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VAK 515.124 .4

B. L. Ky3sMHB4 (Xepcon. aepxk. yH-1)

FEOMETPNYHI BJACTUBOCTI METPHYHHUX [TPOCTOPIB

We study some problems of geometrization of arbitrary metric spaces. In particular. we studied the concept of straight and
flat placement of points in this space. In a certain way, we continue the investigations of Kagan devoted to the detailed
analysis of the notion of straightforwardness based on four groups of postulates. The results of our work are based on the
notion of angular characteristics of three points of the space proposed by Alexandrov. We establish the conditions under
which the set of points of an arbitrary metric space satisfies all five postulates of the first group of Kagan’s placement
postulates. The relationship between rectilinear and flat placements of points of the metric space is investigated. Examples
of placements of this kind based on linear functions in some classical spaces are presented. The results of the paper
are obtained without using the property of completeness of the space and can be used for the discrete computation and
structuring of specific metric spaces.

CTarTio IPUCBAYEHO OKPEMHM MUTAHHSAM FCOMETPH3aLil JOBLILHOTO METPHUHOTO POCTOPY. 3OKPEMa, BHBYAIOTECA NOHSATTA
IPSMOTIHIHOIO Ta MIOCKOTO PO3MILIEHHS TOYOK LBOTO NPOCTOPY. Y CTATTI HHOl0BAKLHO gocaimxenns B, @, Karana, axkui
AETANbHO BUBYMB NIOHATTA LIPAMOMIHIHOCTI Ha OCHOBI YOTHPHOX IPyI HocTyAaTiB. OTpuMani y CTaTTI PE3y:IbTaTi Ciinpa-
JOTHCS HA TOUSTTA KYTOBOI XapaKTePHCTHKH TPhOX TOUOK IPOCTOPY, SK e ¢ROTO yacy npononysas O. JI Anekcanipos.
BCTaHOBIEHO YMOBH 1A TOTO, 1100 MHOKHMHA TOHOK JOBLTBHOIO METPHYHOTO APOCTOPY 321080 1bHATA BCI 1'ATh OCTY/I4-
11B mepHIO rpyik MocTysaris posmimenns B. @. Karana. BUBYEHO B32€MOLIAHOLICHRS MK OPAMOTIHIHHUM Ta TLIOCKHM
PO3MIILECHHAMH TOMOK METPUYHOTO HpocTopy. HaseaeHo MPHKIaIn TAKOTO POIMILEHHA HA OCHOBI JiHifiHMX DYHKUIA y
OKpeMHMX KJIACHYHMX [POCTOPax. Pe3ynsTaTd OTPHMAHO 0¢3 BHKOPHCTAHHA HOBHOTI IPOCTODPY, 1 IX MOXKHa 3aCTOCYBaTH
JUIA MCKPETHHX OBYMCIEHD Ta CTPYKTYPH3AIlil KOHKPETHUX METPHUHHX LIPOCTOPISB.

1. Beryn. Jlany poGOTy UPHCBSMEHO MUTAHHAM ,,FeOMETPU3ALII” JOBUTBHOTO METPUYHOID TIPOCTO-
pYy, TOOTO BBEAEHHIO y LX MPOCTOPaX MOHATEH, aHAIONIMHHX KIGCHYHHM OCHOBHHMM I€OMCTPHIHUM
HOHATTAM: JiHii, IpaMoi JiHil, kyTa, m1omuHH. OcolIuBICTS POOGTH 110J1AT2€E Y BIAMOBI Bijl TOHATTH
IPaHMHYHOTO IEpexoily MpH POSKIANl LHMX NMTaHk, @ OTXKE, 1 BLT NOHATTA TMOBHOTH NPOCTOPY, 11O 3
HeOOXIMHICTIO BUHUKAKOTH TPH crpoax moby/lyBaTh NOBHUA ananor reomeTpii EBxmiga y J0B1Ib-
HOMY METpU4HOMY mpoctopi. Takuil Miaxii. Ha IYMKY aBTOpa, ida€ MOZKJIMBICTh BUKODPHCTOBYBAaTH
OTPUMaHI pe3y:IbTaTd y CKIHYEHHHX METPHUUHMX IIPOCTOPAX.

TTOHATTS METPUUHOrO IPOCTOPY € OIFKM i3 IIEHTPAILHUX MOHATH MATEMATHKM. [Topsax 3 Me1puy-
HMMH TIPOCTOPAMH TAKOX aKTHBHO BHBYAIOTHCS iXHI CremianbHi KTacH 1 mvoaudikail, o MarTh
3aCTOCYBAHHA y Pi3HHX 001aCTsX CyYacHOT MaTenaTHKH. Y 3B'SI3KY 3 LMM BiAMITHMO YABTPAMCTPHIHI
a60 HeapxiMenoBi HPOCTOPH (HanpukiIad, B [1] po3risaaeThes ViILTpaMETPHKA Ha BUILHHX T'pyTax),
a TAKOXK PO3IMHTI MeTpMuHI TPOCTOpH (1WB., Hanpukiafd, [2]. e Oyayerhcs pO3MHTA MeTpu3aLis
MpOCTOpY HMOBIPHICHUX MID).

Y noBipHOMY MeTpuuHOMY 1pocTopl (X, £) €AHHOIO {010 HHCINBOIO XAaPAKTCPHCTUKOIO € Bi/T-
crab p(,y) MK AOBUIBHUMH eIeMeHTaMM (TOYKaME) & 1y IDOCTOPY. [I¥M 9acTKOBO MOXKHA
NOSCHATH 3HaYHI poGiIeMu Ipy crpobax IPOBECTH HOro reoMeTpH3aLiio, OCKI;IbKY BBEACHHS aHa-
JIOTiB OCHOBHHMX T€OMETPHUHMX IIOHATH reomerpil EBKiiga — mpsiMol CJIiHIT, KyTa, TJIOWMHH — 3
HeoOXiTHICTIO BUMArae BJIacTUBOCTI IIOBHOTH MPOCTOPY.

Ha IyMKy aBTOpa, y AOBUIBHOAY METPHUHOMY IPOCTOPL B OKPEMMX BHIAIKaXx (HatpuKiIaad, y
BHIIAJIKy [POCTOPY 31 CKIHYCHHOIO al0 3UMCIEHHOK KLIBKICTIO TOYOK), HE HAMarar4uch CTBOPHTH
HOBHMH aHalor reoMeTpii EBKIina, MOKHA BBECTH MOHATIH KYyTa, nMapa/eabHOCT], NePIeHNKYIIP-
HOCT] 6e3 BUMOTH MOBHOTH LHOTO MPOCTOpY. Anastoriynum wiHom B. . Karan posrisiiaB NOHATTA
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TEOMETPHUYHI BJIJACTUBOCTI METPUUYHUX ITPOCTOPIB 383

LIIPAMOIIHIHHOIO PO3MIILEHHSA™ TOYOK MSTPHYHOTO IIPOCTOPY Ta ,.IpAMOiHIHOro 06pasy”. 3a o3Ha-
Ky LMX IIOHSTH Ta BIACTMBOCTEH MOKHA B3ATH OJHY 3 YMCIOBHX XapaKTCPUCTHK ILIOCKOIO KyTa V
reomerpii EBK:iiaa, sk e npononysas O. [. Anexcanapos [3, ¢. 36]. V uboMy BUIIAJKY MOXKHA BBECTH
NOHATTA ,,JUIOCKOTO PO3MIMIEHHA TOYOK JOBLIBHOIO METPHUYHOIO NPOCTOPY, K AHANOTa TUIOIMHE Y
reomerpii EBxiija.

B. ®. Karan y poGorti [4, ¢. 260-297] 110Gy1yBaB akcioMarHyHy TE€OPiH EBKIMIIOBOI 1psMoi
JIHIT, 3aPOIOHYBABILUA YOTHPH IPYIM NocTyaatis: Iy 5 — noctyiaartd posmimenss. 11,3 — mocty-
aaru cTpykrypw, 111 _7 — moctyIatu koHrpyenTHocTi, IV — moctynar Apximena, [Vy — 1ocrynar
Kanropa. ¥ podori [5, ¢. 29] aBrop 2anporoHyBas U1d BHBUSHHA OPAMONIHIHHOCTI Y ZOBLIBHOMY
METPHYHOMY NPOCTOPi BBECTU IOHATTS KyTa, YTBOPCHOIO TPhOMA TOUKAMM IPOCTOPY, SIK YIOPSIKO-
BaHOI TPIHKM IIMX TOYOK, Ta KYTOBO! XapaKTepuCTHKH. L[d XapaxktepucTika Oa3yeThbes Ha (Gopmyii
KOCUHYCIB. ¥ poborax [6, c. 11, 12; 7, c. 42, 43], BUKOPHCTOBYIOUH [TOHATTS KyTa Ta KyTOBOI Xapaxre-
PUCTHKH, aBTOP VBIB IIOHATTS IIOCKOTO PO3MIMICHHS TOUOK HOBLIHHOTO METPHUHOTO NMPOCTOPY, AN
BHU3HAUEHHA SKOIC BKKOPHUCTOBYBAIACH PIBHICThL HYIIO aHATOra BU3HAYHKKaA MaTpuLl | pama cucteMn
OJIHHUYHUX BEKTOPIB.

V maniil poOoTi HaBeAeHO A0BEICHHS JIESKHUX TBEpUKSHb, aHOHCOBAHUX y poboti [6], BBEIEHO
HOHATTA NPSAMOAIHIHHO! BIOPS/KOBAHOCTI TOMOK METPHYHOIO MPOCTOPY Ta BCTAHOBICHO, LIO IPH
BHKOHAHHI YMOBH NMPAMOTIHIHOT BIIOPSIKOBAHOCTI TOYOK JI€IKOT MHOKHHH JOBLILHOIO METPHYHOIO
IpOCTOPY VIl Hel BUKOHYIOThCA noctynatd [ 5. pesrasgyri B. @. Karanowm.

ToHATTs NpAMOIIHIHHOIO PO3MILICHHS TOUOK MEIPHYHOIO POCTOPY AETaNlbHO BHUBYAIOCH Y PO-
Ooti [4]. YV dopmi, B sikiil Le MOHATTA Oyje pO3LISIATHCh v JaHii poOOoTI, BOHO 3yCTPIYAETHCA Y
poGorti 8, c. 527].

MeTo ZaHOi CTATTI € CTBOPEHHS IHCTPYMEHTAPIIO TSt 1100Y10BU Y MeTPUIHOMY NPOCTOPI 3BHY-
HUX FeOMETPHYHNX 00 €KTIB 1 [OHATL €BK.1110BOT Ta HECBKILTOBOI reOMeTpIl, IO AaCTh MOAKIABICT
IIPOBECTH CTPYKTYPH3ALI0 HBOTO NPOCTOPY.

2. Honepenni sizomocti. Hacrynsi o3navenHs BBe1eHO Y noliepeaHix podorax apropa. Hase-
AeMo TX. 3 He3HaUHMMH MOIUDIKalliA VI, LIt KPAIIOro pO3YyMIHHS MOJA/IbLIHY MIPKYBaHb.

VY nomagsmoMy BCl TOYKH TIPOCTOPY OyACMO BBaxard pisHiMu, To0Te OyaeMo po3iviaiaTH JIHie
JIOIATHI 3HAYEHHS MeTPUKH 1poctopy. CYKYIHICTB TPhOX TOYOK @, b. ¢ mpocTopy Oy:ieMo Ha3uBaTH
TPUKYTHHKOM 1 fTo3HadyaTuMeMo A {a.b. ). TIpn upoMy caml Toukn OyemMo Ha3MBaTH BEPIIMHAMU, &
nap Touok (a.b). {(b,c). (a.c) — CTOPORAMH TPUKYTHHKA.

Osnavenns 1. Hexaii a. b. ¢ — oositoni mouxu sempuunoeo npocmopy (X, p). Bnopaokoeany
mpitxky (a.b.c) yux modox Oyoero nasisamy Kymod i3 6epiuunoio 6 mowyl b i noznavamusemo
Z(a,b.c). pu yvorxy napu movor {a.b) i (h.¢) évoevo nazusamu cmoponayvu kyvma (Ous. |3,
c. 28)).

O3Hauenns 2. Hexaii a. b, ¢ — coeitoni mouku sempuunoeo npocniopy (X, v). Xapaxmepucmu-
Kow kyma Z{a.b.c), abo Kymosoo xapakmepucmuroio., dvoemo rasusamit dilicne uicio p(a.b, c),
WO ZHAXOOUMBCA 34 GOPMYI0I0

/: ! } 2 . Vo 27 1. 3
p{a.by+p(b.c)—pla.c 1)

wla. b, c) = s S
T © 2pta.b)p(b.c)

(Ous. [3. ¢. 36; 3, ¢. 29]).
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384 B. [ X¥3bMUY

Metpuunmit mpocrip (X, p), B SskOMY BBEICHO NOHATTS KyTa 3a O3HadeHHAM |, 1 HOro Xapakre-
PUCTHKY 32 O3HaueHHAM 2 OyaeMO Ha3zuBaTH METPHYHHM IIPOCTOPOM 13 KYTOBOK) XapaKTePUCTHKO 1
rmozgayarnmemo 17.

Osnavennst 3. byoewo kazamu, wo mouku a. b, ¢ npocmopy I1 npamorinitino posyiwieni, AKWo
xoua 6 01 00uici' 3 yux moyox (Hanpuxaad, 0as nmouku b) euKonyemves pieHicms

cHa b e)=1. (2)

(ous. [5, c. 29]).

OsHavenHs 4. byoewo kazamu, wo MHOMCUHG Movok npocmopy [ npsaoainitine posvinend,
AKUO OYOb-AKT MP1: MOYKU Yici MHONCUHY RPAMOITHITNO potiueni (Ous. [T, ¢. 527]).

PiBnicTh (2) piBHOCHMIBHA pIBHOCTI {a.b,¢) = =£1. 10 TOro K NIPH BUKOHAHHI PIBHOCTI
@(a, b, c) = --1 NpUPOIHO Ka3aTH, IO TOUKA b ,JIeKHTh MK’ TodKaMd @ i ¢ (aG0 € BHYTPIIHBOKO
AUIS HUX), a KYT Z(a, b, ¢) Ha3uBaty ,,po3ropHyTum”. Tipu BikoHarui pisHocti (b, a. ¢) = 1 npupon-
HO Ka3zaTH, UI0 TOYKa a . JIeKHUTH 1Me3a’” ToukaMH b 1 ¢ (ado € xpailHpoto Ui HUX), a KyT Z(b.a,c)
Ha3HUBaTH ,,HYTLOBHM .

3 piBHOCTi (1) 7erko oTpuMary, 110 piBHICTL »(a.b.c} = —1 ekpiBazenTHa PIBHOCTI p(a. ¢) =
= p(a,bj + p(b, c). a piBricts p{a,b.c) = 1 — CyKyIHCCTI IBOX piBHOCTEH

!f pla.bY = pla.c) + plb.c).
| pb.c) = pla,c)+ pla.b).

BuxopucToBytoun piBHICTH (1), MoxkHa, 1O aHajorii 3 rcoMerpicro EBKIiAa, /aTi O3HAYeHHA
»IpaMoro” Kyta Z(a,b.c) y npocropi 1.

OsHaucHHA 5. Hxwo das movok a, b, ¢ npocmopy 11 euxonyemsca pisnicme pla,b.c) = 0,
mo kym Z{a, b, c) 6ydemc nasusamu npariun.

Hexalt 3aqaH0 MeTpuuHUA npoctip (X, p) 1 TPH AOBLIBHI TOYKM 71. X2, T3 LbOTO npoctopy. And
s~ . N . . ATTAV LT, T
3pyYHOCTi OyAEMO BUKOPHCTOBYBATH TO3HAYCHHS 0(1i. T5) = Py,

2 . 2 9
Pij T Phe — Pk

2pi5p54

= Fijks Z’.']'f k=1,23.

BuKOpHCTOBY104H piBHICT (1), JIETKO 10BECTH, IO I A0BUILHHX TPLOX TOUOK I, ;. T UPOC-
T0pY 1/ BHKOHYIOTHCA HepiBHOCTI ~1 < oy < 1.

Hapenemo npukiIaz npaMOIIHIAHCT po3MINIEHOCT] HECKIHYEHHOT MHOKHHHE TOUOK Y METPUYHOMY
npocropi Crg 1. ,

Mpuknao 1. PosrmsHeMo MHOKUHY GYHKUIE y = kr Ha Blapisky [0: 1], MK IIIMHOXKHHY IPOC-
topy Clo;1) HenepepBHUX Ha Bipisky [0: 1] dyHxuiil.

[okaxkeMo, 1o Oyab-sIKi TpH pisidl TOUKH y; = ki, 42 = kox. y3 = k3x Ui€] MHOXUHH
posmilieHi npsaMoniniiiHo. 3a o3HauedHaM 4 1e Oyae 03HAUATH NPSMOTIHIMHE PO3MILIEHHsS Beiel
MHOKHHH.

Hexaif, 1J1% BU3HAYEHOCTI, BUKCHYIOTHCS HepiBHOCTI k) << ky < k. Ilpu 0poMy npuriymeHsi 3Ha-
¥inemMo BiZCTaHi MiX TOUKAaMH y1. y2. y3 38 MeTpHKoI0 npoctopy Crg.y ¢ p(f. g) = max,cio.1) iff'(:r) -
- g(r){ MarnmeMo p12 = ko — k1., 012 = ks — k1. pog = kg — ko. OCKIZIBKM BUKOHY€THCS PIBHICTD
P13 = pi2 + P23, TO HE O3HAYaE, [0 TOYKH y1. Yo, Y3 PO3MILICHI NpAMOIiHIAHO. 3 JAOBUIBHOCTI
BUGOPY IIHX TOYOK i BHILTHBAE IIPIMOTIHIMHICTE PUsMIIUEHHS BCicT MHOKHMHU QYHKIA y = k2 y
npocropi Cg.1;.
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TFEOMETPHYHI BJIACTHBOCTI METPHUHHX IMPOCTOPIB 385

3. OcnoBHi pesyasrati. HapeaeMo (OpMyiOBaHHS OTPHMAHNUX PE3yNbTATIB (3 1X 10BEACHHAM
MOKHA 03HaHOMHUTHCH ¥ NYHKTI 4 asoi cTarTi).

Cnoyarky BCTaHOBUMO CIIBBIZHOIIEHHS MK TPhOMA KyTaMu OJTHOTO TPHKYTHHKA Y METPHHHOMY
HPOCTOPI.

Teopema 1. s dositornux mouok xy, Lo, x3 npocmopy I suxonyvemocs pieHichty

] 1 va13 128
! s~ - ‘l . > TN R N A el = 0 3
| 213 1 Y132 | = 1= 20013¢123¢132 — Pa13 — ¥123 — Pise = U (3)
=123 ¥132 1 |

JloBeneHHs TeopeMH | HaBeAeHO y MMMYHKTI 4.1,

MoskHa PO3IISHYTH JICSKl YaCTHHEI BUITAIKH PIBHOCTI (3).

Teopema 2. 3 mpbox npamorinitino posviuenux mowox npocmopy Il oona, | nue 0ona, 31d-
XOOUMBCH MINC OBOMA THIUUMU, 0 KONCHA 3 YUX 080X THOUOK 1EXCUMb NO3A JBOMA [HUIUMU.

JloBeeHHs TeopeMy 2 HaBe/CHO V NIANMYHKTI 4.2,

Jdema 1. Axwo womupu modxy npsayoiiniine posviweni y npocmopi Il mo 061 3 hux aexcams
MIHC 060MaG THHUMU.

JloBenenust JeMu | HaBeldeHO y TiMyHKTI 4.3.

3ayBaXMMO, 1110 BKazaHl y GOPMYTIOBaHHI JeMH | TOUKH BU3HAYAIOTLCS HEOAHOSHAUHO. 3 IHINOTO
DOKy, CIpaBeITUBHUM € TaKe TBCPIKEHHA.

Jema 2. Hexati mouku ry. To. T5. L4 ApAMOTiHiHO pozviwyeni y npocmopi II. 0o mozo e
MOUKY T | T4 1eHCaMb Mide MOUKAMU T1 | T3, @ MOYKA F'1 TeHCUmb N3¢ Moykamu 2 1 ry. Axugo
MOYKA T4 AEHCUMD MINC MOYKAMU T 1 T3, N0 8OHA 1eXCUMb A00 MINC MOUKAMU T i 9. abo midxc
moukamu To i I3.

JloBeneHHs 1eMy 2 HABEAEHO Y MiAmyHKTI 4.4.

Tenep 3HaimeMO YMOBH /18 TOrO, {00 MHOKHUHA TOYOK [IOBUTHHOIO METPUYHOIO MPOCTOPY 3a-
JOBOMBHSA BCI ['STh NOCTY/IATIB HepIICi TPYNH MOCTy:aris po3viments B. &. Karana. [Tokaxemo,
o y npoctopi 1 s MHOKHHHM MPAMONIHIHAO POIMIILEHNX TOYOK BHKOHYIOTHCS HOCTYIATH pO3Mi-
uienss 1.4 poboru [4]. Ll oCcTyaTi, 3 HECYTTEBHMH 3MIHAMA Y ($OpMYIIOBAHHI 1a Y NO3HAUCHHAX
poGotH {4], MalOTh TaKKUi BHIISL.

1. Axuwo mouka b aexcumb MIdC MOYKAM @ [ €, MO BOHA AEHCUINb HLAKOHAC Mie o1 a (Ous. [4,
c. 260]).

BuxoHaHig L0 NOCTYIATY Ui Npoctopy /1 BUILTHBA€ 3 BHACTHBOCTI CUMETPHYHOCTI PIBHOC-
Ti (1): ¢(a.b,¢) = ¢(c. b.a).

Io. I3 6vOb-sikux mipbox mouok a. b. ¢ npuHaiivMHi 0OHA 1excUttin MIXC osoma inunimy (Ous. [4,
c. 260)]).

Ileit mocTyIaT € NPOCTHM HACILAKOM Teopemi 2.

Is. Axugo mouka b aexcums Mine moukavu a i c. mo moukd ¢ e Texcunto Atioie moykamu a i b
(ous. [4, c. 260]).

Ileit MOCTYNAT TeK BUILTMBAE 3 Teopemn 2.

Iy, Axwo mouxa b aexcumy Mixe MOUKAMU (1 C. 4 MOYKA d — ioie moukamu a i b, mo mouxa d
aexcums Mixe moukavu a i ¢ (Ous. [4. c. 260]).
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He# noctyi1at BHKOHYETHCS Y JOBLIbHOMY METPHYHOMY nipoctopi. JdiicHo. Hexal To4Ka b JeXKHUTh
MUK ToYKaM# a i c. lle o3Hagae, 110 BUKOHYETBCS PIBHICTh pla.c) = pla.b) + p(b. ¢). SKiuo Touka
d nexuTh MK TOYKAMH « 1 b, TO (e 03Hadae, MO BUKOHYETHCH PIBHICTL pla,b) = pla.d) + p(d.b).
[TincTaBMELIH 11F0 PIBHICTH V NIPABY YaCTUHY HONEPEIHbOI PiBHCCTI, oTpuMaeMo pla. ) = pla,b) +
+p(b, ¢} = pla,d)+ p(d. b)+p(b. ¢). [3 HepiBHOCTI TpUKyTHHKA MaTHMEMO p{d, b)-+p(b. ¢) > pid, ¢).
Taxim unHoM, Oyje BAXOHYBATUCE HEPIBHICTE pla, ¢) 2> pla.d)+pld, ¢). A 1ie. BHACIi 10K HEPIBHOCTI
TPUKYTHHKA, MOXKJIMBO JIHIIE Y BUITAIKY BUKOHAHA PIBHOCTI pla. o) = pla, d) + p(d., ¢). O1xe, TOU-
Ka d NeXHTh MK TOYKaMM a 1 C.

Jlema 2 o3Hauae, 110 [AIA YOTHPHOX TOYOK HPOCTOPY JI. AKI 3a0BOJBLHAIOTH YMOBH JIEMH, BUKO-
HY€THCA TaKUil MOCTY.IAT.

Is. Axwc na npsivite mouxa b aexciime tixe mouxkamu « i . d niouxka d, sidrviinna 6io b, makosxc
JIEMHCUNTL MIDC MOYKAMU (L [ C, MO MAE MICYE NPUHAUMHI 00HE 3 060X po3Miuyenb: mouka d aescuns
Mide moykamu a i b, abo mouka d aexcums mixe mouxkavu b i ¢ {ous. |4, ¢. 260]).

Ockinbky B, @. Karan He BUALIMB OKPEMO MHOKHHY TOUOK METPHHHOIC TPOCTOPY, IO 3a10BOTb-
HSIIOTB 1I0CTY;IaTH po3Milliedds ;5. a, IpHeaHarUId 10 HUX 10CTyAaTH CYpykTypH 1) 3, BHALIMB
MHO¥HUHY Ly TOYOK, 10 3a70BOJBHIIOTE L IBI IPYIH MOCTY:IATIB |4, ¢. 265], TO NPUDOAHO 1aTH TaKi
O3HAUECHHSL.

Osvauenns 6. Hexau mouku Ty, To. Xy, T4 ApAMOIINTGHO posrmiweni y npocmopi 1, a mouku
Lo 1 T4 AEAHCANIL MIDC MOYKAMU T1 | T'3. AKUO MOUKa T 1eHCUMb RO3d MOUKAMU T'o [ 71, MO MOYKU
21, T2, T3, Tq OVOEMO HAZUBAMU NPSMOTTHIUHO BNOPAOKOBAHUMIU, ¢ MOYKY L] — KPAUHBOIO OT5 WX
MOYOK.

JI71 TOBIBHOT NPSIMOTIHIHO PO3MINICHOT MHOKHHM TOYOK NpocTopy [1 IPHPOIHO BBECTH O3HA-
4YeHHs 11 IPAMOIIHIHHOT BIOPSAKOBAHOCTL.

O3naueHns 7. Hxuyo 6vOb-sKT woiitipL MOYKL PAMOTIHINRO PO3MIUEHOT MHONCUHU NOYOK APO-
cmopy Il ¢ npaMoainitino 6nopsoKoeditvU, MO MAKY MHONCUHY 0VOeMO HAZUEAMU NPAMOIHIUHO
enopadkosarnolo i noswadamu Li.

[TiaCyMOBYIOUH OTPHMMAHI BHILE pe3y/bTaTH, MOXKila 3poGHTH BHCHOBOK, WO ¥ MHWKMA] L BU-
KOHYIOTBCS BCl TTOCTY1aTH [} 5 po3miieHHs, po3rtanyTi B. @, Karatowm.

BCTaHOBUMO aHaiTHYHHH KPHTEPiil NPsMOTIHIHHOT BiGPAIKOBAHOCT] YOTHPBOX TOYOK MPOC-
Topy If.

Jema 3. s moco wiob mouky w1, ro, x3. r1 apocmopy IT &viu npsasoainiino enopsokosani,
HeoBXiOHO | docmamrbo, o6 xoua 6 015 oonicl 3 Hux (Hanpuxaad, 018 mouKy 1) SUKOHYEA1ACH

pigHicmb
P21392149211 = 1. 4)

JloBeJIeHHS ;ileMy 3 HaBeIeHO y MIANYHKTI 4.5,

MOosKkHa BCTAHORHTH YMOBY, KOTH 3 YOTHPHOX HPHAMOIHIHHO BIOPAIKOBAHUX TOROK Bl TOUKH €
KpalHiIMHU.

Jema 4. Hexaii mouku x1, 9. rs. Ty ApAMOTIHIIHC gnopsorosani v npocmopt 1. a mouxku 19
i x4 gexcame mise moukayu w1 I ry. AKkujo movka iy ¢ Kpaurbeo, Mo MOYKA T3 MEN € KPAUHbOK)
ONA MOYOK 1, Lo, T3, 4.

JloBesieHHs geMd 4 HaBeneHo v mianyuxri 4.6.

Cniz 3a3HaYUTH, U10 HE 3aBKAM 3 NPAMOJIHIHHOT PO3MINICHOCT] TOUOK BUILTMBAE, IO Cepel HUX
€ Kpainsg Touka. 1lpo ue cBIIUMTH TaKHit HPHKIAL.
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Hpuxnad 2. PosrisHeMo MeTPHYHHI MpocTip K7 BHOpsKoBaliMX TPyN i3 ABOX HIHCHAX uM-
cen a{a,as), BIACTAHb MIX eieMeHTaMM alai.as) i b(by.bo) SKOTO BAIHAYAETHCH 3a (HOPMYION
pla.b) = max (Jay — b1, Jag — bal).

VY npocropi Rg, BizbMemMo doTHpy Touxit: afl,0). b(0,1). ¢(—1.0), d(0. —1). 3Haitaemo BiacTaHi
MK LHMH TOYKaMH 3@ METPHKCHO Itpoctopy: pla.b) = 1, pla.¢) = 2. pla.d) = 1. plb.c) = 1,
plb, &) =2, ple. d) = 1.

I3 oTpuMaHHX 3HAYCHb BUILIUBEE, 1110 OyIb-sK1 TPU 3 LMX TOUOK NPAMOJiHIHHO posmimieHi. [diiic-
Ho, 3a dopmysaoro (1) 3HaHAEMO BCl KYTOBI XapaKTepHCTHKH!

e(b,a.c) =1, olboa.d) = —1, plecacd) = 1.
w(a.b.c) = -1, pla.b.dy = 1. slebod) =1, ola.c.by = 1. pla,e.d) =1,

plb,c.d) = —1. wla.d.b) = 1. ola,d,¢) = -1 olb.d.c) = 1.

B yeix Bumaakax BHKOHVETBCS PIBHICTH (2), OTxKe, 33 03nadeHHAM# 3 1 4 ToukH a. b, ¢, d upsamo-
JiHiHO po3miuleHi. OHak cepea HHX HeMac KpalHiX TOYOX, OCKIIBKHM KOZKHA 3 LUX TOYOK JISKHUTH
MDK JesIKUMU JIBOMa IHIIHMU 3 HUX.

Terep po3rIIAHEMO Y3aTraJbHEHHS IOHATTS TIPIMOIIHIAHOTO po3Mmitlerns To9ok npoctopy I1. Lle
y3arajJbHCHHsI Oy7I0 BBEJEHO aBTOpoM Vv podoTax [0, c. 11, 12: 7. ¢c. 42].

OsHauenus 8. byocuo kazamu, wjo Mouku ry. ro, T3, Ty npocmopy 1 nirocko pozmiwent,
AKWO xoua 6 0.1 00HIET 3 yux Mmook (Hanpurkido, 014 MOYKY Ti ) SUKOHYEMbCS PIGHICIHb

, I
|1 ©213  P214]
o o 2 2 N <
[¥213 1 wa1a] = 14 221392144314 — €13 — Po1g — ¢34 = 0. (5)
i ]
loo1s v31a I

Ananituuqo y reometpil EBknifa pisaicTs (5) 03Ha4ae pIRHICTH HYJIIO 00’€My Telpaelpa, Bep-
[IMHHA SKOTO 3HAXOAATHCS ¥ TOUXAX I'y. L. Xy, L4 [9, c. 61]

Jlis TOUOK JIOBLIBHOI MHOKUHH IIPOCTOPY [/ MPUPOIHO JaTH O3HAUEHHA IXHBOTO ,,{LIOCKOTO
pO3MilIeHHS” .,

Osnavenns 9. 5yoero Kazamu, wio MHOMCUHA HiOHOK npocmopy T aiocko posmityend, AKuo
6YOb-KI vomupu i mouxy n10cKko posiweni (Oue. [6. ¢ 12: 7. ¢. 43]).

Y npocropi /7 cHiBBiIHOWEHHS MiK NPAMOTIHIAHAM 1 MIOCKHM PO3MILIEHHAMH TOHOK OLIBIL
CKIaAHIlI, HIK v TeomeTpil EBKAida. e 11l CHIBBLIHONIEHHs BCTaHOBIEHC HOCTYyiatamn. Onsak y
METPUYHOMY IIPOCTOPI MM MaEMO 3MOTY BUKOPHCTOBYBATH BJIACTHBOCTI MHOXMHH JIHCHHX UHCE.
BCTaHOBUMO Take CIIBBIAHOIEHHA aHaIITHYHO.

Jdema 5. 15 mo2o wob nparvoliniino possinieni v npocmopi 11 mouku 1y, ry, @3, T4 oy
NI0CKO PO3MieHi v YboMY HPOCMOPI, HEGOXIONO | 00CMamMHb0., W00 Xoua 6 0a8 OOHIEL 3 YUX MOYOK
(Hanpuxaad, oas mouku ) 8ukonyea1ace pienicme (4).

JloBeeH s JIeMH 3 HabeIeHO y MianyHKTi 4.7.

06’ etHytoun Jemu 3, 5 i HaCTiTOK 2, OTPHMYEMO TBEP;DKEHHS, SKe BCTAHOBIIOE CTIIBBIIHOUICHHS
MIK [IPAMOIHIIHKMM 1 IIIOCKHM PO3MILIEHHSMK TOYOK npoctopy /1.

Teopema 3. [1s m020 o6 npavoTiniino posyityena MHoxcuna modox npocmopy I byaa nioc-
KO posMilyend y uboMy NpoCmopl, HeoGXiono I 00CMamnbo, Wos 60HA 0Y.1a NPAMOINIHO BHOPAOKO-

G6AHONO.
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AoBeaeHHs TeopeMH 3 HaBeneHo y NiAmyHKTI 4.8.

3 METOI KOHCTPYKTHBHOI OOYAOBH IILIOCKO POIMIIICHHX MHOXKHH TOYOK NPOCTOPY [/ Ha OCHOBI
TPHOX MPAMOIIHIHHO PO3MIMIEHHX TOYOK PO3MISHEMQ TOHATTS CYMDKHOCTI ABOX KyTiB. lle nonsaTTd
Oyno BBeneHo y poborax [6, c. 11: 10, c. 65].

Y reoverpii EBKIiij1a ABa CYMDKHHX KYTH JIOTIOBHIOIOTH OJMH OJHOTO 10 PO3IOPHYTOro KyTa. ¥
npoctopt [1 ue He 3aRKaAM TPABHIBHO. ’

Ilpuknao 3. Posrasremo y npoctopi Cip.qy Toukn y; = 0. y» = 1. yz3 = o, y4 = —x. 3a
METPUKOK TIpocTopy (g BIACTAHI MK LMH TOSKaMH € TAKHMIL: p2 =1, p13 = L. py = 1,
pez =1, paa = 2, p3g = 2.

3 OTpUMaHHX 3Ha4eHb BUILTHBAE, L0 TOYKH Y. 3. 44 PO3MILICHI UPSMOIIHINHO, {0 TOTC X
TOYKA 4| JIEKUTE MK ABOMa iHIIMMM. KpiM TOTO, TOYKH yi. yo. Iy4 TEXK POIMIILEH! NPAMOIHINAO.
A0 TOIO XK TOYKd %1, SIK 1y HOMEPEAHBOMY BHIAIKY, JEKHUTh MUK IBOMA THILMMH.

Takum uMHOM, KyTH Z{y3.y1.y4) 1 £{y2. y1.y3) JONOBHIOITE OMIH OJHOIO 10 PO3TCOPHYTOIO
KyTa Z(y2. Y1, Y1)

3HaliAeMo KyTOBI XapaKTEPUCTUKH LHX KYTIB: {(ys. y1. %1 = —1. poly2. . y3) = 0.5, Otxe,

HEHYJIBOBHH KyT JONOBHIOE A0 PO3TOPHYTOrO KVT, AKMH TeX € POITOPHVINM.

[Mpuxnan 3 Bka3zye Ha te, IO 3a O3HAUEHHS CYMDKHHX KyTiB Y npoctopi I7 ciu Bidpatu ixHi
KYTOBI XapaxTePUCTUKH,

V poborax [7, ¢. 43; 10, ¢. 65] Bcranosieno, M0 PIBHICTL 212y = —yop24 € HEOOXITHOWO 1
JOCTaTHLOIO YMOBO) IL1I0CKOTO PO3MINICHHS TAKHX TOHOK 21, 72. .r3. T4 OPOCTOPY [/, 110 TOUKA Xy
JEKUTh MK TOUKaM# x'p 1 3. LIS piBHICTL BHKOHYETBCS TAKCK 1 s CYMDKHHX KVTIB Y TeoMeTpii
EBxkmiga, ToMy Ti C7ift BUOpATH Ajist O3HAYCHHS CYMIKHOCTI IBOX KVTIB V mpocTopl f1.

Osnavennss 10. Hexat mouky .22, 3 npocmopy 11 npayvoiinilino pozsiugeni, 0o moz2o s
kym L{x1, ks, x3) € poseopHymum. AK14o MOUKA T4 yb02t RPOCPIOPY MAKA, WO SUKOHYCIbCA PI6-

HicHb

F124 = =324, (6)

’

mo kymu L(xy, k9, 24) I Z{23, T2, Ty) HYOMO HASUBAU CYMINCHIMIL

Ciniza 3a3HaYuTH, {0 O3HaYeHHs 10 OXOILTIOE TAKOK BMIANOK, KO OJHH 13 KYTIB € npsaMuM. Y
UbOMY BHITAZKY, 33 O3HaueHHSM 10, cyMDKHUI HoMy KYT Tesx Oyile MPsiMAM, OCKUIbKN TIPH 3HAYEHHAX
w124 = 324 = 0 PIBHICTD (6) BHKOHYETHCH

TInocko po3Mileni MHGKHHH TOYOK TipocTopy 7 MoxHa OyayBat¥ 1 Ha OCHOBI TPHOX TOYOK
ILOTO IPOCTOPY, 110 VTBOPKOOTE NMpsamuii kv, Jilicno, skwo KyT Z(r»> 2y.23) € NpaMuM. 10010
BUKOHYETBCS PIBHICTD 213 = 0. TO TOYKY x(. sKa Oyie ILI0CKO PO3MILIEHOK 3 TOYKAMH T, T2, X3,
MOXHA 3HaiTH 3 pisdocTi (5). TTLCTABABIIM v WK PIBHICTE 3HAYEHHS 7213 = (). OTPUMAcMO PIBHICTD

o 9
£514+ w311 = L (7)

PiBHicTh (7) MOKHA BB&XKATH aHAIOTOM TPHTOHOMETPHYHOT OAMHILI Yy reoMeTpil EBKiaiia, BOHA
MO)Kke OyTH BHKOpHCTaHa /I8 MOOYI0RBH TTIOCKO PO3MIIICHUX MHOKHH.
4. Noreaenns pesvabiariB. 4.1. foeedenns meopemu 1. OO6UiCINMO BUpa3

1 £913 T 123

3 . o 2 2 2

9213 1 P32 | =1 - 29013212390132 — $513 — Pz — P32 =
|
—¥123 Y132 i
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p 2 9 9 2 2 2 2 _ 9
_oP12 T Pis ~ P23 P12 T P23 T P13 Pi3 + P33 — 1y
2p12013 2p12p23 2013023

2 2 2 N\ 2 2 ) 2\ 2 ;2 2 2\ 2
B (Prz +p1s Pz;a) B (/Pw + P —P1a Yy  (Piat P Pf_z) —
2p12p13 \ 2p12p23 2013p23

=1

2 L0 2 V(42 2 2y 2 2 ]
(plg + pis — P23)(PTo T P33 — PI3)(PTs + P23 — p1z) _

— ] —

12 32 2
4p12P13P23
2 (2 2 242 | 92, 2 2 2 42 22 o 22
_ P33lpto + pis — pas)” + P1slPLy + P33 — PI)” T plolpis + P53 — Pla)” _
53 2 =
4012013023
-1 1 2 . .8 2., 2 2 2 2 2 2 5,
=1- —’—4 2 3 3 (P12 + Pia — P23) P12 + Py — P13 PTs T P23~ P12)+
F12P13P23

V2
)

2, 9 9 2 g 2 2 2 .0 P 2 \2
+p53(p19 + P13 — Pa3)” + PIalp1o F Pay — PI3)T F PP T P23 T Pi2) >

OOBuUHCIMMO BHpa3 y Ay»KKax:

)
|

F o 9 I ne B o B 20,02 2 2
(pis + pTs — P33){p1s + P2 — P13)(Pis + P23 — PL2)+

2 a2 202 4 2 )
2 Poy — Pig)T T ORI T P T P12
oy

)2 V2

, 3 2 4 2 2 4 2 2
+ plapPsy — P12 T P13P23 T P23 T P1eP23 T
4 2 2 9 9., 4 2 . 4 2 6 a2 2 2 5.2 4 24
— P13 — PiPo3 + P12PTs) T Plap3z T L3P0 T P23 T 2PT2P13023 T 2p7ap53 — 2pTsp23
8

4 2 2 1 4 6 5.2 2 2 5.2 4 1 2
+p12P13 + PIa033 T Lis T 2P12P13P23 2072075 — 2P73P237

2 4, 2 4 6 a2 2 2  o5d 2 o4 2
+ 03Pt + Piapas + Pl + 2012013523 — 2012073 — 2p12P23 =

>

2 5 3w B 2 4
= (p12 + pi3 — P23)(2p12p1; )—

1 4
37— P12 T M3 TR

[e2]

i 9 1 2 5 2 4 2 2 4 2 4 6 .2 9 92
—pIaPTs — P12P33 T P12 — PToP1s — P1aP23 T P13 = P12P23 — piapas + pa3 T 6012013023 =

o4 2 6 2 4 ., 2 4 ,eo.2 4 4 2 6 2 4
= 2p79P13 — Pla — PiaP13 T Plafos + 2072013 — P12P13 — P13 T PizP2a~

2 5 9 2 5 4 2 ER
—2012P13033 ~ P 53 = Pog — Pl2P13 — P12Pa3

6 2 4 4 2 6 2 4 2 4 6222
+pYo = Plap1s — Pi3Pas T Pis T PraP2s — P13Pz3 T P23 T 6pi2pi3023 =

2 2 2
= dp1apTsps

. . R 73 v 24 - . .
OCTaTO4HO OTPUMYEMO PiBHICTE 1 — 221391239132 — ,;513 — JZJ — 2752 = 0. OTKe, PIBHICTD 3)

JOBEJICHO.

Teopemy | 1oBeaeHoO.

JloBeneHHs piBHOCTI (3) € ZOCHTH MPOCTHM I 3BUYAiHOTO TPHKYTHHKE B reomerpli Epkiina.
JIiHCHO, SKIIO BBECTH MO3HAYEHHS p213 = c0s ZA, piop = €os £B. pizo = cos ZC, ne LA, 4B,
/C — BHyTpilwHi KyTH TpHKyTHHKa A ABC. TO BHACIIAOK piBHOCTI cos L' = cos (m — (LA +
+ £B)) = —cos(£A + £B) niBa YaCTHH4 piBHocTi (3) nabepe BULIALY

1+ 2cos ZAcos LB cos(£A+ 4B) — cos? LA —cos® ZB — cos*(LA+ £B) =

=1+ 2cos LAcos ZB{cos LAcos ZB —sinZAsin £B)—
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: y / , . ; . . N2
—cos? LA~ cos’ /B — {cos LAcos LB —sin ZAsin £B)* =

y§ Y 2 s . oA
=1+2cos’ ZAcos> /B —2cos ZAcos /B sin < Asin ZB—
2 p p D g P 5 . . , P A 2 3
—c08® LA —cos? ZB — cos? LA cos? ZBB +2cosZAcos ZBsin ZAsin ZB —sin® LAsin® /B =

2 2 2 N
=1-cos’ LA —cos® ZB + cos® ZAcos? LB —sin® £ Asin® ZB =

=1-cos*ZA - cos® ZB + cos® /A cos® /B — (1 — cos? ZAY1 — cos? ZB) =

o

2 ) ) 2 4, 2 2 2
=1~—cos" LA —cos” ZB 4+ ¢os” £ Acos” LB —1+cos? ZA+cos? /B — cos® LAcos® 2B = 0.

Otxe, BUKOHAHHS PIBHOCTI (3) € HCOOXIAHOK YMOBOIO /ISl ICHVBAHHS ¥ METPHYHOMY IIPOCTOPI
TPUKYTHHUKA 13 337JaHUMH KYTOBHMH XapakTePHCTUKAMH.

3 pisHOCTI (3) MOXKHA OTPUMATH CIIIBBLIHOIIEHHS MiK KYTOBHMH XapakTEPHCTUKAMH U1 BUIIA/IKY,
KOIM OJ{HAa 3 HUX JIOPIBHIOE HY.IERi, TOOTO [UIS BUIIAKY. KOJH OJIHH 13 TPHOX KVTIB € MPAMHM.

Hacniook 1. fxiyo 014 008iabHux modor .o, L3 apocmopy 11 kym Z(x1, o, 73) € npavum,
MO BUKOHYEMBLA PIBHICHIb

> 2
P13 T ¥1g2 = L (8)

Hoeedennsn. Sxmo kyr Z{ri, ro.73) € IPAMHM, TO BHKOHYETBCS DIBHICTH 193 = 0. lliacra-
BHBIIM L€ 3HAYEHHH Y PIBHICTD (3), MaTHMEMO 3, + 74, — 1 = 0. 260 3,4 + 975, = 1.

PiBHic b (§), sx 1 pienicTs (7), MOKHA BBAXKATH aHAI0I0M TPHIOHOMETPUYHOT OAHHUIT Y reoMeTpil
EBkmiza.

4.2. /logedennsn meopemu 2. [Ipunyctumo, DO OTMH 13 KYTIB TPUKYTHUKA, HANpPUKIAL KyT
Z(xy,r2.73), € POrOPHYTHM, TOOTO BHKOHYCTLCH DIBHICIL 2192 = —1. Toal, MiZCTaBMBILM 1€
3Ha4YeHHs y PIBHICTE (1), OyneMo Matu

2 ) 2 . ( 2.2 oo
@13 + (=17 + 130 + 20013(—1ipe — 1 = 0. Fhiz T iz — 22139132 = 0,
13 132
(2213 = ¢32)” =0 213 = £132
2 4 42 2
P : : Pio T P33 PI
OTpuMaHy piBHICTE MOKH@ YTOUHMTH. I3 pIBHOCTI 2193 = — 5 2 H =1 CIIEPKHMO
2pP1223
2, 2 2 9 2 - L2 9
Pio + P53 — pPis = —2p12023. Pio - 2pP12p23 + Prg = Piss
/ , V2 2 Lo
(pi2 + p23)” = pia. P12 + Pz = P13

BuxopucTapiii OCTAHHIC PIBHICTE, 3HAHAEMO KYTORY XapakTepUCTHKY

9 2 9 ) , w29 2 9 L 9 2

- P2 T Pis — Pa3 Pia + (P12 + p23)” — pig Pl TP T 2p12p003 + P33 — Poy

w213 = ‘ = — s = PO ; =
2p12013 2p12(p12 + po3) 2012(p12 + po3)

_2p7y 4 2p12p23  2p12(p1a + po3) _

1.

2p12(pro 4+ p23) 2p12(pi2 + p23}

O1xe, p132 = wo13 = 1.
TpunycrtuMo Tenep, WO OAUH 13 KYTIB TPUKYTHHKA, HAlIpUKIAT KyT Z{r1. 2. X3), € HYILOBAM,
TOGTO BUKOHYETBCS PIBHICTD 0123 = 1. TO1, NIACTABUBLIM IIC 3HAYEHHS Y PIBHICTD (3). MAaTUMEMO
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FEOMETPHYHI BJACTUBOCTI METPHUYHHX I[TPOCTOPIB

2 2, 2 . _
P13 T 17+ 139 + 201391320 — 1 = 0, w313 + PTaz + 202139132 = 0,

A A 2
(P13 + p132)" = 0, $213 = —P132-

AHBanoriqHo NONepeaHbOMY, [0 PIBHICTH MOXKHA YTOYHHTH. 13 PIBHOCTI Q123 =

2p12p23
OyaemMo MaTH
2 2 2 _ 2. 2 5 . |2 2
pi2 + P23 — Piz = 2p12apes. P12 = 2p12p23 + Pz = P13- (P12 — p23) = P13
3BiJICH OTPUMYEMO CYKYIHICTH PIBHOCTEH
P12 ™ P23 = PL3- [ p12 = pis + pas.
[ P12 = P23 = =13 L P23 = P12+ P13

BUKOPHCTOBYIOUH TIEpLIy 3 OTPHMAHHX PIBHOCTEH, 3HAXOAMMC KYTOBY XapakTepHCTHKY
2 2 2 \2 ., 2 2 2 ¢ 2 42 2
_ Pia T pP1s — Pa3 _ (P13 + pusl™ + Pis — Pz Pis + 2p13P23 + Pog -+ Py — Pi3

2p12p13 2(p13 + pa3)p1s 20p13 - p23)p1s

$213

— )[)13 );015102'3 - 2[713(/)13 - pz.&\) _q

2pis +poadpz 20p1s + p23)ois

3HaueHHs KyTOBOI XapaKTePUCTHKH (7132 3HAXOIMMO 3 OTPHMAHOT paHilie piBHOCTI

£132 = —g213 = — L.

9
<

)2 2 2 (o
2+ P15~ Pl _ Prat P13 P2t p13)
2.01%713 2p1ap13

2 2 2 5
PPo + Plo = Piy — 2pi2p1s — iy —2p1ap1s 1
2012013 2p12013

Ternep 3HAXOAMMO KyTOBY XapakKTEPHUCTHKY 2132 3 PIBHOCTI 2132 = — 213 = 1.

Onepskani BUILE 3HAaY4eHHS 103BO:(110Th 3pOOHTH BUCHOBOK. IIC 3 TPHOX IPSMOJIHFTHO po3Mille-
HHX TOYOK JIMILE OjiHA 3HAXOIAMTbCA MI JBOMa IHUMMH (¢ BHYTPILIHBO /IS HUX), & KOKIHA 3 IMX

JIBOX TOYOK JIEHKHTD 103a ABOMA IHIIHMHU (€ KPaHbOMO 1718 HUX).
Teopemy 2 n0Bej€eHO.

R
rI:"’st 13 _

391

4.3. Toseoenns aemu 1. Hexail Touku rq. Iy, T3, £ NPAMOJIHIHHO po3MiileH] y mpoctopi I1.

TO,II] TOYKH Z'.ZTo. I3 TCK pOJ\ilL.I(‘?hl ﬂpﬂ’\r()’HHlPIHO 3 TCOPCMH 2 BHIIJIKMBEE, 11O cepea HUX JJUILC

OJHa pO3MlIll€Hd MK ABOMaA IHIHMH. Hexail, Hanpukiaa, ToKa Iy JCXKHTD MUK TOYKaAMH Ty 1 LG

Tofi cnpaBKYETHCS PIBHICTD P13 = p12 + po3. SIKILO TeNeP TOYKA Iy TAKOXK JISKHTDH MK LIHMH

TOYKaMH, TO TBEPIKCHHS JICMH le MTPABH.IbHHM.

[TpUIyCTHMO, 110 TOUKA 75 JCKHUTb [103d TOUKAMM 1] i 3. OCKLIILKM I11 TPH TOUKH TEX IIPAMO-

JTiHIAHO po3MilleH], TO Mae Micle CYKYIHICTb PIBHOCTEH
[ P14 = P13 T P34
L P54 = P13 T P14
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392 B. I KY3EMHUY

Hexa#l BUKOHY€eTbCA nepiua 3 pigHocTel (9), TOOTO TOUKA I3 3HAXOJIMTHCA MLK TOUKAMH ry 1 4.
Toai orpuMyeMo cucTevy piBHOCTEI

3RIZACH TOCIIAOBRO 3HAXOAMMO
P14 = P13 + P31 = (P12 + pa3) + P31 = pro + {paz + pay) = pr2 + paa

Ll HepiBHICTD, BHACIA0K HEPIBHOCTI TOMKYTHHKA. MOKE BHKOHYBATHCH JTMIIC ITPH VMOBI BUKOHAHHSA
PIBHOCTI p14 = pi2 + pu4, @ LE ORHAYAE, 110 TOUKA To. AK 1 TOUKA 3. 3HAXOIMTHCA MUK TOUKAMH ']
1 £ry.

Hexait Terep BUKOHY€TBCA Apyra i3 pisnocteit (9), T00TO 10uKa 21 3HAXOAWTHCH MK TOYKAMH

z3 1 14. ToAl OTPUMYEMO CHCTEMY DIBLOCTEH

3BIZICH TTOC/IIJIOBHO 3HAXOAUMO
P34 = P13+ p1a = (P12 + p23) + P14 = pas + (g2 T 7)) 2 pas T par

L1 HepIBHICTH, BHACAIIOK HEPIBHOCT] TPHKYTHHKA, MOKE BUKOHYBATHCS JIHIIE IIPH YMOBI BUKOHAHHS
PIBHOCTI P34 = po3 -+ 24, & LIE 03HAUAE, LIO TOYKA 20, AK 1 TOUKE 7. 3HAXOAHTHCS MDK TOUKAMHU T3

OCKUIBKM PO3ITISSHYTO BCl MOXKIWBI BHITQAKY PO3MILICHHS TOUOK, TO TBEP/UKEHHSA TE€MM € Mpa-
BHJIBHHM,

4.4. [losedennn remu 2, OCKIIBKH 338 YMOBOM JeMH TOUKA o IKHTE MK TOYKAMK I } I3, TO
CIIPaBAKYETbCA PIBHICTL P13 = P12 + £23. & 3 YMOBH, IO TOUKa ' JEXKHTb 1038 TOYKAMH Zo 1 Ly,
BHUILIMBAC CYKYMHICTh PIBHOCTE

P12 = P14 T P24 (10)

fla = P12+ p24.

[Mepina 3 pirgocTeit (10) o3Hauae, 110 TOYKA .oy JIEKHTH MDE TOUKAMH T1 1 X9, TOMY Y LUhOMY
BUIAJAKY TBEPAKCHHS JICMHU € IPaBUIBHHM.

Posrisremo apyry 3 pierocteit (10) 1 pHIyCTHMO, 1110 TOYKA Iy TAKOXK J€XHTH MK TOUKAMH 2]
1 23, TOOTO BHKOHYCTHCS PIBHICTb pi3 = pi4 + P34. TaKMM UHHOM, MATHMEMO CHCTEMY DIBHOCTEH

P13 7 P12 + p2s.
P13 = P1i =+ P34,
Upid = P12+ p2g.
3 i€l cucTEMH TOCIIA0RHO 3HAXCHAMO
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TFEOMETPUYHI BJTACTUBOCTI METPUYHIIX [TPOCTOPIB 393

p23 = p13 — P12 = (P14 + pa1) — pr2 = (pra — p12) + p34 = pas + psa.

OtpuMaHa piBHICTH O3HAYAE, WO TOYKA X'y JICKHTh MUK TOUKaMM T i r3. OTKe, 1y HbOMY BHIAJKY
TBEPIKEHHS JIEMHU € TIPABIIHHUM.

4.5. /loseoennsa aemu 3. SIKIIO TOUKM ). T9. I3, 4 HPAMOMIHIEHO PO3MIIIEH] Y npocTopi /1,
a TOYKM To 1 74 JeKarhb MDK TOHUKAMHM 77 1 23. TO CIIPABKYIOTBCS PIBHOCTI p13 = pi2 + p23 1
013 = pPi4 -+ p3q. SKOI0 XK, KPiM TOTO, TOYKA '] JEKHTH 11032 TOYKaMH 2 1 4. TO 32 JIEMOK 2 TOUYKa
T4 JEKHATH ab0 MIK TOUKAMHM 1 1 xro. ad0 MK TOYKAMH ro 1 r3. AHATOTIYHO, TOUKA Ty JICKHUTE
ab0 MK TOUKaMM 1 1 4. ad0 MiK TOYKAMH xy 1 ry. Y KOKHOMY 3 UMX BUIAAKIB CHPABIKYHOTHCS
PIBHOCTI o213 == 1, o4 = 1. 314 = 1, a oTKe, piBHICTE (4) BUKOHY€THCS.

Hexail tenep a1 TOYOK ri. .ro. ra. r4 Opoctopy I1 BHKOHYETsCs PIBHICTL (4). OCKITHKH
MOIyJIb KYTOBOT XapaKTepPHCTHKM He [epPEeBHIIYE OIMHHIIL, TO PiBHICTH (4) MOXE BUKOHYRATHACE JTHIIC
MpPU 3HAUCHHAX oi3 = 1. o194 = £1. 311 = =1, 100TO JIHIIIE ¥ TAKMX BHUINIAAKAX:

D paz =1, wors = 1. o314 = It
1.

2) po13 =1, porg = —1. gary = — L
3) pas=-1. pors =1 p3u = -1
4) pas =1 pos =1 o311 =

I3 O3HaueHHS 4 BHILUIMBAE, IO [UTS JOBEIEHHS JIEMH IOCTaTHLO [I0Ka3ary NPAMOIHIAHE posMi-
LWIEHHS TOYOK To, T3, Iy. @ 38 O3HAUEHHAM 3 JUIA 1(HOTO JOCTATHBO BCTAHOBWTH PIBHICTh 3y = 1.
Po3riisiHeMO TOCTIAOBHO BC1 YOTHPH BHITAAKH.

1. Hexall 01HO49acHO BUKOHYIOTBCSA PIBHOCTI o1y = 1. po1g = 1. 314 = 1. Le piBHOCHIBHO

cHcTeM] CYKYNHOCTEH Takux piBHOCTSH:

P12 = P13+ P23. 23 = P12 — Pi3-
| P13 = p12 t p23. | P23 = —(p12 — p13). N .
. ] P33 = (p12 — p13)°,
pi2 = P14 + P24, P24 = P12 = Plee 5 ( \2
. , o Prg = (P12 — p1a)7,
P14 = P12 + P24, | P24 = —{p12 — Pi14).
- 2 _ 2
r = ’\/)34 = 1013 — P14)°.
P13 = P14 T P34- P34 = P13 — P1a-
| P14 = P13 T P34t P31 = —{(p13 = P14

Tenep 0049UCTAMO I PI3HHUX BHUIAIAKIB LI€T CHCTEMH KyTOBY XapakTCpHCTHKY

/)3:3 + Pi‘ - /)34_
223034

Y234 =
JlocTaTHRO [IOKA3aTH, 1110 A4 BCIX LIHX BHMAIKIB Oyie BUKOHYBAiHMCh PIBHICTH
o 9 Bl p .
P33 T P33 — O3 = T2pP23034- (11)

a omke i pisnicth £33, = 1.
TTizcTaBUBILM 3HaHAeH! 3HaYEHHs Y JIIBY YaCTHHY PIBHOCTI (1]), oTpuMacmMo
2 2 2 2 _ N2
P33+ P54 — Poy = (P12 — p13)° + (P — p1a)” — (p12 — p1a)” =
_ 2 _ 5 2 9. U SN S SR,
= plp — 2p12P13 + P13+ P13 — 2P1sP1 T+ PLy T Pra T =PizP1e T P1g T

7
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394 B. 1. K¥Y3bMIY

¢ 2 & ¢ . b . ~ \ { 30
= 2p73 — 2p12013 — 2p13p14 + 2p12014 = 2(p13ip13 — pr2) — pralpis — pra)) =

\/ \
{ )

= 2(p13 — p12){p13 — p1a) = =2pag s

OTxe, y UbOMY BHIT3JKY TOUKH I, Iz, Iy PO3MIILIEHI IPAMCIIHINNO, IO y CBOIO Yepry O3HAYAE
NPAMOIIHIHE PO3MILICHHS BCIX TOYOK J'1. 2o, 7’3, Ti.

Hoxaxemo, 10 TOUKH ;. I'o. T3, Ly € HPIMOTIHIHO BOOPAIKOBAHAMH. /IS BOTO PO3IISTHEMO
OKPEMO KOXKEH 13 MOMUIMBHX BHIAIKIB IXHEOIO PO3MIILEHHS, IO BHIUIHBAKOTH i3 BKa3aHO! BHIIE
CHCTEMH CYKYITHOCTEH.

Bunanox a):

Y UbOMY BHOAIKY TOYKH 3. .y HE/HKATH MK TOMKAMH I'{. . 4 BHACIUIOK PiBHOCTI 2314 = 1
TOYKa X} JEXKHTH 11038 TOYKAMHM 13,24, 1 32 O3HAYEHHAM 6 TOUKH 1. I, I3, L4 NPAMOIHIIHO
Briopsi/ixosaHi. IIpy HpoMy TOUKA 1 € KpallHBbOK I TOYOK 0). 7. £3. J4.

Bunanok b):

P12 = pPis Tt p2s.

r

|

l

L P13 = P12 T p23.
P14 = Pr2 T pP2s.

Pli = P13+ P34

V 1pOMy BUNQJKY TOUKH 9. 13 TEKATH MK TOUKAMH I'j..r;. a4 BHACIITOK PIBHOCTI poj3 =
TOYKa Ty JICKKTH 110338 TOYKAMHU 2'y. 03, 1 338 O3HAYEHHAM O TOUKM 1. 5. r3. Iz HPIMOIIHIAHO
BHOpsAKOBaHl. [Ipu UbOMy TOUYKA ) € KPaHHBOK I TOYOK J'y. T2, 3. Ti.

Bunajok c):

13 = P12 T P23,

0
( P12 = Pt P24,

Pre = P12+ P21,

P13 = Prs + 034,

VY 1boMy BHIAAKY TOYKHM X9, X4 J1€XKalth MUK TOUKAMH 2'j. 5. a BHACMLIOK PIRHOCTI po1g4 = 1
TOYKA X1 JIEKUTE 1103a TOYKAMH 2. Iy, | 32 O3HAYEHHAM 6 TOUKM I1. 9. X3. L4 NPIMOIIHIAHO
Bropaakosari. Ilpy 1poMy Touka &1 ¢ KpalfHbOIO JUIS TOUOK Iy, 9. X3, £L4.

2. Hexalt 0,1HOYaCHO BUKOHYIOTHCS PIBHOCTI i3 = 1. o913 = —1. o314 = —1. e pisHOCHIBHO
CHCTEMI
(
[- P12 = P13 + P23, P23 = P12 — P13, K (o Y-
Prz = (012 — P13)
[ P13 = P12 + pPas, P23 = —(p12 = p13)- 2 ; \2
S - Pis = (pro + p14=,
P24 = Pz + pPia, P21 7 P12 o P
y ' .3
‘ lp;§4 = (p13 + p14)°.
| P34 = P13+ P14 L 731 = P13 T O1ed

ISSN 1027-3190.  Vkp. mam. ocvpr., 2019, m. 71, Ne 3
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(V5]
O
wn

[MizcTaBUBILK 3HAMASH] 3HAYEHHS V JiBY 4acTuHy piBHocti (11), oTpumMaemo

P33+ PRy — phy = (P12 = pis)? + (P13 + pia)* = (12 + p1a)* =
= piy — 2p1aps + pis + pla + 2013014 + ply — Pia — 212014 — Pl =
= 202, — 2p12p13 + 2013011 — 2p12p1a = 2{p13(p13 — p12) + pra(prs — p12)) =
= 2(p13 — p12)(p13 + P14) = £2p23p31.

OTke, y UbOMY BHOAIKY TOYKH Iy, I3, 4 PO3MINIEH] NPAMOIIIHINHO, IO Y CBOI HEpry O3Ha4ac
OPAMOJIHIAHE PO3MIMIEHHS BCIX TOYOK I'y. X2, I'3. T4.

IToKaskeMo, [0 TOYKH T'j. T9. I3. T4 € IPAMOTIHINHO BIOPSAKOBAHUMHU. {1 UBOTO PO3IIAHEMO
MOZCTHBI BUTTAJKHM IXHBOTO PO3MIIIE;HA.

Bunanok a):

P12 = P13 T P23,

P24 = P12 T P1d.

YV 1pOMYy BHIAAKY TOUKHM &j. Ty J1eKaTh MUK TOUKAMH ra. ry. 3 MePHIO] PIBHOCTI CHCTEMHU

BUIUIMBAE, IO TOYKA x'3 JCKHTh MDK TOUKAMH 21. ro. 32 TEOPEMOI0 2 TOYKa xg JISKHTL 1032
TOYKAMH J'|. 3. 132 O3HAYCHHAM 6 TOUKH I). I'y. 73. 74 NPAMOIIHIHHO rriopsi;worani. 1pu upomy
TOYKA T2 € KPaHHBOIO /Il TOUOK 1. J2. J£3. Li.
Bunazok b):

Pis = P12 + pP23.
P24 = P12 -+ P14,
P34 = P13 T P14

Y 1BOMY BMOAAKY TOYKH ). I3 JI€KAThb MDK TOHKAMMI X3, L4 3 nepuioi PiBHOCTI CHCTEMH
BUILTMBAE, IO TOYKA T'9 JEAKWTh MK TOUKAMH ri. rj. 3a TEOPEMOIO 2 TOYKA I3 NEKUTb 1034

TOUYKAMH T, Tp, i 38 O3HAYEHHSM O TOUKM Ty. Ia. X3, Iy npsiMONiHiMHO Briopaakopani. [Ipu ubomy
TOUKA I3 € KpallHbOIO ISl TOOK I'y. L. X3, L.

3. Hexail 0/1HOYACHO BUKOHYIOTHCA PIBHOCTL o13 = — 1. 2o1q = L. o3y = —1. lle pIBRHOCHIBHO
cHCTEMI
{
P23 = P12 T 13- P23 = P12 T P13: 5 p 19
Pa3 = (P12 + P13)°:
P12 = P14 + P24 P2y = P12 = P 5 . 9
P24 = (P12 = L14)"
P14 = P12 T pPad. p21 = —{p1z = pua): l 5 ) 2
. _ P31 = (P13 + praj”
P34 = P13 T P14 P34 = P13 T P14

IlicTaBHBILK 3HaiAeHi 3HaueHns y TiBY YacTHHY pisHOCTI (11), OTpHMAEMO

2 2 9 _ . 2y ) 2 2
P33+ p3g — pay = (pra + p13)” + (P13 + p1a)” — (P12 - p1a)” =
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396 B. I. KY3bMHUY

2 2 2 2
= P2+ 2010013 + pig + pig + 2012p10 + P74 = pTo + 2012014 — Py =
= 2013+ 2012013 + 2013014 + 2012015 = 2(p15ip1a + pro) + p{pi3 -+ p12)) =
2(p13 + p12){p1s + p11) = 2p23p34.

Y UbOMY BHM&AKY TOUKM T, T3, Ty T€XK PO3MIlLEHI NPAMOMIHIiZO, IO Y CBOK Yepry O3HAuae
IPAMOIIHIAHE PO3MIIIEHHS BCIX TOUOK 1. T9. £3. 4.

llokaxemo, O TOUKK I1. 22, 3. Iy € IPAMOTIHIAHO BAOPSIKOBAEHMHE, J[I4 LLOTO POIILHEMO
MOKITHBI BUITAAKH IXHBOTO PO3MILIEHHS.

Bunanoxk a):

[,0:3 = P12+ pis
)

Y 1bOMy BHIMAAKY TOUKH X'1..7j ASHKATh MIK TOYUKAMH T, 03. 3 LPYToi PIBHOCTI CHCTEMU BUILIM-
Bae, 110 TOUKA X4 JISKUTh MLK TOUKAMH 1, 2'2. 32 TEOPEMOIO 2 T0UXA ro NEWRLTSH 11033 TOUKAMH &',
T4, 132 O3HAYEHHAM 6 TOUKH I}, 9. X'3. I4 NPAMOITIHINHO BAOPAIXOBaKI. [IpH LBOMY TOHUKA I €
KpaiHBOIO /ISl TOUOK I'1. T'o. I'3. 4.

Bunanok b):

P34 = 213 T P14

Y 1IBOMY BMOAAKY TOUKH '], Xp JIKATh MIK TOYKAMU 3. .2y 3 NepILOi PIBHOCTI CHCTEMM
BUTUIMBAE, 10 TOYKA | JICKATH MDK TOYKaMH Iy, 2'3. 34 Te0peMO 2 ToyKa Iy JISKHTH 11032
TOYKAMM T'1, T2, 134 O3HAYCHHAM 6 T0UKH ). Io. I'y. 04 NPANOAIHITHO BIOpALKGBadi. [Toy oMy
TOYKA I3 € KPaHHBOW A1 TOYOK L. To, I3, T4.

4. Hexail 01HOYACHO BUKOHYIOTBCA PIBHOCTT pory = — 1. o1y = - 1. 2374 = 1. Le piBHOCHIEHO
CUCTEMI
P23 = P12 + P13, p23 = M2+ pi3. X .
{/353 = (pi2 + p1a)”
fo4 = P12+ Pig. P24 = P12 + P14 . o
J \ ‘\ P = (P12 + p1a)
P13 = P14 -+ P34, !— P31 = P13 — P14, 3 , 5
l Py = (P13 — p1a)”.
) ; . _ ] .
| | P14 = P13 T pad; [ | Pae =~z = o)

ITiacTaBUBIIN 3HAMAEH] 3HAUCHHA Y JTIBY YacTHHY piBHocTi (11), orprMaemo

2 2 2 , l 2
P23+ pig — piy = (P12 + p1s ) + (p13 — /)14/ — (pr2 + p14)° =

+ )

= Puz 2012013 + 013 ﬂfx 2013014 rpd Ty — 2010011 — /111 =

\

= LP%g + 2p12p15 — 201314 — 2p12014 = (ﬂn o1s o p) - opalps +op2)) =
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TEOMETPUYHI BITACTHUBOCTI METPHYHHX [TPOCTOPIB 397

= 2(p13 + p12)(p13 — p14) = £2p23p34.

V 1bOMY BHNAAKY TOYKH I, X3, 4 TEXK PO3MIDIEH] IPAMONIHIAAC, 1O Y CBOIO Hepry O3Hadae
IPSMOITIHIITHE PO3MILIEHHS BCIX TOYOK I'j. L2. I3, I4.
TMokaxeMo, 010 TOUKH 2'1. Lo, I3. L4 € IPAMOTIHIAHO BIOPAAKOBAHUMH. JIj1g 115010 PO3IISHEMO

MOYKJIMBI BHIIAJIKH IXHBOTO PO3MIlIICHHS.
Burazgox a):

p23 = p12 t P13,
P24 = pi2t Pla.
P13 = P14+ P34

V UbOMY BHMAAKY TOUKK T'. T JEKATH MK TOUKAMHU Lo, T3. 3 APYTOl PIBHOCTI CHCTEMH BUILIN-
Ba€, IO TOUKA X JIEKHTh MK TOUKAMH 3. 4. 32 TEOPEMOIO 2 TOUKA o JIEKHTD 11033 TOUKAMHK T,
24, 132 O3HAYEHHAM 6 TOUKM T1. ry. r3. T4 OPAMONIHIAHO Bropsakosani. Ilpn upomy touka T €
KpalHBOIO 111 TOUOK X'y, X2. T3. 4.

Bumnanox b):

P23 = P12+ 013,
pPa4 = P12 -+ P4
214 = P13 F P34

TITUBAE, [0 TOUKA X1 JIEKNUTH MK TOUKAMH 7. r'3. 3a TEOPEMOO 2 TOUKa I JIEKUTH 1103d TOUKaMHU
2. 3. 1732 O3HAYEHHAM 6 TOUKM X'1. T2, r3. Iy NPAMOIIHINHO BropsaroBaki. 1IpH HbOMY TOYKa T2

V LBbOMY BHIAAKY TOUKH 1.3 J€KaTh MK TOYKAMH Xy. 4. 3 Fepmiol piBHOCTI CHCTEMH BH-

€ KpaHpOI A1 TOYOK 71, Lo, I3. L.

OTKe, B yCIX HOTHPBOX MOMKIHBHX BHIlAIKAN TOUKM X9, 7'3..cf PO3MIlEHI NIPAMOIIIHIAHO, IO Y
CBOIO Hepry 03HAuae MPAMOJiHifHE PO3MIilleHHs BCIX TOUOK ry. ¥, 13, Tq upoctopy [1. Kpiwm toro,
B YCiX YOTHPBOX BHIIAIKAX TOUKK L1, &2, L3. 24 € IPAMONIHITHO BIOPATKOBAHAMHU.

Jlemy 3 noeueHo.

4.6. /loseoennn aemi 4. Hexall Touka 17 € KpaHHBOi0 LTt TOGOK Xy, Xz, I3, I'4. Y msomy
BUIMAJKy BUKOHYIOTBCS PIBHOCTI ¢™213 == 214 = Y314 = L.

PiBHICTh p914 = | exBiBajJeHTHa CyKynHocTi piBHociell (10). OCKUIbKY 33 YMOBOKO J1€MH TOUKH
To 1 x4 HEKATh MK TOYKAMH .y 1 T'3. TO Lie eKBIBAIGHTHO CHCTEMI PIBHOCTEH

P13 = P12 + P23,
P13 = P14 -+ P34.
OCTaTO4YHO OTPHMYEMO CHCTEMY PiBHOCTEH

p1a = P12 + p23.
213 = pPi4 T P34,

P12 = Pt o2
L P1a = piz+ pau.
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398 B. 1. KY3bMUY

BHKOPHCTOBYIOUM MEpPIY PIBHICTE i3 CYKYIHOCTI, ITOC/I1I0BHO 3HAXOTIMO
_ — ! \ R _ o .
P23 = P13 — P12 = (P14 + p3a) — p12 = (P12 + pP24) + P31 — P12 = P21 + P34

BUKOPHCTORYIOUM APYTY PIBHICTD 13 CYKYTHOCTI, MOCIIAOBHO OIEPKYEMO

P31= p13 — P14 = (P12 + paz) — pra = (Pra + P2y} + P23 — Pra = P2z + pau.
OcTaToyHO OTPHMYEMO CYKYIHICTE PIBHOCTEH
r
P23 = P24 + P34-
034 7= P23 — P4

AKa PIBHOCHJIbHA PIBHOCTAM

5
<
S

. 2 92 2 N S 2, 2 2D,
(23 — p3s) = pay. P33 = 2p23p34 T P54 = P34 P33+ Pig — Paa = 2p230P34

IMominuBiy o0HABI YaCTHHU PIBHOCTI Ha BHPA3 2p23054. OTPHMALMO

2 2 “
) Py TPy T Poy
Pozy = = 1.
«22034

[l piBHICTH BRasye HA Te, MO TOYKA .3 JIEKHTH 1103a 10UKAMH 72 1 .03, TOGTO € KpaHHbOWO s
TOYOK x1, T2, T3, T4.

Jemy 4 nopeaedo.

4.7. Jogedennsn nemu S. TIpHITYCTAMO, 1O TOIKK X1, Ty, 3. .04 Y opoctopl [1 € MpPSMOTIHITHO
{ WI0CKO PO3MIMICHHMA. 3 IXHBOIO [LTOCKOTO PO3MILCHHS BHILTHBAE RHKOHAHHA PIiBHOCTI (5). 3a
O3HAYEHHSM 4 Oyib-sKi TPU 3 TOUOK 1. Xp. X3, Ty OyAyTb NPAMOMikiiiHO posminteni. Omxe, OyayTh
BUKOHYBATHCh PIBHOCTI 35 = Doy = 23y = 1. Tizcrasasoun i 3kadenns y pisuicts (5),
3HAXOMUMO 2130214314 = 1. ToMy piBHICTH (4) € HEOOXIIHOK YMOBOIO IJIOCKOTO PO3MIIIEHHS
TIPAMOTIHIHO PO3MIIIEHUX TOYOK &'i. X2, L3. T4 Y mpocTopi /1.

Hexaii tefep A8 TOYOK 1. 2. I3. &4 BAKOHYEThes pismicTh (4). Teai 3 semu 3 BUILIMBAC
IPAMOJIHIfAHE PO3MILIEHHS 1[MX TOMOK 1 CHPaBeLTUBICTh PIBHOCTEH D25 = PPy = ¥ = L
TTincTapisroun i 3HAYEHHS | 3HAYCHHS 201300140511 = | 3 piBHoCTi (4) y 7iBy 4acTuHy piBHOCTI (5),
OTPUMYEMO TOTOKHICT, TakuM YMHOM, 33 O3HAUEHHAM 8 TCHKM Tj. xp. 2. x4 OYAYTH ILIOCKO
PO3MILIEHUMH.

4.8. /josedenns meopemu 3. Hexail npsaMoininiiiHo po3MiLIcHa MHOXHHA TOUOK HPOCTOPY Il e
TAKOK 1 IUIOCKO PO3MIILEHOI0. JToKaKeMo. 10 L MHOKMHA € MPAMOTIHIHHO BIOPAIKOBAHOKO. [
115010 BUOSPEMO 1 TOBUIBHI 4OTHPH TOUKM 21, T2, 23. I4. 3 IPAMOIIHIHNCIO TA IICCKOTO posmiure-
HHS LUX TOUOK, 33 JIEMOIO S5, BHILIMBAE, O AT 071HicT 3 HIX (HANPUKIIA,L, [Uin TOUKH &' ) BUKOHYEThCS
piBHIicTb (4). 3a ;1eMor0 3 1i TO4YKH OY1yTh NPAMOIIHITHO RIOPAAKOBAHNMMU. 3 xoBLIBHOCTI BUOOPY
TOYOK, 32 O3HAYEHHAM 7, BUILIMBAC NPSIMOIIHIIIHA BIOPAIKOBAHICTL yCitT MEOKUHN TOYOK.

Hexaif Termep MHOXUHA TOYOK LPOCTOPY [I € NpSMOMIHIAHO BIOPSIKOBAHOW. 3a o3HaYCHHAM 7
By/b-AKi HOTHPH TOMKM T1, T2. I'3, T4 MHOKHHY € LPIMOIIHIHHO BIOPSIIKOBAHHMH, TOMY 32 JIEMOIO 3
JUIA OAHI€T 3 HUX (HAIPHKJIA, A TOYKH 1)) BHKOHYETHCH piBHICTB (4). TakuyM 4HHOM. 33 JIEMOIO 5
TOUKH L1, Ty, T3, Lq € IIOCKO POIMILIEHAMH. I3 JTOBIIBHOCTI BUOOPY TOYOK MHOKUHH Td O3HAUCHHA 7
BHILUTMBAE, 1110 MHOKMHA TOYOK € IIIOCKO PO3MILLIEHOMN.

TeopeMy 3 A0BEAECHO.
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