184

YK 514.18

AHAJII3 BUBHAYEHHSA BIZTHOIIEHHA SAICKPABOCTI
JOBIJIBHOI'O EJIEMEHTA HEBO3BOAY 10 ACKPABOCTI B
3EHITI, HABEJAEHOI'O B ICTY 1SO 15469:2008

[Iyrauos €.B., n.T.H.,

pev1957@ukr.net, ORCID: 0000-0003-4771-0942
Jlitainekuit C.1., K.T.H.,

gavran88@ukr.net, ORCID: 0000-0003-4962-7800

Kyngpar T.M., k.T.H.,

kundratt@i.ua, ORCID: 0000-0001-9345-3161

3naneBud B.A.,

vasyl.zdanevych@gmail.com, ORCID: 0000-0002-9875-8463
Hayionanvnuii ynisepcumem 8o00no20 2ocnooapcmea ma
npupoodokopucmyeanus (m. Piene, Ykpaina)

B cmammi nposedeno amaniz euzHauewHsi BIOHOWEHHS SACKPABOCMI
008IIbHO20 elleMeHma He603600y 00 U020 SACKPABOCMI 6 3eHimi, HA8eOeH020
JCTY 1SO 15469:2008. «Po3nodin sackpasocmi 0eHHO20 C8Imaa npocmoposull.
Cmanoapmne xmapne ma 6besxmapne nebo szeiono 3 CIE (ISO 15469:2004,
IDT)». Jdanuit cmanoapm 6ye cmeopenuii Ha ochosi 3akopoonnoco ananocy CIE
S 011/E:2003 (ISO 15469:2004(E). «Spatial distribution of daylight — CIE
standard general sky». B cmanoapmax poszensoaiomocs 15-me mamemamuunux
Mmooenell munieé Heb603800i8, SAKi € BUXIOHOIO IHGopMayiero 051 MOOENIOBAHHS
NPUPOOHOi  OCBimMmaAeHOCMI ma I[HWUX XAPAKMEPUCTMUK —CBIMI08020 NOJIA.
OcKinvku cmanoapmu € we 8i0HOCHO HOBUMU, 8OHU NOMPeOYIoNMb 000AMKOB8020
aunanizy. B cmammi 6yno noxasano, wo y 6unaoxy posmauily8aHHs eiemenmda
Heb603600y Yy 3eHimi ¢hopmyra O0ni GUHAYEHHS BIOHOWEHHS SCKPA8OCMi
008IIbHO2O  ellemMenma He603600y 00 ACKpABOCmMi 8 3eHimi  3HAYHO
CHPOULYEMBCAL.

Asmopu 3a0anucsi KOHKpemHUMU BUXIOHUMU OAHUMU | NiOCMAsuiu ix y
PO3NAHYMI popmynu, a OmpuMaHi pe3yibmamu NpoioCmpysaiu y 6u2isioi
N0BEPXOHb ACKPABOCMI Heh03600) Y ChepUUHUX KOOPOUHAMAX.

[upoma Odopisuiosana 50,623° (wupoma micma Pisne), consunuii uac
8i0N06i0a8 COHAYHOMY NOAYOHIO, OeHb poky — 8l-uiti (22 6epesns). L]i suxioni
oani Oyau euxopucmaui 0as ycix 15-mu mamemamuynux moolenei munie
He003600i8, a pe3yibmamu HOKA3aHi O MPbOX XAPAKMEPHUX MUnie
He003800i8: Nepuloco, 4emeepmozo i N AmHAOYMOo2o.

Ananiz eusa6u8, Wo no8epPXHs ACKPABOCMI 0Jis NEPULO20 MUny Heb6036800) €
nogepxHero 0bepmarts, i ACKpPagicmv y 3eHimi He ocyunioe. s iHuux 080x
NOBEPXOHb 3HAYEHHs ACKpagocmi y 3eHimi Haenaku — ocyunioe. lloeepxui
ACKpAgocmi 0751 Mpemvo20 i n’Amo20 Mmunie Heb603800)y Medxic € NOGEPXHAMU
obepmannamu 6e3 ocyunayiu. Tomy 0ns pewmu 08anaoysamu munié He603600i8
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asmopu 3anponoHy8alu anpoKCUMy8amu OCYUII0I04Y moukK).

Taxa anpokcumayiss 003601umb KOPEKMHO 0OUUCTIOBAMU ACKPABICMb 014
MamemMamuyHux mooeneti munié Heb603800i68 3 OCYUTIAYIEID, WO Cnpusmume
BUDIUWLYBAHHIO — DI3HOMAHIMHUX — CBIMIOMEXHIYHUX  3a0ad,  HANpuKiao,
MOOENOBAHHIO NPUPOOHLO2O OCGIMJIEHHS OJiIsl  C8IMJIONPOPI3i6  PI3HUX
KOH@icypayitl.

Knrouosi cnosa: epadayis sackpasocmi, 3enim, iHOUKAmMpUca po3cito8amHs,
Kymosa eucoma, He0036i0, ocyunsayis, CoHye, ACKpagicme.

Ilocmanoeka npooénemu. IIpupoaHe OCBITICHHS BIITPa€ TyKe BaXKIUBY
POIIb Y KHTTi JIOXMHU. MOro HelocTaTHS KiIbKicTh a00 BiICYTHICTh HE JIHIIE
pYWHIBHUM YHHOM BIUIMBA€ Ha 3JI0pPOB’Sl JIIOJMHHU, a W CTBOPIOE PI3HI
HE3PYYHOCTI Maibke y BCIX cdepax AisUIbHOCTI JrojactBa. [IpoTe 1 HaAIUIIOK
OCBITJICHHS BIUIMBA€ HEraTUBHO. ToMy po3poOJieHl pi3HI MaTEeMaTU4HI MOJENi
pPO3MOJIITY SICKPAaBOCTI 3a HEOO3BOJOM, $IKI € BHUXIJIHOKW 1H(opMaIieo s
MOJIEJTFOBAHHS IPUPOTHOI OCBITJICHOCTI.
3okpema, 10 2004 poky sl po3paxyHKY SICKpaBOCTI HeOa 1 MPUPOIHOT
OCBITJICHOCTI Ta I1HIIMX XapaKTEPUCTHK CBITIOBOTO TMOJS BUKOPHUCTOBYBAIH
nokyment CIE S 003/E:1996 (ISO 15469:1997) «CIE standard overcast sky and
clear sky» [1], skuii MaTeMaTHYHO OMUCYBaB HEOO3BIJ 13 CYIITLHOO XMAPHICTIO
3a ¢popmyioro MyHna-CrieHcep:
L, 1+2siny 1+2cosZ
L, 3 3 ’
ne L, —sckpaBicTh JOBLILHOTO €JI€EMEHTY HEOO3BOLY, Ka/M;

1)

L, — sickpaBicTh B 3¢HITI HE003BOY, KI[/Mz;
7 — KyTOBa BUCOTA JIOBIJILHOTO €JIEMEHTY HEOO03BOIY, Pal;
Z — 3eHITHUM KyT JOBUILHOTO €JIEMEHTY HeO03BOIY, pal.

[Tiznime MixHapoaHow Kowmiciero 3 ocBiTiaeHocti (MKO) Oys
crangaptu3oBanuii HoBui gokymeHnT: CIE S 011/E:2003 (1ISO 15469:2004(E).
«Spatial distribution of daylight — CIE standard general sky» [2]. Ananoriunwmii
nokyMent, a came — JICTY ISO 15469:2008. «Po3moxain scKkpaBOCTiI JIGHHOTO
cBiTia npoctopoBuil. CranmapTHe xmapHe Ta OezxmapHe HeOo 3rigHo 3 CIE
(1ISO 15469:2004, IDT)» [3] 3anpoBagmim B YkpaiHi. Y IIMX JOKYMEHTaX B)KE
pPO3MIAAAIOTh 15-Th MaTeMaTHYHHX MOJEICH THIIB HeO03BOAIB, a HEOO3BIT 13
CYIUTBHOIO XMApHICTIO € JUIIe OAHUM 13 HUX. OCKUTBKM Ii JOKYMEHTH I €
BIJIHOCHO HOBUMH, BOHU MOTPEOYIOTh JOJIATKOBOTO aHAJI3Yy.

Ananiz ocmamnix Oocnioxycenv i nyoaikayii. PizHi acnektu
MaTeMaTUYHUX MOJCIeH TumB He0O03BOmiB, HaBeAeHHX B [2, 3],
nocaipkyBanucs B pobOortax [4-9], ame aHami3 BH3HAYEHHS BiJHOIICHHS
SCKpPaBOCTI JIOBUIBHOTO €JIeMEHTa He0O03BOJy 10 SCKPaBOCTI B 3€HITI HE
O3S aaBCs.

Dopmynrweanns yineit cmammi. B pob0OTI TOCTaBIEHO METY — IIPOBECTH
aHaJli3 BU3HAYCHHS BIAHOIIEHHS SICKPAaBOCTI JOBIIHHOTO €JIEMEHTa HeOO3BOIY
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no sickpaBocTi B 3eHiTi, HaBeneHoro B JICTY ISO 15469:2008. «Po3momin
SCKpaBOCT1 JIEHHOTO CBITJIa MpocTopoBui. CTaHAapTHE XMapHe Ta Oe3xMmapHe
ue60 3riguo 3 CIE (1SO 15469:2004, IDT)» [3].
Ocnoena uacmuna. 3rigHo 3 [3] BIAHOIICHHS SCKPaBOCTI JOBLIBHOIO
ejeMeHTa He003BOIY JI0 SICKPABOCT1 B 3€HITI BU3HAYAETHCS 3a (DOPMYIIOIO:
L _ (0 -e@) )
L, f(Zs)-9(0)
OyHKI Tpajamii SCKpaBOCTI ¢ TIOB’S3y€ SICKPaBICTh E€JIEMEHTa
He003BOJ1y Ta HOTO 3eHITHUM KyT (puc.1):

(p(Z)=1+a-exp( ],33 OSZS%, (3)

cos(Z)
ne a,b —mapamerpu rpanarii sickpaBocti (HaBeneHi y tadnmui 1 [3]);

(0(%) =1 (4a ropu3oHTi) .
B (2) 3HaueHHS SICKPABOCTI y 3€HIT1 TOPIBHIOE:
¢(0)=1+a-exp(b) . (4)

@ynkuis f— 1e iHgUKaTpuca po3cCilOBaHHS, MO IOB’SI3y€ BiTHOCHY
SICKPAaBICTh €JIeMEeHTa He003BO Ty 3 HOT0 KyTOBOIO BiACTaHHIO Bijl COHIIA:

f(;()=1+c-{exp(d-;()—exp(d-%ﬂ+e-coszz, (5)

ne C,d,e — mapameTpu IHAUKATPHUCH POo3ciroBaHHs (HaBeaeHi y taduuii 1 [3]);
Y — HaWKOpOTIIa KyTOBA BiJICTaHb MIXK €JIeMEHTOM HeOo3Boay Ta CoHIleMm,

pa.
3uaueHHs f y 3eHiTI nOpiBHIOE:

f(ZS):1+c~{exp(d~ZS)—exp(d-gj}re-coszzs, (6)

ne Zs —3e”iTHui Kyt CoHI, paj.

SIKIIO TOBUMBHUIN eTleMeHT HEOO03BOy 3HAXOTUTHCS y 3€HITI, TO 3€HITHUHN
KyT Z popiBaioe Hyr0. Tozi y (2) B sikocTi ¢(Z) y YMCENbHUK CIIi MiACTaBUTH
¢(0), srigHo Qopmymu (4). OCKUTBKM Take X 3HAUCHHS € y 3HAMEHHUKY, TO
BOHH CKOPOTSATHCH.

[To3asgk y € HAUKOPOTIIOW KYTOBOIO BIJACTAHHIO MK €JIEMEHTOM

Heb03Boy Ta COHIIEM, TO y BHIIQJIKy PO3TallyBaHHSA IOBUIBHOTO elieMEHTa
HEOO3BOY Y 3€HITI KyTOBa BIACTaHb y Oyje JOPIBHIOBATH 3€HITHOMY KYyTY

Connst Zg (puc. 1). 3amicte y y dhopmyny (5) miacraBumo Zg. Tomi (5) Oyze
nopisuroBath (6),a f(y) 1 f(Zs) y dopmymni (2) ckopoTarscs.
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Puc. 1. Kytu, mio Bu3Hayatots nosnoxeHHss CoHld Ta eJeMeHTa Heb03Bo1y

Sxmo L, mepenecemo y mpaBy yacTuHy (2), TO 1€ PIBHSHHSI IJIs1 BUITAJIKY

pO3TalllyBaHHS €JIEMEHTY He003BOy Y 3€HITI Habepe BUTIISANY:
L =L, . (7)

e
TakuM 4yMHOM, SKIIO €1eMEHT HEOO03BOly 3HAXOJIUTHCA y 3€HITI, TO HOTO
ACKpaBiCTb L, nOpIBHIOE SACKpaBOCTI B 3¢HITI HeOO3BoAy L,, AKy MoxHa

OOYHCIIMTH, CKOPHCTABIIMCH (hopMyiamu, HaBeaeHumu y [10].

JUtst TaKUX BHXIOHHX JaHHX: mumpota micnesocti 50,623° (wmpora micra
PiBHe), consiunuii monyaeHn, 81-uit 1eHp poky (22 6epes3ns) Oyiau noOyaoBaHi
MOBEPXHI SICKPABOCTI HE003BOAY y chHEepUYHMX KOOpAWHATAX Mg ycix 15-tu
MaTeMaTHIHUX MOJIeJIel THUITIB He003BOTY.

VY crarti pe3ynbTaTH TMOKa3aHI JHIIE IS TPhOX XapaKTEPHUX THIIIB
HeOo3Boy (puc. 2-4): 1-ro, 4-ro i 15-ro.

Sk 6aunMo, MOBEpXHS SICKpaBOCTI st 1-ro Tumy Hebo3Boay (puc. 2) €
MOBEPXHEI0 00epTaHHs, 1 SICKPABICTh Y 3€HITI HE ocumItoe. s 1HIIMX ABOX
oBepXOHb (4-ro i 15-ro tumis, puc. 3, 4) HaBnaku — ocuuiatoe. CInijr 3a3HAYNTH,
10 MOBEPXHI SICKPABOCTI JUIsl 3-r0 1 5-T0 TUIIB HEOO3BOAY TEX € MOBEPXHAMHU
obepranHsaMu 0Oe3 ociwiAlid. ToMy TPOMOHYEThCSA IS PEIITH 12-TH THITIB
HEO03BO/IIB HE BUKOPUCTOBYBATH (opmyiy (7), a apOKCUMYBATH OCLHIIIOIOYY
TouKky. Hampukian, MokHa OOYHMCIUTH KiJIbKa 3Ha4YeHb, SKI 3HAXOJIATHCS
OJM3bKO 011 3€HITY, 1 B3SITH X cepeaHe apudMeTUIHEe 3HAUYCHHS.

Ha puc. 5-7 nokazani moBepxHi Miciisi aTpOKCUMAITli 3HAYCHHSI Y 3€HITI.

Sk Gauumo 3 puc. 2-7, anpokcumMarlisi IpakKTUYHO HE BIUTMHYJA Ha GOopMy
MOBEpPXHI OOepTaHHs, aje 3HAYHO TOJIMINKJIA CHUTYyaIlll0o IS IHIIHX JBOX
MOBEPXOHb.
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1 0 1

Puc. 2. IToBepxHs sickpaBocTi He003BOAY B chepryHUX KOOpAUHATAX I 1-TO
TUITY MaTeMaTUIHOT MOJIEJ SICKPaBOCT1 HEOO3BOTY

Puc. 3. IloBepxHst sickpaBocTi HEO03BOAY B C(HhepUUHUX KOOPAUHATAX I 4-T0
TUITY MaTeMaTUIHOT MOJIEIII SICKPABOCTI HEOO3BOY

Puc. 4. [ToBepxHs sickpaBoCTI HE003BOAY B chepuyHUX KOOpAUHATAX It 15-TO
TUITy MaTeMaTHYHOT MOJIENI ICKPaBOCTI HEO03BOAY
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Puc. 5. IloBepxHs sickpaBocTi He003BOAY B C(HhepHUUHUX KOOpPAUHATAX UIA 1-T0
TUITY MaTeMaTUIHOT MOJIEJI1 SICKpABOCT1 HEOO3BO Ty MICHs allpoOKCUMAITii

3HAYEHHS y 3€HITI

0 2 4
Puc. 6. IToBepxHs sickpaBocTi He003BOAY B C(HEpUUHUX KOOPAUHATAX /I 4-T0
TUITy MaTEMaTUYHOI MOeJIl He003BOTy MiCII apOKCHUMAIllli 3HAYEHHS Y 3€HITI

Puc. 7. IloBepxHs sickpaBocTi He003BOAY B C(HepUUHUX KOOpPAUHATAX Uit 15-T0
TUITy MaTEMaTHYHOT MOJIENl HEOOCXIITY MICIIs anpOKCUMAIlli 3HAYEHHS Y 3€HITI
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Bucnoexu. llpoBenenuil aHami3 Ta 3alpoIllOHOBaHA aAMPOKCHUMALIS

JO3BOJIUTH OLIBII KOPEKTHO OOYMCIIOBATH SICKPABICTh ISl YCIX MAaT€MATHYHUX
MojieNiell TUIIB HEOO3BOJIB 1 JIOMOMOXKE BHPIIIYBAaTH Pi3HI CBITJIIOTEXHIYHI
3ajayi, HalpuKiIad, OPU MOJENIOBAHHS MPUPOJHBOTO OCBITIEHHS IS
CBITJIONIPOPI3iB PI3HUX KOHPITypalii.
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DEFINITION ANALYSIS OF THE RATIO OF THE LUMINANCE
IN AN ARBITRARY SKY ELEMENTS TO THE ZENITH LUMINANCE
GIVEN IN DSTU ISO 15469:2008

Evgen Pugachev, Serhii Litnitskyi, Taras Kundrat, Vasyl Zdanevych

The article analyzes the definition of the ratio of the luminance in an
arbitrary sky elements to the zenith luminance given in DSTU ISO 15469:2008.
"The distribution of daylight luminance is spatial. Standard cloudy and
cloudless sky according to CIE (ISO 15469:2004, IDT)". This standard was
created on the basis of a foreign analogue CIE S 011/E:2003 (ISO
15469:2004(E). «Spatial distribution of daylight — CIE standard general sky».
The standards consider 15 mathematical models of types of skies, which are the
source information for modeling natural illumination and other characteristics
of the light field.. Since these documents are still relatively new, they require
additional analysis.

In the article it was shown that in the case of the location of the element of
the sky at the zenith, the formula for determining the ratio of the luminance of an
arbitrary element of the sky to the luminance at the zenith is significantly
simplified.

The authors set themselves specific initial data and substituted them in the
considered formulas. The obtained results were illustrated in the form of sky
luminance surfaces in spherical coordinates.

The latitude was equal to 50.6230 (the latitude of the city of Rivne), the
solar time was equal to noon, the day of the year was set to the 81st (March 22).
These raw data were used for all 15 mathematical models of sky types. The
results were shown for three characteristic types of skies: the first, fourth and
fifteenth.

The results showed that the luminance surface for the first type of sky is a
rotation surface and the value equal to the value at the zenith does not oscillate.
For the other two surfaces, this point oscillates on the contrary. The luminance
surfaces for the third and fifth types of sky were also surfaces of rotations
without oscillations. Therefore, for the remaining twelve types of skies, it was
suggested to approximate this point.

The conducted analysis will allow correct calculation of luminance for all
mathematical models of sky types. This will help solve various problems related
to lighting technology. For example, when modeling the amount of day lighting
for light openings of various configurations.

Keywords: angular height, luminance, luminance gradation, oscillation,
scattering indicatrix, Sun, zenith.
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