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Posnooin eceomempuunux nouams yacmo GUHAYAEMBCA HAABHICMIO
2eOMEMPUYHUX BIIACMUBOCIENU, WO 3ATUUAIOMbCSA HE3MIHHUMU NPU MUX 4u
[HWUX  NepemeopeHHsAX, 1  HAAGHICmI0  elacmueocmet,  AKI  yumu
nepemeopennamu nopywyromscs. LlJooo npoexkmuenoi eceomempii, mo 6oHa
gU8UaE G1ACMUBOCTI, AKI 3ANIUWAIOMbCSA HE3MIHHUMU NPU  NPOEKMUBHUX
nepemeopennsax. lakumu € HANPUKIAO,  NPAMOJIHIUHICMb,  NOOBGIlHE
BIOHOWIEHHS YOMUPLOX MOYOK OOHici npamoi ma iH. Bidomo, wo npu
NPOEKMUBHUX NEPEMBOPEHHIAX 3MIHIOIOMbCA He MITbKU O08HCUHU MA Kymu, djle
Hagimov napaneivHi npsami moxcyms nepeumu 6 nepemurti. C80epioHUMU
6U2NAOQIOMb  CMOCYHKU — MIJIC  NepemeopenHamu  mpueumipnozo R ma
0606uMipHO20 (Kapmunna nosepxis) R? npocmopis, a makxoc 6ioHOCUHU MidiC
eleMeHmamy MmpUBUMIPHO2O NPOCMOPY Ma WAPAMU Yb0o20 HC NPOCMOPY
(penveghamu). Penvegh — wvacmuna npocmopy R3, saxy npononyemoca eusnavamu
R?3, 3aneacno 6io enubunu penveghy R*3 pospisnaiome maki uou penve@nux
300padicenb — nosHull penvegd, bOaperveh ma ecopenved. I[losnuil penvegh
Gdopmyemvcs  npu  NOPIGHAHO  GeNUKIU  2IUOUHI  pelbe@HO20  NpoCmopy
(810 KitbKOX OecsaAmKi@ caHmumempis 00 KilbKox mempis). B nosnomy penvei
eleMeHmu npeomMemia, uo 300padcylomvcs, 4imko 8i00iieHi 00uH 8i0 00HO20,
a came 300panrfceHHs 3a38UdAll OXONJIOE 6CIO 2AUOUHY DPeNbeHO20 NPOCmop).
bapenved (nuzvxuii, abo niockuil penveg) euHuxKae npu manit eAUOUHI
penveghy — 8i0 KibKOX MIliMempis (8 Medanblionax) 00 KilbKOX CAHMUMempis
(6 Hacminnux Oapenvegax). Piznosuou oOapenveghic — kamei ma iHmanii.
[x 6uxonyiomos Ha 00pO2OYIHHOMY KAMIHHI: Kamelo — y 6u2iadi OnyKiozo,
a inmanito — y 6uenadi 80asieHo2o abo pizbbiaenHo2o 300padicenns. I openved
(8ucoxutl penved) — 300padicents, saKe 3aUMAE NPOMINCHY NOZUYII0 MIJHC NOGHUM
penveghom i bapenveghom. V 36’°513Ky 3 yum 6 copeavehi Oeski npeomemu abo ixui
eeMeHMU MONCYMb GIOOLIAMUCS 8I0 3a0HbOI nogepxui penvedy. [lpu nob6y0osi
KPY208UX DeNbEQHUX NAHOPAM 6 NPOCMOPI, 0OMeNCeHOMY YUNIHOPUUHUMU,
KOHIYHUMU a00 chepudHuMU NOBEPXHAMU, BUKOPUCHOBYIOMbCS YEHMPATbHI
gidoOpasicenns. Q6 €OnyouUMU Yi 8UOU penvbePié € aHaANo2IuHI 01 BCIX MPbOX
8u0is iooopaxcenns @ 6 niowunax l1I, nepneHOUKyIApHUX 00 ocell cumempii
HA38aHUX nogepxons. [1J000 npakxmuynoi cmopoHU GUKOPUCTNAHHS NAHOPAMHUX



53

penvepis, mo  epekmusHuM Modce uenidamu  OPMySaHHs  KAPMUH
02150080CMI 308HIUHBO20 NPOCHMIOP)Y 3 MiCyb 800ii8 MPAHCHOPMHUX 3AC0018
(onepamopis), a maxkoic 3 Micyb HACANCUPIB.

Knrouosi cnosa: sidoopasicenus, noogiiine 8i0OHOUEHHS YOMUPLOX MOYOK
OOHIEI NpAMOi, wap npocmopy, Kpyeoea pelvepHa NaHopama, 02ns1008iCmb
OMOYYI04020 NPOCMOPY.

Ilocmanoeka npoéaemu. BcTaHOBIEGHHS TOTO M 1HIIOTO T€OMETPUIHOTO
KOy — MPOEKIIHHOTO anapara — I03BOJISE OACPKATH TICBHUA BUA MPOEKIIHHUX
300paxkeHb [1, 2] sk Ha MOBEpPXHSAX MPOCTOpPYy (HAa KapTUHAX), TaK i B IIapax
npoctopy (B penbedax). Crenudika penbedHux 300paxensr [3-5] mossrae
B TOMY, IO MPOCTOPOBI 00’€KTH BIJOOPaXKyIOTHCS 3HOBY K TaKd B MPOCTOPI,
Xoya i 31 3MIHOIO BIIHOCHUX PO3MIpiB. [HIIMMHU cliOBamMu, MPOCTOPOBI 00’ €KTU
BiOOpaXylOThCS B IIAp NpOCTOpy — 1 HaBmaku. Lle Hajgae MOXIUBICTH
ollep)KyBaTh  penbeHI  300pa)k€HHS  PI3HUX  THUMIB:  eXNTHYHOTrO D;
napaboniunoro ®,; rinepboniunoro @,. I1ig yac 30poBoro anasnizy npocTopoBUX
00’€KTIB BUHUKAE HEOOXITHICTh Y BUKOPUCTAHHI IIMIIIHAPUYHOTO, KOHIYHOTO Ta
chepuunoro penbediB. BimoMo, 10 CYTTEBOI CKJIAJ0BOK  OIJISIAOBOCTI
MPOCTOPOBHUX 00’ €KTIB i3 KaOiH TPaHCHOPTHHUX 3aco0iB [6, 7] € 3a0e3nedycHHs
orieparopa KOMIIOHEHTaMH 30poBoi iHopmarii. s dopmyBaHHS 1HX
KOMITOHEHTIB BaXKJIUBUM CTa€ BUKOPHCTAHHS 300pakeHb B IIapax MpOCTOpY,
TOOTO B TAHOPAMHHUX (KPYTOBUX) peibedax.

Ananiz ocmannix 0ocnidxcenv i nyonikayii. 3a3BU4ail TEOMETPUUHHUIN
¢dakT MOXXKHA BHUKJIAIATH 1 3a METOJOM KOOpAWHAT, 1 0e3 JOIMOMOTH IhOTO
merony. Jlns BuBUeHHS (akTiB He O0OOB’SI3KOBO JOTPHUMYBATHCh OJHOTO
SKOTO-HEOyb METONY — IIOopa3y Cliji oOupath TOW CHociO, SIKUM y TEeBHUM
MOMEHT € HaW3pyYHIIIMM 1 MBUAIIC TPUBOAUTH A0 METH. ICTOpis JOCIIIKEHD
NaHOpaMHUX  penbediB  JEMOHCTPYE  BHUKOPUCTAaHHS  MOXKIMBOCTEMH
CUHTETHYHOTO [8] 1 aHATITUYHOTO [9] MIAX0MIB A0 PO3IIISLAY OCOOIMBOCTEN TOTO
9y 1HIIOTO THUITYy penbediB. YCKIATHEHHSA 3a7a4 MPOEKTYBAaHHS TEXHIYHHX
00’€KTIB aKTHBI3y€ PO3BUTOK CIOCOOIB 00’ €MHO-TpadiyHOTO MOJICTIOBAHHS.
Opniero 3 CyYTTEBUX TPOOJIEM TIPOEKTYBaHHA TPAHCIOPTHUX 3aco0iB €
BU3HAYCHHS ONTHMAIBHOI OIISIIOBOCTI MPHUIAOPOKHBOTO TPOCTOPY BOIISIMHU
1 macaxkupamu. {1 11poro icCHye HU3Ka cmocoOiB: rpadiuHi, enekTporpadivsi,
dororpadiuni Ta in. [10, 11]. CoinbHIM HEOJIKOM Ha3BaHHX CIIOCOOIB € Te,
[0 BOHM MOXYTh 3aCTOCOBYBAaTHUCS TUIBKH B TEPIOJ EKCIUTyaTallii MamuHu i
HE MOXKYTh OYTH BUKOPUCTaHI TIOBHOIO MIPO Ha CTajii MPOEKTYBAHHS.
3a3HAaYCHOT0 HENONIKY JOMOMAararTh MO30yTHCA MaHopamHi penbedu. Bonu
J03BOJISIFOTh BU3HAYATH OTJISIOBICTH MAIIIMH 1 aBTOMOOUTRHUX JOPIT HA OCHOBI
rpagIYHUX Ta aHATITUYHUX NPOEKTHUX JTaHUX.

Dopmynrweanna uyinei cmammi. BusaButu ocoOauBocTi (HopMyBaHHS
penbedHUX 300pakeHb. HanmaTtw XapakTEpUCTHUKM MPSMHUX 1 OOEpHEHUX
nepeTBopeHb  penbediB.  Po3rmsHyTH  0co0aMBOCTI 00’ €MHO-TpadiyHOTO
MOJIEIIOBaHHS 30pOBOi 1HPopMaIllli. BUsBHAUMTH MOKIJIMBOCTI Cy4acCHUX MIAXO/IB
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JI0 OLIIHKW Ta KOPUTYBAHHSI OTJISIIOBOCTI 3 MICIIb BOAIIB 1 MacakXUpiB HA OCHOBI
MIPOEKTHUX MaTepiais.

Ocnoena yacmuna. Po3rnsiaroun CriBBITHOIIECHHS MPUYMHA — HACIIIOK,
BC1 3aJlaul MaTeMaTUYHOTO MOJICTIOBAHHS MOKHA YMOBHO PO3MOAUIMTH Ha JBa
BEJIMK1 KJIacu: IpsMi 3ajadi (BiIoM1 NPUYMHU, HEOOXITHO 3HAWTU HACIIIKH)
1 00epHeH1 (BiAoM1 Hachigku, TpeOa 3HaiWTH npuuuHu) [12]. ObepHEeH1 3amayi
MaroTh JIesIKI HEeMPUEMHI (3 MaTeMaTUYHUX MO3uIliiH) ocoonuBocti. [lo-niepe,
BOHHU, SIK NpaBuIIo, HeNiHIMHI. [lo-apyre, po3B’a3ku 00epHEHUX 3a/4a4 3a3BUYAil
HeeauHICHI. Tomy 3a0e3medeHHsT €JUHOTO PO3B’SA3KYy 4YacTo MOTpedye
HA/JIMIIKOBOI eKcriepuMeHTanbHoi iHpopmaiii. [lo-Tpete, oOepHeH1 3a1aui He
3aBXKIU € KOPEKTHUMHU. B HUX BIZICYTHSI HEMEpEepBHA 3QJICKHICTh BiJl BUXITHUX
naHuX (B MOPIBHSHHI 3 MPSMHUMU 3a7a4amMu). 3a TaKMX YMOB Ha MEPUIUNA TUIaH
Opu  pO3B’sI3yBaHHI OOEpHEHUX 3aJady BUXOJATH CHOCOOM MAaTeMaTHYHOI
00poOKM BUX1IHOI 1H(DOpMAaILii.

3’sicyemo xapakTep (opMyBaHHS 300pakKeHb Ha KAPTUHHUX TMOBEPXHIX
1B penbedax. Ha kapTunHiNi moBepxHi X' BuU3HaueHHs mpoekiii M’ touku M
(mpsima 3a7a4a) BiOyBaeThest OAHO3HAYHO (puc. 1).

Z:ERZ

Puc. 1. Cxema BigHOIIEHHS TPHOX TOYOK S, M, M oHiel mpsmMoi

3naxomkeHHsa X M, maroun M’ (oGepHeHa 3amaua), moTpedye HasIBHOCTI
MIPOCTOTO BITHOIICHHS

SM
SM'’

1)

110 TIoB’s13ye Tpu Touku S, M’; M onHiel mpsimMoi (puc. 2).

lomo maHopamMHHMX penbediB, TO PO3B’S3aHHS MPSAMOI Ta OOEPHEHOI
3a/lay CIUPAETHCA Ha BUKOPUCTAHHS MOJBIMHOTO BITHOMICHHS YOTHPHOX TOUOK
A, B', C, D oxniei mpsimoi (puc. 3, a—6). Bunagok Ha puc. 3, a mokasye 3arajibHy
cutyaiito, ko D — 00’exT, B’ — penbedre 300paxenns 06’ ekra D B Mexax Kin
I, <> I, noBepxoHb oOepranHs [’ 1 A'. Bumagok Ha puc. 3, 6 AEMOHCTpYE

po3tamryHok B' ma xomi moBepxHi ['. Bumanok Ha puc. 3, 6 Hajae po3TanryHOK
B’ Ha ko nmoBepxHi A'.
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Puc. 2. Tlpuknaz rpadika JiHIHHOTO 3B’ 3Ky KoediiieHTa V
(BIIHOIIEHHS TPHOX TOYOK MPSIMOT) 3 LIEHTPOM MPOEKIIIFOBAHHS S
i Toukamu M’ta M (M1, My, ...)

OueBUJIHO, IO IEHTPAJbHE TMPOEKIIIOBAHHSA B 3arajbHOMY BHUIAIKY
3MIHIOE HE TUIbKW JOBXWHU MPSMOJIHIMHUX BIAPI3KIB, a M MPOCTI BITHOIICHHS
Tpiiiok To4ok. [IpoTe BoHO 30epirae ckiaaHi BiTHOIIECHHS YETBIPOK TOYOK, IO
HaJeXaTh OJHIN TIPSIMIi.

Hexaii A, B, C,D — noBinbHa ueTBipka TOYOK Ha mpsmii |, Ha skiit
NIEBHUM HAIpsM NOpUAHATO 3a mojatHuid. HaszBemo Touku A, B' 6asucHumm,
C, D— pozginsrounmu  (moainebHuMH). [lpm  1mpomy BBaxkatumemo A, C
nepmmmu, B', D — apyrumu B KoxHIN mapi. HazBemo ckiaagHuM BiTHOIICHHSIM
yeTBipku A, B', C, D (mo3nagatumemo W, abo (AB'CD)) uucno

’
w=(AB'CD) = AC.AD _AC-DB (CDAB'). (2)
CB’" DB’ CB'-AD
Yepes AC, CB', AD, DB’ no3naunmo JOBXUHH BiAPI3KiB.

Komu 3amano ckmagHe BigHOIICHHS W 1 TpH TOYKHM Ha MPSMid, PUIOMY
BKa3aHo, 5Kl 3 HUX € 0a3MCHUMH, TO YETBEPTA TOYKA BU3HAYAETHCSI OJTHOZHAYHO
(pu BKa3aHOMY TIOPSIIKY TOUYOK).

Hexaii 3amano Touku A, B’, C, a mykanor € touka D. Toxi 3 piBHOCTI

AC AD
CB' DB’

MaeEMO.

=W BummBae, mo (o0epHeHa 3amada) 3a ymosu AD = AB'+B'D

_ AB
w CB’

—B'D
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Puc. 3. Cxemu noiBiiiHOTO BiIHOMICHHS YOTHPHOX TOoUoK A, B', C, D
OJTHIET MPSAMOT: @) IPOMbKHHIA po3TamyHoK B', 6) po3ramryHok B’
Ha KoJ1i oBepxHi [, ) po3ranryHok B’ Ha kol moBepxHi A’
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SAxmo >k 3amaHo Ha ofHIM mpsamiil Tpu Touku A, C, D (mpsma 3amaua),
onepxyemo 3a ymosu CB'=DB'—DC :

DC

DB:1 1 AC’ (4)

w AD

OCKUIbKM JOBXMHHM BIIPI3KIB OepeMo 3 BIANOBIAHMMHM 3HAKAMHU
(-B'D=DB’), 1o piBaoctsmu (3) i (4) Touku D i B’ Bu3HayaroThCA
onHozHayHo. Ilix wac BupimeHHs mpsMoi Ta  OOepHEHOi  3adad

(3a cniBBiIHOWIEHHSIMU puc. 3) OaxaHo oOupaTu BenuuuHy W (2) B Mexkax
1,25 + 2,00 (puc. 4).

Aw

O ]A10 20 30 4050 60 70 80 90 100

Puc. 4. lIpuknan rpacdika HeMHIKHOTO 3B’ I3Ky KoediieHTa W
(moaBifiHE BIMHOIICHHS YOTUPHOX TOUOK MPSMOT) 3 IEHTPOM
npoexiiroBanasg A 1 06’ektoM D (D1, Do, ...)

Takum yuHOM, MaHOpaMH1 penbedHi 300paxkeHHss 00’ ekta D dhopmyroThes
B Mexkax Bin B’, mo Hanexwuts moepxHi [/, komu D =C, no B', sxa HaIe:KUTH
noBepxHi A’, konmu D po3ramoBana B HECKIHUEHHOCTI.

Puc. 5 Hamae MOXIMBICTH CHIBCTaBUTH CTPYKTYPH TPHOX 1 YOTHPHOX
TOYOK OJTHI€T MPSMOT.
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Puc. 5. Cxema cmiBcTaBieHHs TphoX TOUok S, M, M (M1, My, ...)
1 voTrpbox TouokK A, B', C, D (D1, Dy, ...) oxHiei npsmoi

Bigomo, 110 CIpuiHATTS JIFOAUHOIO TOT'O YH 1HIIIOTO 00’ €KTa abo MpoIecy
CKJIAJA€ThCsl 3 HM3KU €TamiB — TpyOOro po3pi3HEHHs 3arajlbHUX KOHTYPIB
1 mpornop1iid, yrouHeHHs: (HOpMH, MOCTIAOBHOrO posmizHaBaHHs [13] okpemux
JeTajiel, TOYMHAIOYM 3 KPYIMHHUX, 1, HaApelITi, OCTaTOYHOIO 1 IOBHOTO
cupuitHATTS. [lormisa mepeMimyeTbCss Ha HACTYMHUN 00’ €KT CHOCTEpPEKEHHS
(puc. 6) micis TOro, SIK OCATHYTO CTYIIHb BIUIMBY TONEPEIHHOTO HA YMOBH
pyxy. Bomiii opraHizoBye CHOCTEpEKEHHS TaKUM YHHOM, IOO OIIIHUTH BCi
dakTopu, sKi BH3HAYAIOTh MOXJIMBHU pPEXUM pyxy Mo goposi. Came s
oprasizaiiii KOM(QOPTHOTO CIIOCTEPEKEHHS BAXJIMBUM KOMIIOHEHTOM JOIOMOTH
KOHCTPYKTOpaM 1 MPOEKTyBaJIbHMKAM MAa€ CTaTH MoOyaoBa HaodHux [14]
MAaHOPAMHHUX PENbe(IB — OJHOTO 31 CMOCO0IB €PEKTUBHOI OIIHKM MaWOyTHIX
00’€KTIB 3a X 30pOBUM CHPHIHATTSIM.

Bucnoexu. O6’emHo-rpadiaHe MOJCITIOBAHHS € Pe3yIbTaTOM TpadiyHOTO
3amucy (KOMYyBaHHS) TEBHUX TPOCTOPOBUX cuTyalid. Takuii 3amuc Hagae
MO>KJIMBICTh 3MICTOBHO JOTOBHIOBATH MOJIEJ TMO3HIIIITHOTO aHami3y 00’ €KTiB
MIpY pO3B’sI3yBaHHI 3a/1a4 30poBoi iHGopMaIlii. 3 po3MUPEHHSIM BUKOPUCTAHHS
penbeHUX TEPCHEKTUB 3POCTAIOTh 1 BUMOTH O CIOCOOIB BHUKOHAHHS
HETIHIMHUX 300pakeHb B Mmapax mnpoctopy. HemiHiliHI TepeTBOpEHHS
MAaHOPAMHHUX pelbe(iB € OCHOBOI JJisi KOPUTYBAaHHS  OTJISJIOBOCTI
TpaHCTIOPTHUX 3ac00iB. Citifl 3a3HAYUTH, IO MPOIEC COPUUHATTS JOPOKHBOTO
PYXy € CKJIaJIHUM 1 MaJIO JOCHIJKeHUM. ToMy npsiMi Ta 00EpHEH1 IEPETBOPEHHS
MaHOpaMHUX penbe(diB CTaIOTh HEBIJ EMHUMH €JIE€MEHTAMHU 3’ ICyBaHHS 30POBUX
SIKOCTEH TPAHCIIOPTHUX 3aCO0IB 3 MICIh BO1iB Ta MACAXKHUPIB.
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S
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Puc. 6. 30poBe COpUNHATTS OTOUYIOYOTO MPOCTOPY:
@) BOJISIMH, 6) TIaCaXKUPAMHU

BuxonanHs macwBy MaHOpaMHHX pelbediB 103BOJsIE KOpUTyBaTH (3a
JIOTIOMOTOI0 O0€pHEHUX TEPETBOPEHBb) BapiaHTH OTJISAOBOCTI TPAHCTIOPTHUX
3ac001B Ha CTajli MPOEKTYBaHHs, TOOTO Ha CTajli, KOJHM III¢ MOXXHAa BHECTH
3MIHM Y BIIMOBIAHI TPOEKTH. Bce 1e CHnoHykae MpOBOAUTH MOJAJbIII
JOCJIIJIPKEHHSI, CIPSMOBaHI Ha YJOCKOHAJEHHs arapara o0’ e€MHO-TrpadiuHOro
MO/ICITFOBaHHSI.
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DIRECT AND INVERSE MAPPINGS OF OBJECTS OF VISIBILITY
ON IMAGE SURFACES AND IN PANORAMIC RELIEFS

Volodymyr Danylenko, Olga Shoman

The distribution of geometric concepts is often determined by the presence
of geometric properties that remain unchanged under certain transformations,
and the presence of properties that are violated by these transformations. As for
projective geometry, it studies properties that remain unchanged under
projective transformations. Such are, for example, straightness, the double ratio
of four points of one straight line, etc. It is known that not only lengths and
angles change during projective transformations, but even parallel lines can
intersect. The relations between the transformations of the three-dimensional R3
and two-dimensional (image surface) R? spaces, as well as the relations between
the elements of the three-dimensional space and the layers of the same space
(reliefs), look peculiar. The relief is part of the R® space, which is proposed to be
determined by R?3. Depending on the depth of the R?2 relief, the following types
of relief images are distinguished: full relief, bas-relief, and high relief. A full
relief is formed at a relatively large depth of the relief space (from several tens
of centimeters to several meters). In full relief, the elements of the depicted
objects are clearly separated from each other, and the image itself usually
covers the entire depth of the relief space. Bas-relief (low, or flat relief) occurs
at a small relief depth — from a few millimeters (in medallions) to a few
centimeters (in wall bas-reliefs). Varieties of bas-reliefs — cameos and intaglios.
They are made on precious stones: the cameo is in the form of a convex image,
and the intaglio is in the form of a depressed or carved image. High relief is
an image that occupies an intermediate position between full relief and
bas-relief. In this regard, in the high relief, some objects or their elements can
be separated from the back surface of the relief. When constructing circular
relief panoramas in the space limited by cylindrical, conical or spherical
surfaces, central mappings are used. What unites these types of reliefs are
similar for all three types of mappings @ in planes /7 perpendicular to the axes
of symmetry of that surfaces. Regarding the practical side of the use of
panoramic reliefs, it can be effective to create visibility of the external space
from the seats of vehicle drivers (operators), as well as from the seats of
passengers.

Keywords: mapping, double ratio of four points of one straight line, layer
of space, circular relief panorama, visibility of the surrounding space.
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