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Boesooa A. /1., IIyoosa C. C., MuxaiirenkoJI. @. Ilpuvenenue KoHyenyuu “Game Based
Learning”s o6pazoeameibHom npoyecce

Annomayua. Cmames nOCeaueHa 8onpocy UCNOTb306AHUA Y4eOHbIX KOMNBIOMEPHDIX Up 6 VuebHbIX
sasedenusix Vipaunsl. Paccvompensl ocHosHbie noioxcenus Kowyenyuu Game Based Learning (GBL) —
obyueHle, OCHOBAHHOE HA UZpe, — U MPeuMyWecmsa ‘‘ceppe3HbiX” KOMNbIOMEPHbIX Up. Ipoananuzuposan
3apybescnviii onvim enedpeHus konyenyuu GBL 6 yueOHviil npoyecc 06PaA306aMETLHBIX YUPEHCOCHUAX PAZHBIX
cmpan. Beidenenvt 6azosvie npunyunst meopuu uzposozo odyxerui Gee's Video Game Learning Theory,
xomopas 6wvuia  paspabomana  avepukawckuy  yuenon  [owceicom  Iloiom Ircu.  [Ipoananusuposaril
NPEeUMYUYECTEA UCNONB306AHUA KOMABIOMEPHBIX NPOZPAMM YHEOHO20 HASHAYEHUA.

Paccaocmpeno 6o3modncrocmu npumenenus konyenyuu GBL 6 Vipaune. Onpedeienbl npod:1evuble
acHexmbl 1UCHOT6306AHUA KOMRBIOMEPHBIX Uep KAK UHCMPYMEHMA Yel106e4eckoll 0esmeipHocmi U cpeocmea
oévuenus. Onpedeiensl nymu OdlbHeluletl meopemuieckou u NPaKmMuiecKoll paspadomKy ucciedo8anus no
1210 TH308AHUI0 KOMIBIOMEPHBIX USD 8 NPOYecce 00y 4eHU YUAUUXCA MAmeMamuxe.

K1rouessie croea: game-based learning, meopus 1epogo2o 06V4eRUA, KOMIbIOMEPHble UPbL, BUOCOUSDYL,

sevious games ' (cepvesHble Uuspbl).

I'vievoda A. L., Pudova S. S, Mykhailenko L. F. Use of the concept of Game Based Learning in the
educational process.

The article is devoted to the issue of the use of educational computer games in educational institutions of
Ukraine. The main provisions of the Game-Based Learning (GBL) concept and the benefits of serious computer
games are considered. The foreign experience of implementation of the concept of GBL in the educational
institutions of different countries has analyzed.

The possibilities of using the concept of GBL in Ukraine are considered. Problematic aspects of using
computer games as a tool of human activity and means of training are determined. The ways of further theoretical
and practical development of the study of the use of computer games in the process of teaching mathematics
students are outlined.

Keywords: game-based learning, game learning theory, computer games, video games, serious games.

YK 372.851

Kyzomuu B. L, Kyzomuu JI. B.

MNOBYJOBA IPSIMOJITHIMHO TA INIOCKO POSMIIIEHNX MHOXKHH,
[P BUBYEHHI METPHYHUX ITPOCTOPIB

Y cmammi po3ensioaiomsCs ROHAMMA NPAMONIHIUHO20 MA NI0CKOZ0 POSMIWEHHA MOYOK MEMPUHHO2O
npocmopy. Lli nowamms po3znaoaiomvCs. HA OCHOGI NOWAMM Kyma MIdC mpboMa MOUKaMi MempUiHO0
npocmopy. Tpu euguenHi MempuyHUX NPOCMOpI6 20I08HUN HAZONOC poOUMBCA HA NUMAHHA Mempusayil ma
NOBHOMU YUX MPOCMOpI6. Y NepesasiCHill OL1bulocmi NIOPYUHUKIE MA NOCIOHUKIE NPAKMUYHO giocymHi 3a0adi,
WO PO3KPUBAIOMb 2EOMEMPUYHT 61ACMUBOCINT Q0BIIBHO2O MEMPUIHO20 NPOCMOPY. V oaniit pobomi 3pobnena
cnpoba ysecmu maki 3a0a4i 013 NOMAMb NPAMONHIUHO20 MA MNOCKO20 DPO3MIUEHHSL MOYOK O0BLILHO20

44
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Mempuyrnoeo npocmopy. Hagedeni ymvoeu npamMoniHiliHO20 mMa WIOCKO20 PO3MIlYeHHS MOYOK, PO32TIAHYMI
NPUKIAOU MAKO2O PO3MIUJEHHS Y KOHKPEMHUX MEMPULHUX NPOCmopax. 3okpema, yi nOHAMmMs po3ensHymi y
NpOCmopi HenepepsHux Ha GiOPI3KY QYHKYIL ma y npocmopi inmezpoganux Ha iopiaky @yuryii. Ipu yvomy,
asmopu CnupaiomvCs Ha NOHAMMA Kyma, AK YNOPAOKOBAHOT MpIliKi MOYOK MempuiHozo npocmopy. Taxuii
RIOXIO 0AE MOJNCTUBICIb Y3A2ATOHEHHA YUX NOHAMb, MA 30IIbULYE MOUCIUBICIb +-IX 3aCMOCy8anHA. 30Kkpema,
pe3yiemamu pobomu Mod*Cyms OYymu po3NOBCIOONCEHI HA NOHAMMA NEPNEeHOUKYIAPHO20 Ma NApalelbHO20
PO3MilyeHHs MOYOK O06LIbHO20 MEMPUHHO20 NPOCIMODY.
Kniouosi cnosa: mouxa, npocmip, Mmempuka, npama, NIOWUHA, Ky, USHAYHUK, Mempaeop.

[TOoHATTS METPUYHOTO MPOCTOPY € 6a30BUM MPH BUBYEHHI KypCIB MAaTeMaTHYHOIO aHai3y
¢byHKUi OaraThoX 3MIHHUX, (YHKLIOHAJIBHOTO aHaiizy, Teopil ¢yHKUiH AilicHOT 3MiHHOI Ta
6araTboX IHLIMX PO3ALTIB BUILOT MaTeMaTHKH. Moro BUBUEHHS PO3MOYMHAETHCS 3 aKCIOM BiACTaHI
£ Mbk 1BOMA JIOBITBHUMHM ToYKamu ¥.¥ mpoctopy [1, c. 41]. Jani po3rasaaoTsest NMpUKIagu
KOHKPETHHX KJaCHYHMX METPMYHHX MpPOCTOpiB, TakWX fK ' -BUMipHMH eBkiais mpoctip 7,
mpoctip HenepepBHHX Ha Bigpisky (@Bl piitcHuxdynkuii C[ﬁz?‘i, NpocTip 0OME)EHUX
nociigoBHocTei ™, MpocTip iHTErpoBHUX Ha Biapisky l&:P| nilicHuxdynxuii CL i Take inume.
[Ticsst BUpiLIEHHS MUTaHHS PO METPUUYHICTh KOHKPETHOTO MPOCTOPY, K MPABUIIO, PO3TIISAAIOTHCS
NUTaHHA 30DKHOCTI MOCIIOBHOCTEH HOro TOYOK, Ta MOBHOTUMpocTopy. [luTaHHs B3aeMHOro

PO3MIllleHHS] TOYOK JOBITPHOrO METPUYHOIO MPOCTOPY, Ha HAll MOTJAJ, Y HaBYalbHIN JiTepaTypi
BUCBITJICHO HEJIOCTaTHBO. 30KpeMa, MajJ0 BHUKOPUCTOBYETbCS YACTUHHUIM BHUIMAJI0K HEPIBHOCTI

TPUKYTHHKA I TOBUTBHUX TPHOX TOYOK -£-1-Z METPHYHOro MpocTopy (TpeTs akcioma BilcTaHi):

£Q:vYs pla2)+ pZ:V) | konu HepiBHicTs mepeTBOprOEThCs Y piBHicTh. Llei BMMaIok MozkHa
BUKOPUCTATH [JIs BCTAHOBIEHHS MPSAMOJIHIHHOCTI PO3MIILEHHS TOYOK METPUYHOrO MpPOCTOPY.
[Toni6ni nuraHHs po3rasaaB B. @. Karaw, skuii, paktu4yHo, noOyayBaB akcioOMaTHKy NpsSMOT TiHiT
[2, pozain XIX] i3, c. 527].

[ToHATTS KyTa y METPUYHOMY MPOCTOPI BBOAMUTHCA JOCHUTH CKJIAJHO, 3 BUKOPUCTaHHAM
MOHSTTS MOBHOTH MPOCTOPY, MPH LBOMY MA€ThCsl Ha yBasi HOro 4uciioBe 3HaueHHs [4, c. 35-36].
Ile newo oOMekye HOro MMPOKE BUKOPUCTAHHS, 30KpeMa, HOro BaKKO 3aCTOCYBATH A0 CKIHYEHHX
abo 3uucieHUX mnpoctopiB. [ToHATTS KyTa (Horo 4MCIOBOI XapaKTePUCTHKH) MOXHA BBECTH
BHKOPUCTOBYIOYHM 3BHUAiHy GopMyy KOCHHYCIB, sk Le nporoHyBas O. JI. Anekcanapos [4, c. 36].
VYV upoMy BHUMNAAKy 3HAYHO [MOJIETIIYETBCS BUBYEHHS MNPSAMOJIHIHHOCTI PO3MIIIEHHA TOYOK
MeTpu4HOro npoctopy. [Ipu Takomy MiaXoai MOKHa BBECTH MOHATTS IJIOCKOrO pO3MilllEHHS TOYOK
METPUYHOTO MPOCTOpY, sike Oyae aHalIOroM IUIOLIMHM Y €BKIIIOBOMY MPOCTOpI, ajge HOro MoxHa
Oy1e 3aCTOCYBaTH A0 CKiHUeHOT a00 3YMCIEHHOT MHOXHHH TOYOK npoctopy. CHiBBiAHOLIEHHS MK
NPSAMOJIHIMHUM i MVIOCKUM PO3MIILEHHAM TOYOK METPUYHOIO MpOCTOpY. Y LBOMY BHUMAiAKy, Oyne
JIeII0 HUIMM HDK Y €BKJIIZOBOMY MPOCTOPI, 1 Oyae JOMyCKaTH eJeMEHTH HEeBKII0BOT reoMeTplii.

[ToHATTS mnpsAMOJIHIMHOrO Ta IJIOCKOTO pO3MIllEHHS TOYOK METPUYHOrO MpPOCTOpY
BIZIHOCATBCS O BiIHOCHO HOBOI'O PO31ily reoMeTpii — MeTpuuHOi reoMetpii. Po3BUTOK L€l rinku
reometpii Oepe mouatok 3 podit A. Keni, K. Menrepa, ta OyB nponoBxeHuil y poboTtax
JI. M. Bromenrans, I'. Byzemana. O. JI. AnekcanapoBa. JIoCUTb I'PyHTOBHO | BUYEPIHO MOHSTTS
HPAMOJTIHIHHOTO pO3MillleHHs TOYOK METPUYHOro mnpoctopy aociimkeHe B. @. Karanom y #oro
po6oTi [2, po3ain XIX]. OctaHHIM YacoM poOGasATbCS crpoOU MoOYyAyBaTH OCHOBHI I€OMETPHUYHI
CTPYKTYpU  (TIpsiMOJIiHiIHE Ta  IUIOCKE  PO3MILIEHHS  TOYOK  METPUYHOIO  MPOCTOPY,
MepreHUKYIApHICTh TX PO3MIILEHHS i TaKe iHlIe), Ta BUBYUTH CMIBBIIHOLEHHA MDK HUMH [5-8].

Mera crarti — poboTa Mae Ha MeTi NpPEeACTAaBUTH LUTMH Kiac 3ajad 3 reomerpusawii
METPUYHOTO MpPOCTOPY, WO MOJArarTh y MOOYIOBI NPSMOJIHIMHUX Ta IMJIOCKUX CTPYKTYp Y
KOHKPETHOMY METPHYHOMY [MPOCTOpi, 3 BUKOPUCTAHHAM METPUKHM uporo mnpoctopy. Lli 3amaui
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AI0Th MOMK/IMBICTb BCTAHOBIIOBATH [OAATKOBI (reOMETPHUHI) BJIACTUBOCTI OKPEMMX MHOXUH
eJIeMEHTIB METPUYHOTO NPOCTOPY, Ta CIIiBBIHOLIEHHS MDK LIMMH MHOXHHAMH.

CrioyaTKy HaBeJIEMOOCHOBHI O3HAuCHHS Ta BifOMOCTI, IO OyayTh BHKOPHUCTOBYBATHChH
HIDKYE.

- . F .
Yepes (X.2) Gynemo no3HayaTH METPUUHMH MPOCTIp A 3 metpuxoto # [1, c. 41]. Yci Touku
npocTopy 6yaeMo BBaKaTH pisHMMH, TOOTO, OyAEMO pO3IIIAJATH JIHIIE J0JaTHI 3HAaYEeHHsI BiACTaHI

201 Mk 1BOMa 10BUTBHUMM Toukamu + 1Y HpOCTOpy‘X )

[IpMKIaZOM METPUYHOIO MPOCTOPY € MPOCTIp Cam — HEMNEPEPBHUX Ha BIAPI3KY [a:0]
miticuux  Qymkuiit [1, c.43]. YV upoMy npocTopi METpuKa 3aa€TbCs 33 MPABUJIOM:
olf: @) = MAX g [ OO -g O,

VY MeTpUYHOMY MPOCTOPI C: interpoBHuX Ha Binpisky (@ B] nificHux QyHKLIH BiacTaHb MDK

£
nxuismu f Y i 96 3paxomutecs 3a popmyitoro [9, ¢. 105]: PU )= -[ Ireo-gtonax,
y

CyxkynHicts Tpsox Touok X , ¥, Z mpoctopy Gy/leMo HasHBaTH TPUKYTHUKOM, i O3Ha4aTH
A(X.1.Z). TIpu upoMy, cami ToukH GyleMO Ha3WBaTH BEPLIMHAMH, @ MapH TOHOK (x.y), w2,
(2°.7) - cTopoHaMHM TPUKYTHHKA.

Osnauenns 1. Hexait X | ¥ | Z — Qogineni (pi3ni) mouku npocmopy (X.0). Vnopsoxosany
mpitxy (X432 Z) yux mouok Gydemo Hazugamu Kymoy 3 6epuiuHolo 6 mouy X | i nosmauamu:

£00,2) [Tapu movok (x.¥)i (¥.2), npu yvomy, 6ydemo nazueamu cmoponavu Kyma (IUB. (5,
c. 28)).

Osznauenns 2. Hexaii X, ¥, £ — 0o8iteHi (pi3ni) mMOYKU NPOCMOPY (X.0).
Xapaxmepucmuxoro Kyma £V 2D abo KymoEoio Xapakmepucmuroio, 6yoemo Hasusamu OiicHe

wueno LY. 2 o snaxooumses 3a popyynon:
2 Tfas Ay =
PGy = Py ot 2)- pPleE) 1)
} 2nlx vinly. 2}
(nuB. [5, c.29] 1[4, c. 36]).
MeTtpuunuii pocTip (X.01, y axomy BBeieHO MOHATTA KyTa 3a O3HAYCHHAM 1. 1 Horo
XapakTepucTuKy 3a OsHaueHHAM 2, OyAeMmO Ha3MBAaTH METPUYHWUM MPOCTOPOM 3 KYTOBOIO

XapaKTepHCTHKOIO, i no3Hauatu 11 .
Osuavennsi 3. Byoewo rasamu, wo mouxu * . ¥, Z  npocmopy I ppavoniniiino

posmiueni, akuwo xoua 6 011 OOHIEL 3 YUX MOYOK (Hanpukiao, 0.1 MOYKU V) euxonyemocs
pienicmb
P*(n.yz)=1 )
(mus. [5, c. 29]).

O3nauenns 4. bydemo kaszamu, w0 MHOXCUHA MOYOK HNPOCMOPY I NPAMOIHIUHO
posmiwena, Ko 6y0b AKI mpu MOUKU Y€l MHOMCUHU npavoninitino posviwgeni (muB. [3, ¢. 527]).

PienicTh (2) piBHOCHJIBHA DIBHOCTI @.v.22= X1  pppuomy, npu BHKOHAHHI PIBHOCTI
@, V.2)=—1 npupoaHo kasaTd, WO Touka V “NEKMTh MDK’ Toukamu * i Z (abo €
BHYTDILIHBOIO AN HHX), a KyT £, ¥.Z) yazusaru “posropHyTum”. [Ipn BHKOHAHHi PiBHOCTI
(. V.2 =1  npuposHo Ka3aTy, WO TouKa ¥ “JIEKUTD 1103a” TOYKAMU ¥ {Z (abo € KpalHBOIO

15 HAX), a KyT 20V .Z} ya3uBaTH “HyNHOBUM .
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3 pignocti (1) nerko orpumary, wo pisnicts @Y. 2} = —1 expisanentna pisHoCT
pG.2)=pG V) + O, 2D 4 pighicts POV 2) =1 ekpiBanentHa CyKyNHOCT] IBOX PiBHOCTEIH:
e(x.v)=p.2+ p(v.z)
(v.2)=p.2)+ p(x.v).
Xt L}. Xy

Hapani,ans  3py4HocTi, [  TOYOK npocTopy I OyZeMo KOpPHUCTYBaTHCh

HACTYMHUMHU MMO3HAYEHHAMMU: P (x!;; o ) = Pij,
P+ 05k Plx .. ,
- =~ =@l k=123, .).

HaBenemo mpukiag mNpsAMOJiHIAHOT pO3MIIIEHOCTI HECKIHYE€HOi MHOXXHHHU TOYOK Yy

METPUYHOMY TIPOCTOPI C:ﬂf 1],

Hpuknao 1. PosrasHemo muoxuHy (ynkuiii ¥ = KX ma Bigpisky [0;1], 5K miaMHOXHHY
MpOCTOpY C:ai 1] nemepepBHMX Ha Biapizky [0;1]dyHKuwii.

TMokakeMo, o Gyb-aki Tpu pisHi dyHKuii (Touku mpoctopy) Yi=HKiX Vi=Hhz\
Va = kax ui€el MHOXWHM pO3MilleHi mnpsiMoiniHiidHO. 3a O3HauyeHHsM 4 e Oyne o3HayaTu

NpsIMOJIIHIMHE pO3MILLEHHS yCieT MHOKHHMU.
Hexaii, 1711 BU3HAYEHOCTI, BUKOHYIOThCS HEPIiBHOCTI K < Kz < K3, [Ipu 1poMy NpumylueHHi

3HalIeMO BiACTaHI MDK Touykamu Y1rYi:Ys 33 METpHMKOK MpOCTOPY C{@:iﬁ. Matumemo:
P1a=ka-k,  pi=ki-ks  pPos=Ki-k:  Ockiteku BUKOHYETBHCA  PIBHICTB:
P1a = P12+ P22, To e o3Havae, mo ToYKKU Y1-¥2-}z posMiueni npsMoiHiiHo. 3 10BIIBHOCTI
BUGOPY LIMX TOYOK i BUIUIMBAE MPAMOJIHIHHICTE po3MileHHs yciel MHOKHHM dyHKUiH ¥ = KX y
~
npoctopi ~[#1],
Tenep po3risitHeMO y3aralbHEHHs MOHSTTS MPSIMOJIHIHHOTO PO3MIILIEHHS TOYOK MPOCTOPY

e Lle y3araneHeHHs Oysio BBEAEHO aBTOpPOM y poborax [6, c. 11-12]1[7, c. 42].

Osuauenns 5. byoenvo kazamu, wo moyku X1, Xz. X3, X npocmopy T yaocko po3mieni,
AKUO X04a 6 015 OOHIET 3 YUX MOYOK (HANPUKLAD, 015 MOYKU X1 ) BUKOHYEMbCSL pigHICMb
1 @3 Pz
Pa1z 1 @ars|=1 42013015004 - @31, - @3, — @5, =0

Pa1a Para 1 )
AHanitTuyHo, y reomeTpii EBKkiiga, piBHicTh (3) 03Hayae piBHICTh HyMO 00’eMy TeTpaenpa,
BEPLIMHHU KOO 3HAXOAATHCA y TOYKaX V1. ¥z, Xz, Xo (muB.[10, c. 61]).

JIns TOHOK AOBLIbHOT MIAMHOKHUHU TPOCTOPY I MPUPOJHO AAaTH HACTYITHE O3HAUeHHS 1X
TUIOCKOTO PO3MillIEHHS.

O3HaveHHs 6. bydevo kasamu, wo MHOMCUHA MOYOK NPOCMOPY T naocko po3miwena,
AKWO OVOb-AKi womupu it mouxku niocko posmiujeni (aus. [6, c. 12]1[7, c. 43]).

¥ mnpocTtopi 1 CHIBBITHOIIEHHS MDK NPSAMOJIHIMHUM Ta TUIOCKMM PO3MILIEHHSIM TOYOK
Oinbln cKIaaHiwi HDK y reometpil EBkiina. ne ui cniBBiAHOIIECHHsS BCTaHOBIEHI akciomamu. Ha
Halll OTJIsA, JOCUTh HarJIAAHUM € HACTYNHUN NPUKJIa BiAMIHHOCTI MK aKCIOMaTHYHUM METOJIOM
reoMeTpH3allil METPUYHOTO MPOCTOPY Ta 3aMPOTIOHOBAHUM Y JIaHiii poOoTi.

. L el A = B
Mpuxaax 2. Posrasuemo y mpoctopi .01 ¢ymkmiis Vi =X +1  1n-i 1a=X-2
Ye=-X

3HaieMo BiCTaHi MK LMMHU QYHKLISIMH 32 METPUKOIO MPOCTOPY :
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P1: =1 P12 =3 P01, =3 022 =2 P72, =2 Pz, =2

3a popmynoro (1) 3HalIeMO KyTOBI XapaKTepUCTUKH:

Pi2: = 1 P2, = —1 P22, = Os .

3 mepwoi piBHOCTi, 3a O3HadeHHAM 3, ciigye, wo Toukn Y1-¥z-}s posmiueni
NpsMONiHIHHO, a Apyra piBHICTH BKa3ye WO | Touku Y1¢Vzr V& Texx NpsMOIiHiiiHO po3mileni. V
reometpii EBKiiza 1e o3Hayae, WO VCi YOTHPU TOYUKM MPAMOJIHIHHO pO3MIlEHI, NPUYOMY,3
pirocteit P12 = P14 = 3 crinye, wo toukn Mz i Ve cniBnamators [2, c. 260]. OgHak, TpeTs
PiBHICTH MPOTHUPIHUTE LILOMY.

Tenep nmiacTaBUMO3HAlIEH] 3HAYEHHs KyTOBHX XapaKTepUCTHK Y JiBY 4acTUHY PiBHOCTI (3).

1 -1 -1
t 1 J5l=—05=¢
OTtpumaemo pisHicTe: 1 0.5 1
OCKiNbKM BMU3HAUYHMK HE JOPIBHIOE HYJO, TO 3a O3HayeHHAM 6 TOUkH Yi-VzVi-le He €

IJIOCKO  po3MilieHuMHu. Lle, TIEBHMUM 4YHMHOM, TOSICHKOE HEOJHO3HAYHICTh MNPSMOJIHIHHOTO

PO3MilleHHs] LMX TOYOK Y MPOCTOPi [0:1],
Ha BigMiHHICTB CIHIiBBiZHOLIEHs MDK MPSAMOMIHIAHHMM 1 IJIOCKMM PO3MIILEHHSAM TOYOK Y

€BKJI{IOBOMY MPOCTOPi Ta Y MPOCTOpi I BKa3ye i HACTYITHUM NpUKIaL.

Ipukaaa 3. Po3rasiHeMO MeTpUYHMH NpOCTIp R3 BIOPSAKOBAHUX TPy 3 JBOX AIMCHUX
uncen @@..G2) pincramp mikx enemenramu @@..05) b, 0 qkor0 BusHAuaeThCA 3a
dopmynoto:£ (¢, 1) = maxda, - b Lla,- b

Y npocTopi R Bisbmemo YOTUPH TOUKHU:

a(1,0) b(0,1), ¢(-1,0),d(0, —1).

3Haii1eMo BiICTaHi MK UUMH TOUKAMM 3a METPUKOIO MPOCTOPY:

pla.n=1 pa.cy=2 plad=1 pbo=1 pbd =2 pl.d=1,

[3 OTpMMaHMX 3HaYeHb BUILUIMBAE, 1O OyAb SKi TPH 3 LIUX TOYOK MPAMOJIHIHHO po3mileHi.
HiticHo, 3a popmyrnoro (1) 3HaineMo yci KyTOBI XapaKTepUCTHKH:

elh.acl=1_ @badi=-1 g@kad=1 gabd=—1 gabd=1
el bd)=1_ @@cbh=1_  pacd=1 @bcd=-1  ¢adb=1
pa.doi=-1 pb.do=1

B ycix BUMagkax BUKOHYETHCS PIBHICTE (2), OTXKe, 33 O3HAYEHHAMM 3 1 4, TOUKM ab.c.d
NPSIMOJTIHIHHO PO3MIILIeHI.

[MToxkaXkeMo, 1O 11i TOUKH HE € MIOCKO PO3MIlEHUMHU Y MPOCTOPI R%. Ilna wporo, nocTaTHbo
0Ka3aTH, o Xo4a O A7 OJHi€el 3 TOUOK a,b.c.d e BUKOHYETBCS PIBHICTB (3), OCKUTBKH Y LIbOMY
BHIIAAKY 00’ €M TeTpae/ipa 3 BeplIMHAMH y Toukax & b.c.d ye Oyne nopiBHIOBaTH Hym0. B3apum
3a BEpIUIMHY KyTiB, Halpukiad, Todky & . MiACTaBUMO 3HAYEHHS KYTOBHX XapaKTePHCTHK:
ph.a.c)=1 pbad=-1_@.adl=1 vy gy vactuny pisrocti (3). Matumemo:

1 1 -1 .
1 1 1|l=—4=0
-1 01 1

OTxe, HABITL MPAMOJIiHIIHE PO3MIILEHHS TOYOK Y MPOCTOPI H ye 3abe3rneuye X MIOCKOro
po3MillleHHs! Y IbOMY MPOCTOPi.

Hapenemo npukiIag MmiocKoro po3MillieHHs! TOYOKY MpoCcTopi [o:1]
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G :
IIpuraaa 4. Y npocropi [0:1] pizpmemo YOTHPH TOYKH:
243
V.=

V=X V=0 V=X-1 3(\3: B Q'E).
3HailaeMo BiCTaHi MK MMM TOYKAMHU:
¥ iz iz

P12=1 P, =1 Pl =%§.ﬁz= =1 ,ﬁ24=%§.ﬁ34=3§.

3a ¢popmynoro (1) 3HaiinemMo KyToBi XapaKTepUCTHKM:

Pz =P1a. = P32. = —0,5

Tenep, nimcraBuBlM Wi 3Ha4YeHHA Yy JiBy uvacTuHy ¢opmynd (2), 6GyaemMo Matu:

1 0s5 Os

-0s5 1 -0Os]=0
05 -0s5 1

OTxe, 3a O3HadeHHsM 5, Toukn Y1+ Y+ Yar Vi miocko posmimuei.

3 iHWworo GOKy, JI€rKO MOMITUTH, WIO HifSKi TPH 3 LMX TOYOK HE PO3MilleHi MpAMONiHiiHO
(Hemae BiAcTaHi, WO AOpiBHIOE CyMi ABOX iHIMKX). V reomerpii EBkiiga Touka Ys € unentpom
PiBHOCTOPOHHBOIO TPUKYTHHKA 3 BEPIIMHAMHU Yy TOUKAX Y- ¥z ¥z,

Touku 3 Ilpuknagy 4 mosoasaTe cebe y mpocrtopi IT 1ax camo s i y npoctopi EBkiina.
OpHak, 3MiHa METPUKH MPOCTOPY CYTTEBO MOXKE BIUIMHYTH Ha HOro reOMETPUYHi BIACTHBOCTI.

ll{o6 BneBHMTHCH y LBOMY, po3risiHemo ¢yHkuii 3 [pukmagy 4 y npocrtopi CL, Ha BIOpi3Ky

[0;1].

Ipuxmag 5. 3a METPHUKOIO MPOCTOPY CL, Ha BIOpi3Ky {0211, BIICTaHI MDK TOYKaMHU
Ya. ¥z ¥z, Va3 TIpuknany 4 6ymyts:
V3 V3 4 V3
P12 =05 1. =1 ,pl-s:?,ng:(),s’foz;:?’ps; - }-"3_
3 OTpUMaHHMX 3HAauyeHb BiACTaHEH BUIUIMBAE, LIO TOYKH Y1r Yzr Yz, sk i Touku Y1 Vs V.

PO3MILIEHI NPSMOIHIHHO Y pocTopi T BiIpi3Ky [0;1],

3HalineMo 3HaYeHHSA KYTOBMX XapaKTePUCTHK, HANPUKIAA, Uil TOYKM Y1, BUOpaBIIM ii B
AKOCTi BEPLIMHH KYTiB. Bynemo maru:

V3
@P21: =1, P21 =7 @3,=1,
L{i piBHOCTi BKa3yIOTb Ha Te, IO TOYKH Y1+ ¥2r V3: ¥4 He posmileni mpamomniHiiiHo, OCKiTbKH
V3

A79 sHaveHns: P214T 7 e BUKOHYETbCSA yMoBa (2) i Tomy Touku Yir¥z:Va me posmimeni
NPSMOJTIHIHHO.

Tenep nepesipuMo BMKOHaHHA YMOBH (3) 111 OTPUMAHKX 3HAYEHb KyTOBUX XapaKTEPUCTHK.
Bynemo martu:

3
11 v, 7
1 1 1 |=v3-2F0.
V3
[, 11

Takum umHOM, Toukn }1-32:3z.Ye He MoxyTh GyTw miocko posmimenumu y mpoctopi
Cr (06’eM TeTpaepa 3 BepLIMHAMM Y LIMX TOYKAX HE JOPIBHIOE HYJIIO).

Sk iy BUNaaKy npAMOJIHIHHOTO PO3MIllIEHHS] TOYOK Y MPOCTOPi I ,CTMIOCTEPIracThCs TAKOXK
HEOJIHO3HAYHICTh TUIOCKOTO pPO3MIlEHHA TOYOK y LbOMy HpocTopi. Ha ue Bkasye HacTymHumii
NpUKIIal, po3ryisHyTHi y podori [8, c. 10-11, [Npuknan 6].
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. C AY a2z 1 ks v
Mpuxaan 6.  PosrisHemo y  MpocTopi [0:1]  pogkm: Mi=X+1 =X

— — L Y~ TNy V'E

Vo= (1-VENX +1 ve= (Z-1)(x 1) Y= Q¥R+
Toukn Yi-Vz VarVa.a Takok Touku YieVz ¥ Ys, € muocko posMilleHHMHY MPOCTO i
p y op p

C[C‘Zlél
Jlnsl ABOX PO3IVISHYTHX MHOXMH TOYOK TP TOUKH: ¥1.¥2 ¥z € cninbHuMu. YV reometpii
EBKJiZa LBOTO JOCTAaTHBO AJIA TOro., WO yci m'sth touok:¥1- ¥z V2 Vo Vs nanexanu onHik

moumHi. OHak, y po6ori [8] mokasaHo, Wo TOYKU ViV Ve Vs s i Toukn Yar Var Vae Vs, me €

MJIOCKO PO3MIlleHUMUY NPOCTOPI C[QT 1}

BHCHOBKHTA TEPCNeKTHBH MOJAJbLIAX JOCHKEHh Yy [aHOMY HANPAMKY. 3a
pe3ynbTaTaMu AaHoi poOoTH. 10 3aja4, WO TpaJMLIfHO PO3TIISAAIOTECA MPY BUBUCHHI METPHUHUX
MPOCTOpiB, MOKHA JONYYWTH LIIMA K1Iac 3amaq Ha reoOMeTpUYHi BJIACTHBOCTI KJIaCHYHHUX
METPHYHMX MPOCTOPiB. 30Kpema, JOLITBHO BHINATH KJIACH MPAMOJTIHIMHO Ta MJIOCKO PO3MILLEHNX
MiJIMHOXHH cepesl MHOKMH QYyHKLIH, [0 BUBYAKOTBCS y LWIKITBHOMY KypCi MaTeMaTHKH: JIHIHHHX,
CTereHeBUX, TMOKA3HUKOBHUX, JOTapu(pMIiuHHUX, TPUTOHOMETPUYHHX i take inme. Ilpu upOMY,
GiapIy yBary noTpioHO MPUALTMTH MPOCTOPAM HETICPEPBHHUX Ta iHTerpoBHHX Ha BiApi3Ky QYHKIIH.

ToxanbImi JOC/IKEHHS Cllijl, Ha Hally AYMKY, TPOJOBKHTH Y HAMPSMKY BCTAHOBJICHHS 1A
MHOXHH TOUOK METPUYHOTO MPOCTOPY MOHATH AHANOTYHHUX KITACHYHUM MOHATTAM napaesbHOCTI
Ta MEPNeHAUKYISIPHOCTI, @ TaKOX BMBUCHHIO criBBiTHOMIEHs MbK HHMMH. lle JacTh MOXKIHMBICTH
3aCTOCYBaTH OTPUMaHi pe3yJbTaTH [0 MOOYIOBH OCHOBHHMX I€OMETPHHHHMX 00’€KTiB — IJIOCKHX
¢iryp Ta mpocTOpOBUX Till Y METPHUHHX MPOCTOPAX.

Pe3ynbTaTi poGOTH MOXHA BUKOPHMCTOBYBATH Y BHIUMX 3aKjiajax OCBiTH, Ha MPAaKTUYHUX
3aHATTSAX 3 BUBUCHHS BIACTHBOCTEH METPMUHMX MPOCTOPIB, y MO3aKIACHIA poboTi 3 y4HAMH
3arabHOOCBITHIX HABUYAIBHMX 3aKiagaX, a TaKoK MpH MiABUIIEHHI kBatidikauii BUHTEIIB
MaTeMaTHKH.
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Kyzomuu B. H., KysomuuJl. B. Ilocmpoenue npaMOIUHENHO U NIOCKO PACHOT0NCEHHbBIX
MHOMcecme, npu U3y4HeHuU Mempu1ecKux npoCcmpancme.

B cmamve paccmampusaromes nOHAMUA NPAMOTUHENHO20 U NIOCKO20 PA3VeUeHUS MOYEK MEMPUYECKOSO
npocmpancmea. B nooasisiougem 60.1buuHCMEe Y4ebHUKO8 1 NOCOOUTI NPAKMUYECK OMCYMCMEYIom 3a0a4y,
DPackpvigarowue 2e0.MempuiecKue CeolCMBa NPOU3BOILHO20 MEMPULECKO20 npocmparcmea. B oannoil pabome
cOenana noneimKa 66ecmu makue 3a0ayu 01 NOHAMUL NPAMOIUHEHHO20 U NIOCKO20 PACHONONCEHUS MOYeK
Mempuyeckozo npocmparncmsa. IIpugeoenvl ycio8usl MPAMOIUHETHOZO U NIOCKO20 PABMEUeHUs TOUeK,
DAaccmMompenbl npuuepbl MAaKoeo pPazveueHus 6 KOHKPEeMHbIX Mempuveckux npocmpancmeax. IIpu smom,
asmopul ONUPAIOMCA HA NOHAMUE V21d, KaK VNOPAOOYEeHHOU MPOUKU MOYeK MempUuiecko2o0 NnpoCMpaHcmeda.
Taxoii no0xo0 Oaem B03MONCHOCHb 0DOOUEHUA NOHAMULL NPAMOIUHETIHO20 U NIOCKO20 PA3MEeUjeHUs MoYex u
Veenuyugaen 603 MO*CHOCHIb UX NPUMEHEHUA.

B pabome ma wecmu npuvepax NpoOeMOHCMPUPOBAHbL CEOUCMBA NPAMOIUHELHO20 U WIOCKO20
DPACNONONCEHUs MOYeK 8 O08YX KOHKpemHbIX Mempudeckux npocmpancmeax.llokazano, uymo mempuka
MNPOCMPAHCIBA 3HAYUMETbHO 6TUAEM HA 2e0MempudecKue Ceoucmea 3mo20 npocmpancmea. Ilpusedenvi
npUMepbl NOKA3LIBAIOWUE, YMO NOHAMUA NPAMOIUHENHO20 U NI0CKO20 PACNOIONCEHUA MOYEK MEMPUYECKO20
NPOCMPanCcmEa OONYCKAION l1eMeHMbl HEIBKTUOOBOL 2e0MempulL 8 Imom npocmparcmee. B pabome npuseoén
npumep @GyHKYUll, KOMOpbie NPAMOIUHENHO PACNO.I0XCEHbl 8 NPOCMPAHCMEe, OOHAKO He AGIAIMCA NI0CKO
DACHONONCEHHBIMU 8 SMOM npocmpancmee. B pabome nocmpoen npumep 08yx MHOXMCECME GYHKYULL, Kadcooe U3
KOMOPLIXWIOCKO PACNOTO0NHCEHO, MU MHONCECINEA UMEIOM MpU OOWUX MOYKY, OOHAKO OObeOUHEeHUue SMUx
MHOJHCECMB He ABTAEMCS WIOCKO PACNOIOHCEHHBIM.

Pezynemamur  padomeir MOXCHO UCNOIL3068AMb 6 BbICULUX YYEOHBIX 3A68€0eHUAX HA NPAKMUYECKUX
3aHAMUAX 1O USYHEHUIO CEOUCME MEMPUYeCKUX NPOCMPAHCME, 60 6HEKIACCHOU pabome ¢ YHauuMucs
001e0bpaz08amenbHbIX  YHeOHbIX  3a6€0eHUAX, A MAKdce Npu  NOSblUleHUU Kéamugukayuy yuumeneti
MAMeMamuKu.

Kriouegvie croea: mouxa, npocmpancmeo, Mempuxa, Npavas, WIOCKOCHb, Y201, Onpeoenumey,
mempasop.
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Kuz’mich V. 1., Kuzmych L. V. Construction of straight-line and flat sets, when studying metric
spaces.

The article discusses the notion of straight-line and flat placement of points of a metric space. In the
overwhelming majority of textbooks and manuals, there are practically no tasks revealing the geometric
properties of an arbitrary metric space. In this paper, an attempt has been made to introduce such tasks for the
notions of straightmess and flat placement of points. The conditions for straight-line and flat placement of points
are given, examples of such placements in specific metric spaces are considered. In this case, the authors rely on
the concept of angle, as an ordered triple of points of a metric space. Such an approach makes it possible to
generalize this concepts, and increases the possibility of their application.

In the work on six examples, the properties of straight-line and flat location of points in two concrete metric
spaces are demonstrated. It is shown that the metric of space significantly affects the geometric properties of this
space.Examples are given showing that the concepts of straight-line and flat location of points of a metric space
admit elements of non-Euclidean geometry in this space.The paper presents an example of functions which are
straight-line placement in space, but are not flat placement in this space.An example of two sets of functions is
built in the paper, each of which is flat placement, these sets have three common points, but the union of these sets
is not flat placement.

The results of the work can be used in higher educational institutions in practical classes on the study of the
properties of metric spaces, in extracurricular work with students of general educational institutions, as well as
during advanced training of teachers of mathematics.

Keywords: point, space, metric, straight line, plane, angle, determinant, tetrahedron.
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Jdenuyk L. I., IIpayvosumuiit M. B.
METPHNYHI 3AJIAYI 3 KYTAMUA Y CTEPEOMETPII

Pozensidaemoca 3adaua enemenmaproi “HapucHoi” 2eovempii, w0 MAae OUOGKMUYHY YiHHICMb O1S
KOHCMPYKIMUBHO! CK1A0060I WIKLTbHOI CmepeoMempil, Hagooumsbcs mpu cnocobu it po3e A3anHA I 00600UMbCs
meopema, KOpUCHA Npu po38 S3y8anHi NoOiOHO20 pody 3aday. IIpononyiomvca MemoouyHi pexomenoayii ma
nopaou.

Kr1wouosi croea: 0sozpannuti Kym, MHIHUI KV 080SPAHHO20 KYMA, KYM MIJNC APAMOIO | WIOWUHOIO,
NPUKIAOHA 2eoMempuyHa 3a0a4a, JiHiA pieHs, iHiL HAUGLLUWO20 HAXUTY, NPAsUI0-OpieHmup, spadiunui ma
epaghoananimuuHull Memoou po3e A3y8aHHA 3a0ad.

Po3BUTOK MpOCTOPOBOI  YSIBM, KOHCTPYKTHBHO-OOpa3HOro MHCIEHHsA, Bisyanizauii
aNropUTMIYHMX MIpKyBaHb — OJHE i3 3aBJaHb LIKIMBHOTO Kypcy reomerpil. JIo ocHOBHHX 06’€KTiB
eJeMEHTAPHOT CTEPEOMETPIT BIIHOCATHCS MHOTOTPAHHUKHU Ta Tila 06epTaHHs, sIKi KOHCTPYKTHBHO-
CUHTETHYHUMH 3ac00aMU BHMBYAIOTHCS B IIKUTBHOMY Kypci Matematukd. IIpu upomy B Teopii
NPOAYKTHBHUMHU € MOHSTTS ABOrPAaHHOTO KyTa Ta KyTa MDK MpPAMOIO i INIOMIKMHOK. Y KIaCHYHOMY,
BUIIPOOYBAHOMY 4acoM, MiIAPY4YHHKY CTepeoMeTpii (Maiike y TPUALATH POKiB), O3HAYEHHS KyTa
MDK MPAMOKO | IUIOMIMHOKO Ta KyTa MDK JABOMa IUIOIIMHAMHU BBOJATECA Koncmpykmusho ([3],
nn. 32, 33, 37), wo [03BOJsSE B HAMOLIBLI 3araJbHOMY BHIVISIAL, CTpOro 3a KpOKaMM
aNropuTMizyBaTy 6a30Bi MO3ULIHHO-METPUYHI 3a1aui “Ha KyTH” y npoctopi (puc. 1, 2). lle naaro
BAXJIMBO JUI1 HAOYHO-OOpa3HOro pO3yMiHHS CyTi po3risayBaHoro nuraHHs. Huwkue wmu
MPONOHYEMO 3ajady, KOPUCHY B 3raJaHoMy acHeKTi, TpWM CrnocoOu po3B’a3yBaHHA 1i M
0GrpyHTOBYEMO TEOPEMY, Ha SIKill MOKYTb 0a3yBaTUCh MIpKYBaHHs Ta O3B’ A3KH.
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