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AHOTALIA

ABSTRACT

MocmaHoeka npobnemu. [lpu 8uBYeHHi MemPUYHUX Mpocmopie y
3006ysayie suwoi 0C8IMU 4acmo 8UHUKAOMb MPYOHOWi 3 PO3YMIHHAM
OCHOBHUX MOHAMb Ma enacmusocmeli yux npocmopis. Lle, y 3Ha4Hili mipi,
€ Hacniokom gopmanizayii yux noHAMs 3 00Ho20 6OKy, ma 36epexceHHA
8i0N0BIOHUX OPMYt08aHL mMa Ha3e, 38uU4YHUX 017 3006ysavie 3i
WKiNbHO20 Kypcy mamemamuku. Halinpocmiwi noHAmmsA 63aeMH0O20
PO3MiUeHHA moyok Mempu4Ho20 npocmopy, Hanpuknao,
MPAMONIHITHICMb iX PO3MILEHHS, Y PI3HUX MPOCMOPAx MoXyms Habysamu
pi3HUx enacmueocmel. IHKoAu ui eaacmusocmi HIAKUM YUHOM He
y3200H#(ylombCcA 3  8i0M0BIOHUMU  810CMUBOCMAMU Y  38UYHUX O0A
3006ysayie esknidosux npocmopax. [4na noo0onaHHA 8KA3aHUX MpyOHOWie
doyinbHO 8UKOpUCMOBYy8amMu Memodu 2eoMempu4Hoi iHmepnpemayii ma
8i3yanizayii yux enacmusocmed. oyinbHUM, MpU YbOMY, € BUKOPUCMAHHSA
enemeHmis  mempuyHoi  2eomempii. Ii  memodu  doseonaome
iHmepnpemysamu 2eomempuy4Hi ocobaugocmi 830EMHO20 PO3MIUEeHHA
MOoY0K Mempu4HO20 Pocmopy y 38u4HuUX 017 3006ysayis suwjoi ocgimu
dekapmosux (MPAMOKYMHUX) cucmemax KoopouHam. Y pobomi HagedeHo
npuknadu ei3yanizayii enacmueocmi Ma0CK020 PO3MIUEHHA YOMUPLOX
MOYOK  Heeekni008o20 Mempu4yHo20 NPOCMopy Yy  NPAMOKYMHil
mpueumipHili cucmemi KoopouHam.

M P ma du. Pesynemamu pobomu ompumaHi Ha
nidcmasi aHanizy Oitovux NiOpy4YHUKI8 3 8UWOI MamemMamuKu 0411 3aknadie
suwoi oceimu, Haykosux nybnaikayili ma anpobosaHi npu YumMaHHi
8i0nosioHo2o cneuykypcy cmydeHmam cneyiansHocmi «014.04 CepedHsa
ocsima (Mmamemamuka)» mazicmepceKozo pigHa euujoi ocsimu. Ans
OMPUMQAHHA 306paxXceHb 8UKOPUCMOBYBA/IOCL OUHAMIYHE 2e0MempuyHe
cepedosuwie GeoGebra 3D.

Pe3syabmamu. Ha ocHo8i 03HaYeHHA Kyma AK yrnopA0KosaHoi mpiliku
moyok  008iNbHO20 ~ Mempu4yHO20  NPOCmMopy, — ma  Kymosoi
XAPAKMepucmuKku  Yb020 Kyma, 6CmaHo8/aeHO hakm  M10CK020
PO3MIUJEHHA YOMUPLOX MOYOK HEEesKni008020 MEMPUYHO20 NPOCMopy,
ma HagedeHO MpuKAadu Yugposoi 8isyanizayii ybo2o po3miweHHA 3a
doromozoro AUHAMIYHO20 2eomempu4Hoz0 cepedosuwja GeoGebra 3D.
Taka sisyanizayis 0ae moxcausicme 3Haliomumu 3006ysadis 8uwjoi ocgimu
3 Halinpocmiwumu ocobausocmamu HeesKnidosux zeomempil.

Formulation of the problem. When studying metric spaces, higher
education students often need help understanding these spaces' basic
concepts and properties. It, to a large extent, is a consequence of the
significant formalization of such concepts on the one hand and the
preservation of the corresponding formulations and names familiar to
students from a school mathematics course. The most straightforward
concepts of mutual placement of points of metric space, for example, the
rectilinearity of their arrangement, can acquire different properties in
different spaces. Sometimes, these properties do not agree with the
corresponding properties in Euclidean spaces. It is advisable to use
geometric interpretation and visualization methods of these properties to
overcome these difficulties. At the same time, it is appropriate to use
elements of metric geometry. Its methods make it possible to interpret the
geometric features of the mutual placement of points of metric space in
Cartesian (rectangular) coordinate systems known to students. Moreover,
it becomes possible to visualize these features with the help of graphic
editors since they, as a rule, use numerical values of the coordinates of
points to visualize them. The paper gives examples of visualization of the
property of the flat arrangement of four points of non-Euclidean metric
space in a rectangular three-dimensional coordinate system.

Materials and methods. The results of the work were obtained by
analyzing existing higher mathematics textbooks for higher education
institutions and scientific publications. They were tested while reading the
corresponding special course for students of the specialty "014.04
Secondary education (mathematics)" of the master's level of higher
education. The dynamic geometric environment GeoGebra 3D was used to
obtain images.

Results. Based on the definition of an angle as an ordered trio of points
of an arbitrary metric space and the angular characteristic of this angle, the
fact of the flat arrangement of four points of a non-Euclidean metric space
is established, with using the dynamic geometric environment GeoGebra 3D
examples of digital visualization of this arrangement are given. Such a
visualization makes it possible to familiarize students with higher education
with the most straightforward features of non-Euclidean geometries.
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BucHosKu. AHanimuyHuli anapam mempu4Hoi 2eomempii Oae
MoXCAUBICMb chopMysamu y3azanbHeHe MOHAMMA M70CKO20 PO3MilyeHHA
moYyoK 008in1bHO20 MempU4YHO20 Mpocmopy. BukopucmaHHA yugpposux
mexHosoeili, 30Kkpema epagiyHux pedakmopie, 00380a7€ 3pobumu
8i3yanizayito okpemux ocobausocmeli 83GEMHO20 PO3MIUEHHA MOYOK
008i71bHO20 MEMPUYHO20 MPOCMOpPY. BUKOPUCMAHHA 00CMAMHbLO NPOCMUX
aHaNIMu4HUX nepemsopeHs npu nobydosi MOHAMMA MA0CKO20 PO3MIUEHHS

moYoK pobume MoXAUBUM 3Haliomcmeo 3006ysavie 3a2an6HOI cepedHboT

oceimu, AKi HABYAIOMbLCA Y MPOYibHUX KAACAX 3 M02UBAEHUM BUBYEHHAM
MamemamuKku, 3 0CHOBAaMU HeesKidosux 2eomempid.

Conclusions. The analytical apparatus of metric geometry makes it
possible to form a generalized concept of a flat arrangement of points in an
arbitrary metric space. Digital technologies, particularly graphic editors,
make it possible to visualize individual features of the mutual placement of
points in an arbitrary metric space. The use of relatively simple analytical
transformations when constructing the concept of a flat arrangement of
points makes it possible for general secondary education students who
study in special classes with in-depth study of mathematics to know
themselves with the basics of non-Euclidean geometries.

K/1t04OBI C/IOBA: moyKa,; eidcmaHb; Mempuka, Mmempu4Huli npocmip;
Kym; Kymosea Xapakmepucmuka; npamMoniHiliHe ma naocke po3miujeHHA

KEYWORDS: point; distance; metrics; metric space; angle; angular
characteristic; rectilinear and flat arrangement of points.

MOY0K.

BCTYN

MocraHoBKa npobaemu. 3acBOEHHA 3406yBaYamm BULLOT OCBITU OCHOBHUX NOHATb METPUYHUX NPOCTOPIB BUKIUKAE Y
HUX NeBHi TPYAHOLLi, Ki NOB’A3aHi 3i 3HaYHMM piBHEM popmaniszaLii uMx NOHATb. Y OKPeMUX BUMNaZKax reOMeTPUYHi BAaCTUBOCTI
HEEeBK/IiJOBUX METPUYHUX MPOCTOPIB MOXKYTb NPAMO MPOTUPIYMTU BIANOBIGHMM MOHATTAM Ta BNACTUBOCTAM KNACUYHMUX
eBKNifoBMx npoctopis. Lii npoTupiyys, 3HAYHOK MIpOKD, MOMKHA NOACHWUTM 3406yBayam, MNob6yAyBaBWKM FEOMETPUYHY
iHTEpPNPEeTaLil0 OKPeMOro MOHATTA Yy KOHKPETHOMY MEeTPMYHOMY npocTopi. Y AaHii poboTi NpOMOHYETbCA BUKOPWUCTAHHA
eNleMeHTIB MeTpUYHOI reomeTpii ona nNobyLoBM TakMX iHTepnpeTauii. Lle fae MOXAMBICTL 3pobuTn He auwe rpadiyHy
iHTEpPNPEeTaLil0 OKPEeMOro MOHATTA KOHKPETHOro METPUYHOro NPOCTOpy, asne i MOoro Bidyanisauito y KNACMYHUX AEKApTOBUX
(MPAMOKYTHMX) cMCTEMax KOOPAMHAT, 32 LONOMOTO LIUPPOBUX TEXHOOTIN.

AKTyanbHicTb gocnigKeHHA. Cepes, AOCNIAXKEHDb, NPUCBAYEHUX MUTAHHAM reoMeTpU3aLii METPUYHUX NPOCTOPIB, CAig,
BMOKpPEMUTU dyHAameHTanbHi pobotn (MeHrep, 1928; BatomeHTanb, 1970; byparo, 2001; Bepxe, 2009) y AKMX BUKAAAEHI
OCHOBHi NO/IO}KEHHSA Ta HaMHOBILLI AOCNIAKEHHSA 3 MeTpUYHOI reomeTpii. Cepes, BiTYU3HAHMX POBIT, NPUCBAYEHNX PiISHOMAHITHUM
NUTAHHAM reomeTpKn3aLii MeTPUYHMX NPOCTOPIB, MOXHa Big3HauMTn pobotu: (Dovgoshei & Dordovskii, 2009; Manywak, 2016).
MnTaHHA reomeTpuyHOi iHTepnpeTauii Ta Bi3yanisalii reomMeTpUUYHUX BNACTUBOCTEN METPUYHUX MPOCTOPIB Y KypcCi BULLOI
MaTemaTuKu posraaganncb y pobotax (Lenart & Rybak, 2017; Lenart, 2020; Lenart, 2021; Kuz’'mich et al., 2022). NMuTaHHA
BNPOBAAKEHHA €1eMEHTIB Teopii MeTPUYHUX NPOCTOPIB Y WKINbHUI KypC MaTeMaTMKM Ta NO3aKAacHy poboTy 3 MaTeMaTUKK
pPO3rna4anuch y gucepTauinHii poboTi (CneasuHcbkuii, 1973). aHa poboTa € NOriYHMM NPOAOBKEHHAM poboTu (Banbko et al.,
2022). 30Kpema, po3rAaHYTO BMNAZOK MNOCKOr0 PO3MIlLleHHA TOYOK Y METPUYHOMY NPOCTOPi, Ta HaBeAeHO NPUKNag 3MiHM
reomeTpii NpocTopy Npu 3MiHi horo meTpuku. HaBegeHo npuKknag nepexony Bif 06’€eMHOro po3millleHHA YOTUPbOX TOYOK
npoctopy A0 iX MN/JOCKOro po3smiweHHA. Lle nnocke po3smillleHHA NPOAEMOHCTPOBaHE 3a AOMOMOroK  AUHAMIYHOro
reomeTpuyHoro cepegosuiia GeoGebra 3D.

Merta cTaTtTi. MeToto CcTaTTi € AEMOHCTPAL,iA MOXK/IMBOCTI 3aCTOCYBaHHA e1eMeHTIB METPUYHOI reomeTpii 40 Nobyao8u
reoMeTpuyHoI iHTepnpeTaLii Ta uMPPOBOI BidyanisaLii OCHOBHUX NOHATb TEOPii METPUYHMX NPOCTOPIB, 3 METOI MOKPALLLEHHA iX
3aCBOEHHSA 3406yBaYamMu BULLLOT OCBITH.

METOAU AOCNIAXKEHHA

Mpn OTPMMaHHi roIOBHUX pe3y/ibTaTiB PO6OTM BUKOPUCTOBYBABCA aKCIOMATUYHWUIA METOZ, 3 BUKOPUCTAHHAM CUCTEMM
aKCiOM MeTpPUYHOro npocTopy. [na OTPUMaHHA YMOBM MIOCKOTO PO3MilLEeHHA TOYOK METPUYHOTO NPOCTOPY BUKOPUCTOBYBABCA
MeTOoZ, aHaNiTUYHUX MepeTBOpPEeHb, 30KPema, MeToh BM3HAYHMKIB. [n1A OTPMMaHHA 306pakeHb BUKOPWUCTOBYBABCA METOZ,
reoMeTpUYHOI iHTepnpeTauii Ta uMbpoBoi Bidyanisaw,ii, 3 BUKOPUCTaHHAM 3acToCyHKY GeoGebra 3D.

PE3Y/IbTATU AOCNIAMXKEHHA

Ha nouyaTtky poboTn HaBeaeMO AenKi i3 OCHOBHMX 03HAYeHb Ta GaKTiB Teopii METPUUYHMUX NPOCTOPIB. BasoBUMM 3 HUX €
NOHATTA NPOCTOPY, TOYKN NPOCTOPY, BiACTaHI MiK TOUKamKM NpocTopy.

Hexail y MHOXWHI X enemeHTiB X 3a NeBHUM NpaBuaom p Byab-AKMM ABOM Pi3HUM eNeMeHTaM Xq | Xy L€l MHOXKWHM
MOXHa NOCTaBUTM Y BiANOBIAHICTb eAMHE aiicHe uncao p(xq, X;) TaK, WO Npu Lbomy 6yayTb BUKOHYBaTUCh YMOBMU:

1) p(xq,x2) > 0,

2) p(x1,x2) = p(x2, %),

3) p(xq,x2) < p(xq,x3) + p(xz, x3), AnA ByAb-AKOrO €NEMEHTA X3 MHOKUHM,

TOAj Take MpPaBWIO P HA3MBalOTb METPUKOI MHOXMHWM X, caMy MHOMMWHY Ha3nBalTb METPUYHMM MPOCTOPOM 3
METPUKOIO p i no3HavatoTb (X, p), unciose 3HadeHHA p(X1, X,) — BiACTAHHIO MiXK €/IEMEHTaMM X1 | X2, @ CaMi eIeMEHTU — TOYKaMM
MEeTPUYHOro NPOCTOPY. Y NoAaNbLIOMY, BiACTaHb MK TOYKaMM X; | X, ByAeMO KOPOTKO NO3HayaTu pi,. Haibinbw npoctmmu
NPUKNaAaM1 METPUYHUX NPOCTOPIB € 0AHOBUMIPHUI (R1), ABoBMMIpHNIE (R?) Ta TpuBMMipHMIA (R3) eBKNinoBI NpocTOpK, 3 AKUMK
YYHi 3HaOMI 3i LWKIBHOTO Kypcy MaTemMaTuKu.

Mpuknagom meTpuyHoro npoctopy € npocTip Clo;q) — HenepepsHux Ha Bigpisky [0; 1] aificHux dyHKuiA. Y ubomy
npocTopi BigcTaHb Mixk dyHKuiamu f(x) i g(x) 3apaetbca dopmynoio:

p(f;9) = maxxe[o;l]lf(x) - g(x)l (1)

Y meTtpuuHomy npoctopi C; iHTerposHux Ha Bigpisky [0; 1] aiicHux dyHKuiM BiacTaHb misk dyHKuiamu f(x) i g(x)
3afa€eTbca Gopmynoto:

p(f;9) = [}1f () — g(x)ldx 2)
(Konmoropos & ®omiH, 1974; Nasnaos, 1979).
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AKLLO B YMOBi 3) HepiBHICTb NMEPETBOPIOETLCA Y PIBHICTb, TO KaXKyTb, WO TOYKU X1, X3, X3 PO3MILLEHI NPAMONIHINHO Yy
npoctopi X. [leaky MHOMMHY TOYOK METPUYHOrO NpPoCcTopy byaemo Ha3MBaTU NPAMOAIHIMHO PO3MILLEHOI Y LibOMY NPOCTOPI,
AKLLO 6YyAb-AKi il TPU TOYKM PO3MiLLEHi NPAMONIHIAHO.

MOHATTA NNOCKOro PO3MIlLEHHA TOYOK 03HAYAETLCA 3a AOMOMOrO0 NOHATTA KyTa, YTBOPEHOIO TPbOMa TOYKaMM X1, X3,
X3 meTpuuHoro npoctopy (X, p). Takum Kytom 6yaemo HasuBaTV ynopsAKOBaHy TPINKY TOUOK (X1, Xy, X3), Y AKIA TOUKY X,
Ha3MBalOTb BEPLIMHOK KyTa, Mapu TOYOK (x1,X;) i (x5, X3) — CTOpoHamu KyTa. 1A MOro nosHa4yeHHs MOXHa BUKOpUCTATH
KNaCUYHe NO3HAYeHHsA KyTa: £ (X4, X, X3). Lle 03HaueHHsA BigMiHHe Bif, KN1aCMYHUX 03HAYeHb KyTa, AK 06’€HaHHA ABOX NPOMEHIB
3i CMiNbHO BePLWMHOK, ab0 YACTUHM MIOWMHM, WO OOMENKYETLCA UMW NPOMEHAMM, OAHAK BOHO Hanbinbw nigxoauTb AnA
BUNAAKY AUCKPETHUX METPUYHMX NPOCTOPIB, OCKIZIbKM TaM HE MOXK/MBO BUKOPUCTATU KNACUYHI O3HAYeHHA. A BUMIpIOBaHHA Ta
NOPIBHAHHA KYTiB 32 BE/IMYMHOIO MOXHA BUKOPUCTATU KNACUUYHY TeopemMy KOCUMHYCIB. Mpu Lubomy, KYyTOBOK XapaKTEePUCTUKOK
KyTa £(x1, X2, X3) 6yaemo Ha3mnsaTu giicHe uncno @(xq, X,, X3), AKEe 3HaX0AUTbCA 32 PopMyoto
p?(xy, x2) + p?(xz, x3) — p* (x4, x3)

2p(xy, x2)p (%7, X3)

@(x1, %2, x3) =

]

abo KopoTwe
_ PhtPi—pi
Pijre = 2pijpjk
Y OCHOBi 03HaYeHHSA NNOCKOTrO PO3MILLLEHHA YOTUPbLOX Pi3HUX TOYOK METPUYHOIO NPOCTOPY NEXUTL GAKT PIBHOCTI HY /O
06’emy TeTpaeapa, BEPLIMHAMM AKOTO € Lii TOYKM. ByAemo KasaTu, Lo YOTMPK Pi3Hi TOUKKM Xq, X,, X3, X, NpocTopy (X, p) naocko
PO3MilLeHi y LibOMY NPOCTOPI, AKLLO BUKOHYETLCA PiBHICTb (Banbko et al., 2022).
1 P213  P214
¥213 1 ®314| = 1+ 2021302149314 — P313 — P314—P314 = 0 (4)

214 P314 1
MonepeaHto PiBHICTb MOXKHa BUBECTU CAMOCTIMHO, HE BUKOPUCTOBYHOUM NMOHATTA BU3HAYHMKA, ab0 K 03HAOMUTM YUHIB

3 NPOCTIWMMM BNACTUBOCTAMM BU3HAYHMKIB TPETLOrO MOPAAKY, NPU PO3B’A3yBaHHI CMCTEM TPbOX NiHIMHMX PiBHAHb 3 TPbOMa
HeBiZoMUMU. [leAKy MHOMKMHY TOYOK METPUYHOTO NPOCTOPY ByAemMo HasMBaTM NJIOCKO PO3MILLEHOLD, AKLWO Byab-aKi il YoTnpK
TOYKM € NIOCKO PO3MILLEHNMM Y LiIbOMY NPOCTOPI.

Po3rnaHemo Ha npuknagax okpemi BNaCTUBOCTI MIOCKOrO PO3MILLIEHHA TOYOK Y Pi3HMX NPOCTOPaXx, Ta AK BN/AMBAE Ha L
BN1ACTUBOCTi 3MiHa METPUKKN NPOCTOPY.

Npuknag 1. Y npoctopi Cpg;1] Bi3bMEMO 4OTUPU TOUKM (PYHKLT):

2V3
}’1:95,}’2:0:}’3:95_1:3/4:? x —0,5).

3a popmynoto (1) 3HalaemMo BiACTaHi MiXK LMK TOYKaMMU:

(i,j,k=123,..) (3)

V3 V3 V3
P12 =1/.013=1,.014=?,,023=1,Pz4=?,,034=?-

3a dpopmynoto (3) 3HaMAEeMOo KyTOBi XapaKTePUCTUKU:
Q142 = Y143 = P243 = —0,5.
MifcTaBuBLLK Li 3HAYEHHA Yy NliBy YacTUHY dopmynu (4), byaemo matu:
1+ 2(-0,5)(-0,5)(=0,5) — (—=0,5)2 = (—=0,5)% — (—0,5)% = 0.

OTKe, TOUKM Y1, V2, Y3, Ya NNOCKO PO3MilLeHi y npocTopi Clg;q], MPUHOMY, HIfiKI TOU 3 LIUX TOYOK HE PO3MilLeHi NPAMONIHIAHO
(Hemae BiacTaHi, Wo AOPIBHIOE cymi ABOX iHWMX). Y reomeTpii EBKAiaa, y npoctopi R?, Touka V4 € LLEHTPOM PiBHOCTOPOHHbLOIO
TPVKYTHUKA 3 BEPLUMHAMM Y TOUKAX V1, Vo, V3, | TOMY Y LibOMY NMPOCTOPI TOUKU V1, Vo, V3, Y4, TEX € NNOCKO PO3MILLEHI.

3MiHa METPUKM NPOCTOPY MOXKE CYTTEBO BMIMHYTU HA MOro reomeTpuyHi BnactusocTi. o6 BNeBHUTUCH Y LbOMY,
po3rnaHemo GyHKLii 3 Mpuknagy 1y npoctopi C;.

Mpuknag 2. 3a dopmynoto (2) meTpuku npoctopy C;, Ha Biapisky [0; 1], siacTaHi mixk Toukamu y, y,, ¥z, ¥4 6yayTs:

P12 = 0,5, p13 =1, p14 = 0,5 pa3 = 0,5, pyy = gr p3a=05.
3 OTPMMaHMX 3HayeHb BiACTaHeW BUMAMBAE, WO TOYKU Vi, Vo, V3, AK | TOUKU Y1, V3, V4, MTPAMONIHINHO PO3MILLEH Y
npoctopi C;, NPUYOMYy, fIK TOUKA Y5, TaK i TOUKA Y4 IEKATb MiXK TOYKaMU Y, | 3. Y eBKAifoBOMY NpocTopi Lie 03Hayvano 6, wo yci
YOTUPU TOYKM PO3MILLEHI NPAMONIHIMHO, OAHAK, HEPIBHOCTI

V3 V3
P12 + P14 =05+ 05 =1> 7= pay, pra + 24 = 0,5+ > 0,5 = pyp,

P12 + P20 =05+ g > 0,5 = p1a,
BKA3YyIOTb Ha Te, WO TOUKU V1, Va2, Vs, (QHANOTMUHO § TOUKK V5, V3, V4) HE PO3MILLLEHT NpAMOiHIliHO y npocTopi C; . To6To, 3i 3MiHOMO
METPUKM NPOCTOPY 3MIHUANCL MOTO reOMETPUYHI BNAaCTUBOCTI.
Tenep nepesipMMO, YM 3aNUWNUANUCL TOYKU Y1, Vo, V3, Y4 NAOCKO PO3MmileHnmm i y npoctopi Cp. Ana uboro, 3a
dopmynoto (3), 3HalAemMo 3HaYeHHA KYTOBUX XapaKTePUCTUK:

9213 =1, Pa14 = 2: @314 = 1.
MipcTasuBLK Lj 3HaueHHA y dopmyny (4), byaemo matu:
1+2-1-1-E—12—12—(E)2=—i¢0.
6 6 36
TaKMM YUHOM, TONKU V1, V2, V3, Y4 HE € NIAOCKO pO3MilLleHUMM y npocTopi C; (06’em TeTpaeapa 3 BEPLUMHAMM Y LUX

TOYKaX He AOPIBHIOE HYAI0), | OTXKE, 3MiHa METPUKM BNAMHYAA TaKOX i Ha BAACTUBICTb NJIOCKOrO PO3MillleHHA TOYOK. Mo iHwomy
MOJKHa CKa3aTy, WO 3MiHWIACb reOMeTpis NPOCTOpPY.
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HaBegeHi suie npuknaam 1 i 2 cBigyaTb NPO MOX/MBICTb 3HAMOMCTBA YYHIB CTapluMx Knacis abo nig yac ypokis
MaTeMaTUKKM, abo Ha PI3BHOMAHITHUX BMAAX HedOPManbHOI OCBITM, 3 OCHOBaAMW METPUYHOI reomeTpii Ta HaWNpPOCTIlLMMM
B/TaCTUBOCTAMM HEEBKNIAOBOI reoMeTpii.

CyyacHi umnopoBi TexHoNOrii faloTb MOXKAMBICTL Bidyasisalii OKPEMUX FEeOMETPUYHUX BNACTUBOCTEN METPUUYHMX
npocTopiB. Hanpuknaa, 3a 4ONOMOro AMHAMIYHOIO reoMeTpuyHoro cepenosuwa GeoGebra 3D MmoXKHa BNEBHUTUCH, LLLO TOYKM
V1, Y2, V3, Y4 NNOCKO PO3MilLLeHi Y NPOCTOPI C[0;1], OCKiNbKM ixHi 06pasm y npoctopi R3 nnocko posmileHi. s nobya0Bu TOYOK
Yy LbOMYy cepenoBuLi MOTPiBHI iXHi KoopauHaTM. ABTOpamu OTpMMaHi Gopmyan ANA KOOpauMHAT BeplwuH TeTpaeapa 3a
LOBXMHamK oro pebep, Ta CTBOPEHUI 3aCTOCYHOK AN NobyaoBM 300paxkeHHs TeTpaeapa 3a LMK KoopguHaTamm (Banbko et
al., 2022). BBiBWK 3HAYEHHA AOBXKWH P12, P13, P14r P23, P24, P34 3 NPUKAaAy 1 y uelt 3aCTOCYHOK OTPUMYEMO HacTynHe
306parkeHHs (puc. 1).

Puc. 1. IHTepnpertauin nnocxoré p03;\niu;leHHH.TOl-;OK Y1, Y2, ¥3, Y4 Y npoctopi Cig,q
Y TOMy, WO YCi HOTUPUM TOUKM NexaTb y naowmHi X0Y MoxKHa BNeBHUTUCh, MOBEPHYBLIM 306paXKeHHsA Tak, Wob Touka
CNOTNAAAHHA NeXana y Uik nnowwmHi (puc. 2).
08
06
04

02

02 A2 06-04 4 -0 14085 gl 2212
Yy

x B2
P

04
Puc. 2. InTepnpeTauis NAOCKOro PO3MILLEEHHA TOUOK Y1, V2, Y3, Y4 Y Npoctopi Cg;1) (BMA 3 Toukn nnowmnn XOY)

Lindposi TexHonorii, y 6inbwocTi BUNaaKis, BAKOPUCTOBYIOTb HABAMKEHi 3HAaYEHHA KOOPAMHAT TOYOK, TOMY Bidyanisauii
HaBeAeHi Ha pucyHKax 1 i 2, HOCATb iNOCTPATUBHUI XapaKTep, OAHAK Yy [O0CTaTHIM mipi BigobpakaloTb XapaKkTep B3aEMHOrO
PO3MiLLEHHA TOYOK NPOCTOPY.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

HaBeneHuit y paHii poboTi maTepian CBiAYMTb NPO MOMKAUBICTb BUKOPUCTAHHA €/1eMEHTIB METPUYHOI reomeTpii npu
BMBYEHHI Teopii METPUYHUX NPOCTOPiB 3406yBavaMu BULLOI OCBITU. AHANITUYHWI anapaT MeTPUYHOI reomeTpii AoCTaTHIN aAna
nobyAo0BM reoMeTPUYHNX iHTepnpeTaLii Ta LMdpPOoBMX BidyanisaLii OCHOBHUX MOHATL Ta BJACTUBOCTEN HEEBKIAOBUX METPUYHUX
NpPOCTOpPiB. BUKOPUCTaHHS eNleMeHTiB MeTPUYHOI reomeTpii Moserwye po3ymiHHA 3406yBayamu BULWOT OCBITM TUX ocobiMBoCTelN
HeeBKAIfOBUX METPUYHMX NPOCTOPIB, AKI HOCATb reOMETPUYHMIN XapaKTep. MaTepian AaHOi poboTM MOXKHa BMKOPUCTATW Ha
Pi3HWUX BMAAX HehOPMaNbHOI OCBITH, 3HAMOMAAYM 3 HUM 3406yBaviB 3arasbHOI cepeaHbOi OCBITH, AKI HABYAKOTLCA Y NPODINbHUX
Knacax 3 NOrMMBNEHNM BUBUEHHAM MaTeMaTMKM. Moro 3actocysaHHA [acTb 3MOTy O3HAMOMMTM YYHiB 3 HalinpocTilMmu
efleMeHTaMMn HeeBKNif0BOi reomeTpii.

Mopanbwi [JOCNIAMKEHHS, Ha Hawy AYMKY, MaloTb OyTWM cnpAMOBaHi Ha nNobyaoBy aHaNiTUYHOI Ta reOMETPUYHOI
iHTepnpeTaLii napanesbHOro Ta MepPneHAMKYNAPHOIO PO3MILLEHHA TOYOK [O0BINbHOrO MeTpuyHOro npoctopy. Lle 3HayHo
PO3LWMPUTL 06NACTb 3aCTOCYBAHHA METPUYHOT reOMeTpIi MPU BUBYEHHI METPUYHMX NPOCTOPIB.
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