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Originality. The article suggests tasks that have a professional orientation. They are connected
with the transport industry. Tasks contain real statistics. Such and many other professionally oriented
statistics are provided by the European Statistical Agency Eurostat. Such data can serve as a basis for
constructing many other tasks.

Conclusion. Tasks that contain real statistical data develop students ™ cognitive interest, as well
as their general. professional and statistical culture.

Keywords: siatistical culture, statistical thinking. teaching students.
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NOBY/JOBA INVIOCKHX OBPA3IB V JOBIUVIBHOMY METPUYHOMY NPOCTOPI

YV pobomi paniute 66edene nowsmms kyma. a maroxC 1020 4uc1060l XApakmepucmuri, Os
VROPSOKOBAHOT MPITKIL MOYOK Q0GLILHOCO MEMPUTHOLO NPOCHOPY GUKOPUCINOCYCMBCS Osl 66COCIHS
NOHAMMA NIOCKOCO PO3MINeHHSI MOYOK Yfboc0 npocmopy. Haseoeni npuriaoi maxo2o possiwenis, a
MAKOXHC YMOGU HEOOXIOHT | docmamii .15 Moo, o6 QOGLIbHI 4OMUPIL MOYKL NPOCMOPY GVl NIOCKO
posmiwgeni. Poseasioaemoes nOHAmMms CYMINCHOCII KYMI6 ma 6Cmanoeieni ymoeu, neobxioni ma
OOCMAmMHi 014 YbO2O.

Kawuoei crosa: vempuunutc npocmip. kym, npava ainis, ApSMOIiniud o6pas, niowund,
nAOCKUTL 00pa3.

IlocranoBka npobaemun. [Ilpn BHBUEHHI METPHUYHHMX TMPOCTOPIB Y  Kypci
MaTEMaTHYHOTO aHaJli3y PO3IJIANATbCS KIACHYHI MPOCTOPH 3 BCTAHOBJIEHOK METPUKOHO. Lle
Taki NPOCTOPH sK #-BUMIpHHUiT EBkniniB mpocrip R, mpocTip HemepepBHHMX Ha Biapi3Ky

[a;0] dynxuiii (', Ta inmi. Tlpu UbOMY BHBUYEHHI, SIK MPaBMJIO, MOBA MPO FEOMETPUYHI

BJIACTMBOCTI LIMX MPOCTOPIB HE 3aXOAMTb. Lle MOSCHIOETHCSI THM, 1O MUTAHHS FreOMeTpH3aLii
METPUYHHMX TPOCTOPIB MOCHUTb CKJanHe 1 MOTpedye AOCTaTHLO XOPOIIOi MaTeMaTHHHOI
MiIAFOTOBKM Ta BMBYEHHs CrewiaibHUX MoHorpadiii 3 maHoi npobOnematuku. OnHak, €
MOK/IMBICTb BUBUYATH MEBHI N'€OMETPHUHI 00pas3H y HOBIIbHUX METPHUYHHUX MPOCTOPAX, LIO €
aHajoramMM BIAMOBIAHMX JNiHIH, ¢iryp Ta Tin reomerpii Eknina. [nsg uporo HeoOxinHo 10
MOHSATTS «MPAMOJIIHIIHOTO 00pa3y», netasbHO BuBueHoro B. ®@. Karanowm [1, posain XIX],
AOMATH MOHATTS KyTa Ta HOro YHCIOBOI XapaKTePUCTHKH, 1O 0a3yIOThCA Ha MOHSTTI Bigaai
MIXK €JI€MEHTAMH METPHYHOTO MTPOCTOPY.

AHaMI3 OCTAHHIX JocaixKeHb i nmyGaikauid. Y po6oti [2] BBeneHO MOHATTS KyTa y
AOBUILHOMY METPHYHOMY MPOCTOPI, SIK yIOPSIAKOBAHOI TPIliKH €IEMEHTIB LIbOTo npocTopy. Y
AKOCTI 4YMCJIOBOI XapaKTEPUCTHKH KyTa BHOPAHO 3HAYEHHsS IOro KOCHHyCa Y reomerpii
Esknmina. Takum uuHOM BBeJeHI MOHsITTS OyiM 3aCTOCOBaHi 1O BHBYEHHS BIACTHUBOCTI
MPSIMOJIIHIHHOCTI  PO3MIIEHHs eleMEHTIB MeTpu4Horo mnpocropy. Y poboti [3] 6yno
AHOHCOBAHO 3aCTOCYBaHHs MOHAThH KyTa Ta HONO YMCJIOBOI XapakTePHCTHKH 10 OTPUMAaHHS
YMOB IJIOCKOTO PO3MILIIEHHS €JIEMEHTIB HOBITBHOTO METPHYHOTO TPOCTOPY.

Mera crarTi. PoboTa Mae Ha MeTi BBECTH Y PO3IJISA @HAJIOTH OCHOBHHX F€OMETPHYHHX
00’€KTIB Ta CMiBBiAHOMIEHb MiX HUMH, NPH BUBYEHH] BJIACTHBOCTEH METPHUYHHX MPOCTOPIB Y
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Kypcl MaTeMaTHM4YHOro aHamizy. Ha Haw morsisi, BBENEHHS MOHSATH MNPSAMOJIHINHONO Ta
MJOCKOTO PO3MILIEHHS] MHOKHMH TOYOK NACThb MOJKJIMBICTH I€BHMM YHHOM CTPYKTYPyBaTH
KOHKPETHI METPHYHI MPOCTOPH, MOOYAYBATH Uil KOKHOTO 3 HHX BIAMNOBIAHY I€OMETPUUHY
crpykrypy. Chail 3a3HauuTH, WO MIAXIA A0 FeoMeTpu3auil METPUYHOTO MPOCTOPY y AaHii
poOOTI, He BUKOPHCTOBYE TMOHATTS HOro MOBHOTH, @ OTXKE, MOKE OYTH 3aCTOCOBAHMM IO
CKIHY€HOI MHOXMHH TOYOK MPOCTOPY, i He BUHUKAE MOTPeOH BBOAMTH MOHSTTS FPAHHYHOTO
nepexoay. BinHocHa mpocToTa aHaMTHYHUX MEPETBOPEHb [1a€ MOJKJIMBICTb 3aCTOCYBaHHS
METOZy HaBITb Yy IUKITBHOMY KypCl MaTe€MaTHKH, OO OCHOBHHUX €JIEMEHTAPHHUX (DYHKLIM.
[lpuuomy, yke Ha nNpHKIaal JiHIHHUX (QYHKUIH MOKHA BCTAHOBHUTH HEONHO3HAYHICTh
MOHATTA NPAMOJIIHIHHOCTI, BUKPHBJIEHHS IPOCTOPY MPH 3MiHI METPUKH MPOCTOPY, a OTKE, HA
NPOCTHX MPHKJIALAX O3HAHOMUTHCDH 3 €JIeMEHTaMH HEEBKJII JOBOT FeOMEeTii.

Bukaaa ocHoBHoro wmartepiaay. Criouatky, Ans 3pY4HOCTI O3HAHOMIJIEHHSI 3
HaCTYITHUM MaTepiajoM, MH HaBeIEeMO OCHOBHI O3HaueHHs 3 polit [2] i [3]. Hanani Gynemo
pO3risiaaTH NOBUIBHUI mpocTip X 3 BBEICHOK Y HbOMY METPUKOH 0 . Takuil MeTpudyHMi

npocTip Oyaemo nosHaudatu (X, p) . Yci Touku npocropy OyaemMo BBaKaTH PI3HUMH.

Osnauenns 1. Hexair a, b i ¢ — oositsni mouku vempuynoeo npocmopy (X, p) .
Vnopsiokosany mpiitky (a,b,c) yux movok 0yoemo nazueanu Kymom 3 epuiinoro y mouyi b,
i nosnavamu: Z(a,b,c). Hapu mouok (a,b) i (b,c), npu ysomy, Oyoemo nazueamu
cmoponavu kyma (auB. [2, ¢. 28]).

Hanani Oynemo BBaskatu kyTu Z(a.b,c) 1 Z(c,b,a)onHakoBuMH (OJHUM 1 THM Ke
KYTOM).

Osnauennn 2. Hexait a, b 1 ¢ — ooeiieni mouku mempuunoco npocmopy (X, p).
Xapakmepucmurow kyma Z(a,b,c), ado Kymoeow xapakmepucmurow, 0yoeMo Hazueami
oftiene yucao e(a,b,c), wo snaxooumscs 3a hopuy.ow:

p(a,by+p (b,c)—p(a,c) (1)
2p(a,b)p(b,c)

pla,b,c) =

(amB. [2, ¢. 29]1[4, ¢. 36]).

Metpuunuii npoctip (X, p), y SKOMY BBEIEHO MOHSTTS KyTa 3a O3Ha4YeHHsM 1, 1 ioro
XapakTEePUCTHKY 32 O3HAueHHsIM 2, OyZeMO Ha3MBAaTH METPHUHHM MPOCTOPOM 3 KYTOBOK
xapakTepucTukor 1 nosnavatu I'1. KyToBa xapakTepucTKa, 1O BU3HAYAETHCS 33 HOPMYIION0
(1), y reomerpii EBkiiga 4yucenbHO AOPIBHIOE KOCHHYCY KyTa TPHUKYTHHKA, 3HAHIEHOMY
yepe3 JOBKHHHU HOro CTOpiH 3a (GOPMYJIOK KOCHHYCIB.

O3nauenns 3. byoemo kazamu, wo mouku a, b, ¢ npocmopy Tl npsvoainiimo
PO3MiwgeHi, AKWo 8UKonycmucest pisnicms o(a,b,c) = +1 (nus. [2, c. 29]).

lle o3HaueHHs MPUPOAHE, OCKIMbKH Mpu 3Ha4YeHHsIX ¢(a,b,c)=+1 3 piBHocTi (1)
CIiaye, 1O OJHA 3 TPhOX TOYOK JIEKHUTb MK aBoMa iHWMMH. [Ipuuyomy, npu piBHOCTI
o(a,b,c) =—1, kyt Z(a,b,c) NpUPOIHO HA3BATH POTOPHYTHM.

Osnauennsn 4. byoemo rasamu, wo ymuoxcuna A movok npocmopy Tl npsvoxiniitmo
DPO3MINEHA, AKWO OYOb AKI MPU MOYKY YIET MHONCUHY HPAMOATHITIHO PO3MIUfeHi.

dakTH4HO, O3HaueHHs 4 € mNeBHUM mnepedpa3yBaHHAM BIANOBIAHOTO O3HAYEHHs
“TIPAMOJIIHINHOTO 00pasy», sikuii BuBuaB B. @. KaraH, 3acTocOByrYM [0 JOBUIBHOTO
METPUYHOTO npoctopy (aus. [5, ¢. 527]).

He3Baskarouu Ha Te 110 MPSMOJIHIIIHE PO3MILLIEHHST TOYOK O3HAYAETHCS 38 AOMOMOT 00
x1acH4HOi (POPMYJIH KOCHHYCIB, 1€ MOHATTA AOMYyCKAaE NEeBHY HEOAHO3HAYHICTD 3 TOUYKH 30PY
~eomerpii EBkiina. Ha ne Bkasye HaCTynHMIi nmpukIan.

Ipukaao 1. Posrnsiwemo npoctip (', GyHkuiii, HenepepsHux Ha Binpizky [0;1]. ko

3siqmaib MK elnemeHtamu  f(X) Ta  g(X) npocTopy BCTAHOBUTH 3a MPABHJIOM!
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p(f,g):maxxg[(;,;1]|f(x)—g(x)|, TO BiH cTae metpuuHuM [6, ¢. 43]. YV wpomy npocTopi

BI3bMEMO YOTHPH €JIeMeHTH: V, =X+1, y, =x, y, =x-2, y, =—x.
3HaiiaeMo Biaaani MK LHUMH eleMEHTaMH:
Py =1, p(0.y5) =3, pOye) =3, p(2.33) =2, p(ya, 1) =2, p(y3, ) = 2.
3a hopmynoro (1) 3HaliieMO KyTOBI XapaKTEPUCTHKH:
O 2. b3) = =1 @350 = =1, 0(y3.3,,0,) =05
3 mepiioi piBHOCTI, 3a O3HAYEHHsAM 3, CHiAye, WO TOYKH V;,V,,V; pPO3MiILeHi

MPSIMOJTIHIITHO, a APyra PiBHICTb BKA3y€ IO 1 TOYKH ), V,, V, TeX MPSIMOIIHIHHO PO3MIILEHI.
VY reometpii EBkniifa 1e o3Havae, 110 yci YOTHPH TOUKH MPSIMOJIIHIHO PO3MILLEH], PHYOMY
(BpaxoByrO4HM Bifaal MK TOYKaMH) TOUKH 5 1 V, criBnagaroTs. HAificHO, nepLnii nocrynat
reomerpii EBKJiZa mpsiMo He BKa3ye Ha Te, IO Hepe3 1Bl TOUYKH MOXKHA MPOBECTH €IMHY
npsimy [7, ¢. 44], Xoua €AMHICTb TaKOi MPSIMOI MaeTbcs Ha yBasi: «Bin Oyab-skoi TOUKH 10
Oyab-SIKOI TOYKH MOKHA MPOBECTH Mpsimy JiHito» [8, ¢. 14]. V cucremi akciom [inbbepra ueit
bakT HesiBHO cHOPMYIbOBAHO Y akcioMi: «JIBl pi3HI TOUKH 3aBKAM BUSHAYAIOTh MpsiMy» [9, c.
3]. OpnHak, TpeTsi i3 OTPUMaHHUX KYTOBHX XapaKTEPUCTHK BKa3ye Ha Te, IO TOUKH V,, V; 1

YV, He TNpsIMOJIIHIHHO po3miuteHi. bijbiie TOro, Wi TOYKH YTBOPIOKOTH « PIBHOCTOPOHHI
TPUKYTHHK « Y IKOTO JOBXKHHH YCIX CTOPIH AOPIBHIOIOTH 2.

[Mpuknan 1 Bkazye Ha Te, LIO KOHKPETHA METpPHKA MPOCTOPY BIUIMBAE HA HOro
reoMeTpito, 1 MOYKe CIIPUUHHHTH MEeBHY KPHBH3HY LIbOTO MPOCTOPY.

Hani Ham noTpiOHe Oyae MNOHATTA «IUIOCKOTO PO3MIINEHHS» HYOTHPBOX TOUYOK
MeTPHUYHOTO mpocTopy. [IpHponHO B3siTM 3a KpuTepiii TAKOrO PO3MILUEHHS PIBHICTb HYJIIO
00’eMy TeTpaenpa, BepLUIMHAMHU SKOTO € LI TOUKH.

SAxwo vepes d,,d,,d; TO3HAYUTH AOBKHHHU TPbOX pedep TeTpaeapa, L0 BUXOIATH 3

ONHIET BEPIUMHM, a 4epe3 ¥,,,7;s;.V,; BIAMOBIAHI IJIOCKI KyTH MDK HUMH, TO (opmyna
00’emy TeTpaenpa marume BurJsa [10, ¢ 61]:

. U dyd, 5 5 5
14 :—6- I+ 2cosy,, COSy,3 €OSY,; —COS™ ¥y, —COS™ i3 —COS™ Vs .

OT:xe, yMOBa PIBHOCTI HYJIKO 00’ €My TeTpaeapa MaTHUMe BUTJISI
I +2c08Y,, COSY,; COSY4y —COS” ¥, —COS” ¥,; —COS” ¥py = 0.
BUKOpPHCTOBYIOUH BHM3HAYHUK TPETHOrO MOPSAKY, IO PIBHICTH MOJKHA 3aMHCaTH Y
HACTYITHOMY BHUIJISIIL:

1 COSY,, COSYi;
COSY,5 1 COSYq3=0.
COSYy3  COSY; I

OtpumaHy piBHICTb TeNnep MOXKHA BUKOPUCTATH ULl O3HAYEHHSI TIIOCKOTO PO3MiLLEeHHS
TOYOK METPHYHOTO NPOCTOPY.

Osnauennsn 5. byoevo kasamu, wo mouku a ., b ¢, d npocmopy T1 niocko poswviweni,
SAKULO BUKOHYCMILCSL PIGHICb:

1 o(a,b,c) ¢(a,b,d)
o(a,b,c) 1 o(c,b,d)|=0 (2)
o(a,b,d) o(c,b,d) 1
(nus. [3, c. 11-12]).
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Jnst TOUOK AOBLNBHOI MIAMHOKHHH 1pocTopy I mpupoaHO AaTH HACTYITHE O3HAYEHHS
«TINOCKOT PO3MILLEHOCTIY.

Osnauennsn 6. byoewmo kazamu, wo suoxcuna A mouok npocmopy Tl niocko
po3mingena, Akujo 0yOb-aki yomupu i mouxu niocko posmingeni (nus. [3, ¢. 12]).

[TosepHyBIINCE 1O MpHKIany |, MO3HAYHMO TOYKH NpOCTOpPY: V, =d, ¥, =b, y, =c

k)

)y, =d, i mipcraBuMo y piBHICTE (2) BIANOBIAHI 3HAYEHHS KyTOBMX XapaKTEPUCTHK:

i p(a,b,c)=~-1, o(a,b,d)=-1, ¢p(c,b,d)=0,5. bynemo matu:
1 -1 -1
-1 1 05=-05%0.
-1 05 1

OckinbKu BU3HAYHHK HE JOPIBHIOE HYJIKO, TO 3a O3HAYEHHsIM 5 Touku d,b. ¢ d He €
t MJI0OCKO po3mimeHuMH. Llell ¢akT 10JaTKOBO MOSCHIOE HEOAHO3HAUYHICTb MPSMOJIIHIHHOTO
pO3MILIEHHS TOUYOK Vy, Vs, Vs, V, Y MPUKIAAL.

Caig ouikyBaTH, WO MNPSMOJIHIIMHO poO3MilleHI TOYKHM OyAyTh TaKOXK 1 TUJIOCKO
PO3MILLEHUMH.

Jdema 1. Hrwo mouku a,b c,d npocmopy Tl npsivozininno posmiweni, mo eonu
RIOCKO PO3MIlleHi.

Jloeeoenns. be3 BTpaT niis 3arajibHOCTI OyAeMO BBaKaTH, LIO TOYKH PO3MILIEHI Y TOMY K
MOPSIAKY 110 1 3arucai, TOOTO TOuKa b 3HAXOOHTHbCA MUK TOYKAMH d 1 ¢, a TOYKa
¢ 3HAXOMMTBCS MK ToukamMu b 1 d. Y ubOMy BHMALKY KYTOBI XapakTePUCTHKH OYIyTh:
o(a,b,c)=-1, ola,b.d)=-1, (,o(c,h,d) =1. IlincTaBUBLIH LI 3HA4YEHHS y PIBHICTB (2)
OTPUMAEMO PIBHICTE:

1 -1 -1

-1 1 1|=0.

-1 1 1

OTxe, 3a O3HaYeHHAM 6, TOUKH d , b ¢ d nnocko po3miiueni. Jlema noseneHa.

CriouaTKy BCTAHOBHMO KpUTEPIH MIOCKOI pO3MIIIEHOCTI YOTHPBOX TOUOK rpocTtopy 11
y BUIAJKY, KOJM TPHU 3 HUX NPSAMOJIHIHHO PO3MILIEH].

Jdema 2. Hexain mouxu a . b, ¢ npocmopy T1 apsvoniniitno posyiwgeni, npuuomy, Kym
Z(a,b,c) € pozeopuymun.

st moeo, wod mouku a . b, c¢.d yvoeo npocmopy Oy nAOCKO posmityeni, HeoOXioHo i
docmamibo, oo eukonyeaiacs pisuicms o(a,b,d) =—o(c.b,d).

Jloseoenns.. Tlpunyctumo, wo ToukH o, b, c¢,d nnocko posmiuteni. OCKiibkH, 32
YMOBOK, KYT Z(u,b,c) € PO3rOPHYTHM, TO BUKOHY€ETbCA PiBHICTE @(d,b,c) = —1. I3 ymoBH
(2) mI0CKOI PO3MILLIEHOCTI TOUOK ¢, b, ¢, d OTPUMY€EMO PIBHICT:

I -1 o(c,b,d)
-1 1 ola,b,d) =
o(c,b,d) o(a,b,d) 1

abo

1-20(a,b,d)p(c,b,d) - (a,b,d)— ¢ (c,b,d)—1=0
3 wi€i piBHOCTI OTPHUMYEMO:
(@(a,b,d)+p(c.b,d)) =0, abo o(a,b,d)=—-p(c,b.d).
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Hexali Temep HaBmaku, BHKOHYETbCS PIBHICTB p(a,b,d)=—p(c.b.d). TlincraBumo

3HAYECHHs KYTOBUX XapakTePHCTHK BIAMOBIOHHUX KyTiB y JiBY yacTHHy opmyan (2).
MaTtumemo:

1 L (N X))
-1 1 o(c,b.d)
—o(e,b,d) o(c,b,d) 1

=1+ (c,b,d)+ ¢ (c.b.d)—*(c,b,d) - p*(c,b,d)~1=0

3a o3HaueHHaM S Toukn ¢, b, ¢, d mnocko posmimeni. Jlema oBeneHa.

3ayBaKMMO, IO JieMa CHpPaBENIHBA TAKOK 1 y BMMAAKY, KOMH YCI YOTHPH TOUKH
pO3MILIEH] PAMOJIIHIHHO, OCKINIbKH y LIbOMY BHMAIKy T BMKOHYEThCS PIBHICTb, HaBeneHa

y dopmyrosanni nemu. Tobro, nema 2 y3aranbHioe pe3yabTar jgemu 1.

I3 piBHOCTI (2) MOKHA OTPUMATH KPHTEpiH MIOCKOrO PO3MIIIEHHS YOTHPHOX TOHOK
METPUYHOTO MPOCTOPY AELLO Y IHIIOMY BHIJISAAI HIX Y O3HAa4Y€HH] 6.

Teopema 1. L1 moco wo6 mouxu a.,b,c.d npocmopy T1 6yau niocko posmingeni,
HeOOXIONO | OOCMAMNbO, MO0 BUKOHYBAIACH PIGHICIb

o(a,b,c) = p(a,b,d)p(c.b,d) £ (1 - 0> (a,b,d))1 - ¢ (c.b.d)) . (3)

Joseoenns. Tlepesipumo BUKOHaHHS PIBHOCTI (2) MPH BUKOHAHH] YMOBH Teopemu. [ns

LBOrO PO3KPHEMO BH3HAYHMK Y JIBIlf 4ACTHHI PIBHOCTI i mifcTaBUMO Y OTpH’vlaHHM BHpa3
piBHiCTb (3). Bynemo maru:

1 o(a,b,c) o(a,b,d)
o(a,b,c) 1 o(c,b,d)| =
o(a,b,d) o(c,b,d) l
=1+20(a.b,d)p(c,b,d) -’ (a.b,c)— ¢ (a,b,d)—¢*(c,b,d) =

=1+2p(a,b,d)p(c,b,d)(p(a,b,d)p(c,b,d)+ \/(l ~¢*(a,b,d)1-¢*(c, b,d)))-

—(¢Aa,b, d)(/)(c“,[),d)i\/(l——([)2(0,[),(1')(1—([)2(0 b,d)))’ —(pz(a,b,d)—(pz(c,b,d) =
=1+ (a,b,d)p*(c.b,d)—(1-0*(a,b,d))(1 - 0*(c,b,d)) ¢ (a,b,d)—p*(c,b,d) =0

OckinbKkH piBHICTD (2) BUKOHYETBCS, TO TOYKH d . b , ¢, d TIocko po3M1uleH1.

Tenep mpunyctumo, wo Touku ¢ O ¢ d ppocko posmiweni y npoctopi I1. Toni
(Hanpuxﬂan 111 TOUKH /7) MOBHHHA BUKOHYBATHCh PIBHICTb (2). PO3KPHUBLIN BU3HAYHHK Y i
JiB1H YaCTHHI, OTPHMYEMO PiBHICTb:

14 20(a,b,c)p(a,b,d)p(c,b,d)— @ (a,b,c)— ¢ (a,b,d)—p*(c,b,d) = 0.
abo

0’ (a.b,c)~2¢(a,b,d)p(c,b,d)p(a,b,c)+ o (a,b,d) + 0 (c,b,d)-1=0
Po3B’s13aB1IH 11e KBanpaTHe PiBHAHHS BinHOCHO ¢(a,b,C). OTpHUMy€eMO piBHICTB (3). Teopema
JOBENeHa.

Jlema 2 € 4aCTHUHHUM BUMAIKOM Teopemu 1. JIificHO, 32 yMOBaMHU JIeMH 2 Maemo:
pla,b,cy=~1, @(a,b,d)=-p(c,d,d). Jlerko Gaunutu, WO Ii 3HAYEHHS NePETBOPIOOTH
PIBHICTB (3) B TOTOXKHICTb.

Y reomerpii Epknina pisuicts (3) mae mpocte reomerpuuHe TIYMa4eHHS. OnHa i3
BEPLUIMH TETPaeApa 3HAXOAUTHCS y TMJIOLIMHI OCHOBH, LIO YTBOPEHa TPhOMA iHIIMMK {ioro

BepLIMHAMH, Y LbOMY JIEFKO BMEBHHTHCH NOMITHBLUH, WO PiBHICTb (3) € aHanorom Gopmy
KOCHHYCa CyMH ado Pi3HHULI ABOX KYTIB.
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MO p. :
BucHoBKH. AHAJIOI'H OCHOBHUX FreOMETPHYHHX 00’ €KTIB Ta MOHITH MOXKHA posrnmanatu

1y JIOBUIbHMX METPHYHHX MpocTopax. IIpH LbOMY MOHATTS TOBHOTH MPOCTOPY MOYKHA HE
BUKOpHCTOBYBaTH. Lle nmemo 3Byxkye 001acTb 3aCTOCYBaHHS LIMX aHAIONB, OJHAK CTa€e
MOKJTUBHM 3aCTOCYBAHHS MOHATbL MPSMOJIHIHHOTO Ta MIOCKOTO PO3MIILEHHS ISl CKiHYEHO]
KIIbKOCTI TOYOK TpocTopy. Takum cnocofoM MOkHA BBOIMTH €J1€MEHTH TeOpii METPUYHHX
MPOCTOPIB HABITh 10 MIKINBHOTO Kypcy Matemarnky. [loganbii focniakeH s Ciif, Ha Hamy
JYMKY, MPOMOBKHUTH Y HAMpPsAMKY BCTAHOBJIEHHS AJs TOUOK METPUYHOrO MPOCTOPY MOHSThH
aHAJOrYHUX KJACHYHMM TNOHSATTSAM MApajeibHOCTI Ta MEPNeHIUKYNSAPHOCTI, a TaKOXK
BHUBYEHHIO CITIBBIAHOLIEHb MIJK HUMH.
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CONSTRUCTION OF FLAT IMAGES IN AN ARBITRARY METRIC SPACE.

Abstract. Introduction. In an arbitrary metric space. the basic geometric objects - a straight
line, an angle. a plane. are considered subject to the completeness of this space. Usually. these objects
in metric space are considered as continuous mappings of the corresponding classical Euclidean
geometry objects. If we use only some of the properties of these objects, then we can consider the

4
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corresponding images in space. without the requirement of its completeness. In determining the
images of objects. one should use only the concept of the metric of space. without involving the
passage to the limit.

Purpose. The aim of the paper is to define a flat image for a set of points of an arbitrary metric
space. without using the completeness property of this space. The aim. too. is 10 study the relationship
between the straight-line arrangement and the flat arrangement of points in space.

Results. In work the following concepts are used.

Let a. b, ¢ — arbitrary points of metric space (X, p). An ordered triple of these points
(a,b,c) will be called an angle with a vertex at the b point. and denote Z(a,b,c). The angular
characteristic of the angle Z(a,b.c) will be called the real number, which is represented by the

: (a.h)+p (h.c)-pla.c)
formula: @(a.b.c)= p(a. ph.o)-p .
2p(a.b)p(h.c)
The metric space. in which the notion of the angle and its characteristics are introduced, will be

denoted T1. We will say that the points d, b, ¢ are straight-line arrangement in the space IT. if

equality @(a,b,c)==x1 is performed. If equality o(a,b,c) =—1 is performed. then the angle is
deployed. A plurality of points of space will be called in a straight-line arrangement or straight-line
image if any three points of this set are straight-line arrangement.

We will say that the four points a, b, c,d space T are flat arrangement. if equality

| pla.b.c) @la.b.d)
@a.b.c) 1 ple.b.d)| =0 is performed.
pla.h.d)y @lc.h.d) |
We will say that the set of points of space is flat arrangement. if any four poinis of this set are
flat arrangement.
The following main results are obtained.
Lemma 1. If the pointsa, b, ¢ are straight-line arrangement in the space IT. they are flat
arrangement.
Lemma 2. Let the points a, b, ¢ are straight-line arrangement in the space 11, and. the angle
Z(a,b,c) is deployed.
In order for the points a,b,c,d of this space to be flat arrangement, it is necessary and
sufficient that equality @(a,b,d) = —@(c,b,d) be fulfilled
Theorem 1. In order for the pointsa, b, ¢, d the space T1 to be flat arrangement. it is
necessary and sufficient that equality

p(a.b.c)=@la.b.d)p(c.b,d)x 1[(1 — ¢ (a.h.d))(1 - o (c.b.d)) be fulfilled .

Originality. In this paper the concept of a flat arrangement of points of an arbitrary metric
space is introduced for the first time. Necessary and sufficient conditions for such placement for four
different points of space are obtained.

Conclusion. The flar arrangement of points possesses the basic properties of the classical
plane. The concept of a flat allocation of points of a metric space can be used to construct geomeiric
images of classical geometric figures. The work should be continued in the direction of obtaining
conditions of perpendicularity and parallelism of the sets of points of an arbitrary metric space.

Keywords: metric space. angle, straight line. straight-line image. plane. flat image.
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