIAHULbBKM YCTAHOBKM Ta MPOBECTM HA HUX HAYKOBI [OCAIAMXKEHHA O0CUTb
BMCOKOro piBHA. Came CMapTPOH CTae TUM MOTYKHUM iHCTPYMEHTOM, AKWUIA 36iblUyE MOMAMBOCTI HaBYaHHA, PO6UTH
nabopaTopHy NPaKTUKY HE HAATO CKNAAHOK; HAAAE MOXK/IMBICTb MPOBOAUTM AOCNIAM AK B NabopaTopii, Tak 1 AUCTaHLINHO.

LLlo cTocyeTbCcA TEOPETMYHOIO Ta NPAKTUYHOIO PO3B’'A3KY Npobaemu pyxy Tin No cdepuyHiin NOBEPXHI, TO CTaTTi Ha L0
TeMy B HAyKOBMX KypHa/iax He BMYEpnylTbCA, NOYMHaUM, Hanpuknag, 3 pobotu (Symon, 1961), y akoi posrnagasca pyx
MaNeHbKOro UMAiHAPA, WO KOTUTbCA Mo binbwomy, poboTax (Prior & Mele, 2007; Gonzalez-Cataldo at all, 2017). Y poboTi (Phan-
Budd, 2020) HaBOAUTbCA NOCTAaHOBKA AOC/iAY Ta pe3y/bTaTy BUMIPIOBAHHA KyTa BigpuBy nodapboBaHOi cTaneBoi Ky/lbKuU Bif,
NoBepXHi FIMHACcTUYHOro M’A4a 3 AOBKUHOM Kona 180,9 cm (puc. 2).

Y pocnigax BU3HaAYEHO KyT BiApuBY, AKUIA fopiBHIOBaB 52°11°. ABTOpKa CTaTTi BU3HaE, Wo nodapboBaHi AOPIKKM TPOXU
KOpOTWi, HiX nepesbadvae moaenb 6e3 KoB3aHHA; PO6UTb MPUMNYLWEHHA NPO Te, WO KyAbKa KOB3a€ nepes TUM, AK BNacTu 3
noBepxHi BesnKoi chepu, cnuparouncs Ha poboTu (Flores at all, 1972; Jayanth at all, 2009), ane He Ha BNacHi cnocTepeXXeHHs.
3p03yMino, WO Taka NOCTaHOBKa BMMiptoBaHb byae HedelweBok, AOCUTb HETOYHOIO (XO4Ya aBTOP OLHIOE MOXMOKY B 2%), 3
HEeBM3HAYEHICTIO BiIHOCHO TOYKM CTapTy (KyTa 6,), NoyaTKOBOI WBMAKOCTI Uy Ta BNauBy $Gapbu Ha pyx KyabKu, TOMy Afd
LOCATHEHHA HaLOi MeTU BOHa He NiaXxoAnTb.

BinbWw BAANa KOHCTPYKLUiA AOCAIAHMUBKOI YCTaHOBKM po3rnagaeTbca B poboTi (Souza & Coluc, 2017). MpwucTpin
CKN1afaBCA 3 ABOX MapanefibHUX PEeVoK, AKi YTBOPIOKTb YBEpTb Kona. KyToBe NOMOMEHHA Ta LWBMAKICTb CTaNeBoi Ky/NbKu
BMMIPIOIOTb 33 ZLOMOMOrO PYXOMOI LUTaHIM, OCHaleHoi ¢poToaeTekTopom. Lis KOHCTpyKuia aobpe Bignosigae meTi Hawwux
[OCNiAXKeHb, ane Ti AOPOroBapTiCTb Ta FPOMO3AKICTb (pagiyc chepuyHoi AOPiKKM — 487MM) He [L03BONAE BUKOPUCTATK Ti
6e3nocepeHO ANA AUCTAHLIMHOMO HaBYaHHA (puc. 3). EnekTpuuHuiA meToa, peecTpauiii Yacy nepebyBaHHA Ky/JbKW Ha AOPiXKL,i
nepesnbayace Lwe i umodposmit ocumnorpad. OTpMMaHi KyTU KOUYEHHS Ky/lbKu (Npu HaasHocTi TepTa 3 u = 0,21) O, = 28,7+0.8°,
BiapvBy B¢y = 53,4+0.1°. ABTOpK paboTK BU3HANM, LLO ENEKTPUYHUIA METOZ, peECTpalLLiii Yacy nepebyBaHHA Ky/bKM Ha A0PiXKLi Ta
BM3HAYEHHA KyTa BiAPMBY He € BAA/IMM I MeToZ, Bisyanizauii 6ys 61 6inbw gopeyHum.

()

Puc. 2. ManeHbKa Ky/IbKa BUBINIbHAETbCA 3 BEPXHbOI Puc. 3. MpucTpiit AnA BU3HAUYEHHA KyTa, Nig AKUM Ky/NbKa BTPAYa€E KOHTAKT i3
4YacTMHKU M’'AYa, 3a/MLLA0YN BUAMMUIA CAig, Big, KpYyroBolo f0piXKKo: (a) cxemaTtuuHa giarpama T1a (b) pororpadis, Ha aKin
dapbu, AkKnit MoxKHa BUMIPATH. 306pakeHa KynbKa B, ONTUYHKIT AeTEeKTOP S, eNeKTPOMArHiTHUii npuctpiii E ana
Bowepeno: (Phan-Budd, 2020). BUBIZIbHEHHA KY/IbKMK, | MikpodoH M. Ha BcTasui (a) nokasaHO oKpemi nnacTuHum,

AIKi BUKOPUCTOBYIOTbCA AN1A YTPMMAHHA M'A4Ya Ha Kpyrosii TpaekTopii. Ha BctaBui
(b) nokasaHuit oNTUUYHKMIA AATUMK; CBITNOAIOA PO3TALLOBYETLCA Nif, AOPIXKKOIO, A
doTonpuiimau 3HaxoaUTbCA BULLE.

Lxncepeno: (Souza & Coluc, 2017).
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BakanaBpam i maricTpam Ay)Ke Ba)KNMBO MATW iNOCTPATUBHI MPUKNAAM, AKI LEMOHCTPYIOTb PO3B’A30K npobiemu 3
LWUMPOKMM Aiana3oHOM pPiBHIB CKNagHOCTI. TakMit aHaNi3 pyxy maTtepianbHOI ToYKM no cdepi 3 TepTam, HagaETbCA B poboTax
(Daniel, 2021), pe TeOPETUYHO BM3HAYAETLCA KYTOBE MOJIONKEHHA, Nif, Yac AKOro MaTepiasibHa TOYKa 3a/ulAE cHepuyHy
nosepxHto 1) 6e3 asMmyTanbHOro pyxy Ta 2) 3 asumyTanbHUM pyxom. Lle BigkpvBae moxkamsocTi Ana nobyaosu 6aratopisHeBoro
aHanisy, Wo BK/AOYAE OBUYMCNEHHA, AK aHANITUYHI, 3 3aCTOCYBAHHAM CneuiafbHMX QYHKLIM AN MOLWYKY PO3B’A3KY 3aKpuUTOi
dopmu, TaK i umcnosi.

PesynbTaTi Takux AOCAiAXKeHb, NIATBEPAKEHNX eKcnepumeHTamu, ByayTb KOPUCHUMM ONA PO3LUMPEHHA AUCKYCINA Y
KNACUYHill MexaHiLi Ha Binbl CKNaaHi TeMM 3 BUKOPUCTAHHAM Nigxoais JlarpaH:Ka Ta FlaminbToHa. LA nocnifoBHICTL TemM Ta piBHIB
CKNAAHOCTI JAa€ MOXKIUBICTb CTYAEHTAM OTPUMATU HACONOAY Bif, NPEKPACHOI CYyMICHOCTI Ta B3aEMOAOMNOBHIOBAHOCTI $i3nKuM Ta
NPUKNaaHOT maTeMaTUKK. TaKi Npobiemm MoXKHa NOTIM BUKOPUCTOBYBATM Ha 6araTbox eTanax HaB4yanbHOi Nporpamm, epekTMBHO
BMKOPWUCTOBYIOUM NepeBarn nonepeaHboro 3HaMomMcTBa CTYAEHTIB i3 BCTYNMHUMM TeMamu, [03BONAOYM BUKIaAaveBi NOCTYNOBO
BBOAMTM Pi3HOMAHITHI TOYKM 30py Ta Bce Bi/ibll NPOCYHYTI MeTOAM.

Mera ctaTTi. CTBOpEeHHA AelleBoro masiorabapuMTHOro NpUcTpoto Ta MeTOAMKMU BUMIPIOBAHHA KyTa, Nif AKUM Kynbka abo
Wwaliba BTpaya€e KOHTAKT i3 cheprUHOI0 LOPIXKKOIO.

TEOPETMYHI OCHOBU A0CNIAXEHHA

AKLWO TiNO 3HaX0ANTLCA Ha BepLMHi chepu, TOHBTO B CTaHi HECTINKOI piBHOBAru, ToAj, OTPMMaBLLM NOLITOBX, BOHO MOYHe
pyxaTuca no noeepxHi coepun. B 3anexHocTi Big ymoB Tino moxke abo 3ynuHnTUcA, abo 36inblunMTH WBKAKICTL i BigipBaTuca Big,
NoBepxHi. BesIMKy ponb y pexumi pyxy Bifirpae BesiMumHa KoediljieHTa TepTa U. AKLLO pyXa€eTbCcA NAOCKa Waliba (maTepianbHa
TOYKa), TOAi MOMMBUIA TIZIbKW PEKMM KOB3aHHSA, AKLLO KY/IbKa — MOXAMBUIA AK PeskumM KoB3aHHsA (4 = 0), Tak i KOYeHHs 3
Nepexofom A0 peskumy KoszaHHs (i # 0). Po3rnsHemMo npu AKUX yMOBaX PeaniayoTbCa Ui Pexnmu.

A. MatepianbHa TOYKa KOB3a€ NO LWOPCTKiiA NoBepxHi chepu. Po3rnaHeMo po3B’A30K KAacMYHOI 3ajadi 3 posginy
“MexaHika” (Mungan, 2003). Tino macoto m KOB3a€ No LWOPCTKil noBepxHi chepu pagiyca R (puc. 1 a). B geakuit MOMeEHT vacy
BOHO PO3TAWYETbCA Nig KyTom B fo BepTUKai. Ha Tino aitoTb Tpy cunm: HopmanbHa N, TAXKIHHA Mg | TePTA KOB3aHHA FTp = uN,

ae U — KoedilieHT KiHeTUYHOro TepTA. [PUCKOPEHHSA Tina po3A4iNMMo Ha AOLEHTPOBY KOMMOHEHTY @, = UT—Z i TaHreHuianbHy a,.
3a ApyrMm 3aKoHOM HbIOTOHa pajianbHa CKAaA0Ba Cui, WO Ait0Tb Ha TiNo, AOPIBHIOE:
mg cos 6 — N = ma,. (1)
Togi cuna N byae aopisHOBaTH:
sz(g cose—%z), (2)
ne v(0) — wemAaKicTb Tina.
Tino sunitae 3 noBepxHi coepu, akwo N = 0. BignosigHo Ao (2) ue BiabyBaeTbca, KoM “HopmoBaHa” WBMAKICTL
2
VZ= (J%_g) = cos 6. (3)
I'padik 3anexHocTi V Big 6 HaBegeHul Ha puyc. 4 (rpadik 1). Ockinbku cos 8 < 1, Vo He moxke ByTn binblue 1, AKLLo Tino mae bytn
Ha noBepxHi chepu. Lie Hagae GpisNYHUI ceHC WBUAKOCTI U = \/@ AIKa BUKOPUCTOBYETLCA A1 HOPMYBaHHA V.
3a gpyrum 3akoHoMm HblOTOHA, ANA TaHreHLiabHOT CKNaA0BOi CUA, LLO Ait0Tb Ha TiNo:
mar=mg sin 8 —uN, (4)
€ TaHreHuiaIbHe MPUCKOPEHHA a; = %
3 ypaxyBaHHAM piBHAHb (2) Ta (4) oTpUMyeMO:
P_dv_avas

g(sin 6 — ucos 6) + % = 20 ar (5)
[le KyToBa WBMUAKICTb w = %.
BMKOPUCTOBYIOUM TOTOXHICTb awh _ Zvdy 4y _ LGOI piBHAHHA (5) OTPUMyeMO BMpa3:
46~ d6 ' 2vaf
%—ZMVZ = 2(sin @ — u cos ). (6)

YuncenbHUii po3s’A30K Lboro AuvdepeHLianbHOro PiBHAHHA MOXHa OTPMMATK 33 LOMOMOrOK e1eKTPOHHOI Tabauui
Excel ana faHoi 6€3po3MipHOT NOYaTKOBOI WBMAKOCTI Ha nontoci chepn Vy = ——= Ta CTapToBOro KyTa B,. PiBHAHHA (6) Takox

N

MOXKHa p03B’A3aTh aHaniTMyHo (Mungan, 2003). Po3B’A30K piBHAHHA (6) BUrNALAE TaK:

5 _ (2—4u?)(e?*®—cos 8) -6 sin 8 2. 2u6
Ve = Tran? + Vi - et (7)
AKwo u =0, Vo = 0, Toai piBHAHHA (7) 6yae BUrnagatv Tak (puc. 4, rpadik 3):
V =./2(1 —cos ). (8)
OcKinbKn ymoBOIO BigpuBY Tina Bif NoBepxHi chepu € WBUAKICTb
V =+/cos g,
(9)
TOAj, NPUPIBHABLLM PiBHAHHA (8) Ta (9) oTpumyemo:
2(1 — cos 8) = cos 6, cos by, = 2/3. (10)

OTKe, KyT BiZjpUBY /1A LiX YMOB CKNAAAE BeNMUMHY By, = 48,19°, a wemakicTs Bigpusy:

Viinp = /€08 Oginp = 4/2/3 = 0,8165.
Pe3ynbTaTi po3paxyHKiB A1 AeAKUX iHWMX Nap [ Ta Vo HaBeaeHi Ha rpadikax puc. 4. Tak, npu u = 0,3; Vo = 0,6 (rpadik 5)
TifIO CNOYaTKY 3MEHLLYE WBUAKICTb, @ NOTIM WBUAKICTb NOYMHAE 3POCTaTU 3aBAAKM 36iNblUEHHIO Haxuay nosepxHi cdepy, i, nicns

LOCATHEeHHA KyTa Bsmp ~ 450, BiAPMBAETbLCA Big NOBepXHi 3i wemnaxictio 0,85 m / c.
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Mpu u=0,14; Vo =0,14 rpadik 2 Ha puc. 4 maiixke TOPKAETLCA FOPU3OHTA/IbHOI OCi, TOBTO NOYaTKOBA WBMAKICTL Tina
3MEHLUYETLCA MalKe 4,0 HynA, Koim KyT 6 = 80, a noTiM NoYMHaE 3pocTaT 3aBAAKM 36iNbLIEHHI0 HaxMy NoBepxHi cdepw, i, nicas
LOCATHEeHHA KyTa Qmp ~ 529, BigpunBaeTbca Big noBepxHi.

KyT BiapunBy MorKHa 36inbluyBaTH 33 PaxyHOK 36inbleHH:A BeNUMUYMHU KoedilieHTa TepTa. [loBeLemMOo Le po3rnsHyBLwun

. . . - . d(v?) .
pyx Tina npu p =1 Ta TakoMy 3HaueHHi Vo, Wwob rpadik Topkascsa ropusoHTanbHoi oci (V = 0, i = 0) npu pocarHeHHi KyTa
O1opx, @ NICAA HBOTO TiNO NPUCKOPIOBANOCA | BUNITANO 32 Mexi NoBepxHi chepy npu AoCATHeHHI KyTa Oy, Ko 8 = 0.4, niBa
yacTMHa piBHAHHA (6) AOPiBHIOE HyNt0. Lle 03HauYaE, WO Brop,e = 450, i Topj piBHAHHA (7) MOXHa po3B’A3aTW came AN LibOro KyTa.

Y pe3ynbTaTti OTPUMYEMO 3HAYEHHA HOPMOBAHOI MOYATKOBOI LUBUAKOCTI:

Vo = /0,4(1 ++/2e77/2) = 0,719. (11)

3roZoMm Tifo 3anMLWae NOBEPXHIO Nig, KyTom 6 = 69,60 3 6e3po3mipHoto wemnakicTio V = 0,59, wo BigobpaxkeHo rpadikom
6 Ha puc. 4. OTXKe, BapiloloYM 3HAUYEHHSA U, TiIO MOXKHA YNOBINbHUTU 40 WBUAKOCTI, AK 3aBrogHO 61M3bKOI0 A0 HYAA, TAK WO MOro
PYX BUFNSAAE TaK, HibBW BOHO «BiACKAKYE» Bif, rOPM30OHTaNbHOI OCi (4MB. KpUBI 2, 6). MOXAUBI cLeHapii pyxy, KoM Tino 3ynnHUTLCA
Ha nosepxHi cdepu (rpadik 4, u=0,6; Vo =0,5).

. V=£(0)
o———_ 45, 0,85 48,19; 0,8165
0,9

52;0,78
08 0;0,719

0,7 69,6; 0,59
06 ~__ o

T 05

= 04

0,3

0,2

0,1

0 LY
0 10 20 30

oA

BigH

22;0

40 50 60 70 80 90
0, rpag

e—Panl PAp2 — e—pan3 Pap4

Paa5 Papn6

Puc. 4. Fpadiku 3aneXKHOCTi HOpMani3oBaHoOI WBKUAKOCTI V Big a3umyTanbHOro Kyta 0:
1-V=+cosO, 2-u=0,14;=0,14, 3-V = /2(1—cosO),u=0,Vo=0, 4-u=0,6;Vo=0,5,
5-u=0,3;V0=0,6, 6-u=1;Vo=0,71944.

[epeno: pospaxosaHo aemopamu Ha ocHosi (Mungan, 2003).

Takum YMHOM, ONA Waibu, AKa KOB3a€E MO LWOPCTKIN NoBepxHi chepn, MoxKAMBE BEAUKE PISHOMAHITTA Kpusux U (6).
CtBopeHHA Ta Nnobyaosa rpadikis pyxy Tina no nosepxHi chepu € LiKaBUM 3aBAAHHAM A5 CTYLEHTIB.

Bb. KynbKa pyxaeTbcA No LWOPCTKiA noBepxHi cpepu. Po3rnsHEMO BMMAZAOK, KOAM Ky/bKa Pagiycom ry i macowo m
BUBINILHAETLCA 3i CTaHy CNoKoto Nig Manum (< 1°) kytom B 3 BepLUMHM KPYroBoi AOPIXKKM pagiyca R (puc. 1 6). MonoKeHH: KyNbKu
3303€TbCA 3MiIHHUMU T = R + 1, | 6, ToAi AK 06epTaHHA Ky/IbKM BU3HAYAETbCA KyTOM (. [lOpiKKa CKAafaeTbca 3 ABOX
napanefbHUX PewoK, BiACTaHb MiX AKUMM [OPIBHIOE [, TOMy edeKTUBHUN pagiyc Kynbku Tor = kR = /12 — (1/2)?
(k = /(r/R)?>—(1/2R)?). Nicns nowToBXy, BHACNIA0K TEPTA MiXK Ky/NIbKOIO | OPIMKKOI0, Ky/IbKa NOYMHAE KOTUTMUCS, 36iNbLIYIOUM
CBOIO WBUAKICTb. [locArHyB KyTa O,y Ky/NbKa NOYMHAE KOB3ATH, i Lie KOB3aHHA NPOAOBKYETLCA, AOKN Ky/IbKa He JoCATHe KyTa
0c (> 6,), Konn HopmanbHa cuna N CTae PIBHOIO HY/K0. Y Liei MOMEHT Ky/ibKa BTPayYae KOHTAKT i3 AOPIKKOLO i BiNbHO Najae.

[Nna OTPUMaAHHA PIBHAHHA PyXy Ta 3B’A3KY MiX MOCTyNasbHOK WBUAKICTIO Ky/NbKM Ta 1i KYTOBUM MNONOXMEHHAM
BMKOPUCTOBYETLCA MpoLeAypa, AKa onucaHa y poboTi (Symon, 1961 ) ana onucy pyxy UMAIHAPA, WO KOTUTLCA MO iHWOMY
unniHgpy Ta (Souza, Coluc; 2017) ansa pyxy Kynbku no cdepivHii goposui. ChniBBiAHOWEHHA MiXK LUBUAKICTIO Ta KyTOBUM
MONOXKEHHAM KY/IbKU BUKOPUCTOBYETLCA A1 BUSHAYEHHA PEKMMY KOYEHHA KY/IbKM Ta PEXUMY KOB3aHHA. MaKCMManbHU KyT
Oyou, SO AKOTO Ky/IbKa KOTUTbCA Be3 KOB3aHHA, BU3HAYAETLCA 3 BUPA3Y:

__ (150+20m)u+2n/4m>(1+u) +60nuZ+125u>

= 12
€05 Brcou 412(1+u2)+60nu2+225u2 ’ (12)

Ae n= (TK/kR)Z-
B mexax O,y < 8 < ¢ Kynbka noumHae ko3atu. KyT B¢q, Nif AKUM Ky/ibKa 31ITa€ 3 LOPIXKKM, LOPIBHIOE:
cos O¢p = 72(“?57::: 9""“). (13)

AKLLO NoBepxHs chepw rnagkKa (6es3 TepTa), ToAi Ky/NbKa HeraHO NoYHe KoB3aTu (Mpu HeHynboBomy B << 1°), Tomy ans
LbOro BUNAAKy coS B,y = 1. AAKWO Npu LbOMY i 3a30py MiX JOpiKKamn Hemae, To6To /=0, n = 1, Toai Maemo cTaHAapPTHY
33Ja4y WOAO KOB3aHHA TOYKOBOI mMacu 6e3 TepTa no chepuyHiin nosepxHi. Y ubomy BUNaAKy piBHAHHA (13) 3B0AUTbLCA 40
cos O¢co = 2/3, T06T0, KyT BiAPUBY Ky/bKM Big, noBepxHi cdepu byae aopisHioBath Ocq = 48,19°, ak paniwe i 6yno noseaeHo
ONA MaTepianbHOI TOYKK.
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KyT Bigpusy BC#, nig AKUM Ky/ibKa BTPaAYa€ KOHTAKT i3 JOPiXKKOI 33 HAABHOCTI TepTa, byae fopiBHIOBATK:

cos B, = 2 [91(1,0k00)—31 Si;lf::’qz_# gz(#,k,[i’,ﬁ.(oq)]’ (14)
_ 5
ne B = Gmpare @
1@, Oioq) = 308 Oy + 3B(1 + k)(1 — cos BKO‘{gr 0 (15)
G2k, B, Okos) = 9+ 4(u? — 1) cos?6yey — 165(1 + k) [ﬂ(l + k)sin? ( KZO‘{) + usin B,y | sin? (%) -
-8 [ZB (1 + k)sin? (%) + u sin GKOq] C0S Byou. (16)

Ha puc. 5 nokasaHo 3miHy KyTiB 8,y (rpadik 1) i O, (rpadik 2), konm (makcmanbHMit) KoediLieHT CTaTUUHOTO TepTa U
3miHIoeTbea Big 0 Ao 1. Ona p = 0,14 da3a KoYeHHs KyabKu Byae cnocTepiraTcs A0 KyTa Byoq = 23,14° (puc. 5), notim byae
$a3za koB3aHHA o KyTa O, = 57°, Wo MM i NOBMHHI cnocTepiraTv B A0C/iAax.

0,14; 57,21°

0,14; 23,14°

0 o1 02 03 04 O5 06 07 08 09 1
W

Bcy, rpaa

Puc. 5. 3anexHictb KyTiB 0., O, Bia BeAMuMHM KoediLlieHTa CTATUUHOTO TEPTA [L KY/IbKM.
/[epeno: po3paxosaHo aemopamu Ha ocHosi (Souza, Coluc; 2017).

OKou, rpag

METOAM AOCNIAMEHHA

Po60Ta HOCMTb TEOPETUYHUI Ta NPUKNALHUI XapaKTep. CNoYaTKy TEOPETUYHO PO3MAHYTI BCi MOXK/IUBI BapiaHTU pyxy
MmaTepiasbHOI TOYKM (Wanbu) 3 TepTam i 6e3 Hboro no nNoBepxHi coepu. MoTim PO3rNAHYTO PyX Ky/bKKU 3 TEPTAM i 6€3 Hboro no
nosepxHi coepn. Ha OCHOBI LMX PO3rNAa4iB BU3HAYEHO PiBEHb CKNALHOCTI OTPMMAHHA PO3B’A3KY TAaKOro poAa 3aBAaHb ANA
CTyAeHTiB 6aKaNaBpCbKOro Ta MaricTepcbKoro pisHs. Micna Luboro BU3HAYEHO ONTUMAJIbHWUIA BapiaHT MOCTAaHOBKM 3aBAaHHA AN1A
6aKanaBpCbKOro PiBHA Ta EKCNEPUMEHTA/IbHOT NepPeBipKM PE3y/IbTaTiB TEOPETUYHOTOr0 PO3rAAAY 3 MOXK/IMBICTIO ANCTAHLIMHOTO
BMKOHAHHA UMX JOCNiAiB. TEXHONOrIA OTPUMAHHA BUCOKOTOUHUX EKCNEPUMEHTANbHUX pe3y/bTaTiB Ha AelleBoMy cCamopobHomy
pocnigHomy npunagi byna signpauboBaHa Ta nepesipeHa 11 ctyaeHTtamu rpynu &I, ®M-20 KpuBopisbKoro aepskasHOro
neaaroriyHoro yHiBepcuTeTy nig Yac ix npoxogyKeHHs y 2024 poui HaBYyanbHOT NPakTUKK “LUKINbHWUIA i3nyHMIA ekcnepumeHT” y
OUCTaHUiIMHOMY peXkumi. Y AKocTi LmdpoBoi BUMipHOBabHOI nabopaTopii BUKOPUCTOBYBaAUCA CMapTGOHU CTYAEHTIB, OCHALLEHI
3acTtocyHkamm Stopwatch, Physics Toolbox Sensor Suite Ta Phyphox. Onuis slow motion no3sossna peectpyBatv pyx Tin 3a
L0NOMOrot0 AeAKkUx cMapThoHiB 3i WBMAKICTIO 960 KaapiB B cekyHay. Cekyaomip 3actocyHKa Stopwatch sumiptosas vac 3
TouHicTio 1 mc.

PE3Y/ZIbTATU OOCNIAMEHHA

|aen BUKOPUCTAHHA CPEepPUUYHMX PENOK A5 PyXy Walkbu Ta Ky/abKK BTiMNAcA 1 B po3pobsieHy Hamu manorabapitHy
[AeleBy AOCNIAHULbLKY YCTaHOBKY Y BUMALI ABOX WKiNbHWUX TPAHCMOPTMPIB pagiycom 45 mMm, KynieHux 3a 8 rpuseHs (0,2 $),
pO34ineHNX Mix coboto MCTamu apKyLwis nanepy (puc. 6a). Jaa NoKpaLweHHA Npouecy BUMIpIOBaHHA Yacy pyxy, KyTa Bigpusy, a
TaKOX CMOCTEPEXKEHHA 33 NPOLLECAaMM KOYEHHS Ta KOB3aHHA BUKOPUCTOBYBAaNacsA Bife03OMKa KamMepok cMapTdOHa B pexumi
slow motion 3 yactoToto 960 Kagpis B CEKyHAY.

AL LA A AARARAAAA AR AR 1514

Puc. 6. dotorpadia ekcnepMmeHTaNIbHOT YCTAHOBKU: NOIOXKEHHA WAK6M Ta KY/IbOK ANA BUMIpIOBaHHA KoedilieHTa TepTa U.
[epeno: asmopcoke homo.
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CnoyaTky Ha BepLlMHy TpaHcnopTtvpa (Bigmitka 90°) BcTaHoBAlOBanacA Kynbka (waiba). Mepes Tvm TopUi
TPaHCNOPTUPIB NEPEBIPANUCA NasbLeM YW TNafeHbKM BOHMU. 3anycKanacb KyabkKa 3 Toro GOKy TpaHCMopTupiB, Ae He 6yno
3a4MpOoK. [ina 36inblIeHHA KOHTPACTY Bigeo3MomKa Biabysanaca Ha ¢oHi 6inoro ancta nanepy. Mepes TMM TOpLL TPAHCMOPTUPY,
O HanpaBAAKTb Ky/bKy, Gapbysannca yopHum daomactepom. Ha KynbLii TaKOXK CTaBUAACA MiTKa, AKa [03BOAANA cnocTepiraTu
33 il 0bepTaHHAM Ta PEECTPYBATU PeXMM KoueHHA abo KOB3aHHA Ky/abKW. “MaTepianbHolo ToUYKow” byna HeBesMuKa waiba
(maneHbKka batapeiika Ha 1,5 B). Pagjyc ctaneBoi Ky/nbku r= 6,25 mm, chepu (TpaHcnoptupa) R =45 mm. Hesenukuii paaiyc
TPaHCNOPTUPA BU3HAYABCA OMTUYHUM METOAOM PEECTpaLii pyxy, 419 AKOro BUCOKa LWBMAKICTL 06’eKTa NpoTMnoOKasaHa. 3a3op
MiX NaoWMHamK TpaHcnoptupis / = 0,6 MM, WO A03BOAAN0 BBAXKATU ePEKTUBHUI PaaiyC KyNbKu Tep = Tk 3 noxubkoto 0,25%.

[nA BU3HAUeHHA KoedilieHTa TepTa U ABi Ky/NbKK 06’€AHYBaANNUCA B raHTE/IbKY 338 AONOMOIOK MarHiTHoro Kinbus (abo
CKOTYa) Ta NOMILLLANNCA HAa FOPU3OHTA/IbHY JOPIXKKY B HiXKHil YacTUHI TpaHcnopTupa (puc. 66). MoTim TpaHCNoOpPTUPY BEPTUKANBHO
BCTAHOB/IOBA/IUCA Ha €KpaH CMapTdOoHa, Ha AKOMY BigobpaKasca KyT MOro Haxuay. 3aCTOCYHOK, AKMUI BUKOPUCTOBYBABCA A/1s
BMMIpIOBaHHA KyTa — “Physics Toolbox Sensor Suite (onuis Inclinometer). AHanoriyuHo BUMiptoBaBca KoediujieHTa TepTa U Ana
Wwarnbu (puc. 6.8). Ik BiaOMO, KoediLieHT TepTa U = tg Qo, A€ Qo — KYT, NPU AKOMY NOYMHAETLCA PyX Tina (KyNboK abo wainbu) no
NoXuAiA NAowWwmHi. KyabKku Ta waiba nounmHanm pyxatmca, Konu o= 8% 10670 U =tg 8°=0,14. [Ona 36inbleHHA TOYHOCTI
BM3HAYEHHSA KyTa Qg CMOYaTKy BCTAaHOB/IOBABCSA CMapThOH Mifg AeAKUM KYTOM Haxuy i TiIbKM NOTiM Ha eKpaH BCTaHOB/IOBAAUCA
TpaHCNopTUpMU.

MicnAa BMUKaHHA BiLeokamepn cmapTdOHa B pexkumi “YnosinbHeHa 3rMomka” 960 Kagpis B CeKyHAY 3anyck npouecy
Bi€03MOMKM 34iCHIOBABCA aBTOMATUYHO Nif Yac NOTPaNAAHHA KyNbKK abo Wwalibu B none 30py 06’eKTMBA Kamepn cMapTdOHa,
A1 YOTO MOBINbHO 3PYLUYHOYM KY/bKY 3 BEPLUMHWU 3MYLIYBaAW ii KOTUTUCA BHU3. KyT Ty, NpM AKOMY NOYMHaBCA PyX Ky/bKM,
nopisHiosas ~1° waitbu — ~8°. focnig 3 uieto Kynbkolo nosToploBaBcA Wie 6araTo pasis. [OCAiAM NPOBOAMANCA TaKOX 3
Ky/IbKamu iHLIOrO pagjycy Ta Macy A8 BU3HAYEHHA IX BNAMBY Ha pe3y/ibTaT BUMIPIOBAHHA KyTa BiapuBy.

O6po6Ka Ta aHani3 pe3ynbTaTiB BUMiptoBaHHA. KyT Bigpusy Ky/ibku Big, chepuyHOT AOPiIKKM BM3HAYABCA 33 TaKUM
anroputmom: 1. Mig yac nepernagy cTon-kaapis Bifeo3noMKM BUBMpPaBCA ToW, Ha AKOMY ByB 3adiKCOBaHWMI BiIbHUI MNONIT Ky/IbKK
6ina TouKkK i BinpUBY Big chepuuHoi fopixkkm (puc. 76); 2. BusHauases KyT O, NPU AKOMY Ky/ibKa Bifpusanaca sif chepuyHoi
OOpPiXKKK. [InAa yoro Ha cTon-Kagpi NpoBoAMNAcA AOTUYHA A0 LWKaAWM TPAHCMOPTUPA Ta KY/bKM TaK, AK HaBegeHo Ha puc. 76, B.
3HaueHHA KyTiB B¢, 3aHocuaucaA B Tabn. 1 Ta 064MCNI0BaNOCA cepesiHE 3HaUeHHs O AK cepeaHbOapUdMeTUYHE Pe3yNbTaTIB BCiX
[0cNiAiB. AHaNOMYHO NPOBOAMIOCA BUMIPIOBAHHA KyTa Bigpusy Wanbu Big cdepuyHOT AOPiIXKKW. Pe3ynbTaTv [OCAIOKEHD i
pO3paxyHKiB HaBegeHo B Tabn. 1.

Tabavua 1. Pe3ynbTaT BUMipIOBaHHA.

Tino Ik R I, k n ﬁ! ®o, H GEZOP' Bros, G_Cl‘-' e(cl;rtya'

MM MM MM rpag rpag rpag rpag rpag,

Ky/1bKa 6,25 45 0,9 0,139 1,005 0,626 8 0,14 57,2 23,14 57+1 5742

Ky/bKa 4,75 45 0,9 0,106 1,009 0,644 8 0,14 57,2 23,10 57+1 5842

wanba 10 45 8 0,14 52 52+1 53+2
Gé;}’ﬁl —KYyTU BiApMBy, BMMipﬂHi CTyAeHTaMU Ha BUTOTOBIEHUX B1aCHOPYY ,D,OCI'Ii,D,HVILI,bKMX YCTaHOBKaxX.

[epeno: pesynbmamu docnioxceHb aemopis.
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Puc. 7. CTon-Kagapu pyxy Ky/bKu Ta waiibu.
[icepeno: asmopceke gpomo.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

BucHoBKu. KyT BigpuBy Big chepuyHoi noBepxHi Nig yac pyxy WwWainbu aopisHioe 529, a Kynbku — 57°. Lii 3HaYeHHs KyTis
BigpuBy nepenbauyeHi Teopieo pyxy Tin Npu HaaBHOCTI TepTa. [loBeAeHa HE3MIHHICTb BEAMYMHU KyTa BiApwBy Big chepuyHoi
NoBepXHi Ky/IbKM He3anexHo Big, il macu Ta pagiycy. Li pesynbtatv AoBoAATb TON GaKT, Wo po3pobieHa meToamMKa Ta AelleBa
[OCNIAHVUBKA YCTaHOBKAa [03BONSE baKanaBpaM BUMCOKOTOYHO BMMIPHOBATM KyTW BigpPUBY Ky/AbKM Ta ii WBWUAKICTb HaBiTb B
OVCTaHUiiHOMY peXKMMi. TaKUM YMHOM, BiLKPMBAETHCA MOMKIUBICTb EKCMEPUMEHTAIbHO NEePEeBIiPATU Pe3yAbTaTh TEOPETUYHOTO
posrnagy npobaemu pyxy Tin no chepudHiin NoBepxHi 3 TepTaAM.

MepcneKkTMBU NOAANbLLIUX AOCAIAXKEHD. |10 BUKOPUCTAHHA PeroK 418 BUMIPIOBAHHA KIHEMATUUYHMX NapameTpiB Tif,
L0 PYXatoTbCA NO NOXWAIN NIOLWMHI, BNPOBAAXKEHO Y BUFOTOBJEHY HAMU AeLLUeBY eKCNepuMeHTaslbHy YCTaHOBKY. Pe3aynbTati Ta
MeTOAMKa AOCNIAKEHD Y AUCTaHLIMHOMY pexunmi byayTb onybnikosaHi nisHiwe.
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ABSTRACT

The article is devoted to the analysis of practice of application of specific computational techniques within MS Excel, including
VBA, for teaching selected topics in actuarial mathematics.

Formulation of the problem. With the evolution of financial and actuarial models towards complexity and reliance on machine
learning and data science, there is a growing demand for modern mathematicians, particularly actuaries, to acquire new skills
and knowledge. This demand is being driven by new fintech trends in banking and insurance, such as smart payments, real-time
credit risk assessment, automated reputation management, customer analytics, fraud detection and cryptocurrency trading. As
a result, the training of future actuaries must meet high standards to ensure they are equipped to handle the sophisticated
mathematical calculations required by insurance companies and other financial institutions.

Materials and methods. To yield results, both theoretical methods, which involve analyzing books and publications, in particular
in professional journals in the domains of finance and actuarial mathematics, and empirical methods, entailing the observation
of the educational process aimed at training prospective actuaries, are employed in this study.

Results. A study aimed at tackling the challenges encountered in teaching actuarial mathematics topics, such as life expectancy
and mortality tables, revealed that incorporating a balanced blend of theoretical concepts and hands-on applications, coupled
with illustrating mathematical models through real-world examples and reinforcing diverse computational techniques,
constitutes a cornerstone of successful training for aspiring actuaries. Leveraging a versatile and user-friendly tool like VBA (Visual
Basic for Applications) integrated into MS Excel enables educators to customize examples and assignments to match the intricacy
and emphasis of their syllabus, thereby offering students a more targeted learning journey.

Conclusions. The teaching of mathematical disciplines, especially financial and actuarial mathematics, in academic programmes
for future actuaries requires the adaptation of traditional methods and approaches. In particular, the integration of VBA is key to
teaching specific actuarial mathematics concepts, which aims to equip students with the necessary practical competencies. VBA
facilitates interactive learning by enabling students to manipulate variables and observe changes in calculations in real time, which
improves their understanding of actuarial concepts. VBA also allows you to automate repetitive tasks involving complex
mathematical calculations, which saves time and reduces errors. Therefore, its use is recommended when teaching topics
involving tabular data, especially life expectancy.

KEYWORDS: teaching actuarial mathematics; actuarial education; life contingency table; VBA; MS Excel.
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AHOTAUIA

CTaTTA NpUCBAYEHA aHaNi3y NPAKTUKM 3aCTOCYBaHHA KOHKPETHUX 0BUYMCAOBAIbHUX NPUiOMIB y cepesosuLli MS Excel, 3okpema
VBA, ana BUKNagaHHA OKPeMUX TEM aKTyapHOI MaTeEMaTUKM.

dopmynioBaHHA npobaemu. MocTilHe ycknagHeHHA GiHAaHCOBMX Ta aKTyapHUX MOAeNeM, Lo 3a1y4atoTb MalUMHHE HaBYaHHSA i
CTAaTUCTUYHUI aHaNi3 AaHUX, CNPUYMHAE CTIKUIA NOMUT Ha Cy4acHWX MaTeMaTMKIB, 30KpemMa aKTyapiis, AKi NOBUHHI BONOAITU
HOBMMM HaBWMYKaMM i 3HAHHAMM. Lleit nonuT nocuntoeTbea HoBUMM diHTEX-TEHAEHLiAMM B BaHKIBCbKIM Ta cTpaxosii coepax,
TaKUMK K CMApPT-NAaTeXi, OLiHKA KPEeAUTHUX PU3MKIB Y PEXMMi peanbHOro Yacy, aBToMaTM3oBaHe ynpaBaiHHA penyTaLieto,
KNEHTCbKA aHaNiTUKa, BUAB/MEHHA LIAXpaicTBa Ta TOPFiBAA KPUNTOBaOTaMW. AK HACNiAOK, NiArOTOBKA MaWbyTHIX aKTyapiis
NOBWMHHA BiANOBIAATM BMCOKUM CTaHAApTam, Wob BOHWM Oynn 34aTHI BUKOHYBATM CKNAAAHI MaTeMaTUuHi PO3PaxyHKW, AKUX
BMMaratoTb CTPaxoBi KOMMaHii Ta iHLWi GpiHaHCOBI ycTaHOBM.

Marepianu i metoau. [ina OTPUMAHHA PE3yNbTaTiB Y AOCNIAKEHHI BUKOPUCTAHO AK TEOPETUYHI METOAM, Lo NepenbayatoTb
aHani3 KHUr i nybnikaLii, 3okpema B NPodeCinHMX }KypHanax y ranysi GiHaHCiB Ta akTyapHOi MaTeEMaTUKK, Tak | eMNipUYHi MeToAW,
Lo nepeAb6a4aloTb CNOCTEPEXKEHHA 33 HaBYaIbHUM NPOLLECOM, CMPAMOBaHUM Ha NiArOTOBKY MalibyTHiX aKTyapiis.

Pe3ynbrati. [lOCNifKeHHs, 30CepeKeHe Ha BUPILLEHHI Npobnem, WO BMHUKAIOTb NPU BUKNAAAHHI TakUX TEM aKTyapHoOI
MaTeMaTUKK, AK nobyaosa Tabauup TPMBANOCTI XKUTTA | CMEPTHOCTI, MOKa3ano, WO iHTerpauia 6esnepepBHOr0 NOEAHAHHA
TEOPETUYHMX | NPAKTUYHWUX KOMMOHEHTIB, WO CYMPOBOMANKYETHCA AEMOHCTPALLIEID MAaTEMATUMHUX MOAENEN Ha MPAKTUYHUX
NPUKNAAAX | NOCUNEHHAM Pi3HUX 0BYMCAOBaNbHUX METOA[B, € GYHAAMEHTANIbHUM aCNEKTOM epeKTUBHOI NiArOTOBKM MabyTHIX
aKTyapiiB. BWKOPWCTaHHA B HaBYa/ZIbHOMY MpPOLECi TaKoro iHTerpoBaHoro B MS Excel rHyykoro i nerkoro B onaHyBaHHi
iHCcTpymeHTy, sk VBA (Visual Basic for Applications), go3Bonse Buknagadam agantysaTi NpUKAaAM Ta BNpasu BigNoBIAHO A0

CKNAAHOCTI Ta LjinecnpAmMoBaHOCTI iXHbOrO HaBYaIbHOTO NIaHy, HaAAYM CTYAEHTaM BiNbLL LiNecnpPAMOBaHMI AOCBIL HABYAHHS.

BUCHOBKU. BuKNagaHHA MaTeMaTUYHKUX OMCLMNAIH, 0COBAMBO GIHAHCOBOI Ta aKTyapHOI MaTeMaTUKK, B PaMKax akafemiyHux
nporpam niAroToBkM MaibyTHIX aKTyapiis BMMarae aganTauii TpaguLiMHUX MeToais i nigxoais. 30Kpema, iHTerpauis VBA mae
KNIOYOBE 3HAYEHHA ANA BUKNAAAHHA cneupdiuHMX KOHLENLM akTyapHOI MaTeMaTUKK, Lo MaE Ha MeTi 3abesneunTu CTyaeHTis
HEOBXiAHUMM NPAKTUYHMMKM KOMNETeHUiAMU. VBA nNONerwye iHTEPaKTMBHE HABYaHHA, AAlOYM MOK/MUBICTb CTyAeHTam
MaHinytoBaTM 3MiIHHUMM Ta CNOCTepiraTv 3a 3MiHaMM B 0B6YMCIEHHAX Y PEaIbHOMY YacCi, LLLO NOKPALLYE PO3YMIHHA aKTyapHUX
KoHuenuiii. Takox VBA [03BONA€E aBTOMaTWM3yBaTW MOBTOPIOBaHI 3aBAAHHA, MOB'A3aHi 3i CKAAAHMMM MATEMATUYHUMMU
pO3paxyHKamu, L0 EKOHOMUTb Yac i 3MEHLUYE YMCA0 MOMUAOK. TOMY MpWU BUKIAAAHHI Tem, WO 3a/y4aloTb TabauyHi aaHi,
0c0611BO OYiKyBaHOI TPMBAIOCTI KUTTA, PEKOMEHAYETLCA MO0 BUKOPUCTAHHSA.

K/IIOYOBI C/IOBA: 8uUK1aOQHHA GKMYapHOI MamemMamuKu; akmyapHa ocsima; mabauys mpusanocmi wyumms; VBA;
MS Excel.

INTRODUCTION

Formulation of the problem. On January 1, 2024, a new edition of the Law of Ukraine “On Insurance” came into effect.
This edition is the result of the active integration of Ukrainian insurance legislation into the requirements of the European Union.
Additional requirements and standards are being implemented, including the approved and effective Regulation on the
procedure for forming technical provisions by insurance companies (Board of the National Bank of Ukraine, 2023) and the
International Financial Reporting Standard 17 “Insurance Contracts” (IFRS 17 Insurance Contracts, 2024). The requirements of
the relevant regulatory documents provide for the construction and active implementation of complex models of actuarial
mathematics.

Previously, most classical models were relatively simple and could, in principle, be calculated using a calculator or in
Excel. However, nowadays, an increasing number of actuarial and financial mathematics models involve machine learning and
data science methods. We are hearing more and more about fintech technology trends in banking and insurance. Cases related
to smart payments, real-time credit risk assessment using intellectual data processing systems, automation of brand and
company reputation management, customer-oriented analytics, fraud detection, and cryptocurrency trading are becoming
increasingly common.

All of this necessitates the application of new skills and knowledge by modern mathematicians in the insurance and
banking sectors — specifically, actuaries. Consequently, the training of such specialists must adhere to the highest standards, as
their future roles as actuaries will involve crucial mathematical calculations for an insurance company.

Relevance of research. The training of actuaries includes shaping the insurance rate policy, computing insurance
provisions and the necessary amount of the insurance company’s capital, ensuring its stability, reliability, and solvency, and
controlling main risks such as underwriting, market, credit, operational, and liquidity risks.

Actuaries conduct quarterly verifications of the liquidity adequacy test of insurance companies, participate in preparing
insurance and financial reports, and compile the annual actuarial report. The position of the responsible actuary entails making
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strategic management decisions for the insurance company in collaboration with the chairman of the board and key officials of
the insurer.

Educators and practitioners such as (Wu, 2015; Gan, 2017; Martinez et al., 2020) underscore the significance of
incorporating VBA (Visual Basic for Applications) into actuarial practice and its role in cultivating essential competencies among
students.

Aim of research. The aim of this study is to examine the effective application of specific computational techniques
within MS Excel, including VBA, for teaching selected topics in actuarial mathematics, identify and analyze challenges
encountered when teaching topics such as evaluating contingency tables using computational techniques in MS Excel, explore
the effectiveness of utilizing VBA and other computational tools in addressing challenges related to teaching actuarial
mathematics topics, propose strategies for integration of MS Excel and VBA into the curriculum for actuarial mathematics
education.

THEORETICAL FOUNDATIONS OF THE STUDY

Disciplines such as mathematical analysis, algebra, financial analysis, fundamentals of economics, and, notably,
probability theory and mathematical statistics, form the foundation for the qualitative preparation of actuarial models. For
instance, many cash flow models incorporate a discounting model that blends financial analysis approaches with the scenario
approach of probability theory.

At the core of any insurance company's operations lies a balanced insurance rate policy. Actuarial mathematics employs
the balance equation to calculate the so-called fair price of the insurance rate. This equation ensures equality at the time of
concluding the insurance contract between the expected present value of future benefits for the insurance company and the
client's payments to the insurance company.

The initial approach to studying this model for a long-term life insurance contract involves working with probabilities of
death and survival throughout the term of the insurance contract. For each year of the insurance contract, the value at the time
of concluding the insurance contract of the discounted benefit, multiplied by the probability of receiving a benefit for the
corresponding insurance year, is calculated.

For instance, the expected present value for a whole life insurance contract with the benefit of 1 paid at the end of the

insured person's death is given by:
[oe]

Ay = Z vt k Px Qx+k
k=0

where v represents the discount factor, and ,p, and g, are the probabilities of surviving or dying, respectively, during one
year for the insured person at the age of x years at the time of concluding the life insurance contract. Special actuarial notations
are employed for the typical components of classic insurance contracts, facilitating the subsequent construction of actuarial
models based on these components. Similar to A, notations are used for a term life or pure endowment insurance contracts, for
the endowment insurance contract, or for various annuity payments (International Actuarial Notation, 1949-1950).

However, this approach involves rather complicated calculations of sums. Therefore, an alternative is to use so-called
commutation functions. The formulas for calculating the main commutation functions are as follows (Zubchenko, 2016):

w w
D, = v¥ 1, NX=ZD-, sx=ZN<,
j=x j=x

w J w
CX=VX+1dx, szzq, szzM]
o =

j=x
In this case, the main insurance functions for the whole life insurance, term life and pure endowment insurance can be
calculated using commutation functions much more simply:
Mx 1 Mx - Mx+n
Ay =—, A =
Dy

xn| — Dx 4

RESEARCH METHODS

Analysis of personal pedagogical experience in the organization of the educational process of certain issues of actuarial
mathematics and discussion of results with colleagues. Theoretical (analysis of educational sources in the field of finance and
actuarial mathematics) and empirical (observation of the educational process of training future actuaries) methods of scientific
investigation.

RESEARCH RESULTS

However, it is extremely important for future actuaries to be able to quickly and effectively perform relevant
calculations on the insurance basis -- the life table, which contains statistical data on the survival of individuals of the
corresponding age. For example, the following figure shows the calculation of commutation functions for the educational training
basis AM92 (Institute of Actuaries, 2002) (see Fig. 1).

For real case studies, students use life contingency tables from open sources, such as the State Statistics Service of
Ukraine (State Statistics Service of Ukraine, 2022).

Relevant calculations of commutation functions, insurance functions, insurance rates, payments, and sums can
conveniently be performed, for example, in Microsoft Excel. Here, a typical choice would be between using regular Excel tools
with standard functions and the Visual Basic for Applications (VBA) editor built into Excel. For instance, to find the necessary value
of the commutation function based on the insurance basis, one can use the standard Excel function VLOOKUP (Fig. 2).
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However, as an alternative, you can write a universal macro in VBA, thus avoiding being "tied" to the cells of a specific
Excel sheet (Fig. 3).

i 4,0%
FTE 0,03928 70D 1,01820351
u 0,96154 s 1,01986927
d 0,03922
age Ix dx qx Px u™! Dy Nx Cx Mx Rx Sx

17 10 000,0000 6,0000 0,000600 0,9994 0,4936 5133,73 11995994 | 2,96 519,89 27 725,81 2398 087,20
18 9 994,0000 59364 0,000594 0,9994 0,4746 4933,32 114 826,20 | 2,82 516,93 27 205,92 2278 127,26
19 9 988,0636 5,8630 0,000587 0,9994 0,4564 4 740,76 109 892,88 | 2,68 514,11 26 689,00 2163 301,06
20 9 982,2006 5,8096 0,000582 0,9994 0,4388 4 555,75 105 152,13 2,55 511,43 26 174,89 2053 408,17
21 9976,3909 5,7564 0,000577 0,9994 0,4220 437798 100 596,38 | 243 508,88 25 663,45 1 948 256,05
22 9970,6346 5,7032 0,000572 0,9994 0,4057 4 207,16 96 218,40 2,31 506,46 25154,57 1 847 659,67
23 9964,9313 5,6700 0,000569 0,9994 0,3901 4 043,04 92011,24 2,21 504,14 24 648,11 1751 441,27
24 9959,2613 5,6469 0,000567 0,9994 0,3751 388532 87 968,21 2,12 501,93 24 143,97 1 659 430,03
25 9953,6144 5,6337 0,000566 0,9994 0,3607 3733,77 84 082,88 2,03 499,81 23 642,04 1571 461,82
26 9947,9807 5,6405 0,000567 0,9994 0,3468 3588,13 80 349,12 1,96 497,78 23 142,23 1 487 378,94
27 99423402 5,0671 0,000570 0,9994 0,3335 344817 76 760,99 1,89 495,82 22 644,45 1 407 029,82
28 9 936,6730 5,7037 0,000574 0,9994 0,3207 3313,60 73312,82 1,83 493,93 22 148,63 1 330 268,83
29 9930,9694 5,7600 0,000580 0,9994 0,3083 318438 69 999,16 1,78 492,10 21 654,70 1 256 956,02
30 9925,2094 5,8559 0,000590 0,9994 0,2965 3060,13 66 814,78 1,74 490,33 21 162,60 1 186 956,85

Fig. 1. Calculation of commutation functions using AM92 mortality.
Source: calculated by the authors based on (Institute of Actuaries, 2002).

B4 - I Jr | =VLOOKUP($A4;'am92'15A$9:51$120;10;0)

) A | B c , D | E | F | G

1] BrpP viookup

2

3 age Mx | Dx | Nx | Ax | ax | a*kx |
4 17 519,889 | 5133,73 | 119960 | 0,10127 | 2337 | 2337

Fig. 2. Using VLOOKUP function in MS Excel.
Source: calculated by the authors based on (Institute of Actuaries, 2002).

Const ii = 0.04, delta = 3.92207131532813E-02, v = 0.961538461538461
Public Function bs(r)

Dim res
If r = "d" Then
res = "am92"
ElseIf r = "2d" Then
res = "am92@2"
ElseIf r = "dé" Then
res = "am82_ép"
End If

Set bs = ThisWorkbook.Worksheets(res)
End Function

Public Function M =x=(x, 3]
M % = bs(r).Cells(x, 10)
End Function

Public Function D_x(x, r)
D_x = bs(r).Cells(x, 7)
End Function

Public Function N_x(x, r)
N_x = bs(r).Cells(x, 8)
End Function

Fig. 3. Using VBA macro instead of VLOOKUP.
Source: author's own elaboration.

Public Function ntar(x, n, 1, k, m, kz, sex, prog)

ntar = (Alxn(x, n, "d", sex) + Exn(x, n, "d", sex)) / al xlk pr(x, 1, k, "d", sex)
End Function

Public Function npr(x, n, 1, k, s)

npr = s * (Alxn(x, n, "d") + Exn(x, n, "d")) / al_xlk pr(x, 1, k, "d")
End Function

Public Function gpr(x, n, 1, k, s, init, f, e)

gpr = {init + s * (1 + £) * (Alxn(x, n, "d") + Exn(x, n, "d"))) / ((1 - e) * al_xlk pr(x, 1, k, "d")
End Function

End If

Set bs = ThisWorkbook.Worksheets(res)

End Function

Public Function M_x(x, r”

M x = bs(r).Cells(x, 10)

End Function

Public Function D x(x, r)

D _x = bs{r).Cells(x, 7)

End Function

Public Function N x(x%, r)

N % = bs(r).Cells(x, 8)

End Function

Fig. 4. Using VBA macro.
Source: author's own elaboration.
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The VBA approach is undoubtedly more versatile. As a further step in modeling the dynamics of an insurance company,
VBA provides the opportunity to quickly program the calculation of the insurance net rate, net payment, and gross premium

without being bound to specific Excel objects (Fig. 4).

And to present the calculation results in the form of a dynamic actuarial calculator, where, depending on the age,
insurance program, contract term, payment term, frequency, loading for expenses of the insurance company, and insurance sum,

one can calculate the net rate, gross rate, and gross premium (Fig. 5).

Age of insured person 35
Insurance Program 1
Term of the contract 20
Term of payments 20
Frequency of payments 1
Loading for expenses 20%
Sum insured 150 000
Net rate 3,2969%
Gross rate 4,1212%
Insurance sum 150 000,00
Gross premium 6182

Fig. 5. Actuarial calculator.
Source: author's own elaboration.

A continuous combination of theoretical and practical components, along with the demonstration of the mathematical
model on practical cases and reinforcement of several variants of calculations, are integral components of successfully training
actuaries. The following figure shows an example of modeling the net premium insurance provision for the endowment life
insurance contract (Fig. 6).

€23 - fe | =@nres(SCS6;5C58;5C59;5C510;;;;5CST;5C515;5C516;5C511;823)
A B C D E F G H I | J
6 Age of insured person 35
7 Insurance Program 1
8 Term of the contract 20
g Term of payments 10
10 Frequency of payments 1
11 Loading for expenses 20%
12
13 Net rate 5.4925%
14 Gross rate 6.8656%
15 Insurance sum 150 000.00
16 Gross premium 10 298
17
18 Net-premium prospective provisions calculation
19
20 Palicy year Provisions
21 1] 0
22 1 8 469 Provisions
23| 2 17 278
24 3 26 440 160000 - o
25 4 35 971 &
140000 -
26 5 45 885 RS
27 6 56 198 120000 5@
28 7 66 927 100000 +®
29 8 78090 *
&Y 9 89 705 s0000 ¢ # Provisions
31 10 101 794 60000 s ¢
32 11 105 796 *
33 12 109 958 40000
34 13 114 287 20 000 -
35 14 118790 0 ‘0
36 15 123 475 ) ' i y )
37 16 128 353 0 10 15 20 5
38 17 133 432
A calc | provisions | test | new_coditions | am92 | example | am92@2 | am92_6p | am92_func_4% | am92_func_6%

Fig. 6. Net premium insurance provision for the endowment life insurance contract.

Source: calculated by the authors based on (Institute of Actuaries, 2002).

DISCUSSION

Conducting actuarial mathematics courses at the Department of Probability Theory, Statistics, and Actuarial
Mathematics involves the study of theoretical material during lectures in accordance with the developed programs, combined
with practical exercises using modern software. Students are provided with all necessary recommendations, examples, and
templates. An integral part includes group work, studying business cases, team competitions, group discussions, and Q&A
sessions. Students implement individual projects, receiving step-by-step recommendations and constant support from
instructors. This practical experience better prepares them for careers in the field by bridging the gap between theoretical
knowledge and practical application.

Using VBA (Visual Basic for Applications) in teaching actuarial mathematics, especially when working with life
expectancy tables, offers several advantages and features. Among them, the following should be highlighted.
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Automation: VBA allows for the automation of repetitive tasks involved in actuarial calculations. This automation
streamlines the process of working with life expectancy tables, saving time and reducing errors.

Customization: VBA enables customization of calculations based on specific requirements or scenarios. Educators can
tailor examples and exercises to match the complexity and focus of their curriculum, providing students with a more targeted
learning experience.

Interactivity: VBA facilitates interactive learning experiences by allowing students to manipulate variables and observe
the resulting changes in calculations in real time. This hands-on approach enhances understanding and engagement with actuarial
concepts related to life expectancy.

Visualization: VBA can be utilized to create visual representations of data derived from life expectancy tables, such as
charts or graphs. Visualizations help students interpret and analyze the data more effectively, reinforcing key concepts and
insights.

Integration with Excel: Since VBA is integrated with Excel, educators can leverage the spreadsheet software's familiar
interface and functionality. This integration simplifies the process of incorporating VBA scripts into teaching materials and
encourages students to apply their Excel skills in actuarial contexts.

The Department of Probability Theory, Statistics, and Actuarial Mathematics of Taras Shevchenko National University
of Kyiv consistently develops materials and textbooks, covering topics in financial mathematics and risk theory (Mishura, 2016;
Mishura & Ragulina, 2016; Mishura & Ralchenko, 2021), both life insurance (Zubchenko, 2016) and mathematical methods for
insurance types beyond life insurance (Zubchenko & Yamnenko, 2023). Collaborating with the Public organization “Society of
Actuaries of Ukraine,” the department's professors actively participate in working groups focused on the development of
insurance legislation, enhancing the efficiency of training actuaries and financial analysts, and standardizing Ukrainian actuarial
and financial terminology (Zubchenko & Mishura, 2016, 2018).

The department has extensive experience in training actuaries. Graduates from the department are employed in the
largest insurance companies in Ukraine and around the world, the National Bank of Ukraine, banks, and investment companies.
Many students and alumni have successfully completed international qualification exams conducted by the British Institute and
Faculty of Actuaries, thereby validating their highest qualifications at the international level.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

In summary, utilizing VBA in teaching actuarial mathematics, particularly in the context of life expectancy tables, offers
numerous benefits, including automation, customization, interactivity, visualization, integration with Excel, scenario analysis,
debugging skills development, and real-world application. These features enhance the learning experience and equip students
with valuable skills for their future careers as actuaries.

Actuaries are leading experts in risk management and financial uncertainties, making the actuarial profession one of
the most successful in the world. We are actively working to ensure the highest standards of actuarial mathematics teaching.

Based on the benefits highlighted in the use of VBA for teaching actuarial mathematics, future research can focus on
the following areas.

v’ Effectiveness of VBA in Improving Student Learning Outcomes: Conducting empirical studies to measure the
impact of VBA-based teaching methods on student understanding, retention of concepts, problem-solving skills, and overall
academic performance in actuarial mathematics courses.

v" Comparison with Traditional Teaching Methods: Comparing the effectiveness of VBA-based teaching approaches
with traditional methods (e.g., lectures, textbooks, problem sets) in terms of student engagement, comprehension, and long-
term retention of knowledge.

v" Development of Advanced VBA Modules: Creating advanced VBA modules and tools tailored specifically for
actuarial mathematics education, addressing complex topics such as mortality modeling, pension valuation, risk assessment, and
insurance pricing.

v' Long-Term Impact on Career Readiness: Exploring the long-term impact of VBA-based learning experiences on
students' preparedness for careers in actuarial science, including their ability to apply it in real-world actuarial practice, adapt to
technological advancements, and pursue continuous professional development.

v" Industry Collaboration and Feedback: Collaborating with actuarial firms, insurance companies, industry
professionals, and professional organizations to gather feedback on the relevance and applicability of VBA-based teaching
methods to the evolving needs of the actuarial profession.

By exploring these research areas, educators and researchers can contribute to advancing the field of actuarial
mathematics education and preparing students for successful careers in the dynamic and evolving field of actuarial science.
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AHOTAUIA

dopmynioBaHHA Npobremu. 3HAOMCTBO 3 TEOPIEID PiBHAHBL Y LiAnX yncnax abo aiodaHToBUX PiBHAHL HE nepegbdayeHo
6a30BMM KOHTEHTOM KypcCiB MaTeMaTWKM 3aK/1afiB 3ara/ibHOi cepegHboi OCBITU. MpoTe TaKi PiBHAHHA YaCcTO 3yCTpivatoTbea y
3aBAaHHAX MaTeMaTUYHUX ONiMNiag, ANA WKONAPIB PisHUX piBHIB. MeTa poboTW nonsrae y npoBeAeHHi aHanisy TMNis 3agay 3
TEeMM «PiBHAHHA B LiIMX YNCNAX» Y CYHAaCHUX 3MAraHHAX 3 MaTEMATUKK ANA YYHIB Ta OCHOBHUX METOZB PO3B’A3aHHA NOAIGHUX
3a4au.

Marepianu i metogu. Mpu nposBefeHHI AoCAiAXeHHA 6yN0 BMKOPUCTAHO AK TEOPETUYHI METOAM: OMpaLloBaHHA Ta
3AJMCHEHHA aHanizy BW3HaYeHMX iHPOPMALMHUX AKepen, NPOBeAEHHA TEOPETUYHWUX MIpKyBaHb AeAYKTUBHOrO Ta
iHAYKTUBHOrO XapaKTepy; TaK i NPaKTUYHI: po38’A3yBaHHA Pi3HOro BUAY 3aBAaHb i BNPas 3 BU3HAYeHO! TEMATUKK, PO3pobKa
OeTasbHUX MOACHEHb 4,0 OTPUMaHUX PO3B’A3KiIB.

Pe3synbTatu. Y poboTi 3’AcoBaHO posb i micue AiopaHTOBUX PiBHAHb Y KOHTEHTI 3aBA4aHb HA 3MaraHHAX 3 MaTeEMaTUKKN A
LWKONAPiB NounHatoum 3 pisHA |l etany BceykpaiHcbKoi onimniaan. Mpu Lbomy BUOKpEMIEHO TaKi TUNK 334a4, AK 3a4adi Ha
po3B’A3aHHA NiHINHWX Ai0GAaHTOBUX PIBHAHD 3 PI3HOIO KiNbKICTIO 3MiHHWX, 3a4a4i, NOB'A3aHi 3 PiBHAHHAM MNenns, 3aBAaHHA Ha
BCTAHOB/IEHHA MNEBHMX B/IACTMBOCTEN pPO3B’A3KIB 3a4aHOr0 A4iohaHTOBOrO PiBHAHHA, 3a4ayi Ha PO3B’A3aHHA CUCTEM
AiodaHTOBUX PiBHAHb, 33/aYi, WO BUMAratoTb NOLWYKY NOCAIfOBHOCTEW Linnx ymucen. Cepes HanbinbLw NOWUPEHUX METOLB,
LLLO 3aCTOCOBYIOTbCA Y LWKINbHIA oniMniaZHIN maTemaTuui ANs po3B’A3aHHA NoAibHMX 3aJad, BU3HAYEHO TaKi MeToau, fiK
KaHOHIYHWUIA pPO3KNagd HATypasbHUX 4MUCeN, PO3KNAJAHHA OAHIEI UM 060X YAaCTUH PIBHAHHA HA MHOMHUKW, METOA,
MaTemaTUUHOI iHAYKLi , METOA, OLHOK Ta iHWi. HaBeaeHO 3pasku po3s’A3KiB BignoBigHWX 3a4a4.

BUCHOBKMW. BKNtOYEHHA 3HAOMCTBA 3 OCHOBaMM Teopii AiopaHTOBMX PiBHAHb [0 3MICTOBOrO HaNOBHEHHSA KypCiB MaTeMaTUKKN
3aKnagiB 3aranbHoOI cepeAHbOol 0CBITU 6€3yMOBHO BapTO BU3HATU KOPUCHUM AN BCeBIUHOro pO3BUTKY LKONAPIB, HAcamnepes,
£nA GopMyBaHHA Ta PO3BUTKY HAaBMUYOK iX JIOFIYHOTO MUCeHHA. MpeacTaBneHunii y poboTi aHani3 TMNis BiANOBiIAHMX 3aBAaHb
i MeToAjB iX PO3B’A3aHHA MOXKE CTaTW Y Haro4i Ailo4nMM BUMTENAM-NIPAKTMKAM NPKU OpraHisaLii poboTv maTeMaTUUHUX TYpPTKiB
Ta npoBeAeHHi GaKyNbTaTUBHUX 3aHATb 3a TeMamu, AKi MOB’A3aHi 3 PIBHAHHAMMU Y LiAUX Yncnax. Moganblioi po3pobKku
BMMarae CTBOPEHHA AeTaNbHUX NNaHIB-KOHCMNEKTIB NOAIOHUX 3aHATb.

KNKOYOBI C/NNOBA: pigHAHHA 8 Uinux 4ucaax; Kypcu mMamemamuKu 3aKaadie 3a2asnbHOi cepedHboi oceimu; 3a80aHHA
Mamemamu4HUx onimniad 048 WKOAAPI8; MUMU WHKIAbHUX 0AIMMIaOHUX 30004 HA POo38’A3aHHA 0iohaHMOBUX PiBHAHb;
mMemoodu po38’A3aHHA 0iohaHMOBUX piBHAHbL Y WKiNbHIG onimniadHili mamemamuyi; po38UMOK /102iYHO20 MUCAEHHA
wkKonApis.

Onp M., OparaHiok C. PiBHAHHA B LiAUX YMcnax y oniMmniagHin matematuui. @izuko-mamemamuyHa ocsima, 2024. Tom 39. Ne 3. C. 68-74. DOI:
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ABSTRACT

Formulation of the problem. The base content of math courses of institutions of general secondary education does not intend
acquaintance with the theory of equations in integers or equations of Diophantus. Simultaneously we often meet such
equations among the problems of student’s math competitions of different level. The work is devoted to carrying out analysis
of types of problems on the theme “Equations in integers” at the up-to-date math competitions of students of institutions of
general secondary education and basis methods of solving such problems.

Materials and methods. In the process of carried out investigation such theoretical methods as studying and analyzing the
determined sources of information, providing reasoning of deductive and inductive character together with such practical
methods as solving different problems and tasks of the determined theme, working out the detail explanations to the received
solutions are used.

Results. The role and the place of Diophantine equations in the content of problems of schoolchildren’s math competitions
beginning from the level of the Ill stage of the All-Ukrainian Math Olympiad are elucidated. Such types of problems as the
tasks on solving linear Diophantine equations with different numbers of variables, some tasks connected with an equation of
Pell, the tasks on establishing some properties of solutions of the given Diophantine equation, tasks on solving systems of
Diophantine equations, tasks on finding some sequences of integer numbers are marked out. Among the most spread
methods that are used in school Olympic mathematics for solving the problems such methods as canonical decomposition of
natural numbers, decomposition of the one or the both parts of the equation onto multipliers, the method of mathematical
induction and the method of estimation are distinguished. Examples of solutions to the corresponding problems are given.

Conclusions. Inclusion acquaintance with the beginnings of the theory of Diophantine equations to the content of math
courses of institutions of general secondary education is undoubtedly useful for the all-round development of students, first
of all from the position of forming and developing skills in their logical thinking. The represented analysis of the types and
methods of solution of the corresponding problems can be useful to working teachers for organizing the work of math circles
and conducting the elective courses according to the themes that are connected with equations in integers. The creation of
detail synopses of such courses needs further working out.

KEYWORDS: equations in integers; math courses of institutions of general secondary education; tasks for Olympic
mathematics for schoolchildren; types of school Olympic problems on solving Diophantine equations; methods of solving
Diophantine equations in school Olympic mathematics; development of logical thinking of schoolchildren.

BCTYN

MocTtaHOBKa Npobnemu Ta aHaNi3 aKTyanbHUX AOCAiAKeHb. [OHATTA PIBHAHHA € O4HWM 3 OCHOBHWX MOHATb KypCy
MaTeMATUKWM 3aKNagiB 3arasbHOi cepeaHboi OCBiTU. BMiHHA po3B’A3yBaTM piBHAHHA (Uini anrebpaiyHi, pauioHanbHi,
ippaLioHanbHi, TPUrOHOMETPUYHI, MOKA3HWKOBI, NorapudMmiyHi Ta 3milaHi) € oaHiel0 3 6A30BMX CKNAZOBUX MATEMATUYHOI
KYNbTYpW LWKOAPA. AnapaT PiBHAHb LULMPOKO BUKOPUCTOBYETLCA Y PISHUX rany3ax MaTeEMaTUKK, Y Pi3HUX CYMIXKHUX UCUMNAIHAX,
30Kpema, y ¢i3unui Ta Ximii. 3HaMOMCTBO 3 TEOPI€EID PiIBHAHDB Y LiNX Yncnax abo aiodpaHTOBMX PiBHAHDL He NnepeabayeHo 6azoBuUM
KOHTEHTOM KypCiB MaTeMaTUKM 3aKMagiB 3aranbHoi cepefHboi OcBiTW. [poTe TaKi PiBHAHHA YacTO 3yCTPiYalOTbCA Y 3aBAAHHAX
MaTEMATUYHUX ONiMNIaA Pi3HUX PIBHIB (K 4NA WKONAPIB, TaK i ANA CTYAEHTIB) | He 3anuwatoTb banaykumm o cebe Tux, XTO No-
CNPaBXKHbOMY LiKaBUTbCA MaTemMaTuKoto. PO3rnsg nuTaHb, NOB’A3aHMX 3 Teopieto AiodpaHTOBUX pPiBHAHbL, Ha 3acifaHHAX
MaTeMATUYHKX TypTKiB abo nig Yac PakyNbTaTUBHUX 3aHATb L03BOJIAE BUNTENIO NMOBTOPUTU 3 YUHAMM TEOPit0 MOAiNbHOCTI Ta
OCHOBHi YMCNIOBi CUCTEMM, MIABULLMTK IXHIO 3arajibHy MaTeMaTUYHy Ky/lbTypy Ta BMiHHSA pO3B’A3yBaTM HeCTaHOAPTHI 3a4aui,
NOCUANTU 3arasbHUIM iHTEpecC yYyHiB A0 MATEMATMKM i 3aHATb HElo, CNPUAE BUXOBAHHIO CNPOMOXKHOCTI A0 anbTepHaTUBHOMO
MWCNEHHSA, KOHCTPYKTMBI3MY Ta BMHAXia/MBOCTI, GOpMYeE BMIiHHA FapMOHIMHO MOEAHYBATU ANTOPUTMIYHI MeToaM i LUTYYHI
npuiiomn po3s’A3yBaHHA 3aay. He 3BaXaloum Ha Te, WO iCHYE YMMano pobiT, AK HAayKOBOro, TaK i METOAMYHOIO XapaKTepy,
npucBAYeHUX Tematuui aiopaHtoBmux piBHAHbL (Schmidt, 1991; Smart, 1998; AapeHko, 2004; Kpasuyk, 2019), posb Ta micue
LiodaHTOBUX PiBHAHD Y LWKINbHI MaTeMaTULi BUMArae no4anbloro yCBiAoMAEHHA Ta 06roBopeHHs.

Meta pob0oTu nonArae y npoBeaeHHi aHanisy TMNiB 3a4a4 3 TeMU «PiBHAHHA B LiIMX YMCNAX» Y CYYaCHUX 3MaraHHAX 3
MaTeMaTUKM AR YYHIB 3aKNaAiB 3aranbHOi cepefHboi OCBITU Ta OCHOBHUX METOAiB PO3B'A3aHHA NoAibHUX 3a4a4. Takui aHani3
MOXKe BYTU KOPUCHUM ANA Ai0UYMX BUMTENIB-NPAKTUKIB 3 MaTeMATUKKU, 0COBMBO, ANA BUMTENIB-NOYATKIBLIB, MOXe BU3HAUYUTU
CTPYKTYpY Ta 3MICT BiAnoBigHOro Kypcy 3a BMbopom a1 3406yBayiB BULLLOT OCBITU - MalibyTHIX BUMTENIB-NPAKTUKIB 3 MAaTEMATUKM
3aKnagis 3aranbHOI cepeHbOT OCBITU.

TEOPETMYHI OCHOBU AOCNIAXEHHA

[OiodaHT OnekcaHapiNcbKMiA ByB rpeubKMM MaTeMaTMKOM, AKUI »KMB i NMpaLoBaB y TPETbOMY CTOJITTI Halloi epw,
aBTOPOM cepii KHUT Mif Ha3Bol «ApudMETUKa», CYTTEBY KiNIbKICTb AKMX MPUCBAYEHO PO3B’A3yBaHHIO airebpaiyHux piBHAHb
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(Stillwell, 2004). AiodaHT WyKaB po3B’A3KM anrebpaidHmx 3a4a4 y HaTypasbHUX YMcnax. BiH nepwimm BBiB ByKBEHI CUMBOAW ANA
HeBigomMux. HannpocTiwi giopaHToBi piBHAHHA PO3B’A3yBany Le WYMepPOo-BaBiIOHCLKI MaTemaTuKu, nidaropinui Ta EBknig, (Van
der Waerden, 1983). [liopaHT po3pobue neplly TeOpito TaKMX PiBHAHb. Y HACTYMHOMY, L0 TEOPitO PO3BMBANM TaKi BUAATHI
maTemaTuku ak . Biet, M. Gepma, A. MNyaHkape, A. Beinb, /1. Eitnep, K. NlarpaHxk, K. Tayc, A. lexkaHgp, K. Ako6i, MN./1. Yebuwwes,
I.®. BopoHwuii Ta iH. (bess, 2006; Stillwell, 2004). 3 Hei ni3Hiwe chopmyBanacs Taka OKpema ranysb MaTemaTUKK AK AiodaHTOBMIM
aHani3 abo giodaHtosa reometpis (Mordell, 1969; Stiwell, 2004).

Ha pgaHuii yac, y 3aranbHiii NOCTaHOBLiI NUTaHHA, Ai0opaHTOBI PiBHAHHA — LUe anrebpaiyHi piBHAHHA abo cuctemum
anrebpaiyHux piBHAHb 3 paLioHaNbHUMU KoediLLiEHTaMM, PO3B'A3KM AKMUX LUYKALOTb Y LLiMX abo pauioHanbHUX Ymucnax. 3a3suyai
pO3rnApatoTb Taki Ai0daHTOBI PIBHAHHA, Y AKMX YMCIO HEBiAOMMX € BiNblIMM 33 YMCNO PiBHAHL. B cuay uboro giodaHTtosi
PiBHAHHA TaKOX € BiAOMUMMU AK HEBU3HAYEHI PIBHAHHA.

3aranbHa Teopis giopaHTOBUX PiBHAHDL € AaNEKOO A0 3aBepLUeHOCTI. /e Ana oKpemux Knacis AiohaHTOBUX PiBHAHb
HaTenep nNobyaoBaHO UjiNicHY Teopito. 30Kpema, Ana anrebpaiyHMxX PiBHAHb 3 LOBIZIBHOK Ki/bKICTIO 3MiHHUMX. [eAakux Tunis
PiBHAHb APYroro CTENeH0 3 ABOMA HEBIZOMMMM Ta HebaraTbox iHWMX (Mordell, 1969; Schmidt, 1991; Smart, 1998). baraTo iHWK1x
TUNiB AiodaHTOBUX PiBHAHDL i HaTeNep € BiAKpUTUMKM Npobaemamu. [lecata npobiema lNnbbepta — oaHe 3 23 3aBaaHb, Aki Jasupg,
linbbept 3anponoHysaB 8 cepnHA 1900 poKky Ha Il MiKHAapogHOMY KOHIpeci MaTemaTWKiB, NONATAE Yy 3HAXOAMKEHHI
yHiBEPCAaNbHOrO MeTO4y BWM3HAYEHHA pPO3B’A3HOCTI [O0BiNbHOrO anrebpaiyHoro piodaHToBOro piBHHHA. [loBeaeHHA
aNropuUTMIYHOI HEepPO3B'A3HOCTI LbOro 3aBAaHHA 6yno 3aBeplweHo anwe y 1970 poui Opiem Martiacesnuem (Stillwell, 2004).
OTpyMaHuit pe3ynbTaT 3 04HOro HOKY TPOXM 3HU3UB iHTepec A0 AiodaHTOBUX PiBHAHDB, @ 3 iHWOrO — BU3HAYMB HOBI KJ1acu 3a4avy,
AKi NoTpebytoTb AoCNiAKEHHA Ta NO6YA0BM HOBUX TEOPIN.

Y cyyacHit matemaTtuui NOHATTA AiodaHTOBOro PiBHAHHA 3aCTOCOBYIOTb TaKOX A0 anrebpaiuHuX piBHAHb, PO3B’A3KM
AKUX LWYKAOTb Y LinX anrebpaiyHux umcnax geakoro anrebpaiyHoro poswmpeHHsa nons Q pauioHanbHUxX yvcen abo nons p -
aAMYHUX Yncen.

MATEPIANIU | METOAU

Mpu npoBeaeHHi Aocniax)eHHA 6yN0 BUKOPUCTAHO AK TEOPETUYHI METOAW: ONPALOBAHHA Ta 34iMCHEHHA HeobXigHOro
aHanisy BU3HaueHumx iHpopmaLiiHUX AxKepen, NPOBEAEHHA TEOPETUYHUX MiPKYBaHb AeAYKTUBHOIO Ta iHAYKTUBHOTO XapaKTepy;
TaK i NpaKTUYHi: PO3B’A3yBaHHA Pi3HOro BUAY 3aBAaHb i BNPaB 3 BM3HAYEHO! TEMATUKKU, PO3POOKA AeTaNbHUX NOACHEHb A0
OTPMMAHMX PO3B’A3KIB BiAMNOBIAHO 40 NPeACTaBAEHOrO A4 YYHIB 3aKNaiB 3ara/ibHOi cepeiHbOi OCBITU TEOPETUYHOTO KOHTEHTY.

PE3Y/IbTATU AOCNIAXKEHHA

Y oniMniagHUX 3MaraHHAX LWKONAPIB 3 MAaTeMaTUKM Pi3HUX PiBHIB CKNAAHOCTI 3yCTpiyatoTbCA Ai0paHTOBI PiBHAHHA
pi3HMX BMUAIB. [LOCTaTHbO YACTO 3YCTPiYaAlOTLCA ANiHiIVHI AiodaHTOBI PIBHAHHA 3 PiI3HO KiNbKICTIO 3MiHHMX, ane, HaWyacTiwe, 3
OBOMA UM 3 TPbOMaA 3MIHHUMW. [N NiHiMHUX AiodaHTOBUX PiBHAHb NOOYA0BAHO YiTKY TEOPilO, AKY MAE CEHC pO3rnagat y
NOBHOMY 06CA3i y MeXKax 3aHATb MAaTEMATUYHMX TYPTKIB UM BiANOBIAHUX darynbTaTUBIB. [eaki pakTu i€l Teopii MoXKyTb 6yTH
BUKOPUCTAHUMWN A CTBOPEHHA HU3KM HOBMX Ta LLiKaBUX ONiMNiaAHUX 33434y Pi3HMX PiBHIB CKAagHocTi. Mpu LboMy BiAHOCHO
HOBOIO € iAeA MOLWYKY came NpeacTaBieHb HATYPalbHUX YUCEN, XO4a MPOTATOM OCTaHHIX POKIB y onimniafHIN maTemaTuui Lo
ineto iHogj noyanu 3actocoByBaTH (amB., Hanpuknag, (Aapexko, 2004)).

OpHi€t0 3 HaMCKNAZHILMX TEM LWKINbHOI ONiMMiafHOI MaTeMaTUKN, NPUCBAYEHUX Ai0PAHTOBUM PiBHAHHAM, € TEMA,
nos’s3aHa 3 piBHAHHAMM [enna. PiBHAHHSA Menns, sKi TaKoX Ha3MBatloTb PiBHAHHAMM Menna-dGepma, — ue 6yab-sKi giodpaHToBI

piBHAHHSA BUAY ¥ -D. y2 =1, ae D —ue HaTtypanbHe uncno. (Van der Waerden, 1983). [laneko He 3aB A 3araibHiii Teopii piBHAHb

Menna npuainAaeTbca HeobxifHa yBara Ha 3aHATTAX MaTEMATUYHUX TYPTKIB. B cuny LbOro, NnoABa TakMxX PiBHAHb HA MaTEMATUUYHUX
3MaraHHAX A48 NepeBayKHOT BiNbLWOCTi YH4AaCHMKIB LIMX 3MaraHb CTa€ CYTTEBOIO NPo6aemoto. 3ayBarKMMO TaKOMK, WO PIBHAHHA
Menns € LiKaBUMM He nLe cami coboto, a M MOXKYTb BUKOPUCTOBYBATUCA A1 MOLUYKY PO3B’A3KIB PiBHAHb iHWWX BUAiB.

Y 3aranbHOMY BMNAZKY, HA MaTEMATUYHUX 3MaraHHAX WKOAAPIB AiopaHTOBI PiBHAHHA HaluacTile 3ycTpivyaoTbCcA Ha
MaTeMaTUYHKX ONiMNiaAax, NoYMHaUM 3 piBHA BCceyKpaiHCbKOi onimniaam 3 MaTemaTKM AnA WKoNApiB (AHIKyWWH Ta iH., 2013;
AHiKywwuH, KissaTa Ta iH., 2014; Kpasuyk, 2019). KnacMyHowo npu uboMy € HacTynHa 3a4ava, 3anponoHoBaHa ANs yYHiB 9 Knacy
Ha LXXIIl KniBcbKii MicbKilt oniMmniafi OHUX MaTeMaTUKIB.

3adaua 1. 3nalimu yci mpiliku (x,y, p) HamMypanbHUX 4yucesn, y AKUX 4ucio [P € npocmum, wjo 300080/1bHAOMb

2 2
pisnicme Y- (X~ +P)=X-(y +p)=p.
Bidnosids: (3,2,3) ma (p+1,1, p), Oe p — 00sinbHE Mpocme 4ucso.

2 2
Pose’azanna. Posknademo nigy yacmuty 3adaroi pienocmi Ha mHoxcHuku: Y (X +P)=X-(Y +p)=(X- y=p)-(X-Y)

. Ompumaemo pisHicme (x- y—p)-(Xx—Yy)=p . 3p03yMino, Wo 60HA MOXcEe Bymu pasusbHO BUK/IOYHO Y KilbKOX HOCMYNHUX

8UMNAOKAX.
1. x-y—p=1, X=Y=p. Todi X=Yy+p, nidcmaHoska ompumaHo20 supasy 00 nepwoi pieHocmi npueodums 00

2
K8adpamHozo pieHaHHA Y tY:p— p—1=0 gidHocHO 3miHHOI Y . Yucno 1 € KopeHem ubo20 pigHAHHA. [lpyauli KopiHb —

_ p—1) —pu UbOMy He € HamypasAbHUM Yucaom. Omaice, 3aAUWAEMbCA Auwe sunadok y=1. Todi x= p-+1, mpilika yucen
p y p+1,

(p+1,1, p) 3a00801bHAE yMO8U 3a0a4i 017 A0BibHO20 MPOCMO20 Yuca .
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2
2. x-y—p=—1, X—=Yy=—p. T00i y=x+p, MAEMO K8AOPAMHE PiBHAHHA 8IOHOCHO 3MiHHOI X : X +X-p—p+1=0 .

2
B cusny moeo, wo nompibHUMU € Auwe HamypanbHi po38°A3Ku, OUCKPUMIHAGHM D= p +4 P—4 OMpPUMQAHO20 PiBHAHHA MNOBUHEH

b6ymu keadpamom yinozo 4ucaa. O4yesudHo, wo 83az2asi, 017 byOb-aKux GilicHUX 3Ha4YeHb 3MIHHOT P , NPasusIbHO € HepigHicMb
2 2 ) )
)4 +4. p—4<(p+2) . Omie, duckpumivaim D He moxce 6ymu ksadpamom uino2o yucaa 0a8 Mux nNPOCMUX 3HAYEHb

3MIHHOI P, 018 AKUX CIPABOHYEMbCA HEpiBHICMb (p+1)2 < p2 +4. p—4 . Lia HepigHicMb € pigHOCU/IbHOO HepisHOCMI 2. p>5,
abo, 3 ypaxysaHHAM mo20, WO 4ucio P nosuHHo bymu npocmum, 00 HepisHocmi p>3. Y nidcymky, 0na 3miHHOI P
00CMAMHbO AuUWE OKPEeMO nepesipumu 3HaveHHs 2, 8aa ecix iHwux if mpocmux 3HayeHb duckpumiHanm D He moxce 6ymu
K8a0pamom uino2o 4ucna i, 8 Cusy Ubo20 WYKAHUX HAMYpPasabHUX 3HAYEHb 3MIHHOI X He iCHYE. Y eunadky p=2 MAEMO, Wo
D=8, mobmo, duckpumivaHm D mak camo He € keadpamom uinozo Yucaa, WyKaHUX HAMYPAAbHUX 3HaYeHb 3MIHHOT X He
icHyE.

3. X-y—p=p, x—y=1. Y ybomy eunadky Maemo: x=y+1, x-y=2- p .3 nepwoi pisHocmi eunnueae, wo x>y . Tooi
Opyaa pigHicmb moxe 6ymu NpasusbHO Auwe y 060X 8unNadKax: y=1, x=2- p abo y=2, x=p .3 ypaxy8aHHAM mMo20, Wo
Xx=y+1, y Nepwomy 8unadky Maemo y=1, x=2, p=1 —CynepeyHicme, y Opy2omy - =2, x=p=3 —pPO36’A30K.

4. X-y—p=—p, x—y=—1. 3po3ymino, wo nepwa pisHicme 00pa3y npusooums 00 cyrnepeyHocmi.

KoprCHUM iHCTPYMEHTOM ANA NOLYKY pO3B’A3KIB PiBHAHD Y LiIMX Yncnax OyBae BUKOPUCTAHHA KaHOHIYHOTO po3Kaagy
HaTypanbHOro ymcna. KaHOHIYHWI pO3KNag, HaTypasbHOrO YMC/AA MOXKe YCMiWHO 3acTOCOBYBATWUCA ANA PO3B’A3aHHA HaBIiTb

HaMnpocTiwmx AiodpaHTOBMX piBHAHDL. Lle intocTpye HacTynHa 3aga4va ana yuHis 10 knacy LXXII KniBcbKoi MicbKoi onimniagm oHUX
MaTeMaTuKiB.

3adaya 2. Bidomo, wjo mpu MonapHo pisHUx HamypansHux yucaa A b, cmarome dobymok 80. BuzHayumu, aKkomy
HalmMeHWoMy Mpocmomy Yucay Moxce 0opisH8aAMU CyMa Yux vuce.

Bidnoeios: 19.

Po38’s3aHHA. 3p03yMmisno, w0 cyma mpeox NONApHO Pi3HUX HAMYpPAsnbHUX Yuces € binbwoto 3a 2. Omiice, npocme Yucso,
AKUM MOMce bymu ixHA cyMa, € HenapHUm. B cusy moao, wjo yci mpu 4yucaa He Moxyme 6ymu HenapHuUmu 60 marome 006ymxom
yucso 80, mo moxnusum € auwe motli sapiaHm, Koau 084 YUCAA € NAPHUMU | 0OHe — HenapHUM. BapiaHmu, npu AKux yci mpu
4yucna € napHUMU abo 08a 3 HUX € HEMAPHUMU, A 00He — MAapHUM, He Midxo0ams, 60 y maKux surnadkax Cyma Yux yuces € NapHUm

4
yucaom. 80=2"-5 . Ome, yucao 80 mae nuwe dsa HenapHux dinbHuKa. Lle yucaa 1i5 . Po3ensaHemo yci Moxugi npu ybomy

8UMNAodKuU.
c=1, a=2, b=40 . T00i g+ b+c=43. Lle npocme yucno .

1

2. c¢=1, a=4, b=20 .T00i g+ b+c=25 - He € IPOCMUM YUC/IOM.

3. ¢=1, a=8, b=10.Y daHomy 8unaodky a-+ b+c=19. Lle npocme 4Yucno, wo € MeHWUM 3a Yucsmo 43 .
4. ¢=5, a=2, b=8.Y0aHomy 8unadKy 4ucno q-+ b-+c=15 He € MPOCMUM.

Y 3aBAAHHAX MaTeMaTUUYHMX ONiMMNiag, He 3aBXKAM BUMAratoTb 3HAXOAUTKU YCi PO3B’A3KM 3a4aHOTO PIBHAHHA Y LLAMX
yncnax. IHoai Tpeba BCTaHOBUTU iMLLIE NEBHY BAACTUBICTb pO3B’A3KiB. MPUKNaLoM 3aBLaHHA NoAibHOro TMNYy € 3a4a4a, AKY CBOro
yacy 6y/10 3aNponNoOHOBAHO yYHAM 9 K/lacy Ha 3ak/ato4HOMY eTani Bigbopy Komanam Kuesa fo yyacti y IV eTani BceyKpaiHcbKoi
MaTemMaTU4HOI onimniagu.

3adaua 3. [na npocmozo 4ucaa p HamypaneHi yucaa U |V, u# v, € Makumu, ujo 300080/bHAIOMb pigHiCMb

2 1 2 2 .
p =5 (U™ +v") . Josecmu, wjo 4ucno 2. p—u—v € KBAOPamMom abo NOOBOEHUM K8aGPAMOM Uifl020 YucAa.

Po3e’sa3aHHA. EnemeHmapHi nidpaxyHKu 00380410mMb 3pobumu 8UCHOBOK MpO me, Wo, 3d yMmosu 0aHOi 3a0ayi

2

1 2 o2 . o 9 2 _ 2 L
(p =§-(u +Vv7)), mae micye pleH/cmb( 'P—M—V)'( 'P+H+V)—(M—V) , 3Bi0KU, Mi¥C iHwum, eunaueae (u+#v ), wo

2 2
2 .
2-p—u—v>0. Yucro p° e HamypaneHum, ome, yucio U +V e napHum. Lie osravae, wio yucaa U i N marome o0Hakosy

napHicmb. Ane ye 03Ha4ae, Wo NapHUM € KOXHUU 3 MHOMCHUKI8 2-p—u—v MA 2-p+u-+v, HAMYyPAsbHUMU YUCAAMU € KOMHHE

1 1 1
3 4ucen 5 2-p—u-v), 5 (2-p+u+v), 5 (u-v). OdHouacHo,  ouyesudHO, Mae  Micuye  pigHiCMb

1 1 u-v)? . . . .
E-(2~p—u—v)~§~ (2-p+u+v)= - ) - 13 OaHoi pieHocmi, Ha nidcmasi iCHY8AHHA 0719 KOXHO20 HAMYPAsbHO20 Yucad

00HO3HAYHO BU3HAYEHO20 KAHOHIYHO20 PO3KAady, BUMAUBAE iCHYBAHHA MAKUX HamypasabHux yucea A, b i (4, wo

1 1
5 2-p—u—v)= q~a2 = (2-p+u+v)=q- b? , uucio Q y ceoemy KGHOHIYHOMY pO3Knadi He Micmume NosHUX K8aopamis
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2 2 2 2
;V:p—qﬁz ) %ZQ'bz—p , p-g-a =q-b"-p, 2-p=g-a” +0-b" , wucro q € dinbHuKOM

yucna 2.p. 3a ymosu 3a0a4i, YUCA0 P € MPOCMUM. I3 npedcmasneHHA K8adpama ybo20 YUCAA y 8u21A0i NOA0BUHU CymMU

. u
HamypansHuUx Yucen. Tooi

Keadpamie nesHUX HamMypasnbHux yucen U iV eunnuseae, wo p>2. Ome, OiNbHUKAMU YUCAQ 2.p € AUWE Yucaa 1,2,p

2-p,Yucno ¢ Mmosie O0pieHIOBAMU BUKAOYHO OOHOMY 3 HUX. AKWO (=p abo q=2.p, MO HAMypasbHe 4ucao  inumeca

u+v 2 .. u+v . .
Ha npocme yucno p. B cuny moeo, wo T: p—q-a”, modii HamypasneHe Yyucno dinumebcA Ha 4Yucs0 P, 38i0KU BUMNAUBTE,

u+v . . . . - . - .
wo > >p . 3iHwozo 60Ky, i3 ymosu 3adadyi, yHacnidok beznocepedHix nidpaxyHKie MAEMO, Wjo (%j 2+(L2Vj 2_ p i, 8 cuny

2
u+v
Uso20, p>—7— . Ompumatro cynepeyHicme. AKwo q=1 , mo 2:p-U-V=2-a , axwjo q= 2, mo 2-p-u-v=(2-a)

3po3ymifno, Wo npeactaBneHa 3agava 3, AK 3a CBOEK YMOBOIO, TaK i 32 cnocobom CBOro po3B’sA3aHHA He HOCUTb
NPMPOAHOro xapakTepy. BoHa nepepbayae HasABHICTb y BiANOBIAHWX Y4YHIB HAaBMYOK BUKOPWUCTAHHA CRELiaNbHUX LTYYHMUX
npuiiomis MipkyBaHb. MoHa mMaTu pi3Hi NornaaM 3 NpMBOAY TOrO, UM BApTO, UM HE BAPTO BKAKOYATM 3a4adi noAibHoro Tuny o
cKnagy onimniagHux. Ane Ha AaHWI Yac MM Maemo He33anepeyHnin GpakT IXHbOT MPUCYTHOCTI, AKMIA 3aliBUI pa3 NiATBEPANKYE
HeobXxigHicTb cneuianbHOT AOAATKOBOT NiATOTOBKM YYHIB, CNPAMOBAHOI Ha CTBOPEHHA HEOOXiAHUX NepesyMOB OTPUMAHHA HUMM
OMNAOMIB Ha 0NliMNiaAax 3 MaTeMaTUKN ANA LWKONAPIB Pi3HUX PiBHIB.

Y nigcymKy, MOXKHa 3p0bMTN BUCHOBOK NpPO Te, WO Ha ONliMNiaHMX 3MaraHHaAX pisHA |l eTany BceyKkpaiHcbKoi onimniaan
3 MaTeEMATUKM 414 LWKONAPIB 3yCTPiYatoTbCA A40CTaTHbO Pi3Hi 3a4a4i AK Ha po3B’A3aHHA AiodaHTOBUX PiBHAHD, TaK | Ha AOBEAEHHA
NeBHMX BIACTUBOCTEN PO3B’A3KIB TaKMX PiBHAHD.

Ha 3maraHHax IV eTtany BceyKpaiHCbKOi oniMmniagM 3 mMaTeMaTUKU ANA LWKOAAPIB PIBHAHHA Y LiIMX YMCNax TaKOX
3yCTpivatoTbCA TPagMLUiMHO YacTo. TyT BiANOBIAHI 3afayi CTalOTb 6iNblW CKAAAHUMM, 36iNbLIYETHCA PISHOMAHITHICTD MeToAiB
IXHbOro po3B’A3aHHA. fAK i paHile, 3ycTpiualoTbCA He nLe 3aj4adi Ha Po3B’A3aHHA AiopaHTOBUX PiBHAHD, a 1 3aga4i, 6AM3bKi 3a
TemaTuKolo. HacTynHy 3agady, 3anponoHoBaHy y4HAM 9 Knacy Ha L BceykpaiHCbKin onimniagi 3 maTeMaTuKK, posrasHeMo fK
npvknag.

3adaya 4. BusHayumu, AKe  HaliMeHwe  3HAYeHHA  Moxce  npuliMmamu  mMamemamuyHuli  eupa3

(x, —x )2+(x -X )2+...+(x -X )2+(x -X )2 y AKOMY Yucaa x, , x X € Yinumu, nonapHo pisHUMu
1 2 2 3 n-1 n n 177 ’ 7T ’ !

17 72
Bidnoeiob: 4 .n—6.
Po36’a3aHHA. 30 0NoM0o20t0 Memody MamemMamuyHoi iHOYKUii 0osedemo, wo 017 008inbHO20 HAMYpPAALHO20 YUCAA

N ma dosinbHUX NonapHo pi3HUX yinux yucen x_, x

17 Xprees X 8ipHOIO € HepigHicMb
n

2 2 2 2
(xl—xz) +(x2—x3) +...+(xn_l—xn) +(xn—x1) >24.n-6 .

2 2
Crnipasednusicme meepOxceHHA 6a3u iHOYKYii € o4esuoHoro. JilicHo, HepigHicmb (xl—xz) +()€2 _xl) >2 ¢
npasusbHO 8 CUMy MO20o, Wo, 3a yMmosu 3adadi, Yini yucna x i x, € pi3HUMU.

Mpunycmumo, meepdxeHHs € icMuHHUM 05 HamypanbHoz2o yucaa K , mobmo

2 2 2 2
(xl—xz) +(x2—x3) +...+(xk_1—xk) +(xk —xl) >24.k-6 .

Hexali yini yucna Xy Xyp s X, Xk +1 € nmonapro pi3sHUMU. He empayarodu 302aa6HOCMI, MOXHA 88aXamMu, Wo

yucno X1 Halibinbwe 3 HUX. Jleako nepekoHamucsa y momy, wo

2 2 2
_ — —(x — =2. —x ) _ X n H
(xk X, 1) +(xk 1 xk) (xk xl) 2 (xk 1 xk) (xk 1 xl). B cuny mozo, wo vucna x,, x,, ma X 4 € nonapHo

i i X 6 igHi 2:(x, ,—x )(x ,-x)>4

pisHumu i 4ucno X, 4 € Halbinbwum 3 HUX, MPABUNLHOIK € HepigHicMb ( K+l k)( K+l 1) . Omixe,
2 2 2 . . .

(xk —xk+1) +(xk+1—xk) —(xk —xl) >4 . [flodaroqu yto HepieHicmb 00 MpUnNyuweHHA HOYKUii, ompumaemo nompibHe

meepoeHHs 0418 Yucaa k+1. Y niOcymKy, 32i0HO nNpuHYyUNy mamemamu4Hoi iHOyKuii, 0oeedeHo, W0 BOHO € iCMUHHUM 0715

008in1bHO020 HAMYpPAsbHO20 Yucaa N .
[nAa 3aeepweHHs po368°A3GHHA 300aYi 30AUWAEMbLCA HABeCcMU MpPUKAAOU MAKUX quces, 044 AKUX y 0oeedeHili
Hecmpoeili HepisHocmi 6yde mamu micue pigHicmo. Jle2cko nepekoHamucsa y momy, wo 0na HenapHozo yucna N, n=2.k-1,

kEN,MO}chanomacmu Xj=2'j—2 npu j<k ma Xj ==2-j+4-k-1 npu j>k+1.A4na napHozo yucna N, n=2.k, keN

, MOXCHA NPUycmumu, wo Xj:Z-j—Z , AKWO j<k ma Xj ==2-j+4K+1 | akwo j=k+1.
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Ha 3maraHHax pisHA |V eTany BceyKpaiHCbKOI yYHIBCbKOI OniMmniagM 3 maTeMaTUKU CYTTEBUM YMHOM PO3LUMPHOETLCA
anapar, Lo 3aCTOCOBYETLCA ANA PO3B’A3aHHA AiopaHTOBMX PiBHAHb. TaK, 40BO/I YaCTO BUKOPUCTOBYETLCA METOL, OLLiHOK.

Ha gaHomy eTtani 3maraHb 6ina TpeTUHM 3aBAaHb 3 BU3HAYEHOI TEMU BUMaraloTb PO3B’A3aHHA BXKe cucteM AiopaHTOBUX
piBHAHb. OAHIEI 3 KNAaCMYHMX 324,34 TAaKOTO BUAY € HACTyMNHa 3a4a4a, 3anponoHoBaHa ana yyHiB 10 Knacy Ha LVIII BceyKkpaiHCbKiin
onimniagi OHUX MaTeMaATUKIB.

_nk
3adaua 5. Po3g’azamu y HamypaneHux yucaax XY, p, n, K cucmemy pigHaHb SX+y=p .
5.y+X= pk+n

k-3 k-3
Bidnoeidb: 6ydb-ake HamypasibHe 4yucsao K, ujo 3a00807bHAE HepisHicMb k>3, X=2 , y=3-2 , p=2, n=1.
3yCcTpivaloTbCsA TAKOXK | BE/IbMU «EK30TUYHI» 3aBAAHHA HA PO3B’A3yBaHHA PiBHAHDL Y LiNWX Yncnax. Y aKocTi Npuknaay
MOKHa HaBeCTM 33434y, 3anponoHoBaHy yyHamM 10 Knacy Ha LIX BceyKpaiHCcbKili onimniagi FOHUX MaTeMaTUKIB.

al ,b!
3adaya 6. 3Halimu yci HamypansHi yucaa & ih, 0aa Akux yucno 27 +27 ¢ Kybom HamypaneHoz20 Yucaa. (Mpu ysomy

YYHAM Ha2adyrome, Wo 0418 HaMypasnbHO20 YUcaa N 30 03HAYEHHAM pn1=1.2.3-4-....n ).

Bidnoeidb: a =2, b=2 .

Ha BigmiHy Big onimniag, iHWKWIA BUA 3MaraHb 3 MaTeMaTUKKU A1A WKONAPIB — MaTemaTuyHi 60i — micTaTb 3agadi gello
iHwux Tvnie. TyT HanyacTiwe niabupatoTb 3aBAAHHA, WO BMMAratoTb binblie NOACHEHb, NepeabayardTb iCHYBaHHA Pi3HUX
BMMAAKIB, MPUNYCKAlOTb Yy3arasbHEHHA. TyT BIiTAETbCA MOMKAMUBICTb AUCKYCiK. Tema AiodaHTOBUX PiBHAHb € LUMPOKO
npeAcTaBAeHO Y LibOMY PO34ini onimniagHoOi MaTeMaTHKW. Y 3aBAaHHAX 419 MaTeMaTUYHMX 60iB Pi3HOMAHITHI PiIBHAHHA Y LiANX
yncnax MoXKyTb BYTU NPUCYTHIMM BXKe A4/1A YYHiB 8 Knacy. MpuKknagamm TakMx 3aga4 MOXKyTb ByTU HacTynHi.

3adaya 7. flosecmu, wo Yucsao 2019 € HalimeHW UM HamMypasabHUM YUC/OM, AKe 0OHOYACHO 300080/1bHAE 08 HACMYHI
ymosu: 1) 80HO € CymMol Yyemeepmux CmeneHie n’asmu fnonapHo Pi3HUX HAMYpPanabHUX 4ucesn; 2) 80HO € CyMoOK wecmu
nocniGo8HUX HAMYPAAbHUX Yucerl.

m n

3adaua 8. 3Halimu yci napu (m;n) HamMypaneHUx Yucen M, N, 017 AKUX KOXCHE 3 Yucesn 3413 +1l¢ KpamHum
0o 0obymKy m-n .

[ns yyHiB CTapLUMX KNaciB 3yCTpivatoTbCA HaBiTb 3a4adi, LLLO BMMAratoTb NOLIYKY NOC/if0BHOCTEN winnx yncen. Bsarani,
TYT NepeBakatoTb AOCTaTHbO CKAAAHI 3a4a4i, NPUKNAL0M AKMX MOXKe ByTK HacTynHa.

3adaya 9. HYepes ¢(n) N03HAYEHO KinbKicmb HAMYPAAbHUX Yuces, AKi He nepesulyoms HaAMypasnbHo20 yucaa N ie
830EMHO npocmumu 3 HUM. [losecmu, wo icHye make HamypasbHe 4ucao M, wo pieHAHHA @(n)=m Mae npuHalmHi 2015
po3e’askis.

3po3ymino, Wo AesKi ifel, LWo 3acTOCOBYOTLCA NPU PO3B’A3aHHI HAaBEAEHUX BULLE 33[a4, MOXKYTb BYTU BUKOPUCTAHI Y
HayKOBI poboTi WKOAAPIB, 30Kpema, Npu NiAroToBLi PobiT ANs yyacTi y KoHKypcax MAH.

BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOC/NIAXKEHHA

HaTtypanbHi Ta uini yncna € NepBUHHUMK, Yy NEBHOMY CEHCi OCHOBHMMW YMCAOBMMMU CUCTEMAMM, WO BXOAATb A0
KOHTEHTY LIKiNbHOT MaTEMATUYHOI OCBITH, CUCTEMAMM, BAACTUBOCTI AKUX Y MeKax cepeaHboi OCBITM Yy JOCTaTHbO NOBHOMY 06cA3i
ONaHOBYIOTb NPOTAFOM YCbOro Mepioay HaBYaHHA. B cuny Lboro, ymosu 3agau, AKi chopmynboBaHO 33 AONOMOrOH LiNX Yncen,
pO3B’A3aHHA AKUX Nepenbayae 3HAXOAMKEHHA MEeBHUX LiAMX YMCes, YacTo NPeACTaBAATLCA YYHAM LiNKOM 3pO3YyMinnMMu,
Bi4NOBiAHI 3a4ayi, HAa NepLUMii NOrNAA 34at0TbCA AOCTAaTHLO MPOCTMMM. 3 iHWOro HOKY, NepeBaXkHy 6iNbWicTb NOAIOHUX 33434 ax
HifIK HEe MOXXHA BBayKaTu TpMBiasbHUMMU. MoLWyK po3B’A3KiB NOAIOGHMX 334a4 YACTO BiAKPUBAE Malike HEOBMeKeHe axepeno ans
TBOPYOCTI.

3apgayi, NoB’A3aHi 3 Po3B’A3aHHAM Ta JOCAIAKEHHAM AiodaHTOBUX PiBHAHb, cepes, BKa3aHMX BULLE 33434 3alMatoTb
rnoyecHe Micue. BKNOYEHHs 3HAaMOMCTBa 3 OCHOBaMM Teopii AiopaHTOBMX PiBHAHb [0 3MICTOBOrO HAMOBHEHHA KypcCiB
MaTeMaTMKKN 3aKNagiB 3arasibHoi cepefHboi OCBITM, 6€3YMOBHO, BAapTO BU3HATU KOPUCHUM A1 BCEOIYHOTO PO3BUTKY LLKOAAPIB,
Hacamneped Ans GOPMyBaHHA Ta PO3BUTKY HABMYOK iX NIOMYHOrO MMUCNEHHA. Ha aaHuii Yac nepesakHa binbwicTb nogibHoro
maTepiany, BigHeceHa A0 NornMbaeHoro piBHA HaBYAHHA, MICTUTLCA cepes 33434 0NiMNiagHOT MaTEMATUKM.

Y poboTi 3’acoBaHo posb i Micue AiodaHTOBUX PiBHAHL Y KOHTEHTI 3aBAaHb HA 3MAraHHAX 3 MaTeMaTUKKU ANA WKONAPIB
noumHatoum 3 pisHA Il etany BceykpaiHcbKoi onimniagy. Mpu LbOMy BUOKPEMAEHO TaKi TUNKM OfliMNiafHNX 33434, AK 3a4adi Ha
PO3B’sI3aHHA NiHIMHUX Ai0PAHTOBMX PiBHAHb 3 PI3HOK Ki/IbKICTIO 3MIHHMX, 3a4a4i, NOB’A3aHi 3 piBHAHHAM lNenns, 3aBAaHHA Ha
BCTAHOB/NEHHSA NeBHUX BNACTUBOCTEN pO3B’A3KiB 3a4aHOro AiodpaHTOBOro PiBHAHHSA, 3aZa4i Ha PO3B’A3aHHA cUcTeM AiodaHTOBUX
piBHAHb, 3ajadi, WO BMMAralTb MOLWYKY NOCNiLOBHOCTEN Linux uucen. Cepef, HaWbinbw MOLWMPEHUX METOLIB, WO
3aCTOCOBYHOTbCA Y LWKINbHIM oniMniagHin mMaTemaTuui AnA po3B’A3aHHA MOAIGHMX 334ay, BM3HAYEeHO Taki mMeToau, fAK
npeacTaBNEHHA HaTypasbHUX YMCeN Y BUTAAAT AOOYTKY HaTypanbHUX CTEMEHIB Pi3HUX MPOCTUX YUCeN, PO3KNAAAHHA OAHIE um
060X YaCTUH PIBHAHHA Ha MHOMHMKMK, METOA MaTeMaTUYHOI iHAYKLii, MeTos OUiHOK Ta iHwWi. HaBegeHO 3paskM po3s’aA3kiB
BiANOBiAHMX 3a4a4. MaeTbcA Ha yBas3i, WO NpeacTaBAeHUIn maTepian byae KOPUCHUM AR BUMTENiB-NPAKTUKIB NpW opraHisauii
pob0TM MaTeEMATUUYHUMX TYPTKIB Ta NpoBeAeHHI GaKyNbTaTUBHUX 3aHATbL 32 TEMaMM, AKi NOB’A3aHI 3 PIBHAHHAMM Y LiINX YMCNAX.
Moaanblwoi po3pobKM BUMArae CTBOPEHHA AeTaNbHUX MAAHIB-KOHCMNEKTIB NoAibHUX 3aHATb. MpeacTaBAeHU maTepian TaKkox
MOKe BU3HAUYMUTU CTPYKTYpPY Ta 3MICT BiANOBiAHOro Kypcy 3a Bubopom ans 3406yBadiB BMLWOI OCBITM — MalbyTHIX BUMTENiB-
NPaKTMKIB 3 MaTeMaTUKM 3aKNaAiB 3ara/ibHOI cepefHboi OCBITH.
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ABSTRACT

Formulation of the problem. Experimental research is an integral part of physics education. During distance learning, students
can carry out hands-on experiments only at home. Modern smartphones, equipped with various sensors, offer significant
capabilities for this purpose. The literature offers quite extensive descriptions of experiments aimed at determining
mechanical, acoustic, and optical quantities using smartphones. At the same time, insufficient attention has been paid to
determining gas parameters that can be measured using the pressure sensor embedded in smartphones. Therefore, the
relevant task is to develop a methodology for experimenting to determine the density of air and its molar mass at home using
a pressure sensor.

Materials and methods. To achieve the objective of the study, we used the analysis of the curriculum of the course "General
Physics for Bachelor of Engineering", a review of the methodological instructions for performing laboratory work in the
section "Molecular Physics and Thermodynamics" of the physics course of technical universities, a review of the literature on
the topic of the study, and an analysis of the results of student research on the dependence of air pressure on altitude. We
also surveyed students about the possibility of conducting the research at home and their interest in conducting other
experiments using a smartphone.

Results. The methodology for determining the density and molar mass of air was developed based on the results of a study
of the pressure-height dependence. It is shown that it is necessary to perform statistical processing of experimental data to
estimate the sought quantities. The experimental results allowed us to obtain values of density and molar mass of air that
show a good correlation with the tabulated values.

Conclusions. Studying the pressure-altitude relationship using a smartphone and the PhyPhox application allows for fairly
accurate calculations of air density and molar mass. According to the survey results, students responded positively to
conducting home experiments using smartphones.

KEYWORDS: barometric formula; air density; smartphone; pressure sensor; home experiment; teaching physics.

BU3HAYEHHA NYCTUHU TA MOIAPHOI MACHK NOBITPA
B AOMALLUHbOMY EKCMEPUMEHTI

Cepriii NOANACOB X

HauyjioHaneHuli mexHiyHuli yHisepcumem YkpaiHu «Kuiecbkuli nonimexHiyHul iHcmumym imeHi lzopsa CikopcbKoeo», YKpaiHa
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AHOTAUIA

MNMoctaHoBKa npobnemu. Hesia’ eMHOIO CKNaf0BOK HaBYaHHA Gi3NKKU € NPOBEAEHHA eKCNepUMEHTabHUX AoCaigKeHb. Mig,
Yac AMCTaHLiMHOIO HaBYaHHA HATYPHUI EKCNEPUMEHT CTYAEHTU MOXKYTb BUKOHYBATM TiIbKM BAOMA. 3HAYHI MOXAUBOCTI ANA
LbOro HafaloTb CyYacHi cMapTOHK, AKI OCHALLEHI PiIBHOMAHITHUMKM AaTyMKamu. B niTepaTypi [OCTaTHBO LUMPOKO ONMCaHi
EKCMEePUMEHTU MO BU3HAYEHHIO MeXaHIYHMX, aKYCTUYHUX Ta ONTUYHMUX BEIMYUH 3 BUKOPUCTAHHAM CMapToHa. Y Tol Xe vac,
HeA0CTaTHLO YBaru NPUAINEHO BUSHAYEHHIO MapaMeTpiB rasis, WO MOXKHa 34iMCHIOBATH, BUKOPUCTOBYOUM AATUMK TUCKY, AKI
BCTaHOB/EHUI Y cmapTdOHi. TOMy aKTyasbHUM MOCTAa€E 3aBAAHHA PO3POOKM METOAMKM MPOBEAEHHA EKCMEePUMEHTY no
BM3HAYEHHIO N'YCTUHW NOBITPA Ta MOro MONAPHOI MacK B JOMALLIHIX YMOBaX 3 BUKOPUCTAHHAM AaTYMKa TUCKY.
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Marepianu i metoau. 119 AOCATHEHHA NOCTaB/EHOI METU AOCANIAKEHHA BUKOPUCTAHO aHani3 HaBYa/IbHOT MPOrpamm Kypcy
«3aranbHa disvKa ana 6akanaBpis iHKeHepHMX cnewianbHOCTENY, OTNAL METOANYHUX BKA3iBOK 40 BUKOHAHHA 1abopaTopHMX
pobiT 3 po3ainy «MonekynapHa ¢isvka i TepmoguHamika» Kypcy isvKM TexHiuHux BH3, ornag nitepaTypu 3a Temoto
[OCNIOKEHHA Ta aHaNi3 pesynbTaTiB CTYAEHTCbKUX OOCNIAMKEHb WOA0 3aNeXKHOCTI TUCKY MOBITPA Bif, BUCOTU. TakoX mMu
NPOBOAUNN ONUTYBAHHA CTYAEHTIB CTOCOBHO MOMAWMBOCTI MPOBEAEHHA [AOMALUHIX AOCNIAMKEHHA Ta FOTOBHOCTI A0
npoBeAeHHS iHWMX EKCNEPUMEHTIB 3 BUKOPUCTAHHAM CMapThOHa.

Pesynbtat. Po3pobneHa mMeToauKa BM3HAYEHHS FYCTMHM Ta MOAPHOI Macu MOBITPA 3a pesysbTaTaMu AOCAIAMEHHS
3aN€KHOCTI TUCKY Big, BMCOTU. [OKa3aHO, WO AN KOPEKTHOTO OLHIOBAHHA LWYKaHUX BeAWYMH HeobXigHO mpoBoAuTH
CTaTUCTUYHY 0B6POBKY eKcnepuMeHTanbHUX AaHWX. [IpoBefieHi eKCNepUMEHTU A03BONNAN OAEPMKATU 3HAUYEHHA FYCTUHU Ta
MOANIAPHOT MacK NOBITPA, AKi 4O6PE KOPENIOTb 3 TABAUYHUMU 3HAYEHHAMM.

BucHOBKK. [loCnigsKeHHsA 3aNeXHOCTi TUCKY Bif, BUCOTW i3 3acTocyBaHHAM cmapTdoHa i nporpamu PhyPhox nossonse
[0CTaTHbO TOYHO OBYMCAUTM TYCTUHY | MONAPHY Macy NoBiTPA. 33 pe3y/sbTaTaMu OMUTYBaHHA BCTAHOBAEHO, WO CTYAEHTH
CXBaNbHO BiAHOCATLCA 4,0 BUKOHAHHA AOMALLHIX OCNIAXKEHD 3 BAKOPUCTAHHAM CMapTdOHa.

KNKOYOBI C/IOBA: 6apomempuydHa hopmyna; 2ycmuHa nosimps; cmapmeoH, 0amyuk mucky; 0omMawHili ekcriepumeHm;
HABYAHHA Pi3UKU.

INTRODUCTION

The problem statements. Studying physics at any level includes conducting educational experiments. As a result of
their implementation, students receive direct confirmation of the principles of physics, acquire experimental skills, and develop
critical thinking. According to the results of the study by Klein et al. (2021), this is most effective when students independently
acquire experimental data. During distance learning, students can independently conduct research and process obtained data by
working with real equipment in remote access mode or using available or home-made equipment. Mobile devices with a range
of sensors offer significant opportunities for conducting physical experiments in both face-to-face and distance learning.
(Sukariasih et al., 2019; Slipukhina et al., 2020). As emphasized by Milner-Bolotin & Milner (2023), and Cukierman et al., (2017),
the use of smartphones in the educational process stimulates students' interest in scientific research and bridges the gap between
first-year students and Engineering. The use of smartphones makes it quite easy to conduct research when students study the
sections "Mechanics" (see, for example, Bug-Os et al. (2023)), "Electricity and Magnetism" Lincoln, (2024), Zhuang et al. (2023),
"Oscillations and Waves" Sarkozi (2023), Podlasov et al. (2023), Csernovszky et al. (2024). A detailed review of Experiments with
mobile devices is presented by Kuhn & Vogt (2022), Imtinan (2023), and Colt et al. (2021).

At the same time, the literature is poorly represented by experiments that students can conduct in distance learning
outside of educational laboratories to study the properties of gases, especially using mobile device sensors. Therefore, it may be
of interest to develop a methodology for experimenting at home to determine the density of air and its molar mass.

The analysis of current research. In the scientific and methodical literature, practically no attention is paid to the
experimental determination of the density and molar mass of air. Only the pumping method is described in the methodological
instructions for laboratory works in physics for face-to-face education (see, for example, Golovina et al., 2013; Ruda, 2018). The
essence of the method is to weigh the flask with air before and after pumping and measure the pressure change in the flask. Such
an experiment can be performed only in a physics laboratory.

Another way to determine air density is to study the pressure-altitude dependence using an Arduino or Raspberry with
a pressure sensor (for example, the GY-68 module has a pressure accuracy of up to 3 Pa, i.e., it can detect a change in altitude of
17 cm), or using a smartphone equipped with a pressure sensor, as suggested by Wye (2023). In his paper, Wye (2023) described
the use of the iPhone 11. Measurements made with the PhyPhox app installed on the iPhone 11 allowed the author to calculate
the air density with an accuracy of £0.03 kg/m3, which is approximately 2.5% of the tabulated density value and corresponds to
a pressure change of about 1.2 Pa. Perhaps such high accuracy is determined by the use of the iPhone itself. In smartphones of
other manufacturers, there are fluctuations in the readings of the pressure sensor in the range of 2-5 Pa, which does not allow
to reliably register small changes in pressure when climbing even one stair, not to mention changes in the height of a brick, as
mentioned by the author. The procedure for determining the error of the pressure sensor is not described clearly in the paper.

Since most students do not have iPhones, it is necessary to develop a measurement procedure to investigate the
relationship between pressure and altitude, taking into account the errors of pressure sensors in smartphones from other
manufacturers.

The purpose of this article is to describe an experiment to determine the density and molar mass of air using only
mobile devices and processing the obtained data.

THEORETICAL BASES OF THE RESEARCH

In general, the pressure-altitude relationship is described by the barometric formula:

P= Poe_n%h, (1)
where Pg is the pressure at the height h =0, M is the molar mass of the gas, g - free fall acceleration, R - the universal gas constant,
and T - the temperature.

Experimental verification of the formula (1) could, in principle, confirm the validity of the Boltzmann distribution and
could be used to determine the molar mass of air, or the universal gas constant. However, when rising even to a height of ~50-
60 m above the initial level (this corresponds to the height of an 18-20-storey building), taking into account the table values of
the molar mass of air and other constant values for a temperature of 290 K, the exponent power is about 6-103, which is
significantly less than one. Taking into account the errors of the experiment, this does not allow us to determine the power factor
in formula (1) with sufficient accuracy, therefore to calculate R or M.
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Mgh Mgh

Taking into account the smallness of the exponent, one can write e” rr = 1 — then
Mgh
P =P (1 — —)
0 RT
and pressure difference for two altitudes is
Mg(h; — hy) Mg
AP =P, — P, = Py————— = Py—Ah.
1 2 0 RT ORT
From the ideal gas equation of state
PM
i 2
BT = P (2)
where p is the density of the gas. Assuming that the air density and temperature do not depend on the altitude, we obtain
AP
=— 3
oih (3)

Equation (3) clearly shows that if the pressure is measured at different altitudes and a graph of P(h) is constructed, then
the tangent of its slope angle equals pg, which allows you to calculate the air density. With known air density, temperature, and
pressure from the equation of state of an ideal gas, we can obtain the molar mass:

__PRT

5 (4)

METHODS OF THE RESEARCH

To achieve the research objectives, we used an analysis of the general physics course syllabus for bachelor of
engineering specialties, a review of the methodological instructions for laboratory work in the section "Molecular Physics and
Thermodynamics" of the physics course at technical universities, a review of the literature on the topic of the study, and an
analysis of the results of students' research on the dependence of air pressure on altitude.

RESULTS OF RESEARCH

Modern mobile smartphones, smartwatches, and tablets are equipped with various sensors, some of them includes a
pressure sensor. To find out if a device has a pressure sensor and its specific characteristics (sensitivity, measurement range, and
some others), you can use a program like Sensors Multitool or a similar one. The operation principle of the pressure sensor in
mobile devices is similar to that of a membrane barometer. However, in this case, a tensor resistor is attached to the membrane,
which is one of the arms of the Wheatstone bridge. The change in the deflection of the membrane results in a variation in the
resistance of the strain gauge, thereby causing an imbalance in the Wheatstone bridge circuit. This imbalance is detected by the
corresponding software and displayed on the gadget's screen. Processing of the pressure sensor signal is carried out by such free
software as Sensors Multitool or PhyPhox, or by applications that simulate the appearance of a barometer on the screen of a
mobile device. The Sensors Multitool software (Fig. 1) displays only instantaneous pressure values to the nearest hundredth of a
hPa. In contrast, the PhyPhox software has two modes - displaying instantaneous pressure values with an accuracy of thousands
of hPa (Fig. 2a) or a graph of pressure versus time (Fig. 2b). In this mode the data is accumulated and can be sent to a computer
in MS Excel or CSV file format. In addition, the PhyPhox program can be controlled directly from the computer. Apps that display
a barometer on a smartphone screen (Fig. 3) smooth out instantaneous pressure values and usually round them to tenths of a
hectopascal (hPa). Note that these readings may differ significantly from laboratory membrane barometer readings and have a
relatively large margin of error. Therefore, in our opinion, it is not advisable to use a "barometer" application in a smartphone to
conduct experiments.
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Fig. 1. Sensors Multitool screen. Fig. 2. PhyPhox screen. Fig. 3. Barometer in smartphone.
Source: author's development.

The pressure sensor in electronic gadgets, like other sensors (acceleration, magnetic field), has 'noise' (fig. 2b), and its
readings change rapidly over time, practically preventing the capture of instantaneous pressure values in applications like Sensors
Multitool and PhyPhox. This noise can be one of the reasons for inaccuracies in the barometer readings on the smartphone
screen.
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In order to estimate the pressure value and the errors that can be assumed when determining it with PhyPhox, it is
necessary to perform a statistical analysis of the pressure values recorded in it, namely to calculate the sample mean and standard
deviation. For this purpose, we used the pressure values recorded by the PhyPhox program over 30 s and 45 s (300 and 450
values, respectively). Based on these data, we calculated the mean, the standard error and built he histograms of the distribution
of the deviations from the mean (Fig. 4). The solid line on the figure, corresponding to a normal distribution with values of variance
determined from the experimental data. It’s clear that that the 'noise' of the pressure sensor is distributed nearly to a normal
law. The standard error for the data shown in fig. 4 is 2.5x1072 hPa and 2.3x1072 hPa, respectively.

; I| ‘I“ S i | ‘
a) b)

Fig. 4. Histogram of deviations of instantaneous pressure values from the mean.
a)30s; 6)45s.
Source: author's development.

The change of altitude of 20 cm (this is comparable to the standard step height of 15 cm in high-rise buildings) causes the
air pressure to change by approximately 2.5 Pa, i.e. within the error of the measuring device. This means that reliably detecting
a change in pressure can be achieved with a change in height of around 60-70 cm so that the pressure change exceeds the error
by about three times. To construct a graph of the pressure-altitude relationship and determine air density 5-7 data points are
sufficient. This corresponds to a change in height of 3-3.5 meters, which corresponds to a rise of one floor. Of course, increasing
the height of the altitude reduces the error in plotting and the error in calculation of air density.

The task of determining the density and molar mass of air was proposed to students of the Institute of Thermal and
Atomic Power Engineering at Igor Sikorsky Kyiv Polytechnic Institute (54 individuals). The task was optional, and only
approximately half of the students completed it. The devices used by the students for measurements may be equipped with
pressure sensors from different manufacturers with different resolutions and thus different errors. That’s why, we recommend
conducting the measurement procedure as follows: at each altitude, activate pressure measurements for 25-30 seconds using
the PhyPhox program, and then send the obtained data to a computer using the "Export data" option. Alternatively, you can save
the data on the gadget using the "Save experiment state" option for future use.

The processing of experimental data involves determining the statistical characteristics (mean and standard error) of a
large dataset. For statistical parameters (mean values and errors) of a large number of exported experimental data, it is advisable
to use mathematical packages such as MS Excel, Google Sheets, or use the program that was developed by us for such cases. This
program is hosted on our website Physics.zfftt.kpi.ua within the Moodle environment and is accessible to registered users. In
addition to the mean value and standard error, the program calculates other parameters of the statistical distribution and builds
a histogram, an example of which is shown in Fig. 4.

Depending on where they lived, students had the opportunity to study pressure changes with height variations ranging
from 6 meters (a two-story building) to 55 meters (a 20-story building). The largest number of experiments were conducted in
5- and 9-story buildings.

To plot the P(h) dependence graph, it is convenient to use the Scatter Plot option of MS Excel with the construction of a
trend line and display of the equation describing this line (fig. 5a). The multiplier before the function argument is the angular
coefficient of the line is equal to the product gp. If students did not have access to MS Excel, they constructed the P(h) graph
using alternative software tools (Fig. 5b), or used graph paper to plot the graph and determined the slope coefficient manually.
From the experimental results, the density values of air calculated by the students ranged from 1.17 to 1.28 kg/m? with an error
of +0.1kg/m3. These results are in good agreement with the data of the reference tables (see, for example,
https://gutpfusik.blogspot.com/2020/07/blog-post.html), taking into account their dependence on the temperature and
humidity of the air. Based on the experimental density values, students calculated the molar mass of air. Its values ranged from
27.8 g/mol to 30.4 g/mol with an error of up to +2.4 g/mol. This range also reasonably corresponds to the tabulated value of
28.9 g/mol.

The lack of previous experimental experience and processing their results caused a number of questions that the students
had. The most frequently asked questions were about how to use MS Excel to calculate the mean value and the error, and how
to use the Scatter Plot. To answer these questions, we developed guidelines and posted them on the website physics.zfftt.kpi.ua.

At the end of the experiment, we surveyed students about their attitudes toward conducting home experiments and their
reasons for not conducting the experimental investigation P(h). The students who completed the research task were unanimous
in their support for this type of work and expressed their satisfaction with getting acquainted with the capabilities of a
smartphone as a measuring device. As for the students who were unable to complete the survey (28 out of 54), the main reason
was the lack of a pressure sensor in their smartphones (23), lack of time (4), and personal reasons (1).
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Fig. 5. The examples of experimental dependences of pressure on altitude obtained by students.
Source: own research.

CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

Using a smartphone as a measuring device allowed students to calculate the density and molar mass of air, based on the
dependence of altitude pressure. The peculiarities of pressure registration using the PhyPhox application determined the
methodology for performing measurements and calculating errors. Processing the results of the experiment stimulated a more
detailed familiarization of students with the calculation of mean value and random errors using MS Excel, Google Spreadsheets,
or other mathematical packages for this purpose. The values of density and molar mass of air obtained by students generally
agree well with the tabulated data.

Modern smartphones, tablets, and smartwatches are advisable for conducting physical experiments by students during
both remote and classroom learning. However, when formulating the task, you need to take into account the availability of the
required sensor in the smartphone. For example, a pressure sensor is built into the iPhone, high-priced Samsung models, and
smartwatches.

The prospects for further investigations we see in the formulation of tasks for physical experiments that can be
conducted at home using affordable and home-made equipment, as well as smart devices.
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