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CYMAPHA 3A AEHb OCBITJIEHICTb BEPTUKAJIbHUX MJIOLLUMH BIA PI3BHUX
TUNiB HEBO03BOAIB

B crarti nokasaHi rpacdikm cymapHoOi 3a p[eHb OCBITNIEHOCTI
BepTUKaJIbHUX MJIOWUH BiA pi3HMX TuniB He6o3BoaiB, HaBepeHux B AICTY I1SO
15469:2008. «Po3nopin sckpaBocTi AEHHOro CBiTIAa MNPOCTOPOBUNA.
CraHpapTHe xMapHe Ta 6e3xmapHe He6o 3rigHo 3 CIE (IS0 15469:2004, IDT)»,
CTBOpPEHOro Ha OCHOBi 3akopmoHHoro aHanory CIE S 011/E:2003 (ISO
15469:2004(E). «Spatial distribution of daylight — CIE standard general sky».
B craHpaptax posrnagalTtbca 15-Tb MaTeMaTUYHMX MoaenemM TuniB
He6o3BoAIB, AKi € BuXigHOW iHpopMaLUiclo Ansa MopesloBaHHA NMPUPOAHOT
OCBIT/IEHOCTIi Ta IHWUX XapaKTepPUCTUK CBITIOBOro Noss.

Ona po3paxyHKy cyMapHOi 3a peHb ocBiTneHocTi (exkcnoswmuir)
BepTUKaNbHUX nAowuH 6ynu obpaHi 79-i aeHb poky (20 6epesHs), 172-i
AeHb poky (22 uepBHa) Ta 355- geHb poky (21 rpyaHs). O6uucneHHs
nposoaunucsa ans wupotu micta PieHe (50,623° nH. w.).

BeptukanbHi nnowwmHu 3apaBanaca 3 Kpokom 10 rpapycis. Onsa
KOXXHOI NJIOLLMHM TPUBAJIiCTb COHAYHOrO AHA BiA cxoAay Ao 3axoay CoHua ana
KOXXHOro 3 obpaHux AHiB poKy 6yna nogineHa Ha 30 piBHMX iHTepBaniB i,
BignoBigHO, 31 MOMEHT COHAAYHOr0 4acy, Ha MeXXax SfAKUX obuucnoBanachb
OCBIT/IEHICTb BEPTUKANbHUX MAOWMH ANA BCix 15-TM MaTeMaTU4HUX Moaenen
He6o3BoAay. TakuM uYMHOM Oynu oOTpUMaHi AUCKPETHO nNpeAacTaBiieHi
3aNeXHOCTI OCBIT/JIEHOCTi BEePTUKANIbHUX MJIOLWMUH Bif COHAAMHOro 4acy. [lani
BVCKPeTHi 3Ha4YeHHS OCBIT/IGHOCTi iHTepnonoBanucsa Ky6iuHMMKM cnnaHamm 3
METOH iHTEerpyBaHHS MO COHAYHOMY 4acy, L0 A03BOSIUII0 OTPUMATU CYMapHY
3a AeHb OCBiTNeHicTb (ekcno3uuilo).

Hain6inbwa cymapHa oceitneHictb (6ina 345,64 Kinonokc)
cnoctepiraeTbcsl B 173-i1 AeHb poKy Npu opieHTauil nnowmMHKU Ha niBaeHb (9-1
T™Mn He6o3Boay). [Ona nepworo, TpeTboro i n'AToro TMNiB Heb6o3Boais
OCBIT/IEHICTb He 3anexkana BiA OpieHTauil BepTUKaNbHOi nnowuHu. Ons
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pewTtn TUNiB He6o3BoAiB NpM OpieHTauii Ha niBHi4 ocBiTNeHicTb Oyna
HanMmeHwow. MNMpu opieHTauii Ha niBAeHb Aiana3oH 3MiHW OCBITNIEHOCTI Big
HMXHbOI KPUBOi 0 BEPXHbOI Aiy)Ke BeJIMKUM — CTAaHOBUTb Bip, 44,58 po 345,64
Kinonrkc.

IHpopMauia wWwono BepTUKaANbHOI OCBITNEHOCTI ANA [AHOro TUNY
Heb03BOAy, XapaKTepHOro pAns nNeBHOI MiCLEBOCTi, [03BOJIIE OLHIOBATU
pecypcM npuUpPOOHOI  OCBITNIEHOCTi, BM3HAYMTU KPUTUYHY 30BHILLHIO
OCBITJ/IEHICTb, pauioHasibHO  BMKOPUCTOBYBAaTWM  LUTY4YHE  OCBIT/IEHHS,
3a0LAMKYHOUYX HA HbOMY.

KniouoBi cnoBa: ekcno3uuisi, KPUTUYHA 30BHILLIHSA OCBIT/IEHICTb, NPUPOAHA
OCBIT/IEHiCTb, OCBIT/IEHICTb BepTUKAJIbHOI NJIOWMHYM, COHSAYHMA 4ac, Tun
Hebo3BoAY.

Jo 2004 poky [Onsi po3paxyHKy sICKpaBoCTi Heba i npupogHoi
OCBIT/IEHOCTI Ta IHWWX XapaKTEePUCTUK CBITIOBOr0 Mo BUKOPUCTOBYBAIU
nokymeHT CIE S 003/E:1996 [1], akuin onucyBaB pO3MOAin SCKPaBOCTi 3a
Heb03BOAOM i3  cyuinbHO  xMapHicTio  ¢opmynoww  MyHa-CneHcep,
3anponoHOBaHOK aMEPUKAHCbKUMU BYeHUMUM MyHoM i CneHcep we y 1942
poui.

MizHiwe MiXkHapo4HO KOMiCi€lo 3 OCBITNIEHOCTI 6YB CTaHAAPTU30BAHUN
HoBui pokyMmeHT: CIE S 011/E:2003 [2]. AHanoriuHni aokymeHT, a came — OCTY
ISO 15469:2008 [3] 6yB 3anpoBameHuit B YKpaiHi. B 060x cTaHoapTax HaBeAeHo
BXe 15-Tb MaTeMaTUYHMX Mofenen Tunie He6o3BoaiB, a HeGO3BIA i3 CyLiNbHOW
XMapHICTIO € NNLIE OOHUM i3 HUX (NepwnMm). 3rafaHi AOKYMEHTU € Le BiQHOCHO
HOBUMM, i TOMy noTpebylTb SK [0OATKOBOr0 aHanisdy, TaK i KOPEKTHOro
3acTocyBaHHA (aganTauil), 3o0KkpeMa, ons yMoB YKpaiHu.

OOHUM 3  YMHHUMKIB, HAKi XapaKTepusylTb pecypcu npupogHoi
OCBIT/IEHOCTI, € EKCNO3MLiA HAXUJIEHUX NifL PiI3HUMU KyTaMu MOLWMH, CTBOPEHaA
pi3HMMM TUnamm HebOO3BOAIB B XapaKTepHi AHI POKY HA AaHin WKpoTi.
30KpeMa, ue MOXyTb OyTW BepTMKaNbHiI nnowuHu dacapie oyaisni. Ons
nepworo Tuny Hebo3soay (cTtaHgoapTHe xMapHe He6o 3rigHo 3 CIE)
OCBITNIEHICTb BEPTUKAJIbHOI MJIOWMHN HEe 3MIHIOETLCSA MPOTArOM OHS, OCKIJIbKK
po3nofin AckpaBocTi 3a He6o3eogoM (popMyna MyHa-CneHcep) 3anexwuTb
TiNbKW Bif KYTOBOI BUCOTU TOYKM Ha HboMy. [Ins pewTtn 14-Tm TniB Hebo3Bony
Npu po3paxyHKax HeobXxigHO 3BaxkaTM Ha kKoopaumHat CoHus, OCKiNbKuK
po3nofin sAckpaBoCTi 3a Hebo3BOOOM BiO, HMX 3aNeXuTb | BNJMBaE Ha
OCBIT/IEHICTb BEPTUKANbHOI MJOWWHW i, B3arani, Ha OCBIiTNIeHICTb OyOb-AKOI
NJIOLMHM YN NOBEPXHI.

BepTukanbHa nnowmHa Moxe OyTW 30piEHTOBaHAa Mif Pi3HUMU KyTamu
BilHOCHO CTOpiH CBiTy. BignoBigHo, ue 6yne BNAMBaTM Ha CyMapHy 3a [OeHb
OCBIT/NEHICTb, WO [03BOSIMTb OUIHUTK, ONA aKkoro dacagy ekcnosuuisa byne
Hamnbinbwoto. KpiM Toro, MoaentoBaHHSA OCBITNIEHOCTI BEPTUKANbHOI NJOWUHU
Bill pi3HMX TMNiB Hebo3BOAY [O03BOJISE TAKOXX MPOEKTYBATU OCBIT/IEHICTb B
OyniBnax pisHOro NpU3Ha4YeHHs 3 CBITIONPOpi3aMun NeBHOI GopMu.
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B po6oTi noctaBneHo MeTy — O/ XxapaKTepHUX OHIB POKY po3paxyBaTu
Ta Bi3yanisyBaTm KpuBi CyMapHOl 3a J[eHb oOcBiTneHocTi (ekcno3uuii)
BEPTUKANBbHUX MJIOWMH, 30PIEHTOBAHUX Mif, Pi3HUMU KyTaMu BiGHOCHO CTOpPiH
CBITY, Bif, pi3HMX TUNiB He6o3BOAIB ANsA MicTa PisHe.

Pi3Hi acneKTu 3ragaHux Bulle MateMaTU4YHUX Modenen TuniB Hebo3BoaiB
OOCNiOKYyBaNMcA PAOOM HaAyKoBUiB Yy cBoIX po6otax [4-10]. Takox 6ynu
JocnigxeHi TN HeG0O3BOAIB, XapakTepHi ana YKpaiHu B pi3Hi Micaui poky [11-
12]. Mopi6bHi 3apayi 6ynu supiweHri gna Cinranypy [13], Yuni [14], Icnanii [15],
Hirepii [16] Ta wMicta ToHkoHr [17]. Kpim Toro, 6ye npoBegeHui aHanis
BU3HAYeHHA BiQHOLWIEHHS $ICKPaBOCTI AOBINbHOro eneMeHTa Hebo3Body no0
ackpasocTi B 3eHiti [18], a B poboti [19] 6yna BM3HauyeHa OCBIT/IEHICTb
rOPU30HTaNIbHUX MJOLWMH Bifl Pi3HMX TUNiB He603BOAIB ANA MICT XMeNbHULBbKUN
i Opeca. MNpoTe B uMx poboTax OCBITNEHICTb BEPTUKANBHOI NIIOWMHN Bif, Pi3HUX
TMNiB Hebo3BOAiIB He po3rnsganacs.

B 3aranbHoMy BUrnApi OCBITNEHICTb NMOWMHM BU3HA4YaeTbCA 33
dopmynoto:

EzjdEH-cosB_ (1)
0

ne Q — TinecHUmM KyT, AKMN 06MeXKye CBITNOBMIN NOTIK, NaAatynini Ha NNOLMHY;
dEy - OCBiTNeHiCTb NNOWMHKW, NepneHAUKYNSPHOT OCi  eneMeHTapHoro
TinecHoro kyta d(), cTBOpeHa efleMEHTapHWM BUMPOMIHIOBAYEM, B Mexax
uboro TinecHoro Kkyta; cosf, , cosf, , cosP, - &yHkuii uiHHOCTI

BMNPOMiHIOBaHHSI AN OCBITNIEHOCTI KoopAnHaTHUX nnowwH (B, By, B, - kyTH

NapiHHA CBiTNa Ha KoopAMHaTHI nnowuHin yO0z ,x0z, xOy ).
OcBiTneHicTb BEPTUKANbHOI MJOLWMHU MOXHa 064YMCIUTU 9K Mopaynb

—

CKanspHoro AoOyTKY OAMHMYHOI HOpMani n A0 BepTUKANbHOI NOWMHKU Ta
CBIT/IOBOrO0 BEKTOpa, CTBOPEHOro obnacTio iHTerpyeaHHa S (puc.1). 3saxawouu
cose

Ha Te, wo dQ = dS , dopMynu ana obyMcneHHA KOOPAWHAT CBITIOBOrO

BEKTOPa, CTBOPEHOro 061acTio iHTeryBaHHﬂ MOXXHa 3anucaTu y BUrnaai:

o= [ L2 las, @
'[ L, COSHdS, 3)
.[ cosGdS' (%)
S
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t , t, — KOOpOMHaTW OOMHUYHOrO BeKTopa ¢ , CNPsAMOBAHOro Bifg,
z

Iqetxlyl

cCepeavHN efleMeHTapHo! NAoWMHKN dS Ha He603BOAi B PO3paxyHKOBY TOUKY;
_)
[ - BigcTaHb MK HUMMK; O — KYT MK { Ta BEKTOPOM HOpMasni A0 NOBepXHi

BUNPOMiHIOBaYa; S — obnacTb iHTerpyBaHHs; L, — S§CKpaBiCTb AOBINbHOIO
eneMeHTa He6o3BOAY, KA 06UNCIOETECS 3@ GOPMYIIOH0:
_Lz-f(0-9(2)
f(Zg)-9(0)

Ae @ — ¢yHKUia rpapauil ACKpPaBOCTi, KA MNOB'A3YE SACKPaBIiCTb eJleMeHTa

(5)

Hebo3BoAY Ta MOr0 3eHITHUN KYT; f — iHAMKaTpUCca Po3Cil0BaHHS, LLO NOB'A3YE
BiJHOCHY SICKpaBiCTb efleMeHTa Hebo3BoAy 3 MOro KyTOBOW BifICTaHHKO Bifd
CoHus; LZ - AcKpasicTb He603BOAYy Yy 3€HiTi. (0 Ta [ BW3HAYAKOTLCS 3rigHO

dopmyn, Haseaermx B ACTY I1SO 15469:2008, a L, - 3rigHo [6, 20].

Z

6epMUKAIbIA
niowjuna

Puc.1. [lo BU3HaueHHS 06nacTi iHTerpyBaHHS

Cnig 3a3HaumTy, Wo rpaHuui obnacTi inTerpysaHHa S — dopmynm (2), (3) i
(4) — 3anexartb BiO opieHTaLiT BEPTMKAbHOI NAOLWWHN BiAHOCHO CTOPIH CBITY.
AKWo po3TalwyBaTM PO3paxyHKOBY TOYKY PT Ha BepTUKaNbHIA NIOWMUHI i,
BiANOBIQHO, CYMICTUTM 3 Hel UeHTp HebecHol niBcdepu, To BepTUKasbHa
nAowWnHa nofinutb HebecHy niBcdepy Ha [Bi PiBHI YACTMHW 3 Pi3HUM
PO3MNOA4INOM ACKPaBOCTI. AKLWO yaBMTKM, WO NAOWMHA € dacamom Oyaisni, To
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OflHa nosioBMHa niecepu byme 3HaxoguTucs nepen dacagom i OCBITNHOBATU
NAOWMHY, a iHWa — 3a HMM (nnowmHy He ocBiTnioe). ToMy AN 06YUCSIEHHS
OCBIT/IEHOCTi BEPTUKANbHOI NIOWMHN CAif iHTerpyBaTu nvwe nNo Til NONOBUHI
niecoepu, Aka ocCBITNOE NiowmHy (puc. 1).

Ins po3paxyHKy BepTUKasnbHOI OcBiTNeHocTi bynu obpaHi 79-n peHb
poky (20 6epesHs), 172-i neHb poKy (22 uepsHs) Ta 355-i1 OeHb poky (21
rpyaHsa). O6uncneHHa nposogunucs ona wupoTtn micta PisHe (50,623° nH. w).
KoopauHatn CoHus obuumcnioBanuce 3a BigoMumm ¢opmynamm. CoHAUHMI vac
BilpaxoBYyBCSA Bif, COHSAYHOrO nonynHsa B Oik cxopy 3i 3HaKOM «—», B OiK 3axopy
3i 3HaKOM «+», Cnupawoumcb Ha koopauHaTu CoHUS Ha NEBHUA MOMEHT
COHSIYHOrO Yacy, obuncnoBanacs KyToBa BiiCTaHb MiX eneMeHTOM Hebo3Boay
Ta CoHueMm.

BepTukanbHi nnowmHn 3agasanacs 3 Kpokom 10 rpagycis. NS KOXHOT
MAOLWNHM TPUBANICTb COHAYHOMO AHS Bif cxoAy Ao 3axony CoHus pns KOXKHOMo
3 06bpaHux OHiB poKy 6yna noaineHa Ha 30 piBHMX iHTepBanis i, BignosigHo, 31
MOMEHT COHSYHOr0 4acy, Ha MeXax $AKUX obuucnoBanacb BepTUKaJbHA
OCBITNEHicTb Anga BCix 15-Tn MaTeMaTMYHUX Modenien He6o3Boay. TakKMM YMHOM
Oynn  OTpPMMaHi  OMCKPEeTHO npencTaBJfieHi  3aNeXHOCTi  OCBiT/IEHOCTI
BEPTUKANbHOI MJOWMHN Big COHAYHOro 4acy. [ani OWCKPETHI 3HA4YeHHs
OCBIT/IEHOCTI iHTEPNOMOBANUCS KYDIYHMMKM cnnanHaMy 3 MEeTOH iHTerpyBaHHS
Mo COHAYHOMY 4acy, L0 [03BOJIUI0O OTPUMATKM CyMapHy 3a OeHb OCBIT/IEHICTb
(ekcno3uuito). 06UMcNeHHA NPOBOAUNNCA B CUCTEMI KOMM IOTEPHOT MaTeMaTUKM
MatLab. OcBiTneHicTb 064mMcntoBanach y KinoatoKcax.

Pesynbtatv obuncneHb CymapHoi 3a OeHb OCBiTNeHocTi (ekcnosuuii)
BEPTMKANbHUX MOLWWH NpeacTaBneHi Ha PUCYHKax 2-4 y BUMNA4I NONSPHUX
rpacdikis. [Ins KpaLworo po3pi3HeHHS KPUBi MO3HAY€eHi Pi3HUMM TUMAMU NiHIN.

3po3yMino, wo Hanbinbwa cymapHa ocBiTneHicTe (6ina 345,64
Kinoniwokc) cnoctepiraeteca B 173-i1 (HaaoBWMI) OeHb POKY Mpu opieHTauii
NAOWMHM Ha niBaeHb (9- Tun Hebo3soay). Ona nepLuoro, TPeTbOro i N'ATOro
TMNiB HebGO3BOAIB OCBITNIEHICTb HEe 3aneXwuTb BiO OPIiEHTAUil BepTUKaNbHOI
nnowmHu. Ons pewTtn TMnNiB He603BOAIB NPU OPIiEHTALIT Ha MiBHIY eKcno3uuis
HanMeHwa. Kpuei, 3006pa)keHi Ha puc. 2-4, mornu 6 B6yTn BUTATrHYTI Ginblwe B
HanpsIMKy NiBAeHHOro-cxody abo B HaNpsIMKY MiBAEHHOro-3axo4y 3asieXKHo Bif
HOMepa OHSA poKy. [Npun opieHTaUil Ha NiBOEHb Aiana30H 3MiHW OCBIT/IEHOCTI Bif
HUXKHbOT KPUBOI [0 BEPXHbLOT AyXe BEeSIMKUMA — CTaHOBUTb Bif 44,58 pno 345,64
Kinontokc. Lle cBigunTb Npo Ba*kAMBICTb NpPaBUbHOrO BU60OpY TMNy Hebo3goay,
XapaKTepHoro pnsi paHol MicuesBocTi, abo TuniB Hebo3BOAOY, XapaKTepHUX ANS
O3AHOT MICLLEeBOCTI B pPi3Hi Nepioaun poky.

3 puc. 2 BUAHO, WO HanbinbLwy cyMapHy OCBITNIEeHICTb CTBOPHOE 14-1 TUN
Hebo3Boay, @ HanMMeHwWwy 3 1-ro no 5-n TMNK Hebo3BOAIB.

3 puc. 3 BUAHO, WO Hanbinbly CyMapHy OCBIT/IEHICTb CTBOPIOOTbL TUMMK
Hebo3BogaiB 3 6-ro no 10-1 1a 3 13-ro no 15-i, a HaMeHwy 3 1-ro no 5-n 1a 3
11-ro no 12-n TMNK He6o3BOA,B.
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Puc.2. 3aneHocCTi cyMapHOI 3a AeHb OCBITNEHOCTI BEPTUKANbHOT MJIOWWHN Bif

Tl opieHTauii BigHOCHO cTopiH cBiTY onsa 79-ro aHa poky (20-Te 6epesHa)
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Puc.3. 3anexHocTi cyMapHOI 33 ieHb OCBIT/IEHOCTi BEPTUKAbHOI NJIOWMHU Big,
Tl opieHTauii BigHOCHO cTopiH cBiTy ansa 173-ro gHA poky (22-ro yepBHs)

3 puc. 4 BMAHO, WO Hanbinbly cyMapHYy OCBIiTNEHICTb CTBOPIOWOTL 14-1
Ta 15-1 TN Hebo3BOAIB, @ HaMeHwWy 3 1-ro no 5-1 TMNKN Hebo3BOAIB.
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IHpopmauia woOo cymMapHOI 3a [OeHb OCBIT/IEHOCTI BepTUKasbHOI
MAOWNHM ONa OaHOro Tuny Hebo3BOAY, XapaKTEpPHOro 4SS NeBHOI MiCLEeBOCT,
O03BOJISE OLHIOBATM PECypcu MPUPOLHOI OCBIT/IEHOCTI, BU3HAYUTU KPUTUYHY
30BHILWIHIO OCBIT/IEHICTb, PauiOHAasIbHO BMKOPUCTOBYBATM LUTYYHE OCBITJIEHHS,
330LLLAOKYOUM HA HbOMY.

Mopanbwi [OOCHIOXEHHSA MOXHA CrnpssMyBaTM Ha MOLOESNIOBAHHS
OCBIT/IEHOCTi MJIOWMH Pi3HOrO HaXMJy Ta OPiEHTALIT BiGHOCHO CTOPIH CBITY.

KpiM TOro, pospobneHy MatLab-nporpamy MokHa BMKOpMCTaTU AN
MOLEeNOBaHHSA OCBITNEHOCTI BEPTUKANIbHMX MJOWMH B NPUMILLEHHSX ByaiBenb
Pi3HOTO NPM3HAYEeHHS Bif, CBIT/IONPOPI3iB Pi3HOT dopmMu.
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Puc.4. 3anexHocTi cyMapHOI OCBIT/IEHOCTi BepTUKabHOI NAOWWHNY Big, i
opieHTaUiT BiAHOCHO cTOpiH cBiTy Ana 355-ro aHa poky (21-ro rpygHs)
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TOTAL DAYTIME ILLUMINATION OF VERTICAL PLANES FROM DIFFERENT
FIRMANENT TYPES

The article shows graphs of total daytime illumination of vertical
planes from different types of firmanents given in DSTU I1SO 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
firmanents, 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.

To calculate the total daytime illumination (exposure) of vertical
planes, the 79th day of the year (March 20), the 172nd day of the year (June
22), and the 355th day of the year (December 21) were selected. The
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calculations were performed for the latitude of the city of Rivne (50.623° N).
The coordinates of the Sun were calculated according to known formulas.
Solar time was calculated from solar noon towards the east with a "-" sign,
towards the west with a "+" sign. Based on the coordinates of the Sun at a
certain moment of solar time, the angular distance between the element of
the firmament and the Sun was calculated. Illumination was calculated in
kilolux.

The vertical plane was set in 10 degree increments. For each of these
cases, the duration of the solar day from sunrise to sunset for each of the
selected days of the year was divided into 30 equal intervals and,
accordingly, 31 moments of solar time, at the boundaries of which the
illumination of vertical planes was calculated for all 15 mathematical
models of the firmanent. Thus, discretely represented dependences of the
illumination of vertical planes on solar time were obtained. Further, the
discrete illumination values were interpolated by cubic splines for the
purpose of integration over solar time, which allowed obtaining the total
illumination (exposure) for the day. Calculations were performed in the
computer mathematics system MatLab. Illumination was calculated in
kilolux.

The highest total illumination (about 345.64 kilolux) is observed on
the 173rd day of the year, when the plane is oriented to the south (9th type of
firmanent). For the first, third, and fifth types of firmanents, the illumination
did not depend on the orientation of the vertical plane. For the remaining
types of firmanents, the illumination is the lowest when oriented to the
north. When oriented to the south, the range of illumination change from the
lower curve to the upper one is very large — from 44.58 to 345.64 kilolux.

Information on vertical illumination for a given type of firmanent,
typical for a certain area, allows you to evaluate daylight resources,
determine critical external illumination and rationally use artificial
lighting, saving on it.

Keywords: exposition, critical external illuminance, daylight, vertical
lightening, solar time, type of firmanent.
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