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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.
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MNOBYAOBA IIVMIOCKHUX OBPA3IB Y JOBIVIBHOMY METPUYHOMY ITPOCTOPI

Y pobomi paniute ggedene nomsmms Kyma, a maxoic 1020 4UCI080i XAPAKMEPUCMUKY, 05
YNOPAOKOBAHOI MPIUKU MOUYOK 008iNIbHO20 MEMPUUHO20 NPOCMOPY UKOPUCIMOBYEMbCA O 86€0€HHS
NOHAMMSA NI0CKO20 PO3MIUEHHI MOYOK Ybo20 npocmopy. Hasedeni npuxknaou makozo posmiujenns, a
MaKoc ymMosu HeobXioOHi i docmamui 05 Mmo2o, wod 00BLIbHI YOMUPU MOYKU NPOCMOPY OVIU HIOCKO
posmiweni. Posensoacmobcs nowsmms cymisfcHocmi Kymie ma 6CMAHOGIEHI YyMOBU, HeoOXIOHi ma
oocmamHi 0715l Yb0o2o.

Knrouoei cnosa: mempuunuii npocmip, Kym, npama jAiHisa, NPpAMOTIHIUHUL 00pas, niowuHda,
NAOCKUL 00pas.

IlocranoBka mnpoGsemu. Ilpu BHBUEHHI METPUYHHUX MPOCTOPIB Yy  Kypcl
MaTEMATUYHOTO aHaII3y PO3IJISIAI0THCS KIACUYHI IPOCTOPU 3 BCTAHOBIIEHOIO METpUKOIO. Lle

TaKi MPOCTOpPH SIK # -BUMIpHUI EBKIINIB mpocTip R, , IpoCTip HEMEepepBHUX Ha BiIpi3Ky

no
[a;0] dynkuiti Cp,,, Ta inmi. Ilpy 0bOMy BMBYEHHI, IK MPABMJIO, MOBA IIPO T€OMETPUYHI

BJIACTUBOCTI LIUX MPOCTOPIB HE 3aX0AUTh. Lle MOsSICHIOEThCSA TUM, 1110 MUTAaHHS F€OMETpHU3alii
METPUYHUX MPOCTOPIB JIOCUTHh CKJIAJHE 1 MOTpPedye JOCTATHHO XOPOILIOI MaTeMaTH4HOI
MIATOTOBKM Ta BHUBYEHHS CIELIaJIbHUX MoHorpadii 3 paHoi mpoOnemaruku. OnHak, €
MO>KJIMBICTh BUBYATH MEBHI F€OMETPUYHI 00pa3u y JAOBUIBHUX METPUUHUX MPOCTOpaAX, IO €
aHaJloraMM BIQIOBIIHUX JiHIN, Qiryp Ta Tin reometpii EBkiiga. s 1poro HEOOXiAHO 10
MOHATTS «IIPSMOJIHIMHOTO 00pa3y», AetaibHO BUBUeHOTO B. ®. Karanowm [1, po3nin XIX],
J0JIaTH MOHSTTS KyTa Ta HOro 4MCiI0BOi XapaKTEepUCTUKHU, 110 0a3yl0ThCs Ha MOHATTI Biaail
MDK €JIeMEHTaMU METPUYHOTO MPOCTOPY.

AHaJii3 OCTaHHIX JocailKeHb i myOJikanii. Y poOoTi [2] BBEJEHO MOHATTA KyTa Y
JOBUILHOMY METPUYHOMY IIPOCTOPI, SIK YIOPSAKOBAHOI TPIMKHU €JIEMEHTIB IOTO POCTOpy. Y
SKOCTI YHCJIOBOI XapaKTEpUCTUKU KyTa BHUOpPAHO 3HA4YeHHs HOro KOCHHYyca Yy reomerpii
EBxiija. TakuM YMHOM BBEJEHI MOHATTA OY/IM 3acTOCOBaHI 1O BHUBYEHHSI BJIACTHUBOCTI
MPSIMOJTIHIMHOCTI PO3MIIICHHSI €JIEMEHTIB METPUYHOro mpocTtopy. Y poboti [3] Oymo
AHOHCOBAHO 3aCTOCYBaHHS MOHATH KyTa Ta HOTO YHMCIIOBOI XapaKTEPUCTUKH O OTPUMAaHHS
YMOB IJIOCKOTO PO3MIILIEHHS €J€MEHTIB JOBUIbHOTO METPUYHOTO IPOCTOPY.

Mera crarri. Po60Ta Mae Ha MeT1 BBECTH Yy pO3IJIsijl aHAJIOTH OCHOBHUX T'€OMETPUYHUX
00’€KTIB Ta CHIBBIIHOIIEHb MK HUMM, IIPU BUBUYEHHI BJACTUBOCTEH METPHUUHUX IPOCTOPIB Y

40



Cepis «Iledacoeiuni naykuy

Kypcl MaTeMaTH4HOro aHanidy. Ha Ham norisi, BBeNEHHS MOHATH MPSMOJIIHIMHOTO Ta
TUTOCKOTO PO3MIIICHHSI MHOXXHH TOYOK JIaCTh MOXIIMBICTh TIEBHUM YHHOM CTPYKTYPYBaTH
KOHKpETHI METpUYHI MPOCTOPH, MOOYAYBaTU JUIsl KOKHOTO 3 HUX BIANOBIAHY F€OMETPUUHY
cTpykTypy. CiiJ 3a3HaYUTH, 10 MIIX1A OO0 FeOMETpHU3allii METPUYHOTO MPOCTOPY Yy AaHiil
po0OTi, HE BHKOPUCTOBYE TOHATTS HOTO MOBHOTH, a OTXKE, MOXE OyTH 3aCTOCOBAHHM JIO
CKIHYE€HOT MHOKHHH TOYOK TPOCTOPY, 1 HE BUHHUKAE TIOTPEON BBOJHUTH TIOHSTTS TPAaHUYIHOTO
nepexony. BimHocHa mpocToTa aHANITUYHUX MEPETBOPEHb /A€ MOMIIMBICTH 3aCTOCYBAaHHS
METO/ly HaBiTh Yy IIKUIBHOMY KypCl MaT€éMaTHKH, /10 OCHOBHUX €JIEMEHTApHUX (YHKIIIH.
[Ipuuomy, yxe Ha NOpUKIAAl JIHIMHUX (QYHKIIM MOXHa BCTAaHOBUTH HEOJHO3HAYHICTh
MOHSTTS MPSMOJIIHIHHOCT1, BUKPUBJIEHHS IIPOCTOPY MPHU 3MiH1 METPUKHU IIPOCTOPY, a OTKE, Ha
MPOCTHX MPUKIIAaX 03HAHOMHUTHUCH 3 €IEMEHTaMHU HEEBKIIiIOBOI TeOMETii.

Buxkiaax ocHoBHoro marepiaay. Crovatky, mis 3pydyHOCTI O3HAHOMJICHHS 3
HaCTYITHUM MaTepiaioM, MU HaBEIEMO OCHOBHI 03HaueHHs 3 pooir [2] 1 [3]. Hamani 6ynemo
po3risgaTH TOBUIbHUM mpocTip X 3 BBEAECHOI Y HbOMY METPUKOIO p . Takuil MmeTpuuHMii
npocTip Oynemo no3Hadatu (X, p) . Yci TOUku mpocTopy OyZeMo BBaKATHU PISHUMH.

O3nauennsn 1. Hexaii a, b 1 ¢ — 0osinbni mouxku mempuunozo npocmopy (X, p).
Vnopsokoeany mpiuxy (a,b,c) yux mouok 6ydemo nHazueamu Kymom 3 eepuiunoio y mouyi b,
i noswauamu: Z(a,b,c). Ilapu mouox (a,b) i (b,c), npu yvomy, 6Oyoemo Hazusamu
cmoponamu kyma (nuB. [2, c. 28]).

Hapani 6ynemo BBakatu kytu Z(a,b,c) 1 Z(c,b,a)onnakoBumMu (OJHUM 1 TUM XKe
KYTOM).

O3nauennsn 2. Hexaii a, b 1 ¢ — 0oginbni mouxku mempuunozo npocmopy (X, p).
Xapaxkmepucmuxoro kyma Z(a,b,c), abo kymogoio xapakmepucmukor, 6y0emo Ha3ueamu
diticne wucno @(a,b,c), wo 3Haxooumvcs 3a popmynor:

p’(a,b)+ p*(b,e) - p*(a,c) (1)
2p(a,b)p(b,c)

p(a,b,c) =

(nuB. [2, c. 29] 1[4, c. 36)).

Metpuunuii ipoctip (X, p), y IKOMYy BBEJEHO MOHATTA KyTa 3a O3HA4eHHsM 1, 1 Hioro
XapaKTEPUCTUKY 3a O3HAYEHHSM 2, OyJeMO Ha3uBaTH METPUYHUM IPOCTOPOM 3 KYTOBOIO
xapakrepuctukoro 1 mo3Hauatu 1. KyroBa xapakrepucTtuka, 1110 BUSHAYAETHCS 32 GOPMYJIIOI0
(1), y reomerpii EBkiina 4ucenbHO JOPIBHIOE KOCHHYCY KyTa TPUKYTHHKA, 3HaWJCHOMY
yepe3 JOBXKHHU HOro CTOPIH 3a POPMYIIOI0 KOCUHYCIB.

O3nauennsn 3. Byoemo kazamu, wo mouxku a, b, ¢ npocmopy Il npsamoninitino
PpOo3Miweni, AKuo suKoHyemucs pignicms @(a,b,c) = £1 (nus. [2, c. 29]).

Ile o3HaueHHs NpPHUPOAHE, OCKUIBKU IpHU 3HaYeHHsAX ¢(a,b,c) =11 3 piBHOCTI (1)
CIy€e, MO OJHA 3 TPbOX TOYOK JIGKUTh MDK JBOMa IHIIMMH. [Ipudyomy, mpu piBHOCTI
o(a,b,c)=-1, xyr Z(a,b,c) npupoIHO HA3BATH PO3TOPHYTHM.

O3nauennsa 4. byoemo xazamu, wo muooxcuna A mouok npocmopy 11 npamoninitino
po3miwena, aKuio 6y0b AKi Mpu MOUKU Y€l MHONCUHU NPAMONIHIUHO PO3MIUJEHI.

@®akTU4HO, O3HAueHHA 4 € MeBHUM Mnepedpa3yBaHHIM BIJIOBIIHOIO O3HAYEHHS
«IpsAMOJIIHIRHOTO 00pa3y», skuii BuB4YaB B. ®. Karan, 3acTocoByrouM 10 JOBUIBHOTO
METPUYHOTO TIPOCTOpY (IuB. [5, c. 527]).

He3paxkarouu Ha Te 110 MPSAMOJIHIIHE PO3MIIIEHHS TOYOK 03HAYAE€THCA 3a JOTIOMOTOI0
KJIACUYHO1 (OPMYJIN KOCUHYCIB, 1€ MOHSTTS JOIYCKAa€E MEBHY HEOIHO3HAYHICTh 3 TOUKH 30pYy
reomeTpii EBkiima. Ha 1ie Bka3ye HaCTymHUI TIPUKIIaI.

IIpuknao 1. Posrnsmemo npoctip C,; GyHKuii, Henepepsrux Ha Biapisky [0;1]. fAxmo

Bimmame MbK ememeHtamu f(X) Ta g(X) TPOCTOPY BCTAaHOBHTH 3a IIPABHIIOM:
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p(f,g)=maxxe[0;l]|f(x)—g(x), TO BIH cTae MeTpuuHuM [6, c. 43]. Y npomy mpocropi

BI3bMEMO YOTHUPH eleMeHTH: ¥, =x+1, y, =x, y; =x-2, y, =—x.
3HaligeMo Biaganl MK UMY €JIEMEHTaMU:
PYLY) =1 p(v,y3) =3, py) =3, Py, y3) =2, p(y2,¥4) =2, p(ys,y,) =2.
3a dopmynoro (1) 3HaiIeMO KyTOBI XapaKTePUCTUKU:
P15, ¥3) ==L, @1, 32, v) = =1, (3, 9,,3,) =0.5.
3 mepuioi piBHOCTI, 3a O3HA4E€HHsAM 3, CIIAY€, IO TOYKU ),,V,,); PO3MILICHI

MPSIMOJIHIIHO, a pyra piBHICTh BKa3ye 1110 1 TOYKU ), V,, V, TE€XK OPSIMOIIHINHO PO3MILIEHI.
VY reomerpii EBkilizia 1ie 03Hauae, M0 yci YOTUPU TOUKH MPSIMOJIHINHO pO3MIlIEeH], IPUIOMY
(BpaxoBy0OuH BIAJIaJIl MDK TOYKAMHU) TOUYKH ), 1 V, CHIBHAAar0Th. [[iiicHO, mepiuii mocTynat
reoMetpii EBkiiza npsiMo He BKa3ye Ha Te, L0 4Yepe3 JB1 TOUYKH MOXHA MPOBECTH €JUHY
npsmy [7, c. 44], Xxo4a €IUHICTb Takol MPsAMOiI MaeThcsl Ha yBasl: «Bix Oynb-gKoi TOUKH A0
OyIb-sIKOT TOYKH MO>KHA IIPOBECTHU MpsAMY JiHio» [8, c. 14]. V cucremi akciom ['inp6epra neit
(akT HessBHO c(OPMYIBOBAHO Y akcioMi: «JIB1 pi3H1 TOUKHM 3aBXKI1 BU3HAYAIOTh NpAMy» [9, c.

3]. Opnak, TpeTs 13 OTPUMaHUX KyTOBUX XapaKTEPUCTUK BKa3ye Ha Te, IO TOYKH ),, V5 1

YV, He NPAMOIIHIMHO po3MilieHi. bigpiie Toro, 1i TOYKM YTBOPIOIOTH « PIBHOCTOPOHHIM

TPUKYTHHUK « y SIKOTO TOBXXHHHU YCIX CTOPIH IOPIBHIOIOTH 2.

IIpukman 1 Bkazye Ha Te, IO KOHKPETHAa METpUKA IPOCTOPY BIUIMBAE HA WOTO
reOMETPI0, 1 MOXKE CIIPUYMHUTH NIEBHY KPUBU3HY I[LOTO IIPOCTODPY.

Hani Ham mnoTpiOHE OyJe NOHATTS «IUIOCKOTO PpO3MIIIEHHS» YOTHPbOX TOYOK
METpUYHOTO TpocTopy. IIpuponHo B3STH 3a KpUTEpid TAKOro PO3MILIEHHS PIBHICTH HYIIO
00’emy TeTpaepa, BEPIIMHAMH SIKOTO € 111 TOYKH.

Skwmo uvepes a,,a,,a; NO3HAYUTU JOBXKUHHU TPbOX pedep TeTpaeapa, IO BUXOIATH 3
OJIHI€T BEpUIMHM, a 4€pe3 V,,73,/,; BIANOBIIHI MJIOCKI KyTHM MDK HMMH, TO (Qopmyia
00’emy Terpaeapa matume Burisg [ 10, c. 61]:

a,a,a,

V= \/1 +2€08Y,, COSY,; COSY,; —COS’ ¥, —COS” ¥;3 —COS" ¥y .

OTxe, yMOBa pIBHOCTI HYJIIO 00’ €My TeTpaepa MaTUME BUTJISL:
2 2 2 _
1+ 2cosy,, CoSy,; COSY,; —COS” ¥, —COS™ ¥,3 —C€OS™ ¥,, =0.
BukopucTtoByroun BU3HAYHMK TPETHOTO HOPSIAKY, IO PIBHICTh MOXHA 3alHCAaTH Y
HACTYITHOMY BUTJIS

1 COSy,, COSYi;
coSY,, 1 COSY,,|=0.
COSY;; COSY,; 1

OTpumany pIBHICTh TENEP MOKHA BUKOPUCTATH ISl O3HAYCHHS TUIOCKOTO PO3MIIIIEHHS
TOYOK METPUYHOTO MPOCTOPY.

O3nauennsa 5. byoemo kazamu, wo mouku a,b,c,d npocmopy Il niocko posmiweni,
AKUWO BUKOHYEMBCA PIGHICb!

1 @(a,b,c) ¢(a,b,d)
@(a,b,c) 1 @(c,b,d)| =0 (2)
@(a,b,d) ¢(c,b,d) 1
(mmsB. [3, c. 11-12]).
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JIJIs TO9OK JOBUIBHOT ITIIMHOKHHHM ITpocTopy 1 pHUpOIHO TaTH HACTYITHE O3HAYCHHS
«IJTOCKOT PO3MIIIIEHOCTI.

O3nauenna 6. byoemo kaszamu, wo muoxcuna A mouok npocmopy 11 niocko
Ppo3miuena, aKuio 6y0b-aKi Yomupu ii mouxu niocko posmiweni (mus. [3, c. 12]).

[ToBepHYBIINCH 0 HNPHUKIAAY 1, MO3HAYUMO TOYKH MPOCTOpY: ¥, =a, ¥, =b, y, =c,

v, =d, i migctaBumMo y piBHIiCTH (2) BIiOMOBiTHI 3HAYCHHS KYTOBUX XapaKTCPHCTHK:
o(a,b,c)=-1, ¢p(a,b,d)=-1, ¢o(c,b,d)=0,5. Bynemo matu:

I -1 -1

-1 1 05=-0,5#0.

-1 05 1

OcCKiThbKM BH3HAYHUK HE JOPIBHIOE HYJIIO, TO 3a O3HAYCHHSAM 5 TOuku a,b,c,d He €
IJIOCKO po3MimeHuMHU. Llelt pakT 107aTKOBO MOSICHIOE HEOMHO3HAYHICTH MPSMOJIHIMHOTO
PO3MILIEHHS TOUOK Yy, V,, Vs,V Y IPUKIALIL.

Cnig ouikyBaTH, WO HOPSIMOJIHIMHO pPO3MIIIEHI TOYKH OyAyTh TakoX 1 ILIOCKO
PO3MIIIIEHUMH.

Jema 1. Axwo mouxu a,b,c,d npocmopy Tl npsamoninitino posmiweni, mo 6oHU
NJI0CKO PO3MIUY€EHL.

Jlosedenns. be3 BTpaT il 3araibHOCTI Oy/leMO BBaXKaTH, 110 TOYKU PO3MIIIEHI y TOMY X
MOPSAAKY IO 1 3amucadi, ToOTO, TOYKa b 3HAXOAUTHCA MDK TOYKAMH @ 1 €, a TOYKa
C3HAXOJUTHCS MDK TOukamMu b 1 d. Y 1pbOMYy BHIIAJKy KyTOBI XapaKTEPHUCTUKUA OYIyTh:
o(a,b,c)=-1, @(a,b,d)=-1, @(c,b,d)=1. TlinctaBuBmiu i 3HAYEHHS Yy PIBHICTH (2)
OTPUMAEMO PIBHICTD:

I -1 -1

-1 1 1|=0.

-1 1 1

OT1xe, 32 03HAYCHHSIM 6, TOUKH @ ,b ,c,d 10cko po3MinieHi. Jlema goBeneHa.

CrioyaTtky BCTAaHOBUMO KpPUTEPIH IIIOCKOT pO3MILIEHOCT]I YOTUPHOX TOUYOK IpocTopy [l
y BUNAJIKY, KOJIM TP 3 HUX NPSIMOTIHIHHO PO3MILIEHI.

Jema 2. Hexaii mouxku a,b,c npocmopy Il npsamoninitino posmiweni, npuuomy, Kym
Z(a,b,c) € pozeoprymum.

s moeo, wod mouku a,b,c,d yvoco npocmopy 6ynu niocko posmiweri, HeoOXiOHO i
docmammubo, wob ukorysaace pisHicms @(a,b,d) =—@(c,b,d).

Jlosedenns. Tlpunmyctumo, mo TOYKH a,b,c,d TuIockO po3MimieHi. OCKUTbKH, 3a
yMOBOI0, KyT Z(a,b,c) € po3ropHYyTUM, TO BUKOHYEThCS PIBHICTh ¢(a,b,c) =—1. I3 ymoBHu
(2) mnockoi po3MilEeHOCTI TOUOK @ ,b ,c,d OTPUMYEMO PIBHICTH:

1 -1 o(c,b,d)
-1 1 o(a,b,d) =0,
@(c,b,d) p(a,b,d) 1

abo
1_2§D(a:b:d)¢(cab:d) _¢2 (a:b: d) _¢2 (C:b: d) -1=0.
3 1i€i pIBHOCT1 OTPUMYEMO:
(p(a,b,d)+¢(c,b,d))* =0, abo ¢(a,b,d)=—p(c,b,d).
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Hexaii Tenmep HaBmaku, BUKOHYETbCS piBHICTH @(a,b,d) = —¢(c,b,d). IlinctaBumo

3HAYEHHS KYTOBHUX XapaKTePUCTHK BIANMOBIIHUX KYyTiB Yy JiBYy 4YacTuHy (opmynu (2).
Matumemo:

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

3a 03HAaYeHHSAM 5 TOYKH a,b ,c,d mIocko po3mimeHi. Jlema moBeieHa.

3ayBa)XMMoO, IO JIEMa CIpPaBEUIMBA TAKOX 1 y BHUIAJKY, KOJU YC1 YOTHPU TOUKHU
PO3MIlLIEH] NPSAMOJIIHIMHO, OCKUIBKU Y IIbOMY BUIAJIKY TE€K BUKOHYETHCS PIBHICTh, HaBEJCHA
y dopmymtoBaHH1 ieMHu. ToOTo, 1eMa 2 y3arajabHIOE PE3yJIbTaT JIeMH 1.

I3 piBHOCTI (2) MOXXHaA OTpUMAaTH KPUTEPIH IJIOCKOrO PO3MIIIEHHS YOTHPHOX TOUYOK
METPUYHOTO MPOCTOPY JAEUIO0 Y IHIIOMY BUIJISI/II HIX Y O3HAUEHHI 6.

Teopema 1. /[na mozo wob mouku a,b,c,d npocmopy Il 6yau niocko posmiweni,
HeoOXiOHO | 00CMamubo, Wob BUKOHYBANACH PIGHICHIb

(,D(a,b,c) = (p(aabad)(p(cabad) * \/(1 - (pz (aabad))(l - (pz (C,b,d)) . (3)
Jlosedenns. 1lepeBipMO BUKOHAHHS PIBHOCTI (2) IpU BUKOHAHHI yMOBH Teopemu. Jliis

LOTO PO3KPUEMO BM3HAUYHUK Yy JIIBI YaCTHHI PIBHOCTI 1 MIACTaBUMO Yy OTPUMAaHHUN BHUpa3
piBHICTS (3). Bynemo maru:

1 o(a,b,c) ¢(a,b,d)
o(a,b,c) 1 o(c,b,d)| =
o(a,b,d) @(c,b,d) 1
=1+2¢(a,b,d)p(c,b,d)—¢*(a,b,c)— ¢’ (a,b,d)— ¢’ (c,b,d) =

=14+2¢p(a,b,d)p(c,b,d)(p(a,b,d)p(c,b,d) i\/(l —¢’(a,b,d)(1-¢"(c,b,d)))—

—(@(a.b.d)p(c.b.d) £ (1- 9 (a,b,d)(1- 9 (c.b.d)))’ ~¢*(a,b,d)~¢* (c.b,d) =
=1+¢’(a,b,d)¢’(c,b,d)—(1—¢*(a,b,d))(1— ¢’ (c,b,d))— ¢’ (a,b,d)— ¢’ (c,b,d) = 0.
OCKUTbKH PIBHICTH (2) BUKOHYETHCS, TO TOYKU a ,b ,C,d TIIOCKO PO3MIIIICHI.
Tenep NpUIyCTHMO, IO TOYKHM a,b,c,d mnocko posmimeni y mpocropi I1. Togi
(Hampukiaja, A TOYKU D) MOBUHHA BUKOHYBATUCH PIBHICTH (2). Po3KpuBIIM BU3HAYHUK Y 1i
JIBIM 4aCTHHI1, OTPUMYEMO PIBHICTH!

1+2§D(a,b,C)§D(a,b,d)(D(C,b, d) —¢2(a,b,c) _¢2(a:b: d) _q)z(cab: d) =0 D

abo

¢’ (a,b,c)—2¢(a,b,d)p(c,b,d)p(a,b,c)+¢*(a,b,d)+ ¢’ (c,b,d)—1=0.
Po3B’s13aBmm 11€ KBagpaTHE PIBHSHHS BITHOCHO ¢(a,b,c), orpumyemo piBHICTH (3). Teopema
JIOBEJICHA.

Jlema 2 € gactuHHMM BUMagkoM Teopemu 1. [lificHO, 32 yMOBaMH JIeMH 2 MaEMO:
p(a,b,c)=-1, ¢(a,b,d)=—-¢(c,d,d). Jlerko GauntH, 1O IIi 3HAYEHHS NEPETBOPIOIOTH
PIBHICTH (3) B TOTOXKHICTb.

VY reomerpii EBkiiga piBHICTH (3) Mae mpocTe reoOMETpUYHE TIyMAadeHHs: OJHa 13
BEpIIMH TeTpaelpa 3HaXOAUTHCA Y IUIOLIMHI OCHOBH, L0 YTBOPEHAa TpbOMa IHIIMMH HOTO
BEepIIMHAMU. Y I[OMY JIETKO BIIEBHUTHCH MOMITUBIIH, IO PIBHICTH (3) € aHamoroM (opmyn
KOCHHYyCa CyMH a00 pI3HHULI JBOX KYTIB.

44



Cepis «Iledacoeiuni naykuy

BucHoBKkM. AHAIOTY OCHOBHUX M'€OMETPUYHUX 00’ €KTIB Ta MOHATH MOXKHA PO3IIISIATH
1 Yy JOBUIBHMX METPUYHHUX MpocTopax. [lpu 1poMy MOHATTS MOBHOTH MPOCTOPY MOXKHA HE
BUKOpUCTOBYBaTH. lle gemio 3Byxkye o00jacTh 3aCTOCYBaHHSI LIMX aHAJOTIB, OJIHAK CTa€
MO>KJIMBUM 3aCTOCYBAHHSI IMOHSTH MPSMOJIIHIHHOTO Ta IUIOCKOTO PO3MIIIEHHS Ul CKIHUYEHO1
KUIBKOCTI TOUOK MpOocTOpy. Takum crnocoboM MOKHA BBOJUTH €JIEMEHTH TEOpli METPUUHHUX
IIPOCTOPIB HABITh JI0 MIKUIBHOTO Kypcy MaTeMaTtuku. [loganpiii fociikeHHs ciil, Ha Hally
IYMKY, MPOJIOBXKUTH y HANpPSMKY BCTAaHOBJIEHHS JUISl TOUOK METPUYHOIO MPOCTOPY MOHATH
AQHAJIOTTYHUX KIACUYHUM MOHATTSAM NapajesIbHOCTI Ta MNEpPHEHAMKYJISPHOCTI, a TaKOXK
BHUBYEHHIO CITIBBIIHOIIEHh MK 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
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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 to 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
2 2 2

formula: ¢(a,b,c)= p(ab)+p(b,c)=p (a,c).

2p(a,b)p(b,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 a, b, c¢ are straight-line arrangement in the space I1, if
equality @(a,b,c) ==l is performed. If equality ¢@(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 I1 are flat arrangement, if equality
1 o(a,b,c) o(a,b,d)
o(a,b,c) 1 ¢(c,b,d)|=0 is performed.
o(a,b,d) @(c,b,d) 1
We will say that the set of points of space is flat arrangement, if any four points of this set are
flat arrangement.
The following main results are obtained.
Lemma 1. If the pointsa, b, c¢ are straight-line arrangement in the space 11, they are flat
arrangement.
Lemma 2. Let the points a, b, c 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, c,d the space 11 to be flat arrangement, it is
necessary and sufficient that equality

o(a,b,c) = p(a,b,d)p(c,b,d) + \/(1 —¢*(a,b,d))(1-¢*(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 flat 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 geometric
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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