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AHoTamisi. IcHye Benmka KiTbKicTh hacamiB
Oy/JIMHKIB Y BUIIISAJI MOBEPXOHb 2-TO MOPSAKY Ta
cxianHinmmx. KoxkHa moBepxHs Mae CBOI 0co0Ju-
BOCTI BIJOWTTS COHSYHUX TpOMeHIB. BuHukae
rmotpeba aHami3y IIbOTO BITOWTTS IJISI BHUSBJICHHS
30H KOHIICHTPAIlii TOTOKY COHSYHUX IPOMEHIB, 110
CTBOPIOIOTH 30HH TEPETPIBY, Ta 3HAXOHKEHHS 30H
3 nuy3HUM BIIOMTTAM COHSYHUX TpOMeHiB. Bu-
SIBJICHHSI TaKUX JIJISTHOK JIO3BOJISE KOPHUTYBAaTH
(dacamu Ha craail MPOEKTYyBaHHS JUIS CTBOPCHHS
KOM(OPTHOTO CEepeIOBUINA iICHYI0UO1 3a0yI0BU Ta
Ha/Ia€ MOXKJIMBICTh aHaNi3y OCBITJICHHS MPOTHIIE-
YKHUX OYIiBEJIb.

IcHyroua Teopis KOHTPYEHIIH M03BOJISIE TIPO-
aHaJIi3yBaTH BIAOUTTS COHSIYHUX MPOMEHIB CHHTE-
TUYHO 3 TE€OMETPUYHOT TOYKH 30py Ta MPEIACTABU-
TH iX aHamiTH4HO. JlBomapaMerpwyHa MHOXKHHA
HOpMaJIel TMoBepxHi (acagy po3IIapOBYEThCS Ha
BIJTOBiZHI MOBEpXHi HOpMaJeil 10 TOJOBHUX TBi-
PHHX B3JIOBXK Iepepi3y ILIOMUHOW. BiTHOCHO THX
CaMUX TBIPHUX KOHTPYCHIIiS BIIOUTHUX TTOBEPXHEIO
COHSIYHUX ITPOMEHIB PO3IIAPOBYETHCS HA MTOBEPXHI
BiOWTHX TIpoMeHiB. J[OIiIbBHO BHKOPHCTOBYBAaTH
CHUCTEMATHU3aIlI0 BiAOMBAIOYMX IMMOBEPXOHBL TIO
NPUHIMITY TIOBEPXOHb HOpMaliel A0 iX TBIpHUX,
IO JITa€ MOKJIMBICTh BHKOPHUCTOBYBAaTH IOBEPXHIi
BIIOMTUX MPOMEHIB 3 TUITOBUMHU XapaKTePHUCTHKA-
MU JIJIsl TICBHHX THITIB IMOBEPXOHb HOpMaJiel. 3a-
BJIIKA BKa3aHOMY METOJYy MOXKHa OTPHMYBaTH
KBa3ioKaNbHI JiHIi TOBEPXOHBL BIIOUTHX IpoMe-
HIB B SIKUX CIIOCTEPITAEThCSI KOHIICHTPAITiSI BiTOUT-
TiB Ta, BIJIOBIJIHO, 30HH TEperpiBy. 3 BKa3aHOIO
METOAY HaIpsIMy BUXOIUTHL MOXKIIUBICTH TigOupa-
™1 (GopMu MoBepXoHb (acajiB Mo Hamepen 3ana-
HUM yMOBaM, BapiaTUBHO MOJICIIIOIOUH iX Ha OCHO-
Bl BIJIOMHX TIOBEPXOHb BIIOUTHX IPOMEHIB.

Onbra AHgponoBa
acucTeHT kadeapu
apXiTEKTYPHUX KOHCTPYKLiN

Ha ocHOBI BKa3aHOro aJrOPUTMYy aHaJIITHYHOT
moOy/IOBM MOXKHA BHKOPHCTOBYBAaTH BijOMBaro4i
MOBEpPXHI OyAb-AKOi CKIAQAHOCTI, 30KpeMa, MoBep-
XHI 2-TO TOPSIIKY, TOPCOBI, KaHaJOBi, MOBEPXHi
NepeHocy, MOBEPXHI 00epTaHHS Ta iHIII, a TaKOX
00’ eTHAHHI B3IOBXK JIIHIH OCHOBHHX TEPETHHIB.

B po0oTi po3risiiaeThCst MOJICIIOBAHHS BiAOH-
THUX COHSYHHMX MPOMEHIB 3a JIOMIOMOIOK aHAIITHY-
HUX PIBHAHD IMOBEPXOHBL BiAOWTHX TpomeHiB. Lli
PO3paxyHKH JO3BOJISIOTH TPOCKTYBaTH acaau
HOBHX OYAMHKIB 3aJIe)KHO BiJ TOCTaBJICHUX 3a-
BIaHb. llomanplil OOCHIIKEHHS MOYKIIUBI JUIS
KOMIT FOTepHOI Bi3yallizamii MOBEPXOHb BiIOUTHX
COHSIYHUX TIPOMCHIB.

Kuarouosi cioBa. [loBepxHs BigOUTHX IpoMe-
HiB, KOHTPYEHIIisl, TOBEPXHS HOPMAJICH, 1HCOSITIS.

[TOCTAHOBKA ITPOBJIEMU

OcHoBHI gociiakeHHss HaOopy (opm Bi-
OMBalOYMX IOBEPXOHb MPOBOJIWINCS Y 3aja-
yax TeJIIOTeXHIKM Ta aKyCTHKH. JlociimpkyBa-
JMcs BiIOMBaroyi MOBEPXHI, Y AKMX KOHIPYEH-
il HOpMaJlell pPO3MIAPOBYETHCS HA IUIOCKI
My4YKH, KOHIYHI TIOBEpXHi, rinepOoiyHi mapa-
00101111 Ta TOBEPXHI 2r'0 1 BUIIUX MOPS/IKIB.
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Bukopucranas MetoaiB moOyaoBH BiaOu-
BalOYHMX IOBEPXOHb Y 3ajavyax iHCOMSImii Ta
BHSIBJICHHSI 30H TeperpiBy QacaaiB MOBHHHO
BHUPINIYBAaTUCS 1€ HA TOYATKOBHX eTamax
MpOoeKTyBaHHA. [IpOMOHY€EThCS  PO3IIISIHYTH
MOBEPXHI BIJOWTHX COHSYHUX IPOMEHIB BiJ
MMOBEPXOHb 2r0 IMOPSJIKY 3arajibHOrO THITy Ta
OLJIBII CKJIAAHUX 32 JOIOMOTOI aHAIITHYHOTO
Ta TEOMETPHYHOTO OIMCY TPHU HEBIACHOMY
JDKepeni CBiTIa.

AHAJII3 ITOIEPEJJHIX JOCIIIUKEHD

VY psai poOiT POBEACHO JAOCTIHKEHHS BijI-
OWBArOYMX BJIACTHBOCTEH MOBEPXOHB Ta MOBE-
PXOHb BIIOMTHX COHSYHHMX MpoMeHiB [1-5],
JOCTIPKEHO caMi TMOBEPXHI, TakKi SK KOHIYHI,
IUJTIHAPUYHI TTOBEPXHi, MOBEpXHI oOepTaHHS,
TpyOuaTi Ta KaHAJIOBI MOBEPXHi, KOCI JiHiiYa-
Ti moBepxHi [6-10], po3risiHyTO TOPCOBI MMOBE-
PXHI, SIK HWIHAPUYHI Tak 1 koHiuni [11,12].
BusHaueHo 30HM 3 MaKCHMAajJbHOIO KOHIICHT-
parti€ro BiIOUTOrO MOTOKY MPOMEHIB JUIs Tei-
OCHCTEM, III0 BU3HAYAETHCS KBa31(hOKAITbHUMH
THISMH, Ta 30HU 3 MIHIMAJIBHOIO KOHIICHTpA-
I€I0 BIAOWTOTO MOTOKY MPOMEHIB, 10 BH3HA-
YaeTbC KApCTOBUMHU 30HAMH KOHTPYEHIIIT
BiIOUTUX TIpoMeHiB. Po3pobieno mojens
MPSIMOTO COHSIYHOTO OMPOMIHEHHSI, OTMpaIbo-
BAaHO IIUTAaHHS I1HCOJIAIII Ta OCBITJIICHHS Ha
MPUKIAl KOMIUIEKCY MPSMUX 2-TO TMOPSIIKY,
BHKOHAHO KOMIT IOTEPHE MOJICITFOBAHHS ITOTO-
KIiB 3MIHHOT'O HANpsIMKY COHSYHHUX MPOMEHIB.
Po3riissHyTO HOBI  HANpSIMKA  BUKOPUCTaHHS
TeOMETPUYHUX Ta aHANITUYHUX PO3PAXyHKIB B
apxitekTypi [13,14], HaBeneHO BenuKuUil niepe-
JIIK aHAJIITUYHUX ITOBEPXOHb SKi MOYKHA BHUKO-
PUCTOBYBATH B apXITEKTYypl, HaJIaHO PIBHSAHHS
Ta NpHUKIagu modymaos [15-19].

OCHOBHE JOCDKEHHS

[TpoekTyBaHHS HOBHX OYIHMHKIB TIOBUHHO
BUPIIIYBaTH OCHOBHI MHUTaHHS CTOCOBHO TPO-
omem eneprosoepeskenns [20]. Ha Puc.l,q,
300paX€HO CKJIaJHy TMOBepXxHIO (acamy Ha
npukiaaai oyauaky roremo Vdara Hotel & Spa
y Jlac Berac, CIIIA, Ha sxiii HeoOXiqHO Bpa-
XOBYBaTH BiJOMBaroui BiJl HEl MPOMiHI Ha ic-
Hytoui ¢acanu ta Teputopito. [Ipuxian nmoly-

JIOBU TIOBEPXHI BIIOMTUX IIPOMEHIB Bijl KOHIY-
HOI IOBEPXHI , MOKa3aHo Ha puc.l, 6.

JIy1sl aHaTITHYHOTO OMMCAaHHS MOJeli To0y-
JIOBU TIOBEPXHI BiIOMTHUX MPOMEHIB CKOpHCTa-
€MOCh KaHOHIYHHMM PIBHSHHSIM KOHYCa 3 Bep-
[IMHOI0O HAa II0YaTKy KOoopJauHAT. PiBHSHHS
JOTHUYHOI IUIOMIMHK y ToUIll BiAOUTTS A(Xa, Va,
Z,) Mae BUDSIA (2). 3BIAKH OTPUMAEMO PiB-
usaas (3) Ta (4).

X2 y2 ZZ
a2 b ®

FiX-Xa) +Fi(y-ya) +F3(z-2)=0. (2

XaX yay_ Zaz =0. (3)

a® b

Xa ya Za
azx+bzy+(—czjz:0. 4)

OmnumreMo piBHSHHSA JOTUYHOI 70 KOHYyca
wiomuHu y BUrIsiAi (5).

Ax + By + Cz +D=0. (5)
OnycTuMo HepHeHAUKYJIIp Ha JOTHYHY

IUTOIIUHY 13 TOYKH S1(Xs, Vs, Zs) Ta HAIKIIEMO
piBHsHHS y Burisii (6).

=12 A (6)

JIns BU3HAYCHHS KOOPIWHAT OCHOBHU IIEp-
HeHUKyIspa Touku P(Xp, Yp, Zp) HE0OXimHO
pa3oM BUPIMIMTU PIBHSAHHS AOTHYHOI IUIOLIH-
HU Ta PIBHSHHS MEPICHIUKYJISIpa HA TOTHYHY
wionHy. TakuM 4YWMHOM Lie piBHSHHS Oyne
matu Burisi (7). Bupimenns Oyae maté Bu-
risf (8).

X=X _ y—Ys.

A B '
Y—Y _ -1,
Ax+ By +Cz =0.
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p

z

__ACx +BCy, - A’z, -B’z,

—B?x, —C?x, + ABy, + ACz, _ X =2%-X, Yo=2Y,~Y,, Z,=22,-Z. (10)
- A2 +B?+C? ’
_ ABx - A’y,-C’y,+BCz, ®) Jx + Fy + Gz +K= 0. (11)
A? +B? +C? ’

Toni nagarounii npominb S1A Mae mapame-
tpuuHe piBHaHHA (12), ne X,,Y,,Z, — Koop-

p 2 2 2
A +B +C JIMHATH TOYKH A.
CKop'pICTaBpJI/ICL PIBHSIHHSIM JJICHHS Bipi- X, = x, +Jt,
3ka S1S' HaBmin 3HaX0AMMO KoopauHATH P(Xp,
Yo 2p) y bopmyai (9). Y= Yo+ FL, (12)
z, =12, +Gt.
X :Xs+xs‘ :ys+ys' 7 :Zs+zs' (9)
S L 3MiHIOIOUM KOOPIMHATH TOYKH A Ha eim-
TUYHY TBIpHY, OTPUMAEMO PIBHSHHS IMTIHAPA
3BIIKM  3HAXOMMMO  KOOPJAMHATH  TOUKH najiarunx npomeHis (13).

S'(Xs, Vs, Zs) 3amucyemo y Burisiai (10).

Puc.l. [Tpuknag MoenfoBaHHS BiJOUTUX COHSYHHUX ITPOMEHIB: a — 300paXeHHS CKJIaHOI OBepxHi (aca-

Fig.1.

ny Ha mpukiani roremo Vdara Hotel & Spa y Jlac Berac CIIIA; 6 — npukaz mo0yIoBH BigOHTOTO
COHSTYHOTO TPOMEHIO BiJ TOBEPXHI KOHyca 2ro MOpSAKY i3 HEBJIAacHOTO JpKepela CBiTa.
VMOBHI o3HaveHHs (TyT i Hazami): S'- HeBIacHe JKepero CBiTia, X — MIIONMHA NePIeHNKYIIpHA
MTOTOKY COHSTYHUX MpoMeHiB, N- HopMams 10 KoHyca y To4uIli A, [T — 1oTHYIHA TUIOIIHHA JI0 TTIOBEPX-
Hi KOHYca y Toti A

Example of the modelling of reflected sun rays: « — the example the facade surface at the hotel
Vdara Hotel & Spa in Las Vegas, USA; 6 — an example of the construction of a reflected sun rays
from the conical surfaces of a 2nd order from a non-own light source.
Symbols (here and below): S'- a non-own light source, X — the plane perpendicular to the flow of
sun rays, N- normal to the cone at point A4, IT —the tangent plane to the surface of the cone at point A
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X =X, =acosu+ Jt,
y =y, =bsinu+Ft, (13)
z=12,=c+Gt.

[To oTpuMaHuM piBHAHHSAM MOOY/I0BaHI I0-
BEpXHI BIIOUTUX MPOMEHIB MOXHA MOOAYUTH
Ha Puc.2, (a Ta 6).

BUCHOBKMU I [IEPCIIEKTMBU
IOAAJIBIINX JOCIIIJPKEHD

OtpuMaHHS pIBHSIHb MOBEPXOHb BIJOUTHX
MPOMEHIB J1a€ MOXJIMBICTh BHPIIIUTH HU3ZKY
3a1a4 Ta BIAKPUBAE HIMPOKI MEPCHEKTHBI IO-
JTaNbIINX JOCTIKeHb. KOHTpyeHIliss moBep-
XOHb BIJOWTHUX TPOMEHIB BiJ BiJOMBAOYOI
MoBepxHi ¢acaay IMoka3ye IUISHKH Qacais,
SK1 J1aloTh AU(y3HE PO3MOBCIOKEHHS BiI0OU-
TOTO COHSIYHOTO CBITJIa a00 HOTO KOHIIEHTpa-
I[if0, 1110 J1a€ MOXJIUBICTh PO3paxyBaTu ALNISH-

KM TeperpiBy Ha (acamax cycigHix OymaiBeib
abo tepuropii. Takoxk 3a3HaAYCHUN METOH JIa€
3Mory koperyBatu ¢opmy dacaaiB Ha cTaiii
MPOEKTYBaHHS JUIsl YHUKHEHHS 30H TIEpErpiBy
a00 aHaJi3y OCBITJIEHOCTI MPHUMIIICHb BiIOU-
TUM CBITJIOM OYAMHKIB pO3TallOBaHUX Ha-
BIPOTH, PO3TallyBaHHS 3acO0IB COHIIE3aXHUC-
Ty. JlochimkeHHs po3MIKUPEHOTo MepesiKy Bif-
OMBaIOUYNUX MOBEPXOHB 3TITHO METOJY, IO PO-
3IJIS1A€THCS, JT03BOJIAE BUPILIUTH 3BOPOTHY
3ajaqy OTpUMaHHs (HOpMH BiIOMBAIOYOI MTOBE-
PXHI IO 3aJaHUM TIapamMeTpaM TMOBEPXHI BiJI-
OuTHX TpOoMeHiB. BHUKOpUCTaHHS Cy4yacHUMHU
apXiTEKTOpaMU BUCOKUX TEXHOJIOT1H, SIK MOKa-
3y€ apxXiTEeKTypHa IMPAaKTHKa, T03BOJSE OyIy-
BaTu TpaHcpopMoBaHi (acaau, KepyBaHHSI
SIKUMH 3MIHIOE X BIIOWBaro4l BIIACTUBOCTI.
BianoBigHO, TeOMETpUYHUI Ta aHATITUYHUI
aHaJi3 BiIOUTTIB HAJa€ MOXKIUBICTH OTPUMY-
BaTu Oa)kaH1 B1IOMBarO4l ePeKTH.

Puc.2. Tlpukiag MoaentoBaHHsS MOBEPXHI BIIOMTHX COHSYHUX NPOMEHIB y mporpami Mathematica: a —
300pakeHHs MoBepxHi 3 00Ky monuHu XOZ; 6 — 300paxeHHs 1moBepxHi 3 00ky turomuHu YOZ.
YMoBHI o3HaueHHs (TyT i Hajgami): S'- HeBIacHe /pKeperio CBiTia, X — MIIOMIMHA TIEPIICHINKYIISIPHA
MOTOKY COHSYHUX MpoMeHiB, N- HopMaib 10 KoHyca y Toulli A, I — 10THYHA TUIOLIMHA JI0 TIOBEPX-
Hi KOHYyca y Toli A, £ — BigOuBaroya MOBEPXHs KOHYyca 2-T0 MOPSIKY 3araibHOro Bumy, L - mosep-

XHS BITOUTHX ITPOMEHIB.

Fig.2. Example of modelling of reflected sun rays: a — the example the facade surface at the hotel VVdara
Hotel & Spa in Las Vegas, USA; 6 — an example of the construction of a reflected sun rays from the

conical surfaces of the 2nd

order from a

non-own light  source.

Symbols (here and below): S’- a non-own light source, X' — the plane perpendicular to the flow of
sun rays, N- normal to the cone at point A, IT —the tangent plane to the surface of the cone at point
A, 2 — the reflecting surface of the cone of the second order of the general form, L - the surface of

the reflected rays.
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3a3HaveHi METO/AU aHali3y MOBEPXOHb Bif-
OUTUX TIPOMEHIB TaKOX MOJKHA 3aCTOCYBaTH B
CYMDKHUX TPHKIaJIHUX 00JacTsSIX, TaKHX SK
AKyCTHKa, TeTI0TEXHiKa.
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Surface modeling, sunlight reflected
from facades

Olga Andropova

Summary. There is a large number of complex
surfaces of the facades of houses of the 2nd and
higher orders. Each surface has its own reflection
of sun rays. There is a need for an analysis of these
reflections for the detection of zones of concentra-
tion of the stream of sun rays, which create zones
of overheating, and zones with the diffuse reflec-
tion of sun rays. Detection of these zones makes it
possible to correct facades at the design stage of a
complex form to create a comfortable environment
for existing homes and territories and allows to
analyze the illumination of opposite buildings.

The existing theory of congruence allows us to
analyze the reflection of solar rays synthetically
from a geometric point of view and to present them
analytically. The two-parameter set of normals of
the facade surface is layered on the corresponding
surfaces of the normals to the main generatrices
along the plane section. Relatively to the same
generatrices congruence reflected by the surface
sun rays is layered on the surface of reflected rays.
It is advisable to use the systematization of reflect-
ing surfaces on the principle of surfaces of normals
to their generations, which makes it possible to use
the surfaces of reflected rays with typical charac-
teristics for certain types of surface of normals.
Thanks to this method, quasi-focal lines of the
surfaces of reflected rays can be obtained as reflec-
tion concentration and, in response, the overheat-
ing zone. From the indicated method directly, it is
possible to select the shape of the facade surfaces
according to the given conditions and to model
them on the basis of the known surfaces of the
reflected rays. On the basis of the specified analyt-
ic algorithm, it is possible to use reflecting surfaces
of any complexity, in particular, surfaces of the
2nd order, developable surfaces, channel, transfer
surfaces, surfaces of revolution and others, as well
as joining surfaces along the lines of main sections.

The article considers the modeling of reflected
sun rays by means of analytical equations of sur-
faces of reflected rays. These calculations are nec-
essary for designing facades of new homes, de-
pending on the tasks. Further research is possible
for computer visualization of surfaces of reflected
sun rays.

Keywords. Surface of reflected sun rays, con-
gruence, surface normal, insolation.
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