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Masen OENOPUILEB

[aBHBIN pegakTop,
VUCIIOJTHUTEIbHBIN AVPEKTOP
PHK MKO

Jloporue yutatenu!

Bbl gepskute B pykax BTOPOJ HOMED JKypHasia
«/ITHHOBAallMOHHAS CBETOTEXHUKa», OCHOBOW
KOTOPOrO0  CTajau  JAOK/IaAbl  YYaCTHUKOB
MexxnyHapogHOrOo  KOHKypca  «Mosozbie
CBeTOTeXHUKM». KOHKypC MpPOBOAUTCS 10
TPpEM  HaIpaBIEHMSIM, COOTBETCTBYIOILUM
paspenam 3TOro XypHana: «CBeTOTeXHMKa»,
«ApxuTekTypa U cBetogusaiiH» u «JloKnanbl
Ha MHOCTpaHHOM s3bike». Ceityac, Korma $
MOy 5TU CTPOKM, Mbl €Illlé He 3HaeM, Kak
pacripefensTcsi NpPKU30Bble MecTa: GuHAI
KOHKypCa COCTOMUTCSI TOJILKO Uepe3 Mecsl Ha
BbicTaBke Interlight.

UcknoueHnem crajla HOMMHALMS OOKJIAL0B
Ha MHOCTPAaHHOM SI3bIKe: MeXKIAyHapOILHOe
SKIOPY BBIGPAIO TTOOEAUTENI OUCTAHIVMOHHO
OYKBaJbHO HECKOJIbKO NHelt Hasaz. MM crana
acrimpaHTKa yHuBepcutera Smap (Typums)
Hypedrman Conmes.

Vke Ha 9JTamne MOATOTOBKM ITyGIMKAIINKU
Ioknaz HypediaH BbI3Basl MHTEpeC y OAHOTO
U3 YHUBEPCUTETOB-NIAPTHEPOB KOHKYpPCA, YTO
JUIIHUI  pa3  [OKasbIBaeT: yuyacTue B
«MoogpIX CBETOTEXHMKAaxX» NAaE€T He TOIbKO
OIIBIT ITOATOTOBKU HY6JII/IKa]_[I/H/I n HVGJII/BIHOI‘O
BBICTYIVIEHMSI, HO U peaIbHYI0 BO3MOXHOCTb
3a9BUTb O cebe OyAymMM paboTomaTensiM U
CIIOHCOpaM.

Braromapio HammMxX aBTOPOB, PEIEH3E€HTOB U
MMapTHEPOB, Oyarogapsi KOTOPBIM  BBIILIN
ouyepemHble aBa HoMepa «VIHHOBAIMOHHOI
CBETOTEXHUKN». YBepeH, UTO M JKYpHaJ, U
KOHKYpPC IIOMOIYT €Ié MHOTMM TaJlaHTaM
3asIBUTh 0 cebe u U3MEHUTD
CBETOTEXHMYECKYIO OTPACTb K JIydIemMy!
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CBETOTEXHUKA



PA3PABOTKA YJIWHHOTO CBETOBOI'0O NPUBOPA B COOTBETCTBUU C
TPEGOBAHUSIMU CBETOBOH 3KOJIOT WK

Eedokumosa O.C., mazucmp; @omuH A.I., K.m.H., doueHm
HauuonansHelil uccnedosamensckuii ynusepcumem «MD3H», 2. Mockea

DESIGN OF A STREET LIGHTING FIXTURE IN ACCORDANCE WITH THE LIGHT

ECOLOGY REQUIREMENTS
Yevdokimova O. S., M.Sc.; Fomin A.G., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanmusa

[IpoaHanmM3upoBaHbl  aKTyaJbHble TpPeOOBaHMUSI U  3apyOeKHbIe
HOPMAaTMBHbIE JOKYMEHTbHI, 3aTparmMBaloliye BOIIPOChI CBETOBOI 3KOJOTUMN.
OmpenenieHbl KpUTEPUM, KOTOPHIM TO/DKEH OTBeUaTb CBETOBON IIpUOOD /ISt
TOPOJCKMUX ITIAPKOBBIX M 3eJ€HBIX 30H. [Ipom3BeméH BBIOOD ONTUYECKOI
CUCTeMbI, TIpeBapuTe/ibHasi IPOpPabOTKa KOHCTPYKIMM M pacyer
TEeIUIOOTBOASIIEro paauaTtopa Jis KOHIeNTa IIapKOBOrO CBETW/IbHMKA
KOHCOJILHOM WM BEHYAWIeil yCTAaHOBKM, IPOM3BeIeHa ero OlleHKa II0
BUG-peittunry, nokasaresnto ULR v mogenu OSP.

Abstract

The current requirements and foreign regulations concerning the light
ecology issues have been analyzed. The requirements for a lighting fixture for
urban parks and green areas have been defined. The optical system has been
chosen, the general design has been preliminary prepared and the heat-
dissipating radiator has been calculated for the console or post-top mounted
park luminaire concept, it has been also evaluated according to the BUG rating,
ULR, and OSP model.

KnwoueBble cjoBa: CBeTOBas 3KOJIOTMS, I1apKOBOe OCBellleHMe,
OTTUUECKasi CUCTeMa, CBeTOAVOAHBI MOY/b, TEIJIOOTBOASIINI paguaTop,
CBETOBOE 3arpsi3HeHMe, 9KOJIOTMYHOe OCBellleHIe

Keywords: light ecology, park lighting, optical system, led module, heat
sink, light pollution, eco-friendly lighting

BBenenmue
B pabore paccmarpuBaeTcsi IIpoGsieMa CBETOBOIO 3arpsi3HEeHUS,
B/IMSIHE WCKYCCTBEHHOI'O OCBEIlleHMSI B BeuepHee BpeMs Ha JIIOIEeNn u



SKMBOTHBIX, XapaKTEPUCTUKM CBETOBBIX MPUOOPOB, KOTOPbIE BIMSIOT Ha
CTelleHb CBETOBOTO 3arpsisHeHMs. B Hacrosiiee BpeMs B Poccum He
CYIIeCTBYeT HOPMAaTUBHO-IIPABOBOi 0a3bl, PeryJupylolieil BbIITOTHEHNE
TpeOGOBaHMI1, KACAIOUIMXCSI CBETOBOTO 3arpsi3HeHMs. B CBSI3M C OTCYyTCTBMEM
Tpe6OBaHMI1 OTBETCTBEHHbIE OPTaHM3aIMM HE MOTYT aJIeKBaTHO OLIEHUBATh
OaHHYIl0 mpobsemy. HuM3Kuit ypoBeHb OCBEIOMJIEHHOCTM YYaCTHUKOB
CBETOTEXHMUECKOTO PBhIHKA O BOIIPOCAX CBETOBOTO 3arpsi3HEHMS TaKKe
MPEMSITCTBYET ITPeIJIOKEHUIO aJleKBATHBIX CBETOBBIX PEIIeHMIA.

B pabore paccmaTpMBaeTCs Ipo6JieMa CBETOBOTO 3arpsi3HEHMS,
BJAMSIHME MCKYCCTBEHHOTO OCBeIlleHMSI B BeuepHee BpeMsl Ha JIIOJeil u
SKMBOTHBIX, XapaKTEePUCTUKMU CBETOBBIX IIPUOOPOB, KOTOpPbIE BIMSIIOT Ha
CTeleHb CBETOBOTO  3arpsi3HeHMs. AKTYaJbHOCTb JAHHOM  pPabOThI
00ycoB/ieHa HeOOXOAMMOCTbIO CO3[IaHUs CBETWIbHMKA, COUETAIOIIEro B
cebe  MOPUMHUMIIBI  CBETOBOI  9KOJOrMM, SHeproadp@ekTUBHOCTb U
(GYHKIIMOHATBHYIO agalTUBHOCTb. Takoil mpMbOp MOO/KeH o0b6ecreumBaTh
KOMGbOPTHYIO 1 6e30TIacHYI0 CBETOBYIO Cpelly, He Hapyllasi 61ojioruueckme
PUTMBI U He CO3/IaBasi BU3yaJIbHOTO AuckoMdopTa.

MeToOzapl UcciegoBaHUS

OduimanbHOe olpeneieHMe CBETOBOTO 3arpsisHeHust oT MKO 3Byuur
clemyromumM o6pasoM: «CBeTOBOe 3arpsi3HeHMe — 3TO YBeJIUMUYeHMe SPKOCTU
HOYHOT'O Heba 13-3a pacceMBaHMsI ICKYCCTBEHHOIO CBeTa M0 3arpsi3HSIIONINM
BellleCTBaM U Mapam BOJbI U MbUIM, KOTOpbIE comepkaTcss B atmocdepe» [1].
OcobeHHO JnaHHasi Mpob/iieMa akKTyaJdbHa [Jisi MMUPOBBIX Meraroiycos,
KoTOpble 3a 1epuon ¢ 2012 mo 2024 rombl IIPOLEMOHCTPUPOBAIN
CyleCTBEHHOE paciliMpeHre U OGHOBPEMEHHO yBeJIMueHne CpeiHei SpKOCTU
30H CBETOBOIO 3arpsi3HeHus [2].

Oco60e 3HaueHMe MMPUIAETCS KaaccudbuKaluy TeppuTopuii 1o cTerneHmn
JormyctTumoro cseToBoro BosgeicTBus. CormacHo CIE u IDA/IESNA, 30HbBI
BapbUPYIOTCSL OT MOJIHOCTBIO TEMHBIX 3allOBeAHbIX TeppuTopuit (E0/LZ0) no
FOPOACKUX 30H C BBICOKOW aKTUBHOCTbIO (E4/LZ4). OnpepeneHue Kiiacca

9Komornueckux 30H no CIE: EQ — TtéMmHass, E1 — ecCcTeCTBEHHO-TEMHas,
E2 — MeCTHOCTb C HU3KOM SIPKOCTBI0, E3 — MeCTHOCTD CO CpeHel SIPKOCThIO,
E4 — MeCTHOCTb C BBICOKOM SIPKOCTBIO [3]. g KakOO 30HBI

YCTAHABAMBAIOTCS OrPaHUYEHMS T10:
e JI0jle CBETOBOTO MOTOKA, HallpaBjieHHOro BBepx (Upward Light Ratio);
e YPOBHIO OCBEIEHHOCTH Ha dacagax KUIbIX 3MaHMI;
e SIPKOCTU CBETUJIbHUKOB;



e KOppEJIMPOBAHHONM IBETOBONM TeMmIlepaType cBeTa (IPenroYTUTEIbHO

< 3000 K).

JIJisT OILleHKM 3KOJOTUUEeCKMX CBOVICTB CBETOBBIX IPUOOPOB C TOUKMU
3peHMS CBETOBOTO 3arpsi3HEHMs CYIIEeCTBYET psif, CTaHIapTU30BAaHHBIX
CUCTEM:

1. BUG-peUTMHT - OILleHKa CTeIlleHM CBETOBOTO 3arpsi3HeHMs,
00yC/IOBJIEHHOTO  KpaHMpOBaHMEM U  IlepepaclipelieieHMeM cBeTa
ucrouHuka B OIl [4]. Ina peanmusanuy OAHHOTO IIOAXOHLA IPOCTPAHCTBO
BOKpYT CBeTMJIbHMKA pasfieieHO Ha 30HbI «3ajHei moacBeTku» (Backlight),
«BepxHero cBera» (Uplight) u «6necka» (Glare), omnpeneneHHble B
COOTBETCTBUMU C OXXMTaeMbIM BO3J€eCTBMEM Ha OKPYXKAIOIIYIO Cpeny.

2. Tokaszatenp ULR (Upward Light Ratio) — oOTHOIllleHM€ CBETOBOTO
IIOTOKA, HAIl[paBJIEHHOI'O BBePX, KO BCEMY M3/Ty4aeMOMY CBETOBOMY IOTOKY.
OTOT MOKa3aTe/b TakkKe IIMPOKO MCIIONb3YeTCS B €BPOIEMCKMX HOpMax
(Haripumep, EN 12464-2:2014) u HOpMMUpYeTCS II0 KaTeropusim 30H
OKpYKalolllei Cpeabl.

3. Mopenb OSP (Outdoor Site-lighting Performance) paspaboTaHHas
Ixkenudep BpoHc wu coaBT. [5], mpexacraBiasieT co6oit  MeTof,
MIPOCTPAHCTBEHHOTO aHa/IM3a pacCceuBaHMs CBeTa C MUCIIOAb30BaHMEM
BUPTYaJIbHOT'O «CBETOBOTO KOpPOOa», OKPYKAIOIIEro OOBEKT OCBEIeHMsSI.
Mogesib TTO3BOJSIET KOIMUECTBEHHO OLIEHUTD CBETOBBIE MIOTEPU KaK ITPSIMOTO,
TaK M OTpakéHHOro cBeTa. Hampumep, mjiss 30HbI E2 pekoMeHIOBaHO
OTpaHMYMBATH OCBEIEHHOCTb HA T'PaHIX 0 3 JIK, a AJ1st 30HbI E1 — He 6oiee
1 k. IIpeumytectBom Mogenn OSP sBjsieTCs TO, UTO OHa He TpebyeT TOUHBIX
IaHHBIX O COCeIHUX OOBEKTaX M MOXKET MPUMEHSTbCS Ha PaHHUX CTaAusIX
IIPOEKTUPOBAHMS.

Il7isT BBITIOTHEHMSI BCeX TpebOBaHMI BbIllleNlepeuCIeHHbIX MeTOAUK
Heobxoaymo, uTo6sl KCC paspabaTbiBaeMOro CBETOBOTO Ipubopa umesia
CTpOro  oIpenenéHHyi0  ¢dopmy,  obecHeuuBamIlyl0  MIpaBUIbHOE
pacmnpeneneHe CBETOBOTO IMOTOKA MCTOYHMKA CBeTa IO Pa3jIMYHBIM 30HAM
BOKPYT CBETUJIbHUKA.

PesynbTaTsl

st popmupoBauust GyHKIIMOHAIBHOTO U OGMOJIOTUYECKM 6€30T1aCHOTO
OCBEIeHMs] B MPOEKTUPYEMOM CBETUJIbHMKE ObUI BbIOPAH CBETOAVOIHbIN
monyib Luminus CDM-6-3018-90-36-DWZX-F3-3. YKa3aHHbII MCTOYHUK
npenctasysieT coboit COB-monaynb ¢ GyHKIMeNn TMHaMUUeCKOTO M3MeHeHMs
IIBETOBOJ TemnepaTypbl (Dim-to-Warm), TO3BOJSIONIEN aBTOMAaTUYECKU
U3MEHSITh CIIEKTPAJIbHBINA COCTaB M3Jy4YeHUs] B 3aBUCUMOCTM OT BpEMEHU

10



CyTOK: B BeuepHee BpeMsl MUCIOJb30BaTb HENTPA/JIbHBIN TEIUIbIA CBET
(3000 K), a B HOYHOV IlepuoJ, — IIepeXOAUTb K SIHTAPHOMY CBEUYEHWUIO
(1800 K), MMHMMM3UPYIOIEMY BO3/I€/iCTBME Ha OMOII€HO3bI.

B KauecTBe OCHOBHOI'O OITMUYECKOTO 3JIeMEeHTa MCIOJIb3yeTCs JIMH3a
LEDIL. STRADA-2X2-A-T, ob6ecneuuBalonias CBeTOpaclipeleseHne TUIla
Type II cornacHo IESNA [6]. OTor Tunn KCC xapaKTepu3yeTcCs BBLITSIHYTbHIM
IIYUKOM BJ0OJIb JOPOKHOTO IOJIOTHA C OTPAHMUYEHHBIM YIJIOM W3Jy4eHUS B
CTOPOHBI U BBEpX, UTO JejaeT ero MmpearnouyTUTe/bHbIM IPU OCBelleHUU
MelexXogHbIX MapIlIpyTOB B UYBCTBUTEJbHBIX K CBETY MPUPOIHBIX 30HAX.
JIuxza TmpenacTaBiaseT €000V MOOY/Ib M3 4YeThIpEX JuH3 (dpopmaTr 2x2)
¢ rabaputamu 50x50 MM, BBINOJHEHHbIX U3 omnTuueckoro PMMA c
Y®-cTabminsaTopom.

B KauecTBe MCTOYHMKA MUTAHUS IJISI YETHIPEX CBETOAMONOB Luminus
CDM-6-3018-90-36-DWZX-F3-3 BblOpaH IpaiiBep IOCTOSSHHOIO ToKa Mean
Well ELG-100-C350DA-3Y, mnopnepsXuMBaIONIMii IIPOTOKOJ yIIpaB/IeHUS
DALI-2, XoTopblii obeclieuuBaeT WHTETpalMi0 C MHTEUIEKTYaJIbHbIMU
CUCTeMaMM HapY>KHOTO ocBeleHMsI. [IJ1s1 HaZesKHO# paboThl CBETOIMOIHOTO
MOAY/s ObUI TMpou3BeneéH pacuyéT 3(pdeKTUBHON IIOMIAAN TeIIOOTBOAA,
KoTopas coctasmiaa 1260 cm2. B cOOTBETCTBMM C STUM B KauecTBe paguaTopa
6buta BeIOpaHa mopenb Fischer Elektronik SK 572 pmametrpom 160 MM U
BBICOTOJ PEOEp 63,5 MM, M3TOTOBJIEHHAS U3 AJTIOMUHMEBOIO CIIJIaBa.

BHemHui Bua ceetTuibHMKa U ero KCC roka3aHbl COOTBETCTBEHHO Ha
puc. la u 16.

ﬂa'ﬂmu 105° 105°

20° 00°

onTuyeckuin
moaynb

AaTumnk
ABUXKeHnA
(PlR) |30 15 o 15" 30

cdikim - 100%
C0-C180 = C00-C270

a) 6)
Puc. 1. BHewHun Bug, paspaboTaHHoro ceetunbHuka (a) u ero KCC (6)

Ins peanusanuy amanTUBHOTO OCBEIEHMS KOPIYC OCHAIIaeTCs
BCTPOEHHBIM WMH@PaKpacHbIM OATUMKOM [OBVDKEHUSI, OPUEHTUPOBAHHBIM
BHM3 M IATUYMKOM €CTeCTBEHHOJ OCBEIEHHOCTM, HallpaBJIeHHbIM BBEpX, UYTO

11



MCKIIOUaeT BAMSHME Ha Hero co6CTBEHHOrO CBETOBOrO IOTOKAa. OCHOBHbIE
XapaKTepUCTUKM pa3paboOTaHHOIO CBETOBOrO IIpubopa IIpUBEIEHBHI B
Tabnuie 1.

Ta6muiia 1. XapakTepucTuky pa3paboTaHHOTO CBETUIbHMKA JIJISI [TaPKOBBIX 30H

IlapameTp 3HaueHue
Hanpsixkenue nutanus, B 100...305 B nmepeMeHHOr0 TOKa
[ToTpebnsiemast MOIIHOCTB, BT, He 6osee 47
KoppennpoBaHHas 1iBeTOBasi Temrieparypa, K 3000...1800
CBeTOBOJ MOTOK, JIM 3400 (3000 K), 160 (1800 K)
CreneHb 3alIUThI IP65
l'a6apuTHbIe pa3Mepbl, MM &300x120
O6cyRaeHue

Mopenb pa3paboTaHHOI'O CBETOBOTrO Ipubopa OblIa OlleHeHa 110 TPEM
repeuncIeHHbIM  BbIllle  METOAMKAaM  OIpedeleHUs]  COOTBETCTBUS
Tpe6OBaHMUSIM CBETOBOI 3KoMorMu. Kpome 3TOro, 6bUI Takke OTOOpaH psif
AHAJIOTMYHBIX MOJejiei, BBIITYCKAIIIMXCSI Pa3aIMUYHbIMM duUpMamu, IJIs
IIpOBeJIeHMSI CPAaBHUTEIbHOTO aHaIM3a. Pe3y/ibTaThl IpMBeIEeHbI B TA0O. 2.

Pe3y/bTaThl OlLIEHKM OeMOHCTPUPYIOT, UTO CBETUJIbHUK ObOecIieunBaeT
BBICOKMII YpPOBEHb 3SKOJIOTMYHOCTM M BU3yaJIbHOTO KoM¢oOpTa, Hapsimy C
JYUIIMMM CYILeCTBYIOIIMMU Moaensimu. Hampumep, noxasartenb Glare mo
mkaje De Boer paBeH 9, UTO TOBOPUT 06 OTCYTCTBUM CJIETISIIETO OECTBUS U
MaKCMMaJIbHOM BM3yajJbHOM KoMdopTe.

Tabnuiia 2. O1ieHKa CBETOBBIX IIPMOGOPOB IO TPeOOBAHMSIM CBETOBO SKOJIOTUM

IIpousBoaUTENH, MOAETH ULR, % | Uplight | Glare | Backlight | DB
Ledvizor LV-PARK ROUND 0 uo Gl B1 5
CBeTtoBble TexHOMoru KROON 0 uo GO B1 5
GALAD ®aken LED 0 uo Gl B3 6
GROSSLUX AMBRA.18 0 uo Gl B2 6
Capoc JJIb® S 0 uo Gl B1 9
iGuzzini Lavinia 0 uo G1 B2 7
Platek Font 0 uo GO BO 9
Bega LED Pole-Top 0 uo GO BO 4
Pa3paboTaHHbI KOHLIEIT 0 Uo GO BO 9

PesynbTaTbhl OIEHKM JTE€MOHCTPUPYIOT, UTO CBETWIbHMK 00OecreumBaeT
BBICOKMIT YPOBEHDb KOJIOTMUYHOCTY U BU3YaJbHOTO KOMQOpTa, HAPSAY C JYULIUMU
U3BeCTHBIMM MopensiMu. Hanpumep, nmokasatenb Glare no mikane De Boer paBeH 9,
YTO TOBOPUT OO OTCYTCTBUM CIEMSIIErO MEeCTBUS M MaKCMMAaJIbHOM BU3yaJIbHOM
KomdoprTe.
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BoiBOAbI

Ha ocHOBaHMM BBbISIBJIEHHBIX TpeOOBaHMII U  3KOJOTMUECKUX
OrpaHUYEeHMI obL1a paspaboraHa KOHIIEITI S CBeTW/IbHMKA,
IpelHa3HauYeHHOTO [JIs1 MCIIOJIb30BaHMS B ITAPKOBBIX 30HAX. B KOHCTPYyKIUMU
IIpUMMEHEHbI CBETOOMOMAbI, OOecHeuuBalolye AIUHAMMUYECKOEe CMelleHue
CIIeKTpa M3AydYeHusl B IyanasoH IauH BoaH 580-620 HM, COOTBETCTBYIOIINIA
JKeJITO-OpaHXKeBOM yacTu crekrpa. Taxke ucnonb3yercs: TIR-ortuka Type I,
rapaHTHpylomass KOHTPOIMPYEMOe CBeTopacIipene/ieHe 6e3 U3TyUeHUs
BBepx. KOHCTpyKIiMsl cBeTUIbHMKA BKIOUaeT 3G(PeKTUBHBIN paguaTop u
nopaitBep ¢ noxamepskkoit DALI-2, uTo obecrieunBaeT IOJIHYI0 MHTETpaliuio B
MHTeJIeKTya/IbHble CUCTeMbl yIipaBieHMsi. CBeTMJIbHMK TaKke 000pymoBaH
JaTUMKaMM [OBVOKEHMSI M OCBEII€HHOCTM, UTO IIO3BOJISIET peaan30BaTh
IUIaBHYI0 CMEHYy IIBETOBOJM TeMIlepaTypbl M YPOBHS CBETOBOTO IIOTOKa B
3aBMCHMOCTH OT BpeMeHM CYTOK ¥ aKTMBHOCTY Ha OObEKTe.
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NOMCK ONTUMAJILHOW KPUBOH CUAbI CBETA AJ1S1 OCBELLEHMSA
ABTOMATUCTPAJIEN C LLE/IbIO IKOHOMUM KAMUTANILHBIX U
JKCMNYATALIMOHHBIX 3ATPAT

Benynu I'.A., pykogsodumeJib HanpaejaeHus YIUYHO-00POHCHO20 OC8eUleHU s
000 MCK «bJI I'PYIIII» 2. Mockea

SEARCHING FOR AN OPTIMAL LIGHTING CURVE FOR HIGHWAY

LIGHTING TO SAVE CAPEX AND OPERATING COSTS

Benuni G.A. International Lighting Engineering Corporation «<BOOS
LIGHTING GROUP» Limited liability company

AHHOTa U

Pemaetrcs 3amavya ONTMMM3ALMSI PACXOOOB IIPU CTPOUTEbCTBE
HapY>KHOT'O OCBellleHUsI 3a CUeT MPUMEeHeHUS MHHOBAIIMOHHOTO IOAXOnA.
PaccmaTpuBaeTcss MeTOH, pelleHMs BOIIpOCa ONTUMM3ALUU — IIOUCK
ONTUMAJILHOM KPUBOI CUJIbI CBETA, ITIO3BOJISIOIIET0 CHU3UTh KallUTa/IbHbIE U
3KCIUTyaTalMOHHbIE 3aTpaThbl IIPU CTPOUTEbCTBE HAPYKHOI'O OCBeIleHUs
Jopor. B KauecTBe OCHOBHOI'O 3JIEMEHTA JJIs PelleHus 3aJauy BbIOMpaeTcs
ONTMKA CBeTUIbHMKA. HeoO6XomuMMOCThb ONTUMMM3ALMM 3aTpaT IIpu
CTPOUTEJILCTBE aBTOMArucTpajeil MMeeT BBICOKYI aKTyaJIbHOCTb BBULY
IIOCTOSIHHO PacTyIIMX OOBEMOB CTPOUTEIbCTBA HAPYKHOI'O OCBELIEHUS
IOpOT.

Abstract

The problem of optimizing expenses during construction of outdoor lighting
is solved by using an innovative approach. The method of solving the
optimization issue is considered — finding the optimal luminous intensity curve,
which allows reducing capital and operating costs during construction of outdoor
road lighting. The optics of the lamp are selected as the main element for solving
the problem. The need to optimize costs during construction of highways is highly
relevant due to the constantly growing volumes of construction of outdoor road
lighting.

KimioueBblie ¢10Ba: ONITHKA, OCBellleHNe TOPOT, MarucTpaimn
Keywords: optics, road lighting, highways

BBegenmne
ObecrieueHne 0€30I1aCHOTO OKPYKAIOIIEr0 MPOCTPAHCTBA SBJSETCS
OIHOJ M3 CaMbIX OCHOBHBIX IIOTPeOHOCTeli uejoBeKa, OCHOBAHHOI Ha
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MHCTUHKTAX CaMOCOXpaHeHMs. be30macHOCTb [OBVWKEHMSI Ha OOoporax u
yaulax, a Takke Ha IpujIeralyxX K HUM TePPUTOPUSIX BIUSIET He TOJIbKO Ha
KM3Hb ¥ KOMGOPT KaKIOro B OTHOEJIbHOCTM, HO M Ha 00Iue
MaKpPOSKOHOMMUECKME I10Ka3aTejau. be30omacHOCTh AOPOKHOTO ABVOKEHUS
CKJIaIbIBAa€TCSI M3 PasaUUHbIX (PAKTOPOB, TaKMX KaK KaueCTBO ITOKPBITHUS,
KaueCcTBO CaMMX TPAHCIOPTHBIX cpencts, IIJIJl, KyabTypa BOOuUTeNen u
nmemexonoB. OcBellleHMe aBTOMOOWIbHBIX [OPOT SIBASETCS OIHUM U3
nmepBocTelnieHHbIX ¢dakTopoB. OT 30 mo 60 % BpeMeHM CyTOK B Poccuu, B
3aBMCMMOCTM OT BpeMeHM Troaa U Teorpaduyeckux OCOOEHHOCTENA,
MIPUXOAUTCS HA YCJIOBUS TOJHON WM YaCTUUYHOM TEMHOTBI, IIPU TOM, YTO
PUTM XKM3HM COBPEMEHHOIO O0IecTBa (M IOBVKEHME TPAHCIIOPTa) B ITUX
YCIOBUSIX TOJMIBKO Bo3pactaeT [1-3]. Ilox 6e30MacHOCTbIO JTOPOKHOTO
IBIDKeHMs Mbl MoHuMaeM Koauuectso HTII B emuuunyy BpemeHu [4].
KauecTBO MCKYCCTBEHHOTO OCBeIleHMSI aBTOMOOMJIbHBIX IOPOT HAMPSIMYIO
B/IMSIET HA 3TU (QaKTOpbl. YPOBEeHb OCBEIleHHOCTU TOPOKHOTO ITOKPBITUST U
CpenHsIs IPKOCTh T0JIOC ABVDKEHUS B HAIIPaBJI€HUM IBVKEHMST aBTOMOOUIE
BO3IEICTBYIOT HA CIIOCOOHOCTb BOAMUTENE/l CBOEBPEMEHHO YBUAETb WU
Pa3INUUTh IPETSITCTBUSI.

Ecnu BHelllHee OCBellleHME B TOPOJe CO3HaHO OO/IKHBIM 00pa3oM,
MOBBIIIAETCSI  YpOBeHb KomdopTa TpaxdaH, CHIDKAeTCsI YpOBEHb
npectynHocT u puck ITII.

3a nocneguue 10 et B PO u B Mupe uaeT IOCTOSIHHOE yBeJIMueHue
00bEMOB  CTPOMTE/NILCTBA U PEKOHCTPYKIMIT aBTOMOOWIBHBIX OOPOT.
[TpOTSKEHHOCTD JIMHUIA OCBeIlleHMsI Ha Joporax (emepajbHOr0 3HaYEHUS U
MICKYCCTBEHHBIX COOpYXeHMsIX [5] B PO nokasaHa Ha puc. 1.
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Puc. 1. MpoTsKeHHOCTb NMHWUIA OCBELLEHNS Ha foporax (PeaepanbHOro 3HAYEHUS U UCKYCCTBEHHbIX
coopyxeHusx B Poccuickon deepauum
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CorsmacHO [6] MOHSTHO, YTO TeMIIbBI pOCTa CTPOUTEJLCTBA U
PEeKOHCTPYKLIMIA OYOyT yBeIUUMBaAThCsl. Ha MpakTuKe, MPU CTPOUTETHCTBE
YacTO BO3HMKAIOT MOTPeOHOCTM B MOMOJHUTEIbHBIX paboTax, paHee He
VUTEHHBIX B IIpOeKTe cTaauu II, Ha OCHOBaHUM KOTOPOI'O BBIIEISIOTCS
roCyJapCTBeHHbIE CPeNCTBA. OTO IMIPUBOLUT K CJIEAYIOIMIUM TOC/IeCTBUSIM:

1) mo mpocbk6e reHepaabHOIO MOAPSIAUMKA YBeJINUYEHEe CMEeThI IIPOeKTa 1,
IIpU ee yAOBJIETBOPEHUN, IIOBTOPHOE IIPOXOXKAEHNE TOCYIapCTBEHHOM
3KCIePTU3bI [IPOEKTA;

2) 3aMOpO3Ka CTPOUTEIbCTBA;

3) yBelnuyeHUe CPOKOB CTPOUTEIbCTBA;

4) y6BITKM MAM  OGAHKPOTCTBO TeHEpajbHOr0 MOAPSOUMKA WU
MOAPSAAUMKA, C OAIbHENIIMM aHHYJIMPOBAHMEM KOHTPAKTa U HOBBIM
TEHJEepOM Ha CTPOUTEJBCTBO C TIOTepeil OeHeXHbIX CpelnCTB
roCyJapCTBEHHbIMU KOMITaHUSIMU.

B 3TOM CBSI3M AaKTYaJIbHBIM SBJSETCS YIellleBleHue CTOUMOCTU
CTPOUTENILCTBA AOPOr 3a 1 KM, UTO IIO3BOJIUT C3KOHOMUTH BbIAeJIsIeMbIil
610[KeT Ha OCHOBaHMM IpoeKTa cTaauu II u yaelieBUTb CTPOUTENIbCTBO HA
aramne peanusanuu craguu PJI ipoekTa. AKTyaJIbHOCTb 5TOT'O BOIIPOCA TAKXKe
nmoAvepKMBaeT  paspabaTbiBaemblit 7], TAe  OPUOPUTET  OTHAETCS
C/l cBeTM/IbHUKAM, [TO3BOJISIIOIINM YelleBUTh CTOUMOCTDb 3a 1 KM.

MeTog ucciegoBaHus

OCHOBHBIM  3aKa3uMKOM CTPOUTEJbCTBA  aBTOIOPOr  SIBJISIETCS
MwunTpanc Poccun B sinile noasenoMcTBeHHOM opranusanum 'K «ABTogop»
1 opraHa Binactu — ®egepayibHOrO JOPOKHOrO areHTCTBa (PocaBTomop).

[IpoaHaM3upoBaB OCHOBHbIE TEHIEPbl 3TUX [BYX 3aKa3uMKOB Ha
001IefoCTYyITHOM caiiTe [8] MOXKHO cJielaTb BbIBOJ, UYTO OCHOBHBIM
TexHuueckuMm 3agaHueM (T3) Ha CTPOUTENBCTBO OOPOTU  SIBJISIETCS
clepyioniee — TabiI. 1.

Tabnuia 1. TexHuyeckoe 3afaHne

Nemm HamnmeHnoBanme IIapameTp

1 Konnuectso nonoc 4

2 Kareropust moporu I

3 MoHTaXKHas BbICOTA CBETUIbHMKA, M. 12

4 PaccrosHue OTUCBETI/IJIbHI/IKa o 94

IIpOe33Keil 4yacTu, M.

5 PacnosioxkeHue orop ITo o6ouMHe Wi 10 LIEHTPY
6 PaccrosHume mexnay ornopamu, M o 45
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B pesynbTaTe aHaidM3a OOBEKTOB CTPOUTENbCTBA, B KauecTBe
peKOMeHIalMi1 IT0 pa3paboTKe CBeTUIBHMKOB IS OCBeLIeHUST MarucTpasein
1 JOPOT ONTHMMAaIbHOE COOTHOIIeHMe 110 T3 He06X0AMMO MPUHSITD:

1) KoimuecTBO CBETOBBIX TOUEK Ha 1 KM (PacCTOSIHME MEKIY CBETOBBIMU

TOYKaMMN);

2) 1eHa OJHO CBETOBOM TOUKMN.

Ha puc. 2 nokasaHa mMuTalus OCBEIIEeHMSI aBTOMArucTpajin COriacHO

T3 nis HabmoOaTeN .

@®
@

Puc. 2. MMMTaLI'MFI OCBELlEeHNA aBTOMarnucTpanu and Habniogatens

Ecin cMoTpeTh Ha CTAaHZApPTHYI0 MarucTpaib corinacHo T3, u mis
coOI0IeHMsT HOPMAaTMBOB IO CpefHel SIPROCTM mjisi HabsomaTenss HeT
HeoOxonuMocT uMeTb cumMmMmeTpuuHylo KCC OTHOCUTENIbHO IUIOCKOCTU
nepreHIMKYISIPHOM TOPOTY BBUIY TOTO, YTO OH HAO/I0IaeT SPKOCTb TOIbKO
opHoro «iemnectka» KCC cBeTuIbHMKA.

B KauecTBe aHaMM3a MOJTYUYEHHBIX PE3YJIbTATOB ITPOM3BEIN TEXHUKO-
9KOHOMMUecKoe obocHoBaHMe (T30) ny1g IBYX BapMaHTOB PacCIIOIOKeHMSI.

‘ Japuant WE '.‘ . Bapuant N2 .
T ®
Y @
Pa I FE ERHAR IO, PA3JE.THTEIBHAS IOJTOCA
i ®
- 67) o )
‘ 1 I ' . L TpoB .

PucyHok 3. BapuanT Ne1 n BapuaHTt Ne2 ans T30

Ilanee, B Taby. 2 pacCuMTa/lii CTOMMOCTb OCBeIlleHMs Ha 1 KuaoMmeTp
Ioporu 6e3 yueTa KabeJIbHOM MPOAYKIVM JIJIs IBYX BapMaHTOB.
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Tabauna 2 CToMMocTb ocBeleHus Ha 1 km moporu T2O

Bapnuant N21, 40 m

Bapuant N22, 50 m

3a 3a
HanmenoBaHue eIMHUILY Ha 1 1w, eIMHUILLY Ha 1 xu,
py6. ¢ HIC py6. c HAC py6. ¢ HIIC py6. c HIC

CTOMMOCTB CBETMJIBHUKOB
(2 cBETMJIBHMKA Ha ABYX 52 890-2= 58 000-2 =
0I1opax, PacroI0KEHHBIX C 105 780 2644500 116 000 2320000
IBYX CTOPOH SOPOIN)
CTOMMOCTb KOMILJIEKTA 142 498.2= 142 498-2=
MeTaVIOKOHCTPYKUMI 284 996 7124900 284 996 5699920
CMeTHast CTOMMOCTb MOHTaXXa 30721-2= 32912-2=
oV 61 441 1536 043 65 824 1306 845
CroumocTsb akcruryaTauuu OY
B TOR, BRIIOTAN PACKOAL! Ha 8610 430 500 9319 372 750

JIEKTPOIHEPTUIO
(ipu Tapude 4,5 py6./(KBT*u))

VBequueHue Iiara Mexmy ornopamu no 50 M C yBeJIMUYeHMEM IieHbI
cBeTwibHMKA Ha 10 % nipuBoauT K cHKeHuo 1 CAPEX u OPEX (coriacHO

JaHHBIM U3 TaoOJI.

2) TpM HEeU3MEHHON WIM YMeHbIIeHHO! o6Ieii
MOTpeb/IsieMOoli MOIITHOCTY Ha OCBellleHe 00'beKTa:

— CTOMMOCTU KOMIIJIEKTOB METa/IZIOKOHCTPYKIMI (0K0JI0 20 % Ha 1 KM);

— cTouMocTy MoHTaxka OV (okoso 15 % Ha 1 km);

— KalMUTaJIbHBIX BIOKeHMI (0K0I0 15-18 % Ha 1 KMm).

B kauectBe omnrumanbHOM KCC MOXHO paccMOTpeTb [Ba BapuaHTa,
CMMMETPUYHYIO OTHOCUTEJIBHO TVIOCKOCTU MePHeHIUKYISIPHON OJOPOru Uin
MOJIHOCTBI0 accuMeTpudHyo KCC.

JTanbl rnoucka ontumaabHoi KCC:

1) mopmenupoBaHMe KpUBOI CUJIBI CBeTa, cornacHo T3 wm3 Tabm. 1.
MCTIOJIb30BaHMEM  IIPOTrPaMMHOTO

(MaTeMaTUYeCKUil  pacyer),

obecmieuenns ELID.

C

2) TIpoBepKa IIOJIy4eHHOW KpMBOM Cuiabl cBeTa B IporpamMe CBeT-B-

HOUYMN.

3) paspaboTKa eIUMHUYHON JIMH3BI

Lighttools.

B IIpOrpaMMHOM oObecIieueHuu

4) mosyyeHue 0OHOBIEHHOM KPMBOJ CUJIbI CBeTA Ha KOHKPETHOM JIMH3e.
5) mpoBepka B IpoekTe B IporpaMme CBeT-B-HOUN.
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CummeTtpuuHasg KCC AccumeTpuuHas Bo Bcex maockocTsx KCC
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N3onvaun cummerpuunoit KCC V30nvHMM acCUMETPUYHOII BO BCeX

rmockocTsix KCC
PucyHok 4. Mpumepbl cMogenuposaHHoit accumeTpuyHor KCC B nporpamme

Pe3yabTaTsl

[TonyyuB onTUMa/JbHOE COOTHOIIIEHMEe Ha KOHKpeTHOM T3 MOXHO
CYIIeCTBEHHO CHU3UTb €e6eCcTOMMOCTb CTPOMUTENbCTBA MarucTpaieit wu
IOpOT, COXpPaHMB IIPU 3TOM COOTBETCTBME HOPMaM OCBelleHHOCTU [9].
Taxke, He06XOAMMO COOTBETCTBOBATh HOpMaM 3aKa3umkos [7], [10] u [11].

Ha Texkymuili MOMEHT KOMIIAHMM TIPOU3BOAMUTENN CBETOLVOLHBIX
CBETWIbHMKOB TPUMEHSIOT CUMMeTpPUYHble KpWBbIe CWIbl  CBeTa
OTHOCUTEJIbHO IJIOCKOCTHU, TEePIEeHAUKYISIPHOV mopore, tuia lIb (mmnpokas
O60KOBas) IJIs1 TOCTVKEeHMS HeOOXOAMMOM paBHOMEePHOCTH. [IJ1s1 yBeImueHUs
1iara Mexxay CBeTOBbIMMY TOYKaMM TaKKe MOKHO pacCMOTPeTb BO3MOXKHOCTD
IIPMMEHEHUs aCMMMETPUYHO KPUBOI CUJIbI CBETA.

O6cykaeHue

KpuBble cujbl CBeTa OCHOBHBIX IIpousBoauTenein Poccum —
CUMMETPUYHBbIE OTHOCUTEIBHO IUIOCKOCTU, II€PIIEHAUKYISIPHON IOPOrH,
TakuM 00pa3oM, OHM YHUBepPCaJbHbI, & 3HAUUT, XOPOIIO MPUMEHUMBI s
Pa3/IMUHBIX PACYETHBIX CIIeH, a TaKXkKe ISl peBePCUBHBIX IBVKEHUI.

[Ipumenenne acummetpuuyHoit KCC moxeT OaTb NpeuMYyIleCTBO B
yMeHbIIIeHUM TOTpebaeHUs] 3JIeKTPOIHEPTUM, YMEeHbIIUTb OcIellieHue
BOJMTEIS.

[IpyumeHeHMe acCMMMETPUYHOM KPUBOM CWIbl CBeTa Ha AOporax u
MarucTpaJisix UMeeT CBOM OrPaHMUUEHMS, @ UMEHHO:

1) opum ocCBemeHMM OOPOrM C OOHOCTOPOHHUM [OBVWKEHUEM U
OLHOCTOPOHHMM pacCIiookeHneM cBeTuIbHUKOB, KCC cBeTMIBHUKOB,
pacIioNIOKeHHBIX CIIpaBa U CjeBa OT JOPOTU, MO/KHBI ObITh Pa3HBIMU,
CYMMMETPUYHBIMU OTHOCUTE/IbHO HallpaBIeHUs IBVOKEHMS.
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2) B pasHbIX HaIpaB/IeHUSIX NBMKEHUS HEOOXOAMMO MPUMEHSITh pa3Hbie
acMMMeTpUYHbIe KPUBBIE CUJIbI CBeTa (3€pKa/IbHO CUMMeETPUUYHBIE);

3) acummetpuuHasi KCC MeHee yHMBepCa/ibHa [JjisI [PUMEHEHMS Ha
Ioporax 4YeM CUMMETpPUYHAsi ¥ [OJ/DKHA OBITh paccuMTaHa o[
KOHKpeTHOe T3;

4) paccuutanHas acummeTpuuHass KCC c 6osbiiieii BepOSITHOCTbIO OymeT
3bdeKTUBHO MMpUMeHMMa TOJIbKO MPY KOHKPETHOI pacueTHOl ClieHe,
nomyctuM rpu T3, KOTOpoe yKa3aHO B ITYHKTE BBIIIIe.

BO3MOXHOCTM  INpUMeHeHMsT U  IIPOU3BOACTBA  CBETOLMOLHBIX
CBETWIBHUKOB C aCUMMMETPUYHOM KPUBOM CWIbl CBe€Ta — OTO IIpegMeT
OTIeIbHOI0 UCCIeJOBAHMS.

BrIiBOABI
B pabote wmcoiemyeTcs Bompoc Ioucka ontuManbHoit KCC mis
CHVKEHUS KallUTAIbHBIX U SKCITYaTallMOHHBIX 3aTPaT. AHIU3UPYIOTCS:
1) Tekyuue u 6yayiiye TPOeKThI 110 CTPOUTEIbCTBY aBTOMArucTpasieii;
2) TeKyllye KPUBbIe CUJIbI CBETa OCHOBHBIX POCCUICKMX ITIPOMU3BOAUTEIIEIN,
TIPUMeHSIeMbIX IJIsI OCBEIlleHMS aBTOMarucTpaiei.
Vcxops 13 aHanmsa MOXKHO CelaTh BbIBOJ, UTO T3 4Jis1 ONITUMAaIbHOM
KCC 6yget Tab6:. 1, a B KauecTBe onTuMaabHOi KCC MOXKHO pacCMOTpPeTh He
ToNMbKO cumMeTpuuHble KCC mopm Tab6i. 1, HO acCMMeTpUUYHbIE BO BCEX
wiockocTsax KCC, mnpenronoXkuTeNbHO [Oawoliue IIpeuMyllecTBa KaK B
9HeproadeKTUBHOCTH, TaK ¥ B YMEHbIIIEHUM KOJIMUYECTBA CBETOBBIX TOUEK
Ha 1 KM ocBellleHMsl.
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4. CipaBOYHMK I10 0€30MacHOCTM [OpPOXKHOTO mABWKeHUs. — Octo-
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MOJEPHU3ALLMS CBETOBOH CPEADI NNOWLALH KNPOBA

IJeemxoe H.3., cmydenm; Toakauesa K.II., K.m.H., doyeHm
HauuonanwvHuiili uccinedosamensckuti Tomckutli nonumexHuyeckuii
yHueepcumem, 2. Tomck

MODERNIZATION OF THE LIGHT ENVIRONMENT OF KIROV SQUARE
Tsvetkov N.E., student; Tolkacheva K.P., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AHHOTa U

CBeToBas cpefia ropoja omnpepesieT KOMPOPTHOCTb, 6€30MaCHOCTD U
3CTETUKY YIUIl, B TEMHOe BpeMsi CYTOK. KauecTBeHHass OCBeTUTeJIbHas
YCTaHOBKA TPAHCIOPTHBIX U TIENIeXOAHBbIX 30H TIIOBBIIIAET UYUTAE€MOCTb
MeCTHOCTH, BUOAMMOCTD IelIeX00B. ApXUTEKTYpHOe OCBelleHNe IT03BOJIsIeT
KaK ITOBTOPUTDH NHEBHOI OOGJMK 3HaHUM, ITyTEM 3aJMBAIONIEr0 OCBEIIeHMS,
TaK U MMOJIHOCTbIO ITPeobpasuTh ero, mpeloCTaBUB HOBbIV BMU3yaIbHbIN OIIbIT.

AKTYyaJIbHOCTb HACTOSIIEN paboThl 3aK/IIOUAeTCS B MOAEPHU3ALUU
CYIIECTBYIOIIEN CBETOTEXHUUECKONM YCTaHOBKM Iuiomanu Kuposa, C 11e/bio
MOBBIIIEHNSI €€  KAauyeCTBEHHBbIX M  OCTETUUYECKUX  XapaKTepPUCTUK.
[IpeobpasoBaHMue YCTAHOBKM IIPUBENET K TOBBIIIEHUIO PAaBHOMEPHOCTH,
OCBEIIEHHOCTM, CO3JAHUIO OOIIEro KOHIIENTAa OCBETUTENbHON YCTAaHOBKU
wiomann. JaHHble M3MeHEeHMs [OOJDKHBI II0JIOKUTEJIbHO IIOBIMUSATH Ha
6e301acHOCTb U KOM@OPT MeliexodoB M BomuTeseil. [Ias 3Toro OymyT
UCIIO/Ib30BaHbI CBeTOAVOIHbIE CBeTUJIbHUKU C BBICOKOI1
9HeproadPeKTUBHOCTHIO U IIBeTONepeaaveii.

3ajaua IIPOEKTa — CIIPOEKTUPOBATh CBETOTEXHUUECKYID YCTAHOBKY,
YIOBETBOPSIONIYI0O 3CTETUUECKMM U HOPMATUBHBIM TpeOOBaHUSIM, s
ocBemenus 1. Kuposa (r. Tomck). [Ijist pelieHMs] TaHHOV 3amauu ObLI
IIPOBENIEH OIIPOC KauecTBa ocBelleHus Iul. KupoBa. Takke mpoBenéeH
KOJIMUECTBEHHbIN aHa/IM3 CYIIEeCTBYIOIIE CBETOTeXHUYECKON YCTAaHOBKMU,
IIYTEM IIPOBEJIEHUSI 3aMepPOB OCBEIIEHHOCTM TPOTYapOB M MAapKOBOWM 30HBI.
[Ipy paccMOTpeHMM KaueCTBEHHBIX XapaKTepPUCTUK ObLIM  U3YUEHBI
apXUTeKTypHbIe penleHus Ha 1. Kuposa.

Abstract

An important criterion for a comfortable urban environment is street
lighting. It is necessary to analyze the existing lighting system and propose its
modernization.
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The objective of the project is to design a lighting installation that meets
aesthetic and regulatory requirements for lighting Kirov Square (Tomsk).

KimioueBble Cj10Ba: OCBelleHMe, OCBEIeHMe IOpOr, IapKOBOe
OCBellleHMe, apXUTEKTYPHOE OCBeIleHMe, SPKOCTh

Keywords: lighting, road lighting, park lighting, architectural lighting,
brightness

BBenenue

I'pamoTHast pa3paboTKa KOHIEMNIINM HAPY>KHOTO OCBEIeHMS [T03BOJISIET
co3maTh KOMGOPTHYIO, ICTETUUHYI0O ¥  0Oe30IacHYI cpemy s
0011eCTBEHHOT'O ITPOCTPAHCTRBA.

Ha ceromHsIIHMII IOeHb ITpeobsiafaeT KOHIEMNTYa/lbHBIN ITOAXOH K
dbopMupoBaHuio cBeTOBOI cpenbl. TpeboBaHMEM COBpPEMEHHOIO OOINECTBa,
NpeIbsBASEMBbIM K OCBEIIEHUIO, SIBJISIETCSI He TOJbKO BBIITOJTHEHME
(GYHKIMOHAIBHBIX ~ 3aJady, HO U  COOTBETCTBME  COBPEMEHHBIM
NpeJiCTaBeHUsSIM O TapMOHMYHOM CBETOBOM OKpYKeHUM. B mocienHee
BpeMsI B HayUHbIX paboTax BBISIBJIEHO KOMILIEKCHOE BO3[ECTBME CBeTa Ha
OpraHMsM uejoOBeKa, KOTOpoe BK/IHOUaeT, MOMMMO BM3YaJbHOTO, TaKKe
61osiornueckoe U MCUxXoaornueckoe Bosaeiicteue. CerogHsi 3T0 HEO6XOAMMO
YUUTBIBATD IIPU COCTABJIEHMM KOHLIEIILIVM OCBEILIeHMS.

MeTopa, ucciieJoBaHUS

B pamkax wucciaegoBaHMs — IIpOBefJeHa KOMIUIEKCHAsi  OIleHKa
OCBETUTEJIbHOM YCTAHOBKM C IIpMMeHeHMeM [AByXx MmeToauK. Ilepsas
MeTOAMKa — COLMOJIOTMUYECKUI1 OIPOC PEeCIOHOEHTOB. AHKeTa BK/IIOYaJia
7 BOIIPOCOB, HAaIMpaB/JeHHBIX Ha aHaJU3 CYOBEKTUMBHOTO BOCHPUSITUS
rapaMeTpoOB  OCBelIeHUsI: YPOBEeHb OCBEIIEHHOCTY, PaBHOMEPHOCTD
pacripesiesieHusi, 1BETOBAsl TeMIlepaTypa MCTOUYHMKOB CBeTa, 6€30IacHOCTb
OCBeIleHUs B TEMHOE BpeMsl CYTOK.

AHanu3 aHKeTUPOBAHMS BBISIBWI HECOOTBETCTBME  OCBEIIEeHMS
OXMIAHUSIM JKUTesei: 59 % pecroHIEeHTOB OTMEeTUIM HeIOCTaTOUHYIO
OCBEIIEHHOCTb ITellIeXOJHbIX 30H, a 82 % — mnuckomdopT M3-3a HU3KOM
pPaBHOMEPHOCTU oOcCBellleHMs1. Takxke 61 % OIPOIIEHHBIX CKIOHSIUCH K
HEYJIOBJIETBOPUTEIILHOM OIleHKe YyBCTBa 0€30MacHOCTU B MCCIeoyeMOoit
30He.

Bropas MeToamMKa  BK/IIOUAeT M3MEPEHUSI  CBETOTEXHUYECKUX
XapaKTePUCTUK, BITIOJHEeHHBIX B cooTBeTCTBUM ¢ [OCT 34919-2022 [1].

OcoObli1 aKlleHT M3MepeHMiIl caejiaH sl TelIexXOJHOW 30HbI Ha
yuyacTKe mnpocrekrta KupoBa Tak KaK IMOMUMO YTUJINTAPHOI'O OCBEIeHUs
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MMeeTCsl CYIIeCTBYIOlllee apXUTEKTypHOe oOcBellleHMe 3maHusi TomcKoro
3JIEKTPOTEXHUUECKOTO 3aBoza (puc. 1). HOns TIOBBIIIEHUS
9HeproadGeKTUBHOCTY HEOOXOIMMO YUeCTb CYILIEeCTBYIOIIYI0 YCTaHOBKY B
MOJlepHM3aI MM OCBeIlleHMs.

Puc. 1. ToMCKuMI 3aneKTPOTEXHUYECKNIA 3aBOA, apXUTEKTYPHOE OCBELLEeH1e

3Hak ¥ 3HaueHue fNerenpa

= vV 7 86000 - 9.2000

: . vVl 9.2000 - 9.8000
e - =0, Mouan oo 5. ?0 ?figg;??gﬁgo

8 4000 - 11,
v 1 11,0000 - 116000
v 12 11,6000 - 12.2000
v 13 12.2000 - 12,8000
8 v 14 12.8000 - 13.4000
\ % v 15 13.4000 - 14,0000
N % v 16 14,0000 - 146000
R G 7 17 14,6000 - 15.2000
5 v 18 15.2000 - 15.8000
v 19 15,8000 - 16.4000
v 20 16.4000 - 17.0000
v 21 17.0000 - 17.6000
v 2 17.6000 - 18.2000
VIl = 18.2000 - 18,8000
vl 2 18.8000 - 19.4000
VIl > 19,4000 - 20.0000
VIl % > 200000
B 9 - o . > ». - > - . - - A . - - - 2 2 g ». - e - - ». -, - > A\ ﬁ
P — WG EEag=— o VT R - »

Puc. 2. PesynbTaTbl 3aMepoB OCBELLEHHOCTH NELUEXOAHON 30HbI

Taxke ObLI MPOBeNEH KAueCTBEHHBIN aHanu3 ocBemeHus. Ha puc. 3
MpeJCcTaB/ieHbl HeJOCTaTKM B OCBEIlleHMM ITapKOBOI 30HBbI.
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Puc. 3. OcBeLLeH1e NapkoBOW 30HbI

AHanM3 CyIIeCTBYIOIIEN CBETOBOIM YCTAHOBKM BbBISIBWI CJIEAYIOLINE
Mpo6JIeMbl OCBEIlleHMSI T1apKOBOW 30HBI: BBICOKAss KOHTPACTHOCTh CBeTa
(cHmkaeT KomdopT M 6€30MacCHOCTh MPOCTPAHCTBA), OCBellleHMe TOIbKO
IEHTPaIbHOM YacTy IapKa, HM3Kask BbICOTa MOHTa)Xa CBETOBBIX IIPUOOPOB U
3HAUMTEIbHbII HaKIOH IIPUBOJSIT K oc/ervisiomeMy 3hdeKTy.

Isist pelieHUs] ITaHHBIX Tpo6eM ObUT MPOBeJleH CBETOTeXHUUeCKUii
pacuert (puc. 4).

a)

Puc. 4. OcBelugHne NapkoBOM 30HbI (@), OCBELLEHNE NapKoBOW 30HbI B (OUKTUBHBIX LiBeTax (6)

[Ipy MpOeKTHMPOBAHMM KOHIIENTA IIAPKOBOIO OCBeLIeHUs 0coboe
BHMMaHMe YIeasyIoOCh MUHMMM3ALMM CBETOBOIO 3arpsi3HEHMSI, B CBSI3U C
9TMM OCHOBHOE OCBellleHle BBITIOJIHEHO C 6osimapAoB. Takke yUMTHIBAIOChH
BIMSTHME TIPOCTPAHCTBA M IIyOMHA TM0s1 3peHus [2]. st yIoB/IeTBOPeHUS
YyBCTBa 6€30MMacHOCTY B IMApKOBOI 30He B HOBOM ITpPOeKTe IpejjiaraeTcst
MIOBBIIIEHME  PABHOMEPHOCTM  OCBeIlleHMs], CO3[aHMe HeoOXOIUMOii
OCBENIEHHOCTU Ha TIPOTSDKEHMM BCETo TeleX0JHOro myTH [3].
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OcHOBHOe OCBellleHMe ITapKa pealn30BaHO C ITOMOIIbI0 CBETUIbHMKA
Diora Kengo B crielinajibHOM UcTionHeHMM. CBeTU/IBHUK TTO3BOJISIET TOOUTHCS
30HMPOBAHMSI M IIOCTPOEHMSI MapHIpyTOB. XapaKTepuCTUKU Ipubopa:
uBetoBasi Temiiepatypa 3000 K; momHocTh 4 BT; cBeToBOi mmoTok 500 jiM;
uBerornepenadya Ra80. MoIIHOCTh HOBOW CBETOTEXHUUECKOI YCTAaHOBKU IIJIST
nmapka coctaBuia 352 Br.

a) 6)
Puc. 5. CeeTtunbHuk Diora Kengo (a), KCC ceeTunbHuka (6)

O6cykgeHue
B pamKax CBeTOTEeXHMUECKOTO pacuéTa OblIM MpUMeHEeHbBI Caeayliye
IIPUHLIVIIBI [4]:

1. [MpuHimMn QYHKIMOHAJIBHON CBETOIUVIAHMPOBKMU: KaXAbIii Y4yaCTOK
paccMaTpyBaeTCs KaK OTAEe/IbHBIN CBeTOTeXHUUECKUI IIPOeKT.

2. IIpuHIUI COIIaCOBAaHHOIO pelleHNs 3JeMeHTOB FOpPOLCKON cpenbl —
urban-pu3aiiHa ¥ CBETOAM3AlHA: YTWINTApPHOE OCBellleHle OOJIKHO
BNMCHIBATbCS B XYAOXECTBEHHYIO 3aJyMKy, He paspyliasi o061ieit
KOHIIETIIVN.

3. [lpyHUIMO  KOMIUIEKCHOCTM pa3paboOTKM U  MPOrpaMMUPOBAHMS
yIIpaB/leHUsT CUCTeMaMM HapyXHOTO OCBelleHUs: Mbl IOJIKHbI
YUUTBIBATb BCE€ OCBETUTEbHBIE ITPMOOPHI B XO/I€ MPOEKTUPOBAHMSI.

4. TIpyMHLIUI MacHITabHOrO, CTUIEBOTO U 3KOJIOTMYECKOTO COOTBETCTBUS
YCTAHOBOK HapY)XKHOT'O OCBEILleHMUsI: OIOPbl OCBETUTE/IbHBIX ITPUOOPOB
ceqyeT pacCMaTpUBaTh Kak MaJible apXUTeKTypHble (OPMBbI.

IaHHble TPUHIUIIBI coracyiloTcss ¢ paboroit I.C. MaToBHMKOBa IO
MOJepHM3aL Y OCBETUTEIbHO YCTAaHOBKY [4].

BoeiBoabI

B paboTe M3yueHbl OCHOBHbIE ITPUHLIMIIBI U IIPUEMbBI aPXUTEKTYPHOTO U
YTUIUTAPHOTO OCBEIIeHUs YIuIl. PacCMOTpeHO BAMSIHME CBeTa Ha OOJIUK
ropojia, a Takke Ha ollylieHe 6e301acHOCTM 1 KOMGpOpTa IMTPOXOXKMX.
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[IpoBemeHa OIlleHKa CYIIECTBYIOIIEM CBETOTEXHMUUECKOM YCTaHOBKMU,
BBISIBJIEHbl HEIOCTAaTKM B OCBEIeHHOCTM, PaBHOMEPHOCTM U KoMmdopTe
ocBeleHys. COriacHO pe3yJbTaTaM 3aMepPOB CpeiHsISI OCBeIleHHOCTh MapKa
coctaBuiaa 17K, CpedHSISI OCBEIIEHHOCTb TPOTYyapOB BapbUpPyeTCs OT
3 1o 12 nK.

[TpoBen€H ompoc, MOKa3aBIIMii 3aMHTEPECOBAHHOCTb PECIIOHJIEHTOB B
MoOIepHM3aluM cBeTa Ha Ivtomanyu KupoBa, a Takke HaBIIMiI OLIEHKY YyKe
CYIIECTBYIOIEMY OCBEIIEHUIO.

Pa3zpaboTaHa cucTemMa Hapy>KHOI'O OCBeIlleHMsI C YYETOM HOPMAaTUBHBIX
U SCTeTUUecKuUx TpeboBaHmit. JlaHHast cucteMa siBiasgeTcs: 3¢@eKTUBHOIA,
IPOCTOV B MOHTaKe, SKCITyaTallMM M BO3MOXHA B peanmsauyn. CpeaHssi
OCBEIIEHHOCTD MapKa BbIPOC/a 10 15 JIK, cpeiHssI OCBEIEHHOCTh TPOTYapOB
coctaBuia 10 JIK, cpegHSISI OCBEIIéHHOCTD ITpoe3aoB — 20 JIK.
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NPUMEHEHUE MOZENW CYMEPEYHOW OTOMETPUN LS PACYETA
YIUHHOI0 OCBELLEHUSA

Coiu H.B., mazucmpanm; CHemxkog B.IO., K.m.H., doueHm
HauuonanwsHulii uccnedosamensckuii yHusepcumem «M3OH», 2. Mockea

APPLICATION OF THE MESOPIC PHOTOMETRY MODEL FOR CALCULATING
STREET LIGHTING

Sych N.V., master's student; Snetkov V.Yu., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

B pa6orax, omybAMKOBaHHBIX Toj Hasajn [1, 2], 6bpLI0 MpoBeIeHO
UCCIIeJOBaHMe AKTYQJIbHBIX MaTeMaTMUeCKMX Mozeljieil CyMepeuyHOM Wiu
Me3omnuueckoit poromeTrpun. B pasBuTMmM 3THMX pPaboT MbI MUCIOAb30BAIN
pe3yabTaThl pacu€Ta Me30MMUUEeCKMX BeIUUYMH B nporpamme «CBeT B HOUM».
OTa  HOBas  BepCcUsi  OTEUYEeCTBEHHOI [IporpaMMbl  TIpejJjiaraeT
MaTeMaTHM4yeCKuil ammapaT Ha OCHOBe pellleHMs] ypaBHeHMSI I7106aJbHOTO
OCBellleH!s] C MOAAepsKKOl (OTOHHBIX KapT M JIOKaJbHBIX OILIEHOK, 4TO
obecrieuMBaeT  BBICOKYID  TOYHOCTb  Pacy€ToOB  CBETOTEXHUUYECKUX
rnapameTpoB. CpaBHeHMe pe3yJbTaTOB pacuyéTa C IpeabIaylieii Bepcuen
nporpammbl  Light-in-night road (LIN) r1okasano 67M3KOoe COOTBETCTBUE
DAHHBIX YJIMYHOIO OCBEIeHMs, KOTOpble pas3jnyvaroTcsi He 6Gojsee uem Ha
1,5 %. Kpome TOrO0, MCII0/Ib30BaHMe 60Jiee MPOCTHIX allllpoKcuManuii XaHTa
[3] mst HaXOKOeHMs Me30IIMYeCKO SIPKOCTU Laj0o OT/IMYKe BCero B 3 % OT
IaHHBIX pacuéta 1o moaenu MKO MES2, mosToMy 3Ty HpOCTyio GopmyTy
BIIOJIHE MOXHO WCIIOJIb30BaTh BO MHOTMX WMH)KEHEPHbIX IIPUMEHEHMUSIX.
Ipyroii mnomxond, oOIpene/ieHus Me30MMUeCcKUX BeJIUUMH OCHOBAH Ha
MU3MEPEeHUM CKOTOMMUECKUX (HOUHBIX) BeJMUMH. Mbl BbIOpAIM CTEKISTHHbINA
ceetobmwibTp  C3C8 [4] ¥ paccuuTaqy ero TOMIIMHY [Jis UCIpaBIeHUS
CIIeKTpaabHOM  UyBCTBUTEIBHOCTM  KpeMHMeBOro  (Qoroamoma  IMO[,
OTHOCUTEJIbHYIO CIIEKTPAIbHYIO CBETOBYIO 3(P(HeKTMBHOCTb HOUYHOT'O 3pEHMSI.

Abstract

In papers published a year ago [1, 2], a study of current mathematical
models of twilight or mesopic photometry was conducted. In the development of
these works, we used the results of the calculation of mesopic quantities in the
program "Light at Night". This new version of the Russian program offers a
mathematical apparatus based on solving the global lighting equation with
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support for photonic maps and local estimates, which ensures high accuracy in
calculating lighting parameters. A comparison of the calculation results with the
previous version of the Light-in-night road (LIN) program showed a close match
between the street lighting data, which differ by no more than 1.5 %. In addition,
the use of simpler Hunt approximations [3] to find the mesopic brightness
resulted in a difference of only 3 % from the calculation data for the CIE MES2
model, so this simple formula can be used in many engineering applications.
Another approach to determining mesopic quantities is based on measuring
scotopic (nocturnal) quantities. We selected the SZS8 glass light filter [4] and
calculated its thickness to correct the spectral sensitivity of the silicon photodiode
for the relative spectral light efficiency of night vision.

Kiaiouesbie c/I0Ba: Me30mnyecKoe (cymepeuHoe) 3peHue,
OTHOCUTEJIbHAsT CIleKTpajibHas cBeToBast 3(PdeKTUBHOCTb, SPKOMEpP MJist
M3MepeHMs CKOTOIMYeCKUX BeJINUMH, YIUYHOEe OCBellleHe

Keywords: mesopic vision, spectral luminous efficiency, brightness meter
for measuring scotopic quantities, outdoor lighting

BBegenmne

Hosasg Poccuiickas nporpamma «CBeT B HOUM» IIpeJHa3HAueHa [Jis
pacyéTta M MOJEIUPOBAHUSI OCBETUTEJbHBIX YCTaHOBOK BHYTPEHHEro WU
HapY>)KHOTO (IIOPOSKHOTO, apXUTEKTYpHOro, OMUCHOTO, IPOMBbIIIJIEHHOTO,
CTIOPTUBHOTO, MY3€ifHOTO U TeIVIMYHOI0) ocBelleHus. OHa 6asupyeTcss Ha
IeCTBYIOIIUX POCCUICKNX HOpMax; yIMeeT OTeYeCTBEHHbIN
MaTeMaTMUeCKuii amnmapar MomeaupoBaHuss 3D ClleH M pacuéra
CBETOTeXHMUYECKMX I1apaMeTpOB, OCHOBAHHbLI Ha pelleHUM YypaBHEHUS
[JI06QJIbHOTO OCBeIlleHMsI C YUYETOM MHOTOKPAaTHOTO OTpaskeHus CBeTa.
Kcnosnb3oBaHue (OTOHHBIX KapT MOCTaBWIO €€ B OAUH Psifi C U3BECTHBIMMU
IporpaMMamy pacuyéra ocBelleHus. Peanusauuss JIOKQJIbHBIX OLIEHOK
IO3BOJNUT chenaTbh «CBeT B HOUM» JIMIEPOM CBETOTEXHUUYECKUX PACUYETOB.
MeTo/1 IT03BOIUT MPaBUIbHO OLIEHUBATh 3€PKAJbHbIE OTPAsKeHMS, OJIVKY JIJIsI
KaueCTBEHHO OLleHKM 00beIMHEHHOTO MToKa3aTesis auckoMmdopTta UGR.

MeToapl McciiefOBaHUA

711 TIPOEKTUPOBaHMSI OCBEIleHUS CO CBeTMIIbHUKOM GALAD T'aneon XS
LED 40Bt ObL1a BbIOpaHa mJopora Kareropum B, Kimacc obbekta B2,
4 TIOJIOCHAs A0pora >XKWJION 3aCTPOMKM B 1leHTpe ropoga (LMpuUHA MOJI0CHI
3,75 M, TIOKpBITME MeJIKO3ePHUCTOE, BBICOTA CBETOBOTI'O IIeHTPa Ha/l IT0JI0COI
— 10 m). Cucrema MES2 onucana B [1, 2] u paccuMTbIiBaeT Me30IIMYECKYIO
SIPKOCTD:
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M@m) - Vipes(D) =m-V(A) + (1 —m) - V' (D), (1)
rae M(m) — HopMmupyoias QyHKINS;
Vines(D), V (1), V' (1) — OTHOCUTEJIbHAsI CIleKTpasibHast CBeTOBas
9(pdHeKTUBHOCTD 3PUTETHHOI CHUCTEeMBbI UeJI0BeKa Py CyMepeuHOM, THEBHOM
1 HOYHOM OCBEIIIeHUM COOTBETCTBEHHO;

m — rnapamMeTp, MpuHuMaromui 3Hadenms ot 0 oo 1.

683

Lipes = m f Le,/l(/D Vines (Dda, (2)

rae Ley — crieKTpajbHas IMJIOTHOCTh SHePreTUuecKoi IpKOCTH;
IJIHA BOJIHBI Ay = 555 HM.
MeTtoayuka MKO nipensiaraet onpenensitb S/P dakTop no ¢popmyse:

780
s, _Lg/ _ 1699 f380 L o(DV'(A)dA 3
/p="/1,= 683 [°0 L, ,(D)V(D)dA ©)
380 el

rze Ly, Ly — doTonmyeckas 1 CKOTONMYECKas: APKOCTA COOTBETCTBEHHO.

VHO/  paCu€THbIl  IOAXOH, KacCajiCsd IMPUMEHEHMS  IIPOCThIX
MPaKTUYECKUX aIIPOKCUMalUA BMECTO CJI0XKHBIX MOZeJIel oIlpeneeHus
Me30IMUeCKUX BeJIMUMH uepe3 CKOTONMueckue 3HaueHus: L, u3 (GopMyJibl
(3). MbI npenoKuian CKOTOIMMUYECKYI0 IPKOCTb OCBeTUTeNs (Lyg) MOMYYUTD
u3s ero @dortonnueckoit spkoctu (L,) M KOpPpeIUMPOBAHHON IIBETOBOI

TemIepatypsl (T) 110 ypaBHEHUIO U3 MOLeIU BOCIIPUITHUS XaHTa [3]:

1/
T 3
Las = 2,26 Ly (=) — 04] )
3aTeM Vines (A) MOXKHO TIOSTYUNTD Kak cpefHee apudpMeTHUeCKOe 3HaUeHMe:
V(D)+V'(A)
Vines(1) = > (5)

HOpyroi mnopxop omnpeneieHUs Me3O0NMUYECKUX BeIMUYMH OCHOBAH Ha
U3MepeHNUM CKOTONMUYECKUX BeJUuMH. M3-3a OTCYTCTBUS OTEUECTBEHHOTO
U3MEPUTEIBHOTO IIpubopa MbI MpeijiaraeM pacuéT KOPPUTUPYIOUIUX
cBeTOQWILTPOB AJist ipuéMHMKa nsnyuenus: ®I1-9K [5], ucrpasieHHOTO o7,
V'(1). Ilo [4] BbiOMpaeM CBeTOGUIbTPDI, KOTOPble MOTYT B COBOKYITHOCTU C
YYETOM CIIEKTPAJIbHONM UYBCTBUTENBHOCTM NMPUEMHMKA OaTh MaKCUMMaJbHO
npuobmokeHHblii rpaduk Kk V'(1). beur BeIOpaH cBetodmibTp C3C8
(c mokasareneM IipejomieHus n,=1,517). JlaHHble IJIS CTEKOJ B3SIThI U3
['OCT 9411-91 [4] — puc. 1. [Ipu pacuyéte ko3dduieHTa MPOITyCKAHUS
HeoOX0IMMO YUeCTb (peHeeBCKIe TIOTepU Ha OTpaskeHue:

T= (1 B (n1—1)2>2 " Tcacs (6)
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Puc. 1. CnekrpanbHas yyscTautenbHoCTb ®1-9K (S5 (1)), OTHOCUTENbHbIE CrIEKTParbHbIE
cBeToBas 3)(HEKTUBHOCTM AN HOYHbIX ycroBuid (VS(A)), CKoppUrMpoBaHHbIN MPUEMHMK;
CcnekTpanbHbI koadduumeHT nponyckanus CP C3C8(T3cg); PO-9K*CP

KoppurupoBaHHasi KpMBasi CTpOM/Iach 1o popmye:
Ss(D) = Sl‘lpI/I6(/1) “T(4) - (),
rae c(1) — HopMupyIomuit KoagduieHT

c) =

Snpnﬁ (’1)
OIITUYECKOTI'O U3JIyUeHMSI.

JoZ8y'(1)da
f(?;s npu6’T TdA

— CIIEKTpaJibHasi OTHOCUTEJ/IbHasi YYBCTBUTEIbHOCTD HpI/IéMHI/IKa

(7

8)

HOI‘peI_HHOCTb KOppeKnoum oneHMnBaJIaCb II0 KPpUTEPUIO PA3HOCTU

IJIOIAdelA.

PesyabTaTsl

B Tab1. 1 1 puc. 2 mpuBeaeHbl pe3y/aIbTaTbl pacyéTa B IIporpaMMax.

Tab6nuia 1. HopMmupyembie U pacuéTHbIE XapaKTePUCTUKN

Hopmupyemsie | PacuéT B PacuéT B
HoKasaTejan LIN «CBeT B HOUM»

Lep, KI/M?, He MeHee 0,6 0,61 0,62
OO611ast paBHOMEPHOCTD SIPKOCTY
JOPOXKHOTO MOKpbITUS Uy, HE 0,4 0,45 0,45
MeHee
E.p, JIK, HE MeHee 10 10,2 10,28
PaBHOMEpPHOCTb OCBEIEHHOCTI
IOPOXKHOTO OKpbITUS Uj,, HE 0,25 0,39 0,39

MeHee
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0.0 02 0.4 0.6 09 1.1 | A Ka/m2
Puc. 2. PacnpeaeneHue ApkocTut B kA/M2 Ha gopore knacca B2 B CeeT-B-HOuUM

OcCHOBHBIE pacuETHbBIE TapaMeTPbl OTIUUYAIOTCS He 6oiee uem Ha 1,5 %,
T.e. IJIsl YIUYHOTO OCBEIeHUS OTIMYMSI HOBOM U IPEeXXHelM MporpaMMbl He
BbISIBJIEHbI. PaccMaTpuBaeM Halll pacuéTr, IpeXxiae BCero, Kak OIMH U3
IepBbIX PUMEPOB IIpUMeHeHMs mporpaMMbl «CBeT B HOUuM». YTO KacaeTcs
60siee MPOCTHIX ammnporcumanuit V,..(1), To Ha puc. 3 npeacTaBieHbl ITU
3aBucumocTu. Ilocmenyoommiti  pacyéT  Me30INMUYecKoi  SIPpKOCTU  C
MCIIO/Ib30BaHMEM allllPOKCUMMALIMM CKOTOIMMYECKOI SIPKOCTU OCBETUTEJISI 10
monenu Xanta (0,676) ortauuaercss oT mogeau MKO MES2 (0,695) Bcero Ha
3%.

_vp
—Vs

Vmes
--Vmeshant
Vmessr

0.8

0.6

o0.e.

0.4

0.3 0.4 0.5 0.6 07 08
ANUHAa BOJIHbI, MKM

Puc. 3. OTHocuTenbHble cnekTparbHble CBETOBbIE 3ChEKTUBHOCTM 4151 AHEBHBIX (Vp),
HOuYHbIX (VS) M Me3onuyeckux ycrnosuit oceelleHns no metoguke MKO (Vmes), no metoauke XaHTa
(Vmeshant), no cpenHemy apudpmetndeckomy (Vmessr)

Hcnonb3oBanue pacuéta Ly 13 dopmynsl (3), a 3aTeM CpeaHero
apudmetnueckoro V(A) u V'(A) sBiaseTcs rpyObIM BBIUYMCIAEHUEM U [JIS
CepbE3HBIX MCCIeNOBaHMIT He MOAXOAUT, TaK KaK Me30InMyecKas SIpKOCTb
oTinyaeTcs Ha 23 %.

Pe3ynbTaThl  pacuéTa  KOPPUTUPYIONIMX  CBETOQUIBTPOB  HJIsI
KpeMmHueBoro d¢oroauona DI-9K, umcmopasneHHoro moxg V'(A), TaKOBBI:
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TonmuHa cseTopuapTpa C3C8 — 20 MM, MOTPeIIHOCTh KOPPUTUPOBAHUS —
4 %, ocnabienyue curHaia — 5 %.

O6cyxpeHue

[IpumeHeHMe HOBOI Mporpammbl «CBeT B HOUM» LAET BO3MOKHOCTD
PacCUMUTBLIBATD JHEBHYIO SPKOCTb JOPOSKHOI'O MOKPBITUS KaK [IJISI POCCUMCKUX
IOpoT, TakK M [IJis 3apybeskHbIX. II03TOMy pas3paboTaHHBIVI paHee MeTO[,
HaxOXXIEHUSI Me30IUYECKON SIPKOCTU CTAHOBUTCSI YHUBEPCAIbHBIM. MbI
peKoMeHayeM UCIoIb30BaTh MaTeMaTuueckyo mogenb MKO MES2 [6, 1 n 2]
IS Cepbe3HbIX Hay4YHbIX paboT, rAe BaXHa TOYHOCTb. VICMoab3oBaHMe
dbopmyiibl (4), B3SITOM 13 MOeaM XaHTa, MOXKHO CUUTATh BIIOJHE YIOOHOI U
IpUeMIeMO VIS WMHXXEHEPHOU IpPakTUKU. [IpenioskeHHbI IIpuMep
CIIEKTPaJbHOM KOppeKIMM NPUEMHMKA M3TydeHUs Ioj GyHKUIMo V'(A) —
mar B JleJie CO3JaHMUSI OTeuecTBEHHOro Imipubopa [y WM3MepeHUs
CKOTONMYECKUX, & 3HAUNUT U OIpeiesleHUsT Me30IUIYeCKUX BeJIUUMH.

BrIiBOABI

[TpoBeng€HHas armpoobanys roKasasna, 4yTOo YHMBepCaabHas
oTeuecTBeHHas MmporpaMMa «CBeT B HOUM» BIIOJIHE IIPUTOHA [IJIs pacyéTa U
IIPOEKTUPOBAHUS YJIMYHOI'O OCBEIeHMsI, 3aMeHssl CTapyl0 Bepcuio. Pacuéer
Me30IIMYEeCKO SIPKOCTU Uepes MPOCTYI0 alllIPOKCUMAIMIO 10 MO/ XaHTa
II03BOJISIET €€ MCII0Jb30BaTh BO MHOTMX MH)KEHEPHBIX IMPUMEHEHMUSIX, T.K.
OTJIMUMeE OT TOYHOrO pacuéra nmo momaenu MKO MES2 coctaBuio Bcero 3 %. C
96 % TOYHOCTBIO HAaMM OCYIIECTBJIEH IIPUMEP pPacCu€Ta KOPPUTUPYIOIINX
CBETOPMIBTPOB [IJIsT BO3MOKHOI'O OTE€UeCTBEHHOrO Ipubopa, M3MepsIoIIero
CKOTOITMYECKYIO SIPKOCTb, UYTO B IMOCJAEAYIOIEeM T[O3BOJIUT II0 Hel u
(oTonmueckoit IPKOCTU OMpeIe/INTh Me30IMMUECKYIO SIPKOCTbD.
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PA3PAGOTKA KOMNbHTEPHOU YCTAHOBKH ANS UCCNELOBAHUSA
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DEVELOPMENT OF A COMPUTER SETUP FOR INVESTIGATING THRESHOLD

CHARACTERISTICS OF COLOR VISION

Surkov 1. V., Master's degree; Rybina V.A., Ph.D., Associate Professor
Vershinin A.A., Bachelor's degree; Grigoriev A.A., D.Sc., Professor
National Research University «Moscow Power Engineering Institute»,

Moscow
AHHOTanusa
B cTaTtbe mpeAcTaBieHa KOMIbIOTEpHAsI YCTAaHOBKA IIJISI MCC/IeOBaHMS
ITOPOTOBBIX XapaKTepUCTUK IIBETOBOI'O 3peHusl, BKJ/IIOUAIONIAsT

CIeIMaau3MpPOBaHHOE IIPOrpaMMHOe obecrieueHme u 10-6MTHBIIT MOHUTOP C
texHosorueit FRC (Frame Rate Control). IIpoBemeHbl KaJnMOopoBKa
06opynoBaHMs, OlleHKa  TIOTPelIHOCTel U  BKCIepUMMeHTalbHble
MCCelOBaHMSI BIMSIHUSI TMapaMeTpoB U300pakeHUi T Ha BepPOSITHOCTb
OI03HaBaHUs OOBEKTOB. YCTaHOBKA JE€MOHCTPUPYET BBICOKYIO TOUYHOCTb
U3MepeHui (CymmapHas MorpemHocTb <10 %) U MoXKeT MCIIOIb30BaThCI B
CBETOTEXHMKE, MeAUIIMHEe ¥ pa3paboTKe BU3YaJIbHbIX WHTepPQEICOB.
Pe3ynbTaThl MMOKa3bIBalOT, UTO TexHosorusi FRC 3¢(peKTuBHO UMUTUPYET
10-6uTHBIT 1BeT, obecreumMBas MUHMUMAaIbHBIN KoHTpacT 0,0027 mpu
aproct 20 Ko/M2.  DKCIEPUMMEHTBI C y4yacTMeM IMSTH Habiomaresei
MOATBEPAUIN BOCIIPOU3BOAUMOCTD JAHHBIX M COOTBETCTBUE KIaCCUUYECKUM
ucctenoBaHusIM biskysmia. Ocoboe BHUMaHME yeJleHO aHaAU3y BIUSTHUS
dbopMbl 00BHEKTOB Ha BepOSITHOCTb MX OIIO3HABaHMs, UTO pacliupsieT
MIOHMMaHMe MeXaHM3MOB 3pUTEIbHOrO0 BOCHpusTUsi. Pa3paboTaHHas
cucrteMa IpemjlaraeT SKOHOMMUYHYI  QJIbTE€PHATUBY  TPaAUIMOHHBIM
AQHaJIOTOBBIM YCTAaHOBKaM 6€e3 I0Tepy TOUHOCTYU U3MEPEHMIA.

Abstract

The article presents a computer-based setup for studying the threshold
characteristics of color vision, which includes specialized software and a 10-bit
monitor with Frame Rate Control (FRC) technology. The equipment was
calibrated, measurement errors were assessed, and experimental studies were
conducted on the influence of image parameters on object recognition
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probability. The setup demonstrates high measurement accuracy (total error
<10 %) and can be used in lighting engineering, medicine, and visual interface
development. The results show that FRC technology effectively simulates 10-bit
color, providing a minimum contrast of 0.0027 at a luminance of 20 cd/m?2
Experiments involving five observers confirmed data reproducibility and
consistency with Blackwell’s classical studies. Special attention is given to
analyzing the influence of object shape on recognition probability, expanding the
understanding of visual perception mechanisms. The developed system offers a
cost-effective alternative to traditional analog setups without compromising
measurement accuracy.

KioueBble CJI0Ba: IOPOrOBbIe XapPaKTePUCTUKM 3pEHMUS, IIBETOBOE
3peHue, KaamopoBKa MOHUTOPA, METO, IIOCTOSIHHBIX CTMMYJOB, FRC.

Keywords: vision threshold characteristics, color vision, monitor
calibration, method of constant stimuli, FRC.

BBegenmne

WccieqoBanye MOPOroBbIX XapaKTePUCTUK 3PUTEIbHOTO BOCIIPUSITUS
UrpaeT KJIIOUeBYIO PO/Ib B TaKMX 0OJACTSAX, KaK CBeTOTeXHUKa, MeOuIIMHa,
aBualuMs ¥ pa3paboTka BU3yaIbHbIX UHTepdeiicoB. TpaauiMoHHbIE
aHaJIOrOBble  YCTAHOBKM, OCHOBaHHble Ha  OITUKO-MeXaHMUYeCKUX
KOMIIOHEHTAX, TpeoyIoT CJIOKHOM HACTPOVIKU, JOPOTOCTOSIIErO
000pynoBaHMUST ¥ CIeNMaJM3UPOBAHHBIX YCIOBMIt askcrmyatauuu [1]. B
IaHHOJ paboTe IpemyiokeHa mudpoBas ajabTepHaTMBA Ha 0Oase
IIepCOHAIBHOTO KOMIIblOTepa (puc. 1), couerarwinass TOUHOCTb U3MEPEHMIT C
IIPOCTOTOM UCTIOIb30BAHMSI.

Puc. 1. YcTaHoBka Ha 6a3e nepcoHanbHOro Komnbilotepa

AKTyaJ'IbHOCTb nccien0oBaHMsAa 06YCJ'IOBJ'I€H8 H@O6X0,IU/IMOCTI)IO
p33pa6OTKI/I OOCTYIIHBIX UM TOYHBIX METOLOB WM3MEPEHUSA IIOPOTrOBbIX
XapaKTepnuCTUK 3peHud, 0COOEHHO B YUIOBUAX POCTA TpE60BaHI/H71 K
BU3YaJIbHBIM TE€XHOJIOTUSM. Henb pa6OTbI — CO3OaHue 3KCHepI/IMeHTaJ'IbH0171
YCTaHOBKM OJISI M3YUEHVSI TIMOPOTOBBIX XdPAKTEPUCTUK IIBETOBOI'O 3PeHUS C
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MCIIONIb30BaHMEM COBPEMEHHbIX KOMIIbIOTEPHBIX TEeXHOJOTUM, BK/IOYas
10-6UTHBIE MOHUTOPBI U CIIEIMATIN3MPOBAaHHOE ITPOrPaMMHOe obecrieueHue.

MeToabI McCCIegOBaHUS

OKCIlepMMeHTalbHasi  YCTaHOBKa  BK/IWOYajza  MOHUTOp  Acer
VG271UPbmipx c 10-6uTHBIM 11BeTOM (8-bit + FRC), pa3speiieHueM 2560x1440
M TIMKOBOM APKOCTBHIO 350 Ki/M2. B KauecTBe VIIPaB/SIONIETO KOMITbIOTEpa
UCIIONb30BaIcss  HOyTOyK ASUS TUF Gaming Al5 ¢ rpaduueckum
yckoputenem NVIDIA GeForce RTX 2050, ob6ecrieumBaiomyii CTaOMUIbHbIN
BbIBOJ, 10-6uTHOro curHasa [2]. s u3MepeHMit MPUMEHSJIUCH
npodeccuoHanbHbie TpUbOpkI: siprkoMep LS-100 st KanubpoBKY YCTAaHOBKMU
110 SIPKOCTM U OIlpeiesieHI s KOHTpacTa 00beKTa ¢ POHOM.

[lorpemiHOCT, M3MepeHMV BKIOUAIa ClAeAylollyie KOMITOHEHTBI:
MOrpenrHoCcTh sipkoMepa LS-100 +5% (110 HaHHBIM IIPOM3BOIMTEJIS),
MIOrPEUTHOCTh MHTEPIONSIUM MaHHBIX <1 %, HepaBHOMEPHOCTb SIPKOCTU
9KpaHa B LIEHTPA/IbHOM 30He £3 %. CyMMapHasl IOTPeIIHOCTb He IIpeBbIlaia
10 %, 4TO MOATBEPXKAAETCS IKCIIEPUMEHTAIbHBIMU TaHHBIMU.

st yIIpaB/IeHUST YCTaHOBKO¥A 6b110 paspaboTaHo
crielMaiM3MpoBaHHOe TporpaMMHOe obecrieueHyue Ha Python. IIporpamma
ucnonbsyer 6ubamorekn OpenGL u GLFW pasg TOUHOTO YIIpaBIeHUS
BBIBOJIOM M300paskeHuit, OpenCV mjist 06pabOTKM MaCOK CTMMYJIOB, a TaKkKe
Matplotlib v NumPy pjisi aHanu3a SKCIepUMEHTAJbHBIX AAHHBIX [3, 4].
[IporpaMMHOe ob6ecrieueHnue TIOAAEPKMBAET JBa OCHOBHBIX MeTO[a
ncuxopmU3nUeckKux MCCIeIoBaHui: MeTOH, ITOCTOSTHHBIX CTUMYJIOB [IJist
orpeneneHNs BEePOSITHOCTM OOHapYsKeHMs U OITO3HABaHMSI 06'b€KTOB U METO[I
MUHMMAJbHBIX M3MEHeHUI [JiS W3MepeHMs IIOPOTOBbIX 3HAUeHMUIA
KOHTpacTa 06beKTa ¢ GOHOM.

MeToguka 5KCIIEPUMEHTOB BK/IIOUaJa HECKOJIbKO 3TanoB. Ha mepsBom
sTare MpoOBOAMIACH KaJMOpOBKA MOHMTOpA, BKJIIOUABINAS M3MepeHue
SIPKOCTU 3KpaHa MOHMUTPA B pekuMax Trpafaiuii ceporo u otaesibHbiX RGB-
KaHaJIOB, a TaKKe OLIeHKY HEepaBHOMEPHOCTU SIPKOCTU 3KpaHa, KOoTopasl He
npeBbllIAJIa 3 % B ILEHTPaJbHOV 30He. Ha BTOpOM 3Tame MNPOBOAUINUCH
9KCIIEPMMEHTBI C YUACTUEM IISITU HabIIoAaTeseil ¢ HOpMaJIbHbIM 3peHueM. B
UCCIIeIOBAHUSX UCIIOb30BAIUCh CTUMYJIBI C YIVIOBBIMM pa3Mepamy OT 2 [0
18 MMHYT, YTO MO3BOJWIO U3MEPUTH BEPOSITHOCTh OMO3HABAaHMS OOBEKTOB
IIpU pasIMUHBIX 3HAUEHMSIX KOHTpacTa oObekTa ¢ ¢oHOoM (puc. 2). Bce
HabofaTe M Tmepes, OCHOBHBIMU 3KCIIepMMEHTaMM TPOIUIN CIielUa/IbHYIO
TPEHUPOBKY I10 METOIMKE MPUHYAUTEIbHOIO BbIOOpa I MUHMUMMU3AILUA
BJIUSIHUSI CYObEKTUBHBIX (PaKTOPOB.
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1. Ksaapar 2. Co 3. Kpecr 4. TpeyroisHuk 5. luck
Puc. 2. Mpumepsb! cTUMYroB

PesyabTaThl

Kann6poBka o60pymoBaHMs MOoKasajia BbICOKYI0 TOUHOCTh M3MepeHMUiA.
MMHMMAaJIbHBIN KOHTPACT, HOCTVKUMBIN Ha ycTaHOBKe, coctaBmi 0,0027 ripu
aproct 20 KI/M?, UTO COOTBETCTBYET TPeGOBAHMSM ISl VCCIeLOBaHMSI
MTOPOTOBBIX XapaKTEPUCTUK 3peHus. [IorpentHOCTh u3MepeHus SIPKOCTU He
npeBbIIIaia 5 %, obecrieunBast JOCTOBEPHOCTDb SKCIIEPUMEHTATbHbIX JaHHBIX.
i TIOATBEPKOEHMS TOUHOCTM WM3MepeHUil OblT TPOBeNEéH pacyéT
norpemHocrtein: npu KoHTpacte 00,0027 mnorpemHocTts coctaBwia 0,0003
(11 %), a nns moporoBoro koHTpacta 0,008 — He 60mee 0,001 (12,5 %). ITn
3HAUEeHMS TIOJTHOCTbIO COOTBETCTBYIOT TpebOBaHMSIM MCUXODU3NIECKUX
ucciemoBaHuit. BakHbIM — aclekTOM  KaJMOPOBKM CTajlo U3MepeHue
CIIEKTPaJIbHBIX XapaKTEPUCTUK MOHUTOPA. BbUIM TMOTydeHbl CIIeKTpaibHbIe
IJIOTHOCTY 3HEPreTUUEeCcKOil CBEeTMMOCTM IJjisi Kakgoro RGB-kaHaia, 4TO
MIO3BOJIMJIO TOYHO HACTPOMUTH 1[BeTOIlepenauy ycTaHOBKM. Ocoboe BHUMaHMe
yIeIsIoCh CTaOMIBHOCTM KOOPAMHAT I[BETHOCTU «Oeyioro IiBeTa», KOTOpble
OCTaBaNCh HEM3MEHHBIMU NPU BapbUPOBAHUM SIPKOCTHU IKpaHa.

OKCIIepUMEHTa/IbHbIE MCCIe0BaHMs MMPOJEMOHCTPUPOBAIN BBICOKYIO
3¢ deKTUBHOCTh paspaboTaHHO ycTaHOBKM. I[Tpy KoHTpacte 0,15 u yrmmoBom
pasMepe CTUMY/IOB 18 MUHYT HabIOAATENN AEMOHCTPUPOBAIU BEPOSITHOCTD
MIpaBWILHOTO OII0O3HAaBaHMsI 00BEKTOB B AuamnaszoHe 85-91 %. Iloporosbiit
KOHTpPACT, COOTBETCTBYIOIIMIT 50 %-HOi BEPOSITHOCTU OOHApYKeHUS, JIs
Kpymioro crumyia (aucka) cocrasui 0,008+0,001, 4To XOpOIIO COTIACyeTCs C
KJIaccuueckumm AJaHHbIMM Biiakyanmna [5]. VIHTepecHble pe3ynabTaTbl ObLIN
MOJIyUYeHbl TIPY aHaIu3e BIUSHUS (HOPMbI OOBEKTOB Ha BEPOSITHOCTh UX
omno3HaBaHus. HabmogaTenn 3HAUMTEIbHO Jyullle paclio3HaBajau ITPOCTbIe
reomeTpuyeckue Gopmbl, TaK1e Kak KBaJapaT U AUCK, 10 CpaBHEHUIO C bosiee
CIOKHBIMUM (GUTYypaMyu — KPeCcTOM UM TPeyroibHMKOM. JTO MOATBEpXKIaeT
M3BeCTHbIe B IMCUX0pM3uKe 3aKOHOMEPHOCTY O 3aBUCMMOCTU OIIO3HaBaHUS
OT CJIOSKHOCTY 3PUTE/IbHOIO CTUMY/Ia (puc. 3-5).
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Puc. 3. 3aBucumocTb cpeaHux no NATK HabrogaTensam BepPOSATHOCTEN ONo3HaBaHNA Aucka B nape ¢
apyrumu obwektamu (QFsf Disr, OTrV Disr; AFsf Fsf, FsfTrV Fsf, FsfTrV TrV, OTrV TrV) us
coBmecTHoM Habope (OFsfTrV Disr, FsfTrV Fsf, AFsfTrV TrV) oT koHTpacTa 06beKTOB ¢ )OHOM
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Puc. 4. 3aBUcMMOCTb CpeHUX Mo NATK HabnopaTensm BeposTHOCTEN ono3HaBaHus Fsf B nape ¢
apyrumun obwektamm ([Fsf Disr, ATrV Disr; AFsf Fsf, FsfTrV Fsf; FsfTrV TrV, ATrV TrV) ns
coBmecTHoM Habope (OFsfTrV Disr, OFsfTrV Fsf, OFsfTrV TrV) oT koHTpacTa 06bekToB ¢ POHOM
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Puc. 5. 3aBMCMMOCTb CpeaHmMX Mo NATH HabnogaTensam BEpOSTHOCTEN Ono3HaBaHus TreugV B nape ¢
apyrummn obwektamm ([Fsf Disr, ATrV Disr; AFsf Fsf, FsfTrV Fsf, FsfTrV TrV, ATrV TrV) n e
coBmecTHoM Habope (OFsfTrV Disr, OFsfTrV Fsf, FsfTrV TrV) oT koHTpacTa 06bekToB ¢ POHOM
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Bce usmepeHMs NpOBOAWINCH B CTPOrO KOHTPOJIMPYEMBIX YCIOBUSIX.
SpkocTh (oHa TMomHepsKMBasach Ha ypoBHe 20 Ki/M?, UTO COOTBETCTBYET
YCJIOBUSIM IHEBHOTO 3peHMs1. Kaskiplit HabmogaTe b BbIIOAHIWT He MeHee 200
npenbsBAeHUi O  KaXAOro Tula CTUMYJIOB, UYTO 006ecIeumso
CTaTUCTMUYECKYI0 3HAUMMOCTh pe3ynbTaToB. Ocoboe BHMMaHME YIessyioch
PaBHOMEPHOCTU OCBElIeHMsI TeCTOBOM 30Hbl — M3MepeHus MoKa3aiu, UTo B
IIeHTPaJIbHO 061acTK 3KpaHa (IuamMeTpoM OKoiI0 30 cM) HepaBHOMEPHOCTD
SIPKOCTM He MpeBbllIana 3 %. ITO rapaHTUPOBAIO, UTO BCe HabIomaTenu
paboTany B OJMHAKOBBIX YCJIOBUSIX BU3yalIM3alu CTUMYJIOB.

Oo6cykaeHue

HccnepoBaHue  TPOCTBIX  TeoMeTpuueckux  GopM  SIBJISIeTCS
dbyHIamMeHTaIbHBIM [JI1 MTOHMMAaHMSI 6a30BbIX MeXaHM3MOB 3PUTETbHOTrO
BOCIIPUSTUSL. DTU CTUMYJbI MO3BOMSIOT UCKIIOUUTD BINUSIHME KOTHUTUBHBIX
(dakTOpOB, CBSI3aHHBIX C OIO3HABaHMEM CJIOXKHBIX OOBEKTOB (Halpumep,
OYKB), M COCPeIOTOUYMTHCS HA T[OPOTOBBIX XapaKTePUCTUKAX 3PeHMs.
PesynbTaThl CIy>KaT OCHOBOM IJisg Ja/JbHEMIINX MCCIeNoBaHUI C Ooiee
CJIOKHBIMU CTUMYJIAMM.

PaspaboTaHHasi ycTaHOBKa oOecIleuyBaeT TOYHOCTb M3MepPeHMId,
COTIOCTaBMMYIO C aHaJOTOBBIMM CUCTeMaMu, Onaromaps TNpUMeHeHUIO
texHomoruu FRC pna wumutanum 10-6MTHOro I1iBeTa. ODTO IIO3BOJISIET
UCCIeN0BaTh IIOPOTOBble  XApaKTEePUCTUKU 3PeHUsS C MMUHUMAJIbHBIM
KoHTpactom 0,0027.

OCHOBHBIE OTrpaHMYEHMs] BKJIIOUYAIOT HEPAaBHOMEPHOCTb SIPKOCTU
9kpaHa (o 309 1o KpasgM) UM MHAUBUIAYAJIbHbIE pasiMuUsg MeEXIY
HabmogaTeassMu. Jj1st MoyueHus TOCTOBEPHBIX Pe3YIbTaTOB SKCIIePUMEHTHI
MIPOBOAWINCH TOJABKO B I[EHTPAJIbHOI 30HE JKpaHa C ydacTUeM IISITU
UCIIBITYEMBbIX.

[lepcrieKTMBBI ~ pa3BUTUS  CUCTEMbI  BK/IIOUAIOT  [pOBeJeHMe
MCC/IeIOBaHMIT TI0 OMO3HABAHMIO IIBETHBIX OOBEKTOB Ha I[BETHBIX (poHAX U
paciiupeHye Habopa OIMO3HAaBaeMbIX CTMMYJIOB. DTU yCOBepIIeHCTBOBaHMUS
MTO3BOJISIT M3Y4aTh HE TOJBKO IMOPOTOBbIe XapaKTePUCTUKM, HO M MEXaHU3MbI
3PUTETbHOTO BOCIIPUSTHUS B YCTIOBUSIX, ITPUOIVDKEHHBIX K peaIbHbIM.

BriBOABI

KoMmmbpioTepHasi yCTaHOBKA  00eCIIeUMBAaeT  BBICOKYI0  TOUYHOCTD
MUCC/IeOBAHUI ITOPOrOBBIX XapaKTEPUCTUK L[BETOBOIO 3peHMs (IIOIPEITHOCTD
<10 %) u npeBOCXOAUT TPaOUIIMOHHbIE aHAJIOTOBbIE€ CUCTEMBI IO IIPOCTOTE
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MCITOJIb30BAHMS M CTOMMOCTH. Pe3ynbTaTsl paboThl MOTYT OBITH ITPUMEHEHBI
B CBETOTEXHMKe M pa3paboTke BU3Yya/lIbHbIX MHTEP(EiicoB.
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NPOEKTUPOBAHME OCBELLEHWA ANSA CNAGOBUAALLUX NOCETUTENIEN
B 3AJIE MY3EA

Typuanunos H.B., cmydenm; Kucmenéesa A.B., cmapuiuii npenodasameis
HauuonansHulil uccnedosamensckuii ynusepcumem «MD3H», 2. Mockea

DESIGN OF LIGHTING FOR VISUALLY IMPAIRED VISITORS
IN A MUSEUM HALL

Turchaninov N.V., student; Kisteneva A.V., senior lecturer
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

B paboTte mpeacTaB/ieHbl 0COOEHHOCTM ITPOEKTUPOBAHMSI OCBEIeHMS
IJISl CTabOBUISIINX TTOceTUTeNelt B 3ae My3ess «Orau MockBbel». [IpoBenéH
aHaIu3 JINTePATypPHBbIX [OAHHBIX, TO3BOJSIONIMII BBIAEINUTb HECKOIbKO
KII0UeBBbIX OCOOEHHOCTeN M peKOMeHalnii, KOTOpble MOTYT ObITh MOE€3HbI
IJsT co3maHus KOM@OPTHOI M MAOCTYIHOM cpenbl Ijisi IIOCETUTEeNei ¢
HapymeHussMu  3peHus. C  y4éTOM HOpPMAaTMBHBIX TpeOOBaHMII U
MIPAKTUUECKOTO OIThITa OBbUIM IIPENJIOKeHbl PEKOMEHAAIUM TI0 CO3TaHUIO
OCBeIlleHUS ST CaboBUAsIMX. [IpOeKT OcCBellleHMsI BBIIIOJIHEH C YUETOM
apXUTEKTYPHBIX OCOOEHHOCTel 3maHusl M TpeOOBaHMII K CIaOOBUASILVM
nocetutensM. C  TMOMOIIbID  CUCTeMbl  YIOpaBAeHUS  IIPeIJIOKEHbI
yIipaBJisieMble ¢ IIepeHOCHOTO IIaHIlleTa Un TejedpoHa CBETOBbIE ClieHapUH,
obecneunBalole KoMmPopTHOe U MPUITHOE ITpeGbIBaHME B My3ee.

AKTYasnbHOCTDb JAHHO TeMbI 3aK/II0UaeTCsl B HEOOXOAMMOCTY CO3AaHUS
6osee MOCTYIHOI Cpelibl, CIIOCOOCTBYIOIIEN KyJAbTYpHOMY OOMEHY U
MHTETrpaIUy JIOAei ¢ pa3HbIMY IOTPEOHOCTSIMY B OOIIIECTBEHHYIO SKM3Hb.

Abstract

The paper presents the features of designing lighting for visually impaired
visitors in the Moscow Lights Museum Hall. A large number of literary articles
and electronic resources have been analyzed. An analysis of literature data is
carried out, which allows us to identify several key features and
recommendations that can be useful for creating a comfortable and accessible
environment for visitors with visual impairments. Taking into account regulatory
requirements and practical experience, recommendations for creating lighting for
the visually impaired were proposed. The lighting project was made considering
the architectural features of the building and the requirements for visually
impaired visitors. The use of a lighting control system made it possible to use
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scenarios controlled from a portable tablet or phone, ensuring a comfortable and
pleasant stay in the museum.

The relevance of this topic lies in the need to create a more accessible
environment, promoting cultural exchange and integration of people with
different needs into public life.

KnoueBsie «10oBa: cinaboupsiime, Myseit «Orum  MOCKBBI»,
MHK/II03MBHOE OCBellleHe, CCTeMa YIIpaB/eHMsI OCBellleHreM

Keywords: for the visually impaired, the Moscow Lights Museum, inclusive
lighting, lighting control system

BBegeHue

B coBpeMeHHOM O0OIecTBe BCE OOMbIe BHUMAHUSI yOesseTCs
CO3MaHMI0 MHKIIO3MBHOM  Cpenbl, KOTOpass obecreuuBaeT paBHBIE
BO3MOXHOCTM [JIsI BCeX JIIOAeil, BK/IKUasl TeX, KTO MMeeT OrpaHMYeHUsl 110
3g0opoBbio. ITo manHbiM BO3 B Mupe K CI1abOBUIOSIIMM MOSKHO OTHECTU
npumepHo 124 muanmoHa yenoBek [1]. CraboBuasIIMe JIOIU CTaTKMUBAIOTCS
C TPYOHOCTSIMM TIpU TOCEIIeHUM My3eeB, KOTOpble TPaAULIMOHHO
OpPUMEHTMPOBAHbI Ha BU3yaJibHOE BOCIIpUsiTHE. [IpoeKTupoBaHMe OCBelleHMs],
VUMUTHIBAIOIIETO MX IIOTPEOHOCTM, CIIOCOOCTBYeT MX BKIIOUEHUIO B
KY/JbTYPHYIO XXU3Hb U JIeJIaeT My3eu 60Jiee JOCTYITHbIMMA.

My3seit «OrHM MOCKBBI», IIOCBSIIIIEHHBIN UCTOPUN OCBellleHMsT MOCKBBI,
paspabaTbiBaeT IIPOEKThI IO aJalTaliMy OCBEINeHMs ISl CIa0OBUISIINX,
YTOOBI C/Ie/IaTh CBOM IKCHO3UIIMM NOCTYITHBIMM [IJisI BCeX ToceTuTesnein [2].
Iasg  sTOoro My3eil  MUCIOAb3yeT KOMOMHAIIMIO  eCTeCTBeHHOIO U
MCKYCCTBEHHOTO  CBeTa, co3maBasi KOMAQOPTHYIO  cpedy, KOTOpas
MMUHUMM3UPYET OAMKM U TeHM, 3aTPyAHSIONIME BOCIpUSITHE  IJIS
craboBuasiyx. OcBelleHre UrpaeT KJIIOUEBYIO poiIb B CO3MaHMUM aTMocdepbl
myses. [Ins 1aboBUASIIINX IIOCETUTEese BasKHO, UTOObI CBET He TOJbKO
obecrieunBaga BUAMMOCTb, HO M C€O3JaBajl KOMGMOPTHYIO 3MOIMOHAIbHYIO
cpemy, ClIOCOOCTBYS JTYUIIIeMYy BOCIIPUSITUIO KCIIOHATOB.
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6)
Puc. 1. ®otorpadum Tpéx 3anos myses «OrHn MockBbl»: @ — 3an Ne 1 «McTopus oT NyunHbl fo
KepocuHoBOro hoHapsi»; 6 — 3an Ne 2 «a3oBble hoHapuy; 8 — 3an Ne 3 «/cTopus anekTpu4eckoro
OCBELLEeHMSY

Ilenpl0 maHHOI PabOThI IBJISETCSI pa3padOTKa CUCTEMbI OCBEIeHMS,
KOTOpast He TOJbKO COOTBETCTBYET HOPMATUMBHBIM TpeOOBAaHMSIM, HO WU
VUUTbIBAET OCOGEHHOCTM  3PUTEJBHOTO  BOCHPUSTUS  CJIaOOBUISIINX
IIOCEeTUTEeJIeN.

MeToapbl

It MOCTVKEeHMS TIOCTABJIEHHOM LIeJM ObLT IMPUMEHEH KOMILIEKCHBIN
[OOXO0[, BK/IIOUAKIINI aHATUTUIECKUI, SKCIIEPUMEHTAIbHBIN ¥ MTPOEKTHBIN
aramnbl. Ha aHamuTHMUeCKOM 3Tare MpOBOAMIOCH U3yUeHUe MeKIYHAapPOLHbBIX
M POCCUICKMX HOPMATUBHBIX HOKYMEHTOB. B Xome Haleil paboThl ObLI
npoBeféH cpaBHUTENbHBIN aHann3 'OCToB u CII [3-5] ¢ menblo onpeneneHus
peKOMeH AL IT0 CO3JAHMIO OCBEIeHMSI IS C/Ta00BUISIINX.

Tabauna 1. HopMupyemble 3HaueHMs ITapaMeTpPOB 06IIero OCBeleHMs
PasIMUYHBIX TOMeEIeHIT My3€eeB

HaumeHoBaHue E,, He U,, He UGR, ne R,, He K,, He
IIOMeIIeHUSI MeHee,JIK | MeHee 6oiee MeHee 6oiee, %
OKCIO3UILIMOHHbIE
3 30 0,50 22 85 5
3aJIbl
JleCcTHUIIBI 50 0,40 — 80 —

CormacHo T'OCT P 59602-2021 «TakTwibHO-BU3yaJbHble CpenCcTBa
MHGOPMUPOBAHUS U HABUTALIMU [IJISI MHBAIUAOB MO 3peHMio» 1m.5.3.2.3 [5].
VpoBeHb OCBEIIEHHOCTU MOJisi TaKTUJIbHO-BU3YaJbHOM CXeMbl [TOJIKEH
HaxonuTbes B nuanasoHe oT 100 mo 300 ak. i mHGOpMalMOHHBIX CTEHIOB
ot 150 mo 300 nk. OcBelnieHMe MODKHO OBITh PABHOMEPHBIM U UCKJIIOUATh
o6pa3oBaHMe OJUKOB.



TpeboBaHMSI TIO OCBellleHUIO B My3esX, UCXOAs M3 Tabauilpl 1, He
MOAXOOUT IIJIT CJIaOOBUASIINX, TIOITOMY YUMUTHIBAsi TpeOGOBaHMS IJISI HUX U
TIOBbIIIAS CpeJiHee 3HauUeHue I OCBellleHMsI BUTPUH U Tab/inuek B Ba pasa,
ObLIO TIPUHSITO pellleHMe B KauyecTBe IieJIeBbIX ITOKa3aTesieil BbIOpaTh
TOPU3OHTAJIbHYIO OCBEIIEHHOCTbh Ha YPOBHE II0JIa IPU OOIEM OCBeIeHUMU
okono 150-200 1k, Ha crtymeHsx JjaectHul, 250-300aK 17 6e30I1acHOro
nepenBIoKeHMs . AKIIEHTHOe OCBellleHVe B BUTPUHAX U Ha OTHeIbHO CTOSIINX
TabJIMUKAX PaCCUUTHIBAETCSI HA BEPTUKAIbHYIO OCBeIlEéHHOCTh 150-200 sk
IJIsT YETKOM YUTAaeMOCTM TeKCTa U BU3YaJbHOI'O BbIAENeHUSI BaKHBIX
97IeMeHTOB  sKkcno3uiuu. KoppenupoBaHHasi IBETOBasi TeMIlepaTypa
BbiOpaHa 4000 K, Tak Kak McciieoBaHMs MTOKa3bIBAIOT [2], UTO OOIBIIMHCTBO
C1a60BUASIINX ToceTUTeen MpeAIouYnTaoT oCBellleHNe C
KOppe/JIMpOBaHHONM  1BeTOBOM  Temmepartypoir 4000 K.  HHpexc
uBerornepenaun CRI MCTOYHMKOB CBeTa OJ1S1 MY3€MHbBIX KCITO3ULINIA TOJIKEH
6bITh He MeHee 85, cxoas u3 'OCT P 70835-2023 «<HopMmupyeMble 3HaUeHMST
rapaMeTpOB 0OIero OCBeleHUsT Pa3/IMUHbBIX TOMellleHiT My3eeB» [3].

AHanus nuTepaTypHbIX MCTOYHMKOB U M3yUueHMe YCIIeIIHbIX MPaKTUK
my3eeB «[apaxk», «OrHM MOoCKBbI», «JIyBp» M «Bukropum u AnapdbepTar
nmokasasim 3hQPeKTUBHOCTb TaKMX pellleHMii, KaK MHTeTrpalusi TaKTUIbHbBIX
9JIEMEHTOB C IIPOAYMaHHBIMM CBETOBBIMM pELIEHUSIMU U IPUMeHeHue
MHTe/VIEKTYaIbHBIX CUCTEeM YIIpaBJIeHUs OCBelleHueM [6, 7].

OKcIepMMeHTa/IbHbII 3Tall BK/IOUa] B CeOsl MMpoBeleHMEe CBETOBOTO
ayauTa ¢ U3MepeHNeM OCBEIIEHHOCTY B K/IIIOUEBbIX TOUKAX TPEX 3aJI0B My3esl.
B HacTosImMiI MOMEHT BUTPUHBI OCBEIEHbI C OOJbIIIO HeEpaBHOMEPHOCTHIO
ot 40 mo 1000 nKk. O6IIee ocBelleHMe KaK TAKOBOE OTCYTCTBYET U CO3[IAETCs
TOJIBKO 3@ CYET CBETA OT HEKOTOPBIX BK/II0UAEMbIX SKCIIOHATOB M YaCTUUHO OT
CBETUJIbHMKOB, YCTAHOBJIEHHBIX B BUTPUHAX. OJTO CO3[aeT OoJbllne
KOHTPAacTbl OO0BEKTOB C (OHOM, VYXYOIIAaeT BOCIPUSITME U CO3JaeT
3PUTEIbHBIN IMCKOM@OPT.

B pamkax @pOeKTHOro 3Tama ObUla paspaboTaHa KOHIIEILMS
IMHAMMUeCKOTO 00IIero OCBellleHUsI ¥ aKlleHTHOTO OCBellleHNsI, OCHOBaHHasl
Ha apXUTEKTYPHBIX OCOOEHHOCTSIX OOBEKTa M TpPeOOBaHMSX K YCIOBUSIM
ocCBeleHus Il ¢1aboBUASIINX roceTutesneir. CyTb KOHIENIIUM COCTOSUIa B
TOM, YTOOBI peann3oBaThb pasinyHbIe CBEeTOBbIE cLeHapuu,
obecreunBalomye KoMpopTHOe IpeObIBaHMe MOCETUTENEN B 3aje My3esl Ha
MIPOTSKEHUM BCEro BpeMeHM 3KCKypCuM. B nmepBble MUHYTHI IJIS CBETOBOM U
IIPOCTPAHCTBEHHONM afanTalyuy B 3aje CO34aeTCsd OCBEIEHHOCTbh Ha YPOBHE
200 51k. B 31O BpeMsi OCeTUTEIM MOT'YT OCMOTpPeTh IIOMeIlleH e, ITIOHSITh ero
reoMeTpUIO U pacIioyio)keHe OO0bEKTOB. B 3TOT MOMEHT 3KCKypCOBOJ, IaéT
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o6myo nHGopMaluio 0 3ajie U ero sKcIoHaTax. /lajee oOllee ocBelleHNe
IJIaBHO yMeHbInaeTcss A0 150 7K, UTO MOCTATOYHO MJjisI OpUEHTAluMu B
IIPOCTPAHCTBE M 0Oe30IIacHOrO IepeaBIskeHMs] B mpenenax 3ana. ITo mepe
obpalieHMss BHMMaHMs K pasAMIHbIM CTeHIAM M SKCIIOHATaM 3KCKYpPCOBOZ,
BK/IIOU@eT AaKIeHTHOe OcCBellleHMe pas3JIM4YHbIX 30H. BepTuKa/ibHas
OCBEIIEHHOCTb 3KCIIOHATOB IPM 3TOM cocTaBisieT 150-200 sk, 4YTO SIBJISI€TCS
IOCTATOUYHBIM 1S IIpMUBJI€UEeHMS] BHUMAaHMS M OoJjiee MeTaabHOTO M3yUeHUsI
9KCITOHATOB. [Ij1s1 obecrieueHuss OCHOBHOTO PaBHOMEPHOTO OCBeIlleHMsT OblIa
BbIOpaHa cucTeMa OTPaKEHHOI'O CBeTa, KOTOpas Oblla peajn3oBaHa C
IIOMOIIbIO JIMHEMHBIX CBeTWJILHUKOB € mnpokoin KCC 120 rpagycos. Takoe
oCBellleHMe SIB/IsIeTCs Haubonee KOMMOPTHBIM [JIsi BOCIIPUSTUS, TaK Kak
MIO3BOJISIET CO3JATh CBETOBYIO Cpely C OOJbIION Hojeil OTpakKEHHOI
COCTaBJISIONIEN, XOpollleil IWIMHAPUIECKON OCBEeIEHHOCTbIO, ITIOBBICUTH
HAaCBIIIEHHOCTb MTOMEIIeHMSI CBETOM, M30eXKaTh MOSIBJI€HNSI Pe3KUX TeHeil U
KOHTPAcToB [2]. [ aKIeHTHOIO OCBelleHUS CTeHOOB U OKCIIOHATOB
UCIIOIb3YEeTCSI CUCTEMA TIPOKEKTOPOB, PACIIONOXEHHBIX Ha IIMHOIIPOBO/IE T10
nepuMeTpy 3aia. [OMOTHUTENIBHO ObLIM MCIIOIb30BAaHbl BCTPOEHHbIE B
repusa CBeTOAMOIHbIE JIEHThI JJIs1 HABUTAIIMMOHHOT'O OCBeIleHMSI.

MogenupoBaHe  OCBETUTE/IbHOW  YCTAaHOBKM  IIPOBOOMJIOCH B
nporpamme DIALux evo.

Pe3yabTaTsl
bblIa JOCTUTHYTA peKOMeHIyeMasi OCBEIEHHOCTh ¥ PABHOMEPHOCTb:

e (CpenHsI1 TOPU3OHTAIbHAsI OCBEIIEHHOCTb HaA II0JIy BO Bpems
aganranuu B 3aie 1, 2 u 3 COOTBETCTBYeT HOPMaM U M3HAUYaJIbHOI
uenu 200 K.

e (CpenHsIsI OCBEIIEHHOCTb BO BpeMsI OKCKypcum B 3aime 1, 2 u 3
COOTBETCTBYeT HOpMaM ¥ M3Haua/IbHOI 1ean 150 Jk.

e BepTUKaAJbHAsl OCBEIEHHOCTh BUTPMH M 3SKCIIOHATOB B peXuMe
9KCKYPCUM COOTBETCTBYET HOPMaM U M3HavaIbHO 1esin 150-200 Jik.

e BbBICOKAsI pABHOMEPHOCTH OcBellleHMs1 ¢ Koadpuuymentom 0,5-0,9.
CucremMa YyIpaBieHMsI OCBellleHMsI peajM3oBaHa Ha IuiaTGopme

Casambi nns ympaBjieHUS TMOpUAHONM cuctemoit ocBemeHus: DALI+IINM.
[Tpunoxkenue Casambi paboTaeT Ha JI0O60M MOOWIBHOM YCTPOICTBE, UTO
SIBJISIETCSI CYILIECTBEHHBIM IMPEUMMYILECTBOM [JIsI 3KCKYpCOBOHA, KOTOPbI
MOXET YIIPaB/IsATh BKIKUEHMEM Pa3JIMUHBIX 30H M0 XO4y pacckasa. Cucrema
Casambi vMeeT BO3MOXHOCTb IUIABHOI pPeryJIMPOBKYU SIPKOCTU B AMaria3oHe
ot 0 mo 100 %.
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6)
Puc. 2. Busyanusauum B 3ane Ne1: @ — akLEHTHOe 0CBELLEHNE 3KCMOHATOB C NOMOLLIbIO
MUKPOTPEKOBOW CUCTEMbI; 6 — OBLLEee OCBELLEHWE W aKLEHTHOE OCBELLEHNE BUTPUH

[Ipumep peanmsany CUCTEeMbI YIIPaBIE€HUS OCBeIlleHUeM IpeICTaBIeH
Ha puc. 3.

a)
Puc. 3. Peanmsaum CUCTEMbBI yNpaBneHna: a — fneBad BUTPUHa BKNKOYEHA, NpaBad BbIKITIOYEHA,
6— npaBas BUTPWHA BKIOYEHA, NEBAA BbIKINOYEHA

O6cyRkgeHue

IToryueHHBIE pe3y/bTaThl e MOHCTPUPYIOT 3¢ GeKTUBHOCTD
MPEeJIOKEHHOTO TOAX0Ma K CO3[aHMI0 MHKIIO3MBHON CBETOBOI CpeJbl.
Ocoboro BHMMAaHMS 3aC/Ty>KMBAIOT acIeKThl (QU3MOIOTrMUeCKOi aganTalyn:
MIOCTEeIIeHHOE YBeJIMUeHNe OCBEIEHHOCTH IIPU BXOZE B My3€eii ClIOCOOCTBYeT
KOMQOPTHOI aJamnTanyu, a OTCYTCTBUE pPEe3KUX CBETOBBIX II€PEXOMIOB
CHISKAEeT 3pUTEJIbHOE YTOMJIEHME.

TexHoMOrMYeCKMe  TIPEMMYIIECTBA  BK/IIOYAIOT  MCIOIb30BaHME
CBETOOMONHBIX  TEXHOJIOTMI,  KOTOpble  00ecreuuBalOT  BBICOKYIO
9HeprosPGheKTUBHOCTb, 3KOJIOTUUECKYIO 6e30I1acHOCTb, TOUHYIO
nBeTtornepenauy (CRI > 90) 1 monaruit cpok cayk0bl 060pymoBaHMS.

BrIiBOABI
BbIMOJIHEHHBINT ~ TIPOEKT  OEeMOHCTPUPYET, UYTO  COBpPeMeHHbIe
CBETOTEXHUYECKMe pellleHUs TMO3BOJSIOT CO3[aTh B My3ee KOM@OPTHYIO U
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IOCTYIIHYIO Cpely [JisI BCeX KaTeropuit IIOCETUTeNei, BKIKYas
craboBuagIIMX. Peanusalnus MpelokeHHbIX Mep He TOJIbKO ITOBBIIIAeT
MHK/IIO3MBHOCTb KYyJbTYPHOTO IPOCTPAHCTBA, HO M CIIOCOOGCTBYeT Oosee
MTOJTHOMY BOCHPUSITUIO SKCIIO3UIINU, IeJIas My3eliHOe TTocellleHMe TTPUSTHBIM
1 MHQOPMAaTUBHBIM /151 KQXXA0TO TOCTSI.
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OMPEAENEHUE APKOCTHBIX KOIG®ULLUEHTOB HABNIOJATENEN NO
PE3YJILTATAM 3KCNEPUMEHTANbHBIX UCCAEAOBAHNA

®@eow /1.K., mazucmp; Pei6una B.A., K.m.H., doueHm;
I'puzopwves A.A., 0.m.H., npogpeccop
HauuonanwsHuliii uccnedosamensckuii yHusepcumem «MOH», e. Mockea

DETERMINATION OF OBSERVER LUMINOUS COEFFICIENTS BASED ON

EXPERIMENTAL STUDY RESULTS
Fed D.K., Master's degree; Rybina V.A., Ph.D., Associate Professor;
Grigoriev A.A., D.Sc., Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

@YHKUMS OTHOCUTEIbHON CHEKTPaJIbHON CBETOBOM 3(PdeKTUBHOCTHU
V), npunsTtass MKO B 1924 ropny, siB/IsIeTCSI OCHOBOIIOJIaralIiei B BOIIpocax
dboTo- ™ KoMOpMMETpUM, OAHAKO OTpakaeT JUIIb YCpeIHEHHYIO
YYBCTBUTEIBHOCTb Y€JI0BEUYECKOTO IJIa3a U He YUUTbIBaeT MHAUBUAYAIbHbIE
0COGEHHOCTHM 3PUTEIBLHON CUCTEeMBbI. MeXXIy TeM, pasanuus B CIIEKTPaIbHOIA
YYBCTBUTEJIBHOCTY MOTYT OBITh  OOYCIOBJAEHBI  (U3MOIOTMUECKUMMA,
reHeTMYeCKMMM U BO3pacTHbIMM (daKTopamMu, UTO [elaeT aKTyaJbHOIl
3a7avy yu€Ta IepCOHATbHbBIX 3pUTEIbHBIX XapaKTepPUCTUK. B maHHOI paboTe
npeacTaBjieHa MeETOAMKA OmpeaeneHuss WHAUBUAYAIbHBIX SPKOCTHBIX
K03 PUIMEHTOB, CBSI3bIBAIONIUX UYBCTBUTEIbHOCTM L, M u S Koab6ouek ¢
dyukumeit V(A). VccnemoBaHusi TpoBeleHbl MPU Y4aCTUM TPYHOIbl U3 7
HabO/MomarTeneii C HOPMaJbHBIM IIBETOBBIM 3peHMeM. Pa3zpaboTaHo
IporpaMMHoe obecrnieueHue B cpene MATLAB, 1O3BOJSIONIEE TPOU3BOAUTH
anmpoKCUMMAaInIo AKCIepUMEeHTaIbHbIX IaHHBIX, BbIUMC/IEHME
VHOUBUAYAIbHBIX SIPKOCTHBIX KO3(PQUIIMEHTOB, a TakkKe IIOCTPOeHMe
COOTBETCTBYIOMMX (GYHKINI CBeTOBOM 3G (PeKTUBHOCTU Viass(A) HA OCHOBE
MOJyueHHbIX  Ko3pduimeHtoB.  Takke  NpoM3BelleHO  CpaBHeHMe
UHIUBUIOYAIbHBIX QYHKUMIA Viasn(A) €O cTaHmapTHOM dyHKuuein V(A) u
BBIIIOJTHEHA OLleHKa UX BIAUSHUS HA PACUET CBETOBOTO IMOTOKA OT Pa3/IMUYHbBIX
MCTOYHMKOB.  YCTAQHOBJIIEHO, UTO  MHAUBUAYaJbHble  OCOOEHHOCTHU
3PUTEJIBHOTO BOCIIPUSITUST MOTYT BbI3bIBATh CTATUCTUUYECKM 3HAUYMMBbIE
OTKJIOHEHMSI.
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Abstract

The relative spectral luminous efficiency function V(}), adopted by the CIE
in 1924, is fundamental in photometry and colorimetry. However, it represents
only the averaged sensitivity of the human eye and does not account for
individual characteristics of the visual system. Spectral sensitivity may vary
significantly due to physiological, genetic, and age-related factors, which
highlights the importance of considering personal visual characteristics. This
paper presents a methodology for determining individual luminous coefficients
that link the sensitivities of L, M, and S cones to the standard V(A) function.
Experimental studies were conducted with a group of 7 observers with normal
color vision. Software was developed in MATLAB to approximate experimental
data, calculate individual luminous coefficients, and construct the corresponding
personalized luminous efficiency functions Voys(A) based on the obtained values.
A comparison was carried out between the resulting individual functions Vops(A)
and the standard V(A), and Vos(A) influence on the calculation of luminous flux
from various light sources was evaluated. The results show that individual
differences in visual perception can lead to statistically significant deviations in
luminous flux estimates.

KiroueBbie cj1oBa: SIpKOCTHbIe KO3(PDUILIMEeHThI, QYHKIIUM CIOKEHMUS,
(yHKIIMSI OTHOCUTETbHOI CBeTOBOI 3(pdheKTUBHOCTHU

Keywords: luminous coefficients, colour—-matching functions, luminous
efficiency function

BBegenmne

@®yukuusg V(A) sgBiaseTcs OCHOBOIIOJAramieii B Bompocax (GoTo— u
KOJIODMMETpUM, OLHAKO OHAa OCHOBAaHA Ha JAaHHBIX Hauala XX Beka U He
OoTpaxkaeT BapMaTUMBHOCTb UYBCTBUTEJbHOCTM TIJIa3 pasHbIX HabJIOmaTesei.
CoBpemMeHHble  MCC/IeNOBaHUSI  CBUINETEJLCTBYIOT O  3HAUUTE/IbHbBIX
VHIUBUIOYAJIbHBIX  pPa3IUUUIX B  CIIEKTPAIbHOM  UYBCTBUTEIbHOCTMU,
00YC/IOB/IEHHBIX TeHeTUUeCKUMM, GU3MOJOrMUeCKMMIM M BO3PacTHBIMMU
dakTopamu [1, 2]. Lleab maHHO pabOTbl — KCIEPUMEHTAIbHO OMpeneanTh

MHOUBUAYAIbHbIE SIPKOCTHBIE K03 GUIIMEHTHI HabogaTenei
(k03¢ PuILMeHTsI, Ompeeasole BKIAL KaKIOro M3 TUIIOB KOJO0UYEK B
pes3yabTUpYyIolIee BOCIIPUSITHE), pa3paboTaTh COOTBETCTBYIOILEE

IporpaMMHOe obecrieueHuMe U OIEHUTh BIUSHUE WHIUBUIYATbHbBIX
yHKUMI Viasa(A) Ha CBETOTEXHUYECKIE PACUYETHI.
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MeTo ucciegoBaHus

MeToauKa IIOJyUeHUSI CIIeKTPAJbHBIX UyBCTBUTeNbHOCTEN L, M, S
KOJIOOUeKk HabOjopareseil OCHOBaHAa Ha MaTeMaTM4yecKoil  MoJenu
IIOPOTOBOTO IIBETOBOTO 3peHus [3] C IOMOIIbIO KOTOPOii OBLIO IMOTYyUyeHO
BbIpaKeHMe:
C, :

L )=

(%) m(1) sV

780 +C3 780 780
[ Zos OO [ Zon@m@ydn | | [ Ly (W5 ()l

380 380 380

()

C2

rae

L' (\) — moporosoe 3HaueHue SHEPreTMYECKOro Ieperana spKOCTU
o6bexT - ¢QoH, C; - Cs - mnocrosgHHble Ko3dpduumentsr, L, (A) -
CIIeKTpa/ibHas IVIOTHOCTh SHEepreTMueckoii sproctu gona, (1), m(1),5(1) -
CIIeKTpa/IbHbIe UYBCTBUTEJIBHOCTU L, M, S pelienTopos.

Mertonuka nonyuenus [(1),m(1),5(1) Briodaer B ce6sl 1Ba 3Tara:

1) moJsiydeHMe MOPOTrOBBIX 3HAUEHMII Ileperiaia SHepPreTMUeCKoi SpKOCTU
MOHOXpOMaTideckoro o6bekta L™ (4.);

2) penieHue OOpaTHOV 3aauM METOJOM HaMMEHbIIMX KBaApaToB [4] 1o
HaxoxgeHnio [(1), m(1), 5(1) ¢ ucronbzosanmem Gopmysi (1).
OKCIlepuMeHTa/IbHbIE MCCIeIOBaHMSI ObIM BBIMOJHEHBI Ha YCTAaHOBKE

[5], BriTtoyatolei kKaHaibl popMupoBaHys hoHa U 06beKTa. DKCIIePUMEHTbI
MpOBOIWINChL METOAOM ellBa 3aMEeTHOrO0 OTJIMYMS TPU  y4dacTUu
HabJII0faTesneli ¢ HOpMaJbHBIM IIBETOBBIM 3PEHMEM.

Ilng  Oosee  TOUHOTO aHaiAM3a M YyOOOCTBA  Ja/ibHENIIEro
MCIIOSIb30BaHMsI, TIOJIyUeHHble TaHHbIe CIEeKTPaJbHBIX UyBCTBUTEIbHOCTEN
Kojibouek HabmiomaTesnaeil ObUIM  AlIIPOKCMMMUPOBAHBI  CAEIYIOUIMMMU
BBIPKEHUSIMMU :

_ =2, )T =2 )T
roy= f0yexpl-| B [ fayyenp) | ) L

! IGI

(=2) T

m(L) = expy— I 2)

m
2 2

A=A A=A
s = mep) - L) pogesp) | e L

s s s
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T€ Aimy, Amm, Asm — JJIMHA BOJIHBI, HA KOTOPOI (PYHKIMSI HMPUHMUMAET
MakCuMMajibHOe 3HaueHue; oy, Om, Os — IllapaMeTpbl, OIpenesaliue
nonymupuuy QyHKumin; fid) u fs(A) — QyHKUMM, paBHbIE eOUHUIIE, €C/IU
A < Apm WU A < Agm, COOTBETCTBEHHO, M HYJIIO B IIPOTUBOIIOIOKHOM C/Ty4dae.

Hanee nmias pacyera SIPKOCTHBIX KO3(pdUIMEHTOB ObLIO paspaboTaHO
nporpamMmHoe obecrnieueHue (II0) B cpeme MATLAB. Tlporpamma peliaeT
CUCTEMY JIMHENHBIX YpaBHEHUI MeTOLOM HaMMEHbLIINX KBaJIpaTOB C
MCIOJIb30BaHMEM  IICeBIOOOpaTHOM  MaTpUIlbl C  1efiblo  HalTu
Ko3pdutineHTs! B, Bm U Bs, KOTOPble MMHUMU3UPYIOT PaCXOXAeHue MeXIy
JMHENHO KOMOWHAIMe UyBCTBUTEIbHOCTEN Kobouek 1 3TaqoHHOi V(A):

VW) =B, - L) +B,, -m(W) +P, -s(h) . 3)

ITociie yero Ha OCHOBE HaMIEHHBIX SIPKOCTHBIX KO3DIUIIMEHTOB ObLIN
[IOJTyYeHbI IIepCOHaNbHbIe QYHKIMU Viasn(A) I/1S1 K&KAOTO M3 HabmogaTeneii.
WHTepdeiic mporpaMMbl M pe3yJabTaTbhl pacueTa IJjs IBYX HabogaTeseit
IpencTas/ieHbl HA puc. 1.

‘ PacueTt AapkocTHeIx koadduumenTos v V(lam) ‘ 08}

LamL LamM
380 780

Koopauxata V
(=]
o

Beta L Beta M Bets S
0.442626 0544656  0.00415427 03—
Gymma Beta

0.991536 2 ' '

Z‘*’eu@ PR LL PP L L L P L L SEPE S
Koopauxara Lam

a) 6)

Puc. 1. I'pachnuecknin nHtepdeic n pesynbtatel pabotsl MO

s HeKOTOpbIX HabJomaTe/eil HabIOmaeTCss ssBHasi HEMOHOTOHHAsI
3aBUCUMOCTb  Vian(A) OT [JAMHBI BOJIHBL. VYCpeOHEHHas [0 TIpyIe
HabmomaTeneit 3Ta (QyHKUMS uMeeT 6ojee MPUBBIYHYIO ¢GOpMYy, HO
IIOKa3bIBaeT CMellleHre MakcumyMma K 548 HMm (puc. 3).

PesyabTaTsl

B pesyabTaTe JKCIIepMMEHTAa II0 OMNpeleJeHNI0 CIeKTPaabHbIX
yyBCTBUTEIbHOCTEN L, M, S K0n60ueK, L—KOJIO0UKM ITOKa3aJIy HanOOJIbIIINiA
paszbépoc MakCMMyMOB A (OT 571 mo 610 HM). M— U S—KOJO6OUKM ObUIU
cTabwibHee, HO OTIMYINCh II0 TodaymmpuHaMm. CpenHue 3HaAUYEHMS:
Aim = 595 HM, Amm = 547 HM, Asm = 441 HM (puc. 2).
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Puc. 2. 1(A), m(A), §(1) 7 Habroaatenen 1 yecpeaHeHHbIe 3HaYEHNs! (YepHbIE NHUN)

PacuéTr gIpKOCTHBIX KO3 UIIMEHTOB MTOKasal 3HaUMTEIbHbBIN pa3dpoc
3HaAUeHMit MexAy HabIoaaTe sIMN.
cocTaBWIn Bm = 0.72, B = 0.24 u1 Bs = 0.02. OZHAKO Y OTIEIbHBIX UCIIBITYE MbIX
HabII0a/INCh pe3Kye OTKIOHeHUs (Taoit. 1).

CpenHue

3Ha4Ye€HMUdA 110 TpYIIIIe

Tabnuia 1. Pe3ynbTaThl pacueTa SpKOCTHBIX KOG OUIMEHTOB 1151 Habopa

Hab0maTenein
H1 H2 H3 H4 H5 H6 H7
Bi 0,089 0,339 0,345 0,334 0,036 0,174 0,377
Bm 0,880 0,656 0,667 0,633 0,890 0,852 0,473
Bs 0,005 0,032 0,025 0,029 0,013 0,002 0,019
z 0,974 1,027 1,036 0,996 0,939 1,028 0,869

[TonyyeHHbIe KpUBbIE Viasn(A) IJIs1 Pa3HBIX HabOHaTes e OT/IMUa0TCs
KaK I10 TIOJIOKeHUI0 MaKCUMMyMa, Tak ¥ 1o popme U HIMpUHE.

1,39

1,19

0,99

0,79

0,59

0,39

0,19

-0,01

---1

(0.e.)

\

380
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~--2 ---3 ---4
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—

680 2y HM

~~-§5 === ---7 ==VR —V

Puc. 3. Pesynbtatbl pacyeta V(M) ns Habopa Habnogatenen
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IlJist OIleHKM IPaKTUUECKOTO BIMSHUS MOJTYYeHHbIX QYHKIMIA Viuasn(A)
IJIs. KaXIoro HabsomaTess 6blia IpoBeieHa Cepusi pacueToB «CBETOBOTO»
nmotoka 20 CBeTOBBIX IIPUOOPOB.

PacueT «CBeTOBOTO» MOTOKA JjIsi KaXXIOTO HabJIIomaTesss ITPOBOAMICS

IO CTAHOAPTHOMY BbIPDa’)K€HUIO:
780

@, =K, [V,

380

Ha puc. 4 rpadpuuecku orobpaskeHo usmeHeHus motokoB 20 CII B
MIPOIeHTax MJist 7 HabomaTesnei.

BbrumcieHus oxkasasain, UYTO /ISl pa3HbIX HabmogaTesei abeKTUBHbIN
CBETOBOI1 ITOTOK MOKET OTJIMYATbCSI OT HOMMHAJIbHOI'O 3HaUeHusT Ha £12 %.
[Ipu ucmonb30BaHUM YCpeIHEHHON GYHKIMM pasdpoc cocTaBasul no 4 %.
AHanu3 1oKasaja, YTO CBETWIbHMKM C 06ojlee MIMPOKUM CIEKTPOM
IEeMOHCTPUPYIOT  MEHBIIYIO  YYBCTBUTEJBHOCTh K  BapMaTUBHOCTU
3PUTEJIBHOTO BOCIIPUSITHSI.

(DD, ,(A)dA - “4)

aon

15

10

-10

-15

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
ml w2 w3 n4dmsmu6m7

Puc. 4. PeaynbTaTbl pacyeTa OTNIMYMIA «CBETOBbIX» NOTOKOB 7 Habntoaatenei ot
CTaH4apTHOro cBETOBOro noToka 20 CBETOBLIX NPMOOPOB

Oo6cyRpeHue

[losryueHHBbIe pe3ylbTaThl YKa3bIBAlOT Ha TO, UYTO WMCIIOJb30BaHMe
ycpenHEHHOV ¢yHKUuMM V(A) B psae 3aAad MOXeT IMPUBOAUTL K
HEKOppPeKTHOJ OIleHKe CBETOBOrO IIOTOKa, OCOOeHHO B  cyuyae
Y3KOTIOJIOCHBIX ~ WIM  CIIeKTPaJbHO  HECTaHOAPTHBIX  MCTOUYHUKOB.
[IpmeHeHMe MHAUBUAYAIU3UPOBAHHBIX QYHKUMIA Viasa(A) TO3BOJISET
CYIIeCTBEHHO  TIOBBICUTH  TOYHOCTb  PAaCY€TOB UM  agalTUPOBATh
CBETOTeXHUUECKIMe pellleHNs TIo/, peabHble (pr31OoI0rNUecKe 0CO6eHHOCTHU
3PUTEIbHON CUCTEMBI.
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BriBOABI

Hcnosnb30BaHHAas MeToAMKAa UM pa3paboTaHHOe IpOrpaMMHOe
obecrieyenye mnokxasanyu 3¢QGeKTUBHOCTh B OINpeneaeHNU UHINBUIYATbHBIX
APKOCTHBIX K03 uuyenTos u pyuxumii [(1), m(1),5(1).

HanpHeitmas paboTa IIAaHMPYeTCSI B HaIlpaB/JIeHUM pacIIUPeHUs]
BBIOOpPKM HabjomaTesnei, MCCIegOBaHUM BO3PACTHOW M TeHJIEPHOI
3aBMCUMMOCTM  SPKOCTHBIX  KO3(pdUIMEHTOB, a Takke paspaboTKy
pekoMeHIanuit  IJIT  MpPUMEHEeHUsS  UHIOMBUIYAJIbHBIX  MOJejeil B
npodeccruoHanbHOM ITPaKTHUKe.
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UCCEAOBAHUE IODEKTUBHLIX KOIDDULUEHTOB OTPAXKEHUSA
KAPTUH C AUDDY3HLIM XAPAKTEPOM OTPAXKEHUSA

Denuxk M.A., cmydenm; Poiouna B.A., K.m.H., doueHm;
I'puzopwves A.A., 0.m.H., npogpeccop
HauuonanwsHuliii uccnedosamensckuii yHusepcumem «MOH», e. Mockea

INVESTIGATION OF EFFECTIVE REFLECTION COEFFICIENTS OF PAINTINGS

WITH DIFFUSE REFLECTION
Fenik M.A., student; Rybina V.A., Ph.D., Associate Professor;
Grigoriev A.A., D.Sc., Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

CoBpeMeHHbIe UCCIeNOBAaHUS MY3€iMHOI0 OCBellleHUs COCpenOTOUYeHbI
Ha MmapaMeTpax UCTOUHUKOB CBeTa M OCBETUTEJbHbIX YCTAHOBOK, TOTZA KaK
camMmu IIPOU3BEIEHUS MCKYCCTBa OCTaIOTCs HeOO0CTaTOYHO
oxXapaKTepM3OBaHHbIMM. B paboTe IpeacTaBieHa MeTOAMKA OIpeneIeHUs
CIeKTPaIbHbIX KO3(GIUIIMEHTOB OTpakeHUS KapTUH C WUCIIOJb30BaHMEM
sprkomepa LMK5 wu wuHTepdepeHIMOHHBIX GWIbTPOB. McciiemoBaHbl
ONTUYECKME XAaPAKTEPUCTUKN IIECTU KAPTUH, BBIIOJHEHHBIX B Pa3JIUMUYHbIX
XYyJIO’KeCTBEHHbBIX TeXHMKaX, B CIIeKTpajibHOM Auara3oHe oT 450 1o 690 HM.
OTpenbHble pparMeHThbl KAPTUH MUCC/IeAOBAINUCh C IPUMEHEeHMEM METOIVKU
BbIJe/IeHusT 00/acTeii IIPY IIOMOIIY IIPOrpaMMHBIX MacoK. OrmpenereHbl
00J1aCTM BO3MOYKHOTO IIpMMeHeHMsI ITOTyUYeHHbIX Pe3y/bTaToB.

Abstract

Modern research in museum lighting focuses on light source parameters,
while artworks themselves remain insufficiently characterized. This work
develops a methodology for determining spectral reflection coefficients of
paintings using LMKS5 luminance meter and interference filters. Six paintings of
various techniques were studied in the 450-690 nm range. Average and spatial
reflection characteristics were obtained, software for automated data analysis
was created.

KiaoueBble  coBa:  My3eilHOe  OCBellleHMe,  CIeKTPaJIbHBIN
K03 IUIMEHT OTpaskeHMsl, sIpkKoMep, MHTepdepeHIIMOHHbIe (UIbTPHI,
MIPOM3BEeEeHMS VICKYCCTBA.
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Keywords: museum lighting, spectral reflection coefficient, luminance
meter, interference filters, artworks.

BBegenmne

[locnegHue ucciiemoBaHUsT B 00JaCTM  My3€ifHOTO  OCBeIleHUs
AHaIM3UPYIOT  [MapaMeTpbl  OCBeIlleHUS: KOHTPACT  SKCIIOHATOB U
OKPY’KalIlero MmpoCTPaHCTBA, LIBETOBYK TEMIIEPATypy MCTOYHMKOB CBETa
(KUT), wuHpekc 1uBeronepenauu wu Opyrue xapakTepuctuku. OmHaKo
MIpoM3BeNeHsT MCKYyCcCTBA 0003HAualTCsl Jullb Kak «KapTuHa 1» win
«[leit3axk» 6e3 aHa/iM3a UX CIEKTPAJbHBIX XapaKTePUCTUK OTPaKeHUS
[1, 2, 3].

WccnemoBaHusl IOKasbIBAlOT, 4TO 3putenu ImpepnouutaroT KIT B
nuamnasoHe 4600-5100 K mj1st mpocMoTpa sKMBOIMCH, TIPU 3TOM KyJIbTypHbBIE,
a BO3MOXHO, M KaKue-TO MHbIe pasjinumus BIAMSIOT Ha IPeaIrioYTeHMs:
MOpTYyTajabCcKkue yuyacTHUKM BbIGMpaoT ~5000 K, smonckue ~7000 K [2, 3].
OnHako BCe 3TM MCCIEAOBAHUS He YUMUTHIBAIOT OOBEKTUBHbIE IMapaMeTphbl
caMMX IIPpOU3BeLeHNN UCKYCCTBA.

CoBpeMeHHbIE CIIEKTpajibHble METOAbI MO3BOJISIIOT TOYHO OIpeNesisiTh
COCTaB IUICMEHTOB B JKMBOIIMCM, W VYCIEIIHO [IPUMEHSIIOTCS Kak
XapaKTePUCTUKIM KPYITHBIX 00beKTOB Ky/JIbTypPHOTO Hacaenus [4], omHaKO OHU
He YUMTHIBAIOT MHIAMBUIYAIbHbIE OCOOEHHOCTM paciipefie/leHus MUTMeHTOB
I10 IOBEPXHOCTY KapTUH.

Ilenp wmccnemoBaHMsi — paspaboTaTb METOAUKY OIpeneaeHus
3pdeKkTMBHBIX KOIPOUIIMEHTOB OTpaskeHMs] KapTMH ¢ Iuddy3HbIM
XapaKTepOM OTpakKeHMsI [JIs OTOJHEHMSI XapaKTepUCTUKAMU OOBEKTOB
CBETOTEXHUUECKUX ITPOEKTOB MY3eifHOro OcCBellleHUsI U (HOpMUPOBAHUS
TeXHUYeCKMX MaclopTOB [IPOU3BeeHUI UCKYCCTBA.

MeToOabI MCCIIeAOBAHUS
OddexTuBHBIN KO3GPUIMEHT OTpaskeHUsI ITPOM3BOJBHOIO IIMKCeaa
KapTUHBI B CBETOBOI CHCTeMe BeJIMUMH OIpezesisieTcs o ¢popmysie:
pv(Ai) = Lu(Ai) * pr(Ai) / Lue(Rs), 1)
roe Lv(A)) — usMepeHHas IpPKOMepOM SIPKOCTb MIUKCeIa KapTUHBI;
Lwi(Aj) — u3sMepeHHas SPKOCTb 3TaJ0HA IIPU COBHALAIOLINX YCIOBUSIX

OCBeIleHMNs;

[z, LoaoWpr(DTi(DV (W da )
o) = ARGEATALT — 9(pdexTuBHBIN B Tipenmenax Al;

K03 GUIIMEHT OTPaskeHMs dTaJI0Ha;
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$10(1) — OTHOCKUTeNbHAs CIIeKTpaJbHasl MJIOTHOCTb 3HEPreTUNYecKoil

SIPKOCTU MCTOUYHMKA OCBEIIIEeHUI,

pr(1) — cekTpanbHbI KOG PUIMEHT OTpaskeHMs 3Ta/IOHa;
7;(1) — CIIeKTpaIbHbIN K03 buUIneHT MIPOITYCKaHMUS

MHTepdepeHIIMOHHOTO GUIbTPa, OTIPeIeIsIonero A4;.

YcTaHOBKA COCTOUT U3 CJIeAYIONIMX 3JIeMeHTOB (puc. 1):

Kamepa-spkomep LMK5 — puamasoH usmepeHuss spkoctu 100-
10000 xa/m?, rpemnebl IIOT'PEITHOCTU 4 %, paspelieHue
2448x2050 nmuKkcereii.

KommiekT wuHTepdepeHIIMOHHbIX GWIbTpoB — 19 @uabTpoB B

nuamnaszoHe 450-690 HM C TOAYIIMPUHONM IIOJOCHI MPOMyCKaHUST 8—
15 HM, MmakcuManbHOe nporyckaHue 70-91 %.

My3eliHbIii CBETOOUOLHBIA CBETUJIbHUK — MoOIHOCTh 20 Bt, KIT
4000 K.
OTaJIOHHBINA OTpaxkaTejlb — 32JIeMeHT ¢oToMeTpuueckoit cdepsi,

mokpbiTOii BaSO4, ¢ koadpduiimenTom orpaxkenus 0,84.

Q [ [
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Poayy (A)
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H
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Puc. 1. OneMeHTbl 1 Cxema SKCrepUMEHTanNbHO YCTaHOBKW: Kamepa sipkomep (a),
NHTEpEPEeHLMOHHbIE PUNbTPBI (B), NCTOYHUK CBETA (B), 3TaNOHHBIA 0Bpasel (r)



OOBeKThI UCCIeJOBAHUS
Bolin mcciemoBaHbl 6 00bEKTOB, B JAHHON paboTe MpMBEIEeHbI 3 U3
HJIX, CO3[@HHbIe B PA3/JIMUYHBIX TeXHMKAX:
« «Masik» — axkBapesb, pazmep 210x297 mm, ApaMaTUUYHBI MOPCKOM
rnemsax;
o «[loneBbie maku» — macrenb, pasmep 300x400 mm, KpacHble MaKyu Ha
cBeTIoM (oHe;
e «Jlom y mopsi» — maToBbIit akpwia, pasmep 400x420 MM, SIpKuUii
Cpenn3eMHOMOPCKUIA TTeli3ax.
Wccnemyemble  KapTuUHbI  obnamanu  auddy3HbIM — XapaKTepoM
OTpakeHMsI.

IIporpaMmmHOe oGecreueHue
Paspaborana mporpamma B MATLAB App Designer, peanusyiomiasi
cnemyionie GyHKIIUN:

« 3arpy3ky ¥ OTOOpaskeHMe SIPKOCTHBIX M300paskeHMil, CHSTBIX
SIPKOMEPOM Ha 3KCIIepUMeHTa/IbHOM YCTaHOBKeE;

« MHTepaKkTMBHOE BblJle/IeHME TT0JIb30BaTEeIeM ITPOU3BOIbHBIX 00JIacTell
B 1300 pa’keHUM KapTUHBI;

« Boruncinenne apdekTUBHBIX KO3PIUIIMEHTOB OTpaskeHMsI 110 hopmyJie
(1) KaK 1151 BCero o0'beKTa, Tak ¥ JIJist IPOU3BOJILHOM 00/1aCTH.

PesyiabTaThl. YcpegHEHHBIE CIIEKTpajibHbIe XapaKTePUCTUKU
00'BbEKTOB

Ha puc. 2 ™Mbl Buaum, uYrto <«Masik» WMMeeT MaKCUMaJbHbIN
K03buUIMeHT oTpaxkeHus, paBHblii 0,71, UTO 00bSICHIETCS HaIMUMeM OeJIbIX
obnacreit. «[losieBble Maku» OTJIMYAIOTCS CHIDKEHHBIMU 3HAUEHUSIMU
Koapduimenta orpakenns ot 0,17 Ha 450 am 1o 0,35 Ha 630 HM ITOCKOJIBKY
HapMCOBaHbl Ha TeMHOM TMOJJ0XKe. «JJoM y MOps» MMeeT TOXOXee
pacripefiejieHie C ABYMS MakCMMyMaMi, HO C OOJbIIMMU 3HAUEHUSIMU:
0,48 Ha 530 um 1 0,6 Ha 630 HM.

B KkauecTBe IpuMepa JIOKWIbHOTO aHaauM3a KOMIIO3UIIMOHHBIX
9JleMeHTOB TipuBeJleH ¢dparmMeHT Heba B KapTuHe «Masik», KOTOPBIi
XapaKkTepusyeTcsl JOKaJIbHBIM MaKCMMyMOM Ko3(duiimeHTa OTparkeHUs B
nuamasoHe 570-615 HM, Kak BUIHO Ha puUC. 3.

59



60

8)
Puc. 2. Pesynbtatbl 06paboTku nporpammbl YCpeaHEHHbIX KO3thPULIMEHTOB OTPaXEHNS
kapTuH: «Masik» (@), «Ionesble Makuy» (6), «omy mops» (8)

Puc. 3. PesynbTatsl 06paboTku nporpammbl KOSPULMEHTA OTPAXEHUS YaCTU KapTUHBI



Oo6cykaeHue

ITomyyeHHbIE pe3yJbTaThl IE€MOHCTPUPYIOT KOJMUECTBEHHYIO CBSI3b
MeXIy  IIBETOBOM  MAJIUTPOl  KapTMH M  UX  CIEKTPaJIbHbIMMU
XapaKTepPUCTUKAMM OTPaKEeHMS.

PaspaboTaHHast MeTOAMKa ITO3BOJISIET:

1. Co3pmaTh TeXHMYECKME IMACIIOPTa KAPTUH C yKa3aHMEM CIIeKTPaTbHbIX
XapaKTepPUCTUK IS apXMBHBIX Ilejeifl. MOHUTOPUHT COCTOSIHUS
KapTMHBI ¥ CpaBHEHME TEKYIIEro MacrnopTa C apXMBHBIM MTO3BOJIUT IIPU
MpEeBBINIEHNY OTJAMUYMII [AuarpaMM TIIOpora OTIIPaB/IsiITh ee Ha
pecTaBpaluio;

2. ONTMMMU3MPOBATh TapaMeTpbl OOIIEro OCBENIEHMUS IT0J KOHKpPETHbIe
MIpOM3BeNeHMs MCKYCCTBA, YUMTHIBAs MX OTpaskaTe/ibHble CBOVICTBA.
IIpoBOAUTH COPTUPOBKY M pacrpenegeHue KapTUH C OJU3KUMU
MAaCIIOPTHBIMM IMarpaMMaMy 110 BbICTABOUHBIM 3aj1aM;

3. IIpoBOAMTb ONTUMM3AINIO OCBETUTEIbHBIX MPUOOPOB JIOKATBHOIO
OCBEIeHMsI C 1IeJbl0 YMEHbBIIIeHMsT BPeTHOrO BO3MEVCTBUS CBeTa Ha
KapTUHBIL [Ipy OTCYTCTBMM B MACIOPTHBIX IMarpaMmax OTpaskeHMs Ha
KaKMX-TM00 [JIMHAX BOJH BCe WM3Jy4eHMe WMCTOUYHMKA Oyaer
MIOTJIONIATHCS KPACKOJ, UYTO MOXKET ITPUBOIUTD K €€ pa3pylIeHNIO.
OrpaHmyeHuss METOOMKM (IIOMMMO BbIOOpPa OOBEKTOB II0 XapaKTepy

OTPaKeHMSI) CBSI3aHbI C HEOOXOAVMOCTBIO CO3[AHMUSI HYKHBIX YCIOBUIA
M3MepeHU ¥ MUCIIOb30BaHMS CIIelMaIu3MPOBaHHOTO 060pyaoBaHMs. Bech
mpoliecc paboTsl C OTHUM 00bEKTOM, HaUMHASI OT YCTAaHOBKYM 000PYIOBaHMS
Ha CKaMbIO U IOCTMPOBKM BCeX TpebyeMbIX 3JIEMEHTOB BILIOTb 10 00PabOTKM
pe3y/ibTaToB, 3aHUMAas He 6osiee 1 yaca. Haubosblie BpeMeHHbIe 3aTpaThl
OTHOCWINCh K JTaly IepecTaHOBKM WHTep(epeHIMOHHbIX (GUIbTPOB,
KOTOpBIii B JajibHelleM MOXKXHO aBTOMaTU3MPOBATb.

[TepcrieKTUBBI pa3BUTHS BKIIOUAIOT JasibHeIIIee M3MepeHue 60IbIIero
KOJIMUeCTBA  KapTMH, HAMMCAHHBIX  Pa3IMYHBIMM  TeXHUKAMU U
MaTepuajaMM, MCCIeIOBaHMEM BJIMUSIHUS Ha CyYObeKTUBHbBIE OIEHKU
HabJIIofaTeNneii CIIeKTPOB OCBETUTE/NbHBIX NPUOOPOB TMpM HAOIIOIEeHUN
KapTMH C HEM3MEHHBbIM MacCIIOPTOM, a TaKKe ONTUMMU3AIUS ITPOrPaMMHOIO
obecreueHus [JI YCKOpPEHUSI €ro paboThl C OOJBIIMMM MacCUBaMMU
SIPKOCTHBIX M300paskeHMi1 KapTUH.

BriBOABI
PaspaboraHa ¥  3KCIEepUMEHTAJbHO  IIpOBEpeHa  MeTOIMKa
oripefeneHusi 3hPeKTUBHbIX KO3DPUIIMEHTOB OTpakeHUs KapTUH C
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UCIIO/Ib30BaHueM sipkomepa LMK5 u uHTepdepeHUMOHHbIX (UJIBTPOB B
nuamaszoHe 450-690 M. CosmaHo IIporpaMMHOe obecrieyeHyme  JjIst
aBTOMaTM3amyu paboTsl. [ToyueHbl ClIeKTPa/IbHbIE XapaKTePUCTUKY KapTUH
pasIMUHBIX TEeXHUK (aKBapesib, IacTeab, akpwia). OrpeneneHbl 006JACTH
BO3MOSKHOTO ITPUMeHEHMS TEXHNUECKOTO [TaciopTa KapTHH.
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EFFICIENCY

Ivanova A.E., student; Egoshin P.D., student; Ilyina E.I., Ph.D., assistant
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

B pabGoTe wmcciemoBaHO BIMSHME TeOMETPUYECKMX I1apaMeTpOB
(MpMHa, BBICOTA) M IBeTa BHYTpPEeHHEl) IOBEPXHOCTU aTIOMUHIMEBBIX
npodpmneit Ha KIIJT CcBeTOOMOOHBIX CBETWJIBHUKOB. AKTYaJbHOCTD
uccIeqoBaHus 00YC/I0OBIeHa IUPOKUM IIPUMEHEeHMeM TaKux Ipoduieii B
apXUTEKTYPHOM, MHTEPbePHOM I IIPOMBIIIVIEHHOM OCBEIeHUM, IIPU 3TOM
UX OIITHUYECKMEe CBOMCTBA YACTO He YUMTHIBAIOTCS IIPY ITPOEKTUPOBAHNN.

[IpoBemeH CpaBHUTENbHbBII aHAIM3 OTpaskaTeIbHOM CIIOCOOHOCTU
npoduneit ¢ 0Oenoit, cepoil M UepHO BHYTpPeHHEH IMOBEPXHOCTHIO.
BoIno/iHeHBbI 3KcIepumeHTalbHble u3MepeHusi KIIII [as  pasimMyHbIX
KOMOMHAIMIT TreoMeTpuUeckKMx IapamMeTpoB. PaspaboTaH pacuyeTHBI
KO3 GUIIMEHT i1 TPOrHO3MpOoBaHUS 3PPEeKTUBHOCTU CBETUIBHUKOB.
JTOTIOIHUTEIbHO OIleHEeHbl KpMBbIe CWJIbI CBeTa [IJIsI MCC/IedyeMbIX
KOHUryparuii.

Pe3ynbTaThl MOKa3aay 3HAUMTEIbHYIO 3aBUCUMMOCTDb CBETOBOI OTIauM
OT KOHCTPYKTUMBHBIX o0OcobOeHHOCTeii Ipoduas. IlonydyeHHble HaHHbBIE
IIO3BOJISIIOT OINTUMM3MPOBATh MPOEKTUPOBAaHME CBETWIBHUKOB, YUMTHIBAS
B/IMSIHME TeOMEeTPUUECKMX M IIBETOBBIX mHapaMeTpoB. IIpakTuueckast
3HAUMMOCTh pabOThl 3aK/II0UaeTCs B BO3MOXKHOCTM CO3HaHUSI Oojee
3(pdeKTUBHBIX OCBETUTEIbHBIX CUCTeM. Pe3yabTaThl MpeCTaBSIIOT
MHTepec IJiS IIpOM3BOJAMTEell  CBETOTEXHMKM, IIPOEKTUPOBIIUKOB
OCBeIlleHMs ¥ CIIeIIMa/IMICTOB B 00/1aCTU CBETOAVIOIHBIX TeXHOJIOTHIA.

Abstract

This study investigates the influence of geometric parameters (width,
height) and internal surface color of aluminum profiles on the luminous efficacy
of LED luminaires. The research is motivated by the widespread use of such
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profiles in architectural, interior, and industrial lighting applications, where
their optical properties are often overlooked during design.

A comparative analysis was conducted of the reflective properties of
profiles with white, gray, and black internal surfaces. Experimental
measurements of system efficacy were performed for various geometric
parameter combinations. A predictive coefficient was developed to estimate
luminaire efficiency, with additional evaluation of light distribution curves for
different profile configurations.

Results demonstrate significant dependence of energy efficiency on profile
design characteristics. The findings enable optimized luminaire design through
consideration of geometric and color parameters. The practical significance lies
in developing more efficient lighting systems, with applications for luminaire
manufacturers, lighting designers, and LED technology specialists.

KioueBble cCjI0Ba: CBEeTOAMONHBIN  Mpodwib, KO3(PPUIMEHT
IIOJIE3HOTO MENCTBUSI, CBETOOTPaKeHME, IIBET BHYTPEHHEN IMOBEPXHOCTH,
reoMeTpuuecKkye  IrapamMeTpbl  INpodwis, KpuBasi  CWIbl  CBeTa,
9Hepro3@GeKTUBHOCTh, CBETOTEXHUUECKIME XapaKTe PUCTUKM.

Keywords: LED profile, luminous efficacy, light reflection, internal
surface color, profile geometric parameters, luminous intensity distribution
curve, energy efficiency, photometric characteristics.

BBegenmue

CoBpeMeHHbIe CBETOIMOMHbIE TEXHOJOTUM TPeOYIOT KOMIUIEKCHOTO
MU3yueHUs aJlOMUHMEBBIX Tpoduieit, KOTOpble TPAOUIIMOHHO CUUTAIUCH
ML MeXaHU4YeCKMMu yeMmeHTamu. Vccinenosanus [1, 2] oATBepKAAIOT,
YTO ONTUMM3aNus MMpodwieii IOBBIIIAeT CBETOBYIO OTmauy Ha 12-18 %
[3, 4], HO Mx TapaMeTpbl M3yuyeHbl HEMOCTAaTOUHO. AKTYyaJbHOCTh PabOThI
00yc/ioB/ieHa HeBHMMaHMEM K KOHCTPYKTMBHBIM 3aeMeHTaMm [5, 6], ux
BAusiHMeM Ha 3bdekTuBHOCTh (15-20 %) [7] U HeoO6XOmMMOCThIO yueTa
poccuyickux yenosuit [8]. Lenb — yCTaHOBUTH 3aBUCUMOCTU MeEXOY
nmapaMeTpaMyu mpoduaeil U XapaKTepUCTUKaMM CBETUJIbHUKOB uYepes
n1abopaTopHbIe UCTIbITaHUS, MOepoBaHe B TracePro u CTaTUCTUUECKUIL
aHasu3. Pe3ynbTaThl MOKa3bIBAlOT 3KOHOMMYecKuit sddexkt [I] u
COOTBETCTBYIOT MUPOBBIM TeHIIeHIIUSIM 3HeprocbepesxkeHus [10], YTO BaXKHO
I7Is1 OOHOBJIEHMSI HOPMATUBHOI Oas3bl.

MeTop ucciegoBaHus
CambIlii  IIPOCTOM  CBETOOMOOHBIN  CBETWIBHUK  COCTOUT U3
CBETOIMOMHOM JIEHTBI, aJlOMUHMEBOTO Mpodwist U pacceuBaTess. Takum
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00pa3oM, CBeTOAMOIHAs JieHTa — 3TO MCTOYHUK CBeTa, a OITUYEeCKOi
CUCTEMO} TaKOTO CBeTWIbHMKA SIBJSIETCSI aTlOMMHMEBBIII Tpoduab u
pacceuBartenb. KIIJ cBeTwibHMKA OymeT 3aBMUCEeTh OT TeOMETPUM
OIITMYECKOV HUIIM: OT BBICOTHI U IIMPUHBI MPObwWIsi U OT KodpduieHTa
MIPOITyCKAaHMs paccenBaTe sl U MOXKET ObITh pacCUMTaH 110 popmyJie:

Nee = Maum X Tp, (1
rzie: e — KII/I CBeTUIIBHUKA, Ny — KILI Hytmin, 1, — KCII (Roabuiiment
CBETOMPOITYCKAHMSI pacceuBaTesIs).

B CAD-cucremax SolidWorks wn 3D Interactive Optimizer TracePro
co3maHbl 5 6a30BbIX Mopeseil mnpodwieit (cMm. puc.l) mamHoit 100 MM
¢ GUKCHMpPOBaHHOI BBICOTOM 6 MM, HO C Pa3HOIl BHYTpPeHHeN IIMPUHOIL:
or 10,55 mo 18,55MM ¢ marom 2 MM, a TakKkKe 5 06a30BbIX Mojeseit

C MOCTOSIHHOM IIMpUHONM 11,2 MM, ¢ AMama3soHOM BBICOT OT 6 OO 14 Mm
C IIarOM 2 MM.

\ (
| 1085, 150°
/ \ 7

i
Puc. 1. MNpoektuposanme npocunei B SolidWorks

Mogenu us SolidWorks n 3D Interactive Optimizer UMIIOPTUPOBaHbI B
TracePro. K xasxkgoMmy mpodwiio go6aB/ieHbl: allOMUHMEBAs CBETOAMOIHAS
iara (9x100x0,8 mm), Tpu cBetoaguona LUXEON 3030 2D Square (KOOpA.:
-25, 0, 25 MmMm), alIOMMHIMEBbIe OOKOBbIE€ CTeHKM. PacueTsl IpOBOAMINUCH HA
3-X MWUJIMOHAX JIy4eil, 10 OGHOMY MWUJIMOHY JIyuyell Ha KaKIbIi1 CBeTOOUOL,.

Puc. 2. MpoekTuposaHue B TracePro

65



WccnegoBanbl 10 mpodwieit (5 mo mupuHe, 5 MO BBICOTE) CO
CTaHAApPTHBIMM  TMapaMeTpamMu U (QUKCUPOBAHHBIM  IOJIOXKEHUEM
cBeToanonoB (2,46 mm). KIIJ paccumMTaH Ojis8 TPEX BApPMAHTOB OKPACKU
(6enasi/cepasi/uepHasi C COOTBETCTBYIONIMMM KO3bPUILIMeHTaMU OTpakKeHusT
90%/65%/10%) — 30 TecTOB, OIllEHMBAIOIINX BIUSHUE TEOMETPUU U
OTPKAIOIIMX CBOMCTB. YCIOBUS MOAEIUPOBAHUSI CTAaHAAPTU3UPOBAHBI
(cm. puc. 3).

Puc. 3. LipeTa npocpunen

PesyabTaThl

12 14 16 18
IMMPUHA ITPOPNJIA, MM

black paint gray paint ——white paint

Puc. 4. 3asucumocts K[ 0T WwinpmHbl npoduna 1 LeeTa

9 11

Beicora npoduisi, mm

black paint gray paint =———white paint

Puc. 5. 3asucumocTb K[ oT BbICOTbI Npoduns v LBeTa

V3 rpaduKkoB BUIHO, UTO IIMPMHA ¥ BbICOTA MpPOduMIs OKa3bIBaeT
BJIMSIHUE HA 1)y,,,,- BB€JeM reoMeTpmudyeckoe OTHOIIEHME IUPUHBI K BbICOTE
d/h, u mepecunuTaem 1,,, B 3aBUCUMOCTU OT d/h (cM. puc. 6). 3 rpa¢ukoB
BUIHO, uTo 3HaueHue KII/I pesko mmagaeT Mpy OTHOIIeHUM MeHee d/h<2 njis
BCeX BapMaHTOB 1IBE€TA HUIIL.
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Puc. 6. 3aBucumoctb KMNOHuwm ot d/h

Tak kak KIIJI cBeTWIbHMKA OYIET 3aBUCETh He TOJIBKO OT reOMeTpUH,
HO 1 oT KCII cBeTWIbHMKA, TOMOIHUTE/BHO MCCIeIOBaHbI MSITh TIpoduein
Pa3HO¥ MIUPUHBI U eAMHOM BBICOTHI C CEPBIM ITOKPHITHEM M JTaMOEPTOBCKUM
PMMA-pacceusatenem ¢ KCIT =70 %.

KIIJ avmu, %

2,5

KIldcB KITOamm KCII

Puc. 7. 3aBucumocts KlMcep ot d/h

W3 rpadukoB BuaHO, uTo 1ipu d/h>2 KCII nsmeHsieTcs B IuamnasoHe OT
70 mo 72 %, a Nyuyw OT 97 mo 91 %, a n., MmeHsieTcst ¢ 68 MO0 66 % (4TO
He3HauuTenbHO). Ho U3 puc. 6 MOKHO 3aMeTUTh, UTO Ijist HUIL d/h<2 Ny
ceporo 11BeTa majaaet ¢ 88 mo 63 %. Uto, cornacHo ¢dopmyiie (1), IPUBOAUT K
U3MEHEHMIO 7)., C 61 M0 44 %.

Takum 06pa3om, MMOJyUeHHbIe Pe3yIbTaThl JEMOHCTPUPYIOT UTO IJIsI
HU3KUX TMpoduneit (d/h>2) reomMeTpusi HUIIM OKa3bIBaeT HeOOJIbIIOE
Bausinue Ha KIIJ u 6osbiiee BaustHue okasbiBaeT KCII paccemBaTess.
IOnast  BbicokuMX mnipodunein (d/h<2) TrTeoMeTpusi HUIIM OKa3bIBaeT

67



cyniectBeHHOe BiausHue Ha KIII, comocraBumoe ¢ BaussHueM KCII
pacceuBaTeIs.

O6cyxpeHue

[TonyueHHbIe OaHHbIE NE€MOHCTPUPYIOT XOPOIIYI COTJIaCOBAHHOCTD C
pe3yjJbTaTaMyM MpPeAbIayIIMX WUCCAedOBaHU, HO MNpPU STOM BHOCST
yTOuHeHMsi. B  4vacTHOCTHM, BbIgBIAeHHas 3aBucumoctb  KII[ ot
reoMeTpuyeckux napameTpoB mpoduns (12-18 %) noarBepskaaeT AaHHbIe
Zhang et al. [3], ogHaKo Hallle MCC/IeOBaHMe OIMOTHUTEIbHO IOKa3alo
3HAUMTE/JbHOE BJMUSIHME I[BeTa BHYTPEHHeN IIOoBepxXHOCTH (mo 15%
Bapuaiuu 3(PEGEeKTUBHOCTM), UTO BBIXOAUT 3a pPaMKM PacCMOTpPeHMs,
npeJicTaBIeHHOTO B paboTtax Chen u Liu [5], rie OCHOBHO aKIeHT cliejlaH Ha
BTOPUYHO OIITUKE.

BosiBoabI

HccnenoBaHue II0Ka3aJi0 BaXHOCTb KOMILJIEKCHOTO IIOAX04A K
IIPOEKTUPOBAHUIO CBETOAMOMHBLIX CBETWJIBHUKOB, VYUYUTHIBAIOIIETO Kak
reoMeTpuueckue, Tak M ONTHUUECKMe IapaMeTpbl mpoduineit. llupuHa u
BbICOTa MPOdWIIst OKa3bIBAIOT CyIecTBeHHOe BausiHue Ha KIIJI cBeTHMIbHMKA.

Ing pocTtuskeHusT MakcuManabHOro KIIJ cBeTM/JIbHMKA IIBET HUIIN
IOJDKEH OBITh OeJIbIM (MMEeTb BhICOKMI KOIDPUIIMEHT OTpasKeHMsI).

It CHYOKeHUS TIOTePb U3-3a FreOMEeTPUM CBETUJIbHMKA PEKOMEHIyeTCsI
BBIOMpATh cooTHOWeHUsT d/h>2. Tak Kak mjs d/h>2 6onbimit Bkiaamg B KIT
cBeTwibHMKa BHOCUT KCII pacceuBartesisi, TO CHM)KEHME CBETOBBIX ITIOTEPb
BO3MOXHO TOJIBKO 3a CU€T 3aMeHbI pacceuBaTess, U3SMEHeHMe TeOMeTPUm
HUIIN He OKaXYT 3aMeTHOro BausHus Ha KII/I cBeTm/IbHUKA.

IIpu reomeTpum Kopiyca d/h<2 HYKHO YUYMUTBIBaThb KaK BIIMSHNE
KOpIIyca, TaK M BAUSIHUE pacceuBaTeIsl.
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AHHOTanusa

IindposBsie uM300paskeHus, Oaromapsi MHOT000pa3sMi0 YCTPOICTB
BBIBOJA M BBIMIOJIHYEMbBIX 3aa4 BOCIIPOM3BOIATCS HA PA3JINUYHBIX
YCTPOMCTBAaX — MOHUTOpAX, TeJleBU30pax, INPUHTEpax — U IIpU 3TOM
IO/DKHBI COXPAaHIThb MMHMMAQJIbHbIE BU3yajbHble pa3auuus. IOTO [ejaeT
3a7auyy OIEHKM M BOCIPOU3BEIEHUS WU300pakeHUs] C MUHUMAaTbHBIMMU
I[BETOBBIMM OTAMUYMUSIMM OCOOEHHO aKTyaJbHO! B YCAOBMUSIX MacCOBOTO
ucronb3oBaHusi MdpoBbix Meaua [1]. Llenbio maHHOI PabOThI SIBISETCS
CpaBHUTENIbHBIN aHaIN3 ABYX MoJeJeii [BeToBOro Bocupusitusi — CIE Lab [2]
u CIE CAM16 [3].

PaboTa BKJIIOUAET UYMUCIEHHYI0O 06pabOTKy IIM(PPOBOro M300paskeHMs B
obenx MoOJessiX, IlepeBOJ, I1IBETOBBIX KOOPAMHAT B COOTBETCTBYIOIINE
IIPOCTPAHCTBA, a TaKKe BBIUMCIEHMEe IIBETOBBLIX OTIMUMI C ITOMOIIbIO
€BK/IMIOBBIX pacCTOSHUI. OlleHKa MPOBOAMIACH KaK Ha YPOBHE OTIEIbHbIX
IMKceney (BK/IWOYAasg caMble TEMHBIE M CaMble CBeT/ble), TaK M IIO
yCpegHEHHBIM yUaCTKaM M300paskeHNSI.

[TonryyeHHbIe pe3yabTaThl C 3amelicTBOBaHHOM Mopnenbo CIE CAMI6
IEeMOHCTPUPYIOT YJIydllleHMe B TOUHOCTM IpeobOpasoBaHuit Graromapst
YCOBEpIIeHCTBOBAHHOM  MaTpulle  XpoMaTU4yeCcKoi  ajamnrtauuu  [4].
VccnenoBaHue TMOAYEPKMBAET BaXXHOCTb IIPUMMEHEHMSI COBPEMEHHBIX
MoJieJieil IiBeToIlepeiauy Py MOATOTOBKE M300pakeHUI IjIsT OTOOpasKeHMS
U HaMeuaeT ePCIeKTUBbI JATbHENIIero COBepIIeHCTBOBAHUS AJITOPUTMOB C
yueTom crnenuduku ICC-tipodwieii ¥ TOBBIIIEHUSI KayeCcTBa IBETOBOIA
penponyKuun. ITO AejiaeT e€ IPenIouYTUTE/IbHON B 3aJayax BU3yaJbHOI
3KCIePTU3DI, [IBETOKOPPEeKINU " KpPOCC—MeIUITHOM nepenaun
1300paskeHMUIA.
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Abstract

Due to the diversity of output devices and applications, digital images are
reproduced across various media—monitors, TVs, printers—while requiring
minimal visual discrepancies. This makes the evaluation and reproduction of
images with minimal color differences critically important in the era of
widespread digital media [1]. This study conducts a comparative analysis of two
the color perception models: CIE Lab [2] and CIE CAM16 [3].

The methodology involves: numerical processing of digital images in both
models, conversion of color coordinates into their respective spaces, calculation
of color differences using Euclidean metrics.

Evaluations were performed both at the pixel level (including darkest and
lightest pixels) and image averaged across regions.

Results demonstrate that the CIE CAM16 model improves transformation
accuracy through its enhanced chromatic adaptation matrix [4]. The study
underscores the importance of modern color models for image display
preparation and identifies future optimization avenues, including ICC profile
customization and advanced color reproduction techniques. These advantages
make CIE CAM16 preferable for visual assessment, color grading, and cross—
media image transmission.

KrnoueBbie c1oBa: l3o6paskeHue, IBeToIlepenada, TOUYKa OeJjoro,
IIBETOKOPPEKIIMSI, IIBETOBbIe IpocTpaHcTBa, ICC-mpodwin, I1BETOBBIE
pasanuust

Keywords: Image, color rendering, white point, color correction, color
spaces, ICC profiles, color differences

BBegenmne

IIBeTOBBIE pas3nInuMs B U300pakeHUM HOIKHBI ObITh MMHMMAaIbHBIMMU
IIpY er0 BOCIIPOM3BEAEHMM Ha PasHbIX YCTPOIMCTBAX, UTO TpebyeT TOUHOTO
yuyeTa XapaKTepUCTUK YCTPOMCTBA U  OCOOEHHOCTe  3pUTENbHOIO
BOCIIpUATHUSL 4enoBeka. B 2022 romy MexayHapogHass KOMMCCUS TIO
ocenieHnto (CIE) yrBepauiaa mogenb 1BetoBoro Bocnpustust CIE CAMI6,
KaK aKTyaJbHBIII CTAaHZApT B 3aJauax BU3YaJbHON OIEHKM U 00pabOTKM
U300pakeHMii, TeM CcaMbIM IIOATBEPAMB €€ aKkTyaJbHOCTb [5]. B cBoMO
ouepenb, CIE Lab sBasieTcs MCTOPUYECKO  OCHOBOI  1u¢pPpOBOit
KOJIOpUMETPUM, PpEeKOMeHAOBaHHOM B 1976 romy ™ wuMewIlnascs B
60JIbIIMHCTBE coBpemMeHHOro I10.

3amauya HacTosImeli paboThl  3aK/IIOUYAeTCSI B BBIIBJIEHUU U
KOJIMUECTBEHHOM aHa/IM3€e pa3jiMuMili B OlLlEHKE I[BETOBBIX OTIUUMIT MEXOY
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vopensvu CIE Lab v CIE CAM16 Ha nipuMepe 1u¢ppoBOro u3obpaskeHus, ¢
1[eJIbI0  OllpefieieHUs] TIPUMEHMMOCTM KaXIoi Mojeau [Ias 3ajady,
TpeOyIOLIX TOYHO BM3yaJIbHOJ Ilepeaaun IiBeTa.

MeTo[ ucciegoBaHuUs

B pamkax paboThl OBLIO CHelaHO SKCIepuMeHTajJbHOe IydpoBoe
1300pakeHMe, Ha KOTOPOM Obljla TakKe 3ameyaTieHa IBeTOBas MMUIIEHb,
nmoKasaHHas Ha puc. 1. Mi3obpaskeHne 6bUIO ITpeo6pa30BaHO U MOATOTOBIEHO
It o6paboTku rmporpammamu ¢ CIE Lab u CIE CAM16.

i aHaiM3a 06eux Mojiesieil MCIoab30Balach U3MepeHUs 1IBEeTOBOTO
otnnuus (AE), paccuutaHHasi B mpoctpaHcTBax CIE Lab u CAM16-UCS [6].
PacuéTbl TpPOU3BOAMINUCH KaK YyCpeIHEHHAs TO0 W300paxkeHuio, IO
BbIJleJIeHHbIM yYacTKaM M300paskeHusl, TaK U 10 BbIOPAHHBIM XapaKTePHbIM
MIMKCEISIM (CBETJIBIM, TEMHBIM, HACBIIIIEHHBIM).

BbliM  BBIUKC/IEHBI CpeJHME, MaKCUMMajdbHble ¥ MMWHMMAaJbHbIE
3HaueHust AE 1 o6eux mopeseii Ha BbIOPAHHBIX y4aCTKax M300paxkeHus
[7]. OTO 1MO3BOAWIO BBISBUTHL 3aKOHOMEPHOCTM M pa3auuus B OLieHKe
IIBETOBBIX OTKJIOHEHUIA.

Puc. 1. HeobpaboTaHHoe akcnepumeHTansHoe n3obpaxeHue

PesynbTaTsl
IIpuBemeHHbIe M300paskeHMs ocyie 06paboTku CIE Lab nipencTaBiieHbl
Ha puc. 2. u nocne CIE CAM16 Ha puc. 3.
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Puc. 2. M3obpaxeHune, obpaboTtaHHoe nporpammoit 3apeiicTaytowwyto CIE Lab

Puc. 3. N3o6paxenune, obpaboTtaHHoe nporpammori 3aaelicteytoyto CIE CAM16

B pamkax MpoBeOE€HHOIN pabOThl ObLIM peayM30BaHbl aJTOPUTMBI
npeobpasoBanuit B mogensx CIE CAM16 u CIE Lab c uCmojib30BaHUEM
nporpaMmMHoil  cpeabl MATLAB. bBbpuiM IIpoBelieHbl IIpeobpa3oBaHue
IIBETOBBIX KOOPIAMHAT KaXKIOIO ITMKCEeIS M300pakeHUs, UTO 06eCcreumsio
BBICOKYI0O  TOYHOCTb  aHa/iu3a, HO OJHOBPEMEHHO TOTpeboBajo
3HAYNUTEJIbHBIX BBIUMCJINTE/IbHBIX pecypcoB. s MTOBBIIIEHUS
MIPOM3BOIUTETBHOCTY aJITOPUTMbI OBLIM ONTUMMU3MPOBAHBI 110 BpEMEHM 3a
CYET BBIUMCIEHUI C MCMO0J/Ib30BaHMueM rpadudeckoro mnpoueccopa (GPU).

PaccunuTaHHble 3HAUEHMSI IIPUBEIeHbI B Ta0JI. 1.
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Tabnuiia 1. PesyabTaThl 06pabOTKM M306pakeHNst

IiBeToBble pasnuuus B CIE Lab

Obpexr | NOOPAMHATBL | (0 e AE co Mus AE | Makc AE
TKcene [X, y]
Obuee no — 34,056 7,472 0,551 | 48,269
M300paKEHIIO
Cambiit
TeMHBIN [1982, 2597] — — 0,551 —
MIAKCEJTh
Campbii
CBETJIbIN [913, 2888] — — — 16.658
IIMKCE/Ib
Vyactok RED | [3678, 1543] 27,119 1,214 17,288 30,807
YuacTok
GREEN [3787, 1545] 21.576 0,680 17.414 24,561
Vyactok BLUE| [3898, 1543] 23,697 0,981 19,919 27,814
IIBeToBbIe pasnuuns B CIE CAM16
Obuee 1o — 31,694 6,027 2,026 | 87,344
M300paKEHIIO
Cambiit
TE€MHBI [1982, 2597] — — 3,352 —
IIAKCEJTb
Cambii
CBETJIbIiA [1036, 3030] — — — 38,562
IIMKCE/Ib
YyacTtok RED | [3678, 1543] 19,376 9.831 4,752 33,990
YuacTok
GREEN [3787, 1545] 16,550 9,745 5,776 36,388
Yuactok BLUE| [3898, 1543] 18,451 9,976 5,502 37,018

Yem Hmske CO (cTaHOApTHOE OTK/IOHEHMEe) TeM 0ojiee OSHOPOIHbI
YYacTKM M MeHbllle pacxoskaeHue 1BeTa. Takum 06pa3oM, UTOObI HAXOAUTD
JIOKaJIbHbIE MMKM, KOTOPble MOTYT OBITh BasKHbI JIJISI KAUeCTBa M300pakeHMs],
Ha OCHOBe JTaHHbIX TabJ1. 1 ciemyeT ucronb3oBaTb CAMI6.

Oo6cykaeHue

YesioBeueckoe 3peHMe agalTUpyeTcs K JOMUHUPYIOIEMY OCBEIEeHUI0
B cileHe CIE CAM16 yuutbiBaeT 3TOT 3d¢eKT ¢ nomoinbio Mmomenu CATI6,
OHa KOPPEKTUPYEeT IBETOBOE BOCIIPUSITHE C YUETOM afallTalluy 3PUTENS K
UCTOUHMKY cBeTa, CIE Lab He yuMTbhIBaeT MAHHYIO ajalTalyuio — OHa
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npepronaraeT GUKCMPOBAHHYIO CTAHAAPTHYIO OCBEIEHHOCTD (00bIUHO D65),
MIO9TOMY €€ Pacy€Thl MEeHee TOUHbBI B [IepeMeHHbBIX YCIOBUSIX.

CTaTUCTUKU TI0 BCeMYy M300pakeHMIO TMOKa3bIBaeT, YTO s 006eux
mogpeneir cpegHee AE comoctaBumo (CIE Lab uyTh Bbiiie), HO y CIE Lab
60Jibllle MMHMMaJIbHbIE ¥ MeHbIIIMe MaKCHMMajbHble 3HaUeHMs, TOrAa Kak y
CAM16 oTmeuaeTcsl CyIeCTBEHHO 0ojiee BBICOKMII MaKCHMMyM. BbICOKMI1
mMakcumMym B CAM16 (=87) yka3biBaeT Ha TO, YTO CAM16 «BbISIBIISIET» YUACTKU
C 9KCTpPeMaJbHO OOJBIIMMU MEPLENTUBHBIMU PACXOXKIEHUSIMU, KOTOPbIE B
CIE Lab mornu 6bITh «CMa3aHbl» WIM HeJIOOLieHeHbl. ITO COI/IaCyeTCs C TeM,
uyto CAM16 crienajqbHO pa3paboTaHa YUYMUTHIBATbH KOHTEKCT HAOTIOAEHUS U
aJanTrauuio.

BrIiBOABI

Mogens CIE Lab ocTaéTcs MIMUPOKO MPUMEHSeMbIM CTaHIApPTOM IJIsi
OIleHKM IIBETOBBIX pas3iuumii, obecreuuBasi MPOCTOTY BHIUNUCIEHUN U
IpueMJIeMyl0 TOYHOCTb B  YCAOBUSX CTAaHZAPTHOIO  HAOIIOmEeHMUS.
IIpumenenne CIE CAMI16 103BOIsIeT 0ojiee TOUYHO YUMUTHIBATH BIMSHUE
ycJIoBUiT Hab/omeHMs, GOHOBOTO OCBEIIEeHMS U aJallTaluy HabogaTes,
YTO 1JejiaeT €€ 0COOeHHO IIeHHO B COBpPEeMEHHbBIX MYy/JIbTUMEIUMHBIX U
IeYaTHBIX CUCTeMax, IJe TpebyeTcsl IIBETOBOE COOTBETCTBME MEXIY
pa3/IMUHBIMU YCTPOCTBAMU BBIBOIA.

Ha ocHOBaHMM pacueTOB MOXHO O03BY4UuUTb, 4TO Momenu CIE Lab u
CIECAM16 pawoT cxoxue cpegHue AE 1Mo u306paskeHUI0, HO CYIIeCTBEHHO
pasnuuatorcsi mo CO Ha yuacTtkax. CIE Lab pemoHCTpUpyeT Ooiiee
OIHOPOJHbIN, «ycpedHEHHbI» mpodunb; CAMI16 — 6osee BbIpa)keHHbIE
pasnuuusi. HabaogeHus cornacyroTes ¢ 3aMmedanusimu Zhihui Liao v Lihao Xu
[8] 0 HeobxomuMocTH yunThiBaTh 3¢ deKT I'ebmronbiia—Konbpayianpu rnpu
MOIE/JVMPOBAHUM CBETJIOTbHl M SIPKOCTU — MMEHHO 3TOT 3(PdeKkT MoKeT
YCWIUTh TepUeIlTUMBHOE 3HAueHMe XPOMaTUUEeCKOM HacChIIIEHHOCTU B
CBETJIbIX 00JIACTSIX U 00bsICHSET BbicOKMe Iuku AE B CAM16.
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Kapnenko B.E., K. apx., npogpeccop; IIonomapenko H.B., doueHm
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ARCHITECTURAL AND ARTISTIC LIGHTING OF THE

PETROPAVLOVSKAYA MORTAR BATTERY IN VLADIVOSTOK
Guzenko E.V., student; Serdyuk A.A., student; Karpenko V.E., Ph.D.,
Professor; Ponomarenko N.V., Associate Professor
Far Eastern Federal University, Vladivostok

AHHOTanusa

B pabore wuccaemyioTcs TIPUHLOUIBI M METOIbl aApPXUTEKTYPHOTO
ocBelieHus IleTpomaB/lOBCKOM MOPTUPHOI 6aTapeu Kak MCTOPUYECKOTO
00beKTa KyJabTypHOTo Haciaenus. [TpoBoAUTCS aHAAN3 CBETOBBIX pelIeHUiA,
BBISIBJISTIOTCSI MX JOCTOMHCTBA M HEJOCTAaTKM C TOUKM 3PEHUS] COXpPaHEHMUS
MCTOPUYECKOTO 006JIMKA M CO3/IaHMsI BU3ya/JIbHO IIpUBJIeKaTeIbHOTO 0Opa3a B
HOUHOe BpeMs. IIpemjaraloTcsi peKOMeHAALMM M0 pa3paboTKe KOHLEIIUNI
OCBeILeHMSI, YIMTHIBAIOIIEI apXUTEKTYPHbIE 0OCOOEHHOCTY 06BEKTa, €ro POJib
B FOPOJICKOI Ccpejie ¥ COBpeMeHHbIe TeHIeHIIMM CBETOBOro Au3aitHa. Ocoboe
BHMMaHMe  yaAesseTcs BbIOOPY CBETOTEXHMUECKOTro  000pyIoBaHUS,
obecrneunBawIIero s3Heproa@eKTUBHOCTD, TOJTOBEUHOCTh U MUHUMAJIbHOE
BO3[IeJiCTBME Ha OKPYKAIIIIYIO Cpemy.

Abstract

The paper examines the principles and methods of architectural lighting of
the Petropavlovsk mortar battery as a historical cultural heritage site. The
analysis of lighting solutions is carried out, their advantages and disadvantages
are revealed in terms of preserving the historical appearance and creating a
visually attractive image at night. Recommendations on the development of a
lighting concept are offered, taking into account the architectural features of the
object, its role in the urban environment and current trends in lighting design.
Particular attention is paid to the selection of lighting equipment that ensures
energy efficiency, durability and minimal environmental impact.

KiioueBble C/IOBa: apXUTEKTyPHOE OCBellleHMe, MOPTUpPHas 6atapes,
KpeIoCTb, MCTOPUYECKas IIeHHOCTh
Keywords: architectural lighting, mortar battery, fortress, historical value
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BBegenmne

barapest pacriosnoxeHa Ha MOJYyOCTpoBe MypaBbEéBa-AMYypCKOTO, Ha
Mmbicy HasumoBa (MpomoBa), M OTHOCUMTCS K Yccypuiickomy GpPOHTY
6eperoBoro ¢poHta CeBepHOro oTAeaa O0OOPOHBI BiagUMBOCTOKCKOI
Kperioctu. M3HauanbHO OHa  Bo3Bogwiaacb B 1888-1889  romax
B.1. XXurankoBckuM Kak MpomoBckass MOpTHUpHasi 6aTapesi, Ha3BaHHasl 110
Mbicy MpomoBa. baTtapes rpejacTaB/iseT co60ii MSITh Pacioio’KeHHbIX B OIHY
JIVMHUIO TIPUKPBITBIX OETOHHBIMU OPYCTBEPHBIMM CTEHKAMM M Pa3deléHHBIX
6eTOHHBIMM Ka3eMaTUMPOBAHHBIMM TpaBepcamMy IMUPOKUX OPYIAUIMHBIX
IBOPUKOB, TIe IOMapHO Ha OETOHHBIX OCHOBAHMSIX YCTAHOBJIEHBI OECSTh
IeBSATUIIONMOBBIX OeperoBbIX MOpPTMpP obpasna 1867 rToma Ha
MOIEePHU3UPOBAHHbIX CTaHKax KokopuHa. barapesi mosiyumia Ha3BaHUe
[TeTporaBioBCcKOlt B TaMsiTb O Trepouveckoit ob6opoHe IleTpornasioBcKa-
KamuaTckoro poccuiickumu Boiickamu u ¢aoToM B 1854 romy BO Bpemst
Kpbimckoit  BoiHbl 1853-1856 romoB [1, 2]. Ha pmaHHbBIE MOMEHT
KOHCTPYKIIMM M COOpYKeHMe OGarapey BOCIPUHMMAKOTCS TOJbKO IIpU
IHeBHOM cBeTe. OIHAKO, BeUepOM apXUTEKTypHasl IUIaCTUKA KOHCTPYKLVN
MOXXeT MeHSIeTCs IPU MCKYCCTBEHHOM CBeTe, cO3haBasi o6pa3 3arajouHoit
MUCTOPUYECKOI KPEITOCTH.

AKTyaJIbHOCTb  MCCAeOOBaHMUSI  OOYC/JOBJ€HA  MUCIIO/JIb30BaHMEM
XyIO0XKECTBEHHBIX METOMOB MPU MUCKYCCTBEHHOM OCBEIIeHUM COOPYKeHUM
UCTOpUYECKOro Hacaenus: [3]. B mpouecce CBeTOBOrO MOZEIMPOBAHUS
IIPUMEHSIJIUCh CBETOKOMITO3UIIMOHHOE U IIBETHOE OCBellleHMe, KOTOpOoe
UCIIOIb30BAJIOCH [IJISI CO3AaHUS aKI[eHTHOM MOACBETKU JlepeBbeB, YCUIUBAS
UX TEeKCTypy B HOYHOe BpeMs. Bcé 3TO cIOCOOGCTBYET YCUJIEHUIO
9CTETUUYECKOV  IPUBIEKATEeIbHOCTM  00BEKTa,  CO3JaHUI0O  HOBOTO
MHTEpeCHOro 00beKTa B TOpoAe M IIPUBJIEUEHUI0 HOBBIX ITOCETUTeel,
KOTOpble MOTI/IM Obl IPUKOCHYTHCS K MCTOpPUM Tropoja BiaauBocTOKa.
HayuHag 3amava paboThl COCTOUT B pa3pabOTKe OOPasHOTO U TeXHUUECKU
000CHOBAHHOTO peIlleHMs] MCKYCCTBEHHOTO OCBeIeHMs, B HaXOXIeHUU
CBETOTEXHMUYECKMX  I[apamMeTpoB  IIpU  CO30AaHUM  APXUTEKTYPHO-
XYI0KeCTBEHHOTO OCBellleHUsI U TIpUBJIeKaTeJbHOTO CBETOBOTO OOpasa
00'beKTa KpernocTu [4, 5].

MeTop, ucciegoBaHus

B OCHOBY KOHIEIIOMM IIOJIOXKEH IIPMHIOMIT OEJIMKATHOIO IIOAXO0Odd K
OCBeIlleHNIO, no,upa3ymeBanmM171 MMHMMaJIbHOE BMelIaTeJIbCTBO B
aYTEHT]/I‘{HbIVI 00/IMK 00beKkTa. CBETOBBIE dKII€eHTbl PaCCTaB/IAIOTCA Ha
KIIIOUEBbIX aPXUTEKTYPHBIX 3JIEMEHTAX: KPEIIOCTHbIX CTEHAX, 06acTUOHAX U

80



apTWUIEPUIICKMX  OpyAMSIX, IIOAUepKMBas uX o0beM U  (akTypy.
Wcnonbp30BaHMe TEMJIOr0 CIIeKTpa CBeTa MMUTUPYET MCTOpUYeCcKoe
ocBellleHMe U cosmaeT aTMocdepy yioTa M rocTenpMuMCTBa. B pesyinbTaTe
MUCCIeIOBaHMSl TpenjaraeTcsl KOHLENIMS apXUTEKTYPHOTO OCBeIleHMS,
HarpaB/eHHasi Ha IoguepKuBaHMe UCTOPUUECKOI LIeHHOCTU
[TeTpomaB/lIOBCKOI MOPTUPHOI OGatapeun u ¢opmMmupoBaHme KoM@POPTHOI
CBETOBOM Cpelbl B HOYHOE BpeMs C [OBYMSI BUIAMU OCBEIEeHMS:
MOBCEAHEBHOIO U MPa3aHUYHOIO [J1sI TOPOXKaH U TYPUCTOB.

KomriekcHoe MoOJe/IMpoBaHMe OCBeIllleHMsT MOPTUPHOI OaTapen
3aKJII0YaeTCs B YUETE MCTOPUUYECKOTO KOHTEKCTA U CO3AAHUM TYPUCTUUECKU
NIpUBJIeKaTeIbHOM HOYHOJ CBETOBOV Cpelbl U CO3HaHMM 6IaroycTpoiCcTBa
TEepPUTOPUM, TIpUMeHeHUM coBpeMeHHbIX MC U CBeTOBBIX TEeXHOJIOTUIA.
[IpoekTHOe pelleHMe 3aKIOUaeTcs B IIPeBpalleHMM  3a0pOIIeHHO
MOPTUPHOJ OaTapeu B IIPOCTPAHCTBO, I'Ie KaXXObI/i TMOCETUTE/b CMOXET
COIIPUKOCHYTHCS C UCTOpUEN BiragnBocToKa.

PaspaboTaHHOe  OCBellleHMe IIOMOTaeT CO3JaTh  Oe3oIacHoe
npocTpaHcTBO. OcBelleHbl TpaHM MOPTUPHOI Oatapeu, a TaKKe
YCTAaHOBJIEHbl CBETWIbHUKM Hajd MopTupamu. CBeTOOMOOHAS JIEHTa,
yCTaHOBJIeHHasT B 0eTOHHYIO IaTdopmy Ijiss MOPTUP, CO3HaeT aKIeHT U
MOJIEPHU3UPYET  IIPOCTPaHCTBO. Takke  OCBETUTENIbHbIE  IPUOOPBI
YCTAHOBJIEHbI B [HyjJe MOPTUP, CaMM MOPTUPbI He GUKCUPOBAHbI U
MOABVKHBI, [I03TOMY HallpaBJeHMe MOTOKA CBeTa TAKKe MOKHO MEHSITb.

Taxke CHIpoOeKTUPOBaHbI yIMUHble (OHApPM, KOTOpPbie MOACBEUMBAIOT
meliexonHble HAIpaB/leHMsT Yy MOPTUPHOI OGaTtapeu, 4UYTO CO3JaeT
6€30MacCHOCTb M 3CTeTHMUECKM IIPMBJIEKaTe/bHbI/A BUI B BeuepHee BpeMsl.
ViiMuHbIe MTPOXEeKTOPbI IMPUKPEIIEHBI K JepeBSIHHbIM CTOVKaM, a IOTOK UX
CBeTa HallpaBJIeH BBEPX.

IIBeTHOE OCBellleHMe ITOMOTaeT IIpeoOpasuUTh TEPPUTOPHUIO, JTOOABUTH
et spkoctu (puc. 1).

OcHOBHbIE CBETOTEXHMUECKME TTapaMeTpbl, popMUpPYIOIIMe pa3InyHbIe
cBeToBbIe 3(PHEKTHI U (POPMBI, ITPEACTABIEHbI B Ta0. 1.
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CBeTOBOM mm3arH [leTponajloBCKOM MOPTUPHOM GaTaper B I'.BliaIyBOCTOKE

CUTyauMOHHEIA IJ1aH dor V‘\I\,:‘r. caums MeCTHOCTU @ upeTa

Puc. 1. MpoeKT 0CBELLEHMSA, KOMNLIOTEPHOE MOAENMPOBAHIE U pacyeT OCBELLEHHOCTI MOPTUPHOM
6atapewu (aBTopbl E.B. 'y3eHko, A.A. Cepatok)
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Ta6mmua 1. CBeTOTeXHUMYECKMI aHanMu3: mapameTpsl VIC, cBeTOBbIE
3¢ deKThI, IIBETOBAs TeMIIepaTypa IMpY JOCTVKeHUM apXUTEKTYPHOTO OCBeIleHMSsI

BETOBAas .
Tun KCC 1 CaeroBoit addexT,
TeMIiepaTypa,
CBETUJIbHUKA |CBeTOpacIipesesieHe T. K cBeToBas ¢popma
1By
IlogcBeunBaHue
'pyHTOBBII 2000 6eTOHHBIX YIJIOB
CBETWIbHUK MOPTUPHOII 6aTapen,
CBETOBAsI MPOEKILIVS
5% g A IloxcBeuyBaHyue
CetonyvonHas Wi 2700 6eTOHHOT'O OCHOBAHMUS
JIeHTa ap' MOPTUD, CBETOBAS
rpaduka
T 0
. A\ OJiCBEeUMBAHME JOPOTU
VuuHbI A\ ACBEYE Aop
, ' 4000 U 3€J1IEHON 30HbI OKOJIO
dboHapb o V4
MOpTUD
Codbutsl fammt 3000 [ToncBeunBaHye NOTepH
i |
l\\_/}

Pe3yabTaThl MCCIeO0BaHMS 3aK/II0UAIOTCS B IIPeodpakeHuM BasKHOTO
MCTOPUUYECKOTO MecTa Topoja C YUETOM COo3HaHusi 06pa3HOro, JeTaabHOTO U
IIPUBJIEKATE/IbHOTO OCBellleHMs. [IpyMeHEHHbIe Xy 0KeCTBEHHbIE IIPUEMBI
OCBeIlleHMS TOTUEPKMBAIOT apPXUTEKTYPHYI0O UM OO0BEMHYIO IIIaCTUKY
MOPTUPHOJ OaTapeu, MUCTOPUYECKMII KOHTEKCT, JaHMIadTHBIA AuU3aiiH
cpencTBaMM IIBETHOTO U 3ajJMBaloOIero cBeTa, IpaduKoil CBETOAMOIHBIX
neHT. be3omacHocTh npocTpaHcTBa IleTponaBioBCKO MOPTUPHOIL 6aTapen
B BeuepHee BpeMsI JOCTUTAeTCS CPeCTBAMU JEKOPATUBHOTO OCBEIEHMS.

Oo6cykaeHue
B manpHejilemM IIpy pa3paboTKe CBETOBBIX PEIIeHUI MCTOPUUYECKUX

MeCT MOTYT ObITh TIpMMeHEeHbI SIPKOCTHbIe aklleHThl. Takoe OcBellleHMe
MIOMOKEeT CO3[aTh YHUKAIbHOCTb AAHHBIX TEePPUTOPUIL, UTO TOBJIEUET 3a
co00ii MHOXXeCTBO HOBBIX ITOCeTUTesleil, a BMeCTe C 3TUM U IIOBBIIIeHNE
MHTepeca K UICTOPUUECKUM MeCTaM ropoza.
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BriBOABI
Pe3ynbTaTbhl KOMILIEKCHOM METOIMKU OCBEIeHMs [OKa3bIBalOT, UTO

IIOTPY’KeHMEe B ONpene/IEHHbIi KOHTEKCT, 3HAKOMCTBO C MCTOpMeN 3TOro
MecCTa, JIMYHOe BUAeHMue 3TOro Mecta, dhoTodukcaiusi, aHaJIu3 CBETOBBIX
peleHui1, UCII0/Ib30BaHMEe COBPEMEHHbBIX CBETOBBIX TEXHOJIOTUI TTO3BOJISIIOT
pa3paboTaTh HeOObIUHbIE, MHTEPECHBIE M aKTya/bHbIe IIpMeMbl OCBEIeHUs U
C031aTb YHMKAJIbHOE CBETOBOE MTPOCTPAHCTBO.
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NMPOEKT MOAEPHU3ALWHU CUCTEMBI CLLEHUHECKOIO OCBELILEHUSA
AK M3u

Muxaiinoea /1./1., mazucmp; @omun A.I'., K.m.H., doueHm
HauuonanwsHulii uccnedosamensckuii yHusepcumem «M3OH», 2. Mockea

STAGE LIGHTING SYSTEM RENOVATION DESIGN FOR THE MPEI

UNIVERSITY CULTURAL CENTER
Mikhailova D.D., M.Sc.; Fomin A.G., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTaUsA

[Tpon3sBen€H ayauUT AeNCTBYIOIIEN CUCTEMBI CLIEHMUYECKOTO OCBEIleHMs
IOK MDU. BbeIlloJiHEH aHaAu3 COBPEMEHHOM MPAaKTUKU YIIPaBIeHUS
TeaTpaJbHBIM OCBEIIeHMEeM ¥ 0030p CYUIEeCTBYIOIIMX peIleHUuil B
COOTBETCTBYIOIIEM PBIHOYHOM cermeHTe. IIpegmer wmccienoBaHus —
MeTO[Ibl ¥ TEXHOJIOTMM aBTOMAaTHU3alMK yIIpaBaeHUs CBeTOBbIMU 3¢ peKkTaMm
B CIIeHMYeCKUX MOCTaHOBKax. Pe3ysbTaToM MpojeaHHOM pabOThI SIBJISIETCS
paspaboTka 3¢G@eKTUBHOM CUCTEMbI CIIEHMYECKOrO OCBEIIeHMs] [Jist
ONTUMM3AIMU TIpoliecca peaju3aliy CBETOBOM IIAPTUTYPbl C YYETOM
COBpeMEeHHbBIX TPe6OBaHMI1 ¥ BOSMOXKHOCTEJA.

Abstract

An audit of the current stage lighting system of the MPEI Cultural Center
was conducted. An analysis of the current practice of managing theatrical
lighting and a review of existing solutions in the relevant market segment were
performed. The subject of the study is methods and technologies for automating
of lighting effects management in stage productions. The result of the work
performed is the development of an effective stage lighting system to optimize the
process of implementing the lighting score, taking into account modern
requirements and capabilities.

KimioueBble C/I0OBa: CIIEHMUYECKOe  OCBellleHMe, TeaTpaabHOE
ocBellleHe, cBeTOBbIe 3 (PEeKThI, TPOTOKOJIBI YIIPABIEHMSI OCBEIIeHMEM

Keywords: stage lighting, theatrical lighting, lighting effects, lighting
control protocols
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BBegenmne

XyIOKHUK TI0 CBETY CErOHsI CTAHOBUTCSI OOHOI U3 Beoyuux Guryp B
dbopMupoBaHMM KOHLIENIMM TeaTpaabHOil cueHorpaduu. CoBpeMeHHbIE
UHTeJZIEKTyalbHble MPUOOPbI U CUCTEMBI  YIIpaB/IeHUs IO3BOJSIIOT
peann30BbIBATh CJIOKHBIE CBETOBbIE pPellleHNs, MOKHO MHTerpUPOBaTh CBET C
BULI€O- U 3BYKOBBIMM 3 deKkTaMy, TeM CaMbIM CO3[aBasi 3alI0MUHAIOLIeCS
IIOCTAaHOBKM. B COBpeMeHHOM CleHMUYECKOM MCKYCCTBE CBET CTaHOBUTCS
CaMOCTOSTe/IbHbIM BbIPasUTEIbHbIM CpenCTBOM, CITOCOOHBIM
TpaHcpopMmpoBaTh CLIeHN4ecKoe IIPOCTPAHCTBO, IIOJIUepPKUBATh
IpaMaTypruio, BBILEJIATb IepcoHaxkel U pexopauuu. OT TI'paMOTHOI
opraHmMsalnuy IPOCTPAHCTBA 3aBUCUT He TOJIBKO BU3yajbHOE BOCIIPUSITHE
CTIeKTaKJIs WIX KOHIlepTa, HO U CO3JaHMe HeoO6XoAumoii aTmocdepsl,
SMOLIMOHAJIbHOTO HACTPOs, AaKIEeHTUPOBaHMEe BHMMAHMS 3pUTeNS Ha
K/IIOUEeBbIX MOMEHTaXx AeicTBus [1].

HecmoTpst Ha 3HaAUMTE/bHbIE MOCTVMKEHUS B 0OJACTU CIIEHUUECKOTO
OCBellleHMs, MHOIMe IUIOIIAAKM MPOLO/DKAIT CTAJIKMBATBCA C PSALOM
TeXHUYeCKUX M XYLOKeCTBeHHBIX BbISOBOB, B OCHOBHOM, 3TO yCTapeBliye
CBETOBbIe MPMOOPBHI 1 AHAJIOTOBbIE CUCTEMbI yIpaBieHus. Takke CIOKHO
MHTETPUPOBATh HOBble IUQPPOBble TEXHOJOTMU B  CYLIECTBYIOUIYIO
MHPPACTPyKTYypy. B paMKax HalMoHaIbHOTO IpoekTa «KynbTypa» B Poccun
aKTUBHO BeJieTCsl OOHOBJIEHME [IOMOB KY/IbTYphbl [2], UTO TOAUEpPKUBAET
aKTyaJbHOCTb JaHHO 06/1aCTU CBETOBOTO JM3aifHa ¥ CBETOTEXHUKM.

MeToOabI MCCIeAOBAHUS

Tekytiee o6opynoBaume (PAR64, PAR56, PAR36, Robe 575 XT, PAR184,
Wash PL540, nyuika Anzhee 350 Pro) B OCHOBHOM yCTapeso M YaCTUYHO He
UCIIOJIb3yeTCss. Tem He MeHee, MpeMMYILECTBA MMEIOIIENCS CUCTEMBI
3aK/IIOUAIOTCS B pa3HOOOpasuy CBETOBBIX 3(D(EKTOB: IIPU HAIMUMM CKAaHEPOB
Robe 575 XT w nymku Anzhee 350 Pro MOXHO cO3[aBaTh OMHaMMUUeCKue
cBeToBble 3(PdeKTbl, UTO BaKHO [HJis KOHIEpTOB U 110y. PARI184
obecreunBalOT OCHOBHOE OCBeIlleHMe CIIeHbI, 6e3 uero He 06XOOUTCS JT000e
npexnctasienue. CBeTunbHUKM Wash PL540 MOTYT MCIIOJIb30BATbCST [IJIST
CO3[laHMSI MSTKOTO, pPAaBHOMEPHOIO OCBeIleHMs, UTO TII0JIe3HO I
TeaTpajbHbIX ITOCTAHOBOK. [loTeHIMamIoM A/ AMHAMMYECKOTO OCBEIeHMs
SIBJISIETCSI Ha/IMuye pabouero napka npmubopos LEDBar 1044.

HenmocTaTku cuUCTEMBI IIpeXAe BCEro 3aK/IHYalTCS B 3HAUYUTE/IbHOM
KOJIMUeCcTBe HEMUCII0Jb3yeMOoro obopymoBaHus. OYHKIMOHMPOBaHME JUIIb
MIOJIOBMHBI CKaHepoB Robe 575 XT orpaHu4YMBaeT BO3MOXKHOCTU TIO
CO3IaHUIO0 CJIOKHBIX CBETOBbIX 3()(PeKTOB, a HeMCIoJ/b30BaHMe Jamil PAR64
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n PAR56 MoXeT ObIThb CBSI3aHO C MX yCTapeBaHMEM, UYTO yKa3bIBaeT Ha
HeoOXOIMMOCTh MOJEpPHM3AIUMM CUCTEeMbl OCBEIeHUS] OJISI COOTBETCTBUS
COBPEMEHHBIM CTaHAapTaM. B uTore, OCHOBHasi Harpy3Ka JIOKMTCSI Ha JIaMIIbl
PAR184 v yacTb CKaHEpOB, UYTO MOXXET MPUBECTU K ObICTPOMY M3HOCY ITUX
YCTPOCTB.

HelicTBylolasi cucTeMa OCBellleHMs ObUla CMOJe/NIMpOBaHa B
nporpammMe Dialux evo (puc. 1). PacuéTHble maHHbIe ITOKasaJIM XOpolilee
COOTBETCTBUE JAHHBIM IIPOBEIEHHOTO CBETOBOTO ayauTta (usmepenuit Es u E;
B pas3JIMUHbIX TOUKaX ClleHbl). BMecTe ¢ TeM, ObUIO BBISIBIIEHO PAaCXOKIeHMe
MOJIydeHHBbIX  pe3yJbTaTOB €O  3HAUEHUSIMM, HOPMUPYEMBIMU B
CIT 309.1325800.2017 [3]. Bwi1 Takke IMPOBEAEH OMPOC O CYOBEKTUBHOM
OlLleHKe KaueCTBa CYLIECTBYIOIIErO0 OCBEIeHUs Cpefny TPYyIIl apTUCTOB U
3puTeseit, mokasaBIinit mpeobsiafaHe HeTaTUBHBIX OIIEHOK.

Puc. 1. Mogenb aencTByoLLel CUCTEMbI CLIEHUYECKOTO OCBeLLEHNs B nporpamme Dialux

Pe3yabTaTsl

B cooTBeTCTBUM C TIOJIyueHHOI MHpoOpMalueit HamMmu ObUT pa3paboTaH
MpOeKT MOJepHMU3aluM CUCTeMbl OCBellleHMS] C  MCIIOJb30BaHMEM
COBPEMEHHOTO CBEeTOAMOAHOIO ClieHMUeCcKoro obopymoBaHusi. [Ipu 3ToM
O6bTM  TOHOOpaHbl  KaK  COBpeMeHHble  aHaJorTM  JJIS  YCIeIIHO
GYHKUMOHUPYIOIIMX MPUOOPOB, TakK U TMpeAJIoKeHbl HOBbIE BUJbI
MIPO>KEKTOPOB U CBETWIBHUKOB IS TIOJTyUeHUs TOTTOTHUTEeIbHbBIX 3(PdeKToB
U PpEeXMMOB oOcBelleHUsl. JlaHHBIe O IOJOOpaHHOM OOOpPYIOBaHUM
npuBeleHbl B Taba. 1. BHemHWMi BuA HEKOTOPBIX CBETOBbIX NPUOOPOB
IIPUBEIEH Ha pUC. 2.
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Tab6nuiia 1. XapaKTepuCTUKY BbIOPaHHOI'O CBETOTEXHMUYECKOr0 000y I0BaHMS

Tun IIpennaraemslii THUII
OcHOBHbBIE
umemwierocsi | HasHauenmne (mpeumyiecTsa
HeJO0CTaTKM
npuoopa 3aMeHbI)
LED PAR RX350HP,
Chauvet SlimPAR, Showtec
PAR64, SanvBaionmit Hce;f::;g[ﬁzﬁogb, (RGBMfEDD]\/][J)?}f-II/I?»KOE
PARS56, PAR36 | cBeT, aKlieHTbI bes, S
HeT CMeHBbI I[BeTa SHEProInoTpebdaeHne,
JIOJITOBEYHOCTh, CMeHa
11BeTa)
Involight Ventus R33,
Martin MAC Quantum,
MoparsHo Robe POJI\ZIZI gslay Paky
Robe 575 XT 3anuBKa ycrapes, 1yMm, Y
., (LED-UCTOYHUK, HUXKE
(ckaHep) CLIeHbI OTrpaHUYEHHbIN
Fu— IITYM, BBIIIIE SIPKOCTD,
Y 6osb1Ie 3 PEKTOB,
MeHblIle
SHeproIoTpedIeHNe)
WASH 12x40W RGBW LED
OrpaHIIeHHas (RGBW, 1ryiaBHasi cMeHa
PAR184, Wash 3ajiMBKa p 1BeTa, DMX, BbIcOKas
LIBETOBAs MaJIUTPA,
PL540 CIIeHBI PaBHOMEPHOCTD
HeT crenddheKToB
OCBeIeHMsl,
9Hepros3¢pPeKTUBHOCTD)
Pyaioe PST 300 RGBW
v (DMX-ynipaBieHue,
. yIipaBjieHHIeE,
Anzhee 350 AKII€HTHBII aBTOMAaTU3aIS CJIeXKeHUST
Pro (mmymika) CBeT OTPAFMICHHA 3a IIepCOHaKeM Ha CLieHe
MOGHIIbHOCTD, HeT BbICOKAst TOUHOCTD ’
DMX ’
9Hepros3pPeKTUBHOCTD)
LEDBar RGBW. Chauvet
COLOR-band T3 BT, Euro-
IlekopaTUBHOE I;iTaie;s;({)é:g’ lite LED Bar-12 QCL, PixBa
p ’ p (RGBW, nukcenbHOE
LEDBar 1044 KOHTYpHOE YIr'oJI, HeJOCTaTOY.
yIpaBJieHue, 6ojiee
ocBelleHye OOHOPOIHOCTD
sera paBHOMepHas 3aJI1BKa,
t pacIIMpeHHbI Habop
3¢ deKxTOB)
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a) 6) 6) 2)
Puc. 2. BHewHuih Bug ceeToBbIX NpubopoB: a) LED BAR, 6) PST 300, 8) PL 200, ¢) WASH

Kpome sTOro, mjis maHHOTO 0ObeKTa ObLIa TakKe CIIPOEKTUpPOBAHa
cucTeMa yrpaBieHus CIleHMYecKuM CBeTOM Ha 6a3e mpoTokosia DMX512 ¢
pacmpeHnuem uepes Art-Net/sACN [4], comepkaias:

e OCHOBHYIO KOHCO/Ib yripaBiaeHus (mysibT) Tuna GRAND MA 2, ¢ 2 XK

MOHMUTOPaMu;

e KOHBepTOpHI Artnet-DMX tuna ArtGate 8 (2 mr.);
e crummMTTepsl (pasBeTBuUTeNU curHana) SPL WALL4 (4 miT.).

Busyanusaiusi TpoeKTHOTO pellieHNsT Ha 6a3e TaHHOTO 000PYIOBaHUS
6bl1a BBITIOJHEHA B CIlel[Ma/IM3MPpOBaHHOI mporpamme Capture [5] (puc. 3).

e ® o %o 0, 0,0

Puc. 3. Buayanusaums CLIEHUYECKOrO OCBELLEHMUS B PEXUME «KOHLEPT»

OocykaeHue

JIJist oLleHKM pa3paboTaHHOTO ITPOEKTHOTO pellleHUs] ObUIO BHITTOTHEHO
ero CBeTOTeXHMUecKoe MojelupoBaHue B mporpamme Dialux evo u
CpaBHEHME TIOJIlyUeHHBbIX pPe3y/JbTaTOB C [EVCTBYIOIIE OCBETUTETbHOM
YCTAaHOBKOJ4. PacuéThl moxkasaiu, UYTO UCIOAb30BaHMUe Oosiee 3(PpdeKTUBHBIX
CBETOBBIX IMPUOOPOB COBMECTHO C YJIYUIIEHHOM CXeMOJ UX pasmelieHus
MIO3BOJISIET AOOUTHCS 3HAUMUTE/IbHO JIYUIIEro BOCIPUSITUSI OOBEKTOB Ha
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cueHe, HanpuMmep E, Ha ¢urypax apTucToB B pasaMUHbBIX TOUKAX CLIEHBI
BO3pocya oT 25 10 89 %, UuTo 0CO6EHHO YAyUllIaeT BOCIPUSTHE TUIACTUIECKUX
KOMIIO3ULIUIA.

PacuéTrpl Takxke ITOKa3aiM, YTO BHeApEeHME IIpeljaraemMoil CUCTEMBbI
OCBEIeHMSI TIO3BOJIUT COKPATUTh OOIIYI0 YCTAaHOBJEHHYI0 MOIIHOCTh
obopynoBaHus Ha 37% — ¢ 52,3 kBT (cyiecTBYIOIINiA BapuaHT) A0 32,9 KBT.

BosiBoabI

Bbuta TipoBefieHa KOMIUIEKCHash paboTa IO aHaJIU3y IpeaMeTHO
00671aCTV U CYIIECTBYIOUIMX TEXHOJOTUIT yIpaB/lieHMs] CBeTOM Ha clieHe. B
pe3yabTaTe ObLT CO3[aH MPOEKT COBPEMEHHO! CUCTeMbl CI[eHMYeCKOTO
ocBelleHMs ¢ IM@ppPOBOI CUCTEMOI YIIpaBIeHMSsI, YIUTHIBAIOIINI CIIeINPUKY
npoTtokona DMX u coBpeMeHHble TpeOOBaHMSI K TMOKOCTM U TOYHOCTHU
yrpasiaeHus.  IIpemjiokeHHOe — pellleHue  I1103BoyisieT  3¢p@eKTUBHO
MHTErpUPOBaTh pPa3sHOpPOAHbIE CBETOBble TMPUOOPHI B €AUHYIO CeTbh,
obecrieurBasi CMHXpoHM3aIuio 3¢pdekToB U yI0OCTBO IIPOrpaMMUPOBAHMS
CBETOBBIX ClleHAapUeB, TP CYIeCTBEHHO 9KOHOMMUM 37I€KTPOIHEPTUMN.
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CBETOrPAGUYECKAS KOMMYHWKALLMSI B TOPOACKOW CPEAE

WCTOPUYECKOIO LLEHTPA CAHKT-METEPBYPTA

Huxkandpos /I.D., cmydenm; Byas O.A., K.ned.H., doueHm
CIIBITY Ilempa Benuxkozo, 2. Cankm-Ilemep6yp2

LIGHT-GRAPHIC COMMUNICATION IN THE URBAN ENVIRONMENT

OF THE HISTORICAL CENTER OF SAINT PETERSBURG
Nikandrov D.F., student; Vul O.A., Ph.D., Associate Professor
Peter the Great St. Petersburg Polytechnic University, Saint Petersburg

AHHOTanusa

CraTbsl TOCBsIleHAa pa3paboTKe cCBeTOrpadMUueckKoro IyTeBOAUTES
«[IpoBOAHUK», HAIPaBI€HHOTO Ha CO34aHMe CUCTEMBI IIelIeXOIHO
HaBUTALlMM B UCTOpUUeckoM IieHTpe CaHKT-IleTepoypra. IIpoeKT BhINIOTHEH
B KaueCTBe BBIMTYCKHOV KBaIMMUKAIMOHHON pPaboThl IO HaAMpaBIeHUIO
maructpartypbl «KommyHukaTuBHbii ausavid» B CIIBITY IleTpa Bennkoro. B
X0Jle MCCiefoBaHMs ObUT TTPOBENEH aHAIN3 BU3YaJbHO-KOMMYHUKATUBHOM
cpenbl TOpO/a, M3yueH OTeYeCTBEHHbBIN M 3apyOeskHbIN OIMBIT peann3aluu
CBETOBBIX MapuipyToB. PaspaboTaHbl TpuU TeMaTUUECKUX CBETOBBIX
MapIipyTa <«AgMupanaTeiickuii KaHam», «[leTepoypr J[loCTOeBCKOTO» U
«KynbrypHas KonomHa», 00beAuMHEHHbIE B eIUHbI ITyTE€BOLUTEb.
PesynbTaTom BBIITYCKHOM KBaTU(PUKaIMOHHOMN paboThl cTana
TUTIOJIOTMYEeCKas MOZenb cBeTorpaduueckoro Jam3aiiHa U KOHIEMIUs
MOOWIBHOTO  TIpUIOKEHUSI —  cBeTorpaduueckoro  MyTeBOIUTEJIS
«[IpoBOSHUK>.

Abstract

The article is devoted to the development of light-graphic guide ‘Provodnik
(Light Guide)’ aimed at creating a system of pedestrian navigation in the
historical center of St. Petersburg. The project was carried out in as a graduate
work in the direction of Master's programme ‘Communication design’ in SPbPU.
In the course of the research the analysis of visual and communicative
environment of the city was carried out, domestic and foreign experience of
implementation of light routes was studied. Three thematic light routeswere
developed, united in a single guide. The result of the final qualification work was
typological model of light-graphic design and the concept of a mobile
application — a light graphic guide ‘Provodnik (Light Guide)’.
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rpaduka, cBeTorpadmueckasi KOMMYHUKAIMS
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BBegenmne

Ilenb MAHHOIO MCCAENOBAHMS 3aK/IIOUAeTCs B pa3pabOTKe CHUCTEMbI
B3aMMMOCBSI3aHHOTO TpMMEHEeHMSI CBETOBBIX U TIpaduuecKux CpeiacTB s
CO3aHUsI TYPUCTUUYECKMX MapIIPyTOB B TOPONCKONM Cpele, Ha IIpUMepe
mctopuueckoro meHTpa CankT-IleTepoypra.

AKTyaJlbHOCTh  MCCHAENOBaHMS  MPOAMKTOBAHAa  HEOOXOIMMOCTHIO
MOJIEpHMU3ALMN TMEeIIeXOJHbIX TYPUCTUUYECKUX MapIIPyTOB MCTOPUIECKOTO
mmenTpa CaHkT-IleTepbypra u obecreyeHMs] UX TOCTYIIHOCTM B BeuepHee U
HOUHOe BpeMs. I'mmore3a pabOThl COCTOMT B TOM, YTO CHCTeMa CBETO-
rpaduueckoii TMelIexXOAHON HaBUTallMM MOXKET CTaTb HOeiCTBeHHbIM
KOMIIOHEHTOM MHGOPMAIMOHHOM Ccpedbl TOpoja U CIOCOOCTBOBATh
PaCKpbITUIO €eT0 TYPUCTUUECKOTO MOTeHIIMasa, a CMHTe3 cBeTa U rpadukyu He
TOJIbKO ObJieryaeT MHGOPMMpPOBaHME ¥ OPUEHTAIIMIO B TEMHOE BpeMsI CYTOK,
HO U  ¢dopMupyeT  BbIpasuTeJbHOE  BU3yaJbHO-KOMMYHMKATUBHOE
IIPOCTPAHCTBO rOPOACKOM cpenpl [1].

MeTOoabI

C nmnoMolIbI0  aHAIUTHMUYECKOTO MeTojma  auddepeHIPOBaHbI
XapaKTepHble 0COOGEHHOCTYU MCII0/Ib30BaHUS CBeTa U rpaduKku B rOPOJCKOI
cpene, UTO 3aJ0KWI0 OCHOBY [Iji1  (GoOpMyJMpoBaHUsS  TUIIOJIOTUU
cBeTorpadmueckoro  AmsaiiHa —  HOBOBBISIBJIEHHOTO  HalpaB/ieHUS
cBeTonM3aiHa. MeTon CMHTe3a TO3BOJMIWI OO0beIUHUTH BbISBIEHHbBIE
CBeTOBble U TIpaduueckue CpelcTBa B eOMHOe HampaBieHue —
cBeTorpaduueckmii ausaitn [1]. MeTonm aHanMsa Takke MPUMEHEH Jis
KaTeropusaluyuy CYyIeCTBYIOIINX POCCUMACKUX ¥ 3apyOeKHbIX CBETOBBIX
MapIIpyTOB IelIeXOAHbIX CBETOBBIX MapILIPYTOB U ONpeae/ieHNs KpuTepuen
IUTSL VIX TIDOeKTUPOBaHus [2].

B pamkax MNOpegmnpoeKTHOrO WCC/IefOBaHMsI C TOMOIIbI0 MeTOoAa
HaATypPHOIO Hab/IoeHs Obla BbIsIBIeHA IpobieMaTuKa cBeTorpaduueckoro
Iu3aliHa TOpPOACKOV HaBUTallMM, WM3y4YeHbl JIOKALMM [JjisS pa3MelleHus
CBETOBBIX MapIIPyTOB, a TAKKe CYLIECTBYIOLIASI TYPUCTUUYECKAS MelexXoaHast
MHPpacTpyKTypa. beljin M3yueHbl peaiM30BaHHbIE TeleX0AHble MapIIPyThb
B Caukrt-TleTepOypre, Takue Kak «[IyTp IleTpa» [3], odulManbHbIE
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9KCKYPCMOHHbIe MapiipyThl moptana Visit Petersburg [4]; «IIporyiaku mo
BeuepHemy [TeTepbypry», cosmanubie CIIb I'BY «JleHcBeT» [5].

PesynbTaTsl

[IpenBapuTeabHBIN 0630p TypUCTMUECKOI MH@PaACTPyKTypbl MoKasas
orcyTctBue B CaHKT-IleTepOypre 1IeJIbHOII  CUCTEMBI IIeIIeXOIHOI
HaBUraluu, agarTMPOBAHHONM [IJI TEMHOI'O BpeMeHM CyTOK. CylieCcTBYyoIe
MapupyTbl pa3po3HeHbl U He obecleyeHbl eOVHbBIMM 3aMeTHBIMU
yKaszaTensmu. OcTaBiiuecsi C TPONLIbIX JieT MHMOpMallMOHHbIE CTeH]IbI
BOCIIPUMHUMAIOTCSI yCTapeBIIUMMU U Mayio3(pdeKTUBHbIMMU. MyHUIIUTIATbHBIE
TYPUCTUYECKIEe MapUIPYThl HEYIOOHBI /ISl CAMOCTOSITE/TbHOTO TTPOXOXKIEHMSI
(HeT HarIgOgHBIX KapT, HeT CPeNOBbIX HOCUTesIell, He YUYUTbIBAeTCS
MCII0/Ib30BaHMe MapIIPYyTOB B TEMHOE BpeMs CYTOK) [3].

B KauecTBe TeppuUTOPUN [JIS1 NIPOEKTUPOBAHMS CBETOBBIX MapIIPyTOB
ObUI BBIOpAaH MCTOPUYECKUIT AIMMpaAATEeNCKMUII paitoH, CcodeTaronuit
BBICOKYI0 KOHIIEHTpalMI0 3HAKOBbIX OOBEKTOB C OJaronpusTHON U
CIIOKOVHOM cpenoi st TeniexonoB. [Ipm sTOomM B pailioHe paHee
MPaKTUYECKM OTCYTCTBOBAJA TYPUCTUYECKAsT HaBUTAllMsI, a MHOTME €ro
LleHHble, HO MaJIOM3BeCTHbIe JIOKAlMU OCTABIMCh «B TeHU». Ha ocHOBe
aHa/jiM3a 37eChb pa3paboTaHbl TPU TeMaTUUYECKUX TelIeXOIHbIX CBETOBbIX
MapIiIpyTa — KaXIbIl CO CBOeii KOHIIeIIel 1 HabopoM pellieHMi:

1. «AgMupasTelicCKMii  KaHal» —  MaplIpPyT-PEKOHCTPYKIMS,
MOCBSIIEHHBIA OSHOMMEHHOM VYTPAauyeHHOW BOOHOM apTepuu, HbIHE
KonHorBapgeiickoro 6ynbBapa (puc. 1).

Puc. 1. CBeTOBOI MapLUpyT «AAMUPaNTECKNA KaHan»

Ero asmies ImpeBpaljaeTcsi B «CBETOBOI KaHad»: AMHaAMUYeCKyue
MpoeKkIMM ¥ Meplialoiiee roayboe ocBelleHUMe UMUTUPYIOT TeueHUs WU
OTOJIECKM BOIbI Ha JepeBbsSX M MOCTOBOi. C TIOMOIIbIO TeXHOJIOTHIA
NOTMOJTHEHHOV peaJibHOCTM B CBETOBbIX KOHTypax IIpeAroJiaraeTcs
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«BOCCTAHOBJIEHME» YTPAUEHHBIX MCTOPUYECKUX 30aHUI, HAIIpUMep, 30aHus
obiBIIet Hemenkoit pedopmaTcKoil I1IepKBM, B COBETCKOE BpeMs
nepectpoeHHoi B [IK paboTHUKOB CBSI31.

2.  «Iletepbypr JIOCTOEBCKOrO» — JIATEPATYpPHbI MapuIpyT II0
MecTam pomaHa «[IIpecTyruieHMe ¥  Haka3aHMe», OXBaTbIBAIOLIMIA
ucropmueckuii  CeHHoint okpyr (puc. 2). Ha CeHHOIl 1UIOIIAAU
cBeTorpadMuecknii CTeHJ, BOCIIPOM3BOAUT CWIYIT YTpaueHHOro Xxpama
Cnaca-Ha-CeHHOI, UTO CIYXXUT 3aMeTHbIM OPMEHTUPOM U CaKpPaJIbHbIM
CUMMBOJIOM. KiltoueBble TOYKM MapuipyTa CONPOBOXKAAIOTCS CBETOBBIMU
QOR-rolaMu, a TaKKe CBETOIIPOEKIIMSIMM MepCOHaKel U uuTaT JJoCTOeBCKOTo
Ha ¢dacagax u 6paHaMayspax.

Puc. 2. CeToBov MapLpyT «[etepbpyr [locToeBCKOro»

3.  «KynprypHag KosoMHa» — KpaeBeOuecKuil MapuipyT o TUXOMY
UCTOPUYECKOMY paitoHy KOJIOMHBI, pacKpbIBAKOLINII €r0 MHOTOKYJIbTYPHOE
Hawlenue. 31ech Iepecekalnch JIuTeparypa, TeaTp, My3blKa, apXUTeKTypa,
IIpaBOC/IaBue, KaTONULU3M, JIIOTePAaHCTBO U MygausM. MaplipyT coeguHsIeT
3HAKOBble TOYKM paiiOHa, CYIIEeCTBYIOIIME M yTpaueHHble XpaMbl Pa3HbBIX
KoH(eccuit. CBeTOBble 0OBEKTHI MOAYEPKUBAIOT BKIAJ KaXIoil u3 cdep B
Ky/IbTypy [leTepbypra.

Bce Tpu mapuipyra oO6benuHeHbl B eIMHbBIN CBeTorpaduueckuii
myTeBoAUTENb «[IpOBOJHMK», KOTOPBIN IpeNcTaBisieT COO0¥ MPUIOKeHUe
I Hapuranuu 1o BeuepHemy CaHKT-Iletepoypry (puc. 3). B HEM
NpeJiCTaB/eHbl MHTEPAKTUBHbIE KapThl MaplIPyTOB, ONMCAHUSI OOBEKTOB U
BCTPOeHbI QYHKIMM OOTOHEHHON peasibHOCTHU. [IpuoxkeHMe yepe3 Kamepy
IIO3BOJISIET CUMThIBaTh QR-KOOBI HAa MECTHOCTM, OTKpbIBasi HOOCTYIl K
MY/JIbTUMEINAHOMY KOHTEHTY ¥ aKTUBUPYS NOIIOJTHEHHYIO PealbHOCTb.
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CBETOMPA®UYECKUI

e NYTEBOJAMUTESb «MPOBOAHUK»

auTens

Puc. 3. CeeTorpacuyeckuit nytesoautens «[pOBOAHNKY

CpenoBble HaBUTAlIMOHHbIE HOCUTE/IM — peajibHble CBETOBblEe 00bEKThI
M MHCTQUISILIMK,  obeclieuuBaloie  HAMISAHYI0  OpPMEHTAlUUI0 U
XyJIOXeCTBeHHOe BocmpusitTue. Ha oCHOBe TIpennpOeKTHOr0 UCCIeNOBaHMs,
O6bUT paspaboTaH psn cBeTorpadMuUeckux HOCUTesei, KaK CTalMoOHapHbIe
CBEeTOBbIE CTEeHIbl (IIpO3payHble IIaHeJM C TIONCBETKOI), Ha KOTOPbIX
KOHTYPHBIM  CBETOM  M300pakeHbl  yTpauyeHHble  3[JaHUSsI, XpaMbl,
MHTEPaKTUBHbIE CBETOBble MapKepbl M YyKa3aTesu, MHTErPUPOBAHHbLIE B
IIPOCTPAHCTBO  MapuipyToB (QR-KOObBI UM  KOIBI [JISI  CUMTBHIBAHUS
IOTIOJTHEHHOM peabHOCTH), CBETOINPOEKUIVOHHbIE MHCTAISIUUNY MaJIOr0 U
KpynmHOro pa3Mepa [6], a Takke MacliTabHble CBETONPOCTPAHCTBA,
COCTaBJIEHHbIE U3 PA3JIMUHBIX TUTIOB HOCUTEIEN.

O6cykpeHue

B kauecTBe HayuyHOI HOBM3HbBI, paboTa 3aKIaablBaeT OCHOBBI HOBOTO
HaTpaB/ieHUs] AU3aitH-UCCIef0BaHMiI — cBeTorpaduueckoro ausaitHa, uToO
OBLIO TOAKPEIIeHO MyGIMKAIMSIMU B HAYUHBIX sKypHanaxX «CBeTOTeXHUKa» U
«Light&Engineering» B 2025 romy [1].

Bricokas olieHKa M pekomeHaalus K BHeapeHnto BKP, rosyyeHHbie OT
l'ocymapcTBeHHOJM 5K3aMeHAllMOHHOM KOMMCCUM, CBUMIETEIbCTBYIOT O
MpaKTUUeCKO¥ [IEHHOCTY U aKTyaJIbHOCTY MIPOeKTa JJIs1 pa3BUTUSI TOPOACKOIA
cpenbl. ABTOpOM IIJITaHMpyeTCsl TWJIOTHasl peaamsaliusi MapIiipyToB Ha
tepputopun CaHKT-IleTepbypra B COTPYOHUYECTBE C MYHUIUIIATIbHBIMU
opraHamMu ¥ CBETOTEeXHUUECKMMM KOMIIaHUSIMM, JeTajbHasi MpopaboTka
MOOWIBHOTO IIPWIOKEHMSI C paciimpeHueM GYHKIMOHAMA, MoO6aBIeHMeM
HOBBIX CBETOBbIX MAapUIPYyTOB U IIePCIIEeKTUMBHOI MHTerpanuein B

TYpPUCTUUECKYI0 MHDPACTPYKTYPY ropoja.

95



BriBOABI

BbINO/JTHEHHBIT B KaueCTBe BBIITYCKHOM KBaJMPUKAIMOHHOM paboThl
MarucTpa MOpoeKkT mnpwiokeHus «IIpOBOOHMK», IPOAEMOHCTPUPOBAI
CIIOCOOBbI TIpUMeHeHMsI cBeTorpaduyeckoil HaBUTalMM B MCTOPUUYECKOM
eHTpe CaHKT-IleTepbypra Mpy IMOMOIIYM OPraHMU3alUM TPEX YHUKATbHBIX
MelexXOAHbIX CBETOBBIX MapIIPyTOB. KaXzaplili MapumipyT I10-CBOEMY
oboraiaeT OmNbIT MPOTYJIKM B ropofie, 061eryaeT OpMeHTUPOBaHue B TEMHOe
BpeMsi, YCWJIMBAET BU3YAJIbHYIO IIPUBJIEKATEIbHOCTh Cpenbl U Jejaer
3HAaKOMCTBO C MCTOPUKO-KYJIbTYPHBIMU O0BEKTaMM Oosiee yBjieKaTe/lbHbIM.
[IpakTuueckue pesyiabTaThl BKP MOryT ObITh MCIIOAb30BaHbl  JIJIS
IaJbHeNIIero pa3BUTUs TOPOLICKOM TYPUCTUUECKO HaBUTAILIUU He TOJIbKO B
CaukT-IleTepbypre, HO ¥ B IPYTUX UCTOPUUECKUX FOPOIAX.
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NMPOPABGOTKA CBETOBOI'0 PEIIEHUA A1 UTOKOHCTPYKLIMU

Tonopkoea A.A., cmydenm; 3eapsizuHa A.A., cmyodeHm;
I'peukuna T.B., K.¢p.-M.H., doueHm
HauuoHnansHetil uccnedosamensckuii Tomckuil noiumexHuueckuil
yHugeepcumem, 2. Tomck

DEVELOPMENT OF A LIGHTING SOLUTION FOR PHYTOCONSTRUCTION
Toporkova A.A. student; Zvarygina A.A, student;
Grechkina T.V., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AHHOTaUsA

Ha ceromusiiHuii 1eHb GUTOCTEHBI M Apyrue GOopMbl BepTUKAIbHOTO
O3€eJIeHeHMsI CTAHOBSITCS BaXHBIM 3JIEMEHTOM WMHTepbepa, COUYeTaIIINM
3CTEeTUKY, SKOJIOTUUYHOCTh ¥ (YHKIMOHAIBHOCTh. WX MOMYJASPHOCTh
00yC/IOB/IeHa CTpeM/ieHMeM uejioBeKa K Ipupoje, OCOOEHHO B YCIOBUSX
MerarojucoB, TAe 3eJ€éHble 30Hbl OrpaHMYeHbl. DUTOCTEHbI HE TOJIbKO
YKpallaT IIPOCTPAHCTBO, HO U YIYUIIAIOT MUKPOKIMMAT: OUUIAIOT BO3OYX,
PEryJIMpyIOT BJI&KHOCTb M CHVKAIOT YPOBEHbD IIIyMa.

B yC/10BUSIX eCTECTBEHHOI'O CBeTa IpOoM3pacTaHue pacTeHUI BUIUTCS
Haubomee KOMMOPTHBIM U cbOajaHCUPOBAHHBIM. Pojb ke cBeTa
MCKYCCTBEHHOI'0 KpaiiHe Heobxoauma Ijisl 1Liejieil OCBellleHUs] BHYTPEeHHUX
IPOCTPAHCTB, Tlle Ba’kKeH CBET IS BCeX JXMBBIX OPraHM3MOB. B Takmx
CIydyasx HeoOXOOMMO T'paMOTHOe IIpPOeKTMpOBaHME MUCKYCCTBEHHOTO
OCBeIeHMsI, KOTOPOe MO/IKHO YUMTHIBATH (PU3MOTIOTUUECKME ITOTPeGHOCTU
pacTeHuii  (CIIEKTP, MHTEHCUBHOCTb, TIPOJO/DKUTENIBHOCTh CBETOBOTO
BO3IeMCTBUSI) U BU3YaJbHYIO TAPMOHMIO (TTOOUEPKUBATh (aKTyphbl U I[BeTa
pacTeHUI, MUHTErPaLMIO B UHTEPbED).

IanHasg  paboTa TIOCBsIIeHA  MCCIEOOBAaHMI0O U pa3paboTke
ONTUMAJIbHBIX MPUEMOB OpraHMU3alUM OCBelleHUsT GUTOKOHCTPYKIMU Ha
npuMepe  BePTUKAIbHOM  pacTUTeNIbHOM  koMmo3unuu. IIpomenanHa
COBMeCTHasi paboTa C TpeACcTaBUTENSIMM ATPOHOMUM I10 OOHOBJIEHUIO
pacTUTeIbHOrO cocTaBa ajist ¢purokoMmnosuiuu. Ha 6a3e MCXOMHBIX JAHHBIX
BBITIOJTHEHO 3D MopjenupoBaHMe ToMellleHUMs U (duUTOMOmy/ieir B
nporpaMMHOii koMmruiekce DIALux evo. Pe3ynbTaToOM paboOThl SIBASIETCS
pa3paboTKa CBETOTEXHUNUYECKOTO pellleHMsT 00111ero OCBeTUTEIbHOI0 KIMMaTa
1711 PUTOKOHCTPYKIIUMN.
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Abstract

Today, phyto-wall and other forms of vertical landscaping are becoming an
important element of the interior, combining aesthetics, environmental
friendliness and functionality. Their popularity is due to the human desire for
nature, especially in megacities where green areas are limited. Phyto-wall not
only decorate the space, but also improve the microclimate: they purify the air,
regulate humidity and reduce noise.

In conditions of natural light, the growth of plants is seen as the most
comfortable and balanced. The role of artificial light is extremely necessary for
the purpose of lighting interior spaces, where light is important for all living
organisms. In such cases, it is necessary to design artificial lighting correctly,
which should take into account the physiological needs of plants (spectrum,
intensity, duration of light exposure) and visual harmony (emphasize the textures
and colors of plants, integration into the interior).

This work is devoted to the study and development of optimal methods for
organizing lighting of a phytoconstruction using the example of a vertical plant
composition. Joint work has been done with representatives of Agronomy to
update the plant composition for the phytocomposition. Based on the initial data,
3D modeling of the room and phytomodules was performed in the DIALux evo
software package. The result of the work is the development of a lighting solution
for a common lighting climate for phytoconstruction.

KioueBbie ¢jioBa: 03ejieHeHe UHTePbePOB, GUTOKOHCTPYKIINS, CBET
IUIS1 pacTeHMit, GUTOCBETUIbHUKIA

Keywords: interior greening, phytoconstruction, light for plants,
phytolamps

BBegenmne
O6BbeKkTOM MCC/IeqOBaHMsI HACTOsIIIEe padboThl cTasa GUTOKOHCTPYKIIMS
(puc. 1), pacrnosiokeHHass B HayuHoit = Omosmoreke  TomcKOTo

l'ocymapcrBenHoro yuuBepcuteta (HB TIY). 3manme OMOJMOTERM — 3TO
MHOTO3TaXXHO€e CTpoeHMe, 001Nt MOIbEM IO KOTOPOMY OCYIIIECTBJISIeTCS 10
JecTHUIe. B OBHOM M3 TakMX MPOJIETOB MEXAY [ePBbIM U BTOPBIM 3TakaMu
Ha JIeCTHMYHOJ IIIOIIaZKe PacrojioXkeH OOBeKT MCCaeqoBaHMs HaCTOsIen
paboTel. B HacTosimee BpeMs pacTuUTelbHass cxemMa (QUTOCTEHbI
IIpeJICTaB/IsSIeT CO00 KOMOMHAIIMIO TpeX BUAOB SKMBBIX (XJIOPOGUTYM,
MarlOPOTHUK U BbIOH) U MCKYCCTBEHHBIX PacTeHUit, 6e3 SIBHOM KOMITO3ULINU
" CIJTAaHMPOBAHHOTO JIeKOPATUBHOTO 0(OpMIEHMSI.
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IlaHHast KOHCTPYKIMSI COCTOUT U3 TPEX PaCTUTEIbHBIX OJOKOB C
obymactbio HacaxkmeHust 220x80cM, pacIONOKeHHBIX Ha CTeHe B
BEPTUKAIbHOM IT0JIOKEHUM, Tie C [O3ULMEN HMKHE TOUYKM pa3sMeIleHNs OT
moja paBHOM 182 cMm. Beicota Kaxkmoro 6sioka 280 cm, mmpuHa 80 cwm,
riy6uHa 20 cm. PaccTosiHye MeKITy MOIY/ISIMU 35 CM.

CormacHo [1] p[masg  TeHeBBIHOCAMBBIX  pacTeHUil  3HauyeHUs
OCBEIIEHHOCTU HaAxoAsaTcsl B auamnasoHe oT 500 mo 700 naxk. Ilpu sTom mjist
OLIeHKU 3¢ deKTUBHOCTHU OCBelIlleHUSI UCTIONIb3YeTCS rnapameTp
doTocuHTeTHMUECKMIT (QOTOHHBINA IOTOK IUIOTHOCTU (PPFD), 3HaueHus
KOTOpOro [IJIsi TEeKyIIero cocTaBa pacTeHuit Bapbupylorcsi oT 80 1o
120 mrMosib/M?/c [2]. Takke BakHO YUMTHIBATh (OpMaT OCBELIEHUS /IS
Me>KJIeCTHUYHOTO IIPOJIETA, KOTOPbIe IIpUBeLEeHbI B [3].

a)
Puc. 1. ®otoxpoHuka obbekta B HB TIY: a— 2016 ., 6 — 2022 1., 8 — 2023 T,

MeTo[ ucciegoBaHUS

B xome paboThl NpOBeNEH aHaIM3 MEVCTBYIONIEH OCBETUTEbHOI
YCTAHOBKM Ha IIpeiMeT OcCBelllaeMOro o0O0beKTa — (GUTOKOHCTPYKIIUN.
Vi3mMepuTeabHBIN IPOIlecc ObIT CBSI3aH C OIEHKOM COCTOSTHUS OCBeIleHMs B
TPEX MOCTYIHBIX IJIS M3MEpPEHUS IMO3ULMUIX Ha BbicoTe 182 cM, Ha BbICOTE
150 cm 1 B tutockocTy nota (h=0).

Ha puc. 2a cxemaTuyecku IMpencTaBieH OOBEKT MCCIeIOBAHUS C
0003HauUeHNMEeM BCeX 3JIEMEHTOB U MOJIOKeHMEM IIJIOCKOCTE, KOTOpbIe ObUIN
BK/IIOUEHBl B TEKYIMIT M3MepUTeNbHbI aHain3. Kaxkmass mosuiusi Gbuia
pa3sneneHa Ha 9 cermeHTOB (C1-C9), B KOTOpBIX INMPOBOAMINCH 3aMepbl C
romMoIplo Jrokecmerpa TKA-JIokc, rpu yem C1-C3, 3TO faHHBIE B INIOCKOCTU
pactuTtenbHOro 6;oka 1, C4-C6 — 6;10ka 2 u C7-C9 — 3, COOTBETCTBEHHO.
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CermenT 2
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6)
Puc. 2. Cxematuyeckoe npeactasrneHne obbekTa uccnefoBaqus (a) u pesynstar oHa
€CTECTBEHHOM OCBELLEHHOCTM AN1s cekTopa C2 (6) B ABYX NOCKOCTAX HabnoaeHus

B xonle BbINOJIHEHMSI pabOThI ObLI MpOBeleH KOMILIeKCHbIV aHaau3
COCTOSTHUSI OCBellleHUs1 (UTOKOHCTPYKLIMM, BKIIOUABIIMIA TpM ITama
HabOaomeHnit. Bo-mepBbIX, 3adMKCUPOBAHBI  OXKMUIAeMble  CE30HHbBIE
KoJie6aHMsI, XapaKTepusyloliyecs yBeauueHeM OCBel[eHHOCTM B BeCEHHUIA
epuosi U CHIWKeHMEM B OCEHHe-3MMHMUIL. BoO-BTOpBIX, HaOJIOIAeTCS
CYyTOUHAs IMHAMMKA C IMKOM B ITOJyJeHHbIE 4acChbl, OHAKO MHTEHCUBHOCTD
€CTeCTBEHHOI'O CBeTa BapbUpPyeTCs B 3aBUCUMMOCTM OT PacCIOJIOKeHUS
cerMeHTa. B-TpeTbux, BbIsIBleHA 3HauuTe/bHass HePaBHOMEPHOCTh
pacripeejieHus CBeTa I10 OTAE/NbHBIM y4acTKaM, Iipu 3ToM cermeHTbl C1-C3
XapaKTepuU3yITCs Haubosiee HU3KUM YPOBHEM OCBEIIeHHOCTHU (puc. 20).

Ha ocHOBaHUM ITOJTYUYEHHBIX JAHHBIX OOOCHOBaHA HEOOXOIMMOCTD
IuddepeHIMPOBAaHHOTO rnoaxona K  OpraHmsanum OCBellleHus],
Mpearoiaramiiero  MCIoJb30BaHME  MCKYCCTBEHHBIX  MCTOUHUKOB B
3aTeHeHHbIX 30Hax (cerMeHTbI C1-C3) 1 BO3MOKHOCTb [IPeUMYIIECTBEHHOTO
MCITOJIb30BAHMSI €CTECTBEHHOI'O CBETA B CEIMEHTAX, PacIio/IOsKeHHBIX BOIM3U
OKOHHBIX ITpoeMOB (cermeHTbI C7-C9).

PesyabTaTsl

B HacTosielt paboTe O6bIT MPOBENEH aHAIN3 OCBEIlleHMS ¥ BbIMIOTHEHA
paboTa 1o OOGHOBJIEHUIO PACTUTETBHOIO coCcTaBa GUTOKOHCTPYKIMM. HoBbIe
BUIbI PacTeHUi ObUIM MOZOOpAHbI C YUETOM MX CBETOBBIX ITOTPeOHOCTEN U
IeKOPaTUBHOM COBMECTMMOCTU (pUC. 3a), UTO IIO3BOJWIO CO37aTb Oosiee
YCTOMUMBYIO U 3CTETUUECKNU TAPMOHNUYHYI0 KOMITO3UIIMIO.

[IpopaboTKOI IPOEKTHOTO peIleHMus] CTaayu 2 BapuaHTa OCBEUIeHUS
dbuTOKOMITO3UITUNA.
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JIJis1 IepBOro CBETOBOIO pelieHust (puc. 30) UCIOJIb30Baaach TPEKOBAsI
CUCTeMa CO CBETOAMONHBIMM (UTOMPOKEKTOPAMM ITOTHOCIIEKTPATbHOTO
coctaBa. CBeTOBbIe MPUOOPHI pasMellleHbl B HAlIPaBAeHUM KasKIOTO MOIYIIS,
B pe3yjibTaTe Yero OCBellleHMe pPaBHOMEPHO OXBaTbIBAeT paCTeHMs,
MOAUEPKUBAS UX CTPYKTYPY.

- Aurypuym [ -Acmaparye
[CJ-Arnaonema f§ -Crarudmirym
[l -1latioporuuk nedposenne

4w BeprukancHan 182 i}
v 5 585 Ix 016 /] m
PacueTHbie NOBepxXHOCTH  (MepnesauKyNapHas OCBEIIeHHOCTD)

DaKTHueckoe 3ajiaHHoe

CpepH. 585 Ix
Min 93.1 Ix
Max 1829 Ix

MuH./cpean. 0.16
MUH./MaKC. 0.051

9) e)
Puc. 3. PactutenbHas komnosuums (a), npumep cBeTOBOro pelueHus 1 (6),
CLieHbI OCBELLEHMA N0 BapuaHTy 2 (8, 2) C NPUMEPOM pacyeTHbIX LaHHbIX (0, e)

Bo BTOpOM — MCIIONb3YIOTCSI 2 TPYIIIbl CBETUJIBHMUKOB (6eoro u
(¢roneroBoro cBeueHus1), OjI1 KOMILIEKCHOTO CBETOBOIO OajgaHca U
KOOpAMHAIIMM BOIIPOCA PAa3BUTUS pacTeHUIi1 (puc. 3, 8-€). JlaHHOe POEKTHOoe
pellleHue MpPeACTaBasieT Cco0O0il  amanTUBHYIO CUCTEMY OCBeIeHMs,
aBTOMAaTUUECKM PEeryIUPYIOIIYI0 PaboTy (GUTOIPOKEKTOPOB B 3aBUCUMOCTU
OT BpeMeHMU CYTOK U YPOBHSI €CTeCTBEHHOJ OCBEIeHHOCTH.

Oo6cykaeHue

B xozie paboThl BBIIIOJIHEHO MCCAeq0BaHMe (GUTOCUCTEMBI M TEKYIIETO
COCTOSIHUSI OCBeIlleHUs B TPOCTPAHCTBE pACIONOKeHUS] 0ObeKkTa. AHaiu3
IAaHHBIX ITOKA3aJl, YTO OOIIee COCTOSIHME PACTUTEBHOTO COCTaBa U XapaKTep
OCBeIIeHMsI HY)KTaeTCs B lTepecMOTpe.

PelnieHreM KoOpAMHAIMM TaHHOTO BOIIPOCA MOCTYKWIIO MCC/ieloBaHMe
B HaCTosIIell paboTe M MpopaboTKa CBETOBOTO pellleHUsl. B cBA3M € 3TUM
NpeIoKeHbl JBa BapMaHTa OCBENIeHMs: TpeKOBasi CUCTeMa C
duTonpokeKTOpaMm Ijisi paBHOMEPHOI MOICBETKM M afallTMBHas cXeMa C
peryJmpyeMbIM CIIEKTPOM. Pe3ysibTaThl pacueTHbIX JAHHBIX OCBEIIEHHOCTU
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SIBJISIIOTCSI TOITYCTMMBIMM U COIVIACYIOTCSI C HOPMUPYEMbIMM TTapaMeTpamu
I ~ MeXJIeCTHMUHOro  mposjéra  [3].  PaspaboraHHasi  cucTema
duToocselleHMsT IpemycMaTpuBaeT yIpaB/ieHMe IlapamMeTpaMyu paboThI
CBETWJIbHUKOB, oOOecreuuBaloliiee TOUHYIO PeryaupoBKYy WHTEHCUBHOCTU
CBETOBOI'O ITOTOKA B COOTBETCTBUMU C TEXHOJOTMUECKUMM TPeOOBAaHUSIMU U
610710TMYeCKMMM TIOTPeOHOCTIMM pacTeHuit. [Ipu 3TOM 6anaHC cBeTa ISt
pacTeHMii MHTErpuMpoBaH TakKMM 00pa3oM, UTOObl He HapyllaTh
peKOMeHJyeMbIX TlapaMeTpOB OCBellleHMs OCHOBHOTO oOObekTa —
JIeCTHUYHOI'O MTPOCTPAHCTBA.

OTHoenbHBIM  pasfeoM paboThl CTaJO0 B3aMMOMAENCTBUE  OBYX
06pasoBaTe/ibHBIX IpOrpamMM IO HampasiaeHui0 «OnTtotexuuka» TIIY u
HampasiaeHuio «ArpoHoMmusi» TI'Y Ha npegMeT PopabOTKM U COTIIACOBAHMS
pacTUTENbHOIO COCTaBa Iyisi (PUTOKOMIIO3UIIMM, UTO TIO3BOJMUIO CO3JATh
KOMILJIEKCHOEe pellleHue, KOTOpPOe YUMUThIBAET He TOJIbKO TexXHUYeckue
aCIeKkTbl OCBellleHMs, HO U OuoJoruuecKkue OCOOeHHOCTUM pacTeHMUi,
obecrieunBasi MX JOJTOCPOYHYIO KM3HECITOCOOHOCTh B MHTEPbEePHBIX
YCIOBUSIX.

BriBOAbBI

CoBMeCTHBIV MOJIO0P pacTUTEIBHOTO COCTaBa M CUCTEMBbI OCBEIIeHMS
MO3BOJIMJI CO34aTh (YHKIMOHAIBHYI0O M 3CTETUUYHYIO (UTOKOMIIO3UIIUIO,
IPUTONHYIO  IJisS  MCIIOAb30BaHMS B  OOIIECTBEHHBIX MHTepbhepax.
[TomyueHHbIE pe3yabTaTbl MOTYT OBITh IPUMEHEHBI IJIS ITPOEKTUPOBAHUS
BEPTUKAJIbHOTO O3€JeHeHUsSI C YYETOM OMOJIOTMYECKMX IIOTpeOHOCTen
pacTeHui 1 BU3yaJbHOM rapMOHUM IIPOCTPAHCTBA.
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AHHOTaN U

CraTbsl TIOCBSIEHA aHaAM3y OIbITa NPUMEHEHUSI B IIPa3gHUUHOM
CcBeTOBOM OQOpMIeHUM MYJIbTUMEOUINHBIX TEXHOJIOTUI, a WMMeHHO
apPXUTEKTYPHOIr'O 3D-M3IINMHIA U ayAMOBU3YaJIbHBIX '€HEPATUBHBIX CUCTEM,
Il TpaHcopMaliuy TOpOACKOTO MpOCTpaHCTBa BraauBocToka. Ha ocHoBe
IIPOBEJEHHOTO  aHaJiu3a  [peljio)keH  MPOeKT  MYJAbTUMELUAHOIO
obopmnenuss @ectuBasisi «ABTO3BYK», Tle IPOEKIMOHHbI MOIIINHT
BBICTyIIAeT MeIMaTOPOM OOILIeCTBEHHOTO MEPONPUSTUS U MHCTPYMEHTOM
CO3/IaHUSI BPEMEHHOI'0 CBETOBOTO 0Opa3a apXMUTeKTYpHOTO IMPOCTPaHCTBA.
VccnenyeTcst TMpolecc MHTerpauyuu AUHAMMUUYECKOTO CBeTa U 3ByKa [JIs
dbopmupoBanus MMMepPCUBHOMI CBETO3BYKOBO cpenbl,
CUHXPOHU3MPOBAHHOJ C TeMaTUKO ecTUBaIS.

B pabore paccMaTpMBAOTCS KaK  XYOOXKECTBEHHbI€  ACIEKThI
MYJIbTUMeIUITHOTO odbopmIeHUsT decTtuBans: paspaboTka
CBETOAVMHAMMYECKUX CIleHapMeB U  CBeTOBas JpaMaTyprusi 4depes
abCTpaKTHbIe KMHETUUEeCKue KOMIIO3UIMM, DPUTMUUECKMe IaTTepHbl WU
IMHaMuueckue TpaHchopmalyum, BU3yaau3UpyIole 3HepPruio 3ByKa, Tak U
TeXHUUeCKye acleKkThl peanusanuy 3D-MINNUHTa: BbIOOP MPOEKIVMOHHOTO
000pyIOoBaHMsI, METO/Ibl KaIMOPOBKY, U yIIpaBieHUe SPKOCTbIO B YCIOBUSIX
OTKPBITOTO MpocTpaHcTBa. Ocoboe BHUMaHME YaAessieTcsl TeHepaTUBHBIM
TeXHOJIOTMSIM UM B3aMMOJENCTBUIO CBETOBBIX pelIeHUil CO 3BYKOBOM
cocTapsironieit ecTuBas.
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Abstract

The article is devoted to the analysis of the experience of using multimedia
technologies in festive lighting design, namely 3D architectural mapping and
audiovisual generative systems, to transform the urban space of Vladivostok.
Based on the analysis, a multimedia design project for the Avtozvuk festival is
proposed, where projection mapping acts as a mediator of a public event and a
tool for creating a temporary light image of an architectural space. The process
of integrating dynamic light and sound to form an immersive light and sound
environment synchronized with the theme of the festival is investigated.

The paper examines both the artistic aspects of the multimedia design of
the festival: the development of light-dynamic scenarios and light drama through
abstract kinetic compositions, rhythmic patterns and dynamic transformations
that visualize sound energy, as well as the technical aspects of 3D mapping: the
choice of projection equipment, calibration methods, and brightness control in an
open space. Special attention is paid to generative technologies and the
interaction of lighting solutions with the sound component of the festival.

KnroueBbie cioBa: 3D-M3INUHT, apXUTEKTYPHBIA BULEOMIIIIIUHT,
reHepaTVBHble TEXHOJOTMM, CBeTONMHaMMKa, CBETO3BYKOBas Cpeja,
MMMepCUBHas cpefa, MYJIbTUMeAUIiHbIe TEeXHOJOTUM, IPOEKIMOHHOe
obopynoBaHue

Keywords: 3D-mapping, architectural video mapping, generative
technologies, light dynamics, light and sound environment, immersive
environment, multimedia technologies, projection equipment

BBegenmne

MynbTuUMeAMa  TEXHOJIOTMM, 3D-MINNUHT U TeHepaTUBHbIE
CBETO3BYKOBbIE CUCTEMbBI CETOAHSI IIepecTaloT ObITh MCKIIOUUTETHHO
MHCTPYMEHTOM pa3BjieueHMs], IIpeBpamiasich B CpelCTBO Xy0XeCTBEHHOTO
BbICKA3bIBaHMS ¥ MOJEpPHM3AIIUMU TOPOJCKOI cpedpl. KcciemoBaHusi B
061acTy TeOpUM Meava U YpOaHUCTUKHM ITOTUEePKMBAIOT BO3PACTAIOIIYIO POJIb
MMMEPCUBHBIX ayAMOBMU3YaJIbHBIX IPAKTUK B CO3JAaHUM JyXa MecTa WU
dbopmupoBaHUM IMOLIMOHATIBHOM aTMOC(epbl TOPOICKUX COOBITHI [1, 3—4].

B HOpMaTHMBHO-IIPaBOBOII 0a3e 06JAroycTpoiicTBa TepPUTOPUM
B1aiBOCTOKCKOTO TOPOJICKOTO OKpyra HpeayCMOTPeHO MCII0Ib30BaHMe
MYJIbTUMEIUNHBIX ¥ MPOEKIMOHHBIX 3JIEMEHTOB O(QOpMIEHMSI TOPOACKOI
cpenbl B paMKax Mpa3gHUYHOTO ocBellleHMs [5]. OfHaAKO CylllecTByeT Mpobes
B HOPMUPOBAHMM U TIOHMMAHUM SIPKOCTHBIX XapaKTePUCTUK, TaK KakK
OaHHble  TEXHOJIOTMM  YCTAHABAMBAIOTCS 6e3  (QYHKIMM  CO3TAHUS
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OIlpeJle/IeHHOTO YPOBHSI OCBEIIEHHOCTHM, M TOro, KakK MYJbTUMeIUiHbIe
MPOEKIMM, WHTerpUpPOBaHHbIE B JIOKAJIbHbIE TOPOJCKME IPAKTUKU
(Ha mpMMepe KPyIHbBIX QecTuBaseit), BAUSIOT Ha BOCIPUITHAE UAEHTUIHOCTH
MecTa M IMHAMMKY COLIMaIbHBIX B3aMMOIECTBUIA.

HayuHasi 3amaua JaHHOI pabOThl 3aK/JIOYaeTCs B MCC/IeIOBAaHUU
NpakTUKM  O0dOpMIEHMSI  OOIIEeCTBEHHBIX IPOCTPAHCTB  CpeJCTBaMM
MYJIbTUMEIUITHOTO OCBEIeHUS U Ompeie/IeHU X KOMMOPTHBIX IPKOCTHBIX
IapaMeTpoB U pa3pabOoTKe pellleHUs M0 MYJbTUMeAUITHOMY O0dDOopMIeHUIO
ByiamuBOCTOKA, YUMTHIBAIOIIETO BbISIBJIEHHbIE TapaMeTphI.

MeTog ucciegoBaHus

T DOCTMKeHMs TIOCTaBJI€HHOI 3aJauM ObUIM  MCIIOJIb30BaHbI
Clefyole MeTOAbl: aHaJIM3 Hay4yHOW JINTepaTypbl, peann30BaHHBIX
MIPOEKTHBIX PpeIleHUi! M 3JeKTPOHHBIX MCTOYHUKOB [ji1 (GOPMUPOBAHUS
KOMIIJIEKCHOTO TIpe/iCTaBleHus O creluduKke mpuMeHeHUs: 3D-MaNmnmMHra u
reHepaTMBHBIX CUCTEM B paMKax IIpasgHMYHOrO odopmieHUs BO
BinaguBocToKe; rpaduueckoe, reomerpuueckoe u 3D KOMIIbIOTEpHOE
MoJieJIMpOBaHMe IJIsl pa3padboTKyU ¥ 0POpMIEHUS ITIPOEKTHOT'O PelleHMSI.

Pe3yabTaTsl

AHanu3 npakTUUEeCKOro MpuMeHeHUsI MyJIbTUMEAUNITHBIX TEXHOIOT U1 B
TOPONCKOV  cpelle  BmagMBOCTOKAa  BBISBWI  UX  3HAUUTETbHYIO
pacrpocTpaHeHHOCTh: He MeHee 17 MeamadacasoB U Tro60-IIPOEKTOPOB,
TOMUHUPYIOIIVMU TEXHOJIOTUUECKUMU peleHUsI MU SIBJISIIOTCSI
CBeTOIBeTOBble (OPMbI, CKYJABNTYpbl UM MHCTa/uisiuuu [8]. PerynspHoe
IpoBeJieHNe MepOINPUSITUI B 00111eCTBEHHbIX MPOCTPAHCTBAX,
COMPOBOXKIAeMbIX MYJIbTUMeIUITHBIMY MTpoeKTaMu (Tabi. 1), moAaTBepKIaeT
BOCTpe6OBaHHOCTh JaHHOTro dopmaTa ropoAcKoil KOMMYHUKauuu. OmHaKo
KpUTUYECKasi OlleHKAa pPeaJM30BaHHBIX IMPOEKTOB MYJIbTUMEIUIHOTO
OCBellleHMSI TOPOACKMX COOBITUIT BBISIBISIET CYIleCTBEHHble OTrpaHUUYeHMS:
IedbUIUT MMMEPCUBHOCTM — CYIIEeCTBYIOIMe pellleHUs] He obecreuuBaioT
I7TyOOKOTO TOTPY)KeHMSI 3pUTeas 3a CUeT OTCYTCTBUSI HepepbIBHOTO
ayAMOBU3YaJIbHOTO CMHTE3a, MHOTOMOJAIbHOTO B3aMMOJENCTBUS U
JIVMHAMMWYeCKOM amalTUBHOCTY; TEXHOJOTMUECKUIi KOHCepBaTu3M — B
apceHasie TOPOICKMUX ITPOEKTOB OTCYTCTBYIOT COBpeMEHHbI€ MHCTPYMEHTHI
(ronorpaduyeckme HOUCIJIeM, TeHepaTUBHbIE CUCTEMbI, MHTepPaKTUBHbIE
MIPOEKIIMOHHbIE TIOBEPXHOCTU).
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Ta6muua 1. I[IpyMepbl MPaKTUYECKOTO TPUMEHEHMSI My/TbTUMeOUITHBIX
TEXHOJIOTMI1 B TOPOJCKOM cpene BraauBocToKa

CBeTOoTeXHUUECKOe
Mepornpusitue
peleHue
My}'[bTMMe,um}'ﬂ-loe Jlaszepbl, BOJHbIE IIPOEKLIUY,
].HOY <<KprJIbH OCBelleHHbIN MOCT 1 d)peraT

«Jlamnaza»; B KaUeCcTBe IKpaHa
IS IPOELMPOBaHSE 6bUT
JMCII0/Ib30BaH IOK Jlanb3aBoa

Bocroxka» ot «Sila
Sveta», 2018

MynbTUMeauitHOe BUPTYaJIbHbIE JIyUN, TIPOSKEKTOPDI
110y OT KOMIaHUK HaIIpaB/IeHHOTO U3/TyueHMs,
Jlaszepbl; IPOIO/DKUTENBHOCTD 20
«OpunoH ApT» B 6yxTe

MHIH., UCTOYHUKM CBETa

3omoroii Por, 2012 yCTaHOBJIEHBI Ha 12 6apskax

ApXUTeKTYpHBI
3D-M3NNUHT-1I0Y,
rnpoexTopbl RGB 10000

3D-M30NMHT-1I0Y
dectuBansg «V-ROX»

3D-M30NMHT-1I0Y
Ha dacazme
aZIMMHMCTPALIVK K
pasHbIM IIpa3gHIKaM

ApXUTEKTYpHBI
3D-M3NNUHT-1I0Y,
rpoekTopbl RGB 10000

CBETOBOE II0Y C PasNUIHBIMU
cBeToBBIMM 3hdexTamu:
KOHTYpHasl TI0icBeTKa, HEOHOBbIE
burypsl Mopckux o6uTaTtenei

CBeTOBOe€ LI0OY Ha
neHb BM®, 2020

Ha ocHOBe NpoBelleHHOrO MCCIeNOBaHMS pa3paboTaHO pellleHMe IO
COBpPEMEHHOMY MY/JIbTUMeANITHOMY 0(popMIeHUIO eCcTuBaIs «KABTO3BYK» —
MacmTabHoro coo6sITMs BnamuBocToka. IIpoekT TmpencTaBiseT €000
KOMIIJIEKCHYI0 MMMEPCUBHYI0O MYJIbTUMEAUHYIO CUCTEMY, 00'beAVHSIONTYIO
repefoBble TEXHOJIOTMM BU3yalIu3alUu, T[eHePaTUBHOIO MCKYCCTBA U
00paboTKM CUTHAJIOB B peajlbHOM BpeMeHMU /ISl CO3aHUSI CUHTeTUYeCKOro
ayIMoBU3yaabHOro JaHamadTa meporpusitus (puc. 1). Cucrema COCTOUT U3
TpeX B3aMIMOCBSI3aHHbBIX MOAYJ/IeN:

1.  ApxumekmypHuiii  3D-mannuvez ¢  2eHepamueHoOll  38YK080ll
CuHMxpoHu3ayueti: 1eb — TpaHchopMalusi apXUTEKTYPHBIX ITOBepPXHOCTe
(dacapm JanbpbiOBTY3a M 3MaHNUsI KpaeBOil afMUHUCTPALIMM) B TVMHAMMUYHbBIE
XOJICTBI BUPTYAJIBHOTO MCKYCCTBA, HAMPSAMYIO CBSI3aHHOTO C aKyCTUUYE€CKUM
noneM ectuBans. TexHosnozuueckass 0CH0O8ad — TOUHOe 3D-mopenupoBaHue
dacagoB 1 KOPPEKTHOTO IMPOEIMPOBAHUS C YUETOM MX apXUTEKTYPHBIX
ocobeHHOCTeit. CeemomexHuueckoe peuwleHue: TIPOEKIIMOHHAs CUCTeMa
BbICOKOJ siprocTH (230 000 ANSI Im), ucrionb30BaHMe KIaCTEPOB Jia3ePHbBIX
IIPOEKTOPOB C IIMPOKMM JOMHAMMUECKMM Amana3zoHoM (HDR) njs
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obecrieueHsl BUIMMOCTM B YCJIOBUSX TOPOJACKONM 3acCBeTKM U JHEBHOTO
cBerTa. TI'enepamusHas ayouosusyanvHas cucmema: MacCCUBBI
BbICOKOUYBCTBUTEIbHBIX MUKPOGOHOB (4acTOTHBIN Auana3oH 20 I'm—20 kI,
IyHaMMuuyeckuit muamnasoH >120 n1b) 1 maTunMKoB BUOpAIiuyM B 30HE 3BYKOBBIX
CUCTEM aBTOMOOMJIEN IPOMU3BOIST ayAMOAHAJIUTUKY B PeXMME PeaTbHOro
BpeMmeHnu asroputmammu FFT (boicTpoe ITpeobpasoBanme ®Dypbe), BbIAEISIS
puTMudeckue mnaTTepHbl (Beat Detection), 4aCTOTHbIe XapaKTePUCTUKU
(CTIeKTpaJIbHbIM aHa/IM3), YPOBEHb 3BYKOBOTO OaBieHust (SPL), u nepengaBas
JIaHHbIEe B CUCTEMY BU3yaiu3aluu JaHHbIX. Ceemodu3atiHepckast KOHUenyus:
KaKIIblif 13 COOPAHHBIX 3BYKOBBIX ITapaMeTpoB (6ac, MM, BbICOKME, TEMII,
IPOMKOCTbB) YIIpaB/sieT OTHe/ibHbIM BU3yaJbHBIM cj0oeM (dbopma, IIBeT,
TeKCTypa, ABVWKEHUE), UMUTUPYS [OBVOKEHUS 3BYKOBBIX BOJ, AVHAMUKY,
CKOPOCTb, WITIO3UM.

2. IIpedmemuniii 3D-mannuHz Ha aemomoOunu: 1eab — CO3ITaHUE
IVHAMUYIHOTO undpoBoro cros Ha aBTOMOOWJISIX -yUaCTHUKAX,
YCWJIMBAKOIIETO MX BU3YAJIbHYIO MPE3€HTAIMI0 U B3aMMOMAEICTBYIONIETO C
o01elt ayauoBU3yaibHOV cpenoii. TexHo/i0zuueckass 0CHO8d: TipeaMeTHbIN
3D-M3MIMHAT € @ITOPUTMaMM WCKaXeHUSI TIPOEKIUiAI U KOMIIeHCAlM
CJIOKHOJ KPUBM3HBI Ky30Ba aBTOMOOW/ISI HAa OCHOBE NaHHBIX TPEKMHIa U
NpeABapuUTeIbHOI KainopoBku. CeemomexHuueckoe peuieHue: Ja3epHble
npoexTopsl (VLT RGB 17 000 PRO MAPPING) B KOMOMHAIIMM C OIITUUYECKUMMU
tpekepamu u IMU-patuukamu (Inertial Measurement Units) Ha aBTOMOOUJISIX
IJISI TOUHOTO TO3ULIMOHUPOBAHMSI B IIPOCTPAHCTBE C YACTOTOM OOHOBJIEHUS
>60T'n. CsemodusaiiHepckas  KOHUenyus: CcO3daHMe aHMUMMUPOBAHHBIX
1a6JI0HOB (TEKCTYp, abCTpakTHBIX GopM, 3¢h@eKTOB TeKyuero meTauia,
OTHSI, JJIEKTPUUECKUX Ppa3pslioB), IapamMeTpUdecKy VIIPaBIsSiEMbIX KakK
IeHTPaIM30BaHHO (CMHXPOHM3AlMsS C OOIMM I1I0y), TaK U JIOKaJbHO
(peakiusi Ha 3BYK KOHKPETHOrO aBTOMOOWJISI, CUMTAHHBII C €ro
ayIMOCUCTEMBI WJIM BHEIIHUMU JaTYUKAMM).

3. BoodaHaa zonozpaguueckas npoekyuss Ha cyxoii poHmad: 1eab —
dbopmupoBaHue yCTOMUMBBIX 00'bEMHBIX M300pakeHNi B BO3OYIIHO-BOJTHOM
MIpOCTPaHCTBe,  CO3JaBaeMOM  MaTpuiieit  cyxoro ¢oHTaHa, s
IeMOHCTpally JIOTOTUIIOB, aHMMAalMM, CBSI3aHHOI C TeMaTUKOoV (ecTuBaist
" aBTO3BYKOM [2]. TexHoJ102uueckass 0CHO8a: J1a3epHbIi CBET pacceuBaeTcs Ha
MMKPOUYACTUIIAX BOZBI, CO3JaBasi BUIMMOE CBeYyeHMe B BO3JAyXe.
CeemomexHuueckoe pewleHue: ja3epHas MPOEKIVIOHHAs CUCTeMa IIPOEeKTOPOB
(RGB, momHocTh >10 BT) ¢ BBICOKOCKOPOCTHBIMM TaJIbBAHOMETPUYECKUMM
CKaHaTopaMM, ja3epHblit J1yd GOKYCUPYeTCsl CTPOTO B IJIOCKOCTU BOJISTHOI
3aBechbl, ObICTpasi CKaHalMsl Jy4ya IO3BOJISIET «PUCOBATb» M300pakeHMe C
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BBICOKOM YacTOTO KagapoB (>30TI'1), KOMIIEHCUMPYS [OBMKEHME 4YacCTuIl,
cucTeMa CUMHXpoHM3anuyu  (aspl  paboTrhl  (OHTAaHA M  CKaHATOPOB
obecrieuMBaeT CTAOMIBHOCTD M300paxkeHus. Caemodu3satiHepckast KOHYenuyusl:
cIiennaabHO paspaboTaHHast 2D/mceBno-3D aHUMaIVs, ONITUMMU3MPOBAHHAS
IJIST BU3Ya/IM3allMM Ha BOASTHOM 3KpaHe (BbICOKasi KOHTPACTHOCTb, UETKUE
KOHTYpbI, U36eraHye MeJKux JeTaseii).

MYABTUMEAUVMHOE ODOPMAEHNE (3D MINMWHI) DECTUBAASA «ABTO 3BYK» 7 AAMUHUCTPATHBHOE SAAHVE (EASHIEA LR

3BYR ROHUES BAAAYN

)B PEBOAIOLINN

Puc. 1. MpoekT MynbTUMEAUIAHOTO 0hopMneHus ectueans «ABTO3BYK» BO BriagmsocToke
(aBTopsl E.C. apkuHa u B.W. PasroBoposa)

O6cyRpeHue

PaboTa ycTaHaB/IMBaeT CBSI3b MEXIY TEXHUUECKMMM IIapaMeTpaMu
MYJIbTUMEINITHBIX CUCTEM (SIPKOCTb, YACTOTa OOHOBJIEHUS, TUMHAMMUYECKUIA
IMamasoH) M UX CIOCOOHOCThIO (opMMpOBaTh MMMEPCUMBHYIO Cpemdy,
mpeqiaras KOHKPeTHble MHKEHEePHO-XYOKeCTBEHHbIE peIleHus s
MOIEPHMU3AIUM TOPOJICKUX COOBITUI, HO TpebyeT MeXIUCIUILIMHAPHOTO
yTOUuHeHMUs B cdepe 3BYKOBbIX TEeXHOJOTMiL. IIPOEKT CIIYKUT OCHOBOM IJIst
OAJbHEMIIMX WMCC/IeIOBaHMII B 00JIACTM HOPMMUPOBAHMUSI  SPKOCTHBIX
XapaKTepUCTUK ¥ OLEHKM COIMOKYJIbTYPHOTO BO3MENCTBUSI IIOMOOHBIX
MPaKTUK Ha UTEHTUIHOCTH MEeCTa.

BoeiBoabI

AHanu3 ombplTa M paspaboTKa Ha ero OCHOBe KOMILIEKCHOJ
MMMEePCUBHOM MYJIbTUMEOUITHOV CcUCTeMbl IJs decTuBasass «ABTO3BYK» BO
BiaguBocTOKe [OKa3aja BO3MOXHOCTb WMHTerpauuu 3D-MIINMUHra U
reHepaTUBHBIX ayaMOBU3YaIbHBIX TEXHOJIOT U1 B eIVIHYI0
CUMHXPOHM3MPOBAHHYIO cpeny. HMcoiemoBaHue BbISIBWIO KPUTUUYECKYIO
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MOTPe6GHOCTh B HOPMMPOBAHMM SIPKOCTHBIX IapaMeTpoB (IIPOEKTOPOB
230000 ANSI Im pns apXuUTEKTYpHOTO MOIIIIMHIA) M CTaHAAPTHU3ALUAN
TeXHOJIOTMUeCKuX pemneHui (FFT-aHaiu3 3ByKa, TpeKUHT ¢ IMU-paTumMkamu,
HDR-tipoexkius) mjsi obecrieueHMUs] BUAMMOCTM B YCIOBUSIX TOPOJICKOI
3aCBETKM U  XYAOXKECTBEHHOM I1eJ0CTHOCTU. IlosiyueHHBble JaHHBIE
dbopmupylOT OCHOBY it  pa3pabOTKM  HOPMAaTMBOB  IPUMeHEeHUs
MYJIbTUMEIUITHOTO OCBeIllleHUsI B 001[eCTBEHHbIX MPOCTPAHCTBAX U OIeHKU
€ro BJIMSTHUS Ha COLMOKYJIbTYPHYIO UAEHTUYHOCTb MeCTa.
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PEKOHCTPYKLLUS CUCTEMbI OCBELLEHWUS CTAHLLUU «NJIAHEPHAS»
MOCKOBCKOIo METPONOJIUTEHA

Unioxun A.E., 6akanasp; @omuH A.I., K.m.H., doueHm
HauuonanwsHulii uccnedosamensckuii yHusepcumem «M3OH», 2. Mockea

LIGHTING SYSTEM RENOVATION OF MOSCOW

SUBWAY PLANERNAYA STATION
Ilyukhin A. E., B.S.E.; Fomin A.G., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTanusa

PaspaboTaH MPOeKT MOJAepHMU3aIUM OCBellleHMs] CTAaHI[MY HEeTTyOOKOTo
3aoskeHus «Il1aHepHasi» MOCKOBCKOTO MeTPOIIOIUTEHA, C MCIIOAb30BaHUEM
psila COBpeMEeHHbIX TeHIEeHIMI U TexHOJOoruil. bBbulo MmpoBeseHo
obcemoBaHue e ICTBYIONIUX OCBETUTETbHBIX YCTaHOBOK "
MpoaHaJU3MpPOBaHbl TPeOOBaHMUSI K OCBellleHMI0 cTaHIuMU. [IpensaraeMbiit
BapMaHT MOAepHMU3ALUY [TpelycMaTpuBaeT IMMPOBYIO CUCTEMY YIIPaBIeHMS
IIJIsI TapMOHM3allUM CBETOBOJ CpeJibl B KACCOBBIX 3a/1aX MPU OJHOBpeMeHHO
S5KOHOMMM 3JIEKTPOSHEPTUM U YBEJIMUYEHUM CPOKa CIYKObI CBETOBBIX
npubopoB. Kpome 3TOrO0, AJ1s1 AEKOPAaTUBHOTO 0GOPM/IEHMS] OCBETUTETbHbIX
YCTAaHOBOK, ObljIa paspaboTaHa KOHCTPYKIMUS MeTa/UIMUYECKOIro IOJBECHOIO
IIOTOJIKA, CBETOBAast KOHCTPYKIMSI B (popme IuiaHepa M OCOOBIN CBETUIbHUK
IJIsT 9CcKayaTopoB. IIpoBeleH CpaBHUTEeNbHBIV aHaAMU3 OeiCTBYIOIIEro U
pa3paboTaHHBIX BAapMAHTOB KaK IO CBETOTEXHUYECKUM XapaKTepPUCTUKaM,
TaK U I10 SHEePromnoTpedIeHUIO.

Abstract

A project has been developed to renovate the lighting of the shallow-level
Planernaya station of the Moscow metro, using a number of modern trends and
technologies. An inspection of the existing lighting installations was conducted
and the requirements for the station lighting were analyzed. The proposed
modernization option provides for a digital control system to harmonize the
lighting environment in the ticket halls while simultaneously saving electricity
and increasing the service life of the lighting devices. In addition, a metal
suspended ceiling structure, a glider-shaped lighting structure, and a special
escalator lamp were developed for the decorative design of the lighting
installations. A comparative analysis of the existing and developed options was
carried out both in terms of lighting characteristics and energy consumption.
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KnwoueBble cjoBa: PeKOHCTpyKIMSI  OCBellleHMs, OCBellleHMe
MEeTpOTIO/INTeHa, MPOEeKT OcCBellleHMs, pa3paboTka CBETOBOTO MpubOpa,
COBMeIIIEHHOEe OCBeIleHue

Keywords: Lighting renovation, subway lighting, lighting design, lighting
fixture development, mixed lighting

BBegenmne

Il MeTpoIIOJUTEeHOB  ropojgoB  ObiBmiero CCCP, momMumo
(GyHKIMOHATBbHO POIN, TaKKe XapaKTepHa sIpKO BbIpaskeHHAasT apXUTeKTypa,
co3palomias  3allOMMHAIOIIMICI  OOAMK  CTaHIMIA U SBJISIONIAICS
npou3sBeneHneM uckyccta [1]. B mociegHue roabsl 0cob6yl aKTyaJabHOCTb
npuobpeTaeT MOJEpPHM3AIMSI CUCTEM OCBeIlleHMs CTaHIMit CTapoit
mocTpoiikiu. K OCHOBHBIM IIpoGjeMaM CYIIEeCTBYIOIIMX OCBeTUTEIbHbBIX
YCTAaHOBOK MOXXHO OTHECTM MopajibHOe U ¢GusMueckoe ycTapeBaHMe
000pyImoBaHMsI, 3aBbIIIEHHOE SHEPrornoTpedeHne U BhICOKYIO IIOTPeOHOCTh
B TeKylleM oOcaykuBaHuM. Kpome 3TOro, Ha CTapblX CTaHIMSIX, Kak
IIPaBWIO, WCIIOJB3YIOTCS pa3jiMyHble BUIbI PTYTbCOAEPKAIIMX JIAMII,
ronajaamwIiye moj 3aKoOHOogaTe/IbHbIE 3alpeThl HA 3aKYIIKY.

3amava peHOBalMM OCBETUTE/IbHBIX CUCTEM CTAHLVIA METPOIIOJIUTEHOB
3aK/II0YAaeTCs He TOJbKO B NPUMEHEHMM COBPEMEHHOTO CBETOAMOIHOTO
000pyIOBaHMUSI M CTPOTOM COOJIIOMEHMM HOPM OCBEIIeHUs, HO U B
COXpaHEeHUM YHUKAJIbHBIX apXUTEKTYPHbIX 00pa30B, MMEIOIIMX KyJIbTyPHYIO
M UCTOpUUECKYI0 IeHHOCTb [2]. HacTosimast pab6oTa TOCBsiIeHa
IIPOEKTUPOBAHUIO OCBETUTEbHBIX YCTAHOBOK CTAHIMM MOCKOBCKOI'O METPO
«[TnaHepHasi», KOTOpble YUUTBHIBAIOT HEJOCTATKU AECTBYIOIIETO OCBEIIEeHUS
Ha CTaHIMM U obecIieunBaloT KOMGOPTHOE IpedbIBaHMe [TaCCaKUPOB.

MeToabI McCCIefOBaHUS

B naHHOIi paboTe 1j1s1 OIleHKU JIeJiCTBYIONIEr0 OCBeIeHNUsI Ha KakKIoM
yuyacTKe cTaHIVM MeTpo «IlmaHepHasi» ObLI IPOBENEH CBETOBON ayauT.
B pesyibTaTe IPOBENEHHBIX M3MEPEHUII YIOAJIOCh BBISIBUTH MHOXKECTBO
HeJOCTaTKOB [EVCTBYIOIIeil CucTeMbl oOcCBelleHUs. K HMM OTHOCSTCS:
npeBbilieHe E, moutu B 2 pasa B IaT¢GOpMeHHOM M KacCCOBBIX 3ajax,
3HAUeHM 00beAMHEHHOTO ToKa3aTessi IuckoMmdbopTa M HepaBHOMEPHOCTHU
OCBEIIEHHOCTM Ha 3CKaJIaTOPHBIX 30HAX M3-3a HEBEPHOTO BbIOOPA CBETOBOTO
000pYyIOBAaHMSI M €TI0 PACIIONIOKEHMS.

boula 1npepjiokeHa  KOHIUeINMSI  OCBellleHMs, IIpearoJsararoias
MCII0J/Ib30BaHMe CBETOIMOAHbBIX CBETWIBHUKOB C QYHKIME AMMMUPOBAHMS,
npuMeHeHre pa3paboTaHHbIX B mporpamme SOLIDWORKS 3KpaHUPYIOUIUX
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IIPSIMOI  CBET CBETW/IbHUKOB IIOABECHBLIX IIOTOJIKOB TUIIA <TPUILSITO»
(puc. la), crenuajbHO pa3pabOTaHHOTO CBEeTWJIbHUKA [JIT OCBeLleHUS
9CKaJIATOPHBIX 30H (puc. 16), a Takke (QYHKIMOHATbHO-IEeKOPATUBHBIX
CBETOBBIX KOHCTPYKIMIT IJIsI BeCTMOIONei, CMOHTUPOBAHHBIX U3 CEPUITHO
BBIITYCKa€MbIX 3JIEMEHTOB (pUC. 2).

Puc. 1. OnemeHT fekopaTUBHOrO NOABECHOMO NOTOSKA (a) U CBETUMBHUK AN1s 3ckanaTopos (6)

B  xome  IIpOBeNEHHBIX  CBETOTEXHUMUYECKMX  pacyeToB IS
CYIIeCTBYIOIIEro ¥ MpejjaraeMoro BapMaHTOB OCBell[eHUsT ObIIO ITPOBEPEHO
COOTBETCTBME  KOIMYECTBEHHBIX UM  KAueCTBEHHBIX  XapaKTepUCTUK
3HaueHMsIM, perinaMeHTupyeMbiM cormacHo CII 120.13330.2012  [3].
CobitofileHre HOPM CIIOCOOCTBYeT CO3JaHMI0 KOMMOPTHOI U 6Ge3oracHoii
CBETOBO Cpelibl Ha CTAaHLUU MeTpO.

s peanusaiuy CBETOBBIX CIleH Obula BbIOpaHa OTeuyeCcTBeHHast
cucTeMa ynpasieHus ocBelileHueM AWADA, cepTuduiiupoBaHHasl B Halllei
CTpaHe U mnoaaepxkuBawinas uHTepderichl ynpasienuss DALI u DALI 2.
Cuctema obecreurBaeT pabOTy OCBETUTENIbHbIX YCTAHOBOK BO BCeX
pexxumMax, a Takke yIpaBjieHMe MOJCBeTKOM Ha3BaHUii CTaHIIMM Ha OOKOBBIX
CTeHax IUIaT@OPMEHHOTO 3aja [0 CUTH&JaM TyTeBOM aBTOMAaTUKU
MeTporojuTeHa. biarogaps 3TomMy Npu MpUOBITUM TIoe3[a Ha CTaHIIUIO
IIOJICBETKA HA3BaHUI IIOOUYEPENHO BBIKIIOUAETCS, a [IPU ero OTX04e BHOBb
HabupaeT MOTHYIO SIPKOCTbD.

O6mmuit By 1aThOPMEeHHOTO 3aj1a CTaHIIMY MTOKa3aH Ha puUC. 3.

112



‘,’-—-’: s

Puc. 2. MoaBecHas (yHKLMOHANBHO-AEKOPATUBHASH CBETOBAS KOHCTPYKLYAS B (hOpMe MnaHepa

Puc. 3. Busyanusauus ocBeLLeHus B nnaTopMeHHOM 3ane

PesyabTaTsl

B pabote ObUT TMPOBENEH CpPaBHUTEJbHBIN aHAAM3 OCHOBHBIX
CBETOTEXHUUYECKUX XapaKTEePUCTUK OEeCTBYIOIIEN CUCTEMBI OCBEILEHUS WU
NpeIJIOKEeHHOI0 BapMaHTa. Pe3ynbTaThl IIpuBeleHbl B Tabin. 1. Kpome
3HaueHum E, s KaXO0M 30HbI TaKKe OLIeHMBA/JaCb PAaBHOMEPHOCTbL €€
paciipenesieHus 1 rokasatesb auckoMmdopra UGR.
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Ta6nuua 1. CpaBHEeHME BAapMAHTOB OCBEIE€HMSI [0 OCBEIIEHHOCTM B KasKI 0 30HE

. Hopma BapuaHT cucTeMbl OCBeIeHUS
VYpoBeHb rOpU30HTAJIBHON
.. COTTIaCHO .
ocBenieHHOCTH Er, 1K 1] Hevictyromas | IlpennoskeHHas
[TnaTdhopMeHHbI 3aJT 200 313 225
[TpensckanaToOpHbIE 30HbIL: 100 150,148 107/110
I0r/CeBep
JCKaJIaTOPHbIE 30HBI: 100 114/112 103,102
I0r/CeBep
FO>KHBII BeCTHO0Jb 200 342 220
CeBepHbIit BeCTUOIOb 200 317 223

[lomrmo 3TOro, HamMu OBLIO TaKKe IIPOBEIEHO CTOMMOCTHOE
CpaBHEHMe eKerOJJHOTO MOTpeb/IeHs 31eKTPOIHePTUM IJisl AeiiCTBYOIeH 1
MIpeJIO’KEHHO CUCTeM OCBeIlleHUs 3a KaJleHAapHbIl rof. [Ipu nmpoBegeHUn
PacuETOB YUUTHIBAIUCH 0COObIe Tapu@bl I MyHUIIMIIQJIbHBIX aO00HEHTOB
ceTeit Bbicokoro HanpspkeHust IIAO «MocaHeprocosiT» [4], meicTByIONME HA
nepsoe mnoayroaue 2025 roga. Pe3ynbTaTsl IpMBeaeHbI B Ta0. 2.

Tabnuua 2. TogoBasi CTOMMOCTD 3JIEKTPOIHEPTUM JJIsl BAPUAHTOB OCBEIeHUS

BapuaHT CCTEMbI OCBEIE€HMS CTOMMOCTb, py0.
HeiicTByIOUMI 1119591,42
[Tpenyiaraemblii 241 166,56

Oo6cykaeHue

Pa3paboTaHHble OCBETUTE/IbHbIE YCTAHOBKYM HE TOJbKO 06ecreynBaioT
OCHOBHbIe HOpPMMpYyeMble TIOKa3aTeau OCBellleHMs, HO U 006jaganT
pacuIiMpeHHOoi (QYHKIMOHAJBHOCTBIO 33 CUYET peaJn3alyy HEeCKOIbKUX
NOIMOTHUTEIbHBIX PEXMMOB OCBellleHMs. B uX 4Yuciae: CHIDKeHMe
MCKYCCTBEHHOM OCBENIEHHOCTM B KacCOBBIX 3ajaX TpU  HaJIUIUU
IOCTaTOYHOTO €CTeCTBEHHOI'O OCBeIeHMs; peryJuMpoBaHue IIBETOBOI
TeMIlepaTypbl CBeTWIbHMKOB IO KaJeHJapHOMY/CYyTOYHOMY aJTrOPUTMY;
PEXXUM JIeXKYPHOTO OCBEIIeHMsI, aKTUBUPYEMBI B UaChl «T€XHOJIOIMUECKOTO
OKHa» B rpadyke ABVKEeHMS I0e3/10B.

XoTs pa3paboTaHHBI BapMaHT C CUCTEMON YIIPaBJIeHUSI U SIBJISIETCS
0ojiee IOPOTOCTOSIIMM, OH 00JIafaeT pSAOM IPEMMYIIEeCTB, TaKUMX Kak
3HAUUTEJIbHO CHMKEHHOe HHepromoTpebdsieHMe U KOJIUYECTBO eIVHMUIL
CBETOBOT'O 060PYIOBaHMSI, @ TAKKE ITO3BOJISIET Pea30BaTh pasHbIe PesKMMBbI
OCBeIleHMs], TTOJUEePKHYTh apXUTEKTYpHbIe 3JIEMEHThl CTAaHIMU U CO3JaTh
60s1ee GJIATONIPUSITHBIE YCJIOBUS OCBEIleHUSI C YUETOM IMPKATHBIX PUTMOB
COTPYAHUKOB CTAHIMM U TTACCAXKUPOB [5].
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BriBOABI

B nmanHOi paboTe OB IpeIjIOKeH BapuaHT MoOAepHU3AIUN
OCBellleHUs CTaHIMM MeTpo «[lmaHepHas», yCTPaHSIOUIMI BCe BbISIBIEHHbIE
HeJIOCTaTKU OeCTBYIOIIMX OCBETUTENbHBIX YCTAHOBOK. B COOTBETCTBUU C
COBpPE€MEHHBbIMU TEeHIEHIIUSIMM U IIPUEMaM OCBelleHUsI ObLIM pa3padboTaHbI
crielyaabHble KOHCTPYKIMM TTOJIBECHBIX IMOTOJIKOB, CBETOBbIe (UIYPHI MIJIsk
BecTuO0Jell U CBETWIbBHMKM IJisI 9CKa/JaTOPOB, UTO IIO3BOJIMIO CBS3aTh
ApXUTEKTYPHBIN 06IMK CTAHIIMM C €€ UCTOPUIECKUM Ha3BaHMEM.

[IpymeHeHMe cUCTEMBI yIIpaBJIe€HNUs OCBellleHueM I[03BOJIWIO CO3[aTh
KOMQOPTHYI0O CBETOBYI0O Cpelly B KacCOBBIX 3ajaX ¥ Yy4eCThb BIMSHUE
€CTeCTBEHHOI'O CBeTa B JHEBHOe BpeMs CyTOK. Takke ObLIM paspaboOTaHbI
CBETOBbIE CIleHapuy, obOecreunBalolie OCHOBHOI M IEXYPHBIN PeKUMBI
paboThl CTAHIMM U TIOAUEPKHYTh TaKue apXUTEKTypHbIe 3JIeMEHThI, Kak
Ha3BaHMS CTAaHIMM Ha MyTeBbIX cTeHaX. PazpaboTaHHas cucTeMa OCBeIleHMsI
IIOJIHOCTBIO YOOBIETBOPSAET HOeMCTBYIOIIMM HOpMaM [3] mjas CTaHUUA
MEeTPOIIOJIUTEHA.
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COMPARATIVE ANALYSIS OF LUMINAIRE BEAM CONFIGURATIONS FOR
GLASS FACADE ILLUMINATION

Kizilorenli E., Cilasun Kunduraci A., Department of Architecture;
Cetin C., Department of Interior Architecture and Environmental Design
Yasar University, Tiirkiye

Abstract

Excessive and misdirected electrical light at night (ALAN), including
facade lighting, contributes significantly to light pollution and compromises
visual comfort. This study investigates the influence of beam angle on light
distribution, luminance, and uniformity of high-rise building facades.
Significant variations in luminance distribution were observed when
simulating wide, medium, and narrow beam configurations, despite
compliance with EN 12464-2 standards. The findings of the study highlight
the need to consider factors beyond luminance and illuminance, such as
contrast and uniformity, in facade lighting design. This research contributes
to developing easy to adapt lighting strategies that balance visual and
architectural quality, energy, and environmental objectives while mitigating
light pollution.

Keywords: light pollution, beam angle, facade illumination,
simulation, high-rise building

Introduction

While electrical lighting offers significant advantages in terms of
functionality and comfort, it also has certain severe drawbacks that
negatively impact astronomical observations, the environment, and living
organisms. Light pollution (LP) is the term used to describe problems that
can occur during operation of electrical lighting due to excessive light
output, improperly directed light, reflections from nearby surfaces, and
flicker. The International Commission on Illumination (CIE) (2020) defined it
simply as "the sum total of all adverse effects of electrical light” (Mander et
al., 2023).

Cities contain a wide range of electrical light, including streetlights,
traffic lights, advertising boards, media screens, light leak from residential
and commercial buildings, decorative lights, landmark illumination and
facade lighting. Collectively, these sources are referred to as electrical light
at night (ALAN) in the literature and high intensity of ALAN is a major cause
of light pollution. (Esposito & Radetsky, 2023; Sciezor, 2021; Sung, 2022).
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The extent of light pollution (LP) caused by ALAN is alarming; recent
studies indicate that 99 % of the population in the USA and Europe live under
polluted skies where the Milky Way is no longer visible. Although LP is not a
recent problem, its rapid increase makes it one of the most quickly escalating
alterations to the natural environment, with night sky brightness increasing
at rates above 2 % per year and is predicted to double within 23 years
(Jin et al., 2017). Urbanization is the primary cause of LP, which has impacts
on economic system, ecosystem, and social systems. The usage of electrical
lighting enabled human beings to extend daily activities to the night;
however, this also brings intensities and wavelengths at the times when they
do not occur naturally. This kind of shift also disrupts the entire ecological
balance such as disorientation which is linked to the deaths of migrating
birds and sea turtle hatchlings and also lead to biological changes, hampers
the view of the dark sky, and disrupts astronomical observations (Kyuchukov,
2019). Besides, melatonin hormone secretion peaks between midnight and
four in the morning, exposure to excessive lights at night suppresses this
hormone's release. Inhibiting melatonin production causes circadian rhythm
abnormalities, which may result in insomnia, obesity, cardiovascular disease,
depression, and cancer (Sung, 2022; Tong et al., 2022).

Facade lighting is one of the components of ALAN and serves multiple
purposes, including enhancing orientation, improving the aesthetic appeal of
buildings, and contributing to safety. However, excessive facade lighting,
both in terms of brightness and the number of light sources, exacerbates the
growing problem of light pollution. Given that facade lighting is not the
primary source for ensuring safety and orientation, more judicious and
subdued lighting applications can significantly contribute to reducing light
pollution.

With the increasing awareness of light pollution, it has become well-
established that the upward light ratio is a significant contributor to skyglow
and overall light pollution. To mitigate this issue, the use of fully cut-off
fixtures is recommended, not only in protected sites and rural areas (zones
E1-E2), but also in urban centers and commercial districts (zone E4).
Fortunately, these fixtures are now more readily available, facilitating their
implementation across various settings. According to the EN 12464-2
standard, the luminance on facades should not exceed 25 cd/m2, and
illuminance levels should be limited to 25 Ix (pre-curfew) and 5 1x (post-
curfew) in E4 zones. These standards can be achieved through various light
distribution patterns, which may affect uniformity and visual comfort. Poor
lighting uniformity can lead to under- or over-illuminated areas, negatively
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impacting the visual quality and functionality of the space. In facade
lighting, for instance, this may result in inconsistent highlighting of
architectural features. However, there is a lack of studies examining the
impact of different beam angles on facade illumination concerning
appearance and uniformity. This study investigates lighting solutions that
adhere to these standards by utilizing different luminaire beam
configurations to reduce light pollution and enhance uniformity in facade
lighting for high-rise buildings.

Research method

Three different beam angle configurations — narrow (12°), symmetric
medium (25°), and wide (60°) — were used to model the facade of a
hypothetical 15-story high-rise building in this study using DIALux Evo 12.1.
To ensure comparability across scenarios, luminaires were selected to
achieve the closest possible match in light output, wattage, and dimensions,
thereby minimizing the influence of any residual differences on the analysis.
On each floor, six fully cut-of luminaires were placed 20 cm from the glass
facade, evenly spaced six meters apart to direct light downward. The optical
and photometric properties of the luminaires are detailed in Table 1.

Table 1. Simulated luminaires and their technical specifications

Lamp | Luminaire Nominal Total Light Mounting
Product Name Type Image Lamp Flux, Im| Distribution Mode
p § Power, W ’
I-NOTTURNO Narrow 12°
500 S/112° Wall
20W 840 GR- | LED | S 20 1619 Mounted
11 DALI
3107538 _
2-OMBRA 500 Medium 25°
CLELL 20W \ Wall
840GR-11 | LED \ - 20 1064 o Mounted
305836 |
3-QUASAR 60 Wide 60°
M A7/EW 19W Wall
840 AN-96 | LED | IS 19 1655 Mounted
EM3H | MAIN
3100846_MAIN
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Results

All three simulated configurations achieved the recommended
illuminance (25 1x) and luminance (5 cd/m?) values according to EN 12464-2
standards. However, the uniformity of both luminance and illuminance
across the facade varied significantly. This variation is evident in the 3D
views and false color renderings, with the top images representing
illuminance and the bottom ones representing luminance, as well as in the
numerical values provided in Table 2.

Table 2. Simulation results of the three options

Beam . Ave. Min & Min/Ave. Ave Min & Min/Ave.
Type Analysis Results | [llum. Max Illum. (%) Lum. |Max Lum. (cd/m?)
yp I | @x (cd/m?) | (cd/m?)
Narrow 023 & 0025 &
15.5 311 0.015 5.78 s 6 0.004
Medium ﬂ *ﬁ
| 0.32 & 0.021 &
h’"‘m 247 | “ous | 0013 | 5.55 g | 0:004
Wide | m 18.8 M.08 & 136| 022 | 5.54 0'01(;1& 0.016

Discussion

Employing three distinct luminaires inevitably results in differences in
distribution characteristics, spectral output, and overall visual perception.
However, the imagery and numerical data reveal that light reflection on the
facade differs significantly depending on the beam configuration. Narrow
and medium beam angles tend to produce high contrast, which increases the
potential risk of glare and compromises lighting uniformity. While the
difference in illuminance uniformity between the wide beam and the narrow
and medium beams is relatively modest (46 % and 69 %, respectively), the
difference in luminance uniformity is significantly more pronounced, with
the wide beam configuration producing four times more luminance
uniformity.
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When comparing efficiency, the narrow beam delivers the highest
facade luminance per watt, making it the most effective option if the design
goal is visual brightness. The medium beam provides higher average
illuminance but lower luminance efficiency, suiting cases where uniform
lighting is prioritized. On the other hand, the wide beam balances
illuminance and luminance with better uniformity, but requires more power
per lux or cd/m? compared to the narrow option. For applications where
specific architectural features, such as linear elements, need to be
highlighted, narrow beam luminaires may be preferred. However, it is crucial
to consider that these significant differences in light distribution can result
in reduced visual comfort and increased glare potential. The medium beam
distribution achieves the highest illuminance levels without contributing to
light pollution, despite having the lowest light output among the three
alternatives. While the wide beam distribution achieves the highest
uniformity, it may be insufficient to provide the emphasis required on the
facade due to the reduced contrast.

Conclusions

Light pollution evaluation based solely on quantitative metrics such as
luminance and illuminance fail to account for the complexities of lighting
design. A more comprehensive approach is necessary, as the selection of
beam angles in facade illumination has a significant influence on visual
comfort, uniformity, and glare. This study employed simulations of a high-
rise building to explore the impact of three distinct beam angle options while
adhering to EN-12464 standards. The findings show that narrow beam angles
effectively highlight architectural elements, but they may reduce visual
comfort and exacerbate glare. Conversely, wide beam angles yield a more
uniform illumination but may diminish visual interest. In order to provide
adequate illumination while reducing discomfort and glare, medium beam
angles offer a balanced compromise between these two extremes. Future
research should investigate a broader spectrum of beam angles, consider the
influence of diverse facade materials, and assess the long-term energy
implications and maintenance requirements of various lighting
configurations.
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FRAMEWORK FOR GREEN LIGHTING IN TUNNEL: BALANCING ENERGY

PERFORMANCE WITH ECOLOGICAL REQUIREMENTS
Xu L.K., Ph.D., student;
Shen Y., Ph.D.; Feng S.Z., Ph.D., professor; Zhu H.H., Ph.D., professor
College of Civil Engineering, Tongji University, Shanghai, China

Abstract

With the popularization of ecological concepts in urban development,
roadside greening has become an important measure to alleviate visual
fatigue, improve environmental quality and enhance a city’s image. However,
there has been little research on implementing greenery inside road tunnels.
The primary difference between tunnel interiors and outdoor roads lies in
lighting conditions. Tunnel light is significantly lower than outdoors, but
continuous lighting throughout the day still leads to high energy
consumption. Balancing energy efficiency with the lighting needs of greenery
is thus a critical challenge in creating ecological tunnels. Additionally, the
lighting design in tunnels is based on human-centric illuminance (or
luminance) standards, which differ from the lighting evaluation criteria
required for plant growth. This study evaluates the efficiency of several
tunnel LEDs with different correlated color temperatures (CCT), for
horticulture lighting applications. Taking Shenzhen-Zhongshan Tunnel in
Guangdong Province as a case study, we analyze the light conditions that
influence plant viability in different tunnel sections, and recommend
suitable plant species accordingly. The potential benefits of implementing
tunnel interior greening as part of the multidimensional tunnel lighting
environment are also examined.

Keywords: tunnel lighting, tunnel interior greening, horticulture lighting,
ecological tunnel, lighting efficiency

Introduction

Tunnels play a significant role in alleviating traffic congestion and
shortening transportation distances, which leads to a rapid expansion of road
tunnel in China. By the end of 2024, there are 28724 road tunnels in China,
with a total length of 32597 kilometers.

By relieving visual fatigue, purifying the air, and dampening noise,
roadside greening generates outstanding ecological value. However, existing
studies on the tunnel interior landscape design mainly focus on painting and
colored lighting [1], and there is no research or practice on greening yet. The
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primary difference between tunnel interiors and outdoor roads lies in
lighting conditions. Tunnel light is significantly lower than outdoors,
especially in interior zone where it falls even below typical indoor
environments like offices and shopping malls. Although improving tunnel
lighting can create better conditions for plant survival, the continuous
lighting of existing tunnels throughout the day has already imposed a high
energy consumption burden, accounting for more than 50 % of the tunnel
operation energy consumption [2].

Therefore, balancing energy efficiency with the lighting needs of
greenery is a critical challenge in creating ecological tunnels. Additionally,
the lighting design in tunnels is based on human-centric illuminance (or
luminance) standards, which differ from the lighting evaluation criteria
required for plant growth.

This study aims to accurately quantify the plant lighting conditions of
the existing tunnels in order to scientifically select suitable plants. We also
analyzed the horticulture lighting efficiency of different tunnel LEDs.

Research method

1. Basic theories and evaluation indicators

The primary objective of road tunnel lighting is to ensure driving
safety. JTG/T D70/2-01-2014 [3] has set requirements for the tunnel
illuminance. These indicators are from a human perspective and are used to
describe human visual perception. The equation for illuminance (E, unit: 1x)
is as follows:

E= j P(AV (A)dA (1)

400
Where, A: Wavelength (nm); P(A): Spectral irradiance (W/(m?-nm));
V(A): Photopic vision optical efficiency (Im/W).
For the photosynthesis of plants, photosynthetic photon flux density
(PPED, unit: pmol/(m?-s)) within the 400-700 nm is more relevant than
irradiance or illuminance. In other words, plants care more about the number

of photons. The formula for calculating PPFD is as follows:
10° ¢ A
- 4_([0P(/1)%d/1 (2)

Where, Na: Avogadro constant, 6.022<10% mol!; h: Planck constant,
6.626 x 1073*J-s; c: speed of light, 2.998 x 108 m-s™1.

This study defines a conversion factor (Factor, unit: pmol/(m?-s:1x))
from illuminance to PPFD as follows, to evaluate the efficiency of tunnel
lighting with the same illuminance when used for plant lighting:

PPFD =
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Factor = PPFD/ E (3)
Plants have different absorption capabilities for photons of different
wavelengths. GB/T44941-2024 [4] further classifies 400-700 nm range into
blue radiation (400nm-500nm), green radiation (500nm-600nm), and red
radiation (600nm-700nm). The ratio of PPFD within the three radiation
ranges is also an important parameter for horticulture lighting.

2. Case Tunnel and LED Spectrum

" Guangdong Province ’
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Fig. 1. Location, temperature and light conditions of the Shenzhen-Zhongshan Tunnel

As shown in Fig. 1, the Shenzhen-Zhongshan Tunnel is located in
Guangdong Province and has a total length of 6,845 meters. The lengths and
illuminance design value for each zone are given in Table 1.

Table 1. Lighting conditions of the Shenzhen-Zhongshan Tunnel

Tunnel section Thl | Th2 | Trl | Tr2 | In |Ex1 |Ex2

Length/m 84 84 | 108 | 120 {6389 | 30 | 30

Sidewall illu- | Day | 1550 | 770 | 232 | 77 |34.1 | 102 | 171
minance/lx | Night 34.1

As shown in the Fig. 2, LED sources with three correlated color
temperatures (CCT) are selected to evaluate their effectiveness for
horticulture lighting in this study.
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Results

Efficiency analysis result for horticulture lighting is presented in the
Fig. 3. The conversion factor for the 2700, 3600, and 5000 K LEDs are
0.01442, 0.01436, and 0.01393 pumol/(m?-s-1x), respectively. This indicates
that, at the same tunnel illuminance, the PPFD of 2700 K is 3.5 % higher than
that of 5000 K. Moreover, the green radiation proportion of the 5000 K LED is
the highest, which is the least efficiently utilized by most plants for
photosynthesis. Consequently, the 2700 K tunnel LED offers the highest
horticulture lighting efficiency, while the 5000 K LED offers the lowest. It
should be noted that LEDs of identical CCT can still differ in spectral
distribution, so the PPFD may vary accordingly.

0.016

B R <d radiation [0 Green radiation il Blue radiation

2700K 3600K 5000K
Color temperature of LED

Fig. 3. The conversion factor for horticulture lighting and radiation proportion of LED with different
CCTs

Taking the 3600 K LED as an example, the PPFD on the sidewalls of
each section in Shenzhen-Zhongshan Tunnel is shown in Fig. 4. In daylight,
the lighting conditions vary greatly among different tunnel sections. The
PPFED on sidewalls in all sections at night is 0.49 ymol/(m?-s).
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Discussion

We identified some shade-tolerant ground covers that might be
suitable for planting in road tunnels through a literature review, as shown in
Table 2. For 24-hour continuous lighting, PPFD should be greater than the
light compensation point (LCP) of the plant. While for half-day lighting, the

light intensity should be 20 % higher than the LCP [5].

Table 2. Recommended ground covers for planting in tunnels

LCP Recommended
. PPFD
Category Species pn1201 ymol/(m”-s) Sources
(MS)Coah [ <12h
Chlorophytum comosum 10 >10 >12
Angiospermae Epipremnum aureum 10 | >10 | >12 [5]
Heuchera americana 5.0 | >5.0 | >6.0
Neottopteris nidus 3.9 | >3.9 | >4.7
. Microsorum punctatum 64 | >64 | >7.7
Pteridophyta Asplenium finlaysonianum | 2.8 | >2.8 | >34 [6]
Paraleptochilus decurrens | 1.7 | >1.7 | >2.1
Homaliodendron flabellatum| 3.6 | >3.6 | >4.3 (7]
Bryophytes Plagiochila arbuscula 42 | >4.2 | >5.1
Schistostega pennata No data available [8]

All the plants listed in Table 2 can be planted in threshold 1zone, but
the light conditions in threshold 2 zone can no longer support the growth
of C. comosum and E. aureum. Among the plants with accurate LCP data in
Table 2, only P. decurrens can grow in transition 1 zone and exit 2 zone, but it
cannot survive in other sections with lower light. Fortunately, botanists have
discovered Sch. Pennata [8], an endangered plant that grows in the dark and
humid cave. Although there are no research data on the LCP of this plant at
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present, the light in its habitat is far lower than those of common
bryophytes, and it may be suitable for growth in the interior zone of tunnels.

Greening in tunnels can improve air quality and form carbon sinks. The
green light that the human eye is most sensitive to happens to be the least
utilized by plants, hence both humans and plants can selectively utilize what
they need. The tunnel sidewalls, as an important part of the multi-
dimensional tunnel lighting environment, can relieve driving fatigue and
enhance visual comfort with appropriate greening. In addition, if the
planting of plants such as Sch. pennata can be promoted in tunnels with
stable environments, it can also play an important role in protecting
endangered species.

Conclusions

This study proposed a framework for quantifying the lighting
conditions and the luminaire efficiency for plant growth inside tunnels, and
conducted a case analysis in the Shenzhen-Zhongshan Tunnel. The results
show that a higher CCT of LED may reduce the lighting efficiency of plants.
Under the current lighting conditions, various plants can be planted in the
threshold zone, and P. decurrens can survive in transition 1 zone and exit 2
zone. Sch. Pennata has the potential to survive in other darker tunnel
sections.
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Abstract

Historic buildings pose challenges for daylighting improvements due to
preservation constraints, however, improving their performance is essential
for climate goals. This study seeks to improve daylighting performance,
thermal comfort, and energy efficiency in historic buildings while
maintaining their historic value through various design strategies, including
glass upgrades, shading elements, and light tube integration, using a multi-
objective optimization model. To analyze the performance of the model, two
case studies from distinct climates, Mediterranean and Temperate Oceanic,
were evaluated through Grasshopper plug-ins, Ladybug and Honeybee, and
optimized via Octopus plug-in. A machine learning tool, Dodo plug-in was
integrated to speed up the evaluation process and estimate simulation
results while exploring a larger number of design alternatives. The
optimization results reveal that daylighting strategies improved UDI up to
83.6 % and reduced ASE to 0 %, while energy use decreased by up to 8.81 %
with shading and light tubes proving most effective in warm climates and
roof windows in colder ones. The study confirms that performance-based
design can enhance environmental efficiency without compromising
buildings’ historic values.

Keywords: historic buildings, daylighting, thermal comfort, energy,
optimization, machine learning

Introduction

Daylighting, thermal comfort and energy efficiency are increasingly
prioritized goals in the construction of modern buildings; however, many
historic buildings still fail to meet contemporary standards for energy
efficiency and occupant comfort. Constraints, including legal regulations and
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the necessity to preserve the historic value of these buildings, often give rise
to these challenges [1], [2]. Nearly 40 % of the building stock of Europe was
built before 1960, and around 40 % of total primary energy consumption
comes from European building stock [3], so that buildings of historical value
contribute to a dominant proportion of today’s energy usage. However, their
cultural significance makes them ineligible for easy demolition and
reconstruction. Improving the energy efficiency and comfort of these
buildings serves two primary purposes: it supports climate-neutrality goals
promoted by initiatives such as the European Green Deal and the New
European Bauhaus [3], as well as national regulations. Additionally, it
ensures their long-term use, which is essential for preserving their historic
value. Among various available strategies, the effective use of daylighting
stands out as a particularly successful approach for such renovations [4], with
the potential to reduce overall energy use by 50-80 % [5], and improve visual
and thermal comfort [6]. Recent studies address aspects like energy
retrofitting or daylighting in historic buildings, however, comprehensive
approaches integrating multiple performance goals under different climates
remain limited. This study investigates performance-based design
interventions and aims to fill the gap in literature using a model based on
Multi-Objective Evolutionary Algorithm (MOEA) to optimize daylight,
thermal comfort, and energy use in historic buildings.

Research Method

To achieve the study’s goals, an optimization-based evaluation was
conducted to assess how facade and roof design variables influence daylight
availability, comfort levels, and energy use in (unlisted) historic townhouses.
By using Rhinoceros, 3D models were created, and the simulations were
conducted using Grasshopper (GH) with its Ladybug and Honeybee plug-ins
for daylight, thermal and energy performance. Two representative cases from
distinct climatic regions were analyzed to assess variations in design
parameter selection and ranges: Townhouse 1 (T1) in Balikesir, Turkey,
characterized by a Mediterranean climate with high solar availability, and
Townhouse 2 (T2) in Antwerp, Belgium, featuring a temperate oceanic
climate with comparatively lower solar exposure. Fig. 1 displays case study
facades, zone models, and floor plans. Simulations used actual material
properties, with occupancy set at two people per room (8 pm-6 am) and
lighting schedules of 8 pm-12 am (4 hours daily), applied every day including
weekends. 3 watts per square meter is defined for artificial lighting of each
room, assuming that LED lighting is provided, since no lighting information
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was available in the restoration drawings. Defined glass has 77 % Visible
Transmittance (VT), 60 % Solar Heat Gain Coefficient (SHGC), and 2 W/m?K
(U-Value). Calculation surfaces are positioned 80 ¢cm above the floor and
50 cm from the edges. The weather data for the locations is chosen from the
Ladybug EPW Map.

___________________

—————————————————————————

Bl i) < i |
Tl ! - T2 1] Ji

Fig.1. Evaluated Rooms. Balikesir, Turkey-T1 (left), Antwerp, Belgium-T2 (right)

These simulations evaluated key performance metrics such as Useful
Daylight Illuminance (UDI) and Annual Sunlight Exposure (ASE), Thermal
Comfort Percent (TCP), and energy consumption (kWh/m?). According to the
standards, UDI should be at least 50 % [7], while ASE should not exceed 10 %
[8]. The objective of this study is to increase UDI and TCP levels while
decreasing ASE levels and energy consumption. Fig.2 shows the constructed
model for daylight, thermal comfort and energy consumption (for heating-
cooling-lighting), including the design parameters with ranges.
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Fig. 2. Construction of the Models and Design Parameters
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The design parameters defined for optimization are detailed in Table 1.
Three different shading elements (window film, blind, and roller shade) are
evaluated by defining a shading selector, including non-shade option. The
light tube is included only in the Turkish case T1, as daylight from windows
cannot penetrate deeper areas in T1. In contrast, the Belgian case T2 already
features roof windows.

Table 1. Design Parameters for the Optimization Models

Parameters | Ranges Visuals
Glass VT:40-90 % (inc.: 5 %); SHGC: 20-70 % (inc.: | 90° 60° 30° 0° .. .

5 %); U-value: 0.5-2 W/m?K (inc: 0.5) | N % g
Window VT: 20-60 % (inc.:10 %); R: 10-30 % (inc.: bl s 1% e
film 10 %) length === length
Blind Length: 25 %-100 % (inc. 25 %) Orientation: | '

vertical or horizontal; Angle: 0-90° (inc.: 30°); 595

R: 40-90 % (inc.: 10 %) 100% . M

horizontal vertical

Roller Length: 25-100 % (inc.: 25 %); — roller shade
shade VT: 20-60 % (inc.: 10 %); R:10-30 % (inc.: | °_° ooliect

10 %) ol g ﬂp.m
Light tube | Diameter:250-350 mm (inc: 50 mm); Collector | 75% §§ diameter

& Diffuser VT: 80-90 % (inc.: 5 %) 100% diffuser

Tube/pipe Reflectance: 80-100 % (inc. 5 %);

Inc: Increment; R: Reflectance; SHGC: Solar Heat Gain Coefficient; VT: Visible Transmittance

To speed up the evaluation process and estimate simulation results
while exploring a larger number of design alternatives, a surrogate model
with one of the Machine Learning (ML) methods, namely Supervised Training
[9], was integrated (Fig. 3). After obtaining existing results, design
parameters were included in the model, and then 1000 data samples were
collected through the Latin Hypercube sampling method. The Machine
Learning tool, Dodo plug-in of GH, was trained with the obtained samples.
After all, the Octopus plug-in was used for the optimization process with 100
generation number (Fig. 4) using the trained values.

Design Variables

Ladybug _& Honeybee Design Variables for daylight performance,
] Generative Model — thermal comfort, and energy use
Objective Functions
¢' Outputs Octopus
Surrogate Model (UDL ASE, Optimization with
(Machine Learning) TCP, kwh/m?2) MOEA

Dodo |

Fig. 3. Overview of Machine Learning and Optimization Process
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Results

Table 2 presents the selected optimal results for both case buildings,
derived from the Pareto Front graphs generated in Octopus. The base
models, which lacked both shading elements and light tubes, served as the
reference for comparison. For the Turkish townhouse, the integration of the
widest light tube (280 mm) significantly increased UDI levels compared to
the base model and other design alternatives, without elevating the ASE
levels. The addition of shading elements further reduced ASE to O in all
scenarios. Notably, the configuration combining the narrower light tube (120
mm) with a roller shade resulted in the lowest energy consumption (1816
kWh/m?). While the lowest U-value (0.5 W/m?K), and the highest SHGC
(70 %) remained consistent across all alternatives, the lowest VT (40 %),
when combined with a window film, resulted in an increased TCP value
(44 %). In the Belgian townhouse, optimal results were achieved through
horizontal blinds with varying lengths, reflectance values, and VT levels. A 0°
slat angle combined with the longest blind length led to the highest TCP
alongside the lowest ASE. Moreover, configurations blending different angles
and lengths (as seen in the first and third alternatives) minimized energy
consumption, while a 90° angle provided the highest UDI levels.
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Table 2. Optimal Results for Daylighting, Thermal Comfort and Energy Use

Design Parameters

Results

UDI (%)

ASE (%)

TCP( %)

kWh/m?

Tl

TR

Base
Model

Glass VT: 77 %,
U-value: 2, SHGC: 60 %,
no shading, no light tube

37.83

s

42.57

1961

Roller shade Length: 25 %, R:

10 %, VT: 60 %; Glass VT: 90 %,
U-value:0.5, SHGC: 70 %, Light
Tube Rad: 280 mm, VT: 90 %, R:
95 %

69.48

43.73

1827

Window film R: 20 %, VT: 50 %,
Glass VT: 40 %, U-value:0.5,
SHGC: 70 %, Light Tube Rad:
200 mm, VT: 90 %, R: 85 %

11.11

44

1825

Roller shade Length: 25 %, R:

30 %, VT: 60 %; Glass VT: 90 %,
U-value:0.5, SHGC: 70 %, Light
Tube Rad: 120 mm, VT: 90 %, R:
95 %

12 =il

43.94

43.79

1816

T2

BE

Base
Model

Glass VT: 77 %,
U-value: 2, SHGC: 60 %,
no shading, no light tube

-

%
-

49.79

re

8.49

15.73

2813

Blind horizontal, Length: 25 %
(left window) 75 % (right), Angle:
90° R:40 %, Glass VT: 90 %, U-
value:0.5, SHGC: 70 %

&1

42.25

re

4.09

16.64

2567

Blind horizontal, Length: 50 %
(left window) 100 % (right),
Angle: 0° R:90 %, Glass VT:

85 %, U-value:0.5, SHGC: 70 %

i

14.29

)

16.79

2593

Blind horizontal, Length: 50 %
(left window) 50 % (right), Angle:
30° R:40 %, Glass VT: 90 %, U-
value:0.5, SHGC: 70 %

!

2 <2

39.28

Fv

3.73

16.47

2565
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Discussion
The studied historic townhouses, while not subject to conservation

regulations due to their unlisted status, were designed with a strong
emphasis on protecting their historical integrity alongside improving
daylighting, thermal comfort, and energy efficiency. Daylighting strategies
improved UDI up to 83.6 % (T1) and reduced ASE to 0 %. The use of shading
elements in T2 kept UDI below 50 %, however achieved a 51.82 % reduction
in ASE (T2). TCP improvements were recorded in both cases, up to 3.35 %
(T1) and 4.83 % (T2), while energy use decreased by up to 7.39 % (T1) and
8.81 % (T2). These results support previous findings in the literature and
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confirm that increased daylight availability contributes to improved thermal
comfort and energy efficiency [4], [5], [6].

Conclusion

This study demonstrates that strategically combining various shading
elements and integrating light tubes can significantly improve daylight
performance and thermal comfort while reducing energy use in historic
buildings, even with minimal architectural intervention. The evaluation of
townhouses from different climates reveals that their original designs
inherently respond to local weather conditions, underscoring the need for
annual daylight assessments to optimize passive daylighting strategies.
Daylighting strategies directly impact thermal comfort and energy
consumption, suggesting that shading, light tubes, and the avoidance of (or
minimized) roof openings are more effective in warm climates, whereas roof
windows may better suit colder regions. This study contributes to the
literature by evaluating daylighting improvement strategies in historic
buildings and their integrated effects on thermal comfort and energy
efficiency, although its generalizability is constrained by the analysis of two
case studies. Future research should expand to encompass a wider variety of
climates and building types.
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Abstract

Recent investigations into museum lighting have primarily focused on
the parameters of light sources, while the artwork itself remains
underexplored. This study introduces a method for determining the spectral
reflection factors of paintings utilizing the LMK5 luminance meter and
interference filters. Six paintings from diverse artistic styles were analyzed in
the wavelength range of 450-690 nm. The study yielded both average and
spatial reflection characteristics, and software was developed for automated
data analysis. The potential fields of application for the obtained results have
been established.

Keywords: museum lighting, spectral reflection factor, luminance
meter, interference filters, artworks

Introduction

Recent research in museum lighting analyzes lighting parameters:
contrast between exhibits and surrounding space, correlated colour
temperature (CCT) of light sources, colour rendering index, and other
characteristics. However, artworks are designated merely as "Painting 1" or
"Landscape"” without analysis of their spectral reflection characteristics
[1, 2,3, 4].

Studies show that viewers prefer CCT in the range of 4600-5100 K for
viewing paintings, with cultural differences affecting preferences:
Portuguese participants choose ~5000 K, Japanese participants ~7000 K [2, 3].
However, all these studies do not consider objective parameters of the
artworks themselves.

Modern spectral methods allow for precise determination of the
pigment composition in paintings and have been successfully applied to
major works of art [5]. However, these methods fail to take into account the
unique spatial distribution of pigments on the painting surface.

Research objective — to develop a methodology for determining
effective spectral reflection factors of paintings.
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Research methods
The effective reflection factor of an arbitrary pixel in a painting in the
photometric system is determined by the formula:
pv(Ai) = Lu(Ai) * pr(Ai) / Lur(As), (1)
where L.(};) — luminance of the painting pixel measured by the
luminance meter; L.(};) — measured luminance of the reference under
identical illumination conditions.
Ja2; Lero DprMTi(DV (D)da
pr(h) = a2, oo DTV Az
reference sample within the bandwidth AA;;
*10 (1) — relative spectral radiance of the illumination source;
p, (1) — spectral reflectance factor of reference;

7;(1)— spectral transmittance factor of interference filter defining AAi.

— effective reflectance factor of the

The experimental setup consists of the following elements:
LMKS5 luminance camera — luminance measurement range 100-10,000
cd/m?, error limits 4 %, resolution 2448x2050 pixels;

2. Set of interference filters — 19 filters in the 450-690 nm range with
half-width of transmission band 8-15 nm, maximum transmission
70-91 %;

3. Museum LED luminaire — power 20 W, CCT 4000 K, with framing
capability;

4. Reference standard reflector — an element of an integrating sphere
coated with BaSO4 (barium sulfate), exhibiting a reflectance factor
of 0.84.

All elements were mounted on a bench and aligned, and measurements
were taken in sequence: first the reference, then the object (Fig. 1).

—

a) b)
Fig. 1. Painting measurement process: alignment of all elements (a), painting measurement (b),
reference measurement (c)
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Research Objects
A total of six artifacts were examined in this study. Three
representative examples, created using distinct artistic techniques, are
presented herein:
1. "Spring Forest"— pastel, size 450x210 mm, misty forest landscape;
2. "Birds"— mixed media, size 210x297 mm, blue birds among flowers;
3. "Cat-Mermaid"— matte acrylic, size 400x300 mm, pop-art style.

Software
A software application was developed in MATLAB App Designer (Fig. 2)
implementing the following functions:

e Import and visualization of luminance maps captured by a luminance
meter within the experimental setup;
Interactive user-defined region-of-interest (ROI) selection;
Calculation of effective reflectance factors for both the entire object
and user-selected ROIs;
Construction of spectral dependencies;
3D visualization of spatial luminance distribution.

Initial data Results

Choose wavelengths for analysis: Spatial effective
[ 565 Hm B reflection coefficient
[+] 600 Hm
[ 615 1 y
[+] 630 Hm
[+/] 645 Hm 0
[]/660 Hm
| [O675mm

Select data folder: > 600

Download 800

1000

Display distribution 756'] i

for wavelength, nm 1600 1000

[ Select area Effective

reflection coefficient

All Selected area

500

ol
SRR RN SRS

Wavelengths, nm

Count
Fig. 2. GUI software application
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Results

Spectral characteristics averaged over the object size

The "Spring Forest" image exhibits a gradual increase in reflectance
from approximately 0.28 at 530 nm to a maximum of approximately 0.41 at
585 nm. The "Birds" image has a peak reflectance of approximately 0.34 at a
wavelength of 520 nm, with a minimum reflectance in the red range
(600-650 nm) of approximately 0.22. The "Cat-Mermaid" image shows a peak
reflectance value of approximately 0.4 at a wavelength of 460 nm, followed
by a decrease to approximately 0.27 nm at 570 nm, before increasing again to
a final peak value of approximately 0.35 nm at 630 nm.

Fig. 3. Results of program processing of average reflection factors of paintings: Spring Forest,
Birds, Cat-Mermaid

Spatial Distribution of Reflection Factors at wavelength 510 nm
The 3D reflectance factor maps revealed significant heterogeneity in
surface reflectance properties across the paintings. Analysis of the spatial
distribution at 510 nm and corresponding cross-sectional profiles showed:
e Gradient transitions in Spring Forest ranging from p = 0.07 to 0.7;
e Local maxima in Birds reaching p = 0.58 within floral regions;
e Peak reflectance factors in Cat up to p = 0.8 in splatter-impact zones.
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Picture 510 nm (front view) 510 nm (colour scale)
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Fig. 4. Results of program processing of spatial reflection faétors of paintingé

Discussion

The experimental results establish a quantifiable correlation between
the chromatic composition of artworks and its spectral reflectance
characteristics.

The developed methodology enables:

1. Creation of technical passports for paintings documenting spectral
characteristics for archival purposes. Condition monitoring via
comparison of current and archival passports triggers restoration when
spectral diagram deviations exceed a defined threshold.

2. Optimization of general illumination parameters for specific artworks
based on their reflectance properties. Grouping and spatial distribution
of paintings with similar passport diagrams in exhibition halls.

3. Optimization of local luminaires to mitigate photodegradation risks.
Where passport diagrams indicate zero reflectance at specific
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wavelengths, 100 % of source radiation is absorbed by pigments,
potentially causing material deterioration.

Future work
Extend measurements to paintings created with diverse

techniques/materials. Investigate influence of illuminant spectra on observer
assessments for paintings with identical passports. Optimize software for
accelerated processing of high-resolution luminance distribution images.

Conclusions
A method for measuring the effective reflectivity of paintings using a

LMKS5 luminance meter and interference filters within the 450-690 nm range
has been developed and validated through experimentation. Software has
been created to automate the process. Spectral data has been collected for
three paintings executed in different media (mixed, pastel, acrylic). The
potential fields of application for the obtained results have been established.
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