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XepCOHCHKHH JIep)KaBHUI YHIBEPCUTET

MOJIEJIOBAHHSA MPAMOJITHIMHOI'O TA IVIOCKOI'O PO3MIIIIEHHA
TOYOK METPUYHOI'O MTPOCTOPY

Y pobomi pozensoaromscs numanus 2eomMempuyHoi CmpyKmypu3ayii. MHOJMCUH MOYOK
008LILHO20 MEeMPUUHO20 NPOCMOpY. 3anponoHo8ari Mmemoou noo6yo008u NpPAMOLIHIUHO |
NJIOCKO  POSMIWEHUX MHONCUH MOYOK MempuyHo2o npocmopy. 1aki MHONMCUHU €
V3a2aNbHeHHAM NOHAMb, 8I0N0GIOHO, NPAMOI NiHII | NIOWUHU V KlacuuHil eeomempii Eexnioa.
TIlo6y006a makux MHONCUH MOYOK OAE MONACIUBICIb MOOENI8AMU PI3HI 2e0MempPUyHi 00pasu
Y MEMPUYHUX NPOCMOPAX.

Tlonamms npAMONIHIlIHO20 PO3MIWEHHA MOYOK OA3YEMbCA HA KIACUYHOMY NOHAMMI
«nexcamu Mide», Wo WUPOKO BUKOPUCHOBYEMBCA Y CYUACHUX 2eOMEeMPUUHUX cucmemax. Y
Ppobomi BUKOPUCIMOBYIOMbCA NOHAMMA KYMd, YMEOPEHO020 MPbOMA MOYKAMU MEMPUUHO2O
npocmopy, ma noHAmms Kymoeoi xapakxmepucmuku yvbo2o xKyma. Li nonammsa € 6azosumu
0718 BU3HAYEHHS NJOCKO20 DO3MIUWeHHS MOYOK Mempuuno2o npocmopy. Kpim moeo, ¢haxm
NPAMONIHIUHO20 POSMIWEHHS MOYOK MONCHA OMPUMAMU, MAKOAC, 3 BUKOPUCIAHHAM NOHAMb
Kyma ma 1020 Kymoeoi Xapakmepucmuxu.

s ecmanosenenus ¢haxmy niocko20 po3miujeHHs MOYOK MempUyHOo20 HpPOCHOpPY
suxopucmogyemuvcs gopmyna FOueiyca obuucnenns oo’ emy mempaeopa uepes 008AHCUHY 1020
OiuHux pebep. Ymosea pigHOcmi HYIIO Yb020 00 €My € O3HAKOW MNIOCKO20 DPO3MIUEHHS
YOMUPHLOX BGepuiun mempaedpd. Y pobomi SUKOPUCMOBYEMbCA MOOupikosana Gopmyna
IOneiyca, 6 saxitt 06’em mempaedpa 0OHUCTIOEMBCA Uepe3 00BHCUHU MPbOX 1020 pebep, o
BUX00AMb 3 OOHIEL GepUIUHU, MA KOCUHYCU NIOCKUX Kymie npu yill eepuiuni. OCKitbKu maxi
oouucienHss O0ocumv mMpyooMicmKi, mo 6 poOomi NPONOHYEMbCA NPOBOOUMU iX 13
BUKOPUCTMAHHAM NPOCPAMHO20 3aco0y «Kanbkynamopy. 3a 00nomocor ybo2o KalbKyIamopa
MOJiCHA 8CMAHOBUMU: YU ICHYE mempaedp 13 3a0aHuMu pebpamu, i AKWO maxk, mo
obuucaumu 06’em makozo mempaeopa.

Y pobomi nasedeni npukiadu npamMoniHitiHO ma NIOCKO POIMIWEHUX MHONCUH MOYOK
¥ DI3HUX KAACUYHUX MEMPUUHUX NPOCMOPax. 30KpeMa, po32NAHYmMi NPUKIAOU MAKUX MHOMCUH
Y npocmopi HenepepeHux Ha 8iOpi3Ky QYHKYIU ma y npocmopi inmezposanux 3a Pimanom Ha
8IOpI3KY hyHKyill. [esaxi npukiaou 6xazyioms HA «Hee8KII008ICMbY NOHAMb NPAMOIHIIHO20
ma MI0CcKo20 po3miweHHs mouok. Lle dae 3mozy moldenosamu y MempudHux npocmopax
OCHOBHI NOHAMMS MA G1ACMUBOCTI HEEBKI1I008UX 2e0MeMmpIli.

Knrouosi cnoea: npsama ninis; naowuna; Kym; MempuyHuti npocmip; NPAMOJIHIUHO
DPO3MIWeHa MHOMNCUHA MOYOK; KYMOB8A XApAKMepPUCMUKa; NJI0CKO PO3MIWEeHA MHOMICUHA
MOYOK.

B.1. KY3bMMNY, JI.B. KY3bMNY, A.I'. CABUEHKO

XepCOHCKHI rocyAapCTBEHHBI YHUBEPCUTET

MOJIEJIMPOBAHME IMTPSIMOJMHENHOI'O 1 IIJIOCKOT' O PACIIOJIOKEHUS
TOYEK METPUYECKOT' O ITPOCTPAHCTBA

B pabome paccmampusaromcs  6onpocwbi  2eomempuieckou  cmpyKmypusayuu
MHOJICECE MOYEK NPOU3BOILHO20 Mempuiecko2o npocmparcmea. IIpeonodcenvl memoovl
NOCMpOoeHUs NPAMOIUHEUHO U NIOCKO PACHONONCEHHBIX MHONCECME MOYeK Mempuiecko2o
npocmpancmea. Takue mHodxMCecmea A81a10McA 0000WeHUeM NOHAMUU, COOMBEMCMBEEHHO,
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NPAMOU JUHUU U NAOCKOCMU 8 Kiaccudeckou eeomempuu Eexiuoda. Ilocmpoenue makux
MHOIHCEC8 MOUEK 0aem B03MONCHOCHb MOOEUPOBAMb PA3IUYHbIE 2eoMempuyecKue oopaszvl
8 Mempu4ecKux npoCmpanHcmeax.

Ilonamue npamonuHeliHO20 pasmeweHuss moyex 0a3upyemcs Ha KiacCU4ecKkom
NOHAMUU  «JIedHcamb — Mexcoy», KOmopoe WUPOKO — UCNONb3Yemcsi 6  COBPEMEHHbIX
eeomempuyeckux cucmemax. B pabome ucnonv3zyromes nowsimue yaia, 00paz08aHH020 mpems
MOYKAMU MEMPUUECKOU NPOCMPAHCMEA, U NOHSAMUE Yel080U XAPAKMEPUCTUKU 3020 Veld.
Omu nouwamusa A61AOMCA  6A308bIMU O ONpedeNeHUss NI0CKO20 pPasMeweHusi Mmouex
Mempuyeckoeo npocmpancmea. Kpome mozco, ¢paxm npsmonuneiinoco pasmeujeHus modex
MOJMCHO — NONYHYUMb, MAKHCe, C UCNOAb306AHUEM NOHAMUU Yena U e20 Y2l08ou
Xapakmepucmuxu.

Jlna  ycmanoenenus  gpakma  nIOCKO20 — pasmMeweHus. MoyYeK — MempuieckKozo
npocmpancmea ucnoiavzyemcs gopmyna FOuneuyca eviuucienus obvema mempa’sopa uepes
ONuUHy e20 OOK08bIX pebep. Ycnosue paseHCmea HYI0 2Mo20 00veMa AGNAemcsa NPUSHAKOM
NIOCKO20 — pasmewjeHus demvlpex 6eepuiun mempadopa. B pabome ucnonvsyemcs
Mmooughuyuposannas ghopmyna FOneuyca, 8 Komopoi 00vem mempas’opa 8bIHUCTIACCA Yepe3
ONIUHBL Mmpex e2o pebep, 8bIX00AUUX U3 OOHOU BEPULUHBL, U KOCUHYCbI NIIOCKUX Y2108 NPU SMOU
sepuiure. Ilockonvky makue 6vluUcIeHUss O00CMAMOYHO MpPYOOeMKU, mo & pabome
npeoaazaemcs npoBOOUMb UX € UCHONb308AHUEM NPOCPAMMHO20 cpedcmaa «KanbKynamopy.
C nomowpio 3moeo KanbKYIAAMoOpa MOXNCHO YCMAHOBUMb. CYWeCmseyem Jau mempa’sop ¢
3A0AHHBIMU pebpamu, U eciu 0d, Mo GbIYUCIUMb 00BEeM MAK020 Mempal’opd.

B pabome npueedenvi npumepsvl NpAMOIUHEUHO U NIAOCKO PA3MEUJEHHBIX MHONCECE
MOYEK 8 PA3HLIX KIACCUHeCKUX MeMmpUudecKux npocmpancmeax. B uacmnocmu, paccmompenvi
npUMepbl MAaKux MHOXMCECME 6 NPOCMPAHCMBEe HENpepbléHbIX HA ompe3Ke QYHKYul u 8
NPOCMpPaHcmee uHmeepuposanvlx no Pumany na ompeske ¢ynxyuii. Hekomopule npumepboi
VKA3bI8AIOM HA «HEEGKAUOOBUCHbY NOHAMUL NPAMOIUHENHO20 U NIOCKO20 PA3MeueHUs.
mouex. Dmo no360sem MoOeIuUposamy 8 MEMPUYECKUX NPOCMPAHCMBAX OCHOBHbLE NOHAMUSL
U C80UICMBA HEEeBKAUAOBIX 2e0MeMPUlL.

Kniouesvie cnoea: npsmas nunus,; nioCKOCMb; V2Ol Mempuieckoe npocmpaHcmeo;
NPAMONIUHEUHO PACNONIONCEHHOE MHONCECMBO MOYEK; Yelo8ds XAPAKMePUCMUKA; NJI0CKO
PACNONONCEHHOE MHONCECBO MOYEK.

V.I. KUZ’MICH, L.V. KUZMICH, O.G. SAVCHENKO
Kherson State University

SIMULATION OF RECTILINEAR AND FLAT PLACEMENT OF
POINTS OF METRIC SPACE

The paper deals with the issues of geometric structuring of sets of points of an
arbitrary metric space. Methods for constructing rectilinear and flat sets of points of metric
space are proposed. Such sets are a generalization of the concepts, respectively, of a straight
line and a plane in the classical geometry Euclid. The construction of such sets of points
makes it possible to model various geometric images in metric spaces.

The concept of rectilinear placement of points is based on the classical concept of 'lie
between', which is widely used in modern geometric systems. The work uses the concept of an
angle formed by three points of the metric space, and the concept of the angular
characteristic of this angle. These concepts are basic for the definition of a flat placement of
points in a metric space. In addition, the fact of the rectilinear placement of points can also be
obtained using the concepts of angle and its angular characteristic.
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For establish the fact that the points of the metric space are flat placement, the
Jungius formula is used to calculate the volume of a tetrahedron in terms of the length of its
lateral edges. The condition for this volume to be zero is a sign of the flat placement of the
four vertices of the tetrahedron. The paper uses a modified Jungius formula, in which the
volume of a tetrahedron is calculated in terms of the lengths of its three edges emerging from
one vertex and the cosines of plane angles at this vertex. Since such calculations are rather
laborious, it is proposed to carry out them using the 'Calculator' software tool. With the help
of this calculator, you can determine whether there is a tetrahedron with given edges, and if
so, calculate the volume of such a tetrahedron.

The paper gives examples of rectilinear and flat placement sets of points in different
classical metric spaces. In particular, examples of such sets are considered in the space of
continuous functions on an segment and in the space of Riemann-integrated functions on an
segment. Some examples point to the 'non-Euclidean' concepts of rectilinear and flat
placement of points. This allows modeling the basic concepts and properties of non-Euclidean
geometries in metric spaces.

Key words: straight line; plane; angle; metric space; rectilinear placement set of
points; angular characteristic; flat placement set of points.

IHocTanoBka nmpodJiemu

[Ipu oOpoOIi CTATUCTUYHHUX JaHUX, MPU MATEMAaTUYHOMY MOJICTIOBaHHI (hi3UUHUX,
€KOHOMIYHHUX, COLIOJOTIYHMX SBHIL Ta MpPOLECIB BUHUKAE HEOOXITHICTh CTPYKTYypH3arlii
MacHBIB UHCJIOBUX JaHHUX, OTPUMAHMX B pE3yJbTaTi EKCIIEPUMEHTIB, CIIOCTEPEKEHb,
BHUMIPIOBaHb. ¥ OCTaHHI POKH 3HAYHOTI'O PO3BUTKY Ta 3aCTOCYBAaHb y PI3HOMAHITHUX Tally3sax
HAayKH Ta iHKeHepii HaOynu METOau METPUYHOI TreomeTpii. MeTpuuyHa TreoMeTpisi BHBYAE
F€OMETPHUYHI BJIACTUBOCTI Ta CIHIBBIJHOLIEHHS MK TOYKaMU METPUYHOTo mnpocropy. Lli
BJIACTMBOCTI Ta CIiBBIAHOIICHHS 3HAYHOIO MIPOIO 3aJIe’KaTh BiJl METPUKHU MPOCTOPY, TOOTO,
Bil CcmocoOy 3amaHHs BiJICTaHI MK TOYKaMHd 1OTO TpocTopy. OmHaK, € TeBHI
CHIBBIIHOIIICHHS, SKi HECYyTh y COOl T€OMETPUYHMI 3MICT, 1 MOXYTb OYyTH OJHAaKOBO
IHTEpIPETOBAaHl y MpPOCTOpax 3 PI3HOI MeTpHkowo. Jlo TakuxX CHIBBIJIHOIIEHb MOJKHA
BiJTHECTH, HAIIPUKIIAJ], CIIIBBIIHOIICHHS <JICKATH MIXK», «IIPSMOIIIHINHE PO3MILIEHHS TOYOK»
abo «II0CKe PO3MIIIeHHs TO4YoK». Ilpudomy, 1i CHiBBITHOIICHHS y METpPHYHIN reoMerpii
MOJKHa ONHMCATH aHAJITMYHO, 3a JONOMOIOI0 KOHKpPETHHMX piBHOcTeH. lle nae MOXIMBICTBH
BUKOPHCTOBYBATH iX JJISl CTPYKTYypH3aLlil JaHUX 1 MOJIEIIOBaHHS 0aratboX SIBUIL Ta MPOLIECIB
3a JIOMIOMOTOI0 €JIEKTPOHHO-00UYUCITIOBATIBHOT TEXHIKH.

VY nmaniii poOoTi OyIyTh ONMHCAaHI JESIKI METOJH TOOYIOBU MPSMOJIHIHHO Ta IJIOCKO
PO3MIILIEHUX MHOXKHH TOYOK JIOBIJIBHOI'O METPHUUYHOTO IIPOCTOPY, a TAKOXK HaBeJI€HI MPUKIAIU
no0yTOBH TaKMX MHOXHH y KOHKPETHUX KJIACHYHHX IPOCTOPax 3 BiJOMOIO METPUKOIO.

AHaJi3 0CTaHHIX JA0CJTIXKeHb 1 myOJikanii

3 OCHOBHUMH TIOHATTSMH METPUYHOI TEeOMETpii MOXKHA O3HAWOMUTHCH MO PSAY
MoHOTpadiif Ta MOCIOHUKIB, HAMMMCAHUX TAaKUMHU BIJIOMUMH MaTeMaTHKaMu sk byszeman [1],
bepxke [2], Byparo [3], a Takox, 4acTKOBO, 1O oriisiioBii crarti CabitoBa [4]. BiactuBocti
BIJTHOIICHHS «JICKATH MIX» TSI TOYOK METPUUHOTO MTPOCTOPY JOCIIKYBATUCH Y podoTax [5,
6]. IlpsModiniiiHe Ta IUTOCKE PO3MIMICHHS TOYOK METPUYHOTO IMPOCTOPY BHBYAIOCH Yy
poborax [7, 8].

OCKINTBKHM TIOHATTSI METPUYHOTO MPOCTOPY € 0a30BUM y MaTeMaTulli, TO TOpsd 3
METPHUYHUMH MTPOCTOPAMHU TAKOK aKTUBHO BHBUAIOTHCS 1X CIICIMialIbHI KJIACH Ta MOAMQIKaIIii,
[I0 MarOTh 3aCTOCYBAHHS y PI3HUX Tally3iX Cy4acHOI HayKdh. Y 3B’A3Ky 3 LIUM BiA3HAYUMO
yIbTpaMEeTpUUHi a00 HeapximemoBi mpoctopu. Tak, y [9] 3ampormoHOBaHa KOHCTPYKIIis
iHBapiaHTHOI METPUKM Ha BIUIBHIA Tpymi  yIBTPAMETPUYHOTO TPOCTOPY, SKa €
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(GyHKTOPIAIBHOIO Ha KaTeropii yJIbTpaMEeTPUYHHUX MPOCTOPIB JiaMeTpa He OUIbIe OIWHUII 1
HE pO3TATYIOUMX BinoOpakeHb. LI KOHCTpyKIlisl BHM3HA4ae MOHaXy Ha Wi Kareropii.
HaBeneno, Takoxk, omuc Kareropii anreOp Ii€i MOHamu SK KaTeropii JIIBOIHBapiaHTHUX
yJIBTPaMETPUYHUX TPy JiaMeTpa He Oiblle OJMHHUII 1 HEPO3TATYIOUMX TOMOMOP(i3MiB.
Takumu, 1m0 3acIyroBYIOTh OCOOJIMBOI yBaru, € PO3MUTI METPUYHI TPOCTOPH,
30KpeMa, CTaIliOHApHI PO3MUTI METPUYHI IMPOCTOPU Ta IOB’sI3aHI 3 HUMH (YHKTOpiajbHi
korcrpykmii  [10], [11]. Tak, B pobGoti [12] yTBOpeHHiII 3a JOMOMOIOK IEBHOI
yJIbTpaMeTpu3alii GyHKTOp WMOBIPHICHMX Mip YTBOPIOE MOHAJy Ha KaTeropii po3MHUTHX
YIBTPAMETPUYHUX TIPOCTOPIB Ta HEPO3TATYIOUMX BiOOpakeHb. BcTraHoBiIeHO, M0 QYHKTOP
TineprpocTopy A0MycKae MPOJOBKEHHS Ha KaTeropiro Kieiicni MoHaau rinepnpocTopy.
[HTEHCHBHO JOCHI[DKyBaHUMH Yy TEMEPIIHI Yac € MeTpU4YHI TPOCTOpH, SIKi
BUHUKAIOTh Ha MEX1 TEOPETHUYHOI iHQOpPMATUKH Ta MpUKIagHOI MaTematukd. Lle Tak 3BaHi
NPOCTOPU  JiarpamM CTIHKOCTI. BincTamh MK giarpaMamMu  CTIMKOCTI €  KUIBKICHOIO
XapaKTePUCTUKOIO BIIJANICHOCTI MiX CcO00OI0 BENUWKUX MAaCUBIB JAaHUX, TOMY TaKHii
METPUYHUH MPOCTIp € 00’ €KTOM BUBYCHHS 0araTboX JOCTITHUKIB. 30Kpema, B [13] noBeaeHo,
10 MHOXHHA JlarpaMm CTIHKOCTI TICHO TOB’si3aHa 3 OJIHIEIO 3 M0Ope BiIOMHUX KOHCTPYKIIH
anreOpaigyHOi TOMOJIOTiT — HECKIHYEHHUM CUMETPUYHUM J100yTKOM y ceHci Jlonpaa i Toma.

Meta gociainkeHHs
Mertoro 11i€i poOOTH € OmMC METOAIB T€OMETPUYHOI CTPYKTypH3aLii METPUYHUX
MIPOCTOPIB, IIITXOM TOOYIOBU MPSMOJTIHIMHO Ta TUIOCKO PO3MIMIEHUX MHOXKHH TOYOK Y ITHX
npoctopax. Ilpm mnoOymoBi MIOCKO pPO3MIMIEHUMX MHOXXHH TOYOK BHKOPHUCTOBYETHCS
nporpaMHunii 3aci6 «KanbKysTopy, 3a JOMMOMOTOO SIKOTO MOKHA BCTAHOBUTH (DAaKT TUIOCKOTO
PO3MIILIEHHS YOTHPHOX TOUOK METPUUHOTO IIPOCTOPY.

BukiiaieHHsl 0CHOBHOT'0 MaTepiajy J0C/IiKeHHs

Y mnonmanemioMmy OyneMO KOPHCTYBAaTHCh HACTYINHHM O3HAYCHHSIM METPHYHOTO
npoctopy [14, c. 41].

Osnauenns 1. Mempuunum npocmopom nasueaecmocs napa (X, p), wo ckradacmocs
3 0esakoi MHodxcunu (npocmopy) X enemenmis (mowox) i giocmani, moomo 0OHO3HAUHOI,

Hesld ‘emnol, oitichoi pynxyii p(x;y), susnavenoi 0 6yov-saxux X i y 3 X, i ika 3a00601bHAE
MAaKumM mpboM aKciomam:

1) p(x; ¥) = 0 mooi i minbku mooi, konu x =y (x i y cnienadaoms);

2) p(x;y) = p(y; x) (akcioma cumempii);

3) plx;y) < p(x; z) + p(z; y) (akcioma mpuxymnuxa).

Hamani 6ynemo BBakaTH, IO BCl PO3TJIAIYyBaHI TOYKHM METPHUYHOTO MPOCTOPY pi3HI
(He cmiBIAAaOTh), TOMY BiACTaHI MK TOYKaMH HeBix €éMHi. ByJaeMo BHUKOpHUCTOBYBaTH,
TaKO’K, MOHATTS KyTa, YTBOPEHOTO TPhOMa TOYKAMH METPHUYHOTO TPOCTOPY, Ta HOTO KyTOBOL
xapakrepuctuku [/, c. 383]

O3navenns 2. Hexau a, b, ¢ — Oosinbni mouxku mempuunozo npocmopy (X,p).
Ynopsoxosany mpiiiky (a, b, ¢) yux mouok 6yoemo Hazueamu Kymom 3 6epuiuHor y mouyi b,
i nosnauamu: <(a,b,c). Ilapu mouwox (a,b) i (b,c), npu yvomy, 6yoemo Hazusamu
cmopoHamu Kyma.

Osnauenns 3. Hexau a, b, ¢ — Oosineni mouxu mempuurnozo npocmopy (X, p).
Xapaxmepucmuxoro kyma <(a,b,c), abo kymosow xapakmepucmukor, 6yoemo Hazusamu
oiticne yucno @(a, b, c), wo 3naxooumucs 3a popmynoro.

p?(a,b) + p*(b,c) — p*(a,c)
2p(a,b)p(b,c) '

¢(a,b,c) =
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Hanani 6yneMmo BUKOPUCTOBYBATH 3pYUHIII TO3HAYEHHS:

pij + Pjic — Pik
2piipPjk

pCxix) = pijy o(x,x),x) = = @ik (L,j, k= 1,23,..).

Tenep HaBeaeMO O3HAYEHHS MPSAMOJIHIMHOTO PO3MIMIEHHS TOYOK METPUYHOTO
poCTOpYy.

Osnauennss 4. Tpu mouku a,b,c mempuunoco npocmopy (X,p) Hazusaomo
NPAMONIHIUHO POZMIWEHUMU ) YbOMY NPOCMOPI, AKWO BUKOHYEMBCS PIGHICb:

p(a,c) =p(a,b)+ p(b,c).

[ToHATTS MPAMOIHIHHOTO PO3MIIIEHHS TOYOK METPHYHOTO TIpocTopy yBiB B.®d. Karan
[15, c. 527]. lle o3HaueHHs MOXHaA MePePOPMYITIOBATH, BUKOPUCTOBYIOYH KYTOBY
XapakTepucTuky [7, c. 384].

Osnavennss 5. Tpu mouxu a,b,c mempuunoco npocmopy (X,p) Hasusaromo
NPAMONIHIUHO POIMIWEHUMU )Y YbOMY NPOCMOPI, AKWO X04a O 015 OOHI€EL 3 HUX (HAnpuKiao,
ona mouku b) euxonyemucs pisnicmo: @*(a,b,c) = 1.

MHOXHMHY TOYOK METPHUYHOTO TMPOCTOPY TPHUPOJHO BBAXKATH NPSIMOJIHIHHO
PO3MIILIEHOIO, SIKIIO OyIb-5IKi TPH 11 TOUKK NPSAMOJIIHIHHO pO3MIIIEH] Y IIbOMY ITPOCTOPI.

HaiinpocTimum mpukiIazoM OpsIMOJIIHIMHO PO3MIIIEHOT MHOXHUHU TOYOK € MHOXKHHA
TIUCHUX 4uceN (TOYKH OJHOBHUMIPHOTO €BKIIJIOBOTO MPOCTOPY RY). Bigctanp Mik aBOMa
TOYKAMH X; 1 X5 Y IIBOMY ITPOCTOPI 3HAXOAATH 3a hopmyinoro: p(x,y) = |x — y|.

binbmr ckiIamHIIUM TPUKIATOM TMPSAMOINIHIMHO PO3MIIIEHOT MHOXHHH TOYOK €
MHOXHMHA JHIAHUX (QYHKIIA BUAYy Y = kX, SKIIO PO3MISAATH iX SIK TOYKA METPUYHOTO
npoctopy Co,q] HEMEPEPBHUX HA Bizpi3ky [0; 1] ¢yHkmiit. Y 1ipoMy mpocTopi BiACTaHb MiXK
nBoma (yHkiisMu (Toukamu mpoctopy) f(x) i g(x) 3naxomutbes 3a hopmynoro: p(f,g) =
MaXyejolf(x) — g(x)|. Orxe, BincTanb Mixk pyHKuiaMu y; = kqx Ta y, = k,x y npocropi
Cio;11 Oyne: p(y1,¥2) = MaXyepo;171k1x — kx| = |ky — k;|. Ipamoniniiine posmimenns miei
MHOXHHH TOYOK y TPOCTOpi Cjg;] BHUIUIMBAE 3 BIACTHBOCTEH MHOXKUHH [IHCHUX YHCEN
[7,c.384; 16, c. 32].

Ternep po3ryIstHEMO TOHATTS TUIOCKOTO PO3MIIICHHSI TOYOK METPHYHOTO TPOCTOPY. 3a
AQHAJIOTIEI0 3  BHIAJKOM MPSIMOJIHIHHOTO PO3MILIEHHS TOYOK, 3a XapaKTEPUCTHUHY
BJIACTHBICTH IJIOCKOTO PO3MIIIEHHS YOTUPHOX TOYOK Xq, X, X3, X4 BI3bMEMO YMOBY PIBHOCTI
HyIIO 06’€My TeTpaeipa, YTBOPEHOrO IMMH TOYKaMH. MOTro MOXHA OOYHCIHTH,
BuKopucToBytoun Gopmyiy FOuriyca [17, ¢. 99-100] 06’emy TeTpaeapa 3a TOBKHUHAMH HOTO
pedep P12, P13, Piar P23 P24, P34- IS TPOBEICHHS TAKUX PO3PaXyHKIB MOXXHA BUKOPUCTATH
nporpamunii  3aci6 «Kamekymatop» [18, c¢. 63; 19, c. 68], skuii 3HaxomAuUThCS 3a
anpecoro: http://ksuonline.ksu.ks.ua/mod/resource/view.php?id=2645.

PiBHiCTB:

pi2p34(pfs + pla + pis + pia — pia — P34) +
+pi3p34(plz + pia + P33 + p3a — pis — p3a) +
+piap3s(plz + pis + P34 + p3a — pia — P33) —
—Pi3PTaP34—PT2P14PIa—PT2PT3P33—P33P34P3s = O
3abe3medye piBHICTh HYJIIO TeTpaepa 3 BEPIIMHAMH Y TOUKAX X1, Xz, X3, X4 [18, c. 62].

SIKIIO BUKOPUCTATH KyTOBI XapaKTEPUCTHUKU IUIOCKMX KYyTiB MpPHU BEpIIMHI X;
TeTpaepa, TO OCTAHHIO PIBHICTh MOXKHA NepenucaTu y ¢opwmi [7, c. 387; 18, c. 61]:
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1+ 2051302140314 — P513 — P514—P314 = 0.

Tenep MOXHa JaTh O3HAUCHHS TUIOCKOTO PO3MIIICHHS YOTHPHOX TOYOK METPUYHOTO
npocrtopy [7, c. 387; 20, c. 42; 21, c. 11-12; 22, c. 63].

OsnaueHHst 6. byoemo kazamu, wo MOYKU Xqi,Xo,Xs3, X, npocmopy (X,p) niocko
PO3MIWeHi Y YyboMy NPOCMOpI, AKWO X04a 6 051 OOHIEL 3 YUx Mo4oK (Hanpukiao, OJisi MouKu
X1) BUKOHYEMbCSL PIBHICMb

1+ 2021302140314 — P313 — P514—P314 = 0.

MHOXHHY TOYOK METPUYHOTO MPOCTOPY MPHPOTHO BBAXKATHU IIOCKO PO3MIILEHOIO,
SKIIO OyIb-SK1 YOTUPH 11 TOUKHU MPSIMOJIIHIHHO PO3MIIIEH] B IbOMY TIPOCTOPI.

CriBBiAHOIICHHS] MDK MPSAMOJIHIMHAM 1 TUIOCKMM DPO3MIIIEHHSM TOYOK HabaraTto
CKJIaJHIIIe, HDK BIAHOIIEHHS MDK MPSAMOIO JIiHIE 1 IJIOMMHOK y reomerpii EBkimina.
«HeeBKITiIOBICTE» LHX MOHATH MOYKHA MTPOAEMOHCTPYBAaTH HACTYITHUM MPHKIIATOM.

YV MeTpudHOMY IIpocTopi RE, e Toukamu € Tmapu jailicHux uucen a(dy, a,), BiACTaHb
MK 1BoMa Toukamu a(a,,a,) i b(by, b,) npoctopy Bu3HaudaeThcs (opmysoro: p(x,y) =
max(|a; — by|, |a, — b,|). Yotupu touxu a(1,0), b(0,1), ¢(—1,0), d(0,—1) npoctopy R?
npsiMoJiiHiiHO po3MmimeHi y npomy mnpoctopi [7, c. 387]. KyrtoBi xapakTepucTuku
JBaHAIIATH YCIX MOJMJIMBAX KyTiB, YTBOPEHHX ILMMH TOYKaMH, NPUHAMATAMYTh TakKi
3HAYCHHS:

(p(bl a; C) = 11 QD(b; a; d) = _1, (p(C, a, d) = 1, (p(a’ b, C) = —11 (p(a’ b, d) = 11
@(c,b,d) =1, ¢9(a,c,b) =1, ¢(a,c,d) =1,¢(b,cd =-1,¢(a,db) =1,
(p(a: dl C) = _1, (P(b, d, C) = 1

3 nMX 3HaYEHb BUIUTMBAE, IO YC1 YOTUPH TOYKU PO3MIIICHI MPSIMOTIHIHHO Y IPOCTOPI
R3 (KBaJpaTH KyTOBUX XapaKTEPUCTHK JOPIiBHIOIOTH OMMHHUIL). KpiM TOro, KOKHA 3 YOTUPHOX
TOYOK JIC)KUTh MIXK JIEIKUMH JIBOMa 3 HHUX, TOOTO, KpalfHIX TOUOK cepe/l HUX HeMma. binblie
TOTO, JIETKO TEPEBIPUTH, IO Ii TOYKH HE € IJIOCKO PO3MIIICHHMMH B I[bOMY IPOCTODI.
HaBeneni gaktu He MOKYTh BUKOHYBAaTUCh y reomeTpii EBkiiza.

BucHoBku

3a 70moMOror 3aco0iB reoMerpusalii METPUYHUX IMPOCTOPIB MOXKIMBO MPOBECTU
CTPYKTYpH3AIlI0O IHUX MPOCTOPIB, MOJEIIOIOYH TEOMETPUYHI O0O0pa3u OCHOBHUX TIOHSTh
reometpii EBkitiga. JIoCTaTHRO MPOCTI aHANITUYHI MEPETBOPEHHS MPU TAKOMY MOJETIOBAHHI
JAI0Th MOJKJIMBICTh 3aCTOCYBaTH €JIEKTPOHHO-OOYMCIIOBANIBHI 3acOo0M TpU  TOOYIOBI
BiJIIOBITHUX TEOMETPUIHHIX 00pa3iB.

VY nopanpimioMy JOCHIKEHHS CIiJl CIIPsAMYyBaTH Ha MOOYJOBY aHAJOTIB KJIACHYHUX
CHIBBIHOIIEHb MK €JIEMEHTaMHU TeOMETpUYHHX (iryp y reomerpii EBkiina.
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